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I. BltAIBKe. ITporpaKMa acHAUIT. 

B DOCltASKe ro,~;w OoJaiiOI K&repec opoaanaerca x Kcc~e,~;oJaHKax 

c•olcr• aroMKwx &Aep, YA&ItiBWX or ooJocw Oera-craOanaaocrK. 3aA&QK, 

M8TOAW K.p83Jli>T&TW T&liX KCCl8AOiaHKI 00CyKAalKCI> I DOClt,I;Hee »PIKI 

IIOAIOKp&TIO (xaupJMep, .arepa&~w KOI.tpeB~JI 1 IKaeKilt I I Helsx-

11 /l,2/). Ba&BOCTa ITKX ICCl8AOJaBII qacro lll•crpapy•r rex ~
TOM, •ro, corJacao oqea&aM, • npxpoAe xozar cy•ecr•oaar• oxo1o 5000 

pa3JXqa~ JiAIPt craOXIaBWX DO orBOII8Bim X Mri018KH0.7 KCDfCX&BKm HyX

lOiOI (cx.plc.I). Odi&pyztiO 81CD8pKM8iTMI>HO H, I fill KJIH HHO!l Mtpe 

13YUHO rO.IUO it.IOIOrKM 00.1118 1500 113 HIIX o I(AK npan;10 t UK .liApa pac

DO.IOKIMW y DOlOC.Iol Gtra-craOXUKOCTK I 06Jia,Jtamr OTHOCIIT8.11>HO 60JII>IIIMK 

nepiOAaMK noJiypacn&,lla. acao, uo ae.~aqa nocrpotHU ruop1111 a,~;epaoro 

JellltCTia, xu • pa,~; APYrKX uryuaKWX aayqHwc opo6ua1, '!peOymr xccJe

AOJaBKa •cero MHorooOpaaxa &Atp, xoropwe xoryr cylllecnoaan 1 npxpoAe. 

HccJitAOiaHI& xaoronoa, YA~Aexawx or no.1ocw Oera-craOI.Ia&ocra, •xpoxo 

IIPOIOA&TCJi I pAAI B&yqawx UIHrpol MKpa (cx.raOn.I). 

Jl,la DOJIYUHXA Ksorouoa, YA&JtJUIWX or JIKHIIH Oera-cra614J1JtHOcrx, 

celqac KCDOlaaymtCJi rpl OCHOBiWC M8TOA&: ptaKUII ,~;eneHHJi Ha H81Tp0Halt, 

peax~• c xuoroaapaASwxx aoaaxx 1 peaxua• c aapazeaxw~• qacrKuao, 

ycxop&HiWMII AI 8Biprn B HICKO.IUO cor Mas • 

P~KI C RpOTOiaMK C IHtprlel 660-680 M8B BCDOJie30Ba.IHCa B H$

Ooparopll JIAIPIWX DpOOlllll ,UJi DOJIJ'IiHI.II I ICCJli,I;OBaHU 130TODOB C 

OoJiaiiiM BtAocrarxox &elrpo&oB c I955 r. Dii.IO noxa3aHo, qro OoJiamaa 

3Htpr1A I piKOp,ltHO BWCOK&JI IBTIBCIBHOCU Dyll&a DpO!OHtiB Ha CKHXpOUJIK

JIOrpOit OHiUI coa,l&llr y&U&JitiWI •oaxozKocu .ua K3JQ&HKB crpyuypw 

uep c dou .. x AecJI•quo• ldlpoaoB. B •ccu.~;oaanax, upoaueuwx c 

1955 DO 1969 r .r. I Jfadoparop .. AAIPBWX 11p001111 I B p~lA8 IICtlrJIOB 
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crpaa-yqacrHK~ Oltilil, oupwro 6o~ee 80 HOBia Haorono:1, noJlyll.esa o6-

llllpiM HH!POpMaU.IUl 0 C'l'py:uype Bell'l'pOBO,Uqlii~JITHia .IIJl•!p. 0630p S'I'KX 

KCCJle,J;OBaHHl ,J;aH B paCSore K.rpoKOBa 11 :S.Jl,ze.uenosa I:V. B pa6orax 

1955-65 r • r • IICDOJllt30BU&Cil IUI8.CCKII. 8Clta.R "o!p-JiaiH" J(8'1'0,Jlii1C8. .14 H3Y

qanc:a s,~;pa c nepao,~;a.Mx no~ypacna;;a npuepao OAIIH II.ILC H 6oJiee. O,~;aa

xo yxe B KOH~e Dft'I'II,I;BC.Il'l'loiX rO,I;OB C'l'aJIO &CHO, qro pe!~~lll C DpO'I'OH&

iUI c aaeprxel 660 Mas ycne•ao .Moryr 6wn Hcnon3oB8.1t.bl AJI.Il noJJyqewHa 

xopouoJ:HBYIIlKX 113oronos c T112 nopa:.ua uayrw. H.&llt~esa, M.Ky3ae

~oaa, r.~3XOJIIt H ,1;p. npe,I;DpiiH&:JlJI B 1962-63 r.r. Ha BloiB8Jl8HHOK nyq

K& CliHXpO~JIKAO'I'pOH& nH0 JICCJ18)l0BaHKS KOpOTKOZHBYIIlKX 1130'1'0DOB ~HpKO

HHS H IT'I'pK.Il. IiWAO O'I'Kploi'I'O H&CKOJlltKO HOBWX H30'1'0DOB 3TIIX 3Jl8M8H'I'OB 

C TI/2= 5-10 MIIH / 4/, O,l;iaKO DpOBIC'I'I H3Y'I8HK8 cnex1pJB JI3JlY'I8HH8 

3'1'XX i130'1'0DOB Dp&K'I'H'I8CKH HI y,J;aJlOCit 113-3a DJlOXOil pe3p8WaD~el CDOC06-

HOC'I'K DpHM8HJIBWIIXCS 'I'Or,l;a CQBB'I'IAJI&:ijKOHHWX CD&K'I'pOME'I'pOB H O'I'Cy'I'CT

iH&: cenapa~ilil H30TODOB DO MaCCa.M. HoBwl 3Tan B HCCJl8,1;0BaHI&:X KOpOT

ltOZKBYJilHX, YA&4&HIIWX or nonocw 6era-cra6KJiaHocrK a3otonoa Hall.aACB B 

1965-66 r.r., xor,~;a cra~11 AOC'I'yDJIW noJiynpoBOAHHKOBWe repwawui-JlH'I'He

swe raMMa-cnexrpouerpw, o6Jl~&mlK8 BWCOKKM paape•eaHeM. B 3JlaHHH 

CHHxpo~KKnorpowa nHfl 61o1JlH coa)laJIIol CHJJa»K or,~;enoa HC i PX H OHHP HHIT 

annaparypa K oOopy)lOBaHHe, He00XO,I;IKW8 JVI& HCCJli,I(OBa!IHll KOpOUOZKBY

~HX Hsoronoa aa aWBe~eaaou nyqxe cxaxpo~Hxnorpoaa: naeaMonoqra, axc

npeccaas p~KOXHMH'Iecxaa naOoparopxs, cneKrpowerpuqe~KHe rpaKra, aaa

na3aropw. Pa60Ta.MII PYXOBOAH~ r.~3HOJllt (cnexrpocxonH~) H H.r.3aJ~e

aa (paJ~;HOXHMHS). O~HOBpeueHHO 01o1Jl DOCTaBAeH BOnpoc 0 HeOOXOJlHMOCTH 

oOecneqeHHS 3'1'KX KCCJle)lOBaBHI a~eKTpOMarHK'I'KWM cenap;i'I'OpOM An& pa3-

Jl8A8HKS paAHOaK'I'HBHWX H30TODOB no MaCCa.Mo 

flpo6newa wccnuoaaHHI csolcra &Jlep, y)laneHHWX o·r noJiocw 6era

cra0HJiaHocrx, BtOJlHOXpaTHO o6cyz)le.Jlac:a sa 3ace)laHH&X Yll.eHoro Coaera 
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no s~epHoi ~H3KKe HK3KKX aaeprKI x KouKtera no a~epaol ~B3BKe OHHH. 

B Mae 1967 r. B lYOHe cocroa~oc• COB~HB& axcnepros no arol npoO~e

ue 151. Cose~aaMe oocy~ano • o~oopano npeA&ozeHHHI or~enou HC • PX 
llHll (K.AneEC8HAep, r.~3HOA&, K.H.rpouos) DA8H pa3BHTK4 HCCA8l0BaHKI 

y~aA8HHHX Ot DOAOCW CtaOHA&HOCTK H30TODOB.BWAO DpH3HaHO H800XOliMHM 

npHoOpectH B AaHHH H ycraaosxr& B 3l8HHH cxsxpoua&norposa He no3~Hee 

cepelHH~ 1969 D. uacc-cenaparop raoa "H30A&Ae"j oepaoBa•a~•ao, ~o 

OCtaHOBKK CHHXpOUHKnOtpOHa llHil Ha peKOHCtpyXUHD, DO~DqHf& ~acc

cenaparop a pex~u "oH-naaH" c nyqxou npotoHOB (c nouo~•D HMeswelcB 

DH6BMOfiOqrH) ~n~ HCCA8l0B8HHK H30TODOB C TI/2 O~A&me O~HOI MHHYTW. 

Ycraaosxy wacc-cenaparopa "oH-naia" c•nyqxou nporoaoa lAB HCCAeAOBa

HKi H3oronoa c ~ 112 nopaAxa 0,1 cex H Oon&me npe~onaraaoc• ocy~ecr

BHT» nocne oxoHqauHa pexoacrpyxu•• ycxopHtens B cneu•an•ao npe~ycuor

peaHou npoexrou 3AaHHH. OxouqauHe pexoxcrpyxuxH nAaH•posanoc• a ro 

BpeMB B 1972 ro;y. ilporpaMMa Op8AYCMatpKBaAa KOHU8HtpaUKF OCHOBHWX 

cHn orAena HC H PX llHll Ha xccneloaaexax xoporxozHsy~HX, Yl8A8HHWX or 

DOAOCW Oeta-craCHn&HOCTI H30TODOB. HCCA8lOBaHHB OTHOCHTIA&HO lOArOXH

BYIIIKX H3oronoa ( T112 aecxon•xo 'lacon H Oonee) npunaraaoc• e~1e Oon

me cuecrar• B 38HHrepecosauHwe HHCtHryrw crpaH-yqacrHHU. llocTaBKH 

H30TODOB lAS HCCA8lOBaHH« B ~HCTHtytax CTpaH-y'laCTHHU DPOlOAKaer 

oOecne'IHBaT& OHC H PX nHn. 
naraa cecc~H Y'leaoro Coaera no ~Hsxxe HH3KHX aHeprHI OKHH 

(31 uaa- 2 ~DH~ 1967 r.) OAOOpHna pemeHHB cose~aHHS axcneproa. llpor

paMMa •cc~e~osaall YlaA&HBWX or nonoc~ 6era-craOH4&HOCtH Hsoronoa a 

nHll OKHR nonyqH~a aa3aaBHe - HCHAlliT: 5uepaas Cnexr~ocxonHa HA Dyqxe 

ilpOtOHOBo 

Kax cxa3aac1 swme nporpayya ocy~ecraAaerca a ABa arana; 3TH ara

nw oy~r HMeHoae.rbca HHEe flCHATITI~1 H HCHAITll-2. HeoOxo~KMo nolqepRHYTb 

npeeucrBeauocr& lBYX aranoa nporpaMMW HCHADTI, xax a cuwcBe reuarHRH 
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H8.YIIHhiX HCCJie,ltOBa.HMA t T8.K II B CllLICJie .118TO,JtHII8CKHX pa3pa00T'JK. ti v0-

30pe Tan&Oepra a (2) axcnepH.weur~ no nporpa..w.we llCHAITll-1 ua3BaHu 

"He BllOJIHe TOIIHO "OH-JIRlH" - 3KCD8pHK8HT8.KH", DOCKOn&Ky K cenaparopy 

C llOKO~b~ llH8BMOllOIITU TpaHCDOpTHpyeTCH 00JiylleHH8.R M~WeH&. B HCTHHHHX 

"OH-JI8.AH" -CHCTeKax 00pa3yD~HeCH p8.,1tH08.KTHBH~e H30T)fi~ H EHAe HOHOB 

nepeuocarca or MKWeHH K cenaparopy. Crporo "ou-nrutu•-aKcnepxueur Oy

.~ter ocy~ecraneu ua arane HCHAllll-~. B ,~tan&ueAweu u~, xaK H a 151, Oy

.~teK H8.3~B8.Tb oOe ycraHOBKH: }lCHAllii-.( II JICHAITIT-2 "OH··JirulH" -ycTaHOBK8.MJ 

KM • ./ILl fiOHMM8.eK, KOHeiiHO t liTO p8.3JIIIIIM8 M9AJ :JTIIKII ~'CTdHOBKI:Ui.ll u ll e

pviOA8.X nonypacna.na .~tocrynHiiX Haoronos: I KHH H 0, I c:eK; sec&.wa cy-

1118CTseuuo. 

B H8.CTOIIJ118U ldaTepHMe OCBe~eHW OCROBHW8 HTOrH I8.00T no nporpawf 

.we l!CHAliii sa 1967-72 r. r. H .-aerca oueuxa n ep:;.r: eKnn: ;:" paasnHa s 

nocJJeAY~IIIHe ro.~t~. MarepHan no.~trorosJJeH x XYII aace.n:8JIHil Kounera I'C· 

.fl,ltepuolt tPII311Ke mL'Ui, KOTOpoe COCTOlriTC.fl B HOH6pe 1~72 r. 

2. kiron paOor no nporpaKKe l!CHAllll sa 1967-72 r.r. 

Ana oOecnelleHH.fl Hccne,~tosauHU no nporpa.u.we liCHAII1-l a 3TH ro.n:~ 

OWl C03,1t8.H H DOCTO.IIHHO COBepllleHCTBOBaJICR KOMDJl8KC 8.llll8.paryphl .ll.Jill H3y-

118HH.fl xoporxoxHsymMx M3oronos c TI/2 Oon&me o.nuoli MJIHYThl - ycrauos

Ka HCHAIITI-I. YcTaHosKa JICHAIITI-I cocroHT H3 cne.n:ymuux ocaoBHhiX p.lloR: 

I. CKcreMa ~JI.R oOJJylleHHR .WHDieHeg ua ablse.neHHO!.I ry4Ke npoToHns, 

fi03BOJIR~~8.R ocy~eCTBHTb ~MCTaHUBOHHwA llOHCX 00~8.CTH rpOTOHHOrO nyiiK8. 

C UB.KCHMaA&HOg llJIOTHOCTb~. 

2. ilHeB.WOfiOIIT8. ~R Tp8.HCDOpTKpOBXB .WBmeHeA X yc~OpHTeJin H o0-

p8.THO B noue~eHHe ~acc-cenaparopa. 

9 



l 
I 
I 

1 

I 
j 

I 

l 

3 XHMK'leCBaA naOoparopza AJ!ft axcnpeccsoi oOpaOotKH oOny'leHHWX 

MHW6Hea. 

4. 3Jierrpo•arHUHioil wacc-cenaparop. 

5. KonBeKTCpHUe CHCTSMU ~Aft npKeMa II H3BJI8Q8HHft p83,1l846HHWX 

Ha wacc-cenaparc pe p~HOaKfHBHWX Ksoronos. 

6. AnnaparJpa AHft cnexrpowerpKK 11 o6paoorxw pesyA&raroa. 

OOopyAoaainles nepetnlc.lleaaoe a nysxrax 1,2,3 1r1 6, 6WJo C03,laHo 

y~:e B 1965-67 r.r. B XOAS DOAfOTOBXH X IICC48,l0BtlHHSM no nporpaMMe 

iiGHAIIH, .wo.».epHH:•Kposaso K ¥O.weuy sanycKa wacc-cenaparopa H nocroaH

HO COBepweHCTB0!18JlOCJo B fiOCJl6,Qil!qit8 fO,lWo ilH8BMODOQT8 fi03BOJUI8T 

CIHITJo K ,llocrasH::~o x wacc-cenaparopy o6Aylleaaym MI4UieH~o 38. apeMll 

'J - IO ceKYHA· ;~ a.:cnpeccaoll pa.D;KOXIrlMM'lecxoi JiaOoparopKK Mbl MOJ:elll 

odpadatblB8Tb WU!6iH aKTHBHOCTbll )1.0 10 MllllHI:Xlplrl. 

