
v34b bv AcmBaqam!Jpa& f. r: 
A-9i 5Z-I- '1329 t 



. 
(j 

Jla6opaTOpHSI BUC :>KHX 3Hepr:mt 

~-!-~ 
P .r .AcxBauaxypoB, A.M.Ea.~HH, B.A.RpaMapeHKo, 

B.T.MaTDWHH, r.JI.MeJIKyuo:a, M.H.XaqaxypSIH, 

: M.C .XBac xyHo B • 

nPOERT --
3RCnEPHMEHTA no liCCJIE.llOB.UIHD PACnA]{OB '/-+ ( 0d 
H W __. 3r • f' C nOMOlll:OD HCRPOBHX 

RAMEP, tiEPEHROBCimX r AMMA-CIIEKTPOMETPOB 

:vi CIIEKTPOMETPOB HEVlTPOHOB no BPEM]}m 

llPOJIETA. 

~~~-~~ 
Ut?,J.."';..',::.t. lOt.~~"'~ 

~..USI\l!;:-~.0· iTZ~·lA 

.. 



• ---·-·"··-------------------------··-... 

- 2 -

OrJIABJIEHRE 

•. 3ae)1eH;te 

l. ~·;~3 H4eCK8J1 npodJieMa 

). Y.;mcuanuta npouecca: 

"· Y.;tHeuaTKKa npouecca: 

5. rcoMeTpKR onaTa M axcnepHMeHTaA1Haa annapaTypa 

( • ny~OK 11 - l!e30HOB 

7. l.!~::iCRb. 

~. ,!teteKTOp 'l{ - ItBaHTOB 

9. i!cp;po a~e KaMe pH 

; 0. 'l'OqHOCTb M3MepeHM ~q>eKTHBHOM! li8.CCH 

••• J.neKT po HHM annapaTyp a 

~~H6pOBKa ~ - cneKTPOMeTpOB 

l). CneKTpoueTp HeHTPOHOB 

l'- • lt'¢eKTKBH0CT:b ,JleTeKTOpa He~TpOHOB 

I~. J.neKTPOHKKa ,JleTeKTOpa HenTpOHOB 

! t>, PacqeT cTaTHCTHKH .JlJISI npouecca: .,-p- w V\ j ~ -~· )( 

. l·;. Pa.cqeT cTaTHCTHKH .JlJISI nportecca: 1rp -... ~ Y\ •• f..-."\'( 
lt. Ko.n~eCTBeHHaJI oueaKa cpoHowx npoueccoB. 

l~. OueHKa BKn~a cpoHOBHX npoueccoB,oOycnoBneHHHX 

pa.cna,Itrus:H pesoaaaco B. 

2 
5 
8 

10 

II 
12 
12 

12 
14 

15 

15 
16 

. 17 

18 
\8 

20 
21 
Z2 
-~o 



_______ --4.._ __________ •.. ___,.._..... _______ ~-- .. 

- J -

l. B B E l E H H E 

Pa,n.~aUHOHH&e pacna,nl:i CHJibHOB3aH:~o,ne~CTByi>utHX t~aCT~ HHTeH­

C1.lli!O o6cyx,naDTCSI B JIHreparype. Tpy,n::~o yxasarb oCiJiaCTL :reopHH ~Jie-

111,;;~rcpmiX qacT:m:t, K KOTOpOH :3KCnepH:'leHTaJILHlie ,ll;a.HHI:ie 06 3THX pac~ 

~c..!e.X He HMeJlH Cili CaMoro npSIMOrO OT tiOllieHHSle 3,neCL MOJCHO OTMeTHTb 

1. i·~CmHe CHMMeTpl.U1, ~Jire6py TOKOB, ·reOpHH.' OCBOBaHHJie Ha ,Il;PICnep-

C lf· JutUX COOTHOllieHHSIX, MO,D;eJib BeKTO~JlOit )J;OMHHaHTHOCTH, aJireCipy 

l:vJ:e:!, HCCJie,ItOBaHHe aCHMIITOTH'leCitHX CBOHCTB aMOJIHTy,D; 6HHapH&X 

;.tt•~:uKR ( 140,D;eJIL Pe,11;ze noJIDCOB), np,lBepKy KBaHTOBOit aJieK:rpo.n;HHa.MH­

xa K T .A. O,nHaKO, HeCMO TpSI Ha CiOJibilll)e qHCJIO sanpoCOB :reopeTHKO B, 

~~cr.rpov.arHHTHlie pacna~ pe30HaHCOB sa O'leHb He60JiblliHM HCKJIDqeHHeM 

i:;~r.TU'ieCKH He Z3y'leHI:l 3KCnepHMeHTaibHO • Ilpe,D;JiaraeJ.ruH npOeKT SIB-. 

!~CTCR ec:reCTBeHHHM pa3BZTHeM pa60T no HCCJie,li;OBaHHD aJieKTpOMarHHT­

HUX pacna,noa, npOBO,li;HBlliH~CSI B llB3 B Te'leHRe I965-I967 ro,Il;OB •. 

3 :iTHX 3KCnepRMeHTaX CihiJl HCflOJI:b30Ba:f CJIOltH&it KOifiiJieKC annaparypu, 

COCTOnllt~~ H3 CUHHTHJIJISII{HOHHI:iX C'ieTti:lKOB, HCKpOBhlX Ka.Mep H qepeHKOB­

Cli~X rawa-cneK:rpoMerpoB. Onl:iT 3Kcn.aya:rroutn yKasaaHol! perPicrpRpyD­

;;eP. CKCTeW flOKa3aJI ee B&COKyD 3qxpe::tTHBHOCTb ,I(JIS HCCJie.D:OB8.HiU:I 

pe.lKV.X .{aCfla,ltOB pe30HaHCOB Ha 3JieKT:pOHli H 4>0TOHI:ie 

B 'tucrHoc:rH, c noMOinbD paspaCio:raHHO:~ uero,n;RKH CiHJIH BnepBhie Ha.n;ex­

HO K;teHTHIPHUHPOBaHH H H3:MepeHH pacna.,n;hl BeKTOpHhlX Ue30HOB ( j H W) 

lll.l. ~JleKTpOH-fl03HTpOHHlie naphl. ilo CJie~~yDmHe 3KCnepHMeHTbl, BliflOJIHeH­

l!llO a xpynHeHm.Hx JiaCioparopHSix MH})a ·: EpYJtxeneH, UEPH, .11E3H) H 

:IKCnepHMeHTI:i Ha BCTpeliHiiX :3JieitTpOH-l103HTpOHHI:iX ny'IItaX, flO,li;TBep,D;H-

JUt lU~pil flOJiyqeHHI:ie B ,ll;y6He • 

Yxa3aHHaSI ycxaHOBKa nosaonmJia TaKxe a,nea:rm4>H~Hpoaarb pe.n;KRit pac-

ca.~t "f- e+ e.· H H3MepHTb ero BepOJitHOCT:b • 3TH ,11;8.HHSe ,1.1;0 HaCTOSUJtero 

BpeueHH OCTaDTCB e,l.l;HHCTBeHHHMH. 3TH npHMepu DOKaSHBaDT BUCOityD 
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l~dtr.ypeH!HOCnOCOdHOCTh ycTaHOBKH ,IJ,al!Ce npH He6JiaronpWITHUX ( no 

o:aomeHHD K sapydel!CHUM) COOTHOmeHMRX B napaMeTpax nyqKOB. 

JpyrKU Ba~HHM CBOMCTBOM npmdopa RBJIRe!CR ero rnodaJihHUM xapaKtep 

r.c.ao3MOXHOCTh O,IJ,HOBpeMeHHO~ perKcTpaumm pacna~oB pasJimqaoro THna. 

~al, aanpHMep, B npOBe,IJ,eHHUX 3KCD03M~HRX ycTaHOBKO~ dHJIO saperHCTpH­

•otaRO OKOJIO ~eCRTH ~CR'l pacna,IJ,OB Ha ~Ba raMMa-KBaHTa, 2,5 THCRqH 
I 

¥acnn~OB Ha TpH raMMa-KBaHTa, HeCKOJib~O COT COdHTHM THna 4 ~ H T.~. 

JU ,1taRHl:le B HaCT ORiqee BpeMR 06pa6aT!iBa.DTCR • 06padOTKa 'tlaCTK MaTe­

;r.a~a noKasana, 'lTO paspeman~aa cnoco6aocTh ycTaHOBKH B H3MepenaH 

:·~qeKT~iBROit uaccu xopomo corJiacyetcn c pacqetnuM snaqenmeu H paBna 

!10,1;. O,n:aaKo, 6uctpoe pasBMTHe SKCnepMMentaJihHO~ TeXHHKH H neo6xo­

JV.~OC!b KOHKYPHPOBaTh c Be~~HMH Jia6opatopmaMH MH~a ,IJ,eJiaet neo6xo­

_x;ua.n' cyii(eCTBeHHOe yJiyqmeHHe n~pa:MetpOB ycTaHOBKH. B CBR3H C 3T~ 

8 JW.CTOSUiteM npOeKTe npe,D;.naraeTCSI ,IJ,ODOJIHHTh cynteCTBYDJityD ycTaHOBKY 

C~CTeMO~ CUHHTHJIJISIUHOHHUX C'tleTqHKOB ,IJ,JIR H3MepeHHSI BpeYeHH nponeta 

MC2!pOHOB H B ,IJ,Ba pasa yBeJIHllHTh llHCJIO KaHaJIOB perHCTpaijMH ~ -KBaH­

TuB, B pesyJihTate taKo~ MO,IJ,epamsanH~ paspeman~n cnoco6aocTh ycTa­

HOBJtH MOJ!CeT diiTb ,IJ,OBe~eHa ~0 BeJil~llHllli AW\ =+(7-IO)MSB H, CJie,IJ,o-. -
!UlTe.llbHO, llORBJUieTCR peaJihHaH . B03MOJ:HOCTb pas.zteJIHTb pacna,IJ,U J,....ete 
x w -.e+~- HJIH w~lfr, g->"1l'¥ ,(G) ..... vt• t , X .... 9. ){ , S - ~ y H t .,IJ,. 

Ucnun pSJ,n; Ba.JCHUX sa;n:aq cpmsmtH sJieKTIOMarHJrtTHHX B3aHMo.neACTBH~, KO­

topue NoryT 6ut~ pemeau c noMOJitbD n}e~Jiaraeuo~ ycTaHOBKH o6cyx,IJ,a­

JHCb B npe~,IJ,ymeu npoeKTe [I] • CymecTBenno no~qepKHYTb, qTo axtyaJih• 

noctb c50.1IhlliHHCTBa H3 STHX sa,IJ,aq sa IJpome.n;mme TPH ro~ Bospocna. 

0~RaKo, HMeDntHeCSI 3KCnepHMeHTaJIDHJie ,IJ,aHHUe ~axe 06 OCHOBHHX 

. :)Jl€KtpouarHHTHUX pacna,IJ,aX HOCRT npe,]J,BapHTeJibHH~ xapaxTep. . 
flpe,~tnarae:Moe B nacTOnllleM npoeitTe yBE!JIH'tleHHe 'lHCJia :ttanaJIOB per uetpa-

~HH AO lleT~pex D03BOJIReT npH6JIH3HTb reoMe!pHD yctaHOBKH K 
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•2,. reouerpHH". Heo6xo,n;HMo no,n;twpKHYTb, 'tiTO 6e3 taKoro yBeJIH'tleH 

!' t: ilCTprt'ieCIWt1 3cppeKTHBHOCTH annapaTypu npOB8)J;8HH8 TaKHX 3KC·n 

! : ~ t JtaK 06HapyllCeH)18 pacna,n;OB THnH V .._. ~0 -+ '( -1, '(" H H3MepeH 

J ;t! ~ cpeHIUtaJI:bHOrO C8'i€HHSI peaK[(HH: 

11 ... -+ p __.... Y\ -+ V I V--.. -TJ• '( 

r ;.e ueo6xo,n;HMO onpe,n;eJIRTb pacnpe,n;HJieHIDI no aar,myraJibHOMY yr 11y Me 

r..~OCKOCTbl> peaK[(HH H fiJIOCKOCTbiO pu.cna.u;a CTaHeT H8B03MOllCHhtM. 

::;c;.Jiaraewii 3KCnepHM€HT 06Jia,n;aeT BbiCOKOti KOHKypeHTHOCnOC06HOCTbD 

ocoOeHHO ecJIH yqecT:b 60JibmOti OnhtT, HaKOnJieHHhtti aBTOpaMH npoeKTa,K 

! 3XCnJiyaTa[(HH no,n;o6HOrO po,n;a YCTU.HOBOK TaK H B odpadOTite 3KCnepH:t. 

• . ':uJih HUX ,D;aHHhtX. 

I B xa'ieCTBe ocHOBHOro 3KCnepHMeHra B .n;aHHOK npoexre npe,n;naraerc 

xcc MJr.OBaTb nponeccs: 

(I) 

(2) 

Cor JjtlCHO :U:O,D;€JIH B€KTOPHOli ,D;e:MHHaH;HoC TH (VbM) , Ce'tleHHSI peaK[(Mtt;i 

(1) " (2) npOCTO CBi13aHU C cetteH~eM q>OTOpOJC.n;8HHil , - M€30HOB 

~JocKanRpHUMH ~OTOHaMH. KsocKaJIR~Hoe ~oropollC,n;eHHe uesoHOB iiBJIReTCH 

O,lliiHl H3 HaHMeHee H3Y't18HHI:iX npoueCCOB 3118KTpOMarHHTHOrO B3aHMO.zte~­

C'rllitR. 2<>TOpO)IC,IJ;€HHe Me30HOB B 06JlaCTH 3HeprHt;i nOpii,D;Ka HJIH dOJibme . 

J r~a 06HapyXHBaeT ( CM., HanpHMep, 0630pHue ,D;OK11~ B.llaHO¢CKOro 

