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BBenenue

Mertonuueckoe  mocobue — paspabarbiBaeTcs B pa3BUTHE  TpeOOBaHUM
CIT1 60.13330.2016 «CHull 41-01-2003 OTorienne, BEHTWISIINUS U KOHAULIMOHUPOBAHUE
BO3MlyXa» Ui peaju3alid NPOCKTHUPOBIIMKAMH  TpPeOOBAaHMM, 3all0OKEHHBIX B
CTPOMUTENBHBIX HOPMAaxX U MpaBUiiaX, U BHIMOJIHEHUS 00Jiee TPAMOTHOTO U PallMOHAILHOTO
POEKTUPOBAHUS CUCTEM BEHTWJISILIUM U BO3AYITHOTO OTOIUICHHUS.

[locoOue mnpenHa3Haue€HO [JISl CIEHMAIMCTOB M PYKOBOJIUTEIEH MPOEKTHO-
U3BICKATEIbCKUX U CTPOUTENbHBIX OpraHu3alud, YUYpEeKICHHH H CIyK0 3aKka3umka
(uHBecTOpa) W JAPYTUX 3aMHTEPECOBAHHBIX OpraHM3ALMN, C LENbI0 OOECHeueHus Hux
OpraHMU3aIMOHHO-TEXHHUYECKUMH MaTepuajaMH, KOTOpbIE MO3BOJISIIOT pa3padarbiBaTh U
OLICHUBATh BBICOKOA((EKTUBHBIE NPOEKTHBIE pEIIEHUs 3AaHuil, 00ecleynBaroIne
KayeCTBO U KOHKYPEHTOCIIOCOOHOCTh 3TUX OOBEKTOB.

[IpumeHeHrne  HACTOSMIETO TOCOOHMST  JacT  TIPOEKTUPOBIIUMKY  MEXaHHU3M
OTpe/ieNIEeHUs] COOCTBEHHOM SHEpreTHdeckor 3(PQPEeKTUBHOCTH CHCTEM BEHTWIALUU U
MO3BOJIUT PAa3AeliuTh OLICHKY OSHEpreTnyeckol 3()PEeKTUBHOCTH HHIKEHEPHBIX CHCTEM
BEHTWISILIMM W OLEHKY »3Heprocoeperatomiero 3¢¢exkra B pe3ynbrare MPUMEHEHUs
NEePEIOBBIX TEXHOJIOTUH Juisi Oojiee IpaMOTHOTO M PAlMOHAIBHOIO TPOEKTHUPOBAHUS
3IaHUH ¥ COOPY)KEHHH, a TAKXKE TTO3BOJIUT MOBBICUTH KAYECTBO BBIMOIHAEMBIX TMPOCKTHBIX
paboT 3a CYET UCIIOIb30BAHUS €IMHBIX MIPAKTHUECKUX TOXO00B K BHIMIOJHEHHUIO paboT Ha
OCHOBE YHU(PHUIIMPOBAHHBIX PEIICHUH, THUIOBBIX EIUHBIX NPAKTHUECKUX MOIXOAOB K
BBITIOTHEHUIO paloT, a TakXke CTaHeT OCHOBOM /il TPOBEICHHUS HE3aBUCHUMBIX
HKCIIEPTHBIX OLICHOK BBIIIOJIHEHHBIX PAa0OT, B TOM YHUCJE MO TEXHUKO-?KOHOMUYECKOMY
000CHOBaHHIO, YTO OOECIICYUT CHIYKCHHUE PICKOB BO3HUKHOBEHHS aBapUUHBIX CUTYaIUH U
MOBBIIIICHUE 0€30MaCHOM IKCIUTyaTallid CTPOUTENBHBIX 00BEKTOB.

AKTYyanbHOCTh pa3pabOTKH HACTOSAIIETO MOCOOUs 00YCIOBICHA HEOOXOIUMOCTHIO
CO3JaHUsl  ULEJOCTHOM CHUCTEMBl pPACue€TOB IO  ONPEIEICHUI0  DHEPreTHYECKOU
5(G(HEKTUBHOCTH OTAENBHBIX HMH)KEHEPHBIX CHUCTEM 37aHMsl, Hapsay C HMeEIoLencs
METOJHMKOM pacueTa IHEPronoTpeOICHUS sl CO3aHMs MEXaHU3Ma OIIeHKU A((HEKTUBHBIX
TEXHUUYECKUX PEIICHUI M0 CHCTEMaM MH)KEHEPHO-TEXHUYECKOTO 00eCTIeueHus!.

JlokymeHT pa3paboTaH CIEAYIOMNUM aBTOPCKUM KOJUIEKTUBOM: . T. H., ipod. B.I".

l'arapum, k. 1. H. J[.FO. XKennakos, k. T. H. B.B. Ko3nos, k. T. H. A.}O. Hexmonos, k. T. H.
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ILIT. ITactymkoB (PI'BY «HayuHo-uccnenoBaTenbCKuii MHCTUTYT CTPOUTEILHON (PU3UKU

Pocculickoli akaieMHH apXUTEKTYpbl MU CTPOUTEIBHBIX Hayk»); K. T. H. C.M. Ycukos

(®I'bOY BO HY MI'CY), k. 1. H. }O.I". MockoBko (OO0 «3BO «MTHHOBEHTY).



1 O6aacTh NpUMeHEHU S

Hacrosimee METOAMYECKOE nocodue pa3paboTaHo B pa3BUTHE
CIT 60.13330 «CHull 41-01-2003. Ortoruienre, BEHTWISIIHMS U KOHIAWIIMOHUPOBAHUE
BO3/yXa» B LEJISIX OLEHKU HHEPreTH4eckoil 3(pPEeKTHMBHOCTH CUCTEM BEHTWISALUH U
BO3/TYIITHOTO OTOTLJICHUSI.

Mertoauka, mpeacTaBieHHAs B HACTOSIIEM IOCOOHMH, YCTaHABIMBAET CHOCOOBI
pacueTa SHepreTudeckord S(PGEKTUBHOCTH CHCTEM BEHTWJISAIMM, CUCTEM BO3YIIHOTO
OTOIUICHHSI, CACTEM PUTOYHON BEHTUIISIIIUY, COBMEIICHHBIX C BO3AYIIHBIM OTOIUICHUEM H
KOH/IUITMOHUPOBAHHEM BO3/yXa B MOMEUICHUAX 3/IaHUI U COOPYKEHUI.

Metonnka HE pacIpOCTPaHIIETCS:

a) HAa CHCTEMbl BEHTWISIMM W KOHIWUIIMOHUPOBAHHS BO3IyXa 3allUTHBIX
COOpPY>KEHHI Tpa)KAaHCKOH OOOPOHBI, COOPYXKECHHIA, MpeaHa3HAuYEHHBIX ISl paboT C
pPalMOAKTUBHBIMHA BEIIECTBAMH, WMCTOYHHKAMH HWOHW3HUPYIONIMX H3JIyYCHUH; OOBEKTOB
MOJ3EMHBIX TOPHBIX PabOT M TOMENIEHHH, B KOTOPBIX MPOU3BOAATCS, XPAHITCA WIIH
PUMEHSIOTCS B3pPhIBUATHIC BEIIECTBA;

0) Ha choenuaJbHbIE HarpeBarollye, OXJaXJallyue U oOeclbUIeBaIOLINe
YCTAHOBKH M YCTPOMCTBA IS TEXHOJIOTUYECKOTO U DIIEKTPOTEXHUUECKOTO 000PYAOBaHUS;
acnpaluy, MHEBMOTPAHCIOPTa W  MBUIETa30yAalieHusT OT  TEXHOJIOTUYECKOTO

000py10BaHUS U MBUIECOCHBIX YCTAaHOBOK.



2 HopMaTuBHBIE CCHLIKH

B HacTosiiieM MeToAMYeCKOM MOCOOMHU KCIOIb30BaHbI HOPMATHUBHBIE CCHUIKM Ha
CJIeIyIOIIUE JOKYMEHTBI:

CII 60.13330.2016 «CHwull 41-01-2003 OromnieHue, BEHTWIALUI U
KOHJIMIITUOHUPOBAHUE BO3AYXa»;

CIT 73.13330.2016 «CHwulI 3.05.01-85 «BHyTpeHHHE CAaHUTaApHO-TEXHHYECKHUE
CUCTEMBI 3JaHUI»;

CII 50.13330.2012 «CHulI 23-02-2003 «TemnoBas 3amura 30aHUNY;

CIT 54.13330.2016 «CHullI 31-01-2003 «3gaHus Kujible MHOTOKBAPTUPHBICY;

CIT 118.13330.2012 «CHulIl 31-06-2009 «OGmiecTBeHHbIE 37aHUS U
COOPYKEHUD;

CIT 131.13330.2012 «CHuII 23-01-99* «CTtpoutenpHas KIMMaTOJIOTHS;

CII 271.1325800.2016 «CucreMbl IIyMOTJIYIIEHUS BO3AYLIHOTO OTOIUICHMS,
BEHTWISIMY U KOHIUIIMOHUPOBaHUA Bo3ayxa. [IpaBuiia mpoeKTUPOBaHUS ;

['OCT 30494-2011 «3nanus xxuiisie 1 o01ecTBeHHbIe. [lapameTpsl MUKpOKIIUMATa
B [TOMEIICHUSIX);

I'OCT P EH 13779-2007 «BeHTWISLMS B HEXKWIbIX 3JaHUSX. TeXHUYECKHE
TpeOOBaHUSI K CUCTEMaM BEHTWISIIIUU U KOHIUIIMOHUPOBAHUS

I'OCT 33660-2015 «Bentunaropst. Knaccuduxanus no 3QppekTuBHOCTHY;

I'OCT P 54413-2011 «Mamussl snekrpuueckue Bpamaromuecs. Yacts 30.
Kiaccbl 3Heproap(heKTHBHOCTH OTHOCKOPOCTHBIX TpeX(a3HbIX aCHHXPOHHBIX ABUTAaTee

C KOPOTKO3aMKHYTBIM poTopoM (kox IE)».



3 TepMuHbI U onIpeeTeHUA

B HacrosimieM = METOJIMYECKOM  TOCOOMM  NPUMEHEHBbl  TEPMHUHBI  C
cootBeTcTBYIOmMMMU onpeaenenusmu o CII 50.13330, CIT 60.13330 u CIT 73.13330.

HauGoiee BaskHbIE TEPMUHBI U ONPECICHHUS:

TeNJI0Bble MOTEePH 3AaHUsI: KOJIUYECTBO TEIUIOBOM HEPTUU, HEOOXOAMMOE ISt
KOMITEHCALUU TEIUIoNepeaud Yyepe3 OrpakJIaloliue KOHCTPYKIMU 37aHusl B HAPYXKHYIO
OKPYXAIOIIYIO CpeAy U JUIsl HarpeBa Hapy>KHOT'O BO3/yXa, MOCTYMHAIOUIEro B MOMEIIECHUS
3nanus, B enunauny Bpemenu (3.21 no CII 50.13330);

TelJI0BbIe MOTPEOHOCTH 3JAHMSA: KOJUYECTBO TEIJIOBOW SHEPIHH, HEOOXOIUMOE
Ui KOMIICHCALIUM TEIJIONEpeayl d4epe3 OrpakIalonifue KOHCTPYKIUH 3/1aHus B
HAPYKHYIO OKPY)KAIOIIYIO0 CpeAy W JJIs HarpeBa Hapy>KHOTO BO3/yXa, MOCTYIMAIOIIETO B
noMeIIeHus 3aHus, B eauHuIyy Bpemenu (3.21 o CII 50.13330);

BEHTHJISIIMSA: OOMEH BO3/yXa B MOMEIICHUAX IS yIajdeHHs] H30BITKOB TETUIOTHI,
BJIar', BPEJIHBIX U IPYTUX BEIIECTB C IEJIbI0 00ECIIeUeHUs JOMYCTUMOI0 MUKPOKIIUMATA U
KayecTBa BO3[yXa B 00CIyKMBaeMOW Ui paboydeil 30He Mpu cpeiHel HeoOeCIIeYeHHOCTH
400 4d/rox - mpu Kpyriocytrounoi padore u 300 u/rox - mpu OJHOCMEHHOHN paboTe B
nHeBHoe Bpems (3.2 mo CIT 60.13330);

BEHTH/ISIMMOHHASL CeThb: CHCTEMa BO3AyXOBOJOB H JAPYTUX SJIEMEHTOB,
o0ecreunBarOIINX MOoa4y B MIOMEIICHHE HAPYKHOTO BO3/IyXa;

TUApPaBJNYeCKass W  TeIUIoBasih  yYCTOWYHUBOCTH CHCTEM  OTOIJIEHUS,
TeNJ0CHAOKEeHHUsI: CIIOCOOHOCTh CHCTEMBI TOAJEPKHUBATH 3aJaHHOE PACUETHOE
OTHOCUTEJIFHOE paCIpE/IeNICHHe pacxojia TETUIOHOCUTENS MPU W3MEHEHHH pacxoja u
TEIJIOOTJAAYM I10 BCEM OTICIBHBIMH YYacTKaM, OTOIUTEIBHBIM IMPUOOpaM W JAPYTUM
anementam cucteMsl (3.10 o CIT 60.13330);

KOHIMIIMOHUPOBAHHE BO3yXa: aBTOMAaTHYECKOE TOJJEP)KaHUE B 3aKPBITHIX
MOMEIIEHUSX BCEX WM OTIEIBHBIX MMapaMeTpOB BO3AyXa (TeMIepaTypbl, OTHOCUTEIBHOM
BJIQKHOCTH, YHCTOTBHI, CKOPOCTU JBWKCHHUS M KauyecTBa) C IEJbI0 OOECIeUYeHus, Kak
MPaBUJIO, ONTHMAIBHBIX METEOPOJIOTHUECKUX YCIIOBUM, Hambojee OIaronpusiTHBIX IS

CaMO4YyYBCTBHA JIIO,Z[€I>’I, BCIACHHA TCXHOJIOTHYECCKOr'o IIpoIiecca, oOecneyeHus COXpPAaHHOCTHU

nenHocrent (3.20 o CII 60.13330);



OTOIJIEHHE: NCKYCCTBEHHOE HAarpeBaHUE MOMEUIECHUS B XOJOJHBIM NEpHoj roja
U1 KOMIICHCAIIMU TEIJIOBBIX MOTEPh M MOJJEPKAHUS HOPMUPYEMOH TeMIEpaTyphl CO
cpennei HeobecnieueHHocThIO 50 u/ron (3.23 mo CII 60.13330);

CHCTeMbl BHYTPEHHEI0 TeNJOCHA0KeHUs 3IaHMs: CUCTEMbI, 00ECIIeUnBAIOIINE
TpaHcopMmaIiio,  paclpeneieHrue W [ojadyy  TeIIOoThl  (TETIOHOCUTEIIS)
TEIJIONOTPEOIIAIONIMM YCTaHOBKaM (00OpYJIOBAHUIO) CHCTEM OTOIUICHHS, BEHTHIISIIIUU
KOHJMIIMOHUPOBAHMS U ropsdero BogocHatdxenus 31anus (3.33 no CIT 60.13330);

3aMOPHO-PeryJIUpylomas apMarypa: YCTpPOMCTBO, MpeAHa3HAYeHHOE s
MIOJIHOTO TIEPEKPHITUS U (MIIH) PEryJIMPOBaHUs OTOKA paboyeil cpebl B TpyOOIpOBOIE U
mycka cpeasl B 3aBUCHUMOCTH OT TpeOOBaHWMN  TEXHOJIOTHYECKOTO IpoIliecca,
oOecrieunBaroliee Heooxoaumyo repmetudHocTs (3.6 mo CIT 73.13330);

peryJiupoBKa: paboThl, BBIOJHAEMBIE B IIEJAX JOCTIKEHHUS COOTBETCTBUS
paboTOCIIOCOOHOCTH  O0OpYIOBAaHUS BHYTPEHHMX CAHUTAPHO-TEXHUUYECKUX CHCTEM
TEXHUUYECKUM IapaMerpaM, YKa3aHHbIM B HCIOJHUTEIbHOU AokyMeHTanmu(3.23 mo CII
73.13330);

peLMpPKYJSINUA BO3AyXa: CMEUICHHE BO3[yXa W3 IOMEIIEHUS C HapyXHbIM
BO3JIyXOM U T0Jlada 3TOW CMECH B JJaHHOE WJIM JIPYTHe MOMEIIeHUs (TI0CIe OYMCTKH WU
TETUIOBJIAYKHOCTHOM 00paOOTKHM) WM TEpeMEIIMBAaHUE BO3AyXa B IMpeenax OJHOTO
MOMEILEHUS, COMPOBOXKIAEMOE  OYMCTKOM, HarpeBaHueM  (OXJaXIEHUEM)  €ro
OTONUTENBHBIMH ~ arperaTaMi, BEHTHIATOpAMH W  KEKIMOHHBIMH JIOBOJYHKAMH,
BEHTWISITOPAMH — BEEpaMu U JIp;

JHepreruyeckasi 3QPeKTHBHOCTB. XaPaKTEPUCTUKH, OTPAKAIONIUE OTHOIICHHE
nosie3Horo dQQexrta OT HCMIONB30BAHUS HJHEPTETHUECKHX pECcypcoB K 3aTparam
HHEPreTUUECKUX PECYpCOB, IPOM3BEIECHHBIM B IEJAX MOJy4YeHHUs Takoro sddekra,
MPUMEHHUTEIHHO K TPOAYKIHHU, TEXHOJOTHMUYECKOMY TMPOIECCy, OPHUINISCKOMY JIHILY,
WHIUBUIYaTbHOMY TpeAanpuHuMareto (1. 4 ¢t. 2 mo ®3-261 [1]);

TelIblii MepHoja roaa I CHCTeM KOHAuIMOHuUpoBaHus: [lepuon roma mns
CUCTEM KOHAULMOHMPOBAHHUS, XAPAKTEPU3YEMbIM CPEAHECYTOYHOM TeMIepaTrypou

HapykKHOTo Bo3ayxa Bbiuie 10 °C;



XOJIOJHBIHA MEPHOJ roJa s CHCTeM KOHAMLIMOHMPOBAHMS: NEPUOJ TOJa IS
CUCTEM KOHJMIIMOHUPOBAHUA, XapAaKTEPU3YEMbIM CPEIHECYTOYHOW TEMIEPATypOr
HapyKHOTO BO3/lyxa paBHo#l 10 rpax u HUxe;

yAeJbHbIA Pacxo/l TeNJOBOH JHEPIrMH HA OTOIUIEHHE W BEHTHJISIHUIO 31aAHUS
32 OTONHUTEJbHBI TEPUOA: KOJUYECTBO TEIJIOBOM OJHEPrUH, HEOOXOAMMOE s
KOMITEHCAIIUU TEIJIONOTEPh 3/IaHUs 32 OTOMUTENIbHBINA MEPUOJ] C YUETOM BO3yX00OMEHA U
JOTIOJIHUTENIbHBIX ~TEIUIOBBLICIICHUN TMPU HOPMHUPYEMBIX MapamMerpax TeIUIOBOIO U
BO3IYIIHOTO PEXKHMOB MOMEIICHUNA B HEM, OTHECEHHOE K E€IWHHUIIC IUIOMAAN WIN K
SIMHHUIIEC OTAITMBAEMOIro 00beMa;

KJIacC JHeprocOepe:keHUsi: XapaKTEPUCTHUKA HSHEProcOCpeKeHUsl  37aHUs,
MIPE/ICTABJICHHAS] UHTEPBAJIOM 3HAYCHUI YJEIBHOTO TOJI0BOTO MOTPEOJICHUS] SHEPTHH Ha
OTOIUIEHUE U BEHTUWJISLUIO, % OT 0a30BOr0 HOPMUPYEMOI'O 3HAUEHHUS,

yAeJbHbIA Pacxo/] TEeNJIOBOH JHEPIuM HA OTOIVICHHE W BEHTWIALMIO 31aHUA
32 OTONMTEJbHbIA TEePUOA: KOJWYECTBO TEIUIOBOM SHEPruH, HEOOXOAUMOE IS
KOMIIEHCAIIUM TETUIONOTEPh 31aHUS 3a OTOMUTENbHBINA MEPUOJ] C YUETOM BO3yX000MEHa 1
JOTIOJIHUTENIbHBIX TEIUIOBBLACICHUN TMpPU HOPMHUPYEMBIX MapamMerpax TeIUIOBOIO U
BO3AYIIIHOTO PEXKUMOB TOMEIIEHUNA B HEM, OTHECEHHOE K E€IWHHUIIC IUIOMaAN WU K
€JMHUILIEC OTAIlJIMBAEMOTO 00bEeMa;

KJIacC JHeprocOepekeHWsi: XapaKTePUCTUKA HHEProcOepeKeHus  3JaHus,
MpEeJCTaBICHHAs] MHTEPBAJIOM 3HAYCHHM YJEIbHOI0 r0J0BOT0 MOTPEOJIEHUS SHEPTUU Ha
OTOIUJICHUE W BEHTUWIAIHIO, % OT 6a30BOr0 HOPMUPYEMOT'O 3HAUCHHUSI,

NMPOI0J/IKUTEIHHOCTh OTONMTEILHOTO NMEPHOAAa: PACUCTHHIM TEpUOJ BPEMEHU
PabOThl CUCTEMBI OTOIUICHHS 3/aHUSs, MPEJCTABIISIIONIUNA CO00M cpeHee CTaTUCTUYECKOe
YUCJIO CYTOK B TOJy, KOTJIa CpeIHsAsl CyTOYHas TemIepaTypa HapyKHOTO BO31yXa
ycrornunBo paBHa U HUkE 8 °C wim 10 °C B 3aBUCUMOCTH OT BU/IA 3[aHUS;

CpedHsAsl TeMIepAaTypa HapPYy:KHOI0 BO3AyXa OTONHUTEJILHOr0 Mepuoja:
pacueTHasi TeMIIepaTypa Hapy»KHOIO BO3/1yXa, OCPEAHEHHAs 3a OTOMUTEIbHBIN MEPUO/] 110
CpeIHUM CYTOUYHBIM TeMIIEpaTypaM Hapy»KHOT'O BO3/yXa;

yleJbHAs XapaKTePUCTHKA PacxoJa TeIUIOBOl JHEPruu HAa OTOIJIEHHE U
BeHTHISIIMIO 3xaHusi, Bt/(m°-°C): dbu3uYeckas BEIMYMHA YUCJECHHO paBHas MOTEPSIM

TEIIOBOM OHCPruyM CJAWHHUIBI OTaIlJIMBACMOI'O o0beMa 30aHusd B CJAHMHHULYY BPCEMCHH,
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OTHECEHHAasl K Iepenajgy TeMIepaTypbl, C y4€TOM BO3yXOOOMEHa U JIOMOJHUTEIbHBIX
TEIUIOBBIACIICHUN

JHeprernyeckasi 3PpPeKTUBHOCTB: XAPAKTEPUCTHUKA, OTpa)karolllas OTHOIICHUE
MOJIE3HOTO 3(deKTa OT HCIONb30BAHUS HSHEPTreTHUECKUX PpECcypcoB K 3aTparam
HHEPreTHUECKUX PECYPCOB, TMPOM3BEACHHBIM B LEISAX TMOIYYEHHS Takoro sd¢dekra
NPUMEHUTENBHO K MPOIYKLIUHU, TEXHOJOTHYECKOMY IIPOLECCY, IOPUIAMYECKOMY JIUILY,
WHANBUAYAIbHOMY MPEANPUHUMATEIIO;

JHeprocoepeskeHne: peanus3alus OpraHU3alMOHHBIX, IPABOBBIX, TEXHUYECKHX,
TEXHOJOTHYECKHUX, YKOHOMUYECKUX M MHBIX MEp, HApaBICHHBIX HA YMEHbIIIEHHE 00beMa
HCIIONB3YEMBIX DHEPTeTUYECKUX PECypCcOB TIPU COXPAHEHHH COOTBETCTBYIOIIETO
noJie3HOTo 3(@dexTa OT UX HUCHOIB30BaHUSA (B TOM uuciae oObeMa MPOU3BEACHHOM
MPOAYKIINH, BEIIOJTHEHHBIX PA0OT, OKa3aHHBIX YCIIYT);

pacxo] TeIUIOBOM HEPruM HA OTOIUIEHHE M BEHTHJIALHIO 32 OTONHUTEJIbHbIN
NepHoA: CyMMapHO€ KOJMYECTBO TEIUIOBOM O3HEPrUM, MOTPEOJEHHOW OOBEKTOM Ha
OTOIUICHHE ¥ BEHTWIAINIO 00BEKTa B TEUCHNE OTOMUTEIHLHOTO MEPUO/IA;

JHepreruyeckasi 3(PPeKTHUBHOCTb CHCTeMbl BEHTHJISIUIMHU: OTHOIICHHE
«TOJIE3HOM» MOIIHOCTU K 3aTpayeHHOW Ha JOCTaBKY/yAalleHHE BO3[yXa B/U3 pabouylo
30HY WJIH Ha paboyee MecCTo;

NPUTOYHAS BEHTWISIMMOHHAs CeTh: CHCTEMa BO3JYXOBOJAOB U JIPYIHX
AJIEMEHTOB, BKIIIOYAsh BEHTHJIATOP, 0OECIIEUYMBAIONIUX TOJa4y B MOMEIICHHUE HAPY>KHOTO
BO3/yXa,

BBITS’KHAS BEHTHWISLMOHHASI CeTh: CHCTEMa BO3AYXOBOJAOB U JPYIHX
DJIEMEHTOB, BKJIFOYAsi BEHTUJISATOP, 00ECTICUYMBAIONINX yIaJICHUE BO3yXa;

KII/I npuBoaa BeHTHIATOPA, TMypus. OTHOUICHME IIOJE3HOM MOILIHOCTH
BEHTWISITOPA TIO TOJHOMY JaBIICHHWIO K BXOJHOM MOIMHOCTA BEHTHUJISITOpA U
AJIEKTPOJIBUTaTEINS BMECTE, BKIIIOUAsi MOTEPU B TPAHCMUCCUU WINM/U YIPABIECHUU YacTOTOU

BpAILICHUS.
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4 O0Me MmoJI0KeHud

4.1 OcCHOBHBIE PETYJIUPYIONINE TMOJOXKEHUS IO OTOIUICHUIO, BEHTWISIUU U
KOHJIMLIMOHUPOBaHHIO Bo3ayxa mnpeactaBiaensl B CII 50.13330 m CII 60.13330, a
CTpOUTEIbHAS KJIMMATOJIOTHSI W TapaMeTpbl MHUKPOKJIMMATa B TIOMEIICHHUSX — B
CII 50.13330.

