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BnHBHHe co6cTBenuoro JapB~a nyqKa ua napaMeTpu
qecKHi pe30HaHC HeKorepeHTHhlX 6eTaTpOHHhlX KOne6aHHi 
no~po6uo uccne~oBanocb B CBB3H c onpe».eneuueM npe~enb

/ 1-6 1 
HhlX TOKOB B UHKJIH'IeCKHX YCKOpHTeJIBX 1

• B 3THX pa6o-
TaX nony'leHbi cne~yiOmue ocnoBHbie peJynhTaTbi: 

1. Perneuue nuueanuJoBanuoro ypaBHeHHH Bna~uMup-
/7 ~ 

cKoro- Kan'IHHCKoro I j B cny'lae napaMeTpH'IecKoro pe :Jo-
HaHca cornacoBaHHbiX ny'IKOB ~aeT c~BHr pe3oHaHcHbiX 
3Ha'lenui 'lac ToT 6eTaTpoHHWX Kone6auui oru6a10meu IKpa T
HhlX 11, o6yCJIOBJieHHbli C06CTBeHHbiM 3apH~OM, Ha BeJJH
'IHHY, npHMepHo paBHYIO Q I Q - KynonoBcKaH nonpaBKa 
K 'laCTOTe HeKorepeHTHbiX fieTaTpOHHbiX KOJJefiaHHH I' B 

I 
I fi 

e~uuuuax qacTOTbi o6pameHHH ' · . 
2. flo Mepe pOCTa paCCOrJJaCOBaHHH 3apB)I{eHHOI'O ny'I

Ka 'laCTOTa CBOfiO~HhlX KOnefiaHHi OrHfiaiOmei CTpeMHTCH 
K 2,, ' 2•6 /. TaKHM o6pa30M, ~JJH HecornacoBaHHbiX ny'IKOB 
pe30HaHCHhle YCJIOBHH He 3aBHCHT OT C06CTBeHHbiX nonei ~'. 

3. fipH Bbifiope pafioqej TO'IKH, COBlla~aiOll(ei CO C~BH
HYTOi pe30HaHCHOi 'laCTOTOi, aMllJIHTy~a KOnefiaHHi orpa
HH'IeHa H He CHJibHO OTJIH'IaeTCB OT Ha'laJibHOi npH 60JJb-
lllHX Q I . 

Co6cTBeHHwi JapH~ ny'IKa npenHTCTByeT pe3oHaHCHo
l (i j 

MY pocry aMnJJHTY~bl -' 
4. Pe3yJJhTaThi, nony'leHHbie B paMKax Mo~enu Bna~u

MHpcKoro- Kan'IHHCKoro 1 •2 ·f• npuro~Hbi ~o Tex nop, 
llOKa pa36poc no 'laCTOTaM fieTaTpOHHbiX KOJJe6aHHi B ny'IKe 
He npeBhirnaer KynoHOBCKoro CllBHra r. IKorepeHTHhii 
pe3oHaHcl. 

,. K TaKoMy )l{e BbiBOJlY MO)I{HO npHHTH, paccMaTpHBaB 
npe~eJJbHhli Clly'laH 60JJblllHX aMllJIHTYJl KOJJe6aHHi B ycpe)l
HeHHbiX ypaBHeHHHX 17,81 pafiOTbl I · 
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5. llpoxo*~eHHe napaMeTpuqecKoro KorepeHTHoro pe-
3oHaHca ynyqwaeTcH H3- Ja co6cTseHHoro JapH~a npu yse
nHqeHHH qacTOTLI 6eTaTpOHHLIX KOne6aHHH H yxy~waeTCH 
B o6paTHOM cnyqae / 3 •8 •91. 

