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BBEAEHHE 

B HaHOCeKYHAHO~ HMnynbCHO~ TeXHHKe H B006~e B yCKOpH
TenbHO~ TeXHHKe AnR $OpMHpoeaHHR MO~H~X HaHOCeKYHAH~X HM
nynbCOB 4aCTO npHMeHRIOTCR KOaKcHanbHble nHHHH 111 . H3onR~HR 
TaKHX nHHH~ COCTOHT 06bi4HO H3 $eppHTOB~X KOne~ H - BCneA
CTBHe OTHOCHTenbHO Mano~ 3neKTpH4eCKO~ np04HOCTH $eppH
Ta 121 - H3 AOnOnHHTenbH~X mHAKHX HnH TBepA~X AH3neKTPHKOB. 
B Ka4eCTBe TBepAbiX AH3neKTPHKOB HepeAKO HCnOnb3YIOTCR nae
caHOB~e nneHKH Mano~ TOn~HHbl. AnR Bbl6opa OnTHManbHO~, T. e, 
C HH3KHM BOnHOBbiM COnpOTHBneHHeM H C 60nbWO~ pa604e~ HanpR
meHHOCTbiO KOHCTpyK~HH TaKO~ H30nR~HH AOnmHa 6~Tb H3BeCTHa 
3neKTPH4ecKaR np04HOCT b npHMeHReMbiX AH3neKTPHKOB. B nHTepa
Type HaAemHbiX AaHHbiX no 3TOMY BOnpocy npaKTH4eCKH HeT, no3-
TOMY Hawe~ ~enbiO 6bln0 nony4HTb CTaTHCTH4eCKH o6pa6oTaHHble 
AaHH~e no 3neKTPH4ecKo~ npo4HOCTH nascaHoso~ nneHKH npH Ha
rpy3Ke ee HMnynbCH~M HanpRmeHHeM Mano~ AnHTenbHOCTH. 

TEXHHKA H nPOBEAEHHE 3KCnEPHMEHTOB 

HMnynbCH~e HanpRmeHHR $OPMHposanHcb reHepaTopoM, KOTop~~ 

COCTORn H3 B~COKOBOnbTHOro KOHAeHCaTOpa, MO~HOrO THpaTpOHa 
H Ka6enbHoro TpaHc$QpMaTopa l 3/ /pHc. 1a/. EcnH KOHAeHca-
Top C pa3pRmaeTCR THpaTpOHOM T Ha Ka6enbH~~ TpaHC$OpMaTOp 
HT, TO Ha Harpy304HOM conpoTHsneHHH R B03HHKaeT OTPH~a
TenbH~~ BbiCOKOBOnbTH~~ HMnynbC AnHTenbHOCTbiO -300 HC/pHC, 16/. 
H3MepeHHe HanpRmeHHR npoBOAHnOcb oc~Hnnorpa$oM c noMO~biO 

OMH4eCKOrO AenHTenR, a 4HCnO HMnynbCOB AO npo60R perHCTpHpO
sanOCb C4eT4HKOM, npH4eM npH npo6oe reHepaTop aBTOMaTH4eCKH 
OTKnl04ancR. 

B Ka4eCTBe o6pa3~a npHMeHRnacb naecaHosaR nneHKa Ton~HHO~ 
da 20 MKM. HccneAOBaHHR npOBOAHnHCb B OAHOPOAHOM none 
/3neKTPOA~ nnocKoCTb-nnocKOCTb c nno111aAbiO A 3 - 13 cM

2 I npH 
4aCTOTe nOBTOpeHHR HMnynbCOB f a0,5 C - 1 . 06pa3~bl nponHT~Ba
nHCb KaCTOpOBbiM MaCnOM H rOTOBHnHCb K HCnbiTaHHRM TaKHM o6-
pa30M, 4T06bl B03AYWH~X BKn104eHH~ B HHX npaKTH4eCKH He 6blnO. 
AnR HCCneAOBaHHR BnHRHHR APYrO~ nponHTKH H nay3 MemAY nos
TOpHbiMH HMnynbcaMH npoBeAeH~ AOnOnHHTenbHble 3KCnepHMeHTbl 
C nponHTKO~ TpaHC$QpMaTOpHbiM MacnoM H npH 4aCTOTe nOBTOpe
HHR HMnynbCOB f = 25 C - 1 , 

