
·--

( ( 

~· . ( 

EPEBAHCI001 !l>H3WIECI{}'!t1 IDICTWI'YT 

Ha rrpaBax py11011HcH 

YJlK 537.591:539.I.074 

AJ3AKHH BAI'PAM BAPA3JlATOBWI 

BSAHMQILEf.tCTBME .HYKJiOHOB M IIBOHOB 

C JULPAMM B KOCMWIECiraX JlYlIAX 

B ~EJIACTM aimPTII~ 0' 5 - 5 t 0 TsB 

DI.CM.IC .. ~111:'1111m urroMTroro MPH n 

:1.1tnM1•1!'l'll p!!UX 1 11H~Tl1!l 

A II 1' " I' II ,,, " I' II T 

,n111r.011Jl'l'nlUH1 1111 1·111111ich111t11 V''""''" , ·r11111•1in 

,no11To 1w1 1!111!•111111 "'1'1'11M11'1' 11 •11t11101 • 1111v11 

EPE!lAll - I\ltl'/ 



Pa6oTa Bur1om1eHa B EpeBBHCKOM cl>M3H'leOK11M HJlOTHTYTe. 

~HHe OllllOH0H'l'U: aI<a,JtelWUI All AJ~.CCP 

l'APl!JliHH l'. M. (lt!p(l)l!J) 

'Vf8H-KOppocnoMeH'l' All CCCP 

lll'1KOJibG!Gl~I C.vt. («i1'1All CCCl') (" 

JtOKTOp 1(1H:JKKO-t.e'l'flMITHl(OOHl4X llBYR, 

npor~ccop IIF:l'PYXHll A.A. (Ml'1Q.ll1) 

Bt:i,'!Yl11M opra1wsruuu1: Jia:y'IHO-HOCJI0,ll0HQTOJILOK!.t~ HllCTHTYT 

IJ,UepHOR 1JlHSRRK (MrY) 

3auiaTa .n;accepTa.mm COCTOKTC.!i .. _.. 1987 r. 

B 14 'IS.COB Ha sace.n;aHRK CneI.J,KaJJllSHpoBa.HHOrO COBeTa n 034 OI.03 

no npRCylK,D;eID!IO yqeHOH cTeneHH ,1lORTOpa qlH3ZRO-Ma.TeMS.TH'10CKWC 

HayR IIJlM EpeBaHCROM <J?Rs:aqecROM MHC1'HTYTe (375036, r. Epe:eau, 

yJI. Map1<ap.HHa, 2). 
c ,llRCCepTa.I(Hefi MOJKHO osHaROMHTbCH B 6H6JlllOT8K9 ~p(P~. 

ABTOpecpepaT pasoCJia.H "-"-----

Y'leH~ ceRpeTapb 

CneUl'laJIRSHpoBa.HHOro COBeTa, 

Ra.H.mV(aT qms.-MaT. HaYR 

HlU'l 1•. 

11.A.lllAXIJ\:um 

,~, 

l 
~ 

OEIUAfI XAPAKTEP!1CTill\A PABOThl 

ARTYaJibHOCTb. 3a ITOCJie,1lHHe r0,1lH SaMeTHO BOspoc HHTepec R 
~1cnepRMeHTa.JI:&HOMY HCCJie,1lOBa!Il!IO a,1lpOH-.!i,1lepHbIX CTOJIRHOBeHRtt npH 
"~dCORHX H CBepXBliCORHX aHeprKHX. B rrepByro oqepe,in. STO o6ycJIOB­

JieHO TeM qia.RTOM, qTo .H,I(po npe.n;cTaBJiffeT co6ott yH:aRam:,Hbltt o6~eI<T 
,1lJiff Bli.HCHeHIDI npocTpa.HCTBeHHO-BpeMeHHO~ RapTHHli C.wr&Hl:lX B38.R­
MO~eMCTBRll :a RBapR-rJIIOOHHoli cTpyRTypH HaJieTa.romero Ha MPo HYR­
JIOHa. Y'l!eT RBapR-rJllOOHHO:t:i rrp.Rpo,D;H CIDI:&HbIX BSB.HMO,JJ;ettcTBRll nos­
BOJI.RJI ROHRp6TH3.RpoBaTb RaPTHHY a,D;pOH-a,ll;pOHHOro B3a..RM0,1le:il:oTBHfl 
.R ITOJIY'l!RTb onpe.n;eJieHHHe ROJII!!'l!eCTBeHHHe rrpe,ll;CRaSa.H.R.!i. B TO *e 
BpeMH OTCYTCTByeT ITOCJie,1lOBaTeJII:o~ TeOp.R.!i, 06'n.!iCHRlOllli:ur OCHOB­
Hlie rrpou;ecmr BO B3aRMO,JJ;elicTBRAX a.n;pPHqB .R .H,1lep • .UettcTBRTe.Jll.HO, 
noJIYqeHHije sa nocJie,IJ;Hee BpeMfI BrreqaTJifIIOmHe rro,JJ;TBepJK,IJ;eHR.!i RBapR­
rJnOOHHO:il: Teop.RR OTHOC.!iTC.!i B OCHOBHOM R 06JiaCT.R MaJiblX paCCTOR­
H.Rtt. ~TO RacaeTC.!i a.n;poH-.H,I(epHbIX B~a.RMo.n;ettcTBRll B 06JiaCTR He-
60JibIIIBX HMITY~hCOB, TO s.n;ech JIH!ilb CiPOPMYJIHPOBaHO 60JD)lll09 ROJIR­
qecTBO MO'AeJiett~ OCHOBaHHbIX Ha rrpe'ACTaBJieH.IDIX 0 RBB.PR-rJIIOOHHOH 
CTPYRType a.n;poliOB R Ha ycROpRT6Jll>HbIX ,JJ;aHHHX. 0,IJ;HaRo npe,ll;CRasa­
H.R.!i ST.RX MO,JJ;e~~ CRJII:.HO paCXO,ll;B:TC.!i ,1lpyr C ,ll;pyrOM C poCTOM 
sHepr:att. 

K 'l!RCJIY OOf!OBHIDC.HHTerpaJibHHX xapaI<TepHcTm<, onpe.n;eJimOlllHX 
~uou:eccH MHO*eCTBeHHoro pol!f,JJ;eHHfl Ha 60.JII>WHX pacCTO.Hlll1flX, OTHO­

v.!iTC.!i IlOJIHHe Heynpyr:ae ceqeHHfl B3a.RMO'AettcTB.R.!i a.n;poHOB-C HYRJIO­
HaMR R .!i,ll;pa.MH 6;.n li ROSii$mR9HTH HeynpyrOC'l'H I< • .'Oco6eHHO 
aRTYaJIJ>HO COITOCTaBJieHlie xapaRTepRCT.RR B3aRM0,1le:il:cTBiUI c . .!i,lJ;paMH 

HYRJIOHOB H !IHOHOB, ROr,1l~ paSHHe M0,1l9JII.HHe npe,ll;CTaBJieHM - ,JJ;8m 
pasJIR'l!.Re PMa xapaRTepRcTm< .npou;eccoB B JfA H PA BSaHMO,JJ;ett­
CTBHflX. MsMepemte 3THX BeJIHtUIH B o6JiaCTR CBepxyCROPHTeJll>lillX 
3Hepr.Rtt Heo6xo.ItHMO ;rJ)1Sf. rrpoBepRR H y~o'tllleHl'l.fl pa3.7IR"IllliX. MO'Ae~ett. 
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HecMOTJllI Ha yorrt:i.H'! 11 ncpc11L·11•n111P y1:Hop11·1•1· 1 • .11 ,,; , .. :GJW)J,(>Ba-

1mi1, o6JiaCTli ::-,rtepr~ BJ>llle I T::Il r, 1:;1:•p11n.1 ~.1;1111•·11.1.1" 1'" •:•n/He.vi 
Mepe .uo 1995 r. B ::rna'Il'!T0JI:OH0t: C'!'ell1:i11'1 (l•l'l'lll ·1•1:11 lq11·1~·1"L'1 l'l!Okl 

ROCMM'!8ClUIX JIY"C!8il:. 
T_\em na6oTH. K naqa.riy HacToru11vr:. 1w1:."'~.1:11111ut011i ·11•· ""'('(' :a:::n-

!il·,·:.o.n;e:t!m'.'BnlI a;:i:pcHOB c Mpatvrn. pa3.1rwu11J1. :t't'• lM< ii' • •:," • • "' · r crp:vr 
!.rneprKR rrepmi:tffil:DC rrpoTOHOB .uo 400 l':lB, a llLHlll•lll '·'' ",,1(J t':::K, 
3RcrrepHMeHT!l r.:o orrpe.neJI<1HIDO cettemur 1roy11:1v1·01·c. :•1," "' ::1. r·,,i"oro 

B3aliMO,JJ;el1:cTBIDI. rrpoBe.ueaHue [fo 1{8.JI() [),1/.1• :'!' ill1 '1(,lllH1. \ ". '' :1 '" ::1x' 
CT)JaJJ:a.TII!'. Heorrpe.neJieHHOOT:OlO R3-3a HO~m:u1~l 'l'<ltilf()l'•l (Cl.:·, "a. rro-
TORa a,IJJJOHOB B ROC'Mli'li8C!UlX .nyqax HpR 'l\11J-1111x :111op1•11,1·;. ;,lf;Ji(,J r 
'.:'8M ITOJIY'!8H.ll8 1\apTIDfbl nsam.10.neliOTBlffi ll.YKJ:t>ll'lll 11 l1L11l .. 1• ,,. 1: B".,I';=}'.'-

Ml1 npH :;rnepr.IDiK, Ha nopJI.Ii:OR 11pem.lilla10uu-i.x y1:Rop11·r1:J11.i•1:i· 

( ::;:. 400 T3B) ,JtaJE.JIOc:o OJIOlKHOtf npoCiJieMoll, c .1a:1;w1Hw. ·: ".L'.'fr~ 
oTopoHhl., c cos).(alliieM rrp:116opoB, orroco6ma: .11,n.eu'l'\1!1!1\i!l\111• Jt1:' "T. R<l.lit­

.nhlli pen10Tp:11pye.MW1: a,IJJ>OH. fl. c .npyroJ.1: CTOpOHH' c I< P'/'I'( l i;: J.(11.10-

l!lliM crreRTpoM ROCMHi:JeCl\OrO f13JJY"l:8HlUI. •rpe6yKl!l111M COO'l'llfl'l'l~'I' I "i")'ii8-

ro yse.JllitJ:eHRH M3.CUITa6oB ycTa.HOBOI\ c pocTOM Y!CCJre.rzyer.!<)t\ \ )(;JJ.'1f~ .. 

T .11 mre J!r llli • 
l3blJla :Paspa60T8.Ha rrporpa!JIMa 3RCTieplilV!eHTa.ThHh!X HCCJ!8.IJ:OKlHllfii 

0 ~6Jlbl0 H3MepeHKfI OOJII>ll!ID{OTBa OCHOBH!ilX xapaRTepliOTliR nepBH"IHO­
ro a,npoHa. 3Ta rrporpa:MMa BRJIIO'!a.Jia B oe6R zsy'!eH.Ke aHepreTR"CJeo­
RIDC crreRTpoB ITHOHOB ¥. HYRJIOHOB B sanHOliMOOTll OT TIJ!OTHOCTH oorr­
pOB0)!(,Il;6HIDI a,npoHOB B03;n:y1l!Hb!MR JIRBH8BblMI!'. qaoT:aua.MH; HOCJ!0;f(OBa­
HHe tl>H3Jil'!8CRIDC H MeTO.n;K"CJ9CRllX giaRTOp0B. BJIIDIIOJllIDC na l'!:JMepfW~f1J() 
qiHs:1r<J:ecRHe B8.i!Rtm..'Ili. UeJ!lJ!O aRonepHMeHTamma: paOoT, nm11•).ro1rnx ·1; 
.nncceprauru:i, H.BJlft1I001:>: I) paspa6oTRa H cos.n~ime ycTn 1111 nH t-1. 

a,n;eRnaTHOl1: !IOCTaBJI8HHOfi 3a,na'!e; 2) :IOJIY118mte .lif\llllll~ ill> """ . 

11yRJIOH-.H,I1;epHHM Bsrumo;ne:t.icTnrurM B 06.JiacTH :i1tepT'l'!" """''' '" ·" ; .. 
Te.JThHWC; 3) a.Ha.JIR3 lIOJJY"C!8HHOrO M9.T8pRaJia .H e1•0 1'.J'"· "" '·" I' rf­
ROp.ll.T8JiliHlilMR .na.HHWIM H ruJI810IllliMl10H HaHOOJTOfl l(r>ppt) 1\'I'" ',, ' I ''.' ' .. ::rnvrn 
B ROCMJ1[tJ:8CR!dX JJY'!ax; 4) cpaBHeHKe RSMflPIWMll~ II '111"11• i"" I• t'i.'8 

{fJM.3~Pl6CllldX B9Jllf'IRH c npe.ncRa.3~ TOOp111L 

Hayi:i:Hrur HOBR3Ha pa60T1i1. EoJibUU1IIO'l'Hl1 pw1y111:1· ,.,. , ·1 :1Jt'JliteH-

HhlX B .nnccepTB.UIDl, no.nyi:i:eH!l BrtcpHUt r. 
Ilpe;nJIOJKeHa R C03;na.H8. 3RC110pllMOllTIUl·ll•UI v· "'"""' 'I ;,r)c:cne-

i:e:;.maiomru:r RaI\ lll,ll;eHTH(flKRanmo 1tW"""' .. 11yMno111111 '' '" ·, ·:o::;:\m-

,. 

' 
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'!8C!m.X a,npOHOB, Ta.R R HSMepeirne xapaRTepRCT.lill\ rue B3aRMO~ettcT­
BM 0 .H,Il;pa.Mli pa3Jllli:JHIDC B6ll(80TB B ID!T8pBaJI6 3Heprd OT 300 faB 
.IJ:O 5000 TaB. IlpM 3TOM :R.D,6HTK~RRa.ri;rur Y.KOHOB !d ITpGTOHOB B RaJit­
.TI:OM COOblT:iili ooymeOTBJieHa BIT8pBHe B ROCMR'leCR.IDC JJYt!ax. 

BnepBb!e !d3MepeHH cetJ:eHM.ff Heyrrpyroro B3aRMO;nettcTBRR: IIHOHOB 
ltl: rrpoTOHOB c ~ B ID!TepBaJie aHeprd, OXBaTh!BalOl1l8M ITO"ITH 
.JU38. ITOp.H,Il;I·ta. • 

BnepBble ITJ.JijT'I8Hbl B8.JllitJ:HHH rrapUHBJiliHl:lX R03~8HTOB Heyn­
pyrocTH BO B3aruJI0~8MCTBU.HX !ll10HOB H 11JlOTOHOB 0 E,D;pa.MH ~eJieaa. 

B ID!T6pBa.JI6 8HeprID1 300-5000 I'aB. IlpH 3TOM paspa60T8.Ha HOBa.H 
MeTo,mma onpe.neJI8HAA rrapl.\lda.JililI!:lX R03gxpUUHeHTOB HeyrrpyrOCTH' 
yMeHl:>lllaJ:Ollla.H M6TO,n:R'16Cirn:e Heorrpe.neJieHHOOTH' 11JlRCY1IIH6 8,IijlOHHblM 
Ra.JIOpnMeTpa.M. 

BrrepBbl6 ITOJiy'16HH 3HepreTHtJ:8CRHe Ol16RTPH ITROHOB, !IpoTOHOB 
K HettTpoHOB ROCMH.tJ:8CRIDC Jiy"CJe:f.i Ha BHCOTax rop B 3a.BHCRMOCT!d OT 
ITJIOTHOCTel1: BOS.IlylIIHoro JmBHeBoro corrpoBolK,Il;eHIDI. PaapaOoTB.HH a.JI­
ropRTM ld rrporpa.Mivia o6pa60TRR co6md B RaJIOpHMeTpe, BIT6pl31:l8 
ooeorretJ:HBa.rolllRe 110.Jiy'!eHRe rroJIHott mr[f..JopNIB.IlID.t np:a rue rpyrrnoBOM 
rrpoxolK,Il;eHRR '!epea Ra.JIOpHMeTp. 

OCHOBHHe IlOJ!O*eHIDI, Bh!,I\B.lffiYTble a.BTOpoM Ha sanurry: 
I. ITpe;nJIO~elill.e, OOOOHOBaHHe, paspa.dOTRa R BHe.npeHRe B 

aRorrepHMeHT MeTo.na R,D;eHTIDPHRaURH ti:acTMU o aHeprlilett > 0,5 TaB 
B ycTa.HOBRe, CO"CJeTalOllleil: ~eTeRTOpH peHTreHOBCROro rrepexo.mtoro 
R3JIY'l8HHlI H a.n~o~ Ra.JIOpRMeTp. Pa.apaOOTa.Ha Opl!I'HH8JII>llWI Me­
TO.n:RRa OOpadOTRR RaCRa,nOB B RaJIOpIDVIeTpe .nJilI HCCJI6.IJ:O:sa:HlUI: CIISR­
TJlOB a.n:JJOHOB R RX B3aliMO,n:ettoTBM c Jr.JJ.P8.MR BemecT:sa RaJIOpldMeT­
pa. IlyTeM pac'!eTa R 3RCil8pHMeHT8.JIE>HO Obz.rrlil IIORa3aHbl .D:OCTOBep­
HOOTl:> npe,n:JIO~eHH!:lX B .IJ:ROC6pT8.Il;IU1 MeTO.IJ:OB R,D;eHTR{pHRane:R ld OII­
pe~eJieHWJ: rrapaMeTpoB a.npoHOB, a Ta.R~e perRcT:pa.uHH aRTa Bsan­
Mo.nel1:cTBJIU1 B RaJIOpIDJieTpe B RalK,Il;OM R3 oo6HTR:t.i. 

