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1. Baeaeaue 

Paaee aaTopaMH c noMOlllb iO aoaopoaaoll uu<jxjly3aoaaoll KaMepbl, a paoo'leM o6ceMe 

KOTOpOit OCT8H8BnHB8RHCb OTpHU8T9RbHbl9 MIOOHbi 1 H86RlOll8JlHCb Clly1..JBH CO CM9W9HHS1MH H8-

qana en en a 3R9KTpOH8 p8CI18.ll8 OTHOCUT9JlbHO TOliKH OCTBHOBKU MIOOH8 H8 0,5- 3 MM H 6blll0 

nOK838HO, 'ITO 3TH CMBUlBHHH OQYCITOBITBHbl npooer8MH HBI1Tp8nbHOrO p 11 -BTOMB , C ITOMQ

UlbiO HCITOITb30B8HHH H3,1BpBHHOrO 3H8'1BHHH Cpeuaero KB8/lp8T8 /liTH H rrpooeroa B un¢¢y3HOH

HOM rrpaonn*eHHH obino aallueao ceqeaae pacceHHHH PI-' -aTOMOB aa npoTOHax 

PI-'+ P -> Pfl + P • ( I) 

paauoe b 10-
19 

cM
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1

, Cornacno Teopua, ce'!eHHe npouecca (I) uon*ao CH ITbHO 38Bll -

CeTb OT CTIHHOBOrO COC TOHHH H p fl -8TOM8 ( H8 OCHOBHOM yp OBHB p fl -8TOM MO*BT H8XQ-

/liiTbCH ITHOO B TpHITITBTHOM COCTOHHHH C CyMM8pHbiM CITHHOM npOTOH8 H 11 - MB30H8 F ~ 1, 

ITHOO B CHHrneTHOM C F = 0 ) , npa 3 T OM /J.MI C T 8 THCTH'IBCKOJ! CM9CH STHX COCTOHH!IJ! Ce'le-

-18 2/2/ 
HH9 p8CC9HHIH1 a ·l,O ~:~~ }Q CM 1 B TO Bp9MS1 KBK .llllfl CHHrneTHOrO COCTOflHHSI 

-20 2 / 2- 4 / / 1/ 
~- ~ 10 CM • TaK KBK SKcnepHMenTanbnoe anaqenue aPP. + :P , nonyt.teHHoe B 

ll , TO H9Jlb3fl OblllO cuenaTb onpeueneHIIbiX 

BbiBO/lOB 0 Cnl!HOBOM COCTOHHHII p 11 -BTOMB nepeu p8CIT8/lOM MIOOH8, nocneuHee OOCTOH-

T9JlbCTBO OC069HHO BB)KHQ 8 CB513l:l C npo6neMOJ1. li3Y1..J9HIHI 3 8XB8T8 MIOOH8 npCTOHBMH B raao-

00p83HOM BOUOPOU9, ITOCKOllbKy BepOHTHOCTb 38XB8T8 CyllleCTB9HHO 38BHCHT OT CITHHOBOJl 

!51 
OpHBHTBUHH ITpOTOH8 H MIOOH8 

B nacTomnel! paooTe npouecc (I) n3y'lanc" 6onee ueTanbHO c ucnonh3oaaHneM Ha 

nopHUOK 6onbwero CTBTHCTH'IeCKoro MaTepHana, Ce<teHI!SI aaxouunHcb 1!3 aHann3a pacnpeue-

neHnll 'IHCna cnyqaea no npooeraM pfl - aToMoa a pa3nli'!HbiX paooqnx ycnoaHHX. 

II • nocT8HOBK8 OIThiTOB ll 3KCnepllM9HT8llbbbie pe3yllbT8Tbl 

lin¢¢Y31lOHH8SI K8Mepa B M8rHHT HOM none 7000 3pCT9/l 3KCITOHHpOB8ll8Cb B ny'IKe 

OTpunaTenbHbiX Me3oaoa c HB'IBITbHbiM HMnynbCOM 260 Msa/c, TopM03HBWIIXCH H ocTaHaanu

BBIOlUHXCH B ra3e K8M9pbl , npHM9Cb OCT8HOBOK II - Me30HOB COC T aBllHll8 4,5%. noupooaoe 

OllHC8HH9 CX9Mbl OI1bi T8 H yCJlOBUfi SKCnepHM9HTOS H8 rry q Ke M930HOB OT CHHXpOUHKJl0TpOH8 

OIHIH npnaouunocb paaee
11•6 •71 , 

3 



J1n11 TOro, 'IT06bi BblllCHHTb, KBK H86IIIOA8eMbie 3<jl<jleKTbl 38BHCI1T OT IIIIOTHOCTH BOAQ

pOAB H Z -npuMecelt (aTOMbi yrnepoaa u Kacnopoaa aceraa npHcyTcTBYIOT B pa6o'leM 

o6'beMe KSMepbi B BRAe napoa cnHpTa), 6btno caenaao 4 onbiTa. 3KcrrepuMeHTanbHbie ycno

IIHil a pe3ynbTaTbi HaeHTH<jlHKBUHH co6biTHli npHBOAilTCil B Ta6n. I. B onbtTax 1,2 a KB'Ie

CTBe pa60'Ieli lKHAKOCTH HCIIOIIb30B8IICil MeTHIIOBbi!i CIIHpT. 8 OIIbiTe 3 IIIIOTHOCTb BTOMOB 

C " 0 6bma IIOHHJKeHa 38 c'leT IIPHMe&eHHil aopManbaoro rrponanoaoro CI!HpTa
171

• YKa-

38HHBil B Ta6n. 1 Allll OI!biTOB 1-3 CYMM8pH811 IIIIOTHOCTb BTOMOB C H 0 OUeHeHa HB 

cpeaHeli 3<jl<jleKTHBHOlt BbtCoTe 'IYBCTBHTenbHoro cno11. B ycnoBHilX onbiTB 4 KOHUeHTpaUHil 

npHMecelt 6btna pe3KO yaenH'IeHa 3a C'leT ao6aaneHifll yrneKacnoro ra3a H 3TBHa 13 OTHo-

UieHllll, COOTBeTCTBY IOWeM OAHHBKOBOMy KOIII!'IeCTBy BTOMOB yrnepOAB ll KHCIIOpOAB. 

I. Bpe Mil "' H3HH PIL -aTo Ma 

OT KOIIH'IeCTBB Z -rrpHMeceli cyruecTBeHHO 3BBHCHT apeMil lK113HH PIL -aTOMS r • 

Ecna rrpeHe6pe'lb MOilbiM BKIIBAOM npouecca nepeXBBTB MIOOHB K aeltTpOHBM/l,S/ ('ITO HMeeT 

MeCTO B ycnOBl151X .Q811HblX OllbiTOB), TO Bp9!'1.Hl >KH3HH H o6paTH8SI eMy BeiiH'IHHB A 

(cyMMapHall CKOpOCTb '11eynpyrax npoueccoa•) 6yayT onpeaenllTbCil BbtpalKeHHeM 

1/r =·A=·\ +A'z Cz +A:oiL (2) 

rae \ - CKOpOCTb paCIIBAB CB060AHOrO MIOOHB, AZ. Cz - CKOpOCTb nepeXOAB MIOOHB K 

ClJQ)f{HbiM stnpaM, KOHUSHTpBIUHI KOTOpbiX p8BH8 Cz , A'. 
PPIL 

- CKOpOCTb o6pa30B8Hllll Me3o-

MOIIeKyn pp IL B ra3oo6pa3HOM soaopoue. 

B HBCTOilUieil pa6oTe ncnonb30aancSI MeTOA onpeneneHHil A , OCHOBBHHbiii Ha cpaaHe-

HHH BbiXOAOB 3Be3n C BHllHMbiMH nyqaMH OT 38XB8TB MlOOHOB ru:tp8MH yrnepo,na H KHCnOpO,na 

npll p83Illi'IHbiX CyMMBpllbi X KOHUeHTp8UIIliX IIOCIIeJ:l!IHX. nycTb Yl H y 2 BbiXOAbl 3Be3A HB 

OJlHH OCT8110BllBWRHCR MlOOH B OllbiTBX C KOHU9HTp8UH.stMH Z -npHMecefi C 1 u C ::1 cooT-

aeTcTaeuuo. Toraa, ecnu c1 < c
2
< I , TaK 'ITo rrp>tMoii rrocauKof; MIOOHa (6e3 nepexoaa 

c p IL-BTOMa) Ha op6uTy Cu u OIL MOlKUO rrpeHe6pe'lb, To A (Anll KOHUeHTPBUHII C 1 ) 

6yaeT orrpenenllTbCil BbopallteHneM 

A= (A0 +A;o!L) Y2 ( 1 -~) 
y2- y l 

(3) 

CneayeT OTMeTIITb, 'ITO npH COOTHOUieHJ!H c1 << c2. KOTOpo/ BbinOIIHSieTCil B HBU!HX 

ycnoaallX, ecnu cpaaunaaTb orrbiTbo 1-3 c OIIbiTOM 4, 3na'lenHe A MBIIO 'IYBCTBUTeiibHO K 

ueonpeaeneHHOCTII B KOHUeHTpBUIIll z -rrpHMeCel!. npu OTOOpe 3Be3A rrpnMel!lliiHCb cneay!o

U!He KpHTepHH oT6opa: I) A IIIIHa KalKa oro H3 nyqelt 3Be3Abi AOIIlKHB 6biTb 6onbrue 0,4 MrlcM
2 

aouopoaa; 2) nns1 onuonyqeahox 3Be3A c nnuHoii nyqa MeHee 2 Mr lc~-.? yron BbtneTa a on-

JKeH obiTb 6onbwe 20° ; 3) 

2 CMo 

JlJlUIIO cnena ocTaHasnuaaiVI.'lerocn rnoona UOJJ )I<Ha 6biTb 6onhwe 
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3BBHCRT OT RnOTHOCTH Bono-

pHcyTcTey~T e pa6o'<eM 

'· 3xcnepHMeHTanbHbie ycno-

1, B OllbiTax 1,2 e xa'le-

•nbiTe 3 nnOTHOCTb BTOMOB 

ponHnoeoro cnHpTa
17 1• Yxa

oe C 11 0 oueHeHa Ha 

SIX OllbiTB 4 KOHUeHTpBUHSI 

1oro raaa H 3TaHa a OTHo-

Iepoua H xHcnopoua. 

g JKH3HH PIL -BTOMB T 

K UeliTpOHBM / J,S / ('<TO HMeeT 

paTnag eMy eenH'IHHa A 

:TbCH BbipB>K9HH9M 

(2) 

