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PACTCET PACIIPEÄEJIEHHH COCTABJIfUOIUHX MATHHTHOÜ
HHfflrKQHil B HEUAPHHTHOM 3A3OPE IWffIHÄPOTECKOrO

HH^KTOPA

tloctaHOßKa aaaaHH. PacnpeaeaeHHe coctaßJiHDmM iiarHHT—

Hoä HHÄyKmiH b HeuarHMTHOii saaope peaaßHoro aHHeflnoro hh-
BiHapHqecKoro HHayKiopa Öea cepaeHHHKa Hiieet caoiHirä xapaic-
Tep [3]. 9to oöycjOßJieHO HaaHHHeii bhcihx npocTpaHCTßeHHux
rapuoHHK MarHHTHoro noaa, BOSHHKacmnx H3-aa ancKpeTHoro
pacnpeaeaoHMa aHHeöHoM tokoboö narpyaKH » sydnaiocTH HHayK-
Topa. Äaa paeseta pacnpeaeaenHa iiarHHTHoro noaa h3B6cthhmm

fIOJIIHH ÖHTB rapMOHMRH aKCüaJIBHOfI COCTaBJIHDBefI MarHHTHOÜ HH-
syKimH Ha BHyTpeHHeM nosepxHocTH HHayKiopa npa oanosa3Hou
HHTaHHH OÖMOTOK. 3TH PapiiOHHKM OTTpeaC JIHDTCH peieHHGM ÖeCKO-
HCHHofi CHCT6MH aaredpaHnecKHX ypaßHeHHä [2,5], ecaH hhcjio

naaoß Ha noauc h saay = I, häh no rapvoHHKaii aHHeflnofl
tokoboK narpyaKH (npn jtdÖoii )•

PaaÄOKeHHe ÄHHeflHQfl TOKOBQfI Harp.vaKH b paa sypße. Kpa-
Baa npocTpaHCTBGHHoro pacnpeaeaenHa aHHeftHofl tokoboH aa-
rpyaKH bjoäb äähhbi HHayKiopa b Koraa noa tokom na-
xoshtch toäbko oana saaa Tpexsa3HoÖ oömotkh, noKaaaaa Ha

s>r. I. Jaa rphboS q,= I, noKaaaßHOit Ha shf. Id, b [6]
npHßeseHO supaxeHHe säh rapuoHHK, h b sanaoM oho npn-
HHüaCT bhj:

A 1 = AB. (I)mV yir lv v '

rae

(2)
Ok
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1. PacnpeneneHßG
aHHeitHOfi tokoboö HarpyaKH no anu-
ue HHnyKTopa;
a) nponontHMÖ paapea HnayKTopa,
6) pacnpeaeaeHHe np« “ 1,
b) pacnpeneaeHHe npn CJ, > 1.

A =
- cpeaaaa aaaeflaaa tokobbh aarpysaa aa ayöpo-

soe aeaeaae;
I - tok b KaiyiKej
wn - nacao bbtkob b nase (b KaiyniKe).

pasuepH noaasaaH aa sar. I.
Pacnpeaeaeaae oaaosa3aofl aaaeöaoä tokoboA aarpysaa no

ooh z wosao paccnaTati. no EMpaaeaHH)-'

a(i) = Y_ A’ mv co9^ vz, (3)
■V = (,V5...

rae
_

ks)
v- x

Pacnpeaeaeaae aaaeöaofl tokoboü aarpysKH no
cca i aaa cayaaa c^>l t noKasaaaofl aa snrype Ib, noaynaM
cyiiMapoßaaaeu cooTBeTCTByDmax kphbhx npa =I,

B aaaaoii cayaae paa sypi.e aaaeiiaoa tokoboö
aarpysKH coaepsai a caayca«e,B Kocaaycaue naean. Ecaa aa
sar. Ib caaaayTß Tonay 0 no oca i Bnpaso aa Beaanaay

, T.e. aa ocl sa3oßot! aoaw, to caaycaije aaeau
HcaeaaßT a

a(lU I. L CoS^^c£!coBat v I. (4)
Vs(,\S,... n = i ’
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3aeCß I CtIHTaeTCH OT OCH $B3OBOB SOHU •

AHajiHS noHasußaei, hto sto BupaseHHC mozho ynpocTHTB
BBeaeHHeu kc3sshph6 htob k pv h t HcnojiLsyeuux b TeopHH
3JT6KTPHM6CKMX MSffIMH [l]t

, 1
* suuftn-ty-0k M

=
=

± j eos—-—-—o (5)p asin *V 6cV7 n=l

k sinMp
_

7tbK
V~ ’ °“

2T (6)

SflecL kpv - ko3sshum6ht pacnpeaejieHHH;
- KOSSSHUH6HT OTKpUTMfI RBSa, TBK KBK b K a:b n -

CjieaoßaTejißHO, npn KaiyßKax aunaHTyau rapuOHHK oa-
UHHeÄHoft tokoboä Harpyskh öyayi:

C- AIW (?)

TapuoHiKM aRCKajiBHOtt cocTasaHimeK uarHHTHoft HHayKUHH
na BHyTpeHHeÄ noBepxHOCTH HHayKTopa ÖyayT B lV =/J 0 A' mV ■

Äaa öojjßiell HarjiHSHOcTH uejiecocÖpaaHO noaBSOBaTBCH
nOHHTMeM OTHOCMT6JIBHHX rapilOHHK UaTHHTHO# HHayKHHM, fIJIH
*iero paaaeawu rapuoHHKH uarHHTHOfI HHayKpHH Ha BeainiHHU

/j o flA. OTHOCHTeaBHue rapuoHHKH aKcnanß-
hoö cocTSßJiHDßiett uarHHTHoä HHjyKHHH na BHyTpeHHea nosepx-
hocth HHayKTopa b caynae oaHOsa3HOfl ÄHHeäHoft TOKOBOÄ narpys-
KM MOZHO paCCHHTaTB HO BUpaKOHHK)

iv *= y k pv k ?v .
npH TpeX$B3HOM UHTBHHH TpeXsB3HOtt OÖMOTKH aUIIJIHTyaU

rapuOHHK uarHHTHOž HHayKpHH npa v=l,s, 7, ... ÖyayT b
1,5 pasa ÖOÄBie rapuOHHK oaHOsa3Horo nuTaHKH

B
(,) -kk'D ZV* —Kpv * • (8)

TapuoHHKH c 7 = 3,9, ... npa Tpexsa3Hou ühtshmm oicyT-
CTByDT.

PacnpeaeaeHHe uarKHTHott hhjykizhh b HeuarHHTHOM aaaope
HHgyKTQPa. CqHTaeM, HTO OTHOCHTeJIBHUe 3HaH6HMH rapuOHHK BK-
cüajißHOü cocTasaHDiež uarHHTHOiI HHayKBtHH B 1 Ha BHyTpeHHeJt
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noBepxHOCTH HHayKTopa hsbscthu* Ecjih BTopanHaH cHcieaa ot-
cyTCTßyet, to oTHOCHTöXBHue anaqeHHH eKcaajißHO» k paaaajiß-
hoü cocTaßJiHDmix HarHHTHott HHsyKpHH na paaayce P OT OOH

HHflyKTopa uoxho naflTH corjiacHO [4] nepea MoaaiJiimipoßaHHHe
SyHKUMH BeccejiH no BNpaxeHHHu:

R ln] _ R lo(Ct M r ')
.

(9)
IP) -

I o

W l ') _ (10)I o(otvP^)

Sziecß nepes oöosHaneH BHyTpeHHHfI paaxyc HHflyKTopa.

PacnpeaejieHMe aKcaajißHoS h pajixajißHOü cociaßJiHDiwx uar-
HHTHOä HHÄyKPHM BfIOJIB ÄJIIJHH HHflyKTOpa H8 paflHyCe P B JIBÖOfI
MOM6HT speueHH b cxynae jiHHeüHoö tokoboö narpya-
KH XOX6II HattTH COOTB6TCTB6HHO ITO BUpaXOHHHM:

= l_ (II)

B n *(p,i,t)=£ B PV * (p) sinodi eos wt.

lipu TpeX$33HOM nXTBHHH OÖUOTOK HHflyKTOpa SHanCHMe OT—-
HOCHTejiBHoIt aKcaajTßHOit cocTaßJiHßmeü xarHHTHOÖ HHayKmx na
paaayce p b aaBHCHiiocTX oti a t noayqaii cyuiiapoßaiiaaii
COOTBeTCTBynUHX KPHBHX BC6X TpOX sa 3 J

01 . . r=Y_ B iv *(p) [coswtcos* vi +

'i =1,1,5,...

+ + =

(13)

= B’z * eos wi -i- B^sinwt,
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rae

Bx*= Y_ B (p)cosoi vi-isin1
—,

(^)

•^=1,3,5,...

B lÄ
= £B im (p) sin

-- •
v=t,j,r,...

BeuHqHHM B** h B”* xapaKTepH3yßT pacnpeAeaeHHe othoch-

TenLHoä aKCHajiLHOfI cocTaßjfHßiaeJl MarHHTHOtt HHAyKnHH aa pasny-
ce r h no ooh i b paaaHKHue mouõhtu speiieHH rpexsa3Horo
nHTaHHH oÖmotok HHAyKiopa, a hmohho: B’z * npH wt = 0 (tok b

oah ott saae Hiieei aMnjiHTyaHoe I m , a b octBjibhhx sa-
sax --I m ) k npK wt =K/i (tok b oahoö sase paBHH-
6TCH HyJTB, a B OCTBJILHHX SB3BX COOTB6TCTBGHHO ±—-Im ) 3hB-
- OrHÖaß«ell KpHßOtt OTHOCHTeJIBHOt! aKCHBJTBHOtt COCTaBJIHBiett
uarHMTHOit HHAyKHHH npn Tpexsa3HOii nHTaHHH oÕmotok (öerymee
MarHHTHoe nojie) moxho no BtipaaeHHio;

{?,!■) = 'j • (ie)

ÄHajiornnHuu nyiey nojiynHM cooTBõTCTByBDiHe BBipaxeHHH ajih

OTHOCHTCABHOtt pajHaJTBHOtI COCTBBJIHB®eIi UarHHTHOÜ HHAyKHHH:

Blpl = wt + B’’*sin wt, (I7 )

, , lV7r (18)
B pie

= J_ B PV*
(p) 3inÄ v i. Isin —•>

■V =1,5,5,...

B
"

P *= l_ B pv *(p) cosot v I. {-fj)3in (19)
-9 = 1,1,5,

= (20)



8

ConocTaßJieHHe pacneTHHX h aaaepeHHHX gaHHMx. Ha far, 2
npMBOÄHTCH b OTHOCHTeJiLHHX sejianaHax pacneTHiie a aKcnepa-
MeHTajißHHe KpHßue pacnpefleJieHHH B p* h B x *

g;ifl BHgyKTopa
II c 3hckobuuh ayöpaMH, onacHßaeuoro b [3], npa ipexsa3Hoii
nuTauHM oÖmotok. Paeneiu BunojiHSHU Ha 3UBM ”Mhhck-22h no
BwpameHHHM (9), (10), (16) h (20), Upu 3TOM rapaoHHKB B lV *

onpegeaeHH pemenaea cacTean no [s] aa 20-h ajireöpaanecKax
ypaBH6HHO, T.e. orpaHanasanacß rapuoHHKaaa c nopngKOBHM ho-

wepoM ao 't = 39. CosnaaeHae pacnetHiix a aKcnepaaeHTaaßHHi
Beaanan Ha sar, 2 aocraTonHO xopoaee, ocoöenno aan paaaaaß-
nott cocTaßaHßmež. Bsaay CHnaeTpanHOCTa Ha sar. 2 noKaaanu

B p * a tojibko aae ogHoö nojiOßHHu HHayKTopa.

<t>ur. 2. PacnpeaeneHNe oTHOCHxejibHhix Bn* H B no unune HHayxxopa
npH rpexeJiasHOM nirraHHK o6motok: 1,5 - P “ 5 mm, 2 - P *• 10 mm;
3,6 - p - 18 mm; 4 - p » 21 mm;
CnnouiHbie nimuh - pacnexubie, nyHKXHpHbie c oxnenfaHhiMH to4KBmh -

3KcnepiiMeHTant.Htie. BHyxpeHHHi! paziHyc HaayKxopa 26 mm.

Ha sar. 3h A noKasano pacnpeaeaenae B Pft sjih anayKTO-
pa c KJiaccanecicoH KOHCTpyKnaefl npa naTanaa ToaBKO cpegneö
saa« C cootb6tctb6hho npa q= I a q= 2. PacneTH BHnoane-
hh no BupaseHH» (12) npa t= 0, PapaoHHKa B 1 onpeaeaeHH
npa q = I pemenaeu cacTenH aa 20-a ypaßHenaö, a npa q = 2
- no rapaoHHKau jiaHeöHOÄ tokoboß HarpyaKß. Coßnageaae pac-
neiHHX a aaaepeHHHx ananeHail MarnaTHOfl HHayKnaa xopoiee,oco-
Ö6HHO b cpegneä nacTa HHayKTopa, Eoßßaoe pacxoxgeHae Haönc-
aaeicH b KOHpax HHgyKiopa, 3to eciecTßeHHO, tbk khk pacnet-
H«e Bupasenan cnpasegaaßH äjth HHgyKTopa öecKOHenaoft zuihhh.
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3. PacnpeaeneHHe B Pll no anaae HHayKTopa npn nnrannH dsaabi
C npn = 1. I - r =lll mm; 2 - p - 63,5 mm;
CnnouiHbie jirhrh - pacnerHbie, nyHKTnpHbie c oraenbHbiMH tohkamh

aKcnepHMeaTanbHbie, BHyrpeHHHö paaHyc HHnyKTopa 116 mm.

<J>ht. 4. PacnpeaeneHHe B no anuue HHnyKTopa npa narauHH (| ia3ti c
npH = 2, ,0603HaH6HHH KpHBblX COOTBBTCTByiOT (})Hr. 3 .

BHyrpeHHHft panHyc HHnyKropa 116 mm.
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E.Kulm, V.Silmar, H.Jänes

The Calculation of the Determlnatlon Causlng Magnetlc

Inductlon In the Hon-magnetlc Gap of a Gyllndrlcal

Inductor without an Inslde Core

Summary

The paper deala with the problema of calculation of
determlnatlon of the magnetlc field ln the non-magnetlc gap
of the linear cyllndrical inductor without Inslde core. When
determining it the relatlve apace harmonlcs of the axial
formlng magnetic Inductlon on the Inner surfaoe of the in-
ductor are considered tobe glven.

Calculation and measurlng quantltles are derlved.
10
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TALLINNA PQLÜTEHNILISE INSTITUUDI TOIMETISEDmm TAMHHCKOrO nOHHTEXHMECKOrO HHCTHTyTA

CEPH i Nü 315 1971

JM 621.318.38

S.F.Kkjibm, X.A.TaMueMHrH, X.H.flnec

HEXAHHSHPOBAHHUM CnOCOE HCCJIEfIOBAHHfI
UATHHTHOrO BOAS IHHEÄHUX UHJffIHfIPiTCECKIIX

MHfIyKTOPOB

ä&h nojHoro HsyqenHH iiarHHTHoro hojih b BoaaynHOii aaao-
pe ÄHHeöHoro HHsyKiopa, nanpHMep HHayKUHOH-
Horo nacoca, cneinyeT onpeseaHTß pacnpeaeneHHe npocTpaacT-
B6HHUX COCTaBÄHBUHX MarHHTHOÖ npM nOMOIH COOTB6T—-

CTByrapx HBMepHTejri.HHx KaTymeK [3]. KauepeHHe cocTaBBHBUHX
uaraHTHoä HHjyKUHM no otsojibhuu TonKau hbjth6tch oneHß Tpy-
aoeiiKOü paÖOTOö, UoaTOMy BoaHHKJia HeoÖxoaHuocTß uexaHiiaHpo-
BBTB HaiiepeHHH IiarHHTHOÜ HH^yHQSH.

Cy®HOCTB uexaHH3HpoßaHHoro cnocoöa äjih iiaiiepeHHä uar-
HHTHofI HHfIyKQKH aaKjnonaeTCH b cJieayßmek: nauepHTejißHafl 30hä-
KaxyiKa häh endena KaiyineK, b Koropoll HHflyKTHpyeTCfl a.a.c.,

kBkoß-to cbciaßjiHßfflež iiarniiTHol! HHayKpHH,
npoTHFMBaeTCH c nocTOHHHOö cKopocTBB Baonß BoaÄyfflHoro aaaopa

nacoca. 6 põua cauoninnynero npnöopa npeajiara-
eicfl HcnoÄßaoßaTß UHoroKaHajißHbiit cßeTonyneßoft OCpKJIJIOrpaS,
noBBO2HBHHtt csOTorpasHpoßaTß na jrenTy. üpimeHe-
HHe TaKoro npHÖopa aueei, na nai b3fjihä, cjre;ayß«He npemiyme-
cTßa:

1. HbäHHCB npaKTHHeCKH Ö6BHHepUHOHHHM,OCIIHJIJIOrpaS no-
asojifleT HeHCKaseHHHe KapiHHu pacnpeaejieHHH cociaB-
ÄHBEHX MarHHTHOtt HHÄyKIJHH npH OTHOCHT6JIBHO ÖOJIBMX CKOpOCTHX
npOTHFHBaHIH HBMepHTeÄBHHX KaTyieK.

2. Uoxho aanHCHBaiB ojaospeMeHHO pacnpeÄejieEie hockojib-

KHX BOÄHHHH.



JUih HsytjeHHH iiarHHTHoro hojih b BOsayaHOM saaope jiHHeil—
Horo poHHÄpHxiecKoro öeccepaeqHHKOßoro HHayKiopa hbmh öuji
H3rOTOBJieH KOMÜJieKT HSliepH-
tsjibhux KaiyineK H3 aesflTH nap
KoaKCMajitHux KaTyneK paajureHO-
ro anaueipa no 110 bhtkob b

Kasaoä.Kaaman napa othx KaTy*-
meK naMOTana b naaax otsojib-

HOrO TeKCTOJIHTOBOrO niMMHÄpH-
yecKoro KapKaca. Pasuepu 3thx
KoaKCHajTBHHX KapKacoß noxa-
aaHH na I. ÄHaiieip HaH-
öojißineö näpu KaiynieK, bxobh-
mett b KOumreKT, cjieayeT bhÖh-
paTß COOTBeTCTB6HHO BHyipeH-
Heuy AHaueTpy HHayKTopa.

