
~-rc 
) ~ ) 

COOBIUEHHH 
OB'hE~l1HEHHOrO 

l1HCTl1TYTA 
H~EPHhiX 

l1CCJIE~OBAHJ:B1 
.LlyCSaa 

8 
! 

!3/x. 6!'' 

13 - 4598 

K.ll.BHmuescKaH I A.n.racnapHH I B.r.rpHWHH·~ 

T.r.OcTaueBHtl1 B.M.nonosa I M.l1.CoJIOBheB 

3~~EKTl18HOCTb PErHCTPAUHH y-KBAHTOB 
z • H OllPE~EJIEHHH HX KHHEMATHqECKHX llAPAMETPOB 

8 ~BYXMETPOBOA llY3hiPbKOBOA KAMEPE Ol1HH 

1969 



* 

13 . 4598 

K . fl . BHwHeBcKa~* , A . n.racnap~H** , B.r .rpHWHH , 

T.r .OcTaHeBHq, B.M.nonoBa* , M .H . Co~oBbeB 

3~~EKTHBHOCTb PErHCTPAUHH y -KBAHTOB 
H OOPE~EREHHH HX KHHEMATHqECKHX OAPAMETPOB 

8 ~BYXMETPOBOH OY3WPbKOBOH KAMEPE OHHH 

MocKOBCKHi1 rocyaapCTBBHHhiii ymrsepCHTB T, 

** EpenaHCKHi1 rocyaapcTBBHHwn YHHBepcHTeT, 

-· 
1 '""• ... .. . 
Q ~-~~ i..• ·I ~ ·-~: ,: ~ ~~~.~: • ~ - r. 
I' £141'-'llll• .• •. , ~, .. , . .•" ,_. .' ~ • 

.L...J?~,J.>~O ~·:~:~: ___ > 



1, 3 cjJcjJeKT11BHOCTb peri1CTp8U1111 y - KB8HTOB 

B KaMepe , H8!10JIH8HHOH pa3JII1'1Hb!MI1 )!{!1):(KOCH!MI1 

3~~eKT~BHOCTb per~CTpau~~ y - KBaHTOB B nponaHOBOH ny3 blpbKOBOH 

KaMepe MOiKeT 6bJTb TIOBbillleHa IJ.BYMSI nyTSIM~: 

a) nyTeM ao6aaneH~SI apyr~x. 6onee TlliKenbiX iK~JJ.KOCTeH (cppeoH , Kce-

HOH); 

6) nyTeM pa3MelueHI151 nnacT11H 113 TmKenoro MeTanna B pa6o'leM o6'beMe 

KaMepbi , 

8 nepBOM cny'lae B 3aB~C~MOCT~ OT KOHUeHTpaU~~ CMeCI1 yMeHb!ll8eT

C51 KOnl1'!eCTBO CB060JJ.HOrO BOJJ.OpOJJ.a, BO BTOpOM - KOnl1'!eCTBO BOJJ.OpOJJ.a B 

pa6o'leM o6'beMe an11 B3a~MoJJ.eHCTBI15l ocTa e TCil 6e3 ~3MeHeH~51. H a116onblllee 

pacnpocTpaHeH~e nony'111na CMecb nponaHa 11 cppeoHa . Dn51 onpeaeneH~51 pa

JJ.~au~oHHOA JJ.n~Hhl BaiKHO 3H8Tb nnoTHOCTb pa60'!eA CMeC~ np~ pa3HhlX TeM

nepaTypax 11 aaBneH1151X. C 9ToA uenb~ HaM~ npo113BOJJ.I1nocb 9Kcnep~MeHTanb

Hoe onpeaeneH~e nnoTHOCTI1 CMec~ nponaHa ~ cjlpeoHa- 13 (CF
3

CI) anSI JJ.Byx 

aecoahiX KOHUeHTpau~A: np~ 25% 11 50 % cppeoHa / 11 I . T o'IHOCTb ~3Mep e H11SI 

nnoTHOCT~ 6hlna ny'!llle 1%. 

C TO'IK~ 3peHI15l nony'leHI151 pa6o'leu cpeJJ.hi, Ha116onee 9QJQJeKT11BHO pe 

r~cTp~py~!lleA y - KBaHThi, ny'!llle acero noaxoJJ.~T cppeoH-13 Bl ( C F3 Br) . 
0JJ.HaKO ero Tip0113BOIJ.CTBO B lll!1p0KHX MaClllTa6ax TOnbKO H8'111H8eTC5l. no9 TO

MY Mbi ~cnonb3oaana CMec~ nponaHa c ~M eJO!ll ~MC.Il y Hac <j:JpeoHOM-13 

( CF 3 Cl ) , a oueHKY pa6o'l!1X TeMnepaTyp an11 CMec~ 6pan~ 113 pa60Tbi 13 I . 

