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Dl. Bse.neHHe 

O.nHHM H3 aaa15onee sa>KHblX .nocTH>KeHHli a ol5nacTH cHnbHblX B3SHMo.nellcTBHli 3a 

nocnBL!HH9 HeCKOnbKO neT RBnReTCR OTKpblTH9 uenoro pR.<lS p930H9HCHbiX COCTORHHli B 

pa3nHqHbl~ cHcTeMax aneMeHTapH bi X qacTHU. EcnH scero .necRTb neT Ha3a.n oblno H3-

secTHO TOnbKO OL!HO p930H9HCH09 COCTORHHB - TSK H83blB9eMaSI /3,3 / H30I5apa, TO K 

HBCTOSI!UBMy BpeMBHK qacno pe30H8HCOB LlOCTHrno y >K e TpKL!UBTH Tpex ; npHqell& OOnb-

lllKHCTBO K3 HHX OTKpbiTO B n o cne.nHHB HBCKOJlbKO neT. 

Tenepb COBepweHHO SICHO , qTo CY!ll ecTBOB8HH9 p930H9HCH bl X C OCTOSIHHli SIBnlleTCSI 

O O!UKM CBOliCTBOM CHnbHbiX B39HMO.<lelicTBHli. no a TOMY BCe pe30H9H C bl B COOTBBTCTBHH 

C p93.1leneHH 9 M CHnbHOB39HMO.<lelicTBYlOlllHX 3119M9HT8pHblX qacTHU MO>K HO pa36HTb HB 

HBCKOnbKO rpynn B 3aBHCHMOCTH of 3HaqeHHH 15apHOHHOro qacna B H cTpaHHOCTH -

S • 3To pa3.neneaae npaso.nHTCSI a cne.nylOweli Tal5nHne: 

r p y n n bl p e 3 0 H a H c 0 B B s 

1. 11 - Me30 HHbl9 0 0 

2. K M930HHbi9 0 

3. SapHOHHblB 0 

4. r.a nep OHH biB 1,2 

nocne.nHHA 0030p 3Kcne pHM9HT91lbHblX .n aHHblX no nHOHHbl M p930H9HCaM Oblll c.nenaH 

nynnH B HlOne 1962 r.
1151 

HS X! KOH <j:l epeHUHH no <j:JH3HK 9 BbiCOKHX 3HeprHli B /KeHeBe . 

3a npOWBL!WHli rOLl nOHBHnOCb MHOrO L! BHHblX KBK 00 H389CTHbiX, TBK H 0 HOBblX nHOH

HblX pe3oHaHcax. B HacTOSiweM ol53ope o15cy >K .nalOTCSI HOBble aKcnepHMeHTanbHble .naH

Hble, .1199TCH TSOnHUB OCHOBHblX CBOliCTB nKO HHbiX p930H9H C OB, npHBOL!HTCSI OH15nHOrpa

<j:lHR pal5oT, onyl5nHKOBBHH biX .no asrycTa 1963 r o .na. 

K eaHTOBblB qHcna nKOHHbiX peaoHaHcoe, G -qeTHOCTb 

npe>K.ne scero Hy >K HO OTMBTHTb, qTo COBCBM He OOSI39TBnbHO, qTOObl nHOHHb19 

p930H9HCbl pacna.nanHCb TOJlbKO HB 11 -M930Hbl. 0HH MOryT pacnB.<lBTbCH, HanpH M ep, 

flO 3/leKTpOMarHHTHbiM KSHana_M C yqacTHBM y - KBBHTOB HnH Ha nBpbl 

HOB. 
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CneayeT OTMeTHTb TaJt ll<e , 'ITO RHOP.HbJe pe3oHaHCbl, KpOMe KBaHTOBbJX 'll!Cen, o6-

U(HX LlflR BCeX pe30HaHCOB, TaKHX, KaK CRHH - j , tteTHOCTb - p , H30TOnH4eCKHH 

cnHH XapaKTepH3yJOTCA eme H cneuHcj:>H'IeCKKM KBaHTOB.bJM 'IKCflOM c - tteT-

HOCTb~, KOTOpy~ HHOrna H83WB8~T. H30TOllHqecKOA tteTHOCTbiD. G - 'leTHOCTb onpe-

aenseTcR onepaTopoM G = CT • , r.ae c - onepaTop aapAaoaoro conpA>KeHHA, 

a T - noaopoT Ha 180° BOKpyr BTopoll ocH B H3oTORK'IeCKOM np ocTpaHCTBe. Onp e -

' 
aen eHHYJO G - 'leTHOCTb MOryT HMeTb TOflbKO 'laCTHUbl H'nH CHCTeM bl 'laCTHU C pas--HbJMH HynJO 6apHOHHbJM 'lllC.nOJILJLc.:r_paHHOCTbJ9. G - 'leTHOCTb 11 - Me30HOB pas-

,_-

Ha 1-1 I. G - 'leTHOCTR cucTeM HyKnoH-aHTHHyKnOH H 6oaoH + aHTH6oaou paau bl cooT-
L+s+ I L+I 

BeTCTBeHHO 1-11 H 1-11 , rae L - yrnoaoi! MOMeHT, S -cnuH, 1-

H30TORH'IeCKHil CRRH CHCTeMbl. 

B aanbHellweM nHOHHbJe peaoHaHCbl o6cyli<LtaJOTCR He B xpoHonoru'lecKOM nopsa

Ke, a B nOpRLtKe B03p8CTaHHA HX Mace. 

§ 2. xl 
!'/.- Me30H 

nepaoe 3KcnepRM9HTanbHOe yKa3aHHe Ha cywecTBOBaHBe '7 -Me30Ha 6blfl0 no-

ny'leHO neaauepoM H ap/
2

•
1 1 

npH uccneaoaaHHH cneKTpa Mace 3-nHOHHoli cHcTeMbJ o~ 
peaKUIIH 11 + + d .. p + p + 11 + + 1T- + 11 0 

soil KaMepe np11 I!Mnynbce nepBH'IHbiX 

B 72- LtJOi!MOBOi! LteiiTepHeBoll Ry 3blpbK0 -

7T + -Me30HOB 1,23 ran/c. B cneKTpe 6bm o6-

Hapyll<eH RHK npH 3H~'I9HHH a cj:>cj:>e KTIIBHOil MaCChi ~ 550 Msa. noaa Hee cymecTBOBaHne 

'7 -MeaoHa 6bJno noaTBep >KaeHo a uenoM pAae apyrHx pa6oT a paanH'IHbiX peaK

UHRX. Ko apeMeHH KOH cj:>eoeHuH n 1962 r. 6blnH xopowo yc TanoaneHbi Mecca, H30Tonu-

'leCKHil CDHH '7 -MeaoHa, 6bln aaH aepxHHll npeaen wHpHHbJ. OaHaKo ocTaBanHCb 

HeKOTOpble BonpOCbl, CBA3aHHb19 C OKOH'IaTenbHbJM noa TB e p li<LteHH eM npeanonaraeMbJX 

CRHHa - j p - 'leTHOCTH H G -qeTHOCTH COOTBeTCTB9HHO 0, -1, +1 -+ 
= 0 . 

8 pa60T8X, ony6nHKOB8HHblX nocne KOHcj:>epeHJIHH, 3TH KBaHTOBbJ e 'IHCna HaWnH LtanbHei!

wee noaTBepli<Lt eHHe. B 'laCTHOCTH, cepbe3HbJM nOLtTBepli<LteHHeM Toro cj:>aKTa, 'ITO 

CRHH '7 -MeaoHa He paaeH 1, SIBnlleTcR o6HE.pyll<eHue pacnaaa '7 .. y + y .Qeno 

B TOM, 'ITO L!RSI CHCTeMbl H3 LlBYX cj:>OTOHOB C paBHOil HynJO cyMMOH HMnynbCOB CTpOrO 

aanpeweHo HMeTb MoMeHT KORH'IeCTBa LtBHll<eHHA, paBHbJil l. 3To npaauno aanpeTa ga

n lleTcR cneLtCTBHeM nonepe'IHOCTH aneKTpOM&rHHTHbJX BORH H BnepBble B 06 U(eM BHLte 

6bJfl0 ycTaHOBneHo nauaay
12

•
21 I. Ouo OCHOBaHO Ha HeB03MOlKHOCTH nocTpOeHHSI BOnHo

BOil cj:>yHKUHH LlBYX cj:>OTOHOB C RORHbJM MOMeHTOM, paBHbiM ), KOTOpaSI OL!HOBpeMeHHO 

y aoaneTBOpl!na 6bJ aayM Tpe6oaaHHSIM: 1 I aonHoaag cj:>yHKUHSI aon li< Ha 6b1Tb CHMMeTpH'I

Eoll RO OTHOWeHHIO nepeCTSHOBKH L!BYX cj:>OTOHOB H 2/ BCneLtCTBHe nonepe'IHOCTH 

xl 
CaollCTB8 12 '2o7'" eaoHa noapo6HO paccMOTpeH bl B o6aope B.r. rpHWHHa H 

M.VI. noaropeuKoro • • 
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S/leKTpOM8l"'HHTH0!"' 0 !1011H BeKTOpbl /lOil H p H 3 8 UHH cPOTOHOB LlO/llKHbl l'hiTb nepneHLlHKyllHp

Hbl K H81lp8B/leHHIO HX OT HQCHTe/lbHO!"'O HMilYilbC8, 

B pa6oTe
12

•
61

, BbrnonHeHHoli so <l>pacKaTTH c noMOUlbiO sneKTpOHHKH H aonolKeH-

KOA H8 KOK¢epeHUHH, 6wnH 3aperHCTpHpOB8Hhl 

06p830B8HII WX B pe8KUHH · y + p -+ '7 O + p 

y -KaaHT bl oT pacnaa a 7] -Me30HOB, 

Ho, K co>KaneHHro, Henb3H 6bmo paanH-

0 
'IHTb aae aoaMolKHbre 11eTBH pacnaaa 71 -+ y + y R 71 -+" + y 

rpynllbl B.B. ni06HMOBa
12

•
15 1 

HccneaoaancH 9HepreTH'IeCKHA cneKTp 

B pa6oTe 

y -KB8HTOB, 06pa-

30B8HHbiX B 71 + p 

Mepe . 3HeprHH y 

B38HM0Ll8HCTBHHX npH E ~ 7 raa B nponaHOBOA ny3blpbKOBOli Ka

+ -KB8HTOB Onpe ll8/lH/l8Cb !10 M8l"'HHTHOMy OTK/lOH8HH10 e e - nap. 

KpoMe MaKCHMyMa npH E = .::!11 - , 6bllt o6Hapy>KeH BTopoli M8KCH:vtyM npH 
y 2 

E y = 250-300 Msa. BoaMOlKHbiM HCTO'IHHKOM 9TRX y -KBBHTOB MoryT 6wTb pac-

naa bl y + y 

'1 0 -+ "0 + y 

nepBbl l! H3 HRX aaeT y -KaaHTbl c E Y = 2 7 4, BTopol! - c 259 Ms a . ')a-

H8KO 9KOnepHMeHT8/l b H8SI TO'IHO CTb He !103BO/l51eT, K8K H B npeLlWLlYI.U eM 0/lWTe, pa3ae-

• /2. 13 1 
llRTb S TR aae aeTBR, BcKope nocne KoH ,PepeHURR noHBHnacb pa6o Ta KpeTHHa " ap . , 

B KOTOpOll T8KlKe 6bl/l8 n pea npHH51T8 /lO!lbiTK8 06HapylKHTb paC/l8Ll '7 -+ 2 y • C STOH 

lle/lbiO 5 0 -n !IY3blpbKOB8SI K8M epa , H8!10/lH e HH8SI CMeCbiO np01t8H8, MeTI!/l-HOLlHL\8 H ST8H8 

l paauauHOHHaH a nHHa 8,2 eM I o6ny'-lanacb " - MeaoHaMu c HMnynbcoM 1140 Msalc. 

PerHCTpHpoaanHcb cny'laH, cooT aeT c TBY IOW He peaKuHR 11 + p -+ X 
0 + n c nocneay!O-

LURM paC/l8LlOM X
0 

-+ 2y • 3 K cnepi{MeHT81lbH8H T eX H HK8 COC T OSI/18 B H8XO>KLleHHH 6e3-

ny'l eB WX B38HMOLlellcTBHH TT - M e 30HOB, CBSI38HHbiX C ABYMSI KOHB € pTHpOB8HH biM H B Ka-

Mepe ,PoTOHBMII. HanpaaneHHe LlBH>KeHH!l KBlK.t;lOl"'O ,PoToHa TpaHc,PopM Hpoa a nH a CHCTeMy 

ueHTpB HHepUHH H C TpOH/lH pacnpe aeneHHe Yl"'llOP. M e lKLlY LlBYM!l cPOTO HBMH B STOll CHCTeMe . 

H a6nroa anH cb TBK>Ke cny'laH c 6onbWHM .., HCnoM KOHBepTHpoaaHH biX ,PoToHoB I ao 6 1 . 

3TH C06WTHSI HC/l0/lb30B8/lHCb Ll/lSI onpeaeneHHSI ¢0118. 

