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8Be!leaae 

8 nocne/lHHe rO/lbl TIOSIBHnOCb MHOrO pa6oT, TIOCBSillleHHblX HCCneJlOB8HHIO 38TI83/lblBBIO

lllHX npoTOHHbiX H3ny<JaTenel!. 8 6onbllleli 'ISCTH 3THX pa6oT , Bblnonaeaablx B MaK-fanncKOM 

yaHBepcaTeTe ( Kaaa!la), B EpyKxei!BeHcKoll HanaoaanhHoll na6opaTopaa (CiliA) a B OIHHI 

( ny6aa, CoBeTCKHii Col03), H3y<JanHCb nepeCbllll9HHbl9 TipOTOHBMH H30TOTibl nerKHX aneMeH-

TOB, HMeJOll!HB H30TOTICTIHH T • 312 H A (nonun H 6a6naorpa<jlHH 3THX pa-

Ill 
6oT-B ) • K aacToHmeMy BpeMeHH nonyqeabr Bee 'lneabr aToro pH/la oT 

9 41 
C JlO T · nnSI 

ll!eCTH H3 3THX S!Jl9p aa6nJO/l9Hbl CBepxpa3pell!BHHbl9 {3 -nepexo/lbl " H3o6apaoe aaanoro-

Boe COCTOSIHHe /lO'IBpHero Hllpa. 3TO TI03BOnHnO onpOJlenHTb 3HeprHJO COCTOSIHHSI H p8CC'IH-

T8Tb C XOpOllleli TO'IHOCTbiO 3HBprHJO {3 -p8CTI8/l8 HCXO/lHOro Sl/lpa. 

3H8'1HTenbHblli HHTepec npe/lCTBBnSieT HCCnB/lOB8HBe npOTOHHblX H3ny<JaTenel! B o6naCTH 

121 
6onee TSIJKenbiX Sl/l&p • 3JleCb, llOMHMO p83BHTHSI cneKTpOM&TpH'IBCKOrO TIO/lXO/l8 0 cymecT-

B9HH09 3H8'19HHe HM&eT Bb!SICH9HH9 38KOHOMepHOCTeli nony'IBHHSI nepeCbllll9HHblX llpOTOH8MH 

Sl/lep. 3To BBJKHO JlnSI Bb!SICH&HHSI B03MOJKHOCTeli B llyTeli Jl8nbH91ill!ero npO/lBHlK&HHSI B 06 -

nacTb P -8KTHBHblX H30TOTIOB. 

13,41 
8 pa60T8X 3KCnepHMBHT8nbHO /l0K838HO cymeCTBOB8HHQ -H3ny'I8Tenel! JlnH 

aneMeHTOB 6onee TSIJKenbrx, <JeM onoBo. 8
131 

accneaoBanHCb npoTOHHbre H3ny'laTena, B03HH-

16 
K810UlHe npH o6ny<JeHHH ecTeCTBeaaoro Ru HOH8MH 0 • Eb!nH o6aapyJKeHbi nBa H3ny<JaTe-

nSI c nepaonaMa nonypacna/la (II~ 2) ceK a (60 ~ 10) ceK. Haa6on•lllal! BbiXOll aMen nep

Bbrli 1!3ny'I8T9nh. l1Jl&HTB<jlBK8JlBSI 3TOrO B30TOTI8 HOCHn8 npeJlB8pHTenbHblli X8p8KTep; YK83bl-

B8nOCb0 'ITO 3TO H30TOn Te C M8CCOBblM 'IHCnOM 109-JJJ. 8
141 

P -H3ny'I8T&nR B o6-

naCTH Tennypa nonyqanacb nyTeM o6ny<JeaaH aoaaMH KHcnopoaa MHlllBHH H3 pa3neneaaoro 

H30Tona Ru
96 8

141 
6brna 3aperacTpHpoBaaa npoToaaaH aKTHBHOCTb c nepaoaoM nonypac-

nana ( 5,3 + 0,4) ceK. 3TOT H3ny<JaTenh 6brn onpeaeneaao aneaTa<jlanapoBaH aBTopoM KaK 
108 

Te 

8 H8CTOSilll&li pa60TB H3y'lanHCb 38TI83llb!B810ll!He npOTOHHblQ H3ny'I8TenH, B03HHK810WH9 

npH o6nyqeHHH p83JleneHHblX H30TOTIOB 
92 94 20 

Mo H Mo HOH8MH Ne nocKOnbKy npH 838-

C H30TOll8MH Mo nony'I89TCH TO JKe COCT8BH09 SIJlpO, 'ITO H B pe-
20 

HMO/l91!CTBHH Ne 
16 

8KJlHH Ru + 0 , eCTBCTBeHHO OlKHJl8Tb 0 'ITO B 060HX Cny'ISHX JlOnlKHhl B03HHK8Tb OJlHH H 

Te JKe panaoaKTHBHbre H30TOnbr Tennypa. 3To accnenosaaae 6brno npennpHHHTO nna yTO'IHe-

3 



/3/ 
BHH HSWHX peaylll>TSTOB, npeACTaBneHHblX B , KpOM9 Taro, HBC HHT9p9COBano Bb!HCH9HH9 

/4/ 
npoTRBope'IHH t peaynbTaTaMH paooTbl A. CaaBonbi • 

II . 3KcnepHMeJITanbHBH MeToAHKa 

3xcnepHM9HTbl npOBOAHnHCb HB BHyTp9HHeM ny'IKe 300 -caHTHMeTpOBOro UHKnOTpOH8 

2 THll<enbiX aoaos OIHB1. Mameab B BRae MeTannH'Iecxoro cnoH Mo ( ~ 1,5 Mr/cM ) sa 

M911HOI! noAnO)I()(9 ( • 2,5/L ) nonyqanacb aneKTpOOCBlK.lleHHeM H3 BOABOrO paCTBOpa MOnB6-

/6/ 
A9HOBOI! KBCnOTbl B npBCyTCTBHH H8TpH9BOI! H 8MMOHH9BOI! Cone!! YKCYCHOI! XBCnOTbl , J.1c-

/5/ 
nonb3oBancH cnenaanbHbii! npo6HHK, noapooao onacaHHbiil B • PaauoaKTHBUble npo!lyXTbl pe-

