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OliW:Afl XAPAKTEPIICTIIKA PAliOThl 

AKTY AJihHOCTh pa6oThI. IImpopMaUIIOHHhie II npomBo,n:crneHHhie 

TeXHOJJOTIIII (IIH<pOpMaI.IIIOHHO-TeJJeKOMMyHIIKaIIIIOHHhie CHCTeMhI, rn6KI1e 

npOI13B0,ll,CTBeHHhie CIICTeMhI, CIICTeMhI aBTOMaTil3I1pOBaHHOro ynpaBJJeHHH II .n,p.) 

OTHOCHTCH K npI10pI1TeTHhIM HarrpaBJJeHIIHM HaJKII II TeXHIIKII, II IIX pa3BIITIIe 

aKryaJJhHO He TOJlhK0 B Harnett CTpaHe. K HaCTOHIIIeMy BpeMeHII C03,ll,aHhI cpe.n,cTBa 

nporpaMMIIp0BaHIIH II pa3pa6oTKII CIICTeM aBTOMaTII3IIp0BaHHOro yrrpaBJJeHIIH (CAY) 

pa3JJIIlJH0r0 MaCIIITa6a - pa3BIIThie CIICTeMhI nporpaMMilp0BaHIIH, cpe.n,crna 6hICTPOH 

pa3pa6oTKH npIIJJO)l(eHHH RAD, CIICTeMhI TIIna SCADA, crreuIIanhHhie cpe.n,crna 

IlOCTPOeHIIH CIICTeM yrrpaBJJeHIIH 3KCnepI1MeHTaJJhHhIM II np0MhIIIIJJeHHhIM 

o6opy.n,OBanIIeM KpyrrHhIX o6oeKTOB (nanpIIMep, EPICS, OPC). Ilo Mepe pa3BIITIIH 

cpe.n,cTB pa3pa60TKII CAY yBeJJillJIIBaeTCH IIX CJJO)l(HOCTh, B03HIIKaeT B03MO)l(H0CTh 

aBTOMaTI13IIpOBaTh ynpaBnenI1e 6onee CJJO)l(HhIMII 061,eKTaMII, ynyqrnaIOTCH 

3KCrrnyaTaIIIIOHHhie xapaKTepIICTIIKII pa3pa6aTbIBaeMhIX CAY. O.n,HOBpeMeHHO pacTeT 

lJIICJJO pa3pa6oTlJIIKOB, BOBJJeKaeMhIX B pa3pa6oTKY 6JJil3KIIX no Ha3HalJeHIIIO CAY, 

pa3pa6oTKa CAY rrpI106perneT KOMrrneKCHhIH xapaKTep II TPe6yeTcH rrpIIBJJelJeHIIe 

crreUIIaJJIICTOB pa3HOro rrpoq>IIJJH. B pe3yJJhTaTe B pH.n,e cnyqaeB cpOKII pa3pa60TKII 

CAY MOrYT OKa3aTbCH He a.n:eKBaTHhlMII TeMITaM pa3BIITIIH annapaTHOH 6a3hl II cpe.n,cTB 

rrporpaMMIIpOBaHHH. 

Crroco6 pa3pa60TKII CAY cymecrnenno 3aBI1CI1T OT IIX Macrnrn6oB II o6nacTII 

npIIMeHeHIIH. TaK, C03,ll,aHIIe 3aBO,ll,OB, TeXHOJJOrttlJeCKIIX JJIIHIIH no npOI13B0,!J;CTBY 

CIIeIIIlaJJI13IIp0BaHHOH 3JJeKTpOHHKII, rrpIIBJJeqenIIe KPYIIHhIX KOJJJJeKTIIBOB 

nporpaMMIICTOB rrpIIeMJJeMO ,!J;JJH rrpoeKTOB HaIIIIOHaJJhHOro Macmrn6a, a TaK)l(e 

CJJO)l(HhIX IIJIII yHIIKaJJhHbI.X 061,eKTOB aBTOMaTII3aIIIIII. CooTBeTCTBYIOIIIee 

rrporpaMMHOe o6ecrreqeHIIe TaKIIX CIICTeM 06bllJHO ,!J;OBOJJhHO KOHCepBaTIIBHO ( cpoK 

)l(II3HII > 10 neT) II ,!J;JIH Hero peIIIaIOTCH BOIIpOCbI KOMIIeTeHTHOro corrpOBO)l(,!J;eHIIH. 

CpoKII ero pa3pa60TKH (> 1..2 JieT) a,n:eKBaTHhI cpoKaM C03,!J;aHIIH o6beKTOB II HBJJHIOTCH 

rrpileMJJeMhlMII. 

,IJ;aHHilll pa6orn IIOCBHIUeHa BOIIpOCaM pa3pa60TKII rrporpaMMHOro o6ecrrelJeHIIH 

(ITO) CAY Menhrnero MacrnTa6a, a IIMeHHO: aBTOMaTil3IIpOBaHHhIX cIIcTeM HayqnhIX 

IICCJJe,!J;OBaHIIli (ACHII) B o6nacTII qJI13IIKII HI13KIIX 3Heprnil:, CIICTeM c6opa .n.aHHhIX 

,!J;JIH CIICTeM MOHIITOpIIHra, TaMO)l(eHHOrO KOHTPOJJH, aBTOMaTI13aIIIIII TeXHOJJOrIIlJeCKIIX 

npoueccoB B He60JJhIIIIIX HayqHo-npOI13B0,!J;CTBeHHhIX ueHTPax II T.Il. TaKIIe CIICTeMbI 

IIMe!OT CBOIO crreumpIIKy: 

• aBTOMaTII3IIpyeMbie o6beKThI cne.n,yeT KBanmpIIIIIIPOBaTh KaK o6beKThI He60JJhIIIOli 

CJJO)l(HOCTH, c lJIICJJOM ynpaBJJHeMhIX KOMIIOHeHTOB o6bilJHO B npe.n.enax 

HeCKOJJhKIIX COTeH; 

• CIICTeMhI IIO,ll,Jie)l(aT TI1pm1rnpoBaHIIIO C He60JJbIIIIIMII II3MeHeHIIHMII, 

xapaKTepIICTIIKaMH o6ycnOBJJeHHhlMII TPe6onaHIIHMII 3aKa3lJIIKa IIJJII 

aBTOMaTII3IIpyeMOro o6beKrn; 

• paccMaTPIIBaeMhIH KJJacc CAY rro.n.nep)l(eH CIICTeMaTI1lJecK0My II3MeneHIIIO 

MeTO,!J;IIKII IICCne.n.onaHIIH, COCTaBa KOHTPOJJilpyeMbIX II ynpaBJJHeMblX napaMeTpOB, 

J6ieAIIHeHH1IH HHCTHTYT 

H~epHJ,IX HCcneAOBaHHR. 
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BBll.D:Y ::noro Heo.n;HOKpaTHO llJMeIDieTCH COCTaB llCIIOJlbJYeMOfO crreUllaJibHOro 

o6opy.n;oBaHllH B TeqeHne cpoKa )KII3Hll CllCTeMhl. 

B 3TOM CJI)"Iae pOJib cpoKOB pa3pa60TKll no, TeM 6oJiee - a.n;arrTaUllll rrporpaMMHOll 

CllCTeMbI K HOBbIM ycJIOBllHM llCIIOJlb30BaHllH, cymeCTBeHHO BOJpacTaeT. CucTeMbl 

aBT0MaTII3aUHll Ha)"IHbIX llCCJie.n;oBaHIIii, M0HllTOpllHra, TaMO)KeHHOfO KOHTPOJIH ll T.II. 

IIMeIOT Me)K.ll:y co6oii MH0fO o6mero, II03TOMY .n;aJiee 6y.n;eT HCIIOJib30BaHO o6mee 

o603Haqeune "CllCTeMbI aBTOMaTH3aUllll 3KCrrepnMeHTOB" (CA3). 

BBn.n;y OTCYTCTBIUI B .n;auHoii o6JiaCTll o6merrplI3HaHHbIX CTaH.n;apTOB, 

KOJIJieKTHBbI pa3pa60TqfIKQB 3aqacTyIO .n;y6JinpyIOT pa6ozy .n;pyr .n;pyra. B pa6oTe [Jll] 
BbIIIOJIHeH auaJIII3 200 CA3 rro pe3yJibTaTaM orrpoca 40 pa3JillqHbIX opraHII3aunii AH 

CCCP n coIOJHbIX pecrry6JIIIK, rrpe.n;cTaBJIHIOIUllX npaKmqecKII Bee uarrpaBJienn», 

Hy)K.n;aiomnec» B aBTOMaTII3aUllll uayqHbIX llCCJie.D:OBaHllll. "Ha pa3pa60TKY ll 

.n;oBe.n;eune KmK.n;oii ll3 200 COJ.n;aHHbIX CllCTeM aBTOMaTII3aUllH rrpn HaJillqllll 6aJOBbIX 

cpe.n;crn JaTpaqeHo B JI)"IIIIeM cJiyqae ro.n;, a B 6oJibIIIIIHCTBe cJiyqaeB .n;o .n;Byx-Tpex JieT. 

.n:JI» Ka)K.ll:Oll CllCTeMbI rrporpaMMH0e o6ecrreqeHlle C03.n;aeTCH rrpaKTnqeCKll 

He3aBllCllMO" [Jll]. Co BpeMeHll rry6JIIIKaullll pa60TbI [Jll] rrpOIIIJIO 6oJiee 20 JieT. 

BbIIIOJIHeHHbiii aBmpoM aHaJill3 MaTepnaJI0B KOH<pepeHunii (HarrpnMep, NOBUGS c 

2002 r.) n OTqeTOB pa3pa6oTqllK0B TeXH0JI0rnqecKllX CllCTeM pa3pa6oTKll CA3 

(SCADA-cncTeM) noKaJbrnaeT, qm 3a 3TH ro.n;bI .n;ocnrrHYT cymecrneHHbiii rrporpecc B 

o6nacTII MeTO.D:llKll pa3pa60TKII ITO CA3, o.n;HaKo, KaK II paHbIIIe, cpoKII pa3pa6oTKll 

He y.n;oBJieTB0pHIOT IlOJib30BaTeJiell. B CBH3ll C 3THM, 6e3ycJIOBHO, aKTyaJibHbI pa60TbI, 

HarrpaBJieHHbie Ha 06ecrreqeHlle rrpeeMcTBeHH0CTll pa3pa60TaHHOro Ko.n;a n Ha 

C0KpameHlle cp0KOB pa3pa6oTKll CA3. 
O.n;Hoii ll3 oqeBll.D:HbIX npnqnH y.n;JIIIHeHllH cpOK0B pa3pa6oTKll CA3 HBMeTCH 

KOMTIJieKCH,blll xapaKTep 3TOH pa60TbI, B qacTH0CTll TO, ~o Mb! BbIHy)K.ll:eHbI 

llCII0Jib30BaTb 3JieMeHTbI nporpaMMIIpoBaHHH Ha 3TaIIe a.n;arrTaUllll CA3 K HOBOMY 

MeTo.n;y llCCJie.n;oBaHllH. JlornqHO 6bIJIO 6bI BBeCTll B CA3 llHCTpYMeHTbI .D:M 

a.n;amaunn ee K pa3JillqHbIM MeTO.n;IIKaM 3KCIIepnMeHTa ll C0CTaBY o6opy.n;oBaHllH qe3 

rrpIIBJieqeHHH rrporpaMMnpoBaHIIH. B cncTeMax Tnna SCADA rro»BnJiaCb TeH.n;eHun» 

qaCTllqHoro OTKaJa OT llCII0Jib30BaHHH Tpa.n;HUllOHHbIX H3bIKOB rrporpaMMllpoBaHllH, 

o.n;HaKO rrpll 3TOM BBO.n;HTCH cpe.n;crna rpaqinqecKoro nporpaMMllpOBaHllH, TaK)Ke 

rrpe.n;rroJiaraiomne rrpnBJieqeHne rrpoqieccnoHaJIOB [J12]. 
Han60JibUiee BJillHHlle Ha npeeMcTBeHH0CTb Ko.n;a II cp0Kll MO.D:llqlllKaUllll CA3 

0KaJbIBaIOT crroco6 yqeTa MeTO.n;llKll 3KCIIepnMeHTa ll Heo6xo.n;IIMOCTb paCIIIllpeHIIH 

cocrnBa crreunaJibHoro o6opy.n;oBaHIIH. B Ta6m1ue 1 CA3, pa3pa6oTaHHbie c 

Il0M0IUb!O TPMIIUllOHHbIX cpe.n;CTB, ycJI0BH0 paJ.n;eJieHbI Ha .n;Be OCHOBHbie rpyrrrrbI. 

IIuTepnpen1pyromue - 3TO CllCTeMbI, IIMeIOIUlle B CB0eM cocTaBe llHTepnpeTaTOp. C 

cl>nKCHpoBaHHblM Ha6opoM yrrpaBJIHIOIUllX rrapaMeTP0B - 3TO CllCTeMbI C ")KeCTKOil:" 

JIOfllKOll, IIMeromne orpaHnqeHHblll Ha6op rrpe.n;ycMOTPeHHbIX MeTO.D:llK n 

qJHKCHpoBaHHblll HHTepqieil:c Il0Jlb30BaTeJIH. 
BbI.n;eJillM .n;Be npo6JieMbI, K0TOpbie cymecTBeHHbIM o6pa30M BJIIIHIOT Ha 

peIIIeHHe 3a.n;aqn C0KpameHHH cpoK0B MO.n;llqJHKauHH CA3. 
l .A.n:anTaIJIIH CHCTeMbl K npJIKJia.n;uoii MCTO.D:HKe. IloJib30BaTeJIH 

HHTeprrpeTllpyIOIUHX CllCTeM M0fYT B IIIllp0K0M .n;HailaJOHe II3MeHHTb npHKJia,n:HyIO 
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MeTO.n;HKY, 0.D:HaKO, He3aBllCHMO OT C0CTaBa II3MeHeHIIll, Tpe6yeTCH MO.D:llqJHKaullH 

ynpaBJIHIOrn;ero CKpHTITa, qTo HeraTIIBHO CKaJbrnaeTCH KaK Ha cpoKax BbIIIOJIHeHIIH 3TOH 

Ja.n;aqn, TaK ll Ha rrpeeMCTBeHH0CTH CllCTeMbI. 

"<l>llKCHpOBaHHbie" CllCTeMbI, B 3aBHCIIM0CTll OT peaJIII3aUllll, JIH6o Boo6me He 

npe.n;ycMaTPIIBaIOT IIJMeHeHne rrpnKJia.n;Hoil: MeTO.D:llKll, Jin6o co.n;ep)KaT orpaHHqeHHbIH 

Ha6op npe.n;yCMOTPeHHbIX B Heil: MeTO.n;HK. B CJiyqae, eCJill TPe6yeMM npnKJia.n;HM 

MeTO.D:llKa BbIXO.D:llT 3a paMKll npe.n;JIO)KeHH0ro Ha6opa, Heo6xo.n;IIMO BbIIl0JIHIITb 

pa6oTy rrporpaMMllpOBaHllH, K0MTIHJIHUH~ n c6opKll CllCTeMbl. yqHTbIBM TO 

o6cTOHTeJibCTBO, qTo 3Ta pa6orn He npe.n;ycMaTPIIBaeTCH .n;mr BbIIIOJIHeHHH ee 

II0Jib30BaTeMMll, a BbIIlOJIHHeTCH pa3pa60TtillKaMll, KpOMe Toro, mnepqieil:c 

IIOJiyqeHHOll CllCTeMbI 6y.n;eT H3MeHeH, M0)KHO npnpaBHHTb TaKYIO pa6oTy K 

pa3pa6oTKe HOBoii CA3. 

