P10-2006-8

E. A.T'ymzosckuit, . T.M guroxus, 0. K. ITorpe6eHnkon

CHUCTEMA OITEPATUBHOI'O MOHHUTOPHUHI'A
OU3NYECKUX JAHHBIX B CEPUH BKCIIEPUMEHTOB
NA-48, NA-48/1 1 NA-48/2

H np Bneno B xypH 11 «IluceM B DYAS»



I'ym3osckmit E. A., M guroxwun [. T., ITorpe6bennkos 0. K. P10-2006-8
CucreM onep THBHOIO MOHUTOPHHI (DU3UYECKHX J HHBIX B CEPHU
akcriepuMeHTOB NA-48, NA-48/1 u NA-48/2
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BBEJIEHHUE

Omnep TUBHBIII MOHUTOPUHT (I Jiee — IMPOCTO «MOHUTOPHHI») K 4eCTB (pu-
3M4eCKMX [ HHBIX, TI0JIyd €MbIX H OCHOBE H K IUIMB €MOI B IIpolecce ce HC
DKCIIO3UIUH 3KCIIEPUMEHT JIbHOW YCT HOBKHM MH(OPM IIHH, TO3BOJISET OBICTPO pe-

TUPOB Th H BO3HHK IOIIME MPOOJEMBI U TEM C MbBIM YBEJIUYUB Th CT THCTHKY
COOBITHIA, PUTOAHBIX ISl OKOHY TEIBHOro (PU3MYECKOro H Jju3 . Pemienue T -
KOl 3 1 uu B cepun aKkcrnepuMeHToB NA-48 [1], NA-48/1 [2] u NA-48/2 [3],
BBIIIOJIHEHHBIX B P MK X IpPOIpP MMBI 110 K OHHOH ¢usuke H yckopurene SPS
B LHEPH B 1997-2004 rr., OGbUIO BO3JIOXEHO H TIpyIIy COTpyAHUKOB JI Gop -
Topun (u3uKH 4 cTull OObeIMHEHHOT0 WHCTUTYT SAEpHBIX UcciaenoB Huil. Cu-
CTeM MOHHUTOPUHT (PU3NYECKHMX I HHBIX, H PSAy C OTAEIBHBIMUA AETEKTOpP MU
DKCIEPUMEHT JIbHOM YCT HOBKH, CHCTEMOH cOOp JI HHBIX U CHCTEMOI KOHTPOJIS
U YIp BJIEHUS MEUIEHHBIMU IIpoLiecC MU (T KMMH K K U3MEHEHMs TeMIep Typ, H -
HpSAKEHUH U T 30BBIX MIOTOKOB), SIBJSUT Cb OJHOW M3 C MOCTOSATENIbHBIX MOJCUCTEM
VK 3 HHBIX ®KCIIEPHMEHTOB.

DKcIepuMeHT JIbH 5 ycT HOBK NA-48 mpejct Bisier co00i THUIIMYHBIN (op-
B PA-CIEKTPOMETP, NPEeJH 3H YEHHbIH JUld PEerucTp LMU P CI AOB K OHOB, IPO-
UCXOMSIIMX B B KYYMHOM D cIl JHOM oObeMe. OCHOBHBIMH BJIEMEHT MU YCT -
HOBKH SIBIITIOTCS P CIIOJIOKEHHBIE IMOCIEAOB TEIbHO M THHUTHBIH CHEKTPOMETD,
CHMHTHWUTALNOHBINA TONOCKOI, XHUIKOKPUIITOHOBBIA 3JI€KTPOM THHUTHBIN K JIOpH-
MeTp, JPOHHBIA K JOPUMETP U MIOOHHBII AETEKTOP.

1. IOCTAHOBKA 3AJTAYH

B xome H 60op 9KCIEpHMEHT JIbHBIX J HHBIX TPeOOB JIOCh KOHTPOJUPOB Th
K K C MU X P KTEPUCTUKU 3 IHCHIB €MBbIX COOBITHI (H IpUMEp, I P METpPhI pe-
KOHCTPYUPOB HHOW KMHEM THKM COOBITHII), T K M MX CT OWJIBHOCTh BO BpEMEHH
(IPOLIEHTHOE COOTHOLIEHUE BOCCT HOBJIEHHBIX COOBITUH P 3JIUYHOH TOIOJIOTHH,
cT OWJIPHOCTD BOCCT HOBJIEHHBIX 3(p()eKTHBHBIX M CC, CT OWJIBHOCTb 3 IPY30K Je-
TEKTOPOB U T.1I.). CIOXHOCTb ITP KTHYECKOH pe JIN3 LUK T KOW 3 1 YH 3 KJII0Y -
J Chb

— B p 3HOOOp 3uM 1 6ONBIIOM 0ObeMe KOHTPOIMPYEMBIX 1 HHBIX;

— B HeoOXoAUMOCTH 00p OOTKHM I HHBIX B pEXHME pe JIbHOIO BPEMEHH II -
P JUIETBbHO C H OOpPOM KCIIEPUMEHT JIbHOM MH(MOPM LHH;

— B HEOOXOOMMOCTH M KCHM JIbHOH YCTOHYHMBOCTU p GOTBHI MOHMTODHHI B
pexkuMe pe JIbHOTO BPEMEHH B YCIIOBUSIX DKCIEPHMEHT .



