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Pa6oTa Bb!llOnHeHa B na6opaTOpHII HeihpOHHOH cpH3HKll liM. 11.M. <l>paHKa 

06oe.L(HHeHHOrO IIHCTHT)'Ta H,nepHblX llCClle.L(OBaHHjl. 

HayllHblU pyKoeooumeilb CeHHep AneKcaH.np EBreHbeBH'I, 
KaH.L(H.L(aT cpH3llKO-MaTeMaTH'-IeCKHX HayK, 

Kacpe.npa CAY yHHBepciiTeTa "}zy6Ha", 

CTaplliHH Hay<IHbiH COTpy.l(HllK. 

HayllHblU KOHCYRbmaHm 3penoB TieTp BaneHTIIHOBH'I, 

OpU!JUQJlbHble 

onnoHeHmbz: 

Beoy1.4M opzaHU3G!JWl: 

KaH.L(H.L(aT cpH3llKO-MaTeMaTH'IeCKIIX HayK, 

flafiopaTOpiiH IIHcpOpMaU:HOHHblX TeXHOllOriiH 

0115!11, 
Ha'IanbHHK OT,nena. 
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Be.nyru:Hii Hay'IHbiH coTpy.nHHK, 

KpiOKOB AneKcaH.np TiaBnOBH'I, 

. KaH.L(H.L(aT cpH3llKO-MaTeMaTII'IeCKllX HayK, 

OT.nen TeopeTH'IecKoii cpH3IIKH Bb!COKHX 3Hepmii 

Hl1l1 5I <1> MfY, 
Be.nyru:Hii Hay'IHbiH coTpy,nHHK. 

11HcnnyT rrpo6neM rrepe.na'III HHcpopMauHII P AH. 

3aJJJ:HTa COCTOIITCll « __ » 20 15 r. B 'IaCOB Ha 3aCe.L(aHHH 

.L(HCCepTaU:IIOHHOrD COBeTa ,[( 720.001.04 B flafiopaTOpiiH HHcpOpMaU:IIOHHblX 

TeXHOnoriiH 06oe.L(IIHeHHOrO llHCTHTyTa H.nepHbiX HCCne,noBaHIIH, r. }zy6Ha 

MocKOBCKOH o6nacTH. 

C .L(llCCepTauHeH MO)!(HO 03HaKOMHTbCll B 6H6nHOTeKe 0J15IJ1. 

A.npec caiha, Ha KOTopoM pa3Meru:eHa .nHccepTaumr/aBTopecpepaT/ ... : 
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ABTopecpepaT paJocnaH « __ » 2015 r. 

YlleHblU ceKpemapb ouccepmazJUOHH020 coeema, 

ooKmop pU3UKO-Mame.MamulleCKUX HayK, 
npopeccop t ~ 11BaH'IeHKO 11ocHcp MoHceeBH'I 

OEili.AJI XAPAKTEPHCTHKA PAEOTbl 

AKl)'aJJhHOCTb. CucTeMhi asToMaTu3uposauuoro ynpasnenm1 OTHOCl!TCll K _npuopuTeTHhiM 
uanpasneuul!M uayKu u TexnuKu Poccuu. Texuonornu uucpopMauuoHHhiX u ynpasnl!IOIUUX 
CUCTeM BKniO'IeHhl B nepe'!eHb KpUTH'!eCKUX Texuonornil Poccui!CKOH <l>e.nepauuu, 
yrsepJKlleHHh!H YKa30M npe3UlleHTa P<l> OT 7 U!Onll 2011 r. N2 899, u pa3BUTUe MeTOllOB 
nocrpoeHUll 3THX CUCTeM aKTYMhHO. 

,[{uccepTaUUll llOCBl!IUeHa pa3pa60TKe MeTOllOB llOCrpOeHUll nporpaMMHh!X · CUCTeM 
aBTOMaTH3aUUU 3KCnepUMeHTOB (CA3) B o6naCTH cneKrpOMerpuu HeilrpOHOB. npaKTH'!eCKal! 
pa6om asTopa CBll3aHa c nocrpoeuueM nporpaMMHhiX cucTeM Mll aBTOMaTu3auuu cneKTJioMerpuH 
uei!Tpouos ua uccne.nosaTenhcKoil llllepuoil ycTaHOBKe HEP-2 -u ycKopuTene HPEH, n03TOMY 
pa3pa6oTKa MeTOllOB u nporpaMMHoro o6ecne'leHUll (nO) CA3 unn10crpupY1QTCll npuMepaMu U3 
o6nacTu cneKTpoMerpuu. O.nuaKo pemenul! HOC liT o6muil xapaKTep u MOfYT ucnonh30BaThCll· B 
.npyrnx npo6neMHb!X o6naCTl!X. 

CospeMeHHble cneKTpoMeTpbi BKJ!IO'!a!OT .necliTKU nporpaMMHo-ynpaBnlleMbiX 
cneUHMU3UpOBaHHb!X ycTpOHCTB, npellHa3Ha'!eHHb!X .ll!lll cpopMUpOBaHUll ycnOBHH, B KOTOpb!X 
6y.nyr perncrpuposaTbCllllaHHbie. 

Ananu3 perncrpupyeMbiX B 3KcnepuMenTe cneKrpos no3BOnlleT nonyquTb uucpopMaUUIO o 
xapaKTepe B3aUMOlleHCTBUll HeifTpOHOB C llllpaMU B 3aBHCUMOCTU OT ycnOBUH perUCTpauuu -
TeMnepaTypbl, TOJ!IUUHbl MUIUeHU, HMU'!Ull UJ!U OTCYTCTBUll ll0l!llpU3aUUU HeilrpOHOB U llllep U Jlp. 
CocTaB ycnosuil u cnoco6 perncrpauuu 3KcnepHMeHTMbHbiX .naHHbiX cocTaBJlliiOT MeTOllUKY 
KOHKpeTHOfO 3KCnepuMeHTa. 

CA3 pa3pa6aTbJBaiOTCll B BUlle pacnpe.neneHHb!X CeTeBb!X CUCTeM, B KOTOpb!X OTlleJlbHbJe 
3BM Bb!llOJ!Hli!OT ponh unTenneKTyanbHbiX Konrponnepos cneuHanbHOro o6opy.nosanull, KaK 'JTO 
ll0Ka3aHo Ha Puc. 1 .. npu'IUHaMU :noro l!Bnl!IOTCll: HCll0Jlb30BaHHe 6onbiUOf0 KOJ!U'IeCTBa 
cneuuanbHh!X ycrpoi!CTB (.necl!TKu,·· coTnu), npo6neMbi cornacosanull UHTepcpei!cos 3THX 
ycrpOHCTB C 06HOBJlliiOIUUMUCll cpellCTBaMU Bbi'IUCJ!UTel!bHOH TeXHUKU, 'pa3l!U'!Hhle 
nnaTcl>OpMeHHb!e 3aBUCUMOCTU KOMllOHeHTOB CUCTeMbl, a TaKlKe llOCTOliHHOe · ycnOlKHeHue 
MeTOllOJ!OfUU 3KCnepuMeHTOB. 

B COCTaBe nO CA3 npucyTCTBYIOT KOMllOHeHTbi, BhlllOJ!HliiOIUUe OCHOBHble onepaUHU 
(cl>opMuposauue ycnosuil, . perncTpauull u coxpaueuue .naHHbiX) u scnoMoraTel!bHbie 
(BU3yanu3aUUll JlaHHbiX, UX npe.nsapuTeJlbHal! o6pa60TKa, opraHU3aUUll o6paTHOH CBli3U u· .np.) .. 
TaKue CA3 pa3pa6aTbiBaiOTCll ue llllll o.nunO'!HbiX ynuKanbHbiX 3KCnepuMeHTOB, a .Ul!ll cepuu 
uccne.nosaTenhCKUX pa6oT B 3Toil uayquoil o6nacTu .. 

nporpaMMa ynpasneHHR 
.. , 3KCnepHMeHTOM • •• ~ 
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J1CCJle,!\OBaTeJlhCKlUI pa6oTa xapaKTep113yeTCll CI1CTeMaTII'!eCK11M 113MeHeHI1eM MeTO.!\IIKII 

.nanhHei1umx pa6oT, o6ycnosneHHhiM nony'!eHHhiMI1 pe3yJlhTaTaMI1. nocne 3asepweHIIll aHaJ1113a 

.naHHblX 3KCnep11MeHTa, KaK npaB11JlO, B03HI1KaeT TIJlaH HOBbiX 11CCJle,!\OBaHIIH, 'ITO npiiBO.!\IIT K 

Heo.nHoKpaTHhiM 113MeHeHI1liM MeTO.!\IIKI1 3Kcnep11MeHTOB 3a . BpeMl! )KII3HII CA3. Ecn11 

B03MO)KHOCTb tlJopM11pOBaHIIll YCJ10BI1H ,!\Jlll O'!epe,!\HOH MeT0,!\11KII He npe.nyCMOTpeHa 3apaHee B 

KOHCTpyKUIIII 3KCnep11MeHTaJlbHOH ycTaHOBKII, TO TIOliBJllleTCll He06XO,!\IIMOCTb M0.!\11tPI11I11pOBaTb 

coCTaB annapaTHoro 11 nporpaMMHoro o6ecne'!eHI1ll CA3. np11 3TOM .l\Jlll IICcne.nosaTeJlhCKHX 

opraHII3alli1H '1pe3Bbi'!aHHO aKTyaJlhHOH npo6neMOH CTaHOBliTCll cpOKI1 pa3pa60TKII nO. 

B cneUIIaJlbHOH Jli1TepaType OTMe'!aeTCll, 'ITO Ha MO.!\IItPIIKaUII!O no CA3 3a'!aCTYJO 

TpaTIITCll OKOJlO 6 MeCl!UeB pa60Tbl KOJlJleKTIIBa 113 HeCKOJlbKIIX nporpaMMIICTOB. TaKI1e CpOKI1 

npiiBO,!\liT K npOCTOJO .1\0pOrOCTOlllllero o6opy.noBaHIIll, 3Mep)KKa\1 II CH11)KeHIIJO 3tPtPeKTIIBHOCTII 

IICCJle,!\OBaHIIH 11 He liBJlli!OTCll . a.neKBaTHbiMI1 COBpeMeHHOMY ypoBHJO pa3BHTHll 

11HCTpYMeHTaJlhHbiX cpe,!\CTB II TeXHOJlOflill npOrpaMMIIpOBaHIIll. 

}li1CCepTa[(llll TIOCBllllleHa pa3pa60TKe MeTO.!\OB, KOTOpbie cymecTBeHHO CHII)KaJOT 3aTpaThl 

speMeHII Ha C03,!\aHI1e H M0.!\11tPI1KaU1110 nO CA3, TIOBbiiiiaJOT Ha,l\e)KHOCTb 11 3tPtPeKTIIBHOCTb 

pa6onr CA3 np11 BhiTIOJ1HeHIII1 3Kcnep11MeHTanhHhiX 11ccne.noBaH11i1. 

0.!\HIIM 113 OCHOBHbiX KpiiTepHeB OUeHK11 3aTpaT B IICCJle,!\OBaTeJlhCKOH opraHII3aUIII1 

liBJlli!OTCll cpOKI1 pa3pa60TKII 11 M0.!\11tPI1KaUHH no CA3. l13BeCTHbiH 11,!\eonor tlJupMbl "Code Gear" 

}l3BII.!\ l1HTepcai1MOH OTMe'!aeT, 'ITO npH'IIIHbl ,l\JliiTeJlbHbiX CpOKOB ~a3pa60TKI1 MOfYT 6b!Tb 

CBl!3aHbl C pa30611IeHHOCTb!O KOMaH,!\ pa3pa60T'IHKOB II OTCYTCTBIIeM a.neKBaTHOH CTpaTeflill 

TIOBTOpHOfO IICTIOJlb30BaHHll nporpaMM 3a npe.nenaMII 0,!\HOfO npoeKTa, HanpuMep, B 00 .npymx 

CA3. nosTopHoe IICTIOJlh30BaHIIe nporpaMM liBJilleTcll ocHOBHOH MeTo.nonomei1, KOTOPlUI 

npiiMeHl!eTCll ,!\Jlll COKpameHIIll 3aTpaT Tpy.na npH pa3pa60TKe CJlO)KHbiX CIICTeM. l13BeCTHbl 

pa3Jlli'!Hble Bap11aHTbl TIOBTOpHOfO HCTIOJlb30BaHI1ll - 11CTIOJlb30BaHHe IICXO,!\HOfO TeKCTa nporpaMM, 

nporpaMMHhiX KOMnOHeHTOB, pa3pa6oTKa Mo.nenei1, wa6noHoB 11 .np .. Uenh np11MeHeHIIll 

MeTO,!\OJlOflill TIOBTOpHOfO IICTIOJlb30BaHHll - pa3pa60TKa JliiHeHKII npo.nyKTOB (product line 

engineering - PLE). PLE no.npaJyMeBaeT onpe.neneHI1e tPYHKU110HaJ1hHhlX B03MO)KHOCTei1 

n_pOfpaMi1HhiX CIICTeM, KOTOpbie 6y.nYT HCTIOJlh30BaThCll B pa3Hh!X CIICTeMaX. B .1\aJlbHeHIIIeM 

nporpaMMHhie KOMTIOHeHTbl, peanl13yJOIIII1e 3TII B03MO)KHOCTII, IICTIOJlb3YJOTCll B KOHKpeTHbiX 

Bap11aHTaX CIICTeM TaK, 'IT06hl B KOHe'!HOM 11TOre IIMeTh 0.!\IIH Ha6op nporpaMMHbiX KOMTIOHeHTOB 

.1\Jlll HeCKOJlbKIIX BapllaHTOB CI1CTeM, 

l1CTIOJlb30BaHIIe nporpaMMHhiX · KOMTIOHeHTOB 6e3 113MeHeHI1ll 3a npe.nenaMI1 0,!\HOfO 

npoeKTa npaKTII'IeCK11 3aTpy.!\HIITeJlbHO, eCJlll HeT pa3pa6oTaHHOH CTPYKTYPbl no CA3, npaBIIJl 

nocTpoeHIIll nporpaMMHOH CIICTeMhi 11 nporpaMMHoro o6ecne'!eHIIll, o6cny)JmBa!Omero 

pa3pa60TKY II 06be,!\IIHeHI1e KOMTIOHeHTOB B CIICTeMy. )lJlll pacnpe.neneHHOfO nO CA3 B 

o6cy)K.naeMoi1 o6nacTII :na 3Ma'!a 6hma He peweHa. 

