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Summary 

The electron ring accelerator· (ERA) may be very useful for 
the production of polarized particles of high intensity. It is due to 
the fact that polarized ions are accumulated in the electroh ring 
during the time of injection (apfroximately 1 msec). With the atomic 
beam density p = 2•1010cm- and the number of electrons in the 
ring Ne = 3•1013 we have the' number of polarized protons in the 
ring N 1 = 2.5•10 1 1, i.e. as, ,il;J ·the ordinary mode for nonpolarized 
ions. The crucial problem is to conserve polarization during the 
time of injection and acceleration. The estimations for P show that 
the decrease of the number of electrons (24) is necessary for pro-. 
ducing polarized ions with a high polarization degree. Fortunately, 
the limit is rather high ( N < 3°1013) for the projected parameters of 
the compressor. The polarized_· proton beam after accEieration will 
have the longitudinal polarization, which can be changed (29) to 
the transversal polarization, if: necessary, with the magnet ( f = 2. 7 m, 

B = 104 gauss for any energy). The sign of polarization can be 
changed every pulse that gives possibilities for sensible experiments 
oh the P, T-parity conservation. Some essential experiments are 
discussed. 

BBe.neHHe 

MeTOA KOJIJISKTHBHOro ycKopeHHH IIOHOB/ 1/ B KOJibUSTpoHe B8CbM8 rrep

crreKTHBeH AJIH rronyqeHIIH qaCTIIU CBepXBb!COKHX 8HeprHfi. ITpencTaBJIHST II08-

TOMY HHTepec paccMOTpeTb B03MO)KHOCTb ycKopeHIIH B KOIIbUSTpoHe IIOJIHpH-

30B8HHhlX IIOHOB. ITpH 8TOM OCHOBHOe BHHM8HIIe ynenHeTCH BOIIpocaM IIHTSH

CHBHOCTII II coxpaHeHHH IIOJIHpll38Ullll IlOHOB rrpII ycKopeHIIII. 

06b1qHO IIHm_eKUIIH IlOHOB/ 2/ IIpOIICXOAIIT B KOHUe rrpouecca Clli8Tl!H 

aneKTpoHHoro Konhua. IlnH aToro B o6~eM anre3aTopa HarrycKaroT Bonopon 

rrpir naBneHIIII P ,,,10-6 Top Ha BpeMH t I!H)K. "' 50 MKCe_K. ITpoTOHbI, o6paso

B8B!lll!ecH IIpl! I!OHI!38UI!I! MOJieKyn, H8K8IIJII!B8IDTCH B KOJibUe B KOJIIIqecTBe 

-2 
Np "'10 Ne • rne Ne- ql!CJIO 8/IeKTpOHOB B KOJibUe. 

EcnII B 8/ISKTpOHHoe KOJibUO narrpaBI!Tb rryqoK 8TOMOB C IIOJIHpl!30B8HHbl

MI! Hnpa11,m, TO 6ynyT H8K81IJII!BaTbCH rromrpII30B8HHbie I!OHbI. ITocKOJibKY naB

neHIIe B rryqKe IIOJJHpII30B8HHbIX 8TOMOB BOAOpona COCT8BJIH8T 10-6 - 10-7 Top, 

TO MO)KHO 0)Kl!J:l8Tb, qTo IIHTSHCIIBHOCTb rryqKa ycKopeHHbIX IIOJIHpII30B8HHbIX 

rrpoTOHOB 6yneT Toro me rropHAKa BSJIIIql!HbI, qTo II IIOJIHPII30B8HHOro rryqKa. 

8JieKTpOHH08 KOJibUO OOJI8J:{88T Cll/IbHb!M COOCTBSHHb!M MarHIITHbIM IIOl!SM, 

T8K qTo rrpII Kone6aHI!HX rrpoTOHa B IIOT9HUII8JihHOH HMe KOJihU8 Ha CIIHH 

IIpOTOH8 B03AeHCTByeT rrepeMeHHoe BO BpeMeHII MarHIITHOe IIOJie. IToCKOJihKY 

ycKopeHHe 8/IeKTpOHHO-I!OHHOro crycTKa 6yneT rrpOHCXOAl!Th B JIHH0llHOM 

ycKopIITene, rne He omunaeTCH AOIIOJIHIITeJibHb!X a¢¢eKTOB nerronHpll38UIIII, 

TO AOCTaToqJIO oueHIITh Ty nerronHpII38UIIID, KOTOpasr MO)K0T B03HIIKHYTh 

B IIOKOH!lleMCH 8/IeKTpOHHO-IIOHHOM KOJibUe 38 BpeMsr ero cymecTBOB8HHSI. 
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B pa3n~ne 2 ITOK838HO, qTO Tpe6oBaHee coxpaHeHBH rronHpB38UBll HaKnanb1Ba

