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1. Ce'ieHRSI rr - rr saaRMonel!eTsnll: H nsyxrruoHHb!e peaoHaHebt 

B HaeTOSI!.llee speMSI eTaHoSRTe!l see 6onee oqesHAHbtM, 'iTo nanbHell:muii nporpeee 

!jlH3HKH 3!IeMeHT8pHb!X qaeTHU S orpOMHOll: eTe!IeHK orrpenerr!leTeSI ueeneAOS8HHeM esOl\CTS 

f( ~ 1T S38HMO)lel\eTSRll:, 0:0.H8KO I!Me!O!.UBS!e!l B H8!.UeM paenopii>KeHHI! 1!HcpopM8UHSI 06 

9Tux· 'saaRMoJJ.elleTsHSIX see eme oqeHb 6enua u so MHornx enyqanx HMeeT xapaKTep oue

HQK H K8'ieCTSeHHb!X 38K!I!O'IeHHll:. 0eHOBH8SI TpyAHOCTb 3AeCb 38K!I!O'i8eTCII S TOM, 'iTO 

ir -Me30Hbl SIS!ISJ!OTCSI KOpOTKO>KIISY!.UIIMH H9CT86H!IbHb!MH 'i8CTHU8MII, nosTOMY CDell,e!II!SI 

06 HX B3811MOD,el!eTSIISIX MO>KHO liO!IY'IIITb !IH!.Ub 113 8H8111!38 KOCBeHHb!X 3KC119pHME'HT81Ib

HblX naHHb!X, TaK, 6onbmag 'iBCTb uaseeTHbiX ·s HSeTonmee speMSI ce'!9HIIll ynpyr11x ir- rr 

"S3811MOD.el!CTSRl! nony'iE>H8 1!3 8H81IH38 Heynpyrux pe8KUHI\ 

rr+N-+rr+N+rr (I) 

c noMO!.llb!O Oll.HOMe30HHb!X anarpaMM. Jl<~tj:lcpepeHUI!anbHOe ce'ieHKe peaKUIIR (I) B sToM 

cnyqae nponopuuoHarrbHO eeqeHKIO yrrpyroro 11 - rr 

1 

1 
d a 

__ ______.,_ - ---2--

d /'\ d w 
F ( A 

paeee!IHKSI . a of ( w ) : 

1 1 
, w )a.e (w), 

(2) 

-rne F (.'\ 
1 

'w ) - K3SeCTH8SI !jlyHKUKSI, 38BKCSI!.U8SI OT 1!3M9HeHIISI 'i9TbtpexMepHOl"'t 

RMliY!Ibea Hi,K!IOH8 OTJl8'11! 

ClleTeMe HX U9HTp8 Maee W 

A u aT rronHoll suepruR BbllieTaiOmnx 

Ill 

1 
CTporo t•osop!!, 3TO Bbtpa)l{eHKe cnpasennRso nR!.lllo s TO'!Ke L\ 

1T -M830HOB B 

1 

1-' ( IL 

Maeea 1T -Meaona), T8K K8K !IH!.Ub npR 3TOM yenOBI!R KB8llp8T MOJly!III 8M!I!IHTYAbl Bep-

!.lliiHHOl"'o yarra nRarpaMMbl ua p11c. I cosnanaeT c eeqenReM rr - rr' pacce!IHIIII. OnnaKo 

2 2 
TO'IKB L\ = -v. ne>KHT s necpH3R'i9CKoll o6naeTH peaKHHil (I); no3TOMY eeqeHRe a.! ( w) 

MO)I{!IO !IO!IY'ii!Tb TOI!bKO C llOMO!.Ub!O 3KCTp81IO!ISIURH 3KC11epHMeHT81IbHb!X 3H8'ieH11ll 

' 2 1 1 1 d aId L\ d w K TO'!Ke A = - v. . TaKoll MeTOll onpeneneHHSI ee'leHRII s 

H8eTOSI!.Uee speMR !.URpOKO R3BeeTeH K8K 3KeTp81IO!IIlUHOHH81l npouenypa Yy R nay. 

K co>KSI!BHR!O, nn11 orrpeneneHRSI a ,f ( w) e !IOMO!.Ub!O STOll: nponellypbl He06XOJll!-
2 

MO RM9Tb O'ieH b 6onbwoe 'iRe no 3KcnepRME'HT8!1bHblX aHa'!eHRII d 2 aId 1\ d '" 2 

B o6naeTR ,'\ 
1 < 1 

1'- 611113KOI\ K H9cp1!3H'ieeKOl!, nuwb B 3TOM e!Iy';lae 3KeTp81101ISIURil 

MO)I{9T A8Tb JlOeT8TO'IHO H8Jl9;>KHb!e peay!IbT8Tblo 0JlH8KO OT60p 1T - f/ B3M!MOJl9liCTDHI\ 

1 
s o6nacTn L\ :5 1 

1'- eOOTBeTCTByeT 1!3MepeHH!O eeqenull 110p!!AK8 .aeCSITKB 

3 



-29 -30 2 
MHKpo6apHOB ( 10 - 10 CM ) , 'ITO B H8CT051W99 Bp9M51 51Bn519TC51 B9CbM8 CnO>I<HOll H 

. /2/ 
qpe

3
Bbl'!8i!HO Tpy.noeMKOll 9KCnepHM9HT8nbHOi! 38.ll8'19ll , 0" 

B T9X cny'ISSIX, KOI'.ll8 CT8THCTH'I9CK851 TO'IHOCTb 8H8nH3HpyeM01'0 M8TepHana OK83bl-
2 2 

aaeTCH H9.llOCT8TO'IHOJI .nnSI pa36HeHH51 ero no .llBYM napaMeTp8M, f'l. H W ) BenH'IHHY 

C9'19HH51 a.£ ( W ) MO)I{HO OU9HHTb 
H3 Cp8BH9HH51 C onbiTOM .llH,P,PepeHUHSnbHO:O C9'19HH51 

17 - N B38HMO.ll9liCTBHi!, Bbl'IHCn9HHOI'O B p8MK8X O.llHOM930HHOi! nomoCHOi! T&OpHH. npH 

aToM npe.nnonaraeTcH, 'ITO ceqeHHe peaKUHH (I) a ,PH3H'19CKOi! o6nacTH onpe~enseTCH s 

OCIIOBHOM BKn8.llOM O.llHOM930HHOJI .llHBrpaMMbl pHC, I, 8 BHpTyanbHOCTb!O npoMe>KyTO'IHOrO 

MO)i{JIO npeHe6pe'lb 3TO n03B,On51eT npOHI!TerpHpOB8Tb C9'1911H9 (2) no f'l. 
2 

H cpaBHHTb 
Me:30H8 2 

c onbiTOM ceqeHHe d a / d w 2 acero nJIUib npH O.lliiOM HnH H9CKOnbKHX 3H8'19HH51X W 

1 l pH t:tocTaTo'IHO 6onbwoi! cTaTHCTHKe aHanHaHpyeMblX 17 - N aaaHMo.nellcTBHll TO'IHOCTb 

3H8'1HT9nbHO yny'IW9H8, ecnH C9'19HH9 (2) npOHHTerpHpOB8Tb 
T<l.KHX pacqeTOB MOMBT 6biTb 

2 
TOJI hKO llO o6naCT'j H960nbWHX 3H8'19HHII 

/'1. H HCnOnb30B8Tb AnSI Cp8BH9HHSI C TeopeTH'Ie-

C I<Oll cj1opMynoll nHUJb COOTB9TCTBY!OWY!O 
'18CTb 9KCnepHM9HT8n bHbiX .ll8HHbiX, 

Pnc. I. 

dtt(W) ...... -
---·~ -...... 

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

--

~ .... 

-"" 

O.nHoMeaoHHBSI .n11arpaMM8 Heynpyroro 17 - N aaaHMo.nellcTaHH 

C pOlKJl9HH9M O.llHOrO HOBOI'O 17 -Me30H8, 3awTpHX088Hll851 

aepWIIHB onpe.nenseT ce'leHHe ynpyroro 17- 17 pacceSJHHSI. 

C nOMOWblO O.llHOM930HHOii non!OCHOll TeOpHH MO>KHO 110l1Y'IHTb OU9HKH H9 TOnbKO 

C9'19HHSI a .f (1717) HnH a ox (1717) 0 HO T8K)I{9 H OU9HKH C9'19HHII aln (1717} H 

a (tr17} , 0.llH8KO .nnH 9TOrO H906XO.llHM0 paCCMOTp9Tb 6onee cno>KHbl9 .llH8l'p8MMbl. 

' 

4 

~· 
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··~ \ 

1," 

Koanuo, ac~t 9TH we:rol:lw onpe.aeniiiD'f, ceuJtu w - r. . 88a~a.-o}llt~T&11l'; ~~~~; 
'''" ··, •• ' ') 1 (·":· •• ;· 

B cnyqae alccTpanonRUHORifoft npoua.nypw 'fy•lloy &TO 8 aRa'liiTe~~t~~ol ~'fallen: 1. :' 
\ . ' ; . \ .' ~ ' ' ' 

H9JlOCT8TO'UiOil T~'IB9CThlo I!CDOO~y9hll>tlt tlftll 11JtQT~illllla &XCII"epa .. eV:'fa.,~ f/r 
.~aftHbiX, B cn,y'l89 OttBON930HHOll , DOniOCHOl , T80pBH "'" npaHe6pemtNU18N, BJipTy~'.,H~"I'~:,, 

" -wea~sa; 8 o6oHx cny'laiiX He y'IHTbiB!IIe"tca ~!Uta.a' · ulloro~e~o.Hlr~~< /. l 
COCTOllllRII, 'ITO T8Klt<9 8HoCBT 89Cbhl8 B8N8~We ~di!;JI• / .~' 

lt8CToRwee 8peMR cneaaR ynptJ:'Kll rr - • 1 83UMO.lljllCTBKA. co6p.i.,~.:c 

8 'l'a6nRU8X 1-4, npK &TOM HCnonb3088Hbl cne~yiOWHe goxpa~eJI~biG:. 06DaJ18;.11~Jtll MeT~;/ 
C .DONOWbiO KOTOpblll nony'I9Hbl npaae:ae~Bbl9 C8'18H8R: 

9KC1'p, - HCDOnb3088R8Cb 9XOT!)aftOnllllHOJIH8ll , DpOll&llypa 'fy!"'noy,, ·J·· ·, 
· non. Teop. - npRMeHllnacb nomo¢H8ll o.aHO,M'eaoalfall , TII'O~ll. 

· .... 
HaeiniO.Il.aeTCR oanbHtit'll pa36poc 8&IIH~I!Bbl oe•eaal, 3:ro oco6eaJic> a~nahso' RRJ:!IH~·':,iri ;,· 

· . ' '·, · . ·, ~ ·, ·.' ·,, ,... . · :~'~r . .: , .\ ,,;. 
opaBH&HIIll pRe. 2 R 3, I'Jl8 BM8C::T9 C OCHOIIRiliMB .&Jrolt8pKM911181JiillWM8 ~81lJIWM8 ltpl*~~j(~· ,.',:: 

x) · + o ' · ·· , ,... '"''· · ,··· 
opeJ:('HKe KpHaw~ • B •acTIIOCTBr ce'leBRR v.t (• 11: ) , nony'I&JJawe R'a aaaniliia • .-·:', '; ', : .,. 

80 MHOMIX CDf'18liX OK83b111810TCH 38M8TRO hl8B~tf:: C.OreHHJI,' ~~~~i, • , 
.83 8H8RB38 ,+- p 8S8RMOl18JlOT8RI, 0o-l1Bl1RMOMY, 9TO·o6yc~OII~81l0~T8M~ ~:~~~,, 
881'1T9IIHWX MHOI'O'N830IJB~ DpoN&lt<yTO'IH~X ,COCTOIIRBI II ony'la$ #;.. -p ....... ~Jl9l~.~i(}, , 
. . , · , +'' , :r · . 1 .1 .. • · • · '·· ., 

QJtaawaaeTCR aHii'lllTenlillo C5onee R8JKBWM, 'I&M a cnyqae • -p., ~RNCi~e·C1'~1Jio." .. ·, 
' .. · , ) · .. ,; 

TeM He Mell'ee .naHBwe TaiSn•u 1-4 an0n11e 11cao ylt8awaaiOT Ka pea•oe a~>SpacriUiae I'. 
',,. ' ' . ' '. )'··· '•. < 

881lH'IHBbl c;:e'leHHil,ll ~118CTlllt ~ !" 800-450, Cll • 550 R Cil .. .~?Qo:'"80()M--~:l . .:,• ,. 

J13 DpK89.ll88HbiX J188Bb1X 811.111 . H8Ab311 O,lllHO(!IHa'IBO yCTIUioaRU, •ltalt·~ pjtaQ!(aat:S.i.o4> 
888RNOl18iiCT8BliN rr -M83011011 068388 N81tCRMfM 8 C9'198Hlllt rlpa. ~-.a66~m:·~-~··,,,·, 

+ o· . + - . ~· . .· -~. ·.. ~ .. , ., .. ~. 
3H8'18BHB t1 (It tr ) K a(rr rt ) B8 pRC, 2 )I:Opowo 411JIOIIOB~·PJ:IDTCB III*BNMB:;Q'·: . . . . ' .\ ·.·· . 

.nsyNil na~tawR: o.naH nu a oC5nacTa "' .. 320 - 350 Ms8, .npy:r;ot ·":' DJ!B <o~ ... -4C>€fM ... f:r 
', nepabll R3 &TIIX QBIIOII NO~IIO BBT9pDp8THpoB8Tb0 K8~ ;.3yft .. T81' 'pea~caoro, .. ·.: rt' 

"- ' r'· '" .. ,., 

, , 83811MOJ:l9IICTBBII 8 COCTOAHHH C H30TODH'I9CKHM CDIUIOM , 1 .;0 0 B,TO~~ '-, KU pea.~~~ 

p830R8HC41 8 CHCT9M9 (II'+, •) B OOCTOIIHR!Ill C- 1 •I, [ •2 (cp, Ta(Sn, IJ), 0JlH8110 ·_OaQilfSKB 
. ' : 

x) . . . , . . , . , 
3TH ,KpH8bl8 DOCTpoeHbl 8113J'MbHO; O.ClR8ltO 8 npe.qenax. 9ltCDepll!llltHT~bHWX O.Q.IIJoT. 

C5ox OBR JlOCT8TO'IHO xopQWO 0Dp8Jl8JIIIIOT 89nii'IKHy il Kll'18CT8ell1J09. B$M9H9HB8 ,C8'19JIJ(·~ ;"' :, , , 

B H8XOTOPioiX cny'lllllll ll8 pHC, 2 H 3 npiiB8l18Hiol 1188.Clp8TR'IHO ycpe.lllB8illlhl8 3B4'19HBII' c•..e;.;-
HHII q :t ~u • · ' 

xxl 
34M9THM, 'ITO aenH'IRH8 ~e'lleHHII 11 MAKCRMyMax ue · MQlt<eT CSNTb · C5on~, 'laM, '· 

' . 
, o .,.., • 4, (2] + l )A 

320 
(2] + lJ• (w/p.)'-:- 4 N6 

I'.Cl9 ~ - ,aeC5pOIIneBCit$8 l111RH8 8QnHbl lL -Me30HA, J - CDIIB COC'fORHRll, 
ro MAKCRMyM, EcnH· J •l (cp. T86n. 7), TO npR (j) •0,4i Oj35; 0,75 rQ 
naeT COOT88TCT9e8HO 670, 250 H 115 M6. 
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TABJmllA I 

fiL+-~ B3!UiliO}.IeitCTBHe 

w 6d.J MeTOJ.I 

I 
•.\ 

~90 !. IO II3B 4,1,4!. 17 non.Teop. 3 11 

:no :. 10 50 !. 14 non.Teop. 3 I! 

