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T.1. CUBEPCKAZ, A.C. 3EJIEHOB
(KaparananHckuii rocy1apcTBEHHbIM MHAYCTpUAIbHBIA YHUBEPCUTET, I'. Temupray, Kazaxcran)

PA3PABOTKA ABTOMATU3MPOBAHHON CUCTEMBI BPUKETUPOBAHUS
N3BECTHU HA YYACTKE ITIOAT'OTOBKH ITPOM3BO/JCTBA KOHBEPTEPHOI'O HEXA
AO «APCEJIOPMUTTAJI TEMUPTAY »

AnHoTtanus. Ctarhs MOCBSIIEHA pa3pabOTKe aBTOMATU3HPOBAHHOW CHUCTEMbl OpUKETHPOBA-
HUS U3BECTH HA y4acTKE MOJTOTOBKU MPOHM3BOJICTBA KOHBEPTOPHOTO I1eXa. BrIOpaHbI epBHUYHBIC
M3MEepUTENIbHbIE MTPeo0pa3oBaTei, aBapuilHble TPOCOBBIE M KOHIIEBbIE BbIKIIOUaTenu. Paccmotpe-
HO MPUMEHEHHE JIBYXYPOBHEBOM CUCTEMBI YNPABICHUSI CTPYKTYPOM TEXHOJOTUUYECKOIro Ipoliecca
OpUKETUPOBAHUS U3BECTU. BHITIOTHEH CpaBHUTENBHBIN aHAIN3 TPUMEHEHUS! BRIOPAHHBIX JATYUKOB
ypoBHS U ckopocTu. [IpuBeneHbl MX TEXHUYECKHE XapakTepucTuku. Paccmorpena uenecoodpas-
HOCTh MPUMEHEHUS] aBTOMATU3UPOBAHHOW CHCTEMbl OPUKETUPOBAHUS M3BECTH HAa y4acTKE MOJATO-
TOBKH IIPOM3BOICTBA KOHBEepTOpHOTO 11exa AO «ApcenopMurran Temupray».

KiloueBble ciioBa: bpukeTtupoBaHue H3BECTH, KOHBEPTOp, aBTOMATHU3HpPOBAaHHAs CHCTEMA,
JTATYUKU YPOBHSA, TATYMKHA CKOPOCTH, KOHIICBBIE BHIKIIFOYATEIIH.

[[lupokoe BHEAPEHNUE CUCTEM aBTOMATU3ALUY IPUHOCUT HAPOJAHOMY XO3SHCTBY KpOME IPSIMO-
r'0 3KOHOMHYECKOr0 3 QeKTa CyIIecTBEHHbII OpraHu3auuoHHbli 3¢ dekT, Tak kak TpedyeT creru-
QJICTOB BBICOKOH KBaTU(UKAIMH H, CIEIOBATEIHHO, MOBBIIMIACT OOMIMHA YPOBEHb OpPraHU3ALUH
IIPOM3BOJICTBA U €r0 KYJIbTYPBI, yIy4lllaeT cTUIb U 3 (PeKTuBHOCTh pyKoBoOzcTBa [1].

B Metannmypruueckoil mpoMbIIIEHHOCTH IPUMEHEHUE COBPEMEHHBIX CPEJICTB U CUCTEM aBTO-
MaTH3alluy O3BOJISIET PEIIaTh CIASAYIOIUE 3a/1a4H:

1) Benenue mpoliecca ¢ MPOM3BOAMTEIBHOCTBIO, MAKCHMAIBHO JOCTHXKHMOW JUIsS JAHHBIX
IIPOU3BOJUTENIBHBIX CHJI, aBTOMAaTUYECKH YUYMTHIBAs HEMPEPBIBHBIE U3MEHEHMSI TEXHOJIOTHYECKUX
[apaMeTpoB, CBOMCTB MCXOJHBIX MaTepUajoB U MoiIy(hadpUKaTOB, N3MEHEHUS B OKpYKarolllel cpe-
7ie, a TaK)Ke OIIMOKHU ONepaTopoB (YesIOBEUECKUH GakTop);

2) yIpaBJIsATh MPOIECCOM, MOCTOSHHO YYHTHIBAs JTUHAMHUKY MPOM3BOJCTBEHHOTO IJIaHA JIJISI
HOMEHKJIATYpPhI BBITYCKAEMON NMPOAYKLUHU IYTEM ONEPAaTUBHON NMEPECTPONKH PEKHUMOB TEXHOJIO-
THYECKOTO 000PY0BaHUs, TIepepacipeiesieHle padboT Ha OJHOTUITHOM 00OPY/I0BaHUH;

3) aBTOMaTHYeCKHU YIPABJIATh MPOLIECCAMH B YCIOBHSIX, BPSIHBIX WITH OIMACHBIX IS YeioBeKa [2].

B m000M coBpeMEHHOM KOHBEPTEPHOM II€X€ Ul BBIMOJIHEHUS ONEepalfii 3arpy3Ku ChITYyYHX
MaTepUajIoB MPUMEHSIOTCS CIENUATN3UPOBAHHbIE JIOKAIBHBIE CUCTEMBI MTO/IaY CHITyYUX MaTepH-
aJIoB B KOHBepTep. /laHHbIe CUCTEMBI BBINOJIHAIOT (GYHKIMH 110 B3BEIIMBAHHUIO U MOAAYE CHITYYHX
MaTepuajoB B ONPEEIIEHHON IMocienoBareabHOCTU. Ha ydacTkax mojauu ChIMydMX MaTepuajioB
YCTaHaBJIMBAIOTCS CIHEIMaIbHbIE TPOXOTA, HA KOTOPBIX MPOUCXOAUT OTCEB MEJIKMX (ppakiuil n3se-
CTH U JIOJIOMUTA KOTOpbIE B JaJIbHEUIIEM MMONaNal0T B OTCEBHOIN OyHKep. B pesynbrare aTux neit-
CTBHI 00pazyercst 0OJbIIOe KOJINYECTBO U3BECTKOBOH IBLIH, KOTOPYIO B TAKOM BHJ€ HEBO3MOKHO
n00aBATh B KOHBepTEp [3].

OpnHoM U3 OCHOBHBIX NMPOOJIEM B KOHBEPTEPHOM LIEX€ SBIISETCS U3BECTKOBAsH MbUTb, 00pa3ylola-
scs MIPU TPAHCIIOPTHUPOBKE M3BECTH MO KOHBEHepam oOT 1exa oOpabOTKH M3BECTH K TPAKTy MOJAYl
CBIITYYHX MaTepuajoB KOHBEpTEpHOro 1exa. K Haubosnee nbUibHBIM pabouuM MecTaM OTHOCSATCS Me-
CTa MAIIMHHCTOB CKUITOBBIX MOJBEMHUKOB, U COOCTBEHHO Bech TpakT. IIbuib, oOpasyromiascs npu
IIEPECHINIKE C KOHBElepa Ha KOHBEWEP, OKa3bIBAET HEFATUBHOE BO3JICHCTBHE HA YEJIOBEKA M MOXKET
BbI3BaTh MPO(eCCHOHANIbHBIE 3a00JI€BaHNUS IbIXaTeNbHBIX MyTel. [loaToMy HE0OX0IMMO IPUMEHEHHE
3 PEeKTUBHON CUCTEMBI yaJIeHUs BbUTH JUIs YMEHBIICHHUS €€ KOHIICHTPAI[MK Ha pabovYnX MecTax.
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Menkue Qpakiuuy HEBO3MOKHO HCIOIb30BATH B TEXHOJOTMYECKOM IPOLIECCE U NTO3TOMY JaH-
HbI€ MaTepHalibl BBIBO3UIIM Ha CKJIaJl BPEMEHHOI'O XpaHEHMUs], II€ JaHHbIM MaTeprall IIPOCTO JIexKall.
Jlns panbHEWIIero MCHoJb30BaHUS JAHHOTO MaTepualla ero CleiyeT CHpeccoBaTh B OPUKETHI U
CHOBa OTIIPaBHUThH MO0 KOHBeWepaM B KoHBepTep. CucreMy OpUKETHPOBAHHS M3BECTH HEOOXOAMMO
aBTOMaTU3UpOBaTh. B MaHHON cucteme 1 yIpaBlIeHHUs CIOXKHBIM TEXHOJIOIMUYECKHM MPOLECCOM
CIIeAyeT MPUMEHUTHh COBPEMEHHBIE CPEICTBAa U3MEPEHUs, KOHTPOJISL U 00pabOTKM BCEH MOCTYIaro-
el MHGopMaIK, YTO NMPUBEIET K 00Jiee KaYeCTBEHHOMY IOJIYYEHUI0 OPUKETOB U COOTBETCTBEH-
HO K YJIYYILIEHHIO KaueCTBa MPOU3BOAUMON CTaJIH.

Ha nanHOM 00BEKTE OTCYTCTBYET CHCTEMA aBTOMATHUKHM U KOHTPOJIS TEXHOJIOIMUYECKOIrO IpOo-
recca. BusyanbHO MpoCMOTPETh CXEMY TEXHOJIOIMYECKOIO Mpolecca MOXKHO Ha pucyHke 1. J{ns
3aIlycKa U OCTAHOBKU OOOPYAOBaHUS UCHOJB3YIOTCA KHOINKH YIPABICHHS OTACJIBHO Ui KaXXJO0TO.
KonTtpons 3anonnenus OyHkepa BeleTCsl BU3yalbHO, TaK K€ BU3yaJIbHO BEIETCS KOHTPOJIb 3a pado-
TOW KOHBENEPOB U OCTAIbHOI0 000pyaOBaHUA. X0/ mK1Oepa OrpaHUYMBAETC KOHIEBBIMU BBIKIIIO-
yarensiMu. Cuia CrpeccoBBbIBAHUS MaTepHalla ONPEENsieTCs ONEPaTOpoM 10 MOKa3aHUsAM aMmIep-
METpa YCTAaHOBJIEHHOT'O B CTATOPHYIO LEMb 3JIEKTPOABUTATENs I'MIPOCTAHLIUY IIpecca.

]
10
1 2 5
| 3 = 1
/
; 7
f 8 et O
= | [
il 0 =) bt
4 9 12
1.ChIpbEBOA MaTEpMan 8.0puratens
2 HoMWHansHaA eMKOCTE 9.0cHOBaHKe
3. KoHeeRep 10.MawuHa AnA GpUMKETMPOBAHWA CyXOro NOpoLUKa noj
4. PaMa BLICOKMM OABNEHHEM
5 BxopHoe oTBEpCTHE 11. KoHeyHaa npoaykuma
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PI/ICYHOK 1. CxemMa TeXHOIOTHYECKOTO nmponecca 6pI/IKeTI/IpOBaHI/I$I HN3BCCTHU

OcHoBOI 3a7aueil ABnseTCs pa3paboTKa aBTOMATU3UPOBAHHON CHCTEMBbI OPUKETHPOBAHUS W3-
BE€CTU C LCJIBIO MOBBIIICHUA KAa4CCTBA MMOJTYHYaCMBbIX 6pI/IK€TOB, B CBs3U C OTUM H€O6XO}II/IMO paspa-
060TaTh CUCTEMY aBTOMAaTH3allMM, OCHOBAHHYIO HAa COBPEMEHHBIX KOMIIOHEHTaX, a UMEHHO NpHMe-
HEHHME COBPEMEHHBIX CPEJICTB U3MEpeHUs, 00pabOTKH M aHajK3a MOCTYIAOIIUX CUTHAIOB, pa3pa-
OOTKH aJITOPUTMOB M MPOrpaMM pabOThl aBTOMAaTU3UPOBAHHON CHCTEMBI YIPaBIEHUS] TEXHOJIOTU-
YECKHMH TIPOIIECCaAMH.

OcHoOBHBIE (PYHKIIMH, KOTOPBIE BBIMOJIHSIET JaHHAS CUCTEMa, 3TO KOHTPOJb U yIpaBlIeHUE 3a-
TaHHOW Harpy3KH Ipecca, MOANPECCOBIINKA M ITHEKOBOTO KOHBelepa. KoHTposs Hal JaHHBIMU
TEXHOJIOTHYECKUMHU MapaMeTpaMHi MOXKET OCYIIECTBISETCS C MOMOIIbIO NEPBUYHBIX H3MEPUTENb-
HBIX IIpeoOpazoBaTeiel.

[TepBbIii mapameTp, KOTOPBIA HEOOXOAUMO KOHTPOJIUPOBATh, 3TO YPOBEHB CHIITyYero MarepHa-
Ja Ha oTceBHOM OyHkepe. [l u3MepeHust ypoBHS HEOOXOJMMO MPUMEHUTh JAAaTYUK ypoBHs. JlaH-
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HBIN JaTYUK OyIeT SKCITyaTUPOBATHCS B 3aKPHITOM, HE OTAINIMBAEMOM TTOMEIIEHUH KOHBEPTEPHO-
ro 1exa OTJEeJCHUS MOJrOTOBKH MPOU3BOJICTBA. TeMiiepaTypa B JaHHOM IOMELIEHUU B 3aBUCUMO-
CTH OT BPEMEHU ToJla HaxoauThes B npenenax ot — 35 go 50°C, oTHOcHUTENbHAS BIAXKHOCTh OKPY-
JKaroIero Bo3ayxa 1o 82% [4].

JlaHHBIN JaTYMK JTOJDKEH U3MEPATHh YPOBEHb CHIMYYEro MaTepHralia HaXOAIIerocs B OTCEBHOM
Oynkepe. M3amepeHne ypoBHS [Uisl OTCEBHOTO OyHKepoB 17 M. MakcumalibHas MOTPENTHOCTh MPH
M3MEPEHUHN YPOBHS MOXKET HaXOAWThCS B mpenenax £ 50 mm. BeiOupaem matuuk it U3MepeHUs
ypoBHst pupmbl «EchoTREK»[5]. Hdaruuk BeIOMpaeM W3 Cepuu YIbTPa3BYKOBBIX YPOBHEMEPOB,
mozaenb EchoTREK STD/SBD 300serirs. YabrpassykoBoit ypoBHemep EchoTREK STD/SBD
300serirs MOXET MPUMEHSTHLCS ISl HEIPEPHIBHOTO U3MEPEHUS YPOBHS KUAKOCTEH U CHITYYHX MPO-
JTYKTOB MPAKTUYECKHU B JIIOOOI OTPACITH MPOMBIIIIICHHOCTH.

brnaronaps cBoemy npuHIumy aeiictBus, 3ppexkruBHOMY 110 1 HEKOTOPHIM KOHCTPYKTHBHBIM
0COOEHHOCTSM, MPUOOP MOKET HAJIEKHO Pad0TaTh B TAKMX YCIOBHUSX, TJI¢ MHOTHE APYTHE MPUOO-
PBI CTAIKUBAIOTCS C CEpbe3HBIMU TpobsieMamu. [IpucyTcTBHe HEraTUBHBIX (JAKTOPOB MO TUMY 3a-
MBUIEHHOCTH, [ITYMOB HAMOJHEHUS! WM HEPOBHBIX MOBEPXHOCTEH HE SBISETCS MPENSATCTBUEM IS
3TOTO yCTpOMCTBA. J{Mamna3oH u3MepeHus o CPaBHEHHUIO C KUIAKOCTHBIM YPOBHEMEPOM TAKKE yBe-
JUYEH B J1Ba pasa. JlaHHbI AaTynK ObUT BRIOpAH U3 TOTO, YTO OH MOJXOAMT JAJISl U3MEPEHUS ChIMY-
9UX MaTEepPHAIIOB, M XOPOIIO 3apeKOMEHI0Bal ceOs BO BpeMs pabOThI HA 3aBOJE IO IepepadoTke
n3BectHska Nordalk B ITonbie.