OCTb nepexoua M~OHB K 

c xopocTb o6paaoeaHHSI Meao-

A , OCHOBBHHbiil HB CpBBHe-

l PB Mll yrnepoua 11 KHc nopoua 

Y, II y 2 BbiXOAbl 3Be3A HB 

-npn Mece n C 111 C l cooT

>i MIOOHa ( 6ea nepex oua 

A ( ung KOHUeHTPBUI!If C 1 

(3) 

•Oe BhiOOnKS19TCSI B HBWHX 

A Mano '<YBCTBHTenbHO x 

a aeau npnMeH SinHcb c neuyio

nJKna 6biTb 6onbwe 0,4 Mrlc M2 

Mr/c~P yron l'lhrn eTa aon-

r u o oHa .nonmua 6b!Tb 6onhwe 
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0T!le1leHHe MIOOHHhiX 3Be3!l OT flllOHHhiX, !lOllS! KOT OpbiX Obina HaHOOllbWeil B OflbiTe 4 , 

n pOH3BOJIH110Cb no OTHOCHTeJlhHOMy H3MepeHHIO MaCC OCTaHaB1IHBa!OWHXCSI M830HOB. I13Me

p8HHSI npOH3BO!lH1IHCb Ha penp08KTOpe C nOMOillb!O WaOliOHOB nepeMeHHOI\ KpHBH311hi, H3rOTOB-

118HHhiX no napaMeTpH'I8CKOMy ypanHeHHIO KpHBOfi llliSI TSIJKellbiX 'laCTHU, OCTaHaBliHBa!OillHXC SI 

B B81ll8CTB8 B npHCyTCTBHH MarHI!TIIOro nOllll, llnsr !laHHOil nnOTHOCTH BO!lOpO!la H IIOCTOSIH-

HOrO MarHHTHOrO n01111 B ypaBHeHHe BXO/lHT TOJibKO OllHH napaMeTp a , CD5138RHbiti C MBC-
-0,75 

COl! 'laCTHUhl COOTHOWeHHeM a- ( m ) • 

I1 3MepeHHSI npOBO!lHliHCb TOllbKO !lllll TOll 'laCTII COObiTHll, B KOTOpblX nepBH'IHhlll Clle!l 

ocTaHasnHsaiOIUel!csr qacTHllbt Ohtn 6onbwe 40 MM. KpoMe Toro H3MepsrnHCb TOllb KO ouHo-

H !lByXny qesbte 3Be3!lbl, npH 3TOM OTOpaCbiBaeTCSI OK0110 50% nHOHHbiX 3B83!l H TOllbKO 8 % -

MIOOHHhtx 3Be3u. Ha pHc. !lliSI OnbtTa 4 npe/lCTaB118HO pacnpe!l8118HHe nepBH'IHbiX C118!lOB 

B 3B83!laX no napaMeTpy a , nnaBHOll KpHBOJ! Ha pllCYHKe H306pa>t<8H8 <!>YHKUHSI pa3pewe-

HHSI nnst MIOOHHbiX 3893Jl 1 H8fi.09HH8SI no H3MepeHHSIM CnenOB MlOOHOB B 11-+ e pacrranax, 

B pe3y11bTaTe pa3!leneHH R 3Be3!l onbtTa 4 6btno Hall!leHo, 'ITO H3 nonnoro 'IHCna 3Be3!l 211, 

Bbl3 B811HbiX qaCTHUBMB, OCT8B8BnHB8JOlUHMHCSI B raae K8M9pbJ, K fiHOHHbiM 3B93.08M OTHOC51T

X) 
CSI 76!.._11 , llnsr OnbiTOB 1 H 2 CyMMBpHblll BK118!l nHOHHbiX H MIOOHHbiX 3 B83!l OT npSIMOll 

n o ca!lKH cocTaBnRn 10%, B T O npeMsr KBK !l liSI onhtTa 3 oH He npeBhiWan 4 % . B TaonHue I 

ITpHBO,D..RTCSI OKQHqaT91lbHbi9 qJiCll8 MlOOiiHblX 3B93A JlllSI K8)f{.QOrO 0Hb1T8. 

11cn01Ib3YSI 3Ha'I8HHSI BbiXO!lB 3B831l B 01IbiT8 4 H CyMMapHoro BbiXO!la 3B831l B OnbiTaX 

I H 2, C TIOMOillbiO BbipaJK8HHSI (2) Mbl HaWliH, 'ITO Cp8/lHSISI CKOpOCTb 'neyrrpyrHX' npouec-

COB B OnbiT8X C M9TH110BblM CnHpTOM 

6 -1 
A=( l,4:t_0,3)•10cex . 

M anbtll BKlla!l B >. 3a c qeT o6pa3onaHHsr Me3oMonexyn PPfl onpe!leitsrncsr Ha oc-

/8,9/ 
HOB8 llBHHbiX !lliSI lKH/lKOrO BO!lOpO!la nyTeM nepeC'IeTa no flliOTHOCTH, 

11 3 Hall!l8HHOJ! B Oflb!TaX C M8TH110Bb1 M CnHpTOM B81IH'IHHbl CTI8!ly8T, 'ITO CKOpOCTb nepe-

XO!la MIOOH8 OT npOTOHa K S!!lpaM c II 0 B nepecqeTe K nnOTHOCTH lKH/lKOro BO!lOPO!l8 

p asHa 

p 10 -1 
·\.o • (2 ,2 :t_O,e) • 10 cex 

3TO 3H8'18HII e A~ O XOpOWO COrnacye TCSI C Beliii'IIIHOJ!, Hall!leHHOll B HaWBX p8HHIIX Onbi-

/ 1,8/ • • 
TaX , llnsr Onb!TB 3 CYMM8pH8SI CKOpOCTb HeynpyrHX' npOU8CCOB 0 111!3K8 K CKOpOCTII 

p8C1181l8 CBOOO!lHOrO MIOOH8 H COCT8B11SieT 

,\ a (0,67+0,07) •10
6 -1 

C8K 

x) 
BbtXOil nHOHHhiX 3B831l HaXO!lHTCsr B xopoweM cornaci!H c OJKH!l88 M btM H3 

KOHB • ll liSI sepOSITHOCTH npsrMOJ! UOCB!lKH 11 - M 830H8 118 OOOnO'IKY 11 Z -8TOM8 , 

6 

• z -3a-

nocne:lHSISI B81IH'IHHa nonyqeHa < 

yrnep011a II KHCliOpO!la , 

BbiXO!l COOhiTHll, B KOTOP 

• To'!Kol! • ( cne!l anexTpoHa OJKe 

/lTISI OnbiTOB 1 H 2, 'ITO H CTie!l) 

Pe3ynbTaTbt HamHx on: 

HOCTII nepeXO!la M!OOHa C p fl -a 

C OT!la'leH aHeprHH CBS13H npOT( 

PI' 

Pfl 

H a puc. 2 !lliSI onhiTOB c 

npe.a.eneHHe ttHcna co6btTHH no 

npoTR>t<8HIIOCTH . CTpenKBMH aa 

peaK!lHSIX (4) H (5 ) . C y'leTO!v. 

uecce nepexoua MIOOHB K 

2.Pacnpe!leneHHSI n · 

Ha <jJoTorpaq,asrx , OTHocsrw 

pa3oBaliH8M H flOC1181lY!OWHM np 

3118K Tp OH8 pacnaaa CM8lll8HO 0 

llmt nocneuyiOwHx H3Mepe 

ua aneKTpOHa pacna11a conpono 

<!>HR Taxoro co6htTHSI npHBO!!MT< 

50% co6btTHii c BH!!HMLIMH ' rq: 

H OK0110 70% - /11151 Oflb!TB 3, I 

1\fO>KeT 6biTb 6onee TOl..JHO H3ME 

T aK >t<e, KBK H paHee
11

•
7 

U3M9p51llHCb D.llH IIbl npOeKUllfl 

H CTpOHliHCb pacnp8!l8118HH51 ~ 

np8!lCT8B11 8HO pacnpe!l8118HII8 I 

nO>KHbiX C06biTHii B HHT9pB8.'19 

OllblT8 1, KOHUeHTp8UIHI neitTei 

eancs:r ¢oH cnyqaea, CBR38HHbii 

CT8B1ISI11 5% B IIHTepB8118 1\ ~ 0 



Obina HaHoonbllleli a OTibiTe 4 , 

IBJUIBBIOli!HXC!i M930HOB, l13Me-

nepeMeHHOli KpHBH3Hbl, H3rOTOB-

:,1x "18CTHU, OCT8HBBnH B8l01UHXCSI 

lnOTHOCTH BOUOpoua H IIOCTO!Uf-

apaMeTp a r CDSI38HHbtn- C Mac-

!, B KOTOpb!X nepBH'!Hb!li C1!9U 

'0 H3Mep!l1!HCb T01!bKO OAHQ-

> TIHOHHbiX 3Be3U H T OIIbKO 8 %-

•eJleneHH e nepsHqHbiX cneaoa 

300p8lK9H8 <!JyHKUII!l pa3pell!e-

MIOOHOB B ~ -+ e pacnaAax. 

• H3 nonnoro '!Hcna 3B93A 211 , 

K fiHOHHbiM 3B93Jl8M OTHOCS1T-

H MIOOHHhiX 3 B93A OT TIP!lMOli 

npesbilllan 4 % . B Taonnue I 

ro onbiTa. 

pH OrO BblXO.ll8 3B93tl B OilbiT BX 

KOPOCTb 'aeyrrpyrHx' npouec-

PPIJ. orrpeAeii!iliC!l na oc-

) ITnOTHOCTH. 

bl ClleAyeT , 'ITO CK OpOCTb nepe

TIJIOTHOCTH lKHUKOrO BOUOPOA8 

eHHOJ! B HHli!HX paHHHX OTibi

U eCCOB 01!Y.3K 8 K CKOpOCTH 

H C 0}KH.£l8eMbiM H3 "'Z - 3a
'IKY "Z -aTOMa, 

nocne .'lH!l!l B911H'IHH8 TI01!y'IeH8 C yqeTOM p831!H '!HOl! aepOS!THOCTH 38XB8T8 MIOOHOB SUlPBMII 

yrnepoAa n KHcnopoAa. 

B b!XOA coobiTHl!, a KOTOpbiX naqano cneAa a neKTpoHa conpoaolKAaeTc!l BHAifMOH 

" To'IKol!' (cneu aneKTpoHa OlKe)
171

, un!l onb!Ta 3 Obl1! npHMepHo auaoe MeHbllle, '!eM 

A l!!l Oflb!TOB 1 H 2, 'ITO H cneuyeT OlKHUBTb, HCXOU!l H3 3HH'!eHI!H ann 3THX OnbiTOB. 

