
- ---- - ---------

06bEllHHEHHbiVt HHCTHTYT SI.UEPHbiX HCCJlEllOBAHHVt 
nABOPATOPvUl TEOPETvP-iECKOti ctll13VfKVf 

BbP·iVfCnVfTEnbHblti . UEHTP 

B.C. Bap8W8HKOB, Ll.H. BnoXHHUeB, 3.K. M&xyn, H. naTepa, r.ll. CeM8WKO 
r , 

P-1245 

noniOCHA.H TEOPVJ.H PO./KLlEHVJH 
A -rVJnEPOHOB B rrN -B3AY1MOLIEHCTBVJ.HX 

nPVI BOllbWVJX 3HEPrVJ.HX 

Ll y6Ha 1960 ro.o 



x/ B.C. SapaweRKOB, .O.VI. BnOXHHUeB, a.K. Maxyn • VI. naTepa, r.n. CeMawxo 

P-1245 

nomOCHA.H TEOPVI.H PO>K.OEHVI.H 
~ A -rVInEPOHOB B ,N -B3AVIMO.OEviCTBVI.HX 

nPVI SOnbWVIX 3HEPrVIHX 

x/ 
nocTOSIHH&lA 8Llpec: VI HCTHTyT 8TOMHOA cpH3HKH B SyxapecTe. 



~--------------

,· 
' 

1. Bae.oeaHe 

Ill 
B pa6oTe 6~no noxa3aHo, qTo a npe.oenax ToqaocTH axcnepaMeHTa TeopHR aeynpy-

rax B38HM0.09ACTBHA B O.OHOM930HHOM IIOniOCHOM .IJpH6nameHHH, KOr.oa npOM9)KyTO'fH8R qac

THU8 p8CCM8Tplii889TCH Jt8K peanbHSH, y.ooaneTBOpHT9IIbHO cornacyeTCH C OIIbiTOM. 

B nocne.oaee apeMH 6~nB nony'leH~ 3HaqKTen&ao 15onee TO'IHbJe .oaHHble; a 'laCTHOCTH, 

5&znH 06HapymeH~ .088 M81CCHMYM8 B HM!IYJlbCH~X pacnpe.oeneHHSIX HyKIIOHOB H rHnepOHOB, 

polK.aaJOIUKXCH a rr N -a3aHMo.oeAcTBHHX npB saeprasrx T » 1 Baa 12- 41 . 

Sro no6y .oHno aac npoaecTH §onee Tmaren&aoe cpaaaeaae reopKH c on~ToM. 

npe.onaraeM851 p8.60T8 IIOCB51Ul9H8 H3yqeHBIO pom.oeHHR 1\. -ranepOHOB B tr-p -B38H-

MO.aeAcTBHRX IIpH saeprHH T == 7 Baa; a aToM cny'lae HMeJOTCH aaa6onee TO'fH~e axcne-

pRM&HT81IbH~9 .08HH~e. 

nepH¢epH'f9CXH9 CT01IICHOB9HH511 IIO Onpe.oeneHHIO, COOTBBTCTBYIOT CT01IKHOB9HHSIM, npK 

JtOTOp~x nepe.oaercH Man&IA nonepe'IH ~A HM nyn&c p 
1 

< : I b -aexorop~A napaMeTp, 

pa3.aenHJOIUHA U9HTpan&H~e H nepHcpepH'f9CKH9 CTOnKHOBBHHHI, IIOaTOMY HyxnOH~ HJlH rHnepo

Hbl, o6pa3yJOIUH9CH B 9THX CTOnXHOBBHHSIX, HBnSIJOTCSI )KBCTKHMH H B~n9T810T IIO.O M8Jl~MK 

yrnaMH a aanpaaneHHH anepe.o. 

Momao 6&Ino 6~ .oyMaT&, 'ITO nosraneaae .oayx MaKCHMyMoa a cnexTpe 6apHOHOB ecTb -pe3y1IbT8T HanomeHHSI .OBYX M9XSHH3MOB CTOnKHOBBHHSI! CTOnKHOBBHHA nepHcpepH'IBCXHX R Q&H-

Tpa1IbH~X, nopom.oaJOIUHX 15onee MHrKHA cneKTp. O.oaa1to H3 .oan&aeAwHx pac'leToa C5y.aeT 

~ BB.QHO, 'ITO HHK8KHM o6pe3SHH9M nep&cpepH'IBCKHX CTOnKHOB9HHA no B91IH'IKH9 nepe.oaaaeMOrO 

&Mnynbca aen&3H nony'IHT& aaonJO.oaeM~e MBKCHMYM~ a cnexTpe 1\. -'faCTHU. 

Kax noxa3aHo a § 4, y'leT xopo wo ycTaaoaneaaoro Krr- peaoaaaca K * npH saeprHH 

0,89 Bsa H l(rr -pe3oaaaca M* npH 0, 73 Baa nonaocTbJO MBHHeT caryauHJO H no3aonReT 

aenpBHym.oeHHO OO'bRCHHTb IIORBIIBHHB BTOporo M8KCHMyMa 8 pacnpe.oeneHHH BMIIynbCOB 

A -qacTHu. 

B npe.anaraeMoA pa6oTe M &I npoH3aena Tax me oueHKH 6onee cnomR~X .aHarpaMM, KOTOp~e 

Moryr KOHKypapoBaT& c paccMaTpHaaeM&IMH HaMH noniOCK~MH OLlHOMeaoHH~MH .oHarpaMMa

MB H ROK838nB, 'ITO BO BCSIKOM ~yqae B o6naCTH 9HeprHA: T "" /1 - 101 Baa 9TH ,QHarpaM-

Mbl ae cywecTaeaa~. 

