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HaCTO!IWHli /lOKna11 BKmoqaeT " ce6SI o6aop HaWHX pa6oT, Bb!IlOnHeHHblX B nepHO/l 

1955-64 rr. B KOCMH'leCKHX nyqax H Ha YCKOPHTensix. 

B I rnaee npe11cTaeneHbI peaynbTBThI aKcnepHMeHTanbHbIX pa6oT no paccestHHJO 

µ -Me30HOB C HMnynbCOM - 100 Mae/c Ha pa3nH'!HblX S111pax, a TaKx,e HeKOTOpb!e 11aHHbie 

0 pacna/lHbIX CBOl!CTBaX µ -Me30HOB. 311ecb >Ke aHanH3HpyJOTCSI 11aHHbJe O 3axeaTe µ -Me-

30HOB aTOMaMH H Sl/lpaMH. 

n rnaea nocesimeHa Hccne11oeaHHJO pacce11HHS1 11 -Me3oHOB c aHeprHel! MeHee 

20 Maa Ha S1Jlpax H BbIS1CH0HHIO M8X8HH3Ma 38XB8Ta OCT8HOBHBWHXCR 11 -Me3OHOB stnpaMH. 

B m rnaee H3no}l{eHbI peaynhTaThI pa6oT no H3y'leHHJO HenenTOHHhtX pacnanoe K~ 

M93OHOB. 

TipH no11roTOBKe H npoBe11eHHH HCCne110B8HHli HaMH 6bmH C03/l8Hbl cneuHanbHb!e 3KCne

PHMeHTanbHble ycTaHOBKH H pemeHbl HeKOTOpble MeTO/lH'leCKHe aonpocbl. KpaTKHe CBe/leHl!SI 

0 HHX npHBO/lRTCSI npH aHal!H3e !pll3H'leCKHX peayllbTBTOB aKcnepHMeHTa. 

non TepMHHOM ·Me.nneHHbie· MhI B JJ.8HHOM cn~n1ae IlOHHM88M TY o6naCTb aneprHH, 

rne cymeCTBO HCcnenyeMhIX ci>H3H'l!0CKMX si:aneaHH OCT80TCS1 T8M }I<e, Bil/IOTb no 3H8'llOHHM 

KHH0THtI0CKOii aHeprHH qacTHUhI, 6nH3KOii K Hyn10. 

O61>eM H uenb HaCTOSIWero /lOKna11a He noaaon!IJOT paccMaTpHBaTb ero KaK nOl!Hbll! 

063op CBOliCTB HCcne110BaHHblX qacTHU llll>Ke B orpaHH'leHHOM HHTepaane srneprHli. 6onee 

Toro, CCbll!KH Ha l!HTepaTypy, KaK npaaHno, OTHOC!ITC!I K pa6oTaM, HMeJOWHM Henocpe/lCTBeH

HOe OTHOW0HHe K npOBOJlHBIIlHMCS1 HBMH HccnenoaaHHS1M, 

f 11 a B a 

11CCJlEilOBAHl1.H CBOl1GTB µ _-:ME3Q!I~~-

§ 1. Pacce!IHHe Me11neHHbIX µ -Me30HOB 

TIOHCKH !IBlleHHli, KOTOpb!e 6b! yKa3Bl!H Ha npH'lHHY OTl!H'!H!I Mace fl_, Me30Ha H 

an.eKTpOHa, 6eaycnoBHO OTHOC!ITC!I K B8'1CHei!mHM npo6neMaM coepeMeHHOli q>H3HKH. 

TiepBb!e HCCne11oaaHl!!I pacce!ll!ll!I ,, -Me30HOB Ha !1/lpax, BhlnOnHeHHb!e C pa31!H'lHOli 

MeTO/lHKOli (cqeT'!HKOBbie ycTpOliCTBa, KaMepb! BHllbCOHa, <pOT03MYllbCl!H, MarHl!THbie Mac

cneKTpoMeTpw), lllll!H OCHOBBHl!!I ~BTOpaM 3THX pa60T c11enaTb 3aKnJO'!eHHe O cyweCTBOBa-
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HHH 'aHOMBllbHOro' pacceHHHH ,, -M830HOa/l ,'.J, 3 ,4 ,5 ,B/ • CTou aHOMa1lbHblM pacCeHHHeM 

IIOHHMancH H30blTOK a SKCrrepHM8HTa1lbHblX yrnoablX pacrrpeueneHHHX pacceHaWHXCH ,, -:Me3o

HOa Hau oxmuaeMblM, Karna 'laCTHUaM npHUHCbIBanocb TOnbKO sneKTPOMarHHTHOe a3aHMO

uel1CTaHe. PaccMoTpeRHe paanH'IHblX Moueneii pacnpeuene1mH aapHna aHyTpH Hupa, a TaKJKe 

nonhITKH 06'bCHHTb 8HOManbHO0 paCC951HHe HeKorepeHTHhlM pacceHHHBM, B38HMO.neiiCTBH8M 

MarHHTRblX MOM8HTOa ,, -M830HOa H HyKnOHoa, OKa3anHCb HeCOCTOHTenbHblMH/1,
7

,
81

• 

K 1955 r. ao3HHKna CHTyaUHH, KOrJ:1a npaKTH'18CKH ace J:1aHHbl8 SKcnepHMeHTanbHblX 

paoOT Ka'leCTaeHHO roaopHnH a nonbay aHOManbHOro pacceHHHH fL -Me30HOa, XOTH KOn11-

'18CTaeHH8H CTOpOHa ohma J:IOaonbHO npoTHaopeqHaoii (cM., HanpHMep, o6aop
151 

). Coo6we11HH 
/23/ 

06 OoHapylKeHHH a110Manb11oro pacceHHHH IIOHanHnHCb II noaJKe 

HaMII Obin npoaeue11 UIIKn pa6oT no HCCneuoaaHHIO pacce!IHHH ,, -M830Hoa a o6naCTII 

HMnynhcCB MeHee 200 Msa/c. 

1130bITK8 a STOii o6naCTII B rrpeUblUYlilHX pa6oTaX oue11eHH8H aen11'1Hll8 aHOManbHOro 
-27 2 

IIMrrynbCOa UOCTHrana 3Ha'le!IHH - 4•10 CM /11yKno11. 

B nepaoii pa6oTe
161

, ahIIIOn11e1111ol1 ila MarHHTHOM MaccneKTpoMeTpe, 118MH ObinO 113Me-

pe110 pacce,rn11e "-Me3011oa a y3KOM HMIIynbCIIOM HIITepsane (0,8-l,3)•10
8

sa/c a 2-, 

3- 11 5-MM nnacTHHKax MeJ:111, pacnono>1<eHHhIX a11yTpH KaMepbI B11nbCOHa
191

• Bcero 6h1no 

aaperHCTp11poaa110 1100 cnyqaea pacceHHIIH npH o6meM npo6ere a MeuH 3,5 M. CxeMa 

ycTallOBKII npHaeueHa 11a pHC. 1. 

3KcnepnMeHTanbHhl0 naHHbie COllOCT8Bnsmucb C T0OpeTUll8CKHMH KpHBblMH, BbJqHcneHHbI .. 

MH BeTe/lO/ unH cnyqag pacceHHIIH 11a TO'le'IHOM Hupe
1111 

Ha pnc. 3 noKa3aHbl HHTerpanhHhie yrnoohie pacnpeJ:1eneHHH µ. -M03OHOB, HCilbI-

Taaw11x pacce,rnue B nnacT1111ax MeUH TOnl!lllHOIO 2 MM' unH uayx IIHTepnanoB IIMnynbCOB 

(0,8-1,03)•10
8 

SI\/c 11 (1,04-1,28)•10
8 

sale. Cnnownag nHIIIIH - TeopeT!l'l8CKaH Kp11aaH. 

>. 
PaaMepu Hnpa uom:cnhI ohmn CKa3aTbCH a o6nacTH yrnoa > Ok !i!. _ , rne A -ne6pof1-

P R 
neacKaH umrna aonnhI µ -Meao11a, a R -paunyc Hupa. IlnH uccneuyeMoro llHTepaana 

IIMnynhcoa o •• ,._ 17"' B npoeKUllll na rrnoCKOCTb Ha6n!OU811HII. 

B 06nacn1 yrnoa (npoeKUIIH < 15°) 6hmo HaiiueHo xopowee cornacne pacnpeueneH1111 

µ -M03OHOI3 C Teopneii, l!TO SIIJllllOCb D qaCTHOCTH nepaof1 3KCnepUM0HT8llbHOl1: npoaepKoH 

~;opMyil BeTe. '!To KacaeTCH o6JiaCTII yrnoa, npoeKUIIH KOTOpblX > 15°, TO auecb B cyM

MapHOM pacnpeueae111111 11a6n10uancH HeKoTOpb1l1 1130b!TOK cny~aea pacceHIIHH (11a6n10uaeMoe 

"iqncno paccen1111ii 23, Qll(l[UaeMoe no Teop1111 15,7). 3ToT H36b!TOK, KaK 6binO noKa3a110, 

Henb3SI OTHeCTH 38 cqeT rrpuMeCH 11 -M03OHOB unn H8TOqaoCTet'1 B lf3MepeHHH HMnynbCOB. 

flepDOHll'-IORbHO 3TOT H36bITOK HCTon:KOBblBOllCH KBK YK838HHe na Hanuqne aHOManbHOro 

paeceH!lllH, OU!lllKO, no3ll(e B pa6oTe
1141 

HaMn 6hIIIII Y'ITeHLI uonoJJHIITenbHO reoMeTpll'18CK1Ie 
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IICK8}1(eHlrn, KOTOpbte 113-38 3H8'll!TeJlbHOrO yrna BXOJ:18 'l8CTIIU 113 MaccneKTpOMeTpa B KaMe

PY B1111bCOHa, 11aaa1111 cymeCTBeHHble nonpaBKII (cM. TaK}[{e
1171

). C y'leTOM 3TOl! nonpaBKII 

l!MeeT MeCTO YllOBJ1eTBOp11TeJlbHOe cor11ac11e 3KCnepl!MeHTa II TeopHII BO BCeM 1111anaao11e 

yrnoB. 

HMell B BllllY 311a'l11TeJ1hHbte 3KcnepHMeHTallhllbie TpyllHOCTII, B03HHKarom11e np11 HCC11e-

llOBaH1111 pacceSIHllll µ -Me30HOB, Mb[ B 1955 r. cnpoeKTl!poaa1111 cneu11aJ1hHYIO ycTaHOBKY 

llJlll 3TOl! 3alla'lll. 

CTpllMOyroJlhHall KaMepa B1111bCOHa C paaMepoM nepellHero CTeKJla (60x40) CM
2 

Il03BO

JlllJla C OOJlblUOl! TO'lHOCTb!O 113MepllTb yrllbl pacceSIHllll 'laCTIIU npll nepece'lellllll HMII pacno

JlOX<eHHblX BHYTPH ee n11acT11H
1131

• CxeMaT11'1eCKIIX paape3 KaMepbl noKa3ad Ha p11c. 4. Ka-

Mepa OOJly'laJlaCb KOCMll'leCKHMII µ -Me30HaMH Ha ypoa11e MOpll. CBIIHUOBbll! OJlOK, TOJllUII-

HO!O 1 M, OTipl!JlbTpOBbIBaJl 3JleKTpOHbl II _slllepHOaKTIIBllble '!aCTl!UhI. TaK, np11MeCb .1T-M930-

HOB HOil ipllJlbTpOM COCTaBJlllJla He OOJtee 0, 1 % OT nOTOKa IICCJlellyeMbIX µ -Me30HOBo Perl!-

CTp8Ullll µ -Me30HOB, llBll}[{YIUIIXCSl HOil MaJlb[MII yrnaMII K BepT11K8Jlll, ij,0Torpaij,11p0Ba1111e 

C OOJlblUIIX pacCTOllHlll!, H03BOJll!JlH ClleJlaTb npeHeope}[{IIMO M8Jlb!MII reoMeTpll'leCKHe nonpaB

KII II onTll'leCKl!e HCKaX<eHIISl. 

CToCKOJlbKY KaMepa paooTana np11 OTIIOCl!TeJlbHO HH3KOM ll8BJleHHH (1,5 HTM) Ob!Jlll 

cnpoeKT11poBa11b1 cneu11a11bHbie HCKpOBbte KnanaHhI, ooecne'l11aaromHe OhtCTpbtl! copoc ra3a 

113 paC1UHp11TeJlbHOrO OO'beMa KaMephl. KaMepa MO rna paoOT8Tb KpyrnocyTO'lHO, np11'1eM 

repMOCTaOHJlll3llpyromee ycTpOl!CTBO H01l1lepx<11BaJ10 noCTOSIHCTBO TeMnepaTypbl B npellellax 0,5°. 

B 1957 r. 118MH Ha 3TC'H ycTaHOBKe Ob!Jlll H3Mepem,1 yrllOBbie pacnpe11eneHllll pacceSIB-

IUllXCll µ -Me30HOB C IIMHYJlbCOM (130:t.16) Maa/c B nnaCTIIHaX oepHllJlllll TOJllUIIHOH 

1 cM
1121

• Ec1111 8HOM8JlbHOe paccellHl!e cymecTByeT II CBll38HO c· 11eKyJ10IIOBCKHM,: B38IIMO

lleilcTBHllMII, TO Ha nerKHX Slllpax, r11e 'ij,oH' KYJlOHOBCKoro paccellHHll Man, OHO llOJl}[{l[Q 

npOllBIITbCSl OCOOeHHO 'leTKO. 

YcT8HOBK8 cpaoOTb1Bana OT TpoilHblX coana11eHIIH II Pllll8 C'leT'IIIKOB 8HTIICOBna11eHHl!. 

3TO COOTBeTCTBOBano npoXO}[{lleHl!!O 3apg}[{eHHOl! 'l8CTl!Ubl qepe3 CBIIHUOBY!O nnaCTIIIIKY II OCTa

llOBKe ee B llBYXCaHTHMeTpOBOM CBIIIIUOBOM ipl!JlbTpe (p11c. 5). 

Cpe1l11ee 31la'leHHe MaCCb[ HCCne11yeMb[X '18CTHU, H3MepeHHOe no MHOroKpaTIIOMY pac-

CellHll!O II npooery, OKa3aJlOCb paBHblM (213:t.10) m. , rne me - Macca aneKTpoaa. 

Bbtno 3aperHCTpepoaaHo 2250 cnyqaea paccesi1111ll µ -Me30110B B oepHllJlHeBblX nnac-

Tl!Hax1 np11'leM He Ob!JlO 11al!11eHo 1111 01111oro cny'lall paccesiHHSI Ha yron, npoeKUllll KOToporo 

Ob!Jla oonee 6°, T.e. B Toil oonaCTH, rne ipOH KYJlOHUBCKoro paccellHHll Ob!Jl npaKTl!'leCKII paBe 

11y11ro. 
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ConocTaBJJeHl!e 9KCnep11M8HT8IlbHb!X II TeopeTll'IeCKIIX /l8HHb!X IlOK83bIBaeT xopowee 

COI'Il8Cl!E! ( Px
2 

=60%) HaomOA8eMbIX yrnOBbIX pacnpeAeneHl!ii C KynoHOBCKIIM paCCe!!Hl!eM 

µ -Me30HOB Ha ,mpe Be (puc, 6). TaKIIM oopasoM 9Ta paooTa 11a11nacb rrepaoii, rne He 

H80Il!O/l8Il0Cb Hl!K8KOI'O 8HOManbHOI'O paCCe!IHllll B 00Il8CTI! M8Ilb!X l!MIIYilbCOB, HaopaHH8l1 

-28 2 
CT8Tl!CTl!Ka Il03BOnl!na ycTaHOBl!Tb aepXHl!ii rrpeAen /lilll T8KOI'O paccelll!l!ll 4'10 CM /uyKn, 

Ha 9TOii JKe ycTaHOBKe C HeKOTOpb!MII 1!3MeHeHl!l1MI! (15 CM q>l!IlbTp ycTaHOBKOii, l!HOe 

pacnon0>Ke1111e P>mOB COBil8AeHHii II 8HTIICOBil81leH11f1, /lOIIOill!IITenbllblii KOHTpOnbHhlii Pllll 811TII-

coanane1111ii, p11c, 7) 11aM11 ohmo 113MepeHo pacce11mie µ -Me30HOB B 4-MM Me/lHh!X (!Il!Tep-

Ban l!MITYilbCOB µ -Me30HOB OT 85 AO 144 [\\9a/c) II ll<ene3Hb!X nnaCTllll8lt_ (1111Tepaan IIM-

nynbCOB· µ -Meaonoa oT 81,2 AO 135 M9alc
1141

• Bcero OhinO aaper11cTp11poaa110 2350 cnyqa

ea pacce11H1111, Macca pacce11aw11xc11 qacT11u, BhI'l11cneHHa>1 no yrnaM MHoroKpaTnoro pacce,r-

Hllll II npooeraM, oKasanacb paaHoii (209!__10) m
0 

, T.e. a npe.nenax own6oK coana.nana 

c Maccoii µ -MeaoHa. 

ITp11 Bbl'll!CIIeH!lll OCT8TO'lHOI'O npooera Y'lllTblB8IIOCb OTKilOHeH!le yrna BXO/la µ -Meao

HOB OT aepT!!K8IIII. Ebinll nonpoOHO rrpoaHaIIll311p0B8Hbl B03MOll<Hb!e OWIIOKII B 113Mepemrn 

IIMilYIIbCOB µ -Me30HOB II yrnoa pacceHHll>l, CpenHeKBanpaTll'lH8l1 OWIIOKa a 11sMepeH1111 

yrna OKaaanach MeHee 0,5°, ITocKonhKY 113MepeHHhie 3Ha'leHlll1 yrnoa pacce>1Hll>1 ue rrpeBhI

lllanH O KP' .nns COIIOCT8B11eHIHI C 8KCIIepHM0HT811bHblMH A8HHhlMH HCilO11b3OB8118Cb TeopHH 

pacce>1Hlll1 Ha TO'le'lHOM llUpe. lln>l acex IIMilyIIhCHhlX IIHTepaanoB, KaK /lil>l Cu , TaK 11 /lilll 

Fe , He Haonronanocb pa3HIIUhI, Bb!XO/lll!lleii 38 npenenbl CT8TIICTll'leCKIIX OWIIOOK MelKAY 

Teop11eii II 9KCnep11MeHTOM, 

ITpencTaBnlleT IIHTepec OOoe/lllHIITb CT8TIICTl!'leCKllii M8Tep11an, OTHOC>l!lllliiC>l K pa3-

IIll'lHb!M nnaCTIIH8M II IIMnynhCHblM IIHTepaanaM. EeTe /lil>l TO'le'lHOT'O >l/lpa Bhl'lllCn11n YHll

aepcanbHY!O <j,yHKUIIJO aepo>1THOCT11 pacce,ru1111 OT oeapasMepuoro napaMeTpa: 

'Pi 
O· 

w.Y ( 1,1) 

rne Oi - yron paccellllllll a pan11auax, 

B - cnaoo MeH>l!Olll8l1Cl1 <j,yHKUll>l TOilWIIHbl nnaCTIIHhl II IIMnynbca 'l8CTIIUhI, paBH8>l 

l3 =2G, ( 1.2) 

a 
4/ 8 - 1 

Z A 
G = 5,66 + 1,24 fg l,l3 /32 + 3,76(-d,--l 2 

(L3) 

II 

(p V 

( 41T Ne 
4 

t Z (Z + 1) z2 

(1.4) 
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rne t - TOfllllHHa nnaCTIIHKII, 

V - CKOpOCTb µ -M030HOB, 

Z - aapsm pacce11aaTenn, 

N - 'IIICno aTOMOB a CM
3

• 

llnH µ -M030Ha Z = 1 

CyMMapHoe yrnoaoe pacnpeneneHHe nnn Menn 11 >Keneaa no 6eapaaMepHoMy napaMeTpy 

ef, np11aeneHo Ha p11c. 8. Kp11Tep11l\ cornacun aKcnepHMeHTa II Teop11u P X
2 

=40%. 

TaKHM o6pa30M Ha6n10naeMbl8 yrlIOBbl0 pacnpeneneHIIH nonHOCTblO COOTB0TCTBYIOT 

npennonoll<CHIIIO, 'ITO B3aHMOJJel\CTBll0 

HHTHbIMH CHnaMH. 

µ -Me3oHa II smpa ocymeCTBnll0TCH aneKTpoMar-

An11 .. aHHH II ApyTIOHHH
1161 

113M0pllnll pacceHHll0 MC)lflCHHblX KOCMll'10CKIIX µ -M030HOB 

B 7 MM CBIIHUO.Bb!X nnaCTIIHKax M0TO)lOM, IICHOJ1b30BaHHOM B pa6oTe"
6

~ 06m11l\ npo6er µ -M030HOI! 

COCTaBHn 19 M. B o6naCTII yrnoa, rue paCXO)K)l0H110 TnopeTll'10CKIIX KpllBblX )lflH KOH0'1HOro 

lI TO'l0'1HOro H)lpa B0flllKO, aBTOpbl Ha6n10)lan11 YJl0BflCTBOp11T0J1bH00 cornac11e C TeopeTH'l0-

CKol\ KpHBOll, Y'IIITb!Batomel\ KOH0'1Hbl0 pa3M0pbl smpa. 

TiapannenbHO C lICCfl0)lOBaHll0M pacceHHHH µ -M030HOB B KOCMH'ICCICIIX nyqax 

B 1956 r. HBMII 6brnH Ha'laTbl no)lrOT0BHT0flbHbl0 pa60Tb[ )lflH nocTaHOBKII 3KCrrep11MCHTa Ha 

/18/ 
yCKOpHTene 

Ha CIIHXpO!llIKflOTpOH0 011.HH B o6ny'ICHHOll 3MYflbCIIOHHOll CTOI1K0 HHK¢11-P 6brnH 

113Y'l0Hbl cnyqa11 O)lHOKpaTHoro pacceHHIIH MC)lfl0HHblX µ -MC30HOB. £Ing Toro, 'IT06b! 

IICKfllO'IIITb q>OH TT -M030HOB, IICCl18)lOBan11Cb TOflbKO Cll0Jlbl 'laCTIIU, IIMCIOIIlll0 Ha KOHUS xa

paKTepHbill cne)l OT µ - e pacnaJla, 06maH )llIHHa IICCll0)l0BBHHblX cnenoa µ -Me30HOB 
I 

B )lllana30H0 IIMITYllbCOB (34-97) Maa/c COCTaBHna 90 CM. CorrOCTaaneu11e 3KCllepHMCHTallb-

HblX peaynhTaTOB C q>OpMynol\ OJJHOKpaTHOrO pacCCHHHH He o6Hapyllmno HHKaKHX OTKlIOH0Hlll\ 

OT KylIOHOBCKoro B3allMOJl0l\CTBlIH µ -M030HOB C nnpaMH (p11c. 9). 

Tiy3blpbK0Bbl0 KaMepbl, KOTOpbl0 K 3TOMy apeMeHII uaqan11 lICITOllb30BaTbCH B nccne)lO

BaHHHX Ha YCKOp11T0flHX, o6nanann U0llb!M pH)lOM Bal!<Hb!X )lOCTOIIHCTB nepeJl npyrHMH MeTO

)laMH, B 'laCTHOCTII, M0TOJJOM q>OT03MYllbCHll. lloCTaTO'IHO yKa3aTb, 'ITO B ITY3blpbKOBblX KaMe

pax MOl!<HO H360ll<BTb ycp0JlH0HIIH npH Bbl'lllCfl0Hllll aq>q>eKTIIBHOro aapHJla paccenaaTeng, 

'iH)lflll II np/
191 

113Mepsmn paCC0HHll0 µ -M030HOB C aneprneii 23 Maa B CBHHUOBO>l 

nnaCTIIHK0 (0,56 MM)' HOM01Il0HHOll BHyTpll nponaHOBOii ITY3b!pbKOBOii KaMepbl. ABTOpbl ll0 

Ha6n10:iann TaKJ:<C OTKno:1·ao1<1ll 3KCnepHM0HTallbHbIX )laHHblX OT paC'10THbIX. 

OnaaKO npH CT0nb Manh1x· 9HeprHSIX MlO0H0B B TSDKen0M paccenaaTene nenHK BKna.n 

MHoroKpaTHoro pacceHHHH. KpoMe Toro Heo6XOJlllMO Y'IIITb!BaTb rr0Tep11 3Hepr1111 B CBIIHUO-

BOM rrornOTIIT0T0 nocne pacceHHIIH, 'ITO TPYJJHO cnenaTb 3aBCJJOMO KOppeKTHbIM o6pa30M. 
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Ha Halli B3I'1l!IJl npe/lCTaan,ina oco6b!H IIHTepec B03MOlKHOCTh 113MepeHII>! 0/lHOKpaTHOI'O 

pacceSIHHH MenneHHblX µ -Me30HOB B pa6o'leM B0lll0CTB0 ny3blpbKOBOH KaMepbl. JleilCTBII-

T01lhHO, B nponaHe c3 H 8 pacce>1H11e 6yJleT npOIICXOJlllTh B OCHOBHOM Ha yr-nepOJle. Cyrne

CTB0HHO, qTO ecnH H HMeeTCH KaKoe-To aHOMaJibHOe pacceHHHe, TO Hau6onee qeTKO oHo 

Jl01llKHO npO>!BIIThC>I Ha 110I'KOM >!)lpe B 3110M0HTapHOM npouecce, T.e. 0/lHOKpaTHOM pacce,i

HIIII. CnolKHbl0 nepeC'10Tbl II ycp0JlH0Hll>I, CBSl3a!IHbl0 C Y'l0TOM KpaTHOI'O II MHOI'OKpaTHOI'O 

pacceHHHR, OCTSBllHIOT onpeneneHHbie COMH9HHH B cnyqagx, Koraa Q}KHJl,BlOTCSI HapyweHIHI B 

3110M0HT8pHOM aKTe. 

Ily3blpbKOBa>! nponaHoaa,i KaMepa pa3MepoM (370 x 104 x 100) MM
31211 

o6nyqanacb 

HaMII Ha CIIHXpOUIIK1IOTpOHC 011.Hl1
1201

• µ -Me30Hbl, o6pa30BaBlllll0C>! OT pacnaua 7T -Me

dOHOB, <j,0Kyc11poaan11Cb nepe/l KaMepofi MaI'HliTHOH mrnaoil, aa ,, 0Jl1l>11111Ch II OT<pli1lbTpOBbIBan11Cb 

OT noCTOpOHHliX 'laCTIIU C1IO>IMII M0Jlll COOTB0TCTBY!Olll0H T01llll11Hbl. BHyTpli ny3b!pbKOBOfi Ka

M0pbl 6bl1lll TaKnie pacnonolKeHbl 3 M0JlHbl0 nnaCTIIHbl no 0,5 CM, 'IT06b[ yaenli'lliTh unana-

30H IIMnynhCOB pacce>1BllIIIXC>1 /L -Me30HOB, 

Bcer-o 6b!1IO aapeI'liCTp11poBaHo OK01IO 60000 OCTaHOBOK 0Tp11uaTenhHblX µ -Me30HOB. 

(T11n11.qHa>1 <pOTOI'paq,1rn pacce>1HH>I II OCTaHOBKII ,, -MeaoHa npuaeueHa Ha p11c, 10). 

iln,i nocTp00Hll>I yI'nOBblX pacnpe)l0110HIIH OT611pan11cb µ -M03OH bI 1 HCilbIT8BIIIH0 O.!lHO-

KpaTHoe pacce>1H11e no KpailHeil Mepe aa 1,5 CM /lO OCTaHOBKII If pacnaarn11ec>1 C 11cnycKaH11-

0M 3110KTpOHa B KOHUe npo6era. 11ueHTll<pllKaUll>I no µ -e pacnauy HaaelKHO OTCeKana <pOH 

IlOCTOpOHHHX qaCTHU. HnTepsan aHeprHii µ -M030HOB, I'Jle 6bl1IO uayqeHO 0/lHOKpaTHOe pac-

C9HHHe, COCTasHn 10-30 M3B. B OKOH'laTe1lbHOe yrnoaoe pacnpe)leneHHe 6bl1IH BH0C0Hbl 

rronpaBKH, CBH38HHbl0 C KOHS'tIHblMH paaMepaMH ny3blphKOBOH KaMepbl, Ha nepe6poc 'laCTHII 

ua O/lHOI'O yrnoBoro IIHTepBana B upyroil, Ha npuMeCb 

C HMHT8)lJieii: pacceHHHH µ -Me30Ha) II y'leT 

rr -Me30HOB ( rr- .~ - pacnan HaneTy 

I 
pacce>1H11>1 Ha BOJlOpone. 

Ornu6Ka B 113MepeHIIII 3Hepr1111 µ -Me30H0B no npo6er-y COCTa0n>1na MeHee 1,5%. 

.Usa He3aBHCHMbIX rrpOCMOTpa ITO3BOnHnH OU0HHTb IIOllHblii IIOTOK µ. -M93OHOB C TO't{HOCTbIO 

2,3%, a nponyCKH cnyqaeB pacceHHH>I oKaaanHCh MeHee_l,5%. 

Bcer-o 6b!1IO npocne,KeHO CBbllll0 2 KM cnenoB µ -M030HOB B HccnenyeMOM HHTepBane 

3HeprHil H aapeI'IICTpHpOBaHO 263 cnyqa,i pacceHHHH Ha yron, npoeKUH>! KOTOpOI'O Ha· nnoc

KOCTh <pOTOI'pa<j,HpoaaHHH 6onblll0 15°. 

ConocTaB110HHe 3KCnepHM0HTanhHb!X )laHHblX npOBOllli1IOCb C q,opMynoil MoTTa, onHCb!Ba!O

lll0H pacceHHHe lll!paKOBCKHX qaCTHU Ha T0'10"!HOM Hllpe. Ilp11 npoeKTl!pOBBf!HH pacnpeneneHH>! 

Ha m10CKOCTh 3Ta qiopMyna IIM00T Blill: 

d ,;- = 4 Z
2

• r 
2 
(~ 

T e p {3 

2 7T 
Sin ef,+(rr--p)Cos<f, _ _f}_ (rr-p)-,.- Cos <h ]def, ... , (1.5)' 

Sin s <p 2 Sin cf, Cos cf, 
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rile '• - Knacc11qecK11ii paA11yc aneKTpoHa, 

p II fJ - IIMnynbC_ H OTHOCHTenbHag CKOpOCTb HaneTa10meii qacTHllhI, 

9 - npoeKUHll yrna pacceHHIIH. 

KoHeqHbie pa3Mepbl llJlpa yqHTbIBan11Cb BBe)leHHeM cj,opMcpaKTOpa F 

2 
du· = F du 

k T (1.6) 

r.ae a-T - cesqeHHe pacces-xHIBI Ha TOtJeqHoM 51.ape, a ak Ha KOHe11HoM. Ha OCHOBe ocunn-

nHTopnoii MOJlenn
1291 

F" = [ 1 - a x 2 

2k 2 (2+3a 
J exp [ -, x 

2 
] , 

47 ( 1.7) 

X = q. a 

r)le q - nepeAaHHhiii 11Mnynbc, 

a - cpeAHeKBaJlpaTI!qHblii paJlllyC llllpa, 

a - K03tp<pllUHeHT, onpe)lenlleMbiii H3 3KCnepHMeHTanbHhlX )lalll!LlX no paCCellHH!O 

aneKTpOHOB. 

3Kc11epHMeHTanbHhie H TeopeTnqecKne pacnpeAeneHHll c yqeTOM KOHeqHoro paaMepa 

HApa cornacy10Tcll npn a1taqemm P x2 
= 65% (pnc. 11 ). Cornacne c MoTTOBCKoii Kp11Boii 

B A11anaao1te yrnoB 85-180° a11aq11TenbHO xy~e. TaK, 1ta6n10AaeMoe q11cn~ cnyqaeB B aTOM 

IIHTepBane yrnoB 3:t_2,1, Oll<l!JlaeMoe no cj,opMyne MoTTa - 10,25; a c yqeTOM KOHeqHoro 

paaMepa smpa - 6,35. noAo6Hhiii peaynhTaT II cneAoBano 0~11JlaTb Anll µ -MeaonoB, ecn11 ne 

npHTIHCb1B8Tb HM ,, 8HOMBnbHbIX" B38HMOnefi:CTBHfi. 

TaKIIM o6pa30M II np11 11ayqem111 OJlHOKpaTHOrO paccellHllll He o6Hapy~eHo HIIKaKIIX 

oTKno11en11ii npn pacceHH1111 µ -M830HOB B o6naCTII ManbIX 3Heprnii OT 0'1<11)laeMoro np11 

yqeTe TOnhKO KynoHOBCKoro B3BllM0.0:9HCTBIHI. 

K TaKOMY >Ke BhIBDAY npnwnn B 1962 r. UnTpoH H Jlp., KOTOPhie, ncnonbayg µ -Me-

30HHhIH Kanan c11Hxpou11Kn0Tpona B UEPHe, 113Mepllnn paccellHHe µ -MeaoHOB c nMnynhCOM 

240 11 180 MaB/c B yrnepoAe
1221 

11aMepeHllll npOBOJlHnHCb MeTOAOM CUIIHTHnnHUIIOHHblX cqeT

qHKOB B )lllanaaoHe yrnoB OT 30 AO 72,5°. TonIUHHa rpacpllTOBoro pacceHBaTeITll COCTaBngna 

10 H 5 CM, CpaBHeHne 3KCnepnMeHT8ITbHb!X )laHHhlX npOBO)lHnOCb C cj,opMynol! MoTTa C yqe

TOM cj,opMcpaKTOpa ,mpa. 

Pea10M11pyll, MO~Ho yTBep>KJlaTb, qTo Ha OCHOBaHllll pa6oT /12, 14/. 16, 18, 19,20,22/ 

11a6n10AaeMbie yrnOBbie pacnpe)lenel!Hll paccem,wnxcg Ha HJlpax µ -MeaonoB B o6nacTH 

IIMnynhCOB MeHee 200 MaB/C He OTnnqa10TCll OT O>:m)laeMbIX, ecnn cq11TaTb B38HMO)leii-

CTBH0 µ -Me30HOB II aneKTPOHOB C anpaMII OJlllllaKOBbIM. Cne)lOBaTenbHO, 06Hapyl!<eHHOe 

paHee "8HOM8IlbHOe" paccesurne CBB38HO He co cneunql~PlBCKIIMll CBO'liCTBBMM µ. -MB30HOB, 

a o6ycnoBneno cKopee Bcero neyqTeHHbIMII aKcnep11MeHTanbHhIMII nonpaBKaM11. 
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BbmonHeHHbJe 3a nocneAHee apeMSI aKcnepHMeHTbI no pacceSIHHIO µ -Me3oHOB a o6nac

TH 6onbWHX 3HeprHl!
1241 

ycTaHOBHITH OTCYTCTBH8 aHOMSITbHOro pacceSIHHSI H npH 6onbWHX 

nepeAa'!ax; HMnynbca q (450-850 Maa/c). Pa3yMeeTCSI, roBOpS! 06 OTCYTCTBHH BHOMBITHH B 

CBOl!CTaax; µ -Me30H8 H aneKTpOHa, Mb! He HMeeM B BRAY TOHKHe 3<p<peKTbI, CBSl38HHbie , 

HanpHMep, C B03MOJKHOl! H8ITOK8ITbHOCTblO cna6b!X B38HMO)l8i!CTBHl! (rrpoMeJKyTO'!Hb!l! 6o30H, 

CTpyKTypa µ -Me30H H T,)l,), KOTOpbie 3aBeAOMO He MornH IIpOS!BHTbCSI B nepe'IHCneHHbIX 

BbIWe 3KCnepHM8HT8X B o6naCTH Manb!X 3HeprHil, 

EcnH npeAnOITOJKHTb, 'ITO µ -Me30H HMeeT CTpyKTYPY, KOTOpaS! xapaKTepH3yeTCSI "pa3-
2 

M83KOil' 3apru:ta no ccpepe C paAHYCOM 'µ , TO COOTB8TCTBYIOlllHil <popM<pBKTOp Fµ B 

<popMynax OAHOKpBTHoro pacceSIHHSI B nepBOM npH6nHJK8HHH 6yAeT HM8Tb BHA: 

F
2
e[l-_l_r 2 q 2

),. 
µ 6 µ 

l-13 onbITOB no pacceSIHHIO µ -Me30HOB BepXHHll npeAerr AITSI 

'µ :'.:. 0,69 

'µ ~. 0,40 

/22/ 
(UHTpOH ) 

/24/ 
(MaceK ) 

l13MepeHHbie C 2% TO'IHOCTblO OTHoweHHll rnpoMarHHTHOro MOM8HTa 

x) 
npeAen rµ ::,, 0,4 f • 

/25/ 
µ -Me3oHa Aa!OT 

CTpH OIIeHKe npeAenoa r µ B onbITBX no paccellHHIO µ -Me30HOB Ha llApax npeAno-

naranocb, 'ITO <pOpM<paKTOpbl llAep npH pacce11Hl!H aneKTpOHOB II µ -M830HOB OAHHBKOBbl H 

aneKTPOH aeaeT ce6H KBK ToqeqaaH qaCTHUa, 

CTepaoe AonymeH11e ycTpau11eTc11 np11 11ccneAOBaH1111 pacce>1H1111 µ -Me30HOB Ha aneKTpo-

/26/ 
11ax. TaKall B03MOJKHOCTb 6blna paCCMOTpeua HBMH B pa6oTe npHM8HIIT8ITbHO K µ -Me-

30H8M KOCMI-PieC'.KliX nyqef1. B Ta6nHU9 1 npHB9A9Hbl Bbrtrn:cneHHbie 3H8'1I9HHSI H3M9H9HHSI eepo

llTHOCTII ~(a nponeuTax) o6pa30BaH1111 o -aneKTpoua c auepr11eil E , ecn11 np11n11caTb 
I'/ 

CHCTeMe µ -, e CTpyKTypy, xapaKTep113yeMyIO napaMeTpOM "a" • KaK BIIAHO, B pa3yMHbIX 

npeaenax H3MeaeHHH E =(10-100/ faa II a =(0,3 -0,7) , a<p<peKTbl , CBll3aHHbie C 

BB8A8Hl!eM cpopM<pBKTOpa_, IIM8IOT aenH'IIIHY nopS!AKa nponeHTOB, fnaauoe, 'ITO orpaHll'!IIBaeT 

BO~MO}KHOCTb ITOCTBHOBKH nono6Horo 9KCnepHM9HT8, ~ ToqHOCTb onpeaeneHHH crreKTpa KOCMH

'!8CKIIX µ -Me30HOB II 3Hepr1111 0 -:aneKTpOHOB. LlanbH8Hllllle IICCneAOBaHilll B 3TOM Hanpaa

neHHII npOAOmI<alOTCSI. B 1964 r. HaMH 3anymeH IIOHll3an110Hl!blll Kanop11MeTp 10 M
2

, _Ha KOTO

poM 11aqaTbI npeAaap11TenbHbJe 11ccneA0BaH11S1, Ha p11c. 12 noKa3aHa cj,oTorpacj,1111 :aToro npu6opa. 

x) B nplll!Hllne 01'm1q11e 3KCnep11MOHTaITbHblX yrnOBbIX pacnpei:\ene1111fi OT Oll(MAB8Mb!X 

MOll{OT 6bITb o6ycnoaneHO HapyII1eH11eM 3aKOHOB :aneKTPOAIIHaMIIKII Ha ManbIX paCCTOS!HllSIX, 

CTpu TaKofi r11n0Te3e 06bl'!l!O oneHllBaeTCll napaMeTp A • CBll3BHllblH AITSI cnyqag onbITOB 
2 ½.76•·' ' C µ -Me30HBMII C 'µ COOTHOIIleHl!OM <rµ > =vu "· B nocneAHell pa6oTe PoqecTepCKOH 

H 6pyKXaBOHCKOH rpynn, AOITOJI<eHHOH T11HITOTOM Ha XCT KOH<pepeHUIIII no <pH311Ke Bb!COKIIX 

3Hepr11li B .Qy6He, rAe 113yqan0Cb pacce11H11e µ -Me30HOB C HMnynbCBMH AO 6 raa/c Ha 

BOAOPOAe, npeAen A" 
1 

oneH11aaeTc SI KaK 0,07 f , 
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§ 2. HeKOTOpb!e pacnan11ble CBOHCTBa ,, -Me30IIOB 

nocne Toro, xax nH H H11r
1311 

c<j,opMynuposanH une10 o 11ecoxpa11e11HH '1eT11ocTu B 

cna6b!X B38HMOJl8HCTBHstX, 6hin npennpHllstT B Te'leHHe 1957 r. uenblfi pstn 3KCnepHM811TOB 

C uenbJO nposepKH 3TOH 'PYHJl8M81!TanbHOH I"HUOT83bl. 

HeHHBapHSIITIIOCTb OTHOCHTenbHO onepaUHH P -npocTpaHCTB8111!0H Hl!Bepc1rn nomKHa 

CK83blB8TbCst, 11anpHMep, B KOppenstnHOllllblX 3!pq>8KTBX (,;. p ) , rne ;. -cnu11 H p -HM-

nynbC 'IBCTHUbl. 

npH pacnane nongpHaosa1111b1x µ -Me30IIOB B cnyqae Hecoxpa11el!Hst npOCTpBHCTBell-

HOH '18THOCTH 6yneT HM8Tb M8CTO 8HH30TpOnHst B HCUYCKBIIHH aneKTpOIIOB. 

na11nay
1321

, nH H H11r
1331 

npennonollrnnH nanee, 'ITO npH HapyweHHH P '18THOCTH 

OJlHOBpeMeHHO HapywaeTC!I H 38p51Jl0B851 '18THOCTb C H, TSKHM o6pa30M, B npupone HHBB-

pHaHTIIO scerna nHWb ( PC ) npeo6pa30B8HHe, H83B8HHOe ·xoM6HHHPOB8HHOH '18THOCTbJO·. 

11nsapHBHTHOCTb ·KoM6HHHpOBBHHOH 'leTHOCTHf COOTB8TCTByeT HBWHM npencTasneHH!IM 06 

OJlHOpOJlHOCTH npoCTpaHCTBa. HapywenHe '18THOCTH B cna6b!X B38HMO)l8HCTBHSIX B03ponHno 

Hne10 o nsyxxoMno11enTHOM nefiTpllHo. Cornacno aTofi TeopuH, yrnosoe pacnpenenenHe 

aneKTpOHOB pacnana OTHOCHTenbHO cnHHa µ -Me30HOB 6yneT HM8Tb BHJl: 

dN ~ 2, 
2 

[ ( 3 - 2<) ±: ,; Cos O ( 2,-,I ) ] d< dO , ll.8) 

rne < - anepl"H!I aneKTpOHOB pacnana B enHHHUBX MBKCHManbHOH 3HepI"HH npH µ--e -pacnane, 

0 - yron Mel!<f\Y HMnynbCOM aneKTpona, ucnymenHoro B npenenax dO n cnHHOM µ -
M830H8 1 

,; - napaMeTp, 38BHC!llllHH OT KOIICTSIIT B38HMO)l8HCTBH!I. 

11HTeI"pHpOB8HH8 no BCeM 3118pI"H!IM naeT: 

(1.9) 

Jlng cnyqag Mennen11b1X µ -M830HOB (c a11eprHefi paBHOH 3118pI"HH K -ypoBH!I MeaoaTOMa) 

Cl!CTeMa ue11Tpa HHepUllll µ -Me30118 COBrranaeT npaKTH'18CKH C na6opaTOp110H CHCT8MOH H 

axcnepHMe11Tanbllbl8 peaynbTSTbl MOf'yT 6b!Tb 11enocpeJlCTB8IIIIO COilOCTBBneHbl C ( 1.8) II ( 1.9). 

nya1,1pbK031i'' K8Mepa o6'beMOM 750 CM
31341 

o6nyqanaCb HBMH B " -M830HHOM nyq-

Ke c1111xpounxn0Tpo11a 01-1.HH. "+ -Me30Hbl C 3HeprHeH - 180 Man nanpaBnSinHCb OTKnOH!IJO-

lllHM MBf'HIITOM B KonnHMBTOp, a 38TeM TOpM0311nl!Cb Me)lHblM <pHnbTpOM, TBK 'ITO OCTBHOBKH 

11x npo11cxon11n11 B pa6o'leM o6'beMe xaMepb/
351

• CxeMa onb1Ta noxaaa11a Ha pnc. 13. 

9T06bi 11a6e,1,aTb HCK8li(8Hll!I yrnOBOI"O pacnpeneneHH!I aa C'leT npeueCCHII OCT8HOBHB-

lllHXCB µ -Meao11on n pacce1rn110M MSI"HIITHOM none ycxopnTeng KaMepa 6bma aaaxpaHHpo-

naHa, npll'leM none BHYTPll axpaHa 11e npesblmano 1 raycca. Bcero 6bmo nony'leHo 8000 <j,0To

rpa<j,11i1, Ha KOTOpb!X 6hmo 06Hapy>Ke110 6670 "-µ-e pacnanos. 
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Ha Mn naMepsmocb yr noBoe pacnpeueneHne um, npoeKUHli npocTpaHCTBeHHhIX yrnoB 

Ha nnoCKOCTb Ha6moneHHH. 3KcnepHMeHTanbHOe pacnpeneneHHe ynoBneTBOPHTenbHO anpOKc11-
2 

MlipoBanOCb <PYHKlllleli (1 + ~Cos 0 ) npli A =-0,22 .±. 0,03 (pHC. 14). 
2 

Koa<j,<j,HUHeHT ~ 

BO3HHKaeT npH npoeKTHpOBaHlili npocTpaHCTBeHHhlX yrnOBh!X pacnpeneneHHli Ha nnOCKOCTb. 

11aMepeHHhlli K03'P<PHU HeHT A He paBeH "a" B <j,opMyne ( 1.9) H3-3a uenongpnaaUHli µ -Me-

3OHOB. EcnH o6osHaqHTb cTeneHb uenonHpH3aUHH qepea y , TO 

A=a( 1-y). (1.10) 

3HaqeHHe y 
/36,37 / 

ObinO 3aHMCTBOBaHO HaMH li3 paooT , rue OUHHM MeTOUOM li3MepSinaCb 

uenonSipHaaunH B yrnepoue H nponaHe. CTpH 3TOM npennonaranocb, qTo uenongpH3aUHH B 

qliCTOM yrnepoue OTCyTCTByeT. 3HaqeHHe "a" OKaaanocb paBHh!M - 0,33:t_D,06. B TaonHue fl 

npHBeueHbl naHHhre, nonyqeHHh!e B TO speMSI no li3MepeHHSIM KOa<j,<j,HUHeHTa aCHMMeTpHH B 

ny3hlpbKOBhlX KaMepax. li <j,oTO3MYnbClilIX. 

CymeCTBeHHO, qTo 3HaqeHHH "a" ' nonyqeHHhie B pa3Hh!X pa6oTaX li C paanHqHol! Me

T0ilHKOfi, coananaIOT B npenenax CTaTHCTHqeCKHX owu6oK. 3To, B 1!8CTH0CTH, YK83b1B8eT Ha 

npasHnhHOCTb yqeTa uenongpnsaunH B cpene. 

l1sMepeHHOe HBMH aHa't{eHHe '-'a" HaXOUHTCH B cornaCHH C TeopHeli UBYXKOMnOHeHTHoro 

H
0

el!TpHHO li (V-A) TeOpHel! cna6b!X B3aHMonei!CTBHi!. 

8 TO BpeMlI npencTaBnlino OCOOh!H liHTepec liCCnenosaHHe 3aBHCIIMOCTH aCHMMeTplill 

B µ--e pacnaue OT 3Heprmr aneKTpOHOB. Teopl!lI npeucKa3bIBaeT 3Ty 3aBIICHMOCTb B BHUe 

(1.8). KaK cnenyeT 113 3Toli <j,opMynhI, np11 UOCTaToqHo ManhIX 3Hepr11lIX aneKTpOHOB K03<p

q,HUHeHT aCl!MMeTpHI! ua,Ke MeHlieT 3HaK. 

B pa6oTe
1391 

HaMH. Ohina npeunpHHlITa nonhITKa UHCKpllMIIHl!posaTb aneKTpOHhl pacnaua 

no 3Heprirn,--OCHOBI,IBalICb Ha MHOroKpaTHOM pacces!Hllli qaCTl!U B pa6oqeM semeCTBe ny3h!pb

KOBOl! KaMepbl. 

B rpynny aneKTpOHOB C ManhIMII 3Heprl!l!Mli Ohlnl! OT06paHbl cnyqal!, Korua aneKTpOHhl 

l!CnhrTan11 Ha un11He nyTH 2 CM nponarrn MHoroKpaTHOe - KynoHOBCKOe paccelIHlie Ha yron 

He MeHee 2°, qTO rpy6o COOTBeTCTByeT rpaHH'IHOi! 3Heprlll! nnll 3THX cnyqaes (30-40) M::m. 

Bcero Ohrno Hai!neHo 980 TaKl!X cnyqaes pacnana. YrnoBoe pacnpeuenerrne nnlI aToi! rpynnhI 

pacrranoa 6b1no npaKTll't.J9CKH ll30TpOIIHhlM 

AM= --0,01 +:0,08 • 

YrnoBoe pacnpeueneH11e nnll 1023 cny'Iaes ">:<eCTKIIX" aneKTPOHOB (aneKTPOHhI, KOTOphre 

Ha npoTmKeHHH 3-4 CM unHHhI npo6era B nponaHe pacceSinHCb He 6onee 'ISM Ha 2 MM) 

xapar.Tep11sOBanocb Koa,j,r\rnuHeHTOM 

A = --0,33 ± 0,07. 

l13M91!9Hli9 K09!p<PIIUlieHTa aCl!MMeTpllli C 9Hepr11ei! cornacyeTClI C q,opMynol! ( 1.8). Kaqe

CTBeHHO yBen11'IeHHe KOa<j,<j,HUIIeHTa acl!MMeTplill C 3Heprl!ei! aneKTpOHOB pacnaua OhinO OOHa-
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py)KeHO HaMH TaK)K8 H npH HCCnenosaHHH pacnana OTPHll8T8nbllblX µ -Me30110B B q>OT0-
/40/ 

aMynbCIIHX • B,1,mon11e1111ue R03)K8 npyrHMH asTopaMI! 6onee TO'lllbl8 H3MepeHHSI Il03Bom,-

nH yCTBIIOBHTb H K01IH'l8CTB8111108 cornacile H3M8H811HSI 8CHMM8Tp1IH OT a11epr;m RpH µ -• e 

pacrrane c ( V - A }reopHell cna6ux . saaHMonelicTs11li. 

Bwwe rosop11nocb o sanaqe, rne B03HHKna neo6xonaMOCTb 011e11KH 11Mrrynbca qacTau 

s rrys1,1pbKOBoli KaMepe 6ea MarHHTHoro non11. HaMH s pa6oTe
I30I 

61,ma crre1,nan1,no nccne

nosana B03M0)KHOCTb orrpeneneHHSI Mace H HMrrynbCOB 38pH)K8HHblX qaCTIIU no MHOrOKp3THOHY 

pacce11n1110 s rrporranosoli nya1,1pbKosoli KaMepe. 0Kasanocb, '!To nn11 orrpenenenn11 HMrryn1,ca 

(TO'!Hee rrponaseneHHSI II~-p /3 C ) C TO'IHOCTbIO 15% nn11 M830HOB B o6naCTII II - 1001\'as 

nocTaTO'IHo 25 CM rrpo6era s nporralje, 11n11 rrpoTonoe rrpn II =,200 Mas 50 CM, £lp11se11e11nb1e 

B paooTe q,opMyn1,1 na ocnose rronyqennoro aKcrrep11MeH,:an1,11oro MaTepnana noason11nn oue

Hl!Tb M8CCbl qaCTHU, OTOopaHHblX RO·BTOp11qn1,1M rrp113H8KBM (xapaKTep pacna11a 11m, B3811MO

nellcTBlle npn OCT8HOBKe, rpanneHT HOHH38UHH) C TOqHOCTbIO 10-15%. 

Paasl!Tblll M8TO/l rrpencTasn11eT HHTepec rrp11 11crronb30B8HIIII 6onbWIIX rry3blpbKOBblX 

KaMep 6ea MarHHTHoro non11, oco6e11110 rrpH 11arron11e111111 !IX TSllKenbJMII )KIIAKOCTSIMII, 

foeop11 0 pacnanHblX CBOliCTsax µ -Me30IIOB, Mb! KpaTKO OCT8110.BIIMCSI Ha IlOHCKSX 

pacrra11a µ -M830118 THila µ ➔ e + Y 

Ecnn npe11rrono,;mTb cywecTeosanne rrpoMelKyTo'IHoro 6oao11a, TO rrp11 paayMHbIX norryl1le-

111111x O eenH'IHHe ero MaCCbl eepOSITIIOCTb pacrrana µ ➔ e+y 6y11eT 10-
3
-10-

4 
no OTIIOW811IIIO 

K 061,1q11oll cxeMe pacrra11a µ ➔ e +:v +·v'-. 

Tpl!BllalibllblM cne11CTBll8M pacrrana µ ➔ e+y 6y11eT pacrra11 µ ➔ 3e C eepOSITIIOCTbIO) 

rpy6o roeop11,s 100 pas MeHbwell, '18M µ ➔ e+:y 06napy)!<e1111e TaKoro pacrra11a II ooc'leT 

ero KIIHeMaTl!KH 3118'1IIT8nbll0 rrpollle B OObl'IIIO HCilOnbayeMblX ycTpollCTBSX 11n11 per11cTpau1111 

'18CTIIU, 

KaK 61,mo yKasano £1011TeKopso B 1959 r., pacnan µ ➔ e+y 

aneKTpOHHOe H MIOOHHOe neliTpHIIO 118 T0)KA8CTB8Hllb/ 4
1I 

6yneT sarrpel1le11, ecnn 

06sop aKcnepnMeHTalibHhIX pa6oT no 1959 r., 0T110CS1Illlllic11 K nannoil rrpo6neMe, conep

i::11Tc11 s noKnane Annxanoaa
I38I

• 

HaMH cpenn 60000 rr-µ-•e pacrranos, aaper11cTpnpoea11111,1x e nys1,1pbKosoil KaMepe, 
/42/ 

61,m saper11cTp11poea11 OAHH cnyqail pacnana µ -Mesona c 11crrycKanneM Tpex aneKTponoa 

(p11c. 15). KHH8M8TH'l8CKHII OOC'leT aToro '?nyqag 0All8KO He rrosson11eT ero OTO)KneCTBIITb 

C fL ➔ 3 e H 8CT8CTB8Hllb1M rrpenrronon,enneM S!Bn>!eTCSI HHTeprrpeTaUHSI aToro cnyqag KSK 

pacrrana Tnrra µ ➔ 3e+ve +vµ. 

B HaCTOIIIllee speMSI B CBSl3II C aKcrrep11M8HTanbHhlM /lOK838TenbCTBOM paanll'IHSI MIOOH-
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Hero H :iln9KTpOHHOro HeilTpHHO, OTCyTCTBHe pacna110B I' ➔ 3 e H I' ➔ ey 

x) 
N<HTb 3anpeT Ha cymecTBOBaHHe npoMe}KyTO'!HhIX 0030HOB • 

He MO}KeT Hano-

§ 3. Bepo!ITHOCTb 3aXBaTa oTpHUaTenbH}>~__l!. -M930HOB aTOMaMH 

Cy11boa µ -M930Ha B KOH)leHC!!poaaHHOil cpe11e M0}1{9T Oh!Tb no11pas11eneHa Ha TpH 

nocnea.oaaTenbHbIX aTana. 

I ) 3aMe11neHHe /l -Me30Ha 3a C'!8T 9n8.t{TpOMarHHTHhlX noTepb OT Ha'!anbHOii ,rnep-

rirn )lO CKOpOCTeil COOTB9TCTBY!Ol,IIHX CKOpOCT!lM OpOHTanbHhlX :aneKTPOHOB. 

2) TTepeXO)l OTpHIIaTenbHOro /l -M930Ha B CB!l3aHH08 COCTO!lHHe M830aTOMOB H 110-

CTH:>K9HHe HM KOHeqHoro aHepreTnqeCKOro COCTOHHHH Ha K -ooono'IKe. 

3) Pacna11 HnH 3axaaT !l/lpOM /l -Me30Ha C K -ooonoqKH. 

TToBe)leHHe /l -Me30Ha Ha nepBhlX llBYX :nanax, C y'!eTOM CKa3aHHOro B § I, nonHo-

CTblO Oill!ChJBaeTCSI qiopMynaMH :aneKTpO/lHHaMHKH. Ha BTOpOM 9Tane B OTnll'!He OT nepaoro 

cymeCTB8HHO oonhmyro ponb 11rpa10T 3anpeTbI, CBSI3aHHhl9 C )lHCKpP.THOCTblO ypOBHeii :aneK

TPOHOB H ,L -M930HOB ·B 8TOM9. 

8 HaCTO!llll8M naparpaqie Mhl KpaTKO paCCMOTpHM aonpoc, KOTOphlii B03HHKaeT npH 

saMe11neHHH µ -Meaoaa a aemecTae, npencra.ansnomeM xnMnqecKoe coennaeane; a HMeH-

HO, C K8KOJl BepOHTHOCTblO /l -M930H, 3aTOpM03HBIUHHC!l )lO CKOpOCTel! OpOHTanbHhlX 

aneKTPOHOB, 38XB8THTCSI TeM Hnn IIHbIM 8TOMOM coen1n-1eHHSI. 

TeopeTH'!ecKoe paccMoTpeHHe sToro aonpoca 

/49/ 
ohmo 11aHo <l>epMH H TennepoM B 

1947 r. 

PacCMOTpeB MO)lenb aTOMa B BH)le Bhlp0}K)l8HHOro <l>epMH;.ra3a, aBTOphl noKa3anH, 

'ITO 9HepreTH'I8CKHe noTepH B paCCM8TpnaaeMoii oonaCTH nponopUHOHanbHhl sap>111y Z 

COOTBeTCTBYJOlllero Sillpa H, npe11nonO}KHB, 'ITO sepOHTIIOCTb 38XBaTa W nponopUHOIIBilbHa 

OTIIOCHTenbllblM noTepHM 9HeprHH, c11enan11 3aKnJO'I8HHe, 'ITO rpyoo )lOnl!\HO BhmOnHHTbCH 

COOTHOIU8Hll9 ( Z -38BHCHMOCTb): 

_!L=~. 
Vl2 k2 2 2 

(1.11) 

rAe K - KOIIU9HTpa!IHH .BTOMOB, a HHJ:\8KChl 1 H 2 COOTB8TCTBYIOT HOMepaM aTOMOB, 

CooTB8TCTBY!OlllHe pe3ynbT8Thl 9KcnepHM8HTanbHhlX paooT 

IY HY. 

npeACTaaneHhI B TaonHuax Ill, 

B Kono11Ke 3 Tao/IHU Ill, IY H Y yKa3anu Hcc11e11yeMhie KOMno11e11ThI cMeCH: KOMno-

11e11Te B 'IHCnHTene npHUHChIBancH Hll)l8KC l, a s sHaMeHeTene 2, B KOIIOHKe 5 npHBe11e-

110 Bhl'IHC/IeHHOe OTHOIU9HHe BepOHTHOCTeii ( WI / w 2 ) Teop ( cor11ac110 ( 1.11 ) . B 7-ll KOIIOIIK8 

x) B UOHBHBIU8MCH HeAaBHO 003ope Baiicenoepra
1481 

UOApOOIIO paCCMOTpellbl BOUpOChI, 

CBSI381111hl8 C pacna110M µ -M930HOB. 
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naHO OTHOWeHne ef, H3MepeHHbIX Ha Ollb!Te H OlKHllaeMblX no (1.11) B81Ill'IHH. 

KaK BHllHO H3 Ta6nnu, HM8IOT MeCTO cepb83Hble paCXOlKlleHH>l MelKny 8KCnepnMeHTam,• 

HblMH naHHblMH n z -aaBHCHMOCTbIO, Eell>Kanb n np.
157 

/ Ilb!TanHCb anpOKCHMHpOBaTb 

nony>:l0HHbl8 peaynbTaTbl 3aBHCHMOCTbIO THila [~J ( ~Jr, rne n - n106oe 'IHCnO, Ha pnc,16 
K2 2 

npencTasneH rpaqmK, 38HMCTBOBSHHblll H3 8TOH pa60Tbl, ABTOpbI OTMe'laIOT, 'ITO ace nx naH-

Hbl8 HaXOll>ITC>l B HHTepaane n =(1/2) (3/2). 

HaMn 6Lmn H3MepeHbl OTHOWeHH>l BepO>!THOCTeii aaxsaTa B nayx ranoreHHblX coennHe-

HH>IX Li Cl H Cs Cl , a TaKlKe B Zn0 H cnnaae Cu Al /BO/, B npocTeiiwnx 6nHapHbtX 

coennHeHH>IX non>KHa '18T'le npo>1BnHTbC>l OCHOBHS>l aaKOHOMepHOCTb, 

11aMepeHHH npoaonnnncb MeTOJlOM CUHHTHnn>111noHHblX C'ieT'IHKOB, TTpHHUHnHanbHSH 

cxeMa ycTaHOBKH naHa Ha pnc. 17, 11HTepaanbl BpeMeHH Me>Kny OCTaHOBKOll /l -Me30Ha 

n no>1aneHneM 9neKTpoHa pacnana npeo6pa30Bb!Banncb B aMnHTYllbt nMnynbcoa n naMepHnncb 

100-KaHallbHblM aMnnnTyllHblM aHannaaTopoM, 

0THOWeHne BepO>!THOCTell aaxBaTa H3MepHnOCb 8KCTpanon>111nell KpHBblX pacnana µ -Me-

30HOB, 38XBS'leHHblX aTOMBMH, K Haqany OTC'i8Ta BpeMeHH, 06pa6oTKa naHHblX. npoaonnnacb 

Ha Bbl'IHCllHT8JihHOli M81ll.HHe. 

PeaynbTSTbl H3MepeHnll TaK>Ke npenCTaBneHbl B Ta6nnuax Ill n 1 V. 

Mbt o6paTHnH BHHMaHne Ha TO, 'ITO OTCTynneHne OT Z -aaKOHOMepHOCTH B Heopra-

HH'leCKHX coennHeHH>l H MeTannax HMeeT MeCTO B OllHY CTopoHy, ecnn npHHHTb BO BHHMaHne 

cponCTBO aTOMOB K aneKTpOHy, A HMeHHo, BO BCeX yKaaaHHblX coennHeHH>IX, KpOMe Sb2 03 I 

BepO>ITHOCTb 38XBaTa µ -Me30H8 y STOMOB C 6onbWHM cponCTBOM K aneKTpOHy He MeHb-

we, 'leM 9TO npencKS3b!BaeTCH z -3aKOHOMepHOCTbIO, 9To KacaeTCH Sb2 03' TO B03MO>KHO, 

OTKllOH8HHe OT 3aMe'leHHOII TeHneHUHH CB>l38HO C HeTO'IHOCTblO H3MepeHH>l BenH'IHHbl cponCTBS 

K 9neKTpOHY y cypbMb/
58

•
591

, 

8 opraHH'l8CKHX coennHeHH>IX 8KCnepnMeHTallbHbJe naHHble CKOpee nponopunoHanbHbl 

OTHOWeHHIO KOHl18HTpaunn aTOMOB, 'leM OTHOW8HHIO 38p>l/l0B, 3To, nO-BHllHMOMY, o6'bHCH>leT

C>l oco6eHHOCTHMH CTpyKTYPhl opraHH'leCK11x MoneKyn. 

11TaK, OTHOCHTenbHa>l B8p0>1THOCTb 38XBST8 B XHMH'leCKHX coennHeHH>IX B o6weM 

cnyqae OllHCb!BaeTC>l 6onee CllO>KHOII 38BHCHMOCTbIO, 'leM np>1Ma>1 nponopUIIOHBIIbHOCTb 

OTHOW8HH>l 38p>!ll0B, 

11ccnenoBaHH>l BepOHTHOCTH 38XBaTa µ -M830HOB STOMaMn B03MO>KHO OKB>l<eTC>l 

none3HblM nn>1 nayqeHH>l H H3MepeHH>l napaMeTpOB, xapaKTepnayromnx CBOIICTBa MOlleKyn. 
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§ 4. 3axaaT oTpHuaTenbHb!X µ -Me30H0B cnOlKHb!MH m1paMH 

HccnenonaHHe aaxnaTa µ -Me30H0B HyKnouaMH !!Bn!leTC!I He06XOJlHMh!M aTaIIOM npo-

Bep,rn YHHBepcanbH0CTH cna6bIX B3aHMoneiiCTBHii, rHII0Te3b! coxpaHeHH!I aeKT0pHoro T0Ka. 

Ham1qne a /L -38XB8Te C!WbH0B38HMOJleiiCTByIOmHX 'i8CTHU npHB0JlHT K nepenopMHp0BKe 

K0HCTaHT cna6oro B38HM0neiiCTBlf!I H II0!!BneHHIO B a,j,q,eKTHBHOM raMHnhT0HH8He nceanocKan11p .. 

Horo qneaa, aennqHHY KOToporo cne.nyeT ua.1:epUTh a 9KcrrepHMeHTe. 

Ha,.rnpeHHe aneMeHTapHoro npouecca 

µ-+: P ➔ n + " 

µ -aaxaaTa a aonopone 

(1.12) 

11an11eTc11 uan6onee np!!MbIM cnoco6oM pemeHH!I yKaaaHHoii nporpaMMhI. OnuaKo conocTaane

HHe ll3MepeHHh!X ceqeHHfi ( 1.12) B )l(l!JlK0M aonopone C Teopneii YHHBepcanhH0ro ,j,epMHeB

CKoro B38HMOJleiiCTBll!I (Y<t>B) ocn0lKH!leTC!! llHTeHCHBHh!Mll Me30MoneKyn11p11bIMII npoueccaMH. 

TTp11 CHnbHOi! CIIHHOB0fi 38BHCHM0CTH B38llMO)leiiCTBll!I ll3MeHeHH!I COCTO!!Hllii CBepXT0HK0ii 

CTpyKTypbl Me308T0M0B II Me30MoneKyn cymecTBeHHO Bnll!IIOT H8 aenll'il!HY aepO!ITHOCTII 

( 1.12 /61 /. 

Hccnenoaamrn (1.12) a rasoo6pa3HOM aonopone noKa He BbmonHeHbI us-aa orpoMHbIX 

3KCIIepHMeHTanbllb!X TPYJlH0CTeii. 

"I TO KacaeTC!! µ -38XB8T8 B cnolKHh!X 11npax, TO 38Be)l0M0 TPYJlH0 yTaeplKJlaTb, 'ITO 

a,j,q,eKTHBHbie KOHCTaHThl B3a!IMOJleficTBH!I 6ynyT B TO'iH0CTH . paBHbl KOHCT8HTaM B peaKUHH 

(1.12). TTo3TOMY HCCnenoaaHH!I 

CaMOCTOSITenhHbifi: HHTepec. 

µ -saxaaTa a cnoJKHbIX 11npax HMelOT H onpeneneHHbii! 

BaJKHa11 nu,j,opMaUH!! o µ -aaxaaTe nonyqeHa npH nccnenoaaHHH peaKUHH 

8 8 
µ + He ➔ H +:" , 

(1.13) 

rne B npenenax 10% HeonpeneneHH0CTH .ua6nronanocb cornacne c Teopneii Y<t>B H 6bm onpe

neneH 3HaK H npenenhI aHa'ieHH!I ncennocKangpHoii K0HCTaHTbI gµ 
1621

• To'iHOCTh caene11111! 
p 

0 nenH'iHHe KOHCTaHT cna6oro B3aHMOnei!CTBH!I IIpH HCCnenonaHHH cnolKHb!X 11nep B uaCTO!lmee 

BpeM!I orpaHH'i!IBaeTC!I He omH6KBMH H3MepeHH!I aep0!!THOCTeii 38XB8T8 ,\ 38XB. µ -Me-

30HOB, a aeorrpe.ueneHHOCTSIMH B BbJqHcneHHH npoueccoa, CBH38HHbIX C smpoM. 

JleiiCTBHTenbHO, ,\ aaxn. B cnolKHb!X !!Jlpax 38BHCHT He TOnbK0 OT napaMeTp0B peaK

UHH ( 1.12)' 110 H BKnlO'iaeT B ce611 qneHbI, xapaKTepnayromne BT0MHhie H 11nepHb1e CBOHCTBB 

rrornoTHTenn. 

KaK H3BeCTH0, nn11 ToqeqHoro !!Jlpa ,\ saxn. - z• KoHe'iHbie pasMepb1 11nep 

MoryT 6b!Tb yqTeHbl aaMeHoii z H8 z a,j,q,eKT, KOT0pblii M0lKeT 6b!Tb Bbl'iHCneu H 

0TK0ppeKTHp0B8H Jl8HHUMH no p8JlH8UH0Hllb!M nepeXOJl8M B Me30BT0M8X H paccesIHHIO aneKTpo

H0B ua sinpax, "ITO KacaeTCSI B0nH0Bb!X q>yHKUHii 'il!CTHU B sinpe H aenH'illH 11nep11b!X MaTp!!'i-
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Hb!X aneMeHTOB, HaKnB)lblB89MblX orpaHH'l9Hl'llIMH Ha nepeXOJlbl p -> n npa µ -aaxaaTe, To 

npa coapeMeHHOM COCTOSIHHH Teopaa S!JlPB OHH MOI'YT 6b!Tb nl{lllb rpy6o Oll9H9Hbl Ha OCHOBa

Hlrn onpeaeneHHblX MO)l9llbHblX npeJlCTaaneHHli. 

TTpa accne)lOBBHHH napuaanbHblX nepeXO)lOB Tana (1.13) HeonpeaeneHHOCTH pBC'l9T8 

S!Jl9pHb!X npoueccoa 'lBCTH'lHO o6XOJlSITCSI aa C'l9T 3KCil9pHM9HTanbHblX )l8HHblX no f3 -pacna

JlY KOH9'lHblX npoayKTOB. 

UenbIO H8lll9I'O accne)lOBBHHSI SIBnSieTCSI aaanaa nonHblX C9'l9HHli aaxaaTa 

HOB H9KOTOpb!Mll S!JlpBMII, I')l9 TPYJlHOCTII yqeTa S!Jl9pHb!X SIBneHHli OCTBIOTCSI B c11ne. 0KB3bl

B89TCSI, 'ITO II B 3TOM cnyqae MOJK9T Ob!Tb nonyqena H9KOTopag IIH<pOpMBUllSI O xapaKTepe 

B38llMO)l9liCTBllit npll µ -aax:aaTe. rnaBHblM )!(9 acrreKTOM SIBnSieTCSI aorrpoc O UOCTOBepHOC

Tll MonenbHblX npeJlCTaanennli ll M9TO)l0B paC'leTa S!Jlpa. MOJKHO H8U9S!TbCSI, 'ITO ll3M9p9HHblil 

C xopollleli TO'lHOCTblO H OXBBTblBBIOlllllfi lllllpOKllil Kpyr S!Jl9p 3KCnepl!M9HTBnbHblli MBTepnan 

CTllMyn11pyeT 110IICKII KOppeKTHblX crroco6oa paC'l9T8 S!Jl8PHblX S!Bn9Hllil, a 3TO. B CBOIO O'lepehb, 

rroaaonl!T YTO'lHllTb HBlllH CB9Jl9HllSI O aneM9HTapHblX npoueccax cna6oro B38HMOU9liCTBHSI. 

HaMH OblnH H3Mep9Hbl nonHbl9 aepOS!THOCTH aaxaaTa µ -Me30HOB B 'lllCTblX ll3T0118X: 

58.60.62 50.52.53.54 /73/ 
Ni · · ll Cr • HaTepec K accneaoaa,m10 aTHX S!JlE;lp cocTOHT a cne-

ny10meM: 

1 ) npeacTaBnSieTCSI B03MOJKHOCTb npocneaHTb XO)l H30T0Hll'l9CKOI'O a<j,<j,eKTB 6onee 'l9M 

Ha nayx aaoTonax; 

52 
2) H30TOn Cr C0Jl9p)!(HT 38MKHyTYIO noao6ono'lKY no HeilTpOHBM, 'ITO M0)!(9T CKa-

38TbCSI Ra 38BHCllMOCTll ll30TOnH'l9CKOI'O 3<p<p9KT8 OT 'lllCna HeilTpOHOB; 

52 
3) aanll'lll9 38MKHYTOli noao6onO'lKll B Ni no npOTOHBM ll B Cr no H9ilTpOH8M 

o6nerqaeT paC'l9Tbl no o6onO'l9'lHOli MO)l9ffH H, KBK 6yaeT n0Kaaa110 HH)!(9, JlBCT B03MOlKIIOCTb 

nony'lllTb llH<pOpMBUlllO O COOTHOlll9HHll <j,epMH9BCKOil G F II I'BMMOB-TennepOBCKOil GOT 

KOIICTBHT B cna6oM B38llMO)leliCTBHll. 

HaMepeHHS! npoBOJlHnl!Cb Ha ny'lK9 µ -Meao11oa CIIHXpoullKnoTpoHa OH.HH. Cx:eMa 

yCTBHOBKH npHB9)l9H8 HB pnc. 18. MeTO)lliKB H3MepeHHil aHanorll'lllB Toil, KOTOJ,)8<1 ncnonb-

aoaanacb npn nccnenoaaH11H aaxaaTa µ -M930HOB BTOMBMH X:HMll'l9CKIIX C09)lHH9HHil 

(cM. § 3). Ha pHc. 19 noKa3aHa THnll'lHBSI pacnanHaSI KPHBaH, CHSITBSI Ha YCTBHOBKe. 

Mlllll9Hll 1130TOnOB HltKeng 113I'OTOBnSinHCb B Bll)l9 11a6opa M9TannH'l9CKIIX <pOnbr, a 

xpoMa - B Bline nopOlllKB JlBYOKIICH. 

TTp11 pBC'l9T8X II aHannae ncnonb30Banl!Cb cne)lyIOIUH9 U8HHbI9: 

1) <l>oH cnyqaliHblX: coanaJl9Hllil H3Mepgncg 118 onbITe 113 Bp9M9HHOI'O pacnpenene1111<1 

npH I< 0 
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2) CTp11 pa6oTe WllpllHbl KaHaJIOB BpeMeHHOro aHaJlll38TOpa 6blJJII paBHbl !J,. t = 11,3 

11 1916 HCeK. Ben11q11Ha !J.t onpe/leJI!IJlaCb MeTO/lOM 'cTaTHCTll'!eCKOH Kann6pOBK11·. CTa-

611JlbHOCTb !J.t B TeqeH11e BpeMeHH H3MepeHHH 6bma HOCTO!IHHOH B npeAenax 0,3%, 

3) ilnH KOHTpOJJ!I Ha AaHHOH ycTaHOBKe 6blJJII 113MepeHbl ,\ aaxB. /lJl!I KHCJJOPO!la 

H yrnepo/la. CooTBeTCTByIOmee 3Ha'!eHHe /lJl!I KIICJJOPO!la 6bIJJO nonyqeHo np11 IICCJJe/lOBaHIIII 

aaxBaTa µ -Me30HOB B BO/le H HaXO/lHTC!I B xopoweM cornaCIIH C nocneAHIIMH peaynbTaTa-

MH 3Kxayaa II /lp/
651 

H B npOTIIBOpeq1111 C 6onee paHHblMII 113MepeHH!IMII CeHca1661• 

H3MepeHHe BepoHTHOCTH aaxBaTa B yrnepo!le HCHOJJb30BaJJOCb B KaqeCTBe pa6oqefi 

Kan116pOBKII BCefi annapaTypbl II npOBO/lllJJOCb nepllO/lH'leCKII BO BpeMH BCex 113MepeHIIH qepe3 

KaN<llble 1,5-2 qaca. nocTpOeHHOe pacnpeAeJJeH11e ,\ aaxB. yrnepo/la AJJsi cyMMbl BbI6o

poK, 061,eMOM 5.10
4 

KaN<AaH, llano B03MOlKHOCTb nony'll!Tb ow116Ky 113MepeHIIH, BKJJIO'!arowyro 

B ce611 norpeWHOCTII, CB!l3aHHble C pa60TOH aneKTpOHHOi! annapaTypbl. AHanor11'1Ha!I onepa-

Ull!I 6bma npoBe/leHa II /lJJ!I cepnfi 9KCnep11MeHTOB C Ni H Cr • PeaynbTaTbI 11aMepeH11fi 

np11BeAeHbl B Ta6nnue YI. KaK BIIAHO 113 Ta6n11ub1, 11aoTon11qecK11fi a<j><j>eKT aaMeTHO npe-

BbIWaeT BP.JIH'IIIHY ow1160K ,\ aaxa. 

/63/ 
CTpeAcTaan11eT IIHTepec cpaBHIITb nonyqeHHhm /lBHHbie c <j>opMynofi CTpHMaKoBa • CTp11-

MaKOB Ha OCHOBe CTaTIICTll'leCKOH MO!leJIII, C yqeTOM npllHUllna nayn11, nonyq11n cneAyromyro 

3aBIICHMOCTb ,\ aaxB, UJl!I !1/lpa C 'IIICJJOM HYKJIOHOB A oT ,\ (I.I) ycpeAHeHHoro no cn11-

HOBhlM COCTOSlHHSIM ceqeHHSI aaxaaTa µ -M930HOB B BO/lOpo11e: 

,\ t A - Z 
aaxB, = y.\(1,1) Z a<j><j>, ( 1-ll 2A ) • (1.14) 

rue y - K03q>q>IIUlleHT, Y'IIITb1Ba10m11il 113MeHeHll9 q>a30BOro 061,eMa Hei!TpllHO, 

I) - K03q>q>IIUlleHT KOppen!IUIIII. CTpll BblBOUe ( 1.24) qneHaMII = 1/ A npeHe6peraJIOCb. 

,\ 3aXB. 
Ha p11c. 20 noKa3aHa 3aBIICIIMOCTb ~ KaK <j>yHKUll!I OTHOCIITeJibHOro 1136bITKa Hei\Tpo-

, a<j><j>. /66,68/ 
HOB. CTOMIIMO Hawnx uaHHb!X 3/l9Cb 6blJJII IICHOJJb30B8Hbl peayJJbT8Tbl pa6oT • rAe 113Me-

p!iJJIICb ,\ aaxa. um, !l/lep T!l);(eJJee KaJJbUll!I. KaK BIIUHO, 38BIICHMOCTb (1.14) 6n11aKa K aKcne

p11MeUT8JlbHblM 3Ha'!eHll!IM B o6naCTII T!IJKeJJblX !!Aep (aKcnepl!MeHTaJJbHb!e TO'IKII rpynnnpyroT

C!I OKOJJO np!!Moi\). 0AHBKO B o6naCTII cpeUHIIX !1/lep 3aMeTeH 3Ha'IHT9JJbHbiit paa6poc TO'leK, 

H03TOMY COJJbllIIIH IIHTepec npeACTaDJI!leT cpaBHe1111e 3KCnep11MeHTaJJbHLIX Aal!Hb!X C pacqeTaMII, 

BhIITOnHeHHbIMH H8 ocnoae SlA9PHbIX o6onoqeK, 6onee aeTanbHO y•u1TblBB.IOlUHX HHJlHBM.UyanbHbie 

oco6emrncTH ,mep. MeTO/ll!Ka II a11an113 TaKIIX pacqeTOB 113JJOX<eHLI IIO/lp06HO B paoOT3X 

TonxyKa
169

•
701

. Hcnonbay11 3Haqe111111 MaTpll'IHbIX aneMeHTOB, nonyqe11Hbre TonxyKoM nnn 
• l/3 

6eCKOH9'4:HOfi noTeHunanbIIOf'I 51Mbl C panuycoM R = to A ' r.ue ro= 1,15£ ' Mbl nony'llIIJTU 

3Ha'l0Hlle ,\ 3.'.IXB , KOTOpLie npHB0!l0HLI UJl!I COOTBeTCTBYIOlllllX !l/lep B Ta6m1ue YI. TaM N<e 
• 40 

np11ueneHbl 31-HP{CHlHI A, saxa. Ca I nnotiaoro M8r'll'ICCK0f'0 rulpa, pacqeT .nnH K0T0poro 
/70/ 

6b1n BhIIlOJTIIeH B pa6oTe • 
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KaK YK83bIB8eT TonxyK, 113MeHeHHe q>OpMbl II rny6J!.Hbl llMbl /lBeT 3q>q>eKT B KOHe'lHOM 

peaynhTBTe nopSlllKB HeCKOnhKIIX npoueHTOB. 

B 4-M CTon6ue Ta6nHUbl npHBe/leHO OTHOWeHHe TeopeTH'leCKIIX 11' 3KCnep11MeHT8nbHbIX 

3Ha'leHHi! ,\ 
38XB, /lnll 11ccne/lOB8HHbIX ll/lep. XoTll HMeeTCll 3H8'lHTenbHOe paCXOJK/leHHe 

Me}l{flY pacqeTHbIMII II 113MepeHHbIMII 3HB'leHHllMH, npHMe'laTenbHO, 'ITO 3TO OTHOWeHHe /lnll 

paanH'lHblX ll/lep 38KnIO'leHO B cpaBHHTem,Ho Y3KOM IIHTepaane 1,6 -1,8. TaKoro JKe. MBCWTa6a 

paCXOJK/leHHll Ha6mO/lBIOTCSl II np11 pac'leTe q>OTOSl/lepHbIX peaKUHi! no 0/lHO'lBCTll'lHOi! o6onoqe,i

HOi! MO/len11. CKopee acero npH'lHHa pa3HornaCHSl pac'!eTHbIX II 3KCnep11MeHTanbHbIX /lBHHbIX 

COCTOHT B Heo6xonHMOCTH yqeTa OCTaToqHoro B38HMoneHCTBHR Me>Kny HyKnOHBMH, T.e. 

B38HMO/lei!CTBIISI, KOTOpoe He CBO/lHTCSI K caMocornacoaaHHOMY nomo
171 

• 
721

• no-B11/lllMOMY. 

3TB JKe npH'lllHB npHBO/lllT II K paaHornaCHIO OTHOCHTenbHOro XO/lB 1130TOnH'leCKOro 3q>q>eK-

Ta C pac.'leTaMH no 0/lHO'lBCTll'lHOi!' MO/len11 np11 nepeXO/le ,iepea 38MKHYTYIO nO/l06ono'lKy. 

H/l p11c. 21 nOK838Hbl 113MepeHHbie II Bbl'lHCneHHbie 3HB'leHHll ,\ aaxa. /lnSI 1130TOnOB XpOMa, 
52 

HOpMHpOBaHHbie Ha aepOSITIIOCTh aaxaaTa B Cr TaKHM o6pa30M, no Kpai!Hei! Mepe 5% 

pa3HHUbl B BhPUICneHHhIX H ll3MepeHHhIX 3H8'10HHSIX 

HeyqTeHHblX IIH/lllBH/lyanbHbIX oco6eHHOCTei! ll/lep. 

KaK 113BeCTHO, nonHBSl a<j,<j,eKTIIBHBll KOHCTBHTa 

A 38XB, cnenyeT OTHeCTH 38 cqeT 

G CBll38H8 C <j,eplVHeBCKOi! 

raMMOB-TennepoBCKOH GGT q,eHOMeHonor11qecKHMII KOHCTBHTBMII cna6oro B38HMO/lei!cTBllll 

COOTHOlli0HH9M: 

G2 = (al G2F +:a2 G2) 
GT• (1.15) 

B cny,iae aaxaaTa µ -Me30Ha ll/lpOM, C nonHOCTbIO 38MKHYTbIMII o6onO'lK8MII, ycpe/lHeHHe 

no cnHHOBblM COCTOSIHIISIM HyKnOHOB B Teop1111 Y<l>B npHBO/lllT K 3Ha'leHHIO ~ = 3 • 3To 
al 

COOTHOWeHHe /lOnlKHO Ha116onee cymeCTBeHHO 113MeHIITbCSl /lnSI Sl/lep, y KOTOpbIX 3anonHeHa 

nHWb 0/lHB 113 n01l06ono'leK, Hanp11Mep, C i = e + % , a /lpyraSI c j = f- % He aarron-

HeHa. 11MeHHO TaKoe nonoJKeHHe ocymeCTBnSieTCSl /lnSI BbI6paHHb!X HaMII 1130Tonoa C 'lllCnOM 

HyKnOHOB N = 28 • JlellCTBIITelibHO, np11 N = 28 noAo6onoqKa 1 f 7 /2 rronHOCTbIO aarron-

HeHa, a 1 f 5/2 - He aanonHeHa. TaKHM o6pa30M, OTHOWeHHe aepOSITHOCTei! 38XB8T8 Sl/lep 

C 38MKHYTOi! (11nn no'lTH 38MKHyToi!) nO/l06fd10'lKOi! K aepOSITHOCTH 38XB8T8 µ -Me30HOB 

/lBOllHbIM Mar11qecmM ll/lPOM, Hanp11Mep Ca , B IIpllHUIIIIe /laeT B03MOJKHOCTb YCTBHOBIITb 

rrp11cyTCTBHe IIpH µ -aaxaaTe G II G 
F GT 

TT01l06HaS1 noIIbITKa rrpe/lCTaBnSieTCSI orrpaa-

/lBHHOi!, IIOCKOnbKY, KBK 6bmo noKa3aHO BbIWe, OTHOWeHHSl aepoSITHOCTei!, 113MepeHHbIX Ha 

OIIbITe II Bbl'lllCneHHbIX no o6ono'le'lHOi! M01len11, 6nll3KII /lpyr :ic /lpyry /lnSI paanll'lHblX Slllep. 

Ha p11c. 22 np11ae1leHo pacrrpeAeneH11e OTKnoHeH11ll 

Ca 

(_>.1_) 
,\ 40 

Ca 

• I 

( 1.16) 

rile IIH/leKC OTHOCHTCSl K 11ccne1lyeMblM HBMII H30TOIIaM. YneH C IIH/leKCOM a B (1.16) 
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BhI'IHCneH ans1 Y<fJB, 'IIICTO <j,epMl!eBCKOrO ( GGT =•0) II raMMOB-TennepOBCKOro B3BIIMOllell

CTBllll. ( G F=O), KaK BllllHO, ny'lwe BCero cornacyeTCSJ C 3KCil9pllM8HTanhHbIMII 3HB'l8HIISJ:MII 

pac'!eT /l11SJ cny'la<I Y<fiB, 

X 

X X 

JJ.anbHellw11ll nporpecc B 11ccneao0aH1111 c0ollcTB MenneHHbIX µ -Me30HOB CBSJ38H C 

11cnonb30BBHlleM ny'IKOB 6onbWOil IIHT8HCIIBHOCTII II Manoi! np11M8CbID c11nbHOB3811MOlleilcTByro

/75/ 
Illl!X 'IBCTIIII 

TaKoll KaHan µ - Me30HOB 6brn cnpoeKTl!pOBBH II C03/l8H B Ol1.Hl1
174

: 28 KB81lpyno11b-

HbIX n11Ha q,0Kyc11pyroT 06paayrom11ec,i np11 pacnaae HaneTy µ - MeaoHbI Baonb oc11 ny'!Ka, 

TpexceKIIIIOHHblil aHan11a11pyrom11ll MarHIIT B KOHIIe 14 MeTpoBoro K8Hana OTCeKaeT OCTBB-

urn:ecs:1 1T -Me30Hbl H nono11HHT811bHO <j,0Kyc11pyeT MIDOHbl, 

3q,q,eKTIIBHOCTb pa6oTbl KBHB11B cymeCTB8HHO 3BBHCIIT OT OnTIIMB11bHOro pacn0110)1{8HIISJ 

KBHa11a· no OTHOwe1mro K ycKop11Te11ro, np11 3TOM B Cll11bHOil CTeneHI! CKB3b!BBIDTC>J q,aKTOpbI, 

np11cym11e KOHKpeTHbIM oco6eHHOCTSJM yCKOp11T811SJ, 

Ha 
/7 6,77/ 

OCHOBBHHH pacqeTOB, npoaeneHHbIX H8MH ) 6b1no Ha:A:,[leHO HaHnyqwee nono)Ke-

HIie K8H811a, KOTopoe 0noc11e1lCTBIIII 6bI110 OTKOppeKT!!p0B8HO np11 113MepeHl!SJX nOTOKB '18CTIIII, 

38XB8Tb1B8eMbIX ro110BHOil '!8CTbID Tp8KT8, 

CTp11 pac'!eTe TpaeKTop11ll TT -Me30HOB B ycKop11Te11e 6brna YKB3BH8 B03MO)l{H0CTb 

y0en11'1eHIISJ HHTeHCIIBHOCTII ny'IKOB TT -Me30HOB ilp11 onpene11eHHbIX CMellleHl!SJX MIIWeHI! 

no pannycy aa cqeT yc1111eH11H <j,0Kyc11pyromero nellcT011g no11H ycKop11Te11SJ
1781

, 

CTpen0ap11Te11bHb1e 113MepeHl!SJ napaMeTpOB ny'IKOB '!8CTl!ll, KOTOpbl8 SJBll1111Cb 3BBepwe

/79/ 
HHeM pa6oT no OCHOBHOil H8CTpOilKe KBH811a, xapaKTep11ayroTC>I c11enyrom11M : noTOK µ -

4 2 
M830HOB C IIMny11bCOM 130 Maa/c OKono 3,10 /ceK Ha n11omanb 80 CM • CTp!!M9Cb TT -

M830HOB cpen11 OCTBHOBIIBWIIXCSJ µ -M930HOB COCT8B11SJeT MeHee 0,4%. Ha p11c, 23 np11ae-

neHa 38B!!CIIMOCTb IIHTeHCIIBHOCTII '18CTIIII, K8K q,yHKllllSJ TOKB 8H81111311pyromero M8rHHTa, 

nonyqeaHast B 0,[J,HOM H3 npe.uaapHTenbHblX OilbITOB. 

3anycK K8H811B nng <j,1!311'18CKIIX 1!3MepeH!!ll naeT B03MO)l{H0CTb nocTaHOBKII 3KCnepHM9H-

TB no 38XB8Ty µ -Me30H8 B raaoo6p83HOM BOJlOpoae, npeIIl!3110HHbIX 113MepeH11ll cneKTpa 

a11eKTpOHOB np11 µe -pacnane II ue11oro pSJJla npyr11x aana'I 111160 H9Bb!Il011Hl!MbIX np11 oTcyT

CTBIIII '!IICToro ny'IKB µ -M930HOB, 111160 Tpe6yromnx cymecTB9HHO 6011bWIIX 3aTp8T BpeMe

HII pa60Tbl yCKOp!!T811SJ, 
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f /1 a B a 

11CCJlELlOBAHl1E MELlJlEHHbIX " -ME3OHOB 

§ 1. Ynpyroe pacce,rn11e 1T -M930H0B C SHepr11ei\ (5-22) MsB Ha yr11ep01l8 

11ccnenoBaHHe pacceHHHH fftJ9Hh MenneHHhIX 

0 B38HMoneHCTBHH TT -M930H0B C ,mpaMII B S 

1T -M930HOB II03BOnsteT IIOJIYtIHTb naHHbie 

C0CT0HHIIH, n0CK0/lbKY BK/lall OT B0/IH 

np11 SHepr11ruc B HSCK0/lbK0 Msa npaKTllqSCKII Ma/1, 

KaK 11aaeCTH0, C/lBllr ypoaHeil B 1T -M930aT0MaX n03B0/111/1 C/lS/laTb <pyHl1aMSHTa/lb-

Hblfi BblBOU 06 OTTanKHBBHHH 1T -M930HOB H HyKnOHOB npH aHeprHSIX, COOTB9TCTBylOIIUIX 

HH>KHHM yp0BHHM M9308T0M0B. O.UHBKO, CTporo r0B0PH1 8T0T BbIB0.ll 0TH0CHTCs:I T0nbK0 K 

0TPIIUaTS/lhHblM 1T -M930HaM C SHepr11eil, q:>IIKCllpyeMOH CB0HCTBaMII M930aT0Ma, l13M9p9Hll9 

paCCSHHIISI 'lT -M930HOB Qt{9Hb MBJlblX.. aaeprHfi II03BOJIH9T CHHTb 3TH orpaHIP.:19HHSI H H938-

BHCHM0 IICC/19/l0BaTb xe.paKTep B3aHM0/l9HCTBIISI B S -C0CT0HHIIH, Uenecoo6pa3HOCTb 

TaKHX rrpHMbIX nccnenoaaHHfi nonKperrJIHJI8Cb H3B9CTHbIMH npoTHBOpe'tUfBbIMH BblBOUBMH, npe.o.

CKa3bIBa9Mb!MII Ha OCH OBS pa3Hb!X M0ll9/lbHb!X. npS/lCTaBlJSHHil, 

TaK, pacqeThl, Bb!Il0/1H9HHbl9 B pa6oTe
181 

/ Ha 0CH0BS onT11qeCKOH M0/lS/111 Sl/lpa, K0T0-

pb!S xopowo cor11acoaa/1HCb C SKCnepllMSHTallbHb!MH /lBHHb!Mll ll/IH SHepr11li 1T -M930H0B Bb!WS 

30 Msa, np9/lCKa3bIBa/111 H960llbWOH no B9/lll'IIIHS, HO 0Tp11uaTS/lhHb!H no 3HaKy noTeHUHa/1 

B3BIIM0/l9HCTBIIH npu SHSprllH 1T -Me30Ha B611H3H Hy/IH, TaKIIM o6pa30M, Ha OCH0BS STOH 

MO.U9JIH cnea.oaano Q)KH,U8Tb, lJ:TO 1T -M930H H H.up"o Il,OJl)KHbl HCIIbITbIB8Tb CHJibl npHTSDI{9HIHI 

Bn/I0Tb llO CaMbIX Ma/lb!X SHepr11i\, 

8 SKCnepHMSHTa/lbHOM 0TH0WSHIIH H3MepeHHS! B3allM0ll9HCTBHH M9/l/19HHb!X 1T -Me3o-

HOB HS M9H99 TPYllHhI, qeM IICC/19/l0BaHIISI µ -M930H0B, X0TH xapaKTep TPYllH0CTSH 3/lSCb 

HSCK0/lbK0 IIH0H, He cnyqai\Ho, qTo ll0 noHB/19HHH MST0llHKII ny3b!pbK0Bb!X KaMep llBHHbl9 

06 ynpyroM pacceHHIIII 1T -M930H0B C SHepruei\ HHlKS 30 Msa Ha C/IOlKHb!X ,mpax no/IH0-

CTb!O 0TCyTCTBOBB/IH, B C'IST'IHKOBb!X ycTpoilCTBax B KaMepax BH/lbCOHa H9B03M0:>ItHO 6h!/10 

CHH3HTb SHepreTuqeCKHH nopor, ucnonb3YSI nn0THY!O MHW9Hh, B q:>OTOSMy/lbCHHX npu orpoM

H0M q:>OHS KYII0H0BCK0ro paCCSHHHSI 6ecCMb!C/19HHO nhtTaTbCSI Bblll9/1HTb ynpyroe Hll9pH09 

paCCSSIHHe, K0rlla aapH/lbl Hll9P K0Mn0HSHT SMynham pa3HHTCH CT0/lb WHp0KO, HaMH ll/111 

113M9p9HIIH ynpyroro paCCSHHIISI TT -M930H0B 6hma ucn0/1b30BaHa IIY3blpbKOBaSI nponaH0BaH 

KaMepa. JlerKo yqHTbrnaeMaH nonpaBKa paCCSHHHSI Ha B01lOP0ll9 n03B0/1H9T no/ly'IIITb SKCne-

p11M9HTa/lbHbl9 1laHHbl8 0 pacceSIHIIII TT -M930H0B Ha yrnep0/l9, 

B nepaoi\ Hawei\ 

KOM rrono>KHTenhHbIX 

pa6oTe nya1,1pbK0BaH Ka Me pa 061,eMOM 750 CM 
3 

6hma o6nyqeHa 
/82/ 

1T -M930H0B Ha CHHXP0IIHK/10Tp0H9 O11.Hl1 • 11ccnellOBa/1HCb TT -Me-

30Hbl B llHanaaoHe sHepr11ll OT 5 llO 22 MsB, l11l8HTH<pHKanu11 TT -Me30HOB npOBO/lH/laCh 

no xapaKTepHOMY 17 - µ - e pacnally BHYTPH KBMe!,bl, a HX SHeprHH onpe1len1111acb no 
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ocTaTOqHoMy npo6ery nocne OJlHOKpaTHoro pacceHHIIH. Jlng nocTpoeHIIH yrnoBbIX pacnpene

neH11li OT611pa1IHCb cnyqa11 pacceHHIIS\ lllIH KOTOpblX npoeKUIISI yrn,a Ha nnoCKOCTb Ha6nro11eH1ISI 

npea1,1wana 15°. 

'83/ 
B pa60Te ' Ha yaen11qeHHOli CTSTHCTIIKe (8700 Cl,eAOB 1T -Me30HOB) 6btn Bbin01IHeH 

aHa1IH3 nonyqeHHbIX pacnpe11eneHHli. 

TpexKpaTHblli BbI6opoqHbili npocMOTp II onpeneneHHbie Kp!ITeplIII AnR OT6opa cne110B 

1T -Me3OHOB, nepequcneHHbl0 B pa6oTe, IIO3BOnunu CB0CTH K H03HaqHT0nbHO8 aenIPIHH0 

OWII6Ky B II3MepeHIIII llOTOKS 11 -Me30HOB. SbtnlI oueHeHbl TSKJKe reoMeTp11qeCKlle nonpaB-

Kil, nonpaaK11 aa cqeT pacna11oa 1T -Me30HOB Ha neTy, BK1ISA Heynpyroro pacceHHIIH II T.A. 

CeqeH1Ie Heynpyroro pacceHHIIH 6btcTpo nanaeT c yMeHb111eH11eM aHepr1111 II nplI aHepr11-

HX MeHee 30 Maa npaKT11qeCK1l paBHO Hynro
184

-
87 

/. 

<l>a30Bblli SH81Ill3 6btn npoaeneH Ha OCHOBe conoCT8B1IeH1ISI 3KCneplIMeHT81IbHbIX llSHHbIX 

C <j)opMynoli llll<li<liepeHUIIS1IbHOro yrnoaoro ceqeHIISI pacceRHIISI HS !!)lpe C 3SP!lllOM Z All!! 

M81Ib1X aHepr11li: 
d,- a2 

~ = 413 
21 ' 

exp 1-ia fo Sio'e/2 -4 .i ( e '1 • 
Sin 2 PJ/2 a - 1) + 

+~ ~(e21171 
a 1-ia 

2 
- 1) Cos 0 I , 

rne a=·Ze
2 

h/1 11: 1/ COOTBeTCTBY!OIIIHe C)lBllrll <j)aa )llIH s II p 

(2.1) 

B01IH. 8K1IBA B01IH 

C f > 1 He yqnTblB81ICR. <l>opMyna (2.1) cnpaaenneaa B cnyqae 6eCKOHeqHo TRJKenoil MBCCbl 

!lllPS MHilleHH, qTO np11 pacceHHHH 1T -Me30HOB Ha yrnepolle Bbin01IHH1IOCb C )lOCTaToqHoil 

TOqHOCTE,IO. IlocK01IhKY B HSWeli pa6oTe H3MepR1IIICb npoeKUIIH yrnoa, TO lllIH 8H81Ill38 3KCne

pHMeHT81IbHblX naHHblX 38BllCHMOCTb (2.1) 6btn8 cnpoeKTHpOBBHa Ha nlIOCKOCTb. 

3HaqeHHSI CllBHroB <j)aa H8XOJlll1IHCb MeTOJlOM HBHMeHbIIIIIX KBanpaTOB C yqeTOM OI111I60K 

3KCnepiiMeHT8 ua Bbl'IHCnHT0nbHOii MllWHHe. 

Ilornowe1111eM " -Me30HOB B 1IccnenyeMOM HHTepaane II aHepr11li npeue6peranocb. 

Auanna, nanHbtli B pa60Te
1831

, noKaaan, qTo yqeT <jla3bI nor11ome1111si ll3MeHHT nncp<jlepeHn1I

a1Ib11oe ceqe1111e He 6onee, qeM Ha 5%. 3To 3Haq1ITeni,110 MeHbWe 01111160K H3MepeHHR. 

Ha6op <j)a3 lllISI Tpex nnana30HOB aHeprHli, KOTOpblli OTaeqaeT KPIITepHRM KonMoropoaa 

(P)/=80%) 11 ycTofiq11aocTH peweHHii c II3MeHeHneM aHeprn11, npnaeneu B Ta6n11ue Ylll. 311ecb 

nccne11yeM&Iii aHepreT11qecKHli HHTepaan paa611T Ha TPII non1111Tepaana \5-8) Maa, (8-15) 11 

{15-22) Maa. 

0TpnuaTenhHblii: 3HaK CJlBllra <j)a3bl COOTBeTCTByeT llOlIO)l(IITenbHOMY n0Te11u1Iany. T .e. 

cunaM OTTB.nKHB8HIH1 B s -COCTOSIHUH. KaK YK83LtBanocb. Bhlllle, B o6JJD.CTH atteprun 

(30-125) Maa anaK n0Te11u11ana oTpnuaTenen. Ka,.,ymeecsi np0Tnaopeq11e ycTpanHeTc11, no-

CKOllhKY B nocne1rneM cnyqae, oqeannHo1 npeo6naAaeT paccesrnne n p -COCTOHHllll 0 
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ITpl1MbIM cnocoooM onpeueneHHl1 3HaKa noTeHunana 11an11eTc11 cpaaHeHne yrnoBbIX 

pacnpeueneHHfi nonO>KHTenbHblX H OTpm1aTenhHbIX 1T -Me30HOB npH 0/lHOfi II Toi! >Ke auep-

I'HH, ITocKonbKY H30CilHH yrnepoua paaeH Hymo, C/lBHI'H cjlas Unl1 11 -Me30HOB O0OHX 3Ha

KOB oyuyT 0/lHHaKOBbI, OuHaKO B oonaCTH yrnoa, rue CK83bIB8eTCl1 IIHTepcjJepe!!UIIl1 Me>Kuy 

KynoHOBCKHMH H l1llepHblM pacce11HHl1MII, yrnOBbie pacnpeueneHHl1 nono>KHTenbHb!X H OTpHua-

TenbHbIX 1T -M930HOB .a.on}l{HbI 6bITb pa3.1UPIHbl B 38BllCllMOCTH OT 3HaKa n, ecTeCTB9HHO, 

aenH'll!HbI ciw11ra cjlas, C Toi! >Ke MeTOUIIKOfi B HHTepaane aHeprnfi (5-15) Maa HBMH 0bWO 

liccneuoaaHo paccel1HHe OKono 20 000 oTpnuaTenbHbIX 11 -Me3oHoa
1901 

B ll8HHOM cny'lae II/leHTHcjJHKaUHl1 11 -MeaoHOB npoaounnacb no xapaKTepHbIM aae3llllM 

npH 0CT8HOBKe 11 -MeaoHoB a nponaHe, 

B Ta6n11ue lX npHaeueHbl u11cjJcjJepeHUHanbHbie Ce'!eHlll1 nono>KIITenbHbIX H 0TpHUaTenb-

HblX 1T -Me30HOB B Tex >Ke yrn0BbIX IIHTepaanax II npH 8HepI'Hl1X (5-8) H (8-15) M8B, 

Ha conocTaaneHHl1 8THX uaHHbIX BHUH0, '!To B unanaaoHe yrnoa OT 15 uo 120° yrnoab1e 

pacnpeueneHIIl1 uonO>KHTenbHblX TT -Me30H0B 3H8'1HTenbH0 npeBbIWalOT C00TBeTCTBYlOWHe 

pacnpeueneHHl1 0TPIIUaTenbHblX, KaK Il0KB3bIBBeT pacqeT, l!MeHH0 B 8T0M HHTepaane yrnoa 

cywecTaeHen aKnau n11Tepcjlepe111mo1111b1X qnenoa. TaKHM oopaaoM, M0>KH0 cuenaTb Bbrnou 

0 TOM, '!TO 3HaK noTenunana B38HMOUefiCTBHl1 Me>KUY TT -Me30HOM H 11/lPOM yrnepoua npH 

aHeprn11x (5-15) M8B nono>KHTenbHbifi, CneunanbHbifi cjJaaoBbifi aHanna B cnyqae paccel1HHl1 

OTpHUaTenbHbIX TT -Me30HOB He npOH3BOAHncH. 

BMeCTe C TeM, HMel1 B BHUY, '!TO np11 cno>KeHIIH C0OTBeTCTBYlOWIIX yrnOBbIX pacnpe-

ueneHHfi un11 nono>KHTenbHb!X H 0TpHUaTenbHbIX TT -Me30H0B HHTepcjJepeH!IIIOHHbie qneHbl 

BbmauaroT, MO>KH0 nony'IHTh yrnoaoe pacnpeueneHHe 'IHCTO 11uepHoro pacce11nn11 " -Meao

HOB Ha yrnepoue, 

§ 2, ITornoweHHe OTpHUaTenbHb!X rr -MeaoHoa B yrnepoue 

Bb!SICHe!IHe MeXaHH3Ma aaxaaTa 11 -MeaoH0B a cno>KHWX 11upax npeucTaan11eT HHTepec 

KBK C T0'IKH apeHHl1 nccneuoaaHHSI CB0fiCTB TT -Me30H0B, TaK H B 0CH0BH0M unl1 nony'!eHHSI 

HHcjJOpMaUHH 0 BHYTPHl1UepHbIX B3aHM0UeliCTBHSIX, 

B H8CT0l1Wee BpeMSI HMeeTCl1 /l0CT8T0'IH0 OOnhW08 KOnH'leCTBO 8KCnep11MeHTanbHb!X paoOT, 

noCBl1WeHHbIX 8TOMY aonpocy, nepBbie H3 KOT0pb!X Bbm0nHeHbl BCKOpe nocne 0TKpb!THl1 TT -Me• 

30HOB. 

llaaeCTH8l1 HecornacoaaHH0CTb BblB0llOB pa3Hb!X paooT 0TH0CHTCl1 B nepayro 0'!epeub 

K aonpocy - np0HCXO/lHT nH aaxaaT 0TpHUaTenbHOI'O TT -Me30H8 OAHHM H3 npOTOHOB 

11upa c nocneuyrowefi nepeuaqefi 911eprm1 upyrHM HyKnonaM, HnH B nepBH'IHOM aKTe -.axaaTa 
/92,93,94/ 

npH!!HMalOT yqaCTHe HeCK0nbKO HyKn0H0B • 
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8 OTnll'JH9 OT q,OT03MynhCHH B nponaHOBOl! ny3bipbKOBOl! KaMepe npenCTBBllSl9TCSI 

B03MOlKHOCTb HCcnenoBaTb npouecc 38XBBT8 1T -M930HOB Ha 'JIICTOM yrnepone, XOT51 3Hepre

TH'J9CKHe nopor11 peI'IICTpB!lHII B'T'Opll'IHbIX 'JBCTHU BblIIle, 'ISM B q,OT03MynbCIISIX H KaMepax 

BHnhCoHa. HaMu
195

•·
961 

a 4-n11Tpoaol! ny3hipbKOBol! KBMepe ohmo uccnenoaaHo oKono 

3500 OCTBHOBOK OTp11U8T9nbHbIX rr -Me3oHoa. Jlnsi aHan113a pacnpeneneHH51 q11cna nyqeJ! 

B 3B93)l8X OTOHpanHCb cnyqa11, rne B paooqeM 061,eMe KBM9pbl Ob!Il 'J0TKO Bll)l9H rpB/lll9HT 

HOHll38!l11H H MHOI'OKpBTHOe pacceSIHlle, yKa3bIBBIOIIlll9 Ha TO, 'ITO IIMena MSCTO OCTSHOBKB 

M930Ha 38 cqeT IIOHll38UIIOHHb!X noTepb. BbWII Y'IT9Hbl COOTB9TCTBYIOIIIH9 nonpaBKII Ha 3B93-

)lbl, o6pa3y9Mbl9 µ -M930HSMII (npl!M0Cb MIOOHOB 10%)' B l!Ml![TSUBIO OJ:lHOny'JeBbIX 38 

cqeT pacnanoa rr -Me3oHoa Ha neTy (2%). 

PacnpeneneHll51 yrnoa M9lKLlY HanpaBil9Hll9M J:lBlllK9Hll51 1T -M030HB. II BTOPB'IHblM ny'IOM 

B onHonyqeBblX 3B9'?Ll8X 110llHOCThlO 1130TpOnHbI, 'ITO COOTBSTCTByeT, B 'JBCTHOCTH, npe)lCTBB

neHl:110 0 TOM, 1ITO HBMH HCCne.nyroTCSI ,oeti:CTBHTenbHO 3B03.t:lbl OT OCTBHOBllBWHXCSI 1T -Meao

HOB. 3aHl!lK9HHbl9 3HB'J9HIISI Op/lHHBT B 3TOM pacnpeneneHHII (p11c. 24) B oonaCTII yrnoa 

OKOilO 0 II 180° 001,SICHSIIOTCSI TSM, 'ITO 0/lHOny'IeBbie 3B93J:lbl, C nyqoM, coana)lBIOIIIIIM 110 

HanpaaneHIIIO co cne)lOM 1T -Me30HB, 'JBCTH'JHO OTHOCBilBCb K COOblTIISIM 6e3nyqeab1X OCTa

HOBOK. 8hI'JHCneHH851 Ha 3TOM OCHOBBHHH nonpaBKa 12,7% Ohma Y'IT9Ha 11p11 8HBil1139 1T -Me-

30HHbIX 3B93/l no q11cny nyqeilx). 

AHallH3 l!OHll3BUHH B paCC951Hll51 cnenoa 'JBCTHU, 8 T8KJK9 .LlBHHbie O ll)l9HTHlj,IIKBUHII 

/97/ 
npOLlYKTOB 38XB8Ta B pa6oTe AMnpa/llKII n03BOilSIIOT npe)lnOnOJKIITb, 'ITO npaKTll'J9CKII ace 

cne)lhl, H80Il!O)l89Mbl9 HBMH B 3B93)l8X, ooycnoaneHbl npoTOHBMH. 

B Taonuue X conocTaaneHbl 3KCnep11M9HTBilbHbl9 3HB'J9HIISI aepOSITHOCTH o6pa30B8HIISI 

3B93)l KBK q,yHKUHH 'JBCila nyqeil C Bbl'JBCnSHHblMH )lll51 cnyqa51 38XB8Ta rr -Me3oHa a yrne-

POile napol! HYKilOHOB H nocne)lyromero O)lHOKpBTHOI'O pacceSIHH51 HYKllOHB BHyTpH Sl)lpa. 

Pac'JeTHoe 3H8'J9HBe, KOTopoe npnaeneHO B Ta6n11ue, nonyqeHO M9TO)l0M HBHMeHb-

IIIIIX KBB/lPBTOB np11 BBpHBUIIII OTHOCIITenbHOl! aepOSITHOCTII 38XBBT8 1T -Me30HB (np) II (pp) 

napoil II aep051THOCTII CTOllKHOB0HHSI OblCTporo HYKilOHB C - HYKilOHBMII 51/:lpa. PeII10Hll51, YLlOBlleT-

BOpll'OIIlll9 KpHTepmo cornacnsi, COOTBSTCTBYIOT BepoSITHOCTH 38XB8T8 (np) napol!, B 2-3 pa-

38 npeBbIIIIBIOIIl9H aepOSITHOCTb (pp) 

yrnepo)la (60-80%). 

,H B9pOSITHOCTII pacce51Hll51 HYKilOHB BHYTPH HJ:lpa 

OcTBHOBIIMCSI 6onee 110/lpOOHO Ha apryMeHTBX B i:!Ollh3Y LlBYHYKilOHHOI'O M9X8HH3Ma 

II conOCTBBIIM nonyqeHHbie OUSHKII C LlPYI'HMII 3KC11ep11MeHT8IlbHblMII LlBHHblMII. 

x) TaKa51 JKe KBpTIIHB HBOI1IO)l8Il8Ch HBMII np11 HCCil9)l0B8HHH yrnoabIX pacnpe)l9Il9Hllll 

np11 rr-µ pacna)lax
1391 • AHBil113 nOK83bIB80T, 'ITO OTHOCHT9llbHO Manoe q11cno cnyqaea 

HcnyCKBHHSI µ -Me30HOB B oonaCTII yrnoa OKOilO O II 180° no OTHOIIl9HHIO K HanpaBil0HIIIO 

cne)lB 1T -M030H8 He )l89T OCHOBBHIIH )lil51 38KillO'J9HIIH 06 8HH30Tp011HII np11 rr-µ pacna)le, 

0 KOTOpoll COOOIIIBilOCb B H9)l8BH9J! paooTe X.fonyoeSI H LlP•/gg/ 
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Ba,1rny10 1m¢opMaun10 o MexaHlI3Me aaxaaTa 11 -Me30HOB MO)KHO nonyt.JHTb H3 nccne-

AOB8Hlill pacnpeAen?Hlill yrnoB MelKAY ny'IBMlI B ABYXny'leBb!X 3Be3A8X lI uan6onee ,rneprlI'I

HblM ny'IOM lI OCTanbHb!MlI B 3Be3A8X C 'IHCnOM nyqefi > 2, 

CymecTBeHHO, 'ITO BO acex 8TlIX pacnpeAeneHlillX 'leTKO Ha6n10AaeTC'1 MBKClIMYM B 06-

naCTlI yrnoa 100-160°, EcnII 6b1 lIMeno MecTo pacnpeAeneHIIe aHeprnlI " -Meaouoa Me)l{AY 

BCeMlI HyKnOH8MlI llApa, eCTeCTBeHHO 6hmO 6b! Q)l{lIABTb lI30Tp01IlilI B yrnOBOM pacnpeAene-

HlilI, BMeCTe c TeM a cnyqae aaxnaTa 1T -Me30Ha OAHHM HyKnOHOM (oAHOHyKnOHHhll! Mexa-

HlI3M) 8HlI30TpOillill MOlKeT D03HlIKHYTb IlplI lICUapemrn npOTOHOD ABlill(YWHMC>I OCT8T0'1Hb!M 

llApOM, TTpoCTbie pacqeTbl TIOK83b!B8IOT, 'ITO A8)1{e D npeATIOn0)1{9HlllI, 'ITO DTOplI'IHb!e '18CTlI

UbI, B03MO>KHO, SIDJlSUOTCSJ .nei-i:TOH8MH HJlll TpHTOHBMH, MBKCHMBJlbHOe 3H8t:f9HHe K09cl>l!)nuneHT8 

8HH30Tponnn ll,JlH O.OHOHYKJlOHHOro M9X8Hll3Ma H~ MO)K9T rrpeBbICHTb 1,5 B TO apeMSI, KBK B 

8KCneplIM9HTe AJHI ADyxny'leDhIX 3Be3A OH paneH 4,7. 

Ha p!Ic, 25 noKaaaHo yrnoaoe pacnpeAeneHIIe Ang Anyxny'leBhIX aneaA, CnnornHol! nHHII

el! HaHeCeHO Q)l{l!AaeMoe pacnpeAeneHHe Anll cny'lall aaxnaTa IIHOHa ABYMll HyKnOHaMH >IApa 

(70% ( np } n 30% napaMn (pp) l • TT pH pac'leTe npeAnonaranacb II3oTponnn paccellHlill 

HyKnOHOD B CHCTeMe ueHTpa lIHepUlilI, 

TTplI TeX )1(9 HCXOAHb]X ABHHbIX, HO c y'leTOM IlplIHUlITia TTaynlI 6bm CAenaH paC'leT 

MeTOAOM MoHTe-Kapno Ha Dbl'IHCnHTenbHOl! M8WlIHe. Sfopo paCCMaTplinanocb KBK DblpO)l{AeH

Hb!l! ¢epMn - raa D noTeHunanbHOll llMe 33 M,rn. PeaynbTaTbI npIIDeAeH·,1 n Ta6nIIue X 1, 

TTpeACTaanneT llHTepec cpanHHTb aHepreTH'leCKlie cneKTpbl npoTOHOB D µ -Me30HHhlX 

3Be3AaX C ABHHb!MlI paC'leTa, OCHODBHHOI'O Ha paanH'IHb!X npeAIIOnO)l{el!HllX O MeX8HlI3Me aax-

aaTa µ -M930HOB. 

3KcnepIIMeHTanbHb!e ::rnepreTII'leCKHe pacnpeAene111rn Anll CAHO- ADYX- ll TpexnyqeBblX 

3B93A HMeJOT o6mne 3aKOHOMepuocTlI! 

1) 6onbman 'laCTb DTOpll'IHb!X 'laCTHU HMeeT aHeprHJO MeHee 20 Maa, 

2) aepXHllll rpa111Iua cneKTpOB COOTDeTCTByeT 9Heprnn npOTOHOD 70 ~1an. 

TTocneAHee o6CTOllTenbCTBO np>IMO ronoplIT B IIOnh3Y AByXuyKnOHHOI'O MeXaHH3Ma norno

menlin lllIOHOD, nellCTBlITenbHO, lI3 aaKOHa coxpaHeHHll aHeprlilI nerKO ycTaHOBlITb, 'ITO B38HMO-

A9i1CTBH0 

110 Maa, 

1T -Me30Ha ABll<e C rpynnol! 'leTb!pex HyKnOHOB CADlIHeT rpaHH'IHYIO aueprlIJO AO 

EcnlI yqecTb ua6paHHYIO CTaTHCTlIKY. n a<jiq,eKTHBHOCTb perncTpaAHlI KaMepoll llpOTOHOD 

C aHeprnel! ~ 100 Maa, MO)l{l!Q oueHHTb, 'ITO MHOI'OHyKnOHllblH MeXBHH3M (aaxnaTa KOMIJneK

COM HyKnOHOB ;:: 4) He AaeT nKnaAa 6onee 20% npII nornomemrn " -Me30HOB yrnepoAoM. 

CymecTaeHHO, 'ITO B o6naCTlI npo6eroa, COOTBeTCTByJOWIIX aHeprlIII npOTOHOB 70 Maa, 

He MoryT OKa3aTbCll AeHTOHbl HnH TpllTOHhI, TaK KBK 9TO npoTlIBOpeqnno 6bl aHepreT11qeCKOMY 
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5anaHCY peaKllHH. C apyroii CTOpOHbI, BblnonHeHHbie M8TO/l0M MoHTe-Kapno paC'18Tbl nayx

HYKIIOHHOro MexaHH3Ma aaxaaTa C TeMH )Ke npe.nnono>«.eHHHMH, O KOTOpblX wna peqb npH 

aHannae yrnOBbIX pacnpeaeneHHii, aaIOT ~YHKllHIO aepoHTHOCTH SHeprnn npOTOHOB, 5nn3KYIO 

K Ha5nroaaeMOH Ha OITbITe ( Ta5nnua XCT) • 

TaKHM o5pa30M, COBOKYITHOCTb naHHbIX no qncny nyqeii B 3Beanax npn OCTaHOBKaX 

nnoHOB a yrnepoae, nx yrnoahle H sHepreTnqeCKHe pacnpeneneHHH roaopHT a nonb3Y aayx-

eyKnoHHOro MexaHH3Ma aaxaaTa ITHOHOB, npnqeM aepoHTHOCTb 3axaaTa (np) napaMn 5mrn-

Ka K 70%, a (pp) napaMH - K 30%. nony'leHHbie naHHble O aaxBaTe ITHOHOB B yrnepoae np11 
/92,98/ 

SHeprHH OT 30 llO 200 Msa HaXOllHTCH a cornaCHH c STHM Bb!BOllOM H, cneaoaaTenb-

Ho, MOJKHO ayMaTb, '!TO MexaHH3M aaxBaTa ITHOHOB B ananaaoHe 9HeprHH llO 200 Maa oan

HB.KOB. 

rnaaa IIJ 

HEnEnTOHllbIE PACCTAllbI K; -ME30HOB 

PaaHoo5paaue MOllH~HKauuii pacnaaoa K -Me30HOB aaeT WHpOKHe B03MOlKHOCTH 

npoaepKH npencKa3aHHA TeOpHH Ha OCHOBe.npHBllHHOB CHMMeTpHH H 3aKOHOB coxpaHeHn£
1001 

3KcnepHM8HTanbBble naHBbie O cywecTBOBBBHH pacnanoa 38pHlKOBBblX K -Me30HOB Ha naa 

H TpH 71 -Me3OH8 nocnyX<HnH, KSK H3B0CTHO, TOn'llKOM K OTKPbITHIO HecoxpaHeHHSI q:eTHO-

CTR B cna5b!X B3aDMOll8ilCTBHHX. . 
Y>1<e· nepBble caeneHHSI O CBOilCTBSX neATpanbHblX K -Me30HOB HOTpe5oaanu aaeaemrn 

HOBl,IX npencTaaneHHA, OTBOCSIWHXCSI TOnhKO K STUM qaCTHllSM. lleACTBHT0nbHO, H3 Ollb!Ta .. 
5blno ycTaHoaneHo, '!To K· -Me30H HMeeT SHTH'ISCTHUy K •, C HeA He coananarowyro, T.e • 

o •o 
K D K He SIBITSIIOTCSI co5CTB0HHblMH COCTOSIHHSIMH onepaTopa 3SpSlllOBOro conpsiJKeHDSI. 

C npyroA cTopoHbl, K
0 

H i.• HCllb!Tb!Banu pacnan Ha ABS 11 -MeaoHa. HeTpynHo ,. 
BHlleTb, 'ITO BHpTyanbHblA npouecc K0,:!. 211 ;!,K· naeT _B03MO>KHOCTb nepexona qaCTHU B 

SHTD'ISCTHUbl. rennMaH H CTalic . npennonOJKDnH, 'ITO B nefiCTBHTenbHOCTH K0 H K• -Me30Hbl 

npeACTBBJISIIOT cynepno3HUHIO llBYX KOMHOHeHT K~ H K; . o5nanarowux paanH'IHOil aapsino

BOii 'leTHOCTbIO u, cnenooaTenhHo, paanH'IHblMH cxeMaMH pacnana: 

Ko =· Ko+ Ko 
,/2 

.. 
Ko =· K•-·Ko 

~ (3,1) 

HeTpynuo ouneT&, 'ITO KOMOHHHpooaHHSSI '!eTHOCTb K; -Meaoua nonollrnTenbHS PC=+ 1 , 

a y K; -Me30BS OTpBUSTenbBa. TaKHM o6pa30M, ecnu HCXO/lHTb H3 aaKOHS coxpaHeHHSI 

KOMOHBBpOBaBHOA '18THOCTB (nonarasi CHUB K -M830HOB paBHhlM eynro), TO IIYlKHO cnenaTb 

Bb!BO/l, 'ITO pacnan Ba noa nuoBa MoryT HCUb!TblBSTb TOnbKO I{~ Me30Hbl, B TO Bp0MSI 
KSK K: M830Hbl )lOn>KBbl pacnanaTbCSI Ha 3,f" H 11+-.,,-;f' Me30Bbl. 
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He OCTBH8BnHB8HCb .nanee Ha OilllC8HllH CBOHCTB I~~ H IC~ M030HOB, OTMeTHM TOnbKO, 

'ITO ecnn npaBnno OT(fopa t. T = ½ cnpaaenn:aao, To nonJ1<HhI cywecTaoaaTb cnenyrowHe cooT-

H0WeHHSI nn!I paanH'lHblX Mon pacnana 

= 1,84 
woe; ➔ 11+1r-if' w <re~ ➔ 

0,236 • (3.2) 

O'leBHnHa TpynH0CTb 06Hapyi1<eHHSI pacnanoB K: ➔ 3,i" ' TaK KaK co6hlTHe perHCTpH-

pyeTCSI nHWb TIO nponyKTaM B TpeTbeM II0Koneirnn: 

K; ➔ 311° ➔ 6y ➔ 6 e+· e -,. 

CnTyaUHSI B aKcnepHMeHTe K Ha'lany Haw11x H3MepeHHii C0CT0!lna B cnenyromeM: ecnH B pa6o

TaX ny6HeHCKOii rpyIIIIbl /!Ol, 1021 
M0lKH0 6bl110 C'lllTaTb pacnan K~➔ 11+·,..-;,o HaneJKH0 ycTa-

HOBneHHbIM, TO qTo KacaeTCSI pacnaaa K; ➔ 3rf' HMe1011u1ecsr OilblTHbie A8HHbl9 CKOpee 

M0~rno 6hl110 xapaKTep1130BaTb KaK yKa3aHlle Ha ere cymeCTB0BaHne. 

B pa6oTe
11031 

Ha6nronaBWHeC!I B KaMepe BHIIbCOHa 11 onHH0'lHblX :aneKTp0HHblX nap 

6bl11H HCT0nK0BaHbl KaK napb! Jlannua OT K~ ➔ 311• pacnanoB, B pa6oTe
11041 

nsa C06b!TH!I 

C TpeMSI y -KBaHTaMH nneHTmjmu11poBaIIHCb KaK K; ➔ 311° pacnanbl, 

Jlng HccnenosaHHSI pacnanHh!X CB0HCTB K0 -Me30H0B HaMH 6b111a cnpoeKTHp0BaHa 
2 

/105/ 
II 113J'0T0BneHa 570 n11Tp0BaS1 IIY3blpbK0Ba!I KaMepa, HaII0IIHeHHa!I ¢peOHOM • 

B 6onbwoH IlY3blpbKOBOH KaMepe C TSDKenhIM HanonHHTeneM nos:rnnHeTCSI B03MO)KHOCTh 

a¢¢eKTHBHO per11cTp11poBaTb :aneKTp0HHbie napbl, np11HanneJKa!lllle co6b1THSIM C ncnycKaHll9M 

11° -Me30HOB HnH y -KBaHT0B, 

]lo HaCT0!llll91'0 speMeHH aTa KaMepa SIBIISl9TCSI KPYIIHeiiweii IIy3b!pbK0B0ll KaMepoii C 

TSIJKenoii lKllnK0CTbiO. OTIIH'lHT9IIbHOH CT0p0H0H ee K0HCTPYKUIIH SIBIISl9TCSI npenenbHa!I npo

CT0Ta H, cnenoBaTenbH0, HanelKH0CTb s pa6oTe. CxeMaTll'leCKIIH paapea n ¢oTorpa¢HSI KaMe

pbl IIpllBeneHbl Ha p11c. 26 H 27. 

KaK y~<e ynoMHH8II0Cb, KBMepa HaII0llHSIIIaCb paBH0H CMeCblO ¢peOHOB 12 H 13 IIpH 

nnoTH0CTH 1,2 r/cM
2

• Pa6o'la!I TeMnepaTypa CMecn 28°C, ynpyrocTb napa 24 aTM, KaMepa 

ynpaBIISIIIaCb TpexcTyIIeH'larb!M KnanaH0M C nnaMeTp0M BblX0ilH0J'0 0TBepCTHSI 100 MM. UHKII 
/106/ 

pa60Tbl KaMepb! nocne 0TKnanKH 6bl11 noseneH no HeCK0IIbKHX ceKyHn •. .HnepHblll npo6er 

B pa6oqeii lKHnK0CTH 6bl11 IIpH6II113HTeIIbHO paBeH nnaMeTpy KaMepb!, a panHaUH0HHa!I nn11Ha 

1 /4 nnaMeTpa. Bo3MOlKHOCTb onpeneneHIISI HMIIynbCa qaCTHU ( T0'!Hee p {J ) no MH0J'0KpaT

H0MY pacces!HHIO IIpH nepeceqeHHII qacTHUbl nHaMeTpanbH0H qaCTH KaMepb! xapaKTepII3yeTCSI 

Ben!l'lHHOH OWH6KH 20% IIpH HMIIYIIbCe 0,5 fas/c. 

KaMepa o6nyqanacb Ha CHHXpo¢aaoTpoHe O!1.Hl1. CxeMa SKCIIepHMeHTa II0Ka3aHa Ha 

pHC.28
11071

• TTy'lOK HeiiTpaIIbHbIX qaCTHU BbIB0nHIIC!I H3 ycK0PHTeII!I non yrnoM 90°. 

Ha pacCT0SIHHH OT MHWeHII no KaMepbI paBH0M 15 M y HeiiTpaIIbHbIX K0 -Me30H0B, ponHB-

WIIXC!I IIpH coynapeHH!IX lOfaB HYKII0H0B, K0MII0HeHTS npaKTH'leCKH II0IIH0CTbiO pacna-
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'iTOOhl YM9HbWHTb qJOH OT OhICTph!X Hel!TpOHOB, BOnH3ll ycKopnTeng ycTaHaannaancg M9JlHb!l! 

q,nnbTp, 0THOCHTenbHO oooraweHne HellTpanbHOro nyqKa .K0 -Me30H8Mll B03HHKnO 38 cqeT 

pa3HHUbI B CelleHHHX B38HM0Jl€llCTBHH HefiTpOHOB H K0 
-M:30HOB. 

_/108/ 
Bcero OhinO nonyqego OKono 50 000 cTepeoq,oTorpaq,nn , 0T6npanncb CHHMKH, 

rne H8XOJlllnOCb Tpn ll oonee sneKTpOHHbie napbl, XapaKTeplICTHKOi! CXOJlllMOCTH nap, T,e, 

np1rnanneJKHOCTH !IX K COOb!Tll!O Tnna 

q,oTorpaq,npoaaHHSJ SJBnSJncg napaMeTp 

I'o ·2 ➔ 3if' npn npoeKTllpOB8HlllI COOb!TlllJ Ha nnoCKOCTb 

:h 

ITapaMeTp h onpenenSJnCSJ KaK KpaTqallwee paCCTOHHHe OT TOqKH nepeceqeHHlI Ha-

npaaneHHll nayx onm:rni!wnx sneKTpOHHhIX nap no HanpaaneHHSJ TpeTbel! napu, Ecnn qncno 

nap obmo oonee Tpex, nnSJ nocTpoemrn rncTorpaMM ncnonb30Banocb MBKCHManhnoe 3Haqe

Hne h 

Ha pnc. 28 npnaeneHbI rncTorpaMMbI no napaMeTpy h nnH Tpex, qeTb1pex n nHTH 

sneKTPOHHhIX nap. B nocnenHee pacnpeneneHne BKnJOqeHo T8KJKe COObITIIe C 6 sneKTpOHHh!Mll 

napaMn. 

'iTOOhl oueHHTb q,OH cnyqailHhIX HanmKeHHH 6&Ina IlOCTpOeHa rlICTOrpaMMa pnc, 28r), 

Ha KOTOpol! BennqJIHa h 113MepeHa OT TQqKn nepeceqeHHlI JlBYX y -KBaHTOB Ha OJlHOH 

q,0Torpaq,11n no HanpaBneHnH 

M9W9HHOH C nepBoll. 

y -KB8HT8 Ha npyroll, cny•IaHHO BhI6paHHOll q,oTorpaq,1111, COB-

J,13 conocTaBneHHH rncTorpaMM (cnnowHoll mrn11el! OTMeqen q,oH cnyqafiHhIX Hanox<eHnil) 

QTqeTnHBO BbI.ll9nHeTCH MaKr.HMyM B o6naCTH ManbIX 3Hfft{9HHii h I KOTOpbifi H9COMH9HHO 

casiaaH c clma1P1ecKHM smneHneM. LleHcTBHTenbHO, qncno ttaCTHU a MaKCHMyMax aa BhPieToM 

q,oHa B npenenax CT8TllCT11qeCKIIX OlliUOOK He MeHHeTCH npn BhIOOpe rpannqHoro 3HaqeHHSl h 

OT 3,5 no IO CM. 8Kcnep11MeHTanhHhie JlBHHhie nnH co6h1T11l! c 

B Taonnue xrn. 
'.b <Ii 4,5 CM co6p8Hhl 

B nepBOM CTonoue npllB9Jl9HO nonnoe qncno HaonronaBWIIXCH COOhlTHll, a BO BTOPOM -

qHcno, KOTOpoe MQ}I(9T 6bITb CBR38HO co cnyqaiiHblMH _Hano>KeHIHIMH. 

8 ycnOBIIHX Hawero 3KCnepnMeHT8 qaCTb saperncTpnpOB8HHhIX H8Mll cnyqaeB MOX{8T 

OhITb ooycnoBneHa pacnanaMn K~ -M930HOB, a TBK:me H.ll9PHbIM B38HMO.o;eHcTBll9M 6bICTpbIX 

H9JiTpOHOB H 

cronOue. 

K -M930HOB. CooTBeTCTBYlOlllHe OU9HKH rrpHB9Jl9Hbl B Tp9Tb9M H 'tJ:9TBepTOM 

J].nH oueHKll noTOKa perenepnpoBaHHbIX K~ -Me30HOD uccnenoaannch V 

nnoci:ocTb pacnana KOTOpbIX cocTaBnHna c nanpanneHneM nepanqHoro nyqKa 

co6bITIHI, 

yron < 15° 

(yrnoBalJ paCXOJllIMOCTb nepnnqnoro nyqKa I
0

). 6binO !18H)l8!10 182 COOblTIIII !18 npOTl!BOpe-

tJ.8lllMX KHH8M8THK8 pacrrana I{~ ➔ 1/ .11 - . nocKOnbKY BepOHTHOCTb KOHBepCHH Y KBaHTOB 

C 3Hepr11ef1 ~ 150 MsB El nawell K8Mepe 0,43 MOX<HO OU8IIIITb M8KCIIMBnhllblil BKnan, KOTOphin 

MOryT BH0CTll pacnanbI K~ M930HOB B Ha6nmnaeMble HBneHllH. 
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AH81Ill3 S!AepHblX pacmenneH11fi C l!CnyCK8!{11eM 6blCTpbIX 1t -Me3QHOB TIOKaaan, G:TO 

B H8IIIIIX ycn0BIISIX B 60% T8KIIe pacmenneHIISI conpOB0)!{)l8IOTCSI cne)l8MII MeuneH!lbIX np0T0-

ll0B. OueHK8 <j,011a, C00TBeTCTBYIOill8SI 9T0MY npoueccy, 6bl1I8 nony,ieHa Ha 0C!I0BaHl!ll )lallllb!X 

o cneuax MeuneHHbIX np0To11oa a o6nacTI! nepeCe'IeHl!SI 611cceKTp11c 91IeKTP0HHbIX nap. 

B nocneuneM CTon6ue Ta6mIUbl npnBe)lellbl )l8HHbie, K0T0pbie cneuyeT 0TH8CTII nonno-

CTblO aa cqeT pacnauoa K; ➔ 3 rr0 
• nonyqeHHblil peaynbT8T cneuyeT paCCM8TplrnaTb K8K 

Hauexrnoe uoKa3aTenbCTD0 cymecTB0BaHIISI pacnaua K~ Ha TplI 11eiiTpa1Ibllb!X nliona. 

TTOMl!MO 9TIIX C06bITIIli B K8Mepe 6bl1IO aaperlICTp1Ip0D8H0 1855 V -co6b!Tllii {aq,cj:,eK-

TIIDH0CTb np0CM0Tpa, K8K 6b!1IO n0K838H0, 0K8381I8Cb OUIIH8K0B0ii UIISI per1IcTp8UIIII V -co-

6bITIIii II Tpex II 6onee 91IeKTp0HllbIX nap). nocne oue11K1I aKnaua a 9TH npoueccbr siuepnbIX 

B381IM0neiiCTBIIli II pacnauoa K~ ➔ ,,+ ,,-; 8 T8K)!{e C Y,!eT0M 9,j,<j,eKTIIBHOCTII perncTpBUIIII 

y -KB8HT0B 6b!1I0 nony'IeH0 0THOllleHHe pacnauoB KO aceM pacnauaM K 0 
-Me30HOB. 

2 
OHO 

OK8381I0Cb paBHb!M 0,2 :t.,0,06. Om1I6Ka Y'IIITbIB8eT He TOIIbKO CT8Tl!CTH'IeCKIIe norpell!HOCTII, 

110 I! 11eonpeuene11110CT1I B per1IcTpaunn y -KB8!1T0B. TTony'Iellllblii peaynbT8T ll8XOUIITC!I 

B cornaCIIII C TeopeTIIqeCKIIMII npeUCK838lllISIMII (3.2). 

B pa6oTe
11091 

HaMH 6hmn nccneuoBallbI TBK)!{e pacnanb1 K0 ➔ 11 + ,,-i,0
"' ( +-0 ) 

Llnsi anannaa cxou1IMOCT1I y -KB8!1T0B B 9T0M cny'Iae CTp0HIIl!Cb pacnpeuene!IHSI !IO h 

paCCT0Sl!IIIIO OT BeplllHllbl V co6bITII!I uo H8!Ip8B1Ielll!S1 9/IeKTp0HHOli napbl. (B cnyqae UBYX 

nap uo 11an6onee yuanennoii). 

CooTBeTCTBYIOIIIIIe pacnpeueneHII!I IIPIIBeueHbl Ha I'IICT0I'p8MM8X (pnc. 30). r1IcTorpaMM8 

306 COOTBeTCTayeT C:,oHy cnyqaill!b!X 118/IO)!{eHl!il. 

11ccnenoaaHHSI pacnauoa K;(+-0) 6b!1III npoaeueHbl Ha 'I8CTII nonyqeHHOI'0 B 9KCIIe-

p1IMeHTe MaTepnana. no:aTOMY UIIH Bbl'II<C/Iel!II!I 0TH0ll!e!IIIH 

T0IIbK0 TB 'I8CTb CT8TIICTII'IeCK0I'0 MaTepnana !IO K;< 000) 

Kl/ (000) 6bl1I8 IICII01Ib30B8ll8 

K•(+~0) 
~acna.oaM, KOTOpaR OTHOCttnacb 

K 06pa60Ta1111ol! ceplIIIII unsi pacnauoa K; ( + -,0 ) • B :aToii cepnlI oKaaanocb 33 pacnaua 

TIIna K~(+ -,0) 11 56 pacnauoB TII!Ia K~ (000). 

OunaKO UIISI nony'IelllISI 0T!IOllielllIH MOU pacnauoa 11eo6XOUIIMO 6b!1IO 6onee TO'Il!O Bbl

'IIICIIl!Tb 9cjicpeKTIIDl!OCTb per11cTpa1111n y -KBaHTOB. TaKlle Bbl'IIIC/Iel!II!I 6b!1III npouenanbl 

pa3HbIMII cnoco6aM11 n uan11 cornacyrom11ecH anaqe1rnsi. Ha116onee uocTonepnoe anaqen11e 

6bl1IO paCC'IIIT81!0 Ha Bbl'IIIC1IIITe1IbHOii M8llil!He MeTO)l0M MoHTe-Kapno II 0KaaanoCb paBHb!M 

0,40:t.,0,02. 

CooTBeTCTBeHHO OTHOllI9HHe 
K~ (000) 
------ = 2,0+ 0.6 • 

K~ (+-0) 

B senlPiHHY Olllll5Kll BKn10qeHbl Heonpe.oeneHHOCTH, CBSJ.38HHhie KBK co CTBTHCTllKOH, TBK 

11 C 9cp:jleKTIIBHOCTblO per1IcTpa111111 y -KB811TOB. 
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Ball<HO ll0/l'l0PKHYTb, 'ITO nony'leHHbie OTHOW0HHH MOil HenenTOHHbIX pacna110B K~ -Me-

30HOB anepBbie noITy'leHbl B ycnomrnx OAHOl'O 3KCll0pHM0HTa, 

B 38KlllO'l0Hll0 cne11yeT 3aMeTl!Tb, '!TO XOTH 3KCnepHMeHT8llbHOe UOK838T0/IbCTBO cywe-

CTBOB8HIIH pacnaAOB K; (000) He HBllH0TCH H00lKIIA8HHblM ( T8Klle pacnaAbI, KaK YK83b!Ba-

nocb Bb!We, npeACK83blB8llllCb Teop11ei1) Heo6XOAIIMOCTb npoBepKII ll8ll{0 ¢YHA8MeHT8/IbHbIX 

nonoJKeHl!li Teop1111 HBn<reTCH BonpocoM HOMep OAIIH q,11311'!eCKOl'O 3KCnepllM0HTa, l1n1110cTpa

nnel! STOl'O li3B0CTHOl'O nonoJKeHHH HBnHeTCH_ 06HapyJKeH11e npllHCTOHCKOil I'pynnoil pacna11a 

K'b➔ l7 +·,, _,/llO/. TaKIIM o6pa30M, ecn11 C'IIIT8Tb pacna11 K" ➔ 2,r H8/l0lKHO ycTaHOBII0HHblM 
2 2 

q,aKTOM, BCTaeT BOnpoc, '!TO n1160 K~ II K~ He HBllHIOTCH co6CTB0HHblMII COCTOHHIIHMII 

onepaTopa PC npeo6pa30BaHHH, n1160 IIM00T M0CTO HapyweHlle p C -IIHBap11aHTHOCTII, 

3AKJIIO'iEHI1E 

OcHOBHbie peaynbTaTbl BblllO/IH0HHbIX H8MII pa6oT B nepHO/l 1955-1964 !',I'. MOll<HO 

KpaTKO ccj,opMy1111poBaTb TaK: 

1) Pa3/Ill'IHOl! MeTOUIIKOil (KaMepbl BIIIIbCOHa, Mal'HIITHblH cneKTpOMeTp) B KOCMll'le

CKIIX nyqax, M0TOAOM cj,OT03MY/IbCl!l! II ny3b!pbKOBOil KaMepoil Ha ycKop11Te11e 6b!IIO IICCII0AO-

BaHO pacceHHlle µ -Me30HOB C IIMllYIIbCOM OKOIIO 100 Msa/.., B 6ep1111n1111, MeAII, JK01Ie3e, 

yrnepo11e II KOMllOH0HTax cj,oTOSMYIIbCIIII, He o5Hapy>K0HO OTKIIOHeHllil B Yl'IIDBblX pacnpe11ene-

II0HIIHX OT paC'!eTHblX B npeAITOIIOJKeHIIII, '!TO µ. -Me30Hbl pacceHDBIOTCSI KBK "'TSl>Kenb1e* 

31IeKTp0Hbl, TeM C8Mb!M 6b!II8 noKaaaHa ow1160'IHOCTb npe)KHIIX pa5oT, l'Ae coo5wanocb D 

cymecTBOBaHIIII 'aHOM8/IbHOl'0
1 

pacceHHIIH µ -M030HOB, 

Pa6oTa 1957 I',, l'A0 113Meprut0Cb pacceHHlle Me30HOB B 6ep11n111111, 6bma nepBOil, l'Ae 

He 6b!IIO o6HapyJK0HO 'aHOMa/IbHoe• pacceHHlle B 0611acT11 Ma/Ib!X 3Hep1'11il, 

l13MepeHH0 pacceHHIIH Ha Yl'II0pOA0 OCTaeTCH 0AIIHCTB0HHOil pa5oTDil, l'Ae Ha 60/IbWOi! 

CTaTIICTHKe (cyMMapuag 11n11Ha CIIeAOB OKOIIO 2 KM) IICCII0ADB8HO 0/lHOKpaTnoe pacceHHlle 

MenneHHbIX MIOOHOB, 

Ilp0B0/l0Ha 3KCnep11MeHT81IbH8H npoBepKa cj,opMylI C yqeTOM KpaTHOl'O II MHOl'OKpaTHOl'O 

pacceHHHH, BbIBeA0HHblX Monbep II EeTe, Peay/IbT8Tbl co11eplK8TCH B pa6oTa,{
6

•
12

•
14

•
18

•
20

,
2

~
1 

2) B 1958 I', IICCII0A0B8Ha Yl'IIOB8H aCIIMMeTpllH " - µ -•e -pacna11a B ny3blpbKOBOil 

KaMepe. Koacj,cj,nuneHT aCIIMMeTpllll a =--,0,33 ~,0,06 H8XOAIITCH B COl'IIaCIIII C Teop11eil ABYX-

KOMllOH0HTHOl'O H0ilTpHHO II YHHBepca/IbHOl'O cj,epMlleBCKOl'O B3al!MOAeilCTBIIH (Y<PB), 

Uccne110BaHa 9H0p1'0Tll'l0CKa<r 38BIICIIMOCTb K03cj,ql11Ullel!T8 8CIIMM0Tp1111 B µ - e -pacna

Ae OT SHepl'IIH, 3Kcnep11M0HTalibllbie A8HHbl0 CO!'nacyroTCH C npeACKa3aHIIHMII Y<PB 
135

•
39

•
401

• 
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3) 11ccnenoaaH 38XB8T µ -Me30H0B B 'lllCTh!X ll30T0nax, BnepBb!e ll3MepeHhl aep0llT-

HOCTli 38XBaTa µ -Me30H0B B Tpex l!30Tonax HHKenll l! 'leThrpex xpoMa. TTpoaeneHbI TBKJKe 
12 16 

T0'IHble l!3MepeHl!SI aep0llTH0CTl! 38XB8T8 B C l! 0 

11aoTOHll'IeCKlle sq,q,eKThl rpy5o cornacyIOTCll C q,opMynoil TTpl!M8K0B8, HO He o5HapylKl!

B8IOT 11an0Ma a xone 11aoT0Hl!'lecrrnro sq,q,eKTa, npencKaahrnaeMoro onHoqaCTl!'IH0il o5onoqeq

Hoil MonenbIO llnpa npn nepexone qepea aanonHeHHy10 nonooonoqKy, 

OTHOill9Hll9 Bbl'llHCneHHbIX no 06011oq(PiHOfr M0J].enn l{ H3~.1ep8HHblM Ha 0ilbITe :nep0HTH0CTH 

aaxaaTa MIO0H0B nnsi 8 ll30TOI10B aaxon1TCH a npenenax 1,6 -1,8 , 'ITO, n0-Bll)lllM0My, 

YK83h!B8eT Ha ponb 0CT8T0'lllb!X B38l!Monei!CTBllil HYKH0H0B II KonneKTllBHb!X ypOBHeil 

17 3/ 
gnep 

4) TTOK838HO, 'ITO 3KCnepl!M8l!T8HbHhl8 naHHbie no 38XBaTy MIO0H0B B ll30T0nax nyqrne 

cornacyIOTCll C pacqeTHbIMll nnsi Y<l>B, qeM B cnyqae 'lllCT0ro q,epMI!eBCKOro l!Hll raMM0B

TennepoBCKoro B38llM0AeilcTBllll 
1131

• 

5) 11ccnenoaal! nponecc 38XBaTa µ -Me30H0B K0MH0H8HT8Mll Xl1Mll'l8CKIIX coen1rne-

Hllil, O5HapyJKeHo, 'ITO 0TCTynneHllll OT z 38K0H8 <l>epM11-Tennepa, K8K npaa11no, B Heopra

HIIt18CKllX C09!ll1H9HH,flX li MeTannax nponcX0JUIT TaK, 'ITO 0TH0CHTenbH8SI_ aep0HTH0CTb aaxaa

Ta y 8T0M0B C 5onblllllM cponCTB0M K sneKTp0HY 5onhme
1601

• 

6) BnepBbie llCCnenoaaH0 ynpyroe paccesrn11e 0'lellb MenneHHb!X H0H0lKI!Tenbllb!X II 0Tpll-

naTenbHhIX TT -Me30H0B Ha cnoJKH0M gnpe. B peaynhTaTe q,aaoaoro anamI3a II np11 npll-

MOM conocTaaneH1111 yrnoawx pacnpeneneH11il TT -Me30H0B pa3Horo 3Haxa a o5nacTl! sHep-

rllil (5-22) Msa II0K838H0, 'ITO CllnhI B381IM0neilcTBllll TT -M830H-SIJ:ipo 8CTb CHJlbl OTTan-

KHB8HHSI. 

llnll CIICTeMhl TT -Me30H-<IAP0 yrnepona oneHeHbl q,a;sbl paccel!HllSI S II p -B0HH 

nplI Manwx sHeprllllX 
/82,83,90/ 

7) 11ccnenoaaH MeXaHl!3M nornornemrn ocTaHaanlIBBIOllIIIX TT -Me30II0B gnpaMII yrne-

pona. 3KcnepHM9HT81IbHhI8 .ll8HHbl9 cornacyroTCR C .UBYHYKJl0HHbIMH M8X8HH3MOM aaxaaTa. 

BepOllTHOCTb 38XBaTa (np) napoi! npllMepH0 npeBbllll8eT B naa paaa aep0llt'II0CTb 38XB8T8 
/95,96/ 

(pp) napoil. Penh MH0r0HYKn0HH0ro MeX8HII3M8 He npeBbllll88T (10-20%) • 

8) Bnepabie HaAelKH0 yCT8H0Bf\8H0 cyrneCTB0B8HII9 pacnana 

HbIX IlIIOH8. 

B 0AH0M SKcnepHMeHTe II3Mepellhl 0TH0llleHHll MCA nenenT0HHb!X pacnanoa 

(107,108,109/ 
HOB K~ (000) II K;(+--0) 

9) B nepl!0A nonroT0BKII II rrpoaeneHHll SKcneplIMeHT0B perne11 P<IA MeT0)lll'leCKIIX 

38A8'I, 0CHOBHh!e II3 HIIX: 
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a) cnpoeKTllp0BBHhl II aanymeHbl nae KaMepbl B11nhCOH8 op11r11uanbH0ll: K0HCTpyKUIIII 

061,eMOM 10 11 36 n11Tpoa
19

•
131

; 

/105,106/ 
6) C031lBHB YHIIKBnbHBll ny3hlpbK0BBll q,peOHOBBll KBMepa 061,eMOM 570 nIITP0B ; 

a) anepBbie 11ccnea0BBHhl B03M0JKH0CTII II3MepeHllll IIMnynbC0B II Mace '18CTIIU no 
/30/ 

MH0roKpaTH0My paccesrnmo II npo6ery B ny3h!pbK0BhlX K8Mepax ; 

r) HccneaoBBH nopor0Bblll: '!epeHK0BCKIIll: C'!eT'IIIK, n03B0nfl!Ollllill: paaaenlITb 11 11 µ 
/80/ 

Me30Hbl C o.nHHBKOBbIM HMrrynhCOM 

n) npoaeneHbI HeKOTOpbie pacqeThl 11 H3MepeHHSI, CBR38HHbie C MlOOHHblM KBHBnOM 

CIIHXP~II1IKnoTpo11a 011.m/
76

-
791

, 

Pa60TbI, npe/lCTBBneHHbie B o6aope, Bblll0n11>1n11cb B C0TPYllHll'!eCTBe C qJII31IKBMII, IIHJKe-

11epaM1I, na6opaHTBMII, MexaHIIKBMII <l>II31I'leCKoro IIHCTIITyTa AKaaeM1111 HBYK CCCP, MocKOB

CKoro IIHJKeHepuo-q,II31I'!eCKOro IIHCTIITYTB, <l>ll311'!eCKOro IIHCTIITyTa rocyaapCTBeHHOro KoMl!

TeTa no ucnonbaoaa1111ro aToMnoll: auepr1111 CCCP, na6opaTop11ll: >1aepHhIX npo6neM II Bh1COK11x 

3Hepr1Ill: O61,eaHHeHHOro IIHCTIITyTa l!JlepHbIX nccnea0BBHllll:, 

Bbmon11eu11e PllllB 3KCnepHMeHTBnbHblX pa60T 6binO 6b! HeB03M0JKH0 6e3 3Toro C0Tpya

HHt.IeCTBa. 

ABTOP C'lllT8eT CB0IIM nonroM no6naronapl!Tb acex, KT0 nplllll!Man Y'l8CT1Ie B npoaeae

HIIII 3KCnep1IMeHT0B II BHeC CBOH BKnaa np11 o6cyJK/leHHII peaynbT8T0B, 

3ua'IIITenbHall ponb B Bhmon11e11111I 11anoJKeuuofi nporpaMMhI pa6oT npnuaane>KIIT A.l1.Am1-

xau>1uy, K0T0poMy 8BT0P npllH0CIIT CB0!O IICKpeHH!O!O 6naronapHOCTb, 

Mae TBKJKe X0'!eTCll oco6o no6naronap1ITb CB0IIX T0Bap11mell:, auecm11x ua116onee 

cymecTBeHHhifi BKnaa nplI npoaeaeu1111 0TllenbHhIX pa6oT: A.M.ranbnepa, 6,A,JJ.onrorne111rn, 

n.n. KoTeHKO, E.n. Kyaueuoaa, A.B. CaMOll:noaa II <1>.M. Cepreeaa. 
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•110, Cronin TaM JKe, 

a, <pepMH . . 
IO . . . 

0,3 0,45 

0,4 0,8 

0;5 I,25 

0,6 I,8 

0,7 2,5 

PyKOTIHCb nocTyn11na B H3/1ST8nhCKHl! 0T11en 
9 aoa6p11 1964 r, 

Ta6nH.naI 

-
3ueprm1 E , Eaa 

20 : 30 . 40 . 50 . 70 . . . 
0,85 I,25 I,6 2 2,8 

I,5 2,2 2,9 3,5 5 

2,4 3,5 4;5 5,5 7,7 

3,4 5 6,4 7,8 I2 

4,7 6,8 a,·a II IS 

: IOO 

4 

7 

II 

I6 

2I 

Bmrnaue <j,opM<pSKTOpa µ-, e -Cll'.CT8Mbl Ha aep0SITH0CTb p0lK/18Hll'.SI 
K0CM!l'.'18CK!l'.Mll'. µ -M830HSM!l'. 13 -9ll8KTp0Ha C aaeprHel! E • ( l'!W B %). 

w 
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Ta6nHnall 

MeTou AsTop A a 
'-IHcno 
cny,iaes 

IIponaHo-
TTporraHosasi 

[43] KSMepa -0,IS±0,05 -0,27±0,08 - 0,SI±0,24 II88 
ToJKe [44] -0,I9±0,04 -8,285±0,07 - 0,85±0,20 3500 

-"- [ 45] -O,I6±0,03 - 0,24:to,05 - 0,72±0,I7 3734 

-"- [46] -O,I9±0,03 -0, 285±0, 05 - 0,85±0,I6 6760 

-"- HawH uaHl!bie 

l39} -0,22±0,03 - 0,33±0,06 - D,99±0,17 6670 

--------------------------------------------
CpeuHee -0,19±0,02 -0,28 ±0,03 - 0,84:!:0,09 2I802 

3MynhCHSI CpeuHee 

l1nb10pll 
G- [47] -0,287±0,039 - 0,87±D,I2 I6000 

CpeuHHe aHaqeHHst 
no 9MynbCHH H rrpo-

-0,283±0,023 - 0,85±0,07 IISHOBb!M KSMepaM 

Koe<p<pHUH8HTbl aCHMMeTpHH rrpH µ+· _, e +· pacrraue, H3M8p8HHbl8 B rrporraHOBblX 
rryabipbKOBbIX KaMepax H <pOT09MynbcHsix (1958). 
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Ta6nnna III 

ABTOpbl 
CoeAH- OTHOllle- 3KcnepHM8HT z kt /k 2 ¢ 
HeHae HHe W1 / W2 3aK0H 

I 2 3 4 5 6 7 
CTHpHC Al2 0 3 0/AI !;5 ;t0,2 0,923 I,50 I,63,:t0,22 
/51/ Ca S S/Ca 0,8 ;t0,2 0,800 r,oo I,OO;t0,25 

p2 0 5 O/P 2,7 ;t0,3 I,333 2,50 2,03,:t0,22 
CeHC H AP, 

/52/ Al2 03 0/Al 2,3 .±0,2 o,923 I,50 I,53,±0,!4 
Si o2 O/Si 2,59,±0,!7 I,!43 2\00 2,26±0,!5 
KOH O/K 2,2 .±0,4 0,42! I,00 5,23,±0,96 
KHF

2 
F/K I,70,:t0,24 0,948 2,00 I,79,±0,25 

JlaTpon 
LiJ J/Li H Ap.153/ !5,8 ±2,0 !7,67 r,oo 0,89,±0,II 

AcT6epa 
H Ap.154/ PbF

2 F/Pb 0,208;t0,0I4 0,2I9 2,00 0,95;t0,I4 

3Kxayc Bi F3 F/Bi 0,633±0,60 0,325 3,00 I,95±0,!9 
H AP, /55/ VF4 F/V 0,658±0,065 0,392 4,00 I,63,±0,17 

Belli1<am, n AP• Cu S Cu/s I,89 ,±0,18 I,8! I,00 r,04:to,ro 
/56/ 

S/Sb I,61 ±0,04 0,470 I,50 I,30±0,03 Sb2S 3 
PbS S/Pb 0,35 ±0,004 0,!95 r,oo I,?9,±0,22 
CuO Cu/0 6,I4 ,±0,85 3,62 r,oo I,70,:t0,!4 
Sb:f>J Sb /0 I,86 ;tO,IO 4,25 0,67 0,44.±0,02 
Pb 0 O/Pb o,2r9±0,02s 0,098 I,00 2,24:t0,25 

H alIIH AaHHhie Cs Cl Cl/Cs o, 566,±0, 03! 0,336 I,00 I,68,±0,09 
/60/ 

Li Cl Cl/Li 7,20 ±I,IO 5,I2 I,00 I,4!±0,22 
ZnO 0/Zn 0,405±0,0!3 0,268 I,00 I,5!,±0,05 

OTH0lll8HHSI eep0SITH0CTell aaxaaTa 0CTBHBBnaea!OlIIHXCSI µ -M830H0B 
B H80praHaqeCKHX C08AHH8HHSIX, 
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T a 15 n n n a IV 

ABTOpbl 
Coe1:inne- OTHOW8- 3KcnepnMeHT z k/ k 2 

cf, 
Hll8 ,me WI/ W2 38KOH 

2 3 4 5 6 7 

naTpOH AgZn Ag/Zn 
/53/ 2,2 ±0, 7 I,57 I,00 I,40±,0,44 

3Kxayc 
Cu Al2 Cu/Al I,75±0,I8 I,II 0,50 I,58±,0,16 

/55/ CuAl
2 

Cu/Al 2,08±0,25 I,II 0,50 I,89±0,23 

CuAu Cu/Au 2,94±0,28 2,02 5,50 !;45±0,14 
BelbKanh 

/56/ AgLi Ag/Li II,7 ±3,4 9,IO O, 58 I, 29±,0, 36 

/60/ CuAI Cu/Al I,20±,0,05 0,200 0,090 6,00±0,24 

x) l13Mepeno llBYMH paBHblMH MeTonnKaMn. 
OTHOIII8HllH aepoHTII0CTefi aaxaa-r'a µ -M830H0B B cnnaaax MeTannoa. 

Taonnua v 

ABTOpbl 
Coennne- OTnowe- 3KcnepnMeHT z 

kl/ k2 cf, nne Hlle wt / w 2 38K0H 

I 2 3 4 5 6 7 

<!>e<j,aMaH 
C4 02 H3 0,33±0,04 0,67 0,50 0,49±0,06 /50/ 

C Cl 4 Cl/C 4,I ±0,8 II,32 4,00 0,36±0,07 Cenc 
/52/ c6 u

4 
c1

2
x) CI/C 0,44±0,04 0,94 0,33 0,47±0,04 

C6114 C½ cl/c 0,48±0,05 0,94 0,33 0,57,:t0,05 

x) 3TH coenHHeHll>I H3MepeHbl B TBepnoil n lKHllKOH c!>aae. 
OTHOllieHIHI aepoRTHOCTeil 3aXB8Ta µ -Me30H0B B opraHJP-leCKHX coe.nueeHHHX •. 
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TaonnuaVI 

ABTOpbl paoOT Hapo A 10
5 

CeK PacqeT no 000110- AT /A 
3KCllepHM8HT qeqaoil MoaenH AT 

Hamn aaHHbie Ni58 6I,IO .tI,05 I02 I,67 
/73/ 

-"- 60 55,62 ±0,97 %,7 I,73 Ni 

-"- Ni62 47,I6 ±0,95 

Ceac 
/66/ 

Ni -ecTeCT _·. 60, 3 ±I,4 

H amH aaaH&1e so 38,23 :t,0,50 69,0 r,a 
/73/ Cr 

-"- 52 34,52 ±0,47 56,0 I,62 Cr 

-"- 53 32,97 ±0,45 54,I I,6~ Cr 
54 

30,57 ±0,42 52,3 I,7I -"- Cr 

Ceac 
/66/ Cr-ecTeCT 32,4 ±0,8 

/67/ 40 24,4 ± 0,23 40,4 I,66 KpaMep Ca 

Ceac 
/66/ 16 I,59 ±0,I4 0 

/65/ 16 0,98 ;t0,03 3Kxaya 0 

/73, 
o,95 ±0,04 Hamn uaaa&ie 16 

0 

-"- 12 0,36 ±0,025 C 

3Kxaya 
/65/ c12 0,397:t0,0I3 

BepostTHOCTn aaxaaTa µ -Me30H0B HJlpaMH, 
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Ta6nnna VII 

.Hupo ( ,\I I .\v ) Teop, 
(,\I/,\ v Ca 

(i) Ca ¢epMB8BCK08 faMMOB-TennepOBCK08 
B3SBMOll8J!CTB, B3SBM0/l8J!CTBH8 

Y.¢,B, 

Ni 58, 2,5I I,,44 2,:74 2,52 
Ni 60 2,:29 I,34 2,6I 2,89 
Cr 50 I,5? I,85 I,78. I,7I 
Cr 52 I,42 0,92 I,,48 I,88 
Cr 58 I,85. 9,88 I,48 I,34 
Cr 54 I,,25 0,84 I,89 I,29 

OTHOW9HIISI ( At / ,\~- ) np11 paanlI'lHblX aapnaHTSX cna6oro B3SIIMO/l9HCTBBSI, 

~E(MeV) / 

.,, 
I 

Ta6nnna VIII 

(5+8) (8+I5) (!5+22) 

Cua11r11 cjlaa S II P aona nonoi«11Te1lbHblX 1T -Me3oHoB np11 pacceS1H1111 Ha yrnepoue. 
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Ta6nHna IX 

3HeprHg 11HTepaanb1 Ha6mon, Pac'{eTH, 
da- I d n M6Hlp_ac 

Me30HOB npoeKttHI! -q;Hcno crry- qncno 
(MeV) yrnoa pac- '189B N3KCil, crry-q;aea 3KCnepHM9HT 

ceHHg !:,.cp• (117 N pac'!, 
11-· +: 

(rr -) " 
IS - 20 24 24,3 I730f. 346 36!2 ± 754 

20 - 60 IS !7,9 160± 40 393 ± IOO 
5 - 8 60 -120 I I,3 8± 8 I4I ± 47 

!20 -ISO 3 3,2 I9 ± II I6 ± I6 

IS - 20 I7 I9,2 433 ±I04 853 ± I8I 

20 - 60 23 25 7I ± 15 !59 ± 33 

8 - IS 60 -I20 I 0,7 I± 2 22 ± I2 

!20 -ISO 4 4,7 9± 4 25 ± IO 

Ce'!eHH<I ynpyroro pacce<1HH<1 nonoJK11TenbHbIX H 0Tp11naTenbHbIX rr -MeaoHoB Ha yrnepone 
npH 3Heprngx (5-8) M3B H (8-15) M-. 
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Ta6n11ua X 

N w w 
9KC pac 

0 0,400 ± 0,0I9 0,379 

I 0,40I ± 0,OI8 0,440 

2 0,I59 + 0,0I2 0,I60 

3 0,034 ± 0,005 0,02I 

4 0,006 ± 0,003 0,000 

Pacrrpeuenem,e no •rncny nyqel! B aaeauax, o6paaoaaHHbIX rrp11 ocTaHOBKe TT -Me30HOB 
B yrnepoue. W pac - Bb1q11cneHO /lnll cnyqag 38XB8Ta llBYMII HYKJIOHBMII. 

T a 6 n II u a Xl 

11HTepaan rrpo-
\V 9KCII W pacq, 

11HTepaan rrpoeK-
eKu11l! yrnoa, u11l! yrnoa, rpau. IV 9KCII Wpacq 
rpau, 

0-20 0,0I4 O,0I5 IO0-I20 0,I36 O,I42 

20-40 0,045 0,0IO I20-I40 O,I56 0,203 

40-60 0,044 0,0II I40-I60 0,I84 0,248 

60-80 0,065 0,0II I60-I80 0,284 0,289 

30-IO0 0,07I 0,07I 

Yrnoabre pacrrpeuenemrn n!lyxnyqeab1x TT -MeaoHHbIX aaeau. PacqeTHbie aaaqeH1111 
BblIIOJIHeHbI, MeTOIIOM MoHTe-Kapno. 
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Ta6nnna Xll 

HHTepaan aHeprul! 
( MeV) W 8KCfi \V pac'l, 

IO - 20 0,56 0,43 

20 - 30 0,22 0,28 

> 30 0,22 0,29 

3HepreTH'leCKHe cneKTpbI llml llByxny'leBhlX " -MeSOHHhIX aaeaa. Pac'leTHOe 3H8'leHHe 
nony'leHo MeTOllOM MoHTe-Kapno, 

.Ta 6 n n It a Xlll 

Bna co6b1THH N nonH 
4ucno co6hITHll, fiOSIBHBWHXCSI a peaynb- 4ucno 

c anexTpoHHO-noan- h <4,5 CM 
TaTe paanH'lHhIX nponeccoa, HcKnIO'laH pacnaaoa 

TPOHHbIMH napaMH pacnallbl K; .. 3,,.-
Ko -+ 3rro 

N cny'l, N (I~ 0 -+ 2rr°) SIil SIil, 
2 

C W8CTblO Ix) 0 0 0 I 
C fiHTblO 8 2 0 0 6 

C '!eTblpbMSI 28 8 3 0 I? 
C Tp8MSI I57 46 I? 8 86 

CyMMa a I94 56 20 8 rro 

X) TTapaMeTp CXOllHMO¢TH = 2,1 CM 

KoppennpoaaHHbie aneKTpoH-noanTpOHHhre naphl •. 
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~~ 
1 ~m•• ff 

,-.-·-.--r---
1 101010+0 

P11c, 1, CxeMa ycTaHOBKII Ha MarHIITHOM MaccneKTpOMeTpe. B KBJKllOii 

npoeKUIIII 113 10 PmlOB cqeTqllKOB ITOK838HO ITllllib 5 PmlOB. 

P11c. 2. <l>0Torpacp11g OCTBHOBIIBllierocg µ -Me30118 

a KaMepe B11nbCOHa. 
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At,. voa 

'coo 

tao 
go 
60 

~o 

20 

10 
f 
6 
y 

2 

0 6 /21BZ't'303606 /218 0° 

(J,R -.'l03)·108QVc. ~l(!.OL!.28) ·!D 8e.. Ve~ 1 

Puc, 3.. 11HTerpanbHbie yrnoah1e pacnpeaeneHH!I µ -Me30HOB, . 
HCTib!T8BWHX pacCe!IHHe B nnacTHHK8X M8AH TOHWHHOIO ;t'1 
2 MM, ):lH!I aayx HHTepaanoB H~mynbCOB (yKa38Hbl no 
ocu a6c1rncc), 

Ill 

fR 

2 

Pnc, 4, Ilp>IMoyroHbaa>1 KaMepa Bunbcoaa c 6oKoBbIM ocaeweaneM, 
Pa3pea KaMep1,1, I - pa6o•mli 061,eM, 2 - pacwupuTenbHbili 
o6ieM, 3 - nepeAaee cTeKno, 4 - ¢naaeu, 5 - Kopnyc Ka
Mepu, 6 - pe3uaoaa>I aua¢parMa, 7 - unuTa aenoaallJKHa>I, 
8 - nnnTa TIOABHJKHaH, 9 - Kopnyc Knanaaa, 10 - Knanaa, 
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PHc, 5, CxeMa ycTaH0BKH um, H3MepeHHll paccesmH>I B 6epHnnHH, 

N 
/001 

/OD 

50 

10 

5 

f 
PHc, 6, CyMMapHoe umj,q,epeHur.anbHoe pacnpeueneHHe pacce>1HH>1 

µ -Me30H0B C HMnynbCSMH (130:!:.16) Maa/c-1• CnnowHa>I 
nHHH>I - pacqeTHS>I KpHBS>I un,i KynoH0BCK0P0 pacce>1HH>I, 
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PHc, 7, CxeMa 3KcnepHM8HTam,aoll ycTSHOBKH llllH nccneAOBaHHH 
pacceSIHHSI I' -M830HOB B M8/lH H lK8.Jl83e, 

N 
/O(JQ. 

O.S I.fl 1.S 2.0 2.5 3.0 3.5 fo 
PHc. 8, nonaoe llH<j,cpepeannanbHoe pncnpeAeneHHe paccesrHHsr 

" -M830HOB no 6eapa3M8p1IOMY napaMeTpy 'Po llllSI 
Menu H }Kene3a. 

50 



j\( 

2 It 6 8 JO f2 f4 16 18 20 2i V---

PHc, 9. YrnoBoe pacrrpeneneHHe µ -MeS0H0B c HMrrynhCBMH 

(34-50) MaB/C, H3M8p8HH08 B ipOT09MynhCHH, 

Crrnomaaa nHHHH - pacqe~aaa KpHBaH nna ToqeqHoro 

anpa. 

PHc. 10. OnHoKpaTH08 paCC8HHH8 µ -M830HB B IIy3blpbKOB0i! 

51 
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Pnc, 11 • .llnq,<j,epeHnnanhnoe yrnoaoe pacnpeneneHne onHoKpaTHo 
pacce,mnrnxcSI µ -M03OHOB, ef, - npoeKUHSI npocTpaH
CTBeHHoro yrna pacceSIHHSI Ha nnocKOCTb ¢oTonneHKH, 
ToqKaMH 0O03H8'18Hbl 3KCnepHM8HTanbHbie naHHble, 
KpHBbie 1 11 2 - Oll<HAaeMoe eynOHOBCKOe pacceSIHHe 
COOTB8TCTB8HHO Ha KOH0'1HOM 11 TO'l8'1HOM SIApe yrnepona. 
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Puc. 12, Y!OHH3BUHOHHblll KanopHMeTp nm, HccnenOBBHHH µ -M830HOB 

KOCMH'I8CKHX nyqell, HUYDlHX B ropH30HTBnhHOM HanpaBneHHH. 
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Pnc. 13. CxeMa pacnonoJKeHHH KBMepbI Ha yc1eopnTene: 
1 - BBKYYMHBH KaMepa yCK0PHT81lH, 2 - MHill8Hb, 
3 - OTKIIOHHIOl!lHll MBrHHT, 4 - 38lllHTa, 5 - <pHllbTP, 
6 - KaMepa, TT - ny'I0K npOT0H0B, M _17+,;.M830Hbl. 

Alf. 
..dY, 

J/l{ilJ 

~DO.._--cL,---"..,_._--,,.,,....._,,.~-~:--~ 
0 ,JIJ 8(J 80 120 1111 fl(J , 

Pnc. 14. Yrnoaoe pacnpeneneane 91leKTpoaoa 
a ,r+-:..,,,+:_,e-+ -pacnane. <p - npoeKUHH 

np0CTpaHCTB8HH0ro yrna M8lKIIY ~a'lallt~ 
HblM aanpaaneHHeM HMilyllbC0B e n ·µ. 
HB Illl0CK0CTb nneHKH cj,oToannapaTa. 
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PHc, 15. Pacnan µ .. 3e + Hel!Tpa1IbHb1e. 
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Pnc. 16. OTHOW9HIJ9 Bep0HTH0CTell 38XBaTa µ -Me30H0B B pa3nlJ'!HblX 

xnMIJ'leCKIJX coemrneHn>1x. Eo ocH opnHHaT oTnoJKeHbI 3Ha'!eHHH 

b1!J.. 110 OCH aoCUHCC _t_ • 
k .Lw2 Z 2 

• bell,Kam, H np. • AcToepH H np. □ EaKeHWTOC H np. 

6 nall'pon H np. .A,.CeHc n np, 
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Pnc. 17. CxeMa ycTaHOBKH An!I nccneAOBBHHSI 3BXBaTa µ -Me30HOB BTOM8MH, 

1, 2, 3, 4, 5, 6, 7 - CIIIIHTHnnSIUHOHHbie C'JeT'JHKH, M - MHWeHb 

nccneAyeMoro aemecTBa, 

Pnc. 18. BnoK-CXeMa yCTBHOBKH An!I nccneAOBBHHR 3BXBBTB µ -Me30HOB 

B naoTonax. 

1, 2, 3, 4, 5, 6 - CUHHTHnnRUHOHHble C'JeT'JHKH, M MHWeHb, 

¢> - qmnbTp, Y - ycnnnTenn. 
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ltil/llO,J H~;u1,1 
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50 52. 53 5~ 

p l!C. 21. l130TOIIH'19CKl!fi 3,jxpeKT lllIH Hll9P xpoMa, 

N 

I=' 
_flJL.~__....._1------

GT 

. o.f?-0.1 ·o.s -0.3 •o., o., o.~ o.s 0.1 o.8 

0 - 3KCrtepHMeHT 

x - pac'!eT no o6ono

- qeqHofi Mo.nenn. 

Pnc, 22, OTHOCl!T91IbHOe 0TKII0H9HHe OT 3KCrtepHM9HTBIIbH0ro 3HB'l9HHH 

<i¾o- ) Bbl'IHCrteHHblX 0TH0W9Hllfi rtpll pa3IIl!'IHblX napllaHTax 

ns'lHMonellcTBHH, 
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Pnc. 23. 3aBIICIIMOCTII IIHTeHC)IB)IOCT)I ny'IK8 'I8CTIIU OT TOK8 

anHm1a11py10mero MarHl!Ta, 

N 

80 
50 

,o 
20 

0 20 40 50 80 100 IZO 1'0 150 180 
p. ?f/10 

Pnc. 24. Pacnpeueneane no npoeKu1111 yrna <f, Me~<llY 
nytIOM H aanpaaneHn:eM JlBIUK6HlHI nepBHqHoro 
11 -Me3OH8 ,nng onHonyqeBbIX 3B03Jl. 
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IZO 150 ,p• 
P11c, 25, Yrnoaoe pacnpenene1111e nn11 nayxny'leBbIX 

• -Me3oHHhIX aaean. CnnomHaH nHHHSI 
pac'leT nn11 nay11yKno1111oro MexaHH3Ma 
aaxaaTa. 

P11c, 26, CxeMaTH'leCKl'il paapea 570 nnTpoaoi! q,peo11oaoi! nyabipbK0Boi! 
KaMepbI, 
1. O6'beM cJKaToro aoanyxa nn11 peK0Mnpecc1111. 
2. PeKOMnpeCCH0HHbli! KnanaH, 3. Pacw11p11TenbHblil KnanaH. 
4. rnywllT9nh. 5, 3anHHH CT9HK8 K8M9pbl, 6, Ilepq,OpllpOB8H
H8H nnacT1111a. 7. MacnocToi! KAH pea1111oaa11 n11aq,parMa. 
8. 11MnynhCHbl9 naMllbl,. 9, IlneKCllrnaCOBbl9 Tpy6bI, B K0T0pbIX 
M0HTIIPYIOTCH IIMnynhCHbl9 naMllbI. 10. TeMnepaTypHbii! naT'IIIK, 
11. EMKOCTHblil M0H0M9Tp. 12. nonBlll!<H09 CTeKno, pa:'inen1110wee 
lKllnKllil q,peoH OT B0nbI, 13. TepMOCT8Tll'19CKllil Bon1111oi! K0ll{YX, 
14. Ko11yc, 11anon11e1111hlil aonoll. 15. Ac6ecToBaH TennoBaH 
11aon11u1111, fl 16. <l>oToannapaT. 17. Bon1111oi! Knana11. 
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Pnc. 27, <i>oTorpacj,1111 570 -n11TpOBOlt ny3blpbKOBOlt K8M8pb l, 
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P11c. 28. CxeMa axcrrep11MeHTa: 1 • BaKyyMHa11 xaMepa ycxop11Te1rn. 

2. Ca11H1lOBal1 MHW8Hh, 3, CBIIHUOBblll IIOPJIOTIIT8Jlh MeUJ18HHblX 

H8l!TpOHOB II y -KBaHTOB, 4. HpMO MarH11Ta ycKop11TeJI11, 

5. BeTOHHbJI! KOJIJlllMSTOp, 6, )J<ene3Hhlfi KOJIJIIIMaTop, 

7. CTeHa auaHHll ycxop11TeJI>1. 8, BeTOHHa>1 aaw11Ta, 9, Ca11H

uoaa>1 38W11Ta, 10. 570-JIIITpOBSll IIY3b!phKOB8ll KSMepa • 

• 

• 

, i 
i 
I 
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" NI 
.J 

o _; ;_, , , ;. ~ ~ .; ; i, ,i jp iJ tit 15 .i< ,f ,~ '9 :,r;, • , • • · • • 

P11c, 29, Pacnpeuenea11e co6hITlll! c TpeM>I 11 6onee aneKTpo11110-

rroa11TpoHHb1M11 rrapaMII IIO napaMeTpy CXOAIIMOCTII h , 
(a) Co6h1Tllll c 6-ro II c 5-ro (6), c 4-Mll 11 (a) c 3-Mll 

3Jl8KTpOHHO-II0311TpOHHblMII rrapaM11, (r) - co6b1Tllll C Tpe:vrn 

3JI8KTpOHHO-II0311TpOHHblMII rrapaMII, rronyqeHHbl8 M8TOUOM 

cnyqafiHblX IICIIblTSHllll. TTyHKTIIPHbJe IIIIHIIII Ha PIICTorpaM

MaX 26, 2B II 2r arrrrpoKCIIMHPYIOT pacrrpeueneHHe C06bJTHfi, 

Bbl3B8HHblX cnyqal!HblMII coarraneHHllMH, 
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P11c. 30, Pacnpenenea11e V -cot5b1T11l\, Koppem,ponaHHbIX c 3neKTpo11ao
no311Tpoem,1Mn napaMn, no napaMeTpy cxon11MocTn h 
{a} aat5moneeeble · V -cot5bITlllI' C 0)lH0fi: nnn llBYMlI 3Il8KTp0IIHO-
no311UII0HHblMII napaM11, lt5) V - cot5b1T11n c 3neKTpoano-no3n-
Tpoaaofi: napofi:, nony"l8HHbl8 MeT0)l0M cnyqafi:Hb!X IICITbITaHnfi:. 
IlyHKTnpuhle n11ann anpoKCHMHpyroT pacnpenenee11e cot5bITnfi:, 
BbI3BauubIX cnyqafi:eb!MH connaneunnMn.-


