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Pauee Mbi npoaenu auanu3 B03MO:>KHOCTeii uccne.D.oaa
HHJI Manoyrnoaoro pacceJIHHJI ueiiTpouoa no MeTo,ny apeMenu 
nponeTa I I / H OCHOBHbiX xapaJ<TepHCTHJ< CDeJ<TpOMeTpa ,nnJI 
::nux uccne)J,oaauuii 12 ~ ,l].aunaJI pa6oTa nocaJI~eua onucaumo 
nepBbiX 3J<CDepHMeHTOB, UO)J.TBep:>K)J.aW~HX pa60TOCDOC06-
HOCTb MeTO)J.a H OCHOBHbiX TeXHH'IeCJ<HX perneHHH, HCDOllb30-
BaHHbiX npu ero peanuJal(HH. 

1. KoHcmpyKI.IUJI cneKmpo.Mempa 

CneJ<TpoMeTp Manoyrnoaoro pacceJIHHJI ueiiTpouoa pacno
naraeTCJI ua ny'IJ<e H2S peaJ<Topa 116P-30. Pa3Me~euue 
ocuoaublx yJnoa cneJ<TpoMeTpa noJ<aJauo ua puc. 1. Konnu
MaTopbi Kl H K2 Ja.D.aWT pa3Mepbi H pacxo.D.HMOCTb ny'IJ<a 
HeHTpOHOB, Da)J,aW~HX Ha o6pa3el(. Kl HMeeT OTBepCTHe 
pa3MepaMH 50 x 130 MM'! K2 - 18x95 MM

2
• K1 pa3Me~a

eTcH Ha paCCTOJIHHH 7,7 MOT 3aMe)J.nHTenJI B 6HonorHl.feCJ<OH 
Ja~HTe peaJ<Topa. K2 pacnono:>KeH auyTpH aaJ<yyMuoro 
ueiiTpouoao.D.a ua paccTOJIHHH 22 M oT K1. Ero nono:>Kenue 
MO:>KeT 6biTb mcTupoaauo a uanpaaneuuHx, nepneH.D.HJ<y
nHpHbiX Dy'IJ<y B npe)J,enax ±100 MM C TO'IHOCTbW nyl.fllleH, 
l.feM 1 MM 6e3 pa3repMeTH3al(HH HeiiTpOHOBO,na. 

B J<OHCTPYJ<UHH J<onnuMaTopoa ripe.D.YCMOTpeHbi Mepbl, 
HCJ<llWl.faW~He DOJIBneHHe HeiiTpOHOB, 3 epJ<anbHO OTpa:>KeH
HbiX OT CTeHOJ< KaHana J<OllllHMaTopa HnH HeHTpOHOBO)J,a DO.D. 
ManbiMH yrnaMH. 

llepe.n J<onnuMaTopoM K2 pacnono:>KeH MOHHTOP npJIMoro 
ny'IJ<a. Henocpe.ncTaeuuo Ja J<onnuMaTopoM K2 pacnonara-
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eTcJI KaMepa o6pa3QOB, coo6maiOmaJicJI c aTMoc<t»epo8. B ue8 
ycTaHOBneH MeXaHH3M CMeHhl o6pa3QOB, ll03BOllJIIOll{HH ~H
CTaHI.{HOHHO BBO~HTh B ny'IOK O~HH H3 'leTLipex B03MO)t(JibiX 
o6pa3QOB. )J,ep:>Ka TenL o6pa3QOB cua6:>KeH KauanaMH ~nJI 

QHpKynRQHH TennouocuTenJI, 'ITO no3aonJieT perynupoaaTL 
TeMnepaTypy 06pa3QOB C llOMOll.lhlO BHernuero TepMOCTaTa 
a npe~enax -5-7- +100 ° C. KaMepa o6pa3QOB ~onycKaeT 
repMeTH3aQHIO, npo~yBKy CYXHM B03~YXOM HnH 6naropo~

HhiM ra30M, 'ITO He06XO~HMO ~nJI H36e:>KaHHJI KOH~eHCaQHH 
anarH Ha o6pa3QaX llpH HCllOllh30BaHHH HH3KHX TeMnepaTyp. 

KIOBeTLI ~nJI uccne~oaaHHJI pacTaopoa HlroToaneHLI H3 
onTH'IecKoro,_J KBapQa. Hx nuueHHLie pa3MepLI uecKonLKO 
6onLwe pa3Mepoa KonnHMHpoaauuoro ny'IKa. Tonmuua pa6o
qero 06'beMa COCTaBnJieT - 1 MM ~llJI BO~HhiX paCTBOpOB, 
06'heM O~HOH KIOBeTbl - OKOnO 2,5 CM 

3. MexaHH3M CMeHbl 
o6pa3Qa ~onycKaeT QeHTpoaKy pa6oqero o6pa3Qa OTHocu
TenLHO llY'IKa na~aiOll.IHX HeHTpOHOB C TO'IHOCThlO ±0,5 MM. 

0KHa, OT~enJIIOll.IHe KaMepy o6pa3QOB OT aaKyyMHpoaauuoro 
o6'heMa ue8Tpouoao~a. BLmonueHLI H3 aaua~ueaoii <t»onLrH 
TOllll.IHHOH 0,2 MM. 

