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l.BaegeHue 

f1epcneKTHBbl paSBHTHSI 3KCnepHM8HT8 no peaKUHSIM M8lKAY CnOlKHblMH 

SIApaMH, OTKpbiB810lUH8CSI B CBSISH C nnaHHpOB8HH8M YCKOpHTenei!:, cnoco6HbiX 

A8B8Tb ny'IKH SIA8p C 6onbi11HMH 3H8'!8HHSIMH Z , nOSBOnSIIOT H8A8SITbCSI0 

'ITO a caMoe 6nulKail:111ee apeMSI cTa!>eT peanhHbiM uccneAOBaHue Ka'ieCTBeH-

Ho HOBbiX npoueccoa. 

K TaKHM npoueccaM OTHOCHTCSI KynoHoacKoe AeneHue. 0Ho npeACTaB

nReT 6onbi110il: HHTepec, T8K KaK o6ycnoaneHO MeXaHH3MOM, KOTOpb!il: Cpasy 

nepeBOAHT SIAPO B KaHan BbiHYlKA8HHOI'O AeneHHSI, MHHYSI npOMelKyTO'!Hbie 

CTaAHH, 

neii:CTBHTEMbHO, B Cny'iae AeneHHSI, HHAYUHpOBaHHOI'O, HanpHMep, Heii:

TpOH8MH, KOMnayHA-SIApO npOXOAHT 'ip83Bbi'iaii:HO CnOlKHblil: H SanyTaHHbiil: 

nyTb, npelKA8 '18M ero 3H8pi'HSI CKOHU8HTpHpyeTCSI Ha KOnneKTHBHOil: CTeneHH 

CB060Abl ( ~-BH6paUHH), 'ITO H npHBOAHT B KOH8'1HOM C'leTe K AeneHHIO, 

3TO o6CTOSITenbCTBO CHnbHO 3aTpyAHSI8T aHanus AHH8MHKH AeneHHSI, a cne-

AOBaTenbHO, H ponu xapaKTepHCTHK SIApa B STOM npouecce, 

HanpoTHB, AeneHue, HHAyuupoaaHHoe KynoHoBCKHM noneM, B npuHuune 

HOCHT 6onee npSIMOil: XapaKTep, TaK KaK XOp01110 H3B8CTHO, 'ITO KynOHOBCKOe 

none Hau6onee HHT8HCHBHO BOS6ylKAaeT HM8HHO KOnneKTHBHble CTeneHH CBO-

~I 
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6ot:tbi, EonhlllHM npouMyruecTBOM KynoHoBcKoro aeneHHH stBnsteTcsr TO, 'ITO 

xapaKTep cun, Bbi3biBaiOIUHX ero, srceH. 3TH ¢aKTbi cnocoocTBYIOT cunhHo

My ynpOIUeHHIO aHanH38 CaMOft llHH8MHKH t:teneHHSl, 

Hcnonh30B8HHe O'leHh TSl*enbiX HOHOB - npet:tnonaraeTCSl yCKOpSITb 

SlllP8 BOnOTb llO ypaHa- npHBet:teT K TOMy,·'ITO BenH'IHHa KynOHOBCKOf'O 

B38HMOt:teHCTBHSl Me*llY HHMH llOCTHf'HeT OI"pOMHOH BenH'IHHbl ( HarrpHMep, 

BbiCOTa KynOHOBCKOf'O oapbepa VB B Cny'lae CTOnKHOBeHHSl llBYX Slllep 

ypaHa COCT8BHT V "'0,8 fsB! ). Cnet:toBaTenhHO, MO*HO O*Hll8Th, 'ITO 
B 

rrpouecc KynOHOBCKOf'O t:teneHHSl CTaHeT llOCT8TO'IHO s¢¢eKTHBHhlM, 

CKasannoe BbiiUe oo'bsrCHsteT, no'leMy Y*e ceft'lac npeanpHHHMaJOTCH 

UOllbiTKH paCCMOTpeTh TeopeTH'IeCKH BenH'IHHy Ce'leHHSl, OCHOBHbie OCOOeH

HOCTH KynOHOBCKOf'O t:teneHHSl, a T8K*e OoCyllHTb B03MO*HOCTb H3Bne'leHHSl 

C ero llOMOIUb!O HOBOft HH¢0pMaUHH 0 Slt:tpe, 

/1/ 
nepBbie oueHKH ce'leHHH, npuBet:teHHbie B paooTe Ha ocHOBe Knac-

CH'IecKoro npuonH*eHHR, stBnHJOTCH o6Hat:te*HBaiOIUHMH. Ot:tHaKo, KaK cnpa

/2/ 
Bet:tnHBO OTMe'lanOCb B paoOTe , OHH llOBOnbHO rpyObi, H npooneMa HY*-

t:taeTCSl B 6onee KoppeKTHOM uccneaoaaHHH. Ot:tHH H3 B03MO*HbiX nyTeft ohm 

/2/ 
yKa3aH 8BT0p8MH paOOTbl , OUeHHBlUHMH Ce'leHHe ITO KB8HTOBOft TeOpHH 

MHOf'OKpaTHOf'O B036Y*lleHHSl Bb!COKHX {J -BH6paUHOHHbiX COCTOSlHHft, ne

*BlUHX B6nH3H BepiUHHbl 6apbepa t:teneHHSl srt:tpa-MHIUeHH, 

3t:teCh Mbl paCCMOTpHM HHOft llOllXOll, OCHOB8HHblft Ha 6onee t:teTanhHOM 

HCCnet:tOB8HHH llHH8MHKH CTOnKHOBeHHSl Slt:tep C y'leTOM KB8HT0Bb!X s¢¢eKTOB 
I 

H B03MO*HOCTH pacnat:ta Slllp8-MHllleHH B XOt:te CTOnKHOBeHHSl, 

II . OcHOBHhie cooTHOIUeHHH 

anSI OI1HC8HHSl npouecca KynOHOBCKOf'O t:teneHHSl BOCI10nb3yeMCSl cne

llYJOIUeft KapTHHOft. 

4 
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ConH*aiOIUHecsr srt:tl?a ( E "'VB ) HCllbiTbiBaJOT cunhHOe 

B38HMOt:teftCTBHe, KOTOpOe npHBOllHT K HX B38HMHOft t:te¢op~ 

npu6nH*eHHH MO*HO C'IHT8Tb, 'ITO rnaBHbiH BKnat:t B llHCTOJ 

Tbl BHOCHT KBat:tpynonbHasr COCTaBnsrJOIU8Sl KynoHOBCKOf'O no; 

srt:tpa o6nat:taiOT KOHe'IHOH *eCTKOCTbiO (B KOnneKTHBHOft M 

CTaBneHa napaMeTpOM C 2 ) , TO B pesynbTaTe B38HMOt:tet 

lllHCb Ha MHHHM8nbHOe paCCTOSlHHe, OHH npuoopeTyT llOITOnf 

MH'IecKyJO ae¢opMauuJO. TaKHM o6pasoM, napaMeTp ae¢op~ 

TO'IKe H8HOOnblllef'O conH*eHHSl ( MOMeHT BpeMeHH t ~ 0 ) , 

OTnH'IaeTCSI OT CBOero 3H8'1eHHSl, COOTBeTCTByJOIUef'O cny'la 

B38HMOt:teHCTBHSI ( t -+ ± "" ) . 
aononHHTenhHasr t:te4JopM8UHSI paBHa: 

il{3
0
(t)=y/C

2
R,t) y 

2(5 1T) t/2 
P (Cos () ) 

2 

rae R 0 - cpet:tHHH paauyc paccMaTpHBaeMoro srapa, () 

B8HHbiH nHHHeft UeHTpOB MaCC CTanKHB810lUHXCSI srt:tep H OCb 

aensrmerocsr srapa (H3BeCTHO, 'ITO ¢opMa aensrmuxcsr sraep c 

HOCTb!O OUHCbiBaeTCSl BbiTSlHyTbiM snnHITCOHllOM BpaiUeHHsr) • 

'ITO tl{3 O llOCTHf'aeT MBKCHManhHOf'O 3H8'1eHHSI rrpH t = 0 

R(t=O)=R min. 