Pacnpea eneHH e yrnoa Oyy MO >KHO non cttHTaTh T e o pe T Hl.f e cKH:, npe.o.no n a raSI, LI T o 

X 0 
p 8 C !l/lLl 810TCSI H30TpO!IHO B C06CTBeHH Ofi CHCT e M e UeHTp a MBCC . 3T O yrnO BOe pee-

np e .a e neHue HMeeT MaKCHMYM a6nH3H MHH KManbHoro y rna, KOT o p btli onpe.n e nfleTcst Mac-

co l\ X 0 - 48CT HUbi It HMfi Y llbCOM ll 9 pBH4H O rO " -M e 3oHa. PacnpeaeneHHe yrnoa 

y -KB8HT8MR /lOK838HO HB p H C . 1. Ha pHcyHK e BH Ll H bl Ll Ba MBKCHMyMa. nep-

Bbifi - npH 25 °- cooT BeTcTay e T Meece 1 144 .~ 16 / Msa . 3 To nHK OT 
Q 

" - Me30HOB . M aK-

C HMy M npH 100° COOTBeTCTBye T M BCCe 1 5 45 :_ 30 1 MsB . 3TO 3HB'IeHHe :v!BCCbl CO!"'/lBCyeT-

csr c Maccon Y'f - MeaoHa . EcT ec TB eHHO npe.anono>KHTh, qTo co6btTHSJ a o5nac T H BT o-

pOrO MBKCHM Y MB CB5138Hbl C p8C/l8 LlO :vt '7 -+ 2 y • O anaKo H 9 T O T sKcnepHMeHT nonHoc-

TbJO He HCKlliOttHll B03MO>f<.HOCTH p8Cfl8 .[{ 8 

'1 .. "0 + y 

K aK noKa3a/lH pac•<eTbi Kaeu o nH " CHnBecTpHHH
12

•
14 1

, pacnpeaeneHHe yrnoB Me >K -

5 



JJ.Y JJ.SYMH cpOTOH8MH OT pacnaaa 'I 

100°, H noaTOMY co6b!THH c Oyy 

.. 11 ° + y T8K>Ke HMeeT M8KCHMyM B palioHe 

100° MornH 6biTh pacn~aaMH 'I .. rr 0 + y 

S KOTOpb!X OJJ.HH H3 y KS8HTOS He KOHSepTHpOSan B K8Mepe. 3TO CT8BHnO nOJJ. 

coMHeHHe OJJ.H03HB'IHOCTh Sblsoaos pa6oTbl KpeTHHa H ap. 

B pa6oTe Sepa H ap/
2 •17 1 

aT a HeoaHo3HB'IHOCTb 6blna npeoaoneHa, xOTH '!Reno 

aaperHcTpaposaHHbiX pacnaaos 'I 2y Hesenaxo: / 21 ~ 61. B aToll pa6oTe accne-

JJ.OSanaCh peaKUHH rr + p .. lf + I 2 ana 3 y I npH aHeprHH 1,15 ras/c Ha CHH-

xpocpaaoTpOHe "CaTypH" s Caxne. PeaxuHH aay'lanach s nyabipbxosoli xaMepe c TH>Ke

nbiM HanonaeHaeM / 50% cMecb C, H, H CF, Br • PaaaauaoHHaH anaHa 22 eM I. Ka

Mepa 6bina IJOMemeHa s canhHOe MarHHTHoe none - 1,75 Tn, 'ITO noasonano c SO% 

TO'IHOCTbiO OnpeaenHTb aHeprHIO + no MarHHTHOMy oTxnoHeHHIO. Sb!no noc-e H e 

TpoeHo pacnpeaeneHae a rp cpeKTHSH biX Mace 3y H 2y • B pacnpeaeneHHH Mace 

3y / 24 C06b!THH/ He 6blnO 06Hapy>KeHO 3aMeTHOrO nHK8 S o6n8CTH M8CCbl 'I -

MeaoHa. PacnpeaeneHHe acp¢exTHSHb!X Mace asyx y -xsaHTOB /pac. 2/ HMeeT JJ.B8 

nHK8 : nepSblli COOTS9TCTsyeT rr6 -Meaoay /cpeaHee 3HB'IeHHe Maccbl 138,5 ! 3,7 Mas/ . 

BTopoli - '1° - M930HY /cpeaHee 3Ha'I9HH9 MBCCbl 578 ~ 26/. nocne Sbi'IHTBHHH <Po-

H8 OT peaXUHH 1T + p .. 1T 0 + 17 0+ n S o6nBCTH nHKB OCTBeTCH /2} ! 6/ paCnBJJ.OB 

'I .. 2y • 0TcyTCTBHe nHXB S pacnpi>JJ. eneHHH 3y . H 38M9THblli nHK S pacnpeaeneHHH 

MBCC 2y HBnHeTcH aononHHTenbHhiM apryMeHTOM s nonhay Ha6niOJJ.eHHSI pacnaaa 

.'1 .. 2y • TBKHM o6pa30M, XOTH CTBTHCTH'IeCKBH TO'IHOCTh KBlKJJ.OrO H3 pBCCMOTp9HHbiX 

3XCnepHM9HTOS HesenHK8, no COSOKynHOCTH 9KCnepHMeHTOS MO>KHO yTsep >K l!aTh, 'ITO 

pacnaa 'I .. 2y ycTBHOSneH. 

Cnel!OBaTenbHO, cnHH '1 -Me30H8 He paseH 1. MHHHManhHble 3H8'19HHH cnHHB 

0 anH 2. B nonb3Y Hynesoro cnaHa rosopaT ToT <PaxT, 'lTd yrnosoe pacnpeaeneHae rr
0

-

o + - 0 /2.11 I A MeaoHOB oT pacnaaa 'I .. rr +" +" s c.u.a. H3oTponHo • Hanaa pacnpeae-

neHHH TO'ieX, COOTS9TCTSYIOIUHX pacnaay ,o .. fT+ + TT-+ rr 0 no UHBrpBMMe JJanHTUa, np~-
-+ 

BO.llHT JC. KB8HTOBblM "'KCnSM '1 - Me30H8 0 • 0TCIOJJ.B cneayeT, 'ITO nepSOHB'iBnh-

HO 06Hapy>K9HHblli pacnBJJ. '1 .. fT + + TT-+ fTO npOHCXOJJ.HT C HBpyrneHHeM G - 'ieT-

HOCTH I G -qeTHOCTb 1T -Me30H8 OTpHUBT9nbH8/ H HSnHeTCH aneKTpOMarHHTHbiM 

npOU9CCOM STOpOrO nopHJJ.Ka, S KOTOpOM HM99T M9CTO HCnyCKBHHe H nornOIU9HH9 sap-

TyanhHOro y -xsaHTB. Tax xax Ha6n10aaeTCH pacnaa, csaaaHHbili c anexTpoMarHHT-

H biM npoueccoM BToporo nopaaxa, TO xaaanoch, ll on>KHbl 6bl Ha6niOJJ.8ThCH H pacnaa·bl, 

CSH3aHHb19 C aneKTpOM8rHHTHbiM npOUeCCOM nepsoro nOpHJJ.K8 H, S 'i8CTHOCTH, pacnaa 

'I .. rr++ rr- +y.HanoMHHM, 'iTO, no TeopeTH'ieCKHM oueHxaM Ko6aape sa H OxyHa/
2 •221 

9TOT pacnaa aon>KeH 6b!Th npeo6naaBIOIUHM. OaHaxo xo speMeHH xoH¢epeHUHH axcnepa

MeHTanbHO T8KOII pacnBll H9 Ha6nKl'JJ.BnCH, H 9TO Sb13hiS8fiO HeKOTOpb19 COMH9HHH S 

cnpaseanHsocTH ycTaHosneHHhiX xsaHTOShiX 'iHCen 'I -M930H8 0 -+ • 

6 



B ony6nRKoeauuol! nocne KOHcjJepeuuuu pa6oTe <l>aynepa u .np. 12 •161 pacna.n 

'1 • IT+ + IT + y 6bln ua6mo .n eu. B eoaopo.nuoll n y ablpbKoeoll KaMepe Anbeapeua uayqa-

na cb peaKuull IT++ p+ IT + + p + '1 c nocneayJO!llHM pacna.noM '1 • IT++ IT + X 0 

ra e X 0 
.- ueuaeecTHall ue llTpanbHall '18CTHU8 / unu '<8CTHU br/ . V1Mny nbc nepeH'IHbiX + 

IT -

M eao uoe e uenTpe KaM e pbr 6bm paeeu 1170 Mae/c c O'ISHb · u e6onblllHM paa6pocoM 

!_ 6 Mae / c. Bh1no . oTo6pauo 76 pacnaaoe 0K838Jl0Cb, 'ITO X 0 -

'18CTnua e ceraa 6 bJn8 nu6o cjJoTOHOM, nu6o 1T
0 

-M830HOM / puc. 3/, npH'18M OTHOWS-

nne I IT + +IT-+y/,.++IT-+tr 0 I = 0,26+0,08.TaKnMo6p~aoM,pacnaa 1)•17++ ." +y 

cunbHO noaaeneu. X o TR r enn- M auuy u ap /
2

•
241 

y aanocb o61>RCHRTb CTOnb unaKyJO 

e eooRTHOCTb pacnaa a + -
!)+IT +IT + y 

• c nocne.nyiO!llHM pacna.n oM ua 

c noMO!llbiO Moaenu • .neyx npoMe >K yTO'IHbiX 

y H IT ++IT - (l)+p 0 +p 0 +y +IT++ 11 

l 12.2~1 Bc e-T8KH npOTHeop.e'lue C 0 6 bi 'IHbi MH Te qpeTH'IeCKHMH OUeHK8MH O'leHb eenHKO, 

+ 
npH'<HHOil fl0 1l8eneHHR p8Cfi81l8 l) + IT +IT +y, e03MO>I<HO, llenReTCR CHJlbHOe eaa-

HMO.QellcTeue M&>K.Qy a eyMII IT -Me30H8MH e KOHe'IHOM COCTOIIHHH 0++ H = 0 e 

o6nacTu ue6o.nbUIIB•X aueprull / npnMepuo .no M"'" ~ 400 Mae I . Cy!llecTeoeauue TaKoro 

eaaHMO.QeilcT·e&R• e· H8CTOR!llee epeMR XOpOWO y CT8HoeneHO . 

3TO e38HMOLI!eli'CTB.He 6y aeT npORBJlRTbCII B p8Cfi81l8X l) +IT++ 1T + 1TOH l)-+tTO+ 11 °+ 11 0 

+ 
Me>K a y IT + " n8p8M H H npuee.neT K y eenu'leHHIO Be pORTHOCTH 9THX 

p 8Cfl81l0B , C .ll p!)TQit CTOp OHbl, OHO He MO >K eT npOSIBJliiTbCR B p8Cfl8.Q8 + 
'1 -+ 1T + 1T + y 

n ocnea ue e cmeny;~ na c o xpau enn11 aapHa oeoll 'leTHOCTH. C - '18THOCTb B H8'18Jlb-

HOM H KOH S'IHI<lM c:oc'I!ORHHHX p accMaTpneaeMoro pacna.na paeua (-1/'1 G a (-1) 
1= + 1 G 

'1 l7'1T 

TaK K8K a, = 6 ,.+..,- = 1 • TO r, =1 ITIT + 1 H H30T0fiH'I8CKHll CnHH a eyx IT -Meaouoe B 

pacnaae , , .;, ITJ+ +· 11- +y paeeu L noapo6u ee eonpOCbl , CBSI38HHble c aneKTpOMarHHTHbi

MH a cjJcjJSKT8M'IIl B. p:8Cfl8.Q8X, p8CCMOTp eHbl B pati'OT8 <l>allu6epra H nal!ca12•231 

TaKn.MI ripa3:0.Ml, MO>K HO C'IHT8Tb, 'ITO e uacToBwee epeMII neT aKcnepuMenToe, 
-+ 

npOTHeOp 8't81UI!IIIIll[ J91tT8>HOen eHH b)M .Q flll l) -Me30H8 Ke8HTOBbiM 'IHCJ18M 0 

C ooTuo w euue Me>K.n y uel!TpanbHbiMH Mo.naMR pacnaaa 

!] - M830H8 

-+ 
l) -Me30H8 0 , cnea y eT O>I< B.Q8Tb, 'ITO 

oauol! 11 31 M:HO.BR brot RteitTpanbH bi X cxeM pacnaaa, uap11.ny c pacna.noM 1J + y + y , 

6 y a eT p aa::nal.llll l), • J,.<> Ha KOHcjJepeHUHH 6bln0 uaeecTHO JlHWb OTHOW8HH8 Me>K-

ay e e poaT.If'CD:c 'JliiMH! p!a¢·rraa a '1 ua u eliTpanbHble u aapB>KeHHble . Pacna.n 1J H8 

u el! TpanE>HlDte> CD mp_e.QenDncB no noac'I BTy • ue.nocTaJO!llell Macchi•. no.n pacna.noM aa aa-

pB >K en a bl& lli<DIUVICl&e!FC!:JI! p acna.n '1 •, + + " + X 
0 

, r.ne X 0 
- 11° -Meaou 

HJlH y - !Caa&'l!'. Cp.e a He e 3H8'18HH8 OTHOWSHHSI e8DOIITHOCT8il p8Cfl8.QOe no HSCI<OJIJ,-

KHM axcn:e:p:Hl"eJIIl!aM paauBno cb 2.6 ! 0,6. B a eyx pa6oTax, eblnonsenBbiX nocne J<on-
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cj:lepeHUHH y.aanocb Ha6mo.aaTb pacna.a 7) ~ rr 0 + rr 0 + ~ 0 
H OU9HHTb OTHOW8HHe 

7)-+yy /2.18/ + + 
R =~· B paooTe Kpoycj:lop.aa H .ap. H3y'lanHCb peaxuHH " +p~rr +p + '1 

+ 
fT 

'1 .. .J:r 
n 72 .a. no.aopo.aHoli nyabipbxonoli xaMepe Anbnapeua npH HMnynbce nepnH'!HbiX 

MeaoHon 1170 Man / c. HeATpanbHbie MO.Qbl pacna.aa '1 -MeaoHa Haomo.aanHcb n 

1500 .anyxny'lenbiX C05b!THSIX, cnH38HHb!X ' C y -xnaHTOM, KOHnepTHpOn8HHbiM HB anex-

M 5 « fl . /2.19/ TpoH-n03HTpOHHYIO napy. bl 0CT8HOnHMCSI no.apO Hee H8 pauOTe BCCI H .ap. 

