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PanHanbHbie Kone6aHHH 

PanHanbHOe llBH~eHHe qaCTHU B CHHXpOUHKnOTpOHe MO~HO paCCM8TpH

B8Tb KaK cynepno3HUHIO panHanbHO-<jJ830BbiX H 6eTaTpOHHbiX KOne6aHHii. flpH 

onpeneneHHH cneKTpa p81lH8RbHbiX 6eTaTpOHHbiX KOne6aHHH BOCITOnb3yeMCll 

MeTOilHKOH0 pa3BHTOH B pa6oTe/l/H OCHOBaHHOH Ha aHanH:ae !flopMbl HMrrynbCa 

BTOpHqHbiX qacTHUo rronyqaiOIUHXCll npH B38HMOileiiCTBHH yCKopeHHbiX npOTOHOB 

C MHIUeHbiO. llmi 9Toro npOH3BOil HROCb $OTOrpa$HpOB8HHe OCUHnnorpaMMbl 

HMITYRbCa OT CUHHTHRRHTopa, ycTaHoBneHHoro B nyqKe BTOpHqHbiX qaCTHU. 

<PopMa HMnynbCa BTOpHqHbiX qaCTHU onpenenHeTCSI BpeMeHeM B38HMO

neliCTBHSI nyqKa C MHIUeHbl00 TOITIUHHOH MHWeHH H 9HeprHeii IT81l8IOIUHX qacTHUo 

BpeMSI B38HMOileiiCTBHSI llpOTOHOB C MHIUeHbiO ( llRHTenbJIOCTb HMITyRbCa nyqKa 

BTOpHqHbiX qacTHU) 38BHCHT npH HeH3MeHHbiX napaMeTpax yCKOpeHHSI TORbKO 

oT aenHqHHbi aMnnHTYil panHanbHbiX Kone6aHHii. ToniUHHa MHIUeHH H eHeprHSI 

qaCTHU onpenenSIIOT BenHqHHY HMITYITbCa Ha OCUHnnorpaMMe. 

QqeBHilHO, qTQ npH HeHaMeHHOH 9HeprHH nyqKa !flopMa ero HMrrynbCa 

He 6yneT 38BHCeTb OT TORIUHHbl MHIUeHH ( MHoroKpaTHOCTH npoXO~AeHHSI/2/) 0 

a TaK KaK nnH naHHoro aHanHaa a6coniOTHaSI aenuqHHa HMnynbca HecymecTBeH

Ha, TO He 06SI3aTeJ'IbHO HCllORb30B8Tb MHWeHb 0 COOTBeTCTByiOIUYIO OllHOKpaTHO

My npoxo~eHHIO qaCTHUo florpeWHOCTb npH 9TOM MO~eT 6b!Tb CBH3aHa TO~bKO 

C TeM, qTQ qaCTHUbl c paanHqHbiMH aMnnuTynaMH panHanbHbiX Kone6aHHii 

H, cnenoBaTenbHo, c paaaoll sHeprHeii, 6ynyT BMeTb HecKonbKO oTnHqaromHeCSI 

npyr OT npyra KO~HUHeHTbl MHOrOKpaTHOCTH npoxo~eHHllo 0nHaK0 0 llOCKOITb

KY M8KCHM8RbHblH 9HepreTHqeCKHH paa6poc BHyTpeHHero nyqKa Ha KOHeqJIQM 
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pauHyce cocTaBngeT no senHqHHe MeHbWe 10% KHHeTHqecKoA saeprHH qaCTHU, 

STOA norpeWHOCTbiO MOlKHO npeae6peqb, Ha pHCo 1 UOK838H8 ljlopMa HMnynb

COB ung rpaljlHTOBblX MHWeHeA TOflUlHHOR 5,40 H 70 MM H 6epHnnHeBoA MH

WaHH TOnWHHOA 40MMo C yBanHqaHHaM TOflWHHbl MHWeHH ljlopMa HMD)'nbC8 

MeHgaTcg H93H8qHTenbH0
0 

HeCKOflbKO paCWHpggcb B6nH3H BepwHHbl, 11Mnynb-

Cbl OT rpaljlHTOBblX MHWeHeA H MHWeHH H3 6epHnnHg HMeJOT 

BYIO ljlopMy, 

noqTH OAHH8KO-

neT8flbHOe H3yqeHH9 oco6aHHOCTeA ABHJKeHHg qaCTHU B ·cHHXpOUHKnO-

Tpoae B 
3HaqHTenbHOR CTeneHH CBg3aHO CO 3HaHHeM cneKTpOB aMDnHTYA 

pauHaflbHbiX H aKCHanbHblX 6aTaTpOHHblX KOna6aHHH 0 MeX8HH3M B03HHKHO

BeHHg KOTOpblX AO CHX nop OKOHqaTenbHO Ha Bbi!ICHaH, 11ccneAOBaHHe 3aBHCH

MOCTH 8MUflHTYA 6eTaTpoHHbiX Kone6aHHR OT pa3nHqHblX napaMeTpoB ycKOpH

Teng npeucTaBngeT 6ontwoA HHTepec c ToqKH 3peaHg ynyqweHH!I KaqecTBa 

nyqKa, qTO oqeHb BalKHO nng pacq~Ta CHCTeMbl BbiBOua qaCTHU H3 CHHXpO

UHKnoTpOHa, KpoMe Toro, pauHanbHbJe H aKcHanbHbJe Kone6aaHg onpenen1110T 

reoMeTpHIO nyqKa, UOSTOMY 3H8HHe cneKTpOB aeo6XOAHMO TaKJKe npH paC

CMOTpeHHH TaKHX BODpoCOB 0 KaK orpaHHqeaHa TOKa nyqKa npOCTpaHCTBeH

HbiM 3apgnoM H H3MeaeaHe neljloKycHpyJOWHX cHn B npouecce ycKopeaHg, 

nng H3yqeHHg cneKTpa pauHSnbHhlX Kone6aHHA HCDOflb30Bancg OAHH 

H3 THDHqHhlX HMDYflbCOB BTOpHqHbiX qaCTHU (pH Co 2), 

OnpeneneaHe 
ell ( a l - ljlyHKUHH pacnpeneneaHg qaCTHU no aMnnHTY-

uaM pauHanbHblX 6eTaTpOHHblX Kone6aHHA 6yueM npOH3BOAHTb npH cneuyJO

WHX npennonoJKeHHgx: 

a) cneKTP pauHanbao-¢a30BbiX Kone6aaHR npHHHMaeTcg onaopoAHbJM 

BO BCeM uHana3oHe aMnnHTYA 0 < ~ < e (pH Co 3) H ocTaeTcg HeH3-
- - max I 

MeHHbiM BO BpeMg B3aHMOueRCTBHg nyqKa C MHWeHbiO, 

6) nng KalKAOR aMDflHTYAbl H3 cneKTpa pauHanbHb-¢a30BbiX Kone6aaHR 

O<a<r;.' 
- -( max 

_) 

ljlyHKUHg ell (a ) npennonaraeTcg OAHHaKOBOR, e max H a max - MaKCHManb-

Hbl9 aMDflHTYAbl pauHaflb1fO-¢a30BbiX H pauHanbHbiX 6eTaTpOHHblX KOne6aHHR 

COOTBeTCTBeHHOo 

B) DOCKOflbKY AflHTeflbHOCTb aaanH3HpyeMOrO HMnynbCa B CHHXPOUHKflO-

TpoHa 011Sil1 COCTaBnHeT npuMepHO 1 MCeK, a nepHOA npeueCCHH paBeH 

4 

.,. 

npH6nH3HT9flbHO 2 MKCeK, TO BnHSIHHeM npeueCCHH Op6HT Ha ljlof 

nyqKa MOlKHO npeae~peqb, 

cJiyHKUHSI ell (a ) AOfllKHa DOAqHHSITbCSI CneuyJOW9My ycnOBH 

1 •max 
-- J ell (a ) d a •1, 

N o 

rue N - nonaoe KOnHqecTBo qacTHU nyqxa, 

Ha puc, 4 cxeMaTHqecKH npeucTaBnea npouecc B3aHMoueAc 

qaCTHU C MHWaHbiO AnSI 4 pa3nHqHblX MOMaHTOB BpeMeHH, nonO}I< 

B MOMeHT BpeMeHH t • 0 DOKa3aHO Ha pHC, 4a, PacCMOTpHM no 

Ka B MOMaHT BpaMeHH 

0 < <~ 
v 

rue h - BenHqHaa, Ha3HaqHTanbHO npeBbiWaJO~aSI MaKCHManbHYIO 

pauHanbHO-¢a30BbiX KOna6aHHA, a V - CKOpOCTb HannbiBaHHg n 

weHb ( CM, pHC, 46), B 3TOM cnyqae Ha MHWaHb nonauyT qacTHI 

TYAbl KOTOpblX 3aKnJOqaHhl B AHana30He a max- v t .S a < a max 

qeCTBO qacTHU 0 DOD8BWHX H8 MHW9Hb B MOMaHT BpeMaHH t, ~ 

nenHTb, HCxons H3 cnenyJOwero, Pa3o6beM HHTepsan aMnnHTYA 1 

H a max- vt aa i -oe qHcno nonHHTepBanoB I!! a. Torna KOnH 

THU c aMnnHTynoA •max -vt, 

p8BHO. 