330 ! IO 14,3: 10 non,Teop. 3 11 

350 !:. 10 30;t 1I non.Teop. 3 11 

370 ! 10 40:. 17 non.teop. 3 11 

390 ! 10 30: II noA.Teop. 3 11 

410 !. IO 31 ,4!:, II noA.Teop. 3 11 

430 ! 10 40!;17 ROJI,T80p. 3 
I! 

450 !: IO 21,4 !: 9 non.teop. 3 11 

470 !. 10 30 !.II non.Teop. 3 11 

490 !. 10 22,9 !. 9 non.Teop. 3 11 

510 ! 10 18,6 ! 8 non.Teop. 3 11 

530 !. 10 30 :til D0Jio'f80p. 3 !I 

550 !: 10 21,4 ! 9 noA.Teop. 3 11 

558 10,4 ! 1,5 non.Teop. 4 

570 !. IO 45! IJ non.Teop. 3 * 
590 !: 10 24,:3 !: 10 noA."reop. 3 * 

592 9,0 !. 1,5 
. 4 

noA.teop. 

610 ! 10 24,3 ! IO noA.teop. 3 * 

625 9,2 !. 1,5 4 noA.teop. 
630 !. IO 55,7 !. 14 DOJl,Teop. 3 I! 

650 ! 10 57 ,I ! 14 no.t.teop. 3 * 
658 10,4 ! 1,5 

4 ROJI,teop. 
670 !. IO 32,9 ! 12 noJI.teop. 3 * 

690 ! IO 1+5 !. 14 ROJI,TeOp. 3 IE 

692 10,8 ! 1,5 nu.teop. 4 

710 !. IO 18,6 !. 8 n~•reop. 3 • 

717 II, 7 ! 1,7 UOJI.teop, 4 

730 !. 10 30 :til ~o.t.Teop. 3 11 

742 11,7 ! 1,7 DOJI,Teop, 4 

750!:. IO 51,4 !:. 14 ao.t.teop.3 It 

8 

-··-··-------· .~~ 

•l 

v 

,\ ;• ' '· ~I 
'1"1' 

I'' 

...... 

767 ll,5 !: 1,5 DOJI.T80p. 
4 

770 ! 10 7,2!: 5 non.teop.
3 * 

., 790 t 10 39,6 !: 12 noJI.teop.
3 * 

792 II,5 ! 1,5 4 
DOJI.T80p. · 

810 t IO 51,4 !. IJ np1l.Teop. 
3 H 

817 Il,.3 !. 1,5 noJI.teop. 
4 

830 !: 10 4J,6 !. 13 0011-teOp. 
3 H 

842 10,5 ! 1,5 DOJI.Teop. 
4 

850 !. IO '47 ,2 !. IJ noJI.teop.
3 * 

858 9,2 !. 1,5 non.teop. 
4 

870 !. 10 42,9 !. lJ nu.Teop. 
3 * 

-
IJE) llpMBU8HB08 3Haii8HH8 IBJIRetCft C81l8HHeii5(-_S,- 838.HIIO-

A8ACTBHD ( H30TODMil8CKaR HHBapH8HTHOCt~). 9to 3Ha118HM8 

DO.IIylleHO H3 O,lii011830HHOrO aHaJtJISa peaKUHM: J'i + f ~~+f1l+Yi+ 
8 npe.IUI0.1!0li:8HHM pe30HaHCHOrO ~- ..,/" B3aiDIOA8lCtBHSI: 

!T-+ P ~ ,N~ + 3-$- ~ . -N,Jj ~ P+ '!P t 
·~. 

llp~ 3TOM
1
Kpoue H8TO~HOCteA OlHOM830HHOU non~CHOK TeO,~H,3aNeTH~e 

om«dKH uornx dYT~ ~ony•eH~ np~ 3Kcnepxueutan&Ho~ otdo~e codYtMR 

C O~pa.30BaHHeN pe30HOHa .p;/c- o 3TH Ol11UiKH B Ta6nHU8 He 

YIIT8HY. 

7 
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T AE.J!HllA 2 

'' . .vi 
37 + If 5 532 non.Teop. •• 

•1 ' ; I 5 K 5 1f+-'ji"o B3aMIIOASitCTBHe 0 532 6 non.Teop. - ' non.reop. 12 
532 ! 85 75 :!: 30 !( . 7 
532 18 + 7 non.teop. . - * 9,10 w OdJ~~ llero.n ·' 541 ! 26 90 + 20 31tCTP• 

{I' j; - 10 
5 I) ·,~ 

308 M:JB 'I ! If * non.reop. 
545 54 : 17 ** non.reop. 8 

308 17 ! 9 5 non.reop. 
5 308 10,5 ! 10,5 7 

550 44 !: 5,5 non.reop. non.reop. 
335 6J ! 32** non.reop. 8 

39 ! 8 !( 
5 337 16 + 6 5 .,. 

5~0 ! J5 3KCTp. non.reop. 
5 4,5!1,7*. 5 '26 + 4 J64 non.reop. 565 non.reop •. 

364 26 + ., non.reop. 5 ~ ' 

8 t !,5 * 5 565 non.teop. 
364 ! 40 40 ! 20* 3KCTp.9•10 

: 
15 + 5 7 

375 ! 33 101 + 7011 non.reop.II ·~ - 568 non.teop. 
54 !: 15 ** 8 378 57 ; lOI(j( 8 56B non.reop. non.reop. 

378 + 70 + -40 II 12 575 :!: .33 47 ! 22 !( 
II 

- 85 0 - 0 non.reop. non.reop. 

36 + 5 
. 5 

390 2J + 6 5 582 non.reoB. non.reop. 
125 ; 20 * 3KCtp. ,IO 389 + 50 27 ; 8 j( 3KCTp,5 583 ! 25 - -

I • . 8 IIIJ 34 + 7 5 
53 ! 12 lU£ IO ! 2 K 

non.reop. 
590 non.teop. -~: 4IJ non.Teop. 5 

5 1114 lJ + 8 non.Teop. 7 660 40 ! 5 noJI.teop •. 
62 ! ?.J 1(1( 8 418 no11.reop, 

8,5 ! 1,5 * 5 600 non.,teop.
7 425 ! 3J !42 ! 63 l(l( non.reop. II 600 18 + 6 non.reop. 

f:'. non.reop.b 54 ! IJ** 8 435 J6! 7 610 non.teop. 
435 + J4 0 + IOO ** 3KCTp.~,I 5 -

56 ! 27 1(1£ 8 614 39 + 6 non.reop. 448 non.reop. 
51 ! IJ* 5 

456 40 + 7 non.reop.5 615 !. 30 3KCTp. . 
non.reop. II 456 8,5 !-I? l( non.reop. 5 ~: 

625 : 33 6.3 + 25* !~· 

456 18 ! 7 
., 

' 
59 !: 15 ** 

l8 non.reop. .. 627 non.reop. 
468 55 ! 24 !(j( 8 

628 54 + 6 noJI~teop. 5 non.reop. 
1175 ! JJ 66:!;38* II 12,5 ! 1,5* 5 non.Teop, 628 non.teop.

7 476 37 + 6 non.Teop. 5 630 36 + H non.teop. 
476 ! 40 38 ;: 7 j( :JKCTp, 5 

630 ! 23 180 ~ 30 * 3KCTp.9,lO 
11() ! 30 l( :JXCTp. 9•IO 4.3 + 6 

5 486 ! 25 647 non.Teop. 
487 5!l ! 5 lfj( non.reop. 8 

64 ! 16~0( 8 650 non.teop. 119'1 28 + 4 non.reop. 5 '5 
497 IO t 2 * 5 660 43 + 6 non.teop. non.reop. 

14 ; I 51 5 496 II + 5 non.Teop. 7 660 non.teop. - ' 7 510 56 ;: IJ j(j( non.Teop. 8 660 35 + ., non.teop. 
516 non.reop. 5 

?2 : 12 ** 8 29 + 4 668 no.ll.teop. 
525 ! J3 )2 ! 22 * non,reop. II 

528 55 ! 12 ** non.reop. 8 

.:~1 
9 

8 
, .•J 

J 
. •, .. , 

rt 



l•t¥-·'"' ·;-,~ ·- ..,_, ,.~ •.•. -..........,...~r_l. ·r 1 l~.- J . .,1_.!-.!.LJ¥ . .J,j!. 1J • .l.,.J.,UJ,1.UijJlJIIIJJJJ.J"'!!II .. ,:'!IUIIIJIII ''-" 

670 60 + 7 non.teop.
5 

674 + 21 240 : 75* 3KCTp.
9

,IO 
674 : 27 92 : 33* 3KCTp.

5 

675 : 33 44 : 19 * non.teop. 
11 

687 - 59 ; 7 non.teop. 
5 

- * ? ' 
687 17 ! 2,5 non.teop. ~ 
688 + 70 90 + 30 * non.teop.

1 

688 - 50 : 8 non.teop.
7 

690 93 : II** non.teop. 
8 

702 66 ; ? non.teop. 
5 

707 Il2 ; 7 *** non.teop. 
8 

708:!: 20 IJ5 : ~~~ 3KCTp.
9

,IO 

714 86 ! 9 non.Teop. 
5 

714 18 + 3* non.teop. 
5 

715 70 ; 9 non.teop. 
7 

725 ! 33 6J : ~§ non.Teop.
11 

726 IJ6 + 16 ** non.teop. 
8 

726 + 26 161 : 57* 3KCTp.
5 

742 - 77 : 7 · non.teop.
5 

742 15,5-+ 2 * non.Teop.
5 

742 69 +-9 non.teop.
7 

750 120; 25 ** non.Teop.
8 

755 89 ; 9 non.teop.
5 

766 74 ; 9 non.Teop.
5 

766 13 ; 3 * non.teop.
5 

767 74 : 9 non.teop.
7 

768 118; 16 ** non.teop.
8 

775 + 33 41 ; 19 * non.teop.
11 

776 - 60 ! 7 non.Teop.
5 

778 + 24 0 + 181 + 3KCTp.
5 

-790 16 + 3 * non.teop.
5 

790 116 ; 7 non.Teop.
5 

790 90 : 30** non. Teop. 
8 

790 112 ; 8 non.Teop. 
7 

804 29 + 7 non.teop.
5 

810 6H _+ ~! noJI.Teop.
8 

814 II ! 3 K nOJI.Teop.
5 

•1 

10 

1!,.,1 

£1 

8H 

814 

I. ~ 

811~ :!: 58 

B24 
825 !:. ~'J 

830 

837 
860 
922 + 50 
1,020 :!: 0,045 
1,109 :!: 0,042 

1,191 :!: 0,038 

J •, 1, ·: ~ ·;~1.1, 11~1,1 I :I~: 

' 14 :!: 7 

30 + 8 
58 ! 15* 

111 + II 
16 ; 16* 

58+ 20 
- 55 

18.! 7 
8 + 8 

46 : 19 * 
so: 10* 
22: 9 H 

8 :.7 * 

I I ~ 11 I 
1
1, I ,11

1 
I I ,IIJ .,,\1,11 

5 non.Teop. 

/ 

7 non.Teop. 
non.teop. 12 

non·.teop.5 

· non.Teop.ll 

8 non.teop. 

7 non.reop. 
7 no.11. reop. 

noJI.teop. 12 

non. Teop .12 

no,x.Teop. 12 

non.Teop. 12 

"' J:' 

*) flpHB8,1lCHHOe 3Ha'leHHe RBJIIIeTCR· CC'Iei!HeM ynpyroro 'I~ n• 
paccesnma ( H30'!0nH'Iecitali HHBapHaHTHocn). 

*'- ilpKBC,Il8HO Gpe,llll9ltBa,llpaTHlJIIOe .llBYX 3Hali8HHR, yKa3aHHhiX 
B oa6 OTe/8/. 

• I I'> 

+), 8KCTpanOJIJIUHOHHaJl npoUe,llypa no M8TO,Ily 'tly.:.Jtoy npHBO,IlHT K 
OTp~U~a TeJibHOMY cpe,llHeMy 3Ha lleHHI> o-'et ; B TaelJIMUe 
yKa3aHa 06JiaCTb'B03MOXHHX nOJIOXHTeJibHHX 3HalJeHHA 

cTe,~ r ,llOnycT~MhiX norpemHOCTbl> 3KCTpanoUUMH. 

11 
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<":1" ... --Jt - Jl B3aKNO)J.6"CTBKe 

'· 

W, M:;B ----- <Je1 , ""'~ Meto)J. i\ 

278:!: J 
284 ! 4 
286 ! 2 
290 : 2 
292 
296 :!: J 
296 ti2 
30! ! 4 
304 :!: 4 
306 :!: 24 
307 :!: 1,5 
308 + -~~ 

Jl4 
JI7 :!: ~,5 
325 ! JJ 
348 :!: 20 
J68 
375 ! J3 
425 ! 25 

430 
470 

475 :!: JJ 

506 

525 ! }j 

542 
558 
575 ! 25 
575 
592 

29 :!: 5' 
5 :!: 2,5 

27,9:!: 6,2 
20,1 :!: 4,2 
6,q ! 2 

18,2 :!: 3,6 
30!; 20 

6,8 ! 1,8 
19,8 ! 5,2 

25 + 9 

II :!: 3 
I0,4 :!: 2,5 
3,9.! 1,5 
6,7:!: 3 
70 :!: 57 

101 ! 58 
6,9 ! 3,9 
57 + JU 
J5: g 

15,4 :!: 6,1 
19,2 :!: 6,9 

32 :!: 19 

15,4 :!: 6,1 

IJ :!: 10 
21,5 !: 4,6 
16,9 :!: 0,8 

19 :!: IO 
15,4 :!: 4,6 
19,2 ! 0,8 

12 

non.reop.2,14 
3KCTp.IJ 
noJI.reop.I5 
non.reop.15 
3KCTp.IJ 
non.reop.I5 
3KCTp.l5 
:lKCTp.IJ 
non.reop.l5 
3KCTp.IJ 
non.reop.2,14 
3KCTp.IJ 
non.'r·eop.l6 * 
non.reop.2,14 
non.reop.ll 
3KCTp.D 
£IOJI.Teop.l6 
no11.Teop. II 
non.reop.II 

non.reop.I6 * 
non.teop.l6 * 
riOII,TeOp.li 

non.reop.I6 * 
non.reop. II 
non.reop. 16 K 

non.teop. 4 
non •. reop.II 
non.Teop.I6 * 
non.reop. 4 

" 0 
605 
625 + 25 
625 
640 
658 
673 
675 :!: JJ 
692 
700 
717 
725 + JJ 
727 
742 
756 
767 
775 :!: 25 
778 
792 
805 
8I7 
827 
825 + JJ 

842 
858 

858 
875 :!: JJ 
880 
900 

JJ,8:!: 7,7 
I9 + 10 

22,I ::!: 0,8 
51,5 ::!: 9,2 
25,8 :!: I 

74:!: I2,3 
J5+ IJ 

29,6 + I 
72,4 ~ II ,5 
30,8 :!: I 

54 + 13 
94 ! p,e 

. 32,9:!: I,2 
I07,5! 15,4 
J2,9 :!: i 

60+ 16 
102: IJ,8 

J2,5! I,2 
73:!: I2,J 

32,1:!: I 
55,4 :!: 9J.2 

6J + I~ 
- 16 

30,8 ! 1,2 
60 :!: 12,3 

26,3 :!: 1,2 
38 + 28 

2J,I:!: 7,7 
2J 8 + 6 2 ' - ' 

. 16 * non.reop. 
II noJI.Teop. 
4 non.reop. 
16 * non.reop. 
4 non.reop. 
I6 * non.reop. 
II non.Teop. 
4 non.Teop. 16 * non. reop. 
4 non.reop. 
II non.reop. 
!6 * non.Teop. 
4 non.reop. 
16 * non.Teop. 