2. HOBH8 glli3R'!8CRH8 pesyJI:&TaTbl no orrpe,n:eJieHHIO C8'18HH.li He­
yrrpyroro BSaHMO~ettcTBWl: Im.OHOB, !IpoTOHOB R Heil:TpoHOB c .IJ.llPSMli 
B RHT8pB8.Jle 3Hepr:im: 0,3-5,0 TaB. IlORB.38.HO, 'ITO ce'!eHl'Ie BSEUll.!0-
.nettcTBWI a,n;poHOB 0 H,IJ;paMR pacTeT c yBeJm'le.HReM 3HeprHK Me,nJJ:eH­
Hee, i:i:eM "aJieMeHTapHlie" ce11emu:r "a,n;poH-a.n;poHHoro" cTOJIRHOBe-

Ui • 
HRfi. Ha6mmaeTO.H HSSB.BHORMOCT:b OTHOIIleHIDI 6,k/6~c. OT SHepro. 
Ha OCHOBe 9RCII6pm.!8HT8JILHl:lX .llllHHWC MOJKHO C.D:SJISTl> BHBO.D:, ll'l'O 

b 



BIIJIOT!:> ,rr,o aHeprHH 5 TaB HMeeTca pas.JIKl:llie B xapa.RTepHcTHRax 
ITHOH- H npoTOH-.H.JJ:epHb!X B38.RMO,IT,etiCTBHfi. 8TO c yi.i:eTOM HeROTOpb!X 
TeOpeTHqecRWC npe,rr,cTaBJieHID!: yRaSl:lBaeT HU TO, 'ITO ac11MIITOTJl[Ra 

,rr,aJieRo He ,rr,ocTHraeTca npK HecROJI:DRHX TaB. 
3. HoBJ:i:e ,rr,aHHh!e o rroBe,rr,eHKK rrapJ.U'J,B.JThHblX 11oa(fxpru:urnuTOB He-

yrrpyrocTH OT aHeprKH K co:pTa ~HOB. IToRasaao, 'ITO pasJIH"<IRe 
rrap:mmJII>HblX ROSqxlJIDzy10HTOB HeyrrpyrOCTH B ITHOHHHX H rrpOTOHHblX 
B38l!MO'A0liCTBKf!X HBJil!0TCH cJie,IT,CTBHeM 3aM0THOfi Be.Jllll'IHHhl BepoaT­
HOCTH Heyrrpyroli rrepesapgn:RH IlHOHa. 8RcnepHMeHTtUIJ,HOe OTHOllleHRe 
Be.llll'DIH l<ll'o ( PFe) H K.no(JrFe) He rrpoTRBOpetrn.T RBapROBOM cTpyRType 
ImOHOB H rrpOTOHOB. IlOJIY'l8HHh!8 pesyJThTaThl cpanmrnaJJJl[C!:> C rrpe;n:r 
cRasa.HKeM TeOpID1 MHOrORpaTHOrO pacce.f!Hlti!, '1TO llIJl/(B8J!O R saRJ 
qeHHJO o rrpa.:soMepHOCTH rrpHMeHeHHff Teoprui..rJIDy6epa B a,rr,poH-.H.JJ:ep­
HHX BSaHMO,IT,etiCTBill!X B HCCJie,IT,yeMOM HHTepBaJie aacprHH. 

4. MccJie,rr,oBaHliH rrapaMeTpOB aHepreTHqecRHX CilCRTpOB ITHOHOI 
l1 HYRJIOHOB 1'I. aamiCHMOCTH Ha6mo,rr,aeMoro cocTaBa a,U:IJOl!l!OrO HOMITO­
HeHTa ROCMH.110CRHX JIY"l:eli OT aHeprjl[J/[ ~HOB H ITJIOTHOC'l'H corrpO· 
BO:lK,Il;aIOll\liX a,rr,poirn: RaCRa,Il;HhlX 'iaCTID.l. 113 :crncnepHMeHTaJI!:>HblX ,IT,aHHID 
B7.,D;HO' tfi'O :rp:i !'100J1~,I!:J'eMhlX aHeprWIX B co6h!TRIIX c MaJIOIIJIOTHhlM 
corrpoBOlK,ll;0HH0M ,IT,OJ!fl npoTOHOB yBeJm'tJJ1]3a0TCH c pocTOM aHeprHH. 
Cor.n:acze pac"<IeTHb!X ~ aRcrrepHMeHTa.Jil>HblX pesyJrDTaTOB yRasb!BaeT 
Ha O,IT,HHaROBOCT!:> HHRJII03HBHhlX crreRTpOB B 8.,ll;pOH-~HHhlX jl[ a,rr,poH­
.H.JJ:epHh!X CTOJIRHOBe!ilif!X rrpli SHeprruDC Bhllll0 500 raB. 

Hay"l:Hrui: H rrpaRTH"l:ecRrui: ueHHOCTJ:> pa6oTh!. 
I. IlOJIY'l8HHhl8 pesyJrDTaThl RCTIOJI:D30BaHH (RaR Ha.MR, TaR H 

,rr,pyr:m.m: aBTOpa.NIH) ;JJ.JI!! rrpoBepRH TeopeTH'i9CRIDc rrpe,IT,CTB.BJI8HHM 0 
rrpoueccax B a,rr,pOH-.H.JJ:8pHhlX B38.RMO,IT,ettcTBHHX· IloRasaHO, '{TO TeO­
pID! MHOrOHpaTHOrO pacceaHIDI r.n:ay6epa cnoco6Ha' o6'bHCIIH'l'h COBO­
RYITHOCT!:> SRCITepHMeHTaJI:DHhlX ;n;aHHhlX, rrOJIY'ISHHbtX D ~)TOii pa6oTe. 
!1poBe,IT,8Hhl pac'leTI:! B pa.MRax Teopjl[_jl[ KX.ll R MO;D;eJiefi ll!l,lLRP>fTJl['1:8CR~ 

ro noMepoHa. • 
2. :UaHHble 0 cocTaBe li cneRTpa.x IlOTORfl nJT,pO!!OH l'1CIIOJII>3YJOT-

ca ;JJ.JIH T8CTOB. Mo;n:eJieii npR poaI:!I'pHiue npoxolft.J(c)llfll!I :ur.pomm -qepes 
aeMirYIO aTMocqiepy. MsMepeHHHe B nacTOHlltO~ pa!'lo•rn :J:1Jll1CHMOCTH 
N.JT/Np , Nn/Np H N3 /NH -OTHOme11.i:t:I O'I' :1111•p1•111n H !IJIO'l'HOCTR 

corrpoB0il\Jl:8HM MOryT CJIYliU'!Tb TeCTOM Hplol M!l,/1,1I11111 I)( ll illf IHVI npoueccoB 
paSBHTID! RaCRa,IT,OB B aTMOc!lJepo K ,H,JUI /llfllJll-!:111 :11(1'.lil:['VIMC:ll'l'a.JThHb!X 

(; 

l 
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,IT,aIDrax !IO IJJAJI •. 
3. HccJie,rr,oBB.HH!I B 06.nacTH aHeprm!: Bsamao,rr,ettcTBWI ~ I TaB 

IlOSBOJIRlOT IIJiaHHpbBaT:b.SRCITepHMeHTh! Ha ycROpHT9Jil1X cJie,rr,yIOI1tero 
rroROJier::HR: no HCCJie,rr,oBaHHIO WparMSHTanKOHHott 06.nacTH a.u;poH-.H.JJ:ep­

HblX B3a.HMO,IT,8fiC1l'BRtt. 
4. BaJit!i:HM RTOrOM aBJIJieTCH paspa60TRa H cos~e HOBOro 

THIIa Macc-crreRTp()MeTpa Ha OCHOBe coqeTaHHH Pirn:-;n;eTeRTOpa H npH~ 
6opa, HSMepmoU1er6 SHeprmo 'iaCTID.l. STOT npmrµHn, 88.JIOJKeHlUrl!: B 
ycTaHOBRe "IlHOH",y:rre H8CROJI!:>RO JieT y,rr,a'iHO HCIIOJI&syeTC.fl B 3RC­
rrepHMeHTax,. rrpoB0.$1Mbtx B ROCJ.Vll![qecRHX JIY'IS.X H Ha ycROpH'1'0JVDC. 

~ 5. HeROTOpI:!e MeTo,IT,Jl[qecRHe paspa6oTRR, B neJ:lBYlO oqepe.JU>, 
crroco6 onpe;n;eJieIP'tf!' na'pa.MeTpoB RaCI~a,rr,a R a,rr,poHa B RaJIOpHMeTpe , 
a TaR~e M9TO,IT, Orrpe'AeJieHHR: B0JD1'!HHH napUR0.JIDHOrO RO~eHTa 

KJI"" MoryT dm:r, rrpHMeHeHh! B aRcnepHMeHTax "AIM" Ha Apara.ne 
H "A,rr,poH" Ha TRHi-rnaHe. 

Anpo6a.uag pa60Thl H try6JIIU(a.rm:a. OCHOBHHe pesym:.TaThl HS.CTO-
.llll\0M pa60Thl npe,IT,CTaBJrfrJIHC:b R ,IT,ORJia,IT,l:lBa.JIP!Cb Ha Hay;nw:x: ceMHHa­
pax Epl?H, ~HAR CCCP, COB0lllaHW'IX no BSa.HMO,IT,ettcTBHfIM npH BHCORHX 
aHepr:wrx: B Ea.RypHaHH R Hop-AM6ep,rr,e, Ha Bcex Bcecorosm.tX K MeE­
,rr,yHapo,IT,Hb!X ROHiiJepe~ ITO ROCMK'l:0CRHM JIY'iaM, Ha"<OOIM c 
1975 r., Ha ceccwnc oT;n;eJieHID!: H~ H (»HA AH CCCP, Ha E:eponei!­
cRruc CHMII09JIIYM0.X 'no ROCMHqecRHM JrY'iaM B r.PHMe (!982 r.), B 
'!COP (1984 r.) H.B r.Bop;n;o (1986 r.). B IIP9'ACTaBJI8HHhlX B ;inic­
ce:pTar:urn: MaTep:Ha.JIB.X aBTOpOM C0BM9CTHO c COaBTOpa.Mli ony6JDIRO:ea­
HI:! 35 pa6oT, CIIHCOR ROTOJ:lh!X npP.Be;n:eH B ROHIJ;8 aBTOpecpepaTa. 
IloJIHIDl: CITHCOR rre"l:aTHhlX pa.60T c y-qacTHeM aBTOpa ,I(HCCepTa.u;irn: co­

,rr,eplKKT 78 Ha.HM6HOBaHID!:. 
CTpYRTypa R o6~eM ,!(RCCepTa.IJ;W'l.· 
;lLHccepTauH.fl COCTOHT HS BB8,IT,e:HKR:, f!HTjl[ rJiaB H 30.RJil!lqeHHH. r 0Ha co,rr,eplKHT 276 CTpamlU, B TOM 't!HCJI6 47 Ta6.mm;, 74 pHCYHRa K 

CnHCOR JIHT8paTYp~, COCTO~ HS 193 Ha.HM8HOBB.Hl'tl!. 

KPATKOE COnEPJKA!IBE )lMCCEPI'.AWm 

Bo BB088HHK o6cyir;naeTOH ITOCTaHOBRa BOnpoca 0 BSJKHOCTH KC­
CJieno:eainul: xa~Te~HCTllK aJIPOH-.ir;n;epHl:lX BSaHMO~e~CTBllit B ROCMH-

? 



'l!ec1mx .rry-qax B o6JiacTa :::nreprHi1 500-5000 l'aB, a Tam::e onpe.neJie­

mui: xapaRTepli1CT'1K ITOTOROB ITfil.OHOD. npOTOHOB H 1:1eilTpOHOB Ha ypoB­

He rop. C•J;opreyJIHponam.i ocHOBHh!e irayt:im.1e aa,nat:ia, nyTH roc peme­

mm. EaeTCfl RpaTKOe li13JIO:Kemrn co.n:epJmHM .n1rncepTatT.Hi1, aRTy-aJI:&­

HOCT:& ;i. ueJ!b paOOTU. OcBOeHHe 00JiaCTli1 :::JHeprHtl Bhll!H3 ycRop:aTeJI:b­

H!.lX CB.fl3aHO 6b!JIO C 003.1.(a.H.ll:eM Rat:ieCTBeHHO HOBOf.l: ycTaHOBRH. ITO-
' Ra3aHO. '!TO MSTO.D: CO'tl:STa.Hl'l.f! a;o:pOHHOro RaJIOpm11eTpa c ;n;eTeRTOpOM 

peirrreHOBcRoro nepexo.n:1:1oro H3Jry Y.tll"l.M oTRpwro Hay'!ltoe :rncnepH­

rneHTaJThHOe Hailpa.BJieHHe B HCCJie.l.(OBaHM..f!X ((M3H.RH OJieMeHTapHblX 

t!acT-:- B11coRHX a1:1epr:11fr. 
13 nepBO~i rJiane np1me;n;e1m ommamrn H oc110B.r1hle xapa.RTepJ/lc-f' 

T~1RH y CTa.HOBRH "IlHoH" ( pl1C. I) • llepBhl'.i pa::i.neJI l'JiffBL! ITOCBJI!l(CH 

JCiOCHOBaHIDO HOBOfi MeTO.l.(HRH H,JJ;eHTVIip¥mawm IIHO!IO~ 11 npoTOHOB B 

I!OTORS 3ap.!L'l\eHffilX a,n;poHOB KOCMH'!eCRHX .rryqei!:. Tpn.,nHUHOHllb!S Me­

TO.l.(h! pa3.U6JISHM IlllOHOB H rrpoTOHOB B IIOTOI<e 3apID.\eHllh!X a,npoHOB 

( MaI'HliTHh!e crreRTpOMeTpbI. -qepeHROBCiute C'!ST't:IHRH, R31.1CP!3HHe 

J.iomrna.IJ.HOHHHX IIOTep:& B raaOBh!X c"tJ:eT-qru<ax) orpaHlrl."UIDaIOTC.fI 3Hep­

rMMJ/l .n:o 300 raB. IlpR 6oJiee Bb!CO.Rlrl.X 3HeprIDIX BrIJIOT:b .no E "' 
l'V IO TaB HJJ:eHTlrl.<lJURaI.T.HfI nHOHOB H rrpoTOHOB CTaJia B03MOlKHOM 

rrpaKTH'ieCRlrl. TOJ!:b.RO c IlO.fIBJleHlrl.eM ,n:eTeRTOpoB peHTreHOBCROrO rre­

pexo.nuoro H3.rryt:ieHI1.fi (Pill1-.neTeRTOp). PID1-.n:eTeRTOp IT03BOJmeT lrl.3-

MSP.,'!Tb J1opeHU-(l8.KTOP ( Q: E/rnc2. ) aapIDKeHHOil: t:iaCTimh!. l10Hlrl.3a­

r;HOH!Il:!X (MJIH CWIHTHJL'I.111U'10HIIbl:it) RaJIOp!1MeTp li13Mep.rreT 3Heprlil0 a.n:­
!)OHa ( E ) • Co"tJ:eTaHHeiA o6eHx MeTo,noB B o,n:HoM: ycTaHOBRe y.na..1oc:& 

cos~aTI> HOBhlil Tli1IT a;n:poHHoro Macc-cneRTpOMeTpa B 06JlaCTH 3Hep­

rm·l E ~ 0,3 TaB. · B I972 r. Ha BbICO.RoropHO:iil: cTaHI.J.M Aparar\ 
CiElJl ocyl.iieCTBJieH IIePBhli:\ 3.RCIISplrl.MeHT' r.n:e PID1-.n:eTeRTOp R coqeTa­

mrn: co Cl\HHTWLllflli.ROHHO-!t!CRpoBhlM RaJIOpHMeTpoM 6h!JI HC!IOJI:b30BaH 

TJ,J"IJ{ perneHrur ROHRpeTHOJ;\ <DH3K1!6CROl1: npo6JieMhl - onpe.ne;reHM 'JH(;Jla ... 

ITHOHOB H npOTOHOB B rIOTORe ROCMH"leCRH.X .rry11ett c ~HeprHI!MH ,. 

E > 300 ran. A..llaJIOI'R'llia.fI ycTaHOBI<a c OOJL&ll!H.M 't:!H.CJJOM MO,nyJiei:\ 

Pill!-,n:eTe.RTopa 6:wra. ocy111ecTBJieHa B 19'74 r. 11 Cll!A. IlocJte.n:YIOll1lie 

sKcnepnMeHTa.m.HHe :accJie.n;oBaHKfl Ha Aparane n ID'l!.i-·l~J'7'7 rr. ABa­
RTIHa B.B., Ear.n;aca:Pf!Ha JI.C., MaMH,I(l!W.IDIHil 3.A., Ur·anecnHa A. T. 
c COTpy,n:HHRa.MR npIDleJIK R COS;D;aHHIO YC'l'aHOHJl:t "IJHOll". l')\e nnep­

:BHe B :KOCMK"t!eCRIDC .rryqax npono,nH.JiaC:& ¥1,T\Oll'l'JllCj1~rn:uwu1 U,l\llVHOB B 

lla.JK,UOM HH.mffiH)lyaJI:bHOM cocl~HH H. 'l'CM CE.iMllM. 1;'l'llJlO H03MOWIHM 
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PHc. I. CxeMa pa.cnoJioJKemm .u;eTeI<Topon ycTa.HOBI<H "IIKoH" 

PI - P5 - reHepaTopH nepexo.l.(Horo ns.7.1yqemt1I; MITRI - MIIK5 - MHo­

roHHTrume nponopWIOHaJII,Hh!e RaMepH; MI<I - l1KI2 - HOHH3a.uHO.HHhle 

Ra.MeJlH; .IJ:BI, .Il.B2 - ,n;eTeRTOpLI B3a:HMO.n;eH:CTBM 

KCCJie.IJ;OBa.Hlrl.e K CpaBHeHHe xapa11TepKCTMR B3a.MMO;D;e~CTBIDI Illrl.OHOB 

I HyRJIOHOB c R,ll;pa.MR aTOMOB pa3Hli!X BemeCTD. 

YcTa.HOBRa "IIHoH" COCTOKT K3 IIfITK OCHOBHHX Y3JIOB: I} Ho:rm-
38.UHOHHOro RaJIOpRMeTpa. (HK}; 2) PIIM-,n;eTeI<Topa.; 3) ro.u;OCROim­

qecRO~ CHCTeMH (fC); 4) lleTeRTOpa. B3run.«>.n;eJ;!cTBllla (.IJ:B); 5) CKC 

TeMH 8.BTOMa'l'liSSJ'U[H. B I983 r. ycTaHOBRa 6a.Jia pa.cwKpeHa c ne.m;D 

HCCJie,n:oBa.HHR: SHepreTaqecR'l!X xapaRTepHCTlrl.R M pa.sHHX ROMIIOHeHTOB 

lllAJI B CTBOJI:bHOtt OOJiaCTH B :H.H'l'ePBa.Jie SHeprHK 5·ID13 - I015 sB. 

~ 



B CBRSH c 9'.HIM 6wm YC'l'a.HOBJieHht Cro;IHT~OHHHe C'1!0'1'1lllltR, RO­
'l'OpHe O,ItHOBpeM0HHO CJJY:llt1Ilit .n;eTeRTO:paMi! JJHBH0BOro conpoBOllf,tte­
HIDi. Jf,JIH npo:se.n;e!WI HenpepHBHOtt RaJIH6poBRH fliH9H.1IeCRHX napa.MeT ..... 
po:s MHoromtT.mm:x IIpoliopu;aoHS.JII:,HWC Ra.Map (MIIK) Ha,n; PIM-.n;erreRTO­
poM 6wm YCTaHOBJieHH .n;Ba PMa WIK. 

