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Breakdown of Air in Groking SHE Field 

A breakdown of high pressure air induced by a standing wave in an open 
two-mirror resonator excited by isolated SHF pulses has been investigated. The 
breakdown develops within the duration of the leading edge of the incoming elec
tromagnetic wave. The field strength corresponding to the breakdown threshold is 
found to be several times higher than the critical one, though being in a wide range 
of statistical errors. We argue that this excess is mainly due to a finite formation 
time of a discharge plasmoid initied by a prime central kern appearing as a result 
of the external radiation. 
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Bee,LJ;eu11e 

be33Jiel<TpO.UHI,Ie, CB060.UHO JIOKaJIII3OBaHHhie 

He1rnmun1poBaHHble CBq-pa3pJIJJ:I,I B raJax BbJCOKOfO 

.uaBJieHIIJI rro.u .ueiiCTBIIeM KBa3lIOilTIIqecKHX 
3Jiel<TpOMarHIITHblX (3M) . rryqKOB o6na.uaIOT BeCbMa 

)'HIIKaJihHhIMII CBOHCTBaMH. [I, 2]. PeaJIH3YJICh B BH.Ue 
pe30HaHCHbIX ITJia3MeHHblX CBq-CTpIIMepHbIX BH6paTopon, 

OHII IIMeIOT ceqeHHe rrornomeHHJI 3M-3HeprHH, Ha rropHJJ:KH 
rrpeBblIIIaIOIUee HX reoMeTPJiqecKoe ceqeHHe. IlpH 3TOM 

rrorJIOIIJ,eHHaJI CTPIIMepoM 3HeprIIJI MO)KeT K)'MYJIHpOBaThCJI JIM 

B oqeHb He60JihllIOM IJ,eHTPaJibH0M yqaCTKe. 3TJI oco6eHHOCTH 

Il0JJ:CKa3bIBaIOT ITYTH rrpaKrnqecKoro rrpHMeHeHJIJI TaKHX 
pa3pJI.UOB, HarrpHMep MJI CO3,n:amrn MOIUHbIX, rrpaKTJiqeCKH 

ToqeqHhIX HCTQqHHK0B )KeCTK0fO YJibTPaqmoneTOBOfO H 
peHTfeHOBCKOfO H3JiyqeHHH, MJI lIH)KeKUHH TTJ183Mbl B 

pa3JIHqHoro nrna JIOBYIIIKH, .LIJJJI pa6oT no H3yqeHHIO npHp0.[{bI 
IIIapOBOH MOJIHHH H T. JI:. 

BMecTe c TeM cBo6o,n:Ho JI0KaJIH30BaHHhie CBq-pa3pJI,n:hI n 
raJax BhIC0Koro .uaaneHHJI H3yt.JeHhI eme BeChMa cna6o, 1no 
o6ycJIOBJieIIO B OCH0BH0M TeM, l.JT0 .LIJJJI 3TOro ·rpe6yIOTC51 
oqeHh M0IUHhle 3M-rronJI. HarrpHMep, .n:nJI npo6on 

aTMoccpepttoro B03,n:yxa rrptt )UIHHe 3M-BOJIHbT A = 10 CM 
Heo6xo.uHM TTOT0K 3HeprHH qepe3 CelJeHtte, 
rreprrett,n:HKy1rnpttoe ttarrpanneirnIO 3M-nyt.JKa, He Menee 
HeCK0JlbKHX COTeH MeraBaTT. TaKHe TT0T0KH 3M-3Hepnrn 

MO)KHO CO3,[{aTb, HarrpHMep, C TTOMOIUbfO KBa3HOTTTHt.JeCKOfO 

pe3oHaTopa [3]. 
O.z:i:tta H3 rrepBbIX 3a.z:i:aq np11 ttccne.n:onamrn 6e33JieKTpo.n:ttoro 

CBq-rrpo6oJI, Heo6xo,n:HMaJI .LIJJJI Bhmonttemrn MHorttx 

rrpe.n:napHTeJJbHbIX ouettOK, - orrpe.n:enem1e 3aBHCHMOCTH 

nenHt.JHHhI rrpo6onttoro rronJI OT .n:annemrn ra3a. B pa6oTe [ 4] 
npHBe,n:ettbJ pe3yJibTaTbI HCCne.n:oBaHHJI rrpo6o51 B B03,n:yxe, 
CO3,[{anaeMoro rryTeM TTOCTerreHHOfO yneJIHl.JeHHJI HMnynhCHOtt 
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MOIUHOCTH rettepaTopa, 3aTTHThIBaIOmero KBa3HOIITHt.JeCKJIH 

pe3oHaTop, .n:o MHHHMaJihHoro 06ecrreqttna10mero rrpo6oii 
yponm1. 8 COOTBeTCTBIUI C 3THM ypOBHeM 3aTeM 

pacct.JHThIBaJI0Ch rroporonoe none rrpo6oJI Ebr• IIonyqeHHaJI 
TaKHM crroco6oM 3aBHCHM0CTb Ebr(p) corJiaC0BaJiaCL C 
npe,n:CKa3bIBaeMOH TeopeTlll.JeCKJI. O.n:HaKO Ha rrpaKTHKe 
6LrnaIOT 11 .n:pyr11e ycnoBHJI B03\5y)K.L{eHHJ1 CBq-pe3oHaTopoB, B 
qaCTHOCTH, KOr,n:a rrpo6oii B KBa3H0IITHt.JeCKOM CBq-
pe30HaTope npOHCXO.[{HT rrpH HeH3MeHHOH HMITYJILCHOH 

M0IUHOCTH rettepaTopa [ 4]. l{enbIO HaCTOJIIUeH pa60Tbl 
51Bn51eTCJI ycTaH0BneHHe 3MIIHp11qecKOH 3aBHCHM0CTH Ebr(p) 
.n:m1 TaKHX ycnon11ii npo6o.s:, a TaK)Ke ee TeopeTHt.JecKoe 
o6bHCHeHHe. KaK 6y.n:eT I10Ka3aH0 HH)Ke, rrpo6HBHOe none 
0Ka3bIBaeTCH npH 3TOM 3Haq11TeJibH0 (B HeCK0JibKO pa3) 
6onbIIIHM 3HaqeHHH, rronyqeHHbIX B pa6oTe [ 4]. 