OcHOBHiie yanw wacc-cenaparopa /6/, B oOIIUIX t~eprax aaanonqaoro 

14CllO.Ilb3ye.uowy D•l nporpaMMe "i130.1l&Jle" B UEPH 17/, suynAeHw a Jl,e.HHH 

B 196ti-b~ r.r. )nexrpODHTtlHH8 AJII IIOHHOODTH'IICJ:Oi CHCT8~ II itOHHOfO 

HCTO'lHHKa, BMecre C 6AOX8MH Cta6KJlB3a~BK it D)'lJotaMH KOHtpO.Ill, 6K4H 

H3f0TOBJ16Hii B HiCTMtyTe ATOMHOI 3HeprHH HM.if..B.Kypt~arosa II B UeKTpO-
COCTOft.llCS 

T8XBH'l6CKOU OT,l~Jle nflll. 3aD)'CK MaCC-cenaparopa BO BTOpoi fiOJIOBHHS 

1969 roAa. 0cH03Hiie ero napawerpw cAe,Qm•He: 
:.-

= 55° yron JTK~OH6HHft Cp8AH8R TpaeKtOpKH 

AHHHa BXOAHOrO DJleqa I' 
v - 0< 

A~HHa BWXOAHOfO UJI8Q8 I .. 2,1 Ill " 
AHCD8pCHft (DpH p83HOCTK .1118CC 1~) .£ = 15 .111.111 

ODTH.III!!JUtHioil yroJI p8CXO,lKUOCTJ4 ,:_., 
., io • MOHH:lfO DY'lM v 

B 1969-70 r.r. 6WJH C03A8Hii AB8 CHCTS.IIIbl ,lAS c6opa pa3Ae~eHHblX 

Ha cenaparope PaAKO&EtHBHWX H3otonoa K nepeKoca Hx K K3¥epKteJI~Hoa 

annaparype. llpocrelmaa xs HIIX (aped nepeHoce oxo.11o DOJIMHHYTY) 6Wia 
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Hsroroanesa a HaK a CBepxe (ITHP). APyraa, nesroquaa cHcTewa (apeMH 

nepesoca HsoronoB 4-5 cex) cnpoexTKposaua K KsrorcBneHa s KE H 3MM 
Jlliii /8/0 

uo~aa cxewa ycTaHOBKH HCHAITTI-I npe,~~;craaneaa aa pHc.~. MHwesb 

oOnyqaerc.s sa BlliBe,ll,eHHOM npoTossow nyqJCe (0, I - o, <! ./... -· ) CHHxpouHK-
/ 

~orpoHa 00be,llHH6HHOfO IHCTHryra H C DOMO~b~ DHeBYarH4eCKOH D04rlll, 

,~;ocraan.serca a pa,~~;HOXHMH4ecxy~ naOoparopHm H x wac~-cenaparopy. Pac-

croaHKe or wecra oOnyqesHA ,~;o XKWH'Iecxoa naOoparop4H 70 werpos. 

Bpew.s ,~~;ocTaBKH - 5-IO cex. B OonbWHacrae cnyqaeB AiAbwe npoBOAHrca 

XHWH'IeciCoe B~eneaHe Hsyqaeworo anewesra, pas,~~;eneHde Hsoronos H 

cnexrpowerpH'IecxHe acc~e,~~;osaHKH. BoswoxHill H orxnoH~HHR or aroro oc

HOBHoro sapHasra axcnepHwesra. Ta.x XHMH'IeciCoe Bbl,ll;i.lilHHe tmor,~~;a npo

BOAHTCR HilDOCpe,II;CrBeHHO BO BpeMH 06ny'I8HHR UHWeHH ;oa-naja• -XHMHR); 

BWDOAHHBHCb 3KCDepHWilHrW C 3arpy3KOi o6ny'leHHOH WWIOHH B HOHHwH HC

r04HIUt Oes XHMHH; npoBOAHJlHCi> xxuqecxHe pas,I(eneHllii nocne cenapauHH 

H30rODOBo 

0AHOBpeweHBO C C03)(8.HH8M o6opyAOB8.HHH ,II;Jill YCTl.HOBKH JiCHAilil-1 1 

DpOBO,IlHJIHClo HOBille aay4HO-W6TO,J;li48CICI8 pa3p8.00TI.H )(J.ii nporpa.IUil>l 

fiCHAIIll.llo rewaTHKe 3TH paeiorli MOXHO pa3,11;8JIHTJ. H8. TJH fJ18.BHillX HanpaB

JI6HHH: P8.AHOXKWHH, ane~rpoMaraKTHaB cenapauH.s xsorcnos H cnexTpower

pH.s H CHCtewa 06pa60TICll ,ll;aHHiiXo 

A) Pa.IUtOXHMKH 

fipl paspa60TX8 pa,II;KOXHWH'IOCKHX WeTO,J;OB B~eJleH~R pa,II;HOaKrHBHI>IX 

H30rODOB AJIH nporpaMWW l!CHAITTI MW HCXO,J;HJIH H3 rpeCiOBaaHA, onpe,~~;enae

WWX ~li3H'I8CKHMH 3a)(a'la.liH 1 a HM8HH0 1 He06XO)(MMO Oi>iJIO 06ecne'IHTb Oi>iCr

poe no~y'leHHe npenapara C MaKCIM8Ai>HOi aiCrHBHOCTlo~ H 'IHCTOroR, OC0-

6eHHO or coce,II;HHX anewesroB; B XHMH4ecKoR ~opwe, npHro,~~;aoa ,~~;n.s nocne

AYD~ero pa3)(8~eHHH H30TODOB B wacC-cenaparope / 9 ,IGI. 
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Pa6ora KOJIJieKTi'IBa XHMHKOB OHC H PX npOBOlllal:it no .I{BYM san

paBJieHHJIM: MOAH¢HUHPOB8./IHCb H coaepweucrsos8./IHCJ. P·i3pa6oraHHble HaMH 

paHee M8TO,l{lli /II/ I C03,l{ll.B8./IHCJ. HOBW8 M8TO)J;Ll, B ra•lJIHUe 2 npe,D;CTil.B

JieHa CBO,D;Kil. 3KCilp8CCHLlX 118TO,IJ;OB BLI)J;8.118HHJI pa,D;HOB.KI !BHbiX lf30TOllOB, 

paapa6oraHHbiX H t HcnoJIJ.•yeuwx s nporpa.w.~e HCHAHfl. 

Cne,D;yer orwenn, liTO )J;JIJi npose,D;eHHJI nepso~ pndorhl Ha ycrauosKe 

~CHATITI-I no HCCJie,D;OBil.HH~ KOpOTKOXHBY~HX HearpOHO)J;~lHJ.lHTHbiX MOHOH30-

TOllOB raJIJIHSI 6blll paapa6otaH H HcnoJia30BaH HOBWi ra:lorepuoxpouarorpa

qJHIIecKfut M8TO,D; (fTX) /I2 , IJ/, a 31l.T8M 3TOT MeTO,D; OIIJI pa3pa6otaH )J;Jlll 

6LlCTporo BLI)J;8JI8HHSI 14 ,ll;pyrHX H30TOflOB (cu.ra6JI,c), \ITJIH4HTeJibHil.ll OC0-

6eHHOCTh 3TOrO M8TO,IJ;Il. 31l.KJUlllaeTCH B TOM, liTO XHIIHIIitClCH« npOU8CC OT,l(e

JI8HHH PIJ.AHOa.KTHBHWX H30TOflOB OT B8~8CTBa MHW8HH H tX OIIHCTKa UpOHCXO

)J;HT Cpa3y B npouecce 06Jiy118HKB (oH-.IIaiH•), liTO U03fOJIHeT 143YIIUTb i'I30-

TOUbl c nepuo,IJ;OM nonypacna..a Tl/2 ~I MHH. Ha pHc.: npe,n;crasJieHa 

CXeMa CU8UH8./IJ.HO C03,ll;aBHOi XHMHII8CKOA annaparypLl ,~~;na 3KCUepHMeHTOB 

ra.Koro THna. 

KaK DOXIl.31l..IIH npOBe,D;eHBLle lriCCJII)J;OBil.HiriB, OOJibWY£ pOJib Hrpaer MH

W8Hb: ee XKMHIIOCXHA COCtas, arperaTHOe COCTOHBHe H APYrHe qJH3HKO-XH

MHIIeCKHe xapa.KT8pHCTI4KH. CaN Y8TO,D; fTX OCHOBil.H Ha BbiHOCe o6pa3y~~HX

C.R neryiiHX coe.n;HHeHHi ra3oM-HOCHTeJieM (s pJI,D;e CJiyllaen 3TJ ra3-pea

reHT) ~3 30HLl Harpesa s rpy6xy c 3aAil.HHLlM tewnepary~HLIM rpa,D;HeHTOM 

(4ll.llle 8Cero otpKuareJiaHLlM), Ha cteuxax .Kotopoll no uepe npoxox)(eHH.R 

ra30BOrO DOTOKa npOKCXO,IJ;I4T COp6UKH neryiiHX C08AHH8H41l B onpeAeHeHHUX 

reMDeparypHLlX 30Hax. 

B pa3pa6oTaHHLlX Hll.MH MOTOlll.X fTX BW,D;eAeHHH pa,11;401l.KTKBHWX H30TO

DOB KCUOJJJ.30Bil..llaCJ. JietylleCTJ. qJtOpQOB (TI), XJIOpH,D;O.J (Ak>, Hj ) , OKCH

XJIOPHAOB (.z', fVb), OXKC.IIOB (Jt ,!(a: ,0~ ,_!;.,.) Cll.IIHX 3.leMeBTOB (H,J ). 

IIpHM9HeHHe M8TO,IJ;a rTX B nporpauMe HCHAIIII D03BO.IiiJIO IITltphltb pJI,D; HOBhiX 
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KOpOTKOJ:HBYIIIHX H30TOIIOB (Tl-188,189,!90,191, 1..1..1 -':1~, I 
· .. - I7B, ISO, 

181). B HeKOTOpHX OIIUTax HCIIOHb30BaRHCb IIpHeMW, II03BOHHD~He HCKHD4HTb 

XHMHileCKOe Bbl)teHeHHe 3HeM811Ta, ,IJ.HH llero 00HylleHHaH MHWeHb IJOMelllaJiaCb 

Henocpe,D.CTBeHHO IIOCHe 00HylleHHJi B HOHHUi HCIOIIHHK J(aCc-cenapa:ropa, 

r,D.e 3a Cllet BWCOKOA teMIIeparypu IIpOHCXO,D.HHO IIICIIapeHHe COOTBeTCTByD

IIIHX 3Jfelle:UTOB (~ , s'r, P33). 

IIpaKTHilecxouy HCIIOJI&soaaHHD paspaOoraHHHX uerc,.D.HK npe,D.mecraoaa

na a xa:K,D.OM cny11ae Oon&waa Hccne,~~;oaaruitcxaR paOorf., peaym.rari>l xo

ropol Moryr IJOCJIY:KiiiTit OCHOBOA ,IJ.aJIItHtAWiiiX MeTO,IJ.IillleC~HX pa3pa00IOK. 

HanpHMep, HaMill OOHapyxeHo, 11:ro H3 pacrrnaaa oOnylleH~oro sonora rrpoHc

XO.D.Hr .KOHIIllleCIB8HHOe HCUapeHHe YJlloTpaWIKpOXOHHileCTE OCI.UiH 1·1 p8HiUI B 

TOKe HHepTHOrO rasa. 3TOT ~KT B IIpHHUHIIe llOXeT OWTb HCIJOJlb30BaH B 

,D.aJI&HeiwldX paOo:rax no cos,D.aHKD wero,D.a reHlieaoA crpyH ~llCHAIIII-2). 

B one Iii PX (cexrop PaAHOXHMHH) npo,D.onxanrca p~Oo:rw IIO HCCJie,D.o

BaHHD pH,D.a HOBUX XHilHileCKHX CHCieM C UeJibD HX ,IJ.aJibHeiwero HCIIOJib30-

BaHHR B nporpaMMe hCHAITII. 

E) 3nexrpouarHHTHaH cenapauHa H3oronoa 

Ka4eCTBO pas,neJieHHR H30TOIJOB H IIOHyllaeuoe HX X>lJlHileCTBO B 00Jlb

moR creneHH 3aBHCHT or npaaHH&Horo suOopa napawerpo" HOHHo-onrHilec

KOll CHCTellW uacc-cenaparopa 14 OT XOHCTpyKUHH HCIJOJib:JyeMODO HOHHOro 

HCT04HHKa. B 3TOM HanpaBJI8HHH Ill B8HidCb OCHOBHhle pa3pa60TKH B cex:rope 

Macc-cenaparopoa OHC H PX RHII. HccJie,D.oaaHHe HOHHoro HCT04HHKa MarRer

pOHHoro THna, auecre c onrHuHsauHelt napauerpoa HOHHc-onTH4ecxol\ cHc

reMw, II03BOJIHJIO pa3pa6ora:rb KOHCTpyKUKD HCTOilHHKa ,~J.JJi pa3,D.eHeHHJi H30-

TOIIOB ra3oa Iii rsep.nwx 3Jie¥eHroa c reMIIeparypoa HcnaieHHH .D.O rooo0chtl 
/IS/. llJH paspeWaDJIIel\ CIIOCOCIHOCTH rv 1000 3IOT HCTOtHHK odecneQKB&4 

3!WleKTHBHocr& .JlJIH xceaoHa ~ '1% H .D.JISi PaAHOaxrHsHorc TaJIHHSi '" 12%. 

~JIJi pa3,D.eneHHJi H30TOIIOB pe,llK038M8HbHWX 3H8KeHTCB 6HH pa3pa60TaH 

Tpy6qar~~ HOHHuH HCI04HHK C noaepXHOCIHOR HOHH3aUH8H /! 6/. IIapaMerpN 

17 



sroro xoaaoro HCT>QHHKa He xueDr ceoe paBHHX s uxposoU npaxraxe. OH 

ooecneqxsaer s~e,rxsaocrL nonyqeaxa uosoasoronawx npenaparos paAxo

axrxsa~x xaoronos oxo4o IOQ% npx norea~aane aoaaaa~a aroaa paaAena

euoro 348M8HTa V~ = 5 3Bo C pOCTOM 3H8Q8HK8 ~ 3~eKTKBHOCTb na

A88T x cocrasnaer I% npx ~ = 7 as. Taxau oOpaaou c nouo~D aroro 

HOHHOfO KCTOQHHK8 YOEHO DpOH3BOAKTb pa3A848HK8 H30TODOB OXOAO 50 34e

Y8HTOBo C piKOpAHOl 3~8KTHBHOCtbD DpOK3BOAHAHCb paSA&AeHHa H30TODOB 

peAX038M84bH~X 3A8M8HTOB: HeOAHM - 8Q%, AHCDp03Hi - 6~, rynxi -30% 

H AP• (CM.pHCo4). Ha 3TOM HCTOQHHKe D04YQ8H~ TaxE8 B~COKK8 3~8KTHB

HOCTH pa3AeAeHHft H30TODOB 3AeMeHTOB aKTHHKAHOl rpynn~ /I7/: 8KTKHHH 

- 80%, KDpHi - 7C%, nnyroHK! - 50%, ~H~OpHJl - 4Q%. 0AHOl 13 OQ8Hb 

BaEHHX AAft "OH-AEIH" 3KCDepHM8HTOB xap&KTipKCTKK HOBOrO KOHHOrO HC

TOQHHKa asnaerca ero o~crpoAeiltsxe. B aamxx axcnepauearax speua or 

3arpy3KH oOpasua B HOHH~ HCTOQHHK AO D04HOrO COOHpaHHft H30TODOB Ha 

xonnexrope He npc:s~ano 3-4 MHH (cu.pxc.4). ~»Heimee ycosepmescrso

saHae 3TOrO HCTO'lHHKa DOSBOAHT HCD04bSOB8Tb ero raxxe KaK YHHB8pC8Ab

H~ D483M8HH~ HC!TOQHHK C DOA~Y K8TOAOM H C DOBepXHOCTHOH HOHKSaUHei 

/I8/. 3TO OTXp~BHST HOB~e B03YOKHOCTH A48 HCCABAOBaHHH KSOTODOB ryro

DA8BKHX aAeuearoB, raxax xax ~HpxoHMl, axooaa, ra~axa H AP• 

TaKHY oOpas,>u, xcnon•sosaaae nonyasrouarxqecxoa cxcre~ AAR oo

nyqeuxa uxmeaea, "oH-AaRH" xxuxa, aBrouaraqecxaa aarpyaxa ~paxuxx s 

HOHH~ HCTOQHHK 4 paspaOoTaHH~e HOHH~e HCTOQHHKH DOSB048DT H8Y B HaC

TOft~ee Bpeua H3y!aTb RApa C nepHOAaMH D04ypacnaAa OK040 I MHH. BYCO

xaa Teuneparypa (Oonee 2500°C) B YHHB8pC8AbHOY HOHHOM HCTOQHHKe D03-

B04~er DOMe~aTb B Hero oOnyqeHHYe ryrOB&&aEKt MHW8HH H H3B48K8Tb H3 

HHX o0pa30BaBWH8Cft paAH08KTHBHW8 8Apa nyrey tepYOAH~Y3HH /I9/. 3TOT 

ueTOA nossonxr xayqar• no nporpaMMe HCHATITI-I RAPa c T112 ueH•me MHHy

r~ a uoxer oxasar•ca ocoOeHHO none3HW» AAR ycraaosxa HCHAITTI-2. 
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PHc.4 B~xoA pe~Ko3eweA.&H~ 3newearoa a 3aa~c~MJCTH or 
apeKeHK wacc-cenapaQKH. 

