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1. BBEAEHHE 

YKaaaHHble Bblwe I-1HCTI-1TYTb1 1-1 na6opaTOP~-'~~-'~ * 3alo1HTepecoeaHbl 
B npoBeAeHI-11-1 AOilrocp04HOH nporpaMMbl lo1CCJleAOBaHio1H ¢YHAaMeHTaJlb
HbiX np0611eM ¢1-131o1Kio1 3JleMeHTapHbiX 4aCTio1~ C nOMO~b~ ny4Ka M~OHOB 
YHK e H¢83 /K 3TI-1M opraHio13a~lo1RM B03MomHo nplo1cOeAI-1HeHI-1e 1-1 APY
rl-'lx lo1HCTI-1TYTOB/. 

B CBR31-1 c C03AaHio1eM YHK npeAnonaraeTCR paapa6oTKa npoeKTa 
nporpaMMY 1-1 3Kcneplo1MeHTaJlbHOH ycTaHOBKI-1 AilR lo1CCileAOBaHI-1H 
rny60KOHeynpyrlo1X pacceRHI-'IH /rHP/ M~OHOB T3BHOH 3Heprl-11-1 /AO 
-2 T3B/ Ha HYKJlOHax 1-1 RApax C ~eJlb~ lo13y4eHio1R CTpyKTYPbl 3Jle
MeHTapHbiX 4aCTI-1~. 

CornacHo coepeMeHHbiM npeACTaeneHI-'IRM M~OH - T04e4HaR 4aCTio1~a 
1-1 no3TOMy RBJlReTCR yHI-1KaJlbHbiM I-'IHCTpyMeHTOM AilR I-1CCileAOBaHI-1R 
CTpyKTypbl 6o11ee CJlOmHbiX 06DeKTOB. 

HcTOpl-14ecKI-1H onbiT noKa3biBaeT, 4TO KamAbiH Ka4eCTBeHHbiH nepe
XOA B HOBY~ 06JlaCTb 3Hepri-1H 1-1 nepeAaHHbiX I-1MnyJlbCOB (Q2) BCerAa 
conpoeOmAaeTCR OTKPb1Tio1eM nplo1H~Io1nlo1aJlbHO HOBbiX RBJleHio'IH 1-1 06Hapy
meHI-1eM 6011ee TOHKI-'IX CTpyKTyp lo'ICCJleAyeMbiX 06DeKTOB: aTOMOB, 
RAep, HYKJlOHOB 1-1 T.A. ECTb OCHOBaHio'IR nonaraTb, 4TO B TaKio'IX 
3KCTpeMaJlbHbiX ycnoBI-'IRX, KOTOpble o6ecne41-1T YHK, 6YAYT o6Hapy
meHbl HOBble Helo13BeCTHble paHee RBJleHio'IR, ¢1o131o14eCKio1e 3aKOHOMepHO
CTio1 1-1 CTpyKTYPHble OC06eHHOCTio1 4aCTio1~. npa.1 CTOJlb 60J1b~lo1X 3Ha4e
Hio1RX Q 2 /-2000 r3B 2 1-1 BbiWe/ MOryT npeTepneTb lo13MeHeHI-1e 1-1 OC
HOBHble nOHRTI-'IR COBpeMeHHOH ¢1-131o1Kio1 - CTpyKTypHble ¢YHK~I-11-1, OAH0-
¢0TOHHbiH o6MeH, o6MeH npoMemyT04HbiM 6oaoHoM, npeAnonara~~~-'~e 
JlOKaJlbHOCTb B3alo1MOAeHCTBI-1R 1-1 T04e4HOCTb KBapKOB. 

Ec111-1 me 6YAYT o6HapymeHbl npoRBJleHI-'IR ¢YHAaMeHTaJlbHOH AI11-1Hbl, 
TO 3TO RBI-'ITCR nplo1H~Io1nlo1aJlbHO HOBbiM waroM B ¢1-131-1Ke 3JleMeHTapHbiX 
4aCTio1~. 

HcHo, 4TO npo6neMbl 3Tio1 ocTaHyTCR aKTyaJlbHbiMI-1 e~e Ha MHOrlo'le 
rOAbl, a l-13y4eHio1e HOBbiX RBJleHI-'IH 1-1 AI-1HaMio1KH B3aHMOAeHCTBI-1R 4ac
Tio1~ npa.1 CBepXBbiCOKHX 3Heprlo1RX nOCJlymHT OCHOBOH AJ1R C03AaHHR 
eAI-1HOH ¢H3H4eCKOH TeOpHI-1. 

nporpaMMa HCCJleAOBaHio1H rHP ·M~OHOB B T3BHOH 06JlaCTI-1 3HeprHH 
:.naHI-1pyeTCR KaK eCTeCTBeHHOe npOAOJlmeHio'le Hay4HOH nporpaMMbl, 
ocy~ecTBJlReMOH e HaCTOR~ee epeMR e coeMecTHOM OH~H-UEPH 3Kcne
PHMeHTe HA-4. Paapa6oTKa npoeKTa 6yAeT npoBOAI-1TbCR e 1982-85 rr. 
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Ha 6a3e on~Ta, HaKonneHHoro e npo~ecce peanH3a~HH 3Toro, a 
TaK>Ke APYrHx MIOOHH~x 3KcnepHMeHTOB UEPHa (HA-2, HA-9). 

0CHOBH~e ~H3H4eCKHe npo6neM~, a TaK>Ke MeTOAH4eCKHe BOnpoc~, 
CBR3aHHble C C03AaHHeM ycTaHOBKH H MIOOHHOrO ny4Ka AnR 3THX HC
cneAOBaHH~, KpaTKO ~pMynHpyiOTCR HH>Ke. 

