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Xannep P., KpacH~X A.K. 9 - 12448 
06 3neKTp~4eCKOM CTapeH~~ $epp~T08 np~ Harpy3Ke 
~MnynbCH~M HanpR~eH~eM HaHoceKYHAHoro A~anaaoHa 

3Kcnep~MeHTanbHO ~ccneA08aHO aneKTP~4eCKOe CTapeH~e 
$epp~T08oro MaTep~ana np~ ~MnynbCHOM HanpR~eH~~ HaHoce
KYHAHOro A~anaaoHa. nony4eHH~e peaynbTaT~ noKaaan~, 4TO 
8 onpeAeneHHOM A~ana30He HanpR~eHHOCTe~ 3neKTP~4eCKOe CTa
peH~e MO~eT on~C~8aTbCR, KaK ~ 8 T8epA~X A~3neKTP~KaX, 
~38eCTH~M nyTeM: C nOMO~b~ nOKa3aTenbHO~ $yHK4~~. 
$aKT 3neKTP~4eCKOrO CTapeH~R HeOfiXOA~MO Y4~T~8aTb np~ 
KOHCTpy~p08aH~~ YCTpO~CT8, 8 KOTOpbiX COAep~~TCR $epp~T08bl~ 
MaTep~an, nOA8epra~~~~CR 803Ae~CT8~~ 8~COK080nbTHOrO 
~MnynbCHOrO HanpR~eH~R. 

PafioTa 8~nOnHeHa 8 0TAene H08biX MeTOA08 YCKOpeH~R 
OH.SH1. 
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Haller R., Krasnykh A.K. 9 - 12448 
On Electric Ageing of Ferrites at the Influence 
of Pulse Nanosecond Voltage 

Electric ageing of ferrites at the influence of 
pulse nanosecond voltage is investigated. The results 
obtained indicated that in a definite voltage range the 
electric ageing could be described, as in solid dielect
rics, in the known way - by means of the exponential func
tion. The fact of electric ageing should be considered 
at constructing devices in which ferrite materials are 
used being exposed to the influence of a high nanosecond 
pulse voltage. 

The investigation has been performed at the 
Department of New Acceleration Methods, JINR. 
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BBE,L\EHHE 

,£\nR reHep~p08aH~R MO~HbiX HaHOCeKYHAH~X ~MnynbC08 8 yCKO
pHTenbHO~ TeXHHKe 4aCTO ~cnonb3Y~TCR $epp~T08~e MaTep~a-
n~ 11•21. ,£\nR 3TO~ ofinaCT~ np~MeHeH~R $eppHT08 . xapaKTepH~ 3Ha-
4HTenbH~e Ae~CT8Y~~~e aneKTP~4eCKHe Harpy3K~, 8 ycno8HRX 
KOTOPbiX, KaK H3 8eCTHO, <)>epp~T08~~ MaTepHan 8eAeT ce6R KaK 
C80eo6pa3H~~ A~3neKTP~K, xapaKTep~ay~~H~CR onpeAeneHHO~ 

A~3neKTp~4eCKO~ nOCTORHHO~ H npeAenbHO~ 3neKTPH4eCKO~ HanpR
~eHHOCTb~. 

04e8HAHO, 4TO 3HaH~e npeAenbHO~ 3neKTPH4eCKO~ HanpR~eH
HOCT~ ~enaTenbHO AnR npa8HnbHoro 8bl6opa napaMeTp08 ~ pe
~HM08 pafioT~ YCTPO~CT8, ~cnonb3y~~~X <)>epp~T08~~ MaTep~an. 

KpoMe 3Toro 1 8a~HO 3HaTb, C80~CT8eHHO nH ~ $epp~TaM no aHa
norHH C T8epAbiM~ AH3neKTpHKaM~ R8neHHe 3neKTP~4eCKOrO CTa
peHHR, T.e. yMeHbWeH~e 3neKTp~4eCKO~ np04HOCT~ 8 3a8~C~MO
CTH OT 4~Cna 803Ae~CT8Y~~~X ~MnynbC08. 

