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OBED~HHEHHua HHCTHTYT HlEPHHX HCCllE~OBAHR~ 

lla6opaTOpHa BHCOKHX 3HeprH~ 

r .C .KasaHCKJdt 

"BOIIPOCfi OIITEMY13AWHlf CHCTHM YllPABllEHIDI B 

YCKOPYITEllhHOi TEXHHKE" 



AHHOTAU~H 

B paCSOTe H3Jiara.DTCSI OCBOEHble 3a)tat1H H npOCSJieW, B03BHKaJ>

~He npH C03)taBHH CHCTeM aBTOl6THtleCKOI OnTHMH3a~HH yCKOpHTeJih

aoro KO.MIIJieKca CHHXp04}a30Tp011a (YKC) • 

ilpHBO)tSITCSI )taBHNe 0 CTpyKTypE: 3JieKTpOHHO-BbltiHCAHTeJihHOrO 

K01111JieKCa CHHXpOtf>a30TpOHa (3BKC) H COOCS~aeTCSI 0 3a)tattax no 

MaTeMaTHtteCKOMY oCSecnet~eBHD. 

B paCSoTe ClPOp)fj'JUtpOBaHhl OCBOBHNe uanpaBJieHHSI no peaJIH3a~HH 

npoeKTa 3BKC H )taDTCSI peKOKelUa~HH no opraHH3a~HH CHCTeYH 

aBTOMaTHttecxoro ynpaBJieHHSI Yltc. 

MaTepHaJIH HaCTOSI~el paCSOTbl CSUJIH HCnOJlh30BaHH aBTOpO:U )tJIJI 

JieK~HH, KOTOpaSI CSbiJia npoqHTaHa 12 Ma.Jl !971 ro,Jta B JleHHHrpa,Jt

CKOM YHHBepCHTeTe Ha 4>aKYJihTI~Te npHKJla)tHOit Wl.TeKaTHKH H ynpaB

JieHHSI nponecca¥H. 



YCKOpHTeJIE sapSIJiteHHbiX 'ClaCTHJ~ BbiCOKEX 3Heprid! SBJIHDTC.FI CJlOlt

HhiMH KHJ:eHepHHMH COOpylteHH.S.NH, n:~e~Ha3Ha'CleHHHe ~JIH pemeHH.S BaDhiX 

~YH~aUeHTaJIDHhiX sa~aq B 06JiaCTH a,n;epHOH ~H3HKH. 
I 

3KCnJiyaTa~HH TaKHX KOUllJieKCOB B YCJIOBHHX 3a~aHHbiX napaVeTpOB 

pe:atHHOB fllmsml!ec:s:oro s:s:cnepmueat,:L, aems6e:mo cBasaaa c onTHMaJID

HhiH pemeHHeK TeXHH'CleCKHX H 31\0HOHH'CleCKHX 3~aq, onpeleJI.SD~HX 

3~eKTHBH0CTD HCll0JID30BaHHS CJIOEHOfO H lOpOrOCTOH~ero 06opylOBa-

0CHOBHHe Tpe60BaHHH, npe~~SBJISeMble K yCKOpHTeJISM COBpeueHHOI 
. . I I 

s,n;epHOA $H3HKOA COCTOST B CJielyDU{eM (pHc.I) I • . 

I. YBeJIHlleHHe oaeprHH yc:s:opsewx qacTH~ EK (H:MeDtcs B 

BH,D;y, KaK 3JieKTpOHbi H npOTOHhi, TaB: H TS.eKHe Hlpa). 

2. MaKCHYaJIDHOe yBeJimqeame nJIOTHOCTH ycKopseNHx crycTKOB 

qaCTH~ (yBeJIH'CleHHe HHTeHCHBHOC!H ny'ClKOB llaCTH~, BbiBO,li;HMbiX Ha 

~H3HlleCKH~ 3KCnepWMeHT) 

3. Ma:s:cHMaJIDHOe yBeJIHllaHHe noxesaoro Bp·exeHH ,n;Jis $H3Hllec:s:mx 

HCCJie~OBaHH~. 

4. EblCTpOTa 06pa60TKH HHfPOJ'Yal.t;HH 0 pe3yJIDTaTaX 31\CnepH:MeHTa. 

5. TOliHOCTD BocnpomsBe.n;esm~: pe:~Hua QJH3Hllec:s:oro s:s:cnepmueara 

OT I.t;HKJia K I.t;HKJIY H OT 3KCll03H~~rH K 3KCll03HI.t;HH. 

Kax.ItaH ms srmx sa.l(aq npe.n;c~·aBJisteT co6o~ cJIOJIHYD aayqayn H 

HHlteHepHyD npo6JieMJ.YBeJIH'CleHHe 3HeprHH YCKOpseMbiX qaCTHI.t; CB.FI3aHO 

C C03,ItaHHeM fHfaHTCKHX 3HepreTJl"leCKHX KOMnJieKCOB, BKJID'QaDU{HX 

B ce6s MHOfOliHCJieHHbie QJYHKI.t;HOHaJIDHhie Y3Jihi, 06ecnel!HBaD~He uaoro

CTa,ItH~HOe npeo6pasoBaame yc:s:op.nexoro crycr:s:a qactmn; H aaxonJieHme 

BbiCOK03HepreTH'CleCKOfO saps,n;a. ){JIH HafJIS,li;HOCTH MOXHO npmBeCTH 

BneqaTJISD~He I.t;H~pH.HanpHMep: pn,n;myc KOJlDI.t;eBOfO MafHHTa CepnyXOB

CKOrO YCKOpHTeJIS Ha 70 roB OOC~raBJI.FieT BeJIH'QHHY ,v230 Jt, a pa.ztEYC 

ycxopmTeJis aa 50oraB (BataBHS OIIIA) ""' I, 5 :s::u:.Il:HKOBas :uomaocTD 
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notpe6naeuom snextpmqecKol 3Hepr~m coctaBnaeT BeAHllHHY nopaxKa 

COTeH :MeraBaTT • OrpaHHlleHHOCT:& B8KYY:MHb1X 06'.bel40B, B KOTOpllX npOHCX.C 

XHT yc:ttopeame 3apazeHHHX qacTHQ, BbiCOKaa llYBCTBHTeH:&HOCT:& cryCTKa 

sapszeauux qacTmn K pasnmqaoro pcxa Bosxy~eamav B cucteMaX o6ecne

qeaua,npHBOXHT K COBepmeHHO npOT~BOOOAOZHbiK BTiellaTnammHM QH~pau. 

CKaxeu,roqaocT:& cootBeTCTBHB uarEmtaoro nona H qacTOTH ycxopanme

ro HanpazeHMB, a TaR ze TOqHOCT:& CHHXpOHH3aQHH CHCTeK ynpaBAeHHH 

COCTaBJUJeT BeJIHllHHY row~ 0, 01~ H Bblll:e • Jlaxe H3 3THX npH:UepOB yze 

NOZHO CXeAaT:& BHBOX,~aCKOH:&KO Be~HKH Tpe60BaHHB, npeX'.DBBJiaeuae 

K CHC:UeTal4 ynpaBJieHHB B TeqeHHe :f,Cero Jie:Meam cy~eCTBOBa.HHB 06'.beX

Ta perynupoBaHma (nyqxa yc:ttopaen:x qacrmn) • 

.]lpyPOit nyT:& yBeJIHlleHM.IJ 3HeprJ!:M YCKOpaeWX llaCTHQ COCTOHT B 

nomc:tte npmanmnHaJI:&HO HOBbiX ueTOlC 1B ycxopeHHs, rpe6yn~qmx pemeaxs 

CBOHX YHHKaJI:&HHX 38J(aq (M:MeDTCB I· BMXY KOJIJieKTHBHHit H nJia3:UeHHHit 

:Merox ycxopeama), r~e xpe6oBaHma K cmcreuau ynpaBJieama npexcraB

nsnTca e~e 6onee zecT:ttmum, qe:M B nepBOM cnyqaex) 

IIonyqeaMe BbiCOKOHHTeHCHBHNX c:rycTKOB sapaJCeHHblX li8.CTMn HJIH 

"qwcTHX" B~ep npMBOXHT K pemeHMD nenoro KOKnJieKCa ~H3HqecKHX M 

TeXHMqeCKHX 38J(aq, CBS3aHHHX C YC:TOitqHBOCT:DD XHCKpeTHOrO 06'.beYHO

ro saps.tta 6on:&molt nnotaoctm, c S!:Jieame:u "nepesapa,D;a" npu ycxope

HHH Sl)l;epHbiX llYllKOB, H CO CTa6HJI:&H(ICT:&Il pe:atH140B ynpaBHBD~MX CHCTe:U 

npm ycxopeHHM H BHBO,Jte OJIOTHHX CI'YCTKOB qactmn Ha ~H3HqecKHI I 3KC• 

nepH:UeHT .CJIOZHOCT:b npo6JieW :UOJICH(I npo,ne:UOHCTpHpOBaT:& QH~pa:um.Cawe 

dOJILUe YCKOpHTeJIM reHepmpynT nyt,:KH llaCTHn CO,ltepXS.ItlMe HeCKOJI:&KO 

e.ttmamn aa ro12 qactmn B mMDyn:&ce ••• 3To ae Oll8H:& uaoro. Eop:&6a sa 

yBeJ!If'lleHHe HHTeHCHBHOCTH H~eT HeCitOJI:&KHIIH UYTSU4H: 

I. IIoB~ameaHe roxa mazexrmpye)~X qacrmn (npa:uol xero.tt). 
X) B neJiaX 3KOHOIIHH BpeMeHH, W E:e OCTaHaBJIMBaeMCJJ Ha MeTO~ax 

BCTpellHHX nylliCOB (yCROpHTeJIM (: ll0.1tBH:IHOit MHmeH:bD),XOTB 3TO 
HanpaB11eHHe TO:Ee BeC:&Ma nepcne·RTHBBO • 
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2. Ha.xonJieBHe ycxopaeMLix t~acrHn (xo:unpOKMCCHDIIt Kero.zt). 

3. YBeJimt~eume t~acroTDI umxJioB. 

4. CTa6HJIH3aUHH peXHMOB o6ecneqHBammux CHCTeM. 

5. MHHMKH3aUHH BpeueHH uacrpo~~H ycxopureJia no napauerpaM 

~H3Ht~ecxoro sxcnepHueura. 

6. YMeHomeHHe BpeMeHH DOHCKa H YCTpaHeHHB HeHCnpaBHOCTeH. 

7. MaKCHMH3aUHH K03~HUHeHTa HCITOJIL30BaHHB YCKOpHTeJIB Ha ~H3M

tJeCKH~ sxcnepuwear. 

0tJeBH,ltHO, He Bll3WBaeT COMHeHHB TO 06CTOsTeJILCTBO, tJTO pemeHHe . . 

BllmenepetiHCJieHHNX np06JieM HeB03MOXRO 6e3 C03,ltaHHB CHCTeK aBTOMaTH

qecxoro ynpaBJieHHB H CHCTeM 6DICTpO~ 06pa60TKH HH~Op~HH 0 COCTOHHHI 

06ecneqHBammux CHCTell YCKOpHTeJILHOrO KO:wiJieKCa H ~YHKUHH COCTOBHHB 

o6~exra peryJiupoBaHHB (nyqxa ycxopseM&x qacruu) 12! Uenecco6pasuocrL 

DpHMeHeHHB TaKHX CHCTeM noJie3HO paCCMOTpeTL Ha npHMepe CHHXp0~30-

TpOHa OMfl:H (06~e,ltHHeHHblA HHCTHTYT S,D;epHNX HCCJie,ltOBaHHA). Ha pHC.I 

HarJIB,D;HO paCKpllTa CTpyKTypa K03~HUHeHTa HCITOJIL30BaHHB yCKOpHTeJIB 

B reqeaHe pa6oqero UHKJia sxcnosmnma ~H3HtJecxoro axcnepuMeura.S.ztecL 

.zteraJILHO pacnmcauo Bpe!4H rexuoJiormqecxoro peXHMa, CBBSaHuoro c pa-

6oron caMoro ycxopmrexa H npoBe.zteuaeM ®Hs.axcnepHMeHra.Bce tJTO pac-
Ab 

nOJIOZeHO HHXe OCH a6CUHCC ITO,ltJieXHT MHHHMH3aUHH.~Op~oeBHpaaeHHe 

,ltJIB K03~HUHeHTa HCITOJIL30BaHHB (pHc.2), ,ltOBOJibHO oqeBH,ltHO H MW 

Ha HeM OCTaHaBJIHBaTLCB He 6y,lteM, ,ltOOTaroquo CKa3aTL, qro pacqer DO 

sroA ~opuyJie .ztaer coBna.zteuae c npaxrmqecxuMH oneuxaMH ua 
en.t 

OCHOBe CTa~CKHX ,ltaHHblX C TOtJHOC!LD ~ I~. 

Pacqerbl noxassBamr, t~ro suaqeaaa ~M~~ (no napaMerpy "ro-

TOBHOCTL ~H3Hqecxoro 3KCnepHMeHTa" ) DpH YCJIOBHH pa60TN OtJeHL OfillT

HOrO oneparopa Jiezar B npe.ztenax 0,8 - 0,8I. 

Orcm.zta cnexyer aaxuocrL sa.ztaqm noHcxa nyreA MaKCMMHsanHH aroro 

K03~HUHeHTa.MTaK B HJIJIDCTpSTHBHOM BH,D;e: 

K"'"K. = I) 
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ITpMUeHeHHe aBTOMaTHt{8CKOI HaCTpOIKJ.: H aBTOMaTHt{8CKOrO OTHCKaHHS 

aexcnpaBHOCTel, HJIH ::· yxoxa Toro HJIJ. maoro napaueTpa, xax noxasu

BaDT pacqeTH, .u;aeT :s.osMozaocT:c yBelHt{HT:& KMt"' aa - IO% (u 6o

Jiee). 3To JtaeT ycJIOBHym 3Koaoom ae. 3HepreTHt~ecxue saT})aThl 

~ 200 Thlc.py6. B ro.lt (cTomwocT:& I qaca pa6oTu ycxopuTeJis 50 py6, 

cpe.u;aeroJtoBoe qucno pa6oqux qacoB ~ 4 .ro3.) 