MLI sepHynHCh K npo6neMe co6cTBeHHoro JapH~a B 
napaMeTpuqecKOM peJoHaHce npH aHanuJe ~HHaMHKH 3neKT
POHHhiX Konen; B a~reJaTopax IKoMnpeccopaxl KonneKTHs
HLIX ycKopuTeneii /9 ~ Cneuu4JuKa a~reJaTopos JaKmoqaeTCH 
B TOM, qTo ~nH y~ep)KaHHH npOCTpaHCTBeHHOrO 3apJI~a 

B Haqane C)Ka THJI Konen; Tpe6yJOTCJI 6onhwue 3HaqeHHJI no
KaJaTenJI cna~a BHewHero lcna6o4JoKycupyroi.Qerol nonJI -n. 
B KOHn;e C)KaTHJI senuquHy n y~o6Ho HMeTh ~ocTaToqHo 
Manoii. llpH 3TOM n -TpaeKTOpHJI KOnhiJ;a OfihiqHo HeCKOnb
KO pa3 nepeceKaeT pe3oHaHcHoe 3HaqeHHe lnepeceqeHHe 
pe30HaHca CBJI3aHO H C He6onhWHM, OfiLiqHo HCnOnh3ye-

v I II0-131 X MLIM qucnoM CTyneHeH C)KaTHJI ' ' . apaKTepHoe 
BpeMJI C)KaTHH KOnen; B/! 3/ COCTaBnJieT 10-3 c, TaK qTo 
6e3 cnen;HanbHOH BpeMeHHOH KOppeKIJ;HH nonJI pe30HaHCLI 
npoxo~JITCJI Me~neHHo. 

,[J;nH C)KaTHH KOnen; npe~CTaBnHJOT HHTepec BOnpOCLI: 
0 BJIHHHHH npOCTpaHCTBeHHOro 3apH~a nyqKa Ha pe30HaHCLI 
B WHpOKbii o6naCTH OTCTpoeK OT pe30HaHCHOH qacTOThi; 
06 YTOqHeHHH nyHKTa 1 C n;enhJO TaKoro Bhi6opa n -TpaeK
TOpHH lc yqeTOM Q I, qTo6LI napaMeTpHqeCKHH pe30HaHC 
B006I.Qe He npOXO~HnCH; 0 KOnHqeCTBeHHOH 4JopMynHpOBKe 
nyHKTa 5 lecnH pe30HaHC npOXO~HTCHI. 3TH BOnpOCLI H 
pa36HpaJOTCH B ~aHHOH pa6oTe. 

I. Bo3hMeM B KaqecTBe ucxo~Hhix ypasHeHHH Bna
~HMHpcKoro-KanquHcKoro ~nJI oru6aJOI.QHX nyqKa B pa~uanh

HOM - a r H aKcuanhHOM - a z HanpasneHHHX '*~nH onpe~eneH
HOCTH CqHTaH pe30HaHCHhiM Z -~BH*eHHe : 

* YpasHeHHH nonyqeHhl ~nH nHHeiiHbiX nyqKoB, o~HaKo 
HMH MO*HO nonh30BaThCH, ecnH paCCMaTpHBaTh H3MeHeHHe 
so speMeHH pa3Mepos ceqeHHJI Konhn;a, spaJ.Uaroi.QerocH 
c UHKnoTpOHHoii qacToToii. MaTeMaTuqecKH 3TO BhiPa*aeT
CH B JaMeHe nepeMeHHoii B ypasHeHHHX Bna~HMHpcKoro
KanquHcKoro. 3asHCHMOCTh oT HaqanhHoro a3HMyTa ce
qeHHH yqHTLIBaeTCH COOTBeTCTBYIOJ.UHM Bhi60pOM HaqanbHOH 
4Ja3hl B B03Myi.QalOJ.Ueii CHne. 
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B ypasHeHHHX 11-21 npHHHThl o6o3HaqeHHH: o=v-
2
1 - pac

CTpoiiKa qaCTOThl aKCHanbHLIX Kone6aHHH 6e3 yqeTa BnHH
HHJI co6cTBeHHLIX noneii, F z , F, - ll>aJOBhie o6neMhi z H 
r KOne6aHHH, COOTBeTCTBeHHO, a~ H a - pa3Mephi corna-

"'o ro 

4v r 2 
COBaHHOrO nyqKa, BenHqHHa Q = 

2 
'J P 

0 
, r

0 
- cpe~-

{3 y · az
0 
(~0 +a,) 

HHH pa~HYC KOnhn;a, v,, - norOHHLIH 3neKTPOH, f - OTHO
CHTenhHaH OWH6Ka noKa3aTenH cna~a BHeWHero nonJI, Y
penJITHBHCTCKHH 4JaKTOp 3neKTpOHOB, BpaJ.UalOI.QHXCJI B KOnb

n;e CO CKOpOCThJO {3 C. 

