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Ko .... "+"- " • ECTb ace ocuoaaHIHl O*H.ll8Tb, qTo uapst.ay c pacna.aoM cymecTsyeT pac-

na.n K 0 
... 3 rr 0 

• , TBK:>Ke paapeweHHhrA" CP HHB8pH8HTHOCTblO. npn 3TOM npasJ,rno OT6opa 

l<'>fl•'h npe.ncKaabiBBeT onpe.neneuuoe coo;ruomeune Me*.UY aepostTHOCTSIMH 9THX .nsyx Tn-

nos pacna.ll.OB W(K0 ... rr+ rt-tr 0 )/W( K" ..... 3rr 0 ) ""0,55 
111

. 3KcnepnMeHTBJibHOe onpe-• . 
.ll9Jl9HH9 3TOI'O COOTHOlll9HHSI CB.MO DO ce6e He MO>K9T CJIYJKHTb .O.OCT8TO'IHO stlJQ:leKTHBHbiM M9To

.llOM ·o5uapy.~Keuns npHMeCH nepexonoa I ilJl =3/2, nocKOJibKY aTo oTuoweune oKB3btaaeTcs Mana 
• /2/ 

liYBCTBRT9JlbHbiM K nepexo,naM jfl.!J=J/2 (eM., uanpHMep, ). OauaKO OU9HK8 OTHOCHT9JlbHOB 

BepOSITHOCTH K o ..,. JrrO 

• .nenaeT B03MO>KHhiM onpe.neneune a6comoT~biX aepOSITHOCTet:t paam·PI-

HbiX THnoa pacna.ooe !{: -Meaonoa H TeM C8MbJM noaaonslf:~T nposepH:Tb .apyrue cne.ocTBHR 

npaBHna OT6opa I<'> II ~ 1/2. 

nepshle axcnepuMeHTanbHbie yxaaaHHH Ha cymecTsosaHue pacna.aa [(: -+ JrrO 6btnu nony-

'leHbi HB CHHXpoclJaaoTpOHe 06'b9tlHH9HHOI"'O HHCTHTJT8 SID.9pHbiX HCCne.aOB8HHA: C IIOMOlUbiO K8M9pbl 

Bunbcoua, a xoTopoA Ha6mo.o.anacb napbr D.anuTua oT pacna.aa !(
0

...,. 3rr 0 131
• B aToll pa6oTe Ha • 

OCHOB8HHH 'leTbipex 38p9I"'HCTpHpOB8HHblX cnyqaea 6bin8 c.aenaHa rpy6ag oueHK8 OTH?CHTenbHOA: 

eepoaTHOCTH :noro THna pacnana W(K 0 ~3" 0 )/W(K•)+W(K• )+W(K• )~0,18+0,09. 
2 eJ /.LJ 31T -

He.o.aaHo a nyabtpbKosoA KaMepe c TH>KenhiM uanonHeHneM B CaKne 6btno aaperHcTpHposauo 

2 C06biTH9 1 KOTOpbre MO>KHO HHTepnpeTHpOB8Tb K8K paCI18D.bl !(: ·• JrrO • .Llpyrag rpynna 3KCno-

HHpoeana ¢peOHOBYIO IIJ3blpbKOBYIO KBMepy B IIJ'IKe HeltTpanbHblX '18CTHU OT CfiHXpo¢aaoTpOH8 

OVIR¥1. B npe.o.eapHTeJt bHOM coo6meHHM aToA rpynnb/
41 

nplmOD.SITCSI .aaHHbte o uecKOllbKHX cny

'IIBHX C HCIIJCK8HH9M H3 O,O,HOit T•O'IKH 4-5 y -xP.BHTOB, KOTOpbie SIBJ)SIJOTCSI 1 CKOpee BCero, peaynb-

TBTOM pacna.o.a K:...,. 3rr 
0 

• I' 

B uacTostweA pa6oTe, xax H e pa6oTe
131

, peracTpauuH. pacna.n.a K o .... Jrr o 
• ITpOBOD.H-

nacb no napaM .Llann:Tua, KOTOpbre ua6nJO.aanHcb a MeTposott KaMepe Bunbcoua, pacnono:»<eHHoA 

e nyqxe aeATpanbHbiX 'IBCTKU cauxpocpaaoTpoua. 06wast cxeMa onbJTa npaae.aeaa s pa6oTe151 

B aaweM npe.oeapHTGllbHOM coo6meHHH
161 

ua-aa cHcTeMaTHqecxoit owH6KH e oT6ope nap llanHT

ua 6&ma .aaaa sae&tweHHBH aennqHHa OTHOCHTenbHoit: eepoSITHOCTH pacna.oa K 
0 

-+ 311° ., • 
llpH .llBnbHeAweA 06pa60TKe K OT6Hp8eMblM C06biTHSIM npHM9HSinHCb 6onee >KeCTKHe KpHTe

pHH OT<5opa, 11T06bl o6eCIT9'iHTb M8KCHM81IbHYJO H8.0.9>KHOCTb H.09HTHclJHK8UHH nap ,llanHTUS OT pac-

08.0.8 K 0 -+ 3no • 
• 

.lJ.nH 8H81IH38 H8 napbl .[lanHTUB OT6Hp8nHCb nHWb Te V 0 -co6biTHH 1 KOTOpbi9 y.aoeneTBO-

psmH Cne.ayiOWHM ycnOBHSIM. 

I) JJnuua npoeKunA TpeKOB HB rOpH30HT8nbHYIO ITIIOCKOCTb COCT8BnSieT He MeHee 4 CM. 

