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BBEJAEHHUE

AKTyaJqbHOCTh  HM30paHHOl  TeMbl. [a300€TOH,  BBITYCKAaeMbId  Kak
TEIJION30JISILIMOHHBIN, KOHCTPYKTUBHO-TEIJIOU30JALIMOHHBII U KOHCTPYKTUBHBIN,
ABJISIETCS YHUBEPCAIbHBIM COBPEMEHHBIM CTPOUTENBHBIM MAaTE€pUAIIOM, OTIMYAECTCS
JOJITOBEYHOCTHIO U BBICOKOW IIPOYHOCTBIO HA CKATHUE, HE TOPUT U HE MOJJICPKUBAET
ropenue. [IpumeHnenue razo0eToHa Mpu BO3BEACHUM, KaK HEOOJBIINX JOMOB, TaK U
BBICOTHBIX 3[aHUM, & TAKKE TOPTrOBBIX U PA3BIICKATEIbHBIX KOMILIEKCOB, MTO3BOJISET
COKpAaTUTh BpEMSI CTPOMTENBCTBA W KamuTaJbHbIE 3aTpathl. 1loaTOMY B HacTosIiee
BpeMsl MPOMU3BOJCTBO T'a300€TOHA M CTPOUTEIBHBIX KOHCTPYKLHMH Ha €ro OCHOBE
HaxOJUT B HallleW cTpaHe Bce Oojiee MUPOKOE MPUMEHEHUE, OCOOCHHO B CBS3U C
peanuzaienl rocylapcTBEHHOM mporpammbl  «OOecrnieueHUE JOCTYMHBIM U
KOM(OPTHBIM KUJIbEM U KOMMYHaJIbHBIMH ycIyramu TpaxiaaH Poccuiickoii
denepanum.

Bmecre ¢ TeM, mpennmpusTHs MO MPOU3BOJCTBY Ta300€TOHAa M ra300E€TOHHBIX
CTPOUTENBHBIX KOHCTPYKIIMH, TaK k€, KaK MPEANPUATHS O MPOU3BOACTBY IPYTHX
CTPOMTENBHBIX MATEPHUANIOB, PACIIONATralOTCAd B NPENENIaX HACEJIICHHBIX IYHKTOB H
XapaKTepu3yrTCs OOJBIIMMU, 3HAYUTEIBLHO IMpEeBbIIAIOIMMMU HOpMaTuBhl [1J[B,
BBIOPOCAMU MBUIA B OKPY’KAIOIIYIO CPEAY 3aCTPOEHHBIX TEPPUTOPHIA.

AHanu3 Hay4HO-TEXHUYECKOM JUTEPATYPhl U MPOEKTHBIX PELICHUI MOKa3all, 4TO
[0 YCJOBHUSIM TEXHOJOTHH JUIsl PELIEHUs 3aJadyd CHUXKEHHUS NBUICIIOCTYIJIEHUN B
TOPOJCKYIO BO3IYIIHYIO CPEAY B pACCMaTPUBAEMOM IPOU3BOACTBE BO3MOXKHA TOJIIBKO
Cyxasl OUHUCTKA MbLIEBBIX BEHIOPOCOB, U UTO C ATOM LIEJIBIO Yallle BCETO UCIOJB3YIOTCS
HUKIOHBL. OZHAKO ONBIT AKCILTyaTallMM CUCTEM OOECTbUIMBAHUSA Ha MPEANPHUITHIX
OTPAaC/Id TOKAa3bIBAa€T, YTO MPUMEHSIEMBIE B HACTOAILLIEE BPEMS YCTAHOBKH
NBUICOYUCTKM  HE  OOEClEeYMBaIOT  HEOOXOJMMOM  CTENEHU  YMEHbBIICHHS
MbUIENOCTYIUIEHUH. OCOOEHHO 3TO OTHOCHUTCS K MEJIKOAUCIIEPCHBIM YacThiiaMm PMig 1
PM; 5, coneprkanre KOTOPbIX B aTMOC(hepHOM BO3AyXe HACEIEHHBIX MECT B HACTOSIIIEE
BpEMs PETIaMEHTHPYETCSl TOBBIIIICHHBIMA TpeOoBaHUAMH. [103TOMYy aKkTyaabHBIMH
SBIISIIOTCS MCCIIEOBAHUS, HAIIPaBJICHHbIE HA Pa3pabOTKy pelIeH i, 00eceunBaroIuX
BBICOKYIO CTENEHb COKpAIeHMs] MOCTYIJIEHUH MbUIM B aTMOC(hEpHBIA BO3IyX MHpH
MPOU3BOJICTBE Ta300€TOHA U Ta300€TOHHBIX CTPOUTENbHBIX KOHCTPYKIIMM.

PaboTa BBINOJIHSIACh B COOTBETCTBUM C IUIAHOM HAyYHO-HCCIEIOBATEIbCKUX
pabotr ®I'bBOY BO «PocToBckuii rocyaapCcTBEHHbI CTPOUTEIbHBIM YHUBEPCUTET» U
OI'BOY BO «/loHCKOM rocy1apCTBEHHBIN TEXHUYECKU YHUBEPCUTETY.

Crenenn pa3paboTaHHOCTH TeMbl. BonpocaMu 3aliUThl OKPYXKarOLIENH CpeIbl OT
HEraTHBHOTO BO3JIEHCTBUS TBUIEBBIX BHIOPOCOB MPHU MPOU3BOJCTBE CTPOUTEIHHBIX
MaTepuagoB U KOHCTPYKLIMI 3aHMMAJIUCh MHOTHe ucciepoBatenu — AszapoB B.H.,
banrepenac I1.C., banutr ®.I'., becnanos B.U., bo6posuukoB H.A., borycnaBckuii
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E.N., Menzenunuesa H.B., Muunko B.A., [Ipumak A.B., Cugopenko B.®., Cepruna
HM. u papyrue. B HekoTopsix u3 pabOT 3THX aBTOPOB MPUBOJATCS CXEMbI
KOMITOHOBKH CHCTEM OOECTBUIMBAHUS BBIOPOCOB OT OPraHU30BAHHBIX HCTOYHHKOB,
KOTOPBIE MPEAINOIAraloT UCIOJIb30BaHUE MPAKTUYECKH BCEX THUIIOB IbLICYJIOBUTENEH
(CyXHX ¥ MOKPBIX ITUKJIOHOB, CKpyOOEpOB, pyKaBHBIX (PUIBTPOB U 3JIEKTPODUIBTPOB).
OnHako, KaK y>K€ 0TMEYaaoch, B pacCMaTPUBAEMOM ITPOU3BOJICTBE MTPEUMYIIECTBEHHO
IPUMEHSIIOTCS] CYXH€ METOJIbI OUHUCTKHU.

B nacrosimieit pabote nmpoBeeHbl UCCIEAOBAHUS MO OLICHKE BJIMSHUS MBLIEBBIX
BBIOPOCOB B MPOMU3BOJICTBE I'a300€TOHA M CTPOUTENILHBIX KOHCTPYKIMM W3 HETO Ha
KauyecTBO aTMoc(epHOro BO3ayxa, MO OIEHKE (PAKIMOHHOTO COCTaBa IbUIH,
MOCTYMAIOMIE B CHUCTEMY MBUICOYUCTKH, COAEpKallelcs B BbhIOpocax U B
aTMoc(epHOM Bo3ayxe. Pa3paboTaHbl cXeMbl KOMIIOHOBKH CHUCTEMBI 00€CTIBIITMBAHUS
U pa3paboTaHbl METOAMYECKHE OCHOBBI IMPOBEJICHUS PACUETHOW OIIEHKH CTEIECHU
CHUKEHHUSI BBIOPOCOB TBUIM B aTMOC(EpHbIH BO3JIyX TMPU HCIOIH30BAHUU
IIPEIOKEHHBIX cxeM. lIpoBeneHa sKcriepuMeHTaIbHasl OLIEHKA CTEIIEHW CHUKEHUS
BBIOPOCOB TMBUIM B aTMOC(HEpHBIM BO3AyX TMpPU HCIOIB30BAHUM KaXJAOTOo U3
MPEII0KEHHBIX BAPHAHTOB.

