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YBa)kaeMbii nosib3oBaTesb!

O6pawaem Bawe BHUMAHUE, YTO CUCTeMa AHTUIMJIarMaTt oTBe4yaeT Ha BOMNpocC, ABJISETCA JIn TOT WiIN MHOK pparMeHT
TeKCTa 3aMMCTBOBaHHbIM MM HeT. OTBET Ha BONPOC, ABJISETCA JIu 3aUMCTBOBaHHbIN (hbparMeHT MMEHHO NJ1armaToMm, a He
3aKOHHOM LUMTATOMN, CUCTEMA OCTABJIieT Ha Balwle ycMoTpeHue. Tak)ke BaKHO OTMEeTUTb, YTO CUCTEMA HaXOoAUT UCTOYHMUK

3aMMCTBOBaHUSA, HO He onpeaensiet, ABJSeTCS JIM OH NEePBOUCTOYHUKOM.
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YBa)kaeMbiii Nosib3oBaTesib!

MosiBneHune 3T0ro coo6LeHns roBOpUT O TOM, YTO HYXXHO BHMMaTe/ibHEe OTHECTUCb K OLl€eHKEe AAaHHOro AOKyMeHTa. [IOKYMEeHT CoOAep>XXUT
NpU3HaKKN, TUNMUYHbIE A1 UCKYCCTBEHHOrO 3aBbilUeHUA NpPoLleHTa OPUrMHaJIbHOCTU 3a cueT ocobeHHocTel (hpopMaToB AOKYMEHTOB. YTO
AenaTh: B NepBYIO ouepeab CpaBHUTb TEKCT, coAep kalyuiica B oTyeTe U B JOKYMEHTe, OTNpaB/IeHHOM Ha npoBepky. Ecnu, Hanpumep, B oTyeTe
€CTb TEKCT, He BUAUMbIA B UCXOAHOM AOKYMEHTE, UJIN CJI0BA «CKJIE€HbI>» WU/ B CJIOBA BCTaBJIeHbl MOCTOPOHHMUE B6YyKBbl, 3TO O3HAaUaeT, uTo
CUCTEMY U Bac nbiTasimcb o6MaHyTb. B TO ke BpeMsi, nosiBsieHne aaHHoro 3Haka HE OBA3ATEJ/IbHO cBuaeTenbcTBYyeT OT TOM, UTO MOMbITKA
o6MaHa 6bi1a. BO3M0OXXHO, TEKCT COAEPXKUT CJINLLKOM MHOIO MHOCTPAHHbIX UJIM OYE€Hb AJIMHHbIX UM HEe HaWAEHHbIX B CJioBape CJIoB. 3TO 4acTo
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BBEOAEHUE

AKTyanbHOCTb paboTbl. [NonoxwuTtenbHas TEHAEHUMS B Pa3BUTUU YrOSIbHOM
MPOMbILLIEHHOCTU CKa3blBaeTCA Ha AeATeNlbHOCTU NMPeanpusaTU 3n1eKTposHepreTukn. K
KoHuUy 2015 roga B Poccnun oKoo TpeTu TensoBbiX 3neKkTpocTaHuuni (T3C)
NCNONb3YIOT B KQYeCTBE OCHOBHOMO TOM/IMBA Yrosb, KOTOPbIMU BbipaboTaHO OKOI0

25% 3nekTpoaHepruun ot obuiero o6beMa. B 3aBUCMMOCTN OT yCTaHOBSIEHHOM
MowHocTM TOC TpaHCNOpTMpPOBKa TBEPAOro TOMN/IMBA OCYLLECTBSETCA NosyBaroHaMmn

W rpy30BbiMM aBTOMOBGMASAMU. o NpuumHe 6onblIero MaccoBoro pacxoaa yrnis
3anbI/IEHHOCTb NMpY pasrpy3ke nonyearoHa 6onblie, YeM Npu BbIrpy3ke U3 aBToMObGUNS.
Bcneacreue 3T0ro, Aanee B Kayecrse MPOTSHXEHHOr0 NCTOYHMKA Mbl/IEHUS paccMOTpeHa
pasrpy3ka noslyBaroHa C yrfieM, pacnosioXeHHOro Ha Tpakte Tonamsonoaaum T2C..
Pa3srpysouHbie onepaunm MoryT Npon3BoAMTbCS PYUHbIM (MYTEM OTKPbITUS JIIOKOB)

WM MeXaHM3UpPOBaHHbIM cnocobamm (MHEBMaTU4YeCKUMM MeXaHU3MaMu,
BaroHOOMpoKkuabiBaTesnsamm). MNpu BbliCbiNaHUKM CbiMy4Yero rpy3a nocieHuin BblITECHSET
6onbLiol 06beM BO3AyXa 3a KOPOTKMUI MPOMEXYTOK BPEMEHU U MO4 AEUCTBUEM
BO34YLUHOro NOTOKa rnepemeLyaeT 061aKko nblav, YTO okasbliBaeT HebnaronpusaTHoe
BO3JENCTBME Ha NepcoHan Kak B6M3M MCTOYHMKA NbIIEHWUSA, TaK U Ha pacCTOSHUK OT
Hero. CNoXXHOCTbIO B Y/laBNMBaHMK obpa3oBaBLLErocs nbliesoro obnaka ssnsercs
NMpOTSHKEHHas AUIMHA UCTOYHMKA NblnieHns. [poBeAeHHble aBTOPOM UCCIIeA0BaHUS Ha
KpynHenwen B Poccum T3C, paboTatowen Ha yrne, — PedpTuHckon MPOC - nokasanm,
4YTO 3anbINIEHHOCTb BO3ayxa paboyel 30Hbl MaLIMHMCTa BarOHOMPOKUAbIBaTeNs
npeBbllaeT caHUTapHble HopMbl B 10 pas. MNpegoTepaleHne 3anblJIEHHOCTU BO3AyXa Ha

paboumx MecTax pas3rpy304HbiX KOMMJIEKCOB SABASETCA aKTyaslbHON Hay4YHOTEXHMYECKOWN 3a4aqvel, pelleHmne KOTOpon MMeeT BaKHOe NpoM3BOACTBEHHOE U

coumanbHoe 3HayeHue.
Llenb pabotbl. O6ocHOBaHMe 1 paspaboTka 3hPEKTUBHOINO KOHCTPYKTUBHOMO

pelleHns cMcTeM acnupaunmn 4na npefoTepalleHns 3anbiIeHHOCTU BO34yXxa paboyen
6

30HbI Ha pa3rpy304HbiX y3nax T2C.

Ha ocHoBe aHanusa Hay4Hbix paboT, n3obpeteHnin No obecnbiIMBaHMIO BO34yXa

W Luenu B AMCCepTauMoHHOW paboTe onpeaeneHbl cneayrolime 3a4aun:

1. O6ocHoBaTb crnocobbl NoBbIWeHNA 3DDEKTUBHOCTM acnmnpaLMoOHHbIX

YCTaHOBOK, 06CNTy>XMBaOLWMX NPOTSXKEHHbIE MCTOYHUKKN MblNEeHUS.

2. PazpaboTtaTb Ha OCHOBE TEOPETUYECKMX U IKCMEPUMEHTANIbHbIX UCCNeA0BaHMW
MPOTSHKEHHbIN 0TCOC, 3P DEKTUBHO YAANSAIOLWMIA 3aMbISIEHHbIN BO34yX U
TPaHCNOPTUPYIOLWNIA ero No cUcTeMe acnmpaumm.

3. Co3paTb MeTOAMKY pacyeTa acnmpalmoHHON CUCTEMbI C UCMOSIb30BaHUEM
npeanoXeHHOoro oTcoca.

4. [laTb 5KOHOMMYECKYIO OLLeHKY pe3ysibTaToB UccnefoBaHus n 06ocHoBaTb

3 DEKTUBHOCTb NPEASIOXKEHHOIO OTCOCA MO YAANEHWUIO YIrOSIbHOW NbIN NPU pasrpyske
noslyBaroHa.

O6beKkT nccnepoBaHuns. 3anblieHHas BO3AyLIHas cpeja npu pasrpyske
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noslyBaroHa c yrnem.
MpeameT nccneaoBaHus. AspoanHaMmyeckne npouecchl, npomcxoasiume B
3anbl/IEHHOM BO34YLWHOM NOTOKE Npu ero o6pa3oBaHuM u yaaneHnm n3s paboyen 30HbI.
[JocTroBepHOCTb U 060CHOBAHHOCTb NMOMyYeHHbIX pe3ybTaToB obecneynBaeTcs
METOoA0/I0rnYeckon 060CHOBAHHOCTbIO, BHYTPEHHEN JIOrMKOW UccneaoBaHus,
ncnonb3oBaHMeM yHAaMeHTaNbHbIX TPYAOB MO acnmMpaumm U CTaTUCTUYECKNX
OTYETHbIX MaTepMasioB KOHTPOSbHO-HAA30pHbIX opraHos, ESC Poccnmn, OAO «PX» B
KayecTBe aHaNIMTUYECKNX AaHHbIX, MPUMEHeHNeM anpobupoBaHHbIX METOAOB
nccneaoBaHUii U coBpeMeHHOro obopyaoBaHms 1 Npubopos, UMEOLL X BbICOKYHO
cTeneHb TOYHOCTM M MOrpPewHOCTb, HE MPeBbILWAoLWY0 AOMYCTUMbIX 3HAYEHU B
3KCNepUMeHTaNbHbIX HAayUYHbIX MCCNeAOBaHUAX, KOPPEKTHBIM NpoBeaeHneM
nabopaTopHbIX NCCef0BaHUN.

MeToabl nccneaoBaHWi BKKOYAAM OCHOBbI @3pOANHAMUKN C UCMOSIb30BaHNEM
TeopeMbl O KONMMYECTBe ABUXKEHUS MAacChl, ypaBHEHUI AMHAMUKM MOTOKOB BO34yXa U
CbIMy4Ynx MaTepuanoB, MHOrO(aKTOPHOro aHann3a 3KCrnepuMeHTanbHbIX AaHHbIX.
MeToanyeckoe obecrneyeHne nabopaTopHbIX NCCneaoBaHUi paspabaTbiBanoch B

7

COOTBETCTBMW C MOJIOXKEHUSIMU TEOPUW NMoaobus, aHann3a saKCnepuMeHTanbHbIX
OaHHbIX C MPUMEHEHUEM METOAO0B MaTeMaTUYECKON CTaTUCTUKMU.

HayuHble NonoXxeHus, NpeacTaBAeHHble K 3awmTe.

1. MpOTSXKEHHbIW OTCOC C TaHreHUWanbHbIM BXOAOM BO34yXa Co3faeT

3aKpYYEeHHbIN BO3AYLUHbIN NOTOK, MPeA0TBpaLLaoWLMA OCaXXAEHME MblaM Ha
BHYTPEHHMX CTEHKax BO34yXOBOAOB MNPV YMEHbLUEHWN dHepro3aTpar.

2. CHMXeHune aHepronoTpebneHns CMcTeMbl acnupaumun C NpoTSXKEHHbIM

OTCOCOM C TaHreHuManbHbIM BXOAOM BO34yXa obecneunsaeTcs npu cosgaHmm
3aKpy4YeHHOro NoToka BHYTPW BO3A4yX0BOAA 3a cYeT npeobnafaHus BeMYMHbI
NMPUCTEHHOM CKOPOCTU BO3AyXa Haj CpeaHei.

3. MpOoTAXXEHHbI OTCOC LMANHAPUYECKON (DOPMbI C TaHMeHLUMaNbHbIM BXOA0M
BO3A4yXa M CY>XMBaOLLUMCS L eNeBblM 0TBEPCTUEM, KOTOPbLIN B NJaHe npeacraBnser
cobo MpsAMOYro/bHYIO TpaneLnto C COOTHOLEHNEM OCHoBaHuM 1:5, obecneumBaer

paBHOMEPHOE yAaneHune 3anblIeHHOro Bo34yXa Mo BCEW AJIMHE UCTOYHMKA MblIEHUS —
noslyBaroHa npu ero pasrpyske B 6yHkep Tpakta Tonansonogaum T3C.

HayuyHas HoBM3Ha paboTbl:

1. PaspaboTtaHa maTemMaTmnyeckas mMoAesb npouecca yaaneHns 3anblIeHHOro

BO3A4yXa OT MPOTSHKEHHOr0 MCTOYHMKA MbISIEHUSA NMPU CO3AaHUKN 3aKPYHYEHHOro NoToKa
BHYTPW acnvpauMOHHOW CUCTEMBI.

2. Bnepsbie nony4yeH KO3I(PMOUUNEHT MECTHOrO COMPOTUBEHUS NMPOTSHXKEHHOr0O
0oTCOCa LMAMHAPUYECKON POPMbI C TaHTreHLManbHbIM BXOAOM BO34yXa, KOTOPbIN
NO3BONSIET YTOYHWUTb pacyeT NoTepb AaBNeHUs B CUCTEME acnupaumu.

3. OnpeaeneHo AOMNYCTUMOE CHUXEHWE CpeAHeN CKOPOCTU ABUXEHMUS BO3AyXa B
BO34YyXO0BOZE NMpWU NPOEKTUPOBAHMWN CUCTEMbI acnpaunm C NPOTXKEHHbIM OTCOCOM C
TaHreHunanbHbIM BXOAOM BO3AyXa.

4. PaspaboTtaHa MeToAMKa pacyeTa CMCTeMbl acnupaunmn, oTanyarLwasncs
NCNONb30BaHMEM MPOTSXKEHHOIO O0TCOCA C TaHreHUManbHbIM BXOAOM BO3AyXa 1
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MOCTOSIHHOW WM MEpPEMEHHON LWMPUHONM BCAaCbIBAlOLLEN Lenn.

TeopeTnyeckas u nNpakTnyeckas 3Ha4MMoCTb paboTbl.

1. OnpepeneHbl NPpUHLUMMLI MNOBbIWEHNSA 3 PEeKTUBHOCTU paboTbl CUCTEM

8

acnupauun npv yaaneHum Bosgyxa OT NPOTSHXKEHHbIX MCTOYHUKOB MblIeHUS.

2. MNpeanoxeHbl HOBble TUMbl KOHCTPYKLWIA NMPOTSXXEHHbIX OTCOCOB

acnupauMoHHbIX CUCTEM Afsi PaBHOMEPHOr 0 yAaneHUs Nblv NO BCEM ANMMHE UCTOYHMKA
NblEHUA, @ TaKxXe AN NpeaynpexaeHnsa oTIoXKeHUs NblJIM Ha BHYTPEHHUX CTEeHKaX
BO3yXOBOJOB.

3. MNpoBeaeH TeopeTUYecKMin aHann3 NoTepb AaB/IEHUS B MPOTSXXEHHOM 0Tcoce

Ha OCHOBE MaTeMaTM4yeCcKoW MOoAEeNn npoluecca yaaneHus 3anbl/IeHHOro Bo3ayxa npwu
CO3aHMMN 3aKPYYEHHOro NOTOKa BHYTPY CUCTEMbl acnupaunu.

4. PazpaboTaHa 1 nccrnegosaHa B n1abopaTopHbIX YC/I0BUSIX MOAENb

MPOTSHKEHHOrO 0TCOCa C TaHreHLUMaNbHbIX BXOAOM BO34yXa NMpW MOCTOSIHHON M
nepeMeHHoWM (opMe LeneBoro oTBepcTums.

5. Co3gaHa MeToaMKka pacyeTa CMCTeMbl acnupauumm npy NCnosb3oBaHWm
NPOTSXKEHHOrO 0TCOCa C TaHFeHLUMaNbHbIM BXOAOM BO34yXa.

6. NccnepoBaHHbIe MPOTAXKEHHbIE OTCOChI MO3BOJISAOT MNOBbICUTbL 3(PHEKTUBHOCTb

M 3KOHOMWYHOCTb CUCTEM acnmpauunm Ha Nnorpy3o-pasrpy304Hbix KoMnaekcax TIC.
Pe3synbTaTbl MccnenoBaHuii BHeapeHbl B yuebHbi npouecc ®r0Y BO

YprYNC npu obyyeHnn CTyAeHTOB B NPOodeccnoHanbHbiX AMCUMMNIIMHAX HanpaBieHuns
noarotoBkun 20.03.01 «TexHochepHast 6€30NacHOCTb», MCMOJIb3YHOTCSA NPU MPoBeAEHUM
obyyeHns no nporpaMMaM LOMOSIHUTENbHOro NpodeccnoHanbHoro obpasosaHmsa B 4y
OHIMP «HNUNOT>», Hawnm npumMmeHeHne B NpoekTHon aedatensHoctu OAO
«YPANTUMPOTPAHC».

CooTBeTCTBME AnccepTaunm nacnopTy cneuunansHocTu. AncceptaunoHHas

paboTa BbINOHEHA B COOTBETCTBMM C NAcnopToM v popMynol cneumanbHoCTU
05.26.01 «OxpaHa Tpyda (3/1eKTpoaHepreTmka)», B YacTHOCTM N. 7 nacnopTa:

« Hay4Hoe o6ocHOBaHWe, KOHCTpyMpoBaHWe, YCTaHoBIeHNE 06/1acTu pauMoHanbHoOro
NMPUMEHEHUS N ONTUMM3ALMS MapaMeTpPoB CrNocoboB, CUCTEM U CPEACTB KOIIEKTUBHOWN
W UHAVMBUAYaNbHOM 3alunTbl pabOTHWMKOB OT BO34AENCTBUSA BPpeAHbIX M OMacHbIX
haKkTopoB>.

Anpobaumsa paboTtbl. AncceptaunoHHas pabota n ee OCHOBHbIE NMOMOXKEHMUS
[OKaAablBaIMCb M 06CYXAanMcb Ha CEMMHAape AOKTOPAHTOB M acnmpaHToB YpIYIC,

9

eXeKBapTasibHbIX CEMMHapax acnupaHToB kadeapbl «TexHocdepHas 6e3onacHoOCTb»
YpIYMC, 3acegaHunsax YueHoro coseta HY OHIMP «HUNOT». MaTepuansl

avcceptaummn anpobrpoBaHbl Ha MeXAYHaPOAHbIX HAy4YHO-MpPaKTUYeCKUX
KOHepeHUMax «MHHOBaLMW U MCCNefoBaHUS B TPAHCMOPTHOM KoMmnnekce» (T.
KypraH, 2013-2014), Ha VI-i MexayHapoAHOW Hay4HO-NMpaKTUYeCKon KoHdepeHumnn
«be3onacHOCTb X13HeaesaTeNbHOCTU B TpeTbeM ThicaueneTnm» (Yensburck, 2015), Ha
IV O6wepoccminckoi Hay4YHO-MpaKTUYECKOM O4YHO-3a04HOM KOHdepeHunmn ¢
MeXAYHapoAHbIM yyacTueM «3konoruns. Puck. besonacHoctb» (KypraH, 2015). 3ao4Ho
NMPUHATO yyacTue B MexayHapoaHOM Hay4YHO-NpaKTUYeCcKon KoHdepeHummn

«TpaHcnopT-2014» (r. PoctoB-Ha-oHy, 2014), B VII MexayHapoAHON Hay4HOMpaKTU4eckon KoHdepeHuun «HayuyHoe o60o3peHune dusmko-mMaTteMaTnyeckmx n
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TexHnyecknx Hayk B XXI Beke» (Mocksa, 2014).

My6bnnkaumsa pesynbTaToB UccneaoBaHMn. OCHOBHbIE MOMOXEHUS

avccepraummn onybnmkoBaHbl B 9 nevaTHbIX paboTtax, BkaoYas Ase nybnamkaunm B
XypHane u3 cnucka BAK. OTnpaeneHa 3asBka N? 2015157472/(088583) ot 31.12.2015
Ha nonyyeHue naTeHTa Ha n3obpeTeHne «BcacbiBalolee ycTpoicTBo» (aBTopsl MNonosa
H.M., Npuropogosa T.H.).

CrpykTypa 1 06beM amccepraumn. inccepraumoHHas pabota cocTtouT n3

BBeAEeHWS, NATU FNaB 1 3akayeHuns. Pabota nsnoxeHa Ha 145 crpaHuuax
MalUMHOMMUCHOrO TeKCTa, CoAepXUT 54 pucyHka, 12 Tabnuu, 2 npunoxeHus.
Bubnunorpadunyeckmin cnncok coctomT M3 139 UCTOUYHMKOB.

10

1 COCTOSIHUE MPOBJIEMbl CHUXXEHUS MbIJTIEBOV HATPY3KN

MPU PA3IPY304HbIX PABOTAX MPEAMNPUSTUN

SNEKTPO3HEPIETUKU

MpepoTBpalleHne 3anblIeHHOCTX BO3AyXa paboyei 30Hbl HOCUT

NepBOCTENEHHbIN XapaKTep B BOMPOCax OXpaHbl TpyAa Ha NpeanpusaTusax
3/1EKTPO3HEPreTUKM, T.K. MblJlb OKa3bIBAET HE TOIbKO HebnaronpusaTHoe BO34eNCTBNe
Ha paboTHMKOB, HO M Bbl3blBAET CKOPOE CTapeHNe MeEXaHU3MOB U MOXET CTaTb
MPUYMHOM MPOMbILLINIEHHOrO B3pbiBa. HeyaoBneTBopuTenbHble YCI0BMS TpyAa No
coAepXKaHWIo B3BELLEHHbIX YacTuL, B Bo3ayXxe paboyei 30Hbl XxapakTepHbl Ans
pa3rpy304HbIX MYHKTOB TOM/IMBHbIX 3/1EKTPOCTaHUMM, paboTalowmx Ha TBepaAoM
TonnuBee. Bbirpy3ka CbiMy4nx rpy30B COMpPOBOXAAETCA 06UbHbIM MblieBblAeNEHNEM
Npu TEXHOIOrMYECKOW Onepaummn Kak B 30He BbiMOSIHEHMS paboT, Tak U Ha pacCTosHUKU
OT MecCTa pasrpy3Kku rno NpuYnHE nepemMeLleHns 3anblleHHbIX BO34YLHbIX Macc.

1.1 TeHAEHUMN pa3BUTMS TONIMBHO-3HEPreTMYECKOro KoMniekca Poccnn
TonnuBHas 3neKTpPO3IHepreTnka ABASETCS OAHON U3 NMPUOPUTETHBLIX OTpacien
SKOHOMWKMN CTpaHbl. CyLLeCTBYOLWNIA NPOrpecc TEXHUKN U TEXHOIOM KN
COMpPOBOXAAETCA YBEIMUYEHMEM 3aTpaT 3/IEKTPOIHEPTUN.

E>xxerogHo Bce anekTpuyeckme ctaHumm Poccum BblipabaTbiBalOT OKOI0 OAHOI0
TpunnnoHa KBT-4 anekTposHeprun. B 2015 roay anektpocraHunu EanHon
3HepreTuyeckon cucremol (ESC) Poccum Boipabotanm 1 026,9 mnpa. kBt-y [60]. Mo
KONM4YecTBYy BblpaboTkn 3nekTpoaHeprun B ESC 1 ycTaHOBNEHHOM MOLLHOCTMU

11

3/1EKTPOCTaHUMI TennoBbie anekTpocTaHunm (TIC) 3aHMMalOT IManpytowme nosmumm,
onepexas no obonM nokasaTtensam B Cymme ruapoanektpoctaHummn (MC) n aToMHble
anekTpoctaHuum (A3C) B ABa pasa (pucyHok 1.1, 1.2).

- T2C; - I'2C; - ASC

PucyHok 1.1 - BbipaboTka anekTposaHeprum B ESC Poccum Ha 2015 r.

- T2C; - I'2C; - ASC

PucyHok 1.2 - CrpykTypa anektpocraHunii ESC Poccvun no ycTaHOBAEHHOMN
MowHocTn B 2015 r.

B TeueHne HeckoNbKMX NPOLLbIX AECATUNETUIA NepeBefeHO MHOXECTBO

TENI0BbIX 3IEKTPOCTAHLMI MO CTpaHe C TBEPAOro TOMJMBa Ha NPUPOAHbIN ras,
0COBEHHO B €BPOMNENCKON YacTu. DTO CBA3AHO C TaKMMM NpeMMyLLecTBaMm rasa Hag
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TBEpPAbIMM BUAAMM TONAMBA, Kak 6osblias Tena0TBOPHas CrnocobHOCTb NPUPOAHOro
65,39%

15,60%

19,01%

68,10%

20,34%

11,53%

12

rasa no cpaBHeHWIo C TBepApIMM Buaamu Tonamea (Tabnuua 1.1, [28]), cHMxeHune
cebecToMMOCTN NPON3BOACTBA 3/1eKTPO3Heprun kKBT-u [49, 51], MeHbLas
3KOMOrmMyecKkas Harpyska Ha OKpy>atoLLyto cpeay.

Tabnmua 1.1 - TennoTBopHas CNOCOOGHOCTb pas/IMYHbIX BUAOB TOMN/IMBA

Bug Tonnmea TennoTBopHas cnocobHOCTb, KAK/Kr

AHTpauuT 34 000

Bypbivi yrons 28 000

KaMeHHbIN yronb 35 000

HedTb 44 000

MpupoaHbI ra3z 50 000

K HepgocTaTkaM MCNOMb30BaHMUSA Yr/isi B KAQ4eCTBe TOM/IMBA Ha TenJoBbIX
3M1eKTPOCTaHUMAX OTHOCATCS:

— HM3Kasi TeNJI0TBOPHas CNOCOBHOCTb;

- 6onblKe 3aTpaTbl Ha TPAHCNOPTMPOBKY TOMJIMBA;

— yBe/IMYEHHble 3aTpaTbl TEMJOBbIX 3/1EKTPOCTaHLMI Ha NpnobpeTaemoe TONNBO
Nno NpUYMHE NOTEPU YIS NpU TPaHCNOPTUPOBKE XKese3HOA0POXKHbIM TPAHCMOPTOM, a
TakXxe BO BpeMs Norpy3o-pasrpy3oyHbix pabot [51, 119, 135];

— 3HaUMTeNbHOE 3arpsi3HeHMe OKpyXatowen cpeabl (BblAeneHne yrneKncioro

rasa, Hanmuune 30/100TBaIOB, BbIBPOCHI TSXKENbIX METa/NIOB NMPU CKUraHun yrns v 1.4.)
- TpebytoTcs 6onblIne NoWwaamn Anst XpaHeHus TonamBea.

CornacHo [59] B HacToswWw @ @€ BpeMs HabnoaaeTca obpaTHbIM NepeBoa TEMJI0BbIX
3/1eKTPOCTaHUNI C NPUPOAHOro rasa Ha TBepAoe TOMMBO. DTO 06bACHAETCH
CTabubHOCTbIO LieHbI YIS, @ TakXXe npeobnagaHnem ero 3anacos Hag HedTbio B 10 pa3
[41].

CornacHo OT4YeTHbIM AaHHbIM MUHUCTEpPCTBaA aHepreTukn PO [58] B nocneaHme

roAbl YronbHas npoMblLUSIEHHOCTb NpoLwia NyTb KapanHanbHbix pecdopM. OTpacsb
YyCNeLwHo pa3BnBaeTcs, pacTyT 06bEMbl 40ObIUN YIS, MHOrOKPaTHO yBenM4uiach
Npon3BOANTENBHOCTb N 3(PMEKTUBHOCTb TPYAA, YrONbHbIV BU3HEC CTan MHBECTULMOHHO
npuBneKaTenbHbIM. o cocTosHMIo Ha koHel, 2014 roaa B yronbHOW oTpaciu
DYHKUMOHUNPYIOT 249 NpeanpuaTuin, ocywecTBasiowmnx aobbivy (nepepabotky) yras.
13

Ha TonAMBHbIX 3N1EKTPOCTaHUMAX B KaYeCcTBe TBEPAOr0o TOMMBa UCMO/b3YHOTCS
KaMeHHbIN yronb, Topd, 6ypsbiti yronb, cnaHubl. K koHuy 2015 roaga B Poccum okono
Tpetn TOC MCNoNb3YyHT B KAaYeCTBe OCHOBHOIO TOMMBA Yrofib (KaMeHHbIM 1 6ypbiit)
(pncyHok 1.3) [115].

- ras; - yrofle; — yrofb 1 ras; — npovee

PucyHok 1.3 - PacnpepeneHmne TSC no BuAy OCHOBHOIO MUCMOJIb3yeMOro
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Tonnuea B Poccuun B 2015 r.

3a 2015 r. T2C E3C Poccum Boipabotanm 671 438,8 MiH. KBT-y

anekTpoaHeprum [60]. Ucxoas n3 pacnpeneneHms TOC No BUAY OCHOBHOMO
ncnosb3yemoro Tonamnea (pucyHok 1.3) okono 255 150 MaH. KBT:4 a1eKkTpoaHeprum
npov3BeAeHO TEMNI0BbIMU 3/1EKTPOCTaHLMSAMN, paboTalolWwmnMmn Ha yrie, 4To coctaBnset
nopsiaka 25% BblpaboTaHHOM 3/1IEKTPOIHEPrMN BCEMM dNeKTpocTaHumamm E3C Poccuu.
Ha npon3BoacTBo 1 KBT-4 31eKTpO3HEPrMn TENIOBOM 3/1EKTPOCTaHLMEN

pacxoayeTcs okono 350 r kameHHoro yrns [139]. Takum obpa3om, Ha BbIpaboTKy 3TOM
anekTpoaHeprum notpebosanocs 89 301 360,4 ToHH yrna un 1 275 734 nonyBaroHoB
rpy3onogbeMHOCTbi0 70 TOHH Ha ero TpaHCNopTUPOBKY.

TennoanektpoueHTpanm (T3L) oTHocaTca k T3C. TALU reHepupytoT

AONOMHUTENbHO Tenso. CTaTUCTMKa No NpMMeHeHuto TOL pasnnyHbiX BUAOB TOMMBA
ONs MPOM3BOACTBA Terna un aseKTpuyecTea cxoxa ¢ TIC: B 6onbluen creneHn
ncnonb3yetca ras (okosno 70%), Ha BTOPOM MecTe — TBepaoe Tonameo (okono 30%)
(pucyHok 1.4).

27,1%

9,2%

63,4%

0,2%

14

- ras; - yronb; — yrosb 1 ras; — npoyee

PucyHok 1.4 - PacnpeaeneHue T3L, no Buay 0OCHOBHOrO MCNOb3yeMoro

Tonnuea B Poccuun B 2015 r.

YronbHble TOC npeobnagatoT B toxxHOM Cnbupu n JansHem BocToke.

KpynHenwen T2C B Poccun, paboTatowen Ha TBepaom Tonamee (3kmbacTy3ckui
KaMeHHbI yronb), sensetcst PecdTnHckas MP3C. Ee yctaHOBNEeHHast MOLLHOCTb
cocraBnsiet 3800 MBT. B Tabnuue 1.2 npeacraBneHbl TON/IMBHbIE 3/1EKTPOCTAHLIMM
yCTaHOBIEHHOM MOLWHOCTb0 6onee 1000 MBT ¢ yka3aHMeM OCHOBHOIO MCMoOfIb3yeMoro
BMAa TOM/IMBA.

Tabnuua 1.2 - TonAnBHbIE 31€KTPOCTaHUMKN PoccumM yCTaHOBNEHHOMN

MOLLHOCTbIO cBbiwe 1200 MBT

N2 n/n HaumeHoBaHWe TONMBHOW

3M1eKTpOCTaHLUnmn

YcraHoBneHHas

MOLLHOCTb, MBT

OcHOBHOI BUA

TonamnBea

1234

1 Cyprytckasa 'P2C-2 5 597 ras

2 PedpTtnHckas MP3C 3 800 yronb

3 Koctpomckas TP3C 3 600 ras

4 CypryTckasa 'P2C-1 3 268 ras

5 PsasaHckas NP3C 3 070 yronb, ras

6 Kupnwckas NP3C 2 595 ras

7 KoHakosckas 'P2C 2 520 ras
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8 VpuknmnHckasa MP2C 2 430 ras

9 CraBponosnbckasa P3C 2 400 ras

10 Mepmckas M'P3C 2 400 ras

21,7%

8,4%

69,7%

0,2%

15

MpoaomkeHne Tabnmuybl 1.2

1234

12 3anHckasa N'P3C 2 200 ras

13 HuxHeapToBckasa P2C 2 013 ras

14 Kawwunpckasa N'P3C 1 910 yrone, ras

15 Hosouepkacckas N'P2C 1 884 yronb

16 TOU-26 1 840 ra3

17 KapmaHoBckast TP2C 1 831 ras

18 ToU-21 1 800 ras

19 HeBuHHOMbICCKas MP2C 1 700 ras

20 CpepHeypanbckaa 'P3C 1 656,5 ras

21 Tpouukas N'P2C 1 574 yronb

22 Yepenetckass 'P2C 1 510 yronb

23 BepxHeTarunbckas NP3C 1 497 yronb

24 LWaTypckasa N'P2C 1 493 ras

25 Mpumopckas NP3C 1 467 yronb

26 T2U-23 1 420 ras

27 T2U-25 1 370 ra3

28 T2U-22 1 310 ra3

29 Tomb-YcnHckasa MPSC 1 272 yronb

30 KpacHosipckas TP2C-2 1 250 yronb

31 Hasaposckasa P2C 1 243 yronb

32 lOxHaa ToU-22 1 207 ra3

33 benosckasa NP2C 1 200 yronb

34 HoBocmbupckas TaL-5 1 200 yronb

B noaTBepxaeHue pocta gobbium yrns yBenMunBaeTcs KOMYeCcTBO ero
nepeBoO30K MO Xene3HbiM goporaM PO [61]. MepeBo3Ka CbiNy4MX rpy30B nMeet
6onbloN yaenbHbIM BeC B 06beMe Bcero rpysooboporta. CpeaHee KONM4ecTBo
NnepeBo3nMbIX cbinyunx rpy3oB no OAO «PXXA» Ha 2014 r. coctaBmno 661,76 MaH. T.
Ha pucyHke 1.5 npeacraBneHa CTaTUCTMKa NePEBO30K OCHOBHbIX ChIMyUYUX AbIISWNX
rpy30B Xefe3HOA0POXKHbIM TPAHCMOPTOM.

16

— KaMeHHbII Yrosb; — CTpouUTeNbHble MaTepuasbl; — pyJa XenesHas

PucyHok 1.5 - [lons nepeBo3Ku CbiMy4nX rpy30B Mo xenesHbiM goporam PO
32 2010-2014 rr.

E>xxegHeBHO Ha TOC pgocraBnsieTcst 60/bLI0e KOMYECTBO NOYyBaroHOB C
TBEPAbIM TONAMBOM. B 60onblLINMHCTBE Cily4aes, BbIrpy3ka CbiMy4ymMx MaTepuanos n3
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XKEeNe3HOAOPOXHbIX BarOHOB OCYLLLECTB/IETCA MYyTEM MEXaHW3NPOBAHHOM BbIrPy3KKM C
MOMOLLbIO MHEBMATUYECKMX MEXAHM3MOB U/ BarOHOOMPOKUAbIBATENEN Pas/IM4yHOro
Tvna (nepeasuXHbIX, CTauNMOHapHbIX). Hanpumep, 60KOBOWN CTaLNOHAPHbIN
BaroHOOMpPOKUAbIBaTeb UCnonb3yeTcs Ha HoBodepkacckoi MPOC n ToMb-YCUHCKOM
'PSC, poTOpHbIN CTaLuWOHapPHbIN BaroHOOMNPOKUAbIBaTeNb MPUMEHSIETCS Ha MyHKTaX
pa3rpy3km MuHycmHckon TIL, n Mpumopckon MP2C [86]. Mpomn3BoanTenbHOCTb
OAHOBAroHHOro ycrponcrea gocturaet 20 BaroHoB/4ac. MNpu OTCyTCTBUM
MeXaHM3NpPOBaHHbIX YCTPOWCTB BbIrPy3KM BaroHa pa3rpy304Hblie paboTbl
OCyLLeCcTBASATCA pabOTHMKaMM NyTEM OTKPbITUS JIIOKOB BaroHOB U BblCbiMaHUs
CblMyYero rpysa Ha noAroTOB/EHHYIO MOWaaKy.

ExxeaHEeBHO MyHKTbl pasrpy3kun NpMHUMAIOT TbICSYM TOHH yrns. MHorne paboune
MecCTa noABepXXeHbl HEraTUBHOMY BO3AENCTBUIO MblJIEBbIX a3PO30/eN: MaLLINHUCTbI
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BaroHOOMpoKWAbIBaTeNs, TONAnMBoONogaymn, orsanoobpasosarens. NosToMy 3aaaya
obecrneyeHuns 6e3onacHblX YCIOBUI TpyAa Ha TEMIOBbIX 3EKTPOCTaHUMSAX,
paboTatlowmx Ha yrne, IBNASETCS OAHOW U3 MepBOCTENeEHHbIX.

1.2 CocrosiHMe Bonpoca npodeccnmoHanbHoM 3aboneBaeMocTu, CBsI3aHHbIX C
BO34ENCTBMEM MPOMbILLIEHHbIX a3po30sien

PecnnpabenbHas nbinb npeacraBnseT 60/bLlWYH0 0MNAacHOCTb ANs 340POBbS
paboTHMKOB. Ee cnocobHOCTb AOCTMYbL NIerknX Npu BAbIXaHUW MOXET NPUBECTU K
Ccepbe3HbIM HapyLeHWAM AblXaTeNbHOW CUCTeMbl. [THEBMOKOHMO3 — 3TO XpPOHMYecKoe
3aboneBaHne nerkmnx, Bbi3BaHHOE ANIMTENbHbIM BAbIXaHWEM MPON3BOACTBEHHOM MbIN.
ObpasyeTcs xecTkaa ¢pnbposHasa TKaHb Nerkmnx, 4to narybHo ckasbliBaeTcst Ha
rasoobMeHe KMcnopoga v yriekucsioro rasa B AblxaTeslbHOW CUCTeMe, TepseTcs
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CNOCOBHOCTb NErknx NOSIHOCTbIO PacClLNpATLCS, 3aTpyAHSeTCs AbixaHue [92].
OnuTenbHoe BO3AENCTBME MblIM MOXET NPUBECTU K UHBANNAHOCTU, Npu bonee
cepbe3HblX dopMax 3abonesaHna — K cMepTu pabouero.

B Poccun exeroaHo NpoBOAMTCS aHann3 COCTOSIHUSA OKpy>KatoLen cpeabl,
340pOBbS HaceneHus. 3T nccneaoBaHnsa NyoNMKyOTCA B BUAE €XeroaHblX
oCcynapCTBEHHbIX AOKIaA0B Pa3fIM4yHbIMWU MUHUCTEPCTBAMMU.

