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PeWe HL-1e <!lYHAaMeHTanb Hblx np0 6neM RAepHo~ q,L-13L-1KL-1, npL-1t<JlaAHbIX 

HapoAHox0 3RHcTBeHHbix 3aAa4 B 3Ha4L-1TenbHOH Mepe CBR3aHO C pa3

BL-1TL-1eM YCKOpL-1TenbHOH ~ 3KCnepL-1MeHTanbHo~ 6a3~ $L-1 3 L-1 KL-1 TR men~x 

L-10HOB. ~c cneAOBaHL-1R Ha n Y4Kax TRmen~x L-10HOB npOBOARTCR L-1nL-1 nna
HL-1PY~ TCR B 60nbWL-1HCTBe HaY 4HblX 4eHTpOB ML-1pa, C03Aa~TCR HOBbie 
YCKOp L-1 Te nbHble KOMnneKCbl, 06cymAa~TcR npoe KTbI L-1CnODb30BaHL-1R 

TR~en0L-10HH~X n Y4KOB B 06naCT~ ynpaBnReMoro TepMORAepH o ro CMHTe3a. 

B OTA e ne HOBbiX MeTOAOB YCKopeHMR O~~~ 3 a BepwaeTCR C03AaHL-1e 
I V 

nepBOH 04epeAL-1 KonneKTMBHoro YCKOpL-1TenR TR*enbiX ~OHOB/KYT~-201 ' 

npeAnonaraeTCR, 4TO nocne npeABapMT e nbHoro YCKopeHMR B rpaAMeHT

HOM MarHL-1THOM none 3neKTpOHH~e Konb4a , 3arpy*eHH~ e L-10HaML-1, 6 YAYT 

AononHMTenbHO YCKOPRTbCR B Tpex ceK4 MRX nL-1HeHHOro L-1HAYK4L-10HHOr O 

YCKOpL-1TenR. npoe KTHaR 3HeprL-1R L-1 0 HOB Ha 3 TOM 3 Tane COCTaBMT 

-8 M3B/HYKn., 3He preTM4ec KM H pa36poc AE/ E· 3%. nocne pa3A e neHL-1R 

3neKTpOHHOH M MOHHOH KOMnOHeHT Ha Bbl XOAe nL-1HeHHOro YCKOpL-1T e nR 

L-10HHbIH nY40K 6YAeT MMeTb Kon b4eBY~ q,OP MY C paAL-1Y COM - 4 CM L-1 nony
pa3MepOM Manoro ce4eHMR Konb4 a - 0 ,2 CM. HHTeHCL-1BHOCTb nY4Ka npM 
4MKnL-14HOCTM cpa6aTbiBaHMR YCKopM Te n A - 2 0 r4 COCTaBMT 

13 , 12
2 , 10 10 MOH/ c AnA ner KMX M c peAH Mx no Macce L-10HOB7 

L-1 5·10 
t·

' MOH/c AnR y p a Ha . 8MeC Te C OCHOBHblMM B 3n e KT pOHHOM Konb

4 e 6YAYT YCKOPRT bCR TaK*e L-10HbI OCTaT04Horo ra3a. Hx cOAepmaHL-1e 

B 3aBMC L-1 MO CT M OT 3 Ha4e HL-1 A BaKYYMa B KaMepe YCKopMTenR M3MeHR e T

CR B np e Aen ax '- 1 7 10:(; OT KOJlM 4eCTBa OCHOBHblX 4aCH14 B Konb4e. Ha 

Bbl XOAe M3 YCKo pM TeJlR B Kpae BOM MarHL-1THOM n o ne L-10Hbl npMoGpe Ta~T 
3

a3M MYTa nb HYIO CKOPOC l b Vct" cOCTaBnRIOti\Y~ - 10- OT CKOPOCTM CBeTa. 

npeMMy~eCTBoM KOnJle KTMBHoro YCKopMTenA RBn ReTCR B03 MO*HOC Tb 
YC KOPR Tb MOH~ n p aKTM4ec KM Bcex 3neMe HT OB nepL-10AL-14eCKOH Ta6nL-14~. 

HaM60nee cy~ecTBeHHoe OTnM4MTenbHoe CBOHCTBO L-10HHOrO n Y4 Ka Kon

n e KTMBHoro YCKopMTeJlR no cpaBHeHM~ C TpaAM4MoHH blMM - 6 b1 CTPblH 
e 6 poc MOHOB Ha MM we Hb . np M pa3Mepax ce4eHMR KOJl b4a - 0 ,4 eM 

M CKOPO CTL-1 L-10HOB - 4 , 10 
9 

c M/ c Bp eMR npOX0>t<A e HMR nY 4Ka 4epe3 TO H
KYIO MMweH b COCTaBnReT -10 - tO c . 