I!!N • ell (a 

DOU8BWHX H/1 MHWaHb 0 H3 DOAHI 

-v t) I!! a max 

nonHoe qHCflO qaCTHUo 0008B!!IHX H8 MHWeHb B MOMaHT BpeMeHH 

paBHO 

N(tl• f.ell(a-vt +kl!!a)l!!a, 
k•O 

HnH, npH nepexone K HHTerpany 
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no seTIH'IHHe MeHbllie 10% KHHeTH'IeCKOn 3Hep!'HH '18CTHU, 

MO>KHO npeHe6pe'lbo Ha pHC, 1 nOK838H8 <jlopMa HMnynb

MHllieHefi TOTIUlHHOfi 5,40 H 70 MM H 6epHTITIHeBOfi MH

yBeTIH'IeHHeM TOTIUlHHbl MHllieHH <jlopMa HMnJTibC8 

HeCKOTibKO pacrnHpSISICb B6nH3H BeprnHHbi, HMnynb

no'ITH OllHH8KO-

oco6eHHOCTefi llBH>KeHHSI '18CTHU B CHHXpOUHKTIO

CTeneHH CBSI38HO CO 3H8HHeM cneKTpOB aMnTIHTYil 

H8TibHbiX 6eT8TpOHHbiX KOTie6aHHfi, MeX8HH3M B03HHKHO-

CHX nop oKOH'IaTeTibHO He BbiSICHeH, HccneaosaHHe aaBHCH

oT p83TIH'IHbiX napaMeTpoB yCKOpH-

6onbrnon HHTepec C TO'IKH apeHHSI yny'lllieHHSI Ka'leCTB8 

B8>KHO llTISI paC'I~Ta CHCTeMbl BbiBOil8 '18CTHU H3 CHHXpO-

T0!'00 pallH8TibHbie H 8KCH8TibHbie Kone6aHHSI onpeaeTISIIOT 

n03TOMY 3H8HHe cneKTpOB Heo6XOilHMO T8K>Ke npH pac

ny'IK8 npOCTp8HCTBeH

ae<jloKyCHpyiOUlHX cnn B npouecce ycKopeHHSI, 

cneKTpa p81lHBTibHbiX KOne6aHHfi HCnOTib30B8TICSI OllHH 

BTOpH'IHbiX '18CTHU ( pHC, 2), 

ell ( a ) - tPYHKUHH pacnpeaeneHHSI '18CTHU no aMnTIHTY

npH cneay10-

KOile6aHHn npHHHM8eTCSI OllHOpOilHhlM 

0 ;S ~ ;S ~ max ( pHC, 3) H OCT8eTCSI HeH3-

MHllieHbiO, 

aMnTIHTYilbl H3 cneKTpa paaHaTibHO-<jla30BbiX KOne6aHHfi 

0 Sa "S,a max 

oaHH8KOBOfi, ~max H a max - M8KCHM81lb-

paananbllo-QlaaoBbiX H paananbHbiX 6eTaTpOHHbiX Kone6aHHfi 

anHTellbHOCTb 8H8TIH3HpyeMOI'O HMTIYilbC8 B CHHXpOUHKilO

npHMepHO 1 MCeK, a nepnoa npeueCCHH paBeH 

4 

npH61lH3HTellbHO 2 MKCeK, TO BnHSIHHeM npeueCCHH Op6HT Ha <jlopMy HMnynbCa 

ny'IKa MO>KHO npeHef?pe'lb, 

fPyHKUHSI ell (a) aon>KHa nOa'IHHHTbCH CneayiOUl9My yCilOBHIO HOpMHpOBKH: 

1 •max 
-fell(alda•l, 

N o 

rae N - nonHoe KOilH'IeCTBO '18CTHU Tiy'IKa, 

(1) 

Ha pHc, 4 cxeMaTH'IeCKH npeacTasneH npouecc B38HMoaeficTBHH ny'IKa 

'18CTHU C MHllieHbiO anH 4 p831lH'IHblX MOMeHTOB BpeMeHH, nonolKeHHe 11Y'IK8 

B MOMeHT BpeMeHH I "' 0 TIOK838HO Ha pHC, 4a, PaCCMOTpHM TIOBeaeHHe nyq

Ka B MOMeHT BpeMeHH 

0 < < h 
v 

rae h - B91lH'IHH80 He3H8'1HT91lbHO npeBb!lli8IOII18S1 M8KCHM81lbHYIO 8MTIIliiTyay · 

paallanbHo-<jlaaoBbiX Kone6aHHfi, a 
V - CKOpOCTb H8TIIlbiB8HHS! 11Y'IK8 Ha Mil-

rneHb ( cM, p11c, 46). B 3TOM cny'la.e Ha MHrneHb nonaayT 'lacTHUbi, aMnn11-

Tyabi KOTOpbiX 38Kil10'19Hbl B aH8TI830He a max- v t .S: a < a max Kon11-

'leCTBO '18CTHU 0 . 110118BUlHX H8 MHllieHb B MOMeHT BpeMeHII t, MOlKHO onpe

aenHTb0 HcxoaH 113 cneayiOmero. Paaci6beM HHTepsan aMnnHTya MelKay a max 

II a max- Vt Ha i -oe 'IHcno noaHHTepsanos 6 a. Toraa KOilH'IecTBo qac-

THU C 8MTIIlHTyaol! •max -vt, 

paBHO. 

TIOTI8BlliiiX Hp MHllieHb, H3 nOilHHTepBana 6a 

6N •ell(a -vtl6a 
max (2) 

... 

nonHoe 'IHCilO '18CTHU0 TIOn8BUIHX H8 MHWeHb B MOMeHT BpeMeHH t , 6yaeT 

paBHO 

N(tl• :i:ell(a-vt +k6al6a, 
lt•O 

HllH, npn nepexoae K HHTerpany 
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"max (4) 
N (t) • f ell (a )d a .. -~ 

max 

Y'IHTbJB811, 
'ITO CKOpOCTb H8ITn~B8HHII ny'IK8 H8 MHWeHb HBnHeTCII ~yHKUHeil 

epeMeHH 
'II • 'II ( t ) , Bblp8lKeHH6 ( 4) neperrHWeM B BHAe 

rne 

"max 
N ( t) J ell (a) da 

a - L(t) 
max 

~ 

L(t)•fv(tldt 

nnH O<L(tl~h 

0 

PaccylKABH aHanorH'IHbiM o6pa3oM, nn11 cnyqaee B38HMoAei!:cTBHH ny'IKB c 

MHWeHb!Oo cxeMSTH'IeCKH H306palKeHH~X H8 pHCa 4 B H 4 r, nonyqaeM: 

"maxL.(t)+h 

N(tl,. J ell(a)da 

a - L(t) 
max 

"max L(t)+h 

N(tl • f ell (a)da 
0 

/lflll 

Aflll 

h~L(tl~•max 

a < L(t) <h+ 
max-

a 
max 

(5a) 

{56) 

( 5a) 

npoAH<!MPepeHUHpOB8B ljlyHKUHIO N (t) B {5a), (56), (5e) no nepeMeHHOMY 

npeneny, HMeeM: 

dN .ell(a -L(tl] 
max 

d(a -L<tll 
max 

( 6a) 

dN 
ell( a - L ( t) ] • -- _, 

max dt v(t) 
Aflll 0 ~ L (t) ~ h 

6 

,. 

dN 
-L(t)]._,_ ..l_ +ell(a - L (t) +h ) ell[ a max 

d t v( t) max 

/lflll h < L ( t) < a 
- - Ml 

dN 
- L(t) + h ] ell[ a max --~- v(t) 