TaKllM o6pa30M, npo6JieMa C0CT0HT B TOM, qTo TPMllUllOHHbie cnoco6bI 

pa3pa6oTKll npn H3MeHeHHII MeTO.D:HKll 3KcnepnMeHTa Tpe6yioT llCIIOJib30Bamrn 

rrporpaMMllpOBaHllH. 

2. BTopoil: acneKT - 111Me11eu11e cocTaBa o6opy.n;onamrn. qacTo II3MeHeHne 

MeTO.D:HKll npllB0.D:llT K ll3MeHeHIIIO COCTaBa yrrpaBJIHIOIUllX napaMeTPOB CllCTeMbI, ll 

KaK cJie.n;crnne - ll3MeHeHIIIO cocrnBa o6opy.n;oBaHIIH, )"Iacrnyromero B 3KcrrepnMeHTe. 

B llHTeprrpempyiomnx CllCTeMax 3Ta npo6JieMa peIIIaeTCH C Il0MOIUbIO MO.D:llqJllKaIIllll 

yrrpaBMIOIUero CKpllIITa, T.e. nporpaMMllpOBaHllH. B CllCTeMax C qJllKCllponaHHbIM 

C0CTaB0M MeTO.D:0B llCCJie.n;oBaHllH npo6JieMa He MO)KeT 6bITb peUieHa 6e3 rrpllBJieqeHHH 

pa3pa6oTqnKOB. npn 3T0M pa3pa6oTqnK 6y.n;eT BbIHy)K.ll:eH ll3MeHllTb llCXO,!IHblll KO.D: ll 

llHTepqieiic IlOJib30BaTeM, 3aHOBO BbIIl0JIHllTb TPaHCJIHUllIO ll c6opKy CllCTeMbI, 

BCJie.n;crnne qero, noJiyqeHHyIO CllCTeMy MO)KHO 6y.n;eT HaJBaTb HOBOH pa3pa6oTKOll, 

HOBOH CllCTeMoii. 

Ilpo6JieMa COCTOllT B TOM, qTo Mb! X0TllM ll36e)KaTb llCilOJib30BaHllH ll 

rrporpaMMllp0BaHllH, ll llCilOJib30BaHllH cpe.n;bl nporpaMMllp0BaHllH, qTQ6bI rrpoue.n;ypy 

MO.D:HqJIIKaUllll nO CA3 M0f BbIIlOJIHHTb IlOJib30BaTeJib. 

Ta6m111a 1. Tpa.n;nunoHHbie crroco6br Mo.n;nqinKaunn CA3 

~ 
"13MeHeH11e 

np11Kna,qHoH "13MeHeH11e COCTaea 

MeTO,Ql1Kl1 o6opy,qoeaH~fl n 
3Kcnep11MeHTa 

1,1 HTepnpeT11py10 LL111e CKp11nT, CKp11nT, 
Cl1CTeMbl nporpaM M 11posaH11e nporpaM M 11posaH11e 

<l> 11 KCl1 poea H H bl e 
OrpaH11<-leHHbl~ Ha6op nporpaMM11posaH11e 

npeAYCM0TpeHHblX 11 nepeK0Mnl1IlRL\11H 
Cl1CTeMbl 

MeT0A11K Cl1CTeMbl 
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Ao nocne;wero npcMcHu cquTanocb, qTO pmpa6oTKa u Mom1<puKaum1 CA3 6e3 

npIIMCHCHllll nporpaMMnpoBaHIIll HCB03MO)KHa IIO np11q11He Hcnpc,nCKa3YCMOCTII 

B03MO)KHOro pa3BIIT11ll MeTO,na BbIIIOJIHCHllll 3KCIIepnMCHTa AHaJIIl3 TPC6onamiii K 

CA3, YCJIOBllll IICIIOJib30BaHIIll II cpe,nCTB Ml! llX pa3pa60TKll B pacCMaTPIIBaCMOll 

o6naCTII, BblIIOJIHeHHblll B rnane 1, II03BOJillJI c,ncnaTb BblBO,D;, qTO B HaCTomuce BpCMll 

n ,D;OCTaTOqHoii Mepe pa3BllTa MeTo,nI1qccKaH 6ma, qTo6bI IIOCTaBIITb B ,nnccepTaUIIII 

3a,naqy pmpa60TKll nporpaMMHOro 06ccneqcHI1ll TaKoii CllCTeMbl II ee IIpIIMCHCHllll Ml! 

aBTOMaTll3al..(llll 3KCIIepn:MCHTOB B o6nacm !pll3IIKII Hll3KIIX 3HCprnii. 

OCHOBHAJI 3A,ll;A 1IA: pmpa60TaTb no ll cpe,ny, II03BOJIHIOillyIO 6e3 
nepeTpaucmnom KOMIIOHOBaTh ll3 roTOBbIX Mo,nyncii nporpa.MMHYIO CA3, KO}]; 

KOTOpoii B pa.MKax onpc,nCJICHHOll o6naCTll IIpllJIO)KeHllll l1HBap11a11Te11 
0TH0CHTeJihHO ll3Menennii MeT0}].a IICCJie,nonamm II Kou4>11rypau,1111 o6opy,nonaHllll. 

B npouecce pa60Tbl aBTOpOM Hall,D;CHO KOMIIpOMIICCHOC pclllCHlle o603HaqcHHbIX 

Bhirnc npo6ncM. 

Pemeune npo6JieMhl aJ].anTaunn cncTeMLI K npHKJia}].noil: MeT0JJ.UKe 
3aKJIIOqaeTCll B 4JIIKCllpOBaHllll anropllTMa BbIIIOJIHCHilll MeTO,D;llKII. 3TO CTaJIO 

B03MO)KHbIM 6naro,napl! llCIIOJib30BaHIIIO CJie,D;YIQUIIIX MCTO,D;OB: 

1. npc,ncTaBJieHIIe D0J];CHCTeMhl ynpaBJieHJUI B B11}].e K0He'IH0ro aBT0MaTa C 

IIOBTOpHbIM BXO,D;OM (reentrant), 6mn:pyIOUICroCll Ha IIOHl!TI!ll 11 COCTOllHIIe". 

CocTOl!Hllll HYMCPYIOTCll, HOMCp pCaJIIl30BaHIIOfO COCTOl!HIIH 3aIIOMHHaCTCll II 

IICIIOJih3yeTCll ,D;Jlll llllHUllaJII13aUIIII CIICTCMbl npu IIOBTOpHOM BXO,D;e. B Ka)K,D;oe 

KOHCqHOC COCTOl!Hlle BJIO)KeHo O,D;HO II TO )KC ,neiiCTBlle - 3KCII03IIUI1ll 

perncTPnpyromeii CIICTeMbI. 

2. MeTOJJ. napaMeTpH'lecKoro ynpannemrn (B03MO)KHOCTb 06ccncqcHa 

npe,nhmyUIIIM MeTo,noM, He TPc6ycTCll IICIIOJih30BaHHll llBHoro BbI30Ba 

npoue,nyp npII COCTaBJieHIIII 3a,D;aHI1ll). 

3. npe,ncTanneHI1e 3a,naHI1ll B BII,ne cnIIcKa cocTOl!HIIii CA3. 

4. 11cIIOJib30BaHIIe Ha3BaHIIll B TCpMIIHax npc~CTHOH o6nacTII. 

5. 11HKaIICYJIHUllll cneuII<pllqHbIX ,D;Jlll annapaTypbl anropIITMOB ncpcxo,na 

YCTPORCTB II3 O,D;HOro COCTOl!HIIll B ,npyroe BHYTPII ,npaiincpHoro CJIOll. 

Pemenne npo6neMLI a}].anTau,1111 cncTeMLI K cocTany o6opyJJ.onamrn 
3aKJIIOqacTCll B pmpa6oTI<e ,npaiinepHoro CJIOll, IICIIOJih3Yll MCTO,D;bJ: 

1. IlpeJJ.CTannenne ]].pail:nepa B BIIJJ.e Koneqnoro aBToMaTa, 6mupyromcrocl! im 
IIOHl!TIIII 11 COCTOllHIIe". B KaqccTBC BXO,D;HblX CIIMBOJIOB npIIHl!Tbl Ha3BaHIIll 

napaMCTPOB II Hx 3HaqcHIIll. npII nycKe CA3 ,npaiiBcp nonyqacT Ha6op 

HaqaJibHblX 3HaqCHIIll IIOJIHOro CIIIICKa cro napaMeTpOB, B ,D;aJibHClllllCM -

"yceqeHHblii". npn: 3TOM 06ccncqIIBaCTCll e,nIIH006pa3HOe ynpaBJICHIIC BCCMII 

061,eKTaMII, 

2. )];paiinep ,D;Jill Ka)K,D;oro YCTPOllCTBa - OT,D;CJibHblll, <pyHKUIIOHaJibHO 

3aKoHqeHHbIM Mo,nynb B IICIIOJIHl!CMOM qiopMaTe. 
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3. 11CIIOJib3YeTCll aBTOMaTIIqecKaH perncTPaUIIll ,npaiinepoB B CllCTeMe 

(IIO,!U(JIJOqCHIIe K IICIIOJIHlllOilIIIM nporpaMMaM). 

4. 11CIIOJib3yeTCll e,nHHblll cnoco6 K0MII03III.Um, a TaK)Ke C,D;IIHblll llHTCpq>ciic 

CIICTeMbl K ,npaiincpy (BblIIOJIHeHa YHIIq>IIKaUIIll). 

,lvlll pCaJIII3aUIIII 3TIIX MeTO,D;OB pa3pa60TaHbl COOTBCTCTByIOUIIIC CTPYKTYPbl, 
anropIITMbl II nporpaMMbl. 

METO,ll,hl nccne;:i;onamrn. npII pcrncHI1I1 nocTanneHHbIX 3a,naq 

IICilOJib30BaJIIICb MeTO,D;bl MaTeMaTn:qccKoro II q>ll3IIqecKoro MO,nenIIpoBaHilll, 

a6cTParI1pOBaHI1ll, CIICTeMHOro aHaJIII3a, MCTO,D;bl 061,CKTHO-OpIICHTilpOBaHHOro 

nporpaMMilpOBaHIIll II pa3pa6oTKII IIHTeJIJICKTYaJibHbIX CIICTCM, 11HTCpHeT TCXHOJIOIBII 

II ,np. ABTOpOM B paMKax C03,D;aHHOro nO pmpafioTaHbl II IICIIOJib30BaHbl HOBbie 

MCTO,D;bI: MCTO,D; npe,ncTaBJieHilll IIO,D;CIICTeMbl yrrpaBJICHIIll COCTOl!HIICM CA3 II 

,npaiiBepoB B BII,ne KOHeqHbIX aBTOMaTOB, MCTO,D; rrapaMCTPIIqecKoro yrrpaBJICHllll 

COCTOl!HileM CA3, MeTO,D; C0CTaBJICHllll 3a,D;aHIIll IICIIOJIHl!IOUieii CIICTeMe B Bil,D;C CIIIICKa 
COCTOl!HIIM CIICTeMbI, II ,np. 

3All.(IIII.(AEMhIE IlOJIO)KEHIUI. B paMKax C03,D;aHHOro no ClICTeM 

aBTOMaTII3aUIIII 3KCIICpIIMCHTOB pa1pa60Ta1Ibl H0Bhle Texnononm, B TOM qilcJic: 

1. Ilpe}].CTaBJieuue D0}].CIICTeMhl ynpaBJiemm COCTOllHIIeM CA3 B Bll}].e K0He'IH0ro 
aBTOMaTa [8]. )];aHHaH KOHUCIIUIIll II03BOJIIIJia pa3pa60TaTb MeTO,n 

rrapaMeTPUqecKoro yrrpaBJieHIIll COCTOl!HIICM CA3 II YHII4JIIUIIpOBaTb crroco6 
ynpanneHilll CA3 II ,npaiincpaMII. 

2. MeTO}]. napaMeTpH'leCK0ro ynpannenun CA3, IIpII KOTOpOM IIOJib30BaTeJib 

OIIIICbIBaeT TOJibKO YCJIOBilll pa6oTbl, 3a,D;aBaH Ha3BaHilll II 3HaqcHIIll rrapaMCTpOB, 

orrpc,neJIHIOUIIIX 3TII ycJIOBilll [8]. ,ll;aHHblll MeTO,n, B coqernnIIII co CIICUllaJibHOH 

CTPYKTYPOii KOMIIOHCHTOB ,npaiinepHoro CJIOll rrporpaMM [5], Il03BOJIIIJI C03,D;aTb 

ymmepcaJILHyro rrporpaMMy rro,nroTOBKII 3a,D;aHIIll Ha 3KCIICplIMCHT, 

a,narrmpyromyrocl! K IICIIOJih3yeMoii KOHq>I1rypau1m o6opy,noBaHIIll CA3. 
OcHOBHbie ,D;OCT0IIHCTBa MeTo,na: 

• IICKJIIQqaeTCll Heo6xo,D;IIMOCTb ll3yqCHIIll CIICUIIaJibHOro ll3bIKa, 

OIIl!CbIBaIOUiero MeT0,D;IIKy pernCHIIll 3a,naq11; , 

• ,D;OCTYIIHbl Bee B03MO)KHbIC (B ,naHHOM KOHtpIIrypaUIIII) Bap11aHTbl MeTO,D;OB 

IICCJie,D;OBaHIIll, II B TO )KC BpCMll IIHTepqiciic IIOJib30BaTeJil! He llBJillCTCll 
Il36bffOqHbIM. 

3. MeTOJ]. COCTaBJieHUH 1a;:i;amrn IICIIOJIHllIOUieii CIICTeMe B Bil,D;e CDIICKa C0CT0HHIIH 
KOHe'luoro aBTOMaTa II cpe,D;CTBa HaCTPOMKII IIHTepqieiica IIOJib30BaTeJil! Ha 

3a,D;aHHyIO II0Jib30BaTeJICM MeTO,D;IIKY 3KCIICpIIMCHTa [8].' 
4. CrreUilaJibHM CTPYKJYpa K0MnouenToB ;:i;paiinepuoro cnon rrporpaMM, 

06ecrrcqI1BaIOillaH B03M0)KHOCTb aBT0MaTil3I1pOBaTb BKJIIOqeHn:e IIX B COCTaB 

• rrporpaMMHOM CIICTeMbl - IIO,D;KJIIOqeHile K IICil0JIHllIOUieii IlO,D;CIICTeMe II K 

IlO,D;CIICTeMe COCTaBJICHIIll 3a,D;aHilll [5,6,7]. 3TII KOMII0HeHTbr TaK)Ke 

rrpe,ncTaB,!UIIOTCll B Bil,D;e K0HeqHbIX aBTOMaTOB. 
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5. Cneu:naJibHaH CTPYKTYPa CA3, BKJIIO'laromrui: ynmjm:uup0Ba11111,1e 6a30BI>Ie 

MO)zyJIII II ,npaiiBepHblll crroii nporpaMM, a TaIOKe cnoco6 IIHTerpaUIIII MO,nyrreii B 

cnCTeMy [5,9] • .JJ:ocTOIIHCTBa npIIHHToro perneHIIH crre.nYIQmIIe: 

• cymecTBeHHIDI 3KOHOMII.ll BpeMeHII pa3pa6oT'IHKOB 6rraro,nap.H 

IICIIOJlb30BaHIIIO 3Ha'IIITeJibHOro ofo,eMa np0Bepe1111oro KO,na 6a30BbIX 

MO,nyrreii II npeeMCTBeHHOCTII KOMIIOHeHTOB ,npaiiBep11oro CJIOH; 

• B03MO,KHOCTb MaCIIITa6ttp0BaHIIH CA3 6e3 nepeTPaHCJIHUIIII; 

• IIpII HaJIII'IIIII roTOBbIX Mo,nyrreii - B03MO)KHOCTb BbIIIOJIHIITb MO.n;mpnKaUHIO 

CIICTeMbl CIIJiaMII IIOJib30BaTeJIH, BKJIIO'IIDI II paCIIIIIpeHIIe KOHqmrypaUIIII 

CA3. 

