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~·~ nocne OTKpb!THSI CITOHT8HHO llOnSiweroCSI H30Mepa Am C rrepHOilOM IT0-

/1/ 
nypacrrana 14 MeeK 6binO o6HapylKeHo eme HecKonbKO HaoMepoB aMepHUHSI, pac-

~as 12/~40 
IT8/l810WHXCSI rryTeM neneHHSI, K HHM OTHOCSITCSI Am C T 

112
;:: 60 MKCeK ' Am 

.. ~·· = 1 1 /3,4/ c T 112 ~0,9 MeeK H Am c T
112 

~· , MeeK , 

3TO YK83biB8n0 1 ITO-BH/lHMOMY 1 Ha T0 1 qTQ HOtlblft THIT H30Me-pHbiX COCTOSIHHft 

SI/lep, /lnSI KOTOpb!X oqeHb pe3KO yaenHqeHa BepOS!THOCTb CITOHT8HHOI'O neneHHSI 1 HMe-

eT /lOBOnbHO WHpOKOe paciTpOCTpaHeHHe cpe/lH H30TOITOB Tp8HCypaHOBbiX sneMeHTOB, 
~~8 

nono6Hbie H30MepHbie COCTOSHHSI, B03MOlKh01 ITpOS!BnSIIOTCSI T8KlKe y SI/lep Np, 
~82 ll84 

Am H Am, HMe!OwHx KopoTKHe rrepHO/lbi pacrrana rryTeM neneHHSI, paBHbie co-

/5-7/ 
OTBeTCTBeHHO 1 MHH 1 1,5 MHH H 2,6 MHH , 01lH8KO He HCKn!OqeH0 1 qTo 3/leCb 

Ha6niO.'llleTCSI aarraa/lbiBBIOlliee neneHHe noqepHHx Hnep, oKaaaBWHXCSI rrocne K -aa-

us ~~~.~14 
xBaTa Np, Am B B036ylK/leHHOM COCTOSIHHH C SHElprHeft, 6nH3KOft K HX 

6apbepy neneHHSI, 

llnH Bb!SICHeHHH ITpHpOilbl CITOHT8HHO nenSilliHXCSI H30MepOB1 KOTOpaSI AO CHX rrop 

x/ 
OCT8eTCSI HeHaBeCTHOft 1 He06XOilHMO 3H8Tb He TOnbKO cnHH H SHepi'HIO H30MepHOI'O 

ypoBHSI 1 HO T8KlKe B8lKHO 'yCT8HOBHTb 38KOHOMepHOCTH pacrrpOCTpaHeHHSI ITOil06HbiX 

H30MepHbiX COCTOSIHH!t B paanHqHbiX S!llp8X, 

nocKOnbKY yK838HHbie BbiWe H30Mepbl OTHOCHTCSI K o6naCTH Heqi'!THO-Heqi'!THbiX 

S!llep1 TO HHTepeCHO OITpeuenHTb Hanuqne T8KHX COCTOSIHHJI B Slllp8X C q(!THbiM que­

noM npOTOHOB HnH HeftTpOHOB, HCXOllSI H3 CHCTeM8THKH rrepHOllOB CnOHT8HHOI'O .Qe-

neHHSI Sillep H3 OCHOBHOI'O COCTOSIHHSI1 MOlKHO rrpelliTOnOlKHTb 1 qTo BpeMSI lKH3HH H30-

MepHbiX COCTOSIHH!t B STHX Hllp8X 6ylleT MeHbWe no cpaBHeHHIO C H30TOn8MH Am , 

x/ /8/ 
B pa6oTe HanolKeH rroupo6Hbiit o6aop pa6oT no HayqeHHIO ueneHHSI Hllep 

H3 H30MepHbiX COCTOS!HIIIt C B03MOlKHOJI B HllCTOS!lliee BpeMSI HHTeprrpeTauueft 9TOI'O 

SIBneHHSI, 

3 



noaTOMY TIOHCK HOBhlX CTIOHT8HHO nenHmHXCSI H30M8pOB C nepHO/l8MH nonypacnana 

-7 -8 
8 

n»ana3oHe 10 - 18 ceK npencTaBnHeT 6onbmoA HHTepec. 

/9/ 
B npenb!llYmel!: pa6oTe coo6manocb o nepBbiX aKcnepHMeHTax, 

Ull liU ll88 

Bb!TIOilH8HHblX 

a aToM HanpanneHIIII. M11me1111 113 Th, U H u o6nyqan11Cb IIOH8MII 

Ill c c aHepr11el!: oT 60 no 82 Maa. 113 acex npoaeneHHbiX o6nyqeHIIl!: TonbKO B 

peaKUHII 288 U + Ill C 6btnll 3aperHCTpllpOB8Hbl OCKOilKII O.T neneHIISI H/l8p, pacnall.a­

-7 
IOmHXCH c T 

112 
= (0,8±_0,3).10 ceK. EbtnO BbiCKa3aHo npennonoJKeHIIe, qTo Ha6niO-

uaeMbil!: nep110/l nonypacnana CB5138H C H/lpOM li4S Cf, o6pa30BBBmiiMCH B 1130M8pHOM 

COCTOSIHIIII, ~ ~ 

B HBCTOHmel!: pa6oTe npOBO/lllilOCb 6onee TIO/lp06Hoe 113yqeHII8 p88KUHH U+ C, 

aeuymel!: K o6pa3oBaHHIO yKa3aHHoro H3oMep8. MeTOil.IIKa aKcnepiiMeHTa cxeM8TIIqe­

CKH 11306paJKeH8 HB p11Co 1 (MaCmTa6 He C06il10/l8H), 

noTOK yCKOpe!IHbiX IIOHOa UOTI8/l88T H8 Mlllll8Hb M , noMemeHHYIO B cneu»-

8ilbHYIO K8CC8TY
1 

KOTOpBH 0/l.HOapeMeHHO CilYJKHT /lilSI OTBO/l8 T8Tiil8 II /lilSI KOililii­

MBUIIH Bbtn8TB!OmHX npOilYKTOa peaKUIIi!:, Konn11MIIpOa8HHbiA nyqoK Sl/l8p OT/l8qll 1 Bbi-