3a o6pa3QOM pacnonaraeTCJI KaMepa ~eTeKTopoa, Kou
CTPYKTHBHO BLmonueuuaJI H3 cTanLuoii Tpy6LI ¢800 MM. 

B ueii pa3MemeHLI penLCOBLIH nyTL, no~BH:>KHaJI Tene:>KKa c 
~eTeKTOpaMH HeHTpOHOB H MeXaHH3M TpaHCllOpTHpOBKH Ka-
6enJI, CBJI3hiBaiOll.lero ~eTeKTOphl C OCTanbHhiMH 'laCTJIMH 
ycTaHOBKH. BaKyyMHaJI Tpy6a c ~eTeKTopaMu HMeeT nonuyiO 
.D;nHHy OKono 22 M, a ee KOHQe pacnonaraeTCJI noayrnKa 
npRMoro nyqKa. 

)J,eTeKTOPLI MoryT pacnonara TLCJI ua paccTOJIHHH ~o 
12,8 M OT o6pa3Qa. illKana, CBJI3aHHaJI KHHeMaTH'IeCKH 

C npHBO~OM Tene:>KKH, ll03BOnJieT OTC'IHTbiBaTb llOllO:>KeHHe 
~eTeKTOpa C TO'IHOCThlO 0,5 CM. )J,nJI meneBOH reOMeTpHH, 
peanH30BaHHOH B HaCTOJill{ee BpeMJI, B Ka'leCTBe ~eTeKTOpOB 
npHMeHJIIOTCJI nponopQHouanLHLie C'leT'IHKH Tuna NWI -52 
/npoH3BO~CTBO llHP, 600 MM B 10f ,pa3MepLI qyacTBHTenL
uoro o6'beMa 6 21 MM, h = 300 l,M/. C'ieT'IHKH pacnono
:>KeHLI BepTHKanLHO B llllOCKOCTH, nepneH~HKynRpHOH llY'IKy, 
c waroM no ropH30HTanu 23 MM. UeuTpanLHaJI qacTL nnoc
KOCTH ~eTeKTHpOBaHHJI pa3MepOM 102 X 350 MM 2, qepe3 
KOTOpyro npOXO~HT llpJIMOH llY'IOK, He 3aHJITa HH C'leT'IHKa
MH, HH KaKHMH-nH60 KOHCTpyKQHOHHhiMH MaTepuanaMH. 
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TaKaJI KOHCTPYKQHJI no3aonJieT aecLMa 34»4leKTHBHO CHH3HTL 
<i»oH OT llpJIMOrO llY'IKa B o6naCTH ~eTeKTOpOB. llOMHMO 
OllHCaHHhiX ~eTeKTOpOB Ha Tene:>KKe pa3Mell{aeTCJI C'leT'IHK 
ueuTpOHOB THna CHM -13 /6 8' X 85 MM 2/, KOTOphiH MO:>KeT 
nepeMemaTLCJI a npe~enax OKHa ~nJI npRMoro ny'IKa. llono
:>Keuue C'leT'IHKa H3BeCTHO C TO'IHOCThlO 0,2 MM. C llOMOll{hlO 
3TOrO C'leT'IHKa npOH3BO~HTCJI H3Mepeuue npo<i»HnJI llpJIMOrO 
llY'IKa H npoaepKa COOCHOCTH QeHTpa llY'IKa H QeHTpa 
CHMMeTpuu ~eTeKTopoa. IOcTupoaKa nono:>KeHHJI ny'IKa npo
H3BO~HTCJI c noMOll{LIO KonnuMaTopa K2. Ha Tene)f(Ke pac
nonaraeTCJI TaK:>Ke qacTL ~eTeKTopuoii 3neKTpouuou anna
paTypLI, pa3Memeuue KoTopou uenecoo6pa3HO ocymecTBHTL 
a6nH3H C'leT'IHKOB. 

KoucTpyKTHBHO y3en o6pa3ua o<t»opMneu a au~e ylfaCTKa 
cTanLuoii Tpy6LI ~ 800 MM, L = 2 M, ycTaHoaneHHoro Ha 
penLcax, lfTO no3aonJieT aecL y3en y6paTL H3 nylfKa. )J,nJI 
MellKOrO peMOHTa B KaMepy ~eTeKTOpOB HMeeTCJI ~OCTyn 
lfepe3 acnoMoraTenLHLIH niOK. B pa6olfHX ycnoBHJIX ua seeM 
npOTJI)f(eHHH TpaCChl nylfKa HeHTpOHOB llOMep)f(HBaeTCJI oa
KYYM /p < 0,1 Top/. KaMepa ~eTeKTopoa ua seeM npoTJI
)f(eHHH OKpy)f(eHa 6eTOHHOH 3all.IHTOH TOllll.IHHOH 50 CM. <l>o
HOBbie yCJIOBHJI Ha ycTaHOBKe ~OCTaTOlfHO XOpOWHe. 0THOWe
HHe HHTeHCHBHOCTeH ~nJI Tpex CHTyaQHH - /c o6pa3UOM 
/KIOBeTa C BO~OH/, 6e3 o6pa3Qa,6e3 nylfKa/- COOTBeTCTBeH
HO paBHhl 1 : 0,1 : 0,005. flpH BXO~HOM KOllllHMaTope K1 
C pa3MepaMH 50 X 130 MM 2 H MOll.IHOCTH peaKTOpa 15 KBifl 

cpe~HHH llOTOK HeHTpOHOB Ha o6pa3ue COCTaBnJin 
0,9 . 10

5 
c- 1cM-j'no aKTHBaUHH 30llOTa/. 