CucTeMa I 1-21 He no~~aeTCJI aHanHTuqecKoMy uccne
~OBaHHJO, n03TOMy ~nJI aHanH3a HCnOnh3yeTCJI MO~enbHOe 
ypaBHeHHe, KOTOpoe nonyqaeTCH H3 111 npH no~cTaHOBKe 
a, =a zls nro6oii MOMeHT speMeHHI /I/. PeweHHe 3Toro ypas
HeHHJI npu t=0 , Q == 0 HMeeT BH~ 

az 2 ----2- . 
(-·) =V1+A +Astn(2v0+¢), 131 

a 
""o 

r~e A H ¢- npoHJBonhHhle nocToHHHhie. 
BMeCTO 131 B KaqecTBe Hynesoro npH6nH*eHHJI MO*HO 

HCnOnh30BaTh Bblpa*eHHe, yqHTLIBaJOJ.Uee npOCTpaHCTBeH
HhiH 3apJI~ npH f = 0. ,[J:nJI 3Toro ~OCT a TOqHo 3aMeHHTh Be-
nuquHy F 2 Ha F * 2 = F2 - Q a 4 

z z z zo 

PeJynhTaThi nocne~YIOJ.UHX BhlqucneHHii cosna~aJOT c 
pe3ynbTaTaMH /l /. B nepBOM nopJI~Ke ManoCTH no t B BLI-

'Joe+r~-. 
pa*eHHH 131 A H w = ..:::.~ cne~yeT cquTa Th Me~neHHO 

2 

MeHJIIOJ.UHMHCJI 4JyHKUHHMH, KOTOphle y~OBneTBOpHIOT ypas
HeHHJIM CMHTa /1/: 
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UM 

5 

-6 -5 -4 -3 -2 -1 0 1 2 3 5 6 
Puc. 1. 3a8ucuMocmb Mat<cuMa/lbHbiX aMnAumyo t<OAe6aHuu 
ozu6a10U1eil om omHocume/lbHou paccmpout<u 1 -Q/ G =0 , • 
2-Q/G=2, 3-Q/G=4, 4-Q/Gcc6. 

UM 

-6 -5 -4 -3 -2 -1 

Puc. 2. 3aeucuMocmb Mat<cuMa/lbHbiX aMn/lumyo t<o/le6aHuu 
ozu6a10U1eil om omHocume/lbHou paccmpout<u 1-Q I G = 7 , 
2-Q/G ,9, 3-Q/G,.,ll, 4-Q 1 G,l3. 

D 

D 



dA 

de 
2 G y 1 +A 2 cos 2 w 

..:1 y1+A2 . o 
..Y..L =o -G stn2w- ~--, 
de A 1+vl:A2 

r,ZJ;e G = .!. 
2 

/4/ 

/5/ 

Oco6eHHhlH HHTepec npe,ZJ;cTaBnHroT cTauuoHapHhle pe

rneHHH CHCTeMhl /4-5/. Ha puc. J-2 H306pa)f(eHbl 4JyHKUHH 

a 
UM = z max -1 / a - MaKCHManhHOe 3Hal.feHHe orB-

a zmax 
z 

6aJOIUeH/, Bhll.fHCneHHhle DO CTaUHOHapHhlM aMnnHTy,ZJ;aM 

,ZJ;nH pa3nHl.fHhlX 3Hal.feHHH OTHOCHTenbHOH paCCTpOHKH D = _Q_ 
H KynoHOBCKoro C,ZJ;BHra Q I G . G 

Ha puc. 2 HaHeceHa TaK)f(e cTauuoHapHaH KpHBaH, no

cTpoeHHaH CMHTOM /I/, - nyHKTHp, ,ZJ;nH KOTOpOH BbiDOn

HHeTCH ycnOBHe pe30HaHCa nHHeHHOH TeopHH (o=QI2 ). 113 
pHCYHKOB BH,ZJ;HO, l.fTO npH mo60M KynOHOBCKOM C,ZJ;BHre CTa

UHOHapHaH KpHBaH COCTOHT H3 ,ZJ;BYX BeTBeH. JleBaH BeTBb -

,ZJ;By3Hal.fHaH 4JyHKUHH D B o6nacTH OT -1 ,ZJ;O HeKoToporo 

D = D max • AHanH3 YCTOHl.fHBOCTH perneHHH noKa3biBaeT' l.fTO 

B o6naCTH ,ZJ;BY3Hal.fHOCTH BepXHHH l.faCTb BeTBH - HeyCTOH

l.fHBaH, HH)f(HHH - ycTOHl.fHBaH. 