no CBO~M TepMOJJ.11HaM~'IeCK~M XapaKTep~C T~K8M 06a cppeOHa-13 6n~3KJ1 .Qpyr 
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K apyr y . n nH 25%-HOH KOHUeHTp8UHH ( no Becy) ¢peOHa-13 B CMeCH C nporra 

HOM pa6oqaH TeMDepaTypa H8XOAHTCH B6n H3H +48°C , 8 anH 5 0 %- HOH KOHUeH

Tp8UHH - B6nH3H + 40 °C. PaaHaUHOHHaH anHHa anH npoH3BOnbHOM cMeCH onpe-

C· 
I 

x. ( 1 ) 
I 

3 aec b c i - BeCOB8H KOHUeH Tp8UHH - TOM KOMDOHeHThl CMecH; X; - pa

AH8 UHOHH8H t:WHH8
1

B r/cM2 . i - TOM KOMIIOHeHTbi ; p H X 0 - rrnOTHOCTb
1

B 

r/CM~ H p8AH8UHOHH8H anHH8
1

B CM
1
AnH A8HHOM CMeCH . 

B Ta6n . l rrpHBeaeHhi KaK 3KcrrepHMeHTanbHhie, TaK H BbiqH c neHHhie 3Ha

q eHHH X 0 anH HeKOTOphlX KOHUeHTp8UHA CMeCeM rrporraH+¢peOH rrpH HX pa-

6oqHX TeMrrepa Typax. 

Ta6n>~ua 1 

Pa6o'!a>I ep eaa oc r le M 
3 

X c eM 

nponaH 55 0,43 110 

¢>peoH-1 38 1 (CF3 Br) 24 1,49 11 

¢>peoH- 13 (CF
3 

CI) 0 1,118 24,6 

86 o6beM . % nponaHa + 
50 0,56 50 

+ 14 o61>eM . % <jJpeoHa 1381 

50 o6beM. % rr ponana + 
38 0,93 19 

+50 o6beM. % <jJp e oHa 138 1 

75 Bee. % nponaHa + 
48 0,50 78 ,5 

+ 25 Bee. % ~peoHa-1 3 

50 Bee. % nporraHa + 
40 0,588 58,5 

+ 50 Bee. % <jJpeoHa-1 3 

I. ) 

naHHhle ITO CMeCHM IIpOII8H8 C ¢peOHOM-1 3Bl B3HThl H3 pa6oThl jj, 

a an H ¢peoHa- 13 - H3 pa6oThi 15 1 
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OueHI!M cpeAHIO!O a4J4JeKTHBHOCTb KOHBepCHH TJ OAHHO'lHOf'O y -KB8HT8 

nnn ttHCToro nponaHa H ero cMecefi c <tJpeoHoM-13: 

(2) 

3necb fL (Py ) - nonHaH BepOHTHOCTb KOHBepCHH y -KBaHTa Ha p8AH8UHOHHOH 

nnr~He, L noTeHur~anbHan nnr~Ha KOHaepcr~r~ y -KBaHTa a panr~aur~oHHhlX 

enr~Hr~uax . 

Llnn P y > 100 Maa/c !L (Py ) cna6o 38BHCHT OT aenHttHHhi P y • 8hi-

'lHCneHI!H 6hinH npoaeneHbl nnn j.L(Py) ~ 0,8, 'ITO COOTB8TCTByeT p y > lfaa/c/8< 

Ehino npoaeneHo ycpenHeHr~e no a3HMyTanhHOMY yrny BbineTa y -KBaH

Ta H KOOpJlHH8T8M TO'l8K p0)KJl8HHH te+e-) B K8Mepe. Pa6ottHH 06'beM K8M8pbl 

(210x65x43) CM3 • 34J4JeKTHBHbiH 06'beM nnn KOHBepCHH B3HT paBHbiM (160x 

x40x20) CM3. 

06naCTb o6pa30BaHHH y -KBaHTOB Bbi6paHa B cPOpMe UHniiHApa nnHHOH 

80 CM H A118MeTpOM 5 CM B n epBOH nonOBI!H8 KaMephl . 

Ha p11c. 1 npr~aeneHa 3aBHCIIMOCTb a<P<PeKTHBHOCTH perr~cTpaUI!II y -

KB8HT8 OT BenH'lHHhl yrna 81"'0 BhlneTa 6 OTHOCI!TenbHO Hanpaane HI!H nep

BH'IHOH 'l8CTI!Ubl nnn 'li!CTOf'O nponaHa, 'li!CTOf'O 4JpeOH8, a T8K)!{8 nnn 25% - HOH 

II 50%-Hoii KOHUeHTpaUI!H <tJpeoHa-13. 

