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BEeaeHHe 

flpH HCCne/lOB8HHH aeneliHH H/lep llpH B3aHMO/leHCTBHH C TS'DKenblMH 

HOHaMH B pH/le pa60T/ J-5/ H3MepHnHCb M8CCOBble pacrrpeaeneHHH OCKOn

KOB. 8 8THX pa6oTaX 6binO YCTaHOBneHO, "!TO HaH6onee sepoHTHblM HBnsreTCH 

aeneHHe Ha usa ocKonKa paBHOH MaCchl, a BH/l Macosoro pacrrpeaeneHHH 

arrrrpoKCHMHpyeTcH rayccoscKHM pacrrpeaeneRHeM 

2 - ~ [ P(A)= ( IT a l exp-

A c -l 2 
(A---r ], 

a 2 

rae A - M8CC8 OCKOnKa, Ac - Mace a COCTaBHOT'O Hllp8, 

illHpHHY M8CCOBOT'O pacrrpeaeneHHH. 

(I) 

'2 a onpeaenHeT 

flpH Cp8BHeHHH 8KC11epHMeHT8nbHbiX /laHHbiX , rrony"!eHHblX /lnH p83HblX 

KOM6HH8UHH MHilleHb-"!8CTHUa , OKa3biB8eTCH, "!TO BH/l M8CCOBOT'O pacrrpeaeneHHH 

cyweCTBeHHO 38BHCHT OT HB"!anbHOT'O COCTOHHHH COCT8BHOT'O H/lp8 . 8 pa6o 

Tax13-S/ llOKa3aHO, "!TO 110 iv!epe ysenH"!efiHH ~ 
2 

H 8HeprHH B036y)l{/leHHH 

COCT8BHOT'O H/lpa B03p8CTaeT BepoHTHOCTb 8CHMMeTpii"!HOT'O aeneRHH , "!TO 

Bbipa)l{aeTcH s pacwapeRHH Maccosoro pacrrpeaenefiHH. 

Ecna aorrycTHTh , "!TO BH/l Maccosoro pacrrpeaeneHHH orrHcbrsaeTcH 

Bbipa)l{efi.HeM ( I) BO BCeM /lHai1830fle Mace OCKO n KOB , TO OK83biB8eTCH, "!TO 

o6pa30B8f1He OCKOnKOB C 6onb ill0H aCHMMeTpHej;\ Mace HMeeT 3aMeTHYID Be -

pOHTHOCTb . C 8TOH TO"!KH 3peRHH rrpe/lCTaBnHeT HHTepec HCCne/lOBBRHe 

Bb!XO/l8 OCKOnKOB , H8XO/lHillHXCH H a KpaiD M8CCOBOT'O pacrrpeaenefiHH. 
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l·i.~y'leHHe M8CC08biX pacnpe.aeneHHA ocywecT8nsmocb nocpe.acT80M 

K:tMepeHHSI KHHeTH'IeCKHX 3HeprHA OCKOnKOB/1,2/ HnH H86mo.aeHHeM 8biXO.I18 

onpe.aeneHHbiX H30TOnOB . no HX {3- H }' -K3ny'leHHSIM/S-5/, 0THOCHTenbHO 

HK3K8SI 'IY8CT8HTenbHOCTb 3THX MeTO.I108 n0380nHn8 H3MepHTb 8biXO.Il OCXOn

xoa, H8XO.I1SIIllHXCSI 86nH3H M8KCHMyM8 M8CCOBOrO pacnpe.aeneHHSI, r.ae 8CHM-

MeTpHK Mace ocxonxo2 He o'leHb 2enHX8, 

0.11H8KO 38.118'18 o6ner'l8eTcSJ, ecnH .anSI xccne.aoBaHHH 8b16paTb a -ax-

TK8Hbie H30TOnbl 8 o6n8CTH A = 200 - 220 . HecMoTpSI Ha To, 'ITO O)I(H.QaeMbiA 

8biXO.Il OCKOnK08 8 3TOlt o6n8CTH M8CC OTHOCHTenbHO Man, 6onbW8SI 'IYBCTBH-

Ten&HOCTio MeTO.Il08 a - cnexTpoMeTpKH n0380nSieT Ha6mo.aaTb acj>cj>exT. OueH-

xx, c.aenaHHble H8 OCH088HHH pe3ynbT8TOB/S-5/ 
1 
nOK83biB8~T1 'ITO Ce'leHHe 

o6pa30B8HHH 8 OCKOnK8X H30TOn08 C A 0. 200 -220 MO)I(eT COCT8BnS!Tb 8e-

28 2 288 40 
nK'IHKY • JO- CM 8 cny'lae U + A r, 

HaCTOSIIll8SI pa60T8 6bln8 IIOCT8BneK8 C uenb~ HCcnellOB8Tb 8biXO.Il H30-
ll88 

TOn08 Po H At 

liO 
JlbiMH HOH8MH 

s ocxonxax .aeneKHSJ npx B38HMo.aeltcT8HH 

40 

u c ycxopeH-

Ne H Ar. 

noCT8HOBK8 OIIbiT08 H 3KCnepHMeHT8nbHble pe3ynbT8Tbl 

OnbiTbl no o6Hapy*eHH~ H30Tono8 Po H At 2 ocxonxax .aeneHHSJ 

IIpOBO.IlHnHCb cne.ay~WHM o6p830M. 