Bxoan g uHGopM 1Md A1 CUCTEMbl MOHUTOPUHI IIOCT BJIAJI Cb CHCTEMOIi
TPUITEpP TPEeThero ypoBHA dKcnepuMeHTOB (L3), KoTop s mpeacT B  cobOOit
Iporp MMHOE CPEeACTBO, NPOU3BoAsIIee 00p OOTKY M MpeIB PHUTEIbHYIO (DHIBTP -
LIMI0 «CBIPBIX» («raw») I HHBIX JUIl HECKOJIBKHX (pu3nuecKux 3 O 9 ¢ Gopmu-
POB HHMEM COOTBETCTBYIOLIUX MOTOKOB J HHBIX, BIOCIEACTBUM 3 IUCHIB €MbIX H
M THHUTHbIE JIeHTBl. 3 cOpoc yckoputens («burst»), MpOMCXOOMBIIME MPHOIIH-
3UTESIBHO YeThlpe P 3 B MMHYTY, cucteM L3 momyd i1 oapuH ¢ itn B dopm Te
CBIPBIX JI HHBIX P 3MepoM okosio 500 MB, comepx mwmii okomo 5 - 10* co6prTuii.
3 Tro/I0BOIi c€ HC DKCHO3UIMU YCT HOBKH 00bIUHO 3 muchiB joch 200-300 Thic.
cOpocoB. O6p OOTK CHIPBIX [ HHBIX OT K XHOro cOpoc MOpydY JI Cb OAHOMY M3
50-70 npoueccoB L3, cuHxpoHHO p 60T BIIMX H KoMmmbloTepHoii (epme LIEPH
obiero H 31 4enus. [lo 3 BepueHun 0O6p GOTKM oYepeaHoro ¢ I ChIPBIX A H-
HBIX K Xmplii mporecc L3 3 nuchB 1 BO BPEMEHHOM JIMICKOBOM IIPOCTP HCTBE MO
ofgHOMY (b Ty W1 K KOOTO BBIXOJHOTO MOTOK , OTKYA ®TH (¢ HJBI CTUpP JIUChH
MoClie COXP HEeHHUd MX KONMWIl H JIeHT X. THNWYHOe BpeMs Xp HEHMS [ HHbBIX H
JUCKOBOM IIPOCTP HCTBE COCT BIIAJIO MOPAAK HECKOJBKUX 4 COB.

MOHHTOPHHTY MOABEPT JICS MOTOK A HHBIX CHELH JBHONH KOMI KTHOW (hOPMBI
(«compact»), IpeH 3H YEHHBIH JUIS PEIeHNs] OCHOBHBIX (PM3MUECKHX 3 A 4 BKC-
nepuMeHT . CHCTEM MOHHUTOPHUHI JOJIXKH Obl1 0Op 60T Th COOTBETCTBYIOIIMIA
¢ #n 3 Bpemd cymecTBOB HUS ero H Jucke. OH He MMel Ip B BHOCHUTH
3 JIEpXKY B Ipouecc cOOp I HHBIX, OH KO MM IIp BO IPOIYCTUTh 4 CTh ¢ H-
sioB. g K xjoro o6p 60T HHOro ¢ i npouecc L3 HONUCHIB J1 CTPOKY B KOHEIT
o0Imero crenu JpHOIO TEKCTOBOTO (p i -XypH /1 (B A JIbHEHIIEM — IIPOCTO
XKypH 1 ), B KOTOPOH COOEpX JICS, B 4 CTHOCTH, IyTh K 3 TIMC HHOMY (p Wiy i H-
HBIX B OOILE# JUIst KOMIIbIOTEpHOM (hepMbl ¢ il10BO# cucteme. O6p OOTK J HHBIX,
MOJIy4EHHBIX 3 CcOpOC YCKOpMTENs, 3 Bepll JI Cb cucTeMoil L3 He B mopsuke ux
MOJIyYeHHs MO BPeMEeHM. 3 JIepXKK MO cOocCT BIATh OT 20 MMH [0 HECKOIbKHX
Y COB, B 3 BHCUMOCTH OT 3 T'PY3KH IIPOLIECCOP , H KOTOPOM P OOT JI KOHKPETHBII
3K3eMILIIp npouecc L3.

B cBoeii OKOHY TeJIbHOU (POpPME CHCTEM MOHUTOPUHI P OOT J1 TOX ynp B-
JIEHWEM omep IMOHHOW cucteMsl Linux H kKommpioTepHOil pepme LIEPH obrero
H 3H 4YEHHMS.

2. PABOTA CUCTEMbBI MOHUTOPHHTA

CucteM MOHUTOPHHI (DU3MYECKHX ]I HHBIX COCTOST W3 H OOp yIIp BIISIO-
IIMX MPOrp MM (CKPUINTOB) H $3bIK X perl u csh, mporp MMbI YTeHHS I H-
HbIX, H ¢ HHOU H 3bIK X C 1 FORTRAN, u cCOOCTBEHHO MOHUTOPHHIOBOM
[IpOrp MMbI, H IUC HHOH H 43blke C++. CxeM B3 UMOJAEUCTBUS KOMIIOHEHT
CHUCTeMBI, KOTOp 4 OymeT MOSCHeH HuXe, mpuBogutcs H puc. . OTmensHO 3 -
MYCK JIUCh H OJTI0] IOIIKE MPOIECChI, IEMOHCTPUPYIOIIHE PE3yJIbT Thl P OOTHI MO-



HUTOPUHT H JIBYX TEPMHH JI X B KOMH Te€ JIEXYPHOIO IEPCOH J 3KCHEPUMEHT ,
T KXe obeclieyuB IoLye, B CIy4 € HeOOXOOUMOCTH, UX TP HCJISALHIO BO BHEI-
Hioto cetb. Cucrem p 6ot 1 H 10-20 KOMIBIOTED X OJHOBPEMEHHO.