BHAHO, 'ITO npH HanOnHeHHII KaM epbl TH)!{8 n hi MI! )KHJlKOCTHMI! a4J4JeKTHB

HOCTb perHCTpaUHH y -KBaHTOB M0)!{8T 6hiTb CyiUeCTB8HHO nOBbllll8H8 1 OC0-

6eHHO nnn y -KaaHTOB , BhineTaJOIUIIX non ManhiMI! yrnaMI! K HanpaaneHII!O 

nepBI!'lHOH 'l8CTI!Uhl . 

2. 06pa60TKa TpeKOB aneKTpOHOB ~ IT03~TpOHOB ITO 
reoMeTp~qecKoM rrporpaMMe 

B npo6HOM aKcnepi!MeHTe KaMepa o6nyttanacb nyttKOM rr - - Me30HOB 

C I! MnynbCOM 2,73 faa/c. [lnn o6pa60TKH OT61!panHCb cnyttaH, KOf'Aa B nep

BH'IHY!O 3Be3ny "cMoTpnT" naa y -KBaH Ta " 6onee (pr~c. 2). TaKHX co-

6hlTHfi 6hlnO OT06paHO 98. KoopAHHaThl Ka)!{J:\01"'0 H3 HHX 1!3Mepnni!Cb AB8)!{Jlhl 

C TeM, 'lT06bi nocne o6pa60TKH no reoMeTpH'l8CKO H nporpaMMe MO)!{HO 6binO 
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oTo6paTb 6onee TO'IHOe K3MepeHae. Co6~TKA o6C'IKT~Banacb no reoMeTpa

'lecKoll: nporpaMMe I 1 I , KOTopaA HBXOAKT AnA 8neKTpOHOB K noaaTpOHOB P -
HMnynbC B TO'lKe KOHBepCKK, f3 -83KMYTBnbHb!Jl yron, tg a - T8HreHC rny-

6KHHOrO yrna . 06C'leT C06~TKA no reoMeTpK'IBCKOA nporpaMMe npOK3BOAKn

CA ABYM51 cnoco6aMK. 

lleno B TOM, 'ITO B ny3b!pbKOBbiX K8Mepax C TmKenbiMK )I(KAKOCTAMH 

O'lBHb B8)1(H0 npaBKnbHO y'leCTb npK onpeAeneHKH n apaMe TpOB 8neKTpOHOB 

a noaKTpOHOB KynoHOBCKoe pacceBHKe a TOpM03HOe K3ny'leHKe . B npKMBHABM~X 

B OYI5H1 nporpaMMax I 1 • 6 I KynoHOBCKoe pacceBHKe y 'IH TbiBae TCA OA KHaKo

BhiM o6pa30M, TOp M03HOB K3ny'leHHe no-p83HOMy. 

B nporpaMMe 161 TpeK annpOKCHMapy e TcA KpasoA BHAa 

B KOTOpOA b
3 

f, b 
4 

• 0THOWBHKB napalv!eTpOB b 
4

/ b 
3 

XapaKTepaayeT TIOTepK 

8HeprKH H8 TOpM03HOe K3ny'leHKB . 

B nporpaMMe 11 I TopM03HOe aany'leHa e Y'lKTbiBaeTCA cneAyJOWHM o6pa-

30M. npa KHTerpKpOB8HKK ypaBHBHHA ABH)I(eHHA 8neKTpOHa 11 n03KTpOH8 B 

HeOAHOpOAHOM M8rHKTHOM none B nepBOM npa6nK)I(eHHK Y'lHT~BamTCA cpeAHKe 

noTepK H8 aany'leHKe An51 TpeKa AnKHOA ~Sj B BKAB 

(4) 

rAe Pj - KMnynbC 'l8CTK!lbl B Ha'lane KHTepBana ~ sj b = 0 ,014 110 1' 

K K - xapaKTepHayeT 8~~eKTKBHoe ysena'leHae paAHB!lKOHHoA AnHH~. 3To 

ysena'leHKB B03HKK8eT K3- 3a TOrO, 'ITO npK nOAC'leTe CpBAHKX paAH81lKOHHbiX 

noTepb BBOAKTC51 orpaHK'leHH B Ha BenK'lHHY 8HeprKH K3nyqaeMOrO y -K B8H Ta , 

8 KMeHHO : C'IKTaeTC51, 'ITO Ha 8neMeHTe ~Sj M8KCHManbH8A 8HeprK51 aany-

'leHHOrO y - KB8HT8 He npeBbiWaeT K p j . 

B nporpaMMe I 1 I K 0,699 . npa onpeAeneHKK onTKM8nbHOro 3H8'le-

HK51 napaMeTpOB 8neKTpOHa K n0311TpOH8 Y4KTbiBamTC51 ~nyKTY81lHK TOp M03-

HOro H3ny'leHK51 nyTeM BBeAeHH51 B M8TpHilY OWK60K A06aBO'lHOrO 'lneHa . 