Pe3y1!bT8Tbl H8liii!X Oflb!TOB TI03B01!HIOT T8KlKe U8Tb KOlll!'!eCTBeHHYIO OUeHKy BepO!lT

HOC T H nepeXOUB MIOOHB C p f' -8TOM8 HenocpeuCTBeHHO HB OCHOBHOJ\ ypoaeHb Z fl -8TOM8 

C OTU8'19li aHeprHH CB!i3H 11pOTOHy, T,e, BepO!iTHOCTH pe8KUIIH 

Pf' + C c 11 + + 97 K3B (4) 

Pf' + 0 -+ Of! + p + 175 K3B , (5) 

Ha puc. 2 un!l OTibiTOB c HH3KHM uaanenHeM BOAOpOAB ( onbtTbt ~ 11 3) npHBeAeuo pac

npeAeneHHe '!Hcna cot5biTHli no pa3Mepy " To•teK', H3Mep!leMOMY a narrpaaneHllll HBHOOIIbli!Bl! 

npOTHlKennocTH, CTpenKaMII na 3I'OM p11cynKe yKa3aHbt olKHAaeMbte npooern npoTonos a 

pe8KUHHX ( 4) H (5), C yqeTOM a<Jx!>eKTHBHOCTH porHCTpamm npOTOHOB TIOJiy'!eHO, 'ITO B npo-

necce rrepexoAa MIOona K - aTOMy BK1!8A peaKUHli (4) H (5) He npeBWll!8eT 3%, 

2,PacrrpeAeneHH!l no rrpoeKUH!lM 'npot5eroa• PI' - aTOMOB 

Ha ¢oTorpa¢H!lX, OTHOC!lll!HXC!l K OTibtTBM 1-3, nat51!10U81!HCb cot5btTH!l , CBR38HHbie c oo

paaoaauHeM » nocne.oyJOlUHM rrpo6eroM pp. - aTOMa, T.e . cnyT.JaH, a KOTOphrx. naqano cnena 

31l9K Tp OH8 paCITliUB CM8lll8HO OTHOCHTBnbHO TO't..JKH OCTOHOBKJI MIOOHB. 

n 1111 TIOClleAyJOlUI!X H3MepeHHH ObinH OTOOp8Hbl Jll!lllb Te Clly'!aH, B KOTOpbiX H8'!81!0 CJ!e

AH aneKTpona pacrraAa conpoBOlKAHe TCH BHAHMOii "To'!Koll' (cneA a1!eKTpona OlKe) . 4loTorpa

¢HH TaK oro COObiTH!l npHBOAHTC!l Ha pHC , 3. npH T8KOM OToop e OTopaCb!B8eTC!l npHMepHO 

50% coouiTuii c BHAl!MLIMH 'npot5eraMH' ( CMell!eHH!lMn) PIJ. - aTOMOB ann onhrToa u2 

u oKo11o 70% - An>~ onbJTa 3, no npH aToM 6o11ee 'IeTKO HAeHTH¢HuupyeTCH "rrpooer" H OH 

1\fO>KeT 6biTb 6011ee TOttHO H3MepeH. 

T aK lKe, KaK 11 pauee
11 

•
7 1

, c noMOll!biO MHKpocKona YYIM - 22 All>~ oToopaHHbJX coobtTI!il 

ll3MepRnHCb anHJibl npOeKUHfi HB ropH30HTll11bHYIO IInOCKOCTb "'npo6erOB" I' 11. - BTOMOB 

H CTpoHnHcb pacnpeneneuu!l '!H cna cny'!aee no •1epe3 HHTepaan 0,5 MM . Ha pHc . 4 

npe.ncTaBlieHO pac npenene Hne no .onSI OTiblTB 2, n:3 KOT OpOrO MO}KHO BY!.UeTb, 'ITO ¢01-1 

nolKHbJX co6bJTHn B HHTepaane 0,5-3 MM npeueope>KnMo Man, B pacnpeAeneHHH no AliH 

OTibJ Ta I, KonuenTpaUH<I AeiiTepnH a KOTopoM 6btna H3BeCTHa 11 cocTaan>Jna 0,007% , Y'!HTbt

BBJICH <!JoH cnyqaeB , CB!l38HHbiii C OOp830B8HHeM H npo6eraM!I d11. - BTOMOB, 3TOT •>OH CO

CT8BliS11! 5 % B IIHTepB811e i\f 0, 5 7 2 MM, 

? 



npH noCTpOeHHH pacnpeneneHHH llfl!l K8lKI!Oro HHTepaana (';. f BHOCHnHCb nonpaBKH, 

Y'IHThiBBIO!llHe pa3nH<tHYIO <>¢clleKTna~•ocTb perHcTpauaa coobiTH>I c pa3HhiMH 3Ha<teHBQMH 

171 
CBQ38HHYIO C KOH9'tHOA WHpHHOH cnena MIOOH8, K aK H p8Hee , 3TO npOH3BOfiHfi0Cb C fiOMQ-

tUb!O H3M9p9HHQ yrnOBbiX xapaKTepHCTHK COObiTRii. nonpaBKH COCT8BfiS!fiH B cpenneM 15% 

OT oowero 'tHCna 38perHCTpHpOB81IHbiX cnyqaea. B HHTepaan (';. f Q.;. 0,5 MM BKnJO'fi9Hbl 

T8K>Ke Cfly<tall H 093 BHIIHMbiX CM9W9HHl!, '-!IICfiO TBKHX CfiY'IB9B OU9H9HO 113 OO!llero '111Cfl8 

I'~ e -pacnanoa H aeposrTHOCTH nepexona K z -npHMeC SIM, 

nony'!9HHbl9 pacnpeneneHHII no nn11 OflbiTOB 1-3 npencTaaneHbi na psc. 5. OwsfiKH 

B KB>KJlOt\ TOYKe Hapsmy CO CT8TU:CTH'lf9Ci<HMH Ollill6K8MH BK1110t{810T H HeonpeneneHHOCTH ;QT 

aaeneHH51 nonpaaoK . B nocnenaetl KOnoaKe TaonHUbl I npHBOII>ITC>I IIHTerpanbHbie <tacna cnyqa-

ea anst Ka>Knoro onbiTa rrocne sseaeHHsr acex nonpasoK. 

111 • Aaanu 3 <>KcnepHMeaTanbHbiX naHHhiX 

B 8H8TIH3e ncnonh3yiOTC51 pe3yflbT8Tbi TeopeTH<teCKHX pac'!eTOB ce<teHR>I npouecca 

/2-4,10 / /2 - 4/ 
(I) • Cor nacHo ce<teHBe pacce>IHRSI pI' -a·toMa aa npoTOHax nn" 3HepruH 

P f' -aTOMa, cymecTaeHHO ooflbwel! 3HeprnH caepxTOHKoro pacwenneHH51, naeTC51 Bbipa>KeHHeM: 

a · 
1,0 

3 2 
4 rr(T a I 

+4 1 + 

2 
a 
k 2 a 2 

• 
) . (B) 

3TO C9't9HH9 51BfiSI9TCSI CyMMOI\ KOrepeHTHOrO paCC95lHIIH ( 093 lt3M9H9HHS! Cr!HHB) H H9KOre-

peHTHoro ( c H3MeHeHI!eM cnnHa). Ce'!eHHe HeKorepeHTHoro paccesrHH51, 

na F = 1 ~ F = 0 , cor nacHo pa6oT e
1101

, naeTcsr Bbtpa>KeHI!eM: 

a 
t~o 

4" 

2 
3 (a - a ) 

JL_____& 

16 + k ~ ( 3 au + . a )2 

T.e. ceqeHHe nepex<r-

(7) 

[lnSI p f' -8TOMOB B COCTOHHHH F=O npn <>HeprHSIX Me3oaToMoB E</I..E ( ,~E=0,2 <>a 

- 3HeprH51 caepxTOHKoro pacmemteHH St) Bbtpa>KeHHe nns; ce<teHI!Si ynpyroro paccesrHBSt nMeeT 

BHII: 

ao 
4" ( 3 a. + a • 

4 

2 2M E 
B BLtp8lK9Hlt5lX (8-8) k = ·----r;-r 

H8 M930BTOMHbiX riOT9HUH8naX V R H 

k2= 
0 

2M.:\E 
-~ a 

8 
:a 

(8) 

au - ,llRHHbi paCC9SIHHSJ 

V uJ COOT89TCTBYIOlUHX CHMMeTpHlJ.HOMy H 8HTHCliMMeT-

pH'tHOMy COCTOSIHIIIIM p f' p - CI-!CT9Mbl OTHOCliT9JlbHO rtepeCT8HOBKH rtpOCTp8HCTB9HHblX KOOp-

/3 ,4/ 
nnaaT usyx npoToHoB. Llnsr aem!~I-!Hbl a u pa3nH<tH hlMH asTopaMH nony<teHhl 6nH3KHe 

• 2 2 -11 
3H8'19Hli>I au ::- 5 (a Me30BTOMHhiX 9llliHIIUBX n I m,., e =2 ,58· 10 eM), a TO speMSt 

/ 3 / 
Bhlt.tHcneHHhte 3HaqeHH.H cylueCTl\9HHO OTJll.P·IBJOTCH: cornacHo a 8 •-17, KBK a.nH 8 

141 
cornacHo •• ~-11. 

8 

O<teBHIIHO, 'ITO ecnH speM5l 

Bp9M9HH lKH3HH p f' -8TOM8 0 TO 

MOB oynyT OfiHCbiB8TbC5l TOflbKO 

THBHOM cnyqae aeooxonHMO y<tHT 

KpoMe TOI'O, aHann3 non>K< 

HOH 3HeprHH, npeBhilll8JOWeti Ten.i 

0p011Ty p f' -8TOM8 ( C rnaBHbiM 

M0*9T HUTH H8 XHMH'-19CKY~ nHC 

HOrO COCTOIIHHII B OCHOBH09 (38 

cKyiO <>HeprniO nopi!IIKB 3B. }-

pll 

npll 8HBnlt3e pllC1Ip91!9TI9Hl!ll II 

ce<teHIIIO ynpyroro pacce5lHII>I d 
/7 

11 onpeneneHHOMy 118MB paHee 

J.1cnhiThiB851 coynapeHH51 c 

B oonaCTH T8KHX M8flbiX 3Hepr> 

npoacxonHT He HB caof5onHbiX n> 

npHB91!9HH09 K OIIHOMY npOTOHY 

C9Tb OT 3HeprHH . 

B COOTB9 T CTBHH c BblW911' 

H~ncst nocnenoaaTenbHO a HeCK• 

1) npennonaranocb , 'ITO" 

MOlKHO HCUOflb30BBTb OIIHO "3~¢ 

(na¢¢y3HOHH09 npHOfiHlK9HHe); 

2) TO lK9, 'ITO H B 1), HO 

Kapno). 

