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§ 1. B B e n e H H e 

KaK H3BeCTHo, rrpouecc aaxsaTa qacTHU B CHHxpo¢aaoTpOHHbiH pe2KHM ycKopeHHR rrpo

HcxonnT o6br<JHO B nsa sTarra. Ha rrepsoM sTa.rre ycKopsnomee ::meKTPH'IecKoe none eme He 

BKnJ0'18HO)H qaCTb 'laCTHU 1 BIIyCKaeMbiX B KBMepy yCKOpHTenR qepe3 HH2K8KTOpHbie rrnaCTH-

Hbl ( HH2K8KTOp), aaxBaTbiBaeTCSJ Ha MenneHHO C2KHMaJOll.lYIOCSJ MI'HOB8HHYIO op6HTY • 

C)KaTHe op6HTbl IIpOHCXOnHT IIOTOMY 1 'ITO 'laCTHUbl HM810T IIOCTOSJHHYIO 9H8pi'1110 1 a Mai'HIIT

HOe none pacTeT, BonpoC'anech COCTOHT B TOM 1 MIIHyeT nH naHH8SJ 'laCTIIUa HH2K8KTOp Ha 

rrepBbiX o6opoTaX HJ111 COY napHTCSJ C HHM H BbilineT H3 HI'pbl, MexaHII3M "MIIHOBaHHSI' 

rrpOCT: '18CTHUa B rrpenenax HeCKOJ1hKHX 060pOTOB M02K8T 06XOnHTh IIH2K8KT0p Ha-aa CB0-

6onHbiX KOne6aHIIH 1 XOTSJ 6bi ITO aMIInHTyne OHa H noCTasana no H8I'O, 0nHOBpeMeHHO IIpo

HCXOnHT y naneHHe 'laCTHU OT HH2K8KTOpa n:a-aa C)KaTIISJ Op6HTbl, nosTOMY cy nb6a 'laC Til

Ubi 3aBHCHT OT TOI'0 1 KBK CKOpO OHa 6yneT HM8Th HaHMeHee 6narorrpHSITHy!O B CMbiCne o6-

xona HH)KeKTOpa ctJaay ('ITO 38BHCIIT 1 B '18CTHOCTH 1 OT 'laCTOTbl KOne6aHIISJ qaCTIIUbl) 1 Ka

KOB8 ee 8MIIJ1HTyna Kone6aHHH 1 K8KOBa CKOpOCTh C2KaTIISJ op6HTbi. npoueCC 3aXBaTa qac

TilU Ha C)KHMa!Oll.lY!OCSJ op61tTY B CitHXpoctJa30TpOH8 1 HaiiOMHHaJOll.lHi!: Ha'laJ1bHbii!: STarr yCKO

peHI1S! 'laCTHU B 6eTaTpOH8 ( XOTSJ MexaHH3M C2KaTHS! Op6HTbl B CIIHXpOcPa30TpOHe He CBSJ3aH 1 

K8K B 6eTaTpOH8 1 C ysenH'I8HIIeM 9H8pi'HH qacTIIU)J Ha3h!Ba!OT '18CTO "KB83H6eTaTpOHHbiM
0 

!liTH IIpOCTO "6eT8TpOHHbiM
6 

• 

KoHUOM "6eTaTpOHHOI'O" 9Tarra II Ha'lanOM BTOpOI'O pe2KIIMa pa60Tbl ycKOp11T8nSJ HBn~

x/ 
8TCS! MOM eHT BKni0'18HIISJ yCKOpSI!Olll8I'O 8J18KTp11'18CKOI'O IIOnSJ n pH STOM H8KOTOpaSI no· 

r!S! BpamaiOll.l8I'OCSJ B KaMepe IIy'IKa. 3aXB8TbiBaeTCSI B p82KIIM CIIHXpOHHOI'O yCKOp8HIISJ 1 a 

'18CTh '!aCTIIU BbiiianaeT Ha HH2K8KTOp 1 Mlllli8HII II CT8HKII yCKOpiiTenhHOi!: KaMepbl 0 3axBaT 

BO BTOpOH pe2KIIM 3aBIICHT OT MOM8HTa BKni0'18HIISJ yCKOpH!Oll.l8I'O HaiipSI2K8HHSI 1 ero 8.MIInH-

Ty nhi II xapaKTepa rry'!Ka, OrrpenenSJeMOI'O ycnOBIISJMH IIH2K8KUIIH. 

TeopeTH'I8CK08 paCCMOTpeHIIe BOIIpOCOB aaxBaTa '18.CTIIU B CIIHXpOcPa30TpOHHhli!: pe

)KHM ycKOpeHIIR rrposon11nocb M,C. Pa611HOBH'IeM[l] np11 npoeKTIIposaHIIII CIIHxpo¢aao

• 

x/ 
B naHHOH pa6oTe Mhi c·-rn:TaeM, 'ITO aMrrnHTy na ycKopSIIOll.lero sneKTPH'IecKoro rronH 

ycTaHasnn:saeTcSJ Mf'HoseHHo, LlnH CIIHxpocraaoTpoHa OVIHI-1 sTo rrpaKTII'IecKH TaK, 
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TpoHa Ha 10 Bas (Terre ph CHHxpocpa3oTpOH OHHVI). Brrocne.ucTSHH s [2) 6brnO c.uenaHo 

Cp8SHeHHe pe3yJ1bT8TOS :3TOit TeOpHH C :3KCnepHMeHT8MH H8 MO.U9J1H CHHXpOcp830TpOH8 Ha 

180 Mas H sHeceHbi HeKOTOpbre yTO'IHeHHSI s Teopmo. B qacTHOCTH, pacqeTbr, CSSI38HHbre c 

1-M pe:>KHMOM,IIpOSO.UHJ1HCb S :3TO:il: pa6oTe 'IHCneHHbiM MeTO.UOM 1 IIOCKOJ1bKY IIpH6J1H:>KeH

H09 8H8J1HTH'IeCKOe p8CCM0Tp9HH9 COOTSeTCTSYIOWHX SOIIpOCOS S [l] , none3HOe IIpH npoeK

THpOS8HHH YCKOpHT9J1SI 1 H9.UOCT8TO'IHO TO'IHO .UJ1SI Cp8BHeHHSI :3KCnepHMeHTOS C TeOpHeii:. 

TaKoro po.ua pacqeTbi no 3axsaTy qacTHU TeM 6onee Heo6xo.uHM~ npH OKOH'IaTenbHoii: .uo

so.uKe MaWHHbi .UO OIITHM8J1bHOrO p9:>KHM8, 

LlaHHaSI pa60T8 IIOCSSIWeHa rnaSHbiM o6pa30M H8XO:>K.UeHHIO pe:>KHMa OIITHMaJ1bHOrO 38-

XSaTa IIpH yqeTe pe8J1bHbiX yCJ10SHH HH:>KeKUHH, KOTOpbie MOryT IIpe.UCTaSHTbCSI 

H8 IIpaKTHKe. npH aTOM, S 'I8CTHOCTH, Y'IHTbiSaeTCSI cneuHcpHKa HH:>KeKUHif B CHH

xpocpa30TpOH OJ.HJI.1: 

1) LlnHTeJ1bHOCTb HH:>K9KUHH IIO TeXHH'IeCKHM IIpH'IHH8M orpaHH'IeHa S HeM senH'IHHOH 

c;; = 300- 3.30 JU.5ec . 

2) 3HepreTH'IeCKHit pa36poc 'I8CTHU, HH:>KeKTHpyeMbiX S CHHXpOcp830TpOH 1 S H8CTOS1Wee 

speMSI Cp8SHHTeJ1bHO senHK: ~W ... 2% -2,5%. 

B STHX ycnosHSIX S03HHKaeT rrpo6neMa rrpasHnhHOro Bbr6opa MOMeHTa Ha1Ja na ( a
1 

cne -

.UOS8TeJ1bHOt H KOHUa) HH:>KeKUHH, a T8K:>Ke MOMeHT8 SKJ1IO'IeHHSI yCKOpSIIOWero HaiipSI:>KeHHSI, 

B rrpe.ubr.UyWHX pa6oTax sTo He 6brno H3y'IeHo, H soo6we pacqeT 38 xsaTa qacTHU s 

pe:>KHM yCKOpeHHSI IIpH 3H8'1HTenbHOM SHepreTH'IeCKOM pa36poce .uasanCSI S .U0SOJ1bHO rpy-

60M IIpH6J1H:>KeHHH• 

PaccMoTpeHHe, rrpose.ueHHoe s .uaHHOii: pa6oTe, noKa3ano, 'ITO cne.uyeT qeTKO pa3rpa

HH'IHS8Tb cnyqaH ".UJ1HHHOH" H "KOpOTKOH" HH:>KeKUHH, a T8K:>Ke "wHpOKOr0
11

H •y3KOro" CIIeK

Tpa (eM. § 8). nonyqeHHbie pe3ynhT8Tbi .uaroTcSI s §7. TaM :>Ke npHSO.UHTCSI coo6pa:>KeHHSI 

/cM.T8K:>Ke § 2/0 S03MO:>KHOCTH IIOSbiWSHHSI qzcna 3aXS8'IeHHbiX S pe:>KHM YCKOpeHHSI 

'I8CTHI! IIpHM9pHO S 2 pa3a ( IIpH HeH3MeHHOM TOKe HH:>KeKUHH) 0 9CJ1H yMeHbiJIHTb CKOpOCTb 

x/ 
HapaCT8HHSI MarHHTHOro IIOJ1SI H ysenH'IHTb .UJ1HTeJ1bHOCTb HH:>KeKUHJf 

x/ 
3TOT SOIIpOC He TpHSH8J1P.H 1 KaK Ka:>KeTCSI H8 nepSbiit S3rnH.U. C yMeHbWeHHeM 

CKOpOCTH HapacTaHHSI MarHHTHoro nonSI H yxy .uwaroTCSI ycnosHSI MHHosaHHSI HH:>K~KTopa, 
H3-3a sToro s csoe speMSI rrpe.unaranocb .ua:>Ke ysenH'IHTb Ha speMSI HH:>KeKUHH H s 

5 p83 ( T8K Ha3biBaeMaSI cpopcH p0BK8) • 

HaH6onee 

y .uo6Hee 6bmo 

KpoMe o 
CC scp. • 

:3TOM 

y .ao6Ho nonb34l 

yMeH 

CSI B03MO:>KH'I! 

• 
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Psr.n crreuiHPH'IeCKHX Tpy,nHOCTei!: B HCCJie.UOBaHHH yCJIOBHi!: OIITHM8JlbHOro pe:lKHMa H8M 

y.naJIOCb rrpeo.noneTb 6naro.napS1 H3y'leHH!O aaxaaTa 'laCTHU C <}JHKCHpOBaHHb!M yrJIOM H KOOp+ 

.UHH8TOi!: Bb!JieTa HS HH:lKeKTOpHb!X IIJiaCTHH (HOC aa.naHHb!M aHepreTH'IeCKHM paa6pOCOM). 

8 q8CTHOCTH 1 Bbi6paB HaH6onee y.no6Hbre rrepeMeHHbie, Mbl .UOBOJibHO .naJieKO IIpO.UBHHYJIHCb 

B aTOM BOnpoce, He npH6eraSI K 'IHCJieHHOMy pacqeTy H HCnOJib3YSI MHHHMYM CBOACTB <j:JyHK

UHH E 
1 

.o:a10meii: aepoSITHOCTb aaxaaTa qacTHU a cenapaTpHcy. KaK BbiSICHHJIOCb, HH:lKeKTH• 

pyeMbill: ny'IOK CHHxpo<}JaaoTpoHa OvHH1 .UJISI HawHx uene.H MO:lKeT C'IHTaTbCSI .nocTaTo'IHO 

xopowo c<PoKycHpoaaHHbrM; 'ITO .naeT yaepeHHOCTb a npCl.BHJibHOCTH Bbr6paHHoro no.nxo.na. 

8 npe.Ubi.UYWHX pa6oTax paccMaTpHBaJIHCb OT.UeJibHO KOa<}J<}JHUHeHTbi aaxaaTa B nepBbiA 

pe:lKHM ~ H BO BTOpoi!: pe:lKHM 6
2 1 a nOJIHbiH KOa<j:J<}JHUHeHT aaxsaTa B pe:lKHM yCKO-

peHHSI npe.ncTaBJISIJICSI KaK 6 = ~ · 6'2 • Mbr npe.nRO'IJIH OTKaaaTbCSI OT TaKoro paa.nene-

HlHI H BBeCTH e.UHHbii!: KOS<j:J<}JHUHeHT aaxsaTa 6 1 nOCKOJlbKy BO OT .neJibHOCTH HH 6i ( npH 

HeMOHOaHepreTH'I8CKOM ny'IKe B OC06eHHOCTH) 1 HH 62 He H3MepSI!OTCSI Ha OnbrTe .UOCTa-

TO'IHO TO'IHOo Ho rnaBHbiM o6pa30M Mb! aTO C.nenaJIH B CBSI3H C TeM 1 'ITO 6l H o'l. sa-

BHCSIT OT ynOMSIHYTbiX BbiWe "npHBS!30K"' ( MOMeHT HaqaJia HH:lKeKUHH H np.), H 3Ha'leHHS! 

HBH6onee Bbrro.nHhrX npHBHSOK .nnsr 61 H 6
2 

B o6meM cnyqae He cosna.na!OT. Mbi :>Ke 1 

ecTeCTB8HH0 1 OpHeHTHpOBaJIHCb Ha nony'leHHe OnTHMaJibHOro o6mero aaxaaTa, H nOSTOMy 

y .no6Hee 6hrno onepHpoaaTb cpaay c 6 

KpoMe 0 KaK xapaKTepHCTHKa a<}J<}JeKTHBHOCTH HH:lKeKUHH HCIIOJib3yeTCSI TaK:lKe 

C[ a<}J. = ().q; • 06wHH aaxsa'leHHbii!: B pe:lKHM yCKOpeHHS! aapSI.U noJiy'lc!leTCS! npH 

aTOM yMHO:lKeHHeM G[' a <}J. Ha Cpe.nHHi!: TOK H3 HH:lKeXTOpa (eM. § 5 ). BeJIH'IHHOA q a<}J. 

y.no6HO nOJib30BaTbCSI npH cpaBHeHHH 'IHCJia aaxBa'leHHbiX 'laCTHU .UJIS! paaJIH'IHbiX .UJIHTenb

HOCTei!: HH:lK8KUHH 0 Koa<}J<}JHuHeHT 6 npH aTOM Hey.no6eH, TaK KaK C YBiilJIH'l9HH9M v-"[ OH 

yMeHbWaeTCS! 1 B TO BpeMSI KaK 'IHCJIO aaxsaqeHHbiX 'laCTHU paCTeT .UO T9X nop1 noxa HH:lKeK

UHSI He CT8HeT ".UJIHHHOi!:" 1 a aaTeM OCT8eTCS! IIOCTOSIHHbiM. Bbipa:lK9HHSI .UJISI 6 H q s<}J. 

IIpHBO.USITCS! B .naHHOi!: pa6oTe .UJIS! C8MOrO o6mero BH.Ua pacnpe.neneHHS! HH:lKeKTHpyeMbiX 

'18CTHU nO yrnaM 1 SHeprHS!M._I(OOp.UHHaTaM 11 BOBpeMeHa..flo.nqepKHeM 1 'ITO pe'lb H.UeT 

HMeHHO o napaMeTpax HH:lKeKTHpyeMoro ny'IKa, a He ny'IKa, apamaiDmerocSI a KaMepe a 

nepBOM pe:lKHMe. noaTOMY I B qacTHOCTH, He 6biJIO Heo6XO.UHMOCTH paCC'IHTbiBaTb pacnpe.ne

JieHHSI '18CTHU no aMnJIHTY..UaM CB060.UHbiX KOJie6aHHA B yKasaHHOM pe:lKHM8 1 HJIH IlpHHHMaTb 

KBKRe-To orpy6neHHbre pacrrpe.neneHRSI. 

3aXB8T B nepBbii!: pe:lKHM OUeHHBaeTCS! no "6eTaTpOHHOMy"' HMnynbCy ( f 8 )_ 1 'ITO .no

nycKaeT caMoe HenO¢pe.ncTaeHHoe cpaaHeHHe TeopRH c sxcnepHMeHToM. TaM :lKe HayqaeT

CH B03MO:lKHOCTb cy.UHTb 0 npaBHJibHOCTH npHBS!30K no <}JopMe HMnynbCa. 
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0TMeTHM eme, 'ITO B §2 .llOB01IbHO 60JiblllOe IIHHMBHHe y.nensreTCSI Bb16opy HBH6onee 

Bbii"O.llHOI"O .ll1ISI 38XB8T8 11. 1 a B § 3 YKB3biB8IOTCSI YC1IOBHS1
1 

npH KOTOpbiX 38XB8T HeBoa-

MOJKeH aoo6me. 

PeaynhTBTbi pa6oTbi cpaBHHBBIOTcsr no B03MOJKHOCTH c SKcnepxMeHTOM Ha CHHxpo¢a

aoTpoae OM.HM, 

Bee 'iHcneHHbre pac'l:eTbi npHBO.llHTcsr .nnsr s~oro ycKopHTensr-_ 

§ 2. YCJIOBHSI MHHOBBHHSI HHJKeKTOpa 

3.nccb H B .ll81IbHeAllleM HBMH 6y .llYT 

pHc. 1 ); 
HCU01Ib30B8TbCSI cne.nyiOlllHe BeJIH'iHHbi ( CM. 

~··fT 
I -= ~ 1 I I : 

... 

PHc, I. 

CxeMa HHJKeKUHK, I - HeKoTopasr MrHoaeaaasr op6HTa; II - op61i:'ra, npoxo.nsrwasr 

'iepea cepe.nHHy pa6o'l:eA anepTypbr KBMepbr ycKopHTensr. 

M - paccTOHHHe no pa.nnycy oT BHyTpeaaeA HHJKeKTopaoA nnaC'l'HHbi .no MrHoBeHHoA 

op6HTbi, noCKOJibKY nonoJKeHHe MI"HOBeHHOA op6HTbi 38BHCHT OT nOJISI H 9HeprHH 'i8CTHUbi
1 M ""M( t W ),r.ne TO 

.P 
¥· 
.Po 

Top a. 

W - KHHeTH'ieCKBSI 9Hepi"HSI 'iBCTHUblo 

- OTK1IOHeHHe 'iBCTHUbi no pa.nxycy OT MI"HOBeHHOA op6HTbio· 

- P8.llH81IbHbiA yron MeJK.ny CKOpOCTbiO 'iBCTHUbi H MI"HOBeHHOA op6HTOA • 

'Yo - COOTBeTCTBeHHO P H r B MOMeHT BbrneTa 'iBCTHUbi H3 HHJKeK-

--~~~ ~-

g - pac 

nnaCTHHbi (TO 

6HTbi 

Tor.na 

M(t,W)=M(t1,W) 

r.ne Wo 

llW = W2 -WJ 

- OTK1IOHeHHe 

'i8CTHU UeHTp 

- paa6poc Mr 

llnH 
( 

fo 

naCHO ( 2.2) H 

p~i)(:X' 9. 

nycTb 

• 



• 

Haa6onee 

38XBaT Hesoa-

Ha CKHXpocpa-

i 

(eM. 

I 
I 

' 

I 

7 

fJ - paCCTO.Il:HHe TO'IKH Bb!X0Ll8 '18CTHUbl H3 HH.iK9KTOpHb!X llli8CTHH LlO BHyTpeHHe.ti 

llli8CTHHbl ( TOlll..llHHOH II118CTHH Mbl npeHe6peraeM). CKopOCTb CM91..ll9HH.Il: MrHOB9HHOH op-
6HTb! 

