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B nocneAH~e roA~ nony4eHa 6onbwa~ 3Kcnep~MeHTanbHa~ 
HH$OpMa~H~ 0 CBOHCTBaX HeynpyrHX B3aHMOAeHCTB~H B~COK0-
3HepreTH4eCKHX 4aCTH~ H HOHOB C ~ApaMH, MHOrHe MOAenH, yc
neWHO npHMeH~BwHec~ paHee An~ o6b~cHeHH~ 3KcnepHMeHTOB, 
OKa3~Ba~TC~ Tenepb yme HeAOCTaT04H~MH - no KpaAHeH Mepe 
8 KOnH4eCTBeHHOM OTHOWeHHH. B CB~3H C 3THM 803pOC HHTepec 
K aHan~3y yme Cy~eCTBy~~HX ~ pa3pa60TKe HOB~X TeOpeTH4eCKHX 
nOAXOAOB C TeM, 4T06~ He TOnbKO ~MeTb B03MOmHOCTb pa3HOCTO
pOHHe HHTepnpeTHposaTb H conocTasn~Tb MemAY co6oA nony4ae
Mble 3KCnep~MeHTanbHble AaHHble, HO ~ nony4HTb yKa3aHH~ Ha 
nepcneKTHBH~e HanpasneHH~ AanbHeHWHX HCCneAOBaHHH. 

Hay4eHHe s~coK03HepreTH4eCKHX peaK~HA npeAOCTasn~eT yHH
KanbH~e B03MOmHOCTH An~ ~AepHOH $H3HKH; ~ApO-MHWeHb 8 3TOM 
cny4ae OKa3biBaeTC~ 3anOnHeHH~M 6onbW~M 4HCnOM nOCTOpOHHHX 
An~ Hero 4aCTH~, 6narOAap~ 4eMy C 60nbWOH sepo~THOCTb~ MO
ryT OCy~eCTBn~TbC~ cne~H$H4eCKHe THn~ ~AePH~X B3aHMOAeA
CTB~H, HeB03MOmH~e HnH KpaAHe PeAKHe 8 ycnoBH~X HH3K03Hep
reT~4eCK~X peaK~~H. 

B n~TepaType o6cymAaeTc~ 6onbwoe 4Hcno MOAeneA, KOTOp~e 

no $opMe ~ AeTan~M 4acTo secbMa 3Ha4HTenbHO oTnH4a~Tc~ OAHa 
OT APYrOH. 0AHa'Ko 8 HX OCHOBe, KaK npas~no, nemHT OA~H H3 
ABYX MeXaHH3MOB BHYTPH~AePH~X B3aHMOAeHCTB~A: KaCKaAH~H Me
xaHH3M, KOrAa CyMMapHoe B3aHMOAeHCTBHe paCCMaTpHBaeTC~ KaK 
paaseTsneHHa~ nocneAOBaTenbHOCT b. /''Aepeso''/ HeKorepeHTH~x 
B3aHMOAeHCTB~H 6~cTp~X 4aCTH~ C OTAenbH~~ BHYTPH~AePH~MH 
HyKnOHaMH, ~ KOnneKTHBH~H MeXaH~3M, npH KOTOpOM B3aHMOAeA
CTBHe 6~CTpOH 4aCT~~~ npo~CXOAHT KOrepeHTHO cpaay C HeCKOnb
KHM~ BHYTPH~AepH~MH HyKnOHaMH. 

3T~ ABa OCHOBH~X THna B3a~MOAeHCTB~H, KOHe4HO, He ~Bn~
~TC~ a6con~THO H30nHpOBaHH~M~, H MOryT nepeXOAHTb OAHH 
B APYrOH no Mepe TOrO, KaK KOrepeHTH~e B3aHMOAeHCTBH~, pea
nH3Y~HeC~ s OTAenbH~x yanax KacKaAHoro Aepesa, nocTeneHHO 
aaxsaT~Ba~T see 3TO Aepeso /HnH, Hao6opoT, KOrAa eAHHOe Kon
neKTHBHoe B3aHMOAeHCTBHe pacnaAaeTC~ Ha OTAenbH~e o6oco6neH
Hble 6nOKH/. 
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jlCKaAHbiH MeXaHH3M fiyAeT HMeTb MeCTO B TOM CJly4ae, eCJlH 

apeMR B3aHMOAeHcTBHR 4aCTH4bl c BHYTPHRAepHbiM HYKilOHOM r b
3 

MeHbwe ape-MeHHoro HHTepaana 6.t-, pa3Aei1RIOIJiero ABa Tal<Hx 

nocne-;QOBaTeilbHbiX B3aHMOAe171CTBHR, KOTOpble TOilbKO npH 3TOM 

yCilOBJ.iH MOryT paCCMaTpHBaTbCR KaK He3aBHCHMble, C T04HOCTbiO 

AO HanaraeMblX 3aKOHaMH COXpaHeHHR KHHeMaTH4eCKI-1X CBR3e171. 

B npOTI-lBHOM cny4ae B3a!-1MOAe171cTBHe 6blcTpoA 4aCTI-14bl c ABYMR 

BHyTpl-lRAePHbiMI-1 HYKilOHaMJ-1 MO~eT peail!-130BaTbCR 111-lWb KaK eA!-1-

Hbl171 KOilileKTI-lBHbiH aKT. 

ECill-1 OTBile4bCR OT pe30HaHCHbiX B3a!-1MOAeHCTBJ-1171, KOTOpble 

B paMKaX KaCKaAHOH MOAeil!-1 paCCMaTp!-1BaiOTCR OTAeilbHO - KaK 

o6pa30BaH!-1e 4aCTH4-pe30HaHCOB, y4aCTByiO~J-1X Aanee B KacKaA

HOH IlaBJ-1He HaPRAY C rr-Me30HaMJ-1 1-1 HYKilOHaMH / 11, TO npOAOil

~1-lTeilbHOCTb B3a!-1MOAeHCTBI-1R 6b1CTPOH 4aCTH4bl C BHYTPHRAePHbiM 

HYKilOHOM rb 3 =r 0 y, rAe r 0 -10-24 c- xapaKTepHOe speMR Cl-lilb

HbiX B3a!-1MOAe171cTBI-1H, y - $aKTOp peilRTI-181-lCTCKOrO 3aMeAileHI-1R 

BpeMeHH *. nocKOilbKY noKa e~e He cy~eCTByeT TeOpl-11-1 Cl-lilbHbiX 

B3a!-1MOAe171CTBH171, KOTOpaR n03BOilRila fibl T04HO paCC41-1TaTb Beil!-1-

41-lHY y, orpaHJ-141-lMCR ABYMR Kpa171HI-1MJ-1 Cily4aRMJ-1: 4eHTpailbHbiMI-1 

CTOilKHOBeHI-lRMI-1 C HefiOilbWI-lMJ-1 napaMeTpaMJ-1 YAapa, KOrAa o6pa-

3yeTCR eAHHaR 6biCTpO ABI-l~y~aRCR 11 KOMnayHA-CI-1CTeMa 11 , pacna

AaiO~aRCR 3aTeM Ha OTAeilbHble 4aCTH4bl, 1-1 nep!-1$ep~o~4ecK!-1MH 

CTOilKHOBeHHRMJ-1, np~-1 KOTOpbiX B3a!-1MOAe171cTByiO~I-1e 4aCTH4bl He 

TepRIOT nOilHOCTbiO CBOe171 1-lHAHBI-lAYailbHOCTI-1, H BeCb np04eCC 

npOHCXOAI-lT 3a speMR nponeTa 4aCTI-14bl CKB03b nep!-1$epl-110 HyK-
IlOHa. __ 

B nepsoM cny4ae y =y'E/ 2M, rAe E =T+m - nonHaR 3Hepr!-1R cTan

KI-lBaJO~eAcR C BHYTPI-lRAepHbiM HyKilOHOM 4aCTI-14bl, M - Macca 3TO

ro HYKilOHa. npl-1 3TOM T b3 ~ const' eCill-1 T < 1 ras' 1-1 T b - .,;T, 
eCill-1 T >> 1 raB. 80 BTOPOM Cily4ae y ::: 1, 1-1, He3aBJ-1CJ-1~0 OT 