8101BB Bbin9T8nB R3 MHW9HH0 TOpM03HnHCb B anJOMHHH9BOM COOpHHKe ( 9~t ) B nepHOAB'19CKH 

nepeaocunBcb (as apeM!l ~0,2 ceK) K cneKTpoMeTpy aapHll<eHHblX 'IBCTH!l. CnexTpoMeTp npea

CTaBnHn aa ce6B Tenecxon, cocTov.mHil aa nnocxoro nponopnaouanbuoro cqeT'IHKa (anH onpe

' aeneHBSI yaenbHOI! HOHB38UHR) H Kp9MHHeBoro noBepXHOCTH0-68pbepuoro AeT9KTOp8 (anH H3-

M9p9HHH nonuoll aaepruH). TaKaH CHCTeMa noaaonHna npoBoAHTb HBA9ll<uoe BbiAeneaae B 

Cn9KTpOM9TpHpOBBHII9 npOTOHOB, 

nponop!liiOHSnbHb!l! C'19T'IHK liMen rny611Hy 5 MM. BaKYYMHOe BXOAH09 OXHO 113rOT8Bnll-

2 2 
aanocb 113 KonnoABH (150 MKrlcM ), aanbmeaaoro aonoTOM (100 MKrlcM ). AuoaoM c'leT-

'IHX8 HBn!lnBCb '19Tblp9 HBTII ( HBXpe>M) TOnWIIHOI! 50/L • J.1cnonb30BBHHe qeTbipex HHTell 

6blno Bbl3Bauo TeM, 'ITO cqeT'IIIK npuMeHHncH B MarHHTHOM none. CneKTpoMeTpH'19CKHe u 

BpeM9HHbl9 xapaKTepi!CTIIKII TBKOro C'leT'IIIK8 OK838nHCb nyqrue, '19M B cnyqae OAHOI! HHTII, 

nocxonbKY nOBblCHnaCb aljlljJeKTIIBHOCTb COOHp8HIISI aneKTpOHOB HB BH0/1, 

2 
noBepXHOCTH0-68pbepHb>ll !leT9KTOp liMen nnoruBAb • 3 CM , pa6oqee CMemeaBe BblOB-

panOCb TBXIIM, 'ITOObl rny6HH8 o6e!lll9HHOro CnOH Obin8 AOCT8TO'IH8 !lnH TOpMOli<9HBH npOTO -

HOB c aaeprael! = 4 MaB. B ueKOTOpbiX onbiTax acnonb30Banocb 6~nbwee cMemeaHe, 'IT06bl 

yCT8HOBIITb0 'ITO 113MepH9Mb!t\ cneKTp npOTOHOB He IICJC8)1(9H, 

Ha p11c. 1 noxaaaaa 6nox-cxeMa aneKTpoaaol! annapaTypbi, J.1Mnynbcbl co C'leT'IIIKOB 

nocTynanll B Tp8H311CTOpHb!e npeaycHnHTenH, KOTOpbl9 KpenHnBCb BOnii3H C'leT'IHKOB, 38TeM 

no !lniiHHOMy Ka6enJO nOCTynanB HB BXOA OCHOBHblX yCHnBTenel!. 4>opMIIpOB8HII9 HMnynbCOB 

( = I p.s ) npoH3BO!lHnocb sa Bxoae ocHoBHbiX ycHnHTenel! c noMOWbJO nHHHH aaaepli<KH. 3a 

ycHnHTen!!MH -cxeMa coana!leaull ( paapema10mee BpeMH = l~ts ) , OTKpb!S8JOW8H nHHei!Hbl9 

BopoTa s TpaxTe HMnynbca nponopnaoaanbaoro cqeT'IIIKa. Bse!leHHe aToll cxeMbl nponycKa

HH!l OblnO Sbl3S8HO jieOOXOllHMOCTbJO yMeHbWRTb aarpyaKy llHCKpHMHHSTopa. nucKpHMHHSTOp 

HMen llH<jl¢epeH!lH8nbHb!l! H HHTerpanbHblll Bb!XOAbl, BepXHHil B HB)KHHI! noporB AHCKpHMHHS

llHH Sb!6HpanHCb T8KHM o6pa30M, 'ITOObl nponyCTBTb BMnynbCbl OT npOTOHOB C aHeprael! 

1-5 Mas. J.1Mnynbc HHTerpaJibHOro BhiXO!la !lBCKpBMHHSTopa acnonb3oBancH xax paapema10-

WHI! An!! nJ!HellHblX SOpOT, pacnon0)1{9HHblX S Tp8KT9 .E -c'leT'IHxa. TaKHM o6paaoM, qepea 

BOpOT8 2 npOXO!lHnH npOTOHHbl9 H a -'18CTB'IHb!e HMnynbCbl. J.1MnynbC !lBijJ<j}epeHUHBnb-

4 

uoro BbiXOA8 I!Cnonb3oBBr. 

B OCHOBHOM' TOnbKO npOTO 

uosneuo, 'ITO B npoToHHbi: 

BbiCOKHil xoaljJijJI!oHeHT paa 

TOpoB HcnonbaoaanHCb Ali 

00 B 8MnnHTYAHOM pe~~ 

nepBbl9 BOpOT8 6n01 

aynHllHH aanpHli<9HBH ua ! 

aani!Cb ua apeM!l nepeMer 

COOTB9TCTBYJOWHI! KOHllY 

KouTponb as pa6oTo 

cnexTpa a -'18CTHU p, 

nepHO!lH'IeCKH noAHOCHnCH 

AB'IH H cneKTpoMeTpOM n< 

Ha p11c. 2 noKaaaaa 

o6ny'I9HHII Mo92 110!18MJ 

Bbi'ITeH. B peaynbTaTe at 

paoaaM nonypacnaaa (4,~ 

Ha p11c. 3 npHBeaes 

H c6opHHKOM noMemanac~ 

B Ka'lecTBe c6opHHKa an 

CH !!!lpa, ucnonb3oaana~ 

OT MHW9HH K cneKTpOMe1 

y'IHTbiBanocb TOpMOli<9HH• 

'ITO OCHOBHOil BKnBA S n> 

TonhKO 6-7% oT o6mero 

PeaynbTBTbi onbiTo: 
92 20 

s peaKllHH Mo + Ne 

pa6oqero pauayca, na6o 

neHHH aaeprHH0 CSH38HH8 

paBBa ::_4,5 Mas. YKaaau 

qecKae, To'IHOCTb HaMep 

THMH S H3ny'19HIIII noTOK 

x/ Aaanua Kpusol! 