Heab u 3aga4n pad6oThl. Llenbio paboThI ABISETCS 00ECIEUEHUE IKOIOTUYECKOM
0€30MMacHOCTH  MPOM3BOJICTBA Ta300€TOHA U Ta300€TOHHBIX  CTPOUTEIBHBIX
KOHCTPYKLUHUN MOCPEACTBOM TMOBBIIEHUS 3((HEKTUBHOCTH CUCTEM JJIsl 3alllUThI
rOPOJICKOI BO3AYIIHOM Cpebl OT 3arpsiI3HEHUS MbIJIEBBIMUA BHIOPOCAMH.

JI1s nocTHKEHMs! TIOCTaBJICHHOM 11eJU B padoTe pellalnuch CIeIyoIINe 3a/1a4u:

- AaHAJIU3 TEXHOJOTMYECKHX MTPOLIECCOB MPOM3BOACTBA Ia300€TOHA U CTPOUTENIbHBIX
KOHCTPYKIIMM M3 HETO KaK MCTOYHHMKOB 3arpsi3HEHUS TOPOJCKON BO3IYLIHOM CpEIbl
BBIOpOCAaMU TBLIH;

- aHAJM3 CYUIECTBYIOUIMX METOJOB M CPEACTB OOECHbUIMBAaHUS BBHIOPOCOB B
MPOMBIIUIEHHOCTH CTPOUTEIbHBIX MAaTEPUAIIOB;

- IPOBEJICHUE IKCIIEPUMEHTAIBHBIX UCCIEIOBAHUN MO OIEHKE BIIMSIHUS MBLIEBBIX
BBIOPOCOB OT UCTOYHHUKOB I1€Xa MO0 MPOU3BOJICTBY I'a300€TOHA U Ta300€TOHHBIX OJIOKOB
Ha KadecTBO BO3JlyXa HOPMHUPYEMBIX TEPPUTOPHI, BKIIOYAIOMIMX: OOCIEIOBaHUE
CUCTEM JIOKQJIM3alMd M OYUCTKA TMbUIEBBIX BBIOPOCOB;  HMHCTPYMEHTAIBHOE
onpeeneHre KOHIEHTPALMK MbUTH B BIOpOcax W B aTMOC(HEPHOM BO3AYXE; aHAIHU3
(paKIIMOHHOTO COCTaBa MbUIM, OOpa3yIOIICCs MpU MPOU3BOJCTBE razo0eTOHA M
ra300€TOHHBIX OJIOKOB, TIOCTYMNAIOIIEd B CHUCTEMY MbUJICOYUCTKH U B TOPOJCKOU
aTMoc(hepHbI BO3[yX; M3YYEHHE OCHOBHBIX CBOMCTB HCCIIEyeMOM MbLIH; OLIEHKY
YPOBHSI 3arpsA3HEHUS TOPOJCKON BO3IYIIHOU cpenbl yactuamMu PMig u PMys;

- pa3paboTKa TEXHUYECKHUX PEUICHUH MO CHUKEHHIO IBLJIEBBIX BHIOPOCOB B
atMocepy TMpU TPOU3BOJACTBE TIa300€TOHA M Ta300€TOHHBIX CTPOUTEIBHBIX
KOHCTPYKLHM;



- pacyeTHasl OLIEHKAa CTENEHUW CHUXKEHHUS BbIOPOCOB MbUIM B aTMocdepy mpu
UCII0JIb30BAaHUU TPEJIOKEHHBIX PEIICHMI;

- MPOBEAECHUE OIBITHO-NPOMBILIIEHHBIX HUCHOBITAHUN JIJISI ONPEIEIICHHS CTEIECHH
CHW)KEHUS MBUICTIOCTYIUIEHU B OKPY’KAIOIIYIO CpPENy, TOCTUIAaeMOW B Pe3yJibTare
MIPUMEHEHUsT pa3paOdOTaHHBIX pELIEHUH, a TaKXke 1 OLUEHKH 3Hepro3arpar Ha
IIPOBEJICHUE MTPOLIECCOB IBIIICOYNUCTKH.

Hay4yHasi HOBM3HA:

- IIOJIyYE€HBI CUCTEMBI PACUETHBIX YPABHEHUN JJI1 TEOPETUYECKON OLICHKHU CTEIICHH
CHM)KEHUS MBUIEBBIX BEHIOPOCOB B FOPOJICKYIO BO3AYIIHYIO CPEY IIPU UCIIOJIb30BAHUU
MPEJIOKEHHBIX CXEM KOMIIOHOBKH YCTaHOBOK OOECTIBUTHBAHMUS;

- OpemJIoKeHAa CUCTeMaTu3alus  OajJaHCOBBIX YpaBHEHUW IJis YHH(PUKALHUH
PAcUYeTHOM OLIEHKH CTENEHN CHUYKEHHUS ITBUIEBBIX BHIOPOCOB B TOPOJICKYIO BO3IYIIHYIO
Cpely TMNpH HCIOJIb30BaHUU pa3IMYHBIX CXEM KOMIIOHOBKM YCTaHOBOK
00ecHblIMBaHUS B IPOU3BOJCTBE CTPOUTEIBHBIX MATEPHAJIOB;

- 10 pe3yJabTaTaM 3KCIEPUMEHTAIBHBIX HCCICAOBAaHUM, IPOBEIACHHBIX B
IIPOMBILUICHHBIX YCJIOBUSX, BBISIBICHBI 3aBUCHMOCTH, XAPAKTEPU3YIOIIHUE CTEIICHb
CHW)KEHHUSI TBUIEBBIX BBIOPOCOB B aTMoc(epy NpH MPOU3BOJCTBE ra300€TOHA W
ra300€TOHHBIX OJOKOB JJIsl ABYX BAPUAHTOB KOMIIOHOBKH CUCTEMBI TbIICOYHCTKHY;

- Ha OCHOBE PE3YJIbTATOB OIBITHO-NPOMBIIIJIEHHBIX HCCIEJOBAaHUN MOIYYEHBI
3aBHCHMOCTH JUIsl OLICHKH SHEPro3aTpar Ha MPOBEJCHHUE MPOLECCOB 00eCIbUINBAHNUS
BBIOPOCOB B aTMOc(epy MpHU MPOU3BOICTBE Ta300€TOHA U Ta300€TOHHBIX OJIOKOB /IS
JByX BAPUAHTOB KOMIIOHOBKH CHCTEMBI IIBIIEOYHCTKH.

