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1. Bee.aeHHe 

n pH paspa50TKe MeTO.U8 epeMeHH IIponeTa ,ami HeATpOHOCTpyKTypHbiX 

Hccne.aoeaHHA Ha HMrrynbCHOM peaKTope y)Ke o6pamanocb BHHMBHHe Ha 

B03MO)KHOCTb H3y"ieHHSI 9THM MeTO.OOM o5paTHMbiX rrepeXO.OHbiX IIpOU9CCOB 

B KpHcTannax I 1!. npH 9TOM HMenOCb B BHilY onpeaeneHHe 38BHCHMOCTH 

HHTeHCHBHOCTH .OH~p8KUHOHHOrO pacceSIHHSI HeATpOHOB Ha o5pasue OT epeMeH

HOA 38.09p)KKH MOM9HT8 paCC9SIHHSI HeATpOHOB OTHOCHT91lbHO H8"i8JI8 rrepe

XO.OHOrO IIpouecca, KOTOpbiA Bbl3b!B89TCSI IIepHO.OH"ieCKHM B03.09ACTBHeM Ha 

' Oopaseu HMIIYJibCOB BH9llJHero II011SI. 0TM9"i8110Cb, 'iTO MHHHM81lbHOe BpeMSI 

paspeweHHSI 9TOrO M9TO.ll8 OK0110 100 MKC9K. 3Ta B911H"iHH8 OIIpeaenSieTCSI 

tliiHT9JibHOCTbiO BCIIbillJKH T9IIJIOBbiX HeATpOHOB B peaKTOpe C 38Me.OfiHTeneM. 

8 H8CTOS!ll.{elt pa5oTe OIIHCbiB89TCSI HeCKOJibKO HOBbiX M9TO.OOB HCcne

tlOB8HHSI rrepexo.oHhiX rrpoueccoe. OcHOBHoA oTnH"iHTenbHoA oco6eHHOCTbiO 

3TJ.IX M9TO.OOB SIB11SieTCSI 3H8"iHT91lbHO 5onee BbiCOKOe Bp9M9HHOe paspewe-

HJ.Ie. 

2. MeTo.o HSMepeHHSI epeMeHHoll: saeucnMoCTH au~paKUHH 

HeATpOHOB 

reoMeTpH'I9CKH IIepBbllt H3 p8CCM8TpHB89MbiX 3.09Cb M9TO.OOB (pHC. } ) 

He OTJIH"iaeTcSI OT yrroMSIHyToro BhiWe crroco5a. CymecTBeHHoll: oco6eHHOCTbiO 
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ero HBllH9TeH TO, 'ITO paeeeHHH9 HeJtTpOHOB llpOH3BO~HTeH B T9'19HH9 aeero 

rrepexo~HOI'O npoueeea, T.e. onpe~enHeTeH epasy BeH Bp9M9HH8H 38BHeHMOeTb 

paeeeSIHHH, npH 3TOM ~llH TOI'01 'IT06bi perHeTp8UHH HeJtTpOHOB ~eTeKTOpOM 

oeyweeTBnHnaeb B ToA )1{9 apeMeHHOA rroene~oaaTenbHoeTH, 'ITO H paeeeHHHe 

H8 o6pa3U9 1 <tJHKeHpyeTeH ~llHH8 BOllHbl H9ltTpOHOB 1 paeeeHB89MbiX OT Hei10llb-

3Y9MOlt KpHeTannorpa<tJHqeeKOlt I1llOeKOeTH 1 a ~9T9KTOp I10M9Lll89TeSI Ha ManoM 

paeeTOHHHH oT o6pa3ua. B enyqae nonHKpHeTannHqeexoro o6pasua (pRe. 16) 

~nH 3TOI'O llpHXO~RTeH HellOllb30BaTb Lll9ll9Bbl9 KOllllRMaTOpbl B nepBR'IHOM If 

BTOpH'IHOM nyqxax - B OTIIR'IR9 OT enyqag MOHOKpReTannRqeeKOI'O o6pasua 

(pHe. 1a), KOr~a ~OeTaTO'IHO KOllllRM8UHR O~HOI'O rryqK8 1 eenR MOHOKpHeTann 

o6na~aeT ManoA MosaH'IHOeTb~. 

npH H3MepeHRR nepeXO~HOI'O npoueeea (pRe. 1) o6pa39U llO~BepraeTeH 

nepRO~HqeexoMy ~eAeTBR~ npSIMoyronbHbiX RMnynbCOB nonH (pRe. 2a). Ao

nyeTRM, 'ITO Bene~eTBR9 3TOI'O eeqeHHe KorepeHTHOI'O yrrpyroro paeeeSIHRH 

HeltTpOHOB OT KaKoA-nH60 KpReTannorpa<tJRqeexoA nnoexoeTR R3M9HS19TCH 0 

K8K I10K83aHO Ha pHe. 26. EenH nepBR'IHbllt nyqoK - OT HMllyllbCHOI'O ReToq-

HRKa e ~IIRT91lbHOeTb~ BellbllllKH ( nonaraeM, 'ITO <tJopMa RMnynbea T 
Bell 

H3llyqeHHH - I1pHMOyi'OllbH8H) 0 TO npR eOOTB9TeTBy~LlleA eRHXpOHH38URH RM-

nynbea R3lly'19HRH OTHOeRT91lbHO RMI1YllbC8 BH911JH9I'O llOIISI nonyqRTeH HeltTpo

HOrpaMMa ( e llOMOlllb~ Bp9M9HHOI'O aHallR3aTopa) 1 llOK838HHaH Ha pRe. 2B. 

BpeMeHHOe eMellJ9HR9 Haqana R3M9HH~lllelteH qaeTH HeltTpOHOrpaMMbl OTHO

eRT91lbHO Haqana RMnynbCa nong paaHo e L 2 .\ 10 , r ~e L 2 -paeeTOSIHRe 

oT o6pasua ~o ~eTeKTopa, .\ 
10 

-epe~Hee sHaqeHRe ~nRHbi aonHbi paeeeH

aaeMbiX HeJtTpOHOB 1 C -K03<P<1:>RUR9HT nponopUHOHallbHOeTH (paBHbllt 252,7, 

eenR L 
2 

-a MeTpax, .\ 
10 

-a aHreTpeMax, apeMH - a MKeex). 

EenR ReTO'IHHK •6enoro' nepBH'IHOI'O nyqxa - eTaUROHapHbllt peaKTOp, 

BO Bp9MSI nepexo~HOI'O npoueeea npoReXO~RT ~R<1:JpaKUHOHH09 paeeeHHRe 

HeATpOHOB e ~RexpeTHbiM pH~OM sHa'leHHA ~nHH aonH. Ha pHe. 2r rroxasaHa 

qaeTb HeltTpOHOrpaMMbl e paeeeHHH9M I1pR ~llHHax BOIIH .\ IO R .\ 20 • B 

enyqae MOHOKpReT8llllR'19eKOI'O o6pasua 3HaqeHHH .\ 10 R A 20 t oqe

BH~H01 KpaTHbi. YJs pRe. 2r BR~H0 1 'ITO B enyqae eT8UROHapHOI'O peaKTOpa 

aenH'IHHa c L 
2 

( .\ 
11 

+ 
1 

l 0 - .\ 1 0 ) ~Oil)I{Ha 6blTb He MeHbllle ~nRTenbHOeTH 

T nepexo~HOI'O npoueeea. ropR30HTallbHbiMH nyHKTHpHb!MH IIHHHHMH Ha 

pRe. 2B,I' 0603H8'19H8 apeMeHH8SI 38BHeRMOeTb HHTeHeHBHOeTH B enyqae 
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OTeyTeTBHSI BH911JH9I'O llOIISio QqeBH~HO, B enyqae eT8UROH8pHOI'O HeTO'IHHKa 

HM98TeH noeTOHHH8H eoeT8BIIH~lllaSI HHTeHeHBHOCTH (pRe. 2r), a OTM9'19HHaH 

Ha rpa<1:JHK9 HHTeHeRBHOeTb I O ( .\ 1 O) pasHa HHT9HeHBHOCTH Beex OTpa)l{eHRJt, 

ReKn~qag 0Tpa)I{9HH9 e ~llHHOJt BOllHbl .\ 1 O 

PaeeMoTpRM apeMeHHoe pa3peweHHe MeTo~a. QqeaH~Ho, npH ~H<tJpaxuHH 

Ha llOIIHKpHeTanne (pHe. 16) HIIH MOHOKpHeTanne e ~BYMH KOllllHMaTopaMH 

HHTepaan ~IIRH BOIIH HeltTpOHOB, paeeeRaaeMbiX B Ka)l{~bllt MOM9HT BpeMeHH 

Ha o6pasue B eTopoay aeTeKTOpa, paBeH 6. .\It= .\ 0 y I v 2 tg e 0 rae .\0- epeaHHH 

~IIHHa BOIIHbl HeATpOHOB, pasHaS! 2 d sin e 0 I n • e 0 -nonoBHHa yrna 

paeeeSIHHH, y -yrnoaag paexo~RMoeTb KaJKnoro meneaoro xonnHMaTopa 

B nnoexoeTH paeeeSIHHH, d -MeJKTIIIOeKOeTHOe paeeTOHHHe. 8 enyqae MOHO

KpHeTannHqeeKOI'O 06pa3ua e O~HHM KOIIIIRMaTOpOM (pH~. 1a) eOOTBeTeTBy~ 

U.{aSI B9llR'IHHa pasHa .\ n v y 
2 + '1/ 2 I tg en • r ~e '1/ -MosaH'IHOeTb MOHO-

