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Ha npaBax pykonucu
MNMPUTOPOAOBA TATbAHA HUKOTAEBHA
YNYULLIEHWE YC/TOBUIA TPYOA PABOTHUKOB MPU PA3IPY3KE YIS HA TEMNOBbLIX 3MEKTPOCTAHLNAX
CneumnanbHoctb 05.26.01 — OxpaHa Tpyda (3/1eKTpo3HepreTnka)
ABTOPE®EPAT
AvccepTaumMn Ha ComckaHne y4€HOM cTteneHu
KaHAauAaTa TEXHUYECKMX HayK
YensabuHck - 2016
Pabota BbinonHeHa B ®efepanbHOM roCyAapCTBEHHOM 06pa3oBaTeNlbHOM yypeXAeHUW BbiCllero obpa3oBaHWs « YpanbCKUi rocyAapCTBEHHbIA YHUBEPCUTET MyTen cooblieHus»
(®rBOY BO YpI'YMC)
HayuHblli pykoBoanTeENb: KaHAMAAT TEXHUYECKMX HayK, CTapLniA Hay4Hbl cOTpyaHMK MonoBa HuHa MNaBnosHa.
OdurunanbHble ONMOHEHTLI: AOKTOP TEXHUYECKMX HayK, npodeccop
JNoraveB KoHcTaHTMH ViBaHOBUY
OrBOY BO BI'TY mm. B.I. LLlyxosa, npodeccop kadeapbl TenaorasocHabxeHna n BeHTUnAuum, r. benropog;
[OKTOP TEXHMYECKMX HayK, AOLEHT YepHbili KOHCTaHTUH AHaTonbeBny
OrB0Y BO «lMepMckunii HauMoHanbHbIN MCCnefoBaTeNbCKUIA NONIMTEXHUYECKMA YHUBEPCUMTET», 3aBeayoLwWwmnii kadeapon 6€30nacHOCTU XU3HeAeAaTeNbHOCTH,
r. Nepme.
Benyuiee npeanpusatne: ®efepanbHoe rocyAapCTBEHHOE aBTOHOMHOE 06pa3oBaTeflbHOE yupexAeHMe Bbiclero obpa3oBaHMs «YpanbCkui (eaepanbHbli YHUBEPCUTET UMEHMU
nepsoro Mpe3naeHta Poccun B.H. EnbunHa», r. EkatepuH6bypr.
3awmTta cocTomTCa «___» r. B « » YacoB Ha 3aceiaHuu amcceptaumoHHoro coseta [ 212.298.05 npu ®IbOY BIMO «HOXHO-YpanbCKUN FOCYAAPCTBEHHbIN
yHUBEpcnTeT» (HauMoHaNbHbIA UCCeaoBaTeNbCKNIA YHUBEPCUTET) No aapecy: 454080, r. YenabuHck, np. uM. B.U. JleHuHa, 76, aya. 1007.
C anccepTaumein MOXHO 03HakoMUTbCA B Bubnmoteke ®IrBOY BIMO «HOXHO-YpanbCKMin FrOCyAapCTBEHHbIA YHMBEPCUTET» (HaUMOHANbHbIA MCCNeA0BaTENbCKUIN YHUBEPCUTET) U Ha
oduumansHoMm canTe KOYpl'Y no agpecy:
ABTOpedepaT pasocsiaH «__» 2016 r.

OT3bIBbl Ha aBTOpedepaT B ABYX 3K3eMMNJspax, 3aBEPEHHbIX MeyaTblo yUYpexxAeHns, NpocuM HanpaBnsaTb no agpecy: 454080, r. YensbuHck, np. uMm. B.U. JleHnHa, 76, ra. Kopnyc,
YueHbl coBeT HOYplY, ten./dakc: (351) 267-91-72. E-mail: grigorevma@susu.ac. ru.

Y4yeHbIn cekpeTapb

AncceptaunoHHoro coseta [1212.298.05, Mpuropbes Makcum

[OKTOP TEXHMYECKMX HayK, AOLEeHT AHaToNbeBNY

OBLLAA XAPAKTEPUCTUKA PABOTDI

AKTyanbHOCTb paboTbl: MonoxuTenbHas TeHAEHUMS B pPa3BUTUM YrofibHOM MPOMbILLIAIEHHOCTM CKa3blBAaeTCA Ha AeATeNIbHOCTW MpeanpusTUin anekTpoaHepreTukm. K koHuy 2015
roga B Poccvn okono Tpetu TennaosbiX anekTpoctaHumii (T3C) ncnonb3yoT B Ka4YecTBe OCHOBHOMO TOMJIMBA Yrosb, KOTOPbIMU BblpaboTaHo okono 25% 3nekTposHeprumn ot obiero
obbema. B 3aBMCMMOCTM OT YCT@HOBNEHHON MoWHOCTM TIC TpaHCMOPTUPOBKAa TBEpAOro TOMAMBA OCYLLECTBASETCS MoslyBaroHamu M rpy3oBbiMu aBTomMobunamu. Mo npuunHe
6onblIero MaccoBoro pacxoaa yrnsi 3anblIeHHOCTb MpW pasrpy3ke nosyeBaroHa 6osnblue, YeM Npu Bbirpy3ke M3 aBToMobuns. BcneacrtBue aToro, ganee B KayecTBe MPOTSHXKEHHOrO
NCTOYHMKA MblIEHNSA pacCMOTPeHa pa3rpy3ka mosyBaroHa C yrnem B 6yHKep, pacrnofioXXeHHbI Ha TpakTe Tonamsonofayn TOC. Pasrpy3ouvHble onepauum MOryT Mpou3BOAUTHLCS
PYYHbIM (MyTEM OTKPbITUSA JIIOKOB) WM MEXaHW3NPOBAHHbIM crocobamn (MHEBMaTUYECKMMM MexaHW3MaMu, BaroHOOMpokuAbiBaTensmu). Mpu BbiCbINAHUKW CbiMyyero rpysa
nocnegHu BbiTeCHseT 6Gonblio 06beM BO3A4yxa 3a KOPOTKWMIA MPOMEXYTOK BPEMEHW M MOA AEeNCTBUEM BO3AYLIHOro noToka nepemewaer o61ako nNblvM, 4YTO OKa3biBaeT
HebnaronpusaTHOE BO3AENCTBME Ha NepCcoHan Kak B6IM3M MCTOYHMKA MblIeHWUS, TaK U Ha PacCTosHUN € @T Hero. CNoXHOCTbIO B YaBinBaHuM obpasoBasLuerocs nolaesoro obnaka
SABNAETCA NPOTSXKEHHAsA AIMHA UCTOYHMKA NblieHns. MNpoBeaeHHble aBTOPOM MCCefoBaHMS Ha KpynHenwen B Poccun TIC, paboTatoweri Ha yrne, — PedpTtuHckon MP3C - nokasanm,
4YTO 3anbINIEHHOCTb BO3ayxa paboyel 30HbI MaLIMHWUCTa BarOHOMPOKMAbIBATENS MpeBblaeT caHMTapHble HopMbl B 10 pa3. MpenoTBpalleHne 3anbiNeHHOCTM BO3Ayxa Ha pabounx
MecTax pa3rpy304HbIX KOMMJIEKCOB ABMSAETCS aKTyalbHOW Hay4YHO-TEXHUYECKOW 3aayeit, pelleHne KOTOpo MMEET BaXHOe MPOM3BOACTBEHHOE M COLMaibHOE 3HaYeHne.