TorLJ:a 

Zo(W- Wa) 
2 Wa(i-n) 

W-Wa 
L;W 

( 2.1 ) 

( 2.3) 

- 0TKl!OH9HHe MrHOB9HHOH op6HTb! '18CTHUbl C 38Ll8HHOH SHeprHe.il: OT MrHOB9HHO.il: op6HTbi 

'18CTHU U9HTp8l!hHO.il: SHeprHH
0 

(2.4) 

- pa36poc MrHoBeHHbiX op6HT B CHny H8l!H'IH.Il: cneKTpa. OqeBHLlHo
1 

(2.5) 

lln.ll: 
(t) 

.fo (X, rp • 
- B9JIH'IHHbi ..Po '18CTHU, Bblll9T9Bllll!X B MOM9HT t , cor-

118CHO (2.2) HM99M 

( 2.6) 

OyCTh n.,CtJ (-1, o) "" 6 
.F~ /'- a - 0TKl!OH9HH9 OT MrHOB8HHOn Op liTh! '18CTHUbi, BbiiTYI..ll9HHO.il: B 
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MOMeHT t , Ha K -oM ee o6opoTe Ha a3HMyTe HH)KeKTOpa. YenosHe Heeoy .napeHHSI ,ee 

e HH)KeKTOpOM Ha 8TOM o6opoTe eeTb 

(t) .PK (X,gJc:::M(t -rKT,X) ""M(t,X)-r(t.M)o<i·l<, 
(2.7) 

r.ne T rrepHo.n o6paweHHSI 'l:aeTHUhi, 

(2.8) 

(C!.M)oiJ=UT=U· 2CJint?o J3C 
• 

- T8K H83biBaeM8SI "rrpOM8IllK8" - eM9Ill9HH9 MrHOB9HHOH op6HTbl 38 o6opOTt jJ =: ¥ 
OTHOeHTellbH8SI ( TIO OTHOilleHHIO K eKOpOeTH eseTa C ) eKopoeTb 'l:8eTHUbl 1 0 -eM. HH-

)K9. Mo)KHO rroKa3aTb (eM.(
3] ), 'iTO 

(t) ( 

[ 

(t} j ?o Yo 'X, g)· P3] C 
P "" }Jo ( X ' 9) .j Lnp - V J- ri .1 i.n jU. m 

r.ne 

? = ;5 i.n 11.-:n '1 2 
c ~ co~di-n 

Cj( 
2 

(i} 
+ ('~ (;t,g) Sm ...... J 

1- n 

p = /J-:{1 L 
~Zo 

L,L 

( 2.9~ 

L -.nnHH8 rrpSIMOllHHeAHOrO npoMe)KyTK8, n = 1 + 2'h2o (eM. ( 2.8)). 

Cm H Sm-a<Pc:PeKTHBHbie 'KoeHHye" H "'eHHye" .UllSI peAeTpeKa (eM. (~ ). none3HO 

BBeeTH T8KHe 0603H8'ieHHSI 

__iE =: i_g If 
-sLn.JU 

l; ~ tjf"(O} Zo ¥o , 
( 2.10) 

-h;~ 

r.ne 1.\f(O) -Ksa.npaT MO.nyml. cPYHKUHH <f>noKe H8 83HMyTe HH)K9KTOp8 ( e'lHTaeM ei ..() ), 
S [3] 

Y1erronb3YSI Bbipa)KeHHSI .nnSI Cm H m , H3 ( 2.9) HeTpy .UHO nony'iHTb: 

(t) (t} (t} . PK (X,gJ=Po (X,Q)Cru 4.JUK +d.o (X,g}6Ln4}JK 
(2.11) 

r.ne 

d.== 
0 

ton 

Bbipa)KeHRe 

H onyeKaH y 

4.aeTRUb1 1 

eRHXPOdJa::tl 

OyeTh 

TO eeTb 

qTO M 

• 



' 
.n.apeHHR ee 

(2.7) 

(2.8) 

(2.9} 

), DOJ163HO 

(2,10) 

I 
' 

( 2.1 1 ) 

9 

( 2. i2) 

Bbrpa:>KeHHe r'onm. 

H onycKaR y .Po H 

.naeTCSI .llJ'IR HB'IBJ'IB CeKTOpa, no.llCTaBJ'ISISI (2.11) a (2,7) 

• 
HH.ll6KChl t . X- ~ 7 nony'IHM OKOH'IBTeJ'IbHO ycnoaHe 

Hecoy.napeHHR c HH:>KeK;opoM 'IBCTHUhi Ha K-M o6opoTe: 

(2.13) 

KaK aH.n.Ho, ( 13) 
He 3BaHCHT SlaHbiM o6pa30M OT f. H fo t HO 3BaHCHT OT '1J 

Y:aCTHUbl 1 MHHOaaBWHe HH:>KeKTOp a Te'IeHHe i,_ 

( ) x). 
y .n.oaneTaopsriOwHe 2.13 npH acex K = 1,2, ... ,L • 

o6opoToa, .llOJ'I:>KHhi HMeTb .Po H <:io • 

Ha pHc, 2 a, 6, a, r, .n Ha nnocKo-

CTH ( .Po 1 C( 0 ) fi0KB38Hh! o6naCTH MHHOaBHHR HH:>KeKTOpa, rpBHHUhl KOTOpb!X abi,lle-

JleHb! :lKHpHbiMH J'IHHHSIMH 
1 paCC'iHTBHHbie .llJ'ISI p83J'IH'1Hh!X n 

1 
9 

7 

( ll M )~ npHMeHHTenbHo K CHHxpo<PaaoTpoHy OvHH1. KaK aH.nHo,aTH o6nacTH OTKphiThi B 

CTopoHy 6onblllliX Po H orpaHH'ieHhi no Po CHH3y, Ha O.llHOM H3 ::ITHX pHCyHKoa 

rryHKTHpOM nOK838Hhl rpaHHUhl no c/0 1 38HHMBeMb!6 ny'IKOM
1 

HH:>KeKTHpyeMb!M a 
[4] 

CHHxpo<f:>aao-rpOH • npH pacqeTax a3HTbl pa60'IHe napaMeTpbl H ""150 ::!peT, 
• ' 3 apcT -6 
H=3,56•10 , T=5•10 ceK, \Vo=9 M3s, 

CeK 

06cy.llHM xapaKTep 3THX o6naCTeA, npoCThl CJ'Iy'ISH pe30HSHCa 

nycTb e = 2. Tor.na (2,13) npHMeT BH.ll 

TO eCTh MHHYIOT HH:>KeKTOp J'!Hlllb 'ISCTHUhl C 9<(~M}0~ He38BHCHMO OT .Po 
3To CBR38HO C TeM 06CTOSITeJ'IbCTBOM 1 'ITO nepHO.ll KOJ'Ie6aHHA a TO'IHOCTH paaeH 3.lleCb 

O.D.HOMY 06opoTy, H 'IBCTHfta rrpHXO.llHT K HH:>KeKTOpy acer.na B O.llHOA H TOA :>Ke <fJaae, 

x) 
B .neAcTaHTenbHOCTH HeT HY:>K.llbi paccMaTpHBBTb ace TBKHe K • ( 2,13) MO:>KHo 

rreperrHCSTb B BH.lle 

Vp0
2 +rL/1 

co.s ( 4}11K- azct9 ;:)<,Po -9 +( ~ 1'1)0~ ·K =M (t + KT, 'X.). 
OqeaH.n.Ho, aTo YH~PB3-HCTao abmOnHHeTCH HeaasHCHMo OT K, ecnH K ~ K mo" , TaKoro, 

'iTO Kmax -1 ~ ~ +olo -.Po+ if~ Krnay • CMh!CJ'I aToro ycnOBHH HCeH: OHo 03HB'IaeT, (.o.MJo~ ~ 
'ITO M 803pOCJ10 y:>Ke HSCTOJ'IbK01 'ITO BMfiJ'IHTy .llB He .LlOCTSeT .LlO HH:>KeKTOpa, 
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-tO 

o( ,, .. , 
20 

II~£ .. 
-211 

tO 

«a~ (CM) ;.c=7 

~'~ 

.. 

10 

,_ .•. n •II Jll 

(CI'I} 

?II ~ 

a 

/'KriD 9 .. o, n•O. 67 

'Ire·~ 

(CMl 

... •• .. f'· 

K=3 

K=6 

B 

Puc. 2 a, 6, a, r. 

.... 

K~\ll~ -«•Z 

1(•7 

~ (CM) 

,. •• Po 

-· l 
6 

do , 
(CM) /J ~ n::0.63 

... II/ 

(CM." 

fi 

K=3 

K•6 

r 

06nacTH uaqanbHbiX napaMeTpOB qacTHU, MHHYIOlllHX HH:>KeKTOp. KaK BH.llHO, rpaHHllbi 

o611aCT9ll COCTaB11BIOTC51 H3 OTp93KOB npSIMbiX 11HHHil, paarpaHH'iHBaiOIUHX ll110CKOCTb 

( .P• 
1 

cJ..
0 

) Ha COOTB9TCTBYIOlllHX o6opoTaX (cinpe.aeneHHbiX HOM9pOB K) H8 ,llB9 qaCTH, 

O,llHa H3 KOTOpbiX OTBeqaeT H9COy,llapeHHIO qaCTHll C HH:>K9KTOpOM 1 a .apyraSI - coy.aa

peHHIO, CnyqaH, noKaaaHHbie ua pHcyuKax a, 6, a, r, oTnH'iaiOTCSI auaqeHHSIMH n. • 
• 3 ( H "'3,56 • 10 pa6oqee) H 9 .. 0 aea.ae. 

.. 

-"'"' 

06 

1) 9 .. 
2) ~ ... 

• 
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PHc. 2.a.. 

06naCTH HaqanbHbiX rrapaMeTpOB 'laCTHU
1 

MHHYIOIUHX HH:lKeKTOp,_ .lJ.ng 

I) 0== 0, (A/11 )o'ii = I CM (H•S,56.I03 spcT - pa6oqee); 
iJ CeK 

2) 9=0,(AM}o'ii =0,5•cM; 3) 9==4cM
1 

(AM)
06

=lcM. 

·--- ---~ -~- ----

n ==0,67 H 



• 

12 

.lJ.rrst Ilp8KTHKH a TOT cnyqaii He IIpHroneH, B "'8CTHOCTH, IIOTOMY t 'ITO npH aTOM 
rt. = 0,16 CJIHWKOM M8J10 .UJI51 BepTHK8J1bHOH cPOKyCHpOBKHo 

npH .f=l /eM. pHc. 2a/ /2.13/ nepexonHT s 

[ 1 - (- 1) K] .Po + ( Ll /Y1 J0 15 • K - 9 > 0 

KOTopoe CBO.UHTCSl K .UBYM ycnOBHSlM • 

2po + (LlM)00 ·K-'j >0, /2.15a I 

2(LlM)o'b -fj >0. /2.155/ 

B aToM cnyqae nepHon Kone5aHHii paseH nsyM o6opoTaM, H qacTHua Ha nep-

BOM o6opoTe IIpHXO.UHT B IIpOTHBOcP83e K HCXO.UHOMY IIOno:»<:eHHIO, a H8 BTOpOM - B 

¢aae. nocnenHee H npHsonHT K orpaHH"'eHHIO no 9. OrpaHH"'eHHe no o/0 

CJi 
a.aecb soo6we oTcyTcTsyeT. BapHaHT JU = 71 Mor 6br 6biTb peKoMeH.aosaH npH 

Man oM b. {I B HH:»<:eKTHpyeMoM ny"!Ke: c, 9 ..:: 2 ( 6 M Joo 3 CM IIpH rL = 0,79 

.anH CHHXpocpaaoTpoHa OvUI11. O.aHaKo .aa:»<:e H npH BbiiiOnHeHHH aToro ycnoBHH 

cne.ayeT orracaTbCH a.aecb .aononHHTenbHbiX ocno:»<:HeHHii, csstaaHHbiX c xopowo Ha

secTHOfi pacKa"'KOfi Kone6aHHfi npH peaoHaHce. 

npH OTCTynneHHH OT pe30H8HC8 o6naCTb .QOIIYCTHMb!X 9 M O)K eT 6 b!Tb 

pacwHpeHa.PaCCMOTpHM cnyqa:ii:, 6nH3KHH K peaoHaHCy • nycTb 38 o6opoT ¢aaa qac-

THUhl H3MeHsteTC51 Ha BeJIH"'HHy 

4;u. = Vi. + "' , r.ae 4'" - Mano. 

TorLJa BMecTo /15a,6/ 5y.aeM HMeTb: 
2 

( 2- "'j:i2 ).Po+( L'l M)00 -9 >-do 1./1, 

ltY 2 
2 ..Po+ 2(11M)oo -9 >rio 1V. 

/2.16a/ 

/2.166 I 

, 
no cpaBHeHHIO C /2.156/ HepaBeHCTBO /2.166/ IIpH Po > 0 .a onycKaeT 5onbw He 9· 

npn ~0 = 0 aTo oqesH.aHo. EcnH o('f)IO , To npH 2 rX o ljf < 0 M bl HM eeM IIO 

9 6orrbWYIO cso6o.o:y, '!eM rrpH o/0 = 0, a B crryqae 2 o/0 1f" > 0 HHTep-

san .aonycTifMbiX 9 coKpawaeTcH. B peaynbTaTe .anH npHMepHo cHMMeTpH"!Horo 

yrnosoro paa6poca OTHOCHTeJibHO c/.
0 

= 0 Mbl 6y,aeM HMeTb TOT :»<:e BbiHrpblW 

no 9 , 'ITO H ·npH IIY'lKe C O.QHHM yrnOM d0 = O. EcrrH c.a~rraTb ny'loK He-

CHMM 

paTh 

0 

npH 

npH 

TB 

:»<:e 

• 



'lTO IIpH STOM 

12.15al 

/2,1551 

<racTHua Ha rrep-

Ha BTOpOM - B 

II pH 

fl.:: 0,79 _-: 

YCJIOBH.H 

cpaaa <rae-

/2,16a I 

/2,165 I 

, 
6onbl11 He 9· 

HMeeM ITO 

13 

CHMMeTpH<rHbiM no YT'JISM, TO B cpen:HeM MO:lKHO erue HeCKOJibKO BbiHT'paTb IIO ~. 

OpH BoapacTaHHH a5coniOTHOA BeJIH'IHHbi 1V see 5onhlliYIO ponb H.!I.'UIHaeT Hr· 

paTh HepaBeHCTBO /2.16al H COOTBeTcTBYIOIUHe HepaaeHCTBa D:JI.H K = 3 H T,ll., 

IIpHBOD:SiliJH9 K orpaHH'leHHIO no fo ' olo • 

Ha pHc. 25 npe.acTaBnee cnyqaft, nocTaTO'IHO 5nH3KHA K peaoeaecy I n •0,76j. 

3n ecb rrpH paayMHbiX aea<reHH.HX K senH'IHHa din. 4;uK HHr.ae ee pasea 

0 lxoTSI IIpH MaJibi.lr K H 5JIH3Ka K STOMY 3Ha'leHHIOI.· nosTOMy o5nacTb ,llOIIyc

THMbiX .fo H o/0 onpenensreTCSI anecb cnen:yiOIUHMH nsyMSI rpynnaMH eepaBeHeTI! 

12.17 I 

rrpH 

12.181 

IIpH .1i.n4pK2<0. 

Ha pncyeKa 25 n:nSI 9 = 0 BHn:Ho, 'ITO anecb y:me nOSIBHJIHC& 'noTeeuaairb-

Hbie"' IIOTepH no olo H oOYCJIOBJieHbi OHH '!eTHl>IMH o5opoTaMH, KOT'L[8 <Paaa qac-

THUbi 4;uK 5nHaxa K '!Hcny, xpaTHOMY 2 Cfi lcM.pHc, 31. OoTepH rrpH 4..f1K, 

6JIH3KHX K eeqeTHOMY 'IHCJiy 9f lnyexTHpHhre JIHHHH ea pHc,3 I, xorna '!acTRna 

HSXOD:HTCSI B npOTHBOtPa3e K HCXOD:HOMY KOJie5aHHIO, B03MO:lKHbi JIRllib IIpR OTpHna

TeJibHbiX .fo 

XapaKTepHo, 'ITO orpaHH'leHHSI no c/0 03Ha'l8IOT an:ecb OliHOBp9M8HH09 oc-

na6neHHe Tpe50B8HKA K MSJIOCTH g liJISI He50JibiUHX 0/0 • O.aHaKO rrpH CTOJib 

ManoA paccTpoAxe peaoeaeca I rL- npea. 0,01 I orpaHR'leHHe no 9 eme 

. o<reHb CHJibHOe1 T8K KaK IIpH H3MeHeHHH 

49 
OIIYCK810TC.H H~ BeJIH'JIIHY Ji.n. 4JUKj .,. 
IIpH<reM CD:BHT'H rpaHHil BBHD:y MaJIOCTH 

9 Ha A 9 sepXHHe rpaHHilbi o5nacTH 

, a HH:lKHHe-IIOD:HHMaiOTCSI Hlil rs! 9~,PKzl ,· 
:1 in- /,pH 5onbwHe. 3aBHCHMocT& 'o5nac-

TH MHHOBaHH Sl' OT BeJIH'IHHbi I A M I "" H 1 cooTBeTcTBeHHO, OT 
Ou, 1 

u a.o;ecb Tax-

*e cHJibHas. TaK
1 

yMeHblli9HHe sToA BeJIH'IHHbi VAM)oO) Ha h >0 YXY lllli89T o5-

JISCTb cnen:yiOUlHM, o5pa30M: BepXHHe rpaHHUbi OIIYCK8IOTCSI Ha 

h·K 
HHe - non:HHMaiOTcsr Ha I . 

4
2 I 

~Ut :JUKz 

h·Ki 
;1i.n..I,JUK 

0pH 5onee CHJibHOM OTCTYIIJieHHH OT peaoHaHca aaBHCHMOCTb OT 

1 a HH:lK-

9 H h 
ocna5eBaeT, xaK sTo H cnenyeT s:a 12.111 H 12.181. Ha ps:c, 2B noxaaaHa 'o5nacT!. 
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MHHOB8HBSI" 

TepH onpe.u 

4 )UK 
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paaa o 

~ ~-~-~~~ -~-- I A M/ 06 

88lKHO, 'ITO 

Topa. 

Puc. 

z:o, a.uecb, 

B 

~ 

TY 

~ 

:1 

n. 

'~ I ' Ha 

;ltr E: nyq 

PHc. 3. -
r.lle .Pr 

YlaMeHeHHe Q:>aabi pa.uHanbHbiX cBo6o.llHbiX xone6aHHit aa K o6opOTOB 

B 38BHCHMOCTH OT n . .lJ.nH cpaBHeHHSI npH I( =1 nyHKTHpHoA nHHHeA 

llOK838HO COOTBeTCTByiOIUee H3MeHeHHe Q:la3bi ,llnSI KpyrOBOit M8IllHHbi, 

C001 

HHlK 

H 

• 
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MHHoaaaasr' nnsr pa6o'l:ero n = 0,67 B CHHXpo¢aaoTpoae Ol1.Hl1. Kax Banao, no· 

Tepa onpenensriOTcsr anec& a ocaoaaoM 3-M a 5-M o6opoTaMa, xorna ¢aaa 'IBCTHUbi 

4JUK 61IH3K8 COOTBeTCTBeHHO K 4<Il H 69[ • Ha pac 2 g noxaaaa&r 

COOTBeTCTByiOIUHe o6naCTH nnsr STOI'O )f(e n. H H3MeHeHHbiX g H I ll Ml
06

• 

K ax BHnao, aa C'leT yaenaqeaasr 9 no 4 CM H yMeHbllleHHSI I .6M/o6. a naa 

paaa o6na:cTb yMeH&lllaeTcsr aeaaa'IHTen&ao. Kax 6yneT srcao aa nan&ae:ll:ll.lero .. Manbre 

I A M I 
00 

BbironHbi nnsr xopolllero aaxaaTa 'lacTHU a pe*HM ycxopeaHB, noaToMy 

Ba*Ho, 'ITO yMeH&llleaae I AM I 
06 

aecan&Ho yxynlllaeT ycnoBHB MRHoaaaasr HH:>Kex-

Topa. 

Pac. 2 9 npencTaansreT noaon&HO ruapoKyiO o6nacT& npa n = 0,63. Onaa-

xo, anec&, xax a a peaoaaace, RMeeTcsr cep&P.aaoe orpaHH'I:eaae no 

1 Y*e aa 3-M o6opoTe HMeiOT acxonayiO ¢aay, a To apeMsr xax npa 

ocymecTansreTcB aa 8-M o6opoTe lc M. pac. 31 • 

9; '18CTHUbl 

n .. 0,87 STO 

' ' ! 

• 

I 
I 
I 
I 
I 

.Llo cax nop o6nacTb MHHoaaaasr HH:>KexTopa Mbi npencTaangna a TepMaaax po 
a r::l 

0 
• nocxon&xy aMnnaTy na xone6aaa:ll: 'laCTRU aa aaaMyTe HH*exTopa 

a. 0 :: iy} + ot{ aa accnenyeMoA nnocxocTa eCTb nonsrpabrA paAayc, To1 acnon&aysr 

Ty )1(9 nliOCKOCT& 1 H9Tpy nao npencTBBHTb ce6e * 06JI8CTb MRHOB8HRSI' B TepMHH8X 

, rne HaaMea&wasr 'MaayiOruag' aMnna-

Tyna paBH8 0, 9CIIH IIHHHSI r oxsaTbiBaeT Ha'lano xoopnaaaT, ana armi.n ( ~) 

- H8HM9Hblll99 Q
0 

88 IIHHHB r - B npOTHBHOM Cliy'lae. TpaKTOBKa I Qo • ~/ 

6yneT acnon&aoaaaa npll pac'l:eTax aaxaaTa pean&aoro ny'lxa B pe*HM ycxopeHHR. 