YKa3 a HH bl e Bblwe o c 06e HHocTM KYTH, Ta KMe Ka K Kon b 4e BaR <!lo pMa 
nY4Ka, YHM Be pC aJlb HOCTb n o OTHoweHM~ K Ma c ce YC KopReMbiX MOHO B , 

6b1CTPblH c 6po c L-1 0 HOB Ha MM we Hb , CJlO~HblH MO HHbl H c o e TaB nY4Ka, 

C OAHOH CTOPOHbI, 6YAyT y cno~HR T b RAe p Ho - <!lM3H4ecKHe L-1CCneAOBa

HL-1 R, a C APy r oH - npeAeTaBJlR~T YHMKanb Hble B03MO~HOCTM AnR no

CTaHOBKM 3KcnepMMeHT OB B pa He e HeAoc Ty n Hblx MnM ManOM3Y4eHHblX 

o6nacTRx ¢Vl3MKM TR~enbiX Vl OHOB. 

B HacToR~eH pa60Te paccMoTpe HbI HeKoTopble M3 3 KcnepMMeHTanb 

HbiX HanpaBneHMH, B KOTOPblX MO~HO seC bMa 3<!l<!le KTMsHo L-1CnOIlb30

aalb oc06eHt-lOCTVI MOHHoro 
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n Y4 Ka 



HCCflEAOBA HHE RAE P H~X C OCTORHH ~ 

C BPEMEH AMH ll<H 3H H r <-: 0, 1 HC 

KopoTK~~1 0 1° c c rycToK ~OHOB BWCOKO~ ~HTeHcHB HoCTM, BnnOTb 

.qo 10 12 4aC T ~ L\ B C r YCTK8, OfieCne411BaeT Y~II-1I<an bHYIO n o :;IfPq)eKTI1 B

HOC TI1 B03MOJt<HOC T b B036 YJt<AeHI1R B A.qepHbl X peaKlI~RX KOP()TKOJt<I~BY -

1l\~X RAepHblX COCTOR HI-1~ 11 113MepeHMfI I1X BpeMeHI1 ltC~3 1IH. CxeMa 3Kcne

pl1MetiTO B B 3 TOM C11Y4ae AOB011bHO npor Ta. AeTe KT OlJbl P tl.llH OCtKTI1B HOrO 

M3nY4eHMfI ( y. {3. (1. I) p a 3Mell\ alOTCA Bom1311 MHWlHlH H C,..'C HHOro cGop

~IM Ka ~cc11eAyeMblx HYKJ1MAOB. CrYCTOK MO~IOB nOCne npOXO)t(Ae H~lR 4e

pe3 MM weHb OT BO.qMTCR Ha B03MO)l(HO 6011bwee p aCt.TOA III Il ' ()T cGop l~M Ka 

RAep OTAa4M 11 BblCa)l(I1Bae TCfl Ha no r110n" Ten c . H3MCPCIII-IC Bp e Me HM 

)l(M3HM fl.qep HblX COCT Ofl HM~ l~a4MHaeT CR cpa3 y HIt.! n OCll l.. nIJOXO)l(.qeHHR 
nY4Ka 4e p e3 Ml-l weHb. 

, ~.) ''' 'J 
BblCOKa R \.1HTeHC MB HOCTb \.10H HOrO nY4K a B I1MnYJlbl..U 10" . 1 O ~ - MOH/c 

Ha t~ HO r o n opRAKOB n p eBblwae T B03MOlKHOCTI1 TP () Al-l q ~10 1-tIibIX nMHe~ HbIX 

11 1I I-1K11l-1 l je CKI1X YCKopHTe11e~ no :;I TOMY napilMl!TIJY. 11 c. ll 0Ilb308a H~e 

6blcTpoAei1cTBYIOIl\I1X Ae TeKTopOB 11 3 n eKT p OilII 0l1 .:lnndpaTYPbI n03BOn l-1 T 

a$tIleKTI-1 BHO I-1 CC11eAOBa Tb COCTORHI1R AApa C SPCMCliI.: M 1111-13HI1 r:" 0 , 1 HC. 

OT YKa3 a HHblX 3KcnepMMeHTOB c11egyeT OJt<MA.:lTb HQUWX pe3Yll b TaTOB 

B 0 6 11aCTI1 113Y4eHI-1R MeXaHI13Ma flAe pHblX peaKlll1l i, CTPYKTYPbI AApa, 

AAe p Hoi1 M30MepMI1 1-1 T . A . 

6b1 CTP bli1 c opoc 110HOB 8b1COK0i1 I-1H TeHCI-1BIIOCTI-1 11<1 MI1W eH b OT Kp bIB a

8T 6 0 n bWl1 8 neP CneKT I1B~ M B 3KCnepl-1Me HTaX no cnt.! KT poMeTp l-1 ~1 Hei1 T 

p OHoa nO BpeMe HM nponeTa, n OMCKY 1-1 M3MepeHI1~ ~CCTKHX }-KBaH TOB 

lE v ] 0 M3B / , I1cnYCKaeMblX n p l1 06pa3 0 a aH 1111 3K30H14e CKI1X RAep 

B peaKlIMAx C T AJt<eJlblMI4 1-10HaMI-1 . 3 Ha4 1-1TeJlbilO ynpClll\aeTC A MeTOA I-1K a 

1-13Me p eHI1fl 3 Hep r e TM4eCKoro cne KTpa 11erKI4 X aa pRJt<CII HbI X 4a CTI1 4 p . a 

HAP. B 06naC T I-1 I1 X Ma KCI-1 Ma nb Ho i1 3HeprMM. np l1 nOCT aHOBKe Ta

KI1X 3KCnepl-1MeHTOB 06bI4HO MC n OJlb3Y lOTCR CJlOlK l lbl l! M()r HHTHbl e aHanl1
3aTOpbl :! 