3HeprHI-1 4aCTI-14bl, speMR ee B3a!-1MOAeHCTBI-1R C HYKilOHOM rb
3
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nocKOilbKy rb 3 MO~eT 3aBHCeTb OT 3HeprHI-1 4aCTI-14bl, TO 

HaH60nee KpHTI-14eCKJ-1M AilR 04eHKJ-1 npHMeHI-lMOCTI-1 KaCKaAHOH MO

Aeill-1 RBilReTCR HHTepsan Me~AY nepBbiM H CileAYIO~I-lM 3a HHM 

BHYTPI-lRAePHbiM CTOilKHOBeHI-lRMI-1, KOrAa 3HeprHR KacKaAHbiX 4ac

TI-14, a CileAOBaTeilbHO, 1-1 BeilH4HHa rb 3, • 1-lMeiOT HaHfiOilbWee 

3Ha4eHHe /3Ta 3Hepri-1R 04eHb fibiCTpO yMeHbWaeTCR C pOCTOM 

41-lCila CTOilKHoseHI-lA / 2 / I. • 

* BpeMR ;. ,;,(Ic 7c, rAe d c - Al-laMeTp KepHa HyKilOHa, C - CKO

pOCTb CBeTa. 8 KaCKaAHbiX MOAeilRX 06bi4HO C4HTaeTCR, 4TO MHHH

MailbHOe paccTORHI-le Me~AY BHYTPI-lRAePHbiMI-1 HYKilOHaM!-1 Ar;
1
n=dc= 

= 0, 8 <!>M. TaKoe 3Ha4eHI-1e de xopowo cornacyeTCR c AaHHbiMI-1, 

nony4eHHbiMI-1 1-13 aHail!-13a ynpyr1-1x H Heynpyrl-lx rr-N H N-N
B3aHMOAe171cTB!-1A. 
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BpeMR Me~AY nepBbiM 1-1 BTOpbiM CTOilKHOBeHHRMH At= f/v, 

rAe f - cpeAHI-1171 CBOfiOAHb1171 npo6er o6pa3osaawe171cR 11 KOMnayHA

CI-1CTeMb111, V - ee CKOpOCTb. T04HaR Beill-141-lHa Ce4eHJ-1R B3a!-1MO

Ae171CTBHR 3T0171 CHCTeMbl C HYKilOHaMH He!-13BeCTHa, OAHaKO ee 

pa3Mepbl onpeAeilRIOTCR 3<l><t>eKTJ-1BHbiM paAI-lYCOM Cl-lilbHOrO B3a!-1MO

AeHCTBHR, n03TOMy Ce4eHHe ee B3a!-1MOAe171cTBI-1R, a CileAOBaTeilb

HO, 1-1 AI11-1Ha npo6era BHYTPI-1 RAPa AOil~Hbl 6b1Tb np!-16Ili-13HTeilbHO 

TaKHMH ~e,KaK 1-1 AilR KaCKaAHbiX Me30HOB 1-1 HyKilOHOB. 3TO no-

3BOI1ReT AilR 04eHKH Beil!-141-lHbl f HCnOilb30BaTb COOTBeTCTBYIO~I-lA 

cpeAHI-1171 npo6er KaCKaAHbiX 4aCTI-14. 

KaK Bl-lAHO 1-13 Ta6n. 1, rAe npHBeAeHbl AaHHble, nony4eHHble 

nyTeM HenocpeACTBeHHOrO MOAeilHPOBaHHR KaCKaAOB B TR~eilOM 

Ta6n1-14a 1 

CpeAHH171 cao60AHb1171 npo6er KacKaAHbiX 4aCTI-14 a npoToH-RAepHbiX 

CTOilKHOBeHHRX npH pa3Ili-14HbiX 3HeprHRX nepBI-14HbiX npoTOHOB T 
/B eAHHI-14aX cpeAHero Me~HYKilOHHOrO paCCTORHJ-1Rd=1,7·10-l 3 cM/ . 

f - AJll-lHa npo6era Me~AY nepBbiM H BTOPbiM CTOilKHOBeHHRMH. 

T, ras P +t2c P+ 207pb 

0' 1 1 ' 1 1,9 

0,5 1 '1 1,5 
1 1 ,0 1 '7 
5 1' 1 1 '7 
10 1,2 1,8 

RApe, npo6er KaCKaAHbiX 4aCTH~ f B nOilTOpa-ABa pa3a npesoc

XOAHT cpeAHee Me~HYKI10HHOe paCCTORHHe d =(4rr/3A) 1~ ·R 
/A - MaCCOBOe 41-lCilO, R- paAHYC RApa/. 3TO CBR3aHO C TeM, 

4TO 4aCTb CTOilKHOBeHHH 6biCTpbiX 4aCTH4 C BHyTpHRAepHbiMJ-1 HyK

IlOHaMH 3anpe~eHa npHH4HnOM nayilH /3Hepri-1R HYKilOHa,o6pa3o

aaswerocR B pe3yilbTaTe B3aHMOAe171CTBHR, OKa3b1BaeTCR HH~e no

aepXHOCTJ-1 <!>epMH, rAe ace ypOBHI-1 3aHRTbl/. B nerKoM RApe 

BeilH4HHa npo6era MeHbWe, TaK KaK fiOilbWaR 4aCTb AI11-1HHOnpo-

6e~HbiX KaCKaAHbiX 4aCTH4 OKa3biBaeTCR BHe RApa e~e AO BTOporo 

CTOilKHOBeHI-lR*. 

B Tex cny4aRx, KOrAa 4aCTH4bl BbiileTaiOT H3 RAPa /HMeiOT 

npo6er, fiOilbWHH pa3MepOB 3TOro RApa/, OTHOWeHHe rb
3
/At 

*Hanpi-1Mep, B Cily4ae B3aHMOAeHCTBHR p+ 1~ OKOilO 70-80% 

4aCTH4, POAHBWHXCR B nepBOM BHYTPI-lRAePHOM CTOilKHOBeHHH, 

1-lMeiOT npo6er, 6onbWH171 pa3Mepoa RApa-MHWeHH. 
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MO>KHO C4HTaTb paBH~M Hyn~, He3aBHCHMO OT BenH4HH~ TbS' n03-
TOMY 3~~eKTHBHa.R eenH4HHa OTHOWeHH.R, onpeAen.R~~a.R npHMeHH
MOCTb KaCKaAHOrO MeXaHH3Ma 

Tb3 
(-----) ,h 

t'lt 3't'· 

T • y. c N2 
0 ·------, 

e N2 + N BbiJJ. 

rAe N 2 H N BblJI.- COOTBeTCTBeHHO 4HCnO 4aCTH~, HCnbiTaBWHX 
BTOpoe BHYTPH.RAepHOe CTOnKHOBeHHe H B~neTeBWHX H3 .RApa. 