HoHRSauROHHlitt RaJIOpHMeTp ycTaHOB1Ut "I!HoH" npe~saa11eH 
,ll;Jlli Ollll0JteJ10HWi aHeprHH K MecTa nep:aoro BSaHMO.n;ettcTBWi a..n;poHOB 
B RaJIO}>llMe'l'pe. a Talllte xapaKT0PliOT.HR !IpOCTpiHC'l'BeHHOro pas:slt­
Twt smepH0-9Jl0R'l'poMBI'HllTHOro RacRa;na (HSK) B B0ll{tJCTBe RaJIOpH­
MeTpa. Ilo aHeprOBI:l,ll;0JI0HJJ.R:M B Ra.JIOpm.feTpe qJoplGlpyeTC.fl ynpa;BJUI­
JJnd m.mync sanycRa :scett ycoraxo:s1Ut. Ka.nopl!MeTp coc'l'On'l' HS IO 
CJIOeB xeJiesa TOJDllBHOil A xF~ = IO CM Rlill(,l).liit. Ha.n; l!teJl'.eSHiiJM nor-r 
J!OTH'l'eJieM paCllOJ!Olt8HO .1tB8. CBHHI~O:BHX CJIO.fl TOJilliKHOtt 3 CM R 2 CM. 
MeE,11,Y CJIOJn.m norJIOTRTeJIS! pacnoJio~eHH pfI,1l;H HOHHSa.:mtOHHHX RaMep 
,nmmott 330 CM R ,n;xaMe'l'poM IO CM. TOJill.lWiQ CT6HOR Ra.Mepl:l 2,0 MM. 
KaMepLt ltSrOTOIIJI0BH HS .naTYmmx Tpy6 l!I HallOJIHeHN "lliCTJ:m aprOHOM 
.n;o ,ll;aBJieHli!!Sl 5 aTM. 06mee ROJ!li'1!0CTBO :semecTBa B MK COCTaBJ!fl:e'l' 
900 r/ct}. BHcoTa HK pmHB. 260 CM, nonepe'l!Hoe ce-qmm:e - IO ,.(2. 
HaH6oJiee c~mecT:seHHott c MeTo;D;£qecI<ott T0'11RH spewtff cnell,liqia:Rott 
RCCJie,D:yeMOtt @ls:e.11ec1<0tt Sa,wi1lll .11BJili0TC.fl BHJ:G.60'1'Ra aJII'OpRTM9. orr­
pe.n;e.nelm.fl napaMeTpo:s a.n;pom :s RaJiopm.ieTpe (::JHeprwi:, HB.IIPlBJ!e­
Ime OCR JllIBH.fl:, xapaI<'l'0pEC'l'liOOl'. fl8K H T • .n;.). 8HeprR.R a,ll;poHOB OlI­
pe.n;eJIRJia.CD .I03YMf.1: cnoco68Mll: 

T~oHHWl: cnoco6, Ror;na rrpBMeWieTc.ff <lJOPMYJia E = KE.:Ji , 
r;ne .'.Ji - RSMeperume ru.mJilf.TY)Ill CllI'HaJIOB B RB.HaJia.X RaJIO~eT­
pa. Jf.JIH YJIYqmeHHJt TO'l!HOC'l'l'l' onpe,ll;eJieIDifl 11oac;1im:(l!eH'l'a K 6:a.~ 

npo:ae,ne:im cnelumJll>HHe Ra.mtOpo:eo'lHlle RSMepemliI K,pac-qeTH Ha oc­
HOBe ~ Ra.n:e.6poBOR a,ll;J;lOHHHX RaJIOpl!!MeTpoB Ha ycRop~Te.m:rx. 

PaccmTpeHa llpiJ.po.na paaJIRiumx gianTopo:a, BJ!lI.fIDl1llX HH ~Heru:•eTH­
'qecRoe paspemetme Ra.JIOPJ!Me·rpa. CymecTBeHHHMB oI<asaJm.c:r, (faRTo­
pHg CB.f.[SB.Hl!He c ,JUICRpe'l.'HHM xapaRTepoM C'b0M!3. •mtlx'pJ\olB.llID1 c KOHJ/!•f' 

Sa.JlROIDiblX Ra.Map H c He,JtOMepoM aHeprHll a .. ~pcma H3-3U I<OH01.Jl!Oro 
pa:aM&pa RaJJ:OpIDl!eTpa; 

Bo :aTopoM cnoco6e aHe:pru "CJ:acTm:J;lil onpe,neJT.HJIUct., ::rcxo.u;r HS 
rurarutsa JI3J:C :a RaJimOM co6HTID'!. Hru.m Ha:tt.n:eim. rn1npol{c11rvnn1toHHa.R 

cj;op~.iyJia ;ivr..;:r onpe~eJJ.eHIDI :aoimSarumwrux no·rep1 .. 11 11:)1\ J"J m.•OTHOM 
11emec'.l'Bi) 

IO 

I , 

I 
j 

df ~ e.·s'-/r. ( i [ ~n (t/-f:o) ] ) 2. 
-:.E- - exp -1" 6 , 
dt t 0 Je.n& 

r,IJ;e to: To e.n ( E /fl). ~ - RPRTHt?eCRM aHepr:wr B :ee111ecT:se Ra.1!0-
pHMe'l'pa. o - rro,u;roHo'tffihlf:i rrapaMeTp, E - aHepru a..n;poHa :e 
e.n;HHHUax rsB, T0 - paJn1alU10HHM e.!U'lmma ,n;.mum norJIOTKTe.rur :s 
r/cwf. 3Ha'l1eHHe napaMeTpa 6 6wro noJJY1ieHo MWmMHSEW.Re:!t dee 

cSe.- 0 2. 
i1 ORMaJioci. paBHHM - t.rl • Mepa @IHKIUm pacrrpe,D;eJieHHSI 
( 'l'O"!Ra rJI06am>HOro MaRCHMYMa) paBHa t 0 R COBna;naeT c rJcy6K­
HOtt MallCHMYMa pa.sBHTli!'..fl H8K. Ha ocHo:ee pesyJIDTaTo:e MoHTe-KapJio 

:11"'10.C'l1eTo:s )tJif! I<Oa~eHTa Bapxa.nrui RaCRa.D:HHX RPB.BHX no.ny-qeHo 
" ~nnpoRClJMa.lUIOHHOe BHpal!teHHe 

6(d~/cJx):: ~ + ~ (-1:/t )a 
(t/to) t: 0 1 

r.n;e a., = 0,38, 'Qi!. -::: IOOO. IIpe.n;n:araeMa.R: s;ii;ec:& oueHRa aHep­
rnK ~SMepeHReM napaMeTpe. 1o , ITO Ha6JIIQ,ll;aeMOtt B RaJIOpHMeTpe 
KacRa,ItHO~ RPKBO~ BRJIDtraeT B ce6.R y~eT npoHoca ,llO.llli aHepI'JUt qe­
pe3 HRJKHee OCHOB~e M 60ROBH6 CTeHRK RaJIOpHMeTpa. Anpo6altw:t 
;rta.HHOto MeTO,n;a c yqeTOM ipn:yRTYaJ.tilf1: KaCRa,ItHOI RPKBOtt npoBO,lOl­
JiaC:& HaMK Me'l'O,ll;OM MOHTe-KapJio. PacqeTH IIOKasa.im, '11'1'0 lflaR'l'Op 
He~oMepe. ROIDl.SaIJ;IDi He BJIWieT Ha OTHOCK'l'eJIDHyll cpe.n;HeRBSJqlQTRti­
HYIO OllIH6Ry RSMepelUtff aHepru rrpe.n;n:ollteHHNM s.n;ec:& M0TO;IJ;OM, Halll'l.­

Ha.ff c :meprrut . E :>- . 200 raB. BaJK.HHM llp0RMYlll9CTBOM MeT(),lta .im­

JIReTC.A: TO, '11TO B onpe~e~erum cpe.n;HeI<B~TK1lH!:lX OTRJ!OHeHHii :se­
Jlli'ql!HbJ llliitJopManWI :s nep:ah!X ;u,:syx p.R.n;ax Ha'qaJIS HSK B aaJIOpmlf!Tpe 
MeHee cymecTBeHHa, '116M c-ciM.TaJIOC:& pi:un,we. STOT BHBO,ll; :sa:&eH, TaR 
RaR HMeHHo B nep:sux ;u,:syx Bepx:HlUC PMS.X RacRa,n; ll0.n;B0Pll0R CB.1ID­
HOt1: tlJ.eyRTY~ l!l l!MeeTC.A: 6oJil>lllott ·qmr OT '!SOT:im; COIIpoBOJl;Jl;aHM. 

,.,.MeTo.IJ: nos:soJIJ{eT Ta.Kllte c'TO'!HOCTDD He xyxe 20% onpe.n;e.im:T:& aaep-
• rmo a,n;poaa, BMe.R l!l.H<lJOIHUOOO TOJU,RO B t?eT&J>eX pg,nax RaJIOpHMeTpa 

(ROpoTRRe RaCHMl:l c 60JII,UJ'HM nepeHOCOM SHeprKH qepes Hll%Hee oc­
HOBaHHe RaJIOpHMeTpa). 

ConocTa:sJieHRe cpe.WIHX sHaqe~ aHeprHH HSK, no.nyqemmx 
.n;syMfI cnoco6aMH, noRa.sHBB.eT, 0 '11'1'0 pa:aimna B oueHRe sHep!'lUf. BJt­

poHa He npe:a:wnaeT 3% B KH'l'epBaJie 0'1' IOOO ,Il;O 2000 raB. 
Ilpe.n;JIOl!teHHHA H8.MH M0TO,ll onpe;neJieHH.R aHepr:im' a.npc>Ha B 

IT 
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RaJI~p.li!Me~prtqecRHX ycTaHOBRax o6JISJJ:aeT p.ff,IJ;OM npelllv\Y~ecTB nepe.n: 
T~OHHl:lM cnoco6oM: 
I) HesaJ!HCm.IOCTb OROHtra.Te~HHX pesy.Jr&TaTOB OT Heonpe.n:eJieHHocTR 

B @U<c~ .TO'll{H reHe:pa.:umi HSK B RaJIOpzMeTpe; 
2) ABTOMatRqec.RHit·yqeT noporOBHX a@>ellTOB Pl He;noMepa aHepru 

Bcex KaC.RaJJ;OB.; 
3) Bos149mroc'l'b one:mra aHeprmi npH Ha.mqo MH!lJopm.wm B qeTHpe:x 

pg,ttaX - aTo oco6eHHo BaJKHO .Ir,JI.R: aHamisa aueprrui: RW!Ql;Oro SJJ:­
poHa llpK O~OBpeMeHHOM npo~Ol!Q'.(emut rpyillllil a;n;poHOB B RaJIOpK­
Me'lpe; 

4) Ymmepoa.Jll)HOCT:i:. MeTo.n:a nprt onpe;neJieHR.H aHeprIDI HSK, reaep~ 
pcmammx B r~H'l'OBOit :r.mmeHH wm B CBHHilOBb!X rpM.D'l'pax I<a.:{ 
pnfeTpa; 

5) EHcTpo'l'a·o6pa60TRH 60.m;moro qnc~ co6HTR~ c np:HMeHeH.HeM 
SBM. , 

PilH-JieTeISTOp yc'l'aHOBISH "Ilr40H11
, OCHOBB.HHhltt Ha MeTo.n;e aHep. 

roBll,lteJieHW!, HSMeps:i:eT JiopeHD;-\IJa.RTOp sapmiteHHOil: qacTmtH :a COB­
MeCTHO c ro.n:oc.ROllOM :itae'l' MH!flO~ 0 Ha.Jn11JIDI Ha ypoBHe Ha.6JIB>. 

,n;eHK$l saPfDKeHHHX qacTBU, conpo:aollQtallllHX perzcTpHpyeMC>e co6H­
'l'He, a TB.Me c BblCOISO~ ,Il;OCTOBepHOC'l'])J) ( "" 98%) pas.n;e.rui:e'l' saps:i:­
xeHH:l:lft Pl He:&l:T~Hblil: ROMIIOHeHTH SJJ:poHOB ROCMH:qecRoro HSJIY'ieHIDI. 

PDH-ieTeRTOP B c6ope npe.n;cTa.BJISieT co6oit 36 (HatJHHa.fl: c 
I98I r. - 45) :imeHTHqHJ:iX MO.nyJieP-:, COCTORll!WC ISWlQl;Hit HS reHepa­
TOpa nepexo,IJ;Horo Ms~eHWJ: R MHOroHH'l'.!IHWC nponopr.tROHSJI&HHX Ra­
Mep. CJIOMCTBH cpe.n;a reHepaTopa HsroTOBJleHa J'!S I20 cJIOeB mrura­
pa 'l'OJil!{IUrOit 22 MRM, paCllQJIO~eHHHX B :aosp;yxe Ha paOC'l'Osnmiir 
0,3 CM 'J.W,fr OT ;npyra. Paqo'liaH IIJIO~b M1lR 0,9x0,9 .,;, Ra.MepH 
HanOJIHeHH cMec:i:.:ro 90% A?. + IO% C 3 H 8 • S@>eR'l'KBHa.!':£ TOJil!lI!Ha rasa 
COO'l'l3eTCTBYeT 2,7 CM. AHo,n;HHe Hl'l'l'H B MID< o&be.n;l!IHeHH D 'l'pK ceR­
rnm, a me Ha.npa.BJieHIDI :B qepe.lJYJOlllH.XCH ~ (4 Pff,D:a .n:o I98I r. 
l! 5 Pff,ll;OB c I98I r.) BSB.HMOIIe'pneHJJ;W<yJiffpm.t •. MID< 6wra paspa.60-f 
'1'8.HH, asroToBJieHbl H xccJie,n;o:saHH Ha.Mil cneD;J'IBJI:&Ho lJ,J!1i PIWI-.n:eTeK­
'l'Opa 60.JWID!X pasMepo:a. O'l'MeTHM H6RO'l'Op!il8 OCHODHl:ile xapaJ<Teprtc­
T:HRR .Ra.Mep: 

I. Ilapa.MeTpH BHXO.n;HOro m.mynca - t4 .. 250-300 HC, 
U = 0,5-4,0 MB (pa6oqee HaIIp&11teHJ11e U' • 2500-2'100 B); 

2. 3@]eR'l'l!BHOCTb perHC'l'paumi O,ltRHOt{HUX :1nJ.lf!JltAHllHX tra.CTHU 
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- \:12 ± 4:;~; 
3. Paspemaio111rur crrocoCSHocT:r:. (um:prum pacrrpe,n;eJieHiur 'll -Mc-

rotmru<a Fe 
56 

c Elf = 595 KaB) - ± 25%; 
4 • .1Iru!ef1HocT:r:. B IO-Rpa.THOM .n;HanasoHe perHcTparuw: sapruKeH­

HHX -qac.Tmi: - IOO%. Sa.:a:acRMocT:i:. cp ( w) :aeJIH"tllIBI:l cHrHaJia aHep­
rOBbl,lJ;eJiemm B lv'IIIK OT SHeprrui: lf -rrnaHTOB ( CJ ) amIPoRCHMHpy­
eTCfl Bb!palKeHReM cp(w) = 7,89•I00,609 • 

B rJiaBe npHBe,n;eHH pacll:eTHHe (ol!G.!,ll;aeMHe) xapaKTepHcTHRH 
PTIH-,n;eTe~Topa, no.n:y-qe.HHhle B rrpouecce MOlJ,eJIHpoBa1um rrpoxoll\ll;eHKH 
rrpOTOHOB H IIHOHOB pasHbiX 3HeprH~ qepes BCe MOJIYJm. PTIYI~,n;eTeRTOpa 

c yqeTOM reoMeTpHqecRHX H ~HSHqecRHX rrapa.MeTpoB ,n;eTeRTOpa, 
~ .liru!e~Ha.H SB.BHCRMOcT:r:. BHXO,n;a ¥ -RBaHTOB PH B PIIH-,n;eTeR-
,. Tope rrpo,n;OJDKaeTCF! ,ll;O 3Haqemm JiopeHD;-lIJaR'l'Opa 3. ro4 ( EJr = 

= 4000 raB), Ilo.n:yqeHh! Sa:BHC.IDdOCTH K03qxpl'IJ:Ul€HTOB pe~eR:r.um: ID!.OHOB 
H IlpOTOHOB 6p,n OT aqxpeRTRBHOCTH perHC'l'pall;.IUl l P,JT B 4-x 
MOJIYJIJ:.HOM BapHa.HTe PIDI-,n;eTeRTOpa. HarrpHMep, .nM :maqemur 

tJt,P ~ 70~G, 6p ~ rn;;, oJT -::: I47~. , 
B rrepBOH rJia.:ae Kpa'l'RO OIIHCaHH Tex...'UlqecRHe H ~l'ISHqecRHe 

rrapa.MeTpH Ra.i:rn:dpoBoi:moro pi!lJ,a, ro,ll;OCROTIHqecRHX RaMep, ,n;eTeRTO­
pa BSaRMo,n;e:ll:cTBitFI R .n;eTeKTOpoB CO!IpoBO'.'F.,D;eHIDI. Ilp:trne.n;eHH TB.R:r.te 
xapa.RTE:pHCTRRl'I paSHHX cepHY. H3MepeHHfr H BapHaHTOB 3RCITJiyaTamm 
YCTaHOBRH. 

Bo Bcex cepKHX HSMepeHru1: ycTaHOBRa sanyCRaJiaC:b rrpH 0,nHO­
Bpe~eHHOM BRIIOJIHeHHH Tpex ycJIOBHM: a) 3HeprOBH.!(eJieHHe B RBJl:O­
pRMeTpe E ~ Enop ; 6) .'i3K B ~aJIOp.HMe'l'pe ,n;oJDKeH OXBaTl:lBau rro 
Rpail:Hei-t Mepe 4 p.ff,IJ;a HOHH3ru:J;0.0mrux t(a.Mep; ;. ) ypo:aeH:r:. ~rneproBii,i:J;e-

pae 
Jie,n;emm B a Tille p.<;1J;ax E Pllil ~ E nop ~ IOO raB. 

Ha 3TOH YCTa!fOBRe pellleHhl HeCROJI:r:.RO T€Xlm'l:€CRHX SSJJ:O:q: 
I. Cos,n;aH HOBllil: TRII Mill{ pa.6oqe~ IIJI01!18,I(bl0 "' I if-. 
2. Paspa.6oTa.Ha TeXHOJiorHJI H cos,n;a.HH reHepa.TOPH rrepexo,n;Ho­·f !'O H3.71YtreH.Wi 60JI:r:.llllilX pasMepOB. 
3. 0Tpa.60TaHa MeTO,D;l!Ra COBMSCTHOM pa60TH 60JI:&lllOro '!l!CJia. 

