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JJOI'MYECKOE MOIEJIMPOBAHUE 3JIEMEHTA CUCTEMbI
AKU3HEOBECIIEYHEHUSA B PEXKUME PEAJIBHOI'O BPEMEHU

Marchenko A.S., Sulin A.B.

LOGIC SIMULATION OF LIFE SUPPORT SYSTEM COMPONENT IN RE-
AL TIME

Annomauyun. B cmamve npeonoxceno Ucnonb308aHue Memoooi02uu UMUma-
YUOHHO20 MOOENUPOBanUsl OJisl OYEeHKU IPHEeKMUSHOCmU CMYneHyamozo pe2yiuposa-
HUs CKOPOCMU 8PAUjeHUs 08u2amens eHMUIAMopa npu nOOOEPHCanuy 8 3a0aAHHbIX
epanuyax 06veMHO20 pacxooa 6030yxa cucmemsl «genmuaamop-gurompy. llpuseden
NOOPOOHBIIL aneopumm pabomsi NPOSPAMMbL, COCMABLEHHOU HA OCHOBE NPUKIAOHO20
nakema Any Logic. Ananusupyemcs 603MOACHOCHb UCNONIb30BAHUS NPEOTIOHNCEHHO2O0
Memooa npu npoekmuposanuu cucmem seHmunayuu. Ilpeonoscennas 8 cmamove me-
MOoOuUKa NO360Jislem Ha dmane NpoeKmupo8aHus onpeoeiums MaKCUMAaibHvle UHmep-
8a/Ibl 3aMeHbl PUILMPYIOWUX INEMEHMO8 CUCEM, a MAKMHCe CNPOSHO3UPOBAMb 8pe-
M5 HeOOX00UMO20 NepeKItoyeHUs CKopocmel pabomwl 0gueamens seHmuasmopa. Mc-
NONb308aHUE MEMOOUKY NO380JISIen OMKA3AMbCs OM CLONCHBIX CUCTEM NO00epiCa-
HUSL NOCMOSIHHO20 paAcx0o0a 6030yXa U MAKCUMATIbHO VEEeIUYUMb CPOK CILYHCObL KOM-
nieKkma QuaLmpyrowuUx d1eMeHmos.

Memoouxa nocuuecko20 MOOeIUPOBAHUS NPOYECCO8 NO3BOJIAEM CHUSUMb 34-
mpamul HA CMPOUMENLCMEO U NOBLICUMb IHEP20IPPeKMUBHOCHb 30aHUII.

Kntoueswvie cnoea: cucmemvl GeHMUNAYUU, CUCTIEMbL OUUCMKU 8030YXA, UMU-
MAYUOHHOE MOOEIUPOBAHUE, XAPAKMEPUCMUKA CemU.

Abstract. The article proposed the use of simulation methods for evaluating
the effectiveness of a stepped fan engine speed control while maintaining the air flow
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volume in the set boundaries of the «fan-filtery system. A detailed algorithm of the
program made on the basis of an Any Logic software package. Is analyzed the possi-
bility of using the proposed method in the design of ventilation systems.

The proposed method allows at the design stage to determine the maximum re-
placement intervals of the systems filter elements, as well as to predict the time to
switch the fan motor speeds. Using of the technique allows to refuse the complex air
flow systems and maximize the life of the filter elements set.

Methods of logical processes modeling allows to reduce construction costs and
improve energy efficiency of buildings.

Key words: ventilation systems, air purification systems, simulation, network
characteristic.

Beenenune. KanurtanpHble 3aTparhbl, OCYLIECTBISIEMBIE HA CO3JAHUE U IOA-
JEp’)KaHUE CHUCTEMbI >KM3HEOOECIEUECHHUs] COBPEMEHHBIX 3JaHHM, pacCUMTaHHBIX Ha
OJIHOBPEMEHHOE MpPEObIBAHUE B HUX OOJIBIIOrO KOJIMYECTBA JIIOJEH, MCUUCIIAIOTCS
CyMMaMH, KOTOPBIE [0 CBOMM BEJIMYMHAM YacTO COMOCTaBUMBI CO CTOUMOCTBIO CTPO-
UTENbCTBA caMoro 31aHus. K OCHOBHBIM cucTeMaM Ku3HeoOecreueHusl, 0€3 KOTOPbIX
PAKTUYECKH HEBO3MOXHO IPEJICTaBUTh, HAIPUMEP, COBPEMEHHBIH OM3HEC-LEHTP,
OTHOCSITCSI CUCTEMBI OTOIUICHHUS, XOJIOA0CHA0KEHNS, BEHTWISALUU U mipoune. s ce-
BEPHBIX PETHOHOB Poccuy, B KOTOPBIX CTOMMOCTBh TAKUX CHCTEM 3HAYUTEIBHO BBILIE
B CBSI3U C NPOJOJDKUTEIBHOCTBIO OTOIUTEIBLHOIO CE30HA, BOIIPOC ONTHUMM3ALUU 3a-
TpaT Ha NPHUOOPETEHHE, MOHTAX M MOCIEAYIONIYI0 3KCIUTyaTaluio 00OpyAOBaHUS
CTOUT OCOOEHHO OCTPO, O YEM CBUIECTENIBCTBYIOT KaK MOCTOSHHO YBEJIMYMBAIOLIEECS
YHUCJIO MPEMAJIOKEHUII Ha OCHOBE, TaK Ha3bIBAEMbIX, «3E€JEHBIX» WIH 3HEprodddex-
THUBHBIX TEXHOJIOTH, TAK U HEU3MEHHO PACTYIIUNA CIIPOC HA HUX CO CTOPOHBI CTPOU-
Tenen [1].