CTaTHCTH4ecKaR o6pa60TKa nony4eHHbiX pe3ynbTaToB npoeoAH
nacb c noMO~biO norapH$MH4ecKoro pacnpeAeneHHR raycca, o6beM 
Bbi60pKH COCTaBnRn m ~ 20. HcnbiTaHHe 3aKaH4HBanOCb no AOCTH
meHHH 104 HMnynbCOB (f=0,5c-1) H 105 HMnynbCOB (f ~ 25 c-1), 
ecnH AO 3Toro npo6o~ He noRBnRnCR. 
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P~c. 1. B~coKOBOilbTH~~ reHepaTop. a/ np~HI..I~n~a!lbHa~ cxeMa, 
6/ B~COKOBOJlbTHbl~ ~Mny!lbC. 

PE3YflbTAT~ 3KCnEPHMEHTA 

3as~c~MOCTb npo6~sHoro Hanp~~eH~~ 

OT 4~CJla ~Mny!lbCOB 

HccneAOBaH~e aae~c~MOCT~ npo6~sHoro Hanp~~eH~~ OT 4~cna 

~Mny!lbCOB npOBOA~IlOCb C ~30Jl~l..l~e~, COCTO~~e~ ~3 Tpex CJlOeB 
n!leHK~ o6~e~ TO!l~~HO~ SF= 3x20 MKM. CpeAH~e 3Ha4eH~~ 3Mn~

p~4eCKOro pacnpeAeneH~~ nony4eHH~x AaHH~x noKaaaHbt Ha p~c. 2 
/Kp~sa~ a/. OH~ MoryT annpoKc~M~posaTbC~ e ABO~HOM norap~$
M~4ecKOM MaCWTa6e 4aCT~4HO np~M~M~. 3TO 3Ha4~T, 4TO, aHano
r~4HO ~asecTH~M AaHH~M no npo6o~ s TBePA~X A~3JleKTP~Kax 

np~ HarpyaKe AJl~Te!lbH~M Hanp~~eH~eM, nony4eHHbte peay!lbTaT~ 
MoryT 6btTb on~caH~ B~pa~eH~eM 

~ -lin 
Unp = K np • ( N np ) • I 1 I 

rAe n(l) "'10 np~ Unp > 11 KB, a n(2)"'80 np~ Unp ~ 11 KB. 
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P~c. 2. "Kp~saR lK~3H~ 11 A~3JleKTpMKa npH pa311M4HOi1 npomnKe 
~ f = 0,5 c- 1: a/ KaCTOpOBbiM MaCJlOM; 6/ TpaHC$0pMaTOpHbiM 
MacnoM. 

OcTaeanocb HeRCHbiM, noH~3~TCR !lH H30!lHpy~aR cnocoGHOCTb 
A~3!leKTp~Ka C nOBbiWeH~eM 4~CJla HMny!lbCOB no CTaTHCTH4eCKHM 
npH4HHaM, ~Jl~ 3a C4eT 3!leKTp~4eCKOrO CTapeHHR*, KaK, Ha
np~Mep, np~ Harpy3Ke AJl~TeJlbHbiM ·HanpRIIIeHHeM /4,5/. 0TBeT Ha 
3TOT BOOpOC MOlKHO OOJly4~Tb,CpaBHHBaR peay!lbTaTbl ABYX OObiTOB, 
np~4eM B OAHOM C!ly4ae ~3MepRJ10Cb OPOOHBHOe HanpR)KeHHe Ofib14-
HbiX o6pa340B, B APYrOM HCC!leAOBa!lHCb o6pa34bl, OOABepraswHe
CR Harpy3Ke Ma!lbiM .HanpRlKeHHeN / 6 /. Ha PHC. J H30fipalKeHbl 3MnH
p~4eCK~e pacnpeAeneHHR npo6~sHoro HanpRIIIeH~R, nony4eHHble 
e o6oHx cny4aRx. BHAHO, 4TO y ofibi4HbiX o6pa3400 cpeAHee 3Ha-
4eHHe npofi~BHOrO HanpRlKeHHR RBHO BbiWe, 4eM y 06pa340B, KO
TOpble OOABepran~Cb Harpy3Ke 10 4 HNny!lbCaMH npH U ~ 9,5 KB 
H f= 25 c- 1• Ha OCHOBe 3TOrO MOIIIHO yTBeplKAaTb, 4TO naeca
HOBaR nneHKa CTapeeT AalKe npH Harpy3Ke ee HMny!lbCHbiM HanpR
lKeHHeM Ma!lOH AJ1HTe!lbHQCTH. nony4eHHble pe3y!lbTaTbl MOIIIHO 
cpasHHTb c H3BeCTHbiMH MOAenRMH no npo6o~ AH3neKTPH4eCKOi1 
nneHK~ np~ Harpy3Ke AJlHTe!lbHbiM HanpRlKeHHeM/5,?/. 