HTepeeosano B~aeaeBHe 

RMeTposoro nHKnoTpoaa 

( ti 1,5 Mr/cM
2

) aa 

lllHOrO pBCTBOpa MOnH6-

CCYCHOll KHCnOTW 
161• J1e-

HOBKTHBHWe npO!lyKT~ pe-

! (9f' ) R ll9pROllH'19eKH 

teTHil. CneKTpoMeTp npen

loro C'IBT'IHKa (Ana onpe

•aoro AeTeKTopa (Ana aa-

..o.eJKaoe BbtAeneaae a 

BXOllHOe OKHO R3rOTBBnH

Kr/cM2), AaoAoM c'leT-

>Baaae '19Tbtpex HHTell 

:neKTpOMeTpH'I9CKH9 H 

d B enyqae OllHOll HHTH
1 

on. 

a6oqee cMemeaae sw6a-

ana TOpMOJK9HHR npOTO -

llbWee CM9IIl9BB9 , 'IT06~ 

riH3H CtteTt:(BKOB, 38TeM 

lMHpOBBHH9 HMnynbeOB 

lb!O llHHHH 3Bil9plKKH. 3a 

OTKpbiBBIOIIlB!I nHH9liHb19 

<>Toll exeMbt nponyeKa

~aTopa. nHeKpRMHHBTOp 

Ill llOpOrB llHeKpHMHHB -

~OTOHOB C 3Heprael! 

IOBBllCH K8K pa3p9WBIO

TaKHM o6paaoM, qepea 

rynbe ua,P<jlepeanaanb-

-
Horo BbiXOAB aenonb30B8neH AnH OTKpbiBHBHH Tp9TbHX BOpoT, nponyeKBBWHX AnSI 8HllnR38 

B OCHOBHOM' TOnbKO npOTOHBW8 HMnynbCW. Ha K8nH6pOBO'IHOM a -npenapaTe 6wno yeTa-

HOBneao, 'ITO B npoToHHbtll Kaaan nonanaeT ae 6onee 10-3 OT qacna a -qaeTan. TaKoll 

BbtCOKHll Ko<>.P<PanaeHT paaneneaaH noaoonan '19TKO BbtnenHTb npoTOHbi, B KaqecTse aaanaaa

ropoB aenonbaosanHCb AH-256, npaMeaaswaeea na6o BO speMH - aMnnaTy!IHOM peJKHMe, na-

6o B BMllnHTYllHOM p9lKHM9, 

nepBbl9 BOpOTB 6noKHpOBBnHeb B MOM9HT llO!IB'IB HBllpHlK9HR!I HB llYBHTb!, lJaeTOTB MO-

nyn!lllHH aanp!!lK9HHH aa nyaBTax 6btna Q 100Hz • KpoMe Toro, 3TH JKe oopoTa 6noKapo-

sanaeb aa speM!I nepeMemeaHH c6opHHKB oT Maweaa K TeneeKony ( • 0,2 eeK). 11Mnynbc, 

COOTB9TCTBYIOIIlHll KOHUY nep9M9IIl9HHH, cnyJKHn eTapTOBbiM !In!! 3BllyCKB aaanH3BTOpa. 

KoaTponb aa pa6oToll scell ycTBHOBKH a Kana6poBKB nposonanacb nyTeM H3Mepeaa!l 
~as 2aa 

cneKTpa a -'IBCTHI1 Pu npenapaT Pu e llOMOIIlbiO enenaanbaoro ycTpoliCTB8 

nepHOllH'I9CKH llO!IHOCHnCH K Cll9KTpOM9Tpy. nn11 H3Mep9HH!I <jloaa M9lK!IY e6opHHKOM Rll9p OT

AB'IH a cneKTpoMeTpoM noMemanacb .Pom.ra H3 Af Tonmaaoll 250f' . 

III. 3KcnepaMeHTBnhHbte peaynbTBTbt 

Ha pac, 2 llOKB38HB O!IHB H3 KpHBblX pacnana llpOTOHHOll BKTBBHOCTH, nonyqeaHB!I npH 

o6ny'IBHHH Mo9 ~ HOIIBMH Ne~O <l>oa, COCTBBn!IIOIIlHll ~ 1,5 HMll, BB Bp9M9HHOll KBHan, 

Bbt'ITea. B pe3ynbTaTe aaanHaa <>Toil Kpasol! Bbtnen!IIOTC!I ABe <>KenoaeHTbi, OTBe'laiOmae ne-
. x/ 

paonaM nonypaenana (4,2 ~ 0,2) ceK a (13 ~ 2) eeK • 

Ha pae. 3 npasenea cneKTp <>Tax nsyx aanyqaTenell. B <>TOM onhtTe MelKAY MHWeRbiO 

a c6opHHKOM noMemanacb <jlonbra aa Af 

8 KB'19CTB9 c6opBHKB !Ill!! yM9HbW9HH!I TOlllllHHbl enOl! C60pHHKB, B KOTOpOM OeTBHBBllHBBIOT-

c11 Hnpa, Henonb3osanaCb aniOMHHHeBa!l <Ponhra Tonmaaoll • 1, 7f' • C6opHHK nepeMemanca 

OT MHlll9HH K Cll9KTpOM9Tpy K8JKllbi9 8 C9K, npa pacqeTe 3HeprHll, YKB3BHHbiX HB pRe , 3, 
• 

yqaTbtBanoeb TopMoJKeaae npoToaoB no nonaAaHH!I B Si -neTeKTop. Heo6xonaMo aaMeTHTb, 

qTo OCHOBHOH BKllBil B npHB91l9BHblll Cll9KTp llpHXOilHTC!I HB AOlliO nepBOrO H3llY'IBT9ll!l, 

TonbKO 6-7% OT o6mero qacna HMnynbeOB eneuyeT OTHeeTH KO BTOpOMy H30Tony. 