TaKaS KHHHKH3aiJ;HS onepaTHBHhiX QIYHIJ;HI 8CT8CTB8HHO CBS3aHa C 

nepe.u;aqel cpyHKIJ;Hit cy6'DeKTHBHOrO OIIE:paTOpa- 3BM, B nporpawe KOTOpOI 

3atJIOJ:eHbll2f, 14l,l5f,f6lt (7J: 

I. Onepau;uoHHhlit NHorouepHhll aae.nms macpopuau;moHHhiX MaCCHBOB c 

,ItaTliHKOBOrO IIOJIS lPYHKIJ;HOHaJI:bHhiX Y3J[0B YCKOpHTeJI:bHOrO KOWJieKca. 

OIJ;eHKa CHTyaiJ;MH. 

2 • ITpHHSTHe pemeHHS 0 HanpaBJieJ::HH IIOHCKa. 

3. ITpHHSTHe pemeHHS 0 IIporpaMlW HaCTpOAKH, KOppeKIJ;HH, YCTpa

HeHHH HeHcnpaBHOCTH. 

4. 3KCTpeMaJI:&a.oe peryJIHPOBaaue BH6paaaoro napa.MeTpuqecxoro noJis, 

F(~i.) ,r.lte :MHorouepauJt 
• 
' =1,2,3 •••• H OThlCKaHHe pemeHHS 

jf! 
1 CA.,· = 0 

(2) 

Ha 0Tpa60TKY 3THX onepaTHBHhlX 3a)tatt,onepaTOp TpaTHT )tOCTaTOt{HO MHOrO 

Bpe:MeHH (HHOr)ta ~ HeCI\OJI:bKJilt£aCOB)
1
TaK KaK OH IIOJI:&SyeTCS npH 

HaCTpOAKe M8TO)tOM faycca-3eit)teJIS, ~~.e. OOHCKOM qaCTHOrO 3KCpewyua 

no O.ltHOyY KaKOyY-TO napa:MeTpy,HJIH, KaK rOBOpST,IIO O,D;HOA KOOp,lt~HaTe. 

TaKaS IIOCJI9)tOBaTeJI:&Has HaCTpOAKa H OThlCKaHHe OIITHMaJI:bHOro saaqeHHS 

"npOBHHHBmerocs" napauerpa, cos)tae~; qpesButiaAase TPY.ltHOCTH B OTucxa

HHH 3KCTpeMj'Wl. lPYHKIJ;HH COCTOSHHS BC:eJt CHCTe:Mbl H COIIpOBOQaeTCS H8H3-

6eEHhlMH cy6'DeKTHBHblMH OmH6KaMHe 

YnpaBJISD~He IJ;HcppOBhle MamHHhl H JmHHIIpOD;eCCOpbl MOrJIH 6hl pemHT:b 

ocHOBHhle Sa)taqm, CBssaHHhle c onepat(HOHHHM aHaJIH30K H ou;eHKOJt ma~Pop-

»anuoaaott cmryau;mm. YnpaBJISeMHe n~orpaMMaue on 
THMH3aTopu fi03BOJIHJIH 
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6H pemHT» 3~aqu 3KCp9YaHLHOrO perynHpOBaHHH B CHCT9MaX 3a~aTqHKOB 

~YHK~HH COCTOSHHH perynupyeMOrO 06~eKTa. ilpH 3TOY,O~H03HaqHO pema-
5bt 

!HCL BODpOCH e~HHOBpeYeHHOrO rno6aHLHOro C60pa HH~OpMaUHH, ee 

~HHbTpa~HH, 6HCTpOI o6pa60TKH ~YHKnHOHaHbHHX CBS39H Me~y napaMeT

pHtl9CKHMH MaCCHBaMH H BHpa60TKH nporpaMM anropHTYHqeCKOrO 3KCTpe

MaBLHOrO perynHpOBaHHH aneMeHTOB ¢yaxnmoaanLHHX ysnoB ycxopHTen»

Horo xo»nnexca. Bee BHmenpmBe~eHH~e coo6pazeHHa nernm B ocHOBY 

aBaHnpoeKTa no npmMeHeHHD 3H9KTpOHHO-BHqHCHHTeB»HHX MamHH ~HS ynpaB· 

neHHa ycxoputexeu. 

YCKOpHTeHLHHI KOMDHeKC CHHXpoqaSOTpOHa ORHH co~epZHT TPH ~YHK

nmoHaHLHHX rpynna o6opyxoBaama,o6ecneqHBaD~HX ycxopeaHe sapazeaawx 

qacTH~ ~0 3HeprHH IO raB. 3TO "MHJJ:extop" (HHHeiHHI ycxopmTenL)' 

"KOHL~eBOI YCKOpHT9HL" (CHHXp0~3CTpOH),"CHCT9W BbiBO~a" (pHC.3). 

1\a%,1laSI H3 3THX <IJYHKnHOHaHLHbiX rpyr:n JIBHJI9TCSI O~'DeKTOM MHOronapa:MeT

pHtl9CKOI 0DTHMH3anum. 

MacCHBH HH~OpMa~mm,noctynam~ue c Ba~o~ rpynnH o6opy~osaams CTPYK

Typao coxepzaT CBe~eHma: 

I. 0 coctoaHHH perynmpyeMoro c~6~eKTa (nyqxa saps:m:eHHHX qacTH~) 

B BH~e 1'V -Mepaoro B9KTOpa nape.MeTpOB, OTpa:ara.IO~MX reOMeTpHtleCKHe 

H <Pmsuqecxme xapaxtepHCTHKH nyqxa qactmn aa pasaax cTa~usx npeo6pa-

30BaHHJI. 

2 • 0 CTaTHt:leCKOM none OflTHMa.HJ:.HHX YCTaBOK 3a}.taJ>~HX CHCTeM. 

3. 0 COCTOJIHHH CHCTeM perynmpCtBaHHSJ H 0 pe3yHLTaTaX B03}.teiCT

BHSJ HX Ha perynHpyeMHI 06'D9KT. 

B 0611(914 BHXe ~YHK~HSJ COCTOSJHHSJ pel'yHHpye:a40rO 06'DeKTa, BH~HMO,XOHJ:Ha 

coxepzaTL C!9lYDBlH9 KOMnOHeHTH: 

Q~$1<:PI-'--.~+< (3) 

r}.te 

~ - ecTL cTaTHt~ecxas <PYHKnus, BKHDt~am~as B ce6s cyuxapHoe none 

0DTHJ48.JI:bHHX YCTaBOK 06ecnetiHBaJ>II(Bl: CJICTeli H HX ,ltHCnepCHD 



- 6 

t j. ~ IJP,· 
t:l .,, 

rxe $o -CTat:H'ti9CKaa lPYHKUMSI B OJITMJdaJI:LHOll penMe, 

tap,· - norpemaoct:L l -toro napa:u:etpa (ycTaBxm) 

cp - lPYHKUHSI COCTOSIHHSI peryJIHpyellt>rO 06':DeKta Ha pa3HHX CTa.D;MSIX 
n 

npeo6pasoBaHma --
cp = l<o . 2:. q:;.. 

i :. , 
(4) 

r.]te: . $.; - ontm:uaJI:LHoe saa'tleHMe IPYHKJ~MH coctoaama aa c -TOt! CTa,ltHH 

npeo6pasoBa.HMH. 

Ko- o6o6~eaauA xo31PlPHUHeHT ontHWLJI:LHoro npeo6pasoBaHma: 
tJ 

~<. = n "~~ <s) 
c -: I 

/(i 0 - Ofii'Hlla.JI:LHO€ 3Ha'ti€HM€ K03lMJHUJf9HTa • ' -Tore npeo6pasoBaHma. 

tV - lflyaxnma nporpaMMH ynpaBJieHHH 
To M 

'--P :: ~ 11~ {+) (6) 
t :, J - IPYHKUHR pesyJI:LTaTOB ynpaBJieHHR: 

1 = z. ·~·.dt (7) 

Tenep:L c,I~;eJiae» aexotopue OTCTYJIJieHHR. 

3a TIOCJI€)1;HH€ ro.»;u CTaJIH TIORBJIHTJ,CR coo6meHHR, DOCBRII(€HHU€ pa6oTaM 

TIO HCCJI€)1;0BaHHIO B03l40ltHOCTH C03.D;aHUR €)1;MHOI CHCT€1W aBTOllaTHll€CKOI 

OTITHl4H3aUHH napaMeTpOB YCKOpHTeJiei! 3apSI~€HHLIX llaCTHU. 0)1;HaKO CJie,I~;yeT 

3aM€THT:L, 'QTO BCe MCCJI9)1;_QBaHHSI B Q(}JiaCTH aBTO»aTJrqeCKOrO ynpaBJI€HHH 

YCKOpHT€JI:LiiblMH KOMTIJI9KCa14H, B HaCTO.RU{€€ Bpew:r, HanpaBJI9HLI Ha TIOBCKH 

pemeHH.fl qaCTUX 3a.»;aq ynpaBJI9HH.fl qJH:JHll€CKHMH TipOU€CCaWI, B03HHKaD

li(HMM npm YCKOpeHHH H BLIBOl€ llaCTHU Ha lPH3.3KCTI€pHM9HT H upe,Ii;CTaB

JIHDT C06oi,TIO CYTH )1;€Jia, paJpa60TKlf CHCTeM "BXO,I~;a" MHOrOMepHOI CHC

T€MLI aBTOMaTHll9CKOrO ynpaBJI€HHH, B nporpaMMe KOTOpOI .D;OJiltHa 6UT:L 

3aJIO~eHa lPYHKUHR COCTOSIHHSI nyqxa 3fLpH:at€HHblX llaCTHU Ha pa3HUX 3Tanax 

ero npeo6pasoBaHHSI. 06o6meaaa.H cpyal:UHSI ynpaBJieHHSI IPH3 .npoueccao aa 
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YCKOpHTeJI:&HOK KOl4I1JieKCe ,ll;OCTaTOl!HO CJIOJma H ee :Ma.Te:MaTHtleCKOe ODH

C8.HHe u :rexHutiecxaJ peaJiusanua no:rpedyeT eiite HellaJIO ycmJIH~ :ua:re

MaTHKOB H ~H3HKOB ,ll;JIS TOro, t1T06H MOZHO 6UJIO C03,11;8.T:b ~H3HKO-KaTe

KaTHtleCKYD MO,ll;eJI:& HeKOeDO fHDOTe~:HtieCKOrO YCKOpHTeJI:&HOfO KOUIIJieK

ca, ~YHKD;HH COCTOHHHH KOTOporo JIEtfKO 6U TpaHCcpOplmpOBaJiaC:& rpa

HHqHLIKJI YCJIOBHHJOI B JID60~ 6a30Bliii yCKOpHTeJI:&Hhli! KO:MIIJieKc/
4! 

Hepe,ll;KO BliCKa3LIBai>TCH COMHeHlUI ( B HaCTOSill(ee Bpeu,npaB,ll;a 

ux Bee uea:ome H Mea:ome) B nenecoo6pasaoc:ru cos,ll;aHHH cJio:moro KOM

nneKca 060py,ll;OBaHHS ,ll;JIH aBTOMaTHl!eCKO~ ODTMMH3aD;HH CHCTeM ynpaB

JieHHH. OnaceHHSI CBS3aHhl: BO-nepBUX, C BODpOCaMH Ha,lteJmOCTH H 

KBaJIH~MKar(HOHHUM o6ecnetieHHe:M ODElpaTHBHOfO 06CJIYJIHBaHHS H BO-BTO

pLIX, tiTO B YCKOpHTeJI:&HhiX KOMIIJieK<:ax, pa60Ta.I>I!tHX C BeC:blla Ma.JIOI 

tlaCTOTO~ DOBTOpeHHSI ( ,...., . 0, I rn), BOCDpOH3Be,ll;eHHe ~YHKr(HH 

COCTOSHHH ,ll;OCTaTOtiHO SaTpy,ll;HeHo, ~:aiC KaiC CYIIteCTBeHHYD pOJI:b HaqH

H8.DT HrpaT:&: ecTeCTBeHHas ~JIYKTYfLUMS napaMeTpOB H CTaTHCTHtleCKHe 

omH6KH. 0,11;aaxo BLI6op pe:nua onTHJmsanmH "no madnoay" H "npoBHHHB

me:uycR" napa.Me:rpy HMee:r saatim:rem,aLie npeH:uyJI{eCTBa nepe.Jt mHpoxo

noJIOClHLIMH ( 6LICTpLIMH) CHCTe:WUDf OHTHMH3ar(HH no BCel.t!J napaKeTpH

qeCKOyY flOJID H MOEeT 6LIT:b BLlfO,ll;HO npHMeHea ,ll;JIS "Me,ll;JieHHLIX"MamMH. 

HTaK, Ha DOBeCTKY ,ltHH ~YH,ll;aMeHTaJ!:bHO CTaBHTCH BOnpoc 06 opraHHtleC& 

ROM BflHCLIBaHHH BLltiHCJIHTeJI:&HO~ TeXHHKH B CHCTeW ynpaBJieHHS ~H3. 

npon;ecca:am Ha YCKOpHTeJI:&HLIX ROMDJ!eKCaX. 

Ha,11;o cKasa:r:o, q:ro HeKoropaR sano:1,11;aJioc:r:o :raxoro Kateropmqaoro 

YTBepQeHHR onpe,ll;eJI.Retca .ltBYlUI npHtiHHaMH: 

I. JloporoBH3Ha 3JieKTpOHHO-Bhll£HCJIHTeJI:&HI:iX uammH H BHemamx 

ycTpotdcTB, o6cnyxmBaDIItHX rnaBHLII nponeccop. 

2. Hexo:ropas 6oH3H:& 6esannensrnmoaaotd ua:reMaTHsanHH HBJCeHepaoR 

MliCJIH. 
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QqeHL KHTepeCHO M9HSBOCL OTHOmeHHe K ynpaBBSD~HM CHCTeuaM 06-
. 151 

CBYXHBaeMHX 3BM .Hanpmuep, O~HHM R3 spax npOTHBHHKOB DpHMeHeHHB 

3BM XBB ynpaBBeHHB YCKOpmTeXsiE,O~HO BpeMB, 6HX npo~.BapTOH H3 

Epyx.aan.na6opatopmm CWA, xotopul YTBepxxan, qTo xopomo nocTpoea

HHI YCKOpHTeBL He Hy~aeTCS B MaTeMaTHqeCKOI One•e H eCXH HMeeTCS 

B03MOZHOCTL pacnonaraTL 3BM, TO ee pOBL ~OXZHa CBOXHTLCB K pOBH 

3TaKO~ paqmTeXLHO~ 60HHH-3KOHOM~W·, noxxepEHBaD~el ycTaHOBHBmHICB 

nopsxox B ,noMe. 

