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. IlOJIHHe ceqeHHH Baa1r1uo,11ellcTBlr1H SJI6M6HTapHHx qacTHU 1r1 BemecT
B6HHaH qacTI, 8UIIJI1r1TY~ pacceHHHH Bnepe,11 - )lBe HaMepHeMUe Ha om,r-

. _Te BeJIHtmHH, CBHBI, Mel!QtY KOTopuuz onpe~eJIHeTCH ;i:u-wnepc1r10HHHMH co
OTH0111eH1r1Hu1r1 /I/, ycTaHoBneHHHMH Ha ocHoBe qiyH~aueaT_aJI:r,HbIX np1m-· · 
u1r1noB aK01r1ouaT1r1qecKoll KBaHTOBOll Teop1r11r1 nmrn. 8Kcnep1r1MeHTaJI:r,HaH 
npoBepKa BHilOJIHHMOCTH ,111r1cnepc1r10HHHx,cooTH0111eH1r1ti noaBOJIHeT no~TBep-. 
)llr1Tb cnpaBe;ztJIHBOCTD cymecTBYJOmell K8PT1r1HU Teop1r11r1. ·nom1. 3HaHH6 B6JIH
q1r1HU_ BemecTB6HH01l, qacTlr1 8MIIJI1r1TY,11U pacceHHHH - H600XO)llr1MOe YCJIOBHe 
n9,1106Holl npoBepKH. 0suepeHHJO OTH01116Hlr1H BemecTBCHHOll lr1 MHHMOll qac
Te1l aMIIJIHTY~ ynpyroro pp-pacceHHHH B o6JiacTH miepr1r11l 8-70 raB H 
BOnpocaM COOTB6TCTBYIOmett 8KCil6Plr1M6HT8JII,HOii M6T0,11HKH IlOCBRmeHa pe-
qiep1r1pyeuaH ,111r1ccepT81.U'IH. , 

··. JU'IccepTau1r1H co~ep:imT nHu rJiaB H aaKmoqeH1r1e. 
· B nepBott rJiaBe paccuoTpeHH ueTo~ 1r1syqeH1r1R ynpyroro pacceH

HHH Bnepe,11. B IlO]OC0,116 K 1r1ayqeHHJO 8TOl'O"IlPOU6CCa B H8CTOHmee BpeMH 
onpe,11eiIHJIHCI, )lBa HanpaBJieHlllH. 0)1HO ~3 HHX HBHJIOCI, 0~6,11CTBH6M co
Bep111eHCTBOB8HHH SJI6KTPOHHHX ueTo,110B.HaMepeHHH noJIHHx ceqeH1r11l H 
CBO)lll!TCH K HBUepeHHIO )llr1q>q>6p6HI.U'I8JII,HHX ceqeH!r11l ynpyroro paCC6HHlr1H 
B o6JiaCTH npe,11eJ1I,HO uam~x 'yrJioB nyTeM perHcTpal.U'IH yrJia BUJieTa pac
C6HHHoll qacTHI\li. CooTBCTCTByromze HauepeHHH BunoJIHHJOTCH c nouomI,10 
Mal'Hll!THHX 0Il6KTl)OM6TPOB C HC.KPOBHMH KaMepaMH H CIU'IHTHJIJIHIU'IOHHHMH · 
l'O)lOCKOilalffl / 2 ,3, 4/, pa60TSIOll{HUlll Ha JIHHHH c· 3BM. ;llOCTOHHCTBOM 8TO-

. ro HanpaBJieHHH HBJIHeTCH BOBMOlltHOCTI, HBMepeHHH pacceaHHH JIIOOOl'O 
copTa qacTHU, ;ztJIH KOTOPHX coa,11aHH ,1lOCT8TOq110 HHT6HCHBHHe·BuBe,11eH
HHe nyqKH~ HeraTHBHHM HBJIHCTCH TOT q>aKT, qTo Ha COBP6M6HHUX YCKO
Plr1T6JIHX BHCOKHX 8Hepr1r11l C08,118H~e BHB8,116HHNX nyqKOB H CJIOEmix 1'0-
)lOCKOnHqecKHx KOMIIJI6KCOB 88HHU86T nepH0,11 nopH'A!Ca H6CKOJII,KHX JI6T, 
qTo sa,11epmrnaeT. no.nyqeHlr16 COOTB6TCTBYJOmell <pHsHqecKOl.l HH<pOpM81.U'IH. 
0)1H8KO OOJiee cymecTB6HHO (BBH'AY orpaHzqeHHOll Yl'JIOBOll paapemaJO
mell cnoco611ocT1r1 aKcnep1r1ueHTSJII,HWC ycTaHoBciK ~ 0.2 upa,11) yxy,11111e-__ 
HH6 nepCil6KTHB 8TOl'O HanpaBJieHHH C YB6JniqeH!r16M 8Heprmt,nOCKpJII,Ky 
yroJI pacceHHHH B naoopaTopaotl cHcTeue npH q>ll!Kc1r1poBaHHOMBHaqe111r1H 

. . -~~- . . . . . . . 

nepe,11ausoro 1r1unyJI:r,ca yue11:r,maeTCH nponopl.U'IoHaJI:r,Ho 11unyJI1cy pac-
ceH1111011· qacTHI\li. ., · · · · · · · 