3aBHCHMOCTb npo6HBHOro HanpRlKeHHR 
OT nponHTKH H 4aCTOTbl nOBTopeHHR HMnynbCOB 

HccneAoBaHHe o6pa340B, nponHTaHHbiX TpaHc$QpMaTOPHbiM 
MaCJlOM, OOKa3a!lO, 4TO HX 11KpHBaR lKH3HH 11 TaKaR lKe, KaK ~ Y 

*npH 3TOM npeAnonaraeTCR, 4TO B AH3!leKTPHKe HMe~T MeCTO 
Heo6paTHMble noapelKAeHHR. 
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P1-1e. 3. 3Mni-1PI-14eeKoe paenpeAeneHI-le npo61-1BHoro HanpA>KeHI-1A 
e npeA~AY~eA Harpy3KOA /6/ 1-1 6e3 Hee /a/ /nponi-1TKa: KaeTo
posoe Maeno/. 

o6pa340B, nponi-1TaHH~x Kaeyopos~M MaenoM, T.e. noKa3aTenl-1 
n (1):: 10, n (2) .:: 80 npi-1MepHO OA1-1HaKOBbl, HO K03$¢l1-141-1eHT nono-
>KeHI-1A Knp - APYroA /p1-1e. 2 - Kpi-1BaA 6/. 113 p1-1eyHKa BI-1AHO, 

4TO np~-1 AaHHOM HanpA>KeHI-11-1 o6pa34~. nponi-1TaHH~e ypaHe¢lopMa
TOPH~M MaenoM, npo6J.-1Ba~TeA np~-1 MeHbWeM 41-lene 1-lMnynbeOB no 
epasHeHJ.-1~ e o6pa34aM1-1, nponJ.-1TaHH~MI-1 KaeTOpOB~M MaenOM. 4T06~ 

06bAeHI-1Tb 3TO,paeeMaTpi-1BaeM eny4aH, KOrAa HanpA>KeHJ.-1e eOeTaB
nAeT 11 KB, a eyMMapHOe paeeTOAHI-le Me>KAY 3neKTPOAaMI-1 S 
= ]0 MKM. npH 3TOM BenH4HHa 3neKTPH4eeKoA HanpA>KeHHOeTI-1 B 
o6pa34e HMeeT eneAY~~He 3Ha4eHHA: 

nponHTKa: 
f r 

E KB E' 
Maeno - nneHKa 

MM 

KaeTOpOBOe Maeno 4,5 126 162 

TpaHe$OpMaTOpHOe 
Maeno 2,5 208 149 

HeeMOTPA Ha MeHbWI-le 3Ha4eHI-1A HanpA>KeHHOeTH nonA s nneHKe 
npH nponHTKe TpaHe¢lopMaTopH~M MaenoM o6pa34~ npo61-1sa~TeA npH 
MeHbWeM 4Hene HMnynbeOB, 4eM np~-1 npOnHTKe KaeTOpOB~M MaenOM. 
Qye~Aa eneAyeT, 4TO npo6HBH~e ABneHHA, B03HHKa~~Ke npl-1 3THX 
HanpA>KeHHOeTAX B MaenAHbiX enOAX, OKa3biBa~T 3Ha4HTenbHOe BnHA
HHe Ha npo6oA seeA H30nA4HH. 

4 

4T06~ 04eHHTb Bni-1AHHe 4aeTOT~ nOBTOpeHI-1A 1-lMnynbeOB Ha 
np04eee npo60A, H3MepeHI-1A npoBOA1-1nl-1eb 1-1 npH f = 25 e - 1. 113 
pHe. 4 BI-1AHO, 4TO np~-1 Harpy3Ke 1-lMnynbeaMH e 4aeTOTOA nOBTO
peHI-1A f = 25 e - 1, npo61-1BHOA np04eee eXOAeH e np04eeeoM, 
B03HHKa~HM npH f = 0,5 e- 1, TaK KaK noKa3aTenl-1 AOnroBe4HO
eTI-1 AH3neKTPHKa /eM. /1// npHMepHo OAHHaKoB~. 0AHaKo npH 
OAHOM 1-1 TOM >Ke HanpA>KeHHH B o6naeTI-1 ll( 1) = 10 1-13MepAeTeA 6on b-

-1 
wee 4Heno I-1Mnynbeos AO npo6oA npH f = 25 e , 4eM npH f = 
= 0,5 e - 1, a s o6naeTI-1 n ( 2) =80 o6pa34bl npo6Hsa~TeA npH 
f = 25 e - 1 y>Ke np~-1 MeHbWeM 41-lene HMnynbeos. 

