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TEIIVIOOHEPI'ETUHKA U TEILVIOTEXHOJIOI'HA

VK 620.92:658.264:711.437/438

B.A. JIBopuukoB, M.B. Moparumona, B.B. Crosix

AJIMaTUHCKUI YHUBEPCHUTET SHEPTETUKH U CBSI3H, . AJIMaThI

K OLIEHKE 9KOHOMUYECKOM 3®®EKTUBHOCTHU
JHEPI'OT'EHEPUPYIOIIINX YCTAHOBOK ITPU CO3JAHUHA
JEIHEHTPAJIN30OBAHHOM 'EHEPAIIMU DHEPTUN

B Oannoti cmamve npeonodxcenvt nymu peulenus IHepeemuyeckux npoonem
CeNbCKUX HACENIeHHbIX NYHKMOS8 C Yedbl) YCKOPEHUs UX COYUANbHO-IKOHOMUUECKO20
passumusl, a makice NpeosoHCeHbl B03MONCHbIE ONMUMALbHbIE NYMU KOMNIEKCHO20
OHEP2OCHAOICeHUsSL WUPOKO20 CHEKMpa OeYeHMPAIu308anHbIX U YEHMPATUZ08AHHBIX
20pOOCKUX  00vekmog makux, kax oovekmvl JKKX, npeonpuamus. [awnwei
Memooo02utecKull N0OX00 U Al2OpUmmbl OJisl HAXOHCOEHUSI CPABHUMENILHBIX OYEHOK NO
9KOHOMUYECKOUL U IHEPeemu4eckoll d¢hhekmusHocmu noaueeHepayuoOHHbIX mexHoa02uil
0151 CO30anuUsl OeYeHMpaIu306anHoll ceHepayuu 3Hepeun. B cmamve oaromces oyenxu
9KOHOMUYECKOU — Yeneco0Opa3HOCMU — UCHONb308AHUSL  YUCMBIX — KO2EHEPAYUOHHBIX
mexnonocuii 6 Poccuu, Eepone, Kazaxcmane. Ilpusodumcs cpaenumenvuas oyeHka
oHepeoIhhekmusHocmu  KOMOUHAYUU  KOSEHEPAYUOHHOU YCMAHOBKU C  MeENnlo8blM
HACOCOM.

KiroueBble ciioBa: aHepr006ecnequI/Ie, TGHJ'IOCH36)KGHI/IG, ABTOHOMHBIC CHUCTCMBI
3HepFO0Ha6}KeHHH, HHTCIpUpPOBaHHAA CHUCTCMA 3HepFOCHa6}KeHI/IH, MOHOI'CHCpalus:i,
KOreuepanus, TpurcHepamnusi.

[Tocranosnenuem IlpaButennbctBa PecnyOmuku Kazaxcran ot 30 nmexaOps
2013 roma Nel434 yrBepkKAE€HbI OCHOBHBIE IOJOXKEHUS ['€HEepambHON CXEMBbI
opranuzanuu Tepputopun PecnyOnuku Kaszaxcran, B KOTOpo#l ynemnsiercs
00JIbIIIOE BHUMAHUE COIMATIBbHO-3KOHOMUYECKOMY Pa3BUTHIO CEIbCKUX pPalOHOB
CTpaHbl C UEJbIO IMOBBIIIECHUS MPUBICKATEIbHOCTA JTUX TEPPUTOPHUM ISt
MOCEJEHUSI M TIOCTOSIHHOTO MECTOXKHUTENIbCTBA. B CEIbCKOMl MECTHOCTH B
Hactosimiee Bpems mnpoxuBaeT mnopsanka 40% Hacenenus Kazaxcrana, wu
BBITIOJTHEHHWE HTOr0 TOCTAHOBJICHUS HANPSMYK CBSI3aHO C OpraHu3aiuein
JOCTaTOYHOTO HEPrO0OECTICUCHHSI 3TUX paioHOB [1].

B cBs3u ¢ MacmTaOHBIM — CTPOUTENILCTBOM  JKWUJIbsl, BOCCTAHOBJICHUEM
OPOMBIIUIEHHOIO  NPOM3BOJACTBA  BO3pOCIa W aKTyalbHOCTh  CO3JAHUSA
KOMITJIEKCHOTO JHEPTOCHA0KECHHS IIMPOKOTO CIEKTpa JCICHTPATN30BAHHBIX H
LEHTPAIU30BAHHBIX TOPOJACKUX OOBEKTOB Takux, Kak o00bekThl KKX,
PEANPUATHUS.

Kazaxcrtan crpemutcsi nmpuoOpecT CTaTyCc MHAYCTPHAIBLHOM JIep>KaBbl, HO,
KaK TIOKa3bIlBa€T MHPOBAsl CTATHCTUKA [0 PA3BUTHIO AJIEKTPOIHEPTETHUKH,



NOTPEOICHUE ANEKTPOIHEPTUH B PA3BUTHIX CTPAHAX MUpPA B CPEJIHEM y/IBaUBAETCA
KaKIple JeciaTh JerT [2], mo3aromy u KaszaxctaHy HYXHO OBITb T'OTOBBIM
obOecnieunth Takoe ynasoeHue. K stomy Tpenay emeé HeoOXoaumo 100aBUTH BCE
BO3pacTaloliue TpPeOOBaHUS K KaueCTBY OAJIEKTPOCHAOKEHUS W YCTOWYMBOCTU
3HeprocucTeM. OTU TpeOOBaHUS BO MHOTOM  CBf3aHbl C  3aIyCKOM
BBICOKOTEXHOJIOTMYECKUX IPOU3BOACTB M € MAacCOBBIM PaclpOCTPaHEHUEM
U (POBBIX TPUOOPOB.

OauH 13 BO3MOXHBIX MYTEH B BBINOJIHEHUM BbIIIE OTMEUYEHHBIX 3a/1a4- 3TO
BKJIFOUEHHE 3JIEMEHTOB pAaCHpeleNIeHHON W JICLIeHTPaJIM30BaHHOM TreHepanuu
HHEPruu B 3HeproodecneyeHne o0bEeKTOB. B mociennee BpeMs Kak BOIPOCaM IO
ONTUMAJIbHOMY MTOCTPOEHUIO PACIIPEACICHHON U ICLIEHTPATN30BaHHON TeHEepaIH
AJIEKTpPUYECTBA W TEIUla, TaK W METOJOJOTMYECKMM BOIPOCAM IMOCTPOEHUS
HPHEPreTUYECKUX CETel CTalli yNIEeNsATh MOBbIINIEHHOEe BHUMaHue. OOIIEN3BECTHO,
4YTO B CHCTEMAax PACIPEIECICHHON W JIOKAIBHOM I'€HEpallid SHEPIUU B KadyeCTBE
VUCTOYHHUKOB TPUMEHSAIOTCS KaK JSHEPrOreHEpPUpPYIOUIME YCTAaHOBKHM, TaK W
paboTaromnye Ha yrieBOJOPOAHOM TOIUIUBE M HA BO30OHOBISIEMBIX MCTOYHHMKAX
sHepruu. BwiOpaTh ONTHUMabHBIA BapUaHT KOMIUICKTAIIUU TIPU CO3JAaHUU WM
PEKOHCTPYKIIMM SHEProCeTH HempocTtas 3ajava. [IlpyumHa Bo MHOrOM B TOM, 4TO
NOSIBUJIMCh HOBBIE TEXHOJIOTMUECKHE PEIICHHs W HOBBIE T'€HEPATOPBI 110
IIPOU3BOJICTBY 3JIEKTPOIHEPIUM, Teria, xosoga. Iloaromy Juisi Ka3axCTaHCKHUX
yCIIOBUM paboTa MO CO3JaHUI0 METOAMKM 1O OLEHKE HSKOHOMHYECKOU
3(Q(})EKTUBHOCTH  MPOEKTHBIX  PEIIEHWH MpU  KOMIUIEKTAMM  CHUCTEMBbI
JNEUEHTPAIIM30BAaHHOW TeHEepalMk JJIeKTpUYecTBa M TeIla MPeACTaBIsSeTCs
JIOCTATOYHO aKTyaibHOU. Hamnuue mogoOHON METOIUKK TTO3BOJIMIIO Obl HAXOIUTh
HauMeHee MpOoOJEMHbIE M 3aTpPaTHbIE CXEMbl dHEProoOecreYeHus] NoTpeouTenen
elmie J0 Hauyajga MpoeKTUpoBaHus. B HacTosimee Bpemss K 3Toil mpoOieme
oOpainarotcs MHOTHE ucciieoBarenu. EcTh HaydHble pabOThI, I1€ MBITAIOTCS AaTh
e€ pellleHrne Ha TeoOpeTHYeCKoM ypoBHe. OIHAKO MMEIOIAsicsi MHOTO()aKTOPHOCTh
B €€ IIOCTAHOBKE, B TOM YHUCJIE U IPUCYTCTBUE CPEIH HUX CIIyHYalHBIX, BDEMEHHBIX
U TOJUTHYECKUX  (AKTOpOB, HE TMO3BOJSIOT  CO3/1aTh  YHHUBEpCAIbHbIE
AHAJIUTUYECKUE M TMPOTPAMMHBIE AJITOPUTMBI, JAaromue e€ pemieHue. Tak,
Harmpumep, K ¢akropam, KOTOpble OyIyT BIUSATH HAa SKOHOMUYECKHE TOKa3aTesu
peaIu30BaHHbBIX IPOEKTOB, MOKHO OTHECTH: U3MEHEHMS B COOTHOIIEHHH CIpOca
Ha TEIUIOBYI0O W DJIJIEKTPUUYECKYIO SHEPIrHl0, W3MEHEHHs CTOMMOCTH TOILUIMBA,
TapudoB Ha TEIUIO, AJIEKTPUUECTBO; MPOrPECCUPYIOUIEE H3MEHEHUE KIIMMATa,
KYpPCBhI BJIOT.

[ToaTomy npu HaXO0XKIECHUU ONTUMAaJIBHOTO BapuaHTa 1o
JNEUEHTPAIIU30BAaHHOMY 3HEpProCHA0KEHHUIO CJEeAyeT ONupaTbcsi HE TOJIbKO Ha
HOBBbIE 3HEPro3(PQPeKTUBHbIE TEXHOJOTMH, HO W YYUTHIBaTh BCE OCHOBHbBIC
BIUSIOMMKE (AKTOPhI U WX BO3MOXKHBIE TPEHIIbI, BKJIIOYAas M JIOKaJIbHBIC
OCOOEHHOCTH JHEPromnoTpedsieHus TeX TEePPUTOPUN U OOBEKTOB, Tye Oyner
peanu30BBIBaThC MPOEKT. TOJBKO IOCHE TAaKOro y4eTa MBI CMOXKEM pEalbHO
MOJIONTH K OLIEHKE KOMMepUYecKor 3(PheKTUBHOCTH KOHKPETHOTO MpoekTa. BBumy
CJIO)KHOCTH 3aJlayl MO OLIEHKE KOMMepuecKol 3(()EeKTHUBHOCTH, HCCIEI0BATENN



OBITAIOTCS pa3OUTh €€ Ha JIOKaJbHblE MO0J33Jaud. Takol MOJXO0J YIpPOIIAeT
pElIeHUE MOCTABICHHON 33/1a4M U MO3BOJSET MOJIY4YaTh KOJIWYECTBEHHBIE OLEHKHU
KOMMepYeCcKOi 2(PPEeKTUBHOCTH paccMAaTPUBAEMBIX MPOEKTOB B paMKaX yCIOBHO
YCTaHOBJICHHBIX I'PAHULI.

DTOT mpUHIKN ObLT MPUMEHEH M aBTOpAMH JaHHOW CTaThH, a UMEHHO: UMU
MPOBOJWJICS aHAIU3 DJKOHOMHYECKOW HS(PPEKTUBHOCTH HHEPTrOTCHEPUPYIOIINX
KOTCHEPAIIMOHHBIX YCTAaHOBOK, pa0OTalIMMX KaK YHUCTO B KOTEHEPAIlMOHHOM
ABTOHOMHOM  pPEXHME, TaK M  COBMECTHO C  IpeoOpa3oBaressiMu
HU3KOMOTEHIIMaIbHOrO Termna 3emiu. CymectByromee B Poccunm m Kazaxcrane
JEUEHTPAIU30BAaHHOE AJIEKTPOCHAOKEHNE B OCHOBHOM 0Oa3UpyeTcsl Ha AU3EIbHBIX
JIBUTATENIAX, a TeIjocHaOkeHue - Ha paboTe KoTelbHbIX. Kak mpaBuiio, 3tH
YCTAHOBKH CTallMOHAPHBI M JIOJDKHBI, IO BO3MOXKHOCTH, 00JIalaTh MaJion
YACJIBHOM CTOMMOCTBIO BBIPAOOTKH JJIEKTPUUECKONM U TEIUIOBOM HHEPruu U
OONBIIMMHU CpPOKaMHU JKcIUTyatanuu. [lo 3TuM moka3aTensiM B OCHOBHOM U
JienaeTcsi  BBIOOP — DHEPrOTreHEPHUPYIONMX  YCTAaHOBOK.  bombmias — dacthb
UCIoJIb3yeMblx B KazaxcraHe SHEpProreHepHpyroNuX YCTaHOBOK paldoTaeT B
pexume  MoOHoreHepauuu. Ecim e  IOCMOTpeTb  HAa  €BPOIEHCKOE
sHEprooOecreyeHrne, TO MOXHO YBHJIETh, YTO KOTECHEPAIMOHHBIC CXEMBI 10
ITPOM3BOACTBY JIEKTPUUECTBA U TEIUIA B 3TUX CTPAHAX CTaJX JTOMUHUPYIOIIUMH, a
MPOILIECC  COBEPIICHCTBOBAHMS ~ JHEProOOECTICYCHHUs]  OPUEHTHPOBAH  YyXkKe
HEIMOCPEJICTBEHHO Ha CO3[IaHME ONTUMAbHBIX CETEH, BKIIOYAIONIMX B CeOs
KOTE€HEpallMOHHbIE YCTAaHOBKM M YCTAHOBKH, paboTaroliyde Ha BO300HOBIISIEMBIX
VMCTOYHMKAX DHEPruu. B Kakon Mepe UMEIOLIUNCS NOJIOKUTEIbHbIN €BPONICUCKUAN
OMBIT MOXKHO MIEPEHECTH Ha Ka3aXCTaHCKOe AHeproodecneyeHme?

OTBET Ha 3TOT BOMPOC AKTyaJIEH B CBSI3U C TEM, YTO B HACTOSAIEE BPEMS CTall
HaOJII0/IaThCsl TIOBBIIIEHHBI HHTEpEC K KOTE€HEPAllMOHHBIM TEXHOJOTHUSIM U B
Ka3zaxcrane. Tak B Ka3zaxcraHne KpyIHBIMU MPEANPUATASIMU AKTUBHO CTAIH
CO3/1aBaThCs CBOM JIOKAJIBHBIE JHEPrOTCHEPUPYIOIINE HUCTOYHUKUA MAJIOW W
CpeIHel MOIIHOCTU il OO0ecredYeHus: COOCTBEHHBIX HYXKI DJIEKTPOIHEPTUEH U
TEIJIOM, a B psSJE PETHOHOB CTalM pPa3pabaThiBaTbCS M PEaTU30BHIBATHCS
SHEProNpPOrpaMMbl MO CTPOUTENBCTBY Malibix win MuUHU TOIl nma 3ameHsl
yCTapeBIIMX KOTEJIbHBIX.

CoBpeMEHHBII1  PBIHOK  IOCTAaBJET  KOTCHEPAI[MOHHBIE  YCTAaHOBKH,
paboTaroiue Ha YTJIEBOJOPOJAHOM TOIUIMBE C PA3IMYHBIMU THUIIAMH TEILJIOBBIX
JIBUTATEJIEAd CO CHEKTPOM MOIIMHOCTEW OT 5 KBT m Bbime. OHU H3rOTOBJIEHBI
paznuuHbIMH pupmamu, uMeroT paziaudnbie KII/I, pazauunbie neHsl. B ocHoBHOM
3TOT PBIHOK  MPEJACTABISAIOT  3apyOeKHbIE  YCTAHOBKH.  DHEpreTuyeckas
3((PEeKTUBHOCTh TaKMX YCTAHOBOK MOKeT jocTuratb 85%. OnaHako ypoBEHb
BHeApeHus B KaszaxcraHe 3THX yCTAHOBOK MOKAa OCTAETCS JOCTATOYHO HU3KHM.
OCHOBHBIE MPUYUHBI: BBICOKAS 1I€HA YCTAaHOBOK; JJIMTENIbHBIM CPOK OKYIIa€MOCTH,
Y, KaK CJEICTBUE, OTCYTCTBUE MHBECTULIMN; OTCYTCTBHE METOJHUK IO OLIEHKE HX
3¢ (HEKTUBHOCTH TIO CPABHEHUIO C IPYTUMH BUIAMU BJIEKTPO - U TEIUIOCHAOKEHUS;
OTCYTCTBUE METOAMK II0 PACUETY CPOKOB OKYIIAEMOCTH BJIOKEHHBIX 3aTpaT MPU UX
BHEJIPEHUU U JalibHENIIEeM 00CTy>KUBaHUU U T. 1.



Eciu B EBpome aBTOMaTW4YecKu MPUHUMAETCA, YTO IPUMEHECHHUE
KOT€HEpali B PHEPrOCHA0KEHUU IKOHOMHUYECKH BBITOJIHO, TO MOXHO JIM 3TOT
€BPONEHCKUI pe3ysbTaT 3KCTPANoJIMpPOBaTh HA BCIO TeppuToputo Kazaxcrana? B
cilydae, €Clid OTBET Oy/IeT OTpUIATENIbHBIM, TO €CTECTBEHHO, BOSHUKAIOT BOIIPOCHI:
ecThb Ji1 30HbI B KazaxcraHe, I/ie UCMOIb30BaTh KOT€HEPAIIMOHHBIE YCTAHOBKHU BCE
K€ OKOHOMHYECKH 1enecoobpa3no? Kakue ycinoBUS HYXHO  CUMTATh
OTIPEIEISAIONUMU U UX MOHO MPHUHSATH Kak 0a30BbIe KPUTEPUU TPU MIPOBEIACHUU
OLICHKM SKOHOMHYECKOM 11e71eCO00pPa3HOCTH HCIOJIb30BAHUS 3TUX YCTAaHOBOK?
MoskHO 511 pa3pabdaThiBaTh U U3roTaBiIuBaTh B KazaxcraHne sHeproreHepupyronme
YCTAaHOBKH, BKJIIOYAIOIINE B C€0sl MPUHIIMI KOTE€HEpaIuu, KOTOpble ObLIN ObI yXke
SKOHOMHUYECKHU 11eJ1eCO00pa3HbIMU ISl UX BHEJPEHUS HAa BCEH Ka3axCTaHCKOU
TEPPUTOPUH.

N3yyass paboThl POCCHUICKUX YYEHBIX IO HCCIEAOBAHUIO BO3MOKHOCTHU
NPUMEHEHUS KOTCHEPAIIMOHHBIX YCTAaHOBOK B Poccuu, Mbl HE MOTYyYWIIU
OJIHO3HAYHOT'O OTBETa 00 MX HIKOHOMUYECKOU 11€7eCO00pa3HOCTH MCIOIB30BaHUSI.
Tak, B psime 3Tux pabOT KOHCTATUPYyeTCs, YTO 4uCTas KoreHepauus B Poccum
PKOHOMHUYECKH IIesieco00pa3Ha TOJBKO MPHU HAJIMYUU CTAOMIIBHOTO PhIHKA COBITa
npoaykiuu [3-5], a UMEHHO: TOJBKO TPH TMOJHOM peanu3alud BbIPaOOTaHHOM
3JIEKTPUYECKON U TEIUIOBOM 3Hepruu. I10-BUAMMOMY, 3TH YCJIOBHUS BBIIIOJIHUMBI
TOJIKO B HACENEHHBIX TYHKTaX C Pa3BUTONM HMHPPACTPYKTYpOH, BBICOKOU
CTENEHbIO 0JaroycTpoiicTBa U YCTOMYMBOW HArpy3KOl ropsiuero BOJAOCHA0KEHUSI.
B EBpome Takoe COCTOSHHE OTMEUYaeTCsi TOBCEMECTHO M IPUMEHEHUE
KOT€HEepallMk JJii HUX HKOHOMHMYECKM OoJiee LeIecoo0pa3Ho, 4YeM Jpyrue
CIOCOOBI MOJTYYEHHUS ANEKTPUUECTBA U TEILIA.

ObecnieyeHne HJIEKTPUYECTBOM M TEIJIOM HACENEHUs B TOpPOJAX M Cellax
Kazaxcrana, pacroysioeHHBIX B IOCTATOYHO CYPOBBIX KIMMATHUYECKUX YCIOBUSX C
MPOJIOJDKUTEIHON W XOJIOJHOM  3UMOM, SIBJSIETCA  CJIIO)KHOM  TEXHHUKO-
PKOHOMHYECKOW | 3aTpaTHOW 3ajadeil, W BBHIOOp ONTUMAJILHOTO BapUaHTa
HHEProCHAOKEHHUS - 3a/1aua HE U3 JIETKUX.

Ecnim  paccmatpuBaTh  JIOKaldbHBIE  CHUCTEMbl  DHEPrOCHAOKEHUs, TO
CYIIIECTBEHHBIM CTUMYJIOM JIJIsl UX IIMPOKOMAcIITaOHOTO BHepeHus: B Kazaxcrane
MOXET CIYKUTh:

- HQJIMYME 3HAYUTEIBHOIO KOJIMYECTBA KOTENbHBIX: mopsaka 5500 maibix
KOTEJIbHBIX Pa3aU4HbIX (OPM COOCTBEHHOCTH U  TPEOYIOIIUX 3a4acTyro
HE3aMEeJIMTEIbHOTO PEMOHTA;

- JIOMUHUPOBAHUE JU3EIbHBIX DJIEKTPOCTAHIMH C  BbIPAOOTAHHBIM
MOTOPECYPCOM U COOTBETCTBEHHO HHU3KUM KOA(PPHUIIUEHTOM HCIOJIb30BAHUS
TOTUINBA;

- 0OJIBILIOE KOJIMYECTBO XO35AMCTB, MOCEIKOB, HE BKIIFOUEHHBIX B IIEHTPAJIbHbBIE
HHEPreTUYECKUE CHUCTEMBbl, OCOOEHHO JTO OTHOCUTCS K YyAaJEHHBIM U
TPYIHOJOCTYITHBIM TEPPUTOPHUSIM;

- IUIOXO€ COCTOSIHUE paclpe/leITeNbHbIX ceTel [1].

B Poccun, benapyccun, Ha YKpanHe CUMTAIOT, YTO HanOOJIee SKOHOMUUYECKHU
1esecoo0pa3Hoe HampasieHHe paboThl MO YHEProoOECeYeHUIo MoTpeduTene B



paMKax JOKaJbHBIX CETEH 3TO MpeoOpa3oBaHUE KOTEIbHBIX B MUKPO - WU MUHHU -
TOL. [Ipu sTomM sKOHOMHUYECKUH S()(PEKT OT MPUMEHEHHS KOTE€HEPAllMOHHBIX
TEXHOJIOTUA B JHEpreThke [3-5] OLEHWBAIOT NpPU TOMOIIM  CHEAYIOIINX
MOKa3aTesnen:

- a0CONIOTHOW SKOHOMHEW TOIUIMBA MO CPABHEHHUIO C €ro 3aTpaTaMH Ha
BBIPAOOTKY TE€X K€ KOJIMYECTB SHEPTUH TPATUITMOHHBIM CIIOCOO0M;

- YIETbHBIMH KaNUTAJIOBIOKCHUSIMU Ha YCTAHOBJIEHHBIM AJIEKTPUUECKUI
KBT;
- ce0ECTOMMOCTBIO BBIPAOOTAaHHOM AJIEKTPOIHEPTHH;

- CPOKaMHU CaMOOKYIaeMOCTH MPOEKTa.

N3 »Tux nmokaszartesnei TOJIbKO MEPBBIM SBISETCS TEXHUUYECKUM MMOKa3aTesieM U
HE 3aBHCHUT OT CTPaHBbI, IJIe IPUMEHSIIOTCS KOT€HEPAIIMOHHBIE TEXHOJIOTHH, JPYTHe
MOKAa3aTelid ONpPENENsIOTCS PBIHKOM SHEPreTHYECKOro 000pYy/I0BaHUs, LIEHON
TOTUTMBA, TapudamMu Ha DSJIEKTPUYECTBO U TEIUI0, 3apabOTHOW TIATOW, OSTH
MOKa3aTeid  WMMEIOT  PETHOHAIBbHBIC  pa3iu4uMsi, SBISIOTCS  CHEIU(pUKON
KOHKPETHOTO TOCYJapCTBA U OTPAXKAIOT €TI0 SHEPTETUUECKYIO MOJIUTHUKY.

Takum o6pazom, s3xkoHOMHUYEcKast 3PPEKTUBHOCTh PAOOTHI MUKPO- WJIM MUHU
- TOI Oyaer 3aBUCETh OT THUIIA DHEPrOTr€HEPHUPYIONIET0 O000pPYIOBaAHUS,
KIIMMaTUYECKUX XapaKTePUCTUK 30HBI, TJI€ OpraHu3yeTcs sHeproodOecreyeHue,
[IEHAaMd Ha TOIUIMBO, TapudaMu Ha DIEKTPUUYECKYI0O U TEIJIOBYIO SHEPTHIO,
U3JIep>)KKaMU Ha 00CITY>KUBaHUE, BO3MOKHBIMU TOCYJJAPCTBEHHBIMU JIOTAIUSIMH.

B nacTtosiiiee Bpemsi uMeeTcst 00IbIION BHIOOP THUIIOB SHEPTOT€HEPUPYIOIIUX
arperatoB,  OCYILIECTBJISIOIMIMX  KOTEHEpallio:  TOPIIHEBBIE  arperarsl,
MUKPOTYpOMHBI, Ta30TYpOMHHBIE U [apOra3oBbleé YCTAHOBKM U  JpYyrue
ASHEPrOreHepaTopbl, a TAKKE OOJBIION BBHIOOP PHEProreHepaTopoB, padOTAIOLIUX
Ha BHD, u npeoOpazoBaTerneil HU3KONMOTEHIIMAIBHOTO Teria. O4eBUIHO, YTO B
3aBUCUMOCTH OT BBIOOpA SHEPTOTCHEPHUPYIONIEH YCTAHOBKHM MBI OyJeM HUMETh U
pa3IMYHBIC TIOKA3aTENU MO BBIPAOOTKE TEIJIOBOM W DJIEKTPUUYECKON MOITHOCTH,
pazubie KIIJI u pasubie kodhUIMEHTH HCIONB30BaHUS TOIIMBA. B pabote
poccuiickux y4eHbIX [3] ObuM mpoaHamu3upoBaHbl 3aBucuMocTd KIIJ[ u
MOJIy4a€Mbl€ COOTHOIICHUS JJIEKTPUUECKOM W TEIJIOBOM MOIIMHOCTEW ISt
razotypounneix (I'TY), razonopmHeBbix arperatoB (I['TIA) wu  mukpo-
ra3oTypOuHHBIX ycTaHOBOK (MHKpOI'TIY), paboTraromux B pexxruMe KOreHepalyu B
3aBUCHUMOCTH OT MOIIHOCTH 3TUX YCTaHOBOK. J[yis permoHoB Poccuu aBTOpHI
paboThI [3] A€NIarOT CIEAYIOIINE BHIBOIBI:

- C 1IeJIbI0 MOBBIMIECHUS A()PEKTUBHOCTH MCIOIB30BAaHUS TOILIMBA MOIIHOCTh
KOT€HEpPAllUOHHOW yCTAaHOBKU HYKHO  PEryjMupoBaTh, HCHOJIB3Ys Tpaduk
TEIJIOBOM, a HE AJIEKTPUUYECKON HArpy3KHu;

- BBIOOp Haubosee 3(pPeKTUBHON KOTEHEPALIMOHHON YCTAHOBKY KaK BapuaHTa
MuHU-TOIl nomKeH mNpoBOAMTHCS 3a CYET ONTHUMH3auuu Kod(duimenrta
Teriopukanuu (oM TErJIoBoM  Harpy3ku — MuHH-TOLl, moxpsiBaemoi
KOT€HEPAllMOHHOW YCTAaHOBKOM).

Bo3MmoxxHO, 3T BBIBOABI OyAyT TpHEMJIEMBbI W IS psiia PETHOHOB
KazaxcraHa.
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Pucynok 1 - 3aBucumoctu KIIJI (a) 1 cOOTHOIIEHHS IEKTPUUECKON U
TETIJIOBOM MOITHOCTEH (0) OT THMA M MOITHOCTH YCTAaHOBOK

ABTOpHI paboTHI [3] Takke MPOBEJIU OLIEHOUHBIE PACUETHI 110 SKOHOMHUYECKOM
s pexTrBHOCTH coopykeHus MUHHU-TOIl Ha 6aze xorenbHBIX. [Ipu mpoBeneHUU
ATUX pacueToB OHU B KayecTBe (PAKTOPOB, BIMSIOIMIMX Ha KOMMEPUYECKYHO
3 PeKTUBHOCTh coopyxkeHus MUHU-TOL, yuuThiBasIach 11eHa Ha MIPUPOJIHBIN Ta3,
[[EHA Ha JJICKTPUUYECKYIO M TEIUIOBYIO JHEPruio, 3apaboTHas IJiaTa, yIelbHbIC
KalUTAJIbHBIE BJIOKEHUSI B KOTC€HEPAIIMOHHYIO YCTAaHOBKY. PacdeTsl MpoBOAUIUCH
Ha pEaTbHBIX TpaduKax SHEPreTHUCCKUX Harpy3ok. Cpeau BBIBOJOB, KOTOPHIC
OBLTM CHIeNIaHbl aBTOPAMU 3TOM pabOTHI, €CTh OYCHb MPUHIIUITAATLHBIN BBIBOJ -
coopyxkeane MuHH-TI1] Ha 6a3e KOTENbHBIX B yCIOBUSIX CHOUPH SKOHOMHUYECKHU
HeapdexktnBHo. «Hu oamH #3 BapuaHTOB C KOTEHEpalMedl He oOKazascs
SKOHOMHUYECKU MTPUEMIIEMBIM H3-32 HU3KUX Tapu(POB HA SJIEKTPOIHEPTHIO U Ta3 B
COYETAaHUH C BBICOKMM  PETHOHAIBHBIM  KOAI(DPHUITMEHTOM  YIOpOKAHUS
KaluTaJIOBIOKEeHUI» [3], T.e. OKa3bIBaeTcs, HE BO Bcex peruoHax Poccuu
TPaUIIMOHHbIE KOTE€HEpPAllUOHHBIE YCTAHOBKM JKOHOMHUYECKH 3(P(HEKTHBHBI.
Bo3MoxHO aHajoruyHbie BBIBOALI OyAyT NPUMEHUMBI M JUJII  HEKOTOPBIX
JoKanbHBIX TeppuTtopuii Kazaxcrana, Kotopble JUOO OJIM3KU MO KIMMATHYECKUM



YCIIOBUSIM K ycnoBUsiM Cubupu, 1100 UMEIOT CXO0KHUE SKOHOMUYECKUE YCIOBHS C
poccuiickumu. [lo3TOMy TMpencTaBisioT OOJBIION Hay4YHO-IPUKIAIHOW HHTEpEC
UCCIIEJIOBaHMSI, MO3BOJISIIOIINE JaBaTh OLIEHKY YKOHOMUYECKOW 3((PeKTUBHOCTH
WCIIOJIb30BAHUS B YHEPTOCHAOKEHHUH TTOJTUTCHEPAIIMOHHBIX YCTAaHOBOK.

Ha paszmuunbix tepputopusix KazaxcraHa KinmmaT UMEET SPKO BBIPAKEHHOE
KaueCTBEHHOE pasziuuue. [[s pasHbIX ero TeppUTOpUM XapaKTEpHBI OOJIbINNE
paznuuusi B KOJIEOAHUUM CYTOYHBIX M TOJOBBIX TEMIIEpaTyp M 3HAYUTEIbHBIC
pazinyms B NPOJOJIKUTENBHOCTH OTOMUTENbHBIX IEPUO0B. [lo3TOMY /17151 OLIEHKH
BIIMSHUS KJIMMATUYECKUX YCJIOBUM Ha HSKOHOMHUYECKYH J()PPEeKTUBHOCTH OT
BHEJIPEHUSI PA3JIMYHOIO BHJIa SHEPrOreHEPHUPYIOUIUX YCTAHOBOK TEPPUTOPHIO
Kazaxcrana »xenaTtenbHO pa3OUTh Ha TEMIEPATYpPHbIE 30HBI, OIpPEAEIsieMbIe
Ipajlyco-CyTKaMH OTONUTEIBHOTO Tepuoja. Takol MOaXOoJ KadyeCTBEHHO
OTJIMYAETCS OT YHCTO TEPPUTOPUATLHOTO pa30MeHMs, HCIOIb3yEMOro B
skoHOMHUKe. B pabore [7] Obul OCYIIECTBIEH TaKOW MOAXOMA, B PE3yJbTare
KoToporo Tepputopus Kazaxcrana Obuta pasjeneHa Ha 5 TeMIlepaTypHBIX 30H C
OJMM3KUMU MO BenuuuHe rpaayco-cytkamu (corimacHo CHull PK 2.04-21-2004)
OTOMUTEIBHOTO CE30HA, KOTOPbIE MPOSBIAIOTCS B 3HAUYMTENBHBIX KOJECOAHUSIX
CYTOYHBIX M TOJIOBBIX TEMIIEpATyp U B MPOAOJDKUTEIBHOCTA OTOMUTEIBHBIX
EPUOJIOB.
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Pucynox 2 — I'ogoBoii rpaduk Harpy3ku Ha OTOILIEHUE U
KOHJIMIIMOHUPOBAHUE ISl IISATU TeMneparypHbIX 30H PK s monensHoro
YKUJIOTO JI0Ma
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[IpuBenenHass B »Toil pabore kapra KazaxcraHa ¢ HaHECEHHBIMU TMATHIO
TEMIEPATYPHBIMUA 30HAMH TO3BOJISIET CUUTATh, YTO MPHU OLEHKE KOHOMUYECKOU
G (HEKTUBHOCTH OT BHEAPCHUS PA3JIMYHOTO BHJIA ABTOHOMHBIX JHEPTOCUCTEM
OyneT OmuOOYHBIM TMPOBOJUTh WX CPABHUTEIBHBIE OIEHKH TPAAUIIMOHHO,
pasnenss tepputoputo Kazaxcrana Ha 30HBI: ceBep, IOT, 3amajl, BOCTOK. 13 KapThl
TeMmnepaTypHbix 30H PK BuUIHO, 4TO Kaxkjaas TemiepaTypHasi 30HA MUMEET CBOIO
cneruuyueckyro Gopmy. ITOT pe3ynbTaT, MOKHO CUMTATh, HOCUT KaueCTBEHHBIN
xapaktep. [ mnpoBeneHHs] CpPaBHUTENIBHBIX OILEHOK HHEProdpdeKTUBHOCTH
aBTOHOMHBIX YHEPTrOCHUCTEM HEO0OXOIUMBI KOJUYECTBEHHBIC BEIUYMHBI, KOTOPHIE
Obl XapaKTepU30BAIM KAKIYI0 TeMIeparypHyro 30HY. C 3Toil 1enbio ObLIU
MOATOTOBJICHBI Ipa)UKK TOJOBOM HArpy3KH Ha OTOIUICHUE U KOHJAUIIMOHUPOBAHUE
JUISL KaKI0M TemmepaTypHOll 30HBI (pucyHOkK 2). B kauecTBe wuccieayemoro
00beKTa OBLT B3SIT MOJICJIbHBIN KUIJION oM Tuiommaibio 150 M? ¢ 6a30BBIM YPOBHEM
ynenbHoro pacxona temna 135xJlx/(M*°C cyt). Hcmonb3yst ronoBbie Tpaduku
Harpy3kl Ha OTOIUIEHHE, KOHAWIMOHUPOBAHUE, OCBEIICHHE W Ha Jpyrue
IEKTPUUECKUE MPUOOPHI, JUIsl KKION U3 IMSITH 30H Ha 0a3e YCIOBHOTO KHJIOTO
noMa OBbUTA OIpPEACNICHbl KOJMYECTBEHHBIE BEIMUYMHBI COKPAIIEHUS TOIOBOTO
NOoTpeOIeHUsT TOIUIMBA TIPH MCIOJb30BAaHUM KOTCHEPAIIMOHHON YCTaHOBKU B
CPaBHEHHHM C MOHOT€HEPAllMOHHOM YCTAaHOBKOM. B cpaBHHMBaeMbIX yCTaHOBKAax
3aKJIAJbIBATIUCh XapPAaKTEPUCTUKU au3ensl. Pe3ylbTraThl pacuyeToB MOKa3aliH, 4TO
IpPU HKCIOJb30BAHUU JIM3EIb-T€HEPATOPAa COKpAILEHHE TOJ0BOT0O MOTPeOIeHuUs
TOIUIMBA JJI1 OOECIEUYEHUS AJIEKTPUYECTBOM, TEIJIOM M XOJIOJOM MHOTpeOHOCTEH
MOJENBHOTO KWJIOO J0Ma HE MpeBblaeT 25% B «TEIUIBIX» TEMIIEPATyPHBIX
30HaX U 23% B «XoidomHbIX» 30Hax KazaxcraHa. OKOHOMHS OKa3ajach
OTHOCHUTEJIbHO CTaOWJIBHOW M TMPAKTUYECKH HE3aBUCUMOM OT KIMMATHYECKHUX
XapaKTEPUCTUK MECTHOCTHU MPHU UCIIOJIb30BAaHUU JU3eNb-reHepaTopaTopoB. Kakas
KapTuHa OyneT HaOIIOaThCs JUIsl APYTUX BHUJIOB KOTEHEPAIMOHHBIX TEXHOJIOTHUH,
JPYTUX TUIOB SHEPTOrE€HEPATOPOB U APYrUX TOMIUB? MI3BECTHO, UTO B HACTOSAIIEE
BpeMs OJHMM M3 MHOTOOOCHIAIONIMX  HAMpaBiICHUH TIO0  YJIYUYIICHUIO
HPHEPreTUYECKUX TOoKa3zarelied KOTeHEPAIMOHHBIX YCTaHOBOK, pa3padOoT4YUKamM
BUJIUTCS oObeMHEHUE  OATUX  YCTAaHOBOK C  MPeoOpa3oBaTesIsIMU
HU3KOMOTEHUHAIbHOrO Temna [5,7]. Takyro cuctemy cTald  Ha3bIBaTh
WHTErpUpoBaHHON cuctemoi ’HeprocHadxenus (MCD). B cBs3u ¢ 3TUM BO3HUK
NPAKTUYECKUA HMHTEpEC K HHEProdPQGEeKTUBHOCTH TAKOro OOBEAMHEHUS IpHU
KOMOMHAIMAX PA3JIUYHbIX BHUIOB DHEProreHepaTopoB C Mpeodpa3zoBaTEIsIMU
HU3KOMOTEHIIMAIBLHOTO TEIjia. ABTOpaMM CTaThM [7] ISl KQUECTBEHHOM OLIEHKU
HEpProdPGHeKTUBHOCTU TaKUX OOBEIUHEHUM JJIsI KOKJION U3 MATH TEMIIEPATYPHBIX
30H OBUIM MPOBEJICHBI PaCUYEThl YACIBHBIX 3aTpaT TOIIMBA JIsl OJTHOTO BapuaHTa
NCD, ucnonb3yst TOT K€ MOJEIbHBIN XKUJION 10oM iomanso 150 M> ¢ 6a30BbIM
ypoBHeM yaenbHoro pacxosa teria 135k x/(m?°C cyt). [lonmyyeHHbie pe3yabTaThl
MOKa3aju, 4YTO 3TOT NYyThb OTKPHIBAET BO3MOXHOCTH CYIIECTBEHHO IOBBICUTH
KO3 (PUIIMEHT UCTIOTB30BAHMS TOIIMBA, YBEIUYHUTH €ro B 2,5 u 6onee paza. Takum
o0pa3oM, MOKEM CKa3aTh, 4TO pa3zpaboTaHHAsh METOOJIOTHS PACUETOB IO OIEHKE
HEProdhHEKTUBHOCTH YHEPrOTEHEPUPYIONIUX YCTAHOBOK arpoOUpOBaHa Ha TPEX
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Pa3IMYHBIX CIIOCO0AaX TeHepaIliy SHEPTUH U IMO3BOJIAET MOJyYaTh CPABHUTEIIHHBIC
OTICHKHU YHEPTrod(P(HEKTUBHOCTH KOHKPETHBIX YHEPTOTEHEPUPYIOIIUX CUCTEM.

