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Cfill.lAfl XAPAKTEP"1CH1KA P.A50fbl 

A1nyanbHOC1b 'leMloL 
Pa3BM1Me c!>YHAaMeH'la.nbHblX It npMKllC•AHblX MccneAOBaHHH a 0611ac1H cPM3HKH, 
61tonorHH, XHMMH H Ma1ep1ta11ose,qe1- It.II ipe6yeT npel.\H3HOHHblX c!>o'IOHHblX 
ny'IKOB B WApOKOM cneKipe ,qnMH BOJIH OT ynbipa¢>11011eia AO >leClKOIO 

peHireHa c .llpKOClblO HC'IO'IHltKa nopfAKa 10Z>cpoT/CeK-M~·MPaA2.11o11y11eH1te 
'la.KHX ny'IKOB B03MO)lfi0 c nOMOLl..lblO MH'leHCHBHbD< ny'IKOB 3ap.11>teHHblX '!aC'IML\ 

B pe>t<HMe reHepal.\HM CHHXpoipOHHOIO H3ny11eHH.ll (CH) [1] lt/lH 

CaMOHHAYL\HPOBaHHOIO Jla3epa Ha C B060AHblX 3/leKtpOHaX (CJ1C3) [2). npH 
310M nony'leHMe B blCOKOH .II PKOC'IM <P O'OHHOIO ny'I Ka rpe6yer6ecnpe1.1eHAeH'IHO 

npel.\M3 HOHHOIO ¢>opMHpOB8HM.ll 3neKipOHHOIO ny11Ka c MaJlblM 3MHTJaHCOM, 
B blCOKOH creneHH KoppeKL\Mlt H KOHipCll.11 L1eHipaJ1bHOM ipaeK10p1tlt It OCHOBHbD< 

napaMeipoe 3neKrpoHHOn:> ny11 Ka. 
B pea/lb HOM YCKOPM'le/le KOMOOHeH'lblYCKOpH'leJl.11 (MalliHlb~ KBaApynO/lbHble 
J1HH3bl, ycKOp.lllOLl..llte ceKL\Hlt H T.A)YCTclHOBJleHblC KOHe'IHOH 10'4HOCTblO, a 

non.11 HMelOTKOH8'1HbM AOnycK, '110 n~•HBOAMTK B03MYll\eHHIO op61t'lblOY'!Ka M 
pa3BHTHIO pa311H'IHblX Hecia6HJ1bHO :reH. no310My KOppeKL\H.11 ipaeK'IOpHH 

3/leKipOHHOIO ny11 Ka, HCCJleAOBaHHe 3 cl>ct> eK'IOB yWApeHH.11 ny'I Ka, pa3 pa6o1Ka 
Me'IOAOB o6pa1HOM CB.113M KOHipon.11 c1p61tlbl It OCHOBHblX napaMeipoa ny'IKa 
.11s11.1110TCff aa>l<HblMH 3aAa'laMM o5ecne'leHH.11 npoeK'IHblX napaMerpoa 

yciaHOBKlt • 
,ll,HccepiaL\HOHHa.11 pa6oTc1 OCHOBaHa Ha MCCJ18AOBaHH.llX, npoBeAeHHblX Allff 

npoeKTcl TECJlA JlC3 no KoppeK1~HH op6MTbl a ocHOBHOM n1o1HeMHOM 

YCKOplt'lene H All.II npoeK'la HC'IO'I HHKS C"1 c:Af\D...E no AMalliOC'lltKe, KoppeKL\HH 
H KOHiponio napaMeipoe ny11Ka. O)a npoeKTcl O'IHOC.llTC.11 K aKiyanbHblM 

ycia.HOBKaM B o6nac'IM ye KOplt'leJl b HOM cl> M3 HKH H 'leXHHKH ny'I KOB 3ap.11>1eHHblX 

11ac11111.1. 
l.Ji:!nblO AMCCep'la.L\MOHHOH pa60lbl .llBn.lllOTC.11 ltCCJleAOBaHHe H pa3pa6011<a 
coepeMeHHblX Me'IOAOB KOppeKL1HH M KOHfPOJl.11 op61tlbl It napaMeipoB 

3/leKipOHHOn:> ny11Ka c ManblM nonepe11HblM 3MHTiaHCOM All.II ycKopHrenei1 

3ap.11>1eHHblX 'laC'IMl.I, B '!aC'IHOC'IM: 

• litccneAOBaHMe M MOAellMpOBaHMe npo6neMbl yaenM'leHM.11 
cpeAHeKBaApa1M'IHOI031VltTJaHCa ny'IKa npM nocneAOBa11i!nbHOH 

KOppeKL\MM L\8Hipa/1b HOH 1oaeK10p1tlt K OCM KBaApynonbHblX mtH3 B 

nMHeMHblX ycKopM"ren.11x 1v1.11 reHepa1.11o111 JlC3. 

• AHanM3 nonepe'IHOn:> APHHcj:>a op61t'lb1 np11 6e3AHcnepcHOHHoi4 
KoppeKL\MM rpaeK'IOpMM ~ MOAenHpoeaH1te MHOn:>ciyneH'la'IOH 

KoppeKL\Hlt op6Hlbl B JlltHeMHblX YCKOPH'leJl.llX. 

• Pa3pa6oma apx11reKiypb1c1o1creMb1KOHipon.11 H o6pa1Hoi1 ce.11311 a 

HaKonHre11.11x 3neKipoH011 An.II reHepaL11tH Clil. 

• AHa/1M3 M MO,qenHpoBaHHe CMC'leMbl06pa11iOH CB.11311 All.II KOH1POJ1.ll 
aMnl1M1YAHO-cl>a30BblX xapaKrepHC'IMK Bb1COKO'lac1011-1oro non.II B 

JlMHeMHOM ycKOpH'leJle 3JleKrpOHOB • 



• Vlc:cneAOBaHHe npeU,H3HOHHblX MelOAOB KoppeKU,HH op6Hlb1ny4Ka B 

HaKOnHTe/ll'IX 3/leKipOHOB H npHMeHeHHe MelOAa AeKOMn03HU,HH 

CHHryl15'1pHblX 3Ha4eHHH Ma'lpHU,bl 01K/1HKa A/15'1 KOppeKU,MH 

peallbHOH op6H1bl B ycKopHTe/le. 

• Pa3BHTHe 4 MclleHHblX MelOAOB o6pa6o1KM AaHHblX o napa1111eipax 

ny4 Ka It MOAellHpOBHMe CHCTeMbl o6pa1HOH CB5'13H. 

Hay'IHBA HOBM3HB pa6o1bL B HaC105'1W,ee speM5'1 pa3pa6oia.H P5!A MelOAOB 

KOppeKU,HH u,eH'lpallbHOH ipaeKlOpMM [4,5] B JlMHeHHblX YCKOpHTe/lllX 

3/leK'lpOHOB, OCHOBaHHblX Ha npHMeHeHHH AaN HKOB nO/lO>teHHll ny4 Ka It 

o6pa1HOH CBll3H c nOMOW,blO KOppeK'lMpylOW,HX MarHM"IOB. Q:\HaKo, H3-3a 

norpeWiOCleH yclaHOBKH KBaApyna/lbHblX /1HH3, Aal'I HKOB no/lO>teHHll ny4 Ka It 

HX pa3peweHHe, CKoppeKnlpOBaHHaR ipaeK10pHll HMeeT OC1a104HOe 

O'IK/lOHeHHe OT OCM llHHeHHOro YCKOPHTe/lR H Heo6xoAHMO HCC/leAOBalb 

noeeAeHHe cpeAHeKBaApalH4HOl'O 3MHT!aHCa ny4Ka c y4eTOM OC1a104HOl"O 

B03MYW,eHHll u,eHipallbHOH ipaeKlOPHH nocne ee KOppeKU,HH. 