2. ~~3~4ECKAH nPOfPAMMA 

O>KHAaeTCR, 4TO YHK 6yAeT HMeTb MIOOHH~~ ny40K c 3HeprHe~ 
AO 2 T38. Ha pHc. 1 noKa3aHa o6nacTb HMnynbcoe H 3HeprH~ (Q~v), 
nepeAaHH~X HyKnQHY, KOTOpaR MO>KeT 6~Tb AOCTHrHyTa B HCCneAO
eaHHRX fHP. AfiR cpaBHeHHR noKa3aHa TaK>Ke COOTBeTCTBYIO~aR o6-
naCTb, H3y4aeMaR e 3KcnepHMeHTax Ha ycKOPHTenRx UEPHa /CnC/ 
H ~HA~a /T3BaTpOH/. 

npHBeAeM AaneKo He nonH~~ nepe4eHb npo6neM, paccMoTpeHHe 
KOTOp~X B 3TO~ o6naCTH npeACTaBnReT 6onbWO~ ~H3H4eCKH~ HHTepec. 

2.1. aanbHe~WaR npoeepKa rHnOTe3~ CKe~nHHra 6bepKeHa 

anR 3TO~ npo6neM~ OTKp~BaiOTCR HOB~e acneKT~. 06naCTb KHHe
MaTH4eCKHX nepeMeHH~x AnR peaK~HH 

+ + 
IL-+N-+j.L,- +X /1/ 

no cpaeHeHHIO c cnc 6yAeT pacwHpeHa Ha nopRAOK. B OAHOM 3KCne
PHMeHTe HeynpyrHe CTPYKTYPH~e ~yHK~HH HyKnOHa, HanpHMep F2(x,fi'), 
6YAYT H3MepeH~ Ha npOTR>KeHHH n04TH 3 nopRAKOB H3MeHeHHR Q2, 4TO 
n03BOnHT AeTanbHO H3Y4HTb HapyweHHe CKe~nHHra H YCTaHOBHTb,Ka
KHM 3aKOHOM - norapH~MH4eCKHM (-m(Q2/A2 )) HnH CTeneHH~M 
(-(Q2j A2 ){3 )-OHO onHc~eaeTcR. 

2.2. CTpyKTYPH~e ~YHK~HH npoToHa H He~TPOHa 
p 2 n 2 

~3MepeHHR F2,1 (x,Q ) H F2,1 (x,Q ) Heo6xOAHMbl AnR H3y4eHHR 
npo6neM HapyweHHR CKeHnHHra B 4HCT~X COCTORHHRX, He OCnO>KHeH
H~X RAepH~MH 3~~eKTaMH 0 0C06eHHO B o6naCTRX X-+0 H X-+1. ~3 
3THX 3KCnepHMeHTOB 6YAYT nony4eH~ TaK>Ke ~yHK~HH pacnpeAeneHHR 
KeapKoe /H rniOoHoe/ e HyKnoHax, KOTop~e Heo6xoAHM~ AnR HHTep
npeTa~HH MHOrHX 3KCnepHMeHTOB H npoeepKH TeOpH~. 

2.3. nonRpH3a~HOHH~e 3~~eKT~ B fHP 

aH~~epeH~HanbHOe Ce4eHHe peaK~HH /1/ Ha nonRpH30BaHH~X npo
TOHaX COAep>KHT ABe AOnOnHHTenbH~e CTpyKTypH~e ~YHK~HH, 3aBHCR-
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PHc. I. KHHeMaTH'l'ecKaR IIJIOCKOCTb (Q , v) HHKnJ03HBHoro 

rnyOOKOHeyrrpyroro pacceRHHR MIOOHOB Ha HyKnOHaX riP,H Ha

'l'aJlbHOJ1 3HeprHH 2 T3B. CIIJiomHbiMH nHHHRMH rroKa3aHbi nHHHH 

riOCTORHHOro yrna pacceRHHR; riYHKTHpOM - nHHHH riOCTORH

Horo 3Hat.~eHHR norrepe'l'Horo HMrrynbca pacceRHHblX MJOOHOB; 

Be,PTHKaJlbHbiMH nHHHRMH - rpaHHI..\bl oonaCTH, ,ll;OCTHJKHMOi\1: 

ua crrc L(EPHa H T3BaTpone «llHAJla /CJJJA/. 
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~~e OT cn~HOB~X COCTO~H~H B3a~MOAeHCTBY~~~X 4aCT~~. nocKOnbKY 
aa cn~H HyKnOHa OTBeTCTBeHH~ eaneHTH~e KBapK~, ~3y4eH~e 3T~X 
~YHK~~H noaepn~T pa3Aen~Tb BKnaA~ B HapyweH~e CKeHn~Hra OT 
eaneHTH~X ~ MOpCK~X KBapKOB. 

