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He- KOSPHI1BTHBIUIH cnna, a. 

p. - NariiB';!'lUist npOIIHllaeMOCTb MaTepnana cepAe'IHBKa lUI '!aCTBOM llHKne, 
-1 rc•a • 

p. - AeilCTBYJOIIUlll' M8rJmTIUIH npOBHH89MOCTb ceptte'!BHX8 C II9M8rHBTBbiM 
d -1 

3430pOM1 rC•S , 
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Bueoxo'!aeTOTHMe npeo6pasonaTenn nucoxoro nanpn~ennn B xa'!eeTne HeTO'!HHXOB 

nOCTOHHHOrO TOXS BhlCOXOrO Hanp~eHHH MllJlOil MOWHOCTH 0611SA810T OnpeAenenHblMH npeH­

M}'rueeTBaMH no cpannennro e nucoxonolibTBMMn nunpHMHTemtMH nanp~eBHH npoMuwneB­

Boil: '!aeTOTM - Manue ra6apHTM, ne6onbwoA nee, epanHHTelibBO ManuA sanae aneprHH 

B oPHnbTpYIOWBX 9MXOeTHX - H HSXOASIT· B CHny 9TOrO WllpOKOe IIpHMeHeHne AJlSI nHTaHHSI 

pa3JIH'!HhlX BhlCOXOBOlibTHblX yCTpOHCTB. 

MeTOAHKa npn6nn~eBBoro pae'!eTa aneMenTOB npeo6pasonaTenSI, eoAep~amero xone­
/1/ 

fiaTelibBMe KOBTyphl Oe3 MarBHTBMX eepA9'1BHXOB 1noApOfiBO H31IO~eBa B 

Pae'!eT H nacTpoii:Ka renepaTopa npeo6paaosaTenn ynpomaeTCSI npn ncnolibsonanHn 

B JtoneoaTenhnux encTeMax npeo6paaonaTenn TpancojlopMaTopon e ojleppnToBMMB cepAe'IHB~ 

K8MB. llpn 9TOM. yny'!WlliOTCH Barpy30'1Bhle X8p8KTepBCTBXB npeo6pa30B8TeJIS11 U0Bb!Wll9TCSI 

BaAe~BOCTb pa60Tu ero, ynpomaeTen. KOBeTPYKTBBBOe nunonneBne pa3nH'IBoro poAa pasAe­

nnTelihHbiX BhlCOKOBOlibTHMX TpaBCojlopMSTOpOB AJISI ueneil B8X8Jlll 118MJI1 K8TOAM KOTOphlX 

BSXOAHTCH noA BMCOKBM nanpSDKeBHeM. TpaBcojlopMaTopu e ojleppnTOBMMH eepAe'IBBKaMn 

euoco6Bbl pa60T8Tb B WBpOKOM AB8Ua30He '!8CTOT1 BMeiOru851CH HOMeHKJll1Typ8 ojleppBTOBbiX 

B3Aennll nosnOnSieT KOHCTpynponaT& TpaaeojlopMaTopu Tpe6yeMoro nenenoro aasaa'leHBSI. 

BMecTe c TeM, nenOJI&aonaBHe TpaBeojlopMaTopa n wHpOKOM Ananasoue 'laeTOT yeno~-. 

uneT ero pae'!eT no cpanBennro c. TpancojlopMaTOpaMH 1 pa6CTaromnMH ua ojlnxenponauuoil '!aCTo-

Te HH3KO'IaCTOTHOrO Ananasona. 

Hn~e paecMaTpnnaroTCSI nonpocbl nu6op~ eepAe'IHBKOB Mai"'llliTonpononon TpancojlopMa­

Topon e '~eCTKOil' M8I"'IIBTBOll CBSI3bl0 OfiMOTOKo llpn 9TOM K09ojl¢BIIBOBT 9JieKTpOM8I"'BBTBOH 

CBH3B 06MOTOK1 KaK MO~BO UOJt83aTb .tl1151 Up8ltTB'IeeKHX Cny'ISOB pacnono~eHBe 06MOT0lt 
1 

k > 1 - _1_ ~ 0,98 - 0,99 
lld J 

ecnn lld Be MaBee 50-100. 

')KeeTKSH' Mai"'BBTBaH CBHab ll03BOJIHeT npeBefiperaTb BBAYKTBBBOCTbiO paeCeSIHBH B Tp8HC­

ojlOpMaTOpe B nepBOM npH6JIH~OHBH H BeUOIIb30BaTb npn paC'I9T8X BMXOAHOI"'O HanpH~9HHSI 

n narpyaox 3Ba'leHHe xoaojlojlHHneBTa TpaneojlopMaDHH, onpeneneBnoe KaK OTnowenne '!Dena 
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nHTKOB ooMOTOK, OrpaHH'IHnaromuM ¢axTopoM nOBb!WeiiHH uanpruKeUuH ua ooMOTKe Tpaacljlop­

MaTopa C ¢eppHTOBbiM CepAO'IHHKOM Ha IIOCTSTO'IHO HH3KHX 'ISCTOTSX RBJlSIOTCH 3HS'IOHHe 

MaKCHMSIIbHOA BHAYKBHH, liS oonee Bb!COKHX 'ISCTOTaX - MOWHOC'I'b llOTOpb na rHCTepe3HC, 

MaxcuManbHaH MowHOCTb Tpauc¢opMaTopa oobi'IHO orpaHH'InnaeTOH AonycTHMbiM npe­

BbiweaneM TeMnepaTypbl ero OTHOCHTOUbHO oxpy)l(aJOmeA cpe.Itbl - TeMnepaTypbl neperpena, 

38BHCroae3 B OCHOBHOM OT CyMM8pHbiX llOTOpb B cep.ItO'IHHKO H OOMOTKSX H OT ycnoBHA ox-

JlSlKAOHHH. 

MarnnTonpoBO.ltbl Tpaac¢opMaTopon BbiCOKOBOIIbTHbiX npeo6paaonaTeneA aepe.ItKo ucnollb­

ayiOTCH npH 3H8'10HHHx HHAYKHBH 1 onu3KHX K M8KCHM81IbHO B03MOlKHbiM IIJlSI ASHHOrO M8Tepna­

na cepAe'IHHKaj yponeHb nOTepb Ha rucTepesuc npu aTOM aaa'IHTenea n no.MHorux cnyqaSIX 

-onpeAenneT Bbloop Toro unu uaoro cepAO'IHHxa, 

nnH o6ner'leHHSI TPYAOOMKoro nponecca Bbloopa cepAO'IHHKOB no yxaaaHHbiM KPBTOPHSIM 

OCHOBHbiO paC'IOTHbiO. COOTHOWOHHSI, OTHOCHWHOCSI K Cep.ItO'IHHKy, npeACT8BJ10Hbl B BHAO HOMo-

rpaMM, 

1, floTepB B cepAO'IHHKe 

OcaonHbiM BHAOM nOTepb B cepAO'IHuxe TPaac¢opMaTopa c MarnuTonponoAOM ua ¢eppu­
Bm 

TH RBJISIIOTCSI B CpOJlBHX llOJISIX ( 013 < -- <0,8] 
B·s 

nOTeim ,na rucTepeauc. Hanoonee yAa'l-

na nmt pacqeTa MomnocTu noTepb aa ruCTepeauc ¢opMyna lllTeAHMena: 

