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llnH KOHTpOnH npaBHnbHOH H8CTp0HKH CKHXp~830TpOH8 npeacTaBnHeT HHTep ec 

noseaeHH e ny~K8 npOTOHOB B K8Mepe H8 H8~8nbHOM STane yCKOp9HHH, nosTOMy B 

B uenHX HHTepnpeT8UHH peaynbT8TOB KHaHK8UHI1 ny~K8 npOTOHOB 6blnl1 paCCMOTpeHbf 

BOnpOCbl; l ) ct>opMHpOB8HH9 Cf'yCTK8, 2) DOBeaeHKC cct>OpMKp068HHOf'O Cf'yCTK8 H 8 

H848nbHOM ST8n e yCKOpeHH SI . 

§ l . ¢opM11pOB81H1e Cf'yCTK8 

np11 BKmO~eHIIH y CKOp SIIOW9f'O HanpSJ.>KeHIISI BHyTpll K8M9pbl , K8K 113BeCTH O, o6pa

/ }/ 3yeTCH 06n8CTb yCTOlt~HBOf'O aBJOKeHHSI , Orp8HIN9HH8SI CenapaTpiiCOlt (CM., H8npHMep, 

Ha p11c . l noKaaaH bi ct>aaosbre T p aeKTOpHH ~aCTHU anSI CHHxpoct>aaoTpo ua Ol-15IV1 

a~.~> 
2 

-2 

P11c . 1. CenapaTpHC:l H paaHanbuo- cj:>aaosbre TpaeKTopuu np11 CO.S~ =0, 5. CnnowHbiMH 

T'OpH30HT8n b Hbf MH n H HH SIMn 0603H849Hbl CT9HK~1 , paCITOnO.>KeH Hble H 8 65 CM 

no o6e CTOpOHbi OT Zs , a nynKTnpHbiM K ropH30HT8nbHbiMII n H HH SIMH o6oaH a + 

~9Hbl rp8HRUbl n y'IK 8 (DO Mf'HOBe HHbiM Op6H T 8M) t COOTB9TCTByiOWRe OTHOCH
T9nbHOMy SHepreTR~eCKOMV pa~600Cy + 1%. 
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( COS<;}- 0 , 5) , KOTOpb!e On HCbJB810TCSI XOpOWO H3BeCTHbiM nepBbiM HHT91"'p81IOM cP830BOI"'<; 

121 
ypaBH9HHSI ( CM . , H 8n pHM 9 p , ) • 

Q = t V(sin. ¢ - ¢cos ¢s)-(sin ¢Har. -(/),.,.,cos~)+ Q~v. ( 1 ) 

i> 
rLle Q = W. veyAS~ 

s IS 

i> .:; ~ v&' ( 3Ll9C b RCfl01Ib3yJOTCR 
s.·, s 

o5o3H8'19HH sr , o6wenpR HSITbJe B pyCCKOA 1IHTepaType n o T90pH H ycKOpHTeneA, CM ,
1 

H8 npH -

I l l 
Mep

1 
) • 

PaccMoTpeHH e LlBH.>Ke HKSI qacTK U no c:Pa30BbJM TpaeKTOpKsrM (eM . npHMep Ha pHc.2) 

C y 'le TOM CB050L1H biX K OJie6aHHA flOK838JIO: 

z., ... 
" 

I 

,, 
!,_Uk 

PHC . 2 . 3aB>fCHMOCTb p8L1H 81lbHOI"'O fl01IO.>K9HHSI '16CTHU OT Bp9M9HH 1 COOTB9TCTBYIOW6SI 

paaKaJibHo-c:Pa30Bb!M TpaeKTOpK srM 1; 2 R 3 Ha pHc . 1. HaqanbHoe nono.>Ke-
HHe '16CTKU H8 pHC . 1 OTM9'1eHO -If o .Llnsr Cp6BH9HR R npi!BeL19H I"'p&cPKK 

CBOp6'1HB6HIIR ny'IK8 npH Bb1Kili0'19HHO M yCKOpS110W9M none ( Kp1188SI 4) o 

1) noT OK T epsreMbiX '18CTKU H8 B H9W H IOIO CT9HK)' K8 M 9pb! Ll1IK TCSI npH611113H T91Jb-

HO fl01IOBHHY nepHOL18 M81JbiX cP830BbiX K011968HK A , T.e. B L18HHOM C1IY'l89 -.... 350MKC9K. 