B pa6oTe nocTaBneHa II peweHa 3a,!\a'!a nOCTpOeHIIll pacnpe]:leneHHOro no CA3 ,!\Jlll 

CneKTpOMeTp1111 HeHTpOHOB 113 nporpaMMHbiX KOMTIOHeHTOB B 11CTIOJ1HlleMOM ljlopMaTe. KOTOpbie 

MOfYT IICTIOJlb30BaTbCll B · pa3Jlii'!Hb!X 3KCnep11MeHTaX II CIICTeMaX 6e3 113Mem:HI1ll OCTaJlbHbiX 

nporpaMMHhiX COCTaBJlliiOIIII1X CA3. )lanee B TeKCTe TaKIIe KOMTIOHeHTbl Ha3biBaiOTCll 

)'HIItPHUHpOBaHHb!MII. 

l1CCJle,!\OBaHbl ,!\Ba OCHOBHbiX HCTO'IHHKa, 3aTpy.!\HliiOIIIIIe pa3pa60TKY YHI1tPHUHpOBaHHbiX 

KOMTIOHeHTOB -. CBl!3aHHOCTb KOMTIOHeHTOB II H3MeHeHHe MeTO,!\HKH 3KCnepHMeHTa. npo6,1eMbl 

yHmtmKaUIIII KOMTIOHeHTOB 11 HCTIOJlb30BaHHll HX 6e3 H3MeHeHHll B pa3JlH'!HbiX 3KCnep11MeHTaX H 

no pa3mi<IHhiX CA3 cne.nyJOIIIHe: . 

1. CB.ll3aHHOCTb Onpe.nenlleT COCTaB II o6oeM IIHtPOpMaUIIOHHhiX TIOTOKOB Me)K]:Iy 

KOMTIOHeHTaMH. CBll3biBaHHe KOMTIOHeHTOB MO)KeT 6b!Tb CTaTH'!eCKIIM 11 ]:IHHaMH'!eCKI1M. 

np11 CTaTII'!eCKOM CBll3hiBaHHH He06X0.!\!1MlUI ,l\Jlll CBll3biBaHI!ll IIH<lJOpMaUI1ll (Hanp11Mep: 

CeTeBbie a.npeca B3aiiMO,!\eHCTBYIOIIIHX KOMTIOHeHTOB, a.npeca nporpaMM, 11HtPOpMa[(l1ll 06 

IIHTep¢ei1cax) TeM HJlll 11Hb!M cnoco6oM tPI1KC11pyJOTCll .no Ha'!ana pa60Tbl CA3. 

CTaTII'!eCKOe CBll3b!BaHIIe o6ecne'!I!BaeT Haii60JlbiiiyJO CKOpOCTb BbiTIOJ1HeHI1ll 
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B3ai!MO,!\eHCTBIIll, HO nprr 3TOM CBll3b Me)K]:Iy KOMTIOHeHTaMH . CIICTeMbl CTaHOBIITCll 

)KecTKoi1. B 3TOM cny'lae c6oi1 o.nHoro 113 KoMnoHeHTOB s npouec~e 3KcnnyaTaurrrr CA3 c 

6onhwei1 B(!POliTHOCThiO np!!BO.!\HT K noTepe pa6oTocnoco6Hocm Bcei1 c~cTeMhi, rr ]:la)Ke 

• He60JlbiiiHe 113MeHeHIIll MOfYT TIOTpe6oBa\h npHBJle'!eHIIll '· .nporpaMMHCTOB ,l\Jlll 

MO.!\lltPHKa[(l!ll m:'cKOJlbKHX KOMTIOHeHTOB. nprr J:IHHaMH'!eCKOM CBll3biBaimrr He06XO]:IHMlUI 

,l\Jlll . o6ecne'!eHI!ll ... BJaHMO,!\eHCTBHll KOMTIOHeHTOB HHtPOpMaUHll Bbipa6aTb!BaeTCll .B 

npouecce IICTIOJlHeHHll, II I!MeHHO 3TOT BaflllaHT uenecoo6pa3HO 11CTIOJl.b30BaTb nprr 

TIOCTpOeHIIII nO CA3- CI1CTeM C '!l!CTO H3MeHl!eMbiM COCTaBOM BbiTIOJlHlleMb!XtPYHKUIIH. 

2: l13MeHeH~e MeTo.nrrKrr 3KcneprrMeHTa. Ecnrr HOBM MeTO.nuKa 3KcnepuMeHTa . Tpe6yeT 

nprrMeHeimll o6opy.[{oBaHrrll, He npeJ:IyCMOTpeHHoro 3apaHee s apXIITeKType 

3KCnep11MeHTaJ1bHOH yCTaHOBKH li npOrpaMMaX,. 3TO npHBO,!\HT K 113MeHeHHIO COCTaBa 

HCTIOJlo3yeMhiX . KOMTIOHeHTOB II He06XO.l{IIMOCTH MO.lllltPHUHpOBaTb '!aCTb paHee 

licnonh3oBaBwrrxcll. np11 3TOM noMI1Mo MO.lllltP11UrrpyeMoro KoMnoHeHTa, Heo6xo.ni1Mo 

TaK)Ke H3MeHI!Tb KOMnoHeHT, ynpaBJlliiOIIIHH nocne]:loBaTenhHOCThiO . BbiTIOJ1HeHI1ll 

onepaUIIH B 3KCnep11MeHTe. ECJlH o6be.l{HHeHHe KOMTIOHeHTOB B CHCTeMy Bb!TIOJlHl!JlOCb 

TpaHCJlliTOpOM, TO 3TY onepaUHIO npHXO.l{I1TCll BbiTIOJlHl!Tb 3aHOBO: 'flame .!(Jill ynpOIIIeHHll 

npouecca MO.llHtPHKaUIIII no CA3 HCTIOJlh3yeTCll cneurranbHblH. ll3b!K. l1HTepnpeTaTOp 

ll3hiKa BKJIIO'!aeTCll B COCTaB no CA3. CocTaB H .nocne.noBaTeJlhHOCTb BbiTIOJlHeHHll 

onepaUIIH B 3KCneprrMeHTe (cKpHnT) OTIHCh!BaiOTCll Ha 3TOM ll3b!Ke .CTII1CKOM Bhi30BOB 

npoue.nyp H 3Ha'!eHHH napaMeTpOB. 06a'3TH saprraHTa BBO]:Il!T CTaTH'!eCKYIO CBll3ilHHOCTb 

KOMTIOHeHTOB. )lnll 'ycTpaHeHHll 3TOH ripo6neMbl pa3pa6oTaH MbTepmlTIIBHbiH sajmaHT 

cnoco6a npe.ncmsneHHll MeTOJ:IIIKI1 3KcneprrMeHTa 11 ynpasneHI1ll ee BbiTIOJll'!e~meM. 

KoHuenullll no CA3. OTBe'!aiOIIIlUI hocTaBJleHHOH B .nrrccepTa[(IIIIUeJlll, Bb!pa6oTaHa Ha 

OCHOBaHHH aHaJ1113a TeH.neHUIIH pa3BIITI!ll no CA3 no ony6nHKOBaHHbiM MaTepHa.JiaM H BKJIIO'!aeT 

CJle.l{yJOIIIHe TIOJlO)KeHI!ll: . 

• pacnpe.neneHHOe no CA3 tlJopMrrpyeTCll H3 B3aHMO.riei1CTBYIOIIIHX. YHHtPHI.i11pOBaHHhiX, 

tPYHKuiromuihHO 3aKoH'!eHHhiX KoMnoHeHTOB s· 'rrcnonHlleMoM ijiopMaTe. )locTyn · K 

npoue.nypaM; peanH3YIOIIIHM tPYHKUIIOHaiTbHOCTb KOMTIOicleHTa, onpe.nenl!eTCll HX. BHeiiiHHM 

liHTeptlJeilcoM; · · · 

• Ka)K]:Ih!H KOMTIOHeHT nO CA3 11HBap!!aHTeH OTHOCHTeJlbHO 113MeHeHHH MeTO.l{HKH 

3KcneprrMeHTa; 

• MeTO]:IHKa 3KCnep11MeHTa (3MaHI!e Ha 3KCnepHMeHT) OTIHChiBaeTCll C TIOMOIIIbiO 

YHHtPHUHpOBaHHOH .l{llalrOfOBOH TIO]:ICHCTeMbl. no]:ICIICTeMa OTIIICaHHll MeTO]:IHKI1 He 

H3MeHl!eTCll nprr H3MeHeHHI1 KOHtPI1rypaUHII cneKTpOMeTpa; 

• KOMTIOHeHTbl aBTOMaTH'!eCKH 06be]:IIIHliiOTCll B nO CA3 B COOTBeTCTBI1H C 3a,l\aHHeM Ha 

3KCnepHMeHT; • 

• nepeHoc nporp~MHhiX KOMnoHeHTOB Ha .npyrrre 3BM B npeJ:~enax noKanhHOH · cem He 

pa3pywaeT CHCTeMy, He np11B0]:111T K H3MeHeHHIO 3a,l\aHHll. Ha 3KCnepu~eHT IIJlH 

nepeKOMTIIIJlliU11H nporpaMMHbiX COCTaBJlliiOIIIHX no CA3; . . 

• npoueCCOM BhiTIOJllieHHll OCHOBHh!X onepaurri1 BO . speMlJ 3KCnepUMeHTa (MeTO]:IIIKOH) 

ynpaBn5ieT yHrrqimiuposaHHlUI ynpaBJlliiOIIIlUI nporp<IMMa, anroprrTM Koropoi1 inillapllaHTeH 

OTHOCHTeJlbHO 113MeHeHHH MeTO.llHKH3KcneprrMeHTa; • . 
' •' . . ·, . 

• 3KCneprrMeHT BbiTIO!IHlleTCll B aBTOMaTH'IeCKOM pe)KHMe; 

• 'col!:poso)K]:IeHIIe n() CA3 He Tpe6yeT oT 3Kcnep!!MeHTaTOpos sna.neHrrll HaBhiKaMH 

nporpaMMHIJ()BaHHll. 

Y Ka3aHHbie Bblllie npo6neMbi,'. o6ycn~BJleHHble CBl!3aHHOCTbiO 
.. 

KOMTIOHeHTOB H 

H3MeH'!IIBOCTbiO MeTO]:IHKII 3KCnep11MeHTa, B3aHMOCBl!JaHbl, H ,l\Jlll TIOHCKa TIYTeH YCTpaHeHUll HX 

BJlllliHHll .l{IICCepTaHTOM BbiTIOJlHeH COBMeCTHbiH aHaJ1H3 pll]:la CeTeBbiX TeXHOJlOriiH TIOCTpOeHHll 

pacnpe]:leJleHHhiX nporpaMMHbiX CHCTeM C .l{IIHaMII'!eCKII 113MeHl!eMhlM COCTaBOM BbiTIOJlHlleMhlX 
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-<tJy~Kttllilll oco6ennocTeil pa6oTbi KOMnoneHTOB B no CA3. B nepBbiX .usyx rnasax .unccepTattnll 
npnse.ueHbi pe3ynh TaThi 3Toro aHaJJ!13a. 

IJ;eJJh /liiCCepT3QIIII COCTOI!T B COKpameHI!Il C]JOKOB C03,LlaHI!ll I! MO.Uil<lJI!.KaQI!II nO CA3, 
UOBbiiiieHI!Il 3<lJ<lJeKTI!BHOCTI! lljJO!leCCOB perHCTpattl!ll 3KCUepnMeHTaJJbHbiX .UaHHbiX, 'ITO B I!TOre 
cnoco6cTsyeT noBbiiiieHI!JO 3<lJ<lJeKTMBHOCTH pa60Thi llccnei:wsaTeneil. 

06bCKT II npe!l~ICT IICCJIC!l083HIIH. 06beKTOM IICCJJe,LlOBaHilll l!BJil!IOTCl! pacnpe.ueneHHhie 
nporpaMMHbJe CI!CTeMbl aBTOMaTI!3aQI!Il 3KCnepi!MeHTOB B 06JJaCTI! CneKTpOMeTpllll HeHT]JOHOB. 

· npe,LlMeTOM nccne.uosalinll liBJJl!eTcll: ceTeBhie Te)monomn nocTpoennl! · iaKI!X cncTeM 1!3 
ynn<PnunposanHhiX KoMnoHeHTos; MeTO.Uhi ynn<lJnKaurin nporpa\IMHhiX KOMnonenToB CA3; 
CeTCBb!e TeXHOJJOfllll 06ecne'IeHI!l! B3allMO.UeHCTBilll KOMllOHCHTOB B pacnpe.ueneHHb!X CIICTeMax; 

'MeTO.Llbl ynpaBJJeHilll pa60TOH no CA3, l!BJ!l!IO!llerocl! cneunaJJI!31!pOBaHHbiM pacnpe.ueneHHbll\1 
naKeTOM ll]JilKJJa,LlHb!X nporpaMM. 

Hanpasnein111 Ilccneaonamiil: 
.- amunn npneMOB n cpe.ucTB ynn<lJnKaunn nporpaMM n nporpaMMHhiX KOMnneKcos c uenhJO 

COKpam;eHI!l! C]JOKOB !IX propa60TKI! I! llOBblllleHI!ll Ha)le)KHOCTI! <lJyHKllllOHI!jJOBaHI!ll; 
aHaJJI!3 1!3BeCTHbiX CUOC060B 06be,LlHHeHI!l! KOMllOHeHTOB B p;;npe,LleJJeHHYJO CeTeByJO 
CHCTeMy I! HX ,Lli!HaMI!'IeCKOfO CBll3biBaHilll C UeJJbiO Bbi6opa OllTilMaJJbHOH apXI!TeKTypbl nO 
CA3 

• 

• nccne.uosanne cnoco6os onncaHI!ll MeTO.LlllKI! nonyLieHilll 3KcnepnMeHTaJJbHhiX .uanHhiX c 
·uenhJO ynn<iJnKaunn nporpaMM ynpasneHill! pa6oToil ycTpoilcTB, <tJopMnpyJO!llllX ycnosnl! 
pemcTpaunu .uaHHhiX; 

• aHaJJ1!3 CeTeBb!X TeXHOJJOfllll pa:Jpa60TKil pacnpe.ueneHHbiX nporpaJ\!MHbiX CllCTeM C tteJJbiO 
Bbi6opa BapnaHTOB .UJ!ll llCllOJJb30BaHI!l! B no CA3; 

• . aHaJJilJ ll ' KJJaCCil<lJI!KaQI!ll <lJyHKUI!OHaJJbHOfO COCTaBa I! CllOC060B B3allMO,LleHCTBill! 
KOMllOHe!iTOB no CA3 c ueJJbiO propa6oTKI! MeTO.LlOB I!X YHil<iJI!KaQI!Il, llCll0Jib30BaHill! B 
jJa:JJIIl'IHbiX :lKCnepi!MeHTaX 6e3 ll3MeHeHI!ll ll OllTI!Mil3aQI!Il CXeMbl I!X B3ai!MO,LleHCTBilll B n0 
CA3. 

Ha Jamnry BhiHOCHTCH: 
• BbiB<?.Ubl ll CTpyKTypa no CA3, nonyLieHHhJe Ha OCHOBaHilll anaJJI!3a ll KJJaccn<lJuKaQI!Il 

<PYHKUilOHaJJbHOfO COCTaBa ll cnoco6a B3ai!MO.UeilcTBI!ll KOMllOHeHTOB B no ]Ja:JJJI!L[Hb!X CA3. 
3TH pe3JJJbTaThl cym;eCTBeHHO ynpOCTI!JIIl CXeMy I! aJJfO]JI!TMbl B3ai!MO,LleHCTBI!ll 
KOMllOHeHTOB. 

• MeTO.U aBTOMaTH'IeCKOH KOMUOHOBKI! pacnpe.ueneHHOro no CA3. ABTOMaTH3aQill! 
KOMllOHOBKil ll03BOJJI!JJa COKpaTI!Tb C]JOKII HaCT]JOHKil no CA3 I! BblllOJJHl!Tb ny pa6oTy 6e3 
ll]JilBJJe'IeHI!ll nporpaMMilCTOB. 

