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nocne OTKphlTHH CDOHTBHHO DCllRWerOCH H30Mepa Am c nepHOJJOM no-

Ill 
nypacnana 14 MeeK 6bwo o6Hapy:>t<eHo ewe HecKonbKO H30MepOB BMepHUHR , pac­

/ 2/240 ~86 

nanamwHxCH nyTeM neneHHH , K HHM OTHOCHTCH Am c T 
112

::;: 60 MKCeK ' Am 
2H /3,4/ 

c T
112

"!.0,9 MCeK H Am c T
112 

= 1,1 MeeK • 

3TO YK83b!B8l10 1 DO-BHJlHMOMy, HB T0 1 'ITO HOIIbii! THO H30Me-pHbiX COCTORHHI! 

llJJep, JlllH KOTOpblX O'leHb pe3KO yBellH'IeHB BepOHTHOCTb CDOHTBHHOrO neneHHH 1 HMe-

e T JlOBOllbHO WHpOKO e pacnpOCTpaHeHHe CpeJJH H30TODOB Tp8HCyp8HOBhlX aneMeHTOB , 

~26 
nono6Hb18 H30MepHbie COCTOqHHR, B03MO:>K<;01 npOHBllHIDTCR T8K:>Ke y RJJep Np, 

282 234 
Am H Am, HMeiDWHX KOpOTKHe nepHOJJbl pacnana nyTeM neneHHH, p8BHbie C0-

/5-7/ 
OTBeTCTBeHHO I MHH 1 1,5 MHH H 2,6 MHH , 0JJH8KO He HCKlliD'IeHo, 'ITO 3JleCb 

H86niDJlDeTCH 38D83JlbiB8IDWee neneHHe JlO'IepHHX S!Jlep, OK838BWHXCR nocne K -3a-

XB8T8 
226 282. 284 

Np, Am B B036y:>KJJeHHOM COCTOHHHH C 9HeprHel!, 6JJH3KOI! K HX 

6a pbepy neneHHH, 

ilnR Bb!RCHeHIIH Dp11p0Jlhl CDOHT8HHO nenRWHXCH H30MepOB, KOTOp8R JlO CIIX nop 

xi 
OCT8eTCR HeH3BeCTHOtl 1 He06XOJlllMO 3H8Tb He TOllbKO CDHH H 9Hepr11ID 1130MepHOrO 

ypOBHH 1 HO T8K:>Ke B8:>KHO ·yCT8HOBHTb 38KOHOMepHOCTH pacnpOCTp8HeHIIR DOJJ06Hb!X 

li30MepHbiX COCTOHHHI! B p83nii'IHb!X HJlp8X, 

nocKOllbKY YK838HHbie BbiWe H30Mepb! OTHOCRTCH K 06llOCTH He'leTHO-He'l i\THb!X 

HJJep , TO IIHTepeCHO onpeneni!Tb HBllli'IHe T8KIIX COCTOH HHI! B RJJp8X C 41\THbiM 'IIIC­

llOM npOTOHOB HUH Hei!TpOHOB, HCXOJJH H3 CIICTeM8THKH nepHOJlOB CnOHT8HHOrO JJe-

neHIIR HJJep 113 OCHOBHOrO COCTOHHiiH 1 MO:>KHO npeJJDOllO:>KHTb 1 'ITO BpeMH :>KII3HII 1130-

MepHb!X COCTOHHI!Ii B 9THX RJJp8X 6yJJeT MeHbWe no CpBBHeHHID C H30TOn8MH Am , 

I 181 
x B pa6oTe 113no:>Keu noopo6Hhll! o63op pa6oT no H3y'!eHIIID neneHIIH HJJep 

H3 1130MepHb!X COCTOHHI!tl C B03MO:>KHOI! B H8CTOHWee BpeMH HHTepnpeT8UI!el! 9TOrO 

51BneHlHI . 
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noaToMy no~cK nonwx cnoHTanno nen>Jw~xc>J ~aoMepoB c n ep~ona M~ nonypa c nana 

-7 - 8 
B n~anaaone 10 - 18 ceK upencTaBn>JeT 6onbrnOA ~HTepec. 

/9/ 
B npenwnyweA pa6o Te coo6wanocb o nepBwx aKcnep~MeHTax, Bwnonnennwx 

~8~ 285 288 
B a TOM Hanpaanen~~. M~wen~ ~3 Th, u ~ u o6nyqan~ C b ~OHBM~ 

12 c c anepr~eA oT 60 no 82 M aB. Yla Bcex npoBeneHHbiX o6nyqen~A TOnbKO B 

peaKU~H 2BB U + I~ C 6bin~ 38per~CTp~pOB8Hbl OCKO/lK~ 
-7 

oT nene H~>l >Jnep, pacnana -

IOW~XC>l c T
112 

~ (0 , 8:t_0,3) .10 ceK. Ebmo BhiCKaaa n c npennono)Ke H~e, qTo na6m o -

na e :vlbtii nep11on nonypac nana ca>Jaan c >lDpOM He Cf, o6paaoaaBWHMC>l B H30MepnoM 

COCT051HHH. 

~88 u 
B nacToR tueii pa6oTe nposon~nocb 6onee nonpo6noe HayqeHHe peaKU~H U+ C, 

aenywell K o6paaosa n~10 yKaaannoro ~aoMepa. MeTODHKa aKcnep~MeHTa cxeMa THqe­

cKH Hao6pa*eaa aa p11c, 1 (Mac wTa6 a e co6nronen). 

noTOK YCKOpBHHblX HOHOB nonanaeT Ha M~llJBHb M 0 nOMBWBHHYIO B cneuH-

8/lbHYIO KBCCBTy, KOTOpag ODHOBpeMeHHO CllY)KHT Dll>l OTBODB Tenna 11 llll>l K OIIIlH­

MBUIHI BbiiiBTBIOWHX nponyKTOB peaKuHll. KonnHM~poBaHHbill nyqoK gnep oTnaqH, Bbi-

6nTbiX H3 MHWeH H 0 C Yf'IIOM paCTBOpa 10° npOXOlllfT qepe3 lllfB¢lparMy n H nona ­

naeT B BaKyyMHhtll o6beM , OKPY *BH HhtA c 4-x c T opon cTeKn>JHH biMH neTeKTopaMH C, 

HMe !OW~MH ¢JopMy yceqeH HO il nHp8MI1llbl 0 OCb KOTOpOA COBDBDBBT C UBHTpOM MHWeHH, 

