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BBeAeBae 

npll ocymecTBlieBBB M8All8JIJIOI'O BloiBOilA YCKOpellli'&IX IIpOTOHOB 114 Mllmem. II}JIIM811B-

/l/ /2/ 
eTCll pllll cnocot5oB1 KOTOp'&Ie llOCTATO'IIIO nonao onacali'&I B llBTepa'l'YP• 

1 
, Haat5onea 

nepCD8KTBBII'&IM C TO'IKB 3p8llllll CTpYJ:Typ'&I Bt>IBO.[{HMJ>IX DY'IKOB BTOpB'Illt>IX 'laCTBD1 a TAK

*8 M4llOrO pa3t5poca no IIMDyllbcy B T9'1811118 llllliT9llhHOrO Bp9M8BH B34BMO.[leACTBRa nep

BB'IHOrO ny'IKa '14CTBil C MRW9H&IO ll:llllDTCll B'&IBO.[l yCXOp9Hllt>IX '14CTllll B p9lKIIM9 cnalio 

M9lllll011l9rOCH BO Bp8M81111 M&rHRTHOrO ItOllH IIpll OTCyTCTBBR yCKOpll1011l9rO H41Ip51*811Bll. 

8 STOM Clly'l48 B ny'IK8 BTOpll'lllhiX '14CTBil OTCyTCTByeT BhlCOKO'I4CTOTB4ll CTpyitTy

x) 
pa • YDpaBllelllle ny'IKOM 'laCTBil B aTOM pelKI!Me MO*eT t5&IT:b ocymeCTBlleHo TOllbxo II}JB 

/3/ 
noMOIIlB napaM&TpOB MarHBTHOro nona 1 'ITO npe.[lCT4BllH8T Onp8.[{9ll8llllh18 T9XIIB'19CKB9 

Tpy.[{IIOCTB, 

3a.Qa'la H8CTOlllll9A pat50Thl COCTOBT B TOM1 'ITOt5hl B3hiCit4Th 118llt5onee IIpOCTOA cno

COt5 ynpaBll9HRll !ly'lltOM B p9lKIIM9 'cTona' MarHBTHOrO nOllll C ll8llbl0 COBM911l911Bll llBYX 

~R3R'I9CXRX 9ltCit8pBM9HTOB B OllBOM llHitll9, 

1. YDpaBlleHae 'laCTOTOA ycitopliiOIIl&ro HanpS!*eHBH B pe*BMe 

DOCTOliHHOro MarHBTHOrO nona 

BeccTpyKTypat>~A BhiBOil 'I&CTRil 11a 'cTolle' MaraRTHoro nollH csll3aH c BhlKlliO'IeHReM 

Bt>ICOitOA '18CT0Thl B MOM9HT nepeXOil4 CBCT9Mhl DRT411RSI MarHRT4 B 'CT4TH'19CitHA' p9*RM, 

B aTOM pelKJIMe nepaa'IHhlA ny'loK nonHOCTbiO ssaaMonellcTayeT c MHWeH&IO 34 apeM>I r, 
0Dp9.[{9ll>I9M09 It4p4M9Tp4MH M&rHHTHOrO DOll>! R CltOpOCTbiO ero H3M9H9HBSI, 

Bt>~t5apaB saqallbHoe nollo*eaae JlY'IIta a6llB3B Mameaa R Sll.llaaag cooTaeTCTBYIOmee 

3H4'19HB9 fi 1 MO*HO DOny'IRTh B34HMO.Q9i!CTBR9 ny'llta C MHWOHbiO IIp4KTR'I9CitB B T9-

x) 
npa H4llH'IHR BhiCOKO'I4CTOTHOrO yCKOp>IIOIIl9rO DOllS! B Dy'!Ke BTOpR'IHhlX '14CTRil 

RMeeTCll BhiCOKO'IaCTOTHAH CTPYKTypa, o6ycllOBll9HHa>I nepsOAR'I9CKHM (c 'lacToToA o6pa

lll9HRB) B34BMOA9i!CTBH9M C MHW9Hb!O KOH9'1HOrO DO 43BMYTY cryCTKa yCKOp>IeMhiX 

-I8CTBlle 
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~ease scero 'cTona• nons. Ko~ecTse&Bhle oneRKH y~o5ao nposo~HTb no ¢opMYne: 

r~e 

H 0-n) d 
r= y-·R: 

H - 3Sa~eue MarsaTsoro no.ns s MOMeHT BbiBo~a; 

H - cxopocTb H3MeReBHs MaraaTsoro nona; 

D - noKa3aTenb cna~a Mai'SHTSOI'O nons; 

d - IllHpaHa ny~xa c y~eTOM cso5o~sb1X xone5aui!; 

R. - neBTparu.ahlil pa~ayc. 

( 1) 

C ToqKH 3peHBa s¢¢eKTHBSOCTH HCnOnb30BaSHa YCKOpHTena nenecoo6pa3SO ocyme

CTBnaTb KOMOHRHposassble peJKHMbi, s KOTOpbiX aapa~y c sxcrrepaMeHTaMH co cqeT~HK8MH, 