;llpyroe U8T0,11HqecK06 H8IlP8BJI6HH8 OUJIO paBBHTO B ]a6opaTOPHH 
BHCOKHX aaeprHll 00H0. 0CHOB01l M8T0,118 B ,118HHOM cnyqae HBJIH6TCH pe-. 
l'HCTP8IOIH tiaCTHJ.\li.OT,1181ll1; H8HOOJI68 B8EH8H M6T0,11HqecKaH 
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oco6eHHOCTI, - HCilOJII,80BSHJ/18 O'll8HI, TOHKWC (~I UKU) uameHei HS 
BHYTP8HH8M nyqxe YCKOpHT8JIH. MaJIH8 DOTepH SHeprHH qaCTHUl,I B DOA06~ 
HiiX wmeumc ASl>T B08UOJtHOCTI,06ecnetmn peou UHOrOKPSTHOro (~I04) 
npoxo._-iteHHH DPOTOHOB BHyTpeHHero nyqxa YCKOPHTena qepea UHW8HI,. 
Teu cawu BliDOJIHHllTCH ,ltl!8 B8ZHiiX YCJIOBHH: a) npeA8JI:r.HO-U8H8H ,TOJI
lltijHS UHW8HH CBOAHT K UHHIIIYYMY *eKT pacceaima B ·ee BemecTBe, 
6) 6011.r,moe 'llHCJIO C06liTHi! HA8PHOro B88111UOA8'1CTBHH B UHmeHH o6ecne
'llHB86T BUCOKYI> CT8TIIICTH'll6CKYI> TO'llHOCU 8KCil8PHYeHTa. IlepBH8 H8A6Z
HHe A8HHH8 0 B81Illl'llHH8 BeuteCTB8HH0'1 'llaCTH 8JIIlJ1HTY.ttU ynpyroro' pp -
H pd.- pacceBHHH B 06JI80Tlll CBUme I raB 6wrn: IlOJIY'll8HH B 8KCDep111-
U8HTax, BHilORH8HHiiX Ha CHHXpoqiaaoTpoue mum B nepHOA c I962 IIO 
I966 r.r. C HCilQJII,30B8HH8U YK888HH0'1 8KCil8pHU8HT8JII>HOlt U8TO~. 
EOJII,WHY AOCTOHHCTBOU IlOCJI8AH8a BBJIH8TCH OTHOCHT8JII,H8B npoCTOTa 
8KCil8pHU8HTijJII>HOrO o6opyAOB8HHH, UOHTHpyeuoro' Ha Kauepe YCKOPHTe
lIH ( PIIIC .I ) , OCHOBHWIJ/1 a718Y8HT8YlrUCOTOporo HBJIH8TCB UHW8HI>, Ba
KYYYHH'1 HOHOilPOBOA H A8T6KTHPYllut8H CHCTeua, l3 KaqecTB8 KOTopolt uo
ryT 6HTI> HCilOJII>BOBSHH H~epim:e qJOT03YyJiiCIIIIII HJIH aneKTPOHHH8 A8TeK
Top1,1 Kopoixonpo6el!CHWC 'll8CTHQ. BalltlmMH npeHuymecTBSYH U8TOAHKH,HB-
1IBl>TCB! a) coxpauesHe :e1,100Kolt paapema1>111e« cnoco6Hoc,e cyBeJIH11e
H111eu sueprHH nepBH'llHUXIlPOTOHOB, IlOCKOJII,KY yroJI BU1I8T8 'llSCTHUl,I 
OTAS'llH npH q>IIIKQHPOBSHHOM nepeASHHOY HMnyn.r,ce Y8HB8TCB O'll8HI,CJI860 
( KaK f3c.u,.M. ), T.e. npaKTH'lleCKH OTCYTCTBY8T orpaHHqeHH8 no SHep
rHH CBepxy HS HCilOJII,80B8HHe ueTo~a; 6) YHW8HI, uanott IlJIOTHOCTH 
OK881,1BSeT O'lleH.r, cna6oe B08MYIIt81>IIt88 A8'1CTBH8 Ha BHYTP8HHHlt nyqox 
YCKOPIIIT8JIB, 'llTO ~aeT B08MOJKHOCTI, HCCJI8AOBSTI, OAHOBpeueHHO mHpomd.t 
AH8ll880H 3Heprz« - OT, KpHTH'll8CKOlt BHeprHIII YCKOPHT8JIB AO MSKCHUSJII,
HOM, npH STOY npaKTH'lleCKH BCH HHTeHCHBHOCTI, ycxopeHHOro nyqxa uo
lltl~T 6UTI, HCnOJII>80B8H8 napaJIJieJII,HO pa6oTal>utHUH noTpe6HT8JlBUH; . 
B) IlOCKOJII>KY U8TOA He _CBH88H C DPOB8A8HH8U TPYA08UKHX pa6oT no 
qiopunpoBaHHI> cneQH81II>HUXny11RoB, COOTB8TCTBYlllltH8 axcnepHU8HTl,I MO
ryT 6HTI, HS'llSTl,I npaKTH'lleCKH cpaay ze noCJie aanycKa ycxopHT81IB. 

B r11aBe BTopott paccuaTplllBamca Bonpocu, CBB88HHH8 C COSASHH
eu irnmeHel, KOTop1,1e 61,1JIH HCnOJII,80B8HU npH npoBeAeHHH 8KCnepHUeH
TOB_no pp H pd.- pacceBHHll B CepnyxoBe. 

Jtis CK8.88HHOrO BUW8 OTHOCHT81II,HO "11eTOA8 Q:SCTHUl,I OTAS'llH" CJie
AY6T, 'llTO KJill'll8BHU aize11eHTOU, oO'ecne'llHBSlllltHJl~Cnex ero DPHU8H8HHB, 
a·BJIH8TCH KOHCTPYKQHH UHW8HH. B axcnepHM8HT8X - 7 /, B KOTOPHX B 
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Ka'!leCTBe perHCTpaTOpOB 'll8CTHJ:t OTA8'1lH npHU8HHJil!Cl,HA6PHH6 8.IIYJII,CHH, 
Hcnon.r,ao:ean~c.r, TOHKHe wweHH HS noJIHSTHJieHOBO~ nneHKH TOJIIIlHBott 
N0.5 MKM. 06Jiy'lleHHe 8MYJII,CHtt BUilOJI.HHJIOCI, npH q>HKCHPOBSHHIDC ~HS'll6-
HHIDC aHeprHH ycKopeHHUX npoTOHOB H npoBOAHJIOCI,' aa KOPOTKOe __ BpeMH 
(IO-tIS .IIHH. r, npH STOii 60Jil,WJ/18 11onepet11:IHe paauepli BHyTpeHH6I'O nyq
Ka c:mtxpoqiaaoTpOHa ( ~ 3_0x70 UM ) • o6ecne'llHB8JIH B08YOJKH.OCTI, cpaBHH~ 
TeJII>HO paBHOUepHoro KOHTSKTa ny'llKa co BCett IlJIOIIt8AI>IO UHW6HH: IlpH 
'TaKHX yCJIOBHHX Bonp_oc O II Bpeu~HH llm8HH II irnmeHH Be CTOHJI :OCT po: 
paapymeaze. ee 11 Te'!leHHe 'BpeueHH aKcnosHQHH, KSK npaBHJio, ue 
H861IIOASJii)c:.r,'. 