B nan&aeAll.leM Mbl f.iyneM accnenoaaT& Tax:>Ke aaxaaT npJJ !}:!KxcspoaaaaoM l;, 
Ha llliOCKOCTH I .fo t o/0 I TBKHM '18CTHil8M, MHHOBaBlllRM HH:HC9KTOp 1 OTB9'189T 

nyq 

12.191 

rne Pr -a6cnacca TO'IKH nepece'leHHH npSJMOA, COOTBeTCTByiOmeA naHHOMY 

ny'ly, H IIHHHH r. HaaMeff't:twee 'MHHYIOlllee' Po nnst ny'IKa c peanbHbiM yrno

B:&IM paa6pocoM lo6oaaa'IHM ero .J1m 41( ~)I ecT&, o'leaanno, min .Pr (~, 9) ~ 
COOTB97CTB9HHO, MHHHMalibHOe p8CCTOSJHH9 M, C KOTOpOrO HB'IHHaeTCSI MHHOBaHHe 

HH*exTopa, ecT& Mrmi.n ( 9) =fm i.n ( 9 )- 9 TaK KBK III06oe M, B TOM 'IHCIIe 

11 Mr(~.9)"'Pr(1;,9)-9· 

I 
A MnnHTY na ao nnsr ¢axcapoaaaaoro !?, paaaa: 
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12.201 ao (Po I ~) :;- Vpo2 +d/;; .;_rPo- ~ ~m_~v: Wj 11 ;2 2 + amin (I;) ' 

r.lle ami.n ( $) ~ / ~~ Co51/ - HaHMeHbWaSI aMnnHTY .lla npH cPHKCHposaHHOM ~ , TO 

ecTb paccTOSIHHe oT Ha'lana KOOp.llHHaT .llO npSIMoA 12.191. CooTseTCTBeHHo, 

, . 
• r 2 a · .fo =$Jill. 1/·C():J If± COJ If VQ 0 -a min • 12.21 I 

Po - O.llH83H8'1H8SI cPYHKIIHSI ao • ecnH Pr ~ ~ Jin v. G05 v. EcnH >Ke 

Pr < l; :Jin. 7.!· cost! t TO npH H3MeHeHHH Po aMnnHTY .ll8 npoXO.llHT 0Tpe30K 

{ Qmi.n 7 ar(fr, ~} ) .llB8>K.llbl (no ~0 Hano>KeHHSI HeT. I 0.llH8KO, KaK 

HO H3 pHCo 2, BenH'IHH8 .Pr 1 KaK npasHno, 6onbwe ~ Jill. V· COj 7J • EcnH npH 

HeKOTOpbiX MSnbiX ~ 9 9TO H He T8K 1 TO BCe paBHO npeBbiilleHHe ~ 

Ha.ll Pr CTOnb Mano, 'ITO npH aHanHTH'leCKOM paCCMOTpeHHH 38XB8T8 Mbl 6y .lleM 

nonaraTb B STHX cny'laSix .Pr "'$ jilz1f. CQjlf, 

I 3. 06nacTb Ha'lanbHbiX napaMeTpos, 

OTBe'laiOIUHX MHHOB8HHIO HH>KeKTOpa H 6eTaTpOHHOft 

MHWeHH 

3aAMeMCSI Tenepb BonpocoM o Tex orpaHH'leHHHx, KOTOpbre HaKna.llbiBaeT Ha 

.ll BH>KeHHe 'l8CTHU B J-M pe>KHM e BTOpoe npenHTCTBHe - Tal{ H83biBaeMaH ,6eTa-

TpOHH8SI MHWeHb '• nycTb OHa pacnono>KeHa Ha 83HMyTe c9,s H OTCTOHT 

OT HH>KeKTOpa Ha paCCTOSIHHH 2 d • By.lleM C'IHTaTb, 'ITO 'laCTHua ca.llHTCH Ha 

MHweHb , ecnH ee 

paBH8SI D.p.::~ 
SMITnHTY .llS CB060.llHbiX Kone6aHHft Ha COOTBeTCTBYIOIUeM 83HMyTe, 

{'Yfo=:Vf(D}, llffl =(6_-) }, '.llOCTaeT' .llO MHweHH. HeTolf-

HOCTbt KOTOpyiO Mbl .llOITYCKaeM npH TSKOM paCCMOTpeHHH 1 38KniO'laeTCSI B TOM, 'ITO 

H8 CSMOM .llene lf8CTHUbl MoryT B npe.aenax HeCKOBbKHX 060p0TOB 06XO.llHTb npeiTSITC~ 

BRe, XOTSI 6bl HX 8MITnHTY .ll8 R npeBbiWana paCCTOSI.HHe OT Op6HTbl .llO 9TOPO npeiTSIT

CTBHSio 0.llH8KO T8KOe yTO'IHeHHe npHBeno 6bi K H3BHll1Heft rpOM03.llKOCTH paClfeTa H 

He H3MeHHno 6bi peaynbTaTa, TaK KaK B paccMaTpHsaeM·oa npo6.iJeMe Hac HHTepecyeT 

STa seTBb 

~ 

::::: 

• 
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12.201 

1 TO 

12.21 I 

BHn

• Ecna npa 

Mbr 5yneM 

.,5eTa-:-

no pa.a~~:ycy 

IIpenHTCT-

npens:rT-

HHTepecyeT 
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B CYW:HOCTH He MOMeHT, B KOTOpbiil: "18CTHUa nona.aaeT Ha MHWeHb, a JIHWb CaM cpaKT 

Bhl6hlB8HHH ee H3 ny'l:Ka, 

OrpaHH"'eHHH no p 
0 

, (/
0 H T,.ll. 1 H8KJia.llbiB8eMbie 6eTa-

TpOHHOti MHllleHbi00 3aBHCHT OT MOMeHTa BpeMeHH 0 B KOTOpbiH Mbi HHTepecyeMcH na

paMeTp8MH "18CTHU 1 BparuaiOIUHXCH B KaMepe, 3TO CBH3aHO C TeM, "'TO MrHOB9HHbie 

op6HTbi 1 C:lKHMBHC!>1 IIpHOJIH:lKaiOTCH K MHWeHH, nycTb B MOMeHT f 
MrHOBeHHaH 

op6HTa 38HHMaeT IIOJIO)KeHHe M f-t, i-J, TO ecTb npa npo.aonJKarorueifcsr 

HH)!(9KUHH B STOT MOMeHT BIIyCKBIOTCH "'BCTHIIbi C p/tJ=M(t,X)+~. np11 

9TOM BBH.llY 3R.BHCHMOCTH p/t) om X u 'j O.llHOMy H TOMy JKe MoMeHTy apeMe

HR B 06IUeM CJiyqae COOTBeTCTByeT HeKOTOpbiA: Ha5op p/t) 

Cornacao HBlllHM npe.anonoJKeHHHM
1 

K MOMeHTY t B IIY'l:Ke OCT8IOTCH Te "'ac-

Ubi .ll8HHOI'O X H 9 t y KOTOp biX 

13.1 I 

Bonpoc o6 ycnoBHSIX caooonuoro Bparueuas qacTaa B KaMepe HccnenyeM cHaqana 

npRMeHKTen&uo K cPHKcapoaaaubrM ~ 9 B COOTBeTCTBHH c 13.1 I H 12.201 

rrony'l:HM, "'TO rpaHH'l:Hbre Po qacTHII , He cTaJIKHBalOIUHXCSI rrpa Ka>KnoM Po(t) c 

MHw:eu&ro, ne>KaT Ha o.aHoA: aa BeTaeA: ranep5onbr: 

"" 3Ta BeTBb .llJISI ~" 8 Cl"' 0 d'" 65 CM t 

. ,;:;.' :-<!llUit!!:!P..:.Itt lilHCi'IT) ·· 

j ~~l.'l''P~l~X tlCCJlt'5:1031'1M!Q 

SH£.'llW'tTEKf\ . 
···--o_. __ ~---·- ----·--------

13.21 

noKaaaua Ha pHc. 4 IKpHaa sr 9l. I. 
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tr•J 

(C,.J 

IIIJ l.t) 

' 

PHc. 4 

06naCTb H8'18nbHbiX napaMeTpOB, OTBe'I8IOlllHX MHHOB8HHlO HH)KeK

TOpa H 6eTaTpOHHOit MHWeHH /nnOCKOCTb ( fo 
(tJ 

' .Po I. rpaHHua o6nacTH 

noKaaaHa )KHpHOA. nHHHeit; n = 0,67 ; 9 = 0; ~ = 8 eM; {L:IM~l=lcM. 

Jlm1 cnyqag, Kor.aa B cocTaB rpaHHUhi o6nacTH Bxo.aHT fo =-fn <. t~V·~\} 
pa.aH HarnH.aHOCTH B3SIThi pe3KO OTnH'I8IOWHeCSI napaMeTpbi; n, =0,79; fJ =0; 

(AN\) 
06

= 15 eM. lllHX 

Ha 

·"' 
• 

l 
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(t.) 
.Po oonacTb Po 1 OTBe'laiOIU8Sl MHHOB8HHIO MHWeHH, 

(t) 
npe.acTaBnsreTcsr Ha yxaaaHHOM pacyHKe oTpeaKoM npsrMolt .Po ·= COnjt ,orpaHH'IeHHhiM 

Ecna yqecTh, 'ITO c HH)KeKTopoM coy.aapsriOTcsr qacTHilbi, HMeiOruHe 

TaJibHOit npsrMolt Po '".Pr (Ha pHcyHKe noxaaaHhr .aaa 3Ha'leHHH p,. npHMeHHTeJib-

HO K p83JIH'IHbiM n 11 (AM) 00 ) , noJiy'IHM ODJI8CTb MHHOBaH£'"' oooax npensrTCTBHlt, 

IHd puc. 4 - npsr-HaHeceM Ha nnocxocTb 

MSSI N I • .Lln.H JII05oro 

D(-f:) 
mero Ha5opa .ro , B 

(l} ) - (t) ( .Po , .Po eme npsrMyiO p,- .Po 
¢HKCHpOB8HHOl'O MOMeHTa t 1 TO eCTb .llJISI COOTBeTCTBYIO-

K8Mepe MOl'yT npHCyTCTBOB8Tb '18CTHilhi 1 

)!{8T HR)!{e aToit npHMOi!: 0 nocne,aHee CBSI38HO C TeM, 'ITO npH K8)K,llOM 

KOTOpbiX ne
(-t) 

.Po (~,fj) 

li8CTHUbi C .llBHHbiMH /- H H OOJibWHMH .fo eme He BhinymeHbr aa HH-

)!{ eKTOpa, 

PaccMoTpHM .ansr HexoToporo -~ xax H3MeHsreTcsr HHTepecyiOmasr Hac o5-

JI8CTb B 38BHCHMOCTH OT BpeMeHH 1 HJIH OT .P:+..) ('X. ' CJ) 
npH)!{eHHe He BKJIIO'IaeTcsr. Kax BH.llH0 1 HB'IHHaH co 3Ha'leHHH 

, ecnH yCKOpSIIOI!lee Ha

j>/t.) =: .Pr H KOH'ISSI 

(t) 
3H8'1eHHeM fo =: p8 ) oonacTh HapacTaeT, npH'IeM JIHHeltHo c pfiJ • nocne 

Pe. ace BHOBh nocTynaiOmHe ti:aCTHilbi /ecnH TaKOBbre ecTbl cpaay ca,asrTcsr Ha 

MHWeHb, H B TO )Ke BpeMH a,aecb HB'IHHaeTCSI yMeHbWeHHe HCCJie,ayeMOlt ODJISCTH, 

T,e. llOTepSI 'ISCTHU .ll8HH0l'O 'f. 1 nocTynHBWHX B KaMepy B npe,aweCTBYIOI!lHe 

MoMeHTbi BpeMeHH, OTciO.aa, B qacTHOCTH, cne.ayeT, 'ITo, ecnH p6 < Pr 1 TO 

MHHOB8HHe O.llHOBpeMeHHO ODOHX npeUSITCTBHlt HeB03MO)KH0 0 llnsr H3y'leHHSI .llSJIJ>

Heitwero npouecca cne.ayeT paanH'IBTb .aaa cnyqasr, 

Tor.aa K MOMeHTY Pc OOJIBCTb MHHOBSHHH CTBHOBHTCSI. paBHOlt HYJIIO, H Bee 

qacTHUbr, BpamaawHecsr B KaMepe, 5y .llYT y:>Ke nornomeHbi MHWeHbiO. 

'feHHe Pr 
21 f,.(~ 1 9)<, ~.5in 7/·CO:Hf 

OD03H8'1eHO A-i /, 3.a eCb B TO 'IKe .Pc 
IHa pac.4 Taxoe aHa-

BMecTe c npo.o.on>KaiOI!lHM'" 

CSI npoueCCOM ilOl'JIOI!leHHSI '18CTHU, BhiilYllleHHbiX BO Bee DOnee paHHHe MOMeHTbi 

BpeMeHH, H TeXt KOTOpbie ilOCTynaiOT BHOBb, H8'1HHaeTCH OOpaTHbllt npouecc-BbiCa,llKS 

aa MHWeHb qacTHu 1 nonaawax B nyqox paHbwe acero (c .Po"' .Pr j, H cne.ayiO-

IUHX 38 HHMH, 8 TO'IKe 

Ha pac. 5 n p e .a c TasneHa Ta :>Ke xapTHHa, 'ITO H Ha pac.4 1 Ho npeo6paao-
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B8HH8H K KOOpaHH8T8M Q 0 t .P!i). AHanorHqHhie KpHBhie o6o3HaqeHhi 

TeMH :>Ke HH.QeKeaMH. I:S qaeTHOeTH 1 rrpHMaH N "Hapo:>KaaiOIUHXeH"' B rryqKe j) 0 ' 

rrpeo6pa3yeTeH B rHIIep60lly ;I - KpHByiO B03HRKHOBeHHH 8MIIJIHTytl Q 0 B 3a-

BHeRMOeTR OT .Po (i.). 

• 

,. 
" 

PRe. 5. 

To :>Ke, qTo R Ha pRe. 4, HO nm1 rrnoeKoeTH ( Q., .Po(t) J. 

0 pH rrepexone HeiiOJ!b30BaHa ¢opMyna /2.20/ e 3aMeHOH B H9H Po- .Po(i: 

PRe. 5 He TpeoyeT oe06biX IIOHeHeHRH 1 eeJIH yqeeTb TO, qTo eK838HO B UO.QIIReH K pHe.4 

R OTMeqeHHhiH B ll 2 ¢aKT, qTO rrpR _?r < Fj jin. V·CO:SV HHTepBaJI ( Qmi.n (i;), Qr (Eft, 9~ 
IIpOXO.QHTeH .QBa:>Kabi /Ha pRe.5 eOOTBeTeTBYIOIU8H o6naeTb 'OTMeqeHa .QBOHHOH 

w TpHXOBKOH I. 

nerKO IIOK838Tb1 qTo 

pb ( ~. 9) = 2d +g-~ ae. ( ~. l}), 13.3a I 

.R: ( ~, g) ~ 2 d -1- 9 - /!i Or ( ~ , l}) , 13.36 I 

• 



9Hbi 

B II:lf'!Ke .Po 

Qo B 3a-

IIHCH K pHC .4 PHc. 6. 

nBOHHOii napaMeTpbl, 38ABHHbi9 ypaBH9HHHMH /3.3/ 1 a TaK>Ke 

.Pr (1111~ n,. 0,67; 
( /), M)o6 "" 1 CM) "' ~ :Sin vc~ l! B 38BHCHMOCTH OT ~ • 

/3.3a/ 

13.35/ 
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Pf)1~.pJ"' 2d+g-(~{ami.n{~), 
/3,3a/ 

DPH'I9M 

(2d .,.0)
2 

-t- ~ 2C0.5 2 tJ- 2( 2 d + o)i; ;Si.n_'lf COJ 1f 

as= co;V{Zd+gJ2-2(2d+ 9ls 3ln"lf·COJV+COj2 V·(1-~ )~~·~ 
1fo 

Llns xpyroeoA MawHH&I, r.oe 

cyw:ecTBeHHo ynpow:aeTcH: 

U8(~.g)~ 2d+V, 
2 

~2 
+ ~.,...__ 

'2(2d+g) ' 

$ B3H'I9CXHA CMbiCJl .fs H QB 

.08. '18.CTHU C .ll8HHblM -5 
1 

T,e, 

8.3BMyTy 6eTaTpOHHOA MHWeHH, OH8. 

MHweae. BenH'IHHbl .Pc H A 

r-··--
¥c (U+9)-V!il:Jinv -c.os~ 

0 ~ '? 

C03V "'I 

• 

~ ;:1 • 
Yo 

.fs ($, ')}.::: ?r!~- s 2 
2 2(2d-Q) 

;3. 4/ 

aTa ¢opMyna 

13,4al 

(t) 
.Po (X,9)=.Pa (l;) cne.oyJOwtdi: npa 

8MRJIHTy-

QB , T8KOB8 1 'ITO 6y .llY'IH npeo6pa30B8HHOfi K 

paaaa paCCTOHHHIO OT Op6HTbl .llO 9TOA 

ROHCHeHHA He Tpe6yiOT, Ha pRe. 6 DOK838.Hbl 

KpHBble /3,31 H .PrC~, fj) B 38BHCHMOCTH OT ~ .llJlH 9 = 0, d = 65 CM, 
~=~ cos lf = 0,997. n = 0,67 H LlPYl'HX napaMeTpOB CHH-

xpo¢aaoTpoaa OH$il1, Kax BH.OHo, Bpaw:eaue 'laCTBU B nepeoM pe>KHMe B03MO>KHO 

naw& npu ~ , n~>Kaw:ex e npe.oenax - 25 CM < ~ 

BeHao, -17' < r;, < 25; xor.oa o >p 
.rs _r · 

< 37 CMJ COOTBeTcT-

3a<PuxcupyeM Tenep& f. H 9 B nepeA.oeM K nnocxocTH I .Po , o/
0 

I, cooT-

89TCTBeHHO I ao c;;o 1. Ha 9ToA nnocxocTH o6nacT& MHHOBaHHH o6oax npE:HIHT-

CTBHA orpaHB'I9H8. JlHHBeA r CO CTOpOHbi M8.JlbiX .Po 
6on&Uiax }Jo nat5o oxpy>KHOCTbiO pa.oayca /3,1 I, na6o 

nu6o 

a CO CTOpOHbl 

(i) 
npHMoti .Po (X.,cj), 

CMeWaHHOA rpaHBUeA, COCT8.BJieHHOA H3 .llBYX ROCJle.llHBX, 3.oec& T8.K>Ke
1 

K8.K 

H BbiWe, • MO>KHO npocne.OBTb BCe 9T8.Rbl BH.llOB3MeHeHBH o6naCTB BO BpeMeHH, 8 '18.C'l" • 

HOCTH, BCe BHOBb ROCTYR8.lOW:H9 '18.CTHUbi 6y .llYT Cpaay T'B6HyTb H8. MHW9HH
1 

H8.'1HH8H 
(t) 

co aaa'leHHR .Po ==PamaxCC}J==maxp8 (~.<J), Msrnox(9)=P
8

ma.xlq)-g , 

K0l'.ll8. .llO MBW9RB K8.X p8.3 .ll0CT8.9T '18.CTHU8. 1 BblneTeBW8.R B3 HH>K9KTOpa ROLl on-

THM8.JlbHblM yrnoM: ~onm. { f 6 max) ==Psrnax · t9 '1/. 06oaHa'last cooTBeTCTBYIOI.llYIO aMn-

IJHTY .oy: QBmin ( 9J =: mi.n 0 8 ( ij, CJ), 6y .ll eM BM9Tb: 

;It 

• 
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/3,3a/ 

aT a cpopMy na 

/3,4a/ 

8MII1IHTy-

K 

liO 9TOA 

6 IIOK838Hbl 

d = 65 -;;M, 
IIapaMeTpOB tHH-

;)KHMe B03MOJKHO 

CM) COOTB9TCT-

1 olo I, COOT-

060HX rrpeTIHT-

a CO CTOpOHbl 

(-1:) 
oil Po (X. ' Cj} , 

apeMeHH. B 'lacT 

H8'IHH8H 

rro.a on-

23 

aMeTHM 1 KcTaTH, 'ITO paano:m:eaHe /3,4 I rro ~- Sonm ( ..Psmax 

Q " a ( 11 ) + [ S - $ onm ( Pa max)} 
2 

B Bmax J 2('2d+gJ 

VJf [~ -l;onm <.Pamax)r 
-----2 12 c1 + v- --

§ 4. YcnoBHH aaxBaTa 'IaCTHII B pe:m:HM ycKopeHHH 

/3.5/ 

J .aaeT: 

/3.6/ 

nepBbii!: peJKHM 38K8H'IHB89TCH K MOM9HTy BK1IIO'I9HHH YCKOpHIOUlero H81IpHJKe-

C'IHTaH, 'ITo aail8HHaH aMnnHTy .aa 
9TOrO H81IpHJK9HBH YCT8H8B1IBB89TCH 

MrHOBeHH0 1 1Ip08H81IH3HpyeM YC1IOBHH 38XB8Ta 'I8CTBII B peJKHM YCKOp9HHH. npH 9TOM 

5y.aeM HM9Tb B BHL1Y1 'ITO Ha Ll8HHOM 9T8IIe T9pHIOTCH Te 'I8CTBIIb1
1 

KOTOpbl9 

1/ He y .aoBneTBopHIOT ycnoBHHM ycToA'IHBOCTH pa.aHan&Ho-cpaaoBoro .liBBJKeHH.i1
1 

To 

ecTb He IIOI18.ll8IOT B CeiiapaTpHCy, 2/ XOTH H IIOII8.ll8IOT B cenapaTpBcy 
1 

HO BX CyM

M8pHaH 8MII1IHTy .aa CB060.liHbiX H P8LlH81IbHO-cp830BbiX Kone6aHBA rrpeBOCXO.liBT pac

CTOHHHe liO O.liHOro H3 IIperrHTCTBHA IHHJKeKTOpa H1IB 6eTaTpOHHOA MBill9HB/ • 

EcnH o6oaHa'IHTb qepea f? 
OTK1IOH9HHe MrHOB9HHOA op6HTbi 'I8CTHIIbl .ll8.HHOA 

9HeprHH OT p8BHOB9CHOA Op6BTbl 0 TO rrepBbiA HHTerpan cpa30BOrO ypaBH9HHH /eM •t 

H81IpHMep, [l} / MOJKeT 6biTb 38IIBC8H B BB.ae: 

( Jin 4>- 4>CO.jC/>.s)- ( ji.n 4>o- C/)
0 

COj <P;S) 
2(Jin. CJ>:1- <f>~ CO$ q>3) /4.1 I 

rae Bmax - M8.KCHMan&HO B03MO)KHaH aMrrnHTy .aa pa.aHan&Ho-cpaaoB&IX Konet>a-

HHA, orrpe.aenHeMa.ll rpaHHueA cerrapaTpHc&I, <P - cpaaa,. <Ps - p8BHOB9CH8SI 

~0 - COOTB9TCTB9HHO ? H B H9KOTOpbiA H8'18.1IbHbiA 
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MOMeHT /6y.neM C'lHT8Tb ero MOMeHTOM BKnJO'leHHSI ycKOpSIIOIUero H8IlpH:lKE.HHHf. 