2.4. Cna6~e HeHTpanbH~e TOK~ 

np~ Man~X Q2 OCHOaHOH aKnaA B peaK~~~ /1/ Aa~T 3neKTpOMar
H~THble npo~ecc~ C OAHO~OTOHHbiM ( y) 06MeHOM. no Mepe pOCTa Q2 
ace 6onee aalKHbiM CTaHOB~TC~ BKnaA . A~arpaMMbl C 06MeHOM npo
MelKyT04HbiM 6030HOM zo, np~ Q2,.. M~ aKnaA o6eHX AHarpaMM CTaHO
B~TC~ cpaaHHM~M. EcnH orpaHH4HTbC~ y4eTOM 4neHoa, n~HeHHbiX 
no 0, TO Ce4eHHe peaK~H~ /1/ MOlKeT 6~Tb aanHCaHO a B~Ae du= 
= duy +duyz + ••• 0THOWeHHe y-_Z HHTep~epeH~HOHHOro aKnaAa 
K OAHO~OTOHHOMY An~ M~OHOa pa3Hb1X 3HaKOa C npOAOnbHOH non~pH
aa~HeH A: 

duy+Z/duy=1- k[vi-IV +all A+ ;\(vi-IA + all V)], /2/ 

aaaHC~T OT ~YHK~HH k, KOTOpa~ nponop~HOHanbHa OTHOWeHH~ KOH
CTaHT B3aHMOAeHCTaH~ H xapaKTep~ayeT OTHOCHTenbH~H aKnaA cna-
6oro aaa~MOAeHCTBH~: 

G 1 g2M~ -4 Q2~z 
k=--··.---·.--~=18·10 --- /3/ - 2 2 2 • 2 2" 

'1}2 277aM Mz+Q Mz+Q 

npH Mz= 100 r3B ~ 11 cpeAHeM 11 An~ YHK Q2 = 2000 /r3B/c/ 2 napa
MeTp k AOCTHraeT y>Ke 30%. COOTHOWeHHe /2/ COAeplKHT BeKTOpHy~ 
(v ) H aKCHanbHY~ (all ) KOHCTaHTbl Ca~3H M~OHa C Z 0 , a ~YHK~~H 
V'(x,Q2 ) H A (x,Q2 ) xapaKTepH3Y~T OTHOCHTenbHbiH aKnaA 11HTep~e-
peH~H~ 3neKTpOMarH11THOH H aeKTOpHOH /aKCHanbHOH/ 4aCTI1 HeHT
panbHOrO TOKa. Ha /3/ cneAyeT, 4TO no Mepe pocTa Q2 a npo~ec
cax rny6oKoHeynpyroro pacce~HH~ AOnlKH~ ace 6onbwe H 6onbwe 
npo~an~TbC~ 3~~eKT~ HapyweHH~ 4eTHOCTH H 3ap~AOBbiX aCHMMeTpHH, 
HaH6onee xapaKTepHble 113 KOTop~x onpeAen~~Tc~ cneAY~~HM o6pa
aoM: 

1. P-He4eTHa~ acHMMeTpH~ /np11 H3MeHeHHH non~p~3a~HI1 ny4Ka 
6e3 113MeHeHH~ 3HaKa aap~Aa 4aCTH~ ny4Ka/: 

± + ± ± ± A ,. [d~- (A 1)-du (A2 )]/[ da (A 1 )+du (A2 )]= 

= -kA(±a Jl.v + vJI.A) ( np11 A=A1 =-A 2). 
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2. AcHMMeTpH~ D /npH H3MeHeHHH aap~Aa 6ea H3MeHeHH~ non~
p~aa~HH 4aCTH~ ny4Ka/: 

D= [da+ (A)-da:-(A))/[da+(A)+du-(A)]=-ka (A+AV). 
jJ. 

3. AcHMMeTpH~ B /npH OAHoepeMeHHOM H3MeHeHHH Ha npoTHeo
nono>KHble 3ap~Aa H non~pH3a~HI1 4aCTH~ ny4Ka/: 

B •[ da +(;\) -du- (-,\))/[ du+ (A )+du -( -A)].,-k(a -;\ v )A. 
jJ. jJ. 

O~eHKH, KOTop~e MOlKHO CAenaTb a paMKax 3neKTpocna6oH Teo
PHH BaHH6epra-CanaMa, noKa3b1Ba~T, 4TO npH Q2• 2 .1 0 3 /r38/c/ 2 
acHMMeTpHH A H B AOCTHra~T 12% H 25% cooTaeTcTBeHHO H nerKo 
113Mep~~TC~ 3KcnepHMeHTanbHO. 

H3y4eHHe acHMMeTpHH noaaonHT nony4HTb 6oraTeHwy~ ~H3H4e
cKy~ HH~OpMa~H~: 

a/ H3MepeHHe aenH4HH~ 3~~eKTa a C04eTaHI1H C H3aeCTHOH 
/K TOMY apeMeHH/ MaCCOH zo AaCT yKa3aHI1~ Ha B03MOlKHOe cy~eCT
BOaaHHe APYrHx Z 6o3oHoe, 

6/ HCcneAOaaHHe KOnH4eCTaeHHbiX COOTHOWeHHH MelKAY acHMMeT
pH~MH A , B H D no3eom1T npoaepHTb HOabiM cnoco6oM TeopH~ 
8aHH6epra-CanaMa /HnH n~6y~ Apyry~/; HX KOM6HHa~HH OAH03Ha4-
HO, 6e3 npHene4eHH~ APYrHx 3KcnepHMeHToa H 6e3 npeAnono>KeHHH 
0 AHHaMHKe CHnbH~X B3aHMOAeHCTaHH onpeAen~~T npOH3BeAeHH~ 

aJI.A , aJI.V H vi-I A; 
a/ H3MepeHHe acHMMeTpHH D a aaaHCHMOCTH OT ,\ no3aonHT pa3-

AenHTb BKnaA~ HOabiX CTPYKTypHbiX ~YHK~HH 0 2(x,Q 2 ) 11 x03(x,Q 2), 
~3 KOTOp~X nepea~ OC06eHHO 4yaCTBHTenbHa K AeTan~M 3neKTpo
cna60H TeopHH (sin 2e); 

r/ H3y4eHHe Y-3aaHCHMOCTH aCHMMeTpHH ~Bn~eTC~ KOnH4eCTaeH
HOH npoaepKOH V-A CTpyKTYPbl HeHTpanbHbiX M~OHHbiX TOKOa, no
CKOnbKY npH Y=O A+.-A-11 B-0 He3aaHCHMO OT MOAeneH; 

AI HccneAOBaHHe 3aBHCI1MOCT~ acHMMeTpHH B oT A AacT caeAe
HH~ 0 npHMeCI1 npaa~X HeHTpanbH~X TOKOB. 

