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nnSI llOBbillleHHSl a<jJ<jJeKTHBHOCTll perncTp8UllH y -KB8HTOB B UY3blpb-

KOBbiX KaMepax uenecoo6paaao npnMeHSITb )KHJlKOCTb c 6onblllofi nnoTHOCThiO 

( c Man oil: paAnaunoaaoit .unnaoit X ) nnn noMelllaTb B KaMepe nnacTIUIKy 
0 

na TSI)Kenoro MaTepnana~ KaK B TOM, TaK n B ApyroM cnyqae, aapSIAY c no-

BhillleHneM. a<jJ<jJeKTHBHOCTll pei'HCTp8Ullll y -KB8HTOB 0 HMeeT MeCTO CHH)Ke

Hlle TO'iHOCTH onpeAeneHHSl napaMeTpOB cneAOB 'i8CTHU. 

TipnMeHeane :lKH.UKOCTn c 6onbmoit nnoTHOCTbiO n ManeHbKllM X 
0 

UpllBO.UllT K yMeHbllieHHIO CB060.UHOfi .UnHHbl B38llMO.UefiCTBHSl ll ,yBenn'ieHHIO 
. .., 

MHOI'OKpaTHOI'O pacceSIHHSl. nnSI KaMepbl 6onblllHX pa3MepOB yMeHbllleHHe· CB0-

6o.UHOH .unHHhl B38llMO.UeHCTBHSl UpllBOAHT T8K)Ke K yMeHblli9lllllO noneaHOH 

annHhi cneaoa npn naMepennSix. 

J1aBeCTHO, 'iTO Olllll6Ka B onpeJleneHHII HMnynbCOB 'i8CTHUbl UO H3Meper!IIIO 

paanyca KpllBII3Hbl ee cne)la COCTOHT B OCHOBliOM ll3 II3MepnTenbliOH OlllH6-

KH ll HeonpeAeneHHOCTli na-aa MHOI'OKpaTHOI'O pacceSI!IllSI. 

!:!. 2 l l 
(...bUL) "" k -+k ---

p 1 ·L 4 ':! X ·L 
0 

(1) 

Buano, 'iTo c yMencmenneM ·L u omn6Ka 6hiCTpo pacTeT. 

PaCCMOTpHM Tenepb, K8KOe BnHSIIIHe Ha TO'iHOCTH B onpeneneHHH napa

MeTpOB 'i8CTHUhl OK8)KeT UOMellleHHe B KaMepe nnaCTIIHKH 113 UnOTHOI'O MaTe.,. 

puana. Tipu npoXO)KJleHnu 'iaCTHU 'iepea nnacTHHKY 'iaCTb nx npeTepneaaeT 

Heynpyrue B38llMOJleHCTBHSlo Hanpn:Mep, anSI CBIIHUOBOH nnaCTllHKll TonmHHOH 

2 X0 oKono 3,5% rr-MeaonoB BhiCOKHX aaeprufi ncnhiThiBaiOT Heynpyroe BaauMo

neficTaue BHyTpu nnaCTHliKH. 



OcTanbHaH aong ~aCTHU npeTepneaaeT MHoroKpaTHoe pacceHHHe H Bbi

xoaHT H3 nnaCTHHKH CO CMellleHHeM KOOpaHH8T H H3MeHeHHeM B HanpaaneHHH, 

EcnH ~8CTHU8 npoxoaHT B nnaCTHHKe nyTb anHHOH d , TO CMellleHHH KOOp

aHHaT H yrna pacceHHHH HMeiDT HopManbHoe pacnpeaeneHHe c aacnepcaeft 

d 

6X 0 
2X 

0 

.COOTBeTCTBeHHO, rae E s 21,2 Msa. KpoMe Toro, aa-aa HOHH38UHOHHbiX 

n.oTepb HMnynbC ~aCTHUbl npH BblXOAe H3 nnaCTHHKH yMeHblll8eTCH H8 BenH

. ~HHY /1/ 

4 c t m..L Un 
va 

/ 

B pesynbTaTe nony~aeTCH, ~TO cneA ~aCTHUbl KaK 6bi COCTOHT H3 JlBYX ~ac

Teft: OJlHOH - JlO H Jlpyroli - nocne nnacTHHKH, a Me:lKJlY HHMH HMeiDTCH HeH3-

BeCTHbie cMemeHHH H yron aanoMa x/. 06bi~Ho ang onpeaeneHHH napaMet:

poa TaKHX cneJloB acnonbayeTcH TOnbKO ~acTb Tpeka JlO nnacTHHKH. Ho KaK 

BHJlHO H3 cpopMYnbi ( 1), sTo npHBOAHT K 6onblllOMY yaena~eHIIID oma6KH:. H a 

npaKTHKe, ~T06bi He cnamKOM canbHO yMeHbmanacb noneaHaH anHHa TpeKa 

L , nnacTHHKa noMemaeTCH K KoHuy scpcpeKTHBHoro o6'beMa KaMepbi, Ho 

TOrJl8 yMeHblll8eTCH T8K:lKe TeneCHbiil: yron nnaCTHHKH H yaenH~HB8eTCH 0111H6-

K8 B napaMeTpaX KOHBepTHpyeMhlX sneKTpOHOB (n03HTpOHOB) 3~ nnaCTHHKOH, 

B aaHHOft pa6oTe npeJlno:lKeH HOBbiH MeTOJl onpeaeneHHH napaMeTpoa 

cneAOB ~aCTHU1 npOXOJlHIIlHX ~epe3 nnaCTHHKy, npa STOM HCnOnb3Y9TCH BCH 

AnHH8 cneaa TaK, ~TO TO~HOCTb B onpeJleneHHH napaMeTpOB OCTaeTCH no~TII 

T8KOH, K8K ecnH 6bi nnaCTHHKa He cymeCTBOBana, 

MeTOA o6ocHoBaH ua ·~HcneuuoM HHTerpapoaaHHH ypaaHeHHH JlBH:lKeHHH 

3apH:lK9HHOH ~aCTHUbi B TOpM03Hlll9H cpeae, noMellleHHOil: B HeOJlHOpOAHOe Mar-

HHTHoe none c ao6aaneHHeM JlBYX HOBbiX napaMeTpoa: cMellleHHH · R H yr-

·na pacceHHHH () npH npOXO)KaeHHH ~8CTHUhl ~epe3 nnaCTHHKy, 

x/ B JlanbHeilmeM AnSI npocTOTbi uaaoaeM HX ::up<jleKTOM nnacTRHKH. 
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0IITHManhHoe 3H8"'eHHe yrna HaKnoHa cnena a 0 a IIepaoi1: TO"!Ke oii

penensreTcsr K8K B paooTe /2/. 0cTaHOaHMCH oonee IlOJlpOOHO Ha M9T0Jl9 OII

peneneHHH HMIIynbca H aGHMyTanbHoro yrna (a IIepaoi1: TO"'Ke cnena). 

Hs ypaaHeHHR flopeHua B TOpMossrmei1: cpene 

~e_= 
dt 

e [ ;,H 1+_i_-·~-
c p d t 

nony"'IIM 

~=--e--[-H +tga(H cosf3+ll sin{3Y1:F(s) 
Z X y f 

ds pc • cos a 
(2) 

rne H x H Y , H z - KOMIIoHeHThi MarHIITHoro nonsr IIO ocsrM x 

y z S - Kp!IaOn!IH9HH8H KOOpJlHH8T8 TO"'KH H8 cne)le. 
s 

Hs (2) IIony"'IIM {3(s)=f3
0

+ f F(s 1)ds 1 
0 

y(s)=yo+ 

DapaMeTpaMH sranmoTcsr · y
0 

1 
• Po=- • f3o 

p 

(3) 

R If 0 (HHJl9KC "Q" 

YK83b!B89T Ha TO, 'ITO 8TH IIapaMeTpbi OTHOCHTCH K Ha"'any cnena). 

nnsr YJlOOCTaa OO'h9JlHHHM ace 8TH IIapaMeTpbl a· OJlHOM 5-MepHOM aeK-

TOpe H ct5osHa"'nM ero "'epes W • DpupameHHR napaMeTpoa TaKIKe oopasy-

IOT 5-MepHbiH aeKTOp 8 W • 

Pasno/KIIM (3) no 9THM napaMeTpaM, orpaHH"'HBmHCb IIpu aTOM TOnbKO 

nnHeHHhiMil qneHaMn: 

5 
y k+ 1 (s ) = y k (s ) + :£ 

ll= 1 

a k 
~-8W, 

aw 11 

ll 

(4) 

rne aepxnne nnneKChi - HoMepa nTepaunH, a k = 0 cooTaeTCTayeT Ha'lanhHoe 

npnon!IIKeHne, nony"!eHHoe npn aiiiipoKcnMaun!I cnena napa5onoi1: 5es y"'eTa 

CMemeansr n paccesrHnsr B nnacTnHKe. 

