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nony'leHHe HHTeHCHBHbiX ny'IKOB TH>KenbiX '18CTHU HBnHeTCSI B8>KHbiM 

9T8ITOM HCITOnb30B8HHSI CHHXp0~830TpOH8 anH HCCneaOB8HHft B o6naCTH pe

nHTHBHCTCKOft saepHOA ~H3HKHo npeano>KeHHbiA aByX9T8flHbiA pe>KHM ycKope-
/1/ 

HHH aeATpoHOB H apyrHX 6onee TH>KenbiX saep H8 CHHXp0~830TpoHe OH.SJH 

npea'bHBnHeT onpeaeneHHbie Tpe6oaaHHH K xapaKTepHCTHK8M MarHHTHoro nons 

H BbiCOKO'I8CTOTHoro ycKopsiOmero Hanps>KeHHH npH nepexoae c oaHoro aTana 

ycKopeHHH aa apyroA. 

B pa6oTe noKaaaaa B03MO>KHOCTb ocymecTaneHHH-100-npoueHTHoro aa

XBaTa ny'IK8 BO BTOpOft 9Tan ycKopeHHSI H npHBOaHTCH 9KCnepHMeHT8nbHble 

peaynbT8Tbl BnHSIHHH H8 HHTeHCHBHOCTb ny'IK8 8MnnHTyabi ycKOpHIOlliero H8-

npH>KeHHSI H nynbC8UHA B M8rHHTHOM none. 

1. 0 nporp8MMHpOB8HHH 8MnnHTyabi yCKOpHIOlliero H8nps>KeHHSI 

Ha nepeoM aTane ycKopeHHH 

npH aByX9T8nHOM pe>KHM9 yCKOpeHHSI Tpe6yeTCH 6onee WHpOKHfi aHa

n830H perynHpOB8HHH 8MnnHTYAbl yCKOpHIOlliero H8npH>K9HHSI 1 '19M npH ycKope

HHH npoTOHOB B o6bi'IHOM pe>KHMe. HaeecTao, 'ITO a¢ peKTHBHOCTb ycKopHIO

mero aneKTpoaa, npH nponeTe 'lepea aaaophl KOToporo 'laCTHua npHo6peTaeT 

aHeprHI0
1 

onpeaenseMyiO p83HOCTb!O M9>KAY MrHOB9HHbiMH 3H8'19HHHMH H8npH

>K9HHOCTH aneKTpH'19CKOrO nons B MOMeHTbl nponeTa '18CTHUbl BXOAHOrO H 

BblXOAHOrO 3830pOB, 38BHCHT OT AnHHbl aneKTpOA8 H Kp8THOCTH ycKopeHHs( 2/ • 

npH nepexoae C nepBOrO 9T8n8 yCKOpeHHH H8 BTOpoft (co BTOpoft Kp8THOCTH 

aa nepByiO) aMnnHTyAa ycKopsiOmero Hanps>KeHHH " V 0 " AOn>KH8 6biTb 

3 



yBenH'I9H8 He MeHee, '19M B - 1,5 p838o 0.r:tH8K0 1 K8K 6y.r:teT BH.r:tHO HH)K9 1 

AnSI OCyllleCTBneHHSI- 1 00-rrpoueHTHOI'O 38XB8T8 IIY'iK8 BO BTOpOH 9T8Il yCKOpeHHSI 

Tpe6yeTCSI H3MeHS!Tb • Yo " B eme 6onblliHX rrpeuenax. 

AMrrnHTy.r:ta ycKopR!Oillero HarrpH)KeHHH, orrpeuenHH paaMepbr o6naCTH yc

TOH'IHBOCTH H '18CTOTY CHHXpOTpOHHb!X Kone6aHHH /3/, Herrocpe.r:tCTB9HHO BnH-

5!9T K8K Ha 9¢$eKTHBHOCTb 38XB8T8 1 T8K H H8 T9MII IIOTepb HHT9HCHBHOCTHo 

HacTpoiiKa ycKopH!Oilleii CHCTeMbi Ha Ha<~anbHbiX qacTOTax rrepBoro (- 200 Kru) 

H BTOporo ( - 700 Kru) 9T8IIOB ( rrepecypoii:Ka ycKOp5!10Ill9H CHCT9Mbl CO BTO

poii Kp8THOCTH H8 rrepByJO IIpOH3BOJlHTC5! IIpH BbiKn!O'i9HHOM yCKOp5!10Ill9M H8-

IIpSI)K9HHH 
1 1•41 ) corrpoBO)KJlaeTCH HeKoTopbiM aaTHI'HBBHHeM rrepeAHero cjlpoHTa 

ycTaHoBneHHH " Y0 " Ha rrepBOM aTarre ycKopeHHH x/. 

0ony'leHH8SI IIO A8HHb!M H3MepeHHH 38BHCHMOCTb HHT9HCHBHOCTH A9HT-

pOHHOI'O IIy'IK8 " J ", HOpMHpOB8HHOH IIO HHT9HCHBHOCTH IIpH H8Ilp5!)!{9H-

HOCTH M8I'HHTHOI'O IIOnH 170 9 1 KOI'A8 38K8H'IHB89TC5! rrpouecc 6aH'19pOBKH 

IIy'IK81 B $yHKUHH H8IIpS!)K9HHOCTH M8I'HHTHOI'O IIOn5! .r:tnH pa3nH'iHbiX cnyqaeB 

H3M9H9HH5! 8MIInHTy.r:tbi yCKOpSI!Oill9I'O H8Ilp5!)!{9HH5! rrpe.r:tCT8BneHa KpHBb!MH 

puc. 1. Opu Vor = 7 KB Ha $a30Bbrii H pauHanbHbrii paaMepbr o6nacTH yc

TOH'IHBOCTH Cylll9CTB9HHOe BnHHHHe OK83b!B89T B03p8CT810Ill85! CKOpOCTb H3-

M9H9HH5! MarHHTHoro rronH ( KpHBaH " H "). 3To rrpHBOllHT K coKpameHHJO 

p83MepOB o6naCTH yCTOH'iHBOCTH1 'iTO 5!Bn5!9TC5! IIpH'iHHOH yBenH'I9HH5! IIOT9pb 

HHTeHCHBHOCTH (KpHB85! J I ). nnH xapaKTepa H3M9H9HH5! " Yo, " 6onb

U!Hlt T9MII IIOTepb HHT9HCHBHOCTH IIy'IK8 H8 H8'18nbHOM Y'I8CTKe (KpHBasf' J,") 

06'b5!CHst9TCSI T9M 1 'ITO p8JlHanbHbllt paaMep o6naCTH ycTOit'IHBOCTH !Ip9Bb!Ul89T 

IllHpHHY pa6oqeii o6naCTH ycKOpHTenH. HaHM9HblliHM IIOTepHM HHT9HCHBHOCTH 

( KpHB85! " J II ") COOTB9TCTByeT X8p8KT9p H3M9H9HH5! 8MIInHTYJlbl ycKOp5!10-

Ill9I'O H8IIp5!)!{9HH5! " Y 011 "o nnH Cp8BH9HH5! H8 9TOM )1{9 pHCyHKe IIOK838H 

x/ 
TaK K8K B Cylll9CTBy!Oill9lt yCKOp5!10lU9H CHCTeMe $pOHT yCT8HOBn9HH5! 

" Yo " rrpaKTH'IecKH HeyrrpaBnReM, TO crreuuanbHbre HccneuoBaHHs:r BnHs:rHHs:r 

$pOHT8 " YO " H8 38XB8T H IIOTepH He IIpOBOUHnHCbo 

4 
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HQ'IQnO W:KOPeHUfl 

Pee. 1. XapaKTep H3MeHeHHSI HHTeHCHBHOCTH AeltTI 

AnSI pa3nH'iHbiX cnyqaeB H3MeHeHHSI 8MIInHTYAhl yc! 