burstfinder.pl L3.logfile

goldemp24_2004_08_14_12_43_11.cmp
goldemp24_2004_08_14_12_43_26.cmp
goldemp24_2004_08_14_12_43_42.cmp
goldemp24_2004_08_14_12_43_57.cmp

monitor_manager.pl

| compact_client.pl | |c0mpaclfcliem.pl| |compactﬁcliem.pl | |c0mpactfclient.pl | |compactﬁcliem.pl |

run16201 run16202 run16203
goldemp24_2004_08_14_12_3.hbook goldemp24_2004_08_14_13_0.hbook goldemp24_2004_08_14_15_4.hbook
goldemp24_2004_08_14_12_4.hbook goldemp24_2004_08_14_13_2.hbook goldemp24_2004_08_14_15_5.hbook
goldemp24_2004_08_14_12_5.hbook | | goldemp24_2004_08_14_13_3.hbook goldemp24_2004_08_14_15_6.hbook

Puc. 1. Cxem B3 MMOjENCTBUSI KOMIIOHEHT CHUCTEMbI MOHUTOPUHT

2.1. ABTOM TH4YecK f CHCTeM HOJAEPKKH LeJOCTHOCTH. 3 IyCK CHCTEMBI
OCYIIECTBISICA «IEMOH Mm» acrontab, xotopsie ¢ peryaapHoctsio B 10 MuH
3 MYCK JIW H K X0 U3 M IIUH MO MPOLECCY OAHOIO U TOrO XK€ CT PTYIOLIEro
CKpHIIT . 3 IYIIEHHBIH MPOLECC YCT H BJIMB JI HEOOXOAUMBIE IEPEMEHHbIE OKpY-
KeHHUS U 3 MYCK JI CKPUIIT-«pe HUM Top». IlOCIenHuii ON03H B J1 KOMITBIOTED, H
KOTOPOM OK 3 JICS 3 IIyIIeH, U HPOBEPsUl CIIEUM JIbHBIA OOIIuUiA ¢ i — CIUCOK
MIPOLIECCOB, B KOTOPOM COAEPXK J1 Cb MH(OPM IMS O TOM, H K KOM M3 KOMIbBIO-
TEpOB K KHE IPOLECCH U B K KOM KOJIMYECTBE JIOJLKHBI p 60T Th, T KXe K KOe
BpeMs OTCYTCTBUS OTKJIMK OT K 3KJOTO IPOLECC MAOIKHO CUUT ThCS JOK 3 Tejb-
CTBOM €ro 3 BHC HMS WM «rubenn». [Ipumep cniuck mporeccos, p 60T KOTOPBIX
Oyzer ormmc H HIXe, COOTBETCTBYIOLIMIA Niepuony KoHI ce He 2004 r., mpuBe-
IeH B T Orure.

IMomy4ns cnmcok NMpoIEcCOB, MPELYCMOTPEHHBIX /ISl «CBOETO» KOMIIBIOTED ,
«pe HHUM TOp» IPOBEPsUI, BCE JIM OHU P OOT 10T B JEHCTBUTENIBHOCTH, U 3 ITyCK JI
HegocT foume. T KuM oOp 30M, BCSI CUCTEM MOHUTOPUHI 3 IYCK JI Cb BTOM -
THUYECKU 4epe3 HEeKOTOpoe BpeMsd I0cje MOJIHOIO 3 BepIleHHd BceX MPOLECCOB
WU TIepe3 TPY3KHU Onep IMOHHON CHCTEMBI.

P Gor cucTeMbl H pym J1 Cb K K M3-3 OTCYTCTBHS HEKOTOPBIX MPOLIECCOB,
T K U IPU 3 IyCKe UX JIUIIHUX 3K3eMIULIPOB. ONbIT HECKOJBKUX JIET 3KCIUTY T -



Hpnmep CIIMCK IMPOLECCOB, MOAAECPXKUB €MbIX cHCTeMOH MOHHUTOPHHI H P 3JIHYHBIX

KOMIIBIOTEP X ¢hepMBI 00IIEr0 H 3H YeHUs

Kowmmnsiorep Hms nporp MMmel Kon-so |Bpewms 3 nepxku, ¢
HPOLIECCOB
1xplus001 burstfinder.pl 1 120
1xplus001 {monitor_manager.pl 1 120
1xplus001 filemon 1 300
1xplus003| compact_client.pl 2 1800
1xplus004| compact_client.pl 2 1800
1xplus005| compact_client.pl 2 1800
1xplus006 | compact_client.pl 2 1800
1xplus008| compact_client.pl 2 1800
1xplus01ll| compact_client.pl 2 1800
1xplus015| compact_client.pl 2 1800
1xplus026| compact_client.pl 2 1800
1xplus042| compact_client.pl 2 1800
1xplus043| compact_client.pl 2 1800
1xplus044| compact_client.pl 2 1800
1xplus055| compact_client.pl 2 1800

