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n~H€~Ha~ nnOTHOCTb ~OH~3Sl.\HH, a TSKme CB.R3SHHSR C H€~ nH
H€~HSR nepeAS4a 3HeprHH /nn3/ ~OHH3HPY~~HX 4SCT~4 B 6HonorH4ec
KO~ TKSHH ~8J1R€TCR O,QHHM ~3 HSH6onee eamH~X ,Q03HMeTpH4€CKHX 
napaM€TpOB H311Y4€HHR, BnHR~~HX, B 4SCTHOCTH, HS 3¢¢leKTHBH0CTb 
pa,Q~ttorepaneer~tt4ecKoro B03Ae~cTBHR. no3TOMy onpe,QeneH~tte cneKrpa 
llJlOTHOCTH HOHH3Sl.\HH HS pa3J1H4HO~ rny6HH€ 8 TKSH€3KBHBSJ1€HTHOM 
¢aHTOM€ RBJ1R€TCR SKTYSJlbHO~ 3SAS4€~ npH H3Y4€HHH 803MOmHOCTH 
llpHM€H€HHR 8 pS,QHOTepanHH HOBbiX BH,QOB R,Q€PHbiX 4SCH11..4 H HOBbiX 
A~SilS30HOB 3HeprH~. no CHX nop Cll€KTp nn3 Ol.\eHHBSJlC.R pSC4eT
HbiM llyTeM HnH B H€KOTOpbiX cnyl..laRX Ollp€,Q€J1RJ1C.R 3KCil€pHM€HTSJ1bHO 
c llOMO~b~ nponOPL.\HOHSJlbHoro C4€T4HKa PoccH. B ,QaHHO~ pa6ore 
llp€,QCTSBneHa llOilbiTKS onpe,Q€11€HH.R ClleKTpa nn3 C llOMOUJ.b~ peKOM-
6HHSL.\I-10HHO~ KaMepbl, 

Bonbr-aMnepHaR xapaKrepHCTHKa peKoM6HHa4HOHHO~ KaMepbl, pa-
6ora~ll.ie~ npl-1 ll0BbiW€HHO~ nnoTHOCTH rasa, CHnbHO 3SBHCHT OT 
THna H311Y4€HH.R, B none KOTQpOrO OHa llOM€ti.iS€TCR

111
, 3TO .RBJ1€HH€ 

o6bRCHR€TCR T€0PI-1.RMH Hal..lanbHO~ peKOM6HHa1..4HVI VIOHOB / 2 •31, KOTOPbl€ 
CBR3biBSIOT 3¢l¢l€KH1BHOCTb C06HpaHVI.R VIOHOB C nnOTHOCTbiO VIOHVI3a-
4HVI B,QOnb TpaeKTOpVIVI 3apRm€HHO~ 4aCTVI4bl, 3aeHCVIMOCTb xapaKTe
pltiCTVIK\11 KSM€pbl OT THna Y13Jly4€HHR ,QaeT B03MOmHOCTb Ol.\€HKH Cll€KT
pa llJlOTHOCTVI VIOHH3Sl.\HH /a TaKme nn3/ ,QSHHOrO VI311Y4€HHR 8 ,QaH-
1-10~ TOI..IK€ CP€,Qbl, 

Bonpoc eocnpoH3B€,Q€H~.R pacnpe,QeneHVI.R ,Q03bl no nn3 ~3nyYeHHR 
CBO,Q~TC.R K peweHVI~ VIHTerpanbHOrO ypaBH€HHR ¢pe,QrOnbMS nepeoro 
po,Qa: 

l(l!)o' { f(,,,U)d(u)d,, j]j 
I 

OTHOC~TenbHO ¢YHKL.\HH pacnpe.QeJleHH.R sapR,Qa d(v) no 4Hcny o6pa
soeaHHbiX 11 nap ~~to Hoe. 3Hal..leH~tte ~HTerpana onpe,QenReTC.R 3Kcne
PHM€HTanbHO nyTeM H3MepeHH.R TOKa I(U), o6ycJ10BneHHOro 3ap.R,QOM, 
co6paHHbiM sa onpe,QeileHHoe speM.R Ha 3neKrpo,Qax, K KoropbiM npH
no>+<eHo HanpFnKeHHe U, a .R,Qpo liiHTerpanbHoro ypaBHeH~R, npeAcTae
Jl.A~lJ.Iee co6oi1 ¢lyHKqHfJ OTKnliiKa A€T€KTOpa, \t\11\tl 3$¢leKH1BHOCTb C06H
paHH.R HOHOB, 8bll..IHCJ1.A€TCR Ha OCHOB€ T€0PYIH Hal.lanbHOi1 peKOM61t1Ha
l\Hitl HOHOB, 

TaKHM o6pasoM, lii3MepeHHe pacnpeAeneHHA nnOTHOCTH HOHlii3S4Hitl 
ltlnH Cll€KTpa Dn3 lii3Y4S€MOrO lll3nyl..leHH.A 3SKJ1~4S€TCfl 8 T04HOM 
onpe,QeneHHlll BOnbT-aMnepHO~ xapaKTepliiCT~Klll peKOM6HHa~HOHHO~ 
KSM€Pb1 1 llOM€lJ.I€HHO~ 8 none H3ny4€Hlllfl. ,llaHHbiM M€TO,QOM 1 pa3pa6a
TbiBSeMbiM B HaCTORlJ.I€€ BP€MA 8 1-tHCTliiTYT€ RA€PHbiX HCCJ1€,QOBSHlll£::i 
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e Ceept<e /nHP ! 141, 6bJJ1a BblnOJ1HeHa ol(eHKa cneKTpa nnoTHOCH'I I-10-
HI-13al(l-11-1 ~311Y4€H~~ , C03AaBaeMOrO 8 BOAHOM ¢aHTOM€ M€AI-11..(1-1HCK~M 
ny4KoM He~'ITPDHoe BbiCOKY1x aHeprY1~ / 5 /. Tat<me 6bi11H npoee.£1eHbl cpae
HI-1TenbHble H3MepeHHH .£111H raMMa-I-13J1y4eHY1~ ~30TOna ~ea~~-137 Kat< 
CTaHAapTHOrO BI-1Aa I-1311Y4€HHH, WHPOKO nplo1MeH~eMOro B paAH06HOJ10-
rHI-1 H M€AI-1LtHHe, 