BAHccepiau,HoHHoiA pa6oie HccneAoBaH eonpoc AMCnepc110HHoro yll.HpeHH5'1 

3MHTiaHCa ny4Ka B JlHHeMHOMYCKOpH'relle npM nocneAOBaTe/lbHOM KOppeKU,HM 

u,eHipallbHOH ipaeKlOPMH ny4Ka K leOMe'lpH4eCKOMY U,eHipy KBaApyno/lbHblX 

/1MH3. rk>Ka3aHO, 410 3a C4eT xpoMaTH4HOC'IM tPOKYCHpyiow,ei:l CHCTeMbl 

ycKopHTe/lR H Ha/1H4Hll Ha4allbHOro 3Hepre1M4eCKOl'O pa36poca B ny1.1Ke, 

pacnpeAe/leHHe LtaC"IMLI Ha <Pa30BOH n/lOCKOC"M yll.HpRe'1C5'1, "110, KaK C/leAC'IBMe, 

npHBOAHT K yee/lH'leHMIO cpeAHeKBaApa1M4HOl"O 3MHTiaHCa Ha BblXOAe H3 

ycKopHTeJlR. no11y4eHo aHallM'llt'lecKoe Bbipa>teHHe AllR OlHOCH'le/lbHOro 

yee11H<1eHHR 3MMraHca ny4 Ka, <110 xopouo cornacyeicR c pe3y11biaTaMH 

<1Hc11eHHoro ipeKa 4aC1MLI Ha npMMepe npoeKia TECJlA-J1C3 e AE.31'1[2]. 
Bpa6oie 11ccneA0BaH Ba>ttibM eonpoc APeM<Pa 4eHipa11bHOH ipaeK10pMH ny1.1Ka 

npH HCnO/lb30BaHMH 6e3AHcnepcHOHHOH KOppeK4HM, KOr,Ela HHtPOPMaLIHll 0 

pea/1bHOM ipaeKTOpMH B ycKOPHlelle BOCC1a.HaB/1HBaelCA Ha OCHOBe ABYX 

ipaeKlOPHH C001Be1C1BYIOW,HX pa3/1H'IHblM 3 HeprH5'1M ny1.1Ka. lbKa3aHo, "110 38 

C'I eTKOHe4HOIO pa3peweHH5'1 Aal'I HKOB nOJ10>teHH5'1 ny4 Ka, nocne MHHHMH38U,HH 

pa3HOC1HOH ipaeKTOPMH, u,eH'lp8/1bHaR ipaeK10PHll HCnbnb1Baernonepe<1HbM 

APeM<P no Mepe ABM>teHMA ny<1Ka BAO/lb YCKOpH"le/15'1. Ha OCHOBe nol1y4eHHblX 

pe3yllb1a10B npeA/lO>teHa H o6oCHOBaHa MHOrociyneH<1a1aR KOppeKU,HS'I 

4eHipallbHOH ipaeKlOPMM, K010pall no3 B0/1lleTH36e>10.1b HaKonneHHR OW160K 

MHHMMH3al.IHH pa3 HOClHOH ipaeKlOpMM. 

Cy4e10MCOBpeME!HHblX ipe6oeaHHH K MC104 HMKaMCHHXpO'lpOHHOro M311Y'leHHll 

ipelbero noKoneHHll, pa3pa6oia.Ha apx1treKiypa M <PYHKLIHOHanbHall cxeMa 

cMCTeMbl KOH'lp0/15'1 Allll CANDLE. 0rnM4MTel1bHOM oco6eHHOC1blO cHCTeMbl 

5'1B/1S'le1C5'1 BblCOKaS'I cieneHb ae10Ma11t3aU,HH c6opa, HaKonneHHll H 06pa6011<M 

A8HHblX co ecex Y3/10B ycKOpHTellll, AH8rHOC1MKa H KOH'lpO/lb OCHOBHblX 

napaMeipoe ny'!Ka Ha OCHOBe o6pa6o1KH noKa3aHHM A81'1MKOB KaK B 
ClalM'leCKOM, laK H B AHHaMH4eCKOM pe>HHMax. 

BAHCcepiaU,HOHHOM pa6oie, noAp06Ho HCC/leAOBaH eonpoc cia6HJ1H3a4MM 

aMnnMiy AHO-cj>a30BblX xapaKTepHC'IMK CB4 CHCTeMblllHHeHHoro ycKopHTe11R­

HH>teKropa, "110 S'IBJ1S'le1Cll Ba>ttiblM AllS'I o6ecne4 eHHll npe4H3HOHHOH pa6olb1 
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ye KOpHTe/15'1 B pa3/1M4 HblX pe>HHMax: OAHO-Cryc'IKOBOM, MHorocyc11<0BOM H B 

pe>HHMe HenpepblBHOl'O BBOAa 4aC'IMLI B HaKonHTe/lb. 

npHMeHeHa MelOAHKa AeKoMn03HLIHH CMHryllllpHblX 3Ha4eHHM AllS'I o6pa601KH 

AaHHblX OTAal'I MKOB nollO>teHH5'1 ny<1Ka Allll npel.\M3HOHHOH KOppeKU,HH op6Hlbl 

B HaKOnH'le/le 3/leKipOHOB. l1o11y<1eHHble pe3y/1b1albl noKa3blBalOT, 410 

npHMeHeHHall MelO,D,HKa cra6H/1H3Hpyer op6Miy co cpeAHeKeap,panl'IHOH 

104HOC1bl0 ,D,O 10 MKM. 

(\>&KlM'leCKOe 3HB4eHMe. fbny4eHHble pe3y/lb1a1bl no MCCJleAOBaHHIO 

KOppeK4MH 4eH'lpa/1bHOM ipaeKlOpHH ny4Ka H yee/1H4eHHIO 

cpep,HeKBaApa11t4HOro 3MHnaHca ny4Ka B llHHeHHblX ycKopH'le/15'1X AllS'I 

reHepa4HH JlC3 MMelOTBa>ttioe npaK'!M4eCKOe 3Ha4eHHe KaK c 104 KM 3peHMll 

Bb6opa napaME!'lpOB tPOKYCHPYIOLl.!eH CHCTeMblYCKOPH'le/lR (.q1111Ha nepHOAa, 

Ha6er <Pa3bl), laK M c 104KH 3peHHll cornacoeaHHR napaMeipos ny<1Ka c 

ipe6oeaHM5'1MH reHepa4MH J1C3. CoxpaHeHHe HOPMa.11M30BaHHOl'O 3MHTiaHCa B 

ycKopHie11e OAHO M3 Ba>ttieMW1X ycnoBHH H nony4eHHble pe3y/1b1albln03B0/15'1T 

M36e>!e.1b yee/1M4eHMll 3MHTiaHCa npH Bb6ope H pea/1H3al.\MH CHC'leMbl 

KoppeK4HH 4eHipallbHOM ipaeK10pHM ny4Ka. Me10p,H1.1ecKall ea>ttioclb 

nony4eHHblX pe3y/1b1alOB CB5'13aHa c peanbHOM OU,eHKOH 3<P<PeK10B HaKonneHH5'1 

Olllof60K A81'1 HKOB nono>teHHR ny4 Ka, K010pble npHBO,D,llT K p,pei1<Py 

4eHipallbHOM ipaeKropHH. npeAJ10>teHHa5'1 ME!TOAMKa MHOl'OC'l)'neH4aroi1 

KoppeKL\HH no3 BO/lHT cia6MJ1H3HpoBa1b 4eHipa11bHYIO ipaeKlOPHIO H, KaK 

cneACTBHe, M36e>te1b pa36yxaHMR ny4Ka Ha <Pa30BOH nnoCKOC'lM. 