OaHaKo rrpouecc c6nu*eHHsr srt:tep npu E "' VB He npc 

He'IHO Met:tneHHO, ae¢opMHpysrcb, OHH MOf'yT B030Y*ll8ThCSI, 

MeX8HH3M rrpHBOllHT K HHTeHCHBHOMY B030Y*lleHHIO KOnneK1 

/3/ 
cao6ot:thi! BparuaTenhHbiX u BH6pauuoHHhiX • Hau6onee c 

ansr KynoHOBCKoro aenenusr sransreTcsr {:3 -BHOpaUHOHHasr C' 

w R 
3Ha'leHHsr rrapaMeTpa aaua6aTH'IHOCTH t: = B min 

<, {3 I 2 V 

HOBeHHSl TSI*enbiX HOHOB C t:tensrlUHMHCSI S1llp8MH (yp~;tH) CO( 
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IIpOHMYIIleCTBOM KyJIOHOBCKOI'O .ueneHHSI SIBJ!SieTCSI TO, 'ITO 

Bbi3biB8IOIIlHX ero, SICeH, 3TH tP8KTbl CIIOCOOCTBYIOT CHJ!bHQ-

8H8JIH38 C8MO:il: JlHH8MHKH JleJieHHSI, 

B8HHe O'leHb TSI:>KeJibiX HOHOB - IIpeJliiOJI8I'8eTCSI yCKOpSITb 

ypaHa- rrpuBeJleT K TOMy, 'ITO BeJIH'lHH8 KYJIOHOBCKOI'O 

g Me:>KJlY HHMH JlOCTHI'HeT OI'pOMHO:il: BeJIH'lHHbl ( H8IlpHMep, 

BCKOI'O oapbepa VB B CJiy'lae CTOJIKHOBeHHSI JlBYX SIJlep 

V , 0,8 faa! ) • CneJloBaTenbao, MO:>KHO O:>KHJl8Tb, 'ITO 
B 

BCKOI'O ]leJieHHSI CT8HeT Jl0CT8TO"'HO a<lJ¢eKTHBHbiM, 

o6'bSICHSieT, rro"'eMY y:>Ke ce:A'lac rrpeJliiPHHHMaiOTCSI 

OTpeTb TeopeTH'leCKH BeJIH"'HHy Ce"'eHHSI, OCHOBHble OCOOeH

KOI'O JleJieHHSI, 8 T8K:>Ke 06CyJlHTb B03MO:>KHOCTb H3BJie'leHHSI 

HOBO:!!: HHtPOPM8UHH 0 SIJlpe. 
/1 I 

UeHKH Ce'leHHSI, rrpHBeJleHHbie B pa6oTe H8 OCHOBe Knac-

JIH:>KeHH51, SIBnSIIOTCSI OOH8Jle:>KHB8IOIIlHMH. 0JlH8KO, K8K Crrpa

/2/ 
pa6oTe , OHH JlOBOnbHO rpyOhi, H npooneMa HY:>K-

KoppeKTHOM uccneJlOBaHHH. 0JlHH us B03MO:>KHhiX rryTe:il: ohm 

/2/ 
MH pa60Tbl , OUeHHBIIlHMH Ce"'eHHe IIO KBSHTOBO:il: TeOpHH 

B030Y:>KJleHHSI Bb!COKHX {3 -BHOp8UHOHHblX COCTOSIHH:il:, ne-

aeplilHHbl 6apbepa JleJieHHSI SIJlp8-MHIIleHH, 

·I paCCMOTpHM HHO:il: IIOJlXOJl, OCHOB8HHbi:il: H8 6onee JleTanbHOM 

JlHH8MHKH CTOnKHOBeHHSI SIJlep C y'leTOM KB8HT0Bb!X a4JWeKTOB 

paCII8Jl8 SIJlp8-MHIIleHH B XOJle CTOnKHOBeHHSI. 

II . OcaoBHbie cooTaomeaHSI 

8HHSI rrpouecca KyJIOHOBCKOI'O JleJieHHSI BOCrrOnbayeMCSI cne-

o:A, 

4 

J .. 

;.i•t' . ~~ . 

.,:t 
'· 

.:' ~ 

C6nH:>K8IOIIlHeCSI SIJlpa ( E , VB ) HCITbiTbiBaiOT CHJibHOe KynoaoacKoe 

B38HMOJle:il:CTBHe, KOTOpOe IIpHBOJlHT K HX B38HMHO:il: Jle<iJopM8UHH, B rrepBOM 

rrpu6nH:>KeHHH MO:>KHO C'lHT8Tb, 'ITO I'JI8BHbi:il: BKJI8Jl B JlHCTOpCHOHHhle a<lJ<iJeK

Tbl BHOCHT KB8JlpyrronbH8SI COCTaBnSIIOIIl8SI KynOHOBCKOI'O IIOJISI, 0oCKOJ!bKY 

S1Jlp8 o6naJl8IOT KOHe'lHOil: :>KeCTKOCTbiO (a KOJIJieKTHBHOil: MOJleJIH OH8 rrpeJl

CTBBneaa napaMeTpOM C 
2 

) 1 TO B peaynbTSTe B38HMOJleil:CTBHSI, COJIH3HB

lliHCb H8 MHHHM8JibHOe paCCTOSIHHe, OHH rrpuo6peTyT JlOITOnHHTeJibHyiO, JlHH8-

MH'leCKYIO Jle<iJopMauuiO. TaKHM o6paaoM, napaMeTp Jle<iJopMaUHH f3o B 

TO'!Ke aau6onbruero c6nuMeHHSI ( MOMeHT apeMeHH t ~ 0 ) , aoo6rue roBopSI, 

OTnH'l8eTCSI OT CBOei'O 3H8"1eHHSI, COOTBeTCTBYIOIIlei'O cny'laiO OTCyTCTBHSI 

B38HMOJle:il:CTBHSI ( t -+ ± "" ) . 
norronHHTeJibH8SI Jle<iJopM8UHSI paBaa: 

~13 0(t)=y/C 2R't) y 
~~ e2 R2 

2(5 1T) t/2 

P (Cos () ) 
2 

I'Jle R 0 - cpeJlmfii paJlHYC paccMaTpuaaeMoro SIJlpa, 

( 1 ) 

() - yron, o6paao-

BaHHbiil: nuaueil: ueaTpoB Mace cTanKHBaiOIIlHXCSI SIJlep H ocbiO CHMMeTpHH 

JlenHIIlei'OCSI S1Jlp8 (H3BeCTHO, 'ITO <iJopMa ]lenHIIlHXCSI HJlep C HeiiJIOXOH TO'l

HOCTbiO OITHCbiBaeTCSI BbiTSIHYTbiM anJIHITCOHJlOM BpalileHHSI) • J1ei'KO BHJleTb, 

'ITO ~13 
0 

.uocTuraeT M8KCHMaJibHOI'O aaa'leHHSI rrpu 

R(t=O)=R I • m n 

t = 0 , T8K K8K 

0JlHaKo rrpouecc c6nu:>KeHHSI SIJlep rrpu E "' V 5 ae rrpoucXOJlHT 6ecKo-

He'!HO Me]lneHHOo ne<tJopMHpySICb, OHH MOI'YT B030y:>KJl8TbCSio KynOHOBCKH:il: 

MeXaHH3M IIpHBOJlHT K HHTeHCHBHOMY B030Y:>KJleHHIO KOnJieKTHBHb!X CTerreae:il: 

/3/ 
cao60Jlbi: BpamaTenbHbiX u au6pauuoHHhiX • Hau6onee cymecTBeaaofi 

JlnSI KynOHOBCKOI'O JleneHHSI SIBJISieTCSI {:3 -BHOp8UHOHH8SI CTeiTeHb CBOOOJlblo 

3 
w R 

H8'leHHSI rrapaMeTpa 8JlH808TU'lHOCTH ~ 
13

= {1
2 

V min ~ B CJiy'lae CTOnK-

HOBeHUSI TSI:>KenhiX UOHOB C JlenHIIlHMUCSI SIJlp8MU ( YPGIH) COCTSBJISieT IIpHOJIH-

; 
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*eHHO 0,4. noaToMy aeo6xollHMO y'IHTbieaTb JleTallbHYIO llHHaMHKY cTonKHo

eeHHSI H paCCM8TpHe8Tb KeaHTOebJe a¢¢eKTb!, 

Mo*HO 6bino 6bi rrorrbiTaTbCSI y'leCTb H eoaMO)KHOCTb H3MeHeHHSI rrono

*eHHSI OCR CHMMeTpHH Slllp8-MHllleHH e rrpo~ecce C'I'OnKHOeeHHSI, 0JlH8KO Ha 

rrepeoM aTarre paayMHO rrpeHe6pe'lb TaKoft aoaMO*HOCTbiO, TaK KaK e aTOM 

cny'lae ' << 1 - peanHayeTCSI CH'I'yaUHSI, H3eeCTH8SI B nH'I'epaTYpe II Oil 
rot 

12 31 
HaaeaHHeM .. rrpH6nH*eHHSI yJlapa" ' • BbmonHeHHe cooTHOllleHHSI ' <<l 

rot 

03Ha'laeT IIpOCTO, 'ITO 3a epeMSI CTOnKHOeeHHSI OCb CHMMeTpHH Slllpa He yc-

IIeeaeT SaMe THO H3MeHHTb CeOIO OpHeH'I'aUHIO e IIpOCTpaHCTee. H eo6XOJlHMbie 

/2/ 
OUeHKH IlpOBeJleHbl e pa6oTe • 

CneJlyeT CJlenaTb aaMe'laHHe OTHOCHTenbHO ¢opMynbi ( 1). 0Ha rrony

'leHa e rrpeJliiOnO)KeHHH, 'ITO aHepi'HSI Jle<iJopMaUHH Slllpa-MHllleHH MO)KeT 6biTb 