3KCnEPl1MEHT 

6J10K-cXeMa 3KCnepY1MeHTaJ1bHO~ yCT8HOBKH not<a38Ha Ha pHC. 1. 
PeKoM6HHat.tHOHHaH KaMepa noMe~anacb e none Y1CcneAyeMoro 
Y1311y4eHHR. HanpRJK€HI-1e nY1TaHY1~ cMeHHO~ nonRpHocTY1 noAa
eanocb 4epe3 BbJCOKOCTa61.111Y13HPOBaHHbl~ A€11l-1Te11b HanpR>KeHIII.A, 
nepeKJ1~4aeMbl~ epy4Hy~ 111.160 c noMO~b~ aeToMaTY14€CKO~ 
CY1CT€Mbl ynpaeneHYlR. HaMepeHYle TOKa npoeOAVIJlOcb c noMo~b~ 
311€KTpOMeTpa C COOTB€TCTB€HHO nopo6p8HHOH nOCTORHHOM BpeMeHI-1 
BXOAHO~ t.tenH, 8biXOA 311€t<TpOMeTpa 6biJ1 nOAK11~4€H K ABYXKaHa!lbHOMy 
caMonl-lct.ty. Ko BTOPOMY t<aHany caMOniiiCL4a noAK11JOLJancR BbiXOA :-;neKT
poMeTpa, CO€AHHeHHOrO C KaMepo~, MOHIIITOPHPY~~e~ Y1HT€HCY1BHOCTb 
H311Y4€HY1R B ny~Ke. nocTORHH8~ BpeMeHH 311€KTPOM€Tpa, COe.£1Y1HeH-

PK 

PHc.l. BnoK-cxeMa 3KCrrepHMeHTanbHOH ycTaHoBKH. PK- peKoM6HHa
IJ;HOHHaH KaMepa, M - MOHHTOpHa5:1 KaMepa, 3 - 3JieKTpOMeTp, C -
caMOTIHCeu;, YJJ:H - yrrpaBJIHeMbiH .II;eJIHT€Jib HanpmKeHH5:1, CY - cxeMa 
yrrpaBnemm, IIBH - HCTO"t.J:HHK BbiCOKoro HanpH)I(€HH5:1, II - rry"t.J:oK Hc
cnep;yeMoro H3nyqeHHH, ¢I - cPaHTor.t, K - KOJIJlHMaTop. 
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HOro C MOHHTOPHPY~~eH KaMepoH, H 3.ri€KTPOMeTpa, CO€AHH€HHOrO 

C H3MepHT€.rlbHOH peKOM6HHa4HOHHOH KaMepoH, COCTaB.nHna 10 ce

KYHA. 3anHCb TaKa npH Ka~AOM aaAaHHOM HanpH~eHHM nHTaHHH AnH

.nacb 4 MHHYTbl. 

B H3MepeHHHX Hcno.nbaoea.nacb peKoM6HHa4HOHHaH KaMepa THna 

KR -13, Hano.nHeHHafl 6yTaAHeHTOM (C4 H 6), npeAHa3HalleHHaH AnA 
¢aHTOMHbiX 113MepeHHi:1 A03bl lSI, 3.neKTPOAbl KaMepbl 8blnO.riH€Hbl 113 

TKaH€3K8HBa.neHTHOrO MaTepHana /CMeCb nO.nH3TH.ri€Ha, a4€TH.ri€H080H 

ca~H H MeranHHa/, COAep~a~ero no 8ecy 10,2% 80AOPOAa, 87% 
yrnepoAa H 2%. aaoTa, 11 npeACTa8.nRIOT co6oH n.nocKonapanne£1bHYIO 

CHCTeMy AHCKOB, 8 KOTOpOH H3MepHT€11bHb1H 3.neKTPOA HaXOAHTCA 

Me~AY A8YM:A nHTaiOLl!HMH a.neKTPOAaMH. OcTaJlbHbte napaMeTpbl npeA

cTae.neHbr 8 HHmecneAYIO~eill Ta6m14e. 

IIII 

!, 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

llapaMeTp KaMepbi Benwnnra 

Me~y3neKTPOAHOe paccTOHHHe 1,75 

Ton~uHa 3neKTpo~oB 2,0 

UHaMeTp H3MepuTenbHoro 3neKTPOAa 33 

lJ.yBCTBHT€JlbHblti: 05'beM 3 1 8 

"MepTBbJti: 05'beM 11 <0, 15 

UaBJieHHe ra3a 103 

MaKCHMctnbHOe HanpHJKem-Ie l 000 

TeMHOBo:(I TOK <3 

MM 

MM 

K!la 

B 

<!JA 

npyt 1-13MepeHHAX Ha MeAH4Y!HCKOM ·HeHTPOHHOM nyllK€ Ntn QI.HH1 
AaHHaR KaMepa nOM€Ll!a.naCb Ha r.ny6HH€ 10 CM OT nepeAH€~ CT€HKH 