Hjir HSuepeHHH paanajißHOft
cocTaßJifliofliea iiarHHTHofl HHflyK-

4>HI% 1. KOMIUieKT H3MG-
pHTenbHbix Kary-
uieK na Kapnacax

UHH Bp HCIIOJIBSOBaJIHCB MS6 BKJIKHeHHHe KaTyiKH Ofl-
hoü näpu, HaxosflmHCCH na paccTOHHHH 5 uu spyr ot 4pyra(snr.
I). PaaHHpy HHsyKTHpoiaHHHx b hhx 9.4.0. E perHCTpupoßa-
jih ocpMJHiorpasOM, h ohb nponopmiOHajißHa pa4HajrßHoö coctsb-
BflDaieti MarHHTHOü HH4yKpun, Koiopan c&opuyjiofl

B P = 2,173 • ICT 3
--

HaHHUfI ROIIIUI6KT HSUOpHTeJIBHHX KBTyBieK lIOSBOJIHeT npo-
aecTH Hanepeana Br npH pa4nycax p = 33,5; 30,5; 26,5;23,5;
20,5; 17,5; 14.5; 11,5 h 8,5 mu.

Jbih nsuepeHHH aKdsajißHoä cocTaßJiHfomea warHHTHOft HHsyK-
PHH Bj, HCnOJIB3OBaJIHCB 486 BHJIBqeHHhie COC64HHe KOH-
peHTpHqecKHe naiydikh , Haxo4H®HecH b oähoA imockocth. lipu
3TOM paSHHpa paAIiyCOB 3...4 MU. PaSHOCTB HH4yKTHpOBaHHHX B
hhx 3,4.0. £ nponoppaoHajißHa aKcaajißHoa cocTaßJiHDnefl uar-
hhthoö HHjyKUHH, Koiopaa sopuyjioö

B t
= 1,304 • nr5 —rJL-

P n - n+ i
Pn h P n+l - paswycH cocesHux KornjeHTpiraecKiix KaiymeK.

12
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PasyueeTCH, kobiJiJhiihbht nponopimoHanßHOctu uexay uar-
HHTHOtt HBAyKUHeä H HHjyKTHpOBaHHOÖ a.fl.C. UOXHO OnpeÄOJIHTB
fljia Kaxaofl naps hsuephtcjibhux KaTyosK Tanze oniiTHiiu nyteu.

Janniiä KounjieKT HauepiiTejißHHx KaiyieK nosßonHei npo-
BecTü HBiiepeHHH B z npa paaüycax 324 28,5; 25,0; 22,0;
19,0; 16,0; 13,9; 10,0 h 4.3 uu.

MauepHTejißHiie KaiyßKH npoTHrußanü bsojib BosayniHoro
aaaopa npu nouonm sepesKH, KOTopan HauaTusanacß na spamaß-
bhäch nujiHHÄp. Besyiuu ssuraTeneu Õun HcnojißSOßan Hcnonnu-
TejißHua uexanuau HP-I, paÖonuÄ Ban Koioporo coßepmaei oshh
OÖOPOT 8a 65 C6R. BBpBHpOBBTB CKOpOCTB npoTHrHBaHHfI,
aa Baay lIP—I öun pacnonoxeH CTyneHnaTuö HauaTHßaßiufl uh-
JIHHSP.

üsueHeHue aunnuTya HHayKTipoBaHHUX 3.3.0. peracTpsi-
poßajiü CBeTonyneßini inna
HIOS aa fOTOÕyuary ehphhoö 120 uu. lipu Btou HcnojißSOßajin

BHÖpaiopu MIOI2-150 m MIOI2-300.
HanMnue öojibeopo ananasoHa cKopocieö abmxghhh sOTOÖy-

uam b HIOS h bosuoxhocth Bapsuposaiß cko-

POCTB npOTHrHBBHHfI HSUOpHTeJtBHUX KaTyiCK qep©3 HHayKTOp
nosBOJiHBT nonynHTß ocmmrorpauuu xenaTejißHOo äjihhu, yaoö-
Hue fljiH anannsa.

Mfi HJUTBCTpaUHH npHßeneU SOTOCHHUKIJ H6KOTOPUX ochhji-

norpauu, noKasußaßEue xapaßTep usueHeHHH paanajißHofi (B n )

m aKCHanBHofI ( Bi ) cocTaßnflßaxx uarHHTHOö HHayKQHM bäojib

sjihhu QHnHHAPHnecKoro HHayKTopa na pasjiHnHux panuycax npa
Tpexsa3Hou h oSHosasHou nuTaHHH oöuotok HHnyKTopa nepeuen-
hhu tokou nacTOTOö 50 rp.

CKOPOCTB npOTHrHBBHMH KaTyiGK B&OJIB HHAyKTOpa paBHH-
JIBCB OKOJSO 2,9 mu/C6K, CKOpOCTB fIBHXeHHH SOTOÖyUBrH OKOJIO
2,5 UU/ceK. npu TBKHX CKOpOCTHX H3 sOTOÖyuare BUpUCOBUBa-
BTCH OPHÕaBBHe CHHyCOXnanBHHX KpiBUX. Ho OFHÕaBIHU, KBK
H3B6CTHO [l,2], uoxho cyaiTß o pacnpeaeneHHM COCTaBJIHBOUIX
UarHHi'HOo HHAyKUHH.

OcHOBHue aaHHue uccneaoßaHHoro HHJiHHapHnecKoro HHayK—
Topa cjieayßEue:

- aKTHBHafI jjiiHa iHsyKTopa 545 mm*
- nojiDCHoe ÄejreHae 45,4 mm;



14



15

- IHPHHB ayöua 4 UU;
- napana nasa 11,1 uu;
- BHyTpeHHHfI aaaueip HHsyKiopa 52 uu;
- KOJiHMecTBO KaiynieK 36,

Ha sar, 2 noKaaana cooißeicißeHHO sotochhukh ocnajuio--

rpauu pacnpeaejieHHH B n a B t bäojib äjibhb BHayKiopa Ha paa-
paaaycax npa ipexsaaHOM naiaHaa oömotok. Hauepenae

B r nposeaeno npa saaHOu TOKe 1$ =3oa, a aauepeHae B z
- npa s33hou TOKe I$ = 15 a. HcnojißaoßaJiocß coesaHeHae oö-
uotkh aseaaoö.

Ilepea ocQMJiJiorpasHpoßaHMeu yciaHaßJiHßajra kouiutokt aa-
uepaie jibhbx KaiynieK b BoajyniHOu aaaope BHflyKTopa b TaKoe
noHOieaae baojib BHjyKiopa, npa Koiopou BHayKiapoßaHHafl
a.a.c. b napy KaiynieK HaaÖojißiero aaaueipa öaaa uaKca-
MajißHoM.no stoM a.3.c., aauepeHHoM jiaunosau sojißiueipou,
paccMHTUßajrocß aaanenae cooißeicTßyßneM ccciaßJiHßneM bh-

ÄyKuaa. 3aieu BBÖapajra uacmiaö uarnaiHoM HHflyKnaa Ha oo-
HHJiJiorpauuax c ihkhu pacneiou, moöa acnojißaoßaiß bcb ma-
pany foioöyuara. Ha npaseAeHHax ocaajurorpauuax stot uac-
Diaö Öuji 1 utji Ha 1 uu. Bce napa aauepaTeJißHax KaiynieK

Ha bxo;h ocuaJHiorpasa nepea peryjiapyeuae aoöason-
Hae conpoiHßJieHHfl. /ueßßmenaeu aoÖaBOHHoro conpoiaßJieHHH
aoperyjrapoßHßajiocß oiKHOHenae Kaajioro jryna Haanpane oc-

corjiacHO paccnaiaHHOuy no noKaaaHHB jiaunosoro

BOÄBiueipa ananeHHß cociaßJiHßiaeM uarnaiHoM 3ia
cociaßÄHßinaH uarnaiHoM HHayKnaa žjih kskäoM napa zaMepa-
lejißHax KaiyneK onpeaejiflJiacß jjaunosau BOJißiueipou b xojioc-

tou xoje, i.e. npa oiKHBneHHOU ocnajuiorpase, Tanoe pery-
jiapoßaHae KOuneHcapyei yueHßaeaae HanpnxeHHH Ha aaxauax
aauepaiejißHax KaiyneK npa BKJißneHaa Auh
yueHBieHHH ioxa b aauepaiejißHHX KaiynKax a cooißeicißyßne-
ro naAeHHH HanpnxeHHH uoxho laaxe bkjibhhtb uexay KaiymKaua
a BXO4OU ocnajuiorpasa ycajjaieaa c öojibihu bxoähbu conpo-
TBBJieHieu,

nioöa onpeaeaaiß pacnpeaeaeHae B n a B* Öerynero uar-
HaiHoro nojiH BflOJiß HHayKiopa b KaKOö-io onpeÄejieHHuž
uoueai speueHH, Paua npoßeaeaa aauepeHßH npa naianaa oöuo-
TOK OÄHOSB3HBU TOKOU ( ICI =O, lAXI AX =I lv = I$ , SHP. 3)
aacioioö 50 ri*.
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Ms seex ociöijororpemi bhäho, *ito pacnpeaeaeHHe B P h B z
BÄOBB JUIHHH HHflyKTOpa BÖJIH3H BHyTpGHHeÜ lIOBepXHOCTH HHflyK-
TOpa CHJIBHO OT CHHyCOHftH, HO OKOJJO OCH HHflyKTO-
pa pacnpeaeaeHHe npaKTHHecKH CHHycoHaajißHoe.

Xoth ocijHJiJiorpaMMH Öhjih ohatu npu xojioc-

tou xoae HHflyKTopa, T.e. Öes cacTeuH, onHcaHHuß
cnocoö Taxxe npHiieHHU äjih HSuepeHHH B P h B z b BosayaiHOM
sasope HHsyKTopa npH HajiHAHH btophmhoö cncTeiiH hjih seppo-
uarHHTHoro cepaetiHHKa. Moxho Hsyqaiß, pasyueeTCH, Taiese

warHHTHoe nojie oanofl sasu hjih OTaejißHOö KaTymKH. HannnS ue-
XBHHSHpOBaHHHÄ CÜOCOÖ UBPHHTHOPO HOJIfI IJHJIHHÄ-

HHÄyKTOpa OCOÖ6HHO Q6H6H npH Ka*I6CTB6HHOU CpaB-
HHT6JIBHOII HSyqeHHH IiaPHHTHOPO lIOJIH npH pa3JIH*IHHX CÜOCOÖaX
COejtHH6HHÜ H ÜHTaHHH OÖIIOTOK, £JIA THIIOB OÖMOTOK
H T.Ä.
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E.KÜIm, H.Tammemägi, H.Jänes

Mechanlzed Way of the Inveatlgatlon of the Magnetlc

Field of the Llnear Cyllndrlcal Inductors

Summary

The artlcle deacribes the meaaurement of magnetlc ln-
duction In the non-magnetlc gap of a linear cyliudrical
Inductor, using a aelf-wrlting multicanalled light-ray-
osclllograph and measuring coils.

The method descrlbed In the artlcle la partlculary
important vhen investlgatlng the magnetlc field of the
Inductor In whlch the windlnga are wlth dlfferent schemea.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
TPyflbl TAJIJIMHCKOrO nOJIHTEXHHHECKOrO MHCTHTyTA

CEPUfI A N° 315 1971

YM 621.318.38

B.s. KecKßJia, H.P. Teprew

HCCJIEfIOBAHME BMflHMfl KPAEBOPO 30$EKTA HA
PACHPEfIEJIEHME MATHHTHOPO HOJIH B PACTOMKE

"ABHonojaocHoro" bpaihatejih

BseaeHHe» "HBnonoaiocHHtt" HHayKUHOHHHfI Bpaiaieaß KHa-
jcoro Meiaaaa (b aaaßHeömeii MB) mieeT icctl ayönos, npHKpen-
aeHHiix k apuy b BHae BHCTynaioßuix noaucoß, oxßaTHßaeMwx Ka-
TyßKailH OÖMOTKH ($Hr. I). ÜMTafl 3TH KaTyiDKH OT C6TH Tpex-
sB3Horo TOKS OÖMOTKH aHBMeTpaaBHO npOTHBOncaOKHHX
"noaDCOB" ÖiiaH k oanoö h toü *e saae, oöpaayn na-
py "saaHux noancos", noaynHM b pacionKe MB peayaßTHpycmee
MarHHTHoe noae Tpex saa b BHae asyxnoaiocHoro spamaitmerocH
noan. 3iy KOHCTpyKUHi) MB, npeaaOKeHHyio BHMH3M [l], mokho

paCCMBTpHBaTB KBK pa3HOBHaHOCTB MB "HOpMaaBHOa" KOHCTpyKpHH,
HanoMHHanmeift cTaiop oöhhhoö acHHxpoHHofl mbdihhh, HMemea mhc-
ao ayÖpoß 1 = 6, a aar oÖuotkh npeaeaßHO yKoponeH, b peayaß-
Taie nero Ka*aaH KBTymKa oömotkh oxßaTUßaei ToaBKO oaHH ay-
öen. B ot MB HOpMaaßHoro HcnoaHeHHH, oömotkh cm6*hwx

saa b naaax "HBHonoaDCHoro" MB pacnoaomeHn paaoM, b oanoM
caoe. B peayaßTaie aioro SaKTHnecKH mar oömotkh TaKoro MB
öyaei MeHMe 1/3 noaDCHoro aeaeHHH peayaßTHpyioiiero MarHHT—
Horo noan» ho ecaH bihphh3 otkphthh naaa aocTaionHO Maaa, to
c apeHHH pacMeia coaaasaeMoro b pacronKe MB noan pac-
qeTHHfl mar oömotkh moict Ömtb üphhht paBHUM 1/3 noancHoro ae-
aeHHH.

B CHay Maaoro ananeHHH nara oömotkh tokobbh Harpyana
"HBHonoaßCHoro,t MB aHannieaßHO öoaaie, h6m b HopMaaßHux MB,
mo BHBHBaeT yßeaHqeHHe oösena MeaH s naaax h, caeaoßaieaß-
ho, yßeaHHHsaeT paanaaßHue paanepM MB. OanaKO yseaHneHHe
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paaüajißHHX paaiiepoß "HBHonoußCHoro" HB OKynaetcH npociOTOft
KOHCTpyKUHH H H3POTOBJI6HHH.

üpH OTCyTCTBHH KPB6BUX (TOpiJOBHX) 3sseKToß, BH3BBHHHX

2JIHHOÖ HHJjyKTOpa, MaPHHTHOe nOB6 OCHOBHOft rapMO-
hhkh b pacToqKe KB HBjraeTCH oaHopoflHHM Lil. Ka bhcdihx rap-
uohhk yarHHTHOtI HHsyKUHH naHÖojiee aayeTHHMH hbjihbtch nniaH
H eeaßMßf! rapMOHHKH. rapiiOHHK H rapuoHHß KpaTHUX
Tpew, KBK H3B6CTHO H3 OÖ«e8 T6OpHH SJieKTpHqeCKHX MBBIHH, B
pacToqice TaKoro KB ae BoaHHKaeT.

KpaeßOŽ 3sseKT JipHBOfIHT K H3Ii6H6HHD MarHHTHOÜ KHflyK-
iwh b HB Taicxe b aKcaauLHOM nanpaßneHHU. SHaqu-
TejißHoe BJiMHHwe Ha pacnpeaejieHHe uarHUTaoro ncwin y topuob
uarHHTonpoßoaa KB OKasHBSBT tokh boÖobux yqacTKOB oÖmotkh
KB.

CiporHü yqei bbhhhhh Toppoaux sffeKTOB Ha pacnpeaejie-
HHe «arHHTHoro nojifl r pacToqice KB npeacTaßJifleT coöofl bbcb-
ua TpyaHyn saaaqy haa npaKTHKe noaoÖHiie sajaqH pemaioTCH

b ycjiOßMHx cpaBHHTejiBHO aajieKO Maymux HaeajiHsapHM h
ynpoieHHH. Tbk npHxoaoocß nociynaTß h b jaHHOfl paÖOTe.
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B [2] noKasaHO, nio bjimhhh6 Kpaesux aSSeKTOB na pac-
npeaeaenne warHHTHoro nojifl ochobhcH rapnoHHKH b pacTOMKe
flßyxnojitocHoro MB nopuaaßHoro HcnojineHHH uoxho onpeaeaHTß
fipHÖJIHÄeHHO MeTOfIOM KOHSOpMHHX OTOÖpaseHMÜ, flJlfi qero Kpy-

rosyK) MB paanycox p c HyxHO aaxeHHTB SKBHBaaeHT-

hum njiocKHM HeMarHHTHuu aaaopow niHpHHOft 25 = 2rc . ToamwHa
warHHTonposofla naao cKaausaeTCH na pacnpeaeaeHHtf MaranTHo—-
ro nojia b pacTOMKe MB npw yqeie tokob jioÖobux nacTetf oö-
MOTKO [3], YqMTHBaH BHffleyKa3BHHoe, BJIMHHH6 KPB6BHX 3sseK-
tob Ha pacnpeaeaeHHe MaraHTHoro noaa b pacTOnKe MB b skcm-
ajißHOM HanpaßJieHHH Moxeu HccaeaosaTß Ha Öaae ynpomeHHOft
njiocKoft uoaeaH, HaoÖpaxeHHOtt hb shp. 2a, k Koiopoö npuMeHHM
m6toj KOKsopMHbix OTOÖpasceHHfl. Ha $Hr. 2a aoöOßHe tokk oö-
isotkh HB y Toppoßbix noßepxHOCTeft warHüionpoßoaa aaweneHH

noBepxHOCTHHMH TOKauH, pacnpeaeaeHHHMH paBHOxepHO na öoko-
bhx nosepxHOCTHx pacneTHOft xoaeaH Ha ynacT-
Kax idhphhoH h = Al -yAI . lipu 3TOM jinHeänaH naoTHOCTB

nOBepXHOCTHHX TOKOB paBHB

tr. - if, (l)
A h

rae I A
- cyMMapHutt tok aoöosux ynacTKOi oÖmotkh.

llpü t3kom paBHOxepHOH pacnpeaeaeHHH nosepxHOcTHHx to-
kob hb Öokobhx noBepxHOCTHX xarHHTonpoßoaa pacneTHotö xoae-
aH MOXHO MTO BHyTpeHHH6 nOBepXHOCTH 0 H3CTB ÖOKO-
BHX noßepxHOCTeö iiarHHTonpoßoaa (ao | y AI I ) HMenT iioctohh—
Hue CKaaHpHue uarHHTHHe noTenmiaaH uM

= ±F m , ahs yna-
CTKax c paBHOxepHO pacnpeaeaeHHHMH nosepxHOCTHHMH TOKaun

xarHHTHuä noTenuHaa naaaeT no aHHeäHOiiy aaKOHy ao nyan:

U "“ FmT(2)yn-y ai

Ha Öokobhx noBepxHOCTHX npn |y| > |y A i | 0 Ha cpeaneö
naocKOCTH HewarnKTHoro aaaopa ( y = 0) MarHHTHufl noieHUHaa
U M = 0.

cHMueipHio, nsoöpaaceHHyio na sorype 2a, pac-
neTHOfl MOaean aKBHBaaeHTHoro HewarHMTHoro aaaopa othoch-
TeaBHO ooh x. , uoxeu paccMOTpeHHew ToaBKO
BepxneH noaoBHHH HeuarHHTHoro aaaopa. Äan noayneHHH Öoaee
npocTHx aaBHCHHOCTeft ueaecooöpaaHO BHanaae npeneÖpenß saHH-
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HH6M Bioporo (jießoro) Kpaa MarHHTonpoßoaa na pacnpeaeaeane
HnayKUHH, cnHiaa, nio MaraHionpoßOfl npocinpaeica Baeso ao
ÖecaoaenaociH. Banaane Bioporo (aefioro) Kpaa iiaraHTonposo-
aa moäho saien yaeciß, aaah b [2], npH noMomn iieioaa na-
aoxeHMH.