Wcnonb3yst matepuansl paboThl [3], e mNpuBENEeHAa CBS3b MOIIHOCTH
sHEeprorenepupyommx ycraHoBok Ha 6aze ['TY, I'TIA, mukpo I'TY ¢ ux KII/, c
UX TEIUTOBBIMU M DJIEKTPUYECKUMH MOIITHOCTSIMU, ¥ pa3pab0TaHHYIO METOI0JIOTHIO
U TIPOTrpaMMHBIE QJITOPUTMBI B pabore [7], MOXHO MOCTPOUTH OOOOIIEHHBIHI
QITOPUTM U PACUYCTHYIO MPOTPAMMY JUJII HAXOXKJEHUS CPaBHUTEIBHBIX OIICHOK
3HeprodPpHEeKTUBHOCTH JTI0O0N MOJUTeHEPAIIMOHHONW TEXHOJIOTHUH, UCIIOJIB3YIOIIEH
SHEProreHeparopsl [3].

[Tory4eHHBIC TPU HUCITONB30BAHUN JTU3EIIb-TEHEPATOPOB B KOTECHEPAITMOHHON
TexHoJiorun 23-25 % CcokpallleHusi TOIUIMBA HE TMO3BOJSIOT 1aTh OJIHO3HAYHBIN
OTBET 00 SKOHOMHYECKOM I1€JIecO00pa3sHOCTH MX MPUMEHEHUsT Ha Bcel
tepputopun Kazaxcrana. Kak Bblme OBIJIO OTMEYEHO, HA SKOHOMHYECKYIO
3¢ (HEKTUBHOCTH OT MMPUMEHEHUS MOJTUTEHEPAIIMOHHBIX TEXHOJIOTHI OyIyT BIUST,
MOMUMO TEXHUYECKHX (PaKTOpOB, €IIe U JIpyrue, He MEHee BecOMbie (haKTOPHI.
MoskeT okazaTbcs, Kak 3TO ObUIO 3aduKcHpoBaHO B cuOupckoit 3oHe Poccuu B
pabote [3], 4TO MpU HE3HAYUTEIHLHOM YBEJIMUYEHUU IHEProd(PPEeKTUBHOCTH OT
MPUMEHEHUsI KOTC€HEPAIIMOHHON TEXHOJIOTHH, BIUSHHUE IEHBI Ha SHEPTeTUYECKOe
000pyI0BaHNE U COIMATBLHO-9KOHOMUYECKHX (PAKTOPOB B HEKOTOPHIX PETrHOHAX
Kazaxcrana, kak u B Cubupu, OyAayT co3/1aBaTh OTPHUIATEIbHBIA SKOHOMUYECKUN
a¢pexT OoT BHEAPEHHS KOTCHEPAIMOHHBIX TexHoyormid. [loaTomMy ykaszaTh
tepputopun Kazaxcrana, e 1€J1eCO00pa3HO BHEIPEHUE KOTCHEPAIIMOHHBIX
TEXHOJIOTHH, a TJ¢ HET, B HACTOSIIEE BPeMs HE MPEICTABIAETCS BO3MOKHBIM, TaK
KaK Ha JIaHHBIHK MOMEHT HET pacyeTHOro WHCTPYMEHTAa TIO0 OIICHKE
SKOHOMHUYECKOTO d3(¢deKTa OT BHEAPEHUS HOBOTO DSHEPTrOTCHEPHPYIOMIETO
obopynoBanus. [lo 3Toif mpuuymHE Ha3zpesia HEOOXOJIUMOCTh CO3JaHUsI TaKOTo
alropuTMa pacdyera 3KOHOMHUYECKOW 3(h(EeKTUBHOCTH, TIe OYIyT YYTEHBI BCE
OCHOBHBIC BIHAIONIME (PAKTOPHl W WX BO3MOXKHBIC IPOTHO3HBIC 3HAYCHUS Ha
paccMaTpuBaeMblii BpeMeHHOW mepuoi. M3 oliero mepedHs paHee OTMEUEHHBIX
0a30BBIX (PaKTOPOB, MBI MOKEM aKTUBHO BO3JICHCTBOBATH TOJIHKO HA TEXHUUYECKHE
(bakTopbel, UMH MBI MOXEM YIMPABIATh W MO BBIIIEIPUBEIECHHON METOIOJIOTHH
paccuuThiBaTh UX IHEProdh HekTUBHOCTh. OCTalbHBIE Ke (PAKTOPhl B OCHOBHOM
SBJISIIOTCS HE 3aBUCHUMBIMHU OT HAaCc W OTPAXKAlOT JEMOrpapUYEecKOe, MOJTUTHKO-
SKOHOMMYECKOE, HACTOsIIee W OyAylIUe COCTOSHHUS B paccMaTpPUBAEMOM 30HE
npuMeHeHus. Kacasich TOYHOCTH MPOBOJAMMBIX  OIICHOK AKOHOMHYECKOM
3¢ (PEKTUBHOCTH, CIIETyeT OTMETUTh, YTO HHU3Kasl JOCTOBEPHOCThH MPOTHO30B IICH
Ha TOTUIMBO, Ha W3MEHEHUs Tapu(oB Ha BHIPAOATHIBAEMYIO DSJICKTPUUYCCKYIO WU
TEIJIOBYIO DHEPTHI0, HAa JeMOrpapuIecKue W HOPMATHBHO-TIPABOBBIC M3MEHCHUS,
Ha KOoJieOaHMs B BAFOTHOM Kypce TEHTe, a COOTBETCTBEHHO KOJIcOaHMs B IIEHAX Ha
UMIIOPTHOE O0OpyAOBaHHUE, BCEr/a OyayT CO37aBaTh Pa3HOTO YPOBHS OIIMOKHU B
MPEeIBAPUTETLHBIX MPOTHO3HBIX pacyeTax TaKUX OIEHOK .

[loxBons WTOT, MOKEM CHENaTh Cleayrollee 3akiroueHue. Jns momydeHus
CPaBHUTEIBHOM OIICHKA HKOHOMHUYECKON dS(PPEeKTUBHOCTH OT BHEIPEHUS
HPHEPrOTCHEPUPYIOMIMX CUCTEM WM  OTACJIBbHBIX YCTAaHOBOK HEOOXOIMMO
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BBITIOJTHUTh CJICAYIOIIME OJTambl pacueToB. Ha miepBoM »dTame - TMOJY4YUTh
CpPaBHUTEIBHBIC OIEHKH MO PHEProd(PPEeKTUBHOCTH ITHX CUCTEM WA YCTAHOBOK,
UCIIOJIB3YSI METOJIOJIOTHIO, aJlTOPUTMBI M Pe3ysbTarthl padoTel [7]. Ha BTOpOM
JTame, WUCIOJIb3ysl PE3yNbTaThl W METOJOJOTHYECKUE TOAXO0Mbl padboTel [3],
BBIJICIUTH OCHOBHBIC BIMSIIONTHE (PAKTOPHI [JIs1 M3ydaeMoi 30HbI Ka3axcTrana u ux
BO3MOYKHBIE TPEH/IbI BO BPEMEHU, TIOJIYIUT MPUOIMKEHHBIC OIECHOYHbBIE BETNIMHBI
3HAUUMOCTU JTuX ¢akropoB. Ha Tperbem »stame, oO0benAuWHss TeEpBbIC JIBa,
ONPENCIUTh  BEJIMYMHBI HKOHOMUYECKOW A(PGEeKTUBHOCTHU OT  BHEAPCHUS
KOHKPETHOUM SHEProreHEpUPYIONICH CUCTEMbI WM OTACJIBHBIX €€ 2JIEMEHTOB IS
m3ydyaemMord 30Hbl Kazaxcrana. IlepBele pgBa »3Tama MOYKHO  OMNUCATH
KBa3UCTAIlMOHAPHON MHOTrogakTOpHOM Mojenblo. Ha 6aze »Toil Mojaenn MOXKHO
Oyzer co3aaTh MPOTPAMMHBIN MPOJIYKT MO YUCICHHOMY pacueTy SKOHOMHYECKON
s¢ppextuBHOCTH  TpoeKkToB. Takoi  mOporpaMMHBIA  TPOAYKT  CTal  Obl
BOCTPEOOBAHHBIM TPU HAXOXXJEHUU ONTUMAJBHBIX PEIICHUN MO TOCTPOCHUIO
JIELIEHTPAIIM30BaHHOM T€HEPAIMHU 3JIEKTPUUECTBA, TEIJIa U X0JI0a.
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OPTAJIBIKCBI3IAH/IBIPBIJITAH DQHEPT'UA OHAIPYIH X KACAY /A
JHEPI'UA OHAIPY LI KOHABIPTBIJIAPABIH OKOHOMMUWKAJIBIK
THUIMAIIITTH BATAJIAY

B.A. IBopaukoB, M.B. M6parumona, B.B. Ctosx

AJMaThI SHEPreTHKa KoHe OallaHbIC YHUBEPCUTETI, AJIMATHI K.

Makanana aybUIIBIK €11 MEKCHACPJE SHEPTeTHKAIBIK MOCEICIepIi MIeHTy
JKOJIJIAPhI, OJICYMETTIK-DKOHOMUKAJIBIK JaMybIH KEACIIETy MaKCaThIHJA >KOHE
KananblK Heicangapaa, TKIL Heicangapeiaaa, Mekemenep/e KeneHai SHePTUsiMeH
KaMTaMmachl3  €TyAIH  KEH  CHEKTPJl  OpPTaNbIKCHI3JAHABIPBUIFAH  YKOHE
OpTaJIBIKTAaHABIPBLIFaH KYTLJIETIH OHTAMJIBI KOJITIAPHI YCBIHBLIFaH.
OpTanbIKChI3NAHABIPBUIFAH  DHEPrUsl OHIIPYAl JKacay YIIIH KONeHIIPriliTi
TEXHOJIOTUSIIAPABIH ~ AKOHOMHUKAJBIK, DHEPreTUKANBIK THIMIUIT  OOMBIHIIA
o/iCHaMaJIbIK KOJIbl JKOHE CalbICThIpMalibl Oaranmapiel Taby anropurMuepi
oepinren. EBpomana, Pecefine, Kaszakcranma taza eHIIpIMII TEXHOJIOTHUSIIAPIBI
KOJTAaHYIbIH SKOHOMHUKAJIBIK TTalIaChIHBIH Oarachkl OepinreH. JKblTy COPFBICBIMEH
KOOHIPIM/II KOHJIBIPFBIJIAP KUCHIHBIHBIH SHEPTrUs TUIMJIUIITIHIH CaJIbICTHIPMAaJIbI
Oaranaybl KOPCETUITEH.

TO THE ESTIMATION OF ECONOMIC EFFICIENCY OF ENERGY
GENERATING OPTIONS AT CREATION OF THE DECENTRALIZED
POWER GENERATION

The ways of solving power problems in rural settlements for the purpose of
their socio-economic development and also the possible optimal ways of complex
energy supply of wide spectrum of the decentralized and centralized municipal
objects such as objects of Housing and Utility infrastructure and enterprises are
given in this article. Methodological approach is used and algorithms are given for
of comparative estimations on economic and power efficiency of technologies for
creation of the decentralized power generation. In the article the estimations of
financial viability of the use of clean korenepammonnsix technologies are given in
Russia, Europe, Kazakhstan.

A comparative estimation over of energy efficiency of combination of the
KOreHepaluoHHOH setting is brought with a heat-pump.
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VIEKTPOSHEPI'ETUKA H DJIEKTPOTEXHOJIOI'HA

VIK 621.311

JI.C. Axmer6aes', A.JI. Axmer6aer’, A.C. Bepapiroxun’, b.5. Mykaros®

1 ~ ~ ~

EBpaszuniickuii HarmoHanbHb yHUBEpcuTeT uM. JI.H. I'ymunesa, r.Actana
2

Hupekuus napopmanronubix cucteM AO «KazaxTeaekomy, I.AJIMaTh
3

Hazap06aeB yHuBepcureT, r.ActaHa

4 o o
HanponanbHbId ~ JUCHIETYEPCKUN LEHTp cucteMHoro omeparopa AO
«KEGOCy, r.Acrana

TEOPETUYECKHUE OCHOBBI TOHHOJOI'MYECKOI'O
AHAJIM3A CTAIHMOHAPHBIX PEXKUMOB CJOXKHBIX
SJEKTPUUECKHUX CETEN

IIpeonosicen  cnocob  npeobpazosanusi U3BECMHLIX  VPAGHEHUU  COCMOSHUS
NEKMPUYECKUX Yenell C Yelbio NOIYUEeHUs V3I08bIX YPAGHEHUN OANaHCa HANPSICEHUS 6
@yurkyuu Kod¢uyuenmos pacnpedenenus y3noevlx mokos. Ilpednazaemcs Hogwli
Monoio2udecKkull. ~ Memoo  onpeoenenus  Kodpouyuenmos  moxopacnpeoenenus
OCHOBAHHDIL HA MONOJOSUHECKUX CBOUCMBAX Oepesbes 2pagha cxemvl 3ameujeHust
INEKMPUUECKUX Cemell CLONCHOU CIMPYKMYPbL.

KiaroueBble cJjioBa: MaTpuila Y3JIOBBIX CONPOTUBICHUH, MaTpHIa Y3JIOBOM
MPOBOAMMOCTH, MaTpuiia Kod()(PHUIMEHTOB TOKa paclpeiesieHns, MaTpulla Y3JOBBIX
TOKOB.

Cocrosinue Bompoca. 3a7auu, CB3aHHBIE C TIOJIYYEHUEM PEATIbHBIX PEIICHUI
pu pacyeTax padOUYMX PEKUMOB CIOKHBIX DJIEKTPUUYECKUX CETEeH, JOCTATOYHO
CJIOXHBI U UM MOCBSAIIEHO MHOTO cTarel u kHur [1,2,3]. TpyaHocTu noaydyeHus
pealbHBIX pPEHICHU MNpU pacyeTre CTAlMOHAPHBIX PEKUMOB MOTYT OBITh B
3HAYUTEIBLHON CTENEHU MPEOJIOJICHbI, €CIM HUCXOIUTh U3 OOpaiieHHOW (OpMbI
Y3JIOBBIX ypaBHEHHU. M3BECTHO, KJIACCHYECKHI MOAXOJ TMOJYyYECHUS MAaTpPHUIIbI
Z 5NeKTpUYECKO CeTH, OCHOBAaHHBIM Ha TMPSMOM OOpalleHUH MAaTpPHUIIbI

OPOBOAUMOCTH  Y,, OKasblBAE€TCS  MAaJONPHUIOAHBIM. Marpuia  y3JI0BbIX
COTIPOTHUBIICHUH CIOXKHBIX CETEH MOXKET ObITh MOCTPOECHA PA3TUYHBIMU METOJIaMH,
pa3pabOTaHHBIMM Ha OCHOBE COBEpIICHCTBOBAaHUS MpPSMbBIX, KOCBEHHBIX U
UTEPAIMOHHBIX METOJIOB OOpAIICHHs] MAaTPHUILIbI Y3JIOBBIX NpoBOAUMOCTEH. OJHAaKO
OTCYTCTBUE OBICTPBIX AJTOPUTMOB pacyeTa MaTpPHUIIbl Y3JIOBBIX COMNPOTHBICHHM
CYILLIECTBEHHO TOPMO3HJIO Pa3BUTUE JAHHOTO HAMPABIICHUS.

[IpoOnembl, CBsI3aHHBIE C OINPEACICHUEM MATPHULbI CHUCTEMHBIX (YHKUIUN
coOnpoTUBIEHUS (MaTpuibl Z), MOryT OBbITh pEHIeHbl, €CIU HUCXOIUTh U3
cienyromiero. TOKM B BETBSIX CXEMbl, PU M3BECTHOM MaTpHile KO3()PUIMEHTOB
pacrpeiesieHus 3aJa0luX TOKOB, OMPEAEISIIOTCS MATPUUHBIM BbIpaKeHUEM [2]:
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I=C.J, (D)

rie J - cTonGueBas MaTpHIa 3aJAI0IINX TOKOB;
C =Y ,M'Z - npsamoyronbHas MaTpuia Ko3hOUIHEHTOB
TOKOpaCIpe/IeICHHUS;
Z - MaTpuLa y3JI0BBIX COIPOTHUBIICHUM.
3HaueHUs: TOKOB B BETBSIX CXEMbl OCTAHYTCS HEHU3MEHHBIMU, €CIIU

YMHOXHUTh W pa3leluTh CJIeBa NpaByl dYacTh ypaBHeHus (1), Ha wmaTpuiry
COINPOTUBIICHUI BETBEU, U 3aMUCATh B BUJIC:

i=7,'7,CJ. 2)

Torga, maTpuyHoe ypaBHeHue [2]:
U A~ Z‘! 3)

C yueToM (2) MOKeT ObITh 3alIUCaHO:

: : 1 : ; :

Upr=ZM1=7IMZ,; 2,CI=CZ,CJ, 4

[TonyyenHnoe ypaBHeHue (3) coBMmajaeT ¢ PEIICHUEM YPaBHEHHS Y3JIOBBIX
HaIpsHKEHW, 4TO MO3BOJISIET 3aMKicaTh TOXKIECTBO, B BUJIE:

2-C'z,C. (5)

[Tpu wu3BectHO Matpume C, Ui 3aJaHHOTO BO3MYIICHHS BCETJa MOXKHO
HAWTH OJHO3HAYHOE COOTBETCTBUE PEAKIIMHM CXEMBI UCCIICAYEMOM 3JICKTPHUSCKOMN
cetn. ClieoBarenbHO, MaTpuna 2Z  MOXET ObITh TIPHHATa B OCHOBY
MaTEMaTHYECKOTO MOJICITMPOBAHMS CTAIlMOHAPHBIX PEKUMOB CETH.

Takum o00Opa3om, 3ajada pacuera CTallMOHAPHBIX PEKUMOB CBOIUTCSI K
omnpenencHuo Matpuilkl C, KOTOpas HCCIIEeIOBaHA JIOCTATOYHO XOPOINO, W HE
MPEACTABISICT OCOOBIX TpyAHOcTe. OJgHAKO TP MCCIECIOBAHUHM CHCTEMBI
OOJIBIIION Pa3MEPHOCTH MOTYT BO3HHUKATh TPYAHOCTH, CBSI3aHHBIC C YPE3MEPHO
00JIBIIMM 00BEMOM BBITIOJHAEMBIX pacueToB. Hwke mpesiaraetcs METOIUKA
omnpeaeneHust Mmatpuilbl C Ha OCHOBE CBOMCTB JIepeBbeB Ipada.

C menpio oOecreyeHUs] HATJISAHOCTH W MPOCTOTHI W3JIOKEHUS, DIIEMEHTBI
MaTpHIbl KOA(GOUIIMEHTOB TOKOPACIIPEACIICHUS, BBIPAXKAIOTCI B aHATIUTHYCCKOMN
dhopme.

Martpuiia C pa3oMKHYTBIX CXEM HE 3aBHCHUT OT IapaMETPOB CETH M MOXKET
OBITh HaliJIcHA HEIIOCPEJACTBEHHO I10 CXEME WJIM B BUJIC:

g — M—l (6)

rae M- nepBas MaTpUlla HHIUICHIUH.
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[Tpr HanWumu 3aMKHYTBHIX KOHTYpoB MaTpuil C He MOXeT ObITh HaiileHa
HETOCPEJICTBEHHO 10 cxeMme wiu 1o ¢opmyie (6). B obmem cinyuae, matpura C
MOJKET OBITh OIpeleieHa IyTeM paclpeesieHus €AMHUYHOTO TOKa B CXEME,
JTFOOBIMU U3BECTHBIMH METO/IaMU TEOPUH ITECKTPUUCCKUX IICTICH.

AHanUTHYECKHE BBIPAKEHUS IS 3JIeMEHTOB MaTpuilbl C MOryT OBITh
MOJIy4Y€Hbl Ha OCHOBE KOHTYPHBIX YPaBHEHUN MyTEM paCIpeAeNeHUs] €IUHUIHOTO
TOKa, MOOYEPETHO MPHIIOKEHHOTO K HE3aBUCHMBIM y3iaM cxeMbl. Hampuwmep,
nepBbli cToa0en MaTpulibl (7) K03 GUIIHEHTOB TOKOpACIIPEIECICHHUS

~(ZLy+Z3+Zs) —(Lz+Zy) —Z4
/7 —(L~+7 -/
C= L 4 (Z3+Z4) Ly ’ (7)
Zy Z VARIAY) —Za4
Z, Zi1+Z4Zy) (“L1+Zy+2Z3)

pacyeTHOM CXEMbI 3aMEIIeHHS 3aMKHYTOM CeTH, 300paKeHHOM Ha pucyHke la.

a) UCXOJTHAs CXEMa, 0) pacueTHas cxema.
Pucynok 1 - CxeMa 3aMKHYTOM 1i€NH

OTIPE/ICTSICTCSl PEUICHHNEM KOHTYPHOTO YpPaBHEHHS, COCTABIEHHOTO IO CXEMe
pucyska 10.

L (Z\+Zy+Z5+24)=2,, (8)

rae L,=21+Z,+Z3+Z4 - KOHTYPHOE CONPOTUBIICHHUE.

JlecTBUTENBHOE pacpeelICHUE SIMHUYHOTO TOKA B CXEME IPEACTaBIISET
nepBbIi cTonoer maTpuilsl C.

Tononorudyeckne HoOpMyJIbl SJIEMEHTOB MaTPHUIIBI MOTYT OBITH OIPE/ICIICHBI
MmyTeM TpeoOpa3oBaHUs  BBIMICTIONYYCHHBIX  BBIPAKEHHH ITyTeM  3aMEHBI
COIPOTHUBJIEHUS HA COOTBETCTBYIOIIME MPOBOIUMOCTH BETBEM.

Jlns paccMoTpeHHOM BbIle cxeMbl matpuiia C, opraHM30BaHHAsl HA OCHOBE

TOITOJIOTHYCCKOT'O M€TOda, UMECT BU:
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1

C =
T Yo Y3+ Y Yo X+ Y Y3V Y YsYy :
Y (YoY3+Y oYy +Y3Yy) Yy (YoY5+YaYy) Y, (Y,Y5) ©)
y Y, (Y3Yy) =Y, (Y Y5+Y,Yy) -Y,(Y,Y3)
Yi(Y,Yy) Y3(Y Y4+Y5Yy) -Y5(Y,Y,)
Y, (Y,Y5) Yy(Y Y53+Y,Ys) Ya(YoYs3+Y3Y+Y,Y5)

[lonmy4yeHHble BBIpaXEHUS Il DJIEMEHTOB MAaTpHIbl  KO3()PUIHMEHTOB
TOKOpACTIPEEICHUST MPEACTABISIOT COOOM CyMMYy BeJIMYUH JepeBbeB rpada B
GyHKUMA TPOBOJMMOCTEN BETBEH CXEMbl JJIEKTPUUECKOW ceTu. Y Bcex
KOA(p(GUIIMEHTOB TOKOPACHpEIeNeHUs, BXOISAIMIUX B COCTaB HCCIEAyeMOU
MaTpHIbl, 3HAMEHATelb OJMH U TOT XK€, KOTOPBIA ONPENEHseTCs CYMMOM
IPOM3BEICHUU TPOBOJAUMOCTEN BO3MOXHBIX JEPEBbEB Ipada cXxembl 3aMKHYTOM
CETH.

Heobxoaumo OoTMETUTH, YTO CyMMa MPOU3BEICHUN MPOBOJIUMOCTEHN
BO3MOXKHBIX JIepeBbEB Tpad)a CXeMbl paBHA OIPEAETUTENI0 MATPHUIIbl Y3JIOBBIX
ITPOBOJIMMOCTEM.

Bo3moskHble nepeBbs Tpada paccmaTpuBaeMoil 3aMKHYTOW II€MHU, KOTOpPbIE
COOTBETCTBYIOT 3HaMeHaTEN0 (9) N300pakeHbl HA PUCYHKE 2.

Pucynok 2 - JlepeBns rpada 3aMKHYTO Lienu

Uucnaurenn Kod(pQUIMEHTOB TOKOpACIpEIeNeHUsl 3aBUCAT OT y3ja
MPUJIOKEHUST BO3MYILICHUS, B BUJIE €JUHUYHOTO TOKA, U TEOMETPUUECKOTo 00pasa
LETIH.

B oOmem ciyyae, uucanrens Koddduuuenta TtokopacnpenencHus Cj
dbopMupyeTCsl CIIOKEHUEM TPOU3BEJACHUN MPOBOJUMOCTEN BETBEH JE€pPEBHEB
rpada, coaepKalux MyTh OT y3ja (j) K 0a3ucHoMmy y3iy, uepe3 BeTBb (1). Ilpu
ATOM YHCIUTENb UMEET 3HAK ILII0C, €CJIU HAIPABJICHHE TOKA B IEPEBE COBIAIAIOT C
MIPUHATHIM TIOJIOKUTEJIbHBIM HAIpPaBJICHUEM TOKa B BETBHM 1, U HA00OOPOT, 3HAK
MUHYC, €CJIM 3TH HaNpaBJICHUS] HE COBIIAIAOT.
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Yucnurens kodpduumenta TtokopacnpeneneHus C;;, Kak BHJIHO U3
BbIpaxxeHus (9), GpopmupyeTcss CyMMON NpOU3BEICHUI BETBEH TpeX JEpPEBbLEB,
cCoJepKallMX IyTh OT MEpBOro y3ia K Oa3ucHOMY Yy3iy, 4epe3 BeTBb |1,
M300paKeHBI HA PUCYHKE 3.

Pucynok 3 - [lepeBss rpada uncourens Cy,

Yucmurenu kodhpdumuentoB Cy;, C;, C4 OMpenenstoTcs MPOU3BEICHUEM
IIPOBOJIMMOCTEN BETBEM TOJBKO OJHOrO JepeBa (PUCYHOK 4), TaK Kak JApyrue
JEPEBBS C 3aJaHHBIMU CBOMCTBAMH, HE CYILIECTBYIOT.

Ha pucynkax 3,4 yka3aHbl HamnpaBJIEHHs TOKa JIEPEBA M IOJOKHUTEIbHOE
HAIpPaBJIEHUE TOKA B BETBH, MO KOTOPHIM OMpPENEISAIOTCS 3HAKU K03()(PHUIIMEHTOB
TOKOpACHpPEIEICHUS.

Pucynox 4 - JlepeBo rpada uncnureneit C,;, Csy, Cyy

Takum 00pa3oM, HETPYTHO OMPEACIUTH BO3MOXKHBIC JEPEBbS HCXOIHOTO
rpada, dbopmupytomme YUCIUTENN OCTaJIbHBIX K03 UITUEHTOB
TOKOPACIPEICICHNSI, COOTBETCTBYIOIINE AHATUTUYECKUM BBIPAKEHUSIM MaTPHUIIBI
9).

Kak BUAHO W3 BBIIIEU3TIOKEHHOTO TOAXOAA, YTO [JIsl OINpeAeTCHUs
AJIEMEHTOB MaTpUIbl KOA()(OUIIMEHTOB pactpeieieHNus y3JI0BbIX TOKOB Ha OCHOBE
TOMOJIOTHM CXEMbl D3JIEKTPUUYECKOM CETH, JIOCTATOYHO 3HAHUE €€ CXEMbI C
napaMeTpamu €€ BETBEH.

AHanu3upys U3JI0KEHHBIA MaTepHUall, MOXKHO ONHUCATh METOAUKY ITOCTPOCHMUSI
matpull C cienyromum 00pa3om:

1. TloctpouTh HampaBIeHHbBIN Tpad CXEMBI.

2. OOo3HauWTh W  ONpENeTuTh  BEJIUYUHBI  pebpa  rpada ¢
COOTBETCTBYIOIIMMHU TPOBOJAUMOCTSIMHU BETBEH.

3. Kaxngpii cromben wmarpuubl € GopMupyeTcsi  CaMOCTOSITENBHO,

MOOHUCPCAHBIM ITPHUIIOKCHUCM CAMHUYIHOI'O BOBMYIIICHUS K BEPIIMHAM rpa(ba.
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4. OOmwmii 3HaMEHaTeNb YUCIUTENeH KO3P(PUUHUEHTOB pachpeneaeHus
Y3JIOBBIX TOKOB OIPEAEIsAeTCd CYMMOM IPOU3BENECHUN IPOBOAUMOCTEN BCEX
nepeBbeB rpada.

5. Jusa ompezeneHus A0JH €IUHUYHO TOKA MPUIIOKEHHOTO K-y Y3IIy B 1—OM
BETBHU, BBIOMPAETCS TaKUE JIEPEBbSI CPEAN BO3ZMOXKHBIX, KOTOPbIE COAEpKaIu Obl B
ceOe HampaBJIeHHbBIN Tpad 1—0i BETBU B ITyTH OT K—OW BEPIIMHBI K 6a3ucHoil. Ecnu
HaIPaBJICHHBIN Ipad) BETBU COBIMAJACT C HANpPaBJICHUEM €IUHUYHOTO TOKa B 3TON
BETBH, TO MPOU3BEJEHUE OEpeTcsi CO 3HAKOM ILIIOC, B MPOTUBHOM CIIy4ae — CO
3HAKOM MUHYC.

6. UYucnurenu  Ko3PPUUUMEHTOB  TOKOpAcHpeneneHus  (HOopMHUPYIOTCS
anreOpanyeckoi CyMMOM MIPOU3BEICHUN MPOBOJIUMOCTEN JIEPEBLEB,
OMpEJIEICHHBIX B COOTBETCTBUH C ITYHKTOM 5.
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KYPAEJI QJIEKTP KEJIICIHIH TYPAKTAJIFAH
PEKUMAEPIHIH TOITIOJIOTUAJIBIK AHAJIM3BIHBIH
TEOPUAJIBIK HEI'T3I

J.C. Axmet0OaeB, A.Jl. Axmet6aes, A.C. bepasiroxus, b.b. Mykatos

By sxymbIcTa cypakTap/IbIH KaJlllbl CUIIaTTaMachl kKoHE TYHIHAEp TeHaeyepi
OOWBIHIIIA DJIEKTP KEMICIHIH TYpPaKTAJIFaH PEKUMIIEPIH Typa aHAJIU3Ey ToCcUIIepi
OastHaIFaH.

TyiliH TOKTapbIHbIH Tapany Ko3()(QUIMEHTTepl apKbUIbl ©PHEKTEIETIH
TYHIHAEp TEHIEYJIeplH aiy YIIIH O3JeKTp Ti30eriHiy Oenrun TeHJIeylepiH
TYPJICHIIPETIH 9/IiCTEMEIIEP YChIHBLIFaH.
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DNEeKTp TOTBIHBIH Tapainy KO3()PUIMEHTTEPIH CTPYKTYpaChl KYpAEdl 3JIEKTP
KEJIICIHIH CXeMachblHa Coikec rpad aralTapbIHBIH TOIMOJOTHSUIBIK KaCHETTEpPiH
naiagaHFaH *KaHa TOMOJOTHSUIIBIK JIICTEME YChIHBLUIFaH.

TOPOLOGICAL METHOD OF ANALYSIS OF STATIONARY
MODES OF COMPLEX ELECTRICAL NETWORKS

D. Ahmetbayev, A. Ahmetbayev, A. Berdygozhin, B. Mukatov

This paper sets out general state of matter and direct analysis method of
stationary modes of electrical networks on the basis the nodal equations in the
form of voltage balance.

A transformation method of the known equations of electrical circuits is
proposed with the purpose of receiving the nodal equations of voltage balance as a
function of the distribution coefficients of the nodal currents.

A new method for the coefficients determining of current distribution based
on topological properties of the graph trees equivalent circuit of electrical networks
complex structure is proposed in this paper.
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ABTOMATUHKA, HHO®OPMAIIHOHHLIE
TEXHOJIOI'HH, TEJEKOMMYHUKAIIUHU H CBA3b

VJIK 681. 3

J.A. TpOKOBl, J1.B. Mamenko', M.IT. Cunes', K.T. CayaHOBa2

1 ~ ~
ITenzenckuit ['ocynapcTBeHHBINM Y HUBEPCUTET, I'.Ilen3a, PO
2 .
AJIMaTUHCKHUI YHUBEPCUTET SHEPTreTUKH U CBSI3H, . AMaThl, Kazaxcran

PEKYPCHUBHO-YIIPABJISEMBIE ABTOMATDI

Koneunvie oemepmunuposannvie asmomamol WUPOKO — UCHONL3VIOMCA  NpU
NPOEKMUPOBAHUU ANNAPAMHO20 U NPOSPAMMHO20 00OecneyeHus, 2pamMmamuieckKux
pacnosnasamenel U Co30aHUs CUcmem YnpasieHus.