/lflll a <L(t)<a +I 
max- - max 

llnH onpeneneHHSI ~YHKUHH ell( a) He06XO/lHMO 3H8Tb CKOpOCTb H8Uni 

K8 H8 MHWeHb V • V ( t ) H M8KCHM8flbHbJe 8MUflHTY/lbl 6eT8TpOHHl 

anbHo-tjla30BbiX Kone6aHHli a max H h • BenH'IHHbJ a max H I 

onpenenHTb, HCXOASI H3 cnenyiOWHX npennocblnoK. llnHTenbHoCTb HI 

ny'IK8 COCTSBnSieT • 1 MCeKa Ha nocneAHHX p8AHYC8X nepHO/l 06J 

'18CTHUbl paBeH npHMepHO 0,07 MKCeK, T.e, ny'IOK nonanaeT H8 MH 

MepHO 38 14000 o6opOTOB. llnH CHHXpOUHKflOTpOH8 OY!.RY! OAHO ~a: 

6aHHe npoHCXOAHT npH6nH3HTenbHO 38 1000 o6opoTOBo Torna 38 e 

BaHHSI H8 MHWeHb ITY'IOK COBepwaeT, no Kp8i!Heli Mepe, 14 ~830Bbl 

HcxoAH H3 sToro, oTnH'IHe aenH'IHHbJ h OT e max MOlKHO HSI!:'I 

'ITO '18CTHUbl B ITy'IKe AnSI ITOflHOrO ITOIT8/l8HHSI H8 MHWeHb AOnlKHbl 

" nocne TOrO, K8K ITy'IOK npoi!:AeT paCCTOSIHHe a max + e max , e 

HY ~asoBoro Kone6aHHSJ. 3TO paccTOSIHHe !!.. e rrpH •max' paBHO~ 

HO rrpH6nH3HTenbHO 3 MMa nosTOMy, C'IHT8Sj 0 'ITO e max <<a max • 

/l8nbHei!:WHX paC'I~T8X ITpHHSITb 

to 

f v (t)dt 
0 H 

h • e max •. Torna: 

• a + e 
max max 

3necb t
0

- AnHTenbHOCTb HMrrynbca nyqKa, v 8 ( t) - cKopoc 

B8HHSI ITY'IK8 H8 MHWeHb npH ycKopeHHH 6e3 paCTSilKKH • 

C Jlpyroli CTOpOHblo rrpH ITOMOJl!H KaTyWeK paCTSilKKH MOlKHO J 

ny'IOK no MHmeHH, OTKniO'IHB BbJCOKO'IaCTOTHOe HarrpSilKeHHe. Torna 

a max H e max MOryT 6bJTb rrpeACTSBneHbl B BHAe 
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N (t) • 
•max 
J ~ (alda . _..,. 
max 

(4) 

'ITO CKOpOCTb HBllllhlBBHHH liY'IKB HB MHW6Hb HBJJH6TCH ~YHKUH6fi 

V • V (I ) , Bbip8lK6HH6 ( 4) nepe!IHW6M B BH)le 

N (tl 
•max 
f ~(a)da 

a - L(t) 
max 

Jlilll O<L(t)~h 

BHBJJOrH'IHbiM o6p830M1 Jlilll CJJY'IB6B B3BHMOJl6fiCTBHll lly'IK8 C 

CX6MBTH'16CKH H306pBlK6HHhlX HB pHC, 4 B H 4 r, l!OJJY'IB6M: 

•max L (t)+b 
N(t)'" f ~(a)da 

a - L(t) 
max 

amaxL(t)+b 

N(tl • f ~ (a)da 
0 

)lJlll 

AllH 

h;;: L(t) '$_ •max 

a < L(t) <h+ 
max-

a 
max 

\ 

(58) 

(56) 

(5s) 

HUHpOBBB {jlyHKUHIO N (t) B (5a), (56), (5B) l!O nepeMeHHOMY 

HMeeM: 

dN -~[a -L(tl] 
d[a -L(tl] max 

max 

( 6a) 

~[a -L(tl]~ 
max 

dN 

dt -;(ii. )lllll 0 !:_ L (t l !:_ h 

6 

~[a 
max 

dN 1 
-L(tl)._,_ -+~[a 

d 1 v( t) 
- L (t) +h l max 

(66) 

JlJlH h<L(t)<a 
- - max 

~[a max dN -L(Il+h) ---d I v(l) 
(6s) 

Jlilll a < L ( t ) < a + h 
max- - max 

llns Ollp6Jl6Jl6HHll ~YHKUHH ~(a) He06XOJlHMO 3HBTb CKOpOCTb HBliJlhlBBHHH nyq

KB HB MHW6Hb V • V ( t) H MBKCHMBJlbHbie BM!IJJHTYJlbl 6eTBTpOHHbiX H pa.QH-

BJlbHO~B30BbiX KOne6aHHfi a max H b, BenH'IHHbi a H b MOJKHO max 

onpe.QeJJHTb, HCXOllll H3 Cll6JlYIOWHX llp6JlliOChlnOK, llnHT6JlbHOCTb HMliYJJbCB 

ny'!Ka cocTasnseT • I Mcex, H8 nocnenHHX PBllHycax nepHOll o6paweHHH 

'IBCTHUbl p8B8H llpHM6pHO 0,07 MKC8K 0 T,e, liY'IOK 110ll8.QB8T HB MHWeHb 11pH

MepHO 38 14000 o6opoTos. llns:I CHHxpouHKnoTpoaa OHHH OJlHO lf\8aosoe xone-

6aHHe npoHCXOllHT rrpn6nH3HTenbHO 3a 1000 o6opoToB, Tor.Q8 38 BpeMs:I aarrnbi

BBHHH HB MHWeHb ITY'IOK COBepwaeT, 110 KpafiHe/t Mepe, 14 lf\B30BbiX KOJJe6BHH/t, 

Hcxo.Qs:I H3 aToro, OTJJH'!He senH'IHHbi b 
OT e max MOJKHO HB/tTH 0 C'IHTBH, 

'ITO 'IBCTHUbl B lly'!Ke llJlH 110JlHOrO 110l!B.({BH,IIS! HB MHWeHb llOJlJKHbl COBepWHTb, 
•· 

nocne Toro, KBK liY'IOK 11pOfiAeT pBCCTOS!HHe a max + e max , ewe liOllOBH-

HY lf\B30BOrO Kone6BHHS!, 3To pBCCTOHHHe ~ e 
llpH •max' pBBHOM 10 CM, pas-

HO 11pH6llH3HTeJJbHO 3 MM, noaTOMy, C'!HTBSj 0 'ITO e max <<a max, MOlKHO B 

llBJlbHefiWHX pBC'I~TBX 11pHHS!Tb 

to 
f v (I) d t 

0 H 

h •' max Torna: 

• a + e max max 

3.QeCb t 0 - llllHT8JlbHOCTb HMI1YJJbCB llY'IKB, V H (I ) - CKOpOCTb HBiillbi

BBHHH ITY'IKB HB MHWeHb 11pH YCKOp8HHH 6e3 paCTllJKKH , 

C· apyrolt cTopoHni, rrpH liOMO!l!H KaTywex paCTSIJKKH MOJKHo noaecTI! 

nyqox no MHIU8HH, OTKJJIO'IHB BbiCOKO'IBCTOTHoe Harrps:IJKeHI!e, Torna aenH'IHHni 

8 max H e 
~ 

max MoryT 6b!Tb 11p8.QCTBBJ18Hbl B BH.Qe 
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•o to 

em .... - f y (t) dt - f y (tldt ( 7) 
0 P 0 H 

to to 
a •2fv (tldt-fv(t)dt, 

max 0 H .0 P 
(8) 

rne y - CKOpOCTb aannbiBBHHSI ny'IK8 H8 MHWeHb 0 o6ycnoBneHH8SI BbiHYlKAeH-
P 

HblMH KOne68HHSIMH npH paCTSilKKe ny'IK8, 

B npunolKeHHH noKaaaao, 'ITO c nocTaTO'IKOA TO'IHOCTb~ 

{ 9) 

v H ( t) • v
0

H + B t , 

rne Y OH- CKOpOCTb HannhiB8KHSI B H8'18nbHbli! MOMeHT BpeMeHH, 8 B- eODst, 

KaK cnenyeT H3 pa6oTbi/3~ 

to 
f y ( t ) d l - m sin n t 

0 p 0 

3necb m - KO~HUHeKT nponopUHOHSnbHOCTH, npaKTH'IeCKH He 38BHCSIWHII 

OT BpeMeKH
1 

0 - '18CTOT8 B03MYW81011lero MSrHHTHOrO nonS!, 

Torna: 

