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MHOOPMALMOHHASA MOLENb MEPAPXWUYECKOW YENOBEKO-MALUWHHOW CUCTEMBI

Paccmampusaemcsi npobnema obecredeHus 3ghghekmueHOCMU Uepapxuyeckux 4es108eKo-MallUHHbIX
cucmem. AHanu3upyemcsi 3adada co30aHusi cucmembl Mo0OepXKU MPUHAMUS peweHul orepamopa-

pykosodumersi.

lMpednoxeHa o0606weHHass UHGopMayuoHHasi MOOelb Uepapxu4yeckol 4Yesl08eKo-

MawuHHoU cucmembl. Modernb moxem 6bimb MonoXxeHa 8 OCHO8Y aemomamu3ayuu yrpaessieHus rpouyec-
com 3d)d)eKmue;Hoeo pa3peuweHusd 3aseKu Ha 8bIroJiIHeHuUe d’)yHKuUU 8 uccnedyeMblx cucmemax.

1. MNocTtaHoBKa nNpo6nembl B obwem Buge.
OcobeHHOCTLIO  MocnedHero  AecatuneTus  cran
Ka4yeCTBEHHbI CKaYoK B PasBUTUM TENEKOMMYHMKa-
UMA, KOMMbIOTEPHBLIX pacrnpefeneHHblX CUcTeM,
cuctem  cBAsM.  HoBble  BO3MOXHOCTM  cTanu
NMPUYMHON  CTPEMMUTENBLHOTO  PacnpoCTpaHeHus
cucteM  ynpaerneHnss M obpaboTkM  AaHHbIX,
OCHOBaHHbIX Ha NpuHUMNax eguHoro uHdopmaum-
OHHOroO MPOCTPaHCTBA, pacnpeneneHHon o6paboTku
OaHHbIX. [1ononHUTENbHbIE BO3MOXHOCTW OpraHu3a-
UMM OMCTaHUMOHHOIO YrnpaBreHns 1M UHgopMaum-
OHHOrO B3aUMOLEWNCTBUSI MeXAy NoAbMK MO3BOMM-
N 3HAYUTENbHO PacCLUMPUTL KONMMYECTBO B3aUMO-
OEVCTBYIOLLUMX  MexXZy CODOM  CTPYKTYPHbIX U
YHKUMOHAMNbHBLIX 3MNEMEHTOB COBPEMEHHbIX
cuUCTEM, NpeBpaLlasi, TEM caMbiM, UX B nepapxuye-
Cckue 4enoBeko-mMawuHHble cuctembl  (MYMC).
YBenuuunacb onepaTtMBHOCTbL 0OpaboTkM MHAOP-

mMauum, BO3pocnn obbeMbl obpabaTbiBaeMon U
LUUPKynupytoLlein UHdopmaLmu, norunyeckas
CMOXHOCTb  CUCTEM  YMNpaBfeHns  npoLeccoMm

B3aMMOAEWNCTBMSA NOACUCTEM, LeHa owunbku, wu,
COOTBETCTBEHHO, TpeboBaHusa K 6e30WMbo4YHOCTU U
CBOEBPEMEHHOCTU MpoueccoB 006paboTkM MHEOPp-
Mauun.

2. AHanu3 wuccnepgoBaHMM M NyGnMKauuvn.
Pasnuune B xapaktepe M CTPyKType OesiTENbHOCTU
onepaTopoB OMNpefensieTcss YpOBHEM uMepapxum
ynpaensowen noacucteMbl. Ha BbICLUMX YPOBHSIX
yrnpaBneHus 4Yenosek-onepaTop (pPykoBOAWTENb)
UMeeT [eno, npexae BCEero C Tak HasbiBaeMbIMU
cnabo CTPyKTypuMpoOBaHHbIMM 3agjavamu. B ero
JesTenbHOCTN npeobnagalT OeNcTBus, onuvpato-
LUMEeCa Ha KOMMOHEHTbl He npucyliMe MalluHE:
3BpUCTUYECKME, TBOpYECKME, MWHTYUTMBHbIE W
KOMMOHEHTbI WHTennekTyansHon pabdoTbl. Cneuu-
duka npobrnem 3TOro ypoBHS CBsi3aHa C KONM4YecT-
BEHHbIMWU U Ka4yeCTBEHHbIMW arieMmeHTamu. Npuyem
KayeCTBEHHble  3anemeHTbl  npeobnagatr. K
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TUNNYHBIM  CNaboCTPYKTYPUPOBaHHBLIM MpoGremam
OTHOCHATCA Takue, KOTopble 06nagalT crnegyoLmmMmn
ocobeHHoCTAMM:

—MMeeTCH LUMPOKUIA AnanasoH anbTepHaTuB,;

—peleHnss 3aBUCAT OT TeKylweW HemnonHOTbI
nHdopmaumu;

—NpYHMMaeMmble peLleHnst CcoaepXaT 3reMeHTbl
puvcka;

—He  MoNnHOCTblo  onpefeneHbl  TpeboBaHwus,
OTHOCALLMECH K CTOMMOCTU U BPEMEHU peLUeHUst
3agauu;

—npobnema BHYTPEHHE CroOXHa BCreacTBue TOro,
4YTO ANdA ee pelweHns HeobxoanmMo KOMOMHMPOBa-
HWe pasnunyHbIX PecypcoB.

Ponb 4yenoseka npw onpegeneHuy u aHanuse
TakMx 3agady uMcknwouuMTenbHo Benuka. OcTpoTa
npobnembl yBenuuunace B nocrnegHue rogpl, Korga
BO3HWKNW pacnpegerneHHble CUCTEMbl CO MHOrMMMU
onepaTtopamu, B KOTOPbIX 3asBKW Ha BbIMNOJSIHEHUE
dYHKLUMIN MOryT nocTtynaTtb B CryvyanHble MOMEHThI
BpemeHn. MHorne wnccnegosaTenu B cBoux pabor
OTMEYaloT CYyLIeCTBEHHOe MW3MeHeHue Xapakrepa
0esTenbHOCTU OnepaTopoB CMOXHbIX YEeNoBEKO-
MaLUMHHbBIX cuctem [1-5,6,8]. o mepe yBenuueHuns
cTeneHn aBTOMaTM3aLMW onepaTop MNepexoauT Ha
fbornee BbICOKMA YpPOBEHb PYKOBOACTBA, Ha HEM
3aMblKaeTCsd 3HauYUTenbHOe YMCro WHEOPMALMOH-
HblX MOTOKOB, B pe3ynbTaTe Yero pe3ko Bo3pacraeT
LeHa ero ownbkm. 3To 06CTOATENBCTBO NPUBOAUT K
TOMY, 4TO aKTyanbHbIMW SBNSAOTCA  BOMNPOCHI
obecneyveHns HageXHOCTU OeATEeNbHOCTU oneparto-
pa — pykoogutens (OP) B UMMC n cBoeBpeMeHHO-
CTU MPUHATMA MM pelleHni [8]. OpgHon M3 3apad,
KOTOopyto npuxoamTcs pewartb onepartopy-
pykosogutento MYMC, sBnsetca 3agada 3akpenre-
HUA  KOHKPETHbIX (YHKUMA 32  KOHKPETHbIMU
onepatopamu. B obwem Buae 3agaya pacnpegene-
HUA YHKUMA Mexay onepatopamu cgopmynmpo-
BaHa B [5,7]. Ans TpagWUMOHHbIX 3ProTeXHNYEeCKnX
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cuctem [5,9] 3agava pewanacb, Kak npaswno, npu
NPOEKTNPOBaHNMN CUCTEMbI, MHOTAA (C NosIBNEHWEM,
Hanpumep, TIC) - 1 pa3 B cmeHy. C nosBnexHvem
CMCTEM C OnepaTUBHbIM BO3HWKHOBEHMEM 3anpoCoB
Ha pelleHVe 3agay, BO3HMKaeT HeobXOAMMOCTb
peweHna 3agad B pexume “on-line”. Ucxops wms
3aHATOCTM OMepaTopoB, Ha OCHOBE aHanu3a Wx
UHAMBUAYyanbHbIX OCOOEHHOCTEN, pyKOBOAMTENDb
OOMKeH UMeTb BO3MOXHOCTb OLUEHUTb 3adhdekTus-
HOCTb pELUEHUA NO 3aKpenneHuto 3a HUMU MOCTy-
NMBLUEN 3a5BKW Ha BbINOfHeHne dyHKumMn. OcobeH-
HO 3TO CTaHOBWUTCA akTyanbHbIM B CuUCTeMax,
OOMyCKalLMX BO3HMKHOBEHME 3as1BOK Ha pelleHne
HEeKOTOpbIX 3a4a4y B Crly4YanHble MOMEHTbI BPEMEHMN.
B Takmx ycnoBusix cywectByeT npobrnema ObicTporo
novcka Tpebyemor nHpopmaLmmn n npeacraBneHe
ee B TOM BuAe, B KOTOPOM OHa HyxHa Ans nuvua,
npuvHumatoero pewenue. MNMpobnema mMoxeT ObITb
pelleHa co3AaHNeM CUCTEMbI NOAAEPXKKN MPUHATUSA
pewennnn (CIMMP) gns onepatopa-pykoBoguTensi
MYMC. PaspabatbiBaeMasa cuctema  OoOrfbkHa
obecneuymBaTb:

AHanus (B pasHblx paspesax) Mogenu TekyLiero
COCTOSIHWUSI ONepaTopoB.

OueHKy XapaKTepuUCTWK KayecTBa M BpPEMEHMU
BbIMOMHEHUS  PasnMYHbIX BapuaHTOB 3akpenre-
HWs 3asiBOK 3a onepartopamu.

Bbibop onTumanbHOro BapuaHTa 3akpenneHus
dyHKUMM 3a onepaTopamu.

B03MOXHOCTb OLEHKN BRMSHWUSA (hakTopos (B T.u.
napameTpoB paboyen cpegbl) Ha nokasatenu
KavecTBa AeATENbHOCTM Ka)X4oro oneparopa.

MopaepxunBatb B akTyanbHOM COCTOSIHUM Gasy
OaHHbIX W 3HaHWA NpegMeTHOW 06nacTn NpUHATUS
pelueHnn No 3akpenneHnto PyHKLMI 3a onepartopa-
mun MYMC.

B pabote [10] paccMOTpeHbl OCHOBHbIE MOAXO-
Obl K OpraHusauum Takowm cuctembl. [ns nHdgpopma-
unoHHoro obecneveHnss CIIMP  Heobxooum psg
NOKanbHbIX CUCTEMHbIX MOAEeNen, MNo3BOMSILNX
dopmanunsoBatb 06bekTbl uccnegyemon UHMC. B
pabote [11] paspabotaHa MHGOPMaLMOHHas
mMogene Ansa onepartopa-pykosogutens UYMC, a
Takke Mofernb MMaHOBOW 3aHSATOCTW OMepaTopoB,

mMogernb, onucbiBatoLlas NMOAroTOBIIEHHOCTb
onepaTopoB K BbINOMHEHWNIO 3afay pasHbiX TUMOB,
Mopenb, XapakTepuavpyoLias HaJeXHOCTb
BbINOMHEHNS1  OMepauuin  KaXAblM  OMepaTopoM,
Mopenb, onucblBatoLLas uHaMBKUAYyarnbHbIe
anropuTMbl  BbIMOMHEHUSI  KaXablM  onepaTopoMm

Kaykgoro Tuna 3asiBku. OTM MOZENM CO3aaloT OCHOBY
Onst aBTOMaTu3auum npouecca npegocrasneHns OP

BichHuk CHAY, 1(23), 2011

NMHOPMaLMOHHON NOAAEPXKKM Ha 3Tane pa3paboTkm
CINP n dopmupoBaHns Heobxoaumon MHpopma-
unm npu NpuHaTUM OP pelueHnsa o 3akpenneHun 3a
KOHKpPETHbIMM  ofepaTtopaMu  MOCTYMMBLUMX K
peanu3auun 3asBOK Ha BbINOMHEHME YHKUUA Ha
aTane akcnnyatauuu cuctembl. B HacTtoswen
paboTe npeanaraetcsa 06o6weHHas nHPopMaLUnoH-
Has MOOEenb  CIOXHOMN YenoBeKO-MaLLUMHHOM
cucteMbl. OTa MHGOPMaLMOHHAs MOoAernb MOoXeT
ObiTb MpuMeHeHa ANg opraHuM3aummM CUcCTeMb
ynpaBneHus npoueccoMm 3deKTUBHOro paspelue-
HWS1 3a51BKM Ha BbINOMHEHNe pyHKUUN B nepapxmye-
CKUX Yer0BEKO-MaLUMHHbIX CUCTEeMax