B pabome npeonacaemcs mosas mamemamuveckas abcmpakyus, HA3EAHHAS
«Pekypcugsno-ynpaensaemvlii.  agmomamy, Komopas coyemaem 6 cebe NpoCmomy
KOHEeUHbIX dA8MOMAmMo8, HO JUWEHA HeOOCMAmMKO8, NPUCYWUX MamemMamudecKum
annapamam, UCnoIbL3yIWUM OMOENbHYI0 NAMAMb, MAKUM Kak Mmawuna Teropunea unu
agmomamsl ¢ MA2A3UHHOU NAMAMBIO U  NOKA3AHA BGO3MONCHOCHb NOCMPOEHUs OJisl
0601 3a0annol MawiuHvl TolopuHea 3KE6UBANEHMHO20 el pPeKYPCUBHO-YNPABIAeMO20
asemomama.

KuarwueBbie cjioBa: KOHEYHbIE aBTOMAThl, MamuHa TbropuHra, tesuc Yépua -
TrropuHra, peKypcus, yrnpasJslOlI1Me aBTOMAThl, YHUBEPCAIbHBIN BbIUNCIUTEND.

[loHaTHE pPEKYpPCUBHO-YIPABISEMbIM aBTOMAT TECHO CBS3aHO C MOHATHEM
ynpasisomui  apromar. [loaTroMy mpexiae, 4em NeperTH HENOCPEACTBEHHO K
PacCMOTPEHUIO PEKYPCHUBHO-YIPABIISIEMBIX aBTOMATOB Ba)XHO BCIOMHUTB, YTO
TAKO€ YMPABJSAIOMNANA aBTOMAT. Y PABJISIIOIINN aBTOMAT - 3TO KOHEYHBIA aBTOMaT,
BBIXOJIHBIC€ ~ CUTHAJbl  KOTOPOTO  SIBJISIFOTCSL  BXOJHBIMU  JJISI  JPYroro
(omepanrioHHoro) koHeyHoro aBromara [1]. OcHOBHas ujes, Jexaiias B OCHOBE
PEKYPCUBHO-YIIPABIISIEMbIX aBTOMATOB, 3aKJIOYAETCSd B MOCTPOCHUU OECKOHEYHO
JUIMHHOW IIEMOYKM B3aMMHO YIPABISIONIMX KOHEUYHBIX aBTOMATOB, CIOCOOHBIX
OKa3bIBaTh YMHPABJISIONIIME BO3IACHCTBHUS HA COCEIHUE aBTOMAThl B 1enovke. [Ipu
TOM TOJILKO TEpPBBIA aBTOMAT B IEMOYKE CIOCOOCH MOJydYaTh YIPaBJISIONINE
CUTHaJbl W3 BHEUIHEW Cpeabl M BBIIABaTh BBIXOJHBIE CUTHAJIBI BO BHELIHIOO
cpeny. CxemaTu4HO paboTa PEKYpPCHUBHO-YIPABISIEMOrO0 aBTOMAaTa MOXKET ObITh
npejCcTaBiieHa CIEeAYIOMNUM 00pa3oM (pUCyHOK 1):
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PeKprHBHO—praBHﬂeMLIﬁ aBTomMar

BxoagHble
cmrﬁanbl —Bbix. 1/ Bx. 2—p»| —Bbix. 2/ Bx. 3— 9>

BHewHaa KoHeu4HbIn KoHe4HbIn

cpepa aBTomar 1 aBTomart 2
BbixoaHble |

curHansl €—Bx. 1/ Bbix. 2——] €—Bx. 2/ BbIx. 3——

) 4

Pucynok 1 - Cxema paboThl peKypCHBHO-YNIPABISIEMOr0 aBTOMATA

N3 pucyHka 1 BUIHO, YTO PEKYpPCHUBHO-YIIPABIISIEMBIN aBTOMAT MPEICTABISAET
c000if 6eCKOHEUYHOE HYMEPOBAHHOE (HATypaJlbHBIMU YHCJIAMHU) MYJIBTUMHOKECTBO
KOHEYHBIX B3aMMHOYIPABISAIONIAX JI€TEPMUHUPOBAHHBIX aBTOMAToOB. M3 Hero
TaKXKe CJIEJyeT, YTO MHOKECTBO BXOJHBIX M BBIXOJIHBIX CUTHAJIOB (andaBuT) AJis
PEKYPCUBHO-YIIPABISIEMOIO aBTOMAaTa JOJKHBI COBHNAJATh, TaK KAaK BBIXOJHBIC
CUTHAJIBI KaXXJIOTO KOHEYHOTO aBTOMAaTa, M3 KOTOPBIX OH COCTOMT, SBJISIOTCA
OJTHOBPEMEHHO BXOJIHBIMHU IS COCEJHUX KOHEYHBIX aBTOMATOB M HAOOOPOT.
CnemyeT OTMETHTh, YTO KaX/Ibld BBIXOJHOM CHUTHaJI TIpU cpabaThIBAHUU
KOHEYHOTO aBTOMAaTa MOKET OBITh BBIJIaH TOJHKO OJJHOMY M3 COCETHUX KOHEUHBIX
aBTOMATOB (JIEBOMY WJIM MPABOMY COCEIY), MOATOMY 3Ta MHGOpMAIHs JOJKHA
OBITH OTIpe/IeieHa TIPU 3aIaHUH PEKYPCUBHO-YIIPABIIIEMOT0 aBTOMATA.

TakT pabOTHl PEKYPCUBHO-YMPABISIEMOIO0 aBTOMAaTa 3aKaHYMBAETCS, KOrJa
NepBbI KOHEYHBIM aBTOMAT BBIAACT BBIXOJHOM CUTHAJ JIEBOMY coceay (PHUCYHOK
1), TOo ecTh BO BHEIIHIOW cpey. OUeBUIHO, YTO YUCIIO CpabaThIBAHUNA KOHEUHBIX
ABTOMAaTOB, COCTAaBI/MIOIIUX PEKYPCUBHO-YIIPABISAEMBIM aBTOMAT, HE SBIISETCS
IIOCTOSIHHOM BEJIMYMHOW. boiiee TOro, TakT peKypCHUBHO-YIIPABISIEMOr0 aBTOMara
MOKET BOOOIIE HUKOTJA HE 3aKOHYUTHCSA. MOXKHO BBIIEIUTH JIBa CIy4asi TAKOTO
MOBEJACHUS:

1. BeckoHeuHbId HUKI. DTOT CilIy4yall BO3HHMKAET, KOTJIa MO>KHO BBIJCIHUTH
IMOJAMHOKECTBO KOHEYHBIX aBTOMATOB, BXOJAIINX B PEKYPCHUBHO-YIPABISECMbIN
aBTOMAT, KOTOPBIE BBI3BIBAIOT IPYT APYra MUKINUYECKH, ITUKINIECKA OECKOHEUHOE
YHUCJIO Pa3, TEM CaMbIM JIMIIAs] BO3MOKHOCTH PEKYPCUBHO-YIIPABJISEMbINA aBTOMAT
KOT/1a-TM00 BBIWTU U3 AAHHOTO IUKJIA. M3 3TOrO cleyer He0OX0auMoe yCIOBUE
3aBEpIICHUS TaKTa PabOThl PEKYPCHUBHO-YIIPABISIEMOTrO aBTOMaTa: COBOKYITHOCTh
BCEX IIOJAMHOXXECTB KOHEYHBIX aBTOMAaTOB, COCTAB/MIOLIUX PEKYpPCUBHO-
YIIPaBJISIEMbI aBTOMAT HE JIOJDKHA COAEPKAaTh TAKOE MOJMHOXKECTBO KOHEYHBIX
aBTOMATOB, KOTOPBIE BBI3BIBAIOT APYT ApYra IMUKINYECKH OECKOHEUHOE YUCIIO pas.

2. llpaBoCcTOpOHHEE ABWIKEHUE. DTOT Claydall BO3HUKAET, KOrJa mnepejaya
YVIOPABJISIIOIIMX CUTHAJIOB MAET NPEUMYILIECTBEHHO B IPABOM HaIPABICHUU
(pucyHOK 1), B TO BpeMsi Kak JJIsi KOPPEKTHOTO 3aBEPIICHUS] TaKTa PEKYPCUBHO-
yIpaBsieMOro aBToMaTa oO0Ilee KOJWYECTBO CUTHAJIOB B OOOUX HaIpaBJIECHHUSX
JIOJDKHO COBIACTh. B IIPOTMBHOM cCllyyae pPEKYPCHUBHO-YIIPABISIEMBIM aBTOMAT
OyneT 3aneicTBOBATH B TaKTe CBOEM pabOThl OECKOHEUHOE YMCIO KOHEYHBIX
aBTOMATOB, COCTABJSIIOLIMX €ro, 4TO MPUBEIECT K HEBO3MOYKHOCTH 3aBEPIICHUS
TakTa pabOThl PEKYpPCUBHO-YMpaBIsIeMOro aptomMara. I3 »Ttoro cremyer
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JIOCTATOYHOE YCJIOBUE 3aBEpUICHUSI TakTa padOThl PEKYpPCHUBHO-YNPABISIEMOIO
aBToMara: o0Ilee KOJIMYECTBO YIPABISIIOIIUX CUTHAJIOB KOHEUHBIX aBTOMATOB,
COCTaBJISIFOLUX PEKYPCUBHO-YIIPABIISIEMbI aBTOMAT, BKJIFOUasi CUTHAJIbI BHEIIHEN
cpelbl, B 000MX HAaIpaBJIEHUSX JOJIKHO COBMAIATh.

O0a mpenCTaBICHHBIX BBIIIE Ciydas CBHJIETEIbCTBYIOT 00 OIIHOKax,
JOMYLIEHHBIX IPU MPOEKTUPOBAHUU PEKYPCHUBHO-YIPABISIEMOr0 aBTOMaTa, W
SIBJISIFOT COOOM M3BECTHYIO MPOOJIEMY OCTAHOBKH.

PaccMoTpyM  BO3MOXHBIM CcHOCOO  3ajjaHUsi  PEKYPCUBHO-YIIPABIISEMOIO
aBromara. Kak ObUIO cCKa3aHO paHee, peKypCHUBHBIA aBTOMAT MPEJCTaBIsET cO00M
MHO>KECTBO OJMHAKOBBIX KOHEUHBIX JETEPMUHUPOBAHHBIX ABTOMATOB, Y KOTOPBIX
COBMNAJAIOT BXOAHOM M BBIXOJIHOM andaButel. biaronaps ToMmy, 4To BCE€ aBTOMATHI
OJIMHAKOBBI, OHM MOTYT OBbITh 3aJlaHbl OJHUM KOHEYHbIM aBTOMaToM [2]. Kpome
TOTO JJIsI TAKOTO KOHEYHOrO0 aBTOMATa JIOJDKHO OBITH ONpPENENIEHO HalpaBIICHHUE
BBIJ]JaYM BBIXOJIHOTO CUTHajla (JIEBOMY WM HpaBomy coceny) [3]. B 3aBucumocTtu
or tuma asTtomara (Mwmimm wnum Mypa) HampaBi€HUE BBIXOAHOIO CHUTHAJA
omnpenenseT INpeauKaT OT COCTOsAHMS aBromara (il aBromata Mypa) wim
IPEIUKAT OT COCTOSIHUSA M BXOJHOTO CUrHasa (ms apromata Mwim). MctuHHOE
3HAYEHHE IPEAMKaTa YKa3blBa€T Ha IPABOCTOPOHHIOIO IIE€pPENady BBIXOJIHOIO
CUTHAJIA, a JIO’)KHOE 3HAYEHHUE - HA JIEBOCTOPOHHIOI COOTBETCTBEHHO. HauanbHOE
COCTOSSHUE  PEKYpPCHUBHO-YNPAaBIsEMOr0  aBTOMAaTa, MpPEJICTaBIseT  coOoM
OECKOHEYHOE HYMEpPOBAHHOE MYJIbTUMHOKECTBO COCTOSIHUN Ka)JOTr0 KOHEYHOTO
aBTOMAaTa, COCTABJISIIOIIETO PEKYPCUBHO-YIIPABISIEMBIN aBTOMAT, KOTOPOE yAOOHEH
BCEero 3a7aTh (QYHKUMEW, BO3BpAILAIONIEd HayalbHOE COCTOSIHUE KaxKIoro
KOHEYHOr0 aBTOMAara OT €ro HoMepa.

C yuyeroM BbIIIECKa3aHHOTO (POPMAIBHO PEKYPCUBHO-YIPABISIEMbIA aBTOMAT
Mypa MoxeT ObITh Ipe/ICTaBlIeH caeayomum koprexem (S, A, F,Y,P,N), roe

— S - KOHEYHOE HEMYCTO€ MHOKECTBO COCTOSIHMII KOHEYHOrO0 aBTOMATa,
COCTABJISIFOLUX PEKYPCUBHO-YIIPABIISEMBbII aBTOMAT.

— A - KOHEYHOE HENyCTOE MHOKECTBO BXOJHBIX U BBIXOJAHBIX CUMBOJIOB

— F(s;, a) - Gynxknus mepexoma, KOHEYHOIO aBTOMATa, COCTABIISAIOINAS
PEKYPCUBHO-YIIPABIs€EMbIil aBTOMAaT, BO3Bpallaronias CIEAYIOIIEe COCTOSHUE
KOHEYHOI'O aBTOMAaTa B 3aBUCHUMOCTH OT TEKYILErO COCTOSIHHA S, €S M BXOIHOIO

CUTHANIA a, € A.

— Y(s;) - &yHKUMS BBIXOJOB, KOHEYHOTO aBTOMAaTa, COCTABJISIFOIIUX
PEKYpPCUBHO-YIIpaBIsieMbIii  aBTOMAT, BO3Bpallaroniasi BBIXOJHOW CHUTHal B
3aBUCHUMOCTH OT TEKYILIEr0 COCTOSHUA s, € S .

— P(s;) - npenukaT, ONpEAENSIOUIMI HalmpaBJeHHE BBIXOAHOTO CHUTHAJa
KOHEYHOI'0 aBTOMAaTa, COCTABIIIOLIETO PEKYPCUBHO-YIPABISEMbIA aBTOMAT, B
3aBUCUMOCTH OT TEKYILEro COCTOsAHUA s, €.S. McTUHHOE 3HAYE€HHE INpeauKara
YKa3bIBa€T Ha IPABOCTOPOHHIOK MEPENady BBIXOAHOTO CHUTHAJIA, a JOKHOE
3HAYEHUE - HA JIEBOCTOPOHHIOIO COOTBETCTBEHHO.
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— N(k) - ¢yukus, Bo3Bpamawmomias g k-r0O KOHEYHOTO aBTOMATa,
COCTABJIAIOUIETO PEKYPCUBHO-YIIPABIIIEMbIN aBTOMAT, €0 HAYaJIbHOE COCTOSTHUE.

[lepBble yeThIpe PEMEHTa KOPTEKAa HE BBI3BIBAIOT BOMPOCOB, TaK KaK OHU
3a/1aI0T OOBIYHBIA KOHEYHBIH JETEPMUHUPOBAHHBIM aBTOMAT Mypa, y KOTOPOTO
BXOJHOM M BBIXOJHOW angaBUTBl COBMAAarOT. IIATBI dJIEMEHT KapTexka -
npeaukatr P(s;) moxoxx Ha (GYHKIUIO BBIXOJ0B Y(s;). B To Bpems kak paHHas
byHKUIMS (DAKTUUECKU CBS3BIBACT C KaXKIbIM COCTOSIHHEM KOHEYHOI'O aBToMaTa
BBIXOJTHOM CHUMBOJ, Npenukar P(s;) ompenenser HampaBlieHWE BBIJIAYM STOTO
BBIXOJIHOTO  CHMBoOJIa. ['paduueckd  KOHEUYHBIM  aBTOMAT  PEKYPCUBHO-
ympasisieMoro aBromara Mypa 3amaeTrcss rpad)oM CXOXUM C TpadoM OOBIYHOTO
KOHEYHOro aBTomMata Mypa, ¢ TeM JOMOJHEHUEM, YTO KaXJ0€ COCTOSIHUE
MOMEYAETCS HE TOJBKO MPUCYIIUM €MY BBIXOJHBIM CUTHAJIOM, HO U HAMPABJICHUEM
sToro curHana (0 u 1 - COOTBETCTBEHHO 3HaUEHUs npeaukaTa P(s;)).

Ha pucynke 2 mpeacTtaBiieH ONpuUMeEp KOHEUHOrO aBTOMATa PEKYPCHUBHO-
yIpaBJISIEMOTO aBTOMaTa, KOTOPBIM MojenupyeT paboTy cuerumka. Bmecre ¢
dbyHKIIMENW HavYambHOTO coctosiHus N(k) mnpencraBieHHbBId Tpad 3amaer
COOTBETCTBYIOIIUN PEKYPCUBHO-YIIPABIIIEMbIA aBTOMAT.

[Ipn BXOIOM CHUTHaJl€ a; CYETYMK MHKPEMEHTHUPYET CBOE 3HAUEHUE, A INPHU
BXOJIOM CUTHAaJIe a, OOHYJSIET ero. 3HaUeHUE CUETUYMKa PABHO YUCIY HA €IUHHUILY
MEHBIIIEMY, YE€M HOMEp IIEPBOrO KOHEYHOIO AaBTOMATa, COCTABIIAIOLIETO
PEKYpCHUBHO-YIIPABIISIEMbII aBTOMAT, HAXOJAIIETOCS B COCTOSIHUU S;, @ HE S;. 10
€CTh Ha4aJIbHOE 3HAYEHUE CYETUMKA PaBHOE, K PUMEPY, MATH MOXKET ObITh 33J1aHO

s,, k<5
cinenyromen pynkiuen N(k)= ? rss | B pesynbrate mnosryyaem MOJEIb
S,k >

HCOI'PaHNYCHHOI'O CUCTUYHMKA.

al/1

Pucynok 2 - [Ipumep KOHEUHOTO aBTOMATa PEKYPCUBHO-YIIPABIISIEMOTO
aBToMara

[IpencraBieHHbIN BBIIE IPUMEDP CBUIETEIBCTBYET O TOM, YTO ONMCATEIIbHbBIE
BO3MOXXHOCTH PEKYPCUBHO-YIIPABISEMbIX aBTOMATOB BBIXOIAT 32 MPEAEIbI
OOBIYHBIX KOHEYHBIX AaBTOMATOB, KOTOpHIE HE O00JIalal0T HEOrPaHUYEHHOU
namaTbio. [lonpoOyeM OIEHUTh 3TH BO3MOXKHOCTH, JIJISI ITOTO TMOKAXKEM, KakK C
VICIIOJIb30BAHUEM PEKYPCUBHO-YIIPABJISEMBIX ~ ABTOMAaTOB  MOXHO  331aTh
IIPOM3BOJIbHYIO MallIMHY ThIOpUHTA.

Jlnst  ymeHblieHuss — omucaHus — OyJeM  HCIOJb30BaThb  PEKYPCHBHO-
yopaBisieMblidi  aBToMar Mwi, y Hero (QyHKIUS BbIXOAa U IpeauKar,
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ONPENESAIOIMN HAlpPaBJICHUE BBIXOJHOTO CHUTHaNA, 3aBUCUT OT COCTOSIHMS
aBTOMaTa M BBIXOJHOTO CHUTHala, YTO IO3BOJSET CTPOUTH 00Jie€ KOMIAKTHBIE
MOJIEIIH.

JIrobast wmammHa TeIOpUHTa BKJIIOYAE€T JBa OCHOBHBIX KOMIIOHEHTA:
OECKOHEUHYIO JICHTY W YIPAaBISAIONIEe YCTPOMCTBO (TOJOBKA uTeHUs-3anmucu) [4].
VYmpasnstoiiee yCTpONUCTBO TPECTaBIsAeT COOONW KOHEYHBIM aBTOMAT, MOATOMY
npobJieM C ero peajan3alueil ¢ MOMOIIbIO PEKYPCHUBHO-YIIPABIISIEMbIX aBTOMAaTOB
HE BO3HUKAET. beckoHeuHas JeHTa COCTOUT U3 SYeeK, Kaxaas U3 KOTOPBIX MOKET
XpaHUTh OJIMH CUMBOJ KOHEUHOTo andasuta [5]. Takum oOpa3zom, Kaxaas suenka
MOKET ObITh MPECTABIEHA KOHEUHBIM aBTOMATOM, YHUCIIO BO3MOKHBIX COCTOSIHUN
KOTOPOTO OMpPEIENSIETCS YHUCIOM CHMBOJIOB JAHHOTO KOHEYHOro andaBura [6].
Tekymiee cOCTOSIHME TaKoro apToMara OyAeT ONpelnessiTh CUMBOJ, KOTOPBIM
3amucaH B SYEHKY B JIaHHBIH MOMEHT, a TaKke (DaKT HaJIW4usl TOJIOBKM YTEHUS-
3amucy  HajJ JaHHOW siyedkoi [7]. HawanpHOe COCTOSIHME PEKYypCHBHO-
YHOPABJIIEMOr0 aBTOMAaTa OIPENEIII€T CUMBOJIBI, 3allICAHHBIE HA JIEHTE, a TaKKe
HAa4YaJIbHOE COCTOSIHUE YIIPABISIOIIETO YCTPOMCTBA U MOJIOXKEHUE TOJIOBKH YTECHHUS-
3anucu. Ha BXOJ peKypCHBHO-yIpaBiIsieMblil aBTOMAT PUHUMAET CUTHAN start, a
10 3aBEpUICHUIO PpabOThl BbIIAET cUrHal stop. KoHeuHoe cocTosiHME PeKypCUBHO-
yIpaBIsIeMOr0 aBTOMaTa OIpeNessieT pe3ysbTaT paboThl MallMHBl ThIOpUHTA.
Taxum 06pa3zoM, MPOU3BOJIBHAS MPOTrpaMMa MalIUHbl ThIOpUHTa OTpadaThIBAET 3a
OIMH TakKT pEKypCHUBHO-yIpaBisieMoro asrtomata. C y4eTOM CKa3aHHOTO,
CXeMaTU4YHO MamuHa ThIOpUHra MOXKET OBITh MPEACTaBICHA CIEAYIOLUM
PEKYPCUBHO-YIIPABJIsiEMbIM aBTOMATOM (PUCYHOK 3):

start

Ynpasnsouiee

stop yerpoiicteo | Avenika 1 Avernika 2
-

Pucynok 3 - Cxema pekypCUBHO-YIIPaBIsIEMOTO aBTOMATa, PEaIU3yIOLIErO
MamHy TrropuHra

[IpuBeneHHas Ha pUCYHKE 3 cXeMa PEKYpPCHBHO-YIIPABISIEMOIO aBTOMAaTa HE
MOKET OBITh peann30BaHa B NPEICTABICHHOM BHJAE MO JBYM NpuyuHaMm. Bo-
MEPBbIX, KOHEUHBIN aBTOMAT, peaM3yIONIUN yIpaBIsoIee yCTPOUCTBO, OyaeT
OTJINYATBCS OT ABTOMATA, PEAJMU3YIOIIETO SYEHKY JIEHThl. BoO-BTOpBIX, Takas
MamuHa TeropuHra OyseT UMeTh M0JIyOECKOHEUHYIO JIEHTY, TO €CTh OECKOHEUHYIO
TOJIBKO B OJTHY CTOPOHY.

[lepBas mpoOrnema Jerko peuiaercs, €ciii B OJHOM KOHEYHOM aBTOMAaTe
peann3oBaTh cpazy oOa (aBTOMAaT yHpaBJISIOIIEIO YCTPOMCTBA U SIMEWKH JIEHTHI).
[Tockonbky rpadbl IEpexo 0B yKa3aHHBIX aBTOMAaTOB HE CBSI3aHbl, TO HA4YaJIbHOE
COCTOSIHUE OOBEIMHEHHOI'O aBTOMATa OJHO3HAYHO ONpENENseT, KaKod aBTOMaT
¢dakTryecku OyneT ucmoib3oBaH. BTopas mpoGiema MokeT ObITh pellieHa, eciu
aBTOMAT, pEATU3YIOIUNA SYEHKY JICHThI, OyJIeT peaJin30BbIBATh HE OJIHY, a Cpa3y
JBE SYEUMKU: i-y10 U (-1-i)-yt0. Bynem Ha3bIBaTh Jajiee TakOW aBTOMAT '"JBOMHAas
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sueika", a JIBe sSYEWKH, COCTABJISIIONIME €€ TMOJOXKHUTENIbHAsA U OTpUIlaTeIbHas
COOTBETCTBEHHO.

MoaudurnupoBaHHasi cxemMa PEKypCHBHO-YIIPABISEMOTO aBToMmaTa Oyjaer
MMETh CJIEAYIOIINI BUJ (PUCYHOK 4):

KoHeuHbIh aBTOMaT 1 KoHeuHbIh aBTOMaAT 2 KoHeuHbIlh aBTOMaT 3

start Ynpasnswouiee Ynpasnswuwiee Ynpasnswouiee
YCTPOWCTBO »| YCTPOMCTBO > YCTPOWCTBO —>

stop

-« < u = < - -
BOUWHaA AYEUK: BOMHAaA A4eunka

= OeoiiHa elika <
[soiinas aueiika Aqeiika 0

Pucynok 4 - MoauduiupoBaHHas cxema peKypCUBHO-YIIPaBIsSIEMOT0
aBTOMAaTa, peaJu3yolero MamuHy ThroprHra

Ceppim  mBeToM  (pUCYHOK  4)  BBIACICHBI  4YacTd,  (HAKTHIECKU
HEHUCITIOJIb3yeMble, HO HEOOXOAMMBIC ISl COXPAHEHUS! PETYISIPHOCTU CTPYKTYPHI
KOHEYHBIX aBTOMATOB, COCTABJISIOIIMX PEKYPCHUBHO-YIIPABIISIEMbI aBTOMAT.

Onuiiem mpoiiecc pabOThl JAHHOTO PEKYPCHBHO-YMPABISIEMOIO aBTOMATA.
JInss 3TOro paccMOTpUM KOHEUYHBIE aBTOMATHI, PEATU3YIOIIUE YIPABIISAIOLIEE
YCTPOMCTBO W JBOWHYIO sueliky. B camom Hauane paboThl KOHEUYHBIH aBTOMaT,
peanu3yronMi yIpaBIsIIOIIee yCTPOWCTBO NMPUHUMAET HA BXOJ CUTHAl start, B
pe3ysbTaTe OH BIPABO BBIAAET CUTHAI gef, KOTOPBIM IIOCTYIIAET Ha BXOJ JBOWHOMN
A4elku. J[BolHas sueiika, MPUHUMAsI CUTHAJNl gef, IPOBEPSET HE HAXOAMUTCS JIU
rOJIOBKA YTEHUS-3allUCHU HAJ| HeW (OJHOM U3 JBYX €€ S4YeeK) M €Clid ATO He TakK
nepesaeT ero Jajee BOpaBo. B MpOTHMBHOM cilydyae ABOMHAs s4Y€iiKa NEpenacT B
JIEBOM HAIPABIICHUU CUTHAII @;, KOTOPBIU SIBJISIETCSI CHMBOJIOM, 3aIIMCAHHBIM B TOMN
SYEUKe, HaJ KOTOPOW HAXOJWUTCS TOJOBKA YTEHUsA-3anuch. JIBoWHas suenka,
MPUHUMAsl CUTHAJI «;, TEPEAAeT €ro B JIEBOM HAIPABJICHUU. Y IPABIISIOIICE
YCTPOMCTBO, IPUHUMASI CUTHAN &;, IEPEXOIUT B HOBOE COCTOSIHUE B COOTBETCTBUHU
¢ Tabnuiell mepexo 0B MalivHbl ThIOPUHTA U BBIIAET BJIEBO CUTHAN Sfop, €Cld
COCTOSIHME SIBJISIETCSI TEPMUHAIBHBIM WJIM K€ BIOPABO CHUTHAIT dpX, KOTOPBIN
YKa3bIBA€T, KAaKOM HOBBIH CUMBOJ HYXHO 3alucaTh B SUEHKY U KakKuM 0OpazoM
IIEPEMECTUTH T'OJIOBKY UTE€HUs-3amucu. [Ipu 3Tom X MOXKET NMpUHUMATH OJHO U3
TPEX 3HAYEHUM:

— L - nepeMecTuTh rojJ0BKY YTEHU-3aIICH BIIEBO;

— R - mepemecTuTh rosioBKy YT€HUS-3AIIUCHU BIIPABO;

— N - 0CTaBUTh rOJIOBKY UT€HUS-3AMKNCU HE MECTE.

JIBoliHast syeilika, NMpUHUMAs CHUTHAI @ X, TPOBEPSECT, HE HAXOAUTCS JIA
rOJIOBKA UTCHUSI-3AIIUCU HAJ HEH, U €CJIM 3TO HE TakK, IEPEAAEcT €ro Jajaee BIPABO.
B npotuBHOM ciydae MmepexoJUT B HOBOE COCTOSIHUE, COOTBETCTBYIOLIEE 3AIUCH
CHMBOJIA a; B HEE, IIPU 3TOM €CJIM X#N, TO MPU3HAK HAXOXKJICHUS TOJIOBKH YTECHUS
3amucH Haj Hell cOpachiBaeTcsa. B 3aBUCMMOCTH OT 3HaYeHUsI X BXOJHOTO CUTHAJIA
U TOro, HaJl Kakol sYeHKOM (TIOJIOKUTEIbHON WIM OTPULIATEILHON) HAXOAUTCS
rOJIOBKA, BO3MOHBI 5 BApUAHTOB:
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1. B paBoWHOM sAYeHWKEe TOJOBKAa UYTEHHUS-3aIMCU HAXOJUTCSI  Haxg
HOJIOKUTENBbHOM stuelikoi u X=L: BieBo OyneT BblaH CUTHAT setP.

2. B 1BoWiHOM sgYelKe TOJIOBKA 4YTEHHUI-3alIMCH HAXOJUTCS  HaJ
MOJIOKUTENBHOM siuelikoi 1 X=R: BrpaBo OyaeT BblgaH curHai setpP.

3. B 1BoWHOM sYeillke TOJOBKA 4YTEHHUA-3allMCU HAXOJUTCS  HaJ
OTpHULIATETLHOM stueiikoit u X=L: BmpaBo OyjeT BbIJaH CUTHAI setN.

4. B nBOoWHOM sS4YEeWKEe TOJIOBKA YTEHHUS-3AIIMCU HAXOOUTCSI  Hal
oTpuIaTeabHON stueiikoil 1 X=R: BieBo OyneT BbIIaH CUTHAI setN.

5. X=N: BieBo OyJeT BbIJJaH CUTHAJ @y, 3alIMCAaHHBIN B SUCHKY.

JIBoMiHast s4erKa, TPUHUMAs CUTHAI sefP, yCTaHaBIMBAEeT IIPU3HAK
HAaXOXKJEHUS TOJOBKHA UTEHHUS-3AMMCHA HAJ IOJIOKUTEIIBHOM SYEUKOW U BIIEBO
BBIIACT CHUTHAI  @;, KOTOPBIA SBJISIETCS CHUMBOJIOM, 3allMCAaHHBIM B 3TOWU
IIOJIOKUTENIbHOU — siuelike. Ilpu mnpueme curHama setN JBOMHAs — s4erka
YCTAHABIIMBACT  MPHU3HAK  HAXOXKJICHUS  TOJOBKM  YTCHHS-3AlIMCH  HAaJ
OTPULIATEJILHOM SYEMKOM W BJIEBO BBIAACT CUTHAI  d;, KOTOPBIM SBIISIETCA
CMMBOJIOM, 3allMCAHHBIM B OJTOW OTPULATEIBHOW SYEHKE. YIIPaBISIOLIEE
YCTPOWCTBO, IPUHUMAs CUTHAJN SetP, BbIIaeT BIPaBO CUTHAN sefN, a Ipu Npueme
curHana setN - cur”Han setP. BO3MOXXHBIE CHUTHAJIBI JUIA  YIPABIAIOLIETO
YCTPOWCTBA M JBOWHOW SYEMKH, a TAKXKE HAIPABICHUS WX IIPUEMA WM BbLAAYU
IIPEACTABIICHBI HA PUCYHKE 5.

arX a, X ar X
get get get
setP setP setP
rt
sta setN setN setN
YnpaensaoLwiee OesoviHasa
YCTpOMCTBO Aayenka
- - - f-—————————

a; a; a;

stop setP setP setP
setN setN setN

Pucynok 5 - Bo3MOXHBIE CUTHABI 711 yIIPABJISAIOIIETO YCTPOUCTBA U
JNBOWHOW YEUKN

Paccmotpum  kOHeuHBIM aBTOMAaT MwuiM, peanu3yroUMid YIPaBISIONIEe
YCTPOMCTBO OOIIETr0 BHUJIAa M HMMEIOIIMKM I KaXKJIOro Iepexojia HampaBlCHHUE
BbIJIAUM YIIPABJISIONIETO CHUTHANA, KOTOPBIA (pparMEeHTapHO MPE/ICTABIICH HIKE
(pucyHOK 6):

setN / setP / 1 start / get /1

start / get /1 setN/setP /1

ai/akX/1

Sm
setP / setN /1
setP / setN /1

ai/ stop /0

Pucynoxk 6 - ®parMeHT TUIIOBOTO aBTOMATAa YIPABJISIOUIETO YCTPOMCTBA
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[IpencraBneHHblii Ha puUCyHKE 6 (parMeHT aBTOMaTa YHpPaBISIOLIETO
YCTPONCTBA UMEET 2 OOBIYHBIX COCTOSHUSA S, U Sy, a TAKKE OJHO TEPMHUHAIHHOE
S;. IloBemenue aBTOMAaTra COOTBETCTBYET TpeOyeMOMYy TOBEICHUIO aBTOMaTa
YIPAaBISIIOIIETO YCTPOWCTBA, OMNMCAHHOMY BBIIIE, A BXOAHBIE W BBIXOJIHBIC
CHUTHAJIBI COBNIAJAIOT C PUCYHKOM 3.

ABTOMAT YHpPaBISAIONIETO YCTPOHCTBAa (PUCYHOK 6) JOCTATOYHO MHPOCT, TAK
KaK IPAKTUYECKHM TMOJIHOCTBIO COBHAJACT C YOPABISIIOIIMM  YCTPOWCTBOM
COOTBETCTBYIOILIIEN MAIIMHbI THIOPUHIAa, HE CUYUTAA HEKOTOPBIX OIOJHEHUM,
HEOOXOJMMBIX ISl aJI€KBATHOTO B3aMMOJCHCTBUSI C IIEMOYKON JIBOMHBIX SYEEK.
[Ipr 3TOM 4YMCIO COCTOSIHUM YIPaBIAIOLIEr0 YCTPOMCTBA MalllMHbI ThIOpUHIA U
YIIPABJISIIOIIETO YCTpPOMCTBA PEKYpPCUBHO-YTIPABIISIEMOTO aBTOMaTa,
ONMCBHIBAIOIIETO  JAHHYK  MalluMHy, coBmagaroT. KoOHeEUHbId  aBTOMAT,
OTUCHIBAIOIINI pabOTy ABOMHOMN sSUEHKHM, UMEET 00Jiee CIOXKHYIO CTPYKTYpYy IO
CJIEYIOIIUM IMPUYNHAM:

— COCTOSIHME aBTOMAaTa JIOJDKHO XPAaHHUTh Cpa3y JBa CUMBOJIA, 3AIIMCAHHBIX B
MOJIOKUTEIIBHYIO U OTPULIATENBHYIO STYEHKU,

— IIOMHMO XPaHEHUsI CUMBOJIOB, aBTOMAT JOJDKEH COXPAHSThH MOJIOKECHUE
TOJIOBKHM YTEHUS-3aIMCH, a TOUHEE (PaKT HAXOXKICHUS WIIM HE HAXOXKJICHUS €€ HaJl
AYEUKaMH, KOTOPBIE OH OINKCHIBAET.