Mill{. CIJ;HHTMJL7!.fII.l;.l!OHHlilX C'fi0T'!ID{OB K HOHHSa:r.tKOHHHX Raillep. 
4. OcymecTB~eHa rroJIHa.H aBTOMaTZSB.I:(W'I npoueccoB·c~eMa Ra­

a6poBRR, BRsyaJI:asar.um, sarr:ac:e: :a rrpe;n;BapPJ:TeJI:r:.Hott @llsHqecRof.f 
o6pa60TRH KHqic>:pMaIU!:l'I BO BpeMH pa.6oT~ ycTaHOBRH. Cos~ruta CKC'l'e­
Ma 8.BTOMaTR8ru:J;0.H Ha 6ase .n;ByX Ml'IRpo-SBM R n;eH'l'pa.JI])HOrO rrponec-
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copa {3BM 'l'mm CM-4), pa.6o'l'aromruc "B JOOmIO" c s.rmrrepHMeHTOM. 
YcTaHOBRa IIOSBOJIWT.a li13M6p.HT1':> CJie,nylODlHe xapaRTepHCTH

0

Rli1 
OT'A6JIDHOro co6HTWI B 06JIB.CTli1 sliei;>rHli! a;n;poHOB OT 300 raB 'AO 

5 ooo rsB: 
- BeJIK'll'Uia SHepru o,n;mro'IHI:lX R rpynn a;n;poHOB c TO'lliOCT:&lo 

,... I5%. 
- Haapa.BJielilte IIpli1XO'Aa a;n;poHa c TO'!HOCT:&ID ·± r0

• 

- Koo:p;n;mra.Tbt BXO~ '!acTmi; B ycTaHOBRY { t::. X li1 t::. Y 
C TO'lliOCTblO ± 2,? CM, 

- Ha..lm.tme sa~ a;n;poHa c aqxpeRTHBHOCTl':>lO ~ 98%. 
- (ilaBT rrpoxo.ll!;ll;eHWI a;n;poHOB B RaJIOpli!MeTpe c sqifleRTHBHOCTl':>~ 

> 98%. ' 
- Il.JIO~HOCTl':> corrpoBOJK,D;eHlilJ! a;n;poHOB JIHBH6Bli!MH BOS,nyillHHMH 

'!aCT~ B·IIpe'AeJia.X OT I 'AO ""' 20 '!acTrui; Ha I RB. M. 
- r.n:y6:wry rrepBOrO B3aHMO'A6~CTBKf.l a;D;pOHa B RaJIOpHMeTpe C 

TO'IHOCT:&IO ±. I _to e;ruumru,i. 
- ITonepe'Ilioe li1 .IIpO'AO.JIDHOe pasBli!TRe .a:,n;epHoro 11ac11a;n;a B 

11a..n:opHMeTpe c TO'I.HOCTl':>IO ± 5 cM. 
- BeJm.tW.Hbt SHeprOBH,IJ;eJieHIDI B Ra.ll!;ll;Ott MrIK Ilpli1 rrpoX0.1K;ll;9Hli!R 

sapgJKeHHOil: O~O'C!HOtt 'tffi.CTli!IJ;l:l. 
- A.NlrrJmTY'll:H lIMIIYJIDCOB Ha BHX:O'Aax Cli!rHa.Jil':>Hb!X Hli!Tett MIII< H 

HK c Toi:mocT:i;ro ± 0,5% {Boero Ha ycTaHOBRe 5?3 a.Ha..n:oroBwi: Ra­

Ha.JIB.). 

Bo BTO'OOtt rJJa.Be rrpHB8'A6HO OimCaHH.0 MeTo~a 8.Ha.Jili1Sa SRCIIe­
pHMeHTB.JI:&HOrO :MaTepna.na, a.JII'Opli1TM 06pa60TRH ~a.HHHX Ha 3BM, HS­
JIB.raeTCH MSTO'A l!,Il;8HTli1qili!RanHPJ. IIHOHOB li1 npoTOHOB HS li!SMepeHHHx: 
ua ~e-BeJIR<mH aHeprOBH:D;eJieHIDI B 'AeTeRTOpax ycTaHOBRH. Oco-
6oe BHMMaHHe Y'A8JI6HO CII8IUl.Wli1R8 HaCTO.fillU'IX li1CCJI8'AOBaHli!tt, CBHSaH­
HHX: c il>aKTOpa,MK MeTO'AH.'!ecRoro H WJi!sli!'!ecRoro xapaRTepa, li!CRruKa-
IOUU!MH WJi!Sli!'!ecRHe pesyJIDTaTI:it aRcnepKMeHTa. ~ 

B Te'!eHHe "' I? THC. 'laCOB 'lli!CToro BpeMeim sRcn.eyaTarum 
ycTaHOBRH "1IROH11 B paslillX MO~~ HaROIIli1JIOC:& .....,, 2·ID

5 
co-

6HTd, SaDJ4CaHHHX Ha Mlll'HKTHHe JI6HThl c .IIOM~ll1:&D 3BM "Ha.RpH-2". 
Ewm paspa.6oTa.HH cxeMime li1 rrporpa.MMHHe rrepe~"lli rurcpopM8.IWli1 Ha 
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6aSOBYIO 3BM Ep<:P.lil - E3CM-6 li1 CIIemiaJI])Hl:ie hporpa.MMl:l 11 CJKaTHJl11 HH­
WOpJ.VIa.D;li1li1 li1 onepa.Tli!BHOro BH6opoi:moro o6pa!lle!!ID!iR ~aHRaM .munmx. 

Oinio:M HS BaJJ!Hb!X !IpOU8'AYP aHaJIRSa 1'$<0WieHHoro Ma.TepJmJJa 
HBJIH8TOH Bh!pa.60TRa RPHTepHeB OT60pa·H K.iraqc~arnui: Co6HTHA 
no KaTeropruIM, no Ilpli13Ha.Ry HaJIH'IIDI l'lJIR OTcyTCTBM sapma a;n;po-' 
Ha, no IIJIOTHOCTH conpOBo.lK;IJ;eHWI n T•'A· Ooo6~ W!Tepec IIpe'ACTSB­
JI.FieT BWIBJieHHe SaROHOMepHOCTH 0 SaB_HCHMOCTHX ':asMep.HeMWC Ha, yc­
TaHOBRe qMSli1'!0CRli1X B6Jil'I"qli!H OT IIJIOTHOCTH JIH13H6BOro CO!IpOBO.ll!;ll;e­
HRR: a;n;poHO'B BOS,llylllHblMH Sapm!ieHHl:lMli! '!aCTHIJ;a.MH. HaMH BB~eHH 'ABI 
KOJIH'!eCTBeHHble BeJIHtmHH, xapa.KTepHS¥11l$1e IIJIOTHOCT:& conpo:eoJQJ;e­
mm: 

I. Il.JIOTHOCT:& p ....... - ,1'IJifr oneHIUI IIJIQ';HOCTH conpo:eoJQJ;eHWI 
B I<OJIOHHe ( s "' I ~) HS 4-x (Mli! 5-:a) ~O,uiJie:i:t no TpaeRTOpli1M 
a,n;poHa. ' 

2. N ~ • rmcrrxu/rl- - ,1'IJifr OIJ;SHRH WIPTHOCTH COIIpOBOJl,ll;eHIUI .. 
no Beel IIJi:oilta.mi PilH-JJ:e'l'eR'l'opa. . 

A.1.lropaTM nporpa.MM!i o6pa60TKH 9.RcnepmeHTSJIHOI'O MB'l'epm­
J.Ia o6ecne'IDJB8JI BH,lta'!Y CJie.nyl!lllHX napaMeTpc>B R~oro co6H'l'.u: 

.... 90P'l' .co6H'l':a:a ("nyc'l'ott", "mmem.", "rpynna", "TOJlliRO MK" 
H T.,ll;.) •. 

· - THil, rpymra, xaoreropKR: a,n;poHa. 8eHHTHLtll :a asm.iyTBJiliHHi!: 
yriH,, BXO;iria :qSC'i'HI'!lil B YCTaHOBRy. 

- IloJIHbtfi Ha6op J!HiPo:pMatlltH 06 RSK. 3He~:S'AIJOHa.. 
- BeJIH.~ aHeproBH,IJ;eJ.te!Wl B cerunurx:· MIIK no TpeRy S'APQHS. 

Il.JIOTHOcT:& conpoBOJQJ;e!Wl B e~ ..P"' ... " . H Ne • 
- KOJntt1ecii-Bo TpeROB B HK R HHWO~ o RacRa,nax~ 
- ID$lpMaIU!Ji (aMIIJmTY.IUiaH ll ROO~'l'HM) 0 pa60Te cmm-

Tlit7.L7I.!tt(l10HHbOC 'AeTeKTOpoB. t 

TaRaa."nacnopTllsamta:" nosBo.lIJtlili :B JJ:a:J.t;&HebeM.npol'lsBeC'l'H 
KOppeRTHJ:tl1 OT6op C06Ii!Td Ka.R ;rr;m :Pemeim.s(_I<OHI<pe'!'HO:l:t WJi!s~eCKOfi.. 
sa,n;ai:m, Ta.R H ;rr;m CTaTHCTH'leCKOro aHaJIH~a ~OllJieHHOit mipopMa-
IJ;KH. '· .. '• , 

B a.i!I'Opl!ITMe E,JJ;eHTHqili!RaIJ;HH IIHOHOB H ripc>TOHOB KCIIOJIDSOBaJICH 
MeTO'A MaRcm.1BJI1>Horo np:m'Aono~o6:rur. Ilap:iMeTp.IIIJBB'AOIIOJJ:06lUI: R 
noSBOJIJieT OIIpe,Ite.Jm'l':& npoue~ oum:6oR IIpH RJia.CCHqlHIUW:lDl "mtOH-
:imx" H 11.I!pOTOHHii!X" C06IiITJ.tll:. • 

A.ln'OpKTM OT60pa llElC'l'JlU no SHa.Ry saprma IlOSBOJIB:eT B6CTH 
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MCCJI6,D;OB8.HWI ITOTOROB H6HTpa.7fT:>HlilX ll Sapa.llteHHb!X a,ri:poHOB B SaBI!!Cll­

MOCTll OT aHepr:iw:, OT IIJlOTHOCTll conpoBOl!(,Il;6Hrur ll OT rJIY6:IDW BSaR­

\ID.n;eRCTBru:I B RaJIOpHMeTpe. IlpoBe.n;eH aHa.JmS ITOTORa HeilTpOHOB, 

OT06paHHHX rrpn Ha.JIHtnrn: ~pMa.IUm. OT ;rr;syx, Tpex n 60Jiee .n;eTeR­

TOpoB 3apff,JJ;a, pacrrOJIO~eHHhlX no TpaeRTOpllll IT6pE3ll'lHOtt "W.CTl!l.U:l. 

TioRaSaHO, '<!TO HaJmtm:e oc5paTHOro TOKa, t?aCT~ conpoBOlK,ll;eHM: MO­

~eT CY..Jr&HO llCRaJ!ia.T:& 3RCIT6pIDl16HTaJ!I>HO HSMepeHHlil6 OTHOmeHRR: 

NJT/Np •. N;~fNH , oco6eHHo B Tex .CJIY1IBSIX, r.n;e sapff,JJ; ll !IJIOT-

HOCTb corrpoBOlK,ll;6HH.f.[ onpe.n;eJIIDOTCR O,D;HHM H.7Ill ;rr;syMR. pJi,D;a.MR ;a;eTeR­

TOpOB. 

B rnra.:ae no;a;po6H:o ormcam:l pesyJr:&TaTH ~o HCCJie.u;oBamuo xanl 

TepRCTliIB t?ac'l'mi;, poiK,Il;emrnx B rJJy6mrax RaJIOp:HMeTpa {;. IOO r/~J:. J 
H BhIJieTeBlliHX o6paTHO B Jia6opaTOpHott CllCTeMe ROOp.uRHaT. Hsy'<!eHHe 

a,Il.poH-H,D;epHNX BSaRMo.n;e~CTBllH, conpoBOJl!'.Il:aIOll{llXCR ncrrycRaHHeM a.ri:­

pOHOB B Sa,D;Hroro IlOJJYC~epy B JI.c.R. - STO npeJl!'.Il:e BCero aHa.JIHS RB­

JI6HHY, CBHSaHHblX c ©parMeHT~e~ H,D;pa MIDJl6Hll. 3TH HCCJI6,ll;OBaHHR 

MOryT ,ll;aTb cy~eCTBeHHYID RHqiopMB.Inno 0 CBOttCTBax R,ll;epHOH MB.Tepnn. 

B HaCTO~ee Bp6Mf! B Jlll.TepaTYpe HeT ITpiIMWC .u;ammx no MHOllteCTBeH,., 

HOCTH n yrJIOBOMy pacrrpe;a;eJieHll!O qacT:mi; aJib6e.n;o rrpn TaB-Hli!X aHep­

rIDIX, B ·TOM tmcJie a,ri:poHOB, RllH6MaTRRa reHe~ ROTOph!X COOT- . 

B6TCTByeT BSaRMO.n;e~CTBJalO nepsll'!HO~ '18.CT~ .C MHOl'OHYRJIOHHOtt MR­

weH:&ID (RYMYJIHTMBHbltt nponecc). IloaTOMY np:ime.n;eHHHe B STOil rJIB.Be 

.n;runrae B H6ROTOpoil Mepe Jlll.RBMH:PYIDT npo6M B STOM BOilpoce. 

TpeT:Df.[ rJia:sa nocB~eHa a.Ha.JIHSY aRcnepMMeHTaJIDHb!X pesy.7ll>Ta­

TOB ITO ITOTORaM a,n:poHHOl'O ROtfilOH6HTa ROCMH'<!6CRRX JIY'<!ett Ha BHCO­

Te rop. HcnoJU,SOBrume MIIoroMo.u;yJI:&Horo PID!-.rr.eTeRTOpa, nosBo.ruuo­

~ero ll,ll;6HTI!lipm:nqx>BaT:& ImOHhl H npoTOHhl B SHepreTllll:eCROM RHTepBa­

Jie 500-5000 raB, ,D;aJIO BO.SMOlltHOCT:& HCCJI0,Il;OBaTJJ. OT,Il;eJI:&Hbl6 ROMIIO­

HeHTbl IlOTORa a,n:poHOB. 

PaccMoTp.m.! CBHSH cneRTpoB BTOpll'IHHX ROMUOH6HTOB a;a;poHHor~ 
nsJIYt?eHKR: Ha Bb!COTe rop c u:poneccaMR, npo:a:cxo;a;.imim.m B aTMoctpe ... 

pe npa a;µ?prRflX. B H6CROJI:&RO _pas npeBOCXO;IJ;llJIUDC perHCTpanKIO ITP­

porP' l !:l'aHOBRll. :v.ISM6p&1IRC:& ITORasaTeJIR CTene:im cneRTpoB 0 rrpH 

paSJIHtrH!iIX !IJIOTHOCTRX JrnBH6BOl'O COilpoBOlll,I(6Hl!SI .f mo.x • a_. TamKe 

rrapnnaJII,HH}t COCTB.B IIROHOB. npoTOHOB li ueitTpoIJOD ] 1 IIC1TOJ{e a,u;po­

HOB o Bwr rrpo:ae.n:eu ROp:peRTmitt pac..:eT cBeTocwru. ycTannn::vr.. B Tex 

'CJIY'!MX, Ror.n:a ROH<Pnry~ ;n:eTeRTOpoB CpuDIIWJ'llJlf.llO IJpuC'l'a, 

I6 

t ... , 

r 
I 

' 

OBeTOCHJry YCTaiiOBRH y.n;aeTCH Bwn!CJ!HT:& aHaJmTII'l:eCRH. 0.n;na1'0 B 

CJIYtJae "IIHoH"-a upn pacqc•re CBeTOCIDib! ueo6xo,n:mr.o rrponecTn CJIO.lit­

lrue '<!HCJieID!Iile pac-i:eTu c y11eToM RaR reoP.mTpHqecKux pasMepoB .n:e­
TeRTopc>B,. Tfµ{ H <liaRTOpoB, Bmlf!ICiJUL~ Ha aqxpeRTHBHOCT:& peI'HCTpaIUlll 

a,D;poHOD. K tIHCJIY 'l'aRllX cJa!tTOpoB OTHOCJITC.8: yrJIOBble paCIIpCJJ..eJieHI'".JI 

~poHOB pa3Hb!X rpynrr, YCJIOBll.fI Biipa.60THH Tpm:repHoro ruvmy;rn,ca, 
J!aJIH'llle H6'qyBCTBI1TGJ.l:&HHX SOH MCJ!OlY .n;eTeRTOpaMil. arJ.qier\'l'HBHOC'::':r:. 

.n;eTeRTopon, OOI<OBHe a\Itj)eRTH n Ra.nop.aMeTpa, xapa1'TepimTHRH H3K 
ll, HaROHeu, RpHTepY.H OT6opa pa3HHX TV..IIOB COOh''.rnti. Ha.Ml'! 6b!JI paa~ 
J,iHT MeTo,n; onpe,n:eJieID!.f! CB6TOCMJJH Ha OCHOBe pac11eTa MOHTe-KapJio . 

c HCITOJI&SOBaHReM ypamrnm!.R: cr>pe.u;rOJ!DMa I po.n;a. B Ta6JI. 3.I .. n;uo-

,, cepTa.nmt IIpRBe,IJ;eHh! pesyJI:&TaTH pact?e'l'ID<X SHat?e:imli CB6TOCHJ1bl YO·· 

. TaHOBRH. Pac<J:eTH rroRaSHBaJO'r, '<!TO CBeTocHJia ycTaHOBRH cJia6o 3aBR­

cnT OT noRasaTeJr.<1 yrJIOBoro pacnpe.n;eJiemm a,n:poHOB m (± 15% 
. IIJ>l! SHal!eHWl:X rn OT 5 .D:O 12) • 

RaR RSBeCTHO, RHTeHCHBHOCT:& a.n;poHOB rro;n; aJHMyTaJJ.:&Hh!M YI'JIOM 

orrpe.IJ:e;meTM RaR x ( :\ec:e-1> 

.'J(0J=:Jol9) e - .?<(h<>.t't) ..: '.:la(9}f(&) 

Ha6.7110.n;aeMoe yrJioBoe pacnpe.n;eJieime HMeeT qJOpMy F(&)= f(&)dG(&) , 
r.n;e dG(G) rrpe.n;cTaBJISieT co6o:it yrJIOByro Sa.:BHCmAOCT:& CB8TOCl".JIH 

YCTaHOBRH. B I'Jra.Be rrpime;a;eHbl Ha0.'11:),I(aeMHe K CROppeRTHp0B8.HHh!e 

noRasaTe.mi. yrJIOBhlX pacnpe.n;eJieim~ a;a;poHOB pasH:&tx rpynrr n SHa'l:e­

Hru:r -Cpe.n;HHX BeJmqrur < e > • Hamn HSMepeHruI ITORaSl:!BaIDT, trTO C 

yBeJlll.qeHHeM aHepr:im Ha6.7J::rqr(aeTcR Teu;n;eHUIDI pocTa rroRasaTeJiii rn. • 
Ewm Bhl'<!RCJI6Hbl BeJm"!RHhl 11'1 H < $,. ,1J.JLR p H JT - mp = 

= 7,I ± I,5; <S>p = I6,2°; tn.n = 6,3 ± I,7, ""&>3' = IS,4°. 
Nn FNp , N3/N11 H Nn/Np -OTH0111eHIDi: 