2) VIMnynbC o.aHoA H3 pacna.aa&IX 'IIBCTHU He npes&rwaeT 80 Mae/c, a BTopoA pacna.o.HoA 

qacTHU&I - 100 Mas/c. npH 3TOM Clte.ll,bl o6eHX '18CTHU no nnOTHOCTH noqepHeHKH COOTBeT-

CTBYIOT cne.aaM anexTpouoa. 

3) BepWHH8 C06b1THH II8>KHT B XOpOWO OCB~W8HHOit o6naCTH. 

4) Yron BblneTa 8 t V 0 -co6biTHR (onpe.aensteMhiA aanpaaneuaeM cyMMapaoro HMnynbCa 
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pacna.a.nblx 'IBCTHU OTHOCHT91lbHO OCR H8ATpMbHOrO ny'IKa) He MeHee 20°. 

5) Yron paaneTa pacna.a.HbiX 'IBCTHU "' He npeBbJW89T 70° • 

8) 8epWUH8 C06bJTHSI OTCTOHT OT TOpUOBbiX CT8HOK K8M8pbl H DIJBCTHHbl He M9Hee '18M 

HB 4 CM. 

TpeXKpBTH&IA npocMoTp 15000 cTepeocj>oTorpacj>uA npeJlyCMaTpusan snayan~H&IA oT6op 

BC9X cnytt:B9B 1 KOTOpbl9 MOrllH 6bl 6btTb 91JeKTpOHHo-n03HTpOHHbJMH OapSMH. 

8 Oll.HOM H3 npOCMOTpOB C OOMOIUbiO W861JOHOB H3M8pSlll8Cb np09KUHS1 pa,a,uyca KpHBH3Hbl 

Hll DIJOCKOCTb CHHMKB. 

Ecnu npoexunn o6oHx HMnynbCoB aa nnocxocTb CHHMKB OKB3biBanacb M8HbWe 150 Mas/c, 

TO Taxoe yo -co6&JTHe o6Mepsnocb ua penpoexTope HnH R3MepuTellbHOM Mnxpocxone YHM-21. 

npn 9TOM nepBbiA KpnTepnA OT60pa ( ( ~ 4 CM) .ll01l>K9H 6btll rapaHTHpOB8Tb OT60p BC9X C06bi

TIIft, y KOTOpbiX lfMDYilbCbl p8CD8JlHbiX '18CTHU ne.)I(8T B HHTepecyJ01U9A: HS.C o6nSCTH. 

Orpauuqeuue nMnynbCoe pacnanu~x qacTHU (2-oe ycnoene) o6ycnoaneuo TeM o6cTOBTenb-

CTBOM, qTQ H.0.9HTUcJ:>HK8.UHR aneKTpOHS. H n03HTpOH8 B V
0 

-co6blTHH npOBO.QHnS.Cb no nnOTHOCTH 

nO'IepH9HHR TpeKOB. npn YK838.HHbJX rp8HHU8.X OT60p8. no HMnynbCy B03MO>KHO OTnHl.J.HTb no H0HH-

38UHH snexTpOH&J nap OT 11. H rr -Meaouoe e pacna.oax K,.J a KrrJ 

!lnsr H8.09>KHOCTH HOIIH38UHOHHblX H3M9p9HHJI 89CbM8 CyWeCTBQHUO, "'T06bl TpeKH ne>KanH 

e xopowo ocseweuuoA o6nacTH (3-e ycnosae). PaaMepbi aroA o6nacTH onpe.oenswncb no HaMe

peunHM nnoTHOCTH noqepueuust Tpexoe, nepecexaJOtuHX aero oceeweuuy10 o6naCTb xaMep&r, a Tax

>Ke no pacnpe.aenenuro sepwnu acex o6napy.>KeHHbiX V 
0 

-co6bJTHA no BbiCOTe. Y1ouuaauuouubre 

H3MepeHHR npoao.aunucb ua MHKpocfJoToMeTpe nyTeM cpaeueHHSI nnOTHOCTH noqepueuua HaMepHeMo

ro Tpexa u Tpexa o.auoro ua pacnono>KeHHbiX pR.O.OM 'cJ:>oaoBblx'sneKTpoaoe. 

.. llpn aToM own6xa H3Mepeuni1 ue npeablwana 15%. Oua onpe.aenanacb sxcnepHM9HTanbuo 

no cpe.aue-xsa.apaTH"''HOMy paa6pocy a eenH'iHHax OTHocnTenbHoro noqepueaus Tpexoe 24 u.aeu-

TIH[JHUHpOBllHHb!A 3Jl9KTp0HOB B HHTepaane HMnynbCoB 60- 100 Mss/c. 
T ( -t- - 1.35 :': 0,18) 

npoae.a~~l H3MepeHHSI nnOTHOCTH DO"'epHeHHB C_ne..ooe " -Me-B Ka'lecTae xann6poaxu 6brnH 
xx) 

3ouoe H3 Ke, -pacna.aoe • Oau .a ann .a.ns cpe.aueA eenu'iHHbJ OTHoweuusr nnoTHOCTH noqepue-

HHSI cnenoa " 
HOB 3Hl1"19HH9 

-Meaouoe c HMHYJlbCaMu a HHTepeane 80-100 Msa/c H cne.o.oe <}:louoebJX snexTpo-

~ : 1,4() ± 0,26 • 
Te 

Ha npnae.aeuaoA Taeinnubl eu.nuo, 'ITO e 6onbWHHCTBe cnyqaee pacnanu&Ie 'IBCTHUbi o.auo

aaaquo HLl9HTH<jJ.IfUHp)'IOTCH no DO"'epueHHIO cnenoa KBK SneKTpoHbl. B H9KOTOpbiX CJl)'"'BBX H3-38 