0cHOBH8SI '18CTb fl0TOK8 '18C1'KU, T epS19MbiX H8 BHyTp9HH~n C T 9 HKe 1 T6K.>K9 npOXOLlKT 

38 8p9MSI nOpRL1K8 n o nynepHOL18 M81JbJX cP8308blX KOJJ968HHA , HO Bblfl8L19 HH€' •1 9 KOTOpO A 
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'IACTif 'IBCTKU MO>t<eT aanep>t<KBBTbCSI Ha ap~M SI nopst.nKa o.nHoro- .nsyx nepKo.no a 

M8JlbiX cp830Bb1X Kone68HHA, Heo6XO.OHMO ewe OTMeTHTb1 'ITO '18CTHUbl yxo.nsJT R3 o6-

nacTH cpaa a paAoHe O'leHb 6btCTpo, aa apeMSJ 200- 300 MKCeK, H , cne.noaa· 

TeJlbHO, npOB8J1 B 83HMYT8J1 bHOH llJlOTHOCTif '18CTHU 8 aTOM paltOHe llOSIBJlS!eTCSI y:>Ke 

'1epe3 100- 150 MKCeK, 

TaKHM o6paaoM , no ¢opMHpoaaHHJO ny'IK8 s cuHxpocpaaoTpoHe OvHU1 MO>KHo 

c.nenaTb cneny10wee aaKnJO'leHue: 

8) 831fMYT8JlbH8R CTpyKTypa ny'IK8 non:>KH8 H86J1JO,n8TbCSI CO 100-150 MKCeK 

nocne aKnto'leHH SJ ycKopsuowero Hanpst>KeHH R; 

6} npouecc ¢opMHposaHHR ny'IK8 nponon;:<aeTCR snnOTb .no 1-1,5 MCeK. 3To 

no.nTsep>t<naeTcR aKcnepuMeHTanbHO (eM , pHc , 3 H 12). 

Puc .3. BbiCOKO'l8CTOT HbiA CHrHan c sepTHKanbHbiX CHrHBJl b HbiX aneKTpo.noa ( H3M e 

pst10UlHX 83HMy'r8JlbHYIO llJlOTHOCTb B ny'!Ke), 0Tp8>K810WKA H8'18J10 cpopMH-

88HHSI ny'!Ka. PaasepTK8 2,5 MCeK, aanycK HMn ynbCOM B K JlJO'IeHHR BbtCOKOA 

'IBCTOTbl , VIHTeHCHBHOCTb 5. 109 npoToHoa a HMnynbCe, 
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§ 2. noaeneHHe CcpOpMHpOB8HHOrO cryCTK8 H8 H8'181lbHOM 3T8ne 

yCKOpeHH SI 

a) Kone6aHHS1 c '18CTOTOA 2 SZ. 

PacCMOTpHM BH8'181le MOH09HepreTH'I9CKHA ny'IOK R npennOilO>KHM 1 'ITO B MOMeHT 

aKmoqeHHH ycKopsuowero HanpS1>K9HKH OH 6brll pacnono>KeH a ueHTpe KaMepbr. TaK KSK 

nepKon cp830BbiX KOila68HHA 60ilbWKHCT88 '18CTKU nO'ITK onKH8KOB 1 TO 8 3TOM Clly'!Sa 

ny'fOK BHYTPK cenapaTpKCb! 6yneT Bp8W8TbCS1 KSK >KaCTKHl! CTep>KeHb C 'f8CTOTOA 52 1 

"• cnenoaaTallbHO, llKHeAHaSl nnoTHOCTb 38pS1na a nyqKe .a HanpaaneHIOI ¢ , HllH, 