6. Y11mfrnu:uposa11nan no;:i;cIIcTeMa nepe;:i;aqn ;:i;am1b1X, npe,n;Ha3Ha<J:eHHIDI ,nrrx 

IICIIOJib30BaHirn B pacnpe,nerreHHbIX CA3 co CMeIIIaHHbIM COCTaBOM annapaTHbIX 

cpe,ncTB KOMMYHIIKau1m [9]. 

HAyqHA.11 HOBII3HA pa6oTbI onpe,neJIHeTCH TeM, 'ITO B 11eii npII 

pa3pa60TKe nporpaMMH0ro 06ecneqe11nH CIICTeM aBTOMaTII3aUIIH 3KCnepHMeHTOB 

aBTOpOM perneHbl aKTYaJibHbie 3a,D;a'III, IIMeIOmIIe CaMOCTOHTeJibHOe HaY<J:HOe II 

npaKTIIqecKoe 3Ha'leHIIe: 

1. Pa3pa6orn11 u snepBble np111ueue11 MeTO,n npe,ncTaBJieuun ;:i;paiisepoB u 
U0J];CIICTCMbl ynpaBJieHHH C0CT0HHUeM CA3 s BUJJ;e KoneqHbIX aBT0MaT0B. 
.JJ:aHHblll MeTo,n rrer B OCHOBy MeTo,na napaM~II'leCKOro ynpasrreHirn COCTOHHHeM 

CA3 II no3BOJIIIJI ynmjmunpoBaTh cnoco6 ynpaBrreHIIH CA3 II ,npail.BepaMII. 

2. Pa3pa6ornH II nnepnb1e npnMeneu MeTO,n napaMe-rpuqecKoro ynpasJieuun 
cocTon1111eM CA3. TaKoe ynpaBrre11ne no3BOJIHJIO co3,naTb yn11sepcaJ1b11yro 
nporpaMMY no,nrOTOBKII 3a,D;aHII.ll Ha 3KCnepIIMeHT B BII,D;e onIICaHII.ll KOHe'IHoro 

aBTOMaTa ( cnIICKa COCTOHHIIH CIICTeMbl ). 

3. BnepBbie IIOCTaBJieHa II perne11a 3a,na<J:a pa3pa60TKII nporpaMMHOH cpe,D;bl, 

II03BOJIHIOmeii 6e3 nepeTpaHCJIHU:IIH KOMnOHOBaTb ll3 roTOBbIX MO,nyrieii CA3, 

KO,D; KOTOpoii 0CTaeTCH HeH3MeHHblM npu MOJJ;Hlf>nKau:uu MeTO,D;HKJI 

IICCJie}J;OBaHirn II KOHqmrypaUIIH o6opy.n;oBaHII.ll. PearrII3aUIIH 3TOH KOHuenUIIII 

n03BOJI.HeT cymecTBeHHO COKpaTIITb BpeMlI pa3pa60TKII II pa3BIITH.ll nporpaMMHOro 

o6ecne<J:eHIIlI CA3. 

4. Pa3pa6orn11a opurunaJihuaH CTPYKTYPa ITO CA3, OCHOBaHHIDI Ha 

IICnOJib30BaHIIII H0Boro MeTo;:i;a napaMeTPII'leCKoro ynpasrreHIIlI ee COCTOHHIIeM, 

no3BOJIHIOmrui: IIHTerpnpoBaTb CA3 II3 roTOBbIX MO,nyrreii B 3arpY30'IHOM cpopMaTe 

CHJlaMII nOJib30BaTerreii. 

OcHOBHbie nOJIO)KeHIIH, BbIBO,D;bl II peKOMeH,nauIIII ,D;OBe,neHbl .no rrpaKTH<J:eCKOH 

pearrII3aUIIII II BbI,nep)KaJIII npoBepKy B 3KCnrryaTaUHII. Pa3pa6oTaHHbie npII Y<J:aCTIIII 

aBTOpa nporpaMMHbie CIICTeMbl no3B0JIIIJIII IIOJIY'IIITh Ba)KHbie uayqnble pe1yJ1hTaTbl 
B 3KcnepIIMeHTax Ha peaKTope HEP-2 [J14, J15]. 

IIPAKTlflIECKA.11 u:enuoCTb. Pa6orn Bbmorr11xrrac1, B cooTBeTCTBHII c 

npo6rreM110-TeMaTII'leCKIIMII nrraHaMII HIIU: "ACIIEKT" II npoTOKOJiaMII o 

COTPY,D;HH'lecTBe c JIH<l> OIUIH. Pe3yrrI>TaThI ,na1111oii pa6oThI HaIIIJIII npaKTII'lecKoe 

npIIMeHeHIIe B CIICTeMax aBTOMaTII3aUIIII 3KcnepIIMeHTOB Ha peaKTope HEP-2. 
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IIoMIIMO 3TOro, B IIpHJIO)KeHIIII-1 K ,D;IICCepTauIIII npttBe,neHbl Ha3BaHII.ll 9 

MaCCOBbIX noTPe6IITerreii CIICTeM KOHTPOJIH TPaHCnOpTHbIX cpe,D;CTB II rpy30B, CIICTeM 

pa,nIIaUIIOHHOro KOHTPOJilI II ,np., pa3pa6oTaHHbIX c y'laCTIIeM ,ll;HCcepTaHTa. B 

IIpHJIO)KeHIIII-2 ,naHbl Ha3BaHII.H IO nporpaMMHbIX npo,nynoB, IICnorr1,3yeMbIX c 1997 

ro,na Ha TaMO)KeHHbIX CTaHUIIHX, .H,nepHbIX ofo,eKTax PocCIIII, 6JIII)KHero II ,D;aJibHero 

3apy6e)Kb.H. TIIpam 3TIIX npo,nyKTOB - ,no 300 IIIT. HeKOTOpbie II3 ,D;OJIO)KeHHbIX 

MeTO,ll;OB II arrropIITMOB npoBepeHbl B npouecce 3KCnrryaTaUIIII 3TIIX CHCTeM. 

IIpo6rreMbl, c KOTOpbIMII CTaJIKIIBaJIC.H aBTOp, OnbIT, npIIo6peTeHHblll npII pa3pa6oTKe 

II BHe,npeHIIII 3THX npIIJIO)KeHnii, a TaK)Ke aHaJIII3 pe3yJihTaTOB 3KCnrryaTaUIIH ,ll;aJIII 

Ba,KHYIO IIHq>opMauIIIO .l(JIH BbIIIOJIHeHII.ll ,na1111oii pa60Tbl. IIpIIJIO)KeHIIe-3 co,nep)KIIT 

OT3bIBbl noTPe6IITerreii. On1,rr pa60T1,1 aBTOpa B HIIU: "ACIIEKT" noKa3hrnaeT, 'ITO 

pa3pa6oTKa, oco6e11110 - conpOBO)K,ll;eHIIe 3TIIX CIICTeM MaJibIM KOJIJieKTIIBOM, 

3HaqIITeJibHO ynpomaeTC.ll npII IICnOJib30BaHIIII npe,nrro)KeHHbIX MeTO,D;OB. 

AIIPOBAU:llJI pa60Tbl. OT,nerr1,111,1e pa3,nerr1,1 pa60T1,1 6bmII npe,nCTaBJieHbl 11a 

BcepOCCHHCKOH 11ay'IHO-TeXHIIqecKoii KOHq>epeHUIIII "MeTO,D;bl II cpe,ncrna o6pa60TKII 

IIHq>OpMauIIII (MCO-2005)", 5-7 OKT. 2005, MfY; XVIII CoBemaHIIH no 

IICnOJib30BaHHIO pacce.HHil.ll HeHTPOHOB B HCcrre,noBaHII.HX KOH,D;eHCIIpOBaHHOro 

COCTOHHIIlI. 12-16 OKTH6pll 2004, 3apeqHI,IH, PoCCIIH; 57 Me)K,ll;y11apo,n11oii 

KOHq>epeHUIIII ".5I,npo 2007" "<l>ytt,naMeHTaJibHbie npo6rreMbl .H,nepttoii, aTOMHOH 

3HepmII II .H,nepHbIX TeXHorromii", 25-29 IIIOH.H 2007, BopoHe)K. OCHOBHbie 

pe3yJII>TaTbI pa6oTbl ,noKJia,n1,rnarrIIcb 11a HaY<J:HhIX ceMHHapax JIH<l> OIUIH, JIHT 

OIUIH, HHHIIA, ACIIEKT, BMK MfY, <l>3H. Px,n pa6oT npe,ncrnBrre11 B OT'leTax no 
rpattTy P<l><l>H N!! 04-07-90256B. 

IIYBJIIIKAU:IIII II JIH'IHbIH BKJia;:i; anTopa. IIo pe3yJihTaTaM ,nIIcceprnunn 

ony6JIIIKOBaHO 9 pa6oT [1..9]. B pa6oTe [1] aBTopy npIIHa,D;Jie,KHT pa3pa6oTKa 

arrropttTMOB II nporpaMMHOro o6ecne<J:eHII.ll CIICTeMbI. AnnapaTHIDI 'laCTb CIICTeMbl [1] 

H nporpaMMbl OKOH'laTeJibHOH MaTeMaTII'leCKOH o6pa6oTKII pa3pa60TaHbl COaBTOpaMII 

II He onIICbIBaIOTC.ll B ,D;HCCepTaUIIIl. Bonpoc O B03MO)KHOCTH pa3pa60TKil CA3, 

IIHBapIIaHTHOH OTHOCIITeJibHO II3MeHeHIIH MeTO,D;HKII ee IICnOJib30BaHIIH, BnepBbie 61,m 

no,n;HHT B pa6oTe [J16]. O,n;HaKO B 3TOH pa6oTe ,nonycKaJIOCb II3MeHeHHe MeTO,D;IIKII 

TOJibKO B paMKax q>IIKCilpOBaHHOH KOHq>IIrypaUIIII o6opy,noBaHIIH, 'ITO HBJIHeTC.ll 

'laCTHbIM CJIY<J:aeM Il He COOTBeTCTByeT cero,n;HlIIIIHIIM 3anpocaM. B ,D;IICCepTaUIIH, B 

OTJIII'IIIe OT [J16], ccpopMyrrIIpOBaHa KOHUenuIIlI CIICTeMbl, IIHBapIIaHTHOH 

OTHOCIITe.ITbHO II3MeHeHH.ll Koulf>nrypau:1111 06opy;:i;ona1111H CA3, OTpamaromeii 

npHKJia,D;HYIO MeTO,ll;IIKy [5, 9]. ABTOpOM pa3pa60TaHbl OCHOBHble arrropIITMbl II 

MeTO,D;bl, BbIIIOJIHeHa npoBepKa pearrII3yeMOCTII npe.n;JIO)KeHHOH KOHuenuIIH Ha 

npaKTIIKe. Pe3yJibTaTbl, BbIHOCIIMble Ha 3aIIIIITy, norryqeHbl JIII'IHO aBTOpOM. B pa6ornx, 

ony6JIIIKOBaHHbIX B COaBTOpCTBe, JIIIqHbIH BKJia,D; aBTOpa 61,m onpe,nerrx10mHM Ha Bcex 

3Tarrax BbIIIOJIHeHH.ll ,ll;aHHbIX pa6oT. 

CTPYKTYPa 11 061,eM ;:i;nccepTau:1111. .JJ:11cceprnuII01111rui: pa6orn cocTOIIT H3 

BBe,D;eHIIH, 6 mas II 3aKJIIOqeHIIH. Otta Il3JIO)KeHa Ha 113 CTPaHIIUax MaIIIIIHOnIICHOro 

TeKCTa, co,nep)KIIT 26 pIICYHKOB, 3 Ta6JIHUbI, 3 npHJIO)KeHII.H. CnIICOK JIIITeparyp1,1 
BKJIIO'laeT 93 HaIIMeHOBaHH.ll. 
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OCHOBHOE CO.l(EP:>KAHIIE PA60Thl 
Bo BBCACHHH ccpopMyJIIlpOBaHa ITOCTaHOBKa 3a,naqI1 II o6ocHOBbIBaeTC.!I ee 

aKTYaJibHOCTb. TipI1BeAeH CITIICOK TPe6oBaHIIH K CHCTeMaM aBTOMaTH3HpoBaHHOro 

yITpasneHH.!I, npo6JieM, O)KH;:i;aeMbIX B ITpouecce peIIIeHH.!I ITOCTaBJieHHOH 3a,naqu, u 

npe;:i;naraeMbie TIYTH IIX peIIIeHH.!I. 

B nepooii rJiaoe ITpHBe;:i;eH o63op MeTO,!l;OB pa3pa6oTKH TIO )];Jlji cI1cTeM 

aBTOMaTH3al.{HII 3KCITepI1MeHTOB H o6oCHOBaHHe BbI6opa oc Windows B KaqecTBe 

cpe,!l;bl ;:i;m1 ;:i;aHHOH pa3pa60TKH. CoeTaB MeT0,!1;0B )];JI.!! npe;:i;eTaBJieHH.!I B o63ope BbI6paH 

Ha oeHoBaHIIH aHaJIIl3a MaTepuanoB KOHcpepeHUHII NOBUGS e 2002 r. PaceMOTPeHbI 

CBOHCTBa ITpan.rnmqeeKoro ITO,!l;XO)];a K 3a,naqe, IICITOJlb30BaHHe IIHTepITpeTaTOpOB, 

eITeUHaJibHbIX eueTeM (TACO, EPICS), epe;:i;crn RAD (Delphy) u eueTeM mITa SCADA 

(LabView II ;:i;p.). TipnBe;:i;eHbI ITpI1Mepb1 TeXHOJIOrHqflOro ITO;:i;xo;:i;a (OPC, CAN) K 

pa3pa6oTKe ;:i;paiiBepHoro eJIO.!I CA3. MaTepHaJibI o63opa ITOKa3bIBaIOT, qTO 

• B03HHKJIO II npuo6peTaeT Bee 6oJiblllllll Bee IleITOJlb30BaHHe TeXHOJiomqecKHX 

eueTeM pa3pa6oTKII CA3; 

• HaMeTIIJiaeb TeH;:i;eHI.{H.!I K OTKa3Y OT ueITOJib30BaHH.!I TPaJJ:Ill.{HOHHbIX .!13bIKOB 

ITporpaMMilpOBaHH.!I ITPII peIIIeHIIH 3a,naqu IIHTerpaUHII CA3 H3 nporpaMMHbIX 

KOMITOHeHTOB, B Il3BeeTHbIX cueTeMax (B oeHOBHOM - SCADA) 3_TO npO.!!BMeTe.!I B 

ueTIOJib30BaHIIH rpacpI1qeeKI1X epe;:i;eTB ITpOrpaMMilpOBaHH.!I; 

06eeITeqeHH.!I B • )];Jlji peIIIeHil.!I 3a,na~ pa3pa6oTKH ITporpaMMHOro 

IICeJie,!l;OBaTeJibeKIIX opraHH3al.{Ilj!X e03,!l;aIOTe.!I KOaJIIII.{HII C KOJIJieKTHBHOH 

pa3pa6oTKOH II ueITOJib30BaHileM ITpo;:i;yKTa. 