rrpellCTaeneHa e eHJle w ( f3) = -L
2 

C ( {3 - {:3 ) 2 

2 0 

aneKTpH'IeCKHft MOMeHT 3aBHCH'I' OT IIapaMeTpa {3 
/3/ 

HbiA 'lneH ) • 

, a ero KeaJlpyiiOllbHbift 

nHHeftHO (y'ITeH I'nae-

060CHOeaHHe aiiilpOKCHMaUHH ¢YHKUHH W ( f3) Ilapa6onoft 6yJleT JlaHO 

HH)Ke, LITo )Ke KaCaeTCSI rrpeHMyllleCTe HCIIOnb30e8HHSI HMeHHO 'I'6lKOft <iJopMbl 

aaeHCHMOCTH W ({3) , TO OHH O'leeHJlHbi: pellleHHe 3aJla'IH 0 paCIIpeJleneHHH 

S!Jlpa-MHllleHH IIO e030Y*IleHHbiM {J -eH6paUHOHHbiM COCTOSIHHSIM B peaynb-

TaTe ero JlHHaMH'IeCKOft Jle<iJOpMaUHH MO)KHO rrpeJlCTaeH'I'b e aHanHTH'IeCKOM 

eHJle. nnSI eepOS!THOCTH HaiiTH SlllPO e n -OM f3 -eHOpaUHOHHOM COCTOSIHHH 

/4/ 
( MO)KHO HCIIOnb30ea Tb Me TOll ) HMeeM: 

1 ( n 
w = -- ( ---- ) exp (- ( / h cu ) , (2) 

n n! h {3 (U{J 

rrpH'IeM 

' = 10-~ 
2 R 4 

p. & -Ill (17,()] 2 +L 2•04 ·¢('l_J 2 ILP (Costt)] 2
, (3) 

c '2 2,0 ' 2 
2 

6 

~ 

I .~1.1 , 

. ",.• 
~·' 

.,, 
·:.:i', 

¢(() =(. J(()..,. 0,125 . 

B ¢opMyne (3) p. - rrpHeeJleHHaB Macca CTanKHeaiOIU 

ebxpa*eHo e Mae, a R 0 - e ¢M. I 2 ,0 ( 11,' )- HaeeCTHbiA 

nOHOeCKOI'O eoaoy)I(JleHHSI KnaCCH'IeCKHft OpOH'I'anbHbift HHTei'p 

/3/ 
eaHHbift e , <f>yHKUHSI J ( t) IIpeJlCTaenSieT Jlpyroil. KnaCCJ 

TanbHbiil. HHterpan: 

00 tSin l f( sh X + X ) J d X ----
( ch x + 1 ) 2 

J<O= I 
0 

KO'I'Opb!H e 'I'eOpHH 06bi'IHO He paCCMaTpHeaeTCSI, TaK K8K e 

IIO epeMeHH IlpeJlenaX (- oo < t < oo T el"'O eKnaJl paeeH HyniO 

'lae, KOI'Jla IlpehcTaenSieT HH'I'epec IIOeeJleHHe eoaoy)I(JleHHOil. 

peCTHOCTH t "' 0 , 81"'0 eKn8JlOM rrpeHe6pei'aTb Henb3SI. I1HT 

Ta6ynHpOeaH H8MH, 

06cy JlHM TeiJepb CyiUeCTeeHHb!il. JlnSI JlanbHeiilllei'O BOIIp 

aHepi'HH Jle¢opM8UHH JlenSIIUei'OCSI S!Jlpa e aaeHCHMOC'I'H OT liS 

288 
KpHeaSI w ( f3 ) JlnSI U rrpeJlcTaeneHa Ka'lec.TeeHHO Ha 

0Ha OTpa)KaeT H3eeCTHb18 K HaC'I'OSIIUeMy epeMeHH <iJaKTbi. nE 

paeHoeecHoe 3Ha'leHHe napaMeTpa f3 = f:3 0 JlnSI rpyniibi Jlen 

paBHO npH6nH*eHHO 0,25. BenH'IHHa 6apbepa JleneHHSI E r 

COCTaenSie'I' "' 5-6 Mae. llyHKTHPOM o6oaHa'leHbi Te 'laCTH 

llOCTaTO'IHO y6eJlHTenbHaSI HH<iJOpMaUHSI OTCyTCTeyeT - aTO 

H 6ollblliHX 3Ha'leHHil. f3 , 3Ha'leHHe f3 , IIpH KOTOpOM 

:raeT M8KCHManbHOft eenH'IHHbi ( BeplliHHa 6apbepa JleneHHSI), 

H8H3eeCTHO. llonO)K8HHe TO'IKH W ( f3) = w ( {J f ) Ha pH< 
max 

/5/ 
e COOTeeTCTBHH C paC'IeTaMH, IIpoeeJleHHbiMH e pa60Te , 

TOpb!M {3 r "'0,5-0,6. CneJlOBaTenbHO, ¢aKTH'IeCKH {3.
1 

7 
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OMY HeOOXOJlHMO y'IHTb!B8Th )leT8JlbHYIO JlHH8MHKY CTOllKHO

piiB8Th KB8HTOBbJe a!jl!jleKTb!, 

o obi rrorrhiTaThCR y'leCTh 11 B03MO)KHOCTh H3MeHeHHR rrono

eTpHH Mpa-MHJIIeHH B I!pouecce CTOllKHOBeHHR, 0JlH8.KO Ha 

ayMHO I!peaeope'lh TaKOii B03MO)KHOCTbiO, TaK KaK B aTOM 

- peallH3yeTCR CHTyaUHR1 H3BeCTHaR B llHTepaTYpe IIOJl 

/2 3/ 
llH)KeHHR yJlapa" 

1 
• BbiiiOllHeHHe COOTHOllleHHSl ~ <<l rot 

, 'ITO 38 apeMR CTOllKHOBeHHR OCb CHMMeTpHH RJlpa He yc-

H3MeHHTb CBOIO opHeHTaUHIO B rrpocTpaHCTBe. H eooXOilHMbie 

/2/ 
hi B paooTe • 

enaTb 3aMe'laHHe OTHOCHTellhHO !jlopMyllbl ( 1) • 0Ha I!Olly

)KeHHII, 'ITO aaepr11sr )le!jlopMaUHH Mpa-MHllleHH MO*eT ObiTb 

w ( {3) = __L
2 

C ( {3 - {:3 ) 2 
, a ero KBaJlpyrrOJibHbiA 

2 0 

OMeHT 3aBHCHT OT rrapaMeTpa {3 llHHeAHO (y'ITeH I'llaB-

He arriipOKCHMaUHII !jlyHKUHH W ( {3) rrapa6onoA 6yJleT JlaHO 

acaeTCR rrpeHMyJIIeCTB HCI!Ollb30BaHHR HMeHHO TS.KOA !jlopMbl 

( {3 ) 1 TO OHH O'leBHJlHbi! pellleHHe 3a)la'IH 0 pacrrpe)lelleHHH 

B036Y*IleHHbiM {3 -BH6paUHOHHbiM COCTORHHRM B peaynb-

H'leCKOH Jle!jlopMaUHH MO)KHO rrpeJlCTaBHTb B aHallHTH'IeCKOM 

THOCTH HaRTH RJlpO B n -OM {3 -BH6paUHOHHOM COCTORHHH 

/4/ 
OB8Tb MeTOJl ) HMeeM! 

_1_ ( _f.__ ) n exp (- ( / h W {3) ' 
I 

n. h w {3 
(2) 

-lll (77,~)] 2 +l 2 •04 ·¢(~l_J 2 ILP (Cosll)]
2

, (3) 
2,0 ~ 2 

6 .,.. 