3KcnepHMeHT3JlbH3H YCT3HOBK3 

IlpHHUIIIIHaJibHaJI cxeMa ycTaH0BKJI npHBe,n:eHa Ha pHc. l. 
BXOMIUHH B Hee OTKpbITbIH pe30HaTop o6pa30BaH JJ:BYMH 
COOCHbIMH KpyrJibIMH ccpepHt.JeCKH - BOfHYTbIMH 3epKariaMJI C 

pa,n:11ycoM KpHBH3Hhl 3 5 CM, .L{HaMeTP0M 5 5 CM H paCCT0HHHeM 
Me)K,[{y HHMH B.[{0Jib OCH z, ·paBHblM 50,4 CM. B .ueHTPe 
pe3oHaTopa CHMMeTPHqHo II rreprreH,n:HKYJIHPHO z 
pacrronaraJiacb repMeTHt.JHaJI pa,n:11orrpo3paqHaJI KIOBeTa -
rron1,1ii KBap.ueBhIH .UHJIHH.UP c BffYTPeHHHM .n:11aMeTP0M 
2H = 8 CM. ~aBJieHHe B03.n:yxa B KIOBeTe MO)KH0 6bIJIO 
H3MeHHTb B rrpe.n:enax OT 3 .[{0 7 60 Topp II H3MepHTb C 

ToqHoCThIO ± 1,5 Topp. OcTaJibHOii o6beM pe3ottaTopa 6Lm 
3aIIOJIHeH BO3.L{yxOM rrpH aTMOCcpepHOM ,n:aBJieHHH. 
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P1Ic. l. CxeMa 3Kcnep1IMeHTaJibHOii ycTaHOBKII: 

1 - MarHe-rpoH, 2 - Q1Ipeym1Top, 3 - yc-rpoiicTBO «CB5131I», 4 -
pe3OHaTop, 5 '- KIOBeTa, 6 - K OCUHJIJiorpacpy 

Pe3oHaTop 3anlITbIBaJIC51 OT CBq-reHepaTopa, 
06ecneq1IBaIOrn:ero B O.L(IIHOqHbIX IIMnynhcax C np5IMOyronbHOH 

or1I6ruorn:eii .L(JIIITenbHOCTbIO 'tpul = 40 MKC BbIXO.L(HyIO 
MOIIJ:HOCTb B HeCKOnbKO MeraBaTT nplI QIIKJIIIqecKOM qacTOTe 

. · . 10 I· ' . 
3M-noAA (J) = 2· 10 c- , C K03(p(plIQIIeHTOM CB5131I no 

. 3 
MOIIJ:HOCTII nop51.L(Ka 1 o- II BpeMeHeM Me)K.L(y 

nocne.L(OBaTenbHbIMII IIMnynbCaMII, 6onblIIIIM HeCKOnbKIIX 

ceeyH.L(. 

B xo.L(e 3Kcnep1IMeHTOB CIIrHaJI II3 pe3OHaTopa qepe3 

nlIHeiiHbIM aMITJIIITY.LJ:Hbiii .L(eTeKTop . nocTynaJI Ha BXO.L( 
OCQIIJinorpacpa, qTo nO3BOn5InO KOHTJ)OnlipOBaTb BpeMeHHYIO 

3aBIICIIMOCTb noAA Eo, a nplI COOTBeTCTByIOrn:eii KaJI1I6poBKe - II 
ero Ben1Iq1IHY. 

Pe:iyJihT8Tbl 3KCnepuMeHTOB 

IIocne Toro, KaK B KIOBeTe ycTaHaBnlIBaJIOCb onpe.L(eneHHoe 
,L(aBneHIIe p (HaqlIHa51 C MaJiblX 3HaqeHHM), Ha BXO.L( pe3OHaTopa 
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no.L(aBaJIC51 CBq-HMnynbC. I13MepeHII51 nOKa3aJIH, qTO B.L(Onb OCH 

pe3OHaTopa none HMeeT cpopMy . CTOjJ:qeii nlIHeHHO-

non5Ip1I30BaHHOM ccpoKyc1IpoBaHHoii . TEM~BonHbI c 

MaKCIIMYMOM B ueH-rpe KIOBeTbl II BeKTOpOM 3neKTJ)ttqecKoii 

KOMnOHeHTbl Eo, nepneH.L(HKyn5IpHblM ee OCII. B o6naCTH cpoKyca 
aMnn1ITy.L(a pacnpe.L(en51eTC51 B.L(Onb npO.L(OnbHOH OCII Z no 3aKOH)' 

E=E0cos(1tz/2A), A=4,7 CM, (1) 

a B pa.L(IIaJibHbIX HarrpaBneHII5IX - KaK 

E = Eoe-(rl F)2 (2) 

r.L(e F = 6 CM. 

C BKJIIOqeHtteM CBq-lIMrrynhca none Bo BCeM 061,eMe 

pe3oHaTopa, coxpaH5151 CBOIO npoc-rpaHCTBeHHyIO CTPYKTYPY, 
HaqlIHaeT BO3pacTaTb, II3MeHIDICb B cpoKyce C TeqeHHeM BpeMeHII 

t ITO 3aKOHY 

Eo = Em (1 - e-tlt ) (3) 

C IIOCT05IHHOM 't = 5 MKC. (BenlfqlIHa Em 6y.L(eT onpe.L(eneHa 
HH)Ke.) 

IlpH HeKOTOpOM 3HaqeHHH Eo = Ehr npOHCXO.L(IIJI rrpo6ott 
BO3.L(yxa B KIOBeTe. IIptt 3TOM 3aKaqKa 3HeprttH B pe3OHaTop 

npeKparn:aJiaCb H none B HeM pe3KO crra.L(aJIO c xapaKTepHbIM 
BpeMeHeM, MeHbIIIIIM MHKpOCeKyH.L(bl. B OIIbITax nptt 
HH3KHX ,L(aBneHH5IX MOMeHT rrpo6051 BCer.L(a rrpHXO.L(IIJIC51 Ha 

rrepe.L(HHH cppOHT KOHTJ)OnbHOro HMnynbca, Ha6JIIO.L(aeMoro Ha 

3Kpatte ocuHJIJiorpacpa. IIo Mepe YBenlfqeHH51 .L(aB.f.reHH51 

aMITJIHTy.L(a CHrHaJia, nptt KOTOpoii npOHCXO.L(HT cpbIB 
npouecca 3aKaqKH pe3oHaTopa, BO3pacTaJia. nhmo ycTaHoBneHo, 
qTo rrpH IIOCTO5IHHOM 3aITIITbIBaIOrn:eii pe3OHa'rop HMnynbCHOH 

MOIIJ:HOCTH BO3.L(yx B KIOBeTe npo61IBaJIC51 TOnbKO .L(O .L(aBneHH51 

Pmax = 760 Topp. Ilptt 3TOM o6ycnoBneHHoe npo6oeM pe3Koe 
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)'MeHI,mem1e Bem1q11Hbl IIOJUI B pe30HaTope COOTBeTCTBOBaJIO 

Bepm11He HMIIYilbCa KOHTpOilbHOro ClffHaJia. 