3. ®opmynupoBaHue uenu cTaTbu (nocta-
HOBKa 3apaum). [na opraHusaumm CUCTEMbI
ynpasneHus npoueccoMm 3eKTMBHOro paspeLle-
HMS 3asiBKM Ha BbINOSTHEHUE (hyHKUMMN B nepapxuye-
CKMX YenoBeKO-MaLUMHHbIX cuctemax paspabaTtbiBa-
eTcs cucTemMa MoJdepXKKM MPUHATUSA  peLleHun
onepaTopa-pykoBoauTens. UHdopmaumoHHoe

obecneveHne CIIMP obocHoBbIBaeTca  psaoMm
nokanbHbIX CUCTEMHbIX Mopgenen. Heobxoanmo
paspaboTtatb  00006LleHHYl0  MH(OPMaUNOHHYIO

mogenb uccnegyemon NYMC.

4. Paspab6oTka MHdOpMaLUMOHHOM MoAenu
nymc.

dopmanbHO MHGoOpMaumoHHas mogens NYMC
MOXEeT ObITb NpeAcTaBrneHa B BUAE:

M={C,Z,R,|,D,G, T,F(C,Z R, I, D, G)}

rpe C = {co,ck,k = I,K} - BEKTOp onepaTo-

pOB CUCTEMBI;

Co — OnepaTop-pyKOBOAMUTENb;

Cx — onepaTop-ncnonHuTenNb.

Kaxabln onepaTop-uCnonHUTENb C, XapakTtepu-
3yeTcs MHOXECTBOM BbIMNOMHAEMbIX UM (DYHKUWA:
Zi={zi ,h=1,H"},k=1,K. Torpa Z°=uUZ-
MHOXECTBO (DYHKLWI, BbINOMHAEMbIX ornepaTtopamu-
UCMONHUTENSIMMU.

Z — MHOXECTBO (PYHKUWI, pellaeMbiX B pamkax
MHMC ¢ yyeToM  dyHKUMA  onepaTopoB-
ucnonHuTenen, yHKUMA onepaTtopa-pykoBOAMTENS
Z° n (PYHKUMIN, MOCTynawLwWmx B Chy4vanHble
MOMEHTbI BpEeMeHU MO0 3asiBkaM  pasfnyHbIX
nonb3oBaTenen CUCTEMBI VARSIOVAR

AN ANCEY/ANVEVA
R — mHoxecTBO pecypcoB MYMC, BkntovatoLmx

nporpamMmHoe obecnedenne MUMC R™ u komnnekc
TexHU4eckux cpeacTs R®.

R: — rts

F=LL} , roe r” - TeXHU4eckoe cpenct-

BO I-ro tvna (I'IepCOHaJ'IbeIe KOMNbOTEPbI oneparTto-
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pOB-UCMONHWUTENEN W  onepaTopa-pykoBoaMTens,
TEeXHUYeckne cpeacrea TeNeKoOMMYHMKaLUiA,
TEXHUYECKNe CPeAcTBa TEXHOMOMMYecknx obbEKTOB
ynpaBneHus).

Rpr :RP",S URPV’O ,
roe R’ - cucteMHoe nporpaMMHoe obecneyeHme;

R ™ -’ - npuknagHoe nporpamMmmHoe obecneve-
HWe, BKMiovawollee B cebsi NpuknagHoe
nporpammHoe obecneyeHne Kaxaoro
onepatopa ¢, (B TOM yucrie 1 onepato-
pa-pykoBOAMTENs), KOTOpOe B CBOKO
oyepeab MoxeT 06beanHsTb MHOXEeCT-
Ba MH(OPMALMOHHBLIX CUCTEM WIU na-
KETOB MPUKNaAHLIX NPOrpamM, Heobxo-
AMMBIX k-My onepaTopy Ans pelleHns