IHocranoBka 3agaun. JItoObie sHEProdPPeKTUBHBIC PEIICHUS MPEANoaratoT
1oJ1 co60i MUHHMMU3ALIMIO 3aTPaT PecypcoB, CPEIU KOTOPhIX OCOOCHHO HYKHO BbljIe-
JUTH 3JEKTPOIHEPTHI0, HEOOXOAUMYIO sl GYHKIMOHUPOBAHMS CUCTEM BEHTHIISLIUU
U XO0JIOJIOCHAOKEHUS, a TaK K€ TOIUIMBO JJI HarpeBa TEIJIOHOCUTENS B XOJIOJHBIH
IIepUo roja.

Ecny 5KOHOMMIO TOIUIMBA HA HAIPEB TEIUIOHOCUTEIS B XOJIOAHBIM NEPHOJ TO-
Ja MOYKHO O0ecleuuThb, HalpuMep, XOPOIIMMHU MOKA3aTeIsIMU TEIUIOM30JISLUN CTEH,
NEPEKPHITHI U HEMOCPEICTBEHHO TPYOONPOBOJOB, TO JUIsl ONTHUMM3AIMK 3aTpaT Ha
CUCTEMY BEHTWJISILIUM 37aHUs, KOTOpas B OajaHce dHEPreTHYECKUX 3aTpar 4acTo CO-
ctaisieT 10 30% oT ol1ero 3HepronoTpedIeHus, NPUXOAUTCA UCKATh APYTUE MYTH,
Cpeld KOTOPBIX MOKHO BBIJIEIUTH, HANpUMEpP, pa3pabOTKy CUCTEM C MEPEMEHHBIM
pacxoaoM BO3/1yXa, pearupyrommx Ha u3MeHeHue koHueHTpanuu CO, B BO3IyIIHOU
cpelie OMEIIEHUN, POEKTUPOBAHUE CUCTEM C MUHUMAJIbHOM JUIMHOW BO3/1yXOBOJOB
Y MUHUMAJIbHBIMU CKOPOCTSIMU JBUXKEHUS Bo3ayxa U npouue [2,3]. Bce 3t cnocoObl
YMEHBLIEHUSI PACXOJ0B HA CHCTEMbl BEHTWJISILUU 31aHUI SBISIOTCS JOPOTOCTOSIIH-
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MU, TIOATOMY I1€JIeCO00Pa3HOCTh UX MPUMEHEHUS HEOOXOIUMO MOATBEPKIATh TEXHU-
KO-3KOHOMHYECKHUM PaCUETOM.

OpHako CyIIEeCTBYIOT U Jpyrue, 0osee MpOCThie CIOCOObI CHUKEHUS Kallu-
TaJIbHBIX U JKCIUTyaTallMOHHBIX 3aTpaT HAa CUCTEMbl BEHTWIALMH, OJAUH U3 KOTOPBIX
OyJeT ONKCaH HUXKE.

OpnHoii u3 poOIeM COBPEMEHHBIX OOIBIINX FOPOAOB SABIISIETCS OTPOMHOE CO-
JIEpKaHUE B UX BO3AYILIHOW Cpele pa3HOpoAHOM mbuid. [Ipy aHamusze B HEM MOXKHO
OOHapYy>KWTh KaK YacTHIIBI TlecKa U3 mycThiHU Caxapa, Tak U pa3IudHbIe CICIbl pas-
PYLIUTENBHON I OKPYXAIOIIEH cpelbl AesTeNbHOCTH venoBeka [4]. Hanpumep, B
MOCJIETHUE IeCATUIICTUSI (PUKCUPYETCS 3HAUUTENIbHBIA POCT KOHLIEHTPAIIMU KOTIOTH U
IBUIH OT TOPMO3HBIX KOJIOJOK W IIMH Pa3JIMYHBIX aBTOTPAHCIIOPTHBIX CPEJICTB B BO3-
JlyXe TOpOJIoB [S].

Ocenanne UM Ha PUIBTPaX BEHTHISIITUOHHBIX CUCTEM OTPULIATEIILHO BIIUSI-
€T Ha pacxoJi BO3JyXa, YTO BIEYET 3a COOOM HEOOXOAUMOCTh YBEIUUYECHUS MPOU3BO-
JTUTEIBHOCTU U, KaK CJICJICTBUE, SHEPTONOTPEOICHUS IBUTATEICH BEHTUIATOPOB. s
KUJIBIX U aJIMUHUCTPATUBHBIX MTOMEIIEHUH MPo0IeMa CTOUT HE CTOJb OCTPO, TaK KaK
najieHue pacxoja BO3ayXa MEXKIy periaMeHTHbIMU 3aMEeHaMU (PHIIbTPOB HE OKa3bIBa-
€T CEpbE3HOT0 BIIUSHUS HA CAMOYYBCTBHE JIHOJICH.