'ITO TO >Ke C8M09 1 83KMYT8 6' 1 6yneT MeHHTbCSl C '18CTOTOA 2 52 • QTHOW91111e 

MKHKMllllbHOl! llKHeAHOl! nllOTHOCTK K MSKCKMllllbHOA nponopUHOH81lbtiO OTHOWeHHIO 

aHepreTK'feCKOl! nonywKpHHbl ny'fKS ~ f'lf., K panKallbHOMY nonypa3Mepy cenapaTpHCbl 5max 

Vl3- 38 TOr0 1 'ITO n e p 110n panK81lbHO- cp8308biX KOne68HHA YB911K'fH889TCSI C pOCTOM 

KX 1\MnllKTynbi (cM. p HC 0 4) 1 9TH K011968HHS1 n llOTHOCTH 6ynyT nOCTenaHHO Crll8>KKB8TbCS1> 

H KOrns 3H8'1KT91lbH8SI nOilSl '18CTHU C 60ilbWKMH 8MnllHTyn&MK cP8308biX KOne68HIIA 

OTCT8H9T B CB09M cP830BOM nBH >K9HK II OT UaHTp81lbHbiX 'f8CTHU H8 nonnepHona , 3TH 

I 
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PHC. 4. rpacpHK 38BKCHMOCTK nepHOna panH81lbHO-cpa30BblX K011968HHA OT 8MnllHTynbl 

\X :A. - A. npH COS¢.$ • 0 ,5. 
~ 'l""s r,av. 



7 

KOne6aHHR CTSHYT He3 aMeTHhlMH , JlnHTenbHOCTb npouecca 38TYX8HH R KOne68HHA nnOTH0-

4f1w ,. fV/., f 
CTK T8K>Ke 38BHCHT OT OTHOWeHHSI &'""'" , H npH ~.-4.1< << 3TO 38TyxaHHe 

MO>KeT npo.aon>KaTbCSJ 30- 50 nepuo.aoa cP830BbiX Kone6aau A. 8 cnyqae HeMouoaHepr'e

TH'IeCKOr'O rty'IK8, ecTeCTBeHHO, 8MITnHTy.aa KOne68HHA nnOTHOCTH 6y.aeT MeHbWe H , 

KpOMe T Or O, 3 TH KOne68HKSl 38TyX8Tb 6y.ayT 6b!CTpee, 

Ta >Ke KapTuHa 6y.aeT Ha6mo.aaTbCSJ H a cnyqae , ecnu a MOMeHT 3axaaTa nono

>Ke HHe ny'!Ka He coana.aano c paauosecHb!M pa.auycoM , HO TOnbKO OHa 6y.aeT Bbipa

>KeHa M eHee pe3KO H 38TyxaHRe 6y.aeT npOHCXO.QHTb 3H8'iHTenbHO 6b!CTpee, 

K8K H3 BeCTHO, 

H3MepS110T pacnpe.aeneHHe nnOTHOCTH B yCKOpSieMOM ny'!Ke ITO 83HMYTY H, cne.aosaTenb

HO, .aon>KHbl cPHKCHpoaaTb onHC8HHbiH Bb!We npouecc, Ha pHc. 5 npuse.aeHa ocuunno-

Puc , 5, O ru6aJOw aSJ BbiCOKO'iaCTOTHor o cHrHana, CHHMaeMor o c sepTH KSnbHbJX CHr'

HanbHbtX aneKTpO.OOB, xapaKTepH3yJOW8SI H3MeHeH He 8.3HMYT8nbHOA nnOTHOCTH 

a ycKopSJeMoM ny'IKe . Ha BTopoM nyqe npuse.aeHa Kanu6posoqHaSI qacToTa 

1400 rU , COOT8eTCTBYJOW8SI 'i8CTOTe MSnblX pllJ.lH8nbHO- cP8308biX KOne6aHHA, 
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r-paMMa OI'H6a10WeA BbJCOKO'!aCTOTKOI'O CHI'Hana, CHHMaeMOI'O C eepTH KanbHblX CHI'Hanb

HhlX aneKTponos, a Ha pHC , 6 nOK83aHO 3aTyxaHHe STHX KOne6aHHA, 

a ) 

6) 

PKc. 6, XapaKTep 3aTyxaHHSI Kone6aHHA tt3HMyTanbHOA nnoTHOCTH , CHHMaeMbJX c sepTK