Yron pac TBopa nHpaMHllbl ( .. 38°) Bbi6npan.C>l TaK~M o6paaoM, qTo6bi nponyKTbi 

Ru epno A peaKUHH ne Mornn nonacTb Ha c TeKn a. CTeKIIRHHhle neTeKTopw perHCTpHpo­

sanH OCKOIIKH neneHH>l >Jnep oTnaqn, pac n ana10Wl!XC>l naneTy. 

lln>J Jf3MepeHH>l TOKa 6oM6apn~py!OWHX qaCTHU HCnO/lb30B81IC >l MaCCHBHhlA MBD­

Hbllt KOIJ/leKTOp, OXIJ8)Kll8BMbJii DpOTO'{HOA BODOii, 
12 

3neprlf>l HOHOB C, yCKOpBHHhlX H8 300 - CM UHK/lOTpOHB fla6opaTOp 1111 >lDBpHhlX 

peaKuHil OVIHYI , cocTaBHna 60-80 M aB ; TonWHHa ypanoBoii Mnm eHH - oKono 1 MrlcM
2

• 

/9/ 2AS 12 
KaK H panee , B peaKUHH U + C 6binH aaperHCTpHpoBBHbi OCKOIIKH 

neneHn>J >Jnep , nponeTarownx Me*nY neTeKTopaMn, Yla pacnpeneneHH>l TpeKoB no 

DIIHHB ne reKTOpOB ( UllHHB K8)KU0 f'O DBT€ KTO pa p8BH>l/l8Cb 160 MM) 6bin rpy60 OU€-

-7 
n en nepHon nonypacnana, KOTophi A oKaaanc>J MBHbille, qeM 10 ceK. n ocKOIIbK Y 

BCe o6pa3y10W~BC >l B llBHHO il peaKUHH H30TOnbi HMBIOT 3H8'{11TBIIbHO 60IIbWee BpBM>l 

*H3HH, To aa6nronaeMbtll nepnon nonypacnana, oqeBnnno, C B>J3aH c H3oMepHb!M coc ­

TO>JHHBM >1Up8. 

lln>J 6onee Toqnoro onpeneneHH>l nepnona nonypacnana nn>J >Jnep, HMeroumx 

TaKoe Manoe .BPBM>l )KH3HH , aeo6xonHMO yqecTb T OIIWHHY MHllleHH. T aKo A yq~T 

npoBO£JHIICS! Cl!BUY!OlllHM o6pa30M, 

4 

-

B npennono)KeHHH 6ecKoneqno TOHKoll Mnwenn, Korna Bee >lllf 

onny H TY *e c Kopoc Tb v
0 

• pacnpe~enenne qn c na aKTOB nenenng 1 

HOf'O n yT H paBHHBTC>l 

p (x) ~ __ N __ e vor 
v r 

0 

3necb N - qHcno nen>JlliHXC>J gnep, norraBlllHX B naMepHTenbHI 

D€TBKTOp8MH 0 r - BpeM>J )KH3HH gnep. MHwenb naxonHTC>l n 

BcnenCTBHe MBIIbiX ceqeHHil o6pa30B8HH>l cnOHTBHHO U€1IHWHXC 

HCDOIIb30B8H8 MlfWBHb, TOIIWHHB CIIO>l KOTOpOll npeBbiW8118 rrpo6er 

TBKOM cnyqae 51Up8 0Tll8'{H BbiiiBTBIIH H3 MHWBHH CO CKOpOCT>lMH 

DII>l BbJ'{HCIIBHH>l p ( x ) 

nHanaaony cKopocTell. 

Heo6XODHMO 6bJIIO rrpOH3B€CTH HHTerpHp• 

EcnH npennono*HTb, '{TO ynenbHbie noTepH aneprHH gnep c 

npOHCXODRT IIHHeAH0 0 TO nonyqaeTC>l Bb!p8 )K€HHe 

P (x) ~ 2
N [ exp(- -"'-) + -"'- E (- --"'-' 

v r v r 1 v r v r 
0 0 0 0 

rne E 1 - HHTerpall 3KCIIOH€HT , 3TOT '{IIBH yqHTbiBBeT TOT ¢lat 

Hb!X HDBp 0Tll8'{H 0 BbinBT810!UHX H3 p83HbiX CIIO€B TOIICTOA MHWe. 

npOHCXOUHTb no p831IH'{HbiM 3KCnOHBHT8M H3-38 MBIIOf'O BpeMeHH I 

MY pacrrpenenenHe OCKOIIKOB Rnep, HM€IDWHX ODHH H TOT )K€ nep 

nocTpoennoe B rronynorapH¢lMHqecKoM MacwTa6e, 6yneT rrpencTaB. 

Topy!O CYMM8PHYID KpHByto ( 8 He np>lMYIO IIHHHto, KBK 06bi'{H0) • 

non6Hp8R p831IH'{HbJ€ 3H8'{€HHR B (J) MO)KHO D06HT~ 

COf'IIBCHR 38BHCHMOCTH p ( x) C 3KCrrepHM€HT81IbHbJMH llBHHbiMP. 

Ha pHc. 2 OTIIO*eHo aKcrrepHMeHTanbHoe pacrrpenenenHe < 

RDep N B 38BHCHMOCTH OT lliiHHbl nponeTHOf'O nyTH J: BllOIIb CTE 

poB. 3necb *e naneceHbi TeopeTnqecKHe pacrrpeneneHH>J, BbJ'{HCIIE 

( 1) DIIR Bbt6pBHHbiX 3HaqeHHA r 

npH o6pa60TKB pe3yllbT8TOB H3MepeHHil yqHTbiBBIICR ¢loa OCKC 

ypaHa B CT€KII€ H ¢loH OCKOIIKOB OT neneHHR . HOH8MH npHMeceA T~ 

Ha IIOBepXHOCTRX K8CC€Tbl H UHa¢lparMb! 0 o6pameHHbiX B CTOpOHY 

9 T0f'O B OTDBIIbHbiX OIIbiT8X ypaHOB8R MHWBHb 38Kpb!B8118Cb AI 

3anep)KHB8118 TOIIbKO HUpa OTU8'{H , Yl3 pHCYHK8 BHUHO, '{TO C yq~ 
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CK HOBblX CITOHT8HHO ne nstWHXCSI H30MepoB C nepHOD8Mli nonypacnana 

-7 - 8 
10 - 18 ce K u penc TaBn steT 6onbrno ll HHTepec . 