IloIDITHO, qTo npH p = Pmax ycnoBirn Harnero 

3KC11ep11MeHTa 6bmll H)].eHTHqHbl ycnOBH51M OllblTOB, OIIHCaHHbIX 

B pa6oTe [4]. PacqeT, aHaJIOrHqHbiii 11p11Be)].eHHOMY B 3Toii 

pa6oTe, .ll.aJI .ll.Il5I p= 760 Topp aMnnHTY.ll.Y 11on51 B q>oKyce Em= 

32 KB/cM. 3TH 3HaqeHH51 p H E 6binll IICIIOilb30BaHbl )].Jl51 

1Ip11B513KII a6comOTHbIX xapaKTepHCTIIK CllrHaJia Ha 3KpaHe 

oc:uHnnorpaq>a K aMnnHry.ll.e 3neKTp11qecKoro 11on51 B 

pe3oHaTope. 

BenlfqHHa Ehr, COOTBeTCTBYIOIUM HeCKOilbKIIM, 

cne)].yIOIUIIM ,ll.pyr 3a ,ll.pyroM IIMIIYilbCaM, HMeeT 

CTaTHCTlfqeCKHH pa36poc, 1103TOMY )].Jl51 Ka)l()],oro 3HaqeHH51 p 

Ehr; KBICM 
35-r-------------------~ 
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P11c.2. 3aBIICIIMOCTb npo6oiiHoro IIOJUI OT )],aBJ1eH1151: 

1 - 3KCIIep11MeHTaJibHbie TQqK11, 2 - 3KCnep11MeHTaJibHa51 

a11np0Kc11Ma:Q1151, 3 - pacqeT 

6 

np0113B0)].lUIOCb HeCKOilbKO ee Il3MepeHHH. B TQqKe p = Pmax 

none Ehr He Il3MeH51JIOCb, a CTaTIICTilqecKIIH pa36poc 

COOTBeTCTBOBaJI MOMeHTY npo6051, q>IIKCilpyeMOMY no BeprnHHe 

KOHTpOJibHOro IIMIIYilbCa. 

EcnH .uaBJieHile B03)].yxa B KIOBeTe 6bIJIO BenIIKO II none Em. He 

6hIJIO cnoco6Ho Bhl3BaTb npo6oii, TO, )].OCTilrHyB CBOero 

MaKCIIMaJihH0ro 3Haqemrn, II0Jie B pe30HaTope 0CTaBaJI0Cb 

n0CT051HHhIM )].0 0KQHqaHil51 • cBq-HMnynhca, a 3aTeM 

3KCn0HeH:QilaJibH0 cna)].aJI0 C TOH )Ke caMOH BpeMeHHOH 

IIOCT05IHHOH L. Pe3yJibTaThl Il3MepeHHH 3aBIICIIM0CTII Ehr(P) 

BMeCTe c annpOKCIIMI1py10meii IIX KpllBOH npHBe)].eHbl Ha PIIC; 2. 

Bil3YaJihHbie Ha6n10)].eHI151 pa3p51.ll.a, npo113BO.ll.HMhie qepe3 

T0pe:u KIOBeThl, n0Ka3aJIII, qTo pa3p51.ll., KaK npaBHJl0, 

pacnonaraJIC51 B6J111311 ee· OCH II IIMeJl PMilaJibHhIH a3HMYTaJibHO

CIIMMeTpilqHbIH CTaTIICTilqecKHH pa36poc B npe,ll.eJiax 1 + 2 CM. 

O6cy~enue pe1yJ1hTaT0B 

O6hiqHQ B ~aqeCTBe KpI1Tep1rn CBq-npo6051 B 

np0CTpaHCTBeHH0 orpaH11qeHH0M HMnyJlbCH0M none 

npI1HHMaeTC51 HepaBeHCTBO [5] 
Vj2::Va+vd+y, (4) 

r)].e Vj , Va II Vd - C00TBeTCTBeHH0 qacT0Tbl II0HH3a:QHII, 

np11n11naH1151 11 .ll.llq>q>y31111 3ap51.ll.OB 113 06nacT11 npo6oiiHoro 

II0J151, a y - KpllTHqecK0e 3HaqeHHe BpeMeHHOH noCT051HHOH 

3JleKTpOHHOH JlaBHHbl. 

B CBq-pa3p51,ll.ax qacToTy Va MO)KHO o:ueHHTb no q>opMyne 

[6]: .. 

· Va =2· 104
p; 

-1 
C (5) 

7 



(3.z:i:ecb Ii BO Bcex npHBO.LJ:HMbIX Hli)Ke cpopMyJiax BeJIJiqJiHa p 

Bb1pa)Ketta B Topp). 

qaCTOTa .LJ:HQ)Q)Y31ili Vd 3aBHCHT KaK OT reoMeTPml H 

pa3MepoB o6JiaCTH npo6o.H, TaK II OT ycJIOBHii Ha ee rpatt11uax, 11 

li3BeCTHa Jllilllb M.H HeKOTOpbIX qaCTHbIX CJiyqaeB [5, 7]. B 

pa6oTe [7] IlOJiyqeHbl Q)OPMYJibl M.H pacqeTa Vd B O.LJ:HOpo.n:HOM 

IlOJie .LJ:JI.H CJiyqaeB O.LJ:HOMepttoro CJIO.H, a TaK)Ke 

UHJIHH.LJ:pHqecKOH Ii ccpep11qecKOH npocTpaHCTBeHHbIX o6JiacTeH 

C rpaHJiqHblMli IlOBepXHOCT.HMH, Ha KOTOpbIX npOHCXO.LJ:HT 

HeHTPaJIH3aUH.H 3ap.H)KeHHblX qaCTHU ( TaK qTo HX KOHUeHTPauirn 

B6JIH31i IlOBepXHOCTli paBHa Hymo ). B O.LJ:HOMepHOM CJIOe C 

TOJllllliHOH L 

Vd= ,r2 .R. -1 
2

,c 
L , 

a B UHJIHH.LJ:pe c pa.n:eycoM L 

Vd=2,422_ 
2' 