Mo>KHO npeAnOnO>KI-1T b , 4TO np~-1 f = 25 e - 1
, no- BI-1AHMOMY, 

B03HI-1Ka~~l-1e B H30nA4HH 6onee 1-lHTeHeHBH~e 06beMH~e 3apAA~ npl-1 
6onee BbleOKHX HanpA>KeHI-1AX npaKTI-14eeKH 3aMeAJIA~T npo60H, a npi.-1 
6onee HH3KHX - yeKOPA~T. 3TOT ¢laKT eneAyeT y41-1T~BaTb npH 
KOHeTpyl-lpOBaHHI-1 H30nA41-1H, nOABepraeMOA 1-lMnynbeHOA Harpy3Ke 
e 6onbWOA 4aeTOTOA nOBTOpeHI-1A 1-lMnynbeOB. 
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PHe. 4. "KpHBaA >KH3HH 11 AH3neKTPHKa npH pa3ni-14HOA 4aeToTe 
nOBTOpeHI-1A 1-lMnynbeOB: a/ f = 0,5 e-1 , 6/ f = 25 e- 1 /nponHT 
Ka: KaeToposoe Maeno/. 

3asHeHMOeTb npo6HBHOrO HanpA>KeHHA 
OT 4Hena nneHOK 

On1-1eaHH~e s~we 1-1eeneAoBaH1-1A npoBOAHnHeb npH 3aAaHHOM 
4Hene cnoeB n~eHKI-1 (Nr=~. npH KOHeTPYI-lPOBaHI-11-1 nneH04HOA H30-
nA4HI-1 He06XOAHMO 3HaTb TaK>Ke 3aBJ.-1ei-1MOeTb npo61-1BHOrO HanpA
>KeHHA OT 4Hena enoes nneHKH. 
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C nOMOIJibiO OnbiT08 C TaK Ha3bl8aeMbiM 11 HapaCTaiOIJII1M HanpR>Ke
HI1eM11 I cKopocT b nOAl>eMa v = 1 KB/11Mnyn be/ nony4eHbl 3Mnl1pl1-
4eCKI1e ¢YHK41111 pacnpeAeneHI1R npo6118Horo HanpR>KeHI1R np11 paa
J1114HOM 411cne cnoe8 nneHKI1. KaK 11 O>K11Aanocb, cpeAH11e 3Ha4e
HI1R Unp pacTyT c y8eJ1114eHI1eM 411cna cnoe8 /p11c. 5/. 
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P11c. 5. 3a811CI1MOCTb npo6118Horo HanpR>KeHI1R OT 411CJ1a cnoe8 
nneHKI1 /nponi1TKa: KacTopo8oe Macno/. 

HCXOAR H3 TeXHOJ10rl111 H3rOT08JleHHR nneH04HOH 1130J1R4H11, 
MO>KHO npeAnOJ10lKI1Tb, 4TO TOJ11J111Ha MaCJlRHbiX CJ10e8 He8eJ1HKa no 
cpa8HeHI110 C 06IJieH TOJliJIHHOH nneHKI1, T.e. cyMMapHoe paCCTOR
HI1e S MelKAY 3JleKTPOAaMH 8 OCH08HOM onpeAeJlReTCR 4HCJ10M 

npHMeHReMblx cnoe8 nneHKH, ~ H nony4eHHaR KPH8aR Unp =f(N F)AaeT 
11H¢0pMa41110 0 3a811CHMOCTI1 U np =f(s F ). C nOMOIJibiO 3TOH 3aBI1CH
MOCTH MOlKHO 04eHHTb 8JlHRHHe KaKOr0-111160 OTKJlOHeHI1R OT AaH