( Vo 1 - Y011~ e npoToaaoro II)"IKa ., J ;· B $yHKUBB 

HOr'O liOnS! "H "• KpHB8SI "H " - CKOpOCTb HapaCTaH 
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MeHee, '19M B - 1,5 p838o 0!1H8K0 0 K8K oy!leT BH!!HO HH)I(9 0 

9HH.II -100-npoueHTHOI'O 38XB8T8 ny'IK8 BO BTOpOH STan YCKOpeHH.II 

H.I!Tb • V o 
11 

B erue 6onbli!HX npeaenax. 

'!18 ycKop.IIJOIUero H8np.lllKeHIHI, onpeaen.11.11 pa3Mepbi o6n8CTH yc

'18CToTy CHHXpOTpOHHhiX KoneoaHHH /3/, Henocpe.QCTB9HHO BnH

~eKTHBHOCTh 38XB8Ta, TaK H H8 TeMn noTepb HHT9HCHBHOCTH. 

op.1110IUeA CHCTeMbi H8 H8'18nbHhiX '18CTOTax nepsoro (- 200 Kru) 

700 Kru) 8T8nOB ( nepecTpOAKa ycKOp.II!OIU8H CHCT8Mbl CO BTO

H8 nepByJO npOH3BO.QHTCSI npH BbiKnJO'I8HHOM yCKOpSI!OIU9M H8-

conpoBOlK.[I89TCSI H9KOTOpbiM 38TSII'HB8HH9M nepe.QH9I'O ~pOHTa 

V 0 " H8 nepsoM sTane ycKopeHHSI x/. 

8.11 no !18HHbiM H3MepeHHM 38BHCHMOCTb HHT8HCHBHOCTH !18HT-

11 J 11

0 HOpMHpOB8HHOM no HHT8HCHBHOCTH npH H8np.11)1(8H-

170 a, KOI'!18 38K8H'IHB8eTc.ll npouecc 08H'IepoBKH 

UHH H8npSI)I(9HHOCTH M8I'HHTHOI'O nonSI !lnSI p83nH'IHbiX cny'I88B 

nnHTY!lbi ycKOp.II!OIUero H8np.H)I(9HH.II npe!tCT8BneH8 KpHBb!MH 

Vol = 7 KB H8 ~830Bh!H H p8!1H8nhHbifi p83M9pbl oon8CTH yc-

IU8CTB9HHOe BnH.IIHHe OK83biB89T B03p8CT8101U8.11 CKOpOCTb H3-

HTaoro non.11 (KpHB8.11 11 H 11
). 3TO npHBO.QHT K COKp8IU9HHIO 

CTH yCTOM'IHBOCTH, 'ITO .11Bn.II9TC.II npH'IHHOfi yBenH'I9HH.II noTepb 

( KpHB8.11 J 1 ) • lln.11 X8p8KTep8 H3MeaeHH.II " Vo 111 
11 6onb-

HHTeHcHBHOCTH ny'IK8 H8 H8'18nbHOM Y'I8CTKe (KpHB8SI" J111") 

M, 'ITO p8!1H8nbHblH paaMep oonaCTH yCTOfi'IHBOCTH npeBb!lli88T 

fi o6n8CTH ycKopHTen.ll. H8HMeHbiUHM noTep.IIM HHTeHCHBHOCTH 
11

) cooTBeTCTByeT X8p8KTep H3MeHeHH.II 8MnnHTY!lhi yckop.IIJO-

HH.II II v 011 II. nn.ll Cp8BH8HH.II H8 8TOM )1(9 pHcyHKe nOK838H 

8K B CyiUeCTBYIOIU8M yCKOp.II!OtUefi CHCT8Me ~pOHT yCT8HOBn8HH.II 

H'leCKH aeynp8Bn.HeM, To cneuH8nhHbie HccneaoB8HH.II BnHSIHH.II 
11 

H8 38XB8T H nOTepH He npOBO!!HnHCbo 

4 

:tl~J. V,c~eaJ Hl"J;J 

PHc. I. Xapaxrep H3MeHeHH.II HHTeHCHBHOCTH .tteArpoaaoro ny'IKa ( Jl + J 111 

.11n.11 pa3nH'IHblX cny'laea H3M9H9HH.II SMIInHTYllbl ycKOp.IIIOIU91"0 H8ITpHlK9'lH.II 

( Vo, - V011l H npoToHaoro nyqxa "J ;' a cjJyaxuaa aanpHlKeHHOCTH MSI"HHT

aoro II On .II "H , • KpHB8.11 "H , - CKOpOCTb aapaCT8HHH MSI"HHTHOI"O nonH. 
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xapaKTep ITOTepb HHTeHCHBHOCTH rrpOTOHHOrO rryqKa Jp ", HM810lllH'It 

MeCTO B OITTHManbHOM pe~HMe ycKopeHHH ITpH TaKOM ~e B8KyyMe B KaMepe 

ycKOpHTenn. 

2. BnHHHHe rrynccauHt!: B MarHHTHOM rrone Ha rroTepH 

HHT8HCHBHOCTH 

3HeprHH, rrpH06peTaeMaH p8BHOB8CHOi!: qaCTHU9H Sa oaHH o6opoT, OIT

peaenneTCH COOTHOlli9HH9M /3/ 

( 211 ~ + L ) e R 0 
e V0 Cos ¢ 0 = H, (1) 

c 

rae: e V O - MaKCHM8nbH8H 8HeprHH, KOTOpyiO MO~eT ITpH06peCTH qaCTHU8 

sa oaHH o6opoT; ¢ 0 - paBHOBecuan cjJasa ( cjJasa ycKopniOmero rronn, rrpH 

KoTopofi paBHoBecHan qacTHua rrponeTaeT ycKopHJOlliHt!: rrpoMe~yToK); Ro -

paaHyc ueHTpanbHO'A op6HThi ycKopHTenn; L - cyMMapuan anHHa rrpnMonH-

ue'ltHbiX rrpOMe~yTKOB; C - CKOpOCTb CBeTa; e -sapna qacTHUhi; ,:, 
CKOpOCTb HapaCT8HHH MarHHTHOrO rronn. 

l1s Bbipa~eHHH ( 1) cneayeT, qTo IT pH ITOCTOHHHOi!: 8MITnHTyae ycKOpHJO

mero HaiTpH~9HHH rrynbC8UHH B MarHHTHOM rrone ITpHBOaHT K KOne6aHHHM paB

HOB9CHOi!: cjJaSbi, BCneaCTBHe qero MOryT rrpOHCXOaHTb pacKaqKa CHHXpOTpOH

HbiX Kone6aHHt!: H rroTepH HHTeHcHBHOCTH. EcTecTBeHHO, qTo c yaenHqeHHeM 

rrynbCaUHH ITOTepH HHT8HCHBHOCTH aon~Hbl BOSpacTaTb. B CBHSH C 8THM 

rrpeaCTaBnHeT HHTepec BbiHCH8HHe BnHHHHH acjJcjJeKT8 rroaaBneHHH rrynbC8UHM 

Ha ITOTepH qacTHU rrpH ycKopeHHH. C 8TOH uenbJO 6binH rrpoBeaeHbl HSMepe

HHH Koa¢cjJHuHeHTa rroTepb " K rrl " Ha yqacTKe ( 170-1000) apcTea ( Ha 

yqaCTKe HaH6onbWHX ITOTepb HHT9HCHBHOCTH) B aByX pe~HMaX: 1 - ycKope

HHH C BKnJOq9HHO'Ii CHCT9MOH, KOMITeHCHpyiOWeM aeiiCTBH9 rrynbC8UHM H8 paB

HOB9CHyiO cjJasy ycKopniOmero Harrpn~eHHn; II - o6biqHoro ycKopeHHH, Koraa 

aTa CHCTeMa BbiKniOqeHa. XapaKTep HSMeHeHHH " V O 11 COOTB9TCTByeT OIT-

THManbHOMY cnyqa10 " V 0 11 " pHc. 1. 

llynbC8UHH B MarHHTHOM rrone yBenHqHBanHCb rryTeM HSM9H9HHH yrnOB 

perynHpOB8HHH BeHTHnbHOrO rrpeo6paSoBaTeng CHCT9Mhl ITHTaHHH MarHHTa. 