Pacnpegeaeaae iiaraHTaott HHayKmm y apaa aaßHßaaeaTao-
ro aeiiaranTaoro aaaopa. üaocaocTß paccMaipoaeiioa oöaacTH
SKBHBaaeHTHoro HeuarHHTHoro sasopa y Kpaa iiaraHionpoßoaa
Hsoõpazeaa cxeiiaTHnecan aa sar, 26 b saae aoiinaeacaofl
naocKOcTH i=x-*-jy. Koasopiiaoe oioöpaseaHe yaasaaaoM oö-
aaciH aa BepxatoK) noaynaocaocTß w = u+j\/ ($Hr. 2b) ocyme-
CTBaaeica lyaaijHefl [s]

I--£h'fc7TUn (3)ic L + t J
aaa

+ c, (�)

rae C - noaoßHaa ibhphhh iiaraHionpoßoaa ($Hr. 2a)«
Taa KBK noTeauHaau Tonea nosepxaocTett iiaraHTonposoaa,

orpaaaaaßaDQHe aeiiaraHTanfl aaaop, npn aoasopiiaoM oioöpaxe-
hmh ae HaiieHHßTca, to nepes OTOÖpaxaDiyß syaaijHß (4) moxho

aaöTM pacnpeaeaeaae caaaapaoro MaraHiaoro noieanHaaa Taase
aa ooh u naocaocTH w , rae ocb u c TonaaiiH w, =± oo ,

wt = -1 h w*= o cooTßeicTßyeT aouaaofl anaaH i, -it -

- i*- i, b naocaocTH i . Ilpa 3tou aeßbiH apafl iiaraHionpo-
Boaa, yaaaeaaiiä b naocaocTH I b ÖecaoaenaocTß, nepexoaaT
b naocaocTH w b aaaaao aoopaaaaT (wj= 0), a cooibotct-

ByniHfl pacnpeaeaeaanft aoöoßOä roa aesoro apaa aaraHTonpo-
Boaa nepexoaaT b aHaeßautt toh -I, b tombc = 0. JloöoboH
toh aa np«BOfl Öoaosofl nOßepxaocTH MaraHionposoaa b naoc-
aocTH w pacnpeaeaea aa och u iiexay Tonaaaa wAI =-tf, h
w--t,Kt , cooTBeTCTByniQHiiH Tonaaii i A)

= c+j>/A 1 h i A*=c+jy A i

b naocaocTH i .

flocaoaßay aoopsHaain y öohoboö nOßepxaocTH uaraHTO-
npoaoaa onpeaeaaurca H3 (4) no sopiiyae
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+ (5)

to cooTseTCTsyiomee pacnpeaeaeHHS cKaanpHoro uarnnTHoro no-
TeHuwajia na ocm u ue*ay TomcauM w M m w AI onpeaeaHSTcn
corjiacHO (2) m (5) supaseHHeu

Ha ocm u ueicay TonKauH u=-»< m u= 0 uarHUTHufl
noTemiHaji U M

= Fm , ana ocTaatHHX ynacTKax ocm u pasen
Hyjiio» Ha $Mr. 26 npMßeaeH rpasMK pacnpeaeaeHMH noTSHUMaaa
U M no ocm u (cnjiomHaH KpHEafl), paccMMTaHHUü MaaoseHHUU su-
me weioaoM fljiH caynan, Koraa y M = 1,15 m yn = 1,5 S- .

Kbk noKaaHßaeT anams sopMyjiH (6; h ü M (u), mso-
ÖpasceHHuM na snr. 2b, pacnpeaeaeHMe uarHHTHoro noTeniiMaaa
no ocm u na yqacTKe wA , ... wAI c aociaTOHHOvi TonHO-

CTBto momo annpoKCHMMposaTL npevoit aMHMeü (nyHKTMpHaH au-
hhh), onMcusaeMot? sopuyaoH

U.W =
(V

Kii

JPJIG = <L 1 •

Ho pacnpeaeaeHMio CKaaHpnoro uaruMTHoro noTennHaaa no
ccm u naocKOCTM w Momew HaflTH kõunaskchmü noTennHaa uar-
HMTHoro noan b naocKocTM w , Mcnoabayn MHTerpaa fllsapua
aan Bepxneü noaynaocKocTM [4J

W(„) = 1?M1Ü *K,
\-vj (8)

a aaTeu aerKO onpeaeaMTß h pacnpeaeaeHMe uarnMTHoM MHayK-
UHH.

Ho annpoKCMUHpoBaHHOuy pacnpeaeaeHH» uarHHTHoro no-
TSHUHaaa U M no ocm u (shp. 2b) mno sopuyae (7) HaxoaMU
aan KOunaeKCHoro noieHUHaaa BiipaseHMe

-J£i 0

w(w) =lf Fm d \ + f Fwdi =

-tfj, -3t|
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F m [w + . w+se, . w u
= —— Ln 1- +Ln —+l +K , (9)7C l W W+K( I ' ' '

rae K - aeBcTBHTeaBHan nocTonHaan.

BeKiop MaraHTHoft HHayKpHH b iwockocm w onpeaeaaeTCH
no gopuyjie

~r . dW(w) .. F m / 4 < lr, w + »e t \

dw (10)

rae w = u-jv - conpraeHHan Koopa»Ha*a iwockocth w.
Beniop xarHHTHOä HHayKUüM b naocKocTü 1 onpeaejiHeTCfl

nepea OToöpaaaumyß fliynicnHi) sopxynofl

(ii)

IloacTaßJiHH b (II) BupaxeHHe B w aa (10), nojiyMHM aJifl
aeKTopa MarHHTHoB BHayKnaa b naocKOCTa z aaßacaaocTß

—l (12)J p v *ll y '

rae nepes
(13)

oÖoananeHa BHayKnan b neaarHßTHOii aaaope npa oicyTCTsaa
Kpaeßoro asseKia, T.e. Koraa uarnaTHoe nojie b aaaope oa-
Hopoano.

Ha sar. 3 npaseaeHH icpastie pacnpeaeaemaH OTHOCBTejiB-

HOfI xarHBTHOfI HHayKnHH b cpeaactt iijiockoctm HeiiarnaTHoro
aaaopa, paccnaiaHHHe no sopayaan (4) h (12) aan y M=S npa
paannx ananeüMHX y n . Jbih cpaßHenuH nyHKTapoa npaßeaeno
pacnpeaenenae anayKQaa npa y A,= y Al

=°°- Kbk Baano na npa-
BeaenHux kpbbhx, pacnpeaeaenae iiarHßTHoä BHayKnaa y Kpan
iiarHHTonpoßoaa b ananaTeabHoa iiepe 38bhcht ot pacnpeaeae-
HHH TOKOB BOÖOBHX MaOTeB OÖUOTKH.
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PacnpeaejeHHe hhjykiihm b SKBMBajieHTHOM HeiiarHHTHOii 3a-
30Pe hph yqeie bjhhhmh oÖohx Kpaes MarHHionpoßOja. Biiie Öu-
jio onpeaeaeHO pacnpeaeneHHe iiarHHTHOö HHayKiyiH b HewarHHT-
hom sasope no saaaHHOiiy pacnpeaejienHß cKaTrapnoro iiarHHTHoro
noTenniiajia na nosepxHOCTHx, bbihhx pacoMaTpoaeiiyß
oöaaciß npocipancTßa. Hcxoaa hs stopo, moxho äjih yneia biihh-
hhh oöohx npaes narHHTonpoßoaa na pacnpefleaeuiie uarHHTHOit
HHayKUHH b HeuarHHTHOii sasope b nojroce 0 y=< S npHMeHHTB
MeTOs HanoxeHHHy cnHTaa cHcieny JinneöHOlt. Jljin stofo saveHHU

saaaHHoe na pacnemoö MoaejiH (siir. 4-a) pacnpefleneaHe nar-
HHTHoro noTeuDiHajia Tpeun oHCTeifaiiH warHMTHUx noTeHuwajioß t

orpaHHnHBaBiHX pacciiaTpHßaeiiyß oöJiacTß neuarHHTHoro sasopa
(shp. 4ö,s,r). Hpa cnoxeHHH iiarHHTHiix nojieü,
yKasaHHHMH oHCTeuaxH uarHHTHiix noTennHanoß b nojioce ossy«sB,
nojiynmi pesyjißTHpyßnee noxe b paccuaTpHßaeuoä oÖJiaciH saao-
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pa, cooTßeTCTßymee nojiß iiarHUTonpoßoaa Ha $Hr. 4a, Toraa
HHayKpHH b HeuarHHTHOM aaaope onpeaeafletcfl kbk cyMiia ipex
COCTaBJIHBUHX

B t
= B w + B u + B IS , (14)

rae
~R~ =—i Bp -—- (1- tn (15)+l W| + >€( j

1 J° y wt-H ' (16)

2> ii = j & p * (X7)
%

_ _

B sopMyaax (15) h (16) ay*HO üphhhtl w, =w, raK kbk

x,= x. , a wl= w npH xl=-k 1 .
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Ha snr. 5 npaßeaenn Kpasue pacnpeaejieHHß othocutejilhoü
BepTHKaJTBHOÖ COCTaßaflDlUefl MaPHHTHOtt HHSyKPHH B H6MBrHHTHOII
aaaope npn paajiHqHux saaqeHHHX KOopaHHam y=const, paccni-
TaHHbie no sop«yaaM (14) ... (17) aun ic/lS = 0,6, y At/$ = I
m yAI/fr = 2,4. üyHKTHpou npuseaeHo pacnpeaeaemie HHayKmm,
paccnHTaHHoe ToaBKO c yneiOM bjihhhhb oaHoro icpan iiarHHTO-

npoßoaa.

MamHTHHe hotokh. üoaHHfl iiarHHTHHö hotok nepes cpea*
hbb hjiockoctb HeiiarHHTHoro aaacpa na aaHHUuy aaHHH aaaopa,
npa yqeie bjihhhhb oÖohx Kpaes MarnuTonpoßoaa, onpeaeaneTCß
sopMyaoü
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—J ( B x1 d x —J((B X1I+| BjJ -1 B tl | ]dx • (18)
£7O —OO

CHUMeTpHB paCnpeflejieHHH HHfIyKPHH OTHOCMTeJIB-
ho och y (smp. 6) h BaaHMOCBHSB ne*ay h B u , Moateu
BtipaseHHe (18) nepenucaTß b saae cyuuu asyx HHierpajiOß

oo 0

i d . (19)
o -oo

BnpaseHHH (3) h (12), nojiyqaeii

U 0

U 0

P *J l u u *n u+*’' (20 )

rae u 0 -TOMKa Ha och u iuiockocth w , cooTBeTCTByBiaH
*ia*y KOopflHHaT iutockoctm i .
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WHTerpHpoßaHMe ypaßHeunH (20) aaei aan uarnaTHoro no-
TOKB BbipaX6HH6

sm= B p [ic + li-(t-ln4 +

*’* (21)

MarHUTHuä üotok nepea cpeanßß nnocKOCTB HewarHHTHoro

aaaopa ao paccTOHHHft ± * ot neHTpa ÖyaeT

= 0m- (22)

rae Atp x - noTOK b noaoce ot x ao oo
oo

As* = J| Br|dx. (23)
*

MarHHTHwft noTOK nepea apyrne naocKOCTH y=const ne-
uarHHTHoro aaaopa, napajuiejißHne cpeaneft njiocKocTH (y = 0)
ao paCCTOHHHH ± X OT UGHTpa HHayKTOpa, BH-
B no sopiiyjie

4) t = 0m - 2acJ) x , (24)

rae noTOK b nojioce x ... «> npn y 0 pasen

A0I= J|By |dx, (25)
*

a B y - cocTasaHßmaH seKiopa uarHHTHoft HnayKiiHH B z b na-
npasaeHMH och y na jihhhh y=consi.

CnnTan npn x> c B z « B z, (snr. 6), mosch nanHcaiß

AO X «' ( B y,| dx, (26)
* __

rae B yl
- cooTBeTCTBeHHO cocTasJiHßiaH seKTopa B ZI b nanpas

jieHHM och y *

ÜOTOK AO Z , B CHay CBOÜCTB KOHSOpMHHX OTOÖpaxeHHft [4],
mokgt öutb onpeaeaen b h-hockocth w no sopuyjie

a0Z = |B v |du , (27)
U

rae B v - cocTaßJifliomaH seKTopa uarHHTHoft HnayKUHH B w b
nJIOCKOCTH W B HanpaBJIGHMH OCH V .
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B v -3m [jJ--iU. -i- ln * v ‘I■ (28)LwJ ' ic [uW jea yCu + rt,) +Vl

IloacTaßJiHH B v no (28) b ypaßHeHHe (27) h nposean hh-
TerpuposaHHe, naxoanM

A0: = (u+«i)Ln^ (u + xlf+ v - (u + tfi)ln^(u -� K,) x
+ v*+

■+ varctg *ltV -—1- ln\/ul
+ vl -1 1• rog .

(u+je,Ku+»eiKv lJ v (^9)

(21), (25) h (29), noaynHM OKOHnaieaLHO aan
uarHHTHoro noiOKa 0* supaseHne

<5O)

rae

jll = ~-|l-Ln4 + Ln^iZ+v 1
- [(„ +Ln (uv1

-

- (u - *,) in V(u + *.)V vV Vfl rctq
, t

ln tn >eJ •
J J (31)

Ha cpeanett naocKOCTH HewarmiTHoro saaopa (y = 0) v- 0
h sopuyaa (31) ynpomaeTCH k BHay

u + j ln(u + —(u + + ■+•

■+■ Ln a€, - >€ z J . (32)

Ha sür. 7 npoeaeHU Kpußue aaßHcmiocTH Ko3sfHmieHTa (S z
no sopyyae (31) ot PBcctohhhh *

, ao KOToporo onpeaeaneTcn
uarHHTHH» noTOK npn =l,o, npn paajiHnnnx anayeHHHx

y AI . CnaoniHue Kpusue cooTBeTCTByBT cpeaneil naocKOCTH ae-
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uarHHTHoro sasopa, a nyHKTupHHe - napajurejiLHoii üjiockocth

npOBepHTL npHM6HHUOCTB nOJiyM6HHHX sOp«yjl fIJIH yqe-
Ta KpaeßHX siJkJgktob aa pacnpeaeneHHe uarHHTHoro üojih ochob-
hoö rapuoHHKH b pacioqKe "HBHonojißCHoro" HB, na sur. 8 co-
nocTBBJieHH aaHHae h SKcnepyeHTajißHoro pacnpeae-
JI6HHH MBPHHTHOÜ HHÄyKUHH H8 OCH OB, SKCüepHMeH-
TanßHHe s&HHue, npüßesöHHue b BMae ToqeK,nojiyqeHH äjih "hb-
HonoxßCHoro” HB, mieumero ÄHaueip pacicuiKH D c = 190 yy,fljiü-
ny naneTa ciajiH HHayKTopa Lc = 120 mu h Biicoiy KaTymeK oö-
uotkh BoaöyxaeHHH h = 115 mm. yicaaaHHue fIaHHHe conociaßJieHH
c pacqeTHHMH (cnjioiDHaH Kpiißaa) ajih operett imockocth skbu-
BaireHTHoro nxocKoro HeyarHHTHoro aaaopa c cooTBeTCTByBiHMH
OTHOCKTejiBHHMH napaueipauH ( c/5 = 0,62; y Ai /5 = 1,08; =

= 2,3).
BHyTpn HB aaHHiie SKcnepaueHTa xopono coßnafla-

BT C pacqeTHOÖ KpHßOft, 8 38 npefleJiaMH HHflyKTOpa TOqKM 3KC-
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nepHueHia pacnojiOÄeHU, kbk h cjieflOßajio catuflaTß, necKOJiBKO
HHxe Kpooö, trro BaasaHO, b ochobhom, Öokobhm
pacnopow uarHHTHux jiHHuft aa npeaejiaaH pacTOMKH peajißHoro
HB Kpyrosoö KOHCTpyKpun h paauarHHtiMßajomHM aeflcTßueii bhx-

peßUX TOKOB B TOPPOBHX JIHCTaX CTBJIH aarmiTonpoßOfla. TaK
KaK pacxoifleHJte aKcnepHueHTajißHax äbhhhx c aa

pbctomkh BHÄyKTopa see ace to np»-
ueHeHHHÖ ueToa bjihhhhh Kpaesax aSSeKTOB woaceT
TaiBCH BiiojiHe ripHemieaaM. JKaaaHHHM nyiew mokho onpemejiHTß
no-neaHHÖ uarHHTHatt botok BTopHMHy» cMcxeiiy .paawemae-
iiy» b KB, a Tänate ochobhoü botok MarHHTonpoßoaa,
npoxoanmHtt HeiiarHHTHafl aaaop. PeayjißTara aaHHOtt pa-
6otu , paayueeTCH, woryT Öutb ripHaeHena h ajih aar-
HMTHoro nojiH b HeuarHHTHOM aaaope iutockhx HHjyKTopoß ana-
JIOrHWHOa KOHCTpyKPHH.
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V.Kesküla, I.Tergem

The Influence of tfae Edge Effect on the Diatribution
of the Magnetlc Field lp the Air-Gap of a "Salient

Pole'* Induction Rotator

Summary

The paper deals with the inveatigation of the diatribu-
tion of the primary magnetlc field in the air-gap of a
field pole induction rotator, affected by the edge effect.
The approximate aolution of the problem haa been preaented
on the baaia of the conformal tranaformation. The formulae
for the magnetlc induction and the magnetlc flux have been
derived. The theoretlcal reaulta have been compared with
the experimental data.
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TALLINNA POLÜTEHNILI3E INSTITUUDI TOIMETISED
TPym TAJIMHCKOFO MHCTHTyTA

CEPHH A » 315 1971

YM 621731P.38

lO.fl. Jlayrnc, T.B.AexTJia, B.B.Jloftroii,
X.A. Cbkkoc, X.A, TattcMyc

MTfl-IIPHBOÄ KAK OBBEKT AETOMATMECKOPO
PEryjIHPOBAHMH

Cosaanne cwcieu aßTOuaTHnecKoro peryjmpoßanufl aan cta-
ÖHjnasamm npon3BoanTeai>HOCTH MITI-npußoaa cjieayex HannnaTL
c H3ynennn oö-beKTa peryjmpoßanHH, T.e. c onpeaeaennn ero

H ÄMHaMHqeCKHX XapaKTepMCTHK.