H3y4eHHe HeHTpanbHbiX M~OHH~X TOKOB MOlKeT CTaTb OCHOaHOH 
4acTb~ nporpaMM~ M~OHHbiX 3KcnepHMeHTOa Ha YHK. 

2.5. Cna6~e 3ap~>KeHH~e TOKH 

Cna6~e 3ap~lKeHH~e TOKH MoryT 6~Tb H3y4eH~ e peaK~H~x 

Jl.+ +N ... v +X, 
jJ. 

jJ. +N ... v +X, 
jJ. 

/4/ 

, rAe X- aAPOHH~H nHBeHb, 3HeprH~ H HanpaeneHHe KOTOporo onpe
Aen~IOTC~ a 3KcnepHMeHTe. 3To 4HCTo "cna6a~" peaK~H~. Ce4eHHe 
ee ,' KaK H3aeCTHO, aaaHCHT OT 3 CTpyKTYPH~X ~YHK~HH: F1 (x,Q2 ) , 
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F2 (x,Q2 ) 14 x• Fa (x,Q
2

).11x onpeAeileHI4e 143 AaHHoro npo1..1ecca coe

MeCTHO C 143MepeHI4~M14, yKa3aHHWM14 BWWe, n03BOili4T 3KCnepi4MeHTailb

HO pa3Aeili4Tb BKilaAw a ce4eHI4~ I CTPYKTYPHble <l>YHK1..11414/ OT 414CTO 

Cila6biX, 414CTO 3JleKTpOMarHI4THbfX 3$$eKTOB, a TaK>Ke OT 14X 14HTep

$epeH1..11414. 
AHailori44HO HeATpi4HHWM 3Kcnepi4MeHTaM MoryT 6WTb npoBeAeHbf 

14CCileAOBaH14~, KOTOpbfe no3BOil~T AeTailbHO 143Y414Tb OTHOWeH14~ R~+ 
14 R _-ce4eHI4H peaK1..114H, Bb13WeaeMwx 3ap~>KeHHbfMI4 14 HeATpailbHbfMI4 

TOKa~l4. KpoMe Toro, peaK1..11414 I 4! MoryT 6b1Tb 143y4eHw Ail~ pa3HbiX 

cn14pailbHOCTeH /npOAOilbHbfX nOil~P143a1..114H/ M~OHOB, nOCKOilbKy Cn14-

paJlbHOCTb M~OHOB KOHTPOill4pyeTC~ He3aBI4C14MO OT 3HaKa 14X 3ap~Aa. 

TaKa~ B03MOlKHOCTb OTCYTCTByeT B onbfTaX C HeHTP14HO. 

2.6. PaA14ai..II4~HHwe nonpaBKI4 /Pn/ 

npaB14IlbHbfe BW414CileHI4R 14Il14 3KCnepi4MeHTailbHOe onpeAeileHI4e 

BKllaAa B peaK1..114~ /1/ 3IleKTpOMarHI4THWX npOI..IeCCOB C y4aCTI4eM 

HeCKOilbKI4X $OTOHOB - paA14ai..I140HHbfX nonpaBOK - onpeAeil~eT ycnex 

BCeH yKa3aHHOH BWWe nporpaMMbf. ao HaCTOR~ero BpeMeH14 HaAe>KHO 

Bbf414CJleHbl Il14Wb nonpaBKI4 nopRAKa a K IlenTOHHOMy TOKy. ailR 3Ha-

414TeilbHOH 4aCTI4 KI4HeMaTI44ecKoA nnocKOCTI4 /pl4c.1/ Pn npeewwa~T 
BellH414HY 3%. no3TOMY Tpe6yeTCR AeTallbHbfH y~onpaBOK nopRA

Ka a 2 c TeM, 4To6w M14HI4M14314poeaTb TeopeTI44eCKI4e HeonpeAelleH

HOCTI4 Pn. 

Ol..leHeHw TaK>Ke- Pn K aApOHHOMY ToKy. Bb1414CileHI4R MOAeilbHo-

3aBI4CI4Mbf, HO eCTb yKa3aH14R, 4TO 3TOT Tl4n Pn He 3aBI4CI4T OT 3Hep

rl414, 14 n03TOMy 14X BKilaA MO>KeT 6WTb 3KCnepi4MeHTailbHO 143MepeH 

np14 MeHbWI4X 3Hepr14RX, rAe BKllaA APYr14x 3$$eKTOB npeHe6pe>KI4MO 

Mail. 

113 MHOrl4x APYr14x Tl4noe 3IleKTpoMarH14THWX npolleccoe, Aa~~14X 

BKilaA B Pn, Hai460JlbWY~ TeOpeT144eCKY~ HeonpeAelleHHOCTb 14Me~T 
Ol..leHK14 BKilaAa 3JleKTpOMarH14THbfX B3a14MOAei1CTB14H aApOHOB B KOHe4-

HbfX COCTORH14RX. 