J?eaynbTBTbl OllbiTOB no H3M9p9HHIO eeqeaall llllll o6pa30BBHH!I npOTOHHb!X R3ny'IBTenell 

B peaKilHH Mo 
92 

+ Ne 
20 

noKaaaHbi aa pae. 4. 3aepra!l ny'IKB yeTaHasnasanaeb Bbt6opoM 

pa6oqero panayca, na6o noMemeaaeM nornoTaTenH nepeu MHllleHbiO. HeToqaoeTb B onpeAe

neaaa 3H9prHH 1 eBH3BHHBH e KOH9'1HOlt TOllWHHOll MHW9HII, H9MOHOXpOMBTR'IHOeTbiO nyqKa, 

pasaa +4,5 Mas. YKaaaaHbte aa pae. 4 ol1IH6KH B senaqaae eeqeaaa - TOnbKO eTaTaeTH-

qeeKae. ToqaoeTb aaMepeaH!I a6coniOTHbtX eeqeaal! 50-70% , 'ITO es11aaao c 

T!IMH B H3llY'I9HHH llOTOKB BOHOB1 TOllWHHbl MBW9HH 0 aljl<jleKTHBHOeTH e'I9T8, 

x/ Aaanaa Kpasoll npoBoAHne!l e noMOWbiO e'leTao- pewaiOmell MBWHHbr. 

5 

norpewaoe-



BhlnH nposeAeHbl o6nyqeaHSI Mo 
94 20 

HOHBMH Ne • noMHMO H3ny'!aTeneJI, ynoMSiay-

TbtX Bbrwe, 6btnO ycTanosneuo o6paaosaaHe uaoTonoB c nepuoAaMH nonypacna.11a 1~, 7 cell: 

H 60-80 ceK. Oco6eaao '!eTKo npostsnsteTC!I nepBbtll Hany'!aTenL, HMelOmall B AeCstTil:H paa 

6onee BblCOil:Hll Bb!XOA, '!eM BTOpol!, Ha pHC. 5 liOK838H8 KpBB8Sl pacnaAa, CHSITBII npB aaep

rHII uouoa • 100 Maa. np11 aToll aaepr1111 o6paayeTcSI rnaBHblM o6paaoM 19-ceEyHJJ.Hb!l! Ha-

ny'!aTenL. 

Ha puc. 6 npHBeAeHbl peaynbT8Tb1 H3Mepeaust BbrxonoB p -Hany'!aTenell B peaKllHH 
H 20 

Mo + Ne 0TaocnTenbHO aTHX AaHHblX MOJKHO cnenaTb Te JKe aaMe'!aHHst, 'ITO H no 

TIOBOAY puc. 4. 

<l>yHKUH!I B036yJKAeHBSI nnst 4-ceKyHAHOrO H30TO!l8 CM9CTBn8Cb B CTOpoay 6onbWHX 

aaeprHll B cooTBeTCTBBH c ysenH'!eaHeM '!Hcna BblneTeBwHx ael!Tpoaus. MaKCHManbaoe ce

qeaHe yMeHbWHnocb npHMepao B 4 paaa. 

92 22 
<l>yHKUHSI B036y1KA9HRSI 19-ceKyHAHOrO Hany'laTenst 6bln8 CHSITB !lnll p9rutllHH Mo + Ne 

( aa pucyaKe 4 oaa noKaaaaa nyaKTHpaol! nuauei!). MaKCBManbHbrll BblXOA aToro uaoTona OT-
22 

aeqaeT aaeprHH Ne 85 Maa. Hcao, 'ITO ou ue MOJKeT o6paaoBBTbCst c aaMeTuoll aepostT-
92 20 

HOCTblO B peBKllHB Mo + Ne 

rv. Q6cyJKA9HBe peaynbT8TOB 

1. HanoJKeHHbte BblWe peaynhTSTbt nerKo o6'bstCHstlOT npoTBBopeque MeJKAY aawuMH 
/3/ /4/ 

npeAbi!lywHMH aKcnepHMeaTanbHb1MB naHHbiMH u naHHb1MH Cuuaonhi • KapTHHa npoToR-

RbiX Hany'laTenell B palloae Tennypa OKaaanac_b aaaqaTenbao 6oraqe H cnoJKHee, '!eM 3To 

llOK838HO B ynOMHHYTblX pa6vT8X. 

B aTHX pa6oTax aaanHa KpHBblX pacnana npoBOABncst B aenocTaTO'IHO wupoKoM ua-rep

sane H3M9H9HHSI 8KTHBHOCTH0 ll03TOMY nony'I9Hbl H9KOT0pb!9 ycp9!lH9HHbl9 3H8'19BHSI nepHO!lOB, 

OTllH'I8lOlllH9C!I OT HCTHHHbiX. PeaynbT8Tb1 TSK0£'0 ycpenaeHHR OK838nHCb H90.IIHH8K0Bb!MH1 

nocKonbKY Hcnonb3osanHCb MHweaH paaaoro HaoTOTIH'IecKoro cociasa. 

2. BocnonbayeMCSI naHHbiMH o <I>YHKllHSIX aoa6yJK!l9HHSI p -uany'laTenelt AnSI HX Hnea-

TH<!>HKBllHH, nonOJKeHHe M8KCHMyMa <!>yHKllHH B036yJKAeHH!I AllSI peaKllHH C BbtneTOM 

TpOHOB onpeA9llSI9TCII cn~AYIOWHM o6pa30M! 

( E max ) = Ox + &x 
u.M. 

fi,x = 2~T1_+Ey 

a ell-

rne Ox -nopor peaKnHH, T1 -cpeAHSISI TeMnepaTypa B -KacKaAe ucnapeaua, EY-

aaeprHB, yHOCHM8SI y -ny'ISMH. nocnenHHII '!nea HMeeT cymeCTB9HROe 3H8'!eHHe, BMeC-

Te c T&M ero oneaKa pac'!eTHblM nyTeM aecbMa aeonpeAeneHua. B cssrau c aTHM socnonb -
171 

ayeMcB aKcnepHMeaTanbHbiMH naHHb1MH AneKcanAepa H CHMOHOBa , KOTopbre H3Mep!lnB 

<!>yaKllHH soa6yJKAeHH!I nn11 H30TonoB Tb H lif.Y B peaKUHBX c TSIJKellbiMH HOHaMB. B 

aToll pa6oTe 6billO TIOK838HO, 'ITO B9nH'IHHb1 -.-rpynnHpylOTCII OKOllO HeKOTOporo 3H8'19-

6 

__.-1 

HHSI H cna6o 38BHCSIT OT 

{i-5,5) Maa. 0.11aaKo ll 

~ e 3 MaB. 3TO CB' 

c BbtCOKHM cnHaoM. Pacn. 