Llenb pabotbi. O6ocHOBaHMe n pa3paboTka 3PPEKTUBHOr0 KOHCTPYKTMBHOIO pelleHUs CUCTEM acnupauuu Ans npeaoTBpalleHus 3anblfIEeHHOCTM Bo3ayxa paboyer 30Hbl Ha
pasrpy3o4HbIX y3nax T2C.
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Ha ocHoBe aHanu3a Hay4HbIxX paboT, n3obpetreHnin No obecnbiMBaHMIO BO34yXa U e B ANCCepTauMOHHON paboTe onpeaeneHbl cieayowme 3a8aun:

1. O6ocHoOBaTb Ccnocobbl NOBbIWEHNS 3P DEKTUBHOCTU aCNMpPaUMOHHbIX YCTaHOBOK, 06C/Ty>KMBaOLWMX NPOTAXEHHbIE MCTOYHUKN MblIEHUS.

2. Pa3paboTaTb Ha OCHOBE TEOPETUYECKUX N IKCMEPUMEHTANbHbIX NCCNeA0BaHUI MPOTSHXKEHHbIN 0TCOC, 3(PPEKTUBHO YAANAOWMNI 3aMblSIeHHbIN BO34YX U TPaHCMOPTUPYIOLWMIA ero
no cucreme acnupaumm.

3. Co3paTb METOAMKY pacyeTa acnumpaumMOHHON CUCTEMbI C UCMOSIb30BaHMEM NpPpeasiodKeHHOro oTcoca.

4. [1aTb 5KOHOMMYECKYIO OLLeHKY pe3ynbTaToB MCCnefoBaHUs n 060CHOBaTb 3P PEKTUBHOCTb NPEASIOKEHHOI0 OTCOCA MO yAANIEHUIO YrONbHOM MblAM NPU pasrpy3ke nosysaroHa.
O6beKkT nccneposaHns. 3anblfleHHas BO3AyLIHasa cpeaa rnpu pasrpyske nosysaroHa C yriem.

MpeameT nccneposaHunsa. AspoamHaMmyeckne npoLeccsl, MpoMcxoasiime B 3anbIIEHHOM BO3AYLLIHOM MOTOKE Npu ero obpa3oBaHnn 1 yaaneHnn u3 paboyen 30HbI.

[JocroBepHOCTb M 06OCHOBAHHOCTb MOJlyYEHHbIX pe3ynbTaToB obecrieynBaeTcs MeTOAOSOrMYecKon O6O0CHOBAHHOCTbIO, BHYTPEHHEN JIOrMKOM WCCNeaoBaHUs, WCNOb30BaHUEM
dyHAaMeHTaNbHbIX TPYAOB MO acnupaumm M CTaTUCTUYECKMX OTYETHbIX MaTepuanoB KOHTPOSbHO-HaA30pHbIX opraHoB, E3C Poccumn, OAO «PX/[O» B kadecTBe aHalIUTUYECKMX
JaHHbIX, MPUMEHeHWeM anpobupoBaHHbIX METOAOB WCCIefOBaHW U CoBpeMeHHOro obopynoBaHWs M MpUBOPOB, MMEIOLWMX BbLICOKYIO CTE€MeHb TOYHOCTU W MOrpeLHOCTb, He
NpeBbI LAWYy AOMYCTUMbIX 3HAYEHUI B SKCNEPUMEHTalNbHbIX HayUYHbIX WCCNeA0BaHNAX, KOPPEKTHLIM NpoBeaeHneM 1abopaTopHbIX MCCNefoBaHUN.

MeToabl MCCneaoBaHW BK/IKOYaIM OCHOBbI @3pOAMHAMMKM C MCMOb30BaHUEM TEOPeMbl O KOMMYECTBE ABUXXEHMWS MacCbl, YpaBHEHWUN ANHAMWKW MOTOKOB BO3AyXa M CbINy4nX
MaTepuasnoB, MHOrodakTOpHOro aHanmn3a 3KCNepuMeHTaNbHbIX AaHHbIX. MeToamuyeckoe obecrnieveHne nabopaToOpHbIX WCCNeaoBaHWI paspabaTbiBanocb B COOTBETCTBUM C
NONOXEeHNsaMK Teopnn Noaobus, aHann3sa sKCNepuMeHTaNbHbIX AaHHbIX C MPUMEHEHWEM METOAOB MaTEMaTUYECKOM CTaTUCTUKM.

HayuHble NonoXeHus, NpeacTaBieHHbIe K 3almTe.

1. TpOTSXEHHbIW OTCOC C TaHreHuuasbHbIM BXOAOM BO3A4yXa CO3[aeT 3aKpy4YeHHbI BO3AYLIHbIA MNOTOK, MPeAoTBpalLalolni ocaXxAeHWe MblIM Ha BHYTPEHHUX CTeHKaX
BO34yXOBOJOB MNPV YMEHbLUEHNN 3HEpPro3aTpar.

2. CHmxeHune sHepronoTpebneHnsa acnMpauLmMoOHHON CUCTEMbI C MPOTSHXKEHHBIM OTCOCOM C TaHreHLUMaNbHbIM BXOAOM BO3Ayxa obecrneunBaeTcs npu CO3A4aHMM 3aKpyYeHHOro NnoToka
BHYTPU BO34yXOBOAA 3a CYeT npeobnagaHns BeNMUMHblI MPUCTEHHOW CKOPOCTU BO3AyXa Haj CpefHen.

3. TpOTSXEHHbIN OTCOC UWMAMHAPUYECKOW (OPMbl C TaHreHUMasbHbIM BXOAOM BO34yXa M CYXMWBAMOWWMCSA LENeBbIM OTBEPCTMEM, KOTOPbIA B NiaHe npeacTaBnseT coboi
NpsIMOYrosibHY0 Tpaneuunto C COOTHOLWEHNEM OCHOBaHMW 1:5, obecneunBaeT paBHOMEPHOE yAasfieHWe 3anblIEHHOrO BO34yXa MO BCEW A/IMHE UCTOYHMKA MblIeHUs — nosyBaroHa
npu ero pasrpyske B 6yHkep TpakTa Tonameonogaum TIC.

HayyHas HoBM3Ha paboTbl:

1. Pa3spaboTraHa MaTemaTuyeckas MoAenb Mpouecca yAaleHWs 3anblfIEHHOro BO3dyXa OT MPOTSXKEHHOr0 MCTOYHWKA MblIEHUS MPU CO34aHWUM 3aKPYYEHHOro MOTOKa BHYTPU
acrnnpaumMoHHOW CUCTEMBI.

2. Bnepsble nonyyeH KO3(P@PUUMEHT MECTHOro COMpPOTMBIEHUS MPOTSXEHHOro OTcoca LUMAMHAPUYECKON (OPMbl C TaHreHUManbHbIM BXOAOM BO34yXa, MO3BONSAKOLWMNA YTOUHUTH
pacyeT noTepb AaBNEHUS B CMCTEME acrnupaunm.

3. OnpegeneHo [OMYCTMMOE CHUXKEHWEe CpefHel CKOPOCTU [ABMXKEHWS BO34yXa B BO34yXOBOAE NPV MPOEKTUPOBAHUWM CUCTEMbl acnupauuym C MPOTSXKEHHbIM OTCOCOM C
TaHreHunanbHbIM BXOJOM BO3ayXa.

