H3BECTHUA
TOMCHKOI'O OPJEHA OKTABPBHCKOWM PEBOJIHOIEHH
U OP/JIEHA TPYJAO0BOI'O HPACHOI'O 3HAMEHH IHOJUTEXHHYECHOI'C
HHCTUTVYTA mmenn C. M. Huposa

Tom 242 1972

UCCNEOOBAHHE ®OPCHUPOBAHHOIO CAMOBO3BY)XJIEHHSA
YIOAPHOTI'O TEHEPATOPA

B. C. BAKJIUH, B. U. NTONOB, K. A. XOPLKOB

(IlpeacTaByi2Ha HayiHBIM CEMHHAPOM KadeL IJEKTPHYEeCHHX MAIUWH
H 4fmapaToB H odilell SNeKTpCeTeXHHUKH)

B nocaeanue roabl HayaJdu pa3padartbiBaThCsd M NPHMEHATbCS  4ABTO-
NIOMHbBIE HMTIYJAbCHble HCTOUHMKH 6GOJBILOA MOIIHOCTH ¢ HCIONL30BAHHEM B
KauecTBe HAKOMUTEAEeNl W HCTOUYHHKOB HMIIYJbCHOU 3SHEPTHU CHELHaJbHbBIX
3J1eKTPHUECKUX MalliiH — yJapHbIX reHepaTtopos. MMIyJabcHble HCTOYHHKEY,
KaK MpaBuJO, paboTAOT Ha OfHOMA3HYIO HArpy3Ky. ITO NO3BOJSIET HC-
1i0JIL30BaTh Y Tpex(a3Horo yAapHOro reHeparopa cBoOoaHy0 (asyv gas
noiBo30yXKaeHHs reHeparopa. B caydae oaHodasHoi KOHCTPYKUHH Yyaap-
1oro reseparopa (Kak Npasujio, ofHoda3Hasdg oOMOTKA CTaTOpa 3aHuMaer
He GoJiee 2/; MOJIOCHOTO JeJieHus MalIMHBI) B CBOGOJIHBIX Na3ax CTaTopa Mo-
XKeT GLITh yJaoXKeHa clenualbHas oOMOTKa Ui NOABO30YXK/EHHUS reHepa-
Topa.

[IpuMeHeHHe CTYNeHYaTOro BO3OYXKJeHHS — IPEABO3GYKIEHHS OT Ma-
JJOMOLLHOTO HCTOYHHMKA 3HEpPTHH ¥ (POPCHPOBAHHOTO CaMOBO3OYKIeHUA —
HaXOAHT TPUMEHEHHe B Tex CJyyasx, Korja, BO-IEPBBIX, OT YAAPHOTO IeHe-
patopa 3a pabouuit uUMKA Tpebyercss He Gojiee OJHOTO HMINYJbCa TOKa,
BO-BTOPBIX, HET BO3MOXKHOCTH HJH M0 KaKMM-THOO NPHYHHAM HeLeJeco-
06pa3HO HMeTh MOLIHBIM BO30YAHTE/bHbiMl arperar (orpasxuyeHdss Mo Becy
YCTAHOBKH, OTCYTCTBHE CeTH TpeGyeMOH MOIIHOCTH H T. X.).

®opcHpoBaHHOEe €aMOBO30VXJEHHe yAapHOro reHepaTopa OCYLLECTB-
JsIeTCH 34 cuyeT H3OBITOUHON KHHETHYeCKOH 3JHEeprHH Bpalllalollerocs poTo-
pa. VI3BecTHO, 4TO B TeuyeHHe ONHOTO HUMMYJbCA TOKA yIapHbLIA reHeparop
MOXeT Npeo6pa3oBaTh B 3JeKTPOMATHUTHYIO SHEPTHIO H OTAATb HArpyske
TOJILKO HEKOTODYIO JIOJIO- 3a11aCEHHOH POTOPOM KHHETHYeCcKOH suepruu. Ha-
npuMep, yaapublit reHepatop Kauuusl-Kocrenko [5] ormaer coraacosautoil
HHAVKTHBHOM Harpyske 20%, a yaapuoii renepatop ¢upmoi CEM (®pa-
uns) [6] 23,4% 3anaceHHOH KHWHETHHeCKOH 3Heprud poropa. . -

- AHajqu3 pas/iHYHBIX CXeM CaMOoBO30yXJeHHsl CHHXPOHHBIX TeHepaTo-
poB mpuBefeH B [2, 3] W ApPYrHx JIMTepPaTYPHBIX HCTOYHHKAX, OJIHAKO B
TOM acHeKTe, B KaKOM HeOOXOJHMO paccMaTpHBaTh BOMpoc ¢GopCHPOBAHHO-
ro caMpBO30YyXKAeHHs YJAapHOro reHepaTtopa, 3afavya He pelleHa.