OcCHOBHBIE TEXHUYECKHE XapaKTEPUCTUKH yibTpa3BykoBoro ypoBHemepa EchoTREK
STD/SBD 300serirs npuBeneHb B Tadauie 1.

Ta6muma 1. OcHoBHBIE TexHUYecKHE xapakTepucTuku nataynka EchoTREK STD/SBD

300serirs
ITapameTtp 3HaueHue

Jramna3oH usmMepeHusi, M ot 0,5 mo 60
JaBnenue, 6ap 0,7-1,1
Tounocts, % +0,2
IIutanue, B +24
Pabounit quanaszon Temnepatyp, °C or—40 o + 75
OTHOCHUTENIRHAS BIIAXKHOCTD, % ot 45 1o 75
Kimacc 3ammTel IP 65

Bropoii napameTp, KOTOpbIH HEOOXOAMMO KOHTPOJIUPOBATH — 3TO CKOPOCTh KOHBeWepoB. [l
M3MEPEHUsl CKOPOCTH KOHBEHEPOB MPUMEHNM JIaTYUKHU KOHTPOJIS CKOPOCTH. Bee naTtunku ckopoctu
KOTOpBIE CJIEyeT YCTAHOBUTH Ha KOHBeWepa OyayT 3KCIUTyaTHPOBATHCS B TAKHUX YK€ YCIOBMSIX Kak
U TIpebILAYIIUI TaTUUK YPOBHS.

CxopocTh BpallleHHs KOHBEHEPOB HaXOuThCs B auamna3zone ot 750 mo 1400 o60poToB B MUHY-
Ty. MakcumasibHas OrpeuIHOCTb MPH KOHTpoJie ckopocT + 10 06/MunyTy. Ha kaxxaom koHBelepe
YCTaHOBUM I10 OJJHOMY JaTYUKY CKOPOCTH Ha HENpUBOAHOM Oapabane. [Ipu paBHOMepHOM Bpaiiie-
HUM O6apabaHa JaHHBIE C AaTYMKa MOCTYMAIOT B KOHTPOJUIEP, 1€ U MPOUCXOJUT KOHTPOJIb pabOTHI
KOHBelepa.

B kauecTBe 1aTUMKOB KOHTPOJISI CKOPOCTH MOKHO MCIIOJIb30BaTh OECKOHTAKTHbIE WHAYKTHB-
HbIe MaTIYuKd. [IpuHINT paboThl HHAYKTUBHBIX JaTYMKOB OCHOBAH Ha M3MEHEHUW aMIUIATYIBI KO-
neGaHMIl TeHepaTopa MPU BHECEHMM B aKTHBHYIO 30HY JaTYMKa METATIMYECKOr0, MarHUTHOTO,
(beppuMarHuTHOrO WM aMOp(QHOro MaTepuana ONpEeJeNIeHHbIX pa3MepoB. B kadecTBe parumka
ckopocTH BeIOMpaeM natuuk ckopoctu JAKC-M30-81Y-1113-JIA.01 ¢upmsr «CeHncopy, T.K. JaHHAs
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NPOAYKIHUSI ONTUMAJIBHO MOAXOAUT HaM MO COOTHOIICHUIO I1eHa KauyecTBO [6]. OCHOBHBIE TEXHUYE-
CKHE XapaKTEePUCTHKH MPHUBEJICHBI HIDKE B TAOIUIE 2.

Tabmuna 2. OCHOBHBIE TEXHUYECKHE XapaKTePUCTUKH AaTyrka ckopoctu JJKC-M30-81V-

1113-JIA.01
[Tapamerp 3HaueHue

[Ipunuun nefictus JKC
HomunanbHoe paccrosaue cpadatsiBanus (Sn), MM 10
["apanTupoBaHHBIN HHTEPBAT cpabaThiBaHus (Sa), MM 0-81
JuameTp Wi MakCUMaJbHbIA pa3Mep akKTUBHOM 30
MIOBEPXHOCTH, MM
JHuana3on koHTponupyembix yactot AKC, I'u 01-25
@yHKIMA KOMMYTallHOHHOTO JIEMEHTA HO u H3 xonTakr
Hanname peryanpoBok PerynupoBka 4yBCTBUTEITBHOCTH
Juana3oH pabouux HanpsHKeHUi nutanus, B 10-30B
lsr;el}{);l;}dfz? ((j)prncanmeﬁ Cpeabl sl HOPMAJIbHOTO 45 +80 C
BrnaxHOCTB OKpYXKAroIero Bo3ayxa <90%
[Tapamerp 3HaueHue

Taroke I JAHHOW CUCTEMbI aBTOMATHU3allMU HEOOXOIMMO BHIOPATh aBapUitHBIE TPOCOBBIC BbI-
KJIFOYATEJIN ¥ KOHILIEBBIE BBIKJIFOYATEIN CXO0/1a JICHThl KOHBEHEPOB.

Ha xaxiom KoHBeliepe yCTaHaBIMBAETCs 10 J1Ba aBapUNUHBIX TPOCOBBIX BbIKIIOUaTenst. OyHK-
L1l ABaPUMHON OCTAaHOBKH PEAJIN3YETCS] HOPMAJIBHO 3aMKHYTBIMUA KOHTAKTaMU C IIPUHYAUTEIbHBIM
3aMbIKaHHEM B COOTBETCTBUU C MPUHIIUIIOM 3aMKHYTOH Lienu. Beioupaem Boikitouarens Tuna HEN
u3 karanora «Vossloh Kiepe» nuaepa B mpon3BoIcTBE KOHLEBBIX BBIKIIIOUATENIeH 0€30acHOCTH.

KoH1eBble BBIKIIOYATENS CX0/1a JIEHThl OyAyT paboTaTh B MIEHTUYHBIX YCIOBHSIX OMHMCAHHBIX
JUI JAaTYUKOB KOHTPOJISL CKOPOCTH M ypoBHsS. Ha kax1oM KOHBelepe yCTaHaBIMBAETCS 110 YEThIpe
KOHIIEBBIX BBIKJIIOYATENSl CXO0/a JIEHThl. B KauecTBe AaTumka KOHTPOJIS CXOJla JIEHThl BBHIOMpaeM
natuuk JIKCJI tunm MAS 001 u3 katanora «Vossloh Kiepe», koTopblii OyneT ucmnonb3oBarbes AJis
KOHTpPOJIsI OOKOBOTO CMELIEHHS JIEHThl KOHBEWEPOB HENPEPHIBHOIO AEHCTBUS. JlaTuMK KOHTpOIs
6okoBoro cmemieHuss MAS 001, cayXuT JUist 3aIIUTHI JIGHT KOHBEHEPOB OT MOBPEKICHUN WM pas3-
phIBa BeieAcTBHE O0KOBOro cMeneHus. [logatoniie KoHBeliepHble YCTaHOBKH, BO N30ekaHue repe-
ChIIIaHMs MaTepHualla UM HapylIeHUs peXKUMa paboThl, MOI'YT CBOEBPEMEHHO OTKJIFOUAThCS.

Takxe JONOJHUTENBHO Ha IMOEpHBINM 3aTBOP OTCEBHOrO0 OYyHKEpa YCTAaHOBIJIEHBI KOHIIEBBIE
JATYUKH MOJIOKEHHs IMOepHOoro 3aTBopa. JlaHHbIe JaTYMKH YCTAHOBJICHBI HA KOHEUHBIX MOJIOXKe-
HUSX IMOEPHOTO0 3aTBOPA, ISl ONIPEIEICHUS 3aKPBITOTO UM OTKPBITOTO MOJIO0XKEHHUS.

[Tocne 06paboTKH M aHaIM3a MOJTYYEHHOW MH(OpPMAIMU C MEPBUYHBIX M3MEPUTEIbHBIX Ipe-
oOpa3zoBareneil U BhIKJIOYaTeNIed KOHTPOJUIEP B 3aBUCUMOCTH OT pabOThI IPOTrpaMMBbl BBIJAET CHUT-
HaJI Ha 3aIyCK U3MEHEHUS! CKOPOCTH BpAILlEHHs UM OCTAaHOBKY TOT'O MJIM HHOT'O O0OPY/A0BaHMS.

B HamreMm cinydae caMoi ONTUMAJIbHOM CTPYKTYPOU YIIPABJICHUS TEXHOJIOTUYECKUM IPOLECCOM
SBJIATHCA JByXypOBHEBAs CTPYKTypa:

1) HmKHUI ypoBeHb (000PYIOBAHUE HYJICBOTO YPOBHS JaTYNKHU, KOHIIEBIC BHIKIFOUATEIH);

2) BEepXHU YpPOBEHb — (YaCTOTHBIE IPE0OPA30BATENN M KOHTPOJUIEP, YIIPABIISIOIINA TEXHOIO-
THYECKUM TIporieccoM) [7].

JlaHHas cucteMa J0JDKHA KOHTPOJIMPOBATh M YHPABIATH OOJBIINM KOJIMYECTBOM TEXHOJIOTH-
yeckux napameTpoB. [loaTomy criesiyer BrIOpaTh Takylo CHCTEMY, KOTOpasi CHOCOOHA MPUHUMATh U
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(bopMHpOBaTh HEOOXOAMUMBIE CUTHAJIBI Ul YNPABIECHUS M KOHTPOJS CUCTEMOH OpHKETHPOBAaHUS
M3BECTH, a TAK)KEe MMeJa BO3MOKHOCTh O0ECIIEUHUTh CBSI3b C BHELIHHM YPOBHEM YITPABICHHS IMPO-
M3BOJICTBA PU HEOOXOJMMOCTH.

Hwxnuii ypoBenb OyneT BKIIOYATh MEPBUYHBIC H3MEPHUTEIbHbBIE PE0OPa30BaTEI, a HMEHHO:
JATYUKU CKOPOCTH, JaTYMK AJIS1 U3MEPEHUs YPOBHS, JaTUUKU MOJIOKEHUS U JATYMKH 0€301acCHOCTH
(aBapuiiHble TPOCOBBIE BBIKIIOYATEIN).

BepxHuuil ypoBeHb OyneT BKIOYaTh B ce0si KOHTPOJIJIEP YACTOTHBIE MpeoOpa3oBaTeyd U J0-
IIOJIHUTENbHOE 000opyAoBaHue [8]. s ynpolueHus MOHTa)xa CUCTEMbl U 3KOHOMHH CPEJCTB JIO-
I'MYHO OyZeT UCIOJIb30BaTh CUCTEMY PaCHpeesIeHHOro BBOJAa/BbiBoia. OCHOBHAS CTAHLUS YIpPaB-
nenus Simatic S7-300 Oyner HaXxoAWUThCS B IIKa(dy JOKAIBHOTO MyJbTa YIpPAaBICHUS, KOTOpas U
OyZeT OCYILECTBIIATh OCHOBHbIE ()YHKLIUHU IO YIPABJIECHUIO TEXHOJOTHYECKUM IPOLIECCOM CUCTEMBI
OpuKeTHpOBaHUs U3BECTH [9].

Pa3zpaboTka aBTOMAaTU3MPOBAaHHON CHCTEMBI YIPABICHHsSI OPUKETUPOBAHUS U3BECTU NPUBEIET
K TOBBIIICHUIO KaueCTBA IMOJy4YaeMbIX OpPUKETOB M COOTBETCTBEHHO YJIYyYIIEHHE KauecTBa MPOU3-
BOJIMMOM CTaIH.
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T.1. Cusepckas, A.C. 3erneHoB

AK “Apceaopmurran TemipTray” KoOHBepTep HeXbIHBIH apajbIK KepJjepae 0eriii aBTo-
MAaTTAaHJBIPBLIFAH Kyiiejepae Ik OpuKeTTeyi 33ipaey

Anparna. Makaa KOHBEPTEp LEXBIHBIH apalblK jkepiiepae Oenriii aBTOMAaTTaHIbIPbUIFaH
Kyihenepae ok OpuKeTTeyl d3ipieyre apHairaH. bactanksl esniey TypieHIIpTilITep, aBapUsUIbIK
TPOCTBHIK OHE HIETKI a)KbIPATKBIIITAP TAaHAAIBII albIHABL. OK OpHKETTey YpIICiHAe €Ki JeHreili
TEXHOJIOTUSUIBIK IPOLIECC KYPbUIBIMBI OOMbIHIIA Oackapy *yHeciH KojaaHy. JlaTuukrep neHreii
MEH KbUIIaMJIBIFbl TAHJAJIBIIN, CATBICTBIPMAIbI Taay OopbiHAaNIbl. OnapablH TEXHUKAIBIK CUIAT-
TaMajapbl KeCTe/le KeNTipiial. OK OpUKeTTeyie aBTOMATTaHIbIpbUIFaH KYHECiH KOJ/IaHy OpPBIH]IbI-
JIBIFBI KapaJIbl.
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Tyiiin ce3aep: AK “Apcenopmurran TemipTay” KOHBEpTEp LIEXBIHBIH apalibIK jkepiepae Oe-
risi ok OpHKeTTey, KOHBEPTOpP, aBTOMATTAH/ABIPBUIFaH XKYHe, IeHrel JaTYUKTepl, KbUIIAMIBIK AaT-
YUKTEP1, MIETKI aXKbIPATKBIIITAp.

T.1. Siverskaya, A.S. Zelenov

Development of an automated briquetting system in the lime preparation area of
production of the Converter shop of JSC “ArcelorMittal Temirtau”

Abstract. The article is devoted to the development of an automated briquetting system in the
lime preparation area production Converter shop. Selected primary measurement converters, alarm
cable and limit switches. Considered the prima-kit two-tier system of management structure of the
technological process bittirova-tion of lime. Comparative analysis of selected applications of level
sensors and speed. Given their technical characteristics. Examined the feasibility of using an
automated system of briquetting the lime preparation area of production of the Converter shop of
JSC “ArcelorMittal Temirtau”.

Key words: Briquetting of lime, Converter, automated system, level sensors, speed sensors,
limit switches.
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YK 621.311.153

A.B.T'YPVIIKHH, A.JI. HEIIOYATOB, A K. AJII'’AHOB
(KaparananHckuii rocy1apcTBEHHbIM MHAYCTpUAIbHBIA YHUBEPCUTET, I'. Temupray, Kazaxcran)

OTAIIBI DQHEPTOAYAUTA — IIIAT" HA ITYTU K SHEPI'OCBEPEXEHMIO
N ITOBBIINEHWIO SHEPI'OO®PEKTHUBHOCTU

AHHOTanusA. DHEProdPPEeKTUBHOCTh — 3TO OJHO M3 MPHOPUTETHBIX HANPABICHUH Pa3BUTHS
PeciyOmukn Kazaxcran. Ilpu momomm sHeproayauta ONpenessioTCS OCHOBHBIC HalpaBlICHUS
sHeprocOepexeHus 1 YHeprodPPeKTUBHOCTU. B cTaTbe paccMOTpeHBI OCOOEHHOCTH, a TaKXe Mpo-
OJIeMBI OTHOTO M3 CaMbIX BAXHBIX M CIOXHBIX 3TAlOB, & IMEHHO 3Tal MOATOTOBKH M cOOpa WH-
dbopMalu — IepBOro ATana YHeproayauta. PaccMorpensl mporenypsl coopa uHpopManuu 06 00-
cleyeMoM OOBEKTe, OLIEHKH 00beMa U CIIOKHOCTH BBIIOJIHAEMBIX padOT, COCTaBIEHUE OMPOCHBIX
JIMCTOB.

KaioueBbie cioBa: 5HeprodheKTHBHOCTB, ITAIBl SHEProayAnuTa, SHEProayAnuT, dHEeprocoe-
peXKEHHUE, PaBUIIa IPOBEICHHS YHEProay/IuTa, 3aKIF0UCHIE YHEProayInuTa.