4. Pa3paboTraHa MeToAMKA pacyeTa CUCTEeMbl acnupaunu, OTIMYAIOWASNCA WCMNONb30BaHWEM MPOTSXKEHHOr0 OTCOCAa C TaHreHuManbHbIM BXOAOM BO34yXa M MOCTOSSHHOW wnu
nepeMeHHOW LNPUHONM BCaCbiBaloLLEN Lenn.

TeopeTnyeckas u nNpakTnyeckas 3Ha4MMoCTb paboTbl.

1. OnpeaeneHbl NPUHLMMbI MOBbIWEHNS 3hdeKTUBHOCTM paboTbl CUCTEM acnupaunm Npu yaaneHnmn Bo3ayxa oT NPOTSHKEHHbIX NCTOYHUKOB MblNEHUS.

2. MpeanoxxeHbl HOBble TUMbl KOHCTPYKLMIA NMPOTSXKEHHbIX OTCOCOB acCMUpauMOHHbIX CUCTEM 4SSl PAaBHOMEPHOrO yAaneHus Nbiv No BCEA ANMMHE UCTOYHMKA MbIJIeHNSs, @ Takxe Ans
npeaynpexaeHnsa oTI0KEHWUS NblIN Ha BHYTPEHHUX CTEHKaX BO34yXOBOAOB.

3. NpoBeneH TeopeTUYeECKUl aHann3 noTepb AaB/eHUS B MPOTSAXKEHHOM OTCOCE Ha OCHOBE MaTeMaTUMYeCKOW MoAenu npouecca yAaneHus 3anblfIEHHOro BO3AyXa Mpu CO34aHMu
3aKpY4YEeHHOro NoToKa BHYTPWU CUCTEMbI acnupauuu.

4. PaspabotaHa 1 nccnegosaHa B NabopaToOpHbIX YCNOBUSAX MOAENb MPOTSHXEHHOrO 0TCOCa C TaHreHUManbHbIX BXOAOM BO34yXa MpW MOCTOSAHHOM W MepeMeHHOon dhopMe LieneBoro
OTBEpPCTUS.

5. Co3gaHa MeToaMKa pacyeTa CMCTEMbIl acnupauun nNpu MCnosib30BaHMM NMPOTSXEHHOro 0Tcoca C TaHreHunanbHbIM BXOAOM BO3A4yXa.

6. NccnepoBaHHbIe NPOTSXKEHHbIE OTCOChI MO3BOSIOT NOBLICUTL 3(PPEKTUBHOCTb U SKOHOMWYHOCTb CUCTEM acnupaumn Ha norpy30-pasrpy304HbIX KoMmnaekcax TIC.

Pe3synbTaThbl nccneaosaHnin BHeapeHbl B y4ebHbin npouecc ®IrBOY BO YplYMC npu obyyeHun CTyAeHTOB B NPOdEeCccMoHanbHbIX ANCUMNANHAX HanpasneHusa noarotoskn 20.03.01
«TexHocdepHas 6e30nacHOCTb», NCNOMb3YIOTCA NpU NposedeHMn 0byyeHMs MO MporpamMMaM AOMONHUTENbHOro NpodeccnoHanbHoro obpasosaHusa B Yy ®HMP «HUUOT», Hawnm
npuMeHeHune B NpoekTHol aeatenbHocTn OAO «YPAJTTUMPOTPAHC».
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CooTBeTCTBME AMCCepTauMn nacnopTty cneumnanbHocTu. ucceptaumoHHas paboTta BbiNONHEHA B COOTBETCTBUM C nacnoptoMm u dopmysnon cneuymanbHoctn 05.26.01 «OxpaHa Tpyaa
(aneKkTpoaHepreTnka)», B 4acTHOCTM M. 7 nacnopta: « HayyHoe ob6ocHOBaHWe, KOHCTpyWpoOBaHue, YCTaHOBIeHWE 06nacTv pauMoHaNbHOro MPUMEHEHUS W ONTUMU3auUMS
napaMeTpoB CrocoboB, CUCTEM U CPEACTB KO/UIEKTUBHOW U MHAMBUAYaNbHOW 3alMTbl pabOTHMKOB OT BO3AENCTBUS BPeAHbIX U ONACHbIX (haKTOPOB> .

Anpobauuns pabotbl. nccepTtaunoHHas pabota n ee OCHOBHblE MONOXEHWUS AOKIaAbIBaIMCb U 06CYXAanncb Ha CeMMHape AOKTOPaHTOB M acnupaHToB YpIYIC, exekBapTanbHblX
ceMUHapax acnupaHToB Kadeapbl «TexHocdepHas 6e3onacHocTb» YpIYINC, 3acepaHusx YueHoro coseta Y4Y OHMP «HUWOT». Matepuanbl guccepTaumm anpobupoBaHbl Ha
MeXAYHapoAHbIX Hay4YHO-MPaKTUYECKNX KOHdepeHumnax «MHHOBaUMM U NcCnefoBaHUs B TpaHCNoOpTHOM koMmnnekce» (r. KypraHn, 2013-2014), Ha VI-ii MexayHapoAHOW Hay4Ho-
npakTUyeckon KoHdepeHunn «be3onacHOCTb XU3HeAeATeNnbHOCTU B TpeTbeM Tbhicayenetum» (YensabuHck, 2015), Ha IV O6wepoccminckon Hay4HO-MpaKTUYECKONn OYHO-3a04HOM
KOH(MEepeHLMM C MexaAyHapoAHbIM yyacTnem «3konorus. Puck. besonacHocte» (KypraH, 2015). 3a04HO NpuHATO ydyactme B MexAyHapoAHOW Hay4YHO-NPaKTUYECKON KOHepeHLunmn
«TpaHcnopT-2014>» (r. PoctoB-Ha-[oHy, 2014), B VII MexayHapoAHON HayuYHO-NMpaKTUUYecKol kKoHgepeHUnn «HayuyHoe o603peHmne hprUsnko-MaTeEMaTUUYECKNX U TEXHUYECKUX HaYK
B XXI Beke» (MockBa, 2014).

MNybnukauunsa pesynbTaToB MccnenoBaHuii. OCHOBHbIE MOMIOXEHWUS AuccepTaumMm onybnnkoBaHbl B 9 neyaTHbiX paboTax, BkAlyas aAse nybnukauuu B XypHane u3 cnucka BAK.
OTtnpasneHa 3aaBka N? 2015157472/(088583) ot 31.12.2015 Ha nony4yeHne nateHTa Ha n3obpeteHne «BcacbiBalowee ycTponcTeo» (aBTopbl MNMonosa H.MM., MNpuropogosa T.H.).
CTpykTypa 1 0b6bem amcceprtaumun. AuncceptaumoHHas paboTa COCTOUT U3 BBeAEHMWS, MATU raB M 3aklyeHus. Pabota msnoxeHa Ha 145 crpaHMuUax MawMHOMWCHOrO TEKCTa,
coaepXxuT 54 pucyHka, 12 tabnuu. Bubnuorpaduuecknii cnncok coctomT s 139 NCTOYHUKOB.