0AKH paa 06C'leT npOBOAKnC51 no reOMeTpH'IBCKOH nporpaMMe 111, BTOpOA 
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pa3 y~e T TOpM03 HOr O H3ITy~e HH g n p OH3BOAHITCg T8 K, K8K AenanOCb B pa6o

T8 161 , np H~eM B Ka~eC TBe nepBor o np H 6nH~eHHg 6panocb nepBoe npH6nH 

~eHH e , nony ~eHHOe B nporpaMMe 1 11 T peKH aneKTpOHOB 11 rro3HTpOHOB H3Me

pgnHCb B 60ITblliHHC T B8 cny~aeB AO 38Me~eHHOrO npH rrpOCMOTpe HITH H3Me

pe HH gX c 6p oca aHeprHH. 
+ 

C peAHHe AITH Hhl , H8 KO T Ophl X npOH3BOAHITOCb H3MepeHH8 KOOpAHH8 T £ 

H e- Tp8 KOB B p83Hb1X HMnyiTbCHbiX HH TepBanax, npeACT8BIT8Hbl B Ta6n .2 

P t 1 t) ( HMnyn hc HaxoaH n cg no nporpaMMe • 

11 HTepBan 

I-IMITynbC OB 1 
M sBic 

, CM 

0- 50 

7 

T a6n11ua 2 

50-1 00 100- 200 200- 300 300- 400 400-500 500 

14 2 1 31 29 29 30 

3aBHCHMOCTb OTHOC HT8ITbHOA OlliH6KH H3MepeHHg HMnynbC8 OT AITHHhl 

TpeKa e+ H npeACT8BIT8H8 H8 pHC . 3 H 4 . 

M3 pHCYHKOB BHAHO , ~TO eC IT H Y~HThlB8Tb TOpM03HOe H3ny~eHH 8 T8K , 

K8K 8TO CA8IT8HO B pa6oTe /B/, TO png 8IT8KTpOH8 H n03HTpOH8 C AITHHOA 

TpeKa 60nbllie 20 CM B paCCM8TpHB88MOM AH8l1830He B8ITH~HHbl HMnyiTbCOB 

OTHOCHTeiTbHag OlliH6Ka !TpH6ITH3HT8ITbHO nOC TOgHH8 H p8BH8 ~ 10 %. ilng 8TO

ro ~e AH8l1830H8 HMnynbCOB H AITHH Tpe KOB 8IT8KTpOHOB H l103HTpOHOB, 06-

C~HT8HHbiX ITO ITporpaMMe /1/ , OTHOCI1T8ITbH851 OlliH6Ka B H3Mep8HHI1 11MITy iTbC OB 

l10p51AK8 15- 20% H OT !Tp8KTH~8CKH He 38BHCHT. 3To 06bgcHgeTcg TeM , 

~'!'0 B ITpOrpaM Me /1 / B OWH6Ky HMITYITbC8 BKITJ0~8Hbl <jlnyKTY8UHH TOpM03HbiX 

ITOT8pb . 

B Ta6n.3 rrpeacTaBneHhl pe3ynhT8Thl cpaBHeHifg BenH~HHhl HMIT y nhCOB 

e+ H £ p 2 - HMITynhC , Bbi~HCIT8HHbiA ITO ITporpaMMe I l I , a pI -

HMITYITbC TOA ~e '-I8CTHUbi, Bbi~HCIT8HHbiH no ITporpaMMe pa60Tbl 16/ . 

8 K8~AOM HMITY ITbCH OM HHTepBane 6hlna HaAAeHa CpepHgg B8ITI14HH8 pa3-

HOCTH pI - p2 CO 3H8KOM H OTHOlli8HH8 <JTOH pa3HOCTI1 K CpeAHeMy 3H8~e

Hii10 HMITYITbC8 png A8HHOrO IiHTepBana . M3 Ta6ITI1Ubl BI1AHO, ~TO C YB8ITI1~e-
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HHeM HMITynbCa OTHOCHTenbH8H pa3HHUa yMeHbW8 e TCH H He ITpeBbi-

waeT OWHOOK H3MepeHHH, Pa3HHUa B BenHqHHax a3HMyTanbHOro yrna ~ 

TO)Ke ne)KHT B ITpe.QenaX OWHOOK H3MepeHHH, feOMeTpHqeCKaH ITporpaMMa B bl -

2 

X~ 
---H 

N-C 

2 

~ 
N-C I 

KOTOphle XapaKTepH-

ayroT OTKnOHeHHe H3MepeHHhlX ToqeK TpeKa OT KPHBOI , ITOAOHpaeMOI ITO ITpor-

paMMe , 

N -qHcno H3MepeHHbiX ToqeK Ha TpeKe, C - q11cno ITaPaMeTpoe, OITpe -

.QenHeMbiX B MHHHMyMe X 
l X ~ 

2 N -C TpeKaM X = ___ _.__......__ AOn)KHO paBHHTbCH 
n 

CpeAHee 3HaqeHHe ITO n 

e.QHHHUe, T,K, qHcno CTeiTeHel CBOOO.Qbl An5! 
2 

Xj paBHO Nj-C. 