ToncTble ypaH08ble MHweHH 20 

2-3 '18C08 H8 8HyTpeHHeM ny'IKe 300 CM 

12 20 40 

Mr ) 
-----

2 
o6ny'lanHCb 2 Te'leHHe 

CM 

-UHKnoTpOH8 n.RP OH.RH HOH8MH 

C, Ne, Ar C HHTeHCHBHOCTb~ ·100 MK81 50 MK8 H 3 MK8 1 COOT-

Ill 
BeTCT8eHHO, M8KCHM8ITbH8SI 3HeprHSJ HOH08 COCT88ITSin8 80 M 38 llnSI C, 

Ar. 195 M 38 .anSI 
20 

Ne H 300 M 38 .anH 
40 

nocne o6ny'leHHH nposo.aHnocb XHMH'Iecxoe Bbl.lleneHHe Po no MeTo-

.ay, OnHC8HHOMy 8 pa6oTe/6/, MHWeHb p8CTBOpHn8Cb 8 KOHUeHTpHp08&HHOlt 

830THOA KHCnOTe C ll068BKOlt Tennypa, KOTOpbllt SIBnSJnCSI HOCHTeneM .llnSI 

8CT8THH8, 3aTeM Tennyp BMeCTe C 8CT8THHOM OC8)1(Jl8nCH 8 3M HCI.H8Cb1WeH-

4 

Holt SO 
~ H,T8KHM o6p830M,OCYWeCT8nHnOCb OT.IleneHHe 8CT8THH8 

HHH, 0T.aeneHHe Tennyp8 OT 8CT8THH8 np080.11HnOCb C IIOMOWb~ aKCTp 

8 .11HH30IIpOnHn08bllt acj>Hp, a -8KTH8Hble npenep8Tbl npHrOT8SnH88nHCI 

HCnOnb3088HHeM 8.QCOp6UHH H8 cepe6pe, 

XHMH'IeCK8H npoue.ayp8 38HHM8n8 =! '18C, 'ITO noasonSJno acj>cj>ex• 

pel'HCTpHpOS8Tb npo.ayKTbl C T ~ ~ 0,5 '18C8, B CSH3H c 3THM so:: 

6bJnO Ha6n~.I18Tb nHWb OTHOCHTenbHO llOnrO)I(HSYWHe npo.ayKTbl: 

liO 4 , liO 6 , liO 8 , ll I 0 p 
0 

liOT, 209, ~II 
At. H 

CnexTpbl a -'laCTHU H3MepHnHCb Ha 

TeKTOp8MH. 3HepreTH'Iecxoe paapeweHHe 

a -crreKTpoMeTpe c Si 

a -cneKTpOMeTpa COCT8SIT 

30 Ka2, PerHcTpauHH rrpo8o.axrracb Ha aMrrnHTYllHOM aHanxaaTope 

Po 

Ha pxc. I npH8e.aeHbl 8 Ka'lecTse npHMepa KpHSble Sblxo.aa H301 

HAt, rrony'leHHble s cny'lae 
40 

288 U + 40 Ar 
IIpH M8KCI1'M8nl 

aHeprHH Ar 300 Ma8, 
40 

no.ao6Hble )l(e KpHSble 6blnH IIOny'leHbl IIpH o6n 
20 

yp8H8 HOH8MH Ar c aHeprxelt 255 Mas, Ne c aHeprHeJ;i 195 
12 c 

c aHeprHelt 80 Mas. Ce'leHHH SbiXo.aa H30Tonos acTaTHHa coc'T 

10-28 2 10-31 2 
10-

33
cM 

2 nH S M8KCHMyMe . CM , "' CM , "' .anSI K 

.aoro H3 3THx c ny'laes cooTseTcTseHHo. CetieHHSI Sblxoaa xaoTorros rrc 
288 40 

u + Ar H COCTBSnSinH S M8KCHMyMe onpe.aenSinHcb TOnbKO .anSI 

-28 2 
"'5.10 CM • 

Ha pxc. 2 npxso.aSITCSI H30TOIIHble pacnpe.aeneHHH rronoHHSI H ac1 
238 40 

nony'IeHHble IIpH o6ny'IeHHH U HOH8MH Ar C 3HeprHeH 255 H : 

B 3TH X 01Ib1T8X 06p830S8HHe IIOnOHHSI H 8CT8THH8 MOl 

o6ycrrosneHO He TOnbKO .aeneHHeM, HO H pe8KUHSIMH rrepe.aa'IH H8 IIpHl 

CSHHU8 S M8Tepxane MHWeHH, 8 T8K)I(e pe8KUHSIMH Cpb1S8 C ypaHa 60 

'IHCna HyKnOHOB, 0.11H8KO KOHTpOITbHble OITbiTbl, OIIHC8HHble HH)I(e, IIOK8 

'ITO Ha6n~.aaeMbiH 3cj>cj>eKT He MO)I(eT 6b1Tb 06'bSICHeH C TO'IKH 3peHHSI 

rrepe.aaq • 

0ITb!Tbl, B KOTOpbiX CSHHeU o6nyqanCSI HOH8MH 12 C, 20 Ne 40 A~n 

'ITO SbiXOllbl paCCM8TpHsaeMbiX H30TOIIOS He OTIIH'IQJOTCH cyweCTSeHHC 
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HOlt SO 
~ 