[To mepeyucieHHBIM MPUYMHAM, a TaKXKE€ B CBA3M C TEM, YTO aBTOMAT
ABJISICTCS JETEPMUHUPOBAHHBIM, KaXJ0€ COCTOSHUE aBTOMAaTa JOJHKHO SIBIISITHCS
CYTEpIIO3UIIHEH Tpex 00s1ee MEJIKUX JOMYCTUMBIX TIOJIMHOKECTB COCTOSIHUM

1. a, - cocTosiHME TNOJOXHUTEIBHON SYEHKH, NOKA3bIBAIOLIEE KAKOW CHUMBOJI
3aIlMCaH B HEE;

2.a, - COCTOSIHAE OTPHUILIATEIBbHOW SYEHKH, MOKA3BIBAIOIIECE KAKOW CHMBOJ
3aIlMCaH B HEE;

3.Z - COCTOSHME TOJIOBKH, KOTOPO€ MOXKET INPUHUMATh OJHO M3 TpeEX
3HAYEHUM:

— P - rosioBka yTeHMsA-3aIMCH HAXOIUTCS HAJ TTOJIOKUTEIIBHON AYEHKOM;

— N - roJioBka YTEHUS-3aIIMCH HAXOJAUTCS HaJl OTPULIATEIIbHON STYEUKOU;

— E - ronoBka 4TEHHUS-3alMCA HE HAXOAWTCS HU HAJ MOJIOKUTEIbHOW, HU
HaJl OTPULIATEIBLHON STYEHKOM.

[Ipr >TOM KakI0€ COCTOSIHUE IETEPMUHUPOBAHHOTO KOHEYHOI'O aBTOMATa
Mwuiy, OnuchIBalOLIEE JBOMHYIO SYEHKY, MOMHO MpPENCTaBUTh Kak a,a,”Z,
COOTBETCTBEHHO YHCIIO TaKUX COCTOSIHHM OyJeT paBHO YTPOCHHOMY KBaApary
MOIIIHOCTH MHO>KECTBA, 33Jat0Iero aipaBUT MalTuHbl ThIOpHUHTA:

N,.=3*N3, e
Npc - YACIIO COCTOSIHUM TBOWHOM STUEHKH,
N4 - MOIIIHOCTh MHOKECTBA, 33JaI0IIET0 an(aBuT MalIMHbl ThIOpUHTA.
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akN/ axN/ O

agl/ akl/ O

get/get/ 1

a/a /0
setN/a,/0

setP/a,/0
get/a,/0

akl /setP /0 akl / setN / 1

aiN/ax/0 aiN/ax/0

Pucynok 7 - ®parMeHT TUIIOBOTO aBTOMATA IBOMHOW STYENKHU

Ha pucynke 7 ¢parMeHTapHO TpEACTaBICH KOHEUHBIM aBToMar Muuw,
peau3yIonuil  TBOWHYIO SYEHKy OOIero BUJAa W WMEIOMUN IS Ka)JI0TO
nepexoaa HamnpaBJICHWE BBIJAYM YIPABISAIOMIET0 cUTHana. JlaHHBIA (QparMeHT
MOKA3bIBACT TIOBEIACHUE JBOMHON SAYEWKM [JI1 BCEX BO3MOYKHBIX BXOIHBIX
curHanoB. HauanpHOE cOCTOSIHME aBTOMAaTa 3aJa€T CUMBOJIbI, KOTOPHIEC 3aIIMCaHbI
B SYCHKHU (MOJIOKUTENBbHYIO M OTPUIATENIbHYIO), a Takke (aKT HaJIUuMs WM
OTCYTCTBUS TOJIOBKM YTEHHUA-3AIUCH HAJl COOTBETCTBYIOUIEH SYEHKOW. 31ech
BA)KHO OTMETUTh, 4YTO M3 BCEX JBOHHBIX SAYEEK PEKYPCHUBHO-YMNPABISIEMOIO
aBTOMaTa TOJBKO OJIHA MOKET HAXOJMTHCS B COCTOSIHUHU, YKa3bIBalOIIEeM (axT
HaJIM4us FOJIOBKY YTEHUS-3AIIMCH HAJl €€ TYEUKOM.

Hcnonb3ys TunoBbie (hparMeHThl KOHEUHBIX aBTOMATOB, MIPEICTABICHHBIX Ha
pucynkax 6 u 7, a TaKKe CXEMy pPEKypCHBHO-YIPaBISIEMOTO aBTOMATa,
peanuzyroniero MammHy TeropuHra (pUCyHOK 4) MOXKHO IOCTPOUTH PEKYPCUBHO-
yOpaBJIEMbId aBTOMAT JUIsl JI0OOM 3adaHHOW MamuHbl ThiopuHra. 9TO
JIOKa3bIBACT, UYTO KJIACC PEKYPCHBHO-YNPABISIEMBIX aBTOMATOB SABJISETCS IOJHBIM
1o TreropuHry.

[IpeacraBienHslii B paboTe Kiacc PEKYPCHUBHO-YIPABISIEMBIX aBTOMATOB
ABJISIETCSA COBMEUIEHUEM TEOPUHM KOHEUHBIX aBTOMATOB U MOAXO0J0B K ITOCTPOCHUIO
cucteM yrpasiieHus. J[aHHBIA Kjacc Mojeneil 0a3upyeTcsi Ha TEOpUM KOHEUHBIX
aBTOMAaTOB, a MOTOMY COYETaeT B ce0e HUX MPEUMYIECTBa, TAKUE KaK BBICOKAs
CTEINEHb U3YYEHHOCTH U IIMPOKask paclpOCTPAHEHHOCTb JJISl IOCTPOECHUSI MOAENEN
OpOrpaMMHOrO M amnmapatHoro ooecrnedenus. Ilpu 3ToM  peKypCHUBHO-
yIpaBJsieMbl€ aBTOMAThl JIMIIECHBI IJIABHOI'O HENOCTAaTKa KOHEUYHBIX aBTOMATOB -
OTPaHUYEHHOr0 (PKECTKO  3aJaHHOT0) YHMCJIa COCTOSHUM, a 3HAa4YuT U
OTPaHUYEHHOTO 00beMa MaMsITH, JOCTYITHONH MOJIEIH.
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PEKYPCHUBTI BACKAPBIJIATBIH ABTOMATTAP

J.A. TpOKOBl, J1.B. HameHKol, ML.IIL. Cures', K.T. CayaHOBa2

1 .
ITenza Memiiekertik YHuBepcurter, [lensa k., PO
2 . )
AJMaThl 3HEpPreTHKa KoHe OailJIaHbIC YHUBEPCUTETI, AJIMaTHI K., Kazaxcran

Tynki JgeTepMUHACITEH aBTOMATTAp AamnmapaTrThlK >KOHE IPOrpaMMalIbIK
KaMTaMachl3 €TyJl ’ko0ajayjaa, rpaMMaTHUKAIBIK aJIrOpUTMIEPAl kKoHE Oackapy
KyHenepai Kypyaa KeH KOJTaHbIT KaThIp.

Tynki aBTOMATTapAbIH KapanaWbIMAbUIBIFBIHA W€ 00Jia OTHIPHIT ThIOPUHT
MaIIMHAChl HEMECE Mara3MHJIbl JKaJlbl CHUSKTHI JKEKE >KaJbIHbl KOJJIaHATHIH
MaTEMaTUKAJIBIK  anmaparrapAblH  KEeMIIUTIKTEpIHEH  allbIppUIFaH  JKaHa
MaTEeMaTUKAJIBIK aO0CTPaKIUsl YCHIHBUIALI *KoHE OepiireH ke3 KeiareH ThIOTHHT
MaIIMHAChl YIIIH JBUBAJEHTTI PEKYpCUBTI OacKapbUIaThbiH aBTOMATTHI KYpY
MYMKIHJIIT1 KOPCETUITEH.
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RECURSIVE STATE MACHINES

D.A. Trokoz', D.V.Pashhenko', M.P.Sinev', K.T.Sauanova®

'Penza State University, Penza
?Almaty University of Power Engineering and Telecommunications, Almaty

Finite-state machines are widely used in software and hardware engineering
also for designing grammatical recognizers and creating management systems.

The article is about new mathematical abstraction called recursive state
machine, which includes in itself simpleness of the final-state machines, but
without flaws like it is in mathematical apparatuses with separate memory such as
Turing machine or pushdown automatons also the article gives a detailed analysis
of opportunity on designing recursive state machine equal for any kind of Turing
machine.
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1 . .
JATOO «HcTUTyT KOCMUYeCKO TeXHUKHU U TexHosoruiny AO HIIKUT, r.Anmartsl
2 .
HAO «AnTMaTUHCKHUN YHUBEPCUTET SHEPIETUKH U CBSI3W», T'. AJIMAThI

OCOBEHHOCTHU MOJIEJIN KAYECTBA
IHPOI'PAMMHBIX CPEJICTB KOCMHUYECKOI'O HASBHAYEHUSA

B macmoaweu cmamve paccmampuearomcs 0Npocvbl NOCMPOEHUs MOOenu
Kauecmea npocpamMMublx cpeocmé krocmuueckoeo hnasnadenus (IICKH), komopas
ABNIAEMCS OCHOBOU, KAK 0Nl POPMATLHOCO ONUCAHUSL XAPAKMEPUCTNUK, MAK U OYEHKU UX
kauecmsa. C yuemom ocobennocmett [ICKH u mpebosanuii k Hum npeonodicena 6a3o8as
Mmooens kauecmea. Omauuumenvroi ocobennocmoio 6azosou mooenu kavecmea [ICKH
ABIAEMCA MO, YMO OHA NOCMPOEHA HA OCHO8E CUCEMbl CIMAHOAPMHbBIX XAPAKMEPUCTUK
BepxXHe20 YpoGHs uepapxuu cospemerHou mooeau kavecmea ISO/IEC 25010 c
OONONHEHUueM ee Xapakmepucmukou Kadecmea mpebo8anuti U  KOMNIEKCHOU
XapakmepucmuKkou «2apaumocnocooHocmyvy, pekomernoosantou cmanoapmom ECSS-QO-
80-03.

KiawuyeBble cjioBa: MNporpaMMHBIC CPEACTBA KOCMHUYCCKOTO HA3HAYCHUA, MOICIIb
Ka4yeCTBa, IMOCTPOCHUC MOACIIM KadCCTBA, XAPAKTCPUCTUKHU Ka4dCCTBa, OCOOCHHOCTH
MOJACIN KadyCCTBaA.

1. BBenenune

Kak mnokaseiBaeT cratuctrka, okono 20% aBapuil pake€THO-KOCMHUYECKOU
TEXHUKU OBUIO CBSI3aHO C OTKa3aMH MPOrPAMMHO-TEXHUYECKUX KOMILJIEKCOB U
nedexkTaMu TPOrpaMMHBIX cpeiacTB [1]. DT  00CTOSTENBCTBA TOPOKIAIOT
HEOOXOJAMMOCTh TapaHTUPOBAHHOTO MPUJIAHUS TMPUMEHSIEMBbIM B KOCMHUYECKHX
CUCTEMaxX MPOTPAMMHBIM CpeICcTBaM (MPOTPaMMHBIE CpPEJICTBA KOCMHYECKOTO
HazHaueHus - [ICKH) 3agaHHbIX CBOMCTB KayecTBa, B TOM YHCII€ HAJIEKHOCTH U
0e30MacHOCTH, CIIOCOOHOCTH TMPOTHBOCTOSATH COOSIM M OMIMOKAM Pa3IUYHBIX
BUJIOB.

B coBpeMeHHOU mNepeoBOM MPAKTUKE I ONKCAHUS M OLEHKU KadecTBa
nporpamMmmHbIX cpeactB (I1C) ucnonb3yeTcst MOHATHE «MOJIENb KAYECTBA», KOTOpas
SIBJISIETCS OCHOBOM Kak JiJis1 POPMAJIbHOTO OMUCAHUS XapaKTEPUCTUK KAYeCTBA U UX
OTHOIIEHHM, Tak U oueHku kadectBa [IC. Moaens kauectBa 1IC mpencraiser
co0Oll CTPYKTypHpPOBAaHHOE MHOXKECTBO B3aMMOCBSI3aHHBIX XapPAKTEPUCTHK W
oTHomeHul wmexay Humu. Crpykrypa wmonenu kadectBa [IC omnwuceiBaeTcs
uepapxuein, »dJIeMEHTaMu KOTOPOu SBJIIIOTCSL MHOYKECTBAa XapaKTEPUCTHUK
(moaxapakTepUCTUK, ATPUOYTOB) U OTHOLIEHUHN TTOJTYMHEHHOCTH MEX]Ty HUMHU.

[Tonb3oBaTen u pa3pabOTYMKK MCHBITHIBAIOT MOTPEOHOCTH B CO3JaHUU
MOJIEIEN KauyecTBa MPUMEHUMBIX JJI1 OMMCAHMS U OLICHKA KaueCTBAa KOHKPETHOTO
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I1C ¢ yueroM ero HazHaueHUs, cCieU(PUKU U YCIOBUU NpUMeHeHus. OTHaKO JJist
OIIEHKH KauyecTBa KOHKpeTHbIX [IC cranmapTh3oBaHHBbIE MOJEIM KauecTBa HE
BCera IOAXOMAT B mojHOM Mepe. s koHkperHOro paszpabdarsiBaecmoro I[1C
HEOOX0AMMO, HMCXOAS W3 ero (YHKIMOHAIBLHOTO Ha3HAYEHUS, OCOOCHHOCTEH,
CTENIEHU BAXXHOCTH OTJCNIBHBIX TpeOOBaHUU, CHOPMHUPOBATH ATANTUPOBAHHYIO
MOJEJIb KaueCTBa.

[Mupoxuii cnexktp TpedoBanuii k kadectBy [ICKH, B 3aBucuMoOcTH OT uxX
Ha3HAYEHUs, NPUHIUIHAIBHBIX OCOOCHHOCTEM W YCIOBHM OSKCIUTyaTallu,
MPUBOJUT K HEOOXOAMMOCTH aJanTalud ¢ JeTaju3aliu  peKoMeHAaIui
CYIIECTBYIOIIUX  0a30BBIX  CTaHJAPTOB,  PETJIAMEHTUPYIOIIMX  KadyeCTBO
nporpaMmmHoro obOecrnieuenusi. Ilpexne Bcero, 310 oTHOcutrcs k [IKCH
KPUTUYECKOTO MPUMEHECHUS.

2. OcHOBHBIE TPeOOBAHMS M MPUHUMIIBI MOCTPOeHUsI Moeau KayecTtBa 11C

OcHoBHOI 3amadeil mocTtpoeHuss Mozaenu kadectBa [IC  sBisiercs
dbopMupoBaHUe, ¢ YYETOM Ha3HAYEHUS, OCOOEHHOCTEH, yCIOBUN JKCILTyaTalluH,
CTENIEHU BAXKHOCTU OTACIIbHBIX TPeOOBaHMI M Jp., HOMEHKJIATYPhl aKTyaJbHbIX
XapaKTEPUCTUK €r0 CBOWCTB M OTHOIIEHWHA MEXIy HHUMH, OOECIEeYMBAIOIINX
OCHOBY JUIsI OIpeAesieHus TpeOoBaHWM K KadecTBy JaHHOro kiacca [IC wu
JIOCTOBEPHO OLICHKH YPOBHS €0 KauecTBa.

Mopnens kauectBa 11 [1C, kak nmpaBuiio, CTpOUTCS Ha 6a3e MEXTyHAPOIHBIX
CTaHJApTOB, KOTOPBIE PErJaMEHTUPYIOT IOKa3aTenu KadecTBa. OpHako Jis
OIICHKM KayecTBa KOHKpeTHbIX [IC, permaMeHTHpOBaHHBIE CTaHAapTaMu
XapaKTepUCTUKKA HE BCErjaa TMOAXOAsIT B TOJHOM Mepe. i1 KOHKpPETHOro
pa3zpabatbsiBaemoro IIC HeoOxoaumo, HCXoAs U3 €ro  (PyHKIMOHAIBHOIO
Ha3HA4YEHUs, OCOOCHHOCTEM, CTENEHU BAXXHOCTU OTMACJIBbHBIX TpeOOBaHUH,
chopMUpOBAThH MOJHBIN NIEPEUEHBb aKTYaJbHBIX XapaKTEPUCTHUK KauecTRBa.

AHan3 NOKa3bIBAET, YTO CYUIECTBYIOIINE HA CETOJIHSIIHUN JIEHb MTOAXO/bI U
METOJbl TOCTpoeHus: Mojnenu kadectBa IIC, mpakThdecku Bce OCHOBaHBI Ha
(bopMHUpPOBaHUN HEPAPXUUECKON CTPYKTYphI XapakTepucTuk. Ha BepxHem ypoBHE
pacCIOJIOKEHBl  XapaKTEpUCTHKKA  KAauyecTBa,  KOTOPbIE  JIETAIM3UPYIOTCS
nokaszaTesisiMi  0ojiee HU3KMX YPOBHEW N0 TeX TMOp, TMOKa JACKOMIO3WIMS He
MPUBOJNUT K aTOMapHBIM U U3MEPUMBIM aTpuOyTaM. OTIN4uus K€ 3aKII0YalOTCs B
mpeasiaraeMoM YHUCiie ypoBHEW wuepapxuu (oT 2 u 0oJsiee), a TakKe B CaMUX
XapaKTepUCTUKAX BEPXHETO YPOBHS HEpapXUHM, MHOTHE M3 KOTOPBIX BCE XKe
COBIAJAIOT.

[lenmecooOpa3HOCTh HEepapXUUYECKONM CTPYKTYphl 1Jisi Mojenu kadectBa [1C
OOBSICHSIETCS, BO-TIEPBBIX, TEM, YTO MHOTOYPOBHEBasl CTPYKTypa MoOKa3zaTesei
Ka4yecTBa MO3BOJISIET CUCTEMHO OMHUCATh TPeOOBaHMS K MPOTPAMMHOMY CPEJICTBY,
MO3BOJISIT  3aMHTEPECOBAHHBIM CTOPOHAM 3aJaTh CBOMCTBA (XapaKTEPUCTHUKU)
MIPOTPAMMHOT0 ITPOIYKTA, KOTOPHIE OHU XOTST BUIETb.

Bo-BTOphIX, OONBIIMHCTBO 0a30BBIX IOKa3aTelel KadecTBa, TaKHe Kak
(GyHKIIMOHATBLHOE COOTBETCTBHE, HAJEKHOCTh, 0O€30MacHOCTh W JIp., HE MOTYT
OBITh HEMOCPEJACTBEHHO HM3MEPEHBI M OICHEHBI. [[1s moJiydeHHs OIIEHOK ATHX
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MoKaszaTesled OHM MOTYT OBbIThb MPEJACTABICHbl COBOKYIMHOCTBbIO 0o0Jiee Y3KHUX
XapaKTEPUCTHK HM)KHETO YPOBHS (OLEHOYHBIE MOKAa3aTelu), KOTOPhIE B CBOKO
ouepenb TaKXKE MOTYyT OBITh  JIeTalu3WpoOBaHbl. Takas  jAeTanu3arus,
OCYILECTBIISIETCA JO TEX IMOp, IMOKA XapaKTEPUCTUKH HUKHETO YPOBHS HMEpapXuu
OyayT JIerKko  OIeHMBaeMbl M  o0ecreyaT  TIOJydeHHEe  OOBEKTUBHBIX
KOJINYECTBEHHBIX OIEHOK. XapaKTEPUCTUKH HHMKHETO YPOBHSI, BBIPAXKCHHbIC B
GU3MYECKUX WM OTHOCHUTENIbHBIX  €IUHUIAX, Ha3bIBAIOT  €IUHUYHBIMU
ITOKA3aTeIIMU KayecTBa.

[Toctpoenne ™ogxenu kadecrBa [IC mpoBOOMTCS NyTeEM JETaIbHOIO U
MOCJIEIOBATEILHOIO OMHCAHUSl CBEPXY BHU3 MHOTOYPOBHEBOW CTPYKTYPBI
MoKaszaTesied OT XapaKTepUCTUK BEPXHETO YPOBHS HEpapXUHU J0 OLEHOYHBIX
AJIEMEHTOB (€IMHUYHBIX TMoKa3zaTenen). IIpu 3TOM OIIEHOYHBIN 3JEMEHT JOJIKEH
00ecreynTh HEMOCPECTBEHHOE ONpPE/EICHHE HAIUYUs TOTO WJIM MHOTO CBOMCTBA
B IIC.

[TocTpoeHue Mojenu KadyecTBa HJET CBEPXY BHHU3 OT XAPAKTEPUCTUK [0
OLICHOYHBIX 3JIEMEHTOB, a OLEHKA JOCTUTHYTHIX IOKa3aTejied KauyecTBa UAET B
oOpaTHOM HalpaBlEHUU: OT OICHKA EAWHUYHBIX OIIEHOYHBIX DJEMEHTOB [0
arperupoBaHHON OLIEHKM BBIIIECTOAIIMX ITOKA3aTeNied KadyecTBa B MOJIENHU
kauecTBa [10.

Ha ceromusmHuii JeHb HE CYIIECTBYET OONICTIPUHATON  METOJUKHU
nocTtpoenuss mojenu kadectsa [1C, no3Bossomeit cBOAUTh (HaKTOpPbl KauyecTBa K
KOHEYHOMY Ha0oOpy KOJMYECTBEHHBIX OLIEHOYHBIX [OKa3aTesjaei, 3HaueHUs
KOTOPBIX ObLIH OBbI JIETKO M OOBEKTUBHO OIIEHUBAEMBI.

B 10 3xe Bpems IpakTUKOH BbIpaOOTaHbl 001IMEe TPEOOBAHUS U PEKOMEHJAIIUU
no (GopmupoBaHUI0 cUCTeMBbl xapakTepucTuk kadectBa [IC. IlpumenutenbHo K
cuctreme  xapaktepuctuk kadectBa IICKH »Ttu  TpebGoBaHus  MOXKHO
c(OopMyIIMPOBATH CIEIYIOIIMM 00pa3oM:

- mogenb kayectBa [ICKH pekomenayeTcst CTpOUTh Ha OCHOBE COBPEMEHHBIX
MEKIYHAPOJHBIX CTaHAAPTOB, KOTOPBIE PETJIaMEHTHUPYIOT IOKAa3aTelld KadyecTBa
I1C, ¢ yueTroMm GpyHKIIMOHAIBPHOTO HAa3HAYCHUS, CIICHU(GUKN U TPEOOBAaHUM 001aCcTH
MIPUMEHEHUS;

- cuctema xapakrtepuctuk kadectBa [ICKH nomxna ¢opmupoBaThcsi Ha
OCHOBE CTaHJApPTHBIX XapAKTEPUCTUK BEPXHETO YPOBHS HEPAPXUU C YUYETOM
TpeOOBaHMI1 BCEX 3aMHTEPECOBAHHBIX CTOPOH;

- 1eTIeco00pa3HO CIPOEKTUPOBAThL 0000IEHHYIO 0a30BYH0 MOJIENIb KauecTBa
st Heckosibkux rpym (kinaccoB) [ICKH ¢ makcuManbHO BO3MOKHBIM MEPEYHEM
MoKa3zaTesield KayecTBa M B KaXKJIOM KOHKPETHOM CJy4ae Ha OCHOBE 0a30BOM
MOJIEJIA CTPOUTHh MOJEJIb KayecTBa JJI ONMPENEICHHON IPYyMIbl UM KOHKPETHOTO
[ICKH, pacumupsis uinu cykas quarna3oH 0a30BbIX MOKa3aTeNe KauecTBa;

- cucreMa xapakrepuctuk kadectBa I[ICKH pomxHa onuceiBaTh Bce
OCHOBHBIE CBOMCTBAa M OCOOEHHOCTH MPOTPaMMHBIX CPEICTB JAaHHOTO KJacca,
MMETh BO3MOKHOCTb MOCJIEYIOIIETr0 YTOUYHEHHUS U IeTAIN3AllUH;

- OIICHOYHBIE XapaKTEPUCTUKU KauyecTBa JOKHBI (POPMUPOBATHCS HA OCHOBE
MIPUHIINIA HOHSITHOCTH U U3MEPSIEMOCTH 3HAYEHU;
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- Oonbime rpynmbl xapakTepucTuk kadecTBa [ICKH nomkHbI OBITH pa30oUTHI
Ha JIOTMYECKU CBSI3aHHBIE MOJATPYMIBI, YACIO MOAXAPAKTEPUCTUK B KOTOPHIX HE
JIOJIKHO MPEBBIIATh 5-7;

- KaXJ1asi XapaKTEpUCTHUKA KauyeCcTBa JOJKHA OMHUCHIBATH BAYXKHOE CBOWMCTBO
MPOTPAMMHOTO CPEACTBA JAHHOTO KJIacca;

- XapaKTePUCTUKHN KauecTBa HE JOJDKHBI MEPEKPBIBaTh U TyOIUpOBaATh APYT
Apyra;

- €JIMHUYHBIC TTOKa3aTeIu KaueCTBAa, BHIPAXKCHHbIC B (DU3NYECKUX CAMHUIIAX,
JIOJDKHBI  OBITH TIpeoOpa3oBaHbl B OTHOCHUTENIbHBIC E€IWHUIIBI, JIeXKaIllMe Ha
unrepBasie oT 0 10 1 (HOpMUPOBaHBHI).

Ha ocHOBe pe3ysbTaToOB CpPaBHUTEIBHOTO aHAIM3a COBPEMEHHBIX MOJEIEH
kauectBa [IC [2], moka3aHa 11€1€cO00Pa3HOCTh MOCTPOEHUs 0a30BOM MojeNIU
kauectBa jy1st [ICKH Ha ocHoBe crannaptHoit moaenu ISO/IEC 25010 [3]. Oxnako
U1 ipuMeHeHus K KoHKpeTHbIM TuriaMm [ICKH ona momkHa OBITH aganTHpOBaHa ¢
Y4€TOM OCOOEHHOCTEH, MpEeabsIBISIEMbIX TPEOOBAHM, YCIOBHM NPUMEHECHUS
MyTeM BBIOOpPA aKTyaJbHBIX XapaKTEPUCTUK U TMOAXAPAKTEPUCTUK, a TaKKe
BO3MOYKHOTO J00aBJIEHUS JOTIOJHUTEIBHBIX aTpUOyTOB Ka4eCTRa.

3. MeToanka nocrpoenusi moaeaun kauecrsa I1C

[Toctpoenue monenu kadectBa [ICKH cregyer mpoBOIUTH C y4E€TOM €ro
Ha3Ha4YeHHUs, TMNA (Kjacca), CTaJuu JKU3HEHHOrO LMKJIA, HA KOTOPOM OHa Oyner
MIPUMEHSITHCS.

Ha nmepBoM sTame 3a OCHOBY cieyeT OparTh BCIO 0a30BYyI0 HOMEHKJIATYpPY
XapaKTEPUCTHUK, IMOJAXAPAKTEPUCTUK M aTpUOYTOB KadyecTBa MPOTPAMMHOIO
npoaykta no ISO 25010. HMx onucaHus IKeJlaTelbHO MPEABAPUTEIHLHO
YHOPSAOYUTh IO MPUOPUTETaM C YYE€TOM Ha3HaueHus U chepbl NPUMEHEHUs
KOHKPETHOI'O MIPOEKTa MPOrpaMMHOTO cpeicTBa. /lanee He0OX0AuMO BBIIEIUTD U
paHXXUpPOBATh MO MPUOPUTETAM  MOTpeOUTeNned, KOTOPbIM  HEOOXOAMMBI
ONpeJeIeHHbIE MTOKa3aTelId KaueCcTBa MPOEKTa MPOrPAMMHOTIO CPEACTBA C YUYETOM
ux npodeccrnoHanbHbIX UHTEpecoB. [10ATOTOBKA MCXOMHBIX TAHHBIX 3aBEPILIACTCS
BBIICTICHUEM HOMEHKJIATYpbl 0a30BBIX, MPHUOPUTETHHIX IOKa3aTele KauecTsa,
onpenensomux (QyHKIHMOHAIBHYIO HPHUrOAHOCTh MPOrPAMMHOIO CpEACTBA IS
ONpEJEICHHBIX TOTPEOUTEIIEH.

Ha BTopom »stame, nocie (UKCUPOBAHMSI UCXOJHBIX JTaHHBIX, HEOOXOIUMO
IIPOBECTH PAHKUPOBAHUE XAPAKTEPUCTHUK M MOJIXAPAKTEPUCTHUK ISl KOHKPETHOTO
npoekTa. Jlanee 3TUMuU cenuanTucTaMu JUIsl KaX/10r0 U3 OTOOPaHHBIX MOKa3aTenen
JOJDKHAa OBbITh YCTaHOBJIEHA W COIVIaCOBaHAa METpPUKAa M IIKajJa OLEHOK
MOJIXapaKTePUCTUK U MX aTpuOyToB. BpiOpaHHbIE 3HAUEHUS XapaKTEPUCTHK
KayecTBa M MX arpuOyTOB JIOJDKHBI OBITH IPEABAPUTENBHO IPOBEPEHBI
pa3paboTUMKaMM Ha MX pean3yeMOCTb C YYETOM JOCTYIHBIX PECYpPCOB
KOHKPETHOT'O MTPOEKTa U MPU HEOOXOAUMOCTH OTKOPPEKTHUPOBAHBI.

B HOMeHknaType — mokazareined — KadecTBa  CIIEAYyET  YKa3blBaTh
NPUOPUTETHOCTh Ka)XJIO0r0 M3 IMOKa3arenerd. HauBbICIMK TPUOPUTET CIEAYET
UHTEPHPETUPOBATh KAk  00s3aTelIbHOE  BBINOJIHEHHE  pa3paboTYMKOM
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COOTBETCTBYIOIIETO TpeOOBaHUS K YKa3aHHOMY CBOMCTBY WJIM aTpUOYTy
kKaduecTBa. Huzliee 3HaueHuME NpUOpPUTETa O3HAYAET, YTO JAHHBIM IOKa3aTelb
MOXET HE€ YUYWUTHIBaThCA B JaHHOM Ipoekte. [IpoMexkyTouHble 3HAYEHUS
MPUOPUTETOB JOJIKHBI OTPaXXaTh OTHOCHUTEIBHOE BIUSHUE COOTBETCTBYIOIIHUX
aTpuOyToB Ha kKauecTBO [IC 1 ero cBOICTBA C yU4eTOM JOCTYIHBIX PECYPCOB HA UX
peanuzauio. J{ns konkperHoro mnporpammuoro mnpoekra IICKH coctaB u
3HAQYEHUs] MPUOPUTETOB CIIEAYET aJanTUPOBaTh U YTOYHATH C YYETOM HX
Ha3HA4YeHUs U PYHKIUH.

HomenknaTtypa mokasateneit kauectBa g kaxaoro tumna (kimacca) [ICKH
MPEJCTABIACTCS B BHUJE TaOJWIl NPUMEHSIEMOCTH TIOKa3aTejeld KadecTBa, B
KOTOpOM KpoMe o00s3aTelbHBIX W PEKOMEHJYEMBbIX TOKa3aTelel KadyecTBa,
1esecoo0pa3Ho TakKe YCTaHOBUTH KOAI(PPUIIMEHThI BECOMOCTH (3HAYUMOCTH)
Kakaoro u3 mnokaszareneid. Ilpu ompeneneHnn Kod(PQPUUIMEHTOB BECOMOCTH
MoKaszaTesied KadecTBa OOBIYHO HCIOJB3YETCS JHOO0 METOJ CTOMMOCTHBIX
PErpeCCHOHHBIX 3aBUCUMOCTEH (CTOMMOCTHOW METOJ), JIMOO0 METOM MpeaeIbHbIX
Y HOMHUHQJIBHBIX 3HAY€HMI (BEPOSTHOCTHO-cTaTUCTHYECKUU meron) [4]. Ho ux
MCIIOJIb30BAHUE 3aTPYJHEHO M3-3a OTCYTCTBHUS HEOOXOAUMBIX UCXOMHBIX JAHHBIX.
[TooTomy Ha mpakTUKe Hauboiee paclpoCTpaHEH OKCIEPTHBI  METO[
onpeneneHus KodhPUIMEHTOB BECOMOCTH.

Tabnuipl NPUMEHSEMOCTH SBJISIFOTCS OCHOBOM JiIsi BbIOOpa paboucit
HOMEHKJIaTypbl  ToKa3aTene kayectBa koHkpeTtHoro IICKH. PabGouas
HoMeHkiatypa [1C ycrtaHaBauBaeTcs ¢ y4eToMm:

- Ha3HA4YeHUs U ycsioBuil ucnonb3zosanus [ICKH;

- pe3yJIbTaTOB aHajIu3a TpeOOBaHMM MOJIb30BaTENs (3aKa3UMKa);

- COCTaBa, CTPYKTYPHI U CHIEHU(PUKU XapaKTEPU3YEMbIX CBOMCTB.

[Ipn BbIECIEHUMM CBOWCTB M COOTBETCTBYIOLIMX IIOKAa3aTelied KadecTBa
[ICKH  HeoO0XoaumMo  pYKOBOJACTBOBAThCS  CICAYIOIMIUMH  OCHOBHBIMHU
MPUHLHUIAMU:

1) HeoOXOAMMO BBIIETUTH COBOKYIHOCTh CBOMCTB, XapaKTEPU3YIOIIUX
kauecTBO oneHuBaemoro IICKH, u ynopsaounts €€ Mo 4eTKO OINpeaeICHHOMY
MPUHLKIY B BHUJAE MHOTOYPOBHEBON HMEpPapXMUYECKON CTPYKTYypbl - J€peBa
CBOIICTB;

2) JepeBO CBOWCTB JOJDKHO OTpakaThb BCE OCHOBHBIE OCOOCHHOCTH
MCIIOJB30BaHus U PyHKIMOHUpOoBaHUs orieHnBaemoro [ICKH;

3) g xkaxaoro u3 BeiaeseHHbIX cBoMCTB [ICKH nmomken ObITh ompeneseH
COOTBETCTBYIOIIMI MOKa3aTesib KauecTBa. JIJIsl CI0KHOTO CBOMCTBA JIOKHA OBITh
YCTAHOBJIGHA Tpynmna ToKa3aTejaed, HeOoOXOJUMBIX U JOCTaTOYHBIX ISt
OTIPENIEJICHHS ITOTO CBOMCTBA;

4) nns KaXJA0Tro M3 BBIJICICHHBIX CBOMCTB M mMoKaszarened kadectBa [IC
JOJKHA CYIIIECTBOBATh BOBMOKHOCTh BBIPAKEHUS UX B IIKAJIaX «JIYYIIE — XYKE»,
«OO0JBIIIEe — MEHBIIIE);

5) BbIOpaHHBIE TOKAa3aTeIu KayecTBa JOJKHBI ObITh CKOPPEIMPOBAHHBI C
cootBeTcTByOmMMU cBoiicTBamu [ICKH. DT0 3HAaYuT, 4TO MEXKIAY KaKIbIM W3
BBIJICJICHHBIX CBOMCTB W XapaKTEPHU3YIONIUMHU €ro MOKa3aTeIsIMU JOJIKHO OBITh
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YCTaHOBJICHO OJHO3HAYHOE COOTBETCTBHE. Y CTAHOBJICHHE TAaKOTO COOTBETCTBUS
MO3BOJISIET BMECTO JIepeBa CBOMCTB MCIOJIb30BATh JEPEBO MOKa3aTeIe KauyecTBa
MIPOTPAMMHOTO MPOAYKTA;

6) wucxomHas (pabodas) HOMEHKJIATypa TIOKaszaTteled [oJDKHA OBbITh
OTKPBITOM, T.€. JOJKHA JOMYCKATh BO3MOXXHOCTh BHECEHUS WJIM MCKIIIOUCHUS W3
HEe OTJ/EJIbHBIX 3JIEMEHTOB. JTO TpeOOBaHHME OOYCIOBIEHO, C OJHOW CTOPOHBI,
oonpiuM  pazHooOpaszuem [IC w ycioBWii WX MNPUMEHEHHUS, a C JPYyrou
HEJI0OCTaTOYHBIM OIBITOM OIleHKH KadecTBa [1C;

7) nns BeIOpaHHBIX MokasaTenei kadectBa [IC nmomkeH ObITH oOecreueH
MIPUHITUIT HEMTPOTUBOPEYMBOCTH, T.€. YIYUIIEHUE OJHOTO IMMOKa3aTeNsl HE JIOJKHO
MPUBONTH K YXYIMIEHUIO IPYTOTO.