KpHeTanna. COOTB9TeTB9HHO RHTepaan BpeMeHR perHeTpauHR 3THX H9ltTpOHOB 

paaea c L 2 6. .\ " • A 3TO · osaaqaeT, 'ITO xa)l{~ag Toqxa nonyqaeMoro ape

MeHHoro eneKTpa H9ltTpOHOB CO~ep)I{HT HH<tJopMaUH~ 06 HHTepaane C L 
2 

6. .\ k 

nepexo~Horo npoueeea, H B 3TOM eMbiCne apeMeHaoe paspellleHHe MeTo~a 

paaao 8 r = c L 2 6. A " 

3To Bbipa)l{eHHe enpaae~nHBO a cnyqae Toqeqaoro o6pasua R npeHe6-

pe)I{RMO TOHKoro ~eTeKTopa. EenR m 
0 

- pasMep o6pasua B aanpaaneHHH 

paeeeHHHOI'O nyqxa, m 
11 

-TOlllUHHa ~9T9KTopa B 3TOM )1{9 HanpaaneHHH 0 

Bbipa)I{9HHe ~llH BpeMeHHOI'O paspellleHHSI B enyqae MOHOKpHeTanna HM99T 

BH~ 

2 
8r=c.\ 0 \/L

2 

2 2 

~ 
tg 2 eo 

( 1 ) 
2 2 

+(m
0

+mg). 

.[lo6aBO'IHbllt 'lll9H paaeH HHT9pBany Bp9M9HH 0 B T9'19Hif9 KOTOpOI'O perHeTpH

py~TeH HeltTpOHbi 1 o6na~a~IUH9 O~HOlt 3HeprRelt H eOOTB9TeTBy~IUH9 O~Ho

My MOMeHTy nepexo~Horo rrpoueeea • 

.ilnH TIOllHKpHCTannHqeeKOI'O o6pasua HM99M 8H8llOI'H'IH09 BbipameHHe: 
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-----z------
2 y . 2 2 

L ------ +(m + m ). 
2 2t 20 0 g 

ar=cA
0

,j 

0 

HarrpHMep, 11}!11 A0 "'1 A L2 

m 
0 

= 0,5 eM, m'l=0,1eM 

g 0 

0 0 
1,0 M, Oo = 45, y=0,25, 

aT = 1,5 MHKpoeeKyHilbl, 

3. ~eTon HaMepeHIIH yrrpyroro paeeeHHIIH 

(2) 

B cnyqae, ecn11 HCTO'IHHK HMrrynbeHbiH, cpHKcauHH nnHHbi BOl!Hbi paecelma

eMbiX Ha o6paaue HeltTpOHOB MO)!(ST rrp0113BOJllfTbeH He TOllbKO KOlll!lfM8Uif9lt 

ny'IKOB, HO If BbiOOpOM noeTBTO'lHO OOllbillOI'O paeeTOS!HifSI MS)!(JlY HeTO'lHHKOM 

"6enoro" Hy'IK8 HeltTpOHOB II o6pa3UOM, CxeMa eoOTB8TeTByiOW9I'O paerrono

}1{8HHII y3nos yeTaHOBKH npencTasneHR Ha pRe, 3. 

QqeBHJlHO, HHT8pB8ll Jll!HH BOl!H HeltTpOHOB, paeceHB88Mb!X H8 OOp831!8 

0Jlfi0Bp8M8HHO, p8B8H r Be / c L 1 rr. 
(L 

1 
-paeeTOSIHH8 OT HeTO'lHHK8 llO o6-

p<l:3Ua, r -nnHT8llbHOeTb Bellb!WKII HeTO'lHIIK8), 0Tei0Jl8 JllllfT8llbHOeTb 
Ben. 

peri!CTp8UHII 6eeKOH8'lHO TOHKHM Jl8T8KTOpOM HeltTpOHOB, pacceHHHbiX Ha TO-

'scn L2 
qe'!HOM o6paaue onHospeMeHHO, pasHa: c L 2 --· = --- r • A 9TO 

cL 
1 

L 
1 

sen. 
03Haqae-r, 'ITO K8)!(Jl8H TO'!Ka nony•IaeMoro speMeHHoro eneKTpa conep)!(HT 

11HqlOpM8UIIIO 00 HHT9pB8l!9 

MeHHoe pa3peweHHe paBHO 

L 
~'sen, L I 

_h_ T Bell. • 
L1 

nepexonHoro npoueeea, T.e. spe-

C y•wToM paaMepoB o6paaua 11 neTeKTopa B HanpasneHHH pacceHHHoro 

nyqKa nonyqaeM eneny10IUee Bbipa)!(eHHe lll!H paapeweHHH: 

-------------------------------
L 

./ ( 
2 

)2 2 2 ( 2 2 v --L r +C A m +m ) 
I sen, 0 0 g • 

or= (3) 

npH L 1 = 40 M, L 2 = 0,5 M, rBCll. = 100 MKC9K • Hanpi!Mep, 
0 

A 0 = 1 A ID O = 0,5 CM, m g = 0,1 eM epeMeHHoe paapen1eH11e 

aT = 1,8 MKC9K, 
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HecoMHeHHbiM nocToiiHCTBOM 9Toro MeTona HBnSieTCH soaMo:>KHOCTb 

HaMepeHIISI He TOllbKO KorepeHTHoro, Ho H ynpyroro HeKorepeHTHoro paeceSI

HHH H9ltTpOHOB 1 a enenoBaT9l!bH0 1 I1pHM9H9HHSI B H3Y'l9HHII TaK)!(e HeKplleTan

l!H'l9CKHX TBepllbiX cpen, :>KIIllKOCTell 11 raaoB, Yron paeeeHHIIH Ha o6paaue 

MO)!(eT 6biTb Bbi6paH HexonSI 11a cp113H'leeKoll aanaq11, 

4. ~eTon rrepeMeHHOlt nniiHbl BOl!Hbl HeltTpOHOB 

MeTOJl, Hlll!IOeTpHpyeM bill pHe, 4 H 5, OeHOBaH Ha HeiiOl!b30BaHIIH Heltr 

pOHOB nepeMeHHOlt lll!HHbl BOl!Hb!, llHcppaKuHOHHOe paeeeHHHe '6enoro"' nyqKa 

Ha llOl!HKpHeTannHqeeKOM Hl!H MOHOKpHeTannHqeeKOM o6paaue llpOH3BOllHTeH 

B TeqeHHe scero rrepexonHoro npoueeea, nepHOllH'leeKH rrpoHeXOilHIIIero IIOil 

aeAeTBHeM eneuHanbHoro yeTpo.AeTsa. Ho npH orrpeneneHHII speMeHHoA aa

BHeHMoeTH paeeeHHIIH Henpepb!BHO yBel!H'liiB89TeH nnHHa BOl!Hbl perHeTpH

pyeMbiX HeltTpOHOB, H8'li!HaH e HeltTpOHOB e H811M9HbW9lt nnHHOlt B0l!Hbi 0 

paeeeHHHbiX B Haqane nepexonHoro npoueeea, 11 KOH'IBSI HeltTpoHaMH e HaH-

6onbweA nnHHOit sonHbi, paeeeHHHbiX a KoHue nepexonHoro rrpoueeea • .[lnSI 

9TOI"O HerronbayeTeH MHOI'OH'l911CTbllt neTeKTOp, paCITOl!O:lK9HHbllt 110 nyre 

oKpy)!(HOeTH e ueHTpoM Ha o6paaue. Ka)!(naH H'leltKa neTeKTopa, 6naronapH 

KOlll!HMaUHII nepBII'lHOI'O nyqKa B enyqae IIOl!I!Kpl!eTanna (pile, 4a) IIlii! He

IIOl!b30B8HHSI MOHOKpHeTanna e Man oft M03ai!'!HOeTbiO ( pHe, 4~) 1 MQ)!(9T pe

rl!eTpHposaTb HeltTpoHbi onpeneneHHoA nnHHbi aonHbi, nooqepenHoe eoenH

HeHHe H'l99K e MHOI"OK8H8llbHblM apeMeHHb!M 8H8liii38TOpOM llp0113BOnHTCSI 

a erreuHanbHOM 6noKe rrporryexaHHH, 

BnoK nporryeKaHHSI non)!(eH 'OTKpbiTbCH" nnH npoxO)!(Jl9HHSI HMnynbCoa 

e nepaolt H'l9ltKH 1 eOOTB9TCTBYIOIU9tl: HeltTpOHaM e H81100llbW9lt eKopoeTbiOo 

qepea apeMH cL 
2 

A 
1 

rroene Haqana HMrrynbCa aHewHero rronH, 'lTOObi 

6bll!H aaperHeTpHpOBaHbl HeftTpOHbi 0 eoOTB9TeTBYIOIUHe Haqany nepeXOJlHOI'O 

npouecca, a nnSI rrpoxo:>KneHIISI c rrocnenHelt H'leltKH - qepea apeMH 

( r + c L 2 A 2 ) • TaKHM o6paaoM, nnHTenbHOCTb uHKna perHcTpauHH 

HHcpopMauHH o6 HHTepaane r rrepexonHoro rrpouecca pasHa [ r + ·c L 2 x 

X (A 2 - A1 ) ) , a nnHT9llbHOCTb 'OTKpbiTOro' COCTOHHIISI KB:>Knolt gqeiKH 

neTeKTopa [r+cL 2 (>..2-A1)]/N , eenH neTeKTOP HMeeT N H'leeK, 
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BpeMSI paapeweHJiiSI aToro MeToJla B cnyqae ToqeqHoro o6paaua H rrpH rrpe