Teopernyeckasi 1 NPAKTHYECKAs 3HAYUMOCTb PadOTHI:

- Ha OCHOBE aHaju3a OaJlaHCOB MbIJIEBbIX M BO3IYIIHBIX MOTOKOB B CHCTEMax
oOecnbUIMBaHUsl pa3pabOTaHbl METOJUYECKHE OCHOBBI PACUETHOM OLIEHKU CTENEHU
CHWKEHUS TTBUIEBBIX BEIOPOCOB B TOPOJICKYIO BO3AYIIHYIO Cpely MPU UCTIOIb30BaHUN
B IIPOU3BOJICTBE CTPOUTEIBHBIX MATEPHAIOB 3TUX CHCTEM C Pa3IMYHBIMU CXEMaMU
KOMITOHOBKY;

- IPUMEHHUTENBHO K MPOOJIEeMaTUKe AUCCEPTALIMU PE3YIbTATUBHO HCIOIb30BAHbI:
DKCIIEPUMEHTAJIbHbIE METOJMKH Il OLEHKH BEJIMYMHBI CHW)XXEHHUS MAaccChl
MBUICTIOCTYIUIGHUH B OKPYXAIOLIyl0 Cpeay Mpu NpUMEHEHUH pa3paboTaHHBIX
BAPUAHTOB CXEM KOMIIOHOBKHM CHUCTEM IBUICOYMCTKHA B MPOU3BOACTBE ra300€TOHA U
ra300€TOHHBIX OJIOKOB; 3KCIEPUMEHTAIbHBIE METOAMKU OMNpPEAeNIeHUsT OCHOBHBIX
CBOMCTB MbUIM; METOJAMKA MHUKPOCKOIMMYECKOTO aHalin3a (PPaKIMOHHOTO COCTaBa
NIBUIN;

- IPUBEIEHBI IKCIIEPUMEHTAIbHBIE 3aBUCUMOCTH JJI1 OLICHKU CTEIIEHU CHUKEHUS
IBUIEBBIX BEIOPOCOB B aTMOC(hepy, a Takke Ui OLIEHKH SHEPro3aTpar Ha MPOBEACHHE
IPOLECCOB OOECIBIIMBAHUS MIPU MTPOU3BOJCTBE ra300€TOHA U ra300€TOHHBIX OJIOKOB
JUISL IBYX BapUaHTOB KOMIIOHOBKHM CUCTEMBI ITBUICOYUCTKU;



- U3Y4YEHO BIIMSHHUE TEXHOJOTMYECKHX IPOLIECCOB MPOU3BOJCTBA I'a300€TOHA U
ra300€TOHHBIX OJIOKOB Ha YpOBEHb MBLIEBOIO 3arpsi3HEHUS TOPOACKONW BO3TYLIHOU
CpeIbl;

- pa3pabOTaHbl CHUCTEMBl OYWCTKMA TBUIEBBIX BBIOPOCOB B TPOM3BOJICTBE
ra3o0eToHa U ra300€TOHHBIX OJIOKOB; HOBU3HA pa3pabOTKU MOATBEPKIACHA MTATEHTOM
P® Ne 155711;

- ONpEIENEHbl NpeAesibl U IMEPCHEKTUBHOCTh IMPAKTUYECKOIO HCIOJIb30BAHUS
pa3pabOoTaHHBIX CUCTEM OUMCTKHU IbUIEBBIX BHIOPOCOB B IMPOMU3BOJICTBE [a300€TOHA U
ra300€TOHHBIX OJIOKOB;

- Ha mnpombinuieHHOM 06aze OII OOO «Macukc» TpPOBEACHBI OMBITHO-
MPOMBINIJICHHBIE UCTIBITAHHS MPEAIOKEHHON CHUCTEMBI 00€CTIBUIMBAHNS BEIOPOCOB.

MeTtoaos10rust 1 MeTOABI JUCCEPTAIMOHHOTO MCCIEI0BAHUS BKIIOYAIU B CEOS:
aHAJIUTUYECKOE OOOOLIEHHE HU3BECTHBIX HAYYHBIX M TEXHUYECKHX pE3yJbTaTOB;
IUTAHUPOBaHKUE (PU3UUYECKOTO FKCIIEPUMEHTA; IPOBEACHUE J1a00paTOPHBIX, HATYPHBIX
Y OTIBITHO-IIPOMBIIIJIEHHBIX UCCIIEI0BaHUI; 00pab0TKy SKCIIEpUMEHTAIBHBIX JAaHHBIX
METOJIaMU MaTEeMaTUYECKOM CTaTUCTUKU U KOPPESLMOHHOTIO aHAJIN3A.

IloJ10:keHNs1, BLIHOCUMbIE HA 3AIIUTY:

- TOJIyYCHHBIE CHCTEMBI PACUETHBIX YpaBHEHUH IJIsI TEOPETHUYECKON OIEHKU
CTETICHH CHWXCHHS TBUICBBIX BHIOPOCOB B TOPOJCKYIO BO3AYIIHYIO Cpeay TpHU
MCIOJIb30BaHUU MPEUIOKEHHBIX CXEM KOMIIOHOBKH YCTaHOBOK OO€CTIbUIMBAHMS;

- NpenJoKeHHas cucTeMaru3alus OajJaHCOBBIX ypaBHEHUH IJs yHUDUKAIMU
pacyeTHOM OLIEHKH CTENeHH CHMXKEHHUS IBIJIEBBIX BHIOPOCOB B aTMOC(hEPHBIN BO3aYX
ropoja TMpU HCHOJIb30BAaHUU pPa3IMYHBIX CXEM KOMIIOHOBKH YCTaHOBOK
00eCTbITUBAHUS B IPOU3BOACTBE CTPOUTEIHHBIX MaTEPHAJIOB,;

- YCTaHOBJEHHBIE TIO pe3ydbTaTaM OSKCIEPUMEHTAIBHBIX HUCCIEIOBAHHM,
MPOBEJCHHBIX B TPOMBIIUICHHBIX YCIOBUSAX, 3aBUCHMOCTH, XapaKTEePHU3YIOIINE
CTETICHb CHWKEHHS TIBIJIEBBIX BEIOPOCOB B aTMOC(epy MpH MPOU3BOICTBE ra300eToHA
Y Ta300€TOHHBIX OJIOKOB JIJIS IBYX BApUAHTOB KOMIIOHOBKM CHUCTEMBI MBUICOYHCTKH;

- TIOJlyYeHHbIE Ha OCHOBE PE3yJIbTATOB OINBITHO-IIPOMBIIIJICHHBIX MCCIIETOBAHUIMA
3aBHCHUMOCTH JUIsl OLICHKH SHEPro3aTpar Ha MPOBEJEHHUE MPOLECCOB 00eCbUINBAHNUS
BBIOPOCOB B aTMOC(epy MpHU MPOU3BOACTBE ra300€TOHA U Ta300€TOHHBIX OJIOKOB IS
JBYX BapHAHTOB KOMIIOHOBKH CHCTEMBI TTBIJICOUUCTKH.

CreneHb 10CTOBEPHOCTH U anpodaiusi pe3yjabTaToB. J[0CTOBEPHOCTh HAYYHBIX
MOJIO’KEHUH, BBIBOJIOB M PEKOMEHJAINi 000CHOBaHA MPUMEHEHHEM KIIACCHYECKHUX
MOJIO)KEHUH TEOPETUYECKOro aHallh3a, MJIAHUPOBAaHWEM HEOOXOJUMOTo o0beMa
AKCIIEPUMEHTOB, TOJATBEP)KICHA YJOBIETBOPAIOIIEH TpeOyeMbIM KpPUTEPUAM
CXOAMMOCTBIO TOJYYEHHBIX PE3yJIbTaTOB SKCHEPUMEHTAJIbHBIX HCCIEIOBAHHM,
BBINOJIHEHHBIX B JIA0OPaTOPHBIX M IMPOMBIIUIEHHBIX YCIOBHSX, C Ppe3yibTaTaMu
APYTHUX aBTOPOB.



