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I. BB8A8HH8 

B HACTomuee speM!I a nsTepaType o6cyll<ll8JOTCll B OCHOBHOM ABe ToqKu apeHHll Ha 

M9X8.Hil3M ot5pa30B8HHll cnOJKHblX qaCTHil B pacmenneHHSIX TlllK9nbiX llll9P non Jl&IICTBHeM 

Hy][nOHOB BbiCO][Oll 3H9pl'BH, 0JlH8 H3 HHX 38][niOqaeTCSI B npe)lnOnOJK9HHH 0 qTo of5pa30B8HH9 

cnOJKHbiX qaCTHil npOHCXOJlHT H8 CT8)lHH pacnana B030YlKJl9HHOI'O l1Jlp8, APYI'A.ll CBSI3biB89T 

nOliBneHHe ~pal'M9HTOB HenocpeJlCTB9HHO C KACKBJlHOII CT8JlH9ll pe8KilHH, B psne pat50T HCcne

JlOBanCll sonpoc o npHMeHHMOCTH TeopHH acnapeHHll nnll oo~!lcaeaull ucnycKaHHll cnOJKHblX 

qacTHil ua Slllep. HcnonbaosaHHe Monena acnapeHHll AnSI onucaRHll TAKHX xapaKTepHCTHK 

liBneaull, ][8K rnooanbBhie saepreTaqecKH& cneKTPhl ~p~rMeBTOB u ux yrnosoe pacnpeAene

aae, n03BOnHnO npH COOTB9TCTBYIOlli9M noAt5ope napaUeTpOB MO)l9nH ( T - s<l><l>eKTHBBBll 

TeMneparypa Slllpa, V -KynOHOBCKHII 3~~KTHBHblll oapbep, V - nepeHOCH8!1 npOJl0nbH8ll 

CKopocTb acnapli!Omero Slllpa), JlOCTaToqao YllOB~eTsopuTenbao oo~liCHHTb sKcnepHMeaTanb; 

Hbte JlAHHbie (a ocaoBHOM no ot5paaosaHHIO Li H3 snep Ag Br npu sseprua qacTHn,t5on~r 

wei Irs•). Onauo npu STOM, no MB9HHIO psna asTopos, ocTaeTCll aenoa!ITHblM ~uauqecKull 

CMbiCn nont5apaeMbiX napaMeTpOB, HBCTOnbKO OTnaqaiOTC!I OHH OT TOI'O, ~0 MOlKHO OlKHJlBTb 

B COOTB9TCTBHH C OObiqHblMH MOJl9nbHbiMH npe)lCT8Bn9HHSIMB 0 llllP9 ( oqeHb BbiCOKBll TeMne

paTypa H MBnhiii KynoHOBCKHII oapbep), B Jl9ACTBHT9nhHOCTH JKe CTp8HHO Jl8lK9 He TO, qTo 

nonyqaiOTC!I aepeanbHbte aaaqe&Hll napaMeTpos, a To, qTo MOJlenb acnapeHHll B npHM9HlleMoll 

~OpMe BOOome MOlK9T OnHCb!BBTb 3KCnepHM9HT8nbHb19 Jl8HHbi9, B CBMOM )lene, An!! 8HBnH38 

HCn8pHT9nbHOII MO)lenH H900XOJlHMO 3H8Tb ~OpMy Cll9][TPB ~pal'M9HTOB B CHCTeMe ll9HTpa 

HHeplUIH, a KaqecTse KoTopoll 6epeTCll pacn~eAeneaae, AasaeMoe ~opMynoll BallcKon~: 
E-V .E-v 

p(E)dE=---e'"'"""'l"' dE 1 T2 
l'Jl9 T • H V paCCMBTpHBBIOTCll KBK H9KOTOpb19 Cp9JlRH9 senuq&Hbl, 

0JlH8KO HCnOnb30BBRH9 Jl8HHOI'O pacnpe)leneHHB )ln!l cnyqag HCnyCKBHH!I H3 !!)lpa CnOJK-

HbiX qacTHil Henb3!1 cqaT&Tb cnpase,c.nHBblM no cne,c.yiOlllHM npuqaaaM: 

I. Hansqae pacnpeAeneaall senuqHn E
8036

.' A u Z HCXOAHbtX Slllep nocne KacKan

aoro npouecca, qTo npHBOJlHT K HeaaKOHHOCTH ycpenHeHHH senHq&H T H V /I/. 

2. Hanuqae Ae~pManall llllPA (oTKnoHeaae = oT c~epaqecKoll ~opMbt) npH oOnbmHx 

B030YlKJl9HHliX, npHBOJlliiil99 K 38BHCHMOCTH 08pbepa OT yrnosoll KOOpJlHB8Tbl H B peaynbTBTe

/2/ 
K ClinbHOMf pacrnupeHHIO cneKTpa npH Jl8HHOII TeMneparype 

8 



3. CymecTsosauue csoeotSpaauoro acjlcjleJtTa Jlonnepa JJ.JIR ucnycKaeMhiX us smpa 'IACTHII 

SCJieJJ,CTSHe H8JIH'IBR p8JJ.B8nhHOA CKOpOCTH ltOJieOI!.HBA JJ,9cjlOpMHpOS8HHOf'O S03oy~eHHOf'O liJJ.

pa, IOTOph!ll JJ,Jlll Cp8SHHTeJihHO M9JJ,JieHHblX 'laCTHllt JtaKHMH RBJl>IIOTCll cjlparMeHThl, MOJKeT 

/ 3/ 
npaseCTH K 3HA'IHTe1IhHOMY p8CWHp9HHID HX 9HepreTH'IeCKOf'O cneKTpl!. 

4, HaJIH'IHe OOJlhWHX yrno SblX M OMeHTOB soaoy~eHHhlX smep. 

5. CymecTsosaaue curu.uoA aasucaMOCTH ce'leHHR aaxsaTa cno>KHbiX 'IACTHII ( n pu E > y) 

OT HX aHeprHH1 B OTnH'qH9 OT TOro, 'ITO KM99T M9CTO ltRSI H9ATpOHOB 1 a,nH KOTOpbiX BbiBo-

nanaCh cjlopMYna BaAcxoncjla. BnHRHHe nosepXHDCTHhlX npoueccos npB saauMoneAcT~HB 

CJIOlKHblX '18CTHII C T !DKeJiblMH smpaMH H3MeH!IeT cjlOpMY Ce'I9HBR UOf'J101Il91lliH, nenag ero 

cnanaiDmHM s oonacTa ooru.nmx aHeprua 'lllCTnn. KpoMe Toro, HMeeT MecTo cnru.Hall aasu-

CflMOCTh npoaunaeMOCTH oapbepos OT CTpyxTypbl CJIO>KflOll 'laCTHilbl npH E < vJ 4•51 • 

Ba>KHbiM oocTORTeru.cTuoM RSnlleTcg u To, 'ITO H3 paccMOTpeHHll aa'lacTyiD flCKJ1ID'laeTcn 

SJ111RHI!e Ha ljlopMy cneKTpa 1\ naoopa'i'opHoA CIICTeMe H8Jlll'lllll ll!HpOKOf'O pacnpeJJ,eJ19HHll 

CKOpOCTeA soauy>KneHHblX l{JJ.ep no senll'lBHe n HanpasneHHID, 

TaKHM oopaaoM, s uacTolll!lee speMR He cymecTsyeT RCHOCTH s sonpoce o TOM, 

neAcTsnTenhHO mt oopaaosanue cjlparMeHTos MOlKeT oh!Tb onncaHo npoueccoM ucnapeHHR 

'18CTHU H3 TlllK9J1blX !lllep, ll lipll'lllH8 9T0f'O, no-sHnHMOMy, - S OTCyTCTSHH COOTS9TCTSYIO-

lilliX MeTonos TeopeTH'lecKoro aHanaaa aKcnepuMeaTaru.HLIX JJ.AHHhiX. B JJ.BHHoA paooTe uana-

f'8IDTC!I pe3ynbT8Tbl HCCJ19,'lOS8HHll 

THU LiS, HCliYCK8eMblX 113 V Sl H 

aHepreTH'leCKHX cneKTpos u yrnoshiX pacnpeneneHHA 'lac-
97 

Au npu ooMoapJJ.uposKe HX npoT OHAMH c aHepru-

el! 660 Mas, H CJJ.enaHa nonhiTKa auanuaa aKcnepHMeHTanbHbiX JJ.AHHbiX s MOJJ.enH c H30Tpon

HbiM ucnycKaHHeM <jlparMeHTos oea cneuuanbHbiX npeunono>KeHHA o cjlopMe aHepreTH'lecKoro 

cneKTpa cjlparMeHTOS S CI!CTeMe UeHTpa llHepUHH, 

2. MeT onnKa a peaynhTBTbi aKcnepnMenTa 

8 
JlnH H3y'leHHH aHepreTn'leCKHX cneKTpoa Li non onpeneneHHblMH 

T9J1bHO ny'lKa nepBH'IHblX llpOTOHOB H Yf'JIOSO!'O pacnpeneneHHH cjlp8f'M9HTOS 

yrnaMH OTHOCH-
8 

Li obina 

ucnoru.aosaHa aaKyyMHAll KaMepa c !lllepHbiMH aMyllbCHliMH s Ka'leCTse neTeKTopos. CucTe-

Ma KOJIJIHMilpyiDl!lHX menel! l103SOJ1HJ18 pel'HCTpHpOBaTb npouyKTbl peaKUHii non YPJI8MH 

OT 20 no 160° ( uesliTb 3H8'19Hllll yrnoa). nocKOJlhKY Ce'leHHe oopaaoaaHHH Li 
8 

HesenHKO, 

l10J1Hh!H UOTOK npOTOHOS H8 MHW9Hh , H900XOUHMb!J\ JJ,JIH llOJiy'leHHH YUOBJ19TBOpHTeJ1bHOH 

. s 13 14 2 
CTaTIICTIIKH L1 , COCTaSJIHJI B9JIH'IHHY 10 -10 1 / CM , t.{TOObl HCKJIID'Il!Tb acjlcjleKT 

BblCOKOf'O cjlOH8 Jl9f'KHX '18CTH U \ HeiiTpOHOB, H30Tonos sonopoJJ.a) , OblnB ucnoru.aosaHbi 

OCOOOM9JlK03epHHCTbte HH3K CRYSCTSHTeJ1bHble llll9PHble aMyJihCHH n-9-0. B K8'19 CTse MHUleHeA 

4 

HC1IOJih30S8J1BCb TOKKBe cjlon 

(4 MrlcM
2

). OtSny'leHBR np• 

n~m OIHII1 (r. Jlyl5ua) c :u 

npu nposeneHHH 9KC1I9I 

HeKOTOporo 'IHCJ18 MOJIOTIOO( 

OOp830S8HHbiMH He HI!. smpaX 

cnyqaiiHoro uanolKeHHll nonx< 
8 

MeHTbt Li MoryT nosmn >ri 

HblX npH npOXOlKUeHHH nanaK 

MHWeHb, CO CT9HK8 MH lt8Mei= 

C nenbiD onp&;JeneHHH 

XOHTp011bHbl9 onb1Tbl 1 COCTOst 

HHH TOJ1CTOH ( 0,5 MM ) J1HTHI 

H T8Kall Mlllll9Hh Hl'p89T pon 

PllllOM 2 H 3, KOTOpbie Mory 

8 
Li • 8TH· KOHTPOJ1bllble aKC1I 

TpeKos npeueopelKHMO Mana. 

Onpeneneuue caeTocun 

nposeneuo c noMOIIlhiD a -

MHllleHH, KoHTponb rpauyup 

Jtos neneHH!l Bi , nony'leHHh 

/6/ 
MH S paoo T e nn!l Ep = 45 

1IpH OOJiy'leHHH 1IOJ1HaTHJ19HOE 

n eHHbiM )l(naHOSblM H <l>eUOT• 

c aHeprueA 660 Mas. Peayn 

1ln11 yMeHbllleHH!l aoaM 

SKJ1ID'I8J1HCb TOJlbKO T e MOJ1C 

nHCh s aMyJ1bCHH, Ha npony 

a T8K lKe H8 1IOTepiD TpeKOB 

SHCl!MOCTH OT OpHeHT8UHH J1 
8 

uanpasneHHR TpeKa Li ( J 

KH, KOTOpbl e onpenenSIIDTCSI 

N{R) =A 

rue N { R ) - 'IHCno Haomo 
8 

Hoe 'IHCno Tpexos Li 



:11 HcnycxaeMbiX H3 Sl,llpa 'laCTBii 

~HposaHHoro so36y*Aeaaoro !lli

!IB1l!IJOTC!I <jlparMeHThl, MOJKeT 

/3/ 
cnexTpa 

X !lll9p, 

aTa cno>KHhiX 'laCTHli (npH E>V) 

HeJ!TpOHOS, .:tnH KOTOpb!X SbiSo

eCCOS npB S38HMOn eACTSHH 

HHH nornomeRH.s, .u enag ero 

O, HM99T M 9CTO CH1lbH8SI 38BH

'IaCTHiibl npH E < v /4,5/. 

eHHSI 3 8'1aCTyiO HCKniO'IaeTCSI 

H wHpoxoro pacnpeaeneBHH 

CHOCTH B BOllpOCe 0 TOM, 

Jcaao npoueccoM HcnapeRHH 

- B OTCyTCTSHH COOTSe TCTSYIO

!BBHbiX, B aanHol! pa6oTe H3na-

8 " yrnoshtX pacnpeaeneaul! qac-

08Ke !IX n pOT OH8MH C aneprH-

IX .llBHHhiX B MO.o,enu C H30Tpon-

HHfi o <jlopMe aaepreTH'IecKoro 

>ea ene HHbiMH yrnaMH OTHOCH-
8 

IH <jlparMeHTOB Li 6hrna 

x a'le CT8e aeTeKTopos, CHcTe

lYKT hi peaKUHli non yrnaMH 

e o6pa3osanl!H Li 
8 

aesenHKO, 

teHHH YII08n9TSOpHTenhHOI! 

2 
, 1.j T06bi HCI<niO'IHTb a<P¢eKT 

sonopona), 6htmJ Hcnon&3osanht 

:HH IT-9-0. B KB'IeCT8e MHWenell 

Hcnom.aosanHCb TOIIJUle <jlon&rH XBMH'IeCKH 'IHCTOrO BaHanHH (2,5 Mr/cM
2

) H 3onOTa 

(4 Mr/cM
2

), 06ny'leHH!I npOSOAHnHCb Ha ShlSeneHHOM nyqxe npOTOHOS CHHXpO!iHXnOTpOHa 

n.Hn OH.HH (r. lly6aa) c SHeprHell 660 Mas. 

npH nposen9HHH 3KCnepHMeHT8 6h!n8 npQKOHTponHpOSaHa S03MO>KHOCTb liOHBneHHSI 
8 

HeKOTOpOrO 'IHCnli MOnOTX006pa3HhlX TpeKOS, KOTOphle nB60 C03naiOTC!I <jlparMeHTaMH Li 

o6pa3osaHHhiMH He Hli H!ipax MHW9HH ( <jloHoshre TpeKH Li 
8 

) , n116o smn!IJOTCH pe3yn&TaTOM 
8 

cny'laliHoro aano>KeHHH nonxonlllllHX Tpexoa c z ·>_ 2 (no>KHbie TpeKH Li }, <l>oHoshie <jlpar-

LI
. 8 

MeHTbl MOryT liOHBn>ITbCH S pe3yn&T8Te B38HMOneliCTSHSI 6biCTpblX 'laCTHli, o6pa30B8H-

HbiX npH npOXO*AeHHH nan810ll!ero ny'IK8 'lepe3 BXOAHOe OKHO K&Mephl ( 100 p. MenH) H 

MHWeHb, CO CT9HKaMH KaMephl H 3Myn&CHell, 

C nen&IO onpE..oeneHH!I SnH!IHHH STHX (H,s03Mo>KHo,npyrHx <jlaxTop6s) 6hlnH nposene&hi 

KOHTpOn&Hhie Ollb!Tbl, COCTOSISWH9 B nnHT9JlbHOM o6ny'leHHH KaMepbl 6e3 MHW9HH H o6nyqe-

8 
HHH ToncToll (0,5 MM) nHTHeaoll MHweaa s KaMepe. Ha Sl,llpax nHTHH He o6pa3yeTCH Li 1 

H TaKaS! MHWeHb HrpaeT ponb pa3MHOlKHTen!l KaCKaAHbiX 'laCTHU H HCTO'IHHKa 'laCTHU C 3a

P!Ill0M 2 H 3, KOTOpbie MOryT npHXOliHTb K CnyqaliHbiM HanOlK9HHHM, o6pa3y!l nOlKHbie TpeKH 

8 
Li • 3TH· KOBTpon&Hbte axcnepHMeBThl noxa3anu, 'ITO aoaMOlKHli!l npHMec& <jloHOBhiX H nolKHhiX 

Tpexoa npeae6pelKHMO Mana, 

8 
OnpeaeneaHe cseTOCHnhi ycTpollcTsa nnH pa3nH'IBhtx yrnoa perucTpan:HB Li 6hrno 

npOB9A9HO C liOMOIUbiO a -HCTO'IHHKa, liO <jlopMe HMHTHpyiOIUero li!ITHO ny'IKa npOTOHOB H8 

MHIII9HH, KOHTpOnb rpanyHpOBKH OCyiUeCTSnHnC!I CpaSB9BH9M yrnOBbiX pacnpeneneHHII OCKOn

ltoB aeneHB!I Bi , nony'leHHhiX s cnenuanbHOM o6ny<JeHHH 8 KaMepe c naaHbtMH, npH8eae HHht

MH 8 pa6oTe
161 

nnB Ep = 450 Mas H yrnOSbiX pacnpeneneHHI! 'laCTHD: c z c2, nony'leHH biX 

npH o6ny'leHHH nonHaTHneaosofi nneHKH, c yrnoshiMH pacnpeneneaHeM 'laCTHD: c z •2, . aal!-
/7/ . 

aeHHbiM )!( aaHOSbiM H <!>enOTOSbiM npH H3y'leHHH pacmenneHHfi !lliep yrnepoaa npOTOHaMH 

c aaeprHeJl 660 Mas. Pe3ynbTaTbi cpasaeBHH BHliHht H3 puc. 1. 

Jln!l yMeHbiii9HHSI S03MOlKHOrO SnH!IBH!I cnyqaJ!BbiX HanolKeHHfi TpeKOB S CT8THCTHKY 

SKniO'IanHCb TOJlbKO Te MOnOTK006p83Hbl9 Tp9KH, o6e a -'18CTHUbl KOTOpbtX OCTaH8Bni!B8-

nHCb s aMyn&cHH, Ha nponycK Tpexo8 Li 
8 

c ShiXOA!IIUHMH H3 aMynhCHH a -'laCTIIUaM II, 
8 8 

a TlixlKe Ha noTep10 Tpexos Li , CBH3anayl0 c a<jl<jleKTHBHOCTbiO perHCTpaUHH Li a 38-

BHCllMOCTH OT OpHeHTaUHH nHHHB pa3neT8 a -'laCTHD: OTHOCHTenbHO nnOCKOCTH aMyn&CHH H 

HanpasneHBSI TpeKa Li 
8 

(pHC, 2) 6htnH cnenaHhl COOTSeTCTBYIOIUHe reoMeTpH'IeCKHe nonpaa-

KH, KOTOpble onpenenHIOTC!I COOTHOWeHHeM .JL!!IL)' 

~ p 
N ( R) = A ( R) J B (p) dp J E (cos {3 ) d cos fl ojJ ( ¢) d ¢ , (1) 

0 0 8 
rae N ( R ) qucno aa6n10naeMhiX co6htTHll, R - npo6er Li B aMynhCHII, A(R)- HCTHH-

aoe 'IHCno Tpexoa Li 
8 

B (p) - npo6ero8oe pacnpeneneHHe a -qacTHD: OT pacnana 

5 



LiB (B 8) ~ Be 8 ~ 2a , p- n pof5er a - 'IB CTDA OT pacnan a Lis . f3 - yrOlt MelK,Ily TpeKOM 

a -qacTRA R nepneHAHKyn>~poM K nnocKoCTH s MyllbcRa, E (co sf3)- scWleKTRBBOCTb pers-

CTpan HR COf5biTH J! B 38B HCH M OCTH OT yrna {3 , 1/J (cp ) - scWleKTB BBOCTb perBCTp8IlHll C Of5bl-

THJI B 38BHCHM OCTR OT y r na cp Me >KAY TpeKOM Li S (B S) R lUIBHeJI p83119T8 a -'18CTDil 
8 

(a n nOCKOCTH SMyllbCIIH), ·Y - y r 011 B X OA8 Tp9 KOB L i B cjloTODIIACTDHXy. 

3 Ta 4JopMylla nonyqeua H8 OCHOB8HHH A Orrynl9 HBII, 'ITO DOltHBSI scl>4la KTBBHOCTb perBCTpa·· 

ARB E( cos {3, R,p, cp) M OlKeT f5biTb npenCT8BlleHa B BRAe DpOH3Be)leBHSI MBOlKBTenell, xa-

paKTepRay~mBX s4Jq,&KT RBHOCTb p e rRCTp8UBll B 38BRCHM OCTR OT K8JK,Ilo r o n epeM eHROrO B OT-

ll 911h HOCTB. 

H a pHc. 3-5 npen CT iiB lleHbi n pRMepbi non y qe&BhiX sKcnep&MeBTallbH O pacn p enene HBll 

B(p) , E(cos{3) R !/J( </;) , RCn011b30B8HHbiX npR q&Cl!eHBOM RBTerpRpOBB HBB. 0rMeTHM TaKlKe , 

'ITO HHT e r pBpOBBBRe flO c o s{3 

WHKUR~ 

B 4JOPMY11e npOB OJl HTCII Jl O cos{3 • 1. JlnR n pof5eroB p< R sia ·y 

R oln ·y/p 

f(p) = f E ( cos {3 ) d cosf3 

0 

c nenyeT npHH HTb p a aaoll f (R sin y , nOCKOllbKY npR Ta.KRX 3B8'leHBI!X p a - '18CTRilbl 

He Bbi X OASIT a a sMyllbCRR. Baen e HRe s T ol! n onpa aKR cymeCTaeBBO IUIIIlb npR M a nhlx a&aqe-

HRHX npo6e r a. 

nocKOn&Ky H8 f511 ~)l89Mble M OnOTKOOf5p83Hbl9 TpeKB MOryT, B npHHilHne, f5biTb of5ycnoa-

8 9 8 8 
neHbi q,pa rMeHTBMR Li , Li , B , f5hino n poa ene so onpeneneHBe BKn a n a Raof5apa B 

nyTeM R3MepeHRR HOBH38 UHH '18CTRU no M9TOAY 111K8nbl ( n n a npof5e r OB 

8 

R > 42 ~t / BI 

Ma~<cHManbBB R B03MOlKB8R n o n s B B STHX H3MepeHRIIX OK838118Cb He npeBbiWll~ 

mel! 15% B cnyqa e B8H8AR9BOll MH1119HH H M e Hee 10% n na MHWeBH H3 30nOTa. OneRKll BKna-

9 
na Li npoaonanacb no of5bi 'IHbiM !<paTep HHM H n oKaaana B03M OlKBhll! aKna.n s Toro H30To-

na nopRAK B 1% • n osTOMY n p H nocTpoeHRR c neKTpoa R yrnoahlx pacnpeJleneHR A B Kl18JlOM a8 

9 
H Li MOlKHO f5bmo npeHef5pe'lb. 

PeaynbT8Tbl 3KCnepRM9HT8 n p RB9 )l9Hbl H8 p Re. 6-11. nOlty 'leBHble 3 KCnepRM9 HT81lbHbie 

A 8 HHbl9 no AH4J4JepeHUH8 1lbHbiM 3HepreTR'l9CKHM Cll91<Tp8M DOK83biB8lOT0 'ITO CymeCTBy eT On

peneneHHBR 3 8 BHCHMOCTb MBlKAY 4JopMOJ! s Hepre TR'leCKOrO CD9KTp8 R yrnoM, DOll KOTOpbiM 

51 
CHHM89TCR STOT CD9KTp. Jlna f5onee n e rKoro RAPS V 9T8 38BRCRMOCTb BbiCTyn89T 

H9CKOllbKO peaqe, '19M nnR RAPB aon o Ta. O f5maa T e RAeHilHI! B of5oRX cny'lai!X Ta!<oaa, 'IT O 

C YM9Hblli9HH9M yrna () Cfl9 l<Tp CTiiHOBRTCR f5on e e WRpOKHM, BKllll.!l 4JparMeHTOB C Bbi Co-

8 51 
K o ll suepr aell aoapacTae T. Yrnoaoe pacnpe)lene sae q,pa rMeHT OB Li aa V (no !<aaa ssoe 

8 
H8 pHC. 8 H g K 8 K B B H)le OTH01119HHJ! BbiXOAOB 4JparM eHTOB Li non y rnaM H CHMM9TpH'I-

H b iMH K go0
, TaK H a of5LI 'IHOM asne c yqe ToM TenecsbiX yrnoa perRcTpanRR) xapaKTe

p aayeT CR llOBOnbHO 3Hii'IHT 911b HOJ! 8HH30TpOnRe l! , KOTOp8SI 38BHCHT OT SHeprHR 4JparM BHT OB 

(pHC . 10) . 

6 

Heo>KRnaHHbiM a onhiTe 

6blno H3M epeso lllllllb n nR y rno : 

BOO B03p8CT8HR9 C9'1BHHSI of5p a . 

ny'lK 8 npOTOHOB. Jlna I<OHTpOn.ll 

R3 M epaHRa yrnoaoro pacn p enen 

npoTosoa. Ha pac. 11 STR n a HI 

HliM R, CO Cn e !<Tp& M R, npRBeneH 

f5biTb n poaen euo n Rillb nna RAPI 

.A:Bn~ll OWHf50'1HbiMB o 

197 
Cpaase &Re nns Au noK 

ny B SHeprRSIX f5oMf5apnRpy~mR 

y r iiB MR M ano OTIIR'I8~TC SI npyr 

R ero 111RpHR8, H He npOHCXOAR 

HhiX q,parMeyoa. TaKRM of5p a a 

c n e!<Tpa Li R3 Ag Br , K o 

/ 10-12/ 
DpOTOHOB g-24 fsB , par 

B CBR3 H C B8lKHOCTio~ A 8 HHOrO 

cne xTpa q,parMesToa) nnR perne 

anbH8R npoaepxa ero n nR B biCC 

H9T X Op o rnel! CT8THCTRKR. 

CpaaseHRSI y r noablx p acnJ 

K COlKBnBHR~, He M OlK9T f5biTb 

ND::iiX C H8 WHMB Ll&.HHbiXe 

3. 06c 

B n a RRoA p a!SoT e Mbi pac 

B p8M K8X M O)lenB C R30TpOnHbl 

C 06bi'IR O RCD011b3y e M OJ! MOnen 

3 K CnepRM eHT811bRble A B HBbiB .II 

C HOBOJ! CTOpOHbl Dp08H&nH3RJ 

HOMY s sep reTH'Ie CKOMY c n e x T p 

CTH CTpOrO n p08H8 11H3 HpOB8 Tb 

f5y >KneHHOll CHCT9Mbl )l8 lKe B pi 

T 8 K K BK He H3BeCT eH RCTHHHbli 

CTBIIR CO CK838HHbiM B O BBeAe 

peRHhi A n on y rnoM 0 -go0
, a e 



9 - yron Me)I{,Qy Tp9KOM 

- 9~9KTHSHOCTb pera

BHOCTb p9I"KCTp4AHK CO~~

!BHeJ! pa3neTa a -'laCTBn 

Iru!CTHHKy, 

H S<jl<jleKTHBHOCTb perHCTpa-· 

•eneBBR MBO>KHTeneA, xa-

L>KilOI"O nep9M9HHOI"O S 0'1'-

HTan&Ho pacn peneneHHII 

IOSABHH, 0rMe'rHM TU>Ke, 

1. JlnH npo6eros p<R ain ·y 

10 .IIIIUlb npB MSTiblX 388'19-

npaauane, obiT& o6ycnos

meHHe BKnana B3o6&pa B 
8 

eros R > 42 fl /
81 

e3anac& ae npesblmato-

H3 30nOTa, OneaKa BKna-

lKHblJl BIUIAn 9TOI"O H30To

pacnpeneneHHJl sKnanoM a8 

HHbie 9 KCnepHMeHT8JlbHbie 

SIOT, 'ITO cymecTByeT on-

• H yrnoM, non KOTOpbtM 

lBHCHMOCTb BblCTYfl49T 

IX CTIY'ISHX TAKOBS, 'ITO 

;nan <jlparMeHTOB C BbiCo-

8 51 
,j 1!3 V ( n OK438HHOe 

non yrnaMH CHMMeTpn'I

JeracTpauna) xapaKTe

OT SHeprHH <jlpSI"MQHTOB 

Heo>KanaBBbiM s onbtTe oKa3anoc& yrnosoe pacnpeneneBIIe Li 
8 

H3 Au 197 , ttoTopoe 

oblno H3Mepeao nanlb nnH yrnos 0 ~ 90°. Ka11: sanao H3 puc, 11, cymecTByeT 3HA'I:BTen&

aoe S03p4CT4BH9 C9'19BHSI 00p430S8HHSI Li 
8 

non MA.IIbiMH yrnaMB ( < 30°) OTHOCI!TQnbHO 

Uy'IKA UpOTOHOS, JlnH KOHTpO.II.Il naHHOI"O pe3yn&T8T4 6blnH nposeneHLI npensapHTenbHbie 

1!3Mep.eHHSI yrnosoro pacnpeneneHHR <jlparMeHTos Li 
8 

B3 Th 
232 

npa Toll >Ke saprnn 

npoToaos. Ha puc, 11 9TH naHBbie noK434Bbl KpecTBKAMH, CpasHeBBe cnettTpos, noll)"leBHbiX 

/9/ 
BAMR, co cn e ttTpaMB, npuseneaHbiMH KaTttOSbiM npH EP-2200 Mas , K co>KaneaHIO, Mo>KeT 

ObiT& nposeneao nHUlb nnR RllPA 3onoTa, noctton&tty pe3y1IbTaTbi no Menn s pa6oTe KaTttosa 

SIBJISIIOTC.Il OWHOO'IBbiM.H, 

197 
Cpasaeaae nn.11 Au nott43bisaeT (puc. 12), 'ITO, aeCMOTpH Ha 3H4'1HTe1Ibayro pa3HH-

ny s saeprHRX 6oM6apnapyromax Hyttnoaos (660 n 2200 Mas), cneKTpbi Li 
8 

non 6nH3KHMH 

yritaMH Mano oTnB'IAIOTCSI npyr oT npyra, CoxpaaReTCR nono>Keaue MattcnMyMa cneKTpa 

B ero WllpHHA, I! He UpOHCXOnHT, no-snnHMOMY, 34M9THOI"O H3MeHeHHSI nona SbiCOKOSHeprli'I

HblX <jlparMeagros, TattHM o6pa30M, TOT sbtson o MS.IIOM H3Meaeann <jlopMbi saepreTH'IeCKoro 

cnettTpa Li 1!3 AgBr , KOTOpbiA cnenosan 1!3 pa60T, BbmonaeHHbiX a o6naCTH saepraA 

/10-12/ 
npoTOHOB 9-24 rss • pacnpocTp4HSieTCSI H aa oonaCTb M9HbWHX 9HepraJl, OnHAKO 

B CBSI3H C BA>KHOCTioiO n&HHOI"O BblBOna (OC009HHO S OTHOW9HHH BblCOKOHMUyiibCHOI"O •xaOCTa• 

cnettTpa <jlparMeHTos) nns peweaa.11 sonpoca o MexaaH3Me <jlparMeHTAAHH aeo6xonnMa cneuu

an&HaR nposeptta ero nnH BbiCOK09H9pi"H'IHbiX <jlparMeHTOB, nnH KOTOpbiX B HSCTOHWee BpeMH 

HeT XOpoweJl CTSTHCTHKH, 

8 197 
CpasaeHI!R yrnosblx pacnpeneneHHJl Li H3 Au npa paaabiX sHeprHHX npoTOHos, 

K CO>KaneHHIO, He MO>K9T ~biTb cnenaao, UOCKOTibKY B pa~o-re191 npaKTH'!e CKH aeT conOCTas.-

HBir:Jt C H8WI!MH nAHHbiX, 

3, 06cy:>KneBBe 9KCnepi!M9HT81IbHblX naHHbiX 

B naHaoJl pa6oTe Mbi paccMoTpHM B03MO>KHOCTb o6'bHCHeHI!R nony'leHHbiX pe3yn&TaTos 

B p8MK4X MOAellll C H30TpOUHbiM yr.IIOBblM pacnpeneneHli9M <jlparMeHTOB B C,ll,H, H H8'1H9M 

C OObi'IHO HCU01Ib3yeMOJl MOnenn C onHoll KOMnOH9HTOII nepeHOCHOJl CKOpOCTH, nony'I9HHbie 

9KCnepHMQHT81IbBbl9 naHBb19 .I10 na<jl<jlepeHUH8nbHbiM 9HepreTI!'I9CKI!M CneKTp4M D03BO.IISIIOT 

C HOBOA CTOpOHbl upoaB8TII!3HpOB8Tb STy MOnen&, nposepmomytoCH paaee TOIIbltO DO I".II0081Ib-

HOMY saepreTB'IecKOMY cnettTpy, nocKOIIbKY B H8CTOSIIII99 Bp9MSI Mbl He BM99M B03MO>KHQ-_ 

CTH CTpOI"O np04H8TIH3HpOB8Tb HM91011lBeCSI ASHHbie C TO'IKH 3p9HBSI I"HUOT93bl pacnana B03-

!5y>KneHHOII CHCT9Mbl AS>Ke B p8MK8X MonenH C onaoA KOMDOH9HTOJl nepeHOCHOJ! CKOpOCTH, 

T8K KSK He H3B9CTeH HCTHHHbiJl . CneiCTp <jlparMeHTOB B CHCTeMe U9HTp8 HHepUHH (a COOTBQT

CTBHH CO CK838HHblM BO BBeneHBH), TO HCn01Ib3yeM TO 06CTOSIT9TibCTBO, 'ITO CneKTp, H3Me

peHHbiJl non yrnoM 0 -90°, B9CbM8 6nH30K K H9H3BeCTHOMY HSM CneKTpy B C,U,H, (noCKonb-

7 



Ky WIH>llUie nponOIIbHOA KOMnOB9HTbl nepeHOCHOA CJCopOCTH Ba 9TOT CD9KTp MADO) S MO.[l9JIH 

C onuoll KOMnOH8BTOA nep8HOCHOA CKOpOCTH. 

Tor.t~a cnexTpbl non npyruMH yrnaMH ua6moneBHa nerKo MOryT 6b!Tb IIOJIY'IeHbi npu 

COOTS9TCTSYIOW9M nep9C'I9T9 9Toro Cn9KTpa (OTMeTHM, 'ITO S paMltaX STOll woneJIH MO>KIIO 

nerxo y'leCTb u Manoa BnHSIBHe nepeuocuoA CKopocTB ua cneKTP non yrnoM 90°). 

PaccMOTpHM cua'lana sKcnepuMeHTSIIbBble AaBHble nna 
8 0 

CH, cneKTp Li non yrnoM 90 xopomo anpoKCHMHpyeTCa 

<l>opMyDbl C Tp9MSI napaMeTpaMB: 

p ( E, cos (J ) ~ C 
m v E-V+::::z:: 

y2(1 + mv2 )~ 

2E 

exp ( 

51 
V • Kax ueTpyABO y!5eAHTb-

C DOMOWbiO 'ucnapHT91IbHOA' 

E-V+T2 

T (2) 

3TO oKa3biS89TCSI yuo!5HbiM 0 TAK KSK Mbl MOlK9M HCnOJ!b30&8Tb naHByiO MaT9M8TII'I9CKYIO 

aanucb cnexTpa non yrnoM 90° uns nepec'leTa ero ua npyrue yrllhl 0 , npuweBH.II ljlop
/13/ 

MYDb!, npuseneHHbie s pa150Te , ueaasBCHMO OT lj>Hau'lecxoro CMbiCJia napSMeTpos T , V 

H V • nou6Hp8S1 napaMeTpbl T, V B v MeTouoM nocnenoB&Tem.Hblx npu6JIHJKeHBA B 

no6BS8S!Cb H8HDy'lwero OnBCaBHSI KBK cneKTpa non yrnOM 90°, T81t B 3ABHCBWOCTH OT 9H9p-

rHB ljlparMeHTOS OTHOW9HHSI SbiXonos Li 
8 

non CBMM9TpH'UrblWB yrnaMll 47 
o P (E cos 4~ f(E) B 133 ' , 6biDH onpeneneHbl cneny!Omue aua'leiDUI napaMeTpos: 

P ( E cos 133") 
T -7,5 Mas; v ~3,5 Mas; v • 0,015 c. npu aTOM, K8K B.ll.[lHO 113 puc. 6, s npenenax 

P( x 2
) >_ 0,1 MOlKHO nony'I.IITb cosnaneuue pac'leTBbiX pacnpe.t~eneBBA c sxcnepHM9BTanb

HbiMH non yrnaMH 133, 47 H 20° • TaKBM o15paaoM, oKa3bisaeTCa, 'ITO a paMitax Moneo 

C onuoA KOMnOH9HTOA nepeBOCHOll CKOpOCTB BCXOnBOrO anpa MOlKBO DOllY'IIITb ynOSJI9TSOpB-
8 51 

Tenhuoe onucauue nu<l><!>epeunsaDbBbiX auepreTB'Iecxux cneKTpos Li sa V • CnenyeT 
8 0 

YK838Tb, 'ITO 3TOT pe3yDbTaT BHKSK Be CSH38H C TaM, 'ITO nDB cneKTpa Li non yrnow90 

(a CJI9nOS8T9DbH0 0 B nDB cneKTpa S CIICTeMe II.B.) Mbl Sb16pan:11 anpOKCHM81UIIO HCnapii

T91IbHOll ljlopMynoA. To JKe caMoe nony'laeTCu ups aua'leBHII nepeuocuoA cKopOCTB v -(),015 c 

H npu uenocpencTaeuuoM nepec'leTe cneKTpa non 90° s cneKTpbl non npyruMB yrnaMB. 

8 
Li IG 

B Toll JKe Mouenu 15biDH npoauanuauposaubi sxcnepuMeHTaru.Hble nABHble no cneKTpaM 
197 8 

Au u yrnoshle pacnpeneneuus Li H3 V B Au • HcDODb3Y.II aa:anorii'I-

uy10 npouenypy nepec'leTa cneKTpa, uaAneuuoro nna (J •90°, s cnexTpbl non OCT&DbHbiMB 

yrnaMH ua6n10neuuu, MOlKHo TBKlKe nonol5paTL nepeuocuy10 nponom.uy10 cKopocTb, npu 

KOTopoll ynosneTsopuTenbuo onHCbiSBIOTCH cneltTpbl Li 
8 

sa Au non npyrBMH yrnaMB 

(eM. puc, 7). 3Ta CKOpOCTb nDSI Au OK83biB-89TC.II pasuoA V •0,008 C. OrsneKa.IICb 

OT sonpoca 0 lj>H3H'IBOCTH nony'leHHbiX 3B8'19HBA nepeHOCBb!X CKOpOC'l'ell, p&CCMOTpHM 
8 51 197 

yrnosbre pacnpeneneBIBI Li ua V H Au , KOTOpble s nauuoA Monens onpenen-
8 

IOTCB <l>opMoA cneKTp8 Li S CHCTeMe ll,H, H S9DH'IHHOA CKOpOCTB V .• 3neCb CHOB-8 

yno6HO SOCnODb30SaTbCB TeM 0!5CTOBT9llbCTSOM, 'ITO CneKTpbl non 90° XOpOWO 8DpOKCBMH-

8 

py!OTC!l C nOMOWbiO 'ucnapHTe 

nnu yrnosoro pacnpeneneuuu 

Li 8 
npu uaAneuBbiX aua'leHHB 

WO BHnHo, B o60HX cny'I&HX H 

nbrx yrnos, npu'leM oco6euuo 

TaxuM o6paaoM, nonolKe 

npu auanuae auepreTH'Iecxux 

pac'leTHbrX B axcnepnMeHTanbi 

S MOneDH C onuoll KOMIIOH9HTO 

TO'IHOll CT8THCTHKH S SKCnepB 

H9HHSI paC"'eTS B 9KCnepHM9H1 

6nH3KYIO K ne!ICTSHT911bHOli M• 

BOA B nonepe'IHOA, - TO MOlKl 
8 

Li ylKe H9T cosnaneBHB pa< 

BnuHBHe nonepe'IHOA KOl 

neHbiO o60CHOB8HHOCTB 1 K8K S 

npennono)I(HM, 'ITO ljlpaMrMeH'I 

py!OTCH S H9KOTOpOM T9119CHO 

ueuue npoeKilBH nonepe'luoll 1 

nonycljlepe 'saepx' B s nonyc 

uae pasubl. TaxuM o6paaoM, 

CKOpOCTell, npHSOnHT H8C K II 

(npH yrne (J ciJ0°), nsnras< 

Jl9T9KTOpa C B9KOTOpb!M cpell 

BnuHBHeM cKopocTH v 

npeue6pe'lb, TSK )1(9 KaK H Wll 

yrnaMH. 

OnucaTb cneKTp ljlparME 

weuusr: 

P(E,90" 

rue 
E-

P ( E, 90", .2:_ v ) = C 

" To 

E- V + 
x exp I -



9TOT CnexTp MAJIO) B MOn8JIH 

• MOryT ObiTb nony'I8Hbr npa 

B PBMXBX STOA MOn91IB MO)KHO 

rr:Tp non yrnoM 90°). 

V 
51 

• Kax H8TpYnHo y6enHTb-

c nOMOillbD 'acnapHT9JihHOA' 

(2) 

Tb nAHKyiO M8T8M8TH'I8CKYIO 

(} , npaweHBH <jlop-

ro CMblcna napaM8TpOB T , v 
•AOB4T9JihHbiX npH6Jia)KeHHil II 

t T8K II 38BBCIIMOCTH OT 9H8p

ll:biWB yi"JIAMll 47 

:e 3H8'181DUI U8p8M8TpOB; 

110 113 pRe. 6, B npenenax 

•8A8JI8HHil C 9KCn9piiM8HT8Jib

l8TCH, 'ITO B. p8MX8X MOne1!B 

MO*BO nOny'IKTb ynOBJ19TBOpK

>B Li 
8 

H3 V 
51 

• CnenyeT 

1111 cnexTpa Li
8 

non yrnow 90° 

)BJIII 8npOXCKM8UHIO HCnapll

epeHOCIIOA CKOpOCTK V -(),015 C 

:"J>br non npyraMH yrnaMK. 

aJihHble n8HIIhl8 no CD81tTp8M 

Au • Hcno1lb3YH aa:anorn-

> 
t B Cn8KTpbl ROn OCT8JibHbiMII 

DnonLKylO CKOPOCTb, npH 

Au non npyrHMII yrnaMH 

v •0,008 c. OTaneKBHCb 

=xopOC1' 8i!, paCCMOTpiiM 

I B nBIIHOi! MOn8JIK onpenSJISI

:opOCTK V • 3neCb CHOB.a 

non 90° xopomo anpoxCIIMH-

py!OTCH C nOMOillbiO 'HcnapHTeJibHOil' <j>OpMYJibi (2)> H n09TOMY 38KOHHO HCnOnh30B8HH8 <jlopMyn 

nnH yrnoaoro pacnpeneneaiUI 113 paoOTb/ 
131

• Pe3ynhTBTbi pac'!eTa yrnoaoro pacnpeneneHHH 

Li 
8 

npH aailneHHbiX 3Ha'leHHHX nepeHOCHbiX cKopocTeil nOK838Hbi HB pHc. 9 H 11. Karr: xop<>

mo BHnHo, a o6oHx cny'laHX HMeJOTCH pacxo~eHHH p ac'!eTa u eKcnepHMenTa a o6naCTH Ma-

8 
nbrx yrnoa, npu'!eM oco6eHHO CH1IbH08 B cny'la8 ucnycKaRHH Li H3 Au 

TaXI<M 00p830M, nOJI0)1(8HH8 OK83biB88TCH He TBKIIM npOCTbiM, KBX MOI'JIO K838TbCH 

npH aaanHae eHepreTH'I8CKHX cnexTpoa. KoH8'1HO, aeo6xonHMO OTM8THTb, 'ITO TO cornacHe 

paC'I8THbiX 11 err:cn8pHMeHTanbHbiX cn8KTpoa a o6nacTH Manhrx yrnoa, rr:oTopo8 nony'la8TCH 

B MOn8JIH C OnHOil KOMnOH8HTOil n8p8HOCHOil CKOpOCTH, M0)1{8T HBJIHTbCH CnenCTBH8M H8nOCT8-

TO'<lHOil CTBTHCTHKH B 9KCn8pHM8HT8nbHblX Cn8KTpaX II B03HHK810Il18il OTCIOnB TpynHOCTH Cp8B

H8HHB p8C'IeT8 H 8KCn9pHM8HT8. EcnH, KpOM8 TOI'O, nonbiTBTbCH np08H81IB311pOB8Tb OOJI88 

OJIH3J<YIO X nei!CTBBT8JibHOil MOne1lb C nBYMH KOMnOR8HT8MH nep8HOCHOil CKOpOCTH - nponOJib

HOil II nonepe'IHOil, - TO MO)KHO BHn8Tb 0 'ITO H npH 06bHCH8HHK 9H8pi'8TB'I8CKHX Cn9KTpOB 

Ll
. 8 

y)Ke H8T COBU8n8HHB p8C'I8T8 H 9KCnepBM8HT8 B OOJIBCTH M8Jib!X yi"JIOBo 

8JIIIHHII8 nonepe'IHOil KOMnOH8HTbl n8p8HOCHOil CKOpOCTH MO)KHO Y'I9CTb C TOil )1{8 CT9-

n8Hbl0 OOOCHOBBHHOCTB, KBK STO n8JI89TCH nnH npon01lbBOA KOMnOH9HTbl. nei!CTBHT8JibH00 

np8nnOJIO)KHM, 'ITO <jlpaMI'M8HTbl 0 KBK STO IIM88T M8CTO B H8Il18M 9KCnep11M8HTe, pei'HCTpH

pyiOTCH B H8KOTOpOM T9J18CHOM yrn8 <U npH (}=90°. nonycTHM, 'ITO Mbl np0113B81IB ycp8n-

H8HIIe npoeKUHII non8pe'IHOil xoMnOH8HTbr vL He Hanpaan8HIIe perHCTPIIPY8MbiX 'IBCTHU B 

nonyc<jlep8 'BB8pX' II B nonyc<jlepe 
1
BHH3'. npll 8KCK81IbHOA CHMM9Tpllll 381\B'IH 9TH cpen

HH8 paaHbl. Tarr:IIM o6pa3oM, npou8nypa_..nonHOCThJO 9KBIIBBJI8HTH8H ycp8nHeHKro npon01IbHbiX 

CKOpOCT8il, npHBOnHT HaC K npennOJIO)K8HHIO, 'ITO nOJIOBHHB Slll8p oyneT HCnyCK8Tb <jlparMeHTbl 

(npH yrne (} =90°), nBHI'BHCb no H8np8BJI9HHIO K n9T9XTOpy, II nOJIOBHH8 - ABHI'BHCb OT 

neT9KTOp8 C 118KOTOpb1M Cp8nHKM 3H8'18HII8M CKOpOCTH 

BnHHHHeM cxopocTu H8 CU8KTp <jlp8I'M8HTOB non YI'JIOM 90° MO)KHO np8KTH'I8CKH 

npeR80p8'1b, TBK )1{8 KBK II BJIHHHK8M CKOpOCTH HB CneKTp <jlparMeHTOB non M8Jib!MH 

yrnaMII. 

On11CBTh cneKTp <jlparMeHTOB non yrnoM 90° npH 9TOM MO)KHO nocpenCTBQM COOTH<>-

WeHHSI! 

P (E,90")=-}[P(E,90", + ;vl)+P(E,90°, --;-vl)) 
(3) 

r n a 

P ( E, 90", 2 v ) = C 

2 2 
E V+ m(y v,) (2mE)li...2..v 

TT 

E- V + 
x exp I -

2 2 
m(rr v~) -(2mE )li 

2 
T 

9 

2 v 
TT J. 

X 



nnlil onpeaen&KHSI napaMeTpOB T H v (MeTO)lOM nocneaoaaTanbHbiX npu!SnulKeuull) B cny-
8 51 8 0 

'!ae o6paaoaaKHR Li ua V elbln ucnonbaoaau cneKTp Li noa 90 u 3Ha'leuue v l• 
el/IH3K09 K TOMy, KOTOpoe nony'la9TClil U3 p8C'19T8 SIA9pHo-KaCK8)lUOrO nponeCCa K8 S!Apax 

aaKaaHR ( s TOT pac'!eT 6hm npoaeneH KSMH coaMecTHO c B.M. Manbll9Bb!M u B.H.Ko'IKHHbiM). 

3Ka'leHuH napaMeTpoa, npu KOTophlx xopowo onHChlaaeTCR cneKTp noa 90°, cneay10mue: 

T •6,3 Msa, v = 3,8 Msa, v l-o,Ollc. nnlil paC'IeTa cneKTpOB noa Manb!MB yrnaMB 3H8'1e-

HBe vii 6bmo aaSITo paBHbiM v l • Ecnu Tenepb c uallaeulll>IMH napaMeTp.aMB T , V 11 vII 
0 

p8CC'IHT8Tb cneKTp non 20 (npeKe6peraR Vl B 9TOM Cny'!ae), TO, K8K BBAKO U3 puc. 6, 
2 

K9T KHKaKOrO COBn81l9HKlil p8C'I9THOrO B eKCnepUMeKT8nbHOrO cneKTpOB ( p ( )( ) < 0,01) • .Yr-
lS 

noaoe pacnpeaeneHue Li , pacc'!uTauuoe c yKaaaKHbiMU aua'!eKB51MB T , V 11 vii, oKa-

3hiaaeTCR TaKlKe CHnbHo oTnB'IHhiM oT excnepuMeHTanbuoro. Ha puc. 9 noxaaaHbi paCC'IHTau-

Hbie 3H8'19HUlil dN / dfl unH yrnoa 20, 90 H 160°. 

TaxliM o6paaoM, a Monenu c nayMR KOMnoHeHTaMu nepeHOcHoli cxopocTB, 6onee peam,-

HOA C TO'IKH 3peHUlil K8CK81lHOrO MeXBHU3M8 B38UMOAeliCTBHlil '18CTUil BbiCOKOll eHeprUB C 

B.llp8MU, Hemb3R nony'IUTb CKOnh-HU6ynh ynoaneTBOpUTenhHOrO COBnaaeHHR paC'IeTa C excne-

pBMeHTOM B o6naCTH He6onhWBX yrnoa (J • OTO OQCTORTenhCTBO nOK83biB8eT, 'ITO, no Kpall._ 

aell Mepe npu ManhiX (Jl BMeeT MeCTo BKnan KaKux-To npyrux npoueccoa o6paaoaaHBSI 

<j>parM9HTOB 0 He HMeiOWUX OTHOWeHBH K npoueccy pacnaA8 B036ylK)leHHOil CUCT9Mbl. nnlil 

TaKoro nerKoro Slllp8, KBK B8H8)lHil, eTO o6CTOS!TeJihCTBO He MOlKeT 6h!Tb HeOlKliABKHbiM. 

CKopee 6hmo 6hJ t5onee YAHBHTenhHhiM, ecnu 6hi oxaaanocb, 'ITO npouecc <j>parMeHTall.Hu 

H8 CpBBHHTeJlhHO nerKHX lilllPBX MOlKeT 6h!Tb nenBKOM OnHCBH B p8MK8X •ucnapHTenhHOro' 

MexaHHaMa. Coananeaue, KOToporo ynaeTcSI no6HThCR a Monenu c TpeMB napaMeTpaMB 

( T,e. C Oil HOi! KOMnOH9HTOil nepeHOCHOil CKOpOCTU), B eTOM cny'lae SIBl!HeTCR CKOpee npH3H8-

KOM HenpHrOnHOCTU MOnenH HCnapeHHR H OCHOBbiB8eTCR H8 npOH3BOne B BblfSOpe napaMeTpOB, 

qTQ OC06AHHO OTHOCHTCH K BenH~HH9 V • Kax. 6hi11o noKaaauo Bhime, aenH'IHHa v oxa-

3 biB89TCli! paBHOI\ 0,0!5,c B 
8
cnY'!89 npHMeHeHUlil MOilenB C OAHOI\ KOMnOHeHTOI\ nepeHOCHOil 

CKOpOCTU K HCnyCK8HHIO Li H3 Slllep B8H8)lUlilo OTB aenU'IHH8 CKOpOCTH B036ylKAeHHOrO 

Slllp8 BeCbM8 BbiCOK8 no Cp8BH9HUIO C TOI\, KOTOpyiO MOlKliO OlKllll8Th )lnR OCT8TO'IHbiX B)lep 

nocne OKOH'IBHKR KBCKanHoro npouecca, nalKe npu BhiAeneHHH rpynnhl cunhHO aoa6ylKAeHHhiX 

Slllep, anR KOTophiX no o6menpHHRTbiM npencTaaneHHRM 6onee aepoSITeH pacnan c o6paaoaa

HHeM <j>parMeHToa. Pac'!eT, npoaeneHHhiA HaMH coaMeCTHO c MaJihneabiM H Ko'IKHHhiM nnR 
51 

cny'laR aaaHMOn elicTBHR npoTOHOB 660 Mas c RllPBMH V , noKaaan, 'ITO anR rpynnhi 

OCT8TO'IHbiX M 9p C A -46,6 u 

v 11 = 0,005 c, cpen Hee sHa'leHue 

E803~. 80 Mea cpenHRB npononbHBR cKopocTh pasHa 

nepneHUHKynapHoA cocTaBnSIIOmell ; l =0,009 c. 

B TOM )l{e pac'!eTe una cny'laH aaaaMonellcTBHR npoTOHOB 660 Mea c MPBMH Au 
197 

6bino Hai!ne uo, 'ITO unR rpynnhi ocTaTo'IHbiX Mep c E 8036 ~ 300 Mea cpenHRlil npononh-

HaH CKopoCTb vii = 0,004 c ( npH STOM v.l- = vii ) , 'ITO TaKlKe CHJihHO oTnH'!aeTCH OT 

10 

,.. 

~ 

l 

v •0,008 c, npu JtOTopoll en 

apyra npB HCnonb30B8HUU MO,ll 

38MeTBTb, 'ITO nepeHOCH8lil CK 
1' 

KOMnayH.li-CUCTeMbl ( p + Au 

<j>uau'leCKoro CMblcna. TaKHM 

unlil KOTOpOrO BCnOnb30B8HUe • 

6onee npueMneMhiM, '!eM anR 

6yiOT no xpal!Hell Mepe npuam 

eme u npSIMb!X npoueccoa. 

Ho He MeHee cymecTaeHJ 

'ITO WUpOKO UCnOnb3yeM8B HCr. 

CTU U KB83BM8KCBenOBCKHM C< 

COBM o6pa30B8HUR <j>parMeHTC 

CpeACTBOM anpOJtCUM81lBB onpe 

llOBCKH <j>U3H'IeCKOrO COneplK8H 

npencTaanRIOT HHTepec. 

B nonTB&plK)leHHe nocnea 

npnMep, naHHhie no o6paaoaau: 
7 

naHHble no ucnycKaHUIO Be 

no 40 Maa
1151

, naHHbie no o6 

MU BbiCOKOll 3HeprHH/
16 1 

H ll8 

KOTOpb19 nOK83biB8IOT, 'ITO <j>op 

Hbie u nu<!><l>epeHnuanbHbie) a p 

COBOKynHOCTh eKcnepUMeHT8ni 

B aaxniO'IeHue aaTopbi Bl 

nosy aa nonaeplKKY cepuu eKCI 

pbiX aowna a sTy pa6oTy, npa< 

neHHbie o6cylK)leHHSI H na6opaH 

no npOCMOTpy <j>OTonnaCTHHOK, 

1. J.Dostrovsky, Z;Fraenkel, }.Hud: 

2. R.Da Silkeira. Phys. Lett., .2! 2! 

3. }.Nemeth. Nucl. Phys., ~ 689 (I 

4. E.H.3axapbeB, C.H.Coxonoa. 

5. 11.AMHpxaHoa, E.H.3axapbea 



,T&nbHb!X npu!Snu>KeHHi!) B cny· 
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. 8 0 

non 90 II 3H8'19HH9 V l• 
anuoro nponecca ua gnpax 

11\anbneBbiM u B.H.Ko'lKHHb!M). 

rp non 90°, cneny10mue: 

>B non ManbiMB yrnaMH 3Ha'le-

napaMeTpaMH T , V 11 vII 
) , TO, K8K BHnHo H3 puc, 6, 

nenpos ( P(x~) < O,Ol). Yr

'leuu.wu T , V 11 vii, oxa-

puc. 9 llOK838Hbl paCC'lHT8H-

HOCBOi! CKOpOCTB, 6onee pe~-

18CTHil BbiCOKoll aaeprua c 

:oananeuaSI pac'leTa c aJtcne-

'BO llOK83biB8eT, "iTO, no KpttA~ 

'IIX nponeccoa o6pa3oaaaasr 

f )I{Jl9HBOi! CIICT9Mbl. }lnsr 

>KeT 6b!Tb H90lKBn8HHb1Mo 

> nponecc ¢parMeaTalli!B 

paMKax 'acnapuTenbuoro• 

C Tp9MSI nap8M9TpaMH 

l ae RBnS19TCSI CKOpee npH3Ha-

3 BOil9 B Bb! OOpe napaMeTpOB, 

' Bhi me, aenHttHl:la v ox.a-

:o il xoMnoaeuToll nepeuocuoi! 

CKOpOCTH B036y)I{JleHHOro 

uaTb nnsr OCTaTO'lHbiX gnep 

ynnbl CllnbHO B030Y>KJl9HBb!X 

poRTeR pacnan c o6pa3oaa

rn.ueahrM 11 Ko'lKHBbiM nnB 

oKa3 an, 'ITO nnsr rpynnbr 

, uasr CKopoCTb paaua 

3l! ; l =0,009 c. 

660 Maa c ll.llpaMH Au 
197 

300 Maa cpenusrsr npon onh-

lhHO OTn HqaeTCH OT 

v •0,008 c, npu JtOTopol! cneKTpbl non pa3nH'lBbiMH yrnaMII nepeC'lHTbiB810TCll npyr B 

npyra npu ucnonb30B8BHB Monenu c H30TponBbiM acnycxaBHaM cjlparM&HToB. Heo!SxonuMo 

38M9THTb, 'ITO nepeHOCH8ll CKOpOCTb V •0,008 C Olt83biB89TCll na>Ke 6oru.we CKOpOCTH 
197 

KOMn8yHJl-CHCT9Mbl ( p + Au Vc -0,001 C, T.e, liBnli&TCll B&nB'lHBOi!, nHW9HBOII 

cjJH3H'leCJtoro CMblcna. TaxuM o6pa3oM, na>Ke a cnyqae Taxoro Tli>Kanoro gnpa, KaK 3onoTo, 

nnll KOTOporo HCnOnb30B8HH9 CT8THCTH'l9CitOI! MOnanH o6p830B8HHll cjlparMeHTOB K838nOCb 

6onee npHeMn&Mb!M; '19M nnSI B8H8nHll, nony'leBBble H8MH 3KCnepHM9HT8nbHb!e naHHb!9 Tpe-

6yiOT no Jtpai!uei! Mepe npuane'laHHSI uapgny c B03MO>KBbiM ucnapaTenbHb!M MexauH3MOM 

eme u npliMbiX nponeccoa. 

Ho ue MaBee cynrecTaeHHbiM pe3ynbTaToM nauuoll pa6oTbr, KaK Ka>KeTca, l!BnSieTcsr To, 

'ITO wupo1to acnonb3yeMall ucnapaTenbB8ll Monenb c onaoll JtoMnoueuToll nepeuocuoll CKopo

CTB B KB83HMBKCBenoBCKHM CneKTpOM cjlparMeBTOB B C.ll.H. Be MO>K9T cnylKBTb n OK838Tenb

COBM o6pa30B8HHB cjlparMeHTOB 'l&pe3 paCnBJl B036y>KneHHOi! CBCTeMb! B SIBnSieTCSI nBWb 

CpenCTBOM anpOICHM81lHB onpeneneBBOi! COBOKynHOCTB BKCnepHMeBT8nbHb!X naHBbiX. floaTOMy 

noaCKII cjlu3H'leCJtoro conepJKaHHll napaMeTpoa aToll Monenu ( T , V 11 v ) apgn nu 

npencTaansriOT HHTepec. 

B nonTa&p>Kneaue nocnenueMy MO>KHO yKa3aTb aa pe3ynbT8Tbl pgna pa6oT. 3To, ua-
24 8 ,. / 14 / 

npuMep, nauubre no o6pa3oaaHIIIO Na 113 np11 auepr1111 npoTOHOB 2,9 r aa , 
7 

naaable no ucnycK&HHIO Be npu o6ny'leHIIII pgna gnep a -'laCTIIIlBMH c auepruell 

n o 40 Maa
1 151

, naHBbte no o6pa30B8BHIO He 
4 

a pacnrenneausrx Tsr>Kenb!X gnep npoToaa-

MII Bb!COKOI! 3HeprHH/
161 

H naHRb!e no 06p830B8HHIO npOTOHOB B cjJOTognepHbiX peaKUHSIX/
171

, 

KOTOpb!9 nOKa3biB8IOT, 'ITO cjlopManbHO MO>KHO onucaTb 3HepreTH'l9CKRe CneKTpbl (rno6anb

Rb!9 H na¢<j>epeHilH8nhBb!9) B paMKaX TpexnapaMeTpH'l9CKOi! IICnap11T9nhHOII MOnenll, HO OOlllBSI 

COBOKynHOCTb 3KCnepHM9HTanbHbiX naHHb!X Be 061.BCHSI9TCSI 3TOll MOnenbiO. 

B aaKniO'!e uue aBTOpbt a btpa>KaiOT rny6oxy10 np113HaTenhBOCTb npo¢eccopy B.fl.}l JKene

noay aa non nep>KKy CepHH 3KCnepHMeBTOB no H3y'leHHIO RBneBHSI cjlparMeHTallHH, '!aCTb KOTQ

pb!X aowna a aTy pa6oTy, np<><j>eccopy H.A.flepcjlanoay a coTpynuuKaM ere naoopaTopaa aa 

ll9HHbl9 oocy)I{JleHIISI II na6opaHT8M B.fl.PyMRBil9BOll II K.H.MepKHHOII 3a 6onbWYIO paooTy 

no npOCMOTpy cPOTOnnaCTHHOK. 
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