• MeTO,Ll .LlllHaMil'IeCKOfO CBl!3biBaHI!ll, OCHOBaHHblfl Ha I!CllOJJb30BaHI!Il n.zieHTI!<lJI!KaTO]JOB 
KOMUOHeHTOB, yqeTe oco6eHHOCTeH npouecca ynpaBJJeHI!ll :JKCnepi!MeHTOM ll I!CllOJJb30BaHI!Il 
OTKpi.rrhiX ceTeBhiX TexHonomil. Propa6oTaHHhiil MeTO.U cymecTseHHO ynpoCTI!JJ cTpyKTypy 11 
aJJfO]JilTMbl nO CA3 II npe,LlOCTaBI!JJ CB06o.uy B paCII!IlpeHI!Il COCTaBa KOMllOHeHTOB, 
Bb!llOJIHliiO!llllX OCHOBHbie ll BCllOM.OfaTeJJbHble OnepaQI!Il, 6e3 1!3MeHeHI!l! cymeCTBYJO!llllX. 

• MeTo.u ·ynpasneHI!l! npoueccoM nonyLieHI!ll :JKcnepnMeHTaJJhHh!X .uannhix, ocHosaHnhiil na 
llCllOJJb30BaHilll OniiCaHilll MeTO,Lli!Kil :JKCnepi!MeHTa, <lJopMMpyeMOfO cnettllaJJbHOH 
JHn<PnttllposanHoil no.ucncTeMoil. HcnonhJosaHne :JToil no.ucncTeMbi He Tpe6yeT oT 
:lK~nepnMeHTaTopa HaBb!KOB nporpaMMil]JOBaHI!l!. 
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Hayquaii 'nosnJHa )Ja6on1 JaKJJJOLiaeTcii s ciiei:iywiiieM: '."" ·'' · 
' ' ,~ 

I. npe,LlJJo)l(eiia HOBM CTpyKTypa no· CA3,' IlKJJJO,L[ruOLUM pro'Hble .ziilcuimimHbl BbinOJJHeHiill 
OCHOBHb!X II BCllOMOraTeJJbHb!X onepaunil, OCHOBaHHal! Ha pe3YJJbTaTax KJiaCCM<iJI!Kattim llO 
Ha:JHa'IeHhJO n' cnoc66y BJallMO.UeilcTBIIll KOMllOHeHTOB s' no CA3. Bb!BO.Llhl, rronyqeHHJ;>Ie Ha 
OCHOBaJ!IIII 3TOll 'Kiiac'cn<lJI!Kaiiiiil, II npe.LlJIO)KeHHal! . CTpyKTypa no CA3 llOJBOJII!JIIl 
cymecl-senm) yiipocmrb· · a1Ir6j:niTMhi · · n ynn<PilunposiiTh cpe.zicrsa · · Me)KKoMncilienTnoro 
B3ai!MO,LleHCTBI!l! ll ll]JI!KJ!a,LlHb!e KOMllOHeHTb!. , . , ' 

2. npe,LlJJo)Kel{iu:!i'o.uaBTOMaTH'IeCKOH KOMnOHOBKI! pacnpe.ueneHHOro no CA3 B COOTBeTCTBIII! 
c :ia.uaimeM Ha :n(cnepnMeHT Ii ycn'osmix 1!3Mem!HJill Ja.uanlli( npil m;pex'o.ue' OT o.unoro 
3KCnepi!MeHTa K .upyroMy. MeTO.Ll OCHOBaH Ha I!CllOJJb30BaHI!II CeTeBOfO lljJOTOKOna iiOH.CKa 
KOMllOHeHTOB ll a.upecaQI!Il Ha OCHOBe ll.UeHTI!<lJHKaTO]JOB, BMeCTO T]Ja,LlllllllOHHOfO 
I!CllOJJb30BaHI!ll KOH<lJnrypaQI!OHHb!X <lJailJJOB C CeTeB&IMil a.upecaMI! KOMllOH,CHTOB. 

3. npe.LlJIO)KeH MeTo.u .uilnaM!ILiecKoro cssnl,maHMll Koi-.monenToB B pacnpe.uem!nnoM ceTeBOM 
nO CA3: I!Cll0Jib3YJO!llllll ]Ja:JHbJe ,LliiCUilllJJHHhi CBl!3biBaHI!ll npll BbinOjJHeHI!Il OCHOBHb!X I! 
BCllOMOfaTeJJbHb!X onepaUI!H, I! • ynn<lJIIUil]JOBaHHbJe cpe,LlCTBa 06CJJ~I!BaHI!ll 
Me)KKOMllOHeHTHOfO B3ai!MO,LleHCTilllll, 'ITO npe.UOCTaBI!JJO CB06o.uy B ]Ja:JBI!Tilll COCTaBa 
OCHOBHb!X ll BCllOMOraTeJJbHbiX onepaunil no CA3 6e3 1!3MeHeHI!ll .upymx KOMllOHeHTOB I! 
Cy!lleCTBeHHO ynpOCTI!JJO aJJfOjJI!TMbl B3ai!MO,LleHCTBilll KOMllOHeHTOB .. · 

4. npe.uJJo)KeH MeTO.U ynpasneHilll cocTaBOM ocnOBHhiX onepau11il · B 3Kcnep11MeHTe nporpaMMoil 
B COOTBeTCTBilll C Olli!CaHI!eM MeTO,Lli!Kil llOJJy'IeHI!ll 3KCnepnMeHTaJJbHb!X ,LlaHHb!X Clli!CKOM 
yCJJOBI!ll I!X perHCTpaUHI! BMeCTO. Tpa.UI!llllOHHO I!CUOJib3YeMOf0 CllllCKa Bbi30BOB ll]JO!le.Uyp. 
)TOT MeTO.Ll ll03BOJJI!JI YHM<lJillllljJOBaTb nporpaMMy ynpaBJJeH!Ill 3KCnepi!MeHTOM ll Cpe,LlCTBa 
Me)KKOMllOHeHTHOfO B3allMO,LleHCTBI!l!. 

npaKTH'ICCKaH IieHnocTh. OcnoBHhie · noJJO)KeHilll, BhiBO.Llbl n peKoMeH.uaU!IIl .uose.ueHhi 
.uo npaKTil'iecicoil peann:lattllll I! Bbi.Uep)KaJJI! nposepKy B :JKCnnyaTaUI!H; Pe3yJJbTaTbl .uaHHOH 
pa60Tbl Haiiimi . ' npaKTilqecKoe ll]JI!MeHeHI!e npll propa60TKe nO . HeCKOJJbKilX CI!CTeM 
asToMaTmaunn JKcnepnMeHTOB Ha ycKopnTene HPEH n liccneJiosaTeJJbCKOH l!.Uepilofl ycTaHOBKe 
HEP-2, MMeJOTCll 3aKJIKl'IeHI!ll o ime.upeH!IIl. 

Propa6oTaHHbie anropi!TMbl I! nporpaMMbl npnMeHI!Mbl B .upymx npo6neMHbiX o6naCTl!X 
(Hanpi!Mep, 6I!OJ!Ofllll, TeXHOJJOrH'IeCKHe1 npotteCCbl ll .Up.). Pe3yJJhTaTbl .UaHHOH 'pa60Tbl MOfJT 
6hiTb I!CllOJJb30BaHbl B yqe6Hb!X Kypcax JHI!BepCI!TeTa ".[(y6na". 

Pa6oTa stmoJJHl!JJacb B cooTBeTCTBilll c npo6neMHO-TeMaTnLieCKI!Mil nnaHaMil JIH<I> OH5IH 
n npoToKonoM o BhmonHennn cosMeCTHOH HayqHo-nccne.uosaienbcKoil pa60Thi JIH<I> OH5IH n 
yHnsepcnTeTOM ".[(y6Ha". 

Peam13aunn pe3yJJ~>TaToB. Propa6oTaHHhie .unccepTaHTOM MeTO.Llhi peannJosaHbi B 
nporpaMMax n cncTeMax. Hx nposepKa BhmonHeHa B :iKcnepnMenTax Ha ncTO'IHI!Kax neilTponoB 
HEP-2 n HPEH B OI15IH. 

Propa6oTaHHhie cncTeMbi ncnonhJYKlTCl! B llccne.uosannl!x, nposo.unMhiX s: JIH<I> OI15IH 
(.UJJll ycTanoBoK KOJIXH.[(A, AYPA, .unl! CHl!THll xapaKTepi!CTI!K llCTO'IHilKOB HeilTpOHOB HEP-2 n 
HPEH), J15In OI15IH ( CIICTeMa .LlJ!ll HaCTpOHKI! .ueTeKTopa .unll JKcnepnMeHTa Mu2e B <I>epMnna6), 
I15IH r.' TponuK ( cncTeMa .LlJ!ll nccne.uosaHI!ll HecoxpaHeHMll 'IeTHOCTI! npn .un<tJpaKttllll 
HeHTpOHOB). C llOMO!llbKl 3TI!X CI!CTeM nonyqeHbl Ba)KHbie <lJ1!31l'IeCKI!e pe3JJJbTaTbl. 

Anpo6aunn . pa6oThi. OT.uenhHbie pro.uenhi pa6oThi npe.uCTasnenbi na Me)K,Llynapo.unh!X 
Kon<tJepenttlll!X "5I.upo 2007" (Bopone)K); "IE<I>'2011" (Y)Kropo.u; YKpanHa); "ICANS XXI" 
(MI!TO, I16apaKil, 5InOHilll); na Me)K,LlynapO.UHbiX CeMI!Hapax "ISINN-17", "ISINN-19", "ISINN-
21 ", "ISINN-22" (.[(y6na). OcHOBHbie peJynbTaThi pa6oTbi .UOKJJ3.LlhiBaJJilcb na nayqHhiX 
ceMnnapax JIH<I> OI15IH, JIHT OI15IH.; H.nnH PAH; ynnsepCilTeTa ".[(y6na". 

7 



IIy6mtKauuu II Jlii'IHbiH 8KJ1a.[(a8Topa. no TeMe J(HCCepTawm ony6;mko8auo II pa60T, 

8 TOM 'IHCJie 4 CTaTbli 8 peueH3HpyeMbiX Hay'!HbiX )!(ypuanax. oe3 COa8TOpOB ony6JIHKOBaHO 5 
pa6oT. 

,[(HccepTaHTOM pa3pa6oTaHbl MeTOJ(bl DOCTpOeHHll pacnpe.[(eJieuuoro no CA3 H3 

yumj:>HUHpOBaHHb!X KOMDOHeHTOB, BblllOJIHeHbl peaJIH3aUHll li nposepKa nporpaMM 1i 

npe.[(JIO)!(eHHOil: KonuenuHH no CA3 ua npaKTHKe. Pe3yJibTaTbi, Bb!HOCHMb!e ua 3aJUHTy, 

DOJIY'!eHbl JIII'IHO aBTOpOM. 

8KJIM COHCKaTeJill liBJilleTCll Onpe,11eJili!OIUHM B pa6oTaX, DOJIO)!(eHHb!X B OCHOBY 

.nHccepTaUHH. B [8-1 0] .niiccepTaniy npuua.nJie)!(UT pa3pa6oTKa anropuTMOB u ux nporpaMMHal! 

peanu3auull. 

CTPYKTYPa u o6beM J(uccepTamm. ,[(nccepTauuonnM pa6ora cocTonT 1!3 sse.[(eHIIll, 5 
rnaB II 3aKJIIO'!eHIIll. Pa6oTa 113JIO)!(eHa Ha 132 crpauuuax MaUIIIHODIICHOrO TeKCTa, CO.llep)!(HT 17 
pncynKOB, 4 Ta6JIIIUhi, 3 npnJio)!(eHIIll. CniiCOK . .imTepaTypbi BKJIIO'!aeT 82 uaiiMenosannll. 

OCHOBHOE CO.ll:EP)J\~HIIE PAnOTbl 

BO BBE.ll:EHIIII npe.llCTaBJieHa nocTanosKa· Ja.na'lll 11 o6ocuosaua ee aKTyaJihHOCTb. 

OnncaHbl IICTO'IHIIKII II npll'IIIHbl, npenliTCTBYIOJUHe YHH<j:>HKaUHH KOMDOHeHTOB no CA3. 

C<j:>opMynnpoBaHa KOHUeDUIIll no CA3, peaJIH3aUHll KOTOpoll OTBe'!aeT nocTaBJieHHOH B 

J(IICCepTaUIIH UeJIII. 

r JIABA 1. MeTOllbl llOCTpoeHIIll pacnpe.lleJieHHbiX nporpaMMHb!X CIICTeM HaH60Jiee DOJIHO 

npe.llCTasnenhi B ceTeBhiX Texuonomllx. B mase I npHse.neH o63op H sbmonneH anaJIII3 

llODYJillpHbiX CeTeBbiX TeXHOJ!OrHH pa3pa60TKH pacnpe.neJieHHbiX CHCTeM. Ha OCHOBaHHH:aHaJIH3a, 

C 'y'leTOM cneuH<j:>IIKH 3a,11a'! aBTOMaTII3aUHH 3KCnepHMe.HTOB, c.nenaH Bhi60p apXHTeKTypbl nO II 

sapuaHTOB TeXHOJIOruil, IICDOJib30BaHHbiX npH nocTpOeHHH no CA3. PaCCMOTpeHbl MeT0,11bl RPC, 

rexuonoru11 RMI, CORBA, DCOM, Ice, cpe.ncTBa pa3MeTKH coo6menHil XML, JSON, SOAP, 

TeXHOJ!Orllll DCJHCKa' KOMDOHeHTOB, KOHUeDUHll TeXHOJIOrHH, KOTOpall B cneUHaJibHOH JIHTepaType 

ll3BeCTHa 110.11 Ha3BaHHeM "cepBHC-OpHeHTHpOBaHHaH apXHTeKTypa".(SOA), H ,11p. 

YKa3aHHb!e Bbiiiie TeXHOJ!OrHH I!MeiOT cne.nyiOIUHe CBOil:CTBa: 

• .nnll KnaccH'!eCKoro RPC (KnHeHTicepsep) xapaKTepubi CHnxpOHHhiil Bbi30B, cnoco6 

B3aHM0,11eHCTBHH ''0,11HH K 0,11H0My'' H .npyrHe CBOHCTBa,. yCJIO)!(Hli!OIUHe peaJiu3aUHIO 

CHCTeM peaJibHOrO speMeHH; 

• TexHonomll RMI HMeeT lKecTKYIO opHeHTauuiO Ha ncnonhJosanHe H3hiKa Java; 

• TexHonoruiO DCOM B03MO)!(HO HCnonb30BaTb TOJihKO B onepau11onuoll cHcTeMe Windows. 

3TII CBOHCTBa BJ!Hli!OT Ha B03MO)!(HOCTb HCDOJ!b30BaHIIll paCCMOTpeHHbiX TeXHOJ!OrHH B nO 
CA3. 