h-it yHkumm (A =0, H "),

K K
pr_o __ pr_o __ pr_o
rre=Uree =0 Urg.
k=0 k=0

h=1

| — MHOXeCTBO MH(POPMALMOHHBLIX MNOTOKOB,
umpkynupytowmnx 8 MMMC, BkntovatoLee nHgopma-
LUWOHHbIE MOTOKW, CBA3aHHbIE C peLLeHneM (pyHKLnn
ornepaTopa-pykoBoguTens 1, PYHKLMI onepaTopoB-
ucnonuutenen 1% u WH(POPMALMNOHHBIX MNOTOKOB,
CUTHanu3npyloLwmux onepaTopy-pykoBoaUTENO O
MOCTYNSIEHUN 3a9BOK Ha BbINOSTHEHUE (PYHKLMI 1",

I:]fo U[fz U[fq Ulfm,
roe o :Olfno [0~ COBOKYMHOCTb NHOPMALMOHHBIX
n=1

NOTOKOB, obecneynBaroLWMNX NOAAEPXKKY ornepaTopa-
pykoBoaUTENsA Npu pacnpegeneHnM uUm MnocTynuBe-

Lew dyHKUMM VA Z Mexay

ucnonHutenamn  (MHopmMaumMs O  3aHATOCTU
onepaTopoB, napameTpbl paboyero mMecra Kaxgoro

oneparopamu-

oneparopa, WHdOpMauMs O NOArOTOBNEHHOCTU
onepaTopos U1 T.n.);
K HE*
IE = U 1,1 = U If, IF - COBOKYMHOCTb
k=1 h=1
NHOPMALIMOHHbIX NMOTOKOB, nonyvae-

MbIx/nopoxgaemMbix k-m onepaTopom-ucnonHUTeNnem
npu BbinonHeHun um h-it dyHkumm (h=0,H")

(omMpekTMBa  OT  onepaTopa-pykoBoauTenst O

HasHayeHun Kk-ro onepatopa Ha BbINONHEHNE
I'IOCTyI'II/IBLIJeIZ 3aABKU, NCcxXxoaHble  OdaHHble (0}
BO3MOXHOM KayeCtBe W BpeMEHWU BbINOJIHEHUA

Kaxdomn ornepaumym BO3MOXHOW CTPYKTYpbl anropuT-
Ma peanu3auuu 3asaBku k-m onepaTopom) ;

Y
14 = U 1,1/ - coBOKYNHOCTb MHdOpMALK-

n=1
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OHHbIX MOTOKOB, CUTHaNM3VpylLWNX onepaTopy-

PYKOBOAUTENIO O MOCTYNINEHUMN 3asiBKN HA BbIMOSHe-
q

HUe pyHKuMK Z ! (HasBaHue yHKumK, TpebosaHus

K NoKa3aTtenamMm KadectBa WU CBOEBPEMEHHOCTU
BbIMOJTHEHUNA SaﬂBKVI);

N
I :UIfm,]ﬁn - WUHMOPMALMOHHBIA  MOTOK
n n
n=1
CBeAeHWI, NONyYeHHbIN B pe3ynbTaTte MOHUTOPUHIa
TEXHOMNOTMKN, NPUMEHSeMO ANs BbinonHewus Z !

(NparmMaTuyeckue nokasaTenu kadyecTBa BbIMOJIHE-
HUSA TEXHOMNOMMN).
D={d, a=1,4}- BEKTOp TUMOB 3anpocoB Ha

BbIMOMHEHME  (PYHKUMWA, unOeHTUPULUPYEMBIX B
MYMC, rge A — KONMMYECTBO BbISIBNEHHbIX TUMOB
3anpocoB B cUCTEME.

T — MHOXeCTBO TexHornorum (anroputmoB ges-
TENbHOCTM  OMNepaTopOB-UCMONHUTENEN),  MO3BO-
naWuUx paspelwmnTb NocTynawLme no 3asBkam Ha
BbIMONMHEHNEe yHKUMKU, BKMOYaeT MNOAMHOXeCTBa
TEXHONOMMA, MO3BOMSIOWNX BbINONHUTL  OYHKLMK
kaxxgoro knacca: T = UT, .

G — MHOXeCTBO nokKasaTenen, XxapakTepusu-
pYIOLUMX TEXHOMOrnW, peanusylolme BbINONHEHNEe
dyHKUMIA, NOCTynawwWwmx Mo 3asBKaM  Kaxgoro
knacca.