CileAyeT oTMeTI4Tb, 4TO 143y4eHI4e Pn 14, a 4acTHOCTI4, ABYX<!>OToH

HbfX (20 npolleccoe 14MeeT 6oilbwoA caMocTORTeilbHbfA 14HTepec. BKnaA 

2y -npolleccoe KP14TI44eH K KBaHTOBbfM 414CilaM KBapKoe. Cy~ecTey~T 

YTBeP>KAeH14R, 4TO 14Me~~14eC~ Ha 3TOT C4eT AaHHbfe 11Y4We COrilaCy~T

CR C l..leil0414CileHHbfM, a He AP06HbfM 3apRAOM KBapKa. 

2.]. KoHe4HWe aApOHHbfe COCTORH14R 

113y4eH14e KOHe4HbfX aApOHHbfX COCTORH14H B fHP M~OHOB, BKJl~4aR 

06IlaCTb 60nbW14X Q2 , n03BOil14T nOilY414Tb BeCbMa Ba>KHY~ 14H$OpMa-

1..114~ 0 KBapKOBOH CTpyKType aAPOHOB, 0 CBOHCTBaX KBapKOB, 14X 3a

P~AaX, 0 Beil14414He nonepe4HOrO 14MnyilbCa KBapKOB B aAPOHax,a TaK-
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>Ke, B C04eTaH1414 C AaHHWM14 no 14HKil~314BHWM aApOH-aApOHHWM CTOilK

HOBeHI4RM, 14H<!>OpMal..ll4~ 0 <!>YHAaMeHTaJlbHOM KBapK-KBapKOBOM B3ai4MO

AeHCTBI414. 

OnpeAeileHI4e <!>YHK1..114H ct>parMeHTal..ll414 Ail~ pa3Ili44Hb1X aAPOHOB 

/n140HOB 14 KaOHOB/ AaeT B03MOlKHOCTb npoeepi4Tb PRA COOTHOWeH14H, 

npeACKa3WBaeMbfX o6~eH KBapK-napTOHHOH CXeMOH CTpyKTypw HyKilO

HOB, a TaK>Ke 3KCnepi4MeHTallbHO onpeAeil14Tb PRA KOM614Ha1..114H $yHK-

1..114H pacnpeAeileH14H KBapKOB. 

2.8. KyMyilRT14BHwe 3$$eKTbf 

113y4eH14e C06b1T14H fHP Ha RApax B TOH o6IlaCT14, KOTOpaR aanpe

~eHa 11 HOpMailbHOH 11 M~OH-HYKilOHHOH K14HeMaT14KOH, eCTb 143y4eH14e 

MYilbT14KBapKOBbfX KOH$14rypa1..114H B RApax, KBapKOBOH K14HeT14KI4, 143y-

4eHI4e B3a14MOAeHCTB14H I..IBeTHoro 3ap~Aa c ~AepHOH MaTep14eH. np14 

CTOilb 60ilbW14X nepeAa4aX 14MnyilbCa KeapK 6yAeT npOXOA14Tb 60JlbW14e 

paCCTO~H14R B 1..1BeT03apR>KeHHOM COCTORHI414 /3aBeAOMO 60ilbW14e paa

MepOB Il~6oro ~Apa/. 

2.9. 113K30TI44eCK14e 11 COCTORHI4R 

np14POAa MO>KeT OKa3aTbCR ropa3AO 6ora4e B Hei4CCileAOBaHHOH 

o6IlaCTI4, 4eM 3TO npeACTaenReTCR a HaCTOR~ee epeMR. MoryT 6b1Tb 

OTKPbfTW 3K30TI44ecKI4e 4aCTI4l.lbf,TaKI4e, KaK 6o30Hbf X14rrca, Macca 

KOTOpbiX ceA4aC Hei43BeCTHa, l..leil03apR>KeHHWe KBapKI4 0 MarHI4THbfe 

MOHOnOil14 C MaCCOH -50 f3B 14 AP· 3TO MO>KeT OTpa314TbCR Ha oGpi4-

COBaHHOH BbfWe nporpaMMe. 

npoeKT14poeaHI4e HOBOH ycTaHOBK14 AilR 110lK14AaeMOH 11 $14314KI4 ecer

Aa ce~aaHo c pi4CKOM npoATI4 MI4MO HOBbfX 14 ea>KHbfX ~BileH14A. EA14H

CTBeHHaR B03MOlKHOCTb yMeHbW14Tb 3TOT p14CK 3aKil~4aeTCR B TOM, 

4T06bl C03AaTb AeTeKTOp, Hal..lelle~bfH Ha 143MepeH14e 110lK14AaeMoro11 

14 AOCTaT04HO yH14BepCallbHbfH, 4T06bf He ynyCT14Tb 11HeO>K14AaHHOe 11
• 

npl4 nilaH14pOBaH1414 11 HeO>K14AaHHOr0 11 CileAyeT 14MeTb B B14AY npe>K

Ae ecero: 

a/ B03MO>KHOCTb 143y4eHI4R ynpyrl4x 1-1 P- 14 1-1d -pacce~HI4H; 
6/ B03MOlKHOe nORBileH14e HOBbfX BeKTOpHbiX COCTORH14H T~>KeilbfX 

nap KBapK-aHTI4KBapK; 