Ha nY4Ke KYTM-2 0 8 p eaY11bTaTe 6~CTpOrO cGpoca 11 0 H08 Ha MI-IWeHb 

H n p e S biWe HI-1 R I'> He KO TOpblX peaK4 11RX CKOPOCT\.1 MccnCJ..\yeMbiX 4 aCTI1 4 

60n ee 4 e M B 2 paa a no c pa BHe Hl-1 1O co CKOP OCT blO 60M6apAMpY~HX 
1-10H08 Ha nponeT Hoi1 6a3e B HeCKo n b KO Me Tp08 nep8~M~ 6 YAY T AOCT I1

r a Tb A8 TeKT o pa SWCO K03H e p re TI1 4 e CH I-1e 4 aCTI1 4 b1. 04eHKM nOKa3~BaIOT , 

4TO A11A M3Me pe HMR 8peMeHI-1 nponeTa, I\E ',\ x H I.: 6blCT P blX 4<l CT M4 

MH o r Aa O Ka3~BaeT CA .qo c Tyn Hw M B peMeHHO~ npOM8 Jt<Y TOK - 1 00 HC . Ta

KM M 06 p a 3 0M, I-1C n On b3YR eCT eCTBeHHYIO BpcMe HHYIO cenapa41110 n pOAYK

TO B RAepHblX peaK4M~, Ha I{YTI1-20 MO)l(HO yn p ocTI1 Tb t~eTOAM KY 1-13Y
4eH I-1R 6WCT P~X 3apAlKe H H~x 4aCT\.1 4. 

HCC fl EAOBAHI1E MEXAHH3MA 06 P A3 0BAHHR 

11 P AC n AAA COCTABH~X RA EP 

n p 04e cc 06pa 3 0B aH I-1fl 1-1 pacnaAa COCTa BHWX AAep 8 peaK lIMflx 

C TRlKen WMM 140HaMI-1 AOBonb Ho I1HTeHCM8HO I-1c c 11 eAOBan cA B WMPOKO~ 
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0611acTM 60M6apAH PYIOIl\HX 3 Hep rl-1 i1 11 Macc CTan KI1Ba lOll\MXCA flAep . BMe cTe 
C TeM Cpa BHI-1 TenbHO Man o K HacToR~eMY Bp eMe H\.1 1-13Y 4eH MeXa HI1 3 M 

nOA6 ap b e pHoro C11I1 RH HA TRlKe11WX RAe p C A ~ 2 0. HHTepec K 1-13 Y4 eH I11O 

n OA6 a pbepHo ro CJlI1RHl1 fl B OCHOSH OM 06ycno BneH He06 x oAI-1MO CT b IO pe

We H\.1 R aCTp0C!JM3 11 4 e C KI1X npo6n e M. CYIl\e CT 8 e HHwM fl all fleT CR 1-1 B0 3MOIII 

HOC T b nonY4 eH I-1A HH tIlop Ma llMI1 0 nOTeH lIl-1ane Me):rbAAe pHoro B3 a\o1MO 

Ae~ c T BMfl Ha OC HOBe AaH Hbl X 0 c e4e HMM n OA6 aP bep Ho ro 0 6 pa3 0 BaHMfl 

COCT aSHbiX flA e p . H3 BeCTHO , 4TO BepoRTHoCTb npOH\.1KHO BeHI-1 A 4epe3 

n OTe H4M a nb Hbli1 6 apbep 3a SM C\.1T OT ero 8b1COT~, $ OpMW 1-1 nOJlOJt<eH I1 R . 

n 0 3TOMY nY Te M 1-13 Mepel~MR C!JYHK 4 11 11 B0 3 6 YJt<ge HMA n OAfi ap b e pHor o CnI1A

Hl1fl C xopowe~ T04HOCT b IO 1-1 8 Wl1 p OKOM 3 Hep reTM 4 e CKOM MHTep Ba 11 e 

MO)l(H O Ae Tanb HO \o1CCneAOBaT b n apaMeTpbl n OTe HlIl-1 anb Ho r o 6ap b e pa, 

a c neAosaTe11 b Ho, 1-1 cOCTasnfllOll\YtO flAe p Hy lO 4 aCTb nOT e H4 MaJ1a. 