MpodeccnoHanbHbie 3abonieBaHUS, Bbi3BaHHbIE BO34EMACTBUEM Pas/IMYHOro poaa
nbiner, OTHOCATCS K Ynciy Havbonee TsHKenbiX U pacnpocTpaHEeHHbIX BO BCEM MUpe
npodeccnoHanbHbix 3abonesaHnin. CornacHo AaHHbIM [0CyAapCTBEHHbIX AOK1aA0B
[34-36] yaenbHbIn Bec NpodeccMoHanbHOM NaTonornm, Bbl3BaHHbIX BO3AENCTBUEM
NMpOMbILLJIEHHbIX a3po3onen, coctasun B 2010 r. 19,4 %, B 2011 r. - 20,6 %, 2012 r. -
17,3 %, 2013 r. - 18,3 %, 2014 r. - 17,6 % (pncyHok 1.6), 4To roBopuT 0 60/bLLIOM
yAenbHOM Bece 3Tux 3abonesaHni B obwen crpyktype [93]. K dpusmyecknm dhaktopam
18
OTHOCSITCS MOBbILIEHHbIE YPOBHU LWyMa U BU6pauni pasHbIX BUAOB,
3N1EKTPOMArHUTHbLIX YU MOHU3UPYHOLLNX U3NTYHYEHUW, HEAOCTAaTOUYHAs OCBELLEHHOCTb,
OXJTAXAAIOWN I NN HarpeBatoLwWwmMn MUKPOKIMMAT U T.4.; K XMMUYECKMM — BELLEeCTBa U
coefmHeHus, obnajatolime TOKCMYECKUM, pa3apa)XatowmnM, CEHCMBUAN3NpYyoLWmM,
KaHLeporeHHbIM M MyTareHHbIM BO3JECTBMEM Ha OpraHmn3M 4esioBeKa 1 BAMSIOWNE Ha
€ro penpoayKTUBHYI PYHKUMIO; K BMONOrMYeCcKMM — MNaToreHHble MMKPOOPraHU3Mmbl
(6akTepumn, BUPYCbl U Ap.) U NPOAYKTbl X XU3HEAEATENbHOCTUN, @ TakKXe XUBOTHbIE U
pacTeHuns; K Ncnxodn3nonornyecknm — pusmyeckme neperpyskm n HeppHomncnxmnyeckmne ( YMCTBEHHOE nepeHanpsxeHune, nepeHanps>keHne aHaam3aTopos,
MOHOTOHHOCTb TPyAa, 9MOLMOHasbHbIE NEeperpysku).

— 3aboneBaHus, CBA3aHHble C BO3AeNCTBMEM dunsnyecknx Gaktopos; — 3abonesaHuns,
CBfi3@aHHble C GM3NYECKNUMU Neperpy3kaMmm 1 nepeHanps>keHneM oTae/IbHbIX OPraHoOB U CUCTEM;
- 3aboneBaHus, Bbi3BaHHbIE BO3AENCTBMEM MPOMbILLSIEHHbBIX @3po30sien; — 3aboneBaHmns
(MHTOKCUKaLMK), Bbi3BaHHblE BO3AENCTBUEM XMMUYECKNX (PaKTOPOB

PucyHok 1.6 - CrpykTypa npodeccnoHasnbHbiX 3aboneBaHnin B 3aBUCUMOCTM OT
BO3JENCTBMS BpeAHbIX NPON3BOACTBEHHbIX hakTopoB, 2010-2014 rr.

MoMmnmo Toro, 60nbLON NpoUeHT NpodeccnmoHanbHbiX 3aboneBaHnn ot

BO34ENCTBMS MPOMbILUIEHHbIX a3po30sei HabnogaeTcsa y )eHwmH. Ha ocHoBe
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nokasatenen [57] okono 15 % XeHLWWH, UMeLWMX MOATBEPXKAEHHOE
npod3abonesaHune, nonyumnm 3To 3aboneBaHme n3-3a HebNaroNnpmUATHbIX YC/I0BUN
TpyZAa no 3anblJIEeHHOCTM Bo3ayXa pabouer 30Hbl (pCyHOK 1.7). 3TOT paKT saBnseTcs
HapyLeHneM TpeboBaHM CaHNMTAPHOro 3akoHoaaTtenbcrea. CornacHo n. 1.9 CanluH
2.2.0.555-96 « 'mrueHnyeckmne TpeboBaHmA K yCNOBUAM TPYAA XEHLMH>» Ans
NpaKTUYECKN 340POBbIX XEHLUNH Ha NpeanpusTUaX BCeX BUAOB CO6CTBEHHOCTM
OO/MKHbI NPefoCcTaBNsATLCA paboune MecTa ¢ A0NYCTUMbIMU yCoBusSMM Tpyaa [111].
PucyHok 1.7 - YaenbHbl BeC npodeccnoHasbHbiX 3aboneBaHnin, Bbl3BaHHbIX
BO3ENCTBUEM MPOMbILLJIEHHbIX @3p0o30/iei y XeHWwmnH 3a 2010-2013 rr.

Mo cratuctmke okono 99 % npodeccnoHanbHbIX 3aboeBaHUn U OTpPaBEeHU
OTHOCSITCS K XPOHMYeCKknM 1 nnwb 1 % — K ocTpbIM. Bo3aencTeme Nbian Ha yenoseka,
B OCHOBHOM, HOCUT ANNTENbHbIN XapakTep. OCHOBHbIMW MPUYMHAMN XPOHNYECKNX
3aboneBaHuit SABNSAIOTCS HECOBEPLUEHCTBO TEXHOMOrMYecknx npouecco (44 % Bcex
cnyyaeB 3a601eBaHMM) U KOHCTPYKTUBHbIE HEAOCTATKN CPeacTB TpyAda (39 %), uTo

[oKa3blBaeT He06X0ANMOCTb MOAEPHM3aLUNM CYLLECTBYIOLWMX CPEACTB 0b6ecnbliMBaHUA
[34-36].

Mpon3BoacTBEHHAS Mbl/Ib MOXET 6bITb MPUYMHON BO3HUKHOBEHMUS HE TONbKO
3aboneBaHni AblXaTenbHbIX NyTen, HO 1 3aboneBaHmnii rna3 (KOHbIOHKTUBUTBI) U KOXN
(wenyweHune, orpybneHne, sksembl, agepmatmTbl). lNpodeccmoHanbHble 3abonesaHuns
OpraHoB AblXaHWs NpeacTaB/ieHbl, B OCHOBHOM, XPOHUYECKMMU MblIEBbIMU
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14,8%

20

6poHxuTamm (22,5 %), NHEBMOKOHNO3aMn (CMIMKO3aMK ), BbI3BaHHbIMU
KpeMHuincoaepxawmnmm nbinamm (21,8 %), XpoOHUYECKMM 06CTPYKTUBHbBIM
(acTMaTnMuyecknM) 6poHxnToM (18,4 %). 3T 3aboneBaHns Hemsneummsol [1].

TakuM obpasoM, npodeccuoHanbHblie 3aboneBaHunsl, Bbi3BaHHbIE

HebnaronpusaTHbLIM BO34AEACTBMEM MPOMbILLIEHHOW NblN, 3aHUMALOT 60J1bLLOWN

yaenbHbl Bec. HeraTMBHbLIM BO34ENCTBMEM A@HHOIMO BPEAHOrO MPOU3BOACTBEHHOIO

dakTopa noaBepxxeHa, B OCHOBHOM, AblxaTeNbHas cucrema. Mpu NocTosiHHoW paboTe B
HenocpeACTBEHHOW 61IM30CTU C UCTOYHUKOM Mblleobpa3oBaHus paboTHUK pUcKyeT
nony4nTb 3aboneBaHne Tsxxenon Gopmbl.

1.3 AHanu3 pe3ynbTaToB NPOBEAEHNS OLEHKN YyCIOBMI TpyAa Ha paboumx

MecTax Nno HanMunio B Bo3ayxe pabouein 30Hbl MblIEBbIX adpo30nen

C 2014 r. B Hawewn cTpaHe B3aMeH npoueaypbl atrectaumm pabounx Mecrt no
yCnoBusIM TpyAa BBeAeHa CreuunanbHas oueHka ycnosui Tpyda [132]. Knaccndukauus
yCnoBuUiA Tpyda No CTeENEHN BPeAHOCTU U (MN) ONAcHOCTM W3MEHEHMI He npeTepnena.
BbigensaoT onTuManbHble, JONYCTUMbIE, BpeaHble (pa3aeneHbl N0 CTeneHn BpeaHOoCTH
Ha YeTbipe CTeNeHn) 1 onacHble yCnoBus TpyAa.

OTHeceHMe ycnoBui Tpyaa K knaccy (moaknaccy) ycioBuid Tpyaa npu

BO3AENCTBMM a3p0O30J1eN NPeEMMYLLECTBEHHO PUOPOreHHOro AeNCTBUS OCYLLLEeCTBISETCS
B 3aBMCMMOCTM OT COOTHOLUEHUNS PaKTUUECKON CpeHECMEHHOM KOHLLEHTpaLmm
BellecTBa B BO34yxe paboyel 30Hbl U ero npeaesbHO A0NYCTUMON KOHLLEHTpauum
[104]. B cnyyae HaxoxAaeHnsa paboTHMKa B HECKONIbKUX 30HAX MblEBbIAENIEHNA NN
npv HEMOCTOSIHHOW paboTe B 3anblfIEHHbIX YCNIOBUAX TpyAa YCTaHOBNEHWE Knacca
(noaknacca) ycnoBuit Tpyaa onpeaensieTcs KpaTHOCTbHO NpeBbilleHns haKTUYecKomn
MbIJIEBON HArpy3ku Haj KOHTPOSIbHOW MblIJIEBOM HArpy3Kowm 3a rog.

21

Mpw oueHKe yCcnoBuiA Tpyaa BblAeNeHbl BbICOKO- U YMEPEHHO (pMOPOreHHbIe
@3p030/1 NMpENMYLLECTBEHHO DMOPOreHHOro AENCTBUS, @ Takxke crabodunbporeHHble
aspo3onu. K nepBbIM BUAAM OTHOCATCS @3po30/IM MpenMyLLecTBEHHO GUBPOreHHOro

OeNCTBUS C NpeaenibHO A0NYCTUMOM koHueHTpauuen (MAK) meHee nnn paBHo

2 Mr/m

3

. MpuMepaMn TakmMx aspo3oneit CiyxaT Mblan, coaep)Kaline npupoaHbie

(acbecTbl, LeoINTbI) U UCKYCCTBEHHbIE (CTEKNSIHHbIE, KEpaMUyeckue, YriepoaHble u
Ap.) MumHepanbHble BoslokHa [31]. B cBoto ouepeab, K cnabocdmnbporeHHbIM a3po30sM
OTHOCATCSA @3p030an nNpemMyLLectBeHHO dunbporeHHoro gericreus ¢ MNAK 6onee

2 Mr/m

3

. Mbinn xenesa, yrns, paCTUTENbHOIO U XXMBOTHOIO NMPOUCXOXAEHUSA

(pepeBsHHas, 3epHOBas, X/I0NKOBas), 3/IEKTPOKOPYHAA M AP. OTHOCATCA K
cnabopmbporeHHbIM aspo3osisM. B Tabnmue 1.3 npuBeaeHbl 0COBEHHOCTHU
YCTaHOBJ/IEHMNSA K/TAaCCOB BPEAHOCTM U (MIN) ONACHOCTU YCIO0BUM TpyZa no nbian [104].

Tabnuua 1.3 - OTHeceHMe ycnoBui Tpyaa No Knaccy (noaknaccy) ycnoBui
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TpyZa nNpv BO3AENCTBMU a3 po30JieN NpenMyLLECTBEHHO (DMOPOreHHOro AeNCTBUS
Bup aspozonein

NpenMyLLECTBEHHO

hnbporeHHOro AencTBmS

Knacc (noaknacc) yciosuii Tpyaa

OTHOCUTENbHO MpPEBbILWEHNSA (PAKTUYECKOW KOHLEHTPaL MU aspo3onem
NpevMyLLECTBEHHO (PMBPOreHHOro AeCTBMS B BO3ayXe paboyei 30HbI

Haa NAK paHHbIX BewecTs (pas)

AONYCTUMBIIA BPeAHbI

23.13.23.334

BblCOKO- 1 yMepeHHO

hnbporeHHbIe a3po30n

NpenMyLLecTBEHHO

dunbporeHHOro gencrems

<ngk,

<KMH

>1,0-2,0>2,0-4,0>4,0-10,0>10

CnabodubporeHHbie

aspo30/u

NpenMyLLecTBEHHO

dunbporeHHOro aencrems

<ngk,

<KIMNH

>1,0-3,0>3,0-6,0>6,0-10>10

CraTucruka pacnpegeneHus npodeccnoHanbHbix 3aboneBaHnin, Bbl3BaHHbIX
BO3/€ENCTBMEM MPOMbILLNIEHHbIX a3P030J1ei, B 3aBUCMMOCTM OT YCTAHOB/IEHHbIX
KNlaccoB ycnoBui Tpyaa 3a nepuog 2010-2013 rr. npeacrasneHa Ha pucyHke 1.8 [33]
22

PucyHok 1.8 - PacnpepeneHne npodeccmoHanbHbiX 3aboneBaHuii, BblI3BaHHbIX
BO3AENCTBMEM MPOMbILLINIEHHbIX @a3P030JIei, B 3aBUCUMOCTM OT YCTaHOBJIEHHOrO Kfacca
yCnoBuiA Tpyda

CnepyeT OTMETUTb, YTO COrflacHO agnarpamme 1.8 MMeoT MecTo

npod3aboneBaHns Npm 4ONyCTUMbIX YCNOBUAX Tpyda Ha paboyeM mecte. Mpun
OTHEeCeHUM yCJI0BUIM Tpyaa K kiaccam 3.1 u 3.2 HabngaTcsa 6onee YacTble cydam
npoceccnoHanbHbix 3a60n1eBaHNM, BbI3BaHHbIX BO3AENCTBMEM MPOMbILLIMEHHbIX
aspo30/er N XapaKTepU3yoLWMXCS NIErKOoN CTeneHbio TshxecTn 6e3 notepu
npodeccnoHanbHoi TPyA0CNOCO6HOCTH.

Ycnosusa Tpyaa pabodero Mecrta Ha MeXaHU3MpPOBaAHHbIX MOFPy30-pPa3rpy304HbIX
NyHKTax HeyAoBNeTBOPUTENbHbI. MpoBeAeHbl nccriefoBaHMs Bo3AyXa paboyei 30HbI
MallMHWUCTa BaroHOONPOKMNAbIBaTeNsl Ha KpynHelwen B Poccum TennoBom
3MeKTpocTaHumun, paboTatoLein Ha TBepaoM Tonamee, — PedTnHckon MPIC. Pabouas
30Ha MalIWHWUCTa pacnosnioXeHa HenocpeaCTBEHHO BO3/le CaMoro MexaHu3Mma (pUCyHOK
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1.9) BHYTpW nomeleHuns. NpoBeaeHHbIE aBTOPOM UCCNEN0BaHWS MOKasanu, Yto npu
pasrpy3ke BaroHa c yrnem MAK nbiiv npeBblleHa B AecsaTb pa3 (YC/IoBUMS NpoBeaeHus
U3MEpPEHUI: TeMNepaTypa Bo3gyxa — +21

(o]

C, OTHOCUTENbHAs BNAXHOCTb BO34yXa —

60 %, atmocchepHoe aasneHue — 735 mm prt. cT.) [97].

23

BaroHoonpokuabiBatenb

Ly

PM

ByHkep

Kenes3HoAopoXHbIe MyTh

PucyHok 1.9 Cxema pacnonoxeHus paboyero mecra MallnHUCTa
BaroHoonpokuabiBatens: PM - paboyee MecTo MallMHUCTa BaroHOOMNpPOKMAbIBaTENS ;
LY - wnT ynpaBneHus MexaHW3MOM BarOHOOMPOKUAbIBaTeNs

MallMHWCT BaroHOONpoKnAabiBaTeNst AO/HKeH obecrneynTb NCNpaBHOE COCTOsSIHUE
MEeXaHW3MOB YCTPOMCTBA, MPOM3BOANTbL BKIIOYEHME N OTK/IOYEHME
BaroHoOOMpoKuAbIBaTeNs, nofdayy, BblTankMBaHMe U NpoTankMBaHWe BaroHoB, pa3bueky
KYCKOB yrnsi n y6opky pelieTtok 6yHKepa, pyYHYyr O4YMCTKY BaroHa, mpu cornacoBaHum
BCEX AENCTBUI CO CBOMM MOMOLLHMKOM. Ero paboueli 30H0l cnegyeT cuMTaTh BCHO
ANMHY BaroHoonpokuabiBatens. Takne cnocobbl 60pb6bbl € 3anblNEHHOCTBIO Ha
paboyeM MecTe Kak repMeTMyHas Kamepa uav Bo3ayLlHOe AyLnpoBaHue B cryyae
MallMHUCTa BaroOHOOMNPOKMAbIBATENS! HE NpUeMeMbI.

Mpn obHapy>xxeHnn y paboTHUKa npodeccnoHanbHoro 3abonesaHns, BbI3BaHHOIO
HebnaronpusiTHON NblIeBO 06CTaHOBKOW Ha paboueM MecTe, paboTogaTento cneayet
NpoBECTU MEPONPUATUSA NO NpeAoTBPaLLEHUIO AanbHelLWero pa3smuTms 6onesHun. K Hum
cnefyeT OTHECTU criedytoline: Bo-nepBbiX, COBEPLLEHCTBOBAHWE NPUMEHSEMON
TEXHOJIOrnm, BO-BTOPbIX, 060pyA0BaHMeE MECT NPOM3BOACTBA paboT TEXHUYECKUMM
CpeacTBaMu AN YMEHbLUEHUS KOHLEHTpaunm nblan B Bo3ayxe paboyeri 30Hbl, BTpeTbUX, NepeBos paboTHMKa Ha Apyrue paboTbl C MeHbLUen KOHLUEeHTpaunen aspo3ons
B BO3AyXxe. [ina npeaynpexaeHns BO3MOXHOCTU 3aboneBaHnsa AOMKHbI
yCTaHaBnMBaTbCa U MCNOMb30BaTbCs 3P PEKTUBHbIE CPEACTBA KOMIEKTUBHOM 3aLlnThl,
24
TexHMYecKoe 06Cny)XXnBaHme KOTOpbIX AO/MKHO NMPOM3BOAUTLCS COrNacHo rpaduky
NMpOBEPOK AJ151 X COAEPXKAHUS B UCMTPAaBHOM COCTOSIHUU.

0630p NMTEPaTYPHbIX UCTOYHUKOB U NMpaKTUYeckne nccnesoBaHns 0603Haumnm
NPUYNHbI HEYZIOBNETBOPUTENbHbIX YCI0BUI TPpyAa, Bbi3BaHHbIE BblCOKOM
3anbl/IEHHOCTbIO, Ha Pa3rpy304HbIX MYHKTax NpeanpusTUiA 31EKTPOIHEPreTUKN :
OTCYTCTBME BbICOKOI((PEKTUBHbIX peLleHnn No 06ecnbIiIMBaHUIO NOrPYy304HOPA3rPY304UHbIX Orepaunii; HU3Kas HaaeXHOCTb NMPUMEHSEMbIX JTOKaIN3YOLNX
YCTPONCTB, 4YTO 06ycnaBinBaeT UX BbICTPbI N3HOC; BblCOKas 3HEProeMKOCTb
acnupauMOoHHbIX CUCTEM, T.K. A1 3axXBaTa 3arps3HeHHOro Bo3ayxa Heobxoanm
6onbLUOl pacxoa BO3AyXa AN CO3AaHUA paspexeHuns BHYTpu otcoca [89].

1.4 BamaHune npoLeccoB MblfieBbIACNEHNS N CBOUCTB MblJIN Ha YC/10BUS

peanusaummn o0becnblIMBaHUS BO3AYLLHOM Cpeabl Npy neperpysKke cbinyyero
MaTepuana
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[Mpy BbiCbIN@HWM CbiNy4yero rpysa NocsieaHnm BbiTeCHSET 60/bLOoK 06beM

BO3JlyXa 3a KOPOTKWUI MPOMEXYTOK BPEMEHW N MepeMeLlaeT Hapy>Xy obpa3oBaBLueecst
o6nako nbianv. OHO oka3biBaeT HebnaronpuaTHOe BANSHWE Ha 06Cy>XKnBaloLWNI
nepcoHan Kak B611M3n MCcTouHnKa Bbibpoca, Tak U Ha pacCTOSHUM OT Hero 3a cyeT
nepeMeLLeHNs 3anblfIeHHbIX BO3AYLHbIX Macc.

MeTeoponiormyeckmne ycsioBus okasblBaloT BeAyLLYHO Posib B pacrpocTpaHeHUN
NblJIEBOr0 3arpsa3HeHns, 0CO6eHHO Ha OTKPbITbIX MNJolwaakax. Betep npeacraenser

cobon TypbyneHTHOe ABMXKEHME BO3ayXa HaZ NMOBEPXHOCTbIO 3eMM. OH HeyCcTonumB,
ero HanpaBfieHMe N CKOPOCTb ABUXXEHUS HEMOCTOSIHHbI. [0 3TOM NpuunHe cTeneHb
3arpssHeHus Bo3ayxa Mblnbio MeHseTcs. CKOpOoCTb ABUXEHUSA BETpa BO3pacTaeT C
yBenM4yeHneM rnepenaga atmochepHoro aasneHuns [44]. No3ToMy Npy NpoekTUpPOBaHNMU
25

MEeCT NS NMOrpy30-pasrpy304HbIX paboT creayeT yunTbiBaTb CPeAHEroA0BYIO U
CE30HHYI0 po3y BETPOB.

Mpouecc neperpysku CbiNyynx MaTepuasnosB CONMpPOBOXAAETCA 3HAUYUTENbHbIM
nblEBbIAENEHNEM BCIIEACTBUE IXKEKLNU, T.€. DOPMUPOBAHUS HamnpaBAEHHbIX
BO34YLIHbIX TEYEHMI B MOTOKE CbiMy4Yero Matepuana 3a c4eT AMHaMNYECKOro
B3aMMOAENCTBMNSA MafaloLMX YacTuL C Bo3ayxom [48].

PaccMaTpuBasi MeEXaHU3M MNblNEBbIAENEHUI NPU NepPerpy3Kax Cbinyyero

matepuana, Jlorayes U.H. v Jlorades K.WU. Bbigenunn Tpu nocneaosaTesibHO
CMeHsoLWmMe apyr Apyra cragumn:

1. AspupoBaHue cBob04HO NajaoLero martepuana.

OTa CcTaaMs XapakTepusyeTcs pa3pbiBOM ayTOre3MOHHbIX CUJT CLLEMJIEHUS MEXAY
NblJIEBbIMX YAacTULLAMU B MOMEHT cbpacbiBaHWsA NOTOKa MaTtepuana. HaunmHaeTt
cdopmMMpoBaTbLCA aspoancnepcHas cucrtema — nbl1eBOM aspo3osib.

2. [nHammnyeckoe B3aMMOAENCTBME NOTOKA YCKOPEHHO NadatoLmnxX YacTuL u
BO34yXa.

Mpy nageHnun yactTnubl MaTepuana ABUXYTCS C YCKOPEHWEM, ciefoBaTeNbHO,
paccTosiHMe MexAy HUMW MO Mepe yAaneHusl YacTul, OT MecTa BbIrpy3Ku
yBenuumnsaetcs. MNpn 3TOM pa3pbiB Mexay YacTuuaMm Bo3pacTaeT B pe3ysibTaTe
OVNHaMUYECKOro B3anMoAENCTBMSA C BO3AYXOM U coyaapeHus c 6onee KpynHbIMK
yacTmuamu. Bo3HUKaOLWMN 3)KEKLMOHHbIN NOTOK BO34yXa MHTEHCUMBHO HachILLAETCS
MblJIEBbIMX YAaCTULLAMM M B MOMEHT YK/IaAKW MaTepuarna Ha NoBEpXHOCTb obpasyeTr
HacCTUALWYHOCA CTPYIO 3anbIJIEHHOrO BO34yXa.

3. BblageneHune 3xXeKTUpyeMoro 3anblfIeHHOro Bo3ayxa U3 noToka.

Ha aToi ctagun npoucxoaaT MHEpUMOHHas cernapaums Yactuu, BbiMageHue ux Ha
NOBEPXHOCTb Y/I0)KEHHOrO MaTtepuarna, CAyB OCEBLUNX MENIKMX YacTuL, N BbIHOC UX 3TON
CTpyel B OKpy>KaloLLyto cpeay.

K OCHOBHbIM (pakTopaM, onpeaensioLmM MHTEHCUBHOCTb MblIeBbIAENEHUS NPK
BbIMO/IHEHUM MOrpy30-pa3rpy304HbIX paboT Ha MPOMBbILIEHHbIX NPeanpUsaTUSX,
cneayeT OTHECTU TEXHONIOrMYeckne, KOHCTPYKTUBHbIE MapaMeTpbl U CBONCTBA
cblinyyero matepuana (pucyHok 1.10).
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PucyHok 1.10 — ®akTopbl, BAMSAOWME HAa MHTEHCUBHOCTb MbIJIEHUS MaTepuana npu
Morpy30-pasrpy304Hbix paboTax

BonbLWKWHCTBO yKa3saHHbIX NapaMeTpoB BAMSET Ha 06bEM yaansieMoro Bo3ayxa,
KOTOpbII, B CBOIO ouepeab, onpeaensieT KOHLeHTpauuno obpa3oBaBLlEncs Nbliv B HEM.
AHann3 akTopoB, OT KOTOPbIX 3aBUCUT MHTEHCUBHOCTb MblIEHWS, NO3BONUT caenaTb
BbI6Op B MN0JIb3y MCMOb30BAHUS TOro UM MHOro cnocoba obecnblnMBaHns.
OncnepcHoOCTb NblW OnpeaensieT XxapakTep pacnpocTpaHeHus NblAeBo34yLWHOM
cMecun B pabouen 30He. MenkoancnepcHas Nbifib MeANeHHee 0CaXAaeTcs B OTMume oT
KpynHoAncnepcHoi. NMoMMMo TOro 3ToT NapameTp UrpaeT BeayLlyo posib Nnpu
onpegeneHnmn crnocoba o4YMCTKM ynaBamBaeMon nblav. OpakuMOHHbIN COCTaB
NMPOMbILLEHHONM NbIIN NPUBOANTCS B BUAE Tabnmubl € yKkasaHueM 1onm g, %, vactuy,
no macce. B tabnuuax 1.4, 1.5 oTpaxxeH AMCNEpCHbI COCTaB HEKOTOPbIX BUAOB Mblien
[14, 16, 45, 134].

Tabnuua 1.4 — IncnepcHbI COCTaB MpPOMbILLIEHHbIX MblSeN

Bua nbinv AncnepcHblil cocTaB yacTumy, no macce, MkM (g, %)

MnoTHoOCTb

yactuy

nblav, Kr/m

3

2,546,31016 254063 100

1234567891011

JleTy4yas 3ona yrng

mMapkn BCLU

98 96 90 79 63 40 14 He

onp.

He

onp.

2 400

TexHonornyeckme KoHCTpyKTUBHblE OU3NKO-MEXAHNYECKNE

CBOWCTBa MaTepuana

daKkTopbl, BAMSAOLWMNE HA UHTEHCUBHOCTb

NblAEBbIAENEHNN

- pacxoa Matepuana;

- MeTeoposiormyeckue

ycrnosus mMecra

npou3ssBoacTsa pabor.

- FPaHy/IOMETPUYECKUN COCTaB;

- BNaXXHOCTb U TeMnepaTypa

mMaTepuana;

- MJIOTHOCTb YacTuu;

- ayToresmoHHas cnocobHoCTb

yactuu;

- CNOCOBHOCTb YacTuL, CMauMBaTbCS.

- BbICOTa Neperpysku;
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- TUMN YKpbITUS;

- CTeneHb repmeTmn3aumm
YKpbITUS;

- IOCTYMHOCTb Ansi
pasMeLleHns CUCTEMBI
npeaoTepaweHns
NblEBbIAENEHNA.
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MpoaomkeHne Tabnmubl 1.4
1234567891011
MblNb AOMEHHOM

neuun

MeTasly pru4eckoro
3aBojaa

90 83 73 60 40 19 5 He
onp.

He

onp.

3110

3epHoBas nbinb 98 95 91,5 83 70 55 36 He
onp.

He

onp.

1530

YrosbHas nblib

npu rnomorsne yrns
MpwabopoanHckoro
MECTOPOXAEHUSA

He
onp.

He

onp.

He

onp.

He

onp .

97,595,59287 79 1500
MpuMeyaHme: He onp. — He onpeaesieH

Tabnuua 1.5 — [IncnepcHblt COCTaB XapaKTepHbIX MNblfek
Bua nbinn Mecto ot6opa nbinn PacnpegeneHue dpakunii (% no secy) npum

pa3sMepe yactuL, MKM
MnoTHoCTb
yactuy,
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nbiav, Kr/m

3

<55-10 10-20 20-40 40-60 60

YronbHas Bo3ayxosoa 13 waposo

MefnbHUUbl Nepea

nblneynoBuTenem

72,319,24,34,2--1570
-44,022,021,25102,75-1700

Kokcosas OTcocbl OT nepenagos Ha

JNIEHTOYHbIX

TpaHcnopTepax

8,06,016,0 33,025,012,0 -

MNOTHOCTb, pa3Mepbl U POPMbI MbINEBbIX YacTUL, ONMpPeaenstoT CKOPOCTb NX
BUTaHWS. B3BelWEeHHOe COCTOSAHME MblIIMHKK 06ycnaBiMBaeT B3aMMOAENCTBUE CUIIbI
TSXKECTM U CUJIbl CONPOTUBIIEHUS Bo3ayxa. B Tabnuue 1.6 npuBeneHbl CKOpOCTU
BUTAHWS NbINIEBbIX YacTUL, pasHou aTuonoruu [14, 16, 45].
Tabnmua 1.6 — CKoOpoCTb BUTAHMSA NPOMbILWJIEHHbIX Mblfen, CM/C
Bua nbinn JucnepcHbin COCTaB, MKM

2,546,31016 254063 100

12345678910

Netyyas 3ona yrns

mMapku BCLU

0,04 0,100,300,70 1,90 4,50 11,60 He

onp.

He

onp.

MblNb JOMEHHON Neyn

MeTasuyprmyeckoro

3aBojaa

0,06 0,150,337 0,94 2,40 6,00 15,00 He

onp.

He

onp.

28

MpopomkeHne Tabnmubl 1.6

3epHoBas nbinb 0,03 0,07 0,18 0,46 1,20 2,90 7,30 He
onp.

He

onp.

YronbHas nbljb Npu

nomorne yrnsa UpwabopoamHckoro

MECTOpOXAEHUSA

He
onp.
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He
onp.

He

onp.

He

onp .

1,16 2,83 7,25 17,90 45,30

MpumMeyaHune: He onp. — He onpeaeneH

Ob6paszoBaHue MblNEeBO3AYLLIHONW CMECU NMPU BbIMONHEHMUW pa3rpy304HON

onepaunmn cmogenmpoBaHo OO0 «/HCTUTYT MPOMBbILLAIEHHON 3KONOr K> Mpu
pa3paboTke acnMpauMOHHOW CMCTeMbl BaroHoornpokmabiBatens [15]. Ha pucyHkax
1.11-1.12 n3o6paxxeHo pacnpeaeneHme YyacTul, pa3Hoi ANCMNEPCHOCTU B OKPYXXatoLeM
NpOCTPaHCTBE NpW pa3rpy3Ke nosyBaroHa C KOKCOM. Yactuubl nbinn 6onbluen
AVCNepcHOCTM NoA AencTBneM cobCTBEHHOrO Beca onycKalTcs BHU3. Menkas dpakuns
NbI/IN NOAXBATbIBAETCA 06pa3yoWwMMMCa BO3AYLLHbBIMW MOTOKaMM Npu pasrpyske
mMaTepuana v 3anonHseT Bce NPOCTPaHCTBO MOrpy30-pa3rpy304HOro NyHKTa.
PacnpoctpaHeHne nbineBoro obnaka MHTEHCMULMPYETCA B Cllydae Hanuums
BETPOBOIro NOTOKa Npv NpoBeAeHNWN pas3rpy3Ku Ha OTKPbITOW Nowiaake.

a) 6)

PucyHok 1.11 - PacnpegeneHue yactuy Nblav Npy pasrpy3ke BaroHa:

a) — yactuubl pasamMepoM 1 MKM; 6) — yactnubl pasamepoMm 100 MKM

29

a) 6)

PucyHok 1.12 - @@acnpeneneHne yactuy, nNblav no A7IMHE BaroHa npuv ero
pasrpyske: a) — yacTuubl pasMmepoM 1 MkM; 6) — yacTuubl pasmepom 100 MKM

YacTnubl NblAM 0CaXAAKTCA NoA AeNCTBMEM CUbl TSXXECTU B TOM Crlyyae, Koraa
CKOPOCTb BUTaHWSA YacTULbl NpeBbILIAeT CKOPOCTb BO3AYLIHOr0O nNoToka. Koraa
CKOPOCTb BO34YLUHOrO NOTOKa NPeB30MAeT CKOPOCTb BUTAHUSA YacTULbl, NblJIMHKA
yBleKaeTCcs MOTOKOM, M HAYMHAETCS COBMECTHOE ABMXXEHWNE MOTOKa BO3AyXa n TBEpAOM
yactumubl. MNocnegHee ycnosme Heobxoammo anst aphekTUBHOro 3axearta nbleBbIX
YacTUL, TaKUM CPeACTBOM KOIEKTUBHOM 3alnTbl, Kak acnupaums.

1.5 OcHoBHble crnocobbl 60pbbbl C NblNeobpazoBaHMEM MpU NOrPy304HOPA3rPY30UHbIX paboTax Ha NpPeanpuUATUAX 3NEeKTPO3IHEpPreTUKu
3anbineHne Bo3ayxa paboyeit 30Hbl 3aBUCUT OT OpraHu3auunm TpyAoBbIX

NpoLLeccoB, NX MeEXaHM3aL MK, COCTOSAHMUSI 060pyl0BaHUS, ero repMeTn3aunm,
COCTOSIHUS BEHTUNSLMOHHbIX YCTAHOBOK, BI@aXKHOIO MK Ccyxoro cnocoba paboThl,
KayectBa ybopku pabounx nomelleHnit n T.n. Meponpuatnsa No NpeaoTBpaLLeHno Uam
CHWXXEHMUIO MblieBblAeNEHNIn AOMKHbI pa3pabaTbiBaTbCs Ha CTaAMMN MPOEKTUPOBAHUS
30

TEXHOOrMYECKOro npotecca.

Cpeay cyuwiecTByrowmnx cnocobos 60pbbbl ¢ NbineobpaszoBaHneM npu

pasrpy3o4Hbix paboTax NpeanpuaTUii 3N1eKTPO3HEPreTUKU MOXHO BblAENUTb
cnenytowme [91]:

- MakCMMasnbHas repmeTvsaums noinswero o6opyaoBaHus;

- yBnaxKHeHue obpa3sylowencs nbinu;
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- ybopka nomeweHni u obopyaoBaHMS OT OCEBLUEN Mblan (BNaxHas ybopka u ¢
MOMOLLbIO MbIJIECOCHbBIX YCTaHOBOK);

— YCTPOWCTBO acnupauum.

FepMeTUYHOCTb 060PYAOBAHMUS U LLEXOB C UCTOYHMKAMU NblNEBbIAENEHU

ABNSETCA HeOH6XOANMbIM YC/IOBUEM COBPEMEHHOIO NMPOon3BoACTBa. Ansa cobnoaeHns
3KONIOrMYeCcKnX TpeboBaHM NOrpy30-pasrpy304Hble onepauumn cneagyet NpousBoanTb B
3aKpbITbIX NOMeLLeHnsAX. B 3TOM cnyyae yxe cneayeT pelaTtb He TO/IbKO BOMpochl
OUYNCTKM BO3AyXa paboyei 30Hbl, HO U FePMETUYHOCTU 34aHnA (OTCYTCTBUE
BO3MOXHOCTU MblfIEHNS Yepe3 BOpoTa, POHApN, BEHTUISLUMOHHbIE CUCTEMBI).
BO3MOXHbI C/ly4an COBMELLEHUS UCTOYHUWKA MbISIEHUS U YCTPOMCTBa ee NoAaBleHns B
OAHOM repMeTnMyHOM y3ne [2, 3]. Cnocob npeaoTepalleHns 3anblJIEHHOCTU NYTEM
repMeTn3aunm NCTOYHMKA NblIeHUS OTMYaeTcs 60NbLION METaN0eMKOCTbIO,
CTOMMOCTbIO M OFPpaHNYEHHOCTbO 0630pa MeXaHU3MOB A4/1a UX 06CNyXMBaHUS
nepcoHasoMm.

NHTepeceH HOBbIN NOAXOA K OCYLLECTBIEHUIO Pa3rpy304HbIX paboT. B

3apyb6exHoM nateHTe [7] npeanoXeHo OnyCTOWeHNe BaroHa C CbilMy4mum
MeSIKoAMCMNEePCHbIM TBEPAbIM FPY30M CUCTEMON MHEBMOTPAHCNOpTa. 3Ta 3ddeKTnBHas
orepaums aBnseTcs goporocrosiwen n Tpebyrowern 6onbline Npon3BOACTBEHHbIE
naowaau.

OpraHun3oBaHHble MecTa neperpy3ok obopyayoTcs Teukamm (Tpybebl, xenoba,
TPaHCMOPTEPHbIE NIEHTbl), CHU>KALWMMN KOMMYECTBO BblOPOCOB Mbl/W. YAANUTb Mblilb
OT TaKoro MecTta Npou3BOACTBa paboT ropa3no npolle n3-3a ee fokanusauuum [43, 77,
81]. B paccmaTpmBaeMbiX NaTeHTaX yAaneHue nblv NpoucxoamT U3 3aMKHYTbIX
NPOCTPaHCTB: BO3AYyXOMPOHMLAEMOro pyKaBa 1 3aKpblTbiX Te4YeK. N3BeCTHbI

31

TeXHWYecKkne peleHns C MHTeHcMdurKaumel npouecca nolneobpasoBaHns 3a cHeT
HarHeTaHWs BO34yxa BAOMb Neperpy)xaemMoro Matepuana [63] uam ¢ noMoLbto
CO3AaHUS AOMOSNHUTENbHBIX NPENATCTBUI (HAaK/TOHHbBIX PELLETOK) AN yCUIeHUs
nbineHuns [68, 69, 84]. B ycTpoiicTBe Ans ynaBAMBaHUS U CBA3bIBaHUS Nbiiv [87]
ncnonb3lyercs obbeanHeHMe HarHeTatwero ayroobpasHoro natpybka u
acnupauMoHHOro YKpbITUS B OAVH Y3€/ AN CHUXXEHUS KOHLLEHTPaLMmK Nblfv B BO3AyXe
pabouel 30HbI.