OtBeToM Ha pe3Kuil MOABbEM LIEH Ha TOIUIMBHBIX pbIiHKax B 70-X rogax, craja mporpamma
sHeprocoOepexeHus sHepropecypcoB. Ha ceroqusmHuii MOMEHT 3HeprocOepexeHue BiseTcs npu-
OpPUTETHBIM HaIIPaBJIEHUEM IOJIUTUKU MHOTHX CTPaH MUPA, MEKIYHAPOJHBIX OpraHU3aluil U coo-
30B TOIUIMBHO-9HEPreTHUECKOro HampasieHusa. KazaxcraH, sBISSACh WIEHOM MEXIYHApOJHOTO CO-
00IIecTBa, TaK e y4acTBYET B Pa3BHTHUHU MPOTPAMMBI SHEPTOCOSPEIKEHUS U MEKIYHAPOIHOTO CO-
TPYIHHUYECTBA 110 JAHHOMY HarpasieHuto [1].

B 1997 roay B Kazaxcrane ObuT PUHAT NEPBBIM 3aKOH O BHEAPEHUH MPOTPaMMBbI SHEprocoe-
pexxenus [2]. JanpHeiiee pa3BUTHE 3aKOHOATENIBHON 0a3bl 110 JAHHOMY HAIPaBICHUIO CHOPMU-
pOBaJIO HOBYIO penakiuio 3akoHa oT 13 saBaps 2012 rona [3]. Hy)kxHO OTMETHTB, YTO HA JAHHBII
MOMEHT 3aKoH OT 13 siHBaps 2012 rona sBisercss GyHAaMEHTAIbHBIM JOKYMEHTOM PETYIUPYIOIIUM
U pEerJIaMEHTUPYIOUINI NMPaBOBbIE OTHOIIECHUS MEXIY YYaCTHUKAMM MPOrpaMMbl (IrOCyIapCTBOM,
CyObEKTaMH HEPreTHUECKOro peecTpa U SHEProayAuTOPCKUMHU KOMIIAHUSAMH), (POPMBI M coepika-
HUS JOKYMEHTOB, a TaK)Ke MPaBUjia 1 HOPMaTUBHBIE aKThl B 00JIaCTH SHEPTOCOEPEIKEHHUS.

Jpyrum 0Ga3uCHBIM JOKYMEHTOM, YTBEPXKACHHBIM IMpHKa3oM MHHHCTpa MO MHBECTULUSAM H
pasButuio Pecriyonuku Kaszaxcran HcekemessiM A.O. (yIOJTHOMOYEHHBIM opraH B 00J1acTU 3HEp-
rocoepexxeHust U SHeprodPpPeKTUBHOCTH) SIBIAETCS NMPHUKA3, YTBEPKAAOLUIMN U perlaMeHTHPYIO-
LI paBuIiia MPOBEIEHUs dHEproayaura [4].

JlaHHBIN TOKYMEHT yCTaHABIMBAET OCHOBHbIE TPEOOBAHUSI K CUCTEME TUIAaHUPOBAHUS U BpeMe-
HU TPOBEJIEHHs HEPreTUYecKNX 00cie0BaHui, 0(OPMIIEHUIO PE3yJIbTaTOB MPOBEACHHOTO YHEp-
roayanTa B Bue (PMHAIBLHOTO TOKYMEHTA.

Jlanee OyneT pacCMOTPEH OJIMH U3 CIOKHEHIIIMX 3TAloB MPOBEJCHUS SHEPreTHYEeCKOro odcie-
JIOBaHMSI, @ UMEHHO MOJITOTOBUTENbHBIN 3Tal.

[TpaBo mpoBeIeHUs YPHEPTETUUECKOr0 00CIe0BaHUs CYObEKTOB dHEpreTuueckoro peecrpa PK
MMEIOT T€ OpraHu3aliy, KOTOPble MPOIUIM aKKpEeIUTalHio B ymoidHoMoueHHOM oprane PK [5].
Kpome 3T0ro, 3KCnepTsl 3HEProayAuTOpbl HEMOCPEACTBEHHO BBIMOJIHAIONIME PabOThl o 00cieno-
BaHHUIO U COCTABJIEHUIO OTYETOB JIOJKHBI OBITH ATTECTOBAHBI U COCTOSITh B PEECTPE IHEProayanuTo-
poB PK [6]. PaGoTsl mo sHEpreTnyeckoMy oOcIe10BaHHIO AETATCS Ha 4 3Tana ¢ y4eTOM CEe30HHBIX
XapaKTepUCTHK 00CieyeMoro oObeKTa (34aHMsl, CTPOEHUS COOPYXKEHHS WM TEXHOJIOIMYECKOTO
nporiecca):

1) HOArOTOBUTEINBHBI;

2) U3MEPUTENbHBIN (MCIBITATETbHBIN);
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3) aHATUTUYECKUIA;

4) 3aKITIOYUTEIIHHBIMH.

K nepBoMy 3Tairy MOXKHO CMeJI0 OTHECTH TaKOW CIIOXKHBIH BOIPOC, Kak cOOp uHpopManuu oo
o0crexyeMoM OOBEKTE U OIICHKa 00bEMa U CIOYKHOCTH BBIIOJIHAEMBIX Pa0dOT Ha JaJbHEHIINX CTa-
IUSIX TIPOBEJICHHSI SHEProayuTa.

HyXHO y4uTBIBaTh, YTO AK€ THIMUYHOE 3[aHHE 00JIa1aeT TEMU WM MHBIMH XapaKTePUCTUKA-
MU, KOTOPbIE CI0)KHO Y4€CTh WJIM MPOCYUTATh, HE TOBOPS YXKE O TEXHOJOIMUECKUX JIMHUAX, KOTO-
pble MHOTA SBIIAIOTCS YHUKaJIbHbIMU. Hanpumep, nake oObIUHBIN MATUATAXKHBIN JKUJIOH JOM MO-
’&KeT OBbITh MO-pa3HOMY OCHAIIIEH NPUOOpaMH ydyeTa U UMETh Nepee/IaHHy0 CUCTEMY OTOIUIEHUS U
AJIEKTPOCHAOKEHHUS, a TAaKXKe PEKOHCTPYKIMIO OrpaKIaroIuX KOHCTpyKuuid. Kak pesynbrar, cre-
[UAJIMCTaM 3HEProayJUTOPCKOM KOMIIAHUU KpaliHEe TPYIHO ONpPEIEIUTh BPEMEHHbIE paMKHU Ip O-
BEJIEHUs PabOT, KOJUYECTBO TPEOYEMBIX CIELUAIMCTOB U 3aTpaThl HAa IPOBEJIEHUE UHCTPYMEH-
TaJbHBIX 3aMepOB. ONTHUMAIbHBIM BBIXOJOM B JJAHHOW CUTYallUM SABJIAETCS Iepeladya 3aKa3uyuKy
OTIPOCHBIX JIMCTOB, HA OCHOBAaHHHM KOTOPHIX OyIET MPOM3BENEH pacyeT BpeMeHU o0beMa MpPOBO-
IUMBIX paboT. COOTBETCTBEHHO B OIPOCHOM JIUCTE JOJDKHBI ObITh NMEPEUYMCICHBI BCE XapaKTep-
HbIE 0COOEHHOCTH 3HEPronoTpedieHns 00beKTa, OTBETCTBEHHBIE JIMIIA U UX KOHTAKTHBIE JIaHHBIE.
Takum 00pa3oM, TOJIBKO MOJTYYHUB B IMOJHOM 00BEME JIOCTOBEPHBIE JAHHBIE 110 OOBEKTAM 3aKa3-
YHKa, CTAHOBUTHCS BO3MOKHBIM BBITIOJIHUTH PACUETHl U OLICHUTh YPOBEHb (PMHAHCOBYIO COCTaB-
JSIOLIYIO MTPOEKTA.

Crnenyroumm 11aroM Ha MOJATOTOBUTEIILHOM 3Tale SBJISETCS COCTaBICHHUE IIPOrpaMMbl IIPOBe-
JIeHUs SHEproayJuTa, B KOTOPOH MPONKUCHIBAIOTCS CPOKH BBIOJHEHUS pabOT U OTBETCTBEHHBIE JIH-
na. K 1aHHoMy OKyMEHTBI IPUIIaraeTcsi COOTBETCTBYIOIUI perjaMeHT IpUOOPHBbIX U3MEPEHUH, a
TaKXe IOJIHBIA NepeyeHb OOBEKTOB, HAaXOAALIMXCs Ha OanaHce 3akazuuka. Kpome srtoro, sHep-
roayJauTopcKas KoMnanus (popMupyer nepedeHb HEOOXOIUMBIX CBEJCHUN U JOKYMEHTOB, KOTOPBIE
IIPEJOCTABIIAIOTCS B clydyae UX Hanuuus. JJlaHHbIe MOTYT 3alpallluBaThCS UCXOAs U3 NOTpeOHOCTEN
SHEProayAUTOPCKONW KOMIIAHUHU, HEKOTOpPbIE M3 KOTOPBIX IEPEUYMCIEHBbl B MpaBUiIaxX IMPOBEICHUS
SHeproayauTa, Halpumep:

1) Ilnan meponpusiTuil Mo HEProcOEPEKEHUIO U MOBBILIEHUIO 3HEPT03PHEKTUBHOCTH, pa3pa-
OOTaHHBIN MO UTOraM MPEIBIAYIIEr0 SHEProayauTa U pe3yibTaThl €ro UCIONHEHHs. JJaHHbIe TaKo-
ro pojia HE0OXOAUMBI MPU MPOXOXKIAECHUU TOBTOPHOT'O SHEPTrOAYINTA;

2) O6beMbl 100BIYM, TPOU3BOACTBA, NOTPEOICHUS, IEpeJaud YHEPreTUYECKUX PECYPCOB U
BOJIbI 3a MATH MOCJIEN0BATEIbHBIX JIET, MPEAIIECTBYIOMIMX dHEProayIuTy. OTa UHPOpMalUsl, KaK
npaBmiio, Oepercs U3 OyXrajlTepckux JOKYMEHTOB 3aKa3uKKa, HO 3TO He BCErJa BO3MOXKHO B CUITY
cnenuUKd (QYHKIMOHUPOBAHUS MPEANPUITHS 3aKa3uMKa. DHEProayJuTOpCKOe MpeAnpUsTHe
HAIpsIMYIO MCIONb3YET 3TU JIaHHBIE JUIs1 (POPMUPOBAHUS YHEPTreTHUECKOro OanaHca noTpedieHus
3aKa34MKa;

3) CocraB OCHOBHBIX 3/laHUM, CTPOEHHI, COOPYKEHHH M UX XapaKTEpPUCTUKU (Ha3HAYeHUE
00BEKTa U €ro COCTaBJsIoIue (IPUCTPONUKH), HHKEHEPHBIE CUCTEMBI, KilacC 3HEprodp(HeKTUBHO-
CTH, JaTa MOCTPOWKH, 3TaXXHOCTh 3JaHMsI, MaTepuan CTE€H M KPBILI, IJIOL[ab OCTEKJIEHUS U BUJ
OCTEKJIeHUs, Kybarypa, obmas miomanp). /laHHble Takoro poja HUCHOJIb3YIOTCS SHEProayAauTOop-
CKOI KomnaHueu 1y GOpMUPOBAHUS pacxoja SHEPTUU Ha OTOIJICHUE JJIsl OAJEpKaHUs TeMIepa-
TypHOTo 0anaHca BHYTPH 3/1aHMUS;

4) CBenenust 00 UICTOYHHKAX SHEPrOCHAOKEHHS U MapaMeTpax dHEProHOCUTENeH. DT TaHHbIE
3aHOCATCS B 3aKJII0UEHHE 00 PHEProayaAnuTe KaK OMOpPHbIEC 3HAUEHUS SHEPronoTpeOIeHus;

5) dakTuueckoe >HEpronoTpediieHne Ha €JUHUIY NPOAYKLUHMU U (UJIM) pacxoj SHepreTude-
CKUX PECYpCOB Ha OTOIUICHHWE Ha €IMHHUILY IUIOIMIAN WM OTAIJIMBAaeMOro oobema 3/1aHuil, cTpoe-
HUH, coopykeHui. JlanHasg nHdopmanus UCIONb3yeTcs A pacuera SKOHOMUYeckoi 3 pekTuBHO-
CTH SHEprocOeperaronmx MEpONpPUATHIA M0 pe3ysibTaTaM MPOBEICHUS SHEProayuTa. X0Tenoch Obl
3aMETUTh, YTO yYeT 3aTpaT SHEPruM Ha €IWHUILY MPOAYKIUHU BEIETCS HAa BCEX MPEINPUSITUIX, HO
3aTpaTrhl OTOIJICHUSI HA €AMHUILY IJIOLIA I WIM OTAlsIiBaeMoro o0bEMa Kak MpaBUJIO HE YUUTHIBA-
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eTcs. 3arpoc TaKUX JaHHBIX 4acTO NMPUBOJUT B 3aMELIATENbCTBO 3aKa3UMKa, XOTS pacyeT dTUX 3Ha-
YEHUH JOCTATOYHO IIPOCT;

6) Cezenusi 00 SHEPreTUYECKOM M TEXHOJIIOTHIECKOM 000pYyI0BaHUH;

7) Knacc 3Hepro3hpeKTuBHOCTH 37IEKTPUUECKOro 3HEPromnoTpedistoniero ycrpoicrea. Jlan-
HYI0 MH(QOPMALMIO KaK MPaBWJIO 3aKAa3UUMK HE MOXKET MPEeJIOCTaBUTh, B CUIIy TOTO, 4TO OOJjblIas
gyacTh 000pynoBaHus ObljIa 3aKyIUICHA M YCTAHOBJICHA JI0 pa3pabOTKH U yTBepKAeHus 3akoHa «O0
SHEpProcOepe eHU! U MOBBILICHUN 3HEProdhHEeKTUBHOCTUY U TPeOyeT UCIIBITAHUN U PACUETOB;

8) CeneHus o npubopax ydera M KOHTpoussd. [laHHbIE OYEHb BaXKHbI JJIs [IPOBEICHUS SHEP-
roayauta. OHM ONPENENSIOT KOJIMYECTBO U MECTa MHCTPYMEHTAIBHBIX u3MepeHuid. Kontpons mo-
TpeOIIIeMOii SHEPTUH SBIISAETCS TITaBHBIM HAIPABJICHUEM MOBBIIICHUS YHEPT03(PPEKTUBHOCTH;

9) CBeneHust 0 cucreMax NIEKTPOCHAOXKEHHUs, TEIUIOCHAOXKEHNUS, BEHTWIALUHU, XOJO0J0CHA0-
KECHHUsS, BOJIOCHAOKEHUS, BO3IyXOCHAOXEHMs, KaHAIM3aluu, TazocHaOxeHus. KoHCTpyKTHBHBIE
0COOEHHOCTH PHEPrOCHAOKEHHSI SIBJIAIOTCS OJHUM U3 HANpaBJICHUs BHEApPEHHs >Heprodddexrus-
HBIX NPEJUI0KEHUH 110 UTOraM IPOBEJIEHHOTO SHEProayIuTa;

10) Konust mpenpiayIiero 3akit04eHus 0 SHEProayAuTy. 3aKkiII0UeHUE JAacT XapaKTEePUCTUKY
YK€ UMEIOUICHCs CUTYalluH 110 COCTOSTHUIO U IMIPOBOJANMBIM MEPOIIPHUATHSM TI0 TOBBILIICHUIO HEP-
ro3ppeKTHBHOCTH;

11) Cenenust 00 opraHu3zanuu pabOThl CUCTEMbI YHEPTOMEHEIKMEHTA. DHEPrOMEHEIKMEHT
SBIISICTCS OJAHUM W3 BOKHEWINNX HAIPABICHUN MO BBIBJICHUIO Y3KUX MECT B 00JacTH 3HEProd Q-
(EeKTUBHOCTH U pa3pabOTKe MEPONPUATHHA MO MX YCTPAHEHMIO, YTO B CBOIO OYepelb HANpsAMYIO
BJIMSIET HA YMEHBLICHUE MOTPEOICHHs SHEPrOpeCypCoB.