Pe3ynb1albl AMCcepiau,MoHHOH pa6olb1 no ,D,MarHOClMKe, KoppeKU,HHM M 

KOH'lpO/llO napaMe'lpOB ny4Ka B HaKonMTe/15'1X 3/leK'lpOHOB n03B0/1AT 

cia6HJ1M3Mpoea1b op6Miy H napaME!'Tpbl ny4Ka c BblCOKOM 104HOC1bl0. 

Pa3pa6oiaHHall H CMOAe11MpoeaHHa5'1 CHC'leMa KOH'lp0/15'1 c o6pa1HOH CBR3bl0 

no3B0/1HT onepaTHBHo pearnposalb Ha CMell.\eHMe napa1111eipoe ny<1Ka H 

ycKopH'le/lll OT3ap,aHHblX 3Ha4eHMH, o6ecne4 MBa5'11eMCaMbMBblCOKOe Ka4eC1BO 

<Po10HHblX ny4KOB Allll no11b3osarenei1. l1op,ro10e11eH naKeT nporpaMM AllR 

BHeApeHMll B CHCTeMY KOH'Tp011R HC104HHKOB Cl'1. 

Pe3yllb1albl pa601b16b111H Hcnonb30BaHbrnpH pa3pa6o1Ke npoeKia ycKopHTe/15'1 

TECJlAAllll reHepa4HM J1C3 H npoeKra HC104 HM Ka CHHXpO'lpOHHOro H311y4eHHll 

CANDLE. 

0CHOBHbll! nono>KeHMA BbltOCMMtle Ha 381.qM'!Y. 

1. Pe3y11bialb1Mcc11ep,oeaHHll cpep,HeKeap,palMLtHoro ,D,HcnepcMoHHoro 

3MM"TTa.Hca ny<1Ka npH KOppeKU,HM U,eH'lpa/lbHOM "1PaeK10pHH. lb11y<1eHo 

aHa/1MTHLteCKOe Bb!pa>teHHe ,1:\115'1 yae/1MLteHH5'1 3MMTiaHCa ny4Ka H 

ou,eHeH p,pei:iqi L1eH'lp8/1bHOM ipaeKlOPHH npH 6e3AHCnepCMOHHOM 

KoppeK4MM. 

2. npep,110>1eHa MHorociyneH4 araR KOppeK4HR ipaeK10pHM ,D,llll 

no,D,aBlleHHll HaKonneHMR oUM60K npH MMHHMM38LIHM pa3 HOClHOM 

ipaeK10pHH. npoee,D,eHO 4MC/1eHHOe Mo,D,ellHpOBaHHe ,1:\/15'1 npoeK"la 

TECJlA-J1C3 M eeponei:icKoro npoeKTci CJlC3. 
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3. Pa3pa6oiaHa apxMreKiypa 111 cj>yHKL\MOHallbHaR cxeMa c111creMbl 
AMarHOClMKM, KOHlp0/1.R "" o6pa1Hoiil CB.113111 All.II MClO"IHHKa 
CMHXpolpOHHoro 111311yL1eHHR CANDLE. CMOAe11111poBaHa c111creMa 
CHHXpoHM38L\MM aMnl1H1YAH0-1:)a3oBblX xapaKrep111c1111K CB4 cHcieMb1 
llMHeHHOIO YCKOpM'le/1.11 npH pa:i/lM"IHblX pe>Mo1MaX pa60lblYCKOpM1e/1R, 

4. 1'1i::c11eAOBaHa 11 CMOAe1111poaaHa Cl1CleMa KOppeKL1Hl1 l1 cia6HJ1H3al.111M 
op6MlblYCKop11iem1 Ha OCHOBE Me10Aa CHHryllRPHOH AeKOMn03HL111M 
o6palHOH MalpHL\bl 011<1111Ka 11yL1Ka. Pe3Yllb'!aTbl npHMeHeHbl AllR 
KoppeKL111H op6HlblB HaKon1o1ie11e 311eKipOHOB npoeKia CHHXOlpOHHOIO 
MClO"IHHKa CANDLE.· 

Anpo6aqMR pa60111L 
MarepMa11blAHccepia4HH AOKllaAblBallHCb M 06cy>1<Aal1HCb Ha cneAYIOlllHX 
KOHcj>epeHLIMRX: 

1. Shanghai Symposium on lntenn ecliate Energy Light Sources, SSRC-01, 
Shanghai China, 24-26 September 2001. 

2. European Particle Accelerator Conference, EPAC '02, Paris, France, 3-7 
Jun, 2002. 

3. "cPH3HKa-2003"' Tpelbe HaL\MOH811bHOe HaY"IHOe co6paHHe M0110AblX 
Q>M3MKOB, ErY, EpeaaH, ApMeHHll, 4-8 Ho116pb, 2003. 

4. European Particle AcceleratorConforence EPAC'04, Lucerne, S1Mtzer1and, 
5-9 July, 2004. 

5. NATO .Advanced Research Works hop ''.Advanced Photon Sources and 
Their Application", Nor Ham be rd, Jlrm enia, Aug 29 -5ept 02, 2004. 
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lly6nMKaqMM 
flo MalepMallaM pa601blOny611MKOBaHO 14 Hay'fHblX pa6oT, CnHCOK K010pb1X 
npHBeAeH B KOHi.le aerope<f:>epam. 

JlM'IHOe y11ac1Me ae10pa B Bbl1011HeHMll pa6olb!Bb!p83HJ10Cb B npoeeAeHHH 
aHa/1M3a H "IMC/leHHOIO MOAe111o1posaHMH yBellM"leHHR 3MMTiaHCa ny"IKa B 
/lMHeHHblX YCKOPMlellHX npM KOppeKL\HM 1..1eHlpallbHOH lp8eK10pMM ny"IKa, 
OL\eHKe 3Q><PeKia HaKonneHMll OW160K llpM KOppeKl,\HH ipaeK10pMH, eellM"I HHbl 
APeilcpa lpaeKropMH 111 ee KoppeKL\MH. 
B pa3pa6011<e M MOAellMpoBaHMM apXM'leKlYPbl M cj:>yHKL\HOHaJlbHOH CMCleMbl 
AMBrHOClMKH, KOHlpOnl'I "" o6pa1HOH < BJl3H AllH HaKOnH'rellH 3/leKlpOHOB 
CANDLE. 
8"1MCJ1eHHOM MOAe11MpoBaHMM CHCleMblC MHXPOHM38LIHH aMnnMiyAHO-cPa30BblX 
xapaKrepMClMK CB4CHCleMbl11MHeilH010 ycKopwie11H. 
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BLI MC/leHHOM MOAe11111poaaHMH cia61111H38LIHM op6MlblYCKOpH'le/1R Ha OCHOBe 
Me10Aa CHHryllRpHOH AeKoMn03HLIH ~ o6palHOH MalpHLlbl 011</lHKa ny"IKa. 