Hc6naronpHRTH&JX <}:loHoe&IX ycnoenA nnoTHOCTb no'lepHeHHR oueuueanacb euayanhHo. CnyqaA 

(64-J22) H.09HTH~HUHpOBBH KaK SJ19KTpOHHO-n03HTpOHH8B napa DO C6pocy HMnynbCB npH npOXO

>K.OeHHH 'lepe3 CBHHUOBYIO DJ18CTHHK)'. TonbKO 8 ODHOM CJlf'l88 ( 14-39) HMeeTC.R H8150nbW8g ee-

x) 3.oecb B Ka'I9CTB9 cne.ooe Cp8BH9HHH HCnOJlb30BBJlHCb CJ18Dbl ll -MQ30HOB C HMnyn&-
COM 600-800 Mas/c. 

xx) K 
e1 - pacna.obl n.oeHTH!flnuupoaanac& no c6pocy HMnyn&ea pacna.aHbJMH 'laCTHUBMH npn 

npOXO>K.Q8HHH '19pe3 CBHHUOB)'JO DnBCTHHK)' (eM. pafioTy/3/). 
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posrTHOCTb Taro~ qTo nonO)I(HTenbHbll TpeK MO>KeT npauanne>KBTb , -Meaoay. On.uaxo, xaK 

8 HDHO H3 .llSJlbH&Awero paCCMOTp&HHSI, 8T8 B&pOfiTHOCTb CBODHTCB K MHHHM)'My AeeneHHeM no

nonHHT9JlbHOro xpeTepua. 

C uau6onbweA: eepoATHOCTbJO s.nexTpoaao-noaHTpoHable napbl MoryT HMHTnpoaaTb Te Ke J -

pacnaDbl, y XOTOpbiX SneKTpOH H.tl&HTH(j>HilHpoBaR DO H3M9p8HHIO nnOTHOCTH noqepHeHHB cne.a.a 

( p<BO Mae/c), a uMnynbC , -Meaoaa ne)I(HT a norpaHH'IHOI o6naCTH. 

H BMH o5napy>t<eHo scero 2 Ke3 - pacna.a,a, B XOTOpbiX HMnynbCbl 11 -MeaOHOB ne>KST 

a yxaaaHHbiX npe.a.enax, npe 9TOM nnoTHOCTb noqepaeHHB rr _ -Me30HHbiX Tpexoe oxaaanacb aa-

M&THO 15on&we noqepHeHHSI cnena snexTpoHa. 3ToT sxcnepsMeHTMbHbJII (j:>axT xopowo cornacyeT

ca C peayiJ:bTSTOM MOD9JlHpOB8HHB npOCTpaHCTB&HHbiX H RMnyn&eHbiX KOHcJ:>nrypaUHA B Ke -pacna-. . . 
.o.ax, BblnonHeHuoro MeTO.llOM MoHTe-Kapno B npe.a.nono>KeHHH V-A eapH&HTa B38HMOJleAcTBHR • 

Ha 500 npoMonenepoeaHHbiX KeJ -pacnanoe TOnbxo y on.aoro HMnynbC&I o6eex pacnanH&IX qac

THU OK83MHCb 8 HCCI19.Q)'9MOI o6nBCTH. 

npa 8TOM xapaKT9pHO TO 06CTOSITenbCTBO, 'IT~ yrnbl p83n9T8 M830H8 H sneXTpOH8 B C06&I

THBX, )' KOTOphlX HMnynbCbl pacnaDHblX '18CTHil He npeBbiWBJOT 150 Mse/c, 60nbWe 80°. 

TaKHM o6paaoM, ecnH npe OT6ope nap .LlaneTua eeecTH nononunTenbHblll xpHTepHA, orpBHH'lH-

eaJOlUHA yron paaneTa <U < 70°), TO T9M C8MbiM npaKTH"'9CKH HCKJ110'189TCR 803MOJKH8R npu-

M9Cb OT Ke J -pacn8Jl8, KOTOp8R Morna 6&1 803HHKHyTb 38 C1.f9T OWH6KH 8 HOHH3BUHOHHbiX H3Me

p9HHRX. C .apyroA cTopoa&I, aa.naaaRcb aTHM xpeTepneM oT6opa, Mbi aHa"'eTenbHO yMeHbwaeM 

B&pOSITHOCTb HMHTaUHH D8pb1 jJanHTU8 Cnf'18RMH p8CC9RHHR 9Jl9KTpOHOB. 

Pac"'&Tbl noxaabiBS.IOT, 'ITO 'IHCno ynpyrux H aeynpyrux paccesiHHA" anexTpouoa c HMnynbCa-

MH p > 10 Mss/c na yrnbl > 1 JQ ("'TO CO<;>TB9TCTByeT cu ~ 70°) He npeBbiW88T 8 H8WHX ycno-

BHJIX 0,1. Orpaanqeuee no yrny paaneTB He npHao.auT x cywecTaeHHoMy yM&HbweauiO "'Hcna nap 

.QanHTUB, TBK K8K 8 HHTepaane W .:5_ 70° ne>KHT no.aaanBIOlU99 K011H'I9CTB0 BC9X ~ap. 

lleTaepToe ycnoaee ( 8
1 

> 20°) noaaonsno caecTH .no MHHHMyMa npuMecb OT snexTpouuo

noaHTpOHH~X nap, o6pa3088HHbiX B pe3)'JlbTBT9 KOHB9pcHH ny'lKOBbiX y -KBaHTOB, He fM9HbW8JI; 