He6pe)KeHHH TOJliuHHOA Jl9T9KTopa B H8Jip8BJl9HHH pacceSIHHOrO Jiy'IKB paBH0 1 

O'I9BHJlHO, JlJlHT9JlbHOCTH perHCTpBUHH HeftTpOHOB ~HKCHpOB8HHOA CKOpOCTH, 

T,e, J]JJHT9J1bHOCTH OTKpbiTOrO COCTOSIHHSI OJ]HOA SI'19AKH, pBBHOit 

[ T + c L2 ( ,\ 2- ,\ 1 ) 11 N • 
PacxoJJHMOCTb nepBH'IHoro rryqKa B cnyqae nonHKpHcTanna, KOTopyiO 

o6oaHB'IHM qepea y 1 
HJJH M038H'IHOCTb MOHOKpHCTBJlJl81 0003H8'189MBSI 

qepe3 1J , B T8K)K9 KOH9'iH8SI WHpHH8 m'
0 

o6p83U8 CO CTOpOHbl Jl9T9KTo

pa npHBOJ]SIT K KOHe'IHOA WHpHHe y'I8CTK8 J]9T9KTOp8, OXB8TblB89MOrO MOHO

aHepreTH'i9CKifMif HeATpoHBMH, CneJ]oBaTenbHO, Heuenecoo6paaHo Hcnonb30BBTb 

gqeftKH c wHpHHoA, MeHbweA qeM ..; m ' 2 + L 2 1J 2 
JlllSI MoHoKpHcTanna H 

0 2 
_, , 2 L2 2 n y m 

0
· + 

2 
y JlJlSI ll0JlHKpHCT8JlJlH'I9CKOrO 00p83UB, 09TOMY J]JlSI MHHH-

MdJlbHOrO speMeHH paapeweHHSI, c y'leToM paaMepos o6paaua H J]eTeKTopa 

B HanpasneHHH pacceSIHHoro rryqKa, nonyqaeM Bbipa)KeHHSI 

2 --, 2----------
./ 2 Tf mo 2 2 aT ~ c A v L --- + + m + m 

o 2 tg28o tg28o o g 
(4) 

!lllSI MOHOKpHCT8JlJl8 1 

----------;--r-------
2 Y 2 m 

ar~ CA .JL +___E. 
0 2 4 tg 2 8 0 4 tg 2 8 0 

+m2+m2 
0 g 

(5) 

Jl.1SI uonu KpHcTannu qec xoro o6paaua. 

flpuMep rHHOTCTif'il'CKoA ycTaHoBKif c caMocornacosaHHbiMH HapaMf)Tpa-

MH: L ~ = 5 M, a = 8°, wHpHHa 51'-WH''" HP lJOJI<:<' 1,0 L'~I, 0 0 ~ '15°; 

!Ipl! MOHOKpHCT8JlJlH'i9CKOM o6pB3U9 C 

m q = 0,5 CM, 1J ~ 0,1°, Ao 

m' = 0 
() 

1,5 A 

CM, m () ~- 0,3 CM 1 

BCe 'IJH'IIbl B Bblpll)KeHHH 

JlJHl paapeUieHHSI 6nlf3KH 110 :3H8'19HHIO H llOJJHOe speMeHHOC' paapeweHHe 

0 T paBHO OKOJJO 2,5 MKCeK, 

HPcnofKHOO paccMoTpeHHe IIOKB3hiBaeT, 'iTO flJJSI on<>HKI! 'ilfcna HeATpo

HuB, ·.wpc'l'IICTpHpOBilHHblX :38 OJ]l!H UlfKJl H3MepeHllit llpH pa6oTe C MOHOKpUc

TdJIIIOM Hll CTilUH<1HilpHOM pellKTOpe, MO)KHO IIOJib30B<lTbCSI Bblpl1)1(9HlleM 

R 

I 

I 

{, 

' I 

ll 

i 

' 

j_ 

Ao 
I= iA (,\ 0 ,a)---1Jp 8r£S, 

tg 80 (6) 

rJJe iA(Ao ,a) -xonH'19CTBO HeATpoHOB c JlJlHHoA sonHbi A 0 (oTHeceH-

HOe K 9J]HHH'IHOMy HHTepsany ,\ ) 1 llBJ]BIOWHX Ha 1 CM2 KpHCTBJJJlS B 9J]H-

HHUy Bp9M9HH B T9Jl9CHOM yrne, Ollp9Jl9JlS19MOM ropH30HT8JlbHblM pSCTBOpOM 

a H sepTHK8JlbHbiM p8CTBOpOM 1 pSBHbiM B9pTHK8JlbHOMy pSCTBOpy Jl9T9KTO-

pa. B 9TOA ~opMyne s -nnowaJJb o6paaua co cTopoHbl naJ]a10wero ny'IKa, 

p -sepOSITHOCTb 6parroBCKOrO 0Tp8)1(9HHSI B CTOpoHy J]9T9KTOpa J]JJSI H9AT

poHa, yJJosneTBopHIOWero ycnoBHIO Bynb¢a-Eparra, £ -a¢¢eKTHBHOCTb 

Jl9T9KTOp8, npH HMllYJlbCHOM xapSKTepe HCTO'iHHKB H9ftTpOHOB B cPOpMyny 

(6) CJ19JlY9T JlHWb J]OOBBHTb MH0)KHT9Jlb (r BCJI nBCJI )-I , rJJe T 
• • BCn. 

-a¢¢eKTHBH8SI J]JlHT9JlbHOCTb BCJlbiUIKH T9llJ10BbiX H9itTpOHOB 1 n -qHCJlO 

BCJibiW9K B 9J]HHHUy Bp9M9HH, 

HeKoTopoe ycJIO)I(HellHe perHcTpHpyroweA H aHaJJH3Hpy10weA CHCT9Mbi 

ll03BOJ1SI9T CylU9CTB9HHO yBeJIH'IHTb HHT9HCHBHOCTb C'I9T8 HeATpOHOB 6e3 

yxyJJweHHSI paapeweHHSI, llnH n -KpSTHOrO YB9JJH'I9HHSI HHT9HCHBHOCTH 

HeOOXOJlHMO, 'ITOObl HMllYJJbCbl llOCTYII8JlH 0J]H0Bp9M9HHO C n ll0CJ19J]OBS-

TenbHO pacnoJJO)KeHHbiX H'leeK, Y:epea KB)I(JlhiA HHTepaan apeMeHH T I N , 

rJJe T ~ [ r + c L 2 (A 2 -A 1 ) ] , "aaKpbiBBeTcSI" gqeftxa, cooTBeTcT

ByiOWaH H8HM9HbW9ft J]JlHHe BOJlHbl HeATpOHOB, H "OTKpb!BB9TCSI* HOBBSI, C 
r 

OOJlbWeft J]JlHHOit BOJlHbl, llnH 00bSICH9HHSI p800Tbl J]OJIOJlHHT9JlbHOrO 8HBJlH-

3Hpy10U{ero ycTpOACTBB paccMOTpHM KBKyiO-HH6y Jlb onpeJ]eneHHyiO SI'19AKy • 

llonyCTHM, B HynesoA MOM9HT BpeMeHH OH8 Ob!JlB 'OTKpbiTa*, VfMrrynbCbl OT 

HeitTpOHOB, aaperHCTpHpOBBHHblX S1'19itKOA B T9'19HH9 nepsoro HHTepsana TIN, 
nocTynaiOT B ananH3aTop 6ea aanepMKH:. B TeqeHHe cneJlyiOwero HHTepsana 

TIN , KOrJla "OTKpbiTa" H cneJJyiOWBH Sl'ieAKa, c KOTopoA HMnynbCbi rrpo

XOJlSIT 093 38Jl9p)KKH 1 HMllYJlbCbl C paCCM8TpHB89MOil: Sl'l9itKH JIOCTyllBIOT B 

aHanHaaTop c aaJJep)KKOA Ha T 2fi'N • B Te'leHHe TpeTbero HHTepsana 

HMrrynbCbi nocTyrrBIOT c aaJ]ep)KKOA 2 T 2 I r N H TBK J]anee, noKa Sl'ieAxa 

He 6yJleT "aaKpblTB", 

VfciiOJlb30BBHHe ;_, 9TOM M9TOJl9 HeATpOHOB C nepeMeHHOit J]JlHHOit BOJl

Hbl npHBOJ]HT K TOMy, 'ITO J]JlHT9JlbHOCTb UHKJJB perHCTpBUHH OOJlbW9 JlJlH

T9JlbHOCTH nepexoJJHoro npouecca. 
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'PacTR)I(eHue" cneKTpa B [ r + cL 2 ( A2 - A 1 )] I r paa (puc. 5) MO)I(eT 

