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OElllAH XAPAKTEPHCTHKA PAFO'ill 

AK'fY8.lll,HOCTD T8M!l 
0TRp!lTll8 B HatJaJI8 70-x rO,ItOB Tait Ha3UBa8M!lX "Ho:swc" I'Hl'aHTCKRX 

MYJII,TRJIOJII,HHX. pe3OHB.HCOB B ~8THO-~8THHX Ji,It,P8X H P930HaHCO-llO,D;O6HHX 
CTPYKTYP B H8~8THHX Ji,It,P8X no~Ol!WJIO Ha'IBJIO umpoKOMY H ,It8TaJIDHOMY R3Y
~emm Jl;It8PHHX CII8KTpOB np:e: 8H8PI'WlX BO36Y1K,It8HRR 5 ~ Ex ..::.30 MaB. 
B aTott ':!aCTll RltSPHOro Cll8KTpa B C8't8HIDIX pa3.IDitmWC peaICitllli 6~ee ~ 
M8H88 HCHO BH,Itml p83OH8HCHH8 CTPYKTYJJH pa::iHoro Tlilla. Bo MHOrHX CJJY
'!JaSDC OHR xopomo ~OKaJIR3OBaI!Il,R HX xapaxTepHCTRKR, TaKH8 KaK ~HTpOH,It, 
ump:e::ea (~ O6JmCTD ~OKa.11lr3aD;lm), B8pOHTHOCTD BO36Ylit,It8HHR1 ~BHO · 
M8HllllTCH np:e: nepexo,Ite OT H,D;pa K smpy. CyntecTBOBaHH8 yxa3aHHHX pe3O
HaHCO-llO,ItO6HHX CTpYKTYP, 3Ha~8HRH :xapaxTepR3YJJl!tllX HX napaMeTpOB OT
PaxtalOT Cll8'.Uliipmty OTKJmKa Jl;Itpa Ha pa3.IDI'Ilru8 BHennme IIMH. 

M3~8IDI8 CBOilCTB p83OH8HCO-llO,D;06HHX CTPYKTYP pacumpneT H yrJry6-
M8T HamH 3H8HIDI O Jl;It8PHOil: ,D;HHaMHKe, B3aHMO,D;8il:CTBHH :eyK)IOHOB B H,D;pe. 
HanpHMep, a.Hamra H HHT8pnpeTan;M ,Il;aHHHX O p830HaHCO-llO,D;O6:ma: CTPYK
TYpax B H8't8THHX H,D;pax ,D;a!)T BO3MODOCTD npOB8pHTD Baum npe,D;CTaBJI8HHH 
o cpe,ItHeM no~e H,D;pa ,Ito :rneprIDI BO36YJOteHHR E;x: ~ I0-15 MaB, cpaBHHTD 
xapaxTep 3aTy.X:aHM npocTHX Jl;It8pma: BO36YJOJ:8mrlt B ~8THO-~8THHX R co
C8,Il;HHX H8~8THHX Jl;Itpax. BalitHl:lM maroM B OIIHCaHHH CBOil:CTB p83OH8HCOB ll 
pe3OHaHCO-llO,D;O6HHX CTPYKTYP HB~CD MHKpOCKOIIH~8CKH8 pac~em HX um
PHH B cpemmx H TmK8~ smpax. 0,ItHott ll3 MO,D;e~ett, KOTOp!l8 ycnemHO :e:c
lIOJII,3YJ)TCH ~ aTott :nemr, HBM8TCH KBa3ll':laCTH~O-{l)OHOHHaH MO,It8JII, Jl;It
pa. 

P83OH8HCO-llO,D;O6HH8 CTIJYKTYJ)H RHT8HCRBHO llCM8.JtYDTCH 3KCll8PRM8H
TaTOpaMR MHOI'RX KpylIHllX Ha~ :n8HTp0B. Ilpn .aTOM onpe,11;e~em1e KOJilI
~8CTB8HH!:llC xapaxT8pllCTRK P83OH8HCOB HBM8TCH,llO CY!Il8CTBY,P83Y~DTaTOM 
COBM8CTHHX ycH..JIIDl T8Oplm ll 3KCII8pHM8HTa. TaK Kalt pa3HOrO Tlllla pe3O
HaHCH BO MHOI'RX CJIYimHX nepeKpHBruJTCH H HM8DT ~3Kll8 B8p0HTHOCTR 

. B036yat,IteHRH· B ommx ll TeX lE8 Jl;It8PHHX npo~ccax, ~ ·RO.IDI~8CTB8HHOro 
·aHMR3a aicnepHM8HTaJII,Hmc ,D;ammx H8O6XO,Il;HMO j'M8TD B~CJIHTD pacnpe
,It8JI8HHR BepOHTHOCTett nepexo,ItOB 3a,D;aHHOro Tlilla IIO Cll8RTPY H,D;pa. H3-3a 
llCll~3OBaHM 3MIIHplI~8CR:HX llpO:n8.JtY"P BH1il!TaHHH qK)Ha pe~, 1IpllBJI8-
~8HRR ~ o6pa6oTKR a~cnepHMeHTanmcc ce~eHHtt ycmpeBmHX WSHOM8HOJIO
rn~ecRHX MO,Ite~ea B 8KCll8PlIM8HTaJIDHHX ,Il;aHHHX BO3HRKaDT 3Ha1il!T8~DHH8 
H8Ollp8,It8JI8HHOCTR. 1ITO6H Ha,Il;8l!tHO BH,11;8MTD BRJia,II; p83OHaHCOB B C8't8HRH 

(}()1,c.m;,1tn1r,,;ti irncnrrr, 
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pearu1;1d!:, Heo6xo~ B Ra.,WCTB8 opH8HTHp8. T80p0TH,WCKR8 npe;a:cRa.38.HWI 
06 HX IIOJ!Ollt8HRR, 06Jra.CTR JIOR8.7Il'l3an;IDI H B8pOJlTHOCTJDC B036Yllt,It8HWI. 

YR8.38.HHH8 Tpy.ItHOCTR .1tMH ceM 3H8.Tlt B KO~HTpRp0BaHHOtt 1PQpM8 
IIPH H3Y1i8HRR CIIRHOBWC H CIIRH-H30CIIRHOBHX p830H8.HCOB. P83y.nl,T8.TH H8~ 
KOTOpwt 9KCII8pRM8HTOB IIOCJIYl!IB,lm, B 'UlCTHOC'l'R, OCHOB8.HH8M ;a;JIII IIpe;a:IIO
J!Ollt8Jmit 06 0~8H1, CWII>HOM BJmJmim Ha CBOttCTBa CIIRHOBHX Bos6yg;a:emnt 
.imep H8HYEJIOHHHX CT8II8H8tt CB060.ItH .a:ztpa. qT06H BWIBHTI, HX ;a:ettcTBRTElJ!I,
BYll poll, H806:X:O;a:RM Tlll8.T8llmrli 8.~3 (ppa.I'MEIHT~ CIIRHOB!ll p030H8.H:

COB H B8poJtTHOCT8ft HX B036Yllt,It8HRH B pa.3HHX perumwrx. 
TaKRM o6pa.30M, CHCT8M8.TR~8CK08 R3Y1i8HR8 p830H8.HCO-IIO;a:06ma: corpyx

'l'YP, B8pOHTHOCT8:I! RX B036Yilt,lt8HWI B pa3Jm1!H!Dt .a;zt8pHHX IIp0D,8CC8.X B Pa;.4-
Ka.X Mmtp0CKOIIR~8CKKX H,ll;epmrx: Mo;a:e;reft npe;a:CTaBJm8T co6on 8.K'l'Ya.JlI>BYll 

R B8.litHYll IIpo6Jr8M,y". 

IleJII> pa6om cocTOHT B Teope~ecKOM HSy,IeHRR pesoHaHco-IIo;a:o6HHX 

CTpyltTY'P B CqJepR,WCKll sr;a:pax, B8POHTHOCT8i!: HX B036Yllt,It8HWI B pa~
ma: pa~, CbB8plll8HCTBOB8.HRR C 9'1'0ff D;8JII,D KB8.3H'IJa0~0-4)0HOHHOft 

MO;a:en JI.1Ul8., OHOT8MaTR~80KOM OpaBH8HRR T80peTR~80Kll p83YiJ:I>T8.'1'0B C 
9KOII8pHM8H'1'0M R IIOJIY'q8HRR npe;a:cKasamni ;a;JIII IIOOTa.HOBKR HOBWC 9KOII8pR

M8HTOB. 