Ha pHc. 1 noKa3aHa 3HepreTH4ecKa.R 3aBHCHMOCTb OTHOW~HH.R 
(rb3 I t'lt) 3<!J.· B cny4ae nepH~epH4eCKHX cTonKHOBeHHH 3TO OTHO
weHHe eo MHOro pa3 MeHbWe eAHHH~~. H 04eHb cna6o, nHWb 4e
pe3 BenH4HHY npo6era f H OTHOWeHH.R N2 / (N2+NBw n )• 3aBHCHT 

1 ,2 

~ 0,8 ,......_ ...., 
<l 
'-. 

"" .a ... 
'-"' 

0,4 

c ---
0' 1 0,5 5 10 50 

T /r3B/ 

PHc. 1. 0THOWeHHe npoAOn>KHTenbHOCTH 3neMeHTapHoro aKTa 
K cpeAHeMy HHTepeany BpeMeHH Me>KAY nepB~M H BTOp~M BHyTpH
.RAePH~MH e3aHMOAe.:1cTBH.RMH. CnnowHa.R H nyHKTHpHa.R KPHBble 
OTHOC.RTC.R COOTBeTCTBeHHO K ~eHTpanbHOMy H nepH~epH4eCKOMy 
3neMeHTapH~M aKTaM. 

• 
OT 3HeprHH nepBH4HOH 4aCTH~~ T.An.R ~eHTpanbH~X CTOnKHOBeHHH 
eenH4HHa rb 3 /L'lt B03pacTaeT c yeenH4eHHeM 3HeprHH nepBH4-
HOH 4aCTH~~. TaK 4TO ycnoeHe npHMeHHMOCTH npocToro KacKaA
Horo MeXaHH3Ma, KOr.Aa o6pa30BaBWa.RC.R npH CTOnKHOBeHH~ 11 KOM
nayHA-CHCTeMa11 ycneeaeT pacnaCTbC.R Ha AnHHe npo6era f, OKa-

3~BaeTC.R HapyweHH~M B nerKHX .RApax npH T > 50 r3B, B T.R>Ke
n~X - npH T 2 10 r3B. 
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H3 aHanH3a 3KcnepHMeHTanbH~x AaHH~x no e~coK03HepreTH-
4eCKHM 11- N H N-N B3aHMOAe.:1cTBH.RM cneAyeT, 4TO eepo.RTHOCT b 

nepH~epH4eCKHX CTOnKHOBeHH.:1 4aCTH~ HaMHOrO npeBOCXOAHT Be
pO.RTHOCTb HX ~eHTpanbH~X CTOnKHOBeHH.:1. no3TOMY MO>KHO O>KH
AaTb, 4TO KacKaAH~H MeXaHH3M BHYTPH.RAepH~X B3aHMOAe.:1CTBH.:1 
ocTaHeTc.R npeo6naAa~HM ennoTb AO o4eHb e~cOKHX 3HeprH.:1. 
BMecTe c TeM 3a c4eT "xeocTa" pacnpeAeneHH.R y>Ke npH 3Hep
rH.RX B HeCKOnbKO AeC.RTKOB r38 MO>KeT 6~Tb npHMeCb KOnneKTHB
H~X MHOrOHyKnOHH~X B3aHMOAe.:1CTBHH. 

noH.RTHO, 4TO BCe 3TH O~eHKH HMe~T nHWb OpHeHTHPOB04HOe 
3Ha4eHHe. To4H~H OTBeT Ha eonpoc, rAe npoHCXOAHT eepXH.R.R 
rpaHH~a npHMeHHMOCTH KaCKaAHOrO MeXaHH3Ma, a TaK>Ke O~eHKY 
BKnaAa KOnneKTHBH~X B3aHMOAe.:1CTBHH MO>KHO nony4HTb nyTeM 
CpaBHeHH.R KaCKaAH~X MOAene.:1 C 3KCnepHMeHTOM. npH 3TOM 04eHb 
Ba>KHO orpaHH4HTbC.R MHHHManbH~M 4~CnOM HOB~X npeAnOnO>KeHHH 
H He BBOAHTb B pac4eT He B3aHMOAeHCTBY~~He C .RAePH~M ee
~eCTBOM KnacTep~, ~a.:1ep6on~ HnH KaKHe-r.H6o APYrHe rHnoTe
TH4eCK~e 06beKT~, noKa An.R 06b.RCHeHH.R 3KCnepHMeHTOB AOCTa
T04H~ 6onee npHB~4H~e nOAXOA~. 

CneAyeT TaK>Ke nOA4epKHYTb, 4TO npHMeHeHHe KacKaAHOro 
MeXaHH3Ma He Tpe6yeT, 4T06~ ycnOBHe T bS <t'lt B~nOnH.RnOCb 
An.R n~6~x nap BHyTpH.RAepH~X CTOnKHOBeHHH. 3TO ycnOBHe AOn>K
HO B~nOnH.RTbC.R An.R nocneAOBaTenbH~X B3aHMOAeHCTBHH C pa3-
nH4H~MH HyKnOHaMH, B3aHMOAeHCTBH.R C OAHHM H TeM >Ke HYKnO
HOM MOryT npOHCXOAHTb B Te4eHHe npOMe>KyTKOB BpeMeHH t'lt<rbS' 
3TO - TaK Ha3~Bae~e MHOr04aCTH4H~e B3aHMOAeHCTBH.R /1,2/, 

Henb3.R cornacHTbC.R c TeMH aaTopaMH /eM., Hanp., o63op /3/ I, 
KOTOp~e C4HTa~T, 4TO MHOr04aCTH4H~e B3aHMOAeHCTBH.R npeACTa&
n.R~T co6o.:1 B~XOA 3a paMKH 11HAeH KacKaAHPOBaHH.R 11 • 

E~e OAHHM o6.R3aTenbH~M ycnoeHeM peanH3a~HH BHYTPH.RAepHoro 
KaCKaAa .RBn.ReTC.R Tpe6oeaHHe, 4To6~ AnHHa Ae6po.:1neBCKHX BOnH 
KaCKaAH~X 4aCTH~ 6~na 80 MHOro pa3 MeHbWe pa3MepOB .RApa
MHWeHH~ 3TO ycnOBHe 4aCTO HCnOnb3yeTC.R KaK HHTYHTHBHOe 
o60CHOBaHHe MOAenH KacKaAOB B Henpep~BHOH .RAepHOH cpeAe, 
rAe KaCKaAH~e 4aCT~~bl ABH>KYTC.R no KnaCC~4eCKHM TpaeKTOpH.RM 
H B3aHMOAeHCTBY~T nHWb C TeMH BHyTpH.RAepH~MH HYKnOHaMH, 
~eHTP~ KOTOp~X pacnono>KeH~ Ha 3THX TpaeKTOPH.RX. KaK BHAHO 
H3 Ta6n. 2, y>Ke npH 3HeprH.RX nepBH4H~X 4aCTH~ T =· 0,1 r3B 
cpeAH.R.R aenH4HHa A 3Ha4HTenbHO MeHbWe AHaMeTpa .RApa. Aa>Ke 
Te KaCKaAH~e HYKnOH~ H Me30H~, KHHeTH4eCKa.R 3HeprH.R KOTOp~X 