B rJI. III np:ime.n;eHa :aTOroBa.FI Ta6JIRUa (Ta6JI. 3.5) SHat?e:imti 

N;rr/Np -oTHoweHH~ c ytreToM nonpaBOR Bcex QJoHOBHx rrpoueccoB n 

~ qlllSH'!eCRRX a@ieI<TOB • BJIWm.!UiX RaR Ha TO~OCTK ll,ll;6HTllq';JIR~ mt­

OHOB K npoTOHOB, TaR ll Ha llJIOTHOCT:& conpoB0'1t,IJ;eHRR:. B CTaTHCTm<y 

BOIIL7llI ISII xmoHOB H 1955 rrpoToiroB c aHepraett E ~ 300 raB. 
IlpKSe.n;eH:&t pesyJU,TaTH ;n;pyr.e:x 3RClI6Pf!MeHTSJI:&HHX pa60T li CpaBHeHRe 

C .D:aHHHMR HaCTO.F.lllteft pa60TH, • 

Ha ycTaHOBI<e "IIHoH" Bnepsue NJf /Np -OTHOllleHIDI onpe.n;MeHl:l 

B 38.BllCKMOCTll OT lIJIOTHOCTll JIHBH6DOl'O COilpOBOllr,ll;elm.f!. AHa..lnxs 
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60J1.blil~HCTBa aKcrrepMMeHTOB B K.JI ITORa3b!BaeT, qTo rrpH OT60pe ITOTO­

ROB aaproKeHHblX H HefiTpaJ!hHblX a;n:poHOB Ha.KJia,mJ:Ba.JIOCh CFIJihHOe or­

paHH"'leHHe Ha Jilll3HeBoe corrpoBOl!QJ;eHHe (,UJm a.Ha.mi:aa OT6RpaJIOC:& He 

6oJiee 50-60~b Bcex a;n:poHoB),. a rrpn Ta.ROM oT6ope no.1IBJI.fieTcH 6oJI:&­
mas: Heorrpe,neJieHHOCT:& B BeJIHimHe Np/N,, H, TeM caMhlM, B orrpe.ne­

Jiemm NJr/Np • Ha ocHOBe peayJI:&TaTOB MSMepemm NJT/Np -OTHowe­

fmR Ha ycTa.HOBRe "Il:HOH" MOru!O c,neJiaTh CJie,Jzy!Oll\ll8 BblBO,I\bl: 

- II:Homrn::ti ROM!IOHeHT C:P!..JII>Hee 38.BHCRT OT lIJIOTHOCTli corrpo­

BOJK,Il;eml.ll:, tJ:eM rrpOTOmrn:tt. STO 06'b.HCH.lI6TC.f1, B OCHOBHOM, yBeJm:qe­

HMeM "'lRCJia rrpoCROi:m:BIJJRX aTMOC0epy 6ea B3aRMO,D;eficTBIDI rrpOTOHOB 

B ITOTORe a,n:poHOB C MaJib!ME: SHatteHM.flMll .P ma.)( • 

- Ilpn 0liRCHpoBaHHHX RPHTepRJIX OT60pa ( PmCl}C,. con~t ) OTHO- ( 

meID'l.e NJT/Np yMeH:&maeTc.H c pocTOM ::rneprID'l 1racTm~ rro 3aROHY 

AE~m • 
Bh!CORM -qyBCTBHTe..lf.DHOCTh ycTaHOBRR "Il:HoH" R orrpe,neJieHIDO 

aap.H,Ua nepBH"'!HOro a;n:poHa H B03MOJK.HOCT:& M.,D;eHT:ll<~a.I.UIB 11!10HOB H 
rrpoTOHOB IT03BOJrnJia KCCJie,D;OBaTh saROHOMepHOCTH rroBe;n:eHMR 

N3/N"' H Nn/Np -OTHOIJielid B IIOTORe KJI. B rJiaBe yRasmrn pe­

ayJihTaTB RSMepeHli.FI OTHOIJieHIDI IIOTOROB aap.IDKeHHIDC l1 Hei1Tpa.J!:&HHX 

a,npoHOB ~ aaBRCHMOCTH OT ITJIOTHOCTH JmBHeBoro corrpoBOJK,Il;6HIMI 

( Ne ) , OT aHeprHM a;n:poHOB H OT rJIY6IDlli! rrepBoro Baamro;n:eflcT:sWI 

a;n:poHOB 0 B RaJIOpMMeTpe. IlOJIY"t!eHHh!e Ha.Ml1 pesyJI:&TaTb! CplllHHBaJlliCI> 

c MHpoBHMll ,Iiamru:wi: (cM. pnc. 3.4 ;n:nccepra.:o;im.). llis peayJI!>TaTOB 

JriaMepefuUi cJie,JzyeT, '!TO OTHorueHUe N3 / N,, MMeeT TeH,D;eHUIDO pocTa 

c yBeJIU"'leHHeM aHeprKK a;n:poHOB. l'aROe rroBe,D;eID!e MOY.lliO 06'bR:CHKTh 

B03paCTa.HHeM lIJIOTHOCTH corrpoBOJK,Il;eHrur c pocTOM aHeprH.l'l H, CJie­

;D:OBaTtim.Ho, pocTOM Heonpe;n:eJieHHOCTH orrpe;n:eJieHHR aapff,Il;a a;n:poHa. 

K TaRO!VW B&BO.n:y MOlKHO ~TM KS aHa.rrnaa aa.BHCH.~OCTH OTHOill8HR11 

N3/tl/H OT IIJIOTHOCTR JIMBHeBoro conpoBolK,Il;eHH.H.'B noTOKe a;n:poHOB 

c H,YJieBW/I RJIR J.VlaJIOITJIOTHID\1 COI1pOBOlK,Jl;8HR8M npe06Jia;n:eT "tfVICJIO rrpo-

CRO"'IHBilmx rrpoTOHOB. B ;rnTepB~e 3HeprRR OT 500 TsB ,I(O ( 

3000 .rsB B coCSHTrurx c Ne = 0 oTHomeHHe N3//l/H Haxo;n:RTCR B 

rrpe;n:eJiax OT I,04 ;no I,22. 
B co6h!TH.HX c Ma.JIOITJIOTID1M corrpoBOlK,Jl;e.imeM c yncJIVT"'lCHHCM 

rJIY6liIHH nepBoro BaanMo;n:eitcTBM n RaJIOpIDl!eTpe oTHomcm1c NJ! NH 
yMeH!illlaeTC.!I. 3Ta 38.BltlCRMOCT!:. ROCB8HHO yRaSh!BaOT na yMeilI>lllGI-!J'i'.C 

cpe:n;He:fi MHOl!teCTB6HHOCT!I o6paTHOro TORa c YBCJIWICJl!H M I'J1y6:mra 
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l1X po;;(,ll;eHYl.FI, 

HccJie,noBarm 3aBMCHMOCT:& OTHOll!GI!liE Nn/ /l/p OT ::mepri;rn rrpK 

.r..nyx t])MRcnponaimJ?L'\ aHaCJ.eHnmc Pma.x • OTIIon:emrn Nn //l/p Ma.rro 
?.lermeTCR c yne~11!'iCHl1eM SEGprHH OT U,5 :s:G ,1(0 3 '.':'sB (i.mHJieTcR B 

lipe;n:eJiax OT 0,GI .rro O,i33). 3TO OTHOme::He 01.!CiIL "l!J'DCTBL!TCJihHO R 
U3l:ieHeHH!O IIJIOTlIOCTR ...;orrpO!JOj;\iJ;Clll!.H. 

3HenreT:arrnc1rne crreRTpll AAPOHOB paam:x rpyrrrr. 13 HacTO.fIII!eM 

:J:;cnopn;-,1eHTe nyTeM np.s110:' n.nem'}I(iJ?rnmurn :mrnpBue H3MepcHU ::mep­
reTR'1GCKi1e crreRTphl l!HOIIOB K rrpOTOHOB. lTpmrettaTeJIIoHO. 'ITO STM 

;n:a1rn1:,:e IIOJIY'!6Hbl npn pa3JIH'!Hl!X 3Ha"t!GHIDDC !IJIOT!i0CTI1 JIY.DHCBOT'O 

corrponolK,Il;eH.lifI, 6Jraro;n:ap.Fr TieJ\JY r.ioxmo IIP¥I.n:T:a H CloJiee oelocHoBaH­

HHM C-M3H'!ecRruw 3aI<JIIO'!eID!mli rryTeM CpaBHemill: aI<crrep11Mel!Ta.JI:&H.blX H 
pac'!eTHH."'l: o;:J:I,n:aeMux peayJihTaToB. 

B OOJiacTn 3HeprKi1 600-200C r::iJJ crreRTPLI !IpoTOHOB rrpe.IJ;CTaB­
Jifl!OTC.fI n Bll,!l;e 

Jp(>E) = (2,43 ± 0,04)·I0-5 E -I,90±0,04 1,,c20P-I0-I 

rrpn R ~ O,I; 
max ~ 

'.Jp(> E) = (3,I3 ± 0,03)·I0-5 E -I,86±0,03 r-C2cp-Ic-I 

!IpK f,.,,Q.~:::; 0,3; 

:Jp(>E) = (3,78 ± 0,06)-I0-5 t: -I,84±0,04 M-20P-I0-I 

rrpn 0 ~ 2. J- ""C\x 

CymecTBeHHoe paSJIR'llie n rroBe.nemm crreKTpoB uaelJIIO,I(aeTcR ITPH 
aHeprIDLX E. > 2 TaB. flpn aTOM "t!eM 60JII:.me .f' ..,...... , TeM 60JID­

me 3Hff'l8HMe aHepru, !Ip.M ROTOpoM peaRO M8HR8TCR: HaKJIOH CIIeI<TpoB. 

CrreKTpb! IlliOHOB flPH E > 600 raB MMGIOT Bll,!l;: 

.'.J.rtl>E)= (2,6 ± 0,2)·I0-6 E -2,60~0,I9 11,c20p-I0-I 

rrpn .P., ~ O,I; 
Q.~ 

.'.JJT~E) = (3,2 ~ O,I)·ro-6 E -2,56±u,I5 M·2cp-Ic-I 

rrpa o ~ 0,2; J rna.x 

.JJt(>E) = (9,2 ~ 0,4)·I0-6 E -2,57±0,I5 ·111-20p-I0-I 
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np:11 P. ~ 2. 
... Q.)C 

Ha pac. 2 noRasaHH HHTerpa.m:.HHe aHepreTHtJ:ecRne cneRTPH Il:IIOHOB 
R npc"'OHOB ITp.R 3Ha"CJ:eim.fIX P. :$ 2. 

"'Q.JC 

B rJiaBe 0Ill1CaHH peay.m:.TaTH pac"CJ:eTHHX HCCJie.n;oBaHHli cneR-
TpoB K Ilp:liBO,w:ITCH ITOTORH O,!UiHO"CJ:HhIX ~poHOB Ha BHCOTe "-' 3000 M 
H~ ypoBHeM MOpsr. PaccMaTp:liBa.JmC:O ,ItBa BapHa.HTa lv!OHTe-KapJIO pac­
tJ:eTa rrpoxo.lK,ll;eHRfl: ~poHOB -qepea aTMOcwepy. Pac"CJ:eTHHe ,ll;a.HHhle Hc­
noJI:osoBa.Jmc:o ,wI.lI HHTepnpeTa!Ulli pesyJI:oTaTOB no cocTaBY H cneR­
TI1.f a,ll;poHOB • 

Ilep.sHfi BapHaHT OCHOBaH Ha pewemm: ypaBHeHRfi ~cfxPy3HH ,wI.lI 

8HepreTH"CJ:eCIULX cneRTpoB ~poHOB ROCl\m"CJ:eCROro H3JIYti:e:arui: B aTMOC-~ 
~epe c IIpmvieHeHHeM ynpo~eHHofi cxeMbl KapT.HHH B3aHMO,n;efiCTBHH. 
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PHc. 2. MHTerpa.1I1>HHe aHepreTH"CJ:eCRHe Cil0RTPN IIMOHOB H 
npoTOHOB, O :i:; 2 M-2 
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Pac"CJ:eT OCHOBa.H Ha y"CJ:eTe ~HeBHX tJ:aCTHr( JIHIIl:O OT nocJie,ll;Hero 
B3a.HMo.n;ettcTBHJI nep.sHqHOI'O ~poua. EcTecTBeHHo npe,n;rroJIOJKHT:o, 
tJ:'l'O B C06HT:MX c Ma.7Il:IM p MbI HMeeM ,ll;6JIO co CJiytiaeM, ROr,ll;a 
IlOCJie,ll;Hee BSaHMO,ll;eficTBKe Jm.l.tHPYIOIIlero a,ll;poHa HMeJio MeCTO ,ll;OCTa­
TO'!HO BHCORO Ha,ll; YCTaHOBROfi H corrpoBOll\l(arontlill ~eH:o HaxO,Il;HTCH 
B CTa,ll;H:li SaTyxaHH.ff. IlOJzy"CJ:eHH HHRJII03RBHb!e cneRTPH paSJIH'!HWC 
R0MIIOHeHT a,ll;poHOB. CorJiacKe c aKcnepHMeHTOM rrpK p :!;; 0, I xo­
powee. IloJzyti:eHa aHaJIHTiitJ:eCRM SaB:l'ICHMOCTI> BH,ll;a N:ir/Np(>E)= AE-m , 
H rrpH E = 0,3 TaB ,IJ;JIR N~/Np -oTHomeHRH 6l:lJIK ITOJJY"<IeHN SHB."<Ie­
HHH 0,42±0,0I; 0,43±0,02 H O,BI±0,07, COOTBeTCTBeHHO, llpH 
rrJioTuocT.ffx corrpoBo)J{.i\eHrur .P ... a.x = ·o,r, P..,,,.,, . = 0,3 n f,.,Q.

11 
= 2. 

8TH 3Ha'!eHIDI He HCHaJKeHH rroporOBb!MR a@)eRTaMK YCTaHOBIUI :I'! 6.ims­
KH R HCTHHHHM 8KCITep:l'!MeHTaJIDHli!M BeJIH"CJ:HHaM rrp:l'I E 7!:: 500 I'aB. 
PemeHHe ypaBHeHM: ,n;li@lyaIDl MeTo,n;oM MoHTe-Ifap.n:o rrpRBe.n:o R onpe­
,n;eJieHHro OTHOlJleHIDI ITOTOROB rrpoTOHOB H uefiTpoHOB Ha ypoBHe 
J( r/crl-. l"-• 

r,n;e 

-2.x/:>. • "'l arf>rf> < U > 
Np (£, x) _ ...:.I_-o_o=--e----,--,-----.,-..,.­
Nn ( E,x) - I +oo exp(-2x/>i"'l. .. +t<1.I~-•> ' 

s 0:: ---"- - d-(O)=-Nn(O)/Np(O) 

7l. ~~ - a@leRTRBimfi .aoacixlimmeHT Heynpyroit rrepesap.fr,rum. AHa.in!3 

)OBORYIIHOCTH HMeIOOUiJCCH ycROpHTeJil,HHX ,ll;aHHl:ilX rro HYRJIOH-HyRJiou­
H&M K HYRJIOH-R,ll;epHHM rrpo:u;ecca.M, a TaR:Hte 8RCnepHMeHTOB B ROCMH­
'!eCR:l'IX Jzy"<Iax yRasHBaeT Ha TO' "<ITO :rna<reHHH B6JIHt{HHbl 11 •.P+ Ha­
XO;D;KTC.fl: B rrpe;a;eJiax 0,24 :If 11. .. .p~.::::' 0,5. no ,ll;a.HHHM YCTa.HOBRH 
"IlHoH" 0,30~ •.Pq :$ 0,40. 

UeJIDro BToporo BapmrnTa MO,ll;eJmpoBaHM >IBJIJIJIC.fl: pactieT ou­
,ll;aeM!i.X :::.:ati:em.:r cocTa.:sa H aHepreTHtJ:ec1wro crreRTpa a,ll;poHOB c 
aHepr:irntt > 300 raB - ycJIOBMX ycTaHOBRH "IlHoH" npH pa3Jmtmf:D{ 
3Ha'!emmx: MIDOHHOtt' a,ll;poHHOit H 3JieRTpDHHOtt ( IT03HTpoHHOit) IIJIOT­
HOCTeit corrpoBO.lK,ll;eHIDI. B aJirOP:l'ITM TpeXMepuoro MOHTe-KapJIO pac­
"CJ:eTa rrpoxo.lK,ll;eHWr nep.sntIHHX ROCMHtieCRHX JIY"<Ieit -qepes aTMOcg)epy 
3aJIO:Htem.t .ItBYXROMIIOHeHTHaH MO,I(€JIJJ B3ruIMO,ll;eficTBrur a,ll;poHOB c RJJ:­

paMH aTOMOB Bos,cyxa, CJia6oe HapymeHE:e cRe:tt.mmra BO cpparMeHTa­
!tliOHHOit o6~acTn. Sa OCHOBY Ob!JIB. rrpl'!H.f!'ra rrporpa.MMa MO,ll;eJIHpoBa-
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HID! lllAJI aHeprHii 1013-rol'? aB, paapa6oTaHHM B ~HAH CCCP. Tipor­
paMMa cymecTB8HHO MO.D:HCIMJ:J;.Hpo:saHa ,ll;J1ff MO,ll;eJmpoBaHrui: He 'l'OJil'>RO 
lllAJI, HO 'l'aRlKe H O,ll;HHO'IlfOro ITOTORa a,n:poHOB c yqeTOM 3JieRTp0HHO­
ro, MRlOHHoro H a,n:poHHoro conpoBOll!,1l;e.HHY:. B a.nropHTMe ncnonso­
Ballli ITOCJie;IJ;IUle ,I(a.HHHe YCROpHTeJf.&HI:lX SRCITepHMeHTOB no onpe,n;eJie­
HWn.'I OCHOBHbIX napa.MeTpoB H:yMOH-HYRJIOHHHX B3aHMo;n:eti:cTBd, a 
Ta.I<lKe HOBJ:ile pesyJI.DTaTH, ITOJzy'!eHirue B ROCMa'tleCRHX Jzy"<Iax. He; oc­
HOBe pacqeTHI:lX 3HaqeHJti.i CTaTHCTH'tleCROH o6pa60TRH 3000 "nceB,I(O­
lrncnepD.MeHTaJIJ:,HblX" C06HTltii np.HBe,UeHO CpaBH8HKe OiKI'I,ll;aeMiiIX H a.I<C­
aep:aMeHT8J!1:>HbIX CIT8KTpoB aapsr.,'KeHHIDC K H8MTpaJil'>HH.X O,IU!HO'!HI:ilX a.n:­
?QHOB (xor,n;a a.n:poH He HMeJI a,n:poHHoro conpo:Bo)!(,ll;eHID"!) Ha ypoBHe 
700 r/ cNf B 3aBHCHMOCTH OT IIJIOTHOCTH COITpOBOJK,D;emur. Cpa:sHeHKe ( 
~ORa3HBa8T, "<ITO HCITOJI:r:.syeMaH HaMM MO;IJ;eJI:r:. B npe,n;eJia.X aRcnepHMeH­
TaJI:r:.HI:lX H pac'tleTHbIX oum6oR corJiacyeTc.A: c peayJI:r:.TaTa.MH, nOJzy'tleH­
HHMH Ha ycTB.HOBI<e "lIKoH". 