ClpyKiypa M o6i.eM pa601b1 
,IJ,HccepiaL\HR COClOHT H3 BBeAeHHR, lpeX maa, 3aK/1IO"leH11R H cn11cKa 
1..1111111pyeMoiil m1repaiypb1. OSbeM AMC :epia1..1H11 cociaa1111eT93 ClpaH114, s 10M 
"IHC/le 40 p11cyHKa, 14 ia.611114 11 77 1111repaiypHblX CCblJIOK. 

OCHCBHCE CQll,EP}KAH!i'IE PADOrbl 

Bo BBeAeHMM ccj>opMY111-1poaaHblOCHOBHble 3aAa"IH, nociaaneHHble H peueHHble 
e AaHHOiil pa6ore. OSocHoBaHa a ciyanbHOClb reMbl, Hay"IHaR HOBM3Ha 
npoAenaHHOH pa60Tb1, 4e11b pa601bl11 Kpa11<oe onHcaHHe cnoco6os peueHHR 
nociaeneHHblX 3aAa"I. TaK>te np111aeAe >10 KpaTI<oe on111caHMe ipex mas, BKlllO"laR 
OCHOBHble nO/lO>teHHR, BblHOCHMble Ha 3alllH1}'. 
Bnepeoti maee HccneAOBaHbl aonpoc:b1KoppeK4HH 4eHlpallbHoiil lpaeKiopHH 
ny"I Ka B llHHeHHblX YCKOpHlellRX 311eKlpOHOB AllR reHepaL\HH J1C3 H 3cj>cj>eK1bl 
AHcnepcMoHHOro yee11H"leHHR 3MHTaHca ny"IKa. 
PacCMOlpeHa npo611eMa KOppeKL\HH BC3MYllleHHOH ipaeKlOPHH ny"I Ka Ha OCHOBe 
HHcj:>opMa4HH OT Aa1"1HKOB no.10>1eHMR ny"IKa, OCYl!.leC1BJ1ReMaR 
noclleAOBalellbHO OTl111H3bl K J1HH3e ·= nOMOlllblO KOppeK1111py10ll1HX MarHH10B. 
l)>eAno11arae1Cl'I, "110 cj>OKYCHPYIOlllaR CHCleMa YCKOPM'lellR npeAC1aBJ1HeTco6oiil 
o6bl"IHYIO CHMMelpH"IHYIO nepHOAH~ecKy10 cPQL\O ClpyKiypy, H peueHHe 
ypaBHeHHR OlHOCHleJlbHOIO CMeUIEiHMH HepaBHOBeCHOM "18ClMLlbl BAOllb 
ycKOpHlell.R npeAC1aBJ1RelCH B BHAO CYMMbl no H"leiilKaM nepHOAH"IHOClM. 
YcpeAHRR cpeAHeKBaApa111'4Hoe CMellleHHe HepaeHosecHoiil "laClHL\blnO"leKYllleiil 

cj:>a3e q, a npeAenax [O, 2n1 no Ha"lallbHOMY pa36pocy L1ac11111..1no3HeP™RMH no 
nOllO>IEHMIO 1..1eHlpallbHOM lpaeKrop~ H B KBaApynOllbHblX 11HH3aX, no11yL1eHO 
c11eAy10ll1ee Bbipa>teHHe AllR cpeAHeKnapalH"IHOro yae11111L1eHMH 3""1TiaHca ny"IKa 

ti.e= 8,.. 2 <x;>1anµ/2~lnL (1) 
vo ' e e 0Lce11 D.y Yo 

rAe <x; >=<J: +(J": +u;, Lceu -AJIMHa cPQL\0.11"lei1KH nepHOAH"IHoc1111,µ­

Ha6ercj:>a3blHa nepHOA, ll)-Ha"lallbHblH 3MMTiaHc ny"IKa, Ay np1o1poCT3HeP™H 
3a nepHOA cPQD.OclpyKiypbl. 
cPOPMYlla (1) AaeT RCHYIO Ka"leC1BliHHYIO 3aBHCHMOC1b AHCnepCMOHHOIO 
yW1peHHR 3MMTiaHCa ny"I Ka, KaK OT q,oKyCHPYIOllleH CMCleMbl YCKOPMlellH 
(Ha6ercj>a3bl H AllMHa R"leHKH nepMOAH"IHOClM) H reMna ycKopeHMR, 18.K H 
cpeAHeKBaApalH"IHblX norpeUHOCleH ~ C'laHOBKH 3JleMeH10B BAOllb ycKopM1e11R. 
3aMelMM, "110 A11R CHMMelpH"IHOH cPClJ,OclpyKiypbl, napaMelp ~= taiµ/2 . 
onpeAellHeT xpoMalM"IHOClb cj>oKyC:HPYIOllleiil CMCleMb~ K010paR 3aAaeT 
AOnO/lHMleJlbHblH Ha6er cj>a3bl HepaBHOBeCHOH "laClML\bl no OlHOlleHHIO K 
paBHOBeCHoli L1ac-ri.t4e. Ha cj:>a30BOH nllOCKOClM nonepe"IHblX K011e6aHHH, 
"laClMLlblC 6011bueH 3Hepr11eil 3ana3qb1ea10Tnocj>a3e, a L1ac1M4b1c MeHbueil 
3Heprneil onepe>le.IOTnO Q>a3e paBtlOBeCHYIO "laClMl..IY (pMC 1). 
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PHcyHoK 1. ,llj.1cnepcHOHHoe yW11peHHe ny1.1Ka Ha cpa30BOH nnocKoc111 (~x')H3-
3a pa36poca 1.1ac11o1u. no 3Hep1;u1M (cneBa) H OlHOCHrellbHoe yBe/lH'leHHe 
3 MHTraHCa ny1.1Ka B /lMHeHHOM ycKopHre/le TECJlA (en pa ea). 

Ha pMc.1 npeAClaB/leHa Al1HaMHKa 'laClMU. Ha cpa30BOH nllOCKOClM (~ x') 
nonepe'IHblX KOJ1e6aHHH M pe3YllblalbllPeKa 1-1ac1MU, B OCHOBHOM/ll1HeMHOM 
ycKop11re11e TECJlA. 11yHK1MpHoM 11MH11ei4 noKa3aHo cpeAHeKBaApa1M'I Hoe 
yBe/lM'leHHe 3MH1JaHCa ny'IKa BAO/lb yCKOPHlellll, npeACKa3bBaeMOe Q:>OPMYllOH 
(1). KaK BMAHO M3 cpaBHeHMff no11y1.1eHHblX pe3YllblalOB, ycpeAHeHMe no 
6011bUDMY 1-1wc11y norpeUHocreH Aaerxopouee cornacMe c aHal1M1M'lecKMM 

pe3y/lblalOM. 
npRMOe ClleAClBMe Bblpa>teHHll (1 ): P.Jlff noAaB/leHMSl ,QHCnepcHOHHOl'O 
yUJ1peHM$1 3MHTiaHCa ny1-1Ka Heo6xo,QMMO yMeHbUJllb xpoMa'llol'IHOC1b 
cpoKycHpyio~eM c11cieMbl nepexoAoM Ha 6o11ee c11a6yio cpoKycHpoeKy. TaK>te 
01Me1MM, 1.110 yBe11111.1eHMe reMna ycKopeHHll JiylaK>te npMBOAHTK YMeHbll.eHMIO 
AMCnepcMOHHOl'O yUMpeHl1ff 3M11TiaHCa ny'I Ka, nocKO/lbKY 1.1ac'llolU,blC pa3HOH 
3Hep11<1ei4 He ycneBalOT pa30H1MCb Ha cpa30BOH nnocKOC1M nonepe1.1 HblX 