. 4 
non.reop. 

II non.Teop. 
16 * non.Teop. 
4 non.Teop. 
!6 * non.reop. 

• 4 
non.Teop. 

16 non. teo p. II 
TTOJI.Teop. 

'/'· 
4 non.reop. 
16 * non.Teop. 
4 non.Teop. 
II non.reop. 

' . 16 * non.reop. 
I6 * non.Teop. 

*~ HcnoJib30Banacb o)J.HOMe3oHHas reopHH c HYKJIOHHNM ~opM
$aKtopou CennepH. 

13 
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w 

?tl9 M3D 

:J06 
J')6 

JBH 
IIQ£' 

412,5 
41'1 
462,5 
1-ICJ'l 

500 
512,5 
550 
565 
57) 
5tl7 ,5 
6<'5 
6JO 
63'1 
672 
690 
696 
7!9 
74J 
'750 
750 
78tl 
795 
801 
831 
84J 
849 
862,5 
906 

944 

I r::1a 

CT~ ==-J:Icr;e(ii+1r-) + <ret(lr+:.-•)! 

<Y'e..~~ J .... s-

511,3 

52,9 
109 + 49 

69 :!. 31 
27,9 
25, : 12,5 
38,6 
I3 : 6,J 
24,3 
3?,6 
I? -t 8 
'12 ,5 -t IO 
30,? 
40 
II,3 -t 3,8 
25 + 8 
42,9 
44,3 
37,5 : II,3 
55 
71,4 
60 -t IJ,B 
96,4 
67 ,I 
84 :!. 15 
58 : II 
55 
41,11 

J6: 7,5 
24,3 

6,4 
t7,2 + 4 

8 + 1l 
- 3 

9 + 4 
- J 

9 + 4 
- 3 

14 

MeTo~ 

non.Teop. 1'1 
17 non.Teop. 
l!:l non.Teop. 
18 non.Teop. 

non.Teop. 17 

non.Teop. 18 
17 non.Teop. 
18 noJI.Teop. 

non.Teop. 17 
17 non.Teop. 

noJI.Teop. 18 

noJI.Teop. 18 

non.Teop. 17 

non.Teop. 17 
18 non. Teop. 

non.Teop.I8 
I7 non.Teop. 
I7 non. Teop. 

non.Teop. 17 

rion.Teop. 17 

non.Teop. 17 

non.Teop. 18 

noJI.Teop. 17 
17 no.1.Teop. 

non.Teop.l8 
18 non.Teop. 
I7 non. Teop. 

no11.Teop. 17 

non. Teop. 18 

non.Teop.l7 

non.reop. 17 

non.Teop. 18 

non.Teop. 18 

I!:l non.Teop. 

nOJI,TOOp.lB 
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~ 
0 
0 _. 

0 ............:: 

C) 
00 

C) 
\0 

16 

C) ....... 

0 

~ 

cG 

"' L-. 

a -

I 

1.0 
c::i 

_j ""1" 

0 

0 

C\1 
d 

-1-fil 
1: 

+ 
1: 
'-..... 
• I> 

+ 
'""' 
"" + 
1: 
'-.... 
.!2," 
;$. 

" ... . 
"' .. 
" "' .. 
u 

"" Q) 
c:t 
0 
:; 

" ca 
"' "' oi 

jj 

1: ~ 
I c. 
1: ~ 

Q) 

" Q) = 
" c:t = Q) 
Q) c. 
.. u 
ca = jj 
"' = Q) Q) 

" c:t = Q) 

c:t "' 
~a uc .. 
"' 0 
" ll. 

ce'leHHII eme 0'19Hb B9DHKH H BDOOHe B03M01KHO 1 'ITO D8K8 B 0608X C9'19H811X 1f8 pjiC, 2 
8 aellcTBHTenbHocTH coanaJlaJOr, B &TOM cny'lae peao8aHCHbJM MomeT 6b!Tb cocToa~e 
c I a 1 ann I a 2. 

TA:SJlHUA 5 

H30TOfiHQeCKHe COCTORHHR,Aam~e BKnaA B ceqeHHe 
'if-1r B 38.HMO~e1tcTBHR 

B38.HMo.u;eRcrBHe I H3oronHqecKHR cnHH I 

'Jt -17' t 
2 

'jj:t-Tio 
2, I 

TI-t. - Tt~ 2 I 0 

---

1.,.· 

!' 
np9JlDOD01K9H89 0 Dp98MYlll9CTB9HHOM BKn8Jl9 COCTOIIHHII C HYD9Bb!M H30TODB'I9CKBM 

/19-25/ cnnaoM a o6nacTn saeprall cu ~ 350-400 Msa cornacyeTcs c peaynbT8T8M8 pa6oT , 

rJle aaanorn'!Hb!ll BbJBOJl 6bln nony'le8 aa ocaoae DOL\p06Horo aaan8aa·uenoro psJla aeaa

ancnMbJX sKcnepRM9HT8nbHbJX Jl8HHbJX no OLIHHO'IHOMY PO*LIBHHIO rr -Meaoaoa a rr - N 

CTODKHOB9H811X H napHOMy pOJKJl98HIO " -M930HOB DpH B38HMOLI9IICTBHIIX DpOTOMOB C Jleii

TOH8MH, B 'laCTHOCTH, 8cnonb3ys naoTonn'!ecKyJO naaapnaHTHOCTb a npeJlnonaras, 'ITO 

rr -Me30Hbl B38HMOLI9IICTByiO~ M9)f(LIY co6oll TODbKO B OllHOM 83 B03M0)f(HbJX COCTOIIH811 

no H30TODH'IecKoMy cnnny ( I •0, 1, 2), HBTPYLIHO ycT8HOBHTb casab M9)1(Jly ce'!eHHIIMH 

pe8KUHII 83 T86DHUbl 6
1231

, EcnH rr -M930Hbl B3aHMOJl9IICTBYIOT TODbKO B COCTOIIHH8 1•2 

TO M8KCHM8DbHbJM 6yJleT C9'19HH9 pe8KUHH (4), 8 C9'19HHII peaKUHII (I), (2), (3) H (5} 

JlOD)f(HbJ COCTaBDIITb COOTB9TCTB9HHO 1/18, 1/4, 1/9, 1/4 C9'19HHII o
4 

, 8 Jl9IICTBHTenb

HOCTH )1(9 0 K8K BHJlHO 83 Ta6D8Ubl 6, M8KCHM8DbHblM IIBDII9TCII C9'19HH9 o
1 

1 
a C9'19HBII 

OCTanbablx peaxu8A, B TOM '!acne 8 o
4 

, Manbl no cpaaaeH810 c o
1 

• Ecn8 I •1, TO 

0 • 0 • 0, a C9'19HHII O H o He MOryT 6b1Tb OJlHOBp9M9HHO M8nbJMH DO cpaaae-
1 4 2 I 

HHIO C a , 0JlH8KO STO T8K)f(9 DpOTBBOp9'1HT SKCD9pHM9HT8nbHbJM Jl8HHbJM T86DBUbl 6, 
I . 

J1 TODbKO np9JlDODOlK9H89 0 TOM 1 'ITO rr • -MaSOHbl B388MOLI9IICTBYIOT B COCTOIIH8B I •0, 

hpHBOJlHT K COOTHOW9HHIIW 0 ~ a 'n u
1 

t U 2 = U 
4 

= o
1
=a 1 COrnacyJOWHMCII C ODbiTOM, 
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TAEJIKUA 6 

n 

Ce4eHMH pox~eHHH 
B3aHMO~eRCTBHRX npH 

PeaKHMH 

-----------·----------

'Jt - Me30HOB B ·- -p 
3HeprHH T=290 y38 23,24 

H 

Ce4eHHe 

j':..n. 

r· 

.Mb 

I. 'i-..-p- n.. ~1f"' ..-<J- 0,61 ~ 0,13 ( a; ) 

2. 'jj- -t" p - p T JfO -t- 'JT- 0,2 :. o,I ( o;. ) 
3. 'ji- ... r - ~ +7. + 11"0 - { <Ti) 
4. 9\"-+1'\ - p + 1i- +'1- (<:J;} 

) 

';) 

J o,r 
(a;) 5. 'jf- + t'\. ~ ~ -t-'jj- + 'jT t" 

8MeCT9 C TSM B H8CTORI.U99 BpElMR HMSIOTCH C9pb93Hbl9 OCHOB8HHS! COMH9B8Tbc'R, nel!

CTBH'renbHO nH llBYXllHOHHOe COCTORHH9 C HyneBbiM H30TOllH'I9CKHM CllHHOM HM99T pe30H8HC 

a o6nacTH <U ~ 350 Msa H ae o6ycnoaneao JIH STO aenocTaTO'IHO KoppeKTHbiM aaanHsoM 

3KCII9pHM9HTBnbHbiX llBHHbiX, 

Bnepable yKasaHHR aa TBKoll 
/20 21/ 

pesoaaac 6brnH nony'leHbl a pa6oTax ' as pac-

CMOTpeHHR neynpyrHX pe8KUHli 

f 
I + 

H + 11 

_. I + 0 
II + 11 + 11 (3) p + d 

[ 

3 
He + 11 

He' + 11 + + 11 

' 0 He + 211 

(4) 
p + d 

HMH'IHe pe30HBHCB B CHCT9M8 llBYX 11 -Me30HOB llOn:>KHO npHBOllHTb K COOTB9TCTBYIOI.U9-

. 3 
MY MBKCHMYMY a HMnynbCHOM cneKTpe snep H H He3, TaK KBK usoTonH'Iecxue cnaabl 

aaqanhaoro cocTOS!HHR H snep H
3 

a He
3 

paaHbi 112, a HX npoeKUHH cocTaanRIOT cooTBeT-

18 

CTBeHHO 1/2, -1/2 H J/2, TO CHCT8M8 llBYX fr• -M830HOB B p88KUHH {3) MOlKeT H8XOllHTb• 

CR nHWb B COCTOIIHHH C H30TOUH'I9CKHM CUHHOM ( •1, 8 B pe8KUHH (4) - B COCTOIIHHR 

c I ~o HnH I -1. noaTOMY II'- 11 p830H8HC B COCTOIIHHH c I •1 llOJilK811 npOIIBJIIITbCR 

KSK B peaKUHH (3), T8K H B pe8KUHH (4), B TO Bp8MII K8K p830H8HCH08 11-11' BS8RMO

llellcTBH9 B COCTORHHH C I •0 CX8>K8TCII JIHWb B CU9KTpe He
3 

B p88KUHH (4), 

PesynhT8Tbl H3MepeHHII UpHB8ll8Hbl H8 pHC, 4 H 5, 0T'I9TJIHBO H86JIIOll8101.UHIICII H8pe

rynllpHb1ll XOll CU8XTp8 He
3 

B palloHe p a 1,4 raa/c YKB3biB88T HB B03MO>KHOCTb peso-

H8HCHOII pe8KUHH I 
He + <U ABC 0 

+ d ... r·- · + - 211 • 
p a_..ll+ll, (5) 

Baeneaay10 T&KHM o6pasoM 'I&CTRuy <U npHHIITO aasbiB&Tb 'ABC- pesoaoHoM' no 
/20 21/ ABC .., 

aMeHH aaTopoa pa6oT ' • Hs pac. 5 aanao, 'ITO Macca aToro peaoaauca Mo810+ 10 Maa. 

HeTpyllHO UOK838Tb, 'ITO <U ABC IIBJ1119TCII CK8J111pHOJI '18CTHU8ll, T.e, ero CUHH /•0, 
a 'leTHOCTb nonO>KHTenbHa, 

I 
He~ ~ l' l. H3 

I I II ' 

1\t/ ~~·\ I I I 
, I .,

2 1 I 
I l il• f f 

t\ r p 
6t ll \ ,, 
Q ~~ :o 11 I 'o •,:''•, ", ''. ",•' ,'",'"":•'•'';•'oo:•'•~~~' 

o.a 1 1.2 J.~ P ra 

Puc, 4, VfMnynbCHbiA CU8KTp llllep B peaKUHIIX (3) R (4) (a OTHOCHT9J1bHbiX 8llRHHUilX), 

nHKR npu p o. 0,83 H 1,53 raa/c o6yCJ10BJI8Hbl OllHOM830HHbiMH p88KUHIIMH, 

OnaaKo RHTepnpeT&IlHR 'ABC-aHoManHH' xaK pesollaHcaoro B38HMOllellcTBHR IIBnlleT

cs llanexo He OllH03H8'1HOJI. 3Ty 8HOManHIO MOlKHO npHUHC8Tb T4KlKe CHJibHOMY H8p83G

HSHCHOMy B38HMOll8liCTBHIO rr- M930HOB B XOHS'IJIOM COCTOIIHHH/2 J,~iJ-291 • 8 '18CTHOCTH, 

a pa6oTe/29/ 
OTM8'18J10Cb1 'ITO 8HOM8JIIIII H86JIIOll8eTCII HS KOHI19 CU9KTp8 0 UpR &TOM 

19 

I. 



s 

It 
He3 

3 

- r-t_l--
2. 

I 

W .JSO J/0 .100 l'19·J 
JJO 310 190 lli).J 

i lfll 
it~iHHi 

r ;{lft-~Lllf, ll 
I '\ li 

\ 
\ i 
\ tl 

,, ,, 

' f!{ 

0
1 I I I I I I 1'!. ... 

1.1 1.2 1.4 u P rJ&/c. 