H,T8KHM o6pa30M,OCymeCTSnHnOCb OTUeneHHe 8CT8THH8 OT ·nono-

HHflo 0TaeneHHe Tennypa OT 8CT8THH8 npoSOUHnOCb C ITOMOWbiD aKCTp8KUHH 

S UHH30llpOITHnOSbllt a<PHp. a -8KTHSHbie npenep8Tbl llpHT'OT8SnHS8nHCb C 

HCITOnb30S8HHeM 8UCOp6UHH H8 cepe5pe. 

XHMHqecKaH npoueuypa aaHHMana ~1 qac, 'ITO noasonHno acpcpeKTHSHO 

perHCTpHpOS8Tb npoUyKTbl C T ~ ~ 0,5 qaca. B CSH3H C aTHM S03M0)f{H0 

5bin0 H86niDU8Tb nHWb OTHOCHTenbHO UOnf'O)f{HSymHe llpOUYKTbi: 

~07, 209, ~II liO 4 , liO 6 , liO 8 , liiO 
Po At. H 

a -cneKTpoMeTpe c Si - Au-ae-CneKTpbi a -qacTHU H3MepHnHCb Ha 

TeKTopaMH. 3HepreTH'!ecKoe paapeweHHe a -cneKTpOMeTp8 COCT8SnHnO 

., 30 Kas. PerHcTpauHH nposoaHnacb Ha aMnnHTYUHOM aHanHaaTope AH-4096. 

Ha pHC. 1 npHseaeHbl S K8'leCTSe npHMepa KpHSbie SbiXOU8 H30TOITOS 

Po HAt, nonyqeHHwe s cnyqae 
288 40 

U + Ar npH M8KC~8nbHOH 
40 

aHeprHH Ar 300 Mas. 
40 

floao5Hbte )f{e KpHSbte 6binH nonyqeHbi npH o6nyqeHHH 
20 

ypaH8 HOH8MH Ar c aHeprHelt 255 Mas, Ne c aHeprHeli 195 Mas H 

12 C c aHeprHelt 80 Mas. CeqeHHH Sbtxoua H30Tonos acTaTHHa cocTa13nH-

-28 2 -31 2 -33 2 
nH B M8KCHMyMe '" 10 CM 1 "' 10 CM , "' 10 CM Unfl K8)f{-

UOT'O H3 aTHX cnyqaeB COOTSeTCTBeHHO. CeqeHHH Bb!XOU8 H30TOITOB ITOnOHHH 

onpeuenHnHCb TOnbKO anH 
-28 2 

"'5.10 CM • 

n8 40 
u + Ar H COCT8SnHnH S M8KCHMyMe 

Ha pHc. 2 npHBOUHTCH H30TOITHbte pacnpeaeneHHH nonoHHH H acTaTHHa, 
liS8 40 

nonyqeHHbie npH o6nyqeHHH U HOHaMH Ar c aHeprHelt 255 H 300 Mas. 

B aTHX Ollb!T8X o6p830B8HHe nonOHHH H 8CT8THH8 MOf'nO 6b!Tb 

o6ycnosneHo He TOnbKO aeneHHeM, HO H peaKUHHMH nepeaaqH Ha npHMecHx 

CBHHU8 B MaTepHane MHWeHH, 8 T8K)f{e peaKUHHMH CphlS8 C ypaHa 6onbWOf'O 

'!Hcna HyKnOHOB. 0UH8KO KOHTpOnbHbie OllbiTbl 1 OITHC8RHbie HH)f{e, ITOK838nH, 

'ITO H86niDU8eMblli a<P<PeKT He MO)f{eT 6biTb 06'bHCHeH C TO'!KH 3peHHH pe8KUHlt 

n e peaaq. 

0nWThl 1 B KOTOphlX CBHHeU o6nyqanCH HOH8MH 
12 C, 20 Ne 

40 
AljrroKaaanH, 

'ITO BbiXOUbl paCCM8TpHB8eMbiX H30TOITOS He OTnH'!OIOTCfl cyme CTBeHHO Upyr 
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-27 2 
OT Apyra B K8~AOM H3 3THX cnyqaeB H COOTBeTCTBYIDT ceqeHHHM ~10 CM 

3To oanaqaeT, qTo na6nronaeMbrlt IIpH o6nyqeHHH ypana BbiXOll H30TOIIOB 

IIOnOHHH H 8CT8THH8 MO~eT 6b!Tb o6ycnoBneH IIpHMeCHMH CBHHU8 TOnhKO B 

238 12 
~nyqae U + C , ecnH conep~aHHe CBHHua B ypaae cocTaBnHeT 

•0,02MKriCM2. 3TO BenHqHH8 HBnHeTCH BIIOnHe llOIIyCTHMOlt H II03TOMY Jl8HHbie 
288 12 

B cnyqae u + c cnenyeT paCCM8TpHB8Tb K8K BepXHIDID rpaHHUy 3¢~eK• 
288 20 238 40 

U + N e H U + Ar na6nronaeMbrlt s~-Ta. B cnyqae ~e 

~eKT He MO~eT 6hlTb 06~HCHeH IIpHMeCHMH CBHHU8. 