TpeoyiOlllHMH M8KCHM8nbSOll HHT9HCaBROCTH 0 npOBO~HTCa 9KCII9pHM9STbl SA K8M8p8Xo 

nna OCymeCTBneSHa TaKOI'O pelKHMa Se05XO~HMO, qT06bi H8 speMa B3aHMO~eliCTBHa 

nygxa c nepsoi! Mawesbro rrpa cna6o H3MeHHIO!lleMca M&rHHTHOM none acqe3ana o6nacTb 

<jla30BOil YCTOJiqasOCTH ~liB ycxopaeMblX ~aCTH!l, a 3aTeM BSOBb B03SHKana, o6ecne'll!saa 

nOBTOpHbill 3aXBaT H ycxopeHHe OCT8BlllHXCa ~aCTHll ~liB nocne~yromero BblBO~a Ha ~yryro 

MHilleRb. flpaananaaru.ao STY sa.~:~a~ MOJKHO pelllHTb TP&MB cnoco6aMa: a) MaHanynHnaell 

aMrrnaTy~bi ycxopH!Omero sanpBlK&HHB; 5) c~saroM ¢a3bi s/~ ycxoparomero nona sa ycxo

p!!romax 9neKTpo~ax; s) BbiKmo~eaaeM s/~ ycxopH!Omero nona. KpaTKo paccMoTpaM sTH 

cnoco6bl. 

a) Maaanynana>I aMnnaTyAbl s/~ ycxoparomero sanpa)i{esaa. 

Ha. nepsbill s3rna~ aTOT cnoco!S KalK&TCa saa6onee npocTbiM a ~ocTyiiHbiM, Tax :s:ax 

B arrnapaType HMeeTCB ycTpOliCTBO ):lliB nporpaMMHpOBaBHa SMllliHTY~bl s/~ ycxoparomero 

sanp>IlKeHH>I. YMeHbmesae aMnnHTYllbi s/~ ycxopmomero nona .1:10 sexOTopol! onpe~enea

aoll senaqHHbl B 38BHCHMOC1'H OT CKOpOCTH H3M8H8BH>I HallplDK8HHOCTH Mai'HBTHOI'O nona 

llpHBOAHT K acqe3HOB8BHIO o5naCTH ¢a30BOII yCTO~HBOCTH, BClie):ICTBHe qero qaCTH!lbl HQ 

npao6peTaiOT HeOOXOAHMOI'O npapOCT8 8H9pi'BH 38 OtlOpOT B Bbi!SbiBaiOT H3 YCKOpeua. 

fipHpOCT 9HeprHH 3a OOOpOT AliB paBROBeCBOi! qaCTBllbl onpe):lentleTCa CornSCBO BbipalKe-
/4/ 

HHIO 

(2rrR0 + L)· e· R. H 
e V • cos¢. • --'--c ---

I' ):Ia e V 0 - aMIIliHTy~a ycltoparomei'O ll0Jllil0 

~. - pasaosecsaa ¢a3Al 

L - cyMMapaag ~nasa npBMOIIIQbbiX npoMeJKYTKOB; 

R. pa~ayc pasaosecsoll optS~; 

e - 3apHn npOToaa; 

c - CltOPOCTb CBeTa. 
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(2) 

li_,U, 

., .. 
j 
~· ,.-

·•" ',l, 

#:\ 

·r 
' 

MAKCBMSIIJ.BO B03MOlKHYIO AMIIliHTYAY YCII:Oparomero nona AliB o!Secne~eHBlil BbiBOAA 

Dy'IU B T8~8U9 BCel ~liHTenbROCTB 'CTona• Mai'HHTHOI'O nons MOJKHO onpe):IQliBTb, BCnOIIIt, 

3Yll ljlopMYlibi (1) H (2) • PaC'IeTbl nOX83hlBSIOT, ~TO, RanpBMep, ):Ilia ssepi'HK 10 rss 

( H •13 XS) H J:lliBTenbROCTB "CTona" 0,4 Cex M8XCHM811J.Rblll npHpOCT SHepi'KH 38 O!SOpOT 

):lonlK8H !Sb!Tb ll8 !So.nee 30 SB ( V ;;. 130 s). 0AH81tO Clle~yeT OTM8THTb, ~TO B A8ICTBHT 

ROCTB RA 'cTo.ne• Mai'HHTHOI'O nona HMeiOTCa 3Ha'IHT9libHble nyru.canaa. AMnllHTYAA nepsoA 

I'ApMOBHXH DynbCAllRll ii coOTseTCTseaRo pasaa: aa paCTymeM none s KOHne naxna 

250 e/cex; aa 'cTOne" MAI'HBTaoro nons 800 s/cex; sa cnaAaiOmeM none 600 s/cex. 