C)'lU9CTB9HHO KOnH"'f9CTBO 38perHCTpHpOB8HHbiX nap .llanHTU8 • .lleJICTBHT&nbHO, B H8WHX ycnOBHBX 

CpeDHR.R OTHOCHTenbHBB BepORTHOCTb .Qnfl Dy'IKOBOro y - KB8HT8 KOH89pTHpOB8Tb DO.ll yrnOM 

0 > 20° C0CT8BnB8T M8HbW8 0,01. 8 TO >Ke Bp6MSI, X8K nOK83bJB810T 0U9HKH, B HHTepaan 0 < 20° 
t x) t 

nona.aaeT ecero oxono 5% nap .LlanuTua ·aT Ko .... 3,o • 
• 

HaMH 6blno aaperecTpupoeaao oxono 200 pacna.o.oe A 
0 

-runepoaoa, po>Kn.euublx a nnaCTHHe, 

a TBX>Ke a nepe.aHeA u aanHeA cTeuxax KaMepbi. Oqeee.a.Ho, "'TO npe TaxoM 'IHcne pacnanoe 

A 
0 

.... p + 11 - MO>KHO O>KH.O.BTb nosteneHHJI nap .LlannTua aa c'leT ueATpanbHoro pacnana A0 .... n +, 0 

(nopa.nxa 1 napbiL .LlnR Taro, "'T06bi noaaeHTb B03MO>KHYJO npuMec& OT aToro npouecca, ueo6xo

JJ.HMO co6nro.aeuue wecToro ycnosuR, ncxnro'I&JOUlero ea paccMoTpeHHSI pa60'IHe o6nacTH xaMepbi, 

npener&IOWH9 K nnacTHH9 H CTeHKaM. EcnH WRpHHy 9TOA o6nacTH Bbi6p8Tb paeHoA 4 CM ("'TO DpH 

SHeprHSIX .. '(: -M930HOB, perHCTpHpy9MbiX B Haw eM OObiTe, COOTB9TCTBfeT B cpen.HeM .ll.BYM 

npo6eraM A0 ), TO B03MO>KHaR npnMeCb nap .Llanurua oT sToro pacna.aa 6yneT nops:~ll.xa 0,1. 

npa STOM HCKni0"18JOTCSI T8X.>K9 B03MO>KHbi9 DS.pbl .ll.anHTUB OT H9ATp8JlbHOrO pacnana pereaepu

po88HHbiX .. f(· 0 -.w;eaOHOB. 

x) 0'19~HDHO, 'ITO npHM9Cb OT ny'IKOBbiX nap 6y..OBT T9M M9HbWe, '18M M8HbWe HX "'HCnO 
no OTHOWeHHIO K 'lHcny aaperHCTpHp088HHbJX pacna.O.OB. 8 ycnOBHBX "t3}ero ODbiT8 9TO OTHOW&-

888 oxaaanoc& nopanxa 2%, ~To a 10-15 paa MeHbwe, qeM a pa6oTe 

5 



'~: 

8 pe3YllbTBTe 61.mo BbJ.D.eneuo II snexTpouuo-no3KTpoHH&IX nap, KOTOpbte y.nosneTaopslnH 

BCBM paCCMOTpeHHbiM BbiWe KpHTepHSIM OT6opa. 

llnSI 9TH X C06biTHA 6bll10 nocTpOeHo pacnpe.n,en9HH9 00 napaMeTpy ( ~ ) 1 , r.ne m npe.o-
m" Y 

cTBBnSieT co6oA sQ:l<IJeKTHBHYJO MBCCY K0HB9pTHpyrowero BKpTyBllbHOrO y -°KBBHTB: 

m 1 
= 2 ( E 

1 
E 

1 
- p 

1 
p 

2 
Cos co + m!J. 3To pacnpe.n.eneaue cpaaausanocb c TeopeTH'I9CKHMt pacc'IH-

Y /7/ 
TBHHLJM. .anSI nap aHyTpeuueA xouaepcuu KponnoM H Ba.aoA H snocne.ncTsHH noaTsep>Kn.ea-

/8/ 
Hb!M 3KCnepHM9HT811bHO 

Vf3 rpa~uxal npHse.a.euaoro uB. puc. 2
1

cne.ayeT 1 'ITO sxcnepuMeHTBllbHOe pacnpeaeneHHe 

xopowo cornacyeTcH c pacnpen.eneuueM, O)KH.QaeMbtM .n.nH nap .n~naTua. C .o.pyroA cTopOHbll 

auanoruqHQ9 Cp88H9HH9 llllSl 30 DY'IKOBbiX nap BH9WHeA: KOHB9pCKH o6Hapy.>KHBB9T pe3K09 npOTH

sopeq He. 3To 03H8'189T, 'ITO H3 II OT06paHHbiX nap no.a.asnHIOWee qacno - napbl nanuTua. 

3TOT BL>IBO.O. DO.llTB9p)K,Q89T TBK>K9 OU9HK8 803MO>KHOrO 'IHCI18 nap OT KOHSepcHH HeDy'IKOBbiX 

y -Ke8HTOB B r839 K8M9pbl 1 KOTOpb19 MOrllH 6bl .ll,BBBTh 38M9THbiA: BKllB,O nocne HCDOI1b3088HHR 

scex KPHTepnes OT6opa. 

8 HBWHX ycnOBHRX T8KH9 y - KBSHTbl MOryT B03HHKHYTb B p93Y1lbT8T9 ClleD.yiOWHX npo-

ueccos. 

1) Pacna.a.&I rr 0 -Meaoaoa, po.n.nswuxcSJ a cTeHxax xaMep&I u nnacTHHe ( po>K.a.eaaeM ,o

M930HOB B ("839 K8M9pbl MO>KHO npeue6pe'lb). 