Moa rmapaBnMyecknm cnocobom obecnbiMBaHUSA MOHUMAETCS YBaXHeHWe

mMaTepuana nmbo Ao ero Bbirpy3ku, MmMbo pacnbifieHe BoAdbl (MeHbl) BO BPeMsi MOrpy30pasrpy304HbIX paboT. PasnnyaloT Matepuasnbl 1erko cMavymMBaeMble — ruapodusibHble
(HanpumMep, KBapueBble pyabl, WNaTbl) U NJ0X0 CMavMBaeMble — rnapodobHole (bypbiii
yronb, xenesHole pyabl, anatuT) [85]. AaHHbI cnocob 60pbbbl C 3anblIEHHOCTLIO
npumeHseTcs ans obonx BUAOB MaTepuasnos, T.K., Nonagas B CTPYIO pacnblinTens
YyacTmua maTepuasna He MOXET MOKMHYTb 3TO MPOCTPAHCTBO M3-3a CO34aBaEMOro
paspexeHus. Mpu nobom crnocobe yBnaxHeHUsi (BOAOW MM MEHON) pacnblfieHHble
Kansm >XMAKOCTW, CTafkKMBasChb C MblIEBbIMX YaCTMLLAMM, CMAYMBaIOT NOCEAHNE, YTO
CNocobCTBYET MX Koarynsuum n ocefaHuto. Takoin cnocob 6opb6bbl € Nbifbio
NCMNO/b3YyeTCa NMLb NPY NOSIOXKMTENbHbBIX TeMNepaTypax Bo3ayxa. MicknyeHne
cocTaBnaoT oborpeBaemMble pacnbliMTeNnbHble y3nbl [46]. Mpn rmapoobecnbinnBaHum
MOBbILIAETCSH KOPPO3MOHHbIN M3HOC 060pyaoBaHmMs, MponcxoamT obnegeHeHue ero
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MeXaHW3MOB NpW OoTpuLaTe/bHbIX TeMNepaTypax Bo3ayxa. B gononHeHue k
0OpOCUTESIbHbIM YCTaHOBKaM Nt060ro NCnosiHEHUS creayeT opraHn3oBaTb CUCTEMY
LIIAMOYJaNeH1s 1 oYM aTh NOWaAKy pa3rpy3ku OT obpasyroleincs rpsasu.
MpuMepaMn MCNONb30BaHNA rMAPaBIMYECKOro MeToda obecnbinMBaHns cnyxar
YCTPOWCTBO, NpeacTaBneHHbie B [74, 75].

[MpoBeaeHne perynsapHon ybopku noMeweHnin n o6opyaoBaHMs NO3BONUT

1n36aBUTbLCA OT BTOPMYHbIX MCTOYHNKOB MNblsieobpasoBaHus. Bubpaums ot
Npon3BOACTBEHHOO 060pYyAOBaHUS, ABMXXEHWE BO3AYLLUHbIX MOTOKOB MOMYT 3aXBaTUTb
oceBLUME NbIIMHKM U BO306HOBUTL npouecc nbineobpasosaHums. K cneunanbHbiM
YCTPONCTBaM MO OYMCTKM MOBEPXHOCTEN OT HAaKOMMBLUENCS NbISIM OTHOCSATCS MbleCcoChI
32

[4,5,8,78].

Cyxol meTop 60pbbbl € NblNeBblAeNEHMEM — acnupauns, — cumtaeTtca Hambornee
yHMBepcanbHbIM CNOCO6OM Nokanusaummn n obecnblnmeaHns Bosgyxa. OH MoXeT
MCNoNb30BaTbCA AN NPefoTBPaLLEHNS MblIEHUS OT A/IMHHOMEPHOro (MPOTSXXEHHOro)
WCTOYHMKA MblIEHUS, K KOTOPbIM OTHOCUTCS MNOMYyBaroH Npu BbiCbiNaHuu yrns. Janee B
KayecTBe MpOTSKEHHbIX MCTOYHUKOB MblNIEHUS MPUHATBI TaKUE UCTOYHUKN, ANs
npeaoTBpalleHNs NbleBbiAENEHMI OT KOTOPbIX TpebyeTcsa nokannsytollee yCTponcTBo
ONMHON 6onee NSTUM AMaMeTpoB BCachbiBaloLEro BO34yX0BoAa.

Jiobor acnnpaumoHHbI y3en COCTOUT U3:

— YCTPOICTBa ANs 3axBaTa yAansieMoro U3 noMeLLeHns 3anblIeHHOro Bo3ayXa;

- BO34YXO0BOZOB, MO KOTOPbIM yAansieMbli BO3A4yX TPaHCMoOpTUpPyeTCs U3
BEHTU/IMPYEMOIro NOMELLEHNSA A0 MeCTa ero Bblbpoca Hapyxy;

— YCTPOICTBa ANt OYNCTKM 3anblIEHHOro BO34yXa;

- nobyanTens Tarm;

- yCTpolicTBa, obecrneunBalowme 3anpoeKTMpoBaHHbI BbIGpPOC BO3ayxa B

aTtmocdepy;

— 3anopHO-perynpytoLen apMaTypsi.

3axBaT NbINeBO34yLWHON cMecn 13 paboyein 30Hbl OCYLLLECTBASETCS 3a CYeT
BCACbIBAMOLLNX YCTPOMUCTB (OTCOCOB) pasnnyHon koHdurypauuu. Mpu obecnbiivBaHmm
NPOTSHKEHHbIX NCTOYHWKOB MNbIJIEHNS BCacbliBatoLLee YCTPONCTBO (MPOTSXEHHbIA 0TCOC)
BbIMOSIHSOT KOHUYECKOW uUnu umnunHapmdeckon cdopmbel [121]. MNpu nepsom
WCNONHEHNW MPOTSXXEHHbIA OTCOC OT/IMYAETCS C/IOXKHOCTbIO B U3rOTOB/IEHUMN.
BcacbiBatowee yCTpOMCTBO LUANHAPUYECKON (hOPMbl MOXET OblTb N3rOTOBJIEHO C
NOCTOSAHHOW WM MEepeMEHHON LWMPUHOW LLLENN, @ TakXKe C MHOXXECTBOM OTBEPCTUI MO
AnvHe otcoca [67, 70, 80, 88]. K 0CHOBHbIM HeaocTaTKaM MPOTSXEHHbIX OTCOCOB B
YyKa3zaHHbIX UCMOJTHEHMSAX OTHOCATCS OTK/IOHEHUSI OT PaBHOMEPHOIO BCACbIBaHUS U
C/IOXKHOCTb B COBNOAEHNM paCHETHbIX pa3MepoB BCAChIBAKOLLEN e C MPaKTUYeCcKon
peanunsaumnen.

OAHWM N3 NapaMeTpoB B BbIbOpe MaTepuasna BO34yXOBOAOB SIBASIETCS €ro
YCTOMYMBOCTb K abpa3MBHOCTU 3axBaTblBAeMOM NblAN. IHTEHCUBHbBINA M3HOC CTEHOK
33

XapaKTepeH Ans BO34yXOBOAOB B MecTax ux nosopota. Hanbonee noasepxeHsbl
WUCTUpPaHUIO OTBOAbI, TPOMHWKK, FAe TBepAble YacTuubl Nblv NOA AENCTBUEM CUJ
MHepLUMN yaapsoTca 0 npensaTtcrBue. [MoMMMO TOro M3HOC CTEHOK BO34YyX0BOAA
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BO3pacTaeT Npu yBesIMYeHnn CKOPOCTU MblIEBO3AYLLIOW cMecn. [Ina TpaHCnopTupoBKu
3anblJIEHHOro Bo3ayxa C TemnepaTtypoi MmeHee 80 °C 1 OTHOCUTENBbHOM BNAXXHOCTbIO 40
60% NPUHATO MCNOJIb30BaTb TOHKO/MCTOBYIO XONI0AHOKATaHY0 MW ropsyeKaTaHyto
cTanb. EcnM MMKpoknnMaTnyeckne napameTpbl BO34yXa Bbllle, MpUMeHseTcs
HepXxaBetolas n yrnepoavcras cranb. [26].

CornacHo [105] B cucTteMax MeCTHbIX OTCOCOB aBapUMHO-BbITAXHOM BEHTUASLUMN
KOHLIEHTpaLus yAanseMblX a3po30Jien U Nblv B BO3AyXe He A0/HKHa npesbiwaTtb 50%
HUXXHEro KOHLEHTPaLMOHHOro npeaena pacnpocrpaHenus nnamedn ( HKMPM). B
3aBMCUMOCTM OT Mapku yrns 3HadeHne HKIMPI BapbupyeTcs oT 52 r/m

3

0o 400 r/m

3

[17]. BHYTpy BO34YyXOBOAOB CUCTEMbI acCnMpaumn KOHLUEHTpaLMs NblJIEBON B3BECH
Hebonblas (Kak NokasblBaeT NpakTuka, He 6onee 5 r/m

3

). Mo3TOMYy BO3MOXHOCTb

NblNIEBOr0 B3pblBa MMHUMabHa.

K ycrponcresam Ans OUMCTKM 3anbl/IEHHOrO BO3AyXa OTHOCATCS MblaeynoBuTenm

N cenapauMoHHble YCTPOMCTBa. B HMX ncnonb3yloTcs cneaytowme crnocobbl oTAeNeHns
B3BELUEHHbIX YaCTuL MblM OT Cpefbl: OCaXAeHWe B rpaBMTaLMOHHOM Mose, ocaxaeHne
noa AENCTBMEM CUJT MHEPLMN, OCaXAEHNE B LLEeHTPObexXHOM none, punabTpoBaHue,
ocaXkAeHune B 31eKTpuyeckom none n ap. [24, 52] Kaxabli n3 cnocobos nmeet
npevMyLLecTsa B 3aBMCMMOCTM OT TMNa yaansemor noinn. Hanbonblwnii nHtepec
npeacraenseT cobor ocaxaeHne Nnoa AeNCTBMEM LEeHTPO6EeXHOW Cunbl, Npu KOTOPOW
YacTuubl a3po30s1a oTbpackiBalOTCA Ha nepudepuio NblieynasamBaloLero annaparta u
ocaXaatTcsa. pKUM NpUMEpPOM MCMONb30BaHMSA JAHHOrO METOAA SABASIOTCH
NblNIeyN0BUTENN CO BCTPEYHbIMU 3aKPyUYeHHbIMU NoTokamu [76, 79, 106].
MNobyanTenem TArM acnnpaumoHHON CUCTEMbI CITYXWUT BEHTUASTOpP. B

3aBMCUMOCTW OT YCNOBUI 3KCN/yaTauum AaHHOE YCTPOMCTBO M3rOTOBASIOT B 06bIYHOM
NCNONHEHNN — ANS NEepeMELLEHNS YACTOro MW  Mano 3anblIeHHOro BO3AyXa
TemnepaTtypoi Ao 80 °C, B aHTUKOPPO3MOHHOM MCMOSHEHUU (M3 BUHMNNACTa Wn
ApYyroro matepvana) ans nepeMelleHns BO3AyLIHbIX MPpUMeECei, KOTopble pa3pyLuatoT
34

06bIYHYI0 CTanb, a TakXe BO B3PbIBO3aALLMLLEHHOM WCMOSIHEHUWN — AJ19 NEPEMELLEHNS
roploYMX 1 B3pblBOOMACHbIX cMecel [26]. B nocneaHeM ciyyae Koneca v BXOAHbIE
naTpybkm Bo nsbexaHne NCKpeHUs BbINONHSAT 13 6onee MArkoro martepuana, Yem
cTanb (Hanpumep, U3 antMMHUS). BEHTUNATOPLI NPUBOASTCA B AeNCTBME
3/1eKTpoABUraTeNsIMA.

Kaxxabl 13 ncnonb3ylowmnx cnocobos npeaoTBpaLleHms 3anblIeHHOCTU BO3ayXxa
pabouei 30Hbl UMeeT CBOM HeaoCTaTKM U npenMyLlecTsa. MepBocTeneHHON 3ajayelt Ha
NpOV3BOACTBE ABASETCA CHUXXEHME HebnaronpuaTHOro BO3AENCTBUSA B CAMOM
WCTOYHMKE, U NNLLb MPU HEBO3MOXHOCTMU 3TOrO CTOMT Bbl6Op B 3P HEKTUBHOM CpeacTBe
KONNEKTUBHOM 3aWwunTbl. ACNMpaLms Mbl1EeBO3AYLLUHON CMECU WMPOKO NMPUMEHSETCS
NpWU pasnMyHbIX TEXHOMOMrMYECKMX MpoLeccax, CBA3aHHbIX C M3MeNbYeHWEM NpoayKTa
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(cbipbs): ApobneHuu, wnndposaHMn, NoMone, UCTUPaHUN U T.4.

1.6 OCHOBHble NpPUMEHSEMbIE CUCTEMbI aCnMMpaLMmn Ha pasrpy304HbIX MyHKTax
npeanpusaTUn 3N1EKTPOIHEPreTUKHN

MpeanpuaTnaM aneKkTpoaHepreTuku, paboTawmMm Ha TBepAOM BUAE TONNBA,
eXxeHEeBHO AOCTaBASETCA Cbipbe. Ha npeanpusiTUsIX C BbICOKOM YCTaHOBIEHHOWN
MOLLHOCTbIO ANS pa3rpy3KyM TPaHCMOPTHbIX CPeACTB C TON/IMBOM TpebytoTcs
MeXaHM3npoBaHHbIe CpeACTBa AN BbIrPy3Kn mMaTepuana.

B nyHKTax MaccoBoW pasrpy3ku CbiMyumx U KPYMHOKYCKOBbIX FPy30B Ha
NOrpy30-pasrpy304HblX MYHKTAX NPeAnpusTUin 3N1eKTPO3IHEPreTUKM LLNPOKO
NPUMEHSIOTCS BaroHOOMPOKMAbIBaTENN ABYX TUMOB: CTaUuMOHapHble U NepeaBuXHbIe
[40]. BTopor TMnN YCTPOMCTB MMEET CXOXY KOHCTPYKLIMIO C MepPBbIM, HO OT/IMYaAeTCs
OT Hero duKcaumen Ha cneymanbHON NiaTdopMe, KOTopas nepeMeLlaeTcsi BAOIb
dpoHTa pasrpysku. Hanbonee pacrnpocrpaHeHbl CTauMoOHapHbIe

35

BaroHoonpokuabiBatenv. OnopoXXHeHWe BaroHa oCyLecTBISeTCs NOCPpeACTBOM ero
NoOBOPOTa BOKPYr NMPOA0SIbHON (POTOPHbI BaroHOOMPOKUAbIBaTESNb) NN OTHOCUTENBHO
nonepeyHon ocm (TopLeBol BaroHOONpPoKNAbliBaTesb). Pasrpyxxaemblii Mmatepunan
nocrynaet B 6yHKep n ganee — Ha KoHBeliep. ByHkepa cnyxarT ans npyvema, xpaHeHus
MaTepuana u B Ka4ecTBe NpoOMeXyTO4YHbIX eMKocTen (pe3epsyapoB). PopMa n pasmepbl
6yHKepoB 3aBUCAT OT MX HA3HAYEHUS, BUAA Pa3rpy>XaemMoro TpaHCnopTa U CBONCTB
MaTepwana.

HeopraHunsoBaHHble MecTa pasrpy3ok He o60pyayroTcs crneunanbHbiMU

YCTPOMCTBaMM, U pasrpyska MNbisilero Mmatepuarna ocyLecTBASETCA NOCPeACTBOM
OTKPbITUSA JIIOKOB BaroHOB BPY4YHYI0. 3Ta npoueaypa NpoM3BoanMTCs paboTHUKOM,
npuyeM OH HaxoAMTCA B MOMEHT BbICbIMaHUA rpy3a B 30HE ero pasrpysku, 4To
SIBNAETCS, BO-NepBbIX, Hebe3onacHo, BO-BTOPbIX, BPeAHbIM U3-3a HaxoXxaeHus B6nun3n
WCTOYHMKA 06MSIbHOrO NblneBblaenerus (pucyHok 1.13). Nommmo Toro,
pacrnpocTpaHeHme Mblan Ha OTKPbITbIX Naowaakax ycyrybnsaercs 3a cyet ABMXEHUS
BO34YLUIHbIX Macc.

PucyHok 1.13 - Pasrpy3ka nosyBaroHa rnyTeM OTKpbITUS JIIOKOB

Mpw BbIrpy3Ke CbiNy4yero MaTepuasna 3a KOpoTKoe BpeMsl pe3ko Bo3pacTaeT
KOHLEHTpauus Nblan B BO3ayxe, KOTOpas 3anosiHSAET BeCb 06bEeM pasrpy304HOro
NMyHKTa, NpocaynBaeTcs Yepes HEMSIOTHOCTU M pacrpoCTPaHSeTCs Ha NpueratoLyto
TeppuToputo. CornacHo [20] macca nbinv, ocefatollen Ha CTpouTeNlbHble KOHCTPYKLNK
npu pasrpyske MbiAsSLWero rpysa Ha norpy3o-pasrpy304HblX NYHKTaX, AOCTUraeT 6onee
36

1 T B cMeHy. Ans yaaneHus 3anbiIeHHOr0 BO34yXa OT MPOTSHXKEHHbIX MCTOYHUKOB
MbIJIEHNS NCNONb3YIOT BCAacCblBatoLMe YCTPONCTBA pasMyYHON KOHGUrypaumm:
NPOTSXKEHHbIE BCacblBaloLLME BO3AYyX0BOAbI, Fpynna HebobLMX BCaCblBaloLLMX
0TCoCOB, 06bEeAMHEHHbIX B KOnnekTope. BcacbiBarowme ycrporictBa HebonbLLOW ANNHBbI
Nnpu UX paunoHanbHOM pa3MelleHun 3pPeKTUBHO 3axBaThbiBalOT 3arblfIEHHbIN BO34YX.
KOHCTPYKTUBHbBIM y3/10M, 06beANHSAIOWNM IoKalbHble BCACbIBatoLMe yCTPONCTBa,
SIBNSIETCA KossiekTop. B acnupaunoHHoM ycTpolictBe [64] ncnosb3lyeTtcs
hopMmnpoBaHMe 3aKpyYeHHOro NoToKa MblJIEBO3AYLLHON CMecu, nonagatowen m3
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KOJIIEKTOpa B MbllenpueMHbIN xenob, 3a cHeT BBOAA CMECM MO KacaTeNbHOM K xenoby.
Mpeanaraemoe yCTpOMCTBO MOXET 6biTb MCMOb30BAHO B KAUYeCTBE NMepBOi CTYMeHN
OUYMCTKM 3amnblJIEHHOrO BO3ayxa. icnonb3oBaHMe CMCTEMbl OPOLLEHUS B KOJITIEKTOPE,
3anaTteHToBaHHOe KpMBOPOXCKMM FOPHOPYAHbLIM MHCTUTYTOM, YCunmMBaeT addekT
OCaXAeHMs Mbln 3a cyeT ee Koarynsaumu [83]. Taknm obpasomM, noakoyeHmne
BbITSDXKHbIX BO3yXOBOJOB MO KacaTeflbHOW K KONNEKTOpY NO3BOMT NPeaoTBpaTuTb
NblNEBbIE OT/IOXKEHUS HA BHYTPEHHMX CTEHKaxX BO34yXOBOOB U MOBbICUTb

3P PEKTUBHOCTb BCEN CUCTEMbI acnupaumm.

Bonbluee 3arpsasHeHne atmocdepbl HabntoAaeTcs Npu OTKPbITOW YCTAaHOBKE
BaroHOOMPOKMAbIBATENEN, YTO XapaKTEePHO ANS OXXHbIX PaNOHOB CTpaHbl, @ Takxe npu
MCNONb30BaHUN NepeaBMXHbIX BarOHOOMPOKUAbIBaTENEN, ONYCTOLALWMX
COAEPXKMMOE BaroHOB B A/IMHHbIE TpaHLen. PasMelleHne nbiaeynaBamMBaoLwmx
YCTaHOBOK Ha MOrpy30-pa3rpy304HbIX y4acTKax 60/bLIOM NPOTSXKEHHOCTU
3aTpyAHUTENBbHO NO NpUYMHE HEO6X0ANMMOCTU B HaAEeXHOM NepeksIloYeHn OTCOCOB B
obLen cucreme acnupauunm ysna. ns ynpoweHus Bbirpy3Kn Xene3HoA0poXHOro
COCTaBa C CbiNMy4YnM rpy3oM npeaaraercs cBoeobpasHbiii crnocob Bbirpy3ku [82].
BaroHoonpokuabiBaTeNb C rpyXXeHbIM NolyBaroHoM 6e3 Tenexek (415 yMeHbLlUeHns
Beca) TPaHCNOPTUPYETCS rPy30MNoAbEMHbBIM KPAaHOM 0 MeCTa BbIrpy3Ku U
pasrpyxaeTtcs. [lanee nponcxoanMT CMeHa MyCToro BaroHa Ha rpyXeHbll n onepauus
nosTopsieTcs. MNpeanaraemslii cnocob no3sonseT 6bICTPO U C MUHUMAbHbIMU
(VMHAHCOBbLIMW 3aTpaTamMy NPOU3BOANTL BbIrPy3KYy CbIMy4YnX rpy30B M3 MNOSyBaroHOB B
pasfinyHbIX MecTax Norpy30-pa3rpy304HOro TepMuHana.

37

B acnupaumoHHbIX ycTporicTBax 6yHKEpPOB 1 BaroHOOMPOKWAblBaTenemn

MCNONb3yTCA Cneayowmne nNpuHLUmMnmanbHble CXeMbl NblIenoaaBneHns npu pasrpyske:
1. CoBMelLeHMne rnapasamyeckoro cnocoba obecnbliMBaHUSA U acnpauunu.

2. BcacbiBaHuMe obpa3syoLweincs nbiam ¢ NpoTUMBOMOAOXKHbIX CTOPOH ByHKepa.

3. PasrpaHuyeHne NpocTpaHCTBa 415t NpeaoTBpaLLeHMsl pacnpocTpaHeHus

NblIeHNS BHe paboyen 30HbI.

4. PasrpaHnyeHune NpocTpaHCTBa ANst HanpaBieHUs MblNIEBO3AYLIHON CMecn K
BCaCbIBaloLLEMY YCTPONCTBY.

5. Nicnonb3oBaHue pasnnyHbiX pexunmMoB paboTbl acnmpaLmMoHHOro

obopynoBaHums.

CHuxeHune noineobpasoBaHns Npu pasrpys30yHbiX paboTax BO3MOXHO Npu

COYEeTaHUU TMAPABINYECKOrO U CyXoro cnocobos neinenogasneHns [66]. YBnaxHeHune
NbISIN NOBbILWIAET NPON3BOANTENBHOCTbL CUCTEMBI acnupaunmn. B npeanoxeHHoOM
ycTponcTBe (pycyHok 1.14) nepep 3aaHel cTeHKoW byHKepa yCTaHOBIeHa KOHCTPYKLUMS
U3 peek A58 UCKoYeHnsa NoboBoro yaapa NoToka Bo3ayxa U MaTepuana O CTeHKY
b6yHKepa. HeocTaTKOM yCTpOliCTBa SIBNSAETCS HEBO3MOXHOCTb paccenBaHums
MeNKOAMCNEPrnpoBaHHON XUAKOCTU NPpKU OTpULaTesbHbIX TEMNEpaTypax Hapy>XHOro
BO34yXa M HeobXoAMMOCTb B LWWIAMOYAANEHUN.

PucyHok 1.14 - ByHKep 415 CbINy4Ynx MaTepuasnos

38

[Ons noBblweHnsa 3 heKTUBHOCTM NblNienoaaBneHns B ycrponcreax [6, 9]
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BCaCblBaHWe MblJIEBO3AYLLHOM CMECU OCYLLECTB/ISIETCSA C MPOTUBOMOIOXKHbIX CTOPOH
6yHKkepa. Ha pucyHke 1.15 npeacraBneHo acnmpaumMoHHOE YCTPOMCTBO
BaroOHOOMPOKUAbIBATENS C AABYMS BCACbIBAOLWMMN y3/1aMU, BbIMOIHEHHbIMU
HeboNbLWMMN CEKUNAMU N COeANHEHHBIMW C KOMNeKTopoM. Mpeanaraembln cnocob
60pbObI C 3anblIEHHOCTLIO MPY NpoLecce pasrpy3ku SABASETCS 4OPOrOCTOAWMM U
mMaTepuano3aTpaTHbIM.

PucyHok 1.15 - Cnocob nbineynasaMBaHmMsa Npu pasrpyske

BaroHoOOMpoKuAabIBaTens

MpUHUMN pasrpaHMYeHnss MPOCTPaHCTBa A1 NpeaoTBpaLleHuns

pacnpocTpaHeHus NblieHus BHe paboyel 30HbI peanu3oBaH B ycTporictee MA
XapbkoBckuit CaHTexnpoekT (pucyHok 1.16) [29]. MbifleHenpoHMLaeMoCTb arperarta
obecneunBaeTcs NpoAoSbHbIMU MAACTUHAMM U LWNTaMKU, NepeKpblBaloLWMMN BbIXOA,
NbI/IN Yepe3 OTKPbITble TOpLUbl poTopa. 30Ha ANa yAaneHWs Mblan U30IMpoBaHa, u
3anblIEHHbIN BO34YyX YAANSETCA MECTHbIMU OTCOCAaMU. YCTPOMCTBO OT/IMYaETCH
6onbLUO METaNI0EMKOCTbIO.

39

PucyHok 1.16 — ACnnpaunoHHOE YKpbITUE POTOPHOIO BarOHOOMPOKMAbIBaTENS

B ycrpoicrBe KprBOpPOXXCKOro ropHOpPYAHOro MHCTUTYTa (pncyHok 1.17)
obpazyroLwasncs nblb JIOKarM30BaHa C MOMOLLbIO MOJIOro KOXyxa NyTeMm
PeLVPKYNSLUNMOHHOIrO ABMXEHMS BO3yXa MO 3aMKHYTOlM cucteme [65]. 3anbifieHHbIN
BO3/yX BCAaCblBAETCS BYQHTUAATOPAMUN, pacrnosioKEeHHbIMU Ha BeplinHe Koxyxa. MNonHoe
orpaHuyeHue NpoCcTpaHCTBa 30HbI Nblfieobpa3oBaHus SBNseTcs 3DDEKTUBHBIM, HO
Aoporocroswmm cnocobom obecnbiMBaHms.

PucyHok 1.17 - YcrpoiictBo ans obecnbiiMBaHWS KpyroBoro
BaroHOOMpPOKNAbIBaTess

YacTnyHoe pasrpaHnyeHne NpocTpaHCTBa ANs HanpaBieHWs MNbleBO3AYLLHOM

CMeCK K BCacblBaloLWeMy YCTPOMCTBY LUMPOKO MCMOSb3yeTCs B YCTPOMCTBAX

40

BaroHoornpokuabiBatenen [9, 29, 62, 71]. lononHUTeNbHbIE NAHENN NOBbILWAT
3(pPeKTMBHOCTb paboTbl acnnpaunoHHoON cncrtembl. Ha pucyHke 1.18 npeacraeneHa
acnupauMoHHas ycTaHOBKa pOTOPHOrO BaroHOOMpoKMAbIBATENS C YETbIPbMS
nblnesawmnTHbIMN NAacTMHaMK. Bo3ayx, HacblWeEHHbI Nblfblo, OTCACbIBAETCS U3
JIoKanbHbIX 30H Nblfieobpa3oBaHunsl, KOTOPblE UMEIOT Pas/IMUHY0 KOHMUIypauuo npm
NoBOpOTE BaroHOOMpPoKMAbIBaTeNs. B ycTpolicTBe ynpolwiaeTcsi npouecc
NblIeyNaBANBAHNS 3@ CYET YMEHbLUEHMWS NJIOLWaAM 30Hbl BCAaCbiBaHUS, HO yCTaHOBKa
OOMOSIHUTENbHbIX NNACTUH TpebyeT 3HauMTeNbHbIX KanuTanoB/IOXeHUN.

PucyHok 1.18 — PoTOpHbIN BaroHOONpoKMAbIBaTE b C Mblie3almnTomn

OKpy>atoLien cpeapl

C uenbto noBblweHns 3hdOEKTUBHOCTM paboTbl ob6ecnbinBatoLLErO YCTPONCTBA
YpanbckmMM Ten0TEXHUYECKUM HayUYHO-UCCNeA0BaTEIbCKUM UHCTUTYTOM NpeasioxXeHa
CMHXPOHM3aumns paboTbl BArOHOOMPOKUAbIBATENSA C aCMMpaLMoOHHOM cuctemon [71].
[ns NCKNIOYEeHUS MMYNbCHOrO YBEMYEHMS AaBNeHNsa B CMCTEMe acnumpaumm
NCNoNb3yeTcs KOMMyTUpYtoLLee YCTPOMCTBO, CBA3aHHOE C NMPUBOAOM
BaroHOOMpPOKMAbIBaTENsi C BO3MOXHOCTbIO perympoBaHus 3aTeBopa
nblyieynaBnMBatoLLEro YCTPOMCTBA NO Mepe nepecbinaHusa Matepuana U3 nosiysaroHa B
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6yHKep.

PaspaboTka cucrembl acnmpaunm BaroHoONpokuabiBaTens n byHkepa
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npeanonaraeT TWaTeNbHbIA aHanAM3 NpoLecca BbirpPy3kn B KOHKPETHOW CUTyauumn C
BbI6OPOM ONTMMaNbHOro cnocoba slokanusaunm NblaeBbIAENEHNA NCXOaA N3
TEXHMYECKON, a Takxke (PUHAHCOBOM TOYEK 3peHus.

He kaxxgoe npombIWwieHHOoe NpeanpusaTue Ha norpy3o-pasrpy304HbIX y3iax
ncnosb3yeT BaroHOONpPoKnAbIBaTenn. Pasrpyska rpy>xeHoro BaroHa nponsBoamTcs
nyTeM py4YHOro OTKpPbITUS IIOKOB. TEXHNYECKNE peLueHuns no iokanmsaumm
nblNeBblAENEHNIA OT pacCMaTpUBaEMbIX NCTOYHMKOB NMpPaKTUYECKN OTCyTCTBYIOT. Mpn
NpPOEeKTUPOBAHNN NPeanpUATUIA acnmpaumst NpUeMHbIX 6yHKepoB 06bIYHO He
3aKnafblBaeTCs B NPOEKTe, MHOrAa npueMHble ByHKepa pasMeLLaroT B 3aKpblTbIX
aHrapax, npv 3TOM MblJlb MEHbLLE Pa3HOCUTCSA MO MPOMbILIMIEHHOW NowaaKe, Ho
3anblIEHHOCTb BO3ayxa paboyel 30Hbl 06CyXMBaoLWEro nepcoHana MHOroKpaTHoO
npeBbllIAET YCTAaHOB/EHHbIE CAHWTApPHO-TUrMeHNYeCcKne HOpMaTmBbI.

OanH 13 cnocoboB CHMXXEHMS 3anblIEHHOCTU Bo3ayxa paboyer 30Hbl NpeinoXeH

B [54] npw pasrpyske LeMeHTa U3 XeNne3HOLOPOXHbIX BaroHoB. [JOKyMeHT
npeanonaraeT YCTPOMCTBO KPbITbiIX 6OKCOB C BEPTMKAbHO CBMCALWMMN MATKUMU
LITOPaMN U NMPUMEHEHME MATKUX LUTOP OT NMPUEMHbIX JIIOKOB CKNaza A0 CTEHOK
pa3rpy304HbIX SIIOKOB BaroHa. MoagbeM 1 onyckaHue WTop MPOU3BOAUTCSA C MOMOLLbIO
MexaHun4yeckmx cpeacrts. NMomumo Toro B 6okcax Heob6xoaMMo npeaycMoTpeTb
YCTPOWMCTBO >XenoboB nan KaHanos, N0 KOTOPbIM OTBOANTCS B MPUEMHbIE JIIOKK
CK/1IaA0B CKOMMBLUASACA Mblsib B 60KCe M Ha wTopax. [lJaHHOe MepornpusiTue cneayer
OxapaKTepr30BaTb Kak ManobroaKeTHbIN 1 npocTenwmnii cnocob 60pb6bbl C NbineHneM.
ByHKep Ans XpaHEeHUSA U BbIFPY3KU CbiMy4YMX U AbIASWNX MaTepManos,
3anaTeHTOBaHHbIM [POEKTHO-N3bICKATENbCKUM U HAYYHO-UCCNea0BaTeIbCKUM
MHCTUTYTOM MOPCKOIro TpaHcnopTa «JIeHMopHMunpoekT» [72] oTnn4yaeTcs
pasgenieHNeM Ha BEPXHIOK M HUDKHIOK CEKLIUIO Meperopoakor U3 3/1acTUYHbIX
CTBOPOK, CKOPOCTb TPAHCMOPTUPOBAHUS CHUXXAETCA, U MblJIEHNE YMeHbLUaeTCs.
HepocraTkoM npeanoXeHHOro yCTponCcTBO AABNSETCA OTCYTCTBUE CPeACTB
nblfeynasnnBaHms.

MHTepec npeacTaBasieT yCTPOUCTBO ANS YaBANMBaHUA Nblan B ByHKepaxHakonmuTensx (pucyHok 1.19) [73]. OHO coaepXXUT YCTaHOBIEHHYO Hag 6yHKepom 2
42

nanTy 1, Ha KOTOPOW 3aKpeneHbl BXOAHON 3 1 60KOoBble OoTcekaTenu 4, a Takxe
nblNIeynoBUTENb B BUAE BEPTUKANBbHO BUCALLUX LWITOP 5 M3 31aCTUYHOM TKaHW C
YyCNoKOUTENbHbIMU NnaHkamMu. OHM 06pa3ytoT y MOBEPXHOCTM LUTOPKM
nbleynasaMBamLWwmii kapMaH. OTCOC NbIIN OCYLLECTBASIETCA LLEHTPObEXHbIM
BEHTUNATOPOM 6. [peanoXeHHbIi MEXaHWN3M Y/IAaBIMBAHUS MblJIM HEMOJIHOCTbIO
repMeTU3npoBaH, MO3TOMY BO3MOXHO MpocavyMBaHue 3arpsa3HEHHOro BO34yXa Hapyxy
0cobeHHO no 60KOBbIM MOBEPXHOCTAX MblfIey1aBIVBAOLWEro KapMaHa.

PrcyHok 1.19 — YCTpoWCTBO A9 YNaBAMBaHUA Mblav B OyHKepax-HakonuTensax:

1 - nanTa; 2 - 6yHKep; 3 — BXOAHOWM oTceKkaTenb; 4 — 6OKOBblie oTceKkaTenm;

5 - wTopbl; 6 -BEHTUAATOP

Ha AaHHbIN MOMEHT He cyuwecTByeT 3(MdEKTUBHOMO BCacCbiBaOLLEr0 YCTPOMCTBA
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OT MNPOTSXKEHHOIr0 UCTOYHMKA MbISIN, MPUMEPOM KOTOPOro MOXET CYXUTb MOSyBaroH
npu pasrpy3ke. OCHOBHas NpUYMHa 3TOro 3aKJ/IIOYAETCA B CIOXKHOCTM JIoKanv3saunm
NblEBbIAENEHNI OT UCTOYHMKA BbIOpOCa N CHUXEHUN METasNIOEMKOCTHU.

43

MpoBeaeHHbI aHann3 nMTepaTypHbIX UCToYHMKkoB [11, 13, 19, 23, 37, 38, 47, 50,
107-109, 112,117,120, 122-125, 137] no3sonsieT caenatb cneaytowime BbiBOAbI :

— He obHapy>XeHO MCTOYHWNKOB, COAEPXaLLUNX ONMMCaHMe 3aKpyYeHHOro notoka c
npupaljeHnem pacxoga rno BCeln AMHe MNblJIENPUEMHOro YCTPOUCTBaA;

- Hanbonbwmnn 06beM nccnefoBaHMM BbITSXHbBIX U MPUTOYHbIX BO34YXOBOAOB
BblNosHeH TanuesbiM B.H. Ha ocHoBaHuK cBOMX nccneaoBaHuii oH caenan BbiBO4, YTO
« BbITSDKHbIE€ KOHYCHbIE U KIMHOBUAHbIE BO34YX0BOAbI C MPOAObHOM LLeNbto
MOCTOSIHHOW LWMPUHbI AN C psiAOM 6OKOBbIX CTOPOH OTBEPCTMI OANMHAKOBOW MoLaam
obycnaenuBatoT 60sblINe OTHOCUTENbHbIE OTK/IOHEHUS HEPAaBHOMEPHOIr0 BCacbiBaHUS
OT PaBHOMEPHOr0, YeM BbITSXKHbIE BO34YyX0BOAA MOCTOSAHHOrO cedeHus» [121]. B cBaAsm
C 3TUM 3aK/loYeHNeM JanbHelwmne ncciefoBaHmst Mo paBHOMEPHOCTU BCacbiBaHUSA
BO34yXa B AMCcepTaLMOHHONM paboTe npoBefeHbl MO N3yYeHUIo BCacbiBatoLWwero
YCTPOMCTBA C CY>XUBAIOLLENCS Wenbio.

1.7 BbiBoAbl

B HacToswee Bpems Habnogaetca nepexoa TIC, paboTaowmx Ha rase, Ha
MCNoNb30BaHWe yrnas B KayecTBe OCHOBHOro tonamea. OAHMMM U3 MPUYMHAM 3TOrO
NOCNY>XWN pa3BUTME YrosibHOW MPOMbILINIEHHOCTM U CTabuiibHas CTOMMOCTb TOMN/INBaA.
K koHuy 2015 roaa B Poccum oKOno TpeTu TenoBbliX 3neKkTpocTaHumi (TIC)
MCNosb3YIOT B Ka4YeCTBe OCHOBHOMO TOMJIMBA Yrofb, KOTOPbIMU BblpaboTaHO OKOM0
25% 3snekTpoaHeprun ot obuwero obbema.