KOJ1e6aHMM. 
Ha pwc. 2,3 npeAC'laB/1eHblpe3y/lb'lalbl1PeKa 'laClMIJ, B /lMHeMHOMYCKop11iene 
npoeKla eeponeMCKOIO HC10'1Hl1Ka C/lC3npM Ha/lM'IMM norpeWiOCleH yciaHOBKM 
KBaApyno/lbHblX /1MH3. Ha pMCYHKe noKa3aHblB03MY~eHH8ll ipaeKlOPl1ll ny1.1Ka 
6e3 KoppeKU,HH (nyHK1MpHall /lMHMR), 11 ipaeKlOPl1R ny1.1Ka nocne KoppeKU,11M 
u,eHipallbHOH ipaeKlOPHM Ha OCHOBe 11Hcp0pMaU,MM c ,lla'l"l'I HKOB nonO>teHHff 

ny1.1Ka (cnnoUHaR llHHHll). 
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PMcyHoK 2. TpaeKllOPMH ny1-1Ka M yBe11w1.1eHHe cpeAHeKBaApa1M'IHOI03MHTiaHCa e 
/lMHeHHOM ycKop11re11e XFEL: B03MY~eHHaR (nyHKlMpHaR /lMHMR) M 
CKOppeKlMpOBaHHaff (cn11011Haff /lHHHll) u,eHipallbHbJe ipaeKlOPMH. 

~ 
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PMcyHOK 3. KoppenwpoBaHHoe M HeKoppe1111poBaHHoe AHcnepc110HHoe 
yBe/lH'leHMe 3MMTiaHca ny1-1Ka B mtHeHHOM ycKopM"rene npoeKla XFEL. 

,llpnee e 310H rnaBe Mccne,QoBaH eonpoc nonepe1-1Horo APei4cpa op6H1blnY'IKa 
np11 6e3AHCnepCHOHHOM KOppeK~Hl1 ipaeKltlpHH B /lMHeMHOM YCKOPM'le/le. 
noKa3aHo, '110 3a C'leT HaKOn/leHMff oUM60K pa3peW11MOC1M A81'1MKOB 
nono>teHMff 'ny1.1Ka !Ty cpeAHeKB8APa1M'IHbM ,Qpeilcp ipaeKlOpHM BAO/lb 
ycKOpH1e/lff MeHRe'lt:ff c 3Hepe1'1'1eM, KaK -y312 (y-JlopeHU, cpaKmp '18C1MIJ,bl). 
Ha OCHOBe aHa/lM3a 3cp<f>eK10B nonepe'-1 HOl'O APeHcpa ipaeKlOPMH, npeA/lO>teHa 
MOHl'OClYneH'la'lall KOppeKU,Hll ipaeKlOpMM, K010pasi no3BO/llleTnpeA01Bpa1M'lb 
CHCreMa'!M'leCKOe HapacraH11e nonepe'IHOl'O CMe~eHHll u,eHipanbHOM 
ipaeKmpMH. 
B 3aK/llO'leHMM nepBOH rnaBbl npMBe,QeHbl OCHOBHbJe pe3y/lblalbC 
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• 

• 

"1cc11eAOBaHO AHCnepCHOHHOll yeeJ1H4eHMe 3MHTTaHCa ny4Ka B 

JlMHeHHOMYCKOpM'leJle 3/leK'lpOHOB npM noc11eAOBa'leJlbHOM KOppeKL1HH 

1.1eHipa11bHOM ipaeKlOPMH. floKaJaHO, 410 BellM4HHa yeeJ1M4eHMR 

3MMTiaHCa npRMO nponop1.1M0Hal bHa Xp0Ma.1M4HOC1M c:PoKyCMPYIOll.\eH 

CMC'leMbl, o6pa1Ho nponop1.1Ho11a11bHa raMny ycKopeHMR 4aC1Mll H 

JlOl"aPHcPMM4eCKM B03pacraeTC 3Hepn.ieiA 4aC1MLI BAOJlb ycKOPM'lellll. 

4HclleHHO 1o1cc11eA0BaHo y4e11H•:eHMe 3MMlaHCa e npoeKie TECJ1A.J1C3 
M eeponeHcKoro npoeKra CJ1(3 M no11y4eHo xopouee cornacMe 

pe3yllblalOB c aHaJ1M'IJ.1"1eCKMM onHCaHHeM. 

• 11::cneAOBaH nonepe1.1 HOH APeMC) ipaeK10pMM npH 6eJAHcnepcMOHHOH 

KOppeKL1MH 1.1eHipallbHOH ipaeKlOpHH M npeAllO>leHa 

MOHrociyneH"I araR KOppeKLIMll ipaeKlOpHM. 

BlopaR maaa noCBRLJ.leHa pa3pa601Ke OCHOBHblX ipe6oeaHMM K CMC'leMe 

KOH'lpOJlR H AHalliOClMKM napaMe'lpOB ny1.1 KOB B MC104 HHKaX c HHXpO'lpOHHOl'O 

H311Y"leHHR. Ha OCHOBe aHaJ1M3a cPYHKLIMOHHpylOLJ.IMX CHC'leM KOH'lpOllR B 

BeAYLJ.IHX 1.1eHipax HClO"IHMKOB ceera npeAllO>leHbl OCHOBHble KpM'lepHH 

npoeK1MpOBHMl!,apxHieKiypb1H KOMnOHEHlOB CHC'leMblKOH'lpOJlR AllR npoeKia 

HC'IO"IHHKa cHHxpoipoHHOro HJ11y1.1eHMR CANDLE [6}. O:HoBHbllllH ipe6oeaHHRMH 

K CHCleMe KOH'lpOJlR RBllRIOlt:R YA06C1BO H npocrora HCnOJ1b30BaHHll, 

HaAe>KHOClb, rn6KOC1b H 803 MO>KHC•Clb MOAM<PMKal.IMH annapa1HOl'O 

o6opyAOBaHHR. CMC'leMa KOH'lp011R AOJl~a 6bllb paccnpeAelleHHOM, HMelb 

MHoroypOBHeBOIO H MOAYllbHYIO nporpc.MMHYIO/annapaTHylO cipyKiypy, 

HCnOJ1b30Balb ClaHAap1Hble KOMnOHeH'lb~ rlporpaMMHOe 06ecne1.1eHMe AOJl>KHO 

6bllb OCHOBaHO Ha 06beKTHO-OpHeH1MpC1BaHHOM rexHOJ10"'1H. 

B 310H rnaee raK >le npHBOAM1t:R Kpa1Koe onHcaHHe OCHOBHblX MelOAOB 

onpeAelleHMR 3Ha"leHHH 3HeprMH ny4Kil, HaKon11eHHOl'O 10Ka, 6era'lpOHHblX 

KOJle6aHHH M nonepe4HOro npocpMllR ny4 <a. OlpeAeJleHblOCHOBHble nOAXOAblK 

AMalliOC'IMKe no110>1eHMR ny4 Ka a pe>1<1- Me nepeoro o6opora, OT o6opora K 

o6opoiy He pem-tMe ycpeAHeHMR no M~ ornM o6oporaM ny4Ka e KOl1bl.le. 