G=uG,, rie G, ={g,.s=15}, S* — konuye-
CTBO MoOKasaTernew, xapakTepusmpyoLwwmx TeXHOMo-
rIo, peanuayloLlylo BbINOMHEeHWe yHKUMKM knacca
a.

[ns oueHkn BapuaHTa pacnpegeneHusi nocry-
nawoLwern no 3adBke Ha BbINOMHEHUS dYHKUNN
Mexay onepaTtopamu-UCnONHUTENAMU UCMONb3yeT-
ca  yHKUMOHAr, OnpefereHHbIn Ha MHOXeCTBe
CxZxRxIxDxG: F=(C,Z,R,1,D,G). Heobxo-
aumo onpeaenuTb extr F cpeam Bcex TexHonornn T,
C y4eTOM nokasatenen kavecTsa BbinonHeHns G. B
KayecTtBe anemeHToB F n G BbICTynalT nparmatu-
Yyeckne  nokKasaTenu  KayectBa  BbIMOMHEHUS
TexHonorni  (BeposATHOCTb  6e3ownboyHoro u
CBOEBPEMEHHOIO  BbIMOMHEHUSA, MaTeMaTuyeckoe
OoXvaaHWe W Oucnepcuss BPEMEHWN BbINOMHEHUS,
MaTemaTnyeckoe oXxuaaHve 3aTpar).

Ha ocHoBe paccMOTpPEeHHOW WH(OPMaLNOHHOWN
MoZenu paspabaTtbiBaeTcs anroputMm ynpasneHus
npoueccom 3(PPEKTUBHOrO paspeLleHns 3asaBK/N Ha
BbINMONMHEHNEe (PYHKUNM B MEepapXMYECKnX YenoBeKO-
MalUMHHbIX cucTemax. ANropuTM coaepaTenbHO
MOXHO NpeacTaBuTb B BUAE BbINOMHEHNSA nocreno-
BaTeNbHOCTU TakKMX OCHOBHbIX paboT: - npuem
3agBkn  (oBHapyxeHue  dakta  npobrnemHown
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cutyauun); - maeHTudukaums 3assku; - onpegene-
HMe TpeboBaHMA K MoKasaTensMm KayectBa W
CBOEBPEMEHHOCTW BbIMOMHEHUS 3asiBKW; - onpeae-
rNieHne BO3MOXHbIX TEXHOMNOIMMI peannsaunmn 3asBKuy;
- aHanuM3 BO3MOXHbIX crnocoboB peanusauum
3asBKM; - onpedeneHne MHOXeCTBa OnepaTopos,
KOTOpble AONyCTVMO WCMonbL3oBaTb B npolecce
BbINOMHEHUS 3as1BKW; - MOCTaHOBKa 3agadyn Bbibopa
BapuaHTa 3aKkpenneHus onepaTopoB 3a peanusauu-
en 3asaBku; - POPMUPOBAHNE WUCXOAHbIX AAHHbIX O
BO3MOXHOM KayeCTBe W BPEMEHWN BbIMOMHEHNS

BbiBoAabl.

MpeonoxeHHaa  MHMOpPMaUMOHHAs  MoAenb
nepapxmyeckon 4YenoBekOo-MalUMHHOW CUCTEMBI, a
Takke paspaboTaHHbIV paHee KOMMMEKC CUCTEMHbIX
MoJenen, co3galT OCHOBY AN aBToMaTv3auumu
npouecca npenocTaBneHns onepaTtopy-
pykoBOoAUTEN WMHOPMALMOHHOW MOAAEPXKKA MNpun
NPVHATAM UM pEeLUEeHNs O 3akpenfieHMn 3a KOHKpeT-
HbIMWM oOnepaTtopamMu MOCTYNUBLUMX K peanu3aumm
3a8BOK Ha BbINonHeHve dyHkumn. OTcyTcTBMe
nogobHon cuctembl B YCNOBUSAX MHOPMALMOHHOM
HanNpsKeHHOCTU 1 AedumumTa BpeMeHN He NO3BOrS-

Kaxgon onepauuu; -
BbIOOpa
OVPEKTUB onepaTopaM-UCNONHUTENSIM.