12) CBeneHus 0 corjiaiieHuu ¢ ynoaHoMoueHHbIM opranoM PK B obiactu sHeprocoepexeHus
Y TIOBBIIIEHHS SHEprodddexruBHoCcTH [7].

@uHAIOM MOJrOTOBUTENBHOIO 3Tama SBJIATHCA MAaKeT JOKYMEHTOB, COOpaHHBIN 3HEproay/ju-
TOPCKOW KOMITAaHHEN B COCTaB, KOTOPOI'O BXOJAUT IEPEUYEHb CBEACHUN U JOKYMEHTOB, HEOOXOAU-
MBIX JJIsl TIpOBEJeHHs dHeproayauta. Ilepemaya moxymeHTOB 3aka3duumKy O(OpMIISieTCs COOTBET-
CTBYIOIIMM aKTOM IpHeMa-niepeaun. Takxke 3aka3zuuKy nepeaaercs mporpaMma MpoBeIeHHs SHep-
reTUYECKOTO 00CIEeIOBaHUS C yKa3aHHEeM OOBEMOB, IIAHOM MEPOIPHATHH IJIAHUPYEMBIX PadoT,
Pa3OUTHIX 10 BPEMEHHU M PErJIaMEHTOM BBIITOJIHEHUSI HHCTPYMEHTAIBHBIX 3aMepoB. JlaHHBINA JTOKY-
MEHT COTJIACOBBIBAETCSI CTOPOHAMM M YTBEpPIXKAAeTCs AJs AajbHeHIero ero BolmoidHeHus. HyxkHo
TaKXe OTMETUTh, YTO TOCIIE peau3allii BCeX ITAaloB YHEProayauTa, 3aKjItoueHue O IPOBEIEHHOM
SHEproayAnTe OTIpPABISAETCS s aHanu3a HarpoHalbHOMY WHCTHTYTY pa3BUTHS B 00JacTH SHEp-
rocOepexeHus U MoBbIeHus 3HeprodpdexruBHocTH (nanee — HUPIDI) [8].

Takum 00pa3zoM, MOATOTOBUTENbHBIN 3Tall YHEProayanuTa SBISETCS OTIPABHOM TOYKOW M OC-
HOBOH ISl TIPOBEJICHHUS BCEX OCHOBHBIX JTAIllOB DHEPreTHUECKOro oOcienoBaHus. Bo MHOTOM OT
KauecTBa BBITTOJTHEHHOW paboThl OyneT 3aBUCETh 2PHEKTUBHOCTH U 11€J1eCO00Pa3HOCTh BCEU paK-
TUYECKOI cocTaBisomeil OyayIiero HepreTHueckoro o0cie0BaHusl, T0ITOMY BOIPOCH! MOATO-
TOBKH SIBJITFOTCSI OYCHD Ba)KHBIMH.
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3apeructpupoBaH B Munucrepcte toctunnu Pecniyonuku Kazaxcran 26 nexaOpst 2015 roga, Ne

12542,

A.B. I'ypymikun, A.JI. HenouatoB, A.K. AsiranoB

DHeProayaIuT caThlJIapbl — JHEProYHeM/IeY MeH IHEProTHIMILTIKTI apTTHIPY KoJAapbIHA
0acray 00JaTBIH KagamMaap

AnaaTna. DHeprotuimaiik — o0y Kasakcran PecnyOiMkachiHBIH 1aMy OarbITTapbIHBIH Oipi.
DHeproayauT KOMEriMeH 3HeproyHemiey MEH SHEProTHIMILIIKTIH Heri3ri OarbITTapbl aHBIKTalla-
Iel. Makaiaaa aca KypJeii )KoHe MaHbI3/Ibl CAThIHBIH Oipi, SFHU SHEPrOayAMTTiH OipiHIII CaThICHI —
aKmaparThl )KMHAy MEH JalbIHAAy CATBICBIHBIH Mocelelepl MEH epeKUIeNiKTepl KapacThIPBUIIbL.
3eprreneTiH 00beKT OOMBIHIIA aKMapaTThl JKWHAY, OPBIHAATIATHIH XYMBICTBIH KYPACTUTrT MEH
KeJeMiH Oaranay, Cypak-Kayan @apakTapbl MEH OpbIHAAIaThlH >KYMBICTApFa CMeTajap/sl
KYPacTBIPY YPAICTEP1 KapaCTHIPBUIIBL.

Tyiiin ce3mep: >HEPrOTHIMALIIK, SHEPTOayIUT CaThUIAPBI, SHEPrOayqUT, PHEPTUS YHEMIEY,
SHEPrus ayJuT epexesiepl, SHEPreTUKAIbIK ayIuT MIKIpi.

A.V. Gurushkin, A.L. Nepochatov, A.K. Ayaganov

Energy Audit Steps - steps towards energy saving and energy efficiency

Annotation. Energy efficiency — is one of the priorities of the Republic of Kazakhstan. The
main directions of energy saving and energy efficiency With energy audit. The article describes the
features and problems of one of the most important and challenging stages, namely preparation
phase and information gathering - the first stage of the energy audit. The procedure of collecting
information on the inspected object, estimate the volume and complexity of work, drawing up
questionnaires.

Keywords: energy efficiency, energy audit, energy audit steps.
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YK621.313

E.B. KYHTVYII, A.A. MAKCATOB
(KaparananHckuii rocy1apcTBEHHbIM MHAYCTpUAIbHBIA YHUBEPCUTET, I'. Temupray, Kazaxcran)

[MTPUMEHEHUE YACTOTHO-PEI'YJIMPYEMOI'O [IPUBOJA B SHEPI'OCUCTEMAX
I'PAXKIJAHCKOI'O CTPOUTEJILCTBA

AnHoTanus. Ctarhs MOCBSIICHA MPUMEHEHUIO YaCTOTHO-PETYJIMPYEMOTro MPUBOJIA B KOMMY-
HaJILHOM XO3SIMCTBE. HpI/IBGI[eHBI MCXAaHUYCCKHEC XAPAKTCPUCTHUKU JISI HArPY30K PA3JIMIHOI'O THUIIA.
PaccmoTpensl moTepu SHEPTrUU B TEXHOJIOTHYECKOM mporiecce. [loka3zaHbl MyTH MUHUMM3AIUH TO-
Tepb. [IponsBeneHo cpaBHEHHE CIIOCOOOB PETyIUPOBaHUS JaBICHHs B TPyOOIpoBoiax. BrimonHen
CpPaBHUTEJBHBIA aHaAIW3 3TUX cnocoboB. IlpuBeneHsl rpaduyeckue 3aBUCUMOCTU: MEXaHHUYECKHE
XapaKTepUCTHKH THUIIMYHBIX HArpy30K, CPaBHEHHE XapaKTEPUCTUK IPH Pa3IMYHBIX CIIOCO0ax
yIpaBJICHUS, XapaKTEPUCTUKA HACOCHOTO arperara 1 CeTy ¢ YaCTOTHBIM PETYIMPOBAHUEM, U3MEHE-
uue KIIJ] macocHoro arperata. [Ipemnoxen croco6 moBsimieHus s3HeproddpdexTuBHOoCTH. PaccMoT-
peHa 1enecoo0pa3HoOCTh MPUMEHEHHUS YaCTOTHO-PErYJIMPYEeMOro MpHUBOJA ISl YIIPABICHHUS HACO-
caMi U BCHTUJIATOpaMHU.

KuroueBblie ciioBa: YacTOTHO-perynupyeMblii IpUBOJ, aCHHXPOHHBINM JBUTATENh, YHEProcohe-
peXeHue, Hacoc, MOTEPH.

B Hacrosiiiee BpeMst Bce OoJibliiee pacnpocTpaHEHUE MPUOOPETAaET UCIOIb30BaHUE YACTOTHO-
perynupyemoro npusoga (UPII), BEIMOTHEHHOT0 Ha OCHOBE ACHHXPOHHOTO AJIEKTPOABHUTATENS C
KOPOTKO3aMKHYTBIM pOTOpOM. YacTOTHBIN mpeoOpa3oBaTelib B KOMIUIEKTE C aCHHXPOHHBIM JJICK-
TPOJBUTATENIEM IO3BOJISIET 3aMEHUTH AJIEKTPONPUBOJ MOCTOSIHHOTO TOKa. M3BECTHO, YTO perynu-
pOBaHWE YaCTOTHI BPAIICHUS! MCIOJHUTEIBHBIX MEXaHHU3MOB MOXKHO OCYIIECTBIISITH MPU MOMOIIU
Pa3IMYHBIX YCTPOWCTB: MEXaHMYECKHX BapUaTOPOB, THAPABIMYECKUX MY(DT, JOMOIHUTEIBHO BBO-
JTUMBIMH B CTaTOP WJIM POTOP PE3UCTOPAMH, IEKTPOMEXaHUUECKHUMH MPeoOpa3zoBaTeIsiMU 4acTo-
ThI, CTATUYECKUMHU MpeoOpa3oBaTeIsiMi 4acTOThl. [IpMeHeHHne MepBhIX UYETBIPEX YCTPONCTB HE
o0ecreunBaeT BHICOKOTO KaueCcTBa PEryJupOBaHUs CKOPOCTH, HEIKOHOMUYHO, TPeOyeT OOIbIINX
3aTpaT MpH MOHTaXKe M dKCIUTyaTanuu. CtaTuyeckue mpeodpa3oBaTen YacTOThl SBISIOTCS HauOo-
Jiee COBEPIIIEHHBIMU YCTPONUCTBAMHM YIIPABJICHUSI aCHHXPOHHBIM ITPUBOJIOM B HacTosiee Bpems [1].

3aBUCUMOCTh MEXK]y CKOPOCTBIO BPAILIEHUS] U MOMEHTOM CONPOTUBJICHUS HEOJUHAKOBBI JJIs
Harpy3ok pasHoro Tuna (pucyHok 1) [2]. MHOrue Harpy3ku MOTYT pacCMaTpUBATHCS KaK UMEIOIINE
MIOCTOSIHHBII MOMEHT BO BCEM JMaNa3OHE M3MEHEHMs CKOpOCTH. K HUM OTHOCSTCS, Halpumep,
KOHBEMEpbI, KOMIIPECCOPHI U MOPIIHEBBIE HACOCHI.

A
BPALLAKOLLWW HACOC
MOMEHT BEHTUNSTOP
JKCTPYLEP,
MWKCEP
KOHBEWEP,
KOMMPECCOP
— ]
CKOPOCTBE
BPALLEHWUA

PI/ICYHOK 1. Mexanuueckue XapaKTCPUCTUKU TUITMYHBIX HAI'PY30K
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HekoTopeie BUIBI HArpy3KH UMEIOT MEPEMEHHYIO MEXaHUYECKYIO XapaKTEPUCTHUKY, I KOTO-
POl MOMEHT Harpy3Kd BO3pacTaeT ¢ YBEIIMYCHHUEM CKOPOCTHU BpalleHUs. B KOMMyHaIbHOM XO03s1H-
CTBE IIUPOKO UCIIOJIB3YIOTCS IIEHTPOOESIKHBIC HACOCHI M BEHTHIISITOPHI, Ybsi MEXaHHUECKAs XapaKTe-
PUCTHKA OMHICHIBACTCS YPABHCHHEM KBaJPAaTUIHON MapadoJIbl, a 3HAYUT, OTpedIsieMast MOITHOCTh
MPONOPIMOHATIEHA KyOy CKOpOCTH BpaieHus. 13 aToro ciemyer, 4to qake HeOOJIbIIOEe CHUKCHHE
CKOPOCTH AJIEKTPOIIPUBO/Ia MOXKET JaTh 3HAYUTEIBHBIA BBIUTPHIII B MOIIIHOCTH — BOT MOYEMY JKO-
HOMUSI SJICKTPOIHEPTHH SIBIISICTCS TJIABHBIM MPEUMYIIIECTBOM UCTIOJIB30BaHUS YIIPABISIEMOTO 3JIEK-
TPONPUBOJIA JIJIsl HACOCOB M BEHTUJIATOPOB. TeopeTnuecku cHukeHue ckopoctu Ha 10% maét tpun-
[ATH MPOIEHTHYIO YKOHOMHIO MOIIHOCTH.

[Totepu 3HEPrUM B TEXHOJIOTHYECKOM IPOIIECCE 3aBUCAT OT Pacxoia CeTH (TeXHOJIOTHYECKOU
Harpy3KH), OIPEeIIeMOro MOTpedUTENIeM, 1 MOTEPh HAIlopa Ha 000PYI0BaHUHM HACOCHOW CTaHIIUU
KOTOPBIE OTPEACISIFOTCS THIPABIUYECKAM COMPOTUBICHUEM 3JIEMEHTOB CXEMBI. J[JIs1 opraHu3anuu
TEXHOJIOTUYECKOr0 Ipollecca ¢ MHHHMAIBHBIMA JHEPreTHYECKHMH IOTEPSIMU HEOOXOIUMO, B
MIEPBYIO OYepellb, CHU3UThH MOTEPH HANOpPAa MEXIY TPYOOIPOBOJOM HACOCHOTO arperara U CeThio
oTpeOuTeNeH.

Jiist penieHus 3a1a4i MUHUMH3AIHU [T0TEPb, CBSI3aHHBIX C PErYJIMPOBAHUEM JIABJICHUS B CETH,
HE0OXO0IMMO MCKITFOYUTH JIOTIOTHATEIBHBIC THAPABINYCCKHE CONIPOTUBIICHHUS HA Y9aCTKE OT HACOC-
HOTO arperara Jio CETeBOro TPyOOIpoBO/ia, TO €CTh HEOOXOUMO MOJHOCTHIO OTKPBITh BCIO 3arop-
HO-PETYJIHPYIOLIYI0 apMaTypy.

3TO MOKHO C/I€TIaTh, €CIIU MPOLECC PETYINPOBAHMS JaBJICHHS IIEpPEeJaTh HACOCHOMY arperary.

[TepcreKTHBHOCTS YaCTOTHOT'O PETYJIUPOBAHUS HATJISTHO BHIHA M3 PUCYHKA 2.

JMpLITa OTHpLITA
P, kBT / HanopHaA 3atEmmsa
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14 .

: ' ' =] MOHMOC T,
L noTpefRReMan fgH
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Pucynok 2. CpaBHeHME XapaKTEPUCTHK IIPU JPOCCEINPOBAHUU U YACTOTHOM YIIPaBICHUU

Takum 00pa3zoM, NMpH JAPOCCETUPOBAHUM TMOTOK BEILIECTBA, CAEPKUBACMBIN 3aJBIKKON WIIN
KJIAIIaHOM, HE COBepuIaeT Moje3Hoi paboTsl. [IpumeHeHne npeoOpa3oBaTesns 4acTOThI, PEryIUpy-
IOUIMH 3JIEKTPOIPUBOJ HAacoca, MO3BOJSET 33JaThb HEOOXOAMMOE aBJIEHHE, 4YTO OOECHEeUuT He
TOJIBKO SKOHOMHIO 3JIEKTPOIHEPT UM, HO U CHU3UT IIOTEPU TPAHCIIOPTUPYEMOTO BemiecTsa [3].