I1 c cneAoBa HM R nOA6aP be pHoro Cll l1 f1 HMR S o 6 nac TI1 Cp eA H\o1 X Ma cc 

RA e p n03 S0n l-1n~3 'WA B\o1Tb Blll1R Hl-1 e CT a T114ecKoi1 Ae¢opMall\o1M CTan KI1 
a a lOll\ l-1 XCfl flA e p 11 M30 To m14eCK I-1 X 3$I)le KT0 8 Ha Ce4eH\.1e 06pa30Ba


HM fl COCTaBH~ X RAep ' 4 06ll\enpl13 HaHO, 4 TO AnA 11Y4wero nOH I1MaHI-1 A 


MexaHH3Ma nOA6a p bepHoro 06 pa308aH~ R KOMnaYHA- AAep S p eaKlIMRX 


C T R~e11wMM 1-10H aMM Heo6xOAI1MbI Aan b He~W l-1 e TeopeTM4ecKHe M 3 Kcne


pM Me HT a n bHbl e MccneAOBa H\.1 fl 3 Toro n pOlle c ca . 


H\o1 3 KI1e Ce4eH \.1R nOA6 a pbe p Ho ro Clll1flH I1 R S 3Ha4~Ten b H011 t~e pe 

3aT pYAH RIOT 3Kcne p MMeHT anb Hoe 1-1 3Y 4 eHI1 e 3 TO r o MHTe pe CHoro RBne 

Hl-1 fl , npeAbA 8nR~T nOBwwe HH~e T p e OOBaHI1 A K 4 ys CTB\.1Ten b HOCT\.1 Me T O

AI-1KI-1, K 3 C!JC!Je KTI1 BHOCT \o1 0 4 11C TKM OT npOAY KT OB ct>OH08bIX peaKI~1-111. 

~ OH H~e n Y4K\o1 KYTI1-2 0 n 03BOnfl tO T c03AaT b MeTOAI-1KY. OT Be4a lOll\YIO 

a H1M T p e608c3 HM RM. HM€ HHO 6 blCTPbll1 c6 poc ~OHOB Ha M\.1WeHb, Kon b4e

BaR C!JOP Mc3 n Y4Ka 11 YHI-1Bep c a 11 b HOCT b YCKo pM Te nfl no OTHOWeHI-1~ K Mac

c e YCKopfleMbiX I-1m10 B 3 Hd411Tenb HO ynpOll\ a tO T 3aAa 4Y BbiAeneHHR 1-1 I-1AeH

TM$\o1Ka 4 1-111 n pOAYKTOB AAepH~X p e aK4 1-1i1, npOXOAflll\~X 4epe3 cTaAH~ 

06pa 30Bc3HI1f1 COCT aBHoro RAPd. Anfl RAep OTA a 4M J 06 p a 3 YIOIl\ MXCA B Ta

K~X p eaK 4 MRX, xa p aKTe pHo , 4TO OHM a~neTalOT 11 3 MMWe HI1 n o Hanpaa

lleH l110 nY4Kc3 1-10H06 C y rJlOBblM pa3upOCOM S HeCKonb KO rpaAYCOS 

\.1 MMe lOT CKO P OCTb, KOTop a R MHoro MeHbwe CKOPOCTI-1 \.10HOB . 

B Ka4e CT se n p l-1Me p a, 1-11ln~CTp~pYlOIl\ero B03MOlK HOCTI-1 KYT H- 2 0, pac
96 R 6CMOTPI-1 M D ec3K lIM~ o ti pa30saHMR COCTaSHoro RApa 44 u npM 0 nY4eH\.1H 

~I) 64 . 
MMwe HM 1f,S 110HaMM ~ Nl. 

KynoHOB C K\o1 ~1 6apbep AnR 3TO~ peaK4\.11-1 B na.fiopaTopHoi1 C\.1CTeMe 

KOOPAI-1 Ha T COCT a81lAe T -180 MaB. n n aBHoe CH\.1Jt<eHMe 3He pr \o1 11 1-10HOB 

HI-1 Ke11A AO T p e 6 yeMoi1 BeJlM 4 M H~ MO~HO OCYll\e CTBM T b nYTeM \.1 3 MeHeHM R 

Ha npR Jt<eH MR Hd YCKOP RIOIl\ MX ceKlIMfl x YC Ko p MTe nA 3neKTpOHHO-1-10HH~X 

Ko nell • .£\nR OTA e JleHI-1R COCTaBHbi X fl Ae p OT ne p S I-1 4 1i OrO n Y4 Ka 11 OT 

n p OAYKTOB ct>OHOB~X pe a K~ ~~ npe AnOll a r a eT Cfl I1 Cn On b 308a T b 3 11eKTpo 