CJ 
<t>aaa cp

5 
Haxo.nHTCH B o6nacTH 0< cp

5
< 2 , a <Po- B npe.nenax 

<l>s " <Po < 27-- <lls 
nonaraH B /4.1/ 'P=c1>

5 

cenapaTpHCbi: - ¢s < C/>0 " <P2max 

H C'lHTaH, 'lTO 4>o H ~0 H8XO,llSITCSI BHyTpH 

( <J1max -npaBaH rpaHHua cenapaTpHebi/, 

- Bmax < f?o < bma)( ) H3 /4.1 I nony'lHM cne.nyJOmee BbipameaHe, eBH3biBa JOIUee 

aMnnHTY .ny pa.nHanbH·o-¢aaoBbiX Kone6aHHil: b = I 7 <~> ~ tlls I c cp o >1 ~ 0 

2 h2 t -~ o;;2 
&max 6~a;c 

Ji.n <Po - ¢?o C0.5 <Po 
2 ( :Hn ~ - <P.s c o3 <Ps ) /4.2/ 

C .npyroil: CTOp0Hbi 1 ecnH 38.[l8Th .neii:eTBHTenhHOe ?o , y .nosneTsopHIOIUee He-

paBeHCTBY l fz.o J ~ bma.x H ~ H3 o6nacTH ll(o I-" b ~ 6mox , TO 

ypaBHeHHtl /4.2/ onpe.nenHeT ,llB8 3H8'leHHSI H8'l8nhHOH cP83bl o/o::: {~i(IJ;>.f, f,)) 
1' <P2 { f~of b) 

.ll8!0IUHX .ll8HHY!O aMTinHTY .llY V npH c¢opMynHpOB8HHb!X yenOBHSIX 0 
7 

HeTpy .nHo BH.neTh, 'lTD 'laeTHua c aeKoTopbiM lqof~b 1 HM9!0IU8SI <Po 

B npe.nenax <P1 < <Po< <Pa , nona.naeT B eenapaTpHey H ee aMnnHTy .na pa.nH-

anhHO-cP830Bb!X Kone6aHHil: He 6y .ll eT npeBOeXO.ll HTb I) • 0TC!O.ll8 HeHO, 'lTO cPYHK-

UHSI 

E. ( E/-_tz:_) = lPz~ 
~ax '2<Ji 

112 ~ 12 J,..,2 
omQ)( v 0 ~ r(o /4,3/ 

eCTb BepOSITHOCTh TOI"'O, 'lTO 'l8CTHU8 C 38.ll8HHb!M Ito H8XO,llHTeH B eenapaTpHee H HMeeT 

npH sTOM aMnnHTy .ny pa.nHanhHo-ctJaaoBbiX Kone6aHHii: He 6onee 6 

see cP83bi .[lnH 'l8eTHUbi paBHOBepOHTHb!MH. 

t eenH e'lHT8Th 

0TMeTHM H8KOTOphle CBOHCTBa C (Z} Ha oTpeaKe 10.1 I !eM. TaKme 

pHC. 7 I. 

11 E(O}=O, 
E. ( l) "' 4>2 max + cps 

2'fi 
14.41 

- MaKCHManhHbiil: paaMep eenapaTpHCbi no aaHMyTy. 

-:t>'' 

• 



• 

I. 

pa.nH-

I 
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• 

PHc. 7. 

CN ... ~US 

<:OS~ •0.61 

costs· us 
cuts •D.lll 

ID 

~YHKUHSI1 OIIHCh!B810IU8SI BepOSITHOCTb 3aXBaTa 'IaCTHU B 

cerrapaTpHcy. 

21 C (z) - MOHOTOHHO B03pacTaeT Ha 0Tpe3Ke 10.1 I • .[leHCTBHTenbHO, B CHny 

14.31 H 14.21 H y'iHThiBa~ 'ITO , rrony'IHM: 
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KaK BH.llH0 1 14.51 HMeeT oco6eHHOCTH rrpH ~ "cp2"' <Ps I l = 0/ H 

rr PH cp1 == - <Ps 
6eHHOCTeA. OpH 

{ 2 = 1 ) • J..1a 14.2 I nerKo BbiHCHHTb xapaKTep aTHX oco

Z<< 1 

dE _ 2 -J .Sin <Ps..:..: <Ps CD.5<Ps 
d'l. - <][ v· ~Ln <Ps 

. 1 f n + l·(z), 14.61 

I'Lle it (l) -HeOco6eHHaH cPYHKUHH. • 
OpH 1-Z << 1 

d C ~ g . [':;) Ln <P~ - CJ>s_ C'_ll._-5 q>s 
dz. 9[ V - :Sin <P

5 

. 1 
"{l" + f2 00 ' 

14.1 I 

..£ xl 
Jtl)-Heoco6eHHaH • 

nycTb ycKopsuowee HarrpH:>KeHHe BK.1IOqaeTCH B MOM9HT t 7 ( .Po(tj-)= Po(f)) ? 

H paBHOBeCHBH op6HT8 OTCTOHT OT HH:>KeKTOpa Ha d- 0 
c aHeprHeA 'f.. 

?o = ( d-8)-M(tf, 1-) == d- 0+~-_p<jJ('t-, 9);: f.-.,.~ 1 

r.lle 

V = ( d-8) - M ( tJ , o) "' d- J + 9 -p! f J ( O.lJ} 

• Tor Lla Ll.TlH qacTHUbi 

14.81 

14.8a I 

- OTKnOHeHRe MI'HOB9HHOA Op6HThl U9HTpanbHOA 9HeprHH B MOM9HT tf OT 

paBHOBeCHOA op6HThl. 

-y--

B rrpe.llrrono:>KeHHH oTcyTcTBHH CBH3H Me:>KLlY cso60LlHhiMH H panHanbHo-c}:>a

aoBbiMH KOne6aHHSIMH H8 OCHOBe rrpe.llbiLlYlll9I'O rronyqHMr qTQ BepOHTHOCTb TOI'O ,qTQ 

qacTHU8 C &HeprHeil: )L H 8MIInHTYLl0A CB060LlHb!X KOne6aHHA C£.0 IIOIIa.lleT B VCKO-

pSIIOWHii pe:>KHM, eCTb 

xl M.C.Pa6HHOBHq RcrronbayeT cPYHKTlHIO C0 (X)==E(z..), J(:::YZ. 
0 pOH3BOLlHaH dfo rrpH X = 0 He HMeeT oco6eHHOCTH H pasHa 

j-{Si.n~~'J>c~¢.s' dx , HO rrpH x = 1 oco6eHHOCTb ocTaeTcH: 

:s dEo::: _g.! Sin 'Ps-: P.s COj <p5 • _t_ + j (x) 
dx CJi V J~.n. <Ps ~ o ' 

14.1al 

rLle }o (x) -aeoco6eHHaH cPYHKUHH. 

•' 

• 

rne 

ph! X 

.llHT 



I 
t • J 

~-

0/ H 

aTHX oco-

14.61 

14.1 I 

14.81 

• 

/4.8a I 

/4.7al 

~ 

I 
I 

~0 
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14·.9; 

r.ne 

/4.9a/ 

Onpe.nenHeTCH ycJIOBHHMH Hecoy.napeHHH "18CTHU C npenHTCTBHHMH Ha .ll8HHOM aTane 
xl 

38XB8T8 • npH STOM C"'HTaeTcH 3,lleCb .llOOUpe.neneHHOif T8KHM 00p830M
0 

"'TO 

t(zJ = 0 npH z < 0, H ecnB 6 (0.,) H3 /4.9a I 6onbwe 

6ma;< , To B 14.9/ BMecTo nepeoii no.ncTaBnHeTcB sTa nocne.nHBSI senH"'HHa. 

Ka.d: BH.aao, cPYHKUHB f. a 14.9/ aaBHcHT o'::' napaMeTpoe qacTHUbi a., 
7 
X-,~ 

OT reoMeTpHH I d I H xapaxTepBcTHK ycxopHroruero nonH: MOMeHTa ero sxnro-

"19HHH I y I, nono}KeHHSI paeaoaecHoii op6HTbi I J I, 

QqeBH.llH0 1 B p9}KHM yCKOp9HHR 38XB8TbiB8IOTCH TO.IlbKO Te "18CTHUbi,.llJlH KOTOpbiX C 1:0. 

CpaBHHM o6naCTb napaMeTpOB "18CTHUbi 1 OTBe"!aiOIUHX MHHOB8HHIO npenHTCTBHA /§ 2, 

t 8 I H •o6naCT& 1 r.ne E. f:. 0. TpeooBaHBe ~ fi/1> 0 /eM. BbiWe/ UpH 

p,(f)( X, fj}-<J~ d-~, 

nPw p~f)(x,rp-9~a-d'. 
14.10a/ 

(:J) 
Qo~.Po (I(, 'Jr 9 -2lcSI 
u,~ 2d-(p~f>cx.fj)-'j) 

/4.105/ 
npvr 

x/ EcTecTBeHH01 aaxeaTbiBaTbCH MoryT nHwb Te aMnnHTY.llbi Q
0 

, .nnH. xoTo-
pbiX I 4.9a I aenpoTHBope"!HBo. B npoTHBHOM cnyqae, xax nerxo BH.ll9Tb

1 
"'aCTHua ca

.llHTCH Ha O.llHO H3 npenHTCTBHAe 
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YcnoBHSI /4.10a/ •oTceKaJOT" qacTHUhi, KOTopbie Ha rrepaoM ct>aaoaoM Kone6aHHH 

IIOII8.LlYT Ha 6nH:>Kail:wee .[lliSI 9TOI'O cnyqag I d' > 0/ rrperrSITCTBHe-HH:>KeKTop. npH 

0 ~ 0 'l8CTHUbl OTCeKa!OTCSI MHWeHbiO - /4,106/. nerKO IIOHS!Tb1 'ITO I!pH 0 ~ 0 

1-e HepaBeHCTBO /4,10a/ COOTBeTCTByeT IIOTepe He60nbil10I'O 'IHCna '18CTHU Ha HH-

:>KeKTOpe1 KOTOp8SI B IIpHHUHIIe I!pOH30Wll8 6bi H B TOM cnyqae, ecnH ycKopSIJO-

wee H8IIpS!:>KeHHe He BKliiO'l8Tb 1 8 IIpOCTO B MOMeHT 
• tf rrpeKpaTHTb poeT rronSI, 

TO eCTb ocTaHOBHTb .LlBH:>KeHHe op6HT, CooTaeTCTBYJOW8SI "ocTaHOBO'lHaSI" I'}.JaHHua 

w (~ 
Ha pHcyHKax 4 H 5 I Po oTO.iK.LleCTBnSieM c .Po I rroKiaaHa rryHKTHpoM 

/rrHHHSI 0/. XapaKTepHo, 'lTO BHe aaaHcHMOCTH oT 5 1 9 :aTa rpaHHUa rrpo-

XO.LlHT TaK 1 'ITO OHS yMeHbwaeT "o5naCTb MHHOBaHHSI" rrpeiiSITCTBHil: B 1-M pe:>KHMe: 

liHHHH .-v OHa He rrepeceKae'r 1 a MO:>KeT liHWb KaC8TbCSI ee rrpH 9 ""' o. nu-
HHSI yt C liHHHeil: t!J rrepeceKaeTCSI a TO'lKe ptfi=pA = d+ 9 • H 

PA acer.Lla 6onbwe p6 • BTopoe ycnoaHe /4,10a/ OTpa:>KaeT coy.LlapeHHe 

'l8CTHU c HH:>KeKTOpOM rrocne rronOBHHbl KOne6aHHSio EcnH a ""' 0, TO IIOTepb 3.[le.cb 

ReT, IIOCKOllbKY rronyqaeMSSI H3 9TOI'O HepaaeHCTB8 I'p8HHU8 COBII8.[lSeT C 9t t H 

HHTepecy!OWHe HSC 'l8CTHUbl y:>Ke IIOTepSiliHCb HS 6eTaTpOHHOil: MHWeHH B 1-M pe:>KH-

Meo npH 3 > 0 paCCM8TpHB8eMOe ycnOBHe rrpHBO,LlHT K yMeHbWeHHIO Haweil: o6-

~ x/ 
ll8CTH 0 EcnH 0 < 0, TO IIOTepH 'laCTHll BO 2-oM pe:>KHMe B03MO:>KHbl liHillb Ha 

6eTaTpOHHOil: MHweHH - rrocne 1/2 ¢aaoaoro Kone6aHHSI. 3ToMy oTaeqaeT 1-e ycno-

BHe /4,1061, 8 BTOpoe YK838HHOe ycnOBHe .[l8eT OIIS!Tb rp8HHUY !R. • HaH6onb-

wee aaxaaTbiBaeMoe Qo paBH01 TSKHM o6p830M 1 d H eMy COOTBeTCTByeT 

po = pd , orrpe.LlenSieMoe .LlliSI KS:>K.LlOro ~ H3 ypaaHeHHSI 12.211, ecnH Bbi -

6paTb a HeM 3HaK rrmoc H rrono:>KHTb Q 0 = d • EcnH 8 (Q 0 ) a 14.91 paBHo 

6max /rrpH 6 (Q 0 ) Ha /4.9al, 6onbweM HnH paBHOM !Jma;x I, To 

Eto 6y .Ll eT 03Ha'laTb 

- 6ma)( < '?o < 6ma)( 7 

12. ~ (f) . 1.. 
-Umax'd-U+tj-.Po (1-,fj)<.. Dmax 1 14.111 

'ITO Ha pHC 0 4 H 5 .[laeT aepTHK8llbHble rpaHHUbl /TaM OHH He II_OK83aHbl /, CHMMe

TpH'lHO pacrrono:>KeHHbie oTHOCHTenbHO aepTHKanu Po (f~ .fJA- 8 , oTaeqaJOweil: a 

o6weM cnyqae 8t: 0 I eM. 2-e HepaaeHCTBO /4.10al H 1-e HepaaeHCTBO 14.1015// 

HaH60llbil16il: aaxBaTbiBaeM09: aMIIliHTY .oe ao"" d- cJ H ' COOTBeTCTBeHHO, .fo ;; Pd- J I 

rronyqaeMoMy H3 /2,211 rrpH ao" d-3 

xI M bi roaopHM a.LleCb o rroTepSIX 'laCTHU,aaxaaqeHHbiX a cerrapaTpHcy, HnH Toq

Hee, 0 B03MO:>KHOil: IIOTepe .LlliSI HHX H3-38 cP830BOI'O ,LlBH:>KeHHSI HeKOTOpOil: 'lSCTH 

o6nacTH MHHOB8HHil: rrpenSITCTBHil: 1 HMeiOwe:ii:CSI B 1-M pe:>KHMe 1 IIOCKOllbKY ycnOBH)l HH

:>KeKUHH,T,e. aanonHeHHOCTb 8TO:il: o6nacTH noKa Heorrpe.oeneHHhi. 

VfTaK, 

MAn~n .. 

X 

~--/ 

0 

/ 

arryw 

pe.Ll 

• 
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HTaK, MO:>KHo cnenaTb BbiBon, 'ITo np11 ni06bix II ,) o6nacTb B 'ISTbipex-

M epHoM npocTpaHCTBe I _? 
0 

• ~ • X. 
xl 

I HnH I 

j. I, rne c 1: o. n ononHeHHaH ycno:aHeM .Po > Pr ( S , fl) 

HnH 
Qo > { Qr (~,C)) np11 Pr (F,, gJ > ~ :1in lf. con! 

amin (~) npu .Pr (~, [j)< ~ .jin v COj 'If, 

COLlep:>KHTCH BHYTPH cooTBeTCTByiOrueA: o6nacTH MHHOBaHHH npenHTCTBHA: s 1-M pe

:>KHMe. 3To yTBep:>KneHHe OCHOB8.H01 0'19BHl1HO, Ha Cp8.BH9HHH C9'19HHfi: yK8.38.HHbiX 

oonaCTefi: nnOCKOCTSIMH v= const 5 = con.Jt • nposeneHHOM BbiWe, 

Paaee paccMaTpHsanHcb TaK:>Ke ce'leHHH "'o6nacTH 1-ro pe:>KHMb • nnocxocTHMH 

~==cons t H X.= con~t • AaanorH'IHO npenbznymeMy MO:>KHo noxaaaTb, qTo 

'npH yqeTe nHHHH 'l:eTbipexMepaaH o6naCTb I Po • • 
'HnH I Q 0 ~0 

r (rj) 

' g I, rne C. i: 0,, conep:>KHTC.H BHYTpH COOTB9T-

CTBYIOIIlefi: o6nacTH MJIHOB8HH.H npenHTCTBHfi: B nepBOM p9:>KHM9
0 

n106y10 H3 p8CCMOTp9HHbiX HnH· 9KBHBaneHTHbiX HM o6nacTeft, rne c=F.o, 
LlOnonHeHHbiX yxaaaHHbiMH BbiUJe cnoco6aMH, o6oaHa'IHM E • 

§ 5, 3¢¢eKTHBHOCTb HH:>K9KUHII 

8 KOH9'1HOM C'ISTe Hac HHTepecyeT 'IHCnO '18.CTHU 
1 38.XB8.'19HHbiX B 

MOMSHTY HB.'Iana HH:>K9KUHH t 1 OTB9'18.eT .Pfi)("t, t;j) , KOHUY HH:>K9KUHH 

t 2 =-f:.1 +1il( - BenH'IHH8. p;;'-J("/.,f})==.R,(1)("X., 9 )+Uq:(J~OM9HTy BKniO'ISHHSI 

YCKOpJJIOIIlerO H8ITpSI:>K9HHSI ij > t 1 t COOTB9TCTB9HH01 .Po ('t, fj) > p/~) (X, 'J). 
r 

nyCTb nonHbifi: TOK HH:>K9KTHpy9MbiX '18.CTHU 9CTb (J ( t) • t{Hcno '18.CTHU QJ 
BllyillSHHbiX B KaMepy 38. Bee Bp9MSI HH:>K9KUHH C[ 

t.1+q; 

Q=:.~ f ~(i)dt 
tt 

xl 
pellen.HJOT 

1- H J B COBOKYUHOCTJI onpenenHIOT 
p!+J('f., g). 

~ 9CTb 

15.11 

~o t H 1- , V , · d • 9 on-

.. 