Cne1.1HallbHblM naparpacp 310M rnaeb1 nocBRLJ.leH eonpocaM "IMcneHHOl'O 

MOAenMpoeaHMR AHalliOC1M4eCKOIO Ka'iana CMHXPO'JPOHHOl'O H311Y"leHHR, 

HCClleAOBaHMIO M ipaccHpOBKe cp010HHOI::> ny1.1Ka BAOllb on'IH4eCKOM cipyKiypbl 

Ka Hana A11R onpeAeneHHR npocpHnR Hci:oAHoro 311eKlpOHHoro ny4Ka [7 ,B]. B 

pa6ore npoeeAeHa ipaccHpoeKa 311eK·poHHoro ny1.1Ka BA011b on1M1.1ecKOM 

C'JPYKTYPbl Al1R cny1.1aR 104e"IHOl'O HClO•IHMKa M MC104HMKa c rayccOBCKMM 

nonepe4HblM pacnpeAeneHHeM. KaK r oKaJallH pac4e1bl AllR ro4e"IHOIO 

HC104HHKa, paJpew.tMOClb MelOAa cocraenReT nopRAKa 1 MKM AllR 

onpeAelleHHR nonepe4HOro pacnpeAelleHl1R 3J1eK'lpOHHOIO ny4Ka B KOllbl.le (pMC. 

4). 
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PHCYHOK 4. <Pa30BblM nopipeT cporoHHOl'O ny"I Ka Ha 3KpaHe (cneea) H 

pacnpeAellHeMe a nonepe1.1 HOM ce1.1eHMM (cnpaea) nocne ipaccHpoBKH 

cPOlOHHOl'O ny4 Ka BAOJlb onn1"1eCKOM C'JPYKTYPbl c MHXpO'lpOHHOl'O Ka Hana. 

Cl:HOBHble pe3yl1b'la1blAaHHOM rnaBbl npMBeAeHbl B 3aKl1I04eHMH: 

• Pa3pa6oraHa apxHieKTYpa cMcreMbl KOHlpOl1R AllR CANDLE. 
f naBHbllllM KpM'lepMRMH AllR pa3pa601KM RBJ1RI01CR pacnpeAeJ1eHHOC1b 

H MHoroypoeHeBaR cipyKiypa CHC'!eMbl KOH'lp011R, MOAYllbHOC'lb 

annapaTHoro H nporpaMMHoro o6ecne4eHMR. 

• 

• 

11::cneAOBaHbl ocHOBHble pem-tMbl pa601b1 ycraHOBKH CANDLE M 

pa3pa6oraHbl MelOAbl xpaHeHHR H o6pa6olKH AaHHblX, ecipoeHHbE e 

CMC'leMY KOH'lpOJlR. 

4McneHHO CMOAenHpOBaH A11alliOC1M4eCKMM KaHan CHHXPO'JPOHHOIO 

M311y4eHHR M npoBeAeHa ipaccMpOBKa cpolOHOB BAOJlb on1M4eCKOM 

C'JPYKTYPbl KaHana. floKaJaHO, "110 B o6nac1M peHlll!HOBCKMX A11HH 

BOJlH pa3 pew.tMOClb COClaBJleT nop:FIAKa 1 MKM. 

TpelbR maaa nocBRLJ.leHa Me10AaMcia6M11HJaL1HH op61o11biny1.1Ka M KOHiponR 

OCHOBHblX napaMelpOB B MClO"IHMKax CMHXPO'JPOHHOl'O M311y4eHMR. 

rnaea Ha4MHaelt:R c paccMO'lpeHHR Cl1CleMblKOH'lp011R AllR llHHaKa B 100 M3B 

MH>1eK10pa CANLE. Bam1el1ueM oco6eHHOC1blO c11creMblRB11Re1t:R BblCOKaR 

creneHb CMHXpOHH3al.IMM aMnl111TYAHO-<Pa30BblX xapaKiepMC'IMK OTAellbHblX 

y311oe AllR o6ecne4eHHR npocipaHc1BeHH0-3Hepre1M1.1ecK11x xapaKiepMC'IMK 

ye KopeHHOIO ny1.1 Ka 311eK'lpOHOB. 3ro HanaraeT >leClKMe ipe6oeaHMR Ha 

cra6MnbHOC'lb H KOH'JPOl1b 1.1ac101b1, aMnl1H1YAbl H cpaJbl eoJ6Y>t9'.laeMblX CB4 

311eKipoMalliMTHblX noneiA. 
B pa6oie npMMeHeH MelOA CB4 aHa11113a [9] ocHosaHHblH Ha 

MATLAB/SIMULINK, Ko10pb1iA noJeonReT MOAe111o1poealb M aHallM3Hpoea1b 

Ka"leClBO pery11HpoeaHMR 311eK'lpH4eCKHX noneH B pe30Ha10pax AJlll Bbt6paHHOH 

K0Hc:P11rypa1.111H nMHeiAHoro ycKopHiensi. Pe3y11bralb1 MOAe1111poaaH11R c11cieMbl 

HacipoMKH npocipaHclBeHHo-<Pa30BblX xapaKiep11c1MK CB4 noneiA noKaJa1111, 

410 sbi6paHHaR K0Hcj:>Mrypa1.1MR llHHeMHoro ycKop11ie11R 11 CHC'leMbl CB4 

ynpae11eH11R no3eo11RT06ecne1.1Mlb ipe6yeMbie napaMeipbl311eK'lpOHHoro ny1.1Ka 
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Ha BblXOAe H3 ycKopMien.11 [4]. Bm1~blM cneAClBMeM npoBeAeHHoro 

HCCneAOBaHH.ll .llBn.llelt:.ll cra6MnbHOC1:> napaMeipoB 3neK'lpOHHOIO ny•aa, 

o6ecne'I HBaeMa.ll B aBlOHOMHOM pe~Me pa6o1bl ycKopM'len.ll Ha OCHOBe 

aHanM3a AaHHblX H o6pa1HOH CB.ll3H. 

B ipe1beH rnaae raK>te npMBep,eHbl pe3ynbra1b1 1o1cc11eAOBaHM.ll aonpocoB 

cra6MnH3al.\HH H KoppeKL\HH op6H1bl n~l'IKa B HaKOnH'len.llX 3neK'lpOHOB, H 

npMBeAeHbl pe3ynb'Ja1bl 'I McneHHOIO MOAenMpoBaHH.ll An.ll HaKOnH'leJl.ll 

CANDLE. 
Cra6MnbHOC1b op6H1bl B HaKOnMiene II OCHOBHOM 3aBHCHT OT CMeLL\eHHH 

KBap,pynonbHblX nHH3. CaMblH npoc10:i MelOA KOppeKL\HH B03MYLL\eHHOH 

ipaeKlOPHH OCHOBblBaen::.11. Ha Me10Ae rno6anbHOH KOppeKL\HH c 

HCnonb30BaHHeM AaHHblX nony'leHHblX OT p,al'I HKOB noJlO>IEHH.ll ny'I Ka, 

pa3MeLL\eHHblX no BCeMy KOnb4y, H KOp:>eK'IOPOB. ,ll,MI KOppeKL\HH 3aMKHYlOH 

op6H1bl B HaKonMienbHOM KOnb4e npHMeii.llelt:.ll mo6anbHa.ll CHC'leMa o6pa1HOH 

CB.ll3H, K010pa.ll AOBOAHTAO MHHHMyMa l)TI<nOHeHH.ll op6H1bl. /Jll.ll rno6anbHOH 

KoppeKL\HH op6H1bl BbDHpaelt:H Ha6op KOppeK'IOpOB H p,al'IHKOB nono>ieHH.ll 

ny'IKa, onpep,en.11eTI:.11 Ma'JPHL\a oTI<nHKOB, Ko10paH onMcb1aaeT H3MeHeHMe 

op61o11b1 ny'IKa npM H3MeHeHHH 10Ka a KoppeKropax, T.e. Y=Rx Jc; rp,e Jc; Y.. 
BeK10pa, 3neMeH'JaMH KOlOpblX .ll Bn.lllOlt:.ll COOlBelt:lBeHHO AaHHble nony'leHHble 