n KOTOpOA C nOMOlUbiO anexTpOHHKH nony'leHbl HeCKOflbKO 5onee TO'!Hble .QBHHble no COOTHOIUeHHIO 

HeATpanbHbiX neTneA pacna.aa '1 -MeaoHa. B 3TOA pa5oTe Ha5niO.aanocb cj:loTopo>K-

.aeHHe 7) -qacTHU npH aHeprHH y -xnaHTon 978 H 938 Mas, Hcnonbayst anexTpoH-

HbiA CHHXpOTpOH H8 1100 Man no ¢p8CK8TH. 3xcnepHMeHT8flbH8SI yCT8HOnKa OOK838H8 HB 

pHC. 4. ny'IOK Y -xB8HTOB na.aaeT H8 7 CM >KH.QKOBO.OOpO.OHYIO MHWeHb. npoTOHbl 

OT.Q8'1H C onpe,aeneHHOll aHeprHell H no.a cj:lHKCHpOnaHHbiM yrnOM perHCTpHponanHCb Te

necxonOM H3 HCKpOnbiX KaMep, KOTOpblll He perHCTpHponan nHOHbl. npH aTOM H8npanne-

HHe H HMnynbC .'1 0.QH03H8'1HO onpe.aenstnHCb 38KOH8MH COXp8HeHHSI 3HeprHK H HM-

nynhca. B.aonb nHHHH noneTa '1 HMencst 'l epeHKoncxHli c'leT'IHK nonHoro nornome-

HHSI H3 CnHHUOnOrO CTexna .QflSI perHCTp8UHH y -ny'lel! oT pacna.aa '1 Ha conn a .a e-

HHe C OpOTOHOM OT.Q8'1R. 3HeprHSI y -xnaHTon onpe.aenstnacb no nenH'IHHe RMnynhca 

8H8flH38TOp8. y - ny'IH c aueprHeli MeHbwe 200 M~n He a anycxana HcxponyiO xa-

Mepy. TaxHM o5paaoM ycTpBH>IncH cj:lou OT cj:loTopo >K .aeHHH o.aHHO'IHOro rr 0 -Meaoua. C 

OnHC8HHOll y CT8HOnxoli pO>K.QeHHe H pacna.a 7) -Me30H8 MO>KHO 5b!fl0 Ha5niO,a8Tb 

,anyMH p83flH'IHb!MH CUOC008MH. 0TMeTHM, 'ITO n 3TOM a xcnepH M eHTe Henb3SI 5blnO OT-

nH'IHTb pacna.a bi '1 .. .317° H 7)-+ rr0 +2y) H H8 C8MOM .aene H3M epstnOCb OTHOWeHHe 

R = 7)-+y+y 

7) ~ 3rr + 7) -+ 77° + 2 y 
M O>KHO npe.anon o >K HTb, o.a uaxo, 'ITO pac na.a 7)-+ rr 0 

+ 2 y 

5y.a eT ManonepOHTHb!M. Tax xax cnaH '1 - Meaoua 0, TO p acna.a 7) -+ fTO + y cTporo 

aanp e meu. 

} CUOCOO. no CUeKTpy y -xnaHTOn. 3xcnepHMeHT CT8nHnCH n ycnonHHX, Kor-

.08 3HeprHSI n epnH'IH blX y -xnaHTOn Obina nH6o HH >K e, n116o nbiW e nopora oo paaonaHHH 

0 

'1 • ¢8KT cymecTnonaHHSI '1 -Me.a oua Obln y cTaH onneH no Ham!'IKIO .aonon KKT e nb-

HO(""O '-I HCfl8 y -KB8HTOB flO O TH O W8HH10 K cpoay OT M HO >K e CTB 9 HHOrO pO>K !l 9HHB, K8K 

TOnbKO o5p aao saHHe "1 cTaHOBHno c b K H H eMaTH '-IeC KH B 0 3M O>K H brM . Onpen e neHKe o Tn o w e -

HIIH .any x neTneA pacna .a a 'I~ 2y H 7)-+ 37T 0 OCHOnBHO H8 p e 3KOM p8 3 flH'IHH c n ex-

Tpon y -xnaHTon o T aTHX pacna.aon. Cne xTp y -xn aHT o n OT pac na .aa '1 .. 2 y 

B~O nb nHHH H noneTa 7) - Me 3 0 HOn, 00p830B8 HH LIX n U[J OUe c ce y + p -+ p + 7),IIO'ITH 

MOHox p oMaT H'IeH c u eHTpOM oxo n o 560 M a n. B To n peMH 
1

xaK pacn a .a bl '1 .. 3 rr
0 

H n H 

7) ~ :r6 + 2 y .Q8 10T y - x naHT bl, KOT Op b!e KMeiOT Hen pepb!nH bl ll cneKTp, 00pb!n8IO-

IUH li cH oxo.n o 500 M an. Kax nu .a Ho H3 p uc . 51 n pH npenblw e HHH nopora po >K.a eHHH 7)
0 

llORBnH e T C R ~OflOnHHTenbH ~A C ~ eT y -xnaHTOn . np H'1 9 M p83HOCTb a rpcp eKT8 H cj:lOH8 

RCHO llOK83 bJ B8 9 T H 8 J"l HI.I H 9 L'B YX c n e KTpOB. 0TH OW 9 HH 9 nnowa .aeA no a "aT HMH C ll 9 KTp8M H 

.Q89T H C K O M09 OTHO W 9HHe. R • 

8 
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2. M 9TO.O CTy neHbKH. BTopol! M9TO.O OCHOeaH HB TOM, 'ITO rrpH- llOSierreHHH HOeorO 

.oeyX'IBCTK'IHOro KBHBilB y + p .. p + T/0 
e Cll9KTpe llpOTO HOe .QOil>KHB llOSierrSITbCSI 

CTyll9HbK8. npH 3TOM TBK KBK Cll9KTpbl OT p8Cil8.QO e T/ .. 2y CHflbHO 

OTilH'IBIOTCSI, TO HMeeTcSI · B03MO >K HOCTb paa.uerrHTb 3TH pacrra.obl. EcrrH perHcTpHooeaTb 

y -KBBHTbi c aueorHell EY > 400 Mae, To cTyrreHbKa 5y.oeT Bbiaeaua pacrra.ooM 

., .. 2 y , ecrrH >Ke perHCTpHpoeaTb 240 .< E y < 400 Mae, TO .oo rr >K Ha rroSieHTbCSI cTy-

rreHbKB OT p8Cil8.08 T/ .. .31T
0 

Hlllf T/ .. 1T
0 + 2 y • 0THOWeHH9 eblCOT 3TH X CTylleHeK H 

.o acT OTHOweHHe eeTeeA pacrra.oa T/ -qa c THUbl. Cpe.ouee 3HB'IeHHe R = ., .. y+ Y 
., .. 31To +rr-o1To+2y . 

orrpe.oerreHHOe .oeyMSI M9TO.Q8MH, paeHO 0,8 :!: 0,25 .nyTeM KOM6HH8UHll 3TOll eerrH'IHHb! CO 

eceMH ocTBilbHbiMH .oaHH biMH /rrpeHe5oeraSI pacrra.ooM ., .. rr
0 + 2 y I rrorry'laiOTCSI co o T

HOW 9HH!I M9>K.OY BepOSITHOCTSIMH p8Cil8.00 B, rrpHB9.Q9HHbi 9 e TBflllHUe l, 3TH eepOSITHOc

TH O llp9.091l9Hbl llpHM9pH O C 30% T O'I HOCTbiO . 

§ 3. p - M e 3 0 H 

XooHorrorH'IecKH aTo 6biil rrepeblll peaouaHc, o6uapy_meHHbi l\ e cHcTeMe .ueyx IT 

M930HOe. nocrre MHOrO'IHCil9HHbiX llOilbiTOK MHOrHX aeTOOO e H8liTH p930H8HC, 8H81lH3HpySI 

peaKUHIO rrN .. IT17N , 3peHH H .op/
3 ·61 

orrpe.oerrHIIH, H8KOHeU, TO llOIIO >K eHHe pe-

30H8HC8 I M"" = roO Mae / . KOTopoe C'IHTBeTCSI e HBCTOS!Wee epeMSI o5werr pHHSITbiM. H a 

eoaMo>KHOCTb cywecTeoeaHHSI peaoHaHca c KeaHTOebiMH 'IHCIIBMH ]= 1 I= 1 

enep eb!e Oflp8THII eHHM8HH9 llp91!1I/
3 ·341 

8H81lH3HpySI .08HHbi9 Ofl 31!9KTpOM8rHHTHOll 

CTpyKType H YKIIOHB, J.1Cil01lb3YII .08HHbl9 06 H30eeKTOpHOii 'IBCTH tj>opM<PaKTOpOe HYKIIOHa
1 

c;>peaep H c;> y nKo 
13

•
36 1 

KOilH'< ecTeeHHO oueHHrrH napaM eTpbi npe.onorraraeMoro peaoHaHca. 

13.37 I 
noa.ouee aTH napAMeTpbi flbi rr H oueHeHbl Ba yKoKOM H .up. . , KOTOpbie npHeneKrrH 

TBK >K9 .OBHHble 0 rrN - q,aaoe biX c.oeHrax. T eopeTH'IeCKHe npe.ocK83BHHII nono >KeHHSI 

H WRpHHbl pe30H8HC8 eMeCT9 C nepebiMH 3KCnepHMeHT81IbHbiMH O UeHKBMH llp HeO .Q SIT CII e 

T8fl1IHU9. 

n epebie .Q8HHbl9 0 p - pe30H8HCe 

NoN9 
n.n . 

AeTOpbl 
norro>KeHH9 p e30H8HCa 

TeopHII /3.36/ 3,16 
1.W.R.Frazer, J.R.F\Jlco 13 3 7/ 
2,F,J, Bowcock, W,N,Cottingham,D,wrie ' 4,7 

1. J,Deradol 3 •11 
2 , 

3 . 

E .Piclcup,F, Ayer, E,O,Salarn' 3 •
21 

J,G,Rushbrooke, D,Ro dojicic/ 3 •31 
I J,4J 4,5 

4,7 

4,3 

4,7 

4 ,7 4 , J,S, Anderson et. Rl. 

5 , D. Stonehill e t a i/ 3 :5// 
6 . A,R,Erwin et a1,1 3 •6 

7, E.Pickup, D,K,J;<olin9on, 
8 . J, futton e t al.l 3 •161 

E,O,Salan/ 3 •7 / 

5,0-5,5 
5,37 
5,4 
5,48 
5,5 9, J, futton et al, I 3 •161 

9 

.I Mae/ 

440 

660 

660 

660 

660 

630-660 

iU0-770 
750 
i54 
765 
768 

WH p HHa 3apSI.o 

r /Mae/ 

80 

110 

150 

90 
150-200 

130 
98 

112 

+ 
-o 
-o 
+-

0 



Ha Koa¢epeHnHB 6blno ycTaHosneHo, 'ITO p -Me30H HM99T ICBaHTOB b19 'IHCna 

I • 1 ' J e I 'G e + 1. Dpas.oa /, ecnB npe.ononO >K HTb, 'ITO CORK p - Mea o -

H8 paBeR 1, TO C9'19HB9 pacceRHBR mr -+ rrrr npK 9H e prKK, COOTB9TCTBYIO!U9A pe -
2 2 

30HaRcy
1 

LlOn>KHO paBKRTbCR /lrrA (2] + 1) • 12rrA • 120 / a .oec& ).. -KoMn-

TOHOBCKaR LlnRHa BOnHbl 1T -M930Ha B CRCT9M9 flO !COR p -Me30 Ha/. 0 .o HaiCO ceqe-

HH9 U , onpe.oeneHH09 M8TOLlOM '-iy B noy13
•381 

B3 aHanaaa peaKUBB fTN-+fTfTN 

"" B <lJB3B'I9CICOii o6naCTH nepe.oaHHbiX HyiCnOHy KMnyn&COBI CKCTeMaTK'19CICK nony qaeTCR 

M8HbW9 3TOrO npe.oena. Do-BHLlKMOMY, 9TO CBSI38HO C H90LlH03Ha'IHOCTbiO MeTOLla '-iy 

B noy. TeM 6onee, 'ITO C9'19HK Sl u mr 
I 

onpe.oenRJOTCR He c noMOll.lbiO aKc Tpanong-

llRB s ae¢113B'IecKyJO o6nacT&, a s ¢aaa'lecJCoA o6nacTa nepe.oaHHbiX aMnyn&cos. He

/3.39/ 
LlBBRO Cenepe: MOLlB¢RnKpOBan ¢opMyny '-ly K noy, y'leTOM BRpTyan&HOCTB rr-

MeaoHa s o.oHoMe3oHaoA .oaarpaMMe .onR npoaecca rr N .. rrrrN Dpa aToM ac-

non&ayeTCR <lJYHKUKR F , CBSI38RHBR C flKORHbiMR <lJopM<lJaKTOpaMR Hy KnOHa, KOTOpBSI 

6 . 6 "" C /3 .40 I blna Ofl'P9A9neHa B pa OT9 ... eppapR K enepR K3 aaanaaa OLlKHO'IHOro. p.O>K ,lle-

HIIR Meaoaos s HyKnos-ayKnOHHbi)C CTOnKHOBeHKRx. C noMO!UbiO ¢opMynbl Cenepe nony-

'l&eTcR y.oosneTsopeTen&aoe cornacee ceqeaRR mr .. mr B o6n&CTR pe30HaRCB C 
2 

O>KHLl88MOii BenH'IKHOll 12 rrA • .IlnR HnniOCTpanHR H8 p H C. 6 npHBOLlSITCR peay n&-