B 43HH0Ü paÖOTe paCCMaTpMB3K)TCH BO3MOÄHOCTH MBTeiiaTK—
MeCKOrO OITHCaHHfI aHHaMHneCKHX npOpeCCOB B MHayKD,HOHHHX
MlTHrpußOflax c tomkm spenun Teopo aßTOwaTunecKoro peryjin-
pOßaHHH.

AnaJiHTHqecKoe SHmaacenHe aan cTaTnnecKOfl xapaKxepnctu-
kk Mrfl-nacoca moäho nojiynKTß Hcxoan ks ypaßnenMfl paßHOße-
chr nanopa b yoTanoßonieMCß peKMMe:

p>«='P e - AP’
rae p JM

- sjieKTpoMarnHTHHtö nanop, pasßHßaeuuft Mrfl-naco-
com ;

p c - nanop cTOJiÖa acnaKoro ueTaaaa;
Ap - cyMMapnue rMapaßJiHnecKHe noTepn nanopa b we-

TaaaoTpaKTe, cocTOHmew H3 Kanaaa nacoca h
rnapoTpaKTa aan nanpaßJiennoro aB/menKR KHSKoro
wexaaaa.

CoraacHO [l] sjreKTpovjarHHTHMü nanop

Ps» = P» UU'-|
1
') (2)

h cyMMapnue mapaßannecKHe noxepH

Ap = kjQ. 1
, (3)



36

p 0
- aanop, paaßHßaeinjö MTJHiacocou b pe-

ZHMe KOpOTKOrO SaMHKaHHH (npn CKOJIBSeRHH s =

= I) upu ü* = I Bi
Q 0 - npoH3BOÄHTejiBHOCTt HfleajißHoro xojiocToro xoaa

Mrfl-uacoca;
U$ - HanpaaeHHe uHTaana Ml7H*acoca (sa3Hoe);
Cl - Tenymaa npoHSBOÄHTejiBHOCTL MTÄ-npooaa }

- KO3$$Ht(HeHT rnflpaßJiMßecKHx noTepß b iieTajuio-

TpaKie.

CoßuecTHoe pemeHHe ypaßHeHMii (I) ... (3) OTHOCHTejiBHO

npoKSBoaHTejiBHOCTH 11$= van aaeT xapaKTepwc-
THKy Q=f (U b cJiejyiomeK bhä© :

<*>

jÜHHawHqecKHe csoilcTßa Mrj-npHßoaa b nepexoanux npo-
ueccax onpenejiHßTCH b oö®ei« coßOKyrmocTß» ajieKTpo-
uarHHTHHx, rnnpaßJiHMecKHX h TenjiOßHX npopeccoß. B Mrj-ycT-
poücTßax qacTß 3HeprHi! ajieKTpouarHHTHoro nojia npespamaeTca
b sneprina sßnaceHHa susKoro ueiajuia (b msctb

pacceoaeica b OKpyaaiomyiD cpeay. KüHeTHßecicaa aaepraa b
cbob «oaeT npespamaTßca b noTeHpnajißHy» h aaoÖopOT.

IflccjieaoßaHHH KOHKpeTHUx Mrj-npHBOjOB noKaaajiH, <ito

CKopocTß npespaieHHH OTasjißHax bhäob anepruH Becßiia paa-
junma. Tan, b [2] noicaaaHO, aio aanTeaBHOCTB ajieKTpowar-
hmthhx nepexoanhix npopeccoß b MT2-ycTpoöcTßax cpaßHHiia c
ÄJIHTejIBHOCTBB HX B aCHHXpOHHHX JBHraTeJIHX H B aaBHCHIIOCTH
ot BHfla u iioiuhocth ycTpoftcTßa uox6T HaxoÄHTBCH b npeaeaax
ot 0,035 ao 0,35 ceKynnH. B to *e spaun aawTejiBHOCTB Tenao-
bhx nepexoaHHx npopeccos b mbjihx ycTpoflcTsax aocmraeT ne-
CKOJIBKHX aeCHTKOB UHHyT. CpaBH6HHe 3THX C aJlHTeJlß-
hoctbb THapaßJiHqecKHX nepexoaHnx npopeccoß, npOTeKaBEHx b
TeqeHHe h6ckojibkhx ceKyna [3], noKaaasaeT, qTO npw uayqe-
hhh anHaiiMKH MTJ-npHßoaa b nepBOM npHÖJiHxeHHH moxho orpa-

paccMOTpeHHew tojibko ruapaßJTHaecKHX nepexoaHax
npopeccoß.

Kbk noKaaajiH aKcnepuneHTaaßHae HccjieaoßaHHH paajnnmax
THnoB MTÄ-npooaoß [3], annpoKCHMüpyßmaH nepeaaToaHaa fyait-
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4>Hr. 1. A<t>H xapaKrepHCTHKa MP£l.-npHßona npH nanHHHH n rHnpaa—-
aHHeCKOH CHCT6M6 OTKpbITbIX pTyTHbIX MaHOMBTpOB H ynpy-
roro Kanana.

<J>nr. 2, A4>H xapaKrepHCTHKa MPA-npHßoaa npn HanHHHH

ronbxo ynpyroro Kanana,
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UHH HaCTOTHOÜ XSpaKTepHCTHKH fIOJUCHa HIieTB B6CBIia BHCOKBfI
nopaaoK. 06 9tou CBHfleTejitcTßyßT BKcnepKMeHTaÄßHbie aun-
JIHTyÄHO-sa3o-MaCTOTHUe XapaKTepHCTHKH, CHHTHG Ha OüHTHOtt
yciaHOßKe aan nepeKaHKH piym [4] h npeacTaßjieHHbie na snr.
I h 2. OuiHHaniancH chjibho ot AW xapaKTepucTEK thiiobhx

386H8e8, sopwa sKcnepuiieHTajißHHX xapaKTepncTHK ynashisaeT
na HBJieHHe peaonanca b raapaßaireecKoft CHCTeue. ÄaaßHeHmHe
3KcnepuMeHTH noicasaaH, *jto bo3hhkhob6hhh neuiH
Ha xapaKTepHCTMKe (s«r. I) öhjim OTKpuTHe piyTHbie ua-
HOlieTpU B OÜHTHOB yCTBHOBKe. IlOCJie HCKJIBqeHHH H3 THapaß-
anHecKOü CHCTeuu piyTHfcix «anoiieTpoß noayHoacß xapan-
TepüCTHKa MFJ-npHßoaa (sar, 2) c hbho BupaseHHUii pesoHaH-
COII, OCHOBHOO KOTOpOPO HBIHIOCB HaaHHHe CBOÖOaHOÜ
noBepxHOCTM ÄHflKoro ueTaJuia b pasjiHßoqnoM cocyae h ynpy-
rnx KOJieöamiH TOHKOcTeHHoro Kaaaaa MTÄ-nacoca.

BumeH3jroaeHHoe, npH H3yneHHH aüHauHHecKnx
CBOftcTB MFfl-npußoaa b h6kotophx caynaHx (ocoöeHHO npH na-

TOHKOcTeHHoro KaHaaa H3 ynpyroro waiepaaaa) Heoöxo-
SHIIO yHKTHBBTB BO3MOZHOCTB BO3HHKHOB6HHH ynpyFHX KOaeÖa-
HHfl b rHapaßaimecKofl cncTene.

ZUih naTeuaTHHecKoro onncantiH aBHaiiBKB MFfl-npßßoaa pac-
cuotphm rHapasaHHecKyi) cßCTeiiy c oanaii ynpyrHu 3BeHOM.ynpo-
meHHaH cxena Taitott chct6mh npeacTasaeHa Ha sbp. 3, rae yn-
pyrHu 386H011 ABaneTCH Kana-n KFfl-Hacoca. lipu BMBoae aHsse-
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peHUHajiLHHx ypaßHenüfl npeanoaaraeu, qto npupameHHe oöiewa
Kanajia nponopuHOHajißHO nanopy b ähäkom ueiajuie, HaxoaameM-
ch b Kaaajie, Taiese cqHTaew, qio npHßeaeHHue k ceqeHH»

KaH&Jia s K uaccH mäkopo ueiajuia m, h mi b OTaeJiBHUX qac-

thx Ih II MeTajuiOTpaKTa üoctohhhu ; pasßHßaeuuä Mrj-Hacocov
nanop npHJioaeH k onpeaejieHHOMy ceqeHMß b cepeaime Kanada

nacoca; ueTajui HecxHiiaeMuK,

Ho npHHUHny ÄajiaMÖepa c yqeTOii jiphhhthx npeanojioaeHHfl
fljifl ynpomeHHOö uoaejm MTÄ-npHßoaa c ynpyrra 386h0u moeho
uaiiHcaTL cJieayßmyD cHCTewy hcxoähhx ypaßHeHHfl:

(5)

Pt+t (v,-vJ = H^ +kla\

rae V 4 -V2 =ÄV - npupaienae oÖßeiia KaaaJia;
V( ,

- oÖBeMU yqaciKOß Ih 11 MetajuiOTpaKTa;
- iiaccu xnaßoro ueiajuia b yqaciKax Ih II;

di,Q.i - TeKyawe npoHBBoanTejiBHOCTH b yqacTKax Ih
Ui

k, k z
"

KO3SSHUHeHTM rHapsßJinqecKHX noiepß Hanopa
b yqacTKax I h II;

C - KO3SSHUHeHT ynpyrocTH.
JKl

Hiiefl b BHfly, qTO = Q-, b pesyjißiaTe coßiiecTHoro

pemeHHH ypasHeHHfl (2) h (5) nojiyqaeTCfl aHsfepeHp«aaßHoe
ypaßHeHHe aBHxeHHH MrÄ-npooaa c ynpyrmi sseHOM b cjieayd-
meu Bnae:

m,m l flk,mi n 2kim, n 4k,kirru n d-Qi\ dl (h

%*c dP \ slK c l+ s*c slK c* Idt J di 1

k,mi(dloii\ l ftkirm Ak.kinVdd^1 /mi+mi 4k lkm\dQii
+ s*b?r var *~rwrhr + — Qi)tt *

+ (k,.k l iat
l-p.u^^uJal _p c .o. (6)
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üojiyMeHHoe ypaßHeHHe coaepxHT nponasoanue nepeueHHux
M HBJIfIeTCH HejIHHeftHUU

| OTJIMnHUU OT THÜMMHHX HeJTHHeftHOC—
Tefl, paaaeanuux Ha JiHHetöHyß mbctb h öeaunepuHOHHoe ase-
ho, üoaTOuy äjih nojiyneHHH nepeaaiOMHOll SyHKUHH MTÄ-npHßO-

aa aannmeu 4MssepeHUHajii>Hoe ypaßHeHHe nepea otkjioh6hhh

nepeueHHux BejinnHH ot hx ycTaHOßHßnmxcfl aHaneHMü, Toraa
BÖJIH3H ycTaHOßHßfflerocfl pexwua BeaHnHHauH Bioporo nopnaita
h sume, bbhäy hx übjiocth, uoxho npeneÖpenß.

OöoananHu ypasneHHe (6) nepea F , Toraa

F(u + ,Qt ,a;,aX> - 0 . (?)

l n" n *"

rae Q.*, HÖ! - GOOTBeTCTBeHHO nepsoe, Biopoe h TpeTLe
npoHasoaHue ot di.

PaaaoiHß F b p«a TaöJiopa h npeneöpesuß c:iaraeuuuH,coaep-
xaniHiiH npoHasoaHue b cTenenflx sume nepsofl, noaynnu

(—1 AU
+ + flü AttUfm i0”=0, (8)

>su*/> * «B,lj 1 way> 1 aa;is 1 1

rae HHaeKc y oöoaHanaei, mo nacTHue nponaßoaHue ot F öe-
pyT aJin ycTaHOßHßfflerocH pexnua. lloacTaßJiHfl b BupaxeHMfl
nacTHUx npoHaßoanux ananeHKH nepeueHHux b ycTanoßHßßieucH
pe»Hue, noayqnu

a-s■-’>■
(wJr
fDF \ 4k, nWJ*“ +

c

fBF\ iCkimi+kimO nWJ>- iü
(DF \ rrii mi

pemHue, noayqwu
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MrÄ-npoosa na ocnoße (8) uueei
BMÄ

W(pl = — £ , (9)ApV BpV Cp-H ’

rae

(m (il\ fii\ rb£.\
K =

vwj . A=WA . B = H c=Wv _
(m 5 f-iE \ (ii\ (iqvws
noayqaioffleecfl noose noscTanoßKi! b (9) SHaqeHHfl nacmix

npoH3BOSHHX Bupa»eHHe nepesaTonnoil JyHKUHH Tpysno nossaei-
ch anajiMay. lloaToiiy öyseu najiee cqHTaTB, qio bo speMH ne-
pexosnoro npopecca Hanop,pa3BHßaeiibi{l Hacocow,He saBHCHT ot
CKOJI&I6HHH, qro paBHOCHJiBHO ycsoßHß Q o= co, TaKoo ynpome-
HHe secßMa onpasaaHO, ecsH yquTUBaTB, quo bo uhopmx csy-
qanx b npaKTHKe MPJ-yoTpoöcTsa paÖOTa»T bÖjimsh CKOJiBxeHHH
s = I.

B tBkom csyqae = l(k,+ k t) &
ly k nepesaToqHy»

SyHKUHB MOXHO SanMCBTB B CJieSyiOIHeM BHSe:

(I0)

üepesaToqHHft Ko3ssHmieHT

K = —P..°. U *y (II)
(kiki)

nocTOHHHwe BpeueHH I m II qacTeK rHapaßJiiniecKOtt chctcmm

T, =^— h T,= --

m *
.

2k(sK -iy
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coöcTßeHHbix KOJieöaHHö II qacTH rnapaßJiinec-
KClft CHCT6IIU

M = S K JT ■

Ko3sshuh6ht pacnpeaejieHHH uacc

~ m 1 +mi
Ko3sskuh6ht pacnpeaejieHHH rMspaßJiimecKHX conpoTMß-

jieHMö
q =

k< .
7 k,+ k!

B öojree .npocTOM cjiyaae, npn xeciKOö rnapaßJiHqecicofl
CHCTeiie c= oo h SyHKpHH (10) npeßpamaei-
ch b SyHKPH» SBeua nepsoro nopaaKa

W(P (12)

B TaKOM cnyMae nepeaaTcmufl ko3sshuhoht
_

Pa 0 4»y

kj, Q.^y
H nOCTOHHHafI BpeweHH

T_t i _

m
>

rae m = m l +m l - iiacca sHflKoro ueTaiuia bo sceit rHapaßjm-
MecKoM

k t
= k< +kz - cyMwapHua Ko3ssMuaeHT ruapaßJiHMecKHX co-

npOTHBJIGHHÜ •

Hpx yqeie 38bhchiiocth passHßaeyoro MITI-HacocoM Hanopa
ot CKOJTBX6HHH, corjiacuo (2), ko3sshuh6ht

C^-o-Qiy)
po 0 •+■ 1k2Q.3Q.Iy

H nOCTOHHHafI BpeweHH

J mQ.O
-*-lklQ0 Qly)

IflHjueKc s yaeT cKOJißxeaHa.

B GJiyMae xecTKOiS rMapaßJiireecKOfl CHCTewu pememie ypaß-
H6HHH fIBMJCeHMH Mrfl-npHßOaa MOXHO ITOJiyqHTB aHaJIHTHqeCKH,eC-
jik npenefipeMß BJiHflHHew usmghshmh cKOJißxeHna na pasßHßaeMbifl
HBCOCOM Hanop,

jjeHMü
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ypBBH6HHe JBHJteHHH B 3TOM CJiynae npeZJCTaBJIHeT COÖOÖ
flHssepeHUHaJLHoe ypaßHeHMe Phkbtth

m dQI , (13)
si

”*■ “ “Pc ’

pemeHneu KOToporo hbjihstch ypaßHeHMe nepexoanoro npopecca
npOH3BOfIHTejiBHOCTn npH cTynenqaTOM MSMeneHHM HanpaaceHHA
ÜHTaHHH

I l—-
n ,/poUj -p c Ae T+ i

V k, '
’ d*)

rae *c - nocTOHHHafI bpcmghhi
A - KO3SSHUHeHT t yqHTHßaioniHfl HaqaaßHtie ycjroßHfu

t m

sk)l ki(po U $
- p c )

_

—
p c

V~ki 0.(0) —VP°- pc

rae 0,(0) - HaqaaßHaa npoHSBoaHTeaBHOcTB ripu t= 0.
B cayqae 0(0) = 0

a = \l P° uf-P c ..th(l].V k* T (IS)

PaccqHTaHHBH no (14) nepexoaHan xapaKiepHCTHKa MPJU-
npwßoaa (npn p c = 0) npeacTaßJiena na $Hr, 4 (KpMBaH 3),rae
aan cpaßHenHH noKasana SKcnepaneHTaaßHaH xapaKTepHCTHKa
(KpHßaa I), a TaKxe pacqeTHßH XapBKTepHCTHKB (KPMBBH 2)
3Bena nepsoro nopaaKa, noayqaeMaa b peayaßTaie aHHeapusa-
uhm ypaBHeHHH aßnaeHHa (13). CpaßHeHHe SKcnepHiieHTaaßHOft m
pacqeiHux kphbux noKaausaeT, hto ypaßHeHMe (14) Öoaee Toq-

ho onHcusaeT oöiumA xapaKTep MSueneHHa npoH3BoaHTeaBHOCTH,
npnqew tomhoctb annpoKcniiauHH SKcnepMueHT&aßHOü KpHßOtt
OÖOMMH lieTOaaMH npMÖaH3MTeaBHO OaMHaKOBa.