LM TIPUBET K CO3[ HUIO ONMC HHOTO HMXE MEX HU3M KOHTPOJS U MOMIEPXKH
LETIOCTHOCTH CUCTeMBbl MOHMTOPHHT . Ilpu 3 mycke K Xaplii mporecc 3 IHHCHI-
B Jl B CIIELH JIbBHYI0O KOHTPOJIbHYIO AUPEKTOPUI0 METKY CT pT — MycTOH ¢ in
C MMEHeM, cofepX IuM cioBo «Started», cucreMHOe MM CBOETO0 KOMIBIO-
Tep W CUCTeMHBbII uaeHTH(uK Top mpomecc . Kpome Toro, mpu 3 BepLIeHHH
K KOO0 IMKJ CBOEH p OOTHI K XKABIH MPOILECC Mepe3 IMHUCHIB J1 T M XK€ METKY
p 60Tbl — (p i, H JIOTMYHBIA METKE CT PT , HO CO CJI0BOM «alive» Bmecrto
cioB «started» B umenn. H nmume moGoil M3 3TUX METOK CYMT JIOCh IpH-
3H KOM p 00ThI mporiecc . «Pe HUM TOp» MPOBepsUT Il K XJIOTO W3 IMPOIIECCOB
BpeMsl MOCIeAHel epe3 MUCH METKH p OOTBI U, €CJIM OHO OBUTO CIIMILKOM [l BHUM,
MOZ B JI HpoLeccy MPUK 3 3 BEpUIEHHS P OOTHI MyTeM YHMYTOXEHHS €ro METKH
cr pr . K Xnupiii nporecc, eciau oH Bce-T KM p 00T J1 U MPOCTO 3 JepX Jicd H

4eM-TO HEOOBIYHO JI0JIr0, B CBOEM IJI BHOM LIMKJIE IPOBEPSUT H JINUUE CBOEH METKH
CT PT W, ecu ee He ObUIO, 3 Bepwl J p OOTY, YHMYTOX s M CBOIO METKY p OOTHI.
P Gor mpouecc 3 BepuI JI Cb TeM Xe IyTeM, €CJIM OH He ObLI MPeayCMOTpPEeH IS
I HHOTO KOMIIBIOTED B OOIIEM CIHCKE MPOLECCOB.

T Ko¥i MEX HM3M MO3BOJIS IPOU3BOAUTE M3MEHEHHUS YUCI P OOT IOLIMX MPO-
LIECCOB U MUID LIMIO MPOLIECCOB H JIPYrUe KOMIbIOTEPHI 63 OCT HOBKH CHCTEMBI,
MoIU(HIMPYS CIIMCOK MPOLECCOB. 3 MYCK HOBBIX MPOLIECCOB BMECTO OCT HOBJICH-
HBIX MPOUCXOOWI NPHU IMOCIEAYIOMUX LUK X p OOTHl «pe HUM TOP », UHULIIHU-
poB HHbIX acrontab, u TONBKO IPH OTCYTCTBUM BBIIIEOIHC HHBIX IPH3H KOB



p OOTHI OCT HOBJIEHHBIX MPOLIECCOB, YTO [ B JIO BPeMs Il MX HOPM JIBHOTO 3 -
BEPILCHHUSI.

2.2. Ynp sasomme cKkpuntbl. OGH pyXeHHe HOBBIX BXOIHBIX ¢ IJIOB st
MOHHTOPHMHT OBLTO 3 J 4Yell CKpHUNT -«IocT BIWK » burstfinder.pl. Ou
3 HHUM JICSl PeryJsipHON NpoBepKoi oOHOBJIEHMH B XypH Jie L3, B KoTopoM Xp -
HUJI cb MHGOPM 1usl 060 Bcex oOp OOT HHBIX CHIPBIX 1 HHBIX. B p HHUX Bep-
CHSX CHCTEMbI IIPOBEPK OCYILIECTBISUI Ch IPOCTHIM YTEHHEM JOIMCHIB E€MBIX K
KoHIy ¢ i1 cTpok. OmH KO mo3xe moTpeboB JI0Ch, YTOOBI MOHUTOPUHT C MO-
CTOSITENIPHO pe TMPOB 11 H 3 MEHY XYypH JI , KOTOp $, JUIl OIp HUYEHHSI P 3Mep
KYpH JI , NEPUOINYECKH OCYIIECTBIISUI Cb IIEPCOH JIOM, COINPOBOXJ IOLIUM CH-
cremy L3. [Ijist 3TOro «I1oct BIIMK» B CIIy4 € JeCITUMUHYTHOT'O OTCYTCTBHUSI HOBBIX
BoIp 60T HHBIX L3-(p iJIOB 3 HOBO OTKPBIB JI XYPH JI U IPOBEPSIT MO CONEPXKH-
MOMY IepBOil CTPOKH, He ObLI JIM XKypH J 3 MeHeH. boiee TOro, «mocT BIIMK»

BTOM THYECKH pE€ TMpPOB JI H HM3MeHeHMs (JOpM T 3 MUCH XKypH J1 (TIpH KOTO-
PBIX HEOOXOMUM g MH(OPM LU NepeMell JI Cb B Apyrue noiisi), T KXeH CMeHy
HEKOTOPbIX MEPEMEHHBIX OKPYXEeHHUS. B T KHMX MCKIIIOUHTENBHBIX CITyd SIX MPOBO-
AW Cb BTOM THYECK S [ NT LMl CUCTEMbl MOHHTOPHHT , O KOTOPOW 9KCIIEPTHI
YBEIOMITSUTUCH TI0 BJIEKTPOHHOMN ITOUTE.

B x %10ii 0OH pyXEHHOW HOBOUW CTPOKE XYpH J1 L3 «IOCT BIIMK» OTBICKH-
B JI MyTh K ¢ #iIy, B UMEHH KOTOPOTO COIEPX JIOCh UM MOTOK , MOIEXK ILEro
MoHHTOpHHTY. Tlociie aTOro B crieny JIbHYIO JUPEKTOPUI0 METOK HeoOp 60T HHBIX
¢ ioB 106 BisUICH ¢ WI-METK C T KMM Xe UMEHeM, K K U y ¢ i1 1 HHBIX
(cocTosMM M3 UMEHU MOTOK W BPEMEHU 3 IHCH cOpOC YCKOPHUTENs CHCTEMOM
cbop A HHBIX). ITOT ¢ HI-METK COmepX JI MONHBIA MyTh K ¢ Iy A HHBIX
cObpoc B (p IIOBOIL cucTeMe.