o6yc,rOBllHB8lOWHM TIOSIBlle 
1 

Ocaosaoe cocTORHHe Th 

Sl!lep c ManoA aaepruel! r 

DO nonoJKeHlllO MBKCHMYMI 

BOBBHIISI aKp8HHpylOmero 
(Emax -Q) x 

'IBHB 

ysenH'!eHBst TeMnepaTypbr 
c 
"'x 

nnR llO!lC'!eTa -.--

ceqeaHe, paCC'IBTBHHOe B 

Mace KaMepoaa. OcTaao 

MOlKHblX B8.pH8HT8 Hll9HTl 

aei!TpOHOB aa Mo
92 

) • nE 
&a .--* (5,3 + 1,3 

H~ll:nlO'IHTb cyWeCTBO~HH 
X 

B8pH8RT8 BellH'IHH8 

HOrO COCTORHHR. no3TOM: 
109 

Te , a He 
Te 108 

Bb!no nposeneao aE 

H3 llOllOJK9HH!I MBKCHMYM 

&X 
An!l paanH'!HblX B 

6onee nonxonHmell SIMile' 
f,a 

B aTOM cnyqae -3--

TaKHM o6paaoM, aaH6onE 

Peall:UHH c Hcnycll:a 

npHBO!lSIT K H30T0ll8M 51 

nHu Mace, ae o6nanalOT 

HYlKHbiMH CBOIICTB8MH. H 

liOKB 38Tpy!lKHTellbH8 H 

3. 06pamaeT aa ce 

'ITO ceqeaue nonJKHO 6b1' 

ucnapeaHeM npoToaos (v. 

10-12 Mas). OnaaKo 

Hee, .aaaanH aemPIHHht 



I H3fiY'I8Terrel!, ynoMHBy-

nonypacnana 1e:o,1 ceK 

(810li!Hl! B ll8CRTKH pa3 

tcnaaa, CBHTaB npa saep

Ja3oM 19-ceKyHllHbiA H3-

-Hany'laTeneA B peaxnHH 

e 3aMa'laHHll 0 'ITO H no 

B CTOpoay 6onbillHX 

H"OB. MaxcHManbaoe ce-

92 22 
nnsr peSKuHH Mo + Ne 

BbiXOJl STOro H30TOna OT -

rbCll C 3aM9THOI! BepOHT-

)8'188 Me)KJly BalUHMH 

/4/ 
'bi • KapTHHa npoToa-

H cnoJKHee, '18M STo 

'aTO'IHO ll!HpOKOM IIHTep

aaHbl8 aaaqeaHsr nepaonos, 

DHCb H90JlHHaKOBbiMH
0 

18. 

any'laTeneA JlnH HX Hnea._ 
:HH C BblfieTOM ael!-

ICKane Hcnap8RHSI0 Ey

~eaaoe aaaqeaHe, BMec

CBB3H C STHM BOCnOUb 

, KOTOpb!8 H3M9pllnH 

IJKerrbiMH HOHaMH. B 

KOUO H8KOTOporo 3Ha'le-

HHSI H cna6o 3aBHCBT OT • nnsr H30TOnOB Dy STa Befiii'IHHa OXa3arraCb paBHOA 

149 
(5_- 5,5) Msa. Oaaaxo ansr peaKual!, npasoasrmax x Tb B ocaosaoM cocTORHHH , 

lf, u'r1 ~ ~ 3 MsB. 3TO CBSI3aBO C S<j><jleKTOM SKpaRHpOBKH Tb H30MepHblM COCTOSIHH9M 

C BbiCOKHM CnHHOM. Pacna)l COCTOSIBHI! COCT3BBOrO RJlpa C 6orrb!UHM yrrrOBbiM MOM8HTOM, 
149 

o6yC,IOBfiHB810lllHM noBBU8RHe 'lfi9Ha Ey 0 npHBOJlHT X H30M8pHOMy CCICTOSIHHIO Tb 
149 

Ocaosaoe cocToHaHe Tb B03HHKaeT rnaBHblM o6pa30M B peaynbTaTe pacnaaa CO'::TaBHbiX 

SIJlep C ManoA saeprHel! Bp8lll9HHH. 3TO 03Ha'laeT, 'ITO DpH HJl8HTH<jJHKaUHH H8H3BeCTHblX HJlep 

DO norrOJK8HliiO MaKCHMyMa <jlyHKnHH B036yJKJl8HHll HyJKHO HM8Tb B BHJly B03MOJKHOCTb cymecT-

BOBaHBll SXp8HHPYIOlll8rO B30Mepa. 3aMeTBM TaKJKe, 'ITO B o6naCTH H30TOnOB Tennypa BenH
( E max - Q) x 

JlOUJKHa 6b1Tb H8CKOflbKO 60flbill8 0 '19M JlfiSI p9JlKHX 38M8Ub 1 3a C'I9T 

ysena'leHHB TeMnepaTypbl a cpeaael! saeprBH spameaasr. 
c-
"'• 

- x- axcnepHM9HTarrbHbl9 C8'18HHSI 6btnH OTHOpMHpOBaHbl Ra nonaoe 
/8/ 

C8'19HHe, paCC'IHTaHHOe B COOTB9TCTBHH C pa60TOl! • Q. -aaxoaanocb no Ta6nanaM 

Mace KaMepoaa. OcTaaoBHMCH aa sanyqaTene c T~ = 4,2 cex. PaccMoTpHM naa soa-

MOJKHblX Ba.pHaHTa HLl9HTH<jJHKaUHB: 
Te 108 

II (peaKJlRH C HCfiYCKaHH9M 4 H 3 
&, , 

) • OepBOMy B8pRaHTy OTBe'laeT ;- = ( 1,4 :. 1) MsB, BTOpOMy -

~ (5,3 + 1,3) Msa. nepBall aenB'IBHa npeacTaanBeTCSI CfilllllKOM ManoA, ecna 

108 
IIC:KfiiO'IHTb cymeCTBO~HHe y Te SKpaHHpy!Oll!8rO H30Mepaoro COCTOHHHSI. nnll BTOporo 

BapHaHTR B8flH'IRHa - x- 6rrB3Ka K OJKHLla9MOA B OTCyTCTBH9 s<jl¢exTa SKpaHRpOBKH OCHOB