it r .i~oca Ha re~,n;eJibdeprcRoa KOH~epeH[(HH, 1967 r.) BeCbMa CBOeo6pa3 . 
Hoe noBe,n;euPie, KOTopoe He onHChtBa.erca npocreitmeA :uo,n;enbD no1lDCOB 

Fe;:.xe. 3,n;ecb npOSIBJIRDTCR KHTepeCI:rhte 3aKOHOMepHOCTH, He nOHiiTj(ue C 

T0'4KH 3peHHR 'feOpHK., 
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i'.t.K noKa3l.lB8JOT 3KCnepaMeHT8JI:bHl:ie ,u;amrue peaK~HH (I) H (2), 00-BH­

_t;OlOUy, B006JI49 He OOHCI.lBaDTCSI nepwpE:pHtleCKO~ MO,l4eJI:bD C O,lJ;HOMe30H­

!ll.al ( f - M930HH~M) O()MeHOM. B CBSI~IH C '3TjU4 HeH3BeCTWit, Henepa-
• 

~ epH'leCKHA BKJia.u; B 3TH peaKUHH R BJISIE:TCSI OCHOBHbiM. TaKim O()pa30M, 

;, eaKURH (I) H (2) ,140JIJKHU dl.lT:b He06J:it[aJtHO KPHTHtlHI.l K O,B;HOMY H3 

HUii60Jiee HHTepeCHiiX RBJieHHit C TOtlKH speHHSI TeOpHH peaEUHa ll.PH BbiCO­

li:X 3HeprWIX. Bo BCJIKOM CJiyt~ae, ,140BCtJI~HO HeCOBepmeHwe DOnl:iTKH 

r:octpOeHM TeOpHH 3TOrO .RBJieHHR, OCHOBaHHiie Ha TaK H8.3liB8.eMOlt rH­

OOTe3e 0 3ai'OBOpe nOJIDCOB, MOryT d!i~~:b UO,D;BeprHyTU ,IJ;eTaJI:bHOa npo­

BCpJte. liH<l>OPMaUHH, noJiyqaeMasi 0 pelLKUitiRX (I) H (2), Oita3HBaeTCR 

Jiial:irtTeJI:bHO 60Jiee ,IJ;eTaJIH3HpOBaHHOH IIO OTHOWeHHIO K Toa ItiH<l>OpM8.I.tld11i, 

J:OtOpyD MOJICHO H3BJI9tl:b H3 ,D;8.HHUX no (?OTOpOJlt,D;eHmo J4930HOB. 3TO CBR3a­

HO, BO-nepBblX, C TeM, tlTO npH H3ytteHHH !POTO,POJJC,]4eHHSI nHOHOB pa3,149JI:b­

l!•JC H3yt~eHHe H30CitaJIRpHO~ H J.130BeKTOpHOit qacTeit aMnJIHTY,IJ;U B03MO:!HO 

TOJlbltO B pe3yJI:bT8.Te ,140BOJI:bHO HeO,D;HOaHatlHOA HHTepnpeTaU~'IH ,IJ;aHHblX no 

~oropo~eHWO Ha ,IJ;eltTepHH ( 3TH ,IJ;aHmle HeMHOrOtlHCJieHH!:i); BO-BTOpblX, 

C •ell, \ITO B npe,u;JiaraeMOM 3KCnepMMeHTe CT8.HOBHTC.S: B03MOJ:Hbi..C( H3~epe­

Hi!4 llatpHX:Ui DJIOTHOCTH BeKTOpHoro Me:30Ha. IlOCJI9,IJ;Hee, B COOTBeTCTByDJI4l1. 

:l!tCI:epm.leHTaX no cl>OTOpo:a:,u;emW, 03Ha·;raeT H3MepeHHe 06pa30B8.HHSI nHO-

l!(J o H30CKaJUipH1lMH noJIHOCT:bD noJIRpH30BaHHli:wi <PoroHaMa. TaKaJI nocTa­

v.n~1a npoOJieMU <POTOpO%,IJ;9HRH UHOHOB, npH cy~eCTBfD~eA 3KCnepKMeHT8.Jib­

HO R TeXHHKe, H9B03MOJICHa Ha 3JI9ItTpOH:iiLIX yc:s:opHTeJIRX. 

0 peO.KUHH (2) CJie.n;yeT CK8.38.T:b OC06o. Pacna,n f-'1+( e~e He OTKphiT. 

CJIC.lOBateJl:&HO, H8.0JID,IJ;eHHe peaKIU1H (;~) D03BO 1IHT BnepB~e O()Hapyi:HT:b 

~TOT pacna.,lt. CorJiaCHO KBapKOBOkt llO)l;I~JIH H 5\,{((,) ClUlMeTpHH, nap­

ttlt.1JihiH1H IURPHIIa pacna.n;a f- '\'{ B COTHH pas )J;OJIJCHa npeBblmat::& nap-

i.4~t.'l.UHyD mHpHHY, 06HapyxeHHOrO HaMH ( ~ ) pacna.n;a f ~ <. + e,- • 

l:ntefeHHe OTHOmeH:wt BepOSI'rHOCTetl paona,IJ;OB 'f_.4t~- u· '-f--VJ'( 



-----··-·-··-------··· -~"''~-·······-·--

.. 

~ . 

:~ 

- 7 -

. ~.1 RCl'CSI O'QeHh llYBCTBHTeJihHO~ npOBepKO~ npltiMeHHMOCTH Bl:lCillHX CHM­

ii•::'i:it:l K npoueccaM 311eKTpOMarHHTHOro B3aHMO.D;ei1CTBHR a.n;pOHOB. 

J JxcnepHMeHTe ,D;OJI~HI:l 6UTh H3MepeHU 3aBHCMMOCTh ceqeHHR reHepaUHH 

~'~r:ropHUX Me30HOB OT KBa.n;paTa nepe.n;aBaeMoro HMnynhca (-t ) B o6 

:.: 0 < -t $ 0, 7 (r3B/c)2 • 3TO HaHCiOJiee HHTepeCHM 0611aCTh nepe­

;~?..lCM~X HMilYJlhCOB C TO'QKH 3p6HHSI npOB6PKH BKJia.n;a J- M630HHO~ 

-:;~e~tropHH Pe.n;xe. IlpH -t =o, 5 (r3n/c)2 B KPHBOki 3aBHCHMOCTH ce-

. ~cl!l!Sl reHepaUHH B6KTOpHbiX M630HOB O:~ t .D;OJI:Z:eH Ha6Jm,D;aT:bCR 'QeTKO 

: •!·Ui:CHHblti MHHHMYM, eCJIH f - Tpaei:TOpHR .n;aeT. 3aMeTHLI~ BKJia,D;. 'IT061:l 

z .£.1BiiT:b xapaxTep KPHBOit, ,li;OCTaTO'QHO saperHCTpHpOB8.Th H6CK011hKO 

:,reii C06biTH~ peaKI.'(HH (2). 

1': ;10 BOe pacnpe.n;eJieHHe peaKr(HH (I) MC 1X6T ·6b1Th H3MepeHO C JIY'tliD6H 

· .. -::IIHOCT:biO. KpOMe TOrO·, B 3TOM CJiyllaE! OKa3HBaeTCR B03MOXHI:lM H3Mepe-

lii.C MarpHUI:l nnoTHOCTH. YrnoBoe pacnpe.n;eneHHe '( - ItBaHTOB, o6pa-

~TAJ:i!HXCSI B pe3y11:bTaTe pacna,IJ;a (..) -.-n°1( HM66T ( B CHCT6Me ·llOKOSl 

W • M630Ha) C116,li;J'X>Il{H~ BH,ll;! 

vl(6,f)= 1- foo t.Q~2 e- f,11 ~i""te +f".
1 
~;t1'9 ~~...f+fi' Rc.g"o ~ir\29~-{ 

r~e 3a 0011S1pHyD OC:b npHHRTO HanpaBJIE!HH6 B.D;OJih Hl.LnYJI:bCa "11- - M630Ha, 

J .. 3Jl6M6HTbl MaTpHI.'(bl OJIOTHOCTH, 3aHHCS1lltHe OT S ( KBa.n;paTa OOJIHO:tl 

j11eprm1 B CHCTeMe neHTpa uacc peaKu~rH), H t ( KBa.n;paTa nepe.n;aBae-

woro 4 - HMnynhca); () : 1- Cl 
JOO J-t"\ • 

B 3KCnepHMeHT6 6y.n;eT H3MepeHO W ( 6,"'~) BO BC6~ 06JiaCTH H3M6H6HID1 '-f • 
IIpOMHTerpHpOBaHHOe no 'f yrJIOBoe Jacnpe.n;eneHHe pacna.n;a nosBOJIHT 

C TO'QHOCThiO ,D;O H6CKOJihKHX np0[(6HTOB H3M6pHTh ~00 KaK cpyHKUHD t 
( OKOJIO IO TO'tleK Ha KPHB0%1). AAH onJe.n;eJieHM napaMeTpOB: P P 

.) Olt I J-(-1 

H R~ J10 Heo6XO,IJ;HMO noJiyqHTh .n;eCSilh 3Ha'tleHHi1 cpyHKr(HH W(9tf) ·' 

U3MepeHHI:lX c TO'QHOCThiO panaoil IO% ( .n;11a KaliC,IJ;oro H3 ,IJ;eCHTH sHaqe­

RHR t ). 
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:~~r.ml odpasoM, nnauapyew£1 3KcnepmMeHr nosaoJutr nonytmT:& yaaKaJI:&­

H:·o Hlr;!JOpM8.UM!O 0 CBOkiCTBaX 06pa30BaEHH R pacna,na BeKTOpmiX Me30-

J!C,B, nrpa.D~Hx, cornacHo cymec:rsyiOJll:HM npe~craBneu:w~u, IPYH~aMeu:ran:o­

;i}'D :pOJib B cpa3RK6 CHJILHLIX B3aaMO,IJ;e~CTBl1ii.Pe3D:Mlq)YH lPH3aqecKyD qact:D 

:.;~c 1ra ccpopMYJIHPYeM·ocHosaue pesyn:&:raru, KO:ropae 6y,11;yr nonyqeua 

~ :JKcnepiDJeare. 

l. ~OKa3aTeJI:&CTBO CyJlleCTBOBaHKa ( .HJIH OTCY:J:CTBRR) pacna,IJ;OB 

'-f-~0 ~ H H3MepeHHe ero OTHOCHTeJibHO~ BepOJITHOCTH. ITpoaepKa KBapK0-

1ux llO)J;eJiekt H SU (b) CHMMeTpHH. 

2. ITonyqeuae YHHKaJibHO~ HHcpOpMaUHH 0 ceqeHRRX 06pasosaHHSI B6K­

":Ct-HllX Me30HOB ( BKJmqag ,IJ;aHEme 0 Marpaue nJIOTHOCTH peaiti.tHH (l)) • 

3:u HH!lJOpM~UHJI ll03BOJIMT C,IJ;eJiaTb KpHraqayD npOB~PKY HHTeHCHBHO 

cccyx)J;aeMax MO,IJ;eJieil B :reopHH sneMeHr9.pHb1X qacrau ( V.bM · ,uo,IJ;eJIH 

~':TOpo:EAeHHH "1\ - Me30HO B Ha HYKJIORaX, MO,IJ;eJib llOJOOCOB Pe,IJ;liCe) • 

J. l13MepeuHe aepOSITHOCTH pacna,IJ;OB '-f~ (.+e: H onpe,11;eneuHe 

''HcTaHTbl '!.i I '11\ c I~ :roquoc:r:&IO. 

!ir~CKOJibKO HaM· H3BeCTHO, aHaJioraqHue OimTli Ha ,II;pyrHX yCKOpHTeJISIX 

B HaCTOHJll6e apeWI He llJiaHMpyx>TCH • 

KIDieMaiHKa n:ooyecca: -
(I) 

Y~!HeMarHqecxHJ;t auanas npoueccoB (I) aposo,IJ;HJICSI ,lf,JISI -n- - M630HOB 

C lUJIIYJILCOK p=4, 0 rsa/c H ,lf,JISI .M-f =l020 M3B ( CM. pac .I-7). 

t~e~eJI:DHblii yroJI aune:ra '1° - uesoua s 11.c .K. paBeH I0°, npH sro:w 

y:'011.Mt~fj'(- KB8.HTOll H "\0 -Me30HOM ( 1I.C.K. paaeH 9 :I8,s0 • 

lLJI nponecca ( 1 ) onrHua.JI:&HO It H BJIFieTCSI reo:u:etpHSI, KOr ~a cneKrpo-

verpl.tC",t oxaaTbiBaitT HHrepBaJI yrJIOB :>T 3,5° ,11;0 22°, a cneKrpouerp~l 
t/ 

·c\,'i OXBaTbiBalt'r HHTepBaJI yrJIOB OT I4,5° ,11;0 'J7° • 
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3 onrauaJihHO~ reo:MeTp~:w paccTOSIHl'Ie MeJK,IJ;y neHTPOM wmeHH H 

Q,e!iTpaMH cneKTpOMeTpOB paBHO npX~MepHO 105 CM ,II;JISI CJ,'f H 120 CM 

'•" c . ,.,,,A i,l, 

nroae~eHHU~ pacqeT fiOKa3HBaeT, 'qTO 3~eKTHBHOCT:O perHCTpaUHH r . . 

pi!Cna.JWB ( i ) B BH6paHHO~ ( OOTHMaJI:bHO~) reoMeTpHH paBHa 

E:: 2%. B pacqere 6uJIH Hcnon:oso :sanu suaqeu:wSI Mac eli ..u (..f) ;::1020M3B 

)t ::lr!PHHU r-f = 0 H saBJIICHMOCT:& .ztmPtiJepeHnl'IaJI:&Horo ceqem1SI o6paso­

~'lH"R "f - :Me30HOB OT t t annpOKCID.UipOBaHHM Biipal!CeHHeM: 

(2) 

j B~6paHH~~ reOMeTpliH annapaTypo~ Bii,IJ;eJISIDTCSI B OCHOBHOU Te CO­

C :•TWJ, KOr ,IJ;a m.myJI:&C nepe,II;aHHii~ HYKJIOHY :MaJI ( HHTepBa.JI yr JIOB 