6HTb!X H3 MHmenH
1 

C yrnOM paCTaopa 10° npOXO/liiT qepe3 /lii8<!JparMy n II TIOTI8-

Jl88T B BBKyyMHh!l!: o6'heM
1 

OKpyJKeHHbiA C 4-x CTOpOH CT8KilSIHHbiMH ll8T8KTOp8MII C, 

HM8IOlllHMH <!JopMy yceqeHHOi!: rmpaMHilbl 1 OCb KOTOpOJ!: COBTI8/l88T C U8HTpOM MH!ll8HH, 

Yron pacTaopa n11paMH/lbi ( •38°) Bbt6Hpan-c!l TaKIIM o6pa3oM, qTo6bi nponyKTbi 

Huepnol!: peaKUHH He MornH nonacTb Ha cTeKna. CTeKn!IHHbte neTeKTOpbi perHcTpHpo-

B8ilH OCKOilKH nenei!IISI Hll8p 0Til8qll, paCTI8/l810mHXCH H8il8Ty, 

!lnH H3MepeHHH TOK8 6oM6ap/l.Hpy!O!lliiX qaCTIIU IICTIOilb30a8ilCSI MBCCIIBHb!l!: Mell-

Hbtl!: KonneKTop, oxnaJKnaeMbil!: npoToqHol!: aonol!:. 
Ill 

3HeprHH HOHOB C, ycKopeHHbiX 118 300-CM UHKilOTpOH8 na6opaTOpHH S!JlepHblX 
\ 2 

peaKUHll OHHH, cocTaaHna 60-80 Man; TOil!llHH8 ypaHonoll MH!ll8HH - oKono 1 MrlcM • 

/9/ lis Ill 
KaK H paHee , a peaKUHII U + C 6btnH 38periiCTp11pOa8Hbl OCKOilKH 

neneHHSI !1/lep, nponeTaiOmllx MeJKil.Y neTeKTopaMII. 113 pacnpeneneHIISI TpeKoB no 

/l/IHHe neTeKTOpOB (llilHHB K8JKilOrO neTeKTopa p8BHSiil8Cb 160 MM) 6blil rpy6o OU8-
-7 

H8H nepiiO/l nonypacnana, KOTOpbiA OK838ilCSI M8Hblll8 1 qeM 10 CeK, nocKOilbKY 

ace o6pa3yiOmlleCSI B /l8HHOi!: peaKUIIII 1130TOTibl IIM810T 3H8qiiT8ilbHO 6onbmee Bp8MSI 

JKII3HII
1 

TO H85iliO/l88Mbii!: TI8p110/l nonypaCU8/l8 1 oqeallllH0 1 CaSI38H C 1130M8pHbiM COC-

TOHHII8M S!Jlp8. 

DnSJ 6onee TOqHOrO onpeneneHIISI nep110/l8 nonypaCU8A8 AilS! S!Aep, IIM810l1IIIX 

T8K08 M8il08 .apeMSI JK113HII
1 

Heo6xoll.IIMO yqeCTb TOilllliiHY MIIW8HIIo TaKol!: yq~T 

npoaonHnCH cnenyiDIIliiM o6pa3oM. 

4 
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B npell.TIOilOJK9HIIII 6eCKOHeqHo TOHKOA Mllm9HH 1 Korna ace SlAP· 

onHY 11 TY JKe cKopocTb v 
0 

, p8cnpetteneHIIe q11cna 8KToa neneHIIH n 

HOrO nyTII p8BHSieTCSI 

" P (x) = __ N __ e - vor 
v r 

0 

3Aecb N - qiiCilO AenSJIIliiXCSI HAep, TIOTI8BWIIX B 113M8pHT8ilbHb' 

A8T8KTOp8MH 1 
r - apeMSJ lKH3HH SJAep. MHweHb aaxoAHTCSI n~ 

BCil8/lCTalle M8ilbiX ceqeHIIA o6p830B8HIISI CTIOHT8HHO /l9ilS!IlliiXCl 

11cnonb3oaaaa MllmeHb, TonmHHa enoS! KoTopoA npeBbtwana npo6er 

T8KOM cnyqae S!Apa OTAaqH Bbin9T8illl H3 MHW8HH CO CKOpOCTSIMH 

AilS! abiqHCil8HIISI p ( x ) H806XOAHMO 6btn0 UpOH3aeCTH HHTerpHpC 

llH8TI830HY CKOpOCTel!:, 

EcnH npeAnonolKHTb, qTo yAenbHbie noTepll aaepriiH SJAep o 

npOHCXOASIT ilHHei!:HO, TO nonyqaeTCSI Bblp8lK8HII8 

p (x) • 2N [ exp(- -"-l + -"- E (- --"-l 
vr vr vr 1 v r 

0 0 0 0 

rAe E
1 

- IIHTerpan 9KCTIOH8HTo 3TOT qneH yqHTbiB88T TOT <!JaK 

Hb!X S!A9p OTA8qH 0 abin8T8101IlHX 113 p83Hb!X Cnoea TOilCTOA MHW9E 

npOIICXOAIITb no p83illlqHbiM 9KCTIOH8HT8M 113-38 M8ilOrO apeM9HH H 

MY pacnpeA8il8HII9 OCKOilKOB SIAep, HM9101IlHX OAHH H TOT lK9 nept 

nocTpoeHHoe a nonynorapH<iJMHqecKoM MacwTa6e, 6yAeT npeAcTaal 

TOPYIO CYMM8PHYIO KPHBYIO (a 119 npSJMYIO ilHHHIO, K8K 06blqHO) • 

noA6Hp8SI p83ilHqHhl9 3HaqeHHSI r B ( 1) MOlKHO A06HTb' 

cornaCHSI 38BHCHMOCTH p (x) C 9KCTI9pHM8HT8ilbHb!MH A8HHbiMH 

Ha pHc. 2 oTnolKeHo sKcnepHMeHTanbHOe pacnpeAeneHHe o 

S!/l9p K a 38aHCHMOCTH OT AilHHbl nponeTHOrO nyTII ll: aAOilb CT8 

poa. 3AeCb lKe HaHeceHbl TeopeTHqecKHe pacnpeAeneHHSJ, Bbi'IHCne 

( 1) AilSI abt6paHHbiX 3HaqeHHA r 

npH o6pa60TK9 pe3yilbT8TOa H3MepeHHA yqHTbia8ilCSI tlJoH OCKO 

ypaHa a CT8Kil9 H tlJoH OCKOilKOa OT A9il9HHSI.HOH8MH npHMeceA TR 

Ha noaepXHOCTSIX K8CC9Tbl II AHa<!JparMbl 1 o6p81Il9HHbiX a CTOpOHY 

9TOrD a OTA9ilbHbiX OTibiT8X ypaHoaaSJ MHW9Hb 38Kpbtaanacb Al 

38/l9plK11aana TOilbKO S1Ap8 OTAaqH, 113 pHCYHK8 aHAHO, qTO C yq~ 

5 



biX CIIOHT8HHO nem!IUHXCH H30MepoB C IIepHOJl8MH IIOIIypaCII8Ll8 

I8-
8 

ceK upencTaBnHeT 6onbll10l! HHTepec. 