Puc. 5~ YIMnyn&eMbiii cneKTp g,oep He
3 

B peaKuuu c 1 =0, nonyqeHHbiii 

KBK pa3HOCTb ll8HHbiX1 npUB9llQHHblX Ha puC, 4 (a OTHOCHT911b

Hb!X e,ouuuuax), 

OyHKTHpOM yKaaaea cpaaoeaR Kpusas, Bbi'IHCneeHaR 6ea yqeTa 

11 - 11 B38HMOllellcTBHR, Csepxy npuse,oeea wKana Mace peao

eaeca <U ABC B M3B, 

'~ 

pe30HaiiCHblll IIUK IIORBIIR9TCR B peaynbTaTe Bbl'IHTaHHSI H3 9KCIIepHM9HTal1bHblX llBHHblX 

cpa30BOrO 06beMa
1 

HOpMHpOB8HHOrO HB 'i8CTb 3KC11epUM9HTal1bHOII KpUBOII BH9 o6naCTH IIUKa, 

TaKaH rrpoue,oypa aapaeee rrpe,ononaraeT, 'ITO B peaKuuu eaps,oy c Tpexq~CTH'IHLIM KananoM 

3 
p + d -• fie + rr + rr cyiUeCTByeT- llBYX'IBCTH'IHbill KaHan ( 5 ). Jlpyroll npH'IHHOII oT-

KIIOHeHHSI 3KC11epHM9HT811bHOrO Cl19KTpa OT Tp9X'i8CTH'IHOr'O cp830BOrO 06'b9MB MO)KQT 6h1Tb 

38DliCHMOCTb M8TpH'IHOr'O 3119M9HTa TpeX'i8CTU'IHOII peaKUHH OT M8CCbl JlBYXIIUOHHOII CUCTe-

Mbl <U • B 3TOM cnyqae ,on11 KS'feCTBeneoro BbiRCHeHHH aasucHMOCTU Ksa,opaTa MaTpuqeoro 

3119M9HTa peaKUHH OT <U cne,oyeT paa,oenHTb 3KC119pUM9HTanbHbi9 ll8HHbl9 H8 B911H'IUHy 

<j:la30BOr'O 06'beMa
1 

HOpMUpOBaHHOr'O H8 BCIO IIIIOIU8llb IIOll 3KC119pUM9HT811bHOII KpUBOII, Ha 
/21/ 

puc. 6 noKaaau peaynbTaT TaKoro ,oeneuus 3KCnepuMeMTMbHblX ,oaUMbiX pa6oThl , KaK 

BU.llH0
1 

HlfKaKHX anoManull pe30HaUCHOrO xapaKTepa B 3TOM cnyqae 119 Ha6niO.llaeTCSI, 3TOT 

pesynbTBT SIBJ1SI9TC!I .llOIIOIIHUTQIIbHblM apryMeHTOM B 11011b3Y TOr01 'ITO npH'IHHOII IIOHBIIQHHSI 

/20 21/ 'anoManull" a pa6oTax 1 HBn!leTC!I ue o6paaoaauue nosoll qacTUUbi 1 a uepeaoeaucuoe 

B38IfMO.llellcTBUe 11 -Me30HOB B KOMQ'IHOM COCTOSIHHH, 

8 pa6oTe1291 IIO.llp06HO UCCI19.llOBaiiOCb pacnpe)leneHHe 3cptPeK"I:HBHOII MaCChi CHCT9Mbl 

(" + + 11-)• pO)!{.llaromellcH B peaKUHH rr- -+ p -+n+r.+ +,- -& ot5nacTH ABC-peaonauca. 3Kcne

pHMeHTHnblla>I rf!CTOrpaMMa (cM,pHC, 7) oKa3b!BaeTCSI CMQIUQHHOII 110 cpaBH9HHIO C cp830BOII 

Kpi!BOII B CTOpOHY 60IIbWHX 3Ha'feHHII Mace, 0.llHaKO 3TO CM91U9HH9 1 KaK XOpOWO BH.llHO 
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I,IO (1.5 t,zo ~zs t,ao J,JS t.ltO 1,+4' p rutc 

Puc. 6. PeaynbTaT )leneeuH aKcnepuMeHTMbH.fiX naHHblX, rrpuae,oeuublx ea puc. 4, ua 

<j:la30Bhrll o_?:'ber peaxuuu P + d ... He +rr + + "- (a oTeocuTenbHhrx 

fjfV 

A.f171ll 

60 

ItO 

EO 

0 

9.llHHUUaX) 
29 

, 

280 300 .320 ji(IJ /'1,, 1138 

Puc, 7, Pacnpe.lleneeue 3QJ<beKTHBHOII MSCCbi nap qacTHU (rr+- ,- ), PO*llaromuxcR 

B peaKuuu 
17 

- + p -+ n + rr + + rr - npu T =240 M3e/29/. Cnnoweoll xpusoll 

yxaaauo pacnpe,oeneuue, Bbi'IUcneueoe 6ea yqeTa 11-rr saauMo,oellcTBUII. 
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Ha p
11
c. 8, He cel138HO HI! c KBKIIMH peaoHaHCHbiMH l1eneHHl1MH. B npe.oenax Olliii60K H3Me

peHHA aTOT peaynbTBT COOTeeTCTeyeT TOMy, qTO eepXHIIA npe.oen nonHOPO ceqeHHl1 o6paao

eaHIIl1 ABC- peaoHoHa c MaccoA 300 ±..10 Mae e paccMaTpneaeMoA peaKUHH He npeebilllaeT 

-29 2 
10 CM • 

I Mia ~.-------.------.----.------r-----r---

.3 

2 ++ t 0 1 _! { 
r 

I ~ I 

~ e I 

o~~----~----~--~----~----~----~--~ 
UO l9S .JOS 3/S 325 3~5 31t5 M M ... ,. 1"11' •o:o 

Puc. 8. 3aencHMOCTb MHTpnqHoro aneMeHT8 peaKUHH rr + p .. n + " + + 17 

npH T =240 Mae OT MSCCbi U + - • 
17 1T /29/ 

3Ta aaeHCIIMOCTb nonyqeHS e pa6oTe .oeneHHeM H8 <j:JaaOebiA 

06'beM ( TeopeTIIq, KpHeSSI HS pHC, 7) aKcnepHMeHT8nbHOA PIICTOPpSMMbl pHC, 7, 

npe.onono>KeHne 0 cyllleCTeoeaHHII ABC-pe30H8HCa npHeO.OIIT K pe3KOMY npoTneope

qHJO TaK>Ke c uaeecTHbiMH aKcnepHMeHTSnbHbiMH .oaHHbiMH no pacna.oaM K-MeaoHoe: 

THqecKoe aHaqeHne eepol1THOCTH K -pacna.ooe e aTOM cnyqae npH6nH3HTenbHO liB nopH-
04 /30/ 

LlOK npeeOCXOLliiT aKcnepHMeHTaUb)iOe 

YKaaaHHH Ha oTcyTcTeHe KaKHx-nH6o aHoManHA peaoHaHCHOPO xapaKTepa e CHCTeMe 

.oeyx rr -MeaoHOB c 1 =0 s HHTepsane 280-400 Mas 6binH nonyqeHbi TaK>i<e s p11.0e .opy

PHX pa6oT (eM., HanpnMep/3 1,32/ ), 

/33/ C JlpyPoA CTOpOHbl/ B pa60T9 coo6manOCb 06 OEiHapy>KeHHII H9KOTOpOA SHOMaUHH 

MecTe ABC-peaoHaHca s pacnpe.oeneHHH a<j:J<PeKTHBHoA MSCCbl nap ( rr + + rr HS 

o6pa3yiOLUIIXCH npH SHHIIPHUHURII SHTHnpOTOHOB 
- + 0 
p + p -+ 2rr + 2rr + n" 

B eOJlOpOJlHOA nyablpbKOBOA KSMepe. 
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TaKHM o6paaoM, XOTl1 e.oHHOPO MH9HIIH o ABC-peaoHaHce B HSCTOl1LUee apeMH eLUe 

HeT, no.oaanHIOLUee q11cno pa6oT npHBOJlHT K aaKnJOqeHHIO, qTo B o6nacTH "' ~ 350-400Ma 

e38HMO.OeAcTelle 1T -Me30HOB B COCTOHHHH C 1130TOUHqQCKHM Cni!HOM J =0 He I!MeeT HH-

KBKHX p930HBHCOB, XOTR H RBnHeTCR 3H8qHT9nbHO 6onee CHnbHblM 1 qeM 8 COCTORHHHX C 

1> 0, 0TCIO.Oa cne,llyeT, qTO B o6naCTII UJ :> 400-450 Mae nHKII B ceqeHIIHX a of ( W + 17 O ) 

11 a .e ( 17 + 17 O ) Ha pHC, 2 LlOU>KHbl COBna,llSTb, AHaUH3 a<j:J<j:JeKTHeHOA MaCChi nap aapg>KeH

HbiX 17 -Me30HOe B aToA o6nsCTH aHeprHA Jl89T JlnH pe30H8HCHOA aHepPHH 3Ha'leHI!e 

"' = 395 ±..10 Mae (eM. puc. 9); lliHpnHa peaoHaHCHOPO nnKa Ha nonosnHe ePo ebiCOTbi npu 

aToM cocTaenHeT 50 ±..20 Mae, qTo s npeJlenax aKcnepiiMeHTanbHbiX Olliii60K copnacyeTcH 

c KpnebiMH Ha puc. 2 11 3. B 1111TepaType peaoHoH, cooTseTcTeyiOLUIIA aToMy nnKy, qacTo 

Ha3b!S8IOT a -Me30HOM, 

0.1 0.6 ag {./. I.S M"r,o 

P11c. 9. Pacnp~.oe_neHIIe a<j:J<j:JeKTIISHoA MSCCbi nap ( 17 + + rr-), po>K.oaiOLUH~CH 
e HeynpyPIIX 17 - p eaaiiMOJleAcTSIIHX np11 T= 4,55 las, CnnolliHoA KplleoA yKaaaHo 

pacnpeJleneHne, SbiqllcneHHOe 6ea yqeTa 17 - rr eaaiiMO.oeAcTSIIH, 
Ha HII>KHeM p11c. JJpHse.oeHa paaHOCTb aKcnepnMeHTSUbHoro 11 Te~eTIIqecKoro 
pacnpeJleneHnA. CnnolliHOA Kplleoa oTMeqeHbi cpeJlHHe 3HaqeHIISI/ I. 
Ha o60IIX pHCyHKaX oTqeTUIISO nposeUIIIOTCII UIIKII, COOTSeTCTSYIOllU!e Me30HaM 

a, f3 H p
0

• 

± 
TaK KBK e pacnpe.oeneHHH a<j:J<j:JeKTIIeHoA MSCCbi nap ( 17 

+ 
+ 1T-) HHKaKHX aaMeT-

HbiX aHOManHA np11 "' = 400 Mas He Ha6niO.oaeTcs (eM, p11c. 10), MO>KHO aaKnJOqiiTb, 

qTo HaoTonuqecKIIA cn1111 a -MeaoHa paeeH e.oiiHIIUe. Ha116onee eeposTHoe aHaqeHIIe 
xl 

CUIIHa a -Me30H8 TaK>Ke paSHO e.QIIHHUe 

x) + 
YfaOTOUIIqecKall <j:JyHKUHII napbl ( 17 + 17 ) S COCTOIIHHII C 1 = 1, 

t -- + - + 
1

0 
= v'h 1117 " >-117-rr >I _ 

HSnH9TCH HeqeTHOA <j:JyHKUIIeA OTHOCHT9UbHO nepeCTSHOSKII 17 + H 17 , TaK KSK nonHBH 
eonHOeaH <j:JyHKUIIH .QOn>KHa 6hiTb qeTHOA, TO napa (1r + +1r-) JlOn>KHB HSXOJlHTbCII S c·ocTOH 
Hill! C HeqeTHhiM op6HTBnbHblM MOM9HTOM, 8 o6nacTII HH3KIIX aHeprHA Ha1160nee eepQHTHhiM 

HSUHeTCSI p-cOCTOHHHe, 
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PRe, 10. 

4# 
4H"_-r-~-.-.-.-..-,-~~~~ 

M 

1.5 ""iir rg& 

Pacnpe.neneHHe acpcpexTHeHoA Macc&I nap ( rr ±- rr t.) , po>K.naiOmHxcH 
e HeynpyrHx 1T-- p eaaHMO.neAcTeHHX npH T =4,55 ras/34/. Bee 

o6oaHa'leHHH Te >Ke, 'ITO H Ha pRe, 9. B npe.nenax axcnepHMeHTan&
HbiX OWH60K He SH,llHO IIHKaKHX OTKllOHeiiHR OT TeopeTH'IeCKHX KpHSblX, 

Ha conocTasneHHH pacnpe.neneHKl! acpcpexTHSHbiX Mace Ha pRe. 7, 9 H 10 MO>KHo 

aaxniO'IHTb, 'ITO cu =395 Mas HSnHeTCH caMoA HH>KHeA peaoHaHcHol! aHeprHel! e CHCTeMe 
.nsyx 

1T -M930HOS, npH MeHbWHX 3HeprHHX HHKaKHX peaoHaHCHblX S3aHMO.!lei!CTSHI! He 

Ha6niO.naeTcH. 

+ 8 HHTepsane aHeprHI! OT 400 .!lO 700 Mas e Ce'leHHHX u (rr rr + 0 
H U ( 1T 1T ), 

nony'leHHbiX MeTo.noM "ly-noy, aaMeTeH ecero llHWb O.!lHH nnx npn <•J ~ 550 Mae. 
XOTH 

3TOT llHK npOHBl!HeTCH l!Hlllb B ycpe.nHeHHOM Ce'leHHH Ha pHC, 3, B npe.nenax 3KCnepKMeH

TallbHblX OWH60K OH He llpOTHSope'IHT H ,llaHHblM, llpHse.neHHbiM Ha pHC, 2. BMeCTe C TOM 
- + -

CC'IeHHe U ( 1T 1T ) S paCCMaTpHsaeMol! 06l!aCTH aHeprHI! H3MeHHeTCH O'leHb nnaBHO 

H He 06Hapy>KHsaeT HHKaKHX aHoManHI! pe30HaHCHOrO xapaxTepa, 

HayqeHHe acpcpexTHSHbiX Mace nap rr -MeaoHos, po>K.naiOlllHXCH s paanH'IHbiX Heynpy

rHx peaxuHHX, noxaaano, 'ITO s HHTepsane w =400 -700 Mas Ha6niO.naeiOTCH .nsa paanH'I

HbiX peaoHaHca s COCTOHHHHX c H30TOnH'IecxHM CllHHOM I = 0, I H O.!lHH peaoHaHc s COCTOH
HHH C T=2. 

Bo-nepsbiX, aTo pe3oHaHc npH w = 550-570 Mas, snepsble ysepeHo Ha6niO.nasUJHRCH 

S pa6oTe
1351 

H S nocne.nyiOUleM nO,llTSep>K,lleHHbll! SO MHOrHX .!lpyrHX pa6oTBX. 8 HaCTOH

Ulee speMH aToT peaoHaHc cne.nyeT C'IHTaT& Tsep.no ycTaHOBJJCHHbiM. CooTBeTcTsyiOlllHI! 

eMy peaoHaHc s nHTepaType npHHHTo HB3b1SaTb .~ -MeaoHoM, KpoMe Taro, s pa6oTe . /34/ 

nonyqellbl YKB3BHHH HB CyUICCTSOSaHHe peaoHaHCHOrO S3BHMO.!lel!cTeHH npH HeCKOllbKO MeHb

Wel! aHeprHn: cu =520!,20 Mas. XoTH 3TOT peaonaHc Ha6niO.nancH ecero ilHWb s o.nHoA 

pa6oTe H3 pRe, 9 eHllHO, 'ITO OH HSnHeTCH .noc·raTO'IHO .nocToeepHbiM, Tax Kax e pacnpe

aeneHHH acp<j)eKTHeHbiX Mace HB pHC, 100 HHKBKHX aHOMBllHI! He 3BM9THO, MO>KHO npe.nnona

rBTb, 'ITO H30TOilH'I9CKHI! CnHH p930HBHCHoro COCTOHHHH I•O Hl!H I, 
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B npeaenax axcnepHMeHTan&Hol! TO'IHOCTH o6a 3TH peaoHaHca MoryT .naeaTb sxnaa 

e m<K Ha pKC. 3, 

PRe. II. 

IJN 
~M, 

fl 

16 

"' 
ll 

Ill 

• 
' 
4 

' + 0 3cpcpeKTHSHaH MBCCa napbl ( 1T + rr ) , po>K,!laiOUlei!CH S peaKUHH 
p + p _, d +. rr + + rr 0 npH 2,05 6as/36i'. Y'xaaaHa Tax>Ke KpHSa!l, 

Sbi'IHClleHHaH 693 y'leTa 1T - 1T S3aHMO.C.91!CTSHH, 
0T'IeTllHSO eH.C.Hbl llHKH, COOTS9TCTeyiOlllH9 f.- H p-Me30HaM, r 

JleyxnHOHHbii! peaoHaHC e cocTo!lHHH c I =2 npH cu = 620+17 Mae 6bill o6Hapy>KeH 

/37/ -a pa6oTe • BenH'IHHa nHxa e peaoHaHCHOI! Toqxe (eM. pHc. 12) no'ITH Ha TPH cTaH.napT-

HbiX OWH6KH SbiXO.!lHT aa cpaaoey10 KpHeyiO, Boa MO>KHOCTb Taxoro pe30HBHCa OTMe•U!Il!aCb B 

/41/ -pa6oTe npH HCCnea.osaHHH pO)K,lleHHH M930HOS S 11 - d CTOllKHOeeHHHX H S pa6o-

/38 39/ -Tax ' npH nayqeHHH HeynpyrHx " - p eaaeMo.nel!cTsHI!. B o6oHx cny'laRX OTKnoHe-

IHIC OT cpaaoeol! KpHBOI! .!lOCTHrano HecxonbKHX CTaH.napTHblX OWH60K, 

C .!lpyrol! CTOpOHbl, S pacnpe.neneHHRX acpcpeKTH.SHbiX MaCC nap 3 ap!l>K9HHblX Me30HOS 

+ H3 HeynpyrHX 11 - p eaaHMO.C.91!CTSHI! HHKaKHX pe30HaHCHblX RSll9HHI! S o6nacTH aHepral! 