Bee &TO y6em.oaeT H8C, 'ITO BTOpOI M8KCHMyM B CDBKTpe 1\. -'18CTKU, OC5Hapy>K8HH~A 
/2-41 

s pa6orax , ecTb npHMOe oTo6p'ameaHe peaoaaacaoro Krr -B38HMO.oelcTBHH. M~ .ay-

MaeM, 'ITO II0.006H~A )1{9 MSKCHMYM B HMnyn&CHOM cneKTpe HyKnOHOB, 06p83YJOWHXCSI npH 
121 

MHO)K9CTB9HHO·ft reHep&UHB 7T -Me30HOB I HBnHeTCSI CJle.OCTBHeM p830H8HCHOrO fTtT 

aaaHMO.oeAcTBHH. CooTB!:!TCTBYJOIUHe pac'leT~ ceA<Jac a&monHHJOTCR. 

Cne.oyeT OTMeTHTb, 'ITO MexaHH3M reaepauHH '18CTHU npH saeprKHx T >> 10 Bsa MO

lKeT 6b!Tb CYlll9CTB9HHO HHbiM •... 
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2. 0.aHOM930HH09 /noniOCHOe/ fipH6nH)K9HH9 

B npR6nH*eHHH, KOr.aa saaHMo.aell:cTBHe nepe.aaeTcH scero nHw& o.aHoll: npoMe*yTo'l-

HoA 'laCTHueA, po*.aeHHe A -ranepoHOB o nHCbiBaeTcH .aHarpaMM aMH M 1 , M 2 a M :1' Ha 

pac. 1. CooTBeTCTBYIOWHe pacnpe.aeneHHSI A -rHnepoHOB no HMny n&caM B cHcTeMe ueHTpa 

-------~~:::.--.T""' ........... 
I 
I _ ...... 

~ - -
' 

Mt 

---~ 

Mz 

...... ...... 

p • c. 1. 

M3 

/ -

------ ranepoH; - npo-

) 

Po*.aeHRe A -ranepoHoB B o.aHoMe30HHOM npa6na*eHHH 
TOR; ~ K -Me30H; ----- rr - MeaoH. s;-> 

MaCC CTanKHBSIOWHXCH rr -Me30Ha H npOTOHa HM9IOT BH.a: 

3.aec& 

du
1 

(p, T) 

dp 

• -2p. 
_1_ ( ___IL_)2 J dW 

4rr rrqs 1 

II A+ DJ 

•·"r +1 2 rrN 
f dW2 J dcos6u~" (W:l) auA(Jc;cp;W,) X 

- 1 a 1c a cos ¢ 
2p. 

1 1 p --
X ( -----)(y- -.Jy:l-1 cos(})f(W1 ;M;p.)f(W:l;p.;p.). 

f1:l + 2 !1 2 + :l t 
mfn I' maz I' 

2 :l 2 
!1 

82 
fn = D - F - M - W 1 

:l 2 2 
/imaz = D + F - M -WI 

/1/ 

MHHHMSn&HaH H MaKCHManbHO B03MO)KHaH nepe.aa'IH '19TbipexMepHOI'O HMnyn&Ca OT npOTOHS K 

A -ranepoHYi 

D "' s 
2 

+ W: - W: y-q 2 + M 2 

s 

F -
2 2 22 2 2 

_!L ..; (s - W - W ) -4W W • 
I 2 1 2

1 

s 

cos cp 
E - yt 

k ..; y 2- 1 

4 

'~-~--=-

q 

m 

c "' 1/; 

fL 
1l'fT 

u, 

peaKUHI. C 

KaK 

r.ae 

aepw 

H 

B 

• 



• 
I 

>II npoMe)f{yToq-

' M 2 H M Ha 
3 

' CHC'J'eMe IIeHTpa 

-..-

K 
i 
I 

- npo-

III 

llpOTOHa K 

I 
I 

I 

y 

q 
1 l 2 22 22 

.,j ( s - .V - 1L ) - 4!.1 1L 
2a 

k 

E 
2 2 

.,j P + M A 
2 2 

£=yk+M; 
A 

s = .,j(AI + j.l. f+2MT- nonHaH 9HeprHH B CHCTeMe ueHTpa Mace CTanKHBSIOWHXCH 7T -Me30H8 

H npOTOHa; W H W 
2 

-nonHaH 9HeprHH 'laCTHU, CTanKHBaiOWHXCH COOTBeTCTBeHHO B HH)K-
l 

Hell H BepXHell BepWHH8X );I.HSrpaMM B CHCTeMe HX ueHTpa Mace; p -HMnynbC A -rK-

nepoHa B CHCTeMe ueHTpa MSCC CTanKHB8IOWHXCH 7T 
-MeaoHa H npoToHa; T -KHHeTH-

qecxa!l saeprHH nepBH'IHOro " -Me3oHa B na6opaTopHoA cHcTeMe xoop.llHHaT; MA., M 

-cOOTBeTCTBeHHO M8CC8 A -rHnepoHa, HyxnoHa, K- H -Me3oHa I h 7T 

m 

c "' 1/; a:" - nonHoe ce'leHHe "" -BaaHMO.llellcTBHH; a'; 
peaxuHA c pom.lleHHeM A -rHnepoHa: " + N ... A + K + n1r 

-cyMMapHOe Ce'I9HH9 1rN 

n = 0,1,2, .... 

