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06~AH XAPAKTEP~CTI1KA PA60Tbl 

AKTy□nbHOCTb npo6neuu. ~ccneAOB□HHe AHHOMH48CKHX xapaKTBPHCTHK ny4KOB 30pHmeHHblX 

40crnu B cospeMeHHblX YCKOPHTBflHX HBflHBTCH BOfflHblM B CBH3H C He06XOAHMOCTblO peweHHH 

npo6neM nOBblWBHHH HX HHTBHCHBHOCTH H YCT0~4HBOCTH. OpH 3TOM HB06XOAHMO MOKCHMOnbHO 

CTPBMHTbCH K HCnOflb30B0HHIO MBTOAOB ttepa3pywaiomero KOHTpOnH napaMeTpOB .ny4KOB, T.K. 

MMBHHO TOKMe MBTOAbl AOIOT B03MOfflHOCTb npocneAMTb AHHOMHKY-il\OPMMPOBOHMH ny4KOB H pa3-

BMTMH P03flH4HblX npoueccos, B TOM 4Mcne HeyCT0~4MBOCTe~ M HO~TM cnoco6bl nOAOBflBHHH 

nocneAHHX. 8 40CTHOCTH, HBP03PYWOIOUlMB MBTOAbl no3B0flHIOT KOHTpon~pOBOTb BflHHHHe B03My

meHM~, BHOCMMblX B AMHOMM48CKHB npoueccw OCHO~Horo ny4KO q\OHOBblMM 40CTMUOMH, KOKHMM 

HBflHIOTCH, HOnpMMep, HOHbl AflR aneKTPOHHblX ny4KOB. T04HOe M3MepeHHe napaMeTpOB ny4KOB 

He06XOAMMO TOKme npM Hcnonb30BOHHM HX B npHKflOAHblX uenHX. noaTOMY npo6neMO H3MepeHMH 

AMHOM_H48CKHX XOPOKTepHCTMK aneKTPOHHblX M HOHHblX KOflbUBBblX ny4KOB, PHA acneKTOB KOTO

POH POCCMOTpeH B AMCCBPTOUMOHHO~ pa601e, HBflHBTCH OKTYOflbHO~. 

. B KonneKTMBHOM yCKopMrnne rnmenblX MOHOB ( KYrn-20) reHBPHPYIOTCH MOUlHble 3fl8KTPOH

Hble KOflbUBBble ny4KM, B KOTOPblX npoMCXOAHT HOKonneH~e HOHOB. AnR a1oro ycKOPMTenH 30-

A040 H3MepeHHH napaMeTPOB ny4KOB oco6eHHO BOfflHO B CBH3H C 60flbWO~ MHTBHCHBHOCTblO M 

cnomHOCTblO AHHOMM48CKHX npaueccos B ny4KOX. OpH 3TOM·TOKMe napaMeTpbl, KOK 4HCflO 40C

TMU M P03M8Pbl ny4KOB Tpe6ylOT oco6oro BHMMOHMH, TO~ KOK MMBHHO OHH onpeABflHIOT B03MOm

HOCTb HCnOflb30B0HMH 3flBKTPOHHO-HOHHoro KOflbUO AflR p03flH4HblX npMnomeHM~, B TOM 4HCne 

B K048CTBe HCT04HHKO MOHOB M HOK MOUlHOro reHepaiopa. CMHXPOTPOHHoro M3flY48HMH (C~) B 

MHIDPOKpOCHO~ (~K) o6nacTM cneKTPO AflR MCCflBAOBOHM~ B o6nacTM filM3MKH TBBPAOfO Tena M, 

B 40CTHOCH1, BblCOKOTeMnepaTypHblX csepxnpoBOAHHKOB. PHA TOKHX, sonpocoB POCCMOTpeH B 

AHCCBPTOUHH. 

AMCCBPTOUMH HBflHBTCH o6o6meHMBM pa6oT, BblnOnHeHHblX B COOTBBTCTBMH c npo6neMHO

T8MOTH48CKMM nnattoM ~CB3 O~H~. 

!1ill._p_a6oni: 

1. C03AOHHe MBTOAOB M3MepeHMH M KOHTPOflH napOMBTPOB aneKTPOHHblX H MOHHblX KOflb

UBBblX ny4KOB 6e3 MX pa3pyweHMH. 

2. M3MepeHMe M MCCflBAOBOHMe AMHOMM48CKMX xapOKTBPHCTMK KOflbUBBblX ny4KOB. 

3. MccneAOBOHHe CBO~CTB CMHXPOTPOHHoro H3flY4BHHH aneKTPOHHoro KOflbUO B AflHHHO

BOflHOBOM MK-AHOn030He. 
/ 

H□V4H□H HOBH3HO. OpeAnomettbl onTM48CKMe MBTOAHKH, n03B0flHIOUlHB H3MBPHTb napaMeT-

Pbl aneKTPOHHblX H HOHHblX KOflbUBBblX ny4KOB 6e3 HX pa3pyweHHH. OpeAnomett MBTOA H3MepeHHH 

P03MepoB aneKTPOHHoro KOflbUBBOro ny4KO no CB848HHIO OCTOT04Hora f030. OpHMblMH H3Mepe

HHHMH AOK030HO, 4TO KorepeHTHblB Kone60HHH aneKTPOHHO~ KOMnOHBHTbl aneKTPOHHO-HOHHblX 

Koneu ycKOPHTenH KYTM-20 flBflfllOTCH POAHOflbHblMH. OpeAnomettbl MBTOAbl H3MepeHHH napaMeT

poB MOHOB B aneKTPOHHO-HOHHblX KOflbUOX no H3flY4BHHIO HOHOB B o6nacTH BOKYYMHOro ynbTpO-· 

q\HoneTa, no pacceHHHOMY CHHXPOTPOHHOMY H3flY48HHIO, no napOMBTPOM noKHAOIOUlHX KOflbUO 

aneKTPOHOB, no OAHOBPBMBHHOMY H3MepeHHIO_ HHTBHCHBHOCTH XOPOKTBPHCTH48CKOro H3-

.0Y48HMfl HOHOB H reOMBTPHH CMHXPOTP,Q.tl.~.£rn.M~~~-~Bm!!.fl...Ql!.2!!.• 3KcnepMMBHTOflbHO nOKO-
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30HO, 4TO MOII\HOCTb CHHXPOTPOHHoro ~3JlY4BHHil a11e1npciHHOro HOJlbUO ycHOpHTeJlil KYH1-20 

B AJ1HHHOBOJ1HOBOM HHIDPOHPOCHOM AHOn030He CYII\BCTBBHHO npeBblWOBT MOII\HOCTb H3BBCTHblX HC

T04HHHOB H311Y4BHHil. 

npoHTH48CHOH UBHHOCTb 

1. Pe□JlH30BOHHbl8 MHOr□HOHOJlbHblB CHCTeMbl H3MepeHHtcl napoMeTpOB aneHTPOHHblX H HOH

HblX HOJlbU8BblX ny4HOB no3BOJ1HJ1H onrnMH3HPOBOTb pemHMbl poriOTbl YCHOpHTeJlil KYH1-20. 
2. PeOJ1H30UHil ycrpotclcTBO, COCTOilll\ero H3 3JleHTPOHHO-OnTH4eCHOrO npeorip030BOTeJlil 

H AHCCeHTOP□, n03BOJ1HJ10 onepOTHBHO HOHTp011HPOBOTb P03Mep 3JleHTPOHHOrO.HOnbUO yCHOpH

renil KYTM-20 HO poHHHX aranax era IDOPMHPOBOHHil. Mcnonb30BOHHe aroro ycrpotclcrso HO 

CHHXPOUHHnOTPOHe OMHM AOH030J10 npHHUHnHOJlbHYID B03M0lf{HOCTb H3MepeHHil B HOfflAOM MOKPO-. 