8~•41 npH8eAeH~ AaHH~e 0 MarH~THOM CTapeH~~, T.e. ~3Me-
HeH~~ MarH~TH~X xapaKTepHCT~K (p. H' B

8
, B r ), KOTOpoe Hafin~-

AaeTCR np~ 803Ae~CT8~~ Tenno8~X HarpyaoK. B AaHHO~ pa6oTe 
npH8eAeH~ 3Kcnep~MeHTanbH~e peaynbTaT~ ~3y4eH~R aneKTpH-
4ecKoro cTapeH~R $epp~T08oro MaTep~ana np~ 803Ae~CT8~~ 
n08TOpR~~HXCR 8biCOK080nbTHbiX HMnynbC08 HaHOCeKYHAHO~ An~
TenbHOCTH. Mepo~ aneKTPH4ecKoro cTapeHHR cny~HT H3MeHeHHe 
3neKTPH4eCKO~ np04HOCTH <)>eppHTa. 

METO,L\HKA 1.-1 TEXHHKA 3KCnEPHMEHTA 

,£\nR HCCneA08aHH~ npHMeHRnacb MOAenb H30nR4HH KOaKC~anb

HOrO 80nH080Aa, 4aCTH4HO 3anonHeHHOrO $eppHT08~MH KOnb4a
MHI51.$eppHTOB~e KOnb4a I fcp ::7, 600HH, K10x6x5/ noMe~anHcb 
Ha 8HyTpeHHH~ e~coK080nbTH~~ aneKTPOA /pHc. 1/. B Ka4eCT8e 
AOnonHHTenbHoro AHaneKTPHKa cny~Hno KacTopoeoe Macno (fM ""'4,5). 
06paao8aewaRCR KOMfiHHHpoeaHHaR H30nR4HR noA8epranacb 803-
Ae~cT8H~ ~MnynbCH~M HanpR~eHHeM onpeAeneHHOCTH AnHTenbHOCTH* 
/tA ""50 HC, tn~ ::600 HC/ H 4aCTOTO~ cneA08aH~R /f=12,5 r4/. 

1 ~ . 

*no~AnHTenbHOCTb~ nOH~MaeTCR AnHTenbHOCTb Ha yp08He 

U~0.5U. 
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BHeWHHH 3KP<lH 

I 
/ aHyrpeHH11~ JneK]POA 

P11c. 1. reoMeTpi1R KOaKC11anbHOro BOnHOBOAa,l.laCTI14HO 3anonHeH
HOrO ¢eppi1TOBbiM11 KOnb4aMI1. 

AnR nonyl.leHI1R 11Mnynbcoe KOPOTKO~ An11TenbHOCTI1 ItA 
=50 HC/ e reHepaTope 11Cnonb3oeanl1cb Heni1He~H~e ni1H1111 c ¢ep
PI1TOBbiM11 KOnb4aMI1, B KOTOPbiX npOI1CXOA11nO o6pa30BaHI1e YAapHO~ 
3neKTpoMarHI1THO~ eonHbl. BbiXOA m1HI1~ coeA11HRncR c 11MnynbCHbiM 
HaCbl~a~~I1M TpaHC<!JOpMaTOpOM /pi1C. 2a/, KO BTOpl11.lHO~ 06MOTKe 
KOToporo nOAKn~~.~ancR 11CnbiTyeMbl~ o6pa3e4. 

Bo3Ae~CTBY~~ee 11MnynbcHoe HanpRmeHI1e 6onbwe~ An11TenbHOCTI1 
nony4anoc b np11 pa3pRAKe HaKOni1Ten bHO~ €MKOCTI1 Ha nOBbiWa~l1~ 

TpaHC<!JOpMaTOp /pi1C. 26/. 
Per11cTpa411R 411cna 11Mnynbcoe AO npo6oR npoBOA11nacb 3neKT

pOHHbiM cl.leT411KOM. B MOMeHT npo6oR reHepaTop 11 c4eT411K OAHO
epeMeHHO aeToMaTI14eCKI1 OTKn~4ani1Cb. nocne 3aMeHbl pa3pyweH
Horo KOnb4a 3KCnep11M€HT npOAOnmanCR. np11 AOCTI1meHI111 N = 2·106-

MaKC11ManbHO B03MOmHOrO 411Cna 11MnynbCOB 6e3 npo60R YCTaHOBKa 
ocTaHaBnl1eanacb AnR 113MeHeHI1R ee pem11Ma pa60Tbl. 

<!>OpMa B03A€~CTBY~~ero 11MnynbCHOro HanpRm€HI1R peri1CTpl1-
poeanaCb c noMO~b~ OM114ecKoro Aeni1TenR 11 OC411nnorpa¢a. 