/ 9 / 
hinyweil: pa6oTe coo6wanocb o nepBbiX aKc nepHM9HTax, B binOnHeHHbiX 

u2 ua 2as 
aaneHHH. MHweHH H3 Th, U H U o6nyqanH Cb HOHBMH 

prHell oT 60 ao 82 M sa. J.-13 acex n poaeae HH hiX o6nyqeHHll TOnbKO B 

U + 
12 C 6hlnli 38perHCTpiipOB8H hl OCKOnKH 

-7 
= ( 0 , 8+0,3 ) .10 c eK. Ebmo BbiCK a3a Hc 

1/2 -

on nonypacnana CBR38H c stnpoM 
248 

Cf, 

oT neneHHst stnep, pacnaaa -

npen n o noMeHHe, 'IT O Ha6nro­

o6pa30B8BWHMCR B H30MepHOM 

235 12 
'oRwell pa 6oTe npoeonHnocL 6onee nonpo6Hoe H3yqeHHe peaKUHH U + C , 

o6pa30B8HHID YK838 HHOT'O li30Mepa. MeTOiJ.HK8 3KcnepHM9HT8 CX9M 8 TH'!e­

~Ha H8 pHC, J ( M8C WT86 He co6nroaeH) , 

yCKOpe HHblX HOHOB nonaaaeT HB MH!lleHb M , nOM9 Ul 9HHYID B cneuH -

:eTy, KOTOp8H OiJ. HOBpeMeHHO cny~HT iJ.nH OTBOiJ.8 Tenna H AnSI K OnnH­

f 8IDUlliX nponyKTOB peaKUHil:. KonnHMHpoBaHHbill ny"'OK stnep OTAB'IH , Bbi­

HwenH, c yrnoM pac TBopa 10° npoxoa HT qepe3 AHa!jlparMy Ll H nona ­

YMHbili o6oeM, OKpy lKe HHblll C 4-x CTOpOH CTeKnstHHbiMH iJ.9T9KTOp8MH C, 

IOpMy yce'!eHHOll ITHp8Mlillbi 0 OCb KOTOpOl! COBIT8!l8eT C ueuTpOM MHW9HH, 

0 . 
opa n Hp8MHiJ.bl ( "'38 ) Bbi6Hp8nCH T8KHM o6p830 M 0 'IT06bl npOiJ.YKTbl 

:uHH ue MornH nonacTb Ha c TeKna. CTeKnHHHbie aeTeKTOpbi perHcTp~Ipo-

1 neneHH R HJJ.ep OTA8'111, pacnaaarolllHXCH Ha neTy, 

~epeHHH TOK8 60M6apAHpyiDWHX '18CTHU H CnOIJb30B8nCR M8CC HBHhlll MeA ­

>p, 0Xfl8lf<ll89Mb!l! npoTO"'HOll BOAO II, 
12 

I HOH OB C, YCKOp9HHbiX H8 300 - CM UHKIJOTpOHe lJa60p8TOpHH H!lepHb!X 

Yf, COCT8BHn8 

/ 9/ 

2 
60-80 M a B ; TonwHHa ypaHoBoii Mnw eHH - oKono I MrlcM • 

2Aa 12 
pa Hee , B pe 8KUHH u + c 6binH 38perHCTpHpOB8Hbl OCKOnKH 

p , nponeTarowHx Me~ay aeTeKTopaMH. 113 pacnpeaeneHHH TpeKoB no 

·opoB (nnH Ha Ka~noro neTeKTopa paBHHnacb 160 MM) 6btn rpy6o oue-

-7 
nonypacnana , KOTOpb!l! OK8 38nCH M9 HbiUe , '1 9 M JO CeK, nocKOflbKY 

UHeCR B /l8HHOl! pe8KUIIH H30TOIThl HM9IDT 3H8'1HT9n bHO 6onblli99 BpeMH 

6nroaaeMbil! nepuon nonypacnaaa, oqeBHAHo, C BH3aH c H30MepHbiM coc -

I , 

nee TO'! Horo onpeaeneHHH nepH o aa nonypacnaaa anst staep, HMeromux 

• .apeMH ~H3 Hn, Heo6xoAHMO yqecTb TonmHuy MHW9HH. T aKo ll Y'~~T 

cneayrowHM o6pa3oM. 

4 

8 npeanonOM9Hlili 6 e CKOH9'1HO T OHKOl! MHW9HH, KOT'D 8 Bee SliJ.p8 OTD8'1li HM9IDT 

onHy H TY Me cKopocTb v 
0 

• pac npeneneHHe '!Hcna aKTOB neneHH st n o nnH He nponeT­

Horo ITYTH p8BHReTCSI 

p (I) = __ N __ e •or 
v r 

0 

3aecb N - '!Hcno aenstwHxcst staep, nonaBwHx B H3MepHTenbHbill o6'heM M9MAY 

ll9T9KTOp8MH, r - apeMst MH3HH staep, MHweHb HaxoaHTCst npH I • 0. 

BcnencTBHe ManbiX ceqeHHl! o6pa30B8HHH cnoHTaHHo nenstwHxcst H30MepoB 6bma 

HcnonL30BaHa MHWeHb , TonwHHa c nost KOTopoll npeBbiWana npo6er staep oTnaqH, B 

T8KOM cnyqae SliJ.p8 0Tll8'1H B bin9T8nH H3 MHW9HH CO CKOpOCTSIMH OT 0 iJ.O v
0 

li 

n nst B bi 'IHCneHHSI p (I ) 

llli8 IT830HY CKOpOCTel!, 

H906XOAHMO 6binO npOH3B9CTH HHTerpHpOB8HHe n o BC9MY 

EcnH npeanonoMHTb, 'ITO yaenbHbie noTepH sHeprH H stnep oTAa'IH B MHweHH 

npOHCXOiJ.RT nHHel!Ho, T O nonyqaeTCSI Bhlp8M9HH9 

P (I)~ 2N [ eip (-_I_)+ 
v r 

0 
v r 

0 

_I_ E (- __ I-)]. 
v r 1 v r 

0 0 

(I) 

rae E 1 - HHTerpan sKcnoHeHT. 3ToT qneH y'IHTbtBaeT TOT !jlaKT, 'ITO anst aaH­

HbtX HJJ.ep OTiJ.8'1H, BbineT8IDlUHX H3 p83HbiX CnoeB TOnCTOil MHW9HH, pacnaa 6yJJ.eT 

npOHCXOiJ.HTb no pa3nH'IHbiM 3 KCnoHeHT8M 1'13-38 Manoro BpeMeHH HX MH3HH, no s TO-

MY pacnpeaeneHH9 OCKOIJKOB SIJJ.ep, HM9IDWHX OiJ.HH H TOT ~e nepHOiJ. nonypacna aa, 

nOCTpOeHH09 B nonynorapH!jJMH'I9CKOM M8CWTa6e, 6yaeT npe/lCT8BflHTb C060l! H9KO ­