K -7 
Pr = 71 B m f ·v 0 • 10 nT, 

rne nns MarauTO.MHrKBX MaTepuanon 

¢9ppHTOBbiX COpAO'IHHKOB 
121 

K .. 1,6, H AJIH ¢9ppBTOB 

1,6 -10 
Pr = H,c V c { B m , 10 BT , 

71 .. He .10-
3 

( 1.01) 

, T.e • .anSI 

(1.02) 

B npaxTu'lecxu·ucnollbayeMOM pacqeTe nocneAHee nblpa)l{eHHe ynooao npe.ItcTanuTb n npyrux 

ljlopMaX, 

flpeneoperaH UOTepHMH nanpli)I{OHHSI BS SKTHBHOM conpOTHBneBHH OOMOTKH )lJlSI 3SMKHy­

Toro MarHHTOllpOBOA8 003 3830pa H C MHJlbiM HOMSrHHTHblM 3830pOM
1 

MO)I{BQ 38UHC8Tb: 

8 
B m =· ~m __ 1o_ 

w 2:r fSc 
rc (aoMorpaMMa pnc. 1) • (1,03) 

flpaKTH'IOCKH lUlU BOpMSIIbHOA paoOTbl Tpauc¢opMSTOp81 KSK UOK83b!BSOT Ollb!T HCll01Ib30BH• 

BHB ¢eppHTOB B npeoopa30BHTOJISIX1 BOJlB'IHHa J:ltll BO Jl0Jl)I{H8 npOBbiW8Tb BeiiH<iHBbl MSK• 

CHMSIIbBOi! paoO'IeA BBJlyKHHB cepAO'IHHKa B mm 

B m<·Bmm•017 ·B s. (1.04) 

4 

I .... ::..: 

Um 
0TCI01la MO)I{OT obtTb onpeAeneao 3Ha'leane nanpruKeHHu Ba nHTKe o6MOTKH U 8 m --; 1 

orpaHB'IOHHOe MSKCBMHIIbHbiM 3HS'IOHHOM HHAYKHHB, 

3TO M8KCBMSIIbHoe 3HS'IOHBO U 8 m , ono ncer11a non)I{Ho 6h:!Tb oollbme oi1Penenue-

MOrO C TO'IKH 3peHHU MOWHOCTH nOTepb HS rnCTepe3HC 

Um 2 lie' fc 
pr = 33,2(-) -- - 06 BT, (HOMOrpaMMS puc, 2) (1 05) 

w (f sc ) • • 
Benu'IHna paoo'lell 'laCTOTbl Tpaac¢opMaTopa orpaBHqunaeTCu uauanamei! peaonancaoi! 

'ISCTOTOII ooMOTKH, HMeiOmell oobi'IBO uau6ollbmae •mcno BBTKOB u, cneAoBaTellbno, nau60Jib­

wyiO HBAyKTHBBOCTb1 wynTHpOBSHHyiO oomeA Barpy30'IHOJ! OMKOCTbl01 BKJllO'lHH COOCTBOBJ!yX), 

flpu 9TOM
1 

OCIIH paoO'ISll 'lSCTOTH 3aAaB81 TO onpeAeneBHe IIOTepb pr H us.paMOTpOB MHr• 

HHTOllpOBOAS YA06UO npOH3BOAHTb 110 ¢opMyne: 

-3 
~ = 0,31. 10 H 

c 

o,~ 0 8 1 6 { vc . A. uin I (HOM0rp8MM8 puc.3),{1.06) 

Ecna Bb16op pa6o'lei! 'laCTOTbl B AOCTaTO'lBOil cTeneBH npoussonen, To: 

0 7 °·3 1,; W pr = 0143 Il·cfc t (~ ) U
111 

'"BHT,BT ( HOMOrpaMM8 pac,4),(1,07) 
Se-

Pe30H8HCB89 'l8CTOT8 H 'lBCJIO BHTKOB 06MOTKH CBH38Hbl COOTHOWOHBOM: 

fw 
3 £· o,s 

1142. 10 (_<:!_ ) rn.nuT (noMorpaMMa pnc,5),(1.08) 
A se 

flo (1,08) onpeAeJIUOTCH W JIJISI (1,06 ) H JIJIH cny'lau (1.07). 

Benu'luna peaoaancaoil eMKOCTH ooMOTKB MO)I{OT ob!Tb onpeAenena no (1.08), B cny­

·'lae HOB03M0)1{H0CTH HCUOn&30BHHBSI HOMOrpaMMbl (60ilbW8SI BOIIH'lHHa A ) 

·C = 

6 
2,04 • 10 ~c: 

¢. (1.09) 
T2 

w f SC' 1L d 

HnllyKTHBBOCTb o6MOTKH c cepAe'lHHKOM us MarnuTnoro MaTepuana: 

L 
-9 

A:r IL d w Sc= • 10 rn (uoMorpaNMa puc,6) • (1.10) 

fc-

flpH aTOM 

ILd 
I' fc 

f& .£JIL-l) 

IL fc 
rc/a (uoMorpaMMa puc.7) • 

fc + f
3 

IL 

(1.11) 
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3na'leHlle JL d B STOM BblpaJKeHJIH Jl0CT8TO'IHO TO'IHO BHIIOTb )lO 3830pon, COCT8BIISIIOlllHX 

BeliB'IHIIY nopSUIKa 1% OT AIIHHN MarHHTHoll cnnoaoli nunnu; npn 6om.mnx aaaopax peam.­

mur neml'lliBa 6om.me paC'leTnoli na 20- 50% 131• 

BeJm'l.lllUl 

BOCXOlUITI> B 
mm 

A-,. de npn: paC'leTe Bbl6pana npaanm.no, T.e. B. 
.m 

ecnx ona ne 6onee onpeAenneMoll cooTnomeHBeM 

A 
max 

-9 
=8. 10 

Bs 2 -9 • ~ ) 2 = 4. 10 Vg: ----u;;;o vc ( u;;;-

ne 6yAeT npe-

(1.12) 

Kpoue TOro lVIB coxpanenHB rJKecTKoll' MarHBTHoii casan ona AonJKHa 6biTb 6om.me 

l. m,- (50-lOO)C, T.e. 

( 50 - 100 ) C -<A -< A max , (1.13) 

3TO yc:nonue orpaBH'111BlleT BeJIJI'IliHY peaomurcuoli eMKOCTB o6MOTKH ana'leHBeM 

c • ..:<o,ot- o,02}A q, • (1.14) 

"'TT .en sceraa m.mommuo, Tlli JtaX AaJI<e co6crnennas eMKOCTb o6MOTX11 MO)I{eT npeai-.ImaTb 

STy~. 