PaccMoTpHM Terrepb B03MO~HOCTh o6~HcneHHH aa6nronaeMoro ~eKTa 

c ToqKH apeHHH peaKuHlt cpbraa. B STOM cnyqae H30TOIIbi rronoaHH H acTa

THHa MOrnH o6pa30Bb!B8TbCH nH60 HeiiOCpeACTBeHHO rryTeM Cpb!B8 C HJlpa 

ypaaa = 30 HyKnoHoB, nH6o HaKarrnHBaThCH B rrpouecce o6nyqeHHH rryTeM 

rrocnenoaaTen&Hbrx pachanoa H3 6onee TH~enbrx rrponyKTOB, o6paayrowHXCH 

210 a 214 a 
rrpH cpbrBe MeH&wero qH.cna nyKnOHOB ( aarrpHMep : Po Rn .---

218 222 22G 
Ra~ Th_g__U). 

MaKCHMan&aoe ceqenHe peaKUHH cpbrBa .. 30 ayKnoHoB non~Ho 6brno 

-33 2 
6br cooTBeTCTBOBaT&, cornacao pa6oTel7 I, aaaqeaHID • 10 CM • Ha6nronae-

Mbre ~e B naweM cnyqae ceqeHHH nnSI 
288 u + 

aaaqHTen&Ho 6on&we s-rolt aenHqHHbi, 

20 
Ne H 

288 40 
U + Ar 

npH Cpb!Be MeH&Wero qHcna HyKnOHOB C o6p830B8HHeM IIpOllYKTOB, re

HeTHqeCKH canaaHHbrx c aa6nronaeMbiMH HaoTorraMH, cnenyeT o~HllaT&17 I, qTo 

BbiXOll IIOnOHHSI JlOn~eH 6biTb MeHbWe Bb!XOll8 8CT8THH8 "' B 10 pa3, 

~e 0Ilb!T8X BbiXOll IIOnOHHSI "' B 6 pa3 6on&we Bb!X0Jl8 8CT8THH8, 

B H8WHX 

Bec&Ma xapaKTepHbiMH SIBnSIIDTcn TaK~e yrnoBbre pacrrpeneneHHSI rrponyK-

" 17 81 
TOB peaKUHH cpbrBa. B pa6oTax • rroKaaaao, qTo B yrnoBbiX pacrrpeneneHHSIX 

HMeeTCSI oTqeTnHBbri1 M8KCHMYM IIpH yrnax Peaep~opna, COOTBeTCTBYIDIIIHX 

Hey·rrpyroMy paccenHHID. Ll.r:rS! BbinCHeHHn M9X8HH3M8 o6pa30B8HHSI HCCnenyeMblX 

H30TorroB 6brno H3Mepeno HX yrnoaoe pacrrpeneneaHe. 

6 

I 

j 

Linn HaMepeHH.II yrnoaoro pacrrpeneneHHSI 6brn Bbr6pan H30Torr 

KaK aaH6onee yno6Hbrlt AnSI perHCTpauHH. OrrbrT rrpoaonHncSI na BbrBe, 

2 
nyqKe. YpaHOBan MHWeHb TOnWHHOi1 1 MrlcM o6nyqanacb HOH8MH 

c saeprHelt 290 MsB •. MHWeHh OKpy}f(anacb UHnHHApOM, BHyTpeHHnn 

HOCTb KOTOporo 6bin8 Bbino~eHa aniDMHHHeBolt ~OnbrOlt TOnlliHHOlt 20 

LlnS! Bbi)leneHHSI 8CT8THH8 H3 aniDMHHHn HCIIOnb30B8n8Cb XHMHqecK aSI 

AHK8 1 OIIHC8HH8n BbiWe. 

HaMepeaaoe yrnoaoe pacrrpeneneaHe rrpencTaaneao Ha pHc. 3. I 
0 

qTO B C.U.M. OHO nanneTcn CHMMeTpHqHblM OTHOCHTenbHO 90 H HMeE 

30TpOIIHID 1,5. LlnS! Cp8BHeHHSI H8 TOM )Ke pHCyHKe IIpH 
w ( 180°) 

-;""""{9o""'T"fl'" 
18 

B3S!Toe H3 pa6oTbi yrnoaoe pacrrpenenenHe nnep Ac, o6paayromHxcn 

282 2 2 
UHH cpbrBa rrpH 6oM6apnHpoBKe Th HOH8MH N e. CpaaneHHe sT 

211 
IIOK83b!B8eT, qTO MexaHH3M o6p830B8HHn At cymecTBeHHO OTlll 

OT MeXaHH3M8 peaKUHlt Cpb!Ba. 