B/ Cy~eCTBOBaHI4e TR>KellbfX IlenTOHOB, per14CTpl4pyeMWX 4epe3 

MYllbT14M~OHHbfe COCTO~H14R; 

r I 3$$eKTbf, CBR3aHHble c npORBileHI4eM <l>YHAaMeHTailbHOH All14Hbf 

14 CTpyKTYPbf IlenTOHOB. 

ECil14 OKa>KeTCR, 4TO IlenTOHbf 14Me~T BHyTpeHH~~ CTpyKTYPY 14Il14 

cy~eCTByeT <!>YHAaMeHTailbHaR Ail14Ha, KllaAy~aR eCTeCTBeHHbiH npeAell 

~OKailbHWM B3a14MOAeHCTB14RM, TO 14CClleAOBaHI4R peaK1..114H C 60ilbW14M14 

nepeAa4aM14 14MnyJlbCa B npocTpaHCTBeHHO-nOA06HOH 06IlaCTI4 MoryT 

np14B-~CTI4 K HOBOH peBOil~l..l1414 B $14314Ke. 
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3. 3KCnEP~MEHTAnbHAR YCTAHOBKA 

3KenepHMeHTa11bHaR yeTaHOBKa ,Q11R MIOOHHbiX 3KenepHMeHTOB Ha 
YHK ,~:~onmHa eHHTe3HpoeaTb oeHOBH~e H,QeH KpynHe~wHx yeTa
HoeoK L.lEPHa - HA-2, HA-9 1-1 HA-4- 1-1 eoeTORTb 1-13 HeeKOJlbKHX 
He3aBHeHM~X 3JleMeHTOB, KOTOp~e MOryT Hen011b30BaTbeR BMeeTe, 
a MOryT 4aeTH4HO I-13MeHRTbCR OT 3KenepHMeHTa K 3KenepHMeHTy. 
Mo,~:~ynbHaR eTpyKTypa no3eonReT 3aMeHHTb HeKoTop~e 3neMeHT~ ye
TaHOBKH, ee111-1 B ,Qa11bHe~WeM 6y,QyT Ha~,QeHbl HOBble 1-1111-1 6onee Y,Q06-

Hble eapHaHTbl. 
YeTaHOBKa ,QOJlmHa CO,QepmaTb e11e,QyiO~He OeHOBHble Y311~ /eM. 

pHe.2/: 
--1-. nepe,QH·I-1~ cneKTpOMeTp-Ka110PHMeTp ,QJlR o6eene4eHHR H3y4eHHR 
fHP B o6nacTH MaJlbiX X H Q 2, n011RPH3a~HOHHbiX 3()l()leKTOB, KOHe4HbiX 
a,QpOHHbiX eoeTORHH~, 3apRmeHHbiX TOKOB; 

2. JopOH,QaJlbHbl~ eneKTpOMeTp ,QJlR H3y4eHHR fHP B 0611aeTH 6onb
WHX Q2, aeHMMeTpH~, MY11bTHMIOOHOB 1-1 AP. ; 

3. 0KOHe4Hbl~ ,QeTeKTOp ,Q11R TarrHpOBaHHR 3HeprHH BHpTya11bHbiX 
(j>OTOHOB, H3y4eHHR o6naeTH eeepXMa11~X Q2 /ynpyrHe paeeeRHHR/, 
3apRmeHH~X TOKOB H ,Qp.; 

4. MHweHH I H 2 , D2 , C ••• , nonRpH30SaHHaR H2 I 1-1 eHeTeMy HX 

o6eene4eHHR; 
s. BenoMoraTenbHble ,QeTeKTOp~ /e4eT4HKH 3a~HT~ aT rano, ny4-

KOB~e rO,QOCKOn~, e4eT4HKH eHeTeM 3anycKa cneKTpOMeTpOB/, eHe
TeMy H3MepeHHR npo,Q011bHO~ no11RPH3a~HH ny4Ka 1-1 AP·; 

6. Bbi4HenHTenbH~e MawHH~ /3BM/. 
~3 nepe4He11eHH~x y3110B oco6eHHO T~aTenbHO ,Q011meH 6b1Tb cnpo

eKTHpoeaH nepe,QHI-1~ eneKTpOMeTp-KanopHMeTp, K KOTOpOMy npe,QoRB
JlRIOTeR oeo6~e Tpe6oeaHHR: e~eoKaR pa3pewaiO~aR enoeo6HoeTb no 
npoeTpaHeTBeHHbiM KOOp,QHHaTaM, no KHHeMaTH4eeKHM nepeMeHHbiM, 
no MHOrOTpeKOBOeTH, enoeo6HOeTb H,QeHTH()>H~HpOBaTb THn BTOpH4H~X 
4aeTH~ H np. 

TopOH,Qa11bHbl~ eneKTpoMeTp e KOH()>Hrypa~HH HA-4 o6eene4HeaeT 
3()l()leKTHBHOeTb perHeTpa~HH ]Q-80% ,Q11R paeeeRHH~X MIOOHOB e Q 2 > 
>50 /f3B/e/2 H MOmeT 6b1Tb nonHOeTbiO HCn011b30BaH B 3KenepHMeH
TaX Ha YHK. anR paewHpeHHR era B03MOmHOeTe~ ~enecoo6pa3HO ,Q0-
6aBHTb HecKonbKO eynepMO,Qy11e~ e eeepxnposo,QR~eM eapHaHTe. 

0KOHe4Hbl~ ,QeTeKTOp ,QOnmeH H,QeHTH()>H~HpOBaTb H onpe,QeJlRTb na
paMeTpbl /HMnynbe, yron/ MIOOHOB, paeeeRBWHXeR Ha Man~e yr11~. 
AnR 3Toro e era eoeTae ,Q011lKeH exo,QHTb ,QOeTaT04Ho eHnbHbl~ Mar
HHT I B f > 30 TM/ 1-1 Koop,QHHaTHble ,QeTeKTOpbl. 