3) aHann3 pacnpeneneHHll 

HMH BKnaa.a ceqeHHH a1, 0 H 

Ha acex c TanHnx pac<teT 

HO-Hblt.tHCnifTenbHOA M8WHH9, ll 

T8M 1, 2 H 3, uyTeM IICUOflb301 

3 
B CM n , nnOTHOCTH CnO>tCHh 

p 

I. A~t dJ<by3liOHHOe npHf5nnll 

no "npooeraM• nnR PI' -a 



a /':J. f BHOCHnHCb nonpBBKH, 

Hli C p83HblMH 3HB'l9HBHMH 

'7 I 
, 3TO npOH3BOUHJIOCb C fiOMo-

COCTaBJIS!JIH B Cp9UH9M 15% 

Q.;. 0,5 MM BKlll0'19Hbl 

~aea oueHeHo H3 o6mero '!Hcna 

1, 

peucTaaneHbi Ha pHC, 5. OmHDKH 

)l.{8lOT H Heonpe.aeneHHOCTH OT 

srrcst HHTerpanbHbte 'IHcna cnyqa-

9C'I.JeToB ce treHHSI npouecca 

I HB I1pOTOH8X /ll151 3HeprHH 

::w.enJJeHHst, ll89TCH BblpB>KeHHeM; 

) . 
( 8) 

113MeHeHHH cnaua) a HeKore-

3:CC9SJHHR, T.e. C9"19HHe nepexo-

2. 
(7) 

M e 30aTOMOB E<i\E (/':J.E=0,2 3 a 

l!ST ynpyl'Of'O paCCEHIHHll HM99T 

(8) 

!I a au - .OnHHbl paCCefllfHSl 

CI!MMeTpH'IHOMy H aHTHCHMMeT

HOBKH npOCTpaHCTB9HHbiX KOOp-

13,41 
)p8MI! rrony'!eHJoJ 6JIH3KHe 

. -I I 
>6' 10 CM ), B TO BpeMI! 

13 1 
1: cor nacHo a 8 -- 17, 

QqeBHUHO, '!TO eCJIH BpeMS! nepexoua H3 F = I B 

apeMeHH JKH3HH pI' -aToMa, TO aKcnepHMeHTaJibHbie pacnpeueneHHH no npo6eraM PI' - a To

MOB 6yuyT Oni!CbiBaTbCS! TOJ!bKO OUHHM 3Ha'!9HH9M C9'!9HH51 UJI~ COCTO>IHH>I C F = 0 , B npo

TIIBHOM CJiyqae H906XOUHMO y'!HTbiBaTb BKJ!aU BCeX Tpex npOUeCCOB paCC951HH51, 

KpoMe Toro, aHanna uon>KeH y'lHTbiBaTh B03MO>KHOCTb nanH~H>I y PI' -aToMa Ha'!aJib

Hoii 3Hepraa, npeBbimaJOmell TennoayJO, Cornac uo
111 1

, nocne aaxaaTa MIOona Ha BbiCOKYIO 

op6HTY PI' -aTOMa (c rnaBHblM KBaHTOBbiM 'llfCJIOM n ~ 14 

MO>KeT HLlTH H8 XHMH1..J9CKyiO llHCCOUIIBUHlO MOneKyJJ H 2 1 T8K l.JTO npH nepeXOll9 H3 H81.f8J1b-

HOf'O COCTOliHHII B OCHOBHOe (3a BJ-l9MII 10-
11

ceK ) PI' -aTOM npiW6peTaeT KHH9TH'le-

CKyiO 3HeprHIO nopHUKa aa. Heo6xoaHMO TaK>Ke y'leCTb BKnau ce'!eHHH npouecca 

pu +Z~pi'+ Z. 
(9) 

npH aHaJIH3e pacnpeueneHHll Ncr) npeunonaraJIOCb, '!TO ceqeHHe npouecca (9) paBHO 

-18 2 
Ce'!9HHIO ynpyroro paCC9liHH51 d I' -a TO MOB Ha CJIO>KHbiX HUpax, paBHOMy ( 1,2 ±_0,3) •10 CM , 

17 1 
a onpeueneHHOMY HaMn pauee 

JolcnbiTbiBaS! coyuapeHHH c npoTOHaMH, PI' -aTOM aaMeUJIS!eTCll uo TennoBbiX aHeprai! . 

B o6naCTH TaKIIX MaJibJX 3Heprafi, C KOTOpblMH UBH>K9TCS! pI' -aTOM (; 1 3B), paCC951HHe 

npOI!CXOUHT He HB CB060UHbiX npOTOHaX, a Ha MOJI9KyJiaX H2 • Ce'!eHHe npouecca pu + H2 • 

npHB9U9HHOe K OUHOMY npOTOHY, UOJI>KHO OTJIH'laTbCS! OT C9'!9HH S! p fl.+ p H CHJJbHO 38BH-

C9Tb OT 3HeprHH, 

B cooTae TCTBHH c abJweHano>KeHHbiM, aaanH3 3KCnepHMeHTBJJhHhiX pacnpe.a.eneaHH: Bhirron-

HsJnCSI llOCJJ9ll,OB8T91IhHO B H9CKOllbKO CTB!lHA: 

1) npeunonaranocb, '!TO anll onHCaHHS! acex aKcnepnMeHTaJibHbiX pacnpeuenenHll N U) 

MO>KHO RCfiOJ!b30B8Tb OUHO • a<jJ¢eKTHBHOe• C9'!9HH9 npH fiOCTOS!HHOfi CKOpOCTH p 1' -BTOMa 

(ua¢¢y3HOHH09 npH6JIH>K9HHe); 

2) To ll<e, '!TO a B 1), HO c y~eTOM Ha'!aJibHOll cKopoCTH PI' -aToMa ( MeTou MoHTe-

Kapno). 

3) aHan11a pacnpeueneHHll BbmonHHJICSI c y'leToM awpa>KeHHll (8-8) c uenbiO onpeuene-

HHR BKna.na ceY.eHHfl at, O H (1 

0 

Ha acex CTaUHfiX paC'!eT npOH3BOUHJ!Cll M9TOUOM HaHM9HbWHX KBaupaTOB Ha 3JI9KTpoH-

HO-Bbl'tlHCnHT8nhHOA M8WHHe, H npH 3TOM Cp8BHHB811HCb pacnpe.neneHHst, OTHOCSUU119CH K Onhi-

TaM I, 2 H 3, nyTeM HCfiOflb30BaHH<I COOTB9TCTByiOWHX 3Ha'l9HHll UJIS! nnOTHOCTH npOTOHOB 

3 
B CM n 1 nnOTHOCTH CnO}f(HblX SI,O,ep nz H Bp8M8HH >Kl13HH PI' -aToMa 

p 

1. And@y aiWHHOe npa6nH>KeHHe, B aToM cnyqae MO>KHO rroKaaaTh, '!TO pacnpeuenem<e 

rro ·npo6eraM• Uflll p 1' -aTOMOB HM99T Blfll 

9 



N(r) -
•r/L 

r e 

a pacnpeneneHHe no npoeKUHRM "npo6eros• 

N(f) - f K
0
(f/L) 

( K
0 

( f I L) - <jJyHKUHst 6 ecceng). 3necb L - nnnHa nn<P<!Jyann, 

L ( 1 1 - ) ~ 
= · r ...---r- VPI' T ' 

p 

rne I. - 'Ce'leHHe nepeHoca "' ... 

I = A ~l'+p ( 1 - cOS71 ) 1 

CBR3, 

(10) 

(II) 

onpenenReMast K8K 

(12) 

(13) 

A=u · / u · - K09<jJ(jJnnneHT, Y'<HTbraarowllli paanH«He s ce«eHHRX nponeccos PI' + :p n PI' + ·H
3 PI'+~ Pl'+l> 

cos 0 - cpenHnll KOCHHyc yrna pacceRHHRj r - speMR >KH3HH PI' -aToMaj vPI'- cpen-

Hstst cKopOCTb oTHOCHTenbHoro nsn>KeHHst PI' H H 2 , pasHaR B HawHx ycnosHRX ( T •240°K) 

2 ,7 ,JO;.S CM/CeK, 

B nanbHellwHX pacqeTax Mbl Hcnonbaosann aHanornro B noselleHHH pu -8TOMOB H 

HeliTpoHoB, n n epexon OT peanbHoro nponecca paccestHHR PI'+ : H2 K npoueccy p 11 + :p 
/ 12,13/ 

6hln npoHaseneH no MeTony Kpnrepa H HenKHHa , KOTOpblli RBnReTCR onHHM ua 

npn6nH>K9HHblX M9TOilOB p8C'i9T8 paccestHHR MenneHHblX HellTpOHOB H8 MOneKynax, 3TH Me

TOilbl OCHOB8Hbl H8 HCnOnb30B8HHH nceanonoTeHUHana ¢>epMH, 8 H8Ul9M cnyqae ycnOBHR npH

MeHHMOCTH T8KHX p8C'I9TOB BbinOnHR!OTCSl, T8K K8K nnHH8 paCCestHHR PI' -8TOM8 
-10 

( • 10 CM) MHOrO M9Hbwe, '19M nnHH8 BOnHbl PI' -8TOM8 H M9lKS!J19pHOe p8CCTORHH9 

-8 
a MoneKyne H 2 ( ~ 10 CM). B MeTone KpHrepa H HenKHHa TO'< HOe KB8HTOBo-MexaHH'Ie-

CKoe p8CCMOTp9HHe BCeX B03MO>KHblX nepeXOilOB M9>Kily Bp8Ul8TenbHblMH H KOne6aTenbHblMH 

ypo aHstMH Mon e Kynhr B npouecce paccestHHR aaMeHReTCSl nponenypoll ycpenHeHHR Ha ocaose 

Macc-TeHaopHoro npn6nn >KeHH R H npn6nn>KeHHR Manbrx speMeH pacceSlHHSl, TaKHe pac'leTbl 

npaBOM9pHbl B o6naCTH 0 r11e 9 HeprHH HellTpOHOB BenHKH no Cp8BH9HH!O C p8CCTORHH6M 

MS>KilY Bp8Ul8T9nbHblMH ypOBH RMH MOneKynbl (0,01 3B), HO M8nbl no Cp8BH9HH!O C 9Hep

ruell soa6y>Kil9HIIR Kone6aTenbHbiX ypOBHell ( ~ I 9B) . B 3TOII o6nacTH 9 HeprHII peayllbT8Tbl 

nono6HbiX Bbl'<HCneHHII o «eHb xopowo cornacyroTCSl c onbrTOM, 

YKaaaHHOe ycnosne sng 9Heprn ll BbrnonnsteTCSl B H8CTOSlWHX onbrTax, TaK K8K aHeprHg 