[JocTaBKa yrns ocyLwecTBASETCS MOABMXXHBIMU COCTaBaMM Xene3HOA0POXHOro
TpaHcnopTa MaM rpy30BbiMM aBTOMOGUISAMU. Pa3rpy3oyHbie onepaumm
COMpPOBOXAAKTCA 3HAYUTENbHbBIM MblSIEBbIAENEHMEM, MPEBbILLAOWNM CAHUTapHbIe
HOpMbI. [prBeaAeHbl pe3ynbTaTbl NCCNef0BaHUS aBTOPOM BO3ayXa paboyen 30HbI

44

MallMHMCTa BaroHOOMpPOKNAbIBaTess NMpy pasrpy3ke noslyBaroHa C yrnem. 3arpssHeHue
BO34yxa pabouyei 30Hbl MPeBbICUI0 AOMYCTMMbIE HOPMbI B AECSTb pas.

B pe3ynbTaTe BbINOMHEHHOrO 0630pa NMMTEPaTYPHbIX UCTOYHUKOB 1

npakTnyeckme nccrieaoBaHns 0603Haunam NpUUYNHbI BbICOKOrO YPOBHS 3amMbl/IEHHOCTH
Ha pa3rpy304HbIX NyHKTax TIC: OTCYyTCTBUE BblCOKO3I(MPEKTUBHbBIX PELIEHUN MO
obecnbIIMBaHUIO pasrpy304HbiX onepaunii; HU3Kas HaAeXHOCTb NMPUMEHSEMbIX
BCACbIBAIOLLNX YCTPOMCTB; BblCOKAs SHEProeMKOCTb acnpaLNOHHbIX CUCTEM.
PaccMoTpeHbl cTaTuCcTMUecKMe JaHHble No pacnpeaeneHnto npodeccmoHanbHbIX
3aboneBaHni (B T.4. U Cpean XEHLUWH), KOTOpble Bbi3BaHbl BpeAHbIM BO3AENCTBMEM
NMPOMbILLSIEHHbIX a3po30nei. NpoaHanManpoBaHa CTaTUCTUKA NMEPEBO3OK CbIMy4mnX
nbinsawmx rpy3os no OAO «PX/», koTopas noka3blBaeT TEHAEHLUMIO Ha exerogHoe
yBeNMyeHne nx KonmyecTsa nNpu BospacrarLem rpysoobopoTe.

OnpeaeneHbl GakTopbl, onpeaensowme MHTEHCUBHOCTb MblNIEBbIAENEHNI B

npowecce pa3rpysku cbiny4yero matepmana. NpoaHanuanpoBaHbl CNOCobbl loKannm3aumm
NblEBbIAENEHNIA HAa Pa3rpy304HbIX naowaakax. [JaHa xapakTepmcrmka ux AOCTOMHCTB
W HepocTaTkoB. MNpeanoyvteHne oTAaHO cyxoMy cnocoby 60pbbbl € 3anblIEHHOCTbIO —
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acnupauumn, - kak Hanbonee yHuBepcanbHOMy. MccnefoBaHbl MPpUMeEHSeMble
acnupauMoHHble CUCTEMbI Ha MOrpy30-pasrpy304HbIX MyHKTaX NpeanpusaTuii
3/1eKTPO3HEPreTUKM, NPoaHann3npoBaHbl UX MOOXUTENbHbIE U OTpULATENbHbIE
CTOPOHHbI.

MpOTSXXEHHbIE NCTOYHUKM MbISIEHNS XapaKTEPU3YOTCS PasHOM MHTEHCUBHOCTbIO
no BCel Ux AnnMHe, 4To TpebyeT paBHOMEPHOrO yAaNeHUs 3arpsA3HEHHOro Bo3ayxa Ha
BCEW NMPOTSXXEHHOCTN UCTOYHUKA. o uToram nposeaeHHoro o63opa B HacTosiLee
BPEMS OTCYTCTBYET 3(P(PeKTUBHOE BCacbiBatoLee YCTPOMCTBO OT MPOTSXEHHOIO
WCTOYHMKA MblM NO NPUUYMHE CJTIOXKHOCTM SIOKann3auunm 3anblIeHHOro Bo3ayxa oT
NCToYHMKa BblbpoCca.

45

2 TEOPETUYECKWNIA PACYET BCACBIBAIOLLLEIO YCTPOMCTBA

2.1 ObocHoBaHue Bblbopa noaxoaa k paspaboTke NMpPOTSHKEHHOrO 0TCoCa
Pa3spabaTbiBaeMblli OTCOC AO/HKEH XapaKTEPN30BaTbLCA MPOCTOTON KOHCTPYKLUK,

a TakXke MakcMManbHbIM NpUBANXEHNEM BCaCbIBalOLWMX OTBEPCTUN K UCTOYHUKY
nblAeBbIAENEH NN,

KOHCTPYKTUBHOE peLueHune obecnblimBaHUa 6yHKkepa HaxoanMTCa B TECHON
B3aMMOCBA3M C NOTPebHbIM acnMpauMoHHbIM BO34yX006MeHOM. YeM 6amdxxe oTcoc K
UCTOYHUKY, TEM MEHbLUE rabapuTbl YCTPOMCTBA M TEM NPOAYKTUBHEE MPONCXOANT
BCacbliBaHMWe Nblav. MoaTekaHue 3anblIeHHOro Bo3ayXa Npy BcacbiBaHUM NMPONCXOANT
CO BCEX CTOPOH. 3TOT npouecc nsobpaxaercs B Buae gakena BcacbiBaHUs C
oTobpaxkeHneM pacnpefeneHns OANHaKOBbIX CKOPOCTEN ABUXEHUS B BUAE ceMencTea
KpuBbIX (pucyHok 2.1). Lndpbl Ha KpUBbIX yKa3biBalOT A0/IN CKOPOCTU B MPOLIEHTaX
CpefHelr CKOpOCTM BO BCacCblBalLLEM OTBEPCTUU. PacCTosIHUS OT OTBEPCTUSA BblpaXkatoT
B [ONSIX OT ero avametrpa d.

d

00,5d1d

100% 60%

30%

15%

5%

PucyHok 2.1 - PacnpeneneHne ckopocTein Bo3ayxa B6M3N BbITSXXHOMO

oTBEpCTUS
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[ns KayecTBeHHOro 3axBaTa MblM BCACblBatoLLee YCTPOUCTBO crieayeT

pacnonaratb MakcMmasnbHO 61IM3KO K NCTOYHMKY MbIIEHWS MO NPUYNHE HE6OoNbLIOro
CreKTpa BcacbiBaHMS BbITSXHbIX ycTporcTs [19].

SddekTUBHasA N HaaexHas NokKanMsaums NbleBO3AyLLHOMW CMeCcM BO3MOXHA Npu
yCTOM4MBOMN paboTe BCacbiBatoLWero yCTpoicrea U B LLESIOM acnmpauMoOHHON CUCTEMDI,
B KOTOPON HEObX0ANMMO UCKIKUYMTL HapyLLleHne ee paboTocnocobHOCTM BCieacTene
OT/IOXKEHUIN MbIJIM Ha BHYTPEHHMX CTEHKax BO34YyX0BOAOB. [NblfieBble OTIOXKEHUS
NpUBOASAT K CHUXEHUIO CKOPOCTM BO3A4yXa, yAanseMoro oTcocaMm oT MCTOYHMKA
nblneobpasoBaHuUs, BCIeACTBME YEro NMPoMCXoanT BblbBaHMe Nbinn B BO3ayx pabouen
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30Hbl, YTO CHUXXaET HAAEXHOCTb YCTPOMCTBA. Bo3ayxoBoabl CMCTEMbI acnmpaumm, Kak
npaBuo, pasMeLlatoTcsa Haa paboyelt 30HOM, MO3TOMY HaMuMe OT/IOXKEHUM Ha
BHYTPEHHUX CTEHKax BO34yXOBOAOB MOXET MPUBECTU K UX 06pyLUEHWNIo, 4YTO
TpaBMoOONacHo A58 paboTHMKOB.
[ns nepemelleHns 3anblieHHOro Bo3ayxa 6e3 ocaxaeHns BHYTPU BO34YyXOBOAOB
HeobXxoAnMO Mo BCeW AJIMHE CUCTEMbl NOAAEPXKMBATb BbICOKYIO CKOPOCTb ABUXEHUS
BO3A4yXa, MPEeBbILWAOLLY CKOPOCTb TPOraHMs MbIJIMHOK, YTO B/EYET 3a CO60M BbICOKUI
pacxoj BO34yXa U HESKOHOMUYHOCTb CUCTEMbI acnupaumn. Yem KpyrnHee u Taxenee
(no yaenbHOMY Becy) MblfieBble YacTuLUbl, TeM 60bLLas CKOPOCTb A0MKHA bbITb
npefycMoTpeHa B BbITSXXHOM BO34yXOBOJE.
MoanepxaHne AOCTAaTOMHOW CKOPOCTU  ANS TPAHCMOPTMPOBaHMS Mblav MO BCe
A/IMHE BCacbIBaoLLEero yCTpoMCcTBa AOCTUIHYTO BO34YyXOBOAOM pPaBHOMEPHOMO
BCaCbIBaHWS NOCTOSAHHOrO AMHaMmnyeckoro gasnenusa [90, 94], nccnegosaHHoro HAU
oxpaHbl Tpyaa B r. EkaTtepnHbypre (pncyHok 2.2). OCHOBHbIM HEAOCTAaTKOM TaKoro
BO34yX0OBOJa SBNSETCA Heo6X0AMMOCTb Tl aTeNbHOro cobnoaeHs pacyeTHbIX
pa3MepoB BCACbIBalOLLEN Lenn, WKpMHa KOTOPON nepemMeHHa. TeopeTnyeckun
BO34yXOBOZ A0/MKeH uMeTb opmMy napabonomaa sBpawieHus. Ans npakTMyeckoro
NCNONb30BaHUS PacCUNTbIBAETCS BO3AYXO0BOA M3 Habopa KOHMYECKUX BO34YXOBOAOB C
YMEHbLUaLWeNncs KOHYCHOCTbIO MO HanpaBieHUo ABUXXEHUS BO3AyXa B cucreme. Ans
obecneyeHns paBHOMEPHOro BCacbiBaHWS BO34yXa MO BCeM ANVMHE BO3AYyXOBOAA
LWMpUHa BCacblBaloLeN e YMEHbLUAETCS C YBEe/IMYEHMEM AMaMeTpa BO34yX0BOAA.
47
A
A
A-A
PucyHok 2.2 - MNpoTSXeHHbIN OTCOC C NPOAC/bHOM Lenblo NepeMeHHOon
LWNPUHbI
MecTa pa3rpy3ku >Xene3HOAOPOXHbIX BaroHOB CbiMyYMMyU MaTepuanamm
pacnonaratTcs, Kak NpaBuo, Ha Noabe3aHbIX NyTax TOC. KaxAablA Norpy304HbIn
y3en TpebyeT coopy>KeHUs acnupaLMOHHON YCTAaHOBKM C 3aKaAKon pe3epBHOro
obopynoBaHusa ans obecneyeHus 6ecnepeboriHoli paboTbl acnupauum [99].
KanuTtanbHble 3aTpaTbl Ha YCTPOMCTBO @BTOHOMHbIX CUCTEM acnupaunm BENNKN, KpoMe
TOro, ANsi UX pasMelleHuns TpebytoTca 6onblimMe Npon3BOACTBEHHbIE MJIOLAAN.
Mounck peweHns npobnembl 3phekTUBHONO 0becnbliMBaHna paboyen 30Hbl Ha
Norpy30-pasrpy304HOM NyHKTe HeobXxoAMMO BECTU Ha MYTK CO3AaHUSA  YCTOMYUBO
paboTaroLnX NPOTAXKEHHBIX OTCOCOB U LIeHTPaNIM30BaHHbIX CUCTEM, MMEILLUX
BbICOKYH CTENEHb HAAEXHOCTU MPU NEPEMEHHOM MEPEKIIIOYEHNM OTCOCOB.
Ha cerogHsWHMI AeHb BONPOC KOHCTPYMPOBaHUSA 3 EHEKTUBHOMO U HECIOXKHOMO
B M3roTOBJ/IEHNM BCACbIBAIOLLEr0 YCTPOMCTBA ANSt MPOTSXKEHHORO MCTOYHMKA Mbln
HeAoCTaTovyHO npopaboTaH. MNpoTsKEeHHbIE NCTOUHMKM NblNeHnsa TpebytoT ocobol
KOHCTpyKumMn otcocos [100]:
- PpaBHOMEpHOE yJasieHue 3anblJIEHHOro Bo3ayXa No BCeW A/IMHE UCTOYHMKA
nblneobpasoBaHus;
- noafepXaHue BHYTPU NMPOTSAXKEHHOro 0TCoCa CKOPOCTU, AOCTaTOYHON ANnst
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npeaynpexaeHus oTI0KEHUS NblIM Ha BHYTPEHHUX CTeHKax oTcoca.

[Ns CHMXEHUS KONMYecTBa 0TCacbiBaEMOro BO3yXa M COXpaHEeHUs

3P HEKTUBHOIO TPAHCMOPTMPOBAHMS MbIIN MOXHO MOBbICUTb CKOPOCTb ABMXEHUS
BO34YLUHOrO NOTOKA Y BHYTPEHHEN CTeHKN BO34yXOBOAOB, UCMOMb3Yys 3aKpyYeHHbIN
48

NoTOK Bo3ayxa. MNoa AencTBMeM LeHTPO6eXHbIX CU KPYMHbIe YacTuLbl Nblan
0TOpOCATCS K CTEHKaM BO34YyXOBOAOB, BO3/le KOTOPbIX TaHFeHLUManbHas cocTaBnsioLlas
CKOPOCTM ABUXXEHUS BO3AyXa 3HaUNTENbHO BblLLE OCEBOM, UTO obecneynBaeT
TPaHCNOPTUPOBAHME MbIN K MbISIEYJIOBUTENIO.

Co3paHune 3aKpy4YeHHOro noToka peannsyeTcs MyTeM UCNosib30BaHUS

3aBUXpUTENEN MK BpalLarLwmnxcs umnnHapos-otcocos [10, 12, 21]. NMpeanaraemblie
yCTponcTBa 3 heKTUBHbI NPU yAaneHUn Nblan OT paboyer 30Hbl He6oNbLWOW ANNHBI. B
cnlyyae NpoTSHXKEHHOrO UCTOYHMKA MblEBbIAENEHUN UCNONIb30BaHWe npeanaraemMblx
YCTPOWCTB BbI3blBaeT TPYAHOCTHU.

B cnyyae npoTs)KEHHOro MCTOYHMKA MbIJIEHUS OpraHU30BaTh BpallaloLwmincs

NOTOK CrieayeT nyTeM BBOAA 3anbl/IEHHOM0 BO3Ayxa Mo KacaTeflbHON (TaHreHLUManbHo)
BO BCacCblBaloLLee YCTPOMCTBO MO BCEM €ro AnvHe. 3T0 MOXET 6biTb peann3oBaHo
BXOAHbIM KaHasloM, TaHreHLMalbHbIM K KOPyCy BCaCblBaloLero yCcTponcraa.

2.1 OnucaHne mogenun NpoTsSHXKEHHOro BO34yX0BoAa paBHOMEPHOro BcacbiBaHUS

C TaHreHumnanbHbIM BXOAOM BO34yXa

MpOTSXXEHHbI NCTOYHMK MblfieobpazoBaHus TpebyeT aHaNornYHbI eMy No

ANVHE BbITSHXKHOW BO3A4YyXO0BOZ AN PAaBHOMEPHOrO yAaneHus 3anblfIeHHOro Bo3ayxa.
Ona adhdekTMBHOro GyHKLMOHNPOBAHMSA Takoro oTcoca TpebyeTca NnpeaoTBpaTtuTb
OT/IOXKEHME MblIM BHYTPU HEro. 3TO MOXHO 06ecneynTb 3a CUET 3aKpy4YnmBaHUs
3anbl/IEHHOr0 BO3AYLWHOro NOToKa. [JaHHbIA cnocob MoxeT ObiTb peanM3oBaH
YCTPONCTBOM TaHreHLManbHOro BXoAa Bo3ayXa B OTCOC.

[Janee npeanoxeHo ABa BMAA NPOTSXXEHHOro Bo34yX03abopHOro ycTporicraa
LNIMHAPUYECKON NN KOoHMYeckon dhopMmbl (pucyHkn 2.3, 2.4) [98]. OgHa TopueBas
CTeHKa OTCoCa BbIMOJSIHEHA CMJIOWHOW M 06Len C TOPLOM BXOAHOrO KaHana, KoTopbli
49

pacnofioXeH TaHreHuManbHO K KOprycy O0TCoCa M 3aKpbIT TOPLIOM.

O = =T Qa

b

1-1

PucyHok 2.3 — MNMpoTSXEHHbINM LWeneBon 0TCOC KOHNYECKOoM (opMbl C
TaHreHuManbHbIM BXOAOM BO34yXa

o Q= =T
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PucyHok 2.4 — MNpoTS)KEHHbIW LWENeBoi 0TCOC LUAMHAPUYECKOM opMbl C
TaHreHuuanbHbIM BXOAOM BO34yXa

MpennoxeHHoe YCTPOMCTBO MOXET ObiTh pa3MeLLEeHO Ha OTKPbITOM NoLaake
BO3/1€ UCTOYHMKA Nblsieobpa3oBaHus, B 6yHKepe, B Ka4eCTBe COCTaBHOW YacTu
BaroHoonpokuabiBaTens u T.4. CxeMbl pa3MeLleHns NpoTSXXEHHOro oTcoca

NpeacTaBneHo Ha pUcyHke 2.5,

50

a) 6)

PucyHok 2.5 - CxeMbl pa3MeLleHuns NpoTsHKEHHOro oTcoca:

a) - B 6yHkepe; 6) — Ha OTKpbITOM NowaaKke

2.2 A3pooMHaMMYeCcKuii pacyeT MPOTSXKEHHOrO BO34YyX0BOAa PaBHOMEPHOro
BCaCbiBaHUS C TaHreHuManbHbIM BXOAOM BO3A4yXa

[ns paccmaTpvBaeMoro BO34yXOMNpUeMHOro yCTponCcTea NpUMEHMMO YpPaBHEHUE
KONn4ecTBa ABmxkeHus [138], cornacHo KOTOPOMY CyMMa MPOeKLMn BCEX CU,
MPUAOXKEHHbIX K CTpye Ha /to6oM yyacTke, paBHa NpupaLLeHmnio NpoekLmn CeEKYHAHOr0
KONIMYeCcTBa ABUXEHUS Ha 3TOM y4yacTKe.

Mpu aHaNMTUYECKOM UCCNeaoBaHUM NPUHSTBI Cleaytowme JonyLWeHUs: nons
CKOPOCTEN B NMOMepeYHbIX CEYEHUSIX SBNSIOTCS paBHOMEPHbIMU, hopMa MblIEBUAHbIX
4YacTuu, NOCTynawLwmx C BO3A4YLWHbIM MOTOKOM, WapoobpasHas, KoapduumeHT
COMpPOTUBNEHNSA TPEHMS MO BCEN A/IMHE OTCOCa MPUHSAT NOCTOSHHbIM. PacyeTHas cxema
nccneayemoro oTcoca npeacraBieHa Ha pUCyHke 2.6.

TopueBble YacTW KOHTPO/IbHbIX MOBEPXHOCTEN NMPOBeAeHbl HOPMAIbHO K
HanpaB/IEHMIO NOTOKA. Ha paccmaTpuBaeMbie ceveHust 1-1 n 2-2 oAMHaKOBOW nowaam
51

F nencrBytoT cunbl gasneHms P1

n p2

, HanpaBfeHHble K MOBEPXHOCTAM

nepneHankynspHo. K 60koBov cTeHke MpUIOXKEHa cua TpeHus PTtp

, HanpaBneHHas

rnapaniesibHO NOTOKY, MPOTUB Hero. [poeKkLuns Ha paccMaTpMBaeMy0 OCb CWUJIbI
[aBlIEHMS Ha 3/1leMeHTapHOM naowaake Pn

, Yepe3 KOTOpylo UAeT NoACoC BO3AyXa

BHYTPb MPOTS>XXEHHOro oTcoca, paBHa 0.

N R, < B TO X B =
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PucyHok 2.6 - PacyeTHasi cxeMa NpoTsSXKEHHOro oTcoca LWAMHAPUYECKOM
@dOpMbI C TaHreHUManbHbIM BXOAOM BO3A4yXa

YpaBHeHME npoekumin Ha ocb OX paBHOAENCTBYOLLEN BHELWHUX cui ZQ ans
BblAeNeHHOro obbema BbIrNaanT cneaytownm obpasom (bopmynbl (2.1), (2.2)):
12 1p

,QPFPFP(2.1)

120

T2n,QPFPFRdx (2.2)

rae T

0

— KacaTenbHOoe HarnpsbxkeHue, lMNa;

dx - paccrosiHue mexay cedeHusmmn 1-1 m 2-2, m;

R - pagnyc nonepeyHoro ce4yeHus oTcoca, M.
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N3mMeHeHune konmyecTBa ABMxeHus Maccel d(MV) BblaeneHHOro obbema Bo

52

BpeMeHu dt B npoekunsax Ha ocb OX cneayeT 3anucaTb creayowmm obpasom (dbopmyna
(2.3)):

22

21 nn

pppcosB,
d MV

VFVFV dL

dt

(2.3)

rAe p - NAOTHOCTb BO34yxa, Kr/M
3

< =~

1

2

Y

— CpefiHMe CKOPOCTU B CEYEHMAX NoToka 1-1 1 2-2 COOTBETCTBEHHO, M/C;

vn

— CKOPOCTb MOAMELLNBaOLLErocs Bo3ayxa, M/c;

B - yron mexay HanpaBfieHMeM CKOPOCTU MOAMELLNBAOLLErocs K OCHOBHOMY
MOTOKY BO3ayxa M ocbto OX, rpas;

L

n

— 06beMHbIN pacxos NoAMELLNBalOLLLErocs BO3ayXa, M

3

/c.

Pacxoa noaMeLLvBatoLLErocs BO34yxXa paBeH Npov3BEAEeHMI0 CKOPOCTH
BCacbiBaHUS BO34yxa B wWenb Vi

WMpUHON b 1 nnowaan camon wenu. Toraa

YPaBHEHME UBMEHEHUS KOIMYECTBA ABMXEHUS MacCbl BO BPEMEHU MPUMET BUJ
(popmyna (2.4)):

22

21 nuw

pppcosP.

d MV

V FVFVV bdx

dt

(2.4)

CornacHo YPaBHEHUIO KOJIMYECTBA ABUXEHUA paBHOAeVICTBy}OLLLaﬂ BHELHUX cnun
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[O/MKHa 6bITb paBHa M3MEHEHWIO KOIMYECTBA ABUXXEHUS, MO3TOMY BEPHO PaBEHCTBO
(dpopmyna (2.5)):

22

12021 nw

T2npppcosp. PFPFRdAxV FVFVYVbdx (2.5)

MpuMeHnTENBHO ANS paccMaTpuBaeMoro obbemMa Bosayxa BbipaxeHue (2.5)
npeobpasyerca cnegyowmm obpasom (popmyna (2.6)):

22

11

22

12021 nw

(Y2nTp()pcosB.

XX

XX

PPFRdx FVVVYV bdx

(2.6)

KacaTenbHoe HanpshxeHue onpeaensieTcs cornacHo dopmyne (2.7) [101]:
2

np

0

Ap

T,

8

Y

(2.7)

roe Vnp

— CKOPOCTb ABMXEHWUSA BO3AyxXa B MPUCTEHHOM Cfloe oTcoca, M/C.

A — KO3DDULUNEHT CONPOTUBIIEHUS TPEHMNS, 3aBUCALLNIA OT LLIEPOXOBATOCTM CTEHOK
53

BO34yX0BOAA.

[Mpn 3aMeHe KacaTenbHOro HanpsHKeHs B BbipaXXeHnn (2.6) ypaBHEHUE U3MEHUT
Bua (popmynel (2.8), (2.9)):

22

11

2

np 22

1221 nw

Ap

2n p p cosB ;

8

XX

XX

Vv

PPFRdx FVVVYV bdx
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(2.8)

22

11

222

12np21lnw

nAp

p p cosP.

4

XX

XX

R

PPFVdxFVVVYV bdx

(2.9)

Mpn geneHnn NnpaBon KU NEBOW YacTen ypaBHeHMs (2.9) Ha niowanb
rnonepeyHoro ceyeHusi otcoca F notepu AaBneHUsa B NPOTSXKEHHOM OTCOCE COCTaBsAT
( popmyna 2.10):

22

11

222

21lnwnp21

2

P Ap

cosBp.

n4

XX

XX

PPVVbdxVdxVV

RR

(2.10)

Ecnvm npuHATE AonylleHre 0 MOCTOSHCTBE CKOPOCTU BCACbiBAHMWS B Liesb, TO OHa
6yneT paBHa CKOPOCTM MOAMELLMBAOLLLErOCS BO3A4yXa. Toraa BbipaxeHue (2.10)
npumeTt cneayowmnii Bua ( dopmyna (2.11)):
22

11

2222

2lwnp21

2

P Ap

cosBp .

n4

XX

XX

PPVbdxVdxVV

RR
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(2.11)

JAns NnpoTsXKeHHOro BO34yX0BOAA PaBHOMEPHOIO BCacbiBaHUSA KOHWYECKOM

dopMbl ( pUCYHOK 2.7) ypaBHEHME KOMMYECTBA ABMXKEHUS MOYYEHO aHANIOrMYHO
OTCOCY NOCTOAHHOro ceyenuns (dbopmyna (2.5)). Ho B otamume ot nocneaHero
NnpoeKkLums Ha ocb Pn

He paBHa Hynio .

54

X
0
P1
Vi
2
dx
V2
P2
R
vn
B
Viy
1
V2
vn
Vi
X
2
Vi
a
1-1
1
2
2
; Pn
PucyHok 2.7 - PacyeTHasi cxeMa NpoTS>XKEHHOr0 0TCoCa KOHUYECKON hopMbl C
TaHreHunanbHbIM BXOAOM BO34yXa
Mpeobpa3oBaHHOe ypaBHEHME O KOIMYECTBE ABUXEHUSA MacC ANns
paccMaTpuBaeMoro oTcoca onpegensercs dopmynon (2.12):
22
12n021nw
sinat2npppcosB,PFPFPbdxRdxVFVFVYVbdx (2.12)
rae a - yrona KoHyca, rpag.
Mocne HebonbLwKMX Npeobpa3oBaHunii BbipaxeHus (2.12) notepu AaBneHus B
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BO34yX0BOAe KOHMYeckoln dopmMbl 6yayT paBHbl ( popmyna (2.13)):

222

111

2222

2112wnnp

22

p

p cosB sina .

nn4

X X X

X X X

b

PPVVVbdxPdxVdx

RRR

(2.13)

TakmMM 06pa3oM, MOTepU AaBAEHUS B NPOTSAXEHHOM OTCOCE C TaHIEHLMaNbHbIM
BXOZOM BO3JyXa 3aBUCAT OT CKOPOCTW BO34yXa B OTCOCE, ero paanyca, WUpUHbI Wwenu,
yrfia Mexay CKOpOCTbIO MOAMELLVBAOLLErOCs BO34yXa U OCEBON CKOPOCTbIO,
ocopMIeHNa BXOAA.

55

B obwiem cnyyae notepu AaBneHUs B BO3AYXOBOAE ONpeaenstoTcs no dopmyne
(2.14) [121]:

2

21 BX

p

G
2

Vv
PP
(2.14)
roe ¢
BX
- KO3(hMdULMEHT MECTHOrO COMPOTUBIEHMS OTCOCA, OTHECEHHbIN K ckopocTh V.
Onpepenvs aKCNepuMeHTanbHO KO3MdULMEHT ¢
BX
B 3aBMCMMOCTM OT
rnapaMeTpoB, BAMAOLWMX Ha Hero 13 dopmyn (2.11) n (2.13), BO3MOXHO paccumTaTb
napameTpbl 0TCOCa MU OMpeAenvUTb ero CONpoTUBIEHME.
2.3 3aKOHOMEPHOCTU COCTaBIAIOLWMNX CKOPOCTU ABUXEHUS MblNIEBUAHbBIX YacTuUL,
BHYTPW BCacCbIBalOLLEro ycrponcraa
TaHreHuManbHbIh BXOA B OTCOC BblHYX/AAET ABMraTbCa NO cnvpanm
MOCTyNalLWKnnN 3arpsisHEHHbIN Bo3ayX. CKOPOCTb MbINIEBUAHON YaCcTULLbl MOXET 6biTb
pa3fioXXeHa Ha TPV KOMMOHeHTa (pMcyHoK 2.8): TaHreunanbHy CKOpocTb VT
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’
HanpaB/IEHHYIO MO KacaTeslbHOW K TPAeKTOPUM MbIIMHKN (OKPY>XXHOCTWN) U
nepneHaMKynsipHY0 0CY BO34yXO0BOAA; PaamasibHYH CKOpPOCTb Vp

, NeprneHanKynapHyto

TaHreHunanbHOM COCTaBNSOLLEN U OCU; OCEBYIO CKOPOCTb VO

, COHanpaB/IEHHYIO C OCbHO

oTcoca.

VT

Vo

Vp

PucyHok 2.8 - Pa3mMelLeHne COCTaBASIOLMX CKOPOCTU ABUXEHUS BO3AYLLHOIO
NoTOKa BHYTPW BO34yx0BoAa

56

Mpy ABMXEHUM B BO3AYLLIHOW cpeae YacTmua Nbljin UCMbITbIBAET Uy
conpoTtueneHns Fc

. Ans rasoobpasHoit cpeabl OHa onpeaenseTcs BblipaxeHunem (2.15)

[24]:

S

(2.15)

roe p

cp

— MJIOTHOCTb Cpefabl, Kr/M

3

’

Vot

— OTHOCUTEsSIbHAas CKOPOCTb ABMXXEHUS YacTul (Mo OTHOLLEHUIO K cpeae), M/C;
S

Yy

— MUAEeNeBO CevyeHue YacTumLbl, M

2

'

4

Yy

— a3poANHaMNYECcKNn KO3P@PULIMEHT CONPOTMBAEHNS YacTULbl.

B kauecTBe OTHOCMTENbHOW CKOPOCTM NMPUHSATA paananbHas coCcTaBnstoLLas.
KoaddpurumeHT conpoTmBieHns cpeabl onpeaensieTcs kputepmem PeliHonbaca Re
[24], kOTOpbIN ANs ABMXKYLLENCS B cpefe vYacTuubl onpeaensietca no dopmyne (2.16):
wy
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4

v
vd

Re

(2.16)

raoe Vi

— CKOPOCTb BCacbiBaHWS B Wenb, M/C;

d

Yy

—-AMaMeTp YacTuubl, M;

V — KMHeMaTn4yeckmin KoadhdPnuUneHT BA3KOCTM Cpeapbl, M

2

/c.

[nsa vccnepoBaHms paccMaTpyMBaeMoro npolecca pacyeT Kputepus PeliHonbaca
cneayeT BeCcTu cornacHo gopmyne (2.16) ans MMHMManbHOM CKOPOCTU BCacbiBaHUS B
wenb 18 M/c, MakcMManbHOro anameTpa vyactmubl yrns 50 MKM, Npu CTaHAApPTHbIX
ycnosusix (temnepatypa Bo3gyxa 20°C) v = 15:10

-6

Y]

2

/c: TaknumM 06pa3om KpuTepui

PenHonbaca paseH 60.

Mpn 1<Re<1000 (4TO COOTBETCTBYET MOSYyHYEHHOMY (DaKTUYECKOMY 3HAYEHMUIO
KpuTepus PeliHonbaca) KoaddULUMEHT CONPOTUBNEHUS Cpeapl ONpeaenseTcs CornacHo
dopmyne Knauko (2.17) [118]:

3

24 4

D

C

Re Re

(2.17)

Torpa cuna conpoTtmeneHusa npumet Bug (dbopmyna (2.18)):

2

(o))

ur

(@]

FS
Re Re
(2.18)
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57

KpUBOIMHENHON TPaeKTOPUUN ABUXEHMUS YaCTULbl COOTBETCTBYET Cua
LLeHTPOCTPEMUTENIbHOr0 YcKkopeHus Fu

, KoTopas onpeaensietcs no ¢gopmyne (2.19)

[121]:

2

yT

u

12

mV

F

z

(2.19)

rae My

—Macca yactuubl, Kr;

VT

- TaHreHuMnanbHasi CKOpPoCTb ABMXEHUSA YacTul B cpeae, M/C;

Z — pacCTosiHMe OT YacTuLbl A0 OCK OTCoCa, M.

BennunHa z 9BnsieTCa nepeMeHHOoM: NblJIMHKA HaXOAUTCS KakK Ha Ocu
BO34yX0B0OAQ, TaK U B MPUCTEHHOM csioe. [103ToMy ANns AanbHenwero pacyeta
3Ha4yeHWe z NPUHSTO Kak NMosoBnHa paauyca otcoca R. Toraa cdopmyna (2.19)
npeobpasyeTcs B cneaytowee BolpaxeHue (popmyna (2.20)):

2

yT

u

2

mV

F

R

(2.20)

T.K. cMa CONPOTUBNIEHNS SIBNSIETCA €AUMHCTBEHHbBIM MCTOYHUKOM
LLEHTPOCTPEMUTESIBHOIO YCKOPEHMS YacTuubl, TO 6yaeT BepHO paBeHCTBO (dopmyna
(2.21)):

2

2

p

yT

ur

3

2244

V mV
S

http://susu.antiplagiat.ru/ReportPage.aspx?docld=427.29844176&repN umb= 1&type=3&page=0

AHTUNNarvar

50/112



30.03.2017 AHTUNNarvar

R Re Re

(2.21)

dopMa NbIIMHKK AN PAaCHETOB NMpUHATa chepruyeckon, NosTomy 6yayT BEPHbI
cnenytowme BbipaxeHus (bopmynel (2.22), (2.23)):

2

Yy

Yy

22)

— ~
é.CU)NU)Q.-b

2T O o

(2.23)

rae p

y

- MIOTHOCTb YacTuLbl, Kr/M
3

C yYeTOM BbILLEN3/OXEHHOMO paBeHCTBO (2.21) npumeT Bua dhopmynbl (2.24):
2

322

rp

4yyTy

3

2244

642

vdvd

R Re Re

(2.24)

58

Mocne HebonblwKMX Npeobpa3oBaHMii NoyYeHa 3aBUCMMOCTb TaHreHLUMaIbHON
COCTaBAAKOLWEN CKOPOCTM OT pagunanbHon (dopmyna (2.25)):

r

3

LI

4y

24 4

http://susu.antiplagiat.ru/ReportPage.aspx?docld=427.29844176&repN umb= 1&type=3&page=0 51/112



30.03.2017

8

R

Re Re

Y%

d

(2.25)

Taknm 06pa3omM, TaHreHuManbHas COCTaBASALWAsA CKOPOCTU ABMXKEHNS YacTULibl
B BO34yXOBOAE MpPsiMO NPponopLunoHanbHa paavanbHOW CKOPOCTU, paanycy oTcoca u
06paTHO NponopuMoHanbHa AMaMeTpy ynaBivMBaeMon YacTuLbl.

CpepHsas CKopocTb B oTBepcTum (wenn) Vil

ANsl BbITSDKHOMO BO34yX0BOAA

onpegensetca no gopmyne (2.26) [121]:

a

|

r

2

H,

P
PP

\Y

(2.26)

roe g — koadduumneHT pacxoaa;

Pa

n P - cTaTuyeckoe aaBrieHne COOTBETCTBEHHO BHE M BHYTPU BO34yX0BoAa, Ma.
MpeanonoXxuTenbHO A5 0TCoCa C TaHMeHLUManbHbIM BXOAOM BO34yXa AaHHas
CKOPOCTb MO BenMynmHe byaeT 61M3Ka CO CKOPOCTbO B MPUCTEHHOM C/loe, T.K. Takoe
odopMneHre Bxoaa NO3BOSSET COXPAHUTb CKOPOCTb BCACbiBaHUA B Lefb MO
OOCTUMDXKEHMUIO BO3AYLIHbIM MOTOKOM BHYTPEHHEN CTEHKM BO34yX0BoAa.

Mpw paBHOMEpHOM BpalLeHnn YacTuubl B cpeae hOpMOoi TpaekTopumn ee

SABNAIOTCS OKPY>XXHOCTU. BpalwaTtenbHoe ABmxeHne (pUCyHoK 2.9) xapaktepusyeTcs
OKPY>XHOM 1 yrioBon ckopoctsimu [128]. OkpyxxHas ckopocTtb wO

HanpasfeHa no

KacaTeNlbHOM B KaXXAON TOYKEe TPAaeKTOpuM, YriioBasi CKOPOCTb () paBHa CKOPOCTU

M3MEeHEeHWs yrna Bo BpeMeHu. [pn paccMOTpeHnn ncciegyemoro npouecca BpailleHmns

YacTuLbl B BO34YXOBOAE B KAueCcTBe YI/I0BOW CKOPOCTU BbICTynaeT oceBast
cocrasnstowas Voc

CKOPOCTM, @ B Ka4eCTBe OKPYXXHOW — TaHreHUuManbHas

cocrasnsawowas vVt

59

w

w0
PucyHok 2.9 - BpawarenbHoe ABMXEHME YacTuLbl
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[Mpn paBHOMEPHOM BpaLLEeHNM NPONAEHHbIN MYTb YAaCcTULEN, HAaXO4AWeNncs y

CTeHKM oTcoca, 6yaet paseH (dhopmyna (2.27)):

VT

t = 2nRN, (2.27)

roe t - BpeMs, B Te4eHne KOTOPOro YacTuua AOCTUTHET BHYTPEHHEN CTEHKM 0TCOCa, C;
N - konnyecTBo 060pOTOB BO3AYLLHOMO NOTOKa BHYTPU OTCOCA.