Hay,mair HOBHsga H npaKTmeoRa.SI nami:oon 
BnepBH8 oe~emm B036Yllt,It8HM MaI'HRTHHX p830HB.HCOB B H8ynpyl'OM 

p8.008mml![ 9JI8ItTpOHOB H IIp0'1'0HOB'.HOOJI8;a:OB8l!H C y-qeTOM BJil1IJmlm MOl£HElX, 
ItORIPHI"YPari:d, 'IITO nosB~O otieHRTI> BMa:a: :e:yRJIOHHHX Koppe.lilUJ;lrlt B sKc
nepRMeHTB.mHO Ha.6.Jmlt8.8M08 IIO;a:aBJI8HR8 0~ pe30H8.HOHECX MI:-nepe:x:o;a:oB. 

Bn8pBH8 npone;a:eHH CHOT8Ma'l'R~8CKR8 HCMe;a:onamm 4Jpa.I'M8HTSIJ;IDI BH

COKOJI8llt8.lltlll O;a:HQ'qROTH~ OOCTOHHHft. C TO't!Itl2[ 3p8HRH T80PHH npo8.Ha.JlH
SRpOB8.H8. BCS: HMe~MC.R: COBOieylIHOCTI, SKOII8pHM8H~HliX ;a:amm:x:, o.zt8~
mt npe;a:Oita.38.HRJl ;a;JIII ~pyuitlDCCS! 9KOII8pRM8HTOB. IlOita.38.HO, ~'1'0 (p8HO
M8HOJIOI'H,WOKR:I! IIOT8~a.Jl B,rnca-Ca.KCOH8. IIpaBWII,HO nepe;a:aeT IIOJ!Ollt8HR8 

no;a:o6oJio~eK nwron ;a:o sHepl'HH Bos6yz;a:emm Ex~ IO-I5 MsB. 
BnepBH8 WIOTHOCTlt B036yz,tteHHHX COOTOS!Hd CqJ8pnecim::x: .a;ztep IIPH 

9H8pl'W!X mme 9H8pl'HH OT;a:e~mm H8i!:TpoH8. paco~T8.H8. ItOM6HHa.TOpHHM M8-
'1'0:0:0M, y,mTI:lBa.D]lIDt'I Blt!Ia.It BH6pa.D;IIO,HHOro ;a:BHllt8HWI. IIpe;a:CRa.38.H8. 38.BHCH

MOCTJ. IJJIOTHOCTH Yl)OBH8ff 0'1' "i8THOCTH. 
IIOJIY"i8HHH8 B ;a:HccepTa.D;lm pesym.TaTH 38.M8THO yr.iry6wm CY1lt80TBYJ)

lltll8 npe;a:cT~HWI O 0Tpylt'l'YP8 .a:ztpa. 0ml: D!HpOitO HCIIOJU,3yJ)TCS! IIPH a.Ha
.use 9ItCII8pRM8HTamHHX ;a:aHHHX BO MHOrHX H8.rnn,t:x: D,8H'1'pa:x:, a T8Itllt8 IIpR 

JLJI8.HHPOB8.HHH R IIO;a:rOTOBK8 9KCII8PHM8HTOB. 
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JT.mr 38.llfilTll Bll.IIBHI'a!DTCJI CJienymme OCHOBHH8 pesyJII>TaTH. IIOJIY'I8H
HH8 B 1mccepTaIDIH: 

I. CHOT8Ma.TmecKH HCM8;a:OBa.HH CBOliOTBa. Mal'HHTHl:lX p030H8.HCOB 

C4J8P~8CKIDC smep. IIpoaHa.JIH3llpOBa.HO BJmlllllI8 pa3JIH'Il!HX KOMIIOH8HT 3qJ
qJ8KTRBHOro B3aRM0:0:8liCTBlllI HYEJIOHOB Ha RX CTPYKTYPY H llOita3aHO, ~TO B 
KB8.3~8.C'l'R~O-qJOHOHHOH Mo;a:eJIH a;a:pa ll30CK8.JIR:pH08 CimH-MYJII>THIIOJII,H08 
B3aRMo;a:ettcTBH8 Ha nopR,ItOK CJia6ee ll30B8KTOpHOro. 

2. Mo;a:eJII, IIpaBHJ!I,HO OIIRCHB8.8T rpocc-cTpYKTJPY pacnpe;a:eJieHM pe-
30HaHCHHX MI-nepexo;a:oB B pasHHX smpax, 3HeprIDI ll B8pOHTHOCTH B036y,K
;a:emrsr H30CitaJIHpmrx: r+-COCTOHHHR. IIpe;a:CRa.38.HO CYll18CTBOBaHll8 BTOporo 
MaKCHMyMa B pacnpe;a:eJI8HHll MI-cHJIH B 90 Zr, 'ITO no;a:TB8!)llt.It8HO 3KCll8pH
M8HTOM. 

3. IIpe;a:Citasaaa CWI!,Ha.H 4JParM8HT8.D;HH R30B8KTOPHHX CllHH-MYJII>TH
llOJII,!IllX p830HaHCOB, pacnoJio~eHHHX npH 3H8prRR:X I5-30 MaB, KOTOpalI 

:O:OJllltHa 38.Tpy.ItHJITI, liX 3KCll8pHM8HT8JII,!i08 06Hapy,K8HR8. 
4. BnepBll8°C8~8HHH 3JI8KTPOB036Yilt,lt8HHH CllllH-MYJ!I,THIIO.lll,HI:lX peso

H8.HCOB B cpe;a:HHX H Tlillt8JlliX sr;a:pax paCC'll!TaHH C yt!8TOM B3aRMO;a:ettcTBHH 

O;a:HO- H ;a:Byxrp()HOHHHX COOTOHHHR. IlOita.38.HO, ~TO yt!8T 3Toro B3ruwo;a:ett
CTBHH llpHHD;HllllaJII,HO H806XO;a:RM ,ll;JIJl o6MCH8HM ;a:aHHHX no 3JI8KTp0B036y,K-
;a:eHID:l M2-p830H8.HC8. B 58N:t. · 

5. Iloita3aHO, 'ITO 6om.mym pom. B OCJia6JI8HRR Ha6m:maeMOli Cl:IJI!l Mar

HlIT!IllX nepe:x:o;a:oB IIO cpaBHemm C O;a:Ho-gacTRtJ:HllMH OD;eHKaMH HrpaDT HYK
JIOHH!18 ItoppeJIJID;HR, B TOM 'lliCJI8 R B3am40;a:ettCTBH8 co CJIOlltHHMR KOHlplll'Y
pa.D;IWMK. 3KCll8pRM8HT8JII,HH8 BepOlITHOCTll 3JI8KTPOB036yg;a:emrsr MI- H M2-
P830HaHCOB cor.n:acyR)TCJI C Teope~ec:itm.m npR TPa.ItJmROHHHX 3Ha,WHHS!X 

3<P4J8KTHBHI:lX rnpoMarHRTHl:OC ql!lltTOpOB. W3Icy'D B8J!ll'll!HY HM88T H <Pa.KTOP 
IIO;a:a.BJI8HM B8POHTHOCTH B036Yilt,lt8HHR: MI-pe30HaHCa B (p,p' )-pacceHHHR. 

6. HcCJie;a:oBaHO BJ!lllIHR8 KOJIJI8KTRBH!lX p830Ha.HCHHX 2--COCTOJlHHli Ha 
B8pOlITHOCTH M2-nepe:x:o;a:oB M8lK,lzy' HR3KOJ!8llt8lltllMR ypoBHHMH H8~8T!IllX a;a:ep 
R IIORa.3aHO, i:rro CBH3I, C HRMR IIPRBO;a:HT K YM8HHil8Hml 3Ha,WHHfi ~(M'2) B 
2-3 pasa. 06'hll:CH8Ha X8.paKT8pH8.R: 38.BROHMOOTI, B8p0HTHOCTR 
B(M2, . II/2r ➔ 7 /21:) B D;8IIO'l{It8 H30TOIIOB OJIOBa OT MaCCOBOro ~CJia. 