'1eTB0J?TM rJiaBa rrocBHII(eua aHaJililsy ar<cnepm.teHTaJI:r:.HbIX pe­
syJI:r:.TaTOB no C8'tl8HHRM Heynp-yroro B3aKMo,n;eti:cTBHH IIHOHOB H H:yRJ!O­
HOB c R.IJ:paMH aTOMOB Fe , P~ , C , Alt. • KpaTRO .OimCaHH 
MeTO,ll;li H3MepeHKH C8'tl8H:ili! Heyrrpyroro B3aHMO;n:e~CTBHR a,n:poHOB c 
R.IJ:paMH B f<aJIO:pHMeTpHqecmrx ycTaHOBRax. UeJI:r:. HcCJie,n;OBaHHH sax­
JIID'tlaJiac:r:. B BH6ope crroco6a ;II,JIFI onpe.n;eJieHwr B0JIHtmHH E?~n c 
HaHJzy'tl1lleH TO't!HOCT1:>ID Ha OCHOBe HSMepeHIDI pa.crrpe,n;eJieHHH TO'tleR 
B3aHMO,I(eiicTBHH a,n:poHOB B Ra.JIOpHMeTpe • .JJ.mI Bbl60pa OITTHMa.Jil>HOro 
crroco6a M8TO,I(OM MOHTe-I<apJIO 6wr CMO,I(eJII1poBaH 8RCrrepHMeHT llpK 
WHRCHpoBaHH!ilX 3Ha'tl0HH.IIX 'l:0Jlll1HHI:l CJIO.fl ill( A e = 80 r/c~ H 

6~;e = 7I8 mf> • Ilo.!<a3a.HO, "<ITO Ha.¥160Jiee, IlpK8MII8MblM ;IJ,11.fl HB,­
mero aRCrrep.aMeHTa cnocoCioM onpe,n;eJieHrur 6 ~~ RBJifleTc.a: MeTo;n; 
MaKCHMa.JIDHoro npa:s,n;orro,n;o6H.A:. 

CII8!.UiaJI1:>HO paCCMOTpeH BOITpOC BJIH.fIHH.fl: TOJilllirnH "aJieMeHTap­
HOro" cJio.A: xteJiesa (A~ ) Ha onpe,n;eJJ.eHHe HCTHHHOtt BeJIKtmHH npo.,. 
Ciera. Pac'tleT ITORasirnaeT, 'ITO npH ,I(a.HHOH T0.1.lll1HHe BemecTBa B Ra- ~ 
JIOpHMeTpe ( e= con~t ) H3MeHeHKe SJieMeHTapHOrO CJIO.fl OT Ae = 
= 0 ,I(O A~ ~ 2/3 ]\ if:e IlpaRTH'tleCRH He MeH.a:eT rrorpel!IHOCT:r:. B onpe-
,n;eJieHID!. .Ai11 • Ilpl'l. onpe,n;eJieHHH BeJmi:mH ce"<IeHH.a: oco6o BaxteH 
ROppeRTHllM yqeT Bcex M8TO,I(l'l.'tleCRHX R qiH311:'tleCRHX a@leRTOB. ROTO­
pue MOrST HCRa3HT1:> HCTHHHOe pacnpe.n;eJieHKe TO'tleR BSaHIVIO;n;eficTBHR 
a,n:poHOB B RaJIOpHMeTpe. K Taiuru a@>eRTaM OTHOC.a:Tc.a: acix!JeRTHB-
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HOOT» pentCT~H a,n:poHOB B 3aBHCHMOCTH OT rJzy6rum B38.HMO,n;efic­
TBIDI B MK; HaJIH'!lie odpaTHliIX 'tlaCTH.IJ;; yrJIOBOe pacrrpe.n;eJieHKe a.n:­
pOHOB; BRJia,r( MIOOHOB BhlCOROfi: 3Hepr:1rn; B8JII1:'IBH!::l R03qxpHUH8HTOB 
P8JK8Rl.UU1 IT!10HOB H npOTOHOBj RPHTepHK OT6opa.. 

B TaCiJI. I rrp1rae.n;eH11 aRcrrepHMeHTa.JI:r:.Hh!e BeJJR'illHI:l: ceqemur 
Heyrrpyroro B3aHMO,I(e}iCTBHJ! ffi'!OHOB H npoTOHOB c .ff,ll;paMH JKeJiesa. 
3Ha'tleH!IB 6 ""' IIOJ!y'tleHhl lIOCJie !IOilpaBOII. BH3B0l1Hb!X Bblllleorm­
camrnivm: aq;ipeRTru.m. 

Ta6.mma l 
3RcnepuMeHTaJI:r:.Hl::le 3Ha'!emm BeJJRtfHH ceqe.HH.f! 

Heynpyroro B3a.H1viO,UelicTBHJI IDiOHOB li1 npOTOHOB 
c R.IJ:paivrn: JKeJiesa 

Af , raB 500-700 700-IOOO I000-2000 -
< E> , raB 600 870 1500 
6"11 ~Fe , ml; 759 ± 38 772 :t. 40 779 ± 42 
6'"' 636 i 37 650 .i 39 657 .i 45 ;Fe, rn{, - ' 

;;. 2000 

3500 
784 ± 85 
665 ± 86 

' 

B rJiaBe npHBe.n;eHh! pesyJI:r:.TaTh! aRcnep:HMeHTa no onpe,n;eJieHIDO 
ce'tleH!IB ueynpyroro :aaruIMO,n;e:M:cTBH.f! :acex O,J:U!HOqHblX no RaJIOPHMeT­
py a,n;poHOB (14242 C06HTIDI). H a,n:poHOB, BXO,ll;J'llllIDC B rpymm: 
"sap.FDKeHHh!e" (3831), "HeftTpanmre" (I8I8) H "mmHeBh!e" (:741) 
C. R,Il;paivrn: aTOMOB JKeJieaa. COITOCTaBJieHHe HanIHX ,ll;aHHHX c pesyJI:&Ta­
TaM.H, ITOJzy'!eHHhIMH Ha yCROPHTeJIRX, !I03BOJIR:8T npOH3B8CTH MO,I(eJI:r:.­
HOe CpaBHeHHe M8XaHH3JVJa B3a.HMO,I(8HCTBM a,n:poHOB Bh!CORHX SHeprliH 
c R,Il;paivrn:. OtreBH,I(HO, "<ITO ;II,JIFi COITOCTaBJieHM ycROpHT8JI1:>HHX ;D;aHHHX 
c 3RcnepHM8HTa.MK a,n;poH-R.IJ:po B3a.HMO,ll;8MCTBHfi B ROCMl'!'tleCRHX Jzy'tlax 
ITPH 6oJiee Bh!CORHX 3Heprrurx H000XO,I(HMO: 

l) nepei.1TH OT ceqeHHti: a,n:poH-.ff,ll;epHbl:~ BSa.HMo,n;e:ttcTBd ( JT A , 
PA , n. A ) R aJieMeHTapHl::IM a,n:poH-HYRJIOHHb!IVI ( JTN , pN , n.N ) 

B3a.HMO;D;8HCTB.IDIM BO BCeM ,IJ;HanaaoHe HCCJie.n:yeMbrx: aHeprHti:; 
2) ROJlR'tl8CTB8HHO yqeCTb :ace npouecch! 6es perRCTpa.I.UiH BTO­

pH'!Hb!X 'tlaCTH.IJ;. 
CymecTByIDT H8CIIOJI1:>IIO MO,I(eJieil:' ycTaHaBJIHBaIOll1HX CB.fl31:> MeJ!t,Uy 
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aJieMeHTapHHM R .H,IJ;ep.Hh!M ce'!eim.RMH. Ha.IilH accJie.n;oBamur rroRa3amt, 

'ITO Ha:H60Jiee a~xpeRTID31lliM.li rrp:a 3HeprIDIX ro=2-IOI3 sB UO:iJ-IO rrcnr­
TaTI:, MO.JJ:6JIH, OCHOBaHirue Ha IIO.JJ:XO.JJ:e rJiayoepa. ~JIJI Cpa.BHemm 

rrpe.n;c:nasa.HHH TeopI1.H c sncrrep.m11enTaJI:&HHllfil .n;aHHbIMH neo6xo.n;mvIO 

yti:eCTJJ. '!TO B 3RCIIepm,reHTe traCTMI.U:J, Tepmom11:e ::meprHIO Mem.rne 

H6ROTOpofl: 3a,D;aHHO;;' He perHCTPliPYIOTC.II. Ta.11, Ha ycTaHOBRe 

"llitOH" He peracTpZpoBaJIHC:O Ha'ia.Jif:>Hl:Ie a.n;pomr' ROTOpHe TepHJI!1 

"' 8% cBoefr auepr.Ttlli (;rcrnflpam.u1.0mrM oCiJiacn) ~ Ha''.n;eHHM rronpaB­

Ra pacTeT c aTOMHm.1 iioMepoM no saROh"Y ,.,, A L, 3J :a cymecrnemra 

;n:a.Z\e .JJ:JI.II Jiern:ax .rr.,n;ep ( A6. = I5 mt> .JJ:JIFI .P".,n;ep Bos.n:yxa). 8Rcne­

pI!l\leHTaJILHHe .JJ:8.HHHe ITO CG'!errnm.1 HyHJIOH-!J:1JRJIOI!EOro B3aID.fO.JJ:e'.:\c'( 

BJ.L<! anrrpoRCIDV!liPYJOTC.fl (<yllilll~Ie'.'. 

6~~ = 4I,I4 - 2I,G7 E -I/2 - 3,I2 enE + 0,33 fn.aE 

Li.n /61.n BOCIIOJI:030Ba.BIIIRC:O TeM, 'ITO OTHO!il6HHe 0 pp JrP rrpa.KTH'16CRH 

He M6H.ff6TC.fi OT 3Hepr>m B HHTepBaJie I00-300 raB H pa.I!HO I ,6, 
ce-qemie neyrrpyroro JrN -nsru1Mo.n;eii:cTBliH r-.:o:.;;no npe.JJ:CTaBHT:& B 

BI1.,I\e: 

6~~ = 25,7I - 13,67 E -I/2 - I,95 enE + C,2I enaE 

9TH rrapa.MeTpli38.Ql1I1. B rrpe.n;eJiax IO% OIIIHORH OITHCHBaIOT CYU16CTByro­

u.,111e aRCrrep:aMG .• :l'aJIJJHHe .n;amrne Ha YCROpRT6.JI.F.X. Ha OCHOBe anrrpoR­

CMMal\ROHifilX tlJOP!ll.)'JI l1 COrJiaCHO TeOpk!H rJiay6epa 6wrn paCCtIMTaHH 

Heyrrpyrae ce'!eHilJI B38.I'IMO.U,eiiCTBliH IUIOHOB VI rrpoTOHOB c Si.JJ:Pal'.'IH 

'iteJiesa. Ha pMc. 3 ITOKasaHa 3aJ3HCP.:MOCT:O 6<-;p li 6~~e OT 

aHeprRH. Ta.M .lKe rrp1-rne;rr.emr Ha.Ill.11 pesyJI:&TaTH H ;n;runrue, rroJiy'!emrne 

Ha ycRopRTeJIHX. AHa.JIHS noRa3HBaeT, '!TO Ha6.mo.n;aeTcF. xopomee cor­

rracae ITOJIY'BHHL!X pesyJI:&TaTOB c ycRop:aTeJI:DHb!MH .n;aHHHMH. 3TO yKa-

3ID3aeT Ha TO, '!TO TeOpR.H l\!HOrORpaTHOro pa.cce.f:T.HIDl: ( Tf/JP) B 8TOif' 

o6JiaCTR SHe1rMit MOxteT Ob!T:O RCITOJI:&30Ba.Ha aqx].JeRTHBHO. BMeCTe c 

TeM, IIOJiy'l:ebHHe Hal\fil 3JieMeHTapHb!e ce~eIULq IT03BOJI.fi!OT rrpo,D;BH­

HyT:OCR ITO aHeprRR cymecTB6HHO Bh!llle HM6IOlllIDCCfl 8RCITep11MeHTa.JI:&llliX 

;rr.amrux ITO pp M JTP -B3a:JiIMO;n;eficTBlifIM BITJIOTJJ .JJ:O 5 TaB. 

B TMP aHe.preTnti:eoI<asr 38.BRCRMOCT:& Heyrrpyr:ax ce-qemtll: a.;rr.poH­

MepHHX B3aJlllVJO.JJ;eficTBH¥. CJia.6ee '!eM aHaJIOrH'!HM B8Jll1'1MHa Ha HyK­

JIOHax. 3TO IIO.JJ:TBeJ»K,Il;a0TC.H B 3RCITepRMeHTe, r,t(e Ha6JIIO.JJ:aewli poc~ 
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6 i.11 
Pnc. 3. 3a:aRCHMOcT:o PP li 

·n 
6~Fe OT aHepru 

ceti:eH:ru:r B3aHMO.n;eil:CTB:ruI Ha "' 5% B RHTepBa.ne SHeprHil: 500 -
- 5000 raB rrpID30.D;liT R pocTy C6'18HlIB 6 ~~ Ha "' I2% B TOM JKe 

.n;narrasoHe aHepran. Ilpe.n;cTa:sJISieT oco6Hft RHTepec corrocTa:eJieHne 

OTHOmeHMt!: ~=6~ ... /6~"A • ITOJIY'ieHHb!X Ha ycTaHOBRe "Ill<IOH" H Ha 

YCROpHTeJISIX. Pacqe'l'H re 3Hal{eHM.fl r ITO TMP ;rr.JI.ff .H,IJ;ep c (Iii. t. ) ' 

Fe li P~ , COOTBeTcTBeHHO, paBHbl I,34, I,22, I,I3. Orrpe;rr.e-· 

JI6HHble Ha.MM B6JIH'l:HHH . { .D:JI.fi .H,IJ;ep . .lKeJiesa rrpH 'pa.3HHX MHTe:pBa-

Jiax aHeprRH B rrpe.n;eJiax OllIMOKR HSMepeHIUI He MeH.fIIOTCJI, a cpe;rr.HJ'!ff 

BeJIH'!MHa < { ,.. B 06JiaCTR 3HeprHM 500-5000 raB < t 7 = I' I9 ± 
± 0,07. 

B pacIIIRpeHHOM BapMaHTe ycTaHOBKM MeJK,IJy Pflli-;rr.eTeKTOpoM M 

HK 6b!JIB ycTaHOBJieHH rpa.qiHTOBM MHIIIeH:D n .n;eTeRTOphl. TpR PR,D;a 

MIIK rrpe.n;HasHati:eHH .JJ:JIFI perncTPa.QRM aRTa BSa.HMO.JJ:eficTBWl: B r~­
Te. Bl:lJUI orrpe;rr.eJieHhr sna'!eHusr 6 '" sapmKeHHii!X ( JT + P ) Ii 

Hef.iTpa.JIJJHii!X ( tL ) a.;rr.poHOB c .H,ll;paMR rpa.@fTa H CBHHUa. Ceti:eHM.R: 

sapJDKeHHhTX ( ch ) a.n;poHOB MOlKHO rrpe;rr.CTa.BHT:& nocpe;rr.CTBOM ceti:e­

HHtt IIROHOB H npoTOHOB CJI6,IJYIOIIUIM COOTHOmeHReM 
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6in _ N.Jt6Jf + Np 6, 
c:h -

Np+ NJT 

6'" I "" Ms pac'ieTHOti 3a.BMCHMOCTM ~ • PA 6.irA orrpe;a;eJifIIOTC.fI BeJIHtmHbl 
6 in / ,._ in I 32 ~ i.n / 6ib 3 " pc o nc = , K c>ppg JTP' = I, I • x•SBeCTHbl TaRJKe 

aI<cnepHMeHTBJI!.Hble sHatieHWI noTOROB llliOHOB K. npoTOHOB N:1t/ Np 
,n:m:r KCCJie,DyeMoro KHT6PBa.JJ:a aHeprK~. B.a OCHOBaHHK STHX ;a;aHHHX 
MOlKHO onpe;a;eJIBT!J ceqeHH.fI BSaRMO;a;eliCTBH.!! IIKOHOB M npoTOHOB RaR 
B CBruru:e, TaK li ,n:m:r rpa.tpHTOBO:!!: Mlllil6HK. Pesy~:i:.TaTbl CBe;a;eHbl B 
Ta6JI. 2. B aacnepKMeHTaJI:i:.HHe ;a;aHHHe BBe;a;eHH nonpaBRM Ha :a:HiP­
paR~OHHyJO .zw:cco~~ro. O;a;HaRO ;a;amru:e Ta6JI. 2 .fiBJIRIOTC.fI npe;a;Ba­
PTtITeJIDHHMli. HHHe 30.BepnaeTc.fI a.Ha.ms aRcnep:;weHTaJI!.HO:li .l'lHWOPMa- ( 
rutK. ROTOpa.f! lI03BOJIKT Ha OCHOBe CTaTKCTRRM, YB6Jili'l:eHHo:!!: Ha lIO­
p.R;D;OR, onpe;a;eJI.f!T!J C6'!6HM B ~IH.!(RlU!.IzyaJIDHOM CJIY'Clae. 

Ce'!elilie Heynpyroro BsaMMO;a;e:!!:cTBruI npoTOHOB c H,l(pa.MM aTd­
MOB B09.IzyXa onpe;a;eJI.ftlIOC!J rryTeM COlIOCTa.B~eHRfl aOCOJIIOTHHX IIOTO­
ROB nePBHtnmX npo'I'OHOB c aHepr1rn:!!: ~ E :a o.n::irno'l:Hblx npoTOHOB 

TaOJmua. 2 
oRCll6pTtIM6HTaJI!.Hhl6 B6JIH'lll.Hbl ceqeHH.ff B3a:lfMO;a;e:!!:CTBKf:I: 
ImOHOB, npo'l'OHOB H HeliTpoHOB c H,l(pa.MK c M Pf; 

--
AE , TsB d,5 - I,O I,0 - 2,0 > 2,0 

<E> , raB 700 I500 3500 

6pc ' !Tl Ei 235 ± 23 243 ± 30 258 ± 35 

6JTc , mt I76 ± 20 IBO ± 25 I93 ± 33 

61tc.' m6 240 ± 2I 250 i 25 261 ± 30 

6ppg. m~ 
I786 ± 96 I863 .± I25 I95I ± I25 

6Jtpg' m& I582 ± 98 I63I ± IIO I?28 ± 120 

6npr,, 111& 
I869 ± 90 I938 i II8 20I7 .± I25 

TO:li JKe :mepru Ha rJzy6HHe .X r/ :if. a'I'MOc<PepR. , 
6 th 

B TaOJI. 3 CBe;a;eHbl pesy~TaTU H9MepeHIUI PAi.~ Ha ycTa-
HOBRe "lliioH". 3a:BHCHMOCT:& THIIa 6 ~Ai"l. = (267 ± 8) + 

26 

( 

tr 
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Tao.mma 3 
· in 

CBo;a;Ra .ll:aHHUX: 6P/li."t. Ha ycTaHOBRe "Il:aoH" 

c:E>.raB 630 840 I260 2340 4000 

-
6<.n 266 ± 3 272 :t. 7 275 :t 7 267 ± I4 308 :t. re 

PAli I !Tl~ . 