PasBHTHe-ueTOAHKH C Q81II,I) yBeJIH'll8HHB 06'.&eua HHq>OpYBUHH H noBU
meHlllH CT8THCTHqec1eott TO'llHOCTH, nepexo~ K 3JI6KTpOHHHM 118TOA8¥ pe~ 
rHCTpaQHH H K 'pa6oTe HS 'seCTKOq>OKYCHPYIOllt811 YCKOPHT6JI8 (Y-70) C 60-· 
nee nnoTHHY BHyTpeHHHU ny11RoM, cymecTBeHHO HaueHHJIH ycnoBHB pa6o-

. . . ' 

TU lfflW8HH , . a HM6Hf!O: 3H8'1lHT8JII,H~ yBeJIHllHB8JIOCI, BpeMH 8KCn05HQHH 
( AO IOt20 _ qacoB. ), H H60C5XOAfflr!O 61,1JIO npHHHTI, uep!:i OT ijporo-pamrn 
irnmeHH npH B88HMOA6llCTBH,H ee C BUCOKOilJIOTHHU BHYTP8HHHU nyllliou 
YCKOPHT6JIH.· YBeJIH'lleHHe l'D8H8,HHOrO pecypca" irnmeHH 6!,IJIO AOCTP!rHy.:. 
TO nyTeM paapa60TKH. ee KOHCTpyKUmt , B KOTOpoa H6CKOJII,KO UHme
H6tt - nneHOK, saKpemreHHIDC. HS 6apa6aBe, CMelltSJIHCI, no BHHTOBOtt JUI
HRH IlpH ero BPSIIt6HHHo 9TO A8B8JIO B08UOlltHOC:TI, 1morOK!)8THO. HCnOJII,-
30B8Tl, nneBKH, BBOAH B KOHTBKT c nytIKoM Hx HoBue y-qacTKH, eme He 
nOABepraBWH8CH,pa~aQHOHHOLIY paspymeHHIO( 06JI8CTI> KOHTSKTS COCT8B-
JIBJI8 HeCKOJII,KO. LIM ) • . , , 

BucoKaB HHT6HCHBHOCTI, H_IlJIOTHOCTI, ny11Ra YCKOPHTeJIH Y-70 A8-
JI8JIH H8AOilYCTHMWI nonaAaime IlJI6HKH B ueaTpan.r,HylO ll8CTI, nyqxa, TaK 
K8K YHW8HI, H HHTH Il0AB6CKH neperopa11H. 06ecnet1HTI, AJIHT8JII,HYIO pa6o
TY . .IIHW8HH H 38ASHHHtt ypoBeBI, sarpyaKH perHCTpHpy10mett annapaTypu 
llOlltH0.6HJIO JIHWI>, BBOAH LIHWeHI,.BO B38HMOAettcTBH8 C nepzqiepHllecxott 

. 30HOtt ny11Ra. YCTOfA'llHBOCTI, IlOA06HC>ro pelltHUS pa60TH o6ecnettHBSJI8CI, 
CHCTeuott ynpaB~eHHH nonozeHHeM IlY'llKa C HCilOJII,80B8HH6M o6pSTHOtt 
CBH3H ( rn. _3 ·) • __ 

C ilexaminrecKofA IlJieHO'llHOM wmeu.r,10 onHCSHHO!A KOHCTPYKQHH 6U1Ia 
~ npOBe~eHa nepBBH CT8AHH 8KCnepHMeHT8 Ha BHyTpeHH81r1 nyqxe Y-70 -

Hs11epeHzEi'napaueTpa HaKJioHa AHqipaKQHOHHoro xoilyca B ynpyrou pac
ce.aHHH B HHTep:ea11e SHeprHH.I0-70 raB/B,9/ B o6JiaCTH 5H8'1l8lmtt 
o.oos .6- It I~ o.I2 (raB/c)2 • 
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ITJieHoqHaH MHmeHI, oCSJia;ztaeT :ztBYMH cy~eCTBeHHNllll He;ztOCT8TK8MH. 
Ilep:Blin 1118 HI/IX - 6on1,mott q>OH Ha-aa B88HMO;zte.ttcTBHH npOTOHOB C .HltP8Mll 
yrnepo;11a I Ha KOTOPHit npmxo~TCH"':' 85% BeCOBoro COCT8B8 u:emeHH: 
BTopott o6ycno:BJieH MHOrOKPaTHNM KYJIOHOBCKHM pacceHHHeM qaQTH~ OT
,l!BTU!. HecMOTPH Ha P8KOP;ztHO 11any10 TOJll!lHHY Wl8HOK (O, 5 MKM), acM/eRT 
pacceHHHH cy~eCTB8HHO,yxy;ztmaeT TQqHQCTI, Hauepe~H.tt B oCSJiaCTH xyno
HOBCKOtt IIIHTepqiepemtHH; 06e npHtraHH npHBO~T K Touy, qTo ;zta:Ee smi
q111Ten1,Hoe yBenHqeHlle CT8THCTHKH He Il08BOJIH6T cy~eCTB6HHO ynyqmHTI, 
To'qHOCTb onpe;zteneHml Be~8CTB8HHOit qacTH 8MIIJIHTY:ztH: 

Jlan1,Heitmee P88BHTHe MeTO~KH 6wio CBH88HO C paspa60TKOit q111c
TO BO;ztOpO;ztHOit raaoBoit MY!meim, KOTOpaH npe;ztCTa:BJIHeT co6oit CBepxaBy
KOBYD CTpynraaoo6paaHoro BO;ztopo;zta, qiopumpyeuyn B BaKyyuaott xaMe
pe)cKQpKTe1rn / IO,II/. K MHmeHff npe;ztliHBnHJI111c1, cne~IOl!lHe Tpe60Ba-
1rna: B) ITJIOTHOCTb BO;ztopo;zta B CTpye ;ztOJIJma ()HU> IO r/cu2- -ycno-. 
B~e OCiecneqemm He06XO;ztlUIOti CT8THCTH1leCKOti TOllHOCTH 3KCnepHMeHTa; 
6) CHCTCIIB OTK8qJtH BO;ztopo;zta ;ztOJI:EHq o6ecnellHTI, coxpaHeHHe pa6011e
ro Baxyyua B KaMepe ycxopmTenH; :a) paa11epHraaciBo.tt CTPYH :a oCSnaoTH 
B88llMO;nettcTBHH C nyqKQII YCKopHTeJIH ;zt011DH ()HTI,. ;ztOCTBTOqHo M811Lt
MK, qTo6u He yxy;ztwaT1, yrnoByIO paapema10~10 cnoco6HocT1, sKcnepm~ 
LleHTa. 