OaHUM M3 TJABHBIX CHOCOOOB MOBBIIEHUS 3HEProd(HEKTUBHOCTU SBISETCS OCHAIIEHUE
BHOBb ITOCTPOCHHBIE WJIM YyXK€ JKCIUTyaTHPYEMbIX 3JaHH aBTOMAaTHUYECKUMU WHIUBUAYAIbHBIMU
TEIUIOBBIMU ITYHKTaMM M YNPABISIEMbIMA HACOCHBIMHU Y3JIaMH C MTOT003aBUCUMBIM PETYJINPOBAHU-
eM. B urtore morpeGieHue Temsia CTaHOBUTCS AMHaMUYeCKUM. COOTBETCTBEHHO, HAWCTOYHMKAX
TEIUIOTHI TaKKe HEOOXOJUMO MU3MEHSTh €ro Mojady TakuM 00pa3oM, YTOObI B CETU HE LIUPKYIUPO-
BaJI NIEPErpeThiil TEINIOHOCUTENb. B OOJIBIIMHCTBE CydaeB BONPOC PEIIAETCS JPOCCETMPOBAHUEM:
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B CUCTEMY C IIEpEKAYMBAIOIIMMHA HACOCAMU CTaBSTCS CIIELIMAJIBHBIC 3aJBUKKH, KOTOPHIC YMEHbIIA-
10T PACXOJ BOJBI.

VY Ha3zBaHHOTrO croco0a ecTh PsAJ] HEAOCTATKOB!

e ClIO)KHOCTM B INPUMEHEHHM, OOCIYKMBAaHUM, 3KCIIyaTaluu. Bo-mepBbIX, aCHHXpPOHHBIE
JBUTATEIN HACOCOB IOAKIIYAIOTCS K DJIEKTPUUECKON CETH HAIpsAMY0. BO-BTOPBIX, TOMOIHUTENb-
HBIE IPOCCEIIN U KJIAIIAHBI HYKJIAI0TCSI B CUCTEMY IIPABIICHHUS;

e JlaBiieHHe B JIMHUM MEHSETCS HEONEPATUBHO U CTYNEHYATO, YTO OOYCIIAaBIMBAET HU3KUH
IMana3oH peryJInpOBaHus;

e «IIpsAMoOi» IyCK aCUHXPOHHBIX JBUraTE]ICH HACOCHBIX arperaroB M3-3a BBICOKUX 3HAYEHUU
IIyCKOBBIX TOKOB B CETU T'YOMTEJEH JUIsl JABUraTesied W MOBBILIAET BEPOSITHOCTH BO3HUKHOBEHUS
THJPOYJapoB B TPyOOIPOBOJAX.

Kpome Bcero BBIIECNIEPEUUCICHHOIO, APOCCEIMPOBAHUE HEDKOHOMHUYHO. [laxke mpu OTCyT-
CTBHMHM MOTPEOJICHHSI HACOCHI IPOIOJIKAIOT pabOTaTh «HA 3aCIIOHKY», IOMYCTY MEePEeroHss TEIIOHO-
CUTENb. bECCMBICIIEHHO TPATATCS U TEIUIO, U DJIEKTPOIHEPT U

Teopust paboTbl HarHeTaresnel (HACOCOB U BEHTHIATOPOB) JOKA3bIBACT, YTO U3MEHEHHE YacTO-
ThI BpAllICHUs NIPUBOJAa HATHETETEI U3MEHSIET €r0 HAIIOPHBIE XapaKTEPUCTUKH, KPOME TOr0, HAIop
CO3/1aBaEMbII HAarHeTaTelleM, PONOPLUOHAIEH KBaJApaTy 4acTOThl BpalleHus arperara [4]. M3me-
HEHHE HAIIOPHBIX XAPAKTEPUCTHUK HACOCHOI'O arperara Ipyu U3MEHEHHMH YacTOThI BPALCHUS WILIIO-
CTPUPYET PUCYHOK 3, Ha KOTOPOM KpHBast 1 cOOTBETCTBYET HOMUHAJIBHOW (TP HOMUHAJIBHOM Ya-
CTOTE BpallleHUs IPUBOJia) HATIOPHON XapaKTEPUCTHKE, a KpUBbIE 24 — HAIIOPHBIM XapaKTEpUCTH-
KaM IIpY IOHM>KEHHOM 4acTOTE BpalLCHUS.

H XapakTepucTUka Hacoca

A npu 1500 ob.Immn XapaKTepucTika ceTn
C MAKCKrM anbHbIM pa(:x’ﬂqﬂM

Oom

XapakTepUCTHKA HaCO
npia 1350 of./MuH

|
|
I |

! L, Qc
1/12QHoM QHoMm

Pucynok 3. XapakTeprCTUKH HACOCHOTO arperara u CeTH ¢ YaCTOTHBIM PETYJIUPOBaHUEM

Ecnu oprannzoBaTh paboTy IpHBOIa HACOCHOTO arperara TakuM o0pa3oM, YTOOBI OH MPHU U3-
MEHEHUHU MapaMeTpoB TEXHOJOTHUECKOTO Mpoliecca (pacxo/ia B CETH U JaBJICHHUs Ha BXOJE arpera-
Ta) U3MEHSUT YacTOTY BpallleHHs], TO B UTOTe MOKHO 0€3 CYIECTBEHHBIX MOTEPh YHEPTUU CTAOUIHU-
3MpOBAaTh JIaBJICHUE B ceTUNOTpeOuTenel. [Ipu Takom crocode peryinmpoBaHUsl UCKITFOYAIOTCS T10-
TepU Haropa (HEeT APOCCEeNbHBIX 3JIEMEHTOB), a 3HAUUT, U TOTEPU THIPABIMYECKON IHEPTUH.

Crioco6 perynupoBaHUS JaBIICHHUS B CETH MYTEM W3MEHEHHS YacTOTHI BpAIlEHHUS MPHUBOJAA
HACOCHOT'O arperaTta CHIJKaeT sHepromorpebinenue eui€é u no apyroi npuumse [5]. CobcTBEHHO
HAacoC KaK yCTPOMCTBO MpeoOpa30oBaHUs SHEPTHH HMEET CBOW KOA(PHUIIMEHT MOJIE3HOTO IEHCTBHS —
OTHOILICHHE MEXaHWYECKON SHEepIruu, NPUI0KEHHON K Bally, K THAPAaBINYECKON SHEPTUH, MoTydae-
MOl B HAallOpHOM TPYOOIPOBOJI€ HACOCHOTO arperara. XapakTep u3MeHeHus koddduurenra mnomnes-
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HOT'O JICMCTBUSA Hacoca B 3aBUCHUMOCTH OT pacxoja *XHUJIKOCTH Q IMpH pa3sInYHbIX 4acTOTax Mpe-
CTaBJIEH Ha PUCYHKE 4.

KN vacoca npn 1300 o6./Mun

KNA Hacoca npu
KNA Hacoca npu 1400 o6.IMuH 1500 o6.IMuH

MNoeeiuedne KMMO Hacoca
NpU yacToTHOM

25%

| pEFyIFHPDBEIHHH
| I'IpOIﬁ'IBBd'AHTeanDGTPI
| |
| ]
| |
| |
|
. I -
1/3QHomM 1/2QHoM QHoM Qc

PI/ICYHOK 4. U3menenue KHI[ HACOCHOI'0 arperara ¢ 4aCTOTHBIM PEr'yJIMPOBAHUCM IIPHU USMCHCHHUU
MMPOU3BOJUTCIIBHOCTU

B cootBercTBUM ¢ Teopuell momoOMs MaKCUMyM KOd((UIIMEHTa IIOJIE3HOTO IEHCTBUS C
YMEHBUICHUEM YacTOThbl BPALEHUs HECKOJIBKO CHM)KAETCSl M CMeIaeTcs BiIeBO. AHaIM3 Tpedyemo-
ro U3MEHEHMsI 4acTOThl HACOCHOIO arperaTa IMpU M3MEHEHUU pacxo/a B CETH MOKAa3bIBAET, UYTO C
YMEHBLICHHEM pacxo/ia TpeOyeTcsi CHUKEHUE YacToThl BpateHus. Eciu paccmoTpers paboTy arpe-
rata Jyisl pacxo/ia MeHbIlle HOMUHAJIbHOTO (BEpTUKAJIbHBIE TUHUUA U B), TO /U1 3THX peXUMOB pa-
IIUOHAIBHO paboTaTh Ha MOHWKEHHOM yacToTe BpaiieHus. B stom cimyuyae KIIJ[ Hacoca Bbie, uem
pu paboTe Ha HOMUHAJIBHOM yacToTe BpaleHus. Takum o0pa3oM, CHIDKEHHE YacTOThI BpallleHUs B
COOTBETCTBUM C TEXHOJIOTMYECKOH HArpy3Koil MO3BOJIIET HE TOJIBKO KOHOMUTH MOTPEOIIEMYIO
SHEPrUI0 Ha MCKIIOYEHUU THJIPABIMYECKUX MOTEPb, HO U MOJIYyYUTh HKOHOMHUYECKUH 3PPeKT 3a
cuéT NOBbIILIEHU K03 (PULIMeHTa M0JIE3HOro AEHCTBHS CaMOro Hacoca — MpeoOpa3oBaHUs MeXaHU-
YEeCKOW SHEPTUU B THIPABIUYECKYIO.

[IpuMeHEeHnEe YaCTOTHOTO PETYIMPOBAHMS MPUBOJIOB MO3BOJISIET CYHIECTBEHHO YMEHBUIUTHh U
9KCIUTyaTal[MOHHBIE 3aTpaThl, CBA3aHHbIE ¢ 0OCIy)KMBAaHHMEM arperatoB u cucreMm [6]. Hanpumep,
CHIDKEHME Tepenasia 1aBJIeHHUs MEX/y BCAChIBAIOIIMM U HAaOPHBIM MaTpyOKaMH HAaCOCHOT'O arpe-
rara yBeJIM4MBAeT CPOK CIIYy>KObl CalTbHUKOBBIX YIUIOTHEHUN, MPAKTUYECKH HUCKII0Yasi TUAPOYIAaphbl
1 obecrieunBaeT CTaOMIIBHOCTh JIaBJICHUHN B TPyOOIIpOBO/Iax ceTel, a TakkKe MUHUMU3UPYET 3aTpa-
THI Ha OOCITY)KUBaHHE.

[IpakTrka MprUMEHEHUs YaCTOTHBIX MpeoOpa3oBaTeneil A yrnpaBieH!s] HacCOCaMU M BEHTUIIS -
TOpaMH JJOKa3bIBACT L[€JIECO00Pa3HOCTh HE MPOCTO BKIIIOUEHMs IIpeoOpa3oBatelis A yIpaBiIeHUs
arperaroMm, a COo3/laHus CHEIUAIN3UPOBAHHBIX CUCTEM YIPABIIEHUS TEXHOJIOTHMUECKUM IPOLECCOM.
HMeHHO Takoi MOAX0/A MO3BOJSET NOTYYUTh SIKOHOMUYECKUH 3 (HEKT HE TOIBKO OT CHUKEHHS O-
TpeOIIeMOii U3 CeTH PIEKTPUIECKON MOIIIHOCTH, HO U JOOUTHCS CYIIECTBEHHOI'O YMEHBIIEHUS K C-
IUTyaTallMOHHBIX PacXo/0B, YIy4lIeHHE YCIOBUUTPYAAa U YBEIHMUYEHUE CPOKa CIyKObl 000pyaoBa-
Hus. CoBpeMeHHbIEe Tpeodpa3oBaTeId YaCTOTHI MO3BOJISIOT NOTy4aTh 6osee 20 mapaMeTpoB COCTO-
saHUs AnekTponpuBoga. CooTBeTcTByOmasi 00paboTKa 3THUX MapaMeTpoOB MO3BOJISIET MPOBOIUTH
ri1y0oKoe AMAarHOCTHUPOBAaHUE KaK 00O0pYIOBaHMS CUCTEMBbI, TaK U MpOTEKaroImux npoueccos. Ilo-
SIBJIIETCS BO3MOYKHOCTh HE TOJIbKO pearpoBaTh Ha BO3HMKIIIYIO aBapuio, HO M MPEIyNpexIaTh €€,
YTO JUISl SHEPreTUYECKUX 0OBEKTOB 3HAYUTENBHO BaxkHee [7].
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Coznianue cUCTEeMbI ¢ YaCTOTHO-PETYIUPYEMBIMH MPUBOIAMHU, B KOTOPBIX YIpaBIE€HUE YaCTO-
TOI OCYILECTBISAETCS Hapsily ¢ KOHTPOJIEM LENOr0 KOMIUIEKCA Pa3IMYHbIX TEXHOJIOTMUYECKUX IIa-
pameTpoB, MO3BOJSET CHU3UTH HE TOJILKO MOTPEOIeHUE 3IEKTPUUECKOI dHEepTruu, HOo U obecrevu-
Ba€T SKOHOMHUIO MOTPEOJICHUS SHEPTOPECYPCOB BCEM cUCTEMBI [8].

[IprMeHeHre YaCTOTHO-PETYIUPYEMbIX MPUBOOB /Il HACOCOB U BEHTHJIATOPOB B TEXHOJIOTH-
YECKUX IPOLECCAaX I03BOJISIET CHU3UTh SHEProNoTPEOJIEHHE TEXHOJOTMYECKHM OO0OpYI0BaHUEM.
[lepexon OT HEpEryIUPyEeMOro aCHHXPOHHOTO AJIEKTPONPUBOA HACOCOB U BEHTUJISITOPOB B CUCTE-
Max BOJIO- U BO3JJyXOCHA0XEHHUS TOPOACKHX CETeH, KOTEIbHBIX U IIEHTPAIbHBIX TEIUIOBBIX MMYHKTaxX
(LITTI) k 4yacTOTHO-pEryIUpPYEMOMY MO3BOJISIET 3KOHOMUTH 10 60% 3JIEKTPOIHEPTUH, a B CUCTEMaxX
BOJIOCHA0XKEHUS -110 25% moTpebiieHus X0I0aHO0M BoAbI U 10 15% ropsueit Boxbl. YKa3aHHas KO-
HOMMSI IOCTUTaeTCsl 32 CUET UCKIIOUEHUS HEHYXKHBIX i1 KOM(OPTHOTO BOJO- U BO3yXOCHaOXe-
HUS W30BITKOB Haropa (JaBJIeHHUs), 3aKJIabIBAEMbIX IPU MMPOSKTUPOBAHUU CHCTEMBI, & TAKXKE BO3-
HUKAIOIIUX B Ipolrecce padboThl — MPU U3MEHEHUSIX pacxoja, IpHU pocTe HAmopa B BOJOCHAOKar0-
[IMX MarucTpalisax u T.II.
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E.B. Kynrym, A.A. Makcaros

A3aMaTTBIK KYPbLIbIC JHEPro:Kyiiejepinae :KMIJIIKTIK — peTTe/IeTiH KeTeKTi KOJAaHy.

AngaTrna. Makana KOMMYHAJIIBIK IIapyajapblHAa KUILTIKTIK - PeTTeeTiH KeTeKTi maiinana-
HyFa apHaJIFaH. Op TYPJi KXYKTeMellep TypiHe MEXaHUKaJbIK CHUMaTTap KenTipiareH. TexHomoru-
STIBIK YpAICTEpe YHEPreTUKAJIBIK IIBIFBIH KapacThIPbUIAbl. KepceTureH MIBIFBIH JKOJIBIH OapbIHIIA
azaiiTy. KyOblpiapaarsl KbICBIMIBI €pTTEY 9MICTEPIH CaNbBICTBIPY KenTipinreH. Ochl anicTtepre ca-
JBICTBIPMAJIBl  €CenTeysiep OpbIHAANAbL. ['paduKamblK TOyeNIUIK KeNTIpUIal: THUOTIK XKYKTeMe-
JepIiH MEXaHUKAJBIK CUITaTTaMallaphbl, 9p TypJii 0acKapy 9JIICTEP/IIH CUIlaTTaMallapblH CaJBICTHIPY,
arperaT COpFbl CHIIaTTaMachl jkoHe OaillaHbIC OOJiKTepiH peTTey, coprbl arperatbiHbiH [1OK o3-
repici. DHeprusi TUIMIUIITIH apTThIPY YIIIH TOCUT YChIHBUIABL. COpFbUIAp MEH KeNJEeTKII Oackapy
YILIH KUUTIKTIK - PETTENIETIH KETeK Maiaagany apKbliIbl KapacThIpy.