M3 paHHOM bopMynbl Aanee BbipaXXeHOo KOMYecTBo BUTKOB (opmyna (2.28)):

T

2

Vt

N

R

(2.28)

Mony4yeHHOEe BblpaXeHne OnucbiBaeT BpallaTebHoe ABMXEeHWE ANs naeanbHomn
cpeabl, rAe OTCYTCTBYIOT NOTEpU Ha TpeHue. B anccepTtaumoHHoi paboTe cneayeT
YYecTb AaHHble noTepun (BIMSIHWE LLEPOXOBATOCTW), MOAKPENUB TeOPETUYECKNE
paccy>xaeHns nabopaTopHbIMKU UCCIeA0BaHNAMM.

2.4 BbiBOApI

[ns CHMXEeHUs KonnyecTea 0TCacbiBAEMOro Bo3ayxa U COXpaHeHUs

3 deKTMBHOrO TPaHCMOPTMPOBAHMS MblN CAeAyeT NOBLICUTb CKOPOCTb ABUXEHUS
BO3AYLUHOIO NOTOKA BAO/b BHYTPEHHEN CTEHKU BO34AyXOBOAOB, MCMOMb3YyS
3aKpy4YeHHbIl MOTOK BO3Ayxa. MNpeanoxeH BBOA 3anbl/IEHHOr0 BO3A4yXa MO KacaTe/bHOM
K MPOTSHKEHHOMY OTCOCY Yepe3 BXOAHOW KaHasl, pacrnosioXXeHHbIN Mo BCEN ANNHE

60

BCACbIBaKOLLEro yCTponcrBaa.

MpOTS>XEHHbIV BO34YXO0BOA PaBHOMEPHOr0 BCACblBaHWUS C TaHreHLUMalbHbIM

BXOAOM BO34yXa NpeAHasHauveH AN1s yAaneHus 3anbl/IeHHOro Bo3ayxa no Bcew AnnHe
WCTOYHMKA NbinieHns. OdopmneHne Bxoda 0TCcoca NpeasioXXeHHbIM CocoboM no3sonnT
3aKpYyTUTb BO3A4YLHbIV MOTOK A48 NpeayrnpexaeHns OTII0KEHUS NbIIM Ha BHYTPEHHUX
CTeHKax Bo3ayxosoga. OTcoC MOXET 6bITb KOHMYECKOW MW LUMHAPUYECKON (POpPMbI
ncnonHeHus. OH MOXeT 6bITb NCMONb30BaH B 6yHKEPHbIX MOMELLEeHUSX, B KayecTse
COCTaBHOMO YCTPOWCTBa BaroHOOMPOKMAbIBATENS, HA OTKPbITON NoLWanaKe norpy3opasrpy304HOro KoMmneKkca.
MpoBeaeH TeopeTMYeCKknin aHann3 noTepb AaBeHus B otcoce. OHM 3aBUCAT OT
crnocoba odopMneHns LWenun, ee WNpPUHbI, CPEAHNX CKOPOCTEN, CKOPOCTEN BCacbiBaHUA
M B MPUCTEHHOM cnoe. BpaleHune yactmubl 06ycnaBnmMBaeT Hanmume Tpex
COCTaBAAOWMX PAaKTUHECKOM CKOPOCTU: TaHreHUNanbHON, OCEBON U paanasibHOW.
MonyyeHbl UX COOTHOLWEHUS. [JanbHENLW MM 3TanoM CIyXXUT nposBeaeHne
3KCNepUMEHTasbHbIX NCCIENOBaHWNI BblSIBIEHHbIX TEOPETUYECKMX 3aKOHOMEPHOCTEN.
61

3 METOAMKA 3KCMEPUMEHTANIbHBIX WCC/TEAOBAHUI

MPOTAXXEHHOIO OTCOCA C TAHFEHUWMANBbHBIM BXOAOM BO34YXA

3.1 PacueT 06beMoOB acnvpauunm Npu pasrpyske nosysaroHa ¢ KaMeHHbIM yrnem
Moabop acnnpauMoHHON YCTaHOBKMW 4151 MPOBEAEHNS SKCNEPUMEHTOB

OCHOBbIBAeTCA Ha pacyeTe TpebyeMoro Ans yhaneHus 3anblIeHHOro BO34yxa B
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NpPOMbILLIEHHbIX MaclwTabax. PaccMoTpeH cnyyai pasrpysku nosyBaroHa C KaMeHHbIM
yrnem. [1na pacyeToB MCMosb30BaHbl MeToAMYeckme pekomeHgaunm [53],
pa3spaboTaHHble BoO BHUW oxpaHbl Tpyaa B r. EkaTtepuHbypre KonnekTMBoM aBToOpoB
noa pykosoacTtsom Onudepa B.A.

NcxodHble gaHHble Ans pacyeTa:

1. MaccoBbIn pacxog maTepuana, G, Kr/c

CornacHo [56] npoao/mKNTENbHOCTb BblIFPY3KM KAMEHHOr0 yris U3 noslyBaroHa

Ha NoBbIWEHHbIX NyTAX (1 M), acTakagax no MPOHTY Ha OAHY CTOPOHY cocTaBnseT 174
c. CpeaHasa rpy3onoAbeMHOCTb nosyBaroHa cocrasnset 60 T. CnefosaTtesibHO,
MacCoBbIN pacxos MaTepuana coctaBuT 345 kr/c.

2. MNnoTHoOCTb MaTepuana, p

M

, Kr/M

3

MnoTHOCTb KaMeHHoro yrns cocrtasnsier 1260...1350 kr/m

3

[110]. Oanee ans

pacyeTa npmHATO 1305 kr/m

3

3. HacblnHas NNOTHOCTbL MaTepuana, p

M

", Kr/M

3

HacbinHasa nnoTHOCTb kKaMeHHoro yrsa coctaenset 800...1000 kr/m
3

[110].

Danee ana pacyeta npuHaTo 900 kr/m

3

4. BbicOTa NaAeHus matepuana oT pasrpy304HOro oTBepCTus noslyearoHa Ao
AHVLLa 3arpy>aeMoi eMkocTtu, h, M.

62

PaccmoTpeH cnyyan pasrpy3ku nosyBaroHa Ha nowajKy Ha ypoBHE 3eMn
NMyTEeM OTKPbIBaHUS JIIOKOB C MOBbILEHHbIX MyTel BbICOTOM 1 M. PacctosiHMe OT penbca
A0 AHua BaroHa okoso 1,04 M. Taknm o6pa3oM, BblcOoTa NaaeHmns matepuana h
coctauTt 2,04 ™.

5. Pasmepbl pasrpy304HOro OTBEpCTUS: NpU NPSAMOYrO/IbHOM — WWPUHA U ASINHA,
ank,m

CpepHss AnvHa BaroHa K = 15 M. [lna pacyeta NpuHATO, YTO LWMPUHA MOTOKa
pa3rpy>aeMoro Matepuasna Ha BbIXOAE M3 NoJlyBaroHa paBHa BblICOTE OTBEPCTMSA
pa3rpy304HOro ftoKa, KoTopas NpuHsATa paBHon a = 0,4 M.

6. Mnowaab pa3rpy304HOro OTBEPCTUS BEPXHEN eMKocTu, FoTB

, onpegensiemas no

dopmyne (3.1)
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Fots

=Ka,M

2

(3.1)

B kauecTBe pa3rpy304HOro 0TBEPCTUS BbICTyMaeT noJsioca Cbinyyero rpysa npu
pa3rpyske BaroHa.

HadanbHasa ckopocTb MaTepunana VM1

npu 3arpyske eMKOCTW HeNnoCpeaCTBEHHO

yepes pa3rpy304HOe OTBEPCTME onpeaenseTcs cneayrowmnm obpasom (popmyna (3.2)):
M1

(3.2)

Mpn BBegeHnn B hopMyny (3.2) MCXOAHbIX AAHHbIX MOYYEHO:
M1

345

0, 06 (M/ ).

900 150, 4

\Y

CKOpOCTb MaTepmana B KOHUe nageHunsa VM2
paBHa (dopmyna (3.3)):

2

M2 M1

2,VVgh (3.3)

rae g — yckopenue csobogHoro nagenus, 9,81 m/c
2

Ncnonb3ys dopmyny (3.3), nonyyeHo:

2

M2

0,0629,812,046, 33 (m/c).V

CpeaHsas ckopocCTb nageHus matepuana VM
onpeaenseTcs cornacHo gopmyne

(3.4):

VM

=0,7VvM1

+0,3VM2

(3.4)

63

[na nccnegyemoro npouecca nolsieobpasoBaHus cornacHo BbipaxeHuto (3.4)
CpefHssl CKOPOCTb NajeHus MaTepuana paBHa:
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VM

=0,7-0,06+0,3:6,33 = 1,94 (M/c).

Mnowaab nonepeyHOro ceyeHUs NOToka Nnagatowero matepunana Fcrp

npu

NpsiIMOYrosibHOM pasrpy304HOM OTBEPCTUW onpeaensercs no gopmyne (3.5):
Fecrp

= (a+0,013h) (k+0,013h) (3.5)

[ns paccMaTpvBaeMoro nafgeHus yrnas yepes SilokM BaroHOB MJollazb
nonepeyHoOro cevyeHmns noToka naaatowero matepmana no dopmyne (3.5) pasHa:
Fcrp

(0,4+0,013:2,04) (154+0,013:2,04)=6,41 (M

|

YcpeanHeHHast o6beMHasi KOHLeHTpauusa Mmatepmana K onpegensietcs no gopmyrne
(3.6):

Mctp M

100

X OO -

FV

(3.6)

B cnyyae pasrpysku nosyBaroHa C KaMeHHbIM yrnem BennunHa K HaligeHa
cnenyowmm obpasom:

100 345

2,13.

13056,411,94

K

AspoanHaMmyecKkas xapakTepucTnka noToka matepuana S paccuMTbiBaeTcs no
dopmyne (3.7):

S = 0,1MKh

1,75

, (3.7)

roe M - koadduumeHT, yunTbiBaoWwmn GopMy 4acTuL, MaTepuana u onpeaensowmnincs
no [53].

BennumHa M ans kameHHoro yrns pasHa 1,25. Toraa, ucnonesys dopmyny (3.7),
noslyyeHa aspoaMHaMmMyecKas XxapakTepucrnka S:

$=0,11,25-2,13-2,04

1,75

=0,93.

KoaddrumeHT NponopumoHanbHOCTU A MeXAy CKOPOCTbIO YB/IEKaeMoro
(3)KeKTMpyemMoro) Boszyxa U CKOPOCTbIO MaTepuana onpeaensiercs 13 cieayoLero
ypaBHeHus (dbopmyna (3.8)):

22
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2 M2 M1
2

M
A12A10.
W

sv

(3.8)

64

Mpu BBEAEHUM B BblipaxkeHue (3.8) NonyyeHHbIX 3HaUYeHU nepeMeHHbIX

nony4yeHo:
22
2
2
6,330, 06
A12A10.
0,931, 94

KOpHW AaHHOro ypaBHeHus paBHbl MUHYC 0,42 1 0,23. Ana ganbHenwmnx

pacyeToB NPUHAT KO3 duuUMEHT nponopumnoHansHoctn 0,23,
CKOPOCTb 3XeKTupyemoro sosayxa V2

onpegensietcst no dopmyne (3.9):

V2

= AVM2

.(3.9)

CornacHo dopmyn@ € (3.9) ckopoctb V2

COCTaBWUT:

V2

=0,23:6,33 = 1,46 (M/c).

Ob6beMm Bo3ayxa L

A

, KOTOpbI HEO6X0AMMO yAanMTb CUCTEMOW acnupauum,
onpegensetcsa kak (popmyna 3.10):

XK
+ L

M

,(3.10)

roe L

XK

— 06bEM 3)KEKTMPYEMOro Bo3ayxa, M
3

/4;

L

M
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- 06beM BO3ayxa, KOTOPbIV BbITECHAETCS 3arpy>aeMbiM MaTepuasnom, M
3

/M.

Ob6a o6bema Bo3ayxa onpeaenstoTcs no gopmynam (3.11) n (3.12):
L

3%

= 4250V2Fctp

,(3.11)

M

M

3600

p
G

L (3.12)

Micnonb3ys 3anMcaHHble Bbllle BblpaXeHns, coctaBasiowme obbemMa Bo3ayxa,
KOTOpbIY HEO6X0AMMO yAanMTb CUCTEMOWN acnmpaunmn, paBHbl:

L

3K

= 4250-1,46:6,41 = 39774,1 (m

3

/4),

3

M

3600 345

951, 7 (M /4).

1305

L

TakuM 06bpa3oM, 06beMHbIN pacxos 3arps3HEHHOro Bo3ayxa Npu pasrpyske
BaroHa C KaMeHHbIM yrnem no dopmyne (3.10) cocrasuT:

L

A

= 39774,1 + 951,7 = 40725,8 (M

3

/4).

Mony4yeHHbIN 06bEMHbIV pacxoa Bo3ayxa UCNonb3yeTcs Ans pa3paboTku
NabopaTopHOro aspoaMHaMUYEcKoro cTeHaa, AMHaMUYeCcKn N reoMeTpuyeckn
noaobHOro NpoTsHXKEHHOMY OTCOCY B MPOM3BOACTBEHHOW acNMpaLMOHHON CUCTEME.
65

Ycnosue nopobus HeobxoanMMO A/ CONMOCTaBAEHUS MOJTyYEHHbIX 3KCNepUMeHTanbHbIX
3aKOHOMEPHOCTEN C 3KCrJlyaTaumen B peasbHbIX YCI0BUSAX.

3.2 A3poanMHaMMyecKnin CTeHA ANs UCCeaoBaHNA NPOTSXXEHHOro oTcoca ¢
TaHreHunanbHbIM BXOAOM BO34yXa

AnpobaLms BblISIBNEHHbIX TEOPETUYECKMX 3aKOHOMEPHOCTEN OCYLLECTB/IEHa Ha
a3poAMHaMMYEcKOM CTeHae. DKCrepuMeHTanbHbI 0bpaseyl npeacraBnsgeT cobom
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MoAeNb NPOTSHXKEHHOMO 0TCOCa FEOMETPUYECKN U ANHAMUYECKM NOA0BHOr0 YCTPONCTBY
B YCNOBUAX NPOU3BOACTBA. Llenbtlo npoBeaeHnsa nccnenoBaHuii sBnsieTcs paspabotka
ONTMManbHON (hOPMbI MPOTSXKEHHOro O0TCoca (BcachbiBalOLLEro YCTPOUCTBA) C
TaHreHunanbHbIM BXOAOM BO3AyXa. 3ajavyamMu NabopaTopHbIX UCMbITAHUIA SABASIOTCA:
1. OnpepeneHune ko3 dULNEHTA CONPOTUBIEHNS MPOTSHKEHHOro 0TCOCa B
3aBMCMMOCTM OT pacxoAa Bo3zyXa B OTCOCE, MJoWaan BXOAHON Wenn, OTHOCUTENbHOWM
ANVHBI oTcoca.

2. OnpeaeneHne CTeneHun 3akpyunBaHUsa NOToKa BO34yXa BHYTPU BO34yXOBOAOB
acnupaumMoHHOM CUCTEMBI.

3. OnpegeneHne xapaktepa pacrnpeaeneHus ckopocTen Bo3ayxa B MPOTSHEHHOM
0TCOCe, NpefoTBpaLLAlLWLNX OCaXAEHME MbI/IM Ha CTEHKax oTcoca.

4. OnpepeneHne paBHOMEPHOCTM BCACbliBaHUS BO3Ayxa MO A/IMHE NPOTSXKEHHOro
oTcoca.

5. NccnepoBaHune dakena BcacbiBaHMS BCaCbIBalOLWEro yCTpoOnCTBa.

NabopaTopHble ncnbiTaHus NpoBeaeHbl B cooTBeTcTBMM € [30, 133]

O6bEKTOM UCMbITaHWI ABNSIETCA NPOTSXKEHHbIN L EeNeBo 0TCOC

LNIMHAPNYECKON DOpMbl C TAHFeHUManbHbIM BXOAOM BO34yXa (pucyHok 3.1).

66

QO = =

b

1-1

PrcyHok 3.1 - MNpoTSXXeHHbIN WeneBon 0TCOC LMAMHAPUYECKON GOpPMbI C
TaHreHunanbHbIM BXOAOM BO34yXa

NabopaTopHas ycTaHoBKa (PUCYHOK 3.2) COCTOMT U3 C/IeAyoLWmnx y3noB: Moaesb
NPOTSXXEHHOro 0TCoca, NepPexoAHON BO3AYyX0BOA, KaMepa CTaTUYECKOro AaB/eHNS,
KOJINIEKTOP, COeANHUTENbHbIV BO34YXOBOA, paAvanbHbin BeHTunaTtop BP-300-45-2,5
(3,0 kBT, 3000 o6opoTos/MuH). LLUnbepom perynmpyetcs pacxos Bo34yXa B CaMow
cucteme. abapuTHble pa3mepbl MOAeNnV NpeacTaBneHbl Ha pucyHke 3.3.

DO NUThA, WN -

AP

PucyHok 3.2 - Cxema nabopaTopHOl yCTaHOBKWN: 1 — MPOTSXEHHbIN OTCOC; 2 -
nepexoAHOW BO34yX0BOA; 3 — Kamepa AaBfeHuns; 4 — MMKPOMaHOMETP; 5 — KOAIeKTop;
6 - coeaMHUTENbHbIN BO3ayxoBog; 7 — wubep; 8 — BEHTUNATOP

67

100
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950 500 800 675

100

200

150

500

50

3725

135

PucyHok 3.3 - JInHelHble pa3Mepbl 3KCNepUMEHTaIbHON yCTaHOBKMU

Mpu ncnbITaHMAX 3aperncTpupoBaHbl cieaylowme napameTpsbl:

a) TemnepaTypa 1 AaBrieHue Bo3ayxa B 1abopaTOpHOM NoMeLLeHnn

6) NpucTeHHasa n oceBasi CKOPOCTU B MOMEPEYHbIX CEYEHUSAX MPOTSHHKEHHOIO
0TCOCa M NepexoaHOoro BO34yX0BoAA;

B) CKOPOCTM BCacbiBaHMS B NaTpyboK BcacbiBalLero yCTponcTea;

r) AMHaMMyecKoe 1 cTaTuyeckoe AaBfeHNs B UCCNeAYEMbIX MOMepeyHbIX
CeyeHn X BO34yXOBOAOB.

[Onsa namepeHns TemnepaTypbl Bo3ayxa B 1abopaTopHOM noMeLeHnm

MCMNO/b30BaH CTEKNSAHHbIN PTYTHbIN TepMoMeTp TJ1-4 C NOrpewwHOoCTbO0 N3MepPeHUs
+0,2

o)

C B anana3soHe TemnepaTtyp 0...55

o)

C[126].

N3mepeHne gaBneHus Bo3gyxa Npu NpoBeAEHUN SKCMEPUMEHTOB OCYLLECTB/IEHO
6apomeTpoM-aHepomaoM MeTeoposiornyeckum BAMM-1 ¢ norpeLwwHoCcTb0 n3MepeHmus
+1,5 MM pT. cT. ¢ npeaenom usmepeHunii 600...800 MM pT. cT. [18]

[ns n3mMepeHuns CKopocTen B 0TCOCe MCMOJIb30BaH TepMoaHeMomeTp TTM-2 ¢
npenenom nsmepenunii 0,1-30 M/c M NOrpewHOCTbIO B AnarnasoHe CKopocTen
+(0,05+0,05V), M/c, rae V - namepeHHast ckopoctb, M/c [96].

OnHaMnyeckoe 1 craTuyeckoe AaBneHus onpeaenieHbl C MOMOLLbIO
NMHEBMOMETPUYECKMX TPYBOK, COEAMHEHHbIX PE3MHOBbLIMU LUI@aHraMu C

68

MWKPOMaHOMETPOM MHOronpeaesbHbIM C HaKNoHHON Tpybkoh MMH (pucyHok 3.4)
(knacc TouHoctu 1,0), npeaensl namepeHnii wkanbl 0-2400 Ma [55].

PucyHok 3.4 - MnkpoMaHOMeTp MHOronpeaesnbHbl C HAaKIIOHHOWM

Tpybkon MMH

Konn4yectBo MepHbIX CEYEHUN AN UCCIeA0BaHUSA ANHAMUYECKNX U CTaTUYECKUX
OaBNEHW, @ TaKXe CKOPOCTel B acCnMpaLMoOHHON CMCTeMe creaylolmne: NaTb — B
NPOTSXKEHHOM OTCOCE M YeTblpe — B NepexoiHOM BO34yXoBoae. MecTtopacnonoxeHune
yKa3saHHbIX CEYeHM OTMeYeHOo Ha pucyHke 3.5. KonmuecTBo nsamepeHnin B Kaxxaomn
TOYKe He MeHee Tpex. KoopanHaTbl To4eK U3MepeHuin AaBneHnin u cpefiHeln CKopocTu
npeacTaB/fieHbl HA pUCYHKe 3.6.

1020

1170
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1310

1450

450

50

230

680

950

PucyHok 3.5 — PacnonoxeHune nonepeyHbiX ceYeHUn ANst U3MepeHns AMHaMNYecKkoro
[aBNEeHNS U pa3nNyHbIX BUAOB CKOPOCTEN

69

d

5

PucyHok 3.6 — KoopanHaTbl TOYEK U3MepeHUs AaBNeHUIn N CKOPOCTEN B MEPHbIX
CceyeHuMsIX BO34yX0BOAa SKCNepUMeHTalbHON yCTaHOBKM

[Janee B kayecTBe eAMHULbI U3MEPEHUS ANMMHbI UCMONb3YETCS OTHOCUTENbHAs
BE/MYNHA, XapaKTepu3syloLlas AMHY Mo OTHOLEHMIO K AnaMeTpy BO34yXOBoAa 3a
otcocom d. PacctosiHus (B avameTpax d) MEpHbIX CeYeHUI OT TopLa BCacblBaloLWero
yCTpoicTBa npeacrasneHbl B Tabnvue 3.1. B sKkCnepyMeHTanbHON yCTaHOBKE A/IMHA
BXOAHOro KaHana paBHa 9d, NpoTSXXEHHOCTb BO3A4yX0BOAA Cpa3y 3a BCacCblBaloLWMM
YCTPOMCTBOM paBHa NsATW ero AnamMeTpam.

Tabnmua 3.1 - PaccTosHne MepHbIX Ce4YeHUI OT TopLa oTcoca

MPOTSHKEHHbIN OTCOC MEPEXOAHON BO34YyX0BOZ,

0,5d2,3d4,5d6,8d9,5d10,2d 11,7d 13,1d 14,5d

[ns aHanu3a ABMXEHWS 3aKpyYeHHOro noTtoka uccnefoBaHbl criegyolme

crnocobbl 0popMAEHNS BXOAHOMO KaHasna: npu NOCTOSSHHOW LUMPUHE BXOAHON Wwenu ¢
U3MEHEHMEM [J/IMHbI U CyXXMBAKOLLMMCA MO Hanpas/eHUIO K NepexoAHOMy BO34yX0BOAY
(pncyHok 3.7). B nocnegHeM ciydyae BXOAHOW KaHan MMeeT B niaHe hopmy
NpsIMOYroJslbHOM Tpaneummn ¢ COOTHOLWeHeM ocHoBaHun 1:3, 1:4,1:5, 1:6, 1:7, 1:8.
Pa3mepb! LW eneBoro oTBepCTUSA yKasaHbl B 4ONSX AMaMeTpa Bo3AyxoBoaa. Mpu
TpaneuneBnaHON GopMe L eneBoro 0TBEpCTUS HEM3MEHHA CTOPOHa Lenu,
pacnonoXxeHHas 6nunxe kK BeHTUNATopy. OHa coctasnseT 0,03d. CtopoHa BXOAHOro
KaHana, HaxoAasLascs B TopLe NpOTsHKEHHOro 0TCoca, U3MeHANacb Npu NposeaeHnn
Cepui 3KCNEepUMEHTOB.

70

d

0,1d...0,25d 0,09d...0,24d

0,03d

a)

6)

d

PucyHok 3.7 - Pa3mepbl 1 opMa LweneBoro 0TBEpCTUS NPOTSXKEHHOro 0Tcoca C
TaHreHuMnanbHbIM BXOAOM BO3lyXa: @ — MOCTOsSIHHas Wwesb; 6 — cy>XxuBarowasncs LWenb
Ha ocHoBe npoBeAeHHbIX TEOPETUYECKMX UCCIEeA0BaHMIM onpeaenieHbl OCHOBHbIE
napameTpbl AN N3yYeHWs BCacbiBaOLWero yCTPONCTBA C TaHreHuMaibHbIM BXOAOM
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Bo3ayxa. [lanee onucaHbl METOANKWN MPOBEAEHNS CEPUIA SKCMEPUMEHTOB.
WccnepoBaHne napaMeTpoB BO3AYLWHOMO NOTOKA NO3BO/UT ONpeaennTb ero
YCTOMYMBOCTb COXPAHEHUS BpaLLaTeIbHOrO ABMXXEHMUS NO A/IMHE acnUpaUnOHHON
CUCTEMBI.

3.3 MeToaunka onpeaeneHnsa koadbduLumeHTa MECTHOTO CONMPOTUBIEHNS
NPOTSXKEHHOrO 0TCOCA

0606LeHHOe ypaBHEHME NPOLECCOB ANsi peLleHunsl MOoCTaBIeHHON 3a4a4um
BbIFrNSAMT cneaytowmnm obpasom (dbopmyna (3.12)):

71

BX

BX

o)

2550,

F bl

Eu f Re

dFd

(3.12)

roe ¢

BX

- KO3 DULMEHT MECTHOrO COMPOTUBEHNS BXOAA B MPOTSXEHHbIN OTCOC;
Ev - kpuTepuii diinepa, xapakTepusyowmnii NoTepn AaBNeHNS Ha yyacTKe;
Re - kpuTepuit PeiHonNbACa, paCCUMTaAHHbIN ANS CeYeHMsl, pacrnooXXEeHHOro
HenocpeACTBEHHO 3a BCACbIBalOWMM YCTPONCTBOM;

FBX

- naowaab BXOAHOr0 OTBEPCTUSA B OTCOC, M

2

'

Fo

- naowaab NornepeyHoro ceyeHmsl BO34AyX0BOAA Ha BbIXOAE U3 MPOTSHKEHHOIO
oTcoca, M

2

v

| — paccTosiHMe OT LeHTpa BcacbiBatloLWwen wenm Ao NonepeyHoro ceyeHus
BO3/yXOBOZa Ha BbIX0AE M3 MPOTSXKEHHOr0 0TCOCa, M;

d - AvamMeTp NpOTAXKEHHOro 0Tcoca, M;

b - wunprHa BcacbiBatoLWwen Wenm NpoTsSXXEeHHOro oTcoca, M.

KpuTtepuit ditnepa npsimo NponopumoHaneH NosHOMY AAaBEHUIO Ha yyacTke
nocne BcacblBaloLLero otcoca p

n

1 obpaTHO npornopunoHaneH cpeaHer cKopocTu B

cucreme (popmyna (3.13)):

n

2

cp
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p
Eu

\Y

(3.13)

JanbHelwmne nccneaoBaHus No MeToay MHoroakTopHOro aHanmsa [136]
npoBeAeHbl Ha OCHOBE ypaBHEHWS, MPeACTaBNeHHOro B BUAe 3asnucumoctu (popmyna
(3.14)):

BX

BXx1234

o

0).

F bl

fRefff

dFd

(3.14)

[aHHbIV aHanu3 noapasyMeBaeT NocieaoBaTeslbHOe U3yYeHne BANSHUS

aKTopoB, YKa3aHHbIX B Ka4yecTBe nepemMeHHbIX B PyHKUMAX. Mocne onpeneneHns
3aBMCMMOCTU KO3 DMLMEHTa MECTHOIO COMPOTUBIIEHUS NMPOTAXKEHHOMO OTCOCa OT
nepBoW cocTasnsowen (Kputepus PeiHONbACa) MCCNenyeTCs yXe OTHOWeHne ¢

BX

K Re

B 3aBMCMMOCTM OT C/lieaytowiero MHoxuTens b/d v Tak ganee.

72

3.4 MeToamka onpefeneHns CTeneHn 3akpyunBaHms NoToka Bo3ayxa BHYTpPU
BO3/YyXOBOJOB acnvpaLOHHON CUCTEMbI

CreneHb 3aKpy4MBaHUs NOTOKa ONpeaenseTcs NcciefoBaHMEM Mo CKOpocTei
BAO/b BHYTPEHHEN CTEHKU MPOTSXKEHHOr0 0TCOCa W NEePexoAHOro BO34yX0BoAa.
BpallieHne 3aTUXHET B TOM C/lydae, Koraa CKOPOCTb B MPUCTEHHOM c/oe ByaeT paBHa
WM HUXKE CpefHel CKOPOCTU MOTOoKa BO34yXa B acMMpaLMoHHON cucreme.
WcecnepoeaHo BcackbiBatoLwee yCTPONCTBO C MOCTOSSHHOW LUMPUHOW BXOAHON LWenn C
NU3MEHEHMEM ee [/INHbI N Cy>KaloLencs No HarnpaBieHNI0 K NePeEXOAHOMY BO34yX0BOAY
wenbio.

3amMepbl AMHaMMYeCcKoro AaBfieHNS NPOBEAEHbl MO YeTbIpeEM HanpaBieHUsM
KaXxJoro paccMaTpuMBaeMoOro ce4YeHus B MPUCTEHHOM C/l0e BO34yXOBOAA B
COOTBETCTBMW C pucyHKoM 3.6. CornacHo ¢gopmyne (3.15) onpeaeneHbl cCKopocTu B
KaXXA0M HanpaBfieHUN N CeYEeHUN BO3AYyXOBOAOB.

AnH

2

p
i
]

i
p
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, (3.15)

roe

j

i

V — CKOpPOCTb B i-TOM C€YEeHMM B j-TOM HamnpaBneHuu, mM/c;

OVIH

j

i

p

- AVHaMU4ecKoe JaB/ieHune B i-TOM CevyeHun B j-TOM HanpasneHuu, Ma.

MocTpoeHune rpacdmKoB pacnpeaesieHnst CKOpoCcTel No ANMHE YCTaHOBKM Ha
OCHOBaHWW NONTYYEHHbIX AaHHbIX AJ151 CY>KaloLLEerocst U NOCTOSAHHOM WWPUHbI BXOAHOIO
KaHana No3BosnT onpeaenuTb Hanbonee yaayHbll BapuaHT MCMOSIHEHUS NMPOTAXEHHOro0
oTcoca.

73

3.5 MeToaunka onpeneneHns xapakTepa pacnpeaeneHunsi CKOpocTein Bo3ayxa B
NPOTSXKEHHOM OTCOCE, NPeAOTBPaLLAOLLMX OCAXKAEHME MblIYM Ha CTEHKax O0Tcoca

[ns obecnedeHuns ycrorumsor paboTbl acCMMpaUnMOHHON CUCTEMbI HEO6X0ANMO
MUHWUMN3MPOBATb HAKOMMEHWNE NbIIN Ha BHYTPEHHUX CTeHKaX BO34yX0BOAOB. [pun
TaHreHunanbHOM 0pOpPMIEHMN e BO BCacbiBaloLLEM YCTPOMCTBE CO3AaeTCs
3aKpy4YeHHbI MOTOK Bo3Ayxa, 6bnarogaps KOTOPOMY YacTuLbl Mblav 0TOpacbiBalTCs K
CTeHKaM Kopnyca otcoca. [MpeobnagaHne TaHreHuManbHOM COCTaBAOLLEN CKOPOCTH
BO3A4yXa HaZ OCeBOW MO3BOMNT 06ecneynTb TPaHCnopTUpoBaHUeE Nbln K
neineynosutento. insa noarsepxaeHns addekTMBHOCTM paboTbl NpeanaraemMoro
ycTpoicTBa Heo6xoAMMO NccneaoBaTh pacnpefeneHne CKOpoCcTU Ha AHe
BCaCbIBaKOLLEr0 YCTPONCTBA.

MccnenoBaH NpoOTSXKEHHbIM OTCOC C MOCTOSAHHOM LWMPUHOW BXOAHOW LUENn C
N3MEHEHWEM ee [/INHbI N Cy>KatoLencss Mo HarnpaBeHNIO K NEPEXOAHOMY BO34yX0BOAY
wenbto. M3mMepeHne AMHaMNUYeCcKoro AaBfieHNs NpPoBeAeHO Ha PacCToOAHUKU 5 MM OT
BHYTPEHHEN CTEHKWN BO3A4YyXOBOAOB, KaK B MecTe C Haubonee BO3MOXHbIM OT/IOXKEHUEM
NblAn. 3amMepbl AMHAMWUYECKOro AaBieHNsl NPOBEeAEHbl B HUXHEN YacTu Kaxaoro
MepHoro ceyeHus. Mo dopmyne (3.15) onpeaeneHbl CKOPOCTM B MPUCTEHHbIX CNOSX
0TCOCa U NepexoAHOro BO3AyxXoBoa.

MocTpoeHune rpadnKoB pacnpeaesieHns CKOPOCTEN B HUXHEN YacTn

BCACbIBaOLLLEro yCTPOMCTBa N NepexofHOro BO34yX0BOAa Ha OCHOBaHWM MOSTyYEeHHbIX
AaHHbIX MO3BOMIMT OnpeaenuTb Hanbonee yaauHbli BapuaHT UCNONHEHUSA
NPOTSXKEHHOr0 0TCOCA, KOTOPbIM NOABEPrHETCS JaNlbHENLEMY U3yYEeHUMI0 B BONpoce
NPOTSXKEHHOCTU COXPaHEHMS! 3aKPyYEHHOr0 NOTOKa BHYTPU NepexoaHOoro
BO3yXOBOJa. YBeNM4eHa A/iMHa rnepexoaHoro Bo3Ayxosoa A0 15 anaMeTpos u
NPOAOIKEHbI NCCeaoBaHMS NMPUCTEHHOW CKOPOCTU Ha AHE NepexoAHOro BO34yX0BoAa.
N3meHmBLWMecA rabapnTbl nabopaTOpHON YCTaHOBKM M pacrofioXXeHne nonepeyHbix
74

CevyeHUn ans NpoBeaeHMNs N3MEPEHMIA CKOPOCTEN ABMXXEHMS NOTOKa NpeacTaB/ieHbl Ha
pucyHke 3.8 u Tabnuue 3.2 COOTBETCTBEHHO.
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PucyHok 3.8 - JIuHelHble pa3Mepbl 3KCNEepPUMEHTaIbHON YCTaHOBKM A1 U3YYeHUS
NPOTSXKEHHOCTM COXPAHEHWNS 3aKPYYEHHOr0 NOTOKA BHYTPU NepexofHOoro BO34yXosoaa
Tabnnua 3.2 - PaccTosHUe MepHbIX CeYEeHUI OT TopLa OTcoca ANs U3ydeHus
MPOTSXKEHHOCTM COXPAHEHWUS 3aKPy4YEeHHOro NOTOKa BHYTPU NepexogHOoro Bo34yXoBoja
NPOTSXKEHHbI OTCOC MEPEXOAHON BO3AYXO0BOA

0,5d 2,3d 4,5d 6,8d 9,5d 10,2d 11,7d 13,1d 14,5d 15,6d 17d 18d 19d 20d 21d 22d 23d 24,3d
WccneposaHne paccTosHUS OT Topua NPOTSXEHHOro oTcoca A0 CeYEHUS

nepexoAHOro BO3AyX0BOAa, rAe BpalleHue BO3AYLHOro noToka 3aTUXHET, MO3BONT He
TONbKO NOATBEPANTbL 3DMPEKTUBHOCTb MPOTAXKEHHOIO OTCOCA C TAHIEHLUNANbHbIM
BXOJOM BO34yXa NpW CO34aHMKN 3aKPyHYEHHOro NoToka BO3A4yXa, HO U ONpeaennTb
MEeCTO pacrnonoxeHus Hanbonee WyMHOro y3na acnmpauMoHHONW CUCTEMbI —
BEHTUNATOPA — OTHOCUTENBbHO paboyeli 30Hbl BbIMOHEHMS Pa3rpy304UHbIX Onepauuii.
75

3.6 MeToamka onpegeneHns paBHOMEPHOCTM BCacbiBaHMS BO3AyXa Mo AnnHe
NMpPOTSHKEHHOro0 0TCOCa

PaBHOMEpPHOCTb BCaCblBaHWSA BO34yXa NO AJIMHE NPOTSXXEHHOro 0Tcoca uMeet

MEeCTO Mpuv NIMHENHOIM 3aBUCMMOCTM COOTHOLUEHMSI pacxoda BO34yxa U A/IMHbI
paccMaTpvMBaeMoro y4yacrka no AiMHe BXOAHOro kaHana. CornacHo [121] paBHomepHoe
BCacCblBaHMe BO3AyXa MOXHO OCYLLECTBUTb UBMEHEHWNEM LUMPUHON BXOAHOW Lienu no
O/IMHe BcacblBalLWero ycrporcrea. TpaneunesnagHas ¢gopma wenv no3soamTt
BbIMO/IHUTb yKa3aHHoe ycnosue. Pacxos Bosayxa L

yui

Ha paccMaTpuBaeMOM y4yacTke

BXOAHOro KaHana onpegensiercsa no gopmyne (3.16):

y4 OTB OTB

’

iii

LFV(3.16)

rae Forsi

- naowagp i-Toro yyacrka BXOAHOro KaHasna npoTsXXEHHOro oTcoca, M

2

H

VoTBi

— CKOpOCTb BCacblBaHMSA BO34yXa Ha i-TOM y4yacTKe BXOAHOro KaHana

NPOTSHXKEHHOro 0TCcoca, M/C.

Onpepenvs Hanbonee yaaYHbli BApMaHT UCMONIHEHNSA CYXUBaOLWENCs Wwenm
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BXOAHOI0 KaHana BcacblBakLero ycTponcrea npyu MUHUMasnbHbIX U3MEHEHUSIX
CKOPOCTM B MPUCTEHHOM C/I0€ MPOTSHXKEHHOro 0TCoCa, NPoOBEAEHO UcCiefoBaHMe
CKOPOCTEN BCacbiBaHMSA Ha y4YacTKax BXOAHOro OTBEPCTUS Yepe3 paBHbIe MPOMEXYTKMU
(cM. pucyHok 3.9).