OCHOBHOE COOEPXAHWE PABOTDI

Bo BBeaeHMM 0b6OCHOBaHa aKTyasbHOCTb TEMbl AMCCEpTauMOHHOM paboTbl, ee MpakTU4yeckass M coumanbHas 3HAYMMOCTb, LeNV W 3ajayn MUCCNefoBaHMWsi, HayyHasi HOBM3HA,
METOAONIOMNSA U METOABI UCCNEA0BAHNS, @ TaKXe MOSIOXEHUS, BbIHOCUMbIE Ha 3aLUNUTY.

B nepsoi rnase «CocTtosiHne NpobnemMbl CHUXEHMS NblSIEBON HAarpy3KW Npu pasrpy304HbiX paboTax NpeanpusiTUin 3N1eKTPOSHEPreTUKU» NpeacTaBieH aHanus3 TeHAeHUNI pa3BuTus
3/1EKTPO3HEPreTUYECKON OTpacin B CTPpaHe, BAUMAHWUA 3anbl/IEHHOCTM Ha CTaTUCTUKY npod3abonesaHuin, a Takxe crnocoboB obecnbiMBaHUSA B MeCTax pasrpy3ku CbiMyymx
MaTtepuasioB U3 MosayBaroHOB.

MpoBeneH aHanu3 TPyAOB M3BECTHbIX OTeYeCTBEHH@@X ydeHbiX: B.H. Tanuesa, B.B. batypuHa, B.[. Onudepa, W.H. Jlorauesa, H.B. CkopoboraTtosow, I".A. Kpyrnosa, M.1. KnnmHa
W APYTrux aBTOPOB, MOCBSALEHHbIX MU3YUYEHUIO 06eCnblIMBaHNS OT NMPOTSPKEHHbIX MCTOYHMKOB MbISIEHUS, K KOTOPbIM CliefyeT OTHECTU NoJlyBaroH NMpu pasrpyske.

0630p NMTEepaTypHbIX MCTOYHUKOB W MpaKTMYeCcKMe uccnefoBaHus 0603HauMaM MpPUUMHBI BbICOKOTO YPOBHS 3amnbl/IEHHOCTM Ha pasrpy3o4yHbix MNyHkTax TOC: oTcyTCcTBME
BbICOKO3I((EKTUBHbIX peLlleHnii No o06eCnblIMBaHNI0 pPas3rpy304HbIX OMNepauni; HU3Kasa HaAEXHOCTb MPUMEHSIEMbIX BCACbIBAKOLWMX YCTPOWCTB; BbICOKash 3HEProemMKoCTb
acnunpaumoHHbIX CUCTEM.

K cnocobam 6opbbbl C Nblneobpa3oBaHneM Npu pasrpy3oyHbiX paboTax OTHOCATCS: FrepMeTM3aLms UCTOYHMKA MblIEHUS, yBNaXHeHne obpasylowencs nblav, YCTPOUCTBO CUCTEMBI
acnupauun. [lepBbiti cnocob oTnMyaeTcs 60NblOM MeTanI0eMKOCTblO, CTOMMOCTbIO M OrpaHWYEHHOCTbi0 0630pa MexaHu3MoB Ans uX obcnyxuBaHus nepcoHanoM. [lpu
rnapoobecnblIMBaHMN MOBbILWAETCH KOPPO3MOHHbIN M3HOC 060pyAoBaHUs, MPONCXoanT obnefeHeHMe ero MexXaHM3MOB MpU OTpULATENIbHbIX TeMnepaTypax BO34yxa, MOMUMO TOro
TpebyeTca WnamMoyaaneHume 3arps3HeHHbIX Macc. ACMupaumns OTHOCUTCA K YHMBepcalbHbIM crnocobam 60pbbbl C 3anblNneHHOCTbI0. [py obecnblMBaHUM NPOTSHXKEHHbIX NCTOYHUKOB
NblJIEHNS BCacblBatoLlee YCTPONCTBO (MPOTSXKEHHbIM OTCOC) BbIMOMHAT KOHUYECKON WM unamHapunyeckon dopmbl. Mpu nepBoM UCNOMHEHUU MPOTSHXKEHHbIN OTCOC OT/IMYaeTCs
CNOXHOCTbIO B M3roToBNeHMW. BcacbiBalollee yCTpOMCTBO LMAMHAPUYECKON (OPMbl MOXET OblTb W3roTOB/IEHO C MOCTOSIHHOW MM MEepeMEeHHOW LWWPUHOM LWenu, a Takxe C
MHOXXECTBOM OTBEPCTUIM NO AnnHe oTcoca. K OCHOBHbIM HeAoCTaTKaM MPOTSXXEHHbIX OTCOCOB B YKa3aHHbIX MCMOMHEHUSX OTHOCATCS OTK/IOHEHUS OT PaBHOMEPHOro BCaCbliBaHUSA U
CNOXHOCTb B CO6/I0AEHUM pacyeTHbIX pa3MepoB BCaCblBalOLLEN LLEN C MPaKTUYeCKOl peanvsaumen.

Bo BTOpoli rnaBe «TeOPETUUYECKMI pacyeT BCacbliBalOLWEro YCTPOMCTBa» NPoBeAEH aHann3 BO3MOXHbIX CNocoboB NoBblweHUs 3hheKTUBHOCTU paboTbl BCacbiBatloLWEro yCTpoicTBa
CUCTEMbI acnupaumn n TeopeTUYecKMin pacyeT npeasiaraemMoro oTcoca.

OpHor 13 npobnem cucreMm acnupauum SBASETCA OT/IOKEHWME MblIM Ha BHYTPEHHUX CTEHKax BO3A4YyXOBOAOB, YTO CHMXaeT HaAEeXHOCTb YCTPOMCTBA U MOXET ObiTb TPaBMOOMAacHO
BCneacTsme obpyleHuns. nsa nepemeLleHmns 3anbleHHOoro Bosayxa 6e3 ocaxaeHus BHYTPY BO34yXOBOAOB HEO6X0AMMO MO BCEW ANMHE CUCTEMbl MOAAEPXMNBATb BbICOKYIO CKOPOCTb
OBWXXEHUS BO34yXa, MPEeBbILAoOLWY0 CKOPOCTb TPOraHUs MblIIMHOK, YTO BreYveT 3a cobor BbICOKMIM pacxof BO3AyXa W HEIKOHOMMYHOCTb CUCTEMbl acnupauuu. Ons CHUXeHus
KOnM4yecTBa OTCaAcCbliBaEMOro BO3AyXa M CoxpaHeHus 3(dEeKTUBHOrO TPaHCMOPTUPOBAHUSA MblIM MOXHO MOBbICUTb CKOPOCTb ABWMXEHMWS BO3AYLIHOrOo NMOTOKA BAOSb BHYTPEHHel
CTEHKW BO3YyXOBOAOB, WMCMOJMb3ysl 3aKpyYeHHbI MOTOK BO3dyxa. [loa AelcTBMEM LIeHTPOBEXHbIX CU KPYMHble 4acTuubl MblM  OTOPOCATCS K CTEeHKaM BO34yXOBOAOB, BO3/e
KOTOpbIX TaHreHunasnbHas COCTaBASOLWLAs CKOPOCTU ABMXXEHMS BO3AyXa 3HauuTenbHO Bbile oceBor. OpraHu3oBaTb BpallaloWMUCca NOTOK credyeT MyTeM BBOAA 3anbl/IEHHOro
BO3A4yXa No KacaTesibHOW (TaHreHuuasbHO) BO BCacbiBaloLee yCTPOMCTBO.