CpeJU~m~ JWD"IDlTH&SI npommaeuOCTL Jill 'UlCTHOM llJIXne MO)J(eT 6uTb onpeAenena c no-

NmJil.Llll) slbilp8Xemr:u 

P-
AB 

AH 
• rc/a, (1.15) 

ll"li!B AB - ~mp~mme JWII"BBTHoli: ~,co~ee npnpamemiD aanpiDKeimOCTH 

~llll<WUI AB., 

2. llmepz ~ B npOBOJVDme OOMOTOZ: 

~ l!m:ll!lQ" ~ EC'I'ep& a DpOBQmiJIGte oowanm no cpmme!lliD c nOTepm.m 

-~ lB-~ !MalUDCrll ~omropa cpeol)paaoBaTerur - OT emumn 

JlX11J ~ lmll!'ll'- lllX JW)~ 11m ~ 

.!ll.mm ~ """""''J'j ~ JW:mllii=nl • 

!Bt.mRK"'-""'~~~ 

IIom.mlelli!H:ll: "'&crrT )"'leT narep& B JJpO-

~ ~ ~ ~ B ~. BTCllpFDICJi OOMD:BaX ~MaTOpa 

a:l!inmll li<WliWUCllll. ~ Jl!l ~ 

JP111 = 2!6i~'l: ~ ~ · BT. (2.01) 
~ 

~ $ii- =m::lClllb 11\l:ma lli ~ ~ a-oa ; ·p - 7Jl.el'lLBOe conpanm-

lll.BBB:e <Il}IQBq!tRB6i8 I1p ~ ~ ~. QM-c:u,; '\- oln,eu; DpOBOllmlit4 

6 

06MOTKH0 CM
3

i kf - KOaljlcjJHJJ;HeHT, Y'lHTblBlllOlllHil: yBenH'IeHlle HOTepb B npOBOJlHBKe C 

pOCTOM ''18CT0Tbl BCII9)lCTBHe HOBepXHOCTHOrO acjrljleJtTa. B sljlljleKT8 r6Jm30CTHr COOTBeTCTByromeli 

ODMOTKH, 

Heo6xoAHMble ABBBhle nns onpeneneHBB 
. • 14,6/ 

~ npnaeneHbl B npnnoJKeHBx;6onee non-

po6nhle caeneHBsl' CM. • 

KaK· o6bl'IHO, nOTepn B npoBOAHHKe o6MOTOK TpancljlopMaTopa MoryT 6b1Ti·paaneneHbl 

H8 HOTepH XonOCTOrO XO)l8 H KOpOTKOrO 38MblK8HHB, 

ToK xonocToro XOAa,npoTeKaromn:ll no nepBH'IHOli o6MOTKe TpancljlopMaTopa,conep~T 

aKTHBBylO cocTaanmomy~, o6ycnoanenny10 noTepBMn na TBCTepeanc u peeKTBBHyro, onpene-_ 

nBeMYlO BeiiB'IHHOll H8M8rHH'IHB8lOlllero TOKe, 

XX =vI{. +I~ 

rne 

I= v2 Pr 
r Um 

U B~ fa 
IL= ~ =0,565 ---

,j2 <d L 
"" w 

C y'leTOM -BblBO)l.OB npellblllYlllero nyHJtTa, 

B 

OrnomeHBe TOKOBl 

IL 

Ir 

2 

=k.=2.5.10 

I xx = lr V 1 + k ~ 
- .1 

Bxn 0,4 

P-d He 

(2.02) 

(2.03) 

(2.04) 

',:'( 

(2.05) 

(2.06) 

IlpOXOilB no nOilBOilHIIlRM npOBOil8M H BByTpeBHeMY COnpOTBBneHHlO BCTO'IHHK8 Hanpn)l{eHBB 

-rpanccllopuaTopa, 'TOK xonocToro xoAa ablablaaeT noTepH .aanpBJKeHKB R uomnocTB a aux. 

Ilpx isom.mHX ana'leBll.nx aTB nOTepn: cymeCT"a~-~no cnu:iira~s , ecnx TpancljlopMaTop pa6o­

TaeT Ha pe30H8HCHblil 'l8CTOTe, TaK K8K peaKTHBH8H COCT8Bnmom8H TOK8 npH STOM 6yAeT 
• •u, ,,: ~~ •• · .•. "' ~~ ..• > " > ; .... i- >;' • 

38MHK8TbCH 'lepea peaonancxyro eMKOCTbo IlpB KOpOTKOM 38MblK8HBH OCHOBH8H aenH'IHH8 
.; t~ ' ' 

nOTepb onpe)l.eHHeTCH DOTepmMB B npoBO)l.HBXe OT TOKa HOMBH8nbHOli Harpy3KR H o6mue no-

TepR Tpancq,op:uaTOp~, .onpe)l.enH1QTCSI, CJ:MMpii ~OT~pb _ xonqcToro ~oM H xopoTKoro • 38Mb1Ka­

HBB. 
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3. MaJtCRMllllhiUISI uomsocn. • s:.n.A. 

Mom.BOCT'b , DOltBOARMaSI It TJUIBCcpopMaTOpy C Jt0),()10BCanReA peaS:TRBKOA COCTaBllJIID­

DlOA TOS:a XOnOCTOrO XOA& ll UTRBBOM xapas:Tepe Barpy3ltll1 paBIUI 

rAe 

)I 

PBX 
u nm Jm 

2 
= 01707 UB lJ Vn m i -­b' 

f - CpOABSISI AnBIUI BBTita 06MOT1tll1 Cillo 
.D 

Y'IBTHBall (2.01 )1 BMeeM 

j Pn lJ = 
i 2 kt P Vu. 

PBX -0.5 UBm 

~ 
j P 11 v .. 

-6 
.finll MOIUILIX upOBOAOB p - 0.2•10 OM•CM 

)I 

a 

lJi 

p 
.BX 

2 
5.10 j PD Yn 

lcf 

2 UnmJ • 3,SUI ---
fB 

_Hpll STOM S:oDoAo TPaBC~pMaTOp8 

.TJ- 1 -
Pn+Pr 

PBX 

M8XCBM8ll0ll B Cny'lae p8BOBCTB8 DOTOph B C8pAO'IJIIUt8 R 06UOTitfl1 To&. 

I 

TJm·l -.4 ~J 
Uam 

B cny'l80 MaABLIX DpOBOAOB: 

..Ea..!L 
·v'll 

1J m•l-5,68. J)-3 ~ J· 
. • Uam ~ 

VII 

R1 BaJE:OBOJI, BWXOIUiaSI MODlliOCT'b: 

pBwXa TJ p Blt 0 

.a.aueTP upOBOAa o6MOTIOI1 o6ecne"'JJBaJDIIlJI. 38AaiUDd ypoaellh ROTOph: 

8 

.... -- ... ~,dl. 
1-

(3.01) 

(3.02) 

(3.03) 

(3.04) 

(3.05) 

(3.06) 

"(3.07) 

(3,08) 

(3.08) 

I 
i 

! 
! 

dn =0,8 Fv '. 
£8 w 

(3.10) 

KoacTpyxUBs TpaaccpopMaTopa ~ton~ o6ecne'IBBaTh B03MO*HOCTh paccesHBSI pac'leT­

noro ypOBHSI MODlHOCTU DOTeph. 

4. TennoaoA pac'leT TpaHcpopMaTopa 

CyMM&pl!aSI MODlHOCTh DOTepb B cepAO'IHBKO B 06MOTKSX TP8HCcpOpM1i.Topa P p = ~ + PD 

Aon*Ha 6wTL pacceBHa npa AODJ'CTBMOA TeMnepaTYpe neperpeaa 0 • Pac'leT TeMnepa-

. ml 
TYPH neperpeaa c AOCTaTO'IHOA TO'IDOCTh~ npoH3BOAHTCSI no aMnHpB'IeCK:oA cpopMJ'ne 

p p = S p k p () BT t 
( 4,01) 

eCnB DpBHSITh, 'ITO! 
2 

Sp - 06maSI DOBOpXHOCTb CepAO'IHHKa, CM , 0 - TeMnepaTypa 

neperpeaa, °C k P - o6maA KoacpcpnnuenT TennopacceRnns, y'IHTb!BaiOmHil paccesHHe 

Tenna nJ"'OBCDJ'CKaHBeM, KOHBOKnHeA B HODOCpeACTBOHHbiM KOHT8KTOM. 

nna OCTOCTBOHHbiX ycnoanA Oxn&*AOHBSI! 

