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Bseseaae 

npa nposeseHHH ~H3K'IeCKKX KCCilell088KKA C ny'IK8MK 38pK~eHHhlX '18CTKU 

WKpOKOe DpHM9H9HKe H8WilK 91l9KTpOM~I'HKTHhle CKCTeMhl, KOTOpbi9 KCDOilb3yiOTCK 

llllK TpaccHpOBKH '18CTBU BilK ynp8Bil9HKK 'HMK B MOM9HT BBOll8 B M9CTO perHCTpa~ 

UIHI. BhlCTponeAcT&Be ynpaBilKIOlllKX CKCT9M 6yneT U91lHKOM onpenenKTbCK pe~a

MOM H8p8CT8HKK TOK8 B 06MOTK8X 9/I8KTpOM8I'HKT8. 3asaqa ~OpMKpOB8HKK KM

rryllbCOB TOK8 C M8nhlM 8p9M9H9M Hap8CT8HKK nepenHero ~pOHTa 8 KHllYKTK8HOI 

Harpy3K9 B03HHKil8 npa paapa60TKe pe~HMa ll03Kp0BKH '18CTHU, BhlBOllHMhlX H8 

perKCTpHpyiOlllee ycTpOICTBO. 

AH81lH3 H3B8CTHhlX M9TOllOB ¢opMHpOB8HHB HMDYilbCOB TOKa C KpyThlM 

Ill ~pOHTOM HapaCT8HHK npa HCDOilb30B8HHK ¢opMapy10lllHX llHHHA o6ocTpKIOlllKX 

131 
Tp8HC~OpM8TOpOB D0Jt8381l, 'ITO OHK CllO:lKHhl B perynHpOBKe H I'pOM03llKK DO 

KOHCTpyKTKBHOMy BCDOIIH9HBIO. 8 pa60Te p8CCM8TpHB88TCK CHCT8M8 ~OpMHpOB8HHK 

12 ' 41 KMITyllbCOB, KCDOilb3YIOlll8K M9TOllbl pa3pHll8 9MKOCTK B IIHllyKTIIBHYIO Ha-

rpyaKy, Ho conep:lKamaa paanenbHMe JtOHTyphl ¢opMHpoBaHKH ~pOHTa a nnKTenb-

HOCTK~ 'ITO IT03BOilHilO OCyllleCTBKTb I'K6Kyl0 perynKpOBKy H83B8HHblX napaMeTpOB. 

lleACTBHT81lbHO, nyCTb B KCXOllHOM COCTOHHHK 8MKOCTH C
1 

K C
2 

38pH:lK9Hb! 

cooTBeTCTBeaao no aanpH~eaaA E 1 H E2• B nep&biA MOMeHT speMeaa 38MbiJt8eTcH 

KllJO'l K i. H aqaaaeTCa nepexonHhl A n pouecc, onHCb188eMhlA ypasHeHIIeM ( 1 ) • B 

MOM8HT M8KCKMyMa TOK8 11 , KOI'lla H8DpK~8HII8 Ha 8MKOCTH C
1 

p8BHO HynJO, 

BKnJOqaeTcH KlliO'I K 2 . llnH onpeseneHHH sa.na nepexo.o:Horo npouecca B 9TOM 

cnyqae 38DHWCM H8'181lbHbl8 YCIIOBHK. 

J. l.fepea HHllyKTHBHOCTb L npoTeK89T TOK I I ( M8KCHM81lbH09 3H8'19HHe 

TOK8 i 1 ) ; 

2. Hanpa~eaae Ha 9MitoCTH c2 paBHO E2. 

nocKOilbKy llllKT91lbHOCTb ~pOHT8 ll01l:lKH8 6hlTb I'Op83ll0 M9HbW8 llllKT81lb

HOCTK HMnynbCa, aano~HM ycnosae 

3 



CI«C2 

11 npH: paccMOTpeHHH: nepexoaHoro npouecca oropOCHM C 1• nocKOJibKY uenb JIHHei-

Ha, npH:MeHHM npH:HUHTI cynepno3HUHH. C'IHT8SI, 'ITO B HCXOaHOM COCTOSIHHH eMKOCTB 