10.

11.

peanusauus npoueaypbl

BapunaHTa 3aKpenneHund; Bbla4a €T onepaTtopy-pykoBoAUTENO OLUEHUTb nocnencrtens

Ha3Ha4YeHUN 1 BbIOpaTb ONTMMarnbHbIN BapUaHT.
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Posansdaembcsi npobnema 3abesrieyeHHsT eQheKkmueHOCMI iepapXiyHUX THOOUHO-MAWUHHUX CUCMEM.

AHanizyembcsi 3a0aya CMEOPEHHST cucmemu nidmpuMKU MPUUHAMMS pileHb orepamopa-KepigHuUKa.
BanponoHosaHa y3azanbHeHa iHghopmayitiHa Moderb iepapXxiyHOI fIt0OUHO-MawuHHOI cucmemu. Modenb
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Ha 8UKOHaHHS ¢byHKUiT 8 docidXKysaHUX cucmemax.

BichHuk CHAY, 1(23), 2011

103

Cepist “MexaHisauis Ta aBToMmaTu3auis BUpo6HWYMX npoLecie”



The problem of efficiency of the hierarchical systems of “man-machine” is under consideration in the
article. The task of creation of the system of support of making a decision operator-leader is analysed. The
generalized information model of the hierarchical systems of “man-machine” is offered. A model can be used
for development of the system support of making a decision operator-leader.
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STRESS STATE ANALYSIS OF MULTI-LAYERED HOLLOW CYLINDER UNDER BENDING MOMENT

The paper proposed a new method by using the program of Mathcad - 14 to determining the elastic
constants of anisotropic material, which consists of a set of reinforced layers. Reviewed ten variants of
multilayer anisotropic hollow cylinders with different structure reinforcement. For each variant of reinforce-
ment was determined the stress state of the hollow cylinder under the action of bending moment. It is shown
that with increasing thickness of the hollow cylinder tangential stress and longitudinal stress decreases.

Raising of problem is in a general view. The
use of composite materials for hollow cylinder
structures, allowing low weight to displacement
ratios and long endurance for devices of limited
energy carrying capability, have been investigated in
recent studies [1,2,3]. Nowadays as a new genera-
tion of advanced materials, composite materials
have been used widely in different manufacturing
and industrialized applications. The basic constituent
part of these types of compound structures is related
to its reinforcement part, which causes rather
pronounced improvement in the mechanical
properties of such compound material. Of great
importance is the configuration of employed
reinforcement. There are many different reinforce-
ment topologies such as rod, pyramid, spherical and
S0 on.

Analysis of earlier researches and publica-
tions. Primary analysis on the effect of orientation of
the fibers on the stiffness and strength of materials
is reported as early as 1952 [4]. Later on the
superior mechanical properties of fibrous compos-
ites and the properties of their constituents were
reported in a research dated back to 1964 [5]. The
first research work on the estimation of strength
distribution of a fiber embedded in a single-fiber
composite using elastic-plastic. Solutions are
presented for the bending by couples or terminal
forces of curved bars consisting of layers of either
homogeneous isotropic or cylindrically orthotropic
materials. Typical plots are given for the bending
and shearing stress distributions. [6].

Formulation of aims of the article (raising of
task). The study of the stress distribution on a
hollow cylindrical of composite material is consid-
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ered in this work and an analytical solution for this
stress distribution has been constructed. Finally
some parameters are considered and their effects
on the distribution of stress have been investigated.
For finding the governing relations, continuity
equations for the ax symmetric problem in cylindrical
coordinate (r,8,z) are considered. Then by assuming
some conditions and solving the governing
equations and applying the boundary conditions, an
equation relates the stress applied to the represen-
tative volume element with the stress distribution on
the composite material.

Exposition of basic material of research.

Methods and materials. Consider the elastic
equilibrium of a tube of homogeneous material with
cylindrical anisotropy, which has a finite length and
is deformed by forces distributed over its ends. The
manner in which the forces are distributed, i.e., the
law governing their distribution is not specified, but it
is known that at either end they reduce to a force of
magnitude P directed along the axis to one side of
the other. One end may be fixed, and the reaction
arising at it is equal and opposite to the force P at
the other end (Fig. 1).
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