«[loct BIIUK» COXp HAJI TEKyllee COCTOSHHE (IIPeXe BCEro, CUETUMK yxe
00p 60T HHBIX CTPOK XypH J L3) B ciayXeOHBIX () I X. DTO MO3BOIIO eMy
BOCCT HOBHUTH CBOE COCTOSIHUE W IPOINOJIKHTH P OOTY IIOCI€ BTOM THYECKOIO
nepe3 MycK B CIIyd € ero ruOes.

Metku HeoOp GOT HHBIX COPOCOB, CO3I B €Mble «IIOCT BIIMKOM», HCIIOJIb30-
B JI CKpMIT ymp BiieHus oOp GoTkoil monitor manager.pl, KoTopslii p c-
npenessil ¢ bl 1 00p G0TKM MeXjy CHHXPOHHO p OOT IOIIMMU H P 37IHY-
HbIX KoMIbioTep X 10-30 aK3eMIuIsip MM CKpUNT -«00p OOTYMK » MOA H 3B HUEM
compact client.pl. Yucno p 60T WOIMHUX SK3eMIUIIPOB «0Op OOTYHK »
nog0up J1ock T KMM 0Op 30M, YTOOBI MOHMTOPUHI He OTCT B J1 oT L3, u morio
MeHAThCA 0e3 ocT HOBKH p OOTHI cucTeMbl. UTOOBI MHHUMH3HPOB Th 3 IEPXKKY
uHGOPM LUK U1 JeXYPHOM CMEHBI, p crpeeneHre HeoOp GOT HHBIX cOPOCOB
BCErJl H YHUH JIOCH C TeX 1 HHBIX, KOTOpPbIE ObUIH MOITYYEHbI C MBIMHU ITOCIIEAHUMH.
It nouck  cBoOOIHOrO «0Op GOTYMK » CKPUNT YIP BIEHHS MPOBEPST METKHU P -
6OTBHI TPOIIECCOB BTOTO THIT , T KXe CrenupuIecKne i HuX (p Wbl — MEeTKH
3 IPy3KH, KOTOpbIE UMEJIH B UMeHHU clI0BO «data» U CUCTEMHBIH HISHTU(UK TOP
npoLecc | COojepX JIM MyTh K oOp © ThIB emMomy ¢ inmy. Ecnmu Metk p 60THI



NpoLIeCC CYLIECTBOB J1 , METKH 3 IPY3KH He ObLIO, YIp BIISIOLIMN CKPHIT CO-
30 B J1 METKY 3 IPY3KH I dTOro o0p OOTYMK , Meped B 4 eMy T KHUM 00p 30M
KOHKPETHbIH ¢ W g HHbIX. MeTK 3 IPy3KH CO3Z B JI Cb ITyTEM IEPEHMEHO-
B HUS METKM HeoOp 0GOT HHOTO ¢ 1 U T KuM 0Op 30M ( W HCKIIIOY JICS U3
yucit HeoOp 60T HHbIX. [lo oKOHY HUM 00p GOTKHM cOpOC 3T METK 3 IpPy3KH
YHHYTOX JI Chb yX€ C MUM IPOLECCOM-«00p OOTYMKOM» M MPOLIECC CHOB CT HO-
BUWJICS IOCTYITHBIM JUISl YIIP BIISIOLIErO CKPHNT .

K xmplii mpouecc-«o6p G0TYMK» HPH 3 MyCKe CO3I B JI BpEMEHHYIO p 604yi0
AUPEKTOPHUIO H JIOK JIbHOM AMCKE CBOeH M WinHBI (B gupekTopmu \tmp), Kyx ,
U1 MUHUMU3 1AM 3 TPY3KH CETH, 3 NHUCHIB JI Cb KOIMS UCIIOJIHIEMOTo ¢ Wi 4u-
T I0IIeil nporp MMbl compact, T KxXe Bce BpeMeHHbIe (b HIIbl, BO3HHUK IOIIUE
B 1pouecce oOp OOTKH I HHBIX. DT BpEeMEHH 51 JUPEKTOPUSl YHUUTOX JI Cb IPH
3 BepLIeHHH p OOTHI IIpoLecC MyTeM YHHYTOXEHHUI ero MeTku cr pr . Ecmu ne-
pell ouepelHbIM 3 MycKoM oOp O ThHIB OIIEH Mporp MMbI OOH PYXHUB JIOCh, 4TO
BPEeMEHH 51 p 00Y §1 AMPEKTOpHs YHHUYTOXEH (4ero Hemb3sl UCKIIIOYUTh HPH HC-
HOJIb30B HEM (p iUI0BO# cucTemsl \tmMpP), OH CO3/ B JI Cb 3 HOBO. B cBOEM I B-
HOM IHMKJIe «0Op OOTYMK» NPOBEPsT H JIMYME NPUTOTOBJIEHHOW JUIl HEr0 METKH
3 TPY3KHM M 3 IYCK JI IPOrp MMy UTeHUS I HHBIX H 00p GOTKy ¢ i , YK 3 H-
HOI'O B 3TOH METKE.