T8Tbl pac'leTOB ce'!eHHSI ,/~- .. fT +fT-110 ¢opMynaM '-ly B noy H Canepa, nony'leHHble B pa-

6oTe Alliti R .op/
3 •331 

R3 aaanaaa peaKnHH rr-+ p .. rr+ + rr- +n npa HMny n&ce 

1,59 res/c. 0.oHaKO , HeCMOTpR Ha TO, 'ITO ICBaHTOBb19 'IRena p -Meaoaa 6&mR ycTa-

HOsneHbl LlOCTaTO'IHO XOpowo, QOB9Ll 9 HKe p -Me3oHa OCT89TCR LlOBOnbHO H9fl0RRT-

RbiM. 3TO OTROCHTCR npe >K Ll9 BC9 rO IC H3M9H9HHIO <lJopM bl flRICa H nonO lK 9HRR MaKCRMy

Ma apa paanR'IHbiX aHe prRRX na.oaJOmHx 'laCTRU. KaK o6paauo rosopeno c& s .ooKna.o e 

Dynm/1.
5 / •npo¢en& p - Neaoaa o '!eH& noxo >K aa r opy, npase.oessy 10 a c MR-

' 
T eRRe 3eMneTpRC9HBeM ; npo<lJHnb Bp9MR OT Bp8M9HR R3M9HR8TCR B Ha rope QORBnR JOT-

CR apoTy 6 ep aHabl•. Dpu a ToM npH'IHH bl cno >K Horo nose.oeHHR nax os y aapR >Ke HRbtX a 

He iiT p anbHoro p -Me30Ha COry T 6b1Tb pa3 Hb19 , .IlnR aapR>K 9HHbl X p -M930HOB 

np R'IHRa , QO-BHLlBMOM y, CBR38Ha C T 9 M , 'ITO lip8 MR >K H3HB p - Me30HO Mano B OH H9 

ycne saeT n OKHHyTb o6na cT& saaaM o.oeAcTB BR .oo pacna.oa . B aaaMo.oeAcTsae a KOBe'! -

HOM ,. COCT ORHBH M O>K eT n p RB9CT B K yW Rp eH HIO p e30RBHCa B H3M9H9HRIO non o>KeH RR QKIC8, 

.Ilnll Bb1SICH9HBSI .oeliCT BBTen&HOii W llpBHbl p e30 H8HCa >KenaT e n &H bl T O'I H&te 9KCnepBMeH

T bl npH 6onbWBX 9HeprB!IX I - 10 ras/ - BM810T CSI B BBLlY 9 KcnepaMeHTbl 

rr.N -+ mr N D ocn e KOH <lJep eH UHH o ny6nKKOBaHa Bc er o 0LlH8 p a 60T B, B KOTOpO A 

accne .oo sanoc& o6paao saaae a apR>K eHH biX p - Meaoa o s. 3T o pa6oTa K a pM OHB a B a a-

13.27 I 
.oe Banns , s .ttOTOpoll aay'lana c& B so.oopo.ouoA n yablp& Koso A KaMepe pea xuaa 

+ + 0 - - 0 
rr -+p .. w+p +tr H rr+ p -+ rr +p +rr n pH HMnyn&ee nepBR'IHbiX rr - Me30HOB 

1,25 ras / c. C e'!e HH SI ,. !+ rr 0 
.. ,.±+rr

0 
OU9HHB810TC SI C nOMO!U b iO 9KCTpanon SIU KOHHO-

ro M8T 0Ll8 '-i y H no y. 0 TM8'189TCR, 'ITO K3 LlBHHbiX p9BKUKK C rr- / B OTnK'IHe OT 

peaxaHR c rr + I He sa.ou o n peo6na.oaH BR o .oHo Meaouuoro o6MeHa B ¢ a aa'lecJCoA o 6nac-

10 



TR. Ho aen r-I'IHHhi o
11

_
770 

H u
11

+
17

o 1 onpelleneHHbte c nOMOlllblO nHHeAHoA aKc-

TpanO/ISIUHH C Ornac y HlT C SI M 8>K LIY CO OOlt H Y K83 b!B8!0T H8 Cy !ll 8 CTBOB8HH8 p ± -M830H8 

+ 
c M a c coA 1725! 25 / Mas. M acca p- -Me30H8 B aTO M aKCD8pHM 8 HT8 H8CKOnbKO 38HH-

>K 8 Ha, no-BHL!HMOM Y , H3-38 T OrO, 'IT O UHK pacnono >K 8H Ha K OHU8 ¢aa o aolt KpHBOA. 

'-ITo KacaeTCSI HeOnp e a e neHHOCTH WHpRHbl H nonO>K8HHSI p 0 -Meaoaa, TO a.nec& 

UOMHMO T 8 X npH'IHH, 0 K OT O pblX rOBOpRnOCb Bb!W8, C y !ll8CTBY!OT LlODOnHHT8nbHb18 npH-

'IHHbl : 1 I W -Me30H, MaCeS KOTOpOrO 6nH3Ka K M8CC 8 -M e aoHa.,Mo>KeT pacna-

Ll 8TbC SI Ha 
+ 

11 + 11 - C Hap y W8HH 8 M G -qeTHocTH I TaKolt pacna a Ha6n10aancR 

3KCD8pHM8HTan&HO H o6cy >K L!88TCSI B cne!l y !O!ll8M naparpac1Je /. 3TO MO>K8T npHBeCTH I< 

Ll OD OnHHTenbHOll HHTep¢epeHUHH M8>K L! Y LlBYMSI 8MDnRT y !laMH C p83Hb!MH CfiHHSMH. 

+ 
2/ KpoMe Toro ,a CHcT e Me 11 11 B OTnH'IH8 OT 11:!:.+110 as a 11 -Me30H8 MOryT 

B38HMOL!el\CTBOB8Tb B COCTOSIHHH C H30 TOUH'IeCKHM CUHHOM f = 0 ~ "''TO TSK >K e Mo-

>K eT Bbl3B8Tb LlODOnHHTenbHY !O HHTep¢ epeHUH!O M8>KLIY 8MDnHTYLl8MH C pa3nH'IHblMII 

+ 
H3o Tonn'lecKHMH cnaHaMH. Hnn!OCTpauHeA. 6onee cno>Kaoro noaeaeaaSI cacTeMbl 11 11 

no cpaBH8HR!O C CHCT8MOA 
± 0 

11 11 B o6naCTH p -pe30H8HC8 MO>K8T cny>KHTb ae-

nH'IRHa acRMMeTpRH y rnoaor o pacnpeaeneHRR oaaoro H3 7T -Me30HOB B CHCT9M9 

ueHTpa M8CC LlHDHOH8 OTHOCHT8nbHO HanpaaneHHSI LlBH>K8HHSI nepBH'IHOrO UHOHa. KaK BHLIHO 

H3 pUCyHK8 7, ecnH .ll nR CHCT9M 77_! 77 O s o6nacTH p -peaoHaaca y rnoaoe pacnp e ae-

n 9 HH 9 CHMM9TpH'IHO, l.ITO H .O.O n >K HO HS6niO.O.~TbCSI .O.nSI p930H8HC8 B ttHCTOM COCTORHRH 1 

+ -
KO r Ll a HHTep¢ ep e HUHSI Mana, TO LI U{l CHCT8Mbl 7T 1T • HM 99TCSI 38M9TH8SI 8 CHMM9T p HSI. 

npH'IeM XapaKT e p aTOH 8 CHMM8TpHH M 8 HSI 8 TCSI B 38BHCHMOCTH OT a aeprHH n e pBH'IHOrO 

E llle ao K o a ¢ epeauH H o6c y>K aancR aonpoc o pac!llenneHHH naKa p M e aoaa, 

o 6aapy>KeHH Or o s p a 6 o T e ].-Button H ap/
3 •161 

a K OT Opolt H3 y 'lanac& peaKUHH 

p + p -+ 211 + + 211 - + U11 O npH HMnynbC8 1,61 raa / c
1

aa Ll B8 QHKa : p 0 
I 

c 

Mac co A 720 Mas H w npHHO il 20 Mas H p
0 

/ 3.22/ , 
c MaccoA 780 H wHpHHoll 60 M a s. Ta-

K o ll a ¢¢eKT He o 6Hap y>Ke H a p a 6oT e , r a e p O -M e 3 0 H H80Q lOLl8nCSI B n y'IW HX 

c1JOHO Bbi X y c nOBHHX / a H a nH3H pOBanHCb c n y 'laH a HHHrHnHUHH OCTaH OBHBWH XCSI aHTHDpOTO

H OB B p 8 8K UHK p + p -+ 11 + + 11- + 7r 
0
/.noaT OMY M O>K HO C'IHT8Tb, 'I T O Ll BOliHaH CTpy KT y pa, 

o 6Hap y >K eH HaH a p a6oT e ] • . Button H Li p. HBnH e TCSI CT8TKCTK'I e CKOH ¢nyKT y auae il. 

H a K OH ¢ epeH U HH a oKna.uhr B anac& pa6oTa K o n .u aenna H .up.
13

·
251

, a KOTopoii c 

UOMO!llb !O H C K p OBbl X K8 M8p pe rH C TpHpOB8QHCb paCU8 .1lbl 

11 - M83 0 H 8M H C H M D y nbC OM 12 H 17 raa / c B peaK UHH 

p 0 
-M 8 3 0 H OB, o6pa30B8HH blX 

+ 
11 +p_.7T +11 +n 

H a6 n l0.1l88M bill n pH M acce 725 Mas nHK HM eeT lllHpi!H y 40 Mas, T O e cTb HaMHoro y>Ke, 

'1 8M B 0Ub1T8X npH aH e prHH X 1T - Me30HO B / 1-3 / r21a. H o 9TO U O K8 8Ll iiHCTBeHHblll 

o n biT 
1

a o a .uon >KeH O biT& 6 eayc n o aH o y TO'!H e H. HaTepecao OT MeTHTb, 'ITO 113 ancnepcll-

oHH biX ypaBH 8H H ll .Q Q SI p 8 CC8SIHHSI 1T + 11 -+ 11 + 11 He y.uaeTCSI U O U Y 'll!Tb WHpHH y p -
/ 3 .4 1/ 

M e a oH a 6 on& we , '!eM 40 Mas. 
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I,. I 

nocne KoH'<lJepeJIUHB noas.Bn8Cb p8fSOT8 Alliti B ,op,/
3

•
331 

S KOTOpOII Be-

cne:t:tyeTca pe8KUBR rr -t p .. rr + + rr + n s so.oopo .oaoll n y ablp&Kosoll K8Mepe npa 

HMnyn&ce 1,59 raslc, nonO >K 9HH9 H WBpHH8 M8KCHMYM8 S C9'l9HHH 1T ++fT- .. fT + + fT t 

onpe.oeneHHOM no ¢opMyne 'ly H noy H Canepa p8SHbl: Alp = 750 Mas H r ~ 100 Mas. 

T8KH.M o6p830M, npo6neM8 onpe.oeneaaa wapHHbl a TO'IHOro nono>Keaaa p -

peaoH8HC8 nOKI\ ocT8eTca ae peweaaoll, 

+ + 
CxeMbl p8cn8.Q8 e -M930HOS, 0CHOSHb19 CX9Mbl p8Cn8.08 p- .. JT- + ,o H /3,26/ 

p 0 
.. fT + + fT- • noacKH 4-nBOHHbiX p8Cn8.00S .0810T OU9HKH Mea& we H9CKOnbKIIX %. 

B p8!5oTe BenHKOS8 a .op.
18

•
311 

a n106HMOS8 a .op/
2 •151 

nonyqeabl yK838HHR H8 soa

MO>KHOCTb p8.0H8UHOHHoro p8Cn8.08 p 0 
.. "+ + "- + y 

B 4. W - M e 3 0 H 

14.21 I 
B 1957 r. H8M6y . o6p8Tan SHHM8HHe H8 .To, 'ITO sec&M8 Tpy.oao noaRTb 

6on&woll p8.oayc aaocK8nHpaoll 'l8CTR ayKnoaaoro ¢opM¢8KTOp8 s onb1T8X Xo¢wT8,oTe-

13.85/ p8 H npe,onOnO>KHn S03MO>KHOCTb CYW9CTSOS8HHH M930H8, CHnbHO CSR3BHHOrO C 

HyKnOHOM H HM9101Ll9rO Te >Ke KS8HT0Bb19 'IHCna, 'ITO H <lJOTOH lcnHH 1, 'leTBOCTb OTpa

UBTenbHBRI, H8M6y oueaan, 'ITO ana o6'bacaeaaa aapH.oosoro a M8rHaTaoro ¢opM¢aK

Topa Macca TaKoro Meaoaa .oon>Kaa 6b1Tb p8saoll 610 Mas. Ha aTOM ocaos8HHH npe.o-

nonaranOCb Cyll!9CTSOS8HH9 TR>Kenoro S9KTOpHOrO M930HB C H30TOnH"'9CKHM CnHHOM 

T = 0 , KOTOpblll p8cna.o8eTCR no cxeM8M Cl.IO .. 11 ++ ,-+ fTO 

TT O + y 

a TBKHM o6paaoM Mor l'ibiTb o 6aapy>K ea s npouecc8x coy.oapeaaa npH SbiCOKHX aaepraax. 