Mpy TeopeTMyecKoM pacyeTe MPOTSHKEHHOrO OTCOCA C TaHreHuuanbHbIM BXOAOM BO34yXa MNPUHATHI Ceaylolmne AOMyLWEeHUs: MO CKOPOCTEN B MOMEPEeYHbIX CeYEeHUSAX
BO34yXOBOJAOB SIBNSIIOTCS pPaBHOMEpPHbIMU, (dOpMa MNblJIEBUAHBIX 4YacTul, wWapoobpasHas, KO3hDdPUUMEHT COMPOTUBIEHUS TPEHUS MO BCEN A/IMHE OTCOCa MPUHSAT MOCTOSHHbIM,
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PacyeTHas cxema nccneayemMoro oTcoca LMAMHAPUYEcKon hopMel NpeacTaBneHa Ha pucyHke 1.

PucyHok 1 — PacyeTHas cxema NpOTS>KEHHOro 0TCoca LIMANHAPUYECKON POPMbI C TaHFEHLMaNbHbLIM BXOAOM BO34yXa

Mpw gonyLweHnn o NOCTOSIHCTBE CKOPOCTU BCACbiBaHUS Bo3ayxa B wenb Vi, noTepu AaBneHus B NPOTSXKEHHOM oTcoce cocTtasaT (dbopmyna (1)):

(1)

roe P1, P2 - cunbl gaBneHuns B ceyeHusx 1-1 n 2—-2 cooTBeTCTBEHHO, MMa;

p — NJOTHOCTb BO3AYLIHOWN Cpeabl, Kr/M3;

R - paguyc nonepeyHoro cevyeHus 0Tcoca, M;

x1, X2 - KOOpAMHAaTbl MECTOPaCMOIOXKEHMUS ceveHnn 1-1 n 2-2, m;

B - yron mMexay HanpaBieHWEM CKOPOCTU MOAMELLNBAOLLErocs K OCHOBHOMY MOTOKY Bo3AyXa M ocbto OX, rpaa;

b - wunpnHa BCcacbiBaloLWEN Wenu, M;

dx - paccrosiHne mMexay cedyeHumamm 1-1un 2-2, m;

A - KO3(hDUUNEHT CONPOTUBNEHUS TPEHUS, 3aBUCALLNIA OT LLUEPOXOBATOCTU CTEHOK BO3AYyX0BOAA, OTH. eA.;

Vnp — CKOPOCTb ABUXEHMWS BO3A4yXa B MPUCTEHHOM Coe oTcoca, M/C;

, — CpeaHne CKOpOCTM B CeyeHusx notoka 1-1 n 2-2, m/c.

Takum 06bpa3om, NOTEPU AABEHUSA B NMPOTSXKEHHOM OTCOCE C TaHrEHLUMaNbHbIM BXOAOM BO3JyXa 3aBMCAT OT CKOPOCTU BO3AyXa B OTCOCE, €ro paavyca, WWPUHBI WEeNn, yria mMexay
CKOPOCTbIO MOAMELLMBAIOLLLErOCH BO3AyXa U OCEBOI CKOPOCTbO, 0POPMIEHMS BXOAaA.

B TpeTbel rnaeBe «Metoamka sKCnepuMeHTanbHbIX WCCNeA0BaHUI MPOTSXEHHOro 0TCoCa C TaHreHLMaabHbIM BXOAOM BO3AyXa» AAHO onucaHue nabopaTopHOM YCTaHOBKU, C YHYETOM
NOSlyYeHHbIX TEOPETUYECKNX 3aKOHOMepHOCTel pa3paboTaHa MeToAMKa MCCNefOBaHMW MPOTSXKEHHOro OTcoca LMAMHAPUYECKON (OPMbl C TaHrFeHUMaNbHbIM BXOAOM BO34yXa Ha
OCHOBE ero MoAenn AMHaMM4yeckn U reoMeTpuyeckn noaobHOro OTCoCy B acMUpaLMOHHON CUCTEME B YCI0BUAX MPOU3BOACTBA. 3aaavyamMun 1abopaTopHbIX UCCNeAoBaHUIA SIBASIOTCS:
onpepesneHMe CTerneHu 3aKpyuvMBaHWSA BO3AYLWHOro NOTOKAa W XapakTepa pacrnpefeneHuns CKOpOCTel BO3AyXa BHYTPU MPOTSHXKEHHOrO 0TcoCa WM MepexoAHOoro BO34yX0BOAa,
onpepesnieHne paBHOMEPHOCTM BCacbiBaHMS BO34yXa MO AJIMHE OTcoca, uccnefoBaHue ero dakena BcCacbiBaHWs, ornpeaeneHne KosdP@uuMeHTa MeCTHOro COMpoTUBEHMSA
BCacCbIBaKoLLEro yCTponcrea.

WcecnepoBaH NpOTSXXEHHbIW OTCOC C MOCTOSAHHOW LUMPUHOM LLESIM U C CYXXUBAIOLLENCA LWeNbio OT TOPLLEBOM CTEHKM (PUCYHOK 2). B nocneaHeM cnyyae BXOAHOW KaHan MMeeT B niaHe
¢hOopMy NpsSMOYrosibHOW Tpaneumnn C COoOTHOWeHMneM ocHoBaHuni 1:3, 1:4, 1:5,1:6, 1:7, 1:8.

PucyHok 2 — Pa3Mmepbl 1 dopMa LeneBoro 0TBEPCTUS MPOTSXKEHHOMO OTCOCA C TaHreHUManbHbIM BXOAOM BO34yXa: @) — MOCTOSHHas LWenb; 6) — cyxusatowascs wesnb

NabopaTopHas ycrtaHoBka (pUCyHKM 3, 4) COCTOUT M3 CneaylowuX Y30B: MOAeNb MPOTSXKEHHOro otcoca 1, mepexogHOW BO3AyXOBOA 2, KaMepa CTaTU4eCcKoro AasBfneHus 3,
KONeKTop 4, coeanHuTeNbHbIN BO3AyxoBoa 5, BeHTunsatop 7. LLnbepom 6 perynmpyeTtcs pacxod Bo3ayxa B CUCTEME.

PucyHok 3 — O6wunii BuAa nabopaTtopHON YCTaHOBKM

PucyHok 4 - Cxema nabopaTopHOW yCTaHOBKM

WccnepoBaHnsa no onpefeneHunioo Koad@uunmeHTa MecTHOro ConpoTUBIEHUSA MPOTSXKEHHOrO OTcoca (BX MpoBeAeHbl METOAOM MHOro@akTOPHOro aHann3a Ha OCHOBE CreaytoLero
ypaBHeHusa (dbopmyna (2)):

(2)

roe Re — kputepuin PeliHonbAca, pacCUMTaHHbIN A1 CEYEHUS, PacroIOXXEHHOro HEMoCpeACTBEHHO 3a BCAcCbiBalOLW MM YCTPOUCTBOM, OTH. €. ;

FBX — nnowanb BXOAHOr0 OTBEPCTUSA B MPOTSXKEHHbIN OTCOC, M2;

Fo - nnowaab nonepeyHoOro ceyeHns NepexoaHoro BO3AyX0BOAa, M2;

| - paccTosiHMe OT LeHTpa BCacbiBatoLLEeN LWeM A0 NONepeyHoro CeYeHNs BO34yXOBOAA Ha BbIXOAE M3 MPOTSXKEHHOr0 0TCOCa, M;

d - AvamMeTp NpOTSAXKEHHOro oTcoca, M.