Yrnhi perynHpoaaHHH HSMeannHch TaKHM o6pasoM, qTo6bi HMenacb aosMo~

HOCTb yaenHqeHHH rrynbCaUH'It B 2 H 3 pasa ITO CpaBHeHHIO C 06biqHbiMH, 

ITpHHHM88MblMH sa 1. 

6 

~i 

• 

llo aaHHbiM HSMep9HHfi Ha pHC. 2 ITpeacTaBneHa 

uHeHTa rroTepb " K rr " B cpyHKUHH aenHqHHbi rrynbc 

yKasaHHbiX pe)KHMOB ycKopeHHSI. B HHTepaane " £ 

8KCTp8ITOnHpOBaHblo llpH 8KCTparronSIUHH yqHTbiB8nHC 

Bo-rrepBbiX, Ka~aaSI KpHBaH B6nHSH f = 0 aon~Ha HI\ 

H, BO-BTOpbiX, pasHHU8 Me~ay yKaS8HHbiMH pe~HMa 

crna~HBaTbCH ( KpHBbie aon~Hhi cxoaHTbCSI). Hs pH< 

aaaneHHe rrynccauHt!:, uarrpHMep, B 10 pas, rrpaKTHqecH 

~HMe ycKopeHHH rrpH KOMITeHC8UHH paCKaqKH paBHOB8CHC 

nHqHTb HHT9HCHBHOCTb rryqKa BCero nHllib H8 - 20% IT1 

HH9M B 06bJqHOM pe~HMe. 

3. Pe~HM saxaaTa rryqKa BO BTopot!: aTarr 

3axaaT rryqKa ao BTopot!: aTarr ycKopeHHSI rrpo1 

KOnhU9BOrO cryCTK8 ITpH ITOBTOpHOM BKnJOqeHHH yCK 

B pe~HM9 ITOCTOSIHHOrO BO BpeMeHH MarHHTHOrO IT 

llpH ycKopeHHH B ITOCTOSIHHOM MarHHTHOM rrom 

rrpno6peT89M8.1I paBHOB9CHOl!: qaCTHuel!: 38 oaHH o6opoT 

BHCHMO OT aMITnHTyahi yCKOpSIIOWero H8ITpSI~9HHSI, paB 

llHH8MHK8 aBH~eHHSI qaCTHU B cjJaSOBOl!: ITnOCKOCTH (B 

OITHCbiBaeTCSI rrepBbiM HHTerpanOM cjJasOBOrO ypaBHeHII 

181 
qaSI, HMeeT BHa : 

Q 

wov 

¢ 
eV0 KF 

11E 

v Sin ¢ - Sin ¢ + 
uaq. 

rae: . w
0 

- qacToTa ycKopSIIOTuero uarrpn~eHHSI; E 

THUbi; K=J+_n ___ l_; F= 
1-n 132 (l11R0 +I 

rroKasaTenh crraaa MarHHTHoro rronSI; {3 OTHOWE 

K CKOpOCTH CBeTa; cP - cjJasa yCKOpSIIOUlero ITOnSI; 

ueHHSI cjJashi; ¢ uaq. Q Haq. - HaqanbHbie suaqeHHSI 

HHe qacTHU Mo~eT 6biTh rrpeacTaaneHo H B paaHani: 

T8K K8K /31: 

7 



epb HHT8HCHBHOCTH npOTOHHOrO nyqK8 Jp " 0 HM8JOIIU!:f!: 

8nbHOM pe)I{I1Me yCKOp8HI151 np11 T8KOM )1{8 B8KyyMe B K8Mepe 

nynbC8UHH B MarHI1THOM none Ha noTepH 

11HT8HCI1BHOCTH 

np11oopeT8eMa51 p8BHoBecaoil q8cTI1ueti 38 oa11H o6opoT, on

OTHomeal1eM 
131 

( 217 R0 + L ) e R 0 
¢o = H, (1) 

c 

M8KCI1M8nbH8H 3Hepr1151 0 KOTOpyJO MO)I{eT npHo6peCTH q8CTHU8 

¢ 0 - p8BHOBeCH8H ¢838 ( ¢838 ycKopHJOUlero nonH, npH 

BeCH8H qacTI1U8 nponeT8eT ycKopHJOlll11ti: npoMe)l{yToK); R 0 -

nbHoti opo11Thi ycKopHTenH; L CyMM8pH8H anHH8 npHMOnH-

c - cKopocTb cBeT8; e -38pHa q8cTHUhi; H 
CT8HHH M8rHI1THOrO nonH. 

ea1151 (1) cneayeT, qTo npH noCT051HHOH 8Mnni1Tyne yCKOpHJ0-

1151 nynbC8UI1H B M8rHHTHOM none npHBOaHT K KOne08H1151M paB-

1 BcnencTBI1e qero MoryT npo11cxoaHTb p8CKaqK8 CHHxpoTpoH-

11 noTep11 11HTeHcHBHOCTI1. EcTeCTBeaao, qTo c yaenHqeal1eM 

epH HHTeHC11BHOCTH aon)I{Hbi B03p8CTaTb. B CBH311 c 8THM 

BbiHCHeHI1e BnH51HI1H a¢¢eKT8 non8BneHHH rrynbC8UHH 

ycKopeHI111. C aToti uenbJO 6binH npoBeaeHbi 113Mepe-

HTa noTepb " K n " H8 yq8CTKe ( 170-1000) apcTen ( aa 

nblliHX nOTepb HHT8HCHBHOCTH) B nByX p8)1{11M8X: 1 - yCKOpe

HOH CI1CTeMoti, KOMneHCHPYJOUlefi nefiCTBHe nynbC8U11H H8 p8B-

yCKOpHJOUlero H8npH)I{eHHH; II - OObiqaoro ycKopeHI151 1 Korna 

.JKnJOqea8. X8p8KTep H3MeaeHHH " V 0 
11 cooTBeTCTByeT on-

yq8JO 
11 V 0 11 " pHc. 1. 

H B M8rHHTHOM none yBenl1qHB8nHCb nyTeM 113MeHeHHH yrnOB 

BeHTHnbHOrO npeo6p830B8TenH CHCTeMbl nHTBHHH M8rHHTa. 

B8HI1H H3MeHHn11Cb T8KHM 00p830M, qTOObl 11Men8Cb B03M0)1{

HHH nynbCBUHH B 2 H 3 pa3a no Cp8BH8HHJO C OObJqHbiMH
0 

38 1. 

6 

• 

;if 
:·r~: , 
:';~ .. 