Cl H: C
2 

6bWH 38psiJKeHbl HallpH:lKeHH8M oaHoA TIOJIHpHOCTH. nony'IBM 

i2 • iL + i c (4) 

rae i 
2 

- MrHoBeHaoe 3Haqeaae TOKa nocne 38Mb!Jt8HBH KniO'Ia K
2

; i L- Mf'HO-

eeHHOe 3H8'1eHH8 TOK8 pa3pHaa BHayKTHBHOCTHj i 0 - Mf'HOB8HH08 3H8'18HH8 TOKa 

pa3pHaa eMKOCTH C 
2

. 3aTIHW8M 3H8'18HHSI COCT8BJISIIOWBX TOKOB: 

i c 
E2 

p2 
. -8t 

S1n w 2 1 • e 
(5) 

-- 1 
p 

2 
,. '1/ + - BOJIHOBOe COllpOTHBJieHBe BTOporo KOHTypa; cu 2 • ____. -co6-

2 r 'I}LC2 
CTBeHH8SI '18CTOTa BTOpOrO KOHTypa; 8 • ~ - K094J<l:JauBeHT 38TyxaHHH. 

.rile 

Pa3plla HHayKTHBHOCTH L 6yaeT npoHcxoaBTb no 38KOHY 

i L • I I • Cos cu2 I • e -8t 
(6) 

Torna o6w11A TOK 6yaeT: 

•. I 
2 

• i L + i 
0 

• ( I I • Cos <» 2 I + I 
0 

• Sin cu 2 1 ) e -
8 

t (7) 

E2 rile I 
0 

•--;;;- - M8KCBM~JlbHOe 3H8'18HH8 TOK8 npH pa3pS1ae eMKOCTH C 2 .• 

C'IHT8SI, 'ITO I I H I 
0 

- KOOpaHH8Tbl H9KOTOpOA TO'IKH B aeKapTOBOA CHCTe

Me KOOpllHH8T, nepeAaeM K llOJillpHbiM KOOpaHH8T8M, 0603H8'1HB paaayc-seKTOp 

qepe3 I 
2 

H nonHpHbiA yron qepe3 ¢> , Toraa 

I 1 • I 2 • Sin</> 
(8) 

I 
0 

• I 2 • Cos</> (g) 

noacTaBJIHSI (8), (g) B (7), nonyqaM: 

I 
2 

• 1 
2 

(Cos cu 2 I • Sin rp + Sin cu 2 t • Cn..s </>) e -
8

' 

4 

.,, 

~ 
111 

I' 
I 
I 
/. 

I 
i 

I 

' \~~ 

_)1.-._. 

i 
2 

• 1 
2 

• Sin ( cu 2 t + </> ) e -8t 

1-13 BblpaJK,eHKA ( 8) K ( 9) HaAaeM 

II 
¢ • are 1g -

I a 

(10) 

(11) 

TaKHM o6pa30M
1 

TOK BO BTOpOM KOHType 6yaeT HM8Tb HaqaJibH09 3H8'18HH9 1 1 

H B aanbHeAWeM H3M8HSITbCll no 38KOHy CHHyca C 8MllJIBTY aoA 

I 2 
1" 
-~ 

(12) 

CneaosaTeJibHO, nnH nonoJKHT8JibHOA nonysonHbl TOKa B cnyqae npaMeHeHHSI xmo

qa K2 B8HTHJlbHOf'O TKlla 6:yaeT llOJiy'leH HMllYJibC ( pac,2), y KOTOpOf'O BpeMSI 

aapacTaHHSI 6yaeT pasao 2 , rae 
4 

T1 • 21ry'~ 

a aoCTHf'HYTOe 38 BpeMH <l:JpoHTa 3H8'19HHe TOK8 6yaeT 

rne E 

E 1 
II---

PI 

H8llpH:lK8HHe Ha 8MKOCTH C 1, 

p 
1 
~ ..j LC - BOJIHOB08 COllpOTHBJI9HHe nepBOf'O KOHTypa. 

( 13) 

I ' 
llnll pac'leTa napaMeTpOB uena no 3aaaHHoA <PopMe HMnynbCa aseaeM o6o3H8'1e-

HHH (eM. pHc.2): 

I <J! - aJIHT9JlbHOCTb <l:JpoHT8 H8paCT8HHllj 

T 
2 

- nepuoa C06CTB8HHbJX KOJie6aHHA KOHTypa <l:JopMHpOBaHHSI anHT9JlbHOCTBj 

T u - aJIBT8JibHOCTb HMnynbCa - Bp8MSI 1 B Te'leHHe KOTOpOrO TOK 60JibW9 

3H8'18HHH
1 

aoCTHrHyTOf'O 38 Bp8MSI <l:JpoHTa ( I I ) , HJIH paseH eMy, 

Ha OCHOB8HHH CK838HHOf'O BblW8 

T1 
'<J!. -4-

llJIHTeJibHOCTb HMllYJlbCa 6yaeT pasHa: 

T2 1 1 
Tu•-

2
--21/> 1 Tu•T2 (T--;;1/Jl. 