Topyro CYMM8PHYID KpHBYID ( 8 He npstMyiD nHHHID, K8K 06bi'IHO), 

noa6Hp8SI p831JH'!Hhl9 3H8'19HHSI B (1} MO~HO Jl06HTbCH OrrTHM8nbHOrO 

COrnaCHSI 38BHCHMOCTH p ( x) C 3KCnepHM9HT8nbHblMH /l8HHbiMH, • 
Ha pHc, 2 oTnoMeHo sKcnepHMeHTanbHOe pacnpeaeneHHe ocKonKOB aeneHHR 

staep N B 38BHCHMOCTH oT anHHbi nponeTHoro nyTH :r BiJ.Oflb CTeKnRHHbiX JJ.eTeKTO-

poe, 3aecb Me HaKeceHbi TeopeTH'!eCKHe pacnpeaeneHHH, Bbi'IHCneHHhie no 4lopMyne 

(J} /lflH Bhl6p8HHhlX 3H8'19HHll 

npH o6pa60TKe pe3ynbT8TOB H3MepeHHl! y'IHTbiB8nCH !jloH OCKOIJKOB OT npHMece l! 

yp8H8 B CTeKne li !jloH OCKOnKOB OT /leneHHH . HOH8MH npHMeCel! TSI~9flb!X aneMeHTOB 

fiB noeepXHOCTHX K8CCeTbl li /lHa!jlparMbi, o6p8l119HHbiX B CTOpOHY /l9T9KTOpOB, LlnH 

a Toro a oTaenbH htX onbtTax ypaHoBaH MHW9Hb 38KpbtBanacb AI <!>onbroll, KOTo paH 

381leplKHBana TOflbKO H/lp8 0 Til8'11! , Yf3 pHCYHK8 BH/lHO, qTo C y"'~TOM 3KCnepHM9H-

5 



TBnbHblX OWH60K HBHllY'IWee cornacHe C OITb!TOM n onyqaeTCH npH T l /
2 

=(4 , 5 :t_J,5) X 

-8 ( 10 ceK . B paMKax npennono>KeHHH , 'ITO ynenbHbie noTepH ::meprHH Hnep o T na'IH B 

BerneCTBe MHWeHH ITpOHCXOllHT llHHeliHO) , 3TOT pe3yllbT8T llOCTBTO'I HO XOPOWO Corna -

248 /9/ 
cveTCH c nepHonoM nonypacnana nnH H3oMepa Cf , o n peneneHHbiM B pa6oTe 

.ilnH 6onee HB!le>KHOH HOeHTnqmKBlllfH YKB38HHOrO H30Mepa B llBHHOit pa6oTe CHHM811HCb 

OllHOBpeMeHHO ~YHKUHH B036yJKOeHHH KBK OnH H30MepHOrO COCTOH HHH a 
m 

TBK H OnH 

OCHOBHOrO a g 3TH KpHBbie npellCTBBlleHbl HB PHC , 3, Yf3MeHeHHe BHeprHH 6oM6Bp -

nnpy~Wl!X '18CTHU npOBOOHllOCb C ITOMOWb~ Al nornoTnTeneR , KOTOp~e pacnona-

ranHCb nepen MHweHb~. 

C6op Hnep OT/l8'1H B OCHOBHOM COCTOHHHH 01151 K8>Kll0H aHeprHH npOH3BOllH11CH 

C ITOMOWb~ Al ~nhrn, yKpenn euuoR Ha nne Kon n eKTopa ( pnc. I). An~MHHHeBaH 

lj>Onbr8 nocne onpeneneHHOH BKCIT03HUHH paCTBOpS1118Cb B C01151HOH KHCllOTe C no6aB-

11EHHeM B pacTnop nauTaHa B Ka'!eCTBe uocnTenH. MeTonoM ~Topnnuoro oca>KneHHR 

Bb!lle!IH!IHCb H/lp8 K8nH~pHH51 BMeCTe C npyrHMH HOpBMH Tp8HCypaHOBblX aneMeHTOB, 

KOTOpbie Mornn 6b! o6pa30B8TbCSI B llBHHOll peaKUHI;I • .ilnH K811H6pOBKH XHMH'!eCKOrO 

Bb!XO/l8 H30TOITOB B paCTBOp no68B11SI110Cb onpeneneHHOe KOnH'IeCTBO 

YfaMepeHHble C ITOMOWb~ nonynpOBOilHHKOBOrO neTeKTOp8 3HeprHSI 

~·8 
A.m • 

a - '18CTHU 

E a= 6,75 MaB) n nepnon nonypacnana (T 
112

= 36 qac) uane>KHO yKa3biBanH 
He 

HB TO, 'ITO Hnpa, o6p830B8BWHeCH B OCHOBHOM C OCTOHHHH , ilpHH80llelK8T Cf , 

CeqeuHe o6pa30D8HHSI Slnep B H30MepHOM COCTOHHHH Bbl'IHC11H110Cb H3 nonuoro 

•111 c na Hnep No o6p830B8 B WH XC51 B BTOM COCTOHH HH, rJ)e 

N = 
0 

N TD 

" w 

( 2) 

~ BTOM COOTHOWeUHH N Tp 
npenCT8B11HeT CYMM8pHOe 'IHC110 T peKOB OCK011KOB 0 

3aperHcTpHpoBaHHbiX cTeKnSIHHbiMH neTeKTopaMH npn Ka>Knoll aneprnH. Koa<I><!>H uHe HT 

y'IHThlBaeT, KaKoe KOllH'!eCTBO HepacnaBWHXCH Sinep nonano B H3MepHTenbH~R 

o6beM, a w onpenenHeT co6ol\ reoMeTpH'I eC KY~ a~eKTHBHOCTb nauuol\ MeTonMKM. 