0ltHaKO <I>H3HKOB-3KCnepHM~HTaTOI'O~ HHKaK He YCTpaHBaB ycTaHOBHB

mHICS nopa,nox B ycxopmTeBLHOM xoue!. O.naa sa ,npyrol noaBnsnmcL sa.na

qm, Tpe6ym~me qpesBsqalao rH6xoro ynpaBneama nyqxou ycxopaeMHX m 
\ ft~&t.,..._..A'-tCb TPet.o &CAHU~, 

BHBOltKYHX qaCTHUYK HX BpeueHHHM H CTpyKTYPHUM XapaKTepHCTHKau.3a-

,ltaqm Tpe60BaBH H Tpe6yDT pa60TH y<:KOpHTeBs B peJ:Dle DOltBHZHOit mKaBH 

pei:HMOB (H3MeHeHHe XapaKTepHCTHK nyqxa Ha . pa3HHX 3Tanax YCKOpeHHB 

H BHBO,lta. ilOSBHBaCL He06XO.ltHMOCTb KOppeK:UHH nporpaYM ynpaBBeBHS B 

nponecce sxcnosunmu <Pms. sxcnepmvenTa, liTO CBsisaao c o6ecneqeaHeM 

6HCTpOI peaKUHH CHCTeM ynpaBB9HHS Ha pe3yBLTaTH ~3.3KCnepmMeHTa. 

IlpO<fl.BapTOHY D0Tpe60BaJICS TOJibKO t),ltHH ro.n; npe6hiBaHHS ~rOHCKOI 
Jia6opatopmm CWA ( 2G- S )x), t~To6u: B xopae H3MeBHTb cioe OTHomeaue 

K npHM9H9BHD BHllHCXHT.TeXHmKH Ha JCKOpHTeJISX. 

B HaCTOS~ee BpeMS BapTOH SBJIS3TCS O,ltHHM H3 Be,ltyll\HX cnenmaJIHCTOE 

no C03,ltaHHD ynpaBJISDil\HX CHCT9M Ha YCKOpHT9BBX.B O,ltHOM npaB EapTOH 

- nnoxym BemL He CTOHT ODTHMH3HpOBaTL. O,nHaKO, ,ltBS TOro, qT06H 

oaa CTaJia xopomel, el ueo6xo.nmua KBaJIH<PmnmpoBaHHaa .nmaraocTmxa 

uaorouepaoro aaanmsa, KOTopsH ue MUCJIHM 6es npmueaeama 3BM. 

x) YcxopRfelb c HyJieBHM rpa,nmeHTOM MarHHTHOro DOJIH. 
B HaCTOSil\ee Bpe:MB ~GrS, -pa60TaeT B DOXHOCTLD ynpaBJISeMO:U 
pexmue no ceum nporpaMMa:u <Pmsmqecxoro excnepmueHTa. 
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C OlHOit CTOpOHH OOHHMaHHe He06XOlHMOCTH paCCMaTpHBaT:& YCKOpHT. 

ltOMOJieKCH, KaK 06'DeKTH UHOronapaMe~~pHlleCKOit OllTHlm3a~HH, C lpyrolt 

CTOpOHH 6HCTpoe pa3BHTHe BH'IHCJIHTeJI:&HOit TeXHHKH, Sa KOpOTKHI CpOK 

nepenBmeJt TpH llOKOJieHH.R 3BM H KOTOpHe B HaCTOSJI(ee Bpewr CTaJIH lO

CTYllHHMH laJICe npH cpaBHHTe.n:&HO CKpOYHOU 6J>lJ:eTe - BCe :3TO OTKpHJIO 

HOBFie nepcneKTHBH B COBepmeHCTBOBaHHH YCKOpHTe.n:&HOit TeXHHKH, aan

paB.neHHHe Ha npeBpall(eHHe YCKOpHTeJIJI B JierKo ynpaBJISeUHH ~H3H'I.npm-

6op C rH6KOit nporpaKMolt ero HCllOJI:&aOBaHHH. YCKOpHTe.nH 6oJI:&WHHCTBa 

Jia6opaTopHH MHpa y:s:e lOCTaTO~HO WH])O~O H 3~eKTHBHO HC00.11:&3YDT 

Ma.nue ynpaBJIHDJI(He uamHHH THna P~P 11 uammau cpelHero KJiacca THna 

JBM-1800, npelHaSHat~eHHHe lJIS 00pa60TKH ~YHK~HOHa.11:&HHX MaCCHBOB 

HH~OpllaUHH CHCTeU KOppeK~HH H ynpaB.neHHS. 0CHOBHHe,o6JI(enpHHHTHe Han

paBJieHHH HCfiOJ1:&30BaHHS 3BM B YCKOpl~TeJI:&HO! TeXHHRe CJielYD~He: 

I. Pacqe:r u :ua.TeuaTHllecxoe MOlHJIHpoBaHHe lHHaumcm lBHll:eHu 

nylllta t~acTHn; B nponecce ycxopeHHs n BLIBOla Ha <t>Hs.axcnepmMeHT. 

2. KoH:rpoJI:& napa:ue:rp:~rqecxoro noJia: ycxopmTe.na HJIH OTleJI:&HHX ero 

<l>YHitUHOHaJI:&HLIX ysJIOB npm noMomH rJio6aJI:&uoro c6opa HH~op:ua~HH o 

COCTOHHHH onTHMa.11:&HbiX ycTaBOK B pe-;mMe ~H.11:&Tpan;HH laHHhiX. 

3. lJaCTHhte 3Ma'IH no woroMepHOMy aHaJIH3y MaCCHBOB HH~OpMaUHH 

OTleJI:&HHX Y3JIOB YCltOpHTeJI:&HOro KO~IJieitca. 

4. 0Tpa6oTita YaTe»aTHtleCKHX :u:o;teJielt :amoronapaMeTpHlleCitHX CHCTeM 
3KtT.feMtl.AI.Mbl"l 

C ~ldlilJ( peryJmpOBaHHeK. 

5 • Ha OCHOBe ,ltaHHHX MHOroxepHOl~O auaJIH3a HHqJOp»aUHOHHOit CHTya

D;HJU Bupa6o:rxa pexoMeHJtaD;HH no aac~rpoitKe H xoppeKTHpOBKe napa~~er

pxqecxoro noxs ycxopmreJis. 

6 • CTaTHCTH'QeCitBit aHaJIH3 aBapHi~HfiX CHTyan;Hit H npOrH03HpOBaHHe 

B 06JiaCTH OpraHH3aD;BH 3KCnJiyaTaD;HH YCKOpHTeJI:&HHX KOMnJieKCOB. 

7. B}llaqa peKOKeH,ltan;Hit no yBeJilf\leHHD HaleEHOCTH CHCTeM 06ecne

lleHHS peXHMOB YCICOpeHHH H BhiBOla 3apa:ateHHHX qacTH:U. 

IlpH pemeHHH ITOCTaBJieHHbiX Salall HMeUT :UeCTO lBe TeHleHD;HH: 
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I. PaccMaTpmBaT:& ycxopmTeJI:&Hhl:~ KOJ.mnexc, KaK o6'DeKT onxm:a.msa

nmH no BllXO.ltHil'M napa:MeTpau, onpe.It~~nHe:MWI ycnoBHaMH ~Hs.aKcnepHMeH-

Ta. 

YC110BBO: 

MHxexT •. 
ycTp-Ba , YKC 

ft 

Q (~ t<~) 

BhiBO.lt 

• • r~---~-~ 
I ~----~------

~- -.:~~ 
\~· 

I "'!" 
... 

I ~H3.3KCD. 

.- • .... - • "I 

,, cpiA.S. I 
I 

I' r .. 
.. .. __...., 

An~1 • 
,. I • ,I_ - - - I 

L- --· ~ np•'""tG'IJo.Sl 
I c.wc. mt.M& t :G) n T-., ""'"'~a. ToP 

c. 

~SM 
t 

Q- i>YHKJlHS COCTOSHHH YCKOpHTeJibHOrO KOJmJieKca, apryl4eHTOl4 

KOTOpOI eCTb CYMMa npouexyTOqHblX ~YHKilMI CTa).tHIHOro npeo6pa30Ba

HHH nyqKa ycxopaeMUx qacTHn. 

3TO HanpaBJieHMe npe).tyCMaTpHBaeT C03).t8.HHe MaTeMaTMqecKOI MO).teJIM 

BCero yCKOpHT611bHOrO KOMDJieKca, BOTOpaa D03B011HJia 6bl pemHTb np0611e• 

MY ODTMYaJibHOro ynpaBJieHHR nyqxo~: YCKOpHeMilX qacTHn Ha BCeX CTa

.ltHRX ero npeo6pa30B8.HHSI. 0 npeHM)'IIteCTBaX T8.KOro HanpaB11eHHR Mbi 

yxe rOBOpH11H Bhlme. 

2. llOCTpOeHHe cenapaTHhiX CHC1eM ynpaBJieHHSI H ODTHMHSanHH BHe 

CBR3H C KOHeqaol 38.).taqel. E.ItHHCT!IeHHblM npeHyYll{eCTBOM 3TOro HanpaB

JieHHSI RBJIHeTCH Kaxymaaca npOCTOTf. H 3KOHOMHqHOCTb HHXeHepBIIX peme

HHI, XOTR COBepmeHHO, oqeBH).tHO, tn~o 0flTHJ.m38.JlHS OT).teJI:&HOfO ~YHK

IlHOH8.11bHOro ysna ycxopHTeJI:oaoro P:ounnexca BOBCe amqero ae roBo-

pHT 06 ODTHMaJI:&HOM peXHMe pa60TII BCero YCKOpHTeJI:&HOfO K0MDJieKC8. 

B neJIOMe A flOCKOJibKY B KOHeqHOM llTOre, cenapaTHile pemeHHS 6y,JtyT 
I 

BCe paBHO 06'De).tMHeHbl B e).tHHbll KOlmJieKC (110rHKa!),TO npH CThiKOBKe 



II 

06CJIY1t:MBa.DtltHX CHCT914 BCTpeTHTC.fi OlleH:b MHOrO 3aTpy,D;HeHHA. 

3a OCHOBY pemeHH.fi 3a,Itall no aBTOl~TH3aUHH ynpaBJieHH.fi yCKOpHTeJI.fi-

MH npHH.fiTbl CJie,ItyDutHe 3Tanbl (nOCTeneHHOCTH)· 

I. C6op mu~opuanmH. 

2. MuoroMepHhll aHaJIH3 napaMeTpH'IeCKOro non.a YCKOpHT oKOWlJiexca. 

3. HcnoJI:&30BaHHe 3BM B pezmue "GoBeTllmxa" (cmcTeMa uammaa-

qeJIOBeK -MamHHa). 

4. Pa3pa6otxa anropmTMOB ynpaBJieHm.a. 

5. Pa3pa6otxa nporpao sxcTpeMa.'I:&Horo perynmpoaaams. 

6. Opraum3aum.a Ma.TeuaTHllecxoro 1)6ecneqeam.a MYJI:&Tmnporpaw.moDo 

pezmMa m pe:a:mua peaJI:&Horo uacmta6a :3peueam. 

7. Co3,Itaame onTHMH3HPYDiltHX ycTp,)ICTB :w sxctpeua.JI:DHbiX :MHorona

paMeTpBlleCKHX peryJI.RTOpOBo 

CJie,ItyeT CKa3aT:D, liTO H B 3THX 06utBX BOnpocax HMeeTCB HeKOTOpoe 

OTJIHllHe B nyTBX HX pemeHH.flo 0TMeTBM HaH60Jiee Ba%Hble. Onpe,IteJieHHe 

o6'.Deua m CTPYKTYPhl Ma.CCHBOB ma~opua:lHH BBJI.aeTc.a npmanmnuaJI:&Ho aaz

aau 06CTOBTeJI:bCTBOM, onpe,IteJI.RDtqHM B;~60p CTpyKTyphl ynpaBJISDtqero KOYD

JieKca H 3<}>tf>eKTHBHOCT:b ero HCUOJI:b30Bd.HH.Ro 
\4\ 

CytqeCTByeT ,II;Ba MHeHH.fi no 3TOMJ BOnpJCy: 

I. BhiBO~ HHtPOPMaUHH 0 KOHKpeTHOM COCTO.RHHH UOJI.fl OflTHuaJI:bHbiX 

YCTaBOK (CTaTBll9CKa.fi <PYHKUH.fl COCTO.RBH.a) H ee KOHTpOJI:b no OTKJIJIOHe

HHD B noJioce ,Itonycxa. 

B ,ItaHHOM CJiyqae, onepaTopy npe,ItJiaraeTCH orpOMHhll HH~OpMaUHOHHhll 

MaCCHB, H9CYutHI B ce6e CBe,IteHH.fi 0 MaOJlteCTBe napaMeTpOB ( B HeKOTO

phiX cnyqa.ax xo ID.Io3). · 

OrpaHHlleHHaS:I CeJieKTHBHOCT:b BOCnpHBTHS:I H a.HaJIH3a cy6'.&'eit!HBHOfO onepa

TOpa cTaBHT:& no.It coMHeame nenecoo6pa3HOCT:D BbiBO.Ita Taxoro o6'.&eua 

HH~OpMaUHH. E.ItHHCTBeHHbiM pa3yMHbiM pemeHHeM B 3TOM cnyqae MO:EeT 

6biT:& opraam3anus pezmua "onepaTHBHoro uoxqaams" B nonoce ,Itonycxa, 

C pacnellaThiBaHHeM MaCCHBa HHtPOPMaUHH no " npOBHHHBmeuyca" napaMeTpy 
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C yKa3aHHeM HOMHHaJia , 3HaKa OUIHc5KU M MeCTa "OTKJIMKa" • 

H~eOJIOrHSI pe:EH:Ma "onepaTHBHOrO MOj[llaHHSI" COCTOHT B C.1Ie~yiOll(eM: 

CmcTeMa perMcTpaumm onpe~eJieaaoro MHoxecTBa napaueTpOB ~a~ou 

UHKJie yCKOpeHHSI CpaBHHBaeT aMBJIHT~r,IJ;hl napa.MeTpOB C 3a,IJ;aHHIXM OBTH

MaJI:bHHM Tpaq>apeTOM, XpaHSID{HMCSI B lla:MSITH 3BM.CpaBHeHHe OCyJlleCTBJISieT

CSI B noJioce .n;onycxa Ha H3Meaeame Jcax~oro napaueTpa. OnTHMH3mpyeT-

. CSI KaKaSI-TO 3a.IJ;aHHa.R BeJIH'CUfHa, B 1laCTHOM CJiyqae HHTeHCHBHOCT:b 

YCKOpSieWX qaCTHU, KOTOpa.R fiBJISieTI~SI· CJIO:JB:HOt! tPYHRUHeA napal4eTpH

tieCKOrO nOJI.R ycxopHTeJis. BblBO.lt .n;aHHWC onepatopy npe.n;cTaBJISJeTCB 

JIEc50 BOJiell "npOBHHHBWHXCSI" napaAie~rpOB (Biime,ItWHX H3 BOJIOCI:l .D;JIBYCKa), 

JIEOO rJI00aJI:bHiiM BOJieM napaMeTpOB npm H3MeHeHHH OllTHliH3HpyeMOI BeJIH

l.JHHhl Ha BeJIH'lHHy, e50JI:bmyiO ~onyCTHMOI. 