2) Pacna,a,bl !(
0 

-M930HOB C HCDYCKBHKeM 17 Q -MeaoHOB ( y -xsaHTOB) 1 cpe.aa KOTOpblX 
2 0 0 

HBH60nee HHT9HCHBHbiM HBIUJeTCR pacna.n _'( 
2 

-+ 3 'IT , 

803MO)KHbiA: BKI18.Q OT STHX 2-x HCTO'IHHKOB OU9HHB811CSI M9T0.00M MOHTe-K8pnO. 

B nepaoM cnyq8e MO.nenupoaancSJ pacna.n 17 ° -M930HOB 1 pO>K.Q9HHbiX B nnaCTHHe H CTeH-

KBX K8Mepbi. npu 9TOM M0.0.91IHpOB8HHH HCD01lb30B811HCb yrnOBbie H HMDY1lbCHbl9 pacnpe.aeneHHR 

-Me30HOB 1 pO>K.Q9HHbiX HB Sl.llp8X ('838 KBM8pbl. B K8>K.QOM Cllf'189 Cy.Ub68 y -xa&HTOB OT 

"
0 

-pacna.a.a npocneJKusanacb una .no TO'IKH ux KOHBepcuu:, unu .no TO'IKH Bblxo.oa us pa6oqero 

06'beMa KaMepbl. 06wee 'IHCIIO TBKHX 'fi'
0 -M£30HOB OU9HHB8110Cb DO "'HCIIY 

.llBX C yqeTOM p831IH'IHR B aepORTHOCTSIX pO>K,U9HHSI. 

1T -M930HOB B 3593-

DnSJ o6oux paccMoTpeHHbiX npoueccoa 6&mu nony'leH&I aepostTHOCTH xousepcuu y -xaBHTa 

s pa6o1.feM o6DeMe xaMepb1 1 ripu ycnosuu. 'ITO aneKTpouao-noanTpOHHag napa y.noaneTsopsteT 

KpHT9pHS1M OT60pa. npe.ono1IBr'BIIOCb 1 'ITO 111060e ,aeneHH9 9HeprHH y -KBBHT8 M9>K.D.Y 9119KTpo-

HOM u noauTpOHOM p8BHoaepostTHO. B peayllbTaTe 6&mo Bbi"'Hcneuo. 'ITO Q:)KH.Q89MBSI npHM9Cb 

KOHsepCHOHHbiX nap OT 'ITO -M930HOB 1 POD.HBWHXCSI B CT9HK8X H Jl1l8CTHH9 1 H OT 

COCTBBIISI9T 113!_0,5 nap&?). 

!(o-+ 3rro 
2 

B YCIIOBHSIX Hawero ODbiT8 OTCfTCTBOBallH CK01lb-HH6y.a,b 3H81.fHT91lbHbie HCTOlfHHKH nap 

JlamiTU8 1 KpOM9 pacnaaa !{:-+ 3rr 0 • .lJ.aHHbiA npouecC MO('IIH 6&1 HMHTHpOB8Tb llHWb napbl !lanHT-

UB OT pacna.aos 1t' O -Me30HOB 1 pom.aeHHbJX HeATpOHBMH H8 SI.Qpax ('838 KBMepbi 8 6ea1Iylf9BbiX 

asea.aax. O.auaKo 9TOT a¢¢exT s uaweM cnyqae Olf9Hb Man acnencTsHe ManoA 3Hepruu ueA-

TpOHOB (En ,.lQO Mas). Cpe.o.n uecKOllhKHX .aecstTKOB TbiCH~ B38HMo.aeA:cTBHA ueATpOHOB a raae 

KBM9pb1 Mbl H861IlO.ll8nH BCero OKOllO 50 3B93.Ll C pO>K.Ll8HH9M 'IT- -Me30H8. npH aTOM He 6b!l10 

06Hapy>KeHO HH O.llHOR 3893llbl C HcnyCK8HH9M rt8pb1 .LJ.a1IHTU8 1 KOT0p8H MOrna 6&1 B03HHKHYTb B 

x) 3necb npuse.aeua owu6xa pac~eTa. 

6 

pe3yltbT8Te p8cna.a.a po.a.uswerocH s aaea.ne rr 0 -MeaoHa no cxeMe Ll.anaTua. Cne.nyeT npu 

9TO~' U:M9Tb 8 BH.O.Y, 'ITO C9'19HH9 pom..n,eHHSI rr Q -Me30Ha HeATpOHOM Ha SID.pe aproHB B 6ea-

' nyqeaoA aae3.ne, no KpaAueA Mepe, Ha nopHllOK M9HbWe1 '19M ce'leHue auanorH'IHoro npouecca, 

conp<;>so>K.naiOUlerocR ucnycxauueM aapH>KeHHbJX npo.ayxToa pacwenneHHst st.npa. TaKHM o6pa3oM, 

B03MO>KH8SI npHMeCb OT p80CMOTp9HHOro npOUeCCB 38B9llOMO M9HbWe 0,1 D8pbJ 1 H 9}() BDOnHe 

MO>KHO npeHe6peqb. BKna.noM B 'IHCno nap nanHTU8 OT pacnana A 0 
.. n + , 0 TaK)K9 MO)KHO 

npeue6pe'lb 1 DOCKOIIbKY Mbl 1 K8K y)Ke yrtOMHH81lOCb, HCKI110lf89M H3 p8CCMOTp9HHH Te 06118CTH 

• K&Mep&I, r.n.e pacnaaaeTCR no.naanHIOLUee qucno A -ranepouos. 