111 KaK H B pa6oTe , BHpTyanbHOCTbiO npoMemyTO'IHOA 'laCTHUbl Mbi npeHe6peraeM. 

da, (p; T) 

dp 7T 

p 

qsE 

Q = .,j ( s - E )2 - P 2 , 

BepWHHHaH cPYHKUHH B HH)KHeM BHpTexce 

d T) 1 S·m·j.l. 
a,(p; = _.,. (-P-)2 f dWz 

s ·HJ 
f CiW 2 

dp 47T 7TqS M+m m+j.t 

IVIIV2 ( 1 

k 2 ~ 2 2 
umln +m iJ k iJ cos¢ 

-z 

1 
----2)(y 

f:.,.
2
maz + m 

!!_ V y.t.. 1 COS 0 ) X 

( 

131 

a"K 
t 

nona oe ce'leH He rrf{ -B38HMO.lleHCTBHH; - cyMMapHoe ceqe-

-rHnepoaa: K + N ... A n = 1,2,3, •.• 3uecb 

-peaxu.HA c pomueHHeM A 
KN 

Bee ocTanbHbie o6oaHa'leHHH - Te rKe, 'ITO H B Bbipa>KeHHH /1 I • 



' acTeMe ue 
\BOB B C 

¢opMynbl LlHQJQJ9p9HilH8JlbHbiX C9'19HHll /1/-/3/ IIOJIY'I9Hbl CT8H.aapTHbiM M9TOLlOM B3 \ eHT&J1bBbiX 
jn&pHM 

cooTBeTCTBYIOWBX MaTpH'IHbiX sneMeaToB M 1 , M 2 H M 3 • ; ueBT-Pa 
iTeM& 

nonHoe C8'18HHe po>K.aeHHSI A -ranepOHOB B 0LlHOM930HHOM IIOJliOCHOM npa6na>KeHHH i aa&HCHMOCTB 

' 
paBHO cyMMe ceqeaaA 11 l-IS I, npoHHTerpapoBaHHbiX no BceM 3Ha'IeHHSIM BMnynbca P. • \ AaanorH'IB 

npa STOM Mbl IIpeHe6peraeM BHTepciJepeHIIBOHHbiMH 'IJ19H8MB. Bxna.a 9THX '1Jl9HOB, IIO-BHLlH-1 eaze pO:lK 
lnpe.aen 

M OMY 1 H93H8'1BTeneH • .LlnSI '18CTHOro CJIY'I8SI, KOr .a a B KOH9'1HOM COCTOSIHHB HM910TCH TpH : B cnY'I89 
15 I , x.aJ.t 8 

'18CTHUbl, 9TO IIOK838HO B pa6oTe • .LlnH 60JlbW9rO 'IHCJ18 pO>KLl8IOWHXCH '18CTHU B03HHKa-' 

9T MHOrO HHTepQ:>epeHUHOHHbiX 'IJ19HOB C pa3JlH'IHbiMH 3H8K8MR, 1109TOMy MO>KHO O>KHL18Tb 1 

'ITO B cyMMe BX BXJ18Ll B 3H8'1HT9JlbHOil CTeneHH 6y.aeT KOMIIeHCBp088TbCH; 

3XCII9p11M9HT8Jl&Hble 3H8'19HHH LlBQJcP9p9HUH8JlbHOrO Ce'leHRH a2 a17
N I a k a cos ¢ 

A 
B 

ae aeTO'IHO, Mbl 

.TB ceqeHBSI 38 -
H8CTOSIW99 BpeMB R3B9CTHbl 0'19Hb IIJlOX01 IIO"STOMy npH 'IHCJl9HHbiX pac'JeTaX Mbl HCIIOJlb30Ba-

ceqeazl" • u"" , 
t 

JlH IlOJIYSMnHpR'18CX09 Bblp8>K9HB9 

2 fTN a aa(k;cp; w ) rrN rrN rrN 
= a A ( W) P A ( k ; W )Jil A ( ¢ ; W ) • 

141 

WN . 
aka coscp 

3.aec~o PA (k;W)- HOpMBpOBaHHbiA RMIIynbCHbll cneKTp A -r&IIepOHOB B CHCTeMe UeHTpa 

M8CC HB>KHel BepwBHbl, Bbi'IHCJl9HHbll C IlOMOWbiO CT8THCTH'I9CKOA T90pHR MHO>K9CTB9HHOrO 

p0>KL18HRSI '18CTBI1; 00 
rrN 

f P A (k; IV) dk = 1. 
0 

npa Bbi'IHCJ19HHH 9TOrO cneKTpa y'IRTbiBanHCb peaoHaHCHble B38HM;OLl9ilCTBRSI pO>KL18IO-

WRXCSI '18CTRI1 IIYT9M BB9Ll9HHSI B TeOpHIO COOTB9TCTBYIOWHX "'H306ap"'. npa STOM y'IHTbiBa

JlBCb JlBWio T8 "'B306apb1"' 1 KOTOpble COOTBeTCTByiOT 9KCII9pBM9HT8JlbHO H86JliOLl89MbiM pe3~J 

H8HC8M. 8 STOM IIYHKTe H8W8 TeOpBH cyweCTB9HHO OTJlH'I89TCSI OT 0LlHOM930HHOil MO.aenR, 

I..{ To 

5l'BJ1519TC5l 

Bd~,;biX 9 

f.2 

I 

16 11 · aa 
paccMaTpBBaBwelcH B pa60Tax ' , r.ae npe.anonaranocb, 'ITO 'laCTRUbi po>K.aaiOTCH npR pac- • 

II8Ll9 OLlROI BJlB LlBYX "'aao6ap"', Macca KOTOpbiX MO>KeT 6biTb JII060I B9JlH'IHHOll, LlOIIYCTH

MOI aaxoaaMH coxpaHeRBSI /eM. pRe. 2 I. Taxol no.axo.a HBnseTcH O'leHb cneuaanbHbiM cny

'laeM 0LlHOW930HHOI TeOpBR, XOTH 'IRCJl9HHb19 p8C'I9Tbl B 9TOM CJly'lae CywecTB9HHO ynpo-

W8IOTCSI. 

p B C. 2. 