2 

e max • m sin 0 t O - ( v OK t 0 + B ~ \) 

2 

a • 2 ( v 
max OH 

+ B~ l-msiaOt 
2 0 • 

t 
0 

( 10) 

( 11) 

Onpenenue eenH'IHKhi e max H •mairpaljlu'!eCKH nuljlljlepeauupyeM ljlyHKUH~ N(t) 

H, nonb3ySICb ljlopMynSMH 6a, 66, 6B, H8XOAHM ljlyHKUH~ CJI{ al.B A8KKOII pa-

OOTe BeJIH'IHH8 e max paCC'IIiTSKa no ljlopMyne, cnpaeennueoA AnSI aMnnHTYA 

8 

~ 

MSJihiX ljlaaoBbiX KO.rie6aauA/4/, 11 AnSI CIIHXPOUIIKnoTpoaa OHHH 
1 

MepHO 2 CM, 

Ha puc, 5 npencTaeneaa ljlyKKUHSI Cll(al AnSI neyx cny'laee: 

a) cneKTp 8MnnHTYA 6eT8TpOHHblX KOne6aHHi! npu OTCyTCTBE 

a a ljloKycupy~wux aneKTponax/5/; 

6) cneKTp 8MnniiTYA 6eT8TpOKHblX Kone6aHHil npH onTHMSnbl 

lKeHHH K8 ljloKyCHpy~WHX aneKTPOASX, 

B o6oHx cny'laSIX llcnonbaoeanacb AnSI nony'leKHSI IIMnynbca 

MIIWeKb TOJIWHHOii 10 MM, Ha npiiBeAeKKblX PHCYHKOB BIIAHO, 'ITO 

ljloKycllpy~wero H8ilpHlKeHIISI M8KCIIM8nbH8SI 8MilnHTYA8 KOne6aHHi! 

eaeTcSI c 14 no 15 eM, npH'IeM B IIKTepeane aMnniiTyn, 6onbwHx 

XOAHTCSI 30% IIHTeHCIIBHOCTH, 

MaKCIIMSnbKbie aMnniiTYAhi panuanbKhiX Kone6aauA a max H 

OUeHHTb cneny~WIIM o6p830M, lf8CTOTH8SI nporp8MM8 CIIHXpoUHKnC 

llOA6Hp8eTCSI T8K 0 'IT06bl fiY'IOK liOBOAIInCSI AO K8KOrO-TO npoMelKy 

pan11yca, 3aTeM, K8K llOK838HO H8 pHC, 6a, B llY'IOK, H8'1HH8SI C 6< 

p8llHYCOB0 BBOAHTCSI MHWeKb, nnSI Toro, 'IT06bi BeCb llY'IOK UOU81 

nocnenHSISI nonlKHa npoi!TH paccTOSIHHe 

8 
- a max + 2 e max • 

3aTeM MHWeHb B03Bp8W8eTCSI B HCXOAHOe COCTOSIHHe H 113MeJ 

TOTH8SI nporp8MM8 (yMeHbWeKIIeM MIIHHM8JibHOA '18CTOTbi) T8KHM 

'IT06bi llY'IOK ilOCTeileHHO HannbiBSn H8 MHWeHb (eM, pHC, 66), nn .. 
H8 MHWeHb BCeX '18CTIIU llY'IK8 MHHHManbH8SI '18CTOT8 reHepaTopa 

yMeKbWHTbCSI Ha eenH'IHHy df• f 1 -fll , lfaCTOT8 f
1

COOTBeTCTBy< 

Korns ueHTp ny'IK8 H8XOnHTCSI H8 paCCTOSIHHH a max+ e max OT I 

a npu f 2 ny'IOK nonHOCTb~ nonanaeT Ha MHWeKb, 0Tc~na eenii'IHK 

a max +e max • r ( f 1 ) - r( f ll) • 

Ha ypaeaeaHil ( 12) H ( 13) MOlKHO onpenenHTb MaKCHManbHbie aMn. 

6eT8TpOHHblX II panuanbHO-(jl830BbiX Kone6aHHi!, nnSI CHHXpOUIIKJIOTp 

9 



to to 

( 7) ~max -f v (l)dl- J v (l)dl 
0 P 0 H 

to to 
a •2fv(l)dl - f v (I) d I, 

max 0 H 
.0 p (8) 

HSIIIIbiBBHHll IIY'!KS HS MHilieHb0 o6ycnoaneHH8ll BbiHYJK.QeH

IIpH pacTl!JKKe rry'!Ka, 

HHH IIOK838HO, '!TO C .QOCTSTO'!HOlt TO'!HOCTb~ 

( 9) 
V H (I) • v

0
H + B I , 

HSII!IbiBSHHll B H8'!81IbHb!ll MOMeHT BpeMeHH
0 

8 B- COAat. 

pa6oTbi/3~ 

to 
f v (I ) d I • m sin 0 I 

0 p 0 

1Ip01IOpUHOH81IbHOCTH0 1Ip8KTH'!eCKH He 38BHCllillHA 

- '!SCTOTa B03MYili8~Ulero MSI'HHTHOI'O IIO!Il!, 

max 

~ 

.. m sin 0 t 0 - ( v OH t 0 + B -?-

~~ 
1 + B--:.L.. )-msinOt 

0 2 0 • 

( 10) 

I 

( 11) 

~max H amaJ:I'pa<!JH'!eCKH AHcjJ!jlepeauHpyeM ljlyHKUH~ N(t) 

66, 6a, HSXO.QHM ljlyHKUH~ IJI( a) .B ASH HOi! pa

paCC'!I!Taaa IIO ljlopMyne, CIIpaae.QnHBOi! .Q!Ill 8MIIIIHTYA 

8 

MS!IbiX $830BbiX KO.rieoaaHA/4/, H .Q!Ill CHHXPOUHKIIOTpoaa 011Jl11 paaaa !IpH

Mepao 2 CM, 

Ha p~c. 5 rrpe.ncTaaneaa ljlyaxuHll IJI(a) Anll .nayx cnyqaea: 

a) C!IeKTp aMII!IHTy.Q 6eTaTpOHHbiX KO!Ie6aaHA !I pH OTCyTCTBHH Ha!Ipl!lKeHHll 

aa ljloxycHpy~mHx anexTpo.nax/5/; 

6) C!IeKTp SMII!IHTy.Q 6eTaTpOHHbiX KOne6aaHi! !IpH OIITHMS!IbHOM HSIIpll

lKeHHH aa ljloxycHpy~mHx anexTpo.nax. 

B 060HX CIIY'!Sl!X HCIIO!Ib30Banacb .Q!Ill IIOny'!eHHll HMIIYIIbCa CBHHUOBal! 

MHilieab TOIIIIlHHOll 10 MM, 113 !IpHBe.QeRHb!X PHCYHKOB BHllHO, '!TO !IpH IIO.Qaqe 

cjJoKyCHpy~mero Ha!Ipl!JKeHHll M8KCHM81IbH8l! SMIIIIHTy.Qa Kone6aaHil yeenH'!H-

eaeTcl! c 
14 .QO 15 CM 0 IIpH'!eM B HHTepaane aMIIIIHTy.Q, 60!IbiliHX sp CM

0 

aa-

XOllHTCl! 30% HHTeHCHBHOCTH, 

MaKCHMS!IbHbie SMII!IHTy.Qbl pa.QHS!IbHbiX Kone6aanil a max H emax MOlKHO 

OUeHHTb cne.ny~illHM 06p830M, q8CTOTH8ll 1IpOI'p8MMa CHHXPOUHKIIOTpoaa 

IIO.QOHpaeTCH T8K0 '!T06bi IIY'!OK AOBOllHIICll llO KSKOI'O-TO rrpoMelKyTO'!HOI'O 

pa.nnyca, 3aTeM, KaK IIOKa38HO Ha pHC, 6a, B IIY'!OK
0 

Ha'!HH8ll C 6onbiliHX 

P8llHYCOB
0 

BBO.QHTCl! MHilieHb, nnll TOI'0 0 '!T06bi Becb IIY'!OK IIOIIan Ha MHilieHb
0 

IIOCIIe.QHllll AOIIlKHS rrpoliTH paCCTOl!HHe 

s •a max+ 2 e max. ( 12) 

