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Alm:OTauwl 

B HaOTO.f.II1teH pa6oTe paooMoTpe::Ia BOSMC»KHOOT:& noCJie~oBaTeJI:&Horo 

nHTaHRH TOKOBRX_06MOTOK OTp,yKTypH~ MarHRTHHX aneMeHTOB UyKnoTpOHa 

/I/ - YOKOPRTeHR panaTRBROTOKHX fi~ep Ha SHeprzm B 6 rsB/~OH, 
npoeKTRpyeMoro B ]B3 OHHH. Ha ooHOBe ~o~eHHHX pao~eToB npn noMomH 

nporpaMMH Gr R. I1JS .n;.rur BH6pa.HHHX SJleMeHTOB Ma.I'HRTHOi1: OTPYKTYPH yo-. 

TaHO~eH ,nRana30H K3MeHe:mui TOKOE B 06MOTKax, ~ KOTOporo He06Xo

,DJiiMa OHOTeMa KOppeKII;l'lH. ilOKa3aHO , 't!TO B paOOMOTp9HHHX ,IJ;WIOJll,HilX 

K KBa,npynM:&HHX OKOTeMax B03MOlKHC' 003,na.Ime Ha paOOTOmm.siX 'Y'""' = 

2 OM OT ~eHTpa S~eMeHTOB ~M:&HbX K KB~ynomHHX llMeK 6J1R3RHX 

It n.n;ea.m,HOMY. 



B HaCTO~ei pa60T9 paCCM01peHa BOSMOOCHOCTD IIOCH9AOBaTenDHOrO 
TaHKH TOKOBHX 06MOTOK CTpyKTypEHX MarHRTHHX 8~9M9HTOB F~OTpOHa 

· ycxopnTe~ pBXHTHBRCTCKRX ~ep Ha aHeprnro B 6 raB/~oH, npoeRTH 
MOre B JIB3 OMflH. }lJm HCIIMD30B8mtR: IIOM9AOBaTeJibHOro C09.n;HH9Hll.fl 
CBepxnpOBO~ (CIT) 06MOTOR ~TIO~DHHX MarHRTOB H RB~ynO~DHHX ·~ 

Heo6xo.n;HMo 't!To6u B ~anasoHe TCKOB I = I + 7 KA oTHomeHHe K( I) 
G,{IJ eA~B {r)e 6wro nocTo.fiHHI:lM Ilte G = d..B"":~.) . =- f. 8"Lx. I . 

t1 11 ' ;rx fxt'd-=0 )/- I XI 'i""O 
rpaJtH9HT MarimTHOrO IIOM B JmH~e, ~ = (BX' By) - MarHHTHOe IIO~e 
,ItiDIOJie, e/1 lt .f.M - 8~9KTHBmtE i:r,mnm JIHH3ll H MarHHTa, OIIP9AeJI.fi9M 
H3 COOTHOme:HHi : ..,...0. 

oO J C,(zJrJ.:t == G;". e;.. j Br~JJ:c ~ BH e H 
I -o-0 (I.I 

-oa 

ECJIH I< (I) f: C011Sf , TO HMeeTC.fi HeROTOp:Wi CABRr 't!a.CTOT 6eTaTpOmm:x: 

daHH~ 'tlaCTRU B YCROpHIDmeM rr,yqRE, KOTOpuft M~9T IIJ?RB9CTH K B036~ 
HmO peSOHa.HCOB 6eTaTpoiDIHX KM€ 6amm. )J;r.sr TOro, 't!T06ll 8TOT C.n;B:trr' 
y&H~BaJICH B ecTeCTBeHHBH HHTEpBan ~CTOT 6eTaTpoHHUX xo~e68HHH 
AQ~ O,OI, CB.fiSBHHHK c pas6pocoM KMIIY.1IbCOM H aMRHHTYA ycxopHeMHX 
'tlaCT~ 1 Ha BeJm-qnny A ~ HaKJI8.,1J;ImaeTCSi orpa.HH1!9HR9. 