"a11epen111H,np0Be;ztennue c uaxeTOM raaoBo.tt 11111meHH Ha HCnLITa
Ten1,Ho11 cTeH:zte /IOI, nortasan111, qTo npm onpe:zteneHHOM peuue qiop11111po
BBHHH CTpy111 Ill HCITOJII,SOBBHHH reneeBoro KOH;zteHCBIUIOHHOro H8COQa cne
uzanI>HOi.t KOHCTPYKIUIH /II/ IIOlltHO y;ztoBneTBOPHT1> Tpe60B8HHHII a) Ill 6)~ 
0;ztH8KO BKCnepHlleHTH, npoBe;zt6HHble C nepBHII pa6oq111u B8PH8HTOM raao
BO.tt MHWeHH Ha YCKOPHTeJie Y-70, YCT8HOBHJIH,qTQ reoueTpaqecKHe paa
uepli immeHH ~OJIJ:HH 6hITI, YMeHI>W8HN. Pa6011He napaMeTpH MHmeHH CSHJIH 
YJI}"lmeHU nyTeM HCnOJII,30Bamrn Bll,l\BHJ:HOro COIIJia, BBO,l\KMOI'O B Ka
Mepy YCKOpHTe11n B MOMeHT HHJ:eKUHH CTpyH. 

IlpH OTpaCSOTKe Ha CTeH;zte peuua q>OPMHPOBBHKff CTPYH H KOHWHry
P8IUIH COilJI8 H8MH 6HJIO IlPHMeHeHO JV}ff HH~HK8IU1H pasuepoB CTpyH Hee 
IlJIOTHOCTH CK8HHPOB8HHe I'880BO~ CTPYH 8JI8KTPOHHHM nyqoM. 

0CHOBHHe xapaKTepHCTHKJI raaOBOil MHmeHH, HCilQJII,80B8HHOit JVIH 
HBMepeHHH ynpyroro pp III pd-pacceHHHH B HHTepBane anepr111.tt I0-70 
raB, 6HJIH cneltj'1>111He: WIOTHOCTI, BO~opo;zta B CBepxaByKOBOlt CTpye J' 
._, s·10~

8
r/c112, paauephI CTPYH B 0611aCTH B88HMO;zte.ttcTBHff c nyqJtoy 
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( IDHPHHa Ha nonyBHCOTe pacnpe;zteJieHHH p (x}}~20 MM, BpeMH cymeCTBO
B8HHH OTpyH 200 ucert, npO;ztOJllltHTenoHOCTo pa6o~ ~o peadcopdUHH 
( BOBI'OHKa BO;ztopo;zta, aaXBaqeHHOro KpHOH8COC8MH)~I qac, CKOPOCTI, 
Ha6o~a C06hITHi.t'ynpyroro pacceHHHH B OAHOLI ;zteTeKTOPHOM KaHane -
"'IO I/qac. • 

HcnoJio80B8HHe rasOBOlt CTpyUHoi.t MHllleHH Il08BOJIHJIO CBeCTH pac
CeHHHe qacTHU OT~aqe B Be~eCTBe MHmeHH K npeHe6pel!U!MO Manatt B6JIH~ 
lIBHe Ill cy~eCTBeHHQ.y11yqlIJHTI, OTHOW6HHe atliqleKT/¢oH B perHCTpHpyeMhIX 
cneKTpax ( p111c. 2). 

B TpenellrnaBe onHcaHa perHCTPHPYIOIIlSH annapaTypa. Zl,nH perH
CTpamm ll8CTHU OT;ztaq14 6b1Jla npHLle_HeHa MHOrOK8H8JUH8H ;zteT6KTHPYI01!18H 
c111cTeua, B KOTopott 111cno111,a0Ba11Hc1, nonynpoBO;ztHHKOBue ;zteTeKTOphl ;nByx 
THilOB: noBepXHOCTH0-6ap1,epHhie H ;zteTeKTOphl, KOMU6HCHpOB8HHhle nHTH
eM. ZLnH o6ecneqeHHH H8IDIYlllllero OTHOWeHHH Bg]q)8KT/WOH TOJIIIlHHa A6-
TeKTOpa cornacoBHB8JI8CI, C BHeprHett perHCTpHpyeMhIX npoTOHOB. HaH
xy;ztwze WOHOBhle ycnoBHH Ha6nIOA8JIHCI> :a :zteTeKTOpax, perHCTPHPYIOIIlHX 
npOTOllhI OT;ztaqH C·MaJIOn BHeprHell (0,2tl M3B). BoapaCTBHHe ~Olia B 
BTOtt 0611acTH o6ycnOBJieHo, B OCHOBHOM, qacTHUBMH pacceHHHoro HSJiy
qeHHH. 3aMeTHOe CHHllteHHe ¢ona TaKoll npHpOAhl YAaBBJIOCo nonyqHTI, ny
TeM BKJ11lqeHHH ;ztBYX AeTeKTOpOB 118 BHTHCOBna;zteHHH (nepBhlll ;neTeKTOp 
B BHTHCOBnaAaTeJioHO~ nape perHCTpHpOBan npOTOHhI OT;zt81lli, BTOpoll 
BHpa6aTHB8JI CHrHaJIH aanpeTa JVIH ;ztmrnHonpo6eJKHhIX ll8CTHu/12/. 