noasonUTb pa6oTaTb npu COOTBeTCTB9HHO 6onbWHX HHTeHCUBHOCTRX H9ATpOHOB 1 

qeM .aonycxanoch 6bi paapewa10weA cnoco6HoCTbiO .aeTeKTOpHoA annapaTypbl 

npu HCnonb30BaHHH MeTO.UOB C llOCTOSIHHOI .z:xnHHOI BOnHbl HeitTpOHOBo 

5, MeTo.a spamaiOmerocSI MoHoxpucTannH'lecxoro o6paaua 

Bo scex paccMoTpeHHbiX BbiWe MeTo.aax snUSIHue paaMepos o6paaua H 

,aeTeKTopa He noasonSieT .aocTHrttyTh paapeweHHSI 1 MeHhwero o.uHoA-.usyx 

MUKpoceKyH.a. Hanuque B paapeweHuu qneHa CA 0 y'm2+m 2 Tpe6yeT npuMe-o q 

HeHUSI O'leHb TOHK0£'0 .z:xeTeKTOpa U TOHKOrO o6paaua. Cne.z:xyeT y'lUTbiBaTb1 

KpoMe T0£'01 'ITO HanHC8HUe 3T0r'O qneHa B TBKOM BU,Qe BepHO nUWb B npu-

6nU)I(eHUU O'leHb TOHKOf'O o6p83U8 C .llOCTaTO'lHO 6onhWOft M038H"lHOCTbl0 1 

o6ecneqUB8IOllleA B03MO)I(HOCTb nHW b O.UHOKpaTH0£'0 pacceSIHUSI HeATpOHOB B 

KpHCTanne. no-BH.UHMOMy 1 cyUieCTB9HHO nyqwero p~apeweHHSI MQ)I{HO .UOCTHr

HYTb HCnOnb30BBHH9M npe,UCT8BneHHOf'O Ha puc. 6-8 M9TO.ll8 BpaUiaiOUI9r'OCSI 

MoHoKpucTannuqecxoro o6paaua. 

K MOHOKpHCTannH'l9CKOMY o6paauy nepHO.UH'l9CKHe HMnynbCbl (puc. 7a) 

BHewHero nonSI npuKna.llbiBBIOTCSI CHHxpoHHO c ero sparueHueM. BparueHHe 

npOH3BO,QUTCSI T8KUM o6pa30M 1 'ITO ,anuHa BOnHbl HeATpOHOB 1 OTpa)l{aeMbiX OT 

HCnOJlb3yeJ\.10A nnoCKOCTH H 11pOXO.US!lllHX qepe3 menesoA KOnflHMdTOp K .aeTeK

TOpy, yaenuquaaeTCSI no Mepe noaopoTa o6paaua. Bcne.acTaHe aToro1 ecnu B 

Te'leHue uccne.ayeMoro HHTepaana nepexo,aHoro npouecca r OT aToA nno

CKOCTH B CTOpOHy .aeT9KTOpa pacceuaaiOTCSI HeiTpOHbl C HHTepsanoM .z:xnHH 

BOnH i'l.,\T 1 TO perHCTp8UHSI 3THX HeftTpOHOB 6y,aeT npOHCXO.UHTb B Teqe-

HHe apeMeHH ( r + c L 2 !'!. A r ) • Cne)loaaTenbHO, HH¢opMaUHSI o 

cL 2 !'!.A 
nepeXO.UHOM npouecce 'paCTSI['HB3eTCSI" BO BpeMeHH B k = (1 + T ) 

paa, 

EcnH KOnnHM8UH!i pacceSIHHOr'O Ily'lKd - y , M038H'lHOCTb MOHOKpHCTan-

na- ., 1 TO speMSI 0 B TeqeHHe KOTOpOrO paCC9HB810TCSI B .aeTeKTOp Heft~ 

pOHbl KB)I{,aolt .U!IHHbl aonHbi 1 pBBHo npu6nH3HTenhHO aenH'lHHe v y 2+ 1J 2 I 2 rr w 

W - 'lHCno 060p0TOB KpHCTanna B eJlHHHUY BpeMeHH) • 3To 03Ha-

'l89TI 'ITO HHcpopMaUHSI o6 aToM HHTepaane speMeHH nepexo.aHoro npouecca 

10 

J··.\F :1 
,Y 

I 
il 
I 

-----

nepeHOCHTCSI K .ll9T9KTOpy 'laCTH'iHO 6e3 'paCTSI)I(9HHSI' H1 cne.z:xosaTenbH0
1 

,anSI TO'i9'iHOro o6paaua H npeHe6pe)I{HMO TOHKoro .aeTeKTopa apeMeHHoe paa

peweHHe p8BHO v' y 2 + 1J 
2 I 2 rr w 

lllUHa aKTHSHOrO enoS! .ll9T9KTopa mg 

HeATpoHos c .unuHoA sonHbl A 1 pacceSIHHblX o.aHospeMeHHo s xaxoA-To 

MoMeHT nepexo.aHoro npouecca1 pasHa c A· v' m 2 + m 2 
1 a cooTseTCTsyiO-

n " 
IUHA • ucnop'ieHHbll• HHTepsan nepexo.uHoro npouecca H 1 cne.uosaTenbHo 1 

CSSI3aHHaSI C 9THM a6coniOTHaSI OIUH6xa pasHbl c A · ,--;-r-.;;2" I ·k 
V· n n • 

CymecTsyeT owuoxa 1 ooycnosneHHaSI TeM, 'iTO npu sparueHHH paanH'{

Hble 'iaCTH KpHCTanna .llSH)I(YTCSI C paanH'iHblMH CKOpOCTSIMH s HanpasneHHH 

nepBH'iHOro ny'ixa. i1HTepaan JlnHH sonH HeATpoHos, pacceusaeMblX o.uuospe

MeHHo H8 o6paaue Ha-aa sparueHHS1 1 paseH, HanpHM9p1 s CHMMeTpH'iHOM 
2 

cny'iae, uao6pa)l{eHHOM Ha puc. 8, aenH'IHHe D A 0 2 rr w m 0 P cos (J 
0

, 
0 

r.ae D -xoscpcpHUHeHT nponopUHOH811bHOr.THI pasHblA 0,25 • w-3 MKCex/M•A, 

mop -paaMep o6paaua s pa.uuanbHoM HanpeneHHH. HeTpy.uHo sH.ll9Th, "'TO 

cooTseTCTsyiOmaSI a6coniOTH8SI owu6xa B HaMepeHHH nepexo.uHoro npouecca 

pasHa D mop A 0 siri (J 0 

OxoH'iaTenhHoe sblpa)l(eHue .anSI speMeHHoro paapeweHHSI npH ycnosRR 

'H,aeanhHOI' OTHOCHTenhHOA CHHXpOHH38UHH BpaweHHSI o6paaua, B03.ll9ICT-

BHSI Ha Hero HMnynhCOB nonSJ, aanycxa apeMeHHoro aHanuaaTopa H scnblw-

KH HCTO'iHHKa HeATpOHOB 1 38nHCb!B89TCSI s BH.z:xe: 1 

--------------------------------------------
Br = v' 

2 2 . 2 ) A2 • ) 2 
c(mo+mg o +(Dm AoS1D8o 

op + k2 (7) 

npuMep runoTeTH'i9CKOA ycTaHosKH: v' ,., 2 + y 2 = 0,1o, 

w == 1000 o6/cex, sin(} 
0 

I A 0 == 0,3, A n = 1 R , m 0 == 3 eM, 

mop== 2 eM, T == 20 MKCeK, L 2 == 30 M. npu 9TOM 200 == 35°, 

a == 14 15°1 k == 150 1 BTOpb!M 'ineHOM S paapeweHHH MO)I(HO npeHe6-

p9'ibo nepshiA paseH 0,3 MKCeK, TpeTHI - 0,15 MKCeK, H nonHoe 3H8'l9HHe 

paapeweHHSI cocTasnSJeT 0,35 MKCeK • 
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XoTSI H8 pHc. 6 1Ip9llCT8BJI9H8 CX9M8 YCT8HOBKH C HMIIYJibCHbiM HCTO'I

HHKOM, o'leBHllHO, MeToll npHMeHHM H co CTBUHoHapHbiM peaKTopoM. B cny

qae HMIIyJibCHOrO HCTO'IHHK8 llJISI TOrO, 'IT06hl HHT9HCHBHOCTb HeftTpOHOB JI~-

6oA llJlHHbl BOJlHhl H3 pa6o'lero HHT9pB8J18 6&ma CTporo M8KCHM8JlbHOA B Mo

M9HT p8CC9SIHHSI 9THX H9ftTpOHOB, .QOJl>KHO BbinOJ1HSITbCSI COOTHOlll9HHe 

CA 0 L 1 =tg8
0

/21T<U. 