Texuonornll CORBA 6onee nonuo oTseqaeT Tpe6osanul!M, cooTBeTCTBYIOJUilM 

pacnpe.neneHHb!M CIICTeMaM, y KOTOpbiX COCTaB BblllOJ!HlleMbiX <j:>yHKUilH II3MeHlleTCll 

.111lHaMII'!ecKII. CORBA o6ecne'lnsaeT npaKTn'!eCKH nonuy10 c8o6o.ny Mo.nu<j:>uKauuii 

npnno)!(eHIIli. O.nnaKo 8a)!(ueiliiiee ueo6xo.nuMoe csoilcTBo Texuonomn CORBA 

yuusepCaJibHb!H MexaHII3M ,111IHaMII'IeCKOro CBll3b!BaHIIll ,11Jill no CA3 ll36bJTO'IHO CJIO)!(Hb!H, TaK 
KaK: 

/ 

• rpe6yeT BKJIIO'IeHIIll CDeUilaJibHbiX 3JieMeHTOB B cpe,11CTBa 06ecne'!eHIIll B3aiiM0,11eHCTBIIll 

KOMDOHeHTOB II B KOMDOHeHTbi; 

• . ero peaJIII3aUIIll OTHOCI!TeJ!bHO He DpOCTal! II rpe6yeT HeCKOJibKO COTeH onepaTOpOB, B TO 

speMll KaK y'leT cneuu<j:>IIKH no CA3 s o6nacTn cneKrpoMeTpuu uellrpouos noJsonlleT 

CJleJiaTb 3TO c noMO!UbiO 4-6 onepaTopos; 
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• y.nanennhiii Bbi30B npoue.nyp rpe6yer BblllOJIHeHIIll pll.[(a onepauiiil: B3aiiMO.l1eiicTBIIll 

KOMDOHeHTOB .[(Jill HaCrpOHKII Bbi30Ba, 'ITO B IITOre B 40 . pa3 Me.[(JieHHee, '!eM npii 
CTaTII'!eCKOM CBll3b!BaHIIII; 

• . peaJIII3yeTCll CXeMa B3aiiM0,11eHCTBIIll "oi:mH C OllHIIM". 

B IITore, .l1Jill TaKOil: pa6oTbi rpe6yercll KBanmj:>HUIIposannhril: cneuiiaJIIICT. · 

Ha ocuosaniiii npose.neuuoro anan113a npiiHliTO peiiieniie · pa3pa6oTaTb MeTo.n 

.11IIHaMII'IecKoro CBll3biBaHIIll KOMnoneHTOB c yqeTOM cneumj:>IIKII peiiiaeMbiX 3Ma'! . 

noMIIMO MeXallll3Ma ,1111HaMII'!eCKOrO CBll3b!BaHIIll KOMDOHeHTOB, .[(Jill pa3pa60TKll 

pacnpe.neJieHHOro nO CA3, COOTBeTCTByiOJUero c<j:>opMyJiuposaHHOH KOHUeDUllll, norpe60BaJillCb 

OTKpbiThre cereBhie Texuonoruii nepe.na'IH coo6rueuuii, pa3MeTKll (<j:>opMaTuposauull), 

cepuanll3aUUII coo6rueuuii ll DOllCKa KOMDOHeHTOB. npu cpasneHIIH xapaKTepuCTllK JSON-RPC, 

XML-RPC u SOAP, ua ocuosauuu npose.neuuoro B .nuccepTauuu auanu3a, Bhr6panbr cpe.ncTBa 

JSON-RPC. ,[(Jill DOMep)!(Kll .11llHaMU'!eCKOrO 06'be.nuneHllll KOMDOHeHTOB B nO CA3 

ucnOJib30BaH npoTOKOJI noucKa KOMnouenToB SLP- e.nuncTBeHHblil:, nonyquswuii cTaTyc RFC. 

npu Bbi6ope . apxuTeKrypbl no CA3 npllHliTa KonuenUllll SOA, npllHUllllbl KOTOpoii 

CJie.11YJO!Ulle: <j:>yHKUllOHaJibHal! 3aBepUieHHOCTb KOMDOHeHTOB (cepBllCOB), llX Kpynuo6JIO'!Hal! 

crpyKTypa, ny6JIUKaUllll (llJill <j:>llKCaUllll) llHTep<j:>eilCOB, CJia6all CBll3aHHOCTb KOMDOHeHTOB. 

OnTHMaJibHOCTb Bhi6opa .nauuoil: Konuenuuu o6ycnosneHa TeM, 'ITO B nell o6ll3aTeJibHbiM liBJilleTcll 

CJie,110BaHUe 0,11HOBpeMeHHD BCeM nepe'!HCJieHHbiM npllHUUDaM, B OTJ!ll'!lle OT paCCMOTpeHHbiX 

TeXHOJIOrllil, llCDOJib3YIO!UUX TOJibKO '!aCTb 1!3 HllX. 

0CH08Hble 8biBOJ(bl 8 I'J1a8e 1: 
• apxnTeKTypy no CA3 cne.nyeT npHHHTb B COOTBeTCT8Hll c npiiHUHllaMH SOA, BKJIIO'!all 

MeXaHH3M nepe.na'lll Coo6rueHHH, <j:>yHKUHH <j:>OpMHpOBaHHll peecTpa KOMDOHeHTOB, 6pOKep 

C006rueunil,' npHKJia,11Hbie KOMDOHeHTbl H HeKOTOpbie CDeUHaJibHbie CJiy)!(6bl; 

• UeJieC006pa3HO BblllOJIHHTb pa3pa60TKY . MeT0,11a .111lHaMil'leCKOrO CBll3biBaHI!ll 

KOMDOHeHTOB, Y'IHTbiBaiOIUero Oco6eHHOCTil peUiaeMbiX 3a,11a'l. 

PeJynhTaTbi nepsoll rnaBbi ony6nnKOBaHbi B pa6oTe [5]. 
C UeJib!O llOJiy'lllTb ,110llOJIHHTeJibHYJO HH<j:>OpMaUHIO .[(Jill ODTHMH3aUI!H pa3pa60TKil MeT0,11a 

,111lHaMH'!eCKOrO C8ll3b!BaHI!ll KOMDOHeHT08 H ,11Jill peiiieHllll npo6neM yuu<j:>nKaUHH KOMDOHeHTOB, 

CBll3aHHbiX C H3MeHeHHeM MeT0.11HKII 3KCnepnMeHTa, B CJie.11yiOIUeil rnaBe BblllOJIHeH aHaJIH3 
oco6eHHOCTeil pa60Tbl KOMDOHeHTOB B nO CA3. 

B r JIABE 2 BblllOJIHeHbl aHaJIH3 H KJiaCCII<j:>HKaUHH <j:>ynKUllOHaJibHb!X COCTaBJili!OIUllX nO 

CA3. B npoananll3uposannhiX ony6nHKOBaHHbiX pa6oTax yqeT MeT0.11HKil .. 3KcnepHMenTa 

ocyrueCTBJilleTCll pa3Hb!MII CllOC06aMH: B <j:>parMeHTaX·nporpaMM CllCTeMbl, BB0,110M napaMeTp08 113 

<j:>ail:JI08 HJIII B ,11HaJIOre; llHTepnpempyeMb!Mil CKpHDTaMH ll .11p. 3TH 8apHaHTbl BHOCliT '.')!(eCTKYJO" 

C8ll3aHHOCTb KOMDOHeHT08, a llOllbiTKa peaJIU30BaTb He yqTeHnyiO pauee MCT0.111lKY 3KCnepiiMeHTa 

npllBO)lHT K ll3MeHeHIIliM rOTOBbiX nporpaMM, 'ITO 3aTpyJlHlleT .llJIH HCKJIIO'!aeT B03M0)!(HOCTb 

YHII<j:>HKaUIIll. KOMDOHeHTOB. B cneUHaJibHOH JlllTepaType ua ny TeMy He Hail,11eHbl CDOC06 

ynpaBJieHIIll 3KCnepuMeHTOM ll cpe.nCTBa OllHCaHHll HOBOH (He y'!Te!fHOil: npu pa3pa6oTKe no 

CA3) MeTOl[llKil,, He rpe6yiOIUHe H3MeHeHllll KOMDOHeHTOB, CKpHDTOB I!JIIl .11pyrux .COCTaBHb!X 

qacTeil.IIO CA3.. , 

nO .CA3 pewaeT cne.11);'IO!Uile 3a,11a'ln: 

• ynpaBJieHHe. ycnOBIIliMU pemcrpauuu. l[aHHb!X B COOTBeTCTBIIII .C 3a,11aHHOH MeT0,11llKOH 

3KcnepnMeHTa; 

• perucrpauniO·, npe.llCTaBJ!eum; )laHHbiX B <j:>opMare, y.llo6noM .[(Jill o6pa60TKII, u coxpaueniie 

noToKa )laHHbiX or .neTeKTopos (no.ncucTeMa DAQ); . 

• KOHrpOJib KOppeKTHOCTII. pa60Tbl 3KCnepii~eHTaJibHOH ycTaHOBKil 11: ,110CTOB~pHOCTil 
perncrpupyeMbiX .naHHbiX. 
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J1H<jJOpM3UIIJI JJ.Jlll pa3pa60TKH npe.llllOJKeHHOfO MeT0.!\3 .!\HHaMHqeCKOrO CBll3biB3HHll 

KOMllOHeHTOB, cnoco6a ynpasneHHll 3KCnepHMeHTOM H llO.!\CHCTeMbl OllHC3HHll MeTO.liHKH 

)KCnepHMeHTa C HYlKHbiMH CBOHCTB3MH nonyqeHa Ha OCHOBe 3HaiTH3a. COCTaBa H cnoco6a 

B33HMO.lleliCTBHll pa3Hb!X <jlyHKUHOHaiTbHbiX KOMllOHeHTOB no CA3. AHaiTH3 ll03BOllHll C.llenaTb 

cne.li)'IOIUHe BbiBO.llhi: 

• mo6oli KOMUOHeHT MOlKeT BbiCTynaTh KaK B pOllH KnHeHTa, T3K H B ponH cepsepa. 

BblllOllHllll <jlyHKUHH ynpasneHHll, HCllOITHeHHll .lleHCTBHH, ny6nHK3UHH H o6pa60TKH 

HH<jJOpMaUHH; 

• OCHOBHble <jlyHKUHH 3KCnepHMeHT3 BblllOllHli!OTCll ynpaBUli!O!UHMH (HHTepifleliCbl 

ll0llb30B3Tellll H nporpaMMa ynpasneHHll 3KCnepHMeHTOM) H HCllOllHli!OIUHMH 

KoMnoHeHTaMH (ynpasneHHe OKpyJKeHHeM _ o6pa:Jua H nO.liCHCTeMhi DAQ) c 

<jJHKCHpOBaHHOH CXCMOH B33HMO.lleHCTBHll. ,[(nll )mx<jlyHKUHOHaiThHbiX rpynn xapaKTepHO 

Tpe60B3HHC rapaHTHpOB3HHOH .!IOCT3BKH KOM3H.llhl HHO.liTBCplK.lleHHll 33BCpillCHHll pa60Thi; 

• B COCT3BC nO CA3 npHCYTCTBYIOT .llpyrHe <jlyHKUHOHaiThHbiC napbl - HCTOqHHKH 

HH<jJOpMaUHH, Bbipa6aTbiB3CMOH B npouecce pa60Tbl no CA3, H norpe6HTenH 3TOH 

HH<jJOpMaUHH. J1CTQqHHK MOlJ<eT ny6mlKOBaTh HH<jJOpMaUHIO pa:lllHqHOfO THna (a.11peca 

3KCnepHMeHTaiTbHbiX .!13HHbiX, HH<jJOpMaUHIO 0 COCTOliHHH Y3ITOB ycTaHOBKH, 

.liHamocmqecKHe coo6meHHll H .11p.). noTpe6HTeniO rpe6yeTCll HH<jlopMaUHll 

onpe.llellCHHOfO THna. noTpe6HTeneJ1 HH<jJOpMaUHH UI060rO THna MOlKCT 6hiTb HeCKOllbKO 

UH60 HH 0.!\HOro; 

• B COCTaBe nO CA3 npHCYTCTBYIOT .!\Be rpynnhi KOMllOHeHTOB: 

I. OCHOBHble KOMllOHeHTbl C .lleTepMHHHpOB3HHbiM xapaKTepOM B33HMO.!\CHCTBHll, 

BblllOllHli!OIUHe OCHOBHble 3M3qH 3KCnepHMeHTa. Cnoco6 HX B33HMO.lleHCTBHll - "0.!\HH 

K 0.!\HOMy"; 

2., BCllOMOraTellhHble KOMllOHeHTbl (H HeKOTOpb!e npOUC.llypbl OCHOBHbiX KOMUOHCHTOB), 

peanH3YIOIUHe cepBHCHbiC _iflyHKUHH, o6pa60TKY· HeillT3THhiX CHTyaUHH H .lip., He 

BllHli!O!UHC (B UIT3THbiX ycnOBHliX) Ha BbinOllHCHHC OCHOBHbiX 3Maq. Cnoco6 HX 

B33HMO.!\CHCTBHll- "0.!\HH KO MHOrHM"; 

• B rpynne OCHOBHbiX KOMUOHCHTOB npHCYTCTBYCT TOllbKO .!IB3 THna KllHCHTOB, B J<aqecTBC 

pe3yllbTaTa Y.llaiTCHHOfO Bbi30B3 npOUC.liYPhl HM rpe6yeTCll CHrHaiT 3aBeprneHHll pa60Tbl 

Bhi3B3HHOH npOUe.llypbl .!Iilli CHHXpOHH33UHH pa60Thl. 3TO ynpaBUli!O!UHC nporpaMMbl -

HHTep<jlelichi nonh30BaTenl! H nporpaMMa ynpasneHHll 3KcnepHMeHTOM, ynpasneHHe -

0.!\HOHanpaBUCHHOe. PeanH33UHll o6paTHOH CBli3H OTHOCHTCll K BCUOMOraTellhHbiM 

onepaumiM; 

• B rpynne OCHOBHbiX KOMUOHeHTOB npHCYTCTByeT TOllbKO .1183 THna KOMllOHCHTOB, 

BblllOllHli!O!UHX OCHOBHYIO pa6oTy, onpe.lleUlleMy!O MeTO.liHKOH 3KCnepHMeHTa. 3TO 

llO.!\CHCTeMbl pemCTp3UHH .!13HHhiX (DAQ) H KOMllOHCHThl ynpasneHHll ycTpOHCTB3MH, 

<jlopMHpYJOIUHMH ycnOBHll perHCTpaUHH 3KCnepHMeHTaiTbHhiX .!13HHbiX. 