-3 kp=(1,3- 1,4 .10 
-2 

BT•CM (4.02) 

Ecnx TP8HCcpopMaTop noMemen B COCJ'A c MacnoM, To P p 

COOTBODlOHIIOM! 

MO*HO OllOHBTh CnOAYIODlBM 

rAe 

p = s k () 
P PM pM BT , 

2 
SPM - noaepxHOCTh cocyAa c MacnoM eM , a KoacpcpanaenT Tennopaccennns 

k ~ 10-2 
pM 

-2 
BT•CM ., 

(4.03) 

nnn yny'lmenan ny'lencnycKaBUSI COCYA AOn*eH 6b!Th DOKpbiT naxoM. Bonae DOAp06Hb!A 

rot n1 
paC'IOT MOlKHO IUIATU B • B DpOCTb!X cny'laSIX MO*HO HCDonb30B8Th rpalj>Blt puc. 9 • 

fipnMepbl pac'leTa 

flpauep 1. 

Bb16paTh cepAe'IHHX MarauTonpoBOAa pa3AensTenbaoro Tpanc.popMaTopa AnSI naTanun 

nenn Baxana naMDLI, lt8TOA ltOTOpoA B&XOAHTCSI BOA BbiCOXUM HanpB*OHHeM, U onpeAenuTb 

pa6oqy10 '18CTOTJ' reaepaTOpa HanpBEOHBSI Haxana. 

9 



HanpBJKeBBe Baxana U 8 - 6,3 B. 

Toz: Baz:ana 18 •0,8 a. 

HaupBJKeBlle Mel!CA:r o6MOTxaMB TpaBccjlopMaTopa U • 25 z:s. 

YcnoBHB oxnaliCAeBKB - ecTeCTBeBBoe. 

,Ung :rupomeHBSI ltOBCTp:YXIlBB TpauccjlopMaTopa ero nepBB'IBTIO U BTOpB'IIITIO 06MOTitB 

MOlKBO BbiBonBJITh OAIIOBBTitOBhiMB upOBOAOM C XOpomel! H3onBnBell, BaupBMep, paAHO'IaCTOT­

IILIM z:a6eneM 6ea onneTZ:B TBDa PK-2. PaaMeme!IDe o6MOT01t MOlKIIO upoBasecrn B ~ppu­

TOBOM ltOJibne pa3JIB'IBOrO ABaMeTpa.Ha :ycnOBHll (1,04) CJI9A:Y9T1 'ITO C TO'IltB 3peBKll 

HOTepb nenecoo6pa3HO Bhi6Bp8Tb ltOJlblla C MaJihiM 3Ha'leHBeM npOB3B9A8SHSI fc.Hc. 

n;rcTh Bhl6paso ltOJlbllO K 32x16x7 (Ta6n, 3 upBJIOJKe!IBll) B3 MaTepuana MapltB 

M-2000 ( 'l'a6~na 2 upunoJKeiiBH). Ha Ta6nBn cneA;reT, 'ITO AJIB AaHBoro z:om.na 

2 
fc -7425 eM, Sc - 0,64 CM u He - 012 a. nosepXBOCTh oxnaJ~CAesuH z:on&na SP (_(3.01) 

HpBJIOJKeBHe ) • 
D+d 2 

.Sp = tr ( D + d ) ( h + __ ) w 24 , CM 
2 

npu AonycTBMoll TeMnepaT:ype neperpesa e' -30° u ecrecTsessoM oxnaJKAeHBH <i>eppu-

Ta MOJKSO Bhl6paTh ( 4.02) k P = 1,3 u onpeAenHTb, npeBe6peraH nOTepHMH B nposoAe o6-

MOTOK, AOHyCTBMbli! ypoBeBb MOIIlHOCTB Sa rBCTepe3BC 

Pp =Pr =kpSp 0 =01936. BT, 

AMnnHT:yAa BaupglKeHBll c y'!eTOM nOTepb nepeAa'IB sa nepsH'ISOll o6MOTxe TpaBccjlop­

MaTopa:' 

U m ~ 1,1 •6,3 • 1,41 = 9,8= 10 B • 

no SOMOrpaMMe puc.2 MOlKHO HaliTB MBSHMaJlbSOe 3Sa'leHBe '18CTOThl1 npH KOTOpol! MOIIlSOCTb 

HOT9pb He npeBOCXOABT paC'I9THOrO ypOBHSI: 

f min = 430 z:rn. 

no HOMOrpaMM9 pHC,J MaltCBMaJibSOO 3Sa'leSBe BBA:YltllBB B CepAO'ISHlte TpaSCcjlOpMATOpa 

B m= 600 rc. 

3 
3HA'I9BBe MaltCBM8JlbBOll BBA;rltllHB Aanez:o OTCTOBT OT 3Ba'leBBSI B mm = 3.5 .10 rc 

Ecnu 3BA'IeHBe 'laCTOThl, Bony'!BBmeecg B peayJlbTaTe paC'IeTa, :rAosneTsopHeT 

BpeA1>SIBJIHeMbiM Tpe6oBa!IBliM1 TO Aanee MOlKIIO oupeAeJIRTh: 

· ~ Pr 
I r = v 2 -- = 0,132 a 

Um 

Bm fc 
IL = 0,565 --- = 1,23 a 

p.d w 

U TOZ:, npoTez:aiOlllBll DO nepBH'IHOll 06MOTJ<e
1 

10 

~. 

l,=v(Ir+l 8 )
2 +I£= t,sa. 

Ecnu nepBB'IBaH o6MOTKa myBTBposaBa eMKOCThiO B uacTpoeua B peaoBaHc c 'IACTOTolt noA­

BOABMoro BanpHlK91IBSI1 TO 31I8'19BB9 9MKOCTB (1,09) 

6 

cP 404 • 1o r .. 3 
= 6215 • 10 .nq,. 

w2 
{

2 sf p. d 

B BeJIB'IUBa TOK8 B HOABOASIWBX Hp0BOA8X CBBJK89TCSI AO 3B8'19HHSI lr + In= 0
1
932 a. 

Kosq,<jlUnBeBT 'laCTOTHhiX DOT9pb lcj: ( ( 1,02) upBJIOlK9!1BS1) upH d IF 0,8 MM, 

-2 
z = 1,08 • 10 d n v f = 5,65 

lt = 1+ F = 2 3 , BOCKOJlbKT AJISI OAIIOBHTKOBOi! 06MOTKI1 a$<i>eKT '61m30CTK' T'IHThiBATb 

BeT Beo6XOAHMOCTB, 

Tenepb MOJKBO Bbi'IBCnBTb nOTepu B upOBOABHKax o6MOToz:, x.n.A. H AP:yrHe napaMeT­

phl TpaBCijlopMaTOp81 OABAK01 upH 381laBBhiX MaJihiX TOK8X B8I"pT31tB B 3TOM BeT Reo6XOAH-

MOCTB. 