YBen111qea111e 06'.IieMa HHqiopuaIUIH B onhITax no ynpyrouy pp-pacceH
HHIO IIOZHO nonylll/lTo, ecJIH O;ztHOBpeMeHHO HCCJie;nOB8TI, Ill yrnoByIO H 
BHepreT111qecxy1> 88BHCHMOCTI, AH<I>qiepeHUHBnoHhIX ceqeHHll, T.e. perH
CTpHpOB8TI, TPH napaMeTpa: aaeprHro nepBHqHux npoTOHOB, 1ron H 3Hep
rHro qacTHU OT;ztaqH. C BTOll ue~oID HaMH 6b!Jla paapa6oTaHa/ 3/ MHOro
napaYeTpOBBH ycTBHOBKa (MITCY), pa60T810lll8fl Ha JIHHHH C 9BM E9CM-~M. 
YCT8HOBK8 noaBonHeT perHCTpHpOBBTo a1m11HTY)l;Hble cneKTPll no 8(16) 
K8H8Jl8M ·H H888BHCHMO B 64 BpeueHHhlX HHTepBanax. TaKHM oopaqOM AH~
¢epeHUH8JII,HOe ceqeHHe MOJKeT O;ztHOBpeMeHHO H3MepHTI,CH B 8(16) yr110-
BUX TQqKaX H B 64 SHepreTHqecKHX HHTepBanax. CBHBo c 9BM o6ecne
qzBaeT KOHTpo111,, TeCTOBYID o6pa60TKY HH¢0PMBUHH Hee HBKOnJieHHe. 

E.noK~cxeMa perHcTpHpy10mell annapaTyp11 npHBeAeHa Ha pHc. 2. 
qepea npe;ztycHnHTe111, H cneKTpoMeTpHqecKHll ycH11HTe111, ;neireKTop B KaJK
;ztOM KaHane CBfl88H C ;ztBYMH KO;ztHPYIOIIlHJIH ycTpOllCTB8MH - KO,l\HpOBIIlHKOM 
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Houepa KaHana/F~/ H aHaJiorO-lU{q>pOBliU KOHBepTopou, KOAHPYIO~HU au
IlJIHTY~ CHrHana. KOA HOMepa AeTeKTOpa (.N'!) H aMWIHTYAHHtt KOA 
( A ) COCTaBJIHIOT HHq>OpMalU{IO ( fl +IV~ ) 06 OAHOM aaperHCTpHpOBaHHOU 
COC>liTHH 'npH STOM B 45-pa3PHAH08 uamHHHOe CJIOBO MOJWO_aa-
HeCTH no~06HyD_HH~OpMaUHIO o qeTupex COC>liTHHX; HauH 6Wia npHHHTa 
CJie~ro~aH CHCTeMa qiopMHpoBaHHH MaCCHBOB KO~OB, OTHOCH~HXCH K ~aH~ 
HOUY UHKJIY YCKopeHHH. Bec1, MaCCHB KO~OB paa6HBaeTCH Ha 64 rpynnli
no_qHcJiy Bpeue~HWC HHTepBanoB. Kax~aH rpynna 45-paapijAHWC KOAOB 
THna ( .R + t/4 ) aaKaHqHBaeTCH KO~OM THna ( B + M + 1-1 ) ' KOTOplltt He
ceT HOUep BpeueHHoro HHTepBaJia, noxasaHHff MOHHTOPH!lX TeJieCKOnOB H 

HH~exc 8KcnepHU6HTa. B COOTBeTCTBHH C OllHC8HHbIU cnoco6ou nocTpoe
HHH uaccHBOB nepeAaBaeuott HHqiopualU{H 6Wia paspa6oTaHa norHqecxaH 
cxeua ycTpoLlcTBa npm.iexyToqHott nauHTH (YilII); 

IlOMHUO rpynnHpOBKH KO~OB Yilil BlinOJIHH8T <l>YHKUHIO paapaBBHBaJO
~ero ycTpOttCTBa. 8cM/eKTHBH8H eUKOCTb Yilil - 8 COC>llTHM,:C~eu HHq>Op
MalU{H Be~eTCH rpynnaMH no 4 co6iilTHH c nepHO~OU onpoca CO.CTOpOHli 
8BM 120 uxcex. IlpH 3Tll.YCJIOBHHX noTepH cqeTa no BHH6 Yilll npH aa
rpyaxaxN104 Hun/cex npeHe6pezHuo·uaJlll H uenHxou onpe~enHIOTCH au
nJIHTYAHHM KO~HPOB~KOU, KOTOplltt pa6oTaJI B penue c noCTOHHHbIU 
uepTBUM BpeueHeu N30 uxceK. IloCKOJil>KY npH nocTy1IJieHHH Hunynbca no 
JIHJ6ouy HS KaHaJIOB npHeM HHq>OpMalU{H 6JIOKHPOB8J1Cfl Ba uepTBOe BpeMH 
KOAHPOBmHKa OAHOBpeueHHO no BC8M KaHanau, TO HHTerpaJibH08 uepTBOe 
Bpeirn, onpenenHHJmee noTepH cqeTa, 6Wio O,lUIIHaKOB!lM ~H Bcex pe!'l'l
cTpHpyeullx cneKTpoB. 

IlpHeM HHq>opuaqHH, nocTynaro~ett c JIHHHH CBHSH c 8BM;ocy~eCTl3JIHJI
CH nporpauuott KOHTpOJIH H nepBHqHott o6pa60TKH HHq>opuaUHH, KOTOpaa 
o6ecnetmBaJia B03MORHOCT1, KOHTPOJIH aUnJIHTY~HllX cneKTPOB ~B OT~eJID
HbIX AaTqHKOB B 38A8HHWCBpeueHHbIX HHTepBanax, nocTp08HHe BpeueHHbIX 
cneKTpOB Ha OCHOBe ~aHHblX MOHHTOpHliX TenecxonoB, KOHTPOJI» OTHOme~ 
HHH sqxlieKT/q>OH H T.n. 

IlpH pa6oTe C IUICHOlffiOll MHWOHl>IO, xor~a ()WIO BaZHO o6ecneqeTb 
paBHOMOPHYIO sarpysKy B SaAaHHblX npe~enax Bcex BpeueHHHX HHT6pBa
JIOB,Hcnon1,30Banoc1, ynpaBJICHHe ny~ou YCKOPHT8JIH C nouo1111,10 CHCTeUH 
06paTHOit CBH3H: OT HHTCHCHl&eTpa I CBH3aHHOro C O;ztHHU H8 CIU{HTHJI-

. . . , ' .. 