Nuade neno oOCTOUT AJisl pa3iUYHBIX BPEAHBIX MPOU3BOJCTB, TJ€ MaJCHUE
pacxoja Bo3ayxa 4Yepe3 CUCTEMY BEHTUIISILIMM UJIM MECTHBIA OTCOC MOKET IMTPUBECTHU K
OTPaBJICHUIO WJIM BPEMEHHOU MOTEpe TPYAOCIOCOOHOCTU COTPYIAHUKOB [6], UTO He-
MpPUEMIJIEMO, TTO3TOMY HEOOXOJIMMa YCTaHOBKA JOMOJHUTEIBHOTO O0OPYIOBaHUS U
AJIEKTPOHUKH, B 3aJ1a4d KOTOPOM BXOJIUT KOHTPOJIb 3a pAcXoJI0oM Bo3ayxa. Bozmox-
HBIM MYTEM pEeLICHUs TaHHOU MPOOJIeMbl MOKET ObITh YCTAHOBKA CIICIMAIBHBIX KJla-
MMAHOB C MEPEMEHHBIM COMPOTUBIICHUEM, WA CUCTEMbI ABTOMATHYECKOIrO IUIABHOTO
pPEryJIMPOBaHMSI pacxo/ia BO3[yXa, HO MX MCIOJIb30BAHUE BEIET K 3HAYUTEIHLHOMY
YIOPOKaHUIO CUCTEMBI, KaK B 4acTH 00OPY/IOBaHUS, TaK U B YACTH €r0 aBTOMaTH3a-
uuu. /s cioydaes, Korjga nmpuemiieMo U3MEHEHHUE pacxo/la BO3AyXa B ONPEIEIICHHBIX
npeenax, Hanpumep ot 1500 m>/a 1o 2000 M’/4, a ero 3ambLICHHOCTH SBISETCS 0-
CTOSIHHOM BEJIMYMHOM, BO3MOKHO MCIIOJb30BAHUE METOJIMKH, U3JI0KEHHOU HUXKeE. Ee
OCOOCHHOCTBIO SBJISIETCS BO3MOXKHOCTh Ha dTare MPOSKTUPOBAHUS CUCTEMBI OLICHUTH
BPEMEHHBIC MPOMEKYTKH MEXKy 3aMEHaMU BO3AYIIHBIX (PHIIBTPOB, TEM CaMbIM ITPO-
JUTHB UX «KU3HCHHBIC IUKJIBD» U N30€kKaB JIMITHUX 3aTPaT Ha CIOKHYI aBTOMATH3a-
LAI0 CUCTEMBI. JIBUTaTENh BEHTWIATOPA HPHU 3TOM OCHAILIEH CTYNEHYAThIM PEryJisiTo-
POM IPOU3BOAUTEIBHOCTH, KOTOPBIM MEPEKIIOYAETCS Ha CIEAYIOUIYIO CTYNEHb MPU
3acopeHn” GUIbTpa U MaJeHUN Pacxo/ia Bo3ayXa 10 YPOBHSI HIDKHETO Mpesera.

Jlanee mpuBeJeH aJlrOpUTM pacdeTa MPOCTeHIeld CUCTeMbl KU3HeoOecmeye-
HUSI, COCTOSIIEH U3 paIMAJIbHOTO BEHTWJISITOpA U KapMaHHOTO (PribTpa.

MeTtoabl uccaenoBanusi. JlJisi pereHus MOoCTaBICHHON 3aa4l HEOOXO0IUMO
MCMOJIb30BaTh MHCTPYMEHT, MO3BOJSIOIIMNA MPOU3BOJUTh MATEMATHYECKOE MOJEIIH-
POBAHUE CHUCTEMBI B PEXHUME PEATBHOIO BPEMEHHU. METOH0J0rHsi UMHTAMOHHOTO
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MOJIETMPOBAHUS C MPUMEHEHHEM TaKUX MPOTPaMMHBIX MPOJYKTOB Kak MvStudium,
MATLAB, Arena, GPSS, Extend, iThink Analyst, Process Model, AnyLogic u ap.
ABJISIETCSI CAMBIM COBPEMEHHBIM MOJX0J0M K aHaIU3y NMOBEACHUSI CUCTEM B PEeKUMAX
peanbHOro, yCKOPEHHOTO M 3aMEJIEHHOTO BPEMEHH.

B nanHOM HCCle0BaHUN Ha MIPUMEPE CUCTEMBI «BEHTUIISITOP — (QUIIBTP) aHa-
JU3UPYIOTCA BO3MOXKHOCTHU MporpaMMHoOro nakera AnyLogic [7-10], mo3Bosstomniero
pa3pabaThiBaTh JMHAMUYECKUE, JUCKPETHO-COOBITUMHBIC U ar€HTHBIE UMUTAI[MOHHbBIE
MOJIEJIY, OTIMCHIBAIOIINE MPAKTHYECKH JIFOOON peasibHbIN Ipoliecc.