HMnynbCe AnHTenbHOCTbID 40 MKC 3HeprHH npOTOHHOro ny4HO no H3ny4eHHID BOBHnosa-4epeH

KOBO npH cpeAHHX nopoMeTpox ny4KO npOTOHOB: HHTeHCHBHOCTb ~ 107 npoTOHOB•C-
1

' 3Hep

rHil ~ 640 MaB. 
3. H□t:IAeHbl pemHMbl parioTbl ycKopHTenil KYH1-20, npH KOTOPblX YAOeTCil CYll\eCTBeHHO 

yMeHbWHTb norepH HOHOB, B03HHKOIDII\HX scneACTBHe aneKTPOHHO-HOHHOtcl AHnonbHOtcl Heycrotcl-

4HBOCTH. 3KcnepHMeHTOnbHO AOK030HO, 4TO B a11eKTpOHHO-HOHHblX KOnbUOX npoHCXOAHT HOKOn

neHHe HOHOB AO rperbet'l 30Pi1AHOCTH H3 OCTOT04HOro r□3a. 

4. M3MepeHa MOII\HOCTb CHHXPOTPOHHOro H311Y4eHHil sneKTpOHHoro KOnbUO yCKOPHTenil 

KYTM-20 B AnHHHOBOnHOBOM MK-AHOn030He. 3KcnepHMeHTOnbHO noK030HO B03M0lf{HQCTb C03AO
HHil MK-cneKTPOMeTpa HO OCHOBe YCKOPHTenil KYTM-20 C YHHKOJlbHblMH napOMeTPOMH: MOII\HOCTb 

H3ny4eHHil B AnHHHOBOJlHOBOM MK-AH□na3oHe He MeHee 10-4 BT•MKM-l, SIDIDeKTHBHOCTb criopa 

MOII\HOCTH H3Jly4eHHil He MeHee 1%. 
5. Ha OCHOBe npeAnomeHHblX MeTOAOB KOHTpOnil napoMeTpOB sneKTPOHHblX H HOHHblX KOnb

ueBblX ny4KOB pa3pariOTOHbl H BKnm4eHbl B COCTOB H3MePHTenbHO-Bbl4HCnHTenbHOro KOMnneKca 

ycKOPHTBnil KYTM-20 cneAYIDII\He ycypotclcTBO: TeJleBH3HOHHOil KaMepa C onTH4eCKHM 30TBOPOM 

HO OCHOBe n3C-MOTPHUbl (npHriop C 30PilAOBOtcl CBi13bID), onTH4eCHHe KOHOJlbl IDOKYCHPOBKH H 

criopa MOII\HOCTH CM, cneKTPOMeTp Anil AH□na3oHa BOKYYMHoro ynbTP□ IDH□neTosoro H3ny4eHHH, 

PHA AHCCeKropos. 

. Anpori□UHH pariOTY. Pe3yJlbTOTbl, BOWeAWHe B AHCcepTOUHID, AOHnOAblBOJlHCb HO TpH

HOAUOTOtcl MefflAYHOPOAHOtcl KOHIDepeHUHH no ycKOPHTeJlilM 40CTHU BblCOKHX 3HeprHt:l (HOBOCH
riHPCK, 1987), AeCilTOM BcecOID3HOM COBell\OHHH no YCHOPHT8Jli!M 30pilmeHHblX 40CTHU (~yriHa, 

1987), MemAYHOPOAHOM COBell\OHHH no npo6neMOM KonneKTHBHOro MeTOAO ycKopeHHil (~yriHa~ 

1982) H Ha ceMHHopax s flCB3, nBTA, nHn .OMHM H MA3 HM. M.B.Kyp4arosa, r.MocKsa. 

nyri11HHOUHH. OCHOBHble pe3yJlb TOTbl AHCCepTOUHH orpomeHbl B 9 ne40THblX pa6ornx H 

3011\Hll\eHbl 4 OBTOPCKHMH CBHAeTenbCTBOMH HO H3o6peTeHHe. 

CrpyKrypa AHCcepTOUHH. Pa6oT□ COCTOHT H3 BBBABHHil, rpex rnaB H 30Knm4eHHil. 0611\Ht'l · 

06beM COCTOBnileT 105 CTPOHHU , BKJ1ID4051 73 PHCYHKO. CnHCOK JlHTePOTYPbl HOC4HTblBOeT 56 

HOHMeHOBOHHtcl. 
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COAEPIAH~E PA60Tbl 

Bo BBBABHHH C~OpMynHpOBOHbl 30A04H, i!BnilIDII\HeCil npeAMeTOM parioTbl, KPOTKO H3nomeHO 

COAepmOHHe scex rnos, BblAeneHbl HOY4H0il HOBH3HO H npaKTH4eCKOil ueHHOCTb. 

B nepso" rl1088 paCCMOTPHBOIDTCil sonpoCbl H3MepeHHil nopaMeTPOB sneKTPOHHblX KOnbue

BblX ny4KOB no onTH4eCKOMY H3ny4eHHID B BHAHMOtcl orinacTH cneKTpO. CxeMa 3KCnepHMeHTOnb

HOtcl ycTOHOBKH noK030HO HO PHC. 1. 3neKTPOHHbli1 ny40K C TOK OM j == 500 A, 3Heprflei1 

sneKTPOHOB Ee~ 2t3 MaB H AnvirenbHOCTbID :;- :: 100 He HHmeKrnpyeTcil B KOMepy □ A
re3□Topa 1, CBOP04HBOeTCil B HOnbUO POAHYCOM ·/2 ~35 CM B c1106o~OKYCHPYIDll\eM M□ rHHT
HOM none c noK□3arnneM cn□A□ fl.== 0;2t0.5*)(n. :_ ¾i · <;)BiR.• rAe Ba - □KCH□nbH□ il 
KOMnoHeHTO HanpilmeHHOCTH MOrHHTHOro nonil). 3aTeM sneKTPOHHOe KOnbUO CfflHM □ eTCil B HO

pOCTOIDll\eM BO apeMeHH MOrHHTHOM none AO POAHYC□ Q IC = 8t4 CM' npH 3TOM 3Heprnil aneK

TPOHOB B03POCTOeT AO ~ !l:- 20 MaB. napannenbHO HAeT npouecc 30rpy3Kvl sneKTPOHHoro 

KOnbUO HOHOMH 30 C4eT nocneAOBOTenbHOtcl v10HH30Uvlvl OTOMOB aneKTPOHHblM YAOPOM. H□Konne

HHe HOHOB npoHCXOAHT 11v1rio H3 OCTOT04Horo ra30 npH·AOBneHHH p::: 10-7~10-8 Top, nvirio 

H3 cneuHanbHOro na3epHoro HCT04H~KO OTOMOB **). Tv1m14Hble n- v1 Q -rpoeKTOPHH ( 30-

BHCHMOCTH fl. (T) v1 Q (T)) npvi cmarnvi aneKTPOHHoro KOnbUO noK□30Hbl HO pvic. 2. 

MHoroKOHOnbHOil CvlCTeMa v13MepeHHtcl nap□MeTpOB aneKTPOHHOro KOnbUO, cxeMO KOTOpotcl 

npeACTOBneHa HO pvic.1, COCTOilna v13 KOHOnOB perv1crpduHv1 CBB4BHHil OCTOT04HOro r □ 3□11 • 2 ~ 
B036ymAOeMOr□ 3JlBKTPOHHblM ny4KOM v1 KOHOnOB pernCTPOUHH (M aneKTPOHOB/3,61 • 3TO CHC

TeMO n03BOnilna KOHTponvipoBOTb TOK ny4KO '4 ( 4Hcno 40CTHU ~ ) , P03MBPbl nonepe4HO

ro ce4eHHil sneKTPOHHOro KOnbUO Q,_.~ (nonyp□3MBP HO nonyBblCOTe pocnpeAeJleHHil nnor
HOCTH ny4KO), p□AHYC KOJlbUO npvi Q '~ 4t5 CM vi AHHOMH4ecKvie xapaKTepv1crn1rn ST Hie°· no-

1< 

poMeTpOB npvi Clf{OTHH KOnbUO v1 era YCKOPBHHH. 0nTH4BCKOe v1311Y4eHHe (cBe4BHHe OCTOT04HO-

ro ra30, CvlHXPOTPOHHOe v1311Y4BHHB 3JleKTPOHOB) BblBOAHnOCb 4epe3 OKHO 11 (pvic.1) v1 IDO

KYCHPOBOnOCb onTH4BCKOtcl CHCTeMotcl 13 HO AeTeKTOPbl 14. CHrHOJl C npvieMHHKOB nocrynon nH-