4. ba3zoBasa moaeab kauectsa IICKH

B cooTBercTBUM C BBINICU3TOKEHHBIMU MPUHIMIIAMU M PEKOMEHAALMSIMU
chopmupoBaHa 0a30Bas CUCTEMa XapaKTEPUCTUK KAavueCcTBa JIJISl PAa3IMUHBIX TPYIII
(xnaccoB) IICKH Ha OCHOBE CTaHAAPTHBIX XapaKTEPUCTHUK BEPXHErO YPOBHS
uepapxun crangaptHoil moxenu kaudectBa I[IC ISO/IEC 25010. C yyerom
ocobennocteit IICKH oOocHoBana 1enecooOpa3HoCTh BBeACHUS B 0a30BYIO
CUCTEMY XapaKTEPUCTUK KAa4eCTBa JOTIOJHUTEIHHYIO XapaKTEPUCTHKY «KaueCTBO
TpeboBaHmil», KoTopas aHamorudyHo Mozenu kadectBa SATC HACA B obGmem
CJIy4ae MOKET BKJIIOUYATh CIEIYIOLINUE MOIXapaKTEPUCTHKH [S]:

- OJTHO3HAYHOCTh TPEOOBAHMIA;

- MMOJIHOTA TPeOOBAHMI U OXBaTa MOTPEOHOCTEN;

- IOHATHOCTH TPEOOBaHUM;

- UI3BMEHYHMBOCThH TPEOOBAHUIA;

- IPOCJIEKUBAEMOCTh TPEOOBAHUIA;

- IOJTHOTA ¥ KOPPEKTHOCTh TPEOOBAHUH K YCIIOBUSIM 3KCILTyaTallHH.

Takum oOpasom, Oa3oBas cucrtemMa xapaktepuctuk kadectBa [ICKH
BKJTFOYAET:

— (hyHKIIMOHATILHOE COOTBETCTBUE;

— 3¢ dHeKTUBHOCTH HYHKIIMOHUPOBAHMUS;

— COBMECTUMOCTH;

— yI0OCTBO MCTIOJIH30BaAHNUS,

— HAJIC)KHOCTB;

— 3aIUIIEHHOCTb;

— COMPOBOXK/IAEMOCTb;

— MOOHMJIBHOCTD WJIM TIEPEHOCUMOCTH;

— Ka4eCcTBO TpeOOBaHUIA.

[TocTpoeHHass ¢ y4eTOM BBINICU3IIOKCHHBIX TPEIIOKEHUNH  TaOJMIa
npuMeHsieMocty mnokaszarenei kadectBa [ICKH npuBenena B tabmuie 1. B Hei
ykazaHbl TOJbKO HekoTopble rpynnbl [ICKH, akTyanbHble ¢ TOYKH 3peHUs
paspabotunkoB (mpu Heobxomumoctu uyuciao rpynn [ICKH woxer ObITh
YBEJIMYCHO WM COKPAIIECHO C yY4eTOM CIENU(PHKH KOHKPETHOTO MPOTPAMMHOIO
MIPOEKTA).
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Ta6numna 1 - Tabauna npuMensieMocTu nokazarenei kauectsa [ICKH

TTokaszarenu xauectBa IICKH

IIpuMeHsAeMOCTb IOKa3aTeNIed KayecTBa 10 IPyIIaM

IICKH

I'pynna
1

I'pymma
2

I'pynmia
3

I'pynima
4

I'pynmia
5

I'pymnima
6

1. ®yHKIIMOHAJIBHOE COOTBETCTBHUE:

1.1 ¢pyHKIMOHATBHAS TOTHOTA;

1.2 npaBUIBHOCTH, TOYHOCTh
(YHKIIMOHMPOBAHUS;

1.3 ¢pyHKIMOHATBHAS] IPUTOAHOCTD.

2. HanexxHocTs:

2.1 3aBepIIEHHOCTH

2.2 0TKa30yCTOMYHMBOCTD

2.3 TOTOBHOCTE

2.4 BOCCTaHABINBAEMOCTD

3. Y100CTBO UCIIOIB30BAHUS:

3.1 yno6¢TBO paboTh

3.2 3amuTa OT OLIMOOK MMOJIB30BATEA

4 3¢ eKTUBHOCTD:

4.1 BpemerHast 3 (HEKTUBHOCTh

4.2 3¢ heKTUBHOCTH HCIIOTH30BAHUS
pecypcoB

4.3 MOIIHOCTD (TPOU3BOAUTEIHHOCTD)

5 CoBMECTUMOCTD

5.1 cnocoOGHOCTH K COCYHICCTBOBAHUIO

5.2 cioCOOHOCTH K B3aUMO/IEHCTBUIO

6 3amnuIeHHOCTh:

6.1 KOHPUICHITMATEHOCTD (3aIIUTa OT
HC/)

6.2 IETOCTHOCTE

o IS T S R I S BT s T T IR I U S T s e IR IS Ry S

6.3 10Ka3yeMoCTh AEHCTBUI

6.4 ciocoOHOCTH yueTa
(dbopMupOBaHUE KOHTPOJIBHOTO CIIE/A)

7 ConpoBOXKAAEMOCTh

7.1 MOTYTBHOCTH

7.2 BO3MO>KHOCTb MHOT'OKpPAaTHOT'O
HCITIOJIB30BaHUA

+

7.3 aHAIM3UPYEMOCTD

7.4 U3MEHSIEMOCTD

7.5 TECTUPYEMOCTh

8 IlepeHOCHUMOCTD

8.1 aganTupyemMocThb

8.2 ycTaHaBIMBAeMOCTh

8.3 yno6cTBO 3aMEHbI

9 KayectBo TpeOoBaHUM

9.1 0IHO3HAYHOCTH

9.2 monHoTa

9.3 MOHATHOCTH

o N R S S S S o ol I o o o o I Y I I I I IS I S I I S S S S S ol el I

e B R I R e e B e I o I (R I e B I I e o I I T S e e o o S S S
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[Tponomxenue Tadauibl 1

9.4 U3MEHYNBOCTH

9.5 npociexuBaeMOCThb

9.6 oxBart nmorpedbHOCTEH

9.7 CII0KHOCTB JIOTUKHU

FlH[+]+]+
[+ +]+
[+ +]+
FlH[+]+]+
[+ +]+
FlH[+]+]+

9.8 ycioBus 3KCILTyaTallul

[Ipumeuanus:

1) 3HaK «+» O3HAYaeT MPUMEHIEMOCTh COOTBETCTBYIONMIMX TokazaTteneld kadectBa I[ICKH, 3Hak «-» -
HEIPUMCHACMOCTD, 3HAK «E» - OTPaHNYCHHYIO IPUMECHACMOCTD.

2) rpymmel [ICKH, BbIfieieHbl B COOTBETCTBHH C Kiaccupukamnmen, npuBeaeHHor B . 3.1.1.1. u umeror
CJIIEAYIOIMNE HANMEHOBAHUA:

- rpymma 1 — I1TC 60pTOBBIX KOMIUIEKCOB YIIPaBICHUS KOCMUYECKUMH alllapaTaMu;

- rpymma 2 — I[1C 60pTOBBIX BEIUUCIUTEIHHBIX KOMIUIEKCOB PaKeT-HOCUTENICH, pPa3TOHHBIX OJIOKOB;

- I'pylrna 3 — [IC TeXHUUYECKUX U CTapTOBLIX KOMIIJICKCOB, HAa3€MHbBIX aBTOMATHU3HMPOBAHHLIX KOMIIJIEKCOB
yIpaBJeHUsi KOCMUYECKHMHU allliapaTtaMy, HA3eMHOTO 000PY/I0BaHUSI U COOPYIKCHUII;

- rpynmna 4 — I1C nose3HbIX Harpy3oxk;

- rpymmna 5 — I1C g KocCMHUECKUX SKCIIEPUMEHTOB U MOJICTUPOBAHNUS;

- rpymmna 6 — apyrue kputndeckue [ICKH

[IpuoputetnbiM  TpeboBannem kadectBa i I[ICKH  kpurmueckoro
MPUMEHECHUSI  SBJISIETCS  TapaHTUs  KauyecTBa WM TapaHTOCIOCOOHOCTH
(dependability), moa KoTOpOi MOHUMAETCS JIOKa3aHHAsI YBEPEHHOCTb CIIOCOOHOCTH
I1C nagexxHoro u 6€30MacHOr0 BBITIOJHEHUS HEOOXOIUMBIX (DYHKIIUM B TE€UCHUE
3aJJaHHOTO BPEMEHM, HEB3WMpasi Ha BO3HUKIIWE BHYTPEHHUE U BHEIIHUE
BO3MYIIeHUS [6]. B cBsi3u ¢ aTUM mipesiaraeTcst 6a3oByro Mojeinb kauecta [ICKH
KPUTUYECKOTO TPUMEHEHHUS JIOTIOJHUTH KOMIUIEKCHOW XapaKTEPUCTUKON KauyecTBa
— «TapaHTOCIOCOOHOCTBIO», KOTOpass B O0OIIEM cllydae MOXET BKJIOYATh
CIEAYIONINE MOAXAPAKTEPUCTUKH [6]:

- 6e3otkazHoCTh (reliability);

- pynkunonanbHas 6e3omacHocTs (functional safety);

- TOTOBHOCTH (availability);

- JKUBYUeCTh (survivability);

- IIEJIOCTHOCTS (integriity;

- koH(uaeHIMaILHOCTh (confidentiality);

- nocroBepHocTh (high confidence, trusyworthiness);

- o0ciyxuBaeMocThb (maintainability);

- INArHOCTUPYEMOCTb;

- BOCCTaHABJIMBA€MOCTb;

- MHOTOBEPCHOHHOCTb);

- HAJIMYKE PE3EPBUPOBAHMS.

Kak mnpaBuno, TtpeboBanus k kadectBy Kputuueckux [ICKH momxHbl
00s13aTeTbHO BKJIIOYATH CJIEAYIONINE MOIXapaKTEPUCTHKU TapaHTOCIIOCOOHOCTH:

- 0€30TKa3HOCTE;

- pyHKIIMOHATBHAS 0€30MMACHOCTB;

- )KUBYYECTb.

Crpykrypa 6a3oBoit mosienu kadectBa [ICKH npencraBiena Ha pucyHke 1.
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OtnuuuTensHOl 0coOeHHOCTHIO 0a30BoM Mojenu kadectBa [ICKH siBnsercs
TO, YTO OHA TMOCTPOEHA HAa OCHOBE CHUCTEMbI CTaHAAPTHBIX XapaKTEPUCTHK
BEPXHET0 YPOBHS HepapXum coBpeMeHHoM Mmojenu kadectBa ISO/IEC 25010 ¢
JIOTIOJTHEHUEM €€ XapaKTepUCTUKOW KayecTBa TPEOOBaHUM M3 MOJENIM KayecTBa
SATC HACA u KOMIUIEKCHOW XapakKTEPUCTHUKON «TrapaHTOCIOCOOHOCTHY,
pekomenioBanHoi ctangaproM ECSS-Q-80-03-2006.

5. 3akaouenue

KauecTtBo mporpamMmHoro oOGecrnedeHusi JOJDKHO OIEHMBAThCS MCXOJs U3
OTPE/ICICHHOM MOJIeNId KadyecTBa. 3a IMOCJEAHUE TOJbl CO3/1aHO MHOXKECTBO
MEXJIYHAPOJHBIX  CTAaHJIApPTOB,  PETJIAMEHTUPYIOIIMX  MOJEIM  KadecTBa
MporpaMMHBIX cpeactB. OaHAKO TPUMEHEHUE HJTHX CTaHAApTOB TpeOyeT HxX
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ajanTalud TyTeM JI00aBJICHUS] WM MCKIIOUCHHUS HEKOTOPHIX IOJOKCHUI
CTaHJApTOB TMPUMEHUTEIHHO K NPUHIMIHAIBHBIM OCOOCHHOCTSIM KOHKPETHBIX
MPOTPAMMHBIX MPOAYKTOB U YCIOBHUSIM UX TPUMEHEHHS.

[Toctpoenune moaenu kavectBa IIC sgBISETCS OAHUM W3 BaXKHEMIIIMX ATAroB
OIICHKM Ka4eCTBa U MO3BOJIAET ONPEACIUTh HEOOXOIUMOCTh MCIIOIB30BAHUS TIPH
onieHke kayecta [ICKH Tex win UHBIX XapaKTEPUCTUK U MOJAXapakTepucTuk. Ot
MOJTHOTHl W AJICKBATHOCTH HCIOJIb3yEMON CHUCTEMBI XapaKTEPUCTUK 3aBUCHUT
JIOCTOBEPHOCTh TOJIydaeMoOM oOIlleHkHM. Ha BbIOOp MoOJenu KauecTBa BIIUSCT
MHOKECTBO Pa3IMYHbBIX (haKTOPOB.

OcHoBHbIMEU ocoOeHHOcTsIMU [ICKH, koTOphle HEOOXOIMMO YUUTHIBATH MPH
MMOCTPOCHUU MOJICTIA KAUeCTBA, SBJISTFOTCS:

- TIOBBINICHHBIE TPEeOOBaHUS K HAACKHOCTH H  (YHKIIMOHAIHHOM
0e30IacCHOCTH;

- HeoOxoauMocTh TapantupoBanHoro npumanus [ICKH 3amanHbIX CBOWCTB
KauecTBa, OE30MACHOCTH U  CIIOCOOHOCTH  MPOTHBOCTOSATH  HAPYIICHHUSIM
(GYHKIIMOHUPOBAHUS CUCTEMBI, COOSIM M OIITMOKAM Pa3IMYHbIX BUIOB;

- IICKH xpuTudeckoro mpuMeHEHHUs TOJDKHBI 00JaJaTh TAKUMU Ba’KHBIMU
CBOMCTBAaMU KaK OTKa30yCTOMYMBOCTh U BOCCTAaHABIMBAEMOCTb, HaJIU4YUE
BCTPOCHHBIX (DYHKIIUN TUATHOCTUKH U TECTUPOBAHUA.

- s BcectopoHHel oneHku kadectBa IICKH B03MOXHO HMCIOIB30BaHUE
MapajuIeIbHO HECKOIBKO Pa3HBIX MOJEIIEH.

Crnenyer OTMETUTh, 4YTO 3aJaya TIOCTPOCHUA MOJECIU XapaKTEPUCTUK
kadecTBa [IC He TepsieT CBOIO aKTyalIbHOCTh CO BpeMeHeM. OOBSICHUTH 3TO MOKHO
T€M, 4YTO, BO-TIEPBBIX, HEBO3MOXHO pa3padOTaTh YHUBEPCAIBHYIO CHCTEMY
XapaKTEPUCTHK I BceX kinaccoB [1C, BO-BTOPBIX, OAHAXK/IBI TOCTPOCHHASI MOJIEIIb
KayecTBa Mia HekoTtoporo kinacca [IC ¢ TeueHneM BpeMEHHM TNIEPECTAECT
COOTBETCTBOBATh €ro (HYHKIIMOHAJIBHBIM BO3MOXKHOCTSM, YTO OOYCIIaBIMBACTCS
MOCTOSIHHOM quHaMmukoi pazsutus [1C.
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FAPBIII MAKCATTATI'BI BAT TAPJIAMAJIBIK KYPAJIJTAPABIH
CAITA MOAEJIIHIH EPEKIINIJIEKTEPI

E.E. Ucmaun, b.J1. Xucapos

byn makana rapslin MmakcarTarsl 0argapiaamansik KypanaapasiH (FMBK) cama
MOJICNIIH KYypy Macenenepi Kapactelpbutanbl. byn  wmomens FMBK  cana
cunaTTamaiapbiH (GopMalbIbl TYPJE CUMATTAY JKOHE oJiap/bl Oaranay YIIiH Heri3l
6onpin TaObaAbpl. FMBK cunarramanapbiH >KoHE Tayantapibl €CKepe OTBHIPHIT
OHBIH Oa3zanbIK carna mozeni yebiaabsl. FMBK 6azansik cama moeniHiH epeKIesiri
- on xazipri 3amanrel ISO/IEC 25010 cranmapt MoACIIH »KOFapbl JCHIeWIl
uepapxus CHUIaTTaMaJlapblH JKYHECiHE HETI3JICNTeH JKOHE TajanTapblH camnachl
MeH ECSS-Q-80-03 cTtangapT YChIHBUIFAH «KEMUIIIK» KEIIeH Il cUnaTTaMalapMeH
TOJIBIKTBIPBIFaH.

FEATURES QUALITY MODEL OF SOFTWARE FOR SPACE
APPLICATIONS

E.E. Ismail, B.D. Hisarov

This article deals with the software for space applications quality model
building, which is the basis for the formal description of the characteristics and
evaluation of their quality. Given the characteristics and requirements software for
space applications offered them a basic model of quality. A distinctive feature of
the base quality model is that it is based on a system of standard characteristics of a
top-level hierarchy of a modern model of quality ISO/IEC 25010 with the addition
of its characteristics and quality requirements of a complex characteristic
"Dependable" recommended standard ECSS-Q-80-03.
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VK 621.391
['.V. Kazax0OaeBa

AJMaTUHCKHUI YHUBEPCUTET SHEPTETUKH U CBSI3H, I AJIMaThI

PA3PABOTKA MATEMATHYECKOM MOJIEJIN ONTUMHU3ALIUHN
I'PA®UKOB 3AHATOCTHU TP MHOT'OCMEHHOU OPTAHU3AIINU
TPYJAA U PEAJIM3ALIUSA EE B MS EXEL

B cmamve paccmampusaemcs nocmanoska onmuMu3sayUOHHOU 3a0a4u, C8A3AHHAsA
¢ nocmpoenuem 2pagukos 3aHAmocmu padoOmMHUKO8 C MHO2OCMEHHOU op2aHuzayueri
mpyoa, 03HUKAIOWAsl 8 XO3AUCMBEHHOU 0esIMeNbHOCMU HA HEKOMOPbLIX NPEONPUIMUSIX.
Paspabomana mamemamuueckas Mmooenb OnNMUMUAYUOHHOU 3A0ayl, a MAKdHCe
peanusayus mooeau 6 MS EXEL.

KiroueBbie c10Ba: ONTUMHU3ALMOHbBIE 33/1a4l, MATEMATUYECKUE MOJEIIA U METO/BI,
3a/1a4 JIMHENHOTO ITPOTPaMMHUPOBAHKsI, MHOTOCMEHHAsI OpraHu3aus Tpy/aa.

Jns obecnieyeHust OecriepeOoitHON U 3P HEKTUBHON padOThI HEKOTOPBIX
NPEeaNpUSITUNA, pPaOOTAIOIMIMX B YCIOBUSX HEPAaBHOMEPHOW HATrpy3KH, Ba)XHOE
3HaUYE€HUE HMEET ONTHUMAJIBHBI pacueT YWCICHHOCTH paboueld cuibl. B psme
CJIy4aeB JJIsl 3TOTO MOYKHO MCTIOIh30BaTh METOIBI IMHEHHOTO MPOTPaMMHUPOBAHUS
[1-5]. IIpu pacuere HEOOXOAMMOTO 4YHcla PAOOTHUKOB HEOOXOAMMO YUWUTHIBATH
KoJIe0aHusl HAarpy3KH 10 JHSM HEJIETH U B TEYCHHE CYTOK, a TaKK€ BO3MOJKHBIC
BapUAHTHI CKOJIB3AIIETO TpaduKa MPEOCTaBICHHs BBIXOAHBIX. lcmosb3oBaHue
JMHEHHOTO TPOrPaMMHUPOBAHUS ITO3BOJISICT HAWTH ONITHUMAIIBHOE PEIIICHHUE.

1 I'paduxu 3aHATOCTH NPU MHOTOCMEHHOM OPraHu3aluM TPyAA.
3agaya onTUMHM3aAUMU TPAPUKOB 3aHATOCTH

Ha HekoTOpbIX mpearnpuaTusX CyIIeCTBYIOT MOApa3AeeHus, 00CIyKUBAIOIINE
3asBKM CO CTOPOHBI HACENICHHs, OpraHU3alui, MpUYeM 3asBKU MOCTYHAlOT B J000€
BpeMsi CyTok. B 3ToM cnywyae wucnosnm3yercss rpadguk paOoTbl pabOTHHKOB CO
CKOJIB3AIIUM TpapuKoM BBIXOAHBIX. KoMM4yecTBO 3asBOK, MOCTYHAIONIMX B Pa3HOE
BpeMsl CYTOK, HEOJMHAKOBO. B JHEBHOE BpeMsi CyTOK 3asBOK IOCTyHaeT OOJbIIie,
4yeM, HalpuMep, B HOYHOe. B CBsI3M C 3TUM BO3HHUKAET HEOOXOAMMOCTh B pacyere
ONTUMAJILHOTO KOJIMYECTBA PaOOTHUKOB (MM Opuraja pabOTHUKOB), paOOTAIOIIUX B
pa3Hoe BpeMsi CYTOK M MMEIOIIMX BBIXOJHBIC B Pa3HbIC IHU HEJENM TaKUM 00paszom,
9TOOBI CyMMAapHBIM HEACTBHBIN (M MECSUHBIN) (POHJ OIUIAThI OBLT MUHUMAITEHBIM.
PaboTHHKKM YacTO BBIMOJHSIOT OJHOTHUIHBIE PA0OTHI M B3aUMO3AMEHSEMBI U
padoTaloT B JBE, TPU WM YETHIpE CMEHBI C OJHUM WM JBYMS BBIXOJHBIMU.
PabotHuku moryt QopmupoBarbesi B Opuraasl. OOblMHO OpHraasl COCTOST U3
HEOOJIBITIOrO KOJM4ecTBa paboTHUKOB (110 11s1TH). J[1s1 obecrievenus GecriepeOoiHoN
1 3(ppekTUBHOM pabOTHI TAKUX MPEANIPUATHI B YCIOBUSIX HEPAaBHOMEPHOM HArpy3Ku
BRXHOE 3HAUEHUE MMEET ONTUMAIbHBIN pacueT YUCIEHHOCTH paboued cuiibl. [lpu
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pacdere HEOOXOJIMMOro 4uciaa PabOTHUKOB HEOOXOAMMO YUYUTHIBATh KOJICOAHMSI
Harpy3kd IO JHSIM HENEIH, B TEUECHUE CYTOK, a TaKXKE BO3MOYKHBIE BapUAHTHI
CKOJIB3AIIETO TpadrKa MPE0CTABICHUS BBIXOTHBIX.

Paccmorpum 3amady ¢ ompeneneHueM Tpaduka 3aHATOCTH PaOOTHHKOB
npennpustus.  [lpennpustue  oOcmyxkuBaeTcs  paOOTHUKAMH,  WUMEIOIIMMU
CKOJIB3AIIUH TpauK BHIXOAHBIX, TIPUYEM OHH MOTYT UMETh OJIMH WU JBA BHIXOIHBIX
B Helemo. B 3aBUCMMOCTH OT pacrloiOKEeHUs BBIXOJIHBIX B TEUYCHUE HENENU
COTPYJHUKH TIOAPA3JIEISIFOTCS Ha Kareropuu. Bce paOOTHUKM MMEIOT OJMHAKOBBIN
pasMep JHEBHOM 3apabOTHOM TMJIaThl, HE 3aBUCAIIMH OT rpaduka padOTHI.
[Ipenmonaraercs, 4TO U3BECTHO MUHUMAIbHOE TPEOyeMOE KOJUYECTBO PAOOTHUKOB
JUTSL KQKJIOTO JTHA HeAenu. Takke W3BECTHhI TpeOyeMble 3HaueHUs (MUHUMAJIBHOE U
MaKCUMaJIbHOE) paOOTHUKOB, PaOOTAIOIINX B Pa3HbIC CMEHBI JUIS KaXI0W KaTeropuu
pabOTHUKOB, MMEIOIIMX pPa3HbIe BbIXOAHBIE THU. HeoOxoaumo momoOpaTh Takyro
YUCIICHHOCTh PAOOTHUKOB KAXKIOW KAaTErOpPHH, YTOOBI TOJYYUTh MHUHUMAIbHBIN
pasMep CyMMapHOW HEJENbHOW OIUiaThl pabOTHUKOB —Tpeanpusitus (Wi
MOIPA3/ICIICHUS TPEATPUSITHS).

[Ipu MHOTOCMEHHOM OpraHW3aIMU TPY/Aa UCIOIB3YIOTCS JIBE, TPU WIN YEThIpe
cmenbl. Huxe npuBenenst B Tabmmiie 1 - rpaguku BBIXOHBIX, B Ta0umIe 2 - rpaduku
CMEH " B Tabiwuile 3 — HeeNbHbIM rpaduk paboTel Opuraa ¢ pa3HbIMU rpadukaMu
BBIXOJIHBIX.

Tabnuua 1 — I'paduix BEIXOTHBIX

1
I'paduk BBIX-X: 1 2 3 4 5 6 7
JIBa BBIXOJHBIX: ITu-BT | Br-cp Cp-ur Ur-nT II1-c6 CO6-Bck | Bek-mH
OIuH BBEIXOIHOU: ITa Bt Cp Yr IIt Co Bck

Tabnuna 2 — 'paduk cMen

CwMmeHsl j:
Bp.cyt. paboTs! B: 1 2 3 4
4 cMeHbI 06-12 12-18 18-24 24-06
3 CMeHBI 08-16 16-24 24-08
2 CMEHBI 08-20 20-08

Tabmuua 3 — HenenbHblid Tpaduk pabOThl KaTeropuil pabOTHUKOB C ABYMS
BBIXOJTHBIMU

Jlau venenu k:
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I: I'paduk
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HenenbHpiii rpaduk BBIXOAHBIX COCTABISIETCA TakuM 00pa3oMm, YTOOBI
KOKIbI paOOTHUK B TEUYCHHE HENETW MMEJ OJWH WM JIBa BBIXOJHBIX MOAPS/I,
HAIpUMeEp: OJUH paOOTHUK MMEET BBIXOJHBIC (IH-BT), Apyroi — (BT-Cp) U TaK
Janee, Kak TOKa3aHo B Tabimile 3 Tak, 4TO TpaduK BBIXOAHBIX TMOTYYaAETCS
CKOJIB3SIINM, a BCe paOOTHUKU (POPMUPYIOTCS B 7 KaTETOPHil, COOTBETCTBYIOIIHNX
7 rpadukaM BBIXO/IHBIX.

3HadyeHUs TaOJIMIIBI MOYKHO MPEICTABUTD B BUAC MaTpHUIlbl 3HaueHud (1),

1, ecii pabOTHUK C i — M rpadUKOM BBIXO/[HBIX
rae = paboTaeT B k — 1 ieHb HeJleJIu (1)
0, B IPOTHUBHOM CJIy4ae

Beenem crmenyromme 0003HaYeHMA: X;j — KOJIMYECTBO PabOTHHKOB,
paboTaronyx ¢ i - M BBIXOJHBIM JHEM B j-I0 CMEHY M NpuBeaeM Tabmuiy 4 —
TaOJIMIy UICKOMBIX 3HAYCHHUI MTePEMEHHBIX OMMCAaHHOW BbIMIe 3aaaun. [lociennuii
cTonben Tabauibl 4 onpeaenseT KOIMIeCTBO paOOTHUKOB, pabOTAIOIINX B pa3HbIC
CMEHBI, HO UMEIOIIUE OJNH rpaduK BBIXOIHBIX, HApUMEpP: X; — (MH-BT), A€

Ta6muna 4 - HenenbHbli rpaduk 3aHATOCTH paOOTHUKOB

Cmens! pabotsl (j = 1,4)
i I'paduik BBIX-X: (6-12) (12-18) (18-24) (24-6) Bcero
1 2 3 4 paboTH-B
1 [Ta-BT X1q X12 X13 X14 X1
2 Br-cp X21 X22 X23 X24 X2
3 Cp-ur X31 X32 X33 X34 X3
4 Yr-nr X411 X4 X3 X44 X4
5 [11-cO Xs51 X5 Xs3 Xs54 Xs
6 C06-BCK Xe1 Xg2 Xo3 Xo4 Xg
7 Bcek-iH X741 X7 X73 X74 X7

2 MartemaTuyeckasi MojAeJb 3a1a4d ONTHUMM3AIUU rpaduka 3aHITOCTH
NMPU MHOTOCMEHHOI OpraHu3aluu Tpyaa

Ha  ocHoBanmm  BBIICTIPUBEACHHBIX  00O3HaueHUW  chopmynupyem
MaTeMaTHYECKYI0 MOJIEIb 3a/1a4ll ONTUMHU3AINN TPa(UKOB 3aHATOCTH PAOOTHUKOB
C MHOTOCMEHHOW OpraHu3aluell TpyJa U CO CKOJB3AUINM T'pa(UKOM BBIXOJHBIX,
npudeM st GOPMYIUPOBKH MaTeMaTHUYECKONH MOJENN He UMEET 3HaYCHUs, KaKou
UMEHHO TpaduK BBIXOAHBIX HUcHoNb3yeTcs. OIHAKO TpH  MPOTPAMMHOMN
peanu3anuu MOJEIH HEOOXOAUMO OYyIeT OMpeAeNuTh W HCIOJIb3YeMBbI Tpaduk
BBIXO/IHBIX U KOJIMYECTBO CMEH PabOTHI.

Maremartudeckass MOJENb 33Ja4dl ONTUMHU3AIUKM Tpaduka 3aHATOCTH MHpPU
MHOT'OCMEHHOUM OpraHu3aluy Tpy/a:
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IleneBas dyHKIUA:

m n
ZZCU * X;j => min, (2)
i=1

j=1
TI€ C;j — JHEBHas omiara Tpynaa paboTHMKa (Wi Opuraabl pabOTHHKOB),
paboTaroriero B j — i CMeHe U C i -M rpad)uKOM BBIXOJIHBIX,
¢ijj =c,VYi,j — mpuMeM B JalbHCHIIMX pacyeTax, TaK Kak Bce
PaOOTHUKU BBIMOJHAIOT OJMHAKOBYIO pabOTy U B3aUMO3aMEHSIEMBI,
X{j — KOJIMYECTBO PAabOTHUKOB, pabOTAIONIUX B j — 10 CMEHY C [ — M
rpauKOM BBIXOHBIX.
OrpaHuyeHus 3a/1a4u:

m
ZIik*xisdk,Vk=ﬁ, 3)
i=1

rae l;, onpenensercs o Gopmyie (1),

X; — KOJMYECTBO pabOTHUKOB, paboTalommx ¢ i —M TrpapuKom
BBIXOJIHBIX, ™ = 7 —KOJUYECTBO TpadUKOB BBIXOJHBIX B COOTBETCTBUH C
TabauieH 4,

d - 3aJaHHOE MUHUMAJIbHOE KOJMYECTBO PabOTHHUKOB, paboTaronmx B k
—i1 1eHb Henenu (Ha MPaKTUKE 3HAY€HHEe MUHUMAIbHOIO KOJMYecTBa PaOOTHUKOB,
HEOOXOJMMOTO B ONpPENCTECHHBIM JeHb HEACIH MOXHO OIeHUTh), K = 7-
KOJIMYECTBO JTHEH B HEJIEIIO.

n
i inj, Vi=1m, m=7 (4)
=1
XM < g < X[V (5)
x;j —uensle, i =1,m, j=1,n, (6)

r7ie 3HaYeHUE 7N, pABHOE KOJUYECTBY CMEH paOOThl, MOXKET OBbITh pPaBHBIM 1,
2,3, 4.

CdhopmynupoBaHHass ~ MaTeMaTHuYecKas  MOJ€Jdb  ONMCHIBAET  3ajady
ONTUMHU3ALMU TpaduKa 3aHATOCTH IPU MHOTOCMEHHOM OpraHu3aliu Tpyna,
UCIIOJIb3yEMOW Ha HEKOTOPBIX MPEANPHUIATHSAX B TOM YHCIE M Ha HEKOTOPBIX
NPEANPUATUAX CBA3M, IJI€ CMEHHOCTb TpyJa HEOOXOAuMa B CBS3U C TEM, UTO
3asiBKM OT YACTHBIX JIMI[ U OpPTaHMU3alUi MOCTYMAIOT KPYIible CYTKH U B CBSI3H C
TUM HEOOXOAMMO OOECHEYUTh HEMPEPHIBHBIA PEXUM PabOThl, UTO U JUKTYET
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MCTIOJb30BaHUE CMEHHOTO PeKMMa pabOThl paOOTHUKOB. MaTemaTnueckass MOJIETb
OTHOCHUTCSI K KJaccy 3aJad JHMHEWHOTO MPOrpaMMUPOBAHUS U peau3yeTcs
M3BECTHBIMH MPOTPAaMMHBIMU Cpe/icTBaMu, HarpuMep: Matlab wim MS Excel. Jlns
yIn00CTBa MMOHUMAHUS W HATJISTHOCTU TIPEACTABICHUS PE3yJbTaTOB ONTUMHU3AINN
ucnoiassyercst MS Excel.

3 Peanm3anus mogean ontumu3anuu rpaguka 3ansaroctu B MS Excel

Peanmuzyem marematuueckyro Mojeib (2) + (6) B MS Excel. [ns sTolt nenu
MOCTPOUM TaOJUIBI MCXOJHBIX JaHHBIX 3a7a4yd [0 pacueTy ONTUMaJIbHOTO
rpadguka 3aHATOCTH MpU 4-CMEHHOW OpraHu3alliy TPpyJa Uil CIIy4aeB C OJHUM U
JBYMsI BBIXOJHBIMH B Henento. JlJis ciyyas C OJHMM BBIXOJHBIM MCXOJIHBIE
JaHHBIC TIPUBEICHBI B TA0IMIIC HA PUCYHKE |, ONTUMAabHOE PEIICHUE MPUBEICHO
Ha pucyHke 2. J[yig ciyyas ¢ IByMsl BBIXOJHBIMU HCXOJIHBIE IaHHbIE MPUBEACHBI B
TabJHIle HA PUCYHKE 3, ONTUMAIBHOE PEIIeHUE TPUBEIACHO B TaOIHIIE HA PUCYHKE
4, orpaHUYEHHS U TapaMeTpPbl ONTUMU3ALMOHHON MOJIETU 3aJa4l MPUBEICHbI Ha
PHUCYHKE 5.

JlaHHBIE O MUHHUMaJIbHOM W MAaKCHUMaJbHOM KOJIMYECTBE PaOOTHUKOB (WU
Opuraj pabOTHUKOB), pUBeeHHbIC B sueiikax C21:F27 u J21:M27 B Tabnuile Ha
pucyHke 1, paccuuThIBalOTCA HAa OCHOBE HCIIOJIb30BaHUSA HWH(OpMALUU O
MaKCUMaJIbHOM M MHUHUMAJBbHOM KOJIMYECTBE 3asBOK, MPUXOASAIIUXCS B
(UKCHPOBAHHOE BPEMSI CYTOK, KOTOPbIE€ MOTYT OBITh B3AThl U3 CTAaTUCTUYECKUX
JAHHBIX, coOuparoMxcs B 0a3e JaHHBIX NPEANpUATUS 3a roj (KBapTaj, Mecsll), a
TaK)K€ JIAaHHBIX O KOJHMYECTBE PAaOOTHUKOB, OOCIY)KMBAIOIIUX OJHY 3asBKy. B
paccMaTpuBaeMbIX HUKE TAOJIUIIAX MPUBOSTCS YCIOBHBIC JaHHBIC, HE CBSA3aHHBIC
C KOHKpETHbIM npeamnpusitueM, HO peanusanuss B MS EXEL npuBeneHHOro
npuMepa JeMOHCTpUpyeT d(OPEKTUBHOCTh MPEAJIOKEHHOW MaTeMaTUYECKON
MOJIEIIN.

B Tabnuiax Ha pucyHkax 1 u 3, COCTaBJI€HHBIX B COOTBETCTBUU C MCXO/IHbI-
MU JIaHHBIMH 3314l C OJTHUM M ABYMS BBIXOJHBIMU COOTBETCTBEHHO, B S'YEHKaX
C4:F10 npuBeneHbl TEpBOHAYaJIbHbIE 3HAYEHUS KOJIMYECTBA PAOOTHUKOB C
pa3HbBIM rpaUKOM BBIXOJIHBIX, pa0OTAIOIIUX B OMNPEICICHHbIE CMEHBI. B 3THX ke
tabnmuax B syeiikax H4:N10 npuBenensl rpaduku 3aHATOCTH PAOOTHHUKOB C
OTIPE/ICJICHHBIM IPaUKOM BBIXO/IHBIX.