B CII 60.13330 mpuBeieHbl 00s13aTe€IbHBIE MEPOIIPUITHS IO 00YCTPOMCTBY CUCTEM:

- BEHTWJIALINY;

- KOHJIUIIMOHUPOBAHMS BO3TyXa;

- BO3JIYIITHOTO OTOIUICHHUS.

BenTtwismmio ciaexyeT NPUMEHATH IS OOCCIEYCHHMS KadecTBa BO3JAyXa U
mapamMeTpoB MHUKPOKIMMAaTra B Tpeneiax JOMyCTUMBIX HOpM. KoHIWIMOHWpOBaHHE
BO3JlyXa Clie/lyeT MPUHUMATH:

- U1 0o0ecTieueHNs TTapaMeTPOB MUKPOKIMMATa M Ka4eCTBO BO3MyXa, TPEOyEeMBIX
JUTSI TEXHOJIOTHYECKOTO TMpoIlecca, Mo 3aJJaHUI0 Ha TPOECKTUPOBAHUE; TIPU SIKOHOMUYECKOM
000CHOBaHUY WJIH B COOTBETCTBUHU C TPEOOBAHUSIMH HOPMATUBHBIX IOKYMEHTOB:

- U1l o0ecredeHUsT apaMeTpOB MUKPOKIMMATa M KayecTBa BO3MyXa B Mpeieiax
ONTUMAJIBHBIX HOPM (BCEX WM OTACJIBHBIX TapamMeTpoB) IO 3aJlaHUI0 Ha
MIPOCKTUPOBAHNCE;

- I o0ecredeHUs HeOOXOUMBIX IMapaMeTPOB MUKPOKIMMATa M KauyecTBa BO3IyXa
B TMpelenax JOMYyCTUMBIX HOPM, €CIM OHHM O00€CIEeUMBAIOTCS BEHTHJIAIIMEH B TETLIBIMA
MepuoJ roja 6e3 MPUMEHEHUST UCKYCCTBEHHOTO OXJIXKICHUS BO3TyXa.

BozaymHoe oToruieHne creayeT MPUMEHSATh B: CHOPTUBHBIX 3ajax, MPEANPUITHIX
MATaHus (3a WCKIFOYCHHEM pPECTOPaHOB), B TOPTOBBIX 3ajaX, B 3ajlax a’poIopToOB,
BOK3aJI0B, B IPOU3BOJICTBEHHBIX CKJIaJIaX | T.]I.

BuyTpennue cucreMbl  00mMIEOOMEHHOW  BEHTWIISIIMU, MECTHBIX  OTCOCOB,
BO3JIYIITHOTO OTOIJICHUS W KOHAUITMOHUPOBAHUS (J1ajice — CHCTEMbl BEHTHIISILIUM) CIICTYET
MpeaycMaTpuBaTh, o0ecreuynBass MUHUMAILHO HEOOXOAMMBbIE TpeOOBaHUS OE30MAaCHOCTH
1 SHeprod(h(HEKTUBHOCTH 3/1aHUI ¢ Y4eTOM (QYHKIIMOHATHLHOTO HA3HAYCHUS MOMEIIECHUN 1
T.1.

[Ipy nmpoexkTHpoBaHMM BEHTWISUMOHHBIX cucTeM B cooTBercTBHM ¢ CII 60.13330
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TpeOyeMbIil pacxo]l MPUTOYHOTO BO3/yXa (OTIEIBHO JUIsl TEIJIOTO U XOJIOJHOTO Mepruoa)
OnpeeIsieTCs:

- U3 YCJIOBUH 00ecrieyeHusl CAaHUTaPHO-TUTHEHUYECKUX HOPM;

- ISl yIAJeHUS TETUION30bITKOB;

- 1151 00ecrieyeHrss HOPM B3PBIBOMOKAPHON 0€30MMacHOCTH;

- 110 HOPMHUPYEMOW KPATHOCTH BO3yX000OMEHA;

- 110 YACJIBHOMY PacXoAy MPUTOYHOTO BO3/1yXa;

- YCIIOBUM MCKITIOYAIONTUX 00pa3oBaHuE KOHJEHCATa U T.]1.

Kaxk npaBuiio, noikeH ObITh 00ecriedeH OallaHC MPUTOKA U BBITSKKH.
[Ipumeuanue — B palioHaxX ¢ pacyEeTHOM TEMIIEPATYpPOW HAPYKHOTO BO3AyXa MHUHYC
40°C wm Hwke (mapamerpsl b) B XONOAHBIM TMepuoa ToJa B OOIIECTBEHHBIX,
aIMUHUCTPATUBHO- OBITOBBIX 3JaHUAX (KPOME 3/1aHUI C BIAXKHBIM U MOKPBIM PEKHUMaMU)
ciaeayer oOecneuuBaTh IOJOXKHUTCIBHBIM nucOamaHc B oO0beme He Oonee 0,5
BO3IyX00OMEHa B | 4 B IIOMEIICHISIX BHICOTOH 6 M 1 MeHee 1 He Gonee 3 M>/4 | M° moa B
IMOMEILEHUIX BEICOTOM Oosee 6 M.

Bo3nyx, W3 cHCTEM MECTHBIX OTCOCOB U  OOIICOOMEHHON BECHTHIISAIIUU
MIPOU3BOJICTBEHHBIX MMOMEIICHUH, COJIepKaAUN 3arps3HEHHbIC BpEIHbIE BEIeCTBa (Janee
— TMBUICTA30BO3/YIIHAS CMECh), CJEAyeT OUMINaTh W paccerBaTb B armocdepe.
Heo6xoaumMo OTMETUTBH, YTO BBIOPOC 3arpsi3HEHHOTO BO3AyxXa, Hampumep (axeabHBIH,
SBJISIETCS KpailHE SHEpPro3aTpaTHBIM MEPOINPUITHEM, B PSANE CIy4aeB, COM3MEPUMBIM C
OOBIYHBIMHU TIpolieccaMu 00paboTKK Bo3ayxa (cm. 1. 6.3.4).

[Ipyyem mox moHsATHEM 3HEProd(PPEeKTUBHOCTH MMEETCA B BUAY MOTPeOJIEHUE B
OCHOBHOM  TemJioBOM  »Hepruu. [loBeiieHne  2HEprodpPeKTUBHOCTH  3AaHUUN
XapaKTepU3yeTcsi JTOCTUTHYTHIMU B MPOLIECCE MPOEKTHUPOBAHUS MOKA3aTENSIMU TOJAOBBIX
YACNBHBIX BEJIMYMH PacX0jia YHEPTETUUECKUX PECYPCOB 3[aHUH, B TOM YHUCJIE:

- HOpPMHUPYEMBIX TOKa3aTeIe CyMMapHBIX YACIbHBIX TOJIOBBIX PACX0JI0B TETIOBOM
SHEPrUM Ha OTOIUIEHWE, BEHTWISILUIO W KOHAWIMOHUPOBAHHE BO3/yXa, Tropsuee
BOJIOCHA0XKEHUE U JIp.;

- TOKa3aTelied yAeNbHOTrO TOJOBOTO pacxoja MEPBUYHBIX SHEPreTUYECKHUX
PECYpPCOB B IepecyeTe.

9HCpFOC6CpC)K€HI/I€ CUCTEM OTOIUICHHA, BCHTUIOMHM W KOHIMIMOHHUPOBAHMA
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BO3/lyXa clielyeT oOecrneunBaTh 3a CUET MCIOJIb30BAaHUSI BBICOKOTEXHOJOTUYECKOIO
obopynoBanusi u HHEProdp(HEKTUBHBIX CXEMHBIX PEIICHWH, B TOM YHCIE: HCIOIb3YS
PELUPKYJIALMIO BO3yXa, CHUCTEMBI C TMEPEMEHHBIM paCXOJIOM BO3/yXa, CHIDKCHHE
a’POJIMHAMUYECKOTO COMPOTHUBIICHUS BO3AYXOBOJOB, YTHJIU3ATOPOB TEIUIOTHI U XOJIOJA,
YCTPOMCTB PEryJIupOBaHUS YaCTOThI BPAILICHUS U T.J.

B CII 50.13330 mnpuBOASTCS PEKOMEHIALMM IO ONPEACICHHUI0 TOJ0BOIO
SHEPronoTpPeOICHUs Ha pacxo/] TEeII0OBOI YHEPTUU HA OTOIJICHUE U BEHTWIALIMIO 3JaHUN.
J1J1st 9T0M 1€ BBEICH Pl KPUTEPUEB:

- yIenbHas XapaKTEpPUCTHUKA pacxoja TeIUIOBOW »HHEPruud Ha OTOIUICHUE U

BEHTHILLHIO 3aHWS (UMCICHHO pABHAs PACXOAY TEILUIOBOM »Hepruu Ha 1 M

OTaIIMBaeMOro o0beMa 3/1aHMsl B €IMHUILY BPEMEHH IIPH TIepernajie TeMIepaTyphl B

1 °C, Bt/(m-°C);

- kiaccsl sHeproaddhexTuBHOoCTH 30aHui A, B, C, D u E;

- pacxoJ TemJOBOW DSHEPrud Ha OTOIUICHHME U BEHTWIALMIO 3JaHUS 34

OTOMUTEIBHBIN IEPUO.

K coxanennto, B CII 50.13330 u CII 60.13330 OTCYTCTBYIOT KpPUTEpPUU WIIU
rapaMeTpbl OMUCHIBAIONIME HHEPreTUUYECKUE 3aTpaThl Ha JOCTABKY CBEXKEro BO3ayXa
MOTPEOUTENIO U €ro yJIalieHUe, 3aTpaThl Ha BO3AYIIIHOE OTOIJIEHHE, a TAKXKE OTCYTCTBYIOT
CXEMHBIE pEIICHHS, KOTOpPbIE MOTYT MPHUBECTH K YBEIUYEHUIO a’3pOAUHAMHYECKOMN
AHeprodPGHeKTUBHOCTU BEHTCUCTEM.

Hacrosiass meTtonuka ycTaHaBiIMBaeT NPOLEAYpPY pacdeTa a’dpoJIUHAMHYECKOU
3(OPEKTUBHOCTH  PA3IUYHBIX  BEHTWISIIIMOHHBIX  CHUCTEM:  BKJIIOYasi  OTJICJbHBIC
BCHTHJIATOPHI, IPUTOYHBIC M BBITSDKHBIC BEHTCUCTEMBI, CHCTEMbI BO3YITHOTO OTOILUICHHS
U T.J. 37eCh XK€ MPHUBEACHBI OCOOCHHOCTH pacueTa a’poAuHaMU4ecKoil d(PpPpeKTUBHOCTH
CHCTEM BO3AYIIHOI'O OTOILICHUS. [[J1s MpaKTUUECKUX LEIeH MPEIIIOKEH Psii MEPOIIPUATUI
M0 YBEITUYCHUIO a’pOJUHAMUYECKON I(P(HEKTUBHOCTH BEHTIJISIIIMOHHBIX CHCTEM 3a CYET
YMEHBIIIEHUS 00IIET0 adPOIMHAMUYECKOTO COMTPOTUBIICHUS CaMOW BEHTCHCTEMBI.

Crnenyer uMeTh B BHIY, UYTO YMEHBIICHHE a’pOJAMHAMUYECKUX TIOTEPh B
BEHTCHUCTEME MPUBOJUT K YMEHBIICHUIO HEOOXOJAMMOTO JABJICHUS BEHTUJISTOpA. JTO, B
CBOIO OYEpE/lb, MPUBOJIUT HE TOJIBKO K YMEHBIIECHUIO OTPEOISIEMO MOIIHOCTH, HO U K

YMEHBIIICHUIO IIIyMa, u3Jy4aeMoro BeHTwisiTopoM. Tak, mo CII 271.1325800,
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YMCHBIICHHUEC YPOBHA BBYKOBOfI MOHOIHOCTH OJHOIro H TOI'O XK€ BCHTUIIATOpA IIpU

YMEHBIICHUH JIaBIICHUS MOKHO YCIIOBHO OIEHUTH 10 hopmyiie (4.1):

AL, =200g Pa (4.1)
pv2

e Pvi, Pv2 — DOJIHOC OABJICHUE BCHTUIIATOPA A0 M IIOCJIC ONTUMH3AIMH BCHTHHSIHHOHHOﬁ

cuctemsl, I1a.
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5 OCOGEHHOCTH OIIEHKH YHEPreTHYecKoii YPp(PeKTHBHOCTH CHCTEM BEHTHIISIIIHH

JJISl 5KMJIBIX M 00LIEeCTBEHHBIX 3JaHUIl B PAMKAaX KOMIUIEKCHON OLCHKH
JHEPronoTpedJeHus 31AHUA

B Hacrosimee Bpemsi OoNbpIIOE BHHUMaHuE yheiseTcss 3HEprod’p HeKTUBHOCTH
pa3IMyYHBIX MPOLIECCOB, O0OPYIOBAaHUS U T.J., B TOM YHCJIE€ M BEHTHWIALIMOHHBIX CHUCTEM.
CaMy BEHTUJISIUMOHHBIE CUCTEMBI MOTYT OBITh IpEIHA3HAuYEHbl KaK JUIsl HEepEeMELICHMUS
BO31yXa (ra3oB), Tak M JJIA MIEpeMeIIeHNs 00paboTaHHOTO BO3IyXa (HarpeB, OXJIaKICHUE,
yTUIu3aluus TEIUIOThl U T.1.). B mepBom ciyuae motpebisieTcss snekTpuueckast (Jaubo
WHasl) SHEPTHUs, BO BTOPOM CIIy4ae — AJIEKTPUUECKasl U TEIIOBasi S3HEPTHsl.

[Ipy nmpoekTHpOBaHUM BEHTUISIUMOHHOM cuctemsbl B coorBeTcTBUM ¢ CII 60.13330
[1] TpeOyemblii pacxoj MPUTOYHOTO BO3AyXa (OTAENBHO JUISl TEIUIONO0 M XOJIOAHOIO
Mepuoia) OMNpeneseTcss W3 YCIOBUH O0O€CIeUeHUs CAHUTAPHO-TUTMEHUYECKHX HOPM;
HOPM MPOTUBOMNOXApHON O€30MacHOCTH, YCIOBHUH, MCKIIOYAOIUX 00pa3oBaHue
KOHJeHcaTta M T.J. [l NpOeKTHPYyeMOW BEHTCHCTEMBI pPACXOJ] BO31yXa SBIAETCS
MOCTOSIHHOM BEJIMYMHOW (ecliM He JOIMyCKaeTcs NpUMEHEeHHe peuupkyssuu). [lpu
3aJJaHHOM pacxojie BO3/lyXa 3aTpaThl TEIJIOBOM 3HEPTUU Ha HAarpeB/OXJIaXKACHHUE BO3AyXa
3aBUCUT, B OCHOBHOM, OT BHEWIHUX YyCJIOBHW. J[JI1 MPOEKTHPYyeMOil BEHTCHCTEMBbI MpHU
3aJIaHHOM pacxoJie Bo3/ayXa (€clii HE YUUTHIBATh TEIUIOYTHIIM3ALMIO) 3aTPAThl TEMIOBOU
SHEPTUU MOXKHO CUUTATh YCIOBHO MOCTOSSHHON BETUYHHOM.

BentunauMonHas cucteMa MOXKET ObIThb IOCTPOCHA pa3iIMYHbIM  00pa3oMm:
BO3MOJKHBI Pa3JIM4YHas MPOKJIAJAKa BO3IYyXOBOJOB M KOJHMYECTBO INapajUICIbHBIX BETBEM,
COOTBETCTBEHHO, BCE€ BO3MOXHBIC€ BapHaHThl BEHTCUCTEM OYIyT HUMETh pa3IuyHbIC
a’poAMHAMUYECKUE TMOTEpU U, cieAoBaresbHO, 3¢ dexkTuBHOCTh. Ecin BeHTcUCTEMY
paccMaTpuBaTh TOJIBKO C TOYKH 3PEHUS a3pPOJMHAMHUKH (T. €. HE YUYHUTHIBATH MOABOJ WIIU
OTBOJI TEIUIOThI), TO a’pOAMHAMHUYECKH 3(PQPEKTUBHOM MOXKET Ha3bIBaThCS TOJBKO Ta
CHUCTeMa, KOTopas JUisl MepeMelleHUs HEOOXOAMMOIo pacxoja BO3dyXa HOTpedisier
MUHHAMAJIBHYIO 3JIEKTPUYECKYIO0 MOIIIHOCTb.

B Hacrosmee Bpemst B PO aeiictByer HaumonaneHbid cranaapt [OCT P EH 13779
[4], B KOTOPOM JjIs1 OLIEHKH a’pOANHAMUYECKOH 3P (HEKTHBHOCTH BEHTCUCTEM MPETI0KEHO

MCIIOJb30BaTh pPa3MEpHBIA MapamMeTp — yAelbHyl0 MomHocTh (Specific Fan Power),
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Br-c/m*:
P Ap

PSFP =

= (5.1)
4 Mipm
riae P — MoHoCTh, noTpedisieMast IpUBOAOM BEHTUIIITOPA, BT;
Ov — PACXOX BO3IyXa, M/C;
Ap — nosnHOE AaBIeHUE BEHTWIATOPA, [1a;
Nupus — KIIJ mpuBona BenTrisaTopa (Bimovas KIIJI smexkrpoaBuraresns, peMEHHOTO

MPUBO/Ia, YaCTOTHOTO ITpeoOpa3oBaTes u T.1.).

B crangapte BBeeHBI 5 KJ1acCOB YACIBHON MOIITHOCTH (CM. Tabmuiry 1).

Tabnuna 1 — Knaccudukanus BEeHTUISATOPOB B 3aBUCUMOCTH OT yIE€IbHON
MOITHOCTH

O6o3HavyeHue K1acca BEHTUISATOpA 3HaquHeP};IF[Pe’HBHT{iI;IM1\§OmHOCTH
SFP 1 < 500
SFP 2 500-700
SFP 3 750-1250
SFP 4 1250-2000
SFP 5 > 2000

[Ipumeuanue — B cranmapre 'OCT P EH 13779 sddextuBHOCT, OMIMOOYHO OTHECEHA K
BEHTWISTOPY, Ha CaMOM JIeJieé OHa XapaKTepu3yeT SHeprod(pQeKTUBHOCTh BEHTHJIATOpPAa B JaHHOUN
BEHTUISILIMOHHOM CETH.

Beinepxku uz 'OCT P EH 13779 npumenutenbHo K 3HEProdhPeKTUBHOCTH
4acTUYHO NpuBeeHbI B [Ipunoxenun A.

3necy ke B [4] mpuBeleHbl TpU YPOBHS (HU3KUN, CpPEAHUNA U BBICOKHM)
PEKOMEHAYEMBIX adpPOJIMHAMUYECKUX TMOTEPh JABJICHUS B BEHTHISIMOHHBIX CHCTEMax U
UX DJIEMEHTax: B BO3/yXOBOJIaX, CEKIUAX HArpeBa U OXJIAXKICHUS, peKynepaTopax U T...
HNHTepecHo, 4TO pekoMeHIyeMble a’dpoJAMHAMUYECKUE MOTEPU OUYCHb Mallbl, HalpUMep,
notepu B BozayxoBogax coctaBisitor 100, 200 u 300 Ila (mms HHM3KOTO, CpeaHEro U
BBICOKOT'O YPOBHSI IOTEPH ).

Bo3ayiiHoe oTorieHne ¢ MeXaHMYeCKOM Mmojjaueil Bo3yxa mpeACcTaBiseT coooi He
YTO HHOE, KaK BO3IyXONPUTOYHYK) YCTAHOBKY C BXOJIHBIM BO3AYLIHBIM KJIAITAHOM,

(BOBMOXKHO € CEKIMEH  PEUUPKYJSIMH), BO3AYIIHBIM  TEIUIOOOMEHHUKOM  C
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TETUIOHOCUTEIIEM: TOpSYEed BOJOM, MApoOM, 3JEKTPUYECTBOM WIIM Ta30M U CHCTEMOU
BO3/1yX0B010B. O4YEBU/IHO, YTO JJI OLICHKH SHEPronoTpeOIeHUS K CUCTEMaM BO3yIIIHOTO
OTOIUIEHUS] MOKHO MTPUMEHUTH NTAPaAMETP — YAECIbHYI0 MOIIIHOCTh BEHTUJISATOPA.

Opmnako, Kak W J000M pa3MepHBI MapameTp, yAeidbHas MOIIHOCTh MMEET CBOHU
orpaHuueHus. Jg  oOueHKH — a’dpoauHAMUUYecKor  3(P(EKTUBHOCTH  BEHTCHUCTEMBI
HEO0OXOMMO HCITOJIB30BaTh O€3pa3MEepHBIN MmapaMeTp, ONpeaeasieMblil KaKk MPOU3BEICHUE

IMPOU3BOAUTCIIBHOCTE U HCKOTOPOI'O AABJICHHUS, OTHCCCHHOC K HOTpG6H$I€MOI>i MOIITHOCTH.

5.1 KIIJ snexrpoasurarensi u KIIJI npuBoaa
[IprBOIOM BEHTWIIATOpA SBISAETCS YCTPOMCTBO, UCIIOIB3YEMOE Ul NPUBEACHUS B
JEHUCTBUE BEHTUWISITOPA, BKIIOYAIOLIEE B CEOs JBUTATENb, MEXAaHUYECKYIO TPAHCMUCCHUIO U

YaCTOTHBIN MPeoOpa3oBaTENb.

IIpumeuyanne — IllpumMepoM MEXaHMYECKOW TPAHCMMCCUHM SBJIIFOTCSA: PEMEHHBIA NPHUBOJ,

COEIUHUTENIbHBIE MY(PTHI.

B BeHTuisTOpax  CUCTEM  BEHTWISALMHM,  BO3JYIIHOTO  OTOIUICHUA U
KOHJUIIMOHUPOBAHMS, KaK  TMpaBUJIO, HUCIOJB3YIOTCS  OOBIYHBICE  ACHHXPOHHBIC
anexktpoasurarenu. KIIJ[ Takoro Tuma 3J€KTpOABUraTeNedl 3aBUCUT OT HArpy3Kd Ha
ANEeKTpoABUTaTenb.  Jns  ympaBieHUMss — 4YacTOTOM  BpalleHUsT  ACMHXPOHHBIX
AJIEKTPOABUTATENIEH HCIIOJIB3YIOTCS YaCTOTHBIE MPeoOpa3oBaTesiv, KOTOPhIE UMEIOT CBOU
XapakTepucTUKU. [Ipy M3MEHEHHN 4acTOThI BpalleHUs KoJieca BEHTWIATOPA U3MEHSIETCS
KIT anexrponpurarens u KIIJ[ yacroTHOro nmpeodpazoBares.

KII/JI acMHXpOHHBIX SJEKTPOABUTATEIIEM C HOMUHAIBHOM YacTOTOW NHUTAIOLIEH
cetu 50 I'u mpuBenen B 'OCT P 54413-2011. YacTU4HO BBIIEPAKKH U3 3TOTO CTaHIapTa
nansl B [Ipunoxennn b.

KII/JI acMHXpOHHBIX SJEKTPOABUTATENIE C HOMHUHAIBHOM YacTOTOW NHUTAIOLIEH
cetu 50 I'u mpuBenen B 'OCT P 54413-2011. YacTu4HO BBIIEPAKKH M3 3TOTO CTaHIapTa
nansl B [Ipunoxennu b.