7. Il0.1lY:18Ha CRCT8Ma ypaBH8Jmit KBa.3R'iaCT~0-4)0HOHHOft MO,Jt8D ,ItJlll 

3Heprntt H ciiPYRTYPHl:OC a.MIIJIRTY:r( BOJIHOBWC qiymtD;Hli H8'!8'l'HHX CqJepH,WCKRX 
.imep, B KOTOpott IIOCJI8;a:OB8.T8JII,HO y-qTeHH llOllpaBKR, CM38.HHH8 C npHHD;H
llOM IIayn R B3aHMO;a:ettoTBH8M qioHOHHHX B036Yllt,It8Hllli OCTOBa. IIpo;a:eMOHCT
pRpOBaHO, ~TO aHr8.pMOHR3M.qioHOHHHX B036yg;a:emnt CJia.60 BJmS!8T Ha pao

IIP8.Jt8JI8HHH CllJill BllCOKOJI8lRBlltlDC o;a:Ho,mcTn~(.ItHPO~)cooToHHRff B H.It
pa:x: C llOJzyMarR~CKRM OOTOBOM. 

·s. BnepBlle npoBe;a:eim CHCT8Ma.Tn8Cltll8 llCCJI8:0:0B8.HRJI (pparM8HT8.D;lm 
BHCOKOJI8JKalltlDC O;a:HO-gacTHlnlllX no;a:060JIQ,WK. Mo;a:eJII, npaBWII,HO OIIRCHB8.8T 
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mtTarpaJII,HHa xapaKTapHCTmtl! pacnpa,n;aJiamrlt BX c:itml. B p,ma CJl'Y"UlaB 
'1'80paTH1l:aCKHa paaynTaTH no.n;TBa,Pllt.ltaHH noCJia,Ity1lJ.ltl'I?, aKcnapHMElHTaMH. 
C.n;amm mrao.n;, ~TO 418HOM8HOJIOrH~CW noTaHD;il'.aJI By;D;ca-CaKCOHa y.n;oB
JiaTBopHT8Jll,HO BOCnpoH3BO,ItllT noJiozaHHa no.n;o60JIO~lt BilJIOTD .n;o 8HaprHH 
B036Y1E,ItaHHK I0-15 MaB. 

9. BwmJiaHO CYIItaCTBOBBJma pary.mp:imx pa:3JIH"!lrll B c:wra B3aHMO.Itait
CTl!IDt HaftTpOHHO! H npOTOHHO! ItBa3H'!JaCTHn C B036Y1E,ItalmJIMII nOJIYMarH'iaC
KOrO OCTOBa, ~TO no.n;TBa,Pllt.ltaaTCJr axcnapRMaHTanHHMli ,ItammMR. 

IO. Pacc~Ta.Ha IlJIOTHOCTb ,mapma: Y:POBHaft npH 8HaprHH CBJI3H Haft
TpOHa B 6onmoM ~CJia cxpapnacKHX ,map c Ma.CCOBHWI ~CJIB.MH 60~A~200. 
,u.nir 8TOro HcnonaoBaH ccpopll\YJIHPOBaHHlift B p8MK8.X ~M ItOM6HHaTop:mrll: Ma
TO.It, ~Tiraamtlift BJlltlllrna Ha IlJIOTHOCTb ypOBHaft ItOJtl!aKTHBHOrO ,mapHoro 
,ItBmtamm. BltJm.n; ItOJtl!aKTHBHHX COCTO.fllllift npHBO,ItllT It B03pacTamm IlJIOT
HOCTH ypOBHaft, ~TO B 60JiwnmCTBa CJl'Y"UlaB YJIY'llllaaT corJiacHa TaOpHH H 

aitcnapHMaHTa. 
II. HcCJia,ItOBaHa 38BHCHMOCTD IlJIOTHOCTH ypoBHaii: OT. CnHHa H ~aTHOC-

TH COCTOJDmii H 8HaprHH B036Y1E,ItaHWI. 06Hapy,KaHa CMDHWI 38BHCHMOCTl> 
IlJIOTHOCTH Y:POBHaft OT ~aTHOCTH B ,mpax C A!:! 60-90, ~o Ita~acTBaHHO 
no,n;TBapx,ItaHO 8ItCnapHMaHTOM. 

Anpo6anrur ;imccapTamm: 
OcHOBHHa MaT8pHa7W ,ItllCCapTaIJ,lm HaO,ItHOitpaTHO ,ItOitJia,ItEmaJmCb Ha 

caMllliapax Jia6opaTOPHH T80paTnE!CltOft cpH3HKH orurn, HHCTHTy-Ta sr.n;ap:imx 
HcCJia.n;oBaHd AH CCCP, HHcmTYTa ,mapma HcCJia.n;oBaHHft AH YCCP, \b:ano
aHapraTlI'l:ecitoro HHCTHTYTa (r.06HHHcx), HHcTHTYTa sr.n;apHoii: !pH3HKH Ua~T
pa sr.n;apma: HCCJl8,ItOB8.HH! (r.lOJmx, ~Pr). OHR 6wm TaRXta npa,ItCTaBJiaBH H 
.n;o~aJIHCD Ha 29, 31 H 33 CoBalll!UtWDC no sr.n;epHO! cnaKTp0Clt0IlHH H 
CTpyitTY,Pa H;Iij)a, Mair,ItyHapO,ItHOft IIIItOJla no a;napHOii !pHSHita (IIpa,n;aaJI, CPP, 
1974), TeMamacxoft xoH!papaHIJ,lm EBponaftcxoro ipll:snacitoro o6~acTBa. 
"KOJ1Jia1tTHBBH8 ,ItBuemm 60JIDmoi1 rumJIHTY.Itll B JOU>ax" (BHP, 1979), Y Ce
MHHapa "SJlalt'l'pOMal'HHTHHa BSaRMO,IteftCTl!IDt ,map npH M8JlHX H cpa,ItHHX 
aHeprwa:" (MocKBa, 1981), Mair,ItyHapo,ItHoft 111ItOJ18 no CTJ'YR'l'YP8 JOU)a 
(AllymTa, 1985), 4-oM Mair,ItyHapo,ItHOM CHMilOS:eyMa IIO pa~. BH3B8.HBHM 
He!TpoHB.MH (CMOJiemma, 1ICCP, 1985), Mair,ItyHapO,ItHOM CHMIIOSHYM8 "CJra.61:la 
H 8Jl8ltTPOMal'BRTHHa BSaRMO.n;aftcTllWI B ,mpax" (re:lb:taJib6apr, ~Pr. 1986), 
BeceHHel IIIItOJla. IIO a;nepHOft !pHSHita (Xo.nitXBY, r,ILP, 1986), pa6o~M COBa
Dt8.!DllI no nporpaMMa HCCJia.n;oBamrlt Ha-paspaSHOM MHitpO'l'pOHa HanpepHBHOro 
.n;e!cTBM (MooitBa, mrnH~ MI'Y, 1986) , C800HH OH~ AH CCCP (MocRBa, 1986), 
08:ItIQm no 't80paTnec1toft !pHSHlta Y~Horo CoBeTa orurn (1980), KOMHTaTe 
no oTpyltT1P8 JOU)a OHffif (1987). 

Ily"6.1pmlmm 
Ilo pasynmTSM ,ItllooepTaIJ,lm oey6JIHltoBaHO 30 pa6oT. 
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06~eM pa6om 
)lHccapTartrur COCTOHT HS BBa.n;emm, ~arupax rJiaB R 38.ItJlJ)~IDIJt. 

OHa co.n;apuor·266 c'l'J)amm Ma111mI0Im0Horo oreitcTa, BitJilllJM: 25 m6mm, 
62 pHCYHita H 6H6JIHor~acm CimCOlt JIHT8paTypli HS 350 Ha3BaHd. 

CO.IlEPlWIHE PAEO'JH 

Bo BBe~aHHH RpaTKO HSJIOZaHa IlOCTaHOBita !pH3H~aCitoft Sa,ll;a~ R o6oc
HOB8.Ha rutTy-anHOCTb H BalltHOCTD HCCJia.n;,veMI:lX npo6JieM. 