Hacrosimas pabora mnocBsllleHa ONpefieJeHHI0 BpeMeHH CaMOBO30yMK-
JICHHSL VAApPHOrO FeHeparopa M TNOCTPOEHHI0 KPHBBIX HapacTaHHsi Hamps-
JKEHHA Ha 3aXKHMaX MalUWHbl H TOKa BO30yXJeHHS npH GOpPCHPOBAHHOM
CaMOBO30YXKJeHUH ¢ pa3HbiX HayaJbHbiX YPOBHEH IOTOKa.

[MprHuunuanbHas cxeMa ycTaHOBKH H3o6paxeHa Ha puc. 1. Ha pu-
CYHKe NDPHHSATH CleAyIollHe o0O3HavYeHHs:

a, b, ¢— ¢asbl 06MOTKH cTaTopa yJapHOro reHeparopa,

BY —- ynpaBisieMoe BLINPSMHTEIbHOE - YCTPOUCTBO,
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OB -- o6moTKa BO30YKIlEHHS,
J0O — nemngepnass c6MOTKa,
A — akgymyasitopHast 6atapes,
K| — KOHTaKTOp HavyaabHOro BO36YxKIeHHs (nmpenBO30YXKAEHHS).

a
8y

®

Puc. 1. IpuHuHnaanpHad cxeMma
YCTAHOBKH

OT akKyMyJIITOpPHOH GaTaped reHepatop BO30yXKAaeTcsi 10 KaKoro-ro
3aJaHHOrO HanpsaxXeHHs NpeABo3by:Kienus. MuUHHMaJbHas BeJHYHHA Ha-
NpsRKEeHHS NPeABO30YKACHHUA L0XKHA ObBITh NOCTATOUHA JJIst NPEOAOAEHHA
MOPOrOBOrO HAaMpsXKeHHUsl BHIPSIMHUTENBHOIO YCTPOHCTBA U NajeHHst Hampsi-
JKeHHS 110J] LeTKAMH.

OT BeJHUYHHBl HAYAJTBHOTO MOTOKA MAILIMHBLI B OOJblIeH CTeleHH 3aBH-
CHT BpeMsl CaMOBO30YXKIEHHS U CKOPOCTb HAapacTaHHs TOKa BO36y?KILEHHH
YTO BaXXHO 3HATH NPH BHIOOPE 3JEMEHTOB BBLIIPAMHUTENbHOTO YCTPOHCTBA.

ITpn nonave ympassstioniero curnajia Ha BY Hanpskende dasst «b»

NPUKAANBHIBACTCA K 06MOTKe BO3OyxkaeHHd TeHepaTopa. [lpouecc camoBos-
OVXKIIeHHUsI OMHCBIBAETCS CAELYIOUIHM YpaBHEHHEM:

w1m=1r+kdw‘ (1)

rie
Yo —3.4.c., HHIYKTHpyeMasi B 06MOTKe CTaTtopa MOTOKOM BO3ByXe-
HHS;
® —- YIJIOBasi CKOPOCTb BpalleHUs] POTOpa;
I'y —3KBHBaJeHTHOe aKTHBHOE COIPOTHBJAEHHe Lened poTopa ¢ yde-
TOM CONpPOTHBJIEHHS BLIIPAMHTENbHOTO YCTPOHCTBA;
K — K03 puuMeNT NpHBeNeHHS] MOTOKOCUEMIeHHS OOMOTKH BO30Y.K-
IEHHS K IMOTOKOCHEIWIEHHIO (pa3bl OOMOTKHM CTaTopa.
as ynpolleHusi penleHHs NpeHeGperaeM aKTHBHBIM M UH/VKTHBHBIM
CONpPOTHBJICHHAMH (asbl, KOTOPble 3HAYHTEJILHO MeHbllle 5SKBHBAJEHTHLIX
4KTHBHOTO H HHAYKTHBHOTO CONPOTHBJEHHH poropa. BausiHHe peakluHH siKo-
nst Gaspl Ha NMPOUECC CaMOBO30YXJIEHHA He yuuThiBaeM. HenuHelnocrs Kpu-
BOH HaAMarHH4YeHHA MAlUWHBI YUHTBIBAETCH aNNPOKCUMAUHEH TEOPeTHYeCKOH
HJIH 9KCHEPHMEeHTAa/JbHOM KPHBOH HaMarnuyeHus no Dpeauxy, ananoruy-
no [1].