JIHIU{OHHb1X TeJieCKOilOB, Ha nyJil>T ynpaBJieHHH YCKOpHT8JIH nocTyn~JI CHr-
HaJI, nponopq110HaJI1,Hhiit cKopocTH cqeTa, H HsMeHeHHeu qacTOTLI ycxo
pH10111ero HanpHX8HHH peryJIHPOBBJIOCI, paAH8JII,H08 IlOJIOX6HH8 ny~a. 
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B rnaBe qeTBepToit pacCMOTp8Hli Bonpocll 06pa60TKH 8KCnepHMCH
T8Jll,HblX ;ztaHH!lX • 

AHaJIHS axcnepHueHTaJil>HblX pesyn1>TBTOB no ynpyrouy pp-pacceH
HHD npoBOAHJICH no HHTepqiepeHijHOHHOit ipopuyne MH 6eccnHHOBliX aMWIH-
TYi 15 / ! . . 

~t=M{IAcl 2
-t/.RnR/

2
+ fA111:J2+2·Ac·(A.,p._+2nAn(_B,fr)J( l), 

r.zte Jinx =={d6/dSl}!}t · F(t), An,,_=<c(•.1/nz- MHRMafl H A8i1CTBH
TeJ11>HaH qacT111 aunnHTy~u pacceHHHH; Ac= 2.%02 • exp(-iO)•Fc<tJ- xy
JIOHOBCKaH 8UIIJlll:Ty;zt8 ~fl yrna pacceHHHH 8 ; F(t.)=:: Fe ( t)= exp ( I!, i) 
-HA8PHl,ltt H 8Jl8KTpOuarHHTHlli1 q>OpMq>aKTOPH HyKJIOHa i n=: l/(137• ftJW.o), 

fa ft.ad - CKOPOCTl, naAa10mero npOTOHa B JI .c.; MH C~BRra ipas Ky
JIOHOBCKOH H HA8PHOi1 aunJIHTY;ztLI EeTe/15/nonytmJI 8HaqeHHe 
d=:2n.en..(P/B)-=2n&z.(~!'; K HQ- BOJIHOBOit B8KTOP B C.L\~M. 

Ill pa~HYC o6naCTH CHJll,HOro B38HMOA8HCTBHH; M - HOPMIIIPYID~HH MHOXH
T6Jll,. IlapaueTp 6 ' xapaKT8PH3YHl~Hi1 H8KJIOH AH~aKI,\IIIOHHOro KOHyca' 
6WI c xopomett TQqHOCTl,lO HSMepeH HaMH paHee 18,91. · 

Annp0Kc11Maqim ;ztH<I>qie peHIU{an1,HHx _ ce qeHHi! d 6 / d st_ , HaMe peHHb!X 
B HHTepBane o, DOI~ t ~ 0,. 02 (rsB/c)2, BhlpaxemiJeM (l), HCnOJI1,30Ba
Jiac1, B ~BHHOM cnyqae MH onpe~eneHHH napaueTpa o( -oTHomeHHH pe
aJII>Hott H MHHMOit qacTei1 aMIIJIHTY~LI pp-pacceHHHH, T.e. qiasu aMilJIHTy-
,7.tbl lfpp::::.Q,?.cct9 a. , 

3aBHCHMOCT1, ;ztH<I>qiepeHUHBJll>HliX ceqeHRit OTf 6LIJia HSMepeHa npH 
BOCl>MH SHaqeHHHX HMnyn1,ca YQKOpeHHblX npOTOHOB B ;ztHanaaoHe OT 
9, 39 ;ztO 69,.83 raB/C (pHc. 4). 3HaqeHHH AHq>qiepeHqHaiii.HUX ceqeHHH 

. ' 
onpe;zteJIHJIHCl> no IIJIOlllB;ztHM .nHKOB ynpyroro pacceHHHH B cn~KTpax, sa-
perHCTPHPOBBHHLIX nonynpOBO~HHKOBHMH A8T8KTOP8MH (pHc.2). ~OH, 
o6ycJIOBJ18HHLiit, B OCHOBHOM, B88HMO;zteitCTBH8M nyqxa ycxopHT8JIH C BO
AOPO;ztOM, pacceHHHLIU·B Kauepe YCKOPHT8JlH, He npeBUWaJI, KaK npaBHno, 
IO% OT WIOma;ztH nHKOB. 

HaH6onee 3HaqHTOJI1,HHe Tpy;ztHOCTH npH o6pa6oTKe cneKTPOB 6WIH 
CBH38Hll C He06XO;ztHMOCTI,IO yqeTa pacnpe~eJieHHfl llJIOTHOCTH BOAOPOAB 
B CTpye. BHq11cneHHe 8KCnepHM8HTaJil>HHX SHaqeHHit ceqeHHit CBOAHJIOCl, 
K nocJieAOBaTeJil>HOMy BllnOJIHeHHID CJI8~l0111HX npoue~p. 

l • Hop1rnpOBKa cneKTPOB no ;ztaHHhlM MOHHTOPOB H BliqHTaHHe qJOH8. 
2 •. KoppexqHH cne~TPOB Ha pasperneHHe ~eTeKTOPOB. 
3. OnpeAeJieHHe nonoxeHHH.U8HTpa THXeCTH IlHKOB B HMilYJil>CHOH 
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wxane, COllOCT8BJI6HHe C KHH6M8THqecKHY pacqeTOM H KOppeKtmH SHep
reTHqecKo« K8JIH6pOBKl'I cneKTPOMeTpH,eCKHX KaHaJIOB H3 YCJIOBHH corna~ 
COBBHHH C KHH6MBTHKOtt ynpyroro pacceHHHH. 

4: OnpeAeneHHe Ha OCHOBC ~opw cneKTPOB pacnpeA6JI6HHH. IDIOT
HOCTH BOAOPOAB B Ml'IW6HH .f' (x). 