BenHqHHhi ? H -)(2' ITpH oocqeTe no ITporpaMMe I 1 I ITonyqHnHCb 
Z I<Y 

paBHbiMH cooTBeTcTBeHHO 1,52 :!: 0,08 H 1,34:!: 0,06, T e )Ke eenHqHHhi , ITony

qeHHhie ITpH yqeTe TOp M03HOrO H3nyqeHH5!, KaK B /6/ 1 paBHbi; 

X 2 2,15 + 0,12 X 
2 

= 1,22 + 0,08 
xy 

T a6mrua 3 

YIHTepean 
P, - p2 . 

p _p 
11MITY11bCOB KonH4eCTBo I -'---2

- I , % 
'IBCTHU, TpeKOB Mse/c p 
Mse/c 

0-50 89 +3,9 ~ 16 

50-100 101 +10,2 ~ 14 

100-200 90 +9,9 ~ 7 

200-300 51 +26,7 ~ 10 

300-500 32 +19,2 ~ 5 

> 500 40 +1,8 ~ 0,4 



y -KB8.HTOB 

llnSI orrpeneneHHSI_ KHHeM8TH"'eCKHX rrapaMeTpOB y -KB8HTOB 6hrna rrpen-

nO)KeHa rrporpaMMa 2-3 121 • 3Ta rrporpaMMa orrpeAenSieT rrapaMeTphr y -

KB8HTa: p , {3 tg a ITO H3MepeHHb!M p {3 1 tg a 8neKTpOH8 H IT0-

3HTpOH8 MeTOAOM M8KCHMYM8 rrpaBAOITOA06HSI, HaXOAHTC5! MHHHMYM Bblp8)Ke

HHSI 

2 
X 

(P.-P.s) 
I 1: 

2 

(5) 

rAe p j 
8 

- 8KCITepHMeHTanbHO H3MepeHHble p 1 {3 1 tg a AnSI 8neKTpOH8 

H IT031!TpOH8 H {3 H tg a Afl5! nHHHH, COeAHH5l!OllleH TO"'KY B38HMOAeHCTBHSI 

c TO'L!KOH KOHBepcHH sneKTpOHHO-IT03HTpOHHoA rrapw; Pj - rroAo6paHHhle 

3H8'L!eHH5! 8THX )Ke rrapaMeTpOB B MHHHMyMe X 2
• 

BenH'L!HHhr P. AOn)KHbi ynoBneTsopSITb TpeM ypaBHeHHHM CBSI3H 6e3 
I 

y'L!eTa OTA8"1H Mpa: 

1) ypaBHeHH!O KOMITnaH8pHOCTH 1 

2) 38KOHY COXpaHeHHSI 8HeprHH , 

3) 38KOHY COXpaHeHH5! rrorrepe'L!H hlX HMITynbCOB, 

llnSI y -KB8HTOB BTOpoe ypaBHeHHe CB5!3H HMeeT BIIA: 

F =v2E +E -2P + P _Cos e, + _+2m
2 

2 e e - e e e e e 
(6) 

B enH"'HHa F 
2 

scerAa 6onhllle HynSI,H MHHHManhHOe ee 3Ha"'eHHe 

"' 0, 7 Mss. TaKH M o6pa30M, He MO)KeT rrony'L!HTbCSI F
2 

= 0 HH npH K8KHX 

3Ha'L!eHHSIX H3MepeHHhlX napaMeTpos . ITosToMy ABHHOe ypasHeHHe HCKniO"'eHo 

H3 <!>YHKUHOHana. 

0CT8Bll!HeC5! AB8 ypaBHeHHSI CB5!3H A8!0T B03M0)KH0CTb yC T8HOBHTb rrpH-

H8Ane)KHOCTb A8HHOrO y -KBaHTa K 3Be3Ae. CneAyeT OTMeTHTb, "'TO AnSI 

y -KB8H T OB H 8TH AB8 ypaBHeHH5! B TOM BHAe, B KOTOpOM OHH HCITOflb3YIOT

CSI AnSI HAeHTH<!>HKaUHH V0 
-c o 6 hiTHA A0 

H K0 
), He SIBnsiiOTCSI TO"'Hbi

MH H3-38 TOrO, 'LITO KOH BepCHSI y -KB8HT8 npOHCXOAHT B none S!Apa . 11M

rrynbC, rrepenaHHblH y -KB8HTOM MPY , KBK 8TO ITOK838HO B /
7 / 1 MHOrO MeHb 

me omH60K H3MepeHH5! H IT08TOMY B rrporpaMMe He Y"'HTbiBaeTCH, CpeAHe-
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OTHOCHTenbHO rrepBOHaqanh-

Horo Ha rrpasneHHH rr one T a Y -KB8 HT8 rrpHBBABHO B /8/ 

me P et.P e-
ln----

p e+ + p e m (7) 
e 

rne me- Macca sneKTp o Ha, p --
e 

HMnynbC sneKTpOHa , 

p + - HMnynbC sneKTpOH8 1 e 

BHCHlll8H OT MaCChi HApa H 9HeprHH y -K B8H T 8 . 