( 14) 

( 15) 

T .e. anHTenbHOCTb HMnyilbCa 6y aeT TeM 6onbWe (cTpeMSICb 1t T 2 ), 'leM MeBbWe 
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H8'18ilbHbll yron rp • 0.r:tH8XO, B CBOIO O'lepe.r:tb, 9TO ycnOBRe Bil9"18T 38 co6ol 

yaenH'I9HHe OTllOW9HHH M8KCHM8JlbHOro TOK8 
2 K TOKY , nOCKOilbKY 

I 1 , 
Sin </> • . -I2--

TaKHM o6paaoM, '18M Bb!We Tpe60B8HHH K H8H3M8HHOCTH TOK8 38 pa6o'lyl0 '18CTb 

HMIIYilbCS, TeM Xy)Ke K09cPcPHI.IH8HT HCliOilb30B8HHH CHHYCOHllbl C TO'IXH 3peHHH llllH

T8ilbHOCTR HMliYilbCS. 0.r:tH8XO B 60ilbWHHCTB9 cnyqaea B8)KH0 IIOIIy'IRTb IIHWb Ollpe-

/.H'il8HH08 OTHOW9HHe llllHT91lbHOCTH HMHyllbCS K BpeMeHH H8p8CTIUIHH TOit8
0 

T8K 

'ITO OTM9'19HHb!lt H9llOCT8TOK OliHCb!B89MOrO M9TOll8 He HM99T CYlll9CTB9HHOrO 3Ha-

49HHH. 8 K8)Kll0M KOHKpeTHOM cnyqae MO)KHO Bb16p8Tb H906XOllHMOe COOTHOlll9HHe 

M9>KllY TOKSMH I I H I 2 , HCXOllH H3 B911H'IKHbl llOIIYCTKMOro TOK8 KOMMyT81lHH 

ycTpoAcTaa K2, a Heo6xo.nHM8H .nnKTenbHOCTb KMnynbCa MO)KeT 6b!Tb nonyqeua 

C00TB9TCTBYIOlllHM liO.r:t60pOM 9MKOCTH C
2

• 

rJopHllOK pacqeTa CHCT9Mbl popMHpOBSHHH HMllvllbCOB TOK8 

nony'leHHbl9 Bb!We COOTHOWeHHH li03BOIIHIOT npOH3B9CTK pacqeT CIICTeMbl 

ltlOpMHpOBSHKH KMIIYIIbCOB TOK8 llpH 38ll8HHblX lliiHT91IbHOCTII cj:JpOHT8 t q, 0 llllll-

T9ilbHOCTK HMnynbCa Tu , HHllYKTHBHOCTH HarpyaKH L H Heo6XOllHMOM TOKe I 1 • 

a. peayllbT8T9 pacYJeT8 He06XOllHMO onpe.nenHTb: 

C I - BeiiK'IHHy 9MKOCTK KOHTypa cj:JOpMKpOBaHHH cj:JpoHT8j 

F: 1 - H8IIpH)K9HHe HS .eMKOCTH tPOPMHpOB8HHH cj:JpOHTSj 

-C2- B91IH'IHHY 9MXOCTH KOHTypa cj:JopMHp01!18HHH lliiHT91IbHOCTHj 

F: 2 - H8llpH)K9HHe Ha 9MKOCTH KOHTypa cj:JopMHpOBSHHH lliiKT91IbHOCTH. 