B ueTtBepTon rnaee «Pe3ynbTaTbl 3KCMEpUMEHTaNIbHbIX WCCIEA0BaHWIM MPOTSXKEHHOrO OTCOCAa C TaHreHuuanbHbIM BXOAOM BO3A4yXa» MnpuBeAeHbl pe3ynbTaTbl NlabopaTopHbIX
VCMNbITAHWUI NPeasioXXEHHON MOAENM 0TCOCA MPU MOCTOSAHHOM N CYyXXMBAaKLWENCs LWenu.

CreneHb 3aKpyyMBaHWsa BO3AYLUHOrO MOTOKA onpejeneHa nMpu M3yyYeHWU CKOPOCTEN ero ABWXXEHMS B MPUCTEHHOM C/l0e BHYTPU BO34yXOoBoAa Vnp, Kak B MecTe C BO3MOXHbIM
OT/IOXXEHMEM nNblan. MccnenoBaHUs Mokasann, YTO BHE 3aBMCMMOCTM OT cnocoba odopmneHns wenu Habnwjaetca yBennyeHue MPUCTEHHOM CKOPOCTM MO BCEW AnnHe
BCaCblBaoLLLEro YCTPOMCTBA: BO3AYLUHbIA MOTOK, HaXoAsaCb B MPOTSXKEHHOM OTCoce, npuobpeTaeT VNp, npesbillaloLLy0 CPefHIO CKOPOCTb 3a 0TcocoM Vcp. BpalieHne 3aTuxHer,
Korga rnpucTeHHas CKOpoCTb MoToka OyaeT paBHa ero cCpeaHein CKOpoCTW B MepexofHOM BO3A4yXOBoAe 3a oTcocoM. Hawmbonbliee cooTHoweHue Mmexay Vnp u Vcp B KoHuUe
nepexoAHOro Bo3ayxosoda HabnoAaeTcs Npu CyXXMBaKOLWENCS LWen C COOTHOLWEHWEM OCHOBaHWUM Tpaneunun 1:5 n npu nocrosHHON wenn wupuHon 0,1d, 4To CBUAETENLCTBYET O
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BO3MOXXHOM A0/IFOBPEMEHHOM COXpPaHEHWMN BpalleHMsl MoToka Bo3ayxa. Hamnbonee nnaBHoe cHuxeHwe Vnp HabnogaeTcs NpyM NepBoM BapuvaHTe: Ha NPOTSHXKEHUW WECTU AMaMeTpoB
OT Hayvarna NepexoaHOro BO34yXOBOAA B CTOPOHY BEHTWUJISITOPa 3Ta CKOPOCTb YMeHbluMAack Bcero Ha 8 %. MpoBeAeHHble NcCefoBaHMs NMPOTSXKEHHONO 0TCOCa C Cy)XMBatloLlencs
Wesbio U COOTHOLIEHWEM OCHOBaHUI Tpaneuuun 1:5 Ha ANMTENbHOCTb COXPaHEHWS BpalleHWs BO3A4YyLWHOro NoToKa Npu yBelnyeHUu AJIMHblI NepexoAHoro BO3AyxXoBoAa B TpU pasa
nokasasnu, YTO MNPV pasHbiX pacxodax BO34yXa B CUCTEME 3aKpyYeHHbIi MOTOK BO3AyXa COXpaHseT CBOe BpalleHuWe Ha paccTosHun 20 AMaMeTpoB OT LieHTpa BCacblBatoLero
0TBEPCTMSA. DTO AaeT BO3MOXHOCTb YCTAHOBKW Mbl/IEYIOBUTENS HA 3HAYMTENbHOM yAaneHWUn OT 30Hbl BCACblBaHUS.

MpOTSXXEHHbIE UCTOYHUKM MbINIEHUS XapaKTepU3YHTCS pa3HOM MHTEHCUBHOCTbIO Mblfieobpas3oBaHms No AJIMHE, YTO TpebyeT paBHOMEPHOIO yAaneH s 3anbl/IEeHHOro Bo3ayxa Ha Bcel
NPOTSXKEHHOCTU WCTOYHMKA. PaBHOMepHOe BcCac@@BaHWe BO3dyxa obecrneyeHO CyXWBaKLWMMCS LWeneBbiM OTBEPCTMEM ANsS Bxoa Bo3ayxa. Ha pucyHke 5 npeacraBneHo
pacripefeneHue NpucTteHHomn Vp n oceBor CKopocTu VOC Mo A/IMHE NPOTSXXEHHOro otcoca npu 6nm3kux pacxodax sosgyxa 209-247 m3/u.

PucyHok 5 - WM3MeHeHMe cKopoCTeil ABUXEHUS BO34yXa MO AJIMHE MPOTSXKEHHOrO OTCOCA MPpU pasHbiX COOTHOLEHMUSIX OCHOBaHWMI MPSMOYrofibHOW Tpaneuuu B NiaHe BXOAHOro
KaHana

Ons kaxporo Tuna wenn HabnoaaeTcs npesbllleHMe NPUCTEHHON CKOPOCTM Ha AHEe 0TCOoCa Haj OCEBOM CKOPOCTb, YTO MOATBEPXKAAET HalMume 3aKpy4yeHHOro nmoToka Bo3ayxa
BHYTPU cucTtembl. Hannume nepernboB MPUCTEHHbIX CKOPOCTEN ABUXXEHUS Ha PUCYHKe 5 CBMAETENbCTBYET O HEPaBHOMEPHOCTM BCacbiBaHWS BO34yxa B LLeNeBOe OTBepcTue.
JInHeliHoe pacnpeneneHne CKOpoCTU ABUXXEHUS B MPUCTEHHOM C/I0€ Ha y4yacTKax MpOTsSHKEHHOro OTcoca HabnwaaeTcs Npu COOTHOWEHUW CTOPOH OCHOBaHWI Tpaneuun 1:5 npu
pa3sHbIX pacxodax BO3Ayxa B nabopaTopHOW ycTaHoBke (pUCyHOK 6). [lokasaHO, 4TO pacxoh BO34yXa Ha Yy4yacTKax BCacbiBaHWS OCTAETCA MPaKTMYeCKM MOCTOSAHHbIM C
He3HauuTeNbHbIM ero ysennyeHnem (4o 8% ) No HanpaBneEHUIO ABUXKEHUS.