/9/ 
pa6oTe coo6manocb 0 IIepBbiX :3KCIIepHMeHT8X0 BbiiiOIIHeHHbiX 

~82 ue 2as 
MHilleHH H3 Th, U H U o6ny'IBIIHCb HOH8MH 

60 no 82 MaB, 113 BCeX IIpoBeneHHbiX o6ny'leHHl! TOIIbKO B 

6binH 38perHCTpHpOBBHbl OCKOIIKH OT neneHHH Sl!lep, pacnana­

-7 
0,8:!:._0,3} ,10 ceK. Ebmo BhiCKa3aao IIpennonoJKeHae, 'ITO aa6mo-

ypacnana CBSI3BH c HnpoM 248 Cf, o6p830B8Bll1HMCSI B H30MepHOM 

288 12 
a6oTe npoBoaHnocb 6onee nonpo6aoe H3y'leHHe peaKUHH U+ C, 

HHIO yKa3aaaoro H3oMepa. MeTonHKa aKciiepHMeHTa cxeMaTH'Ie­

pHc, I ( Macll1Ta6 He co6nronea), 

HHbiX IIOHOB 110118/:189T Ha MHIII9Hb M 0 noM9Ul9HHyiO B CIIeUH-

OTOpaH 0/:IHOBpeMeHHO CIIYJKHT J:IIIH OTB0/:18 Tenna H JliiSI KOIIIIH­

npollyKTOB peaKUHl!. KonnHMHpoBaHHbil! ny'IOK Hnep OTna'IH, Bhi­

c yrnoM p8CTBOp8 I0° npOXOLIHT '19pe3 J:IH8$parMy n H nona­

o6'beM, OKpyJKeHHb!l! C 4-x CTOpOH CT9KIISIHHblMH neTeKTOp8MH C, 

lce•IeHHOi! 1111p8MII/:Ibl0 OCb KOTOpOJ! COBilanaeT C ll9HTpOM MHI119HH. 

8MHilbl ( .. 38°) Bb!6Hpan'CH T8KHM o6pa30M 0 'IT06bi nponyKTb! 

MornH nonacTb aa cTeKna. CTeKnSIHHbie neTeKTOPhi perHcTpHpo-

H Hllep OTJ:IB'lH, paCII8J:IBIOUlHXCSI H8119Ty, 

TOKB 6oM6apaHpyiOUlHX 'IBCTHU HCIIOI1b30B8IICSI MBCCHBHbiJ! Men-

JKllBeMbii! llpOTO'lHOi! BOilOi!, 
12 

c' 
aBHna 

I 

ycKopeHHbiX H8 300-CM UHKIIOTpOHe na6opaTOpHH HnepHblX 

60-80 MaB; TOIIIUHH8 ypaHOBOli MHI119HH - OKOIIO I Mr/c~2• 
, B peaKUHH us u + 12 c 

6btnH 3aperHCTpHpOB8Hbl OCKOIIKH 

eTaromHx MeJKny neTeKTopaMH, H3 pacnpeneneHHSI TpeKoB no 

nnHHa KaJKnoro neTeKTopa paBHSinacb I60 MM) 6bin rpy6o oue-

-7 
cnana, KOTOpbll! OK838IICSI MeHbiiie, '19M 10 CeK, noCKOIIhKy 

B J:I8HHOl! peaKUHH H30TOnbi HMeiOT 3H8'1HTellbHO 60IIhll1ee BpeMSI 

Mbill nepHon nonypacnana, o'!eBHnHo, CBSI3aH c H30MepHbiM coc-

'!Horo onpeneneHHSI nepHona nonypacnana nnSI Hnep, HMeromax 

H JKH3HH, He06XOilHMO y'leCTb TOIIIUHHY MHIU9HH, Taxol! Y'I~T 

IUHM o6p830M, 

4 

• 

.. :. 

J
l\ 

' ' 

' 

B npennOIIOJKSHHH 6eeKOH9'1HO TOHKOl! MHUl9HH 0 KOrna Bee Hnpa OTJ:I8'1H HMSIOT 

onay H TY JKe eKopoeTb V
0

, paenpe~eneaae '!Hcna aKTOB neneHHH no nnHHe nponeT­

aoro nyTH p8BHSI~TCSI 

p (x) • __ N __ e 

v r 
0 

X 

v
0

r 

3neeb N - 'IHCIIO nenHIUHXCSI SIJlep, nonaBIUHX B H3M9pHT91IbHbllt 06'beM M9lKJlY 

neTeKTOp8MH 1 r - Bp9MSI lKH3HH S!Jlep, MHIU9Hb HBXOJlHTCSI IlpH ll • 0 , 

BeneneTBHe M8IIb1X C9'19HHI! o6p830BBHHSI eiiOHTBHHO nenSIUlHXeSI H30M9pOB 6bin8 

HCnOIIb30BBHB MHI119Hb1 TOIIIUHHa enoS! KOTOpol! np9Bblll18na 11po6er Rnep OTJ:IB'IH, B 

TBKOM enyqae Rnpa OTJ:IB'IH Bblii9TanH H3 MHI119HH CO CKOpOCTSIMH OT Q no v
0 

H 

nnSI Bbl'IHCneHHSI p ( ll ) 

JlH811830Hy CKOpOCTel!, 

Heo6XOJlHMO 6blll0 1IpOH3B9CTH HHTerpHpOBBHHe 110 BC9MY 

EenH npennonOlKHTb, 'ITO ynenbHblS IIOTepH 9HeprHH Hnep OTJ:IB'IH B MHW9HH 

IlpOHeXOJlSIT IIHHei!H0 0 TO IIOIIY'IB9TCSI Bblp8lK9HHe 

p(,.)- 2N [ np(- -.!.-) + _,._ E (- --•-)]. 
vr vr vr 1 v r 

0 0 0 0 

(1) 

rne E 1 - HHTerpan 9KCIIOH9HT, 3TOT '1119H y'IHTbiB89T TOT $aKT1 'ITO JlnSI JlBH­