8 C.l\.H• OT 0° ,II;O 30° ) • CoOTBeTCTBeHHO (( - KBaHTii OT pac-

i::.~.;ta "f:_. Y\ 0 Y B CHCTe:Me fiOKOSI ~ . - Me30Ha OXBaTUBMT HHTepBaJI 

}iJIOB OT 30° ,II;O !!0°, a ~· - Me30Hii HHTepBaJI yrJIOB OT !50° ,ItO 

.. ·.0 
IV t 

3 pact~eTax yr JIOBOe pacnpe.zteJieHl'Ie n po.n:yKTOB pacna.n:a pe3oHaHca 

=:~e,JtnOJiaraJIOC:O H30TJ>OOHiiM B CHCTeM'3 fiOKOSI pe30HaHCHOit tiaCTHUii• 

A!ID.JIH3 3HepreTH'leCKHX cneKTpOB t; - KBaHTOB H ~· - Me30HOB 

( Ha OCHOBaHHH KHHeMaTH'leCKl'IX pacq9TOB) OOKa3HBaeT, 'qTO B CJiyqae 

P,. =4,0 r3B/C H ..U(..f) ;::1020 M3B B Bii6paHHOJ! reoMeTpHl'I 3Hepre-

ttt4eCKHe cneKTpll B npe,II;eJiaX KOHyCa C yrJIOBUM pacTBOpOM ( TeJieC­

ii!lR yr011 OXB8.'liJBaeMidt COeKTpOMetW~) RMeTOT MaKCHMYM npH 3HeprHl{ 

2 r3B H rpaHH"qHUe 3HaqeHHSI OT 1,0 r3B ,II;O 2,6-r3B ,II;JIR { -KBaH-

!OB H I,3 r3B .n:o J,O raB .D:.IlSI ~0 
.• Me30HOB, 

Ha pJilc, 8 npHBe,IJ;eH cxeM&TMqecxl'In tie)tex reoueTPHM ycxaHo BKH ,n:JISI 

HCCJie,JJ;OBaHlUI peaitUHH (I) • SKcnepHl4l3HTaJIJ»HaSI annapa.Typa OOHCiiBaeT­

CJl aa corp. 
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KrmeMaTHita npogecca: 

'1\--t- p---w-+rt, w-P-n''( (3) 

!{ 1~HeJJarHqecitH~ aH~JIItf3 nponeccoB (I) npoBO.ItHJICSI ,n;JIH. 11- -Me30HOB 

c romyJibcOM p =4,0 raB/c H ,n;nSI r~w =780 MaB ( eM. pHc.9 H IO). 

~i!HmJaJibHH:il yrOJI ( MHHHMaJI:DHOMY yrny B JI.C.K. COOT~eTCTByeT CID4-

UCTpHqH~H pacna,n; pesoHaHca B CHcTeMe noitoSI·pacna,n;aro~e~cH qacTHnH) 

uel,lty 11°- :Me30HOM H '(' - KBaHTOM B .JI.C.K. paBeH e.,...;,. =21° • 

PactleT 'noKa3UBaeT, tll'O Olll'm.taJI:DHOkt SIBJISieTCSI reOMeTpHR ( e =26°), 
tl 

::or ;ta HanpaBJieHWI BhlJieTa '( - x:aaura H -n - MesoHa no,n; :MHHHMaJI:o-

HiHl yrJIO:M HMeDT HanpaBJieHHH 6JIH3KHe K HanpaBIIeHHSIM oce~ ,IteTeKTOpa 

(eM, pHc.II). B OITTHMaJibHOil reoMeTpKH paCCTOSIHHe Mex,n;y neHTpOM 

l.l:tmeHil H LteHTpaMH cneKTpOMeTpO B paBtiO l88cM. ilpH 3TOM KaX,Itbltl H3 

cneKTpOMeTpOB OXBaTUBaeT yrJIOBOH HHrepBaJI OT 5° ,ItO 22,5° • 

~-
i' 
r 

Pacqer npo Be,Itennutt na 3BM noKa3IIBae r, 'ITO a<P<PeKTHBBOCT:D perHcrpa­

umt pacna.n;oB w ~-n°'( B Bii6pauuo!1 r eoMerp:vm B cnyqae .ItBYX .n;eTeKTO- . 

pOB paBHa f.(!t.} =1,7% ( CM. pHc.Ila) H B cnyqae tleTt.tpeX ,IteTeKTO-

pOB paBHa e("f)~ 3,5%. B pacqere 6hlJIH HCDOJI.b30BaHht 3HatleHM~SI 

1taCCl:l M (W) =780 MaB H lliHPHHhl r(..,.: 0 H 3aBHCHMOCT:D .Itl-1<P<PepeH-

rtHaJibHOro CetleHHSI 06pa30 BaHIDI (.,V - Me30HO B OT t ( KBa,ItpaT 

nepe~aHHoro 4- HMnyJI:oca), annpottcm4HpoBaHHaSI BupaxeuHeM (2). 

B yKa3aHH0~ reoMeTpHH annapaTypOki BU,IteJlSIJOTCSI B OCHOBHOM Te C06U­

!IDI, KOr ,n;a mmyJI:DC, nepe,n;aHHUH HYKJIOHY MaJI ( RHTepBaJI yr JIOB 

B C.U.H. OT 0° ,I(O 40°). COOTBeTCTBeHHO '( - KBaHTbl OT pacna,n;a 

W -..11°'{ B CJ4CTeMe llOKOSI W - Me~tOHa OXBaTblBaJOT HHTepBaJI 

yr JIOB AcX. =55° il40°, a 1\0 
- Me30HU HHTepBaJI yr JIO B A~ =135° .. 50°. 

B pacqetax yrnoBoe pacn:pe,D;eJieHme npc'.ItYKTOB pacna,n;a pesonaHca 
• 

npe~nonaraJIOCb H30TpOITUhtM B CHCTeue DOKOSI pe30HaHCHOa tJ:aCTHI..tU• 

AHaJIH3 3HepreTHtleCKHX cneKTpOB, '( •· KBaHTOB H rl0 
- Ue30H0B 
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( ;!a OCHOBaHM1H KM:HeMaTHtleCKHX pacqe·roB) llOKa3htBaeT,. tiTO B CJiytzae 

?"f(' .,4, 0 r3 B/C H .M (w) =780 M3B B H36paHHO ~ reoMeTp.VIH 3Hepre-

~;tlieCIC¥~e cneKTpbt B npe)(eJiaX KOHyca ~~ yr JIOBbt:M paCTBOpOM 5° -t22, 5° 

:: rer.eCH~M yroJI OXBaTUBaeMbtlt cneKTpOMeTpOM) HMeiOT Ma.KCm.lyY npH 

reoMeTpHR omna 11 3KcnepHMeHtan:JHaR annapaty;ga. 

Ha pHC • ~ 2_ npHBe.D;eH CXeMaTRtze,~KHit tzepTeJit 3KCnepHMeHTaJib-

HOa yctaHOBKlll ,D;JIR HCCJie,li;OBaHlllll peaKJ~HH (I). 

C!umrtrJIJIRUiwmwe ctzeTtlliiKH $ 1 , $2 pa.sMepoM 7x7xicM3 lii $ 3 cJiy­

xur ,D;JISI MOHHTOpHpO BaHHII nyqKa 1\ ··.Me30HOB • llepeHKO BCKHlt nopo-., 
ro BUU ClJeTtiliiK C , HCllOJih3yeTCII )(.'III Bbt.I(eJieHHR 3JieKTPOHO B, npH-

cyTCTBYJDIItHX B BH.I(e npM:MeCH ( OKOJIO ;~%) B nyllKe 11 - Me30HOB, ,D;JIJI 

KilJIH6po BKH tzepeHKO BCKliiX f - cneKTPIJMeTpO B H ,D;JIII HCKJIIOtieHHSI 

C06UTRM, B03HRKaiOntHX B peayJihTaTe B:3al1J.IO,IteitCTBHR 3JieKTpOHOB 

nj'llKa B MHmeHH nplll aa6ope pa6oqe~ H::upopMaUHlll. CnHHTNIJIJISIUVIOHIWH 

CtleTlJHK $"1 , pa6otarontvr1! B pelll:l/IMe a::ITHCOBna.n;eHHH, HCllOJih3yeTCSI 

~JISI HCKJIIOtieHRH llYtiKOBbtX -n - Me30HOB, HeB3aHMO)(eitCTBYIOIItHX B 

v.mnem-t. !Jill H3MepeHl/ISI yrJia BUJieTa '( - KBaHTOB HCllOJI:b3yeTC.fl 

C!1CTeMa lf>M:Jil>MOBbtX HCKpOBUX KaMep pa:3MepaMH 60x60xl0 ( KaJlt,l'J;blH 

l.!O,IJ;y Jib) • JiaTyHHbte KOHBepTOpbt, NICll0JI:f;~3YlOIItHeCSI ,D;JIR KOHBepTNtpOBaHIDI 

(- KBaHTOB B 3JieKTpoa:-no3HTpOHHUe :1apbt HMeiOT CyMMapHyD TOJIIItN~Hy 

2 pa.n;.e.D;. M pacnoJiaraiOTCSI nepe,D; BTO}Olt H nocJie.D;yiOntHMH KaMepaMH. 

llepBa.fi ltaMepa ( flO llY'Uty) JlBJISieTC.fi d.ItTHCBOlla)(aTeJI:bHOg. JlJISI yBe-

. JlH\leHHR 3qxpeKT~BHOC:!:H aanyCI\0~ CNICT 3Mh1 HCKpOBbl~ KaMep ue:m:.n;y HHMJi'I _ 

H qepeHKOBCKHMH ~ - cneKtpOMeTpaMH llO.Me~aDTCSI C~HHTHJIJI.fli.{HOHHUe 

cqetqHKH ~,-~~ C llJIOIIt~:blO 50x50c.M
2 H TOJIIltJi'IHO~ 2 CM. llexupe 
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flpe~fiOJiaraeTCII HCDOJIL30BaTL ny'IOlC -rl~ - U:830BOB ( KaHaJI J 6 
c lOO'IYJILCOM 4, 0 ras/C t ItO TOpHI BHBO)J;J~TCII B CTapHI H3M8pHT8JILHhll 

naBK~OH nepsoro xopnyca. Pa36poc no uunyJibCaM B nyqxe He 6o.nee 

+ (1-I, 5)~, yrJIOBM pacXO)J;HldOCTL B J.t:OCT8 pacnoJIOJ:8HHJI ZH)J;KOBO-
• 
JOpO.JtHOI MHW8BH He 60Jiee 0,5° • · HHT8H(lHBBOCTI» He KeHee 

5•l.04 :1J --11830HO.B/IlHKJie JlJIHTeJII.HOCTb paCTSIZXH ( " CTOJI" ll.ai'HHT­

IOrO noJIJI) He MeHee 300 :ucex. 

B 3KCnepHM8HTe JlCDOJIL3yeTCJI XH)tKCtBO)J;OpO,ltHaJI KHWeHL B BHJte . 

)'C8QeHHOfO KOHyca .D;BHHOH 25CM 06'beKOll ~3_ ~ JI. t pa3pa6otaBHB.JI , 

I CKOHCTPYHPOBaHHM cnenmaJILHO ,ltJIR )J;fLHHOro 3ItCnep&eHTa. 

CCIOBHlie napaMeTpH MHW8HH: 

l. JlHaJLeTp BXO,D;HOro OTBepCTHSI 10 Cll: 

2. llarepHa.n BXO)J;HOrO OTBepCTIDI JJaBCaF.: TOJilltHBOlt 0,2.52101 

3. Paswepu BHXO.JtHOro OTBepcru . I40x~•72w2 .. 

-· MatepHaJI B!iXO)J;HOfO OTBepCTHJI: Ke)J;BaR WOJILra, TO-~ROI O,IMK 

5. lJIHHa MHWe HH 25 CM 

6. BpeWI MeJ:.Jty 3aJIHBKaMH ·N 20 qacoB. 

~eT8KTOp '(- KBaHT0_!• 

JIBS! perHCTPSUHH, H)J;8HT~HKallHH H H3MepeHHSI 3HeprHH 3JI8KTpO­

ROB HCIIOJib3yDTCJI 'leTHpe, CHMMeTpH'IHO pacnOJIOJ:8HHH8 OTHOCHT8JILHO 

OCI IIY'I:rta, 'lepeH:ttOBCitHX { ·- CD8KTpouetpOB H3 CBHHitOBOrO CT8Ua 

( CK. pHc.I3). Kaz.D;HR H3 'leTHpex H,lt8BTH'IHHX cneitrpouetpOB COOB­

paeTCR H3 .ltBJX DpJIMOyrOJILHHX d~OKOB CT8KJia B HU88T pa3M8py 
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500x500x300. lAR C06HpaHHR qepeHKOBCBOrO CBeTa HCDOAh3yDTCR 

:JO lfloroywo:a:Hrenelt THlla 9?3Y-49 c ;;Hauerpow cporo~taro.u;a I 7 CM . 
. 2 . 

( $lJr. .I88c:M ) cpOTOYJIHOllHT8JIH pe.CDOJiarfli)TC$1 Ha BC8X DOAHpOBaB• 

HYX DOBepXHOCTHX CTeKM ( $ CT8KJta .I ,I •I04 c11.
2 ) H DOKpHBMT . 

npKVepHO 5~. B cnyqae npHII.eHeHM CB8TOBO.D;OB K03<fxl>Hl\H8HT DOKpi­

tlB MOEHO Cy~eCTB8BHO yBeAxqHTh H c,u;enath 6AH3KHM K IO~. 

totoyvuoxHrenH pacnonara~>TCR BHYTJ>H MarHHTBHX 3KpaBOB 143 nepuan­

