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BBEJIEHHUE

B nocnenHue Topl CT HOBUTCS BCe Ooiiee OYEBHAHBIM, YTO MHOTHE COBPEMEH-
HbIE MTPOOIIEMBI SiIepHOH (PU3MKH U (DH3UKH 3IIEMEHT PHBIX U CTHII HEJIb3s PEIINTh
6e3 yr1yOsIeHHOrO MCCIIeOB HUs MOJISIpU3 LIMOHHBIX 3(h(eKToB, KOTOpPOE COmpsi-
’KEHO C ITOMCKOM HOBBIX METOAMYECKMX noaxonos. H mpumep, addekt puistp -
LUU 1O CIUHY, BO3HUK IOLIUI PH B3 UMOAEHCTBUSAX CHIBHOB3 MMOAEHCTBYIOLIIX
4 crul (IIPOTOHOB), NPEMT I €TCd UCIIONb30B Th IJI CO3[ HUS IMOJAPU30B HHBIX
IIy4KOB IIPOTOHOB U HTUIIPOTOHOB B H KOIUTENBHBIX KOJbL X [1] mmd pemienus
npo0JieMbl U3y4EeHHUs p CHpeIeleHHs KB PKOB B HYKJIOH X C LIEJbI0 IPEOJONEHHs
T K H 3bIB €MOT0O CIIMHOBOTO KPHU3UC .

SIBnenue (UIBTP LUK MO CNUHY MOXET UMETh MECTO U BO B3 MMOJEHCTBHAX
Apyrux JApPOHOB, B U CTHOCTH, JIEUTPOHOB. B ciyy e OEMTpOH NPUYMHOI BTOro
aphekT SBISIETCS H JIMYKME y ISHTPOH KB JIPYHOJIBHOIO MOMEHT , T. €. TO 00CTO-
ATeJIbCTBO, YTO JEHTPOH HecthepuueH B KOH(UTYP LIMOHHOM IIPOCTP HCTBE.

Briepsbie, Mox Nyil, H BO3MOXHOCTb IOJy4eHUS BBICTPOEHHBIX IO CIUHY
JEUTPOHOB, P CCESHHBIX H MHUILIEHH, ObUIO 00p LeHo BHUM HUe B p 6ot X [2,3].
3nech B p MK X TEOPMH MHOTOKpP THOTO p ccesHus [71 ybep [4] 6bU10 MOK 3 HO,
4TO B IIPOLECCE YIPYIOro p CCEedHUS MyYK HENOJSPU30B HHBIX NEHTPOHOB H
HETOJISIPU30B HHOM BOJOPOOHOM MHIIEHH P CCEsIHHBbIE AEHTPOHBI HOJIKHBI OBITH
BBICTPOEHBI 10 CIHHY (T. €. B KOHEYHOM COCTOSHUU NMPOEKLU CIIMH , IIONEPEYH 5
K OCH KB HTOB HH4, JOJDKH IpeoOs O Tb). [IelCTBUTENIBbHO, B ®KCIEPUMEHTE MO
ABOWHOMY dp-p CCESHHMIO, BHIIIOJIHEHHOM H IPUHCTOH-TIEHCUWJIbB HCKOM YCKOpH-
Tesie, 00ecreyrB BIIEM BBIBEIEHHBIH ITy4OK IEHTPOHOB ¢ mMIryibcoM 3,6 B/c
v uHTeHcHBHOCTBIO 1012 4 cTui/c, H 60 1 Cb BHICTPOEHHOCTH JEHTPOHOB MO
CIIMHY M UX BEKTOPH ¢ NOJSpPU3 LIMd B MHTEpB Jie nepel 4 4-umnyiasc ot 0,13
0 0,54 (TeB/c)? [5].

3 METH S TeH30pH s H JIM3HUPYIOLI 5 CIIOCOOHOCTh H OJIOX J1 Cb B MHKIIIO-
3MBHOU pe Kuuu Heyrmpyroro p ccestiust neidtpoHoB A(d, d')X B o6a cru BOIM3M
nepen 4 4-umnynbe  |t| = 0,3 (I'sB/c)? B Heylpyrom p ccesHUM TOJAPU30B H-
HBIX JEUTPOHOB C H 4 JIBHBIMHU MMIyJIbc MU 4,5 u 5,5 T'eB/c H aap X BogOpox
u ymepon nox yriom 0° [6].