CnOIIIH~e .IIHHHH - C HCOOJI.b30BaHHe.ll. TpyOqaT,lfO HOHHOfO 

HCTO"iHMKa, 

llyHKUpHaH KpHBaH - C IIICll0Jib30BaH.i'leM CTali,ll,&iJTHOfO 
.lrfCTOtiHMKa I 7 I 
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B) CnenpoMeTpiUI, 

,lJ,JIH HCCJie,D.oBaliirUI 143JlY118Hil:lt KOpOTltOZHBYillilX ll,D.ep 6Wla pa3pa6ota

Ha CU6UH¢H116CK&Ji J4:1M8pHr6JlbHa.J! annapatypa H M6TO,ll.bl o6pa60T.ItH ){8.HHI:IIX 

Ha 3.BM. 

KaK CJle,D;yer H:l CBO:ItCTB H,llep, ,II;OCTYDHbiX B HaCTOH1!168 Bp8MJI ,II;JlJI 

HCCJl6,1J;OBaHH:It Ha ycraHOBKe HCHAITIT-1, OCHOBHbiMK HCTOIIHKX&MH HH¢opua-

UHH HBJIHilTCH I rawwa-H3Jlyii&HHH H KOHB8pCHOHHbl6 3Jl8XTpOHbl. Heo6-

XO,II;HMO 13M8p4Tb Cll~KTpbl (3HeprHH H HHT8HCHBHOCTH) H3JlY118HHH 1 a TaK

ze speMeHHble xoppetHUMH wezAY pa3Hb1MK BK.Il&MH H3Jlylleaxa. Cooraercr

seHHo onpe,D.eJlaDrca rpe6osasxa K cnexrpo.Merpxllecxoa annaparype H ue

TOAHite o6pa6orKH p33YJI»taroa • HeoOxo~IMoxcnoJla3osara: 

1) ,ll8T6KTOpb1 43JlY118HHJI C BWCOKHM pa3p8W8HHIM K 3IP¢8KTMBHOCTall 1 

CBJI3aHHbl8 C MHOrO.It1H8AI>HbiMH aHaJIH3Hpylli!IHMH npH60paKH; 

2) Mi!OfOM8pHKl aHaJIH3; 

J) axcnpeccayo o6pa6orxy pe3yJILtaros B xo.~te axcnepaMeHta ,llJla 

KOHTpOJIS 3a XO){OM 3KCnepHM8HTa C llOMOillbll npoMe~yTOIIHI:IiX ,llaHHKXf 

4) CHCTiyY nplrpaMM ,D.JIJI OKOHII&TeJlbHOI o6pa60TXH p83YJlaTaTOB Ha 

6a30BWX 3.BM OKffM C UIJlbll noJlylleHMS B03MOZHO 6onee TOIIHbiX ,D;aHHbiX 0 

xapaxrepHCTKXax H3(Y118HHJI 1 B03HHKaJJ~ero npH paCDaA8 KOpOTXOZHBY.HX 

a,D.ep. 

B COOTB8TCTBHI C nepBbiM rpe0osaHH8M OCHOBHbiMK npM60paMK ){Jl! pe

rHCTpaUHH 6era- K raMMa-H3JIYIIIHHJI CTaJIM fiOJlynpOBO~H.ItOBbll ,ll.8TIXTOpbl 

(TITI,!J,). MCDOJlb30BaJIICb llll,!J,1 H3rOTOBJ18HHb18 B M8CTHTyTe Jl,D.epHOi ¢H3K.Itl 

qcAH H B rpynne B.U.OcaneHXO B nffiT f20f. llapa¥8Tpb1 XCll04a30BaHHbiX 

){8fl.ltTOpOB OTB8~8AK COBp8M8HHOyY ypOBHilo 

B or~eae soswx sayiiHKX pa3pa6orox narr 6biJlH pa3paOorasw cnexrpo

uerp~r~qecxae 8Jl8XTpOHHb18 6JlOKH ,D.JIJI npOB8){8HBJI Dp8UB3HOHHWX H3M8peHII 

C DnA: npiAJCHJIKT8BH / 21/, r~&BHbli YCKJlHT8Jlb / 22/, RO,ll.Kpfll~ee ycr

poiCTBO CO CXIMOI cra0K~K3&UHH / 22/, CHCTIMa ~~~ Bp8M8HHKX K3MepeBII 
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c IIITJl 1231. IlpH.MeHeHHe KOH~en~lfH YHHnoJUlpHLIX cneicpo~~:erpHilecxHx 
HMIIYJihCOB fl03BOJIHJIO UOBbiCHTD CKOpOCTD ClleTa B 3KCHepHMeHrax C~.- (_c)

.D;8T8Kr0pa.MH JJ;O H8CKOJI&RJIIX ,ll8CSiTXOB ThiCli'l B C8KYH.D:r 6e3 CYDl8CTBeHHOfO 

yxy.D;meHHJI paspemeHHII( yxy.nllleHHe pa3pemeHHJI He Oonr'e 'leM IO% npH cxo

pocrax Cllera .D;O 40000 HMn/cex). PaspaOorxa CHCTeM< .n:na nonylleHHR 

"O~cTpbix" apeweHH~x cHrHanoa or "~~:e.nneHHLIX" IIIIA TI)TeM KowneHca~HH 

~pOHTa H H3MeHeHHS Bp8U8HH HapacTaHHSi HUTIYJihCOB ,Il;8JIO H03.MOEHOCTb no

JIY'IHTb xopomee BpeMeHHOe pa3pemeHHe UpH paOore C [ilJl B illHpOKOM .D;HHa

MH\18CKOM ,llHana30H8 H npH BbiCOKHX 3arpy3Kax /C.J/. I¥HOfOM8pHhili aHaJill3 

(16 OKOH x 256 xaaanoa, B x 512 H 4 x 1024) ocy~ecraJIRercx c noMombu 

aHaJIH3aTopa Mi-4096 H CHCTeMbl ,llHrHTaJibHLIX OKOH / 241 , )lJIR 3KCllpeCCtiOH 

oOpadorxH cy~ecrayer CBJI3& H3uepHTeJI&Horo ueHrpa ITHIT c 3BM "~HCK-~" 
H "MHHCK-'2.2. 

CHCTeua nporpauu .D;JIR 00pa60TKH ,Il;aHH~X COCTOHT H3 .D;ByX '!acre~. 

3xcnpeccuan oOpaOorxa 1251 na3BoJiaer ao speMR 3KCn~pH.u:eHra 3a Hec

KOJI&Ko ,ll8CRTJCOB C8liYH.Il Ollp8)1.8JIH:r& 3HeprHH It! HHTeHC.fBHOCTltl rau~~:a-ny

qea H KOHB8pCHOHHLIX 3JieKTpOHOB HJIH rpaHIIIIIHYil 3H8prl!D ll03HTpOHHOfO 

cneKTpa. To'IHOCTL nonyqaeublx npH sro.u: .naHHLIX ReBe.nu , HO .n.ocraT<JtJ

Ha ,II,JIII ynpaBJieHHJI XO,IlO.If 3KCll8p14M811Ta. 

OKOHIIareJI»HaR oOpaOorKa cnexrpoa npoH3BO.IlHTCII Ha 3BM CJlC I604A 

1261. HcnoJih30BaHMe ITlll c Bblcoxoa pa3peman~ea cnoccOHocr&n 111 npHue

HeHue uo.nH~HUHpoaaaHoi a OHC H PX nporpaMMH "ra»Ma• nosBoJiaer onpe

.nenHr& 3H8prHH ra.lf.lfa-Jiyqeg KOpOTKOZHBY~HX H30TOflOB C TOIIHOCTbD B 

H8CKOJihKO .D;8CHTKOB 3JI8KTpOHOBOnhT (CM.H&nplt!Mep - /c?/). 
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Ta6Jl14U8. J 

0CHOBHb18 CBOltCrB8. cneKTpOMeTp14'l8CKOlt a.nna.patypbl H8. YCT8.HOBKe 
HCl:iAIIII-1. OJ•orp8.101Y ,P,JUl oCipa6orxl4 cnenpoa Ha 3.1iM 

1. I'8.ioi~-Cil3KTpOL!eTpb1 

(..2~ .. (Li )-,lUT8KTOpb!J OCi'beM OT 1,8 AO 50 c./; pa.3peweHI4e 1,5 -

-J,o K3B npl4 IOO xaa, 3,0 - 4,0 K3B npH IJOO xaa.S'£. ( Lc' )-.n:ereRTop 

¢ 6 uw, ¢ J xu, paapeweHHe 500 ea npH 20 K3B /J11. 
2. Eera-cne{tpo.u:eipbl 

[~. (Lf) -;;eTeKtOpbl 

P8.3M8pbl pa.3peweHI4e ld:CDO.IIo3JDTC8 

¢ 12 M.U,C""' 1-J UU l,J K3B DpH 100 K3B KOHB8pC.3Jl8KTpOHbl 

¢ 6 JoUI., ~1 r-· J M~ rv0,5 K3B IlpR 20 K3B - II -
(IOXIOx15) w.u3 "'-' 7 K3B DpH 1000 K3B II03HTpOHbl ( C,l: +- ) 

J. Ycra.HOBKi gna H3L!epeHHH rau.u:a.-ra.K.u:a-cosnaaeaHlt 14 
apeuet1 lEH3HH 

KouCiHHHpy~T~R ITTIA (llYBCTB.OCi'beM 27 cu3) 14 CUHHTHJlJlHTOpbl. 

Bpe.&AeHHoe pi3pemeH~te ~ 2 Hcex AJUl E />I Mas 

--10 liceK ;;na E1..-roo xaa 

4. llporpaMMbl ,D;Jll o6pa.60TKH CII8KTpOB Ha 3BM 

Hcnom.ay eu8JI Ha3B8.HH6 3a;;a'lH nporpa.u:ubl 3BM 

:::JIIOG-1 3KcnpeccHaH o6pa6orxa ra.MKa- t.fHHCK-2 
cnexrpos M cnexrpos xoHsep- Mi4HCK-22 CKOHHbiX 3Jl8KTPOHOB 

KATOK LKOH'la.reJI~HaH o6pa6orxa AIHHCK-2 r.UOfA-cnexrpoB 

fAMMA CKOH'la.teJiaHaR o6pa6orxa cnc-r6o4A 
rau.u:a.-cneKrpos 14 cnexrpos E3CM-6 KOHB8PCHOHHbiX 3Jl8K~POHOB 

~OHBEPC !o'lHble onpe.n:eneHHH E no 
cnc 1604 A 

t 
CII6KTp8.M KOHB6pCHOHHbiX 

I 3~e:r.tpOHOB 

EETA I DocrgoeHHe rp~Hxa ~epMH I 
I cnc 1604 A I ~na era-cnexrpos 
I -- ----- ---
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KaK ONJIO yKa3aHo ao aae,l4eHMHJ KJiaccH~ecKaR "o1?-Jia~u" l.iero.n,>~Ka 

up .. eia~aca 1 iHU OKai l•a cnezrpo»erp••ecz•x •c~•elOBa&ll c 

1956 ro,l(a. 3a sro apewR OuJI HaKOnJieH OoJibmoa onur . cos,l(aHw coapeweH

HNe paAHuXHMH~ecxaR H RAepHocnexrpocxonH~ecxaR JialioparopHH (cw./3/). 

EcrecraeHHo, ~ro npH paspaOorxe nporpawww HCCJie,l(ouaHHll Koporxo:nay

lllHX H30TOUOB p8.CCMaTpHBaJI8.Cb B03MOJ.:HOCTb MCfiOJib30BaHHR HM8BW8fOCSI 

oOopyAoaaHHR H cnexrpowerpoa. Ewno npH3HaHo l(eJiec(loOpasHww npHHRTb 

BCe Mepbl K TO.I.Iy 1 ~T00hl HCUOJ!b30B8.Tb 3TH npHOOpN H o0opy,I(OB8.HHe ,II,JIH 

HCCJI8,1(0B8.HHll KOpOTKOJ.:HBYIIlMX, HJIH OTHOCHT8JlbHO KOplTKOJ.:>IBYIIlHX 1 H30TO

fiOB. Mw c~HTaew raxze l(enecooOpaSH.biMH paspaOoTKy 1. cos,H,aHMe HeKuro

pbiX npKOopoB H ycrpoACTB 1 KOTOphle B OyAy~eM HMemr nepcneKTHBY HCfiOJlb-

30B&HHA a "oa-naaa• axcnepKwearax. 

B OtleJie HC K PX nHll a 1966-67 r.r. HMencSJ p£A coapeweHHbiX 

warHHTHbiX cnexrpowerpoa aAb$a- H Oera-Ksny~eaHa. is-sa He,l(ocrarxa 

fiJIOI!la,l(eA B 3,1(aHKH CiiHXpOl(HKJIOTpOHa llHll Mbl He HM8JIM B03MOZHOCTH pac

CMaTpHB8.Tb aonpoc o axnn~eHHH arBX npxOopoa a ycraHoaxy HCHAllll-1. 

IibiJIH npHHHT. Mepbl K TOMYt ~T00.bl KCfi0Jlb3YH 3TH npHOOp.bl no-npe:a:HeMy 

a •o~nalla• pe:a:Hwe, xayqarb xoporxo:a:HBY~Ke Hsoronbl. Tax, HanpHwep, 

Ha OOJibWOM MafHHTHOM 8.Jib$a-cnexrporpa$e npOBe,l(eHbl HCCJie,I(OB8.HHR KO

pOTKOJ.:HBYIIlHX H30TODOB p&AOH8. BfiJ!OTb lO pa,I(OHa-206 ~ TI/c= 6 MHH. Ha 

warHHTHWX Oera-cnexrporpa~ax xsyqeHhl cnexrpbl xoaae~cHOHH.biX sJiexrpo

HOa HTTepOKR-165 C TI/2= 10 MIH I TYJII4-l60 C T1 r2• 9 MKR. 

,!VIa IICCJI8AOB8.HHSI KOpOTKOZIBYIIIIIX 1430TOIIOB llpHMaHJUH1Ch HJ•HUO}•h! 

ll3~o~epneuaoro xown.aexca OTle.l& HC 11 PX: noJJynposo.~HKKOBble rawwa-, 

pearrea- 1 Oera-cnurpowerphl, ycraaoaxK raw.~o~a-raMM·l coan&AeHH~, yrno

BbiX xoppei&ijll K AP• / 28•29 tJO/. 