B sueiikax C21:F27 u J21: M27 tabnuusl Ha pUCYHKE | TpuUBEAEHBI
MUHUMaJIbHbIE UM  MaKCUMaJIbHbIE 3HAYCHMUsS  KOJMYECTBA  COTPYIHHUKOB
COOTBETCTBEHHO, paloTaronmx B (PUKCUPOBAHHOE BpeMs CYTOK M C
(UKCUPOBAHHBIM BBIXOJHBIM JHEM, (hOpMUpYyeMble HA OCHOBE CTATUCTUYECKHUX
JAHHBIX Tpeanpusitud. 3HaueHue B siyeiike HI12 wa pucynkax 1, 2, 3, 4
paccuutbeiBaetcs 1o popmyne: = CYMMIIPOU3B(G4:G10;H4:H10). Ananorunuso
pacCUMTBHIBAIOTCS HA pUCYHKax 1, 2, 3, 4 3HaueHusd B ssueiikax [12:N12.
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A B C D E F G H | J K L M N
1 Mpaduk saHAmMocmu pabomHuKos
2 Boix-e Kon-eo pab-e& no cmeHam Kon-eo pab-e Mpaduk saHamocmu
3 OHu |06-12 | 12-18 | 18-24 | 24-6 |c sbIx.OHAMU M Bm Cp Ym Mmm cé6 Be
4 1 |MH-K 3 4 5 6 18 0 1 1 1 1 1 1
5 2 |Bm-k 4 5 5 4 18 1 0 1 1 1 1 1
6 | 3 |Cpeda 4 5] 3 5] 19 1 1 0 1 1 1 1
7 4 |Ym 5 4 2 3 14 1 1 1 0 1 1 1
5 |5 |Mm 4 3 4 2 13 1 1 1 1 0 1 1
9 | 6 |C6 5 4 5 2 16 1 1 1 1 1 0 1
10 | 7 |Ber 2 3 5 2 12 1 1 1 1 1 1 0
11
12 Beezo: 110 92 92 91 96 97 94 98
13 MuH-e mpebyemoe Kon-eo pabom-6 no OHAM Hedenu: 45 46 50 51 52 53 52
14 AHesHaa onanama pabomHuka: 20
15 Hedenbrnas sapnaama: 2200
16 | | |
17
18
19 Boix-e Mu#-e kon-so pabom-g Boix-e Makc-e kon-so pabom-g
20 OHu |06-12| 12-18 | 18-24 | 24-6 OHu |06-12 | 12-18 |18-24| 24-6
211 MR 3 3 4 2 1 Mu 4 5 5] 5
22 | 2 |Bm 1 2 4 3 2 Bm 3 4 5 5
23 3 |ep 1 2 3 2 3 |ep 4 5 4 4
24 1 4 |Ym 2 3 2 1 4 Ym 4 5 4 3
255 [Am 1 1 3 2 5 Mmm 3 3 5 4
26 6 |C6 3 2 2 3 5] c6 5 4 4 5
27 | 7 |Be 2 4 1 2 7 Bec 4 5] 3 4
28

Pucynok 1 - TaGauma pacyera KOJau4ecTBa paOOTHUKOB C OJTHUM BBIXOIHBIM

A B C D E F G H | J K L M N
1 lpaguk 3aHamocmu pabomHukos
2 Boix-e Kon-so pab-s no cmeHam Kon-so pab-s lFpaguk zaHamocmu
3 OHu | 06-12 | 12-18 |18-24| 24-6 |cevix.0HAMU | [TH Bm Cp Ym nmm c6 Bc
4 01 |MH-k 3 3 4 2 12 0 1 1 1 1 1 1
5 2 |Bm-k 1 2 4 3 10 1 0 1 1 1 1 1
6 | 3 |Cpeda 1 2 3 2 8 1 1 0 1 1 1 1
7 4 |Ym 2 3 2 1 8 1 1 1 0 1 1 1
8 |5 |(Mm 1 1 3 2 7 1 1 1 1 0 1 1
9 6 |C6 3 2 2 3 10 1 1 1 1 1 0 1
10| 7 |Bek 2 4 1 2 9 1 1 1 1 1 1 0
11
12 Becezo: 64 52 54 56 56 57 54 55
13 MuH-e mpebyemoe Hon-so pabom-g no OHAM Hedenu: | 45 46 50 51 52 53 52
14 AHesHas onnama pabomHuKa: 20
15 | HedeﬂTH as 3aprnama.' 1280
16

Pucynox 2 - Tabnuita ¢ onTUMaIbHBIM KOJMYECTBOM PaOOTHUKOB JJI rpaduka
paboThI C OHUM BBIXOAHBIM
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A B C D E F G H | J K L M N

Fpaguk zaHamocmu pabomHukos

1
2 Boix-e | Kon-so pab-s no cmeHam |Kon-so pab-s lpagux saHamocmu
3 OHu |06-12|12-18|18-24| 24-6 |c suix.OHAMU Mu Bm Cp Ym Mm (o] Be
4 11 |MH-em 3 4 5 6 18 0 0 1 1 1 1 1
5| 2 |Bm-cp 4 5 5 4 18 1 0 0 1 1 1 1
6 3 |Cp-um 4 6 3 6 19 1 1 0 0 1 1 1
7 4 |Ym-nm 5 4 2 3 14 1 1 1 0 0 1 1
8 | 5 |Mm-c6 4 3 4 2 13 1 1 1 1 0 0 1
9 | 6 |Cb-sck 5 4 5 2 16 1 1 1 1 1 0 0
10 | 7 |Bek-nH 2 3 5 2 12 0 1 1 1 1 1 0
11
12 | Beezo: 110 80 74 73 77 83 81 82
13 MuH-e mpebyemoe kon-so pabom-g no OHam Hedenu:| 45 46 50 51 52 53 52
14 AHesHaa onnama pabomHuKa: 20
15 HedenvHaa sapnaama: 2200
16 |
PI/ICYHOK 3- Ta6HHHa pacdyeTa KOJIM4CCTBA pa6OTHI/IKOB C ABYM: BbBIXOJHBIMHU
A B C D E F G H I J K L M N
1 Fpaguk saHamocmu pabomHukos
2 Boix-e Kon-so pab-e no cmeHam Kon-so pab-e Fpaguk sauamocmu
3 OHu |06-12 | 12-18 |18-24 | 24-6 |cevix.0HAmu | MH Bm Cp Um Mm c6 Be
4 1 |(MH-em 3 5 4 2 14 0 0 1 1 1 1 1
5 2 (Bm-cp 1 2 4 3 10 1 0 0 1 1 1 1
6 3 |Cp-ym 2 2 3 2 9 1 1 0 0 1 1 1
7 4 |Ym-nm 2 5 3 1 11 1 1 1 0 0 1 1
8 5 |(Mm-c6 1 1 3 3 8 1 1 1 1 0 0 1
9 6 |Cb-sck 3 2 2 3 10 1 1 1 1 1 0 0
10 | 7 |Bew-nH 2 4 1 2 9 0 1 1 1 1 1 0
11
12 Beezo: 71 48 47 52 51 52 53 52
13 Mun-e mpebyemoe Kon-eo pab-s no OHAM Hedenu: 45 46 50 51 52 53 52
14 AHesHas onaama pabomHuKa: 20
15 | HE@E’ﬂblﬂaﬂ sapnaama: ! ! 1420

Pucynok 4 - TaGauiia ¢ onTUMaJIbHBIM KOJIMYECTBOM paOOTHUKOB IS rpaduka

pa6OTI)I C IBYM: BBIXOJHBIMH

OHTI/IMI/ISaHI/ISI INEpBOHAYAJIbHBIX IIJIAHOB, INPUBCACHHLIX B Ta6J'II/II_[aX Ha

pucynkax 1, 3 ocymectBusercs B MS Excel ¢ ucnosb3zoBaHueM mOpoueaypsl
«Ilouck pemenus». [InamoroBoe OKHO, B KOTOPOM IIOJIb30BATENb YKa3bIBAECT
NEpEMEHHbIE, OTPAaHUYCHMS, a TaKXKe SYEHKy LeneBod (yHKUHMH, KOTOopas Ha
pucyHkax 1, 3 coorBercTByeT siuerike G15, mpuBeaeHO HA PUCYHKE S.

Ha pucynke 2 B sueiike G12 yka3aHO ONTUMAaJbHOE YHUCIO PAOOTHUKOB,

paBHoe 64. B sueiikax HI2 -+ NI12 yka3zan packiajg ONTUMaJIbHOIO YHCIA
pabOTHUKOB TIO JHSM Hezaenu, a B siueiike G115 ykazana MuHuUMambHas 00IIas
3apaboTHasi 1uiaTa pabOTHUKOB, paBHas 1280 yCIOBHBIX €AMHUIl. AHAJIOTUYHO
TPAKTYIOTCS JaHHBIC, MPEACTABICHHBIC HA PHUCYHKaX 3, 4 I ciaydas C JABYyMS
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BBIXOJHBIMU. B Tabmuiie Ha pucynke 4 B siueiike G112 — onTuMaabHOE YHUCIIO
pabOTHUKOB AJIsi CiIydas C JIByMsl BBIXOAHBbIMU paBHO 71, a B sueiike G15 —
MUHUMAaJIbHAS HeJleIbHas 3apa0oTHas miaTa coctaBisieT 1420 yCIOBHBIX €AUHUIIL.

ONTUMUENPOEBATE LEMEBYHD PYHELWHD: |$G$151 ERz
Ao ) haKcHnyn (o) PAHUMY M () 3navenns: o |
ZMEHAA AYEHKK NepEeMEHHBIX:
FCE4EFE10 ERz
B COOTEETCTEMW € OTPAHHYEHHAMU:
FCEAEFE10 == $J521:8M527 | fNoBaeuts ‘
SCE45FE10 = uenoe =
FCELEFE10 == SCE21:5F527 | ‘
SHE12:$NS12 >= SHE13:ENS13 SELEE LT
| ¥oanute ‘
| COBpocHTh ‘
| 3arpysuTh,/ COXpaHuTb ‘

CoenaTtb NepeMeHHble BG83 orpaHiYeHnid HEOTPULATENEHBIMMK

BriGepute n
OWCK PELLEHWA NIWH. 38434 CHMMNEKC-METOL0M
MeTo peLleHnA: P - A MapameTpel

MeToq pewwenna

[nA rnagknx HEAWHERHBX 33434 UCNONL3YHTE NOWCK PELIEHWA HENWHERHBLIX 33434 MeTogom O, anA
NWHERHER: 23434 - NOWCK PEeLUeHNA AWHEeRHBX 23434 CMMMASKC-METO4OM, 8 ANA Hernagknx 2a4ay -
IECAKUMOHHLIN NOWCK PEeLLEHKA.

| Cnpaeka ‘ | Haiitn peweHne | ‘ 3aKphuITe

Pucynox 5 - [TapameTpsl Mojenu JUisi ONTUMU3AIUE TpaduKa 3aHATOCTH
PaOOTHUKOB C OJHUM M JIByMsI BBIXOJHBIMU

[To pesympraTam peanm3anuu pa3paOOTAaHHOW MaTEMaTHYECKOW MOJEIH
onTtuMu3anuu rpagukoB 3aHaTocTH B MS Excel mis ciaydas ¢ OTHAM BBIXOJTHBIM
HEJENBbHOE YHUCII0 pabOTHUKOB YMEHbIIIIOCH co 110 yenmoBek no 64, a HenenpHas
3apaboTHas mata ymeHbmmiachk ¢ 2200 ycnoBHbIX equHull a0 1280. [ns cioyyas
C JIBYMsI BBIXOJHBIMHU IO JIAaHHBIM Ha PUCYHKax 3, 4 3TH MOKa3aTelId W3MEHUIHCH
CICAYIOIIUM 00pa3oM: 4YHCI0 pabOTHUKOB yMmeHblmuiock co 110 mo 71, a
HeJlepHas 3apadoTHas 1uiata cokpatuiack ¢ 2200 ycinoBHbIX eauHull 10 1420. 13
NPUBEACHHBIX  PE3YJIbTATOB  MOXHO  CHEJaTh  BBIBOJ, UTO pealu3alus
pa3pabOTaHHOM MAaTeMaTHYEeCKOW MOJIeNT ONTUMU3AIMU TpaduKa 3aHSITOCTU NMPHU
MHOTOCMEHHOM OpraHu3aiuu TpyJa IO3BOJIIET HAWTH ONTHUMalbHOE 3HAYCHUE
KOJMYecTBa  paOOTHUKOB,  TMO3BOJISIONIEE  MUHUMHU3HPOBATH  HEJCIbHBIN
(MecstuHbIi) (OH 3apaOOTHOM MIIATHI MPEITPUSITHS.
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BoiBOABI

B crarbe paspaboraHa u mpuBelEHA MaTeMaTH4eckas MOJENb 3aJayu
ONTHMU3ALMU KOJMYECTBA MEpCOHANIa MPEAIPUIATUNA, pabOTAIOIIUX TOCMEHHO U C
pa3HbIM TpauKOM BBIXOJHBIX IPY MHOIOCMEHHOW OpraHu3alluu TpyZAa, a TaKkKe
peanuzarus 3tod Mojenu B MS Excel. Mcmosb3ys craTuCTHYECKHE JTaHHBIC
OPEeAnpusATAsS O KOJUYECTBE TOCTYNAIOIIMX 3asiBOK Ha OOCITY>KUBaHUE OT
OpEeAnpuATAA W HaCeJeHHs, HAa OCHOBE pa3pa0OTaHHOW MOJAEIU MOXKHO
OMEpPAaTUBHO  OMNPENEIATh ONTUMAIbHBIA  HEHENbHBIA Tpa@uK  3aHITOCTU
pPaOOTHUKOB, MUHUMU3HPYIOUIUN HEACNbHbIA, MeCAYHbIN (OHABI 3apaboTHOM
IUIaThI.
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KOMAYBICBIM/bl EHBEK Y BIMJIAPBIHIAFbI K¥MbIC
KECTECIH OHTAMJIAHBIPY IBIH MATEMATHUKAJIBIK YJITICIH
OH/IEY )KOoHE OHbI MS EXCEL-/IE ’KY3EI'E ACBIPY

I'.V. Kazax0aeBa
AJMaThI 3HEPreTHKA KoHE OAMIaHbIC YHUBEPCUTETI, AJIMATHI K.

Kazipri Tanaa xpuUijiaM TaMUTBIH SHEPreTHKA KoHe OaiiJlaHbIC callallapbIHaa
OHTAMJIAHJBIPY 9MAICI MEH MaTEeMaTHUKAJIBIK YITUIEpl KOJJAaHy MIEHIiM
KaOBLIAAy bl JIONIETACY 1, THIMJIUIIKTI JKOHE KbUIIAMJIBIKTBI apTThIpyAa ©3€KTI
oosbint kenemi. OChbl JKYMBICTa KE3EKIIEH JKOHE OpTYPJl JeMalbic KecTeCiMeH
KYMBIC ICTEUTIH KbI3METKEpJIEp CaHBbIHA KOCIMOPBIHAAP/IAa OHTAWIAHABIPY 9SIiCI
MEH YJTUIEep1 KOJIJaHbl1abl. KbI3MET KOpCETy YIIIH XaJIbIKTaH TYCETIH OTIHIIITEP
CaHbl TypaJibl KOCIMOPBIHHBIH JCPEKTEP KOPBIHBIH CTATUCTUKAIBIK MOJIIMETTEpI
MEH YCBIHBUIATBIH MOJIEIBACP HETI3IHIE >KYMBICIIBIIAPIBIH TOJEM AaKbICBIHBIH
anTaiblK JKOHE aWJIBIK KOPBIH BIKIIAMJIAWTHIH JKYKTEMECIHIH anTalblK KECTECIH
XKEJEN TYp/le aHbIKTayFa OO0JIaIbI.
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DEVELOPMENT OF MATHEMATICAL MODEL FOR OPTIMIZATION
OF TIMETABLES IN MULTI-SHIFT LABOUR ORGANIZATION AND
ITS APPLICATION IN MS EXCEL

G. Kazakhbayeva
Almaty University of Power Engineering and Telecommunications, Almaty

Nowadays, use of mathematical models and methods of optimization gain
relevance in rapidly growing sectors of energy and communications. It allows
increasing the speed, efficiency and validity of decisions. This work offers new
models using with existing methods of optimizing the quantity of enterprises’ staff
operating in shifts with different (moving) graphics of weekends. Based on the
number of entering service requests from the public coming from statistical
databases, enterprises can quickly determine a weekly chart of workers’
employment that would minimize the payroll based on the proposed models.
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YK 681.518.3: 620.9:004(063)

M.B. U6parumosa, C.I'. Xan

AJMaTUHCKHUIM YHUBEPCUTET SHEPTETUKH U CBSI3U, T. AJIMATHI

PA3PABOTKA BECIIPOBOJJHOM CUCTEMbBI ABTOMATUYECKOT O
YIIPABJIEHUA DOHEPT'OCHABXKXEHUEM KNJIOI'O IIOMEHIEHUSA

Paspabomana  6ecnposoonas  cucmema — asmomamuyecko2o — YNpaeieHus
KOMOUHUPOBAHHOU — CUCMEMOU  IHEP2OCHADICEHUSI  JCUN020 NoMewjenus Ha bOaze
80300HOBIAEMbIX  UCMOYHUKOE JHepeuu. Hcnonv3osanvl 6ecnpogooHvle MOOYIU U
konmpoanep komnanuu XBee, [10 LabView.

KiroueBble ¢Jji0Ba: KOMOWMHHMpOBAaHHAsT CHCTEMa SHEPrOCHAOXKEHHWS, CTaHIAPT
ZigBee, 6ecripoBoansie moayiu Xbee, [10 LabView, LIFA.

YMHBIA JOM WIM YMHBIH O(QUC MpEeACTaBIseT cOO0OW aBTOMATU3HPOBAHHYIO
CUCTEMYy YIpaBIEHUSA, MPEAHA3HAYEHHYIO JUII KOHTPOJS M  YIpaBICHUS
OCBEILIEHUEM, OTOIUICHUEM, BEHTHJIALIMEH, BOJOCHAOXKEHHEM, O€30MacHOCTHIO,
ayJMo/BUICO anmapaTypoil U ApyrMMUA UHKEHEPHBIMHU cucTeMamu aoMma. Cucremy
MOKHO HAcTpaumBaTh U MOAU(PHUIMPOBATH MO >KeTaHWIO X03auHAa. COBpEeMEHHBIE
CUCTEMBI YIIPABJIEHUS YMHBIMH JIOMaMU SIBJIIFOTCS] IPOBOAHBIMH cHCTEMaMH [ 1].

[leapto  maHHONW  pabOTBI  sBIsSETCA  pa3paboTka W HCCIEIOBAHUE
OecrpoOBOJHOM CHCTEMbl aBTOMATUYECKOIO YIPaBJICHUS KOMOWHHUPOBAHHOM
CHUCTEMBbI SHEPTrOCHAOKEHHSI >KUJIOTO TIOMENIeHUsT Ha 0a3e BO30OHOBIISIEMBIX
MCTOYHUKOB PHEPrUU B cpejie rpaduueckoro nporpammupoBanust LabVIEW.

[Ipu BbIOOpE OECHPOBOAHOM  CEHCOPHOM  TEXHOJOTHMW I CeTel
MPOMBIIIVIEHHOT'O TPUMEHEHHUSI HEOOXOANUMO YUUTHIBATD:

—  CKOpOCTbH Ilepe/laur JaHHBIX Ha M0JIEBOM YPOBHE;

—  HaJIM4YM€ BO3MOXHOCTH HCIIOJIb30BAaHUSI AaBTOHOMHBIX HCTOYHHKOB
AJIEKTPONHUTAHUSA OOJBIION €MKOCTH;

—  TOIOJIOTHIO MOCTPOEHUS PAANOCETH, 00ECIEUUBAIONIYI0 U30BITOYHOCTD
CBSI3€i, a TaKKE€ BO3MOXKHOCTb CAMOOPraHU3allMU CETH, YTO MO3BOJIUT MOBBICUTH
HAJICKHOCTh PAJIMOCETH, a TAKXKE YIPOCTUT BBOJI B IEUCTBHE KOHEUHBIX OOBEKTOB.

B coorBercTBUM C JAaHHBIMU TpeOOBaHUSIMU ObLIa BhIOpaHa OecHpOBOIHAsS
TeXHONOTHs ZigBee — OTKPBITHIN cTaHAapT OECIPOBOIHOM CBSA3H, OTIUYAIOIIUNACS
HU3KUM SHEPronoTpeOIeHHEM U MPeIHA3HAYECHHBIN ISl CHCTEM MHOTOKaHAJIbHOTO
YIPABJICHHUS.

becnpoBognass CAY (bCAY) MukpokiumaToM JoMa BKIIOYAaeT B ceOls
rpyniy OecHpOBOJHBIX CEHCOPOB U OJIOK YOpaBJICHUs, HEOOXOIMMBIN s
pEeryaupoBaHMs TEMIEPATYPHI B JOME 3a CUET YIPaBJICHUS TEIUIOCHA0KEHUEM.

[Tpunmun padotet BCAY ocHOBaH Ha airoputMax IEHTPAIU30BAHHOTO
yIpaBJICHUS CEThIO, BKIIOYAIOIMKX: cOOp HH(OpMALMKU O TOMOJOTUU CETH,
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TUHAMUAYECKOE HW3MEHEHHE pOJICH YCTPOMCTB W YCTAaHOBKY ONTHMAJIBHOTO
pacrniucanus nepeaadu uHpopmaiuu.

Pa3paGorannass B paboTe mNpUHIMNHAIBHAS  DJEKTPUYECKas  CcXeMma
MOJKJTIOYCHHUST OeCIPOBOIHBIX MOJMYJEH, HCMOJB3yeMBbIX B JBYX pPEXHMaX, C
CEHCOpaMH U KOHTPOJIJIEPOM TMIpUBEJICHA HA pUCYHKE 1.
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Pucynox 1 — [IpuHiunuanbHas aJIeKTpruuecKas cxema COeIMHEHU N
OecrpOBOAHBIX MOJIYJIEH C KOHTPOJJIEPOM U CEHCOPAMHU

Hcnonb3oBanubie B BCAY OecnipoBoHbie MOayu Xbee QYHKIIMOHUPYIOT B
nByx pexumax: AT-pexum (mpospaunbiil) u API-pexum [2]. Takum obpaszom,
YUUTBIBASI PEKUMBI pabOThl OECITPOBOIHBIX MOYJIEH, OBIJIO PEIIEHO UCTIOIb30BATh
JIBE CETH NEPENAYN TaHHBIX:

— Sdeucras TONONOrUS CETH I cOOpa MOTOKOB JaHHbIX B API.

— CeTb «TOYKA-TOUYKA» ISl YOPABJICHUS TPEXXOJOBBIM KJIalMaHOM C
nomouibto KoTposiepa Arduino. CeTb «TOYKa-TOYKa» COCTOUT U3 OJHOTO
KOOpJAMHATOpA U POYTEPA, COCIAMHEHHOIO C KOHTPOJUIEpOM. B 3aBUCHMOCTH OT
3HAQYEHUsI TEMIIEpATypbl, KOHTPOJUIEp BBIAAET YIPABIAIONIMNA CUTHAlI Ha
PEryJIMPYIOLINNA TPEXXO0I0BOM KJIarlaH CMEUIEHHUS.

Tak Kak XUJIOHM JOM HMMEET 7/ KOMHAT, PACIIOJOXKEHHBIX Ha JBYX ATaXax,
MUKPOKJIMMAaTOM  KOTOpPbIX  HEOOXOAMMO  YIpaBisATh, TO  KOJMUYECTBO
OecpoBOJIHBIX MOAayJel cocTaBUT 11: U3 HUX 8§ KOHEUYHBIX YCTPOUCTB (7 — mJis
MOJy4YeHUs [JaHHBIX O TEMIIEpaType B KOMHATax, | — [ TOJy4YeHUd
METEOpOJIOTHYECKUX TaHHBIX 00 OKpy’Karwlle cpene), 2 MapuipyTtuzaropa u 1
KOOPAMHATOP CETH.

Kak onucano BblIlie, 0ObEKTOM YIPaBICHUS! CUCTEMbI TEIJIOCHAOXKEHUS 10Ma
apisiercst TI'Y, a wmmenHo pabGorta Bxomsammx B coctaB TI'Y naBuratens
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BHyTpenHero cropanus (JABC) u TernoBbix HacocoB. s 3anycka JIBC tpebyercs
TpPaJMLIMOHHOE TOIUIMBO, YMEHBIIEHUE pacxofa KOTOPOTO SIBIIAETCS aKTyaJIbHOU
3a1a4ei.

3ajaya COKpalleHHWs pacxoJa TOIUIMBA W BBIOPOCOB BBIXJIOMHBIX TIa30B
OPUBOJUT K 3a7ade ontuMaibHoro ymnpasieHus [IBC u temnoBeiMu Hacocamu,
KOTOpasi COCTOMT B OIpeIeJeHUH HEOOXOAUMON CTENeHH 3arpy>KeHHOCTU
(Bpemenu pabotel) JIBC 1 TemiaoBbIX HAacOCOB sl oOecreyeHus He0OX0IMMOTO
TEIUIOCHA0KEHUSI JloMa W MpPU OSTOM MHUHUMAIBHOIO pacxoja TOIUIMBHBIX
pecypcoB.

MakcumanbHubli  pacxon Temnotel (,, Bm, Ha OTOIUIEHHWE 3JaHUN C
IOMOIIBIO TEIUIOBBIX XapPAKTEPUCTHUK 3/IaHUS ONPEAEIISAIOT 110 popMmyIie:

QOT:qOT(tS_tOH)n, (1)

e ¢y—yAebHAS TEIUIOBAs XapaKTePHUCTHKA 3maHus, Bm/w’-°C, - HOTOK
TeILIOTHI, TepsieMoil 1 v’ HapyXHOro 06beMa 31aHNUs B €UHHILY BPEMEHH TIPH Pa3-
HOCTH t BHYTPEHHETO U HapYy>KHOTO Bo3ayxa 1°;

tp — CpedHsisa pacueTHas t 171 OCHOBHBIX NoMmenieHui 3nanus, °C;

t,, — pacueTHasi 3UMHsIs t Hapy)HOro Bo3ayxa, °C;

7' — IOMPaBOYHBIA KOI(PPUITUEHT, 3aBUCUT OT PACUCTHOMN JJISI CHCTEMBbI
OTOIUICHUS HAPYKHOMU .

3Ha4YeHUE (,; OPUEHTUPOBOYHO MOKHO BBIYHMCIIUTD, MOJL3YACHh (hopmyroit H.
C. Epmounaena [3]

Qor =

[kcr + ﬂ(kox + kcr )]+ %(O‘9knm + 076knon )’ (2)

(Y ls=]

rJie p — TIEPUMET] 3J1aHus, M;

S — oAb 30aHUS, M ;

h — BeICOTA 30aHUS, M,

kems Kkow Knoms Know — KODDPHUIMEHTH TETUIONEpPEAaYd COOTBETCTBEHHO
CTEH, OKOH, ITOTOJIKA, 110J1a;

B — kK03 PUITUCHT OCTEKIICHUS - OTHOIICHUE S OCTEKJICHHS K ILIOIIAIN
HAPY)KHBIX CTCH 3JIaHHUS.

B Hacrosiee BpeMsi BMECTO YAEIbHOM OTONUTEIBHOW XAPAKTEPUCTUKHU IS

JKHJIBIX 37IaHUI BBEIEH MoKasaTelb ¢°% Bm/w’, pacxoj TCIUIOThI Ha 1 M obmeit

2
M

IUTOIAAN 3TaHUS.
Pacxon TensioThl Ha OTOTUICHUE 3/TaHUM paBeH

Oor = qongﬁm ’ (3)

M

2
rae F,g, — 0011as mIomaab 31aHus, M .
Takum o00pa3oM, 3Has TeMIepaTypy HAapy>KHOTO BO3AyXa, MOXHO
ONpeeanTh HEOOX0IMMOE TEIIO Ha OTOIUICHHUE JI0Ma.
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Just  obecneyenust 3(P(EKTUBHOTO  HUCIOJIB30BAHUSI  PECYPCOB  IPH
TEIJI0OCHA0KEeHUHU JoMa, chopMyIupoBaHa 3aa4a ONTUMHA3AIUH.

B oOmiem Buae 3Ty 3ajady MOXHO MPEICTaBUTh Kak 3aJadyy JHMHEHMHOTO
porpaMmmMupoBanus [4]

Q = Cl*X1+C2*X2+C3*X3 — min (4)

rae X; — ypoBeHs 3arpyxxeHHoctu JIBC, %;
X, — YPOBEHb 3arpy>K€HHOCTH MEPBOro TEIioBoro Hacoca TH1;
X3 — YPOBEHb 3arpy>K€HHOCTH BTOPOro TemioBoro Hacoca TH2.
C orpaHn4yeHus MU

Xs > 0.

Koadpdumuenter C; neneBoit pyHKIHH OBLIA pacCYUTAHBI 110 Tabmumam 2.1 u
2.2.[3] u paBHbI cooTBeTcTBeHHO C; = 0,13, C, u C3 =0,15.

Jlis pemieHusl 3aJaud ONTUMAIBHOTO YIPABICHUS MCIONb3yeTcs anredpa
CUMIUJIEKC-METO/Ia, KOTOpas 3aKJIOYaeTCs B ONPEIEICHUM Oa3WCHOIO pEelIeHUs
1EeJIEeBOM (PYHKIMH, MOCJIE YEro MPOBEPSETCs, HE JOCTUTHET JIM MaKCHUMyMa WM
MUHUMYMa LieeBast PyHKIIMSL.

Pemenue nocraBneHHON 3a7a4u, O3BOJISIOLIEE JOCTHUYD LEIH ONTUMAIBHOTO
ynpasiaeHuss [IBC u TemioBbIMH HacocaMM, B JaJbHEWIIEM IPUMEHSETCS B
pa3paboTaHHOM IPOrPaMMHOM 0OECTIEUEHHH.

KCD wumeer nBa pexuma ynpasieHHUs, B 3aBUCHUMOCTH OT TEMIIEpaTyphl
OKpYy)KaroIlel cpeapl W KaJeHJApHOM JaThl <WIETHUH pEeXUM» U <«3UMHHUN
(OTONUTENbHBIA CE30H) PEXUM». AJITOPUTM BbIOOpA pPEXHMMa IHEPrOCHAOKEHHS
MPUBEJECH HA PUCYHKE 2.

B cootBercTBUM ¢ paziuuHbIMH pexxkuMmamu  pabotel TI'Y  cucTtemsl
TEIUIOCHAOKEHUSI ~ KOHTPOJIUPYETCS ~ TeMmIeparypa  JKWJIOTO  MOMEIICHHUS,
Temreparypa 6akoB akKyMyJITOPOB i ropsiuero BogocHaOxenus u CO, a Takxe
BBITIOJIHSIETCSI MOHUTOPUHT TEMIIEpaTyp reOKoJIeKTopoB. [Iponcxoaut ynpasieHnue
nojavyeil tormBa Ha JIBC B COOTBETCTBUM C peXUMaMM TEIJIOCHAOXKEHUS B
«3UMHEM pPEeXHUMEY, AITOPUTM KOTOPOTO MPECTABIEH HA PUCYHKE 3.
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HAYANO

HAYATIO
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month <=4

HET ja—

month = 10

>

fa—

Pexuma pabotel IBC
1 TH1 Pexwm pabotsi [IBC

HeT

HeT
yEl
HeT l
e g I II
Pexum patotsl [IBC
I CucremalBC I

cTHInTH2

l

Cuctema Bbixog v3 3umHero pexuma
BHEKTDDEHEEXEHHR
KOHEL

PucyHok 2 — Anropurtm Bebopa Pucynok 3 — Aiaroputm paboThI pexxuma
peKuMa 3HEProcHa0KeHUs «SUMHII

Pa3zpaborannbiii mHTEpdeiic MporpaMMbl YIpaBICHUS KOMOMHHPOBAHHOU
CHUCTEMBl HHEPrOCHA0KEHMS JI0Ma, TMpEACTaBlieH Ha pucyHke 4. B smemenre
«Ilorogubie yciaoBUs» 0TOOPaKaIOTCS METEOPOJIOTUYECKUE TAaHHBIE OKPYKaOIIeH
Cpeapl 0OMa, KOTOphle B JajbHEHWIIEeM HEOOXOAUMBI JJiA  YIpPaBICHUS
sHeprocHabkeHneMm jgoma. B amemente «Pexum cucteMbl SHEProCHAOKCHHSD
OPEICTaBISIETCS TEKYIIMM peXUM DHEpProcHaOkeHus (JIETHUHW WM 3UMHHMN).
ITonp30Barenp Takke B JIFOOOH MOMEHT BPEMEHHU Ha JaHHOM HHTep(derice MOXKET
YBHUJIETh UCIIOJIb3YEMBIE HCTOUHUKH SHEPTHHU.

Pa3paboranHblil nHTEpPEIic UMeeT 4 BKIaJAKH, KOTOPBIE PaCIIOIOKEHBI ClIEBa HA
pUCYHKE 4:

— 10M;

— I'BC u cucrema OTOIICHHS;
— CcHUCTeMa 3JIEKTPOCHA0KEHHUS;
— cXeMa TeIJIOCHA0KEeHMS.

Bo Bkmaake «Jlom» mpenctaBieHa OecrpoBOHAS CHCTEMa YIPaBICHHS
KJIMMAaT KOHTPOJIEM KOMHAT ¢ TIOMOIIBI0 Moaynield Xbee u koHTposuiepa Arduino,
COCAMHEHHBIX  COIJIACHO  NPHUHIMIMAIBHOW  cxeme pucynka 1. Jlma
B3aMMOJCHCTBUST M O00pabOTKM B cpelae TpadUyecKoro MporpaMMHUpPOBAHUS
LabVIEW c anmnapatHo-BeIYHCINUTENBHOM TUIaThopmoit Arduino, pazpaboTuynkaMu
komnanuu Natinonal Instruments 6su10 co3gano npunoxenue LabVIEW Interface
for Arduino (LIFA), koTopoe ucmoias30Banock B pazpadoranHom [10 [5,6].
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Nutepdeiic Bknaaku «I'BC u cucrema oTonIeHUs» NMPUBEACH HA PUCYHKE 5 U
Biouaer B cebs: TI'Y — cucrema TerocHaOxeHusi; ComHEYHBIE KOJUIEKTOpa
(CK) — cucrema ropsdero BOAOCHAOXKEHUS, I €oKoiieKTopa — MOHHUTOPHHT
TEMIIEPATyp T€OKOJJIEKTOPOB.

«CoJIHEUHBIN KOJUIEKTOp» (PUCYHOK 5) TpeacTaBisieT co0oit mHTepdeic
paboThI CUCTEMBI TOPSUETO BOJAOCHAOKEeHUs toma, cocTosmero u3 CK, terioBoro
Hacoca u TI'Y. B kauecTBe TEIUIOHOCUTEINS], MPOTEKAKOUIET0 B COJHEYHOM
KOJIUJIEKTOpPE, ObLI BBIOpaH NPOMWICHTJIMKOJIb 3a CYET CBOEH CTOMKOCTH K
TEPMUYECKUM HaArpy3Kam.

[Tpunun padotel cuctemMbl ['BC 3akmiodaercss B TOM, 4YTO HarpeTbid
COJIHEYHOU paJallien TEIJIOHOCUTEIb MO/ AEHCTBUEM IIUPKYJIAIIMOHHOTO HACOCa,
BBIXOJIUT M3 COJHEYHOTO KOJUIEKTOpA, TZI€ 3aMepseTcs ero temmeparypa. [lanee
HarpeThlii TETUIOHOCUTENb TepeaaeTcss mo Tpydam B TEMJIOOOMEHHUK M OTIAeT
CBO€ TEIUJIO BOJIE B Oake — akKymyssiTope it nanbHeimero ['BC.

Ilpu temmeparype TemnoHocutenasi T64 Bbime 55°C BKIIOYACTCS PEKUM
NpsIMOM MOJa4M TeIjia OT COJTHEUHBIX KOJUIEKTOPOB (PUCYHOK 5).
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Pucynok 5 — UHTepdeiic mporpaMmbl yrpaBieHUs] KOMOMHUPOBAHHONW CUCTEMBI
sHeprocHabxenus (Bkinaaku «I'BC u cuctema oTOTIICHUS, COTHEUHBII
KOJUIEKTOP»)

Pe3ynbraThl paboThl 3aKITFOYAOTCS B CIICAYIOMIECM:

1) mnpemnoxkeHa OecrnpoBOAHAsT CHCTEMA AaBTOMATUYECKOTO YIIPABIICHHS
MUKPOKIIMMAaTOM KOMHAT Ha 0a3ze OecrmpoBOAHBIX Moayjelt Xbee m KOHTposuiepa
Arduino;

2) nmpemsio)keHa KOMOWHHUPOBAHHAs CHUCTEMa JHEPrOCHAOKEHHUS SKHIIOTO
noma Ha 6a3ze BUD m OecnipoBOIHBIX TEXHOJOTHH, OMpEACICHBI ONTHMAIbHBIC
pexxumbl yripasienus TerioM, [ BC u anextpocHabxeHuem;

3) pa3paboTaHbl AITOPUTMBI U TIPUIIOKEHUE JIJIS YIIPABJICHUS U KOHTPOJIS
BCEH CHCTEMOW JHeprocHabKeHUs B cpeie TpaduvecKoro MporpaMMHUpPOBAHUS
LabVIEW.