-2 
B HaweM c nyqae ' ~ 0 , 67, <JJ = 9,3.10 • 

Ha pHc.3 noKa3aHa TaKJKe aaBI!CHMOCTb ce '! e HHH BbiHy>KnenHoro neneHIISI a 1 ll11H 

ue 1~ 1 101 
peaKUHH U + C , pacC 'IHTBH H8SI no onTH'IeCKOH Monenl! • HHJKe ee pac-

ITOllOJKeHa 8H8liOrH'IH8SI 38Bl!CiiMOCTb OnSI TOll JKe pe8Klll!H 0 lf3MepeHH851 B HBCTOSIWeil 
/11/ 

pa6oTe (c yqQTOM y rllOBOH 8HH30TpOITHH OCKOllKOB neneHHSI ), 

6 

P erHCTpBUHH OCKOllKOB B BT OM cnyqae npOBOOH118Cb llBYMH CTe 

TOpaMn , pacnono>KeHHb!MH pS!OOM c KOnneKTOpOM ( pnc . I). nocKOI!I 

6y>KneHHH CHHM811HCb OOHOBpeMe HHO C Ce '!eHHeM B biH YJKOeHHOro nen• 

( nono6Hbiit) xon KpHBhiX u t 

npoaeneHHH BKCITepnMeHTOB, 

cny>KHn nononHnTenbHOR npoaepK• 

P aaHnuy B a6con~THhiX 3Ha '!eHHSIX ce'!eHnlt cnenyeT oTHecTn 

HOC T elt B H3MepeHHH TOKB 60M6apnnpy~WHX 'IBCTHU, 

CpaBHeHHe ljlyHKUHH Boa6y>KneHnH peaKunn , npHsonHwelt K n aoMe 

C ljlyHKUHelt B036yJKOeHH51 0 OT HOCHllieftCSI K o6p830BBHH~ OCHOBHOPC 

248 I 121 
TOIT B Cf B BTOll pa6oTe ( pnc , 3) H B pa6oTe , IT03B01151e' 

npenno nara Tb, 'ITO Ha6n~naeMb!ll CITOHT8HHO nenHwHllCS! H30Mep IT]: 

H30TOITy 
248 

Cf. 

<l>yHKUHH B036yJKneHH51 U 
m 

HMeeT tPOPMY, xapaKTepuy~ ll 

pa30B8HHeM COCT8BHOrO Hnpa H HCnapenHeM neC KOllbKHX nellTp 

a -'18CTHU H8pRny C HellTpOH8MH,_ BepOHTHO, MOJKHO HCKll~'IHTb, 

B036yJKnenHSI HMe~T Many~ U!HpHHY • illnpHH8 KpHBOll Ha nonyBb 

scero OK0110 7 M BB, 06b!'IHO tPYHKUHH B036yJKileHH51 C BbineTOM 

6onee wHpoKoe pacnpeneneHHe, 

TaK>K.e, no-BHilHMoMy, He HMeeT MecTa H HcnapeHHe npoToHa 

6b! K o6pa30B8HH~ H30MepoB B k, ITOCKOllbKY atPtPeKT C ITOHT8 HHOrO ne. 

US IG /9/ 
Bb!We nepHOilOM He H8611~1l811CSI B peaKUHH U + N 0 B 

Bk o6pa3yiDTCH nyTeM HcnapenHH a -'18CTHUbl H neCKOllbKHX 

YfCXO/lH H3 Toro, 'ITO o6p83YIDWRllCH CITOHT8HHO nenHWHllCH 

248 
H 3H851 T

112 
CnOHT8HHOrO neneHHSI H3 OC 

3 
JKHT 51/lpy Cf, 

BTOrO H30TOna (2,1,10 neT), MOJKHO CK838Tb 0 'ITO BepOSITHOCTb 

18 
neneHHH nnH H3 0MepHOrO COCTOSIHHH yBenH'IHBaeTCH B 10 p83, 

Ha pHc . 4 naHbi Te JKe tPYHKUHH Bo36y>KnenHSI a H a 
• m 

HOpMI!pOB8HHbie H8 KYllOHOBCKHll 6apbep nyTeM neneHHH BellH'I: 

3KCITepl!MeHT811bHbiX TO'!Kax) H8 COOTBeTCTByiDwHe Ce'!eHHSI Bb!HJ 

Hnep ( 38MeHHIDWHe nonHbie Ce'!eHHSI a 
0 

liS 1: 
U+ peaKUIIH 

J1 c napl!Tenbllblll xapaKTep BTIIX tPYHKUIIH IT03B01151eT npoBeCTH 

MeHT811bllbie TO'IKH Kpl!Bbie, Bbl'IIIClleHHbie no Monenn .ilJKeKCOH8 

Hcnonb30BaHo 3Ha'!eHHe RnepHoR TeMnepaTyphi T = 1,50 Mas. 

7 



H6oK HBH/lY'!Wee cornacHe c onbiTOM nonyqaeTCSI npH T 112 =(4 ,5;!:_1, 5) x 

paMKax npennono•eHHH , 'ITO yoenhHwe noTepH a HeprHH Hoep o T oa '!H 8 

HWeHH npOHC XOOSIT /li! HeilHO ), 3TOT pe3y/lbT8T OO CT8TO'IHO XOPOlll O COr/18 -

HG / 9 / 
pHoooM nonypacnaoa onH H3oMepa Cl , o npeneneHHbiM B pa6oTe 

Ha!le*HOII HoeHTHtPHK 8UHH YK838H HOrO H30Mepa B OBHHOI! pa6oTe C HHMB/lHC b 

HO tPYHKUHH B036y.oeHHSI K8K 0/lSI H30MepHOrO COCTOSI HH SI u 
m 

T 8 K H 0/lSI 

u& 3TH KpH8ble npeoCTBB/leHbl H8 p HC, 3, VfaMeHeHHe 3 HeprHH 6oM68p -

aCTHU nposooHnoc b c noMOllib ~ AI n ornOTHTenell , KOTopwe p acnona -

en MHWeHb~o 

1010ep OTOB'Ill B OCH08HOM COCTOSIHHH OilS! K8lKOOH aHeprHH npOH3800H/lCSI 

) AI lj>onhrH, yKpenn e HHoll Ha oHe KOnneKTopa ( pHc, 1) , An~MHHHeBaSI 

:n e onpeoeneH HOll 3KC/l03HUHH paC T BOpSI/l8Cb 8 CO /lSIHOil KHC/lOTe C 00688-

pacTBOp /l8HT8H8 B KB'!eCTBe HOC HTe/lSI , MeTOOO M tj!TopHOHOrO OC8lKOeHHSI 

, S!Op8 K8/llllj>opHHSI BMeCTe C opyrHMH S!OpBMH TpBHCypaHODblX 3 /l eMeHT OB, 

!Or/111 6b! o6pa30B8 T b CSI B OBHHOll peaKUHH• ilnSI K 8/l!!6pOBKH XH MH '!eCKOrO 