Onpenenenue KIIJ »nexkrponBuraresns, OTIACIbHBIX JJIEMEHTOB IIPUBOAA H
cymmaphHoro KIIJI npuBoaa npuseneno B 'OCT 33660. Yactuuno, matepuansl uz 'OCT
33660, HeoOxoaMMBbIE IJi TMPOBEICHHUS COOTBETCTBYIOIIMX PpPacueToOB, ¢ HEKOTOPHIMU

n3bATHAMH NaHbl B [Ipunoxenuu B.
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[lpumeyanue — B mocrmemgHee BpeMs B BEHTWISITOPaX HUCIOJB3YIOTCS
BbIcOKOd(PdekTrBHBIE EC-311eKTpOMOTOPBI — 0ECKOJIIIEKTOPHbIE CUHXPOHHBIE JBUTATEIH
CO BCTPOCHHBIM DJJICKTPOHHBIM YIIPaBICHUEM, WU, 0OOJiee KpaTKo, IIJIEKTPOHHO-
kommyTtupyeMsbiit (Electronically Commutated) aBurarens. Ero nHorna tak:ke Ha3bIBaroT
BLDC-aBurarenem (Brushless DC motor), 1. e. 6eciieTouHbIM JBUTaTelIeM MOCTOSHHOTO
Toka. OCOOCHHOCTSIMH JTHX SJEKTPOJBHUTATENICH SBISAIOTCS BO3MOXKHOCTH HW3MEHSTH
94acTOTy BpaileHusi 0e3 BHEMNIHEero ycTpoiicTBa, Oosee Boicokuii KIIJl Bo Bcem pabGouem

AWAIla30HC HAI'PY30K U 4aCTOT BpalllCHUS.
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6 MeToauka pacuera HepreTudeckoii 3¢ GpeKTHBHOCTH CHCTEM

BCHTHWJIAIMHA U BO3AYIHIHOI'O OTOILVICHUSA KUJIbIX U OﬁIIIeCTBeHHI)IX 31aHUH

be3pasmepHblii  mapamerp — aspoauHamuueckas — 3(()EKTUBHOCTh  CHCTEMBI
BEHTWISILIMKA (CUCTEMbI BO3AYIIHOIO OTOIUIEHHUS) JOJKEH BKIIOYATh B CE€0S OTHOILECHUE
«MOTPEOHONW MOIIHOCTH» K TMOTPEOSIEMONM BEHTHIIATOPOM U3 SJIEKTPUYECKOH CETH
MOIIIHOCTH — 3aTparam [5]:

_ moTpebHas MOIHOCTh
3aTparsl (6.1)

6.1 IIpuTOouHbIE CHCTEMbI BEHTHJISIIIUM U CHCTEMbI BO3YIIIHOTO OTOILJI€HUSI

K «moTpeOHON MOIIHOCTH» BO3AYXONPUTOYHOW CHCTEMBI OTHECEM MOIIHOCTb,
3aTpPAau€HHYI0 Ha TOATOTOBKY BO3JyXa B TMPUTOYHOM yCTAaHOBKE, HMEIOIEH
«HOPMATHBHBIE» TOTEPU W THAPABIMYECKYIO MOIIHOCTH ITOTOKA, BBIXOJSIIETO M3 BCEX
BO3YXOPACHPEACIUTEIbHBIX YCTPOUCTB.

[Tog «HOPMATHBHBIMHY» a’POJUHAMUYECKUMHU TOTEPSMU B BO3IYXOIPUTOUYHOMN
YCTAaHOBKE TIOHMMAaeM pPEKOMEHJyeMbl€ 3HAUC€HHUS a’dpOJMHAMUYECKHUX TIOTEPh B
AJIEMEHTAX BO3yXOMPUTOYHOM YCTAHOBKH: BXOJHBIX KJIallaHaX Apl .., HA4aJlbHbIE TIOTEPU
GunbTpax Apj, Kanopudepax Ap;, NIYIIUTENAX IIyMa Apy, U T.JI.

Aspoaunamuueckas S(OQPEKTUBHOCTb SIBJISICTCS CE30HHBIM TMOHATHEM, T. K. K
«MOTPEeOHOM MOIIHOCTH» MOTYT OBITh OTHECEHBI TOJIBKO 3aTpaThl MOIIHOCTH Ha
MOATOTOBKY BO3JyXa JUIsl JAHHOTO IEpUOJaa Toja, HampuMep, 3aTpaThl MOIIHOCTU Ha
MPEoI0JICHUE TOTeph B Kajopudepe B JETHUM TEPUOM SBISIOTCA MOTEPSIHHBIMU IS
CHCTEMBI.

CYMMapHBIe «HOpMaTI/IBHBIe» HOTCpI/I JAaBJICHUS B HpHTOqHOﬁ YCTaHOBKe:
k
H _ H H H H
ZApHpmi = APy + APy AP+ AP (6.2)
i=1

rac K — gucio Di1eMeHTOB HpHTO‘-IHOfI YCTaHOBKH.

[TonHbIe AOPOAMHAMHNYCCKHC ITOTCPHU B BCHTCHCTEMC!
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k
pc = ZAp:pmi + Apsom
i=1

k

H
rae leApinm — JICCTBUTEIIbHBIE TOTEPU JABJIEHUS B JJIEMEHTAX BO31YXOIMPUTOYHOU
i=

YCTaHOBKH, [1a;

Ap303zl — HOTCPHU HaBJICHHA B MAruCTpaJbHOM BO3AYXOBOIC, BKJIXOYads IIOJHBIC

MOTEPU B  BO3AYyXOPACHPEAECIUTEIIBHOM YCTPOMCTBE (BHYTPEHHUE MOTEPU ILIIOC
JUHAMUYECKOE JABJICHHE BBIXOAILErO MOTOKa), I1a.

[Ipy cranpoOHapHOM  pPEXHMME  IIOJHOE  JABJICHHE  BEHTWIATOPA  PaBHO
CONPOTUBJIEHUIO CETH MO TOJHBIM Mapamerpam, T.e. Py, = P [loTpedasemas

BCHTHUJIITOPOM MOIIHOCTL:

N =Pl (6.3)

r7ie Py — MOJHOE JaBJIEeHUE BEHTUIIATOpA, [1a;
L — IPOM3BOAMUTEILHOCTD IPHTOYHOI YCTAHOBKH, M°/C;
Nupus — KITJ] IprBOIa BEHTHIIATOPA 110 MIOJHBIM ITapaMeTpaMm.
OkonuatenbHO  A(PPEKTUBHOCTH  BO3AYXOMPUTOYHOM  CHUCTEMBI  (CHUCTEMBI

BO3JIYIITHOTO OTOTJICHUSI) MOKET OBITh 3allCaHa B BUJIC:

QS PV
K m pVZ. 1 (ZlApnpnTi+Zle 5 )T]npm;
o =L P+ L 22 | - (64
= = ! ZApHpMTi + Apsow
i=1

rae M — YKCIIO BO3IYXOBBIMYCKHBIX YCTPOMCTB;

E:LTJ — OTHOCHTCIIbHBIM pacxoJ BO3ayXa dYepe3 |-€ BO3IYyXOBBIMYCKHOEC
YCTPOMCTBO;

V,.xj — CKOPOCTb BBIXO/Ia BO3/TyXa M3 -TO BO3JyXOBBIITYCKHOTO YCTPOKCTBa, M/C.

Wi Mapuer = Konpurr Nipis (6.5)

A€ Xnpum — OTHOIIEHHE «HOPMATHUBHBIX» MOTEPHh B BO3AYXOMPUTOUYHON YCTAHOBKE ILIHOC

AUHAMHUYCCKOC OaBJICHHUC IIOTOKA, HCTCKAIOIICTO M3 BO3AYyXOpa3darolux YCTPOﬁCTB K
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I[GﬁCTBHTGHBHBIM MOTCpsAIM B BCHTHHHHHOHHOﬁ CHUCTCMC, BKJIIOYasd I[CflCTBHTGJILHBIG
IIoTCpnu B BOBI[YXOHpPITO‘IHOﬁ YCTAaHOBKC, B BCHTU/UIHHMOHHBLIX KadHaJIaX IIIIIOC

JAMHAMUYECKOE JIaBJICHUE MIOTOKA, NCTEKAOIIETO U3 BO3yX0Pa3/IaloNiuX YCTPOHCTB:

: me
Z HpI/ITl 2 :

_ =l
anI/IT Tk

S Ap,,. + AP, (6.6)

HpI/ITl BO3](
i=1

Takum  o0pazoM, adpoauHamuueckass 3I(PGEKTUBHOCTh  BO3IYXOINPUTOUYHBIX
YCTAHOBOK (CHCTEM BO3IYIIHOTO OTOIUIeHUs) ompenensiercs BennuuHon KIIJ[ mpuBoaa

BEHTUJIATOPA, YMHOKEHHOTO Ha KOO QUIMEHT o .-

6.2 BpITSI2KHBIE CHCTEMBbI

K «morpe0HOI» MONIHOCTH BBITSDKHOM CHCTEMBI OTHECEM  3aTpaTbl Ha
NEepEeMEILEHNE 3arps3HEHHOr0 BO3/yXa U BBIOpOC B aTMmocepy CO CKOPOCTBIO HE
MPEBBIIAIONICH «HOPMATHMBHYK)» BEIMYHMHY, a Takke Ha oOpabOTKy BO3JyXa IpHU
«HOPMATHBHBIX» a3pPOJIMHAMUYECKUX TMOTEPSAX: OUMUCTKA, OXJaXAeHHe (YyTUIU3alus
TEIOThl) W T.J. lIpeBblllleHHE «HOPMATHUBHBIX» Aa3pOJMHAMUYECKHX IOTEPh U
«HOPMATUBHON» CKOPOCTH MPUBOJUT OE3BO3BPATHBIM MOTEPSIM MOLIHOCTH.

D} hHeKTUBHOCTH BBITAKHON BEHTHJISITAOHHON CUCTEMBI:

k V H 2 k . V H 2
Z BI>IT1 EHX (Z ApBbITi + p - )anI/IB
nBBIT = L = =—= Kk !

NV Z ApBLITi + ApBogﬂ (67)
i=1

H (V)
rac ZAmei — «KHOPpMATHUBHBIC) ITIOTCPU B 3JICMCHTAX BBITAXKHOHW YCTAHOBKH, Ha,

V' — «HOPpMATHBHAas CKOPOCTh BHIXOJa MTOTOKA, M/C;

BbIX

ZAPB,,m — JCHUCTBUTEIIbHBIE TMOTEPH JAABJICHUS B DJIEMEHTaX BBITSHKHOU
i=1

YCTaHOBKH, [la;
Apyos — TIOTEPU JIABJICHUSI B BO3yXOBOAAX BBITSHKHOM CHUCTEMBI, BKJIKOUYAs MOJIHBIC

IIOTEPH BBIXOJ1a ITOTOKA, [1a.

22



I/IHH: nBLIT - XBLITanHB ! (68)
rac .. — OTHOLICHHC «HOPMATHUBHBIX» IIOTCPbL B BOSI[YXO-HpHTOHHOfI YCTAaHOBKC ILIIHOC

AUHAMHWYCCKOC IAaBJICHUC II0TOKA, MCTCKAIOLMICIO M3 BO3AYXOpa3daroliux YCTpOﬁCTB, K
I[GP'ICTBHTCJIBHBIM IIOTCPsAM B BCHTI/IJIHHI/IOHHOﬁ CHUCTCMC, BKIJIIO4Yasda I[GﬁCTBHTCJIBHBIC
ImoTepn B BOBI[YXOHpHTO‘lHOﬁ YCTAHOBKC, B BCHTHU/LINMOHHBLIX KaHaJaX  IIIFKOC
JUHAMHUYCCKOC AaBJICHUC ITIOTOKA, BBIXOAAIICTO N3 CUCTCMBI.

k 2

ZA H + pVBLIX

pBBITi
- 2

Xebzm = [

ZApBMTi + ApBogﬂ (69)
i=1

Takum oOpazom, a’poarHamMuueckass 3(P(PEKTUBHOCTh BBITSKHBIX CHCTEM OIPEACIIAETCS
BennunHOM KII/I nprBoaa BEHTUIATOPA, YMHOKEHHOTO Ha KOOQQUIMEHT X, . .

Ecnu BbITSDKHAs cucTtema JOJKHA OOECIEeUUTh YBOJ[ 3arps3HEHHOTO0 BO3/yXa
(dbakenpHBIN BBIOPOC), TO THAPABIMYECKAS MOIIHOCThH BBIXOASIIETO MOTOKA HE SIBISACTCS
MOTEPSIHHOM M, B 3TOM, CJIy4ya€ BMECTO «HOPMATHBHOI» CKOPOCTH IPUHHMAETCS

JNEUCTBUTENBHASI CKOPOCTh BBIX0/1a OTOKA V

BBIX °

6.3 «<HopmaTuBHBIE» OTEPH

CymiecTByeT OOJBINOE KOJIMYECTBO DJIEMEHTOB BEHTHIJIAIIMOHHBIX YCTaHOBOK:
BO3MIYIIHBIC KJIAMaHbl, (QWIBTPHI PA3JIMYHBIX KIACCOB OYUCTKH, JJICKTPOQPHIBTPHI,
pa3IMYHOTO  TUMA  TEIJIOOOMEHHUKH,  TEIUIOOOMEHHUKM  —  YTHUJIU3ATOPHI,
BO3IYXOOXJIATUTENH, YBIQOKHUTEIH, IIYMOTJIYIIATEIA W T.1. [ yTOYHEHUS TOHSITHS
«(pPeKTUBHOCTh BEHCUCTEM» HEOOXOIMMO ONPENeTUTh W YTBEPAWTh 3HAYCHUS
«HOPMATHBHBIX)» TIOTEPh B DJICMEHTAX BEHTCUCTEM.

6.3.1 «HopMmaTuBHBIE» MOTEPHU B BO3MYIIHBIX KJIallaHaX

B BEHTWISAIIMOHHBIX CUCTEMaX, B KauyeCTBE BXOIHBIX AJIEMEHTOB HCIOJIB3YIOTCS
CETKH, BXOJIHBIC BO3JAYIIHBIC KJIallaHA C HEMOJABHKHBIMH W TIOBOPOTHBIMH JIOTIATKAMH U
T.71. B BO3AyXONPUTOYHBIX CHCTEMaX, KaK MPaBUJIO, UCIIOJIB3YIOTCSI BXOIHBIC BO3AYITHBIC
KJIallaHbl (J1ajiee BXOAHBIC KIIAMaHbl) C TMOBOPOTHBIMHU JIOMATKaMHu, PabOTAIOMMMU B

pPEKNME OTKpBITO/ 3aKpPbITO. Ecnn BXOI[HOﬁ KJ1allaH CTOUT II€PBbBIM HAa BXOJAC B YCTAHOBKY,
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TO €ro a’poJIMHaMHYECKHE IOTEPH B OTKPBITOM cocTosiHuKM He mnpesblmator 20 Ila.
[IpumeM, 4TO HOpMATHUBHBIE MTOTEPU BXOAHOTO Kiiarmana paBubl 20 [1a.

[Ipumeuanue — Jnsa cpaBuenusi: B [OCT P EH 13779 [4] nanbl 06001IeHHbIE
PEKOMEHIyeMbl€ 3HAUC€HMsI MOTEPh BO BXOJHBIX M BBIXOJAHBIX anemeHTax 20, 50 u 70 Ila
(IpU HUBKUX, HOPMAJIBHBIX U BBICOKUX MOTEPH B CUCTEME).

6.3.2 «HopmatuBHbIe» OTEpU B GUIBTPaAX

OnpenenuM «HOPMAaTHBHBIE» TMOTEPU B GUIBTPAX, HCIOIB3YS EBPOIMEHCKUI
HOPMATHUBHBIM  JokymeHT Eurovent 4/11-2015. B HeM TpuUBEACHBI  KJIAcCHI
sHepronotpednenus ¢unbTpoB st 6000 padbounx yacoB B roj; pacxojia uepe3 QuibTp
Q=3400 ™mfu; KII NPUBOJA BEHTHIATOPA Inpws= 0,5. Ha ocHOBe romosoro
AHEPronoTPEOICHUS] MOXKHO ONPEACIUTh OCPeIHEHHbIe TOTEpU B (DUIIbTPaxX B pacueTe Ha
ron. llpennaraemple 3HAa4YeHUST «HOPMATUBHBIX» MOTEph (0€3 MaTreMaTu4ecKoro
OKPYTJICHHMs) IPUBEJICHBI B TabuIe 6.1.

Ta6nuna 6.1 — «HopmaTtuBHBIE)» TOTEPH B BO3AYIITHBIX (PHIBTPax

Krnacc dunprpanumn

Kiace G4 F5(M6) F6(M6) F7 F8 F9

HEprodPhHeKTUBHOCTH
A 55 60 75 110 145 180
B 65 70 90 135 180 230
C 75 80 105 155 210 270
D 80 95 115 180 240 310
E 90 105 130 200 270 360
F 100 120 140 220 300 400
G 110 130 160 240 350 460

[Ipumeuanue — ns cpaBaenusi: B [OCT P EH 13779 [4] nanbl 00001meHHbIe PEKOMEHIYEMbIE
3HAYEHUS MOTEPh Mepell 3aMeHoM B punbTpax rpyooi, cpeaHeit u Toukoi ounctku 100, 150 u 250 Ila

(py HU3KHMX, HOPMAJIBHBIX U BBICOKUX IOTEPH B CUCTEME).

6.3.3 «<HopMatuBHbBIE» MOTEPU B METHO-ATFOMUHUEBBIX BO31YXO0-BOISIHBIX
TEMJI000MEHHUKAX JUIsl HarpeBa BO3IyXa
s onpeneneHusi «KHOPMATUBHBIX» MOTEPb OBLIM pacCUUTaHbI TOTEPH B 2, 3 U 4 —

pPAAHBIX MCIHO-AJIFTOMHUHUCBLIX TEIJI00OMEHHHUKAX CO CTaHAAPTHBIMHA ITapaMCTpaMu:
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IIAXTHOE PACIIONoXKeHHe Tpy6ok 25x21,65 107 m; muamerp MeaHbIX TPy6oK 9,51 107 u;
TOJIIMHA CTEHKH TpyOok 1,5 1073 M; TOJIIHMH allOMHUHUEBBIX Jamenen 0,15 10° m

Pe3ynbrathl pacueToB mpeacTaBieHbl Ha pucyHke 6.1.

250

200 A

150 P o

Ap=[Pa]
|

r
100 ot —e— 1000x1000 3 pad 600 $OTD,
—== p — -27118
. Sl o - —0— 5001500 3 p=R0 8003 9070, -
o e - 2118

— —i— 71000x1000 4 pAde00a TO/S50 -

— *‘ 2718

— —»—— 500x500 4 pR0 0327050, -
2718

0 #— 1000X1000 7 pAO €003 11070
-2mne

= e = 500X 500 2 pAd 11070, -27/18

X
\
\

30

A

-

Velkois]

—~a— 1000x1000 ¥ pAd eoda
T0/50.-27T18

Pucynox 6.1 — «HopmaTuBHBIE» OTEPH B METHO-ATIOMUHUEBBIX BO3yXO0-BOISTHBIX

TEMJI000MEHHUKAX JJI HarpeBa BO3yXa

s MeIHO-aTFOMUHHUEBBIX TETIOOOMEHHUKOB MOXKHO MPHUHSTH «HOPMATHUBHBICH
MOTEPU, COOTBETCTBYIOIIME CPEIHEH MAacCOBOM CKOPOCTH BO3JlyXa Ha BXOlEe S5 KI/C:
neyxpsansie 70 Ila; tpexpsaansie 100 I1a; yeteipexpsanusie 130 Ila.

[Ipumeuanue — Jlnsg cBenenust B eBpomeiickom  crangapre EH 13779 pexomenmoBanbl
a’poauHaMudeckue norepu B Teriooomennukax 100 ITa, 140 ITa u 200 Ila (ans HM3KHX, CpeHUX H
BbICOKUX NOoTepb B BeHTcucTemax), a B [OCT P EH 13779 40, 80 u 120 I1a, cooTBeTCTBEHHO.

6.3.4 «<HopMaTtuBHas» CKOpOCTh BbIXO/a MOTOKA

[Torepu sHEPrUH, CBA3aHHBIE C BBIXOAHOW CKOPOCTBIO, SIBJISIFOTCA OYEHDb BAXKHBIMU U
MOTYT COCTaBJIATh 00Jiee TOJIOBUHBI OT MOTpeOIsieMoil SHeprun. B kauecTBe mpumepa Ha
puUCyHKe 6.2 MpUBEIEHBI TOJOBBIC YHEPro3aTpaThl MPH BBIMTYCKE B aTMocdepy BO3ayxa
npu: pabore 6000 u; pacxomze 3400 Mg m 100 000 m*/a; KIIJI mpuBoma BeHTHISTOPA
Nnpus = 0,5.
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Pucynox 6.2 — DHepreTuueckue 3aTpaThl IPH BBIXOJI€ BO3/lyXa B aTMocdepy

[Ipu ckopocTu BeIxoAa motoka 1,5 m/c TOAOBOM pacxo dIEKTPOIHEPTUU COCTABUT

15,3 kBr-u mpu 3400 Mm%/ u 450 xBr-u mpu 100 000 M4, a mpu ckopoctr 30 Mm/c

6 117 xBt'uu 180 014 kBT 4, COOTBETCTBEHHO.
Ecnu npuHATH, 4TO MOTEPU C BBIXOAHON CKOPOCTHIO HE JOJKHBI MPEBbIIATh 60 —

70 Ila, TO «<HOpMaTHUBHAs» CKOPOCTH I0KHA ObITH 10 M/C.

IIpumeuanus:
1 Ecnu BBITSDKHAs cucTeMa JOJDKHA OOECHEeYHTh YBOJ 3arpsi3HEHHOro Bo3ayXxa ((hakenbHbIH

BI)I6pOC), TO TUAPABINYCCKAA MOIIHOCTD BBIXOAAMICTO ITOTOKA HE ABJIACTCSA HOTepﬂHHOI\/’I, " B 3TOM CJIy4ac

BMECTO «HOpMaTI/IBHOI\/'I» CKOpPOCTH NPUHUMACTCH I[CI\/'ICTBI/ITCJH)Haﬂ CKOpPOCTH BbBIXOAa IOTOKA.

2B JanbHEHIIeM HeO6XO,Z[I/IMO MMPpEAJIOKKUTL PA3JIMYHBIC 3HAUYCHHU A ((HOpMaTHBHOﬁ)) CKOpPOCTH IJIA

Pa3HbIX TUIIOB BEHTUJIIAINOHHBIX CUCTCM.