" 

¢ ( 0 =' . J ( ~)...,. 0,125 . (4) 

B !jlopMyne (3) p. - rrpHBeJleHHasr Macca CTallKHBaiOJIIHXCSI Slllep, C 2 

Bbipa*eHo B Maa, a R 0 - B !jJM. I 2 ,o (" , ~ ) - H3BeCTHbiA H3 TeopHH Ky-

noHoBcKoro B036Y*IleHHSI KllaCCH'IeCKHA op6HTallbHbiA HHTerpan, Ta6ynHpo

/3/ 
BaHHbllf B , <l>yHKUHR j (~) rrpeJlCTaBllSieT JlpyroA Kll8CCH'IeCKHti op6H-

TallbHbltl HHterpan: 

"" 1Sin l .; ( sh x + x ) J d x ----
( ch x + l ) 2 

(5) J (0= f 
0 

KOTOpbitl B TeOpHH 06bi'IHO He paCCMa TpHBaeTCSI, TaK K8K B CHMMeTpH'IHbiX 

no apeMeHH npe)lenax ( -oo < t < oo )' ero BKllaJl paBeH Hyn10. B HallleM cny

'!ae, KOI')la rrpei:tCTaBllSieT HHTepec IIOBe)leHHe B036y)KJleHHOif CHCTeMbl B OK

peCTHOCTH t "' 0 1 ero BK118Jl0M rrpeHe6pei'aTb Hellb3SI, 11HTerpan J ( ~ ) 

Ta6ynHpOB8H HaMH, 

06cy JlHM Terre ph cymeCTBeHHbllf JlllSI JlallbHeHlllei'O BOI!pOC 0 IIOBeJleHHH 

SHepi'HH )le!jlopM8UHH JlellSIJIIe~OCSI SIJlpa B 3aBHCHMOCTH OT rrapaMeTpa {3 
288 ) 

KpHBaSI w ( {3 ) JlllSI U rrpeJlCTaaneaa Ka'!eC.TBeHHO Ha pHc. 1 (A • 

0Ha OTpa)KaeT H3BeCTHbie K H8CTOSIJIIeMy BpeMeHH !jlaKTb!, neifCTBHTellbH01 

paBHOBeCHOe 3Ha'!eHHe napaMeTpa {3 = {:3 o JlllSI I'pyiiiibl JlellRJIIHXCR Sl)lep 

paBHO rrpH611H)KeHHO 0,25. BenH'IHHa 6apbepa JleneHHSI E t (eM. pHc.l) 

COCT8BllSieT "' 5-6 MaB. OyHKTHpOM o6oaHa'!eHhi Te '!aCTH KpHBotl, I'Jle 

Jl0CT8 TO'IHO y6eJlHTellbH8SI HH!jJOpMaUHSI OTCyTCTByeT - 8TO 00118CTb M8llb!X 

H 6oJiblliHX 3Ha'leHHtl {3 , 3Ha'!eHHe {3 , IlpH KOTOpOM w ( {3 ) JlOCTH-

f'8eT M8KCHM8llbHOtl BellH'IHHbl ( BeplliHH8 oapbepa JlelleHHSI), CTpOI'O I'OBOpR, 

HeH3BeCTHO, 00ll0)K8HHe TO'IKH w ( {3) = w ( {3 f ) Ha pHC. 1 Bb!6paHO 
max 

/5/ 
B COOTBeTCTBHH C paC'IeTaMH, I!pOBeJleHHbiMH B pa60Te , COI'll8CHO KO-

TOpb!M {3 t "'0,5-0,6. CneJlOBaTenhHO, !jlaKTH'IeCKH {3.-t SIBllsreTcsr napa-

~ 
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P~~:c. 1. 3aBHCHMOCTh aHeprHR ae<flopMaUHR OT napaMeTpa f3 anH cny'laH 
182 

Xe + 
288

U • (A) - saBHCRMOCTh w ( f3 ) , (B) - saBHCRMOCTh a<fl-

$eKTHBH01!: aHeprHH: ae<flopMaUH:R w * ( f3 ) oT () • 
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MeTpoM saaa'IH. Ha TOM *e pucyHKe aaHa napa6ona +~ 
llpOKCHMHPYIOUlBH IIOBe)leHHe w ( {3) B HHTepBalie 3H8'1eH 

CneayeT saMeTHTh TaK)I(e, 'ITO KpHBaH "A" Bhi6parra aocTa 

BHll peanbHoA saBHCHMOCTH w ( f3 ) B llpHHUHIIe MO)I(eT 

'IBThCH OT Kpli:BOA "A", KOTOpaH OIIHChiBaeT w ( f3) liHUlh 

TaKHM o6pasoM, oTcyTCTBH:e Halle*HOJl: RH$opMaUHR E 

Ha llBHHOM aTane BOCII01Ih30BBThCH llpH61IH)I(eHHeM 

l 2 ., 
w(f3)= 2 C 2 ({3 -{3 0 ) ; f3 <f3, "'0,5-0,6 

KBK HaH:6onee npOCThiM. flpH: aTOM SaBellOMO HCHO, 'ITO llpi 

(6) He COOTBeTCTByeT IIOBelleHHIO pealihHOJl: w ( {3 ) 1 HBli. 

Roll:. 

ITepei1aeM Terreph K orrpeaeneHHIO ce'reHHH KynoHoBcKoro aen 
" 182 288 

KOHKpeTHhiH cnyqaJl: CTOliKHOBeHHH Hllep . Xe + U ( E= 
n 238 
nllpO-MH:llleHh U , 6ylly'IH ae<flopMHPOBBHHhiM, HCIIbll 

CTBH:e KYliOHOBCKoro IIOliH, HHllYUH:pOBBHHOrO HalieTaiOUlHM 5 

IIOlie HBliHeTCH llliH Hllpa 
288 U 6 BHelllHH:M", a aHeprHH 

llpH aTOM KBBllPYIIOlihHOro B3BHMO)lell:CTBHH paBHB! 

VQ(R,f3,0)=y·f3/ R? 

3$<J!eKTH:BHBH IIOTeHUH:BlihHBH aHeprHH w*(f3) llliH Kt 

meHH: MO)I(eT 6b!Th npe)lCTBBlieHa CYMMOH aHeprHH: lle<J!opMal 

aHeprHH: KBBllPYIIOlihHOro B3BHMOlleJl:CTBH:H! 

w*(f3)= w(f3)+ VQ(R,{3,(1) 

9 
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CTb 9H8pi'HH .aeiPopMBUHH OT rrapaMeTpa fJ .anSI Cny'IBSI 

A) - saBHCHMOCTb w ( fJ ) , (B) - saBHCHMOCTb a~P-
H aeiPopMauHH w * ( fJ ) oi- (} • 

8 

.,.. 

i' 

<·~~ 
tr 
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Y,-

$ 

1·. 
;~: 
i~ . :1, 

~·· 
.:Jt. 

I ~ 1, 
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I! 
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MeTpOM sa.aa'IH, Ha TOM .lKe pHcyHKe .aaHa napa6ona + C 2 (fJ-fJ
0

)
2

, an-

.. 
npOKCHMHpyiOIUaSI nOB8.1l8HHe w ( fJ) B HHT8pBane 3Ha'IeHHft fJ < fJ r 

Cne.ayeT saMeTHTb TaK.lKe, 'ITO KpHBa.ll: "A" Bb16pa;ra .aocTaTO'IHO I'na.aKolt, 

BH.a peanbHolt saBHCHMOCTH w (fJ) B npHHUHne MO.lKeT SaMeTHO OTnH-

'IaTbCSI OT KpHBOft "A", KOTOpa.ll: OnHCbJBaeT w ( fJ ) nHWb B cpe.aHeM. 

TaKHM o6pasoM, OTCyTCTBHe Ha.ae.lKHOA HHIPopMaUHH BbiHY.lK.IlaeT Hac 

Ha .llBHHOM 9Tane BOCnOnb30BaTbCSI npH6nH.lK8HH8M 

I 2 "' 
w ( fJ) = ""2 C 2 ( fJ - fJ 0 ) ; fJ < fJ r .. 0, 5-0,6 (6) 

KaK HaH6onee npoCTbJM, flpH 9TOM 3aBe.llOMO SICHO, 'ITO npH fJ > fJ r KpHBa.ll: 

(6) He COOTB9TCTByeT nOB8.1l8HHIO peanbHOft w ( {3 ) , SIBnSIIOIUeftCSI KOHe'I-

HOft, 

ITepetigeM Terrepb K onpegeneHHIO ce<JeHHSI KynoHOBCKOI'O geneHHSI.PaccMoTpHM 

182 288 
KOHKpeTHbJA cnyqa:li cronKHOBeHHSI Sl.llep Xe + U ( E= VB= 480 MaB) • 

~.llpO-MHW8Hb 288 u 
, 6y.lly'IH .aeiPopMHpOBBHHbiM, HCIIbJTbiBaeT B03.1le:li-

CTBHe KynoHOBCKOI'O non.ll:, HH.IlYUHpOBBHHOI'O HaneTaiOIUHM .ll:.llPOM Xe , 3To 

none SIBnSieTCSI .anSI Sl.llpa 
288 U 6

BH8WHHM", a 9HeprHSI B03HHKBIOIUei'O 

npH 9TOM KBa.llpyrronbHOI'O B38HMO.Ile:liCTBH.Il: paBHa: 

V Q( R , fJ , o ) = y • fJ I R ~ (7) 

3~KTHBHBSI nOT9HUHanbHB.Il: 9H8pi'H.Il: w * ( fJ ) .lln.ll: KOne6aHH:li .ll:.llp8-MH-

W9HH MO.lK9T 6b!Tb rrpe.llCTBBneHa CyMMO:li 9Hepi'HH .ae~PopMaUHH W ( fJ ) H 

9H9pi'HH KBa.llpynonbHOI'O B38HMO.Il8:liCTBHSI: 

w*(fJ)=w(fJ)+V (R,{J,(}) 
Q 

9 
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I 

i 

Ha pHc. 