Ecnu no TeM BnH BHhiM upB'IBBaM. Beo6XOAHMO BMeTb 6onee BH3Koe aua'leBlle 'laCTO­

Thl, a KonB'IeCTBO BBTKOB 06MOTitB YB9JIB'IHB8Tb B9lK9Jl8T9JlbB00 TO MOJKBO B3B'J'b ABA ltOJib-

ll8 TOrO JKe THD8 B B 3TOM CJiy'!891 K8K B B Hp9AhiA:YIIl9M0 B8liTH: 

D -d 2 
S p = TI ( D + d) ( 2h + __ ) = 36 CM , 

2 

I} = S p 0 kp = 1,4 BT , 

Um = l.Llkv2 lOs 

S c= 1128 cw!! , 

f min= 120 xrn, 

3 
B m 10 rc < B mm • 

.UnH BCH011b30B411BSI BOMOI"p8MJ.Chl upu: oupeAeneBHll B m B)'Xl{O C'IK't'8Tb1 'ITO 

Sc·=~ = 0,64, a f' = f . .2 , 'IT061>1 ana'leBliK senu:'IBJI J.COJltRO 6h1Jlo OTnOli<KTb ua 
~ mtn 

COOT~TCTB)'EllllEX llllt8Jl8X IIOMOI"p8MM1>10 3TO He M9BSieT pea:ym.T8T81 UOCitOJIIoE)P Ba ltOHe'IIILlll 

pea:ynbT8T Bnu:BeT Benll'IEJI8 upOB3BeA9BBB f•Sc , ltOTopaB npll STOll onepanKll He J.CeHB­

eTCB, 
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r- 0,197 a 

IL = 2,05 a 

2,28 a 

Cp = 0,51 Mit<!> 

lr+ I H • 1 a, 

xos<!><!>aDBeHT Ao15aso'IHhlX nOTepb MOJKHO ae y'IBTb!BaTb BBBAY ero Manoro aaa'leBIIH. Ku 

BHAHO, B HOBOM Tpanc<!>opMaTope B03p0C pealtTBBBblli TOit nepBB'IDOII OOMOTitB, B senB'IBHS 

• Ecnu noasonSiroT ol5cTOSITenhCTBa 1noneano aecxom,xo ysena-
peaonaacnoll eMitOCTB Cp 

'IIITb 'ISCTOTYo nanpHMep, AO 200 xrn. 3TO CB113HT 3Hll'leHBe pealtTBBHOro TOitll 0 MOntBOCTH 

p r H eMXOCTB C p , flpu neooXOAKMOCTH MOlKBO paCC't!ltTaTb :t STOT cny'lall, 
nOTepb 

TaxaM o6paaoM, npu noAOOBOM BblnonnenHll Tpanc<!>opMaTopa BblrOABO npHMeBBTI> xon~ona 

Mapxu M c soaMoJKno 15on~omHM ana'lenueM aa'lan~>noll MarnaTnoll npoBIInaeMOCTH, Ka:1: 

noxaablsaroT paC'IeTbl
1 
ucnon~>aosaBIIe xonen Mapxa ·~BOOB lioAooHhiX TPBHC<!>opMaTOpax 

38TpyAHeBO, BeHR'IHH8 U m orpana'lena npn sToM 1 - 2 s, 

npuMep 2. 

Ocnosnhle ABHHhie: 

qaCTOT8 DO.tiBOAHMOrO nanpSilKeHRSI 15 JtrD, 

AMnnuTYJla BbiXOAHoro aanpSDKeaun 10 xs. 

ToK aarpyaxu 1 Ma. 

OxnalKAeBIIe Tpanc<J>opMaTopa - ecTseBIIoe, sosnymaoe. 

flOCitOnLKY Tpanc<J>opM8TOp Bb!COXOBOni>TBhlll, TO AHSI pa3MenteHIISI OOMOTOlt B B30HSIIlBB 

aeooXOABMO BbiOpBTI> cepAC'IHBK C A~8TO'IHO OOni>DlBM OltHOM, flyCTb Bbl0p8H cepAe'IHIUI: 

41 BOO yBII<!>Hnnposaaaoro CTPO'IHOro TPanc<J>opMaTOpa. Ero ocnosBhle napaMeTPhl (eM. npu-

nolKeaue): 
2 

SC • 1, 5(513-213B) • 0,5 • 2,2 CM , 

CpeAHeapa<J>MeTB'IeCit&H nnuaa. M&rHHTHoli cunoson IIHHHK 

fc 

Vc= 

Sp-

B,5-3,74 + (3 74+2 3B) • 1B,52 CM 

2 ' ' 
2 

3B,4 CM 
2 

103 CM • 

C'laTaSI ocnosBhiMH nOTepSIMB TP&Hc<J>opMa_TOpa nOTepH B cepAe'lHHXe H aaAaBBKCI> TeMJiepa-
. 0 . . 

TYPon neperpesa 0 ~ 40 C no (4,01 ), MO~Ho onpeAenHTI>, C'IHT&S! Will e=ecTBeBHbiX 

-3 ycnosxll oxnaJKJleHHSI k p = 1,3 • 10 , AOnyCTBMhlll yposem. MomaOCTB nOTep!> aa rxcTe-

peanc 

Pr= 514 BT. 

12 

-

Jlnsr 3a.tUUIBOII 'laCTOThl, BCDonb3YSI noMorpaMM}' p11c. 3, MOlKHo onpeaenBTL, npeaeoperasr 

nOTepSIMII aanpmKeuusr nepe.tUl'IB, seHB'IBBy A [He =O,V] 

-8 
A "' 0,81 •10 q, rc/s. 

C .Qpyrol! CTOpOBbl0 DO ycnOBBIO (1,12) 

A = 4. 
max 

·9 
10 

B s 2 v c ___ = o,sa 
V m2 

·8 
10 

Ha CODOCTSBHeHHSI BeHB'IBB BBAHO, 'ITO B .IISHHOM cny'lae OrpaHB'IIIBlltOntBM <l>aXTOpOM SIBHSI­

eTCSI ana'lenHe MaKCHMan~>noll HBAYKDHH B ana'leHBe A AOHlKHO ob!Tb 

HliSI ~A max • flpll STOM CHII3!JTCSI H DOTepH Hll rHCTepe3HCi npHHliB 

CHBlKeHO AO 3Ha'le­

A =-5,5•10-9 <!>, 

no HOMorpaMMe pac. 3 MOlKHO yTO'IHIITb 3Hll'ICHHe MOntHOCTH DOTepb, flpH STOM: 

~ = 3,8 BT • 

flo HOMOrpaMMe pHC, 5 Tenepb MOlKBO H8HT11 'IHCHO BHTKOB BbiCOKOBOnLTHOII OOMOTXR 
\ -9 -1 

npB BblopaHHOM " = 5,5 •10 <J> rC•S 

w = 3,300 B • 

no HOMOrp&MMe pHC, 1 MOlKHO DpOXOHTpOHHpOB8Tb npaBHnLHOCTb p8C'ICT8 

3 
B m = 1,6 • 10 rc < B mm = 2,1 

3 
• 10 • 

no ycnOBHIO ( 1,14) M81tCHM8HbH8SI BeHH'IBH8 pe30H8HCHOH eMitOCTII 

C max= (0101 -0102)A= 55 - 110 n<J> • 

no <J>opM}'naM npHHO)I(eHBSI MO)I(HQ 

'leHnhle peaynLT&Thl y.QosneTBOpmoT 

oneHBTb coocTsenno eMKOCTb oi5MOTXR 1 a ecn11 nony­

nocTaBJieHHhlM TpeoOB8HIISIM0 A&nee MO)I(BQ onpeAeHRTb 

3Ha'!eBIIe ILd R BCHB'IBBy 3830pa B CepAC'IHHKe, 

flpe.[l.DonOlKHB 0 ifTO B3 p8C'leTa HSIIAeHO C = 25 n<J>, MOlKHO Hai1TB: 