0CHOBUble BLIBO.llbl B rJiaBe 2: 
• .!1HH3MHqecKOC CBll3biB3HHC KOMllOHCHTOB .!Iilli Y.llaiTCHHOfO Bbi30Ba npOUC.liYP HC06XO.!\HMO 

TOllbKO npH BblllOllHCHHH OCHOBHhiX <jlyHKUHH nO CA3; 

• pe3yn&TaT y.11aneHHoro Bhi30Ba npoue.11yp .liOnlKeH CO.llepJKaTL .liBa THna HH!flopMaUHH: I) 
06l!33TCllbHLIH CHrHan 3aBeprneHHll pa60Thl, MpecyeMhiH Bbl3b!B310!UCH nporpaMMC 

(npOrpaMMe ynpaBUCHHll 3KCnepHMeHTOM HUH HHTepiflel\cy ll0llb30B3Tellll), H 2) 
, .lleTaiTH3Hp)10IU)10 HH<jJOpM3UH!O (CnHCOK <jlaliUOB 3aperHCTpHpOB3HHblX .!13HHbiX, 

OllHC3HHe COCTOliHHll ynpaBllliCMOfO 06beKTa, .!1H3fHOCTHqecKOC C006rueHHC H .!\p.), 

8JlpecyeM)10 BCllOMOf3TCllbHLIM <jlyHKUHliM; 

• peanH33UHll BCllOMOraTCllbHLIX <jlyHKUHH rpe6yeT CllCUHaiTbHOH .!\HCUHllllHHhl CBli3LIB3HHll 

'KOMUOHCHTOB, yqHTbiB310IUCH CllOHTaHHbiH xapaKTep B03HHKHOBCHHll 3anpOCOB Ha T3KHC 
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onepaUHH H He3aBHCHMOCTb OCHOBHbiX <jlYflKUHH (B.IllTaTHbiX ycnOBHliX) OT• pe3YllbTaTOB 

BblllOUHeHHll BCUOMOraTellbHb!X onepaUHH. , 

3TH Bb!BO.llhl llOllOlKeHbl B OCHOBY pa3pa60TKH CneUHaiTbHOfO MeT0.!\3, .!\HHaMHqeCKOfO 

CBll3b!BaHHll KOMllOHeH'!"OB H HOBOH crpyKTypbl nO CA3, B KOTOpOli HCllOllb30BaHbl pa3Hble 

MCXaHH3Mbl . B33HMO.lleHCTBHll, KOMllOHeHTOB .l\llll BblllOUHeHHll OCHOBHbiX H BCllOMOraTCllbHbiX 

<JlYHKUHli. 

11ccne.lloBaHHll, BhmonHeHHhJe B rllasax I . H 2, noKa:JhJBa!OT, . qTo .!l.llll .liOCTHJKeHHll 

llOCTaBneHHOH B .liHCCepTaUHH l{CllH Kn!Oqesb!MH l!Bllli!OTCl!·perneHHll CllC.liYIOIUHX 3Maq: 

• pa3pa60TKa MeT0.!\3 ynpaBneHHll 3KCnepHMeHTOM; 

• pa3pa6oTKa yHHsepcanbHoli no.!ICHCTCMLI onHcaHHll MeTO.!\HKH 3KcnepHMeHTa; 

• pa3pa60TKa CllCUHaiTbHbiX CpC.liCTB .!Iilli BhlllOUHeHHll llOHCKa KOMllOHeHTOB H HX 

.!\HHaMHqeCKOfO CBll3biBaHHll. 

Pe3ynhTaThi BTOpoli rnashi ony6nHKOI!_aHhi B pa6oTe [I]. 

B rJIABE 3 paCCMOTpCHbl H3BeCTHhie cnoco6b! ynpasneHHll 3KCnepHMCHTOM. TaKHX 

cnoco6os .liBa: 

• 

• 

npe.liCTaBUCHHe nporpaMMbl ynpaBUCHHll Ha ll3b!Ke nporpaMMHpOB3HHll <jJHKCHpOB3HHOH 

rpynnol\ npOUC.llyp, KOTOpble peaiTH3)10T onpe.lleUeHHbiC MCTO.!\HKH 3KCnepHMCHTOB, a · 

3HaqeHHll napaMeTpo~ onpe.llelll!IOTCll B .liHanore HUH .llaHHhiMH H3 <jlalina; 

HCllOJlh30BaHHC B COCTaBC nO CA3 HHTepnpeTaTOpa, Ha ll3b!KC KOTOpOrO COCT3BlllleTCll 

nporpaMMa ynpasneHHll 3KCnepHMCHTOM (cKpHllT) .B BH.!IC CllHCKa Bhi30BOB BHCillHHX 

npoue.11yp H 3HaqeHHH napaMeTpOB. 

B o6oHx cnoco6ax, no cym, s nporpaMMY ynpasneHHll nocne.lloBaTenhHOCTh!O onepauHli s 

3KCnepHMCHTC BKll!OqaeTCll OHHCaHHC, MCTO.!\HKH CllHCKOM Bbi30BOB npOUC.llyp. B pe3yllbTaTe 

B03HHKaCT lK~CTKal! CBli33HiiOcTb KOMllOHCHT?B. B .l\llCCepT3UHH npC.llllOl~CHO HCKll!OqHTb H3 

nporpaMMhl ynpaBUCHHll 3KCnepHMCHTOM. cpe.liCTBa OllHC3HHll MCTO.!\HKH 3KCnepHMCHTa, KOTOpblC 

TPMHUHOHHO npe.llcTasnllnHch · Bhi3osaMH npoue.11yp. npe:nnoli<eimhili anbTepHamsHhili MeTo.ll 

ynpaBUCHHll 3KCnepHMCHTOM 3aKn!OqaeTCll B CllC.!\YIO!UCM: 

• 

• 

nporpaMMa ynpaBUCHHll 3KCnepHMCHTOM ll0CllC.liOB3TCllbHO BblllOllHl!CT <jlopMHpOB3HHC 

ycnOBHH 3KCnepHMCHT3 H pemcTpaUHIO .!13HHbiX B 3THX yCITOBHliX; , 

KOHKpennauHll <jlyHKUHOHanhHoro HanonHeHHll 3THX npoueccos (cocTaBa HCnonb3yeMhiX 

KOMllOHCHTOB) BblllOllHliCTCll .!\HHaMHqecKH . C HCll0llb30B3HHCM <jlalina C OllHCaHHCM 

ycnOBHH pemcTpaUHH .!13HHbiX, C03.!13B3CMOfO llO.!\CHCTCMOH OllHC3HHll MCTO.!\HKH 

3KCnepHMCHTa. 

no.liCHCTCMa OllHC3HHll MCTO.!\HKH 3KCnepHMCHT3 BKll!OqaeT 6a:Jy .!13HHbiX (6}:() H .!IBC 

.!\HaiTOfOBbiC nporpaMMbi: . 

• HCll0llb3Y~MYIO nporpaMMHCTaMH JJ.Jlll COCT3BllCHHll nacnOpTOB KOMUOHCHTOB, pa6~fa!OIUHX 
C ycTpOHCTBaMH ynpaBUCHHll ycnOBHliMH perHCTpaUHH .!13HHhiX; . . . . . 

• Hcnonh3yeMyiO 3KcnepHMeHTaTOpaMH .!l.llll no.11roToBKH 38JlaHHll PSJ (Prepa~~tion of Single 
Job). 

3.1. IIQ COCT3BJICHIIH, nacnopTOB ycrpOHCTB C03.!\3eT. H 33HOCHT- B; 6,[( OllHCaHHe 

ycTpoliCTB B <jlopMaTe JSON. 0nHCaHHe CO.lleplKHT: · Ha:JB3HHe KOHTpOUJlepa H .• CllHCOK 

llO.!\Kn!OqeHHbiX K HeMy ycTpOHCTB, THn KOMllOHeHTa,. pa60T310IUero C. KOHTpOnnepOM,. ero 

YHHKallbHbiH H.lleHTH<jJMK3TOp (GUID),.HCnonb3YeMbiH JJ.Jlll MpecaUHHKOMllOHeHTa, H OllHC3HHll 

napaMeTpos. CocTaB napaMerpos (npHKnMHOli npoTOKon) onpe.llenlleTCH · pli3pa6oTqHKOM 

KOMllOHeHTa. 
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3.2. no COCT3BJieHIIH' 33)t3HIIH PSJ HCI10Jih3YeT CllHCOK .QOCTYilHhiX ycTpoiicTB (n 
KOMilOHeHTOB) H3 oLJ:. yl3 :noro CllHCKa 3KCrrepnMeHTaTOp B .QliaJlOre Bhi6npaeT HYlKHhie B ,naHHOM 
3KCrrepnMeHTe KOMilOHeHThl If COCTaBJIJICT CllllCOK ycrpoiiCTB, KOTOpbie B rrpol{eCCe 3KCrrepnMeHTa 
6y.nYT ·orrpe.nenJITh ycnoanJI perncTpauuu ,naHHbiX . .ll:JIJI KaJK.Qoro ycrpoiicTaa H3 3TOro crrucKa 
MOJKHO Ja.QaTb crrucoK nocne.noaaTenhuo ucrronhJyeMbiX Juaqeuuii yrrpaanJieMoro rrapaMerpa. 
Pe3YJibTaToM 3TOii pa6on1 JIBJIJICTCJI PSJ--ijlaiin c Ta6JIH'!HhiM orrncauneM Kouequoro aaToMaTa, 
peanH3YJO!Ilero HYlKHhle B 3KCI1epnMeHTe COCTOJIHllJI anrrapaTHOH CIICTeMbl. B KaJK.QOM COCTOJIHHII 

Bhii10JIHJieTcJI 3KCil03llllHJI ,naHHhiX. CTpyKTypa <jlaiimi Ja,naunJI rroKaJaua ua Puc. 2. 
0TJIII'!IIe .QaHHOfO MeTO.Qa OT HCI10Jih3YeMbiX B ,npyrnx CIICTeMax B TOM, 'ITO nporpaMMa 

cocTaaneunJI 3a.QaHIIJI PSJ cocmanJieT crrucoK ycnoauii pemcTpauuu .naHHhiX BMecTo orrucauuJI 
,nei\CTBIIH CllHCKOM Bbi30BOB npoue,nyp B CKplinTe 11!111 yK33aHHJI BapllaHTa JarrporpaMMIIpOBaHHOH 
rrpoue.nyphi. ITporpaMMa yrrpaaneuuJI 3KcnepuMeHTOM Bhii10JIHJieT <jlyHKlliiH .nucrreT'!epu3auuu 

IICI10Jib3YeMbiX KOMllOHeHTOB, a Bhi60p II Bbi30B rrpoue.nyp, peanH3Y!OllliiX HYlKHbie ycJIOBIIll 
perHCTpal{llll ,naHHbiX, Bbii10JIHJIIOTCll B KOMilOHeHTaX, yrrpaBJIJIIO!IliiX o6opy,noaaHHeM, Ha 

OCHOBaHHII IIHTeprrpeTal{llll rrepe.naHHbiX liM OlliiCaHIIH ycnOBIIH. 

HAeHrHtPYIKcirop ct>a~n 3aAaHI'!SI Ha I ) I j 
3KCnepHMeHT .,, KoMnoHeHra ycrpoHcraa 

Puc. 2. CTpyKTypa <jlalina 3a.Qam!JI Ha ::JKcrrepHMeHT 

nepe.c,aaaeMble 
napaMeTpbl 

LJ:oCTOIIHCTBOM TaKOrO OO.QXO.Qa JIBJIJieTCJI TO, 'ITO npll OOIICaHIIII MeTO.QIIKII 3KCI1epHMeHTa 
3KCrrepnMeHTaTOpOM.HCOO!Ib3YeTCJI TO!IbKO TepMIIf!OJIOriiJI ero npo6JieMHOH o6nacm: HaJBaHIIll 

YJ!IOB crreKTpOMeTpa,' YrJIOBhH:i OOJIOlKeHIIll II ,np. I1.neHTII<jJHKaTop (GUJD) II Tllll, IICOOJib:iyeMhie 
npll OOIICKe KOMOOHeHTa .QJIJI nepe,na'lll eMy ClliiCKa' napaMeTpOB, npOHOCJITCJI 113 rraCOOpTa 

ycTpOHCTBa B <jlaliJI 3a.QaHIIJI aBTOMaTH'!eCKII. 

3.3. Ocuoauble BbiBOithi B rnaae 3: 
• I1CI10Jih30BaHHe p33pa6oTaHHOli OO.QCIICTeMbl OllHCaHIIll MeTO.QIIKII 3KCrrepnMeHTa II MeTo,na 

ynpaBJieHHJI 3KCnepnMeHTOM cymecTBeHHO COKpaTHJIO BpeMll HacTpOHKif no CA3 .QJIJI 
HOBOro 3KCrrepnMeHTa 6naro,napll B03MOJKHOCTII KOMOOHOBKH ClfCTeMbl II COCTaB.leHHJI 

3a.QaHHJI 6e3 OpHBJie'!eHHll nporpaMMHCTOB. 

• I1CilO!Ib30BaHHe 3TOH OO.QCHCTeMbl COBMeCTHO C p33pa6oTaHHhiMif cpe.QCTBaMII 
MelKKOMOOHeHTHOro B3aiiMO.QeHCTBifJI o6ecrre'!HJIO B03MOlKHOCTb aBTOMaTH'!eCKif 

KOMnouoBaTb ITO CA3 s cool-seTCTBHII c 3a,nauueM ua ::JKcnepuMeHT. 

• PaJpa6oTaHHbie cnoco6 orrncaHHJI MeTo.nnKn ::JKcrrepnMeHTa · n MeTo.n ynpaaneu11JI 
3KCrrepnMeHTOM IICK!IIO'!If!llf JKeCTKYIO CBll3aHHOCTb KOMOOHeHTOB, ' 6naro,napl! 3TOMY 
no.ncncTeMa 11 nporpaMMa ynpaaneHHJI ::JKcne!mMeHTOM npuro.QHhi ,nnJI ncnoJib30BaHnll 6e3 

H3Meueunli B ITO p33!IH'!HhiX CA3. ' 
PeJyJihTaTbi TpeTheli rnaBhi ony6nuKoaaHhi a pa6omx [2,4; II]. 

B rJIABE 4 onncaua ceTeB3JI TexuonomJI· MeJKKOMnoueHTHOro B3anMo.nelicTBHJI, 

pearin3ye~i3JI p33pa6oTauHhiM KOMnoueHTOM DiCME (Distributed Components Messaging 
Environment). KoMnoueuT p33pa6oTau a cociTBeTCTBHH co cne.nyiOmHMH rpe6oaaHHJI~m: 

• 3BTOMaTH'leCKHH OOHCK If .QifHaMII'!eCKOe CBll3biBaHHe KOMOOHeHTOB; 
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licnoJib3oaaune acnuxpouuoro Mexaun3Ma y.naneuuoro Bhi30Ba · rrpoue.nyp, T.K. npn 
cimxpOHHOM Bbi30Be yseJIH'!HBaeTCll speMll 06CJIYlKHBaHHJI B3aHMO.QeHCTBifJI KOMOOHeHTOB. 
no' CA3, YMeHblliaeTcii nponyCKHall cnoco6HOCTh CA3; 

B03MOlKHOCTb nepe.naTb HH<jlopMal{lf!O HeCKO!IbKHM KOMllOHeHTaM O.QHOBpeMeHHO; 

o6pa60TKa acex o6Meuos coo6meunli s paMKax ITO CA3 ·c· ncnonb3osauHeM o.nuciro n 
TOrO lKe· cpe.QCTBa MeJKKOMOOHeHTHOfO B3aiiMO.Q(;HCTBHJI (T.K. ro~ioreHHYJO ClfCTe.My 
HaMuoro nerqe nporpaMMHposan 11 no.n.nepJKnBaTh); · 

e.QIIHbiH MeXaHII3M B3alfMO,neciCTBHJI KOMilOHeHTOB ,npyr C .npyrOM, He 3aBHCJI!IliiH OT HX 
B3aHMHOro p33Me!IleHIIJI B CeTH (Ha O.QHOH 3BM !11160 HeCKO!IbKllX, B TOM '!lfCJie p33H0f0 
mna); · . . . 