60 s oHonorosot:l IDOPMe HO ocuvinnorpoID AnH one'pornsHoro KOHTponH nopoMerpos ny4KO, nvi-

60 ouHIDPOBb1soncH oHonoro-uHIDPOBblM npeoripo3osarnneM (AUn) H o6po6ornsoncil 3BM. B Ko-

4ecrse npvieMHHKOB H3ny4eHHil vicnonb30BOnv1Cb n03HUHOHH0-4YBCTBHTenbHble AeTeKTOPbl, nopa

MeTpbl KOTOpblX npviseAeHbl B TOrinviue l. 

l{poMe 3Toro, HCnOJlb30BOnHCb CTOHAOPTHble IDOT03neKTPOHHble YMHOfflvlTenvi THnO ¢3Y-87, 

¢3Y-100, ¢3Y-30. npH6op, COCTOilll\H~ v13 aneKTpOHHo-onTH4eCKOro npeorip030BOTenil (30n), 

COCTblKOBOHHOro C nOMOll\bID BOJlOKOHHO onTH4eCKoro KOHTOHTO C AHCCeKTOPOM, 6bln cneUHOJlbHO 

po3p□60TOH Anil perHCTPOUHH p03Mepos aneKTPOHHoro HOnbUO no CBe4eHHID OCTOT04Horo ro30. 

*) 8.C.AneKCOHAPOB, n.¢.6e110WHUKHt'l, fl.H.6enHeB v1 AP• YCKOPHTenbHblt'l KOMnneKC TilfflBnblX 

HOHOB OMHM. Coorill\eHvie OMHM, P9-83-613, ~yriHo, 1983. . 
**) . 

~.A.6blHOBCKHt'l, B.E.MHPOHOB, B.n.CopoHues HAP- 0 C03AOHHH J1□3epHoro HCT04HHHO 

He"TPOJlbHhlX OTOMOB AMI Ko_nneKTHBHOro yCKOPHTeJlil. npenpHHT m~HM, P9-83-501, 
~y6HO, 1983. 
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T0Cim1ua I 

T11nrµ,1(qXJ Prn.q:J J\t,HM143CHIM 
~TOHOTOAO, Al'l]l1l3'.}I ,,.. 

~11cceHTOp~: 
/11,,1-605-3 25 
/11,,1-613 40 104 

/11,,1-614 80 

30n C A11CCBH-
TOPOM /11,,1-605-3 25 ,oz 

i 

¢orpxpoHorpa~ 
"Arcn-C¢" C 
A11CC8HTOPOM ~ 

/11,,1-p05-3 7 102 

M0Tp11ua n3c 
.. 

(UM-1) c 30T-
BOPOM UTC/1 4x5 103 

4-

PHc.1. CxeMO 3Hcnep11MeHTOflbHO~ YCTOHOBHl1. 
1 - 3fl8HTPOHH08 HOflbUO, 2 - HOMepa OA
re30TOpa, 3 - 030THOH noByWHO, 4 - menb 
MOHOXPOM□Topa, 5 - A11 □~parMo, 6 - Mexa
Hl13M noBopoTO A11~POHU110HiiOW peweTKl1, , 
7 - A11~POHU110HHOH peweTHO, 8 - ABTBHTOP 
MKn, 9 - ueon11TOB~~ HO~OC, 10 - HOnneH
TOP, 11 - OHHO, 12 - 38PH□na, 13 ~ Cl1C
T8MO ~0Hyc11pymme~ onTl1Hl1, 14 - ABTBHTOP~, 
15 - Hopnyc cneHTPOMeTpO. 

P1,1c.Z. n -TpaeHTOPl111 ( cnnowHO,! fll1Hl1H) 
11 R. -1paeHTOp1111 pem11MOB cmarn,1 3neH
TPOHHo-110HHblX Honeu. 

fqrrOBOH [pJclJX]HCTBeH- ~ 
OCl361leti-Kx:Tb HOO~, ~. 

MM'\.,,..-1 HC 

10 
1 □-9BT°CM-2 50 50 

10 

1 □-12BT•CM-2 5 1 

1 □-14~)1{-CM-2 7 0.01 
-

5•1□-9~m-CM-2 30 500 

.• 

(, 

t-; 

\ 
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CoBoHynHOCTb MBTOAOB per11crpau1111 no3Bon,1na 113M8PHTb reOM8TPl148CHl18 napaMeTpw ny4HO B 
- A110n030He MOmHOCTl1 113flY48Hl1,I B B11A11MO~ o6naCTl1 cneHTPO OT , □-4 BT (OCTOT04HW~ ro3) 

AO 100 BT (Cv1). 
il13MepeH11e a6conffiTHOro HOfll148CTBO 3fl8HTPOHOB no Cv1 npoBOA11flOCb no M8TOA11H8 pa6o

Tbl*), OTHOCl1T8flbHOe HOfll148CTBO 3fl8HTPOHOB HOHTpon11poBanocb no c11rHany·ropM03HOro 113-
ny48Hl1,I np11 pa3pyrneHl1l1 HOflbUO (c11rHOn U~ ). 

Ha p11c.3,4 npeACTOBflBHW XOPOHTBPHWe c11rHanw, 11nnmcrp11pymm11e pa6ory Cl1CT8Mbl. 

A 
200 

100 

a) Ci) 
PHC.3. Ocu11nnorpaMMbl c11rHanoB C ABTBHTOPOB, per11crp11pymm11x CB848Hl18 
ocTaTo4Horo ra3a. 
a) ABTBHTOP - ¢3Y-100, P03B8PTHO 0.2 MC/Aen. 
Ci) A8T8HTOP - 3□n-Al1CC8HTOP, CHOH11POBHO OHCl10flbHOro P03M8PO 3fl8HTPOH

Horo HOflbUO npoCTPOHCTB8HHbl~ MOCWT06 - 4,8 MM/MHC, p03B8PTHO -
10 MHC/Aen. 

(\ penep 
• • I 
: ' !a i \ :i 
i \ !\ 

I \ 1 · . 
u 

PHc.4. C11rHan C A11CC8HTOPO B U11~POBOM B11A8, 
CHOHl1POBHO P03Mepa 3fl8HTPOHHora HOflbUO no Cv1, 
A - 0Mnn11TYAO H□Hana,.IV- HOMep HaHana AUn, 
3,6 MM/100 HOHOflOB, Bp8MH CHOHl1POBHl1 - 10 MKC. 

C noMombm onepOTl1BHOro HOHTpon,1 P03M8POB 
ny4KO npOBOA11flOCb HOCTPO~KO peml1MOB paCiOTbl yc
HOPl1Ten,1 KYTv1-20 (noACiOp 3Hepr1111 11Hll{8KU1111, 
n -TpaeKTOPl111 11 T.A.). 3To n03BOn11no YM8Hb

Wl1Tb, B 40CTHOCTl1, OKCl10nbHW~ P03Mep C848Hl1H 
aneKTPOHHOro KOnbUO HO POA11YC8 la = 4 CM C 

Q•= 8 MM AO Qi!= 2t3 MM (p11c.4). 

*) r.B.~on611n0B, B.n.CapaHuea, A.n.CyMCiaea 11 AP· OnpeAeneH11e a6conmT
Horo H0fll148CTBO 3neKTPOHOB B ROflbU8 HO npoTOT11ne KYTv1, mT¢, T.55, 
B.7, 1985, C.1211. 
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npH 3T0M YA□n0Cb A06HTbCff CT06HnH30UHH BenH4HHbl P03Mepa a~ C yBenH4eHHeM H0/1H-

4eCTB0 3/leHTP0H0B B H0nbue AO 5-1012 (pHc.5). 

a
2 

(MM) 
4 

31 t tt h t f i 
21 t ~ + t'f 

42 
~0 (lie) 

0 10 20 30 40 so 
u,,s, 

P~c.5. 30BHCHM0CTb 0HCH0/lbHOr0 p03Me

pa a~ OT 4HC/10 3neHTpOHOB B HOnbue 

(CHrHOn U( ). 
.6 - CH0HHPOBH0 p03Mepa AHCCeHTO

POM 30 10 MHC. 

• - CKOHHPOBH0 ID0TOXPOHOrp□IDOM 

30 2 HC. 