Ha oeHOBaHHH paecMOTPeHHbIX MaTepHaJIOB aBTOp ITpHIIIeJI K cne;:i;yIOIUHM 

BblBOAaM: 
1. I1eITOJlb30BaHile TeXHOJIOmqeeKOH HHeTPYMeHTaJibHOH epeAbI 

ITpOrpaMMilpOBaHH.!I H3 quena H3BeeTHbIX He 06eeITequBaeT MaJibie epOKH pa3pa6oTKH 

TIO CA3, o~aeTII Il3-3a Heo6xo;:i;nMoeTII B3aHMo;:i;eiieTBil.!I KOJIJieKTIIBOB e pa3nnqHoii: 

eITel.{HaJIH3al.{Heii:. CoKp~eHHe epoKOB pa3pa6oTKII, OTMeqaeMoe aBTOpaMII TOH HJIH 

IIHOH TeXHOJIOrHH, ITpO.!!BMeTe.!I ITPH ITOITbITKe pa3pa6oTaTb 3KBHBaJieHTHYJO ITO 

CJIO)KHOeTH CA3 ;:i;pymM MeTO,!J;OM. 3aqaeTYJO 6e3 ueITOJib30BaHH.!I HY)KHOH 

TeXHOJIOrHII 3KBHBaJieHTHYJO eneTeMy ITOeTPOIITb ITpOCTO HepeaJibHO. rnaBHblll 

BbIHrpbllll OT IICIT0Jlb30Bfillllji TeXHOJiomqeeKOH epe;:i;bl pa3pa6oTKH - 3TO B03MO)KHOeTb 

npu THpa)KupoBaHHH no;:i;o6HbIX cueTeM ITonyqaTb 6onee BbieOKIIH ypoBeHb 

aBTOMaTH3al.{IIH, eepBIICa H Ha,ne)KHOeTH CA3 3a eqeT ueITOJlb30BaHil.!I MHOroKpaTHO 

ITpOBepeHHOro KO,!l;a pMa KOMITOHeHTOB H aBTOMaTH3HpOBaHHOH c6opKH eneTeMbl. ' 

2. Tipe;:i;eTaBAAeT IIHTepee pa3pa60TKa epe;:i;eTB, IT03BOAAIOIUIIX ITPH. H3MeHeHHH 

eITOeo6a ueITOJib30BaHil.!I CA3 (T.e. MeTO;:i;a uecne;:i;oBaHH.!!) eoxpaHHTb 

npeeMeTBeHHOCTb paHee pa3pa60TaHHOro Ko;:i;a CA3. 

3. TiporpaMMbI, Henoepe;:i;eTBeHHO pa60TaIOIUHe C o6opy;:i;oBaHileM, eoeTaBMIOT 

MeHee 10% o6mero o6'beMa CA3, o;:i;HaKO 3aHHMaIOT JlbBHHYJO ,!l;OJIIO BO BpeMeHH 

pa3pa6oTKH. B CB.!13H e 3THM aKryaJibHbl pa3pa6oTKII, 06eeITeqnBa10mue 
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ITpeeMCTBeHHOeTb pa3pa6oTaHHOro Ko;:i;a ;:i;paii:BepoB, YHHqJHKal.{HIO CITOC06a HX 

HeIIOJib30BaHHll: H o6'be,!l;HHeHHe epe,!l;bl Mo;:i;enupoBaHHll: C pa6oqeii epe;:i;oii. 

4. Tio;:i;roTOBKa K ITp0Be;:i;eHHIO 3KeITepnMeHTa B uecne;:i;oBaTeJibeKOH 

opraHil3al.{HH qaeTO 3aHHMaeT HaMHOro 6oJibIIIe BpeMeHH, qeM ero rrpoBe,!l;eHHe. O;:i;Ha 

Il3 IIPil~H 3THX IIOTepb - B Heo6XO,!l;HMOeTH ITpHBJieKaTb crrel.{IlaJIHCT0B pa3JIIlqHoro 

rrpocpIIAA, B qacTHOCTH - nporpaMMHCTOB. 3TOT cpaKT BITOJIHe oe03HaH pa3pa6oTqHKaMU 

IIHeTPYMeHTaJibHbIX CIICTeM. PM eoBpeMeHHbIX SCADA-eileTeM y)Ke rro3BOJlll:IOT 

BbIIIOJIHUTh IIHTerpaUIIIO CA3 6e3 IleII0Jib30BaHilll: TPaJJ:HUHOHHbIX ll:3bIKOB 

rrporpaMMilpOBaHil.!I [JI2]. O;:i;HaKO rrpII 3T0M BBO,!l;ll:Tell: eITel.{IlaJibHbie eileTeMbl 

rpacpI1qeeKoro rrporpaMMI1poBaHI1H, ~o OITHTb rro;:i;paJYMeBaeT ITpnBJieqeHI1e 

KBaJIIlqJIIUIIPOBaHHbIX eITel.{IlaJIUCTOB, BJia,ne10mnx MeTO,!l;UKOH pa60Tbl e ,!l;aHHOH 

SCADA. 

Pa3pa6oTKa eITeUI1aJibHOro IIHeTPYMeHTa ;:i;M M0,!1;I1qJI1KaUI1I1 ITporpaMMHOro 

06eeITeqeHI1.!I CA3 II ITepe;:i;aqa ero B pyKn eaMnx rroJib30BaTeneii cymeerneHHO 

eoKpaTHT ITOTepn BpeMeHH. Pa3pa6oTKa opneHTHpOBaHHOro Ha orrpe;:i;eneHHYJO 

rrpHKJiaJJ:HYJO o6naeTb rpacpuqeeKoro pe;:i;aKTopa HBJIHeTeH ITepeITeKTHBHbIM peIIIeHneM, 

rrpn yeJIOBHII, ~o TaK0H pe;:i;aKTOp TaK)Ke MO)KeT 6bITb HaeTPOeH 0ITepaT0pOM n )];Jlji 

ero neITOJib30BaHil.!I He ITOTPe6y10Tell: erreunaJibHbie 3HaHilll: B o6naeTII 

rrporpaMMHpOBaHllji. 

5.XapaKTepilemKn OC Windows ;:i;oemTOqHbI MH peanmaunn HHTepeey10mI1x 

Hae CA3. . 
AHaJIH3 MaTepI1anoB NOBUGS (130 emTeii:) ITOKa3bIBaeT, qTO H3BeeTHbie CA3 

MO,KHO OTHeeTn K ABYM rpyrrITaM, xapaKTepHCTHKH KOTOpbIX npe;:i;eTaBJieHbl B 

Ta6mn~e 1. XapaKTepHOH oeo6eHHOeTblO Beex paceMOTpeHHbIX epe;:i;eTB ll:BMeTell: TO, 

~o )];Jlji pa3pa60TKII HOBOH HJIH Mo;:i;epHH3al.{HH cymeeTBYJOmeii: ~A3 TPe6yeTell: 

orrpe;:i;eJieHHblll 061,eM ITporpaMMHpOBaHilll:. Pe3yJibTaTOM 3TOro MO)KeT eTaTb 

yBeJII1qeHne epoKOB Mo;:i;epHH3al.{HH, KOTopoe MO)KeT 6bITb Hea,neKBaTHO yBeJinqeHHIO 

eJIO)KHOeTII eaMOH eneTeMbl. Tipe;:i;naraeMblll rro;:i;xo;:i; II03BOJIHeT IIOJiyqnTb TY )Ke 

YHHBepcaJibHOeTb, ~o H I1eI10Jib30BaHI1e IIHTeprrpeTaTopa, HO ;:i;aeT ITpeI1MymeeTBO 

6naro;:i;apll: yeTPaHeHIIIO He06XO,!J;IIMOeTII IleITOJib30BaTb ITporpaMMI1pOBaHI1e. 

TaKIIM o6pa30M, ITOeTaBJieHHall: B ,!l;IleeepTal.{IIII aKTYaJibHall: 3a,naqa 

ecpopMyJII1pOBaHa Ha oeHOBaHIIII fillaJIIl3a eoeTOll:Hilll: II eBoiieTB eoBpeMeHHbIX epe,!l;CTB 

pa3pa6oTKII CA3 II HarrpasneHa • Ha 06eeITeqeHI1e HaJJ:e)KHOeTII Ko;:i;a CA3, 

ITpeeMeTBeHHOeTII rrporpaMM II eoKpameHilll: epOKOB pa3pa60TKII. 

Bo BTOpoii rJiaBe ecpopMyJIIlpOBaHa KOHI.{eIII.{Illl: ITp0rpaMMbl yITpaBJieHilll: 

CIICTeMOH aBTOMaTil3al.{IIII, IleITOJib3YJOIUeii ITpe;:i;eTaBJieHile 3aJJ:aHilll: B Bil,!l;e OITileaHilll: 

KOHeqHoro aBT0MaTa, 3aJJ:aHHoro eITileKOM eoeTOll:HIIH, II ITpe,!l;JIO)KeHa eITel.{IlaJibHall: 

eTPYKTYPa CA3. 

C ToqKII 3peHil.!I eITel.{IlaJIIleTa ITO IIHqJOpMaTIIKe, aBTOMaTil3I1pyeMblll 061,eKT 

coeTOIIT Il3 ene,!l;YJOIUIIX KOMITOHeHTOB: 

• IleToqHIIKOB ,!l;aHHbIX (;:i;eTeKTopoB, ;:i;aTqIIKOB, KaHaJIOB ITepe;:i;aqI1 ;:i;aHHbIX, ••• ); 

• ITaM.!ITII, B KOTOpoii 6ycpepI13YJOTell: pemeTPilpyeMbie ;:i;aHHbie; 

• yeTPoiieTB, Il3MeHHIOIUIIX COCT0ll:HHe 061,eKTa IIJIII (qTO TO )Ke) yeJIOBilll: ero pa60Tbl 

(TepMoperyJI.!ITOpbl, ,!l;BilraTeJIH, 3aeJIOHKH, K0JIJIHMaTOpbl H ;:i;p.). 

9 



TaKoe o6opy.n:omume cpyHKIJHOHaJibHO M0)KeT ynpaBJUITbCH Ha6opOM nporpaMM 

,n:paii:nepHoro yp0BHH, BbIII0JIH5IIOIUHX cne.n:yromue onepauuu: 

• HHHIJHaJIH3aIJHIO o6opy.n:onaHHH, o6ecnequnaromyro ero pa60Tocnoco6HocTu; 

• ynpruiJieHue C0CT05IHHeM o6opy,n:onaHH5I - 3aHeceHHe (3aIIHCb) 3HaqeHHH, 

onpe,n:eJI5IIOIUHX TPe6yeMOe (Ha ,n:aHHbIH MOMeHT) MeTO.D:HKOH 3KCIIepuMeHTa 

cocT0HHHe nceii: CA3. 

PaccMOTPHM BOJMO:lKHhiii cnoco6 peamna11un MeTo;:i:11K11 ncCJie;:i:osamrn na 

:nane per11cTpa111111 ;:i:atttthIX. 

BbmemrM nporpaMMbI, pa6oTaromue Henocpe;:i:crneHH0 c o6opy;:i:onaHHeM 

aBTOMaTH3HpyeMoro 061,eKTa, B OT,n:eJibHbIH CJIOH nporpaMM (.n:paii:nepHblll CJIOH). 

Bne,n:eM cneIJIIaJibHYIO nporpaMMY (HaJOBeM ee nporpaMMOH ynpanneHIIH 

COCTOHHUeM), K0T0PM, B coqeTaHIIH C .n:paii:nepHbIM CJI0eM H ofo,eKTOM, peaJIII3yeT 

KOHIJeIIIJHIO KOIIC'IHOro aBTOl\laT;l (KA). B C00TBeTCTBHII C TaKOH KOHIJeIIIJHeii:, 

nporpaMMe ynpaBJieHHH C0CT0HHIIeM M0)KeT 6bITb nepe,n:aH0 0IIHCaHHe K0HeqHoro 

C0CT05IHH5I 061,eKTa, II II0CJie nepexo.n:a CHCTeMbI B H0B0e C0CT0HHUe 06 3T0M M0)KeT 

6bITb II0Jiyqen CHrHaJI. TaKIIM crroco6oM Mbl M0)KeM na ypoBHe o6pameHII5I K 

rrporpaMMe ynpaBJieHHH C0CT05IHHeM rrepeii:m OT cpynKIJIIOHaJibHOrO crroco6a 

yrrpaBJieHHH (BbI30Ba cpyHKIJIIOHaJlbHbIX uporpaMM) K uapaM~nqecK0My. 

CTpyKTypy uporpaMMH0r0 o6ecueqeHH5I CA3 upe,n:CTaBIIM n BII,n:e HeCK0JibKHX 

yHHBepCaJibHbIX 6aJOBbIX uporpaMM. ,l:{Jrn .D:aJibHeii:mero paCCM0TPeHHH BBe,n:eM 

II0HHTUe uapaM~nqeCKOH M0,n:eJIII 061,eKTa, KaK CIIUCKa uapaMeTp0B, xapaKTepHbIX 

,n:JIH TeKymeii: KOHcpHrypaIJHII H oupe,n:eJIHIOIUIIX B03M0,KHbie MeTo,n:UKH uccne.n:onaHHH. 

3To M0ryT 6bITb, HaIIpHMep, TeMnepaTypa, H0Mep MHIIIeHH, II0JI0,KeHIIe YCTPOHCTBa, 

uopor anapuii:noii: CIIrHaJIH3aIJIIII, rrpo,n:0JI)KIITeJibH0CTh 3KCII03HIJIIII ,n:aHHbIX II T.II. 

Ocnona o6cy,K.D:aeMoii: cTpyKTYPbI - 3T0 qeTbipe rrporpaMMbI, Ka,K.D:M H3 

K0T0pbIX He 3aBIICIIT OT KOHKpeTHOH upuKJia,n:H0H MeT0,n:HKH: 

1. IIporpaMMa ;:i:11aJiora C IIOJlbJOBaTeJICM, B K0T0p0M OH M0)KeT orrpe,n:eJIHTh na6op 

II3MeH5IeMbIX rrapaMeTp0B ,n:JIH ,n:aHnoro ceaHca pa6oTbI, 5IBJI5IIOIUHHC5I 

II0.D:MH0)KeCTB0M uapaMeTpnqecKOH M0,n:eJIH 061,eKTa, 3a,n:aTb II0CJie,n:oBaTeJibH0CTb 

3naqenuii: 3TIIX napaMeTP0B (.D:JUi Ka,K.D:oro napaMeTPa - cnoii: neKTop 3naqeHuii:) u 

oqepe,n:H0CTb IIX II3MeHeHII5I. MbI II0JiyqlIM MaTPIIIJY 3HaqeHIIll II3MeH5IeMbIX 

napaM~oB, B KoTopoii: Ka,K.D:oMy ucnoJib3yeMoMy napaMeTPy orne,n:eH crnn6eu, a 

nopH,n:0K CTOJI6IJOB onpe.n:enHeT oqepe,n:H0CTh H3MeHeHH5I 3naqe~IIH. B ,n:aHHOH 

propa6oTKe cymecTBeHH0 TO, ~o Mbl npe,n:CTaBJUleM HX n BII,n:e· CIIHCKa CTP0K, 

co.n:ep,Kamero T0JibK0 HaJBaHUH napaM~0B H HY)KHbie 3HaqenHH. TaKOH Ha6op 

;:i:aHHbIX (onucaHIIe np1IKJia,n:noii: MeT0,n:HKH ,n:JUI K0HKpeTHoro ceaHca pa6on,1) 

5IBJI5IeTC5I Ta6JIH'IHbIM npe;:i:cTaBJieHHeM aBTOMaTa, CTp0Ka MaTPHIJbI 0IIHCbIBaeT 

ero K0He~oe COCT0HHIIe npu BbIII0JIHeHHII oqepe.n:noro II3MepeHH5I. ,ll;aHHM 

,n:IIaJI0r0BM nporpaMMa B Kaqecrne OCHOBHOH BX0,n:HT B C0CTaB DOJJ:CHCTeMhl 

no;:i:roTOBKH 1a;:i:a1111H. 