ITo A8HHbiM 113Mepea11ti H8 p11c. 2 npeacT8BneH8 38BI1C11MOCTb Koa¢¢11-

UHeHT8 noTepb , K n II B ¢YHKUI111 Benl1q11Hbl nynbcauHl!: II e II nng nayx 

yKB38HHbiX pe)I{HMOB ycKopeHHH. B HHTepBane , e II OT 0 no 1 KpHBbie 

3KCTp8nOnHpOB8Hble ITpH 3KCTp8nOnHUHH yqHTb!BanHCb nBa OOCTOHTenbCTB8: 

Bo-nepBb!X 0 K8)1{n8H KpHB8H B6nH3H f = 0 non)I{H8 HMeTb HeKOTOpoe nn8T0 1 

H, BO-BTOpbiX, p83HHU8 Me)l{ny YK838HHbiMH pe)I{HMBMH yCKOp8HH51 non)I{H8 

crn8)1{HB8TbCH ( KpHBbie non)I{Hbi cxonHTbCH). l13 pH c. 2 cnenyeT, qTo no

naBneaHe nynhC8UHH 0 H8npHMep, B 10 p83 0 np8KTHqecKH He CK8)1{eTCH H8 pe

)I{HMe YCKOpeHH51 rrpH KOMITeHC8UHH p8CK8qKH p8BHOBeCHOH <fJ83bi 1 H ll03BOnHT yae

nHqHTb HHTeHCHBHOCTb nyqK8 BCero nHllib H8 - 20% ITO CpBBHeHHIO C ycKope

HHeM B oobJqHoM pe)I{HMe. 

3. Pe)I{HM 38XB8T8 nyqK8 BO BTopol!: 3T8n ycKopeHHH 

3axB8T nyqKa Bo BTopoti aTan ycKopeHHH npoHcxonHT H3 cnnomaoro 

KOnbueBoro cryCTK8 npH nOBTOpHOM BKnJOqeHHH yCKOp51JOUlero HanpH)I{8HH51 

B pe)I{HMe nocT051HHoro BO BpeMeHH MarHHTHoro nong ("cTona,) 
15- 71 • 

ITpH ycKopeHHH B nocT051HHoM MaraHTHoM none ( if = 0) aaeprHR, 

npHoopeT8eMaH p8BHOBecaoti q8cTHuel!: 38 onHH o6opoT, p8BH8 ayn10, H, ae38-

BHCHMO OT 8MnnHTynbi yCKOp51JOUlero H8np51)1{eHH510 p8BHOBeCH8H <fJ838 ¢o =17/2 • 

llHH8MHK8 nBH)I{eHH51 qaCTHU B <fJ830BOH ITnOCKOCTH ( B KOopnHH8T8X cp 0 fp ) 
onHCbiB8eTC51 nepBbiM HHTerp8nOM <P830Boro yp8BHeHHH H, nng n8aaoro cny-

181 
q851 1 HMeeT BHa " 

Q 

woV 

¢ 
eV0 KF 

77E 

..j Sin ¢ - Sin ¢ + Q 2 

aaq. aaq. 
( 2) 

rne: . w0 - qacToTa ycKOp51JOIUero aanpg)l{eHHR; E - nonHa51 aaeprHR qac-

THUhli K n _1_ 
= 1 + 1-n {32 F = 

noKa3aTenb cnan8 MarHHTHoro nong; {3 

L 
n 

(217R0 +LHn +f32{1-n)] 

OTHOllieHHe CKOpOCTH qaCTHUbl 

K CKOpOCTH CBeT8i cp - <fJ838 yCKOp5110Ulero nOn51j ~ - CKOpOCTb H3Me

HeHHH tP83blj cp a 8 q. Q H
8

q. - H8q8nbHbie 3HaqeHH51 cp H Q o llBH:H<e

HHe q8CTHU MO:H<eT 6b!Tb npenCT8BneHo H B panH8nbH0-¢830BOH nnOCKOCTH, 

T8K KBK /31: 

7 
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P11c. 2. 3aBHCHMOCTh KO~HuHeHTa rroTepb HHTeHCHBHOCTH * K 11 * rrpH 

JleiiTpOHOB B HHTepeane ITOJISI H = ( 170 .. 1000) 9 OT BeJIH'IHIIbl ycKopeHHH 

ITYJibCSUHil 

ycKopeaae 

!flasbij II 

p 

Ro 

f • ( f = 1 cooTBeTcTeyeT o5hi'IHbiM rrynbcauHSIM): 1 -
C BKJIJO'IeHHOil CllCTeMoil, KOMITeHCHpyJOIUeil paCKS'IKY paBHOBeCHOil 

- 05bi'IIIbiil pelKHM yCKOpeHHSI, 

__t,_ 
cuo KF(l-n){¥ 

rJle p -oTKnolleiiHe paJlHyca TpaeKTOpHH '18CTHUhi oT R 0 

( 3) 

Ypae11e11He cenapaTpHCbi B KoopJlHIIaTax ¢ , P Jlm( Jl811110ro cny'laH 

¢ 11a'l. = -17 I 2 Q 118'1. 0) HMeeT BHJl: 

_L 

Ro 
y eVo 11E KF(l-n){i2 Y J +Sin¢ 

(4) 

Ha pHc, 3'a' npeJlcTaBnella cenapaTpHca (6onee li<HpllaH nHHHH), pac

C'IHT811118H H8 OCIIOB811HH ypaBH9HHH (4) JlJIH HeKOTOpOrO '18CTHOrO CJIY'I8H, 

8 

,~·' 

.~ 
I 

I 

~ 
I 

.i 
'l 

JlliH KOTOporo M8KCHM8Jlbllb!i!: p8JlH8Jlbllbli!: p83Mep o6m 

eeH allepreTH'IeCKoil wHpHIIe ny'IKa, ycKopeiiHoro K 

EcnH npeJlnonoli<HTb, 'ITO '18CTHUbi pacnpeJlenellbi B n 

38XB8Tbl889TCH- 55% HHT9HCHBHOCTH, 

TipeJlcTaBnHeT HIITepec paccMoTpeiiHe paJlH8JibE 

T9X '18CTHU, KOT0pb!9 B CHliY CBOHX H8'18JlbHbiX yCJIOB 

Jl9ll8MH o6JI8CTH yCTOi!'IHBOCTH ( 38lliTpHXOB8IIIIb!9 061 

pHCyiiK9 IIOK838IIbl T8KJK9 p8JlH8JlbH0-$830Bbl9 TpaeKTC 

yp8BH911HSIM ( 2) H (3) JlJIH 118H6onee X8p8KTepHb!X 'll 

nepBOII8'18JlbHO H8 rpaHHUe rry'IK8 H o603H8'19HHhlX UE 

'18CTHUbl 6yJlyT COBeplii8Tb p8JlH8llbllbl9 KOll968HHSI, CME 

CTOpOHY (rrpH Q Ha'l, > 0 6yJlyT OTCT8B8Tb 110 $ 

118 pHC,3 "a"jllpHQ Ha'I.<O 6yJlyT CM9W8TbCH BJieBo, I 

MH), TIOJIOlKeHHe yK838HHbiX '18CTHU B p8JlH8JlbH0-$830B 

JlHH8T8X cp , p ) B mo6ofi MOM9HT BpeMeHH " r 

HIITerpHpyH ypaeue11He (2): 

Jcp ¢, 
r 
¢ y Sin cp - Sin ¢ 
118'1, 118'1. 

+ Q 2 
118'1. 

H Y'IHThlB8H COOTHOllleHHH (2} H (3), 

f cuo y 
0 

eVe 

17 

qepe3 T = 400 MKC9K (rrpH6JIH3HT9llbHO, 'l9p93 

Jlb!X CHHXpOTpOIIIIbiX KOne6aHHll:) o603H8'191111bl9 '18CTHU 

JlH8JlbH0-¢830BOil IIJIOCKOCTH T8K, K8K IIOK838110 118 pi 

MOM9HT BpeMeHH "CK8'1KOM" yBeJIH'IHTb 8MIIliHTYJlY yc 

(o6nacTb ycTofi'IHBOCTH JlO H3MeaeHHH • Vo • noKaa• 

a 110Cll9 H3M9H9HHH- li<HpHOH), TO B HOBYIO o6naCTb :li 

CBbilll9 50% He 38XB8'1eHHblX paaee '18CTHU, H a$$eKTHB 

TeT JlO -85%, 

He aaxaa'leHIIbie H Ha aToT paa, qacTHUbi, JlBHraHc 

$a30Bb!M TpaeKTOpHHM, pacnonaraJOWHMCH 5JIHJK9 K C· 

400 MKCeK OK8ll<yTCH B MeCTax, yK838HIIbiX 118 pHC, 3 

MeaT caoea "cKa'IKOM" yeenH'IHTb " Vo ", TO 6yJl9' 

90% '18CTHU. 
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3aBHCHMOCTb Ko~auaeaTa noTepb HHTeacasaocTH • K n ' npa 
H Jlel!TpOHOB B HHTepaane nonl! H = ( 170 of 1000) a OT BenH'IHHbl 

l! N e N ( e = 1 COOTBeTCTByeT OObi'IHblM nynbCSUHliM): I -
e C BKniO'IeHHOl! Cl!CTeMol!, KOMITeHCHpyJOIIlel! p8CK8'1Ky p8BHOBeCHOl! 