KoHTPOllb P03MepoB 3/leHTPOHHOro 

H0nbU0 B pemHMe era ycHopeHHff BAO/lb 

0HCH0/lbH0~ OCH ocymecrnnffllCff C no,

M0ll\bID MH0ro3epH0nbH0ro YCTP0~CTB□141 , 
no3B0/lffBUlero BblB0AHTb Cl'! H3 nnoCH0Crn 

30B0/10Cb 

H0nbU0 HO CHCTeMy perHCTP0UHH. l1cno11b

T0H1Re BpeMHnponeTH0ff MeT0AHHa151 , H0TOP0ff no3B0nff/10 perHCTPHP0B0Tb Cl'! 3neH-

TP0HH0ro H0nbU0 npH era ABHmeHHH B pemHMe ycHopeHHff. 6bl/10 n0H030HO, 4T0 B 0TAenbHblX 

pemHM0X H0/lbUO ABHIReTCff HOMn0HTH0 co CH0P0CTbID, COOTBeTCTBYIDll\e~ CH0POCTH 3□rpymeHHO

ro HOH0MH HO/lbU0. 
B 3HCnepHMeHT0X no HCC/leAOB0HHID CIR0THff 3neHTP0HH0-HOHHoro H0nbU0 6bl/1H o6HapymeHbl 

3IDIDeHTbl, H0TOpble M0IRH0 onHC0Tb B P0MH0X B30HMHOro BllHffHHff 3neHTPOHH0~ H HOHHO~ H0Mno

HeHT. no H3MepeHHffM C noMOll\bID ID0T0XPOHorp□ID0 H AHCCeHTOp0 no Cl'! 6bl/1H 06HopymeHbl HHTeH

CHBHble Hone6□HHff 3/leHTPOHHO~ HOMnoHeHTbl C 40CTOTO~ e 20 Mru HO P0AHYCe HO/lbU0 Q =4CM. 

npH 3TOM _6bl/10 A0H030HO, 4TO 3TH HOJ1e60HHff ffB/lffIDTCff P0AH□nbHblMH. B 3THX 3HcnepHMeHT0X 

3/leHTPOHHble HO/lbU0 YAePIRHB□nHCb M0rHHTHblM noneM C M0/lblM n0H03□TeneM cn□A0 ( n ~ 0.2). 

CornacH0 nHHe~HO~ TeopHH, npH H0H0n/leHHH HOHOB B TOH0M none H0/lbU0 CTOH0BffTCff Heyc

T0~4HBblMH yme npH M0/lOM 4HCne HOHOB, npH4eM OMnnHTYA0 Hone6□HH~ nocneAHHX MomeT npe~ 

Bbllll0Tb □MnllHTYAY H011e6□HH~ 3neHTPOHOB, He n03B0nffff CIDOPMHP0B0Tb HOMn□HTHble ABYXHOMno

HeHTHble H0/lbU0. 0AH0H0, ecnH 30XB0T HOH0B npoHCX0AHT BO BpeMH CIR0THff B M0rHHTHOM none 
C 6onblllHM n~o.5, TO 06/l0CTb nop□MeTp0B, B HOTOpblX B03M0IRH0 HeycT0~4HBOCTb H B03-

6ymAeHHe Hone6□HH~, 6yAeT A0CTHrHyT0 nHlllb nocne Toro, HOH 6yAeT H0H0nneH 3H04HTe/lbHbl~ 

HOHHbl~ 30PHA, C03A0IDII\H~ none C CH/lbHO~ HenHHe~HOCTbID*)_ AH□nH3 Cl'! CIR0Toro AO P0AHYC0 

(2K = 4 CM 3neHTPOHHoro HO/lbU0 nOH030/1/7/, 4TO no CP0BHeHHID C pemHM0M CIR0THff B M□r
HHTHOM none C noH030TeneM cn□A0 n. ~ 0.2 □MnllHTYA0 KorepeHTHblX P0AH0/lbHblX HO/le-

6□HH~ 3neHTPOHHO~ HOMnoHeHTbl B pemHMe C n i 0.5 yMeHblllH/l0Cb B 3~5 P03 H He npeBOC

XOAHn□ 0,2 a~. npH 3TOM 0MnllHTYA0 HorepeHTHblX HOJ1e6□HH~ HOHOB, corn□CH0 TeopeTH4ec
HHM OUeHHOM*), ·eme MeHbllle. 

*) ID.11.Anel{COXHH.0 B03MOIRHOCTffX 3/leHTPOHHO-HO/lbUeBO~ TeXHHHH. ~enoHHPOB0HH0e coo6-

ll\eHHe 011Hl1, 61-9-87-573, ny6Ho; 1987. 
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B 3KcnepHMeHT0X T□Hme 6bl/10 o6~apymeHO, 4TO B PHAe cny4□eB 0KCH0/lbHOe pocnpeAe/leHHe 

nnoTHOCTH 3/leHTPOH0B cymecTBeHH0 OT/1H40eTCff OT rayccOBCH0ro C o6p030B0HHeM noH0/lbHO

ro M0KCHMYM0 nllOTHOCTH ("HepHa") B ueHTpe pacnpeAe/leHHH/3/ (pHc.6). 

PHc.6. PacnpeAe/leHHe n/l0THOCTH 3/leHTPOH0B, H3MepeHHOe 

moToxpottorpoID0M. 1 - rn□AKoe pacnpeAeneHHe, 2 - pacnpe

AeneHHe C "HepHOM"; speMH CH0H.HPOBHH - 2 HC. 

npH 3TOM HePH, cymecTBOB0/1 He. Mettee 100 HC, a □MnllH

TYA0 nHK0 COCT0B/lff/10 AO 50% OT □MnllHTYAbl OCHOBH0ro ny4K0. 

CymecTB0B0HHe T□Horo KepH0 CT0/16 AllHTe/lbHOe BPeMH (~ 103 

o6opoTOB 3/leKTPOH0 no op6HTe) MOIRHO 06bHCHHTb o6p□30B0HH

eM noH0/lbHOro M0KCHMYM0 nllOTH0CTH H0H0B B ueHTpe 3/leHTPOH

Horo ny4K0 H A□nbH8~1llHM nHH4eB0HHeM rpynnbl np~OC8BblX 

aneKTPOHOB 30 C4eT noHBneHHH AOnonHHTenbHO~ IDOKYCHPYIDll\e~ 

CHnbl, -4TO nOATB8PIRA0eTCH pac4eTOMH*)_ 

BrnpoH rn□BO COAePIRHT onHC0HHe MeTOAOB H3MepeHHff nap□MBTPOB H0HHblX KOnbUeBblX 

ny4KOB H pe3ynbT0Tbl 3KCnepHM8HT□nbHOro HCCnBAOB0HHff HX AHH0MH48CKHX xap□KT8PHCTHH. 

11ccneA0B0HHe nap□M8TPOB HOHHO~ KOMnOHSHTbl B 3n8KTP0~HO-HOHHblX HOnbU0X npOBOAHnOCb no 

H3ny4eHHID HOH0B B BHAHMO~, ynbTP□IDHoneToBo~ H B□KYYMHo-ynbTPOIDHoneToBo~ (BY¢) o6nac

THX cneHTp0. Bo36ymAeHH8 H3ny4□TenbHblX nepexo~OB HOHOB npoHCXOAHT 30 C4eT P830H0HCHO

ro nornomeHHH Cl1 3neHTPOHOB (BHAHMOH o6n□CTb) 81 , nH60 30 C4eT 3neKTPOHHO-HOHHblX H 

HOH-H0HHblX CTOnKHOBBHH~*) (ynbTPOIDHoneT, BY¢). B 3KCnepHM8HT0X HccneAOB□nCR cneKTp□nb
Hbl~ COCT0B H3ny4eHHH. AnnapaTypa AnR H3MepeHH~ B o6n□CTH AllHH BOnH H3ny4eHHff 

.A = 6500~2000 A cocToHn□ H3 cT□HA0PTHoro MOHoxpoM□Topa M~P-2 c HB□pueso~ H 3ep

H□nbH0~ IDOHYCHPY~ll\8~ onTHKH H A8TeHTOP0 ¢3Y-100. nnR H3MepeHH~ B BY¢-o6n0CTH 

( .A = 2000~300 A) Hcnonb30BoncH cneuH□nbHO po3pa60T□HHh1~ cneKTpoMeTp/9' 1, nocTpoeH