OCHOBHBIE TIOJIOKEHHUSI W pe3yibTaThl pabOThl JOKIAABIBAIMCH M TOJIYYHIIN
0JI00peHre Ha: MEXJIYHapOoJAHOW Hay4dHO-TeXHHMUecKoW KkoHdepeHnuun Industrial
Engineering (YensObunck, 2016 T.); MEXIyHaApOAHOW HAYYHO-TEXHUYECKOU
koHpepeninu MATEC Web of Conferences International Science Conference
SPbWOSCE-2016 «SMART City» (2017 r.); MexxIyHapOAHON HAyYHOU KOH(PEPEHIINN
International scientific conference EMSUDT-2017 «Energy Management for
Sustainable Urban Development and Transport» (Yepnoropus, 2017 r1.);
MEXAYHApPOJIHbIX  HAY4YHO-TIpaKTHUeCKUX KoHpepeHuusx «CrpoutenbctBo-2013.
CrpoutenbctBo-2014. CoBpeMeHHbIE MPOOIEMbI MPOMBIIIJIEHHOTO U T'PAaXKJaHCKOIO
ctpoutenbcTBa» (r. PocroB-Ha-Jlony, 2013 r. 2014 r.); VIII mextyHapogHO Hay4dHO-
npaktuyeckod  KoH(pepeHuun «CoBpeMeHHas HayKa: TEHJICHLUUHU pa3BUTHs» (T.
Kpacuognap, 2014 r.); XIV mexayHapoJHON Hay4YHO-IPAKTUYECKON KOH(EpEeHIINH
«IIpuoputeTHble Hay4YHbIC HANIPABJICHUS: OT TEOpUH K mpakTuke» (r. HoBocuOupcek,
2014 r.); wmexnyHaponHoM ¢(opyme «lHHOBammu B chepe KUZHEAESITEIbHOCTU
yenoBeka XXI Beka (r. Pocto-Ha-Jlony, 2016 r.); €KeroIHbIX HAYYHO-TIPAKTUYECKUX
KoH(pepeHuusax mnpodeccopcko-npenogaBareiabckoro cocraa P®I'bOY  BIIO
«Bounrorpaackuii rocyJapCTBEHHBII apXUTEKTYPHO-CTPOUTEIbHBIM YHUBEPCUTET) (T.
Boarorpan, 2013-2015 r.r.); eXeroaHblX Hay4YHO-NPAKTUYECKUX KOH(MEPEHIUAX
npodeccopcko-mipenogaBarenbckoro  coctaa  dOI'bOY  BIIO  «PocTtoBckuit
rOCyJapCTBEHHBIM CTPOUTENbHBIN yHUBepcuteT» (T. PoctoB-Ha-lony, 2013-2015
I.T.).

OCHOBHBIEC PE3YyJbTaThl MCCIEIOBAHUN IO TEME JIHUCCEPTALUM HM3JI0KEHbl B 21
pabote, B TOM 4uCje: B 3 CTaThsX, OMYOJMKOBAHHBIX B HM3JAHUSAX, BXOJSIINX B
MeXIyHapoaHble 0Oa3bl gaHHbIX Scopus um Web of Science; B 8 crathsx,
OMyOJIMKOBAaHHBIX B PELEH3UPYEMBIX HAyUHbIX H3AaHUsAX; B 1 narente PO.

OCHOBHOE COAEPXAHUME PABOTBI

Bo BBeaeHuu o0OCHOBaHAa aKTyaJbHOCTh pa3palbaThIBAEMOW TEMbI, CTENCHb €€
pazpaboTaHHOCTH, CHOPMYIUPOBAHBI 1IENIb U 3aJauyd paOOThl, €€ HayyHas HOBU3HA,
TeopeTHyecKas U MpaKkTUUecKas 3HAYMMOCTh, IPUBEICHBI CBEJICHHUS 00 arpodaruu
pe3yJIbTATOB MPOBEJACHHBIX UCCIIEAOBAHUM.

B mepBoii riiaBe MpUBOISITCS OCHOBHBIE PE3YJbTAaThl aHAJTUTHYECKOrO 0030pa
M3BECTHBIX HAYYHO-TEXHUYECKMX HCTOYHUKOB U  OOOCHOBBIBACTCS  BBIOOD
HAITpaBJICHUS UCCJICIOBAHUM.

[IpoBeneHHBIN aHATN3 MTOKA3aJ1, YTO OOJBITMHCTBO TEXHOJIOTUIECKUX OTEpaIiii B
IIPOU3BOJICTBE Ta300€TOHA U CTPOUTEIBHBIX KOHCTPYKIIMM M3 HETO COMPOBOXKIACTCS
MOCTYTUICHHUEM B aTMOC(EpHBIN BO3/IyX 3HAUYUTEIILHOTO KOJIMYecTBa MbUITH. [Ipu aTomM



B aTMOC(EpHbId BO3AyX MOCTYMAET MbUIb, XapaKTEPU3YIOLIAACs pPa3HOOOpa3HbIM
COCTAaBOM: B3BCIICHHBIC BELIECTBA, W3BECTh, IbLIb HEOPraHUYECKOTO THUIICOBOTO
BSDKYILETO, IBUIb C PA3JINYHBIM COJEPKAHUEM AUOKCUIA KPEMHUS, LIEMEHTHAS IIbUIb
U 1p.

JUis OYMCTKM TBUIEBBIX BBIOPOCOB B I€Xax IO MPOU3BOJCTBY Tra300eToHa
NPUMEHSIIOTCST CyXH€ METOJIbI, T. K. 3TO 00YCJIOBIIEHO TEXHOJIOTUEH MPOU3BOJICTBA, U
JUIS1 3TOM LEJH Yallle BCET0 UCTOJb3YIOTCA HUKIOHBL. OIHAKO, HECMOTPS Ha TPOCTOTY
KOHCTPYKIIMH, HAJASKHOCTh paboThl, Majble Ta0apuUTHBIE pa3Mepbl, HUZKUE
DHEpPro3arpaTbl M OKCIUIyaTallMOHHBIE pACXOAbl, OSTH aNmaparbl, Aaxe MpH
JIBYXCTYNIEHYaTOW yCTAHOBKE, HE 00ECTIEUNBAIOT HEOOXOIUMOM CTENEHU COKPAILEHUS
BBIOPOCOB B aTMoc(epy MbUIM, 00pa3yrolleicss Mpu MPOU3BOACTBE CTPOHUTENBbHBIX
MarepuanoB. Bo MHOrHX ciydasx 3TO NPUBOJMUT K MPEBBIICHUIO TUTMEHUYECKHUX
HOPMATHBOB TI0 COAEP>KaHUIO B aTMOC(HEPHOM BO3/yXe HACEICHHBIX MYHKTOB YaCTHUII
¢ pazmepamu MeHee 10 MkM u 2,5 MKM.

B Hacrosiiee BpeMss Ha MHOTHX NPEANPUATHIX CTPOUTEIBHOU U IPYTUX OTpaACIIen
MIPOMBIIIUIEHHOCTH B CUCTEMax 00€CTIbUIMBAHUS BEIOPOCOB B aTMOC(hepy MTPUMEHSIOT
MHEPLUHUOHHBIC THUICYJIOBUTENIN CO BCTPEUHBIMU 3aKkpydeHHbIMU moTtokamu (B3II),
KOTOpBIE MO CPABHEHUIO C LIMKJIOHAMH 00JafaroT psioM npeumyuiecTs. [lo qaHHBIM
HEKOTOPBIX aBTOPOB NOBbIIEHUE 3D PeKkTUBHOCTHU nbLIeyaoBuTenei B3I MoxkeT ObITh
oOecrieueHo TMpU OpraHU3alUh OTcoca W3 OyHKepa M MpU Tojaye Ha HIDKHUM U
BEPXHUH BBO/JIbI IOTOKOB C Pa3HbIM COAEpkKaHUEM MbUIH. [loaTOMY 111 Opranu3anuu
pa3IeNICHHs ra30MbLICBOr0 MOTOKA Ha MIOTOKH ¢ OOJIBIIICH Y MEHBIIICH KOHIICHTpaIuen
MBUIEBBIX YACTHUI] MOXKET OBITH UCIIOJIb30BaHA YCTAHOBKA JIOMIOJIHUTEIILHBIX allapaToB
B3II.