B peJKHMe aopMA.IXbHoro ycxopeHBH npa eV. •9,6 II:ss ( v. •40 xs) pasaosecaat~ 

¢asa .,0 a II:one!SneTCS BClieACTBBe DyllhC8!lHll H COOTBQTCTBeHHO: H8 p8CTY!ll8M none B 

KOHJ:Ie naxna (77;!:,1)
0

, sa "cTooe" Mai'HBTHoro nons (90;!;.2,76) 0
; aa cna~aiOmeM none 

(103;!:.2) 0
• 

SxcnepxMeHTaru.ao !Sblno nony~eao, ~TO s pelK&Me aopMallbaoro ycxopeaas npa nepe

xo.~:~e c pacTYmero nons s pelKHM 'cTona", a 38TeM s pelKHM cna.~:~a, pasaosecsas ljlasa 

Cnon3aeT Ha • 25° B 38 c~eT B035yJK):IeHKS CHHXpOTpOHRbiX KOne!SaHHll npOHCXOABT nOTepg 

HBTeHCRBHOCTH, COCTSBllBIO!llHe npa!SllH3BTem.ao 10%. Ecna CHR3HTb SMIIllHTYAY y'CKOpHIO

mero Ha!IpBlK8llBB BA (30 - 40)%, TO nOTepB ysenB~HB8IOTC>I0 npH6llH3HTeru.so B (3 -4) pa 

He pac. 1 nolta3asa AHarpaMMa e v. a no.nolKeaae pasaosecaoll ¢a3bi npa ycxopeBHB s 

nepeXOAHOM pelKBMe OT pacTYmero Mai'HBTHoro nona qepe3 'cTon' x cna.~:~aromeMY. Ha aToM 

JKe pacyJUB nolt83aHbl Itone5asaa passosecaol! ljla3hl, KOTOpbie npoacxo~ST c qacTOTOl! 

nym.canBA npa ycxopeua sa 'cTone• MBrHHTsoro nona, KOr.lla aMnnBTy.lla ycxop!!IOmero 

S:anp.IDKeRBSI CRBlK8.11A AO V
0

... 2,0 KB. 0AS8KO nOJUiep)I{SHBe Sa KOSTYpe, 8MKOCTbiO KOTD

pOI'O HBliS&TCS yCKOpH!O!llBI! 9ll81tTpOJ:1, TSKBX M8llbiX 3Ha~eHBl! 8MnliSTYllbl YCKOplt10lll8I'O 
r 

HAnpBJKelliB llpBBOAIIT It HApymeHBIO p8lKBM8 paC50Thl CIICT9Mhl 8BTOnO.IlCTPOiiKH BbiXOAHOI'~ 

pesoaaacaoro KOHTypa. KpoMe Toro, yposeHb co!ScTsessbiX myMos ycanaTens npaMepao 

Ta..:orc JKe nOpBAU. xax s none3Hbll! carsan. B aTOM 3axmoqaeTc>l TPYAHOCTb npHMeseus 

.~:~asaoro cnoco!Sa nonyqesas pacTSlKitB Ha 'cTone• MarasTaoro nona. 

5) CABIII' ljl83bl s/~ ycltopstromaro nona sa ycltoparowax snexTpo 

AAX np8JUicmAI'88T S8liH~IIe JlBYX yCII:OpHIO!llSX snexTpOJlOB0 p83M8lll8SSbJ'It B ~S8M8TP8nbHO 

npOTasononolKHbiX npSIMonaseliHbiX npoMeJKYTII:ax KOllbna ycxopRTenst. B sopMaru.s.oM peJKBMe 

ycKopeHBil BhiCOKO~SCTOTSble S8UpBlKeBHa H8 9li81tTPO.Il8X CABSayTbl .llPYI' .OTHOCHTQnbHO APyi'A 

sa 180° II A81CTBYIOlllAil AMnnBTY.Il8 • u • ycxoparomero sanpslKeHHSI onpeJiellSieTCH KSII:: 

/_ a a • 
U = y'V01 + V0 a+2V0•1 V0 a cos (¢-180 ) 

(3) 

r~e V01 II Vo2 aMnnBTYAhl ycxopBIOmax sanpalKeHal! sa snexTpO.Ilax; 

¢ - C~BBI' ljla3bl MelKJlY RanpBlKeSBBMII Sa sneltTpOJlAX. 
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Ecna V
01 

= V
03 

= V o. , TO a aopMaJibHOM pe*HMe ycttopeHBS npa ¢> ·180, U·2V0 • 

EcnB ocymeCTBIITb CJlBHr ¢a3bl ( ,P~ 0) , TO CYMMap&oe B0311911CTBB9 9Jl9KTPH'I8Cit:orO 

nons aa ny'iott 'IBCTHil tlyJleT paBHbiM aymo. B aTOM cny'llle, coxpaasS! &aCTPOIIKy BhiXOJlHbiX 

KBCK8JlOB ycHJIHT&Jis, MO)KHO nony'IHTb a~elt:T HC'I93HOB9HHB OtlnaCTB ¢a30BOII yCTOII'IBBOCTB 

BO apet.~S BbiBOila ny'IKa Ha MHUl&Hb, BoccTa&OBn9HB9 ¢830BliX COOTHOUl&&Bil M9)KJlY 9ll8J:

TPOilaMB npBBOIIBT It: B03BBKBOB9HBD Otln8CTB yCTOII'IBBOCTB B nOBTOpHOMY 3aXBaTY OCTaB