3aTeM MHilieHb B03BpamaeTCl! B HCXO.QHOe COCTOHHHe H H3MeRHeTCH '!8C

TOTH8ll rrporpaMMa ( YMeHbilleHHeM MHHHMS!IbROlt '!SCTOTbi) TSKHM o6p830M
0 

'!TOO hi IIY'!OK IIOCTerreaao HSII!IbiBan HS MHilieHb \ CM, pHC, 66), nnH IIOIIS.QSHHll 

Ha MHilieHb BCex '!SCTHU IIY'!Ka MHHHMS!IbHSH '!SCTOTa reaepaTopa AO!IlKHa 

YMeRbiliHTbCl! Ha Be!IH'!HHy L\ f • f I - f 2 , q8CTOT8 f l COOTBeTCTByeT cnyqa~, 
KOI'.Qa ueaTp IIY'!Ka HSXO.QHTCH Ha paCCTOl!HHH a max+ e max 

OT MHilieaH, 

a IIpH f ~ IIY'!OK IIO!IHOCTb~ IIOIIa.QaeT aa MHilieHb, 0TC~.Qa Be!IH'!HHa 

a max +~max • r ( f 1 ) - r( f ~ ) , 
( 13) 

113 ypaBHeHHll ( 12) H ( 13) MOJKHO OIIpe.nenHTb MSKCHMa!IbHbie SMIIIIMTy.Qbl 

OeTaTpOHHbiX H pa.QHa!IbHO-if!a30Bb!X KoneoaaHl!, nnH CHHXPOUHK.riOTpoaa 011HI1 
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onpe,!le/leHHe a max TO/lbKO npH ITOMOIIIH nepeMellleHHH MHWeHH ,!18/10 •max • 

= 14,5 CM npH OTCYTCTBHH flJOKYCHpyJOIIIero HanpHJKeHHH H 8 max • 15,5 CM 

npH onTHM81lbHOA aenH'IHHe HanpHJKeHHH Ha .PoKyCHPYJOIIIeM 3/leKTpo.!le. He

TO'IHOCTb onpe,!le/leHHH STHM CnOCOOOM aMn/lHTY.!lbl pa.!lH8/lbHblX KO/leo8HHA 

CBH38H8 C TeM, 'ITO ny'IOK B nepBOM Cnyqae ,!1/lHTe/lbHOe BpeMH ,!lpeA$yeT 

H8 KSKOM-TO p8.!1Hyce, PacceHHHe '18CTHU Ha MO/leKynax OCTaTO'IHOrO r838 

H ,!leACTBHe MeX8HH3M8 $830BOrO CMellleHHH npHBO.!lHT K p8,!lH8/lbHOMY paCnllbl-

B8HHIO ny'IK8, 

Bo BTOpOM cnyqae B/lHHHHe MeX8HH3M8 $a30BOrO CMellleHHH H pacceH-

HHH '18CTHU ny'IK8 6y.!leT 3H8'1HTe/lbHO MeHbWe, llonOilHHTe/lbH8H norpeWHOCTbo 

CBSI38HH8H C HeTO'IHOCTbiO Onpe.!leneHHH f min • f 2 

'IHHe, KSK noKa38HO ,BbJWe, MeHbWe e-max / 2. 

no a6CO/lJOTHOA aenH-

Hcxo.!lH H3 aToro, MOJKHO CK838Tb, 'ITO TO'IHOCTb onpe,!leneHHH aMnnH-

TY.!l p8,!lH8/lbHbiX KO/leoaHHA B aTHx cnyqaHx HeBbiCOKa, Ho npeHMymecTBO 

onpe,!le/leHHH aMn/lHTY.!l T8KHM CnOCOOOM COCTOHT B TOM, 'ITO MOlKHO 6biCTpO 

nony'IHTb He66XO.!lHMble pe3yllbT8Tbl, 

AKCHS/lbHble Kone6aHHH 

llllH H8XOJK,!leHHH pa3MepOB ny'IK8 no BepTHK8/lH H HCKalKeHHH Me,!lH8HHOA 

nnocKOCTH obln8 paapa6oTaHa MeTO.!lHK8 H3MepeHHA C HCnO/lb30B8HHeM .!lBYX 

MHWeHeA: 6epH1111HeSOA 0 ycTSHOB/leHHOA HS KOHe'IHOM pa.!lHyce ycKopeHHSI 

R = 274,5 CM, H MHWeHH ,!l/lH H3MepeHHSI TOKS ny'IK8 0 HMeJOIIIeft B03MOlKHOCTb 

nepeMeiiiSTbCH BHyTpH KaMepbl BO BpeMSI pa60Tbl YCKOpHTe/lH B ,!lHanaaOH8X 

pa.!lHYCOB OT 15 .!10 110 CM ( H/lH nocne nepeCTSHOBKH- ee B K8Mepe OT 80 

,!10 175 CM), noTOK BTOpH'IHbiX '18CTHU OT 6epHn~eBOi MHWeHH H3MepHilCSI 

.!l03HMeTpOM (HOHH38UHOHHOA KaMepoA), ToK 'ISCTHU na no.!lBHlKHYJO MH-

weBb H3MepH11CH MHKpOSMnepMeTpOMo H3MepeHHH npOBO.!lH/lHCb qepe3 5 CM 

no pa.!lHYCY nyTeM nocTeneasoro no.!lbeMa MHWeHH TOKOBoro npo6HMKa (qepea 

2 MM) H perHCTp8UHH nOK838HHA .!l03HMeTpa H MHKpoaMnepMeTpa, Ha pHC, 7 

nOK838Hbl KpHBble i • i ( z) H a-a(z) npH nO.!lbeMe TOKOBOA MHWeHH HS 

pa,!lHyCaX 75 H 105 CM ( Cl -ITOK838HHSI ,!l03HMeTp8 ) • Ha'IS/10 yBe/lH'IeHHH TOKa 

npH Z"'4 H 10 MM (KpHBble Cl•a(z)) COOTBeTCTByeT M8KCHM8/lbHOA aMnnH

Ty.!le Kone6aHHA ny'IK8 0 a cna.!l .!10 HynH ITOK838HHA .!l03HMeTpa npH z = 34 H 

10 

I -- I 

I 

42 MM ( KpHBble Cl• Cl ( z)) COOTBeTCTByeT nonoJKeHHIO Ha STHX pao 

,!lH8HHOA nllOCKOCTH, (KoOp.!lHH8T8 z OTC'IHTbiBaeTCH OT Bepxsero K 

MHWeHH B onymeHHOM nO/lOJKeHHH, KOTOpbiA B STHX SKCnepHMeHTSX 

18 MM HHJKe cpeoHeA reoMeTpH'IeCKOA nnoCKOCTH 3830pa MarHHTa) 

HanH'IHe BepTBKSilbHbiX Kone6aHHA 'ISCTHU B nyqKe o6bSICHHe, 

HYilH ITOK838HHA ,!l03HMeTpa, npn STOM BeCb ny'IOK nona.[laeT H8 TC 

weBb, nO.!lHHTYJO .!10 Me.!lHSHHOil nnOCKOCTH, no STOA JKe npH'IHHe n1 

H 42 MM npeKpawaeTCSI yBe/lH'IeHHe TOK8 HS MHWeHb, npH onyCKSl 

BOil MHWeHH K8pTHH8 Oop8TH8SI - B03p8CT8JOT nOK838HHSI .!l03HMeTp 

TOK·cnaoaeT .!lO HynH, O.!lHaKo B aToM cnyqae npeKpaweHne poc1 

38HHA .!l03HMeTpa MOJKeT HSCTynHTb p8HbWe, qeM .!lOCTHrHeT HYilH 

03H8'18eT, 'ITO Ha pa.!lHycax, 60/lbWHX pa.!lHyCa TOKOBOil MHWeHH, cyn 

noTepH ny'IKS H3-38 nona.!laHHSI 'ISCTHU ny'IKS Ha .!lY8HT BC/le,!lCTBHI 

HHSI Me,!lH8HHOil n/lOCKOCTH H/lH yBe/lH'IeHHSI aMn/lHTY.!lbl BepTHKS/lbHI 

HHil, B aToM cnyqae ToKoBaH MHWeHb nocne npeKpameanH pocTa 

.!l03HMeTpa perncTpHpyeT •tacTHUbi, KOTOpbie B .!lanhHeilweM 6y.!lyT 

OmrcaHHbiM BbiWe MeTO.!lOM Obiilll npoBe.!leHu 3 cPpHH naMepe 

nyqKa H nonoJKeHHH Me.!lnaHHOil nnoCKOCTH, B nepaoil cepHH Hcnonb 

npo6HHK C TOKOBOi! MHWeHbJO, nepeKpblB8JOJUeil ny'IOK npH apa 

Kpyr ropH30HTallbHoA ocn, pacnonoJKeHHOil HHlKe .!lyanTa, B nocne.!l 

SIX MHweHh ITO.!lHHManach no aepTHKanH, PeaynhTaTbi HaMepeanil no 

pHC, 8, 

HeKoTopoe uecoana.!lenne peaynbTaToB HaMepeHHil (nopH! 