B npHHIU!ne, pe:EHM 3KOHOMHt~ea :if ae sarpy:meT onepaTopa ttpeauep

ao~ HHq)OpManMeA B CJiyqae HOpMaJI:bH)rO COCTOSIHHSI CHCTeMhl. 0.IJ;HaKO 

CJie,n;yeT HMe·T:b B BH,IJ;e CJie,ItyiOll(ee: 

I. 3~eKT OTblCKaHHSI OBTHMaJI:bH)rO 3KCTpeuyMa ~YHKUMH COCTOSIHMSI 

peryJIHpye:Lwro oe5'heRTa B ycJIOBH.RX M.Horonapa:MeTpHl.lecxoro noJI.R aa~aT

l.lMKOB :MOJieT c5blT:b ~OCTMrHyT .ltBY:MSI JYTSIMH: 

A. 0Tpae50TKOt! nporpaMMbl 3KCTp3MaJI:bHOrO peryJIHpOBaHHSI B CHCTeMe 

ynpaBJieHHSI Oe5':beKTOM (Bbl.D;epXHBaHHe BOJIOCbl ,II;OllYCKa). 

E. CJiyttaBHaSI onTinmaanms sa c qeT ycpe~HeHHSI nOJISI omMc50K H 

CJiyqaAaoro ypaBHOBeWHBaHHSI CHJI napaueTpH'leCKOrO BJIHSIHHSI Ha ~YHK

UHIO COCTOSIHHSI peryJimpyeuoro Oe5'heKra. 

3TH ,IJ;Ba ~KTOpa CJie~yeT H:MeT:b B B~.D;y npM opraHH3aUHH CHCTeM aBTO

peryJIHpOBaHHH. ~eJIO B TOM, l.lTO peryJIHpOBaHHe B pe:EHMe CJiyqanaoA 

OBTHMH3aUHH MOXeT npHBeCTH K OTpH~aTeJI:bHOMY 3~q)eKT~ e O,II;HO~ CTOpO

Hbl; • ynpaBJISIIOll(aSI MaWHHa, 3a~HKCHpOBaB OBTHMYM npM CMJI:bHO paCCTpOel 

HOM napa:MeTpHtieCKOM BOJie,MOJieT HenpaBMJI:bHO BOHSIT:b CHTyaUHIO M Bbl,II;aTI 
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aenpaBHHhHOe pemeame aa ynpaBneame. Xe~cTBHT9HbBO, paaaosuaq

aocTh YXO~OB napaMeTpOB MOXeT BH3BaTh ycpe~HRD~H~ 3~eKT C TOQ

KH 3peHHR BHHHHHH Ha ~YHK~HD COCTOHHHHe B 3TMX YCBOBHHX CHBhHO 

~eHCTBYD~HH napaMeTp MOXeT 6HTh ypaBHOBemeH onpe~eneHHHM UHOZeCT

BOM cna6o~eiCTBYDDtHX napaMeTpOB, qTO npHBe~eT K HHTerpmpyDmeyY 

3~eKTY B CTPYKType ~aHHHX MaCC~lBOB HH~Op»a~HH. 3~eKT cnyqalaoro 

OnTHJ4YYa ~eHaeT HeB03MO:EHHJ4 06'DE!KTHBHLII aHaBH3 HH~Op:Man;HA, eCHH 

He npe~ycuoTpeTh onepanmm: 

I. "BaBemmBaHHe" omH6ox. 

2. Onpe,D;eHeHHe Mepbi OTBeTCTBeHHOCTH yxo~a TOrO HHH HHOrO nape 

xeTpa. 

3. Onpe,D;eneHme 3Haxa rpa,D;HeHTa omm6ox. 

llO,D;t~epKHBaD, QTO 3TY OC06eHHOCT:o 60Hhl11HX CHCTeU CHe~yeT BeTh 

B BH.ltY o6s3aTeBhHO. 3TO, liTO Ka~aeTCR 0opraHH3aD;HH pe:EHMa "one

paTHBHOrO uont~aHHs". BTopol no~lCo~. 

BLIBO.lt HH~OpMan;HH B KOHeQH~X ~YHKD;HHX Ha CTa~HHX npeo6pa30-

BaHHH o6'DeKTa perynmpoBaHms. 3TOT no~xo~ npe,D;nonaraeT mcnon»ao

BaTh 6oraTHH OnbiT cy6'DeKTa-onepaTopa, KOTOpbll,B KOHetiHOM HTOre, 

ocymeCTBBHeT OnTlUiaJihHYD HaCTpOIKy peDMOB no "CJienoMy" nOBID 

YHO:EeCTBa peryHHpyeMHX napa:u:eTfOB, Ha6BD~ag npH 3TOM COCTOHHHe 

KOHet~HbiX ~YHKD;HB (aanpmuep, Xa}aKTepHCTHKH HMnYJihCa HH:EeKUHH, 

napau:eTpH KBasm6eTaTpOHHoro m:w:.yn»ca, xapaKTepmcTHKH nyt~xa, sax

Bat~eaaoro B ycxopeame, xapaKTeJ!HCTHKH BHBe.n;eaaoro nyqxa m T .~.). 

KOHTpOBh KOHet~HbiX ~YHKD;Hl ~aCT B03MOZHOCTh BbiHBMTh He06XO,D;HMOe 

H ~OCTaTOtiHOe none napaueTpOB, OTBeTCTBeHHbiX 3a COCTOHHHe pery

JIHpe:u:oro 06'DeKTa,n03BOJIHT COKpHTHTh 06'DeM H ynpOCTHTh CTpYKTY

pbl HH~OpMaD;HOHHbiX MaCCHBOB. 

C Hamel TOliKH 3peHHSI BTOpOI ny~rh npe~llOQTHTeJieH. XOTSI Mb1 14 He 

mcxnnt~ae:u: mcnoHh30BaHHSI I DYTH:,oco6eaao npm permcTpanmm cTaTm-
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qecxo~ fP»t:t-'"""'- B BOnpocax nocrpoeH:uut crpyxryp c 3BM cne,D;yeT H»er:o 

B BH,D;Y OfiTHMaJI:bHH~ BH60p HCllOJIHHTeJI:DHHX :3JieMeHTOB. leJIO B TOM, qTO 

B uacToa~ee BpeMa nenecoo6pasuo~ cxeMo~ conpaxeHHR 3BM H CHCTeM 

06pa60TKH HH$OpMaUHH B ynpaBJIRDme): KOMfiJieKCe npH3HaHa - pa3BHTia 

nepH$epHR Ha M3BM C BHXO,D;OM Ha r~aBHH~ nponeccop B nporpaNMHOM 

pexmve c npMOpHTeTOM,HJIH on Line • 

Pa3BHTHe nepH$epHH HeM36eEHO CBR3E.HO CO CHHEeHHeM KJiacca MHHHnpo

neccOpOB, qro, eCTeCTBeHHO, CHHJUI.E~T 3aTpaTH Ha o6opy,D;OBaHMe, HO . . 
:3TO npHBO,lJ;HT K Cy~~teCTBeHHOMY y.D;OpCilraHHI> Ma.TeMB.THlJeCKOro o6ecneqeHHR4 

3To coo6paxeame roBopmT o TOM, qro nenecoo6pasao aa $YHKUHOHaJI:o

HHX ysnax nepH$epmm ycxopHTeJI:DHoro xownexca H:U:eT:D :uamHHhl, npw6-

1IHJ:a.D~~tHeca K cpe.D;HeMY xnaccy. 

Taxoe pemeHHe B pa.D;e cnyqaeB o6Jiel'liHJIO 6w sa,D;aqy B&6opa H npH06pe

TeHma rnaBuoro nponeccopa,Tax KaK B .D;aHHOM cnyqae, ero pon:o vorna 

6& 6hiT:& B03,JIOJ:eaa Ha O.D;Hy H3 ~mmmu nepm$ep:rrit~uoro pa,D;a c on. t.·.e 

Ha BHqHCJIHTe11:&HHt! UeHTp Jia6opaTOplUf HJIH HliCTHTyTa ,D;JIR pemeHPia OC0-

6b1X sa.D;aq. 

Eme uecxon:&xo CJIOB o cTpyKTYP'~ BHqHcJIHTen:oHoro xo:u:nnexca. 

BLiliHCJIHTeJI:&Hb1~ KO:w11IeRC B CHCTeMa:C ynpaBJieHHR ,D;OJIJJteH CO,D;epmT:& 

KaR UBM, TaR m ABM.Bum:u:o, H:MeHHO r:~6pm,D;HHI KO:MIIJieKT HaH6onee y.D;o6eH 

B opraHH3aUHH pa60T no aBTO:MaTHqe ~KOI OllTHMH3aUIU! yCKOpHTe1I:&Hb1X 
KO:MnJieKCOBI?f 'lg/• 

EcJIH cnoxHwe pacqeTHHe sa,D;aqm .D;OBJJI:&Ho nerKo pemaJ>rca aa UBM,ro 

,D;JIR MO,D;e11HpOBaHHR uenoro pa,D;a ,lJ;HH·:l.MHqe CKHX $YHKUHI BblrO,D;HO npHMe

HRT:& ABM. Ha ABM npome pemeuHe .D;H,txPepeHn;HaJI:DHHX ypaBHeHHI ,D;BHJJte

HHR qaCTHU yCKOpaeMoro cryCTKa H Bbi60p onepaiJ;HOHHbiX 6JIOKOB-npeo6-

pa30BaTeJie~ He rpe6yeT cnenwan:ouoro nporpaMMH%pOBaHHa.PasyYHoe 

coqeTaHHe UBM H ABM C03,D;aJIO 6bl OfiTHMaJI:bHHe yCJIOBHR ,D;JIR 06CJIYZHBa

HMR CHCTeM aBTOMaTHqeCKOrO ynpaBJieHHR peltHYaMH yCKOpHTeJI:&HOrO 

KOMnJieKca. 
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Tenep:b OCTaHOBHMCH Ha cneUHtPHtt3CKHX OC06eHHOCTHX 06'DeKTa pery

JIHpOBaHHHo B nponecce HSJIOJB:eHHSI uarepuaJia Ha:MH ttac:ro yno:rpeCSJI.HJIOC:b 

BhipaJICeame:" c:ra,nm~aoe npeoCSpasoBaH:;Ie" nyttKa ycKOpHewx ttac:rHn;. · 

EJiaro,naps OTKphiTHD scpcpeKTa 8BT,lcpa3HpOBKH a.Ka,D;eMHKU.M beKcJiepoM 

B.H., oxasaJIOC:b BOSMOJB:HhiM ocymecTB:i'IT:b pesoaaHcaoe ycitope.t:tme .nuc:ra

TOttao HHTeHCHBHWC crycTKOB sapHJICeHHbiX ttaCTMD;, KaK B JIHHe~HhiX,TaK H 

KOJI:bD;eBbiX yCKOpMTeJISIX ,no BeC:bMa CSO.I[bUIHX 3HeprH~. 3TO 6hiJia HOBa.S 

CTpaHHUa B YCKOpHTeJI:bHO~ TeXHHKe, O'rKphiBII8.H rpaH,nH03Hhle B03MOJmOCTH 

,nJISI cpH3HKH BHCOKHX 3Hepr;dt. bKa3aJI 1)C·:b, ttTO H:MeeTCH B03MOJ:HOCT:b 

CHHXpOHHO JCKOpSIT:b He TOJI:bKO o,nay 1iaCTHUY, Ha6HpaDutYIO He06XO.li;HMbl~ 

npmpOCT 3HeprHH 3a 060pOT. ~eKT cLBT0cpa3HpOBKH, KaK BCeM, HaBepHOe 

H3BeCTHO, COCTOHT B TOM, tlTO tzaCTHHH C 3HeprHe~, OTJIHtlaJ.>Iqe~CSI OT 

paBHOBeCHOti, npHXO,lt.HT K MOMeHTY "TOJitlKa" 3JieKTpHtleCKOrO UOJISI B Ta

KHX cpasax, tlTO 60Jiee 3Hepi11TMtlHble 1laCTJIID;bl TOpM03SJTCSI, a MeHee, JCKO

pSIDTCH H Te H ,D;pyrme CTpeMSITCH K pBDMJ YCKOpeHHSI paBHOBeCHOti 

tzaCTHUhi, ·COBepmasr llaHTHHltOBble KOJie(SaHHSI OKOJIO paBHOBeCHO~ IPa,3Ho 

Bb160p 3aKOHa H3MeHeHHH tzaCTOTH H WLrHHTHOrO UOJIH B SaBHCHMOCTH OT 

H3MeHeHHSI CKOpOCTH ,D;BHJB:eHHSI ttaCTHD;U, fl03BOJIHJIO COXpaHSJT:b ''6aHtzH" 

oCS'De:MHIXX sapsr.ztoB B :retzeame Bcero BpeMeHH ycxopeHHsr. 

llepBaSJ 6aHtlHpOBKa nyqxa ocymec~:BJISJeTCS Ha CTa.li;HH MHJieKD;HH.IlyttOK 

ttaCTHD;, BhlpBaHHhllt HMnYJI:bCOM 3JieKTpH1leCKOro UOJIH H3 nJia3Mhl pa3pHJta 

HCTOtlHHKa,npe,nBapMTeJI:bHO YCKOpSJeTCH H cpOKycmpyeTCS cpOpHHJieKTOpOM. 