¢JaHTOMa, l.lTO COOTBeTCTBOBa.no no.nomeHI-110 Wl-tpOKOrO MaKCHMyMa 

rny6\IIHHOro pacnpeAe.neH~-tA norno~eHHOH A03bJ np~-t o6.nylleH~-t~-t ¢aHTo
Ma H€11iTpOHHbiM nyl.lKOM A~-taMeTpOM 1 Q CM C MaKC~-tMa.rlbHOIIi ::mepr~-teH 
cneKTpa oKo.no 645 MaB 1-1 cpeAHeill 3Hepr~-te~ oKo.no 350 MaB. O~eHKa 
3HepreTHLleCKoro cneKTpa AaHHOro HeHTpOHHOro nyllKa npo8eAeHa 
e pa6oTe '7 '. BK.naA ecex npHMeCHbiX H3.nylleH~-tH /raMMa-KeaHTOB, 

HelliTpoHoe c 3Hepr~t~eH HHme 10 MaB, a TaKme aapAmeHHbJX LlaCT~t~4, 
TaKHX, KaK npOTOHbJ 1 nH-M€30Hbl 1 3.ri€KTp0Hbl H n03HTpOHbl, o6pa3yi0-

L1.1HXCH 8 CT€HKax KO.rl.riHMaTopa/, KaK CI1€AY€T 1-13 pa60Tbl /8/, Ha Bbi

XOA€ KOil.riHMaTOpa COCTaB.nAeT OKOflO 1% OT ~.niOeHCa npOXOAR~ero 
Llepe3 KO.nm1MaTop nyllKa He~TPOHOB BbiCOKHX 3Hepr~t~lli. CpeAHAR MOLl.I

HOCTb A03bl 80 BpeMR H3MepeHHi1 COCTaBflAila OKOnO 400 Mrp/l.laC 
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PHc.2. BonbT-aMrrepHhle xapaKTepHCTHKH peKOM6HHa~HOHHoH 
KaMephi THrra KR -13 B none raMMa-H3nyqeHH.R H30Tona 
~e3HH-137 H HeHTpOHHoro rryqKa co CP€AHeH 3HeprHeli 
350 M3B. 

U(BJ 

1-1 Kone6anacb s A~t~anaaoHe 5%; ¢oH paccefiHHoro '-'13I1Y4eHI-1fl s Mecre 
pacnonomeH~t~R BOAHOro ¢aHTOMa coc~asnRn 6 Mrp/4ac. 

HanpRmeHHe n1-1raHJ.1R, noAasaeMoe Ha peKoM6HHS~IIIOHHY~ KaMepy 
nplll J.13MepeHHH BOJlbT-aMnepHOH xapaKTepHCTHKH B none 1-'!CCJleAye
MOrO H3JlY4eHHfl, MeHRJlOCb s AHanaaoHe 1 +1000 B. Ha p~t~c. 2 
npeACTS'BIJeHbl BOJlbT-aMnepHbl€ xapaKTePI-1CTIIIKH I(U), nonyt.~eHHble 
s J.13MepeHIIIRx Ha MeAH4HHCKOM He~rpoHHOM ny4Ke nRn O~R~ H s none 
raMMa-J.13J1Y4€HJ.1R H30Tona 4e3HH-137 a ~R~ s CsepKe. Kam,QaR 3Kc
nepHMeHTS11bHSR TO~KS npeACTSBllfleT C060~ Cpe,QH~~ BeJ1H4HHy, 
nony4aeMy~ no $opMyne: 

I(U) ~ L[i(+U)+I(-U)]' 
2 /2/ 

rAe I( +D) H 1(-U) o6oaHa4atoT npHBeAeHHble K onpeAeneHHOMy 
noKS3SHHIO MOHHTOpa a6cormTHble 3Ha~eHHR TOKS HOHH3S1.1HH AJlfl 
OAI-:IHSKOBbiX no a6cQ.niOTHO~ BenH~HHe, HO npOTHSOnOJ10>KHbiX nO no-
11RPHOCTH HanpR>KeHH~ nHTSHHfl. YcpeAHeHHe 3HS4eHH~ TOKS ASeT 
B03MOmHOCTb 3HS4HTeJ1bHO yMeHbWHTb napa3HTH~e TOKH, nORBJ1fiiO~He

Cfl SHe KSMepbl /B npe,QyCHJ1HTene, pS3"'beMSX H T.n./, a TSK>Ke 
yMeHbWHTb B.nHRHHe KOHTSKTHbiX noTeHI.IHSJ10B VI 3SPRAOB, C06Hpato
~HXCR HS H30J1RTOpax B KSMepe H H3MeHR~~HX BOJ1bT-aMnepHyiO 
xapSKTepHCTHKY B 06J1SCTH HH3KHX HanpRmeHH~. 0THOCHTeJ1bHSR 
cpeAHRR KBSAPSTH4HSR OWH6Ka npH H3MepeHHH TOKS I(U) COCTSBnR-
118 1%. Bm1RHHe o6beMHO~ peKoM6HHS!.~HH Ha TOK KaMepbl A11R He-
6onbwHx MOW.HOCTe~ ,Q03, npH KOTOPbiX npOBO,QHJ1HCb H3MepeHHR, 
6bl110 He3HS~HTeJ1bHbiM. 



