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06mae coo6pa>t<eB!fH 

B pH.o.e cnyqaea BbiBO.O. nepsaqaoro nyqxa Ha ycxopaTeneli aa 6onblllyiO aaeprHIO 6~aa

eT aaTpy.o.aea H He peanaayeTCH .o.naTenbHoe apeMsr. Bbiae.o.eHHbilt nyqoK HMeeT MeHbUIYIO 

nnoTHOCTb '18CTHU, 8 ero <PoKYCHpOBK8 COnpSI>KeHa C DOTepelt HHTeHCHBHOCTH, CJlO>KHOlt an

napaTypolt a yaenaqenaeM MacwTa6oa noMemeaali. 3To o.o.aoapeMeBHO ycno>KHHeT a y.o.opo

>KaeT nOCT8HOBKY OllbiTOB H8 ny'IK8X BTOpH'IHblX '18CTHII, nonyqaeMblX OT MHllleBelt H8 BbJBe

.O.eHHOM nyqxe, T8K K8K <PopMBpOBK8 BX IIY'IKOB Tpe6yeT eme 60JlbUIBX .O.HCT8HI(Blt OT op6a

Tbl, Ana aayqeaasr P- P -aaaaMo.o.eltcTBHA aaa6onee uenecoo6paaBbi ao.o.opo.o.a~e MHllleHH, 

npaqeM CTSTHCTHKB Tpe6yeT MHllleHeA 6onbllloit .O.nBH~, 'ITO yxy.o.lllaeT reoMeTpaqecxae yc-

JlOBHSI ODbiTOB H YCJJO;)KHSieT annapaTypy. 

MallleHb a aa.o.e ao.o.opo.o.HoA cTpya BHYTPH xauepbi ycxopHTeJJH c nnoTHOCTbiO 

10-6 -10-4 r/cM
3 

noasonaT ocyllleCTBHTb MHoroKpaTHoe npoxo>K~eaae qepea Bee ycxopea-

HbiX npOTOHOB 106 
paa, 3T8 MHllleHb 6y.o.eT HMeTb CJle.IJ.YIOUIHe npeBMylllecTB8: 

1, M8Jlblli o6'beM ( B03MO>K€d np8KTH'IeCKH TO'Ie'IHblJI); 

2, 60Jlblll8H BepOSITHOCTb SI.O.epHOrO B38HMO.O.eJICTBHH nepBB'IHbiX npOTOHOB - 0,9 
( cyMMapablll npo6er aKBaaaneHTeH > 10 M >KH.O.Koro so.o.opo.o.a); 

3. nOJJHOe OTCyTCTBHe BTOpH'IHbiX B38HMO.O.eltCTBHJI B MHllleHH; 

4. 8BTOM8TH'IeCKH o6ecne'IHB8eTCSI .O.JlHTeJlbH8H H pa&HOMepH8SI p8CTH>KK8 nepBH'IHo-

5, HyHKTbl 1, 3 H 4 o6nerq8IOT BbiBO.O. H .popMHpOB8HHe BTOpH'lllbiX ny'IKOB, T8K K8K 

<::HH>K8eTCSI paa6poc BTOpH'IHbiX '18CTHU no yrnBM H no HMnynbCBM no.o. llaBHbiM yrnoM; 

6, yny'llll8IOTCSI <i>OHOBble YCJJOBHSI, T8K K8K BeT K8CK8.0.HOrO p83MHO>KeHHSI B MHllleH11. 

c:t>H3HtteCKHe napaMeTpbi MHWeHB 

B KOHCTpyxuan MHllleHH aeo6xo.o.HMO npe.o.ycMoTpeTb B03MO>KHOCTb aapbHpoaaHHH ee 

napaMeTpOB, tiT06bl MHllleHb Morna 6onbllle llO.llXOAHTb K ycnOBHSIM paanHCJHbiX ODblTOB H 

yc.,oBHSIM pa6oTbl ycxopaTeneli. K napaMeTpau MHllleHH OTHOCHTcH: nnoTHOCTb so.o.opona a 

CTpye, cpopMa CTpyH, BpeMH CyllleCTBOB8HHSI CTpyH. 

QqeBH.O.HO, 'ITO KB>K.O.bli! H3 9THX napaMeTpOB CBSI38H C X8p8KTepHCTHKllMH ycKOpeHHo

ro nytJK8 H ycnOBHSIMH OfibiTOB. K nocne.nHHM OTHOCSITCSI: reoMeTpHH OflJ,JT8, HCKniO'IeHHe 

fjlotia, CT8THCTH'I9CK8SI T01.{HOCTb. 3aBHCHMOCTb OT yCKOpHTSnH xapaKTepaayeTCH reoMeT-
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pHell ycxopeHHoro ny•IKa, .nnHTenbHOCTbiO HMnynbca, noae.ueHHeM npoTOHOB a nyqKe npH Ha

n11q,m cTpyll ao.nopo.ua. BaaHMo.neAcTaHe 3THX <PaxTopoa paccMoTpHM .uanee a npHMeHeHHH 

K ycnOBIISIM pa60Tbl CHHxpo,PaaoTpOH8 H8 10 rsa, 

VlcXO.llHb!MH S!BnSIIOTCSI cne.Uy!OIUH8 napaMeTpbl: 

1. pa.UHYC op6HTbl - 28 MeTpOB; 

-6 
2 • .uaaneHH8 OCT8TO'IHOro B03.Uyxa B KBMepe 4,10 MM,pT,CT, 

3. paCTSI:>KKB HMnynbCB ycxopeHHbiX npOTOHOB - 0,5 cex; 

10 
4. 'IIICno npOTOHOB B HMnynbce ~ 5,10 ; 

5, pa.UHBnbHBSI UJHpHHB ycxopeHHOf'O nyqxa npH6nH:>K8HHO COOTB8TCTByeT r8yCCOBOMy 

pacnpe.neneHHIO H nnOTHOCTb npaKTH'16CKH cn8.U86T K Hyn!O H8 p8CCTOSIHHH 10 CM OT U6HTp8 

uyqKa; 

6. B6pTHK8nbH8SI IUHpHHB ny'IK8 npH6nH:>K6HHO COOTB6TCTByeT rayCCOBOMY pacnpe.nene

HHIO CO cna.UOM K Hyn!O HB p8CCTOSIHHH 3 CM OT U6HTp8 ny'IKBi 

7, yCKOpS!!OIU86 H8Hplii:>K6HHe 2,3 K3B a8 o6opOT, 

B cooTBeTCTBHH c 3TIIM napaMeTpbr ao.nopo.nHoA cTpyH B&r6epeM cne.ny10IUHMH: 

1. p8.llHBnbH8SI IUHp11H8 CTpyH OT MHHIIM8nbHOA .llO 20 CM; 

2. aaHMYT8nbH8H UlHpHHa CTPYH (a.uonb ny'IK8) - MHHIIMBnbH8SI; 

3. Bp6MSI Cyill6CTBOB8HHSI CTpyH - M6HbiU8 HnH p8BHO .UnHT8nbHOCTH HMHynbC8 ycxo-

peHHbiX HpOTOHOBi 

4. apeMSI anycK8 a xaMepy - nocne c¢opMHpoaaHHH ycxopeHHoro ny'IK8; 

5. nnoTHOCTb cTpy~ a .UHan8aoHe 10-6 + 10-
4 

r/cM
2• 

P8CCMOTpHM aaaHMo.uellcTaHe ycxopeHH&rx npoToHoB c ao.uopo.noM a cTpye. Y'MeHbrue

UHe npoToHoa a nyqxe MO:>KeT npoHcxo.nHTb acne.ucTBHe noneaHoro sqxpexTa - H.nepHoro 

Ba8HMO.ll8i!CTBHSI, HOHH38UHOHHOf'O TOpMO>KeHHH H MHOf'OKp8THOf'O KynOHOBCKOf'O pacceSIHHH, 

0oTepH SHeprHH .UnH npoTOHOB p8BHbJ: 

4~re 
- dE BdN , (I) m v -2 

r.ue v - CKOpOCTb npOTOHa, dN - 'iHcno aTOMOB a I eM 2 H8 nyTH npoTOHOB, 

e,m a8pH.ll H M8CC8 sneKTpOHB, 

Y:neu B .un11 ao.uopo.U8 p8aeH: 

• 
B = [In 2m v 

I (1- f3 2) 

2 
- f3 I.= 10,2. 

VIa ¢opMynbr (I) npH nnoTHOCTH cTpyH 10-4 
r/cM

2 
nony'IHM, 'ITO noTepH sHeprHH 38 O.UHH 
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o6opoT paBHbl -dE ~ 0,31 KSB, T,e, ropaaLIO M6HbUI8 llpHpOCT8 3Hepnm aa OL!HH 060pOT 

H, CJl9.llOB8T9JlbH0 1 TOpMO>K9HHe B BOD.OpO.ll9 H9CYIU9CTBeHHO. 

OueHHM Lianee sq,q,exT MHoroKpaTHoro xynoHoacxoro pacceHHHSI, CneLiy>~ pa6oTaM 111/~ 
p8CCMOTpHM Cp9LIHHit KB8Llp8T 8MIInHTy.llbl CB060L!Hb!X KOne68HHi\ ycKOpeHHbiX llpOTOHOB 

< y > aoa6y:>KLI88Mb!X aa Bp8MSI 

<y> 
g'· -2Vt 

~ (1- 2 (2) 

JlexpeMeHT p8.llH8nbHOf'O aaTyX8HHSI CB060L!Hb!X Kone68HHJI v paaeH: 

v=Y,.!_, 
E 

rLie IV - llOT6pH SHeprHH H8 HanyqeHHe B 6L!HHHUY BpeMeHH, E 

QqeBHL!HO, 'ITO v 0'18Hb Mano, llOSTOMy <iJopMyna 2 ynpOIIl88TCSI: 

< y > = g't. 

- SHeprHH npOTOHa, 

(3) 

3LI6Cb n8p8M6Tp p8CC8SIHKSI B BOL!OpOLie g'· CBS!a8H C 06bi'IHbiM nap8MeTpOM pacceg-

HHR H8 OCT8TO~HOM r839 B K8Mepe g - H pBLIHYCOM K8M8pbl R 

g'- g/21TR I 

g'·= 

r.ue 

2 

<0 > = 2 

R 2 
_.<O>·N·u·c, 
n 

• '.! 
n c In a 

ll' a•E 2 {32 

COOTHOW9Hff9:\1: 

(4) 

(5) 

N - 'iHCnO 8TOMOB BOL!OpOLI8 B 1 CMS, a - pBLIHYC 8TOM8 BOL!OpOLI8, b -paLIHYC 

UOOTOH8 1 D -flOK6.38T9Jlb CUB.D.B MBrHHTHOrO flOJISI 

VIa (4),(5),(6) nony'IHM: 

g'·-= 

4" z 
2 4 

. la 
(1·= 

n 2, :C 2 • : f3 2 

R a 4e 
In o ' : --=-r- · N • .c 

E 

-4 2 
EcnH nnoTHOCTb BOLiopo.ua 10 r/cM , TO nony'IHM: 

g'· = 65 CM
2

.ceK-J 

(6) 

(7) 

,) 

EcnH t = 0,5 ceK, TO, cor nacHo ( 3), nonyqHM, l.IT9 cpe.aHe-Kna.npaTH'IHBH aMnnu:Ty.aa 
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I 

l> 
CB060l!Hb!X KOJle6HHHll npOTOHOB .< y > pasHa: 

< y>~ • 5,7 CM, 

l> 
TaxHM o6pa30M, < y > 

1 
He npeBbiwaeT ceqeuae ycKopeHHoro nyttKa npoTOHOB, H, cneaosa..., 

TeJlbHO, pacceHHHe B BOAOPOAe He UOBJlKHeT DpHKTH'IeCKH HH BpeMH CyLUeCTBOBHHHH nyqxa. 

-6 2 
EcnH nnoTHOCTb aoaopoaa 10 r/cM , TO 

l> 
< y > 2 = 0,57 CM, '+lopMa BOAOpOA-

HOi! CTpyH AOJl>KHa 6b!Tb Bb!6paHa B COOTBeTCTBHH C reoMeTpH'IeCKHMH yCJlOBHHMH ODb!Ta H 

aenH'IHHoi! < y >IS • EcnH a on&rTe Tpe6yeTcsr ny'ILUee yrnoaoe pa3peweHue, TO He-

-6 2 
o6XOAHMa Y3KHH CTpysr, HaDpHMep, DJlOTHOCTb 10 r/CM MO>KeT 6b!Tb AOCTHrHyTa, KOrAa 

HH CHHTHMeTpe paAHaJlbHOi! WHpHHbl op6HTbl eCTb OAHH CTpyH C AHHMeTpOM 41 MK. 

YfCDOJlb30BHHHe DpHKTH'IeCKH BCeX yCKOpeHHblX DpOTOHOB C y'leTOM paAKHnbHOi! WHpH-

l> ~ 2 
Hbl nyqxa H aenK'IHHhr < y > npH nnoTHOCTH CTPYH 10 r/cM , noTpe6yeT 'IT06br 

paAHHJlbHaH WHpHHH CTpyH 6b!J18 ~ 20 CM, C yqeTOM CDHAH HHTeHCHBHOCTH nyqxa B pHAHHJlb

HOM HanpaaneHHH DOJlY'IKM, 'ITO 6onee 80% DpOTOHOB DpOB3HKMOAei!CTBYIOT B CTpye WKpHHOi! 

-3 2 
a 10 CM KJlK I CM npK DJlOTHOCTH CTpyK 10 r/cM • 

0npeAeJ1HM cyMMHpHyJO MHCCy BOAOpOAH m Ha nyTH npOTOHOB BCJleACTBHe MHOro-

KpHTHOrO npOXO>KAeHH>I. 4HCJ10 o6opOTOB K 3a 0,5 cex 6yaeT paaHo: 

K = 0,85.10
6

• 

-4 2 
Ecna nnoTHOcTb cTpyu 10 r /eM , TO nony'IHM: 

m • 10-4 
r/cM

2 0,85.106 
= 85 r/cM

2 

( 3TOMY COOTBeTCTByeT npH OAHOKpHTHOM DpOXO>KAeHHH >KHAKOBOAOpOAHHH MHWeHb AJlHHOi! 

11,2~{ ). 

Bero>~THOCTb >!AepHoro asaHMOAeilcTBH>I a cTpye w 
-27 2 

UpH Ce'!eHHK u a40.10 CM 

pasHa: 

w = 0,87. 

OnpeaenHM cpeauee qucno npoxo>KaeHHi! npoTOHOB qepe3 cTpyJO c y'leTOM naepHoro .saau-

MOAeiiCTBH>I C aepOHTHOCTbJO w • 0,87. CneaoaaTenbBo, qepe3 0,5 cex ocTaHeTCH 0,13 

lla'!aJlbHOrO 'IHCJlH DpOTOHOB, OTKYAH: 

o,. 

e ro _ o,13. 

f O -cpeaHee BpeMH CyLUeCTBOBHHH>I DpOTOHOB HH op6HTe BCJleA-

------------------~ 
r 0 - 0,245 cex, rae 

x/ HecyLUeCTBeHHbli! scpcpeKT KCIIapeHHH BOAOpOAH OT BbiLieneHHH Tenna B CTpye 

pHCCMOTpeH B LlOUOJlHeHHH 1, 

6 

:1 

-~ 

I 
:j 
;{ 
I 

li 

~I i' 

J 

CTBHe >!LiepHOrO B3aHMOLiellCTBHH0 DpH YCJ10BHH 0 'ITO HX UKpKyJlHUHH He orpHHH'IeHa BpeMe-

HeM 0,5 cex. C yqeTOM 3Toro orpaHH'IeHHH cpeaHee apeM>I < t > 

<t > 
o.5 • ~ O.ti .. _:_ 

te 'o dt/ (e 'odt. 
0 0 

4ucno o6opoTOB 3a apeMsr < t > paaHo: 

Ecnu nnoTHOCTb CTpyH 

k = .<t >· i: 
21TR 

-4 2 
10 rfCM 0 TO 

l> 

6 
0, 35. 10 

m = 35 r/cM
2 

a < y > = 3,8 CM, 

paaHo: 

Uenecoo6pasuo cpaaKHTb w H m c aepouTHOcTHMH asanMoaei!cTBH>I, xoTOpb!e 6b!J1H 

/3/ 
AOCTHrHyTbl B ODb!THX C 06hl'!Hb!MH MHWeHHMH, 8 pa6oTe r•ccneayeTCSI 3cpcpeKTHBHa>! 

TOJllUHHH BeiUeCTBa, DpOXOLIHMOrO UpOTOHHMH B MHIUeHH B · 3aBIICHMOCTH OT ee TOJlWHHbl, 

noxa3HHO, 'ITO MHKCHMaJlbHHH 3cpcpeKTHBHaH TOJllUHHa pasHa 15 r/cM
2

• npa TOJlLUHHe MKWe-

HH OT 0,2 r/cM
2 

3cpcpeKTHBHHH TOJlWHHa LlOCTHraeT HHCb!WeHHH 12 r/cM
2

• 3THM AaHHb!M 

COOTB9TCTByeT MHKCHMHnbHOe 3Ha'!eHHe aepOHTHOCTH B3HHMOAei!CTBHH W = 0,2. 0Dh!Tbl 0 

DpOBeAeHHble C TOJlCTblMH MHWeHHMH H3 DOJ1H3THJleHa, 6epHJ1JlHH H M9LIH LlJlHHOi! 10-20 CM, 

DOKH3HJ1H, 'ITO 'IHCJlO 6b!CTpblX BTOp!<'IHh!X '!aCTHU Maoo saBHCHT OT MaTepuana II AJlHHbl MK-

wean. 

,llnu on&rToa, a xoTop&rx 6yayT onpeaenuTbCH a~conJOTH&re aeJlH'IHHbi ce'leHHi!, Hy>KHO 

3HHTb He TOJlbKO DOTOK npOTOHOB H OJlOTHOCTb CTpyH, HO H pacnpeaeneHHe 3THX BeJlH'IHH B 

o6&eMe, rae nponcxoLIHT a3aHMoAeilcTBHe. 6aHaxo uenecoo6pasHo BMecTO 3Toro npousao-

AHTb MOHHTOpHpOBaHHe HCCJleLiyeMoro npouecca HenocpeLICTBeHHO DO DOJlHOMY 'IHCJlY p - p 

B3aHMOAeJICTBHi!, KOTOphle npOHCXOLIHT B CTpye. 3TO MOHHTOpHpOBHHHe YLI06HO DpOB9CTH 0 

HanpHMep, H3MepsrH Bb!XOA DpOTOHOB OT ynpyroro pacceHHHH, THK KaK AHcpcpepeHnHaJlbHble 

Ce'!eHHH B 06J1HCTH yrJlOB 2-4° na6opHTOpHOi! CHCTeMbl AOCTHTO'IHO BeJlHKH H H3BeCTHhl AJlH 

10 rsa/c. 

BapHHHTbl KOHCTpyKUHH MHWeHH 

06cy>KAHH B03MO>KHb!e BHpHaHTbl KOHCTpyKUHi! CTpyl!HOl! MHIU9HH, Heo6XOAHMO HCKJliO

'IHTb ucnonb30BHHHe raaoo6pasnoro aoaopoaa • .llellcTBHTenbBo, nonaaasr a aaxyyM xaMep&r 

rasoo6pa3Hblll BOLIOpOA 6yA9T paCWHpHTbCH, D03TOMY AJlH C03LIHHHH CTpyH C He06XOAHMOJI 

rrnOTHOCTbl0 1 Hy>KHO 
1 

'IT06b! CKOpOCTb HCTe'!eHHH BOAOpOLia 6b!J1H 3HH'II!TeJ1bHO 60JlbW9 

CKOpOCTH TeJlJlOBOrO ABH>KeHHH, npeAUOJlO>KHM, HanpHMep, 'ITO BOAOpOLI HarHeTaeTCH DpH 

TeMnepaType, 6JlH3KOll K TO'!Ke ero O>KH>KeHHH 20°K, xoraa cxopocTb Monexyn aoao-

7 



4 
pOL!8 p8BH8 5.10 cM/ceK. Ecnu ceqeaHe cTpyu TOnbKO 

L!8>Ke He 60llbWe CKOJ'OCTH MOlleKyn, TO HpH llllOTHOCTH 

KaMepy ycKopHTenH nocTynHT M8Cca ao.c:opOL!8 M 

2 
CM , 8 CKOpOCTb ee ~CTeqeHHR 

cTpyH 10-6 
r /cM3 38 0,5 ceK B 

lof = 10-6 
r/cM

2.1 CM
2.5.10

4 
CMfCeK 0,5 C9K = 

M • -2 
2,5.10 r. 

HUH 560 CM
3 

BOL!OpO.C:8 npH HOpMMbHbiX ycnOBHAX. 3To KOHH'I9CTBO ysenH'iHT L!8Bll9HHe B 

-3 
KaMepe caaxpo¢83oTpoaa .c:o 10 MM pT.cT., 'ITO ae.c:onycTHMo. B cooTseTCTBHH c aTHM 

BOLIO POL! B CTpye L!On>KeH 6b1Tb >KRllKHM RnH TB9pL!biM. 3TO 003BOHIIT COXp8HRTb ( HnR L!8-

>K9 ynyqwRTb) B8KYYM H co3L!8Tb cTpyiO ay>Kaoro npocpana. 

Bo3MO>KHbl, s '<8CTHOCTH, cne.c:yiOWHe sapaaHTbl KOHCTPYKUHA. 

1. l83006p83Hblll BOL!OpOL!, OOCTY0810WRII OOLI .C:8BneHR9M, OXnH>KL!H9TCA B Tennoo6-

M9HHRK9, KOTOpblll H8XOLIRTCA B L!108pe C >KHL!KHM BO~OpO.C:OM. 0xn8>KL!9HHblll BOL!OpOL! 00.0: 

H36biTO'<HbiM L!HBn9HH9M OpOXOLIHT CRCT9MY OpOMe>KyTO'<HOil OTKH'IKH H CB9pX3BYKOB09 con

no, r.c:e cpopMapyeTCA aanpasneaaaa cTpya, a KOTopon, cor.\lacao 
141 .151 

,o6paayJOTCA Kannll 

>KHLIKOro BOLIOPOLI8 H M8CC8 K8Denb paCT9T npu yaenuqeHHH H8'iallbHOrO L!HBH9HHA. 

2. )Ku.c:KHA so.c:opo.c: H8XOLIHTCH s cun&cpoue uno aaanorH'iiiOM ycTpollcTae. CuaxpoHHO 

C 0K0H'<BHH9M UH1Ul8 YCK0p9HHA Of-OTOHOB 88 CHnbrpOH OOL!B9TCSI L!8Bn9HHe, BOLIOPOLI 83 

cun&cpoua qepe3 Knanaa u neperopo.c:Ky c oTaepcTHAMB nocTynaeT a K8Mepy ycKopnTenR. 

JlH8M9T,P• '<HCno H p8CC'l'OIIHH9 M9:lKLIY OTB9pC'NIIIMH Bbi6Hp810TCII B COOTB9TCTBHH C Heo6-

-5 2 
XOLIHMOJI cpopMOll H nnoTHOCTbiO CTpyJI, HBOpHMep, OpH nnOTHOCTH 10 rp/cM H8 1 CM p8-

LIHMbHOll WHpHHbl Oy'<K8 Hy>KHO 10 OTBepCTHI! L!H8M9TpOM 41 MK. nepeceqeHHe OTL!9lllo\IOJI 

CTpyH K8>KL!b1M OpOTOHOM 6yL!9T OpOHCXOL!HTb B Cp9L!H9M 'iepe3 24,5 o6opOT8, JlnHH8 OT

DepCTHll B neperopOllK9 L!Oll>KH8 6b1Tb L!OCT8TO'IHOI! LIHR KOllllHM8UHH CTpyH, KOTOpall T8K>Ke 

MO>K9T 6b!Tb yny'IW9H8 OrpaHH'IHT9lliiMH. EcnH LIO OOCTynneHHR B K8Mepy CHKXpOcp830TpOH8 

BOL!OpOL!HYIO CTpyiO nponycTHTb qepe3 npoMe>KyTO'iHYIO K8Mepy, CT9HKH KOTOpOI! 0Xll8>KL!8-

IOTCll renHeM, TO MO>KHO 6yL!9T C03LI8Tb CTpyiO 83 TBepnoro BOLIOPOLI8, 0'19BHL!HO, '<TO 

CKOpOCTb L!BH>K9HHII CTpyH 6e3p83llH'iH8, T8K K8K B OObiT8X B8>KH8 nnOTHOCTb BOL!OpOL!8. 

Y.c:o6ao, H8npaMep, pacnono>KHTb MHweab H8 aepxaell rp8HH npHMOnHHellaoro npoMe>KyTK8 

CHHXpOcp830TpOH8 C B9pTHK8llbHbiM L!BH>K9HH9M CTpyH. H8 Bb1XOL!9 83 K8M9pbl CRHXpOcp8-

30TpOH8 CTpyH MO>K9T OOL!XB8Tb!B8TbCII H8COCOM HUH renHeBOJI HOBYWKOJI. 

8 

-4 2 
EcnH cKopoCTb cTpyu - 1 MeTp/ceK, nnoTHOCTb 10 rp/cM • a WHpHH8 10 CM, To 38 

0,5 C9K p8CXOLI BOL!OpOL!8 COCT8BHT 0,05 rp. 

3. npR3M8 TB9pL!O.rO BOL!OpOL!8 H8XOL!HTCSI B BBKyyMHOll K8 Mepe, CMOHTHpOB8HHOll 88 

B9pXH9il rp8HH OpRMOHHH9JIHOrO llpoMe>KyTK8, CHHXpOHHO C KOHUOM UHKH8 yCKOpeHHII OpoTO

HOB B npH3M9 M9X8HH'I9CKHM nyTeM CHHM89TCSI enol!, KOTOpblll B BHL19 CHera ll8L!H9T B 

KBMepy ycKopuTenR, nepeceKaH ny'IOK npoTouoa. Ha BbiXOL!e H3 KaMepbl ao.c:opOL!HbiJI caer 

yn8BnHaaeTCR H8COCOM ana renaesoll noaywKoll. 

38M9'rHM, 'ITO p83p860TK8 L!9liCTByiOW9rO o6p83U8 MHW9HH Tpe6yeT Lilli! OOb!TOB TOnb

KO He60llbWOrO 06'beMa0 B KOTOpOM HMHTHpyiOTCII ycnoBHSI B8KYYMHOll K8M9pbl CHHXpOcp830-

Tpou8. 

nepcneKTHBbl H9KOTOpbiX OllbiTOB 

1. Ynpyroe p- p -paccegaae 

Vlccne.c:oaauae ynpyroro p- p 

BHTepcpepeHUHB KYHOHOBCKOrO 

p8CC9RHHR H8 0'<9Hb M8nbi9 yrllbl, BKlll0'<8ll 06H8CTb0 

• 0 
a RL!epaoro pacceHHBR < 1,5 c.u.M •. npe.c:cTaa-

nReT 6onhwoll HHTepec L!HR Teopua. OnbiT c so.c:opo.c:aoll cTpyell a pe.c:aKuuu, aaanoruquoll 

161 
pa60T9 1 003BOHHT npOL!BHHyTbCII K M9HbWHM yrH8M p8CC9liHHII H H369>K8Tb cpOH8 OT ' 

-5 . 2 
B38HMOL!9iiCTBRll c yrnepoL!OM. EcnH nnoTHOCTb BOLIOPOLI8 B CTpye 10 r/cM 1 KOTopasi 

MO>K9T 6biTb LIOCTHrHyTa OL!HOII CTpyell L!H8MeTpOM 130 MK, TO ee Op09KUHII 88 ropH30H

T8llbHYIO OHOCKOCTb 6yLteT, np8KTH'i9CKH, T0'19'iHOll MHW9Hb10, t.{ucno B38HMOL!9JICTBHII OpH 

OL!HH8KOBOJI HHT9HCHDHOCTH npOTOHOB 6yL!eT B 10 pa3 60llbW9, '19M B 00b!T8X /
6/ • 

2, OnbiTbi c f19l1Tepueaoll MHWeHbiO 

, 06cy>KL!89Mb!JI M9TO.C: Ope.C:CT8BHR9T 60llbWH9 npeHMYW9CTB8 L!HR OObiTOB C L!9iiT9pH-

9BOJI MHW9Kb10. P8cCMOTpHM uecKonbKO npHMepoa TBKHX onbiTOB, npe.c:cTaanRIOWHX 6onb-

woll HHTepec: ynpyroe p- D p8ccesJHue, nepe38pliL!K8 p + n .. a +· p , ynpyroe u heynpy-

9 



roe p - n B3BHMo.nellcTBHe, YnpyrHe p - n pacceRHHR (6ea y'<eTa CBli3H ueliTpoHa 

B ,neJITOHe) npH CpBBHeHHH C p - p pacC9SIHH9M fi03BOnSIT BbiSICHHTb pOnb H30TOflHtt9CKOrO 

cni!HB, a B 001I8CTH M81Ib!X yrnoa oy,neT OTCYTCTBOB8Tb HHTeptj:lepeHUIIR g,nepHOrO H KynOHOS

CKOrO qneHOB H no9TOMY O.UH03H8'1HO npOliBHTCR pOnb CnHH8, .LJ.anee B .UOKna.ne Pe.n>Ke, 

c.nenaHHOM liM a OvHH1, oblna nonqepKHyTa npHHuunuanbHBR ponb .nnH Teopllll HccnenoaaHHR 

JlBYX'IBCTH'IHhlX npO!l9CCOB, HBllpHMep, ynpyroll nepeaapR.llKH, 

U Hccne.noaaHHH ynpyroro pacceRHH!I Ha .neliToHe npencTaanRIOT 

IIHTepec CT01IKHOS9HH!I C 001lblllOJI nepenaqeJI HMnynbCa, npu nep938p!!JlKe B peaynbTBTe 

paaaana .nell ToHa non>KeH HaoniO.llBTbC!I ShineT .nayx npoToHoa c Man hiM yrnoabiM pacTao

poM u 6nuaKoll aHepruell. 

171 
MeTO.llOM aneKTpOHHKH a ynpyroe 

nhix aenH'<HH nu¢¢epeHuuanbHoro ceqeHH!I 

pacce!IHHe 
da 

(lw"" 

Hccne.noaanocb snnoTb .no 0'<9Hb Ma

• 5.10-
35 

eM;.! /CTep, no3TOMY MO>KHO 

nonaraTb, '<TO o6cym.naeMhie npoueccbi TBK>Ke MoryT OhlTb uccne.noaaHhl. 

BoaMo>KeH cne.nyiOmull ¢oT03MynbCHOHHhlll onbiT no uccnenoaaHHIO ynpyroro p - D 

pacce!IHH!I c 6onbwoll nepenaqeJI HMnynbCa .neliTOHy ( - 1 Baa/c), KOTOphill npe.nnarancH 
~/ ~ 2 

aaTopoM B EcnH nnOTHOCTb .nel!Tepueaol! cTpyH 10 r/cM , cyMMapHhlll noTOK npoTo-

HoB 10
13

, a ~ • 10-SO CM
2

/cTep, TO liB 1 CM
2 

li1I0lll8Jll! 3MY1IbCHII 118 pacCTOiiHHll 
dw o 3 

3M OT CTPYH H no.n yrnoM 72 K nyqKy npoToHoa 6y.neT na.naTb 10 .neliToHoa. 0HH oynyT 

ocTaHaanHBilTbCR Ha paccTORHHH 9,5 eM OT MecTa axona. EcnH npouaaonHTb noHcK .nei!To

Hoa no HX OCT8HOBK8M, TO HeCyll.leCTSeHeH tPOH Me30HOa, a paCCMOTpeHHe lCHHeMBTHKH yn

pyroro H Heynpyroro p - p pacce!IHHst ua npoToHax a .nei!TOHe noKB3hiSBeT, 'ITO no.n yrnoM 

72° nl'OTOHbl HM910T npo6er MeHbllle 9 CM, npennonaraeMbl9 38Tp8Thl Sp9M9HH 118 liOHCK 

H OTOOp .nei!TOHOB ll03B01IRIOT p8CC'Il!Tb!S8Tb' Ha JleTeKTHpOS8HH9 H801IIO.U8TeneM a .UeHb 

10 Jl9IITOHOB, 

3. Heynpvrue p - n a3aHMo.gellcTBHR 

B pa6oTax
191 

Hall.neHo, 'ITO a Heynpyrax P - n CTOnKHOB9HHSIX 1 KOrDa B KOHeqHOM 

COCTO!!HHH HMeiOTC!I 3 38pSI>KeHHble '18CTHUhl, llpOTOHbl npeHMYlll9CTSeHHO C0Xp8HRIOT H8llpaa-

neaue caoero nepaoHaqanbHoro .llBH>KeHH!I a c.u.M. u Koa¢¢uuueHT aciiMMeTpHH K pa-

sea: 
N -N 

K = 

Nbn + N 

3TOT a<jl<jleKT OO~RCHReTC!I TeopeTH'I9CKH B pa6oT£
101 

.ll91!CTBH!I. 

10 

+ 0,55 ±.;0,09. 

no cxeMe onuoMe30HRoro B3BHMo-

O.nHaKo a pa6oTax
1 111 

nonyqeH npoTHaonono>KHbiii aqxpeKrnpoTOHhi a c.u.M. n&TRT 

npeHMymecTaeHHO Haaa.n H Koa¢<jluuueHT acHMMeTpHH K. • - 0,32 + 0,12. TeopeTH'I&CKoe 
11 12 -

o6~RCHeHH9 3TOJI llCHMMeTpHH llSTOpbl H OCHOBblBBIOT HB BK1I8Jle O.UHOMe30HHh!X npo-

ueccoa,. KOr.llB npOHCXOJll!T B030Y>K.lleHHe O.llHOrO 1!3 CT81IKHB810llll!XCR HyKnOHOB, nHOO OO-

paayeTCR aoa6y>K.Il&HHBR 1111 -cucTeMa, Paapeweuae 3Toro cnopHoro aonpoca MO>KeT 

Ob!Tb nonyqeHO B Ollb!TBX C .neliTepHeaoJI CTpyell C liOMOlllblO perHCTp8UHH BTOpH'IHblX npo-

TOHOB, .LJ.nR Bbl.lleneHH!I p - ft B38HMO.ll9JICTBHJI Hy>KHO B3!1Tb p83HOCTb ClleKTpOB npo-

TOHOB B Ollb!TBX p - D H p- p , HnH >Ke nocTynHTb cne.nyiOlllHM o6paaoM. J.1HTerpanb-

Hbill cneKTP npoTaHOB aT p- D aaauMo.nel!cTaul! nepeaecTH a c.u.M, npoToH-HyKnaH, aa

TeM Bbl'I9CTb CHMMeTpH'IHb!l! B C,U.M, ClleKTp npaTOHOB OT p- p B31lHMO.lleJICTSHI!, KOTO

pb!l! H3B9CT9H 110 pa6aT8M/B/, 0cT8Blll8RC!I '18CTb eCTb0 O'leBH.llHO, ClleKTp llpOTOHOB B 

P - n B38HMO.lleJICTSH!IX, 

+ 
4. J.1ccne.goaaHae cneKTpoa p • 11 • K - , II a P - N coy.gapeHHRX 

Bo.noponuaR u .neilTepueaaR MHWeHb a ycnoaHRX xopowell reoMeTpHH a c HHTeHCHB

HhiM BblXO.llOM STOpH'<HblX 'IBCTHU n03B01IHT npoaeCTH HCCneJlOSilHHe HX 3HepreTH'I9CKHX H 

yrnoabiX cneKTpoa. tl aTnH'IHe aT OObl'<HhlX MHweHell aHyTpH KBMepbl ycKopuTenR cneKTpbl He 

6y.llyT RCKB>KeHbl STOpH'IHb!MH B38HMO.llellcTBH!IMH B R.llp9-MHlll9HH, J.1ccne.llOB8HHe Cli9Kr 

paS li09TOMY noaaonHT nony'IHTb .llBHHbl, H900XO.Ul!Mble Jl1IR Bhl!ICH9HHR M9X8HH3M8 reHepa-

UHH 'IBCTHU. 

. 10 
nycTb, H8llpHM9p, 'IHC1IO llpOTOHOB B HMnynbCe p8BHO 5,10 , li1IOTHQCTb SO.UOpO.ll8 

~ 2 + ~7 ~ 
a CTpye 10 rlcM 1 nonHoe ceqeHue reHepauuu K -MeaoHoa paaHo 0,5.10 eM • 

npu6nH>K9HHO MO>KHO npHH!ITb, 'ITO li01IOBHH8 

Q~, K p88Hb!M: 

K Bbin9TaeT a KaHyce c yrnoM pacTaopa, 

o~"=o!,". 
m11 

mk 
(8) 

r.ne 0~ 11 - aHanorH'IHbill yron .nnR 11 -MeaoHoB; 

~ - OTHOW9HHe MSCC flOKOSI 11 H K -M930HOB, (B 0CHOB9 COOTHOlll9HH!I 

(8) 
mK 

ne>KHT npe.nnono>KeHue o paaeHcTae nonepeqHoro HMnynbCa 11 H K -MeaoHoa). 

J.1a (8) nony'<HM: 0~ K ~ 6° , '19MY COOTB9TCTBY9T TeneCHblll yron B 0 103 p8JlH8H8, 
+ 

nonHOe 'IHC1IO K -MeaoHoa, reHepupoaaHHbiX a MHllleHH N , paaHo npoaaae.neHHIO 

'IHCna npOTOHOS, B9p0RTHOCTH S38HMO.llei!CTBHR 
+ 

UHH K Me30HOB K li01IHOMy Ce'leHHIO, 

11 

w H OTHOWeHH!I C9'19HHR reHepa-



~ ....... 

N = 5,1010.0,87. 0,5,10-27 

40.10 
5,1.10

8
• 

)lHcptj1epeHuHanbHoe ceqenHe, ycpe.oHeHHoe B HHTepnane yrnoa, 0 - t; 0 6y.oeT paBHo 

8•10-27cM 2 

Ha paccToHHHI! .oecRTH MeTpoB oT Ml!wem1 ( 6e3 yqeTa pucnil.oa 
+ 

K -Me3oHoB) H:l 

2 + 
CM 6y.O.eT 118.08Tb ttKCnO I< -Me30HOB, p<1BHOe 

n 
N 

2.0,03.106 •9.103. 

tl 3aKnmqeun:e Bhipa>KaiO 6naroaapHOCTb 3a noMOillb npa pa6oTe Han MaTt:opuanoM 

A.r. 3enb.OOBH"'y, K.n. Mhi3HIIKOBY " H.E. Py6HHy, 
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)lOriOilHEHHE 

PaccMOTpHM anHSIHl-19 acnapeHHst so..a.opona a cTpyo 3a ctteT Teuna1 ahr.aensteMoro OT 

HOlB!3BUHOHHhlX ITOT9pb npOTOHOB B CTpye. J.1CXO.UHbi9 Jl8HHhl9 cne,ayiOWUe: 

'-!I!CllO npOTOIIOB B IIMI1Y11bCe n = 5,10
10

, 

JlJlHTen bHOCTb HMnynbCll 0,5 ceK, 

TennoTa HcnapeHHSI ao.aopo.aa q 130 M,Kan./r, 

no'TepH 3HeprHI! B CTpye 310 38, 
-4 2 

fbnHoe Bhi)leneHI!e 3HeprHH 3a o6opoT np11 nJioTHOCTH 10 r/cM Q pBBHO: 

Q q ·n·in·fi= 310 ,,8.·0,35.10
6

.5.10
10 545.10

16 
3B 

Q = 2,208 MKan. 

Bcne.ocTBHe Manoil nnoTHOCTH CTPYH He BCH :3Ta 3Heprnst nol!.oeT Ha Hcni3pestne ao.oopo.oa, 

" qacTb ee 6y.oeT yHecesta :311eKTpostaMI!, no:3TOMy Macca Hcnapmowerocst ao.oopo.oa 

M < ~' q 

-3 
1.1 < 1,6.10 r. 

llnoTHOCTb BO.OOp0.08 8 KBMepe 6e:3 y'leTa OTKB'IKII paBH8 

-12 3 
< 8.10 r/cM. 

CyMM8pua H Macca BO,llOpO.Oll Ha .0111!He op61!Tbl npOTOHOB B KaMepe COCTaBHT 

-8 2 < I ,4.10 r/cM u, cne.ooaaTellbHO, noTe pH :3HeprliH " 3cpcpeKT MHoroKpaTHoro pacce<IHI!R 

lli1 l!C110p11BWeMCR BO.OOpO.Oe 6y.OyT Hll'ITO>KHbl, 

)lOnO/lHEHHE 11 

B 1131 paccMOTpesto anHRHHe npHToKa Tenna L 3a c'!eT pa.ouauuonHoro usny'leHH<I 

CT6HOK KUMepbi: 

L ~ . ·4"' 
2

• u · ·r 4
, 

(I) 

r.oe ~ - K03qJ(jJHUI!ellT 1!3ny'leHH<I CTeHOK KaMepbl 

T- TeMnepaTypa 

a - nocTOSIHHa ~ CTecpaHa-EonhuMaHa. 

npeHe6perD51 TennoeMKOCTblO H H3nyqeHH8M K8ll6Jlb HJlH KpHCTDnnOB BO,llOpo.aa, a. HX K09c}J

¢HUH8HT nornoweHHH upnHHMLHl paBHbiM L cornacHo
1131

, nonyqHM, qTo npHTOK Tenna L 

Ll0J1H<8H 6h1Tb KOMll8HCHpOBDI-t HCDapeHHeM: 

13 



J 

~ r: 

:b: 
If .. 

' 
I' 

.. 

2 dr L • 0 • ;p • 4" r • dt ' (2) 

rae e -y tl9fibH8H TennOT8 HCnapeHHH BOtlOpOtl8, p -nnoTHOCTb. 

VIa (I) H (2) nony'IHM: 

• 
dr I·u·ll' 
dt ~ (3) 

B/13/ I npHHHTO p88Hb1M 0,5, 
3 O·lp = 8 Kan/cM H, cornacHo (3), nonyqeHo: 

dr 

dT 
7 MK/CeK, 

EcnH fifiOTHOCTb BOtl0pOtl8 B CTpye eCTb 10-4 r/cM
2, HanpHMep, }00 OTtl6fibHblX CTpyA tlHa-

MeTpoM 41 MK, TO H a (I) a a speMH 0,5 ceK nony'IHM: L " 0,25 MK, 

CneaosaTenbHO, a¢¢eKT oaHoro nopHtlKB c pacc'IHTBHHbtM B aononHeHHH I. OtlHBKO Koa<j)-

QJHUH9HT ~ anH nonuposaHHOll Mean MO>KeT ObtTb aoseaeH ao 0,06, a oxnamaeHue 

CT9HOK K8M9pbl B pal!oHe CTpyH tl9liCTByeT K8K T 
4 

a, cne;:~osaTenbHO, acj:><j)eKT Hanyqe-

HHSI GTeHOK KBMepbi MO>KeT 6biTb C,llenaH npaKTHqeCKH HeCyWeCTBeHHhiM. 

-. 
PyKonHcb nocTynHna B HatlaTenbCKHA oTaen 

4 HIOHSI 1964 r, 

.. 
~' 

I• ~ ~ 