/35 42/ 
w ~ 600 Mae ae o6Hapy>KeHo ' 

3TOT SOilpOC Tpe6yeT eme .nan&Hel!wero 3KC119pHM9HTallbHOrO H3Y'I9HHRo 

c 

B ol5nacTH 15on&WHX aHeprHI! xopowo HasecTHbi 

- I llpR (<) a 740- 780 Mas H s COCTORHHR c I 
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.C.SYXIlHOHHbl9 pe30HaHCbl e COCTORHRH 

=0 npH 1,25 ras. PeaoHOHbl, cooT-



I l 
II 

~ 

aeTCTBYIOWHe '3TMM 
pe30HaHeaM, Ha6mo.aanlleb eO MHOriiX pa6oTaX (eM. pile. 10, 12, 13) II 

p - 11 f -Me3oHoe. fl11K np11 w ~ 750 M:.e xopowo 3aMeTeH Ha 
nonyqHnH Ha3eaHH9 

pae. 2 11 3. 

P11e. 12. 

Pae. 13. 

0 o." (}.6-~-o.s f M~ 

r 
3cj:Jcj:J9KTIIeHaSI Maec:_a nap 3apSI>K9HHbiX 17 -M930HOe ( 17 :i:+/ 3-a,J) 
113 HeynpyrHX 17 - p e3aiiMO.aelleTBHll npH T =3,86 ran • 
YKa3aHo TaK>Ke pacnpe.oeneHIIe acj:Jcj:JeKTIIBHbiX Mace, Bbi'iiiCneHHoe 

6e3 yqeTa 17-17 B3aiiMO.ael!CTBIIS!. niiK npll 620 Mas BbiXO.[liiT 

3a 2, 7 CTaH.aapTHbiX OW116KH, 

t.N 
6Mfl'f' 

50 

t,Q 

I 

301 

20 

10 

0 az ao 

Pacnpe.aeneHHe no acj:Jcj:JeKTIIeHoll Macce nap M930HO~ yo>K.OSIOWHXCSI 
B peaKUHII 17- + p _.n +l7 + + l7- np11 2,86 ran/ 0 • 
Ha cj:JoHe cj:Ja3oeoll Kpneoll, He yqHTbieaiOwell " - l7 e3SHMo.aellcTeHe, 

pe3KO ebi,OenS!IOTCS! nHKII, COOTeeTCTeyiOUlH9 p - II f -Me30H6Mo 
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/48/ 
B ue.aannell pa6oTe o6Hapy>KeH enonae OT'ieTnneoll RHK e pacnpe.aeneHHH acj:J-

+ -
cj:JeKTHDHOil Maeebi nap (" + l7 ) npH w =0,9- 1 rae (eM. pile. 14 ). KaK noKa3anH 

cTaTHCTHq8CKHe pacqeTM, BepOHTHOCTb TOrO; qTQ STOT llHK RBnReTCR qHCTO CT8THCTHqe

CKOll cj:JmoKTyauHeil, no nopSI.ClKY eenH'IHHbl He Up9BOCXO.OHT 10-6. 

IJN -~--..-----..--~----.-. 
~Mfl'fl 

Pae. 14. 

20 

10 

0 

0 2.0 z.s a.o Mw r •• 

Pa3HOCTb aKenepaMeHTanbHOro H TeopeTH'ieCKoro pacnpe.oeneHall 
+ -

acj:Jcj:JeKTHBHOJI MSCCbi .oeyx~HOIIHOJI CHCT9Mbl ( l7 + l7 ) , o6pa-
1481 

3YIOUlelleS! e HeynpyrHX l7 - p B36HMO.OellcTeHS!X npll T = 7-8 rae • 

TeopeTII'iecKoe pacnpt .aeneHne He y'iHTbieaeT pe3ouaHcHoro l7 - " 

e3SHMO.OellcTeHS! e HHTepeane M 2" = 0, 9- 1 rae. 

npu HCene.QOBSHIIH acj:Jcj:JeKTIIeHbiX MSCC .oeyxnHOHIIbiX CHCT9M C H30TODH'ieCKHMH 
/49 50/ 

enHHSMH I = 1 H 2 e pa60T6X ' OTMe'ieH nHK e paJloHe W ~I ras. npH STOll >Ke 

aHeprHII Ha6niO.OSIOTCS! DIIKH e pacnpe,oeneHHH scj:Jcj:JeKTHeHOJl MSCCbl 'ieTeepOK l7 -Me30HOB0 

o6pa3yiOUlHXCS! npH SHHHrHnS!UHH 6biCTpbiX SHTHnpOTOIIOe e eo,oopo.oe
1521 

• ~03MO>KHO, 'iTO 

8TH nHKR SienSIIOTeSI cne.OCTeHeM 'i9TbipeXnHOHHOrO THUS pacna.oa pe30IIOHS, Ha6niO.ll6BW9f'O

eSI e pa6oTax
149

-
501

• ToT cj:JaK1·, 'iTO nHKH na6niO.oaiOTCS! eo ecex cnyqaSix, Kor.oa sneKTpn· 

qeeKIIl! 3apSI,ll 'leTeepKH 17 -Me30HOe Q 
417 

~ 0
1 

H He Ha6niO,llaiOTCSI 0 KOr,lla Q 
4 

l7 ~ ;!: 2 

YK83biBaeT HB TO, 'ITO H30TOUH'IeCKIIJl CUHH STOrO pe30HOH6 I < 2 (eM. § 3) • 

B03MO>KHO~;lb/ pe3oHaHCHOf'O UHKS npK !.1
417 

= 1,05 rae OTM9'16UOCb TSK)Ke e KpaT-

KOM C006WeHHH • 

npa 

f'HSlX 

CTporo roeOpSI, e npe.oenax aKCnepiiMeHTSUbHbiX OWH60K Henb3Sl HCKniO'IHTb, 'ITO nHK 
/48/ 

w = 922 Mae, Ha6niO.oaewallcS! e pa6oTe 1 H nHKH np11 HecKOUbKO 6onbWIIX aHep-

H3 pa6oT
149

-
521 

OTHOCRTCS! K O.llHOMy K TOMY >Ke pe30H6HCHOMY COCTOS!HHIO, 

B HacToSiwee epeMS! nMeiOTCS! HeKOTOpbie yKa3aHKS! Ha " -" pe3oHaHCbi np11 ewe 

6onbwax aHeprHS!x. TaK .onS! cornacoeaHHSI c SKcnepnMeHTOM HMnynbcHoro cneKTpa npo

ToHoe OT,lla'IH B HeynpyrHX 11-- p CTOUKHOBeHIIS! npH T =7 rsa, Bbi'IHCneHHOf'O C nOMOUlbiO 

0,llHOM930HHOJl T90pKH, He06XO,llHMO npe,lluOnO>KHTb pe30HaHCHOe B38KMO,ll9l!CTeHe l7 -Me-

30HOB npH W =2 H 2,6 rae/53/; nHWb npH STOM ycnoeHH O.llHOM930HH8Sl TeOpKS! MO>KeT 
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o6bSICHH.Tb .OOfiOflHHTenbHble M8KCHMYMhi
1 

H86fli0.08eMbie B HMUynbCHOM c·neKTpe npOTOHOB. 

O.uHaKO aTO yKaaa1111e stsnsteTest seebMa ena6brM, TaK KaK paexo:>!UleHHe TeOpHH ·"· aKenepu- .. 

MeHTa, B03MO)I(IIOJeBS!3aliO 'C H91ipHM911HMOeTblO O.UIIOM980HHOrO npH6JlK)I{911HS! B o6naeTH 

T ~ 7 ras. 

PaanK'IHTb M9)1(.UY 8THMH .UBYMS! B03MO)I(HOeTS!MH MO.li<HO 6brno tSbr, s&rnonHHB H3Mepe

HHS! uMnynbeHbiX eneKTpoB npoTOHOB oT.ua'IH npH 6onbwHx aHeprustx, Eenu .uonOI)HHTenbHbre 

MllKeHMYMhl B eneKTpe npOTOHOB o6yenOBJ19llbl peaoHaHeHh!MH " -" B38HMO.Uel!eTBHS!MH, 

TO e poeTOM 3HeprHK nepBK'IIIOrO " -Me30Ha 3TH MaKeHMYMbl !IO onpe,ueneHHOMY 3aKOIIY 
/53/ 

,uon)I(Hbl e,UBHrBTbeSI B o6naeTb see 6onbUJHX 3Ha'I911Hll HMnynbeOB 

/54/ B pa6oTe , r.ue ueene.uosanHeb eneKTpbr npOTOHOB OT.UB'IH B " -P -saanMo.uel!-

eTBHS!X npH T ~ 16 ras, .uel!eTBHT9J1bHO Ha6nro.uaneSJ TaKOll e.usur MaKeHMyMOB B eneKTpe. 

0.UHaKO eTaTHeTHKa npoaH8J1H3HpOBaHHb!X npOTOHOB B 3TOl! pa6oTe O'I9Hb Mana/ II KaKKx-nu-

60 6onee onpe.ueneHKhiX aaKnro'leHKll oTero.ua nony'IKTb ewe Henb3SJ. 

TaK KaK .uononHHT9J1bHbre MaKeHMyM&r B HMnynbeHbiX eneKTpax npoToHOB Ha6nro.uaroT-

est KaK B 3B93.UaX e Manb!M '!HenOM nyqej!, TaK II B 
MHoronyqeBbiX asea.uax, ene.uyeT 

O)I(H,UaTb, 'ITO pe3oHaHeHb!9 .UBYXII HOHHbl9 eoeTOSIH'HS! e Maeeol! W ~ 2 H 2,6 ras, eenH 

OHH .uel!eTBHTenbHO eyweeTByiOT, e 60J1blllOl! BepOS!THOeTblO paena,uaroTeSI Ha '19Tbipe II 

60J1bUJee '!Keno 11' -M930HOB. 3TO eornaeyeTeS! e 3KenepHMeHTaJ1bHb!MH yKa3aHHSIMII 06 

8HOMaJ1KK B paenpe,ueneHHH acpcpeKTHBHOll Maeeb! '!eTb!p9X 11' -Me30HOB B pal!oHe 2 ras 

(eM. § 3). 

OcHoBH&re esol!eTBB .usyxnHOIIHhiX peaOHOHOB eyMMHposaH&r B Ta6n. 7. B ene.uyrowell 

Ta6nHU9 npHBe.U9Hbl 3KenepHM9HTanbHb!9 sepOS!THOeTH H3BeGTHb!X TI!IlOB paena.UOB 8THX 

'"' pe30HOifoB. 

B nuTepaType nMeroTeH yKa3aHHSI Ha B03MO)I(HoeTb pst.ua .upyrux peaollaHeOB B el!eTe-

/ 49 50/ 
Me .UBYX 11' -Me30IIOB (eM., H811pHM9p, ' ) • 0.UH8K0 BO seex eny'laHX eT8THeTHK8 aape-

rlleTpKpOB8HHb!X eo6hiTHll O'!ellb Mana
1 

K pe30H8Hebre 8HOM8nKH npaKTK'IecKK He Bb!XO.UHT 

aa rpaHHUbl OLUI!60K H3MepeHHl!. 

Jlo eux nop pe'lb wna nHWb o ee'leKII!IX ynpyrux " -" • saanMo.uel!eTBKll. Cse.ue-

B HaeTOS!LUee BpeMSI 
IlKS! o ee'!eHH!IX nepe.aapst.UKH 11 ee'!eHH!IX u 1n ( "") 

'lpe3Bbl'i8l!HO 6e.UHblo 

KU 1 (1T11') 

HK>Ke nopora po)I(,UeHHR " -Me30HOB Tn ~ 810 M3B 

u, ("rr) ~ u 1• (rrrr) + u •• r"")· 
O.uuaKo senR'IKHa uu (1rrr) K3BeeTHa seero n11wb B o.u11oA TO'!Ke: npu T~O 

- + 0 0 4 +6 
-4 

M6 • u
0
,(77rr) E00(7T" -+rr rr) 

( 3To 3118'19HHe Bbl'IHCneHO no .UnHH8M paeeeSIHHSI, onpe,ueneHHbiM H3 8H8nH38 HeynpyrHX 

rr - N saaHMo.ueAcTBHll/55/ ) . 
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'· B :lTOR Ta.6JIKUe KCilOJib3YilTC.R OC503H8.4eiiK.R: 

• 
T .. - pesoHa.HCHa.R 3Heprii.R B CKCTew:e, r,11,e , 

O,II,HH K3 '1i- Me30HOB IIOKOHTCB; 

M - w:a.cca pesonona ; 

r - mHpHHa pe30HaHCHOrO IlHKa i 

I- H30TOI1HilecKHR cnHH peso~ona i 
1 - CilHH pe30HOHa , 

1fiepBYR HH,II,eKC onpe,ll,eJI.ReT IlpOCTpaHCTBeHHYil lleTHOCTb, 
BTOpoR-- ~- qeTHOCTb, 

'). Bcne,II,CTBKH coxpaHeHH.R G-- 4eTHOCTH tpexnHOHHNe 
pe30HaHCN He uoryT o6pa30BaTbC.R npH B3aHUO,II,eRCTBHH ,II,BYX 

T-uesonoB. 

**'· CymecTBoBaHHe sToro pesoaanca .RBn.ReTc.R olleHb npe~nonoxK-
TeJihHbiM. 

+lBnOJIHe B03MOJI:HO, liTO 3TOT pe30HaHC .RBJI.RCTC.R npO.RBJieHHeM 
lleTupexnHoHnoro THna pacna,~~,a pesonona 1-, 

TABllHL\A 8 

Pacna,11, 1r - w:esoHHbiX pesonancos 

Pesonon THn pacna,11,a B(~~)THOCTb llHTepa-
Typa 

----
d.. ,Z?r 100 34 

~, 27r 100 34 
211 100 35 ,36 ,_44 '45 

0 .27r IOO 37-41 

~· 
..,.. ... '}I- 100 46,47 

-M- l1T+ .z 71'- <2 52,54 
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----
Pe30HOH 

-II-

_,_ _ ,, __ 
~-t 

··-··-_,,_ 
__ ,_ 
_,. __ 
__ ,. __ 
--11--

8 
ae. 
f 

___ ,,_ 
X, 

)f.L 

TKn pacna,11,a 

_,_ 
neRTp8.JibHNe ttaCTHUN _,, __ 

'Jf :t: ']f ~ 

']r -.t 'Jr -t JT- :rr 0 

_,,-
::n-* 1- .. ~.::n. 'f~(. r'-'~b' 

_,, __ _ 
'Jr±2 

--II-

'Jr-+'1T

:J.1i" 

.,..,. ,-
.2 7T+ :nr 

:ln. U I 11. : f, 2, I • • • 

-----,,-
;,r+ ']f- Jj. 