eT orpaHeqeHne Ha rronHoe qncno aneKTpoHoB B KOnbue. Tipe rrpeHHTbIX rrapa

MeTpax KOnbueTpoHa/2/ nnH coxpaHeHBH rronHpH3aUHH P ? 90% Heo6xoneM0 1 

qT06bI N . < 3•10 13• 
e 

I. HnTeHCHBHOCTb llOllHpH30B8HHOI'O nyqKa 

llpOTOHOB 

TI pH HH)K6KUllll rronHp!I3OB8HHbIX aTOMOB B anre3aTop ( pnc. 1) 8TOMbl 

rrponeTaIDT paCCTOHHHe 5'0 cM rrpe)Kne qeM rrorranaIDT B KonbUO, TipnMeM, 

qTO aTOMHblll nyqoK HM66T nnaMeTp rrorrepe'IHoro ceqeHHH = l CM, yrnoByID 

pacxonIIMOCTb = 10-2 Ha rronoBIIHe yrna II llHT6HCHBHOCTb = 2• 1018 ceK-1. 

B anre3aTope nnaMeTp rryqKa BO3pacTaeT no 2 CM. Tipn cpenHeil: cKopocTH 

aTOMOB V = 3• 106 cM/ceK o6'beMH85I rrnOTHOCTb aTOMHOro rry'IKa yMeHblllllTCH 

no 

p 2 . 10 10 -3 
CM 

~TOK rronsrpH3OB8HHhlX rrpOTOHOB, BOHll30B8HHhlX B KOnbue, cocTaBBT 

rne rrpe Ne 

I+ p a V 

· 13 3•10 rrnOTHOCTb aneKTpOHHoro rryqKa 

N C 

e 2rr R 77 a 2 

6,3. 1023 -2 -1 
CM ceK 

( 1) 

( 2) 

R. - panIIyC op6IITbl aneKTpOHOB (5 CM), a - cpenHBH paneyc ceqeHBH 

1rnnbU8 (0, 12 CM). a o6'beM BOHB38Ullli 

V =rr a
2

E (3) 

rne r - nmrna nyre KOnbua, rrepeceKaeMaH aToMHbIM rryqKoM. 
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ITpn onaronpnsiTHbIX ycnoBnsix liH:lKeKunn ( no Kpa10 KOnhua) 

9 CM, V = 0,4 (4) 
3 

CM, 

CeqeHne li0Hli38Ullli 8TOM8 Bonopona penHTliBliCTCKliMli aneKTpOHBMli 

a; onpenensieTcH cooTHorneHneM/3/ 

rne 

-14 
6,56 10 2 U; EKHH 

al 

ui 3 2 
me c 

rn ---ii~--

U; = 13,6 8B - noTeHunan H0HH3aunn aToMa Bonopona. 

Tipn aHeprIIII aneKTp0HOB E Ktrn= 25 M aB ( y = 50) 

-19 2 
a = 0,9• 10 CM , 

I 

( 5) 

( 6) 

IToncTaBnHH yKaGaHHbie GHaqeHnH V , a li p B ( 1), nonyqnM: 

I + 14 -1 
= 5• 10 ceK , ( 7) 

ITp!I nnIITenbHOCTH HH:lKeKUIIH, paBeofi llH:lK 
-4 

"" 5• 10 ceK, qncno ea-

KonneHHhlX nonHp!I30BaHHhlX npOTOHOB COCTaBIIT 2,5•10 11 , T,e, HHTeHCIIB-

H0CTb nyqKa nonHp!I30BaHHbIX np0TO.H0B oyneT onII3Ka K IIHT8HCIIBH0CTII nyqKa 

HenonHpH30BaHHbIX, 3TOT peGynbTaT oqeHh Ba:lKeH, TaK KaK npII COBpeMeHHOfi 

TeXHHKe rronyqeHIIH rronHpII30BaHHbIX II0HOB ycKopeHHbie nyqKII- rronHpII30BaHHblX • 

qaCTIIU HMeJOT IIHTeHCIIBH0CTh Ha HeCK0nhKO II0PHUK0B HII:lKe, qeM rryqKII rron.11-

p!I30BaHHblX, 

2. lleno;rnpH38lllHT B <'JlleKTpOHHO-HOHHOM KOllbUe 

PaCCMOTpIIM a~~eKT nenonsip!I38UIIII Ha CTaUIIII IIH:lKeKUIIII. qaCTOTa nap

MopDBCKOll npeueccmr BO BHelliHeM MarHIIT0M· none HanpH:lKeHHOCTh!O B 

= 2•104 re nnsi npoToHoB, Haxonsimnxcsi B aToMax Bonopona, paBHa 

WL 
B 8 -1 gP _e_ =5 4• 10 ceK 

-2- Mc ' 

6 

( 8) 

I 

J 
r~ 

,/j 
,t1 

.. 