D 61 G "'-' I o-3 B D;9HTpe JmHSH. 

TaKKM 06pa30M B03HRKa9T ~-qa IIOA60pa OIITE:MaHDHHX KOH~p~ M 

HHTOB R JmHS, ,n;.1ISI ROTOpT:DC BimOJJH.fi9TC.fi ycJIOBHe BO BC9M miT9J?Ba.7.I9 H 

H9HHSI TORa I : 

(I.2 

-r,e 

3AeC:& 
8 = gi 

1 
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I. PesyJIDTam 't!HC~eHHHX p§C"t!eTOB 

PaC'tl9Tll IIMei B CTI KB~YDO~ H ~0~ IIpOBO~CD .n;By.MH M 

. , . 



Jta,ra: 

I. Konel!Ho-pasnocTHBM (cHCTerJla nporpaMM P01550N 131); 
2. MHoroceTo~ pa3HOCTHHM MeTo,n;oM ( nporpa.MMa C, R IV S l 41) . 
B Kal!eCTBe SJieMeHTOB Ma.I'illiTHCtit CTpyKTypli 6:wm BU6pa.mz err MarHHTli 

C npHMOyrOJibHOR anepT,1.PO~ R ~eJie3INM gpMOM H RBHOll~CHHe CIT JIHH3li, 

KOHifmrY:pa.mm nonepe'tffil:lX cel!emzdi KOTopmc npne,n;eHU Ha pnc. I. JKeJies

me 3Kpa.HH paCCMaTpHBaeMIDC SJieMeH~'OB COCTO.f!T H3 CTaJm Fe. + 3,25% • 
Ha pHC. 2 ,n;JIJl STOre Ma.Tepzarra. npru1e,n;eHa 3aBHCHMOCTb MarimTHOR/llP,OHH-

~eMOCT:H .f , OT BeJnNmm MarimTHOH .IDI,IlyKI.U'm B ,IJ,JIJI T = 4 , 2 K 
57. , 

puc./ 

Pnc. I. KoHti&IrypauRH err ;QmO.'IbHHX MartmTOB H KBa,IU)ynOJffiHHX 

.mms. lhl:CJio BRTKOB B o6MOTKax Mar:rmTa NH = I6, 

.mmsH N"' = 12. PasMepu 30llli B ( CM). 

5000 

5000 10000 

pcJC. 2. 

PRe. 2. 

Holt sneprnH 6 T3B/uyRJioH 

15000 B, 2c 

e TIOMOIUbiO , ·GI?IDS6JJ.JI npoBe

~eH KOMnJieKC paC't!eTOB ~OJibHHX 

H KBaJU)yTIOJ!bHliX err MarimTHl:lX 

CHCTeM •. PaccMaTpRBaJmCb MarHR
TH H ~3H C pa3HUMR BHemHHMR 

pasMepaMR ~eJiesHoro flPMa (eM. 

pHc. I). PasMepu HpMa (a~ B ) 
BU6H~Cb c yqeTOM ycJIOBRH 

(I.2). Ha pHc. 3 npe,n;cTaBJieHH 

paSJIHlJHHe 3aBHCHMOCTH HH.ZJYIUOim 

MarHHTHOrO nona B OT TOKa B 

o6MoTKe B nenTpe MariUITa rrp:a 
pa3.Jll:P!HHX 3Hal!eHruiX ( CL :< 6 ) • 
Tpe60BamiiO IIOJiyqeHIDI Ma.KC:.aMaJID-

OTBel!aiOT MarliHTH C lUI,I1yKIUieit (}\,)MaX.= 2 TJI, 

. ' 
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puc. 3 . 

PHc. 3. 3a.Bac~mocT:o a~ 

MarHliTHOrO no~ B neHTpe MarHn-

·Ta OT TOKa B 06MOTKe. KpliBHe 
I - Y COOTBeTCTBYIDT pasMepaM 
ce't!eHIDI Ma.I'lmTa ( o... x 6 ) : 
360x220, 320X200, 280xi80, 
220XI60, 24Qxi40 B MMf, COOT
B9TCTBeHHO. 