B 1971 r. a Mllcnryre fu{epHwx tlccJiuoaaHH» ITA. I (r .KpaKoB) 6b1Jl 

HSroroBJiea H a 1972 r. sany111eH s oue11e iiC H PX Oe J:a:eJie3HhiA ropo.11-
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AaAaH~ Oera-~nextpowetp (rxna "Anen~cxs•) c ysxxaA»nYMH xapaxrepxc

rxxawx: paspemeHHe - I%, caerocxAa -2~ •~• paspemesHe - 0,4%, 
cserocxna - 7%. Hcnonaaosauxe aroro npxOopa B xccne~osasxax no npor

pawMe ~CHAITIT-I B )aA~Helmex s~mqesxe ero B ycrasosxy HCHAITIT-2 cos

Aaer 00AaWHe AODO~HXT8A~BW8 B03MOZBOCTH. 

Pa3paOoraa H coopyzes aaroxar•qecxll xaxpo~otOMITp ~AH asrowa

rxqecxoA oOpaOorxM xs~pxau••• oo~yqaexoA sa ~ronnacrxsxax, axc

noHxpoaaHHWX sa OEra-cnexrporp~x. Be~erca paspaOorxa asrowara ~a 

npocxorpa ~oronnacrxuox c an~~-cnexrporp8¢a c oOecneqeaxex oOpaOor

KH nonyqeHHOI HH~pxaqXK C DOMO.aD 3BM. 

2. 2. PesyAatat~ HCCJ8AOBaHHI CBOICTB KOpOTKOZHBy~HX 
a~ep no nporpaxxe flCHAnTI-I 

Orqer o pe3y;tuarax sayqswx accuJtosasHlt no nporpaoe .liCHAITII-1 

0~ cJteAaH OT~enox HAepHOI cnexrpOCKODHH H pa~HOXHMHH nan OKHH Ha 

XIY ceccu YqeHoro cosera no ~K311Ite HH3U" ueprd a wae !972 r. 

3Jtec• •~ orpaHxqxxca ron•xo oqes• xparxol xapaxrepacrxxoa pe3yn»ra

ros HCCA8JtOBaHKI DJ nporpaxMe ~CH!llll-1. 

K&x O~o yxasiHO aw.e, c noxo•~m ycraaosxx .liCHAITIT-I xw Hxeex 

sosxozHocr• B sacrJa•ee spexa xsyqar• caolcraa a~ep c nepao~axx no-

nypacn~a I xxsyra 1 oo•~•e. Taxxx oOpasox aa ycrasoaxe .liCHAllTI-1 

xsyqanxc~ BlPa c 0)n~••• HtJtocrarxox selrposos; sanpxxep: soceMD 

&JtKHHq ~na xsoronoa npaseoAxxa • mecrsaJtqar• eAHHHU ~a xsoronoa 

T8AAH&. 3TH M8TOJtH~BCKK8 B03MOZHOCTH onpe,lteAamt re npoOAeM~ , HCCAe

JtOBaHHH KOTOp~X MOIHO DpOBOAH!a Ha ycr~aHOBK8 flCHAiill-I. MU cqxraJH 

cpe,ltH HHX rHaBHbiMH: ll3Yil8HB8 CtpyltTyp~ BliCOJ:OJltz~HX B030YZJt8HHWX 

COCTOHHHi a~ep X C4CT8MaTHQ8CX08 KCC~&,ltOBaHHi CBOlCtB 60~88 HH3XXX 

HAepHwx ypoaael a upoxoM Jtxana3ose A x ~ • 

Aia H3otonoa, YAaAIHHWX or no•ocli craOxJl»HocrH, xapaxrepHa 

OoJiamaa BtlJixqxHa p,,sHocu Mace npx Oera-pacn8,Jle. 3Hepna pacna,~;a 
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a.rtep, .rtocrynswx sa ycta.HOBI'e flCHAIID-1, .II.OCtHraer neJIHI.Utnw 5-7 M3B. 

Coors ercrseHRO, np11 Clera-pacna.Ae qacro xopo11o B031iy:uallrca YJJOBHH 

c aneprHel .11.0 4-5 Mas. (l]pe,u.ua sepoaraocn Oeta··pacna.~ta na 3TH 

ypOBHH, MOJ:HO no.lyqlflt Ba.J;8J:RW8 CBUeRIIUl 0 Ctpyxr:rpe BLICOKOJleJ:aUIHX 

COCtOIIHillt • 
BaJ:HOI 3a,ll.aqel OCTaetCII IICC.Ie,lOBaHHe CBOilCTB cpaBHHT8.llbHO HM3-

XHX 11,11.8pHWX COCTOIIHHI • 3HaRHe Ctpyuypw HII3Xii.X COI:TOJI.HHit D03BOJUI8T 

OOJlee ysepeHHO aHa.IH3HpOBatb CBOilCtBa BWCOKIIX coc·:oand. CIICTeMaTH

qecxoe, B .lpOXOM JtllaDa30H8 A H L , HCCJI8,I(OBaHII8 CBOilCTB BH3XIIX 

ypOBR81 ,laCt npKHUIInlla.lltHO BaJ:Hhl8 CB8,l8HIIB 0 rpan;u~ax oOJiaCtell ,U

~OpMaU11111 130Mepax ~pMW II .II.P• 

B 1967-72 r.r. xccJe,losasHa no nporpa»»e HCliliTIT-1 npoao,II.HJIHC» 

B C.l8,lyll11111X OO.IaCTIIX taOJIIUY 1130TODOB: 

HelrpoHO.It~•n•rswe 113oronw taJJIIIS 113yqa.~x T.~esem 11 corpy.rtnH

xH. 3xcnep11M8HTalltRW8 IICCI8lOBaHIIJI 3tOil rpynnw Jl)t~p 3aB8p118Hhl B 

1971 r. ITpe,lsapxte.lltHWa pe3y.l~otarw HCC.Ie,losaaHil OiRH onyOnHxosanw 

8 /~,12,13/. Orxpwrw qetwpe soswx H3otona ra..nlla: 191, 190, 189, 

188, ITepiOl no.lypacnala taJ.IHa-189 pasen I~ »HR. rronyqennLle 3Xcne

pawestaJitBwe .rtaHHW8 0 pacna,le 130TODOB taJJIIJI C ~lCCOBWliH QHCJiaMH 

OT 197 )tO 188 D03BOJISilT npOCJe)tHTit 3a DOBe,II.8HI8M 1,1(8pHWX ypOBHel 

B0JIJII31 Mar1Q8CK0f0 QIC.Ia npOtOHOB ;f ,. 82. (3ap11.~ II,Jtpa Ta.JIJUUI 

£ • 81; craOII.IItHWe xsoronw Ta.I.IIIB ll»emr A = 203 a A = 205). AHa

JIH3 pe3yJllttatOB 3TIIX IICC.I8lOBaHHl Oy,let 3aB8p118H J 197~ r. 

P.Ap.I»T, X.Twppo~, B.f.KaAIIHHIIXOB K ,ll.p. 3aX>HQil.lll UIIKA ICCJie

.JtOBaHIR HeltpOHOl~IIUIITBYX K30TODOB H80ll1Ma H npa3eO,II.IIMa /31;3
2

,
27

/. 

ITO.Iyqena IH~OpMaUIIJI 0 CBOilCtBax pa,la i)ttp C »arllqecKIIM QHCJIOM Hei

TpOBOB iY ,. 82 I .ll,lep nepeXOlHOil OO.IaCTII C /v .<... 82 • H.Jl&BTI~IUIIpOBaHO 

rpexxsa3nactxqnoe coctoaaKe B a,~tpe 141?rr ; K3yqea pacnal xopouo-
145' ' 144 :UBYIIIHX H3oronos l-..c/ T112= 2J MHB • Gel T112= 4,9 YIH 

/J2,J3,34,J5,36,37,38/. 
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Ha4atbl HCCJJe.llOBaHHH csollcrs xsoronos B , C H Xe c A 126, 

127 (P.ApnhT, A.HCHHCKH H ,llp.) Ectb OCHOBaHKa cqxrarh, qro 3,1leCb 

OY.IlYT nonyqeHbl cse,lleHHH, no.llrsepz.llaD~He cy•ecrsosaHHe oonacrH a,llep 

c orpH~arenoHoR ~e~opwa•Hell. 

llpO,IlOAZamtCQ HCCAe,llOBaHHH ,ll~OpMHpOBaHHWX H,llep pe,llX038M8~hHOll 

oOnacrH. H3y4anH~b KOpOTKOZHBY~He H30TOfibl p8HHa, nmre~Ha, HTTepOHa, 

rynHa, 3p0Ha, roijbMHa, .llHCnposHa. HsyqeH pacna,ll raxax ,llanexHx or no-
I6J 158 J.ocbl ctaOHJI»Hocr4 B.llep, xax Yf. - Tv2= IO MHH, Tm - Tu2• 

4 YHH HAP· UonyteH Oonhwoa oO~eM HOsoi KHWOPMaUHH oO O,llHoqacrHqHwx, 

.D.BYX- H Tpex4aCTI4HWX KOAJI8KTHBHbiX Bp~ateJihHWX, Oera- H raMM8-BII0-

pa~HOHHbiX yposHa:: s arkx ll,llpax /J'9' 40•41 t OOsop axcnepKMeHranoHwx 

p e3y Jib Ta TO B HCCJI !l,llO B8HIIll Tp eXKB83 H48C THqH biX COC TOHHd ony0./UIKOB8H 

B zypsane ·~xsa~l anexeurapawx qacrxu • aroMBoro a,llpa•/42/. 

UposO,IlHTCH },CCAe,llOBaHHJl Hell:rpOH0,1!;6WHUHrHWX 1130TODOB wpaHuHa, 

pa,~~;oHa, acrara H nonoHHa (U.H.Hy3Heuosa, B.IToreMna, B.r.qyMHH H ,llp.). 

BhlnoliHeH OoJbwoA ~HKJI Hccne,~~;osaHHI (li • .KpauHx, qaH TxaHb MHHb 

H ,ltp.) B 00JI8CT.il 1130TOfiOB ~HJIKOHIUI H ilTTpKa (:Zv40, /'v'-' a 50).3,1;8Ch 

cy~ecrseHHO nonoJJHeHa HHWOPYaUHJl o crpyxrype cocroaHxll s oo~acrH 

MarH'ieCKHX 4Hcen He.llrpoHos 1V = 50 H nporoHOB :X = 40. 

J. 3a~aqx sroporo arana nporpanw ~CHAUll 

3a DOCJie)J.HHe H6CK0Jih.lt0 JI6T ,ll;OCTHrHyT OOJibWOH nporpecc B p83BH

THH 3KCnepHMeHTaHbHWX YCT8HOBOK, H800XO,ltBMWX ,llJIH K3yqeHII8 B,ll;ep, y.aa

neHHWX or AHHHH Oera-craOHJihHOCTH. HsyqeHHe csollcrs raxxx a,llep as~a

erca s Hacroa~ee JpeMH OAHHM H3 caxwx BazHwx HanpasneHHi Hccne,llosa

HHll B oOJiacrH a,~~;emolt WH3HKH H a,~~;epHoll XHMHH. 3qxpeKTHBHWM H MHoroooe

lllaDIIIHM cpe,II;CTBO.U ,{AH npose.D;8HHB taKHX 3XCDepHM8HTOB 8BJIJI8TCii HCfiOJih-

30E>aHHe wacc-cenaparopa a cxcreye •oH-JiaJlH• ( IS'CL - clllcrexw) 

(raon.I). Onhlt, Hl~onneHHwll sa nocne,llHHe ro,llw B Hamej naOoparopHH 

(nHIT OKHH), no HCI!OJih30BaHHm peax~HH rnyOoxoro pac~enneHHH noA Aii-
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CTBH8.W npOTOHOB C 3HeprHel 660 MaB, .D;JUI DOJlY\18HHJI pi,JUI.OaKTHBH!lX H30-

TOfiOB, paBHO KaE K DOCJ18.11;HK8 .D;OCTHZ8HHS rpynnw R30Jlb.ll;8 (UEPH) B 3TO.W 

Hanpas.lleHHK DOKa3aJIK, \ITO HCfiOAL30BaHHe npOTOHOB BHCOKHX 3HeprHi U03-

BO.Il88T UO.Ily\IHT» 60JlLIIIKe EOJlH\IeCtBa pa.D;HOaKTHBH!lX B.D;ep cy~eCtBeHHO 

y,~~;aneHHHX or JIHHKH 6era-cra0KALHOCtH. HcnoJib30aaaxe raxoa .wero.D;HKH 

nosaonaet a aacroa~ee ape.wa HsyqarL pa.~~;xoaxtMBHHe a~pa c nepxo.~~;a.wK 

nonypacna.u.a ,ll,o I cexya,~~;w. 

Ycraaosxa flCHAllTI-2 npe.~~;craa.11aer coOoi .wacc-cenaparop, paootaD

~HR aenocpe.D;CTB8HHO Ha BYB8.11;8HHOM ny\IK8 npOTOHOB peKOHCTpyKpOBaHHOro 

CHHXpOUHKJlOTpOHa nHfi. 3Ta yctaHOBKa fi03BOJlHT fiOAY\18TL 60JlLWOe KOJlH

\18IIBO HOBWX, B OCHOBHOK HeitpOHO,II.~KUKTHWX H30TOUOB, KOTOpHe 6yAJT 

.u.ocrynaw x Hccne.~~;oaaHHD craa.~~;apraw.wx .wero.~~;a.wx pearreaoscxoa, aJib$a-, 

6era- I r&MKa-CDeEtpOCEODII, qro, xaE KOZBO Ba.D;&Stca,~03BOAIT B ClOD 

oqepe.~~;» nosar• CBolcraa KKorax 11 BIX. 

H.lieDtCS ,li,Ba OCHOBHWX .II;OBO.D;a )I.AJI K3Y\18HH8 a.D;ep, y.D;aJl8HHYX Ot JlK

HKH CtaOHJlLHOCTH. 

llepsw.w 13 HKX SBJlserca pacm11peaxe HKell~Hxca .JI;8.HHWX H npoae.~~;eaxe 

CHCT8KaTH\18CKHX HCC.Ile,J;OBaHHi B,l.ep B 00.1188 111Mp0KOI4 C 6naCTH af K ;V 

Bo-sropwx, 3TO H3Y\18HH8 HOBWX SB.Il8HKA, KOTOphlt cneUHtPiri\IHY .11;.118 

a.~~;ep, y,ll,aJieHH!lX or .llHHHH 6era-cra611JlaBOCTH. Hayqaa 3TH asneHHaJ.wozao 

noHy\IHTb HOBble cse.~~;eaHa o crpyxrype a,~~;pa. 

lllHpOitHi .D;Mana30H B03.WOZHWX 3KCD8pKK8HTOB no H: ·Y\18HHil ll.D;ep, y ,ll,a

neHHilX OT JliiHKM 6eta-cta6HJILHOCTH Dp8.D;CTaBJI8H Ha JlJl38KHJlloCKOi (1966) 

I liei31BCEOI (1970) KOHtP8p8HUHSX, DOCBll~8HHHX 3TO.wy Bonpocy /1, 2/. 

HHze nepeqzc.lleaw aexoropye tPK3K\Iecxxe npo6ne.wu, xoropwe npe,~~;Jia-

raerca zcc.lle.~~;osara aa sropo.w arane nporpaMKH HCH!rni. 

J.I. Kayqeaxe paaaocrea .wacc-a,~~;ep 

OAHHM H3 BUHHX o6"Lexros IICCJie,~~;osaaxa B o6Jiac~• a.~~;ep, y,~~;aJieHHIIIX 
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OT HHHHH Oera-claOH~hHOCTHJRBJliiDTCR H6COMH8HHO MaCCU R~ep H 011HCa

HHe HX 110BB~BHHSI. C TOIIXH 3p8HHR 3XC11BpHMBHTa .1800XO .. K.IIil B HaCTOR

~ee apeKSI OonhWHe ycHJIHSI AAR CHCT8MaTHIIeCXOro HSYII8HHSI .MaCC SIAep, 

nocKon»xy nnOaa ~3 nonys.wnapHIIecxHx ¢op.wyn ~na .wacc AOJIZHa Our» oc-

HOBaHa Ha CHCTe.MaTHII6CXO.M 3HaHHH 3THX B8J1HQHH, a HB TORhXO Ha OT

.l(BRhHUX 3HalleHHSI;:, XOTOpUe H.M8DTCSI B H&CTORmee BpeUR. 3TH BBRHQHHU 

Hrpanr aaxHyv pOJh a reopHSIX RAepaoro CHHresa. OHH .woryr Our» Hcnon»

soaaau ARH 11pBAC~a3aHHSI CBOACTB HOSHI H30TOI10B H 3H8MBHTOB. H3Mepe

HHe BBHHIIHH a 11pH Oera- HHH aHh¢6-paCI1aA8 .l(aer HaM HBI10CpB.l\CTBBH

HYD HH~opuauHD o coorsercrayD~HX pasaocrax .wacc. 