- OObi'IHbil! pelKHM ycKopeHHll. 

_1:__ 
wo KF(l-n){¥ 

noaeHHe pannyca TpaeKTOpHH 'IBCTHUbi OT R o 

( 3) 

HHe cenapaTpHCbi B KoopnnaaTax ¢ , p nnR naaaoro cny'laR 

-TT I 2 Q Ha'l. 0) HMeeT BHn: 

,; eVo --
" E K F (J _ n) f3 2 V 1 + Sin ¢ (4) 

• 3"a" npencTasneaa cenapaTpHca (6onee *HPHBSI nHHHR), pac

a OCHOB8HHH ypaBHeHHSI (4) nnR HeKOTOpOrO 'laCTHOrO cny'IBSI, 

8 

~ 
I 

) 

~ 

nnR KOTOporo MaKCHManbHbll!: panHanbHbll!: pa3Mep o6naCTH YCTOl!:'IHBOCTH pa

BeH aHepreTH'IeCKOl!: WHpHHe ny'IK8, ycKopeHHOro K KOHUy nepBoro 9Tana. 

Ecnn npennono*HTb, 'ITo 'IBCTHUhi pacnpeneneHhi B ny'I:Ke paBHOMepHo, To 

38XB8Tb!S8eTCSI- 55% HHTeHCHBHOCTH. 

OpencTaBnReT HHTepec paccMoTpeHHe panHanbHo-¢aaosoro nBH*eHHSI 

Tex '18CTHU, KOTOpbie B CHny CBOHX Ha'lanbHbiX ycnOBHl!: OKaaanHCb 38 npe

nenaMH o6nacTH ycTol!:'IHBocTH ( aawTpHxosaHHbie o6nacTH, pH c. 3" a'). Ha 

pHCYHKe nOK838Hbl TBK*e pannanbHO-¢l830Bbie TpaeKTOpHH, paCC'IHTaHHbie no 

ypaBHeHHSIM ( 2) H (3) nnR HaH6onee X8p8KT9pHblX 'laCTHU, pacnono*eHHb!X 

nepBOHB'IanbHO Ha rpaHHUe ny'I:Ka H o603Ha'leHHblX UH!flpaMH 1,2,3 ••• 9. 3TH 

'18CTHUbl 6ynyT COBeplli8Tb panHanbHbl9 Kone6aHHSI, CMeUiaSICb no lflaae B onHy 

CTOpOHy ( npH Q HB'I. > 0 6ynyT OTCT8B8Tb no lf!aae, CMeUiaSICb BnpaBO 

H8 pHC.3 
11

8
11 

j npHQ HB'I. <0 6ynyT CMelllaTbCSI Bneso, K8K noKaaaHO CTpenKa

MH) • Don0*9HHe yK838HHbiX '18CTHU B p8JlHanbHO-¢a30BOfl- nnoCKOCTH ( B KOOp-

nHH8T8X cp t p ) B mo6oi1: MOMeHT BpeMeHH " r " MO*HO onpenenHTb, 

HHTerpHpyR ypaBHeHHe (2): 

rPr 
f· 
¢ 

J¢ 

,j Sin¢ - Sin ¢ 
Ha'l. Ha'l. 

+ Q z 
Ha'l. 

H Y'IHTWB8SI COOTHOWeHHSI (2/ H (3). 

T 

f wo..; 
0 

eVo K F 

rrE 
Jt ( 5) 

qepea r = 400 MKCeK (npn6nH3HTenbHo, qepea '19TBepTb nepHona Ma

nhiX CHHXpOTpOHHblX Kone6aHHi1:) o603Ha'I9HHble '18CTHUbl pacnon0*8TCSI B pa

nnanbH0-¢830BOA nnOCKOCTH TaK, K8K nOK838HO Ha pHC. 3'6". EcnH B 9TOT 

MOMeHT BpeMeHH "CK8'1KOM" yBenH'IHTb aMnnHTyny YCKOpSIIDWero HanpS1*9HHSI 

(o6nacTb yCTOH'IHBOCTH no H3M9HeHHSI u Vo " nOK838H8 nyHKTHpHoA nHHHel!:, 

a nocne H3MeHeHHSI - *HPHOH), TO B HOBYID o6naCTb yCTOl!:'IHBOCTH nona}leT 

CBb!llle 50% He 38XB8'1eHHblX paaee '18CTHU, H alfllf!eKTHBHOCTb 38XB8T8 B03pac

TeT no -85%. 

He aaxsa'leHHbie H aa aToT paa, qacTHUhi, nBHraRcb no HOBhiM panHanbHo

<j>aaoBbiM TpaeKTopHRM, pacnonaraiDWHMCSI 6nn*e K cenapaTpHce, eme qepea 

400 MKCeK OK8*YTCSI B MeCTax, YK838HHblX Ha pH Co 3 "B" • EcnH B 9TOT MO-

MeaT caosa "cKa'IKOM" ysenH'IHTb " Vo ", TO 6yneT 38XB8'1eHO Y*e CBbiWe 

90% '18CTHU. 
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. .e..,c;J 
R. 

lj 

Puc. 3. nonoJKeHHe "18CTHU c H8"18llbHbiMH ycnoBHSIMH 1,2,3 ... 9 B P8AH8llbHo

<jla30BOll nnOCKOCTH: a) B MOMeHT BKniO"'eHHSI Yo = 10 KB; 6) "'epea 

400 MKCeK (Yo "CK8"1KOM" B03p8CTaeT AO 20 KB); B) "'epe3 800 MKCeK 

( Yo "CKS"'KOM'" B03paCTaeT AO 30 KB), 

10 

TaKHM o6pasoM, npaKTH'!eCKH 100-npone!IT!Ibiti 

aTan ycKopeHHH MOJKeT 6biTb ocymecTBne!I sa c"'eT 

HeHHSI aMnnHTY/lbl yCKOpHIOUlero HanpH)Ke!IHSI B Teqe 

nopH/lK8 ( 1 t- 1, 5) MCeK, 

PacqeTbi, BbiiiOn!IeHHbie Ha 3BM no <jlopMynaM 

H8p8CT810!Ileti aMnnHTy/lOI':i yCKOpSIIOUlero !IanpSI)KeHl1 

'!8CTHUbl H npH6nH)K81QTCSI K CenapaTpHce, B o6nacT 

)Ke He nona}l810T, 

nepHO/l Kone6a!IHH '!8CTHU no pa/lHycy (HHTep 

KOTOporo '!8CTHU8 CMeCTHTCSI ITO <jlase H8 277 ) 38B 

eKTopHH B pa/lHanbHo-<fJasoaoti nnocKoCTH, Ha puc. • 

MOCTb rrepHO/l8 8THX KOne6aHHH OT p8/lH8nbHDrO n01 

T{P ..... J 

1{pH••".Pcen.ma•) 

lj 

3 

2 

0 0.2. D.4 0.6 0.8 1.4 

PHc. 4. 3aBHCHMOCTb nepHoaa paAHanbHo-<PaaoBbiX KD< 

nonolKeHHH qacTHUbi npH ¢ Ha"'. =- 11 I 2 , HopMHpoB 

HDMY nonypaaMepy cenapaTpHCbl "p ••n max " ( 38 eA 

KOne6aHHll "18CTHUbl 0 Y KOTOpOl! p H8"1. = p ••n max 

11 



8) 

.t../01 
R. 