. c pa3Mepru.m SipMa ( Ct X ~ ) : 320l200 ~ H 360x220 ~ H anepTYJ)OR 
·I30x56 -~. 

Ha p:ac. 4 npe,ncTaBJieHH 3amiC:RMOCTR rp8J1:ReHTa MarimTHoro no.n:.a: B 
'neHTpe ~3H OT TOKa B 06MOTKe III~ pa3~'t!HHX pa3Mepax xe~e3HOrO SipMa 

· ( c x c1 ) • Ha pnc. 5 rrpne~eHH sHc;~-qeiDI.ff K = ~ I B ,wm: pa3.7m't!-
HHX CO't!eTa.IIIDi ~H3 li MarHHTOB. Y C~OBHIO (I. 2) y~OBJI6TBOpHeT CO't!eTrume 
JmHSH c ~SMepa.MH cep~etiHHKa C < cL = 360x360 MNf H Ma.I'HRTa c pasMe
pruvm a x ~ = 320x200 ~. ; 

r.JI.¥. 
- 4 I 

R 

3 

2 

2 3 t. s 6 7 I (~<II} 
puc. I.. 

PRe. 4. 3a.BHCHMOCT]) rp~enTa 
MarHRTHOrO II~ B neHTpe ~SH 
OT TOKa B 06MOTKax.KpHBHe I-IY 
pa3MepaM nonepe't!Horo ce-qemm 
JmHSH (C xd), I- 400x400 ~, 
IT- 360x360 MMf,lli-360x220 ~. 
IY-260x260 MMf,Y-340x340 MMf. 

0.25 

0.2 I 
][ 

lr 
2 3 4 5 6 7 l(KII) 

f><JC. 5. 