3akiroueHue

[Ipennoxennass OecrpoBOAHAsE CHUCTEMa YIPaBICHUS KOMOWHUPOBAHHOM
CHUCTEeMOM SHEProcHaOXEHHUsSI JKWJIOrO TIOMEIICHUS TO3BOJUT B OTJIHYHE OT
TPaJMLIMOHHOM TPOBOJHOW, MHOTOKPaTHO CHHU3WUTh 3aTpaTbl Ha MOHTaXXHbIE
paboThl M MaTepHalibl, MOBBICUT YCTOMYMBOCTh WU HAAECKHOCTH CHUCTEMBI OT
HENPEIBUICHHBIX OOCTOSATENBCTB (B Cilydae BbIXOAA W3 CTPOS OJHOTO U3
OecrpoBOJHBIX MOAYJEH cuctema Oyaer aAanblie (PyHKIMOHUPOBATh, 3a CYET
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CIIOCOOHOCTH caMOKOH(pUTypauuu OeCpOBOJHON CETH), a TaKKe CYIIECTBYET
BO3MOYKHOCTh PACITUPEHUS CUCTEMBI SHEPTOCHAOKEHUS B CITydae HEOOXOMMOCTH.

[Tpumenenue GecripoBoHBIX TexHOMOTHE B KCD siBIsieTcs mepCrneKTUBHBIM
HaIMpaBJICHUEM, KOTOPOE TO3BOJIUT MHOTOKPATHO CHU3UTH (DUHAHCOBBIE W
BPEMEHHBIE 3aTPaThl HA YCTAHOBKY CUCTEMBI.
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TYPYbIH bOJIMEHIH SHEPTUSIZKAPBLIIKAY CbIMCbI3
ABTOMATTDBI BACKAPY ) KYUECIH )KACAY

M.B. Ubparumosna, C.I'. Xan

AJMaThl SHEpPreTUKa JKoHE OallIaHbIC YHUBEPCUTETI, AJIMATHI K.

Imki >kaHy KO3FaJTKBIII, TEOTEPMAJIl J>KBUIbI COPFBUIAD JKOHE KYH
KOJIJICKTOPJIap HET131H/1e TYPFbIH 06JIMEHIH dHEPIUsKAPBUIKAY ChIMChI3 aBTOMATTHI
Oackapy sxyieci gambiraH. XBee (Digi) KOMIaHUSICHIHBIH CBIMCBI3 MOAIYJBIEDI,
KOHTpoJuIepi )koHe LabView OarmapiaMachl KOJITaHBUIFaH.

[mTen >kaHATBIH KO3FAITKBIIITAPFA KOHE IKbUIY COPFbUIAPHI  OHTAMIIbI
0akplIay MoceJleciHE TOMEHJIEYre JKOHE OTBHIH IIBIFBICHIHBIH IaljalaHblUIFaH
IIBIFAPBIHABUIAPEIH KBICKAPTY KOWBIIFaH Moceneci memiaai. Ockl Mocene OTHIH
pecypcTapblH TYTBIHYJIBIH €H TOMEHI1 JACHIei[e KOJJaybl >KOHE IIIKI >KaHy
KO3FaJTKbIII (3KYMBIC YaKbIThl) TI€H XKbUIY COPFbUIAPIbIH KAXKETTI JIOPEKECIH
aHBIKTAYMEH TYPFBIH OOJIMEHIH SHEPTHsDKAPBUIKAY KaMTaMachl3 €Ty MaKCaThIHIa
OOJIBIT TaOBLIAIBI.
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DEVELOPMENT OF WIRELESS AUTOMATIC SYSTEM
OF RESIDENTIAL BUILDING POWER SUPPLY

M.V. Ibragimova, S.G. Khan

Almaty University of Power Engineering and Telecommunications, Almaty

The wireless system of automatic control combined system of the dwelling
power supply on the basis of solar collectors, heat pumps, geothermal heat pumps
and internal combustion engine (ICE) was developed. Wireless modules and
controller of the company Xbee (Digi), LabView software were used.

Assigned task to reduce fuel consumption and exhaust emissions, which is
reduced to the problem of optimal control of internal combustion engines and heat
pumps was solved. The task is to determine the required degree of load (working
time) and heat pumps to provide the necessary dwelling heating supply with
minimum consumption of fuel resources.
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CREATIVE CONSUMPTION: HOW TO CREATE A NEW MARKET

This paper shows that Baudrillard’s theory can be used to create new global
markets using current technologies development. We have given an example of creation
of a new market using current trends of the IT fashion development. We have given both a
theoretical explanation and a product prototype example in order to illustrate our
conclusions.

Key words: IT fashion, creative consumption, Baudrillard theory, LED circuit
design.

Introduction

It has been demonstrated in [1,2] that sustainable economic growth is
achievable only through intensive or extensive expansion. Authors [1,2] have
showed that the rhythm of economic growth currently expected by financial
markets is difficult to achieve without major technological innovations or
exceptional expansions, including territorial ones. These arguments can be
considered as in-depth reasons of the current global systemic crisis, notably
described in [2-4], while only at first it could have been considered as a purely
financial crisis.

The same arguments can also be found behind individual firms’ development
plans, e.g. in their search for new markets, would that be new regions to sell the
same products and services or would that be investments in R&D in hope of
finding not only a new product, but a new marketable innovation.
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As an example of such hopes for a new market we can recall the
nanotechnology boom in the early 00’. An attempt to concentrate important
resources in this particular research area was made, even in some developing
countries (Russia example) as it was expected to fulfill the demand of intensive
and high growth industry. We have tried to demonstrate in [2] that the
nanotechnology, to this day, is not successful in the appointed macroeconomics
mission.

Some of the reasoning of this failure can be presented as follows. It was
showed in the multidisciplinary literature [2-4] that current research activity is
financed primarily with a short term goal. In other words, current research in most
disciplines is applied research oriented either on improvements of technological
processes or on further developments of products and services on already
established markets. This situation can be explained not by the current state of art
or research disciplines or by a shift of interest of most researches, but mostly by
economic conditions of research activity: any investment is expected to give short
to mid-term return. In such conditions long term fundamental research will be
underfinanced and therefore underdeveloped, leading to a lack of long term
foundations for next generation innovations. The nanotechnology presented an
attempt to revive interest in long term research, but due to above mentioned
reasoning and as proved in [2], to this day we cannot conclude to the success of
this attempt.

In this paper we will present a different attempt for new markets creation.
These new markets or a particular new market has to be universal, in the sense that
it has to be exploitable or transferrable in the most of the globe. As showed above
we are also constrained by the lack of investments in long term research projects,
therefore the new market(s) have to be created on the current technological basis.
In the following part we will present our theoretical analysis of new markets
creation using J. Baudrillard [5] concepts, after we will describe a few examples of
these markets, finally we will conclude with recommendations for investment and
development institutions.

Theoretical background or why consumption has to be creative?

In order to create a new market with both above introduced characteristics we
will focus on the analysis of consumption of goods / services and more
specifically on the analysis of consumption behavior or the motivation of the
decision to consume of each individual agent. In order to proceed with this
analysis we will use the concepts of J. Baudrillard [5] introduced in 1972 used for
the study of post-industrial society and its consumption behavior.

According to this theory, each product on the market has several values. The
first of these values is the value of functional utility, but there are also other values
and uses that can be derived from the use of each product therefore motivating its
consumption. One of the other such values is the value of the possession as a
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symbol: the most known examples are branded products that confer to their
owners a certain social status. This second described value can be separate from
the first and is consequently a separate motivation for consumption decision with a
different price.

Therefore following J. Baudrillard, we can analyse separately the existence of
physical and virtual components of the cost; the latter having a well-defined
monetary value. It can be easily observed [5,6] that the symbolic value of products
has already been exploited e.g. differentiation of the same type of products widely
exists on the most markets. However, most of these products are replicable. The
ability to replicate goods allows economies of scale, even at different segments of
the same market. We propose a further step in exploitation of the second (or
symbolic) value of products thus authorizing the creating of new markets.

The main feature that we propose to focus on is individualization of products.
The more any product is personalized to the owner the more very particular value
it carries acquiring further symbolic meaning. Of course, personalizing products to
customers has been already exploited, especially on the “haut de gamme” products
(the typical examples would be fashionable designer clothes). The uniqueness (and
the specialists’ efforts for) of these products make them expensive and therefore
oriented on a relatively small segment of any market.

Consequently in order to create a new market we propose to use already
existing technology allowing for relatively easy replication: image recording. In
order to attach to the product the higher symbolic meaning due to personalizing
we propose to involve the consumer in the process of creation of the final product.
The combination of these factors allows, when exploited at maximum efficiency,
the creation of a market with high potential for expansion. This expansion can be
both extensive, as the personalization authorizes to reach a global market, and
intensive as sets of products to which this approach can be applied will expand.
The other important characteristic of such approach is the participation of the
customer: it’s not only conveying a very personal meaning to the object, but is
also providing the provider of the product with immediate and direct feedback.

IT fashion as an example of creative consumption and potential for new
markets.

Fashionable clothes are one of the easiest examples of products with a high
degree of creative input; clothes following the IT fashion can be therefore one of
the best examples of products using modern technology and creative input
simultaneously. The few IT fashionable clothes presented for example in [7-9]
show that the needed technology is mostly currently available and therefore our
feasibility characteristic is fulfilled. The fact that different clothes fashions exist in
the most countries and present an important market fulfills the other criteria: this
market is potentially universal, especially since the final product is adaptable.
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The main input that we propose using the example of this particular market
based on our analysis of the need of the creative consumption is that current IT
fashion should be relatively easily be adapted by the customer herself to everyday
use and change at will. Below we propose a brief description of an example of
such product.

Figure 1 demonstrates an IT dress where a mobile phone can be used to send
controlling signals (in order for LEDs of the dress to change color, rhythm and
reaction to sounds).

(presentation and photo courtesy of A. Vituleva)
Figure 1 - IT dress “Sarmat style”
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Figure 2 - presents a sample of radio-electronic circuit used for image recording in
the IT dress described above
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Circuit (Figure 1) is based on N triggers, where N is number of LED in the
dress; informational signal is applied to point A, wire B allows for realization of
running pulse, C connects the circuit with a clock.

Wire A allows for information recording supporting a set of states “On/Off”
in the set of LED forming the necessary image on the IT dress. During each beat
of circle of information recording only one trigger is able to store information, due
to the use of the running pulse. This fact allows for the use of common wire A for
application of control signal. The clock is used for synchronization of all the
elements of the circuit.

A similar technological approach can be used for creation of other IT
fashionable items of clothes and accessories. Some of the features can include the
response of LED patterns to music, creating a very individual sound-and-light
show. Further investigations are conducted in order to authorize as full
personalization as possible, including messages or individual color-figures
combinations.

Further work will be carried out in order to increase flexibility of IT
fashionable item to allow increasing participation of the customer in the creation
process. Potential for a direct feedback exists using the anonymously collected
information - commands send to the IT items. Ultimately, from a known and
replicable technology unique fashionable items can be created answering all of the
criteria derived from our theoretical analysis.

Summary

In this paper we have shown that a fundamental and theoretical work of J.
Baudrillard can be used in order to create modern new markets. We have given
one such example based on the IT fashion, with a prototype product “Sarmat
style” IT dress. Our main conclusions concern however the potential for the
further markets creation using the concept of creative consumption. We note that
many of the products and services currently produced can be adapted to a more
personalized use by the customers, both following individual’s taste or demands of
fashion or necessity (such as so-called smart houses adapted to the households
uses to minimize energy consumption). This adaptation will increase the value of
the product and, by involving the customer, provide a direct feedback.
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KPEATHB/I TYTBIHY: JKAHA HAPBIKKA KAJIANl KYPYFA BOJIAJIBI

. CyﬂeﬁMeHOBl’z, K. CyﬂeﬁMeHOBa3, . anreikoBa' =, 1. O6yXOBal’4,
E.BHTyJIeBa5

' Anmarhr AHEpreTUKa XKoHe OalIaHbIC YHUBEPCUTET1, AJIMATHI K.
2Ka:;amcmm PecnyOnmkachiHbIH ¥ ATTHIK HHKEHEPITIK aKaIeMUsIChl, AJIMATHI K.
3 DKoHOMMKA AerapTaMenTi, bupMuHrem yuusepcuterinin, B17 2TT,
Benukobpuranus

4K N. Cor6aeB arpiagarsl Kazak ¥ NITTHIK TeXHUKAIBIK. AJIMATHI K.

*TOO «Adver so», 3 «A» baiimres kemr., AIMarThl K.

byn wmakana Bopausipma Teopuschl aFbIMJIaFrbl TEXHOJOTHSAJIAP JaMybIHA
naiiiananbln ’KaHa dNIEMJIIK HapbIKKA jKacay YIIIH Hai1anaHbuTybl MyMKiH €KeHiH
kepcereni. bi3 IT con mamybIHBIH Ka3ipri ypAicTepiH NMaiigalaHblN kaHa HAPBIFbIH
Kypy MbicanbsiH 6epai. COHbIMEH KaTap Makayaja KOPBITBIHIBIHEI CypeTTey YIIiH
TEOPHUSIIBIK TYCIHIKTEME KOHE OHIM MPOTOMUTIEPI MbIcall 60Ja anaibl.
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KPEATUBHOE NOTPEBJEHUE: KAK CO3JIATh HOBbII PBIHOK

o 1,2 9 1,2 1,4
N. Cyneitmenos , K. Cy.]'ICI/IMeHOBa3 , . lanteikoBa *, I1. O0yxoBa ™,
E.BI/ITyJIeBaS

' AnmatuHCKHit Yuuepcutet JHepretuku U CBs3u, yi. bailTypceiHoBa
126, 050013, Anmatel, Ka3zakctan

*Hauponansaas Mmkenepaas Axagemust PK, yin. Boren6aii 6atsipa 80,
050010, Anmatsl, Kazakcran

3,Z[enapTaMeHT OxoHoMUKH, YHUBepcuteT bupmunrem, B17 2TT,
BenukoOpurtanus

*Kazaxckuit HarponanpHblil TeXHAYECKHUiA YuuBepcurer um. Carnaesa,
np. Catmaea 22. Anmatsl, 050100, Kazakcran

> TOO «Adver so», yi1. baitimesa 3 «A»., Almaty, Kazakhstan

Dta cTaThs MOKa3bIBAET, UTO TEOpHs boapuiispa MoxeT ObITh HUCIOJIb30BaHA
JUISL CO3JIJaHUsI HOBBIX TIJIOOAJTBHBIX PBIHKOB C HCMOJIb30BAHHEM COBPEMEHHBIX
TEXHOJOTHYECKUX pa3paboTok. B 1maHHOW cTaThbe NMPHUBEACH INMPUMEDP CO3AaHUS
HOBOT'O PBIHKA, C UCIIOJIb30BAHUEM COBPEMEHHBIX T€HACHIMN pa3BuTus UT-Mobl.
Takke B cTaThe MPEACTaBICHO TCOPETHICCKOE OOBSICHEHHE M MPUMEP MPOTOTHUIIA
MPOAYKTA JJIsl TOTO, YTOOBI TPOMJLTIOCTPUPOBATH HAIII BHIBO/IBI.
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VJIK 517. 911.

C.A. Hypneucos
AJIMaTUHCKHUIM YHUBEPCUTET YHEPTETUKU U CBSI3U, T'. AJIMAThI

HCCJIEIOBAHUE OJHOI'O U3 OCOBEHHBIX C1YYAEB
3AZTAYH Ob YCTONYNBOCTHU ABUKEHUA

B cmamve paccmampusaemcs Kpumuueckuil ciy4ai n nap Yucmo MHUMbIX KOpHell
ApU HATUYUY 6HYMPEHHE20 Pe30HAHCA HeYemHo20 NOPAOKA.

KioueBble cji0Ba: KPUTHYECKUWN CIydail, pPE30HAHC HEUYETHOTO TMOPSAKa,
muddepeHIalbHbIe YPAaBHEHUS, PAHT MaTpPHUIIA.

M3BecTHO, YTO OJHONM U3 OCHOBHBIX MPOOJIEM TEOPUU YCTOWYHUBOCTHU
JIBKEHUS SIBIISIETCSA MpoOsieMa MCCIeAOBaHUS YCTOMUMBOCTH B TaK Ha3bIBa€MbIX
KPUTUYECKUX CITydasx, KOorja BOMPOC 00 YCTOWYMBOCTH JBMIYKEHUS HE peEIIaeTcs
ypaBHEHUSIMU TME€PBOro MpuoOimkeHus. B 3ToM HampaBieHun OmMyOJIMKOBAHO
00JIBIIOE KOJIUYECTBO PadOT.

[IpunaBasi Ba)XKHOE 3HAYEHUE HCCIIENOBAHUIO KPUTHUUYECKUX ciydaeB, A.M.
JlsmynoB [1] mo koHma pemmsi 3amady 00 YCTOWYMBOCTH YCTAHOBHBIIIHMXCS
JIBIOKCHUH.

HccnenoBannio yCTOMYMBOCTU B KPUTUUECKOM CIIy4ae HECKOJIBKHUX Tap
YICTO MHHMBIX KOpHEH mocBsmieHsl padboTel Beperennukoa B.I'., T'ombrepa
AM., 3yboa B.M., KamenkoBa ['.B., Mankmna W.I'., MomyanoBa A.M.,
CanbBagiopu u 1p.

Bo Bcex oTMedeHHBIX BbIlIE pabOTax, B KOTOPHIX B TOM WM MHOU (popme
U3Yy4ascs KpUTHUYECKUN Cllydall # map YACTO MHHUMBIX KOpPHEW, MPEIonarajioch
OTCYTCTBME B CHCTEME BHYTPEHHEIO pPE30HAaHCA JI0 JOCTATOYHO BBICOKOTO
nopsiAKa. A UIMEHHO, €CIIM HUCCIIEYEMYIO CUCTEMY 3aIMCATh B BUIE

dx )
TS - Z}LSXS +XS(X1,)/] sees Xys V) )’
a’yt (S=12,..,n), (1)
S _ _ixSyS + YS(xl,yl,..., X,V ),
dt
rie  xy, yg - KOMIUIEKCHO-CONPSDKEHHbIE —T€peMeHHble, X, Y, —

aHaTUTHYEeCKuEe (DYHKIIMM, Pa3JI0KEHUS KOTOPBIX B Psiji HAUMHACTCS C YICHOB HE
HIDKE BTOPOrO IOpsAKA, TO IPEAIONarajioch, 4TO IIOJIOKUTEIBHBIE YMCIA A

YJIOBJIETBOPSIIOT YCIIOBUIO:

n

imsksio npu Z|mS|SL, (2)
S=1

S=1
mg — Lenble, L - JOCTaTOYHO OOJIBILIOE YUCIIO.
B mnocnennee Bpemsi Bce Oouiblliee BHUMaHUE YAETISETCS HCCIEIOBaHUIO
cuctemsl (1) B Tex ciayyasix, KOTrJa HEe BBIIOJHSIOTCS YCIOBHS (2). DTO CBA3aHO C
TEM, 4TO JJIsI MHOTUX PEabHBIX CUCTEM YCIIOBUE (2) HE SIBIIIETCS €CTECTBEHHBIM.
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Onpenenenue. byaem roBoputs, uto cucrema (1) o00agaeT BHYTPEHHUM
PE30HAHCOM Mm-T0 NOpsiAKa, THia (m,, m,, ...,m, ), €CIH

> mghg =0 mpu Y |mg|=L (3)
s=1 51

Img| - B3aMMHO IIPOCTHIE IENIbIE YHCTIA.

Uccnenyemas cucrema auddepeHuunanbabix ypaBHenuid (1) mpeobpasyercs
K cChoelualibHOMY BHAY [2]. DTOT mnepexod OCYIIECTBISETCS € MOMOIIbIO

npeo0pa3oBaHus, UMEIOIIETO BU]I
2N+1

xg=Ug+ Y. UPU,,0 UL, ),
j=2
)

vs =Vs+ Y. VU, UL,
j=2

n’

rne UV, - KOMIUIGKCHO COIpPSDKCHHBIE MepeMeHHble U/,V, - (Gopmbl j-To

nopsiika, N—mocTaTodHO Oojblioe uwcino. B mporecce  mpeobpa3zoBaHus
BBIICHSIETCSI CTPYKTYPa PE30HAHCHBIX WICHOB.
Te unmensl mpeoOpazoBaHHON cuctembl U V,'UXV): .USV' (unm cuctemsr

(1)), mokasaremu cTemeHeill KOTOpbIX oOpamjaror A=Y (K, —I )L, —L, B HyIb,

G

OyJZieM Ha3bIBaTh PE30HAHCHBIMU YJIEHAMH, OCTAJIbHBIE HEPE30HAHCHBIMH.

AHanu3 BBIpAXEHUS i1 A TIOKa3bIBa€T, YTO PE30HAHCHBIC YJIEHBI MOTYT
ObITh pa3OMTHI HA JBE TPYIIbI: YICHBI, COOTBETCTBYIOUIUE TOXKIECTBEHHOMY
PE30HAHCY, U YJIEHbI, COOTBETCTBYIOIINE BHYTPEHHEMY PE30HAHCY.

UsieHbl, COOTBETCTBYIOIINE TOXIACCTBEHHOMY PE30HAHCY, B S-M ypaBHEHHH
MOTYT OBbITh 3alKCaHbl B BUJIE

Usﬁ(UGVG )°, P.>0. (5)
o=1

HCpr,ZIHO BHUACTH, YTO IIOKA3aTCIIN CTCIICHEH ATHX YJICHOB o6pau1a}0T A B
HYJIb TOXIACCTBCHHO, HC3aBUCUMO OT 3HAYCHUM 7\,S , IIOOTOMY 3TH YJICHBI UMCIOTCA

B mo0oii cuctema Buja (1).
UiieHbl, COOTBETCTBYIOIIME BHYTPEHHEMY pe3oHaHCy (3) B S-M ypaBHEHHH
npeoOpa30BaHHON CUCTEMBbI, MOTYT OBITh 3alUCAHbI B BUJIE

us[Tue™ vy, (6)
o=l

I7i€ % - LeJO0€e YUCIIO, OTIUYHOE OT HYJIS.
Hywmepaius nepeMeHHbIX xy, TAKOBA, YTO

m;,my,...,m, 20, m,, .,...,m <0 (th 7&0).
CornacHo pesynbTatam [2], cucrema (1) B peasioKeHUH, YTO MpaBble YaCTU

HAUYUHAKOT PA3JI0KEHUSI C WICHOB m—1-TO TOPAAKA, IPUBOJIUTCA K CICAYIOLIEMY
CIIEUAJILHOMY BHUIY:
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dU m; m m Me— m m, + m
~ S =iU Lylymym yme ymyglnel glnl o (UU V)
! npu S<h, (7)

dV —\m — nm; + m
— S =-iUg + iy mym st ymym gyl gy (U0

dU m. my,+ mg— m
S =iU Ly lym gmylml pies yinl o (ULU V)
npu S>h, (7

dV —\m; m,+ me— m
s o Uy +yWum gmylmd ylnsl ylnl oy (U0, 7)

dt
rie ¢g,y, — rogomMopdHbie (QYHKIHMH, pa3iararoiieics B psl HauyuHas C

YJICHOB HC HUKC m —TI'0 ITOPSAKA,
US,VS — KOMIIJICKCHO COITPS?KCHHBIC IICPCMCHHEIC.

Kpome cuctemsi (7) npu ucciae0BaHUK UCTIOIB3YETCS TAKXKE CUCTEMA

2 n
d(rs ) ~2P, (e)Her,f‘ + R (17,5 0,,...,8,),
. | | ) (8)
" \m s m
T Z_fPS(O)HrJ" 4 ""15(”1’---’ 75 0550, )’
J-

dt 3 rg
rIe
P,(0)=a;’ cosO+py sinb,
{bﬁ’”') npu S <h,

B(’"/) —
s (n)
—bg’" npu S >h,

o) i =y 0= m o, .
i=1

Ry, O — rojoMopdHble (QYHKUMHU TO 7,..,7, C MNEPUOJUYECKHUMH MO 0
K03 duIMEeHTaMH, IPUYEM R, ~ O(r’"“), @~ O(r"’").
Cucrema (8) momyuaercs (7) myreM mepexoaa K NEPEeMEHHbIM Z.,0, IO

dbopmynam
0 —i0
Usg=ree™, Vi=re ™.

() () m;)
AZ( ) o) a"m-J-
N A
Haneueiimee wu3ydeHue cuctembl (7), (8) Bemercss mOpu  pa3IudHBIX

MPEAOI0KEHUSIX OTHOCUTEILHO MAaTPHUIIBl A 1 €€ paHTa.
Caydait 1. Panr matpunbl A paBeH 2 U CpelH YHCEIN ag"’f) HE MEHEE Tpex

PaccmoTrpum matpuny

OTJIMYHBI OT HYJIS.
Hcnonb3ysa maTpuily A, COCTAaBUM BCEBO3MOYKHBIE MaTPHUIIbl BUA

(m/') (m/) (m;)
ag’ a a
Aoy =| o S O (5 <8 <8). 9)
815,853 [Bglj) Bgz,) Bga/)J ( 3)

O603HaunM Janiee 4epes Dy g ONPEICIUTENN
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Dys =ty il (5,<8,). (10)

Jloka3aHsl cieayronue TEOPEMBI.
Teopema 1. Ecnmm cpexm Mmarpumbl  Agg,  HaWUIETCS  Takas, dYTO

COOTBETCTBYIOIINE €U ONPENEIUTeIn Dy, , Dy ,Dgs YAOBICTBOPAIOT OAHOMY M3
YCIIOBUU
signDS]S2 ,= signDszs3 = —sz'gnDS]Sz ,
signDy ¢ ,=—signDg ¢ =signDy , (11)
—signDy s ,=signDg ¢ =signD ,
T.e. B pany 4ucen Dgg, D, ,Dgs, UMEETCI CMEHa 3HaKa), To cucrema (7)
yCTOMYMBA B m—1 -M IPUOJIMIKEHUU.
OTMeTuM, 4TO €ciid MOJIOKUTh N=3 U m, =1, m, =m, =—1 TOo Teopema | maér
pe3yJIbTaThl, TOJy4YEHHBIEC paHee B [3].
Teopema 2. Cucrema (7) B m—1 -M TOpUOTUKEHUU BCErJa JIOMYCKAET
CYILIECTBOBAHUE UHTErPAJIOB B BUJIE
ZuSUSVS =const . (12)
S=1
Ecnu cpenu HUX uMeeTcs 3HAKOOIpEAeNeHHbI uHTerpai, to cucrema (7)
ycTOWuYMBa B m—1 -M NpUOIMKEHUH, €CIM BCE MHTErpalibl 3HAKOTIEPEMEHHBI, TO
cuctema (7) B m—1 -M npUOIM>KEHUN HEYCTONUNBA.
VYcmoBueM  CylIeCTBOBAHMS  3HAKOIPEAEIEHHOTO HMHTErpaja  SBISIETCSA
ycnoue (11) u3 reopemsr 1.
Ecnu Bce ag’ #0 1 m, #0 HEyCTOWYHBOE YACTHOE PEIIICHHE UMEET BU]I
0=0,, ry=1z(t), (13)
e 0, u I, moctosiHubIe (I >0).

3nech 0, SBISETCS KOPHEM YPaBHEHHUS

n

Z|ms|ctg(6—‘{’s):0, (14)
S=1
[, - ONIPEAEIISIIOTCS KaK PELICHUS] CUCTEMbBI YPABHEHUM
ISZZPS(eo)Hl;nca (15)
o=1
Z(t) penieHne ypaBHECHUS
dz 4
Z_gmt 16
0 (16)
BcerniomorarensHbie yriibl W ONMPEaeatoTCs U3 COOTHOIIEHUN
sin‘PS:—aS , cos‘PS:—BS , (17)
AS AS
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B npouiecce nokazarenscTBa Te€opeM 1,2 yCTaHOBJIEHA TE€CHasl CBS3b MEXKIY
CBOMCTBaMHM yIiaoB ¥, U YCTOMYMBOCTBIO HYJEBOI'O PEIICHHUS CHCTEMBI
CBOMCTBAMHU YIJOB W, U YCTOMYMBOCTBIO HYJIEBOTO PELICHUS CUCTEMBI (71). A
MMEHHO, €CJIA OTOXKAECTBUTH YIIIbl W, C TOUYKAMH €AEHUYHOTO TPUTOHOMHYECKOTO
Kpyra, TO B Cly4a€ HEYCTOMYMBOCTH BCE€ TOYKH ¥, HaXOHATCA Ha Jyre
OKPY>KHOCTH JJIMHOM MeHble . B 3ToM cinyuyae ypaBHenue (14) umeer KopeHs 0,
KOTOPBIN yJIOBJIETBOPSET HEPABEHCTBY

0<6, —¥, <m. (18)

B cinyyae ycTOMYHMBOCTH TaKOM IyT'M Kpyra HET.

Ecnu cpenu ag’ umm mg €CThb paBHbIE HYIIO, TO HEYCTOMYMBOE YaCTHOE
pelieHne UMEET BU

Zg=1,Z(t), Z,=C,.

Jloka3aTenbCcTBO HEYCTOMYMBOCTH MOKET OBITh NMPOBEACHO U C TOMOIIBIO
noctpoenus ¢pyakiuu H.I'. Ueraena [4].

OObenuHsisi  pe3yibTaThl, TMOJYyYE€HHbIE B Teopemax 1-2, MOXHO
chopMynupoBaTh  CIEAYIOIIME HEOOXOJUMBbIE UM JOCTAaTOYHBIE  YCIOBUS
HEYCTOMYMBOCTH HYJIEBOTO PelIeHns cucteMsl (7'):

a) Panr A=2 u s mo6oit Matpuiet (9), Amst KOTOpoit Dy, #0 (i< j) B psimy

urcen Dy, (i< j), HET CMEHBI 3HAKA.
i)
(m;)

0) Panr A=1, npuuem [u1st mo0bIX @, #0 U a,(c’”f') #0

BBITIOJIHACTCA YCIIOBHC!
sign(a(mf)a,((m’))= 1 numm sign(Bgmf)BS(m/))= l.

Ecnu HU 0J1HO U3 MPUBEJIEHHBIX YCIOBUI HE BBINOIHSETCS, TO cuctema (7) B
m—1 -M IpUOTMKEHUN YCTONYHBA.

Ecnmu BeImonHstOTCS ycnoBus a), To B kadectBe QyHkiuu H. I'. Yertaesa
UCTIONB3YeTCS] (PYHKIIHS

h
vV, = H ZIsl cos(6—¥,),
5=1
B ciyuae 6) pynkuus H. I'. UraeBa Gepetcs mubo B BUjie
h
Vv, = st‘m“‘ coso,
8=1

€CIIM CPeIIU ag’ €CTh OTIUYHBIE OT HYJIs, THOO B BUIC

h
Vv, :sz\mé\ sin 0
5=1
€CIIU Cpen bﬁ’”f) €CTb OTJINYHBIE OT HYJIS.
Oyukuuu 7,,V,,V, aHaJIOTUYHO UCIIOJIL30BAHHBIM B [5].
W3 nony4eHHBIX PE3yJIbTaTOB BUAHO, YTO IIPU MPOU3BOJIBHBIX m,,m,,nm, U

n=3 U3 TeopeM 1-5 crneayroT pe3yabTaThl paboThI [S].
Cucrema (7) ipu n=2 1 A, =2, HCCIEAOBAIOCH HA YCTOMYUBOCTH B [6].

74



B oT0if paboTe mpu JOMOJHUTENBHBIX OrPAHUYCHUSX HA IPaBbI€ YACTH
CHUCTEMBI, TIOJIyYEHbl TOJBKO JOCTATOYHBIE YCJIOBUS HEYCTOMYMBOCTU. ITHU
pEe3yIAbTaThl BHITEKAIOT KaK YaCTHBIN citydait u3 [7].
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KO3F'AJIBICTBIH OPHBIKTBLIbIFbIHbIH 3EPTTEY ECEIITEPIHIH
EPEKIIE KAT'IAUDBI

C.A. Hypnieucos

AJMaThl SHEpreTrKa *KoHe OalIaHbIC YHUBEPCUTET1, AJMATHI K.

Makamana Tak peTTi imKi pe30HaHC KE3iHAETi #n — KOCTBI Tasza jKopamal
TYOIpJIl KayilTi >KaFjgaid YIIiH OPHBIKTHUIBIKTBIH IIApThl ajbIlHFaH. ABTOPJBIH
Oy/aH OYPBIHFBI OCITUI IIEHIIM/EP]l, OChI JKYMBICTBIH JKEKE Karaaiiapbl OOJIbIMN
ITBIFAIbI.

STUDY OF ONE OF THE SPECIAL CASES OF THE PROBLEM
OF MOTION STOPILITY

S.A. Nurpisov
Almaty University of Power Engineering and Telecommunications, Almaty
The article discusses the critical case for n pairs of pure imaginary roots with

internal resonance of odd order. The previously known results, some authors is
emerging as a case the optioned particular.
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YK 378.016:802.0:004
Zh. Erzhanova
Almaty University of Power Engineering and Telecommunications, Almaty

TECHNOLOGY IN LANGUAGE TEACHING

Technology is becoming increasingly important in both our personal and
professional lives, and our learners are using technology more and more. Let us try to
bridge that gap by providing clear, nontechnical descriptions of new technology tools,
and by showing how teachers can use these new tools in the classroom. As such, it is
about the practical application of technology to teaching language.

Key words: Computer-based materials, Computer Assisted Language Learning,
Information and Communications Technology, monolingual dictionaries, hand-held
electronic dictionaries, thesauruses, concordances and corpuses.

Technology in language teaching is not new. Indeed, technology has been
around in Language teaching for decades- one might argue for centuries, if we
classify the blackboard as a form of technology. Tape recorders, language
laboratories and video have been in use since the 1960s and 1970s, and are still
used in classrooms around the world. Computer-based materials for language
teaching, often referred to as CALL (Computer Assisted Language Learning),
appeared in the early 1980s. Early CALL programs typically required learners to
respond to stimuli on the computer screen and to carry out tasks such as filling
in gapped texts, matching sentence halves and doing multiple-choice activities.
Probably one of the best-known early CALL activities is that of text
reconstruction, where an entire text is blanked out and the learner recreates it by
typing in words. For all of these activities the computer then offers the learner
feedback, ranging from simply pointing out whether the answer is correct or
incorrect to providing more sophisticated feedback, such as showing why the
learner is mistaken and offering remedial activities. The CALL approach is one
that is still found on many published CD-ROMs for language teaching. As
access to Information and Communications Technology (ICT) has become more
widespread, so CALL has moved beyond the use of computer programs to
embrace the use of the Internet and web-based tools. The term TELL
(Technology Enhanced Language Learning) appeared in the 1990s, in response
to the growing possibilities offered by the Internet and communications
technology. Although the use of ICT by language teachers is still not
widespread, the use of technology in the classroom is becoming increasingly
important, and it will become a normal part of ELT practice in the coming years.
There are many reasons for this:

- Internet access-either in private homes or at Internet cafes- is becoming
increasingly available to learners.
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- Younger learners are growing up with technology, and it is a natural and
integrated part of their lives. For these learners the use of technology is a way to
bring the outside world into the classroom. And some of these younger learners
will in turn become teachers themselves.

- English, as an international language, is being used in technologically
mediated contexts.

- Technology, especially the Internet, presents us with new opportunities for
authentic tasks and materials, as well as access to a wealth of ready-made ELI
materials.

-The Internet offers excellent opportunities for collaboration and
communication between learners who are geographically dispersed.

- Technology is offered with published materials such as course books and
resource books for teachers.

- Learners increasingly expect language schools to integrate technology into
teaching.

- Technology offers new ways for practicing language and assessing
performance.

- Technology is becoming increasingly mobile. It can be used not only in the
classroom, lecture hall, computer room or self-access center, it can also be used at
home, on the way to school and in Internet cafes.

- Using a range of ICT tools can give learners exposure to and practice in all
of the four main language skills - speaking, listening, writing and reading.

The contexts in which teachers are working with technology can vary widely
and the access that teachers have to computers - the so-called digital divide - will
affect what we can do with our classes in terms of implementing technology. A
general lack of ICT training for teachers also means that we still have some way to
go until the normalization of technology in language teaching, where the use of
technology in teaching becomes as natural as the use of books or pens and paper.
What does a teacher need to know to be able to use technology in the classroom?
Well, you don't need to have any specialist technical knowledge or skills, much as
you don't need to be a mechanic to know how to drive a car! The basic skills you
do need to have are how to use a simple word processing program (e.g. Microsoft
Word), how to use email and how to access and use the Internet .Using the
suggested process of study, and trying out the activities suggested with your
learners ( with plenty of step-by-step help provided in the tutorials on the CDROM
if you feel you need it), you should be able to greatly increase your ICT skills set,
and to feel a lot more confident about using technology in the classroom.