.I~JI H WlrKOit CTaJIH H DpHZHM8llTCR lt CT8KJIY C DOIIOJithJ) '18THpeX . 
ClUYerpHQHO paCDOJIOX8HBHX npyZHB. Jna ODTH'I8CKOrO KOHTaKta 

• Mel.lY l}lOTOltaTO.D;OK 9?3Y H CT8KJIOM HC:DO Jih3yetca KP8KHeopraHHli8CKHI 

aa3eJIHB uapxH KB-3A. 

I. B aroM BapHaHre, KaK noxaaiiBaer pacqer, auepreTH'Iecitoe 

pa3pemeuHe cneKrpou:erpa .u;na anettrpoHOB c aueprHel 4 raB 6Jiaro.u;a­

pa yBeJIH'I8HHD 'IHCJia «f>OTOywiOJ:HT8JII~~ .D;OJIJ:HO cyuteCTB8HHO yJiy'lmHTh• 

CJI • .UeitCTBHT8AhHO, B CTapOM :eapHa::tTe 3<}xP8KTHBH08 'IHCAO «f>OTOyMHO• 

.1neJ1elt dHJIO paBHO B. YBenuqeuHe ':{HCJia ~3Y B 4 pa3a ,JlOnXHo npH­

aecra K ysenMNeHHJ) pa3pemanJitei't cniJco6uocrH npHMepuo ua cpaxrop 

.laa. 3xcnepHMeHTa1I:&Ho H3Mepeuuoe :pa3pemeHHe B crapo:u: BapHaHTe 

GUJIO OK0.1IO ..:t~• C1Ie.D;OBaT81I:bHO, B ::tO BOll Bapw:LHTe npm ?,- • 4 raB 
aaeprerH'Iecitoe pa3pemeuHe .u;oJIZHO 1jHTL OK01IO R= .,:t2, 5~. 

HcnoJI:&30BaHHe cBeroBo.u;oB coorserctBYJ)~eB xoucpHrypanHH B npws­

UMe MOlleT npHB8CTH It ynyqmeHHD ~t e~e Ha ~ltTOp 1,5-2. 3Ta 

I03~0EHOCT:b dy.D;eT HCCJl8.D;OBaHa 3ItCnepHMeHTaJI:&BOe 

Pa3pemeHHe MOE8T 6YTh ynyqmeuo Ta&Xe 6onee T~Te~LHYII DO,JlOOpou: 

¢oroywuo:a:Hrenelt no cne.u;yD~HM napaYerpaut 

I. Ksauro Baa aqxpeKTHBB ocr:&. 

2. PaBuou:epuocrL 11yBCTBHTenuocrH cporoxaro.u;a. 

'. 
3. KaqectBo cOopa cporoaneJttpoHOB ( cnexrpoaerpHqecxHI pe:a:u) • 
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Jeco~naOBB.HHe nepetlHCJieHHHX BHme B flYHKTaX I-) pecypCOB D03BOJLR8Tt 

co 1pa:tae.R wepe npHHUHDHB.~:&HO, ynyqutHT:& asepretJiqecxoe pa3pemeame 

._epeJUtOBCltHX ( • CDeKTPOli8TpOB H3 CBHHitOBOrO CT8KJia JtO 3Batl8• 

·· 111 nopJI,ua .:ti~ • 

.IJIJt Jl3MepeHWI yr JIOB BHJieTa "( • ItBaHTOB, Odpa3yiH(tHXC$1 B 

fUJJIL'l'ate pacnBJJ;a V-.-n''( , HCitOJil,3y))TCSf !PHJI:&MOBHe HCltp0BH8 

1uepY ( CM. pmc .I4) • HcxpOBHe ItaMejlH ~OJII:HH y~o BJieTBOpSIT:& CJie­

.\11).101 yCJIOBHSIM: 

I, Bo-nepBHX9 Odna~aT:& BHCOKOR ~~eRTHBHOCT:&D It MHOrOTpeKOBBM 

COOWTHJIM, T .Jt. B pesyJI:&Ta!e JtOHBepCitH '( - .KBaHTOB Odpa3yetca 

2JeUpOwarHHTHl:dt JIHBeH:& C dOJI:&llOOl tl:V.~CJIOM 3apazeHHiiX 'laCTHr( ( He 

MtHee IO qac THil). 

2. BO-BTOpHX, TOtlHOCT:&D BOCCTaHCBJieHHH npoctpaHCTBeHHOrO 
. l 

rr .u. e OJtOJIO I~. B cnyqae per HCTI1aiUIH pe30H8.HQa c Maceo I 

N 1000 llaB ell\'\:" =30° B, CJie)J;OBaTeJJ:&HO' OmH"Ra B H3MepeHHH npo-

CTtaHCTBeHHOro yr Jia He ~OJI:IHa npeBHIIIaTL O,I0 (A 9 =0,14°) • 

lu peaJIH3a:ttHH aororo ycnoBHSf aeodxo,JJ;oo, vto<Ju T011HOCT:& JIORB.JIH3~ · 

n•• tpexa dana O, 5w H da3a ( BeJIH\l HHa HCxpoBoro npoMezyTita) 

? OkOJO 20 011. 3~~0:& He ~HJJa yqTeHa OltH6Jta, . ItOTOpyJ) BHOCRT KOHBepTO• 

f1' • TO'IHOCTL H3MepeH:wt yr Jia \? Orj:aHH'IHBaeTCJI MHOI'OitpatHH:U: ItY• 

JOROBCKBK pacceaaHeK anexTpOHOB B Be•ectB~ KOHBeptopoB. Cpe.u;aee 

&•.lP8.TJ41lHOe 3Ha'leHHe yrm u:aoro~tpa1·aoro pacceas•a, ecJIH notep• 

~•epr11w MBJJ~, pa~ao: 

< '"'t) ;; E; t. (4) 
\ '1~;, r' , ... 

111 Toro, 'l~OdW ~MIJOJJflJIJ1&l~t fCJIO~He: i<~·~tt~ ~~a1° ~PJ p•l ras/c 

p .1 • . ~:. ~~~ ¥"1· ~·oq~~!J40t 1l'r0"J O~tt,fl•• •T04•JJU1 ltOBBeptopa 
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11 npesYmana t c 0,02 p.e. Cucteua nc:ttpOBHX KaM:ep c pacnpe,u;eJiea-

1101 1ousepropou B npuanune pemaer ary s~aqy. Ta:ttmK odpa30K, oxoa­

'ltttJ~»HO HMee~ 49 •0,14° • 

TOtlHOCTl» H3MepeHl'Ia 3cppeKTHB!Oit ~.CC,!! CHCtellOR llCKROBYX 

KM!CP H qepeHitOBCRHX '('- cneKTpOMeTpOB. -
~eKTJIBHM mcca pesoaaaca paBHa V ... e.+ e.· 

~:! -'(~)1·(~l)2. ... (~ )l (6) 
M 2. V E, 6 a. t1 ~ 

llo.tctaBJIJUI A o/e ·.:t2' ~ ; A e .0,14°; e ·30° nOJiy'iaex: 

~j • .! I,~ ~ .;t2tf, (7) 

1u pe30Haaca c uaccoA M = 1000 MaB AM a .! 20 M3B. 

*txtnuocr~» perHctpaJ.tHH pacna~OB V-~e:te· or 2~ ~o 30,C • 

~JieKT~oaaaH annapatypa. 

•) 
•' 

' ''! 

f: 
li 
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1 peaJtnHI (I) c yqerow aueprerHt~ecxux paspemeBHA '(- cneKtpo-

wetpoa. -

lWilJJlbCH OT qepeBitOBCKHX '( - cnetttpoxetpOB Ot6HP8.1)TCII 0 DOMOJIU»I) 

•nwpeX ,JU!CKPHMHHaTOpOB. llopor DO C:Y14Me 3HeprHA yctaHaBJlHBaeTCII 

CJTYW ,B;HCltpHMHHaropou:, BKJW'IeHBHil D!JCJle CXeMii, CyMl(Hpyt>~eA HU­

GJlltCY OT 'leTHpeX CnextpOMe TpOB • JlH::KpHMHHaTOpS ,D;OJIJ:HS CSHTb 

•~nonneHY no cxeve, HCKnD'IaDuteA pasdpoc s~epxeK BHXo,u;uux CHraa­

.IOI 8 3aBHCHMOCTH OT aMIIJIHTY,D;Y H q,opw BXO,D;RHX HKDfJlbCOB.CneKTPO• 

MttpxqecKHe ItaBaJIH COCTOIIT H3 JlHHeAHHX CXeK nponycKaHHH 9 aKDJIB­

TJlRYX aHaJIH3aTOp0B H perHctpatopOB. 

ARaJR38.TOpH npe,D;CTaBRRDT COCSOA KOMCSHHanHD aKDJIBTY,D;HHX KO,D;xpOB­

a•JtOB c nepect~eTHHMH yctpoActBa»H. Otct~em nepect~eTHHX yctpoActB 

perMctpHpymrca n~ponet~ataDutHM yctpoACTBnM, a taxze q,ororp~H­

PJDtCJl sa cootsetCTByDutev xa,u;pe HCEPOBOA K8llepu. TaxHM oCSpasoM, 

Kl I~OpuanHa 0 COCSHTHH ( yTJlY BH~eta npO,D;yKTOB pacn~a peSO• 

IARCBOit 'laCTHUH H HX 3HeprHH) cllHKC:rt:pyetCII Ba KHBODJieHKe. 

EJox-cxeua anextpoauoA annapatypH 11p~me,u;eua ua pHc.I5. 

101: 

I. no 3HeprHH, 2. no 3HepreTH'IElCK014Y paspemeBHD ( R ), 
), JhtHeltHOCTH H 4. 3aBHCHUOCTH BSXO,D;HOA aKDJlHTJ,D;H CHrBaJia OT 

a.ecta nona,u;aaHa B pa.u;Hatop cneKTP0!4etpa. Jina aroro Hcno.nbsyerca 

CJl~Olt 3JieitTpOBOB, npHCYTCTByDrn;HA B Ita'leCTBe 2~ npHKeCH B nyqxe 

-n• • Ke30HOB. 3aepretHCl8Cltall ItaJIH6pOBKa npOH3BO,D;HTd B HBtepBaJie 

pa~O'IBX 3HeprHA t.e. OT 0,5 ,D;O 4 r:lBe TO'IHOCTL K8.JUtCSp0BKH Be,. 

XJQ .:ti~. AaaJiorH'Iaaa roquoct:& .J;onxsa dHtL ocsecneqeua raxxe "-P"' 
• • 
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lJr:CJrbHOCTL 3RCneplWeHTa H COeKTpOKe·rprNeCKHI peJtHU pa60TI:l anna­

;.a-:y;w tpedyJ>T cos.u;aHHSI cne~HaJILHOt! a.lleltrpouuoa annaparypu, odec­

:t'nannteA Bb1COKyJ> ctaCSHJILuocrL cnettt:~o:uetpHtleCKHX rpaxtoB. Cra­

e11uoc1'Jt, xoropyn .D;OJIJ:Ha odecne'lHTL ;rKasaHH8JI annaparypa ae 

'1'" 0,1~. OnmcauHe srol annapatypu npHBO.JlJITCR B DpHJiozeun J • 

CnexrpoMerp uelrpouos 

r.oJRYe H ,D;~epeHQHaJILHH8 Ce'leHMSI reuepanHH ,D;Jia 3Ha'lHT8JILHOI 

\:.ttl p830HB.HCOB B HaCf'OSlntee Bpewt HCC~Jie,D;O Ba.Hll ante O'leHL DJIOXO • 

r1CTfCTBH8 COOTB8TCTBYDntel HmPOPKallHH 0 DOJIHOM C8'l8HHH , yr JIO BOK 

;&.et:pe,leneHHH npH ~HHOII aueprHH H Ma1'PHU8 OJIOTHOCTH ) npHBO.D;SlT 

1 CJUeC1'B8HHOKY yxy,n;meHHJ> T011HOCTH, C ltOTOpOI onpe.zteJUieTCR nap­

:auuasr DlHPHHB.. llro6H 060ITH 3TJ tpy.z~BOCTb CSHJIO Hai,D;eHO Il8JI8COOCS­

i4UWII npOH3BO,D;HTb O,D;HOBpe:MeHHO C OCF!OBHiiM 3ItCne.pHM8HTOll H3Mepe­

IU ll?JH!iX Ce'leHHI reuepan;HH peSOHaHCC B H HCDOJlb30BaTL C 3TOlt 

::t .U.O ClUtHTHJIJIJIUHOHHHI CD8KT})O:Metp He ltpOHOB 00 BpeMeHH npoJiera • 

J JAJ•ReUmeM npe,n;noJiaraercs: yBeJIHqHTb 3~8KTHBHOCTL perHCTPaitHH 
. . 

. ~tiTjOROB 1,0 H8CKOJibKHX npoueHTOB C re:v, 'lTOCSH CTa.JI8 B03MOXHHII 

0110Jpe)(8HHOe HCDOJib30BaHHe ItaK cneKTJ:OMetpa '{- KBaHTOB, Talt 

• crHarpouerpa aearpouoB .D;JIR ceJieKIUut HccJie.D;yeworo npor.tecca. 

I nepaox mpuaure cneKrpoMerp ueltrpouoB padoraer aBrouou:uo or 

oe1oauott perucrpHpymntel annaparypl:l H npe.u;craBARer coCSol cHcreuy, 

ce~tOa~ H3 32 CllHHTHJIJISlllHOHHHX cqer'lHKOB, pa3)J;8JI8HHHX Ha ,D;Be 

rn•nnw DO 16 C'leT'lHKOB B KaJ:.D;OI rpynne. 