HOrO COCTOSIHHR. 0o3TOMY Mbl CKfiOHHbl C'IHTaTb, 'ITO 4,2-cexyHJlBblA H3ny'laTenb l!Bnli8TCR 
109 108 

Te , a He TelOS 1 XOTH, CTporo rOBOpSI, Henb3H OKQHqaTenbHO HCKnJ011HTb Te 

6btno nposeaeao aaanorH'IHoe 

H3 nOUOJK8HIIll MaKCHMyMa <jlyHKUHH 

paccMoTpeaHe c 19-cexyHJlHbiM aany'laTeneM. HcxonR 

B036yJI<JleHHSI STOro l!Jlpa, paCC'IHTanH 

&. 
Jlflll pa3DII'IHbiX B03MOJK HbiX peaKUHA. nnll cny'lall RCnapeHHR TOfibKO ael!TpOHOB HaH -

94 20 Ill 
6onee nOJlXOJlR!Ilel! l!Bnli8TCSI peaKUIIll C IICnapeBH8M Tpex Hel!TpOHOB Mo ( Ne , 3n) Te 

B sToM c nyqae 
08 110 
-

3
- 4,5 :_ 1,5; nnB ~ 4 ( Te ) 

& • nonyqaeM .-

TaxHM o6pa3oM, aa116onee sepoHTao, 'ITO STOT Hany'laTenb HBnHeTcH 
' 111 

T e 

=0,5 + 1,0. 

PeaKUIIII C IICnycxaaHeM npoToaa II HeATpOHOB B IIHTepecyiO!Ilel! HaC o6naCTH SHeprHA 

DpHBOLlliT K H30TOnaM Sb , KOTOp bi8 0 cornacaO JlaHHbiM H3B8CTHbiX cel!qac paC'I8THblX Ta6-

DIIU Mace, He o6naaa10T CBOl!CTBaMII 0 Heo6XOLIHMbiMH Jlflll nOHBfi9HIIll P -Hany'laTenel! C 

ayJKBbiMH csolkTBaMH. HaeHTH<jJHxanHB 13-cexyaJlHbiX 11 ( 60-80) -cexyHJlHbiX H3ny'laTeneA 
108 

noxa 3aTpyJlKHT8fibRa H3-.3a Manoro HX BblXOJlao 00-BHJlHMOMy, nepBb!l! H30TOn - STO Sb 

3. 06pamaeT aa ce6SI BHHM8HH8 ManaB B8flH'IHHa a6COUIOTHOrO C8'18HHSI peaxnaA. Hcao, 

'ITO C8'18HHe nonJKHO 6b!Tb Cyll!eCTB8HHO M8Hb!U8 nonaoro BCnen CTBI!e KOHKypeHUIIII M8JKilY 

HCnapeHH8M npoTOHOB (HM810li!HX MBUYIO SHeprHIO CBSI3H) II Hei!TpOHOB (c SHeprHel! CBSI3H 

10- 12 Mss). Oaaaxo oueaxu, xoTopbte aeoaaoxpaTao nposonHnHcb pHnoM a BTOpoB pa

aee, aasanH B81IH'IHHbi ae Meabwe MHrrnH6apaa. B STHX oueaxax ae y'IHTbtBanHCb nsa <!>ax-

7 



Topa, yMeBbWBIOUlHX BbiXOJl p -H31Ty<~aTenH. Bo-nepBbiX, ae Bee cny<~aH f3 + -pacrraaa 

MBT9pHHCKOrO S!Jlpa ITpiiBOJlSIT K ITpOTOHHO-H9yCTOii'IHBbiM COCTOSIHIISIM, Bbin9T ITpOTOHOB C 

3H9prReA M9RbW9 2,5 M3B CKITbHO ITOJlBBIT9H pBJliiBUIIOHHbiM nepeXOJlOM B 0CHOBH09 COCTOSI-

HII9o no Haw ell OU9HKe, npRMepHO B 20% cny'laeB pBCITBJl Te 
109 

6yaeT ITpKBOJlHTb K HC-

/9/ 
nycKBHRIO npOTOROBo npn 3TOM Mbl HCITOITb30BBJTH Ta6nHUbl Mace KaMepoHa H RCXOJlHITH 

K3 npeJlJTOJTO)f(9RHSI, 'ITO aa61TIOJl89Mblll CIT9KTp ITpOTOHOB 06H38H pacnaay ITSITH OTJl91TbHbiX 

9. 
cocTOHHHA. TaKoe nonymeHRe npencTaB/IH9TCH pa3yMHbiM. TaK, K npaMepy, nnH Zr · npn 

3HeprHH oKono 4 M 3B paccTOHHRe MelK.lly ypoBHHMII, B036ylK.llaeMbiMII B peaKUHH ( d • p ) • 

Ill/ 
a 2QO K3B • 3TO SIJlpO HMeeT 51 HeJ!TpOH, ITpH JlaHHOM CITOC06e B036y)f(JleHHSI B OCHOBHOM 

npoHBITHIOTCH ueATpOHHbie ypoBHH. Hac HHTepecyiOT ypoBHH 51-ro npoToua. ilns1 nero Kap

THHa, aepoHTHo, 6yaeT 6nH3KoA. XoTH cnenyeT OTMeTRTb, 'ITO 3a c<~eT aeAcTBHH npaBBn 

oT6opa npn 

(d, p). 

{3 -pacnane 'IHCITO ITpOSIBIIBWIIXCSI ypOBHell 6yaeT MeHbWe, 'leM B peaKUHH 

• BTopoe o6cTOHTenbCTBO CBH3aao c KOHKypeannen MelK.lly y -K3ny<~eHHeM R BbliTeToM 

1101 
npoTOHOB HB ITOCIT9JlH9M 3Tane peaKUHH • H3 o6mel! KapTRHbl pacnana COCTaBHoro SIJlpa 

/2/ 
C Bb!COKIIM yrrrOBbiM MOMeHTOM ( CM,, Hallpi!Mep > ) cneayeT, 'ITO ITOCJT9 BbineTa Hel!TpOHOB 

!!JlpO OK83biBaeTCSI B COCTOSIHHR, 3HeprHSI KOTOporo 1Tp9Bb!W89T 3HeprHIO 'apaweHHSI' ITpH-

Mepuo Ha 3HeprBIO CBH3R uei!Tpoaa. r. JliTSI 3TOro COCTOSIHH!I Marro 3a C'leT ManoA 