OTAal'IHKOB nono>ieHH.ll ny'IKa H 3Ha'le1-11o111 nonei:i B KoppeK10pax, R-MaipHL\a 

oTI<nMKoe. Pa3MepHOC1b aeKropa Y eclb m H paeHa 'IMcny AaNMKOB 

nono>teHHH ny'IKa, a pa3MepHOC1b BeKiopa XpaBHa 111o1cny KoppeKropoe n. 
Pa3 MepHoclb Ma'lpHL\bl R- mxn. 
QD.HaKo, npSIMOH MelOA KOppeKL\HH 0,)6Hlbl c HCnonb30BaHHeM Ma'lpHL\bl 

oTI<nMKOB He acer;qa 06ecne'IMBaercoo1Belt:1BY10LL\ee 1o1cnpaaneHMe op6Mlbl, ia.K 

KaK Ma'lpML\a OTI<nHKOB '!aero 6b1BaeTBblp0)19:1eHHOH, p,a>ie B lOMcny'lae, Kor;qa 

'I Meno Aal'I HKOB nono>ieHHSI ny'I Ka HaMH1)10 6onbu.e 'I Mena KOppeK10poB. "13-3a 

BblpO)l9:\eHHOC1M HeB03MO>ltia OAH03 Hall HaSI HHBepCHSI, n010MY '110 BC'lpe'lalO'ICll 

KOM6HHal.\HH 3Ha'leHMH CHn KOppeKlMPYIOLL\HX ManiH10B, K010Pble o6ecne'lMBalOT 

o'leHb Manoe MnH Hyneeoe oTI<noHeHH1~ B Aal'IMKax nono>ieHHSI nyYKa. 

Bpa6oie npHMeHeH Me'IOA AeKOMn03HL\MH CHHrynsipHblX 3Ha'leHHH [10]Anll 

npeLl,H3 HOH HOH KOppeKL\HH B03MYLL\eHHOH op6H1bl. B OCHOBe 310!0 Me10Aa 

ne>HMTH3Bec1HaSI H3 ieopMM Ma'lpHL\ ieopeMa: nio6a11 mxn Ma1PHL\a, rAe m<?:n, 
MO>ieT6bllb 3anMcaHa KaK npoM3Bep,eHMe mx n Ma'JPHL\bl U, nxn ,D,MaroHanbHOH 

Ma'lpHL\bl s, c nonO>lt-l'lenbHblMH HnH HyneBblMH 3neMeHlaMH 01 ( oco6bie 

3Ha'leHHSI Ma'lpHL\bl) H n x n opmroHam HOH Ma1PHL\bl I/ 

R=UxSxv', (2) 

B 310M cny'lae Ma'lpHL\a, o6pa1HaH OT M·llPHL\bl oTI<nHKOB 6yAeT 

R -1 _ r.r<'-IUT _" - _1 -T -Y_, -..L.,,V; U;, 
j <Y; 

(3) 

O!eBMAHO, 'llO KOrAa 3Ha'leHHSI a; pc.BHbl HynlO HnH O'leHb Manbl, rorp,a 

3Ha'leHHSI B R 1 HnH O'leHb 6onbll.Me M.~H cipeMSl'lt:ll K 6eCKOHe'I HOClM, T.e. 

p,a>te caMble Manbie 3Ha'leHHll H3MepeiHOH op6H1bl, Bbl3BaHHblX ll.¥MaMH B 
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Aal'IHKaX nonO>IEHHSI ny'lKa, npHBe,D,(TK He>iena'leJ1bHblMH3MeHeHMHMlOKOB B 

KoppeKmpax. 

O!eBHAHO, '110 KOfAa 3Ha'leHHSI <Ji paBHbl Hynio HnH O'leHb Manbl mrp,a 

3Ha4eHHSI B R 1MnH O'leHb 6onbll.MH HnH cipeMSl'lt:H K 6ecKoHe'lHOC1M, T.e. 

Aa>te npH caMblX ManblX 3Ha'leHIASIX o·l<nOH6HIAll op6H1b~ Bbl3BaHHblX ll.¥MaMH B 

p,aNMKaX nono>teHIASI ny'l Ka, pe3yn >'Ja1bl MOryT npHBeClM K He>tenaienbHblM 

H3MeHeHHSIM lOKOB B KOppeKmpaX. npo611eMa peuaelt:SI yp,aneHHeM H3 

Ma'lpHL\bl OlKnHKOB Bcex 3neMeH'IOB c ManblMH 3 HaeHIASIMH u i 11ocne 310!0 

MO>l4i0 npMMeHMlb npMeMneMble 3 ia'leHHSI lOKOB p,nH KOppeKlMPOBKIA 

ipaeK10pHH H 3cj:lcj:leK1MBHO oitf>MnbrpOBalb ll.¥Mbl B AaNMKaX nono>teHHSI 

ny'lKa. 3roTM610A no3aon11eTyAep>1<Ualb OTI<nOHeHHSI 3aMKHYlOH op6HlblB 

npeAenax MeHbue 'leM 10 MKM. 

B p,1o1ccepraL\HH npMBeAeHbl pe3ynbra1b1 pa3pa6oraHHoro rpacj:IM4eCKOro 

MHiepcpei:ica a cpep,e MATLABc 1o1cn:>nb3oBaHMeMA::celeratorToolbox Anll 

MOAenMpoBaHIASI KOH'lpOn.ll o6pa1HOH :Bll3H An.ll KoppeK1MPOBaHHH 3aMKHYlOH 

op6M1bl. VIHiepcj:leHc no3eom1eTebi6~·alb KoppeKropbl M AaNHKH nono>teHMSI 

ny'lKa, npOH3BOAHT HHBepCHIO MaTpAL\bl OlKnHKOB c npMMeHeHHeM Memp,a 

p,eKoMn03ML\HH CHHrynllpHblX 3Ha'leHHH. rlporpaMMa no3BOnHeTHCcneAOBalb 

Ma'lpHL\Y OlKnHKOB An SI Bbil5paHHOIO Ha6opa KoppeKropoe H Aa1'1 HKOB 

nono>ieHH.ll ny'lKa, CHHrynsipHble 3Ha'leHHSI 310H Ma'lpHL\~ HHBepcHylO Ma'lpHL\Y 

H ipaeK10pHIO ny'l Ka. 
MelOAHKa AeKOMn03HL\HH CHHrynsipHblX 3Ha'leHHH Ma'lpHL\bl OlKnHKa 6b111a 

npHMeHeHa p,n.ll pa3 pa6o1KH npeL\H3 ~OH HOH KOppeKL\HH op6H1bl B HaKOnHiene 

3neKipOHOB CANDLE. Ha pMc. 5 npMeep,eHa cxeMa OAHOH Sl'leHKM 

nepMOAH'lHOC1M Man-tH'IHOH CH'leMbl HaKonMiensi CANDLE c BcipoeHHblMH 

Aal'I HKaMH nono>teHHSI ny11 Ka. 