30TOITOB 8 p8CT80p 00688/l SI/lOCb onpeoeneHHOe KO/lH'!eCTBO 
248 A.m • 

3peHHble C /lOMOllib~ non ynpOBOOl!HKOBOrO o eTeKTO pa a HeprHSI a - '18CTHU 

6,75 Mas) H n e pHoo nonypacnaoa (T 
112

= 36 q ac) aaoelKl!O yKa3bi8a n n 
248 

o S!Op8
1 

06p830B88W HeCSI 8 OCHOBHOM COCTOSIHH H 1 npHH80/lelK8T Cf , 

HH e o6p830B8 HHSI SIOep B H30MepHOM COCTO SIHHII 8bl'IH C/lSI/lOCb H3 /10/ll!Or O 

N o o6pB30B8BlllHXCSI 8 a T OM COC TOSIHJIH 1 rJ] e 

N = 
0 

N TO 

l (LJ 

( 2) 

>OTHOll!eHHH N TP 
npeoCTB B /lSieT CYMM8 pHOe 'IH C /10 T peKOB OCKO/lK OD 1 

rpo8aHHbiX cTeK/lSIHHbiMH neTeKTopaM H npH KalKooll aHepn!H, Koa<)ltj!H uHeHT 

B a eT, KBK Oe KOi!H'!eCTBO Hep8C /l8 B lllHXCSI SI Oep /10/18 /10 B H3Me pH Te/lbHhlll 

w onpeoenste T co6ol! reoMeTpH'!eCKY~ atjl¢eKTHBHOCTb OBHHOii MeTOOHKII, 

-2 
weM c nyqae , :" 0 , 67, r.) = 9,3, 10 • 

H C ,3 /lOK838H8 T8K>Ke 38BHCHMOCTb Ce '!eHHSI B blHY*OE' HHOrO o e neHHSI r1 t 0/lSI 

•M 12 I 10 / 
U + C , pacc'!HTBHH8 SI no o nTH'1eCKoll MonenH , HH>Ke ee pac-

8ll8i!Orli'IH8SI 38BHCHMOCTb Oil S! TOll •e pe8 KUHH 1 H3MepeHl!8 SI B H8CTOS1Weii 

Ill / 
yqi!>TOM y r/lOBOII 8HH30Tp011HH OCKO/lKO B oen eHliSI ) , 

6 

P erHCTpaUHSI ocKO/lK08 8 aToM cnyqae npo8ooHnach OBYM SI cTeKnHHHbiMH oeT eK­

TopaMH , pacnono•eHHblMH pSIOOM C K0/1/leKTOpOM ( pHC , I), nocKO/lbKY tPYH KUH H 803-

6y•oe HHSI CHHM8/lHCb OOHOBpeMeHHO C Ce'!eHHeM 8blHYlKOeHHOrO oeneHHSI, OOHHBKOBb!l! 

( /l0006H blll ) X OO KpH8b lX U t C/lYlKH/1 00/10/lHHTe/lbHOll npo8epKOl! MeTOOHKH npH 

npo8eoeHHH a K c nepH MeHT08, 

PaaHHUY B a6con~THbiX 3Ha'!eHH SIX ce'!eHHll cneoyeT O THecTH Ha C 'I ~T norpew ­

Ho c T ell 8 H3MepeHHH TOK B 6oM6apoHpy~lliHX 'IBCTHU, 

CpaBHeHHe tPYHKUHH 8 036y.oeHHSI pe8KUHH,npH 8 00Silliefi K H30MepHOMY COCTO SIHH~ , 

C tPYHKUHell B 036ylKOeHHSI 1 OTHOCSirnel!C SI K o6p830B8HH~ OCH08HOrO COCTOSIHHSI H30-

24G ) I 12/ 
Tona Cf 8 a Toll pa6oTe (pHc . 3 H 8 pa6oTe , no380 /lSieT 6onee y8epeHHO 

npeono n ar8Tb 1 'ITO Ha6n~naeMb!l! C /lOHT8HHO Oe /lSilliHl!CSI H30Mep npHHBO/lelKHT T8KlKe 

248 
H30TOny Cf. 

¢ y HK UHSI B036YlKOeHHSI U 
m 

HMeeT tjlopMy, X8p8KTepHy~ 0/lSI peBKUHH C 06-

p83088HHeM COCT88HOrO S!Op8 H HCflapeHHeM HeC KO/lbKHX Hel!TpOH08, HcnapeHHe 

a -'18 CTHU H8pSIOY C Hel!TpOH8MH 1• 8epOSITH0 1 MOlKHO HCK/l~'IHTb 1 T8K KBK tPYHKUHH 

B036YlKOeHHSI HMe~T Many~ WHpHHy, lliHpHH8 KpH80l! H8 ITO/lY8 blCOTe COCT88/lSieT 

scero oKono 7 Mas, 0 6bi 'IHO ¢YHKUHH 8oa6y>K.OeHH SI c 8bmeToM 

6onee WHpoKoe pacnpeoeneHHe , 

a -'18CTHU HMe~T 

TaK>I\e, no - BHOHMoMy , ae HMeeT MecTa H HcnapeaHe npoToHa, KOTopoe npHBeno 

6bi K o6paao8aHH~ H3 oMepoB B k, noc K onbK Y a¢¢eKT c noHTaHaoro oeneHHSI c y K aaaHH biM 

288 u / 9/ 
8b!We nepHOOOM He l!86/l~08/lCSI 8 pe8KUHH U + N 1 8 KOTOpol! H30TOflbl 

Bk o6pa3y~TCSI rryTeM HCnapeHHSI a -'18CTHUbl H HeCKO /lbKHX Hel!TpOHOB, 

VfcxonH H3 Toro, 'ITO o6pa3y~mHl!CH cnoHTaHHO oenHrnHl!CH H3oMep rrpHHanne-

lKHT SIOPY H 3H8SI T
112 

CITOHT8HHOrO oeneHHSI H3 OCH08HOrO COCTOSIHHSI 

3 

248 
Cl , 

3 TOrO H30TO/l8 (2, 1,10 neT), MOlKHO CK838Tb 1 'ITO 8epOSITHOCTb C/lOHTBHHOrO 

18 
oeneHHSI OilS! H30Mepnoro COCTOSIHHSI y8e/lH'IHBBeTCSI B 10 p83, 

Ha pHc . 4 naHbi Te lKe ¢YHKUHH B03 6y>KoeHHSI u • H u m • 'ITO H Ha pRe. 3 , 

HOpMHp088HHble H8 KynOH08CKHll 6apbep nyTeM oeneHHSI 8e/lH'IHHbl Ce'!e HHSI ( 8 

aKcnepHMeHTB/lbHblX TO'IK8X) H8 COOT8eTCTBy~rnHe Ce'!eHHSI BblHY>K.OeHHOrO oeneHHSI 

liS II 
SIOep ( 38MeHSI~WHe ITO/lHble Ce'!eHHSI U 

0 
) peaKUHH U + C , 

J1 c na p HTe/lbHblll X8p8KTep aTHX tPYHKUHll /10380/lSieT rrpoBeCTH '!epe3 HX aKcnepH­