B03MOlKHOCTb CB060.QH0f0 nepeMe!IleHHJI KOMilOHeHTa C O.QHOH 3BM Ha ,npyryro, 'ITO 
o6nerqnT ycrpa11eune pJI.na uewTaTHhiX cnTyauul\, B03HHK310!IlHX s cny•me Bhlxo.na 3BM 
lf3 CTpOJI; 

asToMaTnqecK3JI a.nanTaunJI . K nenoJib3yeMoli KOH<jlnrypaunn, BKJIIO'!aJI . cnyqan ee 
HapyweHIIJI (c6oli KOMOOHeHTa, OTKJIIO'!eHIIe 38M II!IIf p33pbiB CeTeBOH CBJI3H). 

KoMrroHeHT DiCME JIBJIJieTCJI CBJI3YIO!IlHM 3BeHOM .Q!Ill Tpex rpynrr nporpaMM, 
BbiOOJIHli!O!IllfX: 

• OCHOBHhie Orrepal{lllf BO BpeMJI 3KCrrepHMeHTa: <jlopMnpoBaHIIe YCJIOBIIH perucTpaUHif 
.QaHHbiX If pemcTpal{HIO .QaHHbiX; 

• yrrpaBJieHHe IlOCJie.QOBaTe!IhHOCTh!O Bbii10!1HeHIIll OCHOBHbiX Orrepal{HH B 3KCrrepnMeHTe; 

• BCOOMOraTe!IhHbie <jlyHKl{lflf no CA3. 

4.1. KoMnoueuT DiCME o6ecneqnsaeT 6aJosy10 TexuonomqecKy!O no.n.neplKKY pa6oThi 
ITO CA3; .ll:nJI 3Toro B cocTas DiCME, noMnMo MexaHH3Ma nepe,naqn coo6meHnll, BKJIIO'!eHhi 

<jlyHKUHH <jlopMnpoaaunJI · peecTpa KOMnoueHToB; 6poKep coo6meunli, n .npyrne cnylK6hi.. LJ:nJI 
o6ecrre'!eHHJI aBTOMaTII'!eCKOfO . <jlopMHpOBaHHJI peecTpa KOMOOHeHTOB KalK.QhiH KOMOOHeHT OpH 
3arrycKe Ha ::JTarre HHifUH3JlH3al{lfH CBOero HHTep<jlel\ca K DiCME aKTHBHpyeT <jlynKlllf!O "M3liK". 
"M3liK" nepuo,nnqecKn nocpe.ncTBOMmulticast-coo6meunii nu<jlopMupyeT .npyrne qacTu ITO CA3 

0 .QOCTYOHOCTH KOMOOHeHTa -, paCCbi!IaeT YHHKaJlbllbiH H.QeHTH<jJHKaTop (QUID) H THO 
KOMOOHeHTa. 

4.2. O.n11a H3 aaJKHhiX xapai<TepucTHK cpe.ncTB MeJKKOM\IOHeHTHoro B3auMo.nelicTBHJI -
Ci10C06 CBJI3biBaHHJI KOMOOHeHTOB. LJ:,1JI .QHHaMH'!eCKOfO CBJI3hiBaHHJI HH<jJOpMal{HIO ,naeT <jlal\JI 
3a.QaHHll, B KOTOpblH rrporpaMMa OO.QfOTOBKif 3a,naHHJI 3BTOMaTH'!eCKH 33HOCHT H.QeHTH<jJHK3TOp If 
Tun KOMnoueHTa, orrpe.neneuHhie B nacrropTe. B .nnccepTallHH. cnoco6 ncnonb30BaHHll 
H.QeHTH<jJHKaTOpOB KOMOOHeHTOB .Q!ill HX .QHH3Mif'ieCKOfO CBll3hiB3Hifll If aBTOM3TH'!eCKOf0 

o6be.QIIHeHHJI B CHCTeMy p33BHT .QJIJI pacnpe.neneuuoro no CA3. 3TOT cnoco6 .naeT YK333HHbie 
BhiWe rrpenMymecTaa no cpasueuu10 c MeTo.naMH, HcrroJih3yeMbiMH B nonynllpHhiX Tex'uonornJix: 
RMI, COREA, DCOM, Ice. . 

LJ:mi BbiOOJIHeHHll OCHOBHbiX If BCOOMOraTeJibHbiX OOepaUHH BBe.QeHbl .QBe · .QHCUHOJIHHhl 
.QIIIIaMH'!eCKOfO CBll3hiBaHHJI, 'ITO HaWJIO OTpaJKeHHe B CTpYKType nO. 

Ha Puc. 3 noKaJaua cxeMa B3aHMo.nelicTBHJI nporpaMMhi yrrpasneHHJI 3KcrrepnMeHTOM 
(ITY3) n KOMrroueuTa DiCME npH BhiOOJIHeHHH ocuoBHhiX onepauuii ITO. CA3 .. Ha sxo.n ITY3 
OOCTynaeT <jlaiin 3a.QaHHJI. 3Ta rrporpaMMa Bbi6upaeT OOHCaHIIe O'!epe.llHOfO COCTOJIIIHJI CHCTeMbl 
(COHCOK YCJIOBHH perHCTpaUHif .llaHHhiX) II nepe,llaeT OOHCaHHe KaJK.Qoro' YCJIOBHJI KOMllOHeHry 
DiCME: On11caune ycnosnl! ueceT. nu<jlopMallH!O o KOMllOHeHTe (GUID, nm), .lloqaTO'!HYJO .QJIJI 
ero noncKa n CBJI3biBaHHJI c HHM scer,lla O.llHOro 11 Toro JKe KOMrroueuTa- nporpaMMbi ynpasneuuJI 

3KCrrepHMeHTOM, a T3KlKe ClllfCOK napaMeTpOB. DiCME HaXO,llHT HylKHbiH KOMOOHeHT If· nepe,llaeT 
eMy coo6meune c onncauueM ycl!OBHJI, co~tepJKamee .~rrHCOK napa'>~erpoa. · · 
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. :-:-C~T: TCP/IP - - - - - -

YAaneHHbie BbiJOBbl ~I ( ! I ·I 
0 

ABTOM8TH"18CKHH 00Mtlo4 HH<f:lopMai.IH&H 0 

~-~~~~~~~~~"2~~~·~l~~~~~~~~L----~~---------------J-
. I 

Pnc. 3. CxeMa B3allMo.neikTBHll,nporpa""Mhi ynpasneHnll 3KCnepllMeHTOM n KOMnoHeHTa DiCME 
npll peaJIIl3al{llll OCHOBHbiX 3a.Qa'l no CA3 

CnllCOK napaMeTpoB ll llX 3HaLJeHill! - LJaCTb coo6meHilll, llHTepnp""eTilpyeMal! npoue.nypaMil 
KOMnoHeHTa. HanpllMep, Mll ynpasneHilll noJIO)I(eHileM nonllpll3aTopa onllcaHile ycnoBilll s 
¢opMaTe JSON llMeeT cne.nyiO!llllH Bll.Q: 

{device:"polarizer", parameter:"angle", value:"30 grad") 

KaJK.Qhiii KOMnoHeHT, KOTopoMy nY3 nepe.nana coo6meHile, .nomKeH sepHyTb nY3 CllfHaJI 
("Done"· f' Error") 3aseprneHilll pa6oTbi. ITocne nonyLJeHilll CllfHaJIOB oT scex ycTpoiiCTB, 
nepe'lllCJieHHbiX B onncaHilll H~Horo cocTOl!Hill! CA3, ITY3 BKJIIOLJaeT pemcTpaUHIO .naHHbiX 
no.nollcTeMoii · DAQ. CllrHan 3aBeprneHHll 3KCn031ll\llH .naHHbiX pa3pewaeT nY3 nepeiiTil K 
o6pa6oTKe onllcaHill! cne.nyiO!llero cocTOl!Hill! B ¢aiine 3a.naHill!. 

B pa3pa6oTaHHOM MeTo.ne t~llHaMilLJecKoro CBl!3biBaHill! Heo6xo.nnMM Mll CBl!3biBaHill! ll 
napaMeTpH3aUilll .neiicTBilll llH¢opMal\lll! Bbipa6aThmaeTCll cpe.ncTBaMil, BHeWHilMil no 
OTHorneHiliO K ITY3, KOMnoHeHTaM ll cpe.ncrsaM o6ecneLJeHill! Me)I(KOMnoHeHTHoro 
B3aHMo.neiicTBHl! DiCME. B OTIIH'llle oT TexHonomll CORBA ll .np., pa3pa6oTaHHbiH MeTo.n 
CBl!3biBaHilll ycTpaHilJl He06XO.QilMOCTb nOt~fOTOBilTellbHOfO t\llaJIOra MeJJ(.Qy KOMnOHeHTaMil .QJll! 
HaCTpOHKil y.naneHHOfO BbinOJJHeHHll npoue.nypbl ll, 6JJaro.napl! aBTOMaTil'leCKOMY COCTaBJieHiliO B 
DiCME peecTpa KOMnOHeHTOB, anropllTM CBl!3biBaHilll 3KBilBaJieHTeH no CKOpOCTil CTaTH'leCKOMy 
CBl!3b!BaHHIO. )laHHbiH MeTO.Q CBll3biBaHHll He orpaHil'lHBaeT pa3BilTile MeTO.QHKil 3KCnepllMeHTa, ll 
ee ll3MeHeHill! He 3aTpamsaiOT nY3 ll cpe.ncTBa Me)I(KOMnoHeHTHoro B3allMo.neiicTBill! DiCME, 
T.K. nporpaMMa ynpasneHill! ll DiCME npo3paLJHbi .QJlll cnllCKa napaMeTpos. 

4.3. Hall6onee cymecTBeHHhie oco6eHHOCTil, BJllll!IOIUile Ha cnoco6 BhmOJJHeHill! 
BCnOMOfaTeJibllbiX ¢YHKUHH, CJJe.QYIQ!lllle: 

• CnOHTaHHbiH xapaKTep BO;HilKHOBeHill! llH¢opMal{llll 0 C06b!Till!X ll B03M0)1(H0CTb 
OTCpO'IHTb ee o6pa6oTKy; 

• He06XO.QilMOCTb nepe.QaBaTb llH¢opMal{HIO HeCKOJlbKilM npOUeCCaM, COCTaB KOTOpbiX, B 
o6IUeM cnyqae, · llCTO'lHilKY mi¢opMaUilll ne ll3Becren n MO)I(eT H3MeHliTbCll B npouecce 
p~60Tbl no CA3 no llHill{HaTilBe rionb3osaTeJil! CllCTeMbl. . 

)lJill CBl!3b!BaHill! BCnOMOfaTeJibHbiX KOMnOHeHTOB Bb16paH BapllaHT aJifOpHTMa 
"no.nnncKn':, npll RoTopoM KoMnOHeHT-noTpe6nn:rrh o.nHoKpaTno .neKnapllpyeT llHTepec K 
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llH¢opMal\llll onpe.neneHHoro Tllna, nocne LJero cneullaJihHbiH KOMnoHeHT (MeHe.n)l(ep co6biTilii) 
o6cny)l(llBaeT,Bcex "no.nnllcasUIIlXCl!" noTpe61lTeneii npll nol!BJJeHilll 3TOii llH¢opMaUilll. Ha Pile. 
4 nOKa3aHa CXeMa pa60Tbl KOMnOHeHTa DiCME npll o6cJiy)l(llBaHilll BCnOMOraTeJJbHbiX onepaUHH 
nOCA3. 

KoMnoHeHTbl 

~ 
C06biTVIH 

ny6nuK84UR 0 
1,_ ___ _ 

MeHeAJKep co6biT~H 

Cn~coK co6biT~H 

Cn~COK noAn~COK 

-orv 
DICME 

1f noiJnUCK8 H8 
UHC/JOpM84UIO 

Pnc. 4. CxeMa pa6oTbi MeHe.n)l(epa co6biTilii ll KOMnoHeHTa DiCME npll o6cny)l(llBaHilll 
scnoM.oraTenhHhiX onepaullii 

B llTore peaJIIl3aUilll scnoMoraTeJJbHbiX onepaullii LJepe3 DiCME c asToMaTil'IeCKilM 
nOilCKOM KOMnOHeHTOB npe.QOCTaBJilleT B03MOJKHOCTb 3KCnepllMeHTaTopy t~iiHaMU'leCKH 
KOMnOHOBaTb CllCTeMy C HY)I(IIb!MH BCnOMOraTeJlbHbiMil . '¢yH.Kl\Hl!Mil npocTO nYTeM 3anycKa 
HY)I(HOfO KOMnOHeHTa Ha JJI06oii 3BM JlOKaJibHOH ceTU. . 

4.4. B .nllccepTal\llll BhinonHeHa oueHKa 3aHl!TOCTH npoueccopa Ha ocHoBaHilll ll3Mepenllii 
speMeHil B3allMO.neiicTBHl! :KoMnoHeHTOB· Ha MaKeTe pacnpe.neneHHOH CA3 ll3 50 KOMnoHeHTOB 
('lTO 3aBet~OMO npeBbiUiaeT pa3Mepbl peanbHOfO no CA3) H Bbl'lllCJleHUH no ee anropnTMU'leCKOH 
Mo.nenll. Ha Pile. 5: noKaJana cyMMapHal!: 3arpy3Ka,"· o6ycnosnenHal! · pa6oToi1 llo.ncllCTeMhi 
pemcTpaUHH· .nannhiX DAQ c ucnoJJb3osanHeM KOMnoHeHTa DiCME so speMl! pa6oTbi CA3 B 
3KcnepllMeHTe (KpllBM DAQ), H BKJJM B 3arpy3KY ueHTpanhHoro npoueccopa (Un), Bbi3BaHHhiii 
llcnoJJb30BaHHeM KOMnoueHTa DiCMEl noTepH speMeHil· Ha ceTeBbie onepauHH td Bbi'lHCJiliJIHCb 
no ¢opMyne 

td;: (tc+2 'tl + 4· tw)· n, 
r.ne 

tc - speMll ycTaHOBJJeHHl! TCP-coe.nllneHill!; 
tl - naTeHTHOCTh cem (speMl!, 3aTpaLJenuoe Ha nepe.naLJy .naHHhix); 
tw - HHTepsan onpoca oYepe.nll coo6UieHHii; 
n - KOJIH'leCTBO KOMnOHeHTOB-IlCnOJjHilTeJieii, yLJaCTBYIOlllllX B npouecce. 

3aHliTOCTb npoueccopa no.ncllcTeMoii DAQ Ha· rpa¢1lKe PH c. 5. Bbl'lllCJieHa .nnll CllCTeMbi, 
OnHcaHHOH B pa6oTe, npll llHTeHCilBHOCTil C06hiTilH Ha BXO.Qe CllCTeMbi..-..2,5 .Mfu .. 

25 

'*- 20 

c' 
:::f 15 

~ 
~ 10 
a. 
L.. 
(I] 
m 5 

0 
0 5 10 15 20 25 30 35 40 45 50 

Ko/H14eCTBO KOMnoHeHTOB (n) 
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Pnc. 5. BJJill!Hile llcnonh30BaHHll KOMnoneHTa 
DiCME Ha 3arpYJKY un. 