KSnbH biX cKr-HanbHbiX aneKTpo.aos. BpeMSI ycKo peHKSI 10 MeeK. a) VIHTeHcKs

HOCTb 2• 108 npOTOHOB D HMnynbCe, 6) VIHTeHCHBHOCTb 4,5• 108 npOTOHOB 

B KMnynbce . 
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TaKHM o6pa3oM , K one6aHHSI nno THOCTH c qacToTo~ 2 2 , ¢H KCHpyeM b t e sepTH

K81lbHbiMH CH rH81lbHblMH 31l9KTp0.08MH 1 o6yCil0Bil9Hbl TOilbKO H9fiOilHblM 38fi01lH9HH9M 

cenapaTpHCbl B p8.0H81lbHOM H8np8Bil9HHM B MOM9HT BK1li0'19HHSI yCKOpSI!OWero H8Tipfi>Ke-

HHfl, 

6} Kone6aHHSI c qacToTolt S? 

06bi'{H0 B MOM9HT BKniO'l9HHSI yCKOpSIIOW9rO H8npfi )I(9HHfl B nyqKe OTCyTCTByeT 

K8K8fl- nM60 83HMyT81lbH8SI 8CHMMeTpMSI H 1 Kp0M9 TOr0 1 npH npaBHilbHOA H8C TpOAKe 

ny'IOK no aHeprHRM CHMM9TpH'IeH OTHOCHTellbHO U9HTp81lbHOlt a HeprHH 1 COBfi8.08JOlUeA 

c pasHoaecHoii , B aTOM cnyqae s MOMeaT 3axaaTa qacTHU a cenapaTpHcy a CHny ee 

H9CMMMeTpHH no a3HMYTY (cM . pHC , I ) ueHTP 38pfl.oa He 6y.oeT coana.oaTb c pasHosec

HOlt ¢a30lt ¢s 1 npH'19M1 0 '19BH.OH01 p 8CCT0fiHH9 Me>K.Oy U9HTpOM 38pfi.08 H <4 6y .OeT 

TeM 60ilbWe , 'leM M e HbWe H8 '181lbHbllt 9HepreTM'leCKHlt pa36 pOC , ,!lnSJ MOHOa HepreTH-

'feCKOrO nyqKa aTo paccTOSIHHe 6y.oeT "" f . Ha pRe . 7 npHae.oeH rpa¢HK aaqanb-

HOro fi01lO>K9HHSI U9HTpa 38pfi.08 OTHOCHT91lbHO ¢s B 38BHCHM OCTH OT H 8 '181lbHOrO 

aHepreTK'lecKoro pa3 6poca. 

0.2 ~----~--~~~-------4-----
0 ,j I )!: 

PHC, 7, rpa¢HK H8'181lbHOro 83H MYT8JlbHOro nonO>K9HHR U9HTpa 38pfi.08 0(<.1 O'l'HOCH-

T91lbHO ¢s. a 38BHCH MOCTH OT H8 'f81lbHoro aHepreTK'IeCKoro pa36poca AM ...,
1 

OTH9C 9H HOrO K p8.0H81lbHOMy n o nypa3Mepy cenapaTpHCbl . 
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VI a cKaaauuoro BbJwe cneayeT, 'ITO ueuTp aapgaa 6yaeT coeepwaTb paauanbuo-

tP830Bble KOne68HHSI C 'l8CTOTOll S2 K H8'l 8nbHOI!: 8MilnHTyaoll, onpeaenS!eMOA K3 

rpa¢uKa puc. 8, PaauanbHbJe Kone6aHK SI ueuTpa aapHaa s cuny uenuueAuocTH 6onbwux 

KOne6aHKA H. KX 38TYX8HKSI , TSK >Ke K8K H P8CCMOTpeHHbJ6 BblWe KOne6llHHSI nnOTHOCTK 

C 'l8CTOTOll 2 S2 , 6yayT 38TyX810UlKMK. 