SHepf'HH 

MHIUeHH 

W * ( {3 ) npe.llCTaBneHa rpynnoit KpHBbiX "B" 0 COOTBeTCTBYIOIUHX 

E = 480 Mas H paanH'IHbiM opHeHTaUHRM OCH CHMMeTpHH R.llpa

(J = 60 °. 70 °. 80 °. 90 °' . 
noMHMO C.llBHf'8 TO'IKH {J 

0 
- MHHHMyM8 KpHBOH w *( {J ) , Ha6niOJla-

eTCR yMeHbiUeHHe aciJclleKTHBHOf'O 6apbepa - K~ 

AHanof'H'IHbie KpHBbie MoryT 6biTb nocTpoeHbi H JlnR pa3HbiX 3Ha'leHHH 

R npH ciJHKCHposaHHOM aHa'leHHH yrna () • C.llBHf' TO'IKH fJ 0 ( R) 6y.lleT 

0Tp8)1{8Tb ee 38BHCHMOCTb OT BpeMeHH {J O ( t ) • 

npH 
,. 0 

() < 54 {J O 6y.lleT YM9HblU8TbCR, a aciJciJeKTHBHbiH 6apbep E*
r 

paCTH. BKna.llOM TBKHX 

BepORTHOCTH w n 

KoHciJHrypauHA B JlanbHeAweM 6y.lleM npeHe6peraTb, 

B030Y)KJl9HHR (CM, ciJopMyny (2)) Bbl'IHCneHbl nyTeM 

pa3n0)1{9HHR BOnHOBOH ciJyHKUHH CHCTeMbl 'I' ({J, t = 0) no Mf'HOBeHHbiM 

co6cTBeHHbiM ciJyHKUHRM ¢ L fJ , fJ ( t = 0 ) J s~eKTHBHoro noTeH-
n 0 

UHana w * (fJ ) , B3RT0f'O B OCUHnnRTOpHOM npH6nH)I{eHHH. 

nonbiTaeMCSI y'leCTb KOHe'IHOCTb noTeHUHana w*({J) , By.lleM 

C'IHT8Tb 0 'ITO ecnH R.llp0-MHIU9Hb H8XOJlHTCSI B n-OM B030Y)KJl9HHOM COC-

TOSIHHH, )lnSI 9Hepr'HH KOTOpOr'O BbinOnHS19TCS1 COOTHOIUeHHe 

E 
D 

- E* r = (n+l/2) h w fJ- E~ < 0 ' (9) 

TO S1Jlp0 He HCnbiTbiBaeT BbiHy)KJl9HHOf'O )leneHHSI. B npOTHBHOM cnyqae )lene-

HHe HMeeT M9CTO, 

BonHOBbie ciJyHKUHH COCTOSIHHH c E n'> E *, HeH3BeCTHbi. 0JlH8KO, )lnSI 

OUeHKH BepOSlTHOCTH TJ )leneHHSI, Mbl M0)1{9M BOCnOnb30B8TbCS1 ycnOBHeM 

I 
n 

ny: 

f'Jle 

w = l 
n 

n 
max 

_,. 

QqeBHJlHO, 'ITO )lnSl TJ MO)I{HO HanHC8Tb cne)lyiOIUYIO ciJopMy-

n max 
TJ(O)=l- I w (()), 

n ( 10) n=O 

onpe)lenSieTCSI H3 COOTHOIU9HHSI (9). 

10 

··,,I 
'(' 
I 
i 

! 

I 
'l 

:1 
' 1 

\ 

,, ' 

' 
I 

l 

~ 
I 
I 
l 
1·1 

t 

TaKHM o6pasoM, onpe.lleneHHe (10) npe.llnonaraeT, 'ITO 

meecg B n106oM HS cocTOHHHA c E n > E ,* 0 )lenHTCSl, 

PaccMaTpHBaSl HaH6onee npocToA cnyqait, KOr.lla HaneTa~ 

pacCeHBaeTCSI H838Jl, JlH~epeHUHanbHOe Ce'leHHe KynOHOBCKOf'4 

)1{9M 38nHC8Tb B BH)le: 

( ~-) =_I ( du ) d 0 t 2 dO- pes. f TJ ( 0 ) Sin 0 d () = 

2 

R min_ J 7J(O) Sin (J d () 
8 

(~) - pesep4Jop.llOBCKoe ceqeHHe pacceS1HHS1 HaSa.ll). ~ 
dO pes 

ciJopMyna ( 11) ,ClaeT npH0nH)I{9HHylO OUeHKY Ce'leHHSl KynOHOBCK 

0.1lH8KO OHa 0Tp8)1{89T HaH6onee B8)1{Hbl9 acneKTbl JlHH8MHKH n: 

8JlH808TH'IHOCTb CTOnKHOB9HHS1 Sl,Clep H B03MO)I{H0CTb pacna)la l 

y)l{e B XOJle C8MOf'O CTOnKHOBeHHSlo 

III • PesynbTaTbi H o6cv*lleHHe 

PaccMoTpHM HeKOTOpbie cne.llCTBHSl, BbiTeKaiOIUHe HS onH< 

nH. llnSI HnniOcTpaUHH nony'leHHbiX pesynbT8TOEI H8H6onee nOIII 
182 288 

ynoMSlHYTbiH BbJIUe cny'laH cTonKHOeeHHSl R.llep Xe + U 

!13 npe/lbiiiYIU9f'O eH!lHO, 'ITO napaMeTpaMH MO!lenK SlenS1IOTCS1 

E n 238 . 
H f • nSI Sl.llpa U C HennoXOH TO'IHOCTbiO MO)I{HO n1 

h w {3'"1 Mae, E, =5 Mae. 0THOCHTenbHO eenH'IHHbi napaME 

C)lenaTb onpe,CleneHHbl9 ebJeO!lbl TpyJlHO. lleno e TOM, 'ITO ecnJ 

ero 3H8'19HHe H3 ll8HHbiX no B030Y)I{IleHHIO HH)I{8HIUef'O {J -eHf 

/2/ 
ypoeHSl , To cneaoeano Obi npHHSITb C 2 "' 300 Mae. Onm: 

MO!lenH sciJ4JeKTHeHO Y'IHTbie8IOTCS1 H 6onee ebiCOKHe COCTOSIHHSJ 

IUHecSI e ycpenaeHHOM noTeHuHane w ( fJ ) • KaK Mbi Y*e 01 

11 

• ,L 

~---------------------------



rrpellCTasneHa rpyrrrrolt KpHSb!X "B" 1 COOTS9TCTSYIOIUHX 

Mas H paanH'IHbiM OpHeHT8UHSIM OCH CHMMeTpHH Sl)lpa-

01 70°1 80°1 90°}. 

ra TO'IKH {3 O - MHHHMYM8 KpHSOlt W *( {3 ) 1 Ha6nlOJl8-

!fl!fleKTHsHoro 6apbepa - E i 
KpHSbl9 MOI"YT 6h1Tb IIOCTpOeHbl H JlnSI pa3Hb!X 3H8'19HHlt 

aHHOM 3H8'19HHH yrna & • CasHr TO'IKH f3 0 ( R) 6yaeT 

HMOCTh OT speMeHH {3 o ( t ) • 

0 4 f3 
0 

6yaeT yMeHblli8ThCH1 a s!fl!fleKTHSHbilt 6aphep E *r 

KOH$HrypaUHH s aanha:eltmeM 6yaeM npea:e6peraTh. 

n 
soa6ylKJl9HHSI ( CM. !flopMyny (2)) Sbl'IHCneHbl rryTeM 

OH !flyHKUHH CHCT9Mbl 'P ( {3 , t = 0 ) IIO MI'HOS9HHbiM 

UHHM ¢ L f3 , f3 ( t = 0 ) j s4>4>eKTHSHoro noTeH-
n 0 

, S3~1TOI"O S OCUHnnSITOpHOM IlpH6nHlK9HHH. 

yqeCTh KOHe'IHOCTh IIOT9HUHana w*({3) • ByaeM 

SlllpO-MHlli9Hh H8XOJlHTCSI B n-OM S036ylKJl9HHOM COC-

H H KOTOporo SbiiiOnHSI9TCSI COOTH0lli9HH9 

- E * = ( n + 1/2 ) h cu {3- E * < 0 , 
n r f (9) 

hisaeT shiHylKJleHHoro aeneHHSI. B rrpoTHSHOM cny'lae .o:ene-

HKUHH COCTOSIHHH c E n'> E *, H9H3S9CTHbi. Oaa:aKO, anst 

H T/ )leneHHSI, Mbl MOlK9M SOCIIOnb30B8TbCSI ycnOSH9M 

SHJlH01 'ITO J:WSI 7f MOlKHO H8IIHC8Tb cne)lyiOIUyiO !flopMy-

n 
max 

7f(&)=1- ~ 
( 10) 

w (&)' 
n 

n = 0 

aensteTCSI H3 COOTH0lli9HHSI (9). 