I 
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r.ae e - aapR.Ll 'laeTHUhi. BBe.aeM KoacpcpHuHeHT aaxBaTa 'laeTHU B pe:iKHM 

6 ==- ~E ~ l • TaKoii KoacpcpHuHeHT y .ao6eH TeM, "'TO B oTeyTeTBHH Baa

HMo.aeAeTBHSI Me:>K.ay 'laeTHUaMH /ManaS!: IInOTHOeTb rry"'Ka / OH aaBHeHT He OT BenH"'H-

yeKopeHHSI 

Hbi Toxa, a nHWb OT paerrpe.aeneHHSI HH:>KeKTHpyeMbiX 'laeTHU IIO yrnaM, SHep-

QE 

a H BO BpeMeHH /eM. HH:>Ke/. Tor.aa 
(J i.J. tCZ: itf-'I' 

: o'(l= 1 J J(t}dt== ~:JfP. ~ J 1{-l)dt = 

tj i1 

~C[ e 3f/>, /5.2/ 

I'HSIM, 

il 

r.ae -:J - epe,LlHHH TOK B HHTepBane / t1 • t1.+C[ • I, q - f)C[" -31(>-

- TO BpeMS11 Ha KOTopoe Ha.ao yMHO:>KHTb epe.Ll,HHH TOK H3 HH:>KeKTOpa, "'T06bi rro-

ny"'HTb aaxBa'leHHbiH B pe:>KHM yeKopeHHSI 38pSI.Ll e ~E . 

npH aa.aaHHOM TOKe H3 HH:>KeKTopa j 

UHH C[ o6a rrapaMeTpa, KaK 0 t TaK H 

H 3a.LlaHHOH .LlnHTenbHOeTH HH:>KeK

C£. :3fP f SIBnSI!OTeSI Y.Ll06HbiMH xapaK· 

TepHeTHKaMH 3aXBaT8 'laeTHUo 0.LlH8KO eenH HMeeTeSI B03MO:>KHOeTb B8pbHpOB8Tb C{ J 

TO. rJ OK83biBaeTeSI HeiiO.LlXO.LlSIIU8H XapaKTepHeTHKOH 1 TaK KaK e yBenH'leHHeM 

C{ 0 yMeHblllaeTeR, HO q '3/fJ H 1 eooTBeTeTBeHHO~ ((E 1 BO BeSIKOM eny-

'lae,... He y6brBaeT /eM. II II 6,7 I. 

,lln'sl HBXO:>K,LleHHSI 6 H q 3 cp He06XO.LlHMO, O'leBH.LlHO, 3HaTb He TOnbKO 

TOK H3 HHJKeKTOpa '::J ( t) 1 HO H TO, e KBKHMH yrnaMH, 9HeprHSIMH H Ilp.H KaKOM 

9 BbineTenH pa3nH"'Hbie 'laeTHUbi B KB:>K.LlbiH .LlaHHbiH MOM8HT BpeMeHH. 

nyeTb HB'lanbHb!8 rrapaMe"J..pbi orpaHH'leHbi TBK: 

roi ~ Yo ~ 0c2. ( to2 - cYo.1 =: A Yo) , CJ;.-""9..;;,.9z ('ijz-C);,.,~<j), W - KaK 

B I 2, a BpeMSI HH:>KeKUHH KaK BBe,LleHO Bbillle. nyeTb TaK:>Ke IInOTHOeTb TOKa B 

rrpoeTpaHeTBe r'o,W •CJ eeTb j A(t. 1 Y0 , W, CJ}
1 

r.ae j ~ const, 

H Ji. HOpMHpOBBHB eornaeHO 

t 1+<r i'oz Wa 92 

j j j f J\(l,fo,W,9)dtdYodwd9::C[·AI;,6W·ll~. 
ii lot w1 9~ 

/5.3/ 

Tor .a a 

.-

yepe.a 

?o t 

/ 

noeoooa.:ll 

at 

r.ae 

• 
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H xapaK· 

H K8KOM 

- KaK 

TOKa B 

I 
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15.41 

0TCJOna, B qacTHOCTH, SICHO, q')"Q ecTh ycpenHeHHaSI no BpeMeHH nnoTHOCTh 

TOK8 B npOCTp8HCTBe · Yo vJ , lJ • H aopMHpOBKa A Bbi6paaa TaK, qTo 

enHHHqHaSI nnoTHOCTh ToKa ecTh A nyTeM, 

ycpenaeHHSI no t 6o 'W 

BepoSITHOCTh nnsx qacTHUbi OKaaaThCSI B aanaHHOM o6'beMe paaaa: 

15.51 

nepeifneM OT nepeMeHHbiX i ro t W 9 K nepeMeHHbiM .fo t S 'I 
?o • ~ • Cornacao 12.2/, 12.61, 12.101, /2.3/ H 14.ill 

t 
= Po -pP)r ~0- V, r)} 

U +tl"'trJ(fo,'?o,fj), 15.6a3 

ro :; ¥a ,; . 5 , 15.661 

W =: r:, W ( lo~~ + Wo = W'v (~a), 15.6r I 

/5.6n I 

npeo6pa30B8HHe SneMeHT8 06'beMa K KOopnHH8T8M /5.6/ naeTCH cpOpMynoA: 

rne 

• 
d (t,lo, w',9) 

O(fo,~, '?o 9) 
15.7 I 



~.; 

'd r t, ro. w.9J 
'd (Po ' ~ ' 'to' 9} 

- HKOOHaH nepexona. 

32 

- tl\N 
- "1{, '2'0 U ·A /YI W 

/5.7a/ 

CornacHo /5.5/1 aepoHTHOCTb H&XO:>KneHHSI "'aCTHdbi B oo'beMe d_po d~ rff[o d9 
ecTb 

i <[1\.(tv(Po,~ •• CJ), 6o(l;), Wv0lo),fj}dpod5d'todfj, 15.81 

rne 4t=:lfoZ·AY: '? 0 0 . 

.[lJISI KOopnHH8T Q
0 

1 ?o 1 ?o t fl COQTBeTCTByiOIU8SI BepOSITHOCTb 

BBHny COOTHOIUeHHSI dpo dc/o :: d .Pod~ .:= ao dQo d ~0 paBH8 

i ao A ( t 'I (Po ( u o C,o ), f?o, g), lo (~ ( ao, ~o J), W.; f~ot9 )dao dt,.,d'tod9 15• 91 
~ 9·6Mw·A~ ·Uct 

EcnH npHHHTb1 'ITO BHe rpaHHU nyqxa no t r:.w g, rne 

A HeonpeneneHHa, A = 0, a TaK:>Ke C"'HTaTb 1 'ITO B Te"!eHHe BpeMeHH, 

p8BHOI'O nepHony ooparueHIHI "18CTHU B CHHXpOcp830TpoHe, TOK H3 HH:>KeKTOpa, yc

penHeHHbii!: no Bb!COK0"18CTOTHOMY nepHony nocnenHero, MeHHeTCSI M8JIO HJIH COB-

CeM He MeHSieTCSI, TO MO:>KHO H8nHC8Tb 

6 ~ · [E ((d -/OJ- ao )
2

- td} ~9· 6:'11\w ·A~·U'l .f:/mox /\. Qo· Ciao dt!:;odfto d9. 
£ 

/5.9/ 

~'~ 

3nech d -/8/- ao eCTb 6 ( ao} H3 /4.9/ npHMeHHTeJibHO K P8CCMaTpH-

aaeMoMy cnyqaiO, xorna '~.~1ft"' o/0 

npH cpHKCHpOB8HHhlX 

T8MH .Po t S 
. nyiOIUHM oopaaoM: 

~ 

~0 

B g 
9 

• Hac 6y neT BHTepecoBaTb TaK:>Ke aaxaaT 

• npH 9TOM y nooHO nOJib30B&TbCSI KOopnHHa-

H npHMeHSITb cpyHKUHIO n , onpeneneHHYIO cne-

, 

I 
~ 
~ 
~ 
it. 
~ 
c..~' 

~~ 

~-; 
<i-,-. 

'<· 
~: 
,1(,•. 

' 

! 

n(1dx. 

rne 

rne 

}o 

HYJISI 

an 

rne 

• 
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/5,7a/ 

15,8/ 

r.ae 

/5,9/ 

D(j f _ { i npu f1 (x.y, ... z):;;; j(X.Ij,--1)~ /2 (X, lj, ... l) 
1 15 1 

O I l(~.~.,l)~ (X.'j;-<J<.j2(x,'i,···'!l- o npHJ (x.y, ... 'l)<.fi(x,y, .. 'l)WIU j(x,y,-.l)>}c(x.~.-'iJ, • 

• f - HeKOTOpb!e <i:>YHKUHH 

0TMeTHM .llBB. CBOHCTBB. cpyHKUHH n 

n (JJ:;;;, f <. 12) =: n (it + fo <S f + fo ~ 12 + fo ) ' 

n(h~f.;j2}== n(fof1 ~foj.;{,.jofz) 1 

r.ae jo ""jo (x, 'J• ... z) 

}o /: 0 /, 
- TipOH3BOnbHB.H 

Cornacao /5,10a/, a TaK*e /5,6a/ H 14.8/ 

X • I ••• • 

/5,1 Oa I 

cpyHKUHH /a nocne.aHeM cny~ae 

/5,11 /a 

/5,116/ 

t H 3T8. cpyHKUHH OTnH~HB. OT 
Hyns: BHyTpH rrapannenorpaMMe PQUV 

, noKa3aaaoro Ha pHc, 8. HcHo, ~To 

/5,12 I 

r.ae 
(J) . I 

h _ f Po (O,fJJ-po +y 
'(o -max . , 
- - A Mw +V 

2 

/5,12a/ 



. ,..w..," .bn '(6'o) Cf' (F) r-
xi<ido.tollaH udu ( oJ J 

H.LOOliOOitD. 9H 9llhAD O..XO:Ne.AdBJ.lla}l{HH QOd.X.awedeu XI<iH"'lt6'h6'H "'.L06'It9Q 

·g 'OHd 

,.-L (w~)•4----~~~~~----,-~~~~~-w~·~ltT--~~"~----
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Cne.aoBaTenbHO, .anB qmKcHpoBaHHbiX ~ H fl MO:>KHO 3aiiHCaTb 

/5.13/ 

r.ue rpaHHUbi HH:>K9KTt!pyeMOI"O rryqKa Y'iHTbiBaiOTC51 <f:>YHKitHe1i n, 
.uaeTcH <f:>opMynoa 12.201. 0TMeTHM, q To <PYHKitHB A 

, cTosrmasr B 15.13/, 
CqHT89TCSI H93aBHC51LU9A OT $ 9, IIOCKOnbKy Mbi IIpe.arronaraeM, 'iTO y BC9ll 

qacTHu aTH rrapaMeTpbi O.llHH H Te :>Ke. TaKaB A 6y .aeT y:>Ke HOpMHpoBaHa 

npocTo Ha C[. l1 w ' a He Ha q. ~ r; . ll w()~, K8K B 15.3 I 0 CooTB9TCTB9HHO BH.llOH3-

M9HSITCSI H Bb!pa:>K 9HHSI /5.4 I • 

t 6. Ycnosusr Haunyqmero aaxsaTa rrpu aa.aaHHb!x ~ a 
'? , (/ 

3<f:><f:>eKTHBHOCTb HH:>K9KllHH IIpH H9KOTOpOM <f:>HKCHpoBaHHOM C{ t BOo6me 

I'OBOpH, CYUl9CTB9HHO 3aBHCHT OT MOM9HT8 HS'iana HH:>K9KllHH ti t MOM9HTa 

BKniO":leHHSI ycxopsrromero HanpB:>KeHHB 
H IIOnO:>K9HHSl p8BHOBecHOti Op6HTbi B 

3TOT MOM9HT0 

PaccMoTpHM Bonpoc o MaKCHMyMe xos<f:><f:>unHeHTa aaxBaTa rrpu rrpouasonbHOM 

cPHKCHpOBaHHOM C[ .ansr npocTeiimero CJIY'iasr: 9 "'COnjt • ~- con-:;t H B rrpe.a

nono:>KeHHH o.aHopo.aHocTu IIY"fKil Bo BpeMeHH /a npe.aenax C[ I H no aHeprusrM 

Is rrpe.aenax A W I, TO ecTb rrpu J1 = 1. T aKoe paceM OTpeHue .lllleT H8M 

onpe.aeneHHyiO OpReHTHpOBKy DpH Bbi60pe COOTB9TCTBYIOLURX rrapaMeTpOB .ansr peam:r 

Horo IIY"fKa. Bonee Taro, uaor.aa peaynbTaT Boo6me He aaBHCHT OT ~ 
!J • 

OT 

""' B yxaaaHHbiX rrpe.arrono:>KeHusrx HeTpy .llHO ycT.:lHOBHTb, 'iTO BHe aaBHCHMOCTH 

Hau6onee Bb!rO.aHoe R 
ecTb a = 0. Ll e:II:CTBHTenbHO, KllK 

Mbl BH.nenE: B § 4, YM9HbU19HHe I d' I pac).llupsreT o6naCTb 
, a no .a &IHTe-

rpan&Hoe Bbipa:>KeHue B 15.13/ npu A =>COn5t 
BO BCSlKOM Cnyqae He y6&IBaeT, ' 

C H B TllKOA CBSBH, '1~0 YM9Hb-

IIOCKOn&Ky 
BXO.llRT nRUJb B <f:>YHKilRH 

W9HH9 yaenuquaaeT 
6(Q0 ) H CornaCHO CBOACTB8M YIIOMSJHyTo:ll: <f:>yHKitHB 

'c 
i 
! 
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x/ 
MO)KQT JIHWb yBeJIH'IHTb ee 3Ha'leHHH • npa 

pa:H<eaae d MO)K9T 6b!Tb 38IIHCaHO B BH.ae: 

J"' 0 HHTepecyJOruee Hac Bbr-

q. l'd 2 2 . 
A' _J_ J. J {h ._ - c((d-ao(,Po,f)}-ljo)d dh 1 J{l: } 
u ~ A-Mw· UIC" Q'{o n :_ro~ '/o .<. '?o) c - - " Po '( = AMw·U'l: .,, 9 . 

_1 fr 6mox 
16.1 I 

fJ =: min { cf- ar ( ~, 9 J} 
bmax . 

-~ /6.1 a/ 

.llnsr OTbiCKaHHH M8KCRMyMa e:f ITO . .apyrHM rrapaMeTpaM / t 1 , t 1 I y.ao6-

HO DOnb30B8TbCH pRC. 9, Ha KOTOpOM IIOK838H8 o6naCTb HHTerpHpOB8HHH 

rJ .J /rpaHHU8 ee Bbl.ll9JieHa :H<HpHbiMH JIHHHHMH/ 1 a TaK:H<e rrapanneno-
ft•~~c~ "t. 

r-r:f'aM $ POUV I r.ae cpyHKUHH n OTJIH'IH8 OT Hynsr, ~.e. o6naCTb HH:H<eKTHpy-

9MbiX '18CTHU, f'p8HHU8 }; I .anH coKpaweaHH aarraca HH.aeKChi ~-=-CO:Silt 

g=con~t npa E 
JISIQTCJI H3 

onycKaeM 1
1 

cornacao 

Po. (CM1 

IC 

Pac. 9. 

06nacTb 3axaaTa 'laCTHU B pe*HM ycKopeHHH I 
rpaaaua o6nacTH B&r.aeneaa *Hpaoti naaaeti/ a 

pO& HH:H<9KTHpyeMoro ny'IK8 1 IIpH H9KOTOpbiX Y 

onpe.aeneHHIO /eM. § 4/
1 

cocTae-

~o(<"'/ 

n =: 0,67; 9 = 0; ~ = 8crd; 
o6nacTb Ha'lanbHbiX napaMeT-

' j. , UCC • AMw. 

x/ B cny'lae \l'p ;p lfo aHaJIOrH'IHbiM paCCMOTp9HH9M MO)KHO ycTaHOBHTb 1 

'ITO H8HJIY'IWee 8 JI9)KHT a o6nacTH 101 ~I~- Vp J . cf 
Vo · 

H 

E 

t 
t 

.... I'._-
-

r 

•.:,.i 

16. 

• 
• 



• 

/6.1a/ 

yno6-

~ = 8c!'1; 
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16.21 

H 0Tpe3K8 rrpSIMOA 

EcnH BBeCTH , TO BMecTo /6.2 I nony'IRM: 

·~ 
0TMeTHM 0 'ITO 4JyHKUHIO ~ (/ ~)) Mbl 6y neM C'IHT8Tb onH03H8'1HOft npR 

1?./ < q 0 'iT00 B 'iSCTHOCTH, Bcerna. BbliiOIIHSI9TCSI 0 9CIIH P,. (~,9)~ ':JinV·COjlf 

/eM, § 21. 3anaqa eocToH!l' B HaHBhironHeAweM coBMemeHHH o6na.cTR 1: 

H rrapannenorpa.Ma PQUV 

orrpen ensteTcst ~yHKU aeA c 
npa y'ieTe Toro, 'ITO • neHHOCTb' TO'Iex E 

0 CTOSIUleA non HHTerpa.IIOM B /6,1 / • 

nono:lKeHae rrapannenorpaMa MO:lKHO ¢axcapoBa.Tb cnenyiOUlHMR .aByYR na-

paMe'l'paMH: /eM. § 4 I a , r.ae 

16.41 

xapaKTepH3yeT MOMeHT HS'i8118 HH:lK9KUHH OTHOeHT91IbHO MOM9HT8 BX1110'19HHR YCK()-

pli!O!llero HSIIpSI:lK9HHSl. n pH H3M eHeHHH TOIIbKO 'A napa.nnenorpa.M nepeMema-

eTCSl BnOIIb OeH t HM9SI 4JHKCHpOB8HHbl9 rpaHHUbl nO • npa &3-

MeHeHHH T,OIIbKO napannenorpaM exonb3HT BllOIIb npSIMbiX ~0 = p,..- Po-l (<iUJ 

H '?o=pA-p
0
-)+1JC[ (PV) • KaKBH.aHo, napaMeTpbl ~ 

H Ol1H03H8'1HO onpe-

y Po 1 5 • lzo 
, C HCIIOIIb30B8HH9M 

H g 
K 

II He 3aBHeSIT OT 

ypaBH9HH9 nemuoT 

/5,12a/ rrpa yqeTe /4.8a I I nnst 8 = 0/ nepeiiHW9TeSI B sane: 



~j 

•j: 

Lt_- - --
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~0·::-max {
pA-jJo-ft} 

- Al1w + V ' 
'2 

_ . {A. -.Po - ). + ucrj 
~ =men 0 Aftllw + y • 

2 
/6,5 I 

.. . 
Heo6xo.aBMoe ycnoa&e MaKCHMyMa cocToHT B o6pameHHH B HYJib 'laCTHbiX npo&a-

BO.IlRbiX B TO'IK9 HnH B H9XOTOpOA o6naCTH, HJIB, 9CJ1H npOH3BOJlHbl9 pa3pb!BHbi, B 

H3M9R9HHB BX 3H8K8 B TO'IK9 pa3pbiB8 /npH p8CCMOTpeHHH 38Jl8'1H 0 M8KCHMyMe 

6 Mbl 6y.aeM cne.aBTb 1 KOH9'1HO, H 38 BbiDOJ1H9HH9M yCJIOBHA Jl0CT8TO'IHOC

TB/, 

Hcnonb3yR o'leBH.IlRble cooTaomeeBR 

~n (i.~f.t;:t2)_ =-au- fl), on(t!~f~f2):::; ?J(i-fz), 
16.61 

DOJIY'IBM 1 'ITO 0 6y .neT M8XCBM8JlbHbiM 1 9CJ1H 

.I'd ·2-2~- p~ 2 2 
Jl = J E ((d-c;lo)- ~o) :.£1lo dn _ jt((d-Oo) -llo)~ dl'J = 0 
'ai .Pr 112 a'J ro ,~ CO·' ro , 

Dmax Pr o max 11 

/6,7a/ 

fd 2 - 2 - ftl 2 a 
COI =(t{-(d-Oo)- ~0:} ott.odpo -Jc ((d.- Go)- fl.,) 'O!zo::: o. 

'()}. Y 62mar J Oj\. 62mal< '0].. 
.Pr f'r 

/6.76/ 

no.abiHTerpanbRbl9 tPYRKIIHH, BXO.IlRIUH9 B /6,7a/, MOryT 6biTb OTJIH'IHbiMH OT 

HyJIR, COOTB9TCTB9RH01 JlHWb R8 0Tp93K8X vu H PQ 1 DOCKOJlbKY COrJiac-

RO /8,5/ 

- { l "~ vu} d~. r "~ PQ J ~~0- /6.7a/ 

'0 ~ - 0 -bue V U ' '0 ~ :::; 0 l,up PQ . 
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16.16/ 

b!MH OT 

cornac-
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AaanorH'iHO 

/6.7r/ 

H IIOLlb!HTerpa11bH8SI cPYHKUHSI B nepBOM HHTerpane /6.761 MO>KeT Ob!Tb He paBHB. Hy-

1110 11Hillb HB. OTpesKe Q U , a so BTopoM - Ha oTpesKe. PV. 