0,75d

2,25d

3,75d

4,25d

5,75d

7,25d

PucyHok 3.9 - Pa3melleHne y4yacTKOB BXOAHOMO OTBEPCTUS ANt U3MepeHUs
CKOpOCTEN BCacbiBaHUSA

76

PaBHOMEpPHOCTb BCacbiBaHWA MOATBEPANTCA Npu 6M3KMX pacxodax BO3dyXa Ha
paccMaTpuBaeMblX O0Tpe3kax BXOAHOro oTBepcTusi. B Topue oTcoca npu HanbonbLien
naowaan y4yacrka Lienn CKOpoCTb AO/MKHA 6blTb HauMeHbLUEen Mo NpuynHe
yAANEHHOCTM OT nobyauTtens Taru. M, Hao060poT, Ha OTpe3Ke LW esn, PacnonNoXeHHOMN
6nmxe K BEHTUIATOPY, CKOPOCTb BCAacbiBaHUS 6yaeT MakCMManbHOM Npy MUHUMabHOM
njowaan BcacblBaKLEro yyacrka.

3.7 MeToaunka nccneaoBaHns akena BcacbiBaHMS NMPOTSXXEHHOr0 0Tcoca C
TaHreHunanbHbIM BXOAOM BO34yXa

B npoLecce BcacbiBaHUA noaTekaHne BO34yXa K BXOAHOMY KaHany

NPOTSXKEHHOrO 0TCOCa MPOMCXOAUT CO BCEX CTOPOH. TOT npouecc n3obpaxaeTcs B
Buae akena BcacbiBaHUs € 0TObpaxxeHneM pacrnpeaeneHns ognHaKoBbIX CKOPOCTeN
OBWXEHUS B BUAE CEMENCTBa KpUBbIX (PUCYHOK 1.26). JInHMN, nepneHanKynspHble
KPVBbIM PaBHbIX CKOPOCTEN, YKa3blBalOT HanpaBieHe ABUXEHMS NMOTOoKa Bo3ayxa K
BXOAHOMY OTBEPCTUIO.

B uensx nsyyeHuns 3akoHoMepHoCTel hopMMpoBaHUSs BcacbiBatowero gakena
nceneayemMoro NpoTsXKEHHOro 0TCOCa NpoBeAeHbl U3MEPEHUS CKOPOCTel ABUXKEHUS
BO3J4yXa Ha pas3/IM4YHOM PacCTOAHUM OT BXOAHOro KaHana. AHeMoMeTp 3adnKcMpoBaH
Ha WTaTMBe Ha TpebyeMon BbICOTE U pacCTOSSHUM OTHOCUTENbHO OCYM BXOAHOMO KaHana
BCaCbIBaoLLLEro YCTPOMCTBa. 3a Hayano KOOpANHAT NPUHST LEHTP BCacbiBatoLWero
OTBEPCTUS NPOTSHKEHHOrO 0TCOCA. 3aMepbl CKOPOCTU BO3AyXa BbIMOMHANCH B
UKCMPOBaHHbIX KOHTPO/IbHbIX TOYKaX MO FOpU3oHTann n BepTukanun. Cxema
pasMeLLeHnst TOYEK N3MEpPEHUS CKOPOCTEN ABUXEHUS BO34yXa B BEPTMKaIbHOM
ceyeHUn NpeacTaBrieHa Ha pucyHke 3.10, Ha KOTOPOM BeMYMHA X — PacCTOsiIHME TOUKMU
n3MepeHmns OT NJIOCKOCTU BCacbiBaHMs.

77

02,557,5x/b

0

2,5

5

7,5

x/b

-2,5
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-5
-7,5
PrucyHok 3.10 — Cxema pa3MelleHns ToYeK 3aMepoB CKOPOCTEN ABUXEHUS
BO34yxa B6/1M3M BCacbliBaloLWEro 0TBEPCTUSA B BEPTMKANIbHOM CeYeHnn
Mone ckopocTel BcacbiBaHMs ByaeT NonyyeHo Npyu coeanHeHNN NNaBHbIMU
KPUBbIMW TOYEK C OAMHAKOBbIMU 3HAYEHUSIMU CKOPOCTEN ABMXXEHUS Bo3ayxa. Gaken
BCaCbIBaHMWS NO3BOJISIET ONpeaAe/MTb MeCTO pa3MeLLeHMs BbITSXXHOMO BO34yxXoBoJa ANs
3 PEeKTMBHOro yaaneHuns 3anblJIEHHOro Bo3ayxa n3 pabouen 3oHbl. Yem bamxe
yCT@HOBJIEH MPOTSHKEHHbIN OTCOC K UCTOYHWUKY MblneobpasoBaHus, TeM addekTnBHee
6yaeT paboTaTb 0TCOC, 6onblUEe KOMYECTBO NbiiM 6yaeT yaaneHo CMCTeMoin
acnupaumu.
3.8 BbiBOARI
Pa3spaboTaHHas MeToanKka sKCrnepuMeHTalbHbIX NCCNeA0BaHWU M NPOTSXKEHHOo
0TCOCa UMNMHAPUYECKON (hOpMbl MO3BOMIA NCCIIEA0BATb XapaKTEPUCTUKMU
78
BO3AYLUHOro NOTOKa BHYTPM BO34yXOBOZOB M CHapY>XW BCacblBaloLLero ycrponcraa
npy N3MEHEeHMAX pacxoaa Bo3ayxa B 1abopaTOpHON yCTaHOBKE M 0OpMIEeHNs
BXOAHOro KaHana.
WceneposaHbl ABa cnocoba opopMIeHMs LWenesBoro 0TBepCTUs BXOAHOINo KaHana
NPOTSXKEHHOr0 OTCOCA: MOCTOSHHASA LWMPUHA LEeN N CYXXUBAKLWANACS LWesb No
HanpaBieHWNI0 K NepexofHOMy BO34yxoBoay. [1oaroToBneHHas MeToamka ClnyXuT
onopov Ana pa3paboTky METOAMKM pacyeTa CMCTEeMbl acnuMpaumn C UCNonb30BaHNeM
NPOTSXKEHHOr0 0TCOCa C TaHFeHLUMaNbHbIM BXOAOM BO34yXa.
3KCcrepuMeHTanbHble NccnefoBaHWs NPOBOANINCL B COOTBETCTBUM C
CyLLecTBYOLWNMN TpeboBaHNAMM NabopaToOpHbIX NCMBITAHMIA acnUpaunoHHbIX
YyCTaHOBOK, 4TO obecrneynno AOCTOBEPHOCTb NMPOBEAEHHbIX OMbITOB.
79
4 PE3YNIbTATbl 3KCMNEPUMEHTANbHbIX WCCEQOBAHUIA
MPOTAXXEHHOMO OTCOCA C TAHTEHUMAJTIbHBIM BXO4OM BO34YXA
4.1 CreneHb 3aKpy4YnmBaHMs MOTOKa BO3A4yXa BHYTPU BO34yXOBoAa
CreneHb 3aKpy4MBaHUWs BO3AYLIHOrO NOTOKa onpeaeneHa nccneaoBaHMeM nons
CKOPOCTEN ero ABUXXEHUS B MPUCTEHHOM C/I0e BO34YyX0BOAA, Kak B MecTe ¢ Hanbonee
BO3M@ @>XHbIM OT/IOKEHMEM MbINN. BpalleHne 3aTUXHET B TOM C/lyyae, Korja CKOpOCTb
B6/M3M BHYTpPEHHEN CTEHKN BO34yX0BoAa byaeT paBHa CcpeAHelr CKOPOCTU MOTOKa
BO34yXa B MepexoAHOM BO34yXOBOAE 3a MPOTSIXEHHbIM OTCOCOM.
McecnepoBaHbl CKOPOCTM B MOMEPEYHbIX CEYEHUAX MPOTSXKEHHOrO 0TCOCa U
nepexoaHOro BO34yX0BOAA, pa3MeLLeHHbIX COrnacHo pucyHky 3.5. CpeagHsasi ckopocTb
3a BCacblBaOLWLKUM yCTpolicTBOM Vep
onpeaeneHa no dopmyne (4.1).
cp
/(3600 ),VLF(4.1)
roe L - pacxoa Bo3ayxa B cucteme, M
3
/4;

F - nnowaab nonepeyHoro cedyeHUs BO3A4yXOBOAa Ha BbliXOAE M3 BCACblBaloLEro
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BO34yX0BOAa, M
2

BpalyeHune BO34yLWHOro NOTOKa BHYTPU BCacCbiBalOLEro yCcTponcrea u
NPOTSXKEHHOrO BO3lyX0OBOAA ONpeseNieHo Npu pasIMYyHOM WNPUHE MPSAMOYroSibHOM
Lenu 1 Npu cy>arLemMcsi BXOAHOM KaHane. Ha pucyHkax 4.1-4.2 npeacraBneHbl
M3MEHEHWNSI MaKCMManbHON NPUCTEHHOM CKOpPOCTM VMaKC

B MOMepeYHbIX CeYEeHUSX No

AnVHe BO34yX0BOAOB N1abopaTOpHOWM YCTAaHOBKM U CpeAHEeNn CKOpOCTU B MepexoAHOM
BO34yXOBOZE NMpU CXOXMX pacxodax Bo3dyxa B cucTeme acnupaumu. LLtpuxoson
BEPTUKaNbHON NIMHMEN 0603HaYeHa rpaHuMLa BCcacbliBaloLWEro yCcTpoicTea u
nepexoAHoro Bo3AyXoBOAa.

80

PrcyHok 4.1 - 3MeHeHMe CKOpoCTen ABMXEHUSA BO3ayXa MO A/IMHE
NPOTSXKEHHOrO 0TCOCa U MepexoAHOro BO34yXoBoAa Npu NMOCTOSIHHOW WWMpUHE
LLleIeBOr0 OTBEPCTUSA

PucyHok 4.2 — N3MeHeHMe CKOpOCTen ABMXXEHUS BO34yXa NO AInHe
MPOTSHKEHHOrO O0TCOCa M MEePExXoAHOro BO34yX0BOAA MPW Pa3HbIX COOTHOLIEHUSAX
OCHOBaHWI NPSMOYro/bHONM Tpaneuun B NjiaHe BXOAHOro KaHana

81

BHe 3aBncnMocTn oT cnocoba odopmneHus wenu HabnogaeTcs ysennyeHne
MaKCMManbHOM NPUCTEHHOM CKOPOCTU MO BCEWN ANMHE BCaCblBalOLLEro YCTPONCTBa.
CKOpOCTb BO3A4YLLIHOro NOTOKa BHYTPY BO34yXOBOAOB MaKCMMasibHa Ha y4yacTke
MPOTSHKEHHOrO O0TCOCa Ha PAaCcCTOSHWUW AEBATU AMAMETPOB OT €ro TOpLEBON CTEHKN MpU
NOCTOSAHHOM W Cy>MBatoLencs wenn. CpeaHAs CKOPOCTb NOTOKA BO34yXa 3a
NPOTSHKEHHbBIM OTCOCOM 3HAUMTENIbHO HMXE MaKCMMasrilbHOW CKOPOCTU BAOMb
BHYTPEHHEN CTeHKWN NnepexoAHOro BO34yX0BoAa, UTO CBUAETENbLCTBYET O
CchopMMpPOBaAHHOM YCTOMYMBO BpallatoLemMcs notoke. Hambonbluee cOOTHOWEHME
MaKCUManbHOW MPUCTEHHOW CKOPOCTM B MOMEPEYHOM CEYEHUU MEepexXoaHOro
BO34yXOBOJa Nepej BXOAOM B KaMepy cTaTuyeckoro AaeneHus Vmakcl5s

(Ha paccTosiHum

15 anameTpoB oT Topua oTcoca) k Vcp

3a OTCOCOM HabnogaeTcs Npy NOCTOAHHOM

wupuHe wenun 0,1d 1 Npu Cy>XnBaKLLEMCA KaHane npu COOTHOLWEHUM MOMEepPeYHbIX
CTOpOH 1:4 1 1:5. MakcMMasbHble MPUCTEHHbIE CKOPOCTU BO3AYLUHOMO MOTOKA B
paccMaTpuBaeMbIX C/lyyasix NpeBbILaloT CpefHIo CKOPOCTb OT Topua oTcoca.
COOTHOLLIEHNE MaKCMMasIbHON MPUCTEHHOW CKOPOCTM BO3AYLLHOro NOTOKa Ha rpaHuue
NPOTSHKEHHOrO OTCOCa M NepexoaHoro Bo3ayxosoga VMakc9

(Ha paccrositHumn 9

AMaMeTpoB OT Topua 0TCoCa) U MaKCMMasibHOM NMPUCTEHHOW CKOPOCTU BO34YLUHOMO
noToka y Topua otcoca VMakcO

XapakTepu3syeT 6bICTPOTY pocTa CKOPOCTU BO3AYLLIHOMO

NOTOKa BO BCacblBaloLLEM YCTPOMCTBE Ha NMPOTSXXEHUM ero A/IMHbI. [Mpu wenesom
oTBepCcTMU WmnpuHom 0,25d aToT nokasaTenb MakcMmaneH un paseH 8,15. Hanbonee
nraBHOE pacnpeneneHne CKOpPOCTU MOJTy4YeHO A/1s CYXMBaloLWerocs BXOAHOro KaHana,
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npeacTasnaowero cobom NpsaMoyronbHY Tpaneunto C COOTHOLEHNEM OCHOBaHUM
1:5, n noctosiHHOM wenu pa3mepoM 0,1d. CornacHo aKCnepMMeHTanbHbIM AaHHbIM
CyLEeCTBEHHOE CHUXEHNE CKOPOCTU B MPUCTEHHOM C/loe Habno4aeTcsl Ha pacCTOSIHUM
10 nmameTpoB OT Topua oTcoca. Ha nocneaytowmx yyactkax 3aTyxaHue CKOpoCTu
NnoToKa MeJIEHHO CHUXAETCH, YTO NO3BOJISET COXPAHUTBLCS 3aKPyTKe B MNEPeXOiHOM
BO34yXOBOAE Ha pacCcTossHMK, paBHOM 10 AnaMeTpam OT LieHTpa BCacblBatoLLEN LLenn
NpPOTSHKEHHOrO OTCOCa.

CBOAHbINM aHann3 rpaduKoB Ha pucyHkax 4.1-4.2 npueeaeH B Tabnvue 4.1.

82

Tabnuua 4.1 — CpaBHeHUWe pacnpeneneHns CKOpocTen Npu NOCTOSTHHOM U
CyXXMBaILLENCH LWenm 0Tcoca C TaHreHLUnanbHbIM BXOA0M BO34yXa

Bua

wenm

WLnpuHa wenn Vmake> Vep

VMakc9

/Vmakc0

VMakc9

/Vep

VMakcl5

/Ncp

MocTtosiHHas

LWWPUHA Wenm

0,1d c Topua otcoca 1,44 1,52 1,23

0,15d6,5d 2,52 1,35 1,19

0,2d 7,6d 4,00 1,32 1,13

0,25d 7,9d 8,15 1,22 1,18

CyxunatoLiascs

wenb

MpU COOTHOLLEHUMN

OCHOBaHui Tpaneuun 1:4

c Topua otcoca 1,30 1,86 1,39

NpU COOTHOLLEHUN

OCHOBaHWI Tpaneuun 1:5

C Topua oTtcoca 1,27 1,85 1,37

MpU COOTHOLLEHUMN

OCHOBaHui Tpaneuuun 1:6

3,5d1,951,62 1,15

NMpU COOTHOLLEHUN

OCHOBaHWI Tpaneuun 1:7

4,9d2,551,501,14

Mpy ABMXXEHUM 3anblIEHHOro BO34yXa B MPOTSXEHHOM OTCoCe C

TaHreHunanbHbIM BXOAOM B CUCTEMY 3KCMEPUMEHTANIbHO AOKa3aHO BO3HWKHOBEHNE
3aKpy4MBaHMS BO34YLIHOMO NOTOKa. 3a cyeT ero hopMmpoBaHmsa Hanbonee KpynHblie
dpakummn nblam 6yayT ABUraTbCa BAOSIb CTEHOK BO34YyX0BOAA. 3TO AAET BO3MOXHOCTb
MCMNoJIb30BaTh MPOTSAXEHHbIE OTCOChl ANS yAaneHus rpybbix dpakumi nblam,
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COAEpXaLLMXCS B 3arpA3HEHHOM BO34yXe, OpraHu3ysa yAaneHune Bo3ayxa, ABUXKYLLerocs
B6/M3M CTEHOK BO34yX0BOAa.

4.2 OnpefeneHve xapakTepa pacrnpefesnieHns CKOpocTen BO3ayXa B
NPOTSXKEHHOM OTCOCE, NPeAoTBpaLLaloLLMX OCaXAEHME MblIY Ha CTeHKax oTcoca
[Ons obecneyeHmst ycToinumBon paboTbl acCNMpaLMOHHON CUCTEMbI HEO6X0ANMO
MUHUMN3MPOBATbL HAKOMIEHWE MbISIM Ha BHYTPEHHUX CTEHKaxX BO34yXOBOAOB.

83

Co3paHune 3aKpy4YeHHOro NoToka Bo3Ayxa Npu TaHreHunanabHOM odopMIeHnM BXoJa B
CUCTEMY acnupaunm No3BONMUT NPefoTBPaTUTL CKanMBaHWe Mblv BHYTPU YCTPONCTBA.
Ons noarBepxaeHMs 3HEKTUBHOCTM paboTbl MPOTSKEHHOMO 0TCOCa C
TaHreHunanbHbIM BXOAOM BO34yXa MCC/IeA0BaHO pacrnpeaeneHne CKopocTu Ha gHe
BCaCbIBaKOLLEro YCTPOMCTBA M MEepexoaHoro Bo3ayxosoaa. Ha pucyHkax 4.3-4.4
npencraBfeHo pacnpeaeneHue CKOpoCTU B MPUCTEHHOM C10€ BAOJIb HUDKHEN
BHYTPEHHEN CTeHKW Bo3ayxosoda Vnp

no AJIMHE NPOTSXKEHHOro 0TCoca U NepexoaHoro

BO34yX0BOAA.

PucyHok 4.3 — N3MeHeHMe NPUCTEHHbIX CKOPOCTEN ABUMXXEHUS BO3AyXa Ha AHe
NMPOTSHPKEHHOrO O0TCOCAa M NepexoaHOoro BO34yx0BoAa MpW MOCTOSAHHON WHWpUHe
LLleNeBoro OTBEepCTUA

84

PucyHok 4.4 - 3aMeHeHMe CKOpOCTeN ABMXEHUS BO3AyXa Ha AHE MPOTSXKEHHOro
0TCOCa N MepexoiHOro BO34yX0BoAA NPW pa3HblX COOTHOLIEHUAX OCHOBaHWUM
NpsIMOYroJfibHOM TpaneuMun B NjaHe BXOAHOrO KaHana

CBOAHbINM aHann3 rpaduKoB Ha pucyHkax 4.3-4.4 npueeaeH B Tabnvue 4.2.
Tabnuua 4.2 - CpaBHeHWe pacripeaeneHns NPUCTEHHbIX CKOPOCTEN B HUXKHEWN
4YacTX NPOTSHKEHHOrO 0TCOCA U NEepPexoAHOro BO34AyX0BOAA MPW MOCTOSIHHOM U
CY>XUBaLLEeNCs Wenn oTcoca C TaHreHUnanbHbIM BXOAOM BO34yXa

Bua

wenm

LLUnpuHa wenn Vnp> Vcp

Vnp9

/Vnp0

Vnp9

/Vep

Vnpl5

/Ncp

MocTrosiHHas

LWWPUHA Wenm

0,1d5,9d1,811,44 1,29

0,15d 7,74d 3,13 1,27 1,19

0,2d 8,42d 7,00 1,20 1,20

0,25d 7,76d 8,14 1,07 1,18

CyxunatoLiascs

wenb

MpU COOTHOLLEHUMN
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OCHOBaHWI Tpaneuun 1:4

6,83d1,551,43 1,25

Npyu COOTHOLUEHUU

ocHoBaHui Tpaneuun 1:5

1,29d 1,46 1,36 1,26

Npyu COOTHOLUEHUMU

OCHOBaHWI Tpaneuun 1:6

6,52d 1,83 1,21 1,14

Npu COOTHOLLEHUMU

OCHOBaHWIi Tpaneuun 1:7

4,03d3,261,16 1,11

85

MUK NPUCTEHHONM CKOPOCTN BO34YLIHOIO MOTOKA BAOSIb HUXKHEN BHYTPEHHEN

CTEeHKW BO3A4yxoBoAa Habnoaancs npu NoCTOSHHOW LWMPUHE OTBEPCTUS Ha PacCTOSAHUU
9 AnaMeTpoB, @ Npu CyXXMBaKOLENCS Wenm — Ha pacctosHum 10 anameTpos OT
TOpLEBOI CTEHKMN OTCOoCa. Bo3ayLlWHbIM NOTOK, HAaXOASCh elle B NPOTSXXEHHOM OTcoce,
npunobpeTaeT CKOPOCTb BAOb HUXHEN BHYTPEHHEN CTEHKMW, MPEBbILLAOLL Y0 CPEAH IO
CKOPOCTb 3@ OTCOCOM MpU CY>XUBAOLLENCS U NOCTOsTHHOW wenu. Mpn dopMnpoBaHnm
3aKpY4YEeHHOro NoToKa NpPUCTEHHas CKOPOCTb BO3AyXa Ha AHE BO34yXOBOAA
npeobnagaeTt Haa cpefiHeln CKOpPOCTbio ANns 060Mx BapmaHToB 0POPMIEHMS BXOAA BO
BCacblBaloLLee yCTpocTBo. Habntoaaetcs yBennyeHne npucTeHHOM CKOPOCTU BAOSb
HWXKHEN BHYTPEHHEN CTEHKN NPOTSHXKEHHOro 0TCoca No BCEM ero AsIMHe nNpu
MOCTOSIHHOWN U cyxuBatowencsa wenm. CooTHoweHne Vnp9

/Vnp0

MaKCMManbHO Npu

NMOCTOSIHHOWM WupUHe wenu pasmepom 0,25d (Vnp9

/Vnp0

=8,14), uTo XapakTepusyet

6bICTPOTY poCTa CKOPOCTU BO3AYLLUHOIO NMOTOKA BAOJb HUXHEN BHYTPEHHEN CTEHKM
BO34yXOBO/Ja BO BCACblBaOLEM YCTPONCTBE Ha MPOTSXXEHUN ero AnnHbl. Hanbonbliee
CcooTHoOWeHne Mmexay Vnpl5

n Vcp

B KOHLIe NepexoAHOoro Bo3ayxoBoda Habnoaaercs npu

CY>KMBAKLLENCS Wenn ¢ COOTHOWEHNEM OCHOBaHMI Tpaneumun 1:5 1 npu nocTtossHHOM
dopme wenn 0,1d, 4To CBUAETENHLCTBYET O BO3MOXHOM A0/ITOBPEMEHHOM COXPaHEHUMN
BpalleHns NoToka Bo3ayxa u 6onee AnnTeNbHOM TPAHCNOPTMPOBAHMN MblAN A0
nblfieocaanMTenbHOro ycrpoicrea. Hanbonee nnaBHoe cHuxeHune Vnp

HabnoaaeTcs npu

CY>XWBAIOLWLENCs Wenn ¢ COOTHOLWEHNEM OCHOBaHMIM Tpaneuuun 1:5: Ha NpoTsHXKeHUn
LWeCTU AMaMeTpoB OT Hayasa NnepexogHoro BO3AyXoBoAa B CTOPOHY BEHTMAATOpPA 3Ta
CKOpPOCTb YMeHbLUKWAacb Bcero Ha 8 % oTHocuTenbHo Vnp9

CornacHo [27] npu aBMXKEHMM BO34yXa MO BO3AyXOBOAY KPYraoro ceyeHus BHe
3aBMCMMOCTM OT pexuma TedeHus (NaMMHapHoOro nam TypbyneHTHOro) pacnpegeneHme
cKopocTer BHYTpu Tpybbl cneayioulee. B HenocpeacTBeHHON 6/1M30CTU K BHYTPEHHUM
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CTeHKaM BO34yX0BoAa CKOPOCTb ABMXEHUSA YacTuL Bo3ayxa byaeT npakTuyeckn paBHa
Hynto. OHa 6yaeT yBennumBaTbCa NO Mepe yaaneHuns oT MOBEepPXHOCTM BO34yXOBOAA U
OOCTUIHET CBOEro MakCMMyMa Ha Ocu BO34yxoBoga. [py co3gaHum 3akpyyeHHOoro
NOTOKa BO3A4yXa B 3KCNepMMeHTaNbHOM yCTaHOBKe pacrnpeaeneHne ckopocrtemn

86

M3MeHMNoCb. B Tabnuue 4.3 npmBeaeHbl 3Ha4YeHus oceBon Voc

, CpeaHen N NpUCTEHHOM

CKOPOCTU Ha AHe BO34yX0BOoAa Npu CyXuBatLwencs po¢@Me LeneBoro oTBepcTus.
Tabnuua 4.3 - OceBas, cpeaHAs M NMPUCTEHHAs CKOPOCTU 3@ NMPOTSXKEHHbIM

OTCOCOM MpU CyXXMBaloLLencs wenm

CoOTHOLLEHME OCHOBaHWUM

CTOPOH

Twunbl ckopocTen, M/c

1:41:51:6 1:7

Voc

6,76,56,24,8

Vcp

7878787,8

Vnp

12,512,311,88,7

Tak Kak Haunyudlmne nokasaTenu pacnpeaesnieHns CKopoctein nmeet

NMPOTSHKEHHbIN OTCOC C CYXXMBAOLWMMCS LW eNeBblM BXOAHbIM KaHanoM, OTBepcTMe
KOTOPOro B NiaHe npeacrasnsieT cobo NMpAMOYrofibHYH TpaneLunto C COOTHOLEHUEM
ocHoBaHuM 1:5, npanee npoBeaeHbl NCCNEAOBAHUS HA AINTENbHOCTb COXPaHEHUS
BpaLleHMs BO3AYLIHOMO MNOTOKA NPU pa3HbIX pacxoAax BO3AyXa B CMCTEME Npw
yBEeMYEHUN ANNHbBI NepeXofHOro BO3ayxoBoda B Tpu pasa. Ha pucyHke 4.5
npeAcTaBfieHO pacnpegeneHmne NpucTeHHOM, 0CeBO U CpefHen CKOpPOCTel No AfMHe
BCacCbIBalOLEro yCTponCTBa U NepexogHoro Bo3AyXoBsoaa.

Mpu yBenuueHnun pacxoga Bo3ayxa B nabopaTtopHOlM yCTaHOBKE COXpaHSeTCs
nnaBHOe pacnpefeneHne CKOpoCTU Ha AHE NPOTSHKEHHOr0 0TCOca C OTCYTCTBUEM
nepernboB 1 pe3knx CKaykoB. B paccMaTprBaeMblX 3KCNepuMeHTax MakcMManbHoe
3Ha4YeHne NpUCTeHHas CKOPOCTb obpeTaeT 3a BcacbiBaloLWMM YCTPOMNCTBOM Ha
pacctosiHum 10-11 anaMeTpoB OT TOpLa OTCOCaA, 3aTeM CKOPOCTb MEA/IEHHO CHUXXaeTCs,
COXpaHsisa 3Ha4YNTENbHbINM 3anac Haga 0CeBOM M cpeaHen ckopocTtamu (Vnp
npesbilwaeT Voc

n Vep

B 2-3 pasa). Co3aaHHbIN 3aKpyYeHHbI MOTOK BO34yXa COXPaHsieT CBOe
BpaLlaTenbHOEe ABUXXEHNE Ha paccTossHMn 20 AnaMeTpoB OT cepeanHbl BCacblBaOLWEro
OTBEPCTUSA NPOTHXKEHHOro 0TCOCa. DTO O3HAYaeT BO3MOXHOCTb YCTaHOBKM
NblIEYNIOBUTENS Ha 3HAYUTENBbHOM YAaNeHNM OT 30Hbl BCacbiBaHUS. [ToMnmo Toro
npeobnagaHve NpPUCTEHHOW CKOPOCTU Ha AHE NepexOoAHOro BO3AyxX0oBoAa HaA cpeaHen
CKOPOCTbIO 3@ OTCOCOM Ha 60/IbLLIOM PacCTOSAHUM OT ero TOpLUEBON CTEHKM

87

CBMAETENbCTBYET 06 3(pPEeKTUBHOM BpaLLEHUM BO3AYLIHOMO NOTOKA BHYTPWU CUCTEMBI
acnupaumu ans 6opb6bbl C BO3MOXHbBIMU MbIJIEBBIMU OTJIOKEHUAMN HA BHYTPEHHUX
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CTEeHKax BO34yXOBOAOB.

PucyHok 4.5 — N3aMeHeHMe CKOpoCTen ABMXXEHUS BO3ayXa Mo A/InHe

NPOTSXKEHHOrO 0TCOCa U MepexoAHOro BO34yX0BOoAa NMPU COOTHOLIEHWUW OCHOBaHMWM
CTOPOH MPSIMOYronbHOM Tpaneuun 1:5 B nnaHe BXoAHOro kaHana
OKCNepuMeHTaslbHO A0Ka3aHo, YTO OceBas U CpeaHAs CKOPOCTU 3HaYUTESIbHO

HUXE CKOPOCTU B MPUCTEHHOM C/I0€ Ha AHE BO34yXOBOAOB. [103TOMy co3gaHue
BpaLlEeHMS NOTOKa BO3A4yXa HE YBEIMYUT COMPOTUBIIEHUS BCEN CUCTEMbI acnupaunm.
[nsa acnMpaunoHHbIX cuctem Tpebyemas CKOpoCTb ABMXEHUS BO34yXa No
rOpU30HTaNIbHbIM BO34YX0BOAAM COrnacHo [25] B 3aBMcMMOCTM OT BMaa
TpaHCNOpPTUPYEMOro MaTepuasna BapbmpyeTcs oT 12 go 23 M/c. B cnyyae
NPOEKTUPOBAHMNS CUCTEMbI BbITSXXHOM BEHTUNAALMWN ANS YAANEHWUS 3aMNblIIEHHOMO
BO34yXa (acnupaummn) C MCNONb30BaHMEM MPOTAXKEHHbIX OTCOCOB C TaHreHUManbHbIM
BXOAOM BO3Ayxa TpebyeMas cpefHSst CKOPOCTb ABMXEHWS BO34yXa B BO34yXOBoAAX
MOXeT 6bITb NpUHATa MeHble Ha 40%, yeM Toro TpebyroT cnpaBoYHble MaTepuansl.
88

Mpy 3TOM BeNMYMHa CKOPOCTU BAOSb BHYTPEHHEN CTEeHKM Bo3ayxoBoda byaet
OOCTaTOYHOW ANs TPaHCNOPTUPOBAHUSA YacTUL Nblan.

4.3 OnpegeneHve paBHOMEPHOCTM BCacCbiBaHMS BO34yXa Mo oinMHe

NPOTSXKEHHOro 0TCoCca

CornacHo [121] paBHOMepHOEe BCacbIBaHMe BO34yXa MOXHO OCYLLECTBUTb
MU3MEHEHMEM LUNPUHBI Wenn No AnnHe Bosayxosoaa. Cyxusatowascs dopma Lenm
NO3BOJISIET BbINMO/HUTbL YKa3aHHoe ycnosue. MiccnenoBaHbl pasHble COOTHOLEHUS
OCHOBaHWI NpPAMOYrosibHOW Tpaneuun B njaHe BXogHoro kaHana: 1:3, 1:4, 1:5, 1:6, 1:7,
1:8. Ha pucyHke 4.6 npuBeaeHo pacnpeesnieHne CKOpoCcTeln Ha AHE BCacCblBaoLWero
YCTPOMCTBa M MO €ro 0CY Ha BCEM MPOTSXKEHUM BCACbIBAKOLLEN Wenn npu 6amsknx
pacxogax Bosayxa 209-247 m

3

/4 [102].

Onsa kaxgoro Tuna wenu HabnogaeTcs npeBbieHne NMPUCTEHHOW CKOPOCTU Ha

[He 0Tcoca Haj 0CeBOWM CKOPOCTbIO. 3TO HabnaeHWe NOATBEPXKAAET CyLLeCcTBOBaHMe
3aKpy4YeHHOro nNoToka Bo3Ayxa BHYTpU cucTteMbl. Hanmume nepernboB NpucTeHHbIX
CKOpOCTEN Ha puUcyHKe 4.6 cBUAETENbCTBYET O HEPAaBHOMEPHOCTWN BCacCbiBaHWSA BO34yXa
B LienieBoe oTBepcTme. JINHenHoe pacrnpeaeneHme CKOpocTn B MPUCTEHHOM C/10e No
yyacTKaM NpoTsHKeHHOro oTcoca HabnwaaeTcs Npu WenesoM 0TBEPCTUMN C
COOTHOLUEHMEM CTOPOH OCHOBaHWI Tpaneuuun 1:5 n onpeaenserca cneayowmm
Bblpa)keHneM (4.2) c AOCTOBEPHOCTbLIO annpokcumauunm 0,95:

Vnp

=0,3s/d+8,98, (4.2)

rae s — paccrtosiHue OT Topua 0Tcoca A0 pacCMaTPUBAEMOro NOMepeyHoro ce4eHms
BCacCbIBaloLEro yCTponCTBea, M.

89

PrcyHok 4.6 — 3MeHeHMe CKOpoCTen ABMXEHUA BO3AyXa MO A/IMHE MPOTSXKEHHOro
0TCOCa NpU pasHbIX COOTHOLLEHUSAX OCHOBAHWUN MPSAMOYrOfbHOM Tpaneuun B NnaHe
BXOAHOro KaHana

MN3MeHeHne pacrnipeneneHuns CKOpoCTU B MPUCTEHHOM CJ1I0€ M MO Ocn
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NPOTSXKEHHOrO OTCOCa MPU COOTHOLIEHUU CTOPOH OCHOBaHWW Tpaneuumn 1:5
WCCNeaoBaHo Mpu pasMYHbIX pacxodax Bo3ayxa B 1abopaToOpHOW yCTaHOBKE U
rpacdunyeckn n3obpaxeHo Ha pUcyHke 4.7.

CornacHo pucyHky 4.7 paBHOMepHOe pacripefeneHne cKopocTu B NPUCTEHHOM
C/l0e C He3HauuUTeNbHbIM ee yBeIMUYEeHUEM MO HanpaBIEHUIO ABMXXEHUS COXPaHAETCs
npu U3MEHEHNM pacxoAa BO3Ayxa B cucTteMe. Takxke HabnwogaeTcs nMHernHas
3aBUCMMOCTb CKOpOCTM Vnp

OT COOTHOLWEeHNS s/d. YpaBHEHME IMHENHOro

pacnpeaeneHns Ans pacxoga so3sgyxa 194 m

3

/4 npuBeaeHo B dopmyne (4.3) ¢

[OCTOBEPHOCTbIO annpokcnmMaunm 0,97, ansa pacxoga 220 m

3

/4 - B dopmyne (4.2), ans

pacxoga 239 M

3

/4 — B bopmyne (4.4) c AOCTOBEPHOCTbIO annpokcmmaumm 0,98. Takum

obpas3omM, fokaszaHa IMHEeNHas 3aBUCMMOCTb MPUCTEHHOW CKOPOCTU Ha AHe
NPOTAXKEHHOro 0TCOCa OT PacCTOSIHUSA OT €ro TOpPLEBON CTEHKWN B AONSAX AnaMeTpa.
90

Vnp

=0,31s/d+9,52, (4.3)

Vnp

=0,22s/d+8,08, (4.4)

PucyHok 4.7 - 3MeHeHMe CKopoCTeln ABMXEHUSA BO3ayxa No A/IMHe
NPOTSXKEHHOrO 0TCOCA NMPWU COOTHOLUEHWM OCHOBAHWIA CTOPOH MPSIMOYTO/IbHOM
Tpaneuuu 1:5 B nnaHe BXOAHOro KaHana

Ona Hanbonee yaayHOro BapMaHTa UCMOIHEHUS CY>XUBAKOLLENCS LWenn BXOAHOro
KaHana npoBeaeHo nccreaoBaHMe CKOPOCTeN BCacbiBaHUS Ha y4acTKax BXOAHOMO
OTBEPCTMS Yepes3 paBHble NPoMexyTku. Pacxos Bo3ayxa L

yui

Ha KaxAoMm u3

paccMaTpuBaeMbIX y4acTKax BXOAHOro KaHana onpegeneH no cdopmyne (3.16). Ha
pucyHke 4.8 npeacraBneHa NMMHenHas 3aBUCMMOCTb pacxo4a BO3ayxa Ha ydacTkax
BCACbIBAHWS MO A/IMHE CY>XWUBAIOLLErocs LeneBoro OTBEPCTUS MpU COOTHOLWEHWHN
OCHOBaHMWI CTOPOH MPAMOYronbHOM Tpaneunn 1:5 B nnaHe BXOAHOro KaHana.