BOCnPOH3BE~EHHE PACnPE~EflEHH~ nO nn3 

B paccMarp~saeMoM 3Aecb MeTOAe ~cnonbsyerc~ AsneH~e noKanb
HO~ pet<OM6~Ha~~~ ~OHOB. 06C€MHSA peKOM6HHS4H.A .ABJ1A€TCA 8 ASH-

HOM CJ1Y48€ H€}1(€J1ST€JlbHbiM 3$¢et<TOM. noA nOHATI-1€M 11 JlOK811bH8A 

. peKOM6li!H8~HR 11 8 H8CTO.All.I€VI pa6oTe nOAP83YM€BS€TCA KaK peKOM-

6HH841-1A 1-lOHos s KOJlOHKax I onHCbiBaeMa.A reop1r1ei1 .A¢¢e 12 : I, TaK 

111 peKOM61.1HSL..(V!.A B OTA€JlbHbiX crycTKax, 1-1111.1 rpynnax HOHOB 

/reopv.n .n111 /Sl I. CanweaH noKaaan 19 /, tlTO reopvtiO ll¢¢e H reop1-110 

Jl1-1 MO}I{HO C41-1T8Tb 8381-lMHO 3KB1r1BSJl€HTHb1MIII, ecm1 KOJlOHKY YIOHOB 

paccMaTp~ttearb Kat< co6paHllle cerMeHTOB onpeAeneHHO~ AJU1Hbl, 

a Ka}I{.Qbli1 cerMeHT - Kat< rpynny lt!OHOB no reop~.-11-1 Jl~o-1. no Can1-1saHy, 

,QI1Y1Ha 3TOro cerMeHTa ~0CTaBJlfi€T npltiM€PHO 70 HM 8 6HOJlOrllll.l€CKOili 

TKaHIII. 

3$$eKTIIIBHOCTb C06!11paHIII~ IIIOHOB 1 T.e, OTHOW€HIII€ ~IIICJla IIIOHOB, 

11136e~aBWIIIX peKOM6!11Ha~llllll Ill AOCTIIIrWIIIX 3Jl€KTPOAOB, K ~IIICJlY IIIOHOB, 

o6pa308SHHblX 8 rpynne 1 MO>t<HO 8 YCJl08111.AX JlOKaJlbHOIIi peKOM6111HS4111111 

aan111caTb 8 8111Ae 8~pameHIII.A: 

f(v,U) ~ ----1---, 
1 + ,, • in(U) 

131 

rAe m(U)- CJlO~Ha.A ¢yHK~III.A TaKIIIX napaMeTp08 1 KSK Hanp.AmeHHOCTb 

3JleKTPIII~ecKoro non.A 8 KaMepe, ,QaaneHIIIe rasa, no.Q8111>t<HOCTb !llo

HOB, K03$$111~111€HTbl A111¢¢Y3111111 Ill peKOM61-1HS~I-1J.1 /.QJl.R KOHKpeTHOIIi Ka

M€Pbl oHa 3S8!-1CIIIT TOJlbKO OT Hanp.A~eHYI.A ni-1TSHIII.A 3Jl€KTPOAOB U I; 
'" - ~~~~cno t-10H08 OAHOro 3HaKa 8 rpynne n~-160 8 cny~ae nepeKpbt-

8a~~~~~xc.A rpynn - ~IIICJlO HOH08 O,QHOrO 3HSKS, 803HIIIKa~~~~~X Ha 

y~aCTKe TpaeKTOpllllll ~aCTIII~~~ ,QJlHHS KOTOpOrO 3K8111BSJl€HTHS 70 HM 

6IIIOJlOriii~€CKO!Ii TKaHIII. 

no,Q ,Q€11iCT8111€M 1113JlY~€HIII.A 8 rase, HSnOJlH.A~~eM KSMepy, HS €,QIII

HIII~HOM y~SCTKe TpaeKTOpllllll ~SCTIII~bt o6pa3yeTC.A pa3Jliiii..IHO€ KOJllll-

~€CT80 cryCTKOB 1 111m1 rpynn IIIOH08 C pa3Jl\lt~HbiM ~IIICJlOM nap IIIO-

H08 a rpynne. Mo~Ho 3aTeM roaopiiiTb o pacnpe.QeneHIIIH .Q03~ no 

~IIICJlY nap IIIOHOB 8 rpynne 1 lllfllll, IIIHbtMIII Cf108SMIII 1 no ~111Ct1€HHOCTIII 

rpynn IIIOHOB. noJlHbt?i aap~,Q, co6paHHbt~ HS 3Jl€KTPO.QSX KSMepbl 1 

CKJla,Qbt8S€TC.A 1113 3Sp.A,QOB 1 C06paHHbtX 1113 BC€X 06pa308S8WHXC.A 

rpynn IIIOHOB C 3¢¢eKTHBHOCTb~ 1 3aSJ.1C.A~ellj OT 1..1111Cf1€HHOCTIII rpynn 

IIIOHOB nplll ASHHOM HanpRmeHlrllll Ha 3t1€KTPO,Qax. 3ap.A,Q 1 co6pSHHbti:1 

aa onpe,Qet1€HHOe speM~ /TOK/ Ha 3Jl€KTpO,Qax, HaXOA.A~IIIXC~ nOA 

Hanp.A~€H\It€M U. MO>t<HO npe,QCTSBlrlTb Sbtpa>1<eHIII€M 1 yme ynOM\IIHSBWVtM

ce paHee /eM. ~opMyny /1//: 

l(U) = ( f(v,U)d(v)d,., /4/ 
1 

r,qe d(v) dv. - CYMMapHbl!li 3apfi.Q IIIOH08, BOSHIIIKWJ.1i:1 3a onpe,qe,-

Jl€HHOe BpeM.A B r.pynnax IIIOH08 ~IIICf1€HHOCTb~ OT v .QO v-+dv; 
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f(v·. U) - a¢1$eKTIIIBHOCT~ co6HpaHH.A HOHOB 1-13 rpynnbl lH1CneHHOCTbiO 
v npltl Hanpfi)I(€Hit11t1 U Ha 3fi€KTPO,qax. 