UlHXCS qacTan a nocnellyDmee ycxopeue, 

8 HOpManbHOM pe)KHM8 }'Cit:Op9HBS }lOnyCTBMaS &ecTaOHJlbHOCTb pa3HOCTII ¢83 M&lKJl)'. &a

npiDK9BIIIDOI aa yCKOpiiDUliiX 9JI9KTPOilaX MO)KeT COCTaBJIBTb :t_20°, 8 TO lK9 BpeMS nOil

}l9p)KaHB9 cyMMapaoll aMDnBTYilhl U •2 u V0 1 • V02 • 20 u npa y'leT& nyru.caull H 
sa 'cTone• MArBBT&oro nons aaJ:nallbiBaeT llOCTaTO'IBO JKeCTKBe TP&tloBA&Bs aa &aCTpolllt:y 

B aeCT801111bBOCTb ljl&Sbl M9lKJlY &anplllK&BHSMII &a aneKTp0118X tP •0:t_5°, 

npeBbllli9HII8 9TOrO IIOII}'Cit:8 IIpBB9Jl9T K nOSIBJI8HBD otlnaCTB ¢8308011 yCTOII'IBBOCTB, 

a, cne}loaaTeJlbao, a It aapyweBIIJO pe)KHMa • tleccTpyKTYP&Oro• BbiBOil& nyqxa. TeXBB'I&CKall 

CJIO)KBOCTb B &eaKOHOMH'IBOCTb }la&llOrO cnocotla orpaH.B'IBBaDT npBM9&8HB9 ero H8 npalt:TBII:e, 

a) BbiKJIIO'IeBBe a/q yc~~:opBIOmero aanpBJKeaas aa "cTone' 

MaraaT&oro nons. 

nocne Bblltni0'18HBll BbiCOKOII 'laCTOTbl 3a C'I9T a&epreTB'I9CKOrO pastlpoca IIy'iOK 

'laCTBil, BM910WBII a3BMYTaJlbBblll pa3M9p 

/6/ 

120°, H8'1B&a8T 381Ion&HTb B8Cb a3BMYT 

YCKOpHTenll: 

~E ~¢> .. KF-g-m 
"""'2w" 

r11e ~¢> 

~E 

E 

m 

paCXOlKil9HB8 no ¢83aM; 

aaepreTa'leCKBII pa3tlpoc; 

- BoMep otlopOTa; 

KF • 2,64 {npB {3-+1 ), 

Tall: KaK apeMlil aaMbiK&HBll II}''IK8 T1 • m· T o6p , 

r11e 

TO 

T ., - nepao.11 o6pameBBll cryCTKa 
Oup 

T -~· 1 
T a 2tr KF· AE o6p. 

E 

T otlp .. 

{4) 

0,7 Mlt:CeK), 

no}lCTaBBB peAIIbRble na¢pbl, nony'IBM, 'ITO T, .. 800 Mlt:CeK. 3aMbllt:alilCb no a3BMyTy, 

IIy'iOJ: 'laCTBil IIOJl }l811CTBB8M cnaoo M8BKDUlerOClil MarHBT&OrO IIOJllil &a'IBRaeT CMGWATbCll 

nB6o K a&yTPeRHell, natlo K aapy)!(Holl c-reRJ:e lt:AMepbi ycKopaTenB, B ll&HROM cny'lae 

6 

CMemeue ny'llt:A saaacHT OT 3&aKa npoa3BOIIHOII MaraaT&oro nonB. Pa3Memalil aa nyTB 

ny'IK8 COOTB9TCTB}'IOUlyiO Mlllli&Hb, MOlKHO OCyweCTBBTb Me}lne&&blll BbiBOJl BTOpB'IHbiX 

'lliCTBil B M8rHHTHbl9 KaBaJibl ¢B3B'IGCKOII annapaTypbi, 

nna ot5ecne'leHBll paoOTbl ycKopa-rena ewe aa ollBB excnepaMeBT aeooXOIIBMo npepaa~ 

np0118CC Bb!BO}la II}''IK8 B8 nepay10 MBW9Bb B OCTaBWYJOCll BHT&BCBBBOCTb '3eXBaTBTb' B no

BTOpBblll pelKBM ycttopeH.Bll llnll nocnellYIOW&rO BbiBOJla Ha BTOpyiO MBW9Hb, none3BO 

.npOB&CTB Oll&Bit:y M8lt:CBM8JlbHO B03MOlKHOrO KOa<\1¢BilB9HTa nOBTOP.HOrO 3aXaaTa B CHHXpo

TpOIIHbiA pelKBM aa "cTone• MaraaTaoro nons a3 ttoJlbneaoro crycTxa, aMetowero aaepre

T&'Iecxall paatlpoc + ~ • - E 
3aM&THM

0 
'ITO BHTepaan Bp9M9BB Me)!{Jly nepBbiM Bb!KJIIO'I9HB9M H nODTOpHbiM BKJllo

'19BB9M BbiCOKOII 'laCTOTbi ·CymecTaeaao OOJlblll& apeMe.I!B 38MbtKaaas nyqxa no aceMy e3B

MYTY• npe}liiOJIO)KHM, 'ITO K MOM&HTY noBTOpaoro Blt:ni0'19HHS BbiCOKOII qaCTOTbl nnOTHOCTb 

pacnpelleneHBs 'laCTHil B crycTKe nOCTOHHHa ttax no a3aMyTy, TaK a no paAHycy, C'laTaeM, 