E.OHHCTB9HHbiM 38Cny>KHB810WHM p8CCMOTpeHHSI HCTOttHHKOM nap Jl81IHTU8 HBIIRIOTCSI B Ha

WHX ycnosHSIX pacna.n&t K~ - '18CTHU aa rr 0 -MeaoHhi c nocne.a.yiOWHM ux pacna.aoM no cxeMe 

nanHTU8 ( rr0 .. y + ( e + e- J • noCKOIIbKY pacna.n [{ 
0 

-Me30H8 H8 rr + rr- aanpeweH Hl1H 1 
2 

no KpaAaeA Mepe, cunbHO no.n.asneu, pacnan. [{ 
0 

.. 2rr 0 
1 TBK>Ke aanpeweuubiA cp -uusapn-

2 • 
8HTHOCTbl0 1 npeD.CTBBllaeTCH Kp8AH9 ManosepORTHbiM. 0>KHD.89Mb19 89pOHTaQCTH H9ATp81IbHbiX [{ 

2 
-

p8COB.OOB C HCDyCK8HH9M .Y -ttaaaTa ( uanpHMep K: .... rr 0 11 o y ) TaK>KQ 0119Hb M811bl. 

B STOil: CBSI3H cnea.yeT yxaaaTb1 'ITO H8MH He 6blll0 aaperHCTpHpOB8HO HH O.OHOro pacnaa.a 

K
o + _ + - Ko + _ • .-.+.-/5/ 

.. rr rr ( e e ) , a TO JrKe speMR 6&mo o6uapy>KeHo 4 pacn8.n.a .. rr rr rr , _ 
2 ' 3 y 

TaKHM o6pa3oM, ecTb see ocaoaauast C'IHTBTb paccMaTpuaaeM&Ie n8pbJ !lannTua peaynbTa-

TOM pacna.aa !{: .... 3 rr 0 

CpaaHHM pacnpe.neneuu:e no yrny paaneTa .a,ng II oTo6paHHhiX nap c pacnpe.neneHHeM, 

p8CC'IHT8HHbiM B npe,nnollO>K9HHU 1 ~TO 9.0HHCTB9HHblM HCTOttHHKOM nap Ll.B11HTU8 HBI1R9TCSI pacna.a 

K: .. 3 rr o (nocne.a.Hee pacnpe.aeneuae 6blno nonyqeuo MeTo.OOM MouTe-Kapno, a '19M no.n

po6aee 6y.n.eT cxaaaHo au>Ke). PHc. 3 DOK83&IaaeT xopowee cornacue sxcnepuMeHTBnbHoro u 

pacqeTuoro pacnpe.aeneHHI. Cne.n.yeT yxaaaTb TBK.>Ke, 'ITO cpe.o.uee aua'leHue yrna paaneTa a 

STMX 11 cny'laRx ( 16°) oxasbJ&8eTCst 6nH3KHM K cpe.a.ueA sem.PtHHe yma paaneTa p- napax 

.OanuTua1 o6pa30DBBWHXCH a pacna.a.e K 0
-+ rr + rr- rr ~7 Y ( 12°),. nonyqeHuol us 12 aape-

2 ~.+ e 
f'HCTpnposaHHbiX K HaCTORlll8MY Bp8M8HH cnyqaes. 

w El + E o 
PacqeTHble pacnpe.n.eneHHR no -- (r.ne w

0 
= ---2-m.).a.ml nap .0.8nKTua OT .'{

2
-+ 3" 0 

/9/ Wo E 1 ·E 2 
H KOHB9pcHOHHbiX nap CHilbHO p831IR'I810TCR. npu: Cp8BHHT9llbHO M8JlOM KOI1H'I9CTBe KOHSepcu-

OHHbiX 91I9.KTpOHH0-003HTpOHH'biX nap B yCflOBHSIX Hawero 00b!T8 3TO p83JlH"'.M9 MO>K9T 6biTb Hc

n01lb3088HO .llllSI OU9HKH B03MO>KHOrO 'IHCI18 nap .(lanHTUa. 8 STOM cnyqae OTDB.Ll89T Heo6XOllH

MOCTb BHOCHTb nonpasKy H& npHM9Cb 'Heny'IKOBbiX"' KOHBepcHOHHbiX nap. J..-1cnonb3yH 9KCilepHMeH

TBnbHOe pacnpe.a.eneHae acex snexTpOHHo-nosHTpoHHbiX nap a .asyx o6nacTHx ( ~ < 6 u ~ > 6 ) 
w o wo 

u conocTaanRR era c pac'leTHbiMH pacnpea.eneHHHMH, nonyqaeM .a.m1 nap LlannTua n KOHsepcnon-

HbiX nap 3H8'19HHSI. N D = 8 

Bb!We~ 

D.nSI. oueuxu o6w«'o 

u N = 33 1 l.J.TO xopowo cornacyeTcs c peaynbTBTOM, nonytteHHbJM 
K 

qucna pacna.nos K 
0 

-+ 3 rr0 ueo6xo.LJ.HMO suecTn nonpasKH 1 CBSI38HHbie 
2 

C HCDOllb30B8HHhlMH HaMH KpKTepHSI.MH OT60p8. PactteT Bcex 9THX nonpaBOK npoaoaHIICSI M9To

.noM MoaTe-Kapno. 