$yHK~HR d(v) pacnpe,qeneH~t~R aaPRAa, coaAaHHoro aa HeKoTo
poe BpeM.R B KaMepe TOJlbKO T€Mitl rpynnaMvt, KOTOPble CO,Qep>KaT no 
v HOHOB 8 Ka)f{,QO~ /a cne,QOBaT€flbHO,, pacnpeAefi€HH€ KOfiH4€CTBa 
rpynn C 4HCJ1€HHOCTbiO V VIOHOB/ HaXOAJ.1TCfl B pe3YI1bTaTe peweHHR 
HHTerpaflbHOrO ypaSH€Hitlfl /4/, KOTOPOe nocne CB€,Q€HHR K CltiCTeMe 
fiHHeHH~X anre6pSiti4€CKHX ypasH€HH~ npHHit!MaeT BH,Q: 

N 
I. ~ .~ Fi,. d. , jd,2, ... 1'1!. /5/ 1 J =1 J 

fll-160 B MaTplti4H0~ $OpMe: 

!61 
3,Q€Cb l i 0603HS4aeT TOK /aap.R,Q/, H3M€P€HHbli:1 np1o1 Hanp.R>K€HltH1 
U i HS 311€KTPO,QaX; N - 411CJ10 ,Qio1ana30HOB, Ha KOTOpbl€ pa36!.1TS 
paccMaTp~t~aaeMaR o6naCTb v ; M - 4Hcno TOI.IeK H3MepeHHR ToKa I; 
d j - 4HCI10 C03,QSHHbiX rpynn IIIOHOB C 4HCJ1€HHOCTbiO, COOTB€TCTBYI0-

1J.1€C1 j -y AHanaaoHy v; F ij - 311€MeHT MaTPIIII.Ibl .R,qpa HHTerpanbHoro 
ypaBH€HIII.R /4/, onpeA€Il.R€MbiC1 CJ1€AYIOIJ.IIIIM o6pa30M: 

Vj 

Fii - ( f ( v ., U) dv. · 17 J 
Vj-1 

Ha6op /eeKTop/ aKcnep~t~MeHTanbHbiX eenH4HH I co,qepH<~t~T cny4aiii
Hble 0Witi6KH, KOTOPbl€ .RBJl.RIOTC.R KaK CJ1€ACTBIII€M CTOXaCTIIIY€CKOC1 
nplllpO,qbl npOI.I€CCOB, npoTeKaiOIJ.IIIIX B ,qeT€KTOpe 80 BpeM.R B03,qeii!CT
BH.R 111311Y4eHIII.R Ha KaMepy, TaK J.1 Cl1€ACTBIII€M CBOC1CTB H3M€pi11T€Jlb
HOC1 111 perHCTPHPYIOIJ.IeC1 annapaTYPbl. Y4eT ecex owH5oK npHBOAHT 
K 5eCKOH€4HOMy MHO*€CTBy P€W€HIII~, y,qOB11€T80p.RIOIJ.IHX ypaBH€HHIO /6/. 0AHaKO 8 npocTpaHCTBe MHOH<€CTBa peweHHH MOH<HO nOI1Y4HTb 11AOCTaT04HO rna,qK0€

11 
peW€H1.1€, HCnOJ1b3Y.R M€TO,q pery!l.Rp~t~3a4111111, 

om1caHHbtH a pa6oTax 110.lli, Pery!l.RPH30BaHHOe peweHHe da MO>KHO 
aan~t~caTb cneAYIOIJ.IHM o6paaoM: 

T -1 T 
da~(F SF+ a R) F SI. !81 

r,qe F T- TpaHcnoH~t~poeaHHa.R MaTPHl.la F; F RanReTCR anre6pa-
1114€CKIIIM aHanoroM .R,qpa HHTerpanbHOro ypaeHeHH.R /4/; S - ,qHaro
HanbHa.R MaTPH4a OWH60K, AHarOHaJlbHbl€ 311€M€HTbl KOTOpOC1 paBHb! 
o6paTHOMy KBaApSTY cpe,qHe~ KBa,qpaTHYHO~ OWH5KH H3M€P.R€MO~ 
B€!1H4111Hbl; R - HeOTPH4aT€IlbHO onP€A€l1€HHa.R CIIIMM€TPIII4Ha.R MaT
PHl.la, COCTaB11€HHa.R TaKHM o6pa30M, 4TO CKall.RpHO€ npOi113B€A€HH€ 
eeKTopoe d 111 Rd .RBll.ReTc.R anre6pa~t~4€CKHM aHanoroM YIHTerpana 
OT BTOpOJ:1 nPOIII3BO,qHOC1 ¢lyHK4HH d(v); a.- napaMeTp pery11.RpH3a-
4HIII, B€1J.1€CTB€HH0€ H€0TPYI4aTel1bHO€ 4HCJ10, ynpa8J1.RIOIJ.I€€ BJ1111.RHH€M 
crna>K~t~BaiOIJ.I€~ MaTPH4bl R Ha peweHHe d; 6onee BbiCOK~t~M 3Ha4eHH.RM 
napaMeTpa a cooTeeTCTByiOT 6onee crna>KeHHble peweHH.R. 