B oTHocHTeNnbHBHIX eJHHHIax

i | @

rie a U b— Ko3QHLUHEHTbI aNNPOKCHMAIIHH, MPHUEM
b=a—I.
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Jnst cuAbHO HACBILEHHBIX MallWH, KAKHMH SIBJSIIOTCS yIapHbie reHepa-
TOPb], HEBO3MOXKHO 110/106paTh 3HauYeHHe a, KOTOpoe ObI0 Obl COPaBEAJHBO
J1s I00BIX YYAacTKOB KpUBOH HaMmarHudeHusi. [1osTtoMy xapakrepHCTHRY Ha-
MarsgueHuss pasbuBaeM Ha HeCKOJbKO yuactkoB. [lasa wavaawbhoro, I-ro
V4acTKka KpHUBOH HAMalHHYEHUS 3HAUEHHe a=TIyp, [Jle Ikp — CONPOTHUBJEHHE,
onpejeNnsieMoe KacaTeJbHOH K XapaKTepHCTUKE HaMarHu4eHUs H3 TOUKH
in=0. Jlns caeayoliux Y4yacTKOB (KOJEHO KPHBOH HavarHHYeHHsH, HACHI-
IeHHAsT YacTh) 3HAYEHHE a4 CYLLECTBEHHO OTJMYAeTCH OT TIip.

{IpencraBuM nmapaMeTpbl MallMHBI B OTHOCHTE/bHBIX eIUHHLAX. YCTa-
HOBHBIIHECS 3HAUEHHUST HANpPSKEHHsl TeHepaTopa H IOTOKOCUEMJECHHS Onpe-
AeNsIOTCS TOYKOH MepecedeHHs] KPHUBOH HaMarHHYeHHsS MAalIHHBLl C BOJbT-
aMIIEPHOH XapaKTepHCTUKOH LeNH BO30YXKCHH.

3a eauHHIUy TMNpHHUMaeTcs MnoTokocuemaeHne Wy, cooTBeTCTBYIONLCE
HOMAHAJBHON 3AC B pesKHUMe XO0J0CTOro Xoja reHeparopa.

O6o3nayum uepes

¥
‘Fn* = lp'n ~— OTHOCUTEJ/IbHOE TeKyllee MNOTOKOCHEIICHHE;
v
IP' d IFH'l
HY = ————— — OTHOCHTEJbHOEe 3HauyeHHhue HA4YaJbBHOro NOTOKOCLefl-
1P.Y
JeHH4d,
T
1'35!c = T 33 — OTHOCHTEJILHOE AaKTHBHOE COIIpOTUBJICHHE ey
6 “9n

BO30YIK/eHHsI C Y4YeTOM BBIIPAMHTEIbHOTO YCT-
POHCTBA;

anp— 3HadeHHe Ko3(pduUUeHTa  ANNPOKCHMAaUHH  LJs
JAHHOTO Y4YyacTKa KPHBOH HaMarHHueHHsd;

rs— 6a3iCcHOe CONPOTUBJEHHE, PABHOE OTHOLIEHHIO HO-
MHHAJIbHOTO HANpsXKeHHs IeHepaTtopa B peXHME
XOJIOCTOr0 X0A4a K HOMHH&JIbHOMY TOKY BO30YX-

JIeHHS.
PemeHHe ypaBHeHHsl (1) OTHOCHTeNIbHO BpeMEHH HMeeT BUJ
k # . *® 1 LIS
e 3T T )
nﬁl_rqn 1_""‘}'." 1—1'3“ Ipn——]

rae
k — yuc/io yuaCTKOB AaIHIPOKCHMAaUHH XapaKTePHCTHKH HaMarHHue-
HHS;
W, ;* —HayaJbHble 3HAUEHHS NOTOKOCUEIUVIEHHS Ha YYacTKe allpoKCu-
mauud. [lpy n=1
Y =V*y;
* — OTHOCHTE/IbHOe BpeMsi CaMOBO30YyXKJeHHs.