IL d = ~= 220 c 
BenB'lHBa IL (1.15) aasucuT OT xollltpeTHhiX ycnosall npnMeaeanSI Tpaac<J>opMaTopa, 

OCOOCBHO OT H81!B'IBSI ll BCHB'liiBbl TOK8 DOAM8rHB'IHB8HHSI. B oTCyTcTsne TaKosoro, npu 

AOCT8TO'IHO OOn!>ntOII BenH'lBHe BHAYKDBH, MO~HO OpHeHTBpOBO'IHO npHHSITb iL=IL Ha'l, 
ll B paCCM8TPHM8eMOM cny~ae 

. BaSI 110 HOMOrpaMMe puc, 7, 

Tonmnna npoxnan~u 

Jl m60Q H BeHH'lHH8 HeMarHHTHoro 3830pa f
8

, onpeAeneH-

f3 = 5,0 ·10-2
cM 0,5 MM, 

fj 
fa 

-2-

13 
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Eciiii noey'leBBble pe3yro.TaTbl no'leM)'-nH6o ne smnsnoTCSI yl!oaneTsopHTO!!bHbiM11 1 MOlKHO npo-

1 . 

c'!HTSTb aapHSHTbl c yllnoeHHbiM cepAe'IHHXOM, cep.[le'IHHXOM H3 llpyrol! Mapltll MaTepHana 

I 

! 

ljleppBTll, 

Kax 5HllH0
1 

AIIH Tpe6yeMblX nenel! JI}"'WHMH llO!!lKHbl oxa3aTbC!I ceplle'IHHXH c 6oro.-

muu 3HS'IBHReM B m H MS!!biM H~ , T,e,, nanpHMep, MapxH M 2000. 

npllMOP 3, 

Bu6paTb ceplle'IHRX Mari!HTonponoAa noablmaJOmero TPancljlopMaTopa, peaonancnan 

'ISCTOTll 5TOpH'IHOII 06MOTXH XOTOporo onpe.[le!!!leT 'ISCTOTY nOll50l!HMOrO HSHpSllKOHIISl, 

0CH05!lble !!SBHble 

AMnnHTYllll BbiXOllJ!OrO uanpSilKeHHSl - 20 X5, 

Tox uarpy3XH - 2 Mllo 

no ycnoaHSIM B30ll!l!lBB TpaucljlopMaTop pannouaro.Ho noMeCTBTb 5 Macno. EcnB cepllC'IHRit 

TPBHC<jlOpMSTOpa 5b16paH OT yunljlHD:Bp058JIHOrO CTpO'IHOrO Tp8HC<jlOpM8TOp8 110° ( M-2000), 

TO ero OCHOBHble napaMeTpbl: 

2 
Sc = 1,5 CM 

£~ =16,5 CM 

3 
V c • 25,0 CM 

H.:!= 0,2 s 

3 
B 8 = 5•10 rc 

3 
B mm z3,5·10 rc • 

noMCI!leBBO TPSHC<jlOpMaTOpa B MSCIIO yny'IWSeT ycnOBHH OX!!SlK.[leHH!I ero H npH STOM MOlKHO 

He 3a60THTbCH o paC'IeT.e Tennonoro pellCIIMS ll!IH npaxTB'IeCJtHX cny'!aen, orpauH'IH5WHCb 

onpeneneHHeM MOI!lBOCTJI. nOTepb B cepAO'lHHXO, 

no yc!!OBHJO (1.12) 

• 9 B 2 "
9 

=4-10 V __ s = 6125 • 10 
Um2 

.\ .p,rc/s, 
max 

-9 
nocxoro.xy Bbl60p 'lSCTOTbl npOH3BO!!OH, TO no HOMorpllMMO pBC, 4, 38A8BWBCb A= 6•10 , 

MOlKHO onpenenHTb 

4 
w Pr• 1,34 • 10 • 

3anaBIDHCb ne!!B'IUHOII pr = 5 BT 
1 

MOlKHO HSIITB 'IHC!!O BBTX05 · OOMOTitH 

1,34 • 10
4 

w 
5 

• 2680 BHT, 

Pa6o'laSI '!acTOTa TPAHC4KJpMaTOpa (HoM. puc. 5) 

- 22 xrn. 

14 

l 
1.1 
) 

J 
\J) 

l~ 1 
J 
~,I 
' ~ 
\ 

1 
i1 

,II, 
:~ 1l 

,I 
1 
~ I 
~: 

r -~~ 

• I 
' 

:; 

l 
I 

','1 

I 

MaxcaMa!!bHSH nena'IBHS pe30HSHCHOII eMXOCTB (1.14) 

C max= 60 - 120 n.P , 

Ecna no ycnoaHHM npuMeaeHHH eMXOCTb MOlKeT 6htTb MeHbme, a 'lSCTOTS nume, TO aana»-
-9 

WHCb MeHbWRM 3B8'10BUOM A , HSnpBMep, .\ = 3 • 10 R nOBTOpRB paC'IeT, MOJIOIO 

onpenennTb 

H A!!ll Pr· 5 BT 

W = 2200 DBT 

38 xrn 

C max= 30 - 60 n.P, 

4 
W Pr= 1,1•10 BRT, BT, 

T,e, HpB yaenH'IeHBH 3830p8 B!!H YMOHbWeHHB eMJtOCTH OAHOapeMOHHO C UOBblWCID\CM 'IACTO­

Tbl MOlKBO YMOHbWBTb 'IHC!!O DRTXOB RIIB AIIH TOrO lKe 'IBC!!a BBTXOB YMOHbWHTb MOmHOCTb 

nOTepb B cepAO'IHHZ:e, nposepHB YAOB!!OTBOpBTe!!bHOCTb peayro.TSTOB, MOJIOIO onpenenBTb 

nanee Heo6xonBM)'JO nena'lBHy aaaopa B Tonmnuy upoxnanxn xax n n npuMepe 2. 

Bonae npocTbiM cJI}"'aeM smnHeTCH pac'leT TPrurcljlopMaTopa renepaTopa naxanbnoro 

nanpiDKeHBH; ero MOlKHO nponollBTb aHanoru'IHO paccMQTPBHHOM)'. npB neo6xonnuOCTH onpe­

nenenHH l!HAYKTBBHOCTB o6MOTXH BCBO!!b3YCTCH HOMOrpaMMll pnc. 6, 

3 a x n 10 'I e n B e 

1, nocXO!!bJtY B HllCTO!Illlee BpOMH paC'IOT TPSBC<jlopMSTOpOB C <jJeppHTOBblMH cep,lle'l­

BHitllMil npOH3BOl!HTCH MCTOAOM UOA60p8 nOAXOll!llllero <jJeppBTS, TO HOMOrpSM:UU o6nei"'llJOT 

aTOT nponecc n nenaK>T ero HarnHAHbiM • 

2, Xon J!-AC'IOTll npBBOl!BT X XOBCTPYKilBB TPSBC<jlopMaTOpa C MHHBManbRUM 'IBCIIOI& 