2. IIporpaMl\ta ynpaBJieHHH pa6oToii CA3, Bb16uparomM IIJ 3a,n:annoii: MaTPHIJbI 

CTp0KY II nepe.n:aromaH ee HCIIOJIHHIOIUeii: rro,n:CIICTeMe ,n:JIH BbIII0JIHeHIIH 

oqepe;:i:noro II3MepeHIIH. 
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3. IIporpaMMa ynpaBJICIIIIH COCTOHIIIICM ycTaHaBJIIIBaeT YCJI0BHH H3MepeHII5I, 

IICII0Jib3YH ,n:JIH 3TOH IJeJIII Ja,n:annoe 0IIIICaHIIe KOHC'IIIOfO COCTOHIIIIH H f0T0Bbie 

nporpaMMbI ,n:paii:nepHoro yponnH ITO ycmH0BKII. ,ll;annM nporpaMMa HBJIHeTCH 

0CH0BHbIM Mo,n:yneM n IICII0JIHHIOIUeH II0,n:CIICTeMe CA3. 

4. IIo;:i:cncTeMa npe;:i:BapnTeJibHOU o6pa6oTKII ,n:aHHbIX BbIII0JIHHeT PHJJ: CHCTeMHbIX 

cpyHKIJHH o6mero HaJHaqenHH, a TaK,Ke BbI3bIBaeT cpyHKIJIIII o6pa60TKII ,n:aHHbIX, 

C0CTaB II II0CJie,n:oBaTeJibH0CTb BbIII0JIHeHIIH K0T0pbIX onpe,n:eJUieTCH o6JiaCTbIO 

npIIJI0)KeHIIH. Ba)KHOH CIICTeMHOH cpyttKIJIIeii: 5IBJI5IeTC5I o6paTHM CB5I3b Me,K,n:y 

no,n:CHCTeMaMU perIICTPaIJHII II o6pa60TKH ,n:aHHbIX. IIoMHMO 3T0ro, K cpyHKIJIIHM 

o6mero HaJHaqeHIIH OTH0CHTCH perHCTPaIJIIH cpaKTa 3aBepmeHII5I pa60TbI C 

TeKyIUIIM BeKT0p0M C0CT0HHHH, ~o o6ecrreqIInaeT B03M0)KII0CTb B0306HOBJieHH5I 

pa60TbI IIplI anaplIHHbIX c60HX onepaIJH0HHOH CIICTeMbI, CIICTeMbI IIHTaHIIH, c6poca 

M0IUH0CTII II ,n:p. npu MHHHMaJibHbIX (nporH03IIpyeMbIX) IIOTepHX HaKOIIJieHHOH K 

3T0MY M0MeHTy umpopMaIJIIII II .n:p. 

IIocTpoeHHe TaKOH np1IB5I3KH K MeT0,n:IIKe HCCJie,n:onaHHH II C0CTaBy 

o6opy,n:oBaHII5I II03B0JUleT na PaJJIHqHbIX 061,eKTax HCII0Jib30BaTb o,n:ny II TY )Ke rpyrrny 

YHH<pIIIJHpOBaHHbIX 6aJOBbIX rrporpaMM, K0T0pbie 6y.n:yT pa6oTaTb cne.n:yromeMy 

aJiroplITMy: 

• BbI6paTb II3 CIIHCKa C0CT0HHHH (3a,n:aHII5I) _cTp0Ky - 0IIIICaHHe C0CT05IHH5I KA; 
• ycTaH0BHTb na 061,eKTe YCJI0BIIH B C00TBeTCTBHH C 0IIIICanneM C0CT05IHH5I; 

• BbIII0JIHHTh 3KCII03HIJHIO - BbIII0JIHIITb H3MepeHII5I II 3aper1ICTp1IpoBaTb 

.D:aHHbie; 

• 

• 

0TIIpaBHTb ,n:aHHbie B apxHB HJIII Ha o6pa6oTKy, 3aperIICTPIIP0BaTb cpaKT 

3aBepmeHII5I pa60TbI C TeKyIUIIM BeKT0p0M C0CT0HHIIH; 

II0BT0pHTh npe,n:bmym1Ie maru, II0Ka He ucqepnaeTCH CIIIIC0K C0CT0HHHH. 

Bo3MO,KHOCTb peaJIH30BaTb npe,n:JI0,KeHnyro K0HIJeIIIJHIO He oqenlI,n:Ha. 

IT03TOMY aBTOp0M BbIII0JIHeHa propa60TKa CIICTeMbI, peaJimyromeii: 

ccpopMyJIIIpOBaHHbie IIplIHIJHIIbI, C ueJibIO npoBepHTb Ha npaKTHKe nporH031IpyeMbie 

xapaKTeplICTIIKH. BBII.D:Y CJI0)KH0CTII 3a,n:aqu ee pemeH1Ie pro61ITO na 3TaIIbI. IIepBM 

peaJIII3aIJII5I ynpomena II rrpe,n:HaJHaqeHa ,n:JUI rrponepKII B03M0)KII0CTII HCDOJibJOBaTb 

nporpaMMhI 6e3 H31\te11eu11ii B pa3JIH'IHhIX CA3. Propa6oTKa BKJIIOqaeT nporpaMMY 

DOJJ:fOTOBKH :ia;:i:attHH II Heo6xo,n:HMbie yttlI(plIIJIIpOBaHHbie Mo,n:ynu: nporpaMMY 

ynpannenuH pa6ornu CA3, nporpaMMY ynpannenuH cocT0HHIIeM CA3 u no,n:cncTeMy 

npe,n:nap1nenhuoii: o6pa6oTKII {p1Ic. 1 ). 
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nporpaMMa 
no,t:lrOTOBKL,1 

38,t:\8HL-1R 

Ynpasmuol.J..laR 
nporpaMMa 

nporpaMMa 
YCTaHOBKL-1 

YCI10BL,1R 

no.t:1c1-1cTeMa 
06pa60TKL-1 

1. BHayanHaa4HR 
2. 3Kcnpecc attanHa 
3 ........ 

06beKT 

Apa111sepHb1111 
CJlOIII 

pe3yllbT8Tbl 

PIIc. I. YrrpomeHHruI 6JIOK-CXeMa CIICTCMbl aBT0MaTii3fill;IIll 3KCIIepIIMCHTa 

IIporpaMMa ynpaBJieHII»: pa6oTOii CA3 PUL T ( CM. pIIc. 2) o6ecrretJIIBaeT 

BblII0JIHCHIIe 3a.l{aHIIH, rrpe.n:cTaBJICHH0ro B BII.l{e CIIIICKa COCTOHHIIH. 3rn )KC 

rrporpaMMa B rrpouecce BbIII0JIHCHIIH 3a.l{aHIIH IICII0JIHHCT K0MaH.l{bl II0Jib30BaTeJIH, 

BBC.l{CHHble C KJiaBIIaTypbl IIJIII rrpIIHHTble II0 CCTII. B ee II0.l{lJIIHCHIIII Hax0.l{IITCH p»:.n: 

yHmpIIIIIIPOBaHHbIX MO.n:yneii II II0.l{CIICTCM, C0CTaB K0T0pbIX M0,KCT MCHHTbCH B 

3aBIICIIM0CTII OT 3aIIp0C0B II0Jib30BaTeJIH II II0 Mepe pa3BIITIIH .l{aHH0ro K0MIIJICKCa, 

0.l{HaKO 0CH0BHruI rpynrra MO.l{yJieii qJIIKCIIpOBaHa II BbIII0JIHHCT cne.n:yromIIe lpyttKIIIIII: 

• BhI6IIpaeT II3 MaTpIIllbl 3a.l{aHIIH CTp0KY 0'Iepe.n:Horo C0CT0»:mrn; 

• ycTaHaBJIIIBaeT O'Iepe.n:Hoe C0CT0HHIIe CA3; 

• Bbl3bIBaeT II0.l{CIICTCMY o6pa6oTKII .l{aHHhIX; pernaeT B0IIpoc 0 B03M0)KH0CTII 

3aperIICTpIIp0BaTh .n:aHHhie, KaK ycrrernH0 II3MepeHHbie, II nepeiirn K ll3MepeHIIK> 

cne.n:yromero qiaiina, rroBTopeHIIIO rrpe.n:1,mymero JIII6o K 3aBeprneHIIIO 3a.l{aHIIH. 

IloMIIMO 3TllX ocH0BHhIX Mo.n:yneii, B uerrotJKY IICII0JIHeHII»: rrporpaMMoii PUL T 
M0ryT BKJIIOlJaThCH M0.D:YJIII BII3YaJIII3fill;IIII .l{aHHbIX II C0CT0HHIIH CA3, rrpe.n:cTaBJICHIIH 

.l{aHHbIX B HHTepHeT, MaTeMaTIIlJCCKOH o6pa60TKII .l{aHHbIX B peaJihH0M BpeMeHII, 

rrporpaMMbl II0Jib30BaTeJIH II .n:p. 

B3aIIMO.l{CHCTBIIe Me)K.l{y yrrpaBJI»:IOmeii rrporpaMMOH II II0.l{lJIIHCHHbIMII 

M0.D:YJIHMII ocymecTBJIHCTCH rrocpe.n:cTB0M K0MaH.l{ II 0TBCTHbIX coo6111eHIIH, 

o6cJiy)KIIBaeMbIX CIICIIIIaJibHOH IIO.l{CIICTCMOH. ' 

IIo.n:cIICTeMa o6pa6onrn )J.aHHhlX BbIII0JIHHeT: 

1. apxIIBIIp0BaHIIe .n:aHHhIX; 

2. rpaqJIIlJCCKOe rrpe.n:CTaBJICHIIe .l{aHHhIX; 

3. K0HTp0Jib II rrp0T0K0JIIIp0BaHIIe YCJIOBIIH II3MepeHIIH Ka)K.l{0ro qiaiina; 
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4. rrpeJJ.CTaBJICHIIe B peaJibH0M BpeMeHII B HHTepHeT .l{IIHaMIIlJCCKII qJOpMnpyeMoii 

IIHqJOpMallllli 0 C0CT0HHIIII CIICKTp0MCTpa, 3KCIIepIIMCHTaJibHhIX .n:aHHbIX II 

rrporpaMM; 

5. Bbl30B rrporpaMM IIOJib30BaTeJieii, BbIII0JIHHIOIIJIIX HCCTaH.n:apTHbie orrepau;IIII 

o6pa60TKII. 

IIepBhle 4 lpYHKIIIIII II0.l{CIICTCMbl o6ecrrelJIIBaIOTCH rrporpaMMaMII, He 3aBIICHIIJIIMII OT 

KOHKpeTHOH 3a.l{alJII. IIo.n:KJIIOqeHIIe rrporpaMM IIOJib30BaTeJieii BblII0JIHHCTCH CIIIICK0M. 

IIporpaMMhl II0Jib30BaTeJIH Moryr 6bITb HaIIIICaHbl Ha JII060M H3bIKe. Bo3MO,KHO 

rro.n:KJIIOtJeHIIe Mo.n:yneii, pa3pa6ornHHhIX B cpe.n:e Lab View, MATLAB II .n:p. 

PIIC. 2. HHTepqieiic II0Jib30BaTeJIH yrrpaBJI»:IOmeii rrporpaMMbl B pe)KllMC 

BblII0JIHCHIIH 3a.l{aHIIH 

ba30BOe rrporpaMMH0e o6ecrreqeHIIe, ITOCTpOCHHOe B C00TBCTCTBIIII C 

II3JI0)KCHHbIMII rrpHHIIIIIIaMII, npIIrOJJ.HO JJ.JUI HCilOJlhJOBaHIIH 6e3 IIJMe11e1111ii B 

pa3JIH'IHhlX CA3 II .n:aer COKpam;enne 061>eMa 11eo6XOJJ.IIMOrO nporpaMMllpOBauun 

rrpII 0.l{H0BpeMeHH0M YBCJIIIlJCHIIII peaJIII3YCMbIX B03M0)KHOCTeii. Ee3 

.l{0II0JIHIITCJibH0ro rrporpaMMIIp0BaHIIH peaJIII3YCTCH B03M0)KH0CTb rrohyqIITb 

• cpe.n:cTBa KOMIIJICKCHOH rrpoBepKII II TCCTIIpoBaHIIH CA3 rrpII JII06bIX C0lJCTaHIIHX 

BapbIIpyeMhIX ycJIOBIIH pa60ThI; 

• rro.n:po6Hyro IIHqJOpMaIIIIH 06 ycJI0BIIHX ll3MepeHIIH II CTPYKTYPC JII06oro qiaiiJia 

.l{aHHhIX, BII3YaJIII3fill;IIIO C0CT0HHIIH .n:aHHbIX II rrporpaMM, B TOM lJIICJie cpe.n:cTBaMII 

HHTepHCT. 

<l>parMeHTbl OIIllCaHHOH CIICTCMbl HBJIHIOTCH pa3BllTllCM aJiropIITM0B, K0T0pbie 

ycrreIIIH0 llCII0Jib30BaJillCb B TClJCHIIC pHJJ:a JICT B ITO p»:.l{a CIICKTp0MCTp0B Ha peaKT0pe 

HEP-2 II CIICTeMax, pa3pa6oTaHHhIX B HIIQ "AcrreKT" • HeK0Top1,1e II3 rrpe.l{JlaraeMhIX 

perneHllll M0ryT HaHTll u 6onee IIIIIp0K0e rrpHMCHCHIIe. 

ABTOp ClJUTaeT, 'ITO rrpe.l{JI0)KCHHbIC aJiropHTMbl eme .l{aJICKll OT C0BeprneHCTBa, 

rrp0JJ:0JI)KaJOT . pa3BUBaThCH, 0.l{HaK0 ~e )J.a1111an pa1pa60TKa, OCHOBanuan Ha 

npeJJ.CTaBJICHHH CA3 B sime KOHC'IHOro aBTOMaTa, IlO)J.TBepJJ.HJia B03MO;KHOCTb 

peaJIHJaQHH nporpaMMHOro o6ecne'leHHH CA3, HHBapnaHTHOro OTHOCHTCJlhHO 

IIJMeuenuii MCTO)J.IIKH HCCJIC)J.OBaHHH. 

OrrIIpa»:Cb Ha II0JIYlJCHH0e II0.l{TBCp)K.l{eHHe 0CH0BH0r0 II3 rrp0rH03Hp0BaHHbIX 

CBOHCTB pa3BHBaeMoro rro.n:xo.n:a, aBT0p BbIII0JIHIIJI pa3pa60TKY K0MIIJICKCa rrporpaMM B 

Bll.l{e Macrnrn6upyeMOH pacrrpe.n:eneHHOH CllCTCMbl. 
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4. rrpe,UCTaBJieHHe B pearrbH0M BpeMeHH B HHTepHeT .UHHaMH'ieCKH q>OpMHpyeMOH 

HHq>OpMauHH 0 C0CT0JIHHH crreKTp0MeTpa, 3KcrrepHMeHTaJibHbIX ,uaHHbIX H 

rrporpaMM; 

5. Bbl30B rrporpaMM IIOJib30BaTerrefi, BbIII0JIHJIIOIIIHX HeCTaH.uapTHbie orrepauHH 

o6pa60TKH. 