Tennosoro nsn>KeHHR PI' -8TOM8, ycpenHeHH8R no M8KCBennoBCKOMy cneKTpy, COCT8BnReT 

npn T • 240°K 0,03 9B , Bsnny Toro, 'ITO npn Taxnx TeMnepaTypax B pacceRHHH y'!aCTayeT 

HeCKonbKO apawaTenbHbi X nepexonos, B pac«eTax npeHe6peraeTcR KoppenRUHRMH (o6ycnos

neH!IbiMH npHHUHnOM flaynH) Me>Kny BpBWBTenbHb!M COCTORHB9M MOneKynbl H 3H8'!9HH6M 

ee cnnHa (He BhrnenReTcst pacceRHHe aa opTo- H napasonopone), CnenyR pa6oTaM
1 12

•
181

, 

Bblp8>K9HH9 nnst llH<jJ<jJepeHUHBnbHOrO C6'19HHR pacceRBHR PI' -aToMOB Ha CB!I38HHbiX npOTo-

H8X llnR CHHrneTHOro COC TORHHR PI' -8TOM8 MO}I{HO 38nHC8Tb B BHile: 

10 

T 
j 

-I 

__,_ 

[ du(O) 

di1 
CBR3 , 

PIL+i> 

rne 'c E- E0 H q =I k - k, 

HHH ( E
0 

-Q,03 9B, k = ~ 
Hbl llnR llBHHb!X 9KCnepHMe 

nOBCKOrO llBH>K9HHR MOneK 

neHHOe HHTerpHpOB8HH9 (I 

pa>t<enne nnst nH<jJ<jJepeHunE 

COC TORHHH H9CKOnbKO ycno 

He 6onee 'leM Ha 7%, 11cno 

cos 

flocnenHHil OK83b!B89TCR pa 

flpH anpOKCHM8UHH 31 

llOM H8HM9HbUIHX KB81lp8TO 

OnpeneneHH06 H3 COOTHOWe 

>Ke npHBelleHo 3Ha«eHHe X 
2 

O>KH1189MOro 3H8'19HHSl )( 

napaMeTp). TaxHM o6paao"' 

cnepHM9HT8nbHblMH llBHHbl"' 

MeToll MoHTe--Kapno . 

ll89T H8'!8nbHOII 3Heprnell E 

UHHM 'rrpo6eroa' M9308TOM 

171 
naHO B O.nSI BbJtiHCneHHJ 

E 
Tenn < E < E 

PI' - H8'! C'll 

B 3TOM cnyqae yrnosoe pa• 

BbiX '3HeprHil M9308TOM8 np 

pacnpe~teneHne a na6. CHCT• 

T8 no MeTony KpHrepa-HenH 

npo:>H3BOilHnOCb npH nOMOlllH 

B Ta6nHue II npHaeneHo 

B 9TOM cnyqae 6nH3KO K o 

MeHTanbHbie naHHbie xoporr 

'16pKH9M 1 'ITO 9TO BM99T ' 

9HeprBH 0 CyWeCTB9HHO npeB 



(10) 

(II) 

3HH, onpenens;eMas; xax 

(12) 

(13) 

a !!X npoueccoa PIL + :p 

lKH3HH PIL -aToMa; v.,.- cpen

H B H8WHX yCIIOBHliX ( T •24Q°K) 

o a noaeneHHII pu -8TOMOB H 

KOTOpblH S18IIHeTCSI OllHHM H3 

lllTpOHOB H8 MOileKynax, 3TH Me

H, B aaweM cnyqae ycnoBHH rrpa-

pacceSIHBSI P IL -aTOMS 

OMS H MelKSI.[lepHOe paCCTOSIHH9 

IH8 TO'IHOe K88HT08Q-MeX8HB'I&-

lW8TellbHb!MH H KOile08T91lbHhlMH 

>ouenypoll ycpenHeHHH Ha otaoae 

&eH pacceRHHH, TaxHe pacqeTbl 

Cp8BH9HH!O C paCCTOSIHHOM 

:> Mallbi no cpa8HeHB!O c aaep

·oll OOII8CTH 3Beprull pe3yllbT8Tbl 

TOHWHX onbtTax, Tax xax aaeprsg 

llllOBCKOMY CneXTpy, COCT8BIIHeT 

epaTypax B pacceHHBB yqaCTsyeT 

caeTCH xoppenHUHHMH (o6ypnos-

IHHeM MOIIeKyllbl H 3H8'19HBeM 

Jone), CnenyH paooTaM
112 •

131
, 

jL -8TOMOB H8 CBSI38HHblX npOTo-

8Th B BH.[le: 

l 
I 

C8Sl3, 

I =U 
4•25 f dd 

Pll + i> Pil+1' ~ E 
0 

!4,4 .. 2 
y' r r :Eo e-0,62o2 e- .,_-<r+o,s..-, I, 

q (14) 

rne r c E- E0 

HHH ( E0 -Q,Q3 

- H3MeHeHHe aHeprHH H HMnynbca PIL - aToMa 8 coynape-

) ; npH89.[l9HHble 'IHCileHHbie KOa<jlqii!UH9HTbl B ( 14) Bbl'IHCile-

Hbl llllH naHHhiX axcnepHMeHT81lbHblX ycnoBHll. BbtpaJKeHHe ( 14) nonyqeao c yqeToM Maxcaen-

llOBCKOro llBHlK9HHSI MOileKyll H 2 H 3anHC8HO B naoopaTopaoll CHCTeMe KOOPilHH8T, 'iKe-

( 14) 
CBSI3,_

16 neHHoe IIHTerpHpoaaHHe no yrnaM naeT, 'ITO upl.<+• - , a•IL+i> , T.e. A •1,6, Bbt-

p8lK9HI!e .[IllS! .[lH<jl<jlepeHUH81lbHOrO ceqeHHSI B cnyqae paCC9SIHHSI 8 TpHnll9THOM Cni!HOBOM 

COCTOSIHIIH HeCKOnbKO yCIIOlKHSieTCSI, O.[lH8KO, OUeHKH IIOK83b!B8!0T 1 'ITO 3H8'19HHe A H3MeHHeTCSI 

ae oonee '!eM Ha 7%, Hcrronh3YH (14), nerxo pacc'IHTaTh cpena»ll xocHayc yrna pacceHHHH 

" " cos 0 =f cos 0 da(O) dO/ f ~ dli 
d:! 0 dfl 

( 15) 

nocne.[lHHll OK83blB8eTCSI p8BHblM -;;;;;(} = 0,40 

npu arrpOKCHM8UHH 3KCnepHM9HT81lbHOrO pacrrpeneneHHSI no <jlyHKUHell (II) MeTo-

'<' -19 2 
noM HBHMeHbWHX K8anpaToB Obtno aallneao, 'ITO .w •(1,2lt_0,17)'10 CM. 3aaqeaHe a~ll+P 

OIIpeneneHHOe H3 COOTHOWeHHSI (13), npHBe.[leHO B rrepBOll CTpOKe T801lHUbl II , 3necb 
2 

JKe rrpuaeneHo 3Ha'!eHHe X , aa xoToporo MOJKHO BHneTh, 'ITO oao cywecTaeaao oollbwe 
2 

OlKH.[laeMoro aHa'!eHHH X , paaHoro 17 ( 18 axcnepHMeHTBilbHbiX To'!eK, OllHH aapbHpyeMhtll 

napaMeTp), TaxHM oopaaoM, rrpocToe nu<jl<jlyaHoHHoe rrpHOIIHlKeHHe rrnoxo cornacyeTCH c ax-

Cll9pHMeHT81lbHb!MH .[l8HHblMH, 

MeTop MoHTe-Kapno. Ha aTOM a Tarre aHanuaa OblllO yqTeHo, 'ITO pu -aTOM OOila-

naeT Ha'!allbHOll aHepruell E Ha'l •1 as. B aToM cnyqae <jlyHKUHH pacnpeneneHsll no npoex

UHHM 'npooeroa' MeaoaTOMOB paccqHTbiBanHcb MeTOilOM MoHTe-Kapno, xax aTo Ohmo cne-

naao B 
171 

nnH Bbl'IHCneHHH npo6eroa d,., -aTOMOB, B oonaCTH aaeprall MeaoaTo Ma 

E < E < E 
Tenn Pll - Ha'l C'IBTanocb, 'ITO pu -aToM pacceuaaeTCH Ha caooo.[lHbiX npoToHax. 

B 3TOM cnyqae yrnoaoe pacnpeneneHHe nonaranoCb H30TponHblM B CHCTeMe U.H, nng Tenno

Bb!X '3Heprsll M9308TOM8 npHHHM81lOCb, 'ITO Ce'!eHHe B03p8CT8eT B 1,6 paaa H yrnoaoe 

pacnpe.[l9Il9HHe B ll80, CHCTeMe Op81IOCb B BH.[le ( 14) ,T,e, HCnOilb30B81lHCb pe3yllbT8Tbl pacqe· 

Ta no MeTOilY Kparepa-HenKHH8, CpasHeHHe pac'!eTHblX pacnpenenetmn c axcnepHMeHTanbHhtMH 

npoaason»nocb npH rrOMOWH X 2 -aHanHaa aHanorH'IHO TOMy, xax aTo cnenaao B paooTe
17 1

• 
2 

B Taonuue II npaseneHo nony'leHHoe 3Ha'!eHHe a~IL+i> H 3H8'19HHe X miD , xoTopoe 

B aTOM cnyqae onHaxo x OlKH.[laeMoMy. TaxHM onpaaoM, MOlKHO aaxniO'IHTh, 'ITO a xcnepa

MeHTBilbHbte naHHbte xopowo onHChtBalOTCH a npHOIIHJKeHHH onHoro ce'leHHH, Ocooo noa-

'19pKHeM, 'ITO STO HMeeT MeCTO llHWb npH yqeTe H81IH'IHSI y 

SHeprHB, CyiUeCTB9HHO npeBblW8lOIUell TeiiiiOBylO, 

11 

Pll - 8TOM8 H8'18nbHOA 



Onpeuene1111e unHHbi paccerumn a. , .UanLHeiimHn aHan11a aaKmoqancn B onpeuene-

HHH BKnB.llB CetteHHH pacce~UIIHI ai,O II lf0 B l!3MepeHHOe Ce'leHHe Upjl+p • .lln11 aToro 

6hinH HCIIOnb30B8Hbl 38BHCHMOCTU Ce'l9IlHI1 a i ,O , q_.o n . ao OT UIIIIH pacCeSIHIISI, onpe-

uenneMbre Bbipa>KeHHSIMH (8-8), EcnR C'IRTBTb 3HB'ieHHe unHHbi pacceSIHHSI au 113BeCT-

HbiM l!3 TeOpHII II paBHbiM 8 =5
13

•
4 1

, TO BCe Tpll Ce'ieHIISI 6yuyT <jlyHKUHSIMII OllHOJI 

senHttHHbl a• Ha p11c. 6 H3o6pa>KeHbi 3aBHCIIMOCTH OT aenll'<llllbl a • ce'leHHll a;,o H 

(J • 

0 
, a TaK>Ke <jlyHKUHH Y = ~ , npeucTaBnSIJOIUell co6ol! aeponTHOCTb nepexoua PI' -aToMa 

aJ,O' 
TpHnneTHOrO COCTOl!HIIll B CHHrlleTHOO B OUHOM COyuapeHIIII, Bee Ce'ieHIISI llBHbl UIISI 113 

aHepruu 1 as. Ha aTOM pHcyHKe rrpnMoll nHHHell, rrapannenbHOll oc11 a6cuHcc, npeucTaaneho 

3KCnepHMeHTBIIbHOe Ce'ieHl!e 

MoHTe-Kapno, 

ap#l+p , nolly'ieHHOe 113 BHa11l!3a pacnpeueneHHJI MeTOUOM 

113 pHCYHKa BHUHO, 'iTO 3KCnepiiMeHTa11bHOMy 3Ha'ieHHIO U~l'+ P OTBe'iaiOT lll!Wb UBa 

3Ha'leHIISIU1111Hbl paCCel!HHSI a
0 

: OUHO 61!H3 a
8

=(+5) , upyroe- 611113 ag;;(-35). 