+ (IO,I ± 2) en ( ~o) mt .f!BJIRSTC.!l: JIY1!Ille:!!: annpoRCHMrnRe:lt aI<q­
rrepH.MeHTan!.HHX ,n;auHHX B IDITePBa.Jie aHepr:irn OT IOO raB "IJ.O 

roo T::iB. 
PesyJI:&TaTH ycTaHOBRM "IllioH" xapa.RTepHhl TeM, "t!'I'O HIDKH.fI.l!. 

6 i.n , rpa.HilUB- PA•~ Ol:lJIB. onpe;n:eJieHa IIO cneRTPY npoTOHOB, Henoc-
pe,ll;CTD6HHO H,U;6HTH~poBaHHb!X c noMom:i:.ro Pfill!-"IJ,eTeRTOpa, a Ta.ruite 
TeM, 'ITO B O'l'OOpa.HHWC COOHTHax lIJIOTHOCTh B03.IzylllHOrO conpoBO~­
MHWI C:wr.&HO OI'PaHM'l:SHB. ( .P mQ.x ~ 0. I M-2). Ha pMC. 4 npTtIBe­
;n:eHbl SHati:eHH.!l: IIOJIHb[X cet£eIDii!: pp -CTOJIRHOBeHH.:lt' B!llmCJieHHhtX 
R3 ;n:arurux 6~A<t Ha OCHOBe TeOpRR r.nayoepa. PesyJI:&TaTH ROC­
MM'l0CRHx JIYtie:a CpaBHRBBll'l'C.fI c .n;amnam., IIOJIY'l:6HHb!MK Ha YCROpK­

Te.7.l.flX. 
B rurro:lt rJIB.Be npH:Be.n;eHhl pesyJI:&TaTH ::iRcnepKMeH'l'a no Rsyqe-

mm OCHOBHblX napa.MeTpoB H,l(epHO-aJieI<TpoMBI'HR'l'HHX KSCRa,ll;OB, mm:­
I.UlllpoBa.IilWX a,Iij)9HSMH. BHCORRX aHepr:.tli B IDIO'l'HOM Bemeo'l'Be RaJIO­
piilMeTpa. MccJie,IJ;OBa.HH iP1JYI<Tyarum R3K, BwmJieHH ROppe.JtflUlU1 MeJK;UY 
cp.llSH."l'.SCRRMK xapaRTepKC.TMRaMH a,IJ;poH-H,l(epHHX CTOJIRHODeIDI:lt H napa­
MeTpa.MK RacRa.na. IlpoBe"IJ,eHH aHaJIRTH'l6CRR6 HCCJie;a;o:aaHWI 3a:e.RCH­
MOCTH xapa.RTepH.C'l'HRR .ff3K OT iP1JYKTy~:!!: HeCROJIDRKX npoo;eccoB, 
o,wroBpeMeHHo npoMcxo,ll.!l:ll\HX npx reHepal.U!H JlliIBHH. 3a.na-qa peweaa 
MO;a;eJll'l.poBaHH6M fi3K MSTO,IJ;OM MoHTe-Kap.lIO. 

IIpo:ae"IJ,eHHI:il~ Ha.MK aHBJIHS SRCIIepTtIMeHTaJI!JHHX ,Il;a!UlliX no JllMe.,. 
IOlJUIMC.!i HHRJII03llllHHM ceqeH11.fIM, HHRJ!l03HBHHM cner<TpaM H CTPYRTYP­
HblM i!JYHim.IDIM coxpammmeroc.f.l npoToaa B PP JI!. PA :asa:aMO"IJ,ei.t­
cTBHHX, II03BOJIW! BH6pa.T!. paC'16THYKl MO)l;e.ru:. poSID:'pH!lla Heynpyroro 
e.RTa a,lijlOH-H,l(epHOro BSa.HJrl),IJ;e:ltCTBruI. 

,llJr.!l pememm lllHpoRoro Rpyra :aonpoco:s, cB.fl3aHHHX c pasBRTH­
eM Rac1<a.na, owra. cos;a;rura ;a;eTaJI:&Hrur nporpaMMB., MO)J;eJm.PYI!lil8.!l: Me­
Top;oM MoHTe-KapJio ~epRo-RacRa.nHHil: 11po:o;ecc, reHep:apo:a~ 
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6 trr 
PRc. 4. 38.BHCl!MOCTI> PP OT 3HepI'ID!, Bbltm:CJieHHa.ir no 

~HHIDll 6 ~Al z • CrrJIOllIHrui: JIIDmJI - amrpoRcmva-

mm YCROpHTeJII>HllX .na.mrn:x(' 

ITHOHa.MH H rrpoTOHa.MH B 0.n;HOpo.n;HOM JK8JI63HOM rrorJIOTHTeJie Ra.Jropu­

MeTpa. Cpa11HeHI!!e 3RcnepI!!MeHTa.JII>HiiIX M pac-qeTHHx ycpe,n:HeHHiiI.X 

HSK, reHePHpoBamrnx IIROHaMR 11 HYHJIOHB.Ml!, yRa3~macT rra cyl!.lecT- . 

BemIOe pa3.7!1'Itm:e RX Ma.TeMaTH"t!eCI\KX xapaRTepHCTHH. l10!{a3aHO. "t!TO 

rrepB:ctll: MOMeHT ..Xe (~eHTp TIDKeCTH) HSK, KOTOpH~ orrpe.ne.l.tfl:eTcsr 

( 

B nepayro o-qepe.n:i; BeJIH-iraHoit nap~a.JI:&Horo .Roagxpm-1!1eHTa 1rnyrrpy- .. ( 

rocTH K Jto :s Ha.tia.Jie reHepawm H8K, oJia.60 saB:acHT OT <l>JzyRTya-

~:a .npyrli'!X xapaRTepHCTHI< B3aHMO.D:eitcTB:wr. Onpe;n:eJiemrn r.ny6:mm. 

rrepaoro MaRCIDIJYMa. HOHHS~OHHOtt RPHBOit, a TaR>Ke ee ~eHTpa Tsr-

:lKeCTH J( c: , :=lHa"t!HTeJ.II>B;O yTOt!HR:eTcsr llpH IDl:TepnoJIKpoBamm l1C-

CJie,I1yeMoit RPHBoit. HccJie,ll;oBSHKe HCRyccTBemmx HSK rroRasaJio, 'ITO 

28 

,, 

( 

rrpHMeHeHl'l.e rrapa.60.Jmi:recRoii IDrTepnoJifllUlli nOBhllllaeT doJiee '!eM 

B;n:BOe TO"t!HOCT:b onpe;a;eJieHM I!!CROMblX BeJIH'IBH • .llJIH onpe.neJieHID! 

3aBHCI!!MOCTH cpe,lT,IDl.X SHa"l:emdl: ~eHTpa TmKeCT.l'I J( c: OT BOSMOlKHD!X 

SHa•IeHHi!: KJTo 6h!Jia pa.3bU'pa.Ha cepM HCRyCCTBeHirax .HSK ITp.TrI 

pasJIHT.J:HHX ~HRCHpoBa.HHblX SHaqeHHHX aHeprI!!H rrepBH"t!HOro a,IJ;poHa. 

.UHcrrepcIDI pacrrpe.n:eJieHI!!H Xe. cocTa:aMeT "" 0,3 <Xe:.,. • Ilp.TrI 

3RcnepHMeHT8.JD)HOit CTaTHCTI!!Re n. skc. ;;:;. IOO C06b!TH:l!: B ysROM lU!­

TepBaJie aHepr:afi rrepaH'!HOro 8,ll;poHa A E :S 0, I < E > . OllII!!6Ra B 

orrpe.neJieHI!!H K.ll'• oRasHBaeTc.a: MeHI>me 0,03 < KJTo> • IIo.ny-qeHa 

pac-qeTHM 38.BHCI!!MOCT:b Be.m:t"t!HHb! .)( c:. OT KJTo rrpH pa.SJIHT.J:Hb!X 

sHa"'!eHl!HX aHeprHH reHepHpyJ001ero a.npoHa. Ilap~a.Jll>HNfi R03~­

eHT MO.n:eJil1poBaJic.a: no BHpa:lKemm K;. = '/;, ( K - "1.) - .n;JI.fI HYRJIOHOB 

H K;. ~ 1/3 (K-")_)+~c. (1- K) - ,ll;JI.fI IIHOHOB, r.n;e 'K' - IIOJ!Hblil: 

Roa~~eHT HeyrrpyrocTH, '1. - .IJ:OJJ.!I aHeprI!!H, rrepe.naHHrui: a.npo­

HOM B s:r,n;epHoe pacl!.leIIJieHMe, r:f..c - BeposrTHOCT:b Heynpyrott rrepe­

sa.PJ1,ll;RH. 

,Il;Jm rrpoBepRI!! MO,IJ;eJm 6HJIO rrpoBe,ll;eHO COITOCTaBJieHHe pac-qeTOB 

c aRcnepHMeHTaJIJ,HbJMli Ra.JIOpHMeTpI!!"'!6CRHMH ,ll;aHHbIMPl'. B HHT6PBaJie 

nepBR'!HblX aHeprI!!tt 500-5000 raB. IlpoHSBO,lJ;HJIHC:& cpa:aHeHIDI pac­

qeTHhIX H aRcrrep.l'IMeHTaJI:&HblX xapaRTepHCTI!!R no OCHOBHHM rrapa.MeT­

pa.M !{8.CRa,IJ;a.(ycpe.nHeHHNe RpHBb!e I!!OHM3~ ,ll;JI.fI IIHOHOB, rrpoTOHOE 

R HefiTpoHoB;.cpe.n;HRe cMemeHM HHTepITOJlf:IIU10HHblX ~Hai:rell::l!fi HOHH­

s~:a OT HCTKHHhlX no r.ny61rne pa:3BHTI!!.fr RacRa.n;a; 1'.J:HCJIO SRCTpeJVJY­

MOB ycpe;n:HeHIDI RPI!!Bh!X; pa.cnpe,IJ;eJieirn:e JJ;eHTpoB TruK6CTI!! fl3K, r.e-. 

HePHpoBaHHb!X IIHOHa.MH H npoToHa!Vfil; cpe,ll;HHe SHa'!eHHH 3HeprOBbl,ll;e­

JieHiffi Ha nep:soM ypoBHe Ha6JIIO;D;emrsr; .IJ;Jm.Ha RacRa,n;a B HK; -qacToTa 

pasHNx a.MIIJIHTY.D: B lW~e RacRa.na li1 •r • .n:. ) • IIo.nyi:reHo BnoJIHe y.noB­

~eTBOpHTeJll>Hoe corJiac.l'Ie aRcnep:111MeHTa c pac-qeTOM. 

Cpe,ll;HHe BeJIHT.J:HHbl KJTo onpe,ll;eJI.HJIHC:b corrocTa:aJieHHeM cpe;rumx 

sr.nepHO-RaCRa,JJ;Hh!X RpH:BhIX - GRCII8pID1!6HTa.JibHO:ll: :a pac"l:eTHOi!:. Ewm 
orrpe.n:eJieHb! cpe.nHHe 3Ha"t!eHM .IJ;Jl!I pacnpe.n:eJieHl'l.fi ueHTpoB TmKeCTR 

aRcnepI!!MeHTaJI:&HHX .HSK B .IJ:aHHh!X kIHTepBaJiax aHeprHi!: I!! COOTBeTCT-

BYlOlllHe RM SHa'!eHI!!H KJJ"o no. paci:reTHOfi 38.BHCHMOCTH J<c 
3RcrrepHMeHTa.J.CbHI:rn OllIH6RH onpe.neJieIDl'.Ji K.JT" owm noJiy"l:eHbl B co­

OTBeTCTBHH c )l;lil.CIIepcH.fl'.MH pacnpe.n:eJiemili: ueHTpoB T.fIJKeCTR 8Rcnepn­

M6HTa.rr:cHh!X H::lR. Ha p:ac. 5 noRa.srui:a pa.ci:reTHM sa:a:acmviocn .)(.,_ 

OT B8Jlli'llllru K:iro rrp.l'I pa.sJIH'IBblX sHatieHIDDC aHeprlll1 reHepHpyro-
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PHc. 5. 3asacHMocTb'Be.mt<InH·neHTpoB TmKeCTH H3K OT 
< K JtO > • CIIJIOIIIHlie · RpHBHe - Mo;n;eJIHpo:sa.lll'Ie 

MoHTe-Ka:pJio 

·.( 

mero a,:u;poHa. B Ta6JI. 4 rrpne.n:e:H:cr IIOJIY"l:eHifrle sHatJ:eHW'! rrap~­
.Irnx I<Oa@JlinH6HTOB HeyrtpyroqTli ,n;JI.fI "l'.6Tblpex liHTepBaJIOB 3He:pr:d. . 
YI<asaHHble BeJIH'tlllliliI Klro .IIOJIY"l:etra npH rrpe;u;rtOJIOJKeHHH IOO% aqi.. 1 

·~eRTHBHOCTH perHCTpan;lU!.B HK.R.l(epHo-sJieRTPoMarHE:THHX ~acKa.u;oB. 
MeTO,:U: orrpe;n;eJieHMR: K.no . ~Tlr"l:e,CRH HEl 3aBHCHT OT liSMeHe~M 
;n;pyrax xapa11Tep1wTm< ;Heyrrpyroro Bsamro;n;ettcTBHH. 

. Ha PHO. 6 IIOKa3aHbl pesy.fil.Ta:'l'bl HarIIIDc H3Mepemtii B. CpaBliermR. 
c HMeIOUUri.mc.a: B JIHTepa.TYpe ;:iRcrre~eHTaJibHHMH ;n;a.HHb!MH .Ito. K'lr·o. ·( 

,n;JI.fI B3a.HMO;n;e:tl:CTBM rmoti:oB H IIpDTOHOB c .!I,ll;pa.MH JKeJiesa. B' ROHP;e 
rJia:Bbl µl.CCMa.TpHBaIOTC.H TeOpeTH~eCRHe MO,:U:eJIM ,n;JI.fI HHTeprrpeTanHR : . 
sacnepHMeHTa.JibHHX pesyJIDTaTOB. 'Il:PoBe;n;eH pactJ:eT BeJIHtmH K~~ 
;D;,n.f! :IKeJiesa B pa.MRaX Teop.im Ml-!O!'OKpaTHO!'O pacceJm:w:r H IIORa3a.H.O •. 
'!TO TMP y;n;oB~eTBOpHTeJI:&Ho ormc~aeT ;n;B.HHble IIO rrapnHaJIDHO~ RO­
·a~eHTY HeyrtpyrOCTli KaR J:II)H B3'ruIMo;n;ettcTBPJ.H HYRJIOHOB, Ta.I< H 
;rI,1Uf. rtepBH'tllmx ImOHOB B o6JiacTH sHe:prlitt "' I TsB. 

IlQJlY'll:eHH BeJIH'COOIH KJf.o B paMI<ax RBasruui;epHoil (a.n:.miTHB-
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Ta6JIKU9. 4. 
IIa.pnHa.JII:.HHe ROS~eHTH HeyrtpyrOCTH 

,n;JI.fI B38lIMO,:U:ettCTBHtt IIHOHOB H npOTOHOB c R,l(pa.Mi![ JKeJiesa 

l(JT.J O - r£u - 5. cla( et at , 19~ 

t 
0 _ nFe} 

C.11. fl~uMo& u 8p, 19~ 
ti - JJF• 

y _ pFe · Jl.E. Hopo..o~ u "I'· , f96i! 

.6. _ nFe- ::J.N. 6~o{Hva elat, 1965 
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P:lll.c. 6. CBO~Ra 'AaHHHX IIO na~Hb!M ROS~eHTaM He­
ynpyrOCTR p • n. R Jr B JKeJiese 

HO~) RBapROBO~ MO'A6JIH, OCHOBaHHOfi Ha npe'ACTa.BJietL~H. ~TO Me30-
HH COCTORT H3 'A'.BYX, a 6apHOH!i! - H3 Tpex npocTpaHCTBeHHO pas;n;e­
JI6HHHX o6'heBTOB - COCTa.BJ'.ll!KlllUD{ HJIH o;n;eTRX RBapROB (ORpyxeHH!i!X 
RBapR-8.HTHRBapROBHMH rrapaMH, H.l1H rmooHa.MH). Ilp:a $TOM BTOpH'!!HHE 
-qacTm:,ni: o6pasyroTca npel!MYmecTBeHHO sa c~eT aHepr:a:a o;n;Horo :as 
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Ha.JI6TaIW!liX RBapROB. Tipllil:HMaeTCH, qTo B R03iPflRUlieHT HeyrrpyrOCTH 
K.Jfo OCHOBHOii BRJia,n; ;n:aIOT ~ -RB8.HTbl OT pacna.n;a JT 0 

- H 
11. -MeSOHOB, ROTOpb!e MOI'JT pOl!i,Il;aT:OCH RaR B U6HTpaJil'>HO:fi 06.nac­

TH, TaR H B 06.nacTH ~pa.rMeHTaUliH Ha.JieTaromeii qacTID'.Uil. PactieTHh!e 
BeJIHqRHH KJro cpaBHRBaJIHCl'> c SRCIIepll!MeHTaJibHID.m ;n:aHHHMH 
"TIHoH"-a. B HHTepBa.ne SHeprliii 500-3000 faB paCtteTHHe cpe;n:HHe 
B0JIH't!.lllihl KlTo B pea.!{UWDC JTFe H PFe pa:BHH, COOTB0TCT-
B0HHO, 0,3I H 0,2I. 

Ilo.nytieHHhte Ha ycTaHOBRe "IlHoH" SHatieHHH KJto cpa:smma­
JIHc:i:, TamKe c pesyJII.>TaTalVM paci:i:eTOB ITO MO;n:eJIH RBapR-rJIIOOHHHX 
CTPYH (MKI'C) ,n;JJ:ll: PFe H .rrFe CTOJIRHOBeHH:l1. l1crroJ!bSOBB.JICH 
BapHaHT MO,n;eJm c B6JIH'IHHO:i1: F~ iPKTR'IHOCTH llOMepoHa A = O,I4. ( 
Cor.nacHe SRcnepHMeHTa c Teorw ! BITOJIHe y.n;oBJieTBOpHTe.n:i:,Ho. 