B HaCTO.RIJ.IeH pa6oTe 3Ha4eHHe napaMeTpa peryn.RpH3a4~t~lll a pac-
C4HTbiBanocb no anrop~t~TMy, npe,qnomeHHOMY n.C.Typoe4eeoill "' B.<!>. Typ4HHbiM/12/, 
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8 paC~eTaX HCnOnb30BaJ1HCb 11 TO~eK YCP€AH€HHO~ BOJlbT-aMnep
HO~ xapaKTepHCTHKYI, nony~€HH0~ AJlR Hei:1Tp0HOB BbiCOKHX 3HeprH~, 
H 20 TO~eK xapaKTepHCTYIKH, nony~eHHO~ B none raMMa-YI31ly~eHH~ 
H30TOna ~e3H~-137 /eM. pHC. 2/. 0THOCHT€1lbHaR CP€AHRR KBaA
paTH~HaR OWH6Ka, CBR3aHHa~ C H3MepeHHeM TOKa KaMep~, COCTaBnR
eT 1%. Pac~e.T BblnonHeH A!lR AHanaaoHa H3MeHeHYIR napaMeTpa v 

OT 1 AO 4096. 

PE3YnbTATbl 

HenocpeACTBeHHbiM peayllbTaToM pac~eTa RBllReTcfl cneKTP nnoT
HOCTH VIOHVI3a~HVI H311Y~€HVIR, KOTOPbl~ MO}!{HO paCCMaTpYIBaTb KaK 
pacnpeAe!leHVIe norno~eHHO~ 3H€PrHYI no fln3, eC!lVI 3Ha~eHVI€ cpeA
Hei1 3HeprVIVI, Tpe6yeMO~ AllR C03AaHYIR OAHO~ napbl HOHOB, H€ aa-
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BVICVIT OT ~YICJleHHOCTYI 

rpynnbl HOHOB. ,il11R OCYI 
a6C~YICC p1o1c. 3 npHse-
A€H~ AB€ WKall~ B €AYIHYI
~ax l! Y1 nn3, KOTOpble 
CBR3aHbl MemAY co6o~ 
COOTHOWeHHeM, Cll€AY~~YIM 

Yl3 AOny~eHYIR, ~TO coa
AaHYI~ eAHHH4HO~ rpynn~ 

HOHOB I v = 1 I cooTaeT
cTayeT norno~eHHe 30 38 
3HeprHYI Ha y~aCTKe 
TpaeKTOPYIYI AI1YIHO~ ]Q HM 
6HOI10rH~eCKO~ TKaHYI. '' ...... --

0~========~==~ 
Ha ynoMRHYTOM pvtc.3, 

~acTb a/, npeACTa~ 
AH$¢epeH~HanbHOe pacnpe
AeneHHe ~YICJla YIOHOB no 
~YICJleHHOCTH rpynn AllR 

4~CJJ0 IIOI~OB & rp~nne ( V) 

1 10 100 
Jlfi3 (K3B/MKM) 

PHc.3. a/ AH~~epeH~H
anhHoe pacrrpeAeneHHe 
KOnH~eCTBa HOHOB ITO 
~HcneHHOCTH rpyrrrr. 
6/ HHTerpanhHoe pacnpe

~96 AeJieHHe AOnH HOHOB t o6-
pa30BaBIDHXCH B rpynrrax, 

1000 coAep~amHx He MeHbme 
'tleM v HOHOB. 
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raMMa-~3llY4€H~~ ~30Tona 4€3~~-137 ~ ny4Ka H€~TPOHOB CO Cpe,QHeW 3Hepr~e~ 350 M3B. nnow.a.Qb no.Q KP~Bol1 pacnpe,QeneH~~ v d(v) npo
nop4~0HallbHa CyMMBPHOMy 4~CllY lo10HOB, C03ABHHbiX ~3llY4€HV1€M BO 
ecex rpynnax I-10HOB pa3llH4HoM 4~cneHHOCTH. Ha 3TOM ~ scex 
nOCll€,QYIO~HX PHCYHKBX H€ np~t~BO,Q.RTC.R norpeWHOCTH Bbi4-"1Cll€HHbiX 
3HB4€HI-111, onpe~ell.R€M~e B006W.e CBMO~ M€TOAHKOM paC4€TB. B o6-
J1BCTV1 MBilbiX 41-1Cll€HHOCT€~ rpynn I-10HOB AH¢l$€p€HL(l·"'BJlbHO€ pacnpe
A€ll€Hi-1€ All.R HeHTPOHHoro "13llY4eHH.R xapaKTepHayeTcR norpeWHOCTbiO OKOllO 100%, a B 06IlaCTI-1 BbiCOKVIX 4V!Cll€HHOCTeH - norpeWHOCTbiO 
50%. an.R raMMB-I-13llY4€HHR norpeWHOCTb d(v) C0CTa8Jl.R€T 25% 8 T04-K€ vo:::l, H€ npeBbiWaeT 15% npY1 4 ~ v :::;.16 J.1 soapacTaeT no4TI-1 AO 
70% C POCTOM 4HCJ1€HHOCTI-1 rpynn I-10H08 v. nplo14€M nOA nOH.RTV1€M 11norpeWHOCTb 11 

3A€Cb no,Qpa3yMesaeTcFI cpe,QHeKBa,Qpan14Ha.R ow1o16Ka 
B TOM )!{€ CM~Cne, 4TO Y1 8 pa6oTe n.C.TypOB4€BO~ ~ B.¢.Typ41-1Hil2·: 
,ll.n.R HeMTpOHOB BbiCOKJ.1X 3H€Pr1-1H OCHOBHa.R ,QOJ1FI 1-10HOB COCP€,QOT04€HB B rpynnax 4HCil€HHOCTbiO OT 16 ,Q0256, KOTOP~€ 06pa3YIOTC.R, no
BH,QHMOMY, .R,QPBMI-1 r€Ili-1.R J.1 TPHH!.R, a TaK>K€ npO,QyKTBMI-1 11 pa3eana 
.R,QpB 11 