Jlnst mocTpoeHusl MOJENTU NPUHUMAIOTCA CIEAYIOIIME HCXOAHbIC JaHHBIE:
TIPHEMIIEMBIl PACXOJ BO3/LYXa CHCTEMbI BEHTHISIHH cocTaBiser 1500 m>/a — 2000
M°/4, 3 (HEeKTUBHOCTh KAPMAHHOTO (pUIBTPa cocTaBiseT 90%, 3aIbUICHHOCTh BO3LyXa
Ha BXOJIE B CHCTEMY COCTaBIAeT 2,5 Mr Ha | M° BO3/IyXa.

[Ipu MOCTPOCHUH MOAEIIN UCIOJIB3YIOTCSI XapAaKTEPUCTUKU PaJUaIbHOIO BEH-
TWISATOPA U KAaHAJIbHOTO KapMaHHOTO (PUIIbTpA.

Maremaruueckass MOJieJb ONMUCBIBAEMOIO 3JIEMEHTa CHCTEMBI KU3HeoOecIie-
YEeHUs MpearnoaraeT paboTy BEHTUISATOPA Ha MEPBOM CKOPOCTH BPAILIEHUS JIBUTATENsS
70 T€X IMOp, MOKa pacxoi BO3[yXa Yepe3 HEro 3a CUeT 3aCOpeHUs (PUiIbTpa HE OIy-
CTHTCS 10 HIDKHEHl IOIYCTHMO# rpaHuIsl B 1500 m/u.

[Tocie nOCTHKEHUS ATOrO 3HAYECHMSI IBUTaTElb BEHTWIIATOPA IIEPEKIII0YAeTCS
Ha 0oJjiee BBICOKYIO BTOPYIO CKOPOCTh BpallleHHUs, YTO BJIEYET 32 COOON yBeINYEHUE
pacxona. Jlanee, mo mepe 3acopeHus PUIbTpa, JBUraTeIb BEHTHIATOPA EPEXOIUT Ha
TPETHIO CKOPOCTh BpallleHus. JJoCTHKeHNe Ha TPEThel CKOPOCTH BpaLIEHUs IBUTaTe-
sl BEHTWIATOpPA pacxoda Bosgyxa 1500 M°/4 o3Ha49aeT HEOOXOAMMOCTb 3aMEHbI
¢unpTpa.

B 6noke 2 (pucyHok 1) mpouCXOIuT BBOJ HAYaJIbHOTO 3HAYEHUS Pacxojia
BEHTWIATOPA € YUCThIM (prsibTpom (LOT). Jlamee 3 pacxoIHO-HATIOPHBIX XapaKTepHU-
CTHK JUIsI KaXXJ0M CKOPOCTH BpAIEHMsI JABUraTeNsl BEHTUIATOpA HEOOXOAMMO IOITY-
YUTh 3aBUCUMOCTH TOJIHOTO JABJIEHUSI BEHTWISITOpPA OT pacxoja Bo3ayxa B Bujae Pi =
f(Li) u oGpaTHyIO eif 3aBHCHMOCTb PacXoja BO3ayxa ot gaBienust Li =f ' (Pi) , rie i-
CTYINEHb BpAllEHUs IBUTaTeNsl BEHTUIISITOPA, BBIPAXKEHHbBIE B BUJI€ TIOJIMHOMA BTOPOM
CTEIIEHHU.

JInst mepBOi CKOPOCTH BpAICHUS JIBUTATENs Yepe3 TUHAMUYECKYIO IEPEMEH-
Hy10, onuchiBaemyto Gpynkiuent POI=f(L01), B 6110ke 3 MPOUCXOTUT pacueT Hadalb-
HOI1 paboyeil TOYKHU CUCTEMbI, COOTBETCTBYIOIIECH MOJTHOCTHIO YUCTOMY (DUIIBTPY BEH-
TUJISTOPA.

Tak kak nepemMeniaemMasi cpejia XapakTepu3yeTcsi BBICOKUM COJIEP>KaHUEM IIbl-
JM, TO B Mpolecce paboThl MPOUCXOTUT IMOCTOSHHOE 3aCOpeHHe (PUIbTpa, U, Kak
CJIE/ICTBHE, CHHIKEHUE pacxojia BO3JyXa uepe3 cucteMy. bilok-cxemMa JaHHOro mpo-
11ecca BBITTIAIUT ciienytonum obpazom (puc. 1):
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Pucynok 1 — biiok—cxema nporpaMmsbl pacdeTra CUCTeMbl «BEHTHWIATOP-PUIbTP»