HblX S!Jl9p OTJlB'IH 1 Bblii9TBIOIUHX H3 p83HbiX cnoeB TOIICTOit MHI119HH 1 paCIIBJl 6y)leT 

npoHeXOJ:IHTb no pa3nH'IHbiM 9KCIIOH9HTBM H3-38 MBIIOro BpeMeHH HX lKH3HH, noaTo­

MY pacnpeneneHHe OCKOnKOB S!Jlep, HM9IOIUHX OJlHH H TOT lK9 nepHOJl nonypacnana, 

nocTpoeaaoe B nonynorapH$MH'IeexoM MacmTa6e, 6yneT npeneTaBnSITb eo6oA aexo­

Topyro eyMMBPHYIO KPHBYIO ( B He npSIMYIO nHHHIO, KBK 06bi'IHO), 

non6Hp8H p831IH'!Hbl9 3H8'19HHSI r B (J) WOlKHO Jl06HTbCSI OIITHMBIIbHOro 

eornaCHSI 38BHCHMOCTH p (ll) C 9KCI19pHM9HTanbHblMH JlBHHbiMH, • 
Ha pHC, 2 OTIIOlK9HO 9KCI19pHM9HTBIIbHOe pacnpeneneHHe OCKOIIKOB neneHHH 

Hnep N B 38BHeHMOCTB OT JlnHHbl nponeTHOro IIYTH J: BJlOnb CTeKnSIHHblX /:19T9KTO-

poa, 3necb JKe aaaeceHbl TeopeTH'Iecxue pacnpeneneHHH, Bbl'!HcneHHbie no ¢opMyne 

( 1) JliiSI Bbi6paHHbiX 3H8'19HHit r • 

npH o6pa6oTK9 pe3ynbT8TOB H3MepeHHA Y'IHTbiBSnCSI $QH OeKOnKOB OT npHMeeel! 

ypaaa B CTeKne H $QH OCKOIIKOB OT JleneHBSI.HOHBMH IlpBMeeelt TSilK91IbiX aneMeHTOB 

H8 IIOB9pXHOCTSIX K8CC9Tbl H JlBa!J>parMbl0 o6pameHHblX B CTOpOHy Jl9T9KTOpOB, nnSI 

:3TOro B 0Tll91IbHbiX OllbiTBX ypaHOBBSI MHI119Hb 38Kpb!BBII8Cb AI 4>onbrolt, KOTOpBSI 

38ll9plKHB8118 TOnbKO Sl)lp8 OTJlB'IH, 113 pHCyHKB BHllH01 'ITO C y'laToM 9KCI19pHM9H-

i 
5 



TBnhHbiX OU11!60K HBHny'IWee cornacHe C Ollb!TOM nonyqaeTCll npH T l/ 2 = ( 4,5;!),5) X 

-8 10 ceK. ( B paMKax npennonolKeHHH, 'ITO ynen&Hbte noTepH aaeprHH Hnep oTna'IH B 

aewecTBe MHWeHH npoHcxonHT nHHefiao), 3TOT peayn&TaT nocTaTo'IHO xopowo corna-
248 /9/ 

cyeTCll c nepHonoM nonypacnana nnH H3oMepa Cf , onpeneneHHbiM B pa6oTe • 

ilnll 6onee HanelKHOfi H.QeHTH~HKBUHH YK838HHOrO H3oMepa B .QBHHOit pa60T9 CHHMBnHCh 

O.QHOBpeMeHHO ~yHKUHH B036ylKAeHHll KBK nnll H30MepHoro COCTOliHHll q 
m 

T8K H .Qflll 

OCHOBHOrO UK 
3TH KpHBbte npencTaaneHbi sa pHc. 3, HaMeHeHHe saeprHH 6oM6ap-

AHPYIDIUHX 'IBCTHU npOBO.QHnOCb C llOMOIUbiD AI nornoTHTenelt, KOTOpbte pacnona-

ranHCb nepea MHweH&ID. 

C6op l!.Qep OT.QB'IH B OCHOBHOM COCTOSIHHH .Qnll KBlK.QOfi aaeprHH ilpOH3BO.QHnCll 

C noMOIUhiD AI ~n&rH, yKpenneHHoll: sa .QHe KOnneKTopa (pH c. 1). AniDMHHHesaH 

~onbra nocne onpeneneaaolt sKcno3HUHH pacTBOpl!nac& B conHHOll: KHcnoTe c no6aB­

neHHeM B paCTBOp naHTBHB B K8'19CTB9 HOCHTenll, MeTO.QOM ~TOpHAHOrO OC8lK.Q9HHSI 

Bblll9nHnHCb Si.Qpa KBnH~pHHll BM9CTe C npyrHMH H.Qp8MH TpaHCypaHOBbiX aneMeHTOB, 

KOTOpbie MornH 6bi o6pB30B8TbCll B .QBHHOll: peaKUHIJ• ilnll Kamr6poBKH XHMH'19CKOrO 

148 A.m • 
Bb!XO.Q8 H30TOllOB B paCTBOp .Q068BnllnOCb onpe.QeneHHOe KOflH'IeCTSO 

HaMepeHHbie c noMom&ID nonynpoBO.QHHKOBoro aeTeKTopa aaeprHH a -'IBCTHU 

E a = 6,75 Mas) H nepHO.Q nonypacna.oa (T 
112

= 36 qac) aanelKHO yKaabtBanH 
248 

HB TO, 'ITO si.Qpa, o6p830B8BWHeCll B OCHOBHOM COCTOliHHH, npHHB.QnelKBT Cf , 

Ce'leHHe o6pa30B8HHSI l!.Qep B H30MepHOM COCTOliHHH Bbl'IHCnllnOCb H3 nonaoro 

'iHCllB li.Qep No o6pa30BBBWHXCll B aTOM COCTOSIHHH 0 r.Qe 

N a 
0 

NTD 

f w 
(2) 

~ aTOM COOTHOWeHHH N Tp 

! 
npe.QCTBBnlleT CyMMBpHOe 'IHCnO TpeKOB OCKOnKOB0 

aapenicTpHpoaaHHbiX cTeKnHHHhiMH neTeKTopaMH npH KalKnoA aaeprHH. Ko~HuHeHT 

y'IHThiBaeT, KaKoe KonH'IeCTBO aepacnaBIUHXCll Haep nonano B HaMepHTen&Hbifi 

06beM, a W onpenenHeT C060ll: reoMeTpH'IeCKYID a~eKTHBHOCTb .QBHHOfi MeTO.QHKH, 

-2 
B aaweM cnyqae E ·~ 0,67, c<.l = 9,3.10 • 

Ha pHc.3 noKaaaaa TBKlKe aaBHCHMOCTb ce'lei!Hll BhiHYlKneaHoro aenei!Hll u 1 nnSJ 

US Ill /10/ 
peaKUHH U + C , pacc'IHTaHIUlll no onTH'!eCKoA MonenH , HHlKe ee pac-

nonolKeHB BH8110rH'IHBll 38BHCI!MOCTb .Qnll TOll: lK9 peaKUHH, H3MepeHH8ll B HBCTOl!IUei! 
/Ill 

pa6oTe ( C yq~TOM yrnoBOII 8HH30TpOilHH OCK01!KOB neneHI!ll ).. 