06bSICHSieTCSI OWH6KaMH npH YCT8HOBKe TOKOBOro npo6HHK8 B CTpor 

30HT8/lbHOM HanpaaneHHH H H3MeHeHHH KOOp.!lHHaT ero TOpUa OTHOC 

" cpe.!lHeil reoMeTpHqecKoA nnocKOCTH B pa6o'IHX ycnoBHHX. Cne.!lyeT 

HMeTb BBH.!lYo 'ITO ITpH BaKyyMe H MarHHTHOM none H86/lJO,!l8eTCSI ITJ 

KpblWeK KaMepblo HCK8lK810111Hil nepBOH8'18llbHble YCT8HOBO'IHble .!l8HH 

llnH aaxOJK.!leHHH cneKTpa aepTHKanbBhlX Kone6aHHil npe.!lnonar 

nO/lHOe 'IHC/10 '18CTHU B nyqKe .!10/llKHO y.!lOB/leTBOpSITb COOTHOWeHHK 

z 
j<l>( zldz•N 
0 
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TOUbKO npll noMOWII nepeMemeHIIll MIIUleHII nano •max • 

tPOKYCIIpyJOWero HanpliJKeHIIll II • max • I5,5 CM 

aenii'IIIHe HanpHJKeHIIll Ha tPOKYCIIpyJOmeM sneKTpone, He

aoeneneHIIll sTIIM cnoco6oM aMnniiTynbi pan11anbHbiX Kone6aHIIit 

'ITO ny'IOK a nepaoM cnyqae nniiTenbHOe apeMll npeittflyeT 

pan11yce, Paccel!HIIe 'laCTIIU Ha MoneKynax ocTaTO'IHoro raaa 

MexaHIIaMa tflaaoaoro cMemeHIIll np11aon11T K pan11anbHOMY pacnnbi-

cny<~ae anlll!HIIe MexaHH3Ma tflaaoaoro cMemeHIIll 11 paccel!-

ny'IK8 6yneT 3H8'111TenbHO MeHbllie, llononHIITenbH8ll norpeWHOCTbo 

HeTO'IHOCTbJO onpeneneHIIll fmln -12 no a6conJOTHoit aen11-

'max / 2 • 

CK838Tb0 'ITO TO'IHOCTb onpeneneHIIll aMnnii

B STIIX cny'lallx HeBbiCOKa, Ho npeiiMymecTBo 

CnOC060M COCTOIIT B TOM 0 'ITO MOJKHO 6biCTpO 

ao5xoniiMbie peaynbT8Tbl 0 

AKcnanbHbie Kone6aHIIll 

paaMepoB ny'IK8 no BepTHK8ITH II HCKaJKeHIIll MeniiBHHOit 

IICnOrrb30B8HIIeM nayx 

.pllnrrlleBoit, YCT8HOBrreHHOH H8 KOHe'IHOM pan11yce yCKOpeHIIH 

II MllllleHII nnll 113MepeHI!ll TOK8 ny'IK8 0 HMeJOmelt B03MOJKHOCTb 

BHyTpll KaMepbi BO BpeMl! pa60Tbl YCKOpiiTenH B n11anaaOH8X 

I10 CM ( 11n11 nocne nepecTaHoBKH· ee a KaMepe oT 80 

BTOpii'IHbiX '18CTIIll OT 6epllnrrlleBOii MHilleHH H3MepllrrCH\ 

ToK '18CTHU Ha nonBHJKHyJO MH

MHKpOaMnepMeTpOM, HaMepeHHll npoaonnn11cb <~epea 5 eM 

rryTeM rrocTeneHHoro rron~eMa MHilleHH TOKoaoro npo6HaKa (qepea 

Tp8UHH ITOK838HHit noaHMeTpa H MHKpOaMrrepMeTpa, Ha piiC, 7 

i • i (z) II a •a(z) llpH rron~eMe TOKOBOit MHilleHH Ha 

H I05 CM ( Cl -nOK838HHll n03HMeTpa ) , Haqano yaenH'IeHHSI TOK8 

0 MM ( KpHBbie a•a( z)) COOTBeTCTByeT MllKCHM8ITbHOit 8MITUH

HHit ITy'IKa, a crran no Hynll ITOK838HHH noaHMeTpa rrpH z = 34 H 

10 

.,. 

•, 

~ 

42 MM ( KpHBbie Cl• a ( z)) COOTBeTCTByeT ITOITOJKeHHJO Ha 9TH X pannycax Me

nHaHHOit rrnocKoCTH, (KoopnHHaTa z OTC'IHTbiBaeTCll OT aepxHero Kpal! ToKoaoA 

MHilleHH B, onymeHHOM ITOITOJKeHHH, KOTOpbiit B STHX 9KCrrepiiMeHT8X 6biiT Ha 

I8. MM HHJKe cpenHelt reoMeTpH'IecKoit rrnocKoCTH aaaopa MarHHTa). 

Hannqne aepTHKanbHbiX Kone6aHHit 'lllCTHu B rry<~Ke o6~HCHlleT cnan no 

HYITll nOK838HHit no3HMeTpa, npH 9TOM BeCb ITY'IOK ITOrranaeT H8 TOKOBYJO MH

IlleHb0 rronHHTyJO no MenHBHHOit ITUOCKOCTH, no STOlt JKe rrpH'IHHe rrpH Z = 34 

H 42 MM rrpeKpamaeTCll yaenll'leHHe TOKa H8 MHilleHb, npn OITyCKllHHH TOKO-

BOlt MHilleHII K8pTHHll 06paTH8SI - B03paCT8JOT ITOK838HHSI noa·HMeTpa a 
H 

TOK·cnanaeT no Hynll, OnHaKo a aToM cnyqae rrpeKpallleHHe 
pocTa rroKa-

38HIIlt n0311MeTpa MOJKeT HllCTYflHTb pllHbllle, 'laM noCTHrHeT HYITH TOK i • 3To 

03HaqaeT, 'ITO Ha pannycax, 6orrblliHX pannyca TOKOBOH MHilleHH, CYilleCTBYJOT 

ITOTepH ITY'IK8 H3-38 ITOrranaHHSI '-18CTHU ITY'-IK8 H8 nyaHT BCnencTBHe MCKBJKe

HHll MenHaHHOH nnOCKOCTH HUH yaerrH'-IeHIISI llMITUHTynbi BepTHK8JibHbiX Kone6a

HHH, B STOM cny'-Iae ToKoaaSI MHilleHb nocne npeKpallleHHll pocTa rroKaaaHuit 

noaHMeTpa perHCTpHpyeT '-IllCTHUbl0 KOTOpbie B Jlll.llbHeiillleM 6y.QyT ITOTepllllbl, 

OrrncaHHbiM Bbiille MeTo/loM 6biJIIl rrpoaeneHLI 3 cPpMH HaMepeHnii 11hiCOThi 

ny'!Ka 11 nonoJKeHHll Me/lHaHHon rrnoCKOCTH, B rrepaoii cepnn ncrronbaoaarrcSI 

rrpo6HIIK C TOKOBOii MHilleHb100 IIepeKpbiBll!Oilleit IIY'-IOK IIpH 
aparuemm ao-