~~~ 13 32 CltHHTHJinHI.tHOHHI:lX C'letliHKOB npe,D;C'raB4R8T COdOA 

a~crat~ecJudt CI.tHB'rBJIJISrop p83Mepa:u IOxiOxiJOclfl; Ra !Opttax ~oto­

P'ro pacnoJaraorca ~Ba ~otoyu:uoxHtell rHDa AYP-56 ( CK. pHc.I7). 

, 

,, I! :" ' 

l· 
I' 

; : 

: [: 

: 
I ~ 
I C 

~ 

' I 
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T~aHHaR CHCTeMa D03BOAReT: 

1. H3uepiitb asHMytaBbHH~ yron BUieTa uelrposa H3 MHmeBH 

~~ ya3noctK BpeMeH npHXO,D;a CBeTOBiiX CHrHaJlOB Ha tOpJUI ClUtH'.rBJlJUI­

fit-'• ToqHOCTb onpe.D;eJleHHSI asm.ryranbHO~ KOop.n::wuarH .:t2, 5cu. 

2. ~wepHtb nonspuul yron BUJleta ue~rpoaa H3 UHmeHH c yrnoBol 

fOUOCtbll 0, r{J. ~TOI BelHtiHHe yrna COOTB8TCTBY8T TO'IHOCTL H3KepeHHS 

>',4tUHBHO~ uaccbl Oitono 16 MaB. 

), li3UepHTb BpeMSI nponeta Hel'tpOH£~ C TO'IHOCTbl) I ,0 BC8It 

••~1 coorsetctByet _/), M .16 MaB. 

bterpan:&aoe p8.3pemeaHe cneitrpoKerpa 4.M =.:t22MaB. KpHBHe s~BBCH­

.:.c·u pa3pemeHHSJ no u:acce or omm6KH np:w H3MepeHHH yr na BHJiera 

ttltpoaa il9., H citopoctH A'tl .D;M HeKoto:~HX pe3ouaucoB npHBO)Uirca 

14 ~Hc.I7. 31lxl>e1tTHBHOCTb .n;eteittOpa Be RtpOHO B. 

j:~ eltTKBHO C Tb He ITpOHHOrO .n;eTeKTO pa 0 npe.n;eJia etc a C Jle,D;yD DtiDlH 

~4lTOpaMH: 

l, BeJlHtiHBOI Tenecuoro yrna, KOTOpuM OXBaTHBaeT ,D;eTeKTOp B 

43~TaJibHOM H DOJapHOM HanpaBBeHHSIX ( COOTBeTCTBeHHO 13,4~ H 3~). 

2, 3¢xl>ettTHBHOCTbD perHCTpaiU'lH H8~!TpOHOB C 3HeprHel € 11 

( t .1,5~ Ha O)UfH caHTIDletp TOllltHHH c:~HHTHlJlBTOpa). 

IloJHllJI 3qxfleKTHBHOCTb BeMTpOHHOrO ,D;eTUltTOpa B nepBOK BapHaHTe 

pt. sua : f.,.= 2, ());. 

Pacqet 3<fxPeKTHBHOCTH npOH3BO,D;HACSI .n;JIJt pe aititHH (I) H .M(v) =IOOOMaB. 

Bwcpaaaal yrJiono~ HHTepsan .n;na ueittpouoB ( B n.c.tt.) A'-f =55,5°-49°. 

• 6,5° • 3ro:u:y yr lOBOMy HHTepBany COO tBeTCTByeT ,ltHaiia30H 3Heprd 

·•eltpOHOB or 38 MaB ,tto 400 MaB H Bpeveua pponera (sa 6ase 400cK) 

Ot 19 HCelt ,D;O 48 ·seeK ( CK. pHC .18) • 

~l!ItTROHHKa H8ITROHHOrO &eT!!TOpa 

Bnoit-cxeua a~eittpossol annaparyps ~ereitfOpa uelrposoB npxBe.n:e­

sa Ha pHc .I6. 