{ 

·)J 

I 
I 

f 
~ 

rne M- Macca rrpoToHa, gp 5,6. BpeMH, B TeqeHIIe K0TOporo aTOM Terr-

noBOll CKOpOCTII HaXOUIITCH B rrepeceqeHIIII C KOnhUOM, COCTaBnHeT 

.. 
V 

-7 3, 10 , ceK, ( 9) 

a xapaKTepIICTIIqecKa.11 qacToTa BpameHIIH MarHIITHoro IIOIIH B CI!CTeMe II0K0H 

·aTOMa 

w 
1 3• 106 CeK-l = --- "' ( 10) 

X r 

TaK qTo 
6 

wx 3 · 10 
--::::::: = 5,5• 10-3 « 
WL 5,4• 108 1. (11) 

TaKIIM oopa3oM, anIIaoaTIIqecKoe ycnoBne BbirronHeeo, II .cnIIH rrp~T0Ha cpa3y 

:lKe rrocne II0HII3aUIIII HarrpaBneH BU0nh cyMMapHoro MarHIITHOro rronH B TOqKe 

IIOHII3aUIIII, 

TipII KoneoaTenhHblX UBH:lKeHIIHX rrpoToHa no panIIycy Ha cnrtH npOT0H0B 

nencTByeT Bpama10meec.11 MarHIITHoe none. KoneoaHIIH rrpoToH0B B rroTeHuIIanb

Hofi HMe, oopa30B8HHOfi aneKTpOHHbIM KOff»U:OM, onnCb!BaJOTCH ypaBHeHIIeM 

M ·t + e E 
r 0 ' ( 12) 

rne Er - aneKTpIIqecKoe none BHyTpII Kon&ua. OHo paBHo 

Ne e r 
E = r 

R a 2 
77 

( 13) 

E = 5,85 · 10 
-7 

Ne r ( B/CM ( 14) 

rne Ne - qncno aneKTpoeoB B crycTKe. 

J13 ( 12) n ( 13) eaxonnM, qTo qacToTa KoneoaH•Iii npoToHOB paBHa 

w2 
Ne e 2 

77 R 2 a
2

M 
= 5,6 · 10 

5 
N 

e 
( 15) 

,.; 
7 



TTpn 

N 
e 

1013 
' 

rrpn 

N = 10 14 
e • 

w 
9 -1 

2,4• 10 ceK 

9 -1 
w = 7,5,10 ceK • 

( 16) 

TaKHM o6pa3oM, rrpn yKa3aHHbIX 3Ha'IeHH51X Ne 'IacToTa Bpama10merocsr 

rron51 rrpeBhlrnaeT '18CTOTY napMopoBCKOtt rrpeueccnn, 8To 03Ha'IaeT, 'ITO crrnH 

rrpoToHa »e ycrreBaeT cnenoBaTb 3a aarrpaBneaneM MaranTHoro rrong n co

xpaHS!eT Ty opneaTaun10, K0Topy10 OH nMen cpa3y )Ke rrocne noHn3aunn. Cne

uoBaTenhHO, nng coxpaaeang rrongpn3aunn rrpoToHoB aeo6xonnMo, 'IT0601 

co6cTBeHHoe MarHHTHoe none crycT~a 6omo cymecTBeHHO MeHbllie BHernaero 

MarHHTHOT'O rron51, 

Co6cTBeHaoe MarHHTHoe none BHe Konhua 

B, 

Ha Kpa10 i:onhua r a 

iln51 BHernHero rron51 B 0 

Bo 

' ll 

B max 

I 

2 I e 

Cr 

/2/ 
HMeeM : 

Ne e 

rr R r 

N e 
e 

rr R a 

..l'..lG:__ ( 1 + µ p ) ' 
R r

0 

rne y - pen51THBHCTCKHH cpaKTOp B KOHue rrpouecca C)K8Til51, 

2 
e -13 p = 2 £n 

8R 
r O = ----.i = 2,8,10 CM,. --

mec a 

µ 
ro Ne 

/3 "" 1 = 
2 7T Ry 

8 

( 17) 

( 18) 

( 19) 

( 20) 

:< 
i 

l 
) 

\ 

I 
-~ 

Hatt)leM yron a Me)K)ly BeKTOpOM cmrna ll OCb!O z 

max 

B. Ne ro 
tg a 1_ 

7i; rray13(1+µP) 

IlpeHe6perag µ P << 1 , rrony 1rnM: 

lg a 
-12 

0,9 . lQ N -.L 

y 

Ecnn orpaHil'IHTb norrycTHMYIO nerron51pI138UIIIO Benil'IIIHOH 10%, 

cos a ;:: 0,9 

tg a 'S. 0,5 . 

( 21) 

( 22) 

: ( 23) 

M3 (22) n (23) HaxbnnM orpaHI1'1eHI1e Ha 'IHCnO sneKTpOHOB B cryCTK~: 

Ne 11 

-- < 5,3. 10 ( 24) 
y 

B 6onee o6meM Bnae: 

V -3 
- < 4,7. 10 ( 25) 
y 

/2/ N" e Ilpn = 50 IIOnY'IaeM: rne V = r Trr7f y 
. 0 

N < 3.10 13 
, N = 10-2 N < 3. 10 

11 
• 

e - p e 
( 26) 