PucyHok 6 — Mi3MeHeHMe CKOpOCTel No A/IMHE BCAChlBaloLLEl LWenn Npy COOTHOWEeHUN 1:5 ocHOBaHMI NpsiMOYronbHOM Tpaneumn B niaHe BXOAHOro kaHana

PaBHOMEPHOCTb pacnpefeneHnsi CKOpoCcTel No AIMHE NMPOTSXXEHHOro oTcoca onpeaenset 3 deKTUBHOCTb BCacbiBaHMUS BO3yXa B CUCTEMY acnupauunu. [na nepemMeLweHns nblJIMHOK
BHYTPU CUCTEMbl TPAHCMOPTMPYHOLLAsi CKOPOCTb AO/MKHa 6biTb 60/blUe CKOPOCTM BUTAHWS M TporaHus. Bonbliei n3 HUX ABNSIeTCS CKOPOCTb TPOraHus, KOTopas ANs YacTuu yrns
coctaBnsieT 14 M/c. DKCNepuMeHTanbHO [AOKAas3aHO, YTO OCeBasl M CPefdHsiss CKOPOCTU 3HAYMTENlbHO HWMXE CKOPOCTU B MPWUCTEHHOM Crloe Ha AHE BO34yX0oBOoAoB. [MoaToMy npu
NPOEKTUPOBAHNN CUCTEMbI acnmMpaunmn C TaHreHunanbHbIM BXOAOM BO34yXa B MPOTSXEHHbIN 0TCOC Tpebyemas cpefHsis CKOPOCTb ABMXXEHWS B BO34YyXOBOAAX MOXET 6biTb NpuHSTA
MeHble Ha 40%, yeM Toro TpebyloT cnpaBoYHble MaTepuanbl (4ns yronibHoW nbiam 15 m/c). Mpy 3TOM BenWUMHbBI MPUCTEHHOM CKOPOCTU ABUXXEHWS BHYTpPU BO3dyxoBoda byaet
[OCTaTOYHO A1t TPaHCMOPTUPOBAHMUS YacTuL, Nbian. NMo3ToMy co3aaHme BpalleHMs BO3AYLIHOMO NOTOKa He YBEMYUT COMPOTUBNEHUS BCEW CUCTEMbI acnupauuu.

[ns n3y4yeHus 3aKOHOMepHOCTen opMmMpoBaHns dakena BcacbiBaHUA MCCNeAyeMOro NMPOTSXXEHHOro 0TCoca NpoBeAeHbl U3MEPEHUSI CKOPOCTEN ABUXXEHMS BO3AyXa Ha PacCTOSHUM
OT LWeneBoro oTBepcTus. B npouecce BcacbiBaHMS NoATeKaHWe BO3Ayxa K BXOAHOMY KaHany npouMcxoamMT CO BCex CTOpoH. Ha pacctosHum 7,5x/b coxpaHsieTcs BO3MOXHOCTb
yNaBnAvBaHMA NbIJIMHOK B MPOTSXKEHHbIN OTCOC, rAE X — PacCTOAHWE TOYKN M3MEPEHMS OT MJIOCKOCTW BCacbiBaHus, M; b — wnpunHa wenn, M. Yem 6amxxe OH yCTaHOBNEH K UCTOYHUKY
nblfeobpasoBaHus, TeM acddekTnBHee byaeT paboTaTb, 60sblIEe KOMYECTBO NblM 6yAeT yaaneHo CMCTEMON acnupaumu.

MeToAoM MHOrodaKkTOpHOro aHanm3a rno UToraM 3KCNepuMeHTaNbHbIX UCCNef0BaHMI onpeaeneH KO3 dUUMEHT MECTHOIO COMPOTUBIIEHUS MPOTSXXEHHOrO 0TCOCa LMNHAPUYECKON
hOopMbI C TAHreHUManbHbIM BXOAOM BO3ayXa (BblpaxeHue (3)):

3)

MeToanka pacyeTa acnmMpaumMOHHOM CUCTEMbI C MPOTSHKEHHbBIM OTCOCOM C TaHIeHLMalbHbIM BXOAOM BO3JyXa COCTOUT U3 CreAyloWmnX 3Tanos:

. OnpepeneHne pacxoda yAansiemMoro Bosayxa no CyLlecTByowmM metoamkam, L, m3/u4.

. Bbi6op BENMUMHbBI CpeaHen TpaHCMOPTUPYIOLLEN CKOPOCTM B acnupaumMoHHOM Bosayxosoae Vcp Ha 40% HMXKe CripaBOYHON.

. PacueT nnowaan nonepeyHoro cevyeHus NpoTsHKEHHOro otcoca, Fo, M2.

. OnpeneneHne anameTpa NpoOTSXKEHHOro oTcoca, d, M.

. OnpepeneHne COOTHOLWEHMS pacCTOSIHUSA OT LieHTpa BCacblBaloLLLEro YCTPOMCTBa A0 KOHLA NepexoaHoro Bo3ayxosoaa | kK ero anametpy d (13 ycnosmus I/d He 6onee 20).

6. PacyeTr wwupuHbl BcCacbiBawoLwer wenn b npu wmncnonblyemoMm crniocobe ee odopMmneHus (MOCTOSIHHAs WAM CyXalLwascs uwenb, KoTopas B MNnaHe npeacraBnseT cobow
NpsAMOYroJibHYy0 Tpaneuuto) no dopmyne (4):

b =L/(3600xcxVw), (4)

rae c — AMHa WeneBoro OTBepCTUs NPOTSXKEHHOro 0TCoca, M;

VL — CKOPOCTb BCacbiBaHWs BO34yXa B LieNb NMPOTSXKEHHOro oTcoca, M/c.

[ns rapaHTMpOBaHHOrO ynaBAvBaHMSA B3BELUEHHbIX YAaCTWL, CKOPOCTb HaMpaBIeHHOro ABMXKEHWS BO34yXa K BCacbiBalOLWEN LWenu AomkHa 6biTb 6onblue CKOpoCTU BUTaHWUSA 3TUX
yactuu. Mcxoas n3 amcnepcHoro coctaBa obpasyrowencs bl Npu TEXHOMNOrMYECKOM MpoLecce, CKOPOCTb BUTAHUA MbIMHOK VBUT OonpeaensieTcs M3 CnpaBoOvyHOM NnTepaTypsl.
CornacHo crnekTpy BcCacbiBaHWS MbIIMHKN (YrofbHas Mbifb pa3MepoM MeHee 50 MKM) MOryT ObiTb 3axBayeHbl Ha PacCTOSIHWUM OT MPOTSXXKEHHOro OTCOCa, MpW KOTOPOM Ha OCHOBE
npoBeAeHHbIX WCCNeaoBaHUI CKOPOCTb B CMeKTpe BcacbiBaHMs 6Gonbwe unm paBHa 0,05Vw. HeobxoamMmass CKOpOCTb BCacbiBaHMSI BO34yxa B LWefb MPOTSXEHHOrO OTcoca
onpegensietcs us dopmynbl (5):

u b W N =

http://susu.antiplagiat.ru/ReportPage.aspx?docld=427.29844655&repN umb=1

91



30.03.2017

AHTUNNarvar

Vuw = (1,1VenT)/0,05 (5)

Mpn cy>xunBatoLeMcs wenesoM oTeepctmmn no gopmyne (5) onpeaensieTcs cpeaHsas IMHNA NpSAMOYrO/ibHOM Tpaneuun, kotTopas paBHa no dopmyne (6):

b = (bl + b2)/2, (6)

roe bl, b2 - agnMHa ocHoBaHWI NPAMOYrofibHOM Tpaneuuu, M.

7. PacyeT nnowaan nonepeyHoro ceyeHuns BcacblBatowlen wenm, Fex, M2.

8. OnpeaeneHue kputepus PertHonbaca Re no ¢opmyne (7):

Re = Vcpd/v (7)

rae v — KMHeMaTtu4yeckuimn koadduumeHT BA3KOCTU BO3AYLWHOWN cpeapbl, M2/C.