Hhl~ no c~eMe Ce~H-H0MHOK0. B cneKTPOMeTpe npHM8Hffn0Cb 6e3M□CnHH0ff OTK04K0 06b8M0, no3-

BOnHBUI0H nony4HTb A□BneHHe ocT□T04Horo ra3a Ha yposHe P~ 10-8 Top 6e3 nporpesa y3-

na, BKnID40IDll\ero AHIDP0KUHOHHYID pemeTKy. nocnBAHffH HBnHn□cb AHCneprHPYIDII\HM H ~oKyCHpym-

11\HM 3neMeHTOM c P□AHYCOM KPHBH3Hhl nosepxttocrn R. = 500 MM H c noKph1rneM nosepxttocrn 

COCT0B0MH H3 □nIDMHHHff H BOnb~P0M0 HnH □nIDMHHHH H ~TOPHCTOrO M0rHHH. neTeKTOPOM H3ny-

4eHHH RBnRnCH A0T4HK H3 ABYX MHKPOK0H□nbHblX nnacTHH (MKn) B lll8BPOHHO~ c6opHe. CxeM0 

3KCnepHM8HTOB noK030H0 HO pHC.1. MOHOXPOM0TOP MnP-2 yCT0H□BnHB□nCH HO MeCTO B0KYYMHO

ro MOHOXPOM□Topa. 

B BHAHMO~ H ynbTPO~HoneTOBO~ o6n□ CTRX 6blno BblAeneHO H3ny48HHe H8~Tp0nbHblX 0TOMOB 

H 0AH030PffAHblX HOHOB. B o6nacrn BY¢-H3ny48HHH 6binH Bh1Ae/18Hbl cneKTp□nbHhle HHTePB0nbl 

*)3.A.nepenblllT8~H, B.¢.WBBUOB, 1.n.WHPKOB, 6.1.mHHOB. MOABnHpOB0HHe n~OU8CC0 H0KOnne

HHH HOHOB B aneKTPOHHhlX ny4K0X. npenpHHT 011Hl1, P9-82-532, ny6H0, 1982. 
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WMPMHO~ 100 i B po~aHe AnMH sonH 50 □ i ,860 i, 1750 i , B KOTOPblX 1,13ny4amT MOHbl OCTC

T04HOrO ra30 (030T, yrnepo4, aproH) OT nepso~ AO TPBTbB~ 30PHAHOCT1,1. np1,1 3TOM 30B1,1Cl,1-

MOCTb MOU\HOCTl,1 1,13ny4BHl,1A OAH030PAAHblX l,1QHOB OT 41,1cna 3nBKTPOHOB B KOnbue 6nM3KO K na

pa6on1,14ecKO~, 4TO 1,1nnmcrp1,1pyeTCA p1,1c.7. 3TOT ID□ KT CBMABTBnbCTBYBT O HOKOnneHMM OAHO-, 

ABYX30PAAHblX MOHOBOB 3neKTPOHHOM KOnbue. B TO me BPBMA, B 6onee mecTKO~ o6~0CTM AnMH 
B0/lH ,J\ ~ 400~600 A ' COOTBBTCTBYEU\8~ M3llY4BHMm TPBX30PAAHblX MO HOB' H0611m4onocb pe3K08 

YMBHbWBHl,18 CMrH0/10 C ABTBKTOPO C YBB/lM48HMBM 4MC/l0 3/lBKTPOHOB ( U~>40 B, p1,1c.8). 

np1,1 3TOM Ko11e60HM~ 3/lBKTPOHHO~ KOMnoHeHrn HO pa41,1yce R.
1
/= 4 CM He H□611m4011ocb 1,1 pa3-

Mepbl C848HMA 6bl/ll,1 HO ypOBHB Qr;i'2¼3 MM. 

06bACHBHM8 3TOMY 3IDIDeKTY 6bl/l0 HO~ABHO np1,1 MCC/lBAOBOHMM MHTerp□llbHOro 1,13/lY4BHMA 

B BYe-06110CTM. B 3TMX 3KcnepMMBHTOX C UB/lbE YBB/lM48HMA OMnllMTYAbl CMrH0/10 MKn-4eTeKTOP 

yCTOHOB/lMBO./lCA 6e3 MOHOXPOMOTOPO B Henocpe4cTBBHHO~ 6/lM30CTM OT 3/lBKTPOH-MOHHOro KO/lb- ~ 
ua. CMrHO/l~ C }IBTBKTOPO npMBBABHbl HO p1,1c.9.. '4 

601 ucil'Bl 100 U(MB) 

"° 

20 

'-,~--7---~--..:s1•1012/A';J 
4~ 2 3 

50 
·(\· . . . • 
I O 0 

' r\·: I 

0 4 ~ 2 3 

PHc.7. 30B1,1C1,1MOCTb OMnllMTYJlbl CMrH0/10 C 

MKn-4eTeKTOPO ( Uc ) OT 4MC/l0 3/lBKTpO

HOB ( CMrHO/l U ~ , 17 B/ AB/l) HO ~/llilHB 

B0/lHbl BY•-1,1311Y48H1,1A .A = 1750. A. 

PHC.8. 30Bl,1Cl,1MQCTb OMnllMTYAbl ClilrH0/10 

C MKn-4eTBKTOPO OT 41,1C/l0 3/lBKTPOHOB B 

KOllbUB HO AllMHB BOnHbl .;l = 500 i. 

a) 

tt. 

PHc.9. CMrHO/l c MKn-4eTBKTOPO 6e3 MOHOXPOMOTOpa. 

a) P = 2-10-8 Top, U't = 50 B; 40 s; 50 B (csepxy s~1,13) 

6) p = 3.,0-7 Top, Ur = 35 B; 42 B; 25 B; 35 B; 

CMrHO/l B BMAB no11yc1,1Hyco1,14bl - TOK B KOTYWKOX CMCTBMbl cmOT1,1A. 

8 

Ci) 

>) 
:1 

1, 

j. 

1
'i 

' 

' 

J 

AH0/11,13 ocu1,11111orpoMM p1,1c.9 nOK03blBOBT, 4TO B MOMBHT BPBMBHl,1 t~ (nOAB/lBHl,18 KO/lbUO 

s 30He s1,141,1Mocr1,1 AOT4MK□ np1,1 pa41,1yce 3/lBKTPOHHoro KonbUO R~ = 6 cM) 1,14er MOU\Hbl~ c1,1r

H□ ll AllMTB/lbHOCTbE ~ 200 MKC. ~HTBHCMBHOCTb 3Toro CMrH0/10 POCTBT 048Hb CiblCTPO B 30-

B1,1C1,1MOCTl,1 or 41,1c110 3/lBKTPOHOB (p1,1c.10, KPMBOA 2). 

300 

200 

100 

0 -

f 

PHc.10. 30B1,1Cl,1MQCTb l,1HTerpo110 no BpeMeHM nepso

ro nMKO BY•-l,13/lY48H1,1A OT 41,1C/l0 3/lBKTPOHOB B 

KO/lbUB B ABYX pemMMOX cm□Tl,1A. 