You will also need some essential equipment to start to implement
technology with your learners:

- at least one computer (preferably one per two students);

- an Internet connection;

- a printer;

-an audio card in the computer, and a headset (audio and microphone) for
every computer;
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- basic software ( a word processing program, a web browser like Internet
Explorer, Firefox, Safari or Mozilla, and an email program) [1].

As we saw above, teaching contexts and teachers' access to computers and
technology can vary widely. There are plenty of activities which can be done if
only one computer is available in class. However, access to a computer room to
which you can take your class will provide more opportunities for implementing
technology, for both you and your learners. It is worth bearing in mind that the
layout of your computer room will directly affect the types of activities you are
able to do with your learners, and how they interact with one another and with you.
A layout which has computers at desks around the walls, facing the walls, with a
large table in the center of the room, allows the teacher to walk around and easily
see what the learners are working on and what they're looking at on the computer
monitors (screens). The central area provides an easily accessible space where
learners can go when they don't need the computers, and for when we might want
to do more communicative group work. If the central space is reasonably large,
more movement and activity is possible in the center of the room; this will offer up
more opportunities for kinesthetic learners, and the chance to use games and
physical activities with younger learners away from the computer monitors. Of
course, few of us are lucky enough to be able to choose how our computer
facilities look, but it may be possible for you to makes some small changes in the
work environment so that it's more comfortable to work in the room, and easier to
teach in. It's well worth considering how your institution's computer room could be
made more user-friendly for you and your classes. Now let us discuss how to use
word processors for creative writing. Word processors lend themselves well to
creative writing both in and outside the classroom. As we have seen, learners can
work together with documents that can be exchanged easily between pairs or
groups of learners, and between learners and teachers, encouraging both teacher
corrections, and peer correction and revision. If your learners are engaged in any
kind of creative writing, then spell-checkers would seem to be of help in the same
way that we often encourage the use of dictionaries, and professional people and
other writers will use these tools as a matter of course in their day-to-day work. In
these circumstances it would seem rather pointless (not to mention frustrating) to
deny our learners access to these tools. Using the spell-checker on a piece of
written work can make a learner more aware of errors, and provide a chance for
self-correction. When using a spell-checker, learners need to ensure that they have
set the language properly for example to American or British English. If your
learners are working with word processors to practice language and structures, the
spell-checker might best be turned off at least for the first attempt at any exercise.
Peer correction can be a more valuable tool in these types of activities.

Using word processors for language practice: word processors are not only
capable of enhancing writing skills, but can also be excellent tools for introducing
or practicing language. The ability to move words and chunks of text around the
page easily can guide learners towards a deeper understanding of how the language
works. The ability to undo and redo moves and edits means that experimentation is
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easier and less time-consuming. When used in conjunction with grammar
exercises, word processors can activate 'noticing' skills, increasing awareness of
languages structures and encouraging learners to play with the language. Many of
the activities we do with pen and paper can work equally well on a word processor-
filling in blanks, sentence reordering, adding titles to paragraphs, and soon. They
also work well on another level, covering basic text manipulation skills. In this
way, the use of word processors in our teaching not only serves as an aid to
language practice or for the improvement of writing skills, but also teaches our
learners valuable ICT skills which will carry through into other areas of their lives.
Using websites is one of the easiest and least stressful ways of getting started with
technology in the classroom. There is a large and constantly expanding collection
of resources on the web, at a variety of levels and covering an amazing array of
topics. You can choose from authentic (written for Internet surfers in general)
sources or Ell-specific sites (made by, and for, teachers), monolingual or
multilingual sites, sites with multimedia, or just simple text, for those on slower
connections. The web is a source of content which can be used as a window on the
wider world outside your class, and is - of course - a readily available collection of
authentic material. As such, it is a much larger repository of content than would
previously have been readily available to you and your students. The technology
needed to use the Internet for teaching is relatively limited and the chances of
something going wrong are greatly reduced over more complex technology
approaches such as attempting to carry out live chat or video-conferencing
sessions. Another advantage of this tool is that you don't necessarily have to rely
on a constant Internet connection if you bear in mind that it is possible to save
local copies of websites on your computer, or print out potentially useful pages for
later use. It's important that both you and your learners see the use of the Internet
as an intrinsic part of the learning process, rather than as an occasional activity
which has nothing to do with their regular study programmer. It is recommended
that, if you plan to use the Internet, you should talk to your learners and explore the
reasons for using this resource with them. This can be done at lower levels in their
own language or in English with higher-level classes. You will need to talk to your
learners about why Internet content may be useful to them and discuss their
attitudes to technology in general — when they use computers, and what for. Show
them how the course book and other materials can be enhanced by extra material
from the Internet, but above all, make it clear that this is not a toy, not something
that you are just using to fill in the time. With some learners there may be some
resistance to regular computer use in, the classroom. It has often been found, for
example, that professional people view computers as work tools rather than as
resources for learning. It is vital that they appreciate that this is a useful, as well as
an entertaining, tool in the classroom and that it can contribute to their language
development in a variety of ways, for example by giving them the opportunity to
build vocabulary or improve their listening skills. Lower-level classes can be
engaged with visual and multimedia materials, the use of songs and other video
materials [2].
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How to find useful websites? As already mentioned, the Internet is a vast
repository of information and resources, and it is perhaps exactly this range that
makes it seem, at first, daunting and unapproachable to most teachers. Now let us
take a look at how to find and evaluate resources for use in class. The ability to
search through Internet content, and quickly and efficiently find suitable resources
is perhaps the most underrated, and yet most useful, skill that both teachers and
learners can acquire. For teachers, having good search skills means finding useful
resources quickly, speeding up lesson planning and facilitating web use in class.
For learners, it means being able to quickly accomplish web-based tasks, thus
ensuring that the technology enhances the learning experience rather than
impeding it. It makes sense, then, both to acquire these skills, and to spend some
time sharing them with your learners. The benefits of email: email is one of the
most used and useful Information and Communication Technology (ICT) tools
around today. Most of us probably write emails in both our personal and
professional lives, and the same thing is true for many of our learners. Email
allows us to keep in touch with other teachers around the world via mailing lists
and discussion groups, thus helping in our professional development. It also allows
us to communicate with our learners outside the classroom, for example setting,
receiving, marking and returning homework and other written assignments.
Typically, email will be used outside class time. For example, learners will email
work to their teacher or to other learners from their home or from an Internet cafe.
However, in the case of key pal projects - email projects set up between learners in
different classes or countries - and when learner access to computers outside the
teaching institution is very limited, a school computer or computers may be used in
class time very successfully. Reading and writing emails either in or outside class
time gives a learner more exposure to the target language, and interaction is 'real’
in the sense that learners are writing to real people- either the teacher or other
learners- using a 'real' medium. In addition, if learners are writing to learners in
other countries, as in a key pal project, this allows them to make contact and
interact with people with different first languages and from other cultures. One of
the biggest advantages of using email with learners from the teacher's point of
view is that the technology is relatively simple to use, and most of our learners will
already be familiar with it. If our learners are not familiar with email, it is not
difficult to teach them to use it, and the technology is both ubiquitous and free [3].

Dictionaries: whether your students are using bilingual, semi-bilingual or
monolingual learners dictionaries in paper or electronic form, there is no denying
that there is a far greater range 'of dictionary reference tools available than was the
case even ten years ago. It is not the intention of this section to advice on the use of
dictionaries in the classroom, but rather to outline some of the features that
electronic dictionaries include and to show how they have developed beyond the
printed page. Here you will be focusing on monolingual dictionaries. Traditionally
these have been used by higher-level learners, but increasingly there is a wide
range of monolingual dictionaries that have been written for students with a lower
level of language proficiency. Of course, you may well have the experience of

80



students bringing into class small hand-held electronic dictionaries, which have
translation features and audio recordings of the sounds of the words, alongside
pocket-sized bilingual dictionaries in book form. The one thing that can be said
about these hand-held electronic dictionaries is that their content is often inaccurate
and that, if you can, you should advise your students on the range of products
before they purchase, as you probably have done in the past with paper
dictionaries.

Thesauruses: while electronic dictionaries can be used at all levels, it is worth
bearing in mind, initially, that thesauruses are more suited to the intermediate and
advanced levels than to the elementary or pre-intermediate levels, where much
more language is new to the learner. For higher levels, they can be used to enrich
and extend your learners' vocabulary, whereas lower-level learners might find the
variety of language on offer too overwhelming to be of any direct use. A
thesaurus can do wonders for writing projects. It can encourage learners to be more
adventurous in their creative writing at the same time as helping them to analyses
their output more critically.

Concordances and corpuses for language analysis: a concordance is similar to
a search engine in many respects. Essentially, it is a small program that can
examine large quantities of text for patterns and occurrences of particular words or
phrases. Concordances are often considered to be the domain of the language
researcher or the kind of tool used by writers of grammar references and weighty
linguistic tomes. And indeed they are primarily used in this domain. However, they
have played an increasingly large part in the lives of materials writers in ELT over
the past few years. Being able to make informed decisions on the frequency of
words and structures, their collocates and particular positions in the language now
influences the writing of much of the printed materials we see in our daily teaching
lives, and has transformed textbooks beyond all recognition.

Corpuses: when choosing a concordance, the main evaluation criterion, apart
from the price and ease of use of the software, will be the type of language you
want to work with: spoken or written, American or British English, legal or
journalistic, and so on. These choices will influence which corpus you decide to
query, and what kind of results you will get [4].

Encyclopedias for research and project work: it used to be the case that
having access to an encyclopedia meant also needing to have a large set of shelves
on which to store all of the volumes. This collection of volumes then became a
small CD-ROM sitting next to our computers, and these days is more likely to be a
collection of web addresses to useful and authoritative sources online.
Informational reference sites based on printed material are a good starting point
and here we would include paper-based volumes such as the Encyclopedia
Britannica, as well as Microsoft Encarta, which was originally published on CD-
ROM. Do check out how often the content is updated. Microsoft Encarta is
updated regularly, but more regularly for premium subscribers than for the free
version. Wikipedia is updated every minute of every day, but then we have to bear
in mind that it has thousands of editors worldwide, with varying degrees of
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experience. All this must be weighed up when deciding which to use. In the end
referencing a variety of sources may help. Sites such as Encyclopedia Britannica,
Encarta and the Columbia Encyclopedia can safely be considered both accurate
and fairly comprehensive, but with some this may not be the case. It is worth
remembering the caveat made about Wikipedia being user-produced, and therefore
potentially prone to inaccuracies. The wealth of information contained on these
sites opens up the world to our learners in a way that more traditional collections
of classroom objects simply can't. Project work, biographies and other fact based
lessons become less arduous for our learners, leaving them free to concentrate on
the language side of things, and able to access the information they need for any
particular task from a reliable source. There are other examples of fact-finding
activities which involve lower-level learners using encyclopedias to find out
information about a country they are interested in.

The state of the art: in the ten years, the pace of change has been slow.
However, there are signs now that the pace is beginning to accelerate with the
advent of more user-friendly tools and software, and greater opportunities for more
formalized training. Indeed, it is rare these days for any teacher not to have made
some small investment in the use of technology in their work, from the teacher
who uses a word processor to put together worksheets to the more active users who
are members of online communities of practice groups. But what else might be
expected in the future? There are predictions that one will undoubtedly be subject
to revision over the next few years, but we hope that these suggestions and areas
for further study will prove useful to others. One thing that is certain is that while
the teaching profession may not be changing as quickly as we might have
expected, technology is still moving on at an astounding pace, and the software
and hardware we use are gradually converging into devices which are more user-
friendly and which integrate a myriad of services in one place. Lastly, the pace of
change will vary for different groups of teachers. Some groups will move very
quickly to adopt new technologies and new habits while others will remain largely
unaffected by technological changes. There will be no one big movement or trend,
but rather a range of trends, some fast moving, and others slow.
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IIET TUIEPTH OKBITY MPOIECCIH/IE KOMIBIOTEPJIIK
MATEPHUAJIAPABI KOJJIAHY

K. EpxanoBa

AJMaTbl SHEpreTUKa >KoHe OalaHbIC YHUBEPCUTET1, AJIMATHI K.

Makanaga aknapaTThIK TEXHOJOTHSIAp MIET TUIIEP MOHACPIHAC KU1 KOoJaaHa
OactaraHbl Typajbl alTbUIFaH. KommnproTepiik maTtepuanaapbl KOJAaHy, TUIAIH
HETI3r1 TOPT AAFABICHl alTBUIBIM, TBIHJAIBIM, YKa3bUIBIM, OKBUIBIMIBI JTaMBITY/IbI
KamMTaMachl3 etei. JKaHa TeXHOJIOTUsIIap COHAAM-aK, TUIAIK TOXIPUOECIHE KOHE
IIBIFAPMAIIBUTBIK TYBIHIBI Ka3zyaa ga ocep eremi. IlleT TimiH MEHrepe OTBIPHIM
AJICKTPOHIBI CO3IIKTEP/l KOHE ayJlapMara apHaJFaH Oarjapiamanapbl OeJCeH/Il
KOJJaHbUTaAbl.  AKMApaTThIK  TEXHOJOTHSIAp  YHEMI  KETUIIN, KeITereH
MYMKIHAIKTEP KaTapblH OIPIKTIPETIH KypajFa aHaIbII OTHIP.

NMNPUMEHEHME KOMIIBIOTEPHBIX MATEPHUAJIOB B ITPOIECCE
OBYYEHUA UTHOCTPAHHOMY A3BIKY

K. EpxanoBa

AnMaTUHCKHUI YHUBCPCUTCT DOHCPI'CTUKU U CBA3H, r.AnMaTbl

B cratee paccmaTpuBarOTCS ONBIT W PE3YJbTaThl MPUMEHEHHUS HOBBIX
TEXHOJIOTH, a TaK’K€ TOBOPUTCA O TOM, YTO MH(OpPMAIMOHHBIC TEXHOJOTHH Ha
3aHATHSAX WHOCTPAHHOTO SI3bIKA CTAIM PETYJSIPHO HMCIOIB30BaThbCs. HbIHENIHIOO
KU3Hb W OOYy4YeHUE HEBO3MOXKHO IMPEACTABUThL 0€3 WCIOJb30BAHUS TEXHUKH.
[IpuMeHneHre KOMITBIOTEPHBIX MAaTepUaiOB OOECIeYMBACT HABHIK W PA3BUTHE
YETBIPEX OCHOBHBIX SI3BIKOBBIX BHUJOB JIEATEILHOCTH — TOBOPEHUS, CIIOCOOHOCTH
MOHUMAaTh Ha CJIyX, YTEHHUS U NKMcbMa. HOBBIE TEXHOIOTHM COAECHCTBYIOT TAKKE
A3bIKOBOM TIPAKTUKE MW HANKMCAHUIO TBOPYECKUX COYMHEHUU. WM3yuaromue
WHOCTPAHHBIA  SA3BIK  AKTUBHO  TIOJB3YIOTCS  DJIEKTPOHHBIMU  CJIOBapsiMH,
nporpaMMmamMu i miepeBoAoB. MHpopmanmoHHbIe TEXTHOJIOTHH ITOCTOSIHHO
COBEPIIIEHCTBYIOTCSI U TIOCTEIIEHHO MPEBPAIAOTCs B MHCTPYMEHT OOBETUHSIONTUN
B ce0¢ IeJbIN Psijl BOBMOXKHOCTEH.
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HAIITH OBU/IAPbI

JIBOPHUKOB BAJIEPUI AJTEKCAHJIPOBUY
(k 70-s1€THIO CO THS POKICHUA)

24 wmrons 2015 roma wucnonHwiochk 70 Jjer co AHA
poxnenuss [IBopHukoBa Basepus AnekcanjgpoBuya @ —
KaHauaata (U3MKO-MAaTeMaTH4YeCKUMX HayK, HadallbHUKa
Hay4HO-UCCJEI0BATEIbCKOTO CeKTopa AJIMaTUHCKOTO
YHUBEPCUTETA YHEPTETUKHU U CBSI3H.

B 1968 rony oxonumn Tomckuii I'ocynapcTBeHHbII
yauBepcuteT uM. B. KyliOpIieBa Ha MeXaHUKO-MaTeMaTHUYECKOM
GdakynpTeTe TO crenuanbHOCTH «TeopeTndeckas MEXaHUKa U
rupo-adpomexanuka». B 1972 romy OKOHUMII acUpaHTypy
Tomckoro rocy1apcTBEHHOIO YHMBEPCUTETA MO CHELUATBLHOCTH
«'mapoaspoMexaHrka M ra3oBas nuHamuka». B 1975 romy
3alUTHI  KaHIUJATCKYI0 JIUCCEPTALMIO 10 CHELUATIbHOCTU
«MexaHuKa XKUAKOCTH, Taza U 1iasMel». C 1984 mo 2002 roxa 3aBemyromuii kadeapoil BeICIICH
MaTeMaTHKU MeTUTOIOILCKOTO MHCTUTYTa MEXaHU3aIMK CeJTbCKOTO XO03sICTRA.

HBopuukoB B.A. ¢ 2003 roga - HaYaJbHUK HAYYHO-UCCIEIOBATEIBCKOIO CEKTOpa
AJIMaTUHCKOTO YHHUBEPCHUTETA SHEPreTMKM W CBA3U. OH uMeeT OOJBIION OIBIT Hay4yHO-
NEeAarornyeckol W  OpraHU3allMOHHOM  paboThl B BBICIIEM  Y4eOHOM  3aBE/ICHUH,
BBICOKOKBTM(DUIIMPOBAHHBIN CIEIUAINCT, TAJAHTIUBBIA PYKOBOAUTENb. SIBISETCS YICHOM
SKCHEPTHOIO0 HAYYHO-TEXHUYECKOro coBera B Komurere mnpomblnuieHHOCTH MUHHCTEpPCTBA
unayctpun Toproeiu PK, skcnmepr Komurera mo nayke MunmcrepctBa obpasoBanus PK,
skcnept I[TPOOH, [Hupektop Ilentpa «Bo300HOBIseMblEe HCTOYHHUKH SHEPTHMH W HOBBIC
TEXHOJIOTHM B 2JHEprocoOepekeHun». VMeeT OONBIION OIBIT PYKOBOJICTBA TPOCKTAMHU U
HAyYHBIMU HCCIEOBAHUSIMH B 0OJAcTH: a’pora3oJMHAMUK{, TEPMOJIMHAMUKU, CO3JIaHUS
CUCTEMBI YIPABIICHUS, CTATUCTHKH, TEXHUYCCKMX W (UHAHCOBBIX OJKCIEPTH3 OOBEKTOB
TEJICKOMMYHUKAIIMM M SHEPreTHUYECKUX CHUCTEM, CO3JaHusl JHEPreTUYECKUX CHUCTEM C
BKJIFOYCHUEM BO30OHOBIISIEMBIX HCTOUHUKOB YHEPTHUH.

SBasieTcst OHUM U3 Pa3pabOTYMKOB TaKUX 0a30BBIX MPOEKTOB Kak «DOTO3IEKTpUUECcKast
CTaHIMS MOIIHOCTBIO 10 kw, 1715l MCIIOIB30BaHUS B TPYTHOIOCTYITHBIX PErHOHAX U B pallOHaX,
HE MOJAKJIIOUYEHHBIX K MPOMBIIUIEHHOMY 3JeKTpocHa0xkenuto» (Ctanmus B 2008r. 3amyiieHa B
skcruryataruio B [lapke Madopmanmonnsix TexHomoruii Anatay, Anmarsl); «TernocHa0xeHne
U KOHAMIMOHUPOBAHME METH3HOrO 3aBoja B TI.JkubacTy3e Ha 0a3e TEIUIOBBIX HAaCOCOBY;
«Pa3paboTKka MPOEKTOB MO YCTAHOBKE (DOTOINEKTPUUYECKUX CTAHIUN B TPYIHOAOCTYIHBIX
paiionax Kazaxcrana mo mporpammam OOHy. YdacTBoBan B TOJATOTOBKE W OOCYKICHUH, B
KauecTBE OKCIEPTa, MPOEKTOB 3aKOHOB: «O MOMIEP)KKE HCIOIH30BAHUS BO300HOBISEMBIX
HMCTOYHHKOB dHEPTUNY, «O0 dHEProcOEpeKEHUN B TPYTHOJOCTYITHBIX PETHOHAX U B PailoOHaX ).

JBopHukoB B.A. sBisiercs aBTopoM u coaBTopoM Oonee 40 HaydHbIX TpyaoB. Takux kak
«Ilytu sHeprocoepexenus B ocseuieHUN»; «lloBpimenue 3¢)eKTUBHOCTH BETPOBBIX YCTaHOBOK
U (POTODIEKTPHUUECKUX CHUCTEM IyTeM YCOBEPIICHCTBOBAHUS MPOTPAMMHUPYEMOro OJoKa
yopaBieHus»; «DOTOINEKTPUUECKHE CTAHIIMKM U TEIIJIOBBIE HACOCHI: COCTOSIHUE W TEPCIIEKTUBBI
ucrnonbp30BaHus»; «Pa3Butue BO300HOBIsIeMOl »HepreTuku B Pecnybnuke Kazaxcran». 3a
MJIOIOTBOPHYIO HAYYHYIO M HAYYHO-TIEArOTMUECKYIO JAESTEIHbHOCTh B 00IaCTH AJIEKTPOTEXHUKU
JBopHukoB Banepuii Anexcanaposuy HarpaxaeH [lodernoii rpamotoii B 2010 roxy.

Yeaorcaemuiii Banepuit Anexcanopoeuu!
Om eceii Oywiu noszopaenaem Bac c wouneem!
Hckpenne sncenaem Bam 6cezoa 0bimb makum yce meopueckum, IHEPZULHBIM U
ycneuwtnvim uenogexkom! Cuacmoa u Kpenkozo 300poevsa Bam u Baweit cemove!
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XAH CBETJIAHA I'YPBEBHA
(k 60-1€THIO CO THSI POKIEHMS)

Xan Cpernana ['ypbeBHa — KaHIUAAT TEXHUYECKUX
Hayk, noneHtr BAK, mpodeccop AYIC, pomumace 18
utonst 1955 rona B r. Tanaei-Kypras.

Xan C.I. B 1978 romy OKOHUWIA C OTJIMYHEM
JIeHUHIpaICKUN DIEKTPOTEXHUYECKUN WHCTUTYT HMMEHH
B.M. ViupsaoBa (JleHwHa), TOMYyYWB KBTH(DHUKAIUIO
WHXEHEepa-dJIeKTpUKa 1O  AJIEKTPOHHO-MEIULIUHCKON
anmaparype u B 1985 rogy — ouHyr0 acnupaHTypy 3TOTO
K€ WHCTUTyTa MO crenuanbHocTH «MHpopMannoHHo-
U3MEpUTENIbHBIE CHCTeMBb». B gexabpe 1985 rona
3alMTUIIA JUCCEPTAlMI0 HAa COUCKaHHE Y4YEHOM CTENeHU
KaH/IM/1aTa TEXHUYECKUX HAYK.

XaHn Cgetrnana ['yppeBHa paboTaeT B AIMaTHHCKOM
YHUBEPCUTETE DHEPIreTUKHU U cBsi3u 1986 roga, cHavana B
JOJKHOCTU  MPENoJiaBarTes, 3aTeM acCUCTeHTa Kadeapsbl
«BBIYHCIIUTENIPHON U U3MEPUTEIILHON TEXHUKHUY», MOCIe neperuMeHoBanus B 1987 romy
kadenpsl B kadenpy «MHxeHepHas KuOepHETHKaA» - CTapIIUM TpernogaBaTenem, ¢ 1990
roga pgomeHToMm, a ¢ 2009 roma — mpodeccopom dToit ke kadenpsl. Hayuno-
nexarorndyeckuii crax Xad C.I'. cocrasisieT 6oiee 30 ner.

3a Bpems pabGotsl Cernana ['ypbeBHa mposiBuia cebsi BBICOKOOOpPA30BaHHBIM,
LEJIEYCTPEMIIEHHBIM CHEIUANIMCTOM B 00JacTHU METpOJIOTMH, CTaHAApTH3aluu U
ceptuduKkanuu, pa3pabOTKU CHCTEM JUCTAHIIMOHHOTO OOyYEeHHS C MNPUMEHEHHEM
nporpaMmMmHbIX cpen LabView, Diadem, Multiseem u npoekTHpoOBaHUS BHPTYaJTbHBIX
CPEACTB U3MEPEHUN.

Xan C.JI. axTUBHO 3aHHMMAETCS HAYYHO-HUCCIEIOBATEILCKOW paboToil Co
CTyJIE€HTaMH, pPYKOBOAHWT CTYACHYECKHMM HayyHbIM KpykkoM «LabView wu
MOJIETUPOBAaHNE OOBEKTOB yIpaBleHUs». Pe3yabTaThl 3TOM paboThl HAILIN OTPaKEHHUE B
JTUTUIOMHBIX TTPOEKTAaX, a TAKKE B CTAaThAX M BBICTYIUICHUSIX Ha CTYJIEHUYECKUX HAYYHBIX
koH(pepenusax. CtyaeHTsl moa pykoBojcTBoM XaH C.I'. exeroHo 3aHUMaOT IPU30BbIE
MecTa Ha cryaeHuecknx KoH(pepeHuusx AYIC, PecnyOiaMKaHCKHX CTYACHYECKHX
HAyYHO-TIPAKTUUYECKUX KOH(MEpEeHIMSIX [0 MaTeMaTHKe, MEXaHHKe H HH(OpMaTHKE
(r.Acrana, EHY), MexayHapoOHbIX  Hay4YHO-IPAKTUYECKMX  KOH(EpeHUHUsX
"OOpa3oBarenbHble, Hay4YHbIE W WHXKEHEpHble NpuioxkeHus B cpeae LabVIEW u
texHnosioruu National Instruments" (r. Mocksa).

Pe3ynbTaThl HayyHOU M y4eOHO - METOJUYECKOM pabOThl HALUIA OTPaXKEHUE B
CTaThAX, JOKJIA/aX Ha KOHPEPEHIUAX U METOAUYECKUX pa3paboTkax. CIHCOK HAy4YHBIX
tpynoB Xan C.I'. cocraBnsier 185 nHammeHoBaHUW#, B ToM uucie Oonee 50 ydeOHO-
METOAMYECKOI0 Xapakrepa.

B 2013 rogy Xan C.I'. ctana obnanatenem 3BaHus «Jlydiumii npernogaBarens By3a
- 2013» B Pecny6mmkm Kazaxcras.

Yearncaemaa Céeemnana I'ypvesna!
Cepoeuno nozopasnsem Bac c wouneem!
Kenaem 300poevs, meopueckoit snepzuu, 0012ux jiem Hcuznu!
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MYXAME//KXAH KYAHBIIIKA3BI IHAKBIPTYJIbI
(k 60-y1€THIO €O THS POKICHUA)

Myxamemxan Kyanpimkaselr lakeipTynsr, 1955
roga poxaeHus, okoHuuna B 1981 romy dunocodceko-
DKOHOMUYECKUM dakynbTeT Kazaxckoro
rocyaapctBeHHoro yHusepcurera um. C.M. Kuposa no
cnenuaigbHOCTH (unocodpus. B 1992 romy oxoHumn
ounyto acnupantypy B AITIY um. AbGas u 3amuruin
KaHIUJATCKyI0  JMCCEpTaluI0 [0  CHEUAJIbHOCTH
09.00.11. — colanbHas bunocodwus, B
JUCCEPTAllMOHHOM COBET€ HWHCTUTyTa (Quiocopuu u
nonutonorun HAH PK.

B AYDC pabotaer ¢ 2002 roma B JOMKHOCTU CT.
npernofaBatenst Kadeapbl COMUANBHBIX JAUCIUILTUH. J[o
aToro  BpemMeHu  paboran B  CemunamaTUHCKOM
rocyaapcTBeHHOM yHuBepcuteTe uM. lllakapuma, nmeer
30 nmer craxa paborst B BVY3-e, B 2004 romy emy NpHUCBOEHO Yy4YeHOE 3BaHHE
akagemuueckoro gouenra ANUOC, a B 2006 rogy NMprUCBOEHO YYEHOE 3BAHME JIOLECHTA
KH u ACOH PK.

3a Bpemss pabotrei Myxamemkan K.III mokazanm cebs kBanmudumpoBaHHBIM
CIIEIUAIMCTOM C XOPOIIEH TEOPETUUECKON U METOJIMYECKOM MOJAr0TOBKOW. Myxamexan
K.III. mpoBoauT 3aHATHS B COOTBETCTBUU C COBPEMEHHBIMH TPeOOBAaHUSMHU BbICILEH
HIKOJIBI, MCHOJb3yS  pa3IU4HYyl0 METOJAUKYy InpenojaBaHus. Wm  paspaboraHo
HEO0X0IMMOE METOIUIECKOE 0OecTieueHrne YuTaeMoro Kypca. 3a nepuoa ¢ 1999 roga um
u3nanbl 15 meroandeckux pa3pabotok u 1 ydueOHoe mocobue mo ¢unocodpun. B 2003
roJly B COCTaBe aBTOPOB Mo pykoBoacTBOM HazapbaeBoit C.A. MOArOTOBIEHO U U3/IaHO
yueOHoe mocobue «O31H-631 TaHy» IS MPEnoiaBaTesieil BICIINX y4eOHBIX 3aBEICHUN,
o0wem 6,69 .., B 2004 rony B cocTaBe aBTOPOB MOJITOTOBJICHBI U U3JJaHbl YUSOHUKH T10
KYJIbTYPOJIOTUHU Ha Ka3aXCKOM U PYCCKOM SI3bIKaX.

Myxamemxkan K.III. 3anumaercss HaydHOUM paboOTOHM, IpojoJDKaeTcss padboTa Hal
JOKTOPCKOM Juccepranueid Ha Temy «AOail QuocousiChIHIaFbl TYMaHU3M MOCEIEC.
Nmeer 34 HayyHbIX U METOAMYECKUX MyOnukauuu. PerynsapHo ydacTByer B
MEXIYHApOAHBIX M PErHOHANbHBIX KOH(PEPEHUMSIX, BBICTYNAET C JEKUUAMH [0
aKTyaJbHBIM TpoOJeMaM COBPEMEHHBIX JUCHUIUIMH. OH  pYKOBOAMTENIb CEKIHUU
¢unocopun Ha Kadempe, HACTABHUK MOJIOABIX CHEIUAIUCTOB, NMPUHUMACT aKTHUBHOE
ydactue B paboTe MHTEJUIeKTyalbHOTO Kiyba «[lapacar», monb3yercst aBTOPUTETOM B
KOJUJIEKTUBE M YBaXXEHUEM CpPEIU CTYJIEHTOB. 3a BpeMsi paOOThl B HallleM YHUBEPCUTETE
nokaszajl ce0si Kak COCTOSIBIIMICS TeNaror M TBOPYECKH MBICISIIMNA 4YeJIOBEK, CBOU
0053aHHOCTH BBIMOJHIET JOOPOCOBECTHO M aKKypaTHO, MPOSBIAS TpeOOBATEIbHOCTh U
OT3BIBUMBOCTh KaK K KojuleraM 1o kadeape, Tak W IO OTHOIIEHHIO K CTyJIEHTam
YHHUBEPCHUTETA.

Konnexkmue nozopasnsem Myxameoscana Kyanviuxaszol Ilaxvipmynot
¢ 60 nemnum 0o6uneem, xceaaenm emy meopuecKUxX yCnexos Ha nedazoudecKom
U HAYYHOM RORpUULE, 00I2UX JIeN HCUIHU, KDENKO20 300P06bs U CEMEUHO020
onazononyuusn!
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YciaoBusi npuema crarei

1. Crarbu_npeAcTaBAsIOTCS Ha OJHOM M3 TpeX S3bIKOB: Ka3aXCKOM, PYCCKOM,
AHTJIMIICKOM — COMPOBOXKJIAIOTCA PEKOMEHAAIMEN YyUpekKACHUS, B KOTOPOM BBIMIOJHEHA
paboTa, 1 pa3pelieHrueM Ha MyOJUKAINIO B OTKPBITOM MevaTH (SKCIEPTHOE 3aKIIOUCHHE).

Cratbu coTpyaHukoB AYIC nomkHbI ObITh OOCYKIEHBI Ha 3aceaHuu Kaeapbl u
COTPOBOXK/IATHCS PEKOMEH/IAIMEH 32 TOAMKUCHIO 3aBEIYIONIETO KadeIpo.

2. CtaThsi NOANKCHIBACTCS aBTOPAMU B HUKHEM IPABOM YTy, Ha Ka)KJ0M CTpaHHUIIE
TekcTa U odopmisieTcss cormacHo MexrocynapcrBeHHoMmy ctanaapty — 'OCT 7.5-98.
PekoMeHnyemblli 00BbEM PYKOMHCH, BKIIIOYas JIUTEPATypy, TaOMUIBI U PUCYHKHU, HE
Oonee 6 cTpaHuil.

TpeodoBanus k opopmiieHnI0 cTaTel

1. Tekct ctatbu mpenocrtapisieTcss Ha CD-HocUTensax u JA0MKEH OBITH pacrieyaTaH B
2-x sx3emiuisipax, mpudrom Times New Roman Cyr, kernp Ne 14 ¢ onuHapHBIM
MHTEpBaAJIOM B cpene Word.

2. B BepxHeMm sneBoM yrity npoctasisierca Y K. Ha cnenyromeit cTpoke npuBoasATcs
MHULMANbBl U (aMUIus aBTOPOB, 3aT€M — MECTO pabOThl (HAMMEHOBAHUE YUYPEKIEHUS
WJIM OpTraHu3aliK, HACEJICHHOTO MyHKTA).

3. lanee, yepes mpolen, - Ha3BaHUE CTaThU.

4. Tlocne »TOro MNPUBOIUTCA AaHHOTAIMS Ha S3bIKE cTaTbu (HE Oomee 2-3
MPEAJIOKEHUN, KypCUBOM, Keriib Nel3).

5. 3aTeM MOMEmAT KIIOUEBHIE CIOBA CTATbU OTIECIBHON CTPOKOM, MEpe] TEKCTOM
CTaThy (MpUMEPHO 6 c1I0B WK 3-4 CIIOBOCOYETAHUM).

6. Jlanee cienyer TEKCT cTaThbM W cHUCOK JuTepatypbl (kerib No 14). Crnmcok
JUTEpaTypbl HyMepyeTcss B MOpsAKE CChbUIOK B TekcTe. CChUIKM TMOMEIIAITCS B
KBaJ[paTHbIe CKOOKHM, Hampumep, [2], [5-7]. bubmamorpaduyeckoe onucanue Kakaoro
MCTOYHUKA JIOJKHO COOTBETCTBOBATH TPEOOBAHMSIM MEKIrocyAapCTBEHHOIO CTaHAapTa
I'OCT 7.5-98.

7. 3atem — pe3toMe (5-7 MpeaIoKEHU) C yKa3aHUEM Ha3BaHUsl CTaThbU U aBTOPOB,
KOTOPOE JIOJDKHO OBITh HAMMCAHO HA JBYX S3BIKAX, OTIMYAIOIINUXCS OT SI3bIKA CTATHH.

8. PucyHku u rpaduku JOJKHBI pacroyiaraThCsl MO TEKCTY, MOCIE CChUIKM Ha HUX,
0e3 cokpamieHusi, Harnpumep: Pucynox 1 — Hasanue (mox pucynkom). Pucynku
BHIMONHAIOTCA B peskuMme Paint (Painbrush). ['paduku, auarpammel, rucrorpaMmsl — B
pexume Microsoft Excel, ¢ paspemennem He Menee 300 dpi. Maremaruueckue,
dbusnueckre U apyrue oOo3HaueHuss U (HOpMysibl HaOUPAKOTCS B PEKUME peaaKTopa
dopmyn (Microsoft Equation), HaKIOHHBIM HIpUPTOM M pacmojararoTcs Mo HEHTPY.
Howmepa ¢popmyn mpocTaBisioTcst y IpaBoOTO Kpast CTPAHUIIBI B KPYTIIBIX CKOOKaX.

9. Ha otnmenpHOI cTpaHuue cienyer npuBecTd cBefeHuss o0 apropax: D.J.0.
MOJIHOCTBIO, TIOYTOBBINA ajpec, e-mail, MecTo paboThl, TOJKHOCTH, CIYKEOHBIM U
JIOMAIITHUN TeIEe(POHBI.

MATEPHUAJIBI, HE COOTBETCTBYIOIIUE BBIIIEINEPEYNC/IEHHbBIM
YCJIOBUAM U TPEBOBAHUAM, K PACCMOTPEHHUIO
HE NNPUHUMALIOTCHI.
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