SKcnepaMeHT8n&ao W -Me30H 6b!n OTKpblT B p860T9 B.c;_ ~faglic 
14,1 I 

H ,op, 

npa 8H8UH39 p8Cnpe,o eneHHH MBCC TT + + TT
0 + TT S 8HHHrHnHUHH npOTOH-8HTHnpOTOH 

- + - + - 0 p + p .. 11 +, + 11 +17 + 11 

c HMnynbCOM 8HTHJJPOTOH8 1,51 ras l c 6 b!n o6a8py>KeH nHK npa .1! = 785 Mas H wa-

paaoll r ~ 12 Mas. B aToll >K e pa6oTe 6blnH yCT8H OsneHbl KB8HTOBb19 'I HCn8 "' 
I I M 930H8 1 = 0 J = 1 G =- 1 H8 Koa¢epeauaa 3TH KS8HTOB b! e 'IHCn8 6blnH 

no.oTaep>K.O eabl, 

0cT8B8nCH a eHCHbiM aono oc o ae11 Tp8n&H b!X Mo,o8x p8Cn8.08 H o p8cn8.o e "' .. 2rr 

+ 
P8cn8.o "' .. rr + !L •. K8K an epB ble OTM e'lan Glashow 

14.231 

"' 
MO>K eT p8Cn8.Q8TbCH H8 2rr C H8pyweaD:eM 'G -qeTHOCTH no aneKTpOM8rHHTHOM y 

K8H8ny. BepawTell a a <l>8lla5epr a p86oTe no.o H83B8HHeld 'V!ronK8 s cTore ceH8 •
14

•
201 

12 



nOD,C'IHTaJJH cneKTp Mace 2 TT OT CM9CH p-H 

BHTenbHO H:MeeT BHLl y3Koro, noxo>Kero Ha urny nHKa -Me30Ha Ha <j:>oHe WHpOKo-

ro p - nHKa. B pa15oTe Fickinger 14.161 
H D.p. , nOSlBHBwellcll nocne KOH<j:>epeH-

UUU J CD.enaHa nonbiTKa D.aTb OU9HKy OTHOW 9HUSl R = 

~~acb peaKuHst rr +p + n npu uMnynbce 

f' ("' .. 2rr ) • C aToll uenb 10 uayqa
f'(bJ .. ,JrrJ 
),7 raa C B BOD,OpOD,HOl! ny3b!pb-

KOBOII KaMepe. EibinO aaperucTpupOBaHO 2137 COI5biTHil, H3 HHX npHMepHO 900 COI5b!THJI 

/ 15ea <j:>oHa/ a o15nacTH p -nHKa. Ha pRe. 8 Ia/ noKaaaHo pacnpeaeneHHe a¢¢eKTHa-

HbiX Mace anll acex 1'1
2 

• PacupeaeneHHe HMeeT wHpOKHil nHK a 'l15nacTH 650-850, 

HO OHO aCuMM9TpR'IHO OTHOCUT9JJbHO 750 Maa /393 COI5biTRSl Me >KD.Y 750 R 800Maa H 

298col5biTRil M9>KD.y750 R 700/.EcnH npeD,nOJJO>KHTb,'ITO p HM99T TY >Ke Macey R CHMMeT-
± 0 

pH'IHOe pacnpeaeneHHe,KaK p ,TO aCHMM9TpHSl MO>KeT l5b!Tb Bb13BaHa KOHU9HTpauRei! COI5b!-

THil B pallOHe W nHKa-7!:!()Maa • .QnR 15onee OT'I9TJIHB0f'O npORBJI9HHH W -nHKa Bee COI5biTRR 15bl-
2 2 2 

nH paaaeneHbl Ha TpH rpynnbi no aenH'IuHef':J. 1'1 < 0,15 raa/c, 0,25~1'1:::=0,70raa/c 

H 6. 
2 

> 0,070 rsa / c. B C06biTHSlX c A 
2 

< 0,15 rgs/c p - H815JIIOD.aeTCR, a OJ 

CUJibHO noaaaneH /puc, 8 /8//, ABTOpbl Oi5bSlCHSliOT 9TO TeM, 'ITO B C05biTRSlX C ManoA 

nepeaaqell HMnynbCa npeo15naLtaeT OD,HOM930HHbiil o15MeH, B KOTOpOM ol5paaoBaHRe OJ 

aanpeUleHo no G -qeTHOCTu. B col5biTUSlX BTopoA noarpynnbi /puc. 8 lei I Hao-

15opoT, OT'IeTnuao npOSlBJJSleTcR "' , a p noaasneH. HaKoHeu, B col5biTHSlX c 15onb-

woA nepeaaqei! HMnynbca HYKJJOHy / puc. 8 I d I I He npo!lBnSleTCSl Hu "' Hu p 

'IT O CBSl3aHo, no MHe.HUIO aBTopoa, c BnHSlHueM 3,3 Hao15apbi. B rpynne col5biTuil c 0,25 

< /'1
2 

< 0,70 raa/c B UHTepaane 780-800 M9B Hai5JJIOD,89TCSl HaD, <j:>OHOM 27 C05biTRII. 
- + 
Cn eaoaaTenbHo1 pacnpeaeneHu e Mace rr rr- uMeeT nRK c Maccoll, 5nRaKoil K Macce w 

Ha 4 CTaHD.apTHbiX OTKJJOH9HHSl Bb!W9 <j:>oHa, 

f(cu .. 217) 
0THOUleHue R = ) 5bino HallaeHo noa5opoM napaMeTpoa ua pa50Tbl BepH-

/ 4 2b0' .. 377 
WT9liHa U ¢>aliH5epra • TaKuM 05pa30M, 'IT05bi onucaTb 9KCnepuM 9HTaJJbHOe pacnpe-

aeneHHe (1717) -Mace. npaHuMaSl BO BHHMaHHe, 'ITO OTHOW9Hue I a"' I a p 

15biJJU nony'I9Hbl CJJ9LlYIOUlH9 OU9HKH: R ~ 0,05 , ecnu wHpHHa 

I = 1 
MaKCJ 

R > 0,07 

oa15oTe Shafer 

, ecnH WHpWK8 CU p8UH8 Maa. 3To >Ke OTHOW9HH9 OU9HHB8nOCb ·a 

H ap/4
-•

181
, B KOTOpOil uay'lanacb peaKUHH !{ npH 

HMnynbce K -Me30HOB 1,51 ras/c B 72-aiOAMoaoil BOD.OpOD.HOil ny3b!pbKOBoli KaMe-

pe. Benu'luHa R , onpeaeneHHall no 15 co5biTHSlM w0 
.. "+ + " 0U9HHB89TCSI 

14,8! 1,21%, B aToll >Ke pa15oTe aaeTcll no 5 cny'laSlM oueHKa OTHoweHHSl 

:5 1% 

05Hapy>KeHRe pacnaaa cu0 
.. rr0 + y • CywecTaoaaHne pacnaaoa "' -MeaoHa 

Ha H9ATpanbHbl9 'laCTHUbl 5biJIO nOD.TB9p>KD.9HO 9KCnepRM9HTaJJbHO B H9CKOJibKUX pa5o

Tax14•8•11•141 • .Ycp9D.H9HH09 no peayJJbTaTaM 9THX pai50T OTHOW9HH9 BepORTHOCTell 

(JJ
0 

.. 11 + + rr + tP I cu .. HeA"Tp. = 5 + 1. O.nHaKo npHpo.a.a npo.nyJtTOB pacna.aa 
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cu 0 
- Meaoaa B aTHX pa6oTax ne ycTaaosnena. B pa6oTe SapMHHa H ap.

14
•
191 

6bm 

o6napy>KeH pacna.zi w0 .. rr0 + y H noxaaaao, 'ITO aTa MOLl a pacnaaa liBnlleTcll npeo6na

aaJOweA cpeaa pacnaaos aa aeATpanbHble • 

.Unll H3y'leHHll pacnaaa w0 
.. rr

0 + y accneaosanacb peaxua11 rr + p .. n + w 

na ny'lxe rr -Me30HOB OT npoTOHHoro CHHxpoTpona VIT3¢ B 17 n n y ablpbKOBoll xa-

Mepe, HanonHeHHoA cMeCbiO nponaaa C
3

!1
1 

H xcenoaa. OnbiTbi npoBOllHnHcb npH HM ·

nynbcax TT- -Me30HOB 1,25 ras/c, 1,55 ras/c H 2,8 r s s / c, 6b!fi0 nony'leHO COOTBeT

CTBeHHO 110 00, 20000 H 60000 CTepeOCHHMKOB, VfcxanHCb cny'ISH, KOrLl8 TpH H 60nbWe 

+ e e - nap KOHBepCHll 6blnH HanpaBneHbl B TO'IK Y OCT8HOBKH rr -Meaona, npH ycno-

BHll, 'ITO OCT8HOBK8 He COnpOBO>Kll8eTCll K8KHMH-nH60 Cnell8MH RLl epaoro B38HMOlleA

CTBHll / 6eany'leBble 3Be3Llbl f , ¢lOH B OCHOBHOM npOHCXOLlHT OT MHO>KeCTBeHHOrO po>K-

aeHHll • .Unll BbiaeneHHll cny'laes pacnaaa w
0 

.. ,• + y• 3y HCITOflb30BSnCB CT8THCTH-

'leCKHA KHHeM&TB'IeCKHll MeTOLl, 8H8nOrH'IHbiil MeTOLlY o KOTO p biii 6bin HCnOfib30B8H B pa

/2,13 I 
6oTe KpeTHHa H ap. an11 o6a apy>KeHHll pacnaaa 71• y + y B cny'lae pacnaaa 

w• .. Jy aanpasneHHll Tpex y -xsaHTOB B c .u.H. pacnono>KeHbi aa nosepxaocTH 

KpyrOBOrO KOHyca, npa'leM paCTBOp 3TOrO KOHyca HM eeT MHHHM8fibH biA yron - {3 min J 

38BHCliWHA TOfibKO OT M8CCbl OJ
0 H OT nepBH'IHOil 3HeprHH TT -Meaoaos. Cn eaosa-

TenbH0 0 npH K8lKLlOil <j:>HKCHpOB8HHOil 3HeprHH 1T -Me30H OB HMeeTCll CBOA MHHHManb-

Hblll yron. Ha pac. 9 npeacTa sneHbi pacnpeaeneHHll no yrny {3 anll co6biTHA, cooT-

seTcTB yiOWHX peaxuHH rr + p .. n +Jy no cne Bbi'IHTaHHll <j:>ona. CTpenxaMH yxa aaHbl ana-

'leHHll yrnos pacT Bo pa f3 .,1n xonyca pacnaaa an11 o• - Meaona c MaccoA 782 Mas. 

K aK BHllHO H3 pH c. 9, 6onbWHH CTB O co6biTHA HaxoaHTCll B HHTepsane yrnos , 6onbWHX 

{3 , 'ITO aoxaabiBaeT, 'ITO aTH pacnpeaeneHHll liBnHIOTCll cneacTBHeM pacnaaos 
min 

w0 .. rr 0 + y• Jy • He6 onbwoe xonH'I ecTBO cny'laes npH yrnax (3 < {3 min MO>KeT 

6biTb cneacTBHeM cTaTHCTH'Iecxoil <j:>nyxTyauHH, <j:>oaoM oT p ea xuHH rr- + p• K
0 

+ l: 0 + , 0 

HnH ney'ITeHHbiMH cHcTeM aTH'Iec KHMH owH6KaMH. Cpasneaae c e'leHHll o6pa ao saHIHI 

0 0 
lU~1T+y C ce'tfeHHeM UJ ... - H9ATp8nbHbl9 ITOK83blB89T 1 1.1 T O pac na .n. CtJ 

0
-. 11 O + y 

liBnll eTCll OCHOBHbiM cpeLlH HefiTpanbHb! X MOLl pacnaaa, 0T HOWeHHe BepOliT HOCT eil 
w ~2rrO+y 

, ycpeane nnoe no Tp eM c epHliM H3M epeHKA, cocTaBnlleT .:5 0,1. 
(1)-+ "0 + y 

B peM ll. >KH3HK cu 0 Ha xoK<j:>epeHUKH B CKeHe /VITanH RI 6bma aono >KeHa pa-

/4.24 / 6oTa, B KOTopoA 6on ee TO'IH O onpeaenena W HpKHa w 0 
• On a pasHa / 915!2t/Ma s., 

-22 
'ITO COOT!IeTCTByeT cpeaaeMy BpeMeHH >KH3HH r = / 0,69 ! 0,!5/. 10 CeK, 

ft 5, p - M e 3 0 H 

B npea blllYWHX naparpa¢ax pac cM aTpHBanHCb csollcTsa peao nanco s, o cywecT

sosaHHH KOTOpb!X 6bin0 H3B eCTHO H8 )i<.eaeBCKOil KOH<tJeoeHil HH 1962 r. B 3TOM H cne

LlYIOWeM naparpa<j:>e o 6cy>Kll 8IOTC!I pa60Tbl, B KOTOpbi X OTKp b!Tbl HOB bie pe30H 8HCbl, 

14 



Ko BpeMeHH KOHcj:lepeHUHH 6bin H3B9CT9H TOnbKO OLlHH B9KT0pHbJll Me30H C H30-

TOOHqecKHM COHHOM 0- <t.l M930H. 

CywecTBOBaHHe LIBYX eeKTOpHbiX MeaoHoB c H30TonRqecxRM cnHHOM 0 H OTpHua-

TenbHOil G -q eTHOCTbJO BnepBble o6cy>KLianOCb B paMKaX BeKTOpH OII TeopHH CHnb 

HbiX saaHMOLieiicTSHll CaKypaH
15

•
4 1 

0LIHH K3 HHX LIOn>KeH 6biTb CBR3aH c 6apHOHHbiM 

TOKOM I ll B -Me30HI, a Llpyroil C rHnepaapRLlHbiM TOKOM 11 
y 

- M eaoH I . 