. .e.,ol 
R. 

lj 

lKeHne '18CTH!l C H8'18JlbHh!MH ycJIOBHSIMH 1 ,2 ,3 ••• 9 B p8}:lH8JlbHO

KOCTH: a) B MOMeHT BKnlO'!eHHSI Yo = 10 KB; 6) 'lepea 

Vo 'CK8'1KOM" B03p8CTaeT AO 20 KB); B) '!epea 800 MKCeK 
M' B03paCTaeT AO 30 KB). 

10 

TaKHM o6paaoM, npaKTH'!eCKH 100-npoueaTHhrfi aaxBaT ny'!Ka Bo BTopofi 

9Tan yCKOpeHHSI MO>KeT 6b!Tb OCyUieCTBJieH 38 C'!eT CK8'IK006pa3HOrO H3Me

HeHHSI aMnJIHTYAhl yCKOpS!!OUiero HanpSI>KeHHSI B Te'!eHHe HHTepBana BpeMeHH 

nopSIAK8 ( 1 t- 1,5) MCeK. 

PacqeThr, Bhmonaeaabre aa 3BM no cjJopMynaM (3), (4), (5) c rrnaBao 

HapaCTa!OIUefi aM!IJIHTyAOfi ycKOpS!lOIUero H8!1pSI>KeHHSI, l10K838JIH, 'ITO, XOTS! 

'IBCTHUbl H 11pH6mDK810TCS! K cerrapaTpHce, B o6naCTb ycTOll'IHBOCTH OHH BCe 

>Ke He !10118A810T. 

nepHOA KOJie6aHHfi 'IBCTHU no paAHycy (HHTepBaJI BpeMeHH, B Te'leaHe 

KOTOporo '18CTHU8 CMeCTHTCSI 110 QJ83e H8 2rr ) 38BHCHT OT nono>KeHHS! Tpa

eKTOpHH B paAnanbHo-cpaaoBofi nnocKocTn. Ha pnc. 4 rrpeAcTaBneaa aaBHCH

MOCTb nepHOA8 9THX KOJie6aHHfi OT p8AH8JlbHOrO liOJIO>KeHHS! cjJa30BOll TpaeK-

Tcp ••• .J 

1{pH••" .Pc.n.max) 

ij 

3 

2 

0 0.2. M 0.6 0.8 1.0 

~ 
~-

Pnc. 4. 3aBHCHMOCTh rrepnoaa paananbHo-<jlaaoBhiX Kone6aanl! oT paananbHoro 

nono>KeHHSI qacTHUhr npn ¢ aaq. =- rr I 2 , aopMnpoBaaaoro no MaKcnManb

HDMY llOJiypaaMepy cerrapaTpHCb! "p cen mox " ( aa eAHHHUY rrpHHSIT nepno~ 
Kone6aanl! qacTHUhi, y KOTopol! P aaq = P , ¢ aa~ = -rr/ ) • 

• cen mcrx ,.. 

11 



TopHH npH cp = -11 I 2 , HOpMHpoaaHHofi no MaKCHManbHOMy nonypaaMepy ce

napaTpHCbi " p c:en. max ". J.1a pHc. 4 cne.oyeT, 'ITO qacTHUbi aa.oep)KHBa

IOTC.s! B CBOeM pa.oHanbHo-4Ja30BOM .OBH)K9HHH B6nH3H cenapaTpHCbi (nepHO.ll 

KOne6aHHA CTpeMHTC.sl K oo ) • 

QqeBH.llH0 1 'ITO nnaBHO yaenH'IHBalOIU99CSI yCKOpS!IOIU99 HanpS!)K9HHe MO)K

HO npe.OCTaBHTb KaK COCTOSIIU99 H3 MH0)1{9CTBa ae6onbWHX •cKa'IKOB'. ITpH 

Ka)K.llOM "CKa'IKe" aaxBaTbiBaeTCSI HeKOTOpaS! nOpUHSI 'laCTHU 1 pacnonO)K9HHbiX 

B6nH3H cenapaTpHCbl 1 a H9KOTOpaS! 'laCTb 1 npH6nH3HBlliHCb K cenap8TpHC9 H 

aaMe.OnHB caoe pa.oHallbHo-<IJasoaoe .llBH)K9HHe, 6y.oeT aaxaaqeaa npH nocne

.llYJOIUeM "cKa'IKe•. 3TOT npouecc M0)1{9T nOBTOpS!TbCSI MHOI'OKpaTHO .00 nony

'19HHSI - 100-npoueHTHOI'O saxBaTa. 

TaKHM o6paaoM, - 100-npoueHTHbifi saxBaT MO)KeT 6biTb nonyqea KaK 

npH HanJtYHH 2 .. 3 "'cKa'IKOBw B aMnnHTy.oe YCKOpS!IOIU9I'O HanpH)K9HHSI, TaK 

H 1 B npe.oene, npH ee Me.On9HHOM 1 a.oHa6aTH'I9CKOM aapacTaHHH 191. 

J.1nniOCTp8UHeft HeKpHTH'IHOCTH xapaKTepa HapaCTaHHSI aMnnHTY.llbl yCKO

pS!IOIU9I'O HanpH)K9HHSI Ha pe)KHM - 100-npoueHTHOI'O aaxBaTa ny'IKa BO BTO

poA :aTan yCKOpeHH.s! M0)1{9T cny)KHTb OCUHnnorpaMMa pHC. 5. AMnmiTy.lla 

Pac. 5. OcuannorpaMMa caraanoB aMnnaTY.llbi ycKopHIOIUero aanpHlKeHHSI "Vo " 
(sepXHHll nyq) H HHTeHCHBHOCTH .oel!TpOHHOI'O ny'IK8 "J "(HHlKHHll nyq) npH 

nepexo.oe c nepsoro aTana ycKopeHHSI Ha BTOpoA. 

12 

yCKOpS!IO!IleTO HanpS!)K9HHSI " V O w (BepXHHl! 

'19HHSI aapaCTaeT CHa'lana CKa'IK006pa3HO OT 

a 38T9M no 3KCnOH9HUHanbHOMy 3aKOHy - .00 

nS!eTC.sl CHrHan, nponopUHOHanbHbllt HHT9HCHBHI 

B9HHe CHI'Hana HHT9HCHBHOCTH B HHTepBane t 1 

qepOBKOli nyqKa 1 Kor.oa OTcyTCTByeT YCKOpS!~ 

H3 OCUHnnorpaMMbi, BO BTOpOlt aTan YCKopeHJ 

p0HOB 1 yCKOp9HHbiX K KOHUY nepaoro aTana. 

aaXB8T8 npOHCXO.llS!T B nepeXO.llHOM pe)KHMe 

aoro B pacTymee. 