IlpII TaKOM KOnH'IeCTBe sneKTpOHOB Tpe6yeTC51 BHelliHee MarHHTHOe none 

Bo= 1,8• 104 raycc, Benn'IHHa µ P = 5,9·10-2, Bf"x = 8,7°103 re, 

TaKIIM o6pasoM, rrpn co6n10aeHnn ycnoBHSI (24) cymecTBeHHofi aerronS1-

pnsauI1I1 IIpOTOHOB 38 C'IAT co6cTBeHHOT'O rrong KOnhua He rrpOI130HJ:1eT, 

Ha pIIC, 2 rrpHBeneHa 38BHCHMOCTb rron51pll38UIIII p z OT N II y 

OueHKII aerron51pI138UIIII rrpoT0H0B IIpII 0J:1HOKp8THblX II MH0T'0KpaTHbIX coyna

peHHSIX pen51THBHCTCKHX sneKTpOHOB C rrpoTOH8MII II0K83b!B8IOT, 'ITO 8TH scp

cpeKTbl He3H8'IIITenbHbl mm BpeMeHH cymecTBOB8Hil51 crycTKa ""10-2 ceK, 
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P2 
11---- ~ -

0.5 

10-3 

Pnc. 2. 3aBHCHMOCTb rronHpH38UHH rrpoTOHOB 

ue Ne H penHTHBHCTCKOI'O cpaKTOpa y 

10 

~ 

10-2 

..Y. = 
'i 

10-f 
Ne 

lo 21i' Rt 

p 
z OT qncna aneKTpOHOB BKOITb-

), 

1 

) 
il 
1? 
r 
y 

. :1 

3. H3MeHeHHe H8.11pa.BneHHH IIOllHpH38.IIHH 

ITy'IOK rronHpH30BBHHbIX rrpoT0H0B Ha Bb!Xoae K0nbueTpoHa 6yaeT o6na

aaTb rrpoapnbH0H rronHpH38UHefi, 3HaK KOT0pofi MeHHeTCH B 38BHCHM0CTH OT 

pe)KHMa pa6oTbl Bb!C0K0'IaqT0THoro HnH CBepXBb!C0K0'IBCT0THoro reHepaTopa 
' 

KB8HT0BbIX rrepexoaoB HCT0'IHHKa rronHpli30BBHHbIX 'IBCTHU. 

Pacrronarag rryqK0M rrpoaonbH0 rronHpH30BBHHbIX rrpoT0H0B, M0)KH0 C rro

M0IUbID IT0CT0HHHoro MarHHTHoro rrong rrony'IHTb rry'I0K rrp0T0H0B C rrorrepeq

HOH rronHpH38UHefi. Enaroaapg penHTHBHCTCK0MY ¢aKTopy H 6onhlliOMY aHo

ManbH0MY MarHHTH0MY M0MeHTy rrpoT0Ha anHHa yqacTKa MarHHTHoro rrong 

0K83bIBaeTCH He saBHcmuefi OT SHeprHH rrp0T0Ha. 

ilefiCTBHTenbHO, yron IT0B0p0Ta BeKTopa CITHHa 'rrnOCKOCTH, rreprreHaH

KynHpH0fi MarHHTH0MY rronro, paBeH/4/ 

<pp WP = ~ (1 + 1,8 y ) 
Myc 

( 27) 

rae t - BpeMg rrponeTa B na6opaTopHofi cncTeMe KoopaHHaT. Yron rroBopoTa 

HMrrynhca paBeH 

¢ w 
e H ( 28) 

C C Myc 

ilnH rrpeBpameHHH rrpoaonhHofi rronHpnsaunn B rrorrepeqHyro Heo6xoanMo 1 

'IT06b! pa3H0CTb 

OTcroaa 

ilnH 

paBeH 

B 

/). ¢ = ¢ - ¢ 
p C 

7T 
=--

2 
( 29) 

- annHa MarHHTa - paBHa 

7T 

L =-z M c
2 

T;rr-;-n- · (30) 

4 
to re, L 2,7 M, ITpH 9T0M paanyc TpaeKT0pHH anH.Y =1000 

R 
3 

3'10 M, 

11 

( 31) 

~, 



TaK qTO TpaeKTOpllH rrpOTOHOB hpaKTHqeCKH He llCKpHBnHeTcH. TaKHM o6pa-

30M, MarHHT nnH ITOBOpOTa cmrna rrpOTOHa rrpll HarrpmKeHHOCTll nonH B =10 Krc 

6yneT HM eTh nomoca nmrnoii 2, 7 M ll II!HpHHOH, paBHOH pa3Mepy KOnhua. 