/ 

~
~-::. - -... ...... ,_ 

1 ....... 
I 
I / 
1 71lz /-

~ 
/-

------------- ~ (< , __ 
' ' 

liaCTHbll Clly'lal 0LlHOM930HHOI TeOpBB, xor.aa BTOpH'1Hb19 '18CTHUbl 06pa3yiOTCSI DpR pacna

.ae aao6ap m1 R m
2 

• 

71N -"'A (cp;W) - HOpMHpOB8HHOe yrJIOBOe paCIIpe.aeneHHe pO>KL18IOWHXCSI A -ranepo-

6 

-7 
.-:% \J~':.:\ is.. ~ ;;:._...;:... _..... - -- ----

ao 

Q4 

Q2 

0 

nonaoe 

/& e 
TopaoA 

• 



1 

• MeTo.aoM H3 

eaoa, ao-sa.aa

~eiOTcs Tpa 

;9CTBU B03HHKa

lfO 0)KB.aaT&, 

B 

rw Hcaon&aoaa-

141 

9Me ueaTpa 

ecTseaaoro 

YlfHTbJaa- 1 

I WOAena ~ 
cs apa P~c- I 

.aoaycTa

bRb!M cny

Ho Ynpo-

pacaa-

Haepo-

HOB B CHCT9M8 U9HTpa M8CC HH:lKHeA BepwHHbJ, nony'leHHOe HHTepDOJ151UH8A H3B9CTHioiX 8KC

nepHM8HTan&HioiX aaHKbiX. BnaroaapH penHTHBBCTCJtOMY cmaTBIO y'rnoa npB nepexo.ae K czc-

TaMe U9HTpa M8CC CT8J1KBB810WHXCSI 

38BHCHMOCTB C91f8HBSI a 2uXN I iJk iJcos cP 

" -Me30Ha B IlpOTOHa, JtOHJtp8THioiA BHLl yrnoaoA 

M8J10 CK83bJB89TCSI Ha peayn&T8T8X p8C'I8TOB. 

2 KN 
AaanorH'IHbiM o6pa30M Bbi'IBCnilnOCb ce'leHHe au A liJkiJcos¢. npa 9TOM yrnoaoe pac

XN 
apeLieneaze pomaaiOWHXCH ranepoHOB "' A ( q, ; W ) Bbi6Hpanoc& npa6nB3HTen&HO TaKBM me, 

JtaK H a cny'lae - B38HMO!lei!:CTBHSI. 

"" u· t H 
KN 

UA 
2 

H ~N~~) B3B9CTHbi B H8CTOS!Wee Bp8M51 JtpaA-

He HeTO'IHO, Mlol B /} / B /3/ B COOTBeTCTBHH C TeopeMOA 0 cpe.aaeM 3Ha'I9HHH BbiH9CJ1B 

STH celfeHHSI 38 3H8K HHTerpana. 4acneHHOe 3H8'19HHe Onpe.aeneHHbiX T8KHM o6pa30M •cpe!lHBX 
-2 
'xNA o6cyLIHM a cneayiOweM paaaene. 

4To xacaeTcH ceqeHHH du I dp , To, xax yBHLlHM aanee, 3aMeaa IIOCTOSIHHOA 

SIBIISieTCSI B 9TOM cny'lae CJlHWKOM rpy6bJM DpH6J1H:lK9HHeM. 

"N 
npa Bbl'IHCJ19HHH du, I dp HCD0Jlb30B8JlHCb 3H8'19HHSI u A ' nony'leHHble HHTepnonHuBeA 

H3SeCTHbiX 9KCD9pHM9HT8JlbHbiX Ll8HHbJX /eM. pHC. 3//S/. 

a:N~----~-------r------~--------~------~----~----~--------, 
/.2 

I 

a8 

Q{; 

04 

02 

0.8 
0onaoe Ce'leHH9 pO:lKL19HHSI 

Ia eaaaauax to-27t. T 

•· 

A 

I 
l 

0,30 

0,25 

p 1'1 c. 3. 
12 

-ranepOHOB DpH CTOJ1KHOB9HHH 

-KHH9TH'I9CK8B 9H9pT'HB HaJieTSIOW9T'O 

TOpHOi!: CHCTeMe KOOpLlHH8T B Bas • 

11 

11 

.D,JISI IIOCTOSIHHOJ!: !<NA -B38HMOL19i!:CTBHSI Mbl Bbl6panH 3H8'19HB9 

/.4 T 
-Me30H8 C Hy«nOHOM 

-Me3oHa B na6opa-

Bee 'IHCJ19HHbJ9 paC'I9TbJ 1 B TOM 'IHCJ19 H CTSTHCTH'IeCKHe pac'leTbl HMDYJlbCiibiX CD9KT-

7 



pOB, BbiiiOnHSinHCb IIO 9.llHROA nporpaMMe HS f'ibiCTpo.aeitcTBYIOlll.eit sneKTpOHHOA C'I9THOH Ma

WHR9. npa 9TOM npOI"pBMMS 6blna COCTaBnesa TSKHM o6pa30M, 'ITO .aonyCTHMbl9 K&Ranbl 

pe&KilHH OT6HpanHCb &BTOM&TH'IeCKH no 38.08HHbiM KpHTepHgM OT6opa laaKORbl COXpaHeRHSI 

CTpBHHOCTH, 6apHOHHOI"O 'IHCna H T • .a.l. 

3. CeqeHHe po:>K.aeHHst A -rHnepOHOB 

nonHOe C8'l8HH9 p0:>K,09RHSI A -raneposoe B rr- p -B3&HMo.aeAcTBHSix npH T 7Bu 

rr P 

u rr P = ( dull (p) dp A - dp 161 
--·---3 mr -2 2 rrrr. 1 4 • 10"3 rrlC lCN 

1,5 • 10 q.f. + 1,8 • 10 lrr.NA q 1 + ' .,. u, u A ' 

Bbi'IHcnesaoe no (j:lopMynaM /1/-13/, onpe.aemreTcst eenH'IHROA •ycpe.aseHRbiX ceqe&HA• umr 
---;;x 
u, 

---xif 
H q A H 

~ 

lrr.NA 
t 

• KaK y:>Ke OTM9'1anOCb Bb!We, .anst 9THX BenH'IHH HM9IOTCSI B 

H8CTOSIW99 BpeMSI TOnbKO rpy6ble 0119RKH. 

