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1. PA60TA YCKOP~TEnll ~ HAY4HAll npO rPAMI1A 

B nep~OA ~~nb-AeKa6pb 1984 I. c~Hxpo¢a30TpoH OHR~1 oTpa60Tan 
2628 4. ~3 H~X Ha ¢~3~4eCK~~ 3KCnep~MeHT 6~no ~cnon b 30saHO 
1947 4 174,1 %1, Ha coeepweHCTsoeaHHe yCKop~TenR - 400 4 115, 2%1. 
Ha TeXHonor~4eC KY~ nOArO TOS KY CH CTe M 3aTpa4eHO 137 4 15 ,2%1, 
nOTep~ epe MeH H no npH 4~ He npOCToee 060PYAosaH~~ COCTas~n~ 144 4 
15, 5%1. 

B Ta6n.1 npeACTasneHa ~H¢opMa4~~ 0 S~Ae yCKopReM~X AAep, HH
TeH C~ 8HOCT~ AAe pH~X nY 4KOB s HMnynbce ~ An~TenbHOCT~ pa60T~ 

YCKop~TenA B COOTseTcTey~eM pe~~Me. 
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K03¢¢~4HeHT ~cnon b 30Ba HHA YCKop~TenA B ¢~3~4ecKHx HccneAosa
H~~X 6~n paseH 2, 1. 

AHanorH4H~e nOKa3aTen~ pa60Tw Ha npOTA*e H ~~ 1984 I. B 1984 10
AY C~ Hxpo¢a30TpoH oTpa6oTan 40 19 4 176,6%1, Ha cosepweHCTBosa
HHe YCKopHTenA - 52 2 4 113,0%1. Ha T eXHonOIH4eCKY~ nOAIOTOSKY 
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CMCT eM 3aTpa4eHO 17 5 4 1 ~ ,4% /, nOTepM BpeMeHM no npM4M He np OCTOR 
060PYAOBaHMR COCTaBMn M 2~1 4 /6, 0%/ . 

B Ta6n .2 npeACTaBneH~ cBeAeHMR 0 BMAe YCKopeHH~X RAep, MX MH
TeHCMBHOC TM B OA HOM MMnyn bce M AnMTen bHOCTb pa6oT~ YCKopMT enR 
B COOTBeTcT By~~eM pe~MMe Ha n pOTA~e HMM 1984 r OAa. 
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K03$$M 4 MeHT McnOIlba OBaH MA YCKopMTenR B ¢ M3M 4ec KMx MccneAO
BaH MRX 6~n paBe H Z, 3. 

Bo BTOp OM non y roAMM Ha CMHXPO¢ u3 0TpoHe npoAon~anM Cb Mc c n e AO-
Ba HM A KYMynATMB Horo o6pa 30BaH MA 4acTM4 , M3Y4eHMe 3 Hep r eTM
4ec Ko~ MA - 3aBMcMMocTei1 ce4e HMR nepe aapRAKM 3He 2 -> g1i e 1 C B03
6 YlKAeHMeM!:J. -M306apbl M SHe 2 -> d $parMeHTa 4 Io1M. !blnonHeH~ 3Kcne 
pI-1M.e HTbl no M3 Me peHMIO c ne KTp OB $parMeHT oB sHe M c ne KTpOB npo
TOHOB Ha pa 3 HbiX MMweHAX . fl poBeAe HbI MccneAoBaHMA no nOMCKY a HO
MaIlbH~X ¢parMeHTo B Ha n Y4Ka x KMcnopOAa M ¢T o pa. Ha nY4Ke ¢ To pa 
M3MepeH~ ce4e HM A B~XOAa ne r KI-1X $pa r Me HToB M M H Kn~3MBH~e cneKT p~ 
AnA HeCKOIlb KMX y r IloB B~neTa Ha pa3H~x MMwe HRX. Ha nY 4Ke y r ne 
pOAa npoBeAeHW 3KCne pl-1MeHTW no 101 3Mepe HMIO B~xoAa n l-1 0HOB M Kao
HOB M3 yrnepoAHol':1 Mlo1weH Io1. 06nY4eHbi ¢oT03 Mynb c MoHHble KaMepbl 

2 

101 KPMCTannM4eCKMe AeTeKTOp~ Ha nY4Ke KpeMHM~. BbinonHeHbI MeTOAM
4eCKMe M HanaA04 H~e pa60TbI Ha HOBbiX ¢M3M4eCKMX YCTaHOBKax B KOP
nyce 2 05, a Ta Kme MeAMKo-6lo1onorM4ecKMe 3KcnepMMeHTbI.Ha ABYXMeT
pOBO~ nponaHoBoH M oAHoMeTpoBoH mHAKoBoAOPOAHOH nY3b1pbKOBbiX 
KaMepax B nY4Kax npOTOHOB 101 RAep nonY4eHO 60nee 300 TblC.¢OTO
rpa¢MH. 