ITITOTHOCTH KOHe'IHbiX COCTO!IHHll, OJlHaKO l p MOJKeT OK838TbCSI 3H8tJHTenLHhiM1 T.K. aaep-

rHH CBSI3H npoTOHB H9B91THKa. Ha 3TOM 3Tane peaKUHH aero!ITROCTb TOro, 'ITO He ITpOH30ll-

neT acnapeHR!I npoTOHa, 6yneT onpeaenHTbCH aena'IIIHOA -{ . TaKBM o6pa3oM, Bbipa)f(e-
P 

HH9 JliTSI C9'19HHSI peaKUHII C BbliTeTOM x HeATpOHOB cnenyeT ITHCBTb B BHJle: 

u( xn) 
• (['.)I • ly 

rn __ r Ia! ['I P (1) 
u ( F.)P.,. 

u. p -<:e'I9HH9 peaKUHR B OTCYTCTBH9 KOHKypeHUHH CO CTOpOHbl HCnapeHHSI 38pSI)f(9HHblX 

'IBCTHU. ileACTBHe ITOCIT9JlH9rO <jlaKTOpa, ITO-BHJlHMOMy, cymeCTBeHHO 38HH)f(aeT Ce'I9HH9, 

CpaBH9HRe BbiXOJlOB Te 
109 

ITpH o6ny<~9HRR 
92 94 

Mo R Mo IT03BOilSI9T onpenenHTb 

1Tp0H3B9Jl9HR9 OTHOCHTellbHbiX HeATpOHHbiX WHpHH JliTSI nepBb!X JlBYX CTyneael! peaKUHII 

94 20 
Mo (Ne ,Sn): 

( r. > r -114 ( n) 
r r 113 

0,15 . (2) 

ry HaMH 6blnu npoBeaeHbi oneHKH BerrH'IHHbl r-( JlllSI KOHUB HCITapRT91lbBOrO KBCKa-

Jla) R BbiXOJlOB peaKUHII, ITpHBOJl!IUlHX K eme 

6blllO cnenano nyTeM onpeneneHR!I ( ~>. 
6onel! nep9CbiUl9~HblM ITpoTOHaMH !!Jlp8M, 3TO 

JlllSI COOTB9TCTBYIOUl'iX npoMe)f(yTO'IHbiX .SIJl9p, 

npennonarallOCb, 'ITO r-r.+rp 
r s.-s ~v , I13B9CTHO, 'ITO _•_ ~ .!L_exp [-P P 
r z T 

8 

., 

I 

I 

V P -KyllOHOBCKRII 6apb 

oco6euao nn11 3pamaiOmHx· 

'IT06bl HCKITIO'IKTb 'IlleR 

Jlll!l SIJlep C MBCCBMR A 1 

( ,., B. -( B D ) A2 -( B D )A I. 

onpeneneHHH 3TOro OTHOW 

nocb aeKoTopoe cpenuee < 

Koro npn6nR)f(eHHH. TaKKM 

r. (-r-l 1 nnH acex cTynea• 

paC'i9THbiM 3HB'I9HK9M U 

3HB'i9HH9 C9'19HKSI o6pa30l 

Mb!X' p98KUHll npH Kpa9Bl 
[' 

To'IHOCTb onenKR :.L_ o 
rp 

Mbl aocnonb3oaanacJ 
92 20 108-1 

Mo(Ne ,4-6n)Te 

a 

nony'i9HHbl9 3HB'I9HK!I C9'! 

<~eHIIH, nony'teHHbJe npa yc 

K83BHbl C9'19HHSI, paCC'IHTe 

rHH CBSI3H npOTOHa, nonar 
[' t.B 
~ ·••p(Tl. B 
[' PA2 

ABTOpbl 6naroaapRT 

BHHMBHII9 K pa6oTe, npo<jle 

Hbl TBK)f(e H.A. ilannnoBy 

A.H. ~HITHITCOHY II PYKOBO~ 

Ten!!. 



c n yqaa ~ + - pacnaAa 

• B bmeT npoTOHOB c 

JM B 0CHOBH08 COCTOH-

YABT n p HBOAHTb K HC 

/9/ 
AepOH& H HC XOAHnH 

BAY n HTH OTAenbHbiX 

HMepy. A nH Zr
9

: npH 

< B p eaKilHH ( d , p ) , 

•3 6 y )f(AeHHH B OCHOBBOM 

OT OHa. nng He ro Kap-

8 T Ae ACTBHH npa BHn 

.m e, q e M B peaKnHH 

·H3n yqaHHeM H B bineTOM 

naAa COCT a BHoro HA p a 

rocne B bineTa HeATpOHOB 

'HlO • apameHHH .. npH-

:ano aa c qeT ManoA 

8tfHTenbHbiM 1 T.K. 3 Hep-

r o r o , q To He npoaa oA

M o6pa30M, B bl p 8 )!(8-

b B BHAe! 

(1) 

:na p e HHH 38pH)f(8HHblX 

3aHK.>KaeT ceqeaHe. 

3 BOnHeT onpeAenHTb 

·yneHeA peaKilHH 

(2) 

rapHTenbaoro xacxa

)TOH&MH HApaM. 3TO 

pOM9 )f(yTo qHbiX .!IAep. 

!xp ( _ B n - B p -<IV 0 , 

T 

, 
I 

I 

I 

V P -KynoBOBCKHA 6apbep. 3Ha qeHH8 K0 31j>¢HUHeHT8 a H8H3B8CTHO AOC T&TOqHo TOqHo, 

OC068HBO ArrH 3p8lll810IIIHXCH COCT8BHbiX HAep. no 3 TO My Mbl llblT8rrHCb npo BeCTH Oll8HKH T & K, 

av 
qTo6bl HCKnJOqi!Tb qnea exp ( -,.'L-) E b inO acnonb30B&HO B bl pa)f( e HHe 

r. 
( _ _ )A r , 

p 

e xp[ ~B .-~R P_ . 