*ABTOp~ pa60T~ ~/ Tpe6y~T, 4T06~ AnHHa BOnH A 6~na 

Mana no cpaeHeHH~ c Me>KHYKnOHH~MH pacCTO.AHH.AMH d. TaKoe Tpe-
6oeaHHe .RBn.ReTC.R 4pe3MepH~M. 
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Ta6nH ~a 2 

0THOWeHHe cpeAHeH AnHHbl Ae6poHneacKOH aonHbl Kac KaAHbiX 4a CTH~ 
BHYTPH .RApa-MHWeHH K AHaMeTpy 3Toro .R Apa D = 2,14A 1/ 3 

T, r3B 

0, 1 
1 
10 

P + 12c 

0,087 
0,069 
0,067 

p + 207 pb 

0,037 
0,038 
0,041 

sHe RAPa T out:: 0, HMe~T a none BHYTPH.RAepHoro noTeH~Hana AnH
HY BOnHbl, MeHbWY~ AHaMeTpa .RApa-MHWeHH D -"' 2, 14A 112 * 

EcnH RAepHa.R cpeAa paccMaTpHaaeTc.R KaK o6naKo o6oco6neH
HbiX 4aCTH~-HyKnOHOB, C KOTOPbiMH KaCKaAHa.R 4aCTH~a aepO.RT
HOCTHbiM o6pa30M B3aHMOAeHCTByeT B ~HnHHAPe C paAHYCOM r O + A 
BAOnb ee KnaCCH4eCKOH TpaeKTOPHH /fo - paAHYC CHnbHOro 
B3aHMOAeHCTBH.R, pHC. 2/, TO Tpe6oaaHHe ManOCTH A CTaHOBHT
C.R e~e MeHee aa~H~M. Bo acex 3THx cny4a.Rx aepo.RTHOCTb OAHO
apeMeHHoro B3aHMOAeHCTBH.R 4aCTH~~ cpa3y C HeCKOnbKHMH HyK
noHaMH OKa3~aaeTC.R ManOH no cpaaHeHH~ C aepO.RTHOCTb~ OAHO
HYKnOHH~X aaaHMOAeHCTBHH **. 

KaaHTOBble 3$$eKTbl Aena~T HeB03MO~HOH cTpory~ noKanHaa
~H~ npOCTpaHCTBeHHbiX nono~eHHH KacKaAHOH 4aCTH~~ TaK~e 

H BAOnb HanpaaneHH.R ee ABH~eHH.R . .Qn.R HH3K03HepreTH4eCKHX 
4aCTH~, OC06eHHO Me30HOB, 3HeprH.R KOTOpbiX $HKCHpyeTC.R 
c T04HOCTb~ ~'f::10 M3B, "pa3Ma3Ka11 npocTpaHCTBeHHoro nono
~eHH.R BAOnb HanpaaneHH.R ABH~eHH.R ~X< h / 2 · ~P MO~eT npe-

* KHHeTH4eCKa.R 3HeprH.R 4aCTH~bl BHYTPH RAP a Tint= Tout+ V, 
rAe V =30-40 M3B, - rny6HHa noTeH~HanbHOH .RMbl. KpoMe Toro, 
cneAyeT Y4HTbiBaTb anHRHHe KynoHOBCKHX CHn /=10 M3B/ Ha rpa
HH~e .RApa / 1/, no3TOMy AnHHa BOnHbl 4aCTH~, KOTOpble MOryT BOH
TH H BbiHTH H3 RAp a, /..17 ~ 2 $M, AN $ 0, 7 $M. 3TO 06b.RCH.ReT. 
no4eMy MHOrHe acneKT~ KaCKaAHbiX paC4eTOB OKa3biBa~TC.R B He
O~HAuHHO xopoweM cornac~H c 3KcnepHMeHTOM npH 3HeprHR~ nep
BH4HbiX 4aCTH~, paBHbiX acero nHWb HecKonbKHM AeC.RTKaM M3B. 

** HcKn~4eHHe cocTaan.ReT npo~ecc norno~eHH.R rr-Me30Ha na
poH BHYTPH.RAePHbiX HYKnOHOB, KOTOpbiH 04eHb cy~eCTBe~ An.R MeA
neHHbiX Me30HOB H MO~eT npO.RBn.RTbC.R Aa~e npH 3HeprH.RX 8 He
CKOnbKO r36. 3TOT npo~ecc acerAa Y4HTb1BaeTC.R B KaCKaAHbiX 
pac4eTaX KaK OTAenbHbiH KaHan B3aHMOAeHCTBH.R KaCKaAHOH 4ac
TH~bl / 1,2, 4 / , 
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BOCXOAHTb Me~HyKnOHHOe paCCTO.RHHe. 0AHaKO paC4eTH~e xapaK
TepHCTHKH B~neTa~~HX H3 RApa HH3K03HepreTH4eCKHX 4aCTH~ 
Hennoxo cornacy~TC.R c 3KcnepHMeHTOM, 4TO on.RTb-TaKH yKaa~
aaeT Ha npeo6naAa~~HH BKnaA B3aHMOAeHCTBHH C OTAenbH~MH 
BHYTPH.RAepH~MH HyKnOHaMH. An.R B~COK03HepreTH4eCKHX 4aCTH~ 

npOAOnbHa.R pa3Ma3Ka ~X 3Ha4HTenbHO MeHbWe, H npH 3aAaHHOH 
OTHOCHTenbHOH T04HOCTH OnHCaHH.R yMeHbWaeTCR C pOCTOM 3HeprHH , 
KaK T - 112 . 

B~BOA 06 OTHOCHTenbHO ManOM BKnaAe B3aHMOAeHCTBHH OAHO
apeMeHHO C ABYM.R H 6onbWHM 4HCnOM HYKnOHOB nOATBep~AaeTC.R 

TaK~e paC4eTaMH aMnnHTYA ynpyrHX H HeynpyrHX aApOH-.RAepH~X 
npOt\eCCOB Ha OCHOBe aHanHTH4eCKOrO nOAXOAa, paCCMOTpeHHOrO 
anepa~e rnay6epoM /eM. HanpHMep, ~. 6 1 / . 3TH pac4eT~ npeA

CTaan.R~T co6oH $aKTH4eCKH peanH3a~H~ TOH ~e HAeH BHyTpH
.RAePH~x KaCKaAOB, 4TO H KBa3HKnaCCH4eCKHe MOAenH, HCnOnb-
3yJO~He MOHTe-KapnOBCKY~ HMHTa~H~ BHYTPHRAePHbiX B3aHMOAeH
CTBHH *. 0AHaKO B 11 rnay6epOBCKHX MOAen.RX 11 BHYTPH.RAepHbiH 
KacKaA paccMaTpHaaeTC.R Ha .R3b1Ke aMnnHTYA· 3To - 6onee o6-
~ee paCCMOTpeHHe, XOTR 3a 60nbWY~ 06~HOCTb noKa npHXOAHTC.R 
pacnna4HBaTbC.R BeCbMa rpy6~MH annpOKCHMa~H.RMH, 6e3 KOTOp~X 
He YAaeTC.R nony4HTb 4HcneHH~x peaynbTaToa. 