2. nA3EPH~A HCT04HHK MHOr03AP~AH~X HOHOB 

K 04epeAHOMY ceaHCY YCKopeHIo1R RAep na3epHblH MCT04HMK InH 
nOABeprCA PAAY YCOBepweHCTBOBaHMH. 5b1na M3rOTOBneHa HOBaA KaMe
pa I-1CT04HMKa M Y3en CT~KOBKM C YCKopR~ej:1 TPy6KOH $opMHmeKTopa 
I<I>H/. B ra30BY~ CI-1CTeMY CO 2 na3epa 6b1nM BHeceHhl M3MeHeHMA, 
n03BOJlAIOIl\Io1e nl-naTb na3ep OT AByX OTAeJlbHWX 6annOHOB c CO 2 M N 2 ' 

3TO Aano B03MomHOCTb 60nee onepaTMBHO MeHATb COOTHoweHMe ra30B 
B aKTIo1BHOM 06oeMe . 

KOHCTPYK4MA CTWKOB04Horo Y3na MCT04HMKa C YCKOpAlOIl\eH Tpy6KO~ 
TaKOBa, 4TO npM CMOHTMpoBaHHOM Ha <l>H CO 2 -na3epe n03BOnAeT npo
BOAMTb 3aMeHY AyonnaaMOTpOHa na3epHblM HCT04HHKOM. MI-1HHManbHoe 
epeMA nepeXOAa C OAHoro HCT04HMKa Ha APyroH COCTaeMnO 8 4. 

HOBaA KaMepa nH /pMC . 11 cHa6~eHa cHcTeMoH 3a~HT~ nMH3b1 o6oeK
THBa OT Han~neHMA. KOHCTPYKTIo1BHO OHa BbinonHeHa TaKHM 06pa30M, 
4TO B 3aBMCI-1MOCTM OT THna MHweHM MomHO npl-1MeHATb OAMH H3 ABYX 
npMBOAOB nepeMe~eHMA MMweHH - nMfio no nnOCKO~ nOBepXHOCTM, nM60 
no o6pa3y~e~ 4Hn1-1HApa. B ceaHce Hcnonb30Ba nCA Y3en MMweHM C ne
peMe~eHHeM no 4HnMHAPM4eCKO~ nOBepXHOCTM. CHcTeMa ynpaBneHMA 
n03BOnAeT C nynbTa nMHeHHoro YCKopMTenA InY-201 nepeMe~aTb MH
weHb 101 3a~MTHYIO nneHKY a BTOMaTH4eCKH MnM BPY4Hy~. 

B 3annaHMpOBaHH~X 3KcnepMMeHTax HaMe4anOCb YCKOPHTb HOH~ 6opa , 
yrJlepOAa, a30Ta, KHcnopOAa, $Topa M KpeMHHA. YCKopeHMe a30Ta 
H KMcno pOAa npH nOMO~H n~ ocy~ecTBnRnOCb 8nepB~e., a 6op, ~TOp 
H KpeMHHH paHee Ha CHHxpo¢a30TpOHe He YCKopAnI-1Cb. nOCKonbKY 
cy~eCTBY~M~ nH MomeT 3¢¢eKTMBHO n pOH3BOAHTb HOHbI nerKHX 3neMeH
TOB c nOTeH4ManOM HOHIo13a~MH 400 7 500 3B, npH YCKopeHHI-1 B nY-ZO 
KHcnopoAa, ~Topa M KpeMHHA B03HHKa~T o n peAeneHHble TPYAHOCTM. 
AOCTMmMMble AnA 3TI1X MO HOB OTHoweHHA zl A ~ 0,4, M YCKopeHMe HX 
B fiY-20 C neperoPoAKoH/ 1/ B pe30HaTope Tpe6yeT YBeJlH4eHHA HanpA
meHMA HMnynbcHoro TpaHc¢opMaTopa IHT-BOOI B~we 800 KB, 4TO He
B03MomHO no TeXHH4e CKMM ycnOBMAM. n03TOMY YCKopeHHe npOBOAHnOCb 
6e3 neperopOAKl1, a HanpAmeH~ Ha YCKopR~e~ Tpy6Ke ~H OnpeAeJlR
nOCb 113 BblpameHMA U ¢H - 175 z KB. 

YCKopeH l-1e yrne poAa B nY-ZO ocy~ecTBnAnOCb C YCTaHOBneHH~ 
nepe ropoAKo~ B pe 30HaTo pe. YCKopAnacb nATaA 3 apRAHOCTb 120 
(Z./A = 0,4 17) C nepe3apAAKo~ Ha yrnepoAHo~ 06AMP04Ho~ MI1WeHH 
ICT pHnnepe/ nepeA nOBopOTHblM MarHMTOM nH-1 . nocne OKOH4aHMR YC
KopeHHA y rnepoAa BHYTPM pe 30HaTopa nY-20 neperopOAKa 6b1Jla AeMOH
TMpOBaHa, H AanbHe~waR pa60Ta npOXOAMna 6e3 Hee. 
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Puc . I 

6 t
n p~ yCKopeH~~ K~CnopoAa WeCTO~ SapAAHOCT~ 180 (z / A = 0,375) 