CTa T\o1 4 e CKYIO KoaKCM anbHY~ nMH 3Y. COCTORIl\Y~ M3 TPy6b1 ~ 1 2 CM, An l1Hd 

r = 40 CM, 11 BHyTpeHHe r o COOCHoro C TPy60i1 CTeplKHR ~3 CM, Ha 

KO TOPbli1 nOAaeTCfl Bbi COKoe Ha n pflJt<eHHe. nl1 H3 a pa3Mell\e Ha B61111311 

,.\I-1WeHI1. KOnbl\eBoi1 crYCTOK 0 6 pa3YlOll\MXCR COC T aB Hblx flAep, KOTop~i1 
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nocTy naeT B IlI1 H3 Y, I1Mee T paAI1Yc - 4 CM . ECIlI1 Ha Ill1H 3 Y nOA a Ho Ha


npR~eHl1e U = -40 K 8 , TO B 3IleKTpl14e CKOM nOIle E Uh nOIlOmI1TeIlb


HO 3apRmeH Hbie npOA YKTbl peaK L\ I1 ~ 6YA Y T OT KnOHRTbCR K OCI1 IlI1H3 bl. 


MO)!( HO n OKa3aT b, 4 T O , Ha n p l1Mep, RAPO 94 Ru ·" 2!l nO Cile npoXO~l-IeHI1R 

m1 H3bl OT KIlOHI-1 T CR K OC I-1 VI AOCTI-1 r HeT paA l1yca 1.5 CM . B T O )i(e Bpe - l' 


64." .+19 • 180 M B Mfl nep BI-14Hble I-10Hbl -Nl C 3 Hep rl-1e l-1 - 3 np l1 n p oXOIKAe Hl111 

Ill-1H3b1 O T KIlOHRT CR K OCI-1 AO paAl1yc a - 3 CM. ECIlI1 Y 4eCTb a31-1MYTuIl b

HY~ CKOPOCTb 11 0 HOB, npl106peTaeMY~ I1MI1 Ha SblXOAe 113 Y C KopI-1 TeIlR , 

TO nOCIle npOXO)!(Ae HI-1R Ill-1H3~ I-10HH~~ c r YC T OK 6 YAeT I1MeTb cpeA H I1~ 

paAI1Y c 3,5 CM. T a KI-1M 06pa30M, YCTaHaBIlI1B aR nOCIl e Il l1 H3bl KOIlIl I1

,,,aTOp ¢ .s2, 5 CM, MO)t(HO OTAeIlI1T b COCTaBHble RAP a OT nepB J.14HblX 

VlOHOB . E~e 60Il bwe~ CTen eHI1 0 4 1-1 CT KI1 MO)t(HO A 0611 T bCR, eCIl I1 nOCIle 

cPOKYCl1 p YlOU\e~ JWIH 3bl n pon ycH1Tb n pOAY KT bI peaKL\VlJI! 4epe3 AeC/l OKYCI1 

PY~~Y ~ Ill-1H3Y n p l1MepHO C T aKI1MI1 IKe n apaMeTpaMVI . KOIln I1Ma L\ VlR Ha 

BblxOAe BT OPOJl! IlI1 H3b1 A OnOJlHI1TeJl bHO no,qaBIlRe T n p o AYKTbl (jJOHOBbIX 

peaK L\ 1114 11 C HI-1lKaeT YPOBeH b 3a'PY3KI1 n 0311 1..1110HHO - 4 YSCT B I-1 T en bHbl X 

AeTeKT o pO B • .£\JlR HaAe)l(HO~ l1,qeHTVlC/lVlKa!.tVlVl 7. VI A n poAYKT OB H a Ao 

I-13MepVl T b BpeMR IIIX n pOJleTa OT MI1WeHI1 AO ,Qe T eKTopa , Y,QeIlbHble n o

T epill 3H eprl1111 (\E/ f\ x 11 nOIlHYIO 3HepnHO. BecbMa KCTaT ill OK a abl BaeTCR 

6 bl CTPbl iii c6poc 110HOB Ha MI-1We Hb, TaK KaK OH 06eene4l1BaeT eCTeCT-

BeHHbl~ KOPOTKl1iii 10- 10 C "CTapTOBbJiii" CI1,HClJl AJlR BpeMRnpOJleTl1blX 

I-13MepeHI1~ 1-1 CHI1 Ma eT Heo6xo,ql-1MOCTb B ,qonOJlHI-1TCJlbHblX ,qe TeKT opax, 

I-1Cn Onb3yeMbix OlJbl 4HO AilA 3T0l1 4eJlI1. B KaLJeCTBe I CTon" -Ae T eKTop a 

npe,qnonaraeT cfI I1 CnOnb 3 0B a Tb MHorOnpOBOJlOLJ~lbl.::! nponOpL\ I-10H aIlbHble 

KaMepbI HI-13KOrO AaBIleHI1R. 3 Ha 4eHMA \E'~x ~ E 6 y ,qYT I-1 3 MepR Tb cR 

C nOM~blO n031-1L\110HHO- YYBc T BJ.1Ten b Hbl x 1-10HJ.13aL\1-10HHblX Ka Mep. 

COBpeMe HHble r a308bJ e ,qeTeKTopbI 3~pA*eHHbl X 4 aCTI1 4 n03BOJlR ~T 

oAH03 Ha4HO I1Ae HHHpl-1 L\I-1pOBaTb Z VI A npo,qYKTOB peaKL\I-1i1 B o6nac TVI 

A:. 100 . 