Yfa COOTH0lll9HKI ( 14) K ( 13) HSXOllHM; 

C I ,. -->.'-
172L 

Hanpg)KeHKe E l HSXOllHM, 3H8H He06XOJ1RMbllt TOX I I 

.!....1 
2 tcj:J 

El • I 1 • 

6 

BenH'IHHY 9MKOCTH C2 MOJKHO H8IT11, ITOilb3YRCb COOTHOWeHHRMH ( 15) H ( 13): 

c2-
T u

2 

417 2 L(0,5- i) 2 

17 

Kax cne.nyeT aa nonyYJeHHoA cj:JopMynbi, aenH'IKHa eMxocTH c
2 

aaaHCHT OT napa-

M9Tpa rp 1 KOTOpb!l, B CBOIO OYJepe.r:tb, orrpe.r:ten.II9TCH OTHOWeHHeM TOKOB I l 

K I 0 ( 11 ) • 

Kax 6blll0 OTMe"!eHO flblllle, lliiH nonyqeHHH 38ll&HHOit lliiHTellbHOCTH HMnynbC& 

llpK MHHKM81IbHblX 3H8'19HHSIX eMXOCTH C
2 

cne.nyeT yaenH'IKTb p83pSillHbll TOK eM-

KOCTH BTOpOro KOHTypa I 0 ( 11), 'ITO rrpaae.neT K yMeHbW9HKIO rrapaMeTpa rp 
EcnH lliiH IIOCTpOeHKR CX8Mbl cPOPMHpOBSHKH IIPHMeHlliOTCH cna6oTO'IHble KOMMVTH

py!OlUHe ycTpOICTB&, MO.lKHO yaenH'IHTb OTHOWeHHe TOKOB 

HOM yBeiiK'18HKK 9MKOCTH C
2

, 

YfTSK, 

I, 
</> • arctg -- •17(0,5-

I., 
...:!:2.. ) . 

T2 

II 
~ IIpH COOTB9TCTB8H-

Onpe.nenHB 3HS'IeHHH TOKOB "!epea H81IpH.lK9HHH HS eMKOCTHX B BOIIHOBble COUpOTBB

neHKH XOHTypoa K no.acTaBKB nonyYJeHHbie peaynbTSTbl a (II), nony'IHM 

., 

El 
E2 • tg </> 

--c;- . v-c; 

. ¢opMa HMIIyllbC8 TOK&, IIOIIY"'9HHOrO C IIOMOlllblO pSCC'IHTaHHOit CHCTeMbl IIpH rrpa-

MeHeHKH KOMMYTHpyiOlllBX YCTpOICTB C BeHTHIIbHbiMH X8p8KTepHCT11K&MH, MOJKeT 

6h!Tb HaA.r:teHa C HCfiOIIb30B&HI18M COOTHOWeHBI ( 13), ( 14), ( 10), ( 11) H ( 12), 

n paKTK'IeCKOe HCITOIIb30BilHHe MeTOll& 

B na6op8TOPHH BbiCOXHX 9HeprHl OYfHI-1 p&CC'IHT8Ha H paap&60TIUI& cxeN& 

cj:JopMHpOB8HHH HMIIYIIbCOB TOX& B HH.QyKTHBHOI Harpyaxe H& OCHOBaHHH Tpe60BaHBI 

pe:>KHMa .noaBpoaKB nyqKa .nnR nyablpbxoaol KaNepbl. HHJKe npaao.naTCH rrpHNep 

p8C'I9T8 OCHOBHblX nap&MeTpOB CIICT9Mbl tPOpMHpOBaHHH npH Clle.r:tyiOWIIX llllHHblX! 
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1. .[lnHTenbHOCTb !i>pOHTS He 6onee 25 MKCeK; 

2. .[lnKTenbHOCTb HMnyn&ea He MeHee 1,5 MeeK; 

3. HoMHHan&Hoe 3HS'IeHHe TOKa I 1 He MeHee 800A; 

4. J.1H.llYKTHBHOCTb Harpy3KH 290 MKrH, 

8 COOTB8TCTBHH C BbiB8.lleHHblM llOpSI.llKOM pacqeTa B811H'IRHS 8MKOCTR KOHTy-

pa cpopMHpOBSHHSI cppOHTS 

c 1 

HanpsvKeHHe Ha eMKOCTH cl 

E I 

flpH Bbl6paHHOM OTHOW8HHH 

aHa'leHHID eMKOCTH c
2

: 

4 12 

• __::_m__ • 1 MK!i> · 
77 2 L 

ITL 
-~ 

21¢ 

--I.!!_ 
T2 

• I 1 • 15 KB • 

0,5 .nonyqaM 

c2. Tn 2 

4172(0,5-_ _L--) 2 ., 2000 MK!i>. 