91

PucyHok 4.8 — N3MeHeHMe pacxoaa BO34yxa Ha y4vacTKax BCacbiBaHMS Mo AIMHE
LLeIeBOro OTBEPCTMSA NMPU COOTHOLLIEHUW OCHOBAHUIM CTOPOH MPSMOYrO/ibHOM Tpaneyun
1:5 B nnaHe BXOAHOroO KaHana

Ha pucyHke 4.8 npy namMeHeHMn pacxona Bo3ayxa B nabopaTopHON yCTaHOBKe
pacxofj BO34lyXa Ha y4acTKax BCacblBaHUS OCTAETCs MPaKTUYECKN NMOCTOSAHHbIM C
He3HauyMTenbHbIM ero ysenmyeHnem (8o 10%) no HanpasneHuio ABmxeHus. Bosne
TOpLIEBOM CTEHKWM MPOTSXKEHHOro oTcoca HabnoaaTC HaMMEeHbLIME CKOPOCTH
BCaCbIBaHMS MO NPUYMHE YAANIEHHOCTU y4yacTKa OT BEHTMAsSTOpa. Ho npm 3TOM y4yacTtok
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BCacCblBaHMS MMeeT HanbonbLUyo NaowWaab, MO3TOMY pacxod BO3ayXa Ha yvacTke
COM3MEpPUM C pacxofaMu BO3AyXa Ha ydacTKax, pacrnosioXXeHHbIx 6nvxe Kk nobyaurtento
TAMM M MMEKLWMX MEHbLUME NJIOWaaM BcacbiBaHus. Habnogaerca nuHeliHas
3aBMCMMOCTb pacxoja BO34yXa Ha y4yacTke BCacbiBaHUA U ANWHbI pacCMaTpUBaEMOro
yyacTka no A/IMHE W eneBoro oTBEPCTUSA B JONSX AMaMeTpa oTcoca. YpaBHEHne
NIMHENHOro pacnpeaeneHns ana pacxoga sosgyxa 187 m

3

/4 npuseneHo B dopmyne (4.5)

C AOCTOBEPHOCTbIO annpokcuMauunm 0,92, ansa pacxoga 209 M

3

/4 - B bopmyne (4.6) ¢

[OCTOBEPHOCTbIO annpokcnmMaunm 0,91, ansa pacxoga 238 m

3

/4 - B dopmyne (4.7) c

[OCTOBEPHOCTbIO annpokcnmaumnm 0,91,

L

yui

= 0,0001 s/d+0,0056 (4.5)

L

yui

= 0,00001 s/d+0,0073 (4.6)

92

L

yui

= 0,00001 s/d+0,009 (4.7)

PaBHOMEpPHOCTb pacnpeaeneHns CKopocTen Nno ASIMHE NPOTSHXXEHHOro oTcoca
onpegenseT Ka4yecTBO BCACbIBAHMUSA 3arpsi3HEHHOr0 BO34yXa B aCnupauMoOHHYO
cucrtemy. MpoTsXKEHHbIE UCTOYHWKN MbINIEHUS XapaKTepU3yoTCs pas3iMyHoOn
MHTEHCMBHOCTbIO MblSIEBbIAENEHNS HA BCeM yyacTke. MNoaToMy ans addeKTUBHON
Jlokanusaumu BblBpocoB Mbiiv HeobxoaumMo obecrneyunTb yaaneHue 3anbiieHHOro
BO3J4yXa OAHOBPEMEHHO MO BCEW AJIMHE UCTOYHUKA. M3yuyeHHas moamdukaumns ¢opmbl
LLiesIeBOro OTBEPCTMS BCacCbIBaloLWEro yCTPOMNCTBA NO3BOSIUT BbIMOMHUTD

npeabaBieHHoe TpeGOBaHMe ANnda noKannsauunn nblneBoro 3arpasHeHnsa Ha norpy3opasrpy3so4yHoM nyHKTE. OnTuManbHble pa3Mepbl Cy>Xakuwerocqa wenesoro oTteepcrns

MMEIT MECTO Mpu COOTHOLUEHMW OCHOBaHWIA CTOPOH MpPSMOYrofibHOM Tpaneuuun 1:5 B
nnaHe BXOAHOrO KaHana.

[OCTUrHYTble NONOXUTENbHbIE pe3y/ibTaTbl NPOBEAEHUS SKCNEPUMEHTaNbHbIX
nceneaoBaHUiAi NPOTSXXKEHHOMO O0TCOCA C TaHMeHUMAIbHbIM BXOAOM BO34yXa U
CY>XXMBaKLWMMCS LW eneBbiM OTBEPCTMEM MO3BOINIIM OTNPABUTb 3asBKY Ha MoslyyeHune
nateHTa Ha n3obpeTeHune «BcacbiBatoLlee yCTPONCTBO» (NpunoxeHue A).

4.4 ®aken BcacblBaHUS NPOTSXEHHOro oTcoca

[ns onpeneneHus dakena BcacbiBaHWS NMpoBeAEHO UcCrefoBaHme nons

CKOpOCTEeN y BcacbiBatoLen Wwenu. B npowuecce BcacbiBaHUS NoaTekaHWe Bo3ayxa K
BXOAHOMY KaHasy NMpouCcXOAUT CO BCEX CTOPOH. Ha pucyHkax 4.9 npeacrasfieHo nosne
CKOPOCTEN BCacbiBaHWs B BEPTUKaNbHOM CE@ @EHUAX MPOTSHKEHHOrO 0TCOCa
COOTBETCTBEHHO.
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PucyHok 4.9 — CnekTp CKOpOCTEN Yy NPOTSXKEHHOIrO 0TCOCa B BEPTMKa/IbHOM

ceyeHun

OanHakoBble CKOPOCTW BCacblBaHWS 06beAMHEHbl B BUAE CEMENCTBA KPUBbIX.
HanpaBneHune ABMXeHUS NOTOKA BO3AyXa K BXOAHOMY OTBEPCTUIO MepreHanKyNspHbl
KpWBbIM paBHbIX CKopocTel. Ha pacctosHum 7,5x/b oT LeHTpa BcacbiBatoLwWwero
OTBEPCTMS NPV CKOPOCTU BCACbiBaHUS BO34yXa BO BXOAHOE OTBEpPCTUE, paBHOMN

0,15 M/c, coxpaHsieTcst BO3MOXHOCTb Y/1aBInMBaHUA YacTuu nblan. B cBssun ¢ Tem, yto
CKOPOCTM BCacbiBaHUs H6bICTPO yMeHbLUAOTCS (Ha paccTtosHumn 5x/b ckopoctb

94

BCacbiBaHMs paBHa 10% cKOpoCTM BCacbiBaHUS B LLlEHTpEe BCACblBAOLLEro OTBEPCTUS),
NPOTSXKEHHbIM OTCOC CriefyeT MakCMManbHO NpubAnXKaTe K MCTOYHUKY MblNEHNS.
4.5 OnpegeneHune KoadduruMeHTa MECTHOrO CONMPOTUBIIEHMS OTCOCa

[JanbHenwne nccnegosaHmsa No Metoay MHorodakTopHoro aHanmsa [136]
npoBefeHbl Ha OCHOBE YpaBHEHMUS, NpeacTaBAeHHOoro B Buae gopmynbl (3.14). [laHHbIN
cnocob nlyveHnsa gaet 6onee nan MeHee rMosiHoe NpeacTaB/ieHNe O XxapaKTtepe
nceneayemMoro conpoTMBieHns otcoca. Mpy nonagaHn Bo3ayxa BO BCACblBaKOLWMMN
NpPOAONbHbIV KaHan 0Tcoca BO3HWKAIOT NOTepu AaB/EHUS, KOTOPble CleayeT yunuTbiBaTh
npu pacyete acnmpauMoHHOM CUCTEMbI.

MeToa MHOroakTopHOro aHanv3a nogpasyMeBaeT nocnefoBaTeflbHOe nlyyeHue
BIMSAHUSA (DAKTOPOB, YKa3aHHbIX B Ka4YeCTBe NepeMeHHbIX B (pyHKuUnsax. MNocne
onpeaeneHns 3aBUCUMOCTN KO3(PPULNEHTA MECTHOIO CONPOTUBIIEHMNS OTCOCa OT
nepBoW cocTasnsowen (Kkputepus PeiHonbAaca) nccnenyeTca oTHoweHune (¢

BX

/Re) B

3aBUCMMOCTM OT C/IeAytoLero MHOXUTENS U Tak aanee.

4.5.1 OnpegeneHne BAUSHUSA CU1 UHEPLUN U BA3KOCTU Ha COMpPOTUB/EHME
MECTHOro oTcoca

O6paboTka NoNyyYeHHbIX 3KCNEPUMEHTaNbHbIX AaHHbIX YMPOLWAeTCcs, ecnm
BbINOSIHSAETCH YC/I0BME aBTOMOAENbHOCTM Fra3oAnHaMUYecKnx npoueccos. [laHHoe

95

NMOHSATME TECHO CBA3aHO C KpuTepueM PeltHonbaca Re (dopmyna (4.8)):
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cp

’
v

vd

Re

(4.8)

rae Vep

— CpeiHsisl CKOpPOCTb ABUXXEHMS MOTOKa BO34yXa B NMOMNEpPeyYHOM ceveHunmn
BO34yX0BOJa HENOCPeACTBEHHO 3a MNPOTSXKEHHbBIM OTCOCOM, M/C;

V — KUHEMaTM4ecknin kKoabULNEHT BA3KOCTU cpeabl, M

2

/c (paBeH Npu ycnoBmax

npoeefeHus akcnepmmeHTa 15,310

-6

M

2

/©);

d - onpeaensitoWMin pasmep, B SKCNEPUMEHTE NMPUHSAT paBHbIM AnAMETPY
NPOTSAXXEHHOro OTCoCca.

[ns onpeneneHus cpefHen CKOpOCTU ABMXKEHMS NMOTOKa 3@ OTCOCOM
ncnonb3oBaHa dopmyna (4.1).

3HayeHne pacxopa Bo3ayxa B labopaTopHONM yCcTaHOBKe L NoslyyeHo ns
dhopmynbl (4.9) Npu cpegHen CKOpOCTM B KonnekTope Vep.K.

(pucyHoOK 3.2), B KOTOPOM B

nepvos sKCcrnepuMeHTa onpeaensnocb AMHaMMyecKoe AaBneHune.

K cp.K.

00,36 LFV(4.9)

roe FK

- naowaab NonepeyHoro ceyeHust natpybka Konnektopa, M

2

BennunHa cpegHen CKOpOCTU B KOMINEKTOPE onpeaeneHa cneayowmm o6pasom
(dbopmyna 4.10):

OVIH

cp.K.

K

2

&

p
\

(4.10)

roe p

ANH

— OMHaMU4ecKoe AaB/ieHMe B KONNEKTOPE, I'Ia;
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4
K

- KO3 dULMEHT MECTHOIrO COMPOTUBIEHUS KOJINEKTOPA;
p — NIOTHOCTb BO3AyXa, Kr/m
3

BxofHasa yacTb KonnekTopa BblNoHEHa No hopMe NEMHUCKATbI, YTO
MUHUMW3MPYET NOTEPU MECTHOFO CONPOTUBMIEHUS. 3HaUYeHue {

K

COrflacHO CNpaBOYHbIM

Matepmanam pasHo 0,97 [42].

Mpn Re>7000 B TeyeHMM BO3ayXa LOMUHUPYIOT CUMbl MUHEPLUN, BANSHUE CUN
BA3KOCTU TepseTcsa [39]. Takoe TeuyeHne ABNSETCA aBTOMOAENbHbIM, T.€. UCMOMb30BaHne
KpuTepus PeliHonbAca CTaHOBUTCS (DOpMasibHbIM.

96

Mo pe3ynbTaTaM 3KCNepuMeHTa 3aBUCMMOCTb KoadduLumeHTa MECTHOIO
COMpOTMBJIEHMS BCACbIBAOLLLEr0 YCTPONCTBA (

BX

OT 3Ha4yeHn Re nNpeacrasneHa Ha

pucyHke 4.10.

PucyHok 4.10 - 'pacdmk 3aBUCMMOCTH (

BX

=f

1

(Re) npu pasnnyHbIX BblCOTaX

BXOAHOrO LLeNeBOro OTBEPCTUS

Kak cneayeT 3 rpacduka, ycnosme aBToMOAENbHOCTU npouecca Ans
paccMaTpvBaeMoOn Mogenn 0Tcoca BbiMoNHeHO. C yBeIMUYeHMEM cpeaHen CKOpoCTU
OBWXXEHMS MOTOKa B acNMpaunOHHOM CUCTeEMe 3HauYeHnsa nokasartens {

BX

ocratoTcs

NOCTOSIHHbIMMU.

Ncxoas n3 nonyyeHHbIX pe3ynbTaToB, Hau/y4dle nokasaTenm nosy4deHbl npu
BbicoTe wenn 0,05d. B 3ToM cnyyae ypaBHEHME IMHENHOM 3aBUCUMOCTU
paccMaTpuBaeMbiX NepeMeHHbIX (4.11) c JocToBepHOCTbIO annpokcmmauunm 0,80
BbIFNSAMT Cneayowmm obpasom:

¢

BX

=-10

-6

Re + 9,34. (4.11)

97

4.5.2 OnpepeneHne 3aBUCMMOCTM OTHOLUEHUS LIMPUHbBI BXOAHOMO OTBEPCTUSA K
AvaMeTpy BO34yX0BOAA Ha COMPOTMBIEHME MECTHOrO 0TCoca

C yyeToM nony4veHHoM 3aBmcumoctu (dpopmyna (4.11)) c ucnonb3oBaHnem
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MeToAa MHOroaKTOpHOro aHanM3a MccneaoBaHo creayoliee cooTHoweHue (dpopmyna
4.12):

BX

2

1

4

0
b

f
fRed

(4.12)

roe b — wuprHa BcacbiBalOLWen LWenm NpoTsaXXeHHOro oTcoca, M.

3aBucmmocTb (4.12) npuHUMaeT 3KCNoHeHUanbHoe pacrnpeaeneHne (pMCcyHoK
4.11) c pocToBepHOCTbIO annpokcnumaummn 0,98 Npu NOCTOAHHOWN WMpPUHE BXOAHOM
wenu, onpegensiemoe ¢gopmysion (4.13). Mpu yBeIMYEHUN LUPUHbBI LLLESIEBOTO
0TBEPCTUS KOIPPULNEHT MECTHOIrO CONPOTMBIIEHNSA OTCOCA YMEHbLUAETCS.
PucyHok 4.11- I'pacdmk 3aBUCMMOCTU

BX

/f

1

(Re) =f

2

(b/d) npn noctosiHHOM

WNpUHE Wenm

g

BX

/f

1

(Re) = 1,59

-8,94b/d

0

0,2

0,4

0,6

0,8

1

1,2

00,050,10,150,20,250,3

4

BX

/f

1

(Re)

b

/d
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98
8,94 /
BX

1,59

109, 3

4

bd

e

Re

(4.13)

BbipaxkeHune (4.12) Takxe U3y4yeHOo Ans Cy>KUBawLencs gopmbl Lenesoro
OTBEPCTMS, KOTOPOE B NiaHe umeet opMy NpsaMOyrosibHON Tpaneuumn. 3aBUCMMOCTb
TakXXe HOCUT 3KCMOHEHLMalbHbI XapakTep C JOCTOBEPHOCTbLIO annpokcumaumm 0,97
(pucyHok 4.12).

PucyHok 4.12 - Mpapmk 3aBMCUMOCTM

BX

/f

1

(Re) =f

2

(b/d) npn cy>xxuBatowwencs

wenm

B kayecTBe OCHOBHOrO ypaBHEHMS 3aBUCUMMOCTUN KO3 DULIMEHTa MECTHOIO
COMpPOTUB/IEHNSA BCACblBaKOLLEr0 YCTPOMCTBA OT OTHOLWEHUS WMPUHbI BXOAHOMO
OTBEPCTMS K AMaAMETPY BO34YX0BOAA NPUHSTO BblpaxeHue (4.13) no npuunHe 6onbluen
BEPOATHOCTM COOTBETCTBUSA Pe3y/ibTaToOB 3KCMEPUMEHTOB C SKCMOHEHLMaNbHON
3aBMCUMOCTbIO UCCrefyeMblX NapamMeTpoB. JanbHenwmnii aHanms 3aBUCnMbIX
nepeMeHHbIX B opmyne (3.14) noapasymMeBaeT aHa/ M3 OTHOLWEHMS NoLagaen
BCACbIBaOLLLEro OTBEPCTUSA C MOMNEPEeYHbIM CEYEHMEM NEPexofHOro BO3AyX0BOAa.
¢

BX

/f

1

(Re) = 3,79e

-16,29b/d

0

0,2

0,4

0,6

0,8

1

1,2

1,4
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1,6

00,04 0,080,120,16

g

BX

/f

1

(Re)

b/d

99

4.5.3 3aBMCMMOCTb COOTHOLLEHMS NoWaAei BXOAHON Wenn 1 nonepeyHoro
ceyeHusl NepexoaHoro Bo3ayxoBoAa Ha ConpoTMBIIEHNE MECTHOMO 0TCoCa
DanbHenwee nsyvyeHne koaddmumeHTa MECTHOIO CONMPOTUBIIEHNS
NMPOTSHXKEHHOrO O0TCOCa NPOBEAEHO C YYETOM MOsTydeHHOM 3aBncumMoctn (4.13), koTopoe
AN NocneayrLWmnx 3KCNepMMEHTOB NpMHMMaeT Bua (popmyna (4.14)):

BX

3BXO

12

/s

)/
fFF

fRefbd

(4.14)

roe FBx

- naowaab BXOAHORO OTBEPCTUS B NMPOTSXKEHHbIM OTCOC, M

2

’

Fo

- nJowaab NonepeyHoro ceyeHust NepexoaHoro Bo34yxoBoAa Ha BbiXoae u3
NPOTSXXEHHOro 0Tcoca, M

2

’

B faHHOI cepum onbiTOB BapbMpoBanach LWMPUHA BXOAHOW LLenn 1 cnocob ee
ocdopmneHuns. NiccnepoBaHbl pa3nvyHble pa3Mepbl LLENEBOro OTBEPCTUS Npu
NOCTOSIHHOM LWMPUHE LWEeNN Ha BCEM NPOTSHXKEHMWN BCacCblBalOLLEro yCTPOMCTBa, @ Takxe
npu cy>xusaroLencsa dopMbl LW EeNeBoro 0TBEPCTUS, KOTOPOE B MNaHe nMeet hopmy
NpsMOYrofibHOM Tpaneunun. Hannydwmnn pesynbTaTt noayyYeH npu UaMeHeHumn
napaMeTpoB Cy>XXMBaloLeNcs Wwenm. 3aBUCMMOCTb COOTHOLEHMS NJoLaein BXOAHOW
LLenn 1 NOonepeyHoro cevYeHmsl BO34yX0BOAA Ha COMPOTUBEHME MECTHOrO 0Tcoca
HOCWUT 3KCNOHEHUMaNbHbIN Xapaktep (PUCyHOK 4.13) ¢ AOCTOBEPHOCTbIO
annpokcumauunm 0,93.

100

PucyHok 4.13 - N'pacdmk 3aBUCMMOCTY

BX

/(f

1
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(Re) f

2

(b/d)) = f

3

(FBX

/Fo

)) npu

CyXuBaLencs wenm

Takxe Kak B Cnyyae 3aBMCMMOCTM KoaddunumeHTa MECTHOrO CONPOTUBAEHNS
OTCOCa OT WWPUHbI LWENeBOro OTBEPCTUS, NMPU BO3pacTaHUM Naowaan nonepeyHoro
ceyeHUs BXOAHOM wenm

BX

yMeHbLlaeTcs. BelpaxeHue nmeet cnegyowmii sug, (4.15):

BX O

0,65/

BX

68,94/

2,38

(109,34)(1,59)

FF

bd

e

Re e

(4.15)

4.5.4 BnusiHWe A/IMHbI LWEeNeBOro 0TBEPCTMS Ha KO3 MdULMEHT MECTHOro
COMpOTUBIIEHMS OTCOCA

Mpw onpeaeneHMn 3aBUCMMOCTU MPOTSHKEHHOCTU BXOAHOW LLENN Ha

KO3 PULUMEHT MECTHOIrO COMPOTUBIIEHNS BCAaCbliBalOLLEro yCTPOMCTBA MCMOb30BaHO
BblpaxkeHue (4.15), koTopoe B crieaytoLlen cepum onbiTOB NpuHUMaeT Bua (popmyna
4.16):

g

BX

/(f

1

(Re) f

2

(b

/d)) = 2,38e

-0,65FBX/Fo

0,4

0,6

0,8

1

1,2

1,4
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1,6

1,8

0051152

g

BX

/(f

1

(Re) f

2

(b/d))

F

BX

/F

o]

101

BX

4

1238Bx0

(7).

oy

fld

fRefbdfFF

(4.16)

YpaBHeHue (4.16) nmeeT cteneHHoe pacrnpegeneHue (pucyHok 4.14) c
[OCTOBEPHOCTbLIO annpokcmauum 0,99. Yem 6onblue AnMHa LWeneBoro oTBEPCTUs, TeEM
6onblie KO3P@PULMEHT MECTHOIO CONPOTUBIIEHUS OTCOCA.
PucyHok 4.14 - Mpacpmk 3aBMCUMOCTM (
BX

/(f

1

(Re) f

2

(b/d)) f

3

(FBX

/Fo

N=f

4

(I7d)

3aBMCMMOCTb KO3 (PDULUMEHT MECTHOIO COMPOTUBIIEHUS NMPOTSXKEHHOrO OTCOCa OT

NPOTSXKEHHOCTW BXOAHOW LLENN OTpaXKeHa B cneaytoliemM ypasHeHumn (dopmyna (4.17)):

BX O

0,14 /

BX

0,65/6 8,94/
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1,01
109,341,592,9

3

Id

FF bd

e

Reee

(4.17)

BbipaxkeHune (4.17) no3BOMA0 NOAYUYNTb OKOHYaTENbHYIO hopmyny (4.18) ans
onpeaeneHus koadduumeHTa MECTHOrO CONMpPOTUBIIEHUS NMPOTSXXEHHOrO 0TCoca C
TaHreHuunanbHbIM BX04OM Bo3ayxa [1017:

BX O

0,65/8,94/0,614/

109,341,592,391,01.

FFbdl

BX

d

Reeee

(4.18)

Taknm 06pasomM, B pesynbTaTe NpoBefeHHbIX MCCNefoBaHU pa3paboTaHbl
OCHOBbI ANl pacyeTa BO34yXOMNpPUEMHbIX YCTPOMCTB B CUCTEME acnupaunmn ans
yaaneHusa Bo3ayxa OT MPOTSHKEHHbIX MCTOYHUKOB MblNeHUs. KoadpduunmeHT MecTHOro
g

BX

/(f

1

(Re) f

2

(b/d)) f

3

(F

BX

/F

= ©
Il

1,01e
4l/d

—

12

5678910

NDA D WNH OO

o]
x
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/(f

1

(Re) f

2

(b

BX

/D) f

3

(F

BX

/F

o)

)

I/d

102

COMpOTUBMEHNSA 0TCOCa HEOHX0AMM A1t pacyeTa NoTepb AaBNeHUs NPy BXOAE BO3AyXa
B CUCTeMy acnupauunu. MonyyeHHOe BbipaXKeHne NOo3BOJISET paccunTaTh AaHHble
noTepu BHE 3aBMCMMOCTM OT cnocoba ohopMiIeHUS LWeNM B NPOTSXKEHHOM 0TCOCE: MpuU
NOCTOSAHHOW LWMPUHE LWEeNeBOro 0TBEPCTMS U TpaneumeBnaHon ero dopMmbl.

4.6 MeToamka pacyeTa acnupaumMoHHOW CETU C MPOTSXKEHHbBIM OTCOCOM C
TaHreHunanbHbIM BXOAOM BO34yXa

Cucremy acnmpaumu c NpoTSXKEHHbIM OTCOCOM CneayeT paccymThiBaTb B
cnenytoLleM nopsake:

1. OnpepennTb 06bEM yaansemoro Bosayxa, L, no nsesecrHbim meTognkam [113,
127, 130].

2. BblbpaTb BeNMUNHY CpeaHen TpaHCNopTUpPYoLWwein CKOpoCcTH B
acnupauMoHHOM Bo3ayxosoge Vcp

. Ha 40% HwWXXe CnpaBOYHOMN.

3. OnpenenuTb AMaMeTp NPOTSXKEHHOro oTcoca d.

4. PaccunTtaTb niowasb NOrnepevyHoro ceYeHmnsi NMpoTsaXeHHOro otcoca Fo

5. YCTaHOBUTb COOTHOLEHWE PacCTOSIHWS OT LleHTpa BCacbiBaloLero yCcrponcraa

[0 KOHL@ NpoTSXeHHOro otcoca | k ero anametpy d us ycnoesus |/d He 6onee 20.

6. OnpeaennTb WNPUHY BXOAHOM Wenu b B 0TCOC NMpu UCNosb3yeMoM Buae ee
odopMeHns (MPAMOYrobHOM LWENN UM NpU CyXaloWwencs Wenn, Kotopas B niaHe
npeacraBnsieT cobon NpsiMOyronbHYo Tpaneuuto) no dopmyne (4.19):

b= L/(3600xcxVu

), (4.19)
roe Cc — AIMHa LWeneBoro oTBepCTUst BCacbiBatloLero yCTpomcTsea, M;
Viy

— CKOPOCTb BCACblBaHWs BO34yXa B LLE/b BCAChIBAKOLLEro YCTPOMCTBa, M/C.

Mcxoas U3 CriekTpa BCacbiBaHMs MPOTSHXKEHHOro oTcoca (pUCyHoK 4.9) ans
rapaHTMpPOBAHHOIO Y/1IaBIMBaHMA B3BELIEHHbIX YacTUL, CKOPOCTb HarpasBieHHOro
103

[BUXEHUA BO3[yXa K BCachblBaloLLEN Weam AomKHa 6biTh 60MblIE CKOPOCTU BUTAHMUS
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3TUX NblAEBbIX YacTmy. cxoas n3 ancnepcHoro cocrasa obpasyrowencs nbiav npu
NMpon3BOACTBEHHOM MpoLuecce, CKOPOCTb BUTAHMS YacTuy, Nbiiv VBUT
ornpegensieTcs us

cnpaBoyHol nuTepatypbl [134]. CornacHo CnekTpy BcacbiBaHWSI MPOTSXXEHHOro oTcoca
(pucyHoOK 4.9) nbineBble YacTuubl (yronbHas nbljib pa3mMepoM MeHee 50 mkMm [14, 16, 45,
134]) moryT 6bITb 3aXBa4eHbl Ha PacCTOSIHMKM OT BCACbIBaOLLEro yCTponcraa, npun
KOTOPOM CKOPOCTb B CMEKTpe BCacbiBaHMs 6onblie nnn pasHa 0,05V

Ha ocHoBe

NpoBeAEHHbIX UCCIeA0BaHMI CreKTpa BcacbiBaHUS. Heobxoanmas ckopocTb
BCaCbiBaHMS BO34yXa B LLe/b BCacblBatowero ycrponcraa Vi,

onpegensercs us

cdopmynbl (4.20):

Vi

= (1,1Veut

)/0,05 (4.20)

Mpw cy>xxunBatoLemMcst LWwenesom oTBepcTum no dopmyne (4.19) onpenensercs
CpefHss IMHUA NPAMOYrO/bHOW Tpaneuun, kotopas pasHa no dopmyne (4.21):
b=(b

1

+b

2

)2, (4.21)

roe b

1

, b

2

— AJZINHa OCHOBaHWI MpsIMOYrofibHOW Tpaneunu, M.

7. PaccunTtaTtb nsowanb nonepeyHoro ceyeHums wenm Fex

8. PaccuntaTtb kputepui PeinHonbaca Re no dopmyne (4.8).

9. OnpepennTb KO3MDDOULMEHT MECTHOIO COMPOTUBIIEHNS BXOAY BO34yXa B OTCOC
¢

BX

CornacHo ypaBHeHMio (4.18).

10. PaccunTtaTb noTepu AaeneHns B oTcoce PoTc

no ¢opmyne (4.22):

(4.22)
PaspaboTaHHasi MeToAMKa pacyeTa acnMpauMoHHON CETU C MPOTXKEHHbIM
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OTCOCOM MO3BONSIET paccymMTaTb NOTEPU AaBNEHNS BO BCACbiBalOLLEM YCTPONCTBE
pas3nnyHoi opMbl: NPy NOCTOAHHOM WWMPUHE Wenu 1 TpaneumesnaHon. CornacHo
NCcCneaoBaHNAM Hansydle nokKasaTesm NoyyeHbl Y Cy>XXUBaLWENCcs Wenm npu
COOTHOLUEHWW OCHOBAHWI NPAMOYrofibHOW Tpaneunun B NaaHe BXOAHOro kaHana 1:5.
Co3aaHHbI 3aKpyYeHHbI MOTOK BO34yXa B CMCTEME pPacrnpoCTpPaHSeTCs Ha pacCcTosiHue
He MeHee 20 AMaMeTpoB OT LieHTpa BcacbiBatoLwen wenn. CKopoCcTn BCacbiBaHMA U Ha
OHE MPOTSHKEHHOro 0TCOCa paBHOMEPHO pacnpefenieHbl Mo ero A/iMHe.

104

WccnepoBaHHble NokanuaytoLwme yCTponcTea No3BoONSAT NOBbICUTL

3(PPEKTUBHOCTb M SKOHOMUYHOCTb CUCTEM acnmpaummn Ha Norpy30-pasrpy304HbIX
KOMMieKcax NpeanpuaTuiA 3n1eKTpoIHepreTukn. PesynbTaTbl NCCneioBaHUn BHEAPEHbI
B yuyebHbI npouecc ®re0yY BO Ypl'YIMC npu obyvyeHUn CTyaeHTOB B
npocdeccnoHanbHbIxX ancumnanHax («Mpon3BoACTBEHHAs CaHUTapusa U rMrMeHa Tpyaa»,
«maporasoanHammka», «fMpon3soacTBeHHas 6e30MacHOCTb») HanpaBieHns
noarotoBkun 20.03.01 «TexHochepHasi 6e30nacHOCTbL» MO HanpaBlEHHOCTH
«be3onacHOCTb TEXHONOrMYECKMX MPOLLECCOB U MPOM3BOACTB>», UCMOMb3YHOTCS Mpu
nposeAeHUN obydeHns No NporpaMMaM AONOSHUTENbHOrO NpodeccMoHanbHoro
obpasoBaHusa («MpodeccmoHanbHas nepenoaroTtoBka B 061acTn oxpaHbl Tpyaa»,
nosbleHne KBanndukaumm no kypcy «OxpaHa Tpyaa») B 4y ®HMP «<HUNOT»,
HalM NpUMeHeHMe B NPOeKTHON AedTenbHocTn otaena OMTC OAO
«YPANTUMPOTPAHC» (npunoxeHune b).

Mony4yeHHble pe3ynbTaTbl AEMOHCTPUPYIOT MPenMyLLECTBa NPOTSXKEHHbIX

OTCOCOB C TaHTreHLManbHbIM BXOAOM BO3ayXa:

— 3 PEKTUBHOCTb B OTHOLIEHMWN NpeaoTBpaLleHNs OTIIOKEHUN MbIIN Ha
BHYTPEHHUX CTEHKax BO34yX0BOAa;

— paBHOMepHOe yJaneHue 3arpsisHeHHOro Bo3ayxa no Bcen A/IMHEe NCTOYHMKA
nblneobpasoBaHus;

- Manasi MeTasyIJIoeMKOCTb;

— BO3MOXHOCTb MCMOSb30BaHMs B LLEHTPaSIM30BaHHbIX acnupaunoHHbIX

cucremax.

4.7 Bocnpon3BOAMMOCTb pe3ysibTaToB 3KCMepUMeHTaNbHbIX NCCea0BaHWN

105

[ns npoBepky BOCNpPOM3BOANMOCTM pe3yfibTaToB 1abopaTopHbIX UCCIefoBaHWN
NPOTSXKEHHOr0 0TCOCa paccymTaH Kputepuii KoxpeHa. MoaBeprHyTa aHanu3y cepus
OMNbITOB C NATHIO U3MEPEHUAMU B KaXAOM U3 HMX. OLieHKa BOCNpoM3BOANMOCTHU
3KCMepUMEHTOB NpoBeAeHa COrslacHo creaytolemMy anroputmy [1141]:

1. OnpepenuTb cpegHeapndMeTUYecKoe 3HaueHme n

cp

A5 KaXkaon cepum

OnbITOB.

2. PaccumTtaTb KBagpaTbl pa3HOCTU (haKTUYECKOro 3Ha4YeHns n

i

oT

cpefHeapudMeTUYEeCKOro 3Ha4eHuns n

cp
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no NSATN namepeHmnam (MOBTOPHOCTAM) Ans
KaXxaon cepumn onbiToB (M = 5).

3. NS Kaxxaon cepuvn OnbITOB ONpeaennTb CyMMY KBafapaToB OTK/IOHEHWUN.

4. HalTu NOCTpOYHYO ANCMEPCUIO O
M

2

no c¢opmyne (4.23):

2

2

cp

(4.23)
5. MpocyMMMpoBaTh MOCTPOYHbIE AMCNEPCUN
2

3 3 Z O

ansa N onbitoB (N = 11).

6. PaccuntaTtb kputepuin KoxpeHa no ¢opmyne (4.24):

2
Max
Max

o = N

3 3 3 2 3 O~

(4.24)
rae o
2
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n max
— MaKCMMasibHOe 3HayeHue o

n

2

N3 BCex Cepui OnbITOB.

7. CpaBHUTb N

max

c TabnnyHbIM 3Ha4YeHueM kpuTepms KoxpeHa n
max Tabn

. OnbIT

BOCMpPOM3BOAMM B Clyyae, Korga n

max Tabn

=n

max

PacyeTbl Nokasanu, YTO MO pe3ynbTaTaM dKCNepuMeHTaNlbHbIX NCCNeaoBaHN M’

n

max

=0,24,n

max Tabn

= 0,31. Ycnosue BOCNpon3BOANMOCTM OMbITOB BbIMOSIHEHO

(0,31 = 0,24) , cnepoBaTesnibHO, X pe3ynbTaTaM MOXXHO AOBEPATb.

4.8 BbiBOAbI

106

Pa3spaboTaHbl 1 nccneaoBaHbl OTCOCHI MPU MOCTOSSHHOW LUMPUHE BXOAHON Wwenu,

a TakXke Npu cyxuBatowenca popme Wwenu, KoTopas B naaHe npeacrasnsieT cobomn
NpsIMOYTo/ibHYIO Tpaneumio.

[oKasaHo Hannuue 3akpy4YyeHHOro NoToka Bo3ayxa BHYTPU CUCTEMbI acnupauunm.
BpalaTenbHoe ABMXXEHNE COXPaHSETCA Kak MMHUMYM Ha 20 AMaMeTpoB BO34yX0BOAA
3a OTCOCOM OT LieHTpa BCacbiBaloLLero oTeepcTus. NpeobnagaHve npucTreHHown
CKOPOCTM Haj 0CeBOWN M CpefHeW Mo3BONsSeT NpefoTBPaTUTb HaKoMJeHe Nblan Ha
BHYTPEHHUX CTeHKax Bo3ayxosoga. Co3aaHme BpalleHMsl MOoToKa BO34yxa He yBenuunuT
COMpPOTUB/IEHNE BCEN CUCTEMBI, TaK Kak BO3MOXHO CHMXXEHWE cpeaHel CKOpPOCTH
BO3/yXa B MOMepe4yHoM CeyeHnn Bo34yXoBoaa. B cnyyae npoekTMpoBaHUS CUCTEMbI
acnupaumu C TaHreHunanbHbIM BXOAOM BO3ayXa Tpebyemasi CKOpOoCTb ABUXEHUS
MOXEeT ObITb MPUHATA MeHbLUe, YeM TOoro TPebyloT cnpaBoYHble MaTepuanbl Ha 40%.
Mpy 3TOM BeNMYMHA CKOPOCTU BAOSb BHYTPEHHEN CTEHKM BO3ayxoBoda byaeT
[OCTaTOYHOM Ansi TPaHCNOPTMPOBaHMS YacTmy nblav. MccnepoBaH daken BcacbiBaHUSA
oTcoca.

PaBHOMepHOe BcacbiBaHMe 3arpsi3HEHHOro BO3yxa B CUCTEMY acnmpauum

nossonseTt obecneunTb CyxunBaLascs gopma Lwenesoro oteepctns. CKopoctun B
NPUCTEHHOM C/10€ U Ha Y4acTKaX BCacblBaHUSA NMPOTAXXEHHOro 0Tcoca paBHOMEPHO
pacnpefeneHbl No ero AnvMHe. Hannydwme pacnpeneneHme CKOpoCcTen nosy4yeHo npu
cy>)XuBarwiencsa gpopme LWenesoro oTBepCTnst C COOTHOLLEHMEM OCHOBaHUM Tpaneuumn
1:5. Mony4yeHo BbipaxeHue Ans onpeaeneHns KoadduumneHTa MECTHOIO
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COMpPOTUBIEHNSA OTCOCA MPU Pa3MUYHOM 0DOPMIEHUU LLLENEBOrO OTBEPCTUS BO
BCaCbIBaloLLEM YCTPOMUCTBE C TaHMeHUMaNbHbIM BXOAOM Bo3ayxa. PazpaboTaHa
MeToAMKa pacyeTa acnupaumMoHHOW CETU C MPOTSXKEHHbBIM OTCOCOM C TaHME€HLUMNANbHbIM
BXOJOM BO3ayXa.

107

5 SOOEKTUBHOCTb BHEAPEHUA CUCTEMbI ACMUPALIA MPU

PA3IPY3KE YA HA TEMOBbIX 2JIEKTPOCTAHUNAX

5.1 2¢deKTMBHOCTb BCACbIBAHUS YaCTUL, MbIIN NPOTSHXKEHHbBIM OTCOCOM C
TaHreHumnanbHbIM BXOAOM BO34yXa

Pa3smelLeHne BcacbiBatloLLEero yCTpoOMCTBa acnmMpaulMOHHON CUCTEMbI BNMSIET Ha

3 dEKTMBHOCTb 3axBaTa YacTmu Nbiam. CKOPOCTb BCAacCbiBaHUS B L enb A0/MKHA
npeBbllaTb CKOPOCTb BUTAHMSA MblNEBbIX YacTUL, 411 X FrapaHTUPOBaHHOMO
ynaenueaHus. lcxoas U3 AMCNepcHOro cocraBa obpasyowencst nbiam npu
Npou3BOACTBEHHOM MpoLecce, CKOPOCTb BUTAHMS YacTuy, bl VBUT

onpegensieTca u3

crnpaBoyHoOn nuTepaTypbl [134]. MbIIMHKN MeHbLIEen ANCNEPCHOCTUN UMEIOT HU3KYIO
CKOpPOCTb BUTAHUS U HaobopoT.

Ha ocHoBe npoBeAeHHbIX UCCNefoBaHNI CreKTpa BCacbiBaHW €€ MPOTSXXKEHHOMO
0TCOCa C TaHreHunanbHbIM BXOAOM BO3AyXa (PUCYHOK 4.9) MblIMHKA MOXET bbITb
3axBayeHa Ha paccTosHun 7,5x/b, roe x — pacctosiHne TOUKM M3MepeHUs OT MI0CKOCTH
BCaCblBaHMWS, M; b — WMpKHa WeneBoro oTBepcTMs oTcoca, M. icnonb3ys dopmynbl
(4.19) n (4.20), onpeneneHo paccTostHNe, Ha KOTOPOM MOXET BblTb 3axBayeHa MNblJIMHKA
yrns onpeaeneHHoro pasmepa (pucyHok 5.1). [lns pacyeta ncnonb3oBaH paHee
nony4YeHHbIV B noarnase 3.1 guccepraunoHHON paboTbl 06bEMHbIN pacxon
3arpsi3HeHHOro Bo3ayxa npu pasrpy3ke BaroHa C KaMeHHbIM yrfeMm.