JlnH pacqeTa ucnonb3osanucb pacnpe.aeneHHH no napaMeTpaM X n Y, npuse.a.euu&te a pa

ooTe Kponna H BaJJ.a
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I -

1 J:2. J 
F (z, y ) dz dy • - ( 1 - -) (1 

z ... , 
2 4• 2 • 

+1+-)dzdy z' 
a TBK»<e pacnpe.lleneaue HMnynbCOB 11 -w:eaoaa a cecTeMe noxoR K -Meaoaa: 

----~ 

<II ( q J d q • q 
1 .J 1 - --~ I ( M - < f - _!_ q1 [ 1 - _2;__ J I d q , 

(M-f) - q' 3 ( M -d-<1 .. .. 
I'.ll9 J: "'" my - CYMM8pH551 M8CC8 9n&KTpOH8 R D03BTpOH8; 

I'HH D03HTpOH8 H snexTpOH8• COOTB&TCTB&HHO)• 

1 • p+-P- (i;E-
E + E - ± 
+ -

IJ'O -M&30H8 1 m - wacca snexTpo-

HMnynbChl H seep-

m,- M8CC8 

Ha ' q , t -aMnynbC H SHeprHH 11° -Meaoaa. a M - Mace a K: -:weaoaa. nocn&,llHee pacnpe-

aeneHH9 nonyqeao no CT8THCTH118CKOI T90pHB MHO>K8CTB9HHOrO pOJIK.ll9HHA '18CTHU. nocxonbKY 

Mbl He HM99M TOIIHOI'O CD9KTp8 HMDynbCOB K: -Me30HOB1 B paC119Te HCDOnb30B8nCR CpeJlHBI 

HMnynbC ( p K •450 Mea/c), H&liJleHHhiA no KJl&HTH<PauapoaanHbiM Ke • -pacnaJlaM. 

Pac'leT noxaaan. 'ITO 0.67 ecex nap LlanaTua HM&JOT snexTpoH.bl c HMnynbC&MH a HHTepsane 
0 

p < 80 K p < 100 Mea/c. Ta >Ke aenH'lRH8 Jlnll K -MeaOHOB c HMnynbC&MR 350 Msa/c H 
1 1 2 • 

550 Mas/c a .nns K: -Meaoaos. pasaoMepao pacnpe.neneHHhiX no RMnynbCaM B RHTepeane 

300-600 Maa/c1,paaua 0,71; 0,62 H 0,67, cooTaeTCTaeaao. TaxaM ol5paaoM, aenH'IHBa nonpaaxa 

cpaeaaTenbHo cna6o aaBRCRT OT saaa saepreTR'Iecxoro cnes:Tpa K~ -Meaoaos H ~naaxa x aaa

'i9HHIO 0,67. 

0TaocuTenbHaSI aonH nap c yrnoM paaneTa < 70° cocTasnseT 0,94, a .nonH nap c yrnoM 

BbineTa > 20°-0,96. Bbtno pacc'IHTaao TaKJKe qucno nap, y .XOTOpbiX .llnHHbl o6oex cne.a.oa 

B Dp09KUHH H8 I'OpH30HTanbHyJO nnOCKOCTb npeBblW810T 4 CM. Jlons T8KHX COI5biTHA COCT8Bnii9T 

0,75 oT o6mero qucna. 

B peaynbTaTe y'leTa acex aTHX nonpasox, a Tax>Ke seposTHOCTH ol5pasoeaaHH napbl LJ.anHT"":"" 

ua a pacna.o.e K
0

-+ 3n° (paeaoA 0,037) ans qucna pacna.aoe .f{ 0 -+ Jtr 0 nonyqaeM saa'leHue . ' 
~:!:.200. 

A.ns onpeaeneaua 'IHcna sapS11KeHHbiX pacnaaoa 

HblX Y" -co6biTHA 15blnH HCKnJO'IeHbl A 
0 

-pacna.nbl 

K: -Meaoaos H3 'IRena aaperHCTpuposaa-

5,5%) 0 11 -+ I' -pacn8JlN ( 1,5%) R KOH-

sepcuoHHbie sneKTpoaao-no3HTpOHHble naphl. Ll.nH H&Jl&lKHOCTR perucTpauau pacnaaos K: -Me3o

aos K HHM npHM8H.SinCSI TOT )1(9 XpHT8pHI OT150p8 no JlnHH8M cn9.no& 1 'ITO H K D8paM JlMHTU8. 

Pac'leT noKa3an, 'ITO aToMy .xpuTepaiO OTae11aeT 0,89 scex K 
0 

-pacna.aos. B peaynbTSTe 15blno 

' H8ft.Q8H0 1 'ITO B TOM ol5'h9Me K8M9pbl 1 8 KOTOpOM perHCTpHpoB8nHCb D8ph1 .LJ.anHTU8, HM99TCSI 
· x) o 

2400 !,240 aapH>K&HHbiX pacnaaos K 1 -Meaouos, a OTHOCHTenbHa.R seposTHOCTb aeATpanbHoro 

pacna,lla K: -Meaouos pasaa: 

W ( K: -+ 3 11 ° ) ____ • 0,24 + 0,08. 
W ( K~ -+ ace aapa>KeH&ble) -

He6onbwoe 'IHCno saperecTpapoaaHHbiX nap .LlanuTua ae noaaonano HaM o6aapy*HTb xaxyJO-nel5o 

0 pasaeuy s scpcpexTHBHOCTHX sasyanbHol peracTp&UHH nap LlanaTua a pacn~.aos K, -Meaoaos, 

DOSTOMY OpH p8C'I9T9 DpHB8Jl9HHOrO BbiW9 OTHOW9HHSI 9TH acpQ:>eKTHBHOCTH Dp8.0.DOJ18I'8nHCb 

p8BHhiMH. 