Bpemsa caMoBO36YXKIeHHS B CEKYHJaX

o t=t*.T,, (4)
rie

Te — NOCTOSIHHAS BPEMEHH 1lenu BO3OYXIeHHS, xapaKTepnsyeTCH na-
paMeTpaMH YCTaHOBHBLIETOCS peXuMa.

CooTBeTCTBHE De3y/NbTATOB paciera BpeMeHH CaMOB036y)KlleHHH nei-
CTBMTEJBHOM KapTHHE NMPOBepsloch Ha MOJENbHOM yHapHOM TreHepaTope,
EMeIollleM CHeLyIlHe NapaMeTphl LeNH BO30yXKIeHHs:

T = 3,2 OM — aKTHBHOE CONpPOTHBIeHHe OOMOTKH BO306YKJIeHH,

7y = 8,3 OM — aKTHBHOe CONPOTHBJIEHHE femndepHoil OOMOTKH, MpH-
Be7eHHoe K 0OMOTKE BO30OYXKIEHHH;

Tpoo = 2 OM — J06aBOYHOE aKTHBHOE CONPOTHBJIEHHE, BBOLHMOe B LENb
OOMOTKH BO30YXKAEHHS;
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Ty = 0,043 cek — NOCTOSIHHAA BpeMeHH LeNH BO30ykKAeHUS;

ipy=0a -— HOMHHAJIbHBIH TOK BO30YyKAEHH,

E=W,;=95 B — HOMHHAJIbHOe HaNpsKeHHe Ha 3aKuMax ¢asp re-
Hepartopa.

XapakTepUCTHKa HaMarHMyeHus (puc. 2) pasbusasnacb Ha JBa yua-
ctxa: I-it yuactok ot W=0 g0 0,6 Wou; I1-i1 yuactox ot W==0,6 10 Wy. I1uMm
yuacTKaM COOTBETCTBYIOT aNNPOKCHMHMPYIOIIHE KO3QMULUHEHTBL: A= lup==
=1,8; b1=0,8; 81[=2,8; b[[=l,8.

14
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Puc. 2. XapaKTepHCTHKa XO0J0CTOr0 XORa TeHepaTopa

Pesyabrarsl pacuera BpeMeHH caMOBO3GYXKAeHHA NpPH  pPasIHIHLIX
YPOBHAX HA4aJbHOTO NOTOKA C JAONOJHUTEJIbHBIM COMPOTUBJACHHEM B Keilil
BO30yXieHHs M Ge3 Hero npeacraBielbl B Taba. 1 u 2. 3SxcnepuMmeHrann-
Ta6auya 1
|

i

Ne Wiy . ‘ - tpacu.. toy |
| L r¥ * 3KCI.