JJist OTIEeHKH BETUYHMHBI 3TOTO CHUKEHUSI B HaKomuTele massapilil B KaxapIi
MOMEHT BPEMEHHU PACCUUTHIBACTCS KOJIUYECTBO 3aJIEP>KaHHON B (DUIIBTPE MBUTH C yUe-
TOM €ro 3((HEeKTUBHOCTH:

massapilil;=massapilil; ;+Amassapili= =massapilil ;. ;+L1; xmp x ef,

rze: j — BpeMs SKCIEPUMEHTA, C;

massapilil;; — Macca IbUIM, OCeBHIEH B (UIBTPE B NPEABIAYLIHIA MOMEHT
BpPEMEHHU, KT;

Amassapilil — macca ibUTH, OCeBITIeH B GUIbTpe 3a 1 CEKyHIyY, KT;

L1; — dakTryecknil pacxon BO3JyXa C y4eTOM 3aCOPEHHOCTH (HMIbTPA B MO-
MEHT BPEMEHHU j Ha TIEPBOM CKOPOCTH, M3/4;

mp — Macca MbUIH, CofieprKaleiics B 1M’ Bo3Lyxa, Kr;

ef = 0,9 —sddexTuBHOCTH PUIBTpA.

ConpoTuBIIEHHE 3aCOPEHHOTO (PUIIBTPA paccUUTHIBAETCS 10 hopmyJie

Pl = P01 + deltaP1l,

rje deltaPl — npupoCT CONPOTUBIICHUSI (PUIBTPA 32 CUET €0 3aCOPEHHOCTH.

[Ipu 5TOM 3aBHUCHMOCTb YBEJIMYEHHSI CONPOTUBIEHUSA (UIBTpPa OT Macchl
OCEBIIEH B HEM IIBUIA IPUHUMAETCS JIMHEUHOM.
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Hakomurens deltaPl B xaXaplii MOMEHT BPEMEHU PACCUUTHIBACTCS CIEAYIO-
UM 00pa3om:

deltaPl; = deltaPl; ; + AdeltaPl = deltaPl; ; +r x massapilil;,

rae: j — BpeMs DKCIIEpUMEHTAa, C;

deltaP1; ; — IpUpOCT a3pOJAMHAMUYECKOrO CONPOTUBIIEHNS (QUIIBTPA B IPEIbI-
Oy MOMEHT BPEMEHU OTHOCUTEIBHO COMTPOTUBIIEHUS YUCTOr0 GUiIbTpa, [1a;

AdeltaP1— npupocT adpoJMHAMUYECKOT0 CONPOTUBIEeHUs huibTpa 3a 1lc;

deltaPl; — mpHpOCT a’pPOJUHAMHYECKOIO CONPOTUBIIEHHA (PUIBTpa OTHOCH-
TEIbHO COMPOTUBIICHHS YUCTOTO (GUIBTPA B MOMEHT BPEMEHH | Ha MEPBOM CKOPOCTH
BpallEHUs ABUTaTeIsl BEHTHIATOPA, [1a;

massapilil; —macca IbUIM, OCEBLICH B (UIBTPE B MOMEHT BPEMEHH J, KT;

r — K03 UIUEHT, 3aBUCSIINI OT TUNA QUIBTPA.

PacueTsl 111 BTOpOM U TPEThEW CKOPOCTEN BPAILCHUSI JBUTATENS IPOBOISATCS
aHAJIOTUYHBIM 00pa3oM.

[Ipy NOCTHKEHMH MUHUMAJBHO JOIIYCTUMOIO pacxojia Ha NEPBOW M BTOPOU
CKOPOCTSAX BpAILEHUS ABUTATENICEH BEHTWISATOPOB IMPOUCXOIUT MEPEXO] C KOHEUHOM
pabodeil TOUKH.

[lepexon ¢ KOHEUHOU paboyell TOUKH Ha NEPBOM CKOPOCTH BPAILEHUS JABUTa-
TeJsl BEHTWIATOPA HA HAYaJIbHYIO Pa00YyI0 TOUKY Ha BTOPOIl CKOPOCTH U C KOHEUHOMN
paboyell TOYKM Ha BTOPOM CKOPOCTH Ha HayaJbHYI0 padO4Yyl0 TOUYKY Ha TPEThEH,
IIPOUCXOJIMT 10 KPUBOH (XapaKTEPUCTUKE CETH ), ONUCHIBAEMON ypaBHEHHUEM [2]:

P=kxL’,

['ne k-xodaduiimeHT XxapakTepucTUKH CETU, PACCUUTHIBAEMBIN MJIi KOHEYHO
pabouelt TOUKH Ha MePBOM CKOPOCTH BPAILIEHUS TBUTATENS] BEHTUIISTOPA U HAYAIBHON
paboueit TOUKH JIJIs1 BTOPOM CKOPOCTH, TI0 popMyiie:

k2=PI/LI,

a Il KOHEYHOM pabouell TOYKM Ha BTOPOMl CKOPOCTH BpalIEHUS JBUTaTENs
BEHTWJISITOPA U JIJI1 HAYaJIbHOUM paboueil TOUKM Ha TPEThEeW CKOPOCTH BpallleHUsI BEH-
TUIATOpa 1o hopmyJie:

k3=P2/L2°.