PHc. 5. 3aBHCHMOCT:o Kos~eHTa 
K= Gr I B OT TOKa B o6MoTKa.X s~e
MeHTOB. KpRBHe I-IY COOTB9TCTBJIDT 
KOMORH~HM ~3 R MarHRTOB C pas
~~~ rronepe't!HHMH ce-qeHRkMR 
B Mil ( C xJ), (ax&): I-(360x360), 
ll-(360x360),(360x220), lli-(360x220), 
IY-(360x220),(360x220). 

' . 



B Tao~e I ~ ~aHHoro co~eTaHKH ~3H H MarHRTa npnBe~eHH xa
pa.KTepHCTRKR .ztmiOJILHllX H KBaJJ;pynOJILHllX nOJie:f.i, paCC'tfl:!TaHHIDC C llOMOIItLIO 

GRI'DS. 

·Ta6Jnma I. 

I (KA) 
B(I) · G(r) K :::. GJe, 6B;ir 6.G/c:I 

(To) (rc/cM) (I/ eM) <rc/A) (rc/CM•A) 

I,5625 560?,I I292,0 0,2304 3,587 0,82I 
3,I250 II2I3,0 2575,7 0,2297 3,49I 0,568 
4,5000 I60I3,4 3477,0 0,2I76 2,826 0,542 
5,8330 I978I,4 4079,5 0,2062 2,448 0,258 
6,2500 .20802,3 4!37,3 0,20I3 

,ll;rSI TOKOB I< 4,5 KA Y~aJI.OCl> llOJlyqHTl> AKJK = 3· I0-3. ,IJ;7m BHOpa.HHOro 
CO~eTa.HRH MarHHTa 11 ~3H OTKnOBeHRH K03~9HTa K OT llOCTOHHHOrO 
ypoBHSI npn TOKa.X I";y 4,5 aKA o6r:cacHJieTcH nacuineimeM .7KeJiesaoro .a:pMa. 
B .mmsax. 

B Ta6~e 2 ~aHH xapaKT9pRCTRKH KB~yiTOJILHHX H ~OJILHHX llOJie:f.i, 
no.n:yqeHIIHe c noMont:cro nporpaMMH POISSON ;ri)I.H nu6prumoro co~eTa.HRH Mar
BRTOB H JmH3, a Ta.IOKe rp8JCI9HT :MarHHTHOrO llOJIH (71 i ,I(J.IJI JllUI3I:l C 
('C ><d.. ) + 340x340 ~. 

Ta6Jmua 2. 

I' KA B(I) ,rc ·;< r )rc/cM 
K- G-fB 

~ ( 1 ) ,rc/cM~ rZcMl 

!,5625 5604,4 I29:I ,6 I4I0,9 0,233 
3,!050 II2I0,4 2576,0 2498,0 0,223 

. 4;·5000 !595!,3 35!0,0 . 3356,! 0,2!0 
5,8330 20044,6 4!08,0! -2380,0 -O,II8 
6,2500 20420,0 

KaK B~O H3 Ta~ 2, paC'ti9TI:l, npOBe~eHHI:le C TIOMOIItl>ID nporpaM
MEl POISSON,naroT 6 ~K = 2W%. OTRJIOHeime K OT HOMRHa.JII>Horo sHa~eHIDI 
no~TR B 3 pasa o6'hHCH.fieTc.a a.HOMaJII:,HHM 3Ha't!eiDieM G: (I) , Koropoe no
BH~OMY He ~eTCH IDH3H't!eCKR ~OCTOBepHI:lM no xapaKTepy pas6poca 

(j, (I) Ha OCR ox. Ha n~cCTO.m:mH X = +3 OM G (.x)- Gf O) = 0 5 
' ..t""'" - G, ( 0) ' 

;n.7.UI TOKOB I~ 5 KA. Ta.K.HM o6pasoM, nporpa.MMa p or'ils o t1 .wr.a HeKoTo-
pux ROHIDHrypanKfi JIRHS He ~aeT y~oBJI9TBOPHTeHLHI:lX pesy~TaTOB. B ~aJI.L
HemueM pacqeTu BeJnw:o no nporpa.MMe GRIDS. Ha pnc. 6 npnne,n;eHI:l sann
cliMocTR .6. Gy(x~ (0) H t:::. B(Y:%{ o) )J.Jm BH6pa.HHHX MarHRTHHX sJieMeHTOB. 

': ' " ·/1 
• 
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J>Hc. 6. 3aBHCIDJIOCT:& HeJmHefuiOCTe~ ~IIOJI:&HUX H KB8JU>YIIOJI:&HNX IIOJieti 