Ill B pa60Te 6blno yCTaaoeneso, 'ITO ce'leHHe aeynpyroro rrN -B3aHMo.aeitcTBHst npH 

ars~P 
·Cip 

T = 7 BsB , u rr N , Bhl'IHcnesaoe no o.aaoMeaosaoA TeopHH, cornacyeTcst c ero sKcnepH-
~ Q3 

M9HT&nbHbiM 3H8'19HH9M, 9CnH Cpe.aHstSI BenH~HHB C9'19HHSI rr1T -eaaHMO,aeACTBHSI B RaH- 1 

6onee cymecTeeasoA .anst sac o6nacTH sseprHI T ,. 1 -3 Bss of' 30-50 M6. 3Ta eenH'IH-

Ra 6nH3Ka It oneHK&M, nony'leHRbiM Ha OCROBe 9KCTpanOnSII1HOHHOA Dp0119.0ypbl t{y H noy 

I 1911 -#> 
CM., HSIIpHMep, • 

Cpe.aHSUI 9KCII9pHM9HTSnbH8SI eenH'IHHa ce'I9HHSI q ~N B o6nacTH 9HeprHA T ,. II - al&a az 
KN 1}01 

COCTSBnSieT H9CKOnbKO MHnnH6apR H BO .BCSIKOM cny'lae M9HbW9, '19M q ,. 10 M6 • 
In 

Cne.ayeT OTMeTHTb, 'ITO aeTO'IHOCTH B ceqeRHSIX 
KN 

uA • H u"" t 
Mano CK83b!B8IOTCSI 

rr-p 
uA sa eenH'IHHe , TaK KSK OTHOCHTen&HbiA BKn&.O q 

l 
H u seeenHK. 

3 

.LlnSI yK838HHbiX Cpe.ORHX 3R&'I9HHA qmr H qKN 
t A H gliA TeopeTH'I9CKBSI BenH'IHRa 

X N 

nonaoro ce'leRHst po:>K.aeHHst A - rHneposoe cornacyeTcst C ero SKCnepHM9HTan&HbiM 3H&-

'19HH9M 
tr"p fBI . rrx 

u A : 0,4 ! 0,1 M6 npH ycnoBHH, 'ITO ut 10 - 30 M6. 

CymecTB9HHO, 'ITO BO BCeX cnyqagX OCHOBHOA BKna.a B nonsoe C9'19HH9 
rr"p 

UA 
B38HMO,OeitCTBHSI, B KOTOpb!X npOMe:>KyTO'IHOi!: '18CTHI191: HBnHeTCSI K -Meaoa: 

~ < 2?% 
u 2 + u._ 

Bxna.a .aHarpaMM II • Jf npH aTOM oxa3hlBaeTcSI o.aaoro nops.a&a eenH'IHRhl: 
1 3 

.!l .. 1· 
q3· 

4. HMnyn&csoe pacnpe.aene&He po:>K.aaiOWHXCH A -rHnepoaoe 

CyMMapaoe .aH(j:l(j:lepeHnHanbHoe ce'le&He 

rr P 
du t\ (p) duiP) + du,(P) + du3 (p) 

dp dp dp dp 

8 

BROCSIT 

171 

0,1 

t 
• 

p 
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Bbi'IucneH&oe no q,opMynaM /1/-/3/, npuee.aeso ua puc. 4. Ha aTOM pucy&Jte YK838Hbi .aee 

ltpHBbiX COOTB9TCTB9BHO .QBYM ltpait&UM cny'I&HM B&l6opa 'cpe.a&RX C9'19HRI', o6cy:lK.Q8BWUX

CS B npe.a&I.ayweM pa3.aene. npu aTOM C9'19HUe a:"(Q) B da2 I dp T81t:lKe annpOitCIIMBpo

B8BO 'Cpe.a&UM C9'19BH9M' a riiC 
f 

nns cpaBH9HUH Ha puc. 4 Ylt838HO C9'19HUe 

(~) 
dp CT8T. 

(aA" P) • W(p) CT8T 
SKCn. · 

/8/ 

paCC'IHT8BB09 C nOMOIUbiO CT8TUCTU'I9CKOA TeOpUU MHO:lK9CTB9HBOrO pO:lK.Q9HUS '18CTUU, R 

/3/ 
COOTB9TCTBYIOIU8H SKCnepHM9HT8JibH8H rUCTOrpaMMa U3 pa60T&l , 
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p U C. 4. 

Pacnpe.aenesae A -runepoHoB no HMnyn&caM, CnnowB&lMR KpRBbiMU yKa3aao pe.cnpe.!lene

HHe, Bbi'IUCJI9BHoe JIO q,opMyne /7 I .ans ltpaAHHX 3B8'19BUI B&l60pa C9'19HBI (jfffl , ; !TiC II 

;A_N , nyHKTUpOM H8B9C9BO pacnpe.aeneHUe, paCC'IRT8HHOe no CT8THCTU'IebJtol •}eopHK/S/ 

M HO:lK8CTB9HHOrO pO:lK.Q9HBH '18CTUU. rucT_?rpaMM8 - SltCD9pHMeHT8JibHbi8 .Q8HH&l9 pat50TbJ , 

Bee ltpHB&le HOpMUp088Hbi sa ceqe&ue uft. p = 0,4.10-27cM2. 