IlepBbie 4 q>yHKIIHH II0.UCHCTeMbl o6ecrre•rnBaIOTCJI rrporpaMMaMH, He 3aBHCJllIIHMH OT 

KOHKpeTHOH 3a,uaqH. Ilo,uKJIIOqeHHe rrporpaMM IIOJib30BaTerrefi BblII0JIHJleTCJI CIIHCK0M. 

IlporpaMMbl II0Jib30BaTeJIJI MoryT 6bITb HaIIHCaHbl Ha rr1060M Jl3bIKe. Bo3MO)KH0 

rro,uKJI10qeHHe Mo,uyrrefi, pa3pa6oTaHHhIX B cpe.ue Lab View, MATLAB H .up. 

• I' <AS> JOB control pllnel Ver 08-Sep 2002 llliJE'J 

R REWIND RUN SUSPEND END job NEW Job JtC.LOSE 7 
State of cunent JOB-----------------------,.,----------, 

Cur.JOBjAIPsTSt.4076◄/Proba_with_Bad_sequence_Conected User jBeskrovnij 

Cur.file jFile No.•1 (3)A Start (run) Off j21 :12:03 now J21 :12:26 

PHC. 2. HHTepq>efic II0Jib30BaTeJIJI yrrpaBJIJIIOIIIeH rrporpaMMbl B pe)KHMe 

BbIII0JIHeHHll 3a,uaHHll 

Oa30BOe rrporpaMMH0e o6ecrreqeHHe, II0CTpoeHH0e B C00TBeTCTBHH C 

H3JIQ)KeHHbIMH rrpHHIIHIIaMH, npurO)J.HO )J.JIH HCDOJlbJOBaHHH 6eJ HJMCHCHHH B 

paJJIH'IHblX CA3 H ,uaeT COKpa111euue 061>eMa ueo6xO)J.HMOro 11porpaMMHpOBaHHH 

rrpH 0,n:H0BpeMeHH0M yserrHqeHHH pearrHJyeMbIX B03M0)KHQCTeit 6e3 

.U0II0JIHHTeJibH0ro rrporpaMMHp0BaHHll pearrHJyeTCll B03M0)KH0CTb rrorryqHTb 

• cpe.ucrna KOMIIJieKCHOH 11poBepKH H TeCTHp0BaHHJI CA3 rrpH JII06bIX coqeTaHHl!X 

BapbHpyeMbIX ycrrOBHH pa60ThI; 

• 110.upo6HYIO HHq>OpMaIIHH 06 ycrr0BHl!X H3MepeHHJI H CTPYKType JII06oro q>afirra 

,uaHHbIX, BH3YaJIH3auHIO C0CT0JIHHJI ,n:aHHbIX H 11porpaMM, B TOM qHcrre cpe,uCTBaMH 

HHTepHeT. 

<l>parMeHTbl OIIHCaHHOH CHCTeMbl JIBJIJIIOTCll pa3BHTHeM arrropHTM0B, K0T0pbie 

ycrreUIH0 HCII0Jib30BaJIHCb B TeqeHHe pll,ua rreT B no pll,ua CIIeKTpoMeTp0B Ha peaKTOpe 

HEP-2 H cHcTeMax, pa3pa6oTauHbIX B HITU: "Ac11eKT" . HeKOTOpb1e H3 rrpe.urraraeMbIX 

peweHHH Moryr HattTH H 6orree urnpoKoe 11pHMeHeHHe. 

ABTOp C~TaeT, qTo 11pe,UJIQ)KeHHbie arrropHTMbl eme .uarreKH OT C0BepweHCTBa, 

IIp0,U0JI)KaIOT pa3BHBaTbCJI, 0,UHaK0 y)Ke )J.aHHaH pa1pa60TKa, OCHOBaHHaH ua 

11peJJ.CTaBJICHHH CA3 B BH)J.e KOHC'IHOro aBTOMaTa, DO)J.TBep)J.HJia BOJMOiKHOCTb 

peaJIHJau;uu nporpaMMHOro 06ec11e'1eHHH CA3, HHBapuaHTHOro OTHOCHTeJibHO 

HJMeHeHHH MCTO)J.HKH HCCJIC)J.OBaHHH. 

011Hpal!Cb Ha II0JiyqeHH0e rro.urnep)K,UeHHe 0CH0BH0ro H3 IIp0rH03Hp0BaHHblX 

CBOHCTB pa3BHBaeMoro rro.uxo.ua, aBT0p Bb!II0JIHHJI pa3pa60TKY K0MIIJieKca 11porpaMM B 

BH,Ue MaCrnTa6HpyeMOH paCIIpe.uerreHHOH CHCTeMbl. 
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TpeThH rJiaua. B CTJ)yKrype rrporpaMMHoro o6ecrreqeHnH CA3 pm~eneHhl 

cpe~CTBa rro~r0T0BKI:I 3MaHI:IH I:! ero l:ICII0JIHeHI:IH - Mbl BhmeJII:IJII:I aBT0H0MHYJO 

II0~Cl:ICTeMy no~r0T0BKI:I 3MaHI:IH, K0T0pM ~0JIJKHa aBT0MaTnqecKn MaIITI:!p0BaTbCH K 

3MaBaeMoii KoHqrnrypaunn crreunanhHoro o6opy~oBaHnH CA3. B cocrnBe 

II0~Cl:ICTeMbl no~roT0BKI:I 3MaHI:IH npl:!CyYCTByeT 6ma ~aHHbIX CA3, o6ecrreqnBaIOIUM 

nm}>opMaQuounyro noi:mepmK)' CA3 rrpn HaCTJ)OttKe ee Mo~yneii cny)Ke6HbIMI:I 

rrporpaMMaMn, n rrporpaMMa no~roT0BKn 3MaHnH PSJ (Preparation of Single Job). B 
6a3e 11:anHhlX BBe~eHbl Ta6JII:!Uhl: 

• om1ca1111H rOTOBhlX KOMDOHCHTOB ~paiiBepHoro CJI0H, ~0CTJIIHbIX 

pa3pa6oyqnKaM B ~aHHOll opramBaumr - "6n6JII:IOTeKa" YCTJ)OHCTB; 

• Ta6JIIIQa H3MCHHCMhIX napaMeTpOB ~paiiBepoB, l:IX THIIbl, ~narraJ0Hhl 3HaqeHI:lll I:! 

3HaqeHI:IH, rrpnHnMaeMbie ITO yMonqaHI:IIO; 

• onucanue Kom}rnrypaQ1111 ~paiiBepHoro cnoH pmpa6aTbIBaeMoii CA3; 

• Ta6nnua /1:0DOJIHHTCJihHhlX napaMeTpOB, l:ICII0Jib3YeMbIX B rrporpaMMax 

o6pa60TKI:I ~aHHbIX, rrpn rro~roT0BKe orrncaHI:lll ~aHHbIX, oTqeT0B I:! ~p.; 

• CIII:IC0K 3MaHHbIX nporpaMMI:ICT0M aJihTepuaTHBHhlX 1133B3HHU napaMeTpou; 

• HeK0T0pbie ~pyrne Ta6JII:!Ubl. 

Ta6JII:!Ubl I:13MeHHeMbIX I:! ~0TI0JIHI:!TeJihHbIX napaMeTJ)0B C0CTaBJIHIOT 

rrapaMeTpnqecKy10 Mo~eJib yrrpaBJIHeMoro o6oeKTa. 

IlporpaMMa PSJ npe~cTaBJIHeT co6oii cneunanbHhitt pe~aKTop, KOTOphiii M0)KeT 

pa60TaTb B HeCK0JibKI:IX pe)Kl:!Max. OcHOBHOll pe)Kl:IM - C0CTaBJieHne 3MaHI:!H C H0BbIM 

CIII:ICK0M l:13MeHHeMbIX rrapaMeTp0B. Ilo K0MaH~e 0TKpbIBaeTCH 0KH0 C TpeMH II0JIHMI:1 

Clll:ICK0B (pnc. 3): 
• HaJBaHnH Bcex rrapaMeTp0B crreKTJ)0MeTJ)a (rrapaMeTJ)nqecKM Mo~eJib, 

aBT0MaTnqecKI:I C0CTaBJieHHM Ha 0CH0BaHI:11:1 ~aHHbIX 1:13 6.[0; 

• rrapaMeTJ)hl, I:13MeHHeMbie B IIJiaHnpyeM0M ceaHce pa60Tbl ( C0CTaBJIHeT 

II0Jib30BaTeJib ); 

• II0Jie Clll:ICK0B 3HaqeHI:lll l:13MeHHeMbIX rrapaMeTp0B (3MaeT IIOJib30BaTeJib). 

.[(aHHOe 0KH0 rrpe~0CTaBJIHeT B03M0)KH0CTb BhI6paTb Ha3BaHI:IH Tex rrapaMeTJ)0B, 

3HaqeHI:IH K0T0pbIX 6y~yT l:13MeHHTbCH B ~aHH0M ceaHce; 3MaTb HY)KHYIO oqepe~H0CTh 

l:13MeHeHI:IH 3HaqeHI:lll rrapaMeTJ)0B; ~JIH Ka~oro rrapaMeTJ)a 3MaTb Clll:IC0K 

ncrroJih3yeMhIX B ceaHce 3HaqeH1:1ii. Ilocne 3Toro PSJ aBT0MaTnqecKI:1 C03~aeT crrncoK 

COCTOHHI:lll - Ta6nnqHoe rrpe~CTaBJieHne l:ICII0Jib3YeM0ro K0HeqHoro aBT0MaTa. 

IlpnMep TaK0f0 Clll:ICKa rrpe~CTaBJieH Ha pnc. 4. 
IlporpaMMa PSJ ncrroJih3yeT II0HHTI:IH rrapaMeTJ)nqecKoii Mo~en1:1 

yrrpaBJIHeMoro o6beKTa 1:1 BeKT0pa C0CT0HHI:IH Cl:ICTeMbl, HaCTJ)al:!BaeTCH B COOTBeTCTBI:lli 

C ~oKyMeHTaUI:leii CA3, xpaHHIUeiicH B 6.[(, l:IHBapnaHTHa 0TH0CI:!TeJihH0 l:13MeHeHnii 

MeT0~l:!Kl:I l:ICCJie~oBaHI:IH I:! KOHqrnrypaunn CA3 I:! rrpnro~Ha ~JIH HCIIOJih30B3HHH 6e3 
HJMenenuii B pa3JI11quh1x CA3. 

11crroJih30BaHI:le paCCM0TJ)eHH0ro crroco6a rro~r0T0BKI:I I:! I:ICII0JIHeHI:IH 3MaHI:!H 

B Bn~e orrncaHI:IH K0HeqHoro aBT0MaTa coKpaIQaeT o6'heM ueo6xo.11:11Moro 
nporpaMMHpOBaHHH 11p1:1 0~H0BpeMeHH0M yBeJinqeHI:11:1 peanmyeMhIX B03M0)KHOCTeii. 
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6e3 ~0II0JIHI:ITeJibH0ro rrporpaMMI:!p0BaHI:IH, 6naro~apH l:ICII0Jib30BaHI:IIO pe~aKT0pa 

PSJ 1:1 K0HQerru1:11:1 KA, peanmyeTcH: 

• aBTOMarnqeCKI:lll Ii ~l:laJIOfOBblll pe)KI:IMbl pa60ThI; 

• B03M0)KH0CTh BMeIIIaTbCH B aBT0MaTirqecKyio pa6oTy CA3 ~JIH K0ppeKunn 3MaHI:IH 

B rrpouecce ero 1:1crronHeHnH; 

• aBT0MaTnqecKoe orrpe~eJieHne ToqKn BX0~a (HOMepa COCTOHHI:!H) ~ 

rrpo~0JI)KeHI:IH pa60Tbl CA3 II0CJie c6oH lll:!TaHI:IH I:! ~P- C l:13BeCTHbIMI:I I:! 

B0CCTaH0BI:!MbIMI:I II0TepHMI:I ~aHHbIX, pecTapT Cl:ICTeMbl 6e3 yqaCTI:IH II0Jib30BaTeJIH. 

P1:1c. 3. OKHO pe~aKTI:!p0BaHI:IH Clll:ICKa l:13MeHHeMbIX rrapaMeTJ)0B 

U CIII:ICK0B ux 3HaqeHI:lll 

20 0 probaFN002 Comment_Jor_file-2 

15 D probaFN003 Comment_for_file-3 

iii" 0 

15 10 

20 10 

·p;~bafN"Q(l4 ·· ·6:;.;;~n1_)~;_fil.;_.. 
probaFN00S Comment_for_file-5 

_· f!'O~_a!'.'NQD&_~··~··Comm9_11,t,.,~~"'~l_":::5_ 

Pnc. 4; 3Mattne ( crrncoK cocToHHnii KA), cocTaBJieHHoe rrporpaMMoii PSJ 

B qeTBepToii rJiaBe paccM0TJ)eHbI BorrpocbI pmpa6oTKn CA3 B BI:l~e 

pacrrpe~eJieHHOll Cl:ICTeMbl, MaCIIITa6npyeMOll Cl:!JlaMI:I II0Jib30BaTeJIH. 

,[(JIH pa3Bl:!Tl:IH cpe~bl pa3pa60TKI:I I:! pacumpeHI:IH cepBnca l:ICII0Jib30BaHbl 3 
BapnaHTa crroco6oB B3al:IMO~eiiCTBI:IH K0MII0HeHT0B CA3: 

• 110 rrpoTOKony TCP/IP, 06ecrrequBa10IUeMy arrrrapaTHYJO He3aBHCI:IM0CTh; 
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oe3 .II0II0JIHHTeJibH0ro nporpaMMHp0B8HH.s!, 6naro.11ap.si HCII0Jlb30B8HHIO pe,llaKTOpa 

PSJ n K0HI~enQHH KA, peanH3yeTc.si: 

• aBTOMaTnqecKHH H ,IIHaJIOrOBblH pe)KHMbl pa60ThI; 

• B03M0)KH0CTb BMeIIIaTbC.s! B aBT0M8THqecKYJO pa6oTy CA3 .IIJl.ll K0ppeKQHH 38,llaHH.s! 

B npoQecce ero ncnonttettn.si; 

• aBT0MaTnqecKoe onpe,11eJieHHe T0qKH BX0,118 (HOMepa COCTO.s!HH.s!) .IIJl.ll 

IIp0,110JI)KeHH.s! pa60Tbl CA3 II0CJie c6o.si IIHTaHH.s! H .!IP- C H3BeCTHbIMH H 

B0CCT8H0BHMbIMH II0Tep.s!MH ,llaHHbIX, pecTapT CHCTeMbl 6e3 yqacTH.s! II0Jib30BaTeJI.si. 