L 

(6) 

(7) 

r.n:e B COOTBeTCTBlili C pa60TOH [8] K03Q)Q)HUHeHT .LJ:HQ)Q)Y31ili 

:meKTPOHOB 

D = 1,6 · I 06 CM2 
(8) 

p C 

Bb1pa)KeH11e .LJ:JI.H qacTOTbl HOHH3aUHli MOJieKyJI B03.LJ:yxa 

3JieKTPOHHbIM y,n:apoM B o6JiaCTH KpHT11qecKoro npo6oiittoro 

IlOJI.H ( 3TOT TepMHH 6y .LJ:eT pa3b.HCHeH Hli)Ke) MO)KeT 6bITb 

3an11catto B BH,n:e 

8 

) 

v .=v ·[Eo ]/3 ·c -I 
l a E ' 

k 

(9) 

C IlOCTO.HHHOH J3 = 5,34 [6]. IlpH 3TOM aMilJIHry,n:a KpJirnqecKoro 

npo6oiittoro noJIH . 

Ek = 30p-.,/2 · ✓I~ ( OJ J\!!_ , (10) 
· Ve CM 

r.n:e qacTOTa CTOJIKHOBeHHH 3JieKTPOHOB C MOJieKYJiaMH ra3a 

9 . -1 
Ve= 4· 10 p; C , (11) 

a Eo - aMilJIHTY.LJ:a npHJIO)KeHHOro 3JieKTPJiqeCKOrO IlOJIH [6, 7]. 
Cl>opMyJia (10) cnpaae.LJ:JIHBa np11 ycJIOBHH 

OJ 
V ·O<-, 

C 1C 

r.n:e O = 2, 1-10-3 
- .LJ:OJIH 3HeprHH 3JieKTPOHOB, B cpe,n:HeM 

Tep.HeMa.H HMH rrpH CTOJIKHOBeHHli c MOJieKYJiaMH ra3a [9], ro -
UHKJIJiqecKa.H qacTOTa 3M-noJIH. B HaIIIeM CJiyqae OHO 

BblIIOJIH.HeTCH rrpH p :s; 800 Topp, T.e. BO BCeM liCIIOJib3YeMOM 

HaMH liHTepBaJie ,n:aBJieHHH. 

CoOTHOIIIeHHe (10) 06b1qHo rrpHMeH.HeTCH .LJ:JI.H Toro, ~06bI 

xapaKTep113oBaTh CBtI-pa3pH.n: KaK rrpo11cxo.n:xm11ii rrp11 HH3KOM, 

cpe.n:HeM HJIH BbICOKOM ,n:aBJieHHli [10]. TaK, BbICOKHe ,n:aBJieHHH 

IIO.LJ:Pa3YMeBaIOT BbIIIOJIHeH11e ycJIOBHH Ve> ro (Ex)= 42p; B/cM, a 

Hli3KHe-Vc < ()) (Bi.) = 1 o-8ro; B/cM. B HaIIIHX 3KCnepHMeHTax 

9 



Ve= ro y)Ke npH = 5 Topp,H, cne,noBaTenbHO, Mbl HMeeM 3,lleCh 
,neno c CB1I-npo6oeM npH BhICOKOM H cpe,nHeM .naaneHmIX. 

HaKOHe.Q, nocne,nIDrn BenwrnHa B COOTHOilleHHH ( 4) -
nOCTOHHHaH naBHHbI: 

r 
In(Nm I N0) 

r pul 

-1 
C (12) 

(cM. [5]), .non)KHa o6ecneqHBaTh 3a BpeMH npOXO)K,lleHHH 'tpul 

3M-HMnynhca c nOCTOHHHOH aMIIJIHTy,noii pOCT KOH.QeHTPaUHH 
(HJIH qlfcna) 3neKTPOHOB OT Manora HCXO,llHOro 3HaqeHHH No .no 
BenHqHHbl Nm, cpttKCHpyeMOH B 3KCnepHMeHTe. 8 cnyqruix, 

KOr,na npo6oii perHCTPHpyeTCH BH3YaJihHO, no caeqeHmO 

pa3pH,na, BenttqHtty ln(Nm!No) npttHHTO cqHTaTh paBHoii 20+30 
[11 ]. 

C yqeTOM COOTHOilleHHH (9) KpHTepttii ( 4) .naeT )lJIH 

noporoBoro npo6oiiHoro nonH 3HaqeHtte 

vd r 
[ ]

(1 / /3) 

E br =Ek 1 + v a + v a , (13) 

OTKy,na cne.nyeT, qTo none Ebr MHHHMaJibHO, ecntt OHO 

0,llHOpO,llHO, HenpepbIBHO H BenHqJIHbl vd, y = 0. TaKoe none 
Ha3hIBaIOT KpHTHqecKHM. IlpH E0 = EK qacToTa HOHH3aUHH 

KOMneHCHpyeT nHillb noTepH 3neKrpOHOB Ha npttnHnaHHe ( CM. 

(9)). 
O.u;eHHM, KaKHe 3HaqeHHH cne,nyeT nonaraTh B cpopMyne 

(13) )lJIH OTHOllieHHH vJva tt y/va . KaK y)Ke OTMeqaJIOCh Bhlllie, 
npttHHMaH. BO BHHMaHHe, qTo ycnoBHH Hamero 3KCnepHMeHTa 

COOTBeTCTByIDT CB1I-pa3pH.ny nptt ,llOCTaToqHo BbICOKHX 

10 

v 

,naaneHHHX, Kor.na MO)KHO ttcnonh30BaTh HeKOTOpbie 

ynpOIUaIOIUHe npH6ntt)KeHHH. 
B Haurnx OnhITax CHH)KeHHe BenHqHHbl nonH Ha 

HeCKOnhKO npoueHTOB npOHCXO,llHT npH CMeIUeHHH OT TOqKH 

q>OKYCa B)lOnh OCH z Ha paCCTOHHHe Zo = 0,45 CM, a no 

pa,nHaJibHOMY HanpaaneHHIO - Ha paCCTOHHHe fo = 0,67 CM. ,[(nH 

oueHKH ,llttcpcpy3HOHHOH qacTOTbl Vd ( no MaKCHMYMY) .nonycTHM, 

qTo npo6oii npOHCXO)lHT HMeHHO B 3TOH UHnHH,llpHqecKOH 
o6naCTH BbICOTOH 2Zo , pa,nHyCOM fo tt qTo none TYT O,llHOpO,nHO. 
IToHHTHO, qTO 3cpcpeKTaMH BbIXO,lla 3neKrpOHOB H3 TaKHM 

o6pa3oM onpe,neneHHOii o6nacTtt npo6oH MO)KHO npeHe6peqh, 

ecnH ,nttcpcpy3HOHHaH )lJIHHa npttnttnaHHH 3neKrpOHOB 

~ 
9 

la = = -;cM (14) 
p 

y ,noaneTBOpHeT ycnOBHIO 

la<< 2Zo , ro . (15) 