I 
I 

:I· 
'I' . 
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Lo,.cTplie CX8W CO BDa,JJ;eHHSI CCI J CC~~ H CJ!, Bfi.D;eJISIDT DOJie3H08 

(~'WtMe, odpa3ya JIOrH'leCKyJl cxe:~~y: s, .s, s) ·N A, At A, 
C1J t xpoMe TOTO, sa,n;aet ypo BeHh ,JJ;HCKJIIDlHHaiUIH ,JtJI$1 HMDyJI~CO B C 

ttttxtopa seH:rposos. 

l•melsue "sopora" JIBll otnHPaDrca E:elrpouaw ,JteTeKtopo:w sa 

t•tWJI ,.., 50 acex passoe ~"«. 3Haqes:v.oo cywm BpeMeHH nponera . , 
~·· Me30Ha ,JtO TOqltH B3aHMO,JJ;eiCTBHSI B MHmeHH H Bp8M8HH nponeta 

JtlfPOHa. 

CarsaJI c JIBll pa3.BeTBJISietca sa :rpm m~nyn:&ca. O,n;ms H3 HHX 

OUiWBB.eT JIB..! t nponycitanDUlll " CTODOlllil" CHI'HaJI C C:UHHTHJIJIHitHOB­

ICTO cqert~mta ~1.. "6TOD0Bfil" CHI'HaJI ,na.Jtee DOCtynaeT Ha COOTBeT­

CUYDIItHe BXO,D;fi BpeMJI - &lDJIHTY,D;HHX KOllBeptOpOB A H B. 

1" ,lpyrHX CHI'HaJia a H & OTKPHBaDT JIB-Ill H JIBIY t H nponycit8J>T 

11J' BpeKeHHblX CHI'Ha.JIO.B #, H 111,. C p:l.3HtJX KOHUOB CitHHTHJIJIJIItHOB• 

a oro cqerqHKa, B Itoropou: npo B3ama:o.D;eltc:tBo :ean aeHrpoa. CHraaJIJ:l 

II. I tVz_ , npoH,JJ;H COOTB8TCTBy:t>utHe CXellL£ "HJIH" H CXeW ci»OPMlllpO:ea­

Tt.UI C ltOMIIeHcanwe2 aMDJIHTY.D;HOro pa3Cipoca HMDyJILCOB, pa314HOmDT-

ca 110. ~Be napu nmyJILC OB. O,n;sa napa nCtctynaer Ha BpeliSI - aJ.t:DJI'41't\. 

""~ ltOHB8pTOp C, flo pa3HOCTH BpeMeH npHXO,JJ;a CHI'BaJIOB ( nponop-

tliOHlUbBHI pa3HOCTH paccTOIIHHtl OT TOtU:H B3aHJIO,JJ;e2CTBM ,D;O paCDOJIO• 

ltiiRYX ,D;pyr DpOTHB .D;pyra ci»OTOitatO)(OB) onpe,n;euetCS a3HliYtaJILHBII 

10 0 P.lHHara Ye Cta B3aHMO ,D;e tiC T BM He tlTJlO Ha • 

..'lpyraa napa pa3B8TBJieHHb1X IDIJiynBCOB (1{. H A{_) OCJuteCTBJIS8T 

:1anycx speMeHHYX xoasepropoB A H B, Kosse prop A H3Mepaer: 

t.·t,-t,, KOHBeptop B H3Kepaet: ~1-·t1-t0 • 3,n;ecL t, • 
\L • Bpewesa npOXOZ,D;eHHJI CB8TOBOTO CJU'HS.Jia It COOTBetCTByDDtHK 

lOHIUW CitHHTHJIJISITOpa; 'Cl - Bp8WI t sa ltOTOpOe 3a,D;epXHBaeTCH 

c~raa.u "cron" c " da30Boro" cqerqua ~~~ ; t, - speMS nponeta 

·' 

,, 
' I 
I 

ij 
'i 

I 
:1 

; I: 
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Of •6a.30BOro" CtleTqH:s:a ,ItO HeltTpOHHOrO C'leTqHJta, lfMnyJILCY C BYXO,JtOB 

t)f06'pe.3osateJieit A H B Cyl.n.utpynTCJI! 2.'t1-(t 1+t2.)-2.t,. 
OfttiAt 3H8JI speMR, 3a KOTOpOe CBeT npOXO,ItHT BCD .D;JIHHY CttHHTHJIJISI-

tct)& t,• t~, , MOEHO noJiytlHTL y.n;Boeaaoe BpeWI nponera 2. to • 
~qf~xaata scnHmKH H seJIHqHHa BpeMeHH nponera HeArpoaa aaaJIH3HpyDr­

tt e. nowo~ll MHoro:ttaHaJI:&Horo B.MnJIHTy.n;rwro aHaJIH3aropa. iHECHpyetcR. 

f&c.l-l IOMep cqerqHKa, B KOTOpOM npOH31)JJlJIO B3alrDlO,JteiCTBHe. 

faC'tC1' CTaTHCTHKH ,ItJISI nponecca.: :!! --t p -. W + ~ j W-: -n' '( 

qae.1o 3aperHctp:KpOBaHHYX co6Yrd N pasao: 

~ • DO TO It 11-- Me30HOB B ttHKJie • 5'104 . 

. HA • t~HCJIO Asora.n;po • 6•Io23 

~ • ,JtJIHHa H2 - MHmeHH 111 25 CJl 

jl,J.. • DJIOTHOCT:L BO,ItOpo.n;a = 0, 07 r /CJl
3 

(8) 

G • ceqeaue reaepattHH W- :u:eaoao B B peaKttHH (I) npH 

P,. • 4, o roB/c ; ~(w) = I70 MK6 • O,I7 K6, 

~ • BepOJITHOCTL ~HHOl MO,Itli pacna;r;a .O,I 

L r • 3qxpe:s:THBH0CT:L perHCTPattHH pacna.n;o B w ~ll'K .o, 04 

~f( ;. SCW>eKTHBHOCTL KOHBepCHH '(-: ItBaHtOB (0,9)3 ~ 0, 7 

!:~.t:TaBJlJUI yita3aHHLI8 B6JIH'CIHHLI B (8) HMeeM: 

.N' -~·Io4 .6·Io23•25' o, 07'0,I7•ro-27 ·o, I ·o, 04• o, 7• pacna.n;os sa IUtxn 

= .2,s·ro-2 

'iet.tJ COdUtHI 3a CYTEH: ~ =2,s•Io-2•450'24a270 pacna,JtOB/Cyt'EH, 
4 . 

~coxo.lKiloe speWI ua ycxopHrene .JtJIJI Ha·dopa IO pacn&JtoB: o:a:ono . 

,.,acoa. 

I . 

i 
i 
r 
I. 

f 
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:'' itt~OXO.liW08 spe.uR, BKJID'IM HacrpoAs:y annaJBTypH, ltOHTpOJil»HYe 

QnlnW 1 OCHOBHble H3MepeHHR OKOJIO~CI60 qacoB, 

;,' !ptWA seoOXO,D;H.YOe Ha :3BM ,D;J'ISI Odpadi)TKH .n;aBHYX: OKOJIO !00 qacOBe 

!ptKA ueodXO,D;HMOe Ha 3BM ,D;JIR MO,IJ;eJI~OBaHHS OKOJIO 50 'laCOB. 

Pact~er crarHC!HKH .n;JIR nponacca "11"' p .... '-f n ·, '-f;: ~· ( -
~ . q;cCIO saperHCTpHpOBaHHLIX COdHTJdt· N paBHO: 

·'(...~ ... ~·v)=~ ·/V{ .e . ~ .c. R·£ . t IV l 'I o -n . A Me, 14c. l t< 
, rJte (9) 

"""• noroK -n-- uesouos a :ttH:s:Jie ·!;• Io
4 

· 

N.. • q)tCJIO Asora.n;po = 6. ro23 . 
A 

' • .lJIKHa H2 -JmmeHH .25 CK, 

A . DIOTHOC Tl» so.n;opo.n;a • 0, 07 r /oP 

( • ceqeuHe reaepa.UHH "f - Meso HOE• B peaitllHH ifp-. f n npH 

i 

I 

P., =4, 0 r3a/c ·, c; ('-f)~ I 5 MKd 

Jl • aepORTHOCTl» .n;aHHOA KO~ pacna.n;a =0,1 
. ' 

I .~ 

f I ~ f 

q. • ~eKTHBHOCTL perHcTpaUHH pacna,IJ;OB '-f-. V)•'( .0, 04 
3 (t( • :$1>8KTHBHOCTL KOHBepCHH '(- KBaHTOB (0,9) 0, 7 

~: %CTL!BJIJIR yita3aHHHe BeJIH'IHHY B (9) H.Ueeu: 

N ·5·lo~·6·Io23·25'0, 07'0,015'10-27 ·o,I•0,04'0, 7=3,2•Io-3 pacna-

.n;o B sa IU'IKJI • 

"\1:.10 C06YTHA sa CfTKH: A{ =3,2'10-3•450'24=35 pacna,D;OB/C)'TKH. 

::tCOXO,I;KllOe BpeWI Ha YCKOPHTeJie .D;JISI Hadopa 700 pacna,D;OB: 

eto.to SOO qacos. 

~·,.~>OXO.lKwoe speMR, sttiDttaR aacrpoitxy annaparypH, KOHTpOJILHHe 

C ~~TW I OCHOBHHe H3MepeHHR OKOJIO 600 qacOBe 

3;tVA, HeOdXO,li;HMOe Ha 3BM ,JtJlJI OdJBdO'rKH ,JtaHHHX: OKOJIO 10 ttaCOB, 

!; ewa HeOdXO,JtHKOe Ba 3BI ,JtJIJI KO,Jt8JIH:po BB.BU: OKOJIO 50 'l. 

! 
I 
t 
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pacqer crarttcTHKH .D;JIJI nponecca .,-p -.'f"' , -f ..... e.+ e:_ 

lt/{~+i't-):A!,.·~·e"'L·g~~·G·R·~c. 9 r,D;e (IO) 

~. norox .,-- we so HOB B nmtne =5·Io4 

~ • 'IHCJIO ABora,D;pO -6. ro23 

~. ~JlHHO. H2 - J4HW8HH -25 CM 

A• nnor&ocr:& Bo.ztopo,D;a =0, 07 r /c11.a 

c • ce'leH:Pie reHepai.tHH ~ - w.esonoB B pealtllHH iff -.f.., 
npK r1\ .4, 0 r3B/C ~ I 5 wd. 

R. • sepoarHOCT:& ,D;aHHO~ MO.IOi pacnBJ~a ~ 6'10-4 

E£• *IJeKTHBHOCT:b perHcrpanHH pacii8..D:OB '-f-..-e.fe.-O:- 2~. 

OolcTaBJUIJJ yxasanHlle BeJIH'IHHhl B (10) noJIY'faeu:: 

I . 

........ u J.. i 

fi·5·lo4·6· ro23• 25'0,o7•0 ,ors·ro-'~7 ·6·ro-4• o,25·I ,2· ro-4 pac-

na.ztoB/I.tHKJI 

~1c.1o codurHI sa cyrxH: =l ,2· to-4•450• 24=1 ,J coduTBJJ: 

& 200 'laCOB padOTii YCKOpHT81lJI dy,DeT 3aperHCTpHpOB8.HO OKOJIO 

U, pacna.ztOB 'f ... -e ... e..- •· Hadop co6HTHI pacna.ztoB 'f-.,"f'e.-
r:poacxo,JJ;HT O.B;HOBpeKenno c aadopo~ pacna,D;OB ..f ... ~· y H ne 

t;iedyer )J;OfiOJIHHTeJI:bHOro BpeueHH. sa YCKOPHTeJie. 

!;e~ aeodxo.ztHMoe na 3BM ,D;JIR odpadOTKH ,D;aHHYX OKOJio IO 'lacoB. 

B;eu aeodxo.B;HM:oe na 3BM ,D;JIJI MO.D;enttpoBaHHJI OKOJIO IO tlacoB. 