W3nokeHHoe BbIIIE TOCTYKUJIO OCHOBaHUEM I BbIOOpa HamlpaBlICHUS
HCCIIEIOBAHNN IO CHMPKEHUIO YPOBHS MBLUIEBOTO 3arpsA3HEHUS TOPOJACKON BO3TYIIIHOM
Cpelbl Ha OCHOBE pPa3pabOTKH M MCCIEIOBAHUS KOMIIOHOBOYHBIX CXEM CHCTEM
OUYMCTKHM TBIJIEBBIX BBHIOPOCOB JIS TMPOM3BOJCTBA Ta300e€ToHA W Ta300€TOHHBIX
CTPOMTENBHBIX H3ACNHN C ucnonb3oBanueM B3I, c¢ opranuzanueir orcoca u3
OYHKEpHOMW 30HBI MBUICYJIOBUTEIICH, H C YCTAHOBKOM JIOTIOJTHUTEIILHOTO arapara Ha
PELUPKYJSLIMOHHBIM BO3IyXOBO/IE.

Bo BTOpOH ri1aBe NPUBOAATCS PE3YJAbTAThl SKCIEPUMEHTAIBHBIX MCCIECIOBAHUN
MO0 OIIEHKE BJIMSHUS MbUIEBBIX BHIOPOCOB B MPOU3BOJACTBE ra300€TOHAa Ha KaueCTBO
BO3/yXa HOPMUPYEMBIX TEPPUTOPHIA.

[Ipu pa3zpaboTke MEpONPHUATHNA MO CHIKEHHIO MAacChl IBUJICBBIX BBIOPOCOB B
aTMoc(epHBIA BO3IyX, ObLIT MPOBE/ICH aHAIN3 KPYMHOCTU TMBUIH, BBIACISIONICHCS OT
TEXHOJOTMYECKOr0 O00OpYIOBaHMS TMpPU  MPOU3BOJICTBE Ta300€TOHHBIX OJOKOB.
HexoTtopele u3 pe3ynpTaTroB IpuBeAcHbI Ha pucyHke 1. IlomyuyeHHbIe IaHHBIE



MOKa3alid, YTO TIOCJIE€ MCIOJb3yeMOM CHUCTEMbl OOECHBUIMBAHMS BBIOPOCOB C
nukioHamu [{H-11 B atMocdepHbIif BO31yX MOCTyNAEeT, HAPUMED, MbLIb U3BECTH,
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Pucynok 1 — MnTerpanbuble GyHKIMH TOQPAKIIMOHHOTO paclpeleleHHs] MacChl YaCTHIL MbUIH,
MOCTYMAOLIEH C CUCTEMY acIUpaIMK OT TPAHCIIOPTEPA UCXOIHBIX MaTEPUAJIOB.
1, 2 — npu TpaHCTIOPTUPOBAHUH U3BECTH [0 IIUKJIOHA U TIOCIIE IIUKIOHA COOTBETCTBEHHO; 3-5 -
IpU TPAHCIIOPTUPOBAHUHM MIECKA, TUIICOBOIO KaMHSI, LIEMEHTA COOTBETCTBEHHO

MOKa3aJid, YTO TOCJIE€ MCIOJb3yeMOM CHCTEMBbl OOECHBUIMBAHUS BBIOPOCOB C
nukiionamu [{H-11 B atMocdhepHBIil BO3AyX MOCTyNaeT, HapuMep, MbLTb U3BECTH,
YaCTHUIbl KOTOPOW HMMEKT MEAWAHHBIM IuaMerp 5,5 MKM M JWaIia30H W3MEHEHUS
kpynHoctH oT 1,5 10 15 mxM. Ot mocta apo6iieHus B aTMOc(epHbIN BO3IyX IMOCIHE
OYMCTKHU MOCTYNAIOT YaCTULIBI bUIA C MEAUAHHBIM AUAMETPOM 12 MKM U JUarna3zoHOM
M3MEHEHHs pa3MepoB oT 1,8 no 18 Mkm.

Ha pucyHke 2 mpuBeneHbl pe3ysibTaThl OLEHKU (PAKIIMOHHOTO COCTaBa IbUIH,
CoJIep Kallleiicsi B aTMOC(EpHOM BO3JyXe Ha TEPPUTOPUU MPOMILIONIAJAKKA W Ha
TPaHUIIE CAHUTAPHO-3AIIUTHONW 30HBI B TEIUIbIM MEPUOJ To/a. AHAIU3 MOJTYUYCHHBIX
JAHHBIX MOKA3bIBAECT MIPUCYTCTBUE YACTHUL] MEJIKOIUCIIEPCHON MBUIM Pa3MEPOM MEHEE
10 MKMm.
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Pucynok 2 — Pe3ynbTaThl OlIeHKH (paKIHOHHOTO COCTaBa MbUTH B aTMOC(epHOM BO3/IyXe Ha:
a — TepPUTOPHUH NPOMILIOIIAIKH; O - TPAHUIE CAHUTAPHO-3aLIUTHON 30HbI

[IpencraBiieHHble pe3ybTaThl CBUACTEILCTBYIOT O TOM, YTO B arMoc(epHOM
BO3/yX€ Ha TEPPUTOPUM MPOMILIOIIAIKH A0S yacTull kosebsercss ais PMip - oT 12
% 1040 %, nyis PM3s - ot 0,3 % 110 0,5 %. Menuannblii JuaMeTp 4acTHI] COCTABIISIET
11-15 mxm. Pa3mepsl wacTtui uzMeHswoTcss B mpenenax ot 1,5 mo 20 mxm. B
aTMOC(EepHOM BO3/IyXe Ha TPAHUIIE CAHUTAPHO-3aIUTHOMN 30HbI Ha 10110 YacTuIl PMig
npuxoautcs 80% macchl NbUIM, Ha 10710 YacTull PMas — 0,5%. IIbl1eBbie 4acTUIIBI
MMEIOT MEMAHHBIN AUaMeTp 8,2 MKM U MpeIesibl K3BMEHEHUS pa3Mepa OT 2 MKM J10 12
MKM. [lo pesynabTaTam u3MepeHHil 0O0IIeH KOHIEHTPALMH MbUIM B aTMOCHEPHOM
BO3JyXe M MO JaHHBIM 00 ee JHUCIEPCHOM COCTaBe YCTAaHOBJIEHO, YTO IMIpHU
MIPOU3BOJICTBE CTPOUTEIILHBIX OJIOKOB M3 Ta300€TOHA B pe3yJbTaTe HEIOCTATOYHOM
CTENEHU OOECIbUIMBAHUSI BHIOPOCOB MOKET OTMEUAThCS TMPEBBIINICHUE COACpP>KaHUS
gactuli, PMyg, mpenenbHO aomycTUMas KOHIIEHTpalus KOTOPBIX [JIs BO3dyXa
HaceJeHHbIX MecT ycraHosieHa 0,3 wr/m®. [IpeBbllleHHE  yCTAHOBIEHHBIX
HOPMAaTHBOB MO KOHIIEHTpaluu yactuil PM; s He BbIsiBIeHO (Tabnuia 1).

Tabnmuna 1 - Konnenrpanus gactur; PMio 1 PM3 s B atmochepHom Bo3ayxe

OOmasa PMio PM3s
KOHIIEHTPAIHS, | 9 o S o
Mecto oT60pa mr/m3 2l % 2} Er
po6 = £ % = e %
% S % 5 5
5 | 3% |§& |EB°3
= = = =
S = 3 2
TeppuTOpHS POMILTOIIATKA 0,8 12- 0,096- 0,3- 0,002-
40 0,32 0,5 0,004
I'panuna caaurapHo- 0,44 80 0,32 0,5 0,0022
3aIUTHON 30HBI
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J{nst moCTHKEeHUs TOCTaBJAECHHON B paboTe 1EeIM MPEJIOKEHBI Ba BApUaHTa CXEM
KOMITOHOBKH JJIi CHH)KEHHUsSI TBIJIEBBIX BBIOPOCOB B aTMOC(hEpHBIM BO3IYyX C
anmmapatamu  B3Il, ommcanme KOTOpPBIX W pacueTHas oOIleHKa dS(PeKkTuBHOCTH
MIPUBOJIATCS B TPETheEil Ii1aBe.