a y( s) 
Bblp81K9HHH nnsr a 

121 
Yo 

aeneHHhiMH a paooTe 

ay (s) 

ap o 
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nnst HOBbiX f"!8P8MeTpOB RMeeM: 

H 
a y(s) 
-~-- =0 ao 

~- = / cos ( fl (s I)) d S I 
ao s 

p 

npH s < s· - p 

npH s::: s P, 

I")le s p - Jl11HH8 cne)la JlO nnaCTHHKH. BeKTOp npHpaweHHSI 8 W nonyqa-

9TCSI npH MHHHMH38UHH $yHKUHOH81l8 BHJl8 

(5) 

I"Jle y ( s I ) - TeopeTH"'9CK8Sl "y KOOpJlHH8T8 i -oil TO'IKR H8 cne)le, 

Bbl'IHC119HH8Sl no$opMynaM(3) H (4), 
ex 

y I - H3MepHT91lbH8Sl y KOOPJlH-

HaTaT i -OR - TO'IKH Ha C1le)le, N - qncno H3MepeHHbiX TO'IeK Ha cne-

)le, G - nonHast MaTpHua own6oK, aKniO'IaiOwast B ce6st MaTpHUY H3MepH-

TenbHbiX OWH60K H M8TpHUY MHOI"OKpaTHOI"O paccestHHSI. 

C yqeTOM (4) ycnOBHe MHHHMYM8 (5) 38UHW9TCSI B BR)le: 

0 V=l, ••. ,5. (6) 

CHCTeMa ypaBH9HHSI ( 6) 11HHeiiHa OTHOCHT91lbHO 8 W H ee MO)I{HO 38UHC8Tb v 

B Ma TpH'IHOM BH)le: 

B - 5-MepHbiH 

N 

B = ::£ 
v l,l= 1 

Ha (7) nony'IRM 

A8 W = B, 

aeKTOp 

a y ( s I) . -1 ( . ex 
----Gil Y aw v I 

(7) 

It' v = 1,2, .•• ' 5 • 

V=l, ••• ,5 
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06bi'IHO Tpe6yeTC51 2-3 HTepaUHH, 'IT06bi nony'IHTb HY*HYIO TO'IHOCTb • 

.lln51 npoBepKH MeTOAa 6binO reHepHpOBaHO no 200 7T + -MeSOHOB npH 

HMnynbCaX 1;• 3 H 5 fsa/c. 

Caaqana 6binH creaepHpoaaHbi TpeK~ (He npoxOA5lmHe 'lepes nnacTHHKy) 

c noMombro nporpaMMbi reaepaUHH «fJHKTHBHbiX TpeKoB FICTIV /3/ H o6C'IH

TaHbi no nporpaMMe KHHeMaTH'IeCKoro pac'leTa- fEO<flJiiT- 1/41. Pacnpe

AeneHH51 HMnynbCOB, HX OWH60K · H v 
2 

nOKaSaHbi Ha pHCyHKaX 1 a, 6 H 2a, 
"- xy 

COOTBeTCTBeHHO, a HX CpeAHHe 3Ha'leHH51 npHBeAeHbi B nepBbiX TpeX CTon6-

UaX Ta6nHUbi 1. 

3aTeM c noMombro cneuHanbaoit nponeAYPbi B nponecce reaepanHH Tpe

KOB CMOAenHpOBanH HCKYCCTBeHHbiit s!jl!jleKT nnaCTHHKHt T.e. CMemeHHe KOOpAH

HaT H HSMeHeHHe HanpaaneHH51. nony'leHHbie TpeKH 6binH 06C'IHTaHbi ABYMH 

cnoco6aMH: 

a_) KaK o6bi'IHbie TpeKH, T.e. 6es y'leTa s!jl!jleKTa nnacTHHKH. PacnpeAe-
2 

neHHH HMnynbCOB, HX OWH60K H X UOKaSaHbi Ha PHCYHKaX 1 B, r, 26, 
.XL 

COOTBeTCTBeHHO, a HX CpenHHe SHa'leHHH npHBeAeHbi B 4-6 CTOn6uax Ta6nH-

Ubi 1. BHAHO, 'ITO pacnpe.ueneHHH CHnbHO CMemeHbi H cpeAHHe SHa'leHHH Cllnb

HO pasnH'IaiOTCH no cpaBHeHHIO C paaee nony'leHHbiMH HCTHHHbiMH SHa'leHH.II

MH TpeKOB, a OWH6KH SHa'IHTenbHO yBenH'IIiBaiOTCH. 