M~ paccMoTpenH Harn.RAH~H $H3H4eCKHH CM~cn orpaHH4eHHH 
npHMeHHMOCTH KaCKaAHOrO MeXaHH3Ma. nepeXOA K KaCKaAHOH MO
AenH OT CTpororo KBaHTOBOro, aMnnHTYAHOrO paCCMOTpeHH.R 6~n 
H3y4eH HeAaBHO B. E .liyHaKoB~M c cOTPYAHHKaM~ n, 8 1• 3TOT ne
pexoA YAaeTC.R AOCTaT04HO XOpOWO o60CHOBaTb y~e npH 3Hepr~.RX 
a HeCKOnbKO AeCRTKOB M3B. C pocTOM 3HeprHH nepBH4H~x 4acT~~ 
KBaHTOB~e nonpaBKH 6~CTpO 3aTyxa~T. 

Pa60Tbl n.s; , a TaK~e peaynbTaTbl, nony4eHHble B • .Q. ToHee
BbiM !9 / , RBnR~TCR B HaCTO.R~ee BpeM.R HaH60nee 06CTORTen bHbiM 
H3y4eHHeM KBaHTOBOrO 060CHOBaHH.R HCnOnb3Y~~HXC.R KacKaAH~X 
MOAeneH. 

* HCTOpH4eCKH pa3BHTHe TeOpHH npOHCXOAHnO TaKHM o6pa30M, 
4TO rnay6epOBCKHH nOAXOA nepBOHa4anbHO 6bln pa3BHT An.R pac-
4eTa ynpyroro pacce.RHHR, a MOHTe-KapnoacKHe MOAenH - AnR 
paccMOTpeHH.R rny6oKoHeynpyrHx npo~eccoa. B nocneAy~eM Me
TOA rnay6epa 6bln pacnpOCTpaHeH Ha HeynpyrHe peaK~HH, a C no
MO~b~ KBa3HKnacCH4eCKOrO MOHTe-KapnOBCKOrO MOAenHpOBaHH.R MO~

HO paCC4HTaTb ynpyroe, B TOM 4HCne H AH$paK~HOHHOe pacce.RHHe . 
B nocneAHeM cny4ae aepo.RTHOCTb HeynpyrHx . aaaHMOAeHCTBHH cne
AYeT paccMaTpHaaTb KaK $yHK~H~ napaMeTpa YAapa p : a. =fa. (p)pdp 

In lnv > 
H H3 onpeAen.ReMbiX MeTOAOM MOHTe-Kapno nap~HanbHbiX Ce4eHHH 
ain(p) Bbi4HCnHTb $a3bl pacce.RHH.R 71 f= 1/p=Af, 4epe3 KOTOpble 
Bbl pa~aeTC.R ce4eHHe ynpyroro pacce.RHH.R a eC (O). 
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PHe. 2. B MOAenH e Henpep~BHOH ~AePHOH epeAOH /A/ KaeKaAHa~ 
4aeT1-14a B3aHMOAeHeTByeT TOnbKO C TeMH HYKnOHaMH, KOTOpble 
paenonomeHbl Ha ee TpaeKTOPHH. B MOAenH, rAe ~APO npeAeTas
n~eTe~ B BHAe o6naKa npOT~meHH~X AHeKpeTHbiX 4aeTH4-HYKnOHOB 
/8/, KaeKaAHa~ 4aeTH4a MOmeT npOB3aHMOAeHeTBOBaTb e n~6~M 
HyKnOHOM, 4eHTP KOTOporo HaXOAHTe~ BHyTpH 4HnHHAPa e Oeb~ 
BAOnb HanpasneHH~ ABHmeHH~ 4aeTH4~· 

K Ha4any 70-x rr. s 6pyKX3BeHe, OK-PHAme 1-1 Ay6He 6~nH 
pa3pa6oTaHbl TPI-1 sepe!-11-1 KaeKaAHOH MOAenH /2, 10·13/ , KOTOpble 
BeebMa ey~eeTBeHHO pa3nH4anHeb B AeTan~x /napaMeTpH3a4HeH 
BHYTPH~AePHOro noTeH41-1ana, enoco6oM pae4eTa 17'-N "' N-N -
B3aHMOAeHeTBHH BHYTPH ~Apa, anropHTMaM!-1 p03~rp~wa npo6eros 
KaeKaAH~X 4aeTI-14 H T.A./, H 3TO B P~Ae eny4aeB npHBOAHnO 
K 3Ha4!-1TenbH~M paexomAeHH~M Ha npoMemyT04H~x 3Tanax pae4e
Ta, O~HaKO OKOH4aTenbH~e pe3ynbTaT~ nony4anHeb 04eHb 6nH3-
KHMH I 4~ 6~n0 B~nOnHeHO 60nbWOe KOnH4eeTBO pae4eTOB, KOTO
p~e B WHPOKOH o6naeTH 3HeprHH oT HeeKonbKHX Aee~TKOB M3B 
AO HeeKOnbKHX r3B xopowo eornaeosanHeb e 3Kenep!-1MeHTOM, 
a Te He6onbWHe pa3nH4H~, KOTOp~e HHOrAa npO~Bn~nHeb, MOmHO 
6~no HaAe~Tbe~ yeTpaHHTb nyTeM yeosepweHeTBOBaHH~ AeTaneH 
MOAenH H ny4WHM nOA60pOM napaMeTpOB, xapaKTepH3Y~HX eTpyK-

Typy ~Apa-MHWeHH H BHYTPH~AePH~e aApOH-HYKnOHH~e eTOnKHQBe
HH~ /eM. o63op~ 11• 2• 15• 161 I. Xopowee eornaeHe nony4aeTe~ 
1-1 B eny4ae 04eHb T~men~x ~Aep, KOrAa BHYTPH~AePH~H KaeKaA 
eonpOBOmAaeTe~ AeneHHeM B036ymAeHH~X OeTaT04H~X ~Aep, KOH
KYPHPY~~HM e npo4eee0M HX HenapeHH~ /eM. pHe. 3, a TaKme 
pa6oT~ / 17 / I. CHeTeMaTH4eeKHe pa3nH4H~ npo~sn~~Te~ nHWb 
np~-1 04eHb HH3KHX 3HeprH~x T:: 50-100 M3B, rAe eTaHoB~Te~ 
ey~eeTBeHH~MH Hey4HT~BaeM~e B KaeKaAHOH MOAenH AeTanH 
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P1-1e. 3.3HepreTH4eeKa~ 3aBHeH
MOeTb epeAHero 4Hena HeHTpo
HOB /nyHKTHp/ H nOnHOrO 4He
na BTOPH4H~x 4aeTH4 I ennowHa~ 
KpHBa~/, B~neTa~~HX 1-13 ~Aep 
eBHH4a, 60M6apAHPYeM~X npo

TOHaMH e 3HeprHeH T . An~ 
4Hena HeHTpOHOB 3Ha4KOM * Ha
HeeeH~ pae4eTH~e T04KH H3 pa-
6oT~ 1 18 1 . '- 3KenepHMeHTanb
H~e AaHH~e An~ nonHero 4Hena 
4aeTH4, OeTanbH~e T04KH -
H3MepeHH~ B~XOAa HeHTPOHOB, 
B~nonHeHH~e pa3nH4H~MH aBTO
paMH. 

eTpyKTYP~ ~Apa /XOT~ H B 3TOM eny4ae KaeKaAHa~ MOAenb npa
BHnbHO nepeAaeT epeAHee noseAeHHe senH4HH/ 1-1 s o6naeTH 
BbleOKHX 3HeprHH T ~ 3-5 r3B, rAe TeOpH~ npeAeKa3~BaeT enHw
KOM 60nbWy~ MHOmeeTBeHHOeTb BTOpH4H~X 4aeTH4. 