IIapBruI rJiaBa ,ItllOCapTaIJ,lm B OCHOBHOft CBOaft tffiCTH IlOCBmitaHa rno
zemm !pOpMaJllISMa ltBaSH'!JaCTKTmO-!pOHOHHOil MO,ItaJIH JOU)a (K'™)· f8Ml'L7ll,TO
HH8H MO,It8JIH BRDtJa8T cpa,ItHHa IIOJIJI ,wISI npOTOHOB H H8ftTpOHOB, ltOTOpHa 
38,Il;al)TCJr B BH,Ita IlOT8HD;lmJIB. By;D;oa-CaKCOHa, Ha!TpOH-H8!TpOHH08 H npOTOH
npoTOHH08 cnapRBaT8JlbHHa B3aRMo.n;eftcTBRJI C Ha_Sa.BHCJilltHMH OT COCTomm.R: 
MaTp~ 8JlaM8HTaMH, H-canapa6anHHe My-JlbTHilOJIDHHa H CIIHH-My-JIDTH
noJIDHHa c:itml, .n;eftcTBYJ)lltHa B itaHaJie traCTHIJll-.ItHPita. B § I. I no,IU)o6Ho 
06cy11r,Il;a8TCst rrapaM8'l'pHSart!JJi r8Ml'L7ll,TOHHaHa H 06.lracTb npHM8HHMOOTH MO
,n;aJIH. B CJia.ItYJ]ItaM naparpaipe (§ I.2) 1'8.MHJl!,TOHHaH K1™, sarrxcaH!lllft B 
BYRJIOIDmX napaMSmna:, rrocpe.n;cTBOM npeo6pasoBamm EorOJm6oBa It onepa
TOpaM KBas~c-nm H ~oCJia.ItYJ]Itero nepaxo.n;a OT onepaTopoB nap ItBaSH
trac-nm It orrepaTOpaM !pOHOHOB IlpH06peTaaT BR.It raMHJIDTOHHaHa CHCT8MEl 
BSaRMO,Ita!CTBYJlltilX 8JlaMaHTapm,rx: MO.It - RBaS~CTHn H !pOHOHOB. IlpH 8TOM 
8H8prHH H BOJIHOBH8 ~ !pOHOHHHX BOS6Y1E,Item BH~CJllDlTCJr B npH6-
JIU8HHH CJcy"'mboft qe.31:l (ITC~). B Y:PaBHammx: Ile» ~8BO BJmJIHH8 BC8X 
ltOMIIOB8HT 8qxp8ltTHBHOro oanapa69JIDHOro B3aHMO,ItettcTB:wr B xmraJI8 "!JaCTHIJll
,It!ipxa, ROTOpRe .n;amT B1tlra,1t :a cTpyxTYPY o,ItHoipoHommx 13os6y1r,1tem .ItaH

Horo CITHHa H ~8THOOTH. 3aT8M n~eHll Y:PaBH8mM ,wISI 8Heprx! H OTPYR
'1'1PmtX aMIIJll!Ty-,It BOJIHOBHX <pyH.IQ.(.d BOS6Y1E,It8HBHX COOTomm! ~8'l'H0-~8'l'BHX 
,map, y,mTI:maD1tHe Bsmmo.n;ettcTBK8 O.n;HO- H .ltBYJDI>oHommx OOCTommtt. 
B § I. 3 !pOJl,f8JIH3M K~M HSJIOZ8H IlpHM8HHT8Jl:E,HO K He~aTHBM eq>epH~CRHM 
JU(paM. YpaBH8HWI ,ItJDI 9H8prd K OTPYKTY:PHHX 8.MIIJIHTY;D; BOJIHOBHX qiyH.IQ.(.d 
H8~8'l'BHX C418pH~8CRHX H,It8p IlOJ.IY'WBH Bap~OmruM M8TO,ItOM. IlpH 8TOM 

npo6HBJt BOJIHOBal{ ~ BitJIIJ'mJla O,ItHOKBa8H'!JaCTHtJHYD ltOMIIOH8HT1 H 
ltOMIIOH8HTH_ "ltBaSH'!JaCTHIJll a) !pOHOH" H "ItBaSH'!JaCTHIJll !» ,ItBa !pOHOHa.11

• IlpH 
BH-rmCJie~:HopMl!lpOBltH BOJIHOBOI qiymcn;a:a K opa,ItHero SHa~eHHst MO,It8Jl!:,HOro 
raMWn,TOHHaHa

0

6WI HCITOJIDSOB8.H M9TO.It IlOCJl8,ItOBaT8JlLHOro ~8Ta IlpRHD;il'.IIa 
IlayJIH, a Tatate y,ITSHO BSaHMO,Ite!CTBH8 O,ItHO- H .ltBYJDI>OHOHBHX COOTommft 
OCTOB8.. I!OJJY'{8HHWI B pesynTaTe CHCT8Ma yp8BH8HHI 0606Dt!l8T Y]ta HSB8-
CTBH8 H paB:88 HCll0nSOBa.Bllm80st YpaBHamm K~ ,ItJDI H8~8TBHX a;nep. IIoxa
saHO, ~TO OHa oo.n;epuT BX B Ita~OTB8 tffiCTHHX OJJY'la8B. B § I.4 OnHCa
BH M8TO,ItH pac~eTa B8postTHOOT8ft 9Jl8KTPOMal'HllTBHX nepaxo.n;oB H C8~HHtt 
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Heynpyroro paccemnm: 0R8KTPOHOB R llpOTOHOB npOM81ltYTO'IHHX 0Heprd C 
RCllOJI!,30BaHR8M BMHOBHX q,ymtD;l:di K~M. IlOJiyir8Hll BHpallt8HWI ,I(JIH nepexo,I(

HllX MOTHOCTefi· B036y11t,I(aeMHX COCTCl.llIDrl!:. 06Cy11t,I(alOTCSI npn6Jmiitemm, KO

TOpHe RCllOJII,30BaHH llPR BH'IHCR8HRR C8'l8Hd peaKIJ;l:di, B TOM 'IHCR8 RM
nym.CH08 npn6JmiiteHRe M8TO,I(a RCKallt8HirnX BMH R IIapaM8TpR3a.J.J;l!H 0~K
'l'Rl3HOro B3aRMO,I(8fiCTBIDI lla,I(aKllll8rO npoTOHa C 3Heprnefi H8CKom.KO COT8H 
M3B C :HyltlIOHaMR smpa. KpaTKO RMOllt8H M8'l'O,I( CRJIOBHX ~' CHm.HO 
ynpomallJlld pacl!8Tll ce-qem (e,e')- n: (p,p')-paccemnm. B noCJie,I(HeM 

naparpaif?e nepBOfi rmBH ( § I. 5) llp0,I(CTaMe:im l;)esym.Tam KOM6HHaTOPHHX 
paC"l'.8TOB MOTHOCTlI ypOBHefi c~pH"l'.8CKRX JI,I(ep npR 0H8prRH CBJI3ll H8li
Tp0Ha. CqiopMYnpoBa.Hmlfi B paMKax K~M KOM6HHaTOpHHfi M8TO,I( BH'IHCR8HIDI 
MOTHOCTlI ypOBH8li f(E,., .rii). ll03BOJI.!I8T YlJ:8CTI, BJIIIJllll'I8 BH6pamIOHHOro 
,I(B:0:X8HIDI Ha 3TY BalJtHYX) xapaKT8pHCTJriKy smpa. IlOKa3aHO, 'ITO~ KOR

R8KTHBHllX COCTO.mnrli YB8~"IRBaeT p , 'ITO B 6om.nm:HCTB8 My-qa8B y~
maeT cormc:ae T80p8TH"l'.8CKRX pesym.TaTOB C aKcnepRM8HTam.HHMR ,I(amnIMR. 
Pac-qem, BlillO~eHHHe .I(JIH 6om,moro '!HCJia cq>epH"I8CKRX H.;D;ep c 60 <A< 210, 
ll0Ka3~, 'ITO Teoprur OimCHBa8T 3KCll8pRM8HTMDHll8 ,I(a.HEI:l8 C TO"IHOC'l'DD 
,I(O qiaKTOpa " 3. HcCJI8,I(OBaHa 38.BHCRMOCTD MOTHOCTH ypOBH8li OT 3HeprHR 