6.4 CyMMapHaﬂ CBOAKaA «HOPMATHBHBIX» MOTEPb B BECHTUWIAINHOHHBIX

CucremMax
HpI/ITO‘lHO/ BBITSKHBIX

B DJJIEMCHTAax

OcranbHbIe «HOPMATUBHLIC» IoTCpHn

BEHTYCTAaHOBOK OBLIIM OTPEACIICHbI SMIUPUYECKUM (ONBITHBIM) myTeM. CBo/iHasi Tabnuia

«HOPMATUBHBIX» a3POJUHAMUYECKUX TIOTEPh MIpUBEcHa B Tabuiie 6.2.
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Ta6bnuna 6.2 — CBoanas Ta0nMla «HOPMATUBHBIX» MOTEPh U «HOPMATUBHOW

CKOpPOCTH BbIXOJa IIOTOKA

«HopmartuBHBIE» TOTEPH,
DneMeHT ITa
1 | BxoaHoii BO3AyIIHBINA KIIanaH 20
2 Ceknust peuupKyJIsiiiuu 50
3 | Bo3gymnbiii puiibTp cM. Tab. 3
Cexkuus HarpeBa, YMCIIO PSAIOB 2 3 4
o] [ ooty | 70 | w0 | 1o
5 Bo3yx0-BojsiHOM (OMMeTaTHYECKUI) 60 90 120
6 g [TapoBoii (MeTHO- aTIOMUHHUEBBIN ) 70 100 130
7 & | ITapoBoii (OMMeTaTYECKUii) 60 90 120
& | Cekuus OXJIAXKIECHUS, YUCIIO PSJIOB 3 4 5
8 °§( Bo3ayxo-BoasiHoM (MeTHO-aTFOMIUHUEBBIN) 90 120 140
9 c% Bo3ayxo-BoasHol (OMMeTaInIecKuii) 80 110 130
10 E DpeoHOBBII 50 60 70
11 | YenaxuuTens Bo3ayxa (hopCyHOUHBIN) 50
12 | YBnaxuuTenb Bo3ayxa (IOBEpXHOCTHBIN) 150
13 | IlapoBoii yBIa)KHUTENb BO3TyXa 20
14 | Pexkyneparop nepekpecTHbIil™** 140
15 | Bpamaromuiica pekynepatop™* 200
1o | P cpamemon
17 | CxopocTh BBIXOJa IOTOKA, M/C 10
18 [IIymornymurenb 50

* Koneunslii iepenas 1aBJIeHUs Mepes] 3aMeHON hubTpa.
** Tlo 1r000¥ CTOpPOHE TEMII000OMEHHUKA.
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Tabnuna 6.3 — «HopmaTtuBHbBIE» TOTEPU B BO3AYUIHBIX (PHIBTPaxX

Knacc dunprpanum G4 F5(M6) | F6(M6) | F7 F8 F9

Knacc

sHEProdhHEKTUBHOCTH
A 55 60 75 110 145 180
B 65 70 90 135 180 230
C 75 80 105 155 210 270
D 80 95 115 180 240 310
E 90 105 130 200 270 360
F 100 120 140 220 300 400
G 110 130 160 240 350 460

6.6 IIpumepsbl a3poanHaMu4ecKOi 3(PPEeKTUBHOCTH BEHTCHUCTEM

PaccMoTpum Ha pse IpUMEPOB a3pOAUHAMUYECKYIO 3((PEKTUBHOCTH HEKOTOPBIX
BEHTWSILMOHHBIX CUCTEM: CTPYMHOIO OCEBOTO BEHTWIATOPA, BBITSKHOTO PagualbHOIO
BEHTWIAITOPA C BEEPHBIM M (DAaKEIbHBIM BBIOPOCOM, a TaKXKe BO3IYXOINPUTOUYHBIX
YCTAaHOBOK C «HOPMAaTHMBHBIMU» IIOTEPSIMHU B 3JIEMEHTAX YCTAHOBKH, CO CKOPOCTBIO
BbIXOJ1a ToTOKa 1,5 1 10 M/c, a Tak)Ke ¢ yBEIMUYCHHBIMU MTOTEPSIMH B cUCTEME. Pe3yrbTaThl
pacyeToB NMPUBEJICHBI B IPUIIOKEHUH [

W3 mnpuBeAEHHBIX pacyeToB BUIHO, YTO MPEIJIOKEHHBIH CHOCOO OIpeneIeHUs
a’poAMHaMUYecKol  3(P(EKTUBHOCTH  OTPAKaeT  OCHOBHBIE  a3POJMHAMUYECKUE
0COOEHHOCTH BEHTUJISILUOHHBIX cUCcTeM. Mcronb30BaHrue KpUTEpHs TO3BOJISIET HA YPOBHE
pa3pabOTKU TMPOEKTOB, WM K€ MPHU SKCIEPTHOM OLEHKE BBINOJIHEHHBIX, MPUHUMATh

peleHue O 1eIeco00pa3sHOCTH UX UCTIOIB30BaHUSI.
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7 OCcoO0eHHOCTH OLIEHKH JHepreTn4eckoi 3¢ PeKTUBHOCTH CUCTEM
BHYTPEHHEI0 TENJI0CHAOKEeHUS IS HYK/I CUCTeM BEeHTHISIIIUU 1JIS

KIJIBIX U 001leCTBEHHBIX 31aHUM
B obmem cinydae ompenencHuEe pe3yabTUPYIOMIMX TEIUIOBBIX 3aTPAaT Ha CUCTEMBI

oTomienus ¥ BeHTunauuu Q,,» BT, mpy 5TOM 0CYIIECTBISETCS ¢ OMOILBIO (POPMYJIBL

Q. = Q™ + Q" =B(QW™ + Q") =B.Q" +B,Q, (7.2)

HOTp

rae Q)Y — cyMMapHBIe TEIUIOBBIE NOTPEOHOCTH 3[aHUS Ha OTOIUICHHUE M BEHTUILALUIO,
BrT;
Q/¥"— cymMmMapHbI€ TOIOIHUTENBHBIE TEIIOBBIE IOTEPU MHKEHEPHBIX CUCTEM, BT.

Q. — TenoBbIe IOTPEOHOCTH 3/1aHKA Ha OTOILICHUE, BT;

Q""" — TeryoBbIe MOTPEOHOCTH 3aHUS Ha BEHTUWIALUIO, BT;

B

TeruoBble 3aTpaThl CUCTEM OTOIUICHUS M BEHTHJIAIIMHA — 3TO TEIJIOBbIE TOTPEOHOCTH
MOMENICHU 3/1aHusd Ha OTOIUJIEHHE W BEHTWISIUIO, JIOMOJIHEHHBIE BEIWYUHOU
COOCTBEHHBIX TETUIOBBIX IMOTEPh YKa3aHHBIX HHKEHEPHBIX CUCTEM.

Omnpenenenre TEIJIOBBIX MOTPEOHOCTEM 3AaHUS HA OTOIUICHHWE M BEHTHJISIUIO
MIPEACTABISIET COO0N CaMOCTOSTENBHBIA PAaCUET W SIBJSETCS MEPBBIM 3TAIlOM MPOCSKTHBIX
paboT, Ha OCHOBAaHUM KOTOPOTO OMPEAENACTCS HEOOXOIUMOCTh COOOIIEHHUS TEIIOBOM
OSHEPTUM K TOMEIIEHUSM JJisi OCYIIECTBJICHHUS WX OTOIUICHUS U, TaKUM 00pa3om,
MOTPEOHOCTH TIOMEIIECHUS B COOTBETCTBYIOIIEM WHKECHEPHOM OCHAIIICHHH.

JloToTHUTENBHBIC TOTEPH TETUIOTHI CUCTEM OTOIUJICHHUS B OOIIEM ciiydae o0pa3yroTcs
M3-32 HECOBEPIICHCTBA COOOIICHUS TEIMJIOHOCUTENS K TOMEIIEHUIO: W3-3a TEIJIOBBIX
MOTEPh MPH MEPEHOCE TEIJIOBOW SHEPTHH B TpyOax W BO3AYyXOBOAAX M HM3-32 TEILJIOBBIX
MOTEPh MPU TIepeiaue TETUIOTHI OT OTOMUTENBHBIX TPUOOPOB K MOMEIIIECHUIO;

B — mompaBouyHbI KOY(PGUIMEHT, OTPAKAIOIIUNA CyMMapHbIC JIOMOTHUTEILHbIC
TEIJIOBBIC IOTEPH HHXKCHEPHBIX CHCTEM;

B, — mompaBouYHBI KOXDDUIIMEHT, OTPAKAIOIMIUN JOTOJHUTEIHHBIC TEIJIOBBIC
MOTEPH MHKEHEPHBIX CUCTEM BOJITHOTO OTOIUJIEHUS, onpeaesiemMble o ¢popmyre (7.2):

Bo = BO,A + BO,B ) (72)

BB — JOIOJHHUTCIIBHBIC TCILIOBBIC IIOTCPU HHIKXCHCPHBLIX CHUCTCM BCHTHIIALUKU H
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BO3/IYIITHOTO OTOIJICHHS, OIpeesieMble 0 (opMyIie:
BB = BB,A+ BB,B . (7-3)

TeruoBble MOTEPH, CBSI3aHHBIE C HECOBEPILIEHCTBOM IN€pelayd TEIIOThl OT
OTONUTENBHBIX NPUOOPOB K MOMEMICHUSAM, OOYCIIOBJIEHBI AONOIHUTEIbHBIMU MOTEPSIMU
TEIUIOTBl ~ OTONMTENBHBIMU  NPUOOpaMH, PACIONOKEHHBIMU  BOJM3UM  HapYKHBIX
orpakaeHuil (B pe3ylbTaTe H30BITOUHOTO TMeperpeBa JSTHX YYaCTKOB HapPYKHBIX
OTPAXKICHUI), U JONOJHUTENBHBIMU IMOTEPSMU TEIUIOTHI, CBA3AHHBIMU C YBEJIMYEHHEM
IUIOIIAIM TIOBEPXHOCTH OTOIMUTEIBHBIX TMPUOOPOB BhIIMIE TpeOyeMbIX 3HauYeHHH (B
pe3ynbTaTe Moa00pa OTONMUTEIBHBIX TPUOOPOB, a TAKXKE U3-32 00ECIIEUEHHSI BO3SMOKHOCTH
pPEryJIMpOBaHMsI  TEIUIOOTIAYM  OTONMUTENbHbIX npubopoB). Hx  pesynpTupyrouee
BO3/JEICTBHE BBIPAKAETCS TIONPABOUYHBIM KOA(PHULIUEHTOM [3, 4.

B cucremax BOASHOrO OTOIUIEHMS, @ TAKXKE B CUCTEMax BOJSHOTO TEIJIOCHA0KEHUS
BO3JlyXOHarpeBaTee BEHTWIALIMOHHBIX YCTAHOBOK TEIUIOBBIE IMOTEPU NPU IEPEHOCE
TEIJIOBOM 3HEPruM OOYCIIOBJIEHBI OCTHIBAHMEM TEIJIOHOCUTENSI B TpyOax yKa3aHHBIX
CUCTEM U YYUTBIBAIOTCS C IOMOIIBIO ONPABOYHOT0 KO3 dunueHTa 3, s.

TeroBble MOTEpPH, CBA3AHHBIE C HECOBEPLIEHCTBOM BO3AYXOPACIPEACICHUS B
MIOMEILEHUAX, YUUTBIBAIOTCS C IOMOIBIO ONPABOYHOTO KO3PPuLrieHTa B a.

B cucremax BEHTHWISLMHU, a TAKXKE B CUCTEMAX BO3AYLIHOTO OTOIUICHHS TEILIOBBIE
MOTEpU TMpPU TNEPEHOCE TEIIOBOM SHEPruM OOYCIOBJIEHBl OCThIBAHUEM BO3yXa B

BO3yXOBOJIaX U YYUTHIBAIOTCS C MOMOIIBIO TOMPABOYHOTO KO3 puIinenTa B, s .

I[Ipumeuanue — Ilpu obocHoBaHMU B BeMMUUHBI 3, B, U P MOXKHO BBOJUTH JONOIHHUTEIbHBIN
MOMPAaBOYHBI KOA(PPHUIMEHT B KavyecTBe ciaraeMoro fip, Iie | — HMHACKC, YKa3bIBAIOIIMNA HAa THI

XapakTepU3yeMOr NHKEHEPHON CUCTEMBI, TTPU HAJTUYUH.

JlocTOBEpHOE ONpENEICHUE TEIUIOBBIX 3aTpaT CHUCTEM OTOIUICHHS M BEHTWISLUU
HEBO3MOXKHO  0€3  KOHCTPYHUPOBAHHMSI ¥  BBIIOJHCHHS  THUAPABIMYECKUX U
a’POJIMHAMUYECKHUX PACUETOB 3TUX MHXEHEPHBIX CUCTEM, a TakKe 0€3 TeIJIOBOro pacuera
OTOIUTEIBHBIX TPUOOPOB U pacyeTa BO3AyXOopaclpeaeuTene.

IIpu stom B coorBerctBuU ¢ nyHKToM 6.2.8 CII 60.13330 nonosHUTENBHBIC
TEIUIOBBbIE TMOTEPU CHUCTEM OTOIUICHUS] HE JOJOKHBI TpeBbIaTh 7% OT BEJIMYUHBI
TEIUIOBBIX 3aTPaT HAa CUCTEMbI OTOIICHUS.

Kpome Ttoro, cimemyer yduThIBaTh B pacueTax TaKOW Ciy4ail, Koraa TpeOyemblii
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BO3yX0O0OMEH B TEIUIbI WJIM TMEPEXOAHbI NEpUOa Troja MPEBBIIACT TpeOyeMblil
BO3JyXOOOMEH B XOJOJHBIM NEpUOA TI0Ja, a CUCTEMAa BEHTWIALMM IpU padoTe B
XOJIOJHBIA TIEpUOA rojia oOecreurnBaeT TpeOyeMblil BO3TYyXOOOMEH C MPEBBIIICHHEM.
Torma pasHocTs TpeOyeMBbIX BO3yXOOOMEHOB B TEILIbIA WM MEPEXOAHBIN U XOJIOIHBIH
IEPUO/IBI TO]a HE OTHOCAT K BEHTHWJIALIMOHHBIM TEIUIOBBIM NOTPEOHOCTSIM, a YUUTHIBAIOT B
Ka4eCTBE JIONOJIHUTENBHBIX TEIUIOBBIX IIOTEPh CHUCTEM BEHTWISLMHA C TOMOIIBIO

KodpdurireHTa B p.

o oTp
OTHOIIEHHE  ONpEEeNeHHBIX  dHepreTMdeckmx  moTpeOHocTedt  Quy K

SHEpreTHYecKuM 3aTpataM Q,, onpeleNeHHON WHKEHEPHOH CHCTEMBI XapaKTepH3yeT
HHEPreTUYECKYI0 3(P(HEKTUBHOCTh ITOM WHKEHEPHOW CHCTEMbl B PACUETHOM PEKUME:
OTOILJICHUS W/WJIH TEIUTOCHAOKCHUSI PUTOYHBIX BEHTUIISIITUOHHBIX YCTAHOBOK.

[Ipy »>TOM W3-32 HEBO3MOXHOCTU OJHO3HAYHO YYUTHIBATh KOA(DOUIIMEHT
TpaHchOpMaIK JIEKTPUUECKON SHEPTUU B TETIOBYIO, TOTIOJHUTEIHHBIC SHEPTETUUECKHE
3aTpaThl CHCTEM BOJSHOTO OTOIUICHUS W TEIJIOCHAOKEHUSI MPUTOYHBIX BEHTUIISIITUOHHBIX
YCTaHOBOK, CBSI3aHHBIEC C TPAHCIIOPTUPOBKOMN TEIIJIOHOCUTEJS IO DJIEMEHTAM CUCTEMBI, T.€.
AIIEKTPUYECKast YHEPTHS, 3aTpadyuBaeMasi HaCOCOM YUUTBHIBAETCS OTICTBHO.

[Ipy  oTmenbHOM  PacCMOTPEHMHM CHUCTEM  BHYTPEHHETO  TEIUIOCHAOKCHMUSI
BO3JIyXOHArpeBaTesie MPUTOYHBIX BEHTUJISIIMOHHBIX YCTAHOBOK HA0OP JTOMOJIHUTEIBHBIX
TEIUIOBBIX TOTEPh JOTUX HHXKEHEPHBIX CHUCTEM TMOA0OCH TI0 COCTaBy Halopy
JIOTIOJTHUTENIBHBIX TEIUJIOBBIX TMOTEPb, XAPAKTEPHBIX MJII CUCTEM BOASHOTO OTOILJICHUS
(mpekae Bcero, 3TO — TEIJIOBBIC MOTEPH IMPH Iepeaade TEIUIOTHl OT TEIJI000MEHHUKA K
o0orpeBacMOMY BO3AyXy M TEIUIOBBIE TMOTEpU TPU TIEPEHOCE TEIUIOHOCUTENSI K
TETJI000MEHHUKY).

[TonpaBouHbI! KOA(DPHUITUEHT, YIUTHIBAIOMIUN JTOMOJHUTEIBHBIC TEIUIOBBIC MOTEPH
CHUCTEM BHYTPEHHETO TEIJIOCHAOKEHUs BO3IyXOHArpeBaTesiel MPUTOYHBIX YCTAaHOBOK,

ompenensieTcss aHanoruado popmyne (7.2).
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8 Metoabl H cnoco0bl MNOBbIMEHUsT 3IPPEeKTUBHOCTH CHCTEM

BCHTUJISAIIMHA

[Ipu craHmapTHOM MPAKTUKE MPOECKTUPOBAHUS, MPOEKTUPOBIIUK OMPEACISIET BETBh
C MaKCUMAaJbHBIMU TOTEPSMHU U €€ CUMTAeT MarucTpaibHOW. B Hacrtosimel MeTonuke He
paccMaTpUBAIOTCSl TAKWE M3BECTHBIE CIOCOOBI  YBEIWYEHHUS]  a’3pOJMHAMUYECKOU
3(PEKTUBHOCTH BEHTCUCTEM KaK YMEHBIICHHE IIOTEPh B MAarucTpajbHONW BETBHU:
YMEHBIIICHHE CKOPOCTH B BO3yXOBOJaX, MOTEph B (DACOHHBIX YaCTAX W DJEMEHTax
MIPUTOYHBIX/BBITSDKHBIX  YCTAHOBOK, HCTOJB30BaHUE PEHUPKYISIAN W PEKyleparuu
Teriotel U T.0. cornacHo CII1.60.13330. D10 Tak Ha3bIBaEMble HMACCHBHBIE CIIOCOOBI
BO3/ICHCTBUS Ha a3POJIMHAMUYECKUE MIOTEPU B CUCTEME.

Cnengyer mnoHMMaTh, 4YTO »Hepreruyeckas H(P(PEKTUBHOCTh C TOUKU 3PECHHS
MOTPEOJICHUST  DJIGKTPUUECKOM  SHEPrud  IPU  «IMACCUBHOM»  BO3JCHCTBHHM  Ha
BEHTUWISIIUOHHYIO CUCTEMY ILICJIMKOM OMPEACISIETCS MOTEPSIMA B MAaruCTPaJIbHOW BETBHU.
Ecnu »xe morepu B MarucTpajibHOM BETBM MHUHHMMHU3UPOBAHBI, TO a’pOJAMHAMHYECKas
() PEKTUBHOCTh BEHTHJIAIIMOHHON CHCTEMBI OyJeT aOCOIMIOTHO OJMHAKOBOM, KAKUMHU OBl
MyTSMH U C KaKUMH MOTEPSIMHU MbI HE JOCTABJISUIM BO3YyX B TOUYKY pabouyro 30HY (eciu
MIpY TOM MOTEPHU BTOPOM BETBU HE MPEBBIIIAIOT MOTEPH B MAruCTPaJbHOU BETBH).

OpHako CyIIECTBYIOT HMHbIE CIOCOOBI yBeIWYEHUA 3(PPEKTUBHOCTU BEHTCHUCTEM,
KOTOPBIC HA3bIBAIOTCS AKTHBHBIMH CTIIOCOOAMH BO3ICHCTBHUS Ha BEHTCHUCTEMY [6].

[Tox akTMBHBIMH CITOCOOAMHU TTOHUMAEM:

- pa30ueHre BEHTCUCTEMbI Ha HECKOJIbKO HE3aBUCUMBIX CUCTEM;

- UCIIOJIb30BAHUE «BEHTUJITOPOB — JJOBOJYHUKOBY;

- UCIIOJIb30BaHUE «KaMep HYJIEBOTO CTAaTHUYECKOTO [IaBJICHUS» COBMECTHO C
«BEHTWJIATOPAMHU — JOBOTUUKAMU.

PaccmMoTpuM  BO3yXONPUTOUYHYIO CHCTEMY, COCTOSIIIYIO U3 TpPEX BETBEW,
HETOCPEJCTBEHHO MCXOJAIIUX W3 BO3AYXONMPUTOYHOM ycTaHoBKkM (puc. 8.1), ¢

paccpeOTOUCHHON € pacCpeOTOUECHHOM 0 JUTMHE BO3/1yXOBOJIOB pa3aadeil Bo3ayxa.
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Pucynok 8.1 — Cxema BEHTCUCTEMBI:

1 — BO3AyXOMpPUTOYHAS YCTAaHOBKA; 2 — KaMepa pa3dopa; 3 — Apoccenn

Jnsa  yaoOcTBa BOCHpUATUS Ha pPHUCYHKE JJIMHA BO3AYyXOBOAa M300pakeHa
MIPONOPLMOHAIBHO MOTEPSIM JABJIEHUS, & €r0 TOJIIMHA — IPOU3BOUTEIBHOCTH. [Ipumem,
YTO CTAaTHUYECKOE NABJIICHUE HA BBIXOAEC U3 BO3AYyXOIPUTOYHON YCTAHOBKH CYILIECTBEHHO
0oJIbIIIE TMHAMUYECKOTO JIaBJICHUS MMOTOKA BO3lyXa B BO3AYXOBOIaX.

[Ipu pacuere TpeOyemoro AaBJIECHHS BEHTWUJISTOPA BBIAEISETCS MarucTpalibHas
BETBb, B HAIIIEM CJIy4ae 3TO 3-s1 BETBb. BEHTWIIATOP BO3AyXONPUTOYHON YCTAHOBKH (Jayee
— OCHOBHOHM BEHTWJIATOP) NOJAOMpaeTcss Ha 3aJaHHBId pacxXoj M TOJIHOE JIaBJIEHUE Pyo,

PaBHOE MOTEPSAM B BO3AYXONPUTOYHON YCTAHOBKE, ILUTFOC IOTEPU B MATUCTPATIbHOM BETBH:

K
pv = Apc = ZApnpm'i + Ap30311’ (81)
i=1
Kk
rac zApnpmi — JACUCTBHUTCIILHBIC ITOTCPU OAABJIICHHUA B JJICMCHTAX BO3AYXOIIPUTOYHOHU
i=1
YCTaHOBKH;
ApBom — INOTEPHU OABJICHUA B MaruCTpajbHOM BO3AYXOBOAC, BKJIIOYasd IIOJIHBIC
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MOTEPU B  BO3AYyXOPACHPEAECIUTEIIBHOM YCTPOMCTBE (BHYTPEHHUE MOTEPU ILIIOC
JAMHAMHYECKOE JIABICHHE BBIXOISIIETO MOTOKA).

[Ipy cTaHIapTHOM NMPAKTHUKE MPOECKTUPOBAHUS a’pOAMHAMHUYECKHE MOTEPU B -1 1
2-11 BETBSAX JIOJKHBI OBITh paBHBI NMOTEPSM B MAarucTpajiu, T.e. UX MOTEPU JOJKHBI ObITh
HCKYCCTBEHHO YBEJIMYEHbI, COOTBETCTBEHHO, YBEJIMYMBAIOTCS U OOIMIME NOTEPH
BeHTCUCTEMBl. OOBIYHO O5TO JENaeTCs Pa3IUYHBIMU CIIOCOOaMH, HApuUMeEp, 3a CUeT
YBEJIIMYEHUS] CKOPOCTH B BO3IyXOBOJAX, YCTAaHOBKHM JpPOCCEJBHBIX a0 u T.n.
HenocpencTBeHHO k€ B KaXIOM W3 BETBEM 3aJaHHBIA PACXOJl 4YEpPE3 pa3garolue
YCTPOMCTBA MOXKET OBbITh MOJYyYEH 3a CYET YBEJIWYEHUS COMNPOTUBIIEHUS CaMUX
pa3faronMX YCTPOWCTB: YCTaHOBKOM auadparMm, MHOPUKPBHITUEM peEHIeTOK U T.0. B
NAJbHEWIIEM W TO, W JPYyroe HMMEHYEM TEPMHUHOM <(JIPOCCEIMPOBAHUE» H HA30BEM
[IACCUBHBIM BO3JCHCTBUEM Ha ceTh. [loTepu MOIIHOCTH TIpU APOCCEIMPOBAHUU

oTIpeeNstoTes 1Mo Gopmyre:

N _ L/:Lpoc ) Apzlpoc

apoc '
anI/IB (8.2)
rae Ap,,,.— Heperaj naBjieHus Ha apoccere, 1a;
L.~ Pacxox gepes apocceis, M/C;

Zpoc
Nupus — K111 mpuBOa BEHTHIATODA.

[ToTpebisiemast BEHTUIISITOPOM MOIIHOCTH paBHa:

N, =L

\"
T]nplle
OP(DEKTUBHOCTh MPUTOYHON CHUCTEMBI BEHTWIALMH (CUCTEMBbI BO3AYIIHOIO

OTOILICHMS) MOXKET OBITh 3allMCaHa B BUJIE:
m 2

[ _ pV .
H 6bIX]
(: ,Apnpyrri + Z LJ 2 )nHP“B
i=1 J=1

Kk
Z Apnpmi + Apsow
i=1

k m 2
H 1 pV@blx' 1
TIHPHT =L ;Apnpmi + Z LJ ” (83)

~TiT N

Ecnu npuHSTH, YTO CKOpPOCTh BBIXOJA MOTOKAa Vg, Majla, a TIOTepu B

BOS,Z[YXOHpHTO‘IHOﬁ YCTAaHOBKC paBHbI HOPMAaTHBHBIM, TOI'1a:
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i n npuB
n npur )

1o AP (8.4)
Z A pll:pmi
i=1

T. C. 3(1)(1)CKTI/IBHOCTI) BCHTCUCTCMBI 3aBUCHUT OT KHI[ IMpUuBOAa BCHTUIIATOPA U OTHOIICHUA

a’pPOJIMHAMUYECKHUX MOTEPh B CETH BO3/1yXOBOJOB K HOPMATUBHBIM MOTEPSIM B IPUTOUYHOU
yctaHoBke. [Ipu paBeHCTBE MOTEPH B BO31yXOBOJAaX HOPMATHUBHBIM IOTEPSIM B PUTOYHON
YCTAaHOBKE a’poauHaMuueckas 3(PQPeKTUBHOCTh BeHTCUCTEMbl paBHa mnojoBuHe KIIJ]

IMpUBOJAa BCHTUJISATOPA.