B MArKoM cser~ (IDMllbTP Mgf.i c nponycK□H1,1-
eM np1,1 .i\ > 1400 A) 3TOT CMrHO/l OTCYTCTBYBT. 

nonO/lHl,1T8/lbHbl8 1,13M8p8H1,1A C nOMOU\bE K0/1/lBKTOPO 

40CTMU 1,1 1,13MBP8Hl,1~ B4-0KTMBHOCTl,1,KQ/lbUO noK0-

30n1,1, 4TO B 3TOT MOMBHT BPBMBHl,1 npoMCXO}ll,1T MOUi

HOA BCnblWKO B4-0KTMBHOCTl,1 KO/lbUO C 40CTOTO~ 

_1 2 3 4 uc1 20;-50 Miu 1,1 perncrp1,1pymrcA norep1,1 ~OHOB, 4TO 1,1 

06yc110B/ll,1BOBT nMK BYe-1,13/lY48H1,1A 30 C48T PBKOM-

61,1Hou1,11,1 1,10HOB HO CT8HKOX KOMBPbl O}lre30TOPO, 0 He 30 C48T MX HOKOnllBH1,1A B KO/lbUB. Bpe

MA nOAB/l8Hl,1A nli1KO 1,1311Y48H1,1A COOTBeTCTByeT 1,13MeHeHME nOK030Te/lA cn□}IO MOrHli1THOro no/lA 

n. B }\l,1Qno30He 0.1 < n:. <: 0.18 (p1,1c.2). K 3TOMY MOMeHTY B 3/leKTPOHHOM KO/lbUB 

Mamer HOKOnllli1B0TbCA 3H041,1Te/lbHOe KO/l1,14eCTBO 1,10HOB*), TOK 4TO nonpoBKO coeiCTBeHHO~ 

40CTOTbl Ko11e60H1,1~ 3/lBKTPOHOB B none li10HOB Qei (s e}lli1HMUOX 40CTOTbl o6pomeHMA 3/lBK

rpoHos) Mamer roKme JIOCTli1rorb se111,141,1Hbl Oei= O.lt0.18. 311,1 IDoKTbl no3BOllAET npeJ1no-

11om1,1rb, 4TO B 3/l8KTPOHH0-1,10HHOM KO/lbUe HO POAMYCe 12~~6 CM p03B1,1BOeTCA p0}\1,10/lbHOA 
~ 

}ll,1nO/lbHOA Heycro~41,1B0CTb, YCllOBl,1e B036ym}IBHl,1A KOTOPO~ onpe}le/lAeTCA YPOBHBHMBM: 

Qie + ✓ { -n f, ae~· I = f 
2 2. . 

r AB: Qie = Qe½ - 40CTOTO Ko11e60H1,1~ MOHOB B none 3/lBKTPOHOB, f - IDoKTOP 

30rpy3Kli1, onpe}lellAEU\l,1~ OTHOWBHMe CYMMOPHO~ MOCCbl 1,10HOB 1,1 3/lBKTPOHOB B KO/lbUB. 

C POCTOM 4MC/l0 3/leKTPOHOB 1,1, COOTBeTCTBBHHO, 4li1C/l0 li10HOB B KO/lbUe 1,1 Be/lM41,1Hbl 

BPBMA P03B1,1Tl,1A HBYCT0~41,1BOCTl,1 }\OllmHO C}\Bl,1rOTbCA B CTOPOHY yse/ll,148H1,1A nOK030T8/lA cna

}10 BAO/lb tt -TpoeKTop1,11,1, 4TO COOTBeTCTByer 3KCnepli1MBHTO/lbHOMY IDoKTY _6011ee POHHero 

nOAB/leHli1A nepsoro nli1KO BYe-1,13/lY48H1,1A. nonO/lHli1Te/lbHblM opryMeHTOM AB/lABTCA ID□KT· 3H0-

·4MTe/lbHOrO YMeHbWeHli1A nepsoro nli1KO C yse/lli148Hli1eM }IOB/leHl,1A OCTOT04HOro ro30 B KOMepe 

O}lre30TOPO (p1,1c.96). 

B 3~Cnep1,1M8HTOX o6HopymeHo, 4TO P03B1,1Tl,18 HBYCT0~41,1B0CTl,1 Mamer 6b1Tb. CYU\BCTBBHHO 

yMeHbWBHO no}l6opoM n-rpoeKrop1,11,1 (pem1,1M 1 p1,1c.2). B 3TOM pem1,1Me cymecrseHHO YMBHb

WOETCA norep1,1 1,1QHOB (Kp1,1BOA 1 p1,1c.10), B03POCTOeT 1,1HTeHCl,1BHOCTb 1,13/lY48H1,1A noc11e nMKO 

*} CM. CCblllKy HO CTp. 7 
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norepb MB meCTHO~ o6naCTM BY¢-cneHrpa. npM 9TOM napaMeTpY aneHTPOHHO~ KOMnOHeHTY HQ 

PO,I\Myce Q. It = 4 CM He yxy )\IJIQIOTCil. 
CepMil aKcnepMMeHTOB no M3MepeHMIO BY¢-M3ny4eHMil CTblKyeTCil C M3MepeHMilMM KOne6a

HM~ aneKTPOHHO~ KOMnOHeHTbl no CM M eme pa3 no,I\TBepm)\OeT BYBO/\ 0 CMnbHOM snMHHMM cno

co6a 30rpy3KM KOnbUQ MOHQMM HQ AMHQMMKY p03BMTMH 9f:8KTPOHHO-MOHHO~ ,I\MnOnbHO~•HeyCT0~-

4MBOCTM M npaKTM4eCKM O,I\H03HQ4HO CBM)\eTenbCTByeT O He06XOAMMOCTM y4eTO HenMHe~HOCTM 

CMn • 
C uenblO nposepKM B03MOmHOCTM Mcnonb30BQHMH pa3pa60TOHHblX MeT0,1\0B M3MepeHMR HQ 

APYrMX YCKOPMTenHX, 6Yn nocrasneH 9KCnepMMeHr1101 no perMCTPOUMM M3ny4eHMil BasMnosa-

4epeHKOBQ (MB4), reHepMpyeMoro npoTOHHblM ny4KOM CMHXPOUMKnOTPOHQ OMHM C napaMeTpOMM:· 

aHeprMH npoTOHOB En ~ 640 MaB, MHTeHCMBHOCTb ~ 107nporoHos-c-1, ,l\nMTenbHOCTb 

MOKpOMMnynbCQ 3":::: 40 MKC. nnil perMCTPOUMM M84 MCnOnb30BOnOCb ycrpo~CTBO 30n-AMCCeK

TOp (CM.T06n.I), YCTQHOBneHHOe B npM6op ,l\nil M3MepeHMil cpe,I\He~ 9HeprMM ny4KQ npoTOHOB 

no MB4*) (pMc.11). Ha PMC.12 npMBe)\eHO TMnM4HQR OCUMnnorpaMMQ MMnynbCQ C AMCCeKTOPO, 

nony4eHHQil B 0,1\HOM MOKPOMMnynbce ny4KQ npOTOHOB. AMnnMTYAHO-speMeHHble XOPOKTepMCTMHM 

MMnynbCQ no3BOnRIOT ocymecTBMTb o6pa60TKY C uenblO onpe,l\eneHMR 9HeprMM npoTOHHoro ny4KQ 

B 0,1\HOM MOKPOMMnynbce. 

PMc.11. CxeMO per~CTPOUMM M3ny4eHMil 80BMf:OBQ-

4epeHKOBO: 1 - KonnMMOTop; 2 - npM3MO-PO/\MOTOp; 

3 - npM3MQ-KOMneHCOTOp; 4 - 3epKano; 5 - 06beK

TMB 'TenMoc-40"; 6 - 30n-,I\MCCeKTOp; 7 - ABOm,l\bl 

orpameHHY~ ny4; 8 - npHMO~ ny4. 

PMc.12. OcuMnnorpaMMO cMrHana c npM6opa 30n

,11,McceKrnp. 

P03BepTKQ - 2_ MKC/,1\en, 4YBCTBMTenbHOCTb -

20 .i.B/ Aen. 

*) 
'a.n.3penos, E.C.Ky3bMMH, B.n.~ynMnbues, H.PymM4KO. McnwraHMe KoM6MHMposaHHoro 

4epeHKOBCKoro MeTO)\Q M3MepeHMil cpe,I\He~ aHeprMM npoTOHOB. npenpMHT OMHM, 13-87-835, 

ny6Ha, 1987. 