6 

• 
I ~ 

PerHCTpBUHll OCKOnKOB B 3TOM cnyqae npOBO.QHnBCh ABYMll C1 

TOp8MH 0 pacnonOlKeHHblMH pli.QOM C KOnneKTOpOM ( pHC, 1), nocKOl 

6yJK.QeHHll CHHMBnHCb O.QHOBpeMeHHO C Ce'leHHeM BbiHYJK.QeHHOro .Qe, 

( no.oo6Hbiit) xoa xpHBbiX u, cnyJKHn aononHHTen&aoll: npoaep1 

npoBe.QeHHH aKcnepHM9HTOB, 

Pa3HHUY B a6coniDTHbiX 3H8'19HHSIX Ce'I9HHll: cneayeT OTHeCTM 

HOCTell: B H3MepeHHH TOKa 6oM6apaHpyiDinHX 'IBCTHUo 

CpaBHeHHe ~yHKUHH aoa6ylKneHHll peaxuHH,npHBO.Ql!IUell: K H30M 

C ~YHKUH9ll: B036yJK.QeHHll, OTHOCllmeli:Cll K o6p830SBHHID OCHOSHOr 

148 ) /12/ 
Tona Cf s aToll: pa6oTe (pH c. 3 H s pa6oTe , no3sonse 

npeanonaraT&, 'ITO aa6niDaaeMbill: cnoHTaHHo nenHmHli:Cll H30Mep n: 

148 
H30TOny Cf, 

~yHKUHll B036YlK.QeHHll Um HMeeT ~pMy, xapaKTepHyiD l 

pa30SBHHeM COCTaBHOro H.Qpa H HCnapeHHeM H9CKOflbKHX Heli:TJ 

a -'IBCTHU HBpli.QY C H9li:TpOH8MH 0• BepOSITH0 0 MOJKHO HCKniD'IHTb 1 

B036yJK.Q9HHll HM9IDT. ManyiD IUHpHHy, llJHpHH8 KpHSOit Ha nonyBl 

acero OKano 7 Mas, 06&I'IHO ~YHKUHH S036yJK.QeHHII C Sbin9TOM 

6onee mapoxoe pacnpe.oeneaHe, 

TaKJK,e, no-BH.QHMOMy, He HMeeT M9CTa H HCnapeHH9 npOTOHB 

6&! K o6pa30S8HHID H30MepoB B k , ilOCKOn&Ky Sljl$eKT CilOHTBHHOrO .Qel 

118 11 /9/ 
SbiiUe nepHO.QOM He Ha6niD.QanCII S peaKUHH U + N 0 S 

Bk o6p83YIDTCH nyTeM HCnapeHHII C1 -'18CTHUbl H HeCKOflbKHX 

HCXO.Qll H3 Taro, 'ITO o6pa3yiDinHACll CllOHTBHHO .QenRinHli:CII 

ll48 
lKHT li.Qpy Cf , H 3Hall T 

112 
cnoaTaHHoro aeneHHR H3 oc1 

3 
aToro H30TOil8 ( 2,1.10 neT) 0 MOlKHO CK838Tb 0 'ITO BepOSITHOCTb 

18 
.QeneHHII .Qnll H30MepHoro COCTOSIHHSI ysenH'IHSaeTCll S 10 pa3, 

(1 H (1 Ha pHc. 4 aaHbl Te lKe ~YHKUHH aoa6ylK.QeHHR • • 
HOpMHpOSBHHbie HB KynOHOSCKHit 6ap&ep nyTeM .QeneHHII senH'IH 

3KCnepHM9HTBflbHblX TO'IKBX) HB COOTSeTCTSYIDinHe C9'19HHII Sb!BY 

... 11 
Haep ( aaMeHHIDmHe nonHbie ceqeHHll u 

0 
) peaxuHH U + 

HcnapHTen&Hbill: xapaxTep aTHX ~YHKUHft noaaonHeT npoaecTH 

I 
MeHT8nbHbl9 TO'IKH KpHSbie, Sbl'IHCneHHbie no MO.QenH ilJKeKCOHB 

acnon&3oaaao aHa'leHHe H.Qepaolt TeMnepaTyp&I T - 1,50 Mas. 

7 



qruee cornacue c onbiTOM nonyqaeTCll npH T 112 = ( 4.5:!:..1 ,5) x 

eanono>KeHHH, 'ITO yaenbHbie noTepH aaeprHH Hnep OTJla'!H a 

CXOJl51T liHHefiHO), 3TOT pe3y!IbT8T JlOCTATO'IHO XOpOillO corna-

191 
onpeaeneHHWM B pa6oTe • ypacnaaa nnH H3oMepa ~48 Cl , 

eHTH~HKAUHH YK838HHOro H30Mepa B JlBHHOH pa6oTe CHHMA!IHCb 

B036yJKJleHHH KAK Jlllll H30Mepaoro COCTORHH51 a .. TAK H JlliH 

'KpHBble npencTaaneHbi na pnc. 3. Yi3Menenne aaeprHH 6oM6ap-

-OJlHIIOCb C noMOIUbiO AI noriiOTHTeneA, KOTopbie pacnona-

B OCHOBHOM COCTOliHHH Jlllll KAlKJlOH aaeprHH npOH3BOJlHIICll 

H, yKpenneaHoll aa nHe KonneKTopa (puc, 1). AmoMHHHeBaH 

HHOfi 9KCII03HUHH paCTBOpli!I8Cb B COllliHOll KHCIIOTe C Jl06aB­

aaa B Ka'!eCTBe HOCHTenH, MeTonoM ~TopHnHoro ocaJKneHHH 

pHHH BMecTe C npyrHMH 51Jlp8MH TpaHCypaHOBb!X aneMeHTOB 0 

830B8TbCll B JlAHHOll peaKUH!f• LlnH K8liH6pOBKH XHMH'!eCKOrO 

no6aBnHnocb onpeneneHaoe xonu'!eCTBo ua Am • 

nonyllpOBOJlHHKOBOro JleTeKTOpa 9HeprH51 a -'18CTHU 

H nepnon rronypacnaaa ( T I! 
2

= 36 'lac) aaaeJKI!O yxaabiBanH 

Ul 
B OCHOBHOM COCTOHHHH, 1IpHH8Jl!IelK8T Cf , 

HHH 51Jlep B H30MepHOM COCTORHHH Bb!'!HCIIli!IOCb H3 nonHOro 

p830B8Bll1HXCH B 9TOM COCTOHHHH, roe 

N = 
0 

NTD 

E c.J 
(2) 