BHTXOB 06MOTOX, 

3. Pac'leT nocnT_ opneBTBpOBO'IHbli! xapaxTep, IIBpAMCTPbl nowxeJKAT 

n xone nacTJ)Ol!xB cxeMU, 

nPHnO)KEHHE 

1. Koa<jJ.pxnneBT 'lllCTOTIIl>IX nOTepb B nposo!UIB1te o6uOTOL. 

yTO'iiiOIIBD 

Ecnn o6o3na'iHTb conpOTHB!!eHHe OOMOTXJI uOCTOHBROMY TOJtY R 0 • COitpo'r'lmJlBBe 

o6J&OTXJI nepeMeHHOM)' TOxy 118 'lllCTOTO 

B npOBOlUIBJte 

f - R f 
0 

TO s:os.p<jJmmeBT 'IACTOT.KYX UOTepb 

15 
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kJ = 

Ha OCHOBB!!BB/4 / 

Rf 

Ro 
( 1.01) 

3l!a~eBBe ~aCTOTlloro xoa¢¢anael!Ta kr 
0 Y'IBTLIB4IOII!oro )'Be-

nB'Iel!Be noTepb B npononHBxe c pocToM 'IBCTOTLI ncnencTnae nonepxnocTnoro a¢¢exTa n 

a¢¢exTa '6nuaocTn', MO)I(Ho aanacaTb 

K w d 2 
kf'=1+F+( rl ) G, 

2D (1.02) 

3necb 
1 + F - xoa<Mmnnel!T, y~BTb!BaiOmHll ynenu~el!Be conpoTnBJiel!Bsr non nellcTnneM 

nonepxllocTl!oro a¢¢exTa; 

nponona, K 
G - KOa¢¢unnenT, ~HTLIBaromall BliHSlHBe ~aCTOTbi H uBaMeTpa 

EOS.p.j!HnBoHT, )'~BTbiBI1lOII!BJI BnBSlHBe pa3Mepon ICBT;ymu Ha a¢¢eKT 'onu-

aocTn', Ha puc, 8 npanenella aanncaMOCTb K OT reoMeTpa~ecxnx cooTnomeuul! HaMoT-

xn II ltllT)'WEH ; e - nnnaa, t - rn;y6una li8MOTKH, D - uHaMeTp EllT;ymxn. 

B Taonuue I npanenoHbi 3Ha~eBBsr KOa¢¢unaeHTOB 1 + F B G B 3/lBHCBMOCTB OT 
•2 

napaMoTpa z = 1108 .10 ~ ..jf , rlle d n- nnaMeTp nponolla n MM, f -'!aCTOTa n rn. 

2. CooCTBOHllasr OMICOCTb OOMOTOX Tpanc¢opMaTOpa. 

Jlnsr llOBb!WaJOmero Tpaac¢opMaTopa C ¢QppHTOBbiM CepllO'IBBXOM HOOOXOJlHMO CTpOMHTb­

CSI X )'MOllbWOl!BIO COOCTBOlll!OJl OMKOCTH BbiCOXOBOHbTBOJl OOMOTXH, llOCKOHbX)' BMeCTO C 

OMKOCTbiO llarpyaxa R DBn)'KTBBHOCTbiO OOMOTKH Olla orpaHB'IHBBOT paoO~)'lO '111CTOT;y TpaHc­
¢opMaTopa. 

Y'leT co«ScTneuaoll OMXOCTB o6MOTXH MO)I(Ho npoaanecTn na OCl!OBaHBH ¢opM;yn pa-
6oTbi161. 

Pacnpenenenl!an OMXOCTb MOJI<ll)' Ha'laliOM H XOI!DOM MHOrocnol!!!ol! OOMOTXB 

CD 
1.34 ft~ b • (n-1) 

n¢. d n 2 

3lleCb 
l - JlHSliOXTpB'!OCKaSI llpOI!!HnaaMocTb MO:lK.li)'CliOJlHOJ! 1130IISII!BH, 

f 8 - cpenasur llnBHa BHTKa CM
1 b -JlliBHI1 cnosr CM, d - TOlllllHile H3011JIDBH BBTXOB B CliOSI MM, 

n - 'IBCllo cnoen. 

JlellCTB)'IOmee 3Ha~OHHO pacnpe,[lelleHnoll OMXOCTX HBrp)'JKOHHOJl OOMOTXll C OUBBM 
3830MliOHHb!M BbiBOllOM: 

C = C 
0
+ 0,3 

003 )''lOTS OMXOCTH llO,[lBO,[liiiJlBX IlpOBOllOB. 

f 2J b l 

3d n 

16 

n¢, 

npennonaraeTCSI, 'ITO enol! C HaHOOIIOO BbiCOKHM llOTOHUBanoM ynaneH OT COpllO'IHBXa B 

npyrax 3a30MnOHIIblX '!aCTOH Tpaac¢opMI1TOpa. 

3. 3liOKTpOMarHBTHblO CBOHCTBB OKCBllHLlX M&rHHTHblX MaTepnanOB B OCHOBHblO TBllbl 

B HOMOHKlii1Typa ¢eppBTOBblX CepllO'IHDKOB. 

/8/ 
. B TI10llllll0 2 llpHBOilOHbl OCHOBHLie anexTpOMarHHTHblO CBOiiCTBa OKCBilHblX MST0-

/9/ 
pBI1liOB0 liOOOXOilHMblO nnsr npOBOilOliHSI paC'!OTOB, B TaonBUaX 3, 4 npBBOilOHbl OCHOBHblO 

THllbl H HOMOHXnaTypa KOHbllOBblX H lll -oopa3HblX ¢eppHTOBblX COpllO'IHBKOB, Hl1 pnc. 10-

Ill -o6pa3HhlX cepne'IHHKOB n na pac. 11 - II - o6pa3Hblii: cepne'I­OCHOBHble paaMepbi 

nux yaa¢auaponaaaoro cTpO'!Horo Tpanc¢opMaTopa TBC-A <1>-600. 

Jlnsr Bbl'IHCliOHHSI llOBOpXHOCTB OXllalKilOHHSI COpllO'IHHKa MOlKHO BCllOHb30BaTb BbipalKO-· 

HHSl 

a) nnsr Konen 

Sp=rr(D+d)(h+ D-~ 
' 2 ' 

6) nnsr III -o6paanLrx cepne'IHBKOB 

Sp=2[2H L -.4h(
1
+B (L +2H +·4h +2q] 

B) nonepXHOCTb Cepne'IHBXa CTpO'IHOro Tpaac¢opMaTopa 

2 
Sp = 105,3 CM • 

n B T e p a T )' p a 

I. H.H.CneToB. ManoMOIIIHble 
focaaeproaanaT, 1962. 

BblCOKO'!aCTOTHblO BCTO'IHHKH BblCOKOro HanplllKOHllll. 

2. n.H. PaoKHH. BblCOKO'!aCTOTHblO ¢eppoMarneTBKH. <I>B3MI1Traa, 1960, 

3. A. <I>. CeH'IOHKOB, n.r. <l>ynmTelln. npaMeHOHBO ¢eppllTOB B panaoannapaT;ype. rocaaepro-
H31li1T, 195'3. 

4. B.H.Ca¢opon. PanaonpaeMHhle ycTpoilcTna. Boeaaoe H31laTellbCTBO MO CCCP, 
Mocxna, 1964. 

5. <I>.A.CTyneHh. 3nettTpOMexaaaqecxoe pene. lianaTeHbcTno XapbKoncxoro yaanepCHTeTa, 
XapbKOB, 1956. 