1-1 .R,QpaMI-1 0T_,QB4V1, 803Hio1KaiOIJ.II-1MI-1 B Heynpyn"'X 1-1 ynpyrHX 
B3BVIMO,Qei1CTBH.RX HeP!TpOHOB H 8TOPH-4HblX 4BCTI-14 C .R,QpaMH TKBHe-
3KBJ.18Bll€HTHOrO MaTepHana. HMeeTc.R TaKme MaKCI-1MYM pacnpe,QeneHV'l.R 
B o6naCTH MaJlbiX v /1 ~ v $ 6/, o6ycnOBJl€HHbiP!, no-elo1,Q~MOMY, 
rnaBHbiM o6pa30M npOTOHBMH BbiCOKHX 3HeprVIi1 • 

4acTb 6/ Pt.1CYHKa 3 noKa3biBaeT HHTerpanbHOe pacnpe,QeneHHe 41-1Clla o6pa3oBaBWI-1XC.R I"'OHOB HB paccMBTPHBB€MOM y4aCTK€ TpaeKTQPHI-1 4BCTI-14. Op,QHHaTa T04KH Ha KPHBO~ pacnpe,QeneHH.R D(v) noKa-
3bJeaeT AOlliO /OT nonHero 4Hcna/ I-10HOB, o6paaoeaHHbiX a rpynnax 
C 41-1Cil€HHOCTbiO H€ MeHee v · 8 CilYl.JB€ ny4Ka HeihpoHOB BbiCOK1o1X 
3HeprHH 8 rpynnaX C 4"1Cil€HHOCTbiO v 2:. 16 B03Hio1KB€T OKOJlO 75% 
I-10HOB, B TO epeMA KaK Ail.R raMMa-H3IlY4€Hio1.R H30TOna 1...\€3~~-137 
C 1/ ~J6 B03HHKB€T npHM€pHO 25% HOHOB. 

Al-1¢l¢epeHt..tHanbHbJe pacnpeAeJleHI-1.R n ( v) 41-1cna rpynn HOHOB e aaBHCHMOCTH OT I-1X 41o1CI1€HHOCTI-1, paCC41-1TBHHbl€ ,QJl.A 100 nap I-10HOB, 
06pa30BBHHbiX Y13IlY4€HH€M, npeACTBBil€Hbl Ha pHC. 4, a HHTerpaJlb
Hbl€ pacnpe,QelleH"'.R - Ha pi-1C • 5.. noA ,Qe.HcTBHeM He~TpOHOB BbiCO
KHX 3H€prH~ 100 nap HOHOB o6pagyeTC.R 8 CP€,QH€M npHM€PHO B 18 
rpynnax, a ,Qil.R raMMa-H3IlY4eHI-1A - npHMepHo a 30 rpynnax. KonH-4€CTBO rpynn C 4HCileHHOCTbiO V·.28 COCTaBil.R€T 1 ,5 AJl.R H€i1TpOH
HOrO 1-1 OKOJlO 2 Ail.R raMMS-J.13IlY4€HI-1.R. 

OnHCBHHbl~ M€TOA eocnpOH3BeAeHHFI pacnpeAelleHI-111 3HePrl-1"1, no
rnoiJ.IeHHoH Ha y4aCTKBX TpaeKTOPI-11-1 l.JBCTHL.I, ,QB€T 803MOmHOCTb 
C nOMOIJ.IbiO peKOM6"'HBL\HOHHO~ K;BMePbl Onp€A€JlHTb MHKp0A03HM€TpH-4€CKJ.1€ na paMeTpbl lo13Jly4eHf.1.R, 3Ha4€HJ..1€ KOTOP~X H€06XOAV1MO ,QJl.R 
pac4eTa HeKOTOPbiX PB.AH06HonorH4eCKHX xapaKT€PI-1CTIIIK J.1CCil€AY€MbiX BH,QOB pa,Qio1ai...\I-1J..1. 

MeTO,Q Tpe6yeT 04eHb T04HblX H3M€P€HJ..1~ HOHV13B41110HHOrO TOKa KaMepbr. KpOM€ TOro, OH Tpe6yeT 3HSHH.R FI,QPB HHTerpailbHOrO 
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PHc.4. ~H¢¢epeH~HanbHOe pacnpe
~eneHHe KOnH~eCTBa rpynn HOHOB, 
C03AaHHbiX Het':TpOHaMH H raMMa

H3ny~eHHeM, ITO HX ~HCneHHOCTH 

Ha JQQ HOHOB. 
100 

Ntv) 

1 
He11TPoHbi .350 M3B 

\\ 
·\, 

\ 
\ 

\ 

\ 
\ 

\ 0,1'------o--c----o-~~-'--~-L~=--, 
1 2 4 8 1& 32 &4 128 256 512 

4t-tt.lleHHOCTb rP~nnbl. V 

Pac.S. HHTerpanoHoe pacnpegene-
HHe ~Hcna rpyrrn HOHOB, 
C03,D;aHHbiX Heti:TpoHaMH H raMMa

H3nyqeHHeM,TIO HX qHcneHHOCTH 

Ha 100 HOHOB. 