10 ..... 

,,~)~' .. ·~ ,~ \ 

-·~: 

I ,, 

( 

! 

' \ 
'\ 

;~ 
f 

~ 
\ 

I 
'I 

I~ 
I 
I 
I 
Ji, 

!' 
_ _..._ 

TaKHM o6paaoM, orrpeaenea:ue (10} rrpearronaraeT1 'ITO SlllP01 a:axoilst-

meecst s n106oM ua cocTOSIHHlt c E n > E t 1 aenHTCst. 

PaccMaTpHBaSI a:aH6onee npocTolt cnyqalt1 Koraa a:aneTaiOIUee SlllPO 

paCC9HB89TCSI H838Jl 1 JlH4>4>epeHUH8nhH09 C9'19HH9 KynOHOBCKOI'O aeneHHSI Mo-

:lKeM aanucaTb s auae: 

(~-) =-1 (_i_o' dO r 2 dO)pea.f7f(O)Sin8dO-

(11) 
2 

R min_ J 7f ( 0) Sin 0 d 0 
8 

du (--) - peaep!flopaoscKoe ceqea:ue paccestHHSI a:aaaa}. TaKHM o6paaoM, 
dO pea 

!flopMyna ( 11) Jl89T IlpH6nH:lK9HHYIO OU9HKY C9'19HHSI KynoHOBCKOI'O aeneHHSI. 

Oaa:aKo oa:a oTpalKaeT a:aH6onee salKHbie acneKThi JlHHBMHKH npouecca: a:e

aaua6aTH'IHOCTb CTOnKHOS9HHSI Slll9P H S03MOlKHOCTb paCII8Jl8 S!Jlp8-MHlli9HH 

YlK9 B XOJl9 C8MOI'O CTOnKHOSeHHSI. 

III • PeaynbTaThi H o6cylKsea:ue 

PaCCMOTpHM H9KOTOpbl9 cneJlCTSHSI1 Sb!T9K810IUH9 H3 OIIHC8HHOlt MOJle

nH. nnSI HnniOCTp8UHH IIOny'leHHblX peaynbT8TOB H8H6onee llOJlp06HO o6cyJlHM 
18li 288 

yrroMSIHYThilt Shillle cny'iaH CTOnKHOseHHSI Slllep Xe + U , E =480Maa. 

I1a npeJlblilYIU9I"O SHJlHO, 'ITO rrapaMeTpaMH MO]lenH S!SnSIIOTCSI h CU{3, C 2 

E 
238 . 

H f • nnSI S!Jlpa U C HeiinOXOlt TO'IHOCTblO MOlKHO IIOnOlKHTb 

h cu {3""1 Mas, E r =5 Mas. 0THOCHTenbHO senH'IHHhi napaMeTpa C 2 

C]lenaTb onpeJleneHHbl9 BbiBOJlbl TpyJlHO. neno B TOM 1 'ITO ecnH H3Bn9K8Tb 

ero 3H8'19HH9 H3 Jl8HHblX IIO B036ylKJl9HHIO HHlKaltmero {3 -su6paUHOHHOI'O 

/2/ ypoBHSI , TO cneJloBano 6hi rrpHHS!Tb C 2 .. 300 Mas. 0JlHaKo B Hamelt 

MO]lenH a!fl!fleKTHBHO Y'IHTbiB8lOTCSI H 6onee Bb!COKH9 COCTOSIHHSI1 peanuayiO-

IUH9CSI B ycpeJlB9HHOM IIOTeHUHane 
w ( {3 ) • KaK Mbl ylKe OTMeqanH, H8 

~ 

11 



Jl8HHOM aTane HeT CMbiCna paCCM8TpHB8Tb Jl9T8nbHble <iJnyKTyaUHH, npHBO-

JlHlllH9 Ha OTJ].enbHbiX y'laCTKaX no {3 K OTKnOH9HHIO peanbHOft 38BHCHMOC-

TH w ( f3 ) OT npHHSITOft cpeJJ.Heil:, Koa<P<lJHUHeHT >KeCTKOCTH C 2 , COOT-

B9TCTBYIOIUHil: TaKOft cpeJJ.Heft KpHBOft, MO>KHO 6binO 6bi onpeJJ.enHTb H3 COOT-

HOIU9HHSI: 

= l 2 
E r = 2 C 2 ( f3 o- f3 r ) • (12) 

Ha ( 12) BHJJ.Ho, 'ITO senH'IHHa C 2 CHnbHO 38BHCHT OT Bbi60pa {3 t , 

E 
u /5/ 

CnH HCnOnb30B8Tb npHHSITbl9 C9H'I8C 3H8'19HHSI {3 ""0,5-0,6, TO ltnSI 
r 

c2 nony'IHM: 

C 2 = 160-80 Mas. 

ITocneJJ.Hee aHa'leHHe npaKTH'IaCKH cosnaJJ.aeT c rHJJ.POJlHHaMH'IeCKHM, 

l1TaK, Mbl BHJJ.HM, 'ITO KOHCT8HTY C 2 cneJJ.yeT C'IHT8Tb rrapaMeTpOM, 

OT KOTOporo 38BHCHT Ce'laHHe KynOHOBCKOrO J].eneHHSI. 3asHCHMOCTb sepo-

SITHOCTH JJ.eneHHSI ~ OT yrna OpHeHT8UHH OCH CHMMeTpHH SlllP8-MHIUeHH 

0 npH C 2 = 60 Mas npeJJ.CTasneaa Ha pHc, 2 JJ.nR aaeprHH E = 

480 Mas, 3asHCHMOCTb JJ.H$$epeHUHanhHoro ce'leHHSI KynoHoscKoro JJ.ene

du 
HHSI ( --) f 

dO 
OT aHeprHH s HHTepsane E = 480- 440 Mas JJ.aHa Ha 

PHC, 3. 