'ITO '18CTOTa B MOMGHT nOBTOpaoro BKniO'IBHBll HaXOABTCS B CTpOrOM COOTB9TCTBHB C pa

JlH&nbHbiM iiono*eH&eM nyqxa. Ypaaaeaae cenapaTpaccbt a paMaJlbHbiX pa3Mepax p BMeeT 

/6/ 
BRA 

p r---eV 0 1r= V -=:::-KF_E_IJ..,..4 -'-(---=-3 - (sin¢>-¢> cos¢.+sin,P -¢>cos¢>), 
0 

, tJ 1-n) o o o o 

r11e P OTKJIOBeBBG OT paMyCa R o 

E uonaas aaepraB; 

f3- OTBOW9HB9 CKOpOCTH '18CTHI1bl K CKOpOCTH CB&Ta; 

D - IIOKa3&Tenb CII&Jla M&rHBTHOrO nons; 

.p- ¢83a. 

r 

{6) 

0cTanbHbl9 0003H8'19BHil Te )1(9 0 'ITO H B npe}lblllYWHX ¢0PMYJiaX, nocttOJlbKY B cnyqae 

" ycxopeHHll aa 'cTone• MarHBTHoro uons .P 
0 

= 2 , TO IIJIS JlBHaoro cnyqas HMeeM 

p=R/ eY 0 r--
0 trKFEBiU-nP ·v 1uin,P. 

{6) 

Ha puc, (2) npeACTaBJI9HS ¢opMa cenapaTpBCCbl 0 noCTp09HHOII Ha OCHOBSIIHH yp8BH9HHII 

{6) AJllil KOBKpeTHOrO cnyqas: E = 10,94 ran; e vo ~ 9,6 B:aa; K~2,54; Ro =28 Ml f3': 1 

n • ~~ 1 Ha aTOM JKe pacyatte uoxa3ano nono*eHBe ny'IKa, •pa3MbtToro' no aceMy 

83BMYTY yCKOpBT&nll nocne BbiKJIIO'I9HHS BbiCOKOii '18CT0Tbl II BM910Wero p81lH8JlbHbiA p83-

Mep b -4,5 CM, 

Koa~anaeHT 3axaaTa MOlKHO onpellenBTb a3 coOTaoweuus nnouwneil, 3auaMaeMblX 

II}''IKOMo OXB8'19HHbiX H He OXB8'19HHblX ceuapaTpHCCOII, 
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OA aocnom.ayeMCII ncmo«SRaM -rpe;yrom.RJO:OB OAB • OCD, llnR orrpeAeneBBll 

b 
y KOTOphiX AB=2 • OC ., • Hai!AeM ypaaHeua xacaTem.aoll JVIII oj!yumr• (8) llpR 

. . . 
B TO'IK9 ifl•-+ , B OKpaCTIIOCTB TO~R -r tjlaaaifl•-t+Git nonoEKTe~HOM 3H8,8HRH p 

a cneAOBaT&abHO: 

sinifl• sin( -f+a)•-COIIGI. 

PaanolKliM cos a II pli.U IIO CT8118Rl!N Gl • orp~MCII ABYMll ~9B8MR: · ' 

·• 
-cos a':.-(1- f-> · 

(7) 

(8) 

Ha OCHOB8HHH yp8Bif9HHil (6) 1 (7) 1 (8) R llpOIIOpUBOHaiibHOCTR CTOpOR B IIOA0«5HhiX Tpe-

yronbRJIK8X H8iiA&M1 'ITO 

OA = J!./ rrKFE t (1-n) 
1 

R • 
o 2 e Yo 

TaKBM o«5p830M1 DOCll9 H9CJIOlKllbiX npeo6p830B8HHil IIonY'RM OKOH'I8T&m.Hoe Bhlp&lKe

HB& AIIH xoa¢$RuaaTa aaxaara 

y= 1-~j!F E p(l--;;)~ 
R. 8rr e V 

0 
' 

(9) 

flO!ICT8BBB p881IbHbl8 Ucppbl AilS p8CCM8TJ)HB89MOrO Cny'I&R, IIGXy"!JJMt ttO y •0,82. 

flpa COBM9W9HHB ABYX 9XCD8pHM9BTOB B OAHOM IIBKII& H80«5XOAHMO 38XB8THTb B DOBTOp-

HOe yCKOp9HII8 llHWb H83H8~T91Ib!Q'l0 'aCTio OCTaBweACH HHT9HCitBHOCTB1 Ha0«5XOAHJdYlO 

AIIH llpOBeABHHH X8M9pROil pa60Thl, 

0cymeCTBII9RJI9 TaKOrO pelKJIM8 COIIplllKeHO 11:8][ B B II9pBOM M9TOA9 C AIIJIMH IIpBHUR-

IIH81IbHhiMH TPYAROCTliMR. 