4. BnHSIHHe nynbcauHlt B MarHHTHc 

38XBaTa ny'IKa BO BTOpofi 3Ta 

ITpH paccMoTpeHHH pe)KHMa aaxaaTa ny• 

npe.ononaranocb, 'ITO MarHHTHoe none aa "eTa 

nom! IIpHBO.llHT K COKpameHHIO 83HMYT8nbHbiX p, 

H pacnono)KeHHbie sa ee npe.oenaMH qacTHUbi ; 

K8K B CB09M pa.OHanbHQ- 4la30BOM .OBH)K9HHH 0 

CSI oT cenapaTpHCbi. HanH'IHe 6biCTpbiX nynbc 

cpe.oHeM 3Ha'leHHH) npHBO.llHT no TOli )1{9 npH'II 

KOne6aHHfi H BbiXO.llY H3 CHHXpOHH3Ma paHee 31 

C. aToll: uenblO 6b!IIH npoae.oeHbi H3MepeE 

BTOpOlf aTan YCKOpeHHSI B 3aBHCHMOCTH OT Ben 

none aa "cTone". YaenH'IeHHe nynbcauHll: .ooc1 

LC -<IJHnbTpa B CHCTeMe no.oaaneHHSI nynbcai 

H3M9HSinHCb OT 06b!'IHOI'O 3Ha'leHHSI ( CHCTeMa 

'19Ha) .00 MHHHManbHOlt BenH'IHHbl ( CHCTeMa ITO 

eT nocne.oHHe B - 100 pas). 

18 



-TT I 2 , aopMHpoBaHHoii no MaKeHMallbHoMy nonypaaMepy ee-

IP cen. ma" ". Ma pHe. 4 eneayeT, 'ITO 'l:aeTHUhi aaaep)KHBa-

pa,~:~HallbHO-~aaoBOM .t1BH)K9HHH BOIIH3H eenapaTpHChl (nepHOA 

9MHTCSI K oo ) • 

0 
'ITO nnaBHO yBeiiH'IHBaJOIIl99eSI yeKOpS11011l99 HaiipS1)1{9HHe MO)K

b KaK COeTOSIIIl99 H3 MHO)KeeTBa H9001IbllJHX "eKa'IKOB" o npH 

e" aaxBaTbiBaeTeSI H9KOTOpaSI IIOpUHSI 'l:aeTHU, paeiiOII0)1{9HHblX 

TpHebi, a HeKOTOpaSI 'l:aCTb 0 npHOIIH3HBUJHCb K eenapaTpHee H 

panHallbHo-~aaoBoe .tiBH)KeHHe, 6yaeT aaxBa'l:eHa rrpH rroene

Ke". 3TOT rrpoueee M0)1{9T noBTOpSITbeSI MHOI'OKpaTHO .tiD IIOIIY

OU9HTHOI'O aaxBaTa. 

6paaoM, - 100-npoueHTHhiA aaxBaT MO)KeT ObiTb nony'leH KaK 

+ 3 "'eKa'IKOB" B aMIIIIHTy.tle yeKOpSI!Outero HaiipSI)K9HHSI 0 TaK 

IIpH ee M9.tlll9HHOM 0 a,l:IH808TH'I9eKOM HapaeTaHHH /9/. 

UHeA HeKpHTH'IHOeTH xapaKTepa HapaeTaHHSI aMIIIIHTYAbl yeK0-

)1{9HHSI Ha pe)KHM - 100-rrpoueHTHOI'O aaxBaTa ny'l:Ka BO BTO

peHHSI M0)1{9T e/Iy)KHTb OeUHIIIIOrpaMMa pHC. 5. AMniiHTy.tla 

OI'pSMMa CHI'HSIIOB SMIIIIHTY.tlbl YCKOpSIIOIUei"O HSIIpSilKeHHSI "Vo " 
li HHTeHCHBHOCTH .t19iiTpOHHOI'O IIY'IKS "J " ( HHlKHHA IIY"') IIpH 
BOI'O 8TSIIa YCKOpeHHSI Ha BTOpoii. 
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yeKopSI!OIUerO HanpSI)KeHHSI Vo " (BepXHHA lly'l) noene IIOBTOpHoro BKIIIO-

'l:eHHSI HapaeTaeT eaa'lalla eKa'IKOOOpaaHO OT 0 ,1:10 4 KB 0 H OT 4 KB ,1:10 8 KB0 

a aaTeM no aKeiiOHeHUH81IbHOMy 38KOHy - .tiD 24 KB. Ha HH)I{HeM lly'le nOSIB-

IISieTeSI eHrHan, IIpOIIOpUHOH81IbHbiA HHTeHeHBHOeTH ny'l:Ka " J , • Me'l:e3HO-

BeHHe eHrHana HHTeHeHBHOeTH B HHTepBane t I ~ t II o6yenoBneao ne6aa-

'lepoBKoii nyqKa, Korna oTeyTeTByeT yeKopSIJOIIlee aanpSI~eHHe. KaK enenyeT 

H3 oeUHIIIIOrpaMMbl, BO BTopoA aTan yeKopeHHSI aaxBaTbiBaeTeSI - 95% neAT

pOHOB, yeKopeHHbiX K KOHUY nepBoro aTana. noTepH HHTeHeHBHOeTH noene 

aaXBaTa npoHeXOASIT B nepeXOAHOM p9)KHMe M8I'HHTHOI'O IIOIISI H3 IIOeTOSIH-

aoro B paeTymee. 

4. BnHSIHHe nynbeauHH: B MarHHTHOM none aa pe)KHM 

aaxBaTa ny'IKa BO BTopoA aTarr yeKopeHHSI 

npH paeeMOTpeHHH pe)KHMa 38XBaTa ny'l:Ka BO BTOpOA 8T8II yeKopeHHSI 

rrpennonaranoeb, 'ITO Mai'HHTHOe none aa "eTOile" IIOeTOSIHHO. HerroeTOSIHeTBO 

IIOIISI IIpHBO}:IHT K eoKpameHHIO 83HMyTallbHbiX pa3MepOB o6naeTH yeTOH'IHBOeTH, 

H paeiiOIIO)KeHHbie 38 ee npenenaMH qaeTHUbl He MoryT 6b!Tb aaxBa'leHbl
0 

TaK 

KaK B CBOeM panHallbHD- 4>aaoBOM ,l:IBH)KeHHH OHH 6ynyT IIOeTeiieHHO yAaiiSITb

eSI OT eerrapaTpHeblo HaiiH'IHe 6bieTpblX nynbeaUHA B none ( npH IIOeTOSIHHOM 

epeaaeM aHa'leHHH) npHBOAHT no TOA )Ke IlpH'IHHe K paeKa'IKe eHHXpOTpOHHhlX 

KOne6aHHi1: H Bb!XOAY H3 eHHXpOHH3Ma paaee aaxBa'leHHblX qaeTHUo 

C aToil: uenbJO ObliiH npoBeneHbi HaMepeltHSI ~eKTHBHoeTH aaxBaTa Bo 

BTOpOil: aTaii yeKOpeHHSI B 38BHeHMOCTH OT BeiiH'IHHbl IIYIIbeaUHA B MarHHTHOM 

none Ha "eTOile". YBeiiH'IeHHe IIYIIbeauHil AOeTHranoeb H3MeHeHHeM eMKOeTH 

LC -~HilbTpa B CHCTeMe noAaBneHHSI nyllbC8UHi1:/ 10/. nynbcauHH rrpH aTOM 

H3MeHSIIIHeb OT OObi'IHOI'O 3Ha'leHHSI ( CHeTeMa IIOAaBneHHSI IIYIIbCaUHA BbiKIIIO

'IeHa) AD MHHHM81IbHOi1: B91IH'IHHbl ( CHeTeMa IIOAaBneHH£1 IIYIIbeaUHA yMeHbiUa

eT IIOelle,l:IHHe B - 100 paa) o 
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Peayn&TaTbl R3MepeHHA npellCTaBneH&I KpHBOA pHc. 6. 11HTeHCHBROCTb 

ny'IK80 38XB8'18HHOrO BO BTOpOI STan YCKOp8HHH 0 HOpMHpOB8H8 no HHT8H-
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PHCo 6. 3aBHCHMOCTb HHT8HCHBHOCTH 38XB8~8HHOrO BO BTOpoA STan ycKO

peHHSI AeATpOHROrO n~K8 OT BenH~HHbl nynbC8UHA B M8rRHTHOM none. 

CHBHOCTH npH nollaBneHHbiX B - 100 pa3 nynbC8UHHXo BenH'IHH8 nyn&C8UHI 

"A;,P (OT nHK8 llO nHK8) HOpMHpOB8H8 no cpellaeft CKOpOCTH HapaCT8HHH 

• 
MarHHTHoro nom1 B o6&I'IHOM peJKHMe "H ;'P . B HaTepsane senH'IHHbi nyn&ca-

. ·~ 

URI A ptp I H cp .,. (8 of 45)% KpHBaH 9KCTpanonHposaaa. HanH'I:He nonHbiX 

nyn&cauHA, KaK cnellyeT H3 pHcyHKa, CHH~aeT a¢$eKTHBHOCTb 38XB8T8 

B - 4 paaa. HnmocTpauHeA MoryT cny>KHTb ocuHnnorpaMMbi pHc. 7. Ha sepx

HHX ny'laX OCUHnnorpaMM - CHrHanb1 0 nponopUHOHanbHbie HHT8HCHBHOCTH )leftT

pOHHOrO ny'IK8 0 H8 HH~HHX - CHrHanbi1 nponopUHOHanbHbie H8DpH~eHHOCTH 

MarHHTHOrO nons. npH BKniD'IeHHOA CHCTeMe DOJl8BneHHH nyn&cauHA (pHc.7a) 

BO BTOpOft 9T8D ycKopeHHH 38XB8TbiBaeTCH - 90% HHTeHCHBHOCTH ny'IK8o npH 

o6bi'IHblX nyn&C8UHHX ( CHCTeMa DOJlaBneHHH nyn&C8UHA BbiKniD'IeHa) 9<PcpeK-

THBHOCTb 38XB8T8 COCT8BnHeT nHWb - 20% ( pHCo 76) • 

14 

Pile. 7. Ocu~rnnorpaMMbl carsanoa HBTeHc&BHOCTI 

liC8HBOCTB M8rHBTROrO DOJISI (RBliCHBe ny-) AnSI 

'sa CTone• DOIUI DOl18Bn8Bbl B - J()() pa3. 0 6) 01 
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'llbT8Tbi H3MepeHHI npe,aeTaB119Hbi KpHBOI pRe. 6. J.iHTeHeHBHOCTb 

xaaqeHHOrO BO BTOpOA: 9T8fi yeKOpeHHH1 HOpMHpOB8H8 no HHTeH-
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• 38BHCRMOCTb HHT9HCHBHOCTH 38XB8~9HHOrO BO BTOpOA STan ycKO

,aeATpOHHOrO ny~K8 OT senH~HHhl nyn&C8UHA B M8rHHTHOM none, 

npa no.aaaneHHbiX a .. 100 paa nyn&eauaHx. Benaqaaa nyn&eauaA: 

T fiHK8 .110 fiHKa) HOpMHpOB8H8 no epe,aaeA: eKOpOeTH HapaeT8HHH 

nonH a o6brqaoM pe)I(JfMe "H ~,P • B HHTepaane aenHqiiHbi nyn&ea-

I H cp .. ( 8 -t 45)% KpHB&SI aKeTpanonHpoaaaa. HanHqHe nonHbiX 

KaK ene.ayeT H3 pHeyHK81 eHHmaeT ~eKTHBHOeTb 38XB8T8 

• HnmoeTpauHeA: MoryT eny>KHTb oeuannorpaMMbi pae. 7. Ha aepx

oeuannorpaMM - eRrHanbi1 nponopUHOH811bHbi9 HHTeHeHBHOeTH .aeAT

qKa1 H8 HHmHHX - eHrH811bi1 nponopUHOH811bHbl9 HanpS1m9HHOeTH 

nong. llpH BKnroqeauoA eaeTeMe no.aasneHHH nyn&eauaA: (pae.7a) 

aTan yeKopeHHH aaxsaTbiBaeTeSI - 90% HHTeHeHBHOeTH nyqKa. Opa 

yn&eauaHx ( eHeTeMa no.aasneHHH nyn&eauaA: BbiKnroqeaa) a<P<PeK

axsaTa eoeT8BIIH9T nHWb .. 20% ( pac. 76) • 

14 

PlrCo 7. 0cn1111nOrpaMMbl CHrHanoB HHTeHCHBHOCTB (aepxBBe n)"IJI) B HaDpll

liCeBBOCTB warRBT&oro Dons (BBlKH&e nyu) .ans .aayx cn)"laea: a) Dyll&eaDBB 

• 88 cTone• nons no.aasneHbl B - 100 pa3.1 6) o6bi"'Hble Dyn&canu. 
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TaKHM o6pasoM, s¢¢eKTHBHOe nonasneHHe nynbcauHil: Ha "cTone" Mar

HHTHoro nom! CnOCOOCTByeT OCYIU9CTBI19HH101 npaKTIP!9CKH 1 100-npOU9HTHOro 

saxBaTa neii:TpOHHoro ny'!Ka so BTopoil: sTan ycKopeHH51. DonasneHHe nynbca

uHt!:, HanpHMep, B 10 pas, CHH>K89T stjltjleKTHBHOCTb 38XB8T8 H8 -20%, 

3aKI1l0'19HH9 

DposeneHHbre HccnenosaHH51 oxasanHcb none3HbiMH nnsr o6ecrre'!eHHSI 

MHHHM8I1bHb!X noTepb HHTSHCHBHQCTH net!:TpOHHOrO ny'!Ka npH yCKOp9HHH H8 

nepBOM 3Tane, nony'ISHH51 M8KCHM8I1bHOt!: s¢¢eKTHBHOCTH 38XB8T8 BO BTOpOt!: 

sTarr H ycnernaoro ocymecTBneHH51 pe>KHMa ycKopeaH51 neii:Tpoaos no MaKcH

Manhaoro HMnynbca 11 fsslc. 
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Y CJIOBH3 06MeHa 

DpenpHHTbi H coo6rneHH51 011.HI1 paccbrnaiDTC51 
HMHOrO o6MeHa,yHHB9pCHT9T8M 1 HHCTHTyTaM 1 na( 
Hay'!HbiM rpynnaM M oTnenbHbiM yqeabrM 6onee 5 

DonyqaTemrM H3L!8HMH 011.$111 npenocTaBmieTCl 
51BMTb HHMUM8TMBY B 6ecnnaTHOH nOCbiiiKe rry6n!1K 
o6MeH8 rrpMHMM810TC51 H8Y'!Hbl9 KHMrH, >KYPH8l1b1 1 

ny6nHK8UHH no T9M8THK9 011.$111, 
EnMHCTBSHHhlH BHn rry6nMK8UHM 1 KOTOphlR Ha 

3TO penpHHTbl (OTTMCKH CT8T9H 1 y>Ke ony6nHKOB8~ 
tl p51ne cnyqaes Mbi caMH o6parnaeMCH K Hay 

6one~ KpynHb!M nonyqaTSIISIM H8lllMX H3L!8HH~ - C 
CI18Tb H8M KaKMe-nM60 KHHrM HIIH Bb!ITHC8Tb nm1 I 
>KypH8Ilb!1 H3naiOtUH9C51 B HX CTp8H8X, 

0 T,QeJibHJ:ie 38Dp01 

i13LI8T9I1bCKHli OTL!Sll e>KerOLIHO Bb!ITOI1H519T OK! 
COB aa BbiChinKY HanaHMt!: Ol1.Hl1. B TaKMX aarrpo 
yxasbrBaTb HHnexc aarrpalllMBaeMoro HsnaHHH. 

A.z.peca 
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Hl!epHbiX HCCneaOB8.HHil. 