Tyiiin ce3nep. XKuumiKTi-peTTeNeTiH KeTeK, aCHHXPOHAbI KO3FAJITKBIII, YHEPrHs YHEMIEY,
CODFBI HIBIFBIH.
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Pa3oden 4. «9Hepeemuka. Aemomamu3ayusi U eblHucsiumesibHasi mexHuKa»

E.V. Kuntush, A.A. Maksatov

Application of VFD in power systems civil construction.

Abstract. The article is devoted to the use of variable frequency drive in the utilities sector.
Shows mechanical properties for various types of loads. We consider the energy loss in the process.
Ways to minimize losses. Comparison of methods of controlling the pressure in the pipelines. The
comparative analysis of these methods. Shows a graph of: the mechanical characteristics of a
typical load, comparing performance for different control methods, the characteristics of the pump
unit and frequency regulation network, changing the pump unit efficiency. A method for improving
energy efficiency. We consider the appropriateness of the use of variable frequency drives for
pumps and fans.

Key words.VariableFrequencyDrive, AC induction motor, energy saving, the pump, loss.
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VK 338.244.42

B.B. ABOPCKMI1, N.11. KPYTIEHbKWH
(KaparannnHckuiil rocy1apcTBEHHbIM HHAYCTpUAIbHBIA YHUBEPCUTET, I. Temupray, Kazaxcran)

PEILIEHUE 3AJIAYM OIIPEJIEJIEHUS OIITUMAJILHOM MEPAPXUN

AnHoTtanus. B pabote paccmoTpena 3aada pazOueHusi 4aCTUYHO-YIOpsioueHHOro rpada G
(Z, W), KOTOpBIii, KaK TIPABHJIO, HA3BIBAIOT CETEBBIM TPaUKOM Ha JIMHEWHO YIMOPSIOUYECHHYIO COBO-
KyIHOCTb KjaccoB. K paccmaTpuBaeMoil MOIeNTu OTHOCSTCS 33Jja4d KOMIOHOBKHM O0BEKTa (TEXHU-
YECKOI'0 W3/eIUsl, POTrpaMMbl, PUPOJIHON CPE/Ibl), 3aJaBAEMOI0 YACTUYHO YIOPSIOYEHHBIM Ipa-
¢boM Mo CcTaHIAPTU3UPOBAHHBIM MOAYIIAM. [l perieHust Takoro poja 3a1ay MHUPOKO MPUMEHSIOT-
Csl IBPUCTHYECKUE aJTOPUTMBI MOHMCKA TI00ATBHOTO JKCTpeMyMa (DYHKIMOHATA, BBIPAKAIOIIETO
KauecTBO kiaccudukanuu. Mcciaenyercss mpocTpaHCTBO pelIeHUN 3anaud, npeanaraercs s dex-
THBHAsI CXEMa PEIICHUS.

KiloueBble cjioBa: 4acTUYHO-YIOPSJIOUEHHBIN Tpad, cereBod rpaduk, cucTeMaTh3alusd,
vepapxusi, yCIOBHO-ONTUMATILHOE Pa30UEHUE, YIIOPSAIOUCHHBIN 1epedop TOUYEeK MPOCTPAHCTBA, pas-
OueHue padoT Ha ATarbl

PaccmaTpuBaercs 3aaya rpyninyupoBKHd 4aCTUYHO YHOPSAOYCHHOTO MHOXKECTBAa 00BEKTOB Z U
nocrpoenus pazouenus R =(Z,,Z,,...,Z,) baxkrtuuecku mpeacTaBIsIONIEro coboil Kiaccuduka-

LU0 00BEKTOB. XOPOIIO U3BECTHBI 3a/1a4M KJIacCU(PUKAUU OOBEKTOB, B ClIydyae, KOr/a 3a/laHa Me-
pa cBsi3M MeXIy oObekTaMu B BUAe Marpuubl [1, 2]. g pemieHust Takoro poja 3aaad MIHPOKO
IPUMEHSIOTCSI 3BPUCTUYECKUE AJTOPUTMBbI IOUCKA TJI00albHOIO 3KCTpeMyMa (DyHKIMOHANa, BbI-
pakaromero KayecTBo kiaccuukanuu. B BHIy CIIOXHOTO 1eneBO (DyHKIMHM W OMUCAHHS IPO-
CTPaHCTBa JIOIMYCTUMBIX peIleHHUl B 00IeM ciaydyae 0ObIYHO HE YAaeTcsl MOCTPOUTh 3(PPeKTUBHBIN
TOYHBIN aJTOPUTM.

N3BecTeH Takke Kiacc 3aAay, re 0ObeKThl JOMOJHUTEIBHO 001aJal0T €CTECTBEHHBIM CBOM-
CTBOM YHOpsiAOYeHHOCTH [3,4]. YIIOPSIIOUEHHOCTh OOBEKTOB B IIEJIOM COKpAIlaeT MHOXECTBO J0-
nycTUMBbIX pazoueHuii R. Ecau 3To cokpallieHue CyiecTBeHHO U MPOCTO OMUCHIBACTCS, HAIIPUMED,
B Cly4ae JIMHEIHOW yNOpsI0YEeHHOCTH OOBEKTOB, yIAeTCs MOJIYYUTh pelIeHHe 3a/1aduu Kinaccudu-
Kalluu TOYHBIMU MeToaMu [3]. B oOmiem cityuae, korjia HEOOX0IMMO HaTH pa30ueHne 4acTUUHO-
ynopsiaoueHHoro rpadga G (Z, W) Ha JIMHEMHO YyMOpsIOYEHHYI0 COBOKYIHOCTH KJIACCOB 3ajaua
HA00OpOT ycIoXHseTcs. 3aMmeTuM, uro pazouenue rpada G (Z, W) KOTopblii, Kak IpaBUiIo, Ha3bl-
BaIOT CETEBBIM I'paUKOM, B TOM CMBICIIE, 4TO G SIBIISIETCS OPUEHTUPOBAHHBIM rpadom 0e3 KOHTY-
POB, Ha JMHEWHO YNOPSAOYEHHYIO COBOKYIHOCTH KJIACCOB MOJEIIMPYET DJIEMEHTHI CTPYKTYPHOIO
yrnpasienus [5-8]. [IpuBenem nBa mpumepa.

Hanpumep, nyctes rpad G(Z, W) 3aaaeT npoekT: MOocieJ0BaTeIbHOCTh BBIIIOJHEHUS HEKOTO-
poro komruiekca pabot. IlycTs koMIiekc paboT pa3OuT Ha 3Tanbl UX BbINOIHEHUs. [loapsaunku
MPUCTYNAIOT K BBHIMOJIHEHUIO paboT, MOCIeI0BaTeIbHO HAYMHAs U 3aBepliasi ONpe/leJIeHHbIN JTall.
D¢ dexkTuBHOCTH MPUBJICYEHNS UCIOJIHUTENEH Ha BBINOJIHEHUE paboT 3anaHa. HeoOxoaumo ompe-
nenuTh Hanbosee g deKTuBHOE pa3OoueHre padoT Ha JTaIbl M MOCIEA0BATEIILHOCTD TTPUBJICUCHHS
MOJIPSITYMKOB K BBIOJIHEHHUIO padoT.

K paccmarpuBaemMoil MOJieNI OTHOCSTCS 33aJaud KOMIIOHOBKHM OOBEKTa (TEXHUYECKOTO H3Jie-
TSI, IPOTPaMMBI, IPUPOIHOM Cpelibl), 3a7]aBa€MOr0 YaCTUYHO YIOPSIO0YEHHBIM I'pad)oM MO CTaH-
JIapTU3UPOBAaHHBIM MOIyJsiM. Hampumep, paccMOTpHUM T€0JIOTMUECKYIO 3a7adyy OMHCAHHsSI MEeCTO-
poxnaenus. Ilycts mo pesynbratam OypeHUs U3BECTHA YHOPSIOUEHHAs MOCIIEA0BATENIbHOCTh Kep-
HOB, KaK B Ka)KJIOM OTJENbHOI CKBaKMHE, TaK U MEXAY CKBaXMHAMHU, OIpeenseMas 1o Mopgoo-
TMYECKUM Npu3HaKaMm. Takas ynmopsioueHHOCTh MOXKeT 3aaaBaTtbea rpadom G(Z, W). Kpome sto-
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r'0, OKCIIEPTHl OOBIYHO 3aAI0T SCKU3HBIA BapHUaHT OMUCAHUSI MECTOPOXKJICHHUSI, TJIE BBIACISIOT CIOU
NoJIe3HbIX McKomaeMsiX: R =(Z,,Z,,...,Z, ). CoOTBeTCTBHE KaXJOr0 KEpHA BBHIIEIECHHBIM CIOSIM

3aJIaeTCs BEJIUYMHAMHU CBS3H €T0 C TOJIC3HBIM UCKOMAeMbIM. [[JIsi TOYHOrO OMMCAHHS MECTOPOXKIC-
HUS U CO3/IaHuUs TeOMH(POPMAITMOHHOMN 0a3bl JAHHBIX MECTOPOKICHUS, HEOOXOUMO PEIINTh 3a/1a49y
pasnenenus rpada G(Z, W) Ha TeoJOoru4ecKkre CJIOW, MPU 3TOM HEOOXOJMMO MaKCUMH3HPOBATh
(YHKIIUIO COOTBETCTBUS KEPHOB IMOJIE3HBIM UCKOIIAEMBIM.

1. ITocTaHoBKa 3a7a4H.

[Tycth Z — KOHEYHOE MHOKECTBO YIOPSIOUYECHHBIX 00BEKTOB, TO €CTh Ha Z 3aJaHO OTHOIICHHE
nopsiJika < , YAOBJIETBOPSIOIIEE CIICAYIOIIUM YCIOBUSAM:

a) ms moboroz € Z 22,

0)ecu Z, <Z,, Z,<Z;,tne Zy,Z,,2Z3€ Z, 1o Z, < Z,;

B) €cii OHOBpeMeHHO Z; SZ, u 2, £24(2,,2, € Z), 10 2, =Z,.

Boipaxenne Z, < Z,Gyner o3Hauath, 4t0 Z, <Z, u Z, #Z,.

Pasouennem R=(Z,,Z,,...,Z,) ynopsamoueHHOro MHOXecTBa Z Ha N KJIACCOB HA30BEM JIH-

HEHHO YIOPANOYEHHYI0 COBOKYMHOCTH moamuoxkects Z, € Z,K=1,...,N, Takyro, uTo Kaxmblii

00beKT Z, € Z NPUHAAIECKHUT OAHOMY M TOJIBKO OJHOMY U3 KJIaccoB Z, U, KpOME TOT0, COXpaHs-

eTCsl OTHOUICHHE MOPAIKA, TO €CTh U3 TOro, uto Zy <Z,,rne Z; €Z, €2, €Z, , cnenyer, 4ro
k, <k,.

[Tycte Ha MHOXECTBE Z 3a/1aHa BEIICCTBCHHASI BEKTOPHAsS (DyHKITHS:
r(2) = (n(2),1,(2),...1,(2)), (1)

rae fy (z) — crenens cooTBeTcTBHS 06BeKTa Z Kiacey Z,, K=1,..., .

. n
MHOXecTBO BceX pa3OueHHit MHOKecTBa Z Ha N KJIacCOB 0003HAYUM UYepe3 I (Z)
Paccmotpum 3amauy makcumusanuu QyHKIIHOHAIA

OR)=). > (2 @

k=1zeZk

na muoxkectse | (2).

Jns npowussonsHoro pasduenus R e 1" (Z), tae y — HexoTopsIif MHIEKC W TIpober, GyaeMm
M0JIb30BAThCS CIEAYIOIIUMU 0003HAYCHUSMU:

R*=(Z{,Z5, ... Z3);
Z2=7Z\Z}\..\Zi;

N A

p*(2) =1, (2), as& i oagial, +of z € Z2.

Hcnonb3ys nocneaHee u3 3TUX 0003HaYeHUH, MOKHO MTPECTaBUTh 3HaUeHHE (DYHKIIMOHAIA
(2) BBUIE
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O(R*D p*(2). @3)

zeZ

B cereBoll mocTtaHOBKE paccMaTpuBacMas 3a7ada — 3TO 3a7ada ONPEJEICHUs] MHOIOCIOMHOU
vepapxun R =(Z,,Z,,...,Z.) MHOXkeCTBa BepIIMH YacTUYHO yropsgodeHHoro rpaga G(Z, W),
IpU ATOM HE HAPYIIASTCS YIOPSAOYCHHOCTh BEPIIMH U UIIETCS MAKCUMYM CIIEAYIOMEro QpyHKIu-
oHaua (2).

2. TpaauunOHHBINA NOJXO0M K PEUICHUIO 33/]auu.

Ecnu He yuuThIBaTh CIIOKUBIILYIOCS CTPYKTYPY CBsi3eH, 3aaBaemyto rpadom G, To oueBUIHO,
yTo MakcuMyM (yHkuuonana (1) pocruraercs na pasouenuu R™ = (Z;,Z;,...,Z.), xotopoe
OTIpeIeIsieTCs CIEAYIOINUM 00pa3oMm:

Z, :{ZEZ:rl(z):mgxrl(z)},
Zy,=\zeZ; s (2) = max P.(0f, &y k=12,..,n~1,

e Z, =Z\Z;\..\Z,.
Pa36uenue Z Ha MHOTOCJIOWHYIO HEpAPXUIO, HE HAPYIIAIOI[YI0 OTHOIIEHUE TTOPSJIKa, 3a7aBae-
Moe rpadom G, CyIIeCTBEHHO YCIOXKHSET pElIeHHEe TOCTaBICHHOM 3a1a4u.
n o )
ycts | (G) — muOKECTBO Beex pa3buenwmii rpada G Ha MHOTOCIIOWHYIO Uepapxuro Buaa R,
TOr/a 0003HAYNM

fa(2)= max O, (R).

Rel, (G)

Herpynno Bunets, uto f,(Z) yaoBiaeTBopseT pyHKIMOHAIBHOMY YpaBHEHUIO bemnmana:

f4(2)= Xg;}%)_x{z P, (@) + f,4(Z\ X)},
zeX

I'ne O(X) 11t MPOU3BOIBHOTO MOJAMHOXKECTBA X C Z €CTh MHOXKECTBO BepIluH rpada G, 11t Koto-

PBIX CYLIECTBYET MyTh U3 X.

[lpu pemennn peanbHBIX 3a/1a4 ONPEACICHUS CTPYKTYp, pazMepHOcTh rpada G MokeT OBbITh
OonpIol. B aTOM citydae mporenypa pelieHus 3a1aud MeToJJOM TUHAMUYECKOTO [TPOrpaMMHUpOBa-
HUSl CTAaHOBUTCS HE TOJbKO HEAI(P(PEKTHBHOH, HO UM HEBO3MOXKHOW. Takum oOpa3oMm, BO3ZHUKAET
HE00X0AMMOCTh pa3pabOTKU METOAOB YHOPSI0UEHHOr0 nepedopa BapUaHTOB pPELIEHHUs, T03BOJIS-
IOLIUX COKPATUTh KOJIMYECTBO BHIYMCIUTENbHBIX ONeparuil.

3. Ilpemnaraemas cxema pemieHus 3a/1auu.

[Ipennaraercs, ynopsjaounTh penrenus 3agaun 1" (Z) u 3areM Mosb30BaThCs TOH yHOPSIO-
YEeHHOCThIO, OPIraHU30BaB HEKOTOPHIM 00pa30M yMOPsI0UEHHBIH epedop.