B.I. b pbuuesckuil ok 3 i [7], 4To0 NpOXOXIEHUE BBICOKO®HEPIUYHBIX YU -
CTHIl CO CIHMHOM > 1 dYepe3 BEelLIeCTBO COINPOBOXJ €TCd HOBBIMH 3(QeKT Mu:



OCHWUISIUSMHA CITUH U CIIMHOBBIM JUXPOU3MOM (B OITHKE TUXPOU3MOM H 3bI-
B €TCS p 3JIMYHOE MOIVIOIIEHHUE BEIIECTBOM CBET B 3 BUCHMOCTH OT €ro MoJsi-
pu3 1uu). DtU 9(hPeKThl MOTYT MPUBOAUTH K MOJSPH3 LUM MYUYK , IPOXOISIIETO
yepe3 MUIleHb. [lepBoe H OiofieHHE BO3HHUKHOBEHHUS TEH30PHOM IOJISIPU3 LIUH
y MIEPBOH Y JIbHO HEIOJIIPU30B HHOTO Iy4YK IOCJIEe ero MPOXOXJIeHHs Yepe3 He-
MOJISIPU30B HHYI0 MUINEHbh OBLIO OCYINECTBICHO Ul JEHTPOHOB C DHEPrHed 10
20 MbaB, nposiet 1ommux 4yepe3 yrieponaHbsie ¢osbru [8].

IMepBbie M3MepeHUs] TEH30PHOW MOJSIPU3 LM MY4YK , BO3HUK IOLIEU MocCie
MPOXOXKICHHS YIIIEPOAHON MUILIEHU, ObUIN BBIIIOTHEHBI B lyOHE C MOMOIIIBIO HEIo-
JIIPU30B HHOTO MyYK JEHTPOHOB ¢ mMIyiabcoM 5 I'B/c, BbIBEIeHHOTO U3 HYKJIO-
TpoH [9]. B H crosIeM cooOIIeHUH OIKCHIB FOTCS PE3YJIbT Thl HEJI BHUX OIBITOB
H HYKJIOTPOHE, BBIINOJIHEHHBIX C LIEJIBI0 IOATBEPXICHUS H OJIIOJ BIIErOCsS p Hee

athexT .

OKCIIEPUMEHT

CxeM o®KCIepuUMeHT MoK 3 H H puc.l. C IOMOIIBI0 M THUTHBIX 3Jie-
MEHTOB BBIBEJIEHHBIN U3 HYKJIOTPOH MY4OK JI€HTPOHOB MHTEHCHBHOCTHIO 5 - 108—
3-10° 4 crun/c6poc H 1p Basica H Muntenn T1 Tonmunoii 54, 83 u 137 r/em?,
MOOYEPENHO YCT H BJIMB BIIMECS BHYTpPU OETOHHOW 3 mUTHl BOMM3M pokyc F3
M THUTOONTHYECKOro K H J . [Tonsipu3 ums npowenmux yepe3 mumenu T1 jeii-
TPOHOB H JIM3UPOB JI Cb C NMOMOILBIO MHIIEHH- H JIu3 Top T2, ycT HOBIEHHOI
BOM3u pokyc F5. M rHHUTHbBIE JIMH3BI U JUIIOJIH CXEM THYECKH 0003H YeHbI K K
L1, L2, L3 u M1, M2, M3. Y cTb M THAUTOONTHUYECKOrO K H 1 OT Mumenu T1
1o ¢okyc F5 m ctp uB 1 ¢cb H ummynsc ~ 5 [9B/c, 4 ctb mo3 qu F5 — H
umnyisc 3,3 [aB/c.

WmMmynbe neidTpOHOB, BBIBEIEHHBIX U3 YCKOPHUTENS, H CTP B JICS T KUM 00p -
30M, 4TOOBI C Y4ETOM MOHU3 IIMOHHBIX IOTeph B MUIeHW T1 H BbIXO#E U3 Hee
on p BHswIcs 5,0 [9B/c. Tlepuopuuecku NpOU3BOAWINCH T KXe U3MepeHus 0e3

CronoBbie
CUCTYUKHI

TpurrepHsie
CUCTUHKU

F6

Puc. 1. CxeM 3KCHepUMeHT



mutieHr T1. MHTEHCHBHOCTb IyYK KOHTPOJIMPOB JI Cb MOHW3 LIMOHHBIMH K Me-
p Mu, nomemeHHpIMI BOI3M pokycos F3, F4 u F5. IHTeHCHBHOCTh BTOPUYHOTO
nyuk Mexiy (okyc mMu F4 u FS cocr Buan 5-10°-3-107 u ctuin 3 ¢6poc MHTeH-
cuBHOCTU. OTHOIIEHNE WHTEHCHBHOCTEH mydk B ¢okyc x F5 u F3 B 3 BucmMoctu
ot tonuuiel AC mumenu T1 nok 3 HO H puc. 2.