4. YcKopeHHe apyrHx HOHOB 

Bee H3nO)KeHHOe Bhiliie OOTaeTCH crrpaBennHBb!M B o6IUHX qepTax He 

TOnhKO nnH lipOTOHOB, HO ll nnH MHOrosapHllHhlX HdHOB. CBepx Toro rryqoK 

rronHpll30BaHHhlX neiiTpOHOB nacT B03M0)KHOCTh reHepHp0B8Th llHT8HCllBHhl8 

nyqKH nonHpll30BaHHb!X HeiiTpOHOB C rrpOll3BOnhHOH opH~HTaUHeH ChHHa. Bee 

8TO, ecnH yqeCTh rrporpecc B paspa6oTKe rronHpll30B8HHbIX MHllleHeii, C03-

naeT 6narorrpHHTHbie ycnOBHH nnH llCCneUOB8HllH ITOnHpH3aUHOHHbIX 8¢¢eKTOB 

npH BhlCOKHX 8HeprHHX, OcTaeOBHMCH KpaTKO ea oceoeewx eanpaBneHHHX Hccne-

noBaHHH, 

5. llpoBepK8 IIpHHUIIIIOB CIIMMeTpHH 

HecMOTpH ea To, qTo B HCcnenoBaHHOH no CHX rrop o6naCTll 8Heprllii 

He o6Hapy)KeHo 8KCrrepHMeHTanhHbIX yKa38HllH Ha HapyrneHHe p -!I T -HeBa

pHaHTeOCTlI B ClinhHb!X B38HMoneiicTBlIHX, eeo6xonIIMOCTh rrpoBepKH cnencTBHll 

np!IHUHITOB CHMMeTpllH OCTaeTCH CaMOH Hacymeof1, 

B rrocnenHee epeMH BbIITOnHeHbl B8ChMa TOHK!Ie 8KCnepnMeHTbl/5,6/' 

B KOTOphlX 6hlna UOCT!IrHyTa oqeHb BhlCOKaH ToqHoCTh rrpoeepK!I coxpaHeeHH 

npocTpaecTBeeeoii qeTeOCTll B CHnhHhlX B3aHMoneiicTBlIHX, OnHaKo 8TH OnbITbl 

Bb!ITOnHeebI C qacTlIU8MlI ManbIX 8eeprnii, lI n08TOMy pesyn&TaTbl HX ueqyBCT

BHTBJihHbl K BKnany, ncqesaIOmeMy npu ManbIX CKOpOCTHX, 

ToqHOCTh OlihlTOBt rrpoBeneiH~X rrpn suepr!IH rrpOTOHOB B o6naCTH 

500 M 8B -+ 20 18B, HeBenIIKa H COCTaBnHeT BCero 1 -+ 2%. 

Ilo8TDMy MO)Kt'O cquTaTh, qTo rronyqeHHble naeHb!B B usyqaeMOH o6naCTH 

8Hepruii ee MoryT ncKnIOqHTh ee6on&rnoro H na:lKe saMeTHoro eapyrneHIIH 

p - nnu ( !I) T -HHBapuaHTeoCTH rrpH oqeHh Bb!COKHX 8Hepr!IHX, 

12 

PaccMoTpllM HeKOTOpb!8 ' Ha116onee xapaKTepHb!8 lI nocTyITHb!e LtnH Ha-

6nIOneHHH 8<j}<jJeKTblo 

B OTCYTCTB!Ie p -lIHBapHaHTHOCTH Bb!pa)KeHne nnH rronHoro ceqeHHH 

asanMoneiicTB!IH rrpononhHO rronHpnsoBaHHoro rryqKa qacTHU co CITHHOM 1/2 

H rronHpnsauneii P Ha Hupe co crrnH;M O HMeeT Bnn/7 / 

a 
p ao +a I ( r k ) ' ( 32). 

rne k - enHHHqHbIH BeKTop Bnonh HarrpaBneHnH rranaromero rryqKa, a 
O 

- non

Hoe ceqeHHB B3aHMOUeiiCTBHH HenonHpH30BaHHOro rryqKa, ap - nonHpll30BaH

Horo, a a, - norrpaBKa K ceqeHHIO, Bb!3B8HHaH HapyrneHneM p -HHBapnaHTHO

CTH: BennqnHa a, nHHetiHa no aMrrnHTyne p - HBqeTHoro B38HMOUBHCTBHH,; 

Bb1pa)KeHHe nnH nmp<jJepeHuHanhHOro ceqeH!IH npoH3BOnhHOH 6nHapHoii, 

peaKuHH anna 

p +A ➔ r +B (33). 

➔ 

Ha npononhHO rronHpll30B8HHOM rryqKe rrpoTOHOB C nonHpll38UHeii p lIMeeT 

Bllll 

a 
p a0 (0) + a 1 (0) (P k

1
) + a

2 
(0) ( P➔ k

2
) ( 34) 

rne r, - 8llllHllqHhlH BeKTOp BllOnh HarrpaBneHHH ITanammero lipOTOHa, 

a k 2- Bnonh Harrpasnem1_H pacceHHHoro. TTpn Hannqun p -lIHBapuaHTHOCTH: 

a n a o6paIIIaIOTCH B Hynh. 
I 2 

06paTHMCH K onbIT8M C nonepeqeo-nonHpH30BaHHb!M nyqKoM rrpoToeoa. 