Ecxec:rBeHHo, Ha sxol c:ra.n;um npeo6ph30BaHM.R saatzmTeJI:&Ha.H tzaCT:b nyttxa 

TepaeTC.R npH ero cpopMHpOBaHHHo ilOCJ[e TOro,KaK H:MIIYJI:bC t~aCTHU no-

na,D;aeT B JIHHeiHbll YCKOpHTeJI:& (llY), HattHHaeTCSI BTOpaSI CTa)tHSI npeoCS

pa30BaHH.S, KOTOpaa xapaKTepusyeTCH peSOHaHCHhlM 3aXBaTOM tzaCTHD;,.ltJISI 

aamero cJiyqaa c tzac:roxott !50 M:rn;.CrrJiomao~ cryc:rox npeBpa.ll(ae:rcn B 

"Qyr" CSaattel, KOTOphle yCKOpSIDTCSI B JIY .ItO !0 M3B. PasyMeerca H S,JteC:& 

B03HHKai>T "3aKOHHUe"no:repH tzaCTMU, o6yCJIOBJieHHhle ,nHCKpeTHOCT:bD 

SaXJaTa H ''npospattHOCThiO" JIY .JlaJiee HaCTynae:r CTa,]tHSI cpOpMHpOBaHHH 
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"cryCTROB" npm KOTOpOI npOHCXOlHT BHpaBHHBaHBe 3HepreTB~6CROfO 

Cll6RTpa qaCTH~ 3a cqeT CHHXpOHHOI ~e6aH~HpOBKH H 3alaHH9 yrHOBUX 

XapaKTepHCTHR, qTO oapel6HS6T TaK Ba3UBaeMHI ¢a30BUI 06~eM HH~eK

THpyeyoro cryCTKa HHH KaR npHHHTO Ha3UBaTD ero -3MHTAHC. 3MHTaHC 

JIY l0H:E6H 6biTD HaCTpOeH TaRHM 06pa30M, qT06U q,a_30Bbll 06~el4 "BllHCaH

CS" B all4HTaHCmHXp0~30TpOHa, ROTOpbll onpelenaeTCS ~30BOI anepTy

pol RaMepH YCROpHTena. 3To,no CYTH lena," npe,eMCTBeHHOCTD" CHHXpO-
• 

~30TpOHa, ROTOpan 3aBHCHT OT TOqHCCTH cornaCOBaHHH 3UHTaHCa H 

alKHTaaca. Ha 3T014 nepeXOle !epaetca·3Ha~mrenDHoe ~mcno qacTH~ laze 

npH oqeHD xopomel aacTpolxe.,n:anDme ua~muaetca TaR Ha3HBaewl "RBa3H-

6eTaTpOHHhll peXHM",npH KOTOpOM.npO~CXOlHT npelBapHT6HDHOe HaROnne

HHe qactmn."UYr" 6auqel npeBpa~aeTca B cnnomaoe xonD~o, rpaumnu xo

roporo Onp6l6HHDTCH cneRTpOM HHZ6RtHpyel4biX qacTH~, TaR KaK K~OI 

qacrmne Ollp6l6H6HHOI 3HeprMH COOTB€TCTBY6T BllOHHe onp6l6H6HHaa 

Op6HTa. K KOHny HHXeK~HH B KaMepe C6pa3yeTCH llHOCKOe RORD~O, CHKMeT

pH'IHOe OTHOCHT6RDH0 ~6HTpaJIDH0fO p8.lHyca yCKOpHT6JIH. B 3TOM peJ:HU:e 

TO:Ke Ha6Hillai>TCJI nOTepH \laCTH~, Ka.B "3aKOHBIIe", TaK H "B83a:KOHHbl6 11 

KaK HHHDCTpa~Hil lalHM H6KOTOpyn Mal6MaTH3aUHD 3TOI CTalHH npeo6pa30-

BaHHJifgf • ECHH TOK H3 HHJJteKTOpa J , TO 3a BpeWI HH71C6XUHH ct,· 
c-. 

6yl6T BnyiqeHO B Kall~py J ;' np01 OHOBe 

Ha nepBOM 3Tane saxaarmTca: 
l"l _ :J.-;; ·'le lla 
~~- L I rle ·• H,· 

rle ?p - BepOSTHOCTD qacTHUbl MHHCBaTD HHJ:6KTOp H B6pTHKaHDHhle 

CT6HKH KaMepw. ?a - B6p0STHOCT1 HenOllalaHHJI Ha ropH30HTaHDHhle 

CT6HKH, HeTpylHO BHl6TD, qTO 06a 31H K03~HUH6HTa 3aBHCST OT yrnOBHX 

xapaxTepHCTHR HHJ:eKTHpyeuooo nyqRa i m- oL , ROTopue onpele-

JISDT aKnJIHTYlY CB060lHHX KOJie6aHHml). CJI6lOBaTeHDH0 0606~eHHbll 
X) M lJIS KOTOpbiX CyiqeCTBYDT lOBOJIDHO CHOZHble BblpaJ:6HHJI,CBH3biBaD~He 

reouetpmqecxme napaKeTpbi MamHHbl H MErHHTHUe xapaxtepmCTHKH pa6o
qero o6~eua xaMepu ycxopmTena. 
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K03~HnHeHT nepexo~aoro pexmua: 

7, :. ?,· ?.l 
KaK TOJI:bKO CcpOp:MHpyeTCR KBa3H6eTaTpQHHbll ny'liOK, BKJill'llaeTCJJ BbiCORO-

qaCTOTHOe 3JI6KTpHli6CKOe YCKOpaD~ee llOJie H npOHCXO~HT 3aXBaT B 

CHHXpOifla30TpOHHbll pelm:M. Ha 3TOI CTa.~HH npeo6pa30BaHHS nyt~OK llaCTHU 

CTaHOBHTCJJ BHOB:b lHCKpeTHHM,3axBaTW:~eTCJJ TOJI:bKO llaCT:b t~aCTHU H3 

CDJIOIIlHOrO KOJI:&na, T .K. anepTypa KaM~~pbl He U03BOJIJJ6T 003~aT:b 06JiaCT:b 

YCTOitUfBOCTH 6JIH3K0l K 21i • IlpaB,u;a TaKOA pe:EH:M ( 2,,;) MOXeT 6WT:b . . 
opraHH30BaH H YH ceAt~aC paCMaTpHBae:~ B03MOXHOCTH ero OCy~eCTBJieHHJJ 

Ha Hame:M YCKOpHTeJie.PeXHM HOCHT Ha3BaHHJJ "a~Ha6aTHK TpenHHr".~JIJJ 

sxoro aeo6xo.u;muo oco6eaao xmaxen:&aoa nporpaKMHpOBaHHe uaramxuoro 

UOJIH H a:MnJIHTY.D;bl YCKOpan~ero HanpJJX9HHJJ. 3axBaT B CHHXpO$a30TpOH

Hhii pen:M xapaETepHpyexca xoacp<J>mnme:a:TOM 

n. = 11 xt(t- ..,_.A; f.J v.. ,r,_ ~ J( +f+···ta) 
(~ .P . ~ M L j 

r~e 

(9) 

----------
~,: . K~·t-

x : ~ F 4: .ft· - ~ • .R· 
~,- K03~HnmeHT nepeRphiTHa crycxxa no cnexxpy. 

Mbl He XOTeJIH 6bl BneqaTJIJJT:b 3THMH cpOpyYJiaMH,HJIJIDCTpaUHH npHBe.u;eaa 

lJIH TOro, 'QT06hl noKa3aTh HaCKOJI:bKO MHOrO pa3HbiX cpH3.BeJIHliHH,ODTH

:UaJI:&H06 3Ha'lleHHe KOTOpbiX 06JJ3aHa 06ecne'liHTh CHCTe»a:~ ynpa.BJI6HH$1 lJISI 

TOro, 'liT06bi noJiyliHTh 3Hat~HTeJI:bHYD pa6oqyn HHTeHCHBHOCT:b B ycxopse-

MOM cryCTKe. qT06bl 6biJIO n~HJJTHO,CK8JiteM, 

,D;O KOHUa YCKOpeHHJJ OCTaeTCS 2.10!! ~ 
s.Io12 6,0% ( B nyt~me:M cJiyqae). 
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B nponecce ycxopeam~ aa crycxox qacTmn lelcTBYeT BC~Koro pola B03MY

•ammxe ~KTopu oco6eaao B "oco6ux" pe~muax (ycxopeume c BUKHDt~ea

aoA qacTOTOA, C flOBTOpHUM 3aXBaTOU tlaCTHU B pe~HMe flOCTO~HHOrO H 

nepeMeHHOrO MarHHTHOrO non~,npH KO!OpUX npOHCXO~HT UOlYHHUHR ~30BO

ro o6~eua,ms:u:eaeame reoMeTpHH cryciKa H T.~. H x.n.,x.e. m:u:eex 

Me'CTO CHOJB:HaH ~HHa:wuca ~YHKUHH COC'l ORHHR ynpaBHRe:MOrO 06'DeKTa nyq

Ka tlaCTHU) • B 3TOM cnyqae npOHCXO,JJ;~:T CJIOltHOe B3aHMO~eACTBHe napa

MeTpHtleCKHX none~ ycxopmxen:oaoro xc~wneEca. 

HaKOH8U, BUBO~ tlaCTHI.\ CBH3aH. C H3ME!HeHHeM Kat18CTBa 06'DeKTa H, B0-

06~e rOBOpH, ero cymHOCTH. 

llepBHtiHHit nyt~OK, npm B3aHMO~eltm~BlU~ C MHmeH:&IO poQaeT TIOTOKPI 

BTOpHtiHHX tlaCTHU, KOTOpUe TpaHCTIOp~~HpyiOTC~ K M8CTY perHCTpaUHH 

4>H3Ht18CKO:tli annapaTypotl1.3aMeTHM, tiTO XapaKTepHCTHKM BTOpHtiHLlX nyq-.. 
KOB O,li;H03HatiHO CBR3aHLI C xapaKT8pHOTHKaMH nepBHtiHOro TIYtiKa YCKOpeH-

HUX t~aCTHU HJIH H~ep. BOT BKpaTUe , tiTO 03Hat~aeT BUpaxeHHe -"eTa-. 

,n;mAaoe npeo6pasoBaame".Yt~mTuBaR Bee BumenpmBe.n;eaaue sa:u:et~aHHR nonpo-

6ye:u: npe~cTaBHT:& ce6e K03~HI.\HeBTLI cxa~H:tliaoro npeo6pasoBaHHH .Hxax -, 
1<, : r r ;2. P.·.) . ~' ... 

Kz : ~ ( l: p,, ,' *' pj• ) (II) 

. . • • . . . 

qTO 3TO 3Bat1HT? 3TO 3Hat1HT, tiTO Ka~aa TIOCHelyDmaH CTa,li;HR npeo6pa-

30BaHHR co,n;ep~HT B ce6e !npe,n;HcTopmD" npe,n;u,n;y~e~, t1TO orpaHHtiH

BaeT B03MOJB:HOCTH 0TITHMH3aUHH Ka~oM flOCJie,n;y:tomeU CT~HH.CH8,li;OBaTeJI:&H~ 

OOCJie,li;OBaTeJI:&Ha~ HaCTpOIKa YCKOpHTeJIR qpeBaTa BeC:&Ma COJIH,li;HUKM 

"nO,li;BO,li;HHXH KaMHsMH".He06XO,li;HMOCT:b O~OBpe:U:eHHOrO BOCllpHHHTHB 

*YHKUKK COCTOBHHS BCero YCKOpHTeH~HOrO KOMnJieKCa 60Jiee tleM OtleBH,li;Ha 
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BoaKoua JIM Taxaa CMTyanma ,li;JISI cyd'belt~~a-onepatopa? Koaeqao,aeT! 3To 

eute O,li;Ha ocoCSeHHOCT:& npll IIOCTpOeHHJI yupaBJISID~HX CJICTeM.ECT:& If e!le 

O,li;Ha OCOdeHHOCT:&, 3aKJIJ>qanutaSICSI B TOM:, qTO OCS'beKT peryJIHpOBaHHSI He 

HMeeT Henocpe,li;CTBeHHOrO KOHTaKTa C ynpaBJI.RJOll(HMH CHCTeMa:MH M Mellt,D;y 

HHMH JieZHT ~YHKUHSI OIIOCpe,li;CTBOBaHH.a, ltOTOpaa CaMa IIO cede HaKJI~~BaeT 

,li;OIIOJIHHTeJI:bHble CBS13H Ha napaMeTpHqeCK}de IIOJI.a, OIIpe,ll;eJI.RJO~He qaCTHLie 

COCTO~HMSI peryJIHpyeMor.o Od'beKTa. TaKH:~ OCSpa30M MHOronapaMeTpHqHOCT:b 

IIOJIB p~ryJIMpOBaHHSI, OCSJI~8.Dutero CJIO:r.Hl1MH BHYTpeHHHMM CBS:311:MH: OIIOCpe,li;

CTBYJ)ntee BJIHS:HJr'Ie ynpaBJISII)IJtHX CHCTeM Ha peryJI:mpyewlt OCS'beKT: cyuteCTBeH-

HOe BJIH.RHHe ~YHK~H npe,li;~CTOpHH - 3TO BaXHeltmHe BOIIpOCbl, KOTOpble ,li;OJIZ

Hbl Jieqh B OCHOBY IIOCTpOeHHSl ~H3HKO-MareMaTHqeCKOI MO,ll;eJIH yCKOpHTeJI:&

HOrO KO:MIIJieKca. 

Mbl rOBOpHM OCS 3TOM He 3a TeM, qxodbl IIO,ll;qepKHYTh 6e3Ha,ll;eXUOCT:& 3a,ll;aqH, 

a ,li;JISI Toro, qTOCSH IIO,ll;qepKHYT:& BaZHOCTL H cep:&e3HOCT:& npOCSJieMH, KOTO

pble He ,li;OJI:r.Hbl Bbi3HBaT:& COMHeHH~. MTaK 3a CKpOMHUM BSpazeHHeM: , 
cp<:~ - K~ 2.. q:>0 ,· ( 'I2) 

; ':., 
CTOHT CSOJI:&WaSI H cep:&eaaaa padOTa MaTeMaTHKOB, ~H3HKOB, nporpaMMHCTOB 

H HHXeHepOB. Celtqac CKJia,li;HBaeTCSI ,li;OBOJI:&HO OpHrHHaB:&HaSI CHTyanma. 

KHdepHeTHKH TpeCSyiDT MaTeMaTHqecKyD MO,ll;eJI:& BCero yCKOpHTeJI:&HOro KOMIIJieE 

ca KaK e,li;HHOrO ~YHKUHOHaJI:&HOrO 3Jie:MeHTa C MHOrOMepHbiMM BXO,ll;aMH H 

BHXO,ll;aMH. MaTeMaTHKH TpeCSyDT ~H3MqecEyl> CYDtHOCT:& MO,ll;eJIH H ee ~HHaMH

Ky. Ha,11;0 CKa3aT:&, qTQ TpeCSOBaHHSI B3a~MOypaBHOBemHBaiDutHe, a 3TO 

onacao c xoqxm apeMHSI ,li;OCTmzeama xoaeqaott ueJim. qTo CSH MH pexoMeH,li;O

BaJim B 3TOM BHCOKOHHTeJIJieKTyaJibHOM CLOpe? 