BenHqHHa cpenHeKsanpaTHqHoro yrna OTKnoHeHHH sneKTpOHa M no3HT

poHa OTHOCMTenbHO nepBOHaqanbHOrO HanpasneHHH y -KB8H T 8 A06asnHeTCH 

K omH6KaM b. {3 H b.tg a , n o nyqeHHbiM · nocne BbiqHcneHHH rro reoMeTpHqec

KOH nporpaMMe, cnenyJOIUHM o6paaoM: 

(8) 

(9) 

Cos 4
a 

3HaqeHHe KOHCTaHTbi q aanae TC H B BHAe T a6nHUbi nnH Z = I 0 • 3 asf! 

Cf!MOC Tb q OT z /8/ HBnHeTCH c na6oti. Vl3MeHeHH8H T8Kf! M o6pa30M rrporpaMMa 

6bina nposepeHa Ha 9KCITepf!MBHT8nbHOM M8Tepf!an e . 98 C06bi THH, B KO T OpbiX B 
, 6 . 

UeHTp 3 BB3Abi.,CMOTpHT ABa y -KB8HT8 fl 6on ee , 0 Cqf!TbiBanHCb no A8HHOH 

rrporpaM Me . ilnH 57 cny qa eB o6a y -KBaH T a H MenH x 
2

":. 11,6 . TaKae y -

K B8H T b l OTH OCHnHCb K AaHHOH aseane . IT pH T 8KOM orpaHHqeHHH Ha x z 
OT6p a CbiB8JOTCH 0,5% "XOpOIUHX" C06bi TH H 

x / 

P acrrpeneneHf!e Y -KB8HTOB n o x2 nOKa38HO Ha pHC . 5 . Ha 9 TOM )!(a 

pHCYHKe n pHBeAeHa rHCTOrpaMMa T eopeTHqecKoro pacnpeneneH HH nnH x z 

x/8 p a 6oTe /9/ npHMBHAHCA apyro~ KpHTepHA AHA OT6opa y - KB8HTOB , 

HOCALUHXCA K A8HHO~ 3BB3Ae , a H MBHHO: ( .~(} )
2 

• Ecn11 HMBTb B 13HAy , 

OT-

qT O B 3TOM c n yc<ae 6yaeT T OflbKO OAH8 CTBITBHb CB060AI>l 0 H orp81!11qHTbCA 

( 0 ) 2 7 9 127 100 (_(}__) 
2
< 7 9 97 6 M ~ . ' T O 1!3 y - KB8HTOB IIMBIO T t\ 0 - ' H co bJL;ii 

113 3 THX 127 11MBIOT X 2 ::: 11,6, npH'·IBM AHA BCB X 3 THX y -K B8HTOB(~) ;' ::: 7,9 . 
l j (} 
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c aayMA cTeneHAMH cao6oa~ . Cpeaaee aaaqeaHe )( 2 a 9TOM cnyqae paa-

ao: )( 
2 

= 2 ,8:: 0,3. CyaHTb o npaaHnhHOCTH pa60Thi nporpaMMhi / 1,2 / MO)!(HO 

ITO TOqHOCTH onpeaeneHHA MaCChi TT O - Me30Ha , 

llnA onpeaeneHHA MaCChi TT O - Me30Ha 6hina BhiqHcneHa 9cjlcjleKTHBHaA 

Macca M ( y y ) : 
I 2 

M(y y ) = 2P P (1-Clros¢ ) . 
1 2 1 2 12 (I 0) 

0UIH6Ka L'iM ( y y ) B j -TOM C06hiT11H 
I I 2 

( II ) 

• 
Pacnpeaenea11e no M ( y 1 y 2 ) npHaeaeao aa p11c. 6 . KpoMe co6hiTHi1, KOTOphie 

npOH30lllnH OT pacnaaa TT O-> y + y 3aeCb HMeiOTCA cnyqaH, B KOTOp hiX 
1 2 

OaHH 113 y -K BaHTOB 51BnAeTCA peaynbTaTOM TOpM03HOr'O H3nyqeHHA apyroro 

[ M ( y1 y 2 ) ~ 0 J , a TaK)\(e co6hiTHA, a KOTOphiX y -KBaHThi o6paaoaan11cb 

OT pacnaaa pa3Hh!X rr
0 

- Me30HOB, l.JT06hi 1136aBHTbCA OT l)JOHOBhiX C06hiTH H, 

6~n DpH MeHeH KpHTepHH MHHHManbHOr'O yrna paane Ta y - KBaHTOB, o6pa3yiO-

UIHXCA np11 pacnaae TT O - Me30HOB , 

Vf3BeCTHO, qTO 

¢ = 2arctg 
m i n 

p 0 
TT 

( 12) 