KoaeÖaTeaßHuü xapaKTep 3KcnepH»ieHTaaßHoa kphboH nepe-
xoanoro npouecca cßHaeieaßCTßyeT o naauHMM b HccaeayeiiOM
MPJ-npHßoae ynpyroro saena.
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<f>nr. 4, nepexoaHtie xapaKrepHCTHKH MFA-npusoaa:
1 - 3KcnGpHMGHT«JiBHaa(, 2 - pacHGTHaH xapaKTepHCTHKa
aaena nepsoro nopaaaa, 3 - pacaeraaa no ypaßaeaino (13).

Tslk KaK pasßHsaeMHM peanBHHM MrS-nacocoM nano.p pacnpe-
aenHeicH no sceuy oöseiay snaKoro neianna, naxonnmerocH b
Kanane, to nononHHTenßnan anepran, ocßOÖoaaaeMan npn oKaq-

KOOÖpasHou KatieiieKKra nanopa, tojibko nacinnno npespamaeion
b KHHeTPraecKy» anepnuo sbusõhuh meTanna, Ha-aa ynpyrociH
CTOHOK Kanana BoanwKaeT KoneÖaTenßnaä nponecc nepexoaa kh-
neiHnecKoa anepran aßHacennH SHSKoro neianna.B noTennnanßnyio
anepras) ynpyrofi nesopManHH oTenoK h oöpamo, 3to npußonnT.
k aaipcarapM KoneÖanuHM cpeaneft no ceneniäD ckopoctm aranKO-
ro MeTanna bo speMH nepexoanoro nponecca,

3a«eneHHoe yace b [3] nnnenne "aanaanußannn" oöbhchh-
eTcn Teu, mto b nanajißHUö nepuon nepexonnoro nponecca Öon&-
man mbctb nonojiHHTejißnoa aneprnH npespamaercfl b noiennn-
anßnyio anepmio ynpyrnx ctohok Kanana, B to xe speiin Knne-
TanecKan anepma nßuxenna xnnKoro ueTanna yßenHMoaeTca ne-
anannTenßHO, mo BHpaxaeica b nennennou pocie nponaßonn-
TenBHOCTH b Enne neKOToporo "aanaantreanna 11 noone CKanKO-
oöpaanoro HaiieneHJia nanopa.
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BHB 0 J U

B caynae, Koraa ruapaßaHHecKyi) cHcieuy b onpeaeaeHHux
npeaeaax moeho chhtbtb aÖcoaBTHO secTKOfl, c tohkh speHna
TeopwH aßTOwaTHqecKoro peryjiHpoßaHHH MFJI-npHßoa moeho pac-
cuaTpoaTß KBK 386H0 nepßoro nopHflKa. B npoTMBHOM

cßoacrsa MFH-npooaa onpeaeaniOTCH nepeaaTO*i-
Hoft syHKpHea Öoaee ca oehoa SopMH,

IlojiyHeHHaH sume nepeaaTOMHaH (10) MFH-npHßO-
aa c ynpyrwM sbshom nosßoaneT HccaeaosaTß anHavKKy MFfl-
npjißcaa b waaoM. HccaeaoßaHHe aHHaMHKH b öoaßinoM neoöxo-
aHMO npOBOaHTB B HeCKOaBKHX TOHK&X, TBK KBK HO-
CTOHHHtie BpeyeHH h nepeaaTOMHwe KoafsiimieHTu MeHHwrcfl b

SHaMHTeaBHOÄ CTeneHH b aaBHCHMOCTH ot suöopa toh-
KH.
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J.Laugis, T,Lehtla, V.Loigom, H.Sakkos, H.Tiismua

MHD-drlve as an objeet of the automatlc control

Summary

In this paper dynamic processes inan induction MHD
drive are diacribed, The drive haa been observed as an
object of fche automatlc control. The method of calculation
for the system function of the drive la given taking into
conaideration the stiffnesa of Ita piping. The poasibili-
tles of simplifying the primary equationa are observed and
respective system functiona are given.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
TPyjbl TAJIJIHHCKOrO nOJIMTEXHOTECKOrO HHCTHTyTA

CEPH A » 315 1971

IM 621.318.58

lO.fl.JlayrHC, E.B.JloflroM, X.A.CaKKOc, X.A.Tuöcuyc

rMJPABJIMECKHE XAPAKTEPMCTMK MTJ-nPHBOÄA

B jiHTepaiype no MTfl-ycTpoaoTßaM *iacTO
q?0 CymeCTEeHHUM HX nOJIOaaTeaLHNM CBOiiCTBOM HBJIfleTCfl 803-
MOKHOCTL PHÖKOrO M3U6HeHMH BHXOSHWX BeaaqHH - Hanopa H
npOHSBOfIMTeJIBHOCTM - nyTGM H3U6H6HUH napaWOTpOB
saeKipanecKOfl anepraa, Oähbko ochobho6 bhhmbhhs b onyöaw-
KOBaHHUX paöoTax yaeaHeTCH paccMOTpeHH» saeKTpoMarHaTHHX
npoueccoß b Hacoce, ne ynainßan ero cbhsm c apyraya aae-
ueHTauH cHCTBMhi nepeaana npoßoanmefi aaaKOcxa.

Upa paspaÖOTKe a pacnexe peryaapyewnx chctom nepeweme-
hmh npoßOÄHmax aaaKoexetö na Öase MTJI-ycTpoücTß BOSHaicaeT

HeoöxoaaMOCTL yqexa saaHHan Bcex aaeyeHTOß npea'
noaaraex Haaaqae noanofl o cocxoHHaa sceK cacxe-
mu, T.e. cseaeHail o Hacoce a raapasaaqecKOM TpaKTe, o CBOft-
cTßax peryjiHTopa a T.a.

Ilpa accaeaoßanaa MTfl-ycTpoflcTß b cacTeae nepewemenaH
npoßoanmax aaaKoexetö moäho naaia mhopo oömero c cooxBeTCT-

Byromawa saaaua aaeKiponpaßoaos (nanpayep, c aaeKiponpasoaoM
MexaHanecKoro Hacoca). Ilo3ioMy ueaecooöpasno paccMOxpexi
Tanae cacxeyn c xonKa spenan xeopaa saeKxponpaßoaa a xeopaa
aßXOuaxaqecKoro ynpaßaeHHH, c acnoußSOßaHaeii npaweHHewHX b
sxax paaaeaax nayKa xepyaHOß a noHHiafl [l]; b qaciHOcxa,ue-
aecooöpaano npaHHXB Ha Boopyaenae xepwan "yarHaxoraapoaafla-
ManecKHÄ (MFfl-) npaßoa".

UFÄ-npasoa - 3to saa aaeKTponpasoaa, b Koxopoy aaeic-

TpoanepraH HenocpeacißeHHO npespaniaexcH b anepraio aßaaenan
npoßoanmeft aaaKoexa Öea nepeaaxonHoro ycxpoacißa a cnepa-
aatHoro paöonero yexaaaaya, Oh coctoht as MFJ-ycxpottcxßa,
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raapoTpaKTa ajih HanpasneHKH noTOKa ähäkocth m cncTenH yn-
paßJieHHH Mrj-yCTpofICTBOM.

K MrÄ-ycipoilcTßaii b nacTOHiee Bpeua othochtch nacocbi,
aeaoÖH, BpamaTejw, cenapaiopH, h nepeweniHßaTejiH.
MPJI-npHBOn HBJifIeTCH coßMemeHHHii npHBOjoM,
T3K KBK B H6M HaÖJIIOaaeTCH CJIHHHH6 MafflHHU-flßH-
raiejiH c MaiHHoft-opyaneM öea npoueayTOMHoro MexaHHqecKoro

3Bena. 3aeci> mokho oÖHapyaHTL nasecTHoe cxoacTßO c flpyrHMH
BHflawH coßuemeHHoro ajieKTponpHßCfla - c aaeKTpopojZKOM, c

h c
Ä6HHH. OflHaKO OCHOBHOe pa3JIIHIHe MTfl-npHßOfla coctoht b tom,
xito cHCTewož MPÄ-yoTpoßcTßa HBJiHeTCH npoßoaamee
ÄHflKoe Teao.

B 33HH0Ü paöoTe paccuaTpHßaßTCH rHapaßJimiecKHe xapaK-
TepHCTHKH MTJI-npHßOaa C 11JIOCKMM JIMHGftHHM HHHyKIIHOHHHM na-
COCOU M HX SHaJIOrHfI C COOTBeTCTByiOmHUI! XapaKTepHCTHKaUM
oÖHKHOBGHHoro sjieKTponpHßoaa. 9ckh3 paccMaipoaeMoro MFfl-
npooaa npHßeaen Ha swr, I.

4>tir. 1. OõmHfi Biw MPü-npßDoaa:
1 - MPtl-Hacoc, 2 - raapoTpaKT,

3 - cocya, 4 - nuToftHafl (kipMa,

Ochobhhm 3Jl6M6htom paccMaTpMßaeuoro MTfl-npHßOaa HB-
JlfleTCH nJIOCKMÜ JIHHeÄHHÖ MHÄyKUHOHHHtI H3COC.

Jlroöafl BpamawiaaHCH sjieKTpHMecKan «anuma moxbt öhtb
oxapaKTepn3oßaHP MexaHimecKoft xapaKiepMCTHKOö n = f(M) npn
nocTOHHCTBe bxouhhx napaueTpoß sjreKTpimecKOft SHeprHH.lloji-
nyjo aHaJiorur mosho naüTH b uexaHimecKoä xapaKTepwcTMKe

V=f(F) y JiHHefIHNX MarHHTorHjposuHa-
naccca, Koiopue othochtch k jiHHefIHHM «anumal*,

uoryT öutb TaKKe oxapaKTepimoßaHu xapaKTepHCTHKOž v=f(F).
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OilHaKO fIJIH COXpaH6HHH BO3MO3KHOCTH CpaBHCHHH CBOftCTB MarHH-
h wexaHHqecKHX Hacocoß uejiecooÖpasHO

npHM6HHTL B TBKHX OZtHHaKOBHG XapaKTepHCTHKH. TaKKB
H6OÖXOHMMO OU6HMTB BO3MOKHOCTH HSMeHSHHfI COOTBeTCTByKHUHX

BÖJIUnMH. 3 CJiynae KHflKOfl CHCT6UU H3-

wepeHKe ckopoctm h pasßHsaeMoro HacocoM yovumsi HBJiseTCH
cjioschum • SnamiTeJißHO xerne HSwepHTB pacxofl shskocth (npo-

Hacoca) h pasßoaeMuö HacocoM nanop; no-
-3Towy flJifl xapaKTepHCTHKH MFfl-Hacoca b aaHHOi* paöoie npHHH—
Ta d = , aHajiorüqHaa xapaKTepHCTMKe n =f(M)y ajieKTpo-
ÄBHraTejieü, 3iy xapaKTepwcTMKy uejiecooöpasno HasusaTß tkr-

xapaKTepucTHKoft Hacoca.

HeoöxoflHuo OTM6THTL, b JiHTepaType no MTJ-HacccaM
h wexaHMqecKMM nacocau npeßaJwpyeT nsoöpaseHiie ma-
paßjmnecicoü xapaKTepnctuku, na och Haxo-
2ktch Hanop, a Ha och aöciuicc - npoüaBOfIUTejTBHOCTB.

3toöu anajiorHH wesay xapaKTepHCTHKauH n = f(M) h Ql =f(p)
<sujia nojmofl, pejiecooöpasHO aaueHHTB BejmnHHU Ha ocnx, *ito
h caejiaHO b 43HH0Ü paÖOTe, B 3tom cjiynae MOueHTy, pasßü-
saeMOMy flßHraTejieu na sajiy, ccoTseTCTByeT nojiesHuü Hanop
Hacoca, a ckopoctm BpameHHH - npoHSBOfIMTejiBHOcTB Hacoca.

nojiesHbiiä Hanop Hacoca

P-Pw-ap«' (I)

rne p äM
- ajieKrpouarHHTHWü nanop, pasßoaeMuft Hacocowj

ap k
- noTepn aasjieHMH b Kanajie Hacoca.

Upu cpaBHeHHM c sjecL 3jieKTpoMar-
HHTHUÜ Hanop p 3M COOTBBTCTByCT SJieKTpOMarHMTHOMy MOMÖHTy
M sm , a noTepn aasjieHHH b Kanajie Hacoca &pK

- uoueHTy no-
Tept xojiocToro xoaa.

SjieKTpoMarHHTHbiä Hanop njiocKoro jiHHeüHoro HHizryKmaoH-

Horo Hacoca moäct öutb onpeaejreH pacneiOM corjiacno [2, 3].
TaKse moä6t Öutb npnueneHa weTOÄHKa ero onpeaejieHMH, aa
ocHosy KOTopoü npHHHuaKTCH pesyjißTaTbi onuia xojiocToro xoaa
M KOpOTKOrO SaMbIKBHHH [4].

B tcx Korja BTopnqHue 3ss6ktu b nacoce npo-
HBJIHJOTCH CJI3ÖO, HJIM CKOJIBÄCHHe ÖJIM3KO K eflHHHIje, MO-
kct Öutb npuMeHCHa sopwyjia
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PäM - -Q-J 1 (2)

rae p 6 - 3JieKTpoiiarniiTHHo nanop, onpeaeaneMaft
H3 onma xoaocToro xoaa h KopoiKoro sauuKaHHH;

1)$ - sa3Hoe HanpaieHHe;
Q. - npoH3BoaHTejiLHOcTt Hacoca;
Qo - npcHSBoauTejiBHOCTL HaeajißHoro xoaocioro xoaa.

Tan HaaMßaewaH npoji3Boa«TeaßHocTß Haeaarnoro xoaocTO-
ro xoaa cooTBeTGTByeT ckopocth naeaaßnoro xoaocroro xoaa
asHraTejiH h BunHcaneTCH no sopuyae

a.-itfs.. ts)

rae t - noaiocHoe aeaenHe;
f - naciOTa ceTH;
S K

- naomaai> nonepennoro cenennn KuaKoro Meiaaaa b
icanaae nacoca.

PHapaßaHqecKHe noTepu b nanaae woryi Öutb oxapaKTepu-
30B8HH KO3SSHUHeHTaMH mapaßaHneCKOrO COnpOTHBaeHHfI [s] ,

onpeaeaneiiuMH reoueipHnecKHMü pasuepaMH Kanaaa.noTepn aaß-
aennn b icanaae BinmcaneTcn no sopuyae

\ u =, D ru J=l Oj J

rae 9 - naoTHOCTB snaKoro ueiaaaa;
Ai, - KO3$$HpHeHT COnpOTHBJieHHH TpeHHfl i-ro yMBCTKa;

Il - adruna l -ro ynacnca;
D p l - rnapaßairiecKHft anaiieTp L-ro y^acTKa;

Sl ,Sj - naomaan cenennö cooTßeTCTßyßnmx yna-
ctkob-,

£ - HO3SSHPHeHT MGCTHOrO TMapaßaHneCKOrO COnpOTHß-
aennn j -ro ynaciica.

Ecan npuHHiiaTß aonyaenHe 0 nocTOHHCTse ko3sshuh6htob
rnapaßaHnecKoro conpoToaenim, to sopuyae (3) mosho npn-
aaiß sua

Ap, = k k a\ (5)

rae k K
- KO3$$Hn;HeHT nponoppHonaaßnocTH ne*ay nponsßoaw-

TeaBHOCTBB h notepefl aaBaeHHH b icanaae nacoca.
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B OTJijnroe ot oötiKHOßeHHoro saeKTponpooaa, rae qacio

npeneÖperaioT MoweHTOu noTept xoaocToro xoaa hjih cqHTaBT

ero nocTOHHHUM, b MrÄ-npooae noTepM aaßaenun b KaHajie

CymeCTBeHHO SaBHCHT OT lipOHSBOaHTeaBHOCTH m b H6KOTOpHX
cayqaax NioryT hbjihtbch npesajiHpyiDmaMH,

CoßwecTHOe pemeHHe ypaßHeHHfl (I), (2) h (5) othoch-

Te/tBHO npOHSBOfIHTejiBHOCTM lipu U$ = consi aaeT BupaxeHHe
rHapaßJiHqecKOü xapaKTepucTUKH MPJ-Hacoca

n _

,r~PÕ~US p» U 4>- p //r\

MaKCHižajißHaa npowBBOfIHTejiBHOcTB, pasßHßaeuafl naco-
com , nojiyqaeTCH npn p = 0

n
_

_

JP° Po^
ma *~ ia ok K VAQ 0

l Kk (7)

HeOÖXOJHMO OTM6THTB, qTO MaKCMMaJIBHaH npOHSBOSHTeJIB—-
hoctb b peajißHHx MPÄ-Hacocax "aunoro MeHßine tbk Haaaßae-
mož "npOH3BOSMTejiBHOCTH MaeajißHoro xojiocToro xoaa".

Ha snr. 2 npoeaeHO rpasHqecKoe nsoöpaseHHe mapas-
jiHqecKofl xapaKxepucTHKH Hacoca.

üoaesHHft Hanop Hacoca b ycTaHOBHBmeMCH pesoe ypas-
HOBeiDHBaeTCH CTaTHqeCKHM HanopOM H ÜOTCpeK aaBJICHHH b
TpyÖonpoßoae

p = p c +*p T , (8)
rae p c - CTaTHqecKHfl nanop;

ap T
- noTepn aaBaeHHH b Tpyöonpoßoae.

lIOTepH aasjieHHH b Tpyöonpoßoae mosct Öhtb paccqnTaHa
aHajioraqHO noiepe aasaeHMH b Kanaae Hacoca coraacHO fop-
wyjie (4), yqHTHBan reoueTpiiqecKHe paauepu h KOHsnrypapino
Tpyöonpoßoaa. CaeaoßaTeaßHO,

Ap T = k T a\ (9)
rae k T

- Ko3ssnpHeHT nponopuHonaaßHOcTH uesay npoH3BO-
aHTeiiBHOcTBio m noTepHMH Hanopa b Tpyöonpoßoae.