BII.llHO, 'ITO: 1) cyMMapnaJI 3arpy3Ka npoueccopa coCTasmreT -23%, T.e. na 
scnoMoraTenbHbie onepaUIIH ocTaeTCl! .llOCTaToqno speMeHII; 2) noTepii na Ilcnonh30BaHIIe 
DiCME no Kpailneil Mepe na nopl!.llOK MeHbllle CYMMapnoro speMeHn BhmonneHIIl! npoue.llyp 
ynpasneHII» ycnoBIIHMII pemCTpaUIIII II IIHTepsana onpoca oqepe.llii coo6llJeHIIH II BHOCl!T 
npene6peJKHMO ManbiH BKnM B 3arpYJKY npoueccopa. 

4.5. Ocuosnh!e BbiBO.llbl s rJiase 4. npe.llflmKeH MeTO.ll .lliiHaMI!'JecKoro CBll3hiBaHIIl! 
KOMnoHeHTOB .llflll y.llanennoro BbmonHeHIIH npoue.llyp B pacnpe,lleneHHOM no CA3 II 
YHIIcl>IIUIIpOBaHHbJe cpe,llCTBa o6cnyJKIIBaHIIH MeJKKOMnOHeHTHOfO B3aiiMO.lleHCTBIIl!. B OTflHqiie OT 
MeTO.llOB .lliiHaMIIqecKoro CBl!3biBaHIIl! KOMnol-ieHTOB, IlcnonhJyeMbiX s Texnonoriil!X DCOM, 
CORBA, Ice n .llp., B pa3pa6oTaHHOM MeTO.lle BBe.lleHbi .llBe .lliiCI.liinniiHbi .lliiHaMIIqecKoro 
CBl!3bJBaHIIH: CBl!3biBaHIIe KOMnOHeHTOB C 06l!3aTenbHOH .llOCTaBKOH C00611.leHIIH npii BbinOnHeHIIII 
OCHOBHb!X cpyHKr(IIH II CBl!3biBaHIIe no "nO.llniiCKe" - MH BCnOMOraTenbHb!X cpyHKI.liiH, KOf,lla 
.llOnyCTIIMO OTCYTCTBIIe KOMnOHeHTa-nonyqaTenl!. Pa3pa6oTaHHbiH MeTO.ll .lliiHaMIIqecKoro 
CBll3bJBaHIIl! npe.llOCTaBIIn CB060.lly B pa3BHTIIII COCTaBa OCHOBHblX II BCnOMOraTenbHblX onepaUIIH 
no CA3 6e3 II3MeHeHIIl! .llpymx KOMnOHeHTOB II cymeCTBeHHO ynpOCTIIn anropiiTMbl 
B3aiiMO,lleHCTBHH KOMnOHeHTOB 6narO.llapl! HCKn!OqeHIIIO. .lliianora MeJK.n:y KOMnOHeHTaMII, 
u'cnonblyeMoro B Texnonormix CORBA Il.llp . .lliDr HaCTpoilKHY.llaJreHHoro Bhnosa npoue.11yp. 

l1cnOnb30BaHIIe B CTpyKType nO CA3 pa3Hb!X .lliiCI.liinniiH•BbinOnHeHIIl! OCHOBHblX II 
BCnOMOraTenbHblX onepaUIIH H pa3pa6oTaHHblX cpe.llCTB o6ecneqeHIIll B3aiiMO.lleHCTBIIll 
KOMnOHeHTOB: 

• CHIIMaeT orpaHI!'!eHIIll Ha paClliiipeHIIe COCTaBa. BbinOflHl!eMblX BO BpeMl! 3KCnepi1MeHTa 
onepauiiil 6e3 .llOnonHHTenhnoro nporpaMMIIposaHIIll; 

e n03BOnl!eT .llHHaMnqeCKII II3MeHl!Tb COCTaB II pa3MemeHIIe B CeTII OCHOBHb!X II 
BCnOMOfaTenbHblX KOMnOHeHTOB, qTO o6nerqaeT BOCCTaHOBnenne pa60TOCnOC06HOCTII 
CIICTeMbl npH OTKa3ax. 

qiiCneHHble oueHKII, BbinOnHeHHble Ha MO.llenii no CA3 c ncnonb30BaHIIeM DiCME, 
noKa3biBaiOT: 1) B CIIHXpOHHOM n aCIIHXpOHHOM peJKHMax ynpasneHIIll yCTpoilcTBaMII ceTeBbie 
3a,lleplKKII no KpaHHeH Mepe Ha nOpll.llOK MeHbllle BpeMeHII pa60Tbi IICnOflHll!OII.liiX YCTpOHCTB; 2) 
3arpy3Ka npoueccopa o6cnpKI1BaHneM MeJKKOMnoHeHTHoro B3aiiMO.lleilcTBIIll He3HaqnTenbHa, n 
TpacpnK, Bbl3BaHHblH B3aHMO,lleHCTBHeM KOMnOHeHTOB, He yxy.lllllaeT nponyCKHY!O CnOC06HOCTb 
CeTH. 

Pa3pa6oTaHHble Cpe.ziCTBa 06cnyJKHBaHHll B3aHMO.lleikTBHll KOMnOHeHTOB IIHBapnaHTHbl 
OTHOCHTeflbHO: 

• H3MeHeHHll COCTaBa OCHOBHbiX onepaUIIH nO CA3; 

• .ll06asneHHll K no CA3 HCToqHHKOB coo6meHHH HOBoro mna; 

• .ll06asneHIIll K no CA3 HOBb!X o6pa6oTqHKOB co6biTHH. 
PeJynhTaTbi maBbi 4 ony6niiKOBaHbi B pa6oie [3]. 

B rJIABE 5 npe.llcTali~~Ho lcpaTK~e onncaHne cTpyKTypbi II anropnTMOB KOMnoneHTOB, 
BbinOflHll!OII.liiX OCHOBHble 3a,llaqn no CA3. KaJK.llbiH KOMnOHeHT no CA3 CO.lleplKHT: 

• rpynny KoMaH.ll (4 - 6 onepaTOpos) nO.llKn!OqeHHll K · cpe.llCTB~ o6ecneqeHHll 
MeJKKOMnoHeHTHOfO B3aiiMO.lleHCTBHll DiCME npn 3anycKe KOMnOHeHTa; 

• IIHTepnpeTaTOp KOMaH.ll, ecnH KOMnOHeHT CO.llepJKIIT HeCKOflbKO npOUe.llyp, IICnOflb3yeMbiX 
.llPYrHMII KOMnOHeHTaMII; 

• npOUe.llypbl, peanH3YJOII.liie npe.llyCMOTpeHHYJO cpyHKUHOHanbHOCTb. 

5.1. Web-IIHTepcpeiic UOJiblOBaTeJIH. npe,llflOJKeHHbJe MeTO.llbl pa3pa60TKH no CA3 
Y'ffeHbl npii pa3pa6oTKe Web-HHTepcpewca. B naCTOllll.lee speMl! B OKHe HHTepcpeiica 
npiiCYTCTBYJOT .llBe CTpaHHUbl, KOTOpb!e BbinOflHll!OT: 
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• 

• 

BlaiiMO.llellCTBIIe C nporpaMMOll ynpasneHHll 3KCnepHMeHTOM- nepe.llaqy, KOMaH.ll "Start", 
"Pause", "Continue", "End" (cTpaHIIUa "Control"); 

Bn3yann3aUII!O ynpasnmomiix ·cpawnos, IlncpopMaUIIII, perncTpnpyeMoil MeHe.llJKepoM 
C06b!THH (co6biTHll, OlliH6KI1) 'H .llp.;, nOIICK, o6ecneqeHIIe .llOCTyna II BH3yann3aUII!O 
nepcoHanH3IIposaHHbiX .llaHHbiX n1 ueHTpanbHOro xpaHIIniima (cTpaHIII.la "File Viewer"). 

3Tn B03~10JKHOCTH HHTepcpeiic o6ecnequsaeT n1060H CHCTeMe, nO KOTOpOH nocTpOeHO B 
COOTBeTCTBIIII C pa3pa60TaHHblMII B .llHCCepTaUIIII MeTO,llaMII. 

Ha Pnc. ,6 npe.llCTasnen BII.ll Web-nHTepcpeiica B peJKnMax sn1yanmaunn nncpopMaunn oT 
MeHe.llJKepa co6biTIIii II TeKymero H3MepeHHoro cpaiina ,llaHHbiX. 

B no CA3 MOJKeT npncyTCTBOBaTb HeCKOflbKO IIHTepcpeiicoB no,1b30BaTenH 
O.llHOBpeMeHHO, HO pa3,llen ynpasneHIIll 3KCnepnMeHTOM (nepBblll pa3,llen) BCer.11a 6y.lleT aKTIIBHbiM 
TOflbKO y O.llHOfO . 

_. OAQpoJroJm~t;.;t 

~-· tns_list.b.1 

~ijff;;~~~t~,7,~~·~' 
~ Sf)Ktrl_prtvtew.png 

Li wtrn_IISI..b1 

:J La.stspt'(trol 

Ji R.wtlata 

._: OAQ_patams.t<t 

t_. errs_bslb:t 

.....} evrnts_list.trt 

'fl Cofal3_19Gr_140617.psj 

(12:51:07) CONDitiOYS Paratnecers .tdevice:'"polari:z:er•. parameter: 

•anqle'", value: •t2qr•J 
[11:51:1'7] CO~ITIONS Reply: '"polaruer" Done 

(11:~1:17) CONDITIONS f'arometer:~ {ctevtee:•-:te-;;ector", parameter: 

'"anqli!!'", value:"24Qr") 

(12:51:2'71 CO!fOITIONS Repl)': "d.eteccor• Dor.e 

(12:51:28) D;.Q Parameter:~~ {devtce~"O:.Q", pa.ra~~er:"e,;po:u:ion", 

ve.lue:"300s"} • 

(12:~6!28) DAQ DATA "Cofe03_19Gr_H0617_10.bin" 

12:56 

[$_~~~-~~~f~9 ---. 
_. wam_ll!.t.b.t 

Puc. 6. 0KHO Web-nHTepcpeilca B peJKII!\!aX sn3yanH3aunii HncpopMaunn MeHe.llJKepa co6bnnil II 
nocne.llnero H3Mepennoro cneKTpa 

noMnMo nepeqiicnennoro Bbillle cpynKunonana, ,web-nnTepcpeilc MOJKeT 6biTb paclllnpen 
.llOnOnHHTenbHbiMII MO.llYflllMII B COOTBeTCTBIIII C noJKeJJaHIIl!MH 3KCnepHMeHTaTOpOB. 

,[{anbHeillllee pa3BliTHe Web-I!HTepcpei!ca se)leTcl! .llnccepTaHTOM c ncnonhlOBaHneM 
DiCME B HanpasneHIIII, He HapylllaiOII.leM ero YHHBepcanbHOCTb. 

Bo speMll .llJJIITenhHbiX 3KcnepnMeHTOB onepaTop, KaK npasuno, noKn.llaeT 
3KcnepnMeHTanbHbiii Jan. .[{nll 6biCTporo nHcpopMnposamui , o · co6biTH}rx, · npemiTCTBYJOII.liiX 
HOpManbHOMY npOXOlK.lleHII!O 3KCnepHMeHTa, BBe,lleH ynpOllleHHblll liHTepcpeiic nonb30BaTeJJl! .llflH 

M06nnbHb!X YCTpOHCTB (CMapTcl>OHbl n nnaHllleTbl), KOTOpblll n03BOnlleT .llliCTaHI.liiOHHO nonyqliTb 
aKryanbHYJO IIHcpopMal.lii!O o , xo.11e ·' 3Kcnepi1MeHTa. noMHMO 3Toro; 3KcnepnMeinaTopy 
npe.llOCTasnena B03MOJKHOCTb 3aKa3aTb nepe.11aqy SMS-coo6meHHl! Ha Tenecpon npii 
B03HIIKHOBennn KpnTnqecKIIX co6hrmii, nepequcne~HbiX B HacTpaiisaeMOM cnncKe. 
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·· 5.2 ... llporpaMMa ynpauJieHnH ·. BLmonueuneM 3KcnepnMenTa. · MeTO.ll noc-rpoeHnll 
ym1cpnunposaHHOli nporpaMMLI ynpasneHnir 3KcnepnMeHTOM n cueHapnli BLIDOJJHeHnll JMaHnll Ha 

3KcnepnMeHT no.l{po6uo onucaHLI Bbiiiie (masa 3 n masa4, pa3.lleJJ 4.2). ·npaKTnKa npeunJHOHHLIX 
· 3KcnepnMeHTOB :TPe6yeT HeKoTopLIX• • .l{o6asneHnli. Ha ·Puc. 7 npe.llCTas!JeHa cxeMa ·pa6oTLI 

nporp!L\IML( · yripasneHnll B ·npeunJnOHHLIX ·3KcnepnMeHTax. Ha .cxeMe noKa3aHo, qTQ 
MHOroqaCOBal! 3KCn03HUHll B KalK.l{OM COCTOliHHH 3KCnepnMeHTaJJLHOll ycTaHOBKH (UHKJJ no 
COCTOliHHliM) pa36HBaeTCJl Ha HeCKOJJLKO (06LJqHO O.l{UHaKOBLIX) • 6onee KOpOTKHX iiJMepeHHll 

(UHKJI no npOXO.llaM), pe3yJJLTaTbl KOTOpb!X MOryT 6LITL npocyMMHpOBaHbl., bJJaro.l{apll 3TOMy, 
cpaBHHBal!. npn 3Kcnpecc-aHannJe .uaHHLie B OT.UeJJLHb!X cpalinax, nonyqeHHLIX npu o.uuuaKOBb!X 

ycJJOBHliX, MQ)KHO 06HapYJKHTb B03MOlKHblll .npelicp <!JoHa, 3cpcpeKTHBHOCTH .l{eTeKTOpOB ii .Upyrne 

3cpcpeKTLI ii OTcpiiJJLTPOBaTL HeKoppeKTHbJe .UaHHbJe. 

~,: 

nporpaMMa ynpasn&HH$1 JKCnepHM8HTOM, 

l.t~Kil no npOXOA3M 
(Ha6op CTaTi'ICTHKH) 

lti'IKJ1 no COCT0$1HI-UIM 

Puc. 7. CxeMa pa6oTLI nporpaMMbl ynpasneHnll 3KcnepnMeHTOM 

. , ,nauuall nporpaMMa npoToKonnpyeT pa6oTy: JanoMnHaeT nocne.UHIOIO KOMan.uy onepaTOpa, 
HO~ep UOCJJe.l{HerO JaBepiiieHHOrO COCTOl!Hilll CHCTeMbl (Bb!UOJJHeHHOH CTpOKII 3a.l{aHHH) ii 

HeKOTOpLie ·~pyme .l{aHHLJe - ii l!CUOJJb3YeT HX .llJlll aBTOMaTnqeCKOrO <!JopMHpOBaHnll Ha3BaHHH 
cpaiiilos. Enarci.ziapli:3TOMY npn 'c6olll( BOJMOlKHO riepeJanycTnTL cHcreMy n npo.uonlKHTL pa6oTy c 
nocne.unero HeJasepiiieHHoro cocTOl!Hnll. lioKaJJLHoe MeHIO nporpaMMLI npe.uocTaBnlleT pll.ll 

OTJJa.l{OqHLIX pelKHMOB pa60Tbl. 
':: B .unccepTaunn Bb!UOJJHeHa ql!CJJeHHal! oueHKa 3cpcpeKTIIBHOCTH pa60Tbl. no CA3. 