Cny•IaH, anA KOTop~x yron paaneTa 

rae 

y -KBaHTOB 6hin MeHbllle cp -L'i cp, 
mi n 

OT6paChiBanHCb KaK cjlOHOBhie, 

2 p 20 M o+ 
TT TT 

( 13) 

PacrrpeaeneHHe no acjll)JeK TH BHOH M8CCe anA OCTaBUIHXCA C06hiTHH npH-

eeaeao Ha p11c. 7. DpH onpeaeneHHH cpeaHero aaaqeHHA Mace~ rr 
0 

- Meao-

Ha paccMa TpHeanHcb cnyqaH , Mace~ KOTop~x ne)!(aT e npeaenax OT 100 ao 
175 M ae, qTo cooTee TCTByeT 3 aM 1 • 3aaqeaHe M ( y 

1 
y 

2 
J Ka)!(aoro cnyqan 

6~no B351TO C BeCOM, 

II 



npHHHM8nOCb, ~TO B8C 

g (14) 

( ~ Mi) z 

To rna 

M o 
TT 

2 g i 

0wH6Ka cpenHero 3Ha~eHH~ Macchl rr 0 - Me3oHa onpenensmacb no !jlopMyne 

2 yo-- o 
MTT 

-------------------------
v 2 g i ( L'l Mi) 2 

(2g i) 2 

0wH6Ka pacnpeneneHH~ no Macce M ( Y 1 Y 2 ) 

ya 2 =v 2gi(Mrr o-M·) 
M l 

1 2 gj 

nony~eHO : 

M 
77

o (132 + 7) M3B, 

rne 
OM! 

= 17 %. 
M o 

TT 

3H8'l8HH8 M8CCbl rr 0 - Me3oHa xopowo cornacyeTC~ c Ta6nH'IHbiMH naH-

HhlMH , ~TO n03BOn~eT cnenaTb BhlBO!l 0 KOppeKTHOCTH reoMeTpH~eCKOi npor-

paMMhl nn~ 3n8KTpOHOB H n03HTpOHOB H 0 B03MO*HOCTH npHM8HeHH~ npor

p8MMhl / 2 / C !lBYM~ ypaBH8HH~MH CB~3H nn~ BOCCT8HOBneHH~ KHH8M8TH'l8C-

KHX napaM e TpOB Y - KB8HTOB . 

ABTOpbi Bbipa*aiOT 6naronapHOCTb HryeHy .[lHH T bi , E .H. KnanHRUKOA, 

A.3. MeHHK , B.H. neHeBy , A.A. Ky3HeuoBy, B. J.1 . Mopo3y 38 none3Hbie o6-

CY*IleHH~ , a TBK*e na6opaHTY B.C. B aKCHHOi 3a npoBeneHRe BceA rexHR'lec

KOi 'l8CTH 8TOi pa6oThl H na6opaHTY n, fOH'l8pOBOi, nponenaBwei BCe H3-

MepeHH~. 
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(1 4 ) 

onpenenHnacb no ~opMyne 

~cyeTCH C Ta6nHqHbiMH A8H

OC TH reoMeTpHqeCKOH npor

J~HOCTH npHM8H8HHH npor-

:C T8HOBneHHH KHH8M8THqec-

llHH Thi , E.H . KnaAHHUKoi1 , 

• M opo3y 3a none3Hhie o6-

npoBeAeHHe BC8H T8XHHqec-

)BOH1 nponenaBwei1 Bee H3-

llureparypa 

1. H . P . MapKOB8 H t:lp . npenpHHT Ol1HH, P 10 - 3768, £ly6na , 1968 . 

2. A . <P . llyKbHHIIeB li t:lp . npenpHHT OJ1Hl1~ P -1 982, £ly6ua , 1965. 

3. M . B1och, A .Lagarique et al. Rev. Sc i .1nstr. , E 13()2 ( 1.962). 

4 . r . EnHHOB H t:lp . )/(3T<P, 32, 1572 ( 1957) . 

5 . IO . A . Eyt:IaroB H t:lp . npenpiiHT Ol1Hl1, 2668 , £ly6Ha , 1966 . 

6 . B . Ta11rnep . KBaH TOB8H reopiHl H3ny'feHHH, c rp .294. /Ill, Moc KtJ.u , 1956. 

7. E . Pocc11. CJacTHUhr 6onbWHX 3HeprHfl . Tocya. 113£1-BO reXH11Ko-r e npc rH -

'leCKOJ1 n11repa ryp ~o1 , MocKBa, 1955, crp . 107. 