2. 3AeKmpoHHaJI annapamypa 

3neKTpOHHaJI annapaTypa cneKTpOMeTpa <i»YHKQHOHanhHO 

~enHTCJI ua annapaTypy ynpaaneHHJI o6pa3QaMH, cneKTpo
MeTpuqecKyiO annapaTypy H 3allOMHHaiOll.lee ycTpOHCTBO. 

3KcnepHMeHT B HaCTOJill.lee BpeMJI CTaBHTCJI TaKHM 06-
pa30M, 'IT06hl B nyqKe nooqepe.IJ;Ho uaxo~HnHCL ~sa o6pa3-
Qa - uccne~yeMLiii pacTaop H pacTaopHTenL. AnnapaTypa 
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ynpaaneHHH o6pa3l(aMH 3a,D.aeT ,D.nHTenLHOCTL 3aMepa C O,D.

HHM o6pa3UOM, npeKpall(aeT HaK0)1:neHHe ,D.aHHLIX Ha BpeMH 

3aMeHLI o6pa3UOB H KOMMYTHpyeT a.n.pec 3anOMHHaiOll(ero 

ycTpOHCTBa B COOTBeTCTBHH C npH3l{aKOM o6pa3Ua, ua

XO,D.HIUerOCH B ny'!Ke. B Ka'!eCTBe 3a.n.aromero reuepaTopa 

,D.nH Taii:Mepa H ,D.nH CHHXpOHH3aUHH norH'!eCKHX onepal(HH 

HCnOnL3YlOTCH CTapTOBLie CHrHanLI OT peaKTOpa. TeM CaMLIM 

o6ecne'!HBaeTCH KOMMyTaUHH BCeX ycTpOHCTB B Te MOMeH

TLI, KOr,D.a He npOHCXO,D.HT perHCTpal(HH pacceHHHLIX HeHT

pOHOB. 

CneKTpOMeTpH'!eCKaH '!aCTL annapaTypLI COCTOHT H3 

O,D.HHaKOBLIX ,D.nH BCeX C'!eT'!HKOB 3MHTTepHLIX llOBTOpHTe-
u ~ u u 

neu, npe.n.ycunuTeneu, ycunuTeneu u .n.ucKpHMHHa Topoa. 

3MHTTepHLie nOBTOpHTenH H npe,D.yCHnHTenH BLinOnHeHLI 

c yqeToM Heo6xo.n.HMOCTH pa6oTaTL B ycnoauHx aaKyyMa. 

Pa6oqee nono)l(eHHe .n.eTeKTopa Haxo.n.HTCH B yqacTKe HeiiT

poHoao.n.a, npOXO,D.Hll(eM BHe llOMell(eHHH, ll03TOMY 3TH )l(e 

ycTpOHCTBa nO,D.Bep)l(eHLI ,D.OCTaTO'!HO CHnLHLIM CYTO'!HLIM 

u ce30HHLIM Kone6aHHHM TeMnepaTypLI / ":- ±30'"' C/. Annapa

Typa y.n.oaneTaopuTenLHO pa6oTaeT B 3THX ycnoaHHx. 