3.2. rl3YIIBHHe MarHIIeCJCHX R.l(ep H Sl.l(ep, H&XO.l\SIDIHXClt 
B~OHh HHHHM 1\ = ~ 

C TOIIKH 3p6Hilt MOABHhHUX 11PBACT&B~BHMJI B&XHYD pOHh Hrpaer K3Y

IIBHH8 )I.BaZ.l(U Mant'IBCKHX S!.JJ.ep JtaR B rg0 , ~gCc; II 2g~b H 3KCI1BpHMBH

TaHhHOB onpe.~teneHJre csoltcrs O.JJ.HOII&CTIIIHUX yposHell, ocoOeHHO ..u;na ii.JJ.ep 

B0JIH3H .li.BYMafHIIBCIHX. ~3KOnezaDIHB ypOBHH 3TKX H.JJ.8p .JJ.OHZHU OTBBIIaTh 

3HeprHSIM O)I.HOI!aCT~IIHUX HBllTpOHH~ H 11pOTOHH~ COCTOltHHI. ilpe)I.CT&B

HSIBT raxze HHrepec sonpoc cHcre.warHIIecxoro H3YII8HHSI noaeAeHHSI .warH

qecxHx IIHCBJI 11pH .JJ.OCTKXBHHH Oonamoro AB¢HUHTa HellrpoHOB (HanpHMep 

801 
40 r4o ) . 

Hsyl!eHae a..nep c IV ~1 npeAcraanaer HHrepec a CBH3H c SlsneaHe.w 

sapR.JJ.OBOa He3aBHCH .• OCTH .tUepHbiX CHH • 0.JJ.HaKO 3TH S!)l.pa, Sa HCKHDIIBHHB.W 

ca.wHX nerxHXJHaxO.JJ.HTCSI .JJ.a.Jlexo or JIHHHH craOHJihHOcrH. B aroa oOnacrx 

a.wee.w OJiaronpaarHw. cnyqal aaOnD.JJ.&HHH aa axcnepH.weare csepxpaspemeH

HUX Oera-nepeXOAOB. 

J.J. Hsyl!eHHe ..ne¢opMHpoaaHHbiX a,.;ep 

Ha pac.I, uo.wH.wo o6nacrea ABax.JJ.U .waraqecxax ~~~ep, xorop~e ciiH

raDrca c¢epHI!eCKHMH, or.we11eau raxxe oOnacrH can»HO.JJ.e¢op.wHpoaaHH~ 

RAep. llo.wa.wo rpex, topowo HsaecrHWX o6nacrel cHn»HO.JJ.e¢op.waposaHawx 

RAep Ha pac.I or~et:eHu ~se .JJ.pyrae o6nacrH aos.wozHux .JJ.e~op.wHpoaaH-
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HHX 8,1;8p. 06.118.C'Uo C 50< :.t < 82 H 50 .C. N < 82 H 00 18.CU C 

28 < :t. <.50 Ill 50< N < 82. )lellCTBH!eJibHO)Xa.pa.xrep HH3JtOJI8:18.lllHX 

B030YZA8HHYX ypOBHil.t 56BCl , 40!/1 , 421j) H 44 ~iA YU3WB8.8T H8. CHJlb

HH8 KOAJI&JtTKBHHe qepra. Ycra.uoaJta. HCHADll ~er xopomxe B03Mozsocrx 

,1;.118 HCCJI8,ll;OB8.HKI.t B,ll;ep B 3TKX 00JI8.CT8X. 

J.4. H3yqesxe a,~;ep nepexo,~;soro xa.pa.xrepa. 

B CB83K CO CX8.38.HHHM BHW8 CJI8lY8~ O,ll;Ha.Jt01 HM8Tb B BHAY, qro npe,J;

CT8.BJI8HH8 0 C~epzqecitHX H CHJibHO,ll;~OpMHpOB8.HHYX a,~;pax 8BJIBDTC8 Ha 

CaMOM ,1;8.118 8.CCBMnTOTHqecJtKMH npe,J;&Jia.KH ,ll;JIS OUHC8.HH8 00JibWHHCTB8. 

p88.JibHYX 8,1;8p (pKC.!). B 3TOI.t CB83H Ba:IHHM 8BJI88TCH CHCT8M8.THqecxoe 

H3yqeHJte CBOICTB nep8XO,J;HYX a,~;ep, KCC.Ie,JJ;y& ltOTOpYe IIOJ:HO npoaepHTb 

rpa.HKUY npaMeHXMOCTH HMeD•xxca MO,J;e.IIJ.HYX npe,J;cta.a.lleiKll. Ycraaoaxa. 

HCHAIIII-2 ,~;aer xopo••e B03MOZHOCTII ,1;1a npoae,JJ;eaxa cx<:reM&rnecKHX 

IICCJ18,J;OB&HJI BO MHOrBX K3 DtpiXO,J;HYX oOnacrei. 

3.5. l3yqeHK8 1130MtpHWX COCTOIHall 

Ba:IHHM HaDp&BJI8HUII HCC.I8,J;OB8.Hid 8BJI88TC8 T8.U•~ CKCT8118.THqec

lt08 13yqeBBe CBOICTB K30MipBWX COCTOBHd H 00'b8CH8Bll8 KX npKpO,lY. 

HHrep ec npt,~;craaJaar noxcx X30Mepos ~pMY, K-3aDpe~·3HBWX 11130Mepoa 

K AP· 
3.6. K3yqeau aeJto:ropwx ocoOeauocrel pa.cnua. a.~ep, 

YA8..118HHWX o:r AIIIHIIII Oera-craOHJILHOCTH 

Pa.cn~ a,~;ep, y,~;&~eHHYX or JIHHHH Oera-cra.OHJibHO~TII IIMeer seitoro

pwe OC00Y8 qeptY, CBA38.HHY8 B OCHOBHOM C B03paCT8.HH8M p8.3HOCTK Ma.CC 

coce,J;HRX uoOa.p no Mepe yseuqeHHa pa3BOCTH N H :l • Ha. rpaHH~ax 

yctolqHBOCTX 3T8. p8.3BOCTb 118.CC no IIIM8~HMC8 0~8Hlta.M M0:18T ,J;OCTKr8.Tb 

,~;syx-rpex ,~;ecatJtOB Mas. Up• raxiX ycnoaHBX ;3+ -pa.cD&A npHBO.lHt Jt AO

BO.IIbHO BYCOJtOJI~BM B030JJ:,J;8HHYM COCTOIBHIM ,~;oqepEXX S,J;ep. B taJtOI 
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0 0JI8CTIII 3HeprHA BC•30yJ:,JteHHJI, r ,l(e fiJIOTHOCTL ypOBHeR BeJlllK8, npOHBJIJI

DTCJI HeKOTOp~e OCC0eHHOCTIII B036yJ:,I(eHHJI Ji,D;pa, KOTOpue MOJ:HO CBJI38TL 

C KOHLlefil.lHe.it COCTE.BHOrO .ll,ltpa. 

HanpHMep, Hsyqaa B~COK03HeprerHqecxHA 6era-pacna.~t, MOJ:HO nony

qHrL HH¢0pM8UHm 0 fiOBe,l(eHHH CHJIOBOH ¢YHKLIHH B 3aBHCHMOCTH OT 3HeprHH 

H qHcen N H l , H3YQHTL snHaaxe o6onoqeqawx 3¢¢exros, 3¢¢exros 

cnapHB8HHJI H ,D;p. Ha rpocc-crpyxrypy 3TOH ¢yHKLIHH. 

Bropoa ocoOeuuocrLm pacna.~ta a,~tep, ,D;Ocraroquo y,D;aneaawx or nH

HHH CT86HJILHOCTHJJIBJIHeTCJI B03MOJ:HOCTL HCfiYCK8HHJI B npOI.leCCe pacna,D;a 

npauwx HJIH sa,D;epJ:aHHWX HYKJIOHOB HJIH rpynn ayxnoaos. MsyqeHHe 3THX 

npoueccos uoxer 6~rL c ycnexou Hcnon&sosaHo ,I(JIJI HsyqeHxa csoRcrs 

sucoxoao36yx,~teHHWX yposaea s ,D;oqepHHX a,~tpax. B aeKoropwx cnyqaax 

B03MOJ:HJ T8KJ:e llOJI{qHTb HH~pMaUHD 0 CfiHHax H qeTHOCTJIX yposHeH COC

T8BHOrO H,l(pa H HeK>TOpWX ,~tpyrHX xapaxrepHCTHKax npOI.leCCa. 

4. Tex!HqecxHe sonpocH sroporo arana nporpaJtMill 
.HCHADIT 

4.1. Ycrauosxa •q>• 

Bropol\ 3Tan nporpaMMill .HCHAllll CBJI38H C peiWHCTPYKLIHel\ CHHXpOLIHK

JlOTpoHa B CHJI.DHOTO'IHuH ¢830TpOH C B8PH8LIH8A Mal'HHTHOrO fiOJIJI (ycra

HOBKa •q,"). TaKaH 110){8pHH381.lHH ycxopHTeJia llavoparopHH JI,D;epHWX I!p06-

JieU fi03BOJIHT yseJIH'lHTL HHT6HCHBHOCTL BHyrpeHHero npOTOHHCro nyqJta 

,I(O 50 uxa, suecro l<MeDI!Ieroca B aacroa111ee speua ~,3 uxa. 

llocJie peKOHCTIYKLIHH CyllleCrseHHO yseJIHQ8TC.R B03MOJ:HOCTM ,I(JIJI 

np0Be,l(eHHR H,D;epuo-cnexrpOCKOllHQ6CKHX H pa,I(HOXHMHqecKHX HCCJ!e,I(OB8HHH. 

3!0 npex,ne scero CIJI38HO CO 3HaqHTeJILH~M yBeJIHqeHHeM HHTeHCHBHOCTH 

nporoHHoro~t nyqxa. Bo3MOJ:HOCTH pacmHparca raxxe 6naro,~tapa cos,~taHHID 

ycrpoi.l.c TD )l.l!H oOJiyt, eHHSi MHilleHeH pasnHQHoro uenesoro aasuaqeaHa H 

C03,1(8HHID JCJIOBHa .~~H HCfiOJIL30B8HHH napanJieJILHOrO (•napa3HTHOro•) 
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spewesa:. IIpex,11;e scero, aro orsocncs x w111mesH MX.K, Ja6otaDIIIea a pe

xa:we •ou-naas• (pHc.5). 

HHrescxssocr» BHBe,ll;esuoro nyqxa B palose MHmeHK MXH oxH,ll;aetcs 

oxo~o 30 Mita, npH ceqesH~ nyqxa 5-6 cw2• Ilpe,ll;nonaraetcs, qro 50% 

nporosos Y.I.acrca c¢oxycaposar» B nyqox AHawerpoM I cw. 3tH ycnoaHB 

BHDOHHBD'l:CB npH pa60T8 yctaHOBltH HCHADll-2 Ba COOC'l:E8HHOM Bp8M8HH. 

Ha napannen»HOM speweux, xor,J.a sa nyqxe nepe,11; MHmeH»D MXH 6yAYt 

C!OiTb MKm8HH ,ll;ii resepaUHH BtOpHqBHX qaCTHU, HHT8rCHBHOCTh nyqxa 

B 3TOI o6nactH CYIII8C!B8HHO He CHH3Ktca, HO ceqesHe era B03paCT8T 

,11;0 5D-60 cw2. 

06~yqeHU MD8i81 C U8.1UtD noJiyqeHHi pa,li;HOait!HliHHX 1430TODOB MOJ:

HO 6y,li;8T taitX8 npOBO,I.Ilt»; Ha BHB8,11;8HHOM nyqxe npOT<IHOB, 111Cfl0Ab3Yfl 

nHeswonpo6HHXK u5 H u6 11 yTIIAH3Hpya nyqox, KOTOpl~ ·racHrca a npoo-

Ite (M111118Bb JIY), II Ha BBytp8HH8M nyqxe, HCIIOAb3Yfl "npOOHHit" 

BHYTPH xawepw ycxopa:tena (cw.3an ~ 5 Ha pHc.5). 

IlH8BMODpOOHHXH 6ylyt HM8Tb BHXO,li;W B neperpy30{Hwi OOKC, CHa6-

X8HHwi xonapyn•HMH waa~~nynaropawH. Boxc npe,11;nonaraerca CBII3aTb nHeB

wonoqroa co 3,ll;aHa:ew OHC 111 PX. Taxa11 naesMonoqra B facroa111ee spewa 

npoexrHpyetca cneuHanHcrawx BHP. KoHcrpyxuHII naeBM~npo6HHKOB pa3pa

ooraHa a OHC 11 PX. 

llmeHb MY npe.J.Ha3saqesa AAII ,li;.IIKten»HHX oonyqesKI 6o.II»WHX KOAH

qecrs M&f8pa&IOJ C U8JibD llpOH3BO,li;CTBa ,li;OArOXHBYIIIHX seltpOHO.I.~KUHt

HWX H30TOllOB .I.Jii T8XHHqeCitBX II M8liiKOOKOAOrllqecitKX uenei. 

IlOCJI8 peXOHCTpyXUHH YCKOpiiT8Jifl COXpaHH!CH BO~MOXHOCTb npOB8A8-

HBfl oo.ayqesd sa ssyrpesuew nyue ycrasoaxH •q>• (uwes» M1). Ilpe.~crc

warp•saerca, qro o6JiyqeHIIi 6ylYt npoaOAIItca B ABYl pexHwax: no.IHWM 

BHyrpeHHIIM nyUOM 50 Mita, II Ha llHteHCBBHOCTH flOHHJ:8HHOi ,11;0 2-3 Mita. 
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4.2. YctaHOBKa »CHAITIT-2 

C nowo~hD ycraaoBKH HCHATIII-2 npeAUonaraerca H3fqarh KoporKoxw

sy~Ke H30tonw, o0pa3ym~Heca npM oOnyqeaHH MHWeHe~ n~oroHaMH Ha ycra

HOBKe "~". fipH 3TOM xenateHhHO oOecneqHTb yCHOBHR 1 ~pH KOTOpWX Oy

)J.yt .nocrynaw H30tonli c Tv2 ::::- O,I ceK H, B03MOXHo1 ueHhWe. B CBR3H 

C 3TilM OCHOBHOe OTHHqHe OT yctaHOBIUI HCHA.IIII-1 (cw.crp. 2. ) Oy.n.er 

COCTORTh B HCKJIDqeHHH npowexyroqaoro 3tana )J.OCTaBKH MHWeHH C llOMOWh~ 

naeauonoqrw. OOpa3osasmHeca B uHmeHH npo)J.yKtli .R)J.epHiiX peaKUMH .n.onx

HW nocrynarb npauo a MOHHwH HcroqHHK uacc-cenaparopa. 

Ana pa3ue~eHHR ycraHOBKM HCHATITI-2 no nnaay peFOHCTPYKUHH CHHxpo

UMKnorpoHa Jlliii B03BO,J!,I4TCH cneuHaJihHa.R llpHCTpO~Ka (npKCTpOIIKa If> 4) C 

3KCnepHMeHTaRbHWM 3aROM J 9 (pHC.5) nnowa)J.bD OKORO 500 u
2

. B ~ane 
~ 9 Oy)J.et pa3ue~eHo cneKrpouerpMqecKoe oOopy)J.oBaHHE ypraHOBKH 

HCHATill-2 M aneKrponMtaHHe wacc-cenaparopa. B naOoperopHog qacrH 

3TOR npMCTpOl.tKM npeA]CMOTpeHO raxxe C03)J.aHHe pa)I.HO)HMHqecKolt naOopa

TOpHH )J.JI.R npOB8)J.8HM.R XHMHqeCKKX pa3)J.eAeHIIl.t llOCJie CE·napaUKM H30TOllOB 

Ha uacc-cenaparope HCHAllll-2 H )J.JIH oOpaOotKH wHmeHe~, oOnyqeaawx Ha 

nHeauonpoOHIIItax 11
5 

H 116• Pa,nHoXHMHqecxaa naOoparoJ,H.R CBH3aHa naea

M.onoqroa c axcnepHweHran~oaww 3anow J 91 c naeawonp,,OHHKaMH M5 H M6 

H 3)J.aHHeM or.nena HC K PX . 
.uu pa6orw c y3nou MXH no.n 3anow If> 7, r .ne npo::o)J.HT swse)J.eaabrtt 

npOTOHHwH nyqox, npeAJCMOtpeHO nou:eweHHe DHO~a)l.loll OKORO 20 w
2

, CBH-

3aHHOe C 3aROM If> 7 cneUHaRloHiiM DO)J.~eMHHKOM. 