10 

8 TpeTbe" rnase npMBO,I\MTCil onMCQHMe nepcneKTMBHblX MeT0,1\0B M3MepeHMil napaMeTpOB 

MHOr030Pil/\HYX MOHOB B aneKTPOHHO-MOHHYX KOnbUQX M pe3ynbTQTY 9KCnepMMeHTOnbHYX Mccne

,1\0BOHM~ CBO~CTB CM aneKTpOHHoro KOnbUQ B ,I\OnbHe~ MK-o6nacTM cneKTpa. 3TM sonpOCbl 06be

,I\MHeHY crpeMneHMeM POCUIMPMTb cneKTP B03MOmHblX npMnomeHM~ MHTeHCMBHYX aneKTPOHHO-MOH

HYX Koneu. 8 4QCTHOCTM, npM ysenM4eHMM nnoTHOCTM Koneu OTKPYBQIOTCH nepcneKTMBY nony4e

HMH MHOr030Pil/\HYX MOHOB, K mM3MKe KOTOPYX npOHBnHeTCil 04eHb 60nblJIO~ MHTepec. npM 9TOM 

yme ,I\OCTMrHyTOil MHTeHCMBHOCTb n03BOnHeT ocymecTBMTb Pill\ 9KcnepMMeHTOB C MCnonb30BQHM

eM CM B .M3MKe Tsep,l\oro Teno. 
CymHOCTb npe)\nomeHHblX cnoco6os M3MepeHMil napaMeTOOB MOHos111 •121 CB0,11,MTCH K 0,1\

HOBpeMeHHOMY M3MepeHMIO TQKMX napaMeTpOB, KOK MomHOCTb XOPOKTepMCTM4eCKOro M3ny4eHMil 

MOHOB M UIMPMHbl yrnosoro pacnpe,11,eneHMil CM aneKTPOHOB, nM60 M3MepeHMil XOPOKTepMCTMK 

aneKTPOHOB, nOKM,I\OIOmMx aneKTPOHHO~ KOnbUO B pe3ynbTQTe npouecca MHOrOKPOTHoro ynpyro

ro pacceHHMR HQ MOHQX. npM 9TOM nOKQ3QHO, 4TO ,11,0HHYe cnoco6Y M3MepeHM~ cpe,I\Hero 3□PH

)\Q MOHOB M MX KOnM4eCTBQ OC06eHH09.meKTMBHY B cny4□e HOKOnneHMR MHOr030Pil/\HYX MOHOB 

THmenwx aneMeHros. 

M3MepeHMe CBO~CTB CM aneKTPOHHoro KOnbUQ B MK-o6nOCTM cneKTPO npoBO,I\MnOCb no 

cxeMe pMc.1 1131• 6YnM pa3pa60TQHY onTM4eCKMe KQHOnY c6opa MOmHOCTM CM, KOTOpYe YCTQ

HOBnMBOnMCb nM6o BMeCTO ,I\MOrHOCTM4eCKMX KOHanos, nM60 B,I\Onb OCM ycKOPMTenH BHYTPb 

YCKOPMTenbHO~ Tpy6KM. 8 nocne,I\HeM cny4ae M3ny4eHMe C06Mpanocb MHoro3epKOnbHO~ onTM4eC

KO~ CMCTeMO~, BXO,I\HQR 4QCTb KOTOporo nOK030HQ HQ pMc.13. 

PMc.13. ¢ororpamMil 

BXOAHO~ 40CTM onTM-

4eCKoro HOHana. 

nonee CM ~OHYCMPOBOnOCb HO BXOA 3epKOnhHOrO BOnHOBOAO ,l\nMHO~ 2 MC BXO,I\HYM KOHY
CHYM 3epKanoM M BYBO,I\MnOCb HQ ,l\eTeKTOP M3ny4eHMH. 8 K04eCTBe npMeMHMKOB MK-M3ny4eHMR 

Mcnonb3osanMCb ~oroconporMsneHMe Ge,J/u npM reMneparypr mMAKoro a3ora T = 77°K 
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HO 6J1V11KHV1ti ll1K-,I\V1ono30H (V1HTepso11 ,I\IIVIH so11H (1 MKM < Jl < 10 MKM) VI ,l\eTeKTOP ;J,, Si, 
npVI reMnepoType IKVI.I\KOro re/1Vl51 T !:l,- 4 °K HO .I\OflbHVlt'l ll1K-,I\V1ono30H ( ,1\/lVIHO so11Hb1,il ;;,,ZOO MKM). 

8 1{048CTB8 Ol{OH, npo3p04HWX ,1\/151 111K-Vl3/1Y48HVl51, npVIM8H51/1VICb: n110B!l€HWti 1{80PU, Kep□MVIHO 

KPC-5, /10BCOHOB05l n11eHHO. Ko11V16pOBKO ,l\8T8KTOPOB no 06C0/1IOTHOt1 4YBCTBVIT8/1bHOCTVI ocy

mecTB/151/lOCb C noMO.blO T6n11osoro VICT04HV11{0 Cll1-6-10 VI /lOMnw o6pOTHOt1 80/lHW. ~W,l\8/18HVIB 

cneKTPO/lbHWX VIHTBPB0/108 B ,1\0/lbHeti ll1K-06110CTVI ocymecTB/151/lOCb C nOMO.blO noporoswx VI 

VIHTeplepeHUVIOHHWX IVl/lbTPOB. TVlnV14HW8 OCUVl/1/lOrpoMMW CVlrH0/108 C ,I\BTBKTOPOB noK030HW 

HO PVIC,14. 

PVIC.14. 0CUVl/1/10rpOMMO CVlrH0/10 Cll1 C ,I\OT4VIKO 

:In. Sf, c noporosb1M IV111b TPOM ( Jl > 250 MKM); 

50 MB/,l\e/1; 0,5 MC/,l\e/1. 

Pe3y/1hTOTbl Vl3MBPBHVlt1 nOK030/1VI, YTO MomHOCTb V13/1Y4BHVl51 3/lBKTPOHHOro KO/lbUO HO 

,1\/lVIHB 80/iHbl _;l = 300 MKM COCTOB/15l8T W = (5.:})•10-4 8T•MKM-l npVI 4VIC/18 3/1€KTpOHOB 

B KO/lbUB JVe = (Z.::.1)-1012 , 4TO B npe,1\8/lOX OWVl6HVI Vl3M8PBHV1t1 cosno,I\08T C POC48THblM 

3H048HVIBM. npVI 3TOM stleKTVIBHOCTb nepe,I\04VI MOmHOCTVI Cll1 no onTVl48CKVIM KOHO/lOM COCTOB

/151€T He MeHee 1% OT no/lHOti MomHOCTVI Vl3/1Y48HVl51. 

OcHOBHYB pe3Y/1bTOTY, 00/1Y48HHYB npVI BYOO/lHBHVIVI AVICCepTOUVIOHHO~ pa60TY: 

1. npe,1\/lOIKBHbl 1,1 peom13080Hbl onrn4€CKVIB 6eCKOHTOKTHbl8 MBTO,I\VIKVI, no3B0/15ll0.1,18 Vl3MB

P51Tb nopoMeTpW K0/1bU€BWX ny4KOB 30P511KBHHWX 40CTVIU. Po3p060TOHHW8 M8TO,I\VIKVI npVIM8H8HW 

HO scex STonox IDOPMVIPOBOHVl51, CIKOTVl51 VI YCHOP8HVl51 3/1€KTPOHHO-VIOHHOro KO/lbUO YCKOPVITB/151 

KYTM-20 683 p03PYW8HVl51 ny4KO VI ,1\/151 Vl3MepeHVl51 xopOKT€PVICT"1K ny4KO npoTOHOB CVIHXPOUVIK/10-

TPOHO R8n 01118111. Po3p060TOHHWe MHOrOKOH0/1bHW8 CVICT€MW n03B0/1Vl/1VI nposeCTVI HOCTpOt'!Ky VI 

onTVIMVl30UVIIO p€1K1,1MOB po60TW YCKOPVIT8/151 KYTll1-20. B 40CTHOCTVI, C noMOmblO onepOTVIBHOti 

HOCTPOtiKVI YM€HbW€H OKCl,10/lbHblt'l po3Mep 3/lBKTPOHHOro KO/lbUO C 8 MM AO 3 MM VI noK030HO, 

4TO P03MBP He POCT8T C YB8/1V14€HVl8M 41,1C/10 3/lBKTPOHOB ,1\0 5.1012• 3KcnepVIM€HT0/1bHO noK0-

30HO 803MOIKHOCTb Vl3MBPBHVl51 3HepreTV148CKVIX nopOMBTPOB npoTOHHoro ny4KO C 3HeprVlet1 npo

TOH9B 640 MsB VI VIHTeHCVIBHOCTblO 107 c-1 B 0,1\HOM MOKPOVIMny/lbCB no Vl3/1Y4BHVIIO B□BVl/10B0-
4epeHKOBO. 