Beenem Bo muoxectse |"(Z) oTHOIIEHHE OpsIKA:

R!'<RZ,a R, R’ c1"(2),

ecm g k=1,2,...,n-1 Z_iez
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1 2
Otromenne R™ < R*, OyZeT o3Ha4yaTh, 4YTO R'<R?u R'# R?, 10 ecTh XOTS ObI ISl OTHOTO
524\ 51
o n
Bceskoe moamuoxkectso pasouenuit | < 1" (Z) umeer Tounyro BepXHIO0 M TOUHYIO HHMIKHIOK

. n
IPaHMIBI, KOTOpbIC GyeM 0003HaYaTh cOoTBeTCTBeHHO yepe3 max | u min I, to ects | (Z) sBs-
eTcs pemeTrkoit [9].

Mycrs R'=minl, R* =max |, rorma
y

Zt - Relzk’zlf - Relzk (4)
HeTpyaHo moKasaTh, 4To
lezk gzklg FHZk, =1, 2. (5)

O4eBHIHO TAKXKE, YTO

min 1"(2) = (Z,7, ..., D)

, (6)
max1" (2) = (9, 3,..., 2)

o n
MHO0kKECTBO BCEX ONTUMAILHBIX Pa30UEHHH, MaAKCUMU3UPYIOIHX (2) 0603Ha4nM uepes | (Z)
Takum o6paszom,

132)=Rel"(2):0(R) = max < O(R)| )

15 (Z) Taxxe sBnseTcs pemreTkoii. s 5TOr0 AOCTATOYHO JOKA3aTh CIEAYIOIIEe yTBEPKICHHE
[10].
1 p2
Vmeepocoenue 1. Tlpu moberx R™, R* €1"(2)

O(RY)+0O(R?) =O(min{R*, R?}) +O(max{R*, R?}). (8)

BosbMeM Teneps npoussobhsie RY, R? € 1) (2), tak kax R ¢ R? — onrumanshste pasoue-
ms, to O(Min{RY, R?}) <O(RY); O(max{R*, R*}) > O(R?).
OTtkyna Ha ocHOBaHUU (8) MoJyydaeM, 4To
O(min{R*, R?}) =O(max{R*, R*}) =O(R") = O(R?),
TO €CTb
min{R*, R*}e 17 (2);
max{R*, R*}< I} (2).

3 (9) M0 MHAYKIOHWH ITOJIydacM, YTO TOYHAA HUKHIAA U TOYHAA BCPXHAA I'PaHUIBI BCAKOI'O HE-

©)
n I5(Z (N4 i
nycroro noamuoxkecta | < 1 (Z) Taxxe npunamiexar | (2), 1o ectp o (Z) aBnsercs pemerkoi.
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0O603HaunM yepe3 R* TouHyr0 HHKHIOIO TPAHUIlY MHOKECTBA BCEX ONTUMAJIbHBIX Pa30reCHUM,
TO €CTh

R* =min I3 (2Z) (10)

bynem uckarp ontuMmanbHoe pazdoueHue R* mo ciaepyromeii cxeme:

C1) B KauecTBE HAYAIILHOTO IPUOIMIKEHUS BLIOUpaeM pa3OueHue R(O) S In (Z) TakKoe€, 4To
p paeM p
R*<R©; (11)

(C2) ompenenum omepatop nepexoga A, mpeoOpas3yrolIHii BCAKOE pa3dreHne Rel (Z) :

ynosierBopsiomee HepaserctBy R < R, B pasouenne A(R) € 1" (Z) taxoe, uro
R*<A(R) <R, (12)

[Tpuyem, ecnin
R*<R, to A(R) <R; (13)
(C3) npumensist oneparop A mocnenosarensio k R”,R®Y = A(R?),R® = AR®)...3a ko-
HEYHOE 9HCII0 HTepamii, Tak kak MuoxkectBo |" (Z) xonedno u Bimonmsercs ycinosue (7), moy-
yuM pa3OueHune R*; mpu 3TOM yCIoBHEM ONTHMAaIbHOCTH pa3OueHus R sSBiseTcss paBEeHCTBO

A(R) =R. (14)

YroOBI onucaTh oneparop A, npeajiaractcsa BBOAUTH MMOHATUEC «MHUHUMAJIbHAs Bapyualusa» pas-

ouenus R [10]. Buavane mis mpon3BOIBHOTO MOJAMHOXECTBAa 00beKTOB Q < Z ompenenuM MHOXKe-
CTBO MPEANIECTBYIOIMNX OOBEKTOB

1(Q)={zeZ:(3z5 Q) z< 2}

a n
Ecnu 3agano HEKOTOpOe pa36HeHHe R% el (Z), TO 6yzLeM paccMaTpuBaTh TaK)K€ MHOXKECTBA

1 (Q) =n(Q)NZ) mnms k=1,2, .., n-1.
MO’KHO TI0Ka3aTh, 4TO MPe0OpPa3OBaHUE BHIA
Z'=7"i=1, .., k1,

V=2 v (Q),

Z{ =Z{ \m (Q), i =k+1, ..., n. (14)

asouernns R* =(Z2,...,Z%) ue soBomur ero us muoxectsa 1" (Z), 1o ecte R’ € 1"(Z). Mpu
p k P

3TOM TIepexof oT pa3buenns R k pazouennio R Bieder msmenennue 3nauenne pynxmmonana ®(R)
Ha BEJIMUUHY
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Ay (Q) = Z(rk 2)-p*@), (15)
ze3 (Q)

O(R) = O(R®) + AL(Q). (16)

3aMeTuM Takke, 9To Mpu npeodpa3oBanuu (14) BHOBh MOTYyYCHHOE Pa30MEHHE YIOBIETBOPSET
cooTHomenuio R’ < R®.

n . o
O603uaunm uepes 1" (Z;Z,) mHoxecTBO Beex pasObuenmii ¢ GUKCHPOBaHHBIM KiaccoM Z.

n .
Y CIIOBHO-ONTHMANIBHBIM pa3Ouennem HazoseM pazouenne R € 1" (Z; Z,) raxoe, uro

d(R)= max ®(R).
R'el"(Z
(2) (17)
MHO0kKECTBO BCEX YCIOBHO-ONTUMAIBHBIX pa30MeHuii py GUKCHPOBaHHOM cioe Z, 0603Ha-
n N o *
anm uepes |o(Z; Z,), a Musumanbhbli snement sToro Muoxectsa — R (Z,).
g peanuzauuu npuBeaeHHoON anroputmuueckoi cxemsl (C1l) — (C3) paccmarpuBaercst Me-
o o *
TOJl MMHMMAIBHBIX BapHallMil YCIOBHO-ONTHMaNbHEIX mepapxuii R (Z,), onmummsmpyrommx
¢dbyuknuonan (1) mpu ¢ukcupoBanHoM cioe Z;. PaccMOTpuM OCHOBHBIE CBOWCTBa MHOXKECTBA

L

| (G) , ACTIONIb3yeMble B JaHHOM MeTojie. [Tokazano [10], uro mist Toro, uroObl R* octaBanace "He
o * *

BhINIE" YCIOBHO-ONTUMAaNbHOM uepapxuu: R™ <R (Zl), HEOOXOIMMO M JOCTATOYHO, YTOOBI

*
Z, € Z;. D10 N03BOJISIET CTPOMTH BAPHAIMHU JUIS HAPAIIMBAHUS CJ10S Z, OCTaBAsCh «HE BBIIIE
ONTUMANLHBIX Hepapxuit. JlelcTBuTenbHO, cpenn MHOkectBa V(Z;) nomycTumbix Bapuaruii

crost Z; wepapxun R™(Z,), to ects Takmx X eV(Z,),uro R* <R (Z, UX)<R"(Z,), 6ynem

BBIOMPATh BapHAIHIO X' s kotopoit pynkimonan (1) Bo3pacraer:

O(R(Z, UX))>0O(R"(Z,))

npu4eM, HEC Ha OTHOM IMOJMHOKCCTBEC X' 5T0 COOTHOIIEHNE HE BBITOTHAETCS (B 9TOM CMBICJIC
Bapuanugd X' HaspIBaeTcs MI/IHI/IMaJ'ILHOI\/’I). C Y4€TOM BBCACHHBIX MMOHATUH orneparop A MOXHO
OIPEACIIUTD CICAYIOIUM 06p8.30MZ

K Qaan Ky 72 m~~nQ N
R*,anée V(Z;)ia iidadeeo X'
AR") = ) H ) .
. i
R*(Z; v X' 88 X' e V(Z))

Creayer OTMETHTh, YTO JUIs MOBBINICHUS 3PPEKTUBHOCTH ajiroputMma mnpu Gopmupoanuun X'
Heo0X0IMMO HCHOJb30BaTh crenuuKy paccMarpuBaeMoi 3amaun kinaccuduxanuu. C ucmnonb3o-
BaHUEM JIaHHOTO alrOpuUTMa ObUIM peIlIeHbl 3a]laud MPOCTPAHCTBEHHOTO ONUCAHMS KPYIHBIX Me-
CTOPOK/IEHH MOJIE3HbIX UcKomaembIx [11].

OueBUIHO, YTO BBHUJY HANPABICHHOTO YMOPAJOYEHHOTO IMepedopa TOYEeK MPOCTPAaHCTBA pe-
LIeHUH 3a/1a4, MpeaaraeMasi cxeMa pereHus sBiseTcs 3 PpeKTUBHOM.
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B.B. SBopckuii, 1.1. Kpynenbkun

OnTaiiyibl HepapXusiHbI MiHIETTEePiH AHBIKTAY

Anparna. Makanaga KiIacTap/blH KaTapibl PETTENreH JKUBIHTBIFBI, XKYHen rpaduk aemn
aTtanaTelH OeniHin—perrenreH rpad G (Z, W) Oenyain minaerrepi Kapanrad. CTaHnapTTaiarad YJri
OolibiHIIa OeIIeKTeN peTTenreH TrpadreH OepiireH, KapajlfaH Yirire KaTbICThl OOBEKTIHI
KUBICTBIDY MIHAETTepl. byHnmail MoceneHi — miemry YIIH TONTay[blH CamachlH OUIAIPETIiH,
(GYHKIMOHAIABIH MaHBI3bl SKCTPEMYMBIH 137ECTIPYAIH IBPUCTUKAIBIK aJTOpPUTMI MaiijanaHajbl.
KenicTikTeri MiHAETTEpAl LIENly 3€pTTENreH, MENIIMHIH Mai1ansl HoOalibl OepliareH.

Tyiiin ce3mep. bemmexti - perrenaren rpad, xyiemni rpaduk, KyHeneHaipy, Hepapxus,
HIAPTTHI-OHTANIBI 061y, KEHICTIKTET1 HYKTeJIep Il peTCi3 apThIKTBIFbI, >KYMBICTHI Ke3eHaepre 0eiy.

V.V. Yavorskiy, I.I. Krupenkin

Solving the task of determining the optimal hierarchy

Abstract. In this paper we consider the problem of the partition of partially ordered graph G
(Z, W), which is commonly referred to as the network schedule in the linearly ordered set of
classes. To apply the model of the object layout problems (technical products, programs, natural
environment) given partially ordered graph on standardized modules. To solve such problems are
widely used heuristic search global extremum of a functional expressing the quality of the
classification. We study the space of solutions proposed effective scheme solutions.

Key words: partially ordered graph, network schedule, organize, hierarchy, conditionally
optimal partition, orderly enumeration of points in space, splitting the work into stages.
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STUDY OF THE ENTERPRISE INFRASTRUCTURE BASED ON THE INDUSTRIAL GEO-
GRAPHIC INFORMATION SYSTEM

Annotation. The work is dedicated to exploring the possibilities of studying the production
and business processes of actually existing enterprises on the basis of industrial geographic infor-
mation systems. The use of GIS will allow virtually create the situation as close to the industry as
possible, at the same time without the need for actual exercises and training in the workplace. The
main functions and GIS subsystems, form of organization of training are considered. The organization
of educational process by the blended form on the basis of industrial geoinformation system with de-
sign methods of teaching can become the basis for the organization of the business incubator.

Key words: geographic information system, network engineering, infrastructure, production,
certification of objects of networks and equipment, the mixed form of training, business incubator.

The key to the successful development of industry in Kazakhstan are qualified with skills ex-
perts in various fields of activity. For this it is necessary that the educational process combines theo-
retical and practical components, the latter must be based on a study of the production and business
processes actually existing enterprises. The current study of enterprises occurs usually within indus-
trial practice. However, this is not enough student was ready to start work at the enterprise to the
end of a university [1].

To study the infrastructure, it is desirable to provide access to the company future employees.
But as a rule, outsiders and untrained persons are not allowed on a modern automated production..

How to organize the learning process, directly observing and controlling process parameters.
How to enrich the practical content of the educational process in the classroom? How can we target
a particular professional production and the company?

To solve the problem of studying the enterprise infrastructure without the need for physical
presence in the manufacturing industry geographic information systems can be used.

Production Geographic Information Systems (PGIS) are, above all, to describe the engineering
infrastructure of the enterprise.

Such infrastructure includes visual, geometric and attributive description of the technological
processes, engineering and transport networks, the main logistics bases, etc. Full details of these
facilities are essential for the sustainable functioning of the company, its development as well as
monitoring, repairs and liquidation of emergency situations.

All of this allows for the production of the enterprise geographic information system, is it al-
lows us to study its infrastructure without the need for direct presence in the enterprise.

The main functions of the enterprise information system:

— graphical representation of utility networks (in vector form);

— full certification of all objects of networks and equipment;

— obtain information and generation of reports of engineering networks;

— coordination of works on repair and reconstruction of engineering networks between the
various services of the enterprise;

— information support dispatching services;
support retrospective analysis of damage and marriages;
hydraulic calculations of consumers;
modeling of switching;
localization of emergency areas, etc.
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Production enterprise information system includes [2]:

1. Software Web-GIS server.

2. Software Web-GIS - client.

3. Storage space-time data.

4. Information Security softaware.

5. Data Mining software.

6. Software of workflow electronic master plan.

Geographic information system of the enterprise may also store the settings of various produc-
tion facilities, which can also be used in the educational process. In the lectures schemes and plans
implemented in the geographic information system, can be used as visual aids instead of the usual
presentation. Particular attention should be paid to practical exercises and independent work of the
student with the teacher. In these classes various situations and solving problems in the monitoring
and maintenance of the technological processes of the enterprise can be simulated on the basis of
the production of GIS, carrying out repair work without affecting the quality and quantity of pro-
duction, elimination of the consequences of possible emergencies. The use of GIS will allow the
industry to virtually create a situation as close as possible, at the same time without the need for ac-
tual exercises and training in the workplace.

Given the trends in the development of forms and technologies of teaching, the most appropri-
ate form of organization of educational process in this case is a blended form of education (BFE). It
involves a combination of classroom and independent work of the student. Blended learning can use
a variety of learning styles used in the classroom. To reach every student, teacher, in general, is to
apply a mixture of teaching methods such as lectures, active learning, demonstrations and games.
Blended form of training makes it possible by distance learning material to balance the level of
basic knowledge of the participants (after self-study students of material in electronic form to create
a common knowledge base and to speak the same language). Blended learning allows you to add
variety in the choice of forms of training organization (this can be face to face meetings, consulta-
tions by phone, email, web cams, chat in chat rooms and blogs, etc.). Such an organization of the
educational process allows you to select a comfortable pace, time and place to study (listed ad-
vantages of blended learning inherited from the distance, allowing the listener to independently con-
trol the volume and speed of the study material, to choose the most convenient place and time of
training).

The organization of educational process by blended form on the basis of industrial geoinfor-
mation system with design methods of teaching can become the basis for the organization of the
business incubator. For example, you can consider the possibility of increasing the efficiency of ex-
isting production process, the introduction of new technology and equipment and to simulate all this
on the basis of PGIS.