BPM 4 BPM 3 BPM 2 

BPM 5 ~ f,-- hr- BPM 1 
. ,-- SD SF QFC SF SD . ·-·--1 

1aF~ 0 B 8~ao QF I 6. --9-- /B§tP --9~ -S \ 
___ -G-gt I I g-e.-

x-. ,, v~. ,/ x~,. 21 x~,. 'I 
Y-cor. 3 Y-co~ 

P1o1cyHOK 5. nepMOA ManiH'IHOH CMC'le lllbl CANDLE co ecipoeHHblMH Aal'I HKaMM 

nono>teHHSI ny4 Ka. 

npH npoBeAeHHH 'lHCneHHOIO MOAenHpOBaHH.ll npeAnOnaranOCb, 'llO 

KBaApynonbHble nHH3blKOJ1bL\a HMelOTClalHClH'leCKH He3aBHCHMble O'IKJlOHeHM.ll 

OT OCH ycKOpH'leJlll co cpeAH6KBa,t,pallA'IHblM 3Ha'leHHeM B 100MKM. /]/l.ll 

KOppeKL\HH op6Hlbl 3a o6opoT HCnonb30BaJ1HCb AaHHble B03MyW,eHHOH 

ipaeKlOpHH B 80 Aa1'1 HK ax nono>ieHH ~ ny'l Ka, a KOppeKL\HSI OCYLL\6C1Bn11nacb 

48 ropH30HlaJ1bHblMH H 48 BepTHMaJlbHblMH KoppeKmpaMH. Ha PHC. 6 
npHBeAeHbl Ma'JPHL\a OlKJlHKa ( cneaa) H o6pa1Hall Maip1o11.1a 011<J1HKOB (cnpaaa). 
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floc11e aHal1M3a CMHryllSlpHblX 3Ha4eHMH o6pa1HOM MalpML!bl (pMc.7), 
onpeAellSllO'TCSI CM/lbl KoppeKropos AllSI BblpaBHMBaHMSI op6Mlbl ny4Ka. 

RttJMHl ... Matmt ln'Nfl1R1sponstMatnll 

0.5 0.5 

. 05 

BPM~ Hor .&Vtr.C011Magn111 CorrettorMagntls BPMNumblr 

P111cyHoK 6. Maip1111.1a 01Kl1MKOB (c11esa) M 06pa1HaS1 Maip1111.1a (cnpasa) 
onpeAelleHHa.R A11SI HaKon111re11bHOro KO/llla CANDLE. 

0.025 f 

0.02 ~\ 
:1 

ii \I :g 0.015 t\ 
i l) 
·= 0.01; l en ; 

Singular Values 

! \ 
0.005r ~ 

0 L-.$....·-~=-~~.::.·.:::t---·L.::::.~·:.::.f.";..--..... M~•~~ 
o 20 4U eo so 100 

0.02 ['" -......,.--. -·~:-::-HO,izoo~-

f ,~ M ··---Vertical A 

o.01(~ r I )1 \ l\ ('\ 
r ; I ' ' I \ i L \ '\r \._, ~V ... ,,, "f,., ,.)t-., orvrv p \/\\/ f· \,\v t \/\ J y \.f 
r\r \( \/ \i 

~.011. v ~! \~ \1 
-O.ll2 !3 61 118 175 231 283 341 

BPMNumber 

P111cyHoK 7. C111Hry11sipHbie 3Ha4eHMSI MaipML!bl 01Kl1MKOB (c11esa) M 
CKOppeKTHposaHHaSI ipaeKlOpHSI ny4Ka B sepTHKallbHOH H ropM30H1a/1bHOH 
n11ocKoc-mx (cnpasa). 

B 38Klll04eHMM K ipelbeH mase nOAbno>teHbl OCHOBHble pe3Yllb1albl masbr. 
• Pa3pa6oiaHa c111creMa CB4 KOHipo11si All.R llMHeMHoro ycKop111re11si 

MH>teKropa MCT04 HM Ka c MHxpoipoHHoro M311y4eHHSI CANDLE. 

• l;tccneAOBaH MelOA CMHryllSIPHOM AeKoMn03MLll-IH MalpML!bl01KJ1MKa AJlSI 
. KoppeKL1MM'op6MlblB HaKonMlellSIX 3/leKipOHOB H noAroiosneH naKeT 
nporpaMM. 
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• npoBeAeHa KoppeKL!IHI B03MYU\eHHOH op6MlblnY4Ka Ha yposHe 10 
MKM a HaKon111re11e 311eKipOHOB CANDLE All.R c11y4aMHblX 
C'laTHCTH4eCKM He3aBMCHMblX 011</lOHeHMM KBaApyno/lbHblX 11MH3 B 

KOil bl.ie. 

B 3aKJll04eHMH K AMCCeplal\MM npMBeAeHbl OCHOBHble BblBOAbC 
1. 1'1cc11eAOB8HO cpeAHeKB8AP8TH4 Hoe AMC nepcMOHHOe y Be/1M4 eHMe 

3MMTiaHCa ny4Ka npH KoppeKL1MM 1.1eHipallbHOM ipaeKropMH B 
JlMHeMHblX ycKopM1e/1SIX 3/leKlpOHOB. flo11y4eHO aHal1MTH4eCKOe 
Bblpa>teHHe AllSI KoppenHpoaaHHOl'O "' HeKoppe11HposaHHOIO 
yae/1M4eHHSI 3MMlflaHCa ny4Ka. l)>oaeAeHO 4MCJ1eHHoe IW:>AellHPOBaHMe 
A/1$1 npoeKia TEcnA-JlC3"' eaponeMCKOl'O npoeKra cno • 

2. npeAJlO>teHa MHOIOC1}'neH4a'laSI KOppeKL\Hff ipaeKlOpHH Allff 
noAaB/leHHll HaKon11eHM$1 ow-i6oK npH MHHHMH3al\MH pa3HOC1HOM 

ipaeKropMM. 

3. Pa3pa6oraHa apXH'leKl}'pa "' QJYHKLIHOHa/lbHaff cxeMa CMC'leMbl 
AHalliOCTHKH, KOHlp0/111 "' o6pa1HOM CB$13M Alli! MC104HHKa 
CHHxpoipoHHoro H311y4eHHR CANDLE. CM0Ae111o1posaHa cHcieMa 
CHHXpOHH3al.IMH aMnl1Hl}'AHO-<fla30BblX xapaKrepMCTHK CB4 CHCleMbl 
JlMHeMHOIO ycKopM1e/1SI npH pa311H4HblX pe>tt!Ma.X pa601blYCKOpM1e/1$1. 

4. 1'1cc11eAOBaHa "'CMOAe/lMposaHa CHC'leMa KoppeKL!MH "'cia6HJ1H3al\HH 
op6H1blYCKOpH1e/1ll Ha OCHOBe MeTOAa CMHry1111pHOM AeKOMn03HL\HM 
o6pa1HoM MaipML!bl oTI<nMKa ny4Ka. Pe3y11bialb1 npMMeHeHbl Allff 
KOppeKL!HH op6MlblB HaKonHielle 3/leKlpOHOB npoeKla CHHX01JlOHHOl'O 

HC104HHKa CANDLE. 
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