Jns mepeHoca OJOK-CXeMbl pacueta B cpeny nporpammbel AnyLogic, HeoOxo-
JUMO TIOCTPOMUTH JIOTUYECKYIO LIEMOYKY, KOTOpast Uil pacCMAaTpUBAEMON 3aa4 UMe-
€T CICIYIOIINN BU:

PucyHok 2 — Jlornyeckasi Henoyka paccMaTpuBaeMbIX NMPOLECCOB
B cpeae AnyLogic
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brok source cooTBeTcTBYET dMeMEHTy | «Hadamoy, n300pakKeHHOMY Ha OJIOK-
cxeme (puc.l). Uepes onpeniesieHHbIE MPOMEXYTKH BPEMEHH OH T€HEPUPYET 3alPOCHI.

[Ipu nonmyuenun 3ampoca 050k selectOutput (COOTBETCTBYET 3JIeMEHTY 4
0JIOK-CXEMbI) TIPOBOJUT MPOBEPKY 3HAUCHMs Mapamerpa L/ Ha COOTBETCTBHE YCIIO-
Buto L1<1500.

[Ipu oTpuaTeIbHOM OTBETE 3aMPOC YHUUTOXKAETCA B OJIOKe sink, MpU MOJO-
JKUTEJIbHOM TEPEXOUT B OJIOK delay (COOTBETCTBYET JEMEHTY 5 OJIOK-CXEMBI), B KO-
TOPOM MPOUCXOAUT MPUCBOCHHUE 3HAYCHUN MTapamMeTpaM, OTBEUAIOIIUM 3a MEePEX0]] OT
pacdeTra CUCTEMbI Ha MEPBOM CKOPOCTH BpAICHUS ABUTATENS Ha BTOPYIO, U pacuer
K03 GUIIUEHTA XapaKTEPUCTHKHU CETH.

Jlanee 3ampoc nepexoauT B 0ok selectOutput] (COOTBETCTBYET SJEMEHTY 7
OJIOK-CXEMBI), B KOTOPOM IIPOMCXOAMWT TpOBEpKa d3jeMeHTa L2 Ha COOTBETCTBHE
ycnoBuro L2<1500.

[Ipu oTpunaTenbHOM OTBETE 3aIPOC YHUUTOXKAETCS, MPH MOJTOKUTEITHHOM T1e-
pexoauT B 6510k delayl (COOTBETCTBYET JEMEHTY 8 OJIOK-CXEMBI), B KOTOPOM IPOUC-
XOJIUT MPUCBOCHUE 3HAYEHUHN MapaMeTpaM, OTBEUYAIOIIMM 3a TIEPEX0/ OT pacueTa CU-
CTEMBI Ha BTOPOW CKOPOCTH BpAIlIEHUS JABUTATEIS HA TPEThIO U pacueT KoduimeH-
Ta XapaKTEPUCTUKH CETH.

Hanee 3anpoc nepexoaut B 0510k selectOutput? (COOTBETCTBYET daeMeHTy 10
OJIOK-CXEMBbI), B KOTOPOM IPOUCXOAMUT MpoBepka sjeMeHTa L3 Ha COOTBETCTBHE
ycnoBuro L3<1500.

[Ipu oTpuIaTeIBHOM OTBETE 3alpPOC YHUUTOXKAETCS, TP TMOJIOKUTEITHHOM —
pacueT OCTaHABIMBAETCS, YTO ISl PEAbHON CHCTEMBI O3HauaeT HEOOXOAMMOCTh 3a-
MEHBI CHUTBHO 3aCOPHUBIIETOCS (DHIIbTPA CUCTEMBI BEHTHIISIIHH.

O0cyxaeHue pe3yabTaTOB. 3aBEPIICHHBIC KCIEPUMEHTHI UMHUTALIMOHHOTO
MOJICTUPOBaHUs NpUBEICHBI HA puc. 3-5. Kak BUIHO U3 puUCyHKa 3, pacxol BO31yxa
Ha TEpBOM CKOPOCTH BpalllEHHs] ABUTATENsl BeHTWisATOpa u3MmeHsuica ot 2000 mo
1497,95 m*/u.

PucyHok 3 — 3aBepuieHHbI IKCIIEPUMEHT MMHUTALMOHHOT0 MOAE/IMPOBAHUA
JJ1s1 IePBOM CTYNEeHU BPallleHUsl ABUTaTe/ sl BEHTHJISITOPA
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PucyHnok 4 — 3aBepiieHHbII IKCIEPUMEHT HMHUTAIMOHHOTO MOJACJIUPOBAHUSA
JJIs1 BTOPOii CTYNIeHU BpalleHusl IBUraTeJisi BEHTWIATOPA

PucyHnok 5 — 3aBepiieHHbIN IKCIEPUMEHT UMHUTAIIMOHHOTO MOJAEJTUPOBAHUSA JIJISI
TpeTheil CTYIEeHU BPallleHUsl ABUTaTeJIsl BEHTH/ISATOPa

Tak Kak Bce MPOIECCH B TPOrpaMMe MPOUCXOAT B PEKUME pPeaJbHOTO BpeMe-

HU, TO CYIIECTBYET BO3MOXKHOCTh MOCTPOEHUsI Tpaduka, HATJISTHO WILTIOCTPUPYIOIIIE-
r'0 MOBEJICHUE CUCTEMBI.