(npH Ex~ Bn), Clll!Ha ll "l'.8THOCTR. TeopeTlI"l'.8CKH8 paC"l'.8TH xopomo BOC

llBOR3B0,1V!T aKcnepHMeHTMDHYD 38.BRCRMOCTD p (~) npH Ex ~ 6 MaB B 
I 9cd. 06HapyxeHa 38.BRCRMOCTD p OT "l'.8THOCTR. CymecTBOBaH:118 TaKOro 

3~KTa 6wro BllOCJI8,I(CTBHR ll0,I(TB8px,1(8HO 0KCll8pRM8HTMDHO. 
' . .. / 

B r~e BTOOOfi HSmraDTCSI p83yRhTaTH ll3YlJ:8HIDI p830HaHCO-llO,I(06-

HllX CTPYRTYP, o6Hapy,it8HHHX B pe~ cpHBa :HyltlIOHa Ha "l'.8THO-"l'.8THHX 
smpax--Mml!eHSDC H CBJI3aHHliX C B036yx.It8HR8M B 3TlIX peaKIJ;l'IJDC KBa3RCTami:o
Hapma: O,I(HO"IaCTH'IHHX ll0.I(06MO"l'.8K. B § 2.I npOaH~3HpOBaHli M8TO,I(H"l'.8C

KR8 BOllpOCH, CBJI3aHHHe C pac"l'.8TaMR CRJIOBHX pacnpe,I(eRerutii: BHCOKM8llta
lltllX O,I(HOlJ:aCTlilJ'.Hl,IX ll0,I(060RO"l'.8K. Bo-ll8PBHX, llOKa.3aHO, 'ITO B38.RMO,I(8HCT

BH8 qioHOHHHX B036yx.Iterutii: OCTOBa cm6o BJIIDI8T Ha pacnpe.I(8R8HR8 CWI!l 
O,I(HO"IaCTR1IBWC (;Itl:lpO"IHllX) ll0,I(06MO"l'.8K B H8"l'.8THHX smpax C llOJIYMal'H"l'.80-
roIM OCTOBOM. Bo-BTOpHX, BWICH8Ha BaXHa.H pom, KOJIJI8KTRBHHX qiOHOHOB 

npOM81ItYTO'lltllX 3Hepnfi B036y11t,I(emm B qiopr,mpoBaHRR TOHKOfi CTpyK'fYPH 
pacnpe.I(8R8HHfi CWI!l BHCOEM8lltalltllX 0,I(HO"IaCTR'IHilX ll0,I(06MO"l'.8K. 3TO o6-
CTOJIT8JII,CTBO RrHOpnpyeTCJI B ;zu>yrRX T80p0TlI"l'.8CKllX llO,I(XO.I(ax. B § 2.2 
npe.I(CTaBJiemi: pes~Tarn pac"IeTOB cuoBmc pacnpe.I(Mem HefiTpommx R 

npoTommx 0,I(HO"IaCTK'DlHX ll0,I(060RO"l'.8Kf B036~aeM!lX B peaKIJ;l'IJDC cpHBa 
:HyltlIOHa Ha ~ax-Mm118HJDC 90Zr, IIS, 20sn, 144sm, 208Pb, a T8.IO!t8 .:itll
polll!HX Ba:liorpommx R npoTommx ll0,I(060JIO"l'.8K B 89 Zr R 89Y. IlpOB8,I(8HO 
,I(8TaJII,B09 CpaBH8HR9 T80p8Tll"I8CKRX pesym.TaTOB C 8KCll8pRM8HT8.Jll,Hmm 
]t8HHHWI, ROTOPH8 B p.ima My-qa8B 6wm ll~8Hli yxa llOCJI8 ony6rnOBa
mm T80p8Tlfll8CKRX paC"I8'l'OB. Hall6M89 H8,11;8lltHH8 R no;zu>o6ma .I(aBBH8 0'1'-

6 

) 

HOCJ!TCJ! K BElCOXOR8lltalltlIM llpOTOHHHM COCTOJlHWJM B 145Eu H Z09Bi • .If,amme 

,I(JIH 
145:ai Cpa.BHRBaDTCJI C T80p0TR"l'.8CREMR CRJIOBl:lWI ~ Ha pnc. I. 

2 1. 

0 'l c1CE,l ,M,a • 145Eu 

0~2 n/½ • 
2f712 

0,1 

0,3 

0,2 

01 

0,2 

0,1 

I I .-+--J, I I I I i-.. 
2 3 4 5 6 7 8 9 10Ex,M3B 

Pl'Ic.r. Sxcnapma:8H'raJlI,HH9 rROTOrpa.MMR R T80p8TR"l'.8CRK8 CMOB!l8 
qiy~. OJ:I'll'CHB8DJtR9 paonp8,I(8R8HR8 cm Bl:[CORORemutll 
npoToHHiix O,I(Ho-qac'fit1ml:IX no.I(o60Jio"l'.8K B 145Eu. 

B ~JIOM M0,1(8.lID BllOJ!H8 Y)tOM8TBOpRT8m.HO OIDICHBa9T napmrl! R BTOpofi 140-
M8HTH CRJIOB!IX pacnpe.I(9JI8ffl, HC"l'.8pmmamta CRJIH COO'l'Ommlt Ha ny-qammx 
8KCll8pRM8HTaTOpar,m RHT8pBaJIB.X 3H9prllll B036Y1EJtemm, a B p.ima c.ny,maB 
R 'l'OmtyJ) C'l'PYR'fYW pacnpaJtM8Hd. B § 2.3 06cylOtBDTCJ! ,I(Ba BOnpoca 6o
JI88 06111aro .xapaKTapa. Bo-nepma:, Ha OCBOBB.mm COBM8CTHOro amumsa 
np8,I(CTaBJI8HHHX B § 2.2 pas~Ta'l'OB Hsy-qemm Bl:[COROJI8mutll OJtHO'mC'l'll1l
ma COCTOJllnrlt R ony6.mmo:sammx paH88 pes~TaTOB ,T{,Jill rJJy60ROJI8mutll 
;itllpo'lltllX COOTOJmd ll0Ra38HO, "ITO <p9HOll8HOJ!Orll"I8CW ll0'1'8~ 13.ntca
CaKcoHa, ROTOpHI HCllOJ!:&30BaH B8M11 ,T{,Jill Olll!Camm: cpe,I(Haro no.mi:, BII(!JIH8 

Y)tOBJI8TBOp~'f8.lil,HO ll8P9.I(a8T JIOJIOUHH9 0.ltHO'll.S.CTllllBHX ·(]Oipoimex) lI0,1(000-
.lIO"mR BIIJion .I(~ aHepnit Bos6Yz,Jtamm N IO-I5 MaB, TO ecn no.I(o60Jio~ex, 
paOJIOJIOE8HHHX H8 'l'o.:n.RO B 3aIIOJDlmll81CJI rJiaBHOit 060JI01:llt8, HO H B 00-
08,I(HHX O Heit. l7rJi BliOORO.lI8Jtalltll no.11060.lIO'IIBK D;8S:'l'p0l!',10l 3RCll8pH119S:Ta.n
ma: H T80p8'l'H'l80RHX pacnpe.I(8.I8s:d oor.JU;lcyJ)'l'CJI O 'l'O'lllOO'l'l,D -I MaB, 
Ilp.lfli814 pa3.1[H'lll!JI '1'80pmr ll 8RClI9pmEB:'l'a B8 S:OCJ!T OlIC'1'8Ma'l'llimOROrO llipeJt
'l'Elpa. Bo-BTO.PHX, mmcs:e:im IIplflmBB sa&'l'mll'. pa3Jil{m B oua jpamena
D;D IIpO'l'OHBHX ll S:81'1'pOHH.llX lIO,I(060Jr0~8lt O O,ltlll!lm H '1'8111[ 119 lCBall'l'OBHIIII 
1D!CJI.al0! B B:El'IIB'l'IIHX H,1ij)S.X. C 06Jltl![II JI0.1Y]18.l'H119Cltl!ll 'IIB'l'B:0-1DU'HHII 00'1'0:IOII. 
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ITOKa.3aHo, ~TO 'A9JIO He TOJ!filtO B 38M9THOtt pa3ffim9 SHepnm B036Ylt,ll;emm: 
nO'A060JIO~eK, HO, r~llllM o6pa30M, B TOM, ~TO H9~9THH9 IIpOTOH lI H9li
TPOH no-pa3HOMy B3aHMO'A9liCTBY]OT C q>OHOHB.MH nQJIYMaI'~9CKOro OCTOBa. 
IlOSTOMy, HaIIpHMep, llpOTOHim9 0.ltHOTiaCTHi:mH9 nO'A06MO~ B lI30TOIIaX Sb 
~parM9HTHpOB8.HH ropa3'AO CHJ!l:,H99 H9liTpomrn:x: O.ItHOTiaCTH'IJlI!lX nO'A06M0~9K 
B H9~9THHX lISOTOIIaX Sn. PesyJII,TaTll T90peTH~CKOro 8.HaJmSa nO'ATB9~
IDTCJI 3KCn9pHM9HTaJII,llllMH ~ HS TM:E,KO ,wrlI BHCOKOJI9llt8IlllDC COCTOH
mrlt, HO lI ,wrlI COCTOHHHli C H960JII,IlllIMH 3H9pI'HRMR B08~Ylt,ll;9HHH. 