Ecnn co6nmnaeTcH P -IIHBapuaHTHOCTh, To ceqeHue yrrpyroro pacceHHIISI 
1 

nonHpnsoaaHHoro rryqKa ea eenonHpI13oaannoti MI1rnenI1 Mo:lKeT o6nanaT& neao

npaaoii 8CIIMMeTpI1eii II He MO)KBT IIMeTh aCHMMBTpil!O BBBpX-BHil3. 3To YTBBp:lK- ' 

nenI1e cnpaaennIIBo TaK:lKe II JWH npoilsBon&noii 6I1napeoii peaKuI111, 

TTpoBepKa co6n10neHIIH T -IIHBapilaHTIIOCTII B Cilnh!IbIX B3aIIMoneiicTB!IHX 

Tpe6yeT/8-IO/ cpaBHeHIIH rronHpII3aUIIII rrpoTOHOB po' B03HIIKaIDIU~H rrpH 

coynapenun HerronHplI30BaHHbIX rrpOTOHOB C eenonHpII30B8HHOH npoTOIIHOH MII

rne!IbIO, c acIIMMBTpileii: A, xapaKTBpI13YIOIUeii ceqenne pacceHHIIH nonHpnsoaan-

.. , 
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HblX rrpoTOHOB Ha Herrom1pnsoBaHHOH llpOTOHHOii M!lllleHn. Hs Tpe6oBaHnSI p - n 

T -nHBapIIaHTHOCT!l BbITeKaeT paBeHCTBO po = A. 

Bo Bcex cnyqasix oco6b1ii liHTepec rrpeAcTaBnSieT rrpoBepKa rrpnHunrroB 

liHBapIIaHTHOCTli B coyAapeHnSIX c 6onblllOH rrepeAaqeii nMrrynhca. 

6. flpoBepKa IIpH6JIH)J{eHHH H KOHKpeTHbIX Moaeneii 

reopHII CJI/IbHblX B38HMOf(eHCTBHH IIpH BbICOKHX 

qHeprIIHX 

Mo)l(HO O)KllAaTb, qTo HeKOTOpbie rrpn6nn)KeHIISI II MOAenn 6YAYT xopOlllO 

orrpaBAhIBaTbCH rrpn Bb!COKIIX 9HeprIIHX. B Ka'leCTBe IIpIIMepa ,rrpIIBeneM nmjlpaK

UliOHHOe rrpn6nn)KeHne, cornacHo KOTopoMy Bee ¢ash! paccesiHnSI SIBITSIJOTCSI 

MHliMblMli, Ii KaK cneACTBne 8Toro liMeeT MeCTO COOTHOllleHne 

po A 0 . (35) 

ilam~e.• K orrpeAeneHHblM GaKnJO'leHIISIM . 0 llOITHpHsaunII. Ii llOBOpoTe Cl1l!Ha rrpn 

coyAapeHIISIX rrpnBOAliT Teopnsi KOMllneKCHblX MoMeHTOB. Hannqne paspe30B 

Ha rrnOCKOCT!l KOMIIITeKCHoro MOMeHTa CK83bIBaeTCSl Ha CllllHOBOii 38B!ICIIMOCT!l 

CE;qeHnii B3aliMOA9HCTBIISI., 

Bo Bcex IIOA06HblX Monensix rronHpll38UliOHHbie 9tptpeKTb! BbironHo OTnnqa

JOTCSl OT nsMepeHnii ycpeAH_eHHbIX rro rronsipnsaunn ce'leHnrr TeM, 'ITO oHn 

OllliCbIBaIOTCSl Bb1pa)KeHliSIMli, nnHeifHb!Mll rro aMrrnnTyAaM, saBliCSIII(liM OT crrn

Ha. 3To o6nerqaeT o6Hapy)KeHne TaKIIX acpcpeKTOB. 

ilo rrocneAHero BpeMeHn MHorne cqIITann, 'ITO B yrrpyroM paccesiHnn 

rrpn BhlCOKliX 8Heprnsix CllliHOBaH saBliCliMOCTb aMrrnnTyA pacceHHliSl OTCYT

CTByeT •. 3To BbITeKano ns rrpoCTblX liAeii O AlitppaKunn. B AnqipaKUliOHHOII 

KapTnHe rrrpyroe paccesiHne rrosiBnsieTcSI KaK TeHeBoii 8tptpeKT. TaK KaK rrpn 

BbICOKliX 9Heprnsix OTKpb!TO MHoro Heyrrpyrnx KaHanoB, TO 0)KliAanocb, 'ITO 

rrornomeHne He AenaeT rrpenrroqTeHnSI OAHOMY CllllHOBOMy C0CTOHHli!O HaA APY

rnM. OAHaKo TeopIISI KOMrrneKCHbIX MoMeHTOB AOllYCKaeT coxpaHeHne CllliH0BOH 

'laCTII aMllnIITYAbl Ilp!I CaMblX BbICOKliX 9Heprnsix/ 11/. Torna rronSipIIsaunoHHhie 

9KcrrepnMeHThl A8IOT B03MO)KHOCTh rrpoBepIITb pa3nll'lHbie Bh!BO/:lhl TeOpIIII. 
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BechMa Ba)KHbIM SIBnsieTcH rrpoBepKa cpaKTopnsaunn aMrrnnTyn PeA)Ke rrpII 