CooTBexcTBeHHO TpyÖonpoßoa MTÄ-npooaa xapaKTepusy-
6TCH CBOeÜ XapaKTepHCTHKOfI oL=f[Ap , KOTOpaH TaKKe H3O-
- hb 5.
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CoßMecTHoe pemeHne ypaBHGHMft (8), (9) h (6) othoch-
tgjibho noTOKa «HfIKOCTH npH U 4, =consi aaei nepece-
m6hmh Q-p xapaKTepacTHK Hacoca h ruapoipaKTa, T.e. pa-
öoqyio ToqKy MF,ZHipnßoaa

q_ P° iIP« U* pc U4> —pc
”

- To^7" y +

kp
’

(jo)
rae k r = k k +k f

Bnpaacenae (10) hbähgtch oöiuhm aan onpeaeaeHUH paöo-
qeä towkh MFfl-npHßoaa na Öaae nJiocKoro JiHHeflHoro MHfIyKUH-
OHHoro nacoca c jidöom KOHsnrypaiuiefl mapoTpaKTa.

Oömee ypaßHeHHe asaseHHH MFfl-npHßoaa, aHajiorHHHO

ajieKTponpüßoay, uoxct Öhtb noayqeHO na ocHOßaHwn Öaaanca
ÄasjieHHä b caeayJomeM BHa.e:

p - Pc- A Pt = R, u„ � (II)

rae p guM
- anHaMHqecKHft nanop.
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4>Hr. 3. FHapaßnnHecKne xapaKxepncxHKH MFJI-npnßOfla:
1 - rnapaßjiHHecKaa xapaKxepucxHKa uacoca;
2 - ruapatwiHHecKaH xapaKxepucxHKa xpyöonpoßoaa;
3 - peayxifaTHpyiomaH rHapasaHHecKaa xapaicxepHCXHKa b caynae pc > 0;
4 - pa6oHaa xoHKa npHßona b cnynae pc= 0;
5 - xo *e, b cnynae p c > 0,

B oömeu
iefl. Oana na hhx CBHaana c H3MeHeHHeM npoHSBoanTejiBHOCTH, a
apyran oöycaosaeHa h3U6hghh6m KHneTinecKofl snepruH cacTeMH

BcaeacTßue nepeueHHOCTH npoeaenHofl uaccu nepeMemaeuoft npo-
BOÄHIUeÖ SHJKOCTH H MOJteT ÖHTB 3anHCBHa B BMJG '

_

m_ _dQ. dm
PguH- 5l df

+

dL ’ (12)
m - npoeaeHHan wacca nepeMemaewofe MaKOCTH;
L - nyTB, npoxoanuhifl npüseaeHHOö Maccofl.
B Koraa moäho npHHKuaTB m = const,

_

m _dQ lP g U H d |
' (15)

lIpH HCnOJIBSOBBHHH ypaBHGHHH (II) B3KHO yCJIOBHTBCfI OT-
HOCMTGJIBHO BXOaH®HX B HSTO 3HBKOB aaßJieHHfl.
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OÖbHIHO OflHO H3 BO3MOKHMX HanpaBJIGHHK JBHKGHHH KHflKOC-
th b Kanajie Hacoca npHHHMaeTCfI 3a nojicKHTejißHOG. Hanop p
cwHiaeTCH nojioxHTejißHMM b cjryyae cosnaaGHHH nanpaßJieHHfl
erO ZieÖCTBHH C nOJIOKHTGJIBHHM HanpaßJieHH6M fIBHKGHHH khjkoc-

tm. lIOTepH ÄasjieHHH b Kanajie Ap K h b TpyÖonpoßOje Ap T

seeria npenHTCTByioT jubmkghhb. mx 3H3k cob-
naaaei co 3H3kom hbhkghmh kmäkocth. CTainnGCKHü Hanop p c
mokgt npenHTcTBOBaTb mjim cnocoÖcTßOßaTt SBHsenmoi b nepßow

oh cnHTaGTCH nojiOKHTGJiBHUM, a bo btopom cjiyiae ot-
pHIiaTeJIBHHW.

Bce GTaTHqecKHe momghth y ajiGKTponpußOflOß pasÖHBaioTCH
Ha peaKTHBHue h aKTHBHwe. 110 anajiorHH noTGpn saßJiGHiifl b
TpyÖonpoßoaax m KaHajiax mokho othgctm k peaKTMBHOMy aaßJiG-
hmb, a cTaTimecKufl Hanop cnMiaiß aKTHBHUM aaBJiGHHGM. Qi-p
xapaKTepucTHKH pesepcHßHHx MTÄ-npHBOfIOB rjejiecooÖpasHO hbo-

öpaaaiß b neTupex KBaapaHTax, khk 3to nonasaHO Ha swr. 4.
XapaKTepMCTHKH e nepBOM m tpgtbgm KBaapanTax cootbgt-

CTByioT HBHraTeJiBHOMy pemuy nacocr, a xapaKTGpHCTMKM bo
BTOpOM H neTBepTOM KBBflpaHTaX - TOpMO3HOMy.

B flamioft paöoie topmcshug pgkmmh npasoaa He paccuaT-
poaioTCH.

IlpeflCTaßJifleT HHiepec paccMOTpGTB hgkotophg nacTHtiG

cjiynaH Mrfl-npHßoaa h onpeaejmTß paöoqnft peana npHßoaa na
ocHOBe oönero ypaßHöHHfl ;hbhkghhh.

B KanecTse nepsoro paccMOTpuM cjiynati, norse mokho npn-
HHwaTB p c = 0. 3TOwy cjiynaio cooTBGTCTByioT Mrj-npHßoaw a m
6 na snr. 5, T.e. cjiynaH savKHyTHX KOHTypos, a Taicae cjiy-
naw, HSMeHGHHGM ypoBHH b oÖghx cocyaax mokho npene-
Öpenß. Toraa ypaBHGHHG jbmkghhh b ycTaHOBMBniGMCH pghmmg
npHHHMaGT BM4

p = Ap T . (14)
Paöoneft TonKoft hbjihgtch Tonna nepeceneHHH rMapaßflMne-

CKCÜ XapaKTGpHCTHKH HaCOCB C XapaKTGpHCTHKOŽ &= f (Ap T). Ana-
JIHTHneCKH MOKHO OnpGfIGJIMTB paÖOHyK) TOnKy npHßOaa BHpaKGHM-
gm (10), npHHMMan p c = 0. flHHaMHnecKHfl Hanop paccMaTpMßae-
mux BapnaHTOß onpeaejiHGTCH no (JopMyjie (13).

flpyroft BapnaHT Mrfl-npMßO.ua, cocTonniHfl ms asyx cocy-
flOß C HGpaBHHVH 3GpKaJI3MM, HOKBSaH H3 SHP. sb. 3fIGCB p c

PHBaiOTCH.
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4, TnapaarißHecKHe xapaKTepncTHKH pesepciißHoro MFJU-npHßoaa;
1 - rHapaaniiHecKasi xapaKrepHCTHKa MFÜ-aacoca;
2 - rHapaEnnnecKaa xapaKrepHCTHKa rpyöonpoßona;

3 - craTHHecKHii nanop;
4 - peaynbTHpyioLaaH raapaaaHHecKaH xapaKrepHcrnKa
b p c > 0.

He pasHHeTCH Hyjiro h, Kpoue tofo, aaBHCHT ot BpeweHH h npo-
H3BOfIMTeBLHOCTn aacoca: p c = . HsMeneHHe cTaTHqecKoro

Hanopa Ap c b aaHHOM uoxeT onpeaeJiflTßCH sopuyjiofl

_ (I5)
$i s,
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�nr, 3, 3ckh3h MFfl-npHßona; 1 - MPil-Hacoc, 2 - raaporpaKT,

3 - cocynbi.

rae g - ycKopeHne chjih TflaceciH;
S, ,S* - naomaan nonepeqnux cenemiä cocyaos;

t - spewH.

nanop onpeaeaneTcn fopuyaofö

Pc = PcO (16)

rae p co - nanaaßHufl cTaTHnecKnft nanop.
CaeaosaTeaßHO, paccMaTpHßaeimtt BapnaHT Mrfl-npHßoaa ne

HiaeeT cTanuoHapnoro peswua T.e. npn U^consi
Ql consf.

MarHMTornapoaMHaMHnecKHe npooau BhiuieonncaHHoro BHaa
nacTO BCTpenaioTCfl b ueTaaayprMH h b anTeÜHOu npoüasoacTße
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rae ochobhhm TpeÖOßaHaein k npaßoay HBjmeTCfl oöecnenenae no-
ctohhhoK npOH3BOaHTejiBHOCTH, B 3Toii ciiyqae cTaTaqecKaa na-
nop BapajEaeicfl sop«yjioö

9t3 (. +

P'“ P'° *

ŠÄ (I7>

OöecneqeHae nocioHHCTBa npoaaBOÄHTejrBHOCTa Hacoca uo-
seT öhtb aocTarHyTO noaperyjiapoßaHHew napaveipoß bxoähoö
ajieKTpHMecKoa anepraa Hacoca (HanpHaeHaH, qacTOia). B TaKHX

npaßoaax BOSHHKaeT HeoöxoaawocTß coaaaHHH cacTew asTOuaTa-
qecicoü cTaÖaaaaapaa npoa3BoaaTejo>HOCTH.

Ha ocHOBaHHH BHfflenpaßeaeHHHX cooöpaseHatt mosho oiue-
thtb,

qio aHaaoran weaay sjreKTpaqecKHM npasoaoM a Mrft-npa-
BOfloa cymecTßyei.

OaHaico Hajiaqae sasicofl BTopaqHoiä cacTewa npasoaaT k no-
HBJieHaio paaa cnenasaqecKHX HBJieHaä, KOTopae cßoflcTßeHHa
tojibko MTÄ-npaßoay a KOTopae Heoöxoflauo yqaTBBaTB npa ax
paapaöOTne a npoeKTapoßaHaa» .
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J.Laugis, V.Loigom, H.Sakkos, H.Tiismus

Hydraulic Characteristica of MHD Drive

Summary

Thia paper deals with the hydraulic characteristica of
MHD drive* Ihe analogy of the hydraulic characteristica and
mechanlcal characteristica of eletrio drive are examined.
A method of calculation of the direction aign of the pressure
and formulae for computlng the hydraulic characteristica of
MHD drive are given.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISEDmm TAJUIHHCKOrO nOMTEXHITCECKOrO HHCTKTYTA
C E P H fl A N? 315 1971

yjK 621.318.38

8.8. Aoflrou, X.A. THÜcwyc

K OnPEjüEJIEHWK) SAEKTPOMArHMTHOrO HAIIOPA
HJIOCKHX JIMHEÜHUX HHfIyKUHOHHUX HACOCOB

MexaaanecKae CBoflcTßa BaayKaaoaaoro (acaßxpoaaoro)aßH-
raTejia EBipaacaroTca, aaa h3B6ctho, mexaaanecKOft xapaKTepac-
THKOtt n = [(M). TBK Ä6, B npHHIJMne, MOSKHO FOBOpaTB

o raapaßJianecKOtö xapaKTepacTMKe aaayHUHOßaoro aacoca Q. =f(p)
[l]. &na onpeaeaeaaa BHineyKasaaaofl xapaKTepacTaaa aeoöxo-
aawo aaaanae xapaKTepacTHKa ,Qi = -j^Cp> T.e. saßacasjocTß

npOH3BOSMTeJIBHOCTH OT pa3BKßaeMoro HBCOCOM 3JieKTpOMarHHT-
Horo aanopa b ämskom MeTaaae. Paßaoaeaao cooTBeTCTByeT xa-
paKTepMCTMKe Qi = f(p 3M ) xapaKTepacTaaa B = T.e.
SaBMCHMOCTB CKOJIB*eHMfI B HaCOC6 OT pa3BHBB6MOrO 3JI6KTPO-
- aanopa.

OaaaKO b m3B6Cthhx paöOTax no MTTI-ManiaßaM Taaoe supa-
meaae ae 3to Bussaao, no-saaaMOMy, töm, <ito

saaaaae BTopanaofl cacTeuu aa nepsaMay» aeaaaeteo, Oaaaao
aaa aeKOTopux caynaes moäbo c asBecTBHM npaöaameaaew nojiy-
naTß BHoaKeaaa 3aeKTpoMaraaTaoro aanopa a acnoaß3oßaTß ax
b npaKTanecKax pacneTax. 3ia Bonpoca a paccwaTpaßaioTCH b
aaaaofl paöoie.

SaeKTpoiiaraaTautt aanop, pasßasaeMufl aacocou, mo*6t
öutb onpeaeaea sopwyjioa [ 2 ]

p3M= Bl
A sf^Tlk ql (I)

rae - waraaTaaa aaayKaaa b BOsaymaoM sasope*
s - cKOJißiceaae;
f - nacTOTa;
!f - yaeaßaaa aaeKTponpoßoaaocTß Kaaaoro Meraaaa;
t - noarocaoe aeaeaae;
L - ajiaaa aKTasaoft sobh aacocaj
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k a - ko3sshuh6ht ocjiaÖJieHiifl Hanopa.

Eca« hcxojhtb hs ynpomeHHOfl nocaeaoßaieaßHOft cxeim 3a-
neieHHfl [s], a TaKse yqHTHBaTB b3BHmocbh3b HHsyKmiH h toks

„ /Jom|2K oS wlB‘= uks sp
" ’ (2)

rae m - qjicjio saa Haeoca;
k oS - OÖMOTOqHHÖ KO3SSHIIHeHTi
w - ijhcjio nocaeaoßaTejißHO coeaHHeHHtix bhtkob oömotkhj
k$ - Ko3ssHijHeHT saaopa;
S - BejmqHHa HeuarHHTHoro aaaopa;
P - MHCJIO nap nO.TOCOB;

moäho sopMyae (I) npHaaTß bhj

_

ljUofn 1 k o^w;f TTlskaU»

rae p
- aKTHBHoe conpoTHßaeHHe oömotkh oaHofl faas hh-

ayKTopa;
AP - BHOCHIIOe aKTHBHoe COnpOTHBJieHHe j

* - peaKTHBHoe cor.poTHßJieHHe oömotkh oanoa sasn hh-
ayKTopa;

ax - BHOCHMoe peaKTHBHoe conpoTHßaeHHe;
- sa3Hoe HanpHKeHHe.

ECJIH OÖOSHa^HTB

.. \flfcl Ajo mk oswK= 1
H rik s sp

to sopwyira (3) üphmgt BHa

=

(5)
AP)V (X-t-AX) 1

B aajißHeanieM sa ocHOBy üphhhth EejdH^iHHH,xapaK—
TepasyßiuHe HHayKUHOHHHü nacoc b pesHMe s = I; 3KcnepHMeH—
TajißHO b tskom peitHMe JierKO MoryT öhtb onpeaeaema napaneipH
cxewH aaMemeHHH, a TaKste pasßHßaeMuli sjieKTpoMarHHTHHft Ha-
nop. Ecjih oÖo3Ha*iaTß nepeueHHHe b peKHMe s = I HHaeKCom I,
to pasßHßaeuijfl sjieKTpoMarHHTHMö nanop npn s = I BspasaeTCH
sopMyjrofl
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p =

K h U<t>’ Y kai (6)
(p+ap,) 1 ■+ (x -*-ax,)1

aaeRTpoMarHHTHUü Hanop, (Hanop, noaeaeHHHÄ
aa RsaapaT giasHoro HanpnxeHHH) BHpaxaeTCH sopuyjiofl

„

_

P* Ml K kgj
*

P °
~

üj,
~

(n+ ap<)*-*-(x +ax/
Oöfflee supaxeHHe aan bhocbmhx conpoTHßJieHHä coraacHO [3J:

AP = tk a X 4 , (8)

AK = Lkpk 4 , (9)

rae l - ÖespaaiiepHaH BejjßHHHa;
\ - HHayKTHBHOe COnpOTHBaeHHe OT nepBBHHOrO HOTOKa.

BeapaauepHaa seaHHHHa l BiipaxaeTCH sopnyaoil

o 2yu o y Afx l S
. .e -

sk,*
1 (Io >

rae a - ToaiHHa caon nepeitaqMßaeiiorG ueTaaaa.

lipu s = I öeapasMepaaa BeaHHHHa

£. AMAfV. (n)s kg-Tc
CaeaoßaTejiLHO, np« 5 = 1,

A P, = 5, k a,X 4 , (12)

(13)

Ecaa yHHTHBaiL (8), (9), (IC), (II), (12) h (13), noayqa-
eu

AP = AP, iili , (14)k a i

AX = AX, *il£.. (15)Kpi
BapaKSKHe aJiH ajieKTpouarHßTHoro Hanopa np« anÖon ckojiL'

senna uoxho noayqHTß, ecjm paaaeaHTß sopmyay (5) Ha sopuyay
(7) H yqHTHBaTL (14) H (15):



n _nüS [(p-K&P^tx-hAX^JkB
" +

[(p+4P ' Si£)M*+ 4*'n^ ,

] l<.'
(I6)

KosffimHeHTH k a , k„, ,kp h kp, uoryT öhtb HaflaeHH na ocho-
se paöoT [3, 4, sj, rae npoeaenM cooTßeTCTßy»müe rpasa-
kh, hjih. no sopnyaaii

__j r
_

(2mr -E?) + stlmVQ&inlln
0 I+s*

.
l|m(ch2^m-t-cosl^n)

_*. r g.(lmVl)shlfrm-(lrn-£?,)sin2|n 1
p l + £>. ?|m\(i+L' 1 (ch2|m +cos 1 (18)

rae BcnoüoraTejißHHe b6jihmhhh

m . JEM , (19)
\ VT

(20)

t = ü. (2i)S T

Saecß a - nojioßHHa imphhh imayKTopa.

supaseHHe aJTfI aaeKipouarHHTHoro Hanopa hb-
JIHeTCfI aOBOJIBHO CJTOXHUM H TpeÖyCT npH tiHoro

BpemeHM. Ecaa cwtbtb Hacoc öecKOHe*mo bihpokhm (-- =OO )�
to BnpaacõHHe cymecTßeHHO ynponaeTCH.

OpaHHuaH oöoana^eHae

k 3MÜ51
, (22)

5 k^TT
noay^iaeii

L=kj.s. (23)
C apyroft CToponn, yqHTHBan, qio

k »
- T7i> ’

k <2s >
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k t---r <26 >

sopuyjiH (14) h (15) npHHHMauT b 3to« caryqae caeayDiHa bha:

•m® 1 ]
AP = ar< (27)

( ] 1

'L rj

s’hO’]
A* = AX, - L.