KpHsaSI, OnHCbiS8IOlU8SI noseJJ.eHHe Ce'leHHSI JJ.eneHHSI, HHJJ.YUHpOsaHHOrO 

HOHaMH c pa3HbiMH Z ( E = V6 ) , H3o6pa>KeHa Ha pHc, 4 (KpHsaSI ~. Ha 

/2/ 
TOM >Ke pHCYHKe KpHsaSI 2 COOTseTCTsyeT pe3ynbT8T8M pa60Tbl (asT0-

/2/ ) 1, 
pbi pa6oTBI HcnonbaosanH 3Ha'leHHe C 2 = 300 Mas , KpHsaSI 

npeJJ.cTasngeT peaynbTaTbi pac'leTos npH C 2 =300 Mas, CpasHHsaSI KpHsbie 

1 H 1 ', SHJJ.HM, 'ITO Ce'leHHe cyruecTseHHbiM o6pa30M 38SHCHT OT senH'IHHbl 

C 
2 

• C $H3H'I9CKOil: TO'IKH 3p9HHSI aTOT peaynbT8T SIBnSieTCSI snonHe 

eCTeCTseHHbiM, - C ysenH'I9HHeM >KeCTKOCTH CHCT9Mbi ee JlHH8MH'IaCK8SI 

12 

.,. 

~~~· 
··,i 
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( 

~. 

f.O 
~(8) 

0.8 

0.6 

0.4 

0.2 

0 
'~ 

PHc, 2, 3asHCHMOCTb sepOSITHOCTH JJ.eneHHSI ~ ( fJ ) , CTon: 
132 Xe + 238 U. 

JJ.e4JopM8UHSI H pa36pOC no soa6y>KJJ.eHHbiM COCTOSIHHSIM 

IUaTbCSI, 

Ha pHc. 4 sHJJ.HO TaK>Ke, 'ITO ceqeHHSI JJ.eneHHSI 1 ( 1') H 

nH'IaiOTCSI, 3ToT <iJaKT TaK>Ke o6'bSICHSieTCSI npocTo, B pa6oTe 

HOCTb pacnaJJ.a COCTOSIHHft C E n < E f He Y'IHTbisaeTCSI, H OCH 

B Ce'leHHe J].aeT Sb!COKOe sH6paUHOHHOe COCTOSIHHe C R = 6 

soa6y>KJJ.eHHSI KOToporo seCbMa Mana. 

B HaiUeM nOJJ.XOJ].e B Ce'leHHe Jl8IOT BKnaJJ. H 6onee HH3I< 

3THM H 06'bSICHSieTCSI 6onbiUOe OTnH'IHe no BenH'IHHe C9'19HHft 

BeJJ.eHHbiX Ha pHC. 4, 

B aToft CBSI3H Heo6xoJJ.HMO CJJ.enaTb aaMe'laHHe, KaK yJ 

ce'leHHSI 1 H. 1' nony'leHhi s npeJJ.nono>KeHHI:I, 'ITO soa6y>KJJ.eHI:I 

{3 - SH6paUHOHHblft ypOB9Hb C E > E* 
n r C He06XOJJ.HMOCTblO 
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HeT CMbiCna paccMaTpHeaTb Jl8T8nbHhie 4JnyKTY8UHH, npHeO-

enbHbiX y'laCTKaX no f3 K OTKnOH8HHIO peanbHOil: aaeHCHMOC-

T npHHsrToi!: cpellHeil:, Kos.P.PHuHeHT )!{eCTKOCTH C 2 1 COOT-

T8KOH cpeJlHeil: KpHeoi!:, MO)!{HO 6bJnO 6hi onpe}lenHTb H3 COOT-

E, 
l 2 C 2 ( f3 o- f3, ) 

2 
• (12) 

eHJlHO, 'ITO eenH'IHHa C 2 

npHHSIThle cei!:'lac 
151 

CHnbHO 3aeHCHT OT Sbi6opa f3 f 
0 

3H8'1eHH SI f3 "' 0,5-0,6, TO JlnSI 
f 

C2 "' 160-80 Mae. 

npaKTH'IeCKH coenaJlaeT C rHJlp0JlHH8MH'IeCKHM, 

hi eHJlHM1 'ITO KOHCT8HTY C 2 cne}lyeT C'IHT8Tb napaMeTpOM, 

Ce'leHHe KynOHOeCKOrO JleneHHSI, 3aeHCHMOCTb eepo-

TJ OT yrna OpHeHT8UHH OCH CHMMeTpHH SlllP8-MHIIIeHH 

2 == 60 Mae npeJlcTasneHa Ha pHc, 2 Jlnsr sRepl"HH E == 

aeHCHMOCTb llH4J4JepeHUH8nhHOrO Ce'leHHSI KynOHOSCKOrO Ilene-

oT aHeprHH e HHTepsane E == 480- 440 Mas JlaHa Ha 

OnHChiS8IOIII8SI noeeJleHHe Ce':leHHSI JleneHHSI, HHJlYUHpOB8HHOrO 

3HhiMH Z ( E = V6 ) , Hao6pa)!{eHa Ha pHc, 4 (KpHsasr U. Ha 

/2/ 
Ke KpHsasr 2 COOTeeTCTsyeT peaynbT8T8M pa60Tbl (asTo-

/ ) ' HcnonbaoeanH SHa'leHHe C 2 ... 300 Mas • KpHsasr 1 

peaynbTaThi pac':leTos npH C 2 ==300 Mas. CpaBHHsasr KpHBhie 

, 'ITO Ce'leHHe cyiiieCTeeHHhiM o6p830M 38BHCHT OT eenH'IHHbi 

3H':IeCKOil: TO'IKH apeHHsr aTOT peaynbTaT srsnsreTCSI snonHe 

, - C ysenH':IeHHeM )!{eCTKOCTH CHCTeMbl ee JlHH8MH'IeCK8SI 

12 

~ 

~l 

f.O 
~(8) 

0.8 

0.6 

0.4 

0.2 

0 9 

PHc. 2. 3asHCHMOCTb aeposrTHOCTH JleneHHsr TJ ( (J ) • CTonKHoseRHe Slllep 
182 Xe + 288 U. 

Jle4JopM8UH.II H pa36poc no eoa6y)!(Jl8HHbiM COCTO.IIHH.IIM JlOn)!{eH yMeHb-

III8TbC.II, 

J13 pHC. 4 eHJlHO T8K)!{8 1 'ITO Ce'leHH.II JleneHH.II 1 ( 1') H 2 CHnbHO OT-

/2/ 
nH'IaiOTcsr. 8ToT .PaKT TaK)!{e o6'bsrcHsreTcsr npocTo, B pa6oTe B03MO)!{-

HOCTb pacnaJla COCTOSIHHil: C E n < E r He Y'IHThl688TCsr, H OCHOeHOH eKna}l 

e C8'18HHe ll88T BbiCOKOe BH6paUHOHHOe COCTO.IIHHe C n = 6 
1 

BepO.HTHOCTb 

aoa6y)!(Jl8HHsr KOToporo aeCbMa Mana. 

8 HaiiieM nOJlXOJle B Ce'leHHe Jl810T BKna}l H 6onee HH3KHe COCTO.IIHH.II, 

8THM H 06'b.HCH.II8TC.II 6onbiiiOe OTnH':IHe no eenH'IHHe C8'18HHH 11 11 H 2, npH

B8Jl8HHbiX Ha pHc. 4, 

B aToil: casraH Heo6XOilHMO CJlenaTb aaMe'laHHe. KaK y)!{e yKa3hiBanocb, 

Ce'leHH.II 1 H. 11 
nony'leHhi B npe}lnOn0)!{8HHH, 'ITO B036y)!(Jl8HH8 Slllpa Ha 

f3 - BH6paUHOHHbiil: ypOB8Hb C E > E* 
n f C He06XOJlHMOCTb10 npHBOJlHT K 

~ 
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)leneHHIO, 0JlHaK01 110CKOJ1bKY a.P.PeKTHBHblft 6apbep SaBHCHT OT BpeMeHH 1 

T.e. E*,=E,*(t) 1 a pa3BHTHe CHCTeMbl 110 11epeMeHHOH {3 

11pOHCXOJlHT C KOHe~HOft CKOpOCTbiO (cne)lyeT OmHJlaTb 1 ~TO OHa COH3MepH

Ma CO CKOpOCTbiO pasneTa CTOJlKHYBWHXCSI ·SI)lep B6J1H3H t "' 0 ) 1 T0 1 CTpo

ro I'OBOpS11 B Bb!pameHHe JlJlSI Ce~eHHSI CJle)lyeT BBeCTH K03.P.PHUHeHT 1 MeHb

WHH e)lHHHUbl, 

3TOT HHTepeCHblft B011pOC B JlaJlbHeil:WeM CJ19JlyeT H3Y~HTb1 TaK KaK 

ero peweHHe MOmeT JlaTb CBeJleHHSI 0 JleTaJlSIX JlHHaMHKH paCI1aJlaiOWeftCSI 

SIJlepHOH CHCTeMb1 1 HaXOJlSI rueftCSI Ha OJlHOM H3 {3 -BH6paUHOHHbiX ypOBHeft, 

TaKHM o6pasoM, ce~eHHSI 1; 1' a 2 11peJlcTaBnHIOT BepXHIOIO H HHmHIOIO 

OUeHKH a.P.PeKTHBHOCTH npouecca Jl9J19HHSI1 COOTBeTCTBeHHO, 

MacwTa6 senH~HHbi ce~eHHH npH Z > 50 11ossonHeT HaJleHTbCH Ha 

B03MOmHOCTb yCI19WHOI'O 3KCI1epHMeHTaJ1bHOI'O H3y~eHHSI 3TOI'O HHTepeCHOI'O 

11ponecca. 

B 3aKniO~eHHe C)lenaeM HeCKOJlbKO 3aMe~aHHil:. n 0 cyTH )lena HCcne-