Igs/Igs
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Puc. 2. Ornomenud unrencusHocreil B ¢okyc X F5 u F3 nng mumeneit T1 p 3H0il Tos-
HIMHBL, 3 PETHCTPHPOB HHbIE HOHU3 LIMOHHBIMU K MEp MU

Iepen utorbcknM ce HCOM p 60THI HyKJIOTpoH 2008 I. cXeM 3KCIepuMEeHT
ObUT MOIEPHM3UPOB H B CJEAYIOUIMX OTHOMIEHWsX: 1) 3 wmumenbio T1 Obu1
YCT HOBJIEH JONOJIHUTENbH $ NMATHRIEKTPOAH S MOHU3 LIMOHH S K Mep /I KOH-
TPOJISl TIOJIOKEHUS M MHTEHCHBHOCTH NMy4K H BXoge B ayoser jun3 L1; 2) un-
TEHCUBHOCTD 11 J IOLIET0 H MHIIEHb T2 IMydyK MOHUTOPHPOB JI Cb IBYMS Tele-
CKOIl MM CUUHTHULIIMOHHBIX CYETYMKOB, P CIIOJMIOXEHHBIX B 3 AHEH momycgepe
oTHOcHTeNbHO MumeHH T2 mox yrm mu 150° (M1) u 210° (M2).

TeH30pH S NOJIpU3 LMS NYYK JEMTPOHOB, MPOLIEAIMX Yepe3 MulueHb T1
nox yroMm 0°, ompemensul Cb IyTeM BBIACNEHHS pe KWK CTPHUIIHMHT JEUTpO-
HOB H OepwuireBoi Muienu T2 TommuHON § cM, moMenieHHou BOIm3u (hoKyc
F5 [11]. IIpu aTOM HCHONB30B Jicd TOT (P KT, 4YTO pe KIud

d+A—p+X (1)

C HCILYCK HHeM IIPOTOHOB IIOJ] HYJIEBBIM YIJIOM C UMITYJILCOM D), ~ 2/3pg UMeeT u3-
BECTHYI0 TEH30PHYI H JIM3UpyIOLIylo crnocobHocTs Ty = —0,82 £ 0,04,
HE 3 BUCSIIYI0 OT TOMHOIrO HOMep sp -MuiieHu (npu A > 4) U OT UMITYJIbC

I [ IOUMX JeWTpoHOB B 001 cti Mexay 2,5 u 9,0 I'sB/c [12]. Ecnu 0603H 4yuth



aucdepeHy IbHble ceueHusd pe KUuu (1) B cllyd € HemoJsIpU30B HHBIX U ION4-
PHU30B HHBIX y4KOB JEHTPOHOB COOTBETCTBEHHO Yepe3 o U ¢, TO Ml TEH30PHOM
nomnspus n Pzz uMeet mecto cooTHomeHue [9, 10]

Poz =2 (Z-1), @

IpUYeM OCh KB HTOB HHUS COBII J| €T C H IIP BJICHHUEM BBUIET IOLIMX BIEPER MpO-
TOHOB.

BropuuHble 4 cTHIBI, UCITyIIeHHbIE 13 MuIIeHH T2 nox yriom 0°, ¢ OMOIIbI0
OTKJIOHSIIOIIMX M THUTOB M M THUTHBIX JIMH3 H TP BJISUIMCH K okycy F6. Akcen-
T HCBI IO UMITYJIbCY M TIOJIIPHOMY YINIy, ompezeneHHsle MeTogoM Monte-K pro,
coct s Ap/p ~ £2% 1 £8 Mp 1 COOTBETCTBEHHO.

B K yecTBe Tpurrep HCHONB30B JIUCh COBI JEHUSI CHIH JIOB OT CLMHTHILIS-
LIOHHBIX CYETYMKOB, P CIIOJIOXEHHbIX BOIMM3M okyc F6. Bmecre ¢ BropuuHbIMH
NPOTOH MU HIT P TYp PErUCTPUPOB JI AEUTPOHBI, UCHBIT BIIKE HEYIPYroe p C-
cesHHe. 3 PerHCTPUPOB HHbIE Y CTHLBI MASHTH(ULUPOB JHCh B Hpouecce oop -
OOTKM H KOIUICHHBIX J HHBIX H OCHOBE MH(OPM MK 00 MX BpPEMEHH IMPOJeT
H P CCTOSHUM ~ 28 M MeXIy CT PTOBBIM M TPeMsl CTOIOBBIMH CUETYHMK MH. [lo-
CTUTHYTO€ P 3pelleHHe 10 BpeMeHU npojier ~ (0,2 HC MO3BOJISUIO IOJHOCTBIO
P 3HeNTh BTOPUYHbBIE MPOTOHBI U JAedTpoHbl. K uyecTBO p 3jelieHMs] BUAHO U3
puc. 3.

IIpoTons!