X) npHB9Jl9HHaSI OWHI5Ka )'1'f:HTblB88T CTaTHCTH'IJ8CXH9 OTXnOH9HHSI
1 

a T8Jt)l(8 OWHI5XH
1 

CB51-
38HHbl9 C BH9C9HHblMH DODp8BX8MH. 

8 

Ecna HCDOJlb30BaTb .Q.aHHble pat50Tbl/]Q/• 8 KOTOpOA 0U9HHB8Jl8Cb OTHOCHT9JlbH8.H eeposTHOCTb 

pacna.o.a K: ... , +.,- n ° , TO n.nH OTHoweaus o6oax pacnaaos MO>KHo nony'IHTb: 

0 + . 
W ( K -+ 11 11- rr0 ) 

Rl • 2 
0 = 0,56 + 0,21, 

W( K: -+ 311 ) 

'ITO cornacyeTCH a npeaenax ownt5ox c npasunoM OT6opa 

~~~~ e \-1 ' (R = 0,55). 
1 0 CpaeHeaae at5conJOTHh1X sepoRTHOCTeA 3 11 -pacnan.oe K 

2 
H + 

.'{ -M&30HOB Jl8&T: 

R a W(K: ;: __ ~_}_- • o.77 + 
1 W ( K + -+ 311 ) -

0,34 • 

npaaHno oT6opa ~~- ~ np&JlCX83NBa9T R' • 1.21 

3aaqHT9JlbH8H CT8THCTH'I9CKaB 0WRt5Ka He aaeT noxa 803MO>KHOCTH roeopHTb 0 HanH'IHH K8KOrO-TO 

pacxo>Kaeaug. Cne.ayeT no.atrepxayTb TaJuKe • 'ITO ans nony'I&HHH sxcnepHM8HT&nbHoro oTaowe

HHSI RCDOJlb3088n8Cb senH'IHHa Cp&JlHero BpeM8HH }I(H3HH K: -M830H08
1 

H38SCTH851' 8 HaCTOSII.ll:ee 

Bp9M:SI C 150JlbWOA H&Onpe.aeneHHOCTbJO. 

B aaxnJOqeHua MM xoTena 6h1 no6naroaapHTb KonneKTHB SKcnnyaTaUHOHHblX 

CRHXpO~a30TpOH8 1 '19TX8H pa6oTa KOTOporo o6ecneqana DOCTBHOBKY 9TOA p860Tbl. 
OTJl€1J]OB 

Mb! rnyt5oxo npH3H8T9nbHbl S.M. noaTeKopso, ol5paTHBWeMy BHHMaane H8 B03MO>KHOCTb 

H3ylf&HHSI pacna.a.a !{: ... 3 11 ° no napaM .llanaTua, aa MHOroKp&THbre o6cyJK.aeaas. 

Mbl ablpa>KaeM 15naroJlapHOCTb 3.AHnpoHaxowaana, B. H. Bexcnepy, B.n. Ll"'enenoay aa 

co.nelcTsae H nOMOW:b e pat5oTe,. a TaK»<e rpynne na6opaHTOB a oco6euao cTy.aeHTy Pa>KcKoro 

YHRBepcuTeTa 10. nyxCTbJHbWy a a y'laCTHe B H3MepeHHSIX. 
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I 

Ta6n•ua 1 

Y1MnynbCHhl9 H yrnOBbl9 xapaKTepHCTHKH nap .LJ.anHTU8 

IUU<pp 
p+ ~ e*' 

'T'~ T- I 
~ w '7' ... T ... 

N.il/.._ M~b/c.. ,,..;, lpG'C> 

1-69 50±3 40±3 1 fG:ti 8 ~2 (/98tq1! ~ootq4 

l-2116 HH 31{±'t 71 ±i 3'tt.:! 1,/.0tq/6 
I 

QfSt~ 

I 
U-51f 22t.# 85±5 56~2 i6 !2 O,B~qG Qro!O.M! 

1"-3!1 93!6 30!11 Jt,{,! 1 2 ! 2 Q9'(!Qil. -J. 

t?-11 '13-:tl( 26!2 '15 ~1 i'1 !2 atli~Qt.. Q13t!JS' 

J.g-35 8J!5 60±/( lt9 !:! 19~2 -1. -i 

3£-19 /.71.1. 8!QS 39 ~i to ±3 -t -i 

3'-y {6t I. 60!4 3il ~:t 7!1. q83-:t0)1 l,IO'!~ 

~'t-7'f Sots 33t2 '1"( ±i 20!11 ~· -t 
..... 51-35 30:6 6t!il ~!2 't2tll -~ -l 

--

6'1-tr./ 29±2 J.OSt:IB 33 ±2 3±l -J. -J. 
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PHc. 1. VhlTerpanbHoe pacnpe.aeneHue no napaMeTpy ( ~~ ) 2 

w 

,.,
,..r-
1_ ... --

m"o 
TeopeTtPieCKoe pacnpeneneHne, 

3KcnepHM9HT8l1bHOe pacnpe.aeneHue nap LlanuTua 1 

3KCD9pHMCHT8l1bH09 pacnpe.oen9HHe KOHBepCHOHHbiX nap. 

.. 14' ~. 

Puc, 2. VIHTerpanbHOe pacnpe.oeneHHe no yrny paaneTa ( ~-) 

,.,--- wo 

pac<teTHOe pacnpeaeneHI!9 .anSI nap nanHTUB OT pacna.aa X: -to 3 TTO 

,- TeopeTH'iecxoe pacnpe.o.eneHae .ons:~ KOHnepcHoHHbiX nap 

,..r- 9KcnepHMeHTSnbHOe pacnpe.aeneHue .ans:~ nap .lJ.anuTua. 