CurHanLI, nocTynaiOIUHe OT C'!eT'!HKOB, pacnono)l(eHHbiX 

CHMMeTpH'!HO OTHOCHTenLHO ny'!Ka HeHTpOHOB, 06be,D.HHH

IOTCH nepe,D. OCHOBHLIMH ycHnHTenHMH. B Ka'!eCTBe OCHOB

HbiX YCHnHTeneif H ,D.HCKpHMHHaTOpOB HCllOnL3YIOTCH npu-

6opLI KFKI-NK-213 /npOH3BO.D.CTBO BHP /. ,lJ.nH nepe.n.aqu 

CHrHanOB C ,D.HCKpHMHHaTOpOB B 3allOMHHaiOll(ee ycTpOHCTBO 

HCllOnL3YIOTCH 4 Ka6enLHLie nHHHH COBMeCTHO C KO,D.HpOBIUH

KOM HOMepa .n.eTeKTopa. B Ka'!eCTBe 3anoMHHaiOIUero ycTpoii

CTBa HCnOnL3yeTCH MHOrOKaHanbHLIH aHanH3aTop HMnynLCOB 

AH.-4096 B pe)I(HMe aHanu3a apeMeHH nponeTa c nepeMeHHOH 

mupHHOH KaHana. B 3KcnepHMeHTe o.n.HoapeMeHHO MoryT 

yqaCTBOBaTL ,D.O 8 ,D.eTeKTOpOB. 256 KaHanOB naMHTH, OTBe

,D.eHHLie Ha O,D.HH ,D.eTeKTOp /O.IJ.HH yron pacceHHHH/, pa36HTLI 

Ha 4 rpynnbi no 64 KaHana, HMeiOIUHe pa3nH4HYIO lliHpHHY 

KaHana. B OnHCLIBaeMLIX HH)I(e OllbiTaX lliHpHHLI KaHanOB 

6LIJIH H36paHbl paBiiLIMH 128, 256, 512 H 1024 MKC, npH'!eM 

mupuHa KaHana yaenuquaanacL c yaenu'!eHHeM apeMeHH npo

neTa. TaKaH opraHH3aUHH
0 

aHanu3a no3aon11na oxaaTHTL 

.n.uana3oH .n.nuH aonH o -:- 11 A npu yMepeHHOM o6beMe naMH

TH 3anOMHHaiOIUero ycTpOHCTBa H C ,D.OCTaTO'!HLIM 3Hepre

TH4eCKHM pa3pellieHHeM. 
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3. 3KcnepuMeHmbl c pacmeopaMu 6eAKoe. 
06pa6omKa pe3yAbmamoe 

llycTL N (A) - Henocpe.n.cTBeHHO H3MepHeMaH no MeTo.n.y 

BpeMeHH nponeTa 3aBHCHMOCTL 4HCna OTC'!eTOB KaKoro- nu6o 

,D.eTeKTOpa OT BpeMeHH nponeTa /.D.nHHLI BOnHLI HeHTpOHa/. 

nerKO 3allHCaTb ,D.nH paCTBOpHTenH H paCTBOpa COOTBeT

CTBeHHO: 

N 1(A)= J0(A) ·dA)[a P • f 1+<1>(A )] • exp(- !P • f 1). AA. Ail /la/ 

NJA) = J (A) • dA )[a (1 -c)f 
2

+C a (K )P
2 

+<I>(,\) l x 
"z. 0 p X 

x exp[- !Pe2(1-c)-c !xe2 lt,A.An, /16/ 

r.n.e Jo (A) - cneKTpanbHaH nnoTHOCTb a na.n.aroiUeM ny'!Ke, 

f (A)- 3<iJ<iJeKTHBHOCTb ,D.eTeKTOpa, ap- Ce'!eHHe HeKorepeHT

HOrO pacCeHHHH paCTBOpHTeneM, OTHeCeHHOe K e,D.HHH'!HOH 

TOllll.IHHe paCTBOpHTeJIH, p I , p 2 - TOnll.IHHLI KIOBeT C pacT

BOpHTeJieM H paCTBOpOM, <J> (A) - <iJoH OT llpHMOrO ny'!Ka 6e3 

o6pa3u.a, ! P , ~x - nuneHHbiH Ko34J<Puu.ueHT ocna6neHHH nyq

Ka paCTBOpHTeJieM H paCTBOpeHHbiM Bell.leCTBOM, C - 06beM

HaH KOHU.eHTpal(HH paCTBOpa, a (K) - HCKOMOe .IJ.H<iJ<iJepeH-
X 

u.uaJibHOe ceqenue Manoyrnoaoro pacceHHHH, OTHecennoe 

K e,D.HHH'!HOH TOJlll.IHHe paCTBOpeHHOrO Bell(eCTBa. C nepBOrO 

B3rJIH.D.a Hcno, '!TO H3Bneqenue a ( K) H3 Ia u 16 - .n.eno 
Jl 

CnO:>KHOe . Ha CaMOM ,D.ene OHO B03MO)I(HO, O,D.HaKO 

,D.OBOJibHO rpOM03,D.KOH npou.e.n.ypbl H3MepeHHH H C 

uenoii 

PH.D. OM 

,D.OllOnHHTeJibHbiX ,D.OllYI.lleHHH, '!TO B KOHe'!HOM C '!eTe npHBO

,D.HT K 3aMeTHOH llOTepe TO'!HOCTH. )l.nH y'!eTa BCeX <iJaKTO

pOB TpefiyeTCH BblllOnHHTb ,D.Ba THlla H3MepeHHH B reoMeTpHH 

pacceHHHH: P = N 2 / N
1

, r.n.e NtH ' N 2 onpe.n.eneHbi /Ia, 16/; 

N 
P0= -..?~,r.n.e N 20 - H3Mepenue c nycTOH KlOBeToii, npe.n.na3-

NI 

Ha'!ennoe .n.nH onpe.n.eneHHH <ilona <I>. lloMuMo 3Toro, .n.nH 

onpe,D.eneHHH 3KCllOHeHUHanLHLIX MHO)I(HTeneH )l(enaTenbHLI 

H3MepeHHH B reoMeTpHH nponycKaHHH C ,D.eTeKTOpOM B npH

MOM ny'!Ke .n.nH Tex )l(e nap o6pa3UOB. CooTBeTcTayro~e 
COOTHOllieHHH 
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n = exp(- I.p(e2 _el)- cl e2(I.x- I. p )) 

ll O = 1/ exp ( - I. p e I ) 

/2a/ 

/26/ 

IT03BOJIHIOT HCKniO<JaTh 3KCITOHeHIJ.HaJihHhie MHO)I(HTeJIH. 11:3 

TaKOrO Ha6opa H3MepeHHhiX BeJIH'IHH MO)I(HO o6pa30BaTh 

KOM6HHaiJ.HIO 

a (.A) _ [ (.!: _ Po) ---~---- _ (1- c )l, c . -~---- - n P 
ap n 0 (1-__Q_)f2 

no 
,-I 

/3/ 

KOTOpa.R JJ;aeT OTHOilleHHe HCKOMOrO Ce<JeHHH K Ce<JeHHIO 

ueKorepeuTuoro pacce.RHHH. Ilocne.D;uee c HeKoTophiM npH-

6nH)I(eHHeM B HCCJie.D;yeMOH o6naCTH nepe.D;aHHhiX HMllYnh

COB K MO)I(HO C<JHTaTh KOHCTaHTOH. 