OT paCCTOHHBfi OT ~eHTpa SJieMeHTa. a) - KpHBHe I - Y 
COOTBeTCTBYJOT CJI6.nyiOIUHM !:Ha'tlemu.TM TOKa B 06MOTKe ,I(IDIOJIH 

6,25 KA; 5,8 KA; 4,5 KA; 3,I KA n I,5 ItA. B) - KpnBHe 
I - m orrpe~enaroTCH sHa'tleERHMM TOKa B o6MOTKe JIHHSH 

I,5 KA; 4,5 KA, 6,25 KA COOTB9TOTB9HHO. 

Pesxoe BospacTrurn:e BeJIH"tllmht b. G6<>~( o) na paooTomnm: X-= 2, 5 OM 

OT ~eHTpa JmH3H 06MOHH9TCH BJIIDIEHeM IIOJIIOOa, KOTOp:IDi annpOKOHMHpyeT-

. c.a: OTYfieH'tffiTOH OrB6a.IOJlleH. RJmmme rro.mooa na ne.mmeillioom KBa.n;pynOJI:&Ho

ro IIOJI.a: MOJKHO yt~eHlilllRT:& H3MeHSISI IWHCTa.HTY, onpe~e.miiOIIzylO 06pasyronzyro 
rnnep60JIR"q9CKOrO llOJIIDOa. 

B Ta6.mme 3 npnBe.zteHH 3Ha'!eEllSI ~ t CI • • • CI8 (Ha pa,rceyoe r~· 
I,5 OM) B JIHH3e B 3aBHCHMOOTH OT TOKa. 

ch- a.MllJ.IRTY~ rapMOimK q,yp:o9-IIa3JIOXeHllSI .wm BeKTOpa-IIOTeHIJ;HaJia A; 

B-= 'l'"Ot A I c h. : Bh./B{ 

Ta6.mma 3. 

I, KA 2,25 3,I 5,8 

G rc/cM 18?5,5 25?5,6 40?9,0 
c2 rc 2258,0 3IOI,3 49II,O 

-4 !,892 I,800 I,4?9 c6, IO 
-4 0,030 0,030 O,II CIO' IO 
-4 O,OOI O,OOI O,OOI CI4, IO 

Cr8• Io-4 0,000 0,000 0,000 

I "luia.mi3 pnc. 6 Ta6.JIRIU:l 3 IIOKt;.3I:maeT' 'ITO ,IT,JIJI err KBaJ]J)YflO.Jill' H306-

paJKGHHOro Ha pHC. I B anepzype Ha 12 OM B03MOJKHO 003,I{aHll9 IIOJI.B:, 6Jm3-



KOrO K H,I(9aJI:bHOMY. .AMriJm'cy,Itll BHCJIIRX rapMOimK npH STOM ~ 10-4. 
B Ta6.mm:e 4 npRBe,l'(eHH pesyJI&TaTu pac'leTa B1 , C (Ha pa.neyce Y= 

! , 8 CM) B Mal'HRT9, B 3aBHCHMOCTH OT TOKa, r,l'(e B( 0) - MarimTHOe llOJie 
Ha OCH MariDITa, a Br = T• B(O). 
Ta6Jmna 4. 

I ,· ItA 1,6 4,5 6,3 

B(O), rc 5607,1 !6013 20801,8 

Br• rc !0092,8 28824 37443,2 
-4 0,0520 0,300 2,640 c3 , IO 
-4 0,0021 O,OII O,IOO c5 , IO 
-4 0,003 O,OOI 0,004 c7 , IO 
-4 0,000 0,000 0,000 c9, IO 

Hs pac'leTOB Blil.llHO, '1TO ,l'(lmO.JI:bHJ:Ie nOM no.rryqaiOTCR 6Jm3KHMk! R 

H,I1;98JI:bHllM Ha paJn!YC9 1-=::.2 CM OT IJ;9HTpa, llpli 3TOM rapMOIIKKH C h., 

RM910T llOp.ff,!(OK I0-4. 

2. 0 T0'1HOCTH paC'19TOB 

B ,l'(aHHOH pa6oTe T0'1HOCT:b Baqncne~ c noMomnro nporpaMMH 
onpe,l'(eJIH.JiaC:b T0'1HOCTDIO Ma.T9MaTlfti9CKOH MO,l'(9Jm, JliCllOJI:b3Y9MOR npH peme
IDIJli KBa3JiiJIRHeHHOrO ypa.BH9HIDI llyaCCOHa. ,1J,7I.F.r Cil MarllliTOB H KBa.upynOJI:b
HllX JJliH3 6wm npOB9.I(9HH COOTB9TCTBYIDIIn!9 OD;9HKlfi. ,llJm Cll .IniiiOJinHOrO 
Ma.rHE:Ta 6wr npOB9,!(9H paC'tl9T Ha 2 C9TKa.X C UOMOI!tDIO nporpaMMI:l G P.I1) S • 