Y c newHoe npl-1MeHeHMe 3 n eK T pOCTdTI14eCKOro aHanl13a rOpa B nogoG

HblX 3KCn epl1MeH T aX · 4 n0380JlAeT HaAeATbCA, 4 T O e illCT eMa KOaKCl1aJlb

HblX Ill1H 3 06ecnC411T BblCOKYIO CTeneH b 0411CTKI1 I-1 CCn eAyeMbl x npOAYK

T0 8 OT 60JlbWOr0 1j)0Ha conYT CT 8Y~I1X peaKL\I111. 3<t><bel<T nOAaBJleHMR 

~OHa MomH O 6YAeT YC MJl l-1T b 3d C4eT I-1MnynbcHoro nl1TaHI1~ Jl l-1H3 III Toro 

06CT ORTenbCTBa. 4TO 6 b1CT p afl BblCDAKa MOHOB Ha MI1WeHb 6JlarOnp11RT

cTayeT n pOCT paHCT ae HHO~ 1-1 BpeMeHHOH cenapaL\1111 npOAYKT08 peaK41-1"', 

06pa3YIOll\I1XCTI B RAepHblX peaK411R J, C pa3nl14HblMI-1 3Ha4eI1MRMI-1 CKOPO

CTe~. I-1HTeHCI1BHOCTb 110HHOrO nY4Ka I<YHI-20 n03BOJll1T I-1CCJleAOBaTb 

npoL\ecc n OA6aPbepHoro Cn l1R HI1R RAep B 06naCTM cpeAHI1X Macc c ce

4eHI1eM AO 2:10 H6, T eM GOJlee '-lTO nY4KI1 110HOB. I1Me~I1X Mac c y , 3Ha

YI-1TeIlbHO 60nbwylO. 4eM Macca RApa MI1WeHI1. AonycKalOT 06nYLJ e Hl1e 

T OIlCT blX MI-1 WeHeii 2 1 '~r / CM 2 n pl-1 Hal-1MeHb Weiii 3Hep r l111 110HOB. HaAelK

HaA I-1ACHT I1$I-1 Kall l1 fl npO,QYKTOB n o Z ~ A KpoMe onpeAene H ~1f1 ce4e

HI1R CIl l-1RHI1 A n 03BOJl l-1T 113Y4111Tb 11 npOllecc pac n aAa COCTaBHbJX R,qep 

B Y3 KOM Al1 a n aaOHe y r JlOBblX MOMeHTOB 1-1 3Hepr l-1 iii 8036YIKAe HI1R . CJlom

Hee cI1Tya L\ VlR C MccneA OBaHl1eM nOA6apbepHoro o6pa30SaHI1A COCTaBHblX 

RAep C MaCCOB~M 41-1CJlOM A 2 00 . CM CTeMaTI14eCKI-1e I1CCIl e~OBaHI-1R 

B 3 TOii o 6 n acTM paHee He npOBOl-ll1nl-1Cb M3 - 3 a 04eHb HI13 KOrO Ce LJ eHMR 
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06pa30BaHl1 fl KO MnaYHA- fiAep , OTCYT CT81-1 R n Y 4 Ko B TfI~enblX ~OHOB T p e

6yeMoiii 3Hepr ~M 11 I-1HT eH CI1BH OC T M . 

KYTIiI- 2 0 OT Kpbl BaeT B0 3MOlKHOCTI1 nOCTa HOB KI-1 3KcnepMMeHTOB 

11 B 3TO~ OUnaCT I-1 Mac c COC TaBHblX fl Aep. Oco6eHHo no,qXOAR~M MI1 3,QeCb 

OKa3blBalOTCR i.1HT e HCVlBHble nY4KI1 T R)t(enbiX 110HOB C A > 1 5 0 • .£Infl Ha 

A €IKH Oii I1AeH T I1~ I1 KaL\I1M flAep OTAa4111 C A ~ 2 0 0 npe,Qnonar~eT CTI MOAI1

l\! 11 4 1-1pOBa T b Bblllleonl-1c aH HYIV MeTOAMKY. Y c oBepweH c T B OBaHI1 R MeTOAI1KH 

BKIl ~ 4aIOT n pl1MeHe HI-1e MarHI1THOrO aHan l1 3aTO p a nOCJle CI1CTeMbl Ill-1 H3 

M r a3 0 B~X C41-1HTI1JlnR41-10HHblX ,QeTeKTop 0 8 AnR I-13MepeHI-1f1 3Heprl11-1 4ac 

H14 · 

RAP A, Y~AnE H HW E OT nonocw CTAGl-1 nbHOCTM 

~3 Be CTHO, 4 TO peaK41-1V1 n OIlHo r o CflMRHI1R TRmeJl~X 11 0H OB C RAPOM 

MI-1W eH I-1 npl-1 3Heprl-11-1 Bblw e KYJlOHOBC Koro 6 apbepa WI1POKO I1C nOJlb 3Y~T