{;_ 
OJ 

Q2 

Qf Q' I 1!1:! 0 ,_ 

Puc. 8. lpa¢uK aaeucHMOCTH SMnnuTyabi ua'ianbHbiX paa HanbHbiX xone6auall ueuTpa 
aapS!aa oT ua'lanbuoro auepreTH'lecx or o pa36poca llMw • Bee aenu'lKHbJ Bbi

pa>t<eHbi a eauuuuax paauanbuoro nonypa3Mepa cenapaTpHCbi l ,oJl . 

C 83HMYT8nbHOI!: ueCKMMeTpKell cenapaTpKCbl) K8K HeTpyauo euaeTb1 CBSI38Hbl 

T8K>Ke KOne68HHSI llnOTHOCTH C 'l8C1lOTOA Si? • 3TH Kone6aHHSI anSI MOH09HepreTH'le

CKOrO ny'lK8 3H8'iHTenbHO cna6ee , '19M p8CCMOTpeuHbie BbJWe KOne6aHKSI C 'lSCTOTOI!: 

2 52 , HO OHK cna60 38BHCSIT OT Htl'ltlnbHOI'O 9HepreTH'l6CKOI'O p836poca H He nponaaa

JOT• Koraa aua'lane ny'lo K nonuoCTbiO 3anonuHeT cenapaTpucy. n poHsneuue <n oro 

9¢¢eKT8 BHauo, H811pHMep, H8 puc. 5 H 6, rae KOne68HHSI C '18CTOTOll 2 R 

aym~pOB8H bl KOne68HKSIMK C '18CTOTOI!: 5i! 

npoMo-

Paa~tanbHbie cl!ruanbHbJe aneKTpoabi , KSK H3secTuo , tPH.Kcu pyiOT paaHanb-

uQ.E!) nono>t<eHHe ueuTpa 38pS!aa, " • cneaosaTenbuo, paccMOTpeuubJe BbJwe x one6aHHSI 

ueuTpa 38pS!a8 C '18CTOTOll ~ aon>t<Hbl tPH.KCKpOB8TbCSI H8 9TIIX aneKTpOaax 



X 

____________________ .......... 
11 

( CM, pHC , 9 11 10) , 11 II pH npllBHilbli OH H8CTpOAKt! llMnll11TY Ll8 KOJie6aHII fl He !lOll lt\ 11£1 

llf.J~DhlllJATb oomf'IKllhJ , onpenen~eMoll 110 rpa<t'uKa puc . 8 . 

P11c . 9. OrH6a1owaSJ BbJCOKO'IaCTOTuoro curuona 11 xapllKT~P 38TyxaHH SI 

Kone6aHliH ueuTpa ny'IKB no panHycy. 

Puc . 10. CpaoHIITCllbHBSI K8pT1HI8 KOne6auHil perucTpupyeMblX aapT11KBilbllbJMH 

II p8!1H 81lblibiMH Clir'HBilblibiMH 31leKTPOLl8M H, 
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TaKKe me Kone6anMSI 6ynyT Ha6monaTbCSI ecnu ny'fOK npu 38XB8Te OK838J1CSI 

CHJlbtiO CLlBIIIIYT OTHOCHTeJlbHO Zs , HO B 3TOM cnyqae 8MrtJ1HTyLl8 KOJleOSHHA 6y-

neT , ecTecTaeutro, 6onbwe. 

8 bl B 0 P, bt 

Y411Tb!B811 B Ce CK838HHOe Bb!We , M O>t< HO CLleJ18Tb CJleLlyiOWHe BbiBOLlb!: OI'H08IO -

I 

wue CHI'H8JlOB , CHH M8e MbiX C CHrH8JlbHblX 3JleKTp0LlOB , B CJly'llle rtp8BHJlbHOA H8CTpoA-

KH pe>t<HMll 38XB8T8, LlOJl>t<Hbl HMeTb M OLlYJlRUHIO: BepTHK8Jlbll bie - C 'f8C TOT8MH 2 2 

H fi2 , H p8LlHllJ1bllbJe - C '18CTOTOI\ Q I Jp11 MOH03HepreTH 'lecK OM H8'f8Jlb-

HOM rty'fKe ~OpM8 CHr'H 8J18 C BepTHK8JlbHhlX CKr'H8JlbHhlX 3JleKTpOLl0B Ll0Jl>t< H8 MeHSITb-