~CXO)J.R H3 llJiaHMpOBKK DOMeweHHl.t, Bli)J.eneHHiiX DO nnaay peKOHCtpyK-

UHH ycKopMTena, .nna ycraaosKH HCHAllii-2, woxHo npe.a.w:urh sapHaHr 

pa3u:emeHM.R OCHOBHiiX Y3JIOBJDOKa3aHH!il.t Ha pHC.6 

B Jane ycKopMrena HaxO)J.Htca KounneKc "OH", BKtDqaiJwKl.t y3en MXH 

(WHWeHh
1 

XHMH.R
1 

HOHH!il.t HCTOqHHK) 1 BaKYYMHYil xauepy C HOHHO-ODTHqec-

KOl.t CHCTeM.o~, odopy)J.OBaHHe BaKYYMHOD OTKaqKH ()J.Ba nH~Y3HOHHWX HaCO
ca, O~HH ~OpBaKyyMHhll.t HaCOC, BaKyy»HHe WM0epa K M8HOMeTpb) CKCTeMhl 
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nHeauar~qecxoro ynpaa~eHHH. ~TOT KOMUJieKC COe~MHeH 10HOOpOBOAOM (I) 

c aHaRH3HpyD~HM MarHHTOM (2) wacc-cenaparopa. Ans napHo.n;~qecxoro HRK 

aaapHaHoro oOcnyxKaaHHR aecb XOYnnexc "OH" ueoOxo.n;K~o H3aneKaTb K3 

ropsqeR 30H~ 3ana ~ 7. MoHonpoBoA, AHKHO~ 8,5 w, B cepe.n;HHe Kweer 

OTK.IIOHeHKe Ha "'*' I5 ° ,D;HS yweHb8eHHH HeiitpOHHOrO tllOHa (B 3Me ~ 4). 

KonnexropHaa Kawepa (3) wacc-cenaparopa aaxo.n;xrca B npoewe creu~ 

yex.n;y sanauH » 4 H » 9. Bee pas,~~;eJieHHble H30tonw woryr coOKpaTbca a 

atoll KaMepe Ha aAmMHHHeByD ~0.11&ry H K3BJ18KatbCR qepe3 BaKyyMHhlH WJ1D3. 

0,D;HH H3 H30TOflOB MOJ:eT 6b1Tb npHHRT aa ,D;BKJ:y~DCJi JlEHTY H nepeHeCeH 

x .n;erexropau H3J1yqeuH~ c noMo~&m nearonporaxuoro NEXaHH3Ma (4). Kpo

Me roro, nyqox HOHOB o.n;soro H30Tona uo:a:er Own Bb!BE·.n;ea K3 K011JiexTop

aoll lta.Mepbl H, C flOMOUU.Il OTXHOHilll~ero MarHHra (5) iaDp&BJI8H B COOT

BeTCTBYil~Hll CneKTpOMeTp B SaJie j 9~ flpe~QJlaraeTCR yctaHOBHTb CJle,B;yD

II(He ata.rHHTHble cneitTpowetpbl: waraHtH!il! aJiioqa-cnexrp<,MeTp ( 6), MarHHT

uwt Oera-cneupoweTp (7), MarHHTH!il! OeTa-cneKTporphtP (B), ropoH,B;Mb

HHl 6eTa-cnexrpoMerp THna •JneJibCH' (9). BaKyyMaaa xawepa (IO) npe.n;

s&saaqesa ~160 AJA l0DO~Hif8X~BOI ~IBfODpOtSZHOI CiCT8MW cOop& H30TO

noa, nxOo .n;na nonynpoao.n;axxoa~ .n;erexropoa. B 3ane ~ 9 .n;onxabl Ob!Tb 

pasuel!leHhl xcroqHHltH anexrponu&HKR H aJieueHTbl ero :rnpaaneul4a. 

Ycnex axcnepawearoa aa ycraHoaxe ilCHAiill-2 6y.n;9T onpe.n;eJlRTbCR B 

nepayD oqepe.n;» reu, xax Oy.n;yt pemeH~ sonpocH, CBH3~HHYe c xoacrpyx

UKell ysJia MIIII&Hlt-XIlMHa- KOHHYi liCTO'iHHX. Or xoactpfltl.UIK aroro Y3Jia 

38.BKCHT, X&X 0HCTpO Oy,B;yT H3B~eJt&TbCH ll3 OOJiyqaewoa MKmeHH HApa-npo

AYXTH, a,c~e,D;OBateJiltHO, £&EKe MKHIIM&A~BYe D8piOlW uoaypacna.n;a H30TO

fiOB Oy.n;yt AOcrynuw 13Y'i&HKm. KoHcrpyxuxa atoro Y3Jia 6y~er onpe.n;enarL 

XO~IqectBO &l8p-DpOlJXTOB 13B~IX&8KKX 13 ~IHI I llOT8pB Opll tp&KC

DOptipOBX8 •x x xo~~•xropy .acc-ceaaparopa, r.e. 1 KOieq&oM cqere 

&XT.BBOCTlt 13yqaeMHX KGpO!KOSII,..X 130TODOJ. 
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PaspaOoTKa JWHcrpyxn>ut ysna MXH CHJI.i>HO ocJIOJ:HHerca re.M t~ro oH, 

B paOotle.M llOJIOJ:eHHH, paCDOJiaraeTC.R Ha Bi:lB8,11;6HHO.II. npOTOHHOM nyqxe B 

3a.Jie Ji> 7 (pHc.5), :·.e. a sane, r.n;e pacnonoxeH ycxopHTeJI&. ITo npoexry 

yCTaHOBKa "~" BXO) B 3TOT SaJI des cne~HaJibH!:lX samHTHYX yCTpOHCTB 

(.~o~aunnynuopHhle KaCHHY) KareropHt~ecxM sa.npell(eH. Mex.n;y re.w Ham onur 

paooru Ha ycraHOBKE HCHAIIII-I H onur rpynnu ilson&~e a UEPH noxasYBa

er, tiTO npaKTK~eCKK nepe.n; KaX,II;YM 3KCnepH.11.6HTOM HeOOXO,II;H.II.O npOH3BO,II;HT.b 

OJITJUIK3&ItKII naptut8TJIOB KORIIOro KCTOUUa K KOBHOI ODTUK C 113M8He

li.eM sanpsxeaaa • pt•ccroauaa •a:AY uea:rpo.»;8JUII. 0118BJQBO raue, uo 

HOHHUH HCTOtiHHK H .M4meHHOe ycrpoiCTBO ,II;OJIXHY 0Ytb ,II;OCTYllHU ,II;JI.R pery

JJS!pHOi OIJMCTKH OT 3·irpS!SH8HMi, C.W8Hhl aenteCTBa MHIII8HII H .IlP• Bee 3TH 

onep~HH HeOOXO,II;HMO OCYIIISCTBJI.RTb .IlHCtaHUHOHHO H3-3a .WOmHoA 3aiiiHTH. 

3Ta npoOne.11.a npe.n;aaJIHTeJibHO npopaOotaHa B.H.PaAxo H II.KJiena~KHM. 

ilpe,IlJJaraeTCR M3rO TO 1/lTb ,II;JIH 3TO~ ~eJIM Cfiei~Ha.JibHHll aBTOMaTHti8CKMR 

oneparop (AO). 3TO jCTpOiCTBO (pHC. 7 ) ,IlOJJXHO OCYII!8CTBJIHTb CJJe-

.IlYDmMe onepa~HH: 

I. YcraHoaxa M c~eM MHmeHH H oOopy.n;oaaHHH .IlJIH Oucrpoa XH.WHM 

(HJIH acero ysna MXH). 

2. 3a.weHa H DCTHpOBKa HCTOtiHHKa HOHOB (B TOM tiHCJI6 DO,II;KJIDti8HHe 

OXJiaX,Il6HHH, 3Jl6KtpODHTaHHH, aaxyyMHOi OTKatiKH). 

J. 00CJJYJ:HBaHHe aaxyyMHI:lX HaCOCOB, OKOJIO HOHHOro HCTOtiHHKa 

(oxJiaJ:.IleHHe, HarpeaareaH, mHOepa, KJianaHu). 

4. PeryJIHpOBKa ;IQJIOJ:eHHH 3Jl8lttpO~OB HOHHO-ODTHti8CICOi CHCte.MJ:l, 

5. ilepHO,I\Hti8CKO•l HJIH aaapBitHOe 00CJIYJ:HBaHH8 BC8X CHCteM, BKJIIJ

qaft BaKYYMHYe MaHO.Me:~pY, DH6BMaTI!t(8CltHe CHCT6MY yijpaBJJeHHH H np. 

ABroMaTHt~ecxHA c·neparop npeAnonaraercH pacnonoxn.J. a HHJ:HeM no

.wemeHHH DO.Il ys~OM MJ(};. B 3TOM J:8 DOMeJileHHH pa3M811!a8TCII sanae MJIIfle

HeA ( f:~ ) , .IlBHrareu samHrHoro JIDKa ( 12 ) , rpaHcnoprep ( l'r ) 
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,Jl,Ril nepeHOCC.. O!CflOJl.l> JOBB.HHI:DC MKIDiHeit B 3a.JI(HTHillf KOHTel\Hep. Qnepa.rop 

AO oOopy~yercn Heooco~KMKWH aa.xsa.ra.uH H .D.OnxeH pa.Oora.rb HnH a.sroua.

TK4ecxx no 3B.,Jl.a.HHOH nporpa.MMe, HJIK C ~HCTaH~HOHHUM ynpa.HneHH9M, BH-

3j'fiJI.bHik~ KOHrpon.b 3-J. paooroit oneparopa AO ocylllecranaerca c noMOIIIl>ll 

T:jJl8RK3HOHHOR KaMepi KJIH ~pyrHMH Cpe,!I;CTBaMH. 

4. 3. CneKTpoMe·:pH4ecxoe ooopy,l\osaHHe 

Ycnex Kccne.D.oBaH.m no nporpaMMe HCHAIID-2 so MHorou Oy~er aau

cei.b or H3MepHrenhHIJH rexHHKH. Kax cKaaaHO sh!Die, npeMOJiaraerca 

BKRD4eHKe B ycraHOBJ:y HCHAllll-2 a •oH-na.HH• pexHMe HecxonbKHX MarHHT

HhiX cnexrpo.werpoa H cnexrporpacpoa. 3ro noaaonHr nony4arb npe~H3HOH

Hyu HH£POpMa!.!Hil 0 CflllKTtJB.X 3apAXeHHhiX 4aCTH~. 

ilCHO 1 O,li.HaKO 1 'ITO HaHOOJibJDaJi no OO'heMy HH4JO pMal.IHJi Oy~er nony-

4aThCH C noMOIII.b~ CnllKl'pOMel'pOB H3Jiy4eHHJl C nonynpOBO~HHKOBbiMK ,Jl.eTeK

ro pa.wH. Hapn~y c HCIIORb3yeMhi¥H B ycraHosxe .flCHAiill- I .D.erexropaMH ra.w

Ma-ny4e.il H 3JleKTpOH<·B 1 HeOOXO~HMO Oy~eT HCilOJib30BfiHHe ~ereKTCpOB 

T.HXeJihiX 3apll:teHHhiX 'laC I HI.\ (p, .:1 t • .J. ) , Hel\TpOHOB 1 OCKOJIKOB ,J1.9Jl9HHR, 

04eBK,Jl.H0 1 04eH.b OOJI!WYil pORb Oy~er HrpaTb pa3BKTHe HeOOXO,Jl.HMOl\ pa

.l\H03JieRTpOHHO.i\ a.Ima1 aryphl. no cymecrsy.kliiiHM Ha cero.D.HH npe,ll.craanenH

nu, KOTOJJhle Moryr HJ·erepnen H3MeHeHH.H a npo~ecce pa3BHTHH cawolll 

nporpaMMh 1 rpeOoaaHIH K 3JieKTpOHHOH annaparype H HeOOXO,Jl.KMID\ ee 

oO~eu, uoryr OhiTb Olpe~e~eHw c~eAyn•HM oopa30M. 

llpex,11.e ecero, ;.nn aqJcpexrHaHoro Hcnon»aoaaHHil scero KOMnJieKca 

annaparyphl M apeueH' ycKopHrenH ~onxH~ OhiTb cymecrseHHO yny4mea~ 

3arpyao4H~e xapaKteiHCTHRH scea cnexrpoMerpv.4eCKOH annaparyp~, Ha-

4HHafl OT JC.IIJIHTeJibHLX rpaKTOB H ROH48.H HaJWflHTeJIH.IlM Ha Oaae aHaJIH~l8-

TOIJOB v. :JJJAI. Cnexrpuo~erphl c no.llynposaAHHKOB~MH ~erexropaAIM ;r,OJillHhl 

paOuTfil'b 083 3a.t.tetHC ro yxy~meHHH pa3p9WBHHH (Ol'HOCv.TSJibHO ~OCTHfHY

TOfO a uaeroa111ee aptA~a) Ha ypoaae 3arpy3oK 5.104 • 105 . JLm . .t'emeHMSJ 

non 3aAa411 HeoOxo.D.~.IUi pa3paOorxa cooraercrayllll\11X upe,~;ycu1re~eA, .!1• 
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HeaHHX ycHAHTenea, Owctpwx AHCKpHMHHatopoa, apeueHHiX KOHseptopoa 

H 0blctpHX aMDJIHTYlHO-~H!PpOBHX npeo6pasoaatenelot (ape.llH 'npeoOpasoaaHH.II 

Ha 4 t 8 TbiCSI.I ltaHaJIOB ,li;OJIXHO 6bltlo 5 t 10 MKCeK). G)OTB8TCTB8HH0 1 

H3MepHT8JibHb1R ~eHtp ,II,OAJ:eH 6b1Tb YKOMDJ16KTOBaH aHaJIH3atopauH H MaJibi

MH 3BK C 00be¥OM naUSTH B 1.18Twpe H BOCeKb TbiC.III.I KaHiAOB H UHKJIOM 

oOp~eHHS X naM.IITH B 1-2 MKCelt. lBa HOpMa.llbHOA paOOtbl H800XO,li;HMO 

paCDOJiaraTI. Ill .llllltt, 1.18U l.le!Ypb.IISI O,II,HOMepHbiUH U8HTpaJIH30BaHHbiMH 

rpaxtauH c yxasaHHbiMH xapaxrepKCTHxaux. 