L! T06bi o6oATH 9TO 1Ip8KTH'I9CKH Tpy .QHOBbWOJ1HHM09 ycnOBHe, pa60T8SI 

rrpH He CJlHlllKOM M8JlOM p8CCTOSIHHH L I M9)KllY HCTO'IHHKOM H o6p83UOM 1 

H81IpHM9p 1IpH L I = 1 .; 2 M, enenyeT HeiiOJlb30B8Tb nnoeKHA HeTo'IHHK 

T91IJIOBbiX HeATpOHOB, H8KJloHeHHblft IIO OTHOlll9HHIO K H81Ip8BJ19HHIO nepBH'IHOro 

rryqKa T8K1 qT06bi paeeeHB89M!>I9 B Jl9T9KTop Heii:TpoHbl"t: 6oJlbiii9A llJlHHOft Bon

Hbl HM9JlH M9Hblll9e IIponeTHOe paeeTOSIHHe llO o6paaua, qeM HeftTpOHbl e M9Hb

lll9ft llJlHHOA BOJ1Hbio Mo)KHO npoeTo IIOK838Tb1 'ITO .QJlSI M8KeHM8JlbHoft HH

TeHeHBHOeTH HeftTpOHOB H906XOllHMO 1IpH STOM BbiiiOJ1H9HH9 eJI9llYIOlll9rO ye

JIOBHSI: 

tg a 
3 

= ( 2 tg (J 
0 

) -l , (8) 

rae a.3 -yron M9)1{LlY HopM8Jlb~ K IIOBepxHOCTH HeTO'IHHK8 H epe)lHHM 

HAnpasneHHeM nepBH'IHOro IIY'IK8. e 0 -epenHHA yron llHcpp8KI.lHH. B eny

'IBe eTauHoHapHoro peaKTopa H3JIO)KeHHbie Tpe6osaHHSI K Bhi6opy L 
1 

H a
3 / 

eeTeeTB9HHO, OTII8llai0To 

PaayMeeTeSI 1 HaH6onee )1{9eTKH9 yeJIOBHSI B STOM M9TOll9 H8KJ18llbiBa

IOTeSI H8 eHHXpoHH381.lHIO HMIIYJlbC8 BHelllHero IIOJISI OTHOeHT9JlbHO yrna IIOBO

p0T8 MOHoKpHeTanna. HeTO'IHOeTb STOA eHHXpOHH381.lHH ll0Jl)KH8 6hlTb He 6o-

nee Tpe6yeMoro speMeHHoro paapellleHHSI 8 r • Tpe6yeMaSI TO'IHOCTb 

eHHXpOHH38UHH Bp8lll9HHSI MOHOKpHeTaJIJia II 0 OTHOllleHHIO K BeiibllllK8M He-

TO'IHHK8 HeftTpOHOB 3H8'1HT9JlbHO HH)Ke H OIIp9Jl9JISI9TeSI eOoTHOllleHHeM Me)K

llY llJlHTeJibHOeTbiO BeiibiWKH HeToqHHKa, paeeTOSIHHeM L I H qaeTOTOA Bpa

W9HHSI MOHOKpHeT8Jli18o Tpe60B8HHSI K eHHXpOHH38UHH aanyeKa Bp9M9HHOrO 

8H8JlH38TOpa OTHOeHT9JlbHO Bp8lU9HHSI KpHeTanna B k paa MeHee )1{9eT-

KH 1 '19M K eHHXpOHH38UHH BpalU9HHSI KpHCT8JlJI8 H B03Ll9ACTBHSI Ha Hero 

HMrryJibC8 IIOJlSI. 
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Via eorroeT8BJI9HHSI Bbip8)1{9HHSI ( 7) C eOOTB9TCTBYIOlUHMH 1Ip9llhlllYlUHM 

M9TOJl8M Bb!pa>KeHHSIMH ( 1), (2), ( 3), ( 4) H ( 5) BHJlHO, 'ITo, HeiiOJlb3YSI MeToJl Bpa

ma~merocSI MOHOKpHCT8JlJ18 / MO>KHO LlOeTHrHyTb rop83Ll0 6onee BbiCOKOro 

speMeHHoro paapeweHHSJ. 3To o6yenosneHo, so-nepBbiX, npHHUHIIHanbHoA soa

MO)KHOeTb~ YM9HbW9HHSI oeHOBHOro 'IJI9H8 B Bb!p8)1{9HHH ( 7) yB9JlH'I9HH9M 

'IHena o6opoToB KpHCTanna H 1 so-BTOpbiX1 Bo3MO)KHOeTbiO yMeHbweHHH 'lneHa, 

eBSI38HHOrO e KOH9'1Hb!MH p83M9p8MH o6paaua H ll9TeKTOpa B H81Ip8BJ19HHH 

paeeeSIHHoro rry'IK8, yseJlHqeHHeM paeeTOSIHHSI M9>KJlY o6pa3UOM H Jl9T9KTOpOM. 

,llJlSI OU9HKH B 9TOM M9TOll9 HHTeHeHBHOeTH MO)KHO BOCIIOJlb30B8TbCSI 

eneny~lUHM 1IpH6JlH)K9HHblM Bblp8)1{9HH9M llJlSI 'IHCJ18 H9ftTpOHOB 1 aaperHCT

pHpoBSHHblX 38 OllHH UHKJl H3M9p9HHft e HMIIyJibCHbiM HCTO'IHHKOM HeftTpOHOB: 

I = 2 ( T 
sen. 

-I · A o 
n sen) i A (Ao '1 ) Y T/2 + y 2 

tg eo 
T/PlST. ( 9) 

B aToM Bbipa>KeHHH i >. (A 
0 

, 1 ) -oTHeeeHHoe K enHHHqHoMy HHTepsa-

ny A KonH'IeCTBO HeATpoHoB co epenHeA nnHHoA A 0 , nana~mRx 

Ha eLlHHHUY nnolU8LlH KpHCT8JlJI8 B 9LlHHHUY speMeHH B TeneeHOM yrne 1 

orrp9Ll9JlS19MOM 9LlHHH'IHbiM yrnoM B ropH30HT8JlbHoA nnoeKOCTH 1 H BepTH

K8JlbHbiM yrnoM, paBHbiM B9pTHK8JlbHOMY paCTBOpy ll9T9KTOp81 r -n sen. nH-
i 

T9JlbHOCTb Be1Ib!WKH 1 n BCn. -'IHeno BCIIbiW9K B 9llHHHUy Bp9M9HH 1 P-

-sepOSITHOCTb 6parroBCKOro oTp8>K9HHSI B CTOpOHy Ll9T9KTOpa HeATpOHa t 

y nosneTBOpSI~LUero yenoBHIO Byn&cpa-Eparra1 £ -a¢cpeKTHBHoCTb neTeK-

TOpa1 s -nnoLUSLlb •o6paaua. MHo)KHTenb 2 enpasennHB B cny'lae Bhl-

IIOJ1H9HHSI yenOBHSI, IIO KOTopoMy HHTeHeHBHOeTb B nepBH'IHOM rry'IK9 H9ftTpo

HOB Ka)KllOA llJlHHbl BOJlH hl B MOM9HT HX paeeeHHHSI Ha MOHOKpHCTaJ1J19 MaK

CHMaJlbH8o 8 eylUHOeTH 1 HHTeHeHBHOeTb HeATpOHOB 1IpH H3MepeHHH nepexoll

HOrO npoueeea pasHa yMHO>KeHHoA Ha r I r sen. HHTeHeHBHOeTH HeATpoHoBI 

aaperHCTpHpOB8HHbiX npH H91IOllBH)KHOM MOHOKpHeTaJ1J19 1 9CJ1H II8Lla~lUHA 

HJlH paceeSIHHblil rry'IOK npoXOllHT 'lepea lU9J19BOil KOJlJlHMaTOPo 

)lJlH OU9HKH HHTeHeHBHOeTH H9ftTpOHOB B eny'lae eT81.lHOH8pHOrO peaK

TOpa MO)KHO IIOJlb30B8TbCSI TaK)K9 Bb!p8)1{9HH9M ( 9) 1 HO 6e3 MHO)KHT9J1SI 

2 ( 1 sen. n sen!-! 
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BpaweHue MOHOKpUCT8!1!18 II03BO!ISI9T ucnO!Ib30B8Tb o6p83Ubl CpBBHu

Te!IbHO 60!IblUUX p83M9pOB0 H, C119.00B8T911bH00 UM9Tb 60!IhlUYIO UHT9HCHBHOCTb 

pacceSIHUSI HeATpoHoB, He on8caSicb yxy .oweHuSI speMeHHoro p83peweHuSI u3-

3a H90.0H0Kp8THOI'O .oucppaKUUOHHOI'O p8CC9SIHUSI H9ftTpOHOBo .[leftCTBUT911bH00 

p8CCTOSIHH9 1 I1p0119T89M09 B KpHCT811119 HeftTpOHOM 38 Bp9MSI 0 B T9'19HU9 KO

TOpOrO oH MO)KeT ucnbiT8Tb .ou<i;lp8KUUOHHOe p8cceSIHue, p8BHO TJ I c.\ 0 2 rr CJJ • 

.[l!ISI p8CCM0Tp9HHOI'O Bb!W9 npuMepa, 9CJIU M038U'IHOCTb KpUCT8!1118 OKO!IO 

4 MHHyT, 9T8 B9JlU'IUH8 COCTBB!ISI9T 0,07 CMo 

0'19BU.OHO, onHCbiB89Mblft MeTO.O IIpHM9HHM !IHlUb B T9X C11Y'IBSIX 1 KOI'.08 

B03MO)K9H H8CTO!IbKO 6biCTpblft nepeXO.O o6p83U8 B HCXOLlHOe COCTOSIHHe, 'ITO 

BK118.0 B HHT9HCHBHOCTb p8CC9SIHHSI, npOUCXO.OSilU9I'O BO Bp9MSI 9TOI'O nepexo

.080 npeHe6p9)KUMO M811 U!IU 0 no Kp8ftHelt Mepe, He 38BUCUT OT COCTOSIHUSI, B 

KOTOpOM H8XO.OUTCSI o6pa3eU B KOHU9 speM9HU t 1 K8)1{.00I'O HMIIyJihCB no-

!ISio 

nepeBOLl o6p83U8 B UCXOLlHOe COCTOSIHue M0)1{9T 38Kn!0'18TbCSI 1 H8npu

Mep, B opueHT8UUU M8I'HUTHbiX MOM9HTOB n8p8!111911bHO B9KTOpy LlU<i;lp8KUHOHHo

I'O p8CC9SIHUSI HeftTpOHOB - npu 9TOM C9'19HU9 M8I'HUTHOI'O p8CC9SIHUSI CT8HO -

BUTCSI p8BHbiM Hymo. 