3 A K JI ''PI E H l1 E 

Ue.n:&ro HacTom.r.te:lt aRcrrepHMeH·.ra.JII.>Ho:fi pa60TH 6HJIO HCCJie,n;oBa­
HHe HeyrrpyrHX CTOJIRHOB6HliM rrpoTOHOB H llHOHOB ROCMHtI6CROro H3-
JIY'l'.6HHf! B 06.Jia.C·TH a:Heprliii 500-5000 raB. ,I(Jm pellleHM STOH sa­
.n;atJH ROJIJI6RTHBOM COTpy;n:HHROB H6CROJI:bRHX Jia6opaTop>Itt EpeBaHCRO­
ro 4'?I!SH'I0CROro RHCTHTyTa Ha Bb!COROrOpHOH CTaHIJJ1H Apa.rau; 
(3250 M Ha,n; ypoBHeM MOp.H) B I975-I978 rr. 6UJia paspa6oTaHa, 
cos,n;aHa H 9Rcn.nyaTHp0BaJiaC I) ;n:o HaCTO.flll{ero BpeMeHH ycTaHOBRa . 
"lliroH". npe.n;cTaBJI.HIOlllM coc 3:11: MaCC-CIIeRTpoMeTp Ha OCHOBe HOHH-
3aIJJ10HHOrO Ra.JIOpHMeTpa H AeTeRTOpoB peHTreHOBCROro rrepexo,IT,Ho­
ro H3JIYtI6HR.A:. YcTaHOBRa nosnoJIHJia BIT6JlBht6 D ROCMH't!6CRHX JIY'IB.X 
B 06JiaCTH cnepxycROpHTeJil'>HhlX SHeprHii H,n;0HTH\PMn:Ji1poBaT:b npoTOHh! 
H IIHOHH B IIOTORe sapmKeHHb!X qaCTHU lit HCCJie;n:oBaT:b HX B3a.HMO­
.n;eiicTB~ c H,JJ;paMH aTOl\IIOB MIDIIeHH. 

YcTaHOBKa "TIHoH" pa6oTa.na B JIHHHIO c 3BM, "ITO nosBoJmJio 
nrrepmie a.BTOMaTHSHponaT:o Bee aTarrn c6opa, HaRoITJieHHH H o6pa- ( 
60TRH 3RCllepI1MeHTaJibHb!X ;n:aHHhlx, H3BJieRaeMbIX HS 3RcnepHMeHTa B .. 
rwcMifl!eCRHX .nyqax, o6l!lIDII o6'!ieMOM 6oJree ,,_, I20 000 co6HTHi1:. Ifli-
*e npHBe.n;eHJJI OCHOBHh!e pesyJI:OTaTH HCCJie,n;OBa.HHH Ha YCTa.HOBRe 
"TIHOH" • no.nyi:i:eHHl>Ie rro;n: pyKOBO,Il;CTBOM H ITpH aRTHBHOM yqacTHH an­
TOpa. 
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Ilp.HBe,JJ;eM OCHOBHb!e pesyJibTaTH HCCJie,n;OBa.tilUt Ha YCTaHOBRe 
11 llHOH": 

I 
Paspa6oTaHH H pea.mtsOBa.HH: 
- reHepaTopa nepexo,IiHoro HSJIYtieHH.A; 6oJil>lIIHX pasiviepc;B 

(-vIO~). · 

- MHormmTHHHe nporroPIJJ1oHam,m,re Ra.Me:pa c a~RTl!BHOCT:&IO 
perncTpaIJJ1H 95-97%,. O,IiHOpo.JJ;HOCTl'>IO - ± IO%, JmHe:MH:h!M .JJ;HanasoHOM 
.JJ;O IO SRBKBaJieHTHHX qacTHIJ;, paspelllaJDllleii cnoco6HocT:&IO - IO-I5%. 

- ABTOMa.THSr 13aHHaH CHCTeMa c6opa, Ha.ROWI6HHH H lipe,ItBa­
PHTeJI:&HO:M odpa60T1 HH~pMa.Il;llll. 

- CHCTeMa. Ra.mt6poBRH arrrrapaTypu B rrpouecce Ha6opa OTaTHC­
THqecRoro Ma.TepHa.Jia. 

- MeTO.JJ; ycpe.JJ;HeHHH .f(IJ;epHo-s.neKTpoMarHHTHHX RacRa.n;oB, nos­
BOJI.HIOllle:M cymecTEeHHo y.ny-cruiHT:b TO'!HOCTl'> onpe;n:e.neHHH SHeprHH 
RacRa.n;a. 

- HOBH:M MeTO.JJ; onpe.n;eJieHHf! aHeprlilH B KaJIOpHMeTpHqecRHX yc­
TaHOBRax. 

- MeTo.JJ; 60Jiee TO't!Horo onpe,n;e.neHHH TO't!RH reHepauHH . .f(ll;epHo­
sReRTpoMarHHTHHX RacRa.n;on. 

- AJrropHTM l1 rrporpaMMa OT6opa RaR 0,n;HHO'!Hii!X, TB.R H rpyn­
IlOBHX lipoXOl!i,Il;eHH:M a.n;poHOB B HOHH3aIJJ10HHOM KaJIOpHMeTpe c oueH­
R O:fi aHepr.HH RB.l!Ql;oro a,JU>OHa (B npe;n:eJiaX npoCTpaHCTBeHHoro pas­
pemeHHH RaJIOIJHMeTpa). 

- AHa.J:ms BJIIDUm:J:I OJil!!snoporoBoii 06.nacTH aRcIIe~.l'!MeHTa.JD>HHX 
.n;aH.HHX Ha TO'IHOCTJ:, oueHRK llORasaTeJIH CIIP~TJ:Jd-. IloRaSaHO, "ITO 
ITPH aII:pHOpHOM 3Ha.Hll!H cWHRD;HH OTRJmRa RaJIO:pHMeTpa, HOilOJI:&SOBa­
HHe 6.1lllsnoporoBOii HH~:pMa.I:(HH lI03BOJIHeT ,n;OCTH'lll> npe,n;eJI:bHOtt TOq­
HOCTK. 

- MeTo;n:HRa onpe;n:e.neHHH napIJJ1aJI:OHoro Ros~eHTa Heynpy­
rocTH Ha OCHOBe HSMepeHHoro B SRCllepHMeHTe ueHTpa TH*6CTH 
H.n;epHo-RaoRa.n;Hott Rp.imo:M. Tipe;n:JiaraeMbl:M cnoco6 onpe;n:eReHHH na:p­
UHaJI:oHHX R09ifxIJHIJJ1eHTOB HeynpyrocTR o6ecnel!HBaeT TO'IHOCTH KSMe­
peHH.R: He xy:Bte YORO:pHTeJI:&HHX (± 3%). 
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I. Brreprn:e onpe,IJ;eJieHhl BeJIHtrRHhl a@eRTMB.Horo cetreHIDI ~ 
HeynpyI'liX CTOJI!<HOBeH~ Ill!!OHOB lil npoTOHOB c .fI,Il;pa.MH aTOMOB .lKeJie­
sa B o6JiacTH aHeprHfi 500-5000 raB. 
IlpH 3HeprRl!X < E :>- = 600 870 1500 3500 raB 

6~~e = 636 ± 37 , 6;5o ± 39, 687 ± 45, 665 ± 86 mt 
6~~e = 659 ± 38, 772 ± 40, 779 ±. 42, 784 ± 85nif,. 

Ha6.mo;a:eH "" 5% pocT cetreHHH Heynpyroro BsaHMo,IJ;eficTB.ru:r ;poTo­
HOB lil ITHOHOB B lilCCJie.nyeMofi 06JiaCTlil 3Heprlilfi. 

Onpe;n;eJieHo cetreHHe Heynpyroro B3aHMO,IJ;eficTBH.H HefiTpOHOB c 
.H.D:pa.MH .lKeJiesa B TOfi .lKe o6JiacTlil aHeprnfi. Ilplil aHeprIDIX < E > = 
= 400, 600, 870, 1500, 2600 H 4800 raB BeillitJ:HHH 6~~e pa.BHhl, 
COOT'.BeTCTB6HHO, 6~ic = 746±,36, 751±,34, 753,±41, 759±54, 
772±88 H 790±!33 m~ , 1faMepemrne 3RCIIep.1!MeHTa.JlbHhl6 B6JIHtIBHbl 

'6~~e corJiacyIOTc.R: c HMe!Oll1HMHC.f1 YCROplilTeJIJ:,Hb!MH ,Il;aHHhIMH 06 
aHepreT.lil''.!6CROJ:l: 3aBlilClilMOCTH 6i.;p , rrepec'l'.lilTa.HHb!MH R .fLll:PY JKe-
Jiesa ITO TeOpHH rJiay6epa. 

' ' 6i.h 
2, Ha OCHOBe T60pHlil rJiay6epa H3BJieti:eHHHe li13 Jffe lil 

,..~in "aJieMeHTapHHe" ce'!eHHH 6 tn lil 6 1.n BIIJIOT!i TTO 'CJpFe JTP PP ...., 
anepr:1d1: 5 TaB anrrpoRCI'!MHpyiOTC.f!: cJie.nyIOI!1HMlil BaBHCHMOCT.R:MH: 

L 1.h E -I/2 0 ~ oJTP = 25,7! - 13,67 . - I,95enE + 0,2I tn E 

6~~ = 4I,I4 - 21,87 E -I/2 - 3,I2 e.nE +· 0,33 en2
E 

3. IIoRasaHo, ti:TO OTH0111emi.e 61;Fe / 6~f: c;ra6o 3aBHCHT 
OT aueprHH B HHT6pJ3aJie OT. 3 • IOIO aB ,UO 5 • I012 aB H corJiacyeT­
C.f!: c BhlBO;n;BlVM TeOpHH MHOrORpaTHOro pacce.f!:HH.f1. 3RcnepHMeHTaJI!i-

·n . 
Hoe sHatreHHe OTH0111eHID1 6~Fc / 6~"Fe , ycpe;n:HeHHOe ;n;Jif:l Boero 
HCCJie,I(yeMoro HHT6pJ3a.Jia aHeprHtl:, paBHC 

6l." 
< PFe ~ = I I9 + 0 06 • 
6 ·~ • - , 

>rFc 
4. HsMepeHa HIDKH.FJJr rpa.mru;a cetreHIDI Heynpyroro BSaMMO;n;efi-

CTBR.FI npoTOHOB c H.I\Pa.Mli aTOMOB BOS.nyxa B HHTepJ3aJie aHeprHH 
0,5-5,0 TaB. 

BrrepBhle aTa BeJmtJ:HHa onpe;n:eJieHa ncrrom,soBaHHeM "'ll'!cToro" 
IlOTORa rrpoTOHOB, 11a,IJ;a.IC11tero Ha ycTaHOBRY 6e3 corrpoBO.JK,IJ;eHHJI. 
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HaOJIIO;n;aeTc.R: "" 8% pocT cetreHIDI 6~Ait B yRasaHHOM HHTepJ3aJie 
aHeprm•t. 

5. Bne:pBhle B ROCll/M"!eCRHX JIYtrax rrpoBe,n;eH aHa.Jms orrpe,n;eJIJie­
Moro B aRcrrepHMeHTe ceqeHH.f!: Heyrrpyroro BSaHMo,n;ettcTBHH a,TI;poHOB 
c .F.UJ:pa.MH *eJiesa B SaBHC.l!MOCTH OT IIJIOTHOCTH ~aCTHD; B03;n:yIIIHOro 
JlliBH6BOro COITpOBO.JK,IJ;eHH.R:. I1oRa3aHO: 

- B HHTepBaJie aHeprHH a,TI;poHOB .no 5 TaB sHa"!eHHH ceti:e:H.VUI 
B3a.HMO,IJ;ei1:cTBH.f!: a;n;pgHOB, IIa,Il;a.IOIIWX Ha ycTaHOBRY 6es COilpoBOJ!(,I\e ... 
HIDI ( ..P $ 0, I M-2) , c5JIIl!3RM R ceti:errn:ro npoTOHHh!X BsaHMo;n;efttcT­
BHtl. 

- B o6JiaCTH aHeprHH ;n;o 3 TaB c YBeJIHqerrn:eM IIJIOTHOCTH corr­
poBOJKJJ:eHH.R: ceqemre na,IJ;aeT H npH IIJIOTHOCTH .P ~ 3 M-2 COBna-

6 tn 
.uaeT c JTFe • , 

6 tn 
- B illi'rep:sa;re aHeprHH 5-IO TaB hFe cJia6o 3aBHCHT OT 

IIJIOTHOCTH corrpOBO.JK,IJ;eHH.R: H MaJIO OTJ'ill.traeTCR OT npOTOHHOro ceti:e­
HHR. 

lli 

I. BrrepBJ:ii:e orrpe,IJ;eJieHH B.eJIHtrH.Hbl naprm:an:I>HiiIX ROa~eHTOB 
HeynpyrocTlil K JTO BO BsaHMo.n;etlcTBH.f!:X npoTOHOB M rmoHoB c .ff.II:..,. 

pa;vrn: aTOMOB JKeJiesa B o6JiaCTH aHeprHH 0,5-5,0 TaB. Cpe.n;rrn:e Be­
.rilitrHH:bI KJfo RaR ;n:.ro;r ITHOHOB, TaR H )J.JI.R: rrpOTOHOB IIp8.RTRqecRlil 
He 3aBHC.fl.T OT 3HeprID1 H COCTaBJIRIOT: 

< KJTD,.. ;:: 0,27 ± O,OI ,!(JIB IIJIIOHOB 

< KJ! .. > = 0' I9 ± 0. DI .U.IDI IlpOTOHOB. 

B aToM JKe .HHTepBaJie aHeprliltl: :vrsMepeHa BeJmtJ:HHa K Jfo ,I\JIB Heil:-
1'POHOB < KJfO > = 0,20 ± o,or. 8TH B6JIIl!1Jrura rrapru1a.m,m,1x Roacp­
~UIU{eHTOB COOTB0TOTBYIOT rro.nyqeHHhlM Ha ycROpHTeJI.R:X HHRJI!03HB,Hh!M 
crreRTpaM o6pa30Ba.HH.fl: .JT 0 -M830HOB rrpOTOHaMH H 11li10HaM!4 Ha .F.!,I(­

pax np.a aHeprH.llX ,..., IOO raB. lIOJIYtreHHHe peayJ:r:&TaTB oorJiacyIOT­
cS:t c Bl:LBO,I(a.MH TeOpHlil MHOroRpa.THOro pacceJlHID'! H c pacqeTa.MH, 
BL"IIOJIHemraMH Ha OCHOBe KX,U. 

2. BrrepBHe oueHeHa lil rrp:::so,wrTc.s: lleJIIl!"llllia BepoS:tTHOCTH He­
yrrpyrott nepesapfr,Il;RH rrnoHOB BO Bsru1Mo;n;e:il:cTBHHX c .fT..Upa.Mli JKeJiesa 
n::pl1 aHepr:woc 500-5000 TaB cl n 1!- b ,2. 
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3. liI3Mepel:ib! OCHOBHble rrapa.MeTplil .s:r.n:epHO-aJieJ:\'l',VUHHblX Rac:E<a­
'AOB, KHRitID1poBa.HHblX B3aMMO'AettCTBli.fIIVLVI ITHOHOB H rrpoTOHOB B ~e­
JI63HOM rrorJIOTHTeJie RaJIOpI!MeTpa. 3RCIT9pKMeHT8..7ThHHe 'AaHHhle cor­
JiacyIOTCH c o~aeM:l:.lMM. 3HatreHH.flMPI. MoHTe-KaPJio pactJ:eTa, BHITOJI­
HeHHblM Ha OCHOBe pesyJibTaTOB ITOCJI6'AHHX JieT, ITOJIYqeHHblX Ha yc­
I<OpHTeJIHX, 

IY 

I. liisMepeHH ~epeHUHaJIDHRe aHepreTKqecRKe cneRTPH a.n:po­
HOB, npoTOHOB, ITHOHOB H HettTpoHOB Ha BHCOTe rop B 3aBHCl'!MOCTE: 
OT ITJIOTHOCTH JWBH6BOro corrpoB0'1t,Il;eHH.R: B 06Jia.CTH 3He);>I'HH ( 
0,5-5,0 TaB. PesyJr.E>TaTH corJiacyIOTcH c cooTBeTCTBYI<lllU'll\m s:aa.qe­
HKR.MK ITOTOROB, ITOJIYqeHHblX MeTO'AOM MOHTe-Kaprro no ~yxEOMrrOHeHT­
HOtt MO~eJIH' K RBa3KCReibmHra BO ~parMeHTauHOHHOtt o6JiaCTK. 

2. JiisMepeHO OTHOllleHKe ITOTOROB ITHOHOB H npoTOHOB Ha ropa.x 
NJT /Np • Ha ocHOBe pe111eHIDr ypaBHeHHH ~su c ytreTOM Ra.c-. ~ 

R~blX traCTllll;, reHepKpo:saHHblX B IlOCJie~eM BS8.IDl!O'A6HCTBHH a.n:-
r 

poHa, npoBe'AeH aHa.J.IOrH'llil>Iif pactreT. CorJiacHe pa.ctJ:eTHH.X H aRc-
rrepHMeHTaJIDHhl~ ~esyJIDTaTOB yRaSb!BaeT Ha TO, qTo HHRJIIDSHBHble 
CITeRTPH a,n:poHOB B a,n:poH-H,'ll;epHblX BSaMMO'A6HCTBHHX npvr 3H6prHlIX 

E > 500 raB He OT,)IHqaIOTCH SaMeTHO OT cneRTpoB B a,n:poH-a,JJ;-'' 
pOHHblX CTOJIRHOBeHID!X B :o6JiaCTH ~parMeHTauHK. HaHJIY'ID!ee corJia­
CHe ITOJIYtiaeTCH rr'pH SHatJ:eH:rui: ROaqxpllll;KeHTa Heynpyroli rrepesapH.U;­
KH 11. ~ 0,40, 

3. OITpe'AeJieHa 3aBKCKMOCTb Ha6.mo;n:aeMoro COCTaBa a.n:pom!oro 
ROMIIOH6HTa ROCMHtreCRKX .:irytJ:ett OT 3H6prrui! a,n:poHOB H ITJIOTHOCTH 
ITOTORa JIID3H6BOrO COITpoB0'1t,Il;6HHH, noJIH IlpoTOHOB B C06HT:rur.JC C Ma­

JIOITJIOTHhlM conpoBO.ll(,li;eHHeM pacTeT npvr yBeJIHqeHilli SHeprHH. 

y 

liI3MepeH o6paTHhltt ITOTOR tJ:aCTH~ (aJib66'AO) npvr o6pa30Bamrn. 
.s:r.n:epH0-3JI6RTpOMaI'HHTHh!X RacRa.n:OB B TOJlll{e norJIOTHTeJIH. Ilo.JzytJ:e­
Hlil ROJIHqecTB6HHble xapru<TepHCTHRH a.JID66'AO BO BSB.MMO'AettcTB.IDI:~ 

a,n:poHOB c H'Apa.MH aTOMOB CBKHUa H ~eJiesa ITpif, SHepr:rui:x Bblllle 
500 raB (yrJIOBRe pacITpe'AeJieHHH traCT:mJ; aJID66'AO rrpK pasJIHtrHHX 
rJJY6HHax o6pasonaJrnJ:I RacRa.n:a). Ham!.tJ:He B aJib6e'AO tracT:mi; c 
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BHCORHMH SHeprMRMH YRa.3L!Ba.6T Ha 3aM6THYIO pom, RYMYMTKBHI:lX 
aqxpeRTOB B npo~eccax rue reHepa.IJ,HH. 
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