CSI T8K, K8K rt 0 K83 8HO H8 pHC. 11. YKaaauHoe H3MeueHHe o Tnenbuoro cHruana 

xopowo n onTeepmna e TCSI ua onbiTe lcM, pHc . 12) . 

t •o 

J l 

i T~ z:f 

n 
t•f-

r--I1 

t_3T~ 
·T 

n 
t·~ 

r t 

PHC , 11, npennonaraeMOe H 3 M9HeHHe cPOpMbl OTLleJlbHOrO HMnynbCa, 

CHHM8eMOr'O C 89pTHK8JlbHbiX CHr'H 8JlbHbiX 3J19 KTPOLlOB, ,C(JlSI 

MOHOaHepreTH'leCKOr'O H848JlbHOrO ny'fKllo 

AaHMyTanbHble paaMep bl aaxsaq e uuoro c ryCTKa a npouecce cj:>aaoebJX Kone6aunA 

H3MeHSIIOTCSI npHOJ1H3HTeJ1bHO B 2 p838, 'leMy COOTBeTCTByeT rtOJlHbiA H8'18Jl bHbiA a uepre"' 

TH'feCKHA paa6poc ~ 1,5%. 3To, npaena1 uecKonbKO MeHbWe a uepreTH'feCKoro paa6po

/3/ 
ca , nonyqeuuoro uenocpencTaeHHhlM H 3 M e peuueM • 

Ha OC HOB8HHH H3JlO}t(eHH0£'0 MO>t<HO CLleJ18Tb HeKOTOpble peKOMeHLl8UHH 0 KOHTpO

ne MOMeHT8 8KJ1104eHHSI Bb!COKO'l8CTOTH0r'O y CKOpSIIOWero nonS! no rtyJlbC8UHSIM CHr'H8J18 , 

CHHM8eMOr'O C CHr'II8JlbHb!X aneKTpOLlOB, ripH HeH3MeHHb!X yCJlOBHSIX HH>t<eKUHH rtp8BHJ1b· 

HOMy MOMeHTY 8 K J1JO'feHHSI B b!COKOA 'l8CTOTbl COOTBaTC TByiOT MHHHM8JlbHbJe p8LlK8Jlb

Hbie KOJ1e68HHSI uetrTpa 38pRLl8 H H8KOOJlbWee apeM SI 38T yX8tiHSI rtyJ1bC8UHA CHI'H8JlOB , 

CHHM8eMbiX K 8K C p8LlH8JlbHbiX, T8K H C aepTHK8JlbHbiX C HrH8JlbHblX aneKTpOLlOB , 
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PHc , 12. ct:JopMHposaHHe ny'!Ka a/ H CpOpMa HMllYJibCOU B XOpl.lKTepHbiX TO'iKBX : 

6) B TO'!K e 1, s) B TO'iK9 2, r) B TO'IK(! 3 , ,a) B TO'iK8 4 , Ha pwc , 6} 
1 

a) R r) BW.LlHbl T8K>J<e HMnynbCbl OT He :lllXf\8'11'HHbiX
1 

HO eiUe He TIOTepSJH-

HbiX 'll.lCTHU. 

OmtcaHHbie Bb1we Kone6aHHH ueHTpll 38pHLJ.a H Kone6ai1HH nnoTHOCTH , aoo6we 

f'OBOpH , '1.10f'yT TIOHBnSITbCH H LJ.anee B npouecce yCKOpeHKst , lipH '!HII8MH 3T0f'O MOf'YT 

6btTb CK8'1K006p83Hble K3MeHeH R SI B 'i8CTOTe K 8MIITIHTyLJ.e yCKOpS!tOLU9f'O HanpR>K9HRH, 

a TSK>Ke cKa'iKK 8 H. HanptiMep, Ll.TIH B036Y>KLl9Hit H KOJ1e6aHKI! ueHTpa 38pHLJ.a 8 »a-

'18ne yC KOp9HR H C 8MnnRTYLJ.OH B H9CKOTibKO CM 

AH ili - J T '::::< Vo = f O 

li906XOLJ.RMbl CK8'iKH 
~ - .J 
f :::::;, 10 ' 
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