— v, n--1 | 3n ! t . ceK coK ‘ IIpumevanne

1 0,10 0,077 0,475 6,60 0,284 — I yuyacrtok

2 0,20 0,154 0,475 516 0,222 — ar=ryp=1,8

3 0,26 0,200 0,475 4,57 0,196 0,20 ¥y=13

4 - 040 0,308 0,475 3,56 0,153 —

5 0,50 0,384 0,475 3,08 0,133 —

6 0,60 0,460 0,305 2,60 0,112 — Il y4acrox

7 0,70 0,540 0,305 2,27 0,097 0,10 an=2.8

8 0,90 0,690 0,305 1,74 0,075 0,08 ¥y=13
Ta6aumga 2

N(_' lIJ‘Hq | e i ! ES i tpacly' ’ taKCﬂ, B ‘

- '_qfou B e ™ ,n k ot ; ek Ccex Ipumeuanne

1 010 0069 0404 5,66 0249  — I yyacrok

2 0,20 0,138 0,404 4,41 0,194 — ar=rgp=1,8

3 0,30 0,207 0.404 3,71 0,163 — : ¥, =1,45

4 0,43 0,296 0,404 3,04 0,133 0.14 A

5 0,50 0,345 0,404 2,73 0,119 — ‘

6 0,60 0,414 0,260 2,35 0,103 . o— + II ygactok

7 0,76 0,524 0,260 1,95 0,086 — . an=2.38

8 0,90 0,620 0,260 1,65 0,073 0,08 Yy=1,45

9 1,0 0,690 0,260 1,44 0.063 - 0,06 ' S

-
b2
b

L 2%



Had NpOBepKa NPOBOAHJAACH OCUHJAJOrpaHpoOBaHHEM TOKA BO3OYXKIEHUA U
HanpsiKeHusi Ha 3a)XuMax MallHHBl [IPH CaMOBO30yXK/JAeHHH. THIHYHBIE OC-
HHAJOrPAMMBL [IPEACTABACHb Ha pHC. 3. BpeMeHHble MeTKM Ha OCLHIIO-
rpamMmmax cootBeTcTBYIOT HHTepBasaM 0,02 cek. Pesyabrarol 0o5paboTKu 10-
JVYeHHEIX OCHM/JIOrpaMM HaHeceHbl Ha pacueTHBIe KpHBBle 3HAKOM (X),
puc. 4. KpuBasi | cooTBeTCTBYeT BpeMeHM caMOBO30VXKAEHHS NPH HaH4YHH
B lenu Bo36yxKaeHus nob6aBouHoro conpoTtuBaeHust. Munexcom «C» 0603-
HayeHa SKCIepUMeHTaJbHas TOYKa NpH HayaabHOM NOTOKe Wyux=0,26 V..
KpriBass 2 cooTBercTByeT BpeMeHH CaMoBO30yx/deHusi 6e3 go6aBoyHOro co-

NpOTHBJCHHS.

Puc 3. OCUHAJICTPAMMBI TOKA BO3- 0) OTCYTCTBMH J0BABOUYHOTO COIPO-
Oranenda ¥ HaPAKEHHs (IOTOKO- THBACHHA B LETH BO3OYMIEHUS Tre-
CHUTIEIHA) Ha 3a:RHMAax reHepaTopa Hepatopa H Yiue=0,43 ¥,
ne

a' poNEBOYHOM COIPOTHBISHHH B lie-

py Fo30YMAEHHA  reHepaTopa U

lJf'” Q= 0,26 1Ir(»u

Hunekcom «K» oGo3naueHa 3KCOepHMeHTaJbHash TOYKa IIPH Hadaslh-
HON soToke W =0,43W,,. OcuunsorpamMmbl puc. 3 COOTBETCTBYIOT 3THM
touxay. Cpaslieniie pacueTHBIX H 3KCHEPUMEHTAJbHBIX JaHHbIX MOKA3bIBa-
eT XOpoitee COBMAleHHe IKCNEPHMEHTAa blioro H PAcyeTHOrO BPpeMEeHH caMo-
Boa( Yy TeHHA reHeparTopa.

Trcex)
\ |
025 1\ \ \
N2
029 \\? i i

A5 \\/\*. 1

S
~~

0 02 G4 06 08 10

Puc. 4. 3aBHCHMOCTL BpPEMEHH CaMOBO3-
OVMOeHUA reHeparopa OT YPOBHA NOTOKO-
cluenJeHHA TNpegBo30yKAcHHA
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Pacuer napacranusi IOTOKOCLENJeHHA (3AC TeHepaTtopa BO BPeMEeHH)
BLIIIOJIHSIETCSI C TMOMOIIbIO0 BhipaxKeHus (3).

B Ta6Ja. 3 npuBellenpl pacyeTHble H 3KCIHCPUMEHTaJbHblE 3HAaueHUs
W(E) npu Haauuuu n06aBOYHOrO CONPOTHBJAEHHA B Iend OOMOTKH BO30YK-
Aerns U IpH Wuu=0,26 Wou. B Tab6s1. 4 npHBeneHbI paCUETHbIE H 3KCTIEPHMEH-
TaabHble 3naueHuss W (E) 6e3 po6aBouHOro COMpOTHBJEHUSA B 1ENH BO30Y K-
deHust U npu Wye=0,43 W, DKcnepuMEHTAAbHbIE 3HAUEHUs NMOTOKOCIEne-
HHH ToJydeHbl 00pabOTKOH OCHMJJIOTPaMM pHC. 3.