npH paCCMOTpeHHH BC9H COBOKyllHOCTH IlOnyqeHHbiX B H8CTOnwe 

6oTe 3KCIIepHM9HT8nbHbiX A8HHb!X Mbl rrpHXOAHM K Bb!BOAy, qTo OHH 1 

H8H6onee ecTeCTBeHHOe 06~nCHeHH9 C TOqKH 3peHHSI neneHHSI , LleHCT 

H 6onbWHH Bb!XOA IIOnOHHn IIO Cp8BHeHHID C 8CT8THHOM, H KOnOKOnoo6 

BHA H30TOIIHbiX KpHBbiX, H yrnOBOe pacnpeneneHHe yK83biB8IDT Ha TO, 

Ha6nronaeMbie B A8HHbiX 0Ilb!T8X H30TOIIbl IIOnOHHn H 8CT8THH8 SIBnniD 

OCKOnK8MH neneHHn. 

Hapnny C 3 THM 6bll1H IIOCT8BneHbl 3KC!IepHM9HTbl 0 B KOTOpb!X C] 

211m 212m 
OCKOnKOB neneHHn .Ha6nro;:tanHCb H30M9pbl Po H Po 11pH 06. 

288 
U HOH8MH 

22 
N e H 

40 
Ar. 8 3THX 0Ilb!T8X HCIIOnb30Bancn MeT 

rrponyKTOB nnepHbiX peaKuHi1: ancop6uHelt H3 raaoaolt cTpyH
191

• Cxe11-

rrepHMeHTa rrpencTaaneaa aa pHc. 4. nocKonbKY rrpH aa6nroneHHH KC 

BylliHX 8KTHBHOCTelt ~OH OT !IpOAYKTOB peaKUHii rrepenaq MOr 6b!Tb 3H8 

HbiM, a 11pHM9H9HHe XHMHH B 3TOM cnyqae OK83blB8nOCb B9CbM8 . 38T 

HbiM, 6brnH rrpenrrpHHnTbi Mepbr no CHH~eHHID ~oaa. Linn sToro MHllle 

o6pallJeHa K rryqKy H C06HpanHCb TOnbKO Te !IpOAYKTbl 1 KOTO p b!e Bblll 
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211 
lll!SI H3MepeHHSI yrnoaoro pacnpeneneHHSI 5bm Bbi6paH H30Ton At, 

KBK HBH6onee Yll05Hblli lliTSI perHCTp8UHH. 0llb!T llpOBOllHITCSI HB BbiBelleHHOM 

2 40 
ny"!Ke. YpBHOBBS! MHilleHb TOITilJHHOli 1 Mr/cM o6ny"!BITBCb HOHBMH Ar 

c aaeprHeli 290 M 3B • . MHilleHb OKpy 'li<BITBCb UHITHHllpOM, BHyTpeHHSISI IIOBepx

HOCTh KOTOpOrO 5bin8 BbinO)I{eHa 8n!OMHHHeBOli ljlonhrOli TOITilJHHOli 20 MK. 

llnS! BbilleneHHSI 8CT8THH8 H3 8n!OMHHHSI HCllOITb30B8IT8Ch XHMH"!eCK8SI MeTO-

llHK8, OllHC8HH8SI Bblllle. 

HaMepeaaoe yrnoaoe pacnpeneneaHe npencTaaneao aa pHc. 3. BHnao, 

0 
"'TO B C.U.M. OHO SIBITSieTCSI CHMMeTpH'!HbiM OTHOCHTeiTbHO 90 H HMeeT 8HH-

w ( 180°) 
30TpOllHIO -;(9o"Vf'" 1,5. ilnSI Cp8BHeHHSI HB TOM )l{e pHCYHKe llpHBelleHO 

/8/ 
B3SIToe H3 pa5oTbi yrnoaoe pacnpeneneaHe Sillep Ac, o5paay!OIIUIXCSI B peaK-

282 2 2 
UHH cpbtBa npH 5oM5apllHpoaKe Th HOH8MH N e. CpaaaeHHe aTHX naHHbiX 

211 
llOK83biB8eT, "'T O MeX8HH3M o5p830B8HHSI At CyllJeCTBeHHO OTITH'!8eTCSI OT 

OT MeX8HH3M8 peaKUH!i CpbiB8 . 

npH p8CCMOTpeHHH Bceli COBOKYllHOCTH llOITy'!eHHbiX B H8CTOSIIUeli pa -

5oTe 3KCllepHMeHT8IThHbiX ll8HHblX Mbl llpHXOllHM K Bb!BOlly, 'ITO OHH llOITY'I810T 

H8H5onee ecTeCTBeHHOe 05bSICHeHHe C T O"'KH 3peHHSI neneHHSI . lleliCTBHTeiTbHO, 

H 50IThlliH!i BbiXOll llOITOHHSI ITO Cp8BHeHHIO C 8CT8THHOM, H KOITOKOIT006pa3Hblli 

BHll H30TOllHbiX KpHBbiX, H yrrrOBOe pacnpenerreHHe yK83biB810T H8 TO, "'TO 

H85rr!Oll8eMbie B ll8HHbiX Ollb!T8X H30T0llbl llOITOHHSI H 8CT8THH8 SIBITSIIOTCSI 

OCKOITK8MH lleneHHSI. 