15 .5 1 
noaLIHee Gell -Mann nOCTpOHn CHMM9TpR'IHYJO MOLI9nb, OCHOBaHHyJO Ha 

yHH TapHoil rpynne SU(3) S paMKaX KOTOpOil o6a BeKTOpHbiX M930Ha HaXOLlRT Mec· 

TO: B - M930H K8K 1.fneH yHHT8pHOrO OKTeTa, H BB - Me30H - KaK y HHTapH bJif 
y 

CHHrneT, nepeoe C006weHHe 0 S03MO>KHOM CyweCTBOBaHHH BTOpOr O SeKTOpHOrO Meao-

Ha noRBHnocb s 1962 r. B pa6oTe L.Bertanza eta/ • 0KOH'IaTenbHO CyweCTBOBaHH9 pe-

30H8HC8, nony'IHswero HaasaH He ¢ -Meaoa
1 

H ero KSaHTOBbi e 'IHcna 

15.31 
YCTBHOSneH bl B 

o a6o Tax P.I-Connoly et a1./6pyKxel!aeH-CHpaKy3bii, P.Schlein eta/ IKanHcj:lop-

yHHBepcHTeTI/
5•

21 
B pa6oTe

15
•
31 

H3y'lanHcb peaKUHH 

!( + p .. A + K 0 + K 0 111 

!( + p .. A + K+ + K
121 

s 20-LIJOliMosoil BOLIOPOLIHOil nyablpbKosoil xaMepe EpyxxellseHcKoll na6opaTopHH, o6-

ny'leHHOll [(- -MeaoHaMH c HMnynbCOM 2,33 6aslc. Bcero npoaHanH3HpoaaHo 36 co-

6bJTHll S Hel!TpanbHOM KaHane 111 H 22 C06b1THR B 3apR>K9HHOM KaHane 121 , ¢>oH S Ka

Hane 11 I Sb13BaH rnasHbiM o6paaoM peaKuHeil /( + p .. }; 
0 + K 

0 
+ R 0 

H oueHHSaeT-

cR s 10%. KaHLIHLiaTaMH LinR KaHana 121 C'IHTanHcb cny'laH c pacnaLIOM 

pR >KeH HbJe , no aTOll npM'IHHe 3apR ~eHHbJll KaHan CB060LieH OT cj:lOHa . 

Ao Ha aa-

H a pH c. 10 noKaaaH rpacj:lRK .[lanHua LinR KSaLipaToB a cj:l<j-leKTHBHblx Mace J(K H 

Al( LinR 58 co6biTHli OT o60HX KaHanoB. npeSbiWeHHe Hall CTaTHCTR'teCKHM pacnpe-
2 

LieneHHeM s o6nacTH !I (K!( ) = 1,04 ras, O'teSHLlHO. BeooRTHOCTb cnyqallHoro oT-

KnOHeHHR a aToll o6nacTR 10-
6 

• .[lnR Mace M (KK) B o6nacTH oT 1000 LIO 1040 Mas 

6blna nocTpoeHa HLieorpaMMa. PacnpeLieneHRe RMeeT nHK npH aHa'leHHH MaCCbi 

11019:! 1 I Mae. 

CnHH H 'leTHOCTb p -M eaoHa 

OnpeLieneHHe cnsaa <{> -pe30HaHCa OCHOSaHO Ha HCCneLIOSaHHH oacnaLIHbiX 

CSOHCTB CHCT9Mbl 
15 •6 •11 • .[leno S TOM, 'ITO CKCTeMa [( 0 H K0 

, KaK H 
0 

n 106aR CHCT9Ma 6030H-aHTH6030H, o6naLia9T BalKHOll OC069HHOCTbJO : ee KOM6HHHposaa-

Hl.UI lf9THOCTb CP paSHa + 1. C Llpyroll CTOpOHbl, aKcnepHMeHTanbHO Ha6nJOLiaJOTCI'I 

'(
0 

-Me30Hbl I = 0,9.10-lO /, o6naLiaJOWI'Ie 
0 • 1 -B ceK. 

LlOnrolKBBYWH9 K 2 -Me30Hbl I a 6.l0 ceK.I, HM910WIIe CP =- 1. napbl 

K ° K"" K 
0 

[(
0 a cHny TO>KLiecTseHaocTH BXOLli'IWHX s HHX qacTHu scerLia HaXOLli'ITCR 

KOpOTKO lK HBYWHe CP = + I H 

1 1 2 :l 

15 
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B COCTOHHHHX c 'leTHbiMH MOMeHTaMH I f D 2m I H oona.o.aJOT KOMOHHHpOBaHHOA 'leT-

. .o..o f+1 
HOCTbJO CP = + 1. KoMoHHHposaHHaH 'leTHocT& napbl /\11. pasHa /-1 / 

1 ' 
noaTOMY ecnH aTa napa oopaaosanacb H3 napbl K 0 i( 0 • oona.o.aJOmeA CP =' + 1, 

TO .O.nll Hee B03MO>KHbl TOnbKO He'leTHble OpOHTanbHb19 MOM9HTbl a 2m + 1 • TaKHM 

oopaaoM, ecnH CHCTeMa !{ K pacna.o.aeTCll no KaHanaM K 0 
[( 0 H K 0

[{
0 

• TO 
1 1 ' OHa oona.o. aeT '19TH biM CnHHOM, ecnH no KaHany K ° K 0 

• TO He'leTHblM . 
1 ' 

V1M951 BBH.O.Y aTy CBll3b, nO.O.C'IHTanH ,o.nll OOOHX rHllOTea-cnHH '19THbiA H 

CnHH He'leTHblll / ana 'ITO TO >Ke CaMoe - 'leTHOCTb nonO>KHTenbHYIO HnH 'leTHOCTb OTpH-

UaTen&HyJO, T .K, p = (-l}J ), O >K H,o.aeMOe OTHOlll9HHe ¢ -pacna,o.OB K 3KCnepHMeH-

T8nbHO HaonJO,o.aeMblM BapHaHTaM KOHe'IHbiX COCTOHHHll K8H8n8 /1/, KOTOpble 0003Ha'laJOT-

Cit no BJI.O.HMblM BHnK8M T8K : A !(o Ko 
1 1 

H [{Or( 0 
1 1 

0>KH.o.aeMble OTHOCH-

Ten&Hble 'IRena A l<!' Ko 
1 . 1 

AK01 H 

·~. [(01 

KO KO .o.aHbl B TaonHue. 

T H n bl 

xaHana /1/ 

AK°K• 

AK• 1 

1 

K•K r 
1 1 

1 1 

TaonHua 

npe,o.cxa:.bJBaeM ble OTHOCHTen&HbJe 

p ~ -1 

K~K~ 

0 
1 

0 

'I H c n a p + + 1 
K oK o, K o K o 

1 , ~ 2 

0,4 
0,4 

0,2 

HaonJO.o.aeMbJe oTHocH

Ten&Hble qacna .o.nR co

Ob!THA B nHKe 

0 + 0,04 
1 f 0,2 

0 + 0,04 

Kax BH.O.Ho Ha TaonHUbi, B aHxe HaonJO.o.aJOTcH Ton&xo A +K ' H HeT HH o.o.Horo 

0 0 0 
1 

coobiTHR A K1K~ H K 
1

K 
1 

• OTcJO.o.a cne.o.yeT, 'ITO 'leTHOCTb oTpHuaTen&HaR H 

CnHH ¢ - MeaoHa He'leTHblA I HaHoonee sepoRTHble aaa'leHHR J = 1 HnH 3 / , nan&-

HeliiUaR HHtPOPM8UHR 0 CnHHe MO>KeT Ob!Tb nony'leHa H3 paCCMOTp e HHR OTHOCHT e n&HOll 

B9pOHTHOCTH pacna,o.a 

a 
¢ .. K oK o 

¢ .. K °K 0 + K K 
1 ' 

npa OTcyTCTBHR paaHOCTH Mace K + H K0 
H xynOHOBCKHX a cj:lcpeKTOB a He .o.on>K-

HO aaBHCeTb OT J , 38BHCHMOCTb a I OT CnHHa noHBnReTCll ua-aa paanH'IHll y rno-

BbiX MOMeHTOB H KynoHOBCKOro oap&epa CHCTeM K° K 0 H K + K-. TeopeTH'I e CKHe 
1 ' 

0Il9HKH .Q810T, qTo a 
1 
=t 0,89; a = 0,26 

J=• 

3KcnepHMeHT8nbHOe 3H8'1eHHe a = 0,45 ! 0,10. TaKBM oopa30M, HaonJO.o.aeMo e 

OTHOWeHHe K -MeaoHH biX MO.O. pacna.o.a Haxo.o.nTcR B xopow eM cornacuu c runoTe-

aoA J B npoTHBope'IBT runoTeae J = 3 Ha .O.Be CTaH.o.apTHbiX OWHOKH, 

/ 5.3/ 
WapuHa peaoHaHca. WnpnHa peaoHaHca B paooTe o npe.o. engnac& no Mo.o.ncpH-

uapoBaHHoll cpopMyne BpeATa-BBraepa c y 'leTOM aKcnepaMeHTan&Horo paape w e HHR 

/r = /3 + l I Mas/. npa 3TOM Hcnonb30BanHCb TOnbK O aapH >K eHHbl e napbl, 
pea, -
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Y'IHTbiBaR q,oa H eTaTaeTH'IeeKae owa6KH, 

¢ -Meaoaa nony'leHo 

+2 
r = ·-·· npa'leM 1 > 0 . Bonae TO'IHOe 

/5.10/ 
B pa6oTe ren<tJaa.aa H .ap. , B KOTopoll 3HB'IaHHe WHpHH bl 

H3y'lanaeb BHHHrHRRRURR OeTaHOBHBWHXeR BHTHnpOTOHOB B peBKUHR 
+ - + -

p+p .. KK+rr +rr. 

no .QBHHbiM 9TOII pa60Tbl, r = / 3.1 : 1.0 / Mas . 

HaoTona'leeKHII enHH H G - 'leTaoeTb. 

I+ I 
TaK KBK G 'leTHOeTb eHeTeM b1 paBHB / -}/ , r.ae. I - yr-

nosolt MoMeaT, paBHblll B paeeMaTpHaaeMoM eny'lae 1, a -H30TOnH'IeeKHII enHH, TO 

3H81.f.9HR9 H30TOOHtfeCXOrO COHH8 MO>KHO nony"'RTb, 3HllH a- 'laTHOeTb ¢ - Meaoaa. 

Eena 6bl G - 'leTHOeTb ¢ - Meaoaa 6blna + 1, TO 6brn 6bt paapewea paena.a aa 

2rr H STOT paena.a R3-3B OTHOW9HHR tPB30BblX Oi5'beMOB R np03p8'1HOeTH 6apbepa 

.QOR>KeH i5b1Tb npeo6RB.QB!O!UHM /a 3BBHeHMOCTH OT npHHRTOrO pa.aHyea B3aHMO.QelleTBHR 

10 - 7J ) • .UayxnHOHHblll paena.a Heene .ao aaneH no paenpe.ae-

oT peaKuHH K 

HOWeHHR paena.aoB q, .. 2rr 

¢ .. !( +!?: 

1T B epxHHli npe.aen .anR oT-

5 < 0,2. 
19 +23 

KaK BH.QHO, 9KenepHM9HTBRbHBSI B9RH'IHH8 OTHOWeHHSI HB .Q B8 nopli.QK8 OTRH'ISeTeSI 

OT TeopeTR'IeeKOli, 0Tero.aa ene.ayeT, 'ITO tP HMeeT OTpHU8T9RbH Y!O a - 'leTHOeTb. 

Cn e.aoaaTenbHO, / -1 / 1 
+I 

TaKHM o6paaoM, 

= 0. Bee .QBHHble o 

=- 1
1

H H30TOnH'IeeKRII enHH 

B9KTOpHblli Me30H e OTpHU8T9RbHOli 

¢ -Meaoa e npHBO.Ql!Tell B Ta6nRue 

Meaoaa pasea 0. 

a -qeTHOeTblO H 

B pa6oTe P. Schlein 
/5.2/ 

H .ap. H3Y'I8RReb Te >Ke peSKUHH /1/ H / 2 / npH HM-

nynbee 1,95 Iaaie . 6btno aaperHeTpapoaaao 24 eo6h!TRR, eooTBeTeTsyrowHx peaKUHH 

Ill, H 10 eo6b!TRII, eooTseT eTsyroWHX peaxuHR / 2/. PeaynbTSThl nonaoeTb ro eornaeyroT-

eH e pa 6oToli P.L. Connely H .ap/
5

·
31 

Henonb3YSI .aaHHble no yrnOBbiM paenpe.aeneHHSIM npo.ayKTOB paena.aa ¢ -Meao-

HB, BBTOpbl npHBO.QSIT .QOnORHHTeRbHbl9 apryMeHTbl B U0Rb3y enHH8 I = 1. .ilnR eny-

'Ia eB, KOr Ita ¢ - Meaoa BblneTan B aanpasneHHH, 6nH3KO"'' K aanpasneHH!O ny'IKa 

COS 0 > 0,5 / eTpOHROeb paenp e.aeneHHe paena.QOB B 38BHCHMOeTH OT B9nH'IHHbl 
) /5.8/ .. 

p =i . k /aH.aoaaMeHeH!lbtll aHanH3 3.aepa I, r.ae i - HanpaaneHHe nepBH'I-.. 
k -KanpasneHae [( I RnH J(: / B eHeTeMe nOKOll tP • .ilnR 9THX 

eoobiTHII ranoTeaa J 0 npOTHBOpe'IHT Onb!Ty K8 = 4 eTaH.aapTHblX OW H6KH, 8 epaB-

HeHHe e J = 1 H J = 3 nOK83biB8eT, 'ITO J a 4 paaa 6onee aepO!!THo, 'leM 

J = 3. 

CxeMbl paena.a11. . rf> - M930Ha. 