8 . r . TpHW/iH H ap. npeiTpliliT OJ1 H H, P - 2277, £ly6Ha , 1965. 

9. £1. Men3en. OcHOBHMe rjJOpMyn~oi r/JH3IiKH , J1Jl, MoCKBa , 1957. 

10. A.n. TacnapHH. £1HnnOI\tHasi pa6ora , £ly6ua , OHHJ1, 1965. 

PyKonucb nocTynuna B uanaTenbCKHR oTnen 
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'1. 

!.0 

0.9 

0.8 

0.7 

0.6 

0.5 

O.lt 2 

0.2 ~ 
3 

0.! i 

0 tO 20 30 ~0 '0 60 ?0 80 e· 
P11c.l. 3aBHCHMOCTb a~¢eKTHBHDCTH perHCTpaUHH OAHHoqawx y -KBaHTOB 

OT 0 - yrna DWne Ta y - KDBHTOB OTHOCHTeDbHO HBnpaBneHHH nepaHq
HOH qac THUbi. I - B qHCTOM nponaae , 2 - B qHCTOM ~peoae - 13; 3 -
B CMecH nponaaa H 25% cppeoHa - 13; 4- B CMeCH nponaaa H 50% 
cppeoaa- 13 . 

13 



t11 fk, 
/~\ 

I I \ 

1; \ 
~ 

P1tc . 2 . ¢ - yron paaneTa y - K BB I!TOB, () - yron MB>KilY nHHH e ii , coen HH HlO-

Ille>I nepWHHY l\38HMOilBHC TBH H C nept!HlHOil ( C 
4 C-)-- napbl , 11 HM

nynbCOM y - KBBHTB , 

AP 
p 
0,75 

0,5 

.. 
0,25 :::=:::~:. :'. . .: i 

•• .... f • •••••••• 

• ' .: . . ·~ . Jo. : < •• :;·-: ... : . ·,.·: :. 
.-..::.· . . . ·:: .. 

0 fO 20 30 40 50 

PHc , 3. 3 
/\P c 1.\BH CHMOCTb -p- OT )tn!'Hbl 113 MBpBHHOrO TpB K B , 06btTHH 06C'li1Tbl -

!18fli1Cb ITO nporpaMMB , y'-! e T T OpM03HOrO H3fly'teHiiH npOH3BOilHfl-

CH TBK >KB , KBK B /6 I . 

14 

fcM 

.6P 
p 

Q5 

0,4 

0,3 

0,4 

. . . : 
·. \ ~ ....... :::.! i!:; 

.. c.::,..;.:,):i • : .. : •• . 
~T • f: • ! • • • ! • • .. 

.· .. 
0,2 

0 j() 20 

PHc.4, 3 aa HC H MOC Tb _0£ 
p 

06C'-IH T blB8flHCb n 

II 

.., . . 
ID L--1 

0 

PHc.5 . Pacnpenenetme )' - : 
3KCITBpHMBHT8flbH 8H 

rrpeneneHHe c nsyMH 



!C >K fiY nHHHeii , C081H!m1 10-

( c • c-) --napbt, H HM-

.::.·· .. 

50 

J TpeKa . Co6b1 THH o6C4 1!Tbl
ro M3ny4DHM51 npOH3BOQHn-

q4 

0) 

0,2 

O,l 

0 

Jl 

.· 
I • • • • • 

~!· ' ~·· • I •: ·, • 
c.:::;v··~~.. - .. 

~ ... ·r . : ; ; : . ' t ; ! : ! .. 
. . - . . . ! . . ' 

20 

I • .. 
I o 

I! • .. 
30 4o 

PHc.4. 3 aB HCHMOCTb i\P oT anHHbl H3MepeHHoro TpeKa I . Co61.1THH 
f' 

-, 
I 
I 
I 
I 
I 
I 
I 

0 

-, 
I 
I 
I 
I 
L-j 

o6C4H TbiBanHCb no nporpaMMe / I I 

-, 
' ' ._, 

eo ~ CM. 

P~o~c.5. Pacnpeaene n~o~e y -KBaHTOB no X 2 
CnnoUJHOii ni!HHell H3 o6pa>Ke Ha 

aKcnepHMeHTanbH85l Kp1-!Ba5l , nyHKTHpOM - TeopeTH't ecKoe X 2 - p ac
npeaeneHne c nByM5l CTeneH5lMH cBo6on~>l . 

15 



JJ 

iO 

5 

D 

II 
11) 

5 

0 

100 200 300 ~00 500 600 700 Mtlfrh~ 

P11c .6 . PacnpeneneHwe co6hiT Hil no M ( y )' ). 
1 ?. 

Mr,o 

~ 

O.i . 0.3 0.5 0.6 0.? o.s M11 li~. 

Pwc .7. PacnpeJionol!w e co6''' THfi n o M ( )' 1 )' ) 11 ocne flhl'-l eTa tjlo Ha . 

16 