B Ka4eCTBe MYlWeHI1 ~CnOI1bSOBanCfI KBaPLl Si~ 2' npl1 YCKOpe HMM I)lTopa 
B 11]1-20 YlCnOnbSOBaH a ceAbMaA SapAA HoCTb 19 F' 7 t MI1WeHblO C.nYiK~
I1~ Kp~CTan.n~ I)lTop~cT OrO I1~ T I1A LiF' ~ I)lTo po nnaCT (CF'2)n' np~ BKnD
4eHHO~ B OAHOM KsaApaHTe C ~Hxpol)laSOTpOHa C~C TeMe KpMOoT Ka4K~ OT
Me4eH POCT KOHe4HOH I1 HTeHCMSHOCTI1 AAep F. B 11]1-20 YCKo pnnaCb 

S· 10+ ( )AeCA TaA sapAAHOCTb KpeMHMA 28 1 z/ A = 0,357 .13 Ka4e CTBe M~we-

H~ ~cnonbSOBaH~ Kp~CTann~ 411CToro KpeMHYlA Si 11 KsaP Lla Si 02' 

npYl pa60 Te Ha 4Y1CT OM KpeMHl111 OTMe4aeTCA 6~cTpoe naAe Hl1e I1HTeH

CI1 BHOCTI1 Ha B~XOAe 11Y-20 Ha npOTAmeH1111 -15'no n pYl4Y1 He paspywe

HI1A MI1WeHl1 , npOAOnml1TenbHOcTb pa60T~ B 0AHY T04KY MI1WeHI1 I1S 

Ks a pLla AOCTl1raeT ABYX 4aCOB, OA HaKO AOnOnHI1TenbHYIO 06AI1PKY 

YCKopeHH~X ~OHOB He06xOAI1MO npOSOAI1Tb nocne nM-l, TorAa ~OH~ 


AecAToH 3apAAHOCT~ KpeM HYlR MorYT 6blTb OTAeneHbI aT YCKopeHHblX 

BMeCTe C HYlMI1 ~OHOB K~cnopOAa. npl1 3TOM, eCTeCTBeHHO, He npOH

AyT 1-1 Bce 110Hbi np~MeceH, I1Me lOlI\l1X z/ A, OTnl14HOe OT I-IOHOB 

28Si 10 1 (z/ A = 0,375) Ha BeJ1114I1HY, n peBblwa~ylO paSpeWeHl1e C~CTe

Mbi nM-l - 110HonpOBOA / - 2,5%/. K COmaneHl-lIO, nepeaapRAKa sa 

nH-l I1MeeT TOT CYlI\eCTBeHH~H HeAOCT aTOK. 4TO B 3TOM cnY4ae paa

rpynnl-lpOBaTe.nb.pacnonomeH HbI~ AO nM-l, He MomeT 6~Tb ~cnonbSO


Ba H AnA KOppeKLlI11-1 3HepreT~4eCKoro pas6poca nY4Ka AAep. 3 TO CY

llleCTBeHHO CH~)KaeT KO He4HYIO ~HTe HCI1BHOCTb YCKopeHHoro nY4Ka 

B KonbLle CI1HXpol)la soTpOHa. 


nepsaA nonblTKa YCKopeH~A KpeMHI-IA 6~na n peAnpl-lHATa 6es BKIlIO
4eHI1A CI1 CTeM~ KpI-IOOTKa4K~ . B Ka4eCTBe MI1WeH~ I1CnOnb30Ban~Cb 
Kpl1CTannbl KpeMHI1A, a o6A~po4HaR M~weHb paaMeIJlanaCb AO nH-l. no
nY4eHHaA Ha B~XOAe 11Y -20 Ma KCI1Manb HaR I1HTeH C~BHOCT b nY4Ka flAep 

S- 141 8 I II
KpeMH~A 28 1 AocT~rana -10 4aCTI1Ll. s '6eTaTpoHHoM peml1
Me Ha6nlOAanaCb - 5, 0 ' 10 7 • npOBeAeHHbl iit aHaIl l1a YCKo peHHoro B CI1H
xpo l)lasoTpoHe nY4Ka , n pl1 061lleM C4 eTe 10 3 4a CTI1 Ll . nOKaaan Hanl-l
4~e Kp e MHI-IR 3 + 5% 11, B nopAAKe y6~Ba HI-IA, - KI-ICnOpOA , yrllepoA, 
a SOT . TaKo iit xa paKT e p cneKTpa MomeT 6 b1Tb YAOBlle TS OpI-I Te11bHO 
06DAC HeH KOHAeHCaLll-leiit Ha MI-I WeHI1 YlCT04H I-IKa Op raHYl 4eCKI-IX coeAI-I
HeHI1~, Han pl1Mep, npOAYKTOB Kpe KI1Hra Ma cna, MemAY ASYMA nocne
AosaTellbH~MI1 l\I1KIl a MI-I pa60Tbi naa epa. N 

Ha~ 
MYlHIo1MallbH~e "yc KOpI1 Tenb Hble" nOTepl1 -- = 10 , "saKYYMHble" 

N ~H 
me nOTepl-I lo1a-aa nepeaapAAKI1 npl1 YCKopeHl1 11 Kpe MHI1A COCTaSllAIOT 
/ 1+5/'10 4• To rAa Ha s~XOAe 11Y-20 AocTaT04Ho I-IMeTb 0,01+0,1% 
nplo1Me CHbiX I-I OHOS, 4T06bl nOllY4 1-1Tb Ha6Il lOA aeM~iit cne KTp. 