KoaKypHpyromell exeMoli paena.aa rf> -Me30H8 e KB8HTOBb!MH 'IHenaMH Ha 

K +K .aon>KeH 6b!Tb paena.a ¢ .. .3 rr H , B 'laeTHOeTH, paena.a rf> .. p + 1T 
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KOTOpblll MO>KeT OKaaaTbCSI 6onee sepOSITHblM Ha-aa 6onbweil senH'lHHbl JIS)'X'laCTH'l-

Horo cpaaosoro o6'beMa no cpasHeHHlO c Tpex'laCTH'lHbiM. PacnaJI ¢ -+ p + , Keene-

JlOSanCSI S peaKUHH 
K+p-+A 0 +tr++tr+tr 

¢-+p+tr 
{J c · - * 0,35 • 0;2. TeopeTH'le'leCKHe oueH-

tp-+K+K -
3KcnepHMeHTanbHOe OTHOWeHHe 

15.91 
KH JialOT JlUSI {J SenH'lHH)' 3-4, TO eCTb Ha OOpSIJIOK 60nbwe IIKcnepHMeHTanb-

HOrO 3Ha'leHHSI. 0JIHaKO Ha CaMOM Jiene OpOTHSOpe'lHe MO>KeT 6b1Tb He CTOnb CHnbHblM, 

TaK KaK TeopeTH'leCKHe ~UeHKH O'l9Hb rpy6ble. 

~ 6. I o -Me30H 

npeJinono>KeHHe 0 C)'lUeCTSOSaHHH M930Ha C KSaHTOSblMH 'lHCnaMH SaKy yMa, Kpo-

Me· COHHa, TO 9CTb C H30TOOH'leCKHM CnHHOM I = 0 H 'leTHOCTblO p = + 1, SblCKa-

3b!SanOCb S pa60Te t.fy B ¢>pay'lHI
6 •

91
• npeJinonaraH, 'ITO aTa 'laCTHUa ne>KBT Ha sa

K)')'MHOII TpaeKTOpHH PeJI>Ke H HMeeT cnHH J = 2, npeJicKaabrsanocb, 'ITO ,;acca ee 

JIOn>K Ha 6b1Tb 1000 Mas ITpaeKTOpHH PeJI>Ke s o6nacTH 6onbwax Mace He Sbl'lBc-

nHnacb, a nony'lanacb nyTeM nHHeliHoro npoJion>KeHHH I . TaKaS! 'lacTHua MO>K eT pacna-

JiaTbCSI Ha 'l9TH09 'lHCnO 1T - Me30HOB. 

nepSbl9 3KCnepHM9HTanbHbl9 yKa3aHHSI Ha S03MO'IQIOCTb C)' lUeCTSOSaHHSI MaKCHMy-

Ma S cneKTpe MaCC tT + + tT- 3a OHKOM OT p -Me30Ha 6blnH nony'leHbl S pa6oTe 

tl 1 6.1 I - _ + 
. ill anaMOSa H rpawHHa • s KOTOpoll H3)''lanacb peaKUHSI , + p .. , + , + n 

I I 

OpH HMnynbC9 nepSH'lHOrO tT -Me30Ha 2,8 ras l c Ha CS060JIHbiX H KSa3HCS060JIHblX 

npoToHax pa6oqeJI CMecH C H + Xe s 17-nHTposoll nyablpbKosoil KaMepe. 0JIHaKo 
3 • 

KaMepa pa60Tana 6ea MarHHTHoro nOnS!, H aHeprHSI STOpH'lHblX 'laCTHU He H3MepHnacb. 

VfJieHTHcpHKaUHSI 6biCTpb1X 'laCTHU He npOSOJIHnacb; C'lHTanOCb, 'ITO 'laCTHUbl C HOHH3a-

UHell <. 1,5 - 2 OT HOHH3aUHH n e pSH'lHblX tT -MeaoHOS SISUSI!OTCSI 

VfJieHTHtPHUHposanHCb TOUbKO M9JineHHble 'laCTHUbl C HOHH3aUHell 

M4CC TT+ 11 Bbl'lHCnHncH H3 yrnosoro pacnpeJieneHall nap ,+ ,-

tT - Me30HaMH. 

1,5-2. CneKTp 

s na6opaTopHoll 

CHCTeMe KOOpJIHHaT. npH aTOM H)'>KHO 6blnO Ji e naTb npeJIOOnO >K eHHSI 06 aHepreTH'lec-

K OM CU9KTpe HeliTpOHOS H yrnOSOM pacnpeJieneHHH tT - M e30HOS S HX CHCTeMe ueH-

Tpa. B nony 'leHHOM TaKHM o6paaoM cneKTpe Mace , +,- Ha6nlOJiancH MaKcHMyM npH 

aHa'leHHH lof + _= 1400 Mas; KBaHTOSble 'lHcna He onpeJienHnHcb. BcKope nocne 

rr " 16 21 
~Toro Gniragossian H Jip. • coo6manH o6 o6Hapy>KeHBB peaoHaHca s cneKTpe 

Mace , +,- OT TOil >Ke peaxuHH npH aHa'leHHH M + = 990 Masxl s TO'lHOM corna
rr rr 

CHH c npeJICKa3aHHHMH t.fy H ¢>pay'lH. PeaKUHB ,-+ p -+ "+ +."- + n H 

- 0 
.... 1T + 'J1 + p H3y'lanHCb S SOJIOpOJIHOll 0)'3blpbKOSOll KaMepe npB aHeprHH , +p 

X I npH y aenH'leHHH CTaTHCTHKH MaKCHM)'M CMeCTHUCSI K 1250 M 38 B cornaCHH C 

peaynbTaTaMH CHnosa H Jip.f6.3 I. 
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• 

nepSH'IHbiX rr- -MeaoHos 3,3 ras. TaK KaK s cneKTpe Mace rr rr 0 aHanorH'IHoro nH-

Ka He Ha6n 10.nanocb, TO OTCIO.Qa cne.nosano, 'ITO cnHH npe.nnonaraeMoro peaoHaHca 

I = 0 . 

npHHSITOe Tenepb 3Ha'leHHe nono>KeHHSI fiHKa /npH 1250 Mas/ snepsble 6blno no-

ny'leHO s pa6oTe CHnosa H .np/
6

•
31

• PeaKUHH rr + p .. ,+ +,- + n /264 c06biTHSI/ H 

rr + p -+ 11 +77 ° + n /349 co6b1THA I H3y'lanHCb npH HMnynbce nepSH'IHoro " --Me-

30Ha 3 ras/c s so.nopo.nHoA ny3blpbKOSOA KaMepe. Bb!SO.Q 0 cymecTSOSaHHH fiRJta npH 

1250M9SSCHCT9Me ,+, OCHOSaH Ha pa3nH'IHH M 9>K.Qy pacnpe.n eneHRSIMR MaCe 

rr -rr o H , + rr- /pRe. 11 I. Pacnpe.neneHRe Mace rr- rr 0 a a p -nHKOM nonHOCTb!O 

cornacyeTcsr c pacnpe.neneHHeM cjJaaosoro o6beMa. Pacnpe.neneHHe Mace , + rr- cRnbHO 

OTnH'IaeTcsr OT cjlaaosoro pacnpe.neneHHSI. EcnR cpasHHTb 'IRena cny'laes s HHTepsanax 

oT 50 .no 100 Mas, sasrTbtx H3 o6nacTH 100D-1600 Mas, c cooTseTcTSYIOlllHMH 'IRena-

MH cnyqaes no CTaTRCTR'I9CKOMY. pacnpe.neneHHIO, TO sepOSITHOCTb COrnaCHSI .naHHblX C 

cjJa30SbiM 06b9MOM npHM9pHO 1/1000. naK HSXO.QHTCSI npH 3Ha'I9HHH t.f ,+,:/1250!25/Mas 

R HM99T lllHpHHY r - /100 ~ 50 / Mas. noa.nHee fiHK Ha6n!O.nancSI s pa6oTe Veiliet 
16.41 

H .np. 
+ 

M "+,- = /1260 .! 35/ Mas, r < 200 Mas , s KOTOpoA peaKUHSI 

77 +p ... , + 11 + n /457 cnyqaes/ H3y'lanacb npH HMnynbce nepSH'IHoro rr 

30Ha 6,1 r.s / c S 300-nHTpOsoA JtaMepe C 

Bondar H .np/
6

•
61 

Ha6n10.nanH nHK npH 

" + p + --+11 +11 +n /630 cnyqaes / npa 

TR>KenbrM HanonHeHaeM /cMeCb CF Br - C H) , , . 
AI + - = 1260 H r = 160 Mas , s peaKUJU{ 

" " /6.8/ HMn y nbce 4 Bas/c. Guir*-"sian s 

Toll >Ke peaKUHH / 532 co6b1THH npa aaeprHH 3,3 ras/ aa6n10.nan nHK npH 1250 Mas c 

lllRpHHOA r 200 Mas • .[lononHHTenbHbiA apryMeHT s nonbay cymecTsosaHHH peao-

HaHCa npH 1250 Mas OCHOSaH Ha H3y'I9HHH aCHMM9TpHH yrnOSOT'O pacnpe.neneHHSI rr -

+ -Me30Ha S CHCT9M9 U9HTpa MaCC 1T + 1T OTHOCHTenbHO HanpasneHHH nepSH'IHOT'O fT 

Meaoaa. Ha pRe. 12 .s noJtaaaaa aasacHMOCTb KoacjJcjJHUHeHTa acHMMeTpHH 
N sn- N.H 

OT MaCChi rr +" • K aK SH.QHO H3 pHCYHKa S o6naCTH MaCChi 
Nsn + 'Na 

[ 0 -KoacjJtpHUH9HT 

aCHMM9TpHH 6nH30K K Hyn!O, 'ITO H .QOn>KHO Ha6n!O.QaTbCH S cny qae fT- 1T 

S OTCYTCTSRH RHTepcjJepeHUHH C cjJOHOM. 

VI30TOflR'19CKHA CflHH f O -Me3oHa 

f 0 -M930H npOHSnHeTCH S Cfl9KTpe . MaCC 
+ 

" +11 

pe30HaHca 

H He o6Ha-Bo scex pa6oTax 

py>KeH S CHCT9Me 11- rr 

M930Ha paseH 0. 

/l= lH 21. 0TCIOJ:la cne.nyeT, 'ITO H30TOflH'19CKHll CflliH f 0 - i\ 

CnHH H 'leTHOCTb f 0 -MeaoHa 

I 0 -MeaoH HMeeT 6onblllYIO lllHpHHY H, cne.nosaTenbHO, pacna.naeTCH no cHnbHo-

My JtaHany C COXpaHeHH9M '19THOCTR H G -qeTHOCTH. TaK JtaK o6Hapy>KeH pacna.n 1° 

Ha .nsa rr -MeaoHa, TO OTCIO.Qa cne.nyeT G 
10 

= + 1. TaK KaK H30TOnH'IecKHA 

CflRH f O -qeTHb!A, TO CflRH f
0 

- M930Ha .QOn>KeH 6b1Tb '19TH hiM, a T.K. '19THOCTb 
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I 
paBHa / -1/ , TO OHa .!lOil>K Ha 6b1Tb UOJIO)K HTeJibHOil , TO e cTb CIIHH-"!eTHOCTb MO >K eT 

6b1Tb: 0+, 2+ , 4+ H T • .n . B pa6oTe Vei/Iet H · .np/
6 •4 1 

H CHnOBa H .np/
6 ·31 

IIOKaaa-

HO, "'TO cnHH I 0 
6onbwe 0 . 3ToT BbiBO.!l cne.n y eT Ha. y rnoeoro pacnpe.neneHHH ,. 

MeaoHOB a CH C TeMe ueHTpa "+ "- a o 6nacTH I 0 
-Me aoHa H H3 yrnoeoro pa c npe-

.neneHHH "- -MeaoHOB OTHOCHTeJibHO HanpaeneHHH .nHnHoHa I a H anHa 3.ne pa I / 6 •101 • 

3TH pacnp e .neneHHSI He H30Tp01lHbl H HMeiOT !lHKH B nepe .nHeM H 38.QHeM H81lp8BJieHHSIX, 

B e pOHTHOCTb' Toro, "'TO aaoTponHH M O>KeT npHeecTH K TaKoMy pacnpe .n e n eH HIO 1:500. 

Cne.noeaTe nbHO, Hyne eoe 3Ha"'eHHe cnHHa npOTHBope "'HT yrnoB biM pacnpe.nen e HHHM, 

B pa6oTe 1-Qondar H .np/6 •61 
llpHBO.!lSITCSI apryMeHTbl B 1101lb3Y C!lHH a 2. 0HH 

OCHOBSH bl H8 cpaBHGHHH CG"'GHHSI TT + .. - -+ TT+"-8 06JiaC TH 1°- MG30 H8 C r' GOM GTpH- '-

"!eCKHM 3H8"1G H HGM, KOTOpOe B pe30H8Hce .!l OJI >K HO paBHSITbCSI 4" A 
2 

( 2] + 1 ) , 

3.QGCb A 

J -cnHH 

KOM!lTOHOBCK a H .!lllHH8 BOIIH bl 

10 -MeaoHa . 

" -.Me30H8 B C HCTeMe U GHTpa 10 

/ 3,39 / 
Ce"!eHHe Bbi"'HCJIHJIOCb no ¢opM y ne CenepH / e M . § 3 /. Ha p Hc. 13 noKaaa-

Hbl c e "! e HHH "" H reoMeTpH"' GCKH e np e.nenbl .nn H a Ha"' e HHil c nHHa I 0 0, 2 a ~ 

IKoa¢. 4/9 y"' HTbiBa e T pacna.n I 
0

-+ "
0 +-" / , KaK BH.!lHO H 3 p Hc. J !l O.QC"' H-

TSHHble CG"'GH H SI npOTHBOpe "'aT C!lHHY 0 H 4 H COr' IISCYIOT CSI C O C !lHH OM 2. 