5. PeKOHCTPYKtmH Ha OCHOBBHHH nonyqeHHOtt 38BHCHUOCTH p (x.) 

"o6peaaHHmt11 nHKOB ynpyroro pacce1mHH, qacTii KOTop1,1x He nonaAana 
B perHCTpHpyeMhltt 3HepretHqecKHtt HHTepBaJI. !Aa-aa_60JII,WHX yrJIOBmt . 
paauepoB MHW6HH (~,-o,5°) ~OJIH TBKHX IlHKOB 6hlna 3HaqaTeJIIiHa (~30%). 

6~ Onpe~eJieHHe IDIOIIIBA6tt IlHKOB C yqeTOU yrJIOBOtt aaBHCHMOCTH 
AHrpcIJepeHi:man»Horo ceqeaHH B npe~enax yrJioBoro pacTBopa YHmeHH~ 

0CHOBHhl6 ~CTQqHHKH CHCT6MBTHqecKHX OWH60K yxaaaHH B T86JI.I 

Ta6JIHUa I. CHcTeMaTHqecKHe omH6KH B onpe~eneHn.napaueTpa o(. 

IACTQqHHK omH6KH 

HeonpeAeJI6HHOCTI,rJJIOll\8~.~eTeKTOpOB 
( AS/ S = I% ) 

HeunpeAeJI6HHOCTI, OTHQCHT6JII,HOro llOJIOllt6HHH 
~eTC!tTOpOB ( 0,5 MM ) 

C6oH B ~om1poBaHHH HHmopMaUHH 
CpeAHeKBa~paTHqngH~ CHCT6MBTHqecKaH omH6Ka 

. 0mH6Ka A er. 

0,023 

·0,0!2 
01 0IO 
o, 028 

B ITHTOtt rnaBe IlPHBOAHTCH peayniiTaThl 3KCnepHMeHT8 H o6cy~aeT
CH HX COOTB6TCTBHe TeopeTHqecKHM npe~CK838HHHM /16, 17/. 

OCIIOBHOlt peayJIIiT8T 3l{Cil6pHMeHT8 - 38BHCl'IMOCTD napaMeTpa 
ol-=(Re.App/ImApp)lt=O OT.3HeprHH - npHBe~eH B Ta6JIHU6 2 

( OWH6KH A~ - CTaTHCTHqecKHe ). B HHTepBaJie HMilYJIIiCOB OT 9,39 
~O 69, 83 raB/C HM66T M6CTO MOHOTOHH06 l'l3M6H6HH6 ~83hl BMllJIHTYlthl 
ynpyroro pp-pacceHHHH - a6COJIIOTH8H BeJIHqHHa oC yMeHiimaeTCH OT 
aHaqeHHH O, 35 ~o 0, 09. Ha pHc. 5 peayn»TaThl Hamett pa6oThl noxaaa
Hhl COBM6CTHO C AaHHHMH ~pyrHX pa6oT B g6j~CTH ~ 5 raB/C H C pe
ayJIIiT8T8MH TeopeTl'!qecKHX pacqeToB/17 •1 ' - l. 

ConoCTBBJICHHe noBe~eHHH Be111ecTBeHHOlt qacTH BllllJIHTYllhl ynpyro
ro pp-pacceHHHH C pacqeTalffl no ~HcnepcHOHHhlU COOTHOmeHHHU H C 
npeACKa38HHHUH 8KCHOMaTHKH rOBOpHT O TOM, qTQ B HayqeHHOtt 3KCne
pHM6HTaJIIiHO o6JI8CTH 3HeprH« ( ~o 70 raB) HeT npOTl'IBOpeqHM ue~ 

Teop1rnll H :mcnepmrnHTOM. 
- IO -

I I 
l 
l 

\t 
"1 r 
i 

I • 
il• ·: 
'!{ 

3H8HH6 BeJIH~Hbl o(. l'I 3HaqeHIUt napaMeTpa (; H8KJIOH8 AH~paK
UHOHHOro KOHyca, onpe~CJI6HHOro C BblCOKOlt TOqHQCTI,ID B o6JiacTH 3H8-
qelllltt t (O 008+0 12 (raB/c)2), r~e ne~HT 6onnwaH qacTii rmoma~H 
~H~paKUHOHHOrO IlHK8 ( 70%), Il03BOJIH6T ~aTh OUeHKY B6RH~Hhl IlOJIHO
ro ceqeHHH ynpyroro pp-pacceHHHH. CooTI1eTcTBywmHe a1rnqeaHH d ~l!. 
npEBe~eHH B TBQJIHUe 2 (A6 yqHThlBll8T CT8THCTHqec1rne H CHCT8M8TH
qecKH6 OWH6KH ). 

nn 

I. 
2~ 
3~ 
4. 
5. 
6: 
7~ 
,§. 

Ta6JIHU8 2. 3HaqeHHH OTHOWeHHH -~ BemecTB8HHOlt K MHHMOV. 
t1acTH ynpyroro pp-paccemrnH H 66', . 

p (raB/c) d...!do(. ~.? i. . ( M6H ) 

9,39 - o, 351 ± o. Oti8 
19;m - 0,258 ± 0,020 8,47 ± 0.34 
38,03 - O,I7I ± 0~029 7;64 ± 0,3! 
40,03 - 0,!68 ± O,DI5 7,6!±0,30 
50,63 - O,ISO ± 0,030 7,34 ± 0,29 
55,33 - 0,154 ± o, 022 7,35 ± 0,29 
59;43 - 0;!22 ± 0,020 7,20 ± 0,29 
69;83 ·:.. O, 092 ± O, OII 7 ,12 ± 0,28 

Pesyn»T8Tbl H BhlBOAhl• 
B OCHOBY )tl/lCC6pTaqHH IIOJIOJlteH!,I pesyniiTaTbl, npe~cTaBneHnue H8 

KOHW8P8HqHHX B ~Vff~e /Bf t..-,KMeBe/16/, 7.J.y6He/Il/ H ony6JIHKOB8HHhle II 
pa6oTax I 9,IO, D' 1'4 , u I. 