8.1 Pa30Ouenme cucreMbl HA HECKOJbKO NPUTOYHBIX YCTAHOBOK (AKTHBHOE
BO3/IeiiCTBHE)

B psne ciiyyaeB, HanpuMep, €Clii BEHTCUCTEMA COCTOUT U3 HECKOJIbKUX BETBEU C
CUJIBHO OTJIMYAIOIIUMCS a3pOANHAMUYECKUMH NOTEPSIMU WIIH PACXOJIOM, JJISl YBEIIMUCHHS
3(PEKTUBHOCTH BEHTCUCTEMBI OYJIET ONTUMAIBHO Pa30UTh €€ Ha HECKOJIbKO OTACIIbHBIX

(HE3aBHCHUMBIX ) CUCTEM.

8.2 UcnoJsib30BaHMe BEHTUJISITOPOB-10BOIYHUKOB (AKTUBHOE BO3/1eHCTBHE)

Bribepem B kadyecTBE MarucTpajlbHONW BETBh C MHUHHUMAJIBHBIMU TOTEPSIMU, a B
OCTaJIbHBIX  BETBAX  YCTAHOBUM  BEHTUJIATOPBI-IOBOJYUKH,  KOMIIEHCHUPYIOIIWE
COOTBETCTBYIOIIIEE TpEBbIlIcHHE MOTeph (pucyHok 8.2). T. k. Takoe BO3ICHCTBHE Ha
BEHTCUCTEMY MPUBOJUT K YMEHBIIIECHUIO O0IIIETO a3pOIMHAMUYECKOTO COMTPOTURIICHUS, TO
B OTJIMYHME OT MACCUBHOTO JAPOCCETUPOBAHNS, HA30BEM €TI0 aKTHUBHBIM.

YcranoBuwm:

- B Kamepe pa30opa JaBjIeHHEe, paBHOE TIOTEPSIM B IIEPBOIl BETBH;

- B BETBU 2 — BEHTHWIATOP-AOBOIYUK 5 C MPOU3BOIUTEILHOCTHIO |-32 U aBJICHUEM
paBHbIM Ap, - Ap,

- B BETBH 3 — BEHTHJIATOP-IOBOAYHMK 3 C MPOU3BOJUTEIHBHOCTHIO L33 + L43 + L53 u
JaBIICHUEM paBHbIM Ap, - Ap;;

- B BETBH 3 B MecCTe, I'/Ie MIOTEPH JaBJICHUS PAaBHbI IIOTEPSM JaBJICHHS BO 2-i BETBU
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3 3
Ap,, BEHTWIIATOP-A0BOAYMK 4 C IpOU3BOAUTENBHOCTBIO L,” + L."u naBnenneM paBHBIM

Apg'Apz-

2 BeTBb
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Pucynox 8.2 — AKTHBHOE BO3/IEICTBHE Ha BEHTCUCTEMY:
1 — Bo3ayXOmpuTOYHAs YCTAaHOBKA; 2 — KaMmepa pazoopa;

3, 4, 5 —BEHTUJIATOPHI-TOBOAUHKHU

BeHTWwisITOp BO3yXONPUTOYHOM YCTAaHOBKHM B 3TOM CIly4ae JOJDKEH MMETh IIOJIHOE

JaBJICHUE, PABHOE MTOTEPSAM B YCTAHOBKE, TUIIOC OTEPHU B 1 BETBU:
Kk
va = Apc = ZApanTi + Apsosu'
i=1

vaL ]

nl'IpI/[BO

a morpeodisieMas MOIHOCTb COCTaBUT N, =

CyMmmapHnas notpebJisiemMasi MOIITHOCTh BCEX BEHTUJISITOPOB:

N,..,=N_ +N_ +N_ +N

V.cym Bl BI2 BI3 ;

Nan, NBH3 — HOTpC6JI}I€MaH MOIIHOCTD BCHTHUJIATOPOB-AOBOJYHNKOB.

rmae N

Bal?
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O} PexTUBHOCTH BO3YXONPUTOUYHONU CUCTEMBI:

m 2
L iApgpﬂTi + Z Ep\/ZBHXj
i=1

j=1

(8.5)

n npur

N

V.Cym

8.3 Ucnosb30BaHue KaMepPbl HYJIEBOT0 CTATHYECKOTO IaBJIE€HUsSI COBMECTHO C
BEHTWJISITOPAMH-T0BOYMKAMH (AKTUBHOE BO3/1eCTBHE)

B cersx ¢ mapauienbHBIMU BETBSIMU (MCXOJSIIMMU HEMOCPEIACTBEHHO 3a pa30op
BO3/IyXa BEHTWJIATOPAMH-IOBOAYUKAMU, KK M3 KOTOPHIX PabOTaeT HAa CBOIO BETBb.
BO3JYXOIPUTOUYHON YCTAaHOBKOM) B psJie CIydaeB IPEANOUTUTEIIbBHEH B Kamepe pazbopa
MOAACPKUBATh  CTaTUYECKOE  JIaBJeHUE, OJNM3KOE€ K  HYyII0. OJTOT  3JIEMEHT
BO3IyXOMPUTOYHON YCTAaHOBKH HA30BEM KaMEpPOU HYJEBOTO CTAaTMYECKOTO JABJICHUS (CM.
pucyHok 8.3). OCHOBHOM BEHTHUJIATOP IOJACT HEOOXOIWMOE KOJHMYECTBO BO3JyXa B
Kamepy, MPpeo10JIeBasi TOJIbKO a3pOAMHAMUYECKUE MMOTEPU BO3AYXOMPUTOUHON YCTAHOBKHU.
N3 kamepbl TPOUCXOIUT Pa3z00p BO3AyXa BEHTHISATOPAMH-IOBOJIYHMKAMH, KaXKIbIH W3
KOTOPBIX pabOTaeT Ha CBOIO BETBb.

1BeTBb

v
D
Zﬁ 3 BeTBb
-

+

(L

2 BeTBb 1

Pucynok 8.3 — Kamepa «HyneBOro cTaTH4ecKoro J1aBJICHUS:
1, 2, 3 — BEHTUJIATOPBI-IOBOAUMKH; 4 — KamMepa HyJI€BOIO CTaTUUECKOIO JaBJICHUS;

5 — BO3IyXONPUTOYHAs] YCTAaHOBKA

Heckonbko mpuMepoB TOCTpoeHUsT dSHEProdM(PEKTUBHBIX BEHTCUCTEM IpHU

pPa3IMYHBIX BapHWaHTaX IMACCUBHOI'O MW AKTHUBHOIO BOBI[GI)'ICTBI/IH Ha BCHTCHCTCMHI,
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uznoxkensl B [Ipunoxkenun /. Kak mokazaHo, Bce MCMONIB30BAHHBIE CIIOCOOBI aKTUBHOTO
BO3JICHCTBUSI IPUBOJAT K YBEIMUYCHUIO a’pOJAMHAMHYECKON 3(P(HEKTUBHOCTH BEHTCHCTEM
Y YMEHBIIICHUIO W3JTy4aeMOoro IryMma.

8.4 OcHoBHbIC NPUMHIMIBI TNOCTPOCHUS AIPOAUHAMHUYECKH I(PPEKTHBHBIX
BEHTCHCTEM

1 TlpennouTenue cieayeT OT1aBaTh MPOCTHIM (HEPA3BETBICHHBIM) BEHTCUCTEMAM.

2 B BeHTCUTEMAX C Pa3BETBICHHBIMU BO3yXOBOJAMH:

- CIEeQyeT HWCKIYaTh BETBU C MaJbIMU a’pOJIMHAMUYECKHUMHU TMOTEPSIMU U C
OTHOCHUTEIHHO OOJIBIITUM PACXO/I0M;

- CIEeAyeT MPOEKTUPOBATh BETBU C MPUMEPHO OJMHAKOBBIMH a’pPOJIMHAMUYECKHUMU
MOTEPSIMU, YTOOBI U30EXKATh APOCCEIUPOBAHUS TPU OATAHCUPOBKE PACXOJIOB;

- MOJIOKUTEIBHBINA 3(D(PEKT OT aKTUBHOTO BO3JECHCTBUS HA BEHTCUCTEMY OYIET TEM
Oonpllle, dYeM  MEHbIIE MPOU3BOJUTEIBLHOCTH W  OOJIbllIe  TOTEPU  JIaBJICHUS
HETOCPEJCTBEHHO B MAaruCTpajibHOI BETBH;

- NPU «AKTUBHOM» BO3JCHCTBUM Ha BEHTCHUCTEMY, B KAu4€CTBE MarucTpaibHOMN
cieayeT BBIOMpPAaTh BETBb C OTHOCUTENBHO OOJIBIIMM PAacXoJOM W MHHUMAaJIbHBIMU
a’POJIMHAMUYECKUMU TOTEPSMH, 4 B OCTAJIbHBIX BETBSIX HCIIOIb30BaTh BEHTUJISITOPHI-
JOBOJYHKHU.

3 B BeHTCHCTEMAx C JIMHEMHBIMM BO3JYXOBOJAAMHM U C PacCPEIOTOYEHHBIM
MIPUTOKOM/BBITSKKOM:

- MpEeATNoYTEeHUEe CJeAyeT OTJAaBaTh BEHTCHUCTEMaM C HEPAaBHOMEPHBIM MO JJIMHE
BO3YXOBOJla MPUTOKOM/BBITSXKKOM, B KOTOPBIX pacxoj] MPUTOYHOTO/yAAISIEMOTO 4Yepe3
YCTPOMCTBA BO3yXa YBEIMYUBAETCS K KOHILY BO3/TyXOBO/Ia;

- MOJIOXKUTENBHBIN 3P(HEKT OT aKTUBHOTO BO3JACHCTBUS HA JIMHEHHYIO BEHTCUCTEMY
Oynet Tem OoJbIle, YeM OOJIbIlle MOTEPH JABICHUS HETOCPEICTBEHHO B BO3IYXOBOJIE U
OOJIBITIE OTHOCHTENbHAS YacTh BO3AyXa MPUTOYHOTO/YAAISIEMOTO W3 OJIM3ISKAMUX K
Hayanay BO31yXOBOJIa YCTPOMCTB;

— TpU aKTUBHOM BO3JICICTBUU HAa BEHTCHCTEMY BO3JIyXOBOJ CIEAyeT pa3OnMBaTh Ha
PSAJl Y4aCTKOB, B Hauaje KOTOPBIX HEOOXOIUMO yCTaHABIMBATh BEHTWISTOPBI-IOBOTUUKH,

KOMIICHCHPYIOIIKUEC COOTBCTCTBYIOIIHUE aOPOANHAMHNYCCKUEC ITOTCPH.
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IIpuioxenue A
YAEJBbHASA MOIIIHOCTDb BEHTHUJISATOPA.
HEPEITAJIbI JABJIEHUS HA DJIEMEHTAX
(u3 'OCT P EH 13779-2007 «BeHTHIALIUSA B HSKHUIBIX 3aHMSIX. TeXHUUECKHIE

TpC6OBaHI/IH K CUCTCMaM BCHTHUJIIIIHUHN U KOHI[I/IHI/IOHI/IpOBaHI/IH»)

Knaccudukaius BEeHTWISATOPOB (i1 KaKIOTO BEHTHJISTOPA) B 3aBUCUMOCTH OT
yJIeIbHBIX MOIIHOCTEHN NpuBeeHa B Tabnuue A.l.
Ecnu HE OroBOpeHO MHOE, TO CIeAYyeT MPUMEHSTh TUIIOBOE 3HAYEHHUE MO TabJule

A.3 (mpunoxenue A).

Ta6numa A.1 — Krnaccudukamuss BEHTHUISATOPOB B 3aBUCHMOCTH OT YJICJIBHOM
MOIIIHOCTH
3HavyeHue yAeIbHON MOIIHOCTU Pgsep,
O06o03HaueHNe Kacca BEHTUIISTOpA 3
Bt - ¢/™m
SFP 1 <500
SFP 2 500-700
SFP 3 750-1250
SFP 4 1250-2000
SFP 5 > 2000

Tabnuuma A.2 —Ilpumepsl nepenagoB AaBJICHUS HA OTACIBHBIX dJIEMEHTAX MTPUTOYHOM
CHUCTEMBI BEHTUJIALIUU

[lepenan naBnenus, [1a

DneMeHT - - -

HU3KHIA |HOPMAaJIbHBIN| BBICOKHI
BoznyxoBon 100 200 300
Cexuust HarpeBaHuUs 40 80 120
Cexius oXJIaXKIeHUSI 60 100 140
Pexymneparop 100 150 200
VY BIIOXXHUTENb 20 40 60
Cekuust guiabTpa * 100 150 250
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JUTSL BO3AyXa

[Iymormymurensb 30 50 80
KoHeunsrii s5eMeHT 30 50 100
BxonHOE 1 BRIXOAHOE OTBEPCTHS

20 50 70

* Koneunslii epenaj 1aBJieHUs repes] 3aMeHol GuibTpa.

Tab6numa A.3 — Ilpumepsl nepenagoB JaBJICHUS B BHITSHKHON CUCTEME

Ilepenan naBnenus, [1a

DJIEeMEHT
HU3KUM  |HOPMAJIBHBIM| BBICOKUU

Bo31yXx0BOJ M KOHEUHBIN 3JIEMEHT 100 200 300
Pexynepatop 100 150 200
Cekuust riabTpa 100 150 250
[IIymornymurenb 30 50 80
BxoaHO€ 1 BBIXOJTHOE OTBEPCTUS IS 20 40 60
BO3JlyXa

Koneunslif nepenan naBjieHus nepej 3aMeHou GuibTpa.
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Ipunoxenue b
HOPMATHUBHBIE 3BHAYUEHUSA KIIJI ACHHXPOHHBIX

JIEKTPOABUTATEJIEN
(3 T'OCT I'OCT P 54413-2011 «MamuHsl 2JIEKTPUYECKUE BpaIlarOIIHeCs.

Yacte 30. Knaccsl 3HeproaheKTUBHOCTH OJJHOCKOPOCTHBIX TpeX(azHbIX

ACMHXPOHHBIX JIBUTATEJIEH ¢ KOPOTKO3AaMKHYTHIM poTopoM (koj IE)»)

HopmartuBnbie 3Hauenusi KII kinacca sneprod¢gdexrusaoctu HopmaiabHoro (IE1)
Tabnuna b.1 — HopmaruBubie 3nauenus KIIJ[, %, n11s  kiacca
sHeprodddextuBHoctu [E1 nipu wactore 50 ['n

Yucao moiatocoB
Pn, kBT
2 4 6

0,75 72,1 72,1 70,0
1,1 75,0 75,0 72,9
1,5 77,2 77,2 75,2
2,2 79,7 79,7 71,7
3 81,5 81,5 79,7
4 83,1 83,1 814
55 84,7 84,7 83,1
7,5 86,0 86,0 84,7
11 87,6 87,6 86,4
15 88,7 88,7 87,7
18,5 89,3 89,3 88,6
22 89,9 89,9 89,2
30 90,7 90,7 90,2
37 91,2 91,2 90,8
45 91,7 91,7 914
55 92,1 92,1 91,9
75 92,7 92,7 92,6
90 93,0 93,0 92,9
110 93,3 93,3 93,3
132 93,5 93,5 93,5
160 93,8 93,8 93,8
Ot 200 o 355 94,0 94,0 94,0
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Tabnuna b.2 — Hopmarusaesie 3Hauenwmss KIIJ[, %, gmsg  kiacca
sHeprodhdextuBHocTu IE1 mpu gacrote 60 't
Py kBT Yuco motocos
2 4 6

0,75 77,0 78,0 73,0
1,1 78,5 79,0 75,0
15 81,0 81,5 77,0
2,2 81,5 83,0 78,5
3,7 84,5 85,0 83,5
5,5 86,0 87,0 85,0
7,5 87,5 87,5 86,0
11 87,5 88,5 89,0

15 88,5 89,5 89,5
18,5 89,5 90,5 90,2
22 89,5 91,0 91,0
30 90,2 91,7 91,7
37 91,5 92,4 91,7
45 91,7 93,0 91,7
55 92,4 93,0 92,1
75 93,0 93,2 93,0
90 93,0 93,2 93,0
110 93,0 93,5 94,1
150 94,1 94,5 94,1
Ot 185 o 355 94,1 94,5 94,1
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HopmaTusnsbie 3Hauyenus KIIJ[ knacca s3neproddppexrnBaoctu nospimensoro (I1E2)

Ta6nuua b.3 — Hopmartusnsie 3nauenus KIIJI, %, mis kiacca sHeprosdHeKTUBHOCTH
IE2 npu vacrote 50 '

Py, kBT Yuco motocos
2 4 6

0,75 774 79,6 75,9
1,1 79,6 814 78,1
15 81,3 82,8 79,8
2,2 83,2 84,3 81,8
3 84,6 85,5 83,3
4 85,8 86,6 84,6
55 87,0 87,7 86,0
7,5 88,1 88,7 87,2
11 89,4 89,8 88,7
15 90,3 90,6 89,7
18,5 90,9 91,2 90,4
22 91,3 91,6 90,9
30 92,0 92,3 91,7
37 92,5 92,7 92,2
45 92,9 93,1 92,7
55 93,2 93,5 93,1
75 93,8 94,0 93,7
90 94,1 94,2 94,0
110 94,3 94,5 94,3
132 94,6 94,7 94,6
160 94,8 94,9 94,8
Ot 200 o 355 95,0 95,1 95,0
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Tabnuuna b4 — Hopmarusaeie 3Hauenmss KIIJ, %, g kimacca
sHeprodddextuBHoctu IE2 mpu gactore 60 '

Py, kBT Yuco moaocos
2 4 6

0,75 75,5* 82,5 80,0
1,1 82,5 84,0 85,5
15 84,0 84,0 86,5
2,2 85,5 87,5 87,5
3,7 87,5 87,5 87,5
55 88,5 89,5 89,5
7,5 89,5 89,5 89,5
11 90,2 91,0 90,2
15 90,2 91,0 90,2
18,5 91,0 92,4 91,7
22 91,0 92,4 91,7
30 91,7 93,0 93,0
37 92,4 93,0 93,0
45 93,0 93,6 93,6
55 93,0 94,1 93,6
75 93,6 94,5 94,1
90 94,5 94,5 94,1
110 94,5 95,0 95,0
150 95,0 95,0 95,0
Ot 185 no 355 95,4 95,4** 95,0

* B cooTBeTCTBUU C [6].
** B [6] mpenen 95% nnsa 185 kBt u 95,8% mist 375 kBr.
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Hopmatusnsblie 3Hauenusi KII/{ kiaacca 3nepros¢gdexrusaocru npemuym (IE3)

Tabnuna b.5 — Hopmarusaesie 3Hauenwmss KIIJ, %, gmsa  kimacca
sHeprodddextuBHocTr [E3 npu wacrote 50 '
Py kBT Yucno nomtocoB
2 4 6

0,75 80,7 82,5 78,9
1,1 82,7 84,1 81,0
1,5 84,2 85,3 82,5
2,2 85,9 86,7 84,3

3 87,1 87,7 85,6

4 88,1 88,6 86,8
5,5 89,2 89,6 88,0
7,5 90,1 90,4 89,1
11 91,2 914 90,3

15 91,9 92,1 91,2
18,5 92,4 92,6 91,7
22 92,7 93,0 92,2
30 93,3 93,6 92,9
37 93,7 93,9 93,3
45 94,0 94,2 93,7
55 94,3 94,6 94,1
75 94,7 95,0 94,6
90 95,0 95,2 94,9
110 95,2 95,4 95,1
132 954 95,6 954
160 95,6 95,8 95,6
Ot 200 mo 355 95,8 96,0 95,8

45



Tabmuma b.6 — HopmaruBueie 3mawenmss  KIIJ, %, nmns  xiacca
sHeprodddexruBHoctu 1E3 mpu wactore 60 '

Py, kBT Yucno 1mosocon
2 4 6

0,75 77,0* 85,5 82,5
1,1 84,0 86,5 87,5
15 85,5 86,5 88,5
2,2 86,5 89,5 89,5
3,7 88,5 89,5 89,5
55 89,5 91,7 91,0
7,5 90,2 91,7 91,0
11 91,0 92,4 91,7
15 91,0 93,0 91,7
18,5 91,7 93,6 93,0
22 91,7 93,6 93,0
30 92,4 94,1 94,1
37 93,0 94,5 94,1
45 93,6 95,0 94,5
55 93,6 95,4 94,5
75 94,1 95,4 95,0
90 95,0 95,4 95,0
110 95,0 95,8 95,8
150 95,4 96,2 95,8
Ot 185 no 355 95,8 96,2 95,8

* B cooTBeTCTBUU C [6].
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HopmaruBHsblie 3Hayenus: KIIJI kiacca sneprodgppexruBHOCTH CynepnpeMuym
(IE4)

Tabnuna b.7 — HopmaruBubie 3Hauenus KIIJ[, %, mi1a kiacca
sHeprodddextuBHoctu [E4 npu wacrote 50 '

Yucno nomatocoB
Pn, kBT
2 4 6
0,75 84,9 85,6 83,1
1,1 86,7 87,4 84,1
1,5 87,5 88,1 86,2
2,2 89,1 89,7 87,1
3 89,7 90,3 88,7
4 90,3 90,9 89,5
5,5 91,5 92,1 90,2
7,5 92,1 92,6 91,5
11 93,0 93,6 92,5
15 934 94,0 93,1
18,5 93,8 94,3 93,5
22 94,2 94,7 93,9
30 94,5 95,0 94,3
37 94,8 95,3 94,6
45 95,1 95,6 94,9
55 95,4 95,8 95,2
75 95,6 96,0 954
90 95,8 96,2 95,6
110 96,0 96,4 95,6
132 96,0 96,5 95,8
160 96,2 96,5 96,0
200 96,3 96,6 96,1
250 96,4 96,7 96,1
315 96,5 96,8 96,1
355 96,6 96,8 96,1
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Tabnuna b.8 — HopmaruBueie 3nauenus KIIJ[, %, mi1s  kiacca
sHeprodddextuBHoctu [E4 npu gacrote 60 '

P, KB1 Yuco mosocos

’ 2 4 6

0,75 - 85,9 85,4
1,1 86,1 87,6 87,5
15 87,0 88,4 88,5
2,2 88,5 89,8 89,5
3,7 89,9 91,1 90,8
55 91,1 92,2 92,0
7,5 91,6 92,7 92,5
11 92,6 93,6 934
15 93,0 94,1 93,8
18,5 93,4 94,4 94,2
22 93,8 94,8 94,5
30 94,1 95,1 94,8
37 94,4 95,4 95,1
45 94,7 95,6 954
55 95,0 95,9 95,6
75 95,2 96,1 95,8
90 954 96,3 96,0
110 95,6 96,5 96,1
150 95,7 96,6 96,2
185 95,9 96,7 96,3
220 96,0 96,8 96,4
250 96,0 96,8 96,4
300 96,1 96,9 96,4
335 96,2 97,0 96,4
355 96,2 97,0 96,4
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Ipunoxenue B

OIIPEAEJIEHUE KIIJA BEHTUJIATOPA, QJIEMEHTOB ITPUBO/IA
N CYMMAPHOI'O KIII TIPUBOJA

(cormacuo 'OCT 33660-2015)
B.1 Pacuer KII/I
B.1.1 Ilone3nas mourHocTh BeHTUIsiTOpa M ero KIIJ| paccuuThiBaroT vcxoAs w3
paboThI BEHTUJIATOPA Ha eAMHUITY Macchl B cooTBeTcTBuu ¢ MCO 5801:2007, 14.8.1.
B.1.2 JIng BeHTWIATOpPA C OTKPBITBIM BaJOM, 0€3 ydyeTa MOTeph B MOIIIMITHUKAX,

KII[l onpenensercs no ¢popmyire:

N P (B.1)

B.1.3 Jlyist BeHTHIIATOPA C OTKPBITBIM BAJIOM C YYETOM NOTEPH B mogmmnHukax KIT/]

OIIpeIeNIIeTCs 10 ClieAyIomeMy Gopmyie:

Ly (B.2)

a
B.1.4 JIns BeHTHIIATOpa C MPHUBOJIOM, BKJIFOYAIOIIUM IpeoOpa3oBaTeib 4acTOThHI, B
KOTOPOM MOKET OBITh OIpesiesieHa BxoaHast MoiHocTh, KI1/] onpenenstor mo popmynam:

P
n, =t (B3)

MNes = (B.4)

oU ‘g-u ®

B.1.5 Jlng BeHTHIsATOpa C MPUBOJOM, BKIIOYAIOIIMM B cebs IpeoOpa3oBarellb

Y4aCTOThI, B KOTOPOM MOKET OBITh OmpesiereHa BxoaHast MoutHocTs, KII/[ onpenenstor no

dbopmymnam:
Py
Med =Ce By (B.5)
Pus
Nesa = Ce . (B.6)

HpI/IMeLIaHI/Ie — Hcmonp3oBanne IOJHOTO WM CTaTHYECKOTO JaBJICHUSA OIPCACIACT OLICHKY

S(I)(I)GKTI/IBHOCTI/I B COOTBCTCTBUU C UCTIBITATCIIBHBIM CTCHAOM OIIPCACIICHHOI'O THUIIA.
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B.2 BeHTHIASATOPBI ¢ IPUBOAOM

B.2.1 OO01ue monoxeHus

Jlnst  perynupoBaHus pekuMma pabOThl BEHTHWIATOpPA HaWOoJiee TOIXOSIUM
CIIocOOOM  SBJISIETCSl NPUMEHEHHE YacTOTHOTO TMpeoOpazoBaTels, T. K. 3TOT CIOco0
HaumOonee HS(QexTuBeH I HACTPOMKM Ha pa3iudHble padbouue pexumbl. Jlpyrue
CIIOCOOBI M3MEHEHMsI PeKUMa palbOThI, TaKWe KaK BXOJHOW HAIPaBJSIONIMK ammapar u
CHpSIMIISIIOLUH anmnapat, MeHee 3 (PEeKTUBHBI.