/1 2/ 
JlOBaHHSI KYJlOHOBCKOI'O )leneHHSI1 BbiiiOJ1HeHHb19 B pa6oTaX 

1 
H JlaHHOft1 

HBJlHIOTCSI TOnhKO 11epBbiM aTai10M 110CTpoeHHH Teop:aH aToro a.P4leKTa, Ero 

11pHBJ1eKaTeJ1bHbie OC06eHHOCTH 1 Ha KOT0pbi9 yKa3biBaJ10Cb BO BBeJleHHH 1 Jle

naiOT Kpaftae menaTeJlbHbiM Y,COBepWeHCTBOB8HHe TeOpHHo TI Q-BHJlHMOMy t 

11p9JlCTOHT peWHTb erue HeMano B011pOCOB1 11pem)le ~eM a.P.PeKT CTaHeT 110-

neSHbiM HCTO~HHKOM HOBOft HH.POpMaUHH, 
I 

HaM 11peJlCTasngeTCSI uenecoo6pa3HbiM OTMeTHTb aecKOnhKO TaKHX 

B011pOCOB, 

1. Heo6XOJlHMO HCCJleJlOBaTb Sa)la~y 0 11pOXOmJleHHH CHCT9Mbl HaJl 

6apb9pOM1 C H3MeHSIIOU19ftCSI BO speMeHH BbiCOTOft (o6 3TOM Mbl yi10MHHanH 

BbiWe), 

2, flHHeil:aoe 110 {3 11p:a6nHmea:ue JlJlH aaeprHH KBaJlpy11onbHOro B3aHMo-

)leftcTBHH cneJlOBano 6bi yny~WHTb 11yTeM y~eTa KB8JlpaTH~HbiX ~neHOB, 

3TH ~neHbl MOI'YT BH9CTH SaMeTHbiil: BKJ1a)l1 TaK K8K H3MeHSIT BeJlH~HHy 

16 ._. 

a.P.PeKTHBHoro 6ap~oepa E • • a TaKme 11PHBeJlyT K 110HBneHH. 
r 

saBHCHMOCTH 'laCTOTbl {3 -Kone6aHHft CHCT9Mbl BO BHeWHeM 

3, J13 .p H3H'l9CKHX C006pameHHft SICHO, ~TO orpaHH~HTbC.Il 

HH9M TOnhKO {3 -Kone6aHHft H9Jlb3SI, B 6onee KOppeKTHOH DC 

3a)la'IH He06XOJlHMO y'leCTb BOSMomHOCTb B036y*JleHHSI y -ll 

TOPbie JlOnmHbi a.P4leKTHBHO 11pOHBJ1SITbCH JlJlSI KoH.PHrypauHH c 

4, HaKOH9U1 He MeHee HHTepeCHO B paMKaX )laHHOH MOJl• 

BaTh H noBeJl9HHe SIJlpa-MHWeHH B cny~ae CTOJlKHOBeHHSI C (J ' 

CMOTp9HHblft HaMH MeXaHH3M1 B 11pHHUH11e, MOmeT 11pHBeCTH K 

B6J1H3H TO'IKH t = 0 SIJlpo-MHWeHb OKameTCSI pas6pocaHHbiM 

HHSIM1 COOTB9TCTBYIOlllHM cneKTpy {3 -KOne6aHHil: CI1JllOCHyTOI 

He HCKJ110~9H01 ~TO H 3TH COCTOSIHHSI MOI'YT pacl1a)laTbCSI 110 

HHSI, l1 HTYHTHBHO np9JlCTaBnSieTCSI B9pOSITHbiM 1 'ITO JlOJlSI paCI11 

COCTOSIHHft no KaHany TpOii:HOI'O )leneHHSI JlOJlmHa 6b!Tb B9CbM~ 
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IIOCKO.JlhKY s<fJ<fJeKTHBHbiA 6apbep 3aBHCHT OT apeMeHH, 

1 a pa3BHTHe CHCT9Mbl IIO IIepeMeHHOA {3 

CKOpOCThiD (c.neayeT O*HaaTh, 'iTO OHa COH3MepH

paa.neTa CTO.JIKHYBIIlHXC.SI gaep B6.JIH3H t "' 0 ) , TO, CTpo

bipa*eHHe an.H C9"i9HH.SI C.neayeT BB9CTH KOS<fJ¢HllH9HT, M9Hh-

ii: aorrpoc a aa.nhHeAIIleM c.neayeT H3Y"iHTb, TaK KaK 

aaTh caeaeHHSI o aeTan.HX aHHaMHKH pacnaaaromeAc.H 

{3 -BH6pauHOHHbiX ypOBHeA, 

C9"i9HHSI 1; 1 t H 2 IIpeaCTaB.JISIIDT aepXHIDID H HH*HIDID 

rrpouecca ae.neHHSI, COOTB9TCTB9HHO, 

Z >50 I103BO.JISI9T HaaeSITbCSI Ha 

IllHOPO SKCI19pHM9HTa.JibHOPO H3y"ieHHSI STOPO HHTepeCHOPO 

e cae.naeM H9CKO.JlhKO 3aMe"iaHHH, 0 0 CYTH ae.na HCC.Jie-

/1 2/ u 

oro ae.JieHH.H, BhiiiO.JIHeHHbi9 B pa6oTaX ' H aaHHOH, 

rrepBbiM ST8IIOM IIOCTpOeHH.SI TeOpHH STOPO a<fJ<fleKTa, Ero 

oco6eHHOCTH, aa KOTOpbie yKa3J>Iaanocb ao Bae.neHHH, ae

Te.JihHhiM ycoaepllleHCTBOB8HHe TeOpHHo 0 0-BHaHMOMy, 

Th eme HeMa.no aorrpocoa, npe*.ne "ieM a¢<PeKT cTaHeT no

OM HOBOA HH<fJopM81lHH. 

T8B.JISI9TCSI ue.necoo6pa3HhlM OTM9THTb H9CKO.JlhKO TakHX 

HCC.neaoaaTh aaaaqy 0 I1pOXO*.Il9HHH CHCT9Mhl H8.1l 

.,M9H.SIIDIIleHCSI BO apeMeHH BhiCOTOH ( 06 STOM Mhl ynOMHH8.JIH 

I1pH6.JIH*9HHe a.ng SHeprHH KaaapyiiO.JlhHOPO B38HM0-

6bJ yny"illlHTh nyTeM y"ieTa Kaa.npaTH"iHhiX "i.Jl9HOB, 

BHeCTH 38M9THbiH BK.naa, TaK K8K H3M9HSIT B9.JlH"iHHy 

16 

.-.-

a¢¢eKTHBHoro 6apbepa 

38BHCHMOCTH "iftCTOTbi 

E* 
f 

t a TaK*e IIpHaeayT K IIOSIB.Jl9HHID apeMeHHOH 

{3 -KO.Jie6aHHH ClfCT9Mhl BO BH9IIlHeM IIO.Jle, 

3, l13 <fJH3H"i9CKHX C006p8*9HHH SICHO, 'iTO orpaHH"iHTbC.SI paCCMOTpe-

HHeM TO.JlbKO {3 -Ko.ne6aHHA H9.Jlh3Sio 8 6o.nee KOppeKTHOH DOCT8HOBK9 

38.1la"iH Heo6xoaHMO y"ieCTb B03MO*HOCTh aoa6y*aeHH.SI y -KO.Jie6aHHH, KO-

TOpbie .llO.Jl*Hhl a<fJ<fleKTHBHO IIpOSIB.JISIThCSI a.ng KOH<fJHrypaUHH C {)=TT/2. 

4, HaKOHeu, He MeHee HHTepeCHO B paMKaX aaHHOH MOae.JIH HCC.Jieao

B8Tb H noae.neHHe gapa-MHIIl9HH B c.nyqae CTO.JIKHOB9HHSI C {)"' 0 • Pac

CMOTpeHHbiA HaMH M9X8HH3M, B IIpHHllHIIe, MO*eT npHBeCTH K TOMy, 'iTO 

B6.JIH3H TO"iKH t"' 0 gapo-MHIIl9Hb OKa*eTC.SI pa36pOC8HHhiM no COCTO.SI-

HH.SIM, COOTBeTCTBYIDIUHM CIIeKTpy {3 -KO.Jie6aHHil: Cn.JIIDCHyTOPO Hapa ({3 
0 
<0 ). 

He HCK.JliD"ieHO, 'iTO H STH COCTOSIHHSI MoryT pacrra.naTbCSI IIO KaHa.Jiy aene

HH.SI, l1HTYHTHBHO npe.llCT8B.Jl.S19TC.SI BepOSITHhiM, 'iTO ao.JISI pacnaaos STHX 

COCTO.SIHHA no KaHany TpOAHOPO .ll9.Jl9HHSI .ll0.Jl*H8 6biTb B9CbM8 60.JlblllOA, 

n H T e p a T y p a 

1. L. Wilets, E, Guth, I.S. Tenn. Phys,Rev., 156, N4, 1349 (1967). 

2. Karin Beyer, Aa,Winther. Phys •. Lett., 308, 196 (1969). 

S. K. Anbaep, 0, Bop, T. Xyc, B. MoTTenbcoa, 0. BHHTep. C6opHHK eTa

Tail: ".lle¢opMauHH aTOMHhiX .H.nep"'. MMn, MocKsa, 1958, 

4. B.l1. Koraa, B.M. fa.JIHllKHil:. C6opHHK aaaaq no KsaaTosoil: MeXaHHKe. 

fl1TT n, MOCKBa, 1956 • 

5. B.M. CTpyTHHCKHil:. Bcecoroaaa.H neTH.H.H IllKO.na no H.nepaoil: cTeKTpocKo

nHH rrpH gaepHbiX peaKUH.SIX, 526, 06HHHCK, 1966, 

-

PKKOIIHCh IIOCTYIIH.Jla B H3aaT9.JlhCKHil: OT.Ile.JI 

5 HIDHSI 1970 roaa. 

17 