CR AJ1R nonY4eHI-1R VI M3Y 4 e l;111l CBO~CTB CI1IlbHOHei'TpOHOAe¢I-1!.tVlTHbIX 

RAep. Wl1pOKOe npl-1MeHeHI-1e AIlA 3TO~ L\eIl l-1 liaXOAI-1T TeXHI-1Ka 3JleKTpO

MarHI-1T HOiii MaC C- Ce n apaL\MM npo,qYKTOB flAepHblx peaK 411~. He c oMHeHHo 

onpaB,q<lHHbIM 5YAeT VlcnOllb30Banl1C TaKoH MeTo,qI1KV1 Ha n Y 4 Ke KYTI-1- 20 . 

B03101omHB CJleAylO~aR cxeMa Macc-cenapaTopa H a nY4Ke KYH1 - 2 0. n ocne 

OTAeJleHI1 f1 R,Qep OTAa411 OT 110HHOrO nY4KB C nOMO~blO KOaK CMBJlbHbl X 

nJ.1H3 I-1X I lanpaBJlRIOT B TpaHCnOpTI1PYIOCII-1iii Ka Han M Bbl80AflT 3 a paAl1a

4MOHHY~ 3a~I-1TY, OOeCne41-1BaR 3TMM C IIVlmeHI1C y - (jJOHa, TaK KaK n o 

rIlO~eHI-1e OCHOBHoro nY4Ka VlOHOB npoVlcxoAI1T cpa3y IKe n OCJle npo

XO>l<AeHI-1A nl-1H3bl . ,Qane.. I1cene AyeMblt;: HYKJll-1Abl ¢OKYCI-1PY~T H a BXOAlioe 

OKHO I-1 0H HOrO I1CTOLlHI>1Ka Mdcc-eenapaTopa. l)oMoaPAI1PYtOI1\I-1e 110Hb!, 

KOTopLle no Macce TRlKenee IlApa MVlweHI1, o6ecne4l1Ba~1 B03MO)t( HOCT b 

I-1CnOnb30BaHI-1A BO BXOAHOM OKHe CpaBHI1TenbHO TOIlCTblX $OJl br M3 

TyronnaBKI-1x MaTepl1ano8 . R,qpa oTAa411 npoxoAR T 4epe3 C/loIl b r y 11 B611

BBIOTCA B CT eHKI1 I1C T 04HI1Ka, KOTopble Ha,peTbi AO B~COKOii TeMnepa 

TYPbl , T ~ 1 5 00 ' 2 500 0 C. 1-13 Ha rpeTbiX CTeHOK HYKnillAbi AI1$llyHAI1PYIOT 

B 06beM KaMepbl. rAe OHI-1 MOHI-13V1PYIOT Cfl n ocpe,qc T BoM n OBepxHocTHOiii 

I-10H113a4v111 fi' I1IlM 3 JleKTpOHHbiM YAapOM ' 0 ' . H3 I1C T04HI-1Ka oA ~103apTl,q
Hble I-1DHbI BWTArl-1Ba~TCA 11 yCKOPfl~TCR AO onpe,qen eHHoA 3Hep r l-1I1 , 

a 3aTeM c enapl1PYIOTCfI no MaccaM MarHI1THbiM aHaJl113aTOpoM. B C/loKaIlb

Hoiii n JlOCKOCTI1 aHBnl-13dTOpa pa3Me[4a1OTCR npl-1eMHI-1K I-1C CJleAyeMblx npo

,qY KT08 1-1 AeTe KT 0Pbl, Heo6xol-111Mble ,qJlR 113MepeHVlR pa,Q110aKTI1 BHoro 

I-13IlY4eHI1R. H a 6a3e MMelOll\e r OCA B OHt1Y MarHVl T a cn-63 MQ)KHO c03,q a T b 

Macc-cen apdTop C pa3peWeHI1eM n o MaccaM M/~M~O O . YH MBep canbHocTb 

KYH1-20 no OTHOw eHI-11O K Macee YCKopAeMbix I-10HOB AonycKaeT OnTI1 

ManbHblJI! Bbl60p KOM6111 Halll11-1 MI-1WeH b+MOH gJlA CI1HTe3a HQBblX rlyKIll-1,qOB 

Hd Kpa~ n onOCbJ cTaGl1nbHOCTM 11 06ec ne411sae T TeM CaMhIM Y CJlOBI1R 

AIlR nonY4eHvtA I-1H Te peCl1blX pe3YJlbTaTOB 11 B 3T0i1 OOIldCTI-1 $1131-1K·11 T R

)t(enblX ~'1OHOB. 
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~ ccnEAOBAH~ E HOH-~OHHMX 