Bee ,QeTeKTOP~ yeTaHOBKH ,QonmHbl 6~Tb enpoeKTHpoeaHbl TaK, 
4T06~ HCnOJ1b30BaTb MaKeHMaJlbHYIO HHTeHeHBHOCTb ny4Ka. MaewTa6 
YCTaHOBKI-1 ~Ka3aH Ha p1-1e.2. anR ee paen0110meHHR Tpe6yeTeR cne
~HaJlbHbl~ 3KenepHMeHT~~ 3a11, paaMepbl KOToporo He MeHee 
200 M B ,QJlHHY, 30 M B WHPHHY H 20 M B BbleOTY. 3an ,QOnmeH 6b1Tb 
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o6opy,QOBaH ,Q11R pa60T e lKH,QKHM BO,QOpO,QOM, HMeTb 2-3 KpaHa ,QJlR 

no,QoeMa rpy30B eecoM ,QO 60-80 T H non no,Q Harpy3Ky He MeHee 

20-30 T/M2• 

2 

3AUJofTA tftEi(Tp"()Mrnl. n:FOIItAAAbHbllil 
OT rANJ KAAOP!*ETP CI"EKTPOMETP 

Bt=30Tu 
I 

100 

.]'< I t t t t t t 
l= H1 H2 H3 H4HS OKOHE"'Hbl~ H6 

llMKOBbiE rOAOCKOObl AETEKTOP 

PHc. 2. 06~aH ex eM a ycTaHOBKH AJIH MJOOHHbiX 3KcnepHMeHTOB 

Ha YHK. 

4. nY40K M~OHOB ~ KAHAn 

A11R Bbln011HeHHR npe,~:~11omeHHO~ Bblwe nporpaMMbl Heo6xo,QHM ny40K 
MIOOHOB, 0611a,Qal0~1-1~ 04eHb XOPOWHMH xapaKTepHeTHKaMH. 0eHOBH~e 

1-13 HHX e11e,Qy10~1-1e: 

1. ~HTeHeHBHOeTb ny4Ka- H~MeHee 10 9 /c npH 3HeprHH 2 T3B. 
O~eHKH noKa3~BaiOT, 4TO TaKyiO HHTeHeHBHOeTb MOmHO no11y4HTb, ee-
111-1 3a oeHOBY exeMbl ny4Ka B3RTb ny4oK M2 e L.lEPHe, r,Qe ,Q11R <!>o
KyeHpOBKH pO,QHTe11beKHX 4aeTH~ 1-1 ,Q04epHHX MIOOHOB Hen011b3yiOTCR 

KBa,Qpyno11H no exeMe FODO. 
2. 0THOWeHHe· HHTeHeHBHOeTH 4aeTH~ B rano ny4Ka K HHTeHeHB

HOeTI-1 ny4Ka.IH/IB 5 1+5%. Heo6XO,QHMO HMeTb eHeTeMy ,QHeTaH~HOHHO 
ynpaB11ReMbiX MarHHTHbiX eKpenepOB ,Q11R OnTHMH3a~HI-1 3TOrO OTHOWeHHR. 

3. 3HepreTH4eeKH~ pa36poe M: IE = +5%. KoHTp011b 1-1 nO,Q,Qepma
HHe eTa6H11bHOeTH epe,QHero 3Ha4eHHR He-xyme 0,1%. 

4. T04HOeTb 1-13MepeHHR HMny11bea HH,QHBH,Qya11bHOro MIOOHa ,Q011mHa 

6~Tb OK0110 0,1% /He XylKe 0,2%/. 
5. npo()>H11b ny4Ka B ee4eHHH - OKpylKHOeTb I Ux :: Uy ~3 eM/. 
6. PaeXO,QHMOeTb ny4Ka - MHHHMa11bHaR, HO He xyme Q, 1 Mpa,Q 

B o6eHX nnoeKOeTRX. 
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KaHan AOnmeH o6ecne4HBaTb B03MOmHOCTb: 
1. HeaaBHCHMoro s~6opa 3HeprHH pacnaAa~~HXCR nHDHOB 1-1 Kao

HOB 1-1 pacnaAHbiX M~OHOB. 
2. 4aCTOrO /HeCKOnbKO pa3 B CYTKH/ H3MeHeHHR npOAOnbHO~ 

nonRpl-13a~I-'!H 11+ 1-1 11-. 

3. KoHTponR 1-1 H3MepeH~R nonRpl-13a~~-'~~-'~ ny4Ka M~OHOB. 
4. KoHTponR 1-1 I-13MeHeHHR pemHMa pa6oT~ 3neMeHTOB, ~opMHpy~

~HX ny40K c noMO~b~ 38M IAHcnne~ 1-1 ne4aTb/ c nynbTa ynpasneHHR 
3KCnepHMeHTOM. 

5. AHcTaH~HOHHoro KOHTponR 1-1 I-13MepeHHR npo~Hne~ 1-1 HHTeH
CHBHOCTI-1 ny4Ka B HaH6onee KpHTI-14H~X MeCTaX BAOnb ero Tpacc~. 
8~BOA 3TO~ HH~opMa~HI-1 4epe3 38M Ha AHcnne~ 1-1 ne4aTb c nynbTa 
ynpasneHHR 3KCnepHMeHTOM. 3anHCb 4aCTI-1 HH~OpMa~HH Ha MarHI-'!T
H~e neHT~ BMeCTe C 3KCnepHMeHTanbH~MH AaHH~MI-1. 