6onee TO'IHOe onpeneneHHe B03MOlKHblX 3HB'IGHHl! a • npOl!3BOilll110Cb C nOMOWbiO 

MeToua MoHTe-Kapno no nporpaMMe, orrHcaHHOli paHee anSI onpeueneHBSI a•l'+i> 

BKIIIO'ieHl!eM MOUellllpOBBHIISI rrpouecca nepeXOllB MGlKllY ClliiHOBbiMII COCTOSIHIISIMII 

I HO c 

PI' -BTOMB, 

A11an113 aKcnepHMeHTanbHbiX pacnpeneneHHll no MeTony Hal!MeHbWHX KBanpaTOB naeT 3necb 

3H8'i9HHH a
0 

* (3 :t_1) II a, --(33:t_l). Ha pHc. 7 noKa3aH xon 3aBHCHMOCTII X 2
(a 8 )' 

HIIIIIOCTpHpyiOWHli HBIIH'iHe 2-x peweHl!ll, 

.llnR HallneHHhlX 3Ha'leHHA a 
g 

HBMH rtpOBOLI.HnCSI T8K>K9 .llOIJOnHHT9nbHbll'1 8H8nH3, 

3BK1110'1BBWHftCH B BBpbHpOBBHHH 3HaqeHHH naqanbHOH aHeprHH , aanaaaeMo~ B MeTone 

MoHTe-Kapno npl! pac<JeTe pacnpeneneHull no "npo5eraM". 3Ta aaeprHH aapbHpoaanacb HBMH 

B npenenax 0,03 as S E118q S. 5 as. 0KOH'IaTenbHbie 3HB 'IeHHH a 
0 

c yqeTOM Heorrpena

neHHOCTH , CBSI3BHHOl\ c HeTO'IHbiM 3HBHHeM HB'IBIIbHOll aHeprHH, npiiBOili!TCH B Ta5nllue II . 
2 

TaM >Ke Jl8Hbl COOTB9TCTBYIOlil.H9 3H81.J€HHH xmln 

1. 

Bapl!BHT 

.ll H<jl<jly31l OHHOe 
npH6nll>KeHHe 

2 . MeTon MoHTe-Kapno. 

npH511UlKeHl!e OllHOrO 

ceqeHHSI 

3; MeTOil MoHTe-Kapno. 
Y'leT cnHHOBbtX co

CTOHHHli p 1'-aTOMB 

Ta 5nHua II 

Pe3yiibTBTbi 

u•~+o = (1,28 :t_0,18) • 10-19 
2 

CM 

apU+t> = (1,73:t_0 , 19) ·J0-19CM2 

a., = + ( 3 :t_2) ( Me30BTOM, eAHHIIUbr) 

a
8 

=- ( 33 !_2) ( Me30BTOM . G/lHHIIUbr) 

12 

x2 
(xi= mlr 

38 

24 

25 

22 

1Y. 

B Ta5nHue II cyMMl!pc 

no umrHaM npo5eroa pI< -aTe 

pa3nHt.{HbTX nnOTHOC Te!l BO!lOp< 

HCnOIIb3ySJ TOIIbKO OUHO 

nyqwee cornacHe c onhlTOM n 

np11 CBOeM 05pa30BBHHII 11p110 

OTM9THTh, 'lTO 3TO ITOCJ19 UH9E 

eM BaliTMBHOM l! 6eTe l! neo 

8TOMOB, B KOTOpOM yqeT Han: 

B89TCfl BB>KHbiM a.nH HHTepnpe 

HBMH HIIH ueiiTpoaaMH, HanH'< 

Tennoaoro ll.BH>KenHst, npHeon~: 

aa apeMH >KH3HB He ycneaaeT 

pa11ee
11 1 

no MeTouy uu<jl<jly3H• 

CTH aouopoua. 

B Ta5nl!ue lll ' HBPSIIlY 

TBK>K e CpenHH5! CKOpOCTb l! q 

nonyqeHHhie MeTonoM MoHTe-

ToT <jlaKT, 'ITO pacnpen e 

C9HHHSJ, 03H8l.f89T, liTO nH60 C 

01.J9Hb aenHKB H H3MepeHHOe C 

11H60 3Til rrepeXO/lbl nO'ITH 1101 

'iTO npH ~HKC HpOBBHHOM lllll!He 

lOT aaa auaqeuus nnHHhl pace 

'll!IIH llBB Ha5opa Ce'!eHHli, HB 

<jlJ!KCHpOBBl<HOii lliiHHe pacces!H: 

>Ke npHB9Jl9Hbl peaynbTBTbl T81 

H CO OT (.UmrHa pacce SIHHR a 
0 

HBMH flO <jla3BM pllCCeSIHHR nr 
neHIHI , npHae.neHHbiM a 3TO~ 

pOCTb nepexona MID-BTOMB H3 

poaa, BbtqHcneHHfHI H3 COOTH 

nnl!n paccefHHIT. 

Bo3HilKaeT npo6neMa, KB 

H a OCHoae npuaeneHHoro HH>KE 
ro Ha5opa, 



B3 31lKTI~'tllTICR a onpeaene-

• ilnR aToro 

OT UTIIIH paCC9RIIIIR 0 Onpe-

paCC9SIHIIR H3B9CT-

6yuyT tjlyHKUHRMII OUHOII 

I'IH'lHHbl 8
1 

C9'19HIIll Oj,o II 

OHTHOCTb nepexoaa pll -llTOMll 

• Bee ce'leHIIH nllHb! un11 

~ OCH ll6CUHCC, npenCTilBTleHO 

, pllcnpeueneHBII MeTonoM 

0 
piJ.+ p 

oTaeqa~T nuwb naa 

oe - 5nH3 •.;;(-35). 

npOH3BOAHTIOCb C UOMOlllbiO 

:peueneHHR a•l'+l> I HO c 

biMH COC TOBHHHMH PI' -aTOMil . 

:bWHX KBilnpllTOB nlle T aaecb 

'H xoa 31lBHCHMOCTII X 
2

( a 8 ) 

nononHHTenbHbt i1 a HanH3, 

B, 38JJ. 8B89MOH B MeTO.ae 

1 a HepriiR BllpbHPOBilTlllCb HilMI! 

1n a
8 

c y'teTOM Heonpeaa

' np11aou !lTC n a TllOTIIIUe II . 

HHIIUbl) 

UIIHIIUb! ) 

38 

24 

25 

22 

1Y. PeaynbTaTbi llHil111131l 11 o6cy>KaeHIIe 

8 Tll6n11ue II CYMMHpOBilHbl peaynbTilTbl BHBTIII3B 9KCnep11M9 HTilTlbHb!X pacnpene1Jl9HIIll 

n o amrHaM npo5eroa P 11 -aTOMOB. KaK y>Ke OTMe'tBT!OCb, puc npeaeneHHR, 113MepeHHbre anR 

pa3nH1.lHbiX nnOT HOCTefi BO!l0pO.tl8 1 rtpH COBM8CTHOM 8HBnH38 BC9X Jl8HHbiX MO>tOtO 0 11HC8Tb, 

IICI10Tlb3YR TOTlbKO OAI!O •a¢¢<.: KTHBI!Oe• ce'-ieHHe pacceRHHH. Op11 aToM 3Hil'-iH T enbHO 

nyqwee cornacue c onhtroM JlOCTHraeTC SI a TOM cnyqae, ecnn aonycTHTh, qTo p p. - aTOM 

np11 caoeM o5pll30BilHHH np11o5peTileT Kl!HeTH'teCKY~ aHepnt~ a HeCKOTlbKO aa . CneayeT 

OTM9THTb 1 q'TQ 3TO fiOC.r1e ,ll.Hee 06CTOSITenbCTBO !:OrnacyeTCSI C TeopeTJP.teCKHM p8CCMOT p9HH

eM B llfiTMilHOM H B eTe 11 Jl eoHoM
111 1 

Hll'IBTlbHOH CTilUIIH o5paaoallHHH MeaoaoaoponHbiX 

llTOMOB , B KOTOpOM y 'teT HllTIH'-ilHl y HIIX Hll'lllTlbHOI! CKOpOCTH n opS!JlKB 10
6 

CM/CeK 0Kil3bl-

B88TCH B8>KHbiM anSI HHTepnpeTBUHH llBHHbiX OflbiTOB flO 38XB8Ty rr 11 K -Me30HOB np oTo-

HllMH HTIH aefiTpOHilMH, HllnH'IHe Hll'IBTlbHOfi cKopocTH y PI' -BTOMil 0 OTTIH'IHOfi OT CKOpOCTH 

T e UTIOBOrO ABH>K9HHR, npHBOAHT K TOMy , 'ITO npH HH3KOfi UTIOTHOCTH BOAOpOnB (5 BTM) OH 

31l Bp9MR >K113HII He )'C ll9BileT T9pMilTIH30BilTbCR, 3THM 05'bSlCHSleTCSl l!llllner<HilSl HilMI! 