I. MbL roTOBH npe,JtcTaBHTh B pacnoJazeame MaTe:MaTHKOB-TeopHJO ycxopm

TeJiett, KOTopaa ,li;OcTaxoqao xopomo npoJ~acsoxaaa c TO'llKIII apeama ~H3HKH 

H ,li;HHaMHKH npeoCSpa30BaHHa nyqKa qacx11:u, (npaB,ll;a, axa xeopma nocne,ll;o

BaTeJI:&Horo BOCIIpHSITHII CTa,JtHIHOrO COC1'011HHII YCKOpHTeJILHOrO KOMIIJieKca , 

qTO He COBCeM y,li;OCSHO ,li;JIII Hamel neJIIII), 
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2. MH rOTOBH npe~CTaBHTb/KH6epHeTHKaM OCHOBHHe ~aHHHe ~BR llOCTpOE 

HHH npHHUHllOB 3KCTp~MaBbHO~O perynHpOBaHHR (XOTR Hanmqme MaTeMaTH

qeCKO~ MO~enm, BH~HMO, cy~eCTBeHHO 06nerqmno 6H 3TY 3~aqy). 

3. MH 6u pexoMeB~OBanm ~Ba nyTM no~xo~a K cos~aBHD uareMarm

qecxo~ MO~enm ~YBKnm~ npeo6pasoBaHHn. ITepBH~ nyTb - HHTerpanbaoe 

npe~CTaBneHHe ~YHKUHH COCTOHHHH, CKa~eM,B o6meM BH~e: 
;:;: Jt QI~J =- t = K, s, t~,r u G?r t~} olt 

BTopo~ nyTb - aro nocrpoeHme ~ - Mepaoro ~yaxnmoHana 

B Bm~e ~mHaMHqecxo~ uatpmnu BaamMoaaBHCHMHX napauerpoB, KOHeqHoe 

pemeHme xoropol 

r~e p;, 11 -u~ 

HCKaBOCb 6H EaK: 
d F,· -

'Jp,:_-0_ 
napaueTp c - TOH CTa~HH npeo6pa30BaHHR. 

4. HaxoHen, ~ns o6nerqeamn HHTepnperanHH ycxopmTenbHoro KOMDneK· 

Ca B peXHMe ~HHaMMKH npeo6pa30BaHHH MOEHO DOKa3aTb aneMeHT 3KBHBa

neHTHO~ cxeMH ycxopmrenbaoro KOMnneKca, ecnm Tax MOXHO cxaaarb, B 

HHXeHe~BOM npe~cTaBneamm. B ~aHHOM cnyqae, MH nonaraeM, qTo nD6as 

CTa~HR npeo6pa30BaHHR, 0 KOTOpHX MH ~OCTaTOqHQ MHOrO rOBOpHBH,MOXeT 

6HTb npe~cTaBneHa B o6meM cnyqae aKTHBHHM qeTHpexnonDCHHKOM co~epxa

~HM HCTOqHHKH TOKOB - Hanpn~eHH~, a TaK Xe BMHe~HHe H HenMHe~HHe 

rrpeo6paaoBaTenm.B ynpo~eHHOM BH~e aro 6y~eT BHrns~eTb cne~yD~HM 
c., 

----~&. 

1!-, 

1 ~ :71(, -------------
T.o.B Toqxe I nepBoro npeo6paaoBa~ws HMeDT Mecro rrorepm qacrmn 

:J~, o6yanOBReHHHe, KaK "SaKOHHHMH",TaK H He3aKOHHHMH rrpmqm-

HaMH, xoropue sanoxeHH B 3! 1 • ~Kamqecxas mareprrpetanms eMKocre~ 

C, H cl. COCTOHT B TOM, qro rrpm HanJ.IqHH B03:tzymeHH~ (rrepeMeHHO~ 

cocraBnRD~e~), nezammx B npe~enax ~onycxa,rrorepb HHTeHCHBHOCTH Her, 

HO rryqoK H3MeHHeT CBOe xaqeCTBO (B qaCTHOCTH H3MeHeHHe BeBHqHHH 
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qe30BOrO 06'bel48.) • ECJU1 JJCe B03l4YU(OHH.fi Bl:lXO,lt.fiT 3a npe,lteJII:l llOJIOCI:l 

.D;onycKa, TO cxel.fa aecKoJI:&Ko ycnoXHaeTc.a, T.e. noaBJIRDTc.a ,n;onoJI-

HHTeJI:&Hhle aJie:ueHTbl., Hanpu:Mep, 

I' 
ft! --- --I .... ~ ;J ._..,.. , ry t :J, 3, .,. 

J1t ill'~ l j~. 
B .D;aHHOlt TpaKTOBKe, .D;OllOJlH~TeJI:&HJle llOTepH B03HHKHYT B TOM CJiyqae, 

eCJIH aMllJIHTy,n;a B03yYU(eHHR npeBUCKT aa~aHHbl.n ypOBeH:& Uo • llo BCelt 

BepORTHOCTH yt~eT ,ltpyrHX <I>a!TOpOB npHBe,l(eT K . ,l(aJI:&HeltmeyY YCJIOXH:e· 

HHD CXeMhl, XOT.fi BH.D;HMO, B npHBe.D;eHHO:U BH,D;e BCe 3TO 6y.D;eT 3KBHBa~ .. 
~C:.MIItfTe~bHtm 

JieHT~Y Ha conpOTHBJieHH.fiX .2:. Rn c e:MKOCTHbl.l4 Bbi.XO.D;OK 

:EC,., o6na.n:aDU(HM nepe:ueHHIU4 KosqxpuumeHTOM K--' L. 
T.o. K03~HUHeHT nepe,ltaqm TaKO~ CXeMH MOJJCeT 6bi.T:& 3allHCaH KaK: 

KnM .: Ko 
j w Co R. "P"' ~ ~~Wo 

1-

K• ~f\.t w ~Lw~ • 
K~m : 

I - --=-J~~ ""' 2. C.rt&of• 
IIonhiTae:ucR npoaaaJIH3HpOBaT:& qacTOTHYIO 4 xapaKTepHCTMKY 3TOlt 

3KBHBaJieHTHOlt CXeMH. 

Pe30HaHCHa.a qacTOTa CHCTeMH l..O o - t~aCTOTa, llpH KOTOpO~ t~e-

TH.peXllOJIIOCHHK npe,ltCTaBJIReT C060it liHCTO aKTHBHOe conpOTHBJieHHe 

T.e. OTCYTCTBYIOT OTKJIOHeHU.fi napa:ueTpOB OT OllTH!zy:Ma H HeT 

CTaTHCTHt~eCKHX OWH60K. 

~ >>~' - 6H.CTpOe H3:UeHeHHe Hat napaMeTpHlleCKOrO llOJIR OWH60K 

\A ~J. w o - a,n;Ha6aTHQeCKHe YXO,l(H. napaMe TpOB 
.. 

B TOll m ,ltpyro:u: cJiyqae, npm Kpait:Imx 3Ha'teHHRX c.J, K ~.. na.n:aeT. 

Ilpu :ue.D;neaaux yxoxax aapymaeTcR .ltHHal4HKa nyqKa qacTHU KaK neJioro 
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qTQ npHBO~HT K ero BHXO~y H3 IIOBOCH OIITMMaBbHOrO perynmpOBaHHRo 

llpm 6HCTpHX ~RYKTYaUMHX napaMeTpCB B03HMKaDT B03yYnteHHH THIIa 

6enoro myua, llTO npHBO~HT K HapymeHHD BHyTpeBHe~ ~MHaMHKH nyqxa 

YCKOpHeMHX llaCTHU H BHXO~y MX H3 CHHXpOHM3Mao 

TaKHM o6pasou aHanorms c ye:mnHTenbHHM xacxa~ou ( K ~ l ) 
HBRHeTCH B ~OCTaTOllHOj;t Mepe cnpalle~RHBOti M ~YHKUMH K03qxpHUMeHTa 

nepe~aqm xopomo :Ma.TeuaTmsmpyeTcs. Cne~yeT saMeTMTb, llTO 6onee 

~eTaRbHaH CXeMa-3KBHBaReHT ~OBEHc~ 6HTb ropa3~0 CBOEHee. Hanpmuep: 

orpaHHlleHHH no OKCenTaHCY ~ 3MHTCLHpy,orpaHHlleHHH no "f.38.Kyy:uy,no 

.06'beMHOMY saps~y, nporpa:MMHhle orpaHHlleHMH H ~p. - ~ORJIHhl 6biTb 

OTpa:aceHbl B CXe:Me B BH.l(e orpaHHllM~~eBbHblX nenoqeK, BKRDllaJOntHX B 

Oe6H .. HO~H H COnpOTHBBeHHH, nO.l(K~IIOlleHHHft. napaJIReRbHO B TO'ClKax 

COOTBeTCTBYDIItHX CTa.n;MB npeo6pa303aHHHo CXe:Ma CTaHOBHTCH He TaKOB 

npOCTOB KaK 3TO KaEeTCH BHallaRe. BOT, C06CTBeHHO ,Te nyTH, KOTOpHe 

Mbl peKOMeH.l(yeu IIOROEMTb B OCHOBY IIOMCKOBblX pa60T npM OTblCKaHHM 

HaM60Jiee OnTHMaRbHOrO BapmaHTa ~:~3HKO-MaTeM.MO,D;eJIH YCKOpMTeJibHOrO 

KOWJieKca. B03MOJIC6H RM .n;pyroB IIO,II;XO~ K 3TOyY BOnpocy? EesyCJIOBHO! 

Tenepb, paCCMOTpHM HeCKOJibKO II0,1tp06Hee HHTepecyiOntHti HaC 

06'beKT OIITHMH3aUHHo Ha pHC. ~ npeacTaBJieH YCKOpMTeJibHbl~ KOM-

IIJieKC CMHxpo$asoTpoaa OMHH, c HanoxeHHbiM Ha Hero .n;aTllMKOBHM 

IIOJieM. Ka~bl~ ~YHKUHOHaJibHHti yseJI YCKOpHTeJibHOro KOMIIJieKca:HHXeK

TOp, OCHOBHOe KOJibUO,CMCTeMU BbiBO.l(a H TpaHCIIOpTHpOBKH IIYllKa 

HM6IOT HJIM 6y.n;yT HMeTb CBOH JIHHHH M KOJibUa C6poca MH~pMaUMH.CMHXp< 

~asoTpoH pacnonaraeT ot~eHb pasHeceHHblM noneM onopHbiX ycTaBOK 

COCTaBJIHDIItHX "Tpa$apeT" CTaTHlleCKOti ~YHKUMH xapaKTepM3YDli{H~: 

I.CocTosame BaxyyMa Ha npcmsBo.n;cTBeHHO~ ~JIHHe o6opy.ItOBaHms. 

2. COCTOHHHe HCTOllHHKOB IIV.TaHHH, 3a.D;aiOli{MX OIIOpHble ypOBHH H 

TOKOBble YCTaBKM B nensx peryJIHpCBaHMHo C6op HH~OpMaUHH 0 CTaTH

qecKOM none napa:MeTpOB 6y,IteT OCyll{eCTBJIHTbCH IIpH IIOMOli{M aHaJIOrOBblX 

KOMMyTaTopoB,nocTpoeHHbiX ms npmrnmne maroBoro mcKaTeJis m penej;tHblX 
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HO~HqeCKHX KOMMJTaTOpOB. ~g 06padOTKH ~aHH~X 6y~eT HCTIOHh30BaH 

O~HH HRH HeCKOHhKO KaHaHOB All - ll}e06pa30BaTeng CHa6XeHHOrO COOT

BeTCTBYDIItH~ HHTepq>e:t!CHO:t! KapTO~ ~JlJI CBH3M C 3BM. ,I{na C'.beMa H npe~

BapHTeHhHOI 06pa60TKH HHcpOpMa.D;HH C1 <JlyHKD;HM ynpaBneHMH M <JlYHKD;MH COC· 

TOHHMSI OllTH:MH3HpyeMOrO 06'DeKTa (nyqKa 3apJIJICeHHblX qaCTHD;) 6y~eT 

mcnonh30BaHa cmcTeMa CAMAC. 3To Kc:.cceTHble "KpeiTH" c Ha6opoM 

npeo6pasoBaTene:tt caMoro pasnHqsoro aasHaqeHHH, BhlllOJIHeHHblX aa HH

TerpanhHblX cxeMax H pacnonararommx KOHTponnepoM,o6ecneqmBaDntHM 

BHYTpeHHHI TaKTOBbll onpoc MHOrOKaHaii:&HOti CHCTe:MH. qepe3 naKeTbi 

mHTepcpelcHblX xapT CAMAC 6y~e T coe;tmHeH c 3BM. KaKMMM napaYeTpa:um 

Mbi pacnonaraeM npM HaJIHqHH Cyll(eCTBYDiltero ~aTqMKOBOrO TIOJIH yCKOpMT. 

KOMnHeKCa CHHXpO$a30TpOHa? 

Ha pmc. 5 m puc. 6 npe~cTa.Bneao ~aTt~HKOBoe noJie H napaMeT

pMqecxMe MaCCHBbl no~ne:mmme permc'rpanmm H o6pa60TKe. HecxoJI:&KO 

,JJ;OllOJIHHTeJI:&HblX saMeqaaml no napaM~~Tpmqecxo:u:y noJID ycKopmTeJUI /IO I. 
Ha pm:c. 5 npe.D;cTaBneHa mxaJia napaMeTpOB no cTa~maM npeo6pa3o-

BaHm.s H HX IPYHitllHOHaJI:&Hhle xapax:re:~HCTHKH. 

3leCb KOJIHlleCTBeHHO-BpeMeHH88 mxaaa HarJIH~HO HJIHDC!pHpyeT pacnpe

,JJ;eJieHHOCT:b TIOTOKa HHcpOpMaD;HH BO BpeMeHH. 

HeTpYlHO BH,JJ;eT:&, qTQ CTa,JJ;HH npeo6pa30BaHH8 HaH60Jiee OTBeTCTBeHHble 

3a TIOTepm qaCTHD;, COCpelOTOlleHbl B OtleHh Y3KOM HHTepBaJie BpeMeHH. 