6. "'HaTerp8JihHbiA' MeTOil ~·· K8K cnenyeT u3 p8ccMoTpeHuSI, nocTu)KuMoe epeMeHHoe p83peweHue 

0nuCbiB89Mblft .081199 M9TO.O II03BO!ISI9T npOBOLlUTb UCC119LlOB8HUSI npu 

3H8'1UT911bHO 6onee BbiCOKOM Bp9M9HHOM p83peweHftu, '19M 06Cy)!(Ll8110Cb 

BbiW9o KpoMe TOI'O, KBK 6y.oeT BU.OHO U3 .0811bHeAwero 1 noMUMO U3M9pe

HUSI ynpyrorO ( KOrepeHTHOI'O U HeKorepeHTHOI'O) p8CC9RHUSI 0 B03MO)KH0 HC

IIO!Ib30B8Tb 9TOT MeTon s u3y'leHuu T8K)Ke Heynpyroro pacceSIHUSI. Eonee 

TOI'O, OH MO)K9T 6biTb npuMeHeH He TO!IbKO B CO'I9T8HUU C M9TO.OOM BpeMe

HH I1p0!19T8 1 HO U H8 H9ftTpOHHOM CII9KTpOM9Tpe JII06oro TUn8, K8K Ha uM

ny!lbCHOM1 TBK U H8 CTBUUOHapHOM p98KTOpe • 

.[lonycTUM 1 Heo6XO.OUMO U3M9pUTb BpeMeHHYIO 38BUCUMOCTb p8CC9SIHHSI1 

IIp9JJ.CT8B119HHyiO HB pUCo 98. nonar8eM, 'ITO 9TO 9CTb U3M9H9HU9 C9'19HUS1 1 

o6yC!IOB119HH09 nepeXOLlOM o6p83U8 OT CT8UUOH8pHOI'O COCTORHUSI 6e3 IIOJISI 

K CTBUHOHBpHOMY COCTOSIHUI00 COOTB9TCTBYIOLU9MY H811U'IUIO nO!ISI1 npSIMOYI'O!Ib-

Hblll HMIIy!IhC KOTOporo B911U'IUHOA H J npU110)1{9H B MOM9HT t = 0 

MeTO.O COCTOUT B TOM, 'ITO B npouecce U3MepeHHft, 38K!IIO'I810lUHXCSI B onpe

.oeneHUU CKOpOCTU C'I9T8 p8CC9SIHHbiX HeftTpOHOB, cne.oyeT B03Ll9ACTBOB8Tb 

HB o6p839U nepUOLlU'I9CKU -M9HSIIOlUUMCS1 0 KBK nOK838HO Ha puc. 96, no!leM. 

TaKoe U3M9H9HUe nO!ISI IIpUBOLlUT K 38BUCUMOCTU p8CC9SIHUSI OT Bp9M9HU 0 

KBK HB puc. 9B, OTp8)1{810lU9ft 'IBCTU'IHblll nepeXO.O o6p83U8 B HOB09 COCTOSI

HUe 38 Bp9MSI t 
1 

U 6biCTpOe B03Bp8lU9HU·e B UCXO.OH09 COCTOSIHU9 C ce-

'19HHeM a 
0 

no.o .oeACTBHeM HMnynhC8 nonS! H 0 

119HHSI, npoB9.0SI H3MepeHHSI C p8311H'IHb!MH 3H8'19HUSIMH 

o6p8THoro H8npaa

t1 H Y'ITSI BK!IB.O 

OT p8CC9SIHHSI B HCXOLlHOM COCTOSIHHH, nony'I810T 38BUCUMOCTb0 KBK HB 

puc. 9r, .OH<i;lcpepeHUHpOBBHHe 9TOft KpHBOll npHBO.OHT K 38BHCHMOCTH ( pHC.9.ll) 1 

nponopuuoHaJibHoi!: onpenenSieMoA, aasHCHMOCTH ceqeHHSI. 
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.,UHT9I'p8!1bHOI'O"' M9T0.08 onpe.0911SI9TCSI B03MO)KHOCTSIMH B03.09ltCTBHSI Ha o6-

pa3eU KOpOTKUMU IIpSIMOyrO!IbHbiMU HMDy!lbCBMU IIOJISI Ll0CT8TO'IHO 60JibWOit 

8MIIJiu'l'y Llbi c KPYTbiMU ¢poHTaMu. HeT rrpuHuurruaJibHbiX orpaHu'leHult LlJlSI 

LlOCTU;)KeHUSI 9TUM MeTO.OOM speMeHHOI'O pa3peW9HUSI LlO HeCKO!IbKHX HBHO

CeKyH.Oo 

.Qm1 OUeHKH CT8THCTH'IeCKOA OWU6Ku 8 i ( t 1 ) Ha HHTepsaJI f1 t = 

tl+l -t l B OKOH'IBT911bHOit 38BUCUMOCTU i = _.!!__ (puc. 9Jl) MO)KHO 
d t, 

nO!Ib30B8TbCSI CJ19JlYIOIIIHM, IIO!Iy'IB9MbiM IIyTeM H9C!IO)I{Hb!X rrpeo6pa30B8HUA, 

Bblp8)KeHueM: 

B KOTOpOM 

rrpouecce, 

8 i (t, ) 
--,rr-----

J '--1(8 11t) 2 , 

JHf1t2N 
(10) 

JH -cpe.OHSISI UHT9HCHBHOCTb C'I9T8 HeftTpOHOB IIpH I19p9XO.OHOM 

N -'lucno uuxnos so3neAcTBUSI uMrrynbCos sHewHero nons!' 

38 Bp9MSI U3M9p9HUS1 1 8 11 t -oTHOCUT911bH8SI OWU6K8 B911U'IHHbl 11 t 

3necb He Y'IUTbiB8eTCSI OWH6K8, o6yC!IOBJieHH8SI p8CCeSIHUeM HeltTpOHOB B 

UCXO.OHOM COCTOSIHUU o6p83U8 0 a TBK)K9 B!IUSIHU9M rrpouecca rrepeXOLlB B HC

XOLlHOe COCTOSIHUe. Y1, O'leBULlH0 1 Bblp8)1{9HU9 ( 10) rrpuMeHUMO !IUlUb B TOM 

CJiy'lae, 9C!IU HHTeHCUBHOCTb 

OT Bp9M9HU. 

JH He CU!IbHO H3M9HSI9TCSI B 38BUCHMOCTH 
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7, Q HeKOTOpbiX B03MO)!{H0CTSIX npHMeHeHHSI OOCY)!{.llBeMbiX 

MeTO.llOB 

OpHMeHeHHe HeATpOHOB .anSI Hccne.aosaHHSI pa3nH'IHOI'O po.aa nepexo.aHbiX 

npoueccos s KOH.lleHcHposaHHbiX cpe.aax HMeeT pSI.ll cywecTBeHHbiX npeHMy

wecTB no cpasHeHHIO C HCnonb3y9MbiMH .!10 HBCTOSIIUei'O speMeHH MeTO.ll8MH 1 

T8KHMH 1 KBK HH.llyKUHOHHOe onpe.aeneHHe H3MeHeHHSI H8M8I'HHqeHHOCTH 1 <Pep

poMBI'HHTHbilt pe3oHaHc 1 H3MepeHHe noTepb Ha rHcrepe3HC H .ap. Ope)!{.ae ace

ro, 9TO CBSI38HO C B03MO)!{HOCTblO HCCne.aosaHHSI npoUeCCOB Ha MHKpOCKOnH

qeCKOM yposHe, C noMOIUbiO .llHtPPBKUHH MO)!{HO onpe.aenSITb1 HanpHMep, H 

H3MeHeHHe HanpasneHHSI MBI'HHTHbiX MOMeHTOB 1 H H3MeHeHHe senHqHHbi 9THX 

MOMeHTOB, 8 cnyqae KpHCTanna1 COCTOSIIUero H3 HeCKOnbKHX no.apeweTOK1 

HeltTpOHbi no3sonSIIOT H3y'laTb nose.aeHHe pa3nH'IH~x no.apeweTOK1 a cne.ao

saTenbHO, onpe.aenSITb pOnb pa3nH'IHbiX KOMnOHeHT KpHCTanna B TeX HnH HHbiX 

npoueccax. Oci:>6oe 3HB'IeHHe MO)!{eT HM9Tb B03MO)!{HOCTb onpe.aeneHHSI c 

noMOlllblO .llHtPpBKUHH CTeneHH BTOMHOlt HnH Mai'HHTHOft ynOpSI.ll0'19HHOCTH, 

Oo-BH.llHMOMy 1 He cne.ayeT CnHWKOM onacaTbCSI CnO)!{HOCTH HHTepnpe

TBUHH pe3ynbTaTOB no AHtPPBKUHH HeftTpOHOB npH nepeXO.llHblX npoueccax1 

TBK KaK1 KBK npaBHn01 H389CTHbi HaqanbHOe H KOH9'1H09 COCTOSIHHSI 00p83Ua1 

a H3M9H9HHIO no.asepraeTCSI Bcero KaKoft-HHOY.llb O.llHH H3 nepeqHcneH

HbiX BbiWe napaMeTpOB ( HanpasneHHe MOMeHTOB 1 senH'IHHa MOMeHT81 CTeneHb 

nopSI.ll'Ka H T • .ll.). CywecTseHH01 'ITO .llH<PpaKUHH HeATpOHOB no3sonHeT nony

qaTb npOCTpaHCTB9HHYIO KapTHHy npoHCXO.llSilllHX B KpHCTanne npoueccOB 1 ecnH 

HCCne,llOBaTb 0Tp8)!{9HHSI OT pa3nH'IHblX KpHCTBnnorpatPH'19CKHX nnoCKOCTeft, 

Cne.ayeT OTMeTHTb T8K)!{91 'ITO HeltTpOHbi n03BOnSIIOT H3Y'I8Tb B 'IHCTOM BH

.ae nose.aeHHe nOKBnbHblX MBI'HHTHbiX MOMeHTOB B npO.BO.llSilllHX KpHCTannax1 

He 3asyanHpOBaHHOe BHXpeBbiMH TOK8MH 1 CBSI38HHbiMH C aneKTpOHBMH npoBo

.llHMOCTH1 B OTnH'IHe1 HanpHMep1 OT MeTO.llB onpe.aeneHHSI H3MeH9HHSI HaMa

I"HH'IeHHOCTH Oopa 3Ua. 