Ha pucynke 3 mokazaHel pa3paOOTaHHBIE BapHaHTBI KOMITOHOBKHA CHCTEMBI
obecnbUIMBaHUA BBIOPOCOB. [Ipemaraemeie peeHus (pUCYHOK 3) TTO3BOJISIOT:

- BCJICJICTBUE OpPraHU3aIluu 0TCOCa U3 OYHKEPHOM 30HBI TOBBICUTH A (PEKTUBHOCTH
amrapara BTOPOM CTYNEHHW, YTO MPUBEAET K IMOBBIIMICHUIO CTENEHW OYHUCTKU BCEH
CHCTEMBI B IICJIOM;

- BCIEACTBHE OpraHW3alid OTcoca W3 OYHKEpHOH 30HBI  CHHU3UTH
a’POJIMHAMUYECKOE COIMPOTHUBJICHUE BTOPOTO MBUICYJIOBUTENS, YTO MPEAOTBPATUT
3HAYUTEILHOE BO3pacTaHUWE MOTEPh JaBJIEHUS BO BCel cucTteMe, OOYCIOBICHHOE
YCTaHOBKOM JOMOJHUTEILHOTO 000PYI0BAHHUS;

- BCJICJICTBUE TOJIa4d Ha BEPXHUN M HUKHUM BXOJIbl MBUICYJIOBUTEICH MTEPBOM U
BTOPO# CTYNEHHU MBUICBO3IYIIHBIX MTOTOKOB C Pa3HOM KOHIIEHTpAlUEH 00eCIeuuTh
MOBBIIIIEHHE ero A(PEKTUBHOCTH, YTO, B CBOIO OYEpE/lb, IPUBEICT K BO3PACTAHHUIO
3 PEKTUBHOCTH CHUCTEMBI B II€JIOM M, COOTBETCTBEHHO, K OOJIbIIEMY CHUYKECHUIO
MIPOCKOKA MbUIKA B aTMOChEpy.

ﬁ— —? -,
1 2
¢

N

a §)

Pucynok 3 — CxeMbl KOMIIOHOBKH CHCTEM 00€CIBUTMBAHMUS BEIOPOCOB ISl TPOU3BOJICTBA
razo0eToHa:
a — [epBbIM BapuaHT; 2 — BTOPOW BAPHAHT.
1, 2 — ocuosHnble anmmapatsl B3I1; 3, 4 — nonomHauTeNbHBIE ammapaTsl B3I1

PacuetHas onienka 3(p(peKTUBHOCTH MPETIOKEHHBIX CUCTEM MPOBEIEHA HA OCHOBE
petieHusi cucteM OajJaHCOBBIX YPAaBHEHHMM BO3AYIIHBIX M MbUIEBBIX MOTOKOB. B
KauecTBe IMpUMepa MPOBEAEM TAKYIO0 OLEHKY JUIsl CUCTEMbl, CKOMIIOHOBAHHOW TIO
MIEpBOMY BapHUaHTY.
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Gaus, Lewnt Low, g

b

Lot

Lorez,
Gorez

PI/ICYHOK 4 — PacueTHas cxeMa CHUCTCMBI, CKOMIIOHOBAHHOM I10 IICPBOMY BApUAHTY

B cooTrBercTBUM C pacueTHON cxemoil (pucyHok 4) cucrema OallaHCOBBIX
ypaBHeHI/If/'I BO3AYIIHBIX IIOTOKOB UMCCT BUJ
Lo + Ly = Lgxz + Lyy;
LB X2 + LBXZ = LBbIX + LOTCZ;
LBX3 LH X2 + LOTC3'
Ly = Lorcz + Lores-
Cucrema 0a1aHCOBBIX ypaBHeHI/Iﬁ IBIJICBBIX IIOTOKOB
( GO + G4 = GBbIXl + Gynl;
GBbIXl =& (GO + G4);
LB
1]33x2 mGBmxl;

1)

L,
<L0+L4
Bx2 + GBXZ GBI:IX + GOTCZ;

H .
BX2 — 83 GBX3'

GBbIX €2 (GBXZ + GBXZ
GBX4— - GBbIX4- + Gle4r
GBX4— = GOTCZ + GOTC3;

\ GBbIX4— = £4GBX4-'

Gpox1 = Go + G345 (2)

IIpu 3TOM
g1 = € (Lo; La/Lo; G4/Go); €2 = €(Luxa/Lixas Lorezs Goxo/ Gax2);
g5 = €3(Lix3/Lixs; Lore3)s €4 = €4(Lia/Lixa)-
[MpencraBuM (HYHKIUIO IPOCKOKA €; B BHIE
g =g +ay(L; — Lip)? + az(zi wocn — L o) +a3(Liorci — Liorco)? +
+ au(c; — ¢i0)%,(3)
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U IICPCIIMIICM KOHCTAHTEI U MapaMCTPhI B CIICAYIOIICM BU/IC

4
€ =€, t Z a;(x; — x;0)*  (4)
=1

rae uHaekcel | = 1, 2, 3, 4 COOTBETCTBEHHO 00O03HAYAIOT OOIIMHA PACXOJl, JIOJIO
pacxoja, MOCTYIAOIIETO B HIDKHUN BXOJ, JOJIO Pacxojia, MOCTYIAIIIET0 B OTCOC,
KOHIICHTPAITHIO.

O0o3naunm anmapatel B3Il B cxeme wuHaekcamu | =1+4. IlycTb HHICKCHI,
XapaKTEePU3YIOIIKe I KaXKJI0ro ammapaTa BXOJ WM BbIXOJ, MMEIOT Bua: K = 1 —
BepxHuii BXoa; K = 2 - mmwkuuit Bxoa; K = 3 - orcoc; kK = 4 — ynaBnuBanue; K = 5 -
BbIX0A. JIJIsI yYHUBEPCAIBHOCTH IIPEJIaraéMoro I0JX0ja pPacdeTHOM OIEHKH
(G ()EKTUBHOCTH TIpealaraeMbIX TEXHHUYECCKUX PpEIICHUH CHCTEMaTH3UpPYyeM BCE
YpaBHEHUS 10 TPEM TPyIITIaM:

[ rpynma II rpynna III rpynna
YpaBHEHHUSI HEPa3pPbIBHOCTH yYpaBHEHUS YpaBHEHUS,
3P PEKTUBHOCTH XapaKkTepU3yollne
(mpockoka) 0COOEHHOCTH KOMIIOHOBKH
CHCTEMBI
Yin + Yz =Vjz + Yja vie = &y + vj2), |y =1
1=1,2,3,4 1=1,2,3,4 Y12 = Vaa,
Y21 = K12Y14;

V31 + Y32 = (1 — ki2)y1a;
Y32 = k3z(¥31 + ¥32);
Va2 = Y34
Yaa = Y23 t+ Y335

Yaz = kasa(Y23 + ¥33).
I[J_IH peHIeHI/IH CUCTEMbI METOIOM ITOCJIICAOBATCIIBHBIX HpI/I6HI/I)KeHI/Iﬁ 3aIlIUIICM €€

B BUJIE
SY=B -»Y=BS"1
rae Y — BEKTOp XapaKTepHUCTUK NbUICYJIOBUTENA;, B - BEKTOp MCXOAHBIX JAHHBIX,
KOTOPBIN COCTAaBJIEH U3 CBOOOHBIX UJIEHOB CUCTEMbI YPaBHCHUH.
biiok-cxema pemieHust 3TOM 3aJadd IpuBeAcHa Ha pucyHke 5. [lepBoHadanbHO
BbIOMpaeM 3HaueHUsGy, Lo, k1,, k33, k4s. 3aTEM 3a7126M 3HAUCHUE €; U3 pacyueTa, 4To
BXOJIHask KOHIIEHTPAIUA B allapar Cj; = Co U Cjz = Cp. 3aT€EM CTPOUM MATPHILY S.
Haxoaum obpatayro marpuiy S~ 1. Beumcnsem Bextop Y. U3 ypaBHeHHs HAXOAUM
3 PEKTUBHOCTH BCE CUCTEMBI KaK
Y24
Y11
Jns Bcex j = 1 + 4 BbIUMCISIEM 3HAUYCHUS

YVja
g = ————
Yi1 tYj2
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COop HaYaIbHBIX UCXOAHBIX JAHHBIX
Go, Lo, k12, K33, ka4, 81,82, 83,84

U

3aﬂaeM 3HAYCHHUA €j M3 pacducTa
Sj - 81

{

|

Crpoum matpuity S

1y

Haxoaum o6partHyio Marpuiy S~ 1

!