Heo6xOAHMO OTMeTHTb, 4TO KaHan, YAOBneTsopR~~H~ nepe4Hc
neHH~M Tpe6osaHHRM, nerKo MomeT nepecTpaHBaTbCR AnR TpaHcnop
THPOBKH HHTeHCHBHOrO ny4Ka aApOHOB, BKn~4aR aHTHnpOTOH~. 

5. OUEHKH 8PEMEHH H3MEPEHH~ 

OueHKH speMeHH, Tpe6yeMoro AnR npoBeAeHI-'!R HeKoTop~x 1-13 ne
pe4HcneHH~X 3KcnepHMeHTOB, CAenaH~ s npeAnonomeHHRX, 4TO: 

a/ HHTeHCHBHOCTb ny4Ka np~-1 3HeprHRX 0,9; 1,5 1-1 2,1 T38 pas
Ha COOTB€TCTB€HHO 3•10 10 ; 1 ,5•10 10 1-1 1,5 ·109 /c; 

6/ aKcenTaHC icTaHOBKH 6nH30K K 1; -l 
e/ cseTHMOCTb ycTaHOBKH L I CM - 2 A€Hb I c HCnonb30BaHHeM 

paaH~x MHWeHe~ pasHa: 

E, T38 1 MH2 lOM·H2 10M. F~ 

0,9 6· 1038 
6 ·1 o39 6·10 41 

1, 5 3 ·1 0 
38 

3 ·1 0 39 
3·10 41 

2,1 0, 3 ·1 0 38 0, 3 ·1 0 39 
0,3·10 41 

5. 1. CTaTHCTI-'!Ka AnR l-13y4eHHR cTpyKTypH~x ~yHK~H~ 

Ha pHc.3 noKa3aH~ o6nacTI-1 KI-1HeMaTI-'!4eCKO~ nnocKOCTH, BHYTPH 
KOTop~x-aa-500 4acoe Ha6opa AaHHbiX np1-1 3HeprHH ny4Ka 2,1 T38 
MOmeT 6~Tb AOCTHrHyTa CTaTHCTH4eCKaR T04HOCTb ny4We 4€M 1% 
1-1n1-1 ny4we 4€M 10% AnR COOTBeTCTBy~~e~ MHWeHH. np~-1 M€HbWHX 
3HeprHRX Ha6op AaHHbiX C TO~ me T04HOCTb~ noTpe6yeT M€HbW€ Bpe
M€HH. 
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PHc.3. O~eHKa CTaTHCTH~ecKOH TO~HOCTH H3MepeHHH ce~eHHH 
/cTpyKTYPHhlX ~yHK~HH/ npH Ha~anbHOH 3HeprHH 2 T3B aa 
500 ~aCOB Ha6opa AaH~X C pa3HbMH MHW€HHMH. 

5.2. CTaTHCTHKa AnR l-'!3y4eHH~ He~TpanbH~X TOKOB 

Tpe6yeTCR o6ecne4HTb cTaTHCTH4eCKY~ T04HOCTb I-13MepeHHR paa
HOCTH ce4eHH~ He xyme 1-2%. KaK noKaa~eaeT on~T HA-4, np~-1 
3KCTpanonR~HH e o6nacTb YHK AnR 3Toro noTpe6yeTCR oKono 1000 4 
AnR I-13MepeHHR KamAO~ H3 aci-'!MMeTpH~. HaMepeHHR Heo6XOAHMO npo
BOAHTb c TRmeno~ MHWeHb~ /yrnepOA 1-1n1-1 6onee TRmen~~ 3neMeHT/. 
npl-1 3TOM noBeAeHHe aCHMMeTpH~ H HHTep~epeH~HOHH~X ~YHK~I-1~ B 3a
BHCHMOCTH OT KHHeMaTH4eCKHX nepeMeHH~X 6yAeT H3y4eHO AO Q2 ~ 
~1000 /f38/c/ 2. 

5.3. CTaTHCTHKa AnR H3y4eHHR aapRmeHH~x ToKos 

O~eHKH noKaa~ea~T, 4TO aa 500 4acos Ha6opa AaHH~x AnR H3y-
4eHHR KamAO~ H3 peaK~H~ /4/ MOmHO o6ecne4HTb 1-10%-Hy~ T04-
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HOCTb H3MepeHH~ Ce4eHH~ AnR 6onbWe~ 4aCTH KHHeMaTH4eCKO~ nnoc
KOCTH. 

TaKHM o6paaoM, npoAenaHH~e 04eHKH noKa3~ea~T, 4TO e~nonHe
HHe HaMe4eHHO~ nporpaMM~ B03MOmHO B pa3yMH~e CpOKH. 6onee Ae
TanbHble 04eHKH epeMeHH npoBeAeHHR 3KCnepHMeHTa Tpe6y~T y4eTa 
KOHKpeTHoro pacnonomeHHR annapaTypw H MOAenHpoeaHHR ycnoeH~ 
Ha6opa AaHH~X Ha 38M. 0HH, HeCOMHeHHO, MOryT H 6YAYT B~nOnHe
Hbl B 6nHma~WeM 6yAyl!leM. 

B 3aKn~4eHHe cneAyeT OTMeTHTb, 4TO, HMeR B SHAY 6oraTCTBO 
H eamHOCTb Hay4Ho~ HH~OpMa4HH, nony4aeMo~ e peaynbTaTe e~non
HeHHR HaMe4eHHO~ nporpaMMbl HCCneAOBaHH~, 4enecoo6pa3HO BKn~-
4HTb M~OHHwe 3KcnepHMeHTW Ha YHK e 4Hcno nepeoo4epeAHWX H ro
TOBHTb HX OAHOBpeMeHHO CO CTpOHTenbCTBOM yCKOpHTenR. 
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