HcnoIlbsoBaHl1e 06AI1P04HOH MI-IWeH I-I nOCIle nM- l CYllleCTBeHHO YIlY4
WI-IIlO COQTHOWeHl-le AAep B c ne KTpe / - 6 5% 28 Si 14+ 11 - 35% 14N7+ / , 

OA HaKO 06lllee Kon~4eCTBO YCKopeHH~X RAe p B KonbLle CI-IHXpO$aa OTpo

Ha COKpaT~IlQCb no npl14 l-1He, YKaa a HHoiit B~we, AO 5 71 5 4aCT~l\ B 

B 4Y1 KIle . npI1 CYTcT Bl-le a SOTa B aaMeT HOM KOIl l1 4eCTBe 06DRc HAeTCA 

TeM, 4TO AnR nAT oiit aapAAHocTH z/ A 14 N 5+ '" z/ A 28 Si 10 + 11 paSAeIle

HI1 A HOHOB noc ne nM-l He npOI1CXOAI1T. 

~AeHTI-I $I1Kal\I-IA YC KopeHH~x AAep, ~aMepeHl-le I1HTeH CHBHOCTI1, 
a Ta Km~ KOHT ponb 1130TOnHoro COCTaBa nY4Ka npOBOAI-IIlH Cb npl-I no
M01I\I1 TpYlr repHO~ annapaTYp~ rH6C /21 1-1 TeneCKona C 4eT~Pb MA no
JlynpoBoAHI1KOS~MI1 AeTeKTopaMI-I CRO-2 1 3/, 

BTopoe YC Ko pe Hl1e KpeMHHA npOXOAI1IlO S YCIlOSYIAX pa60TalOIlle iit 
CI-ICTe~ Kpl100TK a4KH S OAH QM KBaApaHTe YCKopI1TeIl A. 06AYl pKa 
I-IOHOB 28Si 10+ npOXOAYlIla nocne nM-l. MaKCI-IMaIlbHblH C4eT B KOHLle 
YCKopl1TenA AOCTYlraIl 500 4acT ./LlI1Kn., a COOTHOWeH~R AAep S cneKT
pe 6~IlYI TaKOS~: - 95% 28 Si 14+ 11 5 % 14 N 7+ . 
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B YCKOpe HHOM nY4Ke HAe p KpeMH ~~ npo Be Ae HO 061lY4eH~e $ OT O
3MYll b C~~ ~ Kp~CTannOB. 

Ecn~ np~H~ T b C peAH~~ ~ HTeHC~ BHOCT b B KOH4e YCKopeH~H 
200 7300 HAep/~Mn . , 411 cno flAep B " 6eTa TpoHHoM" peJi(~Me 2'10 7 , 

vt "ycKop~Tenb Hble" nOTe pl1 Ha ypoBHe -10 2 ~ 3-3a HeB03MO>l< HOCT~ 
vtcnOn b 30saHH~ pa3rpy nnl1pOBaTenH , TO "Ba KYYMHble" nOTep~ YMeHb 
wa TCH AO YPOBH~ - 10 3, T . e. H anl1 4 ~e Kp~OOTKa4K~ Aa Ji(e B OAH OM 
KB aApa HTe YMe HbwaeT nOTe pvt n p~ YCKopeH~~ KpeMH~1'I B 20 ~ 4 0 pa3. 

YCKope Hl1e ~Ae p npoBOA~nOCb An~ KanH6poBK~ c neKT pOMe Tpa HFep 
OTAa4H no npor paMMe nOvt CKa aHOManOHO B. 

B Ka 4e CTBe MI1W e HI1 n~ vtC nOn b30BanCH H~T PI1A 60pa BN. 3 TO 
n03 Bon flno nepe CTpaHBaT b YCKo pHTenb Ha YCKopeHvte AAe p 60pa I1nH 
a30Ta HnH Tex H APy r vtX OAHOBpeMeHHO. B cnY4ae 60pa Ha nY-20 

yCKop~nc~ 10 B4+ C 06AH PK0i:1 nocne nM-l. nOCKonb KY B 3KcnepHMeHTe 
He Tpe60B an a Cb MaKCHManb HaH vtHTeH CHBHOCTb, a OTBeAe HHoe spe Mfl 
6 b1no Kpai:1 He orpaHvt4eHHblM, II1ccneAOsa HHR 111 TU\aTen bHafl HaCTpO~Ka 

nY - 20 H Cvt HXpO$a30T pOHa He npoBOAvtllH Cb . AOCTHrHYT a R HHTe HC HB
HOCTb B KOH4e YCKope HHfl 04eHHBa e TcR -10 6 HAeg B HMnyn bce, XOT~ 
nOIlY 4eHHe YCKope HH bix HAe p 60p a Ha YPOB He - He npeACTaSilAeT10 9 

CR CnO)!{ HbI M. 
B Ta6Il.3 npHBOARTCH CBe Ae HHH 06 HHTe HCH BHOCTvt nY4KOS BHOBb 

nOIlY4e HHbi X RAep B vtM nynbce . 