T 

AnH HASp C M8CC8MH A I H A~ npl! TeMnepaType T 

(3) 

1'. B = ( R ) - (R ) A 
P P A~ P 1 

- no T a 6nauaM Mace KaMepoaa). npa 

o n peAeneHHH a Toro OTHOllleHI!H ArrH ABYX COCBAHHX CTyneaeA HeATpOHHoro K8CK8A8 npHMeHH-

nOCb BeKOTOpOe Cp8AH8e 3H&qeHH8 TeMnepaTy p bl T 0 npaqaM Oll8HHB8n8Cb TOqHOCTb T8-

KOrO npH6rrH)I(eHHsi. TaKHM o6p830M, HCflOrrb3YH COOTBOllleHHH (2) H (3), M bl onp euenHnH 

r. 9< 1o9 ( 
(--r-) 1 AnH BCBX cTyneaeA peaKUHH Mo (Ne , 5n)Te . J13 COOTHOlli BHHH 1), nonb3yHC b 

/8/ ry 
p acqBTHbiM 3H&qeaHeM (1 , Mbl H8lllnH, qTO ·r ·· "' 0,05. noc KonbKY <jlaKTHqecKOB 

aaaqeaae ceqeHHSI o6p830B8HHSI COCTSBHOrO HDpa, sePoHTH0 1 M9Hblli 9 U (aa cqeT •rrpH-
f 

MbtX' p88KilHA npH KpaeBbi X coyAapeHHHX), BerrHqHH8 _r__ HBCKOrrbKO 6 0rrblll9 ( - 0,1). 
r r. 

ToqHoCTb oueHKH "f-;- onpeAen~teTcH ToqaoCTbiO H3Mep eaag c eqeHH;· 

Mbl oocnonb3oeanHcb T 8 K)f(8 cooTHomeaaeM ( 3) npH pacqe Te • B p e tlKilHHX 

9 ~ ~0 ) 108 - I 08 r. 
Mo ( Ne ' 4 -6n Te npa oneHKe ceqaHHtl npHMeHHnOCb COOTHOlll eHHe 

u(xn) ~ [u 
109 

Te 

( Sn) 

r • r <2>o n <-·-> 
r •=' r ' p 

nonyqeHH biB 3H8 q8HHH ceqeHHA p eaxua A fl0 K838 Hbl Ha pac. 7. KpeCTHK8~H 
r 

o6o3aaqeHbl 3Ha -

qaHHH, nonyqeHHbiB npH ycnOBHH, qTQ _Y_ OAHH8KOBO AnH BCBX p e a K u HA. 
r r 

Kpy)f(K8MH no-

K838H bl c eqeHHH, paccqHT8 HH bl8 c yqeTol:.t YM8Hblli8HHH r 
p 

He H3Me HH9TCSI 1 a 

T 

rHH CBH3H npOTOHa. nonaranOCb0 qTo ry 
r A (i'.B 
~ = et p +) · B 3 THX pacqeTax 6btnO npHHHTO 

r •A~ 

no Mepe yMBHblliBHHH 3 H8p
B 

r. "' exp <---.r T O B CTb 

0,8 M 3 B. 

AeTopbt 6naroAapHT qnel!a-xoppecnoHAeHTa AH CCCP r.H. <l>nepo ea 3 a nocTOHHHOe 

BHHMaHHe K pa6 oTe, nporjlecc opa P .E. Senna 3a none3 HOe o6cy)f(A8HHe . AeTopbl 6 naro A ap 

H b l T8KlK8 H.A. n aHHnoey H B . n . Cyeopoey 3 8 nOMOlllb npH npoBeA eifHH 3 Kc nep HM8HTOB H 

A . H. <I>Hnancoay H pyxoBOAHMoA HM rpynne 38 o6ecneqeaae 6 e c nepe6oAHo tl p a6oTbl y c x opH-

g 
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P H c. 3. CneKTp aana3/lbiB8!0IllHX npoTo aoa B peaKnH H Mo + Ne 
aoqaaH nHHHH a -qacTHn (5,5 M as). 
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150 liP 

K pHBbie B~Ixona n poTOHHbiX aKTHBHOcTeA : I-T ~ = 4 , 2 ceK, pe~KUHSi 
Mo 2 + Ne 20 • 0 - T li = 13 ceK, p eaKUH Si Mo

92 
+ Ne · 

• - T li = 4 , 2 ceK, p eaKU H Si Mo
94 

+ Ne 2~ ){ -
M 22 A 

T li ~ 19 ceK, peaKUHSi Mo + Ne L.::> - T X = 19 c e K , 

peaKllHSi Mo
92 

+Ne
22 

M, 9"+Ne20 

6 (151 
16 

10 
0,1 
0,6 

at, 
az 

I 
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I liO 7o 60 ~ tW ItO Ito fiJtl fW f:JI/ c~,, 

K p HBbie B BIXOA8 npo TOHH biX aKTHBHOcTeli : I-T ~ = 4,2 ceK, pe:ftlKUHSI 

Mo 2 + N e20 • 0 - T a = 13 ceK , peaKUHSI Mo
92 

+ Ne . 

• - T ~ = 4,2 ceK, p eaKUBSI Mo H + Ne 
2? )(. 

T ~ z 19 ceK, peaKUBSI Mo!K + Ne
22 6 - T ~ = 1 9 ceK, 

p eaK!lHSI Mo 
92 + N e 
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P H c . 5. KpHBbie B biXOAa npoTOHHbiX aKTHBHOCTeA npH o6ny'IeHKII Mo 94 
HOHllMH Ne 
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P acn a a npOTOHHOII B KTHBHOCT H B peBK!lHH Mo 9• + ~0 
Ne ( E na6 = 100 Mas). 
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P H c. 7. PacqeTf<bie 

Oorrepe'IHO 

OTHOpMHpO 

HOB. Bepx 
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P H c . 7. PacqeTF bte 3Ha'leHHH rrorrepeqaoro ceqeaHH J>ElBKUHH Mo 
02 ( Ne 

20 
, 4 - 6o ) 

none pe •!Hoe ceqeaae peaKUHH Mo 
02 ( Ne ~0 • 3D ) T e IOO 

OTHOpMHpOBaHO C y'leTOM BeTae tl p a crrana , He llpHBOAH mHX K BbirreTy llpOTO

HOB. Bep x HHH KPHBBH nposene aa nrrH ( ry ; r )= cons!. HH>KRHH - Y'IHTbiBa eT 

yMe HbllleUHe (r:y If ) 38 C'leT yserrH'IeHHH r" ITO Mepe poeT a H3 6b!TKa 
p p 

r:pOTOHOB. 
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