O'leHb BbICOKliX ·9Heprnsix. OHa AaeT, B 'laCTHOCTll, COOTHOllleHne Me)KAY 

aMrrnnTyAaMn rrnoH-rrnoHHoro paccesiHnSI 

n HYKITOH-HyKnOHHOro TNN 

( T )2 
77 N T · T 

7777 N N 

T 7777 t llllOH-HyK•ITOHHOro T77N 

( 36) 

3KcrrepnMeHTanbHOH rrpoBepKe llOAAaJOTCH Bb!BOAbl li3 Hamrqnsi cpaKTopn-

38Ullli Cllli!IOBOH 38BIICliMOCTII aMrrnnTyA. TTapaMeTp HyKnoH-HyKnOHHOro pacce-

HIIIISI C nn AOn)KeH y6hIBaTb C POCTOM 9Heprnn. EcnII )Ke tpaKTOpll381(IIII HeT, 

TO C aCI!MllTOTnqecKII rrpn6nII)KaeTCH K IIOCTOHH_ HOMY sHaqeHnI0/ 12/. nn 

B A08CIIMIITOTli'leCKOii o6naCT!l 9HeprIIii AaIOT BKnaA HeCKOnbKO rronIOCOB 

PeA)Ke Ii cpaKTOpH3YIOTCSl OTAenbHbie rronIOCHhie qneHbI, a He rronHaSI aMrrnn

TyAa. 3To BeAeT K MeHee llp0CTb!M cneAcTBI!SIM, BCe )Ke AOCTYll!IblM 9KCrre

pliM8HTanhHOii rrpoBepKe. 

K po Me rrpoBe pKII <paKTopnsauIIn rronsipnsaunoHHbie 8Kcrre prrMeHThI 'lyB

CTBnTenbHbI K APYPHM cneACTBliSIM Teop11n KOMllneKCHblX MOMeHTOB. Ecnn 

B aMrrnnTyAe AOMnHnpyeT OAliH rrn10c, TO rrapaMeTp p O O. TTp11 crrpaBeA-

nIIBOCTli p - n T -HHBapHaHTHOCTH A0CTaT0'lH0 COIIOCTaBHTb AaHHbie O Alitp~ 

cpepeHUHanhHblX ce'leHIISIX pacceSIHHSl rronHpll30BaHHb!X II HerronHpII30BaHHblX 

rrpoTOHOB Ha HerronSipII30BaHHOH Mlllll8HII. 

Hanll'llle BeTBneHHH Ha rrnoCKOCTII KOMrrneKCHbIX MOMeHToB/ 13/ IIITII 

"KOHCIIHpaUIIH" TpaeKTOpHii PeA)Ke HapylllaeT cpaKTOpHsau1110 ll BeAeT K orrpe

AeneHHOH 3aBHCIIMOCTH aMIInHTYA OT CllHHOB. TTpoBepKa rrpencKa3aHHH Tpe6yeT 

H3Mepemrn rrapaMeTpa D n n , KOTOphIH AOn)Kef! 6bITh paBeH emrnnue B rrpn-

6n11)Kef!HH OAHOro rrpocToro rron10ca. Dnsi 8KCrrep11MeHTanhHoro o6uapy)KeHH:SI 

IIOA06Hb!X 8tptpeKTOB Tpe6yJOTCSI Ollb!Tbl !IO ll~MepeHHJO AHqicpepeHUHanbHoro 

ceqeHHH pacceSIHHH ua Manhie yrnhI n ( nnn) rronuoro ceqeHHH BsanMoneficTBHH 

rryqKa rromipH30BaHHb!X rrpoTOHOB C rronHpH30BaHHhlMH rrpoTOHaMH MHllleHn. 
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7. BoccTaHOB/IeHHe aMIIllHTy,a pacceHHHH 

H OIIpe,aeneHHe KB8HTOBbIX qHcen qacTHI1 

11poBeneHHe cpasoBoro aHanHsa rrpH BhICOKHX sHeprm1x, Korna sHa'lH

TenhHa ponh HeyrrpyrHX rrpoueccoB, OKa3hIBaeTCH He CTOnb sqiqieKTHBHbIM, 

KaK IIpH HII3KHX SHeprusrx. C npyrofi CTOpOHhI, HCIIOnh30BaHHe TeXHHKH rronsrpuso

BaHHhlX rry'lKOB II rronsrpusoBaHHhIX MUllleHefi cosnaeT B03MO)KHOCTh IIpHMO-

ro BOCCTaHoBneHIIH aMIIJIIITyn pacceHHIIH. Oco5eHHOe IIOJIO)KeHIIe 

saHuMaeT rrpouecc TT N -paccesrHIIsr. I1sMepeHIIe ce11eHufi paccesr-

HUH IIUOHOB Ha IIOJIHpU30BaHHhIX MUllleHHX U aHaJIU3 COCTOHHUfi IIOJIH

pU3aUUU IIpOTOHOB oTnaqu II03BOJIHeT onH03Ha'lHO orrpenensrTh neficTBUT0Jib

HyIO U Ml!HMYIO qacTU aMIIJIUTynhI paccesrHUH BIIepen H ocymeCTBHTb cpaBHe

HUe C rrpencKa3aHUHMU nHcrrepcnoHHhIX COOTHOllleHUfi U rrpaBUJI cyMM. Dpu .. 
STOM He Hano nenaTh l!IIKaKUX rrpenrroJIO)KeHufi O MaJIOCTU CIIUHOBOfi 'laCTU 

aMIIJIUTynhI. 