~.II HCCJI8,li;OBaHH.II BpeueHHbiX H npocrpaHCTB8HHbiX KOpp84.11UHA M6K,ll;y 

pa3JIHI.IHbi.IIH BHlaMH K3Jiyi.I8HH.II H800XOAHKO C03,ll;at.lt Ha Oase 3BM yctaHOBKH 

,II,Jia uaorowepsoro asaaasa, B tou I.IHCJie c sosuoxsoct•~ ot6opa nones

Hoi KH~pMaUKH U8TO,II,O.II UK!PPOBbiX OXOH. Ana atoro B H3.11epHT8JibHOM 

~eHrpe I Kopnyca nan ,II,OJlKHbl ObiT» lBe 3BM c OObeuou naM.IITH I6t 32 K 

(npH 16 pa3p.II,II,HOU CJIOBe) M UHKJIOU naM.IITH I - 2 MKCEK 1 C COOTB8TCTBy

~lllMH nepe!PepKbbiMH yctpoAcraauH (,11;HCK 1 .o~arHHTHaa neHta, AJ..UIY, nno:r

tep). 

llpH H6CKOJIAKHX (4 t 5) lt0pp8JUlU.HOHHbiX yctaHOB~aX 1 pacnonar~

~HX COOTB8TCTBY~IIlHMH ,ll,eteKTOpaMH H CDIKTpOM81pKI.IeC~HMH H BpeueHHbiMH 

TpaxtaMH 1 ,II,OCTaTOI.IHO HM8Tb ,II,BI CHCT8Mbl C 2 t J aMDlHTYAHO-UH!PpOBbiUH 

npeodpasoaateJI.IIMH H JIOrHI.I8CKOA 8JI8XTpOHHltOH HX COlli .IIK8HH.II C 3BM, 

I.ITO 1103BOJIH1 DpOBO,li;MT.It O,II,H0Bp8.118HHO )J.Ba MHOrouepH!D KOppeJIH~HOHHbiX 

axcnepHueH:ra. llpil nou see AUII lOJIXHW 6wr• ,ll,oc:rarotiHO owcrpwuM, HO 

He 00.113aT8JibHO ace Ha 4096 KaH8JIOB. 3BM , HCDOJII•3Y8llb18 ,li;JUI MHOrouepHO

ro aHa.JH3a} ,II;OJIJ:Hii o6asateJI.ItHO K.II8TI. OCUHJIJI~rpa4JH1.181:Xidl ,,.KCDJI&I CO 

CB8TOBbiM xapaH,ll;a•ou. 

BBHAY sHal.lxren»HOI YlaJI8RHOCTH Hsuepxren»Horo ~eHrpa or sana 

c aKcnepHMeHTaJII»HbiMH ycraHoaxaux, pa6ot~IIIHMH no nporp8Jl.lle HCHAIIll-2, 

)J.JISI MHOr0118pHOro aHaJIH3a Ba 0&31 3BII, pacnO.tOK8HHW:C B JU, He06XO,J.H-
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uo npe~ycuorperb s~aocuwe ~xcnMelawe craa~xx c renerainawx Henoc

pe~crseHHO y sxcnelaweHtaAJ.HWX ycraaosox. Kpowe roro, B nowe~eRHH 

C 3KCntpHMeHtaUHIH.ll ycraKOB.ttaMH HtOOXO.IUfMO HM8r:b ;tsa-tpll COBp&MiHH 

HWX MHoroxaHBAbHNX aaanasaropa ,Jtna paOorw c warHHTHHMH cnexrpouerpa

·•ur, o~Howepawx 113MIIpeHd •o~t~-JiaJH•, HaAa~x• annaparypw x no,JtroroaxH 

CAOZHWX MHOroMepHW: K3M8p&HKB, npOBO~HMNX Ha U8Htp8AH30BaHHOM 000-

py.I(OBaHHH, xax npaf.Hno1 saaarow Ha npauwx axcnepHMearax Ha nyt~KaX 

H no:nouy Ma.JIO ,I(OCl'YDHOM ,1(.118 HaAa){OIIHWX H no~rOTOBHTeJIJ.HWX paOOT. 

ABTOHOMHWe aHaJIH3alOpW TaKZi ~OJIZHW OWTJ. CB83aHW C Oa30BOA 31M Kij. 

06pa00TKa HH~CpMaijHH. ilOMHMO pa3BHTWX yze CeillaC BB.I(OB 00pa0or

XH cnexrpOMiTpH116CROI HH~OpMa~KH, BXADII~~HX llOJiyaBTOMaTBli8CKHe Me

TO){W (npe~sapHrenbHaR oopaOorxa c .ltHcnneeu, sarew oxoaqaren~oaaa 

OOpaOOTKa) H flOJIHOCtbD aBTOMatHli&CXOI o0pa00TKH 1 ~OJIZHW OWTJ. pa3BHTW 

uero~w sxcnepxueHtaijJ.HOi oOpaOorxx B npouecce axcnepxweHra ~na soa

wozHocrx BJIHBHBH Ha ero xo~ B sasHCIIuocrx or nonyqaeMHX peayn~oraroa. 

3ta HOBaB ~YHKUBH olpaOOtXH ~OAZHa pa3BKBaTbC8 B HanpaBJieHHH asroua

TH3a~llll npo~ecca ooparaoa cusa, ro ecn ynpasneHu aaa...oroaoa H 

ux~poaoll annaparypoll, saHSITOI B sxcnepHMeHre, xax 3TO, uanpxuep, 

pea.uayetCSI B CIICT8U8 KAIIAK. 

Paccwarpxaaa crexrpoMetpKllec.xyll annaparypy, xoropaJI Mozer own 

BKAillleHa B •oH-JiaiH' sxcnepHMearw aa ycraaosxe ~CHAllll-2,cJie.I(Jer 

ynOMHHYTb H pa~ 00JIE6 CJIOZHNX MtTO~HK taXHX).Kax. OlljJ8.lt8JI8HH8 CllHHBB 

OCHOBHWX COCTOHHHI f~HOaXTHBHWX H~ep OfltHli8CXHMH M8TO~aMKJ onpe~e

JI6HHe a~epawx MOMeHlOB wero~ow onrKqecxoa aaxat~xa; npxweaeHKe csepx

RK3KHX reMneparyp ~ns xoppens~HOHHYX axcnepiiM&Hroa. Tax11e wero~N yze 

HaqHH~T HCDOAJ.30Ba~D ~BR "oH-JiaJH• -3XCDtpBMtHTOB B HIXOTOpWX HHCTH

tytax MHpa. O~Haxo sn ycraHosn rpeOyllr cneuaanHwx xpynawx paspaoo

rox a oocyz,uaae son}oca oo n cos~aH~K awxo~HT aa pauxa 3Toro uare

pxana. HecowHeaao, n}&JtctaURJIO ow OoJiaiiiOI HHtepec, uaow ycraaosx11 
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raxoro po.a;a 6WIK pa3pa6oraHW II DOCrp08Hbl B 38.HHT8p,3COBaHHbiX HHCTH

ryrax crpaH-yqacraa~. 

5. 3altJIDqeHH8 

llpe.a;craBJIBer KHrepec cpaBHKr» nporpaMMY HCHAITI c .a;pyrHMH npo

rpaMMaMH K3yqeHK8 H30rODOBt YlUBHH!JIX OT fiOJIOCbl cr.'I.6HJI»HOCTH. Kax 

BIIABO H3 ra6JIH~bl ~nporpaMM HCCJI8,li;OB8.BKI ,ll;aJIBKHX or DOJIOCH cra6HJih

HOCrK a.a;ep CJ.8CTBJ8T ,li;OBOJihHO MHOro, O,li;HaKO/TOJihKl rpM 113 HHX HC

no&•3JDT ,11;118 DOJiyqeHIS ,ll;aJI8ltiX H&lrpOHO,li;~H~HTHWX ~30TODOS npoTOHbl 

c aHeprxel &ecxon»xo cor Mas. 3ro nporpaMMW: H30llhUE (4EPH,!eaesa), 

HCHADTI (OHHM, ~6Ha) 11 KPHC (HHH~, AH CCCP, lleHRHr~a.a;) • OqesHAHO/ 

arK rpK nporpaMMY CJI8Af8T cpasHKB8.Th MBZlY COOoR, BCJII H&C HHTepe

cyer uecro Hamel nporpaMMY HCHAITll cpe.a;H .a;pyrxx JS,)L -cHcreu. 

Uporpa.xol lao&•.a:• c c&Moro aaqa.~~a (1967) owao·npe.a;ycuorpeso 

COBK8.8HI8 ..-eHI B KOBHOfO BCTOqRJlta MaCc-cenaparopa B O.a;ROM J3Jie, 

r.e.co3.a;a&Ke crporo •os-&als•-c•creKY (cu.Bse.a;ea•e crp.5). OrcD.a;a o~ 

Ha 13 rnasawx xapa&repHCTIIlt ycraHOBltB Hao&».a;e - aro sosaozsocr» H3y

qar» a~a c nepBOl&MB no&ypacna.a;a 0,1 cex,a B&or.a;a • e•e ues»me. 

HccJie.a;osasxa no nporpaMMe Kpxc no&a nposo.a;arcH 6es xcnon»so

saHHH wacc-canaparopa c•os-nalH~-XIIMKS, cneKrpouetpHH). Upe.a;ycuarpH

B&erca coopyzeHHe s 6JixzaRmee speua uacc-cenaparofa, c ycrasosxoR 

ero HOHHOfO HCTO\fHHKa Ha DJ\IOX DpOTOHOB CHBXpOUKX~orpoHa llKHP 

(~ .. 1000 Mas, :Jp IJ aMn). 

OcaosHYM orJIK\fKew nporpaMMW HCHADTI-I or nporfaMMY Ksonb.a;e H B 

6y.a;y~eu, or nporpauMW Kpxc asnaerca, ro qro uxmeHi • HOHHYI Hcroquax 

p8.3A8Jl8HY paCCTOSHIIIM ~ 80 M H CS838.HY DH8BMODOqrolt. llO arol npH\fH

He C8.MW8 ltOpOTXOZKBJIItlll Jrt30rODY, JtOrOpM8 143JqUKCI• Ha ycraHOBit8 

HCHADTI-II HK&Dr TI/2 ·..2":rJMHHo CoorurcrseBHO Ha rcraHOBlte H30Jlb,JJ;e 
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y~aerca aayqar• a~a sa 3 - 6 e~111q Oo~ee y~a.et&HI or ~Kill cra

OH~»aocr•, qex sa ycra&oBxe HCHADll-i. Tax, saup1xep, no uporpaKKe 

Kso~a,~;e xayq~xc• s~a pryra-I78, y~euawe or ~•BJI craOxH»Hocr• 

aa 22 e,~;xaxqw, a no nporp&MKe HCHADll-I - a~a r~~•a-I88, y~a.eaawe 

aa I6 e~•aaq. Pas~xqxe se rax Be~axo, OAH&KO KKHKK&A»awe nepxo~w 

no~ypacnaAA a){ep, A·>crynRwe ,D;JJJI HCHAIID JtaX paa ruoBw, uo He ~onyc

xanr H&0JID,D;8BHJI H II<!CJI8,1;0B&HJI:.II HHT&peCHWX .IIU8Bd 3U8pzaBHOro IICDJC

K&HHJI raJ:UWX li&Cflll I B8XOrOpHI ~yru HOBHI .IIB.I&Bd, B03HHXB.IIIItiiX 

npx saaqare~•aox y~t~eaaa or no~ocw oera-craOaa»aocrx. 

U,D;B&KO H&p.il,ly < :iJTJUf KOJ:BO OZKITKU I BiJ:OrOphle Dptu:ylliCTB& UC• 

nepHM8HTaAbHWX YCAOEii X&p8~tepBWX ~~a ICC~e~OI&HHI DO Dporp&KMe 

HCHAIUl-I. uo~yqesae xamesa H cenapaqxa B30TODOI sa aexoropox y~~·

HHB ~yr OT ,~;pyra D08JOJJ.II&r: 

a) Hcno~nsoaar» OoHee •apoxal xpyr xero~oB B~alellla p~xoaxraB

HWX 130rODOB B3 OO~y~iHHOK KKW8HK. 3TO ,D;&JJO B03KOJ:HOCTb pac•xplth DO 

Cp&BH8HID C nporpaMM>i H30~L){e 11MCJJO OOJJyll&tKHI KKmeael, DOBHCBTL B 

H8ICOtOpWX CJIYIIUX 3'PIP8KrBBHOCU Bll,lleJJ8BIJI U KUeH• I cenapaqu 130·· 

TODOB. Bai:HWl ~OCTHX·Hiii8K B 3TOK BaDp&U&HII OWIO C03~&1UI8 HOBOrO 

IIOHHOrO ICTOIIHIIJta C lfOBtpXHOCTHOI Jl0l:Uf3&.nltl. 

o) Cy111ecraeaao <:nsxn !{loa B c.ae.npoxerpa~~:ecxol uooparopn. 

B) !Ip1UI8HS!Tb aX( npeccHyll XIUUUl ,1{0 i1 DOC~e cenapaqHI ll30TODOB • 

3tO ,u.er B03KOJ:HOCU JI&,I;8J:BO 1);8.11TiqJi1!41pOi&rL ~ - 130TODa B UOB!i

CiiTb qacrory HcroqaKEoB. 

r) Hcno1aaoaaaxe BHyrpeaHero, oo~ee aareacxsaoro nyqxa AJa npl

rorosJeaxa aaoronoB c TI/2 ~ IO KKK ~aer Boaxozaocr• •ayqar• XI 

~b~- 11 oera-c.aexrpw c noxo••D .araarawx cnexrpoxerpos. 

B arox .arepxa~e rpy~ao npoaaa.JiaipoBar• Bee aoJwe cse~ea•a, 

KOTOp!ie O!iRI UOJyqeH!i no nporpaMM&K ~301b,l;8 I HCHJITIT-I, 0~&1:0 KOJ:HO, 
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no-BHARMOMY cxasar~,qro oO~eK cnexrpoMerp•qecxol JH~OpM&~BI (cxeKH 

pacn~) o xoporxozBBY•BX &Apax, no~yqeaswa no nporp&KKe aCHMlll cy

•ecrseBHO oo~~•e, qeK no nporp&MKe Mao~~~e. ~&KetiK 3Aec&, qro B 

DOC~8AHKI I-2 fOA& DpOrpaKK& H30~~AI COCpiAOraqase.er BCC~eAOB&HII 

sa soawx •~esBax, caolcraeHHHX YA&lessww or no~ocw crao.-~aocra 

I~&K, COKp~ ICC~IAOB&HKI CXeK p&CD&Aa KOpOtKOJ:BBY•IX &Jep. 

3r• cooopaze11a nosao~aDr H&M cqarar~, qro DJorp&KK& acHADn-I 

0~& COCt&B~IB& B !9b7 fOAJ B OCBOBIOK Dp&B~~BO: DO~yqeH& B&aH&I 

••~op~•a o pacaa~e xoporxoz1ay•ax &Jep;a nepcnfl;tBBW paoor no npo

rpaKKe HCBlDU-I I& O~BZ&I5Be I-2 ro&a (AO OCt&BOBl;l CIHXpO~&aorpoBa 

Ban I& ptKOICtpyz~ID) BeD~OXBt. 

ila o~e1x1 nepcntKtla paoor no nperp&KKe HCHJillD-2 npeJcras~aer 

IHttptC DpOBICtB Cp&BBIIII B03MOKBOCtel yCtaBOBKB fiCHADn-2 C &H&40-

rJqBWKI ycraaoaK&KH, xoropwe OyAJr cy•ecrBosar~ B I975 roAY• HaM 

13B8Ctl0 0 C~8AJD•IX t&KHI yct&BOBK&X: 

lso~~lt-2• IKeerca n~a• pexoacrpy~•• cBsxpouK~Aorposa UEPH. 
Oi AO~es owr~ yrBtPZAIB a11 orseprsyr B O~JZalmB•3 Keca~w (Jo xos~a 

I972 roA&). no aroMJ n~asy ycrasoBK& Hso~~Ae-2 Oy,ter KKer& &BroaoK

swl, XOpOIO C~OKJCBpOB&BBHI,nyqoz DpOtOHOB, BBTIBt~BBHOCt~D OKOBO 

IO KBxpo&KDep~ • ilpt•KY•ecrsoK cmcreMH Hso~~Ae-:! 143/no cpaBHeHBD 

c HCHADll-2 c~eAYet cq•rar• orsoc•r•~~ao CBOOOJHHI &ocryn x y3BY 

KKJes• - IOHHwl acroqs1x, pacno~ozeBHOMJ sa nporo:lHOK nyqxe, R noqr• 

no•saa ~BKBBJ&~Ka •osonpoaoAa or aaHsoro zcroqss~l x M&cc-cenaparopy. 

Ycrasoa~a lpl£ OyAer oOtcneqxaar~ xopomxe y~Aosza &•a paOorw 

B •os-~ata•-pezBKe c K&cc-cenaparapoM, OJHaxo &ocrynBwl nporoaswl 

TOE 6y&er B IO HIH Oo1ee paa M&H~mBK, qeK aa HCHAill-2 RRK Kso•~&e-2. 