AS chttnged parameters hst 

Parameters choise--'-='e'--==~=~==~=~==~..c.,1 
All possible pn.rcmetersVariable parameters r~~P-_H_A ____ _ 

alpha 
beta 
gamma 
platform 
pause 
samples 
timesec 

BETA 
GAMMA 
TIMESEC 
MEASURE 
COMMENT 

10.0 
15.0 
25.0 

p ~ ICJ<iiival~ 
✓ OK I )( Cencel I 

Pnc. 3. OKHO pe,11aKTHp0B8HH.s! CIIHCKa H3MeH.sieMhlX napaMeTP0B 

H CIIHCK0B HX 3HaqeHHH 

cAS> p c;J Preporot1on of Single Job (auto) vers 2-'I 11 2002 

file pammB\afS box -
: .I\. CSoH I Windon uief Ji;.Qla:,;;'afin. /IS use, Je~1krovnij 

JOB commen1 JTest JOB ZS.Q,U00Z Axejs 11.~p~a. beta. gamma 

AIH number flt Job duration p:oioo 

,, Ria fHlffl8 prefix JprobaFN 

10.0 

25.0 

25.0 

10.0 

zo 
zo 
15 

zo 

proba.FN001 CommenUor_file-1 

probo.FN00Z Commenl_lor_file-2 

probaFN003 CommenLfor_fil_.J 

probaFN00,. Comment_lor_file-4 

·1 

10.0 15 10 probaFN005 Commen\,_for_file--5 .· 1 

7 _____ 12_5.? ____ 15: 0 __ 0 --··- 20 _________ 1~ _______ probaFN00& _ CommenUor_fi~_e-i .i!J: 
Pnc. 4. 38,llattHe (cnncoK cocrn.sittnil: KA), cocTaBJieHttoe nporpaMMOH PSJ 

B 'leTBepToH n1ase paccM0TPeHbI BonpochI propa6oTKH CA3 B BH.lle 

pacnpe,11eJieHHOH CHCTeMbl, MaCIIITa6npyeMOH CHJiaMH II0Jib30BaTeJI.si. 

,[(JI.si p83BHTH.s! cpe,llbl propa60TKH H pacrnnpeHH.s! cepBHCa HCII0Jib30BaHbl 3 
BapnaHTa cnoco6oB B3aHMO,lleHCTBH.s! K0MII0HeHT0B CA3: 

• no npoToKony TCP/IP, 06ecneqnBa10meMy annapaTHYJO tte3aBHCHM0CTh; 
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• "rrporpaMMHM o6mrur IIIIIHa", o6pmyeMM qepe3 "qiail:JI, OT06pa)KeHHhlll B 
rraMHTn" (B03MO)KHOeTh peaJIII3oBaHa B OC); 

• Web-IIHTepqieil:e. 

EmoBhie MO.llYJIII 11 .llpail:BephI MOrYT rroMemaTheH Ha pll3HhIX 3BM 11 
11errOJih3YJOT B3aIIMO,lleil:ern11e rro rrpoTOKOJIY TCP/IP. 

Ilo,lleIIeTeMbl orrepaTIIBHOH Bll3YaJIII3aIIIIII Ha rryJihTe orrepaTopa, 
rrpe,llBapIITeJibHOH o6pa60TKII II ,llp. IIeIIOJih3YJOT IIHTepqieii:e "rrporpaMMHM o6mrur 
IIIIIHa". 

,[(JIH Y.llaJieHHOro yrrpaBJieHIIH, BII3YaJIII3aIIIIII eoeTOHHIIH CA3 II ,llaHHhlX 
11erroJih3yeTeH Web-IIHTepqieil:e. 

8 IIHTepeeyrom11x Hae eIIeTeMax aBTOMaTII3aIIIIII rrpo11eeeop, KaK rrpaBIIJIO, 
eJia6o 3arpy)KeH (< 10%). Tio:noMy Maernrn611pyeMOeTb Hae IIHTepeeyeT, KaK 
erroeo6ttoeTb aBTOMaT11qeeKII a)laIITIIpOBaTbeH K ll3MeHHeMOMY eoeTaBy 
3KerrepIIMeHTaJihHOro o6opy,llOBaHIIH II KOJIIIqeerny 3BM, KOTOpbie CA3 IIeIIOJih3yeT B 

rrpo11eeee pa60Thl. ,[(JIH peaJIH3aIIIIII 3TIIX eBoii:eTB IIOTPe6oBaJIOeb pmpa60TaTh 

erre1111aJihHYJO eTPYKTYPY .llpail:BepoB, pmBIITh JiomqeeKyro eTPyKTypy CA3, 
paernIIpIITh eoeTaB 6ll30BhlX MO,llyJieil: KOMIIJieKea. 

Tip11 pmpa6oTKe CTPYKIYPhI ,a:paiiBepa npeeJie)lOBaJIIICh 11eJIII: 

• co3,llaH11e CA3 B BII,lle pacnpe.!(eJieHttoil: Macrnrn611pyeMorr c11cTeMh1; 

• o6ecneqeHIIe npeeMCTBeHHOCTII II MIIHIIMII3aIIIIH KO,lla ,llpail:Bepa; 

• YHIIqJHKaIIIIH cnoco6a Bhl30Ba K ,llpail:Bepa; 

• aBTOMaTII3aIIIIH llHTerpauIIII ,llpail:BepoB B CIICTeMy - TIO,llKJIIOqeHIIH K 
TIO,llCIICTeMaM TIO,!(fOTOBKII II IICTIOJIHeHIIH 3a,llaHIIH. 
,[(JIH o6ecneqeHIIH e)lIIH006pll3HOf0 yrrpaBJieHIIH BCeMII 061,eKTaMII ,llparrBepbl 

npe,llCTaBJieHhl B BII,lle KOffeqffhIX aBTOMaTOB. Bxo,llHhIMII CIIMBOJiaMII HBJIHIOTCH 

Ha3BaHHH napaMeTpOB H HX 3HaqeHHH, a B Ta6JIIIIIY nepeXO,llOB IIOMemeHbl a,a:peca 
COOTBCTCTBYIOIIIHX npo11e)lyp. 

,[(pail:Bepbl ,llaHHOfO KOMTIJieKca BKJIIOqaIOT IIHTepqieil:cttyro qacTb 11· 

qiyHKIIIIOHaJihHhIH MO.llYJih. Hmttaqemi:e HHTep«J>eiicnoii qacrn - BhITIOJIHeHIIe pH,lla 
cJiy)Ke6HhlX qiyHKIIIIH 6e3 o6pameHIIH K qJYHKIIIIOHaJihHOMY MO.llYJIIO: 

• npe.llyCTaHOBKa 3Haqett11rr napaM~OB YCTPOil:crna; 

• npIIeM KOMaH,llhl OT nporpaMMhl SetVec; 
• BhlTIOJIHeHIIe PYTIIHHhlX rrpeo6pll30BaHIIH KOMaH,llhl B OIIIICaHne HY)KHOro 

cocTOHHIIH ,llpail:Bepa (YCTPorrcrna) 11 BhI30B TPe6yeMoil: rrpIIKJIMHOil: <iiYHKIIllll 
Apaii:Bepa; 

• rrpe,llOCTaBJieHIIe ,llpaii:Bepy rrpo11e.llypbl aCIIHXpOHHOro Bhl30Ba KJIIIeHTa MH 

rrepe,llaqn IIHqJOpMaIIIIII O pe3yJihTaTax BhIIIOJIHeHHH KOMaH,llhI. 
<l>yHKIIIIOHaJihHLIH MO,llyJih BKJIIOqaeT CTaHAapTHhlll Ha6op qJYffKIIIIii:: 

• INIT - BKJI10qeH11e YCTPOii:crna, IIHIIIIHaJIII3aIIIIH rrporpaMMhl II ycTPoii:crna; 

• OFF - BbIKJIIO<reHIIe 3JieKTPOIIIITaHIIH YCTPOil:crna; 

• READ - ~eH11e 113 YCTPOrrcrna TeKymero 3HaqeHIIH rrapaMeTPa; 

• SET - BbITIOJIHetme ,llerrcTBIIH, acco111111poBaHHoro c rrapaMeTPOM ("ycTaHOBIITb 
ycJIOBIIH"). 

16 

3a)laqa pmpa60~11Ka ,llpaii:Bepa CBe,lleHa, B OCHOBHOM, K KO,llIIpOBaHIIIO crroeo6a 

BblIIOJIHeHIIH HeCKOJibKIIX cneIIIIaJII,HblX qJyttKIIIIH, PMII KOTOpbIX ,llaHHOe YCTPOHCTBO 
BKJIIOqeHO B COCTaB ycTaHOBKII, II 061,e)lIIHeHIIH IIX C IIHTepqieii:CHbIM MO,llyJieM. TaKM 

CTPyKTypa ,llpaii:Bepa: 
I) 3KOHOMIIT BpeMH pmpa60~11Ka; 
2) 06eeneq11BaeT npeeMeTBeHHOeTb qJYffKIIIIOHaJII,HI,IX MO,llyJieii:, eB060)lHl,IX OT 

HaenoeHIIH KO,lla, OTPa)KaIOmero npIIKJIMHYJO MeTO,llIIKy; 
3) TIOBbIIIIaeT Ha,lle)KHOeTb KOMTIJieKea rrporpaMM 6naro,llapH 11errOJII,30BaHIIIO 

MHOroKpaTHO rrpoBepeHHO KO,lla IIHTepqieil:ea. 
CTpyKiypa pacnpe,a:CJiennoii CA3 rrpe,lleTaBJieHa Ha p11e. 5. IIo 

qJYHKIIIIOHaJibHOMY Hll3Ha<reHIIIO B eoeTaBe no CA3 Mbl Bbl,lleJIHeM: 3BM IlyJILTa 
onepaTopa, Cepuep np11JioiKeH11H 11 3BM-KonTpOJIJiepLI. BpeMeHHO 
no,llKJIIO<raIOm11eeH 3BM Ha6Jiro,a:aTCJien 11erroJih3YJOT IIITaTHbiii: Intemet-6pay3ep. 

B03MO)KHOe Hll3Ha<reHIIe 3BM orrpe,lleJIHeTeH eoeTaBOM 3arpy)KeHHI,IX B Hee 6ll30Bl,IX 

nporpaMM, KaK :no noKmaHo Ha p11e. 5. ,[(JIH peaJI113au1111 AaHHoii: CTPYKTYPhl 
pmpa6oTaHbI 6mOBhie MO.llYJIII Terminal, TCPclient, TCPserver, SetVec, FrontEnd. 
<l>yHKIIIIII JIOrII'leCKIIX 3BM )laHHOro KOMTIJieKCa OTIIICbIBaIOTCH HII)Ke. 

Ha IlyJILTe onepaTopa pa6orneT nporpaMMa Terminal - IIHTepqieil:e 

IIOJib30BaTeJIH, TI03BOJIHIOIIIIIH ynpaBJIHTh rrapaMeTPaMII II pe)KIIMOM pa60ThI CA3. 

Cepzep npHJ10""'1ou1 

( MeHe11x<ep EOHTp<m11epo» J 
( Me1,e11x<ep TepM111<anOB 

Tep>DD1aJ1 l 

Tep>DDIU m 

,lq,aii:Bep HpllJIO-HHR 

,lwaimep ! Yctpoii:cno l 
KoK'lpOJl'"'P l 

I I ,lwaimep ij-1Yc111oiil:TB0 i ! 

~aimep i Yctpoii:cno j 

KoH1poJ1J1ep n 

P11c. 5. JlomqecKrur cxeMa CA3 

Cepuep npuJioiKeHHH ocymecrnJIHeT: 
• yrrpaBJieH11e K0Hqi11rypa1111err CA3 - perncTP11pyeT rro,llKJIIO<raIOm11ecH IIyJibThI 

orrepaTOpoB II KoHTPOJIJiep1,1; 
• yrrpaBJieHIIe KOHqJIIrypau11eil: KOHTPOJIJiepoB - coeTaBOM ,llpaii:BepoB Ha 

oeHOBaHIIII ,llaHHhIX 113 .zlOKYMeHTaIIHI-I CA3 B 6,[(; 
• BbIIIOJIHeHIIe 3a,llaHIIH, npe,!(eTaBJieHHOrO err11eKOM eoeTOHHIIH KA (SetVec); 
• nepe,lla<ry KOMaH.ll .llpaii:BepaM II rrpneM ornern1,IX eoo6meH11ii: (TCPserver). 

OeHOBHM qJYHKIIIIH - BbIIIOJIHeHIIe 3a,llaHIIH - oeymeeTBJIHeTeH MO,llyJieM 

SetVec. Mo.llyJI1, BbI611paeT 113 err11eKa oqepeAHYJO eTPOKY eoeTOHHHH KA. Ha 
oeHOBaHlllI ,llaHHblX O rrpe,llbl,llYilleM II TPe6yeMOM eoeTOHHIIHX rrporpaMMa SetVec 

06ie~HHeHHhlH MHCTHTJ1 
SI,qepHLIX Hccne,qoaaHnP

Bl1Bnl10TEKA 



BbIIIOJIIDieT cne;n:y10m11e ;n:eil:cTBm1: 

1. Bb1q11cJUieT BeKTop 113MeHeHIIH COCTOHHIIH CA3 - q>OpM11pyeT COKpameHHOe 

OIIHCaHIIe COCTOHHIIH KA; 
2. COCTaBJIHeT CITIICOK KOMaH;n: yrrpaBJieHIIH OT;n:eJibHbIMII Y3JiaMII o6opy;n:oBaHIIH CA3; 

3. OIITIIMH3IIpyeT ITOCJie;D;OBaTeJibHOCTb ITepe;n:aqII KOMaH;n: KOHKpeTHbIM ;n:pail:BepaM; 

4. ITepe;n:aeT ;n:pail:Bepa.M rpyITITY KOMaH;n:; ITPIIHIIMaeT aCIIHXpOHHbie OTqeTbI 

;n:pail:BepoB O Bb!IIOJIHeHIIII KOMaH;n:; 

5. ITOBTOpHeT ITyttKTbI 3,4, ITOKa He ;D;OCTllrIIeT 3MaHHOro COCTOHHIIH 061,eKm. 

Pa6oTa ITporpaMMbI SetVec cqIImeTCH JaBeprneHHoil:, ecn11 11cqepITaH CITIICOK 

COCTOHHllll II ITOJiyqeHbI OTqeTbI OT Bcex ;n:pail:BepoB, JIII6o pa6oTa ITpepBatta ITO aBapIIII 

(ITo mil:MaYTy). 

OcHOBHM q>yHKU:IIH 3BM-KouTpoJIJiepa - yrrpaBJieH11e ITO;n:KJIIOqeHHbIM K ueil: 

o6opy;n:oBaHIIeM CITeKTpOMeTpa. Ee ITporpaMMHoe 06ecITeqeHIIe BKJIIOqaeT 6aJOBble 

ITporpaMMbI TCPclient, FrontEnd II ;n:pail:BepbI. TiporpaMMa TCPclient ITp11H11MaeT 

KOMaH;n:hr, ITOcTyrra10m11e OT yITpaBnH10meil: 3BM (oT ITporpaMMbI SetVec), 11 ITepe;n:aeT 

aCIIHXpOHHbie coo6meHIIH OT ;n:pail:BepoB Ha Cepsep npHJI0:lKCIIIIH. TiporpaMMa 

FrontEnd Bb!IIOJIHHeT ;D;IICIT~epmau:IIIO KOMaH;n: - ITepe;n:aeT IIX COOTBeTCTBYIOII.(IIM 

;n:pail:BepaM. 

OITIICaHHbie ITporpaMMbI IT03BOJIHIOT Bb!IIOJIHHTb pa6oTy CA3 ITOJIHOCTblO B 

aBTOMaTIIqecKOM pe)KIIMe. Tip11 OTKa3ax CA3 B '.lTOM pe)KIIMe ITOTep11 MOfYT 6hITb 

HeBOCITOJIHIIMbI, IT03TOMY u:enecoo6pa3Ha ITpoBepKa pa6orncIToco6HocT11 CA3 ITp11 

pa3JillqHbIX COCTaBax II ITOCJie;n:oBaTeJibHOCTII pa6oTbI Y3JIOB o6opy;n:oBaHIIH. 