N Tp 
I 

npenCTAB!IlleT CYMMapHOe 'IHCIIO TpeKOB OCKO!IKOB0 ' 

eKnHHHhiMH aeTeKTopaMH npH KaJKnoll aaeprHH, Ko~~HuHeHT 

KOnH'!eCTBO aepacnaawnxcH HJlep nonano B HaMepHTenbHhill 

eT co6oll reoMeTpH'!eCKYIO a~eKTHBHOCTb JlAHHOll MeTOJlHKH, 

-2 ' :: 0,67, (<) = 9,3.10 • 

a TAKJKe 38BHCHMOCTb Ce'!eHHSl BbiHYlKJleHHoro neneHHll C1 Jl!IH 
I 10/ I 

pacC'!HTanaaH no onTH'leCKoll MoaenH • HnJKe ee pac-

3ABHCHMoCTb JlliH TOfi JKe pe8KUHH 1 H3MepeHH8ll B H8CTOHIUefi 

I 11 I 
BOll 8HH30TponHH OCKO!IKOB neneHHH ), 

6 

• __ j 

PerHCTpaUHH OCKO!IKOB B 9TOM CIIY'!Be npOBOJlHII8Cb JlBYMll CTe~nliHHWMH JleTeK­

TOp8MU0 pacnonoJKeHHblMU pliJlOM C KOnneKTOpOM (puc, 1) • 0oCKO!IbKY cflyHKUUU B03-

6ylKJleHHll CHHM81IUCb OJlHOBpeMeHHO C ce'!eHHeM BbiHYlKJleHHoro JleneHUll0 OJlUH&KOBbill 

( nono6Hblll) XOJl KpHBbiX CT. 

npoaeneauu axcnepHMeHToa. 

CIIYlKU!I JlOnOnHUTenbHOll npoaepKOll MeTOJlUKU npu 

PaaHUUy B a6CO!IIOTHbiX 3H8'leHHliX Ce'!eHHll cnenyeT OTHeCTH H8 C'!~T norpew-

HOCTell B H3MepeHHH TOK8 6oM6apnupyJOIUUX '18CTUU, 

CpaBHeHHe ~YHKUHU B036YJKJleHHll pe8KUHH,npHB0JlHIUell K H30MepHOMY COCTOliHHIO, 

C ~YHKUUell Boa6yJKJleHHll, OTHOCliiUellcll K 06p830B8HUIO OCHOBHOro COCTOliHUll U30-

ll41 ) I 12/ 
Tona Cf B aToll pa6oTe (puc. 3 u B pa6oTe , noaaonHeT 6onee yaepeBBo 

npennonaraTb, 'ITO aa6nJOnaeMbill cnoHTBHHO nenHmullcH H30Mep npuaanneJKHT TBKJKe -
~41 

Cf. H30Tony 

~YHKUHll B036YJKJleHHll (1 
m HMeeT cflopMy0 X8p8KTepHyiO Jlllll pe8KUHH C 06-

paaoaaBHeM co~TBBBoro Hnpa H ucnapeBHeM BecxonbKHX Bel!TpoBoa. HcnapeBue 

a -'18CTHU H8pliJlY C HeliTpOH8MH~ BepOliTH00 MOJKHO HCKIIIO'!HTb0 T8K KSK cfJYHKUHH 

B036YJKneHHll UMeiOT ManyiO WHpHHy, lliHpHHS KpHBOft HS nonyBhlCOTe COCTSB!IHeT 

BCero OKOIIO 7 M aB, 06bi'IHO cflyHKUHH Boa6ylKJleHHSI C BbineToM 
C1 -'18CTHII HMeiOT 

6onee wHpoxoe pacnpeaeneHHe, 

TBKJK,e, no-BHJlHMOMY0 He HMeeT MeCT8 H HCII8peHHe 1IpOTOH80 KOTOpoe IIpHBe!IO 

6bi K o6p830B8HH10 H30MepoB B k , ITOCKO!IbKy ~KT CITOHT8HHOro neneHHH C YK838HHbiM 

138 II /9/ 
Bb!We nepHOJlOM He H86!IIOJl81ICH B pe8KUHH U + N 0 

B KOTOpOft H30TOIThl 

Bk o6paayiOTCH nyTeM ucnapeBHH 
C1 -'ISCTHilbi H HeCKO!IbKHX HeftTpoHOB. 

YfCXOJlH H3 TOr0 0 'ITO o6p83YIOillHACH CITOHT8HHO nenH!UHftCH H30Mep ITpHHanne-

llfl Cf ' lKHT liJlpy 
H 3H8H T 112 CITOHT8HHOro neneHHH H3 OCHOBHOro COCTOSIHHSI 

3 
9Toro H30TOIT8 (2,1,10 neT), MO>KHO CK838Tb

0 'ITO BepOHTHOCTb CITOHT8HHOro 

18 JleneHHll Jl!IH H30MepHoro COCTOliHHll yBenH'!HB8eTCSI B 10 paa. 

Ha pHC, 4 Jl8Hbl Te JKe cflyHKUHH B036Y>KJleHHll C1 • H U m , 'ITO H H8 pHC, 3, 

HOpMHpOB8HHhle H8 KYIIOHOBCKHft 68pbep nyTeM neneHHSI BenH'!HHhl Ce'!eHHSI (B 

9KCnepHMeHT8!IbHbiX TO'IK8X) H8 COOTBeTCTBYIOWHe Ce'!eHHSI BbiHylKJleHHOro neneHHSI 