JledTpoHbI

Yucno yacTui
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Tlokazanus nmpeoOpazosares Bpemsi—koz, 100 rc/kaHan

Puc. 3. CHCKTp BPEMEHU MPOJIET 14 OAHOIO M3 K H JIOB PErUCTp HUH

K K yXe ynmoMuH JI0Ch, B 3TOM C€ HCE B K YECTBE MOHHTOPHBIX MOK 3 HHH
HCIOJIB30B JI Cb CYMM OTCYETOB, 3 PETMCTPUPOB HHBIX Tejaeckon mMu M1 u M2.
Yucn npoTOHOB, HOPMUPOB HHBIE H IIOK 3 HUS MOHUTOP , 3 PErHMCTPUPOB HHBIE



B ¢okyce F6 B aKcno3unusax ¢ ymiepogHbIMU MHIIEHAMH P 3HOH TOJIIIUHBI, HO-
K 3 HBl H puc.4. 31ech TeMHbIE KPYXKH, 3BE3I0YKH U KPECTUKH COOTBETCTBYIOT
YIJIEpPOIHBIM MUIIEHAM TonummHON 137, 83 u 54 r/cM?,  cBeTible KPyXKH OTHO-
caTcd K u3MepeHusIM O0e3 mumeHd T1. 3H 4YeHHs ®THX OTHOLISHWi, yCpeIHEeHHbIe
10 BCEM 3KCIIO3MLMUAM, IIOK 3 HBI IITPUXOBBIMU JTMHUSAMU. BUaHO, 4TO TOUKH, CO-
OTBETCTBYIOLIME P 3HBIM MHIICHSIM, CIPYIIIMPOB HbI B P 3HBIX 00J CTSX Ip (UK .
P 36poc Touex mpeBbIlI €T CT TUCTUYECKHE OIIUOKH, KOTOPbIe MEHBIIE, YeM P 3-
Mepsl To4eK. OCHOBHBIMH IIPHYMH MH 3TOTO p 30pocC , MO-BUIUMOMY, SBIISIOTCA 1)
HecT OWJIBHOCTH TOKOB B M THUTHBIX ®JIEMEHT X M THHTOONTHYECKOIO K H JI ; 2)
HEp BHOMEpHOE p CIIpefeleHne HHTEHCUBHOCTH BBIBEIEHHOIO IyykK JAEHTPOHOB B
npengena X cOpoc MHTEHCHBHOCTH, YTO YBEJIWYUB €T IOTPEIIHOCTH, CBS3 HHbIE C
p 30pOCOM «MEepTBOIO» BPEMEHH PETHCTPHUPYIOILEH I P TYpBI.
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Puc. 4. OTHOIIEHNS Yucen IPOTOHOB K MOK 3 HusaM Monutop (M 1b-+ M2b) B dokyce F5
utst mutereit T1 p 3HOIT TOMIMHEL: YepHbie KpyxKKH — 137 r/em?, 3Be3noukn — 83 r/em?,
KPECTHKH — 54 1/cM?, cBeTbie Kpykku — 0 r/em?

H puc.5 npuseneHsl 31 4eHHs BBIXOIOB IIPOTOHOB, HOPMUPOB HHbIE H 6I10-
KHPOB HHbIE OTCYEThl MOHUTOP M 2b JU1sl OTAENBHBIX DKCHO3UIUI, BMECTE C OTHO-
IICHUSIMH OJIOKMPOB HHBIX M HEOIOKMPOB HHBIX ITOK 3 HHMH MOHHW3 LMOHHOM K -
Mepbl M5 1S TeX Ke 3KCMO3ULHI, X P KTEPU3YIIINMU JOII0 «XHUBOTO» BPEMEHH
u3Mepenuil. BunHo, 4ro Boigepx Tb Onmuskue 3H wenus M 5b/M5 npu moBTOpHBIX
W3MEPEeHMsIX C MHILIEHSMU P 3HOW TOJIIMHBI HE YO eTcsl U3-3 HecT OWJIBHOCTH
PEeXKHUM BBIBOJ IYYK M3 YCKOpUTENS (0OCOOEHHO IOC/Ie TEXHONOIMYECKUX U B -
PUIHBIX MIPEeKp LIEHUIH YCKOPEHUs).

HzBectHO, uTO AnpdepeHy TpHOE CeYEeHHE UCIYCK HHSl IPOTOHOB IOA M -
JBIMU YIT MH B pe KLMH CTPUIIIMHT JOEeHTPOHOB SBISETCS OBICTPOCH I Iomieii
(pyHKLIMEl 11O Mepe YBeJIMYEHUS YIJI M HUMITYJbC BTOPUYHBIX HPOTOHOB OT 3H -
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Puc. 5. OtHOLIEHNs BbIXOAOB MPOTOHOB N (p) K MOK 3 HUsM MoHuTOp M 2b B dhokyce F5
11 Mumeneid T1 p 3HO# TONMIIMHBI B 3 BUCUMOCTH OT HOMEP 9KCHO3ULUH (TEMHBIE TOYKH).
CBeTJIBIMH TOYK MM MOK 3 Hbl T KX€ OTHOLIEHHs OJOKMPOB HHBIX M HEOIIOKMPOB HHBIX
MOK 3 HUI HOHU3 LIMOHHOH K Mepbl M5