B onhiTax c reMorno6HHOM Mhi npH.D;ep)I(HBanHch 3TOH 

npoue.D;yphi. 3aBHCHMOCTh a (A). L'l A He uar nHJJ;Ha, no 3TOMY 
X 

Mhl npeo6pa30BaJIH ee B 3aBHCHMOCTh ax(K) • .:1 K , llpH'IeM 

@ ~ 
m 
I 

' .i 

Puc. 1. 0CH06Hble Y3Abl cneKmpoMempa MaAoyzAo6ozo pac
ce)lHU)l Hei1mpoHo6 no Memooy 6peMeHu npoAema. 1 - 3aMeO
AumeAb peaKmopa; 2 - KOAAUMamop K1; 3 - 10cmupyeMbiU 
KOAAUMamop K2; 4 - o6pa3eij; 5 - oemeKmopbl. HcmUHHble 
pa3Mepbl u paccmO)lHU)l eM. 6 meKcme. 
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Puc. 2. Ce<teHue MaAoyzAo6ozo pacce)lHU)l om pacm6opa ze
MOZAo6uHa KQK (/JyHK'/.IU}l K6a0pama nepeOUHHOZO UMnyAbCQ. 
Macwma6 6epmuKaAbHoi1 ocu - Aozapu(/JMu<tecKuu. Kpu6ble 
noAy<teHbl OA)l pacm6opa MemzeMozAo6uHa C6UHbU 6 H2 0, 

C = 93 MZ/MA. 

IllHpHHa HHTepBana L'l K Bhi6Hpanach paBHOH 1/3 a ( K ), r.D;e 

~0- JJ;HcnepcHH nepe.D;auuoro HMnynLca, o6ycnoaneHHaH 

reoMeTpH<JeCKHMH dJaKTOpaMH. 0KOH<JaTeJihHhiH pe3yJihTaT 

npHBe.D;eH Ha puc. 2, npH'IeM H306pa)l(eHhl JJ;aHHhie TOJihKO 

c 2 JJ;eTeKTopoa. IIonyqeuHaH 3aBHCHMOCTh JJ;onycKaeT JJ;Ba 

THna auanH3a: 

a/ uenocpe.D;cTBeHHhiH auanH3 H3MepeuuoH: KPHBOH a Ko

op.D;HHaTax rHHhe C onpe.D;eneHHeM pa.D;HyCa HHepiJ.HH, llOJJ;

aep)l(eHHOrO HCKa)l(eHHHM 3a C'-leT KOHe'-luoro yrnoaoro pa3-

perneHHH; 

6/ auaJIH3 CBepTKH TeopeTH'-IeCKOrO Ce'-leHHH C dJyHKIJ.HeH 

pa3perneHHH MeTOJJ;OM HaHMeHhlllHX KBa.D;paTOB, B pe 3 yJih

TaTe KOTOpOrO HaXOJJ;HTCH napaMeTphl, CB060JJ;Hhle OT BJIHH

HHH pa3pernaiOIIJ.eif cnoco6uocTH 12 1. Pe3ynhTaTLI o6oHx 
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au.u.oa o6pa6oTKH npe.u.cTaanenLI Ha puc. 3 a,6. Puc. 3a no-
3BOnHeT cy.u.uTL o anuHHHH pa3pemaro~eii cnoco6HOCTH, 
puc. 36 no3aonJieT 3aKniO'IHTL, 'ITO npone.u.ypa yqeTa 
<i>YHKU.HH pa3pellieHHJI BllOllHe aJ],eKBaTHa nOCTaHOBKe 3KCne
pHMeHTa. 

B3aemeHHoe cpe.u.Hee .u.nH Ha6nro.u.aeMoro pa.u.uyca uHep
u.un reMorno6nHa Rg = 19,6±0,2 .1\. HaXOJJ.HTCH a y.u.oaneT
aopnTenLHOM cornacuu c pe3ynLTaTaMH pa6oTLI 13~ BMecTe 
C TeM BHJ].HO, 'ITO TO'IHOCTb pe3yllLTaTa cpaBHHTellbHO He
BblCOKa, lfTO CBJI3aHO C HCllOllb30BaHHeM BeCbMa CllO>KHOB 
npou.e.u.ypLI H3MepennJI u npe.u.aapnTenLHOH o6pa6oTKH. 