Tadbnuixga 3

Ne i t | ¢
% ; % pacu., tolgken.,
) : :
. T 1 ., 1 i ceK ‘ coR I Ipumeyarue
1 0,30 0,230 0,475 0,351 0,015 0,016 Wae=0,26
2 0,40 0,307 0,475 1,008 0,043 0,044 ¥,=1,3
3 0,60 0,460 0,475 2,020 0,086 0,086 ar=1.28
4 0,70 0,540 0,305 2,320 0,098 C,100 ai=2,8
5 0,80 0,615 0,305 2,588 0,111 0.110
6 1,00 0,770 0,305 3,146 0,135 0,138
7 1,10 0,845 0,305 3,457 0,148 0,153
8 1,20 0,925 0,305 3,920 0,168 0,170
9 1,27 0,980 0,305 4,620 0,198 0,200
Ta6auuga 4
Na 1' W} ‘ [ t t
¢ % % # pacy.., 3KCI. ,
- Vo i 50 1 | cek e IMpavesanne
|
1 0,50 0,345 0,404 0,308 0,013 0,010 Yaa=0,43
2 0,55 0,380 0,404 0,495 0,017 0,016 Y,.=1,45
3 0,60 0,414 0,404 0,684 0,029 ¢,025 ar=1,8
4 0,80 0,550 0,260 1,158 0,049 0,045 arr=2.8
5 0,90 0,620 0,260 1,376 0,059 0,056
6 1,00 0,690 0,260 1,610 0,069 0.067
7 1,10 0,760 0,260 1,808 0,077 0,077
8 1,20 0,830 0,260 2,054 0,088 0,088
9 1,30 0,900 0,260 2,326 0,100 0,100
10 1,40 0,965 0,260 2,819 0,121 0,120
11 1,42 0,980 0,260 3,034 0,130 0,130

Ha puc. 5 npencTaBJeHbl 3TH MOTOKocieneHdas. Ha 3ToM Ke pucyHKe
IIOCTPOEHH KPUBbl€ HApACTaHUS TOKA BO3OYXK/JIEHHA, NOJyUeHHbIE 10 Xapak-
TEPHCTHKe HaMarHHyeHHs. 3HAKOM (X) 00O3HAYeHbI 3KCIEePUMEHTANbHO
HalineHnble 3HaueHHs] ¥y, We, H ipr, ige.

PacxoXneHne pacueTHBIX M 3HKCIIEPUMEHTAJNBHBIX 3HaueHHHl MOTOKO-
CLeNIeHHHA H TOKOB BO30YXKJEHHS HE3HAYHTEJbHDI.

Taxkum o0pasom, paccMoTpeHHAass MeTOJHKa pacueTa BpeMeHd camo-
BO30yKIeHHsl YAapHOTO reHepaTopa C PasJHYHBIX YPOBHell HauaJdbHOro Io-
TOKa NpeJBO30YXeHHs JaeT XOpollee COBNAJeHHE pACYeTOB C 3KCIIepH-
MeHTOM. K3noxennas MeTOAHKA MO3BOJAET NMOCTPOHTb KPHUBBlE HAPACTAHHS
MOTOKOCIeNJeHUs1 (34C reHepaTopa) M TOKa BO3OYMKAEHHS BO BPEMEHH,
Y10 HeoOXOMHMO I/ NPaBHJIBHOTO BHIOOpA, Hauada (POPCHUPOBKH BO3OYHs-
nendst (caMoBO3OVKJAeHHsI) M BbIGOpa MOJYHPOBOAHHKOBLIX 3JEMEHTOB Vil-
PaBJSIEMOrO BBIIPSMHTENbLHOIO YCTPOHCTBA.
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Puc, 5. HpuBble UBMeHEHUs HalPAMKEeHHA
(HOTOKOCHENIeHHA) H TOKA BO3OYHIEeHHA
BO BpeMeHH
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