IT 

</> •16° 1 'ITO COO,.BeTCTByeT 

flpH 9TOM eMKOCTb C
2 

He06XO.llHMO 3SpSI.llRTb .llO H811pSI:lK8HHSI 

El --c;-
E2 • --.-y -- • 1100 B 

lg </> C I 

flpSKTH'I8CKH 8MKOCTb C 2 COCTSBneHa H3 KOH.lleHCSTOpHol 6aTapeH 1 Ha6paHHOI 

H3 22 KOH.ll8HCSTOpOB THUS J.1M3-100. B KS'IeCTBe KOMMyTHpy!OWHX ycTpOICTB 

HCI101lb30B4Hbl THpaTpOHhl C BO.llOpO.llHhlM HS11011H9HH9M B KOHType ¢opMHpOBSHHSI 

cppoHT8 H C pTyTHblM HSI1011H8HH9M B KOHType cpopMHpOBSHHSI .llllHT91lbHOCTH, Ocuan

norpSMMS HMilyllbCS MSrHlfTHOrO 1101151 B O.llHOM H3 T9XHOilOrHqeCKHX pe:>KHMOI!I 

paCC'IHTSHHOA yCTAHOBKH llpHBe.lleHa HS pHC,3, 

3aKnJO'IeHHe 

1. PaCCMOTpeH M9TO.ll !i>opMHpOBSHHSI HMnyn&COB TOKS C MSilhlM BpeMeHeM 

H8pSCTSHHSI B HH.llyKTHBHOI Harpy3Ke, 

8 
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2. Bb!Be.lleHbl OCHOBHble COOTHOWeHBll 1 D03BOilSIIDWHe pSCC'IHTSTb CXeMy 4lo~ 

MHpOBSHHSI 110 3S,llSHHOA !i>opMe HMnynbCS. 

3. f1oKS3SHS B03MO:lKHOCTb perynHpOBKH napaMeTpOB reHepHpyeMoro HM.YilbCS 

6e3 60ilbWHX 3STpST HS M9XSHH'IeCJtHe H MOHTS:lKHble pa60Tb1 1 'ITO npe~CTSBnSieT 

onpeaeneHHyiO neHHOCTb npH npoBe.lleHHH 9KC118pHM8HTSnbHbiX HCCne.llOB8HHI1 Tpe-

6yiDWHX onepaTHBHOI llO.llCTpOAKH CHCTeMbl, 

4. no npe.llllO:lK9HHOMy MeTO.llY cnpoeJtTHpOBSHS H 8blll011HeHa YCTSHOI!III:S. 

.llllH aoaHpOBKH nyqxa aa CHHxpo<PaaoTpoae OJ.1.RJ.1. 

nHTepaTypa 

1. A.r. Eoa<r-0CM01108CKHA, r.K. YfaaHOB. YfasecTHSI ayaos MBO CCCP, 

PaauoTexHHKa, ~. 558-562 ( 1960), 

2. K.S. Champion. Proc. Phys. Soc., 8.63. N370, 795-306 (1950). 

3. o.rpHMSea, o.r. YfnbHH, O.M. llleH.llepoaH'I. 

YKpaHHCKHA !l>HaaqecKHI :lKypHan, T, VII , N.? 8, 1963, 861-875. 

4. B.K. MaKapbHH, B.ri. MapTeMbSIHOB, nT3, N.?2, 1966 • 

PyKonHcb nocTynHna B H3.llSTen&cKHA oTaen 

31 MapTa 1967r. 
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Ki K2 

._.Ei = E2 

Pac,1. 3KBHBaneHTH8SI CXeMa UeiiH ¢opMHpOB8HHll HMITynbCOB TOKB C MBnbiM 

BpeMeHeM H8p8CT8HHll B HHUyKTHBHOA HarpyaKe, 

L 

~ 
Ic 

1i 

t 

7.2 

Pac.2. <PopMa HMrrynbCa TOKa, rronyqeHHBll B cxeMe !lena pac.1. 
1-aMrrynbc TOKa rrpa paapHne C2, 
2-peaynbTHpyiOll.lHA HMnynbC TOK8, 

Pac.3. OcuannorpaMMa IIMnynbCa MarHHTHoro nonH, "c!jlopMaposaHHoro s uena 
pac.1. JlnHTenbHOCTb paasepTKH 1 MCeK/CM, 
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