TaKHe me paexomAeHH~ MemAY TeopHeH 1-1 3KenepHMeHTOM Ha-
6n~Aa~Te~ H B eny4ae, KOrAa e ~APOM-MHWeHb~ eTanKHBaeTe~ 
6bleTPbiH HOH AeHTepH~ HnH a -4aeTH4a e 3Hepr!-1eH, 6onbWeH 
HeeKOnbKHx Aee~TKOB M3B/HyKn. 06pa3y~~HHe~ npH 3TOM s ~A
pe-MHWeHH KaeKaA MOmHO paeeMaTpHBaTb KaK HanomeHHe KaeKa
AOB, HHH4HHpyeMbiX OTAenbH~MH HyKnOHaMH. HaneTaiO~ero HOHa 
B ~Ape-MHWeHH, H o6paTHOrO pae~enneHH~ HyKnOHaMH ~Apa-MH
WeHH eaMoro HaneTaiO~ero HOHa. CooTBeTeTBYIO~a~ TeopH~ nony-
4aeTe~ np~M~M o6o6~eHHeM TeOpHH aAPOH-~AePHOrO KaeKaAa*. 

PaexomAeHHe KaeKaAH~x pae4eTOB e 3KenepHMeHTOM s o6na
eT!-1 BbleOKHX 3HeprHH yKa3~BaeT Ha He06XOAHMOeT b npHHHMaT b 
BO BHHMaH!-1e H3MeHeHHe eBOHeTB ~Apa-MI-1WeHH B np04eeee B3aHMO
AeHeTBH~, KOrAa 3Ha4HTenbHa~ 4aeTb HYKnOHOB MOmeT 6b1Tb B~-

6HTOH HapaeTa~eH naBHHOH KaeKaAHbiX 4aeTH4 /TaK Ha3biBaeMbiH 

* np~-1 pae4eTaX, Oeo6eHHO B o6naeTH He6onbWHX 3HeprHH, He-
06XOAHMO y4HTbiBaTb 11 pa3Ma3Ky 11 3Hepri-1H HaneTaiO~HX HyKnOHOB, 
OTpamaiO~y~ paenpeAeneHHe HMnynbeOB 3THX HYKnOHOB BHYTPH HOHa. 
MOAenb MOmHO paenpoeTpaHHTb Ha eTOnKHOBeHH~ T~men~X ~Aep. 
BeneAeTBHe 6onbworo HanonHeHH~ ~Apa-MHWeHH HyKnOHaMH Ha
neTaiO~ero ~APa B03HHKa~T ene4H$H4eeKHe npo6neM~, o6eymAeHHe 
KOTOp~X B~XOAHT 3a paMKH HaWeH eTaTbH /eM. 06 3TOM pa6o-
Ty / 19/ I. 
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11 3<)><)>eKT Tpei1m1Hra''/ . Y4eT 3TI1X 113MeHeHI1i1 - cnmKHaR 3aAa4a, 
TaK KaK B 3TOM CJly4ae npi1XOA11TCR OTKa3aTbCR OT npOCTOi1 MO

Ae1111 C Henpep~BHOi1 nJlOTHOCTb~ BHYTP11RAepHoro Be~eCTBa, 

3aMeHI1B ee MOAenb~ n~neeoro o6naKa 113 A 4aCTI1~-HYKnOHOB 
/A - Maccoeoe 411Cno RApa-M11WeHI1/, 11 c caMoro Ha4ana Kac

KaAHOro npo~ecca CJleA11Tb 3a CYAb60i1 KalKAOro 113 HI1X *. 
TaKaR MOAeJlb 6btna pa3pa6oTaHa a ,Qy6He a 1970-1971 rr. / 20 / , 

11 3TO n03 BOJ111Jl0 YCTpaHI1Tb paCXO>KAeHI1R C 3KCnepi1MeHTOM: 

pe3yJlbTaTbl pac 4eTOB xopowo cornacoean11cb c 113BeCTHOi1 a TO 

epeMR 3 KCnepi1MeHTaJlbHOi1 11H<)>OpMa~l1ei1 BO BCei1 o6naCTI1 YCKOpi1-
TeJlbHbiX 3Heprl1i1 T S 25 f3B / 1, 21-23~ 

C11Tya~11R a o6nacTI1 6onbWI1X 3Heprl1i1 ocTaeanacb MeHee Rc

HOi1. B pa6oTe 1231 3KcnepHMeHT 11 TeOpl1~ YAanocb cornacoeaT b 
ennoTb AO T::: 100 f3B /np11 6onbWI1X 3Hepri1RX Ha6n~Aanocb cy

~ecTBeHHOe 3aB~WeHI1e paC4eTHOi1 MHO>KeCTBeHHOCTI1 4aCTI1~/, 
OAHaKO 113BeCTHaR B TO BpeMR 11H<)>OpMa~I1R 06 aAPOH-RAePH~X 

B3ai1MOAei1cT BI1RX np11 T:: 30 + 100 f3B 6btna orpaHH4eHa Jl11Wb 

He60Jl bWI1 M 411CJ10M cpeAH11X xapaKTepi1CTI1K, COAep>KaBWI1X K TOMY 

>Ke 60JlbWI1e OW116KI1 . 

Cy~ecTeeHH~e pa3Hornaci1R c KacKaAHWM11 pac4eTaM11 o6Hapy>KH-

1111Cb nocne TOro, KaK 6b1Jll1 BblnOJlHeH~ <)>OT03MYJlbCI10HHble 3KCne

pi1MeHT~ Ha ycKOPI1TenRx a Cepnyxoee 11 6aTas1111 AJlR 11HTepsana 

3Heprl1i1 50 + 400 f3B. B~RCH11JlOCb, 4TO npaB11JlbHO nepeAaBaR 

xapaKTep 3HepreTI14eCKOi1 3aBI1CI1MOCTI1 411CJla pO>KAa~~11XCR 4ac

TI11.4 /6~CTpOe yBe!H14eHI1e 411CJla Jli1BHeBbiX HYKnOHOB 11 Me30HOB , 
11 HaCbl~eHHe 11 MHOlKeCTBeHHO CTI1 HH3K03HepreTI14eCK11X 4aCTI11..1/, 

KaCKaAHaR MOAeJlb npeACKa3~Bana B 3TOi1 o6naCTI1 3Heprl1i1 3Ha-
4HTeJlbHO 60JlbWHe MHO>KeCTBeHHOCTH S -, g- 11 h-4aC1'11~, 4eM 

Ha6n~Aanocb a 3Kcnepi1MeHTax /p11c. 4/*~ Pa3Jl11V.I1R B03pacTa~T 
np11 nepeXOAe K 6onee TR>KeJl~M RApaM /pi1C. 5/. 