0,55

0,05
-8

Puc. 6. Uue pu nTHOe muccpepentm pHoe cevenne f(p, 0) = (E/p*)d*o/ddp (8 enu-
HuL X MO/cp - I“:aBQ/cS) HCIYCK HUS MPOTOHOB B p€ KLUHU CTPUIIIUHI AECUTPOHOB C UM-
nysscoM 5 I'eB/c B 3 Bucumoctu ot ummynec (B ['9B/c) u yrn Bbuier 6 (B p 1) MPOTOH
B J1 6Op TOpHOIi cucTeme

qeHus p, = pq/2 [13,14]. H puc.6 nok 3 HO WHB pu HTHOE AU(QGhEPEHIH JIb-
Hoe ceuenue npouecc ' H(d, p)X, BBIMUCIEHHOE B P MK X JMH MHKH CBETOBOIO



¢pout [15] ¢ ucnonb30B HUEM BOJHOBOH (PyHKLMU AEUTPOH I I PUXKCKOTO
[IOTEHLHU J1 . P cyersl OK 3bIB 10T, YTO B UHTEPB Jie yrioB 0—-8 Mp I U Ipu yBe-
JIMYEHUH MMITYJIbC TPOTOHOB OT 3,3 TeB/c H 2 % nudpepeniu jbHOE ceueHHe
o 1 er npumepHo H 25 %. Huddepenin sbHoe cedenne pe kuuu A(d, d')X Be-
ner cebst 3H YuTeNbHO GoJiee I BHO, B UHTEPECYONIed H ¢ 0071 cTH BOIM3M 2Dy /3
OHO TOYTH NMOCTOSHHO [16]. Pe3k s 3 BUCUMOCTb OTHOILEHHUS BBIXOA YHCII MPO-
TOHOB K 4Huciy pedtpoHoB N (p)/N(d) npu HeGONMBIIOM H3MEHEHHH HMITYIIbC

4 CTHI BOJIM3H yCT HOBJICHHOTO 3H 4eHus p, = p,; = 0,66pg Obin H OmogeH B
OTZETPHOM METOANYECKOM CE HCE 110 M3MEPEHHI0O UMITYJIbCHOH 3 BHCHMOCTH pe-

KIMU CTPUIIIHHT .

T xuM 00p 30M, B pH LMK OTHOILUEHHUS YHMCII TPOTOHOB K YHCIY JEHTPOHOB
MOTYT YK 3bIB Th H W3MEHEHHMsS TOKOB B M THHUTHBIX ®JIEMEHT X K H JI , IpH-
BOZSIIIME K M3MEHEHHIO UMITYJIbC PETHCTPHPYEMbIX 4 CTHL. OTHOIIEHHE YHCI
HpPOTOHOB K uuciy aeitponoB N (p)/N(d), ycpenHeHHOE 1O K H JI M PETHCTD -
L1H, B 3 BUCUMOCTH OT HOMEP OKCIO3UIMH (T.€. B XPOHOJIOTUYECKOM IOPSAKE)
npusefeHo H puc.7. CIUIOIIHON JIMHUEH NOK 3 H JIMHEWH S MNIPOKCUM LU

N(p)/N(d)
I8 T

16

14

120

10

! !
60 70 80 90 100 110
Howmep sxcriosuiuu

Puc. 7. Ornowenust N (p)/N(d) BbIXOZOB MPOTOHOB U JEHTPOHOB, YCPEAHEHHbIE 110 K H -
JI M PErHcTp LHH, B 3 BUCUMOCTH OT HOMEp OKCIO3HLUH

®TUX J HHBIX B 3 BHCUMOCTH OT HOMep ®Kcnosuuuu. [Tomumo p 36pocoB Touek
B H Y JIe U KOHIIE c€ HC 3 MeTeH T KXe BPEeMEHHOIl TpeHa A HHbIX. Bhin 1 10-
LIM€e U3 IU1 BHOH 3 BUCUMOCTH TOYKHU B p HoHe skcnozuuui 70-80 (Bnocnencrsuu
OTHOCSIIMECS K 3THUM 3KCITO3ULIMSM [l HHbIE OBUTH MCKITIOUEHBI U3 00p OOTKM) CBsI-
3 HbI C OIIMOOYHONM KOMMYT L€l TOKOB B M THHUTHBIX dJIEMEHT X.