CTOUMOCTL speMeHn pa60TLI ncToqunKOB uei1TpoHOB BbiCOKa (.llJJll peaKTopa I1EP-2- ;_ 1200 p.fqac 

.llJlli,K3lK.llOfO 113-10 cneKTpOMerpoB). B TaKHX ycJJOBllliX oueuKy 3cpcpeKTHBHOCTH no CA3 .uaeT 

K03cpcpnUHeHT HCUOJJL30BaHnll BpeMeHn 6a30BOH YCT3HOBKH Ke: 
. ,· K - :..!!:__ 

,-tr+ts' 
r.ue 

tr - npO.UOJJli<HTeJJbHOCTb pemcTpaUHII .ll3HHbiX; 

ts - speMll no.uroTOBKn ycnoBHH perncTpaunn .uauuhlx; 

ts=tk·n;f.td;, 
i=l 

r.ue 

tk' - Cpe.uuee BpeMll BbiUOJJHeHHll KOMUOHeHTOM OCHOBHOH <!JyHKUnn; 
td - noTepn spel\leHn ua ceTeBLie onepaunn. ' 

HaPnc. 8 noKa3aHLI pe3yJJLT3Tbi pacqeTOB 3cp<jleKTnBHOCTn Keno cpopMyne 

tr 
K,_ 

t;+n·tk+ 'f,td, 
1=1 
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ToqKaMn npose.ueua KpHBal! 3cpcperinBHOCTH Ke 6e3 yqeTa ceTeBb!X Ja.ueplKeK. nyuKTnpHal! 
KpHBal!, BhJqncJJeHHM C yqeTOM CeTeBbiX 3MeplKeK, CJJHBaeTCll. C KpiiBOll 6eJ CeTeBb!X 3a.l{eplKeK. 
Cnnoiiiuoii nniineii miKa3aiia KpnBM,3¢cpeKTnBHOCTn, ,BbJqncneHHal! c JaBLIWeHHb!Mn ceTeBLIMn 
3a.l{eplKKaMH .llJlll HJJJJIOCTP3UHH xapaKTepa 33BHCHMOCTH BKJJMa. CeTeBLIX 3a.l{epJKeK B Ke OT 
KonnqecTsa KOMnoneHTOB. Bn.uuo, qTo · ncnonL3osiuirie yflncpnunposauuoro MexannJMa ceTesoro 
MeJKKOMUOHeHTHoro B33IIMO.ziei1cTBllll,. peannJyeMoro B DiCME,, BMeCTo npliMOrO Bbi30Ba · 
npoue.uyp, B peaJJbH.biX ycJJOBHliX OK33bJBaeT npeue6pelKHMOe BJJHlll!He Ha 3cpcpeKTI!BHOcTL pa60Tbl 
no CA3. · · · · · · ·· · 
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Puc. 8. OueuKa Bnnl!Hnll ucnonL3osaHnll 
KOMUOHeHTa DiCME ua 3cpcpeKTIIBHOCTb 
pa6oTbl CA3 · · · 

5.3. CTPYKTYPa · KOMnoHenTa , ynpauneunH . oKpy;KeuneM o6pal'ua~ npoTOKOJJ 
ynpasneunll ycTpoiicTBOM (cocTas KOMan.u· n napaMeTpos) onpene.rilleTcll · pa3pa6oTqnKoM 
KOMnouenTa n onncLmaeTCll 'B nacnopTe ycTpoiicTBa (s E,n).' Peann:iaunll o6liJaTenLHa ·TonLKO 

OCHOBHOH npoue.uypbl KOMUOHeHTa, Bb!UOJJHliiOIUeH nepeBO.ll ycTpOHCTBa B 3aKa3aHHOe COCTOl!Hne, 
COCTaB OCTaJJhHbiX. npoue.uyp onpe.uenl!eTCll KOHCTpyKUIIeH' o6opy.uosimnll: 'nocne BbiUOJJHeHIIll 
KOMaH.Ubl KOMnOiieHT 'IIIJJeT (aCHHXpOHHO) Bbl3b!BaiOIUeH nporpaMMe nO.UTBeplK.UeHIIe IIJJII 
coo6meu11e o6 OIIIH6Ke: · · .. ' · 

8 KOMUOHeHTbl .l{aHHOfO mna y.U06HO noMeCTI!Tb npoue.uypbl MOHIITOpnuni COCTOliHHll 

ynpasnlleMoro o6beKTa n y.ueplKaHnll 3a.uauuoro KoMannoii JnacienHll napaMeTpa. 
KaK yKa3aHo Bbiiiie, KOMnoiienT DiCME li nporpaMMa ynpasneHHll 3KcnepnMeHTOM 

rrp03paqHbl .llJlll KOMaH.ll ynpaBneHHll ycTpOHCTBOM, HX HHTepnpeTaUI!ll Bbii10JJHlleTCll B 

KOMnOHeHTe . 

5.4. 0CHOBIILIC BLIBO.l{LJ 8 rJiaBe 5. 
• I1cnonb3osaune ueuipanLnoro xpaunnHIUa .uanHLIX n cpaiinos Mene.uJKepa · i:o6LITHH 

o6ecneqnno YHHBepcaJJbHOCTb • Web-HHTepcpeiicy ynpasneimll no CA3. Bo3MOlKHa 
peannJaUnll HHTep<j>eiica no crreuHaJJLHOMY TexuHqecKoM'y Ja.riaiimo. 

• Pa3pa6o-iaHHbiH MeTO.ll OOI!CaHI!ll MeTO.lliiKH 3KCnepnMeHTa nOJBOJJHJJ IICKJJIQqUTL 
cneunanLHbie' rpe6osaHnll K .ueKnapaUHliM npoue.uyp · B KOMnoueuTax ynpasneHHll 

ycnoBHliMH pemcTpaunn .uanHLIX. 3m .ueKnapaunn . onpe.uen~IOT npoTOKon BbiJOBa 
npoue.uyp. nporpaMMHCT MOlKeT BLI6HpaTL omnMaJJb!!Lie 'sapnalJTbi, T.K.' no.ucncTeMa 
OnncaHHil MeTO.lliiKH 3KCnepHMeHTa. o6ecneqnsaeT HCn<iJJb30BaHI!e KOHKpeTHOfO BapHaHTa 
Bbi30Ba npoue.uypbl B COOTBeTCTilHII C OnHCaH!IeM' ycTpOHCTBa 113 E,A, a nporpaMMa 

ynpasJieHHll 3KCnepnMeHTOM H Cpe.ua o6CJJYlKHBaJJHH_ B3aHMO.UeHCTB!'ll KOMUCJHeHTOB 

npo3paqHbl .llJlll napaMeTpOB Bbi30Ba np!'JUe~ypLI, 

PeJynLTaTLI nl!TOH rnasbl ony6nHKOB~HLI B pa6oTaX [1,6-iO]. noMnMo JToro, B [9,10] .uanLI 

onncaHIIll anropnTMOB pa3pa6oTaHHOro no CA3, HCnOJJbJyeMoro B 3KCnepHMeHTax Ha 

ncToqunKax uelirpouos I1EP-2 n I1PEH B OI151I1. 
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3AKJIIQqEHIIE 
1. BLim:inHeHa KJiaccmllliKal{llJI <l>YHKl{llOHanbHOro COCTilBa . ll cnoco6oB B3allM0.11eiicTBllJI 

KOMUOHeHTOB B no CA3. BwmneHbl oco6e'HHOCTll ll pa3nll'lllll B cnoco6ax s:ianMO,'leiiCTBllJI 
KOMUOHeHTOB n' C.lleJJaHbl BbiBO.llbl, llCUOJJb30BaHHbJe npll propa60TKe anrOpllTMOB 
B3aHM0.11eiiCTBllJI KOMUOHeHTOB ll CTp)'KTYpbl nO CA3. 

2. npe.llnOJKeH cnoco6 onncaHHJI MeTO.llHKH ynpasneHHJI ·JKcnepnMeHTa cnncKOM ycnosnii 
peruCTpaUHll 3KCnepHMeHTanbHbiX .n:aHHb!X BMeCTO ,, Tpa.lllll{llOHHO llCUOJJb3YeMOfO 
nepe'!ncneHnll .n:eiiCTsnii nporpaMMbl ynpasneHHJI JKciiepnMeHTOM si.nosa~m· npoue.n:yp iia 
J13biKe nporpaMMllpOBaHllll llJJll npe.n:cTaBJJeHHJI UOCne.n:oBaTeJJbHOCTll .n:eiiCTBllii CUHCKOM 
Ha3BaHHii npoue.n:yp B sn.n:e HHTepnpeTupyeMoro cKpHnTa. 

3. npe.llnOlKeH MeTO.ll ynpasneHHJI BbiUOJJHeHlleM OCHOBHb!X <l>YHK!.{llii no CA3, OCHOBaHHblii Ha 
yrrpaBJJeHHH npol{eCCaMH, KOHKpeTHOe <l>YHKl{HOHanbHOe HaUOJJHeHHe KOTOpbiX onpe.n:emreTCll 
.11HHaMH'!eCKH C llCUOJJb30BaHHeM Ja.n:aHHll Ha 3KCnepHMeHT. 

4. npe.llnOJKeH MeTO.ll aBTOMaTH'!eCKOii KOMUOHOBKH pacnpe.n:eneHHOro no CA3 B YCJJOBHliX 
113MeHeHHll 3MaHflll npH nepexo.n:e OT 0.11H0f0 3KCnepHMeHTa K .n:pyroMy (Ha 0.11HOH II TOH JKe 
llCCJJe.llOBaTeJJbCKOH ycTaHOBKe ), OCHOBaHHbiH Ha HCnOJJb30BaHHll KOMnOHeHTaMll 
II!llpOKOBell{aTenbHb!X C0061l{eHllH C llH$OpMal{Heii 0 CBOllX ll.11eHTll$HKaTOpax If CeTeBOfO 
npOTOKOJJa nOHCKa KOMnOHeHTOB. 

5. npe.llnOJKeH MeTO.zt .11HHaMH'!eCKOfO CBll3biBaHllll KOMnOHeHTOB .llnll y.n:aneHHOfO .BbiUOJJHeHllll 
npoue.n:yp B pacnpe.n:eneHHOM no CA3 If YHH$HullpOBaHHbie cpe.n:cTBa o6cnyJKHBaHllll 
MeJKKOMnOHeHTHOfO B3aHM0.11eiiCTBllll, OCHOBaHHbie Ha HCnOJJb30BaHHH OTKpb!TbiX CeTeBbiX 
TeXHOJJOfllH, B OTJJH'!He OT MeTO.llOB .ltllHaMll'leCKOrO CBll3b!BaHHJI KOMnOHeHTOB, 
HcnoJJh3yeMbiX B TexHon'orul!x DCOM, CORBA, Ice_ If .n:p., .n:nll o6cnyJKHBaeMoii npo6neMHOii 
o6nacTH npe.n:noJKeHHbie MeTO.zthi o6na,'la!OJ: pll.llOM npeHMymecTB. 

B HTore Mll: aBTOMaTH3aurrH JKcnepHMeHTOB B o6nacm cneKrPOMeTpHH HeiiTpoHoB 
BnepBbJe, nocTaBJJeHa , ll peweHa 3a,'\a'!a propa60TKH MeTO.llOB ' nocTpOeHHJI no , CA3 c 
llCnOJJb30BaHHeM ceTeBh!X TeXHOJJOmii, KOTOpbie o6ecne'!HBa!OT YHll$HKal{ll!O KOMITOHeHTOB no 
CA3, B03MOJKHOCTb npHMeHl!Tb KOMnoHeHTbi B proHbiX :JKcnepHMeHTax If pa3HbiX CA3 6e3 
ll3MeHeHllll, 'ITO o6ecne'!llJJO COKpameHHe CpOKOB pa3pa60TKll If M0.11ll$HKal{Hll no CA3 If 

CUOC06CTBOBanO nOBbillleHll!O , HMeJKHOCTll pa60Tbl CllCTeM If :J!fl!fleKTllBHOCTll pa60Tbl 
nccne.n:osaTeneii. . 

Propa6oTaHHOe Ha OCHOBe npe.n:noJKeHHbiX MeTO.ztOB no CA3 liBJJJieTCll npo6neMHO
oprreHTllpOBaHHbiM pacnpe.n:eneHHbiM naKeTOM npHKJJa.11HbiX nporpaMM (Pnnn), BKJJIO'Ia!OliiiiM 
KoMnoHeHTbi ynpasneHHJI naKeTOM H YHH!flnunposaHHbie npHKJJMHhie KOMnoHeHTbi. YHHtPHKauHll 
KOMnoHeHTOB o6ecne'leHa cTaH.n:apTH3auueii llHTep!fleiica· .lioczyna K npoue.n:ypaM, peanHJYIO!l{IIM 
tPYHKl{llOHanbHOCTb KOMnOHeHTOB, ll pa3pa60HlHHb!Mll B .llllC_CepTal{llll MeTO.llaMll, Ha KOTOpblX 
ocHoBaHbi KOMrroHeHThi ynpasneHHJI Pnnn - riporpaMMa ynpasneHnll :JKcnepnMeHTOM, cpe,'lcTBa 
06ecne'!eHHJI CeTeBOfO B3aHM0.11eiiCTBIIJI KOMUClHeHWB, If UO.llCllCTeMa COCTaBJJeHllll 3MaHllll. 
npe.llnoJKeHHrui , cTpyKTypa naKeTa n KOMnoHeWfbl y~pasneHIIlr naK~TOM ~oryT 6hiTb 

. llCnOJJb30BaHbl npll UOCTpOeHllll pacnpe.n:eneHHOfO no .11JIJI npHMeHeHHll B llHOH npe.n:MeTHOH 
06JJaCTll, HanpHMep, .llnll aBT<JMaTH3al{llll TeXHOJJOflf'leCKllX npoueCCOB. 

Pe3yJJbTaTbl .n:rrccepTal{llll npHMeHeHbl uim propa60TKe no CA3 \{eCKOJJbKHX 
cneKTpoMeTpos: 3Tn CA3 ncnonb3YffiTCll TpeMJI opraHn3aunliMII (JIH<I>, JUinOIUU1, IUU1 r. 
TponuK) it npoillnn HCnhrraHne B.:JKcnepuMeHTaxua HCTO'IHHKax HeiiTpOHOB I1EP-2u HPEH B 
OIUIH, c nx noMO!l{h!O noJJy'leHbi saJKHble Hay'!Hble u·npaKTH'IecKne pe3ynhTaTbi. 

PeJynh TaTbi .ztHccepTauun npe.n:cTasneHbi B peueH3npyeMbiX Hay'!HbiX ll3.11aHiux. B sn.n:e 
C006rrteHHii 0JUII1, .ztOKJIMbiBanllCb Ha MeJK.ztyHapO.ll:HbiX KOH!flepeHl{,llJIX, CeMHHapax II 
COBeiT(aHHliX: . , 

/ 
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