2. Bnepswe np51MWMVI Vl3MBPBH"151MVI AOK030HO, 4TO HorepeHTHWe H0/1860HVl51 3/lBKTPOHHOti 

HOMnOHBHTY 3/lBKTPOHHO-VIOHHYX HO/lBU 518/151IOTC51 PO.I\VIO/lbHblMVI. 3TVI K0/1e6□ H"151 Y.l\08TC51 CT06Vl

/1V13VIPOBOTb HO ypOBHe MO/lYX □Mn/lVITYA npVI CIKOTVIVI 3/lBKTPOHHOro KO/lbUO B M□rHVITHOM no11e C 

noKo3ore11eM cn□,I\O n ~ 0,5 VI nepexo,l\e s M□ 11b1e 3H□ 4eHVl51 noKo3ore,rn en□/\□ n. ,!,_ 0, 1 

B KDHUB UVIK/10 CIKOTVl51. npe,1\/lOIKBHO VI pe0/1V130BOHO MHOr03BPK0/1bHOB ycTpotlcTBO ,1\/151 VICC/18-

,I\OB3HVl51 npouecco YCKOPBHVl51 3/1€KTPOHHO-VIOHHYX HO/lBU, C noMOmblO KOToporo 3KCnepVIMBH

T0/1bHO nOK030HO, 4TO OMn/lVITY,1\0 KOrepeHTHYX PO,I\VIO/lbHWX K0/1e6□ HVlt1 npVI MB,l\/18HHOM nepeMe

meH~VI KO/lbUO B OKCVIO/lbHOM H□np□ Bfl8HVIVI He npeBYWOBT 2 MM. 3KcnepVIMBHT0/1bHO 06Hopy1KeHO 
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nVIH48BOHVl8 3/18KTPOHHOt1 n/lOTHOCTVI B U€HTpe C848HVl51 3/18HTPOHHOro HO!lbUO 30 C48T VIOHHOti 

~OKYCVIPOBKVI. K0/1V148CTBO 3!1€KTPOHOB B nVIH48 MOIK8T ,I\OCTVlrOTb 50% OT no11Horo KO!IV14€CTBO 

40CTVIU. 

3. npe,l\/101K8HO VI pe0/1Vl30BOHO M8TO,I\VIKO Vl3M8PBHVl51 nopOM8TPOB VIOHOB B S!IBKTPOHHO

VIOHHYX KO/lbUOX no Vl3IIY48Hl,11Q VIOHOB B 06/lOCTVI BOKYYMHC/rO Y/1bTPOIVI0/18TO. ll13MBP8Hbl cneKT-
0 

PW Vl3/1Y48HVl51 VIOHOB B ,I\VIOn030H8 ,l\!IVIH B0/lH 300f2000 A • C noMO.blO ,I\OHHOro M8TO,I\O SKcne-

PVIMBHTO!lbHO nOH030HO, 4TO KOrepeHTH051 POAVIOflbH051 ,I\Vln0/1bH051 HeyCTOt14VIBOCTb npVIBO,I\VIT K 

nOT€P51M VIOHOB, KOTOpwe 048Hb 4YBCTBVIT8/1bHY K nopOM8TPOM 3/lBHTPOHHO-VIOHHOro KO/lbUO VI 

BH8WHero MOrHVITHOro no/151 VI B/1V1518T HO ,I\OCTVIIKBHVl8 MOKCVIMO/lbHOti 30P51AHOCTVI VIOHOB. noK0-

30HO, 4TO HOCTpot1Kot1 pelKVIMOB CIKOTVl51 3/18KTPOHHOro KO/lbUO YAOBTC51 YM8HbWVITb nOT8PVI VIOHOB 

VI CT06Vl/1V13VIPOBOTb npouecc HOKOn/1eHVl51. 3KcnepVIM8HT0/1bHO noK030HO, 4TO B 3/18KTPOHHO

VIOHHblX KOflbUOX HOKOn!IVIBOIOTC51 VIOHbl AO TPBTbeti 30P51AHOCTVI Vl3 OTMOClepw OCTOT04HOro r030. 

4. Bnepswe npe,1\/lOIKBHW cnoco6Y Vl3MBPBHVl51 nopoMeTpOB VIOHOB B 3/lBHTpqHHO-VIOHHWX 

KO/lbUOX no: pocce51HHOMY CVIHXPOTpOHHOMY Vl3/1Y4BHVIIO; no nopoMeTpOM 3/lBKTPOHOB, Bbl/lBTOIO

.VIX Vl3 KO/lbUO B pe3y/1bTOTe MHOrOKPOTHoro pocce51HVl51 HO VIOHOX; no 0,1\HOBpeMBHHOMY Vl3MB

PBHVIIO VIHTBHCVIBHOCTVI xopOKTBPVICT~48GKOro Vl3/1Y4BHVl51 VIOHOB VI WVIPVIHW yr11osoro pocnpe,l\e/1e

HV151 CVIHXPOTPOHHoro Vl3/1Y4BHV151 3/lBHTPOHOB. noHHWe cnoco6w npVlrO,I\HY ,1\/151 VICC/18,I\OBOHVl51 

Beet'! ,I\VIHOMVIKVI HOKOn/1BHVl51 MHOr030P51,I\HYX VIOHOB B PB/151T~BVICTCK"1X 3/1€KTPOHHWX HO/lbUBBYX 

ny4KOX. 

5. BnepBble SKcnepVIMBHTO/lbHO Vl3MBPBHO o6C0/1IOTH051 MOmHOCTb CVIHXPOTPOHHOro Vl3/1Y4B

HVl51 3/lBKTPOHHOro KO/lbUO YCKOPVITB/151 KYTll1-20 B ,l\/1VIHHOB0/1HOBOM VIHIPOKPOCHOM ,I\VIOn030He, 

KOTOP051 COCTOB/1518T 5.10-4 BT •MHM-1 HO ,1\/lVIHe B0/1Hbl 300 MKM. Po3p060TOHHbl8 onrn4BCKVI€ 

CVICTBMW c6opo MOmHoCTVI CVIHXPOTPOHHOro Vl3/1Y4BHVl51 n03B0/1Vl/1VI no11y4"1Tb 3IDIBKTVIBHOCTb HO 

YPOBHe 1% OT nO/lHOti MOmHOCTVI Vl3/1Y4BHV151. 3HcnepVIM€HT0/1bHO noK030HO B03MOIKHOCTb C03,I\O

HVl51 HO YCKOPVITB/18 KYTll1-20 cneHTPOMBTPO 111K-V13/1Y4BH"151 C YHVIKO/lbHWMl,1 nopOMBTPOMVI ,1\/151 

npVIK/10,1\HblX VICC/1€,1\0BOHV!ti. 

6. BnepBblB pe0/1Vl30B0HO ycTpot1CTBO C noporosot1 ocsemeHHOCTblO 1 □-12 BT-CM-2 ,1\/151 

Vl3MBPBHV151 P03MBPOB,C/1060CBBT51mVIXC51 06bBKTOB HO OCHOBB 3/18HTPOHHO-OnTV148CKOro npeo6po-

30BOTB/151 VI ,I\VICCBHTOPO, COB,I\VIHBHHWX C nOMO.blO B0/10HOHHO-OnTVl48CHOro HOHTOKTO. C noMOmblO 

,I\OHHOro ycTpot1CTBO 3HCnepVIMBHT0/1bHO ,I\OK030HO B03MOIKHOCTb Vl3MBPBHVl51 VIHTBHCVIBHOCTVI Vl3-

/1Y4BHVl51 80BVl/10B0-4epeHKOBO, reHepVlpyeMoro npOTOHHWM ny4KOM C VIHTBHCVIBHOCTblO 107c-1 VI 

SHeprV1et1 640 MsB B 0,1\HOM MOKPOVIMnY/lbCB ,1\/lVITB/lbHOCTblO 40 MKC~ 111cn0/1b30BOHVl8 ,I\OHHoro 

YCTpot1CTBO no3B0/1Vl/10 TOHIKB Vl3M8P51Tb P03M8PY 3/lBHTPOHHOro K0/1bU8BOro ny4KO no CB848HVIIO 

OCTOT04Horo r030 VI nposecrn VIX onTVIMVl30UVIIO. 
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