/ 1/ 
pllH99 no M9TOAY antjltjly3 HOIIHOrO npH5TIH>KeHIHI 31lBIICHMOCTb Ce'teHHR apU+I> OT ntiOTHQ-

CTH aoaopoall , 

2 

8 Tll5nnue lli 0 HllpS!Jly C nllpllM9TpllMII , OTBe'-ill!OIUIIMII M IIHHMyMy X , npHaeaeHb! 

T8K>K9 CpeUHSlH CKOpOCTb H CpeuHee '1110110 COyullpeHHII 

nony'teHHbie MeTonoM MoHTe-Kapno, 

p U - llTOMB C MOt!eKyTlllMII H 2 

T o T ~aKT, 'ITO pllcnpeaeneHHR n o OflHCbiBBIOTCSI O!lHHM 3 H8q9HH9M ceqeHHSI pac-

Ce~HUH, 03H81.f8eT, 1.fTO nH60 CKOpOCTb nepeXO.QB 113 TpHnneTHOrO C OCTOSIHHSI B CHHrneTHOe 

Ol.I9Hh B 9 RHKB ll H3MepeHH09 CeqeHH9 SIBR519TCSI C91.f9HH9M p8CC9SIHHSI B COCTOSIHHH F = Q, • 

1111 50 3TH nepeXOUbl TIO'ITH llOTIHOCTb!O OTC)'TCTBYIOT, 3TOT >Ke tjlllKT npOHBTlllaTCH B TOM 0 

qTo npH ¢ 11KC HpOB8HHOfi UTIHHe pllCCe5IHIIH 

lOT .088 3H81.f9HIHI .ORHHbl paCC9fiHJHl a 

a = .. -s 
n 

Oll b iTY OAIIHilKOBO X OpOWO YAOBTI9TBOpR-

( Ta5nHUil II ) • CooTaeTCTBeHHO 3TOMY Mbi nony-

t{HRH .088 Ha6opa C 9 '19HH fl 1 HBii.ae HHbiX no .OBYM pa3HbiM .anHH8M p8CC9HHlHJ a 
8 

, H OLlHOA 

¢HKCHpOBilHHol! anHHe pacceSlHHH au • 3 TH a sa Ha5opa npHaeaeHbi a Tll o nHue 1 y • 3aecb 

>Ke npr!BeueHbl peaynbTilTbl T e opeTH'teCKIIX pllC'-teTOB fepWTeflHa H 3 enbAOBH'IIl II 1(03 Hil II np. 

(ilnHHB pll CCe HHIIH a
8 

II COOTBeTCTB)'~WHe Ce 'teHHH QTISl plli50Tbl K03Hil II ap/
4

/ Hllllne H b l 

Hll:dH no ¢ 1l38M pllcCellHHH npH aHeprHII Mro-aTOMil, MeHbweli a HepriiH c aepxTouz:oro pllCtuen-

JieimSl , npnaeue HH biM a aToll pll5 oTe). 8 nocneu!!etl C TpoKe Ta5nHUbi IV npHaeneHil cKcr-

pOCTb nepeXOL!B MJQ-BTOMil 113 COCTOSlHIIH B .ann nnoTHOCTH ~H.aKoro aono-

pone, BbiqHcneHHBH H3 COOTHOlllCHH Sl npH COOTBeTCTB)'!OlUIIX 3 Hil'-ieHHRX 

UHHH pllCC9!fHHl!, 

8 03HIIKile T npo5neMil 0 K llKOH 113 na5opOB !!MeeT 50TlbWHe OCHOB8HH5! Hll cyweCTBOBBHHe? 

H ll ocHoae npuaeaezmoro HH)I(e paccMoTpeHHSl a ToT aonpoc yaaeTcn pewuTb a no11b3Y nepBo

ro Ha6opll, 

13 



neliCTaHTellhHO, KBK paHee 6binO yKB38HO/ I I. p acxo>Kneaae a Teo peTH'IeCKlfX 3H8'1eHH!!X 

.nnHHbl paccestHHH a
8 

MO>K8T 5biTb CBH3 8HO C H8JtHqHeM B CHCT9M9 pJ.Lp .U11SI fiOT8HUH8-

na v aHpTyanbHoro ypoaH!I c s HeprHell, 6naaKofl K Hymo, B STHX ycnoaH!IX paccesmHe 

HOCHT pe30H8HCHblfi X8p8 KT8p H 3HaqeHH8 nnHHbl p8CC9RHH51 a • CHJlbHO 38BHCHT OT H3M8-

H9HHst napaMeTpOB HOT8HUH8118 v. H 1 C118.D,OB8T€1lbH0 1 OT TQqJIQC TH H CTpOrOCTH TeopeTH

ITOTeHUliBITB, abin011HeHHbiX c PMOM npll6n!f>KeHHl1
13

•
41

• nocTaTO'IHO qecKHX pacYeToe 3Toro 
-2b(R.RJt ·1-<R.R.,) 

IjlyHKUHI! Mopaa U = U0 (e 2e ") CK838Tb 1 1.1TO B llllpOKCH.MHp ytollle(r flOT8HUH811 v 
• 

HY>KHO mtwb Ha 5 % yaenH'IHTb rny6uHy noTeHUHAllbHOii !IMbi Uo HJlH H3M€HHTb napaMeTp 

b =0,67 HA b = 0,65, 'IT06b! 3HB 'IeHHe a • H3MeHH110Cb OT -17 no -33, C STOH TO'!-

K H OpeH IHI Bfi0/1H9 B03MO>t\HO, "qTQ H8H.U8HH08 H8 OCHOBe 3KCnepHM8HT811bHbiX Jl8HHbiX 3H8'lle

HH9 a =- 33 H o6a TeopeTH\:feCKHX ne>KBT a onHHX H -rex >Ke npenenax, orrpeneJis:reMbiX • 
T O'tlHOCTbJO TeopeTnYeCKHX BbPiHC1lOHt.IH . CneayeT OTMeTHTb, t.tTo nocne.nHHe o6bi'lHO Bhinon-

HHllHCb o nepooM nopS!LIKe Teopna aoa,IytueHHii no nnpaMeTpy mu! m 
0 

Y'leT 6onee 

BbiCOKHX npH611H.>K91Ut.H .£1011>K8H npHBO)lHTb K llOHH>K 8HHJO OCHCBHOf'O TepM8 H, CJl9!l.OB8Te1lbHO,, 

K J1Y'·IW9MY COr'll[lCIHO C OIThlTOM. YKB>Ker-.r TBK>K9 1 l.JTO H8ll8BHO BLlllOIIBOHHbfe B8pl:I8UHOHHbiM 

MeTO[IOM 6onee TO'Illble pBC'IeTbl/1 Jl / ypoaHei\ B p~ p - CHCTeMe npHaO[l!IT K yaellH'IeHHIO 

rny6HHbi uo no CpaaHeHHIO C npeaUJeCTayiOilli!Mll pacqeTAMll, C npyroi\ CTOpOHbi, 3HB'Ie-

HHe a =+ 3 
• 

TpetJyeT He TOllbKO B8Ch l\I8 C)'Ul8CT B 8HHOrO H3M8H8HltH llOT8HUHBI18 v 
g 

( TaKoro, 'ITO rrapaMeTp b MenneTCSI OT 0,67 ao b =0,40), HO I! npennon o>KeHHH o 

cyweCTOOBBHilH B CHC TeMe pup CaA38HHOrO ypoaHH (c SHepraeR OKOifO 90 sa), qTQ 

TeOp e TH'-1 8CKH npen.CTBBJ1S18TCg: KpBrtHe M8J10B8pOS'ITHbiM. 

TaKHM o6paaoM, ana'-leHHe anHHbl pacccs:IHHH aR=- ·33 He npOTH BOpeYHT T90pHH 1 HO 

Aall!leTC!I npAMbiM OTpa>KeHHeM TOrO IjlaKTA, 'ITO B CHCTeMe PfLp p ACCe!IHHe HOCHT CHllbHO 

pe30H£lHCHhlll X8pAKTep, 

0TCJO.U8 B03HHK8.8T CJ18.£1Yl0l.UH{i B8)f{Hbiii .£11lH llOHHMBHH H M9X 8HH3M8 38XB8T8 MIOOHOB 

npOTOHAMH abiaO[l pa60Tbi: TAK KBK npn 3HA'IeHI!H a• =- 33 cKopoCTb nepexona Pf' - llTO-

M8 H3 COCT OHHlHt C IT OJlHbl M crr=IHOM F = 1 a F = 0 OKA3biaaeTCA 6onbwoi'l wt .... o = 
10 -1 

~( 1 , 6:±:_0,3) -1 0 ceK (eM. Ta6miU y I Y) , TO aon>KHa Ha6monaTbCH nonHAH nenon!!pH3BUIIH 

MlOOHOB He TOIIbKO B )KH.QKOM BO.aopone , I-10 H B ra3006p83HOM npl:i .£18BI18HHS1X nOpHllK8 2Q 8TM 

B, T8KHM o6p830M, 38XB8T MJOOHOB npOTOH8MH .O,O!l>K8H npaKTH1.!eCK H BC e r.na nponcxonHT h 

H3 COCTOHHH51 C f = (} , Jlllllib npn [lll aneHilHX nop5UlK8 BTMOC<jlepbl H HI!>Ke rreiT011!!pii3AUil!l 

MO>KeT He 5b1Tb llO!lHOfi , T BK KBK BCJl8!l,CTBHe H B IIlPUffl' y M10- 8 T OM8 HBt.IBJlbHOrr CKOpOCTit H 

MAllOrO 'IHC118 CTOifKHOBeHHfi 6ynyT a03MO>KHbl o6paTHb!e nepeXQ[lbl , 

CnenyeT rron. tt e p KHYT h, 4 T O 9TOT BbtBO.U He npoTHBope4HT II3BeCTHbiM 3KCnepuMeHTanb-

/ l 5/ 
HblM LlBHHblM TIO H3MepeHH IO .aen0115IpH38UHH MIOOHOB B )KJi.£lKOM BO.OOpon e H onpeneneHHIO 

/16/ 
aepOHTHOCTH 38 X B8 T 8 MIOOHOB 113 COCTORHHH pp!l - MO!leKyiibl 

14 

CywecTaoaaHae a cacTe 

CHBHoro peaoHBHCHoro pacce~ 

CTH 06pA30a8HH!I Me30MOITeKy 

N. 
Oflbi

Ta 

2 

3 

napaMeTpbi , OTae'll 

n a 
p pll+J) 

(CM-1 ) x) 

360 

75 

72 

n a z p~+ z 
(CM-!) 

1,80 

1,80 

0 ,36 

x) 3 JJeCb ceqeuae 
ap{t-h:: 

npa Tennonoil 9Hep r 1iH , T.e. 