9. PacyeT Ko3(ppurumeHTa MECTHOIrO CONPOTUBIIEHNS BXOAY BO34yXa B OTCOC (BX COracHO BblpaXxeHuto (3).

10. PacyeT notepb aasneHus B otcoce APotc, Ma, no dopmyne (8):

(8)

CornacHo uccnegoBaHMaM Hauydline pesysibTaTbl BCACbiBaHUSA BO34yXa M €ro 3akpyumBaHMs NosyyeHbl 415 CY>XXUBAKOLWENcsa Wenm npu COOTHOLWEHWN OCHOBaHWUI NPSMOYroSibHOM
Tpaneuun B NfiaHe BXOAHOro KaHana 1:5, npu 3TOM BpallaTesibHOe ABUXEHME BHYTPU BO34YXOBOAOB COXPAHSAETCS Ha paccTosiHnu 6onee 20 AnaMeTpoB OT LleHTpa BCacbiBatoLwen
wenu.

MaTtas rnaBa «2D¢hdEKTUBHOCTb BHEAPEHMS CUCTEMbI acnuMpauuu Mpu pasrpy3ke Yras Ha TensoBbiX 3/EKTPOCTaHUMSAX» paccMaTpuBaeT 3(P@PEeKTUBHOCTb BHEAPEHUS CUCTEMbI
acnupaumm C NPOTSHXKEHHbIM OTCOCOM C TaHreHLUManbHbIM BXOAOM BO3AyXa Ha pasrpy304HblX y3nax TOC. OnpeneneHo paccTosiHME, Ha KOTOPOM MOXET 6biTb 3axBayeHa MblMHKa
yrns onpeaeneHHon KpynHocTu (pUCyHOK 7). [lns pacyeTa MCNofnb30BaH paHee MoAy4YeHHbIN 06beMHbI pacxo 3arpsA3HEHHOro BO3Ayxa Mpu pasrpyske nosyBaroHa C KAMEHHbIM
yrnem.

PucyHok 7 — 3aBMCMMOCTb pa3MepoB BCAChbIBAEMbIX YaCTUL, YrONIbHOM MblsIM OT PacCTOSAHUS A0 MJIOCKOCTU BCACbIBAHMS MPOTSHXXEHHOro oTcoca

PaccMOTpeH 3KOHOMMYECKUI acnekT BHeApPeHUs CUCTeMbl acnmpaumn C NPOTSXKEHHbIM OTCOCOM Ha pasrpy304HbIX nowaakax. PaccumtaHbl SKOHOMMYeCKMe 3aTpaTthl paboroaaTens
npu HebnaronpusATHbBIX YCNOBUAX TpyAda Ha paboumx mectax Gpurafbl MaWMHWUCTOB BarOHOOMPOKWAbIBATENs B COOTBETCTBMW C AEMCTBYIOLWMM 3akoHoAaTenbCTBOM. Pacxoabl Ha
npefocTaBneHne NbroT M KOMMEeHcauuii 3a BpeaHble U (Mn) onacHble yCroBusl Tpyda Ha paboyeM MecTe M KOCBEHHble pacxoAbl 3@ CYeT yTpaTbl TPyAOCNOCOHOHOCTM paboTHWMKOB
BCneacTeme npodsaboneBaHns coctaBsaAT 244054 py6./roa Npy KanuTasabHbIX BAOXeHUSAX 516696 pyb. Mo ucredeHMn Natu NeT BHeApeHWEe acnMpauMoOHHOM YCTaHOBKU OKYMWUT
3aTpaTtbl paboTogaTens B uenoMm (KanutanbHbIX U 3KCMyaTauuOHHbIX).

3AKJTIOYEHUE

B ancceptaumoHHoOM paboTe pelleHa akTyasbHas Hay4YHO-TeXHMYecKas 3agada pa3paboTkm 3pheKTUBHOro yCTPOMCTBA 4NN YYULWEHUS YCIOBUA TpyAa Ha pasrpy304HbiX NyHKTaX
TOC 3a cyeT CHUXKEHMS KOHLLEeHTpauun nbinn B Bo3ayxe pabouyert 30Hbl. BoinonHeHHas paboTta no3sonsieT chopMynmnpoBaTh Crieayowme pesynbTaThl U BbiBOAbI:

1. MpeanoxeHbl cnocobbl noBbiWeHNs 3HPEKTUBHOCTN paboTbl aCMMpPAUNOHHbIX YCTaHOBOK, 06CNTY>XXMBaOLWMX NPOTSXKEHHbIE MCTOYHUKM MbIJIEHUS Ha pasrpy304HbIX y3nax TIC.

2. MpeanoxeHbl HOBblE TUMbl KOHCTPYKLUWUIA NMPOTSXKEHHbIX OTCOCOB NMOCTOSIHHOIO CEYEHMS C MOCTOSIHHOM M MepeMeHHON LWMPUHOW LWEeNM U TaHTeHUManbHbIM BXOAOM BO3A4yXa.

3. CospaHa MaTemaTuMuyeckas Mofesnb Mpouecca yaaneHus 3arnbl/IeHHOr0 BO34yXa OTCOCOM OT MPOTSXEHHOro MCTOYMHMKA MblIEHWS — pasrpy)aemoro nosiyBaroHa C yriem — npwu
CO34aHUN 3aKPYyYEHHOro NoToKa BHYTPY acnnpaunoHHOM CUCTEMBI.

4. WccnepoBaHbl B 1abopaTOpHbIX YCIOBUAX HOBble MOAENN MPOTSXKEHHbIX OTCOCOB MOCTOSIHHOINO CEeYEHUSI C TaHreHUManbHbIM BXOAOM BO34yXa MPU MOCTOSHHOM U MepeMeHHOMN
LWNPUHE LLEeNeBoro OTBepcTums.

5. OnpepeneHo, 4TO NpU NPOEKTUPOBAHUU CUCTEMbI acnmMpaummn C NPOTSHKEHHbIM OTCOCOM C TaHFeHLUMaNbHbIM BXOAOM BO34yXa AOMYCTUMO CHUXEHWE cpefiHeli CKOPOCTU ABUMXKEHUS
BO34yXa B Bo3ayxoBoze A0 40% npu OTCYTCTBUM OCaXAEHUS MbISIM HA CTEHKAX BO34yX0BOoAA B pe3yJsibTaTe 3aKpy4MBaHUs MNOTOKaA.

6. [lokaszaHO CcOXpaHeHue 3aKpy4yeHHOro MoToKa BHYTPW BO34YyXOBOAOB CUCTEMbl acnupauuum Ha pacctosiHne He MeHee 20 AMaMeTpoOB MPOTSHXKEHHOro oTcoca OT LeHTpa ero
BCaCblBaloLLEN LLenn.

7. Bnepsble onpeneneH Ko3@@ULUMEHT MECTHOIO CONMPOTUBIIEHNS MPOTSHXKEHHOrO OTCOCa LMIMHAPUYECKON (hOPMbI C TaHreHUManbHbIM BXOAOM BO3AyXa.

8. Pa3paboTaHa MeToaMKa pacyeTa CUCTEMbl acnmpaumn Npu NCNosb30BaHMM MPOTSXXEHHOro 0TCoCa C TaHreHuManbHbIM BXOAOM BO34yXa.

9. OnpegeneHo paccTositHME OT WCTOYHMKA TMblJIEHUS, Ha KOTOPOM MOXeT ObiTb pasMelleH MNpOTSXKEHHbIN OTCOC C TaHreHUuManbHbIM BXOAOM BO3AyXa MPpW COXpPaAHEHWUU
3(pPeKTUBHOCTM BCacCbiBaHWNS YrofibHON MblfX Pa3HOM KPYMHOCTY.
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