Brruncnsem Bexkrop Y

4

Haxoaum s¢pextuBHOCTD Beeit

cucTeMbl 22

Y11

YVja

Beruucisgem g =————
YjitYj2

¥

[TpoBepsiem |£jHOB - ejmp| < 0,001

e 1] T

[TpuaMaem
Yj4 Pemenue HalizeHo
& = ———
j
Yi1 tYj2

PucyHok 5 - biiok-cxema penienus 3agadu
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Ecnu nia Bcex j BBINOIHSAETCS YCIOBHE |£jHOB — ngTap| < 0,001, TO pemeHue

HalieHo, U 3(pPEeKTUBHOCTH CUCTEMBI € OTpesiesieHa. Eciu yciioBue He BBITOTHSIETCH,
TO BBIYUCIISIEM HOBBIC 3HAYEHUS Y; , IEPEXOJUM BBEPX U CHOBA MPOBOJUM
BBIYMCIICHHUS, IO T€X MOp, OKa YKa3aHHOE YCIOBUE HE OYJIET BHITIOIHATHCS.

Takum 00pa3oM, MONYyYEHHOE 3HAYCHHE & CHUCTEMbl IMO3BOJSET MPU 3a/laHHBIX
COOTHOIIEHHSIX pacXxojia BHYTPU CUCTEMBI pacCUUTATh 3PPEKTUBHOCTH BCEH CHCTEMBI.
[Ipu >TOM BenWYHMHA &; CYIIECTBEHHO 3aBHCHUT OT pacxona L, , COOTHOIICHHS
pacxomoB L,/Ly, COOTHOLICHHUS KOHIIEHTpaUi C,/Cy, pasmepa dsyHa BXOJC B
IEPBbIK MBLICYIOBUTENb. AHAIOTUYHO € 3aBUCUT OT MApaMeTPOB HAa BXOJE B 3TOT
MIBUIEYJIOBUTEIb U BETMUYUHBI OTCOCA U3 3 U 4 IBUICYJIOBUTEIEH.

YerBepTas rjaBa IOCBALICHA SKCIEPUMEHTANbHON OLIEHKE 3(P(PEKTUBHOCTH
NPEJIOKEHHBIX PEIIEHUI MO0 CHIKEHHIO TBUJIEBBIX BBIOPOCOB B TOPOACKYIO
BO3YILIHYIO CpeAy IPU IPOU3BOJCTBE ra300€TOHA.

DKClepUMEHTAJIbHbIE HCCIEAOBaHUS MPOBOAWIMCH, B JBa »Tama. Ha stame
MPEIBAPUTEILHOTO  OKCIEPUMEHTa  ONPEICISUIOCh  COOTHOIICHHWE  JMaMETPOB
OCHOBHBIX u JIOTIOJTHUTETHHBIX MBUICYTOBUTENCH
D (D = D;/D, = D;/D, = D,/D;, = D,/D,), npu KOTOPOM OOECIIECUHBACTCS
HAUMEHBIINN MPOCKOK MUK, [lomydeHHble pe3yapTaThl (PUCYHOK 6) MOKa3alu, YyTo
HAMMEHbIIAs BEJIMYMHA IPOCKOKA €,c, OOECHeunBaeTcs mpy 3HadeHusx D = 0,4-0,5
(pucynok 6, a). Ilpm mocnemyromeM YBETUYCHHHM AMAMETpa IOMOJIHHUTEIHLHOTO
NBUICYJIOBUTENISI CKOPOCTH MBLIEBO3AYLUTHOIO NOTOKA B HEM CHH)KAETCS, YTO PUBOAUT
K BO3DPACTaHMIO E£gycr. OmHako mpu D < 0,5 pe3ko BO3pacTaeT a’poAMHAMHYECKOE
COTPOTHUBJICHUE JTOTIOJIHUTEILHOTO ammaparta (pucyHok 6, 0), 4To BIEYeT 3a cOOOM
MOBBILICHUE 3aTpaT Ha IMPOBEIECHUE MPOIECCOB MblICOUnCcTKU. Mcxoas u3z a3rtoro,
MOKHO CUUTATh, YTO HAMOOJIee PALMOHAILHEIM siBIseTcs cooTHomenue D = 0,5.

AP,xIla
8CHCI’

0,8
0,04

..
0,02 0.4
0,2 0,4 0,6 0,8 5
a 0
0,4 0,6 0,8

Ol

0
PI/ICyHOK 6-P C3YJIbTAThl IIPECABAPUTCIILHOTO SKCIICPUMCHTA: a - 3aBUCUMOCTH BCJIIMYUHBI ITIPOCKOKA
IBbUIX OT COOTHOIICHUA ANAaMCTPOB, 0 — 3aBHCUMOCTb MOTEPh AaBJICHHUA B JOIIOJHUTCIBHOM
MBbUICYJIOBUTCJIC OT COOTHOLICHUA TUAMCTPOB
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Ha »Tame OCHOBHOTO OJKCIIEpUMEHTa ObUI peanu30BaH IEHTPATbHBIN
KOMTIO3UIIMOHHBIA POTOTA0CIIBHBIN TTaH MPHU CICAYIONUX OMPEACIIIOMUX (hakTopax:
pacxoj BO3yXa, MOCTYHAIOIIET0 B CHCTEMY HAa OYMCTKY, OTHeceHHbIH k 1000 m3/4
(Lo); mons (OT MOCTYNAOMEro HAa OYNUCTKY B CHCTEMY) PacXojia, OTCACHIBAEMOTO H3
oynkepa anmmapata 2 (Loyez = Lopea/Lo); 107 (OT MOCTYHAIONIEr0 HA OYMCTKY B
CHCTEMY) pacxo/ia, oTcachiBaeMoro u3 6yakepa anmmapaTa 3 (Lores = Lores/Lo)- IIpH
00paboTKe 3KCIEPUMEHTAIBHBIX JaHHBIX MO KpuTeputo CThIOJEHTa MPOBEpsIIaCh
3HAaYUMOCTh KOX((UIIMEHTOB YpaBHEHHsI pErpecCMd, W €ro aJcKBaTHOCTh
npoBepsuiack mo kputepuro duriepa.

B kauecTBe mpuMepa Ha PHUCYHKE 7 TPEACTABICHBI HEKOTOPHIC PE3YIbTATHI
AKCIIEPUMEHTAILHOM OIEHKH BETMIMHBI IPOCKOKA IMBUTH B aTMOC(EPY B 3aBUCHMOCTH
OT OTIPEICTIAIONMNX (PAKTOPOB, I CUCTEMBI, CKOMITOHOBAHHOM I10 IIEPBOMY BapHAHTY

(pucyHok 3, a).
SCHCT

.\/
0,06

0,04 \\
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Pucynok 7 — 3aBUCHUMOCTD BEJIMYMHBI MPOCKOKA OT pacxoja, 0TCAChIBAEMOTO U3 OyHKepa

JIOTIOJIHUTEIBHOTO NbLIEYTOBUTENS MPH Lore; = 0,20 1 mpu:
1-Ly=54;2-Ly=17,2; 3-Ly=9,0.