06Hapy>KeHHWe paCXO>KAeHI1R nOCJ1YlK11Jl11 OCHOBOi1 AJlR 4aCTO 
nOBTOpR~~HXCR B nocneAHee BpeMR B JlHTepaType yTBeP>KAeHI1i1 

0 npHHI..II1nl1aJlbHOi1 Henp~MeH11MOCTH 11Ael1 BHYTP11RAepHoro KaCKa

Aa np11 T ~1 0 f3B . 
6e3yCJlOBHO, o6naCTb Cy~eCTBOBaHHA KaCKaAHOrO MeXaHI13Ma, 

KaK 1-1 n~6oro <)>113114ecKoro ReneHI1R, orpaHI14eHa, 11 o6R3aTeJlb HO 

* B npi1MeHeHHH K CTOJlKHOBeHv.~ ABY X RAeP y4eT 3<)><)>eKTa 
· Tpei1JlHHra 03Ha4aeT, 4TO B3aHMOAei1CTBHe y>Ke HeJlb3R paCCMaT

pHBaTb KaK npOCTY~ cynepn0311~H~ He3aBI1CI1M~X KaCKaAOB, no

pO>KAaeM~X HYKJlOHaMH HaneTa~~ero RApa . CyMMapH~i1 KacKaA 
B 3 TOM CJly4ae npeACTaBJlReT C060i1 CJlOlKHY~ 11 11HTep<)>epeH1..111~11 

OTAeJlbH~X KaCKaAOB, CJ111BWHXCR B eAI1H~i1 npOI..IeCC ~O~ 

* "* 3AeCb 11 Be3Ae HH>Ke ,._1bl 11CnOJlb3yeM CTaHAaPTHble 0603Ha-

4eHI1R, npi1HRTble B 3KCnepi1MeHTaX C <)>OT03MYJlbCI1ei1. 
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Hai1AYTCR 3KCnepi1MeHTaJlbHWe <)>aKT~, KOTOpWe 6YAYT B npi1H~I1-
n l1aJlbHOM n pOTI1BOpe41111 C Te0p11ei1 . 0AHaKO B KaCKaAH~X MOAe

JlRX e~e MHOrO Hei1CnOJlb30BaHH~X B03MOlKHOCTei1 AaJlbHei1werO 11X 

ycoeepweHCTBOBaHI1R /B TOM 411CJle 11 B HeKOTOp~X npi1H~I1nl1aJlb
HWX acneKTax/, n03TOMy yeepeHHO rOBOpi1Tb 0 3aMeHe KaCKaAHO

ro MeXaHI13Ma KaKI1M-TO HOB~M THnOM BHYTP11RAepH~X B3ai1MOAei1-
CTBI1i1 noKa HeT AOCTaT04H~X OCHOBaHI1i1. 

0AHa 113 npi1411H, B CI111Y KOTOpWX HeKOTOpWe aBTOPW npi1XOART 

K B~BOAY 0 Henpl1r0AHOCTI1 KaCKaAHWX MOAenei1, COCT011T B TOM, 

4TO KaCKaAHble paC4eTbl 04eHb CJlOlKHbl, AJlR COCTaBJleHI1R 11 OT

naAK11 Ha 3BM AOCTaT04HO AeTaJlbHOi1 11 HaAe>KHOi1 nporpaMMbl, KaK 

npaBI1JlO, Tpe6yeTCR HeCKOJlbKO neT, n03TOMy BO MHOri1X CJly4aRX 

pac4eTbl BblnOJlHR~TCR Ha OCHOBe Orpy6neHHbiX aHaJ111TI14eCKI1X 

e~pa>KeHI1i1. B TO >Ke apeMR npaKTI1Ka MOAen11poBaHI1R BHYTPI1RAep
HWX KacKaAOB Ha 3BM noKa3weaeT, 4TO 11HOrAa, Ka3anocb 6~, 
He 04eHb cy~ecTBeHHOe orpy6neHHe anropi1TMa /HanpHMep, 113-

MeHeHI1e YCJ10BI1i1 norno~eHI1R HI13K03HepreTI14eCKHX 4aCTI1~ 111111 
cnoco6a po3btrp~wa xapaKTepi1CTI1K 4acn11..1, pO>KAa~~I1XCR B 77'-N 

11 N-N-cTOJlKHOBeHI1RX/ npi1BOA11T K BeCbMa 3Ha411TeJlbHbiM KOJ111-

4eCTBeHH~M 113MeHeHI1AM pe3yJlbTaTOB pac4eTa ~ 
,Qpyry~ npi1411HY MOlKHO B11AeTb B TOM, 4TO AJlR cpaBHeHI1R 

HOB~X MOAenei1 C 3KCnepi1MeHTOM 4aCTO paCCMaTpi1Ba~TCR xapaK

Tepi1CTI1KI1 OAHI1X TOJlbKO Jli1BHeBbiX 4aCTI11..1, Ha KOTOp~e CI1JlbHO 

BJ111R~T K11HeMaTI14eCK11e <)>aKTOpbl nepeXOAa OT CI1CTeMbl ~eHTpa 

Mace K na6opaTOpHOi1 CI1CTeMe KOOPA11HaT, MaCKI1PY~I1e Aei1CTBI1-
TeJlbHOe COOTHOWeHI1e Te0p1111 11 3KCnepi1MeHTa. TaKI1e xapaKTepi1-

CTI1KI1 3Ha411TenbHO ner4e cornacoeaTb c on~TOM, 4eM napaMeTp~ 

* KaK OA11H 113 "ocHOBHbiX aHTI1KacKaAHbiX Te311COB 11 /eM., Hanp., 
o63op l SI I 4acTo OTMe4aeTCR Ha6n~AaeMbti1 Ha on~Te <)>aKT pa3-

11H4HR nonepe4HbiX 11MnyJlbCOB pO>KAa~~I1XCR Jli1BHeB~X npOTOHOB 
11 TT -Me30HOB: B CJly4ae B3aHMOAei1CTBHi1 npOTOHOB C TRlKeJ1biM11 

RApaMI1 cpeAHI1i1 nonepe4H~i1 11MnyJlbC rr-Me30HOB OKa3~BaeTCR Ta

KHM >Ke, KaK B CJly4ae N-N-a3aHMOAei1CTBI1i1, B TO speMR KaK 
cpeAH11i1 nonepe4H~i1 11Mnynbc npoTOHOB s N-A-a3ai1MOAei1cTBI1RX 

yaeni1411BaeTcR npH6Jli13HTeJlbHO a nonTopa pa3a no cpaaHeHH~ c 

N-N -e3aHMOAei1cTBI1AMI1. 3To paccMaTpl1aaeTCR KaK yKa3aHHe Ha 

pe3KO npOTI1BOpe4a~ee Jl~6oi1 KaCKaAHOi1 MOAeJ111 110TCYTCTBI1e Kac

KaA11POBaHHR TT -Me30HOB11
• 0AHaKO 6onee aKKypaTH~e KaCKaAH~e 

pac4eT~ noKa3~Ba~T~4~4TO Ha6n~AaeMoe a 3Kcnepi1MeHTe pa3JlH4He 
nonepe4H~X 11MnyJlbCOB 4aCTI1~ <p~ > 06oRCHReTCR BJ111RHI1eM npi1H

~11na llayn11, "cpe3a~~ero" H113K03HepreTI14eCKHe HYKnOHW c OTHo

CI1TenbHO MaJlbiM 3Ha4eHHeM P.L 11 He Aei1cTay~ero Ha rr -Me30H~. 
C y4eTOM 3TOrO 06CTORTeJlbCTBa pac4eTHWe 11 H3MepeHH~e 3Ha-

4eHI1R p .L xopowo cornacy~TCR Me>KAY co6oi1. 
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PHc. 4. 3Heprent4ecKaR 3aBHCHMOCTb cpeAHero 4Hcna s-, g-
H h-4aCTH~, PO*Aa~HXCR npH HeynpyrHX B3aHMOAeHCTBHRX 
npoTOHOB c RAPaMH $OT03MY1lbCHH 1261. CnnowHble H nyHKTHPHble 
KpHBble - paC4eT COOTBeTCTBeHHO C y4eTOM H 6e3 y4eTa BpeMeH
HOH KOOPAHHaTbl. 3Ha4KaMH ~' e, * HaHeCeHbl 3KCnepHMeHTanb
Hble AaHHble AJlR g-, S- H h- 4aCTH~. 