TaKH M o 6 o aaoM , H3 HMG IO!ll HXCH B HacTOH!llee epeM H aKcnepH MeHTaJi b H biX .n aHH bi X 

cne.nyeT, "' TO H 8H OOJiee B e p OSITHb! G KBSH TOB bie "'HCJI8 I O - 2 ++ , 

B pa 6 o Tax
16•11 •121 

o 6cy >K .nanc H eonpoc o TOM, n e >K HT nH B K cnepHM e HT a JibH O o6-

Hapy>KeHH blll 1° M G30H Ha BaK y y M H Oil Tpa e KT OpHH, B b1BO.!l T S K OB : f O MO>KeT n p H 

H8.!lllG>K8Tb BaK y y MHOil T p8GKTO p H H 0 H O , B03MO>KHO, "'TO C Y ill GC T ByeT Gill e O.Q H 8 BSK y 

yMHSSI Tp a eKTOp HH C CO OT B GTCTBYIO!llHM e ll G!ll G O.QHHM Me30HOM C H30TO!lH"'eCKH M C !lH

HO M 0. M a cca aTo r o Mea o Ha oue HueaeTc H paBH oll n p HM e p H o 1800 M s a
16

·
11 1

• O .n HaKo 

. B e e 9 T H p ac"!eTbl BblliOJIHeHbl B .!l B Y X"'SCTH"'HOM 11pH 6 JIH>KeHHH , H H a .Q e >K H OC Tb HX B o6-

ll8CT H Mac e 1000-2000 Mas, n o - au.nHMOMy, HeB e nuKa . 

Cx e Mbl p a cna.na 

Jlo CHX IIOp Ha6JIIO.!l81l8Cb II H !ll b O.QHS B e T Bb pacna.na f O-+ "+ + " { O - M e 3 0 H 

.non >KeH p a cna.naT b CH TaK >Ke Ha He ll T panbHbie Me30H bl f 
0 

-+ "
0 + rr 0 • B p a6oTe Bcndar 

16 6 1 -
H .n p . • • .nae TCSI B ep XHHil npe.nen Ll llSI p8Cil8 .!l8 H 8 2" + + 2 " , 0T HOWeH HSI BeTBell 

Ecnu KBSHTOB bi e qucna f 

~Ro rx:;. ~ J. 

I 
0 

.. " ++ rr + + "- + " 

[0 -+ TT + + '11 

++ 

< 0,08 + 0,06 . 

p aBHbl 2 , T O OH M O>K e T paC!l8.Q8TbC SI TSK>K e H8 118p bl · 

0 7. ' 11 H K 

K+K-, 

B a ToM n a p a rpa ¢e o 6cy >K.naeT c H wa p oKo H 3 B ecTH bJJI ' peao HaHc • , cy m ecT BoBaHHe 

KOTOpOT'O H e llO.!lT Bep.QH JIOCb B .!l 8 1lbHellw H X a KCIIepH M e HTSX , 
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I 
}: 

06 OOHapy>K eHKH ~ - Me3oHa coo6manocb s pa6oTax
17

•
1

•
111

; s xoTopbiX Kay-

'fana Cb p eaK UK!! rr + + p .. ft + + rr O +p S SO.llOpO.llHOil n y 3blpbKOSOi! KaMepe npH aHeprH!lX 

nepSK'IKOro rr + -Meaoua 820, 900 H 1050 Mas{cooTseTcTseHHO 347, 274 H 315 co6bi

TKil )Do nocneaHKM aaHHbiM, 
17 

•11 1 
cnexTp Mace r: + rr 0 cpaSHKsancR c npeacxaaaHHR

MK K306apHoil Moa enK WTeiiHxaiiMepa-nKu.c.eH6ayMa
17 

•
13 1 

K cTaTKCTH'feCKH M pacnpe ae

neHKeM. 06mee nosea eHKe cn exTpa uax o a KTCR s ny'flll eM cornacKK c Kao6apHoil Mo-

.c.enbiO. OaHaxo s pacnpeaeneHKK Mace rr + rr HMee;c!l UHK oxono 600 Mas. nKx 5o-
+ 

nee OT'f9TnKSO UpO!lSnHeTC!l UpH n epSH'IHOil aHeprHH -Meao Hos 900 Mas 
1
npH aHep-

rKH 820 Mas nHK cTaHOSHTCR M HOro lllHpe , a npH 1050 Mas no'ITH Hc'f eaae T, 'ITO o 61o-

p -MeaoHa. AsTopbl paccMo Tpe n H s n K!lHH e aao 6apb1 Ha cnexTp 

• ilnH aT oro 6blno nocTpoeHo pacnpeaeneHHR !.1 rr + rr 0 OT,ll 9nbHO .llnR c n y -

'faes, HMeiOlllHX HMnynbC rr + HnH rr , paBHblil HMUynbcy Me30Ha OT,ll a'IH OT pacna-

aa /3,3 / -Hao6apb1A H anl! ocTanbHblx cny qaes / nocnea uae C'IHTanHCb c o6 biTH!lMH He aao-

6apHoro npoHcxo>KaeHH!l I . ilnR cny qaes He aao6apHoro npoacxo >K aeHHR xa >K eTcll, 'ITO 

llHK UpOH!lnReTC!l 6onee CHnbHO H npHM9pHO npH O.ll HHaKOBbiX 3Ha'f eHHHX MaCCbl 

/ 590 .! 20/ Mea. 0TMe'fanocb TaK >K e, 'ITO nHK npoHsn!leTCH 6o n ee OT'feTnHso He a 

nepHttJ9pH'19CKHX CTOnKHOB9HH!lX , a .s CTOnKH OS9HHllX C OOnbllJ Oil nepeaaqe ft HM ny nbc a 

HyKnOHY. nonHaR lllHpHHa llHKa Ha nony s biCOTe pasHa 40 M a a. TaK KaK axcnepHM 9HTanb

H09 paapellleHee Taxoro >K e nop Ha Ka , To, cneaosaTenbH O, ae ilcTsH T enbHaH lll HpeHa ~ 

M eHblll e 40 M1Js. B pacnpeaene HHH Mace M , +, + oT peaxuHH 
+ + + 

11 + p ~" +11 +nrrpu Tex 

>Ke aH eprHHX HeT BHKaKHX llHKOS, 0T CIO.C. a a ena eTCH SbiSO)l, 'ITO H30 TOUH 'I9CKHil CllH H 

~ - Me aoHa p aseH 1. O .c. Ha x o Henb3H 6blno n onHOC TbiO oTs eprHyT b s o a Mo >K HOCTb 

TOI"O, 'ITO Ha0lt iO,ll a9M blil asTo paM H llH K HSnSI 9TCSI pea ynbTaTOM CTa THCTH'19CKHX ttJnyKT y -

8UHII . noaToMy Sb!SO,ll asTopo s Hy>Kaan c H s aanbH9llllleM llO,ll TSep>KaeHHH. H eKOTOp biM 

no.c.Tsep >KaeHH eM Sblsoa·os Obina pa6oTa IJ.S.Zom , S KOT Opoil H3y'l ana Cb p eaKUH!l 

p + p .. d + rr + + 110 S SO .ll OPO.C.HOil ny3bl pbKOSOl! KaMepe H H801!10,llan c H Y3KH il fi i!K llpH 

M rr +, 
0 

= 560 M as. C n eayeT OTMeT HTb , 'ITO aT a peaKUHH 0'19H b y a o 6Ha an" H3y'leHeH 

B3S H MO.Ll 9A C T BHSI , T8K K SK " - N ·aaaHMo.aeAcTB He a.a,ecb cKn hHO rro.aaaneHo, 

8 CHCT9M a TT + + 11 0 H3-3a TOI"O, 'ITO 1! 3 0TOllH'f9 CKI! il CUHH .c.eiiTOHa pa SeH 0, OOpaayeTCH 

TonbKO s cocTOHH HH c H30TOUH'!ec KHM c nHHO M l. H o s aToll .pa 6oT e c TaTHCTHKa Oblna 

H8MHOro MeH bllle, '!eM s npe.llbl.llyllleil / s cer o 14 co6 bi;.Hll s n axe/ . 

Ha x oH¢epeHUH IO 6 bln npeacTa s neH p H a pa 6o T
17 

•
6

-
81

, s KOT Opblx 

6bln o6 Hapy >KeH. Cn eayeT OTMeTHTb pa 6oTy !f. foe/sche e .c.p/
7 

•
7 1 

I eM. Tax·>Ke 

D.f,.!jtonehi/1 /7 •91 
/ , S KOTOp Oil peaK UH!l H3 y'lanacb n pHMe pH O 

aHeprH I! c o cTaTH CTHKO il s 3 paaa OOnb llleA ' '19M s pa ooTe 
17 

.I I neK S TOil >Ke o onaCTII 

COOTS9TCTByiOUl HII ~ - Mea oHyJ He o6 H& py>Ke H HH s co 6 biTHH X c ManoR nepeaaq el! HM-

n ynbCa , HI! B C06biTHHX C OOnb lllOII nepe.c. a 'lel! HMnyn bc a Hy KnOHy / e M ny nbC n pOT"OHa 

> 500 Maa /c/ . noc n e KOHttJepeHUIIH UOHB HnHCb HOB ble pa OO T bl, S KOT Op biX 
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To>Ke He o6Hapy>KeH. F. Turlcot H IJ.p/
7 .(O/ H3y'lallH o6pa30BaHHe llHOHHb!X peao-

HaHcoe B peaKUHH p + p -+ d + X , H3Mepsui c noMOIU&JO c'leT'<HKOB HMnyn&CHb!ll 

cneKTP IJ.ei!TpoHOB noiJ. 0°. CneKTpbi H3Mep!lnHCb npH eHeprH!IX npoTOHOB 1,55; 1,93; 

2,12 H 2,50 rae C paapeweHHeM llO HMllYllbCY 2% H CTaTHCTH'IeCKOII TO'IHOCTbiO 3%. 

X - 'laCTHUa MOrna HMeTb HMeTb Macey OT 2 Jt IT IJ.O 7 Jt 

" 
• npH eHeprHH 

2,5 rae OOHapy>KeH TOllbKO p - Me3oH c Maceo!! 750 Mea. HH B OIJ.HOM H3 aa-

MepeHHb!X cnexTpoB He 6blno HaiiiJ.eHo y6eiJ.HTen&Hb!X yKaaaHHII Ha cywecTBoBaHHe 

( -MeaoHa c Maceo!! ..560 Mea. 

HaKoHeu, npoTHB cymecTBoBaHH!I ( - Me30Ha rOBOpHT TOT cj)aKT, 'ITO cneKTp 

Mace "+ "o npH eaeprH!IX aa>Ke 1 Baa Mo>KeT Ob!Tb enonae YIJ.OBneTBOpHTen&Ho 

17,1'1./ 
OllHC8H MOIJ.HcPHUHpOB8HHOI! H3008pHOI! MOIJ.ellb!O , B KOTOpOI! y'IHTbiBaeTC!I TOllbKO IT N 

B3aHMOIJ.ellcTBHe B cocTO!IHHH 312, 8/2. KaK H3BecTHO, rnaBHble npeiJ.nono>KeHHH nao-

6apaol! MOIJ.BllH naHIJ.eH6ayMa H WTei!Hxai!Mepa
17 

•
131 

COCTO!IT B cneiJ.yiOIUeM: 

1 I MO>KHO npeHe6pe'lb HHTepcj)epeHuael! Me >KAY IJ.ByM!I B03MO>KHb!MH KaHanaMH 

00p830B8HH!I H3008pb! C OIJ.HHM H3 IJ.BYX " -Me30HOB; 

2/ aao6apa o6paayeTC!I B s COCTOSIHBR; 

3/ H3008p8 pacnaiJ.aeTC!I H30TpOllHO B COOCTBeHHOI! CHCTeMe UeHTpa Mace. 

S.Bergia ~ IJ.p/
7•141 

MOIJ.Hcj)HuHpoeanH sTy MOIJ.en&, y'IT!I HHTepcj)epeHUHIO Me>K-

AY IJ.BYMH KaHanaMH o6pa3oBaHHH aao6apb!. M. Olsson H G.B. Yodh 17.121 

Y'lnH eme p - eonHoeol! pacnaiJ. aao6apb!. Ha pac. 14 noKaaaHbl cneKTpbi Mace 

+ 
" " a cpaeHeHHH c npeiJ.cKaaaHH!IMH MOIJ.HcPHUHpoeaHHol! aao6apHoll MOIJ.enH. KaK 

BHIJ.HO, 3KCll9pHMeHT yiJ.OBneTBOpHT9llbHO OllHCb!BaeTC!I TeopeTH'IeCKOII KpHBOI! H HeT 

CTaTHCTH'IeCKH IJ.OCTOBepHb!X OTK!lOHeHHI! B oonaCTH ( - Me3oHa. 

TaKHM o6paaoM, B HacTo!lmee epeMH HeT cTaTHCTH'IeCKH IJ.OCToeeoHbiX aKcnepa-

. x/ 
MeHTallbHb!X yKa3aHHI! Ha CyiUBCTBOBaHHe ( - Me3oHa 

K poMe pa6oT, paccMoTpeHHbiX B aToM o6aope, cywecTByeT uenbiii pHIJ. coo6me

HHII, B KOTOpb!X IJ.enaJOTCll Bb!BOIJ.bl 06 OOHapy>KeHHH HOBb!X llHOHHblX pe30HaHCOB. Bee 

8TH Bb!BO.Ilbl, Ha HaW B3rll!IIJ., Hy>KIJ.a!OTC!I B yTO'IH9HHH H 110 STOll llpH'IHH9 He OOCy>K

IJ.aiOTCll a o6aop~. 

x/ B HeiJ.aBHO OllYOllHKOBaHHOII pa6oTe AJliti H IJ.p.
13 •331 

OOHapy>KeHO OTKllOHe-

HHe oT · cj)aaoaoro o6'beMa cneKTpa Mace ,.+_,.., a o6nacTH 550 Maa npHMepHo Ha 

JlB9 CTaHIJ.aOTHble OWHOKH. 
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