C 1pyroii CTOPOHBI, IIOCKOIBKY P 3HOCTb At = tq—t, B IPUOBITUM CUTH JIOB,
BBI3B HHBIX JEUTPOH MM M IIPOTOH MH, OAHO3H YHO CBS3 H C HUMIYJIBCOM 3THX
4 CTHL,

L
At:z(\/u3+1—\/u§+1), (3)

rie L — mmuH  BpeMSIIPONIETHOIO IYTH, [, = My,/P, (i = Mq/p, P — UMIIYIBC,
TO p 30poc B 9TOH BENHYMHE OTP X €T p 30pOC B HUMITYJIbC X PETHCTPUPYEMBIX
9 CTHIL

Ilns cxembl ®KCHOEPUMEHT , pe JIM30B HHOM B H wmieM ciayd e, dp/dt =
—0,172 (TeB/c)/uc. Koppemsiuus Mexay oraoweHueMm N (p)/N(d) u nomydeHHOi
B BKCIIEpPUMEHTE P 3HOCThIO At I OJHOTO M3 K H JIOB PErHCTp LMH IOK 3 H
H puc.8. AH JOTHYHBIC 3 BHCHMOCTH MMEIOT MECTO M TS OCT JIbHBIX K H JIOB.
DTH KOPPEJSILHUH OIHMCHIB I0TCS yP BHEHHMSIMH

1

93 94 95 96 97 98
At, oTH. en.

Puc. 8. Koppemsmst mexny otHowrenneM R = N (p)/N(d) (mis 4-r0 K H T PErucTp LHH)
U P 3HOCTBIO BPEMEH IIPHOBITHSI CHTH JIOB OT IIPOTOHOB M AeHTPOHOB At

H nomMHuMM, 9TO M THHUTOONTHYECKHA K H J1 3 okycoM F5 ObUT H cTpoeH
H uMmnyiasc 3,3 IsB/c. B npennonoxeHuu, 4ro cepeauH p cupeneneHus (4)
COOTBETCTBYET STOMY UMIIYJIbCY, H HIEHHbIE JJI BCEX K H JIOB PETUCTP LUM 3 -
BUCUMOCTH (4) I 10T BO3MOXHOCTb M K KJIOHM ¢-U DKCIO3UIMU BBECTH IOMp -



BouHble Koa(puurentsl C[i] K YUCITy IPOTOHOB, CBSI3 HHBIE C IUT B HHEM TOKOB
B M THUTHBIX 3JIEMEHT X:

Clil = R(3,3)/(A + B - At[i]).

Bo3MOXH # cucTeM THYecK $ OIIMOK H3MepseMOd CHUMMETPHUH, BBI3B HH S IUT -
B HHMEM TOKOB B ®JIEMEHT X K H JI , OLEHUB eTcst p BHOM +20%.

Hep BHOMepHOe p cripenesneHHe MHTEHCHBHOCTH B IIpeiiesl X cOpoc  sIBis-
eTcd elle OfHUM (b KTOPOM, IPUBOASIINM K HEKOPPEKTHOMY (PYHKIIMOHMPOB HUIO
PETUCTPUPYIOIIEH MM P TYpPbI ¥ MOTYYEHHIO UCK KEHHBIX I HHbIX. OLEHNUTH BIU-
SHHUE 3TOr0 (p KTOp IO3BOJISIOT U3MEPEHHS OK 3 HHI CYETYMKOB, BBIOJHEHHBIE
6e3 OsokupoBku (IN) u ¢ 610KkupoBKOH (INp) 7eKTpPOHHOH 1 p Typsl. Ilpu
HEBBICOKMX CKOPOCTSX CYET MMILYJIbCOB OT 4 CTHIL CIIP BEAJIMBO COOTHOILIEHUE

T 1 1
= —= — = — 5
FETTN, N &)
e 1T — mnurenbHOCTh cOpoc , T — p 3peul iomee («MepTBOe») Bpems CH-

CTEMBI.

B xome ce HC perucTpupoB JUCh K K OJOKMPOB HHble, T K U HEOIOKUPO-
B HHBIE [TOK 3 HMS OJHOIO M3 CT PTOBBIX CUUHTWIISILIMOHHBIX CUETYUKOB. AH JIU3
H HIEHHOM U3 3THX IOK 3 HUil 3 BUCUMOCTH OTHOWIeHus 7 = N, /N OT UHTEeH-
cupHocT N B cOpoce (19 p 3HBIX ®KCHO3WIMI) MOK 3 JI, YTO HPH M JIOH HH-
TEHCUBHOCTU BBIYUCIICHH 51 BenuuuH 7/1 COOTBETCTBYET BpPeMEHH OJOKHPOBKU
cucremsl, p BHOMYy ~ 200 MKC, TIpH yBEJIMYEHHM HHTEHCUBHOCTH 3T BEIIH-
YUH BO3p CT €T H MOPSAOK U3-3 MOIYJSLMU UHTEHCHUBHOCTU B P CTSXKE IyuK .
OCHOB HHOE H COOTHOUIeHHU (5) BBIP XeHUe