HH3K03HepreTH4eCKHX 4aCTH~, 4YBCTBHTe1lbHble K OC06eHHOCTRM 
BHYTPHRAepHoro npo~ecca. 

To, 4TO B HaCTOR~ee epeMR MO*HO YTBeP*AaTb C yeepeHHOCTb~, 
TaK 3TO 4pe3MepHaR, no cpaBHeHH~ C 3KCnepHMeHTOM, pa3BeT
B1leHHOCTb /HHTeHCHBHOCTb/ TeopeTH4eCKOro KaCKaAa npH 3Hep
rHRX nepBH4HbiX 4aCTH~, 601lbWHX HeCKOilbKHX AeCRTKOB raB, Aa*e 
B TeX Clly4aRx, KOrAa Y4HTbiBaeTCR yBe11H4eHHe 11 np03pa4HOCTH 11 

RAPa 3a c4eT ebi6HeaHHR 4aCTH ero HYKilOHOB 126 ~ 
3TOT BbiBOA COXpaHReTCR H no OTHOWeHH~ K 6onee COBepweHHOH 

KaCKaAHOH MOAellH, RBHO y4HTb1Ba~~eH epeMeHHY~ KOOPAHHaTy. 
B TpaAH~HOHHOH KacKaAHOH MOAellH eeTBH KacKaAHOro Aepeea 

MOryT nepe6HpaTbCR B pa311H4HOM nOPRAKe, 6e30THOCHTe1lbHO 
K BpeMeHHOH nOCileAOBaTellbHOCTH BHYTPHRAePHbiX . CTOilKHOBeHHH. 
TaKoH nOAXOA onpaeAaH npH 3HeprHRX, MeHbWHX HecKOilbKHX raB, 
KOrAa e~e MO*HO npeHe6pe4b H3MeHeHHeM CBOHCTB RAPa B XOAe 
npo~ecca. npH 601lbWHX 3HeprHRX, KOrAa npHMeHReTCR MOAellb 

C TpeHilHHrOM, epeMR Y4HTb1BaeTCR KOCBeHHO - nyTeM nepBOHa-
4a1lbHOrO npocnemHBaHHR CYAb6bl HaH6onee 6biCTpOH KaCKaAHOH 
4aCTH~bl, KOTopaR o6bi4HO paHbWe APYrHx 4aCTH~ npHXOAHT 
K T04Ke B3aHMOAeHCTBHR. 8 RBHOM BHAe epeMeHHaR KOOPAHHaTa 
enepBble 6blna BBeAeHa B KaCKaAHble pac4eTbl r.fl>pHAJleHAepOM, 
.A.M. MHnnepoM H HX COTPYAHHKaMH / 10/ nyTeM paccMoTpeHHR nono
meHHH BCeX KacKaAHbiX 4aCTH~ H T04eK HX B3aHMOAeHCTBHR B no-

12 

0. 
16 

0. 

1\ 
.a 
" Q 1 '2 

-...... 
< 

/\c. 0,8 

"' Q 

2 

1,6 

1 ,2 

0,8 

2 

1,6 

1 ,2 

0,8 

/ 

I 
I 

I 

. /'!! 
,~/ 
~ 

' / 
l· 

' 

I 
I 

I 

s 10 25 50 100 250 

.T ;raB/ 

PHc. 5. 0THOWeHHe cpeAHHX 
4HCe11 llHBHeBbiX 4aCTH~, 
o6pa3y~~HXCR B Heynpy
rHX npOTOH-RAepHbiX H 
npOTOH-npOTOHHbiX CTOilK
HOBeHHRX. CnnowHble H 
nyHKTHPHble KpHBble - pac-
4eT C Y4eTOM H 6e3 y4eTa 
epeMeHH. 

500 

ClleAOBaTellbHble MOMeHTbl BpeMeHH t, t+~t,t+2·~t H T.A., 
pa3Ae11eHHble BpeMeHHbiM HHTepBallOM ~t - HaCTOilbKO MallbiM, 4TO 
AallbHeHwee ero yMeHbWeHHe fl>aKTH4eCKH yme He CKa3biBaeTCR Ha 
pe3y1lbTaTaX Bbi4HC1leHHH. 0AHaKO npH npaKTH4eCKOH pea11H3a~HH 
3TOrO MeTOAa HHTepean ~t H COOTBeTCTBY~HH war pa36HeHHR 
npo6era M(M) oKa3biBamcR o4eHb ManbiMH L\f::(l / 20-1/ 30).f, 
H A11R BblnOnHeHHR pac4eTa Tpe6yeTcR HeonpaeAaHHO 6onbwoe 
epeMR MO~HOH 38M. 6onee 3KOHOMHbiM RBilReTCR $HKCHpOBaHHe · 
BpeMeHH TOilbKO B T04KaX B3aHMOAeHCTBHR, TaK KaK HMeHHO 3TH 
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T04KH, a He npoMe~yT04H~e nono~eHHH 4aCTH~, BXOAHT B KaC
KaAHbU1 pac4eT 126 1 *. 

~3 pHC. 4 H 5 BHAHO, 4TO MHO~eCTBeHHOCTb nHBHeB~X 4aCTH~ 
xopowo 06bHCHHeTCH KaCKaAHO~ TeOpHe~, B TO epeMR KaK Hafin~
AaeMoe Ha on~Te 4Hcno HH3K03HepreTH4eCKHX 4aCTH~ npH T210 r3B 
npH6nH3HTenbHO Ha TpeTb MeHbWe paC4eTHOro. 

EcTb HaAe~Aa, 4TO npoTHBOpe4He YAaCTCR ycTpaHHTb, ecnH 
y4eCTb MHOr04aCTH4H~e CTOnKHOBeHHR, KOrAa BHYTPHRAePH~~ 

HyKnOH B OAHOM aKTe B3aHMOAe~CTBHR norno~aeT cpa3y HeCKOnb
KO 6~cTp~x KacKaAH~x 4aCTH~. O~eHKH, e~nonHeHH~e e paMKax 
rpy6o~ MOAenH / 1, 21 , noKa3~ea~T, 4To 3TOT 34><!leKT Ae~cTeyeT 
B HY~HOM HanpaeneHHH. 

BMeCTe c TeM cpaeHeHHe c on~TOM 6onee T04H~x KacKaAH~x 
pac4eTOB n03BOnHT B~AenHTb KOnneKTHBH~e 3$$eKTbl, H3y4eHHe 
KOTOp~X npeACTaBnReTCH 4pe3B~4a~HO HHTepecH~M. 
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