TaOJUiI..\a 3 

Bill1 Rl1ep NJf!! Np NR NR ITPBMe1ffiH ile 
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* Pa60TaeT KpHOOTKa~Ka B OgHOM KBagpaHTe Konb~a. 

npH pa60Te C n~ Ha nY-2 0 6b1IlH npOAenaHbI cIleAY~vt e 3Kcnep~

MeHTbl: 
7+ 

I I ~ 3 Me peHHe CItIHXPOHHOi:1 $a3b1 CP s npH YCKope HHI1 19F ( Z/A= O.368); 
21 nposepKa B03MO)!{HOC TH YCKopeHI1H vtOHOS C z/A =1/ 3 ; 
31 11 3Me peHvt e 3<!l$eKTHBHOCTvt 06AHPKII1 HOHO B F. Mo . Sj Ha yrnepoA 
6 HOi:1 o6Avt P04 H0i:1 MII1 WeHvt (- 6 0 MK r I CM 2) . 

BeIlH4111Ha CHHXPOH HOii $a3bl o npeAenflnaCb npH MaKCvtMaIlbHOM YPOS
He B4- nonH B pe 30 HaTope, KOTOp~ i:1 n03BOIlAn ll1 nonY4HTb reHepaTOp~ 

" POAO HvtT " 14/ . AOCTH rHYTbI~ ypo seH b orpaHH4 1-1 Ban Cfl npo60HMI1 naMn bl 
B~XOAHoro KaCK aAa. /~ a K C HManbHaH CHHxpoHHaSl $ a 3a OKa3 anac b ¢ 8=20 0 

• 

AnH yCKopeH~H ~OHOB C z/ A =1 /3 HcnOIlb30 BanaCb 4eT BepTaH 3a
PSlAHOCTb yrnepoAa 1 2C 4+ . np~ TOKe Ha SXOAe B nY-20 - 30 MA no 
nY4eH MaKCHMan b H~~ TOK YCKo peHHblX HOHOB noene nH- l - 0,5 MA. 
BblxoAHaR MOl1lHOC Tb reHepaTopOB - 4 MBT orpaHH4HBana Cb npo60flM~ 
B OKOHe4 HbiX KaC KaAax . 

AnH 	Yl 3MepeH I-1 ~ 3 (!)(\le KnIBHOCT~ 06AYlPK~ Ha nY-20 6bln~ YCKopeHbl 
F 7+ M 9 r S· 10 r BvtOHbI 19 '24 g , 28 1 • Ka>l<AOM oTAenbHOM c nY4ae vt3Me

pHnOC b KOnl-1 4e CTSO HOHOB nocne nM- I C BBeAeHHO~ 06AI-1P04HO~ MH
weH b~ 1-1 6e3 Hee . npvt 3TOM MarH~THoe none nt1-l vt3Me HSlnOCb COOT 
Be TCTseHH O. 

1-1 3 npeABapH T enbHO~ 06 pa60TKH nOIlY4e HH~X 3KcnepHMeHTan bHbiX 
Aa HHblX cn €Aye T, 4TO npl-1 3Hep r~vt 5 M3B/HYKIlo l~ Aon H HAep s npo 
~eHTax OT naAa~ero KOnl14eCTBa 1-1 0HOB Ha 06AYlP04HY~ M~weHb 
CO CTa BnAeT F - 85%, Mg - 45%, Sj - 25%. 

3. 	np~MEHEH~E C EH COP HO~ nAHEn~ B C~CTEME Yn pABnEH~R 


MEAflEHHYM B~ BOAOM nY4KA ~3 C ~HXPO'A30TPOHA 


. 5. 
B pa60Te onHcaHa opraHH3a4vtSl A~anora one paTop-3 BM B aB

TOMaTH3HpOBaHHO~ CHCT eMe KOHTponR H ynpaBneHvt~ napaMe TpaMvt MeA
Ile HHoro BblBOAa IMB I nY4Ka Yl 3 CYlHXpO$a30TpOHa Ha 6a3e 3BM EC- 101 0 . 
nOA KIl~4eHHe K 3 BM ceHcopHO~ naHen vt KS -5 209 (Kine tic Systems 
CWA)/61 nOS~CHIlO 3$$eKTI-1 BHOC Tb pa60Tbl AHanoroBo~ nOACI-1 CTeMbi. 