~ ~OH- ATOMHMX CTOnKHOBEHHA 

3 nC KT pOH Hbie Kon b4 a KYHI-2 0 flsn fllOTCfI YHlo1t<aJ1bHblM cpe.qCTBOM 
¢>OpMlo1pOBaH~ f1 Io1 HTe tKI-1SHblX BCT pe4HblX nY4KOB 7' AOCTVI>KVlMbie CBeTIo1"' 

30 2 1 g ' MOCTbl0 CM C- VI 3apflllHocT b 1010HOB ' BnJ10Tb AO fl llep , n on-

HOCTblO nVl weHHblX 3J1eKT pOHHO~ o60n04KIo1, a TaK>Ke SblCOKafl OT HOCVI

Te J1bHaR CKO pOCT b cTanKVlBa~V1xCfl 1010HOB VOTH• 8· 10
8 

CM/C n 03B0J1 flT 
3<1X1l eI< TVlB~10 Vlccn eAoBaTb 3I< C nepIo1MeHT aJ1 b ~I O COBepweHHO He 1013Y4eHHble 
np04e c CbI B3 alo1 MHblX CTOJ1I<HOBeHVI~ Tfl>KeJ1b1X MHo r 0 3apRAHblX VlOHOB. 
31<C ne p l-lMeHTbI S 3T0i1 06n aCTVI MorYT npI-lS€C TVI I< HeO)K Vl AaHHblM pe 

3yn bTaTaM. 
YCKopeHl-1e Ha KYTH -20 VlOHOB C A .~ 200 VI 3Heprlo1e~1· 8 t~3 B/HYKJ1. 

e CBOIO 04epcAb c03Aae T OCHOBY .qJ1R CVl CTeMaT Vl 4e CI< Io1X VlCCJ1eAOB aHVI~ 

¢>Vl3Io1Kl-1 Io1OH-aTOMHblX cT onKHoseHVI~. 5b1 CTPbl~ c6poc 1010HOB Ha MVlweHb. 
1<0~le4Ho, nOTpe6yeT t~eTo.ql-14eCKVlX piJ3paUOTo K AJ1R 06ecne 4eH"Hl Tpa

AI14110Ht~bIX 31<Cnepl-lMeH TOB B 3TOIl 06nac H 1. BMecTe C TeM B o nblTax 

no n OV1 CKY l-1 I13Y4eHVlIO 3K30TIo14eCKl-1X aTOMt~bI X VI Vl OHHblX eoc Tofl HVI.:i 
C BpeMeHaMVI MIo13 HVI ' 0 ,1 HC nY4Kl-1 KYTM- 2 0 MO>KHO GYAeT 3 ¢>¢>eK
TIo1BHO Vl c nonb 30BaTb Ha c p aB HH TC J1bHO npocTo~ 3Kc nep~ MeHTaIlb Ho~ 

6 a3c. 
An fl oAHo3Ha4Ho~ Io1HTepn peTal~Io1H AaHHblx, nony4eHt~blX S onbiTax 

no H a6n1OAe H I-l~ pO*Ae HIo1 R n0 3HT pOHOB nplo1 CTOJ1 KHOBe HIo1V1 RAep C Mac 
c o.:i Tl'I Men ee y paH a, TpefiYI;)Tc l'l AOnOJ1 HVl TenbHble 3KcnepVlMeH Tbi Ha nY4

Kax 1010HOB 60nee Bbl C OKO~ 3 apRnHOCTMI BnJ10Tb AO flAe p, nonHOCTb~ 
n HweHHblX 3neKTpoHHm1 060Il0 4 1<VI. B ·s 

nOKa3aHa n pl't HL\Hnlo1 anb HaH 
B03 MO*HOC Tb nOJ1y~e Hlo1fl B 3J1eKT pOHHbIX K0J1b 4aX HOHOB U · 90 . Y CKope

HVle 1010HOB ypaHa TaKo~ BblCOKO~ 3apflAHocT~ AO 3He prVllo1 -8 M3B / HYKJ1, 
He COMHeHHO , npeA CTaBnReT 60nbWO~ MHTepec AJ1fl CVl HT e3 a 101 1013 y4e H~R 

aTOMHbl X CHCT eM co C BepX KpI-lT H ~eC KMM 3apRAoM. 

B 3a Kn~4eHMe OTMe TIo1M, ~TO B AaH HO~ pa60Te Kp aT KO paCCMOTpeHbl 

3KcnepMMeHTanbHbie HanpaSI1e Hlo1 fl, B KOTOPblX MO)!(eT npOflBIo1Tb Cfl BbICO

Ka·R KOHKype HTHafl cnoc06 HOCTb KYTI1 - 2 0 . BVIA HO. 41:0 Io1cnonb3 0BaHVle 

oc06eHHOCTe~ KOnneKT l-1 BHOrO YC KopVlTeJ1R n03BOIlVlT 3¢>¢>eKT HB HO npo
Be CTIo1 Io1ccneAOB a HMR B ManoAo cT y n Hblx VlJ1V1 HeM3Y4e t~H bIX paHee 06 

J1 aCTflX RAepHo~ M aT oMHo~ $1't 3Io1 KVI . 
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