1 1 1 1

e 6
M1, Ny N+M1 ©)

UCIIONB30B JIOCH JUIS BBIYKMCIIEHUS OJIOKMPOB HHOTO CYET MOHHMTOPHOTIO TEeNIECKOII
M1 n3 ero HeOJOKUPOB HHBIX MOK 3 HUM. DKCMO3MLMH, IS KOTOPBIX 3H YSHHUS
r = Np/N BbIl I M U3 IUT BHBIX [IIPOKCUMHUPYIOIIUX 3 BUcuMmocTed 1(INV),
ObUTH UCKIJTIOYEHBI U3 [ JibHellIeld o6p 6otku. OTMETHM, YTO OTOp KOBK ®KC-
MO3ULMIA 10 9TOMY KPHUTEPHIO B OCHOBHOM KOppenupyeT ¢ OTOp KOBKOW HX IO
kputepuio w1 BHoctH otHOIeHust N (p)/N (d) (cm. puc. 7). DTO CBUAETEIBCTBYET
0 COIT COB HHOCTH O0OOMX KPUTEpUEB OTOOD .

O H IIMYUM 3H YUTENBHOH MONYISIUMU B P CTSKKE IydK MOXKHO CYIUTh
T KX€ IO IPHUBEIEHHOH H pHC.9 3 BUCHUMOCTU OTHOIIEHUS! OJIOKHPOB HHBIX M
HeOJIOKUPOB HHBIX IMOK 3 HUil MoHuTOp M5 B (hokyce F5 or uHTEHCHMBHOCTH
Mydk 49 crtul B p ioHe mumeHd T2. IIyHKTUpOM NOK 3 H 3 BUCHUMOCTb, BbI-
YHCIIEHH 5 C Y4eTOM OJIOKMPOBKM Il P TYpbl H BpeMd CUUTBHIB HHS A HHBIX O
coObiTu ~ 200 MKC B TIPEAIOIOXKEHUH OTCYTCTBHSI MOJY/SIIMM WHTEHCUBHOCTH



MS5b/M5
1,00

oo
B0t -A
095 ™ A, S ..
) R -
@ 4 .l
0,90 F o o T
0o
o 4 A
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o ©
0,80
AC, r/em? o °
075 o 0 o
* 54
0,70f 4 8
m 137
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Puc. 9. 3 BUCUMOCTb OTHOILLEHHS YHCIT OJIOKUPOB HHBIX OTCYETOB MOHUTOP M5 K uuciy
HeOJIOKHPOB HHBIX OT MHTEHCHBHOCTH Iy4K B cOpoce B okyce F5. Ilynkrupom mok 3 H
P CYETH 5 3 BUCUMOCTb B CIIyd € OJIOKMPOBKM Il P TYphl H BpEMs CUMTBIB HUS 1 HHBIX
MPU OTCYTCTBUHU MOMYTSILIMU P CTSIKKH

0,30
0,29} ‘;L
028F % o
027F <:>
0,26
025
024
023

Yucno HpOTOHOB/HOK?BaHI/ISI MOHHUTOpa

022 1 1 1
’ 1 2 3

Homep kanana

Puc. 10. OrHomleHud yucen NPOTOHOB K HMOK 3 HUSAM MOHUTOP , YCPEIHEHHBbIE IO BCEM
SKCTo3uLusiM, utst MutneHeil T1 p 3HOH TONMIMHBL uYepHbie KPYXKH — 137 r/em?, 3ses-
poukn — 83 r/em?, kpectuku — 54 r/em?, ceertnsie Kpyxku — 0 r/cm>

B P CTSKKe MydyK . BumHO, 4TO pe JIbH 4 BEIMYMH «MEPTBOIO» BPEMEHH 3H UH-
TEJIbHO BBILLE.