MeTo.u.ul<"a o6pa6oTKH HaMH 6blna cy~ecTBeHHO ynpo~eHa 
npu uccne.u.oaaHHHx c pacTaopaMH pu6ocoM I 5OS cy6qac
THU.bi pu6ocOMbi E. Coli I. ,nnH <i>uKcnpoaaHHOH .u.nnHLI aonHLI 

Rg (A) 
n a 
26 
25 

24 

Z3 
22 

21 

20~~~~--~--~--~--~--~-------
2 3 4 5 6 f N 

Rg (A) 

21 

20 

10 ~ l 
l 

1 1 f 

7 2 3 4 ~ e 18 ~-~-~--~-~-~-~~-7-

0 

----12C5 
i119.610.2 

-
N 

Puc. 3. Ha6AJOOaeMblil paouyc uHept~uu O/I.R zeMozAo6uHa. 
N- HOMep oemeKmopa, c pocmoM N yzo/1 pacce.RHU.R y8e/IU'iU-
8aemc.R. Kpu8a.R a/ - 6e3 y'iema 8/IU.RHU.R ¢YHK1.1UU pa3pewe
HU.R, 6/ - noc/le y'iema 8/IU.RHU.R ¢YHK1.1UU pa3peweHU.R. 
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MLI anpaae ynpocTHTL Bblpa)KeHHH I 1a, 16/, 3aMeHHH no
.u.aanHIO~ee 6onLlliHHCTBO aenu'IHH KOHCTaHTaMu. Pa3HOCTb 
N2-N1 npu 3TOM MO)KHO npuaecTu K au.u.y: 

(N 2-N I )ij = tj (ai a(K ij) + b"i ), /4/ 

r.u.e i - HOMep KaHana; j - HOMep .u.eTeKTopa, f . - 3<1><l>eK-
. II ! THBHOCTb J - ro J],eTeKTOpa. 0 CYTH .u.ena,Mbl B03Bpa~aeM-

cH K KnaccuttecKoMy aHanu3y yrnoaoro pacnpe.u.eneHHH 
pacceHHHOrO H3llylfeHUH. fipH J].OCTaTO'IHOM KOllU<JeCTBe 
J].eTeKTOpOB 3TOT aHallU3 MO>KHO BblllOllHHTb J].llJI ni060H 
.u.nnHhl aonHbl /apeMeHHoro KaHana/. TaKoii aHanu3 HaMH 
6Lm BbmonHeH, nputteM OKOH<JaTenLHoe Bblpa)KeHue .u.nH Ha
XO)KJ].eHHH acex napaMeTpoa, c y<JeTOM yrnoaoro pa3peme-
HUH, HMeno BHJ].: 

2 2 / 2' 2 2 Fij(K)=fj(aiexp(-KijRg 3(1+yRgaK)), /5/ 

r.u.e a~ - .u.ucnepcnH <l>YHKnuu pa3pemeHHH a rayccoacKOM 
npu6nu)KeHuu. 

Ha puc. 4 noKa3aHbi 3KcnepuMeHTanLHLie .u.aHHLie, no
nytteHHbie c pacTaopoM 5OS cy6'1aCTunLI pu6ocoMbi E. Coli 
c ucnonb30BaHueM 7 .u.eTeKTopoa. Ha puc. 5 npuae.u.eHLI 
pe3yllbTaTbl o6pa60TKH B rHHLe-npu6nH)KeHHH J].llH - 100 
KaHanoa apeMeHHoro cneKTpa. Cpe.u.HeaJaemeHHOe no Haii

.u.eHHbiM JHa'leHHHM Rg .u.aeT uToroayro u.u<i>py 3KcnepuMeH
Ta C BeCbMa Bb!COKOH TOlfHOCTblO. ,nnJI 6onee TpaJJ.HnHOH
HOrO npe.u.cTaaneHHH 3KcnepuMeHTanLHbiX .u.aHHbiX Mhl no-

(N2-NI ) .. 
CTpOHllH T.H. ruHbe-rpa$HK,T.e. 3aBHCHMOCTb fog--•---W 

t . • a · 
lo 1 

OT Ki~j , I puc. 6/. Ilocne.u.Huif pucyHOK noKa3LIBaeT, Ha
CKOnbKO yJ].a'IHbiM HBnJieTCH BTOpOH nyTb o6pa60TKH, 

IIonytteHHoe HaMn 3HatteHue Rg = 79,75±0,28A , no
BHJJ.HMOMY, COJ].ep)I(HT PHJJ. CHCTeMaTHlfeCKHX norpelliHOCTeif, 
cpeJ].H KOTOpb!X OCHOBHYIO ponb HrpaiOT KOHU.eHTpaU.HOH
Hbie 3$$eKTbl H TOlfHOCTb, C KOTOpOH H3BeCTHbl yrnbl pac
CeJIHHH. O.u.HaKo cTaTHCTHttecKaH norpemHOCTb /+0,3 A/ 