100



Becmuux Jlacecmancrkoeo eocyoapcmeennozo mexnuyeckoeo yHusepcumema. Texnuueckue nayku. Ne2 (41), 2016

Pucynok 6 — /luarpamma 3kcnepumMeHTa, rpagpuk 3aBUCUMOCTH 00bEMHOI'0
pacxoaa BO31yxa OT AaBJIEHHH, CO3AaBAEMOI0 BEHTHIATOPOM

3nech uHUS 4 SBISETCA XapaKTEPUCTUKON CETH JJIsi pabOThl BEHTHIISITOpA Ha
MEePBOM CKOpOCTHU BpatieHus apurarens. [Ipu 3acopenun GuibTpa MpoUCXOIUT CMe-
HieHue pabouel TOUKH IO JIMHUM 2 B HAMPABICHUU JIMHUU 5, SBISIONMICHCS XapaKTe-
PUCTUKON CETU I KOHEYHOW padodeil TOYKM BEHTHJIATOPA Ha MEPBOM CKOPOCTHU
BpAIllCHUsI JIBUTATENIsI U HadajabHOH pabodell TOUKOM JJIT BTOPOM CKOPOCTH Bpallle-
Hud. Jlanee mpouecc ABUKETCS MO JIMHUU 2, SIBIAIOUIECHCS HAaIOPHO-PAacXOJIHOM Xa-
PAKTEPUCTUKON BEHTUJISATOPA HA BTOPOW CKOPOCTH BpaLEHUs ABUTATENS 10 JUHUHU 6,
SBJIIOIICICS XapaKTEPUCTUKON CETH NIl KOHEYHOW paboyeil TOUKM BEHTUJISATOpa Ha
BTOPOIl CKOPOCTH BpallleHUs JBUTATENIsI U HaYaJIbHOW pabodeil TOUKHU sl TpeThei
CKOpOCTH BpallleHus: apuratens. Ha TpeTbeil CKoOpoCTH BpallleHUsl IBUTATENs BEHTHU-
asTopa paboyasi TOUKa CMEIIAETCSl MO JUHUU 3, SBISIIOUIEHCS PacXOAHO-HAIIOPHOU
XapaKTEPUCTUKOW BEHTWIATOpPA ISl TPEThEH CKOPOCTH BpAICHUS JBUTATEIIS] BEHTHU-
JATOpa J0 TIepeceUeHus ¢ JIMHUEH 7. DTa TOYKa SIBIsSETCS KOHEUHOH pabodeii TouKoi
CHUCTEMBI, YTO O3HAaYaeT HEOOXOAUMOCTh 3aMEeHBI (PHIIBTpA.

BoiBoja. B Hacrosiee Bpemsi periiaMeHThl 10 IEPUOUIHOCTU 3aMEHBI (DUITh-
TPYIOIIMX 3JIEMEHTOB B CUCTEMaX BEHTWISLMU HE MPEAIOIAararoT KOHTPOJIS 3acopsie-
MOCTH U IIPOBOJSATCS YEPE3 ONPEICIICHHBIE TPOMEKYTKHA BPEMEHU.

[IpenyioxkeHHass B CTaTb€ METOJMKA MO3BOJISIET HA ATane MPOSKTUPOBAHUS
OMPENIeIUTh MAKCUMAJIbHBIC UHTEPBAJIbl 3aMEHBI (PUIIBTPYIOIIUX AJIEMEHTOB CUCTEM,
a Tak)Ke CIPOTHO3UPOBATh BPEMSI HEOOXOAMMOTO MEPEKIIOYEHHS] CKOPOCTEN pabOThI
JIBUTATENsl BEHTWISATOpA. MeToauKa MOo3BOJISIET COKOHOMUTh KAaK KallUTAIBHBIE TaK U
DKCIUTYaTallMOHHBIE 3aTpaThl HA CUCTEMbl BEHTWJISLIMM, TaK KAaK JA€T BO3MOKHOCTH
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OTKa3aTbCAd OT CIIOXHBIX CHCTEM MOJAJECpPKaHHUS MOCTOSHHOIO pacxoja BO3ayXxa M
MaKCHUMAaJIbHO YBEJIMUUTH CPOK CITYKObI KOMILJIEKTa (PUIBTPYIOMIMX 37I€MEHTOB.

B nepcriektrBe aHHAs METOAMKA, UCIIOJIb3yEMasl B IAHHOM CIIydae ISl Ipo-
THO3UPOBAHMS TTOBEJCHUSI CUCTEM BEHTUJISIIUU, MOXKET OBITh C YCIIEXOM HCIIOIb30Ba-
Ha JUJIS TAKUX CHUCTEM >KM3HEOOeCTeueHus 3/IaHUul, KaK OTOIUIEHUE, XOJIOAOCHa0Xe-
HUE, BOJIOCHA0KEHHE.