B TeqeHme .D;Byx MJicex. nyqox ycneBaeT npoiTH ceM:b cTa~ul npeo6pa-

30BaHma H npaKTHtleCKH TIOTepHTb OCHOBHYD ,D;OJID llaCTHD;. 

flCHO, liTO 3a O,JJ;HH D;HKH YCKOpeHHH HHKaKOI onepaTOp He B COCTOHHHH 

npOBeCTH O,JJ;HOBpeMeHHyD perMCTpaD;ED COCTOHHHH nepeXO,JJ;HRX $YHKD;HI, 

OD;eHHT:b CHTyaD;HID H npHHHTb He06XO,JJ;HMOe pemeHHe K nporpaMMe pery

JIHpOBaHHH. Kpo:ue TO(O, nocJie,JJ;oBaleJibHHI aHanms nepexo,JJ;HblX cpyHK:c;HI 

3a MHOrO D;HKHOB BOCllpOH3Be,JJ;eHHH feryJIHpyeMOrO 06'.beKTa, C TOliKH 

3peHHH OllTHMaJihHOI HaCTpOIKH, TefHeT CMblCJI ,JJ;aEe npH MaJiblX ypOBHHX 



- 24 

~nyxTyanH~ napaMeTpHqecxoro nona n npH uanHqHH 6onbmoro onuTa 

onepaTopa. 

HaH6onee "Cnoxol\HNM" yqacTK 1)14 aBnaeTcSI peJCHM ycxopeHHSI 

qacTHU ,no cpe,naHX aaeprHI, r.Ite pa,joTaeT a,nHa6aTHqecxoe saTyxaaHe 

EaR CB060.ItHNx, TaR H t{>aSOBblX xone6d.HHI (OHM satyxaDT KaK YH "' 11H 
COOTBeTCTBeHHO)fgl • 

0,I(HaKO, BKnmqeHHe B pa60TY ynpaBnffD~HX CHCTeM, BOS,ne~CTBYD~HX Ha: 

( w, H, H, "0 ,~\)) 
-. 

--
• 

KH 
l) -

H3MeHaeT OCHOBHble xapaKTepHCTHKH nyqxa: 

I 
J . y 

) 
·n .. -
) 

0. c.(k} 

8 CBOID oqepe,nb Bb13blBaeT H3MeHeHHH flOBOJCeHHH H ~30BOrO 06~eMa 

nyqxa. B 3TOM peJCHMe flJIOTHOCTb HH~OpMaUHOHHOrO flOTOKa CHnbHO 

B03pacTaeT H npHMepHO Sa 500 MCeK ,1.(0 KOHUa YCKOpeHHH ,nOCTHraeT 

Ma.K CHMY:Ma. 

C ).(pyrol CTOpOHbl npOMeJYTCqHble BblBO,I(bl qaCTHU H ~OpMHpOBa

HHe OOTOKOB BTOpHqHblX qacTHU B ~HTepBaJibl BpeMeHH OT !00MKCeK ,no 

300 ~ACeK HeCyT B ce6e oqeab n~OTHble ,nHCKpeTHble MaCCHBbl HH~OpMa-
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UHH, BKnDtzaD~He ~YHKUHH COCTOaHHSI CHCTeM BHBO~a H TpaCCMpyDDtHX 

ycTpO~CTB, BnnOT:b ~0 pesyn:bTaTOB (pH3HtzeCKOro 3KCnepHileHTa. 

CoBepmeHHO OtzeBH,ItHO, tlTO He06XO,IJ;H:I4hl CHCTeMhl, KOTOphle 6hiHH 6bl B 

COCTOSIHHH 06ecnetzMT:b ~hlCTphl~ C~eM H 06pa60TKY HH~OpMaUHOHHblX MaC

CHBOB C .IJ;aTtlHKOBOrO nona YCKOpHTe.'l:bHOro KOMIIneKca, 6HCTpyiO on;eHKY 

HH~Op:Ma.UHOHHO~ CHTyaUHH H BH.ztaqy )eKOMeH~an;H~ Ha 3KCTpeuan:bHOe 

perynHpOBaHue. 

11TaK, HeCKOn:bKO CnOB 06 aneKTpOHHI)-BhltJHCnHTen:bHOM KOlmJieKCe CMHXp0-

~30TpOHa 8BKC. 

0 Bhl6ope 8BM .ztna peanusayHH npoeKTa 

8BKC ( aJieKTpOHHO-BbltlHCnHTen::.Hhl~ KOJmneKC CHHXp~a3 OTpOHa), 

BHat~ane, npe.IJ;nonaraJIOC:b opraHH30BaTb Ha 6ase Tpex ~.ma:enpon;eccopoB, 

O~HH H3 KOTOphlX BhiiTOnHaJI 6hl ~YHKD;l~H ronOBHOj;i Ma.UIHHhl H 06Jia~an 6bl 

pacruupeaao~ apu~MeTHKO~ u MaKCHMa.;IbHOI naMaT:biO '> 32K. TaKaa 

CTpyKTypa 8BKC ll03BOnuna 6bl o6ecm~tzHT:b 06pa60TKY ~YHKUHH COCTOaHHa 

napaueTpHt~ecKoro nona ycKopHTen:baoro KOMnneKca, BKJII>tzaDDtero B 

ce6a TpH ~YHKD;HOHan:bHO - orpaHHtleHHhiX 06~eKTa MHOronapaMeTpHtzeCKOI 

OITTHMH3aD;HM: nHHe~Hhll YCKOpHTen:b JY, CMHXp0~30TpOH (OCHOBHOe KOJI:b

UO), CMCTe:Mhl BhlBO~a nyqxa YCKOpeHHhlX tzaCTHU Ha ~H3HtleCKidt 3KCnepH-

:MeHT. 

I!OCKOn:bKY nnOTHOCT:b HH~Op:Mal~HH 0 ~YHKD;HH COCTOSIHHSI yCKOpH

Ten:bHOrO KOMnneitCa 3a IlHlltn YCKOpeHliSI Itpal!He HepaBHOMepHa, TO BblpaB

HHBaHHe ITOTOitOB HH~Op:MaD;HH npe.ztiTO.iiaraeTCSI OCyDteCTBHT:b 3aCtzeT 

opraHH3aUMH pa60Thl MHHHnpon;eCCOpOB B peXMMe 61:lCTporo 06MeHa H MHOtO 

neneBBro nporpawmpoBaHHa.nocJie.ltHHe CBasaao c TeM, t~To, ItaK yxe 

ITOKa3aHO, CTpyKTypa ~YHitUMH COCTOJIHHSI yCitOpHTen:bHOrO ItOMnneKCa 

CO,Itep:EMT: CTaTMtzeCKYD cpyHKUMD OITTUMaJI:bHhlX yCT~BOit $ H .ztHHalm

qecKyD ~YHKUHIO COCTOSIHHa ItOHetJHhlX CTa.ztHI npeo6pa30BaHHSI nyt~Ita H 

CHCTeM ynpaBneHHSI <p • 
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Ha I sxane peanHaanHH npoexra "ABTOYaTHqecxaa onTHMHaanHa 

CHCTeM ynpaBBeHHH CHHXp0~30TpOHOM no nporpaMMaM ~H3Hqecxoro 3KC

rrepHMeHTa" HH~OpMaUHOHHOe none 6y~eT CO~ep~Tb rv 270 ~aTqHKOB, 

H3 KOTOp:blX ~ !50 COCTaBHT IS • 
B 3TOM cnyqae cne~yeT HMeTb B BH~y, qTO UOMHUO aarpy3KH naMBTH 

MHHHrrponeccopOB onepaTHBH:blM HH~OpuanHOHH:blM MaTepHaHOM (KOnHqecT

BO HH~OpuanHOHH:blX Ma.CCHBOB ~ 20C), He06XO~HM peaepB naUHTH ~HH 

XpaHeHHH 3TaXOHH:blX penepOB OUTHMaBbHO~ HaCTpO~KH, XpaHeHHH HH

~OpManHOHHOrO Tpa~peTa npeAHAy~ero nHxna H pesepB naMRTH ~xa 

nporpaMM apH~MeTHKH H cnyxe6aux nporpauu, aeo6xo~H~X AHH o6ecne

qeaHa pexHua cqexa ~yaxnHonaxbaux aaAaq npH aaaxHae napaMeTpH

qecKHX cBaae~. 

,1!na 06pa60TKH HHtPOp:u:anHOHHh.X MaCCHBOB ~aTqHKOBOrO UOJIH 

ycxopHTeHbHOro xo:u:nneKca npe~noxa.raeTca Hcnonb30BaTb ~ 200 npor

paWrmi:ilX KanaJIOB H 3 xaaaJia npauoro AOCTyna. YKaJCeM BpeMeaaue xa

paxTepHCTHKH 3JieMeHTOB HH4>0pManHCIHHhiX YaCCHBOB: 

Baaqane CAeJiaeM aexoxopue oneHKH Ana qacxao~ aaAaqH I 3Tana, 

Ha30BeM ee llOA3a,I~;aqeit. IlpeArrOJiart:.eTCH HCll0Hb30BaTb HHlJ>Op:Ma.UHD 

C 25 AaTqHKOB, KOTOp:ble COCTaBHT HH4>opuanHOHH:bl~ MaCCHB,H306paxeH

Hht~ Ha pHC • 7 .Pe3yHbTaTIIM06Jta60TKH 3TOro MaCCHBa HBHTCH npeA

BapHTeH:bHaH oneHKa ~~~ HH4>0puanHOHHO~ CHTyaQHH Ha pa3HhiX 

3Tarrax HHJB:eKQHH H YCKOpeHHH qacTm~. 

HeCKOJibKO CXOB 0 XapaKTepHCTHKaX HH4>0pMaUH0HHOro noxs: 

I. MHHHMaJibHaa mHpHHa noxOJ:a :r1m4>opuanHH ( onpeAensexca EAII) 

HHH BpeMR MHHHMaHbHOit ~HCKpeTHOC~?H rrpH CTp06HpOBaHMPI pa6oqe}t 

AHHHhl MaCCMBa HH4>0pMai:UU~ ~ 30 MJt(~eK • 

2. Pa6oqag AHHHa Ma.CCHBOB U3MeHHeTCH OT !00 IIKCeK ,1.1;0 3,3ceK 

(HanpHMep: ,ll;JIHTeJibHOCTb MHJCeKUHH ~~ : 300~CeK, ,ll;HHTeHbHOCTb 

BhlBO,ll;a: 100 MKCeK - 500 MCeK, BpOMH YCKOpeHHH 3;3 CeK). 
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3. BpeWI np:t-te.Ma HHcpOp.MaiUUI ~., 3 CeK (,ItJIHTeJI:&HOCT:& UHKJia 

YCKOpeHHS!). 

4. MHHHMaJI:&HOe BpeMR o6pa601KH-6 CeK.( naysa Me~y UHKJiaMH) 

5. BpeMs B~,n;aq:u·pesyn:&TaTOB onpe,n;enseTca 6~cTpo,n;e~cTBHeM 

BHemHHX ycTpOltCTB ( TGJieTattn, MarHII:TO<f>OH, M3BM) • 

6. TuttHOCT:O perHCTpaUHH HO)OI:HaJIOB napaMeTpOB OT u, I~ ,n;o 5~. 

Tpe60BaHHS! K u llaMS!TJI•• H3 paC:tteTa 06pa60TKH HHcpO!JMa.LI,.IflOHHOrO 

MaCCMBa :nO,ltB8.,1lati11 A COCTOHT B CJ.:e,n;ymll(eM: 

... 
I~ Ha o6pa60TKY o,n;aoti TOtJK:P[ B:eo6xo,n;:u:uo sapesepBHpoBaT:b 

4 xam:uHHNX CJIOBa (no I6 paspa.n;oB). Ans nepe,n;aq:u B~6paaaoro ttacT-

HOro MaCCHBa MH<f>OpllaD;MH, BKJIIOttaH C:Jiyxe6Hyll JIH<f>Oplla.D;HD Bpe:ueam, He06· 

XO,II;Hlvt:O HMeT:O ~ 600 MaWHHH~X CJICIB (no 16 pa3pH,ItOB) • B na:YHTH 3BM 

,II;JIS! npeo6pa30BaHtd1 HHcpOpMaD;ldt ,II;OJIJJ:HO 6IiT:O OTBe,IteHO 'V 4, 8 K. 

YttHTiiBaa, qTQ ,II;JIH pa3Mem;eHHSI nporpaM.M B naMSITH He06XO,ItHMO HMeT:O 

pesepB ,... 6-8K, TO ,II;JISI o6pa60TKH 3a)\aHHOrO onepaTHBHOrO MaCCHBa 

DOTpe6yeTCH naMSIT:& 'V 16 K HJIH 32 1:6a~T CO CKOpOCT:Oll I-4 :MKCeK • 

T.O.He06XO,II;HMO pacnonaraT:O JIH60 ,ItHYMSI M3BM M-6000 B MHHHMa.JI:&HOM 

KOMDJieK,:e, JIH60 O,II;HHM C naWIT:OIO Ifi K • 

2. MaKCHMaJI:OHaSI CKOpOCT:& npueMa HH<fJOpMaD;HH C BH8Il1HHX 

YCTpOttCTB (6e3 ytteTa c~eMa HHcpOpW~UHH C BHeWHHX HaKODHTeJiett 

( 034 ,n;Hcrut H T .,n;.) I 6aliT - I-c~ M.KceK. 

3. CKOpOCT:b DpHeMa HHcpOpMaD;UH C BHemHHX ycTpO~CTB no Kali:,I(O

My KaHaJiy I 6attT - I0-20 MKceK. 

4. B npMHD;Hne Tpe6yeTcs: paspa6oTKa 6ycpepHo~ naWITH Ha 

200 6a~T CO CKOpOCT:Oil I MKCeK 

CAMAC 3Ta Heo6xo,n;:uMOCT:&, BH.ItHMO o~~na,n;aeT. 

5. Heo6XO,II;HMO HMeT:b B MEHHW~JI:&HOM KOMDJieKTe M-6000 6IiCTp~~ 

BHemHH~ HaKODHTeJI:& (.ItHCK) C 64-IOO K6aiiT. 

6. ]Jig XpaHeHHSI 3TaJIOHHiiX nporpaMM Tpe6yeTCSI Me,ItJieHHaH 
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BHemH.Rst naM.RT:& - mrHmTocpoH I-2 Mroe.tiT. 

7. ~l1CITHeti rpacpo - CHMBOHbHUti COtBeTOBUM KapaHma~OM. 

8. AlliTY - I28 IT03l1Ul1ti. 

HecxoH:oxo 3aMeqaHMti o npeHMY~ECTBaX H He~ocTaTxe npmMeHeHH.R 

M3BM B CHCTeMe 3BKC B pa3HblX BapHaH~ax. l\aKOBhi JB:e rrpeHMYIJ4eCTBa? 