/13/ 
MeHT8i!bHble TO'IKH KpH8bie, 8bi'IHC/leHHble no MooenH ilJKeKCOH8 , npH pacq~e 

Hcnonb3oBaHo aHa'!eHHe HoepHoll TeMnepaTypbl T = 1,50 M a8, 

7 



3'1'11 KpiiBb!e YUOBl!eTBOpiiTellbHO COT'l!8CYIOTC51 C pe3yl!hT8T8MII O flh!T8 1 ecnH 

B351Tb 3Hepr1110 nopora Ul!51 peaKUIIII , np11BOU51IUel! K OCHOBHOMy COCT051HIIIO, paBHOH 

B = 54 M3B, a anH peaKUHII·, npiiBOUHmeil K 113oMepHoMy cocTOHHIIJO, B =56, 5M3B. 
A m 

( Bel!H'I'~Hhl 3Hepr,Hil Be3ae npHBOU51TC51 B l!860p8TOpHoil CIICTeMe KOOpUHHBT ). 

TaK KBK Moaenb LllKeKCOHa He Y 'IIITh!BaeT ueHTpo6elKHhtll 6apbep apamaromerocH 

51Upa , TO Bht6paHHOe 3H8'1eHHe B g MO>KeT OTl!II'18ThC51 OT 3 HepT'IIII nopora peaKUIIII, 

Bhl'IIICl!eHHOH no T86l!IIU8M Mace , 

BbtWe ylKe OTMe'IBl!OCh, 'ITO 113MepeHIIe tPYHKUII n 

npOBOQIIllOCb OQHOBpeMeHHO npll K8lKUOH 3HeprHH IIOHOB 

B036y>KUeHII51 

12 

'(T 
8 

II U 
m 

C • 3TO IICKl!10'18l!O CQBIIT' 

tjlyHKUIII! OTHOCIITel! bHO npyr npyra 113- 38 norpeWHOCTeif B onpeneneHHII 3Heprllll . 

/ 14,15,27 
no 8H8l!Of'llll C pa60T8MII t f'Qe OnpeneTI51l!aCb 3HepT'1151 1130MepHb!X COCT051HHI! 

240 242 233 
a Am , Am 11 Am, pa3HIIUY B noporax t1 B ~ 2,5 M3B MO)f(HO npiiH51Th 

248111 
KBK OUeHKY 3 HepT'1111 B036YlKUei!H51 1130MepHOT'O ypoBH51 B Cf. KoHe'IHO , TaKaS! 

o u eHK8 B UBHHOM cnyqae HOCHT UO BOl! hHO np116l!ll)f(ei! Hb1H xapaKTep , T BK KB K 11MeeTC51 

MBllO 3 K Cnep11MeHT8l!bl!hiX TO'IeK H8 CKl!OHe KpHBbiX , HUYillHX K n oporaM peBKU Hi{ , 

3Kcnep11MeHT8llbHh!e 3HB'IeHII51 Ce 'leHIIll peBKUIIll B 3TOH o6na C TII MOT'YT 

38MeTH O OTll H'l8TbC51 OT Ce'!eHHll, 011peneneHHh!X 113 MOQel!H Ll)Ke K C OHB . 

113 tjlyHKUHl\ B036ylKQeHII51 6bll!H onpeneneHbl H30MepHbie OTHOWeHII51 ( OTHOWeHIIe 

Ce'!e HHil o6pa30B8HII51 51Uep B H30MepHOM II OCHOBHOM COC T051HII51X ~ ) npH 

12 U OCH 
pa3 H hiX 3HeprH 51X C. 3TH 3HB'leHH51 noKa3BHhi Ha p11c . 5 6 , Mo)f(HO auaeTb cna -

6y10 38BHCIIMOCTh H30MepHOT'O OTIIOWeHH51 OT 3 HeprHH, TaK, B llHBI1a30He 6 7-80M 3 B 

~ MeH51eTC51 HB 20% , c n an npH MeHbWHX 3HeprH51X o6yCl!OBl!eH p83HHUeH B 
uocH 

rroporax peaKuHil, LlnH cpaaHeHHH Ha p11c , 5a nocTpoeHa 3BBIICHMOCTh cpenHero 

yrnoaoro MOMeHTa 

Ubi 
1 161

• 3Ha'leHHe f 

38BIICifMOCTh 
Ull3 

U OCII 

f. BHOCHMOT'O B 511lpO,OT 3HepriiH 6oM6apnHpyJOIUeil '18CTH-

B TOM )f(e llH811830He 3HeprHil MeH51eTC51 B 3 pa3a , Cna6a51 

OT 3Heprll ll npll paCTyiUel\ Bel!II'IIIHe 
246 

117/ 
f'OBOpiiT 0 TOM 

'ITO yrnoBOil MOMeHT H30MepHOT'O ypOBH51 Cf Cp8BHIITel!bHO Mal!, 

113 3TIIX ll8HHhlX, B TBK)f<e 113 Cp8BHeH!f51 tPYHKUHI! B036Y)f(JleHII51 0 MOlKHO npenno -

248 
l!O)f(I!Th, 'ITO 1130MepHoe CO CT051Hife Cf, no-BIIQHMOMy, OTHOCHTC51 K TOMY )f(e 

Kl!BCCy, 'ITO II 11 3 B eCTHbte CnOHTBHHO nen51WIIeC51 1130Mepb! Am C MBCCOBhlMH 'IHCl18MH 

238, 240, 242, 244, B cnyqae Cf o6pamaeT Ha c e6H BHIIMa Hne 6onbwoe a6conJOT-

-2 
Hoe 3HB'leHIIe H30MepHOT'O OTHOUJeHH51 1 KOTOpoe COC T 8Bl!51eT '" JQ , 3TO 38MeTHO 

8 

t 
' 

' 