2.3. IIporp MM 4uTeHHMs A HHbIX. [Iporp MM YTEHHS I HHBIX COCTOSI
W3 YIp BIISIOLIErO MOJY/S, KOTOPBIA OCYLIECTBIISUI P CH KOBKY MHIMBHUIY JIbHOTO
COOBITHS, TTOCIIE Yero BbI3bIB JI CityxkeOHble Momynu. CiryxeOHble MOIYIH, colep-
XK LIMe JITOPUTMBI KOHTPOJIS MIT P TYpsl U H JIM3 [ HHBIX, p 3p O ThIB JIMCh
OTHEJIbHO ISl K kI0ro u3 akcrepuMeHToB NA-48, NA-48/1 u NA-48/2 ¢ npusne-
YEHHEM 3KCIIEPTOB IO IETEKTOP M, T KXKe CIEeNH JIMCTOB [0 H JIM3Yy BCEX CTOs-
LIMX B 9KCHEepUMeHTe pu3ndeckux 3 J 4. K XIplii MOIB30B Teb MOT BKIIIOYHTH B
NIPOrp MMy CBO#l CiTyXXeOHbIi MOysib. [IOMUMO YK 3 HHBIX MOJYIIEH, CYILIECTBOB JI
CHeuy JIbHBIA CIy>KeOHBIH MOJy/Ib, (DYHKIMSIMU KOTOPOro ObUI MOACYET KOJInye-
CTB TIPOYHUT HHBIX COpPOCOB, 06p GOT HHOM CT TUCTHKH U COOBITHH, MPOLIEAIINX
orpeneneHHsle H 6Opbl KpUTEPHUEB O0TOOD .

PesynbT T Mu 00p GOTKM K Xmoro cOpoc sBIJICAd H GOp THCTOTP MM, 3 IH-
ceIB eMblil B ¢ i1 popm T HBOOK [4], uMg KOTOpPOro coiepx JI0 BpeMs 3 MHUCH
cOpoc . Drot ¢ i nepemeln Jics U3 JIOK JIbHOW AUPEKTOPUU KOMITBIOTEP B IOA-
AUPEKTOPHIO CUCTEMbI MOHUTOPHHT , IIPEIH 3H YEHHYIO JUISl BXOAHBIX JI HHBIX MO-
HUTOPHHIOBOW Tporp MMbl. Eciy 1o OKOHY HuM p OOTHI YMT IOMIEH MPOTP MMBI
pe3ynbT T 00p 60TKM He ObLI0, Hpolecc-«00p OOTYUK» COXp HSUT ¢ I-KypH JI
p OOTHI IPOrP MMBI UTEHUS B OTHEIBHON JUPEKTOPHH JUISI «HEY YHBIX» COPOCOB.
B nro6oM cityd e, mo OKoHY HUM 00p 60TKH cOpoc «0Op OGOTYMK» YHHUUTOXK JI
METKY CBO€H 3 IPYy3KH.

Moy MOHMTOPHHT , OTBEY BIIME 3 OCHOBHYI0 (DH3MYECKYIO 3 [ 4y 3KC-
nepumeHT B ce HC X 1998-2001, T kxe 2003-2004 rr., 6bitn p 3p 6GOT HBI
cotpynnuk mu JI®Y OUSHN.



2.4. MOHUTOPHHIOB A MPOrp MM . 3 1 4d OObeIUHEHUS UH(OPM LHUH C OT-
HENBHBIX COPOCOB, MOCTPOEHMS! BPEMEHHBIX 3 BUCUMOCTEH, Xp HEHHs M Ipel-
CT BJICHMS WTOTOBBIX 1 HHBIX IO MEPHOI M p OOTHI SKCHEPHMEHT BBIIOJIHAT
nporp MM -mMoHuTop filemon, Kotop s COXp HET H aucKe WH(POPM MU0 O
K XJIOM CYLIECTBEHHOM I I'e CBOEil p OOTBHI U IOITOMY IOCIE JIOOOro Iepe3 -
ImycK Bcerg ObUl CIIOCOOH BOCCT HOBHUTb CBOE IOCIIENHee p Oouee COCTOSHUE.

B 1 BHOM 1uKIie p GOTHI T IMPOrP MM IPOBEPSUT COAEPKUMOE AUPEKTO-
pun, IpegH 3H YeHHOH Ul HOBBIX () IJIOB I'MCTOTP MM, Ky OHH IOMEII JINCh
npotece Mu-«o0p 60tuuk mMu». Wwms ¢ i1 ructorp MM COfiepX JIO Bpems 3 -
nUcH cOpOC KCIEPUMEHT JIBHOM YCT HOBKOH, M 9TOrO ObLIO OBl JOCT TOYHO IS
MOCTPOEHHSI BPEMEHHBIX 3 BUCHMOCTEH JII0OBIX MHTEpeCyIoUMX BenuurH. OfH KO
Gosiee yI1oOHBIM OBUIO COYTEHO NPUMEHEHHE JBYXYPOBHEBO BPEMEHHOH IIK JIbI.
DKCHEpUMEHT JIBHBII Ce HC JeNWICS H MEePHOIbl C OTHOCHUTEIPHO OJHOPOAHBIMHU
YCIIOBUSIMH, T K H 3bIB €Mble MPOroHsl («run»). HWHgopm nus 06006ur i1 cb OT-
AENbHO AT K XKAOTO MPOTOH , BHYTPHU Hero — 1o 10-MUHYTHBIM HHTEPB J1 M
BPEMEHHU.