\ + (28)v APi ‘

Ecan qio

k (29)
H v AP( 1

K ' = (30 >

uoxho HanacaTL BupaxeHne nnn aaeKTpoMarmiTHoro nanopa

Psm-P.V, r nr ar, (im| l t |, —,• (31)
' , r+ T^sEU.4r., + 4X)U '+s!(f) 1 J l JlL J

Kbk saane H3 sopMyjiH (22), aaeKTpouarHHTHua nanop on-
peaejineTcn npajroxeHHHU nanpnxeHHeM h napaaeTpawa nacoca,
KOTopae woryT öhtl onpeaeaena hs onaia xojiocToro xoaa a
KOpOTKOrO 3aMHKBHHH.

<l>opiiyjiH (16) a (31) BHBeaeHH nm caynan HBnpoßoanmax
ctchok Kanajia. B caynae npoßoanmax ctchok Heoöxoaaao yna-
TusaTi., nio öespasMepnan seaanana t asiienneTCH / npanaua—-
ei Tina:
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t _ (32)tiS k 6

rje d’ - TOjmHHa ctchkh Kanajra;
tf d

- yaejißHaa upoBoaHMOCTB naiepiiaaa Kauajia.

ÜSHeHeHHe L npHBOÄHT C COÖOB H3UeH6HHe BHpaxeHHü SJIfl
BHOCHMHX COnpOTMBJieHHÖ, 8 TBKXe k a H kp-

B cayqae npoßoaamix ctghok sopiiyjiH (14) h (15) npHHH—-
MBDT BH4

AP = AP, (33)
kat

A*
= AXI (54)

rae k’ - KO3SSHPHeHT,KOTOpHiI BBMHHHe npOBOÄH-

mmc ctchok Kanada.

KoaS|HUHeHT k onpeaeaneTCH sopiiyjioii

j/ 1 Asjf +li Y d (55)
~

as* + ld’!f<js

AHaaoraqHO HanentnoTCH w fopiiyan (27) m (28), KOTopse
npHHHuanT bh&

sk’t~ (ist)1] (56)AP =
AP| ’

' - (»* f£)

AX = AX t • t-rrp \(3?)

Qopuyaa (16) npannuaeT b tbrom cjiyqae Büa

..x [”(p+ aPi) + (y-t-AXi) j k 0
Psm“P" * s T 5k k«, | sk k>ii][_(n+ ir>l J k "<
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B 3Tofl (Jopwyjie k a a BnqacjiflioTCH npa nowoma t, no-
jiyqeHHoft b (32). TaK se asweHHeTCH a (Jopyyjia (31), KOTopyß
worao nepenacaiß b sase

Pw-p.U+5, -,r («..»!
’

Il <«‘l [ Ur.nlJ

rne
w.itu

Tt SA* v '

B

L- .K '<~~Tt— (u)

HajißHeämee ynpomeHae sopMyra äjih pacqeia ajieKTpowar-
HHTHoro Hanopa bosmokho npa aonymeHßßX &r,= at, &x, =ax h
k a=k ar OqeBHSHO, qio 3?a flonymeHaa npaMenaMH, gcjim ckojib

lenae HenaMHorp OTJiaq.aeTcn ot bjib BTopaqHwe 3s-
- c-naöo npoHßJiflioTCH.iß 3tom cjiyqae sopwyjia npanauaeT
BFa

R SM =Po üls. (42)

llojiyqeHHHe saKOHOMepnocTa sjih BHqacjienaH s “f(p 3M
)

syHKijaa HeoöxoaHMH npa paspaÖOTKe a pacqeie MrS-npasosoß,
npa Buöope Tana a pacnete napaMeipoß npasoaa,

BOSHHKaeT HeoÖxoaaMocTß onpeiejieHHH napaMei-
poß Hacoca a pasßaßaeworo au nanopa, ecjia cßoftcißa jcaaKO-

ro MeTajuia ne coEnaaaroT c napaweTpawa yeTaajia, na HOTopoM
npoßeseHH onnra xojiocToro xoaa a KopoTKoro aayhiKanaH.

Ecjia oÖosnaqaTß anfICKCOM "B" napaweTpH nacoca a we-
Tajuia, aasecTHHe as onuTa xojiocToro xosa a KopoTKoro sa-
MKKanaH, a anfleKCov "C" napaweTpH nacoca a weiajuia, a-nn
KOTopnx Heoöxoaauo nojiyqaTß cseseHaH, to ajih cjiyqan ne-
npoßoanmax ctchok Kanajia Öespasuepsaa Bejiaqana
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(43)

BHpaK6HHH BHOCHMHX COnpOTHBJI6HMÖ fIJIH 3TOPO ITpHOÖpe-
T3BT BH4

".-"•7T- (**)

'B K aib
H

AK
IC
= AX 1B (45)

TB kp(B
COOTBeTCTBeHHO H3lieHfleTCH 3JieKTpOIiarHHTHHO nanop

p _ p Kc k a)C[(r apib) + (*• -*•Ay-ta') ]

üojiyqeHHaH pa eaüHHqHoro nanopa hb-
flfleTCH fIOBOJILHO CJTOXHOft. 6CJIH yqHTHBaTB Kpü-
BHX fIJIH OnpeaeJieHHH KO3SSHIIHeHTOB k a Hkp, TO paeqeTH
cymecTßeHHO ynpoiaßTCfl.

BepoflTHO, sto ÄJifl HeKOTopax qaciHHX cjryqaeß MOryT ÖHTB
npuMeneHH Öojiee npocTne BiipaxeHHH. Oanaico opemcy norpeiiiHO-

CTeJi, BO3HHKBBIHX npH ynpOI6HHH sOpiiyjlH (46), HeOÖXOfIMUO
CBH3HBaTB c napaMeipauü kohkp6thhx Hacocos h MeiaJOOB. 110-3Touy

3Touy b ÄBHHOÖ paöoie BO3MOXHOCTM ynpoaieHMH H6 paccMatpii-
BaBTCfl.
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V.Loigom, H.Tiiamua

About Calculation of the Electromagnetic

Preasure In Fiat Llnear Inductlon Puapa

In thia work a method of caloclatioa of electromagne-
tic preasure In Inductlon pumps is deseribod.

The calculation la based on the reaults of the no load
and short Circuit teata of the pump. 5 itema of
are included.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
Tpyfltl TAMKHCKOrO nOJIHTEXHHHECKOrO OHCTHTJTA

C E P H H A te 315 1971

YM 621.318.38

fl.K.JlooTyc, B.K.BflHÖepr, X.A.THÖcuyc

BJIHHHHE HECHMMETPHHHOrO MArHHTOrMfIPO-
fIHHAMHHECKOPO fIBHTATEJIfI HA HCTOHHHK

EHTAHHfI

BsegeHMe» lIpH 3HaqHTe3BHoI! noTpeÖJineMOll na cem iioni-
hocth uox6t oitaaaTßCH peaecooöpaaHHii coopyxeHHe aJiR nar~

(MFfI-) npnßo3a 0t3638h08
MOffIHOCTB KOTOpoB lIOX6T ÖHTB CpSBHHUa C MOBHOCTBB CaMOrO 110-
TpeÖHT6JIfI, npHU6H6HH6 1167038 HCKBX6HHH CHIiU6TpHM HH3yKTop-
hož oöuotkh b ueanx pery3üpoßBHHH pacxoaa MTJ-npHßo3a b
tBkom csaaaHO c Becßiia HexeiiaTejißHHM hb«6hü6u : na-
aa HecMMiieTpHtiHOCTH aarpyaKH HecmiMeTpHqHHMH cTaHOBBTCfI h

3HH6ÖHH6 HanpflK6HHH HCTOTOHKB nHTBHHH. B HHT6p6-
cax ToqHOCTH MTÄ-npHßoaa HeoÖxo3HMO yqHTHBaTB Ta-
KO6 B3HHHH6 H npH XapBKT6pHCTHK HCIIO3IB3OBaTB 36Ä-
CTBHT63BHH6 JIHH6ŽHHX HBnpHX6HHÖ.

Mh öoxßiea oöoömeaHocTH cxeisu b paöo-
T 6 paCCUaTpHBBDTCfI KBK C3y*iaH 3KBHBB36HTHOit TpeXfaSHOÜ
38633H C HepaBHHMM ITO3HHIIH COnpOTHBJI6HHHMH B $a3BX, KOTO-

PH6 MOXHO OTH6CTH K COnpOTHB36HHB KaKOfi—HHÖySB OflHOfl SB3H,
HanpHwep faau A. B xoae npeoÖpaaoßaHHž, ochobhhm sonyme-
HH6M HB3H6TCH np6HeÖpeX6HHe ll6K3ysa3Hb!llH BSaMMHHUH HHjyK-
THBHOCTfIiiH. Ha $Hr. I npußeaena, Hanpmiep, cxena 23 [l,2j
H 66 3KBHBB36HTHaH CX6IIB, COnpOTHB36Hi!H KOTOpofl MM6BT ana-

77I—l 7. t-c-Z-B T_nL a- i A> ‘■b— 7 5 L Z~ U '
Lz i-8

EcJIH B = TO loj b# = 's =0 •

OTHOCHT63BHU6 nOJIHUX COnpOTHBJreHHÜ 3KB/Ba—-
36HTH0Ü 38633H 33H H6CHMM6TpiJqHHX CX6U [ 1,2] ÖyflyT H3M6-
hhtbch b npesexax ot 030 2. Ecjih 1 Q)( = I, a co-
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�ar. 1. flpeoöpaaoßaHHe cxeMbi 23 jjjih onpeaeneHHfl
aeücTßHTenbHux nHHeSHux nanpajKGHHä.

npoTHBJieHHHu ssyx apyrax
$BB ÄBTB 3HBM6HHH 0; 0,5',
Ih 2, to nojiyqHTCH 16
BBPHBHTOB HeCßinieTpaqHOrO
BKBBqeHHH (TBÖJI. I). AhS-
BB3 BBPHBHTOB nOKB3HBBeT,
WO BX KOBBReCTBO MOSHO

coKpaiHTB. Bapaaat I,
Hanpauep, npescTasufleT
coöoö ÄByxsa3Hoe KopoiKoe
38MHK8HII6, BBPHBRT II -

CHiiMeTpHqHyj) HarpysKy; pas
Bapaamoß wernsy
coöoü. ÜHTepecyDffiHe b
3t02 paöoie cßyqaa acua-
Z6HBH CMMM6TPHH BBHeÜHHX
HaripnzeHMa Öyay* oxßaaeaH
BapaaHTauH 5,6, 7,8, 9
a 12. PeneHae aasaga bos-
mozho npa ycßOßaa, rto na-
paueipH naTaHBH
B nOTpeÖRT6BH H3B6CTHH.

CpaBH6HH6 aCTQqHHKOB nHTaHHH. lIpB CpaBHeHBB HCTOn-
HBKOB nBTaHBH HBC BHTepeCyBT BHpaxeHßH HX BTOpaqHHX HB-
- c naseHaa Hanpaaceaaa b oöaoTKax ot tokob

aarpysKH. B cßaaa c 3Thm nase paccMOTpenn cxeiiH aa-
uemeHHH Tpex Tanos naTanaa: TpaHCsopaaTopa, bb-
TOTpaHCsopaaTopa a hh^ykubohhoro peryaaTopa aanpaaeHaa.
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'tfitr. 2» CxeMa saMeiaeßua xpaHctjiopMaTopa.

t*>Hr * 3* CxeMa aaMemeaita aßTorpauccjiopMaTOpa,

4, CxeMa aaMeinenasi mmyxUHOHHoro
porynHTopa Hanpa>KeHHH.
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San BiopiniHoro HanpHxeHHH TpaHcsopiiaTopa (Hcnoaßsyn
T-oÖpasnyß cxexy saneieHHH [3]) moxho aa ochobo sar. 2
nanicaTß

= — +i(, TIK •> (I)

rae 1K - nojfHoe conpoTHßJieHHe KopoiKoro saMHKaHHH,
= "Z-n + IbT •

2bh faanoro HanpHxeHHH noHHxaßiero asTOipaHcfopMaTO-
pa [4], cxeiia saiieiaeHHH Koioporo npeacTasjieHa
aa shf. 3, noaynaeTCH

+ i.lk,- (2 )

OaHOfasnan cxexa aanemeHHH oöhkhobshhoro aryxoöiio-
Tonnoro HHaykiimohhoro peryjiflTopa noKaaaaa na sar. 4. lIpH-
MeHHTeJILHO K 3Tofl CX6M6 MOKHO HaiülCaTß (iTpHHHMafI KO3SSH-
UHOHT TpaHCfOpuaUHH n = I) [s]

Ü bT-KÜ "- iP l p) ei^Ü"]-"UTi CT’ (5)

rae I p - nojraoe conpoTHßJieHHe oömotkh poTopa*,
I CT

- noßHoe conpoTHßJieHHe oömotkh craiopa;
- yrojr noßopoTa poiopa b HanpasjieHHH BpameHHH

warHHTHoro hojih b BosayniHOM sasope.
ConocTaßJieHHe sopMyji (I), (2) h (3) noKaassaeT, hto

ohh anajrorHnHH h coctoht hs asyx njieHOß, nepßHö hs koto-
pnx npeacTßßJiHeT coöoft HanpflxeHHe xojiocToro xoaa h 38bh-
cht tobbko ot nepßHHHoro HanpHxeHHH h napauerpoß oömotkh
BOsÖyxaeHHH, a Biopofl HBJiHeTCH naaeHHeu HanpHxeHHH Ha

COnpOTHBJieHHH KopoiKoro SaMbIRBEHH HCTOHHHKa HHTaHHH, OÖ-
ycaoßireHHHM tokom narpysKH.

PaÕOTa HCTOTOHKOB nHTBHHH HPH H6CHMMeTPHnHOM HOTPe-
ÖHTejie. Byaey cnHTaiß, hto caw nHiaHHH nHiaei-

ch ot ceTH y KOTopaH oöjraaaei ÖecKOHennoö moshoctbb, T.e.
cHCTeua aHHeäHHX HanpHxenHÖ Ü AB ,U ac h U ca na nepEHnaux
3BXHMBX HCTOnHHKa HHTaHHH OCTaeTCH CHMMeTpH*IHOfI , H63aBH-

CHMO OT peXHMa paÖOTH BTOpHHHOŽ CHCT6MH. KO BTOpHHHHM 38-
KHMait noaKJißneH noTpeÖHiejiß, BOJieacTßHe
ro HCKaxaeTCH chmm6Tphh chct6«h btoph*ihhx sB3hux tokob:



I=£ Ib =f I c - 3ts cHCTeua b HacToniGfl paöoie acoJienyeTCfl mg-

tosom cocTaßJifliomHX. PaajiOKenHe npoHSBOfIHTCfI
npa caeÄyß®Hx npeflnonoseHHHx:

1) paccuaTpoasTCH cMCTGwa Öea Hyjiesoro nposoaa, b
cmgtgmg tokob OTcyTCTByeT Hyjießan cocTaßJifüomaH;

2) COITpOTHBJieHHH OÖUOTOK HCTOqHHKB HHTaHHH HG H3MG-
HfiBTCH npH R3MGHGHHH llOpHflKa CJIGaOBaHHfI $33, 1.6.1,=

Ecjih nepßHe cJiaraGMHG b ypaBHGHHHx (I),
(2) h (3) Ü° 0 conpoTßßJieHHe, bo BTopoü
MJIGH TGX KG ypaBHGHHÜ, qGpG3 IK ,TO 21JIH BCGX TpGX HC-
TOqHHKOB ITHTaHHH UOKHO HaHRCaTB OÖfflyß CHCTGIiy

Üq = üQ
+ i^k+Ulk

(�)
ut - ü; + 01,1^0*1,1.

Otcbäs JJHHefIHue HsnpaieHHH

Ü ob = O a -Üb=(ü;-ü°b ]+(i-a l)i I Z^(i-a)i 1 IK '

obc=0 bc = U b -Üc = (ü°b-L)')+(a-a)i,lK + (q-q1U 2 I k

Ü„= U c - ü a =(0“-U 4
Q]+(a-i]i l Z K -t- (a l-oi z z K

oöosnaqHM Ci;-ü:-ü;b , o;-ii;=o;c 0 ü;-o;=ü c
°

a
» no-

jiyqHM OKOHnaTGJiBHO

ükt - ü ■ (6)

oca=0 ca = otg(a-'Ü,0
tg

(a-'Ü, Z K -r

CHCTGMa ypaBHGHHiŽ BJlfl HGCHMMGTPHqHOrO nOTPGÖHTGJIH. B
cüyqaG cxgm ögs nyjiGßoro nposoaa, cnHian bo bcgx sasax
I, =l % , MOSHO JJTH SB3HHX HanpfIÄGHHŽ 3KBHBaJTGHTHOÖ HG-

CRMMGTpHqHOŽ 3BG3JU HanHcaiß

73



74

+ Ulfa (y j
Ü c = ai,l c + ali t l c

Änn HHTepecynmHX Hac jnmeftHHX HanpnxeHiifi nojiynmi

Ü ob=Ü,-Ü b -i,(Vot^Wi 1(l,-alb)
■

üte - Ü„- uc -i, (a l l b-at c') + il(al b-a
llel (o;

Üca = a^c + i-2 (o l^c-^a]

PacneT nonpaßoqHHX Ko3ssHimeHToß k jrHHefIHHM HanpnxeHH-

hm. CHCTeua ypaBHSHHö cocTaßjmeTcn no sopyyjiaw (6) h (8),
npüHHiian TpaHCsopiiannH HCTonHMKa nHTanna pbbhhu

PemeHHe cncTeuH ypaßHemifl npOBOSHicn b othoch-
tgjibhhx sejiHnHHax, npüHHuan ÖasncHHMH BejiHnHHEMH HanpnzeHße
xojiocToro xoaa (hjth nouHHajißHoe renepaTopnoe HanpnxeHne)üc-
TonHHKa nüTaHHH h nojiHoe conpoTHßJieHHe sa3n noTpeÖiTejiH.Ec-
jih npiiHHiiaTi) 1K = 0, nojiynaeTCfl cxynaö HCTonHHKa nHTanHH

öecKOHennoa uoihoctm. BTopHnHiie JiHHeÖHue HanpHxenHH b 3tou
cjiynae ocTanTCH nensueHHO cHiiueTpiinHHiiH, pasRUUH esHHHiie. B
oömeu cjiynae, oäheko, conpoTHßJieHHe IK ne pasno Hyjiß h ot-
HOCHTeHBHHe BTOpHRHHe JIHHeÜHHe HanpHX6HHH npUOÖpOTaBT 3HB-
- OMHnaßißHecfl ot eaHHHnH. OrHOCHTejiBHHe snaneHHH sthx

HanpflxeHHä üoryi Tanxe hB3ubbtbch nonpaßoqmniH Ko3ssHUHeHTa-
mh no OTHOieHHB k cjrynaß 1K = 0. lipu pacneie iioiho cnniaTß,
mo tok HauarHHnMBBHHH I jj =O, TBK KBK TaKoe ynpomeHHe ne
bhocht cyiecTBeHHHX norpeißHOCTefl.