B T09TD9li r~e lICM9'AOBaHH Ma.I'ID!THH9 ~~HHS COCTOmms! ~9TH0-
~9THHX c~plI~CKWC smep. B § 3.I KpaTKO lISJIOllt9Ha lICTOpM noHCKOB lI 
8KcnepHM9HTaJII,HOrO lI T90peTH~CKOrO HS~9HHH MI-p0SOHaHCa. 0CHOBH09 
BID'!M8lra9 Y'A9JI9HO pesyJIDTaTaM 3KCnepHM9HTOB no Heynpyrorq paccemnm 
3JI9KTPOHOB lI npOTOHOB npOM9lltYTO'l'.BHX 8H9prHtt, BHIIMH9HHHX B KOHIIS 70-x 
- Ha~e 80-x rO'AOB, :n HOBeimmM 'AaHHllM, nOJJY~HHHM Ha nyimax nOJIRl)H
SOBaHHHX M9~9HHX ~OTOHOB. B § 3.2 Ha OCHOBaHHR 3KCnepHM9HTMDHHX 'A8.H
HHX 06 lISOCKMHpHOM 1+-COCTOHHRR smpa 208Pb nOKa.SaHo, ~TO lISOCR8Jiffp
H09 CilHHOB09 BSaHMO'A9HCTBH9 B KIM MHOro Ma6ee lI80B9KTOpHoro CTIRHOBO
ro B8aHMO'A9liCTBIDI. 3TO s~~9HH9 nO'ATB9~9TCJI~OM9TBOplIT9Jll,HilM 
onHCaHH9M CBOHCTB lISOCKMHpHOro r+-cocTommsr B 2 Pb. 3'A9CD llt9 HCM9-
'AOBaHa ~paI'MSHTaIIW! MarHHTHl:lX 'A:HnOJII,HJ:lX COCTOmmtt. 3Kcrre~HM9HTMDHH9 
'AaHHH9 0 pacrrp9'A9JI9HIDI MI-c~ HM9IDTC/I ,wrlI smep 206Pb, I 0ce H 90 zr. 
MO'ASJII, Y'AOMSTBop:nTenHo onHciifuieT sm 'A8.HHH9 (p:nc.2). B 90 Zr MI-pe

2,0 

1,0 

2 
IM1111Jlol 

7,0 

206Pb 

7,5 8,0 ExlM,Bl 

soHaHc nepBOHa1:!BJll,HO 6~ 06-
HapyxteH B perumim Heynpyroro 
pacceHHRH IIpOTOHOB c Ep = 201 
MsB Ha MaJIHe yr~, ero sHep
nm BOS6Ylt,ll;9HHH ~ ~ 9 MsB. 
Pac~eTH B p8.MK8.X KIM noKa.sH
BaIDT, ~o H3-Sa napHHX KOppe
mmatt B npOTOHHOtt CHCT9M9 sm
pa 90zr B pacnpe'AeJieHHH MI-Pllc.2. 3KcnepHM8HTMDHM r:ncTorpaMMa 

lI T90peffl~9CKM CMOBM (WHK- c~ B 3TOM .impe 'AMm8H cylll9-
D;IDI, OilHCHBaJOIItl!9 pacnpe'A9JI9HH9 CTBOBaTD BTOpott MaKCHM;yM np:n 
c~ MI-Iiepexo'AOB B oMacm ~ -= IO-II MsB. 3TOT ~T 
Wll'Hl:ITHoro ~OJII,HOro p9SOH8.H- nO'ATB9pi!t,lt9H B 3KCnepHM9HT8.X C 
ca B .impe 206Pb. noJUipHSOBa.ElillMH M9~9HHMH ~0-

. TOHaMH. Ilo~aJI cMa MI-nepexo
'AOB, 06HapyxeHHaH B 90zr, l 4Dce lI 2□6Pb, cormcyeTCH C pacc~TamIOli 
T90p9~9CKH npH SHa~HrulX 8qql9KTHBHHX CilHHOBHX rHpOM!ll'HIITHHX ~TO
pOB ~oHa B .impe g

8
eff = o,s g

8
free (Ta~:a;:l I). CaMHe Ha'A9lltHH9 H 

'A9TaJJliHH8 CB9'A9HHH 06 MI-p930H8.HC9 B cpe.ItHWC lI Trotta~ H;lij)8X 6wm: no-. 
8 

l 

l 
f,) 

lJ 
r, 

l 

Ta6.mrna I. 3KcnefIIMeHTMDHH9 'AaHHHS :n Teopem~cKHe pesyJII,TaTH 
(g

8
8 f = O,B g

8
free) o nomott CMS MI- H M2-nepexo'AOB 

Ha lICM9'AOBaHHHX HHT9pBa.1IaX 3H9prIDI B086Ylt,ll;9HHH 
( I:,. Ex) B pasHHX .impax 

Z:: B(MI)1' ( jl; ) 
~~ 

L. B(M2)1' ( f ~ cp.-iz.) 
1.Ex . Jmpo 

,1~, MsB AEx, MsB 3KCn. T90p. 3KCn. Teop. 

-
90zr 8,I-I0,5 6,7 8,0 8-IO 1620 1500 

I4Dc9 6,7-8,7 7 5+3,0 
• -2,I I0,4 7,5,-IO 600Q!;600 5900 

206pb 6!7-8,I 19,2±2 16,I 

208Pb 7,4-7,8 6,6(7,9) 16,6 6,I-8,4 850Q!;750 9870 

~HH B paccemnm nOJUiplISOBaHHHX M9~9HHX q>OTOHOB. 3KcnepHM9HTH no 
no:ncey MI-peSOHaHCa C nOMOIIU>ID pacceHHHH Ha 60JII,lllH9 yr~ SJI9KTPOHOB C 
SHeprnett 30-80 MsB, BHilO~emme Ha T9X llt9 H,ll;paX-Mmll9RIDC H9CKMDKO 
paHDme,. oKaSaJmCD Hey;n;a~. B § 3.3 npoa~sHpOBaHH np:n~Bli 3TOtt 
Hey;n;a~. IlpOB9'A9HHH9 M9TO'AOM lICKallt9HHHX BOm C BMHOB!lMII ~ 
K~M pac~eTH ce,rem (e ,e' )-pacce.lllmSI noKa.saim, ~TO B YMOBIDDC ynoMH
HYTHX 3KcnepHM9H'l'OB C 60JII,mett B9pOHTHOCTDID B036~TCH COCTOHHHH C 