Bepo.RTHOCTb llHTepaTypa 
U~%) 

-2,5 
<20 
6 + 40 

roo* 
..(5 

2,6 : 2,7 

<I~ 

7, 7 + 12, I 
- 7,7 

0,6 + 0 2 - ' 
1,2 + 2,0 

- 1~2 

100 
roo 

roo* 
8 + 6 

100 
IOO 

60 
63 
64 

46,47 

52,61 

8 

7 

8 

68 

52 

48 
49-51 

55-59,80 

59 f' 

53,81 
53 

46,47,76 
~ _,, __ HeRTpaJibHble 48.CTHUbl 

roo * 
165-_: 53 
270+ 60 
250 : 50 
310 + 40 
310 !: 120 

83 
84 
85 

-··--___ ,, __ ___ , --
-··---___ , __ _ 
_,,_ _,, __ _ 
___ ,. ---
_,, ---__ , __ 

_ .. _ 
---If-_,, __ 
-··---

3 71° 
2r __ , __ __ ,_ 

:;r+ 'Jf-( 
.....,_,,.-

31 

83 !: 3~* 
-=:: 104 + 32 

135 !: 70 
r24 -_: 1,26 
26 + 8 
26 + 13 

47,78 
64 
83 

86 
82 

83,86 
86 
82 



Pe3oHoH 

_,, __ 
_,,_ 

.f 
w 

--" 
-··--__ ,,_ 

-··--___ ,_ 

II-

u--

--- , __ _ 
_,, __ _ 
---··-
-··--
---H--

""'._ .. -___ , __ ___ ,_ 
_, __ _ ___ ,,_ 

('lif}, 

(~ii)z. 
071) 

THn pacna..~ta 

_ ,,_ 

311' () .... 11., .2 J' 
371 

'Jf'f-:Jr-'Jr'O 

'Jr ... :Jt-__ ,,_ _,_ __ ,._ 
_,_ ___ ,, __ 

ttekTt· ~tac. T14~ f>l _,,_ 
_,,_ 
---" 

'or 
~ ....... 2.71'
:n+ 'Jf- 2.1Jol) 

.2..'1 .. .21f.;,~1l"' 