He MeHee Ba)KHblM 51BJIH0TCH orrpe1.1eneHHe aMIIJIHTY/l, saBIIC51IUIIX OT CIIII

Ha, B HJKJIOH-HJKJIOl!HbIX CTOJIKHOBeH!rnX. llnsr STOrO H800XO/ll!MO IICITOJib30BaTb 

IIOJI51p1!30BaHHbl8 ·IIJ'lKI! II Ml!IU8HI!. 

HaKoHeu, cnenyeT saMeTJITb, 'lTO cefiqac He HCHO, no CKOJib 5oJibllIIIX 

3Ha'l0HIIfi Mace rrpocTIIpaeTCH crreKTp sneMeHTapHbIX qaCTHU. Ecn11 B o5nacTU 

·cBepXBhlCOKUX SHeprul BCTpeTHTCH HOBhle qaCTUUhl, TO rrpu orrpeneneHUU 

HX KBaHTOBbIX queen Oilb!Tbl C rronHplI30BaHHhIMH 'laCTIIUaMII CTaHyT KpafiHe 

xcenaTeJihHbIMH. 

8. Mero.aHK8 H3MepeHifii ITOmlp1I38IIHOHHbIX arjJcfJeKTOB 

Ha ITOllHp1I30B8HHOM nyqKe KOllbllBTPOHa 

0TMeTUM HeKOTOpbie rrpHHUIIIIIIanbHbl0 ocooeHHOCTU OIIb!TOB Ha KOJibUe

TpoHe C IICTIOnb30BaHHeM rronsrpH30BaHHoro rry11Ka. 

OrrTIIMIICTII'leCKIIe oueHKU, rrpIIBeneHHbJe Bblllle, yKa3bIBaIOT Ha TO, 'lTO 

'!IICJIO rronsr;H30BaHHb!X rrpoTOHOB B HMrry.nbce COCTaBHT "" 2• 1011. Ecnu 

KOJibUeTpOH 6y1.1eT pa5oTaTb B pe)KUMe, 1.1a101.ueM 100 HMrrynhCOB B CeKyHny. 

TO cpe/lHHH HHTeHCUBHOCTb IIOJI51pII30BaHHhlX rrpoTOHOB COCTaBIIT ~10131/ceK. 

3To OTKphlBaeT B03MO)KHOCTh BeCTU Ha6JIIO/l8HHe IIpH O'l8Hb 5onbllIOll CKopo

CTH C'leTa COOb!TIIfi. 
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CTaTIICTII'l8.CKasr OllIIIOKa CTaHeT OTHOCUTeJibHO Manofi, II rnaBHblM orpa

HII'l8HIIeM TO'lHOCTII ll3MepeHHll OKa)KyTCH TaKIIe cpaKTOphl, KaK ycTol'lIIBOCTh 

pa6oThl arrrrapaTypbl .II B03MO)KHOCTh rrpoBe/leHUH HyJieBbIX ll3Mepeaufi. 

CxeMa rrony'leHUH II ycKopeHIIsr rronsrpH30BaHHhlX rrpOTOHOB Ha KOJibUe

TpoHe MO)KeT 5b!Th rrpHCIIOC05JieHa /lnH ocymecTBJieHIIH JIOI'l!Kll Ha6n10nemrn 

TIIIIa CIIHXpOHHoro neTeKTopa/15/, UJIII cxeMbl pesoHaHCHOI'O HaKOIIJI8HUH 

rronesaoro clirHanalB,161. 

HarroMHIIM O TOM, 'lTO IIOCKOJibKy IIOHII3aUII51 aTOMOB rrpoBO/llITC51 B CIIJib-

HOM MarHIITHOM none, TO B IICTO'lHIIK0 rronsrpusoBaHHb!X 11aCT.IIU /lOJI)KeH Ob!Tb 

Bb!COKO'laCTOTHblll II/I.II CB0pXBhICOKO'laCTOTHblll rromipll38TOp, C03/laIOIUIIfi B aToM

HOM rry11Ke IIOJIHpH3aUUIO no CIIUHy srnpa. BKn1011eH.1Ie II Bh!KJIIO'l8HU0 8TOI'O 

IIOJI51 MO)KHO IIpOII3BD,'UITb rrpaKTil'l8CKU 6esIIHepuIIOHHO C qaCTOTOfi pa6oThl a1.1re-

38Topa ( 100 1 / ceK). 3TO II03BOnHeT HanesrTbCH Ha , TO, 'lTO C IIOMOlllhlO Ta

KOH JIOI'IIKII 8Kcrrep.H_MeHTa MO)KHO 5yneT o5Hapy)Kl!Th HyJI0Bbie scp<peKTbI C 

TO'lHOCThIO, IJpU5JIH)KaJO.llI81Csr K rrony11eHHOI B pa5oTaxl6/. 
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