0cHOBHiiK HCTO'IHHKOM <fJOHOBiiX saayCKOB B peaKnHRX (I )H (2) 

.lOJIHH dYTL peaKI.tHH odpa30BaHHSI '1\',- Me30HOB 

(II) 

I 
'. 
i 
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PclCC'Htraew BepOSITHOC Tl» TOro, 'tiTO B :~eaKIHUf "l(r ~,•lJ• / o6a 

1T'•WCJ0Jia nona,n;yT B C'tleT'tiHKH, O,ItHH J;f3 KOTOpliX pacnOJIO:EeH DO 

" t~aJJ"aBJICHHD ( 6, ...,, ) H ma:eeT yrJIOBiiU pasuepli A 9., ~ b,o.f
1 

' a ,D;py-
t • I 

I' of • no HanpaaJieHmo ( 9, ~t) H HMeer yrJIOBiie pasMepli A 9t , Aft 

1 eGll CtrE!TtBtKa perHCTPH})yDT "'11• - ll030Bii B HHTepaaJie mmyJI:&COB 

I \1 
o:O p )tO f • 
Sy.teW ctruraTl», 'tiTO '-f, =0, 'ft. ·11 ' e.= 6t. 

p• • J, 5 raB/c. 

0 I 
~:8 , p •0,5 raB/C H 

lu Jl06CTBa BCe ,n;atiHJie He06XO,D;HMO nepe BeCTH B C •It•M• B Hameif 

OJ"'tC 3ueprHSJ ilp B c .n.w. 

i '(ai,~OS i r:: vt: i,~l(I2) 
t TO yroJ1 e,. B C .D, .M. DpaKTBtleCXH 01' 

c. .a"' c..e~ 9 -v O> \:7 • -

1- V•CA)9 

w•. '(w- rp·~ e o-w ('l- rc.tl~&) 

\,.J & • a 0 1 .21. "f •
1 

""II .If C i., 1. i 

e'* .a 1 ;,S0 
; e•• & 11,,. 0 

" 

p ue 

• 

(IJ) 

rlo W H ~~ 3HeprKR 'tlaCTHU COOTBeTCTBeHHO B J1.C.Ke H B CeiteKe 

:7:TL &,._ =22,5°; ~f).lf =45° • KpoMe HMIIyJI:DCOB B c.u.M. He06XO,D;HJiO 

e~;cnecrH yrJIOBHe pasMeps c'tleT'tiHKOB ( cu.HHZe). 

lu Onpe.n;eJieHKR npe,D;eJIOB, B KO TOpliX :"eHSieTCR 3Hepru "'TT - Ue30HOB 

• c .n.w. nocr poo .n;HarpaMMY MJIPina. 

~;1~ CTpOHTCR DO ~OpyYJ1aM: 

M-n ~ W1 ~ 
M t.._ ~ ~ - ( \M-n ·• \i\.1 tt ) t. 

(I4) 
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:.,..:) : A.f - ""' {..J M ~ t .!!.. P. Jf.V 
t ~ t ~ t 

·-··------ - --- -- ----- l. L. 
~.:.JUWI pJJ;t 3HatleHHJ! t.J, , no 3TirUl <t>opU~fJiaJl MOZHO BSliHCJIHT:& Wt. • 

/..) X}KBOR )tJIJI U)t. = r l W 1) BH,II;HO, 'ITO W1 H Wl KeHJIDTCJI 

:T 0.14 ,D;O I ,25. 

:, CTllTKCTH'leCKOH TeOpHH HHTerpaJI COCTOJIJUtn liaCT~ 1\0 1(
1 

J,1 

• c.a.M. ~Wee:r BJUt: 

(15) 

... l ( 0 etw o{'-f ~ e..1 e P. tltA? ~~ cl ~ 6 . 6 i ~· ... ~,. t ':'l-.M) 
J l ! j r 1 I I I 1. t 2 l t.,j (16) . . ) 

r .It u \ :: v p ," + f ~ + 1 r' "l , - ~ ~ 

". ~ - ICOCHHyC yrJia MeX.zty HJ.myJI:&Cal.IH )[e30HOJ3t +aK ItaK no 

rccweTptUi OJ]HTa ~,..fa. ~e,·e..~ 9L H ~ <l>HKCJql013aHH H, KpOMe TOro, 

I>UCTHU ~..f, j J..f1:, rJ ~ 91 '1 
of~ 6z. ( 3~ It BeJIJf1fHHli onpe,JJ;eJIJIDTCJI 

t4JMCJ'UM~ Cfi8ltTpOMerpO.B B C •Il•M•), 1'0 ::a SHaft t!J{Terpana HYZHO 

lfliiCCTH d..f, '1 d ~Q r '1 J-i't'l J~~~a. H npOHH~erpHPP J8.11» OCTaBmynca. 

' • ~YHKIV1Pt HaiipHuep no l-3&. , 

(1'1) 

. . ... 
' 

tM-\;\l,-W, )1-- (\>~-+ p~ ... 1 ~. P,, )= ~~ (18) 

,' 
I 

I 

I ., 
.I . 

. : I 

; I 
' 
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1 :v-.ROW pac'leTe HeoCSxo.IJ;MMO onpH.IJ;eJIHT:L H3 ypaBHeHM.s: (IS) w, 
f.~t. ¢ynttuHD w, H sareM .IJ;JIJJ xaZ;toro W, B liHTepBaJie or M, JtO 

~~+l'l4; • ("'" +\'111 )l B&'lHC1IJIT:L VOL. , w3 H ,ltpyrHe BeJUNHHH DO ,It 
t; I ').At 

11 ~teft'l1JIOM. CJIOZHB HX ,II;JIJI :ttaJI,ltOI'O W r MOZHO Ha~TH BeJIHliHHY 

urer~M. llpH 3TO:U sa ~ Ha,IJ;O npHH.R:T:L: 

!} tp~dJUtXeHHOM pacqeTe MaCCaMH -, - Me30HOB JfOJ:HO npeBe6pe'l:&. 

to:.ta M3 ypaBHeHWI (IS) oee:an 

' r,IJ;e I A:. Mt+ 2.. M.,- k1~ 
t. 

nu IHterpaJIOM TOr.IJ;a OCTaHeTCJI: 

V',·Wz. w) .. W,· t.Jl -· -wl Wl+w, ... w,~ ,U- w, (1- ~) 

~' :.an .l.U I nonyqaeM: 

(i9) 

(20) 

:·ra ltRTerpaJI JriOXHO BI:I'IHCJIHT:L. 0,JJ;HaltO t TC)'lHee Bl:l'lHCJlHT:& RHTer 

u:.ceaHo, orpaHHtiHBaJlC:L sHat~eu:wnm V)t B HHTepBMe 0,35-I raBI 

(!Ill: Y.B.K npM W,<0,35 IHU,>I,O He/I:L3Jf UOZ:&30BaT:&CSI HamHK 

=iiOJMXeHHeM). Hs trepteza BH.IJ;HO, tiTO npH 3TOM OT6paCHBaeTCJI 
t I 

u~OJbi!I8JI ( He CSon:Lme 20%) qacr~ 4JasoBoro npocrpaHCTBa. 

3:.ttiiCJUut Harerpan nonyqaeM: ~ =o,r (raB/2• npHCSJIHJ:eHaa.s 

:.c ~ wy.ta .JtJIR HHTer pana: 
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(} 

lt ;t.UHOCT:L per:n:c:rpa.nHH ,JI;ByX "11 - Me30HOB DOJiytlHil,. eCJIH pa3,l(eJIUJl.f. 

u rJ JIHyD BepOSITHOCT:D polt,lteHHSI 1111"' T .e • BOJIHtl JIHy BCero 4>a30BOrO 

r.!~.f.ule 3ra BeJIHtlHHa BlitlHCJieHa B pa60Te KOilliJIOBa [ 3] H pa.BHa 

· ~ • tt,92. Tor.D;a BepOJITHOCT:D perHc:rpaQHH ,D;Byx lJ - Ke30HOB paBBa: 

(23) 
'l,~t 2 . . 

~·=•va. Bli'IHCJUDI e JJL) • BocnOJI:L3yeMc.a .OpMyJIOI (13). Tor ,Ita RMeew: 

(;o1 f)~= e,~~' -O,AO c q~~S 
1.,e - o, go· o, "e, 

• or::D.lll (),~=S
0

"lf> 1 
( e,~2.s'·, (..P-)8,=1>1~~,; V= ,.., Do,go ) 

E,. 
~t .c),• ( e1. =11,5° j to e1. c O,C\~5~ i V..: O,)e» ) . 

~fl{lC!Uin yroJI, COOTBeTCTByDntHI HHTepnaJiy yrJIOB OT s040 

• ~ • c .n.M.) pa.BeH cl N/N e 0,1-1 

!utcH!dt yroJI Blipe3aewl CD8ltTpOM8TJlOM 

• (_cJJL)1
=),l·l0-'4 . 

C1~1~ateJI:LHO HMeeM: 

(24) 

, ~ t · ( ',t . to- 'f ) · o,1 -" 
II I~ 0 ~ O,l> . \ 0 

H A/ aanycita 
/V +~ crq 2. qac 

Y,~ 2. 
J ;ac'4eTe HCDOJI:D30B8JIHC:L CJJe,D;yK)ntRe BeJJHllHHLI: 

e:-rox"1-Me30BOB • s·Io4 
/llHKJJ; ,l(JIHHa H2 JmmeuH·. 

ceqeHHe ae Hrpa.JI:DHHX npol.leccoB ~ -s·ro-27 cu?-. 

50 Cll, 

l: 

! ~ 
! 
i 
i 
!I 

1: 
li 
I p 
I 

I 
I' 
~I r. 
'' ! 

I 

il'• 
I, 

'' I, 
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Pacrra~u r .. •:\ & t --· ITo one:ntaM (eM. TadJIKIUl Posencpem,)ta, •• I -
· M!raapL 1968) BepoSITHOCT:L srax ·pacna.,ztOB Me nee o, 4~. YqHruBaSI 

GC'fLmj'l) UIKpmty ~ - Me30Ha 00 C]la.BHeHHD C W - Me30HOM 

• pa3JrHqHe B ceqenHs:rx (rrpHMepno B ~:pa-qerupe pasa) H yrJIOBUX 

it!.Cnpe,IteJieHHSIX MOJICHO OtteHHT:L BKJia..zt f - Me30HOB. 

HcnoJrL3yii JIHTeparypnue ,ll;aHHHe, noJiyqaeM: 1\/(J~('-") < o,o6. 

B pacqere dHJIH HcnoJI:L30BaHH cJie.ztyDn(He BeJIHtiHHu: ceqeuae reue­

filrt~ut f ... Me30HOB c:~ ( r )=o,a MC' ceqeHHe renepanHH (...v -

kcJOHOB Ct.(rv.J) r:~ 0,2 Md. 0THOCl1TeJI:LHaSI BepoaTHOCT:L pacna­

~on f -;.1\ o '( no TadJirutaM Pose~<PeJI:L~a (SIHBap:L I968) onenRBaerca 

le4KqHHO~ MeH:Lmem 0,4%, OTHOCHTeJI:LHaSI BepOJITHOCT:L pacna.ztOB 

' ~ ...... 11•t no oueHKaM oxo11o IO~. JIHpHHa J - M:esoua 

r(J) = !30 MsB. illHpmra W - Me30Ha r(w) al2· MsB. 

]lJISI OU8HKH MOliCHO BOCDOJI:&30BaT:LC:S 3KCnepH1deHTaJI:LHI:lM 

CnCKTpOM 00 3~eKTHBHHM MaCCaM, OOJIJ~eHHUM ~JI pacrr~OB THna 

\' .. -;,.:~".{ • qHCJIO codHT:ID! B cnexrpe· B HHrepBaJie Mace 950-

!050 ( ~('-?)t.: !000 MaB) paBHO 40. 

PaccttHTaeM ceqeuHe lPCHOBHX coCSuriDt 11: .opaBHHM c c etzeHHeM 

~¢qle.KTa. 3a BpeMJI padoqHX H3MepeHK. C D,lUtOBO,ltOpO,ltliOI J.OOUeB:LD 

.UKHOl 50 OM 6llJIO 3aperHCTpHpOBaBO :MOHHTOpHHW Ctt9TtJH.lta.MH. 