118 II SIJlep ( 38MeHSIIOWHe ITO!IHbie Ce'!eHHSI U 
0 

) peaKUHH U + C , 

lfcnapHTenbHblft XapaKTep 9THX cflyHKUHll IT03BO!IlleT npoBeCTH '!epea HX 9KCnepH­

/13/ MeHTanbHbie TO'IKH KpHBhie, Bbi'!HcneHHbie no Moaenu IlJKexcoBa • Opu pacq~e 

HcrronbaoaaBo 3Ha'!eaue HnepBoll TeMnepaTypbi T • 1,50 Mas. 
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r-

3TH KpHBbie yaosneTBOpHTen&HO cornacyiOTCSI C peayn&T8T8MH O{lbiT8 0 ecnH 

B3SITb sueprHIO nopora anSI peaKUHH 0 npHBOasuueJ!: K OCHOBHOMY COCTOSIHHI00 paBHOJ!: 

B = 54 MsB, a anSI peaKUHH, npHBOaSIIIIell: K H30M9pHOMY COCTOSIHHIO, 8 =56,5MsB, 
• m 

(BenHq~Hbl suepr~Jl: aeaae npHBOaSITCSI B na6opaTOpHOJ!: CHCTeMe KOOpaHHST). 

TaK K8K Monen& n>KeKCOH8 ae yqHTbiBSeT ueuTpo6e>KHbill: 6ap&ep spamaiOmeroC!I 

gnpa, TO B&I6pauaoe aaaqeaue B • 

B&Iqncneauoll: no Ta6nnuaM Mace. 

Mo>KeT oTnnqaT&C!I OT suepruu nopora peaKUHH, 

B&IIIIe y>Ke oTMeqanoc&, qTo uaMepeuue tPYHKUHll: 

npOBOaHnOCb oaHoBpeM9HHO npH K8>KllOJ!: SHeprHH HOHOB 

B036y>KaeHHSI 'U H U 
I~ • m 

C , 3TO HCKniOqano CllBHr 

<!JyuKUHll: oTuocuTen&HO apyr apyra na-aa norpellluocTell: B onpeaeneauu saeprnn. 

/14,15,27 
no aaanornn c pa6oTaMH , rae onpeaengnac& sueprng uaoMepH&Ix cocTo!IHHll: 

B 

~40 :~n ~as 
Am, Am u Am, paaauuy B noporax !! B .. 2,5 M sa Mo>KHO npHHSITb 

~48m 

KaK oueHKY suepruu soa6y>KaeHHSI uaoMepuoro ypoBHSI B Cf. Koaequo, TaKaS! 

OU9HK8 B aaHHOM cnyqae HOCHT aoBOn&HO npH6nH>K9HHbiJ!: xapaKTep, T8K K8K HM99TCSI 

Mano SKCnepHM9HT8nbHbiX ToqeK H8 CKnOH9 KpHBbiX 0 uaymHX K noporaM peaKUHJ!:, 

3KcnepHMeHTan&H&Ie aaaqeuHSI ceqeuuA peaKuHA B sToll: o6nacTH MoryT 

3aMeTHO OTnnqaTbCSI OT ceqeuHA 1 onpeneneHHblX H3 MO)lenH n>KeKCOH8. 

J.1a ljlyHKUHJ!: B036y>Kll9HHSI 6binH onpeaeneHbl H30M9pHbi9 OTHOIIIeHHSI ( OTHOIII9HHe 

ceqeHHA o6pa30B8HHSI SIAep B H30MepHOM H OCHOBHOM COCTOSIHHSIX ~ ) npH 
I~ U OCH 

pa3HbiX sueprHSIX C. 3TH auaqeHHSI noKaaaHbi ua puc. 56. MolKHO BHAeT& cna-

6yiO 38BHCHMOCTb H30MepHOrO OTH01119HHSI OT SHeprHH, TaK, B AH80830He 67-80M.sB 

~ MeuSieTCSI aa 20%, cnan npu MeH&IIIHX suepruRx o6ycnosneu paaauueA B 
uocu 

noporax peaKuHA. llnSI cpasueHHSI ua puc. 5a nocTpoeua aaBHCHMOCTb cpenuero 

yrnosoro MoMeHTa 
1161 -

Uhl • 3aaqeune t 
Una 

38BHCHMOCTb 
U OCH 

i. BHOCHMOrO B S!ApO,OT·IaHeprHH 6oM6apAHpyiOmeA qacTH-

B TOM JKe nuanaaoue auepruA M9HSI9TCSI B 3 paaa. Cna6aR 

oT sueprHH npH pacTymeA sennquue 
Sd 

t 1111 
roBOpHT 0 TOM 

qTo yrnoooll: MOM9HT H30M9pHOrO ypOBHSI Cf cpaBHHTen&HO Man. 

Ha STHX ll8HHbiX
0 

8 T8K>K9 H3 cp8BH9HHSI tPYHKUHA B036yJKll9HHSI 0 MO>KHO npeano-
UI 

nOJKHTb, qTO H30M9pHoe COCTOSIHHe Cf, no-BHllHMOMYo OTHOCHTCSI K TOMY JKe 

Knaccy
0 

qTO H H3BeCTHbl9 CilOHT8HHO aenSIIIIH9CSI H30Mepbl Am C M8CCOBbiMH qucnaMH 

238, 240, 242, 244, B cnyqae Cf o6pamaeT aa ce6SI BHHMauue 6on&llloe a6coniOT-
-2 

uoe aaaqeuue uaoMepuoro oTHOIIIeHHSI 0 KoTopoe cocTaBnSieT • 10 • 3To aaMeTHo 

8 

• 

,!!/ 
. t\ 
'l ,, 
.{ 
. t! 