[ToBcemecTHOE UCITONB30BAHUE METOAUK JOTHMYECKOTO MOAEIUPOBAHUS IPO-
IIECCOB MO3BOJIUT CHU3UTH 3aTPAThl HA CTPOUTEIIBCTBO M TTOBBICUTH SHEPTOAH(PEKTUB-
HOCTb 3/ITaHUH.

bubauorpaduyecknii cnmcok:

1. TabyammkoB [O.A., bpomaau M.M., [llunkua H.B. DueprosddextuBubie 3ma-
uus. — M.: ABOK-IIPECC, 2003. — 200c.

2. CredanoB E.B. Bentunsuus u konauimonupoanue Bo3ayxa. CII0.: Aok Ce-
Bepo-3amazn, 2005. — 399c.

3. PeiMkeBuu A.A. CUCTeMHBIM aHaIN3 OOIECTBEHHOM BEHTHWISAIIUU U KOHIUIIH-
onupoBanus Bo3ayxa. CII6.: ABok Cesepo-3amnan, 2003.-271c.

4. TupymoB A.U. OGecnblmuBaHue Bo3ayxa. — 2-€ u3M., nepepad. U mom. — M.:
Crpoitnznat, 1981. — 296 c., . — (OxpaHa OKpy>Karomieil cpe/inl)

5. bapukaeBa H.C., Hukonenko J[.A. HMcciienoBanue 3ambUICHHOCTA TOPOACKOU
cpenbl BOJIM3M aBTOMOOMIIBHBIX JOPOT // KypHal «AJbTEpHATUBHAS YHEPreTH-
ka u skosorus» Ne 11 (133) 2013, ctp. 75-78.

6. Pomua A.K. BeHTunsamnus npou3BOACTBEHHBIX 37aHul. Y4eOHoe mocooue / Po-
muH A.K. Capar. roc. Texauu. yauB-T. Caparos, 1997

7. ManukoB P. @. [IpakTukyM mo MMHUTAaUMOHHOMY MOJEIMPOBAHUIO CJIOKHBIX
cucteM B cpene AnyLogic 6: yue6. nocooue / P. @. Manukos. — Yda: 13a-Bo
BI'TIVY, 2013. —296c.

8. Kympusimikun, A.I'. OcHOBBI MoaenupoBaHus cucteMm: yued. mocobue / A.T.
Kynpusmknn; Hopuneckuii uagyctp. us-T. — Hopunsck: HUH, 2015. — 135 c.

9. Kamenckuii /[.I1. UMuTanimoHHbIe MOACIN aBTOMATHU3AIMHA aHAJIN3a U CHHTE3a
MPOEKTHBIX PEIICHUN CUCTEM KU3HeoOecnieueHus 31anuil. / AptTopedepart auc-
cepTaluy Ha COMCKaHWEe y4eHOU cTenenu K.T.H. — MI'CVY, 2011.

10.boeB B. /1., Kupuk JI. ., Ceimuenko P. II. KommnbioTepHoe MojieupoBaHue:

[Tocobue st kypcoBoro u muruiomHoro mpoektupoBanusi. — CII6.: BAC,
2011. — 348 c.

References:

1. Tabunshchikov Yu. A., Brodach M. M., Shilkin N. In. Energy-efficient build-
ings. — Moscow: AVOK-PRESS, 2003.-200 p.

2. Stephanov E. V. Ventilation and air conditioning. SPb.: AVOK Severo-Zapad,
2005.-399 p.

3. Rymkevich, A. A. System analysis of public ventilation and airconditioning.
SPb.: AVOK Severo-Zapad, 2003.-271 p.

102



Becmuux Jlacecmancrkoeo eocyoapcmeennozo mexnuyeckoeo yHusepcumema. Texnuueckue nayku. Ne2 (41), 2016

. Pirumov A. I. air Dedusting. — 2nd ed. Rev. And extra — M.: stroiizdat, 1981. —

296 p. — (Environmental protection)

. Barakaeva N.. Nikolenko D. A. a Study of dust go-rodskog environment close
to roads. Journal for Alternative energy and ecology Ne 11 (133) 2013, pp. 75-

78.

. Rodin A. K. Ventilation of industrial buildings. Training Pozo Biya. Rodin A.

K. Sarat. state technical. Univ-t Saratov, 1997.

. Malikov, R. F. Workshop on simulation of complex systems in the environment

of AnyLogic 6: proc. Manual. R. F. Malikov. — Ufa: Publishing house bgpu,

2013. -296 p.

. Kupryashkina, A. G. Fundamentals of modeling systems: textbook. Manual. A.

G. Kudryashkin Norilsk industry. in-so — Norilsk: NII, 2015. — 135 p.

. Kamensky D. P. Simulation model of automation of the analysis and synthesis

of design solutions of the systems of the buildings. The dissertation on competi-

tion of a scientific degree Ph. D. —civil engineering, 2011.

10. Boev V. D., Kirik D. 1., Sypchenko, R. P. Computer simulation: a Handbook

for course and diploma projects. — SPb.: YOU, 2011. — 348 p.

103