MoOHHTOp H YHMH JI OYEpeiHON LUKJI CBOed p OOThI C TOro, YTo BBIOWD I
10-MHUHYTHBIII UHTEPB JI, COOEpX Wi H MOONbIIee YUCTI0 HeoOp GOT HHBIX MM
¢ imos ructorp MM, MuOO MPOCTO ¢ MBI HEJ BHUN WMHTEPB JI, B KOTOPOM €CTh
HOBBbIE ¢ 7Bl (B 3 BUCHMMOCTH OT KOH(UIYp LIMH, BEIOp HHOMW IPU KOMIWIISLAN).
Bce opHOCOpOCOBBIE ¢ HIIBI TUCTOTP MM M3 ®TOTO MHTEPB JI YUT JIUCh U YHHUTO-
X JIMCh, M BCE UX TMCTOIP MMBbI 10O BIISUIUCH K COOTBETCTBYIOILMM TMCTOIP MM M
oObenrHeHHBIX 10-MUHYTHBIX ¢ #IOB, H K IUITMB €MbIX JUIS K KJIOr0 MHTEPB J .
DT o0beAUHEHHBIE () MBI CO3 B JIMCh B OUPEKTOPHUSX, COOTBETCTBYIOIIUX K -
kgoMy mporony ce Hc . Ilocie ®TOro Ui MporoH , 0 KOTOPOM HOCTYIMI HOB 5
nHGOpM 1usd, H ocHoBe 10-MUHYTHBIX ¢ HIOB rUCTOrp MM OOHOBJISIIMCH BCE BpE-
MEHHFIE 3 BUCHMOCTH, Xp HMBILIHUECS B BHJIE CIIELW JIbHBIX THCTOIP MM B K XJIOH
AUpPeKTOpHH TPOroH . T KxXe OOHOBISUTUCH CyMM pHbIE (b MIIBI THCTOTP MM JUIs
K xpmoro nporod . T xum oOp 30M, p 60T MOHUTOpP COBEpIIEHHO He 3 BHCEIN
OT MOPSIAK TOCTYIUIEHHs ¢ OB IHCTOTP MM.

JIeMOHCTp LSl pe3yabT TOB MOHHTOPHHI B KOMH Te J€XYPHOIO NEPCOH JI
9KCIEPUMEHT OCYIIECTBIIUT Cb JUIA MOCJIEJHEro MPOroH , 0 KOTOPOM IOCTYIHI
ungopm nust or L3. C nomorsio p 3p 60T HHoro Bo FNAL m ker Bu3y -
3 mun 1 HEBIX HISTOSCOPE [5] neMOHCTpHPOB JIMCh PEryinspHO OOHOBIISEMbIe
CYMM pHBIE TUCTOTP MMBI IPOTOH B MpoLecce H KOIUIEHUS B HUX CT THCTHKH,
T KXe I'P (PUKM BPEMEHHBIX 3 BHCHUMOCTEH T KHMX BEJIMYUH, K K d((eKTHBHOCTH
TPUITEPOB, PEKOHCTPYUPOB HHBIE WMITYJIbCHI M TOJIOXEHHS ITy4KOB, H OHp eM s
CT THCTMK N0 H ubosee MHTepecHbIM (pu3ndeckuM rnpouecc M. [ocie 3 myck
OUEPESHOTO MPOrOH  JEKYpPH § CMEH CYMT JI , 4YTO BCE B MOPSIKE, TOJbKO KOIJ
yepe3 10-20 mMuH H O/I07 T HECKOJIBKO JECSTKOB P CIPEAEIECHHN MO PEKOHCTPY-
MPOB HHBIM 3HEPIUSIM, KOOPAMH T M U M CC M 4 CTHL, T KX€ p CHpeIeleHHs
KOOpIOMH T TOYEK Cp O ThIB HUSl B OCHOBHBIX JIETEKTOP X UIS J| HHOTO ITPOTOH .
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Puc. 2. TIpumeps! rucrorp MM, (OpMHUPYEMbIX CUCTEMOH MOHMTOPHMHI : ) 3 IpPy3K Of-
HOW W3 ApeiioBbIX K Mep; 6) cyeT4uk cp O ThIB HUH K H JIOB TOHOCKOII ; 6) CUETYUK
cp O THIB HUii K H JIOB MIOOHHOTO JETEKTOpP ; 2) P CHpEHeeHHe 3 MUC HHBIX COOBITHI 1O
BpPEMEeHU BHYTPH cOpoc ; 0) p clpeleneHHe 2-KOOPIWH T PEKOHCTPYHPOB HHBIX BEpIIUH;
€) BOCCT HOBIIGHH 1 M CC 3 PSKEHHOIrO K OH ; ) p crpejeieHne cobbiruii K. Si,r 1o KH-
HEM THYECKHM IIEPEMEHHBIM; 3) MPOMWIb MydK B Z-TUIOCKOCTH; ) MMITYIbCHBIN CIIEKTp
MyYK ; K) BPEMEHH s 3 BUCHMOCTb X-TIOJIOXEHHUS IY4K ; J1) BPEMEHH s 3 BUCHMOCTb BbI-
xon cobbituil K3, 3 cOpOC; M) BpEMEHH 'S 3 BUCUMOCTb JOJIM PEKOHCTPYHPOB HHBIX K3
Cpeau 3 MHC HHBIX COOBITHI



Yu cTHUKUY 2KcniepuMeHT Moru nojakouuth cBoil kineHt HISTOSCOPE u 1 -
OO Th 3 XOJIOM ce HC B yJI JieHHOM pexume. T KxXe MOXHO ObLIO M3y4 Th
u ¢ mMu rucrorp Mmbl B ¢opm Te HBOOK, OoTKpBITHIE UIA UTeHHS B () HIOBOI
cucreme. [Ipumeps! popMUPYEMBIX TUCTOTP MM TIPHUBEAEHBI H pHC. 2.