ITpaaaH aeTBh onpe,ZJ;eneHa B o6nacTH 1 < D < ~ , oHa 

6ecKoHel.fHO pacTeT npu D .... 1, ycTOHl.fHBa BCID,ZJ;Y. 

Ecnu ycnoBHThCH noHHMaTb no,ZJ; pe3oHaHcHoi nonocoi 

TaKyro o6naCTb D, r,ZJ;e HeT CTaUHOHapHhlX perneHHH CHCTeMbl 

/4-5/, TO lliHPHHa pe3oHaHCHOH nonochl eCTh P=1-Dmax"PH 

ycnoBHH P > 0. 3aBHCHMOCTh P OT Q I G npe,ZJ;cTaaneHa Ha 

puc. 3. llpu Q=5,8G pe3oHaHcHaH nonoca HCl.fe3aeT. llpu 

6onblliHX KynoHOBCKHX C,ZJ;BHrax B o6naCTH 1 < D < D max 

cyiUeCTBYIDT ,ZJ;Ba ycTOHl.fHBhlX CTauuoHapHhlX perneHHH. B 
3TOM cnyqae Kone6aHHH oru6aJOIUei cornacoaaHHhlx /6e3 

yl.feTa B03My{UeHHH/ llYl.fKOB ,ZJ;O~Hhl npOHCXO,ZJ;HTb B6nH3H 

HH)I(}{eH cTauuoHapHoi KPHBOH /neaaH BeTBb/. 0TMeTHM, 

8 

'\} 

.\ 

,} 

' 

p 
2 

1 

0 

-1 

-2 

-3 '-----...........----.----.....--------..----.-112 
0 2 4 6 8 -tO 12 G 

Puc. 3. 3aeucuMocm& P =1- D om napaMempa Ql G. 
max 

l.fTO Tpe6oBaHHH K cornacoBaHHIO Ol.feHh )f(eCTKHe - He3Ha

l.fHTenbHhle OTKnoHeHHH napaMeTpoB nyl.fKa OT cornacoaaH

HhlX llpHBO,ZJ;HT K KOne6aHHHM OrH6aiDIUeH C 6onhlliOH aM

nnHTY,ZJ;OH. 3TOT 4JaKT HnniOCTpHpyeTCH puc. 4, r,ZJ;e llOKa-

3aHhl HHTerpanbHbie KpHBhle CHCTeMhl /4-5/ ,ZJ;nH napaMeT

poB D = 2 , Q I G =12 . 
Y cnoaue He 3Hal.fHTenhHoro poeT a aMnnHTY,ZJ;hl oru6a101Uei 

B napaMeTpuqecKoM pe3oHaHce ,ZJ;nH cornacoBaHHhlX nyl.fKOB 

C 6onblliHM llpOCTpaHCTBeHHbiM 3apH,ZI;OM MO)f(HO Bblpa3HTb 

HepaBeHCTBOM 

Q.»6. 
G 

/6/ 
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7 

6 

5 

4 

3 

2 

0 

- 1 

-2 

-3 

-4 

-5 

-6 

-7 -6 -5 - 4- - 3 -2 - 1 0 7 

Puc. 4. H;u:zezpaJ1biibie ;.;pueble cucmeMbl /4-5/. D =2 , 

Q/G =12. 