PesyJIDTaTu npE:Be,l'(eHH B Ta6Jmi.J;e 5 ,IT.JIJI r = I eM OT u;eHTpa Ma.I'HE:Ta. 

Ta6Jm:ua 5. 

,KA CeTKa Bo Br B3 B5 ~ 
5607 ,I 5607, I 0,9!-02 0,!2-03 0,64-05 
5607,1 5607 ,I 0,88-02 O,II-03 0,58-05 !,5 

!60!6,3 !60!6,3 0,!8 O,I7-02 0,27-04 
!60!3,4 !60!3,4 0,!'7 0,!6-02 0,28-04 

4,5 

6,25 
208!'7,4 208!6,5 0,!7-0I 0,!9-0I 0,27-03 
20802,! 2080!,8 0,!6-0I 0,!9-0I 0,30-03 

AHa.mis Ta~ ~ ,l'(aeT B03MomocT:& yTBePJKJJ;aTn, "tJ:TO T0'1HOCT:& pac
'19Ta xapaKTepRCTIIR MarmtTHHX noJleit c noMomnro nporpaMMH G f<. Ic:t)S coc
Ta.BJ.UieT ,Il;JIJI ,l'(a.HHI:CX KOH@Iryp~ !0-4. 

KpoMe TOro, pesy~:&TaTU paC"ti9Ta 6~ COITOCT~eHH C pesy~TaTaMH, 
noJIY'leHHI:lMH c noMOIIl:&IO nporpa.MMH P 0 I :S S ON. ,IVr.R: TOKOB I · ~ 3 , I KA 



COBnaJJ;eime COCTa.mt710 2 • I0-4 , a ,n:JISI TOKOB T '/' 3, I KA. COBnaJJ;eime 

I0-3. Trutoe paCXOJK.D;eime peeyJIJ)TaTOB CBSI38.HO no-BR)lHMOMY C pa3HHM 

"tJHCJIOM ySJioB ceTRH :acnoJThsyeMR::C nporpaMMa.MH, Ta.K )T)IJl Gi RI'DS N =3600 
TO't!eK, a .wr.a: POIS~ON tJ = !200 TO'tJeK. K TOMY xe, RnK 6wro OTMe't!eHo 

BWIIe, . .wr.a: paCCMa.TpnBaeMI:lX KOH~ID~ypa.umt Ma.I'ImTHllX 8JI8M9HTOB 

npH TOKa.X · I? 5 KA ae Bcer.n;a .n;aoT y.n;oBJieTBopnTeJI:&HHe pesyJI:&TaTH. 

Ta.ImM o6pasoM, npnBe.n;eHHHe B:wne pesyJI:&TaTH 't!ZCJieHHHX aKcnepHMeH

·TOB IT03BOHRIDT C~6naT:& CJie.n;yromne YTBe~eHnSI: 

I. B ,TJ;Hanasoae TOKOB JJ.O 3 Jl ItA YJJ.aJioc:o BHnOJIHRT:D Tpe6oBrume 

AKjK-;::: I0-3• ,If,rui TOKOB 6oJI:&me. 4:!) KA. AK/K-::::- IO-I. I!03TOMY npH noCJie.n;o

BaTeJI:&HOM IDITamm TOKOBI:lX 06MOTOK Ma.Im!TOB H Jm.H3 He06XO,IU!Ma CHCT9Ma 

KOppe~H KOrepeHTHOrO C~Hra ~lCTOT 6eTaTpoHHHX KOJie68HHH. 

2. B OIIHCa.mmx BWIIe ,nmiOJI:&HllX CHCT9Ma.X B03MOJKHO C03,D;aHne npH 

~ B = 2 TJI B aneP'rype, Ha r= 2 eM .n;HIIOJI:&HHX non en , 6JmsiGIX 

K H,IJ;eaJI:&HOMY. llpH 3TOM OTHOCHT8.[:&Ime aMII.1lHTY.n;H BH:ClllHX rapMOHllli ~ 

I0-4• B KBaJJ;pynOJI:&HHX CHCTeMax 303MOXHO C03.D;a.HHe npH rpa,nm:eHTax 

4I37 ,0 (rc/CM) Ha paCCTOSIHml 'f" OT D;9HTpa Jlllli3I:l rtf 2 CM, KBaJJ;pY

ITOJI:OHUX ITOJieH, 6Jm3ImX K H,UeaJI:&HOMY. II pH 3TOM aMIIJmTY.ItH BI:lCIImX rap-

MO~K, 0TH9C9HHilX K OCHOBHOH .-;:. !0=-4. · 
B Sa.KJIIOl!eHHe aBTopu BHpruitaloT 6Jiaro.n;apaocT:& C.:~. I:.:~-~ELeEy sa 

noJiesHHe o6c~eHRa. 
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