CHCTeyy ypaßHeHHö, noiuiexamyß peieHHß, iioxho sanncaTß
b bhäg

Ü ab -f (a 1-i)i,lK
+(a-i)i

1 1,-Ü,

lb
'

Ü bc + (o-rf)i,l K +(a1-a)i I IK -ü ,

b[

Ü cb + 0-ii)i,l, + o-ol)il I,<
-ü ,

c,, (9)
üte- (.(Vo^bl-ijda-Olhl-O

Übc“ = o
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CüCTeiiy (9) Heoöxoflüiio pennTß aan paajiHnHHX KOMÖüna-
UHO Z a , Z b n I c , a Tarae jjih pasjmqHHX napa-
lieipOß IIHTaHHH I K .

Kbk noKaaaao b TaÖB. I, aocTaTonno HccireaoßaTt meciß

GJiyqaeß HBCHMiieTpmiHHX BKJiioqBHHŽ. lipu onpeaejieHHH npeae-
jiob HaiieneHHH nojinoro conpoTUßJiaüMH ncTonnHica nuTanHH yqn-
THBajiocß, qTO npn npaBHJiBHOii BHÖope HCToqHHKa üHTaHHH na-
ÄBHue HanpHieHHH b hbm ne ninse I % h ne aojiäho

npeßumaTß 10 %. OinoneHHe r Q/IQ ajih peanBHHX HHayKpHOHHux
aacocoß HaxojHTCH npHÖJiHBHTejiBHO b npeaenax 0,15 ... 0,4,
yqHTUBaeTCH h bjihhh*üB HsyeneHHH OTHomeHHH r K/I K ncTonHHKa
nHTaHHH. BapaaHTH hcxoahwx BejuinüH npeflCTaßnenti b tbÖji.2.

llpoMexyToqHHe anaqeHHH I«* ,
pk/Ik h P a /10 üpishhth

no pnay npeanonTHTeJiBHHX qiiceji R 5 TOCT 8032-56.

<t>nr, 5. SasHCKMOCTb /iHHeüHbix HanpajxeHHfi ot OTHOcnrenfaHoro
nonHoro conpoTHßJieHH>i hctorhhks nirraHHH. CxeMa 23:
( la.“I a.“ X. 4.- 0.5; I c ,- 0); P fl /I 0

- 0,1; P K /I K
- 0,1.
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Ta<sa n n a 2

3ts CHCieua ypaßaeaHfl Önaa pemeaa aa 3UBM "Mhbck-22",
Sjih cxeuH N° 23 ( la * =I, Ib* = 0,5; I c* =0) na sar. 5
npeacTasaeaH jinHeöHtie Hanpaxeaaa h Hsyeaeaiie hx yrjros =

= fU l|w ,„ -fü B 38BHCHM0CTH OT IR# npH P a/1„ = 0,1 H
P K /I k = 0,1. Hyxao OTiieTHTB, aio aia cxeya asaaeica cauHM

cjioxhum cayqaey b cyncae HecHMMeipHaHOciH. HanpaxeaHe saecß
HSueHHeTCfI ao 0,7, yroa caaara - Öoaßie II °. Ecau xapaaTe-
PH3OBBTL HeCHMMeTpaaHOCTL CHCT6MH JIHHeÜHHX BanpajCeHütt COOT-
MBiBHHeM ee cHMMeipHaaux cocTaßaaßmux, to saecß aye-

eT 3HaaeHHfl ao 0,16, Bo scex ocTajißHia cayaanx sto cootho-
neHHe yeasne.

Haa cxewH I a * =I, Z b)t = 0,5, Z c *
= 0,5 Hsyeaeaiie aa-

HefiHHX aanpaxeaHž 3HatmTeaßHO veaßae, U* m; n = 0,84, a co-
oTHonieHHe U l /U 1 ae npesunaeT 0,055. AfU ae npe*
BusaeT 4°. To *e cayoe yoxao cKaaaiß npo cxeyn I a* =I;
l b* = 0,5, Ic =2 H I a * =I, Ib =I H Zc *= 2; TOaBKO AfU
saecß yeHßne, ne npesuiaa 3 °. AaaaorireeH aiay Tpey cxeyay

h cayaett lM =I, Ib*

= 0,5, Ic* =I, ho aecHyyeTpaqaocTß ch-
cTeyy aaaefiHHX aanpaieaaa saecß öoaßine: cooTaomeaiie /ü,
ayeeT saaaeaiia ao 0,095. üpy cxeye I„* =I, l b* =I, Iw = 0
Hanpaieaae naaae? ao 0,795, cooTaooeaHe Ut /U, aocTHraei
0,11, Af- saaaeaua 8 °.

Banaane cooTaomeana p/I noTpeönieaa nsoöpaxeao aa
snr. 6a. Baaao, a?o naneaeane cooTaomeana pa/I a cpaßanieaß-
ao yaao saaaei aa Hsyeaeane anaefiaoro aanpaxeana. Heaaaan-
Teaßaoe Banaane nnee? n Hsyeaeane cooTaoieana p k / Ik . Ha

BapnaHTH
cxeu

I K* Hk/Ik

V Ic.

I 0,5 0 0,010
I 0,5 0,5 0,016 0,10
I 0,5 I 0,025 0,10 0,16
I 0,5 2 0,040 0,16 0,25
I I 2 0,063 0,25 0,40
I I 0 0,100 0,63
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<t>nr. 6. SaBHCHMOCTfa nHHeftHoro HanpaHcoaaa (a) h ero yrna casara (6)
ot aKTHBHoro conpoTHBneHHH (J)a3w norpeSHTenH, CxeMa 23:
( 1} “ 0,5; ~i j*“ 0); Pg / Z.g “ 0,1; P* / ° 0,1,

sar, 6(5 npeacTaßJieao HsiiCHCHne yraa casara BeKTopa Hanpn-
X6HHH B SaBHCHMOCTH OT r a /I a .

B moxho cicaaaTß, *ito BaaoxeHHaa MeioaaKa
nparcana aun jiböhx

PHX COnpOTHBJT6HHH npflMOfi B OÖpaTHOfl nOCJieaOBfITeJIBHOCTeiI
MOryT paBHHMH. OHa nO3BOaH6T OnpeaeJTHTß aefICTBM-
TejißHue auatieHHH uoayjiea a apryiienTOß jnaHeöHtix HanpaxeHall,
a Taiese nposecTß aaaaaa o bjibhhbb oraeaßHHX napaueTpoß na



xapaKTep hx HSueHeHHH. Bosmokhocth npoeaeuHoit
c yqeTOM Meiaysa3HHX UHTyKTHBHOCTeü HccjieayeTca

B [6],
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J,Lootus, V.Binherg, H.Tiiamua

The Influence of Asymmetrlc Magnetohydrodynamic

Motor on the Source of Feedlng

Summary

The diatortion of symmetry of the System of Une vol-

tages while feedlng the aaymmetric MED motor from the source
of Limited capacity is atudied in the paper. The reaults of
the analysia have heen given in the form of dependencea of

the modulea and arguments of line voltagea on different

parametera of the aource and the consumer.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
mm TAMHHCKOFO lIOJIHTEXHMMECKOrO HHCTHTyTA

CEPHfI A » 315 1971

621.318.38

H.K.JIooTyc , B.K.3OHÖepr, X.A.THitcwyc

yTOHHEHHUÜ PACTET CHCTEMbI JIHHEtfHtJX HAUPfIIEHHM
PPM HECOMMETPIÄMHOM MArHMTOrHfIPOfIHHAMHHECKOM

fIBHPATEJIE

HSJioxeHHaH b [l] aaa bjimhhhh ne-
noipeÖHTeJiH aa cüCTewy BTopmjHux ajmefiHHX

HanpHKeHHM HCTOTOHKa nKTaHHH, nparoaaa b tom cayqae, eca«
npeneÖpeaeHHe Meiaysa3HHMH BaamiHüMM WHayKTHBHOCTRMH ripu
npeoöpaaoßaHKH cxeu He BN3HBaeT e pesyaßTaie cy-
mecTßeHHoK oihhÖkh, Haae anajiHSHpyeTCH bosmoähoctb
hhh STott ueTOÄHKH iiyieu yqeia HHayKTHßimx cßHseiž iiemay sa-
aaiiH.

Bce pacciiaTpoaeMne b [2] HecMiiMeTpjnmae cxem npeoö-
pasoßaHU oiihtb b 3KBHBaji6HTHyi) ssesay, nOJIHHe COnpOTHßUe-
hhh saa Koiopoö npußeaemi b Taöaime I. ConpoToaeHHH bh-

paaaßTCH kbk HeKOTopne saBHCHiiocTH l a= f (1f,1 M ),1b =
.

Ic= f 3aecß nojiHoe conpoToaeHHe sa3n I^=P^+jx^,
rae - HHayKTMBHoe conpoToaeHHe caMOHHayKpHn oömotkh.
ConpoTHßaeHHe Z M =jx„ , rae x M

- HHayKTMBHoe conpo-
THBaeHHe BSaHMHOft HHayKTHBHOCTH SB3HHX OÖMOTOK.

flnH
[l]:
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KO9SSHIU!eHT TpaHCsopuaiJHH nHTaHMH
ch paßHuw eaMHHue, Pacnei neaecooöpasno nposecTH b othocm-
TejitHHX sejiHMMHax, rae öaaacHtiM nanpAseHneu BHÖpano nanpA-
KeHHe xoaocToro xoaa hctomhhk3 nuTamiA, a öaancuHM conpo-
THBjiGHHew no Taöa. I - conpoToaeime = B TaKOM
caynae HanpAsenHA na npasofö cTopone nepsnx ipex ypaßHeHwa
sceraa ÖyayT KOwnaeKCHHUH nHcaawH c uoayaew, paBHNM eaHHH-
ue, Ecaw Z K =O, noaynaeTCA cayqaä HCTonHMKa nuiaanA Öec-
KOHennoa uomHOCTHj npn OTaanHux ot nyan snaneHHAX Z K noay-
nwu HanpnseHHH, KOTopue woryT naauBaTBCH nonpaßonnnMH ko-

aSSHUHeHTa«H no OTHomeHHB k cayqa» Z K =O.

OTHOCMieatHiae Rasune conpoTHßjienMA noaseprHyTHX ana-
jiH3y cxgm npoeaeHti b Taöa. 2, rae ohh bh-

paxenhi b SyHKnHH BcnoMoraieaLHoa KOunaeKCHOü BeannnHbi H,

H < 2 >lf
Ecjih Z M BtipasaTt b ; aoanx conpoToaennA ,to

■Z-M = i- X H=j-K' x f=j'K'ir sinf, (3)

rae .

f = are eos tyif ■
Toraa

H =

Zm_
=

Z M . = c =~Zf V * zf
•A. I . .

= e = K-Sinf jk- cos^•

Biian pacciiOTpeHH ananeHHA Ko3ssüuueHTa k 0,1; 0,16;
0,25. OcTaaLHiie BHanenufl napaueipoß npoeaenu b [l] (Taöa.2),
CHCTeua ypaBHGHHa öaaa peniena na 3ISM "Mhhch-22".

ConocTaßaenHe paccnHTanHux no yTcnHennoii h ynpoaeHHofl
MeioaHKaii pesyaLiaTOß nonasußaeT, mo npeHeÖpeKenne Bsami-

hoo HHayKTHBHOCTLio b pacneiax OKasusaeT HeananHieaßHoe
saüHHue na TonnocTb npoeKTiipoßaHHß MPJ-npusoaa. Tbk, na-
npnuep, aan cxeun 23 [2], HBaaiomeflcH caoaHetaM caynaeu
HecHMueTpuH, HsiieneHHe BsanMuoö KHayKTHBHOCTK weatay (fcasauH
noTpeÖHTean b npeaeaax

o $ 0,15
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npHBOfIHT k H3U6H3HHK) uoayjieft JiHHeäHHX HanpHÄennK b

5%, OfIHH aa KOHKpeTHbix cjiynaeß noKasan na $Hr, la,
Öa3OCHUMO fIJIH nosyjieit OTHOCHTeBBHHX ÄOH6I4HHX HB-
-U , ü bc *. 0 U c0 * npOHHT« 0x 3HaneHofl npo I M =

= 0 (3HBMeHOH, pacc xioTaHHHe no ynpomeHHOü weioanKe [l]).

l, 3aBRcnMOCTb nuueüuhix HanpjiJKeHHfl (a) h hx yrJioD (6)
OT BSaXMHOÖ HHfIyKTHBHOCTH MÖJKfIy ijiaaaMa lIOTpeÖHTe-
na. CxeMa 23: r O / T-a - 0,1; Pk /Ik - 0,1; 1K*» 0,1.



MaKCMMajiLHoe pacxoKjeHHe b pesyjißTaiax, oöycjioßJieHHoe yne-
tom H3MeHeHMH I M b T3KHX ate äjih spyrwx cxeu eme
ueHMie; zuth cxeMH 35, nanpuuep, oho hb npesHinaeT 1,3 %,

SaBHCMMOCTB apryMeHTOB JiüHeäHnx HanpaseHüü ot
B3aHMHOÖ MHfIyKTHBHOCTH nOKB3aHa H3 $Hr. lÖ, OTHOCHTeJILHOe
M3M6H6HH6 3S6CB ÖOJIMie, HO aÖCOJIfOTHOe paCXOKfIeHHe JJIH CX6MH
23 H6 npesHmaeT 1,5 °, äjih cxeMH 35 - I °.

TaÖJiHua 3

MoayjiL w apryueHT JiHHeöHHX HanpaaeHHil
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HaMMeno- Cxewa 23 Cxewa 35
saane
noicaaa-
Tejiea

PacaeT SKcne-
PHM6HT

Pacxos-
Ä6HHe,

%

PacqeT BKcne-
pHMOHT

Pacxox-
seane,

%

Uab 39,3 B 59,5 B -0,5 63,7 B 63,0 B +1,1

U bc 48,1 48,5 -0,8 56,2 56,0 +0,4

0 ca 55,1 55,0 +0,2 55,8 55,7 +0,2

Af U ab
- - - 5°CI * 5°I0’ -2,9

A<f U ca 8°29’ 8°55’ -1,2 -
—

T a Ö ji h u a 4
PaaiiepHOCTB b H

PacaeTHaa cmia Coa,
Bes
yqeia
peajn.-
Horo
HCTOa-
HHK8

Pacxos-
neane c
aKcne-
PHM6H-
TOII,

%

no ynpo-
®6HH0H
ueTOflHKe

Pacxox-
aeHHe c
aKcne-
PHM6H-
TOM,

%

no yioq-
HeHHoä
llöTOJUKe

PacxoK-
aeHHe c
SKcnepH-
M6HT0M,

%

önpeae-
jieHHafl
3Kcne-
pMMeH-
T8JIBH0

14,4 +42 8,5 +3 8,6 +4 8,3
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BKcnepHMeHTajißHaH nposepita scex aHaaaTanecKßx 38koho-

MepnocTeiž aaTpyaHena as-aa HesHanaieaßHOCTH HeKOTopux seaa-
qaH, M3MepeHHe KOTOPUX BHXO4HT 38 paMKH BO3UO3SHOK TOMHOCTM

3KcnepHM6HTa. ConocTaßaenae pnaa pacneTHHX a 3KcnepaMen-
TajißHbix seaanan npaseaeno b Taöaape 3. B xaöaape 4 npea-
CTaBJieHK paccnaTaHHtie pasHtiwa weToaaua aaanenaH caan, pas-
BHBaeMOit HHjyKTopou UHHC-7, a ax conocTasaeHae c SKcnepa-
ueHTOii. Heoc3xoSHMOCTB yneia orpananenHoa mohhocth
Ka nHTaHHH na ocHOßanaa aiax Taöaau cTanoBaTCH bhojibs one-
BHfIHOÖ.

110 Taöaane 4 öoaee Tonnne pasyjißTaTH noayna»TCH no yn-
pomeHHofl, H3JioseHHOtt b [l] ueToaaite, KOTopan BcaeacTsae
npeHeÖpeEeHHH anayktbbhocthmh, yßeaanasaeT hc-

ckiituaTpHK) nHTaomea oHCTeua, yueHßffian tcm caiiuM Moayaa aa-
HsüHux HanpnxeHHa a pasßMßaeuy» MlMhasaraTeaaM caay. Taie
K3K TonnocTß saeKTpoMaraaTHoro pacneTa, asaoKeimoro b [3] ,

noa nocaeflHax BHflyKTopax Tana UHHC cocTaßaneT b cpeaneM
10 %, to pacxoKaenaH nacTanno bsbhmho KOBineHcapyiOTCH. Hpa
Haaanaa aßaraieaeö c Öojiee TonHKwa ochobbmh neoö-
XO4HMO openaTß BeaanßHy a Hanpaßaenae scex norpeamocTefi b
xoae npoeKTapoßaaan npasosa a tojibico nocae 3Toro BHöapaTß
TonnocTß ueToaaKa Tex aaa apyrax pacneTOß.

Muen nonpaßonnne Ko3fsanaeHTH, mosho onpeaeaaTß aeB-
- cacTeMy jianeaHHX HanpHxeHafl a acnoaßSOsaTß ee
npa pacnexe tokob npnuofl, oÖpaTnoa a Hyaesoft nocaeaoßa-
TejißHOCTeä. CooTßeTCTßyniae BHpaseHan, bhbsjenHue saauen
saßHcauocTea npos. T.n. ryöenKO 4Jin caMMeTpannoß cacieMH
nataaaa, npeacTasaeHH b Taöa. 5.
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Accurate Computation of the System of Line Yoltages
Atbached to the Asymmetrlc Magnetohydrodynamic Motor

Summary

The speeified methods of determining the line voltages
in the case of feeding the asymmetric MHD motor from the
souree of limited eapaeity are stated in this paber, The in-
fluence of several parameters on the mõdule and argument of
the line võitage has been investigated.
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