II. ~nH BWHCHeHHH cnpaBeAnHBOCTH pe3ynbTaroB, no

ny'leHHbiX C llOMOI.QbiO MOAellbHOrO ypaBHeHH.JI f), , CHCTeMa 

ypaBHeHHB /1-2/ pewanacb 'IHCneHHo Ha 3BM. Ha puc. 5 
npeACTBBlleHbl MBKCHMBllbHbie 3HB'IeHHH OrHfiBIOI.QeB - az max 

B 3BBHCHMOCTH OT OTHOCHTellbHOB paccTpOBKH D. Ha'IBllb

HWe YCllOBH.JI COOTBeTCTBOBBllH COrllBCOBBHHbiM ny'IKBM 

C yqeTOM COfiCTBeHHOrO 3Bp.IIAB. <l>B30Bbie Ofi'beMbl Bbi6H

pallHCb paBHbiMH F z =0,5 , F r =0,8' BellH'IHHa G = 0,01 . 

10 

I 
I 

201 I I I I I ** I 

18 

16 

14-

12 

ti 
~ 1/J 

tj~ 

8 

6 

~ 

2 

-2 -f 0 1 2 3 4 D 

Puc. 5. MaKcuMa/lbHbJe 3Ha<teHUJI ozu6a10~eii /pe3yAb111am 
<tUc/leHHozo peweHUJI cucmeMbl ypaeHeHuii /1-2//. 
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Pa3nuqHLie KpHBLie Ha puc. 5 nocTpoeHLI .n;nB 3HaqeHHH 
Q/G B HHTepaane oT 0 .n;o 8 c war oM 1. KpHBLie npoHyMepo
aaHLI no B03pacTaHHIO Q /G. B cqeTe BBo.n;unocL o6pe3aHHe 
no MaKCHMaJILHOH aMnJIHTy,n;e az 'S_20. 

max 

KpHBLie puc. 5 Haxo.n;BTCB B KaqecTBeHHOM cornacuu 
C MO,LJ;eJILHbiMH KpHBbiMH puc. 1-3. llpH Q/G < 5 Ha6JIIO
.n;aeTCB HeorpaHuqeHHLIH poeT aMnJIHTY.D;LI oru6a10~eii. llpu 
Q I G > 5 3HaqeHHB D,6JIH3KHe K D .• cooTBeTCTBYIOT CKaq-ma.: 
Koo6pa3HOMY H3MeHeHHIO MaKCHMaJILHLIX aMnJIHTy.n;. Hau-
6onLwue aenuquHLI az Ha puc. 5 npuMepHo coana.n;aiOT max 
CO CTa.QHOHapHLIMH aMnJIHTy.n;aMH puc. 1,2, B3BTLIMH Ha 
npaBLIX BeTBBX B TOqKax D= D max . 

3aMeTHM, qTo HaH60JiblliHe aMnJIHTY.D;LI ,LI;OCTHraiOTCB 
He npH paccTpOHKaX 0= Q/2, KaK CJie,n;yeT H3 JIHHeHHOH 
TeopHH, a npu o-::. DmaxG, qTo OTBeqaeT nepexo.n;y CTa.Quo
uapHLIX ycToiiqHBLIX ToqeK Ha puc. 1,2 c npaaoii BeTBH 
Ha HH:>KHIOIO JieByiO. 

TaKHM o6pa3oM, npu 6onLWHX KYJIOHOBCKHX c.n;aurax 
CTaHOBBTCB cy~eCTBeHHLIMH HeJIHHeHHLie nonpaBKH K qac
TOTe KOJie6aHHH OrH6aiO~eH uJ, KOTOpyiO MO:>KHO HaRTH H3 
ypaBHeHHB /5/ 

r,J=l +28-Q+ ~QA2 

8 /7/ 

I I I. llpu Me.n;neHHOM npoxo:>K.n;euuu cor nacoaauuoro nyq
Ka qepe3 napaMeTpuqecKHH pe3oHauc aMnnuTy.n;a Kone6a
HHH oru6a10~eii ,II.OJI:>KHa npHMepuo cne.n;osaTL .cTa.QHoHap
HLIM ycToiiqHBLIM BeTBBM KPHBLIX puc. 1-2. TaKHM o6pa-
30M, npoxo:>K.n;eHHe pe3oHaHca c yMeHLllieHHeM qacTOTLI 
npuae.n;eT K ueorpauuqeuuoMy pocTy aMnnHTY.D;LI. llpoxo:>K.n;e
HHe pe30HaHCa B o6paTHOM HanpaBJieHHH COOTBeTCTByeT 
.D;BH:>KeHHIO no HH:>KHeii BeTBH npu D :S D max H nepexo.n;y Ha 
npaByiO BeTBL npH D ~ D max . MaKCHMaJILHaB aMnJIHTy.n;a B 
3TOM CJiyqae KOHequa H C yBeJiuqeHHeM KYJIOHOBCKOH no
npaBKH Q yMeHLlllaeTCB. 3TH pe3y.JiLTaTLI H3 KaqeCTBeH
HLIX coo6pa:>Keuuii 6LIJIH nonyqeHLI B pa6oTax/3•8 •9/ 