ypaBHeHHR, t-tnH 3$$eKTHBHOCTH 

C06t-t.paHHR HOHOB H3 rpynn pa3-

nt-t4HOH 4t-tcneHHOCTH. B Hac

TOR~eH pa6oTe RAPO onpeAe
J1RJ10Cb pac4eTHbiM cnoco6oM 

Ha OCHOBe TeOpHH J10KSJ1bHOH 

peKOM6t-t.Ha~HH, 4TO o6yCJ10BHJ10 

paCCMOTpeHHe pacnpeAeJ1eHHH 
nor.no~eHHOH 3Heprt-t.H Ha y4acT

Ke TpaeKTOPI.11.1 4aCTI.14bl, Aili.1Ha 

KOTOpOrO 3KBHBSileHTHS 70 HM 
61.10ilOrH4eCKOH TKaHH. 8 6yAy

~eM npeACTasn~eTC~ 4enecoo6-

pa3HbiM ~APO HHTerpanbHOrO 
ypasHeHI.1~ onpeAeilRTb 3Kcne

p1.1MeHTanbHO, 4TO n03BOili.1T 

H36e>«aTb Bb1WeynOM.AHYTOrO 

AI.1CTaH41.10HHoro orpaHH4eHI.1.A, 

a TaK>«e B 3HS41.1TeilbHOH CTe

neHI.1 yMeHbW1.1Tb CI.1CTeMaTI.1-

4eCKI.1e ow1.16K1.1 a pac4eTax. 

npeACTaBn~eTC~ TaK>«e 4ene

C006pa3H~M B~nOilHI.1Tb B OAHI.1X 

1.1 TeX >«e YCilOB1.1RX cpaBHI.1Tenb

Hble 1.13MepeHI.1.A M1.1Kpopacnpe

Ae.neH1.1H Ha ny4KSX pa3J1\114HbiX 

4SCT\114 CI.1HXP041.1KJ10TpOHa DBn 
O~R~ c noMO~b~ pa3Ili.14H~X He-

3aBr.1CI.1Mb1X MeTOAI.1K. 3TO noa

BOilr.1T C 60J1bWeH nOilHOTOH 
04eHI.1Tb B03MO>«HOCTI.1 r.1 OrpaHI.1-

4eHI.1~ HOBOH MeTOAr.1Kr.1, 4TO 

04eHb 3aTPYAHI.1TeilbHO 8 Hac

TO~~ee speMR ~tta-aa pa3HbiX 

ycnos1.1H nposeAeHI.1.A 3KcnepH

MeHTOB pa3JH•14HbiMI.1 1.1CCJ1eAOBa
TeJ1bCKI.1MI.1 rpynnaMI.1. 8MeCTe 

C TeM HMe~~HeCR B J11.1TepaType 

HeKOTOPble pac4eTHbte ASHHbte, 

OTHOC~~HeCR npHMepHO K TaKO

MY >«e AI.1CTaH41.10HHOMY AHana-

30Hy, Aa~T pacnpeAeneHI.1R, 
6nH3KI.1e K nony4eHHbtM a Hac

TO~~eH pa6oTe. Ha p1.1c. 6 
CpSBHI.1BaeTCR HHTerpaJlbHOe 

pacnpeAeneHHe, nony4eHHoe 
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PHc. 6. CpaeHeHHe HHTerpaJibHbJX pacnpe.o;e.nem:r.H .Q03br no ITIT3 gnH raMMa-H3JIY4€HHH a/ H30Tona ~egHH-137 /HaCTOHrn;aH pa6oTa/; 6/ H30Tona Ko6anbT-60 /pactieT KopMaKa MH t1 =0, 1 K3B '13 1 
/; e/ H30TOna K06aJibT-60 /pac'LJeT '13.' KopMaKa, !\ =1 K3B , /. 

8 HSCTOR~e~ pa60Te ,QI1R raMMS-M3IlY4€H~R M30TOna ~€3H~-13], 

1000 

c pacnpe,qeneHH€M A03bl no nn3 raMMa-H3llY4€HVIR H30TOna K06anbT-60, rT0J1Y4€HHbiM PSC4€THbiM nyTeM .a.KopMat<oM'13
:. 8 o6naCTH nn3 BbfW€ 3, 5 K38/MKM /npH6J1V!3VlT€JlbHO 1' > 8J rT011Y4€HHbl€ HSMI-1 pe-3YJ1bTaTbl HSXO,QfiTC.A M€}!(.QY KpHBbiMI-1 ,Q. KopMSKa, COOTB€TCTBYIOIJ.II-1MI1 pacnpe,qeneHl-1fiM A03bl no nn36.• r,qe nn3 B3.RTO c pa3HbiM 3Heprentl.leCKf.1-M OrpaHH4€HH€M 6.. paBHbiM 0, 1 K38 Afl.A O,QHOi1 KpMBOi1 lt1 1 K38 ,QJl.A ,qpyroill. B o6nacTH HII13KHx Iln3 I rj <. 8; ~t~MeeT MecTo 3HaL!t-1TellbHOe pSCXQ}!(,Q€HH€. 3Ta 06J1SCTb XOT.A H HM€€T M€HbWee npaKTH4€CK0€ 3HSl.I€HH€ B CB.R3J.1 C MSJ10i1 3SBI.101MOCTbiO pS,QHS~HOHHbiX 3¢¢et<T08 OT D03, TeM He MeHee HY~ASeTCR 8 AanbHe~W~X ~ccneAOBaH~RX KSK 8 CMbtCn€ lii3M€P€H~~ 1 TaK ~ 8 CMbtCne TOnKOBSHliiR CSMOrO nOH.RT~R nn3 C COOTB€TCTByiOll.lliiM 3Hepren14€CKVIM Vln!-1 AliiCTaHf..4vt0HHbiM orpaHVI4€HH€M. 
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