6) C noMombro npeAno*eHaoro MeTOAa. PesynbTaTbi noKasaHbi Ha pH

cyaKax 1A, e, 2B, a cpeAHHe 3Ha'I9HHH napaMeTpOB TpeKOB npHB9A9Hbl B 
\ . . 

Tpex nocneAHHX cTon6uax .Ta6nHUbi 1. BHAHo, 'ITO xopowo aoccTaHoaneHbi 

nepBOHa'lanbHbie pacnpeAeneHH.II H HCTHHHbie cpeAHHe SHa'leHH.II napaMeTpOB 

TpeKOB, a OWH6KH cpaBHHMbi C OWH6KaMH 06bi'IHbiX TpeKOB. 

Jifs npHBeAeHHbiX pesynbTaToB Mbi MO)I{eM CAenaTb cneAyromee saKnro

'leHHe: npeAnO)I{9HHbiit M9TOA onpeAeneHH.II napaMeTpOB 'laCTHU, npOXOA.IImHX 

'lepes nnaCTHHKy,AaeT B03MO)I{HOCTb TO'IHO BOCCTaHOBHTb HCTHHHOe SHa'leHHe 

HMnynhca H APYI'HX napaMeTpoB. 

B SaKniO'IeHHe aBTOpbi C'IHTaiOT CBOHM npH.IITHbiM AOni'OM no6nai'OAa-

PHTb KaHnHAaTa !jlli31iKO-MaTel).1aTIP:IeCKHX HayK B.H. neaeBa, A.Y. A6Aypaxa-
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Puc. 1. PacnpeneneHHe. HMnynbcoa npu Ha'ianbHOM aHa'ieHHH reHepupoaaHHoro 
HMnynbca 1000 Maa/c: a) Jlnst reHepupoaaHHbiX "+ -MeaoHoa, a) non anust
HHeM aiflifleKTa nnaCTHHKH, A) HSCTOSIWHit. MeTOA, 6),r),e) IIX OWH60K, COOT
BeTCTBeHHO • 
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P11c. 2. Pacn.peAenenne x 2 npn Ha'lanhHOM 3Ha'leHHH nMnynbca 1000M3a/c: 
a) 11nn reHepMpoaaHHhiX rrxJ. -Me3oHoB, 6) noll anl!llHHeM 3<jJ<jleKTa nnacT!m-

KH, a) H8CTOllWHfi MeTOJl, 
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MOBa, IO.B. TeB38,1l3e aa' 

paooTbi. A~Topbi npnaHaTe 

. HH'iecxoll:. 'iaC'l'H paoOTbi,·: 

1. B. Poccn,· K. fpeAaeg; 

Hn, 1948. 

2. H.cl>. MapKosa, B.H~ M 

KOBa •. TipeiipHHT F;'lC 
3; A.Y. Ao.llypaxHMos, K: 

.llyoaa, 1970. 

4. A.Y. Ao.llypaxH:Moa, 

.lly6Ha, 1970 •. : 
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eHHH HMnyn&ca lOOOMsa/c: 
HHI!eM S~~eKTa nnaCTIIH-

MOBa, IO.B. Teasiui~e·' sa DOMODlb H o6cy>K!l9HHe npu BbinOnHeHHH H8CTOS!IIleif 

. pa60Tbi, AaTop&I npH3HaTenbH&I. TaK>Ke ·rpynne na6opaHTOB sa npol'ieaeaue Tex

HH•uicKoA:.: 'i8CTH pa60Tblo 

. ' ~ ... 

n H T e .p a T y. p a 

1 •. B. Poccat, K •. fpeJ:i3eH. B38HMoaeifCTBHe KOCMH'i9CKHX ny'ieJ:I:. ~. aemeCTBoM; 

Mn, 1948. 

2. H~cll. MapKOBa, B.l1. Mopos, B.l1. HHKHTHHa;" .A.n. CTenbMax, r.H. Te~T~;.;· 
Koaa. flpenpuar P10-3768, Jly6aa, 1968. 

3, A.Y. A6aypaxHMos, K.n. BHwHeacKasr, Hryea Jluir Tbi, llpenpuH:T i-5462, 
Jly6aa, .1970. 

4. A.Y. A6.1lypaXHMOB, Hx:-yea JlHH Tbi, B.H. neaea. flpenpuHT 1-5140, 
Jly6aa, 1970. · 

PyKODHCb DOCTyDBna B H3a8ren&CKBI OTaen 

19 +espana 1971 roaa, 
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