0.llHHM H3 HaHoonee HHTepeCHbiX npHMP.HeHHlt onHCbiBaeMbiX MeTO.llOB 

MO)KeT OblTb H3yqeHHe npoueCCOB nepeMai"HH'IHBaHHSI 4JeppHTOB H TOHKHX Mai'HHT

Hb!X nneHOK, KOTOpbie HMeiOT lliHpOKOe npHMeHeHHe B COBpeMeHHOlt aneKTpOHHK9 H 

Bbl'IHCnHTenbHolt TeXHHKe, 0epeMai'HH'IHBaHHe <PeppHTOB H Mai'HHTHbiX nne

HOK OObl'IHO CBSI3biBaiOT C TpeMSI npoueccaMH! .llBH)!{eHHeM .llOMeHHbiX rpaHHU1 
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HeO.llHOpO.llHbiM BpaweHHeM H O,llHOpO,llHbiM BpaweHHeM MBI'HHTHbiX MOMeHTOB, 

3TH npouecCbl pa3nHqaiOTCSI no CKOpOCTH H npOHBnHIOTCSI B pa3HOlt CTeneHH 

B 38BHCHMOCTH OT BenH'IHHbl npHnO)!{eHHOI'O Mai'HHTHOI'O nong, 

Cse.aeHHe nepeMarHH'IHBaHHH K STHM TpeM npoueccaM HBnHeTCH MOJlenb

HbiM npe.acTasneHHeM, KOTopoe .aaneKo He scer.aa y.aaeTcH cornacosaTb c 

aKcnepHMeHTanbHbiMH ,llaHHbiMH 1 nOKa3biBaiOIUHMH 1 'ITO B .lleftCTBHTenbHOCTH 

see npoHcxo.aHT 3HaqHTenbHo cno)!{Hee. .UH<PpaKUHSI HeATpOHOB 1 no-sH.aHMoMy 
1 

Morna Obi OKa3aTbCSI .llOBOnbHO CHnbHbiM cpe.acTBOM B Hccne.aoBaHHH 9THX 

ManOH3Y'I9HHblX .!10 HaCTOSilll9I'O speMeHH npoueCCOB. 

XapaKTepHbie BpeMeHa nepeMarHH'IHBaHHH nyTeM Heo.aHopo.aHoro spa

weHHH - 10-7 - to-t> ceK1 a o.aHopo.aHoro spaweHHH - to-9 - to-8 ceK
1 

TaK 'ITO cne.ayeT O)!{H.llaTb HeManbiX M9TO.llH'IeCKHx TPY.llHOCTeA npH pa6oTe 

B 9TOlt oonaCTH, 0o-BH.llHMOMy 1 .llnSI HCCne.aosaHHSI nepeMai'HH'IHBaHHSI <Pep

pHTOB H nneHOK npHMeHHM nHlllb nocne.aHHA H3 o6cy)!{.aaeMbiX MeTO.llOB
1 

TeM oonee1 'ITO B03.lleltCTBHeM Ha <PeppHT HnH nneHKy HMnynbCa Mai'HHTHOI'O 

nonSI, cyiUeCTB9HHO OOnblll9I'O no aMnnHTy.ae, '19M OCHOBHble HMnynbCbl
1 

MO)!{HO DpHBO.llHTb 00pa3eu B HCXO.llHOe COCTOSIHHe 3a Bp9MSI
1 

Manoe no cpas

HeHHIO c xapaKTepHbiMH speMeHaMH Hccne.ayeMbiX npoueccos. 

3.ll9Cb HMeeTCSI B BH.llY HCCne.aoBaHHe MOHOKpHCTannH'I9CKHX nneHOK, 

OueHKH HHT9HCHBHOCTH OTpa)KeHHA noKa3biBaiOT1 'ITO TaKHe 9KCnepHM9HTbl 

BnonHe B03MO:>KHbl Ha CTBUHOHapHbiX pea KTOpax C rrneHKaMH TOniUHHOA 
r 0 

1000 - 10000 A 1 T.e. C TaKHMH 1 KOTOp;t.Ie npe.acTaBnSIIOT HaHoOnbWHlt HHTe-

pec KaK C TO'IKH 3p9HHSI tPH3H'I9CKHX npoueCCOB B HHX1 TaK H C TO'IKH 3p9HHSI 

HX WHpOKOI'O T9XHH'I9CKOI'O npHMeHeHHSI, 3aMeTHM
1 

'ITO .ami TOHKHX MOHO

KpHCTannHq9CKHX nneHOK npHM9HHMa tPOpMyna ( 6) 1 HO n9.ll TJ cne.ayeT 

B ::!TOM cnyqae noHHMaTb He M03aHqHOCTb1 a yrnoByiO WHpHHy .llH<PpaKUHOH

HOI'O 0Tpa)K9HHSI OT HJleanbHOI'O MOHOKpHCTanna1 Bbipa)!{aeMyiO tPOpMynolt /2/ 

TJ = 2 A 
2 

N c F I· 11 sin 2 () ( N o - "!He no aneMeHTapHbiX gqeeK 

Ha e.aHHHuy o6'beMa1 F -cTpyKTypHbiR <PaKTop) H pasHyi01 KaK npasHnol 

HeCKOnbKHM yrnOBbiM CeKyH.llaM. 

Ha HMnynbCHOM peaKTOpe HHT9HCHBHOCTb1 KOH9'1H01 Ha H9CKOnbKO no

PSI.llKOB HH)!{e1 HO H B 9TOM cnyqae DpH ysenH'I9HHH nnowa.llH nneHKH Ton-
0 

IUHHoft 10000 A .!10 "' 10 CM2 npe.acTasmiiOTCSI B03JI10:>KHbiMH TBKH9 

3KCnepHM9HTbl .aa)!{e npH MOIUHOCTH HMnynbCHOI'O peaKTOpa B H9CKOnbKO 

.ll9CSITKOB KHnOBaTT, 
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VI MeeTC51 B03MO:lKHOCTb HCCJleJlOB8HH51 KHHeTHKH cp830Bb1X nepeXOJlOBe 

Pa6oTa51, HanpHMep, npH TeMnepaType, 6JIH3KOA K TO'iKe KIOpH, MO:lKHO soa

Aeil.cTBHeM HMnyJibCHOI"O MSI"HHTHOI"O nOJl51 Bbi3B8Tb MSI"HHTHOe ynOp51JlO'i9HHe 

H no H3MeHeHHIO HHTeHCHBHOCTH JlHcppaKUHOHHOI"O OTpa:lKeHH51 OllpeAeJI51Tb xapaK

Tep npouecca ynop51Jlo'ieHH51, Dn.s1 HHKeJI51, HanpuMep, TeMJJepaTypa KropH, pas

H851 349,2°C, H3M9H519TC51 H8 0,85° llpH B03A9ACTBHH nOJl.sl B 20 9pCTeJl/S/• 

VlayqeHHe aHanorH'IHbiM o6pa3oM cpaaoBbiX nepexonoa I poAa npencTaan5leTc51 

6onee CJIOlKHbiM KSK H3-38 I"HCTepe3HCHbiX 51BJleHHlt, TSK H H3-38 H906XOJlHMOC

TH HCnOJlb30B8HH51 60JlbWHX MSI"HHTHhlX IIOJieA (TO'iK8 8HTH~eppo-cpeppOM8I"HH~ 

HOI"O nepexoAa cnnaaa Fe - Rh 
14/ 

none 1700 spcTen ). 