Pa3pa6oTKa ITOJIHOro Ha6opa TeCTOB - 3Maqa HeITepcITeKTIIBHM 113-3a 60JibIIIOll 

Tpy;n:oeMKOCTII II HeB03MO)KHOCTII ITpe;n:yCMOTpeTb Bee Bap11aHTbI KOHq>11rypau:1111 11 

pa3BIITIIH q>m11qecK11x MeTO;D;IIK. BMeCTO 3TOro 6bIJia pa3pa6omHa CITCU:llaJibHM 

ITporpaMMa MC (Manual Control) ;n:nH IIHTepaKTIIBHOro yITpaBJieH11H pa6ornil: CA3 [3). 
Tip11 pa3pa6oTKe MC 6bIJIII ITOCTaBJieHbI 3Maq11: 

• ;n:aTb IIHCTpyMeHT ;D;JIH fihICTpOll 11:n;eHTllq>IIKau:1111 II 3aMeHbI c6oiiHoro 

o6opy;n:OBaHIIH IIJIII ITporpaMMbI; 

• ;n:aTb IlOJib30BaTeJIIO, B ;D;OITOJIHeH11e K aBTOMaT11qecKOMY pe)KIIMY, B031\fO)KHOCTb 

Bb!IIOJIHHTb npOCTbie pa60TbI B pe)KIIMe IIHTepaKTIIBHoro YITPaBJieHIIH 

ycmHOBKOll. 

TaKoii IIHCTpYl\feHT noneJeH ;n:nH pa6oTbI c n106oil: c11cTeMoil:, IT03TOMY 6bm11 

ITPIIHHTbI MCpbI MH 06ecITeqeHIIH aBTOHOMHOCTII ITpOrpaMMbI MC ITYTeM 

;n:y6nnpoBaHHH HJIII yITpomeHHH HeKOTOpbIX q>yHKU:Hll, peaJIII30BaHHbIX B ITO;D;CIICTeMe 

no;n:roTOBKII 3MaHIIH. Pa3pa6omHHM ITporpaMMa MC no3BOJIHeT B ITpe;n:enax 3MaHHoil: 

napaMeTpIIqecKoil: MO;D;CJIII ycTaHOBKH BbIITOJIHIITb ITpOBepKy pean113yeMOCTH JII06b~ 

COCTOHHHll CITeKTpOMeTpa, OITpe;n:enHeMbIX ;D;OCTYilHbIM o6opy;n:oBaHIIeM H 3MaHHbIM 

;n:nanaJOHOM ;n:onyCTIIMbIX 3HaqeHHll (nI06bie coqeTaHIIH napaMeTpOB II 

ITOCJie;n:oBaTeJibHOCTb Bb!IIOJIHeHIIH OITepau:nil: yITpaBJieHIIH). 

Om1caHHbie B ;D;aHHOll rnaBe MeTO;D;bI II anropllTMbI peaJIII30BaHbI B 6aJOBbIX 

ITporpaMMax ;n:aHHOro KOMITJieKca [5] 11 IICITOJib30BaHbI B nporpaMMHOM 06ecneqeH11II 

CITeKTpOMeTpOB COCOS, DN-2 [2-4, JI3, JI4] Ha peaKTope HEP-2 II 6ecnpoBo;n:Hoil: 

c11cTeMbI [1]. 3KcITnyaTau:11H CA3 ;n:JIH CITeKTpoMeTpa DN-2 [5, 6, JI4] II cncTeMbI [1] B 
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TeqeHIIe 2003-2006 r. no;n:TBep~aeT B03MO)KHOCTb cpe;n:cTBaMII ;n:aHHoro KOMITJieKca: 

• peanII30BaTb pacnpe;n:eneHHYIO CIICTeMy aBTOMaTII3aU:HII 3KCITepIIMeHTOB; 

• JierKO Macnrra611poBaTb CIICTeMy aBTOMaTmau:1111 (113MeHHTb KOJI11qeCTBO 3BM H 

;n:pail:BepoB) CIIJiaMII ITOJib30l;laTeJIH; 

• IICilOJib30BaTb 3BM-KOHTpOJIJiepbI, pa6oTaIOII.(lle ITO;n: JII06oil: onepau:IIOHHOll 

c11cTeMoil:, ;n:oITycKaIOII.(eil: coe;n:11HeH11e no npoTOKony TCP/IP; 

• IICilOJlb30BaTb B CA3 o6opy;n:oBaHHe pa3mfqHbIX CTaH;n:apTOB O;D;HOBpeMeHHO. 

B UHTOH rJiaBe OIIIICaHa pa3pa60TKa YHllq>IIU:llpOBaHHOll ITO;D;CHCTeMbI 

nepe;n:aqII ;n:aHHbIX (TITI,Z:l) B CA3 co CMeIIIaHHbIM COCTaBOM aITnapaTHbIX cpe;n:CTB 

KOMMYHIIKaI.t:IIII [9]. B o6meM cnyqae B pa3pa6omHHOll CTpYKTYpe CA3 MO)KHO 

BbI;n:eJIIITb ;n:Ba ypoBHH KOMMyttI1KaU:I1I1: ypOBeHb yrrpaBJIHIOII.(IIX 3BM II ;n:paiiBepHbill 

ypoBeHb. Ha OCHOBe aHaJIIl3a II IICCJie;n:OBaHIIH CBOllCTB 113BeCTHbIX MexaHll3MOB 

B3aHMo;n:eiicTBmI npou:eccoB B OC Windows o6ocHOBaH BbI6op npoTOKona TCP/IP :n:JIH 
ypOBHH YITPaBJIHIOII.(IIX 3BM. Tio;n:po6Ho paCCMOTpeHa opraHil3aU:IIH nn,n: ;D;JIH 

;n:pail:BepHoro ypoBHH. YHilq>IIKaI.t:IIH ;D;aHHOll IlO;D;CIICTeMbI OCBo6o~aeT IlOJib30BaTeJIH 

OT paCCMOTpeHIIH CJIO)KHbIX BOilpOCOB. 

B mecTOH rJiaBe ;D;JIH ;n:eMOHCTpaU:IIII B03MO)KHOCTeil: nporpaMMHOro KOMITJieKca 

OITIICaHhl HeKOTOpbie npllJIO)KeHIIH: 

1. PacITpe;n:eneHHM 6ecITpOBO;D;HM CIICTeMa perncTpaU:IIII IIMITYJibCHbIX q>H3IlqecKIIX 

ITOJieil: c CIIHXpOHH3aI.t:Ileii IlOTOKOB ;D;aHHbIX [1). ,ll;aHHblll ITPIIMep ;n:eMOHCTpilpyeT 

B031\fO)KHOCTb ;D;IIHaMIIqecKoro Il3MeHeHIIH KOHq>IlrypaU:IIII pacITpe;n:eneHHOll CA3, 

B031\fO)KHOCTb peanil30BaTb 6bICTpbie ITpou:eCCI,l (pa6om OT;n:eJibHbIX 3BM, He 

IIMeIOII.(IIX npoBO;D;HOro coe;n:IIHeHIIH, MO)KeT 6bITb CIIHXpOHH3IIpOBaHa c 

ITOrpeIIIHOCTblO ;n:o 100 He), Il0Ka3aHa B03MO)KHOCTb MailTilpOBaTb IIHTepqieil:c 

Il0Jlb30BaTeJUI K 3aITpOCaM IlOTpe6I1TeJIH, He H3MCHHH OCTaJibHOfO KO;n:a CA3 II ;n:p. 

2. IlporpaMMa MC ;n:I1anor0Boro yrrpaBJieHIIH pa6ornil: CA3 [6). ,ll;aHHM nporpaMMa 

Il03BOJI.SleT BbIITOJIHIITb ITpOBepKy peanmyeMOCTII JII06bIX COCTO.SIHllll 

CITCKTpOMeTpa, onpe;n:eJI.SICMbIX ;D;OCTyrrHbIM o6opy;n:oBaHIIeM II 3MaHHbIM 

;n:11aITa30HOM ;n:onyCTIIMbIX 3HaqeHllll. TiporpaMMa MO)KeT 6e3 II3MeHeHII.SI pa6oTaTb 

C pa3JIHqHbIMII CA3, pa3pa60TaHHbIMII ITO OilllCaHHOll MeTO;D;IIKe. 

3. Tio;n:cI1cTeMa ;n:11anor0Boro ananma ;n:aHHbIX B npeu:IIJIIOHHbIX 3Kcnep11MeHTax [7]. 
,ll;anHM IlO;D;CIICTeMa pa3pa6oTaHa Ha OCHOBe MO;D;YJI.SI aBTOMaT11qecKoro aHaJIIl3a 

;D;aHHbIX. Mo;n:yJib .SIBJI.SleTC.SI npIIMepoM ITpOrpaMM, KOTOpbie BKJIIOqaIOTC.SI B COCTaB 

ITO;D;CIICTeMbI o6pa60TKII ;n:aHHbIX II B pe)KIIMe On-Line MOrYT Bbipa6aTbIBaTb 

c11ruanb1 o6paTHOil: CB.Sl311 ;n:m1 yrrpaBneHII.SI pa6ornil: CA3. 

3AKJIIOqEHIIE 
OCHOBHblM pe1yJibTaT0M ;D;IICCepTau:IIII .SIBJIHeTC.SI co3;n:aHI1e ITporpaMMHOro 

o6ecneqeHII.SI CA3 Ha 0CHOBe HOBbIX MeTO;D;OB, B TOM qI1cJie: . 

1. Tipe;n:cTaBJieHIIe ;n:paiiBepoB II IICilOJIH.SIIOII.(ell no;n:CIICTeMbI CA3 B B11,!\C K0HC'IHblX 
aBT0MaT0B. ,ll;aHHhlll MeTO;D; ner B OCHOBY MeTo;n:a napaMeTpI1qecKoro yITpaBJICHHH 
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cocTO.HHHeM CA3 II II03Borrnrr y1mcpnunpOBaTb crroco6 yrrpaBrreHn.H CA3 n 
.n:paiiBepaMII. 

2. Pa1pa60TKa MCTo,n:a napal\teTpuqecKoro ynpanJiemrn CA3. Taxoe yrrpaBrreHne 
II03B0JIHJIO C03,n:aTb ymrnepcaJibHYIO rrporpaMMY rro,n:roTOBKII 3a,n:aHU.H Ha 
3KCrrepnMeHT B Bil,n:e orrncaHU.H KOHeqHoro aBTOMaTa (crrncKa COCTO.HHHH CHCTeMbI), 
a.n:arrrnpyromy10c.a K IIcrrorrh3yeMoii KOH<pIIrypaunn 06opy,n:0BaHI1.H CA3. 

3. Pa1pa60TKa MeTo,n:a COCTaBJieHHH Ja,n:aHHH HCIIOJIH.HIOIIIeii CHCTeMe B BII,n:e 
CUIICKa COCTOHHIIH KOHequoro aBTOMaTa II cpe,n:CTB HaCTpOHKH HHTepcpeiica 
IIOJib30BaTeJI.H Ha 3a,n:aHH}'IO IIOJib30BaTerreM MeTO.ll:HKY 3KCrrepnMeHTa B paMKax 
ll36bIToqHOH II Il3MeH.HeMOH KOH<pnrypaunn CHCTeMbl 

4. Pa1pa60TKa crreunarrbHOH CTpyKTypbl KOMUOHeHTOB .n:paiinepuoro CJIOH 
rrporpaMM, 06ecrreq1rna10men yHI1<pnKaun10 o6pameun.a K .n:panBepaM n 
B03MO)KHOCTb aBTOMaTnqecKoro BKJIIOqeHU.H HX B COCTaB rrporpaMMHOH CHCTeMbl -

rro,n:KJIIOqeHH.H K IICIIOJIH.HIOIIIeii rro.n:cncTeMe lI K rro.n:cncTeMe COCTaBJieHU.H 3a,zJ.aHH.H. 

5. Pa1pa60TKa cueunam,11011 CTPYKTYPbl no CA3, OCHOBaHHOH Ha IICIIOJib30BaHHH 
HOBOfO MeTo,n:a rrapaMeTPnqecKoro yrrpaBJieHH.H ee COCTO.HHHeM, BKJIIQqaIOIIIeH 
YHH<pllllllpOBaHHbie 6a30Bbie Mo,n:yrrn lI .n:pattBepHblll CJIOH rrporpaMM, a TaK)Ke 

crroco6a HHTerpaunn Mo,n:yrreii B cncTeMy. Ea10Bh1e Mo,n:y;m n crroco6 nHTerpaunn 
cncTeMbI rrpnro,n:HbI 6e3 H3MeHeHH.H .n:rr.a pemeun.a mnpoKoro KJiacca 3a,n:aq. 
ITpIIH.HTOe pemeHne II03B0JIHJIO COKpaTIITb o6oeM rrporpaMMilpOBaHU.H rrpn 
o,n:HOBpeMeHHOM pacrrmpeHUH B03M0)KHOCTeii, B qncrre KOTOpbIX B03MO)KHOCTb 

BbIIIOJIHIITh HHTerpaunIO Mo,n:yrren B CHCTeMy CIIJiaMH IIOJib30BaTerreii 6e3 
rreperrporpaMMnpoBaHH.H CA3. 

6. Pa1pa60TKa y11mfmuuponau11oii no.n:cncTeMhl nepe.n:a•rn .n:annhlx, 
rrpe,n:Ha3HaqeHHOH ,n:JI.H HCIIOJib30BaIIH.H B pacrrpe.n:erreHHbIX CA3 co CMeIIIaIIHbIM 

COCTaBOM arrrrapaTHbIX cpe,n:CTB KOMMYHHKa{lllll. 
Pa3pa60TaHHbie MeTO,n:bl lI rrporpaMMbl Il03B0JIHJIH IIOCTPOHTh cpe.n:y ,n:JI.H 

IIHTerpnpoBaHn.a rrporpaMMHbIX Mo,n:yrren . B ITO CA3 6e3 rrepeTPaHcrr.aunn ee 
KOMIIOHeHTOB. 

OrrncaIIHbie MeTO.ll:bl lI rrporpaMMbl IICIIOJib30BaHbl rrpn pa1pa60TKe p.a,n:a 
CHCTeM ,n:JI.H KOHKpeTHbIX rrpnMeHeHHH, qacTb KOTOpb!X rrepeqI1crreHa B ITpnJIO)KeHH.HX 

1, 2 K .n:nccepTaunn. ITpn HX HCIIOJib30BaIIHH rrorryqeHbl Ba)KHbie HayqHbie lI 
rrpaKrnqecKIIe pe3yrrbTaThI [JI5, JI6]. , 

O6JUHM HTOrol\t pa6oTbl .HBnrracb pa1pa60TKa ITO CA3 n rrpoBepKa Ha 
rrpaKTHKe cpe,n:bl ,n:JI.H HHTerpaunn fOTOBblX rrporpaMMHbIX Mo,n:yrreii B 
MaCIIITa6npyeMyIO rrporpaMMHYIO CHCTeMy aBTOMaTll3allHH 3KCrrepnMeHTOB cnrraMH 
IIOJib30BaTeJI.H . 

PelyJihTaTI,I ny6JIHKOBaJIHCh B HayqHbIX )K}'pHarrax [6,7], peKOMeH,n:OBaHHbIX 
BAK, B Bn.n:e coo6meHnn OI151H [1-3,8], ,n:oKrra,n:hrnarrncb Ha BcecoI03HbIX 
KOH<pepeHUII.HX II COBemaHH.HX [4,5,7,8], a Ta.K)Ke rrpe,n:cTaBJieHbl B o~eTax 3a 2005 n 
2006 r. no TeMe rpaHTa P<l><l>H N2 04-07-90256B. 
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