Ecnu BeHTWISATOPHI TpH YCTAaHOBKE B CHCTEME pabOTalOT MPU TMMOHWIKECHHOU
Harpy3ke (OTHOCHUTEIIBHO pacueTHOM), HaubOosee 3(pPEKTUBHBIM CIIOCOOOM JOCTHKECHUS
TpeOyeMbIX MapaMeTPOB SBJSETCS U3MEHEHUE YaCTOThI BpaIICHUSI.

Tabnuma B.1 — Koppektupyromuii ko3phUumneHT sl BEHTUISATOPOB C YaCTOTHBIM
npeoOpa3oBaTeIemM

BxoaHas syieKTpruueckasi MOITHOCTh [TonpaBouHbIi KO3 PHIIHEHT
IIBUTATEIISA/CUCTEMEI yIIpaBieHus Ped c
Cc
<5 kBt -0,03-In(P¢y)+1,088
>5 kBt 1,04
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Ipuno:xenne I' (o0s3aTeIbHOE)

METO/bI BBIYUCJIEHUSA KIIA 9JIEMEHTOB IIPUBOIA
(m3 TOCT 33660-2015)

I'.1 O0ume moI0KeHUus

KIIJI mpuBoia M €ro 3JIEMEHTOB, HE BXOIAIIMX B KOMIUIEKT, 4Yalle BCErO
HEU3BECTHBI, U UX 3HAYEHUS MOTYT OBITh TOJBKO OLIEHOYHBIMH.

Onenounsle 3HaueHuss KIIJ[ moryr ObIThb MO0 MOJNY4EHBI OT H3TOTOBUTEINS
HEOOXOJAMMBIX KOMIUIEKTYIOIUX, JIMOO TPHUHATBL B COOTBETCTBHM C HACTOSALIUM
MIPUIIOKEHUEM.

C upensto mobiieHuss KIIJ[ anemeHTOB, IpemyiaraéMpIX Kak JONOJIHEHHE K
BEHTWJISITOPAM C OTKPBITBIM BaJOM, BMECTO OLICHOYHBIX 3HAYEHUM M3 HACTOSLIETO
INPWIOKEHUS  NPEANOYTUTENIBHO  ucnosib3oBaTh  peanpHblii  KIIZI  a1memMeHTOB,
IIPENOCTAaBIAEMbIA U3TOTOBUTEIIEM.

B cnywae ecnu BeHTWisTOp mocrtaBisgercss 0e3 mpusona, nosubiii KII cinemyer

paccunTbiBaTh B MakcumymMme KIIJ 1omaTogHoi CUCTEMBI, Moyr, UCTIONB3YS GOPMYITY:

N, =N MG Ces (r.1)
rae
Ne — nosHbi KIT/I;
Nr — MakcuMmanbHbii KIIJ[ nomaTtouHod cucTeMbl Plua(s), B COOTBETCTBUHU C
a
NCO 5801;

Nm — KIIJI nBurarens;

nr — KIIZI nepenaun;

Ne — KII /] wacroTHOTO TIpe0OpazoBaTes;

Cn — mompaBoYHBIM KOA(PPUIMEHT I ydyeTa HETOYHOCTEH MpU H3TrOTOBJICHUHU
AJIEMEHTOB BEHTUJISITOPA paBHbIi 0,9;

C. — mnompaBo4HBId KOA(DPUIMEHT, CBS3aHHBIA C YACTHYHON HArpy3KoW MpHU

HCIIOJBb30BaHHUH YaCTOTHOTI'O Hp€O6paSOBaTCHSI.
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I'.2 IBurareianb

KII/ nBurarens, n, CIeayeT OLICHUBAThH B CIy4ae, €CIU JBUTraTeIb HE BKIIIOYEH B
KOHEYHBIN MMPOAYKT.

Ouenounbiit KIIJ[ s TpexdasHbIX aBUraTeied ornpeaenseTcs Ha OCHOBAaHHHU
JEHUCTBYIOIIMX HOPM WJIM, B COOTBETCTBUU ¢ Ki1accoM |E2 mo MOK 60034-30.

Ouenounbii KIIJ[ nns Bcex Ipyrux aCHMHXPOHHBIX JBUraTelel € MOIIHOCTBIO

menee 0,75 kBT cienyet onpenensats o gpopmyiie:

Nm = 0,1462 - In(Py) + 0,8381
, (r.2)

rae Py — HoMUHalIbHAst MOIITHOCTH AJIEKTPOABUTATENS, KBT.

MNm

100

90

60

50

40

30 L — AN T - - N N N - -
0 0.1 0.2 03 04 05 0.6 0.7 0.8 Py

Pucynok I'.1 — 3nauenue KIIJ o ymouaHuio 3I€KTPOABUTATENCH C MOIITHOCTHIO MEHEE
0,75 kBt

I'.3 [lepenaua

Ecnu BeHTUNATOp MMeEeT MpsSMOW MPUBOJ, T. €. pabodee KOJECO YCTaHOBIICHO
HEMOCPEACTBEHHO Ha Baily anektpoasuraresns, KII/ nepegaun nr npuHUMAaeTCs paBHBIM
100%. [TonpaBky HEOOXOIUMO JIeJIaTh HA MOTEPU B MOMIUITHUKAX, THOKOM COEUHEHUU U
T.M., €CJIA OHU ABJIAIOTCS YaCThIO MEPEJATOYHON CUCTEMBI.

Ecnu BeHTHISATOP MMEET peMeHHyro nepenauy, 3HadeHus KII] mo ymomuanwuto

nadbl B Tadmure [.1.
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Tabmuma I'.1 — 3nagenus KI1J] mo ymonganuro i peMEeHHOU mepeaadn

HomMunansHas
N7 (KJIMHOBOU pEMEHB) N1 (TUIOCKHI peMEHB )
MOIIIHOCTh JABUTATEIS
Py < 1Bt 0,89 0,94
1 xBt <Py <5 kBt 0,0175- Py + 0,8725 0,01-Py + 0,93
Pn, kBT 0,96 0,98

nr

100

99

98
97
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.............................

93

92

91

90

.............................

89

88

87
0 1 2 3 4 5 6 300 400 500P
N

Pucynok B.2 — 3nauenue KII/] mo ymomuanuto a1 peMEHHOH mepeaayu:
PN — HOMUHanbHAsg MOIITHOCTH NpuBoAa, KBT; Nt — KIIJI pemennoit nepenauu, %o;

1 — miockuii peMeHb; 2 —KIMHOBOW pEMEHb

I'.4 YacToTHbIii Mpeodpa3oBaTeb

KIIJl uactorHoro mnpeoOpazoBatenss (UIl) m. momkeH OBITH OMNpeAeieH €ro
usrotoputenieM. llompaBounsni kod(pdunuent mnpuseaen B 6.3. Ecau Ul He
ucrnonb3yercs, Nc u C, crneayer uckimounTh u3 hopmys ['.1.

I'.5S PaGouuii npuMep 1 paavajibHOIO0 BEHTH/ISITOPA C 3arHYTHIMH BIIepe[
JIONATKAMU

HpC,HHaFaCMBIﬁ BCHTWIATOP HCCICAOBAIM OTACIbHO, a HC KaK KOMILICKT,
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COCTOSIIIMM W3 BEHTWIIATOPA, JABUraTelsl W KIMHOBOW peMeHHoW mnepenadn. KIIJ
JIOTIaTOYHOM cucteMsl 1, = 60%, Ipu 3TOM MOIIHOCTb Ha Bally P, onpenesiseTcst Ha CTEHAe
tunna D m cocraBmser 1,125 kBt. B BeHTWIATOpE HMCHOJIB3YETCA YETHIPEXMOIIOCHBIN
JBUTATENIb MOIMHOCTBIO 2,2 KBT ¢ mossimieHHbIM KIIJ[. B coctaB BeHTWISITOpa Takke
BXOJIUT YacCTOTHBIN npeoOpazoBaTens ¢ KIII 95%.
Ucnonszyem dpopmymy (I'.1): n, =nn,n:M.C,C.,

rie 7, = 0,60 (60 %);

nm = 0,843 (cm. .2, IE2, 84,3 %);

nt=0,911 (cm. I'.3);

e = 0,95 (em. T'.4);

Cw=0,90 (cm. T'.2);

C. = 1,064 (cm. B).
Torpa:

n, =0,6-0,843-0,911-0,9-0,95-1,064 =0,418 (41,8 %).
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punoxenue [ (cnpaBo4HoOeE)
BBIYMCJIEHUE BXOJHOM MOIITHOCTH HA PABOYEM PEXUME JIJI51
BEHTUWJIATOPOB C ITIPUBOOM
(m3 'OCT 33660-2015)

1.1 O01me moJ10KeHus1

MHorue cTpaHbl CHOBa Hayalld MPOSABIATH OOJIBIION HMHTEPEC K DHEPreTUYECKOM
3¢ (HEeKTUBHOCTH BCEX THUIIOB BEHTHJIATOPHBIX YCTaHOBOK, 3a00TACH 00 OKpyKarolien
cpele U 3KOHOMUYECKOM BBIroie. B CBsI3UM ¢ 3TUM MOSIBUJIACh HEOOXOJIUMOCTh €IHHOIO
NoJIX0Ja K crnocoOy ONpeesieHns BXOJHOW ayeKTpuueckoid mouiHoctu P.. Ha pucynke
J1.1 moka3aH TUIIMYHBIN CIy4dal KJIMHOBOM IIEpEIayu U Pa3INYHbIE TUIIBI TIOTEPD, KOTOPHIE

MOI'YT BO3HHUKATh.

Py

\

Pucynox D.1 — [Tpumep, moka3siBaroIuii IOTepy MOIIIHOCTH TIPH pabOTE BEHTHIIATOPA C
MIPUBOJIOM:

P. — BXoHas daeKTpUUeCcKas MOITHOCTh, Py, — Toe3Hast MOIIHOCTh (00BEMHBIN Pacxo/I,
YMHOKEHHBIN Ha MOJTHOE JIaBJICHUE); @ — MOTEPU B YCTPOMCTBE PEryJIUPOBAHUS YaCTOThI
BpallleHus (TETI0); 6 — MOTepH B ABUratelie (Terio); 6 — MoTepe B PEMEHHOM Tepeiayue
(Temio); ¢ — MOTEPH B MOIIUITHUKAX (TEIUIO); O — adpOAMHAMHYECKHE TIOTepH B pabodem

KoJiece 1 Kopiryce (Terio)
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1.2 Pacuer morpe0.isieM0ii MOIIIHOCTH

J1.2.1 O611re moIoKeHus

Bxomnas snekTpudeckas MOITHOCTh, MOTpedssieMass BEHTHIIATOPOM, COCTOUT W3
HECKOJIBKUX YacTel. DT yacTu onucadsl B myHkTax J1.2.2 — J1.2.4.

J1.2.2 MexaHu4deckass MOIIIHOCTb, MOJIBEICHHAsI K paboueMy Kojiecy, 0003HayaeTcs
P; u Boipaxaercs B Bt, kBt. P, — nosie3Hass MOIIHOCTh, MOJIBEACHHAsA K MOTOKY. Toraa

KIIJI monaTo4HOM CUCTEMBI:

nr _Pr

’ (4.1)
BBIPAKEHHBIN B 10X €AUHULIBI.

OTO IPUMEHUMO JIi BEHTHWJIATOPHBIX ycTaHOBOK Tvmna 4, 5, 15 u 16 (cm. UCO
13349).

J1.2.3 MexaHn4ecKyro MOIIHOCTb, OJIBEJACHHYIO K BaJly BEHTUJISITOpAa, 0003HAYAIOT
P, u Beipaxkator B BT wiu kBT. P, — none3Has MOIIHOCTh MOABEJEHHAS K MOTOKY. Toraa

KII/I BenTHIIATOpA:!

Na | (I[Z)

Il
mhglthu

BBIPAXEH B JIOJSX €AUHULIBI.
OTO MPUMEHUMO ISl BEHTWJIATOPHBIX yCTaHOBOK Tuma 1-3, 6-14 u 16-19 (cwm.
NCO 13349).
KIIJ Bentwisitopa ormmmuaercsa ot KIIJ nmonatoyHoM cCHUCTEMBI y4E€TOM MOTEPH B
MOAIINITHUKAX U3-3a TPEHHUS.
J1.2.4 Tlotepu Ha TpeHHE B MOIIIMITHUKAX MOTYT OBITh BBIYHCICHBI TIO (popmylie
(Z1.3):
P, =0,105-M-N, (1.3)
rae P, — notepu B noamunaukax, Br;
M — MoJHBII MOMEHT TPEHUS MOIIUITHUKOB, H - M;
N — gacToTa BpaieHus pabouero kojeca/Baina, 00./MUH.
MOMEHT TpeHHMS IPABUIBHO CMA3aHHbBIX MOJAIIMITHUKOB XOPOIIIETO KAaYeCTBA, MOXKET
ObITh B OOJIBIIMHCTBE CIIYy4YacB OLIEHEH C JOCTATOYHOW TOYHOCTBHIO C HCIOJIb30BAaHUEM

koa(umeHTa TpeHus L 1 GOPMYIIbIL:
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M =0,5uC, (A4.4)
rae M — mosiHbIi MOMEHT TPEHHS TTOIIIUITHUKOB, H M;
1 — K03 GUIMEHT TpeHUs TOIIIMITHAKOB (cM. Tadsmiy J1.1);
Cy — DKBHBAJICHTHAs Harpy3Ka Ha MMOAIIMITHUKH, H;
d — BayTpennuii (€) quameTp(bl) HOIIMIMITHEKA(OB), B MeTpax (M).

Ta6nuna /.1 — [Ipubnusurensubie K03()PUIMEHTHI TPEHUS AT Pa3INYHbIX TUIIOB
ITOJIIMITHUKOB

Tun nogmunHuka KoaddurmmenT tpenns u
[ToammmanKY KauyeHus ¢ TTyO0KOn 0.0015
KaHaBKOU
PaananbHO-yIIOpHBIN IAPUKOBBIN
NOAIINITHUK
— OJHOPSTHBIN 0,002
— NBYXPSITHBIN 0,0024
YeTplpexTOUeUHbId KOHTAKTHBIN 0,0024
HIAPUKOBBINA MOITUITHUK
CaMoycTaHaBIMBAIOIIUHCS 0,0010

IAPUKOBBIN MOJIIIAITHUK
HunuHapuyeckuii poIuKOBbIN

TIOJTIITAITHAK
— ¢ cenapaTopom 0,0011
— OeccemapaTopHbBIT 0,0020
HUronpyatelii HOAIIUITHUK 0,0025
PaananbHO-yIIOpHBINA POJTUKOBBIN 0,0018
MOJIUITHUK (KOHUYECKHI)

Cdepuueckuii MOIIMIUITHUK 0,0018
VYTopHBIT MIAPUKOBBIN TTOAMIAITHAK 0,0013
Y1opHbIN POTUKOBBIN TOIIUITHUK 0,0050
NronbyaThiii yIOPHBIN TOIIUITHUK 0,0050
Cdepuueckuii ymopHbINA MOANIUATTHAK 0,0018

[Ipumeuanue — Mupopmanuio o xodpduimente TpeHus i MOAMUIHUKOB BCEX OCTAbHBIX
THIIOB CIEAYET 3alpalluBaTh Y U3TOTOBUTENIEH

[TonHoe COIMIPOTHUBJICHHUC BpPAIICHUIO B IIOAIIMIIHKMKAX COCTOHUT M3 TPCHUA
CKOJBXCHHA N Ka4YCHHA (B MCCTAaX KOHTAaKTa POJIMKOB, B o0JacTIX KOHTaKTa MCIKOY

BpalllalOIIUMHUCA 3JICMCHTAMHU U CCIIapaTOpPOM, HAPYKHBIM WKW BHYTPCHHUM KOHBHaMI/I),
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TPEHUsS B CMa3Ke, CIBUTOBOTO TPEHUSI B KOHTAKTHBIX YIUIOTHEHUSX, €CITU OHU HMEIOTCSI.
B crnyyae Hanuyus B MOAIIMIHUKAX KOHTAKTHBIX YIJIOTHEHUH TOTEpU HA TPEHHE B
HUX MOTYT IPEBBIIATH MOTEPU B CAMUX MOAMIUITHUKAX. MOMEHT TPEHHUS B YIUIOTHEHUSX
IJIs1 TIOJIIMITHUKOB, UMEIOLINX UX C 00€UX CTOPOH, MOKET OBITh OIEHEH SMIHPUYECKOI
hopMyIIOii:
Mseqr = kads +ky | (1.5)
r71€ Mgea) — MOMEHT TPEHHS B YIIIOTHEHUSIX, H M;
K; — KO3 punmeHT, 3aBUCAIIMN OT TUNIA O IIUITHAKA;
K, — KOHCTaHTa, 3aBUCAIIAst OT THIIA MOANIMITHIKA U TUTIA YITIOTHeHUs, H-M;
ds — amaMeTp oTBEepCTHS MOIIINITHUKA, M (CM. pUCYHOK [1.2);

d — CTCICHB, 3aBUCAIIAA OT THUIIA IIOAIIUITIHUKA U YIIJIOTHCHUS.

1 [~ |eds

}\\\\\\\\\ il

Pucynok /.2 — Cedenre NOIIMIMITHAKA KaY€HUS C YIZIOTHEHUAMU
B dopmyie (/1.5) a moker usmensathes B npeaenax ot 0 1o 2,3; Ky — B mpeaenax or
0 no 0,06 u k, — B mpemenax or 0 mgo 50. 3HaueHHS DTHX ICPEMEHHBIX, IIO

HCO6XOI[I/IMOCTI/I, OIIPCACTIAIOTCA HM3TOTOBHUTCIICM. HNx o0o3HaueHus IIpu 39TOM MOTI'YT

OTINYATHCA.
ITockosbKy
Py, =F — P | (1.6)
KIIJI moammmHuKOB MOKET OBITH OTIPEIeIiCH 10 (opMyIam:
L _B_ B
"R P, (11.7)
MMy =Ma . (4.8)
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Bo Bcex ClIydasdax BCPOATHO JIYHIOC UCIIBITbIBATH BEHTUIIATOPHBIC YCTAHOBKU THUIIOB

1 u4 (mo UCO 13349), nonyyast noTepu B MOAIIUITHUKAX BEIYUTAHUEM.

HpI/IMe‘IaHI/Ie — ITomHBIIT MOMEHT TPCHUA B NOAUIMITHUKAX — YHUCJICHHAA CyMMa BCEX MOMCHTOB

TPEHUsl BHE 3aBUCUMOCTH OT MX 3HaKa (HalpaBJICHHE MOMEHTOB HECYIIECTBEHHO).

J1.2.5 [ToTepy MOIITHOCTH B Tiepeaye

MHorue BEHTWIATOPBI, OCOOEHHO B  CHUCTEMax HarpeBa, BEHTWISLUH,
KOHJUIMOHUPOBAHMS M OXJAXJICHUS BO3[yXa, UMEIOT B MPHUBOJAE IIKUBBI U KIMHOBYIO
PEMEHHYIO @epenady. OTO JaeT CBOOOJY H3TOTOBUTENSIM, KOTOpPBIE MOTYT OXBaTHUTh
IIMPOKYI0 00JacTh pabOThl OrPAaHUYEHHBIM KOJMYECTBOM THIIOB BEHTHIISITOPOB.
[IpoeKkTUpOBIIKMKY 3TO TaKke YJ0OHO, T. K. B CIIy4a€ HEBEPHOI'O pacyeTa COMPOTUBIICHUS
CUCTEMBI IpOCTas 3aMEHAa LIKMBA MOXKET HCHPABUTH CHUTYALMIO, IPH JOCTATOYHOU
MOIIIHOCTHU JBUTATEIIS.

HeoOxoaumMo OBITH OCTOPOXKHBIM, 4YTOOBI HE MEpPEerpy3uTb WIM HEAOTPY3UTh
peMeHHylo nepenady. B oboux caydasx cHumwkaercs ee dddexktuBHocTh.  KIIJ]
ONTUMAJIBHO PACCUYMTAHHOU MEPENAYN MOXKET AOCTUTaTh 95%, OHAKO ITPU MPSAMOM ITyCKe
OT DJEKTPUYECKON CETH JAOINOJHMUTENIBHBIE PEMHM MOTYT 3HAYUTEIBHO €r0 CHU3UTh.
[1naBHBII MYCK MOKET OBITh OJHUM M3 XOPOIIUX PEIICHUN.

Ecnu BeHTHIISITOP MOAKIIIOYEH uepe3 ruoKoe coenuuenue (cM. mosunuu 7, 8, 9 u 17
B CO 13349), to KII/] Takoro coeiMHeHHs MPUHATO CUUTATh paBHbIM 97%, Kpome Tex
CJIy4yaeB, KOT/1a MPOU3BOAUTENb TMOKOTO COETMHEHHSI PEIOCTABISET CBOM 3HAUEHUSI.

J1.2.6 MomiHOCTh ABUTATEIIS

Haubosnee pacrpocTpaHEHHBIN THUI JBUTATENICH, UCTIOIb3YEMbIX B BEHTHJIATOPHBIX
YCTAHOBKax (KOHEYHO e, C MOIIHOCThiO Bblie 1 kBT), — acunxponHbiii. Takoii
JABUTATEIb — MPOYHBIM, HAJCKHBIM, TpeOyeT MUHUMYM OOCTYXKHUBaHUS U OTHOCHUTEIHHO
Henoporoil. [locrenenno npoucxoamio ymyumenue ero KII/I, kak nmpyu yacTUUHOM, TaK U
npu nosiHoi Harpy3ke. YBenuueHnue KIIJ[ Ob110 JOCTUTHYTO MCHOIB30BaHUEM OOJIBLIETO
KOJINYECTBa AakKTHUBHOTO BemiecTBa. Tpu ypoBHs KIIJI acuHXpOHHBIX JBHUTratencu
cranaaptusupoansl B MOK 60034-30 (B P peiictByer 'OCT P 54413). KIIJ
peanbHbIX JBUTATENECH MPU 4aCTUYHOW Harpyske (oxono 75% HOMHHAJIBHOW Harpy3Ku)
MOJKET OBbITh XK€ BbIIIE, YEM IPU NOJHOW Harpyske. B 3ToM cOCTOMT OHO U3 OTIIMYUKN

oT aBurareneil Oosnee paHHMX pa3paboTok. Baxkno ucmons3zoBare KIIJ[ mpu peanbHO
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noTpedIsieMOil MOIIIHOCTH, KOTOpas MOXET OBbITh paccuMTaHa IOOBIM M3 METOOB,
onucanHbix B MOK 60034-2-1 (B PO neiictByer [OCT P MOK 60034-2-1).

J1.2.7 IloTepn MOIITHOCTH B yIIPABJICHUN

OTUMHU TIOTEPSIMU  OOBIYHO TIPEHEOPErarT, OCOOCHHO TMpPH HCHOJIb30BAHUU
MHBEPTOPOB (4acTOTHBIX npeodpazosareneit). KIIJI cucrembl ynpaBieHUs: MpU CHILHOM
CHUKEHUM MOMEHTA MOXKET ObITh 3HauUnTeIhHO HUKE 100%, XOTS KOHEUHO MOTpedIsiemMast
BEHTUJISITOPOM MOIIHOCTh Takke Huska. Pucynku .3 — J[.6 SBISIOTCA TUNUYHBIMU

IIPUMEpPAaMH IS IBUTaTelst MOIHOCTHIO 30 KBT.