B HalliHX onbITax HepaaeHCTBO (15) BbIIIOnHHeTCH, ecnH 

p ?:: 100 Topp, H COOTHOllieHHH (6), (7) ,llaIOT TOr,na 3HaqeHHe 

vJ Va~ l,3-103/p2 = 0,13. 
TaKHM o6pa30M, B ycnOBHHX HalliHX 3KCnepttMeHTOB, no 

KpaiiHeH Mepe npH p ?:: 100 Topp, BnHHHHe ,nttcpcpy3HOHHOro 
yxo.na 3neKTpOHOB H3 o6nacTH 0,llHOpO,llHOCTH nonH Ha aenttqHHY 
Ebr npeHe6pe)KHMO MaJIO. BMeCTe C TeM H3 pttc. 2 cne,nyeT, qTo, 
HanpHMep, npH p = 100 Topp cpe,nHee 3KCnepttMeHTaJihHOe 

3HaqeHtte Ehr= 14 KB/cM, T.e. B 3,3 pa3a 6onhme ~ = 42p = 

4,2 KB/cM. Cne,noBaTenhHO, Ha6n10,naeMoe npeBhiilletttte 
npo6oiiHoro nonH Ha,ll KpHTHqecKHM Henh3H o6bHCHHTb 
BnHHHHeM Heo,nHopo,nHOCTH 3M-nonH Ha npouecc pa3pH,na. 
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Cne.uyeT rro.uqepKHYTh, qTo npttcyTCTBHe B KpttTeptttt ( 4) 
nOCT051HHOH y CB513aHO C HeKOTOpOH Heonpe.ueneHHOCTblO. 8 
nttTepaType TepMHHOM «rrpo6ow» Ha3hIBaeTC51 51BneHtte, 

npOHCXOMW:ee npaKTifqeCKH MrHOBeHHO, C HyneBOH 

MHTenhHOCTblO [7]. no cymecTBY, 3TOT TepMHH OTMeqaeT 

n:ttlllh TO, qTo .ueHCTBYIOW:ee Ha ra3 none npeBOCXOLJ:HT 

HeKoTopoe noporoBoe 3HaqeHtte. CaM )Ke npouecc, 

CTapTYJOW:HH B ra3OBOH cpe.ue H ttMeIOW:HH onpe.ueneHHYJO 

MHTenbHOCTb, npttH51TO Ha3bIBaTb ra3OBhIM pa3p51.UOM. 

Heonpe.ueneHHOCTb TepMHHOB «npo6ow» H «pa3p51.U» 

ycrpaH51eTC51 n:ttlllb ITOCTaHOBKOH KOHKpeTHOro 3KCnepHMeHTa -

TeM, qTo, co6cTBeHHO, B HeM tt3Mep51eTC51. Tipouecc pa3p51.ua 

conpOBO)l()laIOT cnO)I(HbJe 51BneHtt51: ra3 HaqttHaeT CBeTHTbC51, 

CTaHOBHTC51 npOBOMW:HM, o6pa3yeTC51 nna3Ma, HCKa)I(aJOW:a51 

HCXO.UHOe none,tt T . .u. l13MepeHH51 BenttqHHhl npo6oHHOro non51 

Ebr , :ttcnonh3YIOW:He pa3n:ttqHbie oco6eHHOCTH pa3p51LJ:a, MOryT 

np:ttBOLJ:HTb K pa3nttqHblM KOn:ttqeCTBeHHblM pe3ynhTaTaM. 

PacCMOTPHM C 3TOH TOqKH 3peHH51 _oco6eHHOCTH Halllero 

3KCnep:ttMeHTa, HCITOnb3Y51 .Un51 3TOro p:ttc. 3, r.ue noKa3aHa 

3aBHCHMOCTb OT BpeMeHH (HaqttHa51 C MOMeHTa nocTynneHH51 

CBq-:ttMnynhca) 3M-noJI51 B cpoKyce pe3oHaTopa Eo = E0(t). 
B HHTepBane O ~ t < tk none E0(t) < EK tt pa3MHO)l(eH:tte 

ITO51Bn51IOW:HXC51 B6n:tt3H cpoKyca 3neKrpOHOB KOMneHcttpyeTC51 

HX np:ttnttnaH:tteM K MoneKynaM ra3a, y cnOB1rn, 

o6ecneq:ttBaIOW:He HX pa3MHO)l(eH:tte, peaJIH3YIOTC51 nHillh nptt 

t ~ tk, (K ToqKe c Koop.n.:ttHaTaM:tt (tk, EK) Ha p:ttc. 3 npttB513aHo 

Haqano HOBOH CHCTeMbI KOOp.U:ttHaT - Eo(t').) BMeCTe C TeM nptt 

t > tk B TeqeHHe HeKOTOporo BpeMeHH o6pa3yIOW:a51C51 pa3p51LJ:Ha51 

nna3Ma Bee eme He BnmieT Ha npouecc HaKaqKtt 3M-3Hepr:tttt B 

pe3OHaTop, H none B HeM npo.n.on)l(aeT BO3pacTaTb. K MOMeHry 

t' = t* BCJie,LJ,CTB:tte pa3BHTI151 pa3pH.n.a cpopM:ttpyeTC51 

pe3oHaHCHbIH CBq-Btt6paTop, Haq:ttHaIOW:HH HHTeHCHBHO 

nornomaTb HaKOITJieHHYIO B pe3OHaTope 3M-3Heprttl0 [3]. 8 
pe3yJihTaTe npOHCXOLJ:HT paccornacoBaHHe CHCTeMbl reHepaTop -