108

PucyHok 5.1 - 3aBMCMMOCTb pa3MepoB BCACblBAEMbIX YaCTUL, YrONbHOM NblAn OT
pPacCcTOSAHUS A0 MIOCKOCTU BCaCbiBaHUSA NMPOTSXXEHHOro 0Tcoca

[ns 6onee TOYHOroO aHanM3a pacCcTosiHWUS, Ha KOTOPOM MOXET BbITb pasMeLleH
MPOTSHKEHHbIN OTCOC C TaHreHUManbHbIM BXOAOM BO3/lyXa OTHOCUTENIbHO UCTOYHMKA
nblneHns, HeobxoaAMMO NPOBECTU AUCMNEPCHbIM aHanu3 nblav, obpasyemon Ha
KOHKpeTHOM npou3ssoacTse. [ns 3deKTUBHOro 3axBaTa KOHKPETHOM MbIIN pacyeThbl
cnefyeT OCHOBbIBaTb Ha TOM pa3Mepe MblJIMHOK, KOTOPbIl 3aHMMaeT 60/bLUYO [0S0 B
pacnpegeneHnmn dpakumin. Yem Menbye yactmua nblav, TeM ganblie MOXeT 6biTb
pacnosioXXeHo BCacblBatoLLee YCTPOMUCTBO.

5.2 DxoHoMM4Yeckue 3aTpaThl paboToaaTens npu NOBbILWEHHON 3anblfIEHHOCTU
pabouyel 30HblI Ha pa3rpy304HbIX MoLagKax

Bonpocbl oxpaHbl TpyZa SBASIOTCA NepBOCTENEHHbIMU Ha t060M Npon3BOACTBE.

X TwaTenbHoe cobnogeHne NpuBeaeT He TONbKO COKPALLEHMIO CllyYaeB TpaBMaTM3Ma
0
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120

140

160

01234567

AVMaMeTp NbIIMHOK YIS, MKM

paccTosiHMe OT MJIOCKOCTU BCACbIBAHWSA MPOTSXXEHHOro 0Tcoca, M

109

n npoczaboneBaHnin, HO U K NOBbILIEHUNIO AOXOA0B MPON3BOACTBA ( 3@ CUYET CHUXKEHUS
3KOHOMWYECKNX MNOTEPb, CBA3@HHbIX C HEGNAroNpUATHLIMKU YCIOBUSIMA TPyAa),
NpoV3BOAUTENBHOCTU TpyAa, NPodeccnoHanbHoM rpaMoTHOCTU. OQHOBPEMEHHO Y

Nofen B NyULlyo CTOPOHY MEHSIETCS OTHOLWEHMWE K TPyAy, T.K. MOBbILIAETCS ero
npuBnekaTenbHOCTb, OPMUPYETCS YyBCTBO YAOBNETBOPEHHOCTbLIO TPYAOM, €ro
coaep)xaHneM u pesynbTaTaMu. Ha ocHOBe ynydlleHnsl YCIOBUIA TpyAa CHUXAETCs U

TeKy4yecTb Kaapos.

KayecTBO pelieHuns BonpocoB 6e30nacHOCTM Tpyaa HanpsiMyto 3aBUCUT OT
KOMMeTEeHTHOCTW paboToaaTtens B 3Toh obnactu. CornacHo TpebosaHusam TK PO [129]
pyKOBOAMTENb NpeanpusaTus o06si3aH ob6ecnednTb COOTBETCTBYOLME TpeboBaHNAM
OXpaHbl TpyZa YCNOBMSA TPyAa Ha KaxaoM paboyem mecte. B nepsyto ovepeap, 3TO
[O/HKHO 6bITb AOCTUTHYTO KOJIEKTUBHbLIMU CPEACTBaMU 3alnTbl (OTOMNIEHUE,
BEHTUNALUMS M 04YMCTKA BO3AyXa, OrpagnTesibHble N FrepMETU3MPYIOLLNE YCTPOMUCTBA,
CUCTEeMbI CUFHaNM3aumMm U AUCTaHUMOHHOIO yrnpasneHus). laHHble MeponpusTus
[OCTaTOYHO JOPOrOCTOALLM, HO 3aTpaTbl Ha HUX KOMMAEHCUPYHOTCS B TeYEeHMe
HenpoAOHKMTENBHOr0 CPOKa 3a CHET SKOHOMUM CPEACTB, Npexae BCero, Ha BbiNnaThbl
KOMMeHcaunii n nbrot paboTHMKaM 3a BpeaHble U (UIM) onacHble YCoBuUsl Tpyaa.
CucreMbl acnupaunm Ha 601bLWIMHCTBE NPOU3BOACTB HE BbIMOHAOT CBOEN

rnaBHOM YHKLUMWN — OUYNCTKA BO3ayxa paboyen 30Hbl. DTO 06yCoBNEHO CrieayowmnmMm
npuynHamm:

— M3HOC CyLLeCcTBYIOLWEero acnmpauMoHHoro o6opyaoBaHuns;

— BblCOKasi SHEProeMKOCTb aCnMpPauMOHHbIX CUCTEM, OTPULLATENBHO BAUSIIOLLEN

Ha peXmMbl NX KCNyaTaunm;

— [ONONHUTENbHOE NOAKJIIOYEHME K CYLLEeCTBYIOWEeNn cucTeMe acnmpauum HOBbIX
He3anlaHMpPOBaHHbIX NCTOYHMKOB MbliieobpasoBaHus.

HeaddekTnBHasn ouncrka Bo3gyxa paboueit 30Hbl 0bycnasnmeaeT
HeyZl0B/IeTBOPUTESIbHbIE YC/I0BMS TpyZa Ha Morpy30-pasrpy304HblX naowaakax. 3710
obycnaBnnBaeT NpeaocTaB/ieHMe NbroT U KoOMNeHcaunn paboTtHukaMm, paboTarowmx Bo
BpeAHbIX YCNoBuUsX Tpyda. MpeBbllweHne npeaesibHo A40NYCTUMOM KOHLEHTpaumm
BpeAHbIX BELLECTB B BblbpacbiBaeMoOM B aTMOChepy BO3AyXe MOXET NpUBECTU K

110

WwTpadHbIM CaHKLMSAM 3a 3arpsisHeHue Bo3ayLwHoro 6acceriHa. [MoMMMo Toro
ocefatoLas nbijib Ha NPOM3BOACTBEHHOM 060pyAOBaHUM YCKOPSIET €ro U3HOC U
yBEMUYMBAET NPON3BOACTBEHHbIE U3AEPXKN Ha 06CTy)XnBaHue.

3aTpaThbl Ha peanv3aumio TPYAOOXPaHHbIX MEPONPUSATUIA BKITHOUAIOT:

1) kanuTanbHble (EAMHOBPEMEHHbIE) B/IOXKEHWS, HANpaBieHHbIE Ha yNy4dlleHne
YCIOBUIA N OXpaHbl TPyAad;
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2) aKcnnyaTauMoHHble (TeKyLmMe) pacxoabl, HanpaB/ieHHble Ha BbIMOSIHEHWE
3aKOHOAATENIbHbIX M MHbIX HOPMAaTUBHbIX TpeboBaHMI Mo oxpaHe Tpyaa.

K kanuTanbHbIM BNOXXeHnAM K OTHOCATCA pacxoapl Ha NMpoeKTUpoBaHue,
npunobpeTeHne acnnpaLmMoOHHON YCTaHOBKM, €e TPaHCNOPTMPOBKY, MOHTaX.
MpoBeaeH pacyeT KanuTanbHbIX 3aTpaT cornacHo FocyaapCcTBEHHbLIM
3/IEMEHTHbIM CMETHbLIM HOPMaM Ha CTpouTesbHble paboTbl [32]. OnpeaeneHsbl
noTpebHOCTM B pecypcax: 3aTpaTbl pabounx, CTPOMTENbHbIX MaLWWH U MaTepUanos.
PesynbTaTbl pacyeta npueeaeHbl B Tabnvue 5.1.

Tabnuua 5.1 - KanuTanbHble BAOXEHUSA HA YCTPOMNCTBO CMCTEMbI acnupaunm
Ne

n/n

Bua pabotbl

3aTpatbl Tpyda

pabounx, pyb

3aTpaTtbl Ha UCnonb3lyemble

MalMHbl N MexXaHn3Mbl, pyb

3aTpaTbl Ha Matepuansl,

py6

12345

1 MNpoknagka

BO3lyXOBOAOB 13

NINCTOBOW CTanu

9519 CBapoyHble paboTbl — 248

ABTOMO6UNM 6OpTOBBLIE

rpy30MnoAbEMHOCTBIO 40 5 T

- 265

Nebenkun py4dHbie n

pblyaxHble — 9497

Nebenkun anekTpuyeckue —

113
KpaHbl Ha aBTOMO6U/TIbHOM
xo4y — 265

WToro: 10388
Bosayxosoapl — 38000
Opoccenb-knanaH - 630
KpenexHble nsgennsa —
5292

AcbecToBbIN WHYP -
139

Mpoknaaku pesnHoBble
- 1145

SnekTpoapl — 19
Mactuka
repmeTmsmpytowas - 76
Wtoro: 45301
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2 YcraHoBKa

oTcoca

3038 AsToMobUnN 6opTOBLIE
rpy30noAbEMHOCTbIO 10 5 T
-403

Otcoc - 40300
KpenexHble nsgenns —
1451

Mpoknagky pesnHoBbie

- 306

Wtoro: 42057

111

MpopomkeHne Tabnmubl 5.1
12345

3 YcraHoBKa

KPOHLUTENHOB

135 ABTOMO6MAM 6opTOBLIE
rpy30n04AbLEMHOCTBIO A0 5 T
-10

CBapouyHble paboTtbl — 70
MNepcopaTop
3N1eKTpuyeckmin — 5

WToro: 85

KpoHLWwTehHbI 1

noacrtasku — 7200
KpenexHble nsgennsa —
320

2nekTpoapl — 12

PacTBop ueMeHTHbIN —

90

NToro: 7622

4 YcraHoBKa

UMKIOHA

36311 KpaHbl Ha aBTOMO6MIbHOM
X0A4y rpy30noAbeMHOCTbIO
0o 10 T - 45453
ABTOMO6MN BOPTOBLIE
rpy30N04AbLEMHOCTBIO A0 5 T
-50

CBapoyHble paboTbl — 2297
WToro: 47800

Unknon LUH-11-1600 -
190000

KpenexHble nsgenns —
1400
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2nexkTpoapl — 30
lMpoknagku pesnHoBble

- 1574

®dnaHey ctanbHon — 200
Mpoknaaku 3 napoHuTa
-10

WTtoro: 193214

5 YcraHoBka

paananbHOro

BEHTUNATOpPA

3369 KpaHbl Ha aBTOMO6UILHOM
X04y rpy30MnoAbeMHOCTbIO
[o 10 T - 495

ABTOMO6UNM 6OpTOBBLIE
rpy30noAbEMHOCTbIO 10 5 T
- 480

Nebenkun py4dHbie n
pblyaxHble — 5925

NToro: 6900

BeHTunatop

paavanbHbin BLIM 6-45
N28 - 108680

KpenexHble MaTepuanbl

- 456

Mpoknagky pesnHoBble
-24

WTtoro: 109160

6 YcraHoBKa

BCT@BOK MO6Knx K
paavanbHOMy

BEHTUNATOPY

266 ABTOMO6MM BopTOBbLIE
rpy30N04AbLEMHOCTBIO A0 5 T
-4

Bcraeku rubkne - 1050
KpenexHble nsgenus —

70

lMpoknagku pesnHoBble

-4

WTtoro: 1124

WNToro,py6 52638 65580 398478
WToro no scem

nosnumnsm, K, py6

516696

Bo BpeMsa aKcniyaTauum acnupaunoHHON CUCTEMbI BO3SHUKAET psig
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3KCMyaTauMOHHbIX n3aepxek Ma

. K HUM cnepyeTt oTHeCTu cnegytowme:

1. 3aTpaTbl Ha 3/IEKTPUYECKYIO SHEPTUtO

BeHTunaTop pagnanbHbii BLIM 6-45 N28 noTtpebnser 37 kBt/u. Br.
EkaTepuHbypre ansi NpoMblLWeHHbIX Npeanpusatuii B 2014 rogy cTouMocTb
3N1EKTPUYECKON dHEeprumn cocrasnsna 2,5 py6/kBTu. GakTnyeckoe BpeMsl pasrpysku
112

noslyBaroHa BaroHOOMNpoKuAbIBaTesieM cocraBnseTt 1,5 MUH, 0KOMO 3 MUH 3aHMMatoT
noAroToBUTENbHbIE ONepaLn Ha OCHOBE NMPON3BOACTBEHHbIX NCCNeA0BaHWUN.
BeHTMNATOp cneayeT BKAOYATb TO/IbKO B MOMEHT BKJILOYEHUS MOBOPOTHOIO
yCTPOMCTBA. 3a 4ac paboTbl BaroHOOMpoKuAbiBaTeleM MOXXHO pa3rpy3nTb 13 BaroHos,
obLee BpeMs npouecca HenocpeACcTBEHHO pa3rpy3ku coctaBuT 19,5 MUH.
COOTBETCTBEHHO 3aTpaThl Ha 3/1IEKTPO3HEPrMto Ansl paboTbl BEHTUASTOPA 3a OAMH Yac
paboTbl pa3rpy3o4Horo nyHkrta pasHbl 30,1 py6. MNpn 8-uyacoBon pabouen cMeHe B
TeueHue roga paboTbl (247 pabounx gHelr) obuiee noTpebreHne 3NeKTpo3IHEPrun
coctaBuT 23712 kBT, UTO B A€HEXHOM 3KBMBaneHTe - 59280 py6b.

2. 3aTpaTbl Ha YCIyrn CTOPOHHMUX OpraHmM3aunin No CoaepXXaHuio yCTaHOBIEHHOM
CUCTEMbI acnupaumm UM Ha 3apaboTHYO NnaTy nepcoHana, 3aHAToro AaHHbIMU
paboTaMu, a TakXXe TPaHCNOPTHbIE pacxoAbl Ha BbIBO3 Y/IOB/IEHHOro Matepuana
Mpu exekBapTanbHOM 06CNY>XUBAHMW CUCTEMbI acnupaunmn B cpeaHeM

CTOMMOCTb YC/IyI CTOPOHHMX opraHm3aumun coctasut 20000 py6., T.e. 80000 py6b.
€XeroaHo.

Taknm 06pa3oMm, 06waa cyMma aKCnayaTaunMoHHbIX nsgepxek Na

, 3a roa paBHa

139280 py6.

JononHunTensHble pacxoabl paboTogaTtens Adp

Ha OAHOro CoAepXaHue B WTaTe

6purazbl U3 ABYX MalMHUCTOB BarOHOOMPOKMAbIBATENS COCTOAT U3 CYMMbl pacxoaoB
Ha NpefocTaBfieHMe NbroT U KOMIMeHcaumMin 3a BpeaHble U (MM) onacHble YCIoBUS
Tpyaa Ha ero paboyem mecte ANk

N KOCBEHHbIX pacxofoB 3a CYeT yTpaThl

TpyAocnocobHocTM paboTHWKa BCrieacTBme npodeccnoHanbHoro 3abonesaHns ASKp
(dbopmyna (5.1)):

Adp

= A3nK

+ A3Kp

, Py6. (5.1)

O6bIYHO pa3rpy304HbIf MYHKT 06CyXXmnBatoT ABa paboTHMKA, MO3TOMY UTOroBoe
3HayeHne Adp

crneayeT yBenMunTb B ABa pa3a. [lanee npuBeaeH pacyeT 3KOHOMUYECKMX

3aTpaTt npu HebnaronpusATHbIX YCIIOBMSIX TpyAa B COOTBETCTBUM C AENCTBYOLWUM
3aKOHOAATEeNbCTBOM.

1. DKOHOMMYecKMe 3aTpaTbl Ha NpeAoCcTaBfeHue NIbroT U KoMMeHcaumi
paboTHMKaM, TPYASLWMXCA BO BpeaHbIX U (MK) OnacHbIX YCIOBUSX Tpyda ANk
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113

Pacxoabl Ha npepocTaBneHne NbroT U KOMNEeHcaumuii 3a BpeaHble n (unm)

onacHble ycrioBus Tpyda Ha pabouem mecte ASnk

COCTOSAT U3 CYMMbI 3aTpaT Ha

[ononHuTenbHyto onnaty Tpyaa AOT, Ha npefocTaBieHne AONOIHUTENbHOrO OTNyCcKa
[0, cokpalleHHON NpoaomKNTENbHOCTN paboyero gHs paboTHmkos CIMA, Ha NOKynKy
MOJI0Ka N ne4yebHo-npodunakTmyeckoro nutaHus MMM, Ha NnpegocTaBneHue
NbroTHOM TPyAOBOW neHcum no crapoctu JITN (dopmyna (5.2)):

ASnk

= Aot+4o+cng+Mnnn+ntn (5.2)

B cooTBeTCTBMU C M3MEPEHMSIMX aBTOPOM 3arblJIEHHOCTN Bo3ayxa paboyel 30HbI
MalLlMHMCTa BaroHOOMNpoKuAabliBaTens ycnoBmsa Tpyaa paboTHmMka cornacHo [104] knacc
yCnoBui Tpyaa no ¢akTopy « A3p030JsM MPeMMyLLECTBEHHO GUOBPOreHHoro
BO3AENCTBUA» COOTBETCTBYET BPeAHbIM YCN0BUAM Tpyda 3 cteneHun (knacc 3.3) npwm
HanMuMKn pernamMmeHTUpPOBaHHbIX MepepbiBOB He MeHee 7% paboyero BpemeHu. B cBa3un
C nocneagHUMM naMeHeHusiMM B TpyaoBol kogekc PO [129] 3a knacc BpeaHoctn 3.3
paboTogdaTenb 06583aH NpefocTaBUTb PabOTHMKY AONOAHUTENBHYO ONAaTy TpyAaa,
OOMNOSIHUTENbHbIA OTNYCK M COKpAaLLEeHHbIN pabounii AeHb.

CornacHo craTtbe 147 TpyaoBoro kogekca P® [129] onnaTa Tpyaa paboTHMKOB,
3aHATbIX Ha paboTax ¢ BpeaHbIMM U (MK) ONacHbIMU YCIOBUSAMU TPyAa,
yCTaHaBNMBAETCS B MOBbILIEHHOM pa3Mmepe. MMHUManbHbI pa3Mep NOBbIWEHUS
onnaTtbl TpyAa cocTasnsieT 4 npoueHTa TapudHoM ctaBkm (oknaga). CornacHo AaHHbIM
PoccraTa [116] cpegHeMecsiuHasi HauncneHHas 3apaboTHas nnaTa 3a 2014 r no Poccnm
cocrtaBuna 32495,4 py6. Takum obpasom, AonnaTta 3a BpeAHble YC/IoBUS Tpyda
MUHWUMYM cocTaBuT 15598 py6./rog Ha oaHoOro paboTHMKa.

Cratbs 117 TpynoBoro kogekca PO [129] pernaMeHTMpPyEeT MMHUMANbHYHO
NpPOAOIKMNTENbHOCTb AOMNONIHUTENBHOIO OTNYCKa 3@ BpeAHble U (Mn) onacHble YCIoBus
Tpyaa. OHa coctaBnsieT 7 KaneHaapHbixX AgHen. CymMa oTnyCckHbixX OTI

paccunTbiBaetcs no ¢gopmyne (5.3):

oTn = (4-3M)/(12:29,4), (5.3)

rae [l — KonnmyecTBo OTNYCKHbIX AHEN.

3N - 3apnnarta, Nony4yeHHas 3a NoJIHbIA pacyeTHbIW nepuog (12 mecaues);

12 - KOMYeCTBO MecsLEeB B paC4eTHOM nepuoae;

114

29,4 - cpeaHee KOMMYECTBO AHEN B OAHOM MecsLe.

TaknM 06pa3oM, MMHMMasbHAs CyMMa OTMYCKHbIX 3@ BpeAHble yCNoBusa Tpyaa

6ynet paBHa 7737 py6./rop.

Cratbs 92 TpyanoBoro kogekca PO [129] onpeaensieT NpoA0/KUTENbHOCTb
CcoKpalleHHoW paboyei Heaenn Npyu OTHECEHUW YCIOBUI Tpyaa K BPpeAHbIM CTeneHblo 3
n 4. PaboTHMK B A@aHHOM Clyyae A0/MKEH TpyAMTbcs He 6onee 36 yacos B Heaento. MNpu
cpeaHeMecsyHol 3apaboTHon nnate B 32495,4 py6. onnata paboTbl B Yac Ans
paboTHuka, Tpyasuwerocs 36 yacoB B Hegento, 6onbwe Ha 20,52 py6., yem npu 404acoson pabouen Hedene. 3a KaneHAapHbIA roa AaHHas pasHuua B 3apaboTHoOM nnaTte
coctaeunt 43338 pyb.

Mpw pasrpyske KaMEHHOro yras Hanamune BpeAHOW KOHLUEHTpaumu nblam

yrnepoaa B Bo3ayxe pabouei 30Hbl paboTHUK gomkeH nony4yatb 0,5 n Monoka B CMeHy

http://susu.antiplagiat.ru/ReportPage.aspx?docld=427.29844176&repN umb= 1&type=3&page=0 96/112



30.03.2017

AHTUNNarvar

[103]. CornacHo Nnpon3BOACTBEHHOMY KaneHaapto Ha 2014 r konn4yecTso paboumnx

OHen B rog — 247. CpegHsiss CTOMMOCTb nTpa Mosoka B . EkaTtepuHbypre 40 py6. 3a

nuTp. 3aTpaTtbl paboTogaTens Ha NOKYnKy Mosioka coctaBaT 4940 py6. B rog Ha oAHOro
paboTHuKa.

B anekTposHepreTMke paboyee MeCcTo MallMHMUCTa BaroHOONpPoKMAbIBaTeNs

cornacHo [95] oTHocuTcs kK Cnncky N22 npodeccmii, MerLwmx NpaBo Ha MNEeHCUIO Ha

NbroTHbIX YCNoBMsAX. TpyAoBasi MEHCUSA NO CTapoCTU Ha3HA4YaeTCsl paHee AOCTUXEHUSA
BO3pacTa My>4YMHaM Mo AOCTUXXEHMN Bo3pacTa 55 NeT M XeHLWMHaM N0 AOCTUXEHUN
Bo3pacTta 50 net npu BbiNoNHeHUM psiaa TpeboBaHMin no crtaxy. Pabotonatens 0653aH
nepeyncnsaTb AONOMHUTENbHbIE Tapudbl CTPaxoBblX B3HOCOB B [TeHCMOHHbIN doHA PO
Ha pMHaHCMpOBaHWE CTPaxoBOM YacTu MEeHCUU B 3aBUCUMOCTU OT YCTaHOBJIEHHOMO
Knacca ycnosmi TpyAa Mo pesynbTaTaM CneumanbHOM OLEHKM ycnoBun Tpyaa [131].
Mpn oTHeCeHUn yCIoBMIA Tpyaa K BpeaHbIM 3 cTeneHn pasmep Tapuda coctaBuT 6%.
OTO0 O3HAYaeT HanMumne JONONHUTENbHbIX PacxodoB Ans paboTtogatens B pasmepe
23397 py6./roa npu cpeaHeMecsiyHol 3apnnate 32495,4 py6.

CyMMapHble 3aTpaTbl paboTodaTenst 3a roa Ha NpeaocTaBneHne Nbrot u

KOMMeHcaunii 3a BpeaHble YCI0BUS TPyAa MaMHWCTY BaroHOOMpoKMAbIBaTeNs npu
cpenHecTaTucTnyeckor no Poccun 3apaboTtHon nnate no dopmyne (5.2) cocrasar:
115

Adnk

= 15598+7737+4+43338+4940+23397 = 95010 (py6.)

KocBeHHble noTepn ASkn

3a cyeT yTpaTbl TPYAOCNOCOOHOCTM paboTHMKA

CK/1aablBAOTCA M3 BbINJIAT MO BpeMeHHOoW HeTpyaocnocobHoctn BHC n3-3a
Npou3BOACTBEHHO 06yCNOBNEHHbIX 3ab0neBaHni 1 3aTpaT Ha coaepXKaHue
[ONONHUTENBbHON YMCNEeHHOCTM paboTHMKOB Y Ha BpeMs HETpyA0CNOCO6HOCTM
OCHOBHOIO COTpyAHMKa (dopmyna 5.4):

A3kn

= BHC + A4, py6. (5.4)

PacueT BbINNAT NO BpeMeHHOW HeTpyaocnocobHocTn BHC n3-3a

Npon3BOACTBEHHO 06YC/OBNEHHbIX 3a60/1€eBaHM pacCYnTbIBAETCA Cleayowmm
obpasom (dpopmyna (5.5)):

BHC = nbl, py6. (5.5)

rae n — KOJIMYecTBO YesloBeK, HaxoAMBLUNXCS Ha 60NIbHUYHOM MO NpUYMHE
npodzaboneBaHus, 1 ven.;

b - cpegHee uncno pabounx AHeN HeTpyaoCnocobHOCTUM Ha oAHOro paboTHuKa B

rog, 10 gHen;

Ll — cpeaHsas aHeBHas 3apnnata (1477,1 py6./AeHb Npu cpeaHeCcTaTUCTUYECKon
3apaboTHon nnate no Poccmu).

Takum obpasom, no dopmyne (5.5) pacxoapl Ha BbINIaTy NO BpEMEHHOWN
HeTpyAoCnocobHOCTM cocTaBuT 14771 py6. Ha oaMH cnyyan NpodeccnoHanbHOro
3aboneBaHuns. Takas xe cymma 6yaeT noTpayeHa B OTHOLIEHWU COAEPXaHUSA
[ONONHUTENbHON YNCIEHHOCTU pabOTHUKOB Ha BpPeMsi HETPYAOCMOCOOHOCTH
OCHOBHOIO COTpYyAHMKa. OTO 03Ha4aeT, YTo obLiasi CyMMa KOCBEHHbIX 3aTpaT B CBSI3M C
yTpaTOM TPyAOCNOCOOHOCTU MO npuymMHe npodeccnoHanbHoro 3aboneBaHnsa CornacHo
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cdopmyne (5.4) coctaBut 29542 py6. Ha oguH cny4dan npod3aboneBaHms.

Mo pe3ynbTaTaM NpuBeAEHHbIX pacyeToB pacxoabl paboTodaTens Ha
coAepXaHue B WwTaTe 04HOro MalMHMCTa BaroHOOMNpPOKNAbIBaTenNs npu
€ANHOBPEMEHHOM C/lyyae BPEMEHHOW HETPYAOCMOCOBHOCTU MO NpUYNHE
npodeccnoHanbHoro 3aboneBaHns B rog cornacHo ¢opmyne (5.1) coctassT:
Adp

= 95010+29542 = 124552 (py6.)

Hanuuue B 6purage AByx MallMHUCTOB BaroHOOMpPOKWUAbIBATENS YBENNUYNBaET
116

3aTpaTtbl paboTonaTtens sagoe — 249104 py6. CooTBETCTBEHHO NMPU BHEAPEHUM
3¢ HEKTMBHON CUCTEMbI acnnpaumm N OTHECEHUM YCNOBMI Tpyaa bpuragbl
MaLLUWMHMCTOB BaroHOOMPOKNAbIBaTENS K AOMNYCTMMbIM 3KOHOMUYECKNI addekT
AaHHoro Meponpusatus byaet paseH 249104 py6.

CpoK OKynaeMoCTu KanuTanbHbIX 3aTpaT Tok

paBeH OTHOLLUEHUIO KanuTasbHbIX

3aTpaT Ha BHeapeHue MeponpusaTus K K akoHoMuyeckoMmy addekTy ASp
(cbopmyna 5.6):

Tok

= K/A3p

(5.6)

TaknM 06pa3oM, CPOK OKYMaeMOCTU KanuTalbHbIX 3aTpaT Tok

coctasuT 2,1 roga.

BHeapsieMoe MeponpusTME MO oxpaHe Tpyaa cumTaeTcs 3hdekTUBHbIM, ecnm Tok
He

npesblwaet 12,5 net. Takum o6pasom, TpeboBaHMe 3aKOHOAATENBCTBA K 6€30MacHbIM
YCNOBUSAM TpyAa SIBASIETCS U 9KOHOMUYECKN 3P PEKTUBHBIM B C/lyyae BHeApPeHUS
3 PEKTMBHOM acnMpaLMoOHHON cncTeMbl. Mo ncTtedyeHnn NSt NeT BHeApeHne
acnvpauMoHHOW YCTaHOBKM OKYMNWUT 3aTpaTthl paboTofaTens B LenoM (KanuTanbHbIX U
3KCMyaTauMoHHbIX). Ha pucyHke 5.2 OoTpaXkeHOo exerogHoe HakonaeHue
3KOHOMMYeckoro addekTa 1 3aTpaTt Ha peanv3aunto TPyA0OXPaHHbIX MEPONPUSATUN.
PucyHok 5.2 - OkynaeMocTb TpyAOOXpaHHbIX MEPOMPUSTUIA MO UCTEYEHUN
Wwectn net

Cucrema acnupaunm cmoxeT adhekTnBHO paboTaTb TONbKO NpU yCI0BUK
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3aTpaTbl DKOHOMUYECKUM 3 dheKT

117

rPaMOTHOr0 NMPOEKTMPOBAHUSA U MOHTaXa yCTaHOBKM. BHeapeHVe acnMpalMoOHHON ceTu
C NPOTSXKEHHbIM OTCOCOM MMEET psif NpenMyLLecTB. YMeHblleHne Tpebyemon

CKOPOCTM TPaHCMNOPTUPOBAHMSA MblIN BHYTPY acnMpaLnoOHHONM CeTU NO3BoNSET
COKOHOMUTb Ha Noabope MEHee MOLHOro BEHTUAATOPA. DTO NO3BOMNUT CHU3UTb
3HepronoTpebneHme cucTeMbl acnmpaumm. MoMMMO TOFO MPOTSXKEHHbIA BO34YyX0BOA
XapaKTepu3yeTcsl Masioi MeTalNIOEMKOCTbIO MO CPaBHEHWUIO C BO34YXOBOAOM
paBHOMEPHOro BCacbiBaHuUs, paspabotaHHoro B HAW OT B r. EkatepuHbypre [94, 100].
TaknM 06pa3oM, 3KOHOMUYECKME pe3ynbTaTbl YyUlleHUs yCnoBuUn Tpyaa
noapasyMeBaloT COKpalleHMe pacxodoB Ha BbINaThl SIbrOT M KOMMNEHcaunii, 3aTpaTt Ha
nocobus no Npon3BOACTBEHHbLIM TpaBMaM, 3aboneBaHUAM, CHUXXEHME NoTepPb B
BblpaboTKe NpoAyKLUUM, pacXoaoB Ha NepenoaroToBKY KaapoB U BbiniaTy
OOMOSIHUTENbHbIX CTPAxX0BbIX TAapU@OB K CTPaxoBOM YacTW MEHCUN, NOBbILEHUN
npoussoanTensHOCTM Tpyaa. CoumanbHble pe3ynbTaTbl BHEAPEHUS MEPONPUSTUN MO
OXpaHe TpyAa BblpaxatloTcs B yBeNMYeHMn nepnoaa npodeccmoHanbHom akTMBHOCTMU
paboTHMKOB, paboTOCNOCOBHOCTU, CHMXEHUN NPOM3BOACTBEHHOIrO TpaBMaTM3Ma 1
npodeccuoHanbHbiX 3aboneBaHni, yMEHbLLEHNM TEKYYECTU KaapoB.

5.3 BbiBoabl

B pe3ynbTaTbl NpoOBeAEHHbIX pacYeToOB OnpeaenieHo pacCTosiHne, Ha KOTOPOM

cnefyeT pasMeCcTUTb NMPOTSXKEHHbI OTCOC C TaHMeHUMaNbHbIM BXOAOM BO34yXa AJ18 ero
3 PEKTUBHOrO ynaBaMBaHus NbIIMHOK YrAs onpeaeneHHOM AMCNepCHOCTU.
OnpepeneH 3KOHOMMYeCcKni 3 deKT BHeAPEHMS aCMUPALMOHHOM YCTAaHOBKM Ha
pa3rpy304HOM NYHKTE TEMJI0BOM 3/1eKTPOCTaHumMu. Mo nToram pacyeToB KanuTasbHble
3aTpaTtbl Ha MOKYMKY M yCTAHOBKY HOBOW CMCTEMbl acnmpaummn coctaBsaTt 516696 pyb.,
eXeroaHble aKCnayaTaunoHHble 3aTpaThl Ha 06CNyXuMBaHWe NpeasaraeMoro CpeacTaa
118

KOJINEKTUBHOM 3alinTbl — 139280 py6. DKOHOMMSA AEHEXHbIX CPeACTB paboToaatens
nyTeM nepeBoja MallMHMCTa BaroHOOMpPOKMAbIBaTENS U3 BPeAHbIX YC/I0BUIN Tpyaa B
ponyctumble (249104 py6./roa) cnaraetca us cbepexeHnmn cpeacTB Ha NpefocTaBieHne
NbroT 1 KOMMNeHcaunii 3a BpeaHble u (Mn) onacHble ycnoBusa Tpyaa Ha pabouem mecre
W No yTpaTe TpyAocnocobHocTM. CpoK OKyNnaeMoCcTu KanuTasbHbIX 3aTpaT COCTaBuUT
2,1 roaa, Cpok OKYyMnaeMoCTu U3aepXKeK B LesioM (KanuTanbHbIX U 3KCMyaTauMOHHbIX)
- 5 net. Taknm 06pa3omM, BHeApeHWE acnUpaunMoOHHOM YCTAaHOBKN C MPOTSXKEHHbIM
OTCOCOM C TaHreHuManbHbIM BXOAOM BO3A4yXa ClefyeT CYMTaTb IKOHOMUYECKM

3P DEKTUBHbLIM,

119

3AKJTIOHEHUE

B anccepraumoHHoM paboTe pelleHa akTyanbHas Hay4yHO-TeXHM4Yeckas 3ajava
pa3paboTkun 3PHEKTUBHOr0 YCTPONCTBA A8 Y/yULLEHMS YCNIOBUI Tpyda Ha
pa3rpy304HbIX NyHKTax TIC, 3a cYeT CHUXEHMNS KOHLEHTpaunm nbian B BO3ayxe
paboueit 30HbI. BoinonHeHHas paboTa no3sonseT copMymMpoBaTh cleayoLlme
pe3ynbTaTbl U BbIBOAbI:

1. MpeanoxeHbl crnocobbl noBbiWeHNs 3PPEKTUBHOCTN paboTbl aCMMpaUNOHHbIX
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YCTaHOBOK, 06C/Ty>XM1BaOLNX MPOTSXKEHHbIE MCTOUHUKUN MbISIEHUS Ha Pa3rpy304HbIX
y3nax T3C.

2. MpeanoxeHbl HOBbIE TUMbl KOHCTPYKLUNIA MPOTSXKEHHbBIX OTCOCOB MOCTOSAHHOIO
CeYeHUs C MOCTOSIHHOW M NepeMeHHOW LUWMPUHOW LWenn N TaHreHunanbHblM BXOAOM
BO34yXa.

3. Co3gaHa MaTeMaTmyeckasi Modesb npouecca yaaneHus 3anblIeHHOro Bo3ayxa
OTCOCOM OT MPOTSHKEHHOIO MCTOYHWKA MbINIEHUSA — Pa3rpy>KaemMoro nosyBaroHa C yriem
— NpWU CO34aHMN 3aKPYYEHHOro NOTOKa BHYTPU acnmMpaumoHHON CUCTEMBI.

4. iccnepoBaHbl B 1abopaToOpHbIX YCIOBUAX HOBbIE MOAENWN MPOTSXEHHbIX

OTCOCOB MOCTOSIHHOIO CEYEHMS C TaHreHUManbHbIM BXOAOM BO34yXa MNPW MOCTOSAHHOM U
nepeMeHHOWM LWNpPUHE LLeneBoro oTBepCTums.

5. OnpeneneHo, 4To Npy NPOEKTUPOBaAHUM CUCTEMbI acnmMpaunmn C MPOTSHXKEHHbBIM
OTCOCOM C TaHreHUManbHbIM BXOAOM BO34yXa AOMYCTUMO CHUXKEHWe cpeaHel
CKOPOCTU ABMXEHUSA BO3ayXa B Bo3ayxosode A0 40% rpu OTCYTCTBUU OCaXAEHUSA
NbI/IN Ha CTEHKax BO34yX0BOAA B pe3y/bTaTe 3aKpyyYnBaHUs nNoToka.

6. [Joka3aHO COXpaHeHMe 3aKpyYeHHOro NoToka BHYTPY BO34yXOBOAOB CUCTEMbI
acnupaumm Ha pacctosiHne He MeHee 20 AnaMeTpoB MPOTSXKEHHOro OTCoca OT LeHTpa
ero BcacbiBalOLWEN LWenu.

7. Bnepsble onpeneneH Ko3(M@UUMEHT MECTHOIO COMPOTUBIEHUS MPOTSXKEHHOrO
oTCOoCa LMAMHAPUYECKON (hOpMbl C TaHTreHLUManbHbIM BXOAOM BO34yXa.

120

8. PaspaboTaHa MeToaMKa pacyeTa CMCTEMbl acnumpaumm Npu MCnosib30BaHUM
NPOTSXKEHHOrO 0TCOCA C TaHreHLUManbHbIM BXOAOM BO34yXa.

9. OnpeaeneHo pacCcTosiHue OT MCTOYHMKA MblIEHUS, HA KOTOPOM MOXET 6biTb
pa3MeLLeH NPOTSXKEHHbIN OTCOC C TaHreHLUManbHbIM BXOAOM BO34yXa NpU COXPaHEHUU
3(pPeKTMBHOCTM BCacbiBaHWS YroflbHOM MblfX Pa3HOM KPYMHOCTY.
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obpazoBaHus TIOMEHCKUI FOCYAAapPCTBEHHbIN HedTerasoBbliil YHUBEPCUTET —
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26.04.2016

YBepomneHue o6

YOOB/IETBOPEHUM XoAaTalCcTBa

15.04.2016 XopaTaliCTBO O BHECEHUM
WU3MEHEHWI B UMS

3asBuTENS

25.02.2016

YBefoMneHne o 3a4yete

NOLWNHbI

15.04.2016 MnatexHbI AokyMeHT 31.12.2015
YBenomneHune o NocTynieHnm

[OKYMEHTOB 3asiBKU

31.12.2015
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MPUNTOXEHWE b
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CtpaHunubl: 12Bce
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