Kpyr ropuaoHTarrbHolt oc11, pacnonoJKeHHoit HHJKe nyaHTa, B nocrrenHHX cepn

l!X MHilleHb rronHHMarracb rro aepTHKarrM •. PeaynbTBTbi HaMepeHuit noKaaeahr Ha 

puc, 8, 

HeKoTopoe HecoananeHne peayrrbTaToa HaMepeHHii 
(rropllnKa I eM) 

o6~HCHlleTCll OlliH6KaMH IlpH YCTllHOBKe TOKOBOro Ilp06HMK8 B CTporo ropH-

30HTanbHOM HarrpaarreHHH II 113MeHeHHH KOopnH~T ero TOpUa OTHOCHTerrbHO 

cpenHeit reoMeTpuqecKoit nnocKOCTH a pa6oqnx ycrroBMliX. CnenyeT TllKJKe 

HMeTb BBHny, '-ITO rrpM BaKyyMe II MarHHTHOM none Ha6nJOnaeTCll IlpOrH6 

Kpb!IlleK KllMepbi, MCKllJK810UlHlt rrepBOHll'-IlliTbHbie YCTllHOBO'-IHb!e naHHbie, 

llnll HaxoJKneHIIH crreKTpa aepTIIKanbHbiX Korre6aHIIit npennonaraeM, 'ITO 

IlOnHoe 'IIICUO '-IllCTIIU B ny'IKe nonJKHO ynoaneTBOpliTb COOTHOilleHIIJO 

• 

f<l>( zldz•N 
0 

II 

( 14) 



rile $ ( z ) - tPYHKUHSI paenpellel!eHHSI 'laeTHU flO BMflllHTYilaM aKeHallbHblX 

KOI!e6aHHHo TaK KaK B 3KenepHMeHTe H3MepS!eTeSI TOK 0 TO HeKOMaSI tPYHKUHSI 

onpell811SI8TeSI KaK 

Cll(z) • 
e FM 

di 

d z 

rile e - aapS!Il npoToaa, FM - qaeToTa Mo~ynSIUHH, 

( 15) 

0Te'I.:\T z llOI!>KeH BeeTHeb OT M81lHaHHOH 11/lOeKoeTH, T,e, OT 3Ha'leHHSI 

Z, npH KOTOpOM KpHBaSI a • II ( Z) llOeTHraeT HYIISI, a KpHBaSI i • i ( Z ) 

nepeeTaeT aoapaeTaTb, 

EenH H3BeeTHO, 'ITO Ha pallHyeax, 00/lbWHX HeenellyeMoro, OTeyTeTByiOT 

noTepH ny'IKa H3-3a eoyllapeHHSI e llyaHTOM, TO MO>KHO onpellei!HTb eneKTp 

aepTHKallbHblX KOI!eOaHHii H no KpHBOH a • a ( Z ) • 01lHaKO B 3TOM enyqae 

ll03HMeTp peFHeTpHpyeT BTOpii'IHble 'laeTHUbl He TOilbKO OT 6ep11111111eBOH MH

weHH Ha KOHe'IHOM pallllyee, HO H BTOpH'IHbie 'IBeTHUbl OT eoyllapeHHSI e TO-

KOBOH MIIWeHbl00 a TBK>Ke OT eoyllapeHHSI TepSIIOWHXeSI qaeTHU e llYBHTOM, 

Ha pile. 9 npRBelleHbi eneKTpbl aepTIIKallbHhiX Kone6aHIIA llllSI pallRY-

eoa 75 11 105 eM ( F M = 120 ru). HsMepeHHaSI np11 noMOWH llBYX npo6HHKOB 

BbieOTa ny'IKa HB aTHX p81lllyeax XOpOWO eornaeyeTeSI e pe3yllbTBTBMH 0 flOily

qeHHbiMH M8TOilOM pallHOBBTOrpatfla, 

BepTIIKBilbHbie pasMepbl ny'IKB Ha I!IOOOM p81lHyee MO>KHO TBK>Ke onpe

llellHTbo eei!H 3H8Tb 0 KBK H3M8HSieTeSI BMflllHTYila aepTIIKallbHbiX KOI!eOBHHH e 

pallllyeoM
1 

H ee/lH H3BeeTHbl pa3M8pbl fly'IKB HB KBKOM-111100 p81lllyee, 1:13-
\ 

aeeTHO, 'ITO llpH 81lH808TH'IeeKOM H3MeHeHHH napaMeTpoB MarHHTHoro nO/lSI 

H aaeprHH qaeTHU B yeKOpHTei!SIX e KpyroBOH OpOHTOH.aMflllHTYilB aepTH

KBilbHbiX KOI!eOSHHH H3MeHSieTeSI no 38KOHy/6/, 

I 
-2 

z • CODBt B 

_.!... 
4 ( 16) 

n 

rile B - HHilYKUHSI MarHHTHOro fl011SI 0 n - flOK83aTellb HeOilHOpollHOeTH. 

12 

~ 

:·' .~. 
' ' ' 

~ 
~ ~ t 

~ 

· .11 

,l:f 
:~/1, 

EenH 113BeeTH8 aMMHTYilB aKellallbHbiX KO/le6aHHH Ha KaKOM-1111' 

yea, noeTOSIHHbiH KOacjlqlHUHeHT nerKO Onpellei!HTb0 flOileTaBHB B Bb!pa~ 

(16) eooTBeTeTBYIOWHe 3Ha'leHHSI B 11 n • Ha p11e. 10 noKasaaa or 

aKeRallbHhiX Kone6aaRA llllll eRaxpouRKilOTpoaa OHHH, ll1111 Bbi'IIIenea~ 

6a10uieff aKeHBilbHbiX K011808HHH noeTOSIHHBSI Bbi'IHelllii!Beb 113 yei!OBHSI, 

pallllyee 80 eM Z • 3 eM, BllllHO YllOBI!eTBOpiiTSilbHOe eOBflalleHIIe T 

KH Bbi'IHel!eHHOH orR6aiOweA H aKenepRMeHTBilbHbiX pesyllbTaTOB, 11011: 

MeTOilOM llBYX npoOHIIKOB B llH811830He pa~llyeoB OT 70 llO 140 eM, r 
pallllyeax or116aiOWBSI 0 110-BHilHMOMy, HM8eT HeeKOilbKO HHOH xapaKTe 

KBK llpHBeneHHaSI BbiWe tPoPMYilB llllSI z He Y'IHTbiBaeT BllHSIHHSI npoeT 

aoro sapSIIlB Ha BepTHK81lbHbl8 p83Mepbl llY'IKa, ll1111 epaBHSHHSI HB pi 

110K838Hbl pasMepbl nyqKa, onpeneneHHbie MeTOilOM llBYX npOOHHKOB, 

npHilO>K8HH8 

OnpeneneaHe v • v ( t). 

CKopoeTb HBflllbiBBHHSI ny'IKB Ha MHWeHb MO>KHO 38/lHeaTb B BH, 

Et dfll 
v -

0-n )IC.c.l • E 1 -E~-;;-

rne r - p81lHBilbH08 110/lO>KeHIIe USHTpa ny'IKB, E ,EO - eooTBeTeTBE 

110/lHBSI H 3HeprH!I flOKOSI qaeTHUbi, Cil 

IC•1+ 
n 

1- n 

1 

fJI 

'IBeTOTB 00p8W8HH!I 0 

{3 - OTHOeHT8/lbHB!I eKopoeTb 'IBeTHUhlo nepenHW8M ( n,l) B BHile 

d (<) 
v• y

d t 

Koa¢1¢1RuHeHT nponopulloKallbHOeTH Y -o'ISHb Mellneaao MeKSIIOWB!IeSI 

epeMeHH. Hs pHe. 11 BHilHO, 'ITO llll!l eHHxpouHKnoTpoaa OHHH d 

Mo>KeT 6hiTb npelleTaeneaa a BHile 

13 

I 
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~yHKUHH pacrrperreneHHH qacTHU ITO aMITnHTYABM aKCHanbHhlX 

KaK B 3KCITepHMeHTe H3M9pHeTCH TOK, TO HCKOMBH ~YHKUHH 

KaK 

<fl (z) • 
e FM 

di 

d z ( 15) 

rrpoToaa, FM - qacToTa MorrynHUHH, 

rronmeH B9CTHCb OT M9.1lHaHHOJ! ITITOCKOCTH 0 T,e, OT 3HaqeHHS 

a•a (z) .llOCTHf'aeT HynH, a KpHBaS i • i ( z ) 

qTo Ha parrHycax, 60ITblliHX HCCnenyeMOf'0 0 OTCyTCTByiDT 

coynapeHHH c rryaHToM, To Momao orrpenenHTb crreKTp 

OnaaKo a 3TOM cnyqae 

TOITbKO OT 6epHnnHeBoi! MH-

parrHyce, HO H BTOpHqHb!9 qaCTHUbl OT coynapeHHH C TO-

a TaKme OT coynapeHHH TepHID!UHXCH qacTHU C nyaHTOM, 

rrpHBeneHbi crreKTpbi aepTHKanbHbiX Kone6aHHl! nnH panHy-

= 120 I'U), 11aMepeHHaH ITpH ITOMO!UH .llBYX rrpo6HHKOB 

panHycax xopowo cornacyeTcH c peaynbTaTaMH, rrony~ 

paaMepbr rryqKa aa nro6oM panHyce Momao TaKme orrpe

KaK H3M9HH9TCH aMrrnHTY.Il8 BepTHKanbHbiX KOne6aHHi! C 

rryqKa aa KBKOM-nH6o panHyce, 11a-

H3MeHeHHH rrapaMeTpOB M8I'HHTHOI'O IT0ITH 

B YCKOpHT9ITHX C Kpyf'OBOJ! op6HTOi!.aMITITHTyna BepTH

H3M9HHeTCH ITO 3aKoay161, 

I I -r 
z • const B 

-, 
( 16) n 

Maf'HHTHOI'O ITOnH 0 n - ITOK838T9ITb H90.1lHOpo.llHOCTH, 

12 

... 