TaKHM o6pasoM saxBaT qacTHU B pe>KHM ycKopeHHSI 6y neT HaH60nbWHM Torna, 

KornaaaxsaT HaPQ6y.neT paBeH aaxsaTy Ha VU t a 38.XB8T Ha QU 

paBeH aaxsaTy aa PV • .HcHo, 'iTO BbmonHeHHe aTHX ycnosuA: B03MO>KHO B .nsyx 

a I o6a HHTerpana, BXO.LISIIUHe B Ka>K.noe H3 ypaBHeHHA 16,11, paBHbl 

HY1110; 61 o6a HHTerpana OT11H'iHbi OT HY11Sio B CBSI3H C 9THM pasyMHO BBeCTH cne.nyiO-

IUH9 IIOHSITHSio 

11 By .neM roBopHTb, 'iTO .nnB .LI"!lHHoro 

J!Q.~", 9C11H B YC110BHSIX M8.KCHM81lbHOrO 3.!1XBB.T8 npH p.!lCCMB.TpHB.!leMOM C[ liHHHH 

()U H PV ne>KaT uenHKOM BHe E • B IIDOTHBHOM Clly'iae HH>KeK-

UHSI -"KOpOTKaSI"' • 

21 HasoBeM cneKTp AM w 1 ecnu AM w 

TaKOBO, 'iTO IIpH Ml!lKCHMyMe 38.XBB.Ta 11HHHH uv H PQ nelKaT uenHKOM 

BHe L • 

BBeneHH9 TaKHX ITOHSITHA Ollp8B.Ll8.HO TeM, 'iTO .Lll!lllbHE'A:IUee yBe1IH'i9HHe BpeMeHH 

XI 
HH>K9KUHH H11H ywupeHHe cneKTpa He yBe11H'iHBaeT K011H'ieCTBO 3l!lXBa'i9HHbiX 'il!lCTHilo 

EcTeCTBeHHO, 9TH IIOHSITHSI 38BHCSIT OT 0611aCTH t T,e. OT ~ ~· 
AHanorB'iHO MO>K.HO BBEiCTH IlOHSITHe .LiliHHHOA: HH>K.9KUHH ICOOTBeTCTBeHHO, WHpOKOrO 

crreKTpal .nnB .naHHO~ HHTepeana r IIOHHMB.SI IIO.Ll 061laCTbiO 3l!lXBl!lT.!l 

MHHHMB.llbHYIO o6naCTb 1 BK11IO'i8.IOIUYI0 .B ce6SI BCe t } H3 

aanauHoro BHTepsana • 

xl Pe'ib u.neT o6 ywupeBHB cneKTpa aa cqeT .no6aeoquoro TOK.!l BH>KeKQHH 

Ha HOBbiX 9HeprHSIX
1 

a He 06 ymHp&HBB CIJeKTpa IIpB cPBKCBpOBB.HHOM 06IUeM TOKe, 



~i-
-i 

If 

~· ~ 

/_ 

ilk 

PaccMOTpHM npe.ncTaensuomuecSI HaM a aToM CMbiClle B03MO:lKROCTB. 

le ll11BHH4SI BH:lK9KllBSio 

n Olly'IHM CH8'18lla HeObXO.llHM bie YCliOBR·SI nliSI ocymecTBli9HHSI STOrO CliY'ISSI. 3ant~-

W 9M ypai!IH9HH9 IIpSIMOA liHHHB C TeM :>Ke .H8.Kli0HOM 1 'ITO H 
-1 

{(U H BMeiOmeH npH 

~0 ~ 0 O.llHY o6my10 TO'IKY 

o!5nacTB E 
fo =- qt: c rpaHHneA ~ I CM. /6.3 I BbinYKliOA 

Po= C (I;} -7o ~ 16.81 

fd d Omi.n 
np~.< _-SLnl! <O, ~E=::O, 16.8al 

c ( ~) == d + f 5inVC~V (~ -/ '/) npu 0 < d- f(;~ < '}, ~r.=d-~;;,~' 16.86/ 

9 +~ jift.if.cruv+{{d-q.l-aZ,in co:sll npu 9<d-f;;;fij, ~r. = 9-. 16.8al 

:Eo-' 

E CliB oTpeaox npHMoA Q U IIJDXO.llHT BblWe STOA liHHHB1 TO MO:lKHO rapaHTHpOBI!Tb, 

'ITo npR ni06hlx A Mw H y 
on ne nepece'leT o6nacTH E • 

CooTBeTcTBeHHO oTpeaox PV HH npH xaxux ycnoBHSIX He nepece'leT o6nacTH 

L , ecnH on ne)KHT HH:lKe npSIMoA 

.Po =- ( 9 -Pr ) - ~ o /6.9/ 

HMeiOmeA ToT )Ke naxnoa, 'ITO H PV H npoxo.nsrmeA 'lepea TO'IKY .Po= .Pr, 

~o=-CJ,. TaKHM o6paaoM , .nocTaTO'IHbie ycnoBHSI .llliHHHoA 

KH )K9K11HH 9CTb 

ucr ~ u<r === c (~) + q, ( s. :J, limux J -Pr <~, 9 J. 16.101 

H anpRM ep, .llliSI CIIHXpo¢aaoTpona 0 VI.H l1 npu ~ = O, 9 = 0, fJmo1 48 eM 

/eM •• 7 I IIOlly'laeTCSI cr = 580.f1!~C. Heo6xo.nHMble YCliOBHSI 3aBRCSIT OT wH-

PHHbl cnexTpa. 

n 
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I BhmyxnoA 

16.8! 

16.8al 

'16.861 

"'Cj. . 16.8a! 

rapaHTHpOBo!lTb, 

o6nacTH 

16.91 

.llJIHHHOA 

16.101 

-8111111 48 CM 

OT WH-
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A. UJHpoxHA cnexTp 

CnexTp 5yneT, o'leBHnao, wHpoKHM nm1 nnHHHotf HH*9KUHH, ecnH B03MO*Ho 

TaKoe pacnono.>KeHHe napannenorpaMa
1 

£; • 3TO 3H8'lHT1 'lTO A 2M IN~ 't 
Q.P uv t5y .llYT 1J9)KB.Tb BHe H 

• nocKOllbKy npH OliTHM81JhHOM 38XBaTe na-

pannenorpaM non.>KeH nepexpbiBB.Tb BCIO ot5naCTh E , To aeo5xonHMbre 

YCJIOBHSI .llllHHHOA HH)K9KUHH npeBparuaiOTCSI B aTOM cnyqae 

HcxonSI H3 CKaaa.aaoro1 nony'lHM, <rTo .anSI nnHHHoti HH.>KexuHH npH wHpOKOM cnex-

Tpe 

.I AMw 
\vonm I ~ -'2- - 9 

TaKHM ot5paaoMs nnH naHHbiX 

SIX, H8Kll8.llbiBaeMbiX H8. 

3H8'!9HHSI ) • 

H 

EcnH 

16.11/ 

!Jmax H onpeneneHHbiX Bbillle ycnoBH

• Mbl H8WJIH TpeoyeMbie .lllJSI OliTHMyMa 

£:.. Mw _; 
~2- = CJ. ' TO Vonm" 0 ' T.e. 

ycKopSIIOIUee HanpSI.>KeHHe Hy)KHQ BKIJIO'l8Th B MOMeHT1 KOI'.ll8 OpOHTa UeHTpanbHOfi 

9HeprHH H8XO.llHTCSI B cepe.QHHe pa5o<reA anepTypbi KaMepbi. npH ~~W > Cj. HMeeT

Cll aeKoTopaH caooona B Bbr5ope Yonrn • Tax Ka.K aecb cneKTp ace panuo ae 'ycaa• 

HB89TCH"• nerKO liOK838Tb T8K)Ket <ITO 16.111 SKBHBaneHTHO HepaBeHCTBy 

A~Aonm~~+U('l-Cf),rne f: ::::pA+q ~pr q- npa~aSI 'l8CTb 16.101. npa 

'1 >CC B91JH<IHHa j. onm. MO)KeT H9CKOllbKO BapbHpOB8ThCSI 3a C'IeT 'oecnonea-

HOJ"O" lip9BbiW9HHSI .llllHTenbHOCTH HH.>K9KUHH H8.ll C[ • LlnH YK838HHOI'O BbiWe liPH-

Mepa ycnosue wHpoxoro cneKTpa ecTb 

~ = 113 CM. 

AMw~ 96 eM I b.W;::.2,3%1, 

B. YaKHti cneKTp 

AMw 
Opu yaKoM cneKTpe_. __ ~ 0 :rax KaK onpeneneaHe nnHaaoa HH)KeKUHH BKniO'laeT • '2 ~ -v 

Tpe60B8HH9 OliTHM81JbHOI'O 38XBaTa 1 liOo..;MoTpHM, 'lTO B .ll8HHOM cnyqae STO 03Ha-

'189T0 BhmonaeaHe onaoro H3 ycnoaHti onTHMyMa - paaeacTao HHTerpanoa, axonH-

lllHX B 16.16 I, ooecne'lHBaeTCSI KB.K H Bblllle TaKHM pacnono)KeHHeM QU H PV, 
'ITO OHH H8XOllSITCSI BHe L 

• Ho npyroe ycnoaP.e onTHMyMa 16.1al ae caonHTCH 

npH aTOM K TaKoMy *e TpHBHB.llbHOMy paBeHcTay I 0 = 0 I. Y'lHTbiBaH, 'ITO B onTH-
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MyMe saxaaTa xoTB IS&I o.aJIJt us OTpesxoa PQ • UV .aon>KeB nepece-

x aT& oiSnacT& E 1 4 TO'IKB p 
' Q ' u. v - H8XO.QHT&CSI BH8 88 1 

B3 /6.7a/ /6.7a/ B /6.5/ nonyqJIM 

~ J/tJ[ · 2 Af'llw 2 . 2 _, A Mw _!!l ~ E((d-ao} -(V+ ~ )}-E((d-ao) -(v- 2 )1 
0~ 1!2 J,' dpo. 

fr 0 max max 

/6.12/ 

B cany MOROTORHOCTB E no apryMeHTY aaxo.a&M 
.. 
~ • 0. Cne.aoaaTen&ao, 

nBR.BR l>Q • vu .aon>KH&I pacnonara'r&CSI CBMM8TpB'IBO OTROCBTen&HO 

~o • o. Tor.aa .ansr cneltTpa, y.aoaneTaopsrtomero aepaeeacTay ftr. ~ A:w ~ q. 
I ~E ~ q,. acer.aa/ BH>K&KuHB 6y.aeT .ansaaol, ecnR Q U. 

DpSIMOI 16.81, a PV - HB>Ke npHMol. Po::-(~ f<IIJ'I_ p,.)- ~0 1 

ne>KBT B&IW8 

npoxo.asrmel 

qepea TO'IKY f ·::: o h -=- A M'd, Cne.aoaaTen&ao, 
o Jr ' "(, 2 

~onm. "" 0 ; C(~) A Mw AMw l 
Ute~ U'£ ~ ., + 2 - J+; P,. +- 2 -p,."'J\o"m'- UCf+/A- C./6.13/ 

OT npe.a&I.aymero STOT cny11al oTnB'IaeTcsr TeM, 'ITO a a&Ipa>K&HHB 
AMW' 

B&nB'IBH8 9 38M8H8R8 R8 M8R&Wyto B&nR'IRHY 2 
q; B A 

. AMw 
Ecna 0.$ 2 .(~X, To aMecTo 16.81 aepxael rpaaH'IHOI npHMol 6y .aeT 

.Po•J,-t(A
2
Mw)+ A;'""-~.,npoxo.asrmasr 11epes TO'IKY .fo=f'

1 (A:""'}, q0~ 6
:"'. 

8 pesyn&TaTe .ana aToro cny11aa 

J - 1 t:.Mw 
Yor."' = 0 ; u«r jlo uc:f • J, ( 2 ) + AM w -= Pr ~ 

AMw A Mw .r~ ( fA-Pr + T ~ ftonrn "ucr +.PA- -r -'- Jf 

/6.14/ 

AM w) 
2 . 

-· ~nR M0HOSH&preTB'I8CKOrO Dy'IK8 AM w = O, j, (0)-:fd H Ulf =-.Pd-Pr, ~:o-f, 
' d JA r. 

Cne.aoaaTen&ao, npa 

ft • 65 6Mo 

~- o, - (I 9 • 0 BM&eM 3.Q8Cb 1. ::::: U ::::: 330/' .SeC0 

2. KopoTxas BR>K&KIIBR 

Ecna .anaTen&aocT& aa>Kexuaa 

>K8KUBH 6y.aeT KOpOTKOI. 

'T <~(A Mw) , TO .ansr .aaaaoro cneKTpa aa-
A 

• 
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A. UJHpOKHH cneKTp 

TaK KB.K onpeneneHHe w HpoKoro cneKTpa BKJIIO'IaeT Tpe5o:saaHe onTHManbao

ro 38.XB8.Ta, ITOCMOTpHM K8.KOBO STO Tpe50B8.HHe ,llJISI KOpOTKOH HH:>KeKUHH. 1-e yc-

noBHe onTHMyMa y no:sneT:sopSieTcSI npH pacnono:>KeHHH PQ H uv BHe 

l. • 3TO B03MO:>KHO B CHny HCXO,llHOI'O Ilpe,lliTOJlO:>KeHHSI 0 CITeKTpe • .[{anee 
1 

IIpH KOpOTKOH HH:>KeKUHH 38.XB8.T B03MO:>KeH JlHWb B cnyqae, KOI'.ll8. XOTSI 5bi O,llHH 

H3 0Tpe3KOB QU. , -PV nepeceKaeT o5nacTb E • Torn a H3 16.75/ H 

PeweaHe sToro ypaBHeHHH A "") (q:) He 38.BHCHT oT H t. Mw • l13 
/6.151 npH y'leTe MOHOTOHHOCTH cPYHKUHH BbrTeKaeT, 'ITO JIHHH.H PV 
Ha rrepeceKaTb cnenyiOru;He .ll Be rpaHHUbi o6nacTB E 
rrpH I o6o3H8.'1HM fo 

IT pH HeKOTOpOM ? 
0 

--J 
: rpaHHUY j~ ( ?o ) 

B STOH TO"'!Ke nepece'leHH.H fp I H rpaHHUY 

, 6onhweM npe,llbi.llymero. 

ecTb peweHHe ypaBHeHHH 

16.16 I 

nony'I9HHbie R3 16.151 CJle,llCTBHSI He .ll8.IOT 8.H8.JlRTR'IeCKOI"O Bbip8.:>KeHH.H ,llJISI ).
1 

HO II03BOJI.HIOT Bbi,lleJIHTb .llB8. TRIT8. B03MO:>KHbiX B ITPHHIIRITe 
3H8.'1eHRH 3TOJ"O na-

paMeTpa H ,llJISI COOTBeTCTBYIOW:HX .llBYX cnyqaeB Bbip8.3HTb 'lepea Hero Heo6XO,llR-

MyiO WHpRHy CIT9KTp8. H RHTepBan OITTHM8.JlbHbiX V, 
VfMeHH01 ecnR 

j\ ~ U'L + f'A - q- Pr , 16.11 I 

Kor.aa rpaHHueA o6nacTH ~ , nepeceKaeMoA nRHReA Q U cnpaBa l3necb
1 -l 

KCTB.TH' o6.H3aTenbHO ?o :;.. 0 1
1 

.HBn.HeTc.H j'5 ( / ~0 /) , TO 

M M l AMw ,1 AMw l 
6 W""' ~ w =9- +JI +- /!P- PA; Cj.- 2 ~ Yonm~ fA+ 2 _,,-fp , 16.181 
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npH'IeM aepXHSUI H HH*HHH rpaHHUhi Yonm cTaHOBHTCH onHHaKOBhiMH npH 

.6Mw=AMw, H snecb Yonm ~9- L:!.;w 
Ecna :lKe 

}. ~ u<t+ PA -9 -Pr' 16.191 

Korna npaaaH TO'IK& nepece'leHHH nHHHH QU c rpaHHueA 2: HMeeT ft "".fr' 

--· TO 

AMw ~ .6Mw ~ urc +£p -pr; 
cr l AMw .1 AMw l 

PA + U L -JI-.Pr- 2 ~ 1onm~ PA-+- 2 - fp- .11, 16.201 

H npH AMw=AMw nonyqaeM ~onrn"'PA+Ll.cr-il-Pr- A;w . 
B. YsKHA cneKTP 

EcnH nnH KopoTKOA HH:lK9KUHH He BhlnonHHIOTCH ycnosHH 16.201 H /6.181, Ha

no*eHHhle H8 WHpHHY aHepreTH'I9CKOrO pas6poca, TO Mhl 6yneM HM9Tb Y3KHA 

CAI9KTp npH YK838.HHOA HH:lK9KUHH. 3TOT cnyqaft Tpe6yeT COBM9CTHOro peweHHH ypas

H-9HHA 16.1&1 H 16.761, Ht ecnH He nOnb30B8.TbCH K8KHMH- nH60 rpy6hiMH anpOKCH

M8.UH51MH, TO ni06bi9 CB9Jl9HHSI 06 OfiTHM&nbHOM pe:lKHM9 MOryT 6biTb nony'leHbl nHWh 

H8. OCHOB9 'IHCn9HHhiX paC'I9TOB. 

Bnp0'19M HMeeTCSI OJlHH cnyqaA: KOpOTKOA HH:lK9KUHH, HM9HH0 1 Korna ny'IOK 

MOHOSHepreTB'I9CKHA,, KOTOpbiA: p8.CCM8.TpHB8.9TCH 8H8.nHTH'I9CKH JlO KOHUB.a 

3anHweM ycnOBHH OnTHMYMB. 38XB8T8 nnH MOHOSHepreTH'I9CKO

ro ny'IKB. npf:l n1060A: nnHT9nbHOCTH HH)K9KUHH lnmi nnHHHOii HH)K9KUHH HCnOnbsyeM 

<PopMyn&r 16.14/1: 

-J ,., 
0 

. '[ _ Pd - Pr 
onm , _ - --u-

PA- Pr ~ ftonm "'PA -Pr + u (tL -Cf) nPH q: ~ cr 1 

PA- Pr = Aonm np1.1 t"[ $'f 16.20. I 

CooTBeTCTBeHHO, Koa<P<PHnHeHT saxsaTa nnH TaKoro ny'I.Ka a onTHManbH&IX 

4 r~IIC((d-0 ( ~)}2) 
ycnoBHSIX npHMeT cnenyiOUlBA npocToA: BBJl ffonm =< U: [ 2° po, dp0 • 16.21 I 

p~ 6n\QX 

)K 

• 



.19/ 

fi"fr' 

I 

8/, Ha-

/6,21 I 

45 

§ 7. B&I6op onTHM81IbHoro pe*RMa H aaxsaT peanbHoro nyqxa 

nns CHHxpo¢aaoTpoHa Ol1Hl1 

K OHCTpyKuHH ycxopHTenH H axcnepHMeHTanbHhie naHHhie HH)KeKTHpyeMoro 

IIY'IKa C'IHTBIOTCH 38Ll8HHhiMH, 
B&I6op npH aTHX ycnoBHSIX Mo)KeT Oh!Tb cnenaH 

anSI BenR'IHHhi ycxopSIIOruero HanpSI)KeHHSI B Ha'lane ycxopeHHH V
0 

, MOMeHTa ero 

BKliiO'leHHSI H IIOliO)KeHHSI paBHOBeCHOA: OpOHThi B STOT MOMeHT, a T8K)Ke LlliSI MOMeH

Ta HB'lana HH)KeKUHH. liTo KacaeTCSI IIOliO)KeHHSI paBHOBeCHOA OpOHTbi
1 

TO> K8.K 3TO 

lJ; 
cnenyeT Ha npen&I.llyruero rraparpa¢a, npu Vo = i OHa n on*Ha rrpoxonHTh qe-

pea reoMeTpH'lecxHA: ueHTp KaMephr. Tax M&I H 6y neM C'lHTaTb B Ll81IbHeA:weM. 

[ll V. 1 paBHOBeCHBSI cPB38 CornacHo 
H M8KCHM81IbH8SI 8MII1IHTY.ll8. 

panaanbHo-<PaaoBhiX Kone6aHHA: 6,
0

x CBHaaH&r Me*ny 

paaoM /eM, pHc. 10 H 11/: 
co6oA: cnenyiOruHM o6-

• 

• v, 

v. 

11.2 •• 
PHc. 10. 