Y
95 1
90 — 2
86 7/ 3
80 A// [ 4
77
7/
70
/
65
60
55
50
0 20 40 60 80 100 120 X
X - HOMUHaNBHbIA MOMEHT (%) 1 - 100 % vacToTbl 3 - 50% YacToThbl
Y - KNg (%) 2 -75 % yacTtoThl 4 - 25% YyacToThl

Pucynoxk /1.3 — KIIJ] TunudHOTO ABUTATENS MIPH PA3TUIHON HArpy3Ke

Y
100

99
I
98 ]

97 s
=1~ B S e
//

Q\\

98
95
94
93
92
91
90

0 20 40 60 80 100 120 X

X - HOMUHaNBHbIA MOMeHT (%) 1- 100 % yacToTtbl 3 - 50% 4YacToTbl
Y - KN4 (%) 2 -73 % vactotbl 4 - 25% YacToThbl

Pucynok /1.4 — KIIJI Tumu4HOro 4acCTOTHOTO IpeoOpa3oBaTeis
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95

a0 1

e 2

4

85 3

80 / ,///

o8 /// | 4

70 /

65 ,/

60

55

50

0 20 40 60 80 100 120 X

X - HOMUHaMbHbIA MOMEHT (%) 1- 100 % vacTotbl 3 - 50% YacToThl
Y - KN4 (%) 2-75 % yvactotbl 4 - 25% YyacToThl

Pucynoxk /1.5 — KIIJI Tunmu4HOr0 ABUTATENs M YaCTOTHOTO IIpeoOpa3oBaTes

1.3 IloTpedssiemast M3 ceTH MOIIHOCTDH
Bxonnas snexkTpuyeckas MOIIHOCTb, NOTpedisiemMass M3 CETH, MOXKET ObITh

paccuuTana no popmyie:

qugl pf

p=—m
nrnnnmnTnc

(4.9)

rae P — BxogHas snekTpudeckas MOIHOCTb, BT win kBT;
Qusgl — OOBEMHBII pacxof, M°/c Wi 1/c;
P — naBieHue BeHTUIATopa, [1a nnu klla;
Nr — KIIJI onato4Hoi CUCTEMBI B IOJISAX €IUHULLBI;
1, — KIIJI mOAIIMITHUKOB B JOJIAX €AUHULIBI;
Nm — KIIJI nBuraresns B 10X € UHULIBI,
Nt — KIIJ] nepenayuu B 1OISIX €IMHULIBI;
Nc — KIIJI gactoTHOTrO npeoOpa3zoBaTesis B JOJISIX €IUHHUIIBI.

I[Ipumeuanus.

1 Ecnu naBnenue BeHTMiATOpa BhIpakeHO B Ila, To P — B BT. Ecnu naBnenue BeHTHUIATOpPA
BbIpaxkeHO B Klla, To P — B kBT.

2 My "NMp = Na , rae n, — KI1 /] BeHTHISATOpA.

3 MoeT MCHOIh30BATHCS CTATUYECKOE JABIICHHE BEHTWJIATOPAa BMECTO ITOJIHOTO TPH YCIOBHUH,
YTO #r TaKXKE pacCUuTaHO IO crarndeckoMmy aasineHuto. Crarnmueckmit KIIJ[ BenTmnsatopa —
TEOPETUUYECKH HEKOPPEKTHOE TIOHATHUE, T. K. OH HEe MOKeT ObITh paBeH 100% wnu 1.

4 PacueTsl OOBIYHO MPOBOJAT HA CTAIMH UCCIICIOBAHMMA, TIepe/l MPOBEACHUEM HKCIEPTH3a
MPOYKIIMH.

Bce pexumMbl paboThl ¥ 3HaYSHUS JOJDKHBI OBITH MTOJYYSHBI Ha COOTBETCTBYIOIIEM THUIIE CTEHA.
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Ipunoxenue E

IMPUMEPBI PACUETOB ADPOJIMHAMUWYECKOMN D®PEKTUBHOCTH
BEHTUJ/IALIMOHHBIX CUCTEM

PaccmMoTprM  HECKOJIBKO ~ BapHaHTOB  ONPEACNICHUS  a3pOAMHAMHYECKOMN
7 ()EKTUBHOCTH BEHTUIISILIMOHHBIX cucTeM. [IpuMeM, 4TO B BEHTCUCTEMAX HCIOJIb3YETCs
BeHTwiATop ¢ KIIJ my = 0,7 u snexkrpoasurarens ¢ KIIJ n,, = 0,7, torma KIIJ
BEHTHJIATOPA € TIPUBOJIOM Nppys = 0,7:0,7 = 0,49.

1. CrpylHbBI BEHTWJIATOP paOOTaET B pEXUME PEUUPKYIALUU. DPPEKTUBHOCTD

2
BGHTHH}IHHOHHOﬁ CUCTEMBI paBHA: N = ’OLV BB%N , 4 T. K. IIOJIHOC JaBJICHUC BCHTUJIATOPA
Vv

— pV ZBBIX

paBHO p, 5 s

TO 3((PEKTUBHOCTh BEHTWISALIMOHHOM cucTeMbl paBHa moiaHomy KIT/I

CTPYHHOTI'O0 BEHTHIIATOPA My = Mypus.

2. BBITSDKHOM  pagManbHBIA  BEHTWISTOP C  BEEPHBIM  BBHIOPOCOM U
IPOU3BOAUTEIHOCTBI0 7000 M°/4 yaaseT Bo3ayX U3 00beMa, B KOTOPOM HMEETCst GaTaHe
npuTOKa/BBITSKKU (pazHuia nasinenuid 0 I1a). [Inamerp koneca Bentunstopa A = 500 mwm,
BBICOTA JIonaTKH Ha Beixoge W = 125 MM, miomaas Beixoaa notoka S =n4AW = 0,196 M2,
CKOPOCTB BBIX0J1a MoToKa V.= 9,9 m/c. [loTpebisiemas BEHTHISATOPOM MOIIHOCTh, CHATAs
C XapaKTepUCTUKU BeHTUsATOpa (mpu ctatudeckoMm aasieHuu 0 [Ta) N= 0,4 xBt. T. k.

HOpMaTHUBHAs CKOPOCTh V" =10 M/c, TO Vo' >V

~ -— 2

AspoauHamuueckast 3pGEKTHBHOCTD BBITSDKHOM cucTeMbl M= pLV %, /2N, = 0,29.

3. Te xe ycioBusl, 9TO U B BapuaHTe 2, HO HEOOXOIMMO YAAIUTh 3arps3HECHHBIN
BO3JYX KaK MOXKHO JIajibllie OT MecTa BbIOpoca. Mcnonb30Ban paguaibHbI BEHTHIISITOP CO

3
COUpAIbHBIM KoOprycoM U pacxogom 6000 wm“/u. Ilmomaap BbIXOZa TOTOKA
2

S=0,35x0,35= 0,1225 ™", ckopocTh BbIXxOAa motoka V= 13,6 m/c. [loTpedisemas
BEHTHJIITOPOM MOIIHOCTh, CHATAS C XapaKTEPUCTUKH BEHTHJIATOpA (IIPH CTAaTHYCCKOM

napienuu 0 ITa) N, = 0,4 xBT.

. _ 2
AspomuHamudeckas GpekTHBHOCTS BHITHKHOM cicteMsr T = PLV " /2N, = 0,46.
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4. Bo3mayXONnpUTOYHBIE YCTAHOBKHU

Bo3nyx mogaercs BO3IYXONMPUTOYHOM YCTAaHOBKOW C MPOU3BOAUTEIBHOCTHIO
L= 3600 m*/a (10 m%/c). [Totepu B Bo3myx0BOAE (6€3 MOTEPH C BHIXOJHON CKOPOCTBHIO B
BO3JYXOBBIITYCKHBIX YCTPOMCTBAX) paBHbI HOPMaIbHbIM APy, = 300 Ila (mo 'OCT P
EH 13779). Honusni KII Bentunstopa ny, = 0,7, KII snexkrpoasurarens 0,8, KIIJI
BEHTWJIATOPA C HPHUBOJIOM Mppws = 0,7°0,8 = 0,56. HopmaTuBHBIE TOTEpU B MPUTOYHOU
ycraHoBke: BxoaHou kiaman — 20 Ila; punstp G4 knace addextuBnoctu C — 71 Ila; 3-
PAIHBIA MeIHO-amtoMUuHUEBbIN TerooOMeHHuk — 100 Ila; rmymurens myma — 50 Ila.

CyMMapHble HOpPMAaTHBHBIE IOTEPH:
k
> Ap: i =2411la.
i=1

PaccMmoTpuMm paznuuHbie MOIU(DHUKALIMN BO3IYXOIMPUTOUYHBIX YCTAHOBOK.
4.1 Bo3ayxonpuTodHasi yCTaHOBKA UMEET HOPMATUBHBIE MIOTEPH.

CKOpOCTh BBIXOJIa TIOTOKA W3 BO3AYXOPACHPEACIUTENbHBIX YCTPOUCTB Vy,= 1,5

V2
M/C, JNMHAMHUYECKOE JaBJICHHE pdv=p B"”‘z = 1 Ila, monHble MOTEpPHU B BO3IYXO-

BBIIIYCKHOM YCTPOMCTBE  Ap =§pV2‘*"”‘2 = 2 Ila (C = 1,5). Ilonnbie motepu B

6blX

BEHTWISALIMOHHON CUCTEME

k
ApBeHT + ZAp;{pm + ApBLIX = 543 I1a.
i=1

[ToTpebasiemasi BEHTUIISTOPOM MOIITHOCTh

N,=pL/m,,..=9,7 kBr, mapamer y = 0,446.

npue
Anpoannamuueckas 3QHEKTUBHOCTb BO3LYXOIPUTOYHOU CUCTEMBI 1| = X MNupus = 0,249.

[Ipumeuanue — ¥YaensHas MomHoCcTh Pspp = 9700/10 = 970 Bt/c, xareropust CFP3.

4.2 VBenuuennole Ha 100 ITa as’poamHaMuueckue MOTEPU B BEHTUIISLIMOHHOW
CUCTEME.

B pesynbpTate mM3MeHEeHHs] TUaMETPOB BO3IyXOBOJOB HJIM WCIIOJIb30BAHUS THOKUX
BO3JYXOBOJIOB, a3POJIMHAMUYECKOE COMTPOTUBJIEHNUE CUCTEMBI BO3/TyXOBOJIOB YBEIIMUMUIIOChH
Ha 100 ITa. ITosmHble a’poaMHAMUYECKHE TOTEPU B BEHTWJIAILMOHHOW CHUCTEME CTallv
paBubl 643 Ila. [lotpebnsiemass BenTmisitopom momHocTh N, = 11,49 kBT, mapametp

% = 0,376.
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AspogrHamuueckas 5QPEKTHBHOCTD BO3JYXOIPUTOYHOU CUCTEMBI 77 = Y Iypue = 0,211,
[Tpumeuanue — YaenpHass MmoutHoCcTh Pspp = 11490/10 = 1149 Br/c, kateropus CFP3.

4.3 Te xe mapaMmeTpbl, 4TOo U B 1. 4.1, HO CKOPOCTh BbIXOJa MOTOKa V= 10 M/c
(cTpyiiHas cucTeMa BEHTUJISILUN).

I[I/IHaMI/I‘-ICCKOC JaBJICHHUC IIOTOKaA Pav = pV 2

2
o A _ &pv BBIX
BO3AYXOBLIITYCKHOM YCTPOUCTBC pBLIX -

6blX

/ 2 =60 Ila, a monHbIe IOTEPU B

o =66 Ila (¢ = 1,1). [Tonusie moTepu B

k
(V) H
BEHTUJISIIUOHHON ~ cucTeMe ZApnp,m = 607 Ila, morpebisiemass BEHTUISATOPOM
i=1

morrHocTh Ny = 10,837 kBT, mapametp y = 0,496.

AspoanHamuyeckas 3Qp(QEeKTHBHOCTh BO3TyXOIPUTOUYHON CUCTEMBI 1| = ¥ Nypus = 0,278.

[Tpumevanue — YaenpHas MomHOCTh Pspp = 10837/10 = 1083 Br/c, kareropus CFP3.
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Ipuioxenue K
HNPUMEPBI IOCTPOEHUSA
APOANHAMUNYECKHU DOO®EKTUBHbBIX BEHTCUCTEM
PaccMOTpuM BEHTWIISILIMOHHYIO CUCTEMY B KOTOPOH HEOOXOIMMO MOJAaTh B TOUKH A
u B momemmenns o 18000 Mm%/ wmcroro Bo3ayxa (pucyHnok JK.1), mpuuem mMaructpaibHas
BeTBb aA (BeTBb 2) ompejeicHa KOHQPUTYpallMed TIOMEIIeHWs M TMOoTepu B HEH
MUHHMH3HPOBAHKL. B TOUKy B BO3IyX MOXET OBITh MOAAH pazIudHbIMU myTsiMu (aB, bB,

cB), a Tak e ¢ TOMOIILI0 HE3aBUCUMOMN BO3TyXOMPUTOYHON YCTaHOBKH.

%
~ -~
_1/ \\.#;///

Pucynok XK.1 — Cxema nogauu Bo3ayxa B MOMeEIIeHUE, aA — MarucTpaibHasi BETBb

[Tpumem crienyroiue ycaoBUs MPU NPOSKTUPOBAHUN BEHTUCUCTEMBI:

- BO3JTyXOBO/Ibl UMEIOT OJIMHAKOBYIO IUIOIA b MOonepeyHoro ceuenust F1=F,=1 M,
CKOPOCTB TTOTOKA B Bo3ayxoBojax Vi = V,=5 m/c;

- CyMMapHBI KO3(PUITMEHT BHYTPEHHUX a’pOAMHAMUYECKUX MOTEPh MarucTpaw,
OTIpEJICTICHHBIN TT0 CKOPOCTH B BO3yxoBoje, §; = 30;

- BBIXOJI TTOTOKAa MPOUCXOIUT HETMOCPEACTBEHHO M3 BO3IyXOBOJA CO CKOPOCTHIO
Vix = 5 M/c;

- IOTE€PH, CBSI3aHHBIE C BBIXOJOM TMOTOKA M3 BO3YXOBBIITYCKHOTO OTBEPCTHS PABHBI

2 .
PViux /2, a TIOJIHBIE TIOTEPU HETIOCPEJACTBEHHO B MAaruCTPalbHON BETBU (C yU4E€TOM MOTEPh

2
BBIXOJ[a) onpeaessrores mo gopmyne Ap', = (&, +1)% ;

- nosubid KI1JI BenTunsaropos paseH 1, = 0,8;
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- KI1/] snexrpoasurarens n,, = 0,8;
- KII/I npuBoJa BEHTUIATOPA Nypus = 0,8:0,6 = 0,64,

- HOPMATHUBHBIC IIOTCPU B HpI/ITO‘IHOfI YCTAHOBKC!

BX.KII TITyII

k
> AP = AP, + AL + AP +..AD", = 20+150 + 200 = 370 Ia.
i=1

K1 BenrTcucrema ¢ napauieIbHBIMH BeTBSIMH, HO C COCpPeI0TOY€HHOMH
pa3gaveii (pa3maya BO3AyXa M3 OJHOTO BO3AYXOpacHpelelUTEIbHOTO YCTPOHCTBA B
KaXJ10i BETBH)

K1.1 HecbanancupoBaHHbIEC PacXobl B BETBSIX

[TpoekTupyeM BO3AyXOMPUTOYHYIO YCTAHOBKY C MPOU3BOAUTEIBHOCTHIO Lo, paBHOM
36 000 M*/4, paboraromyro Ha [Be NapaieibHblC BeTBH (- BETBb  SIBISICTCS
MaructpaibHoi). Ilonoxum, ynamoch CHPOEKTUPOBATh BTOPYIO BETBb MUHUMAJILHOU

MPOTSKEHHOCTH ¢ CYMMApPHBIM KO3(D(PUIMEHTOM BHYTPEHHUX a3pOJAMHAMUYECKUX NOTEPh

C2=5 (pucyHok XK.2).

gemeb 1
£,=30
7 1
—= 2 ®|OH
gemsn 2
_ 3 — o
L 0—36000M 4 §2= 5

Pucynok XK.2 — Bentcucrema cuctema ¢ IByMsl mapajuieIbHBIMU BETBSMU, 03

6aJ'IaHCI/Ip0BKI/I IIPOU3BOJUTCIIBHOCTU B BCTBAX

Ecnu He mpeanpuHSTHI MEpbl MO BBIPABHUBAHUIO adPOJIMHAMHUYECKUX MOTEPh B
BETBSIX, TO PAacXoJl MO BETBSIM pacHpeeuTCs OOpaTHO MPOMOPIMOHAIBHO TMOJHBIM
notepsM. [lpousBoautenbHOCT, B 1-i BETBM B O3TOM Clydyae CTaHET paBHOU
L, =3,06 M3/C, a Bo BTOopor — L, = 6,94 m/c (peuieHre HE TMPUBOAMUTCS, YTOOBI HE
YCIIOXKHSATh TIPUMEP), a COOTBETCTBYIOIIME CKOPOCTH B Bo3myxoBomax: Vi = 3,06 m/c;
V,= 6,94 m/c. IlonHble IOTepH JaBIEHUS B IEPBOM M BO BTOPOM BETBSX (C yU4ETOM MOTEPH
C BBIXOJHOW CKOPOCThIO) OYAYT paBHBI:

AP, = (& +Dp(LIR)? 12= (&, +Dp(L, | ) 1 2=174Tha.
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[TonmHbIE TOTEpPH CETHU:
k '
Ap, =D AP, +Ap,, =174+370="5441la,
i=1
a moTpediseMas BEHTUAATOPOM MOIIHOCTB!
Ny, = Pyoly My =8, 5KBT (31€Ch: Pyo = AP,).
O GEKTUBHOCTD BEHTCHCTEMBI C HeCOaIlaHCHPOBaHHBIMU PACXOJaMH:

1,2-5°

k ; VZ
Mo = L{Z_l:Apnm +p—23w<J/ N, :10(370+ js,sz 0,454,

oIpeesieHHas 1o CpeaHeii ckopocTu Bbixoaa motoka V= 0,5(V+ V,) = 5 m/c.

K1.2 IpoccenupoBaHHasi BTOpasi BETBb, COAIAHCUPOBAHHBIE PaCX0/bl (MTAaCCUBHOE
BO3JICHCTBHE)

J1s1 BEIpaBHUBAHUS PAacXO0JI0B, CIEAYS CYIIECTBYIOMIEH MPAKTHUKE MPOSKTUPOBAHUS,
BBEJIEM JIOTIOJIHUTEIHLHOE a’3pOJMHAMHYECKOE COMPOTHBICHHWE BO 2-I0 BETBb (PUCYHOK

K3), paBHOE pa3HHIIEe MTOJHBIX MOTEPh B BeTBAX AP =Ap, -Ap,'. Cieayer noHUMars,

Ipoc
4TO IIpH O3TOM YBCIHMYHNBACTCA 06H1ee COIMPOTHUBJICHUC CHUCTCMBI (HO CPaBHCHHIO C

cucTteMoii 0e3 OaTaHCUPOBKU PACXOJIOB).

gemsb 1
& 4=30

NN
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L 36000m%4 gemeb 2

dpoccers

Pucynox .3 — Benrcucrema ¢ qpoccenupoBaHHON BTOPOW BETBBIO U PaBHBIMU

pacxoaamu

[Ipu 3amanHom pacxoxe L; = 18000 M>/d4 TOTTHBIE noTepu 1-ii BETBU paBHBI
Ap', = (& +1)pv’/2=46511a, a 2-it BerBu Ap', = (&, +1)pv’/2=901la.
[lepenan naBiieHUsI HA IPOCCEIIE:

AP,y = Ap,"-Ap,' = 465—90 =375 Ta

(anayiornuHbIi 3 HEKT MOKHO MOTYUHUTh 32 CUET YMEHBIIICHUS CEUYCHHUS BO3AyX0BOa 2-i
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BCTBU M COOTBCTCTBYIOIICTO YBCIMUYCHUA CKOPOCTHU 0.

v, =/(2Ap, 1 p(C, +1)) =11,36 m/c).
[loTepn MOIITHOCTH Ha ApOCCeie:

Nooe = LA, o / My =5-375/0,64 = 2,925 kBr.

[TonHoe HaBJICHUC BCHTHWJIATOpA pyo AOJLKHO OBITH PaBHO IIOJHBIM IIOTCPAM

BCHTCUCTEMBI:
k
Ap, =) Ap,... +Ap, =370+ 465=83511a.
i=1

[ToTpebasieMass BEHTHIIATOPOM MOIIHOCTbD:

N, = P,L, /My =13,05Br,

13 KOTOpOH Ha Jipoccenie Tepsercs 2,93 kBT.

D} heKTUBHOCTh BEHTCUCTEMBI:

X pV? 1,2-5°
N = Lo | D APE L+ =2 |/ N =10| 370+ =—— |/13,05=0, 295.
= 2 2

TakuMm 00pa3oM, 3a CUET YBETUUYECHUS a3pOJIMHAMUYECKUX MOTEPh BO BTOPOM BETBU
(ra 835 — 544 =291 Ila) aspoaumHamuueckas 3¢ dekTuBHOCTS yMeHbmnach Ha 20 %.

K1.3. Pa3buenne Ha 2 HE3aBUCHUMBIX TMPUTOYHBIX YCTAHOBKH (aKTUBHOE
BO3J/ICHCTBHE)

YrobObl n30ekaTh APOCCETUPOBAHUS 2-i BETBH, CIIPOCKTHPYEM JBE HE3aBUCHUMBIX
IPUTOYHBIX BEHTCHCTEMBI C IPOM3BOAMTEIBHOCTEIO Mo 18 000 Mm*/u (pucyHok YK4)
kaxnasd. [lomaraem, 4To BO BTOpPOM NPUTOYHOM CHCTEME CYMMApHBIM KO3(p(ULHEHT
a’pOIMHAMUYECKUX MOTEPb OCTAJICS MPEXKHUM, T. €. C, = 5. Jli1s mpoCTOTHI Mojaraem, 4ro

IMOTEPpHU B BOSAYXOIIPHUTOYHBIX YCTAHOBKAaxX pPaBHbI HOPMATHBHLIM, 4 CaMHW HOPMATHUBHBIC

MOTEPU B MPUTOUYHBIX YCTAHOBKAX OCTAIMCH MpekHUMH, T. €. 370 Ila.
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Pucynok XK.4 — JIBe HE3aBUCUMBIX BEHTCUCTEMBI

1'H BO3I[yXOle/ITOqHaﬂ cCucremMma. HOHHOC JAaBJICHUC BCHTI/IJBITOpa pv]_ JOJIZKHO
6BITB paBHO ITIOJIHBIM HOTGp;IM B BECHTCUCTEMC.
k
Ap, = 2ADP, i+ AP, =370 + 465 = 835 Tla,
P
i=1
a HOTpe6JISIeMaH BeHTHHfITOPOM MOH_[HOCTB:

N, = Puli/Mipme= 5:835/0,64 = 6,52kBr.

D¢ hexTUBHOCTH 1-i1 BEHTCUCTEMBI:

k
Mapur = Ly ( 2APL i + PV 2 1 2))/ Ny = 5.(370 + 1,2:5%2)/6,52 = 0,295.

i1
Kak BuaHo, 5>(Q¢deKTUBHOCTh TEPBOMl  BO3AYXONPUTOYHONM CHCTEMBI paBHA
7 ()EKTUBHOCTH BEHTCHCTEMBI MPEIBIIYIIET0 MpuMepa (C TOYHOCTBIO 10 PaBEHCTBA
«HOPMATUBHBIX» NOTEPh B BO3AyXonpuToyHOU ycraHoBku U KIIJl BeHTHiIsITOpA), T. K. HE
VU3MEHWINCH MOJHBIE TOTEPH.
2-s1 BO3AyXOoNnpuUTOYHasi cucrema. [lonHoe naBieHUE BEHTUIISATOPA Py JOJKHO
OBITH PAaBHO MOJHBIM MOTEPSIM B BEHTCUCTEME:
K '
APz = 2APupui+AP; =370 + 90 = 460 Tla,
i=1
a notpedasieMasi BEHTUJISITOPOM MOIIIHOCTb!
Nyo = PvoloMupus2 = 5-460/0,64 = 3,6xBT.
O} dekTHBHOCTH 2-11 BEHTCUCTEMBI:
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kK
nanT = LZ( ZAr*)ll'[{plzn“i +pV 26le /2))/ NV2 = 5(370 + 1,252/2) /3,6 = 0,536

i=1
Kak BumHO, »(p¢EKTUBHOCT, BTOPOH MPUTOYHOM CHUCTEMBI OoJbllie H3-3a
OTCYTCTBHSI IIOTEPh MOIIIHOCTH Ha JPOCCEIMPOBAHNUE:
Ny1 — Ny, =6,52 — 3,6 = 2,93kBrT,
KOTOpBIC, KaK M CIICJIOBAJIO OXKHUAATh, OKA3aJUCh PABHBI MOTEPSM IIPH JIPOCCETUPOBAHUH
2-1 BeTBH (cM. 1. 2K1.2).
CymmapHas motpebiisieMasi MOIIIHOCTD JIBYX BEHTHUIISITOPOB:

N =6,52+ 3,6 = 10,12 xBrT.

v,com
OHpeIICJ_H/IM 9KBUBAJICHTHLIC A9POAMHAMHUYCCKHUC IIOTCPpU OaBJICHHA B CHUCTCMC,
COCTOHHIGI?I N3 IBYX BO3AYXOIIPUTOYHBIX YCTAHOBOK C CYMMapHOﬁ IIPOU3BOAUTCIIBHOCTBIO
Lo:

Ap)* =N /L0 =10120-0,64 /10 =648 I1a.

v,cym Nipus
910 Ha 22% MeHbIIIe, YeM MpH JpoccenupoBanmu 2-i BeTH (1. 2K.1.2).