HapSillY c aTHM 5binH nocTaBneHbi aKcnepHMeHTbi, B KOTOpbiX cpellH 

211m 
OCKOITKOB llerreHHSI .H85ITI0~8rrHCh H30Mephl Po 

212m 
H Po npH o5ny>teHHH 

288 22 
U HOH8MH 

40 
N e H Ar. B 3TH X OllbiTax HCllOITh30BancSI Me TOll c6opa 

llpOllYKTOB SillepHhlX peaKUHH ancop6uHeii H3 raaoaoif cTpyH
191• CxeMa aKc-

rrepHMeHT8 npellCT8BrreHa H8 pHC. 4. nocKOIThKY rrpH H85rr!OlleHHH KOpOTKO)I{H

BYIUHX 8KTHBHOCTeH ljlOH OT ITpOllYKTOB pe8KUHli nepell8'1 MOr 6b!Th 3H8"!HTenh-

HbiM, 8 rrpHMeHeHHe XHMHH B 3TOM Crry'!ae OK83biB8ITOCh BeCbM8 . 38TpyllHHTenb

HbiM, 5b!ITH rrpellllpHHSITbl Mepbl ITO CHH)I{eHHIO <jJoHa. ilnSI 3Toro MHilleHb 5biiT8 

o5pallJeHa K ITY"'KY H co6Hp8rrHCh TOrrhKO Te rrpOllYKThl, KOTO p hle BhliTeTanH 
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H 3 M HW 9 HH B HHTepaane yrnOB 90-180° , n p H S TO M BKnnn rr pGUYKT OB peaKUHH 

rrepena'l , HMe !OUUIX yrnoaoe pacnpenen e Hn e , Ha n poaneH Ho e rrpeHM y me c TBeHHO 

anepen , 6hln nonaaneH no cpaaae HHIO c Bhl xono M ocKonKOB, y rnoao e p acrrpe-

n neaH e K OTOpblX M~JKHO C 'IHT8 Tb H30 T pO ITH blM ( B C .U. M ,), 3a n a q a o6n e r-

211m 
qanacb ewe H T e M, 'ITO a -pa c nan Po , HMe10wero E a 7 , 27 M s a 

212m 

Jil T ~ = 25 ce·K, H Po, HM9101Uero F. a = 1 1, 65 M s a H T ~= 45 ceK, 

c ymeCTB9HHO 0Tl1Jil'l89TCSI OT B C 9X Ji13B9CTHblX a -H3l1Y'l8Teneil: , 3TO ll03B0-
212m 211m 

nHnO B b lll9ITJi!Tb p o H Po UOCT8TO'IHO H8U9lK HO , 

212m 211 ., 
To, 'ITO Po Jil Po SIBITSI!OTCSI H30M9p8 MH, Ji!C KIT!O'l89T B03-

MO)f(HOCTb HX o6pa3 oBaHHSI nyTeM nocnenoaaTe nbHb1X p acn a noa H, cn e no

BaTenbHo, OHH MOT"'YT o6p830Bb!B8TbCSI TOnbKO Henoc penCTB9HHO, PeaynbT8Tbl 

STHX Ollb!TOB SIBnSI!OTCSI llOllOnHHT9nbHblM llOUTB9p)f(C19HJii9M TOT"'O, 'ITO Ha6n!0-

238 • 20 40 
naeMbie npH o6ny'leHHH u HOH8MH Ne H Ar H30TOllbi rronoHHSI 

Jil 8CT8THH8 SIBnSI!OTCSI OCKOnKBMH neneHHSI, 

06CYJKU9HH9 peaynbT8TOB 

MaoTonHoe pacrrpeneneHHe Po H At, Ce'!eHHe o6pa30B8HHSI Jil yrnOBbl9 

pacnpeneneHHSI STHX sneMeHTOB CBHUeTenbCTBY!OT 0 TOM, 'ITO npH neneHHH 

TSI JKen biX B036yJKU9HHblX SIUep H86rr!OU89TCSI OTHOCHTenbHO 6onblllOll: BblXOll 

Hnep c Maccoil: 6onee 210. 

210 
0TM9THM, 'ITO o6p8 3 0B8HH9 0 H8llpHMep, P o B OCHOBHOM COCTOSIHHH 

288 2 0 210 
·B pe8KUHH U ( N e , f ) Po COOTBeTCTByeT OTHOlll9HH!O M8CC OCKOn-

KO B 5: 1. BepO SI THO CTb T 8 KOT"'O paaneneHHSI CylUeCTB9HHO 38BHCHT OT M8CCbl1 

2 -t- Jil SH e prHH B036yJKU9HHSI H8'!8nbHOT"'O S1Up8. 3TO o6CTOSITenbCTBO 

llp O SI BnSieTCSI H8 Ollb!T9 B CyllleCTB9HHOM yBenH'l9HJi!Jil BblXOll8 Ji130TOITOB Po 

20 40 
H At rrp H rrepexone OT 'l8CTHUbi N e K Ar. EcTecTBeHHO , 'ITO nHc-

rr e p CHSI ITO M8CCe llllSI ll8HHOT"'O Z OCKOITK8 UOnlKH8 38BHC9Tb OT H8'18nbHOT"'O 

COCTOSIHHSI nenSIIU9T"'OCSI S!Upa . YaenH'l9HJile UHCrrepCHJil UnSI peaKUHll: 

288 40 238 40 
U( Ar,f)Po H U( Ar,!lAtrrpH sHeprHH HOHOB 255 H 300 Msa (eM. puc.2) 

8 

~ . 

l 
f. 