HopMapoeaBH&le sa e.auauuy napuuan&H&le ceqeaus da I dp npuee.aea&l sa puc. 6-7. 
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VfMnyn&CHbll cneJtTP A -rRnepoHOB 

w1 (p) = duz(P) / f du1(Pl_ dp. 
dp dp 

nyHJtTHiOM ylt838H /a e.aHHRU8X M8CCb1 HYK1IOH8 I cneKTp, Bbl"lRC1IeHHb1A B npe.anono:>KeHHR, 

"'TO u;. - cons!_ • KpBBbl*e l_L2 -cneKTpbl, Bbl"lRCneHHble c o6pe3aHBeM coOTBeTCTBeHHO 

JlpH tJ. * • y 30 ~ H tJ. = V 10 ~ • 
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P R c. 6. 

HMnynbCHJ:d cneKTp A -ranepoHos 

K pHBble 1 

w2(p)"" '!!'a(ll) /( dua(P.) dp. 
dp dp Is e.QHHRuax Macc~:o~ HyKnoHa/ 

R 2 - CII9KTpb1, BbJt.IRCneHHbie C 06peaaHReM COOTB9TCTB9HHO 1IpR 

fl* = V 45 P. R fl * = V LJ p. • 
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HMnynbcHblii cneKTP A -rHnepoaoB 
w (p) • do;, (p }__ I f do1 (P) dp 

3 dp dp 

IB e.aHHHuax Macchi ayKnoaa/ 
KpHBble 1 H 2 - cneKTpbl, Bbl'IHCneHHble c o6pe3aHHeM cooTBeTCTBeHHO npB 

/!,. * "' ..J :1J IL H 6.* = ~ IL 
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B Ta6naue 1 npase.aeHbi 3Ha'leHHSI cpe.aHef'o HMnynbca 

p 
1 

17"'p 
a A 

d ll""p r p ~(pJ dp. 

dp 

Ta6nxua 1 

A 

/9/ 

Cpe.aHxe HMnynbCbl A -f'xnepoHOB I "-- p -s3aHMo.aeRcTsxe, T =7 Bas/ 

.UHaf'paMMa M 
1 

.UHaf'paMMa M
2 

.D.aaf'paMMa M 8 
CyMMapH;tJ T"eopeTH'IecKHR 

HMnynbc 

CTaTHCTH'IeCKSH TeopHH 

SKcnepxMeHT 

Basic 

0,62 

0,98 

0,59 

0,76 -- 0,84 

0,65 

0,96 + 0,1 

Kalt BH.llHO, pe3ym.TaTbi pacqeTOB no o.aHoMe30HHOR nomocaoA TeopHH co "cpe.aHHMH 

ceqeHH51MH" s o6wxx qepTax Hennoxo cof'nacyiOTCH c aKcnepHMeHTanbHbiMH .aaHHbiMH, BMec-

Te C TeM OT'leTl!HBO npOSIBliSIIOTCSI H CYll.I9CTB9HHb19 p83l!H'IHSI. 

A .UnH 9KCnepHM9HT8llbHOI'O HMfiYllbCHOI'O cneKTpa 

/2 4/ 
nepoHOS H HYKliOHOB OT.llS'IH, CM, 

1 
/ XapaKTepHb!M S1Bl!SI9TCSI H8l!H'IH9 

O.aaaKO H3 pHC, 5-7 BH.llHO, 'ITO HHKSKHM no.a6opOM flOCTOSIHHbiX a
1117 

t 

.llSYX MSKCHMYMOB, 

---r;k ~ 
at , a A H 

Hellb3SI nony'IHTb TeopeTH'I9CKHA Cfi9KTp C .llBYMSI MSKCHMyMSMH, KOTOpble 6bl co a-

na.aana c aKcnepxMeHTanbHbiMH, Bo acex cnyqaHx aKcnepHMeHTanbHbiA cneKTp OKa3blaaeTcH 

3&MeTHO 6onee )K9CTKHM, '19M Sbi'IHCli9HHbJA TeopeTH'l9CltH. 

5. nepa4JepH'l9CKHe S38HMOA9HCTBHSI C 0'19Hb ManoR nepe.aaqeit 

'19Tb!pexMepHOI'O HMny JlbCS 

B npHHUHne MO*HO 6bmo 6bi O)KH.aaTb, 'ITO pacxo*.aeaxe TeqpeTH'leCKHX HMnyllbCHbiX 

cneKTpOS Ha OHC. 4 C 9KCnepHMeHTOM B 3H8'1HT9llbHOA CTeneHH o6ycnOSli9HO TSK)i{9 TeM, 'ITO 

npH Sbl'lHCli9HHSIX Y'IHTbiBSliHCb BCe KHH9MSTH'I9CKH .aonycTHMble 3H8'19HHSI nepe.aa'IH qeTb!pex-

M ep H 01:'0 HM ny llbCS , T .e • .llPYI'HMH Cl!OBSMH, see S03MO)!{Hbl9 napaMeTpb! y .aapa, B TO 

speMSI KSK O.llHOM930HHOe "hOliiOCHOe npH6l!H)K9HHe npHM9HHMO, CTpOI'O f'OBOpSI, liHWb .llliSI .llOC

TSTO'lHO .aaneKHX nepa4JepH'19CKHX B38HMO.aeACTBHSIX, xapaKT9pH3YIOWHXCSI ae60llbWHMH 3HS'Ie-

HHSIMH , noaTOMy 0'19Hb BS)KHO BbiSICHHTb, HSCKOllbKO H3M9HSI9TCSI XapaKTep T90p9TH-

qecKHX cneKTpoa, ecnx a 4JopMynax /1/-/3/ aaecTH o6peaaHHe no 

* 3HS'I9HHH /). :S /). • 
1 T.e. y'leCTb liHWb 

B 4JopMynax /1/ H /3/ .anSI aTOI'O .nocTaTO'lHO aaMeHHTb 11
81

.,. Ha {).* ao acex cny-

'l811X, KOI' .a a /). > {).* 
max 

, 4JopMyny /2/ aeo6xo.aHMO npe.aaapHTen&HO nepenxcaT& B aa.ae: .. 

x/.Uaa npHB9.ll9HHb!X 3H8'19HHSI COOTBeTCTBYIOT .ll&yM KpaAHHM CliY'ISSIM Bb160p8 "'cpe.aHHX 

ce'leHxA" a 4JopMyne /9/ /cp. pac. 4/. 
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du 2 (p;T;l!) 

dp 

2 
gKNAP Q 

rrk 
I( ;m;#l)ut {8) 

4,q 2 sE 

I!' xI fn mas+ m 
l!~fn + m 

2 1 
[ 2 (M -M A) ] ( 2 2 

+ m - I!..,.,.+ m 

* B 38TeM 38MeHBTb /! ..,.,. Ha /! 