,, 

60l!bWe , '!eM B Cnyqae peaKUIIH , npiiBOU51illHX K 1130MepaM 

248 
3H8'111Tenhnoe pa3llH'IHe B03MO>KHO o6b51CHifTh TeM , 'ITO Cf 

Am 

SIBil 

HhiM HUpOM, Yl3aecTHO, 'ITO nnoTHOCTh 3HepreTH'leCKIIX ypoaHeil p ( 

np11 OQIIH8KOBOI! 3Hepf'1111 B036YlKileHY.51 1130MepHOT'O COCT051HII51 6yJ 

y He'IATHO-He'IATHOT'O 5lll~8 (ecnencTBHe 3HeprHH cnapHB8HII51 Hy 

f7H3 
'!AT HOM Hnpe), Ecnn npiiHHTb, '!TO 1130Mepnoe oTHoweHIIe 

U OCH 

MOlKeT yBellH'IIITbC51 ( Ha Oil 
2 46 

TO ero aenii'IIIHa a cnyqae Cf 

no Cp8BHeHIIIO C 1130MepHb!M OTHOWeHIIeM llll51 He'IATHO-He'IATHb!X 

3Hepr1151X ( 2,5-3,0 M3B) 1130MepHhiX COCTOHHIIH, 

B 38KlllO'IeHIIe aBTOphi BhipBlKBIOT 6narouapHoCTb npotjleccop 

nocToHHHhlil HHTepec K pa6oTe,H,Eoprrp11HY (11HCTIITYT Hnnhca E 

38 none3Hhte o6cy)f(QeHII51, ABTOphi 6naronap51T TaK)f(e B.n.nepe1 

HlfKOB ero rpynnbi 118 06pa60TKy II npOCMOTp CTeKll51HHhiX QeTel! 

neea u C.A.nnewyKoay 38 XIIMII'!ecKoe pa3neneHHe nponyKTOB 
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~ KpH Bbte ynoBn eTBOpHTenbHO cornacyJOT CH c peaynbTa T a M H Ofl biTa , e c nH 

eprHJO nopora /l1!51 peaKUH H0 llpHBOOHIUe l! K OCHOBHOMy COCTOSIHHJO, paBHOii 

M aB , a n n H pea KuHH·, npHBOOHrueli K H3 0MepHoMy coc TOHHHJO, B =56 ,5 M a B. 
m 

bl 3 Hepr,Hil Beane npHBOOSITC SI B n a 60 p8TOpHOii CH CTeMe KOOp/lHHaT) . 

Ka K MOOel! b ll )!{eKCOHa He Y'iHTb!BaeT U8HTpo6e )!{Hbl li 6apbep Bparua JOIUerOCSI 

B 
K 

Bhl6paHHOe 3 Ha'ieHHe M0)!{8T OTI!H'ia TbCH OT 3HeprHH nopora peaKUH H, 

Holi no Ta6n Hua M Mace . 

e y)!{e OT Me '!a llOC b , 'ITO H3MepeHHe cjJyHKUH l! B03 6 y )!{OeHH51 f1 K H C1 m 

I ~ 
OCb 0/lHOBpeMeHHO npH Ka)!{Uol! 3Hepr HH HOHOB C • 3TO HCKI! JO 'ia i!O COBHr 

OTHOCH Te l!b HO npy r Opyra H3 - 3 8 nor peW HOCTe ll B onpen eneHHH 3 He prHH . 
/ 14 , 15 , 27 

lrHH C pa60TaMH , r oe Onpenei!HI!aCb 3HeprHH H30MepH bi X COCTO SI HHii 
H~ 338 

1\m , Am H Am , p a 3HHUY B n o pora x 6 B ~ 2 , 5 M 3B MO)!{HO npHHHTb 
~45 .. 

IKY 3HeprHH B036Y)!{lleHH51 H30 MepHo r o ypOBHfl B Cf . K o u equ o , Ta Ka H 

1 Oa HHOM Cnyqae HOCHT /lOBOI!bHO 1!pH61lH)!{eHHbl ll Xap a KTe p, TaK Ka K HMeeTCSI 

cnepHMeHTa l!b HbiX TO'!eK Ha CKnO He Kp11Bbi X1 HllYIUHX K n opo r aM pe a KUHl!, 

HMe HTallb Hhle 3 Ha '!e HHfl Ce'!e HH ll peaKUHll B 3 TOll o 6 n a CTH MOry T 

0 OTI!H 'i a Tb CH OT Ce'!e HHll 0 o n p e aene HH bl X H3 M OaenH il >KeKCOHa . 

cjJyHKUH ll aoa6y*n e HH H 6bti!H o npeae neH b£ H3 0MepHbte o THoweuHH ( o n roweune 

o 6 pa3oBa HH 51 Hllep B H30 M epHOM H OC HO BHO M COCT0 51HH51X ~ ) n pH 
I~ C1 OCH 

:m eprHHX C . 3TH 3 Ha'ie HHH n o Kaa a Hbr u a pH c . 5 6 . Mo*HO BHAeTb e n a -

ICHMOC Tb H30Mep Ho r o OTHOWeHHSI OT 3HeprHH. T aK, B AHanaa oue 67-80M aB 

MeHHeTCH Ha 20% , c rraa rrpH Me HbWHX 3HeprHHX o 6ycnOBI!eH p a3HHUeli B 

p eaKUHll, flnH CpaBHeHHH Ha pHC, 5 a ITOCTpoeHa 3 aBHCIIMOCTb c peaHe r o 

I MOMeHTa 

3 Ha'leHHe f 

ICTb ~ 
C1 OC H 

f , BHOCHMOrO B HllPO,OT · 3HeprHH 6oM6apa HpyJOmel! '!aCTH-

B TOM )!{e AHana30He 3HeprHl! MeHHeTC H B 3 paaa . Cna 6 a51 

OT 3HeprH H npH pa CTyrueli Bei!H 'iHHe 
~ · 6 

f 11 7 / 
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C f MO)!{e T yBe i!H'iHTbCH (H a OllHH-ABa nopHAKa) 

n o Cp8 BHe HHIO C H30MepHhlM OTHOWe HHeM llll SI He'! eTHO-He 'l e TH hlX SJaep llpH 61lH3KHX 

aHeprmrx ( 2 , 5 - 3 ,0 M 3B ) H30Me pHb!X COC TOHHHll , 

B 3aKJI JO'ieHH e aBTOpbl Bbrpa)!{aJOT 6 narona p HOCTb npocjJecc opy r .H.<I>nepoBy aa 

nOCTOSI HHb!H HHTe pec K pa6oTe, H . ooprrpHHY ( YIHC THT y T HHnbca Eopa , K o neHr a reH) 

aa non e 3 Hbie o6cy * ae HHH. ABTO p br 6 n a roaapHT TaK*e B . n . nepenhirH na H c oTpy n ­

HHKOB e r o rpynnbi Ha o6pa60TK Y II n pOCMOTp CTeKI!SI HHblX ae Te KTOp OB 1 o.A . f B03 -

a e aa H C . A . n newy Koay aa XH MH'!ecKoe paaaen e nHe np o a yKTOB peaKUHll . 
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