K8'19CTB9HHO npeUCTBBnSi e T 38BHCHMO CTb OT SHeprHH B036 y JKU9HHSI C t 

Rnpa z = 110. 

OnaaKo npu cpaBHeHHH naHHbiX Heo6xon uMo y q'iTb1BBT b n e nHM O I 

JKenoro ocKonKa (a naHHOM cny~ae Rnep Po H At ) • lJeil:CTBHTe. 

saeprHSI B036yJKU9HHSI OCKOnKa COCTaBnSieT OKOno 60-80 M SB Jil rre pe 

B OCHOBHOe COCTOSIHH9 COllpOBOlKA89TCSI Ji! CllYCK8HH9M H9 HTpOHOB. na 
z 2 

A- nnR STHX Hnep HaxonHTC SI B o6nacTH 32-35, nosToMy, corn 

U8HHblM/lQ / , B03MOJKH8 KOHKypeHUHSI M9JKCIY Ji!C ll8p9HH9M Heil:TpOH8 l! 

eM aa Ka)f(noll: cTyrreau K a cKana. B o6me M c n y q ae c eqeHHe o 6 p a aOBi 

HOT"'O Ji130T0ll8 llpH orrpeneneHHOH SHeprHH B0 36y JKUe HHSI COCT8BHOT"'O I 

eT BHU: 

rne 

u(A) 
I 

u • P(A) Il ( 
0 l+k 

1 ~-) 
+ ...!L_ l+k 

rn 

(7 
0 

- C9'!9HH9 o6p830B8HHSI COCT8BHOT"'O S!Upa, 

P(A) - BepoRTHOCTb acHMMeTpH'!aoro n eneHHSI c o6p a aoaaHHe 
l+k 

c M8CCOll: A l+k J 

rr 
-r-;:- - OTHOllleHH9 B9pOSITHOCTell: neneHHSI Jil H c rr a peHHSI Hell:TpC 

Rnpa c Maccoll: aa naaaoll: cTyrreaH KacK a nak. 

0THOlll9HJil9 
( _!:!__) 

rn SIBnSieTCSI ~YHKUHell: SHeprHH B036yJKneHHSI H 

TSIJKenoro OCKOnKB , nosTOMY llpH Jii3M9peHHH H30TOllHblX pa c rrpenenE 

XOUHMO Y'lHTbiB8Tb STO o6CTOSIT9nbCTBO. 0UH8KO neTanbHbiti: p8C'l~T 

TOM STHX ~8KTOpOB 38TpyUH9H H3-38 HCITOnb30B8HHSI TOnCTbiX MHlll€ 

f'r z2 
H9TO'lHOll: OU9HKH r- ( E*, -A) UnSI KOHKpeTHbiX Ha 6nJOnaeMbiX 5 

n 

nosTOMy rrpHBeneHHbie H8 pHC, 2 KpHBbie rrpenCTBBITSI!OT pacrrpenem 

KOH9'1HbiX rrponyKTOB, 

lJeneHHe TSilK9rrOT"'O OCKOITK8 6yneT COOTB9TCTBOB8Tb, llO-Cylll( 

rrpoueccy KacKanaoro neneHHR aaqanbHoro Rnpa c o6paaoaaaueM T J 

OCKOITKOB. MexaHH3M STOT"'O llpOU9CC8 o6cy)f(! {8ITCSI paHee B pa60T€ 

9 



KaqeCTBeHHO rrpeACT8BnQeT 38BHCHMOCTb OT 9HeprHH B036ymAeHHQ COCT8BHOrO 

QAP8 z = 110. 

0AH8KO rrpH Cp8BHeHHH A8HHblX He06XOAHMO Y'l"'TbiB8Tb Aem!MOCTb TSI-

*enoro OCKOnKB (B A8HHOM cnyqae SIAep Po H At ) , ileJ:tCTBHTerrbHO, 

9 aeprHSI B036ymAeHHSI ocKonKa cocTaBnSieT oKono 60-80 MaB H rrepexoA 

B OCHOBHOe COCTOSIHHe COITpOBOmnaeTCSI HCITyCK8HHeM HeJ:tTpOHOB, napaMeTp 
z2 -x-- AnSI 9THX SIAep H8XOAHTCQ B o6naCTH 32-35, IT09TOMy , COrnaCHO 