:JJOK' 
')T-+JJ-J 

e+ e.-
'tn 
~~~ 
3F 

B(~)THOCTh 

< 25 
r74 ! 87 
roo 
roo* 

~ 2 
10 .. J 

~5 

<ro 
Z4,8 !1,2 

-:::: J ,5 

<10 
<5 
7 ! 6 

10 + 4 

< 
17 
5 

< 12 
<I 
14 ! 5 
< J 
~ 1 

IOO 
100 
IOO 

JlHTepaTypa 

84 
82 
78 

46,47,82 

85 
J 
87 
88 

90 
16 

63 
52 
64 

85 

52 
61 
61 
52 
85 
89 
90 

92 
53,81,93+ 

ilj 

*1 Beponn~cTb 3Toro THna pacna,Jta ycnosno npKHSITa 3a 100 r:f,. 
K~, 

llpHBe.~tena nonyreopeTKtleCKa.R oueHKa. ITo,~tpoOuoe oOcyx,~tenHe 

3KCnepHMeHTtl.JlbHllX ,ltaHI!llX no pa,ltHtl.IJ;H?IIIIWU pacnaM,U 
t -M830Ha MOlltHO.HaHTH B.0030pe 91/. 

1 Cu.npHUOtl6HHe +~ K Ta6JIHUe 7. 
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·~ 
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8 
o6JI&CTH 60JibillHX 9HeprHI!: rpy6ble OUeHKH BeJIH'IHHbl 9THX Ce'leHHI!: MO>KHO llOJiy

ct!!Tb 
113 

cpaaHeHHll C OllbiTOM pacqeTOB no O,aHOMe30HHOI!: llOntOCHOI!: TeOpHH HJIH C nOMOlllbiO 

onTHctBCKOf'O 8H&nH3a 9KCn~pH~BHTBnbHbiX .uaHHbiX no ynpyroMy paCCBliHHIO 

na HyKnoHax. J].n11 cpe.aHel!: aenH'IHHbl ceqeHHI!: B o6nacTH T= 10 f'ae ( w ~ 
/53,69, 70/ 

fT -Me30HOB 

1-3 f'sa) 

nepBbii!: cnoco6 .aaeT 3Ha'IBHHe 

a, ~ 30 M6x). 

171 72/ 
6nH

3
KHB 3H&'leHHSI nonyqaiOTCll H H3 OllTH'IeCKOf'O aHanH3a 

0 

, 

8 ceqeHHSIX o
1
n (mr) H 0

1 
(mr) ,aon>KHbl npOHBnl!TbCSI o6cy>K.UBBWHeCSI BblillB 

.UBYXIIliOHHbiB pe30H8HCbl, 

VfnTepecnall nonhiTKa nony'IHTb cee.aeHHH o ceqeHHliX oT.aenbHbiX KaHanoe neynpyroro 

173 75/ 
a3&HMo.ael!:cTBHll 6wna c.aenana B pa6oTax ' • B 3THX pa6oTax H3 aHanH3a peaK-

UHll 
"+p .. N+K+K 

MBTO.UOM 3KCTpanonSIUKll 'iy-noy 6blJIH nony'leHbl OUeHKH ceqeHHSI KaHana 

" + rr .. K + K 

.Unll 3HBprHI!:, He,aaneKKX OT nopora: ~ 2 M6 ,anSI B38HMo.ael!:CTBHSI B COCTOSIHHll C 

n3oTonwqecKKM cnHHOM I •0 " ~ 0,6 M6 .anSI •1. 

npe)lCTBBnBHHB 0 BBJIHqHHe ceqeHHI!: rr - rr .B3aHMO,ael!:CTBKI!: npK oqeHb 6onbWKX 

3HeprHHx w >> I f'ae MO>KHO nony'IHTb c noMOlllbiO npoCThiX KBa3HKnaccHqeCKHX coo6pa

/72/ >KeHHI!: • J].nll sToro ce'leHHll N - N H " - N B3BKMo.ael!:CTBHI!: npe.acT&BHM B BH.ae: 

0TCIO)la cne.uyeT, qTo 

o(NN)~4rrrN 

' 2 

u(rrN) • rr(rN + r 17 ). 

r" ~ r N (2yu{rrN)/o(NN) - 1). 

r (6) 

(7) 

npH 6onbWHX 9HeprHSIX, KOr.aa ,anKHa BOJIHbl B3aHMO.ael!:CTBY101UHX qaCTHU O'IBHb Mana 

( ,\ << r N , r rr ) , BeJIH'IHHbl r N H t Tf MO>KHO paccMaTpKBaTb KaK scpcpeKTKBHbiB pa3-

MOpbi HyKnOHB K Me30Ha, no9TOMY 

2 ---- 2 
u(rrrr) = 4rrr., • (2yu(O'N)- yu(NN)) 

Vlcnonb3yH &CHMUTOTH'IeCKHe 3Ha'leHKSI ce'leHHI!: N - N 

nony'IHM: 

H rr - N B38KMo.aellcTBHI!:, 

(8) 

x) /53 69 70/ B pa6oTax ' ' · noKa3&HO, qTo Hcnonb30B&HHe ilOCTBTOqHo MOH09HepreTH'I-

HhiX nyqKOB 11 -Me30HOB ll03BOnHT nony'IHTb CBe.aeHHII He TOnbKO 0 Cpe,aHel!: BenH'IHHB 

C<''IBHHSI U t ( TfTf) , HO TBK>Ke H 0 ero 9HepreTH'IBCKOI!: 3aBKCHMOCTH, 
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a .f. (1111) ~ 2 MO a ( 11TT) ~ 10 Mo 
In 

a 
1 

(1111) 12 Mo · 

(llpH T>> I rae eeqeHue a (1111) .. 0 

Hl!/73/ ), 

, KBK aTO enenyeT H3 OOlUHX eGoopa:>Ki-

!lony'!eHHbie TBKHM oopa30M aeHM!lTOTH'!9eK09 ee'!eHHe a
1 

(1111) 0'19Hb Ol1H3KO K 3H8-

Ji11IO, Bbi'!HeneHHOMy Ha oeaose TeopnH non10eos Pan:>Ke: 

a 
1 

(111r) 
a 1 (" N ) 

a 1 (NN) 
14 Mfl (9) 

KaK BHllHO, ee'!eHHSI " - 11 B38HMOll9l!eTBHit OllHOro I10pHllK8 ee!lH'IHHbl C eeqe-

HHSIMH N - N H 11 - N e38HMOll9itCTeHit, 

IlpH nepeXOll9 OT aHeprHl! W ~ 1 rae K 8CHM!lTOTH'I9eKOl! oonaeTH W >> 1 rae 

rronHoe ceqeHHe " - rr saaHMOlleltcTeHit yMeHbmaeTeSI npu6nnanTenbHO eneoe. 

2. Peaonane&I e cneTeMe Tpex 11 -Meaoaos 

PeaoHaHcHoe TpexnnoHHoe eaanMonel!cTene enepe&Ie 6blno OTKpbiTO e 1961 r. npn 
+ - 0 

neenenoea HHH acpcpeKTHeHOit MBCebl TpOeK 11 -Me30HOB0 ( 11 + 11 + 1T ) , OopaayiOlUHX-
/76/ 

CSI npH aHHHrHnHUHH aHTHnpoTOHOB • Ilpn M '" ~ 780 Mas OT'IeTnnso aaoniOnaneH nHK, 

naneKo BbiXOllHewHl! sa cpaaoey10 KpneyiO, CooTeeTCTeyiOlUHA peaouoH nony'!Hn Haaeaana 

~.-Meaoaa, 

Ilo'ITH onaoepeMeHHO 6&m OTKpbiT TpexnuoHHbill peaoaaac npH ueeKonhKO M9HbWelt 
1771 

aaepruH: M 311 ~ 550 Mae • 3TOT pe30H8He OObi'IHO 0003H8'1810T oyKeolt ., 

B noene.ayiOlUeM o6a peaoHaaca, 'I H w, MHoroKpaTHO aaoniOnanHCh e caMblX 

paanH'IHbiX peaKUHSIX (eM., uanpnMep, pne, 15 H 16)1 H ceol!cTea HX 6&mH xopowo uay'!eHbi, 

/78/ 
Eme O.OHH TpexnHOHHbill peaouaue npH M 311 ~ 625 Mae 6&m o6Hapy:>KeH e pa6oTe 

( CM, pne. 16), o.oaaKo aToT peaoaaue Tpe6yeT eme .aanbaeltwero nay'!eHHSI, KpoMe Taro, 

He.aaeuo o&ma o6aapy:>Keaa aaoManHSI npn M=95071250 Mas e pacnpe.aeneHHH acpcpeKTHe-

Holt Maeebi TpoeK " -Meaouoe, po:>K.OaiOmnxeSI e 11 - p eaaHMo.aellbTeHSIX npH T• 2, 1r 

K eO:>K8!19HHIO, KBK OTM9'1810T CBMH aeTOphl paoOTb/
791

, HHT9pllp9T8UHSI aTOll BHOMBnHH eme 

eeCbMB H90.0H03HB'IH8, 

OeaoeHble eeoAcTea oocy:>K.aaewnxeH TpexnHOHHbiX eaaHMO.OelleTe Hit co6paHbl e 

Ta6nnuax 7 H 8. 
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IJMI'; 

/.Ill 

140 

21111 

{60 

lllll 

Pnc. 15. Paenpe.aeneane acpcpeKTHeaolt MaCO::bi TpoeK " -Meaoaoe 
+ + - 0 

(11 +11 +11 ) , oopaayiOlUHXCH e pe8KUHH 1T +p-+p+ 211 +11 +11 

npn T =2,6 rae1461 • BllllHbl llHKII, COOTeeTCTeyiOlUII9 .,-II "'-Me30H8M, 

3. MuoronHOHH&Ie peaoHaHCbi 

B HaeTOS!lUee epeMH HM9IOTeSI onpeneneHHbie aKcnepHMeHTanhHbie yKa:faHIISI Ha cyme

eTeoeaulle peaoHaHeoe e ClleTeMe '!eT&Ipex " -Meaouoe, HeKOTOp&le H3 aTIIX peaoHaHcae 

HB!lSIIOTeH npoS!eneHII9M '19Tblp9Xlli!OHHbiX TllllOB pacna,aa y:>Ke o6ey:lK.08elUHXeSI BbiW9 peao

H8HeOB p H f • B pacnpeneneHIIHx acpcpeKTHBHbiX Mace e aTIIX cnyqaS!x Ha6ni0.08IOTeH 
/52,59/ 

auoManhHOCTII np11 750 11 1250 Mae (eM., wanpnMep, H .ap.), TaKoro :>Ke npouc-
/52' 

XOlK.09HHH, no-elllliiMOMY' llHKH npu M ~ 1,05 rae, aa6ni0.08BWH9eSI e pa6oTe . (eM. 
411 

pHC, 17); HX MOlKHO HHTepnpeTHpoeaTb KBK '19Tblp9XllHOHHbllt pacna.a pe30HOH8 

HapS!.OY C 9THM e pacnpe.aeneHHSIX acpcpelCTIIBHblX M8CC .If HM910TCSI llHKH, KOTOpbl9 
411 

aaee.OOMO H9!lb3H CBSI3BTb C pacna.QOM y>Ke H3B9CTHblX pe30HOHOB, 
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Puc. 

I 

AN 
'l""M» 

+-0 
R5 

20 

1$ 

10 

5 

0 V' 1 -1 I I I f'-.,1 

AO ++-

20 

f5 

10 

5 

0 
600 700 1Wf3r M-.s 

16. BepxuuJ! puc. - a¢cpeKTHauasr Mecca TpoeK 11 -Meaouoa 

( 1T + + 11 - + 11 O) H3 pe8KQHH p + p -+ 2 p + 11 + + 11 -

' npu T »2 raa. npuae,lleua TeopeTH'i9CK8H KpHaasr, Bbi'IHCneuuas 

6ea y'leTa 11 - 11 aaauMO.lleAcTBUH. 

Hu>KuuJ! puc. - To >Ke .llnll ( 11 + + 11 ++ 11 - ) ua peaKnuu 

p + p -+ p + n + 211 + + 11 - • 0T'I9TUUBO BH.llHbl UUKH p630H8HCOB 

U )( /78/ .,., 

.. 
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;.J 

JJN 
/l t11trl 

80 

It!/ 

0 
ffll 

120 

80 

ItO 

0- -·· . 
0.5 0.8 1 1.2 1.4 I'll, fi. r 3 e 

Pnc. 17 • 8¢cpeKTUBH8H M8CC8 CHCT9Mhl H·3 '19TblpeX 11 -Me30HOB, o6paay!OlllHXCSI llpll 

8HHHf"HUSIUHII 8HTHnpoTOHOB: p + p -+ n Tl. n ~ 8 • T ~ 0,92 raa/52/. 

BepJlHHJ! puc. OTHOCIITCH K cnyqa!O, KOr.lla cyMM8p11blll aneKTPII'I9CKIIJ! aaps.o 

'19Tb!p9X 11 -M930HOB Q 
411 

~ :!:: 2 HII>KHHl! pi!C. - K c;:xy'IB!O, KOf".llB Q 411 ~ 0 • 
Ha o6o11x pHcyuKax np11ae.oeuo TBK}Ke TeopeTII'IecKoe pacnpe.oemAue, Bbl'IH-

cneuuoe 6e3 y'ieTa p930HBHCHbiX 11- 11 B3BIIMO.ll9J!CTBHJ!. , 

/92/ 
Ha p11c. 18 np11ae.oeuo pacnpe.oeneu11e M 113 pa6oTbl c ni!KOM a o6nacTH 

411 ) 

l ,3- I ,4 raa, pe3KO Bbl)l9USI!Olll9MCH H8.ll KpHBOl! cpaaoaoro OO'bBMBX • Cny'IBII, BXO)lHlllhB 

" aToT nHK , 6bxnH cnenl!anbHO npoauanllaHpoaaHbl .llnSI onpe.oeneHHSI aQ::>Q:leKTHBHblX Mace 

" mo6bxx .oayxnuoHHblX KOMOI!Henusx: M 
11 

+ 
11

- 1 

BpeMH KBK acpQ:leKTIIBHbl9 MBCCbl KOMOHH8QHl! (11 

M - -
11 11 

+ 11 

M 11+ "+ B TO 

II ( Tl + + 11 + ) HM9!0T 6o-

nee HnH Meuee nnaaHble pacnpe.oeneuus, acpcpeKTHBHBH Mecca U 11+ 11-
rpynnupyeTCSI 

OKono .oayx suaqeuuJ!, 550 li 750 Maa, paBHblX Mace aM .; - 11 p- Meaouoa. 

x) 
VlHTepeCHO OTM9TI!Tb, 'ITO B H!L.Tepaane I ,3- 1,4 raa HBOU!O)l89T~SI UHK B pacnpe-

.QeneHIH! scpcj1eKTHBHOJ! MBCCbl nap K
0 

+K
0 

(eM. § 5). Mo}KHO noKB3BTb;g 
1

, 'ITO ecnH .§!TO 

COBfiBLleHue He cny'lal!HO II pe30HBHCHbl9 CIICT9Mbl '19Tblpex 11 -Me30HOB H IIBpbl X
0 

+ K
0 

OTHOCHTCSI K O.llHOMY II TOMy >Ke COCTOSIHH!O, TO 9TO COCTOHHII9 ( pe30HOH) JlQU}KHO HM9Tb 

nynesoll I130TOUII'19CKIIl! CllHH, 'i9TIIbll! CllHH, noUO}KHT9UbHb!e npOCTpBHCTB9HHy!O '19THOCTb 

11 G -qeTHOCTh. 

~) 7 



Llns npoaepii:R, He. sanseTCR na &TOT pe3ynbT8T cnyqaAa&rM, onpe.lleneaae scpcpeKTHs

HbiX M8CC .llBfXDHOHHbiX KOMDOHeHT 6blnO C.llenaHO .llnll COC&.IlHHX f'I8CTKOB, npaneraroutHX 

'l K DHKY• npa 9TOIOI HH B O.llHOI 83 B03MOlKHbiX KOM6HH8UHA He 6blnO o6HapylK&HO DHKOB, 0 

COOTBeTCTBYIOlllHX f."- HnH p- Me30Hy. 

IJI 
~ 

C) 

H 

2() 

II 

IIJ 

J" 

Q 
I l! 211 25 H+lf. r,a 

.... 
Pac. 18. Pacnpe.lleneaae s¢4>eKTHBHoll Macc&r 'leTsepoK rr -M&30HOB 

( 2rr + + 2rr-) H3 tr- -Ji 838HMO.Il&ICTBHil C polK.IleHH&M CTp8HHbiX 

'18CTHU (T ~ 7 rss) 921. CnnowHaH rHCTOI'p8MM8 - pacnpe.lleneHHe 

H3 3Be3.1l c I"RnepoHOM A ana ::E 0 
;,_ nyHKTHpHaH racTorpaMMa - pac-

npe.lleneaae H3 3Be3.1l c napoli K 0 + «. 0 • YKa3aao TSKlKe TeopeTa-

'18CK8H KpHB8H 0 He f'IHTbiB810lll8H tr - tr 838HMO.IleACTBHIIo 

0rCIO.Il8 MOlKHO 38IUIIO'IHTb 0 K8CK8.1lHOM p8CD8.1l8 'I&Tblp&XDHOHHOrO p830H8HCHOrO 

COCTORHHH: 

+ p + , +, 

L-,++" 
'. + ,.+ + " 

( 4rr) 
1 

.. i ~rr++ rr 

p + '. 
,+ + "-

Lrr++rr 

38 

HeKOTOpbre 8HOManbHOCTH B pacnpe.lleneHHH scpcpeKT.HBHblX Mace npH II .. 1,4 rsa 
/52/ 411 

HB6mo.llani!Cb TaKlK9 B pa60T9. ; O.llH8K00 H9CMOTpll Ha TO, 'ITO 'IHCnO HCCn9.1lOBaBWiiXCR 

/92/ 
co6hrTHil a &Toil pa6oTe aHa'IHTenbHO 6onbwe, '!eM B pa6oTe , 9TH aHoManbHOCTH TPY.IlHO 

oTnH'IHTb oT 'IHCTO cTaTHCTH'IecKHX cpnroKTyauHA (cp. pac. 19a H 19a). CaTyaua11 3.1lecb 

HBn!leTCH 9LU9 0'19Hb H9HCHOA. 

~N 

llMt,ff" 

80 a 

~0 

0 

80 

ItO 

0 

(1,0 c 
i' 

120 

80 

"' 
0
o6 0.8 u M4tr raa 

Pnc. 19. 3cpcpeKTHBHasr M8CCa CHCT9Mbl H3 '19Tb!pex 11 -M930HOB, o6pasyroutHXCSI 

/52/ 
DpH aHHHrHnSIUHII 8HTHDp.OTOHOB: p + p .. n, , n • 8, T•0,92 rsa • 

a) Q •rr =0, n = 6; a) Q
417

•0, n •7; c) Q
417

=1, n •1. 
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,,, 
'-t ·.t);; 

'· 

/93/ 
'-leTblpexnHOHHbiA pe30H8HC npH M .. 2 rsa OTMe'!anca B paC5oTe npa aHanaae ·~. . ,, 

MHO>KeCTBeHHOrO pO>K.lleHHR 11 -Me30HOB B 1T - p 
0' 

CTOnJtHOB9HHliX, YII438Hllll H8 B03MO>K-

HOCTb '!eTblpeXDHOHHbiX pe30H8HCOB DpH CL1 a 2 >f . 2,6 /53 811 
r9a Clle.llyiOT <1'8K>Ke H3 paooT .'' • 

EcnH 9TH pe30H8HCbl aeACTBHTenbHO CyllleCTBylOT, TO OHH CKOpee acero SBIIRIOTCR 
;.. 

npOJIBIIeHHeM >ieTbipeXDHOHHbiX THROB paCD8.118 COOTBE!TCTBYIOlllHX .11BYXDHOHHbiX CHISTeM, Bee 
u 

9TH aonpocbl TpeC5yiOT aenbHeAwero aay'leHHll, 

/52/ 
8 paooTe HCCIIe.l10B8118Cb 9cpcpeKTHBH8ll M8CC8 CHCTeM 0 COCTOSIWHX 113 IIllTH H 

wecTH , -Meaoaoa. nony'leHHble npa 9TO¥ pacnpeaeneHHH npHaeaeabl It:& pac. 20 a 21. 

Ha nepBOM H3 9THX pHCYHKOB 38MeTH8 8HOM811HR B 015/I&CTH M., .. 1,65 rsa, 0.11H8KO 

•mcno npo8H811H3HpOB8HHbiX COfibiTHA ewe CIIHWKOM M81100 'IT06bl C.l191181'b KllKHe-mr6o onpe-

.119119HHble. 3BKIIIO'IeHHll, 

B pacnpeaeneHHHX .111111 wecTH , -Meaoaoa CT&THCTHKa eme MeHbwe; TaM ae Meaee 

C.l1BHr 9KCD9pHM9HT811bHOI rHCTorpeMMbl DO OTHOWeHHIO K €jla30BOI KpHBOA Ha pHC, 21 RpH 

Q ~ 0 npoliBIIR9TCSI BDOIIHe OT'IeTnHBO, no-&H.11HMOMy, 9TO ofiyCnoalieHO' WQCTHDHOHHI>I-:" 
011 

MH THD8MH p8CD8.118 H3B9CTHbiX pe30HOH08 e 0 8 0 p , 

4, K- II' B31lHMO.l1eAcTBHe 

K -Me30H IIP9.11CT8BIIReT col5oA KOpoTKO>KHBYIOlllYIO H9CT86HnbHyiO '18CTHUY 
0 

D09TOMY 

npa aay'leHHH K -" B38HMO.l1eACTBHI Mbl BCTp9'189MCR C T9MH >Ke 38Tpy.l1HeHHRMH
1 

'ITo a a eny'lae II'- II' B38HMO.l1eAcTaaA. TpyaaocTH eme 6onee ycyry-6nRIOTCSI ManoA 

aena'IHHOA ce'!eHaA pomaeaas K-Meaoaoa npa aeynpyrax N- N H " - N B38HMoJlel-

CTBHRX: B HHTepaane 9HeprHA T .< 10 r9B 9TH C9'19HHll He. npeBblW810T H9CKOIIbKHX D·po-

U9HTOB oT aenH'IHHbl nonaoro ce'leHHll aeynpyrax peaxuaa H nHlllb npa 9HeprHHX 

T -20-30 r9B .110CTHr810T 10-20% OT B911H'IHHbl C9'19HHR 0 In 
/94/ 

CaeaeHHll o ce'leHHliX K - , B38HMO.l19ACTBHA MO>KHO 6blnO 6bl nony'IHTb H3 &He-

naaa nepacpepa'lecKHX B38HMO.l1eAcTBHA K-Meaoaoa c HYKJIOH&MH, 0.11H8KO TBKHe accne,llo

aaaaa eme TOIIbKO H&'II!!HaJOT p83BHB8TbCll, B aacToHi:uee apeMH H3BeCTH4 acero nBWb oa

aa pa6oTa, rae c noMolllbiO HHTepnonBuHoHHOA npoueayphi '-ly-Jloy onpeaeneao ce'!eaae 
+ - ' /95/ ' 

ynpyroro K - II' pacceSIHRSI a o6nacTH M&nbiX saepraA ( T .. 0) : 

+ 
u.l(K " - 5,0 

+ 12.2 

5,0 
M6 

OueHKY ce,eaHH K- II' B3&HMO.l1eAcTaHA MO>KHo nony'IHTb Tl.iiK>Ke aa cpaaaeHIIR 

peaynbTaToa onbiTOB no po>K,IleHHIO hap cTp&HHbiX 'IBCTHU (A + K) a (I + K) a naoa,.HyK

noaHhiX CTOIIXHOB9HBRX C 0.11HOM930HHOll DOIIIOCHOll TeOpB.e,ll. (cp, pac, 14 8 § I), 8 pafio-

/70 72/ ' 
Tax • T8KHM oe5pa30M YCT8HOBneao, 'ITO ·DPH 9HeprHRX T - I r9a cpe.llHllll 891111"' 

40 

...,. ............... ~J-.,.. IJl II II II I' w ~~ .. ·'"" ~-

4N 
AMsr 

fOO 

10 

60 

40 

20 

Gsr. =0 

.,..;..,.--~•--.: ~<• ~o. ~ •··~~-------• 

01 I 1"1"""+ I I I I I I I I"Y'l!•l 

BO Gsn = ±1 
60 

40 

20 

""),') I Oj l 1 nq'"*"'f'= 1 I I I I I I I I -

BO 
Q,,.= ±2 

60 

40 

20 

r 

01 f I n.-e-r=:e I I It I I,,,_. 
0.7 0.9 U f.3 f.5 1.7 1.9 M;..,. f:JB 

PHC, 20, 3cpcpeKTHBH8R M8CC8 CHCT9Mbl DRTH , -MeaoHoa, o6paa yiOlllHXCll a peaKUHH 

- /52/ 
p + p .. 711' npa T=0,92 r:;,a Q - CyMM8pHbll! 9Jl9KTpll'i9CKHJ! 38pll.l1, 

511' ' 
YKaaaHbi TeopeTa<iecKHe pacnpeaeneaaR., Bbi'iHcneHHbie 6ea y'ieTa ,_, aaaaMo-

.119ICTBHB, 
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A !'I 
AM,r. 

40 

30 

20 

I 

10 

0 

30 

20 

--. 
~0 

f 

0 

G.=O 

I 
Q=.t2 . -

t-1 '11' r •• 

PHc.21. 3¢¢eKTHBH8!1 Macca cHcTeM&I wecTH rr -MeaoHoa, o6paayiOWHXC!I a peaKUHH 

- /52/ 
p + p ... 6rr npH T •0,92 r3B • 0,11- cyMM8pHbiA 3J18KTPH'i8CKHA 

aap!l.ll. YKaaaHt>I TeopeTH'IBCKHB pacnpe.lleneHH!I, Bbl'IHCnellH&Ie 6ea y'leTa 

11-fT B38HMO.llBACTBH!I. 

C1 

'IHHa nonHoro ce'laHH!I K - rr aaaHMO.lleAcTaHA cocTaan!leT oKono 10- 30' M6. Bonee .lleTan&-

H&Ie cae.lleHHII o ce'laHHH u 1 ( K") MO>KHO nony'IHTb H3 OUbiTOB C MOH03H8preTH'IBCKH-

MH ny'IKBMH tr -Ma30HOB. 

42 

K 6mt3Kin.-t peaynbTBTBM 

"' ( K") 15 M6. npH T ~ 1 r3a 

npHBO'l><T onT><'IBCKIIA BHBJ1113 onhiTOB no ynpyroMy pacce!IHHIO K-MeaoHoa Ha nJ>OTo

/71, 72,96/ 
HDX 

npe.llCT8BJ18HHe 0 aenH'IIIHB CB'IBHHl! B OOJ18CTII O'IBHb OOJlbWIIX 3HeprHll .llB,IOT npOCTbie 

KlliiCJ>iKJ18CCII'IBCKH8 COOOpB>KBHH!1 0 UO.llOOHb!B TaM, 'ITO y)f(e IICIIOJ1b30B8J111Cb .llJl!l OUBHKH 

CE'4BH><H Tr - 1T B38HMO.llal!CTBHl!. !13 cpaaHaHH!I COOTHOWBHII!I 

a (K - N) ~ rr ( r K + t N ) 

C Bblp8)f(8HH!IMII (6) CJlB.llyaT, 'ITO 

tK~ tN(2ya(KN)/a(NN) 1 ) • 

( 10) 

(ttl 

npH 6onbWIIX 3HeprH!IX, K0f'.ll8 t K MO)I{HO paCCM8TpHB8Tb KBK 34J¢eKTHBHb!ll pa~Mep K-Me-

30H8 

T.e. 
a(Krr) ~rr(r, +t K) ~ (ya(rrN) + ya(KN) -yu(NN) )

2
, 

a (l(rr) 9 MO 

6n><3KOe 3H8'18HII8 a 1 (!( 1T ) 

a 
1 

( rrK j 

a.ee'". 2 MO a (!{rr) ~ 7M6• 
In 

nonyqaeTcH a TeopiiH non10coa Pa.ll)f(a: 

a
1 

(K.'I) a
1 

(rrN) 

a (NN) 

Jl MO 

( 12) 

(-13) 

KaK BH.llHO, no aceM oueHKSM ce'laHH!I K - rr B3811MO.ll8l!CTBHA 38M8THO M8HbW8 

ceqeHnll N- N 11 rr - N aaaiiMO.llellcTallll. 

I-la IX MB)I{.llyHapo.llHOl! KoH¢epeHUHII no ¢11a11Ke awcoKHX 3HaprHA a KHeae (aarycT 

1959 r.) BaH raH-'18H coo6wHn 0 HBOJliO.llBHIIH B nponaHOBOl! nyabipbKOBOA K8Mepe COObJTII!I I 

/97/ . 
KOTopoe .llonycKano .llBe HHTepnpeTBUHH • Bo-nepBbiX, 3TO Mor 6bJTb cny'lall peaKl!HII 

K++n ... [( 0 +n+rr+ 
~ 

IIOPO>K.llBHHbJll K -Me30HOM c 3HeprlleA T ~ 0,8 r3a, K0f'.ll8 H9ATpOH OT.llB'IH nony'IHJl 

B>t<ITO>KHO Man&I·A IIMnynbC, nocKOJ1bKY nepBII'IHhil! K + -MeaoH 11 napa K
0
-H rr + -Me3oHoB 

paaneTBJlHCb np8KTII'IBCKH B O.llHOl! UJ10CKOCTII II HM8J18 MBCTO nO'ITH nonHBH KOMnaHC8UH!I 

IIOIIepa'IHbJX H npO.llOJlbHbiX HMnynbCOB 'IBCTHU, H80J1IO.ll8BWIIXC!I B 3TOl! peBKUHH. 

BTopag B03~0)1{HOCTb Bb!T8K8J18 113 <lJ8KT8 KOMnJ18H8pHOCTH H KOMU8HC8UHII _HMnynb

COB II 11pHBO.llHJ18 K 38KJ110'18HHIO 0 TOM, 'ITO B 3KCnapiiM8HTe, B03M0)1{H0 0 38¢.HKCIIpOB8H-O 

C06b!TI!a pacna)la HOBOA H8CT80HJ1bH0li''I8CTHUbl C MBCCOA OKOJ10 O.llHOf'O r3a: 

+ 0 + 
D ... K + rr 

43 



~~~--

' 1., 

nocne.llyJOIUHe ,HCCJie,llOB8HHSI nOK838JIH 1 'ITO 6onee npe.llnO'ITHTeJibHOlt !IBJI!IeTC!I nepea~ 

Tp8KTOBK8 aT0£'0 C06bJTHSI0 T8K K~)( 6h1JIH H8ll.ll9Hbl T8K>Ke HeKO':IITJI8H8pHble CJIY'I8H H 

38cpHKCHpOB8Hbl CJIY'I8H 8H8JIO£'H'IHOI! peaKUHH H8 BO.llOpO.lle 

0 

+ 
K 

0 + 
+p ... K+p+77 

/98 99/ 
C M8JibiM HMnyJibCOM OT.ll8'1H y npoToHa ' • 06paruano H8 ce6!1 BHHM8~He H8JIH'IHe 

CHJibHol! Koppen!IUHH K- H " -MeaoHOB. Pac'leT acpcpeKTHBHOA MaCChi cHcTliMhl ( !{+ 77 J.ll8JI 

3H8'1eHH!I, ne>K8IUHe B HHTepeane ( 0,8- I ) rae. rpynnHpOBK8 M8CC s y3KOM HHTepsane 

yKa3bJBana Ha CHJibHOe saaHMo.lleAcTSHe· K- H " -MeaoHos. 