AHAnH3 nOnY4EHH~X PE3YnbTATOB 
''Kp11 BaR mi13HI1 11 ¢eppi1TOBOrO MaTep11ana 

H3onR411R nOABepranacb B03Ae~CTBI1~ BbiCOKoeonbTH~x 11Mnynb
coe An11TenbHOCTb~ 50 He 11 aMnni1TYAO~ 40, 35 11 30 KB. AnR 
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Pa3MarH111.li1BaHI1e -

u 

11T p a3Ma rH111.ll1 BaHI1e 
r-·o_ 

K OC4. 

11HA11K. 

P11c. 2a. Bap11aHT BbiCOKoeonbTHoro 11MnynbcHoro reHepaTopa 
C t A =50 HC. 

Pa3MarHI11.li1BaHI1e 

OC4. 

u 

P11c. 26. Bapl1aHT BbiCOKOeonbTHoro 11MnynbcHoro reHepaTopa 
cfA=600HC. 

ABYX 3Hal.leHI1H aMnni1TYAbl, 40 11 35 KB, nonyl.leHHble l.li1Cna 11M
nynbCOB AO npo6oR xopowo Mornl1 annpoKCI1MHPOBaTbCR norapi1<!>
MI14eCKI1M pacnpeAeneHI1€M raycca N~lu 2) /pi1C. 3/. nol.lTI1 
OA11HaKOBbiH pa36poc 411Cna 11MnynbCOB AO npo60R (uj) yKa3bl
eaeT Ha Kal.leCTB€HHO nOA06Hbl~ np04ecc npo60R B paccMaTpl1eae
MbiX cny4aRx ~1 • a 3Hal.li1TenbHOe pa3n111.ll1e cpeAH11X 3Ha4eHI1H 
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P~c. 3. $yHK~~~ pacnpeAeneH~R 4~cna ~Mnynbcoe AO npo6oR 
np~ pa3n~4H~X HanpRmeH~Rx. 

(p~) - Ha cy~eCTBeHHOe yMeHbWeH~e 4~Cna ~MnynbCOB AO npo60R 
np~ yeen~4eH~~ 3neKTP~4eCKOH HanpRmeHHOCT~ B $epp~Te. 3ae~
C~MOCTb 4~cna ~MnynbCOB AO npo6oR OT 3neKTP~4eCKOH HanpRmeH
HOCT~ ~ CB~AeTenbCTByeT 0 Han~4~~ B $epp~TOBOM MaTep~ane 
3neKTP~4ecKoro cTapeH~R. 

no aHanor~~ C TBePA~M~ A~3neKTp~KaM~ 3neKTP~4eCKOe CTa
peH~e $epp~TOB 6yAeM on~C~BaTb nOKa3aTenbHO~ $yHK~~eH 

~ -1.m 
Unp=k(Nnp) . /1/ 

Ecn~ ~3o6pa3~Tb 3TY $YHK~~~ B norap~$M~4eCKOM MacwTa6e no 
ABYM OCRM, TO nony4~M npRMY~, nonomeH~e ~ HaKnOH KOTOpOH 
onpeAenReTCR nOCTORHHOH k ~ noKa3aTeneM n COOTBeTCTBeHHO. 

AnnpoKc~M~PYR cpeAH~e 3Ha4eH~R nony4eHHbiX pe3ynbTaTOB 
/p~c. 3 I c y4eToM /1l nony4~M: 

U np = 90(N ) -1 / 13 np . 

6 

/2/ 

I\ 

C y4eTOM reoMeTp~4eCK~x pa3Mepoe ~MeeM /p~c. 4/: 

Enp ='< 280 (N -1 / 13 np ) . 131 

0AHaKo AnR 3Ha4eH~H U = 30 KB I E ¢=100 KB/cM/ TOnbKO e Tpex 
cny4aRx 3aper~cTp~poeaH npo6oH np~ 4~cne ~Mnynbcoe AO 
N=2·l0 6 /eM. p~C. 3/. 3TOT $aKT roeop~T 0 TOM, 4TO CKOpOCTb 
CTapeH~R, 04eB~AHO, yMeHbWaeTCR ~ Kp~BaR m~3H~ ~AeT 6onee 
nonoro no cpaeHeH~~ c TeM, 4TO om~AaeTcR no /2/ ~ /3/. RcHo, 
4TO AnR $~3~4eCKOH ~HTepnpeTa~~~ 3T~x $aKTOB Heo6xoA~Mbl 

AOnonH~TenbH~e C~CTeMaT~4eCK~e ~ccneAOBaH~R. 0AHaKO KameTCR, 
4TO np~ N ~ 1Q 5-i-!0 6 annpoKc~Ma~~R no /2/ ~ 131 npeAcTaenReT 
co6oH TeXH~4ecK~ HaAemHOe on~caH~e. 
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4~cno ~Mnynbcoe N"P 
AO npo6oR 

P~c. 4. Kp~eaR m~3H~ AnR $epp~TOB 600HH. 