Bbut p 3p GOT H psijt MHCTPYMEHTOB I  BTOM THYECKOIO U MHTEP KTHBHOIO
CYMMHUPOB HHUS HH(OPM WA MOHHTOPHHT , KOTOpbIE MPUMEHSUINCh, B 94 CTHO-
CTH, VIS JIOCT TOYHO TOYHOM OLEHKH H Op HHOi cT TucTuku. B ce He x 2003
u 2004 rr., Korg B COOTBETCTBUM CO cHElM(UKON (pU3MYECKON 3 ]I UM 3KCIIe-
pUMeHT ObLIO HEeOOXOIUMO COONMIN Th O JI HC CT TUCTHKH, COOp HHOH IpH P 3-
JIMYHBIX KOH(UIYP IMSIX M THUTHBIX MOJIEH CIIEKTPOMETP U IyYKOBOM JIMHUH,
pereHns O MepeKIoYeHIH KOH(UTYp Wi IPHHUAM JIFICh IMEHHO H OCHOBE I H-
HBIX MOHUTOPUHT .

3. PE3VJIbTATBI PABOTBI

MoHHUTOPHHT (PU3MYECKUX [I HHBIX YCTOWYUBO p OOT JI B TEUEHHE CEMH JIET BO
BCEX Ce HC X H 60p 1 HHbIX dKcriepuMeHToB NA-48, NA-48/1 u NA-48/2, H uu-
H g1 ¢ ce HC 1998 r. ExeronHo npousBoaui cb Jop O60TK ¥ nepecMoTp obp 6 -
THIB OLIEH IPOTP MMBI, YTOOBI 0OECIIEYUTh MOHUTOPHHT H HOOJIee CyIIeCTBEHHBIX
IJIS1 TEKYLLETO c€ HC BEJIMYUH U p cupeneneHuii. Konrpomwo noxsepr jocs 1o 200
rucrorp MM U 10-15 BpeMeHHEIX 3 BUCHMOCTEH p 37MYHBIX I p MeTpoB. OKoJo
30 rp (pUKOB MOCTOSIHHO AEMOHCTPHPOB JIUCh B KOMH T€ JI€XYPHOIO IEpPCOH JI
9KCIIEPUMEHT .

MOHHUTOPHHT HEOIHOKP THO ITO3BOJISUT OIIEP THBHO OOH PYXHTh HPOOJIEMBI B
p 60Te I p TYpsl U MPOrP MMHOIO oOecredyeH s 9KCIIepUMEHTOB, KOTOpble 6e3
€ro NnpuMeHeHus O6buI Obl OOH pyXeHbI JIMOO 3H YUTENIPHO M03Xe, JIMOO JIUIIb H
3T me (PU3MYECKOro H Ju3 [ HHBIX. T KuM o6p 30M, MOHHTOPUHI BHEC CyIIe-
CTBEHHBI BKJI JI B YBEIMYEHHE MONE3HON CT THCTHKH BCEX MEPEUYHNCICHHBIX BbILIC
®KCIEPUMEHTOB. B psifie cilyd eB rHCTOrp MMBI, HOTyYeHHbIE B MOHHUTOPHHIE, HC-
TMIOJIb30B JIUCh IS ONep THBHOH K JIMOPOBKM I P TYpPbl, B 4 CTHOCTH, MIOOH-
Horo jerekTop . B ce Hce 2004 r. MOHUTOPMHI HUCIOJIB30B JICA VI H CTPOMKHU
CHCTEMBI NIPULIETINB HUS ITyYKOB.

[Mocrte nonmyyeHust K TMOPOBOYHBIX I HHBIX B P CCM TPHB €MbIX 3KCIIEPUMEH-
T X NPOM3BOAWII Cb Nepeobp GOTK JI HHBIX C IoMolIbio npoueccos L3 ¢ o6p 30-
B HUEM BBIXOJIHBIX IIOTOKOB, H JIOTMYHBIX TE€M, YTO 3 IHCHIB JIUCh B Xoje cOOp
1 HHbIX. IIpouecc nepeoOp GOTKHM T KXkKe MOT KOHTPOJIMPOB Thcd p 3p OOT HHOM
cucteMoil MOHUTOPHHT . B 1999 r. p 60T /10 OMTHOBPEMEHHO ABE CHCTEMBI MOHH-
TOPHUHT , OOH U3 KOTOPBIX KOHTPOJIMPOB JI €€ HC H YCKopuTesne, Jpyr S —
nepeobp GOTKY A HHBIX HPOLUIOrO rof , KOTOP 51 LT B TO Xe€ Bpems.

MoOHUTOPHHT (PU3MYECKHUX [ HHBIX ObLT H MOOJiee BTOM TH3UPOB HHOM CH-
cTeMoii cepuu akcrnepuMeHToB NA-48, MosToMy MHCTPYKLUU 110 YIIP BIEHUIO UM



JEXypHOU CMEHOI CBOIWIMCH K PEKOMEHJ LIMU B CIIyd € JioOoi mpobiemsl 3 -
KpbITh AeMOHCTp nuoHHble oKH HISTOSCOPE (u me Bcero mpoOmemsl ObuTé
CBSI3 HBl MIMEHHO C HMM WM C COOTBETCTBYIOIIMM TEPMHH JIOM), U, B Kp IHeM
CIlyd €, — 3 BEpLIUTh Npouecc MOHUTOpHHT . Ilocie aToro cucreM BO30OHO-
BJISUT CBOIO p OOTy B Teuenue He 6osee yeM 10 MHHYT.
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