~. 

.i1!L 
13M:,. 

50 

1,(} 

.l(J 

10 

Ill 

l~tltUaNSMa 

' f 

o' o!~., . dl . til , j '-t. /t (;,;,~./ 

Puc. 22. Pacnpe.lleneHHe acj:JcpeKTHBHOA MaCChi nap ( K + ") 
pO>K.ll810IUHXC!I s fii8KUHH "+ + p .. I( A) + [{ + " 
npH T ~ 1,5 ras 1011, nyHKTHpOM yK838HO pacnpe

,lleneHHe, Sbi'IHCneHHoe 6e3 y'leTa K- " S38HMO.llellcTBHA. 

/97 98/ 
8bJCK838HH8SI S pa60T8X 

1 
rHnOTe38 0 CHJibHOM !(. - 77 S38H¥O.lleACTSHH 

B IIOCJie.llyJOIUeM H8WJI8 no,llTSep>K,lleHHe B pa60T8X MHOf'HX 8STOpOS, 6hiJIO TS9p.ll0 ycTa

HOSJieHO, 'ITO aTO S38HMO,lleltCTSHe !IBJISieTCII pe30H8HCHb!M, 06oCHOS8HHe COOTBeTCTSYJOWero 

pe30HOHa ua6nJO.ll8JIOCb npH HeynpyrHx saaHMO.lleAcTSHIIX 38p!I>KeHHbiX K-Me3oHos c. npo-

ToHaMH, npH HeynpyrHx " - N S38HMO.lleACTSH!IX H npH 8HHH£'HJI!IUHH 8HTHHYKJIOSHOS, 

Bo scex aTHX cny'la!IX S pacnpe.lleneHHSIX no acpcpeKTHSHOA M8CCe CHCTeMbl (K· + tr) OT'IeT"' 

JIHSO Ha6nJO.ll8eTC!I nHK npH M "" ~ 888 Mas. KpoMe Toro, s pH.lle pa6oT Ha6nJO.llanocb 

o6paaosaHHe K-" peaoKOHa c MaccoA Mzc
17

• 725 Mas (eM. pHc. 22 11 Ta6n. 9). 06a 

3TII pe30HOK8 cne.llyeT C'IHT8fb TBep.llO yCT8HOSJ19HHbiMHo 
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B pa6oTe 
11001 OTJI.I9'!anec~o aost.tOlKHOCTb,. Jt8CK8JlHOro pacna.lla p930HOH08: 

+ 
[{ K* + 

I 
IT 

L[{ + , 

0JlH8KO aepORTHOCTb T8Jt01"0 p8CU8Jl8 0'19Hb M8J18 H He npeBOCXOJlHT 

aeposTHOCTH npgt.toro pacnana 

K*-+ IC+rr. 
1 

+0,5 )% 0'1' 
(0,5 -0,25 

r· 

\) 

B aacTORLUee apet.tR. HM910TCSJ yJtasaHHH Ha pesoHaHCRbre 1{ - rr B38HJ\.IO.IlellcTaHH 

npH 6cinbtUHX SHOpi"HHX, 

Ha pHC, 23 npHBO.Il9Ho pacnpe.lleneHHe sqxpeKTHBHoll t.taccbl nap ( K + 1111 ), o6pasyJO

UHIXCH npH o6ny'IOHHH cj:JpeOHOBOll H JtCeROHOBOll ny3blpblt0Bb1X• ltllMep ·.S ny'!Ke CeMHI"SBKbiX 

11101 / 
IT -M030HOB , 3aM9THbl UHKH UpH 1,09, 1,2, 1,26 raa; Kp0M9 TOI"O, Bbl.ll9/IH9TCH 

rpynna '18CTHU B palloHe OJlHoro raa, K COlKaneHHIO, CT8THCTHKa saperHCTpHpOBilllHbiX co-

6biTHll CJlHLUKOM Mana, 'IT06bl MOlKHO 6b!J10 C:ll9J18Tb K8JtHe-nH60 Ollp9Jl9J19HHb19 38KJ110'19KHH, 

8o3M0)1{H0, 'ITO H9KOTOpb19 H3 H86/110Jl89Mb1X UHKOB o6yCilOBJ19Kbl MHOI"O'IaCTH'IHblMII peso

uaHCaMH, 

Nr---~--~--r---~--~~~--~~~~~~ 

M t" 

20 
~ 

t 
10 

0~--~~~~--~~~---T--~--~--~~ 
a~t a6 o.a 1 {.2 M /(~,,; i!a 

PHC, 23. Pacnp9Jl9119HHe acj:Jcj:JeltTHBHOll M8CCbl CHCTOMbl '18CTHU ([{+niT), n•J,2,,.,, 

/110/ 
o6pasyiOLUHXCH B HYKIIOH-SIJlOpllbiX CTOIIKHOB9HHSI npH T •7 raa 

46 

J3onee onpe.llOIIOHHbiO yK838HHSJ H8 CytUOCT.SOB8HHO MHOI"O'IBCTH'IHblX pe30118HCOB B 
1921 . 

cHcTeMe K- H IT -MesoHOB nony'leHbl a pa6oTe • B &Toll pa6oTe aa6niO.Il811CSJ Tpex-

'18CTH'IIIbllt UHK npH M " 1,1 - 1,2 raa H 'IOTb!pOX'I8CTH'IIIblll UHK npH M • 1,6-1, 7 raa 
KZIT K31T' . 

(eM. pHC. 24 H 25), 

JJN 
!JMNu 

20 

t5 

(0 

5 

0 

PHC, 24. 

I f1H~!f r'i& 
'(' 

:3qxpeKTHBH8H MaCC8 CHCTOMbl '!aCTHU ([( O + IT;!: + IT. ) , p0)1(Jl810LUHXCSI 

- . /92/ 
B " - p CTOIIKHOBOHHSJX npH T =7 raa • rnanKaSI KPHBaSI - TeopeTH'I9CKOO 

pacnpeneneHHe, He Y'IHTbiBaJOLUee pesoHaHCHbiX ssaHMO.Ilelt<;:TBHlt. 

+ 
AaanHs scj:Jcj:JeKTHBHbiX Mace nap 'IBCTHU K + IT- 1 UpHH8Jl/10)1{8LUHX K 

nepBOMY H3 3THX UHKOB, yK83biBaOT H8 B03MO:>KHOCTb K8CKa.llHOI"O p8CU8Jl8 TpOX'I8CTH'I-

HOI"O p030H8HCHOI"O COCTOSIHHH: 

( K 2rr) [(~ + rr 

I " 1..-;Joo •• 
.=-

+ 17 

CnenyeT non'lepKHYTb, O.lliiOKO, 'ITO ace 9TH aonpoCbi Tpe6yJOT eme nanbKellwero 

9KCUOpHMOHT8/IbiiOI"O yTO'IIIOHHSI, 
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Puc,25 • 3cpcpeKTHaHaH Mace a B CHCT9Mbl 'ISCTHU ( [( 
0 + 11 + + rr- + TT .! ) , pO>K,D.aiO-

- /92/ 
lUHXCH a TT .- p CTOnKHOaeHHHX npH T =7 r,a • OT'!eTnHaO Ha6niO,D.aeTCH 

RHK, ,aaneKO a&IXOJlHlUHll 3a T90p9TH'!9CKyiO KpHayiO, a&l'IHCneuuyiO Oe3 

Y'I9TB peaOHBHCHhiX a3BKMO,D.ellcTaHll, 

5. BaaHMOJ:lellcTaHe K...,Meaouoa 

HHKBKHX "'KcnepHMeHTan&Hblx JlBHHblx o ce'!eHHIIX K-K H K-K saauMo.aellcTauA 

a HBCTOlHUee speMH HCH3B9C'fH0 1 XOTH OU9HKH 3THX C9'19HHl! M<J)f(HO OhlnO Obl DODy'IHTb, 

H8llpllMep, H3 H3Y'I9HHH yrnoa&IX H 3HepreTH'I9CKHX pacnpe,aeneRHli CTp8HHbiX 'l4CTIIU, 

po)f(,D.aiOlUHXCH a peBKUHAX 

K + N -+ K + K + A (I ) + n 11 ( n ~ O,J,. ••• ) • 

TBKHe B3BHMOJ:lellcTBHH MO)KHO p8CCMBTpHaATb KBK nepHcjlepH'I9CKHe CTonKHOaCHIIII Hane

TBIOUiero K-Meaoua c K-Meaoaaol o6Qno'lll:ol ayiUloRa. 

.... 
rpy6yro oueuJty Ce'leHHH a38HMOllellcTBRII nap K-weaOHOB B o6nacTH O'letlb auco-
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• 

~ 

KIIX alleprHJ! MO>KHO .nony'IHTb C DOMOlUbiO T9X >Ke Ka83HKDBCCH'I9CKHX COOOpB)f(9HHl! 1 , 'ITO 

n Llil<l ce'!enuli , - , u K- TT B3BHMO.O.ellcTaHll: 

--- 2 
u(KK)., u (KK) ., ( 2 yu (KN) yu(NN) ) , ·( 14) 

T.e. 

u I ( KK) ~ 6 M6 U .l ( KK) ., 2 M6 • U In ( KK ) "' 4 MO . • 

Teop11u, oc.noaanaag na non10cax Pea>Ke, )laeT JlllH u ( I(K) anaqenue TaKoro >Ke 
I 

llOpS!JlKa BellH'IHH&I: 

u I (KK) -
a 1 (KN) 

u,(NN) 

9 MO . 

KaK aHllHO, ace :;oTH ce'!eHHSI aaMeTno Men&we ce'!eHHl! K - 11 

naMnoro MeH&we ce'!eRHl! N -N , rr- N H K -· N aaaHMOJlellcTaHl!. 

(15) 

a3aHMOJl9JICTaHl!: H 

B nacToliwee apeMH Taepao ycTanoaneno, 'ITO a cucTeMe ( K + /( ) HMeeTCH peao

nanc npu anaqenHH acjJcjleKTKanoil Macc&I At KK .. 1019:!:.1 M9a, (cM.Ta6n. 10). nuK a 

pacnpeJleneHKH l1 KK , COOTBeTCTBYIOWKll 3TOMY peaonancy, OT'IeTnHBO ua6n10.aaeTCll a· 

HeynpyrHX TT-- p II !(.-- p B3aHMOJleliCTBHHX 1 a TaK)f(9 np11 BHHHrHDHUHH BHTHUpOTOHOB, 

. /115,116/ 
KpoMe Taro, B paOOTBX OTM9'19Hbl RHKH B pacnpeaene!IHH acpcpeKTHBHOl! MBCCbl 

0 - 0 . /57/ 
nap (I( ~(( )npH 1,05-1,15 r3a H npH !J ...,,.1,275 r3a , 0JlHBK0 CTilTHCTH'I9CKBH 

KK /116/ 
o6ecne'!eHHOCTb STHX DHK08 Mana; TBK, peayn&TaT&l pa60T&I OCHOBBHbl ka BH8lll!39 

sce!"o nHlllb 13 nap K-Meaonos a KcenoHosoil nya&rpbKOaoli KaMepe H 38 nap a cppeoHo

' BOJI ny3blpbKOaOil KaMepe .• noaTOMY pe30HaHCbl 

paCCMBTpHsaTb K8K JlOC'tOsepHble, 

M* 
2 

H 

IV-JV,r-~~~~~--r-~ 

r"zo11•a 

~mf~w,~-

u• 
3 

a Ta6nuue 10 ewe nen&au 

, r· 

-o', I J.z I i~, · iB(M;Riial 

Puc, 26. 3cjJ¢eKTIIBHBII Macca nap (K +I{) a peaKUHH K + p .. A +K + f( 
npH T ~ 1,8 raa nocne Bbi'IHT8HHH TeopeTH'lecKoro pacnpeaeneBRll, 

He )('lHTbiB810Wero p930B8HCHbiX a3BHMOJ:l9ICTBHI3/J11/, 0T'l9TniiB0 

npoHanaeTCH peaoHanc npH !J KK •1020 M9a, 
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yKaawaanocb, 'ITO auanua &Kcnepi!MeKTBnbHbJX aauuwx, nony'leaHbJX 

n KOCMH'IeCKHX ny'l~x. npHBOJlHT K npeanono>KeHHIO o CYJ..UecTaoaaunu peaououa c Maccoa, 

nprr6nrraHTenhuo paaKoll· Macce aayx HYKnouoa, uyneBbJM 6apnoHKLJM 'IHCJJOM " Hynea,oa 

cTpllKHOCThiO. TaKoA 'peaouou, BOo6LUe roaop11, MO>KeT pac~JlBTLCH ua napy ( K + [i) 
H npoHBnSITbCSI KaK peaouauc np11 B3BHMo.Qel!cnJHH K- H K -Meaouoa, To >Ke caMoe 

MO)I{KO CKaaaTh 0 , -, peaOKOHBy< c •<accaMH ,If > I raa. 

KpoMe .peaouaucoa, yKaaaHHbJX a Ta6nn1.1e 10, HHKaKnx apyrax peaGHaucoa npn aaan?.w

ueilcTBHH nap K-Meaouoa noKa He o6aapy>Keuo; O.QHaKo TO'IHOCTb SKcnepnMeHTBni>Hblx 

JlllHHbiX B JiaCTOSIJ..Uee BpeMSI eJ..Ue O'leHh HH3Ka, H 3JleCb' B03MO>KHbJ BCIIKKe HeOJKH.A!BHHO()TH, 
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