Cpennroro 3pGeKTUBHOCTh ABYX BEHTCHUCTEM HEIb3s ONMPEIEIUTh apu(PMETHISCKIM
CJIO)KEHHWEM, HO OYEBHMJIHO, YTO cymMMapHas 3(Q¢GEeKTHBHOCTh BEHCHCTEM OyleT B 3TOM
ciyyae Oombme 0,369. Tak kak W TPOU3BOAMUTENBHOCTH M TMOTEPU B MPUTOYHBIX
YCTaHOBKAaX paBHBI, TO MOXHO OMNPEACTUTh HKBUBAICHTHYIO 3((EKTHBHOCTH IBYX

BECHTCHUCTEM:
k 2 2
e =L, ZApgpm+% /N, =10 370+ 125 /10120 =0,381.
- 2 2

K1.4 Kamepa pazbopa ¢ maBi€HHEM, PAaBHBIM IOTEPSIM BO BTOPOM BETBU U
BEHTUJISITOPOM-/TOBOJYMKOM B IEPBOM BETBH (aKTUBHOE BO3/ICHCTBUE)

YcraHOBMM Ha BBIXOJE€ W3 BO3IYyXOMPUTOYHOM YCTaHOBKH Kamepy pa3dopa
(pucynok XK5), B KoTopoii OyaeM MOAIEP)KUBATh JABJICHHE, PABHOE MOTEPSIM IOJIHOTO
JaBJIeHUd BO 2-i BeTBHU, T. €. Ap’, = 90 Ila. CunraeM, 4TO Kamepa UMEET JOCTATOYHBIN
00beM, MOATOMY BHYTPH KaMephbl TOJIHOE JaBJICHHUE PABHO CTATHYECKOMY JaBJICHUIO.
[IpumeM Takxe, 4TO MPU BBIXOJE IOTOKA W3 BEHTWIATOPA B KaMe€py OTCYTCTBYIOT

AOPOAMHAMHNYCCKHC ITOTEPH HaA yaap.
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Kamepa “pasbopa”

Pucynok X.5 — BeHrcucrema ¢ «kamepoil pa3dopa» U BEeHTHIATOPOM-J0BOTYUKOM

B 1-11 BeTBHU

O4eBUAHO, YTO MO MOTPEOJAEMOM MOLIHOCTH 3TO TOJHBIA aHajJor JBYX
BO3JIyXOIPUTOYHBIX YCTAHOBOK (€CJIM HE YUYUTHIBATh IIOTEPU C BBIXOJHON CKOPOCTBIO IPU
BXOJI€ IOTOKA B KaMepy pa3odopa u pasnuiy B KII/] npruBoaa BEeHTUIATOPOB).

[lonHoe naBIeHHME OCHOBHOTO BEHTWISATOPA Py, JOJDKHO OBITH PaBHO NOTEPSM B
YCTaHOBKE IUIKOC ITOTEPHU BO 2-i CETH, T. €.
Kk
AP = 2AP AP, = 370 + 90 = 460 TTa.
i=1
[ToTpebiisemMas MOIIHOCTh OCHOBHOI'O BEHTHJISITOPA:

N, = Pyolo/Mupume = 7,19 BT
B kamepe pa3bopa, HEMOCPEACTBEHHO B Hayale TEPBOM BETBH, YCTAaHOBUM
BEHTWJIATOP-IOBOIYHK, €0 TOJIHOE AAaBJICHHE JOHKHO OBITh PaBHO MOTEPSM B TEPBOU
BETBM MUHYC JIaBJICHHE B Kamepe pa3zdopa:
Py = Ap;-Ap," =465 —90 I1a =375 Ila.
[ToTpebasieMass MOIITHOCTh «BEHTUJISITOPA—TOBOTIUKAN:
Ny = Pyba/Mupus = 2,93 kBT.
Cymmapnas motpebsisiemasi MOIIHOCTh BEHTUJISITOPOB PaBHA!

Ny o= 7,19 + 2,925 = 10,12 kB,

T. €. paBHa CYMMapHOM MOIITHOCTH JIBYX BO3JYXOMPUTOYHBIX yCTaHOBOK (cM. 1. JK1.3).

O (HEeKTUBHOCTh BEHTCUCTEMBI:
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k
Nupur = Ly ( 2AP i + PV 20 /2)1 Ny = 10-(370 + 1,2:5%/2) /10,12 = 0,381,

i=1
T. €. paBHa KBUBAJICHTHOH 3 PekTuBHOCTH ABYX BeHTcHcTeM (11. 2K1.3).

DOKBHUBaJICHTHbBIC A3POAMHAMHUYCCKHEC IIOTCPH JABJICHUS B BECHTCUCTEME .

AP =N /L, =648 1Ta.

o v,cym Nipus
TO €CTh, TAKXE PABHBI MOTEPSM BEHTCUCTEMBI, COCTOAIICH U3 JIBYX BO31YXOHPHUTOUYHBIX
ycTaHoBoK (1. 2K1.3).
K1.5 AxtuBHoe BozneiicTBue. Kamepa HylIeBOro CTaTUYECKOTO JABJICHUS C
BEHTUJISITOPAMU-J0BOTYMKAMU B TMIEPBOM U BO BTOPOW BETBU
YcraHoBUM Kamepy HYJEBOIO CTaTUYECKOTO JaBJEHUS, B KOTOpOH Oynem
MOJ/JIEPKMBATh CTaTHYECKOe JdaBieHHe Onm3koe Kk Hymo (pucyHok XK.6). Kak u B
MpEBIAYIIEM Cllydae, CYMTaeM, YTO KaMepa UMEET JOCTATOUHBIA 00BEM, TOATOMY TOJIHOE
PaBHO CTaTUYECKOMY JABJIEHUIO U OTCYTCTBYIOT a3pOAMHAMHUYECKUE MOTEPU «HA yAap».
ITo a’pomuHamuyeckor >(HPEKTUBHOCTH ITO TMOJHBIM AHAJIOT CXEMBbI C «KaMepou

pazoopay.
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Kamepa "Hyneso2o cmamu4ecKoao
OaeneHus"

Pucynoxk X.6 — Benrcucrema ¢ «kamepoil HyJI€BOIO CTaATUYECKOTO JaBICHUS» U

(BCHTHUJLATOPAMHU—I0BOAYHNKAMU)> B I(El)KI[Oﬁ BCTBHU.

[TonHoe naBiieHHE OCHOBHOT'O BEHTUJISITOPA pyo JAODKHO OBITH PAaBHO MOTEPSIM B

BO31YXOIIPUTOYHON YCTaHOBKE:
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k
pvo = ZApnplxni =370 Ila.

i=1

HOTpe6H}IeMa$I MOIIHOCTb OCHOBHOI'O BCHTHJIATOPA!
NVO = pVO LO/nan/[m = 5,79 KBT.

[TomHOE maBiieHWE BEHTUIISATOPA-IOBOMYMKA, YCTAHOBJICHHOTO B l-ii BETBH, Py,
JOJKHO OBITh PaBHO adPOJUHAMUYECKHUM ITOTEPSIM B ATOU BETBH:
Ap’y =465 I1a,
a ero notpeodsieMas MOIHOCTD:

Nvl = Pu Lllnnpmsl: 3,64 KBT.

[Tonnoe AaBJICHUC BCHTUJIATOPA-AOBOAYHKA, YCTAHOBJICHHOI'O BO 2-i BCTBH, P2,

JIOJKHO OBITH paBHO MOTepsiM B Hel: Ap , = 90 Ila, a ero motpebiasiemMast MOIIHOCTb:
NV2 = pV2L2/nan/IB2: O’7KBT’
CymmMmapnas noTpediisieMasi MOIIIHOCTh BEHTUIISITOPOB:

I\IV,CyM = NVO + NBI[l + NBII2: 5979 + 3764 + 077 = 10,13 KBT.

D¢ HeKTUBHOCTH BEHTCUCTEMBI:
Kk
T]l'[pI/IT = Lo( ZAprl:pHTi + pvzeblx /2)/ NVCyM = 10(370 +l,252/2)/10,13 = 0,381
i=1

Takum oOpazom, adpoamHamudeckas 3GHEKTUBHOCTh, paBHa dS(PPEeKTUBHOCTH
CHUCTEMBI C BO3IyXOIPHUTOYHON YCTAaHOBKOM ¢ KaMepou pa3odopa (cm. 1. 2K1.4).

OKBUBaJICHTHEIC AOPOAUHAMUYCCKUEC TOTCPU JJABJICHUS BEHTCUCTEMBI.

Ap2® =N /L, =6481Ta.

c V,cyMnanB
T. €. TaK € PaBHbI NOTEPSIM BEHTCUCTEMBI C BO3AYXOIPUTOYHONW YCTAHOBKOM C Kamepou

pa36opa U BCHTCUCTCMBI, COCTOHHIeﬁ N3 IBYX BO3JYXOIIPUTOYHBLIX YCTAHOBOK.

K2 Jluneiinasa BercucremMa (C OJAHOM BeTBBKW) M C pa3gadyedl u3 [ABYX
BO3/yXOBBINIYCKHBIX YCTPOUCTB

[Tonaraem, ynanoch M3MEHUTh KOHPUTYpALMIO BO3IyXOBOJa TaKUM 00pa3oM, 4TO
BO3AyX B TOYKYy B 0ka3zanocp BO3MOXHBIM MOJAaTh HEMOCPEACTBEHHO W3

BO34yX0pa3agaromiero YCTpOﬁCTBa, PACIIOJIOKCHHOI'0 B BO3AYXOBO/C.
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BeHTWIALIMOHHAsA CcHCTEMa COCTOMT U3 BO3QYyXONPHUTOYHOW YCTAHOBKH C
POU3BOUTENBHOCTHIO L, = 36000 M/, BO3JYXOBO/JIa IEPEMEHHOIO CEYEHUS, B KOTOPOM
MOJIIEP’KUBACTCS TIOCTOSIHHASE CKOpPOCTh 5 M/c. CyMMapHBIi KO3(h(GUIIMEHT BHYTPEHHUX
a’pPOJIMHAMUYECKUX TOTeph Bo3ayxoBoaa ¢; = 30. Bo3ayx ¢ OJMHAKOBBIM PacxojioM
BBIXOJAWT W3 JIBYX YCTPOHCTB CO CKOpPOCTBIO 5M/C, TpUYEeM TIEpBOE YCTPOWCTBO
PacMoJI0XKEeHO Ha YYacTKe BO3AYXOBOAA TaM, Iae K03 PHUIIUEHT moTeps paBeH C, = 5.

Cucrema SBIIETCS aHAJIOTOM PACCMOTPEHHOM BBIINIE BEHTCUCTEMBI C JIBYMS
napaJJIebHBIMUA BETBSIMHU, KOTOPBIE B JAHHOM CIlydae UMEIOT «GKUIKHE» rpaHullbl. Kak n
B IIEPBOM CIIy4ae, MPOU3BOAMUTENILHOCTh B Pa3JalOlINX YCTPOMCTBAX YCTAaHABIMBAETCS B
3aBHCHMOCTH OT a3pOJIMHAMUYECKUX MTOTEPh YUaCTKOB BO3/1yX0oBoja (BeTBel 1 u 2).

K2.1 JlpoccenvipoBaHW€ TEPBBIM  Pa3JalOlMM  YCTPOMCTBOM  (ITaCCHBHOE
BO3JICHCTBHE)

[Ipu cranmapTHOW NpaKTHUKE NPOEKTUPOBaHUs (MIACCUBHOE BO3/ACWCTBHE Ha
BEHTCHCTEMY), C IEJIbI0 BBIPABHUBAHUS PACXOJIOB YEPE3 pa3Jarolllue YCTPOMCTBA, B
nepBoM (MO XOAy BO3AyXa) YCTPOMCTBE HEOOXOJUMO BBECTU JIONOJHUTEIBHOE
a’pOIMHaMUYECKOE COMPOTHUBIIEHUE (YCTAHOBUTDH APOCCEIb, GUIBTP, MPUKPBITH PELIETKY

u T.1.). Cxema cuctemsl npuBeieHa Ha pucyHke XK. 7.
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Pucynok X.7 — JIuneliHast BEHTCHCTEMA C «IPOCCEITUPOBAHHBIMY» NIEPBHIM

pa3IarolM YCTPOMCTBOM

[lonHoe naBiieHWE BEHTUIISATOPA pyo MOJDKHO OBITH PaBHO CyMME TIOTE€Ph B

BO3yXOMPUTOYHON YCTAHOBKE IUIKOC MOTEPU B JJIMHHOU BETBHU:
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k
Byg = 2APuoi +AD; = 370 + 465 = 835 Tla.

i=1
HOTpC6JI}I€MaH BCHTHJIITOPOM MOIITHOCTE.
Nvo = PuoLloMupuso = 13,05 kBr.
A3pOI[I/IHaMI/IlIeCKI/I€ IMOTCPH Y4AaCTKa BO3AyX0BOJa 10 nepBoﬁ pasaavn:
Ap', = (&, +1)pv> /2 =90 IIa,
nepemnaa AaBJICHUA Ha APOCCLIIC:

Ap_..=Ap,-Ap,'=465—-90 =375 1I]la,

Jpoc
d IIOTCPHU MOITHOCTH Ha HCM.

Nooe = AP l/M, s = 5:375+/0,8 = 2,93 kBr.

O} PpeKTUBHOCTh BEHTCUCTEMBI C JPOCCETUPOBAHHON 2-11 pa3nayei:
Kk
Mapur = Lo ( 2Pl PV 20 121 N, = 10 - (370 + 1,2 - 5/2) / 13,05 = 0,295,
i=1
Takum oOpazom, adpoaumHamMuueckas >(PPEeKTUBHOCT, paBHA A(OPEKTUBHOCTH
BEHTCHCTEMBI C «IPOCCEIMPOBAHHOI» BTOPOI BETBBIO U paBHbIMK pacxoaamu (1. JK1.2).
K2.2 AKTMBHOE BO3JCICTBUE, pa30HeHHe Ha 2 HE3aBUCHUMBIX MNPUTOYHBIX
YCTaHOBKH
Kak u B mepBoMm citydae, 4ToObl n30€kKaTh APOCCETUPOBAHNUS MIEPBOTO Pa3JAIOLIETO
YCTPOMCTBA, CHPOEKTHUPYEM JIBE HE3aBUCHUMBIX MPUTOYHBIX  BEHTCHUCTEMBI C
MPOM3BOAUTEIHLHOCTHIO 1O 18 000 Mg Kaxaas. B a’pogmHaMHYECKOM CMBICJIE 3TO

MOJIHBIA aHAJOr pPacCMOTpPeHHOW BhIme cxembl (cM. 1. JK1.3) C »KBHBaJleHTHOU

s¢pdexrusrocTeio M, = 0,381

K2.3. «AKTHBHOE BO3JEHCTBUE», YCTAHOBKA BEHTUJISATOPA-IOBOIYMKA 32 MEPBBIM
pa3garIuM YCTPOHCTBOM

HenocpencteBeHHO 3a 1epBOM  pa3nadyedl  yCTaHOBHMM  BEHTUJISATOP-IOBOIYHK
(pucynok XK.8). IloniHOE naBjieHHE OCHOBHOTO BEHTUJISITOPA IOKHO OBITh PABHO TOTEPSIM
B IPUTOYHOM YCTAaHOBKE IUIKOC MTOTEPHU HA YYaCTKE O NEPBOM pa3aayu:

k
Duo = 2AP,m +AD; =370 + 90 = 460 Tla.

i=1
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HOTpe6J'I$IeMa$[ OCHOBHBIM BCHTHJIATOPOM MOIITHOCTb.

No = PuoloMypme = 460-10/0,64 = 7,19 KBr.

{0 | J—

‘L L1=18000M3/L{

N

— 8|0

L 0=36000M3/‘-I

]_2=1 8000M3/q 8EHMUIAMOP-008004UK

PI/IC}/HOK JK.8 — JIuHeiiHas BEeHTCHUCTEMA C BCHTHJLATOPOM-AOBOAYHUKOM

BeHTI/IJBITOp-I[OBOII‘-II/IK JOJDKCH HMCTL IIOJIHOC HOAaBJICHUC py1, PABHOC IIOTCPAM

y4acTKa BO3yXOBOJa 3a EPBOU pa3qayeu:
. 2 _
Ap' =(C,-C)pv,” 12 =37511a
(TMHAMHYECKOE JaBJICHHME Ha BBIXOJIC M3 Pa3JaloIIero yCTPOHMCTBa B ATOM cCiydyae HE

YUHUTBIBAETCH).

HOTpe6J'I$IeMaH BCHTHJIATOPOM-IOBOAYHNKOM MOIIHOCTb.
Ny = Pviba/Mupus = 3755/ 0,64 = 2,93 kBr.
Cymmapnas notpebiisiemasi MOIIIHOCTh BEHTUJISITOPOB paBHA!

Ny o = Nyo + N, = 7,19 + 2,93 = 10,12 kBr.

O (HEeKTUBHOCTh BEHTCUCTEMBI:
k
_ 2 2
M = Lo ( AP + 0V 20 12)/ N, = 10-(370 +1,2:5%/2) / 10,12 = 0,381.
i=1
Takum oOpazom, a’poauHamMuueckass 3G(PEeKTUBHOCT, paBHA A(HPEKTUBHOCTU
BEHTCUCTEMBI C MTapajlIeIbHBIMU BETBSIMU U C BEHTUJISITOPAMU-I0BOTYNKAMU.

OKBHUBaJICHTHBIC IMOTCPHU JaBJICHHUA B BCHTCUCTCMC!

Ap =N /L, =64811a,

c V,CyManI/IB

41O Ha 22% MEHbIIE, YeM IIPU «JIPOCCCETUPOBAHUNY MIEPBOTO Pa3AarOIIEro YCTPOMCTRA.
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AHaJIN3 NOJYYEHHBIX Pe3yJbTaTOB

JU1 HarJIsiJHOCTU CBEAEM pe3yJibTaThl pacueToB B Tabiuny K.l u qaaum kpaTkui
aHaJIM3 TMOJYYEHHBIM pe3ynbTraraMm. [Ipm 3TOM crexyeT MMETh B BHUIY, YTO KpOMeE
OTMEUEHHOI'O0  YBEJIMYEHUS]  adpPOJMHAMHUYECKOM  S3(PQPEKTUBHOCTH HMEET  MECTO
YMEHBILIEHUE YPOBHS IIyMa M3JIy4aeMOI0 BEHTWISATOpamH. [[sl ynmpoIIeHHOro aHanusa
MIPUMEM, YTO CYMMAPHOE M3JIyYEHHE IIyMa HECKOJIBKUX BEHTUISITOPOB PABHO U3IIYyYEHUIO
OJIHOTO BEHTHJIATOPA C MIPOU3BOJUTENIBHOCTHIO, PABHON CYMMAapHOW MPOU3BOAUTEILHOCTH
BEHTWSAITOPOB, M C TIOJHBIM JIaBJICHUEM, pPaBHbIM HKBHBAJICHTHBIM IIOTEPSIM B
BeHTcHcTeMe. OlLIEHKa KOPPEKTHPOBAHHOIO YPOBHSA 3BYKOBOM MOIIHOCTH Ha BBIXOJIE

MIPOU3BOINIIACH MTEPECYETOM aKyCTUUECKUX XapaKTEPUCTUK BeHTU s TopoB BP 80-70-12,5-

01 u BP 80-70-12,5-01.

Ta6nuna X.1 — [TapameTpbl BEHTUISIIMOHHBIX CUCTEM

BenTcucrema ¢ napamienbHbIMU BETBIMHU JInnelinas BeHTCHCTEMA
[TaccuBHOE . [TaccuBHOE AKTHBHOE
. AKTHBHOE BO3JICHCTBHE N N
BO3JEHCTBUE BO3JEHCTBUE BO3JICHCTBUE
JBe nipu- Kawepa Jpoccenn- JlBe npu- Bentu-
Hpoccenu- Kamepa | nyneBoro poBaHue
Bapuant . | TOuHBIE . TOYHBIE JSATOp-
poBanue 2-i pas3bopa cTar. nepBon
WCIIOJTHEHUS YCTaHOBKH YCTaHOBKH | JOBOJYUK
BetBH (0K1.2) (K1.3) (K1.4) | nmaBneHwus pazmaun 0K2.2) (0K2.3)
' (’K1.5) (>K2.1) ' '
[Torepu
FABIICHIA 835 648* 648 648 835 648* 648
(*sxBUBa-
neHTHeIe), [1a
AspoauHa-
MUYecKas
dbdexus- 0,295 0,381* | 0,381 0,381 0,295 0,381* 0,381
HOCTb
(*sxBUBa-
JICHTHAs)
YpoBeHb
3BYKOBOM
MOIIHOCTH
Ha BBIXOJIE 93 90** 90** 90** 93 90** 90**
(**>KxBUBa-
JICHTHBIN),
nBbA
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BbIBObI 10 NPUBEAEHHBIM IPUMEpPaM

Benrcucrema ¢ mapajaiaelibHBIMUA _BETBSIMH, HO C COCPEIOTOYCHHOM pa3zgadci

(pasz[aqa BO3AYyXa M3 OJIHOI0 BO3JIYXOPAaCIpPEACIUTSILHOIO YCTPOMCTBA B KaXKIOM BeTBI/I)

YMeHbllleHHe OOUIEro a’poJAMHAMUYECKOTO COIMPOTHUBICHUS CUCTEMBI 3a CYET:
pa3OueHus Ha JIBE€ HE3aBUCUMBIE BEHTCHCTEMbI; YCTAHOBKH BEHTHJISITOPOB-IOBOAYUKOB
COBMECTHO C KaMepoi pa30opa Ui KaMepoil HyJIEBOI'O CTATUYECKOTO JAaBIICHUS, TPUBEIIO
K YBEIMYEHUIO a’spoauHamuueckoil apdexkruBHocTr Ha 22%. [lpu 3TOM SKBUBaJICHTHBIN
YPOBEHb 3BYKOBOM MOIIHOCTH BEHTHWJISATOpAa yMEHbIIWJCA Ha 3 nBA (B aOCOMIOTHBIX
BEJIMYMHAX — ATO YMEHBIIICHUE U3Ty4aeMOW MOIIIHOCTH B 2 pa3a).

JluneriHas BercucreMa (C OJMHOWM BETBBRKO) MW €  pasgayed W3 JOBYX

BO3JYXOBBIITYCKHBIX VCTDOﬁCTB

YMeHblIeHHe OO0IIEro a’poJAWHAMUYECKOrO0 COMPOTHUBIIEHUS CHUCTEMBI 3a CUET:
pa30MeHMsl Ha JB€ HE3aBUCHUMBIX BEHTCHUCTEMbI, YCTAHOBKM BEHTHJIATOpPA-JOBOJYMKA,
NpHUBENIO K YBEIMYCHUIO a’poauHamudeckoil sddextuBHoct Ha 22%. [lpum sTOM
KOPPEKTUPOBAHHBIN YPOBEHb 3BYKOBOW MOLIHOCTH OCHOBHOTI'O BEHTHJIATOPA YMEHBIIMIICS

Ha 3 nbA.

78



CIINCOK UCITIOJIb30OBAHHOM JINTEPATYPHI

1. ®enepanbhbliii 3akoH 0T 23 HOAOPs 2009 r. Ne 261-D3 «O06 sHeprocoepexeHun
U O TIOBBIIICHUW DHEPreTHUYECKON A(H(PEKTUBHOCTH W O BHECCHHUM W3MEHEHUU B
OTJEIIbHBIC 3aKOHOIAaTEbHbIE aKThl Poccuiickoint denepannmn»

2. ®epnepanbubiii 3akoH 0T 30 ceHta0ps 2009 1/ Ne384-D3 «TexHuueckwuii
peryiaMeHT 0 0€30MaCHOCTH 3/IaHUI U COOPYKEHUI

3. I[Tocranornenue [IpaButenncTBa Poccuiickont ®eneparuu ot 25 ssuBaps 2011 r.
Nel8 «O6 ytBepxkaenun IlpaBun ycraHoBieHHS TpeOOBaHMM HIHEPrETHUYECKOI
3¢ (PEeKTUBHOCTU N 3[aHUN, CTPOEHUH, COOPYXKEHUHM M TpeOOBaHUN K NpaBUIAM
OTpeJIeIeHHs Kacca dHEPreTUIecKo 3pHeKTUBHOCTH MHOTOKBAPTUPHBIX JOMOBY

4. Maxos JI.M. Oronnenue. — M.: U3narensctBo ACB, 2014.

5. Kapamxu B.I'., MockoBko FO.I'. Ouenka aspoaunamuueckoid 3¢HEKTUBHOCTH
BeHTHIAIIMOHHBIX cucteM. ABOK, Ne7, 2008.

6. Kapamxu B.I'., MockoBko FO.I'. CrocoObl yBenwueHHUs a’poAMHAMHYECKOM

a3 PeKTUBHOCTH BeHTHIAIIMOHHBIX cucTteM. ABOK, Ne5,2009

79