PeayllbTaTbl TaKHX pac'leToa npHBe.lleHbl aa pac. 5-7. 

1 
I!' -)l 

min + m
2 

/10/ 

Kax BH.llHO, xapaxTep cnexTpoa, cooTaeTcTBYIOWHX .,p.aarpaMMaM Mt B M 
2 

, O'leHb 

cna6o aaBBCHT OT o6peaaRHH; cpeLIHee sHa'leHHe HMnyn&ca A -rHnepoHoB ocTaeTcH npax-

TH'IeCKH IIOCTOHHHblM, a aenH'IHHa Ce'leHHft 0' 6blCTpO yMeH&WaeTCH. 0rCIO.ll8 MO)KHO sax
f 

JliO'IHTb, 'ITO BBe.ll9HHe o6pe38HHH He Y1IY'IW8eT COI'lt8CHH cyMMapHOI'O HMIIyltbCHOI'O CII9KTpa 

c axcneoHMeRTOM. B 'laCTHOCTH, TeopeTH'Iecxae H sxcnepHMeHTan&Hble ce'leHHH a o6nacTH 

BbiCOX08HepreTH'I9CkOrO MaKCHMyMa oy LIYT O.llHOrO nOpH.llK8 BellH'IHHbi ltHWb 8 TOM cnyqae, 

ecna ce'leHHH 0' rtK • u"" HnH KN 
uA Ha .llB8 -TpH IIOp.SI.llKa npeBOCXO.llHT OileHKH, npa-

aeaeHHble a !I 3. Taxa.sr xapTHHa npeacTaanaeTc.sr aaHo ct>aHTacTH'IecxoA. 

6. YqeT eeaoHaHcHoro Krr -B3aHMO.lleftCTBHSI 

-ft. 

TeopeTH'Iecxae H sxcnepRMeHTan&Rble sHa'leHHR HMnyn&CHbtX cnexTpOB pO*.llaiOIUHXCSI ,_ 
A -rHnepoHOB MO)KHO cornacoaaT&, ecnH C.llenaT& 6onee aeTan&Hble npeanono)KeHae o 

ce'leHHH rr K -B3aHMo.aeftcTBHs. B HacToswee apeMH sxcnepaMenTan&HaSI anct>opMallHR o 

UOB9.lleHHH eTOrO ce'leHBH O'leH& Malta; O.llH8KO H3BeCTHO, 'ITO DpH Q "" 0, 73 &a H 

Q "" 0,89 Baa HMetOTcR pesoHaHCbl c cyMMapHol nonymHpanoA I! Q = 70 Maa
1111• Ec-

na y'lecT& paa6poc aaepraa nyqxa nepaH'IHblX rr /3/ 
-Me30H08, HCIIOJlb30B88WHXCSI B pa6oTe , 

T • 6_,2 - 7,4 Baa, aTH pesoHaHcbl oxa3blBatOTCH xax pas cooTaeTcTBYIOWHMI!: sHeprHH cHc

TeMbl I ,- + K + I 
Q -x+ = v (S - E)' - p 2 "' (0,6 - 1,2 J " , 

onpe.lleltHtOIUel BblCOKOaHepreTa'lecxytO qacT& TeopeTH'Iecxoro cnexTpa I p A"" 1,6 Bsa/c/. 

Hcnonb3yR axcnepHMeHTan&HyiO nonywHpHHY rrk peSOHSHCOB, MO)KHO IIOIIY'IHTb rpy-

6y10 OUeHJty OTHOWeHHH ce'leHKA 
Krr 

0' 
_a._ 

"" 
(1.07-aJJ. 1111 

Ta.Jt a:ax ceqesaa u"" 
t 

O'N 
H X uA 8 cPOpMynax /1/,/3/ BXO.llHT IIO.ll 3H8KOM HHTerpa-

na, TO ax peaosaHCHbll xapaxTep cna6o BJlRHeT H8 HMIIyii&CHbll CDeKTp pO)K.ll8tOWHXCH 

A I'RDepoHOB. 3TO BR.llHO, HaDpHMep, R3 pHC. 5, rae JtpOMe Ce'leHHH 
du'lrP __::::__a_ Bbl'I:HC-
dp 

/eM. pac. 31, npaaeaes Tax*e pe3yn&TaT nessoro an& sxcnepsMeHTan&HblX aHa'lesa:ll- u"N 
A 

pac'leTa, Bblnonseasoro a npe.anono:lK esaa, 'ITO u"" 
A 

= ocnst • CooTBeTcTBYIOWHe TeopeTa-

11ecxse xpaable sa pac. 5 npaxTB'lecxa coanaaaiOT. 

' 
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' 
/10/ 

, O'leHb 

6 Basic/. 

~;_ 

7, MaoroMe30HHble npoMe>KyTO'IHble COCTOSIHRSI 

Kax C TeopeTR'IeCKOil, T8K R C 9KCnepRMeHT8nbHOil TO'IeK apeHHSI 60nbWOI HHTepec 

npeacTaBnH~ oueaxR BKnaaa npoueccoa, a KOTOpbiX aaaHMoaellcTBRe nepeaaeTcsr oaaoape

Meaao HeCJtOnbKRMR npoMe>KyTO'IHbiMR '18CTRU8MR /eM, pHC, 8/, 

----~i~ 
~ ........... --

1 I .... 
I I 

~ 

M' f 

--~--:_~ 
~--
1 I I .............. 