KS- 5209 npeACT aBnfleT c06o~ 4epHO-fienbll1 TeneBYl3~OHHbl~ MO HYI TOP , 
3KP~H KOTo poro HMee T 16 4YSCTSHTenb HblX K Ka Ca HYI~ 30H I TB1 ~ 
TB 16/, pa3Mel1le HHblX B BItIAe Ma TpYl ~bl 4 x4. Ha3Ha4eHHR TB MeHH~TCR 
06cny)KvtB a~e~ naHen b npor pa MMol":1 B npOl\eCce pa6oTbI . I-1X TeKyU\~e 

BepCI-1Y1 B blC Be 4 I-1 B a~TCR Ha 3 KpaHe MOHvtTOpa B BHAe Tpa Hcnapa HT OB . 
Ha nH4eBo~ 4aCT ~ naHeJ1111 p a3MeU\e H~ 7 KHo nOK I PBI ~ PB7/, Ka>l<A a~ 
H3 KOTOPblX ~MeeT nOC TOA HH oe Ha3Ha4eHHe . YCT pO~C T BO YC TaHosneHO 
Ha nyn bTe yn pa BneH I-1 R MeAneHHblM BblBOAOM vt nOAKIl~4eHO K 3BM C no
MOU\b~ YlH Tep$e~ca - MoAYJ1fl KAHAK KS- 323S / 6/ • 

B HaCTORU\e e BpeMfl ceHCOpHa H na He n b HcnoIlb3ye TcR AnA npocMoT
pa H onepaT HBHO~ MOAI-1'HKa4HYI pa604HX KOHCTa HT, Ylcnonb3yeM~x 

nporpaMMaMH 06CJlym~B aH l-1 fl MB 1-1 xapaKT epH3Y~U\~X pa3J1~ 4H ble p e~YI

MbI SblsoAa nY4Ka I Ho MH HaJ1 bHble 3Ha4el1HH napaMeTpOB 3neMeHTOB MB , 
vtX AonycT~Mble npe Ae nbl Yl 3Me He HI-1 R , 4Hcno H ne pYl oA 11 3 MepeHH~ 

KOHT pon HpyeMbix BeIlI-14Y1H H T ,A,/. AKTvtBYlaa 4 Y1 R AYianOrOBO~ nOAn po 
rpaMMbI f, !)IAL) o c yU\eCT BnHeTc R HaIKaTHeM PB1 . B OTBe T Ha :ny one
pa l\H~ DI AL npe AC TaBJ1 Re T Ha 3KpaHe nepBY~ CTpaHYl4 Y HH$opMal\YI~, 
COAep)l(aU\y~ 12 HaHMe HO B a HI1~ pe)l(l-1MOB MeAIle HHoro BblSOAa, Bbi BeAeH-
HblX B COOTBe TC TB vtl-1 C pacnonome HHe M T 13 1 ~ TB 12 . Ka caHHe JlIofio~ 

113 3THX 30H B~3b1BaeT aKTyanIl13a4Y1~ aaKpe nIleH Horo 3a HeA pe)l(YlMa 
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PHc .2 

~ nORBlleH~e Ha 3 Kp aHe n aHell~ ClleAYIOll\e i:1 CT paH~ 4bl .qa HHbJX. ECIlI-1 
Heo6xOA~~ npOCMO TP 1-1 /l-1n~ MOAI-1¢~Ka4~~ pa6 04HX napaMeTpOB Bbl6paH
HOrO pe*I-1 Ma, OnepaTOp Aei:1cTByeT B COOTBeTC T B~~ co cxe Moi:1 , n pl-1
BeAe HHoi:1 Ha PI1C. 2 / r py nnbl o603Ha 4eHI-1H Ha c xeMe, 3a KJl104 e HHbie 
B o611\l1e paMKI1 , npeACTaBn~~T co50i1 OTAenb HbJe CTpaHI-14bJ Aa HHbJx/, 
B n pOTI-1 BHOM cnY4ae np0l-13BOA I-1TCR BblXOA ~3 .q~anora Ha*a Tl-1 eM PB 2 . 
B03 Bpa T K npeAbJAYll\e ~ CTpa HI-1 4e OCYll\e CTBnReT C~ no Ha*aT~~ PB3 . 

AnR YA06c Tea AocTyna Aa HHble, xapaKTepl-13Y IOU\I-1e KalKAbl~ pelKl-1 M MB, 
pas AeneHbI Ha rpyn nbJ B COOTBeTCTB~H C ~X ¢Y HK4 1-1 0Han bHOH npl1 HaA
llelKHOCTb ~. B nepey~ rpynny BxoAR T na pa Me Tpbl YCKopl-1 TenA /Y- l + 
Y- IO I, on pe.qeJlRlOU\l1e pe~HM BbJBOAa : Benl1 411 Ha ~HAYK4HH rna BH o r o 
MarH~THoro nonR, 4aCTOTa YC KopR~ero HanpRlKe HI-1~, ~ HTeHCI-1 BHOCT b 

4l1p Kyn~pYlOll\e ro nY4 Ka ; npeAeJlbl ~X AonYCTHMbIX 3Ha4eHI-1i:1, MOMeH TbI 
I1 SMepeHI1 H. BT OPYIO rpynny COCTaBIlRIOT pa604~e KOHCTaHTbJ, OTHOCR
ll\~e CA K WeC TI-1 OCHOBHbJM 3n e Me HTaM 11B /pe30Ha HC Hble 06MOTK I-1 PI 11 P2, 
MarHI-1TbI ~ nl1H SbJ BHYTpe HH e i1 TpaHCnOpTl-1pOB KH nY4Ka ¢M, ¢fl, BM, snl, 
11 na pa MeTpbl.. CH HxpOH~3a4HH pa60TbI 3SM C L\HKIlOM YCKo pHTellfl /C- 1 
~ C-2/ . K TpeTb e i:1 rpynne OT HOCfl TCfl AaHHbJe , ~cnonbsyeMble npH HS
MepeHHI-1 npocTpa HCTBeHHbJX x a pa KTepHCTI-1K nY4K a B KaHane TpaHcnop
','HPOBKH C nOMOll\blO MHoronpOBOn04HbJX Ka Mep nHK- B 7 nH K- 5 . Ha KO
He4 HblX 3Tanax Aoc Tyna BblCBe4HBa~TC fl KaK Hal1MeHOBa HHR pa604 ~X 