,ll;nB npHMepa ua puc. 6 npuae.n;eHLI peJyJILTaTLI quc
neuuoro HHTerpHpOBaHHB CHCTeMLI ypaBHeHHH /1-2/ B CJiy
qae npOXO:>K,LJ;eHHB pe 30HaHCa C nOCTOBHHOH CKOpOCTblO 
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j['>=o0 +o'(), o0 =±6G, !o'!=I0-4/. KynouoBcKuiinapa-
MeTp Q = 6 G ; B aaqanbHhiH MOMeHT BpeMeHH - nyqoK 
cornacoBaHHbiH. KpuBaH 1 cooTBeTCTByeT npoxmK.D.eHHIO 
pe30HaHCa C yBenaqeHHeM qacTOTbl, KpHBaJI 2 - C yMeHb
WeHHeM. 0TMeTHM, qTo )J.OTIYCTHMaJI o6naCTb H3MeHeHHJI 
qacToT cornacoBauuoro nyqKa ecTb: 

o(O)<D G. 
max 

/8/ 

Bh/BO,lfbl 

11CXO)J.JI H3 npoBe)J.eHHOrO aHallH3a, MO:>KHO CKa3aTb, 
qTo npH Bbl6ope napaMeTpOB a)J.re 3a TOpOB KOlleKTHBHhiX 
YCKOpHTeneH 3<WJeKTHBHhiH TIOKa3aTellb CTia)l.a BHeWHero 
nonH jyqaTbiBaiOil{HH nonpaBKH 3a cqeT oTpa:>KeHHhiX KaMe
poi noneii, HO He BKnJOqaJOil{HH KynoHOBCKYIO nonpaBKY Q I, 
cne)J.yeT Bhi6Hpa Tb MeHbWHM n = 0,25 . B npe.IJ.bi.IJ.Yil{eM 

max 
pa3)J.ene Mhl uawnu Meuee :>KecTKoe orpauuqeuue /8/, 
KOTOpoe npHMepHO cornacyeTCJI C pe3yllbTaTOM llHHeHHOH 
Teopuu. 0)J.HaKo, cornacuo pa3)J.eny I, ue6onbmHe oTKno
HeHHJI nyqKa OT cornaCOBaHHOrO npHBO)J.JIT K 60llbWHM 
aMnnuTy)l.aM Kone6auuu oru6aiOil{eii. llo3TOMY cne)J.yeT pa-
6oTaTb B o6naCTH napaMeTpOB, r)J.e Cyll{eCTByeT llHWb O)J.Ha 
YCTOHqHBaJI neBaJI BeTBb CTal{HOHapHOH KpHBOH. 

Orpauuqeuue cBepxy BenuquHbi noKa3aTenH cna)J.a B 
KOnneKTHBHhiX YCKOpHTellJIX npHBeno 6hl K orpauuqeHHIO 
TOKa 3lleKTpOHHhiX KOllel{. fi03TOMy He06XO)J.HMO o6ecneqHTb 
6biCTpoe npoxo:>K)J.euue napaMeTpaqecKoro pe3oHaHca. B 
qaCTHOCTH, 3TO 3aMeqaHHe OTHOCHTCH K CHCTeMe, paccqu
TaHHOH B/ 14 •15/. 

B 3aKnJOqeuue aBTOpbi Bbipa)l(aiOT 6naro.IJ.apuocTb 
ID.H.AneKcaxuuy, A.6.Ky3HeuoBy u B.A.llpeu3eH.D.OP~Y 3a 
none 3Hhle 3aMeqaHHJI. 
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