12 

I 

\ 
'I 

~~~ I Eo(t') l 

~ 
~-;J 

~ 

~] 

~ 4 t 

P:ttc.3. 3aBHCHMOCTb OT BpeMeHH ITOJI51 B cpoKyce pe3oHaTopa 

1 - pa3MHO)l(eHtte 3JieKrpOHOB no,LJ,aBJI51eTCH npHJIHITaHHeM, 2 -
yqacTOK pa3BHTHH pa3pH.ua OT e.uHH:ttqHOro 3JieKrpOHa .uo 

ccpopM:ttpOBaHHOrO ITJia3MeHHOrO BH6paTopa 
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pe3oHaTop II none B nocJie.n.HeM pe3KO cna.n.aeT. B ttarneM 
3Kcnep11MeHTe g:>aKTH"l!eCKH II H3MepJieTCJI Bem1q1rna, 
nponop:curnHaJibHaJI C)'MMe Eic + E*, KOTOpoii npH.n.aeTCJI CMbICJI 
rpaHH"l!Horo npo6oiiHoro IIOJI51 

Ebr =Ek+ E*. (16) 

Ilo.n.TBep,n:HM np11Be.n.eHHbie coo6pa)KeHHJI 
KOnH"l!eCTBeHHbIMH oueHKaMH. Ilpe)K,n:e Bcero 3aMeTHM, qTo 
ypaBHeHHe 3JieKipOHHOro 6aJiattca B 3a,n:aHHOM 3M-noJie HMeeT 

BIil]; 

BN =(v.-v aJN, 
8t l 

OTKy.n.a cne.n:yeT 

* 

In Nm = t f [ vi (t')- v a] dt'. 
No o 

(17) 

IlpHHIIMaJI BO BHHMaHHe COOTHOIIIeHHe (9) H TO, qTO Eo(t) = EK+ 
+ Eo(t') , Bbipa)KeHHe ,n:JI5l 3g:>g:>eKTHBHOH qacTOTbl HOHH3aUHH B 

OKpeCTHOCTH Eo = Eic MO)KHO 3an11caTb B BH)].e 

; -Va= Va·[ (E~~)r -1]: Va· /J ·[ E~~) -1] = 

IlpH t' ~ 0 none 

=Va. fl. Eo(t')_ 
Ek 

14• · 

Eo(t')= t.E-[1-e -t'/ r} 
r.ae 

~E = Em-Ek, (18) 

CJie.n.oBaTeJibHO, 

v . -v ~ v . p. ~E [1-e -t' I,] 
z a a E . 

k 

TTo.n.cTaBHB :no Bb1pa)Kem,1e B q:>OpMyJiy ( 17) H HHTerp11pyJI, 
IIOJIY"lJ:HM ypaBHeHHe )].JIJI BbJqHcJieHHJI BpeMeHH t*: 

A+ I - e-t*I r _ t * 
r 

r.n.e 

N Ek · ln ___ !!1 

A= No 
T ·Va. /J • ;').E 

TTocKOJibKY B ttarneM cJiyqae 

t* 
-<l, 
r 

, 

(21) 

TO g:>opMyJia (19) cymecTBeHHo ynpomaeTcJI: 
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(19) 

(20) 



t* =.fl-A. 
r 

(22) 

Haii.ueHHOe OTCIOJ{a IUIH. H.3 ypaBHeHH.H (19) OTHOIIIeHH.e speMeH 

t* /-r IIO3BOJUleT orrpe.n:eJIH.Tb IIOJie 

E * =~E{ 1-e -/ Ir J (23) 

11. rrpo6oiittoe rroJie Ebr (cM. (16)). 
qTO KacaeTCH BXOMmeii B 3TH. Bbipa)KeHH.H BeJI11.qH.Hbl 

ln(Nm!No), TO MH HaIIIero CJiyqa» ee MO)KHO BbJqH.CJIH.Tb C 

IIOMOlllhlO rrp11.se.n:eHHOH Ha p11.c. 2 3KcrrepHMeHTaJihHOH KpH.BOH 

Ebr(p ), BhI6pas KaKyIO-JIH.60 ToqKy Ha Heii B KaqecTBe orropHOH. 

Harrp11.Mep, rrp11. p = 100 Topp pacqeT .n:aeT ln(Nm!No) = 25. Ha 

p11.c. 2 IIYHKTH.pOM II0Ka3aHa 3aBH.CH.MOCTh Ebr(P ), paccq11.TaHHaH 

C TaKH.M HeH.3MeHHhIM MH scex p 3HaqeHH.eM ln(Nm!No). KaK 

BH.J{HO, OHa rrpaKT11.qecKH. He OTJIH.qaeTCH OT 

3Kcrrep11.MeHTaJihHOH. 

Ba)KHO rro.uqepKHyrh, qTo rrp11.se.n:eHHaH 3.lleCh BeJI11.q11.Ha 

ln(Nm!No) 11.MeeT cp11.311.qecK11.ii CMhICJI, OTJIH.qHhIH OT Toro, 

KOTOpbIH rrp11..n:aBaJICH :noii: BeJI11.q11.He BhIIIIe rrpH BbJqH.CJiemm 

rrapaMerpa y. .lJ:eii:cTBH.TeJihHO, B ttanmx orrhITax rrpo6oii: 

per11.crpHpyeTCH Ha 3KpaHe OCI.J;H.JIJIOrpacpa KaK MOMeHT 

rrpephrnaHH» 3aKaqKH. CBq-3Hepr11.M s pe30HaTop. flp11. 3TOM 

H.CKJIIOqaeTCH Heorrpe.n:eJieHHOCTh, CBH3aHHaH C perMcrpau;irnii 

MaJibIX IIJla3MOH.)J,OB, II03TOMY B .n:aHHOM CJiyqae Nm - 3TO 

3cpcpeKTMBHOe KOJIH.qeCTBO 3JieKrpOHOB B MOMeHT pa3phIBa CBH3H. 

pe3OHaTopa C MCTOqHH.KOM CBq_ 

PaCCMOTPMM 3TOT sorrpoc rro.n:po6ttee. XopOIIIO H.3BeCTHO 

( CM., HaIIpH.Mep, pa6ory [1 0]), qTo CTapTOBOH rrp11.q11.Hoii: 
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B03HH.KHOBeHH.H JiaBMH006pa3HOH BOJIHhl MOHM3aI.J;H.M, 