, HanpHMep, CM911l89TC51 H8 OAHH I"pSAYC B 

KoHetiHo, B03MO>KHOCTH uaytieHH51 6bJCTpbiX Mai"HHTHbiX nepexonoa onpene-

Jl51IOTC51 He06XOJlHMhlMH JlJl51 9TOI"O B9JlH'iHH8MH MSI"HHTIWI"O nOJI5le Dng HCCJI9Jlo

B8HH.sl nepeM8I"HH'iHB8HH51 cpeppHTOB H n~eHOK, nO-BHJlHMOMy, He Tpe6yeTC.sl no

neil. BbiWe HeCKCi>JlbKHX Jl9C!ITKOB 9pCTeJl. npH yseJIH'i9HHH nOJI.sl MeTOAH.'ieCKHe 

TPYAHOCTH, eCT9CTB9HHO, B03p8CT8IOT, HO 06Jl8CTb llpHMeHeHH.sl Heil.TpOHOB npH 

9TOM 3H8'iHT9JlbHO paCWHp51eTC51, 

n OMHMO MSI"HHTHb!X nepeXOAOB, npeACT8BJl519T HHTepec H3Y'i9HHe nepexo

AOB B KOHA9HCHpOB8HHblX Cpenax nOA Aeil.CTBH9M 9Jl9KTPH'i9CKOI"O nOJISI (HallpH

Mep, a cerHeTosneKTpHxax) HJIH non Aeil.CTBHeM HMJJYJibCHoro JlSBJieHHH. Ho, 

B03MO>KHo, TPYJlHOCTH npu STOM cepbe3Hee, qeM npu pa6oTe c MSI"HHTHbiM no

neM, XOT.s! fib! y>Ke noTOMY, 'ITO H3MeHeHH51 06'beKT8 HCCJ19AOB8HH.sl B 9THX Cny

'i8.s!X OTHOCHT9JlbHO M9HbWe np051BJ151IOTC51 B p8CC951HHH Heil.TpOHOB no cpaBHe

HHIO C MSI"HHTHblMH rrepeXOASMH, 

XoT.s1 npHHUHIIHSJibHS.si B03MO>KHOCTb uccnenoaaHHH Heynpyroro pacceHHH.sl 

Heil.TpOHOB HM99TC51 (npeJlbiJlylllHJ!: naparpacp) H HHTeHCHBHOCTb BnOJIHe MO>KeT 

6b!Tb JlOCTSTO'iHOJ!: He TOJlbKO H8 CT8UHOH8pHOM, HO H H8 HMIIYJlbCHOM peaKTo

pe, BCe >Ke cnenyeT O>KHJl8Tb, 'ITO H3y'ieHHe H3MeHeHH51 JlHHSMH'ieCKHX CBOJ!:CTB 

KOHJleHCHpOBSHHb!X cpeA npH nepeXOAHb!X npoueccaX nOK8 51BJ1519TC51 B9CbM8 

CJlO>KHOil. 38Jl8'iel!: - I"Jl8BHbiM o6pa30M H3-38 TPYJlHOCTel!: HHTepnpeTSUHH 

9KC11epHM9HT8JlbHbiX pe3yJlbT8TOB. 

B sTo:l!: pa6oTe npeAcTaa:neHo JIHWb HeCKOJlbKO B03MO>KHbiX MeTOAOB uay

'ieHHSI nepexOJlHbiX npoueccoa c noMOIIlbiO Heil.TpoHoB. Ho ecnu Aa:lKe ytieCTb 

9TH MeTOJlbi, 8 TSK>Ke H9KOTOpbie TpHBH8JlbHbie, MO>KHO C'IHT8Tb, 'ITO AH8n830H 
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B03MO>KHbiX B H8CT051Jilee BpeM.sl HCCJ19JlOB8HHii: nepeXOJlHb!X npoueCCOB BeCbM8 

6oJibWOJ!:: OT 10-9 CeK AO '18COB. VI pa60T C npHM9HeHH9M Heli:TpOHOB B 9TOil. 

o6naCTH cpH3HKH KOHJl9HCHpOB8HHblX CpeA noKS cpaKTH'ieCKH He B9Jl9TC.sl, XOT.sl 

COBpeMeHHbJe CT8UHOH8pHbl9 H HMnyJibCHbie peaKTOPbl BnOJIHe nOJlXOJlSIIIlH, JlJl.sl 

TSKHX 9KCnepHM9HTOB. 
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PHc. 1. MeTon lf3MepeHHH speMeHHoit 38BHCHMOCTH nH¢paKUHH HeitTpoHos: 
a - Ha MoHoKpHcTanne, 6 - Ha nonHKpHcTannH'IeCKOM o6pa3ue. 1 - "6enbrit' 
nepBH'IHbiit ny'IOK, 2 - MOHOKpHCTannH'IeCKHit o6pa3eU, 3 - nonHKpHCTannH
'IeCKHit o6pa3eu, 4 - menesolt KonnHMaTop; 5 - menesoit KonnHMaTop, 
6 - "'reHepaTop" nepHO,llH'IeCKHX llpSIMOyronbHbiX HMnynbCOB, 7 - neTeKTOp, 
8 - MHoroKaHanbHhlit speMeHHoit aHanH38Top. 
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PHc. 2. BpeMeHHhle .aHarpaMMhl s MeTo.ae H3MepeHHH nH¢paKuHH HeitTpo
Hos: a - ¢opMa HMnynbCa sHemHero nonH, 6 - H3MeHeHHe ce'l:eHHH yn
pyroro KOrepeHTHOrO pacceHHHH, B - COOTBeTCTBY~LU8SI speMeHH8H Heit
TpOHOrpaMM8 npH pa6oTe C HMnynbCHhlM HCTO'IHHKOM HeitTpOHOB, r - Bpe
MeHH8SI HeitTpOHOrpaMM8 B cny-qae CT8UHOH8pHOrO nepBH'lHOrO ny-qKA. 
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PRe. 3. MeTo.n R3MepeHHSI yrrpyroro paeeeSIHRSI HeATpoHoB. 1 - RMrrym,
eHbrA HeToqHHK HeATpOHOB; 2 - 38M9.0nHT9nbj 3 - TB9p.ObiA, )!(R,OKRA HnH 

raaoo5paaHbiA o5paaeu; 4 - 'reHepaTop" rrepRo.nRqeeKHx rrpHMoyronbHbiX 
RMITynbCOB IIOnSij 5 - .09T9KTOpj 8 - MHOr'OK8H8nbHbll!: Bp9M9HHOA 8HanHaa
TOp. 
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PRe. 4. MeTo.n rrepeMeHHOA .nnRHbi aonHbi HeATpoHoB: a - e rronRKpReTan

JIRqeeKRM oop83UOM, 0 - e MOHOKpHeTannRqeeKHM OOp83UOM. 1 - IIOnR
KpReTannHqeeKHl!: o5paaeu, 2 - MCHOKpHeTann, 3 - we:meaol!: KonnHM8Top, 
4 - "reHepaTop" IIpSIMOyronbHbiX RMIIynbCOB IIOnSI, 5 - MHOr'OSiqeHeTblft 
.09T8KTOp, 8 - onOK rrporryeKaHHSI, 7 - MHOr'OK8H8nbHbiA BpeMeHHOft aHa-

nH38TOp. 

23 



HI 
~ 

(a) 

t --\ 

{\~ \ (6j \ 
\ 

t .. 
I. 

(t'>j 

t 
cL2J.., 

.__ ______ c L2l.2+ -c 

Puc. 5. BpeMeHH&Ie LlHarpaMMbi a MeTOLle rrepeMeHHoA LlnHHbi aonH&I: 
a - cpopMa HMrrynbCa BHewaero rronR, 6 - uaMeHeaue ce'l:eHHR yrrpyroro 

pacceRHHR, B - COOTBeTCTBYIOlll8R BpeMeHHaR HeATpOHOI"p8MMa. 
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Plic. 6. MeTOLl apawa!OmerocR MOHOKpHcTannH'IeCKoro o6paaua. 1 - uc
TO'IHHK HeATpOHOB, 2 - aaMeLlnHTenb, 3 - apall.l810lllHACR MOHOKpHCTa.TJ
nuqeCKHA o6paaeu, 4 - weneaoA KonnuMaTop, 5 - LleTeKTOp, 6 - MHuro
KaaanbHbiA apeMeHHoA aaanuaaTop, 7 - 'reaepaTop' rrpRMoyronbHbiX uM

rrynbcoa rronR. 
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PHc. 7. BpeMeHHbie .Z:llfarpaMMbi B MeTo.ae spama10meroc.s~ MoHoKpHcTan
na: a - ct>opMa HMnynbca BHewHero non.s~, 6 - HaMeHeHHe ceqeHH51 yn
pyroro KorepeHTHOrO pacce51HH51, B - COOTBeTCTByiOlUa51 BpeMeHHa51 HeA
TpOHorpaMMa. 

PHc. 8. reoMeTpH.s! CHMMeTpH'iHOrO 0Tpa:>KeHH51 OT BpalUaiOIUerOC51 
KpHcTanna. 
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RIC. 9. BpeMeHHbie JlHarpaMMbi 'HHTerpanbHoro"' MeTo.aa: a - speMeHHa.s~ 

aaBHCHMOCTb pacce51HH51 Ha o6paaue npu nepexo.aHoM npouecce; 6 - spe
MeHHa.s~ aaBHCHMOCTb .aeACTByiOmero Ha o6paaeu nepHOJlH'ieCKOrO SHew
Hero non.s~; B - COOTBeTCTBYIOll{a51 aaBHCHMOr.Tb pacce51HH51HeATpOHOB OT 
BpeMeHH; r - aaBHCHMOCTb HHTeHCHBHOCTH C'ieTa OT .LlnHTenbHOCTH t i 
HMnynbCOB UOnH; .Ll - 3aBHCHMOCTb HHTeHCHBHOCTH HeilTpOHOB OT speMeHH, 
OTC'iHTbiBaeMoro OT Haqan a nepexo.aHoro npouecca. 
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