3aBHCHMOCTb OT Coj cps "neA:cTBYIOIUeif• 8MII1IHTYLlbi YCKOpHIOIUero HBIIpSI)KeHHS! 
V~ ( 6 E0a;; e V0 C03fi) H cyMM apHoA: aMrrnHTy n hi HarrpH *eHHH Ha ycKopSIIOIUHx npoMe-

*YTKax vt B CHHXpo¢aaoTpOHe OvHHi. 
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a.-A 
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60 

•o 

20 

• 02 

4tl 

" 

04 06 Ql ro.r.,, 

PHc. 11 

~aBHCHMOCTb M8KCHM81lbHOH 8MII1lHTy llbl <!Ja30BbiX KOne6aHHH OT Co!, <f's , 

L 

[. 

eVo co~ Cl>s 
_ (2<Ji?o+4L.Jel0 W 
- c 

f) 2 :::: 2 -z: e V., ( . , 
max '.T.K4~£~"(:1-n)2 Jt.n fl>s- <Ps co~ <Ps) ' 

n-r. _J_ K :::: 1+ -n p,2 31f' 1- r 
4l 

r.:: 2 ~'2o +4L 

llllHHS IIpSIMOllHHei!:HOrO llpOMe:>KyTK8 0 

SHeprHSI HH:>KeKTHpyeMbiX 'lSCTHU. 

OcTanbHhle BenH'lHHhl BBeueHhl paHee. C yBenH'leHHeM 

17.1 I 

17.2/ 

cps !To ecTb Yo I 

yBellH'lHBaeTCSI 83HMYT81lbHbiH p83Mep cerrapaTpHCbi H,.- COOTBeTCTBeHH0 0 "lHCllO "lac

THU1 IIOII8ll8IOIUHX B Hee. 0uHaKO B TO :>Ke BpeMSI pacTeT H pauHallbHbiil: pa3Mep 

cerrapaTpHCbi H, KOrlla OH rrepepacTaeT IUHpHHy KaMepbi, "lSCTHilbi llS:>Ke B OTCyT-

CTBHe CB060llHhlX KOne6aHHH 'l8CTH'lHO H8'lHH8IOT C8llHTbCSI Ha CTeHKH, PacCMOTpeHHe 

STOrO BOIIpOCa IIOK83biB~T /eM, L1J /, 'ITO cyruecTByeT HeKOe OIITHM81lbHOe 

cpS "' <Psohm. 0 IIpH KOTOpOM 38XBaT OK83biBaeTCSI H8H1lY'lWHM 0 IIpH'leM1 ecTeCTBeHH01 

c yMeHbweHHeM d I rronywHpHHa pa6oqeil: arrepTyphi KaMepbr/ C]> .. ;,Onm 

Ha 
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yMeHbillaeTcst. HarrHqHe cso6o,oHbiX xorre6aHH:li: xaqecTBeuuo paBHOCHJibHO yMeHbllle

HHIO illHpHHbl K8M9pbi 0 noHHTH0 1 qTo qeM 60Jibll19 OTHOCHT9JlbHOe CO,oep>KSHHe 60Jib-

ill HX 8MIIJIHTy Ll CB060.[lHbiX KOJie6aHH:li:, TeM M9Hbll19 T8K8H 9tPtP9KTHBH8SI WHpHHa 

KaMepbi, T.e. T9M M9HbW9 cpSonm. IHJIH TeM 6orrbwe 

Ha pHc. 12 rrpHBe.oeHbi KpHBbie 3axs·aTa MOHoauepreTHqecxoro rryqxa B 3.!iBH

CHMOCTH OT Co~ Cf>s .[lJIS!. AJIHHHO:li: HH>K9KUHH H pa3JIHqHbiX S 

PHc. 12a 

3axBaT MOH09HepreTHqecxoro rryqxa B pe>KHM YCKOp9HHSI B 38BHCHMOCTH OT 

~ H Co:S <Ps I!pH 9 = 0 H "LlJIHHHO:li: * HH>K9KUHH LlJISI CHHXpo¢a30Tpo-

Ha OviSII-1. 
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PHc. 125 

s ltl 

To >Ke,~ 'ITO H Ha pHc, 12a. 

(CI'\) 

1$ ~ 

Kax BHJJ:Ho, c yeenH'IeHHeM I lsi I MaxcHMyM 3axeaTa cMemaeTcSI errpaeo. 3To 

K&K p8.3 COOTB9TCTByeT HB.lll HM K8.'19CTB9HHbiM COOOpa>K 9HHSIM 1 9CJIH Y'I9CTh, 'ITO 

rroBbillleHHe I /51 I yeenH'IHBaeT oTHOCHTeJihHOe coJJ:ep>KaJ;IHe oonhwHx aMrrnH-

Ty.ll. AHanorH'IHYID ponh HrpaeT yeenH'IeHHe f} , 'ITO BH.llHO H3 pHc. 13, r,lle 

.ll8.9TCSI 38.XB8.T '18.CTHU IIpH 5 = 0, HO ,llJISI pa3JIH'IH biX fJ H IIpH HaJIH'IHH 

sHepreTH'Iecxoro pa35poca. 3HepreTH'IeCKH~ pa35poc C'IHTaeTcSI "cTonoo5pa3HhlM' 

c lUHpHHO~ AW = 2% I AMw = 85 CM rrpH n = 0,67 I, H HM Mbl rrpHOJIH-

[4] 
>K9HHO aiipOKCHMHpyeM peanbHbitl: CII9KTp HH>K9KTHpyeMbiX B HB.llly MB.WHHY 'IB.CTHU · 

I 

HH>K9KUHSI - .llJIHHH4Sio npHCYTCTBHe '18.CTHU C OTJIH'IHbiMH OT paBHOB9CHOA 9HeprHR-

M H Tpe6yeT, 'ITOObi cerrapaTpHca BKJIID'Iana B ce6SI >KenaTenbHO 6onhiUHfi HHTepBan 

<l:Ja3 H8. COOTB9TCTBYIDillHX paCCTOSIHHSIX OT p8.BHOB9CHOA OpOHTbl, 'ITO OTB9'18.9T 

p 
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3To 

I 'iTO 

IIpH6nH-

[4) 
'18.CTHU • 

J 

SHeprHsr-

aeT 

49 

I 
601lbWHM 

/,mQJ( B OnTHMyMe 38XB8Ta no Cp8BH9HHIO C 8H.!I.1lOrH'l:HbiM C1IY'IL'l9M MO-

HOSHepreTH'I9CKOrO ny'l:Ka, VfM9HHO TBKyiO KapTHHy Mbi H801IIO.Ll89M, CpaBHHBaJI 

pHc. 13 c pHc, 12 npH 5 = o, 9 = o. 

.. 
PHc. 13 

•• 

,., Clf ,.z 
i , .. 

c ... ., 

3axBaT ny'l:Ka c 9HepreTH'IecKHM paa6pocoM I A W = .2 %I B pe>KHM 

YCKOpeHHSl B 38BHCHMOCTH OT COS q>8 H 9 npH lj = 0 H 1 ,Ll1IHHHOA:' HH>KeK-

UHH .un9: CHHXpo¢aaoTpoHa OYf.HYf. KpaBasr , OTMe'leHHasr HH.LleKcoM g ,onacbr-

BaeT aaxBaT npH cTonoo6paaHoM pacnpe.ueneHHH HH:>KeKTHpyeMoro ny'l:Ka no 9 
B HHTepBane OT 9· = 0 .LlO 9 = 6 CM. 

Yfa 9THX .LlBHHb!X B Ka'leCTBe KOMnpOMilCCHOrO peweHHSl npe.QnaraeTCSl B3JITb 

Co.st= 0,5; ...... 6_= 48 CM. ... ox 

nepeA:.ueM K BbiOopy MOM9HTa HB'Ulna HH:>K9KUHH H MOMeSTa BK1ll0'19HHSl yc

KOpSliOwero HanpSl:>K'9HHSl. YfM eg B BH.LlY, 'ITO HH:>KeKTHpyeM b!A: B CHHXpo<l:JaaoTpOH 

ny'l:OK HMeeT 

q 308 ;wsec 7 

"'~ S = 16 CM I 

Utt' = 60 cJ4Jxl , 
.ofo= 11 1 I 

npa'leM ueHTpanbHhiA: yron 

CM , 

xl B pa6oTe, Ha KoTopyiO .uaeTcsr cch!nKa, yrnoaoA: paa6poc He npHBo~rrcsr,_ a 
aaroTcsr nHwb ycnoBHH aKcnepaMeHTa n.o ero onpe.ueneHHIO. 0T6pacbrBasr HaHny'lwtdl 

H H8.HXY.LllliR'A B03MO:>KHbiA B 9THX yC1lOBHSlX yrliOBOft paaopoc, Mbi npHHHMaeM H9KO
TOpb!ft cpe.uHHA C.IIy'laA. 



HeTpy LlHO yCT8HOBHTb, 'ITO BO BCeM HHTepaane HHTepecyiOIUHX H8C ~ H 9 LlBYX-

npoueHTHblA: aHepreTH'IeCKHA paa6poc H yKaaaHHoe Bbxwe q OTBe<IaiOT cnyqaiO 

/no Kn8CCHcPHK8UHH § 6/ !:!J.!P.2!~..Q CII9KTpa IIpH !_Q.P_9'!:_KQ! HH>K9KUHH. 

Ha pHc. 14 noKaaaHa aaaHcHMocTb ).. - peweHHSI 

~ 
'J 

H iJ • .D.nH peanbHoro ny'IKa npeLlnaraeTcH B3HTb 

Bbl6HpaeTCSI H3 HepaBeHCTB8 /6.18/; npH'IeM LlnSI 

yp8BH9HHSI /6.15/ OT 

.A = 72 eM. 

B3SIT0f'O ).. OHO 

LlOn>KHO BbliiOnHSITbCSI IlpH ni06biX HHTepecyiOIUHX H8C ~.. H f) 
cnyqae nonyqaeM 5,5 eM~ Y~ 6.5 eM. 0TCIOLla, Bhi6HpaH . 

• B HaweM 

-~ = 6 CM, 

HMeeM M (ti,o) =A+~ -d =- 13 eM. 

J}Otn' ~,..) , . 

' 
~ 
-~ 

;; 

r 

lk 

f-----Oiiiiiiiiiii=====::::::=::::: t== 
r·~s .. 

... 

2t 

• I 

Puc. 14 

OnTHManbHOe ft /eM. /6.4 I I npH 

CHHxpa.paaoTpoHa OHSH1. 

• , '""' 

C[ 308;usec H 6W = 2% LlnSI 

0KOH'I8T9nbHbi9 peaynbT8Tbi LlnH paanH'IHblX 3H8'19HHA: aHepreTH'I9CKOf'O H 

. yrnoaoro paa6poca npHBeLleH&J B Ta6n. 1 H 2 B cPYHKUHH oT 

A W = 0 HH:>K9KUHSI c C[ = 308 )It .Sec O'I9Hb 6n&aKa K LlnHHHOA: I. 
lJ /npH 

-" 

[:..---

• 

0 

2 

4 

6 



9 nsyx

cny'laiO 

16.151 OT 

eM. 

OHO 

Haw eM 

CM, 

2% nnsr 

II 

51 

Ta6nHaa 1. 

3axsaT '18CTHII npH /:).. S 16 eM lpacnpeneneHHe CTonoo6paaHoe, aeH-

TpanbH bi:ii yron ~ = 0 I, n = 0,67, AM 0~= 1 eM. 

p=~=====================================================F=============~====•= 

0 

2 

4 

6 

1::!. w = 2 °/ ll M w = g 5 c M !:. w = D W /o , 

([ = 308 JU sec 

IKopoTKaH HHm.eKaHHI 

47,1 

42,2 

36,7 

24,6 

d(%) 

15,3 

13,7 

11,9 

8,0 

C[ = 565.f'.Sec 

I nnHHHBSI HH)KeKUHSII 

cz:3,(JdfX} 6(%) 

60,8 10,8 

52,5 9,3 

44,5 7,9 

29,4 5,2 

q = 308;u.se' 

C[
3

4> (f!Sec) - 6(%) 

93,6 30,4 

83,6 27,1 

67,5 21,9 

51,4 16,7 

~=== =========-========================-================6=======~============ 

T a 6 n H II a 2. 

3axsaT '18CTHU npH l>.~ = 01 n. = 0,67. 

p=================================================-========================== 
ll w ~ 2 o;. . A M = 85 CM ll w =0 w 0 , .w 

I KOpOTKBSI HHm.eKIIHW I nnHHHaSI HH)KeKUHSI I <"[ = 308 Jl.S ec 

CC= 308 jllSec C[ = 565;usec 

~(CM) C[ (psec) 
34> 

d('%) C[34> (?.sec) G(oj, c: uuce) 
IHfJ 

1!1'( %J 

0 50,2 16,3 64,5 11,4 98,56 32,0% 

2 50,2 16,3 i 62,1 11,0 98,56 32,0% 

4 39,7 
I ~.9 52,9 9,4 79,46 25,8% 
I 

6 30,5 l 9,9 38,5 6,8 63,14 20,5% 
1::::. .' I 

====~=========*==================-========~=====-=====~=====-======a====== 

KaK BHLIH0 1 peanhHbiil: yrnosoil: paa6poc nnSI CHHXpo¢aaoTpoHa OH.SIH HeaHa-

'IHTenbHO yMeHbWBeT 'IHCnO 38XB8'1eHHbiX 'IBCTHII H Mom.eT C'IHT8TbCSI nocraTO'IHO 

ManbiM. HanpoTHB, peanbHbiil: aHepreTH'IeCKHH paa6poc yxy nwaeT aaxsaT no'ITH s 



..... 

B 2 paaa. B&rHrpbiiL OT LlOBe.UeHHH HH)KeKUHH LlO LlnHHHOil: IIpH TenepewHeil: CKOpoc

TB C*&THH op6HTbi I AM 10 ~; = 1 eM, no-BHLlBMoMy, He onpaB.u&rBaeT Heo6xo,ll&

M&rx .unH aToro ycanaA. 

nonH&Iil: K09QJQJBUHeHT 38XB8T8I nony'leHHbiA C y'<ieTOM peanbHOro pacnpe.ueneeH~ 

no ~ [
4

] /eM. pae. 15/1 paBee 12%. BoaMO*H&rA e.uBBr aToro pacnpe,lleneHHSI 

C uenbiO IIOBeKOB OIITHM8nbHOrO ero nonO)KeHHH He .uaeT OIUYTHMOH Ll06aBKH. 3KC

II9pBMeHT8nbHbift K09QJQJHUHeHT 38XBaTa eeeKOnbKO MeHbWe /.uo 6-7%/. 3To, B 'l8CT-,_ 
HOCTB1 MO)K9T 6&ITb eBSI38HO e He6onbWHM 06IUHM yrnOM HH>KeKTHpyeMoro IIY'lK8j 

KpoMe Toro, HaBeeTao, 'ITO cTpyKTypa aToro ny'IKa eno>KHee, '<ieM M&I rronaramr , 

HO OH8 H9LlOCT8TO'lHO H3y'leea. J1MeiOTeSI ,nO-BH,llHMOMy, H HeKOTOp&re H9TO'IHOCTH 

IIpB eOO,Il8HHB yeKOpSIIOIUero Hanpsr1KeHBH H np. 

B aaKniO'<ieHHe paeeMOTpHM BOnpoe 06 OIITHManbHOM Bbi6ope GKOpOCTH C>KaTHSI 

op6HT U, • npoH3BO.llHyiO '()C[ 3 ~ M01KHO IIpH6nH1K9HHO oaeHBTb1 C'IHT8SI
1 

'ITO aax-
'"OU 

B8TbiB810TeSI nHillb 'laeTHUbi1 8MIInBTy .ll8 Kone6aHHil: KOTOpbiX H9 rrpeBOeXO,llHT H9KO-

TOpoA a 2p e BepoSITHOeTbiO 0,5 l'l&eno 6nHaKoe K E ( 1) IIpB CO:S ~ = 0,5 I. 

a~p onpe.aensreTcsr Tpe6oBaeHeM paBeecTBa rronyqaeMoro TaKHM nyTeM 

rocr_~ 
c pacc'IBTaHHbiM TO'<iHo. TaKasr oneeKa rroKaaana, 'ITO '0 ll I (AM)o"b=-fc"" OJ T.e. 

eM&Ien yMeHbWHTb U.. • Pac'<ieT
1 

npoBe.aeee&rA .llmi (6M)
0
"a= 0,5 eM 

1 
CL::: 308f'sec1 .aan .anH peanbHOro rry'IKa <1 == 12,2% • 

.. 

• I ~ 4 S 6 1 
PRe. 15. 

9(""') 

C[3tp 

HMeeT 

3Kcnep&MeHTanbeoe [
4J" paerrpe.aeneeae '<iaeTHU no g B caexpoQ:JaaoTpoee 

OJ.1.RI1. 

Kax 

pHT 

I 



53 

Kax BB.OHOJ :aTo no'l:TH To :>Ke, 'ITO u .onH (t:>. M)oo = 1 

pHT 0 TOM 1 'ITO OllTHMSnbHOe 3HS'l:eHHe {llf'll)0~ .onH 

0,5 eM u 1 eM/. O.oHaKo, ecnu npu (A M)0~ = 

CM IKCT8TH1 9TO I"OBO

C[ = 30B.I'sec ne:>KHT 

0,5 CM .llOBeCTH HH:>KeK-

uuro .oo .onHHHOil: /Tenepb .onH :aToro y:>Ke Tpe6yeTcH He 565}'.Sec, a 1130 .f4.S ec 1, 

TO :a To noBbiCHT C[ 3~ He Ha 25%, KaK :a To 6bmo .onH (A M)0~~ 1 eM, a 

npHM epso B 2 pasa. 

§ 8 . BeTaTpoHHbiA HMnynbc 

Hail:.oeM 6eTaTpoHHbiil: HMny·nbc B 1-M pe:>KHMe , T.e. B npe.onono>KeHHH 1 'ITO 

ycxopHIOIUee :anexTpH'l:ecxoe none He BKnro'l:aeTcH. C.oenaeM 9To cHa'l:ana .ons cny-

'l:SSI cPHKCHpOBSHHbiX Ha pHCo 16 HS cPOHe •o6naCTH MHHOBSHHSI npe· 

llSITCTBHil: • B 1-M pe:>KHMe /eM • TSK:>Ke puc. 4/ llOK83SH8 o6naCTb HH:>KeKTHpyeMOI"O 

ny'l:Ka .onH HecxonbKHX nocne.oosaTenbHbiX MOMeHTOB BpeMeHH. B saqanbHbiil: MO-

M eHT I t. 1 I aT a o6nacTb ecTb oTpesox V P napannenorpaMa YUQP 
' 

_-q._ 

~

L 
l 
I 
I 

I 
u1:' 

J 
.llHHSMHKa 38XB8T8 'l:SCTHU B 

9 = 2 CM, ~ = 0, 

Puc. 16 
1-M pe>KHMe 

p,.=O H 

HS 6eTaTpOHHyiO MHW9Hb .OnSI 
I.Jff= 60 CM, AM.,,, .. 85 CM. 



• 

54 

pacnono*e880ro TaKBM o6paaoM, 'ITO VP ne.>KBT 88 liB8BH II • B .nanb8eAweM 

napannenorpaM nepe.nearaeTcSI B.llOllb oca p/*') a H8TepecyiOUl8SI 8ac o6n8CTb 

«5y,n9T TOA '18CTbJ0 OrpaHH'l9H80A HM DliOUl8,llB1 KOTOp8SI ne.>KHT 8B.>Ke liH8HR N • 
HaKo8en 1 rrocne MOMe8Ta t.2 = t 1 + '1: 1 KOr,ll8 H82KeKUHSI 38K88'1HB8eTCSI 1 o6naCTI: 

H8)K9JCTBpyeMOrO DY'IK8 DOKpbiB8eT BCIO Dli0Ul8.llb D8p8llllenorp8M8 H BM9CTe C 8RM 

(t) ~ 
'nepeMemaeTCSI' B.llOOb .Po • nocKOllbKY liHHI£SI :1\. OTCeKaeT '18CTHDbl, no· 

D8BWR9 88 6eT8Tp088yJO MHWe8b1 TO o6meMy 'IBCny '18CTH!l (}} (t.) 1 CeBWHX 88 

899 K ni060MY .ll8880MY MOMeHTy BpeMeHB,OTBe'l8eT T8 MCTb ODHC88HOA o6n8CTH1 

lD x/ 
JCOTOp8SI B 9TOT MOMe8T ne.>KHT BbiWe 7\. • J.1CDOllb3YSI KOOp.llH88Tbi .Po H ;(. 