BenH YHHhl 3 K c n e 

peweune npa 

a =-(33t_2) 
• 

-2 
ai ,O (eM ) (24:±:_5 ) ·10- 19 

ao (cM
2

) ( 1,67:±:_0,30) 10-19 

a (c ~?) ( 16 ,8:±:_3,0 ) I0-19 
1~0 

w ( cei
1
) ( 1,6:±:_0,3) ·1 0 1 0 

1~0 

B811 H 1.!JfHbl 3TOii CKOpOCTH ,ll!lH I 

B811H '-IHHbl OHB 6yneT COCT 8BRS11 

f!.10>K H O ITOK838Tb T 8K)K8 1 l.JTO C 

qec Kor o MOHononbHoro ) nepexo 

n a a: ( npll a 
0 
» 1 ) • B sTH 

H 8 3KC n epHMeHT8Ilb H Oe 3H8't.18H~ 

aoaaHI! !! MeaoMoneKyn a rrapac 

'ITO ace paaHo npeHe6pe•<aMo ; 



CHCTeMe P"P .U11 51 fTOT9HUH8-

B 3THX ycn oaHnx pacce 51HHe 

aK CH nb HO 3 8BH CHT OT H3Me-

oq HOC TII II CTpOrOCTII TeopeTH

Tip H6nH JKeHH H/ 3• 41 . )l ocTaToqHo 

( 
- 2b(R-R~ 2 -t-<R-R.) 

Mop3a U = U
0 

e e VJ 

11n 11 H3MeHH Tb napaMeTp 

:b OT -17 !lO -33, C 3TO(I TO Y-

~pHM8HT81lb Hbl X .UB H HbiX 3 H 81.!9-

3 npe.uenax , onpenen s:reMbiX 

TO fl0Cil8.UHH 8 06bi'iHO BbinOil-

YqeT 6onee 

HOIO T 9pM8 H , C 11 8Ll,OB8T 81lb HO , 

) BL!n01lBe H H LI 8 B8pH 8 UHOHHbiM 

:'8M8 n pHBOD.StT K yaerUP -1 8 HH lO 

101. C npyroA" CT OpO Hbl, 3 H 8 ti e -

3M9H8HU51 flOT 8 HlH£8118 v 
g 

0) , HO 11 npeunonoJKeHH" o 

Hepr HeA OKono 80 3B), qTo 

He npOT HBOpe 4HT T e OpH H, HO 

l p pSCCeHHHe HOCHT CHllb HO 

-i e XB H lf3 M8 3 BXBBTB M JOOHOB 

c KopocTb nepexona pi' -aTo-

lbiBaeTc H 60llbWOff W1.,... 0 = 

lBTbCH H 0 11 H8 fl n enon Hp l138U H H 

npH naaneHHHX nopRn Ka 20 aTM 

:4eCKR s cerna npOI!CXO!lHTb 

:::¢epbl H HH >Ke n enonsrpH3ll UH H 

T OMB H a qaJ1b HO n C KOp OCTII H 

.Oilbl . 

ll3BeC TH biM 3K C nep uM e HT811b -

/ 15 / 
aouopoue 11 onpenenemuo 

16/ 

r 
CymecTaoaaHae a cacTeMe p«p 6nH3Koro K HynJO BHpTyanhHoro ypoBJHJ l1 uuTe u-

CHBHOrO pe30HBHCHOrO pa C C e HHlHI MOrna 6bi npH B9CTH K CyiU8 CTB8 HliOMY YB811H4 8 11HIO C K Opo-

CTH o6pa3oaa HH51 Me3oMoneKyJI p PI' a napacoCT051HHH /
3

•
171

• B pa 6 oTe
141 

uaHa oue HKa 

OTlbl 

Ta 

2 

3 

x) 

Ta6nHualll 

n apaMeTpbi, OTB81.J8101UH8 MHHIIMYMY x• C peu HR51 

n a nZaP~+ z A 
CKOpOC.l'b 

p --"f+~) 
(CM-l) (lOti ceK -l) ( 105c~Pf 

(eM ) 
CeK ) 

360 1,80 1,40 2,88 

75 1,80 1,40 3,36 

72 0,36 0, 67 2, 84 

CpeuHee 4Hcno 
'tJ:HCilO pa3birpbi- x2 
coyua- B88MbiX min 
penafl cnyqaea 

84,5 3000 5,3 

16,8 1500 3 ,5 

30,4 1000 13,4 

3u ech ce ttenH e up(L+p - ceqe HHe pacceHHHH B CHHrll 8 TH OM COC TOHHHH pu - BT OMB 

np li Te nnoao ii a HeprnH, T.e. a =1,6 ao Pll-+P 

T a 6 n u u a IV 

BenJttHiH bl 3 K c n e p 11 M e H T T e 0 p II " 
f epmTeiiH ?

2 3 1 K o3H " 
14 1 

peweuae npa pemeHHe np11 u p. 

a = -(33-t_ 2) a.= +( 3± 2 3 en b .D.OBIPt ' (a = -11) 
g (a = -17) • • 

0 t.o (CM-2) (24:t_5) ·10-
18 

( 1, 74:t_0,30) to-
18 6· 10-1 8 3,5-I0-

18 

ao (c ,} ) ( 1,67:t_0,30) to-
18 

( 1,6 l:t_0,30)10-
18 2 · to-21 8 ·10- 2 1 

a (c ~?) ( 16,8+3,0) to-
18 

(4,8:t_l,3) · 10-
2 1 

1~0 

w (ceK
1
) ( 1,6:t_0,3) ·10

10 
(2 ,0:t_0,5)·10

7 
5.to

8 
2·10

8 
1~0 

BellH'-tHHbl 3TOit CKOpOCTH .O.llH HllOTHOCTH )f(H.O.KOrQ BO.O.Opo.na H flOK838HO, 'ITO no nOp.RO.KY 

2 -1 
aenHqHHbi oHa 6yueT cocTaanRTh 10 ceK • Oue»Ka cnenaHa H3 unHHbi pacce 51HH51 a ll 

MOJKHO TIOK838Tb TBK lKe , qTO CKOpOCTb 06pa30B8HH51 MOneKyn nyTeM EO ( 3n eK Tpll-

qecKoro MOHOIIOnhHOro ) nepe xoua a coc T05111lle c HyneabiM MOMeHTOM 6yueT nponopuuoHanb-

Ha a
2
• ( np11 a 

0
» 1 ). B 3THX ycnooii51X 3aMeHa Te opeTHqecKofi aemiqllnhi a = -11 

• 
Ha 3KCnepaMe nTanbHOe 3HaqeHae a • =- 33 noane'leT 38 co6oi1 yaennqenHe CKop ocTn o6pa-

30BBHII 51 Me30MOneKyn B napaCOCT O>IHHH acero npi!MepHO HB TIOp51llOK, T, e . !lO 10
3 

CeK -l, 

qTO BCe paBHO npeHe6pelKHMO MBnO no CpaaHeHIIIO CO CKOpOCTbiO 06pa30BBHH51 MOneKyn 
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B OpTOeOCTORHdH, noeneaHRR eornaeHO TeOpHH/
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41 
H 3KenepHM9HTY/B-S / eoeT8BilR9T 

6 -1 
OKO!lO 2•10 eeK 

B 38Kni~'I9HHe 8BTOpbl Bb1p8>K810T HeKpeHHIOIO 6naroaapHOCTb c.c.repwTei!Hy 3a HHTe

pee K pa6oTe n ueHHbte nneKyeenn H <l> .n. Wannpo H K.napnHHeKOMY - 38 o6ey>KneHne ao

npoeoa, eBH38HHbiX e npnMeHeHHeM MeToaa KpHrepa-HenKHHa. 
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PRe. I. PaenpeneneHire nepBH'IHI 
a llllR Ollb1T8 4. nnaaH. 

N 
J50 

100 

50 

0 0.4 

P11e , 2. PaenpeneneHue 'IJ!ena e 
npo6eroM Pf.L -aToMa. ( 
npOTOHOB B peaKUH RX 4 
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.N 

15 

to 

s 

0~------~------~--------~------~~~--~~~--
Q/6 Qf8 0,20 0.22 0,24 0.26 

ct (omHocum. eiJ) 
P11c . 1. Pacnpeaene HHe nepBH'IHbiX cneaoa a nHOHHbiX " MJOOHHbi X 3 Be3aax n o n 8pa MeTpy 

a U flH Oni>ITB 4, nn8BH8H KpHB8 ll - <jlyHKQH H p83peweHHSI U llH MIOOH H bl X 3 B 93Q, 

N 
150 

100 

50 

0 

~ a ) 

1.6 
d(MM) 

2.0 

P11c, 2 . P8c npen e n eHIIe 'lncn a c o6b i T IIIl no pa3Mepy " To'leK " d a c n y'I8 HX c BHU H MbiM 

n p o6eroM Pll - B T OMB, C T penKBMH a) H 6) YKB38Hbi o "maae Mbie a e nH'IJ<H bi n p o 6eroa 

npOTOtiOB B p e a KUHHX 4 H 5, COOTB9T C TB9HHO, 
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;r 
PMc . 3. <l>oTorpa<jlHH cnyqa" c BHilH"hiM npo6eroM PI• -aTOMa. 

N 

120 

80 

4o 

a o 1 2 3 

Puc . 4 . Pacnpeuen eHue cny'!aes no Llnuue npo5era p ll - aTo" a uns: 

OflhiTO 2 ( 6e3 DB9Ll91111 S1 nonpOB OK HB s4xjleKTl!BHOCTb p e rHCTpO 
U fiii ) . 

18 

10 

0 

Puc . 5 . 3Kcneplt !l.! 

1 p" - · 
no M9TOLI! 

6PJ"f ':'o;~l 

Ja f 

20 

10 

Pnc . 6. 3neuc 
OT LIT 



5eroM Pit - aToMa, 

6 7 

f(MM} 
p u - aTo" a uns: 

aKTUBHOCTb perHCTJJB -

10 

I 

0 I 

Q onblm / 

~ onblm2 

P uc , 5 . 3 Kcnepur-.!eHTanbHble pacnpeaeneHust cnyqaeo no nnHHe 11po6cra 

p PJ.l -8TOMOB B OTibiTB X. ) 1 2 II 3. n naDIIble KpllUOJe 1)8CC 'I IIT811bl 

no MeTony MoHTe- K apn o c napaMeTpB !\111, npuaeQ':l:ll! Lu.m u Ta 6na ue Ill . 

3{) 

Lo 
20 /-------- ___ r_ j ~· 

(6 
10 

I 
I 

I 

I 
I 

I 

I 

/ 
I 

I 

Pnc. 6 . 3aanc in:oc-rb ce"'e!rnH o 1, 0 , o
0 

OT annHt.t pac cem!ust a 8 • 

19 

t4 
0,2 

a, {Me3oam e'd) 
11 napa r, :eTpa y :: ~ 

u 1, 0 



x2 
120 

80 

4o 

~ f• 

0 -40 -30 -'------'----20 - 10 0 +10 
.. 
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PH c . 7. 3 a al!CHMOCTb <!>yuxnu o uana X 
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