- 0 

oKa3biBaeTcJI 3HattuTenLHO ny'lme TunuttHbiX 3Ha'leHnii I+ lA/, 
acTpeqaro~uxcH a aHanornttHbiX uccne.u.oaaHHHX / 4 ( 3T~ o6-
CTOHTenbCTBO n03BOnHeT y)l(e npu J].OCTHrHyTOM ypOBHe 
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Puc. 4. 3KcnepuMeHmaAbHO Ha6AIOOaeMaJl 306UCUMocmb uH
meHCU6Hocmu MaAoyzAo6ozo pacceJtHUJl HeumpoH06 om oAu
Hbt 60AHbt HeumpoHa . Pa3Hbte KPU6bte omHocJtmcJt 1< pa3-
AU'lHbtM oemeKmopaM. Y2Abl pacceJIHUJl: ()j = 5,00; 6,84; 
8,68; 10,52; 12,36; 14,2; 16,04·10 - 3 pao ( b : i -.:_7 ) . Pacm-
60P 50S cy6<Jacmu14 pu6ocoMbt E ·Coli 6 H 20 I c = 
= 24,5 M2/MA/. 

pa3BHTH11 MeTO.IJ.Hl<H CTaBHTb 3J<CnepHMeHTbl, B J<OTOpbiX 

cyll{eCTBeHHbl Manbie H3MeHeHH11R /!.. 

4. Aurjjpa1<14UJ1 Ha I<OAAazeHe 

Xopowo H3BecTno, 'ITO Manoyrnoaag TeXHHJ<a noJaon11eT 
H3y'laTb )J.H$paJ<I.J;H10 HeHTpOHOB B CTpyJ<Typax C 60nbWHM 
nepHO.IJ.OM noaTopeHH11. B meneaou reoMeTpHH, peanHJoaaH
HOH a HacTo11mee apeM11, nO.IJ.XO.IJ.11U{HM o6'beJ<TOM Hccne.IJ.oaa
HH11 11Bn11IOTC11 HHTeBH.IJ.Hble CTPYKTYPbi, HMeroll{He O.IJ.HOMep
HYIO nepHO.IJ.H'IHOCTb. KnaccH'IecJ<HM o6'beJ<TOM, y)J.oaneTao
p1110U{HM seeM nepe'IHcneHHbiM Tpe6oaaHH11M, 11Bn11eTcB J<on
nareH. 
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Puc. 5. "CneKmp" 3Ha<JeHuu paouyco6 uHep14uu, noAy<JeHHbtU 
npu yzA060M aHaAu3e no rjj. /5/. liyHKmupoM omMe<JeH Ko
puoop owu6o1< wupuHou ± 2 a eoKpyz cpeoHezo 3Ha<JeHUJl R g. 
a - cmaHoapmHoe omKAOHeHue, noAy<JeHHOe 6 KaJICoou mo'lKe 
npu HOXOJICOeHUU Rg MemoOOM HOUMeHbWUX 1<600pamoe. 

06pa3ei.J; COCT011n H3 400 HHTeH ~ -0,15 MM, pacnono
)l(eHHbiX ropH30HTanLHO. IlpHroToanBnC11 J<onnareH H3 xao
CTOB KpbiC. Bcero 6Lmo abmonHeHo TPH onLITa: c cyxHM 
J<OnnareHOM, yana)I(HeHHbiM 06bi'IHOH BO)J.OH H T11)1(enOH 
BO.IJ.OH. B cyxoM KonnareHe Ha6nro.IJ.anHCb cpaBHHTenLHO 
cna6bie )J.H$paJ<I.J;HOHHbie MaJ<CHMYMbi, COOTBeTCTBYIOU{He nep
BbiM ll11TH ll0p11)J.J<aM 6p3rrOBCJ<OrO OTpa)l(eHHJI OT CTpyK
Typbl C nepHO.IJ.OM - 640 ~- l.fHTeHCHBHOCTH OTpa)l(eHHH pe3J<O 
MeH11nHcb npH yana)I(HeHHH o6pa3n;a. IlpH nponHTJ<e o6pa3n;a 
BO.IJ.OH pe 31<0 ycHnHaaroTC11 He'leTHbie nop11.IJ.l<H I puc. 7al. 
IlpH nponHTJ<e o6pa3n;a T11)1(enou BO.IJ.OH ao3pocna HHTencHa
HOCTb oTpa)l(eHHH 14, 0,01 H 16,0,01 I puc. 761. OTpa)l(eHHe 
12,0,01 a yana)I(HeHHbiX o6pa3n;ax o6Hapy)I(HTb ue y.IJ.anocb. 

He Ha6nro)J.anucb Ta]()l(e oTpa)l(eHH11 6onee BbiCOJ<Hx nop11.IJ.
l<OB, 'ITO, B03MO)I(H0, CB113aHO C 60nbWHM B03paCTOM o6-
pa3n;a lnpuroToaneH, no KpaifHeu Mepe, 3a 3 ro.IJ.a .IJ.O 
H3MepeHunl. IIony'leHHoe HaMH 3Ha'leHHe d = 654±6 A 
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Puc. 6. rw-tbe- zpaf/JuK, nocmpoeHHbiU npu aHaAu3e OaHHbiX, 
npueeoeHHbiX 11a puc. 4. 

xopowo cornacyeTcJI co JHalfeuueM 630 -'-- 670 A., npuao
; " I JJ.HMbiM B nuT epa Type " . . 

ilOMHMO JJ.eMOHCTpaQHH BOJMO*HOCTe~ JJ.H~paKQHOHHMX 
OllhiTOB OllHCbiBaeMbl~ 3KCllepHMeHT llOJBOnJieT HenocpeJJ.