KOHCTaHT, TaK 11 ~X a KTyanbHbJe 3 Ha 4eHHfl. MOAH¢HKa4~R npO~3BOA~TCR 
C nynbToBoro TepMH Hana /an~.BHTHO-4H~pOBOrOAI1Cnnefl/ noelle Ka
CaHl1 fl SOH bJ, COOTBeTCT&y~ei:1 Bbl6paHHOMY napaMeTpy. Kon~4eCTBO 
pa604HX KOHCTaHT OAHoro pelKHMa paBHO 144, o~ee 4~Cno napaMeTp

8 

pOB , AocTy n Hblx onepaTOpy Ha HaCTOAll\eM 3Tane pa3 BI1TI-1A CI1 CTeMbI 
KOHTponfl 1-1 yn paeneH l1fl , COCTaBllfle T 1728. 

4. IEOAE3H4ECK~E H3M EPEHHR 

Bbl COKOT04HbJe r eOAe SI14e CKHe 113MepeHI-1R, npo eeAeHHble Ha 3IleKTpO
MarH~ Te CI1HXpO¢a SOT pOHa 1-1 KonOHHa x 3AaHI1R yCKop~Tellfl, no MeTO
AI1Ke !7 ,S/, C 4ell bIO KOHTPOIlR nOnOlKe Hl-1fl MarHI1THO\:1 MeAl-1aHHO~ nOBepx
HOC TI1 CI1 Hxpo¢asoTPoHa !91 B 1984 rOAY. npeAC TaBn eHbI B Ta6n.4 11 5. 

PeSYllbT a Tbl 6 L\I1 KIlOB reOAeSI14eCKIIIX 113MepeHIII\:1 . nonY4eHHbJX Ha 
KYCT e pene pOB B nepilloA C anpellR n o AeKa6p b 1984 r ., npe ACTae

neHbl e Ta 6n. 6. 
Ta 6rull.l,3 4 

Pe3yn b T 3'r bl TeKyru,Hx H a 6 comOT f lhiX ocaA OK Ha KorrOJ-lHax 


3 A aHHR YCKOpHTeJ1R 


ppelIH1lRR OalVB:H.~ BHVToeB •.Ii If>.Ii .!I.aTa B8IijJ8T If'JR8Jl 
ga6c STeR norpewHoc TbSa6c J OBH i eKnpoBe~.qJ!R.IU! KBB.ll.p. 

H9MspeoWi 

MIll 

0 ,00 +t,oo0,00 I -
-o,or +0, 26 -0,172 -0 ,05

I ...0,34 +0 ,20 +0,12 3 +0 ,30 
+0,2(;+f),25 +() ,27 -D,or4 

~o,OI +0, 535 +0,21 +0. 02 

+0, 30 +0,42 -fJ,32 -0.49I 
- fJ, 33 -I, m+0 ,222 +0. 27 II 
- 0 ,47 - 0 ,09:13 -O,or .!.0, fJ2-
-0, !12 - 0':,64 +0, 25 +-0,20 

I +-0 , ')8 - 0 , :'5 MaA - 0,10 - I.61XXYIII 
-~ t ;)9+0, 04 -n ,'~32 +0 ,97 14-25 
-? ,A:'3 - 0 ,::'4III -0, 14 ..0 . :30 