OCHOBHble HTOrH BhlilOJIH8HHOlt pa60Tbl cne.nywm11e: 
I. Paspa60T8H8 3JI6KTPOHH8H M8TO,l1HKa HCCne.noBaHHH ynpyroro 

pp-pacceHHHH B 06JI8CTH uanblX yrnoB C HCilOJIL80I1aHHeu,cne1.U18JILHblX 
KOHCTPYK!Uitt MHDieHelt )tJIH npoBe~eHHH .3KCnepHM8HTOB Ha IIHJTJ}6l!H8M 
ny~e yqxoplllT8JIH C llt6CTKOll ~OKYCHpOIIKOil. 

a). KoHCTPYKI.UiH MeXaHHqecKott nneHoqHoil MHllleHH C .)IIICTaHI.\lJQHHO!°I 
cueao« MHmeHelt;..nJieHOK H cxeua o6paTHoil CIIHBH MH ynpaBJJcmrn nono
:11teH111eu ny~a II Kauepe YCKOpHTeJIH o6ecneqHJ)l>l B03110lltHGCTh npr!Bf:]18-

HPIH ]tJIHTeJI»Hhlx a1tcnoaHUHl! ( IO - IS qac. ) L~ cTa611m1auuH10 
HHTeHCHBHOCTH c6poca nyqKa Ha MHW8Hl, Ha yp:JllHC OITTHM8./U,HOM .ZlJIH pa-
60Tbl peJ;'}ICTPHPYE1118« arinapaTyp1,1~ 

6)~ KoHCTPYKtmH raaoBott IIO~OPO.lll!OY. MHl!WHH c Bbl,llBJU(Hh!M conJIOM, 
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qiopUHPYDlllHU CBepxsByKOBYID CTpym Ha 6JIHBKOU paCCTOmuIH OT lIY'lll(8 
YCKOPHT6JIH, o6ecneqzna ypoBeH» IIJlOTHOCTH BOAOPOA8 B CTpye H pasue
pu o6nacTH nepeceqeHHH c ny'lll(ou,ueo6xoAHW8 ~a HsuepeHHH AH~e
peHIU1aJ1»HHX ceqeHHlit ynpyroro pp-pacceHHHH C BUCOKO~ CTBTHCfHqecKo« 
ToquoCThID npH npeA6JlnHO-Ma~ux suaqeHHHX KBB'ApaTa lI8P8'A8HHOro 4-Hu
nyn»ca Jtl~ o:oom (raB/c)2• 

B).JlJIH o6ecneqeHHH IlO'A60pa OlITHUBJl»HHX YCJIOBH!it qiopuHpOBBHHH 
CTPYH H KOHCTPYKIUtH conna paspa6oTaH ueTOA H8MepeHHH pacnpe~6Jl8HHH 
IlJIOTHOCTH B CTpye paspHE8HHOro rasa B BaKyyue C nouo~»D CKaHHpy1>
mero aJieyKTPOHHoro nyqa. 

r).MuoronapaMeTpOBBH cneKTpoueTpHqecKaH ycTaHOBKa C HClIOJI»~ 
80BBHH0U nonynpoBO'AHHKOBllX 'A0T0KTOPOB, pa6oTammaH Ha JIHHHH C 8BM, 
o6ecneuna HsuepeuHe 'AH~epeumtan»imx ceqeHHlit ynpyroro pp- H pcl
pacceHHHH c BHCOKOH CKOPOCT»ID Ha6opa CTBTHCTHKH H O'AHOBpeueHHO B 
H6CKOJIDKHX yrnoBUX TQqKaX npH H8U6H6HHH aueprHH nepBHqHHJC npoTO
HOB B mHpOKOM 'AHanasoue suaqeHHlit~ 

2. OcymecTBneu sKcnepHueyHT no Hsyqeimm ynpyroro pp-pacceHHHH 
Ha YCKOpHTeJle Y-70 (CepnyxoB ). 

co·cTaBJ16Hll nporpaMMU o6pa60TKH HHqiopuaqHH, sanHCBHHOtt Ha uar
HHTHYD Jl0HTY,'AJIH BllqHcJleyHHH 'AH~epeHIU1aJ1»HliDC ceqeHHlit H OlIP6'A6Jle
HilH napaueTpoB ( cl , l:, ) ynpyroro pacceHHHH~ 

0suepeuo 'AH~epeu1µ1an»uoe ceqeuHe ynpyroro pp-pacceHHHH B 
o6naCTH HHiepqiepeHIUtH KYJIOHOBCKO!it H H'A6PHOH QIIIIJlHTY'A co; oom~ It: I~ 
0,05(raB/c)2) C OTHOCHT6JlhHOlit TOqHOCT»D (l-2)%DpH 8HaqeHHHX HM -
llYJlhCB 9,4; 19,l; 38,0; 40,0; 50,6; 55,3; 59,4; 69,8 raB/c.Hsy
qeua 88BHCHMOCTh BemecTB6HHOlit qacTH BMlIRHTY'All pp-pacceHHHH B COOT
B6TCTBymmeM HHTepBane sueprett. AHBJIH8 nonyqeHHHX pesyJihTBTOB IlOKB-
8HBaeT, qTo B HCCJI6'AOBBHHOil o6naCTH sueprHll B6JIHUHa BemeCTB6HHOlit 
qacTH aMnnHTY'All pacceHHHH cornacyeTCH C llP~'ACK838HHHMH HS 'AHCnep
CHOHHUX COOTHOW6HHH Hee 88BHCHMOCTh OT aueprHH (yueijnill6HH6 Be~ecT
B6HHOil qacT.ll no a6COJIIDTHOll B6JIH'llHHe C POCTOU sueprHH) He AB6T yKa-
88HHH Ha B08MOEHOCTh HapymeHHH Teopeuu llouepauqyxa (cnyqaf,KOrAa 
l!i.m o< (£ t) /_,_ _0. /en. £--canst ¢0, T. e. /eJ. / norapzqiuHqecxH e-r- , ,,_ ,) 

· pacTeT c sHepr1rnlit}. llonyqeHHUe auaqeHHH BeJmqHHU oet nonuoro ce-
qeHHH ynpyroro pp-pacceHHHH DOK88HB8DT, qTo HU06T uecTO UOHOTOB
HOe yueHnW6HH6 6ee BnJIOTh 'AO sueprHH 70 rsB, o6yCJIOBJl6BH06 cyze

.HHeM 'ARq>paKIUtOHHOro KOHyca H yueu»meHR6M B8JIRqffHH pean»HOtt ~BOTH 

8MlIJIHTY'All• 
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