OTHOLIeHHST YKCEN MPOTOHOB K MOK 3 HusiM Mouutop (M 1b + M2b) mis
P 3HBIX MHUIIEHEH, YCPEAHEHHBIE 110 BCeM BKCIIO3MLMSM, MOK 3 Hbl H puc. 10.
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3H uyeHMd TeH30pHOH nondapus uuu Pzz npouemux yepe3 mumens T1 geii-
TPOHOB OBLTN BHIYKCIIEHBI COITT CHO BBIP XEHUIO (2) OTAETBbHO WIS K KIOTO K H JI
perucTp LM, M 3 TeM OHH OBLIN YCPEOHEeHBI 110 K H JI M; B K YecTBe 0 IPH 9TOM
ObIT MCHONB30B H cyeT Oe3 mumeHd. H iineHHbIe B ONKCBIB €MOM Ce HCE 3H ue-
HUS TEH30PHOH MOJSIpU3 MU B 3 BUCUMOCTH OT TOJIIMHBI MumieHd T1 mox 3 Hbl
YEpHBIMU TOYK MU H pHc. 11. OTMeTuM, 4TO NpUBEJEHHBIE 3H YEHUS H IIeHbI
IyTeM yCpeIHEHHs pe3y/IbT TOB JIBYX He3 BHCHUMBIX IpoLueayp oOp OOTKH A HHBIX.
CBeTIbIMM TOYK MM IIOK 3 HBI pesyibT Thl Ipenbigyniero ce HC [9]. Kopumop
omnbOK, COOTBETCTBYIOIIMN OOEUM CepHSIM HM3MEPEHHH, MOK 3 H INTPHXOBBIMU
JINHUAMU. P cUeThbl BBICTPOEHHOCTH 110 CHUHY IIy4K AECUTPOHOB II0CIE IIPOXOXKIE-
HHS Yepe3 BEIIeCTBO B P MK X MOJEJIM MHOTOKpP THOTO p ccestHus [71 ybep Obuin
crnen Hel B p 6orte [17]. Pe3ynbT Thl p cYETOB VIS YIJIEPOAHON MHUILEHH TIOK 3 HBI
H puc. 11 cruomHoi KpuBou.

PZZ
0,3
0,2
0,1
0
i dur mo 6 Toukam
-0,1F —— pacuer
o Mapr 2007
® uionb 2008
-0,2¢ L L L

0 20 40 60 80 100 120 140
Tommuna, r/cm?

Puc. 11. TensopH g nondpus Lus JEHTPOHOB B 3 BUCHUMOCTH OT TOJIIMHBI yIJIEPOIHOMN
mumienn T1. Cserible TOYKM — pe3ynbT Thl p GOTHI [9], YepHble TOYKH — pe3ylbT ThI
H crosmeid p Gorel. IIITpUXOBBIE JMHMH OIp HUYMB 0T KOpUHop owmu6ok. CIUIOMWH 5
KpUB 1 — PE3yJIbT T BbIYUCICHUS Pzz B p MK X MOJEIM MHOIOKP THOro p ccedHud [17]

3AKJIIOYEHHUE

Brinonnenssie B utone 2008 r. n3MepeHus B OCHOBHOM IOATBEPXA 0T pe3yilb-
T Tl BKCIIEPUMEHT JIBHOTO H OmofeHus (puipTp LUM JEHTPOHOB IO CIHHY NPU
MIPOXOXAEHUU 4K uepe3 cJIoil BeulecTs , nonydyeHHsie B M pre 2007 r. Hecmo-
TP H OIpPE/e/IEHHbIE P 3/IMYUS B U3MEPEHHBIX B 9TUX JBYX OIBIT X 3 BUCUMOCTSIX
TEH30PHOH MOJISIPU3 LUK ACHTPOHOB Pz z OT TOJILIMHKI yriaepogHoro ¢punstp AC,
¢ XT yBenuueHUd BBICTPOSHHOCTH IEHTPOHOB IO chuHy 1o Mepe poct AC moa-
TBepXI ercd. OTMedYeHHbIE P CXOXACHMS! OOBSICHSIIOTCS 3H UMTEIBHON CHCTEM -
THYECKOH MOTPEIIHOCThIO, 00YCIOBIEHHOH HECOBEPLUIEHCTBOM CHCTEMBI KOHTPOJIS

11



M THUTHOH ONTHKHU K H JI MEIJIEHHOTO BBIBOA 4 CTHL U3 yckoputensd. Cort cHO
TpeGOB HHUSAM ONMCHIB €MOTO 9KCIEPUMEHT JOIYyCTUMBIA YPOBEHb OTKJIOHEHHMH
3H YEHUH TOKOB B M T'HUTHBIX 3JIEMEHT X HE JOJKEeH mpesbil Th 1 %. B H cro-
q11ee BpeMsl H HYKJIOTPOHE MPOBOAATCA MEPONPHATHS MO COBEPIICHCTBOB HHIO
CUCTEM ITUT HUS U KOMIBIOTEPU3 LUK KOHTPOJIS.

ITonyyeHH £ 1O ABYM CepUsM U3MEPEHUI 3 BUCUMOCTh TEH30PHOH MOJIpU3 -
UM MYYK JAEHTPOHOB OT TONILIUHBI YIIEPOAHOrO (PUIBTP HMEET BUJ

pzz = (1,226 +0,209)AC (kr/cm?)

W B Opeles X KOPUIOp OIIMOOK COIT CyeTcsl ¢ pe3yiabT T Mu p cuetoB [17] B
unreps ne AC go 0,15 xr/em?.

Asropsl 1pu3H TenbHbl 1pod. B.I. B prleBckomy 3 1one3Hbie o6cyxie-
Hud. P 6ot 4 cruuHo mogmepx H rp HTomM BPOOU-OUAN-2008.
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