6. B.B. Muxafinon. Pac'!eT 11 KOHCTpyHpOBaHBO BbiCOKOBOllbTHOfi annapaT;ypbl.fOC9HOpro-
B31laT, 1955. 

7. P. nsana, .11 • .llanuc, A. AnhopexT. Cnpano'IHBK p111lBOBH*OH0pl1 foCSHeprOB31laT, 1961. 

11. rocsaeproaanaT, 1"960. B. CnpaBO'IHBK no snexTpoTeXHB'IOCKHM MaTepaanaM T. 

9, Panuo )\fg 8, 1964. 
Pyxonacb nocTynuna n aanaTenbcxufi OTllen 

18. cenisropll t'ila5 r. 
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Ta6nnqa 

3ua<i:ennSI KOS¢xjlHilH8HTOB 1+ F H G B 38BHCHMOCTH 
OT senH'IHHbl Z • 

z I 1+F I G z . I 1+F I G 

0,0 1,000 r 
64 

4,0 1,678 O.sst 

0,1 1,000 r 4,2 1,752 0,618 
64 

0,2 1,000 z' 4,4 1,826 0,6:i2 
64 

0,3 1,000 r 
64 

4,6 1,899 0,686 

0,4 1,000 z' 
64 

4,8 1,971 0,720 

0,5 1,000 r 5,0 2,043 0,755 
64 

0,6 1,001 0,()0202 5,4 2,184 0,826 
0,7 1,001 0,00372 5,8 2,324 0,896 
0,8 1,002 0,00632 6,2 2,463 0,007 
0,9 1,003 O,ot006 6,6 ~ 1,()38 
1,0 1,005 0,01519 7,0 1,109 
1,1 1,008 0,02196 8,0 3,094 1,287 
1,2 1,011 0,03059 9,0 3,446 1,464 
1,3 1,015 0,04127 10. 3,799 1,641 
1,4 1,020 0,05410 II 4,151 1,81& 
1,5 1,026 0,0691 12 4.504 1,995 
1,6 1,033 0,0863 I 13 4,856 2,171 
1,7 I,Q47 0,1055 14 5,209 2,348 
1,8 1,052 0,1265 IS 5,562 2,525 

~ 
1,()64 0,1489 16 5,915 2,702 
1,078 0,1724 > 17 ~· 2,879 

~ 1,111 0,2214 18 3,056 
1,151 0,2708 19 6,974 3,233 

~~ 1,201 0,3184 20 7,328 3,409 
1,256 0,3632 30 10,85 5,177 

3,0 1,318 0,4049 40 14,40 6,946 

~ 1,385 0,4439 liO 21,46 10,48 
1,456 0,4807 80 28,54 14,02 

3,6 1,529 0,5100 > 100 35,61 17.5-'i 
3,8 1,608 o,5503 >100 zY2+1 zY2-I 

--4- --8-
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0cBOBBNe TBUW B BOMeBKII4TypB ~ppBTOBNX cepne~BBXOB KonblleBOA ~p~ 

/) d I 
D I d I h 

PaJ~ert.~. MM -I 

I / .. THnopan1ep /c sc so 
I I I . . ·-

K2.5xlx0.8 2,5 I 0,8 
0,514 0,006 0,0785 85,7 K2,5xlxl;2 2.5 I 1,2 0,00!! 57,1 K4XI,6XI,2 4 1,6 1.2 0,823 0,0144 0,0201 57, I K4XI,6XI,I! 4 1,6 1,11 0,0216 311,1 KliX2,5XI,II tj 2,5 1,8 I. 26 0.0315 0,0491 39.9 

2,5 K6X2,5x2,1! tj 2,5 2,8 0,049 :15,3 K10>'4X3 10 4 3 2,06. 0,09 0,126 22,9 KIOX4X4.5 10 4 4.5 0,135 15.2 K15X6X4.5 15 li 4,5 3,09 ii,203 0,283 15.2 K15XIix7 15 6 7 0,315 9,8 

K1.2X0,6X0,4 1,2 0,6 0,4 0,272 0,0012 0,00283 227 K2XI X0.5 2 I 0,5 0,453 0,0025 0,00785 181 K3.2XI,6X0,8 3,2 l,li 0,8 0;725 0,0064 0,0201 113 K5X2,5XI,2 5 2,5 1,2 1,13 0,015 0,0491 75,5 
2 

KIIX4X2 II 4 2 1,81 0,04 0,126 45,3 K12X6X3 12 6 3 2,72 0,09 0,283 30,2 1(20XIOX5 20 10 5 4,53 0,25 0,785 18,1 K32XI6XII 32 16· 8 7,25 0,64 2,01 II, 3 K50x25X6 50 25 6 11,3 0,75 4,9 ... 15,1 K50X25X9 50 25 9 11,3 1,13 4,91 10,0 

KIX0,6X0,3 I 0,6 0,3 0,245 0,00061 0,00283 4.09 
KI,6XIX0.3 I ,G I 0,3 0,401 0,0009 0,00785 446 
K2.5XI.6X0.5 2,5 1,6 0 5 0,636 0,0022 0,0201 2112 
K4;><2,5X0,8 4 2,5 o:s 1,00 0,006 0,0314 140,6 
K7X4XI,5 7 4 1,5 1,68 0,0225 0,126 74,9 1.,6 KIOXtiX2 10 6 2 2,45 0,04 0,283 51,6 
KltiXIOX3 16 10 3 4,01 0,09 0,7115 ·44,6 
K211XI6XG 28 16 6 6,74 0,36 2,01 ·Ill 7-· 
K411X!I5X7 ,5 40 25 7,5 10,0 0,563 4 ,91..' ,. ,. ..17:7 
Ko;;,x40XG 6" 40 6 16,2 0,7 12-~6- ' 21.6: 
KIOOXGO>:;IO l1oo GO 10 24,5 2 2,~~~- 12,,3 

K1,4XI X0,4 1,4 I 0,4 0,373 0,0008 .0,00785 466 
K2,2XI,6X0.8 2,2 1,6 0,8 0,529 0,0018 0,0:.?01 294 
K3,5x2,5xr 3,5 2,5 I 0,934 0,005 0,04!11 1117 

1.4 I\5,5X4X 1,5 5,5 4 1,5 I ,48 0,0113 0,126 131 
I\:1.5XtiX2,5 8,5· 6 2,5 2,24 0,0313 0,263 71,7 
KUXIOX4 14 10 4 3,73 0,08 0,7115 . 4_6,7 
I\22XI6X4 22 16 4 5,92 0,18 2.01 32.9 -
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Ta6nana 4 

Tanopa3Mephl ljleppllTOBhiX cepne'IHBXOB W o6paanoi! ljlopMhl 

I 
Ct) 

~ co:! 
:#, c. :.: :I! ~ ~ o:a ~ ~ t:Q, ;; ~ 

=~ :::: ClSI~ " ~ E-:!! -.l '='I - '='I 

. 
1II2,5x2,5 10 10 2', 5 2,5 2,0 6,5 
Ill3X3 12 12 3 3 2,5 8 
Ill4X4 I 6 16 4 4 3,2 10,4 
Ill5X5 20 20 5. 5 4 13 
lll6X6 ~4 24 6 6 5 16. 
Ill7X7 30 30 7 7 6 19 
lllBXB . 32 32 8 8 1,5 23 
llllOXIO 36 36 10 10 8 2l1 
llll2X15 .42 42 12 12 9 30 
lli16X20 54 54 ! 6 16 1 l 38 
lll20X28 65 65 20 20 12 44 

\. 

\ 