Mesoasaa ¢a6pBKa a Hoc-AI&Koce (CWA) sany~eda B aroK roAY, 

a I973 roAJ npe&nolaraerca no~yqar~ nyqox nporoaos c Ep = I raB 
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HHT8HCIBHOCT.D l ~nn•&MDep. IToza COSlaK•e JCTaHOBKK TIDa lson•,~;e 

•~• iCHADn Tax ae nla&apyeTca,o,~;sa&o nepcnexrKBY arxx paoor sa ycxopa

rene C np01'0HHWM WltO.II B O,I,KH .IIKUK&MDip It OC1'&HIJIDT CO.IIB8Bd, 

liTo B Ouzallau ro,J,Y TaxaJI ycrasoa.u. B .Jioc-.AJla.~~oce dy,1,er cos,~;asa. 

Taxl.ll o0p&30JI pea!ltHOe Cp&BB8BI8 JCIOBII I BOS.IIOZROCTel ycra

HOBltl HOHAITU-2 MY .~~:oze.11 npoaecr• ro1~txo c ycrasoszoi Hsol~t.J.e-2. 

3HeprBJI DpOTOROB I IX KHT8BCRBBOCTJ. Oy,J,yf DpK.IIIpBO OJKB&KOB.II. Cy

~8CTB8HH08 p&31.1118 COCTOIT B pa,I;K&qKORBOI 00CT&HOBK8 B sane, r,1,e 

Oy,~,yr pacnoxozesY u~mea• x •oaswl •croqsaz. ~a ycr&BOBKI Hsol~t,J,e 

e•e B 1966-67 r.r. OW! COS,I,&B &BTOHO.IIHwl DYIIOK DpOTOBOB, JB8,1,8Biwi 

DO,I, 38.11RD Of sana fCKOpHTIII K& p&CCTOJIKie np•.llepHO 100 .11. B pesyllt

tare DO DJJ&Hy J430JI >,11;8-2 Ciy,J,et pa3pUtR ,I,OCTyD ,1,.11 OelCJIYZJIBaHJUI 

y31a MDIHO - ROHBilill KCTOIIHIIX Up83 lQ-20 ll&COB DOCJI8 paOOTIJI sa 

nporoaao.11 ny11xe. ful.lt ~Wile llYio ot.llelleao, uas yc1:asoaxx HCHAIIII-2 

npeAIIOMaraer ollc.llyJcKBalf.ile aroro ya1a c DOMOIIIJ.II ,J,XcraaqBOHHWX ycrpoi

CTB. 3TO :>llelli> CROJ:H&JI Dp00.118.11&. Bo3.110ZHO C.U8,1,y8f &l• pas Oq8HRU, 

qro Oo1ee paqiOHaAlHo: cos,J,aule &BTO.II&TIIlecziX ,J,Icraaq•osawx 

ycrpOICTB B 3&18 HCBOrO JCXOpK1'81JI IlK COS,J;&HH8 &BTOXO.IIHOrO DYIIX& . 
~a ycraHOBXK HCBAITI-2. 

B a&XAD'Iesxe MY cqJraeM seoOxo,J,KMYM ••• pas no,1,qepxsyr• saz- • 

BOCTh p&3BBTKJI M8T0,1,08 3ltCD8p.U8BT&IJ.RWX KCCI8,1,0B&Hd ltOpOTltOZBBJ

.IX xsorono8. 3BalleBxe npoOieM, nocr&BieBH.IIX 8 pas,J,e~e J sacro••ero 

uarepxa.11a, oqesx,J,so, at 8.11S.II8&tr coMHe&KI. Hexoropwe xopoTzozaay

IIIKe •soronw yze HUIB npaxraqecxoe npueseu:e. 3,~;ec• •ozso yxa.3an, 

qro nporpaMM& Hoc-AI&Moccxol •esosKol ~6paz• npe,~,yc.~~arp•Baer npo

K380.I.CTBO ltOpOTltOZiliYIIIIIX KSOTODOB ~~ .lle,J,BqKHCltiX B 6JIO.IOri118CXIX 

QeJiel. B 6YJYIIII.II npt~r•~ecxoe np1.11eaeaae xoporxozKBYlKX •soronoa, 

DO-BB,II;H.IIO.IIY t e111e 00J!ee pS.CIIXpUCI. I.gVL - CHCT8M.II CT&HOBJITCi, 

a no-cyll{ecuy yze c:~an•, uacc•qecxu MeTO.J.OM BCCie.I.08&Hd 11:oporxo-
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ZBBJliX BSOTODOB. P&SBBTB8 aroro KITO~ -JCTaiOBJ& HCBAllll-2, oqes• 

aaaHo K&K All OIBI, rax • AJI crpas-yqacrs•~· 
Is •uozenoro alDie ac11o, uo couane yct&B<lBKK HCHAIIll-2 rpe

dyer poeBJa pa.l& serpBamnBYX •ero.lBqec:.:JX soup >COB • ssaquen

IIKX sarpar. HeEoropwe aaaswe KttO.lBqecxae sonpocw B sacroa•e• .are

p•u• CiiUB DOUR B8 3&tpOBJfW• Cpl,lB BIX MOZHO JDJKIHJT• teXBUJ 

Tp&ICDOptBpOBKB l,ltp-npO.lJXTOB l,l8pBHI pe~XI C DOMO •• D CB8pX3BJ

KOBOl f&IBIBOI crpyB. He BCKJmqeso, qro p&3BITB8 arol TIXBBEB YO

ZIT npBBICTI K CJ.ICTBIBBO Oo•et DpOCTOKJ pe•tR~ Dp00~tM1 CBI3aB

BHX C OeiCIJZIB&RB8M J31& ...... - IOBRwl BCTOqJBE JCT&BOBER 

HCHADll-2. Heodxo,lBMO ra:.:ze passxr•• sect&H.l&PTBWI •eroAOB xccneAo

BaHII l,llpBKX CBOICTB (CKoKOH8~ pa3,l81& 4). 
B trol caas1 KW cqaraew seoOxo.lBKWK ••• pas no~rasxr• sonpoc 

o zerare~•socr• paspadotEI • coopyzes•a B IHCTI~tax crpaa-yqacr

HI~ OIHI ot.l&~•sm ys•oa • ~e•wx c•cre• AJ& yct&JOBEB HCHAflll-2 • 
.AlttiBBOI JUCTII BHCTBTJTOB crpaJ-yqactHB~ B paOc,rax DO nporpaMKt 

HCH!Dll-2 lslaerca senptMIBBWM yc1osKeM ycnexa ar1~ paoor. 

45 



~', , 
f'· 

.. ,. ________________ _ 

_ JI • :r • p a t y p a 

I. lfarepiiULI IU"li&po,uol ltOR4!tp1Bil .. •Ka.K II 3&U.Il 113yqau a~a, 

Y.ll&JI8HHLie or .UiHHII dera-era<iu~ouocu•, bae:uu, IIBeitU, 1966 r. 

2. lfarepii&Jlli MU"l'H&pO,lBOI J:OHlP8PIBilllll DO CBOICtJU &,Up, Y.l8.18B

HLIX or 004acr• 6era-era6114ioHOCT•. !lao•, IBeiitap•a, 1970 r. 
IlperrpKBT CERN '18-30, 1970 r. 

3. K.H.rpoMoB, :s.<:.,huenoa. J.rooaa neprxa, r.26,awn.4, crp.362-
369, 1969 r. 

4. H.r.3aiiteBa, B.B.Ky3H8IlOB, l.ll.Ky3H8Il0B&, MaIo IE, r.~a•o~•, 
Iaa:& Dly lyn, ~tlo 11o llyn, B.r.qyox. il,lepHaa t•ana, r.I, 
crp.385, 1965. 

5. lla.repKa.tW Y CI<C•II Ynsoro Coura OW DO cpnue Bli3J:JIX auprd. 
31 .IWl - 2 JIJ)BH 1967 r. 

6. r.My3M04io, B.M.Palxo, I.TLippo~. ITpenp•ar OKHH P6-4487, !y6aa, 
1969 

7. ITpenp11ur UEPH 7o-3 , 1970 

8. A.T.BaCK48HKO, K Maxyalta, 3.1fara, H.H&,l:&, B.I.Copoxo, H.C.Craa-
118Ba, C.I.CT&i'ltB, B.A.YTKIIH, T.teu• 

ITpenpKHT OIDIB P6-5888, ITT3, :f 2, 1972 r. CTp .34-36 

9. H.r.3a1Itesa, B coopHmxe •Pa,llBOXKoqecE•e .MeTO.llLI onpe,lle•euxa 
.anutpoan.MeBToB" crp .16 M.-JI., •Hayxa•, 1965 

10. H.r .3atueBa. ITpenpiHT OW 6-3596, !y<iaa, 1967 

II. t.lo~Hap, B.A.;~xKH, 3.IeppwaaH. 3q 11 AH (B neqar•) 

12. :S.Eaap, H.r.3~lll8B&, A.~.HosropO,llOB. ITpenpiHT OIHI P6-5955, 
Jy<iH&, 1971 r. 

13. H.BaH.llKKK, T.B.BaaARYK, H.r.3alueBa, 3.Mart, K.laxyaxa 
IIpenpKur mum PI2-6234, JlYOHa, 1972 

14. A.IlHOTpOBCEH, J.H.Paho, I.TLippoqxp • llpenp.IIHT Olmi Pl3-5369, 
,llyOaa, 1969 

15. A.ITli.OfpOBC.U, J.K.Palxo, I. TLippocpp. ITpenp•HT OW PIJ-6014, 
.l!Y<iaa, 1971 , ITT3 i 2, 23, 19'72. 

16. G.Beyer, E.Herrmann, A.Piotrowski, VI.Raiko, H.Tyrroff 
Nuc1. Instr. a. Methods 96/3, 437 (1971) 

46 



17. G,Beyer, E.Herrmann, F.Mo1nar, V.I.Raiko, H.TJrroff 

JINR, E13-667l 

18. V.A.Bystrov, A,Latuszynski, V.I.Raiko, H.Tyrr(lff 

JINR E 13-6672, Dubna 1972 

19. R.Arlt, V.A.Bystrov, W.Habenicht, E.Herrmann, V.I.Rail:o, 

H.Strusny, H.Tyrroff 
Nuclear Instrument and Methods 102, 253, (1912) 

20. u.:BJaoB, H.H.Erous, Jl.r.lla.pRIIOB, 'f.JiyKUHOB, ii.ll.OCJUiiHKO, 
B.r.cu.Qxo•cxd, .u.ep~~.~a, .a.IIpiCoBci£• 

Cooo•ene OW D- '440 , 1972 r. 

21. D.K.!lKKOit K,AIJttpt , !.E.Boa•~ros, ll • .Uolqea, A.H.K&ABBBB, 
JI.J.nerpoB, B.K.TauKKoB, B.H.iyp&BKH 

Cooo•es•• Olil IJ-6236 (1972) 
22, C•cteKa Ci~OKOB CDIEtpOKitpKqecxol aunaparypw; OHHP f~ OKHH 

CJI2-516, ,Uyoaa (1972) 
23. Yu.K.Akimov, K.Andert, A.I,Ka1inin, H.G.Ort1epp 

IEEE NS 19 N° 3, 404 (1972) 

24. C.B.JitAJIA•, A.H.CKH&eB, I.laynr, D.Uaxep. Coo0.8BB8 OIHH ,1972 

25. r.3~ep, D.M.ronaq, f,B.BBHe~•, B.IaOeKIXt, O,H.KaaaqeHEO 
Dporp&KM& • rea•cw xo~~OB 2~-ro ezeroAUoro coBe•a••a no BAep
Jol cneupocxon• • crpynype a,Jtpa B KleBe, UBap•, 19'72 r. 
qacr• uepBaa, crp.273, •Hayxa•, 1972 r. 

26. P.Jp~•r, r.BKarep, C.B.Jie.~tBtl•, r.Jiy3KO~», A.H.CKH&eB, 3.A.YcK&
HOBa, ,U.~oKK, H.!.~CtOB, X.WrpycHYI 

llpenp•u OW P6-6227, 19'72 r. 
27. P.Apnr, r.D.Ealep, I.Twppoqxp, S.A.YcJl&HOB&, :C.IIlrpycswl, 

B.H.iODBYX, 3.Iepp.II&Bll, llpeiipiiHT OW P6-578:3,,Uyosa, 1971 

28, U.B~OB 1 B.H.Eromn, C.OpK&B.UBeB, B.U.OCHIIiBJto, ,U.Cpua, 
.a.~xoBcxx. OHBH, 13-6440, ,UyOHa, 1972. 

29. C.!Bp8lloB, .I,A,uexc&RAPOB, H.A.EK&JIKH, r.i1.Haou:ua, H.C.3auBH 
3.3al~ep, R.3soucn, S.B.Jlliceuo, B.H.Do.lnos, B.B.i:Pe.~~:opBH, 
B.H.iOKBBYX, JI.H.ioKIBHX, B.JI.UyiiKO-CHTHIIEOB, B.ll.WxpKBOB 

om, 10-6467, Jlyosa, 1972. 
47 



l 
l 

J 

30. B.H.qouawx. Jfsoro.w:epawe 13.11epeua aa CSaae 3BI •IJracx-2• a aa
~aqaJ a~epuol cnexrpocxonxx. 1xccepraq1a. OiiH, 1972 r. 
B.H.4oMaawx. ABrop~epar ~•ccepraqaa. OIHH, 13-6354, lYCSHa,191 

31. P.Ap~br, A.E.Baax¢aroa, A.H.KaAHHKB, J(.J(.llerpoa, H.H.THBIB 
Upenp1ar OHHH PIJ-5707 

32. P.Ap~-r, r.EaJep, K.H.rpo.IIOB, r • .,3BO~-. x.r.Opr~enn,I.mtpycsw 
I.T.wp)olfxl>, 3.A.YCJI&BOBa, 3.Iepp118.BB 

C>OCSII&Bie OW P6-6285 , 1972 r. 

33. R.Arl·., G.Beyer, V.I.Fomynich, E.Herrmann, A.Jasinski, 
H.G.OJ·tlepp, H.Strusn,y, H.Tyrroff, S.A.Usmanova 

E 2 -6620 

34. P.Ap~u, r.EaJep, r • .l(yuon, H.K.Uenp, r.nppenuep, I.mrpycalll 
Haa.AH CCCP, cep.~H3. ~' (1970) 753 

35. 

36. 

37. 

38. 

39. 

P.Ap~lr, r.Dalep, r • .l(y31o~•, !.K.Uexep, r.U~pennep, I.irpycHYI 
Haa.AH CCCP, cep.~13. 2!, (1970) 409 

B.C.D)f~ea, K.H.rpo.lloB, B.r.KaAIBB&XOB 
UpeDpiHf OKS~ , P6-6519 , 1972 

B.C.Dyrqea, U.BHroB, B.r.Kal&BBIXOB, H.A.TIXOHOB, 3.Iepp.II&BH 
Haa.AH CCCP, cep.~ls. 22t 1618 (1971) 

B.U.~lBac•ea, B.C.B.yrqea, H.i.rpo•o•a, B.r.K&J•aJKXoa, 
H.A.TK(OiOB laa.!H CCCP cep.~IS. 22t 1603 (1971) 

P.Ap~•r, IIJIIII 3.1&1ex, r • .l(y310~-, r.~tnutp, I.mrpycHYI 
Upupur OUI P6-4235 (1968), ISB • .AH CCCP cep.~n. ~,(1969, 

1232. 
40. P.Apur, 3.11uex, r • .I(Juou, I.lrpycBYI. UptRplif Olil P6-4234 

(1968) 1 laa.AH CCCP, cep.,•s., 33 (1969) 1232 

41. P.Ap.ru, K.H.rpo.lloB, 3.11uex, r • .lfyalon, .II1r ·~yB IB, I.lrpyCBYI, 
I.llrpyc:ulll, H.r .3&1qeaa 
Upeupur OW P6-4635 (1969), lsa.JH CCCP, cep.~B3.2!! (1970)702 

42. K.H.fpoliGB, C.l.~e.-oroa, I.lllrpycaYI, 3.A.Yc.II&HOB& 
IIpoCS~n.llli ~ann uue.uapHJa t~acrmt • aroooro a..pa (3W) 
r.1, mm.2 crp.525-546, Arouuar, 1971 r. 

43. n.r.xaa(eB. !exa•• sa .ll~lapo.-aol •xo.re no crpyxrype a~a 
Aly•ta, anpen 1972 r., llpeupur OW Jl-6465 crp.365-378,1972 r. 

48 