The basis for the self-study materials are e-learning tools (EOS). They should be developed on
the basis of geographic information system engineering, show as reflected in its processes and how
to modify and measure their parameters. Educational Portal is a means of communication between
the students themselves and students with teachers. Educational portal, in addition to learning re-
sources, also stores personal information about the student and includes an interactive environment
assessment and analysis of educational achievement, which allows you to control the process of
studying the material the student. This environment will allow to store all completed student work
in order to analyze the quality of its training and supervision of the educational process.

In the case of PGIS using problems of formation of educational information easier to solve.
PGIS itself can act both as an educational resource, and as a medium for transmission. Connectivity
with a real company attaches special value for PGIS. Necessary when blended form of learning is
an active productive practices: design method of training in a group, business games, self-
monitoring systems and test control of educational achievements. We need to develop and test elec-
tronic didactic ensure sufficient milking self-study course.
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Although the proposed automation of the educational process and the role of self-Learning ma-
terial guarantor of the success of the use of mixed forms of learning and modern innovative tech-
nologies in the educational process in the first place it is the teacher.

Obviously, with the rapid development of technology and the complexity of the teacher work
on the development of courses is much more complicated. The main task, which is delivered to re-
searchers to date in this direction - a methodological and adaptation and promotion, the widespread
use of information and communication technologies in education.

Thus, the blended learning - it is the technology that allows you to implement the production
GIS system as part of the learning process. Active use of PGIS, an educational portal and network-
ing technologies (forums, on-line training and testing) allows you to combine training with scien-
tific research and practical work in the corporate business incubator.

Benefits of BFE is [3]:

— improving the efficiency of teachers;
improve the quality of students' studying;

— provision of learning mobility;
increasing interest in higher education;

— selection of independent work of students as the main form of professional activity.

Of course, in the development of the educational system should focus on the international ex-
perience. But it should enrich its innovative achievements, which are available in our educational
system. The advantages of using industrial production of geographic information systems in large
enterprises are obvious.
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B.B. SBopckuii, A.O. Cepreesa, H.B. baitnukosa, B.I1. Kum

OnjipicTik reoaknaparrblK :KyleHiH 0a3achblHIa KICIMOPBIHHBIH HH(PAKYPbLIBIMBIH
OKY

Anaarna. JKyMbeIiC ©HAIPICTIK TeOoaKNMapaTThIK XKYHEHIH 0a3achlHIa HAKThl KYMBIC ICTEUTIH
KOCIMOPBIHAAPABIH OHJIPICTIK KOHE OW3HEecC-TpoLecTepi OKYIbIH MYMKIHIIKTEpIH 3epTTeyre
apHanran. Onaipicreri ['AXK konaany, eHaipicTeri IIBIHAWBI OKY MEH XaTTBIFyJapibl ©TKI3yCi3,
MaKCUMaJbl KaKblH, BUPTYaJAbl KaFaalasl Kypyra maigansl.. [AX xylemenepi MeH Herisri
aTKapaThlH JKYMBICHI KOPCETUITeH, OKYyIbl YWBIMIACTHIPYABIH ¢opmackl KapanraH. OKyIbIH
KOOANBIK OICTEepiH MaiianaHbll, OHIIPICTIK Te0aKMapaTThl XYHeHIH Oa3acblHAa apanac OKy
TYPIMEH OKY IpOLECIH YHBIMIACThIpy, OW3HEC-WHKYOAaTOpIbl YHBIMAACTHIPY ©Oa3achl OO0IIyBI
MYMKIH..

Tyiiin ce3aep: reoaknaparThIK Kyie, HHKEHEPIIK Keiep, HHPpaKypbUIbIM, OHIIpIC, Kypa-
XKaOabIKTap MEH *kelll 00bEeKTUIEPiH KYKaTTaHIbIPY, OKY/bIH apayiac Typi, OM3Hec-uHKYOaTop.
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B.B. fIBopckuii, A.O. Cepreesa, H.B. baitnukosa, B.I1. Kum

N3ydyenne nHPpaCcTPYKTYphl NpeanpusiTus HA 0a3e NPOMBILILIEHHOH reouHGOPMAaMOH-
HOM CHCTEeMBbI

AnHoTanus. Pabora mocBsiieHa HCCIEAOBAHUIO BO3MOXKHOCTEH HM3y4YeHHS] MPOU3BOICTBEH-
HBIX U OM3HEC-TIPOIIECCOB PEAIbHO ACHCTBYIONINX MPEANPUATHI Ha 0a3e MPOMBIIUICHHBIC TeOHH-
dbopmarmonnsie cuctemsl. Mcnonb3zoBanue npombiinuieHHONH ['MIC mo3BoIUT BUPTYalIbHO CO3/1aTh
CUTYaIlu¥, MaKCUMaJIbHO MPUOIKEHHBIC, IPU ITOM 0e3 He0OXOIUMOCTH MPOBEACHUS PeaTbHBIX
YYCHHH U 3aHATUN Ha npou3BojcTBe. [IpencraBienbl ocHOBHBIE (pyHKIMU u noacuctemsl ['UC,
paccmoTpena (opma opranu3anuu o0ydenus. Opranusanus y4eOHOTr0 IMpolecca Mo CMEIIaHHOM
¢dbopMe Ha 6a3e MPOMBIIITICHHOW reOMH(DOPMALIMOHHON CHUCTEMBI C MPUMEHEHUEM IPOEKTHBIX Me-
TOJIOB 00Yy4EHUSI MOXKET CTaTh 0a30ii U1 opraHn3anuu Ou3Hec-uHKyOaTopa.

KuroueBble cJjioBa: reomH(popMalMOHHAs CHUCTEMa, WHXXEHEPHbIE CETH, HH(PaCTpyKTypa,
MIPOU3BOJICTBO, MACMOPTH3AIMsA O0BEKTOB CeTel M 00OpYIOBaHUs, CMeIIaHHas Gopma o0ydeHus,
Ou3HEC-UHKYOaTop.
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LEARNING ON THE BASIS OF THE TELECOMMUNICATION SYSTEM
OF THE SITUATIONAL CENTER

Abstract. The article discusses the possibility of using an interactive geographic information
system for training specialists in disaster management. Interactive GIS provides a wide variety of
transaction processing digital maps, remote sensing data, terrain models, and others. We consider an
interactive GIS functions, as well as its major functional subsystems. It is also considered the possi-
bility of using such a system as an experimental platform for the organization of the exercise.

Key words: interactive geographic information system, telecommunications, remote sensing,
data mapping, integrated data analysis, elimination of emergency

To ensure the safety of life and protection from emergency situations (ES) important is fore-
casting emergency situations and their consequences. To predict it is needed to carry out their mod-
eling. Currently, there are many different methods for calculating the consequences of accidents
(natural and manmade).

Obviously, disaster simulation should be carried out with reference to a particular territory —
city, district, region. This can be realized by using an interactive geographic information system
(GIS).

Interactive GIS provides a wide variety of transaction processing digital maps, remote sensing
data, terrain models, and others. However, it is impossible to provide all of the functions to work
with spatial data needed for fine-tuning the system for a specific task. In an interactive GIS this
problem is solved by including in the pack as many features. Interactive GIS use approach to a lim-
ited number of command processing spatial information, well specified and optimized for speed of
access and processing of geodata, added language features that allow you to create custom applica-
tions and thus adapt the GIS to specific production conditions. An important property of an interac-
tive GIS lies in the fact that this system is capable of processing together very diverse information.
This ability of GIS is caused by the fact that as the public key of the data sets they use geographical
(spatial) position. Thus, input data for an interactive geographic information system data are space
monitoring - remote sensing, aerial photography and video surveillance, as well as data from the
alert system sensors. Further, this information is integrated and linked to a geographic information
system based on an electronic map. Integration is carried out on the basis of the received data for-
mat conversion. On the basis of these data is carried out modeling and visualization of stored in-
formation. Interactive GIS should be organized as a knowledge management system that would not
only store data on the observed territory, but also to carry out their analysis, as well as to organize a
"dialogue™ with the user. For the formation of an interactive GIS use [1]:

— basic digital terrain model;

— digital thematic and special maps;

— remote sensing data, including aero - and space images in a digital format;

— thematic data;

— metadata.

Since the process of obtaining space information has a multi-structure, before the information
is used, you should define the processing levels that have been satellite imagery. Depending on the
level of processing need to clearly understand the properties and content of the data provided for the
organization of technological processes of extraction from them necessary information.
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Production and processing of data for GIS - the most important and time-consuming step of
creating similar information systems. Currently, the most promising and cost-effective is the meth-
od of obtaining data about the objects on the basis of remote sensing data (ERS) and the GPS-
measurements.

In a broad sense, remote sensing - a non-contact methods of obtaining any information on the
Earth's surface, on it or objects in its interior. Traditionally, remote sensing data include only those
methods that allow you to get out of space or aerial image the Earth's surface in any parts of the
electromagnetic spectrum [2].

The use of remote sensing is the most effective method to obtain spatial information about ob-
jects. Remote sensing data have a high degree of reliability, visibility, and the costs of obtaining
information on the desired area below the cost of land works.

Basic interactive GIS modules are grouped into functional subsystems [2]:

1. Data management subsystem allows you to enter into an interactive GIS data necessary to
carry out an adjustment and regulation. Data entry subsystem includes:

— data import and export module, including net (packet formats Surfer, a number of text for-
mats), vector and raster images;

— network parameters change module - the size, angle, pitch;

— means spatial reference geoimages (cosmo-aerial);

— vector graphics editor for vectorization geoimages.

2. Tools data pre-processing subsystems allow to prepare noisy or incomplete data for further
processing and analysis, and allocate the necessary components of the original data and manipulate
them. The subsystem comprises [3]:

— graphic and matrix editors;

— manipulation module layers (rationing, filling in the missing pixels, duplication, creating a
mosaic);

— filtering module using masks;

— geoimages processing module that implements the operation can change the brightness,
contrast, inversion, sharply contrast elimination of man-made objects.

3. Lineament analysis subsystem allows to solve the problem of monitoring and predicting dis-
aster. The subsystem comprises:

— pre-processing module and filtering data aerospace;

— module segmentation and allocation of brightness boundaries on aerial and satellite images;

The essence of interactive GIS task is to predict the probability of a disaster and, if possible,
prevent them, and in case of accidents or natural disasters - to plan the work in the aftermath so as
to minimize the damage caused by them [4].

If there is a possibility of access to spatial data from a program, you can create any additional
functions to work with this data. For many GIS are free and commercial libraries such additional
functions to adapt to the practical problems of GIS.

GIS product developers should allow most simple, does not required special knowledge user
mode with spatial information. The technology integrated data analysis, implemented in an interac-
tive GIS allows us to solve a wide range of tasks: forecasting and decision-making in the formula-
tion forecast-search tasks, monitoring and forecast of natural and technogenic character. Functional-
ly, interactive GIS based on object recognition methods, image processing, geostatistics, spatial
analysis, and implements the principle of solving problems through multivariate simulation. Imple-
mented in an interactive GIS technology provides a pre-processing of satellite images: the creation
of a mosaic, object recognition, the calculation of the area, etc..

Built-in means of interactive GIS can perform the following tasks [5]:

— creation and maintenance of spatial databases, multivariate data visualization;

— mapping of objects and phenomena;

— assessment of man-made hazards;
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— detection and forecasting of man-made disasters (analysis of satellite images)

Using an interactive GIS makes it possible to use the results of the work in numerous proce-
dures, classification, recognition, ranking natural and man-made emergencies and makes it a power-
ful tool for the analysis of remote sensing data. Of course, the key to successful prevention and lig-
uidation of emergency situations, with minimal losses, is not only full information provision, but
also coordinated and efficient work of professionals. It is suitable for the training of specialists in
the field of health and safety to use a functioning interactive geographic information system, includ-
ing its features and capabilities of an emergency simulation [6]. Thus, future professionals can work
with the operating system, learn the principles, methods and technologies of information support
interactive geographic information system, to explore different scenarios of measures to eliminate
and prevent emergencies.

It can be used as an experimental platform for the organization of exercises interactive geo-
graphic information system for existing staff emergency liquidation services. In addition, the intro-
duction of a variety of monitoring and warning systems also require training of dispatchers situation
center work with them. Organization of training on the basis of an interactive geographic infor-
mation system will allow both to explore new technologies and train responsiveness to changing the
state of the media personnel in the danger zone.
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B.B. ABopckuii, A.O. CepreeBa, C.®. Aturaes, B.I1. Kum

KarnaibIK OPTAJIBIKTBIH TEJIEKOMMYHHKANMAIBIK KYHeCiHiH 0a3acbIHIa OKY

AngaTrna. Makanaga TeTeHIIe >KaFAaiibl KO0 YIIIH MaMaHJapJbl OKbITaThIH MHTEPAKTHUBTI
reoaKnapaTThl KYHeHl maiijanaHy MyMKiHAiKTepi KapanraH. MatepaktunTi ['AXK nuctaHuusibk
30H/ITAy/IBIH JEPEeKTepiMEH, penbed yariuiepiMeH, mudpibl KapTanapasl OHASYAIH KONTETeH Ty
olepalusUIapbIMEH JKoHe T.0. KaMTamachI3ganabipaasl. OHBIH HET13r QYHKIMOHAIBI JKyHerenepi,
unTepakTuBTi ["AXK xymbichl KapanraH. Conpaii-ak OyHnmail >kyieHi naiiinamaHy MyMKIHAIKTepi
OKYZbI YHBIMIACTHIpY/Ia SKCIIEPUMEHTAIIBI ay/laH PETiH/e e KOJIaHyFa Ooabl..

TyiiiH ce3aep: MHTEPAaKTHUBTI I'e0aKNaparThl *Kyle, TEeIeKOMMYHUKaLUsIap, TUCTaHIHUSIIBIK
30H/TAY, IePEKTEp, KapTorpadTay, HHTErpalusUIaHFaH JAepeTep Tallaybl, TOTEHILE JKaFaii/Ibl KO0
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Pa3oden 4. «9Hepeemuka. Aemomamu3ayusi U eblHucsiumesibHasi mexHuKa»

B.B. ABopckwuii, A.O. CepreeBa, C.®. Aturaes, B.I1. Kum

OOyuenue Ha 0a3e TeJIeKOMMYHHUKAIIMOHHON CHCTEMbI CHTYAlMOHHOTO LIEHTPa

AHHoOTanus. B cratbe paccMOTpeHbl BO3MOXXHOCTU MPUMEHEHHSI HHTEPAKTUBHOM reonH(op-
MallMOHHOM CHUCTEMBI JJI1 O0yUYEHHUSs CIEeIUATIMCTOB M0 JUKBUAAIIUN YpE3BbIUaHbIX cuTyauuil. MH-
tepakTuBHas ['MIC obecrneunBaeT MHOXECTBO pa3HOOOpa3HBIX omepanuii 00paboTku HU(POBBIX
KapT, JaHHBIX JUCTAHIIMOHHOTO 30HIUPOBaHUs, Mojeiei penbeda u ap. B pabore paccMoTpeHBI
¢bynkuun naTepakTuBHOM [ MIC, a Takke ee OCHOBHbBIE (DYHKIIMOHAJIbHBIE MTOJACUCTEMBI. Takxke pac-
CMOTPEHBI BO3MO>XHOCTH UCIOJIb30BAHUS TAKOW CHCTEMbI KaK SKCIEPUMEHTAIBHOM TIOIIAIKU AJIs
OpraHu3alyy yYeHUH.

KiroueBble cjI0Ba: MHTEPAKTUBHAS Te€OMH()OPMAIIMOHHAS CHUCTEMa, TEICKOMMYHUKAIIUH, H-
CTaHIIMOHHOE 30HJIUPOBaHUE, JaHHbIe, KapTorpapupoBaHue, UHTETPUPOBAHHBIN aHAJIU3 JIaHHBIX,
JIMKBUJAUUS YPE3BbIYANHON CUTYaLUU.
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