HOH TOJliJIHHbl nneHKI1, 803HHKaiOIJiero npH ee H3rOT08JleHHH,H ecnH 
npeAnOJlOlKHTb, HanpHMep, 4TO TOJ11J111Ha H30J1R4HH, COCTORIJieH H3 
Tpex CJ10e8 nneHKI1, H3MeHReTCR Ha +10%, TO OTKJ10HeHI1e CPeA
Hero np06118Horo HanpRlKeHHR H3MeHI•lTCR Ha -3 KB /eM. PHC.5/, 
4TO 8 AeHCT8HTent.HOCTH H Ha6niOAanOcb. A 

EcnH onpeAenReTCR cpeAHRR npo6H8HaR HanpRlKeHHOCT~ Unp /sF 
8 3a811CI1MOCTH OT SF, TO nony4eHHble AaHHble MOryT annpOKCHMH
p08aTbCR 8 A80HHOM norapH¢MH4eCKOM MaCWTa6e npRMOH /pHC. 6/. 
3To 03Ha4aeT, 4TO, aHanorH4HO aa8HCHMOCTH Unp =f(N np ), nony-
4eHHble AaHHble MOlKHO 8blpa3HTb noKa3aTeJlbHOH ¢YHK4HeH 

~ = K · (s f~/ns /2/ 
SF nps F 
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PHC. 6. 3a811CI1MOCTb cpeAHeH np06H8HOH HanpR>KeHHOCTH OT 

paCCTORHHR MelKAY 3JleKTPOAaMH /nponHTKa: KaCTOP080e Macno/. 

CHH>KeHHe 8eJ1H4HH~ cpeAHeH npo6H8HOH HanpR>KeHHOCTH Unp /sF 
C pOCTOM SF MOlKHO 06l>RCHHTb, KaK H38eCTHO, TeM, 4TO np11 AaH
HOH HanpR>KeHHOCTH 8epORTHOCTb npo6oR y8eJ1H4H8aeTcR c pocToM 
AeHCT8YI01J1ero o61>eMa /TaK Ha3bl8aeMbiH "o6l>eMHbiH 3¢¢eKT" 171 I. 

BbiBOAbl 

HccneA08aHHe 3JleKTPH4eCKOH np04HOCTH H30J1R4HH, COCTORIJieH 
H3 Jla8CaH080H nneHKH, noKa3aJlO, 4TO C n08biWeH11eM 4HCJ1a 11M
nyJ1bC08 CHH>KaeTCR ee 1130JlHPYIOIJiaR cnoco6HOCTb. 3TO CHHlKeHHe 
MOlKeT 6b1Tb OnHCaHO H38eCTHbiM 8blpa>KeHHeM 11 KpH80H lKH3HH 11 

/ 4 / 
AH3JleKTPHKa c xapaKTepHbiMH napaMeTpaMH: Knp H n. 6biJlO 
YCT aH08JleHO, 4TO K np onpeAenReTCR KaK cpeACT 80M nponHTKH, 
TaK H 4aCTOTOH n08TOpeHHR HMnyJlbC08, a 3Ha4eHHe napaMeTpa n 
COCTa8J1ReT n(l) ::10 , n(2) :: 80 8 3a8HCHMOCTH OT HanpR>KeHHR. 
KpoMe Toro, noKa3aHo, 4TO cpeAHRR npo6H8HaR HanpR>KeHHOCTb 
noHH>KaeTCR c y8eJ1H4eHHeM 4Hcna npHMeHReMbiX cnoe8 nneHKH. 

AJ1R onTHMaJ1bHOH H HaAelKHOH KOHCTPYK4HH H30J1R4HH, COCTOR

IJieH H3 Jla8CaH080H nneHKH, He06XOAHMO Y411Tbl8aTb KaK 3J1eKTpl1-

4eCKOe CTapeHI1e, TaK 11 CHI1lKeHI1e npo6118HOH HanpR>KeHHOCTI1 
C POCTOM o6l>eMa nneH04HOH 1130J1R41111. 

nony4eHHble peaynbTaTbl npeACTa8JlRIOT co6oH npeA8api1TenbHble 
AaHHble. AnR yT04HeHI1R 11 o6l>RCHeHI1R 3a811CI1MOCTH npo6118HOro 
HanpR>KeHI1R OT 4aCTOTbl n08TOpeHI1R 11MnyJlbC08 11 y8eJ1114eHI1R 
06l>eMa 1130J1R41111 He06XOA11Mbl AOnOJ1HI1TeJlbHble HCCJleA08aHHR. 
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