rrpHBO.ll»llleH K 6hlCTPOMY HapacTaHH.IO 3JieKrp11.qecKoro IIOJUI Ha 

KOHu;ax pa3pH.llHOH RH.TH, HBJUieTCH IIOHBJieHMe HaqaJibHOro 

ITJia3MeHHOro ».n:pa C pa3MepoM r, 60JihIIIMM .n:e6aeBCKOro 

pa.n:11.yca fD. B HaqaJibHOH CTaJ{H.M pa3BH.TH.H IIJla3MOH.J{a, KOr)J,a 

ero BJIH»H11.e Ha BHeIIIttee 3JieKrp11.qecKoe -rroJie eme MaJIO, 

yseJI11.qeHH.e pa3MepoB IIJia3M.OM.lla OIIMChIBaeTCH ypaBHeHMeM 

.llHcpcpy3HH., II03TOMy 

r(t) ~ .J D(t)t, 
r .n:e D - K03cpcpHu;MeHT .llHcpcpy311.M 3JieKrpOHOB ( CHaqaJia 

CB060.llHOH, 3aTeM . - aM6MIIOJIHpHOH). .lJ:aJibHeHIIIMH pOCT 

pa3MepOB CBq-CrpH.Mepa IIpOH.CXO)J,MT C 3KCIIOHeHI.J;MaJibHO 

B03pacTa10meii: CKOpOCThlO [12] C MMTeJibHOCThlO, He 

rrpeBbllllaIOllleH '!break = 0, 1 MKC [ 4]. OTCIOJ{a, MO)KHO O)KH.,llaTh, 

qTo B TeqeHMe scero rrpou;ecca, BIIJIOTb .llO OKOffqaHHH 3aKaqKM 

CBq-3HeprMH. B pe3OHaTOp, H.MeHHO )J.Hcpcpy3MOHHaH CTaJ{HH 

BHOCMT HaH.6oJiee cymecTBeHHhlH BKJia)J, s IIpO)J,OJl)KMTeJibHOCTb 

pa3BMTH.H IIJia3MOH.J{a. CorJiaCHO ou;eHKaM [ 4] o6ma» 

rrpO)J.OJl)l(MTeJibHOCTb .n:11.cpcpy3MOHHOH CTaJ{MM pa3BMTH.H 

IIJ1a3MOM.lla '°tD rrpM6JIM3MTeJibHO paBHa 0,6 MKC. B TO )Ke BpeMH 

Ha6JIIO.n:aeMa» HaMM 3aBMCMMOCTh Ebr(p) xopoIIIO OilMChIBaeTCH, 

ecJIM rrpe.n:rroJIO)KlfTh, qTo xapaKTepttoe speM» 3aIIa3.llhIBaHMH 

HaqaJia rrpo6o» 'tret IIOCJie )J,OCTM)l(eHH.H KpMTH.qeCKOro 3HaqeHHH 

IIOJUI COCTaBJIHeT 2,5 MKC: 

Ebr= Em (I- exp[-(tK +-rret)l-r]), (25) 

r)J,e · 

tK = --r*ln(l- Ek / Em) (26) 

BpeMH cpopMMpOBaHH.H KpH.TH.qeCKOro IlOJUI Ek, Haii)J.eHHOe C 

noMOlllhIO (3), a Ek orrpe)J.eJUieTC» cpopMyJioii: (10). O3Haqaer JIM 

3TO, qTO pattee orry6JIMKOBaHHhie [ 4] arrpMOpHbie o.u;eHKH. 
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,lUIIITeJII,HOCTH .n:ml>ci>Y3110HHOH CTa,n:1111 pa3BMTIUI nJia3MOM,n;a 

3aHmKeHhI Ha ~-r = 'tret -'tbreak-'tD = 1,8 MKC ? C Hameii TOqKM 

3pemrn, HeT. Eom,m11e ci>JIYKTYaUMII BeJiwrnHhI npo6oiiHoro 

TTOIDI Ebr , Ha6mo,n;aB,IIIHeCH Ha 3KCIIepHMeHTe ( CM. pHC. 2), BpH,n; 

Jill MoryT 6hITh o6nHCHeHhl npOCThIM C)],BllfOM Haqana BpeMeHM 

rrpo6oH Ha HeKOTOpoe ci>IIKCHpOBaHHOe 3HaqeHMe BeJilfqlfHhl 'to. 

Ilo3TOMY o6paTIIMCH K paccMOTPeHIIIO eme 0)],HOro, He 
yqTeHHOrO IIOKa cl>aKTOpa, BHOCHIUero CBOH BKJia)], B 3a)],epiKKY 

rrpouecca pa3BHTIIH IIJia3MOM,n;a. 
~o 3TOro Mhl noJiaraJIII, qTo B MOMeHT t = tk B6JIM31f cpoKyca 

npHCYTCTByeT XOTH 6bI 0)],MH CBo6o,n;HhIH 3JieKrpOH No= 1. 3To 
no,n;TBep)K)],aeTCH II 3KCIIepHMeHTaMH [3]. O)].HaKO BOnpoc MX 

npOIICXO)K)],eHIIH BeChMa HenpOCT. 

1l11cJIO 3JieKIJ)OHOB, pO)K)],aIOJUIIXCH B B03,n;yxe B6JIM31f 3eMHOH 

IIOBepXHOCTif npH cl>oHOBOM ypOBHe pa,n;11au11M 

nq=Ilq=(l,3+4)·10-
2
p; (cM

3
cr

1
. (27) 

B qacTHOCTH, 11p11 760 Topp Ilq = (10 +30)/(cM
3
·c) [11]. TipH 

KOMHaTHOH TeMrrepaType B pe3yJihTaTe npouecca TPeXTeJihHOro 
rrpHJIIIIIaHIIH, qacTOTa KOTOporo 

Val =(10-p)2._!_ 
' ' . . C 

(28) 

OHM 6hICTPO 11pHJI11naIOT K MOJieKyJiaM KIICJIOpo,n;a. Hanp11Mep, 

rrp11 7 60 Topp BpeMH rrpHJIHIIaHHH llv a1 = 1, 7 · 10-
8 

c. EcJIM 

yqecTh, qTo B HaIIIHX 3Kcrrep11MeHTax Eo ~ EK B 061,eMe V = 

1Cfo 2• 2z.o = 1 CM3
, TO cpe,n;HIIH IIHTepBaJI BpeMeHII MeiK,n;y 

nOHBJieHlleM B HeM CJie,n;y10m11x ,n;pyr 3a ,n;pyroM 3JieKrpOHOB 

1q = 1/(Dq·V}= 3,3-lff