CTBeHHO uaxOJJ.HTh annapaTypuoe paJpeweuue cneKTpoMeT

pa. llocne.D.HJIJI BOJMO*HOCTb BMTeKaeT HJ Toro 06CTOJI

TenbCTBa, lfTO a cnyqae Manoyrnoao~ JJ.H~paKQHH a OJJ.Ho

Mepuo~ cucTeMe nonpaaKu K wupuue nuuu~, CBJIJaHHhie 

c paJopueuTauue~ OTJJ.enbHMX HHTe~. unu «MoJauquoCThro« 

B npeJJ.enax OJJ.HO~ HHTH, B nepBOM llOpJIJJ.Ke ManOCTH OT

CYTCTBYffiT. B 3TOM npu6nH*euuu wupuua JJ.H~paKQHOHHhiX 
llHKOB f' JJ.O~Ha OllHCbiBaTbCJI JaBHCHMOCThffi: 

r c 
n /6/ 

rJJ.e C - KOHCTaHTa, BMlfHCn.ReMa.R HJ reoMeTpHlfeCKHX 
napaMeTpoa ycTauoaKu, n- nop.RJJ.OK OTp~eHH.R. B o6cy*

o 
JJ.aeMoM onhiTe c 3Kcn. = 0,65±0,05 A u uaxoJJ.HTC.R a YJJ.OB-
neTaopuTenhHOM cornacuu c cpa = 0,70 A. 

C4. 
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0 .___ _ _..... __ _,_ _ _ 

J2 
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a/ 

a 9 10 11 AA 

6/ 

10 11 Al 

Puc. 7. MaAoyzAoea_, c)ut/JpaKliU-" 11a KOAAazeHe; a/ o6pa-
3ell yeAaJICHeH o6bi'IHou eooou; Ha6AIOOaeMble nuKu coomeem
cmeyiOm ompaJKeHUJIM /1,0,0/, /3,0,0/, /5,0,0/ /cnpaea 
HaAeeo/; 6/ o6pa3ell yeAaJKHeH D2 0; oonoAHumeAbHO euOHbl 
nuKu /4,0,0/ u /6,0,0/. YzoA pacceJIHUJI J6.Jo-3 pao. 
BuouMble noAoJICeHUJI nuKoe HeCKOAbKO cMeUJeHbl om OJICUOae
MbiX, C02AQC110 3QKOHY bP322Q, 'IMO C6Ji3Q110 C 6AUJIHUeM 
KOHe'l11020 Y2A06020 pa3peuteHUJI. . 
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5. 3aKAK>'leHue 

l13no)l(eHHhie 3KcnepuMeHTanbHhie pe3ynhTaTbl noKa3bl
BaiOT, 'ITO co3.naHHhiH cneKTpoMeTp ManoyrnoBoro pacceJI
HHJI no3BOnHeT DeeTH uccne.noBaHHJI 6uonoruqecKux MaKpo
MoneKyn B paCTBOpax H nepHO~'IeCKHX CTpyKTyp C .I.I;OCTa
TO'IHO BblCOKOH TO'IHOCThiO. BMe't:Te C TeM ycnOBHJI 3KCne
pHMeHTa llOKa .l.l;aneKH OT OllTHManbHbiX. ,lJ;anbHeifwee llOBbi
WeHHe CBeTOCHnhi cneKTpOMeTpa B03MO)I(H0 3a C'leT: a/ co-
3.1.1;aHHJI I<OnbUeBoro .neTeKTopa u nepexo.na B uunuu.npu'lec
KYIO /"TO'Ie'IHYIO"/ reoMeTpHIO, 6/ C03.1.1;aHHJI OXna)l(.l.l;aeMo
ro 3aMe.l.l;nHTenH HeHTpOHOB, B/ C03.1.1;aHHH 6onee MO~Oro 
HMnynbCHOrO HCTO'IHHI<a HeHTpOHOB. TeM He Meuee, cnei<T
poMeTp ll03BOnHn llO.I.I;TBep.I.I;HTb HaWH OCHOBHble BblBO.I.I;bl 0 
nepcnei<THBHOCTH npHMeHeHHH HMnynhCHOrO HCTO'IHHI<a 
HeHTpOHOB H MeTO.I.I;a BpeMeHH nponeTa .l.l;nJI HCCne.I.I;OBaHHH 
ManoyrnoBoro pacceHHHH HeHTpouoB. 

B 3ai<niO'IeHHe aBTOphi Bbipa)l(aiOT 6naro.napHOCTh ai<a
.neMHI<Y 11.M.<l>paHKY 3a llOCTOHHHYIO no.n.nep)I(KY H HHTepec 
I< pa6oTe, 11.H.Cep.I.I;IOKY H 6.A.<l>e.nopoBy 3a npe.nocTaBne
uue o6pa3UOB u none3Hble o6cy)l(.neHHH, M.M.OrueBeUI<OH 
3a MHoroqucneHHhie none3Hbie .nuci<yccuu, a Tal<)l(e K.ll.Ma
nhiWeBy, B.l1.Jia3HHY, 6.Cunu u <l>.<l>epeuuu3a ueuHyiO no
MOIUh B npouecce C03.1.1;aHHJI ycTaHOBKH. 
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