~~;,, 

6on&lll9o qeM B cnyqae peaKUHil:o npHBOa!IIIIHX K H30MepaM 

auaqnTen&uoe paannque soaMOlKHO o6b!ICHHTb TeM, qTo ~
48 

Cl 

Am 

HBns 

HbiM gapoM. HasecTHO, qTo nnoTHOCTb saepreTnqecKHX yposuell: p(l 

npH OllHH8KOBOJ!: sueprHH ooa6y>Ka9HV.SI H30MepHOrO COCTO!IHHSI 6y~ 

y ueqeTHo-ueqeTuoro !!Apa (scneACTBHe saeprHH cnapHBSHHH uy1 
una 

qeTHOM 11ape), Ecnu npHH!IT&, qTo naoMepuoe oTHOIIIeHHe 
U OCH 

MO>K9T ysenuqHTbCSI ( H8 oa1 
246 

TO ero sennquua B cnyqae Cl 

no Cp8BH9HHIO C H30M9pHbiM OTHOIII9HH9M an!! aeqeTHO-HeqeTHbiX S 

sueprHSIX ( 2,5-3,0 MsB) H30MepHbiX COCTO!IHHH, 

B aaKnroqeune aBTOpbi Bbipa>KaiOT 6naronapuocT& npoljleccop) 

nocToSIHH&IH uaTepec K pa6oTe~H.Eoprrpuuy ( HucTHTYT Hun&ca 13, 

aa noneaH&Ie o6cyJKaeuuH, ABTOpbi 6naroaapSIT TSK>Ke B.n.nepen 

HHKOB ero rpynilbl H8 o6pa60TKY H npOCMOTp CTCKn!IHHbiX aeTeK1 

aeaa u C.A.nnelllyKoBy aa xuMuqecKoe paaaeneuue npoayKTOB .P 
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1e ynosneTsopHTenhHO cornacy10TCSI c peaynhTaTaMH opbiTa, ecnH 

rropora Jlllll peaKUHH 0 llpHBOUSIUieft K OCHOBHOMY COCTOSIHHI00 paBHOft 

JlllSI peaKUHH·, rrpHBOUSIUieA K H30MepHOMY COCTOSIHHIO, B =56,5MaB, 
m 

prHfi Beane rrpHBOilSITCSI B na6opaTOpHoft CHCTeMe KOOpllHHaT), 

onerrh llJKeKcoaa ae yqHTbJBaeT ueaTpo6eJKHbiA 6apbep spamaiOmerocSI 

aoe anaqeaHe B 
ll 

MOJKeT OTnH'l8TbCSI OT 9HeprHH rropora peaKUHH, 

Ta6nHuaM Mace, 

OTMeqanoCb 0 'ITO H3MepeHHe ~YHKUHA 

HOBpeMeHHO rrpH K8lKUOll 9HeprHH HOHOB 

B036Yll<lleHHSI f1 ll H C1 m 

·~ C • 3TO HCKniOqano CllBHr 

TenhHO npyr npyra Ha-aa rrorpemaocTeA a orrpeneneHHH aaeprHH, 

/14,15,27 
pa60T8MH , rue orrpeueiTSIIT8Cb 9HeprHSI H30MepHhlX COCTOSIHHft 

218 
!!l B .. 2,5 Mas MOlKHO rrpHHHTb Am H Am, paaHHUY B rroporax 

11148. 
prHH soa6yll<neHHSI HaoMepaoro ypoBHH a Cf. Koaeqao, TaKaH 

M cnyqae HOCHT JlOBOnbHO llpH6nHll<eHHblll: xapaKTep, TaK KaK HMeeTCH 

eHTanhHbiX TO'leK Ha CKnOHe KpHBbtX, HllYUIHX K rroporaM peaKUHA, 

nhHbJe 3H8'leHHH ceqeHHH peaKuHll: B STOll: o6naCTH MoryT 

H'l8TbCSI OT Ce'leHHJI:, onpeneneHHblX H3 MO)lenH llll<eKCOHa. 

1\ B036y)I{UeHHH 6binH onpeueneHbl H30MepHbJe OTHOIIIeHHH (OTHOIIIeHHe 

BBHHSI Slllep B H30MepHOM H OCHOBHOM COCTOHHHHX ~ ) rrpH 
12 , q OCH 

X C. 3TH 3Ha'leHHH ITOKaaaHbl Ha pHC, 56, MOlKHO BHJleTb cna-

b H30MepHoro OTIIOIIIeJIHH OT 9JieprHH, TaK, B llHanaaoae 67-80M.sB 

TCH aa 20%, cnan npH MeHbiiiHX saeprHHX o6ycnoanea paaaHueA a 

'HA, ilnll cpaBHeHHH Ha pHC, 5a ITOCTpoena 38BHCHMOCTb cpennero 

HTa f, BHOCHMoro B HllPOyOT· 9HeprHH 6oM6apnHpy!Omeft ·' 'laCTH-

He t B TOM ll<e nHanaaoae saeprHA MeHHeTCH a 3 paaa, Cna6aH 

Ha t oT aaeprHH npH pacTymeA aenH'IHHe 
OCH ll48 

/17/ 
roBOpHT 0 TOM 

MeHT H30Mepaoro ypoBHH Cf cpaBHHTenbHO Man, 

aHHbiX0 a T8Kll<e H3 cpaBHeHHH ~YHKURII Boa6yli<JleHRSI 0 MOlKHO npenno-
ue 

OMepHOe COCTOHHRe Cf , ITO-BRllRMOMy 0 OTHOCHTCH K TOMY lKe 

3BeCTHbie CITOHTaHHO uenHUIHeCH H30Mepbl Am C MaCCOBbiMR 'IRCnaMH 

244, B cnyqae Cf o6pamaeT aa ce6H BHRMaaRe 6onbllloe a6coniOT­

-2 30Mepaoro OTHOUieHRH, KOTOpoe COCTaBnHeT • 10 , 3TO aaMeTHO 

8 

... 

1\ 
lr) 

l 
\\ 
I 

'·~ 

·-~ ·--- ....... ~ 

6onbllle, '!eM B cnyqae peaKUHJ1: 0 llpHBOUSIUIHX K H30MepaM 
248 

aaa'IHTenhHoe paanH'IHe soaMOJKHO o6oSICHHTb TeM, 'ITO Cf 

-4) Am ( .. 10 • TaKoe 

SIBUSieTCSI q~THO-'leT-

HbiM S!~pOM, J.1aBeCTH0 0 'ITO rrnoTHOCTb 9HepreTH'leCKHX ypOBHel\ p (E) B TBKOM Hupe 

rrpH OllHHaKOBOft 9HeprHH B036Yll<lleHP.H H30Mepaoro COCTOSIHHSI 6yueT Mellbllle, '!eM 

y JleqeTHO-JieqeTHOrO S!Jlpa (acnencTBHe 9HeprHH crrapHBBHHSI HyKnOHOB B 'leTHO-
UHa I I 18/ --------
a OCH p (F:) 

'leT HOM Hnpe). EcnH rrpHHHTh, 'ITO HaoMepaoe oTHomeaHe 

MOll<eT ysenH'IHTbCSI (Ha OllHH-JlB8 llOpS!IlKa) 
246 
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