BnHRHHE AnHTEnbHOCTH HMnYnbCOB 

AnR o~eHK~ en~RH~R An~TenbHOCT~ ~Mnynbcoe Ha 3neKTP~4ecKoe 
CTapeH~e ~30nR~~R nOABepranacb B03AeHCTB~~ ~MnynbCH~M Ha
npRmeH~eM c t n= 600 HC. 6~no OTMe4eHo, 4TO om~AaeMoro yMeHb
weH~R 4~Cna ~MnynbCOB AO npo60R He Ha6n~AaeTCR: 11 Kp~BaR 
m~3H~ 11 nony4~nacb TaKOH me, KaK ~ AnR cny4aR B03AeHCTB:-1R 
Ha H30nR~~~ ~Mnynbcoe KopoTKOH An~TenbHOCT~ /p~c. 4/. 3TOT 
pe3ynbTaT MOmHO 06bRCH~Tb, ecn~ y4eCTb KaK A~3neKTp~4eCK~e, 
TaK ~ nonynpOBOAR~He CBOHCTBa $eppHTOBOrO MaTepHaJla n,S~TOrAa 
~3onR~~~ KOaKc~anbHOH n~H~~/cM.p~c.1/MomHo npeAcTaBHTb R-C 
cxeMoH 3aMe~eH~R /p~c. 5/. TaK~M o6pa3oM, BHAHO, 4TO AeH
CTBY~~ee Ha $epp~T HanpRmeHHe /HanpRmeHHOCTb/ 3aB~CHT KaK 
OT nOCTORHHOH BpeMeHH HapaCTaHHR B03AeHCTBY~~ero HanpRmeHHR 
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P~c. s.Ae~CTBY~~ee HanpRmeH~e Ha ~epp~Te np~ pa3n~4HOM 
epeMeH~ B03Ae~CTB~R ~cn~TaTenbHOrO HanpRmeH~R. 

r -, TaK ~ OT nOCTORHHO~ BpeMeH~ ~epp~TOBOrO MaTep~ana Tc· 
e * Ecn~, Hanp~Mep, np~ r =·1 MKC nocTORHHY~ epeMeH~ 'e - • 

~3MeH~Tb C 10 AO 100 ~c, TO Ae~CTBY~~aR HanpRmeHHOCTb 
B ~epp~Te yMeHbW~TCR Ha 22% /p~c. 5/. 

BbiBOAbl 

C noMo~b~ per~cTpa~..~~~ 4~cna ~Mnynbcoe AO npo6oR 6bln ycTa
HoeneH ~aKT 3neKTP~4eCKoro cTapeH~R ~epp~Toeoro MaTep~ana 
np~ B03Ae~CTB~~ Ha Hero B~COKOBOnbTH~X ~MnynbCOB HaHoce
KYHAHOrO A~ana30Ha. nony4eHHble pe3ynbTaTbl noKa3an~, 4TO 
B onpeAeneHHOM A~ana30He HanpRmeHHOCTe~ 3neKTP~4eCKOe CTa
peH~e MOmeT on~C~BaTbCR ~3BeCTH~M nyTeM: C nOMO~b~ nOKa3a
TenbHO~ ~YHKLI~~. 0AHaKo AnR ~~3~4eCKO~ ~HTepnpeTal..l~~ 3Toro 
RBneH~R He06XOA~Mbl AOnOnH~TenbHble C~CTeMaT~4eCK~e ~ccneAO

BaH~R. nony4eHH~e pe3ynbTaTbl MOryT np~MeHRTbCR AnR Ol..leHK~ 

cpoKa cnym6bl ~aonRI..I~~, COAepma~e~ ~epp~TOBble Konbl..la. ~aKT 
3neKTP~4eCKOrO CTapeH~R He06XOA~MO Y4~T~BaTb np~ KOHCTpy~

poeaH~~ YCTPO~CTB, B KOTOP~X ~epp~TOB~~ MaTep~an nOABepraeT
CR B03Ae~CTB~~ BbiCOKOBOnbTHOrO ~MnynbCHOro HanpRmeH~R. 

*3TO COOTBeTCTByeT peanbHO~ nOCTORHHO~ BpeMeH~ AnR pac
CMaTp~eaeMOrO cny4aR R-=- ·1 00 KOM, c¢epp11~~a~JIO ~. 5 n~. 
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