A8HHbiM/ 10f, B03MOmH8 KOHKypeHUHSI MemAY HCrrapeHHeM HeJ:tTpOHa H AeneHH

eM aa KB*Aoi:t cTyrreHH KacKaAa. B o6weM cnyqae ceqeHHe o6pa3oBaHHSI AaH

aoro H30TOIT8 ITpH onpeAeneHHOJ:t 9HeprHH B036ymAeHHSI COCT8BHOPO SIApa HMe-

eT BHA: 

u (A) 
I 

1 ) u • P ( A ) Il ( 1. l+k 
a 0 I+ k 1 + ..:J__ 

ln 

PAe U 
0 

- ceqeHHe o6p830B8HHSI COCT8BHOPO SIAp8 1 

( 2) 

P(A) - aepoSITHOCTb acHMMeTpHqaoro AeneHHSI c o6pa3oBaHHeM H30Tona 
l+k 

c MaccoJ:t A l+k , 

I'r -r- OTHOWeHHe BepOSITHOCTeJ:t AeneHHSI H HCITapeHHSI HeJ:tTpOH8 AnSI 
n 

SIApa C M8CCOJ:t H8 A8HHOJ:t CTyrreHH K8CK8A8k. 
2 

( _!.!__) 
ln OTaoweaHe 

z 
QBrrQeTCQ cpyHKUHeJ:t 9HeprHH B036ymAeHHQ H ( -x-> 

TQmenoro OCKOrrKa, noaTOMY npH H3MepeHHH H30TOITHblX pacnpeAeneHHJ:t aeo6-

XOAHMO yqHTbiB8Tb 9TO 06CTOQTerrbCTBO, 0AH8KO AeT8rrbHbiH pacq~T C yq~

TOM 9THX cpaKTOpOB 38TpyAHeH H3-38 HCITOrrb30B8HHQ TOrrCTbiX MHWeHeJ:t H 
f'r z~ 

aeToqaoil oueHKH ~ ( E*, --;:-) ArrQ KOHKpeTHhix aa6moAaeMhiX QAep. 
D 

no9TOMY npHBeAeHHbie Ha pHC , 2 KpHBbie npeACT8BnQIOT pacrrpeAeneHHe 

KOHeqHblX npOAYKTOB, 

lleneHHe TQmenoro OCKOnKa 6yAeT COOTBeTCTBOB8Tb , ITO-CyWeCTBy, 

npoueccy KacKaAHoro AeneHHSI aaqanhaoro SIApa c o6pa3oaaaHeM Tpex 

ocKonKoB. MexaHH3M aToro npouecca o6cymrtancQ paaee B pa6oTe/ 111 , 
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C STOlt TO'JKH 3peHHSI H3MepeHHSI H30TOIIHb!X pacrrpeaeneHHJI: TSI>Kenb!X 

OCKOnKOB B pa3n3'IHhlX KOM6HHaUHSIX MHWeHH-'JaCTHUhl H IIpH pa3nH'IHhlX 

SHeprHSIX B036Y>KLleHHSI Ha'JaiibHOrO S!Llpa MOryT SIBHTbCSI XOpOWHM HHCTpy

MeHTOM LlnSI HCCneaoBaHHSI MexaHH3Ma LleneHHSI SILlep Ha TpH OCKOnKa. 

yf3 KpHBb!X pHC. 2. BHLlHO, 'ITO LlHCIIepCHSI IIO Macce H30TO!IHb!X pacrrpe

UeneHHfi BenHKa H HaH60nbWHJI: Bb!XOLl COOTBeTCTByeT LlOCTaTO'IHO 6onbWOMY 

H36biTKY HeifTpOHOB. 3TO 06CTOSITenbCTBO MO>KeT 6biTb ycrreWHO HCflOnb-

30BaHO !IpH CHHTe3e TSI>KenbiX H30TOflOB C Z > 85 IIpH o6nyqeHHH ypaHa HOHa-

MH TSI>Kenee aprona. 

ABTOpbr 6naronapHbi IO.n.XapHTo~oBy, B.<t>.KywHHPYKY 3a H3roToBnenHe 

BhlCOKOKa'JeCTBeHHhlX Si - Au - neTeKTopoB, E.A.fB03LleBy 3a H3rOTOB-

nenHe MHwenell:, IO.A.My3bi'IKe H E.Yf.nycTbinhHHKy 3a rrone3Hbre KOHcynhTa

UHH H o6cy>KaeHHSI, O.Mpa'!KOBCKOMY 3a IIOMOWb !IpH !IpOBeLleHHH H3MepeHHll:. 

ABTOpbl npHHOCSIT HCKpeHHIOIO 6naronapHOCTb qneHy-KoppeCIIOHLleHTY 

AH CCCP r.H.<t>nepoBy 3a ero IIOCTOSIHHoe BHHMaHHe K STOll: pa6oTe H ueHHb!e 

3aMe'JaHHSI. 
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U( Ar,O At{cnnowH~fu nHHHH), llan cpasneHHH npHBO.QHTCH 
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npn o6ny'!eHHH Th HOH8MH Ne (wTpHXOB8H flHHHH), 
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Pnc. 4. CxeMa annapaTypbl ann perncTpaUHH naoMepoB Po H Po B ocKon-

Kax aeneHHH. 
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