/Koop~88T8 X 'npaBH38H8' K D8pannenorp8MY a oTc'IHTbiB8eTcSI oT ero oceeoA 

liH8RR B cTopo8y 1 npoTaeonono.>K8yiO p}t) -eM. /2.6 I) a o6oaH8'18SI cooTBeTcT

BYIOlllYIO o6naCTb '18CTHn 1 ceewHx 88 Mawe8b' qepea X ( t.} 1 nony'IHM 

Q JS { t) == .AM~, · UCC S d j. d Po • 
X(t) 

\ 
Cornac8o pac. 16 o6nacTb X ( i) 38HBMaeT no Po 

R fo , r.ne 

(t) (tJ 

{ 

P~t (Po l't..fJ)) = Psd Po (O.'J)- X) 

Pr n. C)J 
· p~O ('I., 9).,. f~JJ ( O,(j}- t 

.f.o ~max 

18.1 I 

HHTepean Me.>K,ny f!o 

18.21 

( 
(t.) . ,, R, Po (t., 9h Mbl o6o388'1RliH 

(tJ 
Po ( Po ( 1-' 9) CR. l'lepea I, H8 liHHHH 

JSo;:zmin 
{ 

fo(t){t, (j) ;;:p}tJ(o,9)- ~ 
p~1J(;x:, 9J + ucr;::: p(IJ ( o, 9J- J. + ucr 18.31 

x I Cne.nyeT oroeopH'tb 1 'ITO "lar::Tb o6nacTH napannenorpaMM81 ne.>K8Ul8SI aa

* e Pr , ne y'IHTbiB8eTcSI, TaK KaK cooTBeTCTBYIOlllHe '18CTHDbi non8,n8IOT H8 H8-

*eKTop. Boo6me rosopS1 1npa oonbWOM yrnosoM paa6poce neKoTophle '18CTHDhi, ne 

Y.llOBneTBOpSIIOUlH9 ycnOBHIO MHHOB8HHSI HH2K9KTOpa, MOryT DOD8CTb H8 MBW9Hb p8Hb" 

we, '19M BM DpRWliOCb 6bl C9CTb H8 HH:>K9KTOp 1 HO T8KHX 'npSIMbiX' '18CTH!l 0'19Hb 

Mano, R Mbl HMH npe8e6per8eM. 

a no 

' 
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a no 1- 9T8 o6naCTb npOCTHpaeTCSI 

t - peweHHe yp8BH9HHSI 
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.a.Mw 
OT - 2' .llO 

18.41 

"-Mw AMw 
ecnH STO peweHHe MeHbwe .... H "f. "' T - a npoTHBHOM cnyqae. Tax 

~~ 2 -
xax G. - cywecTBeHHO nono:lKHTenbHaSI aenH'IHHa, TO npH A < fo ecTecTBeH-

HO npe.anonaraeTcSI Qp. = 0. B 'lacTHOCTH, npH mo6oM .t sTo 6y.aeT Tax, ecnH 

npHBSI3K8 Bbl6paHa CTOilb Hey .ll8'1H01 'ITO X XOHUY HH:lK9XUHH Op6HTa 'laCTHU BaH

M9HbW9il. 9HeprHH 3aHHMaeT nono:lKeBHe, npH XOTOpOM ewe HeB03MO:lKHO MHHOBa-

00(1)(- t:.2Mw' a)+ urrL <Pr. HHe HH:lK9KTOpa: .r• II 

Mcnanbayst 18.21 H 18.31, npoHHTerpapyeM 18.1 I O.llHH pas: 

~ 

f{l> = AM~·ur[ f (Po -Po} c/.'j. · 
-AM 'W 
2 

18.51 

nerltO BH.ll9Tb 1 'ITO 06WHil. K09tP¢HuHeHT 3aXB8T8 'laCTHU Ha 6eTaTpOHHYIO MHWeHb 

6,= G,~t=-- ecTb laa pac. 161oTaoweHHe nnowa.aa <Parypbr SUQPL 

x nnowallH napannenorpaMa V U QP • npolla¢¢epeHnapyeM 18.51 no 

apeMeHH1 Y'~HTbiBast npH STOM 18.2 I, 18,3 I 11 18.4 I • B peaynbTaTe TOK 'lacTHJl 

'j~ (t) Ha 6eTaTpoHHYIO MHW9Hb Bbip83HTCSI B BHlle: 

i 
ci.Q eG J ':J,..,.. ed-t =-

r AM,,/[ 
-A.Mw 
2 

18,61 

B Tex cnyqagx, ltOrlla roji., H 'O£o He paBHbi HyniO, cnpase.nnHBbi 
ro- 1-'C.r<t.J 'Opc-t.> 'a,e.. 

COOTHOW9HBSI r;..!?.!!i-t) .;:--!!..fo H ;;-OfolcM. 18,21,38,311. Yfc-
~:~fo aX. 0 .R(t) 'O"t 

nonb3yst @ - <PYBKJlHIO, onpe.neneHHYIO xax o 

npH 18.11 

npH 

H BBO.llSI - pew 9HII9 ypaBH9HIISI 

• 
~~ 



p1l (p:t)U.fj)) == max { ;;J(X-.(j) 
18.8/ 

ecmr sTo pellleHHe 5onbllle 

paarpaaHqHsaeT Te aaaqeHHH 

~w 
2 
X-

t H j.=<- A Mw 
- 2 - B rrpoTHBHOM cnyqae I J.! 

_.fic=:.fJ~ (.?, (-t.)("/-,9)) H , COOTBeT-, IIpH KOTOpbiX 

[
fr 

CTBeHao, .fo ~max (1) ("' ) 
- .Po h fJ /. BMeCTO /8.6/ 

' 
38IIHU1 eM 

... 

x -
j~~ ~.'t [f®(p~1J(o,9Ji-urr-p;t;(o.gJ)dJ+Japfl. (ffl!_l~£0.91-t) dt]: e~ f[(f + ll2Mw)®(/t/o.g}+U'CJl:fqid1-[fl(p!1o,gJ}J~%tJj\ 

w -~w A 'O"'f- AMwi.V ~ 'lJg 
2 

- /8.9/ 

H eTpy .LlHO IIOHHTb1 qTo BeJIH'q.II:Ha, CTOHIU8H B cPHrypHbiX CKODKBX /8.8/ IIpe.ncTaB-
. , 

JISieT .[lJISI MOMeHTOB BpeMeHH0 IIOK838HHbiX Ha pHC. 16, .[lJIHHbl COOTBeTCTBYIOIUHX 

OTpeaxoa AB • A 'B' H T • .n. npH STOM rrepsag KBa.npaTHaSI CKODKa B /8.8/ /oTpe-

30K AC/ .naeT "Heaarraa.nhiBBIOIUHe JIO)KHooeTaTpOHHbie" qacTHUhi, To ecTb Te, Ko

TOpbie ITO BbiXO.[le H3 HH:>KeKTopa Cpaay CB.LlHTCH Ha OeTaTpOHHyiO MHWeHb. nocne 

KOHUa HH:>KeKUHH T8KHX qaCTHU He 5y.ne1'. ECJIH HeCKOJibKO H3MeHHTb "npHBH3Ky" 

HJIH YMt:!ribWHTb cc: TaK, 'qTODbi Po B TO'l:Ke Q Dhlno MeHbwe .Ps , To 

"'aeaanaa.n biBBIOIUHe JIO:>KHODeTaTpOHHbie"' qacTHUbl Dy .LlYT OTCYTCTBOB8Tb BOODIUe. 

B cocTa.ae oeTaTpOHHoro HMrrynhca HMeiOTCH .11: .npyr.He "'Hero.nHhie" qacTHUbi - Te J 

KOTOpble C8.[1HTCH Ha MHWeHb p8Hbllle MOMeHTa tf 0 B KOTOpbiA .[lOJI:>KHO BK.TIIO-

qaTbCH ycKopSIIOIUee HarrpH:>KeHHe. HaaoseM HX TaK:>Ke "no:>KHooeTaTpOHHhiMH"'. Kos¢· 

cPHUHeHT 38XB8Ta 'i8CTHU Ha OeTaTpOHHYIO MHllleHb 1 yMeHbWeHHh!H 38 C'ieT YKa3aH-

HhiX Bhiwe "no:>KHooeTaTpoHHhiX .. qacTHU oooero THrra, ecTb di - scj:J¢eKTHB -

HOCTb rrepaoro pe:>KHM.a /eM. § I I. 3Kcrrep.HMeHTanbHO, o.nHaKo, aaTpy .nHHTenbHO 

Bb!p.enHTb H3 oeTaTpOHHOI"O HMIIY JlbCa ,.JlO:>KHOOeTaTpOHHbie" qaCTHUbl /aToporo TH

rra I H, I"Jl8BHOe, STO H He HY 2KH0 1 IIOCKOJlbKY OIITHM8JlbHbie yenOBHSI 3BXBaTa B pe

:>KHM YCKOpeHHH, IIO.LlOilpaeMbie IIpH BKliiOqeHHOM YCKOpHIOIUeM H8IIpH:>KeHHH
0 

B OO-

IUeM He OTseqaiOT OIITHMyMy 6
1

• 

PaccqHTaeM oeTaTpoHHbiH HMrrynbc .11: ero aasHcHMOCTb OT speMeHH aaqana HH-

:>KeKuHH .nnH rrpocTeiiwero cnyqag ~ = 0 fKCT8TH HMeHHO STOT cnyqai!: IIOKa-

-------------------

, 

' ,, 

• 



• 57 

\'IJ ( (t.} 
aae Ha puc. 16/. Tor.oa .Ji(.Po)=co:sv 2d-HJ-Po }. nony"'HM ¢opMyn&I 1 

npuro.llHbre .onR ycnoBHit HH)KeKUHH B cuexpo¢aaoTpOH OH.HH npH· OIITHManbHbiX 

"npHBR3Kax ". By Ll eM C"'HTaTb BbmonHeHHbiM H ci!e.oy IOIUHe ycnOBHSI: 

/8.10a/ 

/8.106 I 

.R -n<11 (- AMw a)~u<r~(2d+a)- I+Ccj'IJ(- ~;.Mw a) 
8 To T 1 (J " "' "l cos 'if 2 1 1 , 

18.10s/ 

M O)KHO y6e.oHTbCH, "'TO onTHManbH&SI npHBH3Ka B Haw eM cny"'ae y.oosneTBOpHeT 

_,. STHM ycnOBHSIMe Tor.oa 6eT8TpOHHbiA HMIIynbC COCT8BHTCSI H3 IISITH 0Tp83KOB IIpR

MhiX nHHHA: 

i) nplf P8 -g- 6
{'"' ~ M (t, o) ~ M (t2 , o)==M (tt, o)+ ucr 

/8.11a/ 
':1 = ~ [(J+CC51f)M(t.,0}-2dco~v-t(~+co~V) AMw + o]. 
'I' AM'Mi'- 2 (f 

/8.116 I 



3) npu - M(t1,0)..-2al~V-(1+Co5lf) ¥'~~-g.(, M{f,O'" CO!>M{f-t,O)-t2dcoslf-{l~U1V)pr-t9UJJ_1f 
'~ ~ r&v 

"1 _ eG co~?f 
'} - AMwtt · TtCQjv · ucr . 

18.11BI 

A 

Lfl t1pu ~(tt,OJ+'2dc()jtJ-(t+Cojlf)pr+9CoHJ ~ M ,1 -M(~.o)+2dcesllt-(I•Ccsll)~- 9 
'I (..~ tJ (tl,,/~ cosif · 

e Q -~ (t, o)+[M(ta, 0)+2ct i-9]CoH1-(t ... co-sv)p,. /8.1lr 1 
':It::: tl.MwCf. . :1+ cos iT 

5) npH -M(t2,0)+2cfL'O:S7fV+_~~.,.COj) b._iw::..!i. 4M(t,o)~ ~2d_~ A;-~)~0$__1}_-_.f_r 
co.s co~ 'If 

IB.lla I 
':JJ> = A~:q: [- COJ ifM(t, 0) +(2ct+ A:w) C()jlf-Pr] . 

~. 

• 

i 
JU 

0 
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'l ~f 
I 

a! I 5/ ! 

I 
I 

-~ 
JO 

~ut, tOUU f}'SIIC u wo JWO [fJSe< D 500 

J, Jf> 

r/ IJ.I 

-J -3 
JO tO 

JIJ(J(} -l.}'sec 0 500 IIJIJli 

PHc. 17 

EeTaTpOHHbie HMrrynhcbi rrpH ~ = 0, q = 2 c"M H paanH'IHbiX 

"rrpHBSiaKax": a I M (t. o )' = - 20 eM; 6 I fvf (t~>O) = - 13 eM /orrTHManh-u 
Hb!H CJiy'Iaii:/; B/ f1 (~,0) = - 9 CM. VfMIIYJihCbl Ha OCT8JihHb!X IJ.BYX pHcyH-

K8X HM810T "IIpHi!f13KH" 1 CH1IhHO OTJIH'I810!UH8CSI OT OIITHM8JihHOJl:: r/ 

M(-1:~,0)= - 39 CM; Il. I -T8KHX, 'ITO 1 'Jfo d t 
0 

M (t0 D) =- 8 eM. J.1Mrrynbc IJ.aH B ycnoBHhiX eiJ.HHHuax, 

8CTh Koa<P<PHUH8HT 38XB8T8 H8 6eTaTpOHHy!O MHIL! 8Hb. 

Ha pHc. 17 a,6,s/ IIOKaaaHbi HMIIYJibCbi IJ.JISI paanH'IHbiX "rrpHBSI30K", pac-

q HTaHH hi~ no <PopMynaM I 8.11 I rrpH 9 = 2 CM. KaK BHIJ.H0 1 TOK Ha MHIL!8Hb 

BHa'IaJie pe3KO pacTeT H HMeeT XapaKTepHb!H IIHK, o6pa30B8HHbiA B OCHOBHOM 'He-

38II83IJ.b!B810ll{HMH JIO:>KH06eTaTpOHHbiMH* 'I8CTHU8MH, IJ.8liee HMeeTCSI H8KHH IIpOBan, 

B/ 

tODD t,. 



tiU 

6eTaTpOHHbi:if M8KCRMYM H OKOHqaTe.JibHbi:if Cila.ll. 

Ha pHc. 18 .uaJOTCSI: RMnynbc npH 9 = 0, 9 = 2 CM R RMny.JibC 

.ll.IISI pea.JibHOI'O ny'!Ka. KaK BR.UHO, nepBbi:if OT BTOpOrO OT.JIRqaeTCSI Mano - B• 

OCHOBHOM B KOHUe. 3TO H il0HSITH0 1 ilOCKO.JibKy ilOC.Jie.UHHMH Ha MHWeHb 38XB8Tbi-

B810TCSI qaCTRUbi C Ma.JibiMH Po • a npH 5 t OT.JIHqHbiX OT Hy.JISI, TaKRX qac-

THU B nyqxe, .llOXO,llSIIUeM .llO MHWeHH, 6y .ueT MeHbWe, T8K KaK C yaenHqeHHeM 

5 B03paCT8eT BepOSITHOCTb coy.uapeHHSI 

38XBaT8 qaCTHU H8 oeTaTpOHHYIO MHWeHb 6fJ 

C HH:>KeKTOpOMo 06ruH:if K03cPcPHUReHT 

.unSI peanb'ftoro nyqxa H onTHManb-

Hbrx ycnoBHSIX BToporo pe:>KHMa nonyqaeTcSI paBHbiM 0,6. 

J .. 

toJ 

0 

j 
/f 
/, 
/i 

Sf» 

PRe. 18. 

BeTaTpoHHbiH RMnynhc .unSI a I ~ = 0, 
nyqxa. E.oHHRUbi Te :>Ke, qTo R Ha pHc. 17. 

ti""' 

9 = 2 CM R 0 /peanbHOI'O 

3KcnepRMeHT8.1IbHOe cJ.f3 MeHbWe /.oo 0,4/. 3.uecb MO:>KHO ilpRBeCTH Te :>Ke 06'b-

SICHe_HRSI, qTo H B § 7 no noao.uy o6mero xoa¢¢RuReHTa aaxaaTa B pe:>KRM ycxope-

[5] 
HR9 0 Cf>opMa 3KCnepHMeHT8.JibHOI'O 6eTaTpOHHOI'O RMnynbC8 T8K:>Ke HecKO.JibKO OT-

I 

; I 

•J 

.JIH'!8 

B T 

HH, 

piiM 

T 
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JlH'!aeTCSI OT Haweii:, HO OCHOBHbi8 OC008HHOCTH-Ha'I8JlbHbiil: TIHK, TipOBan H rnaBHbiH 

MaKCHMYM C nocnenyiOWHM cnanoM - SIBHO Bbipa»<eHbi H B 9KCII8pHM8HTaJlbHOM HM

x/ 
nynbce, KpoMe Toro, nnHTenbHOCTb o5oHx KMnynbcoa onHHaKoBa- 500 + 650f~ 

0TnH'IH8 Q:>opMbi COCTOHT, rnaBHbiM O_OpaaoM, B TOM 1 'ITO 9KCTI8pHM8HTanbHbiA 

HMTiynbC nepeKOW8H: rnaBHbiH MaKCKMYM CllBHHyT 5nH»<e K KOHUY HMTiynbca, H 'ITO 

Ha'IS:JlbHhiil: TIHK B HeM lliHp8 H M8H88 pe3KO Bbipa:>KeH, '18MB IIOJlY'I8HHOM HaMH KM

nynbCe, 3TO H8TpynHQ IIOHSITb. npH paC'I8TaX Mbl IIpennonaranK, 'ITO 'laCTHUa no-

nanaeT Ha MHW8Hb B TOT MOM8HT, Korna ee aMIIJlKTyna llOCTaeT no MHlli8HH 1 B 

TO Bp8MSI KaK B neii:CTBHT8JlbHOCTH 9TO MO:>KeT IlpOHCXOllHTb II03:>K8 Ka-aa OOXOllOB 

'laCTKUaMK MHlli8HH 5naronapSI CBOOOllHbiM KOne5aHHSIM 0 009TOMY 'laCTb '18CTHU 

B T80p8TH'I8CKOM KMIIYJlbC8 cnenyeT OTH8CTH K 5onee II03llHKM MOM8HTaM BpeMe-

1 
HK, 'ITO H nacT COOTB8TCTBYIOUlHil: nepeKOC0 BonbWaSI pa3M biTOCTb QJOpMbi 9KCi:Ie-

pHM8HTanbHOrO HMIIynbCa OOoSICHSI8TCSI TeM, 'ITO 9HepreTH'I8CKaSI H yrnoBaSI CTpyK

Typa KH:>K8KTHpyeMoro IIy'IKa Ha CaMOM nene OTJlH'Ia8TCSI: OT CTOJlOOOpa3HOA 1 KOTO

poH Mbi IIOJlb30BanKCb IIpH pac'leTaX, 

05cynHM B03MO:lKHOCTb HCIIOnb30BaHHSI 5eTaTPOHHOrO KMriynbca /a HaWKX yc

JlOBKSlX WKpOKOrO CII8KTpa/KaK HHllKKaTopa IIpaBKJlbHOCTK IIpKBSl3KH Ha'lana HH:lK8K[lK~. 

KaK BH.!lHO Ka puc. 17 a,5,a nnR paayMHbiX npe).lenoa HK BbiCOTa 

5eTaTpOHHOrO MaKCHMyMa1 HH llJlHT8JlbHOCTb HMIIYJlbCa. npaKTH'I8CKH H8 38BHCSIT OT 

Ha&nyqrnHM KHnHKaTopoM Morna Obi ObiTb BbiCOTa Ha'lanbHOro IIHKa, 

HO, KaK y:>Ke rOBOpHnOCb 1 B 9KCII8pHM 8HT8 OH B 3H8'1HT8nbHOA CT8II8HK 38MaaaH, 

CHnbHOe OTJlH'IHe QJOpMbl KMIIYJlbC8 OT OTITHMaJlbHOA /oTCYTCTBHe H8'18JlbHOrO no»<

H06eTaTpOllHOrO IIHKa HnK IIpOBana/ aaoniOnaeTCSI JlHllib IIpH 3Ha'IHT8JlbHbiX OTKnO

H8HHSIX IIpHBS130K OT HaHBbironHeHW8H /eM, pHC, 17r,n/, T,e, nnSI T8KHX IIpHBS130K 1 

KOTOpb18 M bl IIpH BbiBOne Bbip8:lK8HHSI llJlSI HMIIynbC8 /8,lla/ -/8,lln/ H8 C'IHTanH 

paayMHbiMH, Ha cKaaaHHoro cnenyeT, 'ITO 5eTaTpOHHbiA HMnynbc Mo:>KeT 5oiTb nKWb 

rpy5biM HHllHK8TOpOMI"HaCTpoAKK, 

ABTOpbl 5naronapHbi A.B. K yaHeuoay I n.n. 3HH0Bb8BY' K .n. M bl3HHKOBY aa 

o6cy»<neHH8 BOIIpOCOB, aaTpOHYTbiX B paOOTe, 

ABTOPbl IIPH3HaTenbHbl TaK:>Ke KOnneKTHBY p8C'I8THOrO OIOpO nB3 1 IIponenaB

weMy OOJlbWYIO C'I9THYIO K OQJOpMHT8JlbCKYIO pa5oTy. 

x/VfMeeTCSl B BHny nnHT8JlbHOCTb 'j8CTH KMIIYJlbCa 1 H8'1HHaiOweAcH C MOMeH-

Ta t. 2 /KoHen HH»<eKuHKI, T.e. Ha pKc.17,18 nocne 'cpbiea'Ha'lanbHoro nwKa. 
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