:r• = 2-, me B~ B ce~e:ime Ma.Oroi:pyeT 1+ -COCTOHHHH lI SaTpy,Il;HSI9T o6-
HapyJlt9HH9 noMe.ItHWC. ~ npm.iepoM .B STOM OTHome:imH sm.mmTCJI 'AaH
HH9 ,wr,I 140ce (p:no.3). C pOCTOM A OTHomeHHe cy"M?,rapHHX B9pOHTHOCTett 
_B036Ylt,ll;9HHH MI- lI M2-COCTOmmil, paonMOllt9HHHX IIpH ~ ~ 8-IO MsB, na
'Aa9T. 3TO 06'!JiCHH9T, n0~8My SKCn8pHM9HTH C 3JI8KTp0HaMH OKaSaJIHCD H8-
~KTIIBHHMH HM9HHO B THllt8~ ~• llCCJI8'AOBaHO TaIO!t8 3JI8KTp0BOS6Y1Jt
'A8HlI8 HsooR8JiffpHHX Y-ypoBHe:ll B 06, 208Pb. Pac~TH Y'AOM8TBOpRT8JII,HO 
OimCHBaDT nOB8'A8HlI8 ~OI»,$KTOpa HSOCKaJillpHoro r+-coCTOHHHJl smpa ·208 

npR nepe'AaHHHX IDJlllYJIDCax i t I ~-1 • Ha B8pOHTHOOTD BOS6Ylt,ll;9HHH 
RSOCKaJI!IpHOI'O Y-ypoBHH B ~6;Pb 3aM8TH09 BJJIDUm8 OKaSHBaJJT 'ABYJ0I>OHOH
HH9 npRMecn. :&ilKlzyl) pOJII, B 06HapY1Jt8HHR R ll~8HIDI MI-p8SOH8.HCa CHrpa
Jm SKcneplIMeHTH C IIpOTOHaMR npOM9xyTO~ SHepr:ntt. PeSYJII,TaTH pac~e
TOB ce~emrlt (p,p )-pacce.lllmSI npR Ep = 201 MsB C B036YJ!t,It8HlI8M MI-peso
HaHOa B RSOTOnax 90:.~Zr o6c~TCJI B § 3.4. Pac~eTH BHnOJIH8HH B HM
IJY'Jll,CHOM npRMRllt8HIDI M9TO'Aa lIOKalltemmx BMH. IlpH yrJiaX paocemnm: , 

0 ~ 40 MI-COOTO.lllmSI BOS6Yllt'Aall'l'CJI ropaS'AO HHT8HOlIBH88 M2-cooTommil. 
TeopeT~8CK08 SHa~HRe BepOHTHOOTH BOS6Ylt,ll;9HHH MI-peSOHaHCa OKaSHBa-
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PHc.3. CyMMapHH8 \POPMpa!tTOp!:l 3JI8RTpo
B036Yl(lt8HWr O,ItHO!pOHOHBHX COC
TOJimri! I'° - (m'fPlDCllylilt'mpml8 
.mnnm) :e: r - (IJYX1tTRPH1!8 .mnnm) 
:e:s RHTBpBalIB. aHeprmI Bos6Y1Qte
mm 7,5 ~Ex~ IO MaB B n°ca 
RaR iWHKll.BH aH0pr:e::e: IIB.JVlmtRX 
8JI8RTp0HOB Eo ,ItJm YI'JIOB pacc0Jr
mm 0 = 930, 165°. CIIJrOmHH8 
.mnnm - cyia.,a MI- :e: M24~
TopoB. 

8TCJr SaM8THO 60JII,ll18 axcne
pm48HTWll>Horo R SaBRCRT OT 
CJI()gHOCTR MO;!t8JI1,HOil BOJIHO

BOtt ~ p0soHaHca. 
B pac'l:8T8X C ;ltByXItBaSR'l:aC

TR'IHOtt KOH~rypa:naett 
( 90 

B Zr - 'l:aCTR'l:HO-,ItHpO'i-

HOil) l 1g~12 1g712 ~~1+ o~o

meHR0 Q - o' axon./ 0 Teop.-
t:: 0, 3, ,ItJm BOJIHOBHX qiyn-
n;ld: nci - Q e:: 0,6, a noc
JI0 Y'l:8Ta. BS8JDIIO,Jt8!CTB:e:Jr C 
.ItBYX\POHOHHI:IMR COCTomm.m.m 
- Q ~ 0, 7. TaKID4 o6pasoM, 
BylrJIOHHH8 KOpp8.ll:JII:tBlI RrpaDT 

BWmyll pOJI:& B Ha6Jnuta8MOM 
no,tta.BJieH:e:R ClIJIH MI-nepe:x:o
.ltOB, a 3Ha'l:8HRJr qmt'?OpOB 
no;itaBJiemm MI-cR.m,CJI8.ltYJ)
DtR8 :e:s :ztaHBHX (e,e' )-pao-
00JI1IWI, paoc0mnm noDp:e:so
BaHHHX M8'18HHX @O'?OHOB R 
(p,p' )-paoc0.BlmJ3:, oorJiacy
mo:rCJr M9lt.ItY 0060!. 

B ,8'l'B8DTOI rme 06-
cyilO'.taDTCJr pesyJI:&Tam :e:sy,m
mm CllRH-:zt:e:llOJI:&BBX R OllRH

,RBa:ztllYIIOJI:&HOrO ( .J,r = I'°) 
peSOHaHCOB. Bonpoo O TOM, 

• RaK paonpe,1te.11eHa cua CnRH
IIYJI:&'fflIIOJI:&ma: n0pe:x:o,1toB B R;It8pHHX onexTpax, cy1118CTBYJ)T Jm 06.Jiac"m 88 
ll0Bm118BHOI ROHJ:t8B'f~, nOCTaBJr8H 8RCn8pmaeHTaTOPaMR, O'l'B8T Ha Hero 
H806xO,Jt:e:M R ~ npMCH8HM H8ROTOpllX T80p0TR'l:8CIWX npo6JreM. B § 4. 1 
RSY'l:9HO paonpe,Jt8Jr8HR8 B8pOJrTHOCT81 n0pexo,1tOB ,ItJm R30CK8JI!IpHHX R :e:so
B8RTOPimX CllRH-:zt:e:llOJI:&HHX ( r[5"~~ 1 n\ , J" = 0,1,2) :e: CllRH-J:tB8JU)Y'
llOJI:&HOro ( t'

2 [6"Y.z-" 1-1H ) onepairopoB, a .ItJD'I cocTOJimrl! c J• = 2-
:e:cCJie.itoBaHo e11te :e: fcnpe.1teJieHRe BepoJrTHocTR B(M2). Pao-qem mmOJIHeHH 
AU, B,ltep 

9oZr :e: 
20 

Pb RaK B nc~. Tait :e: 0 ytl8TOM B38JDIIO,Jt8itcTB:e:Jr 0,ItHO
:e: ~HOHHI:a: 000'1'0.mmil:. B ITC~ ;zt.7m BC8:X: ROOJI8,JtOBaHHHX MY'J.[i'mllOJI:&HOC
Tel R Tl'IIIOB nepexo,JtOB cylll8CTByl)T p830H8HCHH8 0,ItHO@OHOHHli8 COCTMHRJr, 
H8cy111R8 SHa'l:RT8JI:&BYD 'l:aCT:& noJmol cm COOTB8TCtB3Dltll uepe:x:O,JtOB 
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(30-60% ,JµIB llSOB8RTOpHHX COCTO.fIHHil R 25-50% ~ ,JµIB ll30CRa.1DipHHX). KoH
nBHTpaD;Wi CllJlll llSOCita.7IlipmDC n0paXO;ltOB B pasOHaHCIDIX 06JIB.CTIDC mme, 
-creM :e:soBeRTOpIDDC. Bime.lIIDlTCJt ;a;B8 o6JracTR noBmneHHoit ROHIJ;BHTPan,m cwru 
:e:socRaJIJipHHX cn:e:H-:1t1mom,mnc n0paxo;ztoB: E:,x: e1 8-IO MaB :e: E:,x: ~ 14-16 MaB. 
M30CRaJif!pBll9 COCTOmm.ff, npllHa,Il',7I8JKalitlI9 o6JiaCTll, pacnOJIO~SHHOli BHlllB, 
llMSDT CJia60ROJIJI9RTllBHYD CTPYRTYPY• ll30B8RTOpBll9 pe30HaHCHl:l8 COCTOmmll 
llMSDT ROJIJISRTHBHYJ) CTPYRTYPY ll ;ltOBOJI:&HO BHCORllS 3H9pr.rn B036Yllt,ll;emm: 
cn~-:zt:e:nOJibHHS pacnoJio~eH!l np:e: E:,x: ~ 17~20 MaB, cn:e:H-RBa:ztpynom,mru 
( .J = 1+) npll E:,x: t::: 25-30 MaB. Ms-sa B3allMO;zteficTBIDl co CJIO~BHMll KOH
w:rrrypan;l!RMU CllJia p930HaHCBllX nepSXO,ll;OB pacnpe;it8JI.lISTCH no llHTSpBaJIY 
'1Ex nopa;a;Ra H9CROJil,RllX MaB. IloaTOLW B pesyJI:&TllPYICJ!ItlIX pacnpe,:a;eJISHllHX 