·I ; 
; 

i j 

\ 1 

'' 
' 

I. 
' 

- I 
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- 3I ... 

~ ~o.:to I ,6 • 109 rr- ... MesoHo:e, no.ztcTaBJUUI Hs:eecTHse :eeJIH'ClHHH 

: ~o;~YJIY ( 9 ) ' no JIYllm.t: ~ "·~ · -~ · f."'t. g \.\,· ~ (v) ·tv · f. K . 

9 23 ,...., I -2 7 I -27 ~.::: I ,6.IO .6.IO .so.O,O'l •"-> .4,0. 0 - .o, • 0 • 
~ 33 -29 ,_J I 4 I,6.0,42.I,7.0,7.IO .10 • v a 4. 0 ·C: 

d== _l'~- c 40 0 5 I6~3 
9•4• o'1 5j;4.I0=?1o • ' • • 

D o~s.ro ... 3 M6. o,sr 6 = s.ro-31 cJf. 

Cc·,ezme reHepal\HH '-f -MesoHOB paBHO I5_r q , a apacna;tH 

f~~li COCTaBJIRDT 10% OT BCeX paon~OB 'f - M930Ha. 

3n ClleT yJiytlllleHHR paspemeHHR J '.'. ~- BMeCTO HH!repBaJia ! 50 usa 
UOIHO B3HTb ~ 20 A43B 1 llOJiyqHM npeBumanHe ~~Kra Ha.zt ~OHOM 

c~e B 2,5 pasa, x.e. oTHomeuHe 3<P¢eRTa/flloH ~ 7 ,s. 
!e.KlW o6pa30M1 _ OTHOmeHHe 3qxpeRT/!f>OH ~ 3 JtJJII ~M = '!, 50 M3B. 

npl! ~A..t = ~ 20 M3B, OTHOmeHRe 3qJqJeKT/<JlOH C: f/ ,5 • 

AUaJIH3 3.KCnepHM9HTaJIDBbiX ,ItaHHUX1 nonyqeHHijX 0 fiOMOIIU>D ,ttByx­

r.aHaJil>HOH ycTaHO:BKH 1 OO.Ka31llBaeT 1 ·qxo BapOJITHOCT:& HMRTa14HK 

pD.Cfia.JtOB ~--.. e.+ e.- <P<JHOBUW np0149CC8ltK M9Hee O,I~ l 2 J • 

5-BO 

- \ 
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~eiTHBHBR NaCCa pe30HBHCa ~~R y.Ka3BHHYX paC~OB 

l V ~·M 1-t\\-\1 ) .paBHa: 

- coorBercrBeuso uaccu, nonBHe r u m..,' \M" 'Et 'E 1 , ~' ' _r, 1. 

uepr111 H cxopocrx t~acrHtt I H 2, e1t - yr011. pa3nera 
!;·~.uxroB pacna,.1ta pe30HaHca. 

!tnoe 3Hat~euxe omxdu A .u;.M 
1.'\ ~~~. 

suqacJB~TCI qac11.euBHK cnocodox 

lacca ~eaosaaca xozer duri BHqac11.eaa no ~opuy11.e: 
I, '•· 

'. ~-· "'~-. ( . 
• . v .,f.:ttl ~- ." 

ru C.1 = \.1\1 ~ -+ h1 ~ ... V\11~ + 2. Eo, Wl P · ·
1 
t.~~ :..1. ( E ., + w, f) ; c ~ !# - 2 p. 

E~ , r ~ , e ~ -

'' 
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eoorsercrseuao noJIHaR 3HeprHa, mmy.IILC H yro11. BHJieta peao­

aauca, onpe;teneuwe no spe:ueu:a npon,~ra ueRrpoua. 

Ha pHc. { 1 npHBe,D;eHa aaBHcm,wcTL pa.apemeuu no llacce 

~ or paapemeHHR no .BpeweHH npon,3ta H yrnosoro paapemeu:aa 

apa pa:umqHHX yr.nax BHJiera seiTpoua .• llpH BpeKeHHO:tl paapemesHH 

Atyt • I ,0 HCeK H 6aae t • 400 CM 'laCTL OmHChtH B :uacce, 

oOyC!OB!6BHBS H8TO'IHOCTLD H3MepeHHS BpeMeHH nponeta, pasHa 

AY'Yl-Jn_, • llpH atoM BTopas qacT:& 1Jm:a6u, o6yc1l.OBJiea~a 

leTO'IHOCTLD B Jt3MepeBHH yrna BHJiera BeiTpOBa 6 f)"' 

piBHa ll me • Peay JILTHPYDutaR omH,~m onpe)te.uerca no 

"' tf<>pvyJie: 

lacca, BH'IH.CJieBHM DO cpopwyJie ( ~} ):, Be 3&BKCK! 0! IIO,JUI 

~cn~a peaouauca. 

' 

• 

l~a odpa6otxH H auanx3a aKcnepKKeBTaX&soro warepH&na, 
IWCDI!Uleca y sac nporpa.wa Jt011.ZHH du·r~t ,D;onoJIHeuu. Jtona crapol 

aporpa.IOG:l B HOBOI yxaaaua B cxo6mx u. B npoD;esrax. 

I. Dporpa.Mlla reowetpH'leciCoit pe~oscrpyKitQ. co 6urd. · 

Koxer dHT:& sanacasa sa ocuoBe HKe»•elca reoxerpaqecxol 

aporpavw ("" 7~). 

•• 

l 
' ii 
i' 

'' i' 

i 
. ' 
' ' 

t l 

~ 
:l 
I 

r . 
i. 

.i 

! ; 
I 

i i 
! t . 

• ·,, ~ c 

f 
~ l f 

: ' l, 
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2. KHae:va.THtlecma nporpa.lDdB.. 

lfOI8T 6HT:& HaDJ4C8.liB Ha OCBOBe HKEtlluteiCR ltHH8KaTHqecltOR 

aporpaJOIH ( ,...., 50~). 

3. ~Ht-nporpaMMa. Moxet C:SHTJ, uamlcaHa sa ocsoBe Dem-.elca 

4•t-nporpaMKe1( oxono 30~). 

4. fiporpauMa BHqKcneBHB 3~~RTKBHOCTKe 

5. nporpawa mqKCReBHR 4JoBtlBHX DPOil8CCOB. loxet CSHTa 

BaimCa.Ha Ba OCHOBe HKeJ>~qelca DpOl~pauw BHqac~eHIIJI cf}oBOBHX 

npoueccoB ( oxono 50~). 

~ i 
J ' , I 
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• I. 
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CTIMCOK PMCYHKC~. 

J l"• z:.'~ltH 3aBHCHMOCTH a) . DOJIHOlt 3He:prHH '-f - lle30Ha B JI.C .:s:. OT 
'•· r t 

r.:m s n.c.x., d) yrJIB. BHJieta lf- :uesoua B n.c .x. OT yrm 

a;»Jeta B c.n.M. 

z.. rfi!IPRK 3aBHCHMOCTH DOJIHOlt 3HeprHl1 ~-Me30Ha B JI.C • K • OT yr Jia 

•:JJieta B c .n;.M. 

• J. rccnpe.~teJieHHe yr noB BHJieta H yrno B pasnera ~ - Kesoaa B 

(- ItBaHTa B pacna.zte ~~ ~0f B JI.C .It. B 3aBHCBII0CTH OT yrJfa 

~. r;<vtJm.t 3aBHCH}.(0CTH noJIHOI 3HeprHH ~o- Me30Ha (f ... ~cy-) OT . 

Jr 11a BLIJieTa B CHCTe:Me nOKOSI pe30B9.HCa. 

5. f;ruflHK 3aBHCID.t:OCTH 3HeprHH ~ ItBB.HTa (f,.~'r) OT yrna BHJieTa 

I CHCTeMe DOitOSI pe30HaHCa. 

6-. rpaqJHit 3aBHCH}.(()CTH a) nOJIHO~ 3Hep:rHH ~-"- J.le30Ha (~-.~ 41Y) 

o.t yrJia BhiJieTa B JI •. C.It.; d) 3HeprKH 't- :S:BaHta (f-,oy) OT 

yr .11a BLIJiem B n. c. It. 

1. KliHeKaTHKa pacnSJta 

d) f~, =2,0 raB/C, 

~·~er-r .D:JIJI a) p~, .I,o raB/c, 

B) rf =3,0 raB/C • 

e. CxewrHt~ecitH~ t~eptex reo:uetpHH yc'raHOBit" ( B :uacmrade I :IO) 

~J[Jt HCCJie,D;OBaHIDI pacna,n;OB '-f-., \.i • { 
9, rpa¢Hit 3aBHCHMOCTH nOJIHO~ 3HeprHH W- ¥830Ha OT yrJia BHJieta 

B Jl,C ,J(. H B C .n;,H, 

:2. KHHe:wannta pacna,D;OB w--n·r .)IJIJI p""' .. 4,0 ran/c. 

:I, cxewarlt'lecitHlt t~eporex r~oMerpa~ ;yc·aaHOBitH ( B :uacDJTade I:IO) 

AJUI ltOOJJ8)J;OBaJJ~ J>acpa)tOJ W -,11'1\ 

•' 
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Jla. JUBMCHUOCT:b 3<M>eKTHBHOCTH perHC~~pa.I{HH pacna.ztOB 11• t Ot 

J&J.CCII B ycJI.O BHRX reOMeTpHH e •c!6° • 
• 

J t. CxeuarHt~eCKHil 'lepxex axcnepHMeHta.JI:&HOM ycTaHOBRH. 

lJ. CxcwrHt~eciud! qepte:m: '(- cnezttpo~retpa. 

14. CxeWl.i'Ht~ecRHtt qepxe:m: Hcxpo BOll xa:tAepli. 

l s-. Sr.oK-cxeua aJiexxpoHHOit annapaxypH. 

lb. S::oK-cxeua aJiexxpOHHOit annapatypli HeitxpoHuoro .zteTeKTOpa. 

11. K;;He11e saBHCJtU40CTH paspememm no uacce ot omH6RH npH 

J3llepeHH yr.11a BliJiexa He~xpoHa ~e~ H cKopoc:rH A~., . 

!~. 3aBHCHU0CT:b BpeMeHH npOJieta He itrp1lHa OT yrJJa BliJI8Ta B JI.C eKe 

I. 

r '~.' 

. ' 

.. , .. '· 

" .. 
I ,I 

' ' 
' 
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BH3 - BHemHmt sanycx, C - CI.tHHTKJIJISU:{ROHimn cqerqnx, 

CC - CXeMa COBna,n;eHHti, 1>3 - 6J:OK 3a,ItepJICKH, 

EMS 6JIOK H3MepeHRR BpeMeHH, YP - ycnneTJIL pasMHOXHTeJIL, 

E3~ - 6JIOK sanycKa $oToperacrpaTOpQB, BHK - 6JIOK HCKpOBHX 

Ka.Mep, If? - q>oToperKcTpaTop, TIT.·{ - TenexaMepa, 

IITY - TeJieycTaHOBKa, riDI - reHepaTop :mmyJILCHoro HanpRJiteHRJI 

(5-I80KB), 3CI1 - 3JieKTpOHHHn CTaChlJIH3aTop-nOTeHI.tl1.0MeTp, 

I13CIT - nyJILT 3CIT, BBIT - BUCOKOBCJILTHU~ npeo6pa30BaTeJIL, 

HHH - KcToqHHK HH3KHX HarrpaxeHan, TIHHH - nynLT HHH, 

ITOIT - nyJILT pqHmaiD~HX noJielt, HBH - HCTOqHKK BUCOKHX 

HanpSillteHHi:t, OC - OCJ.llitJIJIOrpacp, 011~ - CTOitKa fil1.TaHHJI 

~OTOperHCTpaTOpOB. 
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