EcnH H3B9CTHa BMMHTyna aKCHBITbHblX Kone6aHHi! Ha KBKOM-ITH6o panH

yce, ITOCTOHHHbli! K03IfHPHUH9HT IT9f'KO OITpe.llenHTb, ITO.QCTBBHB B BblpameHHe 

( 16) COOTBe~CTBYIDlUHe 3HaqeHHH B 
H n. Ha pHC, 10 ITOKaaaaa Of'H6arolUaH 

aKCHa~bHblX Kone6aHHi! .!liTH CHHXpOUHKITOTpOHa 011~11, .UnH BblqHcneHHH OI'H-

6arouieli aKCHBITbHblX KOne6aHHi! ITOCTOHHHBH BbiqHCITHITBCb H3 YCITOBHH, qTo Ha 

pB.IlHyce 80 CM z • 3 CM, BH.IlHO Y.llOBIT9TBOpHT9ITbHOe COBIT8.1l9HHe TeopeTHqec

KH BbiqHCIT9HHOi! OI'H6aroruei! H 3KCIT9pHM9HTaiTbHblX peaynbTaTOB
0 

rronyqeHHblX 

MeTO.IlOM .llBYX rrpo6HHKOB B .llHBITB30He pa.llHYCOB OT 70 .llO 140 CM, Ha MBITbiX 

pa.llHYCBX OI'H6BIO!UBH0 ITO-BH.IlHMOMy, HM99T H9CKOITbKO HHOI! xapaKTep, TBK 

KaK ITpHBe.QeHHBH Bblllie cpopMyna .!liTH Z He yqHTbiBBeT BITHHHHH ITpOCTpBHCTBeH

HOI'O 3apH.Qa Ha BepTHKBITbHb19 pa3M9pbl nyqKa, ,Ung CpBBH9HHH Ha pHC, 10 

ITOKB3BHbl pa3M9pbl ITY'IKB, orrpeneneHHbie M9TO.IlOM .llByX npo6HHKOB, 

OpHnomeaHe 

OrrpeneneaHe v • v ( t l. 

161 CKOpOCTb HBITITbiBBHHH rryqKa Ha MHlli9Hb MOmHO 3BITHCBTb B BH.Qe 

v -
E ~ d(ol 

• --;---'1-
(1-n )((ol E -E

0 
dt 

( n.1) 

I'.lle r - pB.IlHBITbHOe nonomeaHe U9HTpa ITY'IKa, E ,EO - COOTBeTCTB9HHO 

ITOITHBH H 3H9pi'HH ITOKOH 'IBCTHUbl
0 

Cr.1 

n 
K•1+-

1- n 

1 

fJ~ 

'IBCTOTB o6pa!UeHHH 0 

~ 

fJ - OTHOCHT9ITbHBSI CKOpOCTb 'IBCTHUbl, 0epeiTHlli9M ( 0,1) B BH.Qe 

v • y .2_cu 
d t 

(0.2) 

Koa~~HuHeHT rrporropuHoaanbHOCTH )' -D'I9Hb Me.llneaao MeHHroruaHcs ~YHKUHH 

BpeMeHH, 113 pHc, II BH.IlHo, 'ITO .llnH CHHxpouHKnoTpoaa 011~11 

MomeT 6biTb rrpe.llcTaaneaa B BH.Ile 

13 
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:I 
! 
I 

dCII (~,) (1-8 I), 
d I 

0 ( n.3) 
dt 

3aeCb (dw/dt)
0 

- llpOH3BO!IH8SI '18CTOTHOJ! nporpaMMbl B MOMeHT BpeMeHH, 

Koraa ny'IOK HS'IHHaeT nonaaaTb aa MHWeHb H 8 - Koa$¢HuHeHT nponopuH

oaanbHOCTH, Toraa 

H 

de.! 
v(l)~y (-) 0-Bt)•v +Bt, 

dl 0 0 

t1) 

J v(l)dt~ vI 
0 0 

12 

+ B _! 
2 

dw 
Ba-By<--) 

d t 0 

8 2 
llnH CHHXpOUHKUOTpOH8 0lHJl1 napaMeTp B = -0,24,10 J/ceK , 

n H T e p a T y p a 

I, A,E.KyaaeuoB, K.n.Mbr3HHKOB, A3, .!,g. 373 ( 1962), 

2. Cassels, Dickson. Proc. Phys. Soc,, 2_1. 590 (1951), 

( n.4) 

3. B.H.llaaHnoB, H.E.Ea'leBH'I, E.H,3aMonoa'IHKoB, 3,A,non¢epoB, E,H,PoGaHoB 

H ap., A3, .ill, 3, 289 ( 1956). 

4, llJK,nHBHHrya - "npHHilHilbl pa60Tbl UHKIIH'IeCKHX YCKOpHTenel!' 0 Hn, lv\ DCK-

Ba, ( 1963), 

5. B.H • .OaaHnoB, H.E.Ea'leBH'I, E.H.MapqeaKo, 3.A.noncjJepoB, A.H. CacjJoaos, 

A.B.lllecTOB, npenpHHT OH.HH P-1853, .Oy6aa ( 1964). 

6, A.A.KonoMeHcKHli, A.H.ne6eaeB - "TeopHll UHKIIIP.!eCKHX ycKopHTenel!", 

<liMn, MocKBa ( 1962). 

~ 

PyKOilHCb IIOCTYIIHIIa B H3!laTeUbCKHll OTaen 

10 HIDnH 1968 roaa, 
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dC&I 

dt 
- ( ..!!,_, ) (I - 8 t ) • 

d t 0 < n.3) 

/ d t ) 0 - rrpoaaaoaaaSI 'IBCTOTHoll rrporpaMMbi B MOMeHT BpeMeaa, 

aa'IHHaeT rrorraaaTh aa MHmeah H 8 - Koa<jlqmuaeaT rrporropua-

• Toraa 

~r<~lO-Btl•v +Bt, 
dt 0 0 

dC&I 
B .. -By(-- l 

d t 0 

< n.4) 

to 2 

Jv(tldt~vt 
0 0 

+ s2 
2 

8 2 noTpoHa OHHH rrapaMeTp B = -0,24.10 I leeK • 

n H T e p a T y p a 

K.n.J'•h,3HHKos, A3, g 373 ( 1962). 

Phys. Soc., £±, 590 (1951). 

E.H.3aMonoa'IHKoB, 3.A.non¢epos, E.H.Po3aaoa 

289 ( 1956). 

- • npHHUHlibl pa6oTbl UHKJ1H'!eCKHX YCKOpHTenell". Hn, MocK-

H.E.EH'leBH'I, E.H.Map'!eHKo, 3.A.non¢epoa, A.H. Ca¢oaoa, 

OperrpHHT OHHH P-1853, lly6aa { 1964) • 

- "TeopHll UHKJ1H'IeCKHX YCKOpHTenel!" 
1 

Ba (1962). 

PyKorrHch rrocTyrrana B H31laTenbCKHH oTaen 

10 HIDnSI 1968 roaa. 
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Pnc. 2. <llopMa HMnynbca ny'IK8 BTOpH'IHblX '181THU B CHHXpOUHKnOTpOHe 011HI1. 
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PHc. 6. CxeMaTHqecKoe Hao6pameHHe saaHMonencTBHH rryqKa rrpoTOHOB c 
MHWeHbiO: a) MHWeHb HanBHraeTCg H8 rryqoK 0 6) MHWeHb HerronBHmHa. 
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PRe. 11. 3aBBCHMOCTio '18CTOTbl ycxopllJODlero" lianpRlKeHRII u (xpHBBII a) 

R du/ dt (xpRB811 6) OT BpeMeHH H8 XOHe'IHblX p8AHYC8X yc-

XOpeHHII B CHHxpouHxnoTpose OHHH npH F loll • 112 ru. 
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