CllJJH CllllH-,ll;llnOJII,HWC ll CllllH-RBa:zt.PYJIO.lI:&BllX ( Jli = I'") nepexo;ztOB OTcyT
CTBYJl)T JrpRO Bl:lpallt9HHII8 p830HaHCHH9 o6JiacTll. 1ITO xacaeTCJI pacnpe;iteJie
mm Cll.llll M2-nepexo.1,(0B, TO pac-creTH B nci yxa3HBaIOT Ha CYJl!SCTBOBaHllS 
;a;Byx o6JiacTS:!i ROHIJ;SHTpan,m ~-cwm: E:,x: = 9 MaB ll E:,x:= 17-20 MaB (BTOpoit 
MB.RCllMj'M COBIIa,ItaST CO CllllH-;ltllllOJI:&HHM ll30B9RTOpBllM 2--p930HaHCOM). 
Ms-sa B3allMO;zteitcTBHJr C ;a;ByJ(lpOHOHHl:lMll COCTOmnt!IM!! BTOpoit MaRCIJMYM pas
Ml:lBaSTC!l, B TO BpeMII RaR Ha xapaxTepllCTllRll p930HaHCa npll Ex~ 9 MaB 
3TO ~38.HMO,:a;eitCTBRS BJilIR8T CJia6o. lfMeHHO 3Ta 'l:aCT:& pacnpa;a;enemm M2-
CllJlll 6wm. o6Hapyat9Ha R llCCJIS,ll;OBaHa B 3RCil9pllM9HTax C 3JI8RTp0HaMll. 
M3BJI8'l:9HHrut ll3 ce~emrll: snSRTpOBOS6Yl(lteIDIB CllJia M2~nepeXO;!tOB xopomo 
corJiacyeTCJt c TeopeTll'l:ecxm.m pac'l:9TaMII np:e: gs eff = o,a gs free ( Ta6Jm
!Ji!l. 1). B § 4.2 aRaJIR3llpyl)TCJr pac-crem ce-cremm (e,e1 )-paccemnm c Bos-
6Yllt,ll;8Hll9M CllllH-My-Jll,TmlOJII,BllX COC'1'0smmi, Bl:lnOJIHemme c Y'l:BTOM B3a.IJMO
;lt9HCTBM O,ItHO- ll .:ztBY-XlPOHOHHWC COCTOmmfi:. Ms-sa CllJI:&HOli @parM9HTan;ID! 
H30B9RTOPHHX CllllH-;ltllllOJII,BllX R CllRH-ItBa,ItpyTIOJibHOro pasOHaHCOB B ce-cre
Hllll (e,e')-paccemnm Ha 6om,nme yrJIH np:e: 3H9pI'IDDC an8RTPOHOB HSCROJII,
RO ;lt8CJrTROB MaB 6ylJYT Ha6JrimaT:&CJr TOJII,RO p930HaHCBll9 CTPYRTy'pli, CM
samme C B036Yllt,ll;8Hll9M MI.;. R M2-p830HaHCOB np:e: ~"' 9 MaB. B Tmt8JIHX 
R;ItpaX np:e: Eo > 30 MaB M2-p930HaHC MaCRRJJY8T BOS6Yl(lt9Hll9 MI-pasoHaHca. 
B H,I(paX C A~ 60 yrseTCJI pas,ll;BJill'?:& BR.1LB,IC r+- ll r-cOCTommii. ARB.1lll3 
(e,e')-;a;ammx ,iµm 8N1 noxasM, 'ITO T80pM y,:a;oBJI8TBOpllT8JII,HO OllllCBBa.
ST ll3Mepemme cyNMapBlle @OpMqaltTOpH MI- H M2-B036YlK,ll;8Hllil Ha llHTBJBa
JIB.X 5,5 & E:,x: <' 9,3 MaB :e: 9,3 ~ Ex~ II,2 MaB np:e: g8 eff = O,B gs ree. 

Pemalll!Yl> po.ni. B npaBllJI:&HOM on:e:caH:e:R axcnepm.1:8HTM:&BHX ;zta.mmX :e:rpaeT 
B38.HMO;lt8itcTiine O,ItHO@OHOHHHX coco:rommii O ,:a;Byx@OHOHHHMll, Tait RaI.t pac'l:8-
TH B nci H8 BOcnpoll3BO,Itl!T Ha6JnutaeMoro pacnpe,:a;SJieHRJr MI- R M2-CHJm B 
Cll8KTpe 58:n. Cy'n!8CTBOBaHll8 BilCOKOJI8lll:B.lllll pa30HaHCHHX r -B036YlK,ll;emrlt 
np~HB.Jm8TCJ1 H B CBOitCT138.X HllSKOJieaaDtRX H,ltSpma: COCTOsmmi, TaR Rait OHR 
onpe;iteJIJmT Mal'HRTHYJJ RBaJU)YIIOJI:&B:yll nOMp:e:syeMOCT:& B;Ztpa. STOT Bonpoc 
RCCJI8,JtOBaH B § 4.3. Pac~eTH B8pOHTHOCTStt M2-nepaxo;a;oB M8llt,lty COCTOJr-
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:imm.m II/2r lI 7/21 B H9CKOJII,IWX Z-H9l!9THIJX JI.IU)ax lI3 o6JracTeii A~ 120 
lI A= 140 lI N-H8l!9TIIIDC lI30TOnax OJIOBa nOKa38JilI, 'ITO y-qeT CBSI3lI C p830-
HaHCHHMK M2-COCTommm.m yM9HI,111a8T B9Jm'l'.lIEY B(M2, Il/2! ➔ 7/21) B 

. 2-3 pa3a no cprumemm C O;!UIO'JaCTlil!HHMK O~HKaMK, nplil!9M H806XO,ItliMO 
Y'ffiTHBaTI, BKJI.a,tt IIIllpOKoro cneKTpa 2--qioHOHOB BllJIOTI, ,ll;O 8Heprnii ,., 20 
MaB. Ho yxaarumoe yM9Hidll9HlI8 B(M2) OKa3HBa8TCH B 60JII,1IllIHCTB8 CJlY'Ia8B 
BC9 e~e H8,ll;OCTaTO'lllllM ,It1IlI o6'bl1CH8HlIJI 8KCn8pnM9HTaJII,HllX ,ll;aHHllX. TOJII,
KO B 209Pb T80p0Tlil!SCK08 3Hal!9IDI8 BepO.!ITHOCTlI B(M2, 15121 ➔ rr12:t> 
np:e: Tp~ommx 3Hal!SIDIJDC gs e!f cormcyeTCH C 8°KCn8plIM8HTOM. B TO . 

- + llt9 Bp9M!I Y,ll;a9TCH 06'.E,HCHlITI> xafaKT8pHYJJ 38.BlIClIMOCTI, B(M2, II/21 -+ 7 /21) 
B ~nol!Ke lI30TOnOB OJIOBa I09- 21sn OT MaCCOBoro l!lICJia. :3Ta 3aBlIClI
MOCTI, CBSI38.Ha C lI3M8H8HlI9M l!l!C9JI 3allOJIH8IDIH HeilTpoHHHX O;!UIO'!JaCTlI'!lmX 
no,ll;060JIOl!8K 1h11/2 lI 1g7/2 no Mepe lI3M9H9HM l!HCJia

0

H8iiTI)OHOB. 

B 3SKJml!Smm: cyMMHpOBa.HH OCHOBHH8 p83YJII,TaTH ,Ite:CC9pT~. 
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