* - DKCIIEPUMEHTAJIbHBIC 3HAYEHUSI; __ - paCUETHBIE JaHHBIE 10 BBIPAKEHUIO (5)

Pe3ynpTaThel 3KCIIEpUMEHTANBHBIX UCCIEAOBAHUI MOKA3aJIM, YTO C YBEJINYEHUEM
pacxo/ia MbUIEBO3IYIIHON CMECH CHUXKAETCsl MPOCKOK IMbUIM B aTMOC(EPHBII BO3YX,
YTO 00YCJIOBJIEHO MOBBIIIEHUEM CKOPOCTH MOTOKA B MbLIeyIoBUTENAX. [lomyueHHbIe
JAHHBIE TaKX€ CBHUJAETEIBCTBYIOT O TOM, YTO HAaWMEHBIIMI IPOCKOK IBUIH
o0OecnieunBaeTcsd NpU M3MEHEHUM JOJM pacxojaa, OTCachblBA€MOro M3 OyHKepa
TbLIEYI0BUTENS BTOpOi cTymenu, B npenenax 0,17 < Ly, < 0,22 ¥ n3MeHeHUH
J0JIM Pacxo/1a, 0TCAChIBAEMOro U3 OyHKEepa JONOJHUTENIBHOTO ammapara 3 B Ipeaenax
0,08 < Lyes < 0,12, mOCKOJIBKY IPH TAKMX COYETAHHAX BEPXHUX MPENENOB L., C
HIGKHUMM TIpefenaMu Ly,.; U HaoOOpOT O0O0ECHeuMBaeTCs TaKOe COOTHOLIEHUE

pacxoaoB, IOJaBaA€MbIX Ha HWKHUHU U BerHI/Iﬁ BBOJHI allllapaTa nepBoﬁ CTYIICHH, IIpU
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KOTOPOM JOCTUTaeTcss HauOousbmias d(dekTuBHOCTh TmbuieynoBuTenet B3I
YpaBHEHUE PErPECCUUA UMEET BUJ
Eeper = 0,0266 + 8,04(Lyrez — 0,186)%2 + 5,04(Lyye3 - 0,118)2 -
—0,0008(Ly - 4,6)% + 0,0123L,,3L, (5)
npu 9.4 <L, <54; 0,15 < Ly, <0,25;0,05 < L,,.3 <0,15

JIns olleHKM »SHepro3arpaT Ha peald3aldi0 MNPOLECCOB OOECHBUIMBAHUS B
paccMaTpuBaeMOl YCTaHOBKE ObLT ompenesieH Kod((HUIMEHT a’poarMHAMHYECKOTO
COIIPOTUBJICHUA ZCHCT KaK OTHOLICHHC CYMMapHBIX IIOTCPb JTABJICHH S B
IMBIJICYJIOBUTCIIAX HepBOfI n BTOpOI?I CTYIICHH K JHHAMHWYCCKOMY HaBJICHUIO,
pPacCCUMTAaHHOMY MO CPEJHEW CKOPOCTH NOTOKAa B OCHOBHOM IMBUICYJIOBUTEIIE.
HeKOTOpBIe M3 MMOJYUYCHHBIX JAHHBIX B KAQUCCTBC ITPUMCEPA ITOKa3aHbl HA PUCYHKE 8.

g(fll(f r
1 o
/ /
n—/‘/ 2
- \\////
r_/ 3
170
2 4 6 8 10 L0

Pucynok 8 — 3aBucuMOCTh KOOPPUIIMEHTA a9POAUHAMUYECKOTO COMTPOTUBICHUS (cyyep OT
pacxojia mbUIEBO3AYIITHON CMECH, IOJJaBaeéMOM Ha OUYHUCTKY B CHCTEMY OOCCIIBUTMBAHUS TIPH:
1-Lywez =0,15;2- Lyrer =0,20; 3 - Ly = 0,25.

* - DKCIIEPUMEHTAJIbHbIC 3HAUEHUSI; - PACUETHBIE IaHHBIE 110 BBIPAXKEHUIO (6)

IIpu aTOM
{ewer = 1743 + 0,904 (Lo - 4,9)? + 388(Lyez — 0,355)% (6)
mpu 5,4 <Ly <9; 0,15 < Lyper <0,25; 0,05 < Loy < 0,15

AHaM3 MOTYYEHHBIX JAaHHBIX MOKA3bIBAET, UTO HAMMEHBIIICE adPOIMHAMHUICCKOE
COTIPOTUBJICHUE CUCTEMA 00ECIIBUTMBAHUS BEIOPOCOB,
CKOMIIOHOBaHHas 110 IEpBOMY BapHaHTy, umeeT mpu Ly =5,4u L., = 0,25.

Takum o00pa3oM, HaMMEHBIIHE BETUYMHBI MPOCKOKA MBUIA JOCTUTAIOTCS TIpU
M3MEHEHUHU JIOJIM Pacxoja, OTCachlBAEMOr0 W3 OyHKepa MbUICYJIOBUTENS BTOPOU
cryneny, B npenenax 017 < Ly, < 0,22 u72< L, < 9,4. C apyroii cTOpoHSI,
HAaWMEHBIIIME HHEPTreTUYECKUE 3aTpaThl HA MPOBEACHUE TMPOIeCcCa MbUICOYHCTKH,
obecneunpatorcs npu 0,20 < L., < 0,25unpu54 < L, < 7,2. C yd4eTom 31010,
HanOoJIee PaMOHALHBIMU IIEJIECO00pa3HO MPHUHATH CICIYIONIUE PEKUMBI paOOTHI
CUCTEMBI JJII CHUKEHHS 3albIIEHHOCTH BEIOPOCOB, CKOMIIOHOBAHHOM TI0 MEPBOMY U3
NpEeIOKCHHBIX BapUAHTOB: U3MEHEHHE JIOJM Pacxojia, 0TCachIBAEMOro u3 OyHKepa
MbLIEYIOBUTENS BTOpOH cTyneHu, B mpepenax 0,17 < L., < 0,22; u3zMeHeHHe
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JI0JIM pacxo/ia, 0TCaChIBAEMOro U3 OYHKEpa JAOMOJHUTENILHOIO anmnapara 3 B npejenax
0,08 < Ly.3 < 0,12; u3MeHeHHe pacxoja MbUIEBO3AYIIHOM cMecH, NO0JaBaeMoil B
cucteMy, B rpenenax 54 < L, < 7,2.

[lonydeHHbIE pE3yJAbTAThl TAaKKE CBUACTEIBCTBYIOT O TOM, YTO CHUCTEMa
oOecnbITMBaHUs, CKOMIIOHOBaHHAas IO BTOPOMY BapuaHTy (pucyHok 3, 0), B
CPaBHEHMM C  TEPBBIM  BApPUAHTOM,  XapaKTEPHU3yeTCS  3HAYUTEIbHBIMU
HHEPro3arpaTaMu Ha MPOBEAEHUE MPOIECCOB MbLIEOYUCTKH. C y4eTOM 3TOro, a TaKkxXe
C YYETOM TOro, 4YTO B PAaccMaTpUBAaEMOM CIIy4ae BEJIMYMHA IPOCKOKA NbUIA B
atMocdepy BbIllIe, K MPAKTUYECKOMY HMCIOJIb30BAHUIO CIIEYeT PEKOMEHI0BATh
CUCTEMY OYUCTKU BHIOPOCOB, CKOMIIOHOBaHHYIO MO MIEPBOMY BapHaHTY.

Cucrema o0ecnbUIMBaHUs BBIOPOCOB ISl MPOM3BOJACTBA Tra3o0eToHa U
ra300€TOHHBIX  OJIOKOB  MpOILIAa  ONBITHO-NPOMBINIJIEHHBIE  UCIBITAHUS  Ha
npombinuieHHoU 6a3e OIT OO0 «Macukey». Pe3ynbraTsl HCHIBITAaHUM MPECTABICHBI B
Tabnuie 2.

Tabmuua 2 - Pe3ynpTaThl