2 

c. .. 
-Eonee · : ToqHhiii · pacqer · rrpricTPaHCTBeHHhIX . · cpnyKT)'auilii' 

IIJia3Mo11,n;a .n.oniKeH yq'HThrnan· TaK)Ke· ·11 ripouecch1 oTnMriattirn· 

18 

3JieKrpOHOB OT OTPMUaTeJihHhIX MOHOB KMCJIOpo.n.a C yqeTOM 

BJIMHHMH CBq-IIOJIH KpMTlfqecKoro ypoBHH. 11CXO)],HaH 

KOHUeHTPaUMH OTPMUaTeJihHhIX MOHOB KMCJIOpo.ua B B03,n;yxe 

n_ =f; CM-
3
, (29) 

r.n.e 

a =2•} o-6; CM3 C-l (30) 
r 

MX K03ci>cpHIJ:MeHT peKOM6MHaUMII. B qaCTHOCTM, npH p = 
760 Topp KOHUeHTPaUMH MOHOB COCTaBJIHeT 4-103 CM-3. 

Tipouecc OTJIMnaHMH 3JieKTPOHOB OTTMChIBaeTCH ypaBHeHlleM [9] 
dn/dt=kNn _ , (31) 

rJJ.e k=l0-
18

cM
3/c, a N=3,3 1016p - qlfcno MOJieKYJI B 1 cM3. 

XapaKTepHblH 061,eM o6JiaCTM, COJ],epiKameii B TeqeHMe BpeMeHM 

HapacTaHMH MMTTYJihCa HaKaqKlf no KpaiiHeH Mepe OL{MH 

3JieKrpOH, orrpe.uenHeTCH BhipaiKeHMeM 

V=(kNn_~-rr
1
• 

CooTBeTCTBeHHO, pa3Meph1 o6JiaCTM 

pa3pH.ua, 

~ = (kNn_~-rrl/3, 

(32) 

cpIIyKTYaUHH IIOJIOiKeHHH 

(33) 
MMeIOT IIOPH.UOK 1 CM, qTo COOTBeTCTByeT Ha6n10.n.aeMhIM 
3HaqemrnM. 

3aKJuoqeuue 

113yqeHMe oco6ettHocTeH 6e33JieKrpO.UHoro npo6oH Bo3.uyxa B 
o6nacTM BhICOKoro M cpe.uHero .uaBneHMH B csq-3M-none 

KBa3MOilTRqecKoro .UBYX3epKaJihHOro pe3oHaTopa IlOKa3aJIO, qTo 

B onpe.ueneHHhIX ycnoBHHX rroporoBoe none rrpo6oH MOiKeT 
cyIUeCTBeHHO rrpeBbIIIIaTh KpRTRqecKoe none npo6oH. 
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3To .HBJiemie MO)KHO o6b.HCHHTb B03pacTalOlUHM, pe3KO 
ttecTatiHottapHbIM xapaKTepoM 3M-noJIH B npouecce npo6o.H. 
BenwmHa npeBbIIIIeHH.H TeM 3Haq0TeJihHee, qeM 60JibIJJe 
aMilJIIIT)',lI.a .n.eiiCTBYI01Uero Ha ra30BYIO cpe.n.y nOJI.H H qeM 

6hICTPee npo0cxo.n.0T HapacTaHHe noJI.H dE/dt. EcnH 
.n.eiiCTByIOlUee Ha ra3 none cymecTBeHHO npeBOCXO)].HT 
KpIITIIqecKoe, TO o6ttapy)KeHHOe .HBJieHHe CTaHOBIITC.H He 
3aBIIC.HlUIIM OT BeJIIIqIIHbl .uaaneHH.H. Otto 51BJI.HeTC51 

onpe.n.eJI.HIOlUIIM a o6nacTH BbICOKIIX .n.aaneHIIH, Kor.ua BJIH.HHHe 
.n.mpcpy3IIOHHbIX 3cpcpeKTOB Ha BeJIHqHHY npo6oiittoro IlOJI.H 
npette6pe)KIIMO MaJIO. 

3KcnepIIMeHT nOKa3aJI, qTo B cnyqae pa3BHTH.H pa3p.H.n.a Ha 
cppOHTe 3aKaqKII 3M-3tteprIIII B pe30HaTop 3aKJIJOqHTeJibHblH 
3Tan 3TOro npouecca, CB.H3aHHbIH C IIHTeHCIIBHbIM nornomettHeM 

pa3p.H,lI.HOH IlJia3MOH HaKOilJieHHOH B pe30HaTope 3Hepnrn, 

npOIICXO,lI.IIT a cymecTBeHHO Ha,lI.KpHTHqecKOM none. 3TO 
o6CTO.HTeJibCTBO Ba)KHO npII aHaJIII3e nYTeii npaKTIIqecKoro 

npIIMetteHII.H TaKoro BII)].a pa3pH.n.a, nOCKOJibKY B 3TOM cnyqae 

CKOpOCTb cpopMIIp)'IOIIJ,HX ero 3JieKTPO.UHHaM0qeCKHe CBOHCTBa 

IIOHII3aUIIOHHbIX npoueccoB 3HaqIITeJibHO npeBOCXO)].HT 

CKOpOCTb TeilJIOBbIX npouecCOB B ra3e pa3p51,lI.HOro Kattana. 

11cnOJib30BaHHa.H HaMII MeTO,lI.IIKa II3MepeHIIH BeJIIIqIIHbl 

npo6oiittoro nOJI.H 0 ee CTaTIICTIIqeCKIIX xapaKTepHCTIIK MO)KeT 
cny)KIITh IIHCTPYMeHTOM .n.anhtteiiIJJIIX Hccne.n.oaatt0ii 
oco6eHHOCTeii cpII3IIqecKIIX 51:BJieHHH, npOIICXOMIIJ,IIX npII 
ra30BbIX pa3pH.n.ax, HanpIIMep npoueccOB po)KAeHII.H CB060)].HbIX 

3JieKTPOHOB B ra3ax rro.n. .n.eiicTBIIeMx CBq-noneii KpHTIIqecKoro 
ypoBH.H. C nOMOIIJ,blO HaIJJeii MeTO)].IIKH MO)KHO II3Mep51Tb 

apeMeHa cpopMIIpOBaHII.H pe30HaHCHbIX CBOHCTB CTPIIMepttoro 

cBq-pa3pH.n.a II T. )].. 
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