I. HaHHqHe HecKOH:&Kmx M3BM ~a€T B03MOXHOCT:& pacnapaHReHmBa

HH.a KaHaROB 06CHYJB:HBaHH.R - ynpaBHeH~:.R, qTQ ,II;OCTHraeTCSI 6011ee ~emeBhi

MH cpe~CTBaMH, qeM npH HanHqHH TOJibF:O 8BM Cpe~Hero KHacca. 

B npouecce ynpaBJieHH.R m · o6pa6c1TKH nepBHqHoti :~mcpop:uauHm 6oHee 

TIOHHO HCITOJib3YIOTCSI B03MOJ:HOCTH TipOUE!CCOpa. 

HaJIMqHe HeCKOJibKHX M3BM TI03BOJ:.aeT OpraHH30BaTb CMCTeMy MalliYIH, 

C TIOMOIJ4bl0 KOTOpO~ MOJICHO ocymeCTBMTb 60Jiee rH6KyiO l1 B3aMM03aBHCH

MYIO CHCTeMY ynpaBJieHH.R. 
11e,IJ;ocTaTxm: 

I. OTHOcmTeJI:&Ha.a Me~JieHHOCTb IlhiiTOJIHeHMSI apMcpMeTHqecKHX 

onepauH~. 

2. He6on:omasr naMsrT:o. 

IIpeHMJ'!qecTBa 11 He.gocTaTKH npHlleHeHHR cpe,D;HHX 3BM 

(HanpHMep: P-20) . 

IIpemMYmecTBa: 

I. EbiCTpOTa apHcpMeTJ1qe9Kl1X OTIHpaUHti 

2. Eon:omo~ o6~eM naMSITl1 

He~ocTaTxm: 

I. HanmqHe o~Horo KaHaHa o6cn;r:arnBaHl1R - o~Horo rrpoueccopa. 

HaH60Jiee npeeMJie:MhiM 6hln 6hl ru6pHJJ;Hhlit BapmaHT: 

6a30BaR MaUIMHa P-20 11 o~Ha rrepmcpepntiHaR MammHa THTia M-6000, nm6o 

TPA; ~nsr cpMJI:&TpaUHH ,IJ;aHHhiX H pa3paBHHBaHHSI MaCCHBOB HHcpop:uaumu. 

il03TOMY Y HaC eme TIORb3yiOTC.R npaBOM Ha cymecTBOBaHHe M o6cy~eHMe 

06a BapHaHTa 3BKC, YCJIOBHaR CXeMa KOTOphiX npe,II;CTaBJieHa pHC • ..3 11 

pmc. Lt • 
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Bee npe,lUli,D;yll(ee PI3JIOJ:eHPie xacaJIOCI· Bonpoca nocTaHOBKPI 3a,D;a'tlPI PI 

B03MOltHliX nyTe:M ee peaJIPI3alUIPI. TE:nep:b HeCKOJI!:IKO CJIOB 0 TOM, 'iTO 

l4N HMeeM B HaCTOSIIl(ee BpeMSI • KOHetrHO, 6biJIO 6bl BeC:&Ma npPLSITHO, 

npo,D;eMOHCTp:HpOBaT:b BaM OCI(PIJIJIOrpc~:MMY aHaJIOrPI'tlHO TO~, KOTOpaSI 

noJiy'tleHa Ha:M:H PI3 EaTaBHH CillA, HO K CO~JieHHD,nOKa, KpOMe MHOro

'tlPICJieHHliX TeJieTa~nHhiX JieHT, HeCyL(PIX lJ>Op:Mall:bHYD HH4>0p:Ma.UPIIO 0 TOM 

:HJIH ,D;pyrOM pelCH:Me, Mbl HH'tleM He MOJ:eM ilOXBaCTaT:&CSI. 
J.' 

llpaB,D;a, x KOHUY ro,11;a w ,11;yua.eM nonyllHT:& nepBue pesyJI:&TaTu o6pa-
""' 60TKH mH$opuaUPIH c PicnoJI:&30BaHPieM ,D;mcnnea - GTO npPI,D;aet onpe,D;e-

JieHHYD TBep,D;OCT:b HamHM il03HI(PISIM. 

A B HaCTOSIIl(ee BpeMSI ,D;eliO 06CTOMT CJie,D;yiOil(HM 06pa30M: 

I. Cos,D;aBaewJt anexTpOHH0-:3hillHCJIHTeJI:&HHJt KO:MIIJiexc cvrHxpo

q>asoTpoHa (3BKC) B HacToantee Bpe:IISI pacnonaraer: 

a) BHllPICJIHTeJI:&HoB uamHHO:M rHna TPA-IOOI.Bpeua o6pall(eHHSI 

K naMSITH IO MKcex. 06~eM naMRTH lK.56 nporpaMMHblX xaHaliOB PI 

O,li;PIH KaHaJI npSIMOrO ,li;OCTyna; 

6) BHemHHMH ycTpOJtCTBaMH: rT ASR ·~~ ' llPITaJOil(HM ycTpot.t-

CTBOM FS- !500 PI HHTepqJeltco:u D;JISI nHcppoBoro BOJI!:ITMeTpa (msroT. 

JIB3 C3BT); 

B) aHaJIOrOBNMPI KOMJAYTSifAMH Ha II H 6 KaHaJIOB. 

B Te'tleHHe ro,11;a 3BM HcnoJI:&30Banac:& ,D;JISI pac'tleTHHX pa6oT (nporpaMMa 

'F o ' 0 e. ) , OTpa6oTxa nporpaw BH,IJ;a'tlPI ,zr;aHHHX Ha TeJieTa:Mn B 

peJ:HMe CTaTHCTHK:H H B peJ:HMe rpa~HKOllOCTpOHTeJISI. 

06mee Bpe:ua HapaOOTKPI B GKCnJiyaTaUPIOHHOM peltHMe - 700 'tlaCOB, 

B TelleHMe ro,zr;a, BKJID'tlaSI BpeMS HaJia~H, OCBOeHHSI H BBO,ll; B 

GKCnJiyaTai(HD.TPA !00! - noJiy'tleHa !/IY-70r. Pa6oTa ocyll(eCTBJISIJiac:& 

B O,D;H,y CMeHy. llpOCTOH MamHHH no npH'tlHHe OTKa3a 3BM COCTaBHJI 

340 qac. 

2. Rcnonr:,soBaHme 3BM TPA lOOI npomcxo,D;PIT cornacao nnaaa 

peaJIH3ai(HH aBaHnpoeKTa:"RcnOJI:b30BaHHe 3BM ,li;JISI CHCTeM ynpaBJieHHSI 
yCKOpHTeJI:&HblM KO:MIIJieKCOM CHHXJ,Ocpa30TpOHa" • 
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ABaHnpoeKT,Ka.K H3BeCTHo, npE!.n;yc:MaTpHBaeT sTanHOCT:D ocymecTB

JieHH.a CHCTe:M ynpaBJieHH.fl C npHMeHHHMeM 3BM: 

I. 3Tan - cdop 'VI odpadoTKa HH$Op:MaUMM o napaMeTpMlieCKOM 

none ycKOpMTeJI.So 

IT. AHaJIH3 ,D;HHaMHqeCKO~ lPYHKl~HH COCTOSIHH.S peryJIHpye:ttiOrO 06l>eK

Ta no napaMeTpy "MHTeHCHBHOCT:D" l! OTpadOTKa aJirOpHTMOB ynpaBJieHH.II 

,D;JISI CMCTe:M aBTOKOppeKUHHo 

ill. Cos.n;aHMe CHCTe:M aB;tO:MaTWie.CKOI OOTHMM3aUMH yCKOpMTeJI:DHOrO 

KOMnJieKca no sa.n;aHHOMY napaMeTp:r. 

B HacTo.amee BpeM.a peanHsyeT~a I STan. 

3BRC pacnonaraeT MHOroMepHhU4 BXO,D;OM co.n;eplJI"all(HM IO .n;aTtJJllKOB • 

Paspa60TaHO 4 onepaTHBH~X TeCTa JO OdpadOTKe HH$OpMaUH'VI 0 CHHXpO

$a30TpOHHOM peEMMe no nporpaMMe MHoroMepHoro aHanmsa .n;aaawx o 

lPYHKUHE COCTOSIHESI nyqKa YCKOpSieM~X liaCTHU H o6ecneqHBaiDII{HX CHCTeM 

Cos.n;aaa nporpaMMa. pe:m:m:Ma "orrepaTKBHoro MOJiqaHHH" H npaKTmqecKH 

3a,n;emCTBOBaHa B SKCnJiyaTaUHID npH perHCTpaUHH COCTOSIHHR llHTaDII{HX 

YCTpO~CTB TeXHOJIOrHqecKOrO TpaKT~ B~COKOqacTOTHOI ycxop.aromel 

CHCTeMN H orrpe.n;eJieHMSI HX BJIHSIHMSI Ha CTadHJI:DHOCT:D ypOBHR HHTeHCHB

HOCT:D B YCKOpHTeJie. (3a.n;e~CTBOBaHO 5 .n;aTqHKOB). 

B TetJeHHe I97I r. OTpa6oTaHHa.a nporpaMMa dy.n;eT odecneqmBaT:D 

OTpadOTKY HHlPOPMaUHH C IO .n;aTliHKOB,pe3yJI:DTaT~ KOTOpO~ y:m:e B STOM 

ro.n;y .n;a.n;yT B03MOZBOCT:D c.n;eJiaT:D nepBHe OUeHKH HH$0pMaUHOHHOI CH

TyaUHH npH ycxopeHHH 3apa:m:eHHHX liaCTHU B CHHXp0~30TpOHHOM pe~HMe 

C STOI uen:om npe.n;noJiaraeTca B 370M ro.n;y: 

I. 3a.n;eiCTBO~aTh 8 KaHaJI:DEWI npeo6pasoBaTen:o (A-K) (CTOIKa 

"JI:DBOB") .(A-U U- A) • 

2. OcHaCTHT:D TPA IOOI HHTeiiPe~cHWMH KapTaMH Ha 6ase 

cmcTew CAMAC. 
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3. HsroTOBMTh 3HeKTpOHHHe qacb ~na 

padoTH B peanhHOM uacmxade BpeMeHH. 

odecneqenMa peXMua 

4. llpOBeCTM no~rOTOBMTeJihHHe padOTbl no llO~KJllOqeHMlD 14: BhiBO~y 

~aHHhlX KaK Ha TeJieTa~n,TaK H Ha ~MC:llJ16Mie 

PeanMsanMa nacToa~eM:t nporpaMWl ~aeT B03MOXHOCTh: 

!. llOJiyqMTh onepaTMBHYlD HH~OplmUHlD ~ng MHOTOMepHOro aHaJIM3a 

COCTOHHMR YCKOpHTeJihHOTO K0MllJ16KCa B CMHXp0~30TpOHHOM pe~HMe. 

2. BH~aTh nepBble peKOM6H~aUHM B CHCTeMe MaillHHa - qeJIOB6K-

MaillMHa. 

s. rronyqHTh B03MO~OCTh K pacnmpeHHJD ~aTqEKOBoro nona (no~

KJIJDqenHe ~aTqHKOB CHCTeM HH~6KUHM H OCHOBHOTO KOJihna). 

4. 3aJIOXHTh OCHOBhl MaT6MaTHqecKOTO OdecneqeHHa p6XHMa "COB6T

qMKa" (peKOM6H~aUMH 3BM ~Jla onepaTHBHOI CJiy~dhl). 

5. llpHCTYllMTh K pa3padOTK6 C~CTeM OdpaTHHX CBS3el Ha dase 

CTOHKH "HhBOB" H CHCTeM CAMAC. 

6. O~H~aeuu~ pesyJihTaT: 

a) Bhlpac50TKa OllTHMa.JlhHhlX peJB:HMOB HaCTpO~KH CHHXpO~a30TpOH

HOTO p6JB:HMa H HHJICeKTMpyeMhiX YCTpOitCTB (noKa B CMCTeMe :MaillHHa

qeJIOBeK-MaillHHa); 

d) HerrpephlBHhlH onepaTHBHhlH KOHTpOHh napaMeTpOB, OTBeTCTBeH

HhlX sa peXHM yCKOpeHHS qacTHU; 

B) dhlCTpoe OThlCKaHHe "npOBtm:aBmeroca" napaMeTpa c yKasaHHeM 

MaCTa OTKJIHKa,HOMHHaJia H 3HaKa Oilldc5KH; 

r) HCKJIJDqeHHe ITOCJie~OBaT6JlhHJCTH B HaCTpomKe peXMMOB YCKOpe

HHa npH OTKasax B cHcTeMax oc5ecrreqenHa. 

HTaK OCHOBHble ITOJIOJlt6HHa, KOTOphle MO%HO C~OpMyJIHpOBaTh Ha OCHOB6 

namero H3JIOJB:eHHa KaK nanpaBJIHD~He TeMbi npH peanHsanHH rrpoeKTa 

aBTOMaTJIIqecKOI OllTi1MH3aUHH YCKOp~TeJia (III: 
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I. Paspa60TKa uaTeMaTMqecxo~ l40~enM ycxopHTennHoro xownnexca 

CMHXp0~30TpOHa (YKC). 

2. Cos~aHHe Heo6xo~HMoro ~aTqJutoBoro nona YKC. 

3. Pa3BHTM·e H omHanteHMe 3BKC. 

4. Pa3pa60TKa nporpaMM MHTepn}eTaUHH HHti>OpMaUHOHHblX MaCCHBOB 

(oneHKa HHti>OpMaUHOHHO~ CHTyaUHH). 

5. Pa3pa60TKa onepaTMBHblX TeCtOB ~nR MHOTOMepHOTO aHanH3a 

HH~OpMaUMOHHOTO nons 60RhWO~ CMCTeMH. 

6. Paspadoxxa uaTeMaTH~ecKoro H nporpaUMHoro oOecneqeuHa 

3BKC. 

7. OpraHH3aUHS pexHMOB 3BKC (uynhTMnporpaMMbl, peanhHbl~ Mac

mxad BpeMeHH H CTaTHCTHqeCKOe nporH03HpOBaHHe). 

8. OpraHH3aUHR BHemHHX ycTpO~CTB. EHdnHoTeKH nporpaMM.ApXHBbl. 

9. Paspa60TKa MaTeMaTHqecxmx MO~ene~ m norHKM ynpaBneuma ~na 

3KCTpeManhHblX perynaTOpOB no MHOTV.M napaMeTpaMo 
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