- 8 ,:-':-;4 - 0 ,20 -0, :'l? - 1 ,96 
- n ,355 -0 ,21 - O,A9 - 1 ,73 

-n,77 +0 ,01 - 1.35I -0, 2·1 
2 -D .7') -D,on - I , T4-0. 22IY 

-O,Of,3 - 1 ,30-0 .:"'0 - O. II 
,o ,or ,O ,n1 - 1,3?4 - 0 . 01 

~ -- -
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T a6nHl.\a 6 

Ta6nHua 5 


P es ynh'I'aTbI HSMepeHHll: Ha KYCTe p enepOB 

PesynbTaTbI TeKYDJ;IiX H a6COnJOT HblX OC ap;OK wx anOK 

Ha CTOHxax sneKTpoMar HHTa cHHXpo~asoTpoHa 

~ 
UHKJIa 

I 

xxYII 

~~Ta }/!Ji? }~ R BHYT P I! sapymi. 
iTIpoBen ~Iq1 . 30~ 

S TeK Sa6c C; TeK !) a6c 

MM 

2 3 4 5 G 7 8 

I I- D, 2G -0 , 80 -O , ~1 ,·Q, ?9 
r.lID! 2 +0,45 - 2 ,na ~O, IB -0, 58 

14-25 I 3 ~0,45 -1,70 ~O , 2D -0, 1',8 

-1 +0, 118 -1, 40 - D,IO -0, 55 
5 -0, 04 -1, 50 , I1 ,IB -0, 52 

I - 0 ,36 -0,84 - O,C8 - 0 , 13 

II 2 -0,57 -I,7r. - 0 ,55 -1,12 
3 -0, 22 -I, 42 -O , ~5 -1,35 
4 -0,47 - O,?? - 0 , 52 - 1. '12 

I +D,Dh - 0 , 36 -n, 36 - 0 ,38 

III 2 -O,I2 -1,R!; - 0 ,10 -?,IO 
3 -O,2? -~ ,15 - 0 , :"'0 -2,20 
4 - 0 ,12 - 2 ,29 - 0 ,18 -I, f.S 
5 -0, 11 -1,74 - I) . :'J -T, Co 

I -0,58 - 2 , TS t· O , 8~ - I , 42 
2 -0,33 - 2 ,48 ,O ,X - 1 ,41 

IY 3 -0,20 - 2 ,80 +'1 ,17 - 1 ,70 
4 -0, 16 -1, :J8 ,n ,oo - 1,82 

. CpeIIHml 
lUla!,(OOT. 
nornelllH . 
H3McpeHI'A 

<'1 

+fl . 'l3 

~ Ul1KJIa naTa npoBen. .If! penepa t reK Sa6c Cpell;ElAA 

MM KBa:ltpaT W'lR. 
lTorpewHocTI
HSMepeHmt 

I -n,DI -0,15 
2 - 0 ,01 -0,05

II4 anpe.1J1> 3 -0,04 -O,DI J: O,IXll 

4 +0 ,07 +O,O? 

IIS Matl. I +D,IT -0,a; 
2 +0 , 05 0,00 .11'J ,1Xll 
3 -0, 13 - 0,14 
4 -D,01 to ,03 

JIG I1IOHb 1 -0, 15 - 0 , 19 
2 - 0, O'J -G,O'J .1°,004
3 +0. 18 +0 ,04 
,1 +0 ,05 +O ,I'E 

II7 HIOJIb I -0 ,01 -0,20 
2 t~, OO -O, DI 
3 -0,10 - 0 ,06 .:!:O,OO4 

1 +0, 06 ~n,J4 

lI8 aDrYCT 1 +0, 04 -0,16 
2 t-!!l,m - 1"1 ,01 J.0 , 0n6 
3 -n, n~) -1'1 ,00 
1 -n ,rYl ,n,m 

II9 CeHTJleJf1b T -0.'1:1 -:'n ,19 
... -noC);! - f') , (l:~ " ..!.,n, CX"6 
~I "n,m -0 . '1T 
·1 -(l . f) I ,0 ,0, 

- -  . . -! '": n OJ' ''' Jl rlP I r 10 , 111 -() , TG 

I 
[ , ~ I I :J n,n -fl ,m .to ,on 

'1 ,11 .m ,o,n':] 
I _I) , lll , 0 , 01 

- - -
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T a6ITH~a 6 /np oAo~eHHe/ 

I 2 3 f)4 5 

121 HOff6 ::Jh I +0 ,03 -0,13 
1981 2 +0 ,04 +0 ,01 ;to,OO5

3 -o,or +0 ,01 
4 - 0 ,09 -0/15 

122 ueKa6 ph I - 0 ,02 - 0 ,15 
I 'l84 2 -0, 02 -fl, or ,;to , ()02 

3 O,J to ,or 
.,.a, ar4 +0 ,06 
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6ana~A~KO. A.H. ~ AP. 
CHHxpO<lIU30TPO'! 0111111. 
PaooTil H c.ooepu.eHtT1S0BaH" HQO~-AeKa6pb 19B~ r./ 

9-85-511 

pa60re c"'·'...:pocIIa30TpoHa OHIlH 80 STOPO'" nOJl)lrOAHH 
" 198~ r . .!Ianbttel1We" pa3SHTHe nonY411Jl na3epHl•., 

111> C"HxpO\llaaOTPCh,e 6wn.. )lCKOpeHbI flAP a 6opa, ¢lTopa, 

IUU"'. I\I~'"'. ~Sl·· BoeAeHHe 3aU\HTw 06...eI<THsa K,l1"eplol nil nneH

II!lIHI/1U "Olly"'~T~ )lC1"H4110)l1l pa50T j I1C' o..... ItKe np.. I1CnOnb30BaHM'" B Kb
ijp.n"blx l4aTepl1anOB. KOHCTP)lKTHIlHOe )lCOB8P01eHCTBosa.i.., 

& Ct1C

WtiM BIoIB.PAOM n)l4Ka BBeAeHa ceHcopHall naHen~ AIlA npC"l
, H3HQHCHI111 KOHCTaHT pa3nl14HblX P~I1MOB SblBOAa. reo 

xapaKTCpl13)11OT nOBe,qeHHe penepHblX T048K, KOJlC!H... 3Aa

Pa50TIl 1I...~OnHCIIIl na60PBTopHI1 BblCOKI1X 3HeprH~ O~Il~. 
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