1, flpa Bblltll!O'I9HHB BLICOII:OA 'I8CTOTbl B CIICTeMa 8BTOIIOACTJ)OAHB BhiXOAHbiX 11:8CKa

IIOB MOWHbiX ycanaTenell: B03HBII:88T H9110CCT8UIIIIHB89Mhlll: p8lKRM1 llpll II:OTOpOM TOK B 

06M&TKe IIOAMarHII'IHII8HHH q,&ppiiTOB II:OHTypHOil IIHAYXTIIBHOCTII CII8A&eT AO '0', II ][ MOMaH

TY IIOBTOpHOrO BKlli0'18HRll llbiCOKOJl '18CT0Tbl II:OIITyp Olt83blll8eTCll B8CTp08HHhiM Il8 '18CTOT)I", 

cymeCTBBHHO OTIIII'IHYIO OT H90«5XOARMOII ~CTOThl B MOM8HT IIOBToplloro 38XB8T8, 

2. B CBSI3II c TaM, 'ITO nocna llhlltliiO'I&HRB BbiCOKOlt 'I&CTOThl ny'loJ: R3MaH.IIaT ca~a 

P8111l81IbH09 DOliOlKelliia 1 TO '8CTOT8 B MOM8BT IIOBTOpHoro BKliJO"'8DB «5yA8T H8CKon&ItO 

0TllB,8TbCB OT '18CT0Thl B MOM8BT D8pBOrO BblltlliO'IQiliiS, 

flpu BOCCT8HOBll8HHB p8lKRM8 ycitopelliill H80ISXOAHMO COXp8IIR'l'lo H8CTpoltKy KOHTyp81 

COOTB9TCTB)'IOWYIO· IIapBOMY MOM81fTY Bb!Xlll0'18lliiB '18CTOThl, 3TO OC)'W8CTBIIB8TCH '38liOidR

H8HI19M' TOES IIOAM8rllii'IIIB4HIIB, 8 MOM811T nepaoro BblltliJO'I&HRll llhiCOKOil '18CTOTbi BXOA 
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npeAB8pBT8lDtHOrO ycBIIBT&liB IIOCTOBHHOrO TOll:& (YnT) OTitlii0'189TCH OT Bb!XOA8 <jla30BOrO 

A9T&ItTOpa CIICT9Mhl 8BTODOIICTJ)OiiHB II DOAKlii0'189TCB It BCUOMOraTallbHOMY A9lliiT9liiO Hanps

JK9HIISI. HanplllKeHue cMa&alliiH noaiSIIpaeTCll TaKBM o«5paaold1 'ITOISbi It MOMeHTY noaTopHoro 

Bltlli0'19HIIB BhiCOitOII '18CTOTbl KOHTyp !Shin B8CTJ)09H B pe30H8BC C '18CTOTOil B MOM&HT 

nepBOrO Bltlii0'19HIIB, npii liOBTOpBOM Jlltll!O'l9HHII BbiCOitOII '18CT0Tbl BhiXOA <jlaaoaoro A9T9ItTo

p8 BHOBb DOAKlli0'189TCR K YnT. KOMJdYT8DRB ocymeCTBllSIQTCB llpB IIOMOW.II DOllgpB30B8HHo

ro pane Pn-4, OISMOTKB KOTOporo BKll10'19Hhl B 8HOAHhl8 D9DB TJ)Brrepa C ABYMB yCTOii'IRBbi

MII COCTOBHIIliMII, YIIp8Bll9HR8 TpBrrepOM ocymeCTBII119TCB HMDyllbC8MR 1 CIIHXpOHB3RpOB8HHhi

Mil C 119pBhiM Bb!Klli0'19HB8M B/'1 R UOBTOpHbiM BKliiO'IQHR9M, 

Ku yJKe OTMe,anoc&, npu ocymecTBllaHBII noaTopaoro aaxaaTa '!aCTBD aeo6xoAHMO B3Me

HR'l'lo "l8CTOTY BKlli0'19HilB T8JtiiM o6p830M1 'lT06bi OH8 COOTB9TCTBOB8114 paABYCY 1 H8 ItOTo-

pOM B MOM9HT aaxaaTa HaXOABTCH ny'loK 'laCTBII. Taitoll pelKBM o6ecne'IBBaeTCII npB noMo-

m• oWHKIIBOH8llbHbiX M8IIHIIYllSI'!'OPOB 1 ocymeCTBlliiiOWIIX IIporpaMMIIO& B3M9H9BH9 '18CT0Tbl 

yC!tOpBIOW9rO HanplllK9HIIB
1 

'ITO npHBOAIIT It COOTB9TCTByiOmeMy H3M9li9HBJO p8AB8llbHOrO 

UOll0lK9HHSI ny'lK8, flporp8MM8 B3M9H9HBB '18CT0Tbl AOlllKH& o6eCII9'1HTb IIOBTOpHblil 38XB&T 

!Iy'llt8 '18CTIIU II tlbiCTphlll OTBOA ero OT MBW9HII (aa Bp9MB1 M9HbW99 nonyiiepHOA8 CHHXpo

TpOHBbiX JtOllaiSaBBII), T&K KB.It B npOTHBHOM C!Iy'l89 ny'IOK MOlK9T UOllHOCTbiO llp0B3811MOA9il• 

CTBOB&Th C MIIW9Hbl0, 

PeayllbT&Thl aJtcnepuMeHTa 

3ItcnepaMeHT coaeplKan ABA aTana: t 

1, 0cymeCTBll9HH9 IIOBTOpBOrO 38XB8T8 Dy'IK& IIpB OTCyTCTBBH MllW9HB B K8Mepe 

yCitOpl!T9llSI, 

2, 0cymeCTBll9HH9 UOBTOpBoro 3aXB8T8 B peJKBM9 B38IIMOA911CTBIIB ny'lita C MIIW9Hbl0, 

3ItcnepHM9HT npii OTCyTCTBIIB MH1U9HH npOBOAHllCSI C II91Ibl0 II3MepeHBSI KOa<jl<jlB!III9HT8 

aaxaaTa B nosTOpHb!lt pelKBM ycKopeHRB aa 'cTone' MaraBTaoro nons:. Ha ocnannorpaMMaX 

pHC, 8 DOK838B8 Orii«58IOW8B 8MIIIIBTYAhl a/'1 ycxopHIOW9rO BanplllK9IliiH, Ha puc, 4 npeACTaB

ll8H cRraan HBTeBCIIBHOCTII c HHAYJtiiiiOIIHbiX curaallbBbiX aneKTPOAOB. BhiCOitO'laCTOTBoe 

yCKOpHIOmee H811plllK9HH9 Bh1Klll0'18llt>Cb Ha 30 MC9K, !13 OCUBllllOrpaMM BIIAH01 'ITO <jlpOHT 

BapaCT8BIIB &MIIIIBTYAhl llpH IIOBTOpHOM Bitlli0'19Hilii H9CKOllbii:O 38THrBB89TCB. !1C'l93HOB9HB9 

CBraana BHT9BCBBIIOCTB H8 30 MC9K Yit83biB89T H8 T01 'ITO ny'lOK 38DOllHSI9T B9Cb 83BMYT 

)'CKopl!T8llH, B peaym.TaTe '!ero CllrHallbBbl8 aneii:TpOAhl He ''!YBCTBYIOT' H8llll'lll!l ny'lJt8 

B Jt8M8p8, !13 OCDHllllOrpaMMhl T8KlK9 Cll91\YeT1 'ITO no Kpailaeil Mepe1 89 MeHee 60% '18C

THU rpyUUHPYIOTCll B paltoae o6naCTB <jla30BOil yCTOII'liiBOCTH nocne IIOBTOpHOrO BKlliO'l9HBB 
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BbiCOitOli 'laCTOTbl, 0CT8JiloSbl8 40% 'lACTSil lipS CB09M ABSlK8SSB no COOTB8TCTBYIOIIlSM cpa3o

Bb!M ···paeltTopsS!M no-npelKH&My 'paaMb!Tbl' no aceMy a3BMYTY yc~topB'l'enll. OTCyTCTBBe 

nOTepb B CBrsane BRT8SCBBHOCTB rOBOpBT nBIIlb 0 TOM1 'ITO 'l4CTIIIlbi1 0Jt838B!IlB9CSI 38 llp&

,OenaMB oonaCTB yCTOli'lBBOCTBtiiPOIIOIIliUIIOT llBpK)'nBpO&aT!o IIO ltAMepe yCJtOpBTei!Sio nOCTe-

nesso cMemaSIC& no paAaycy B 3&BBCBMOCTB OT aenB'IBSbl H , Ha pac, 6 npe.QCTaanesa 

ocuannorpaMMa saae.oessoro sa carsan&swx eneJtTpOAax carsana 'lepe3 6 MCeJt nocne 

noaTOpsoro BJtniO'l8BBSI BblCOJtOA 'lACTOTbl, KaJt BBASO B3 OCUnnorpAMMbl1 83BM)'T8llloBaB 

npOTS!>K8SSOCT!o cryc'I'Jta COCT&BnS!eT llpBISnB3RT8nbSO 360°, 

3axaaT '18CTBII B nOBTOpSOQ yCJtopeSBe B p8lKBM8 B38RMOA8AcTBBSI ny'IXa C MBIIl8BbiO 

BM99T H91tOTOp- oco!SeHHOCTB, nepe,!l BblltniO'I9BB9M BblCOJtOll '18CTOTbl IIY'IOit AOIIlK8B 

H8XOIIHTbCSI Ha p811HYC8 s!SnH3B MBIIlfiSR, nocltOn&JtY CBrsan&Bbl9 sneltTpOilbl S8 'fYBCTBYIOT 

aanB'IBSI ny'llt8 B Jt8Mepe 1 TO IIOny'IBTb 38A8SBYIO BBT8SCBBHOCTb B IIOBTOPBOM 38XB8T8 

MOlKJIO CTa!SanB3811H8A pa,!IR8nbSOrO nonOlK9RBSI ny'llt8 nepelll; Bblltni0'18SR8M BblCOJtOl!: 'laCTOTbl 

H COOTB8TCTBYIO!Il8ll H8CTpOliltOA AnBTenbSOCTR B38RN0,!18l!:CTBRSI ny'IXA C MBIIl9BbiO, Ha pac,6 

nolta3aaa ocn&nnorpaMua carsana c Maweaa IIJlB aaaBMOAellcTBBB ee c ny'll!:oM, Hepaaao

MepHOCTb B BHT9HCBBHOCTB ny'llt8 BTOpR'IBblX 'IACTBil o!Sycnosnaaa B:One!SaBBKMB nepBR'I

Horo ny'llt8 no p8.!1BYCY BCneACTBB8 nyn&CAilBli B S8llpHlK8HSOCTR M8rBBTHOro nons, 

Ha p&c, 7 npeAcTasnesa ocnannorpaMMa pelKBMa noaTopaoro 3aXBaTa npa s3aBMo

AellcTsaa ny'IB:a c MBWeB&IO, O.!IBBM B3 ocsoasblx ycnosall onTBMan&aoro 3axaaTa HBnSI8TCR 

t5biCTpbill oTao.o ny'llta O't Maweas cpaay nocne BJtniO'lesag BblCOJtol!: 'lACTOTbl, B AassOM 

cny'laa aaoni0,088TCR cnaA carsana BRT8SCBBSOCTB npa nOBTOpSOM 3aXBaT8 1 ooycnos-

neHBblli B38BMOA8liCTBB8M nyua C MRID8Bbl0 B nponecce tjlopuspOB8BBSI ny'll!:a BO Bp8MSI 

OTao.oa ero OT Maweaa, O.osuo, secMOTPSI sa &TO, y.oaeTCSI 38Xsa~BTb BSTescaaBOCT&1 

SeOoXOilBMYIO .ona eJtCnepRMeSTa sa ny3blpbltOBOll lt8Mepe1 He M8W8SI B TO lK8 speMSI npoae

A&HRIO 31I:CnepBM9RTOB CO C'l8T'lBit8MR, 

3 a It n 10 'l a s a e 

npOB8,[l8HBbl9 RCcneAOBaBBSI nOATB&pARnB npHHilHnBan&ayiO B03MO>KHOCTb p9>KBM8 no

BTOpaoro 3aXB8Ta 'l8CTBil SA CTOII8 M8rBHTBOrO nona B COBM91Il9BBR .OBYX cpB3B'l8CltRX 

31tCnepHM9HTOB B OAHOM UBltne, no.oasneHBe nym.canBll aa 'eTOile' MarBBTHoro nona RBBT

CR CYIIl9CTB9SSblM tjlaltTOpOM ynyqmeSBa COBM81Il9SSblX p9li'RMOB, 

AsTOpbl nOn&3YIOTCB Cny'188M BblpUSTb t5naro.!lapBOCTb COTp'y,!IHBltaM paAHOT8XBS'le

Cltoro oT.oena A.n. Uapeuoay, K.B. 'iexnoay, C.H. !Opoay, A.H. PaxaanJtol!:, IO,M, CTaps

Jtoay, f,A, 6oltOBY1 f.n, ny'lltOBy 38 yqacTse B paoOTe no accne.ooaaHHIO pelKHMa IIOBTOp

Horo ycKopesaa aa 'cTone' MaraaTaoro nonll. 
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Pac. 1. n0110llt8De 

nOlle t/toy 
paasoaecsol 4*tw IIJlB ycJtopeua aa pacTyllleM 

1 Ba 'CTOIIe' Mal'BBTBOI'O IIOIIB tP 0C B B8 

CIIAUBIIIlaN nOlle tf> 001 
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Pac. 2. CenapaTpHCC& npH UOBTOpHOM BKmoqe;sHH BbiCOKOi! qaCTOTbl, npSIMoyroJ!b
hltA<lM o6oa:saqe:s nyqoJt qacTHil 1 aaMKHyTbli! no KonbUY ycKopaTen;t, Con.::.-

paTpacca nocTpoe:sa Ans E •10,94 rea :s e V o • 9,6 KsB • 

Pac. 3. Ora6aiOJil&5l aMnnHTYAbi ycKOp5liOJilero aanpslKeHBB 
B pelKBM6 UOBTOpHOrO 38XB8T8 H yCKOp6HHSI H& 

"cTone" MarHHTHOro nona. 

Pac. 4. Carsan a.RTeBCBHOC'l'll c ll.RAYitlliiOIIBWX en:eJtTpocTa
TnecKilX 8118JI:Tp0ll0B B pezaMe DOBTOpBorO 38XB8TB 
B yCII:OpeDB B& 'CTOD:e' M8rDT.ROI'O DOIIB, 

Puc, 5, 0c!lBMOrp&MM8 B&B8A8BBOro caraana C BBJ:Iyll:llBOBBWX 
sneii:TPOAOB, Caraan aa4m:Kcapoaa.R qepea 5 MeeK uocne 
aaqana noaTopaoro ycKopeBBB. 
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Pac. B. OcuannorpaMMa caraana c Mawena rrpa BbiBOAe ny'!Ita 
'laCTHil B pe>KaMe 'cTona• MarHHTHoro nonS!. 

Puc. 7. Caraan HHTeHCHBHOCTB B pe>KaMe rroaTopaoro 3aXBaTa npa 
B38HMO)leiiCTBHH rry'IKS C MHWeHblOo 
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