: I I .,. 

M}' 

- ~ -

p R C, 8. 

M' l 

Pe30H8HCHOe npH6nR>K9HH9 K MHOI'OM930HHbiM UpOMe>KyTO'IHbiM COCTOSIHHSIM • 

H p -Meaoabl,===== cu - MeaoH, """""""' ill*- R K* -MeaoHbi. 

o603H8'19HHSI Te >Ke, 'ITO R H8 pHC, 1. 

===1/-
OcTanbHble ' 

HeKOTOpb:e rpy6ble npeacTaaneHRH o xapaKTepe sToro BKnaaa MO>KHO nony'IHTb, ecnR 

y'leCTb nHWb TY '18CTb npoMe>KyTO'IHbiX B38HMOaeftCTBRil, KOTOp8SI CBSI38H8 C pe30H8HCa

/}2/ MH , B STOM Cny'l8\. MHOI'OM930HHbl9 aHarpaMMbl Ha pRC, 8· MO>KHO npH6nH>K9HHO annpoK-

CRMRpOB8Tb oaaoMeaoHHbiMH nomocHbiMR aRarpaMMaMR M' ill" M' H M' , anH 
I I 2 J 

OU9HitH KOTOpbiX MO>KHO RCUOnb30B8Tb cpcpMynhl /1/-/3/ C COOTB9TCTBYIOW9il 38M9HOI Ce'le-

HHil R Mace. 

liacTb peaynbTaToB Bbi'IRcneaRA npRaeaeaa aa pRe. 9 • Ha aToM pRcyaxe npHaeaeabl 

liRWb OTHOCRTenbHbl9 3H8'19HRSI napUR8nbHbiX Ce'leHRA d u (p)/ dp: 



w (p) "' 

da1 (p) 

CTi" 
r~dp 

dp 

T8K K8K 3H8qeHKSI gl\JcpeKTHBHblX ceqeHKit 

7TW 
a 

I 

"P 
a, 

BeprneHHO HeH3BeCTHbl. 

W...(p) 

tit 

1.2 

I 

0.8 

06 

04 

oz 

0 Q2 0.4 Q6 

p H C. 

Y'l MRY nbCHbtit c neKTP 
A -r&nepoHOB 

/12/ 

H T. Il• B H8CT0Silliee BpeMSI co-

_.,.. 

'1'-'-' 

QB I p 

9. 

w (p) = da 1 (p) 
I f do, (P) dp 

I dp 
dp 

e nponeccax c pe3osaacs"'" • npoue><T'•••""'" cOCT•••••"'" ~ -c••••P• cooTeeTCTBJ.,.. 
mal npoMe><T'••••"Y ~ ..,. ... ..,.; K• -cne••P· cooTeeTCTBY"'"'"I npo,.e><YT••••"Y 

K
0 

-Me30BY· naarpaMMB C npOMO><T'0'B"'"" • - , p- , M

0 

-M030BOMa neaT 
cn•••P"'· o•••• 6n••u• • npaeen•••""· Bee e en••••"" "ace"' sy&noea. 
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6. 

7. 
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apeMll co-

OOT&eTCTByJ0-

8>KyTO'IHOMy 

8MB .ll88T 

CywecTBeaao, 'ITO cnexTpbr w
1 

( p) aaMeTao MSII"'Ie axcnepHMeHTanbHbiX. 

+ 
EcnB C9'19HJI9 uJ"' B CBOIO 0'19p9Llb IIM99T p930HaHC, TO COOTB9TCTByiOlltiiA CII8KTp 

W '(p) 6y.ll9T 3Ha'IHT8nbHO OTnH'IaTbCH OT IIpHB9.ll9HHOrO Ha pRe. 9. 
2 

Llnll 0U9HKH a6COniOTHOrO BKna.lla MHOrOM930HHbiX .llHarpaMM 

I 13/ 

• 1,1•10" 4-UfT{U -U(J) N + 2,7·10" 4 -u fT11q-'IN+ 3 0" 4 -rrp-oN 3 10"4 -JTK*-K *N ,3 • 1 u 0" + • u 
1 

a A + 

He06XO.llHMa 3Ha'IHT9nbHO 6onee IIO.llp06HaH 9KCII8pHM8HTanbH8H HH~OpMaUHll. B STOll: CBli3H 

6onbwol HHTepec npe.llCTaanseT axcnepHMeHTanbHOe HCcne.lloBaHHe oT .llenbHbiX xaaanoa ae-

ynpyroro NN- H rrN -aaaHMO.lleilcTBHH. 

3 a K n 10 'I e H H e 

TaxHM o6paaoM, ace H3BeCTHb1e B aacTosmee apeMH axcnepHMeHTanbHble LlaHHble o 

pO>K.lleHHH A -r•nepoaoa npH c1'onxaoaeHHKX , -Me30HOB C HyKnOHaMH MO>KHO 061>-

SICHHTb B paMKaX O.llHOM930HHOi!: IIOniOCHOi!: TeOpHR, 9CnH f'I8CTb pe30H8HCHbi9 k fT 

MO.ll8i!:CTBHll• 

Cne..llyeT, O.llHaKO, IIO.ll'19pKHyTb, 'ITO OWH6KR H3MepeHHI eme B8CbMa BenHKH, IIOSTOM)' 

y~~:aaaaaoe cornacHe aJtcaepHMeHTa H TeopHH ae cne.llyeT nepeoaeHHBaTb, oco6eaao, xor.lla 

p8'1b H.ll9T 0 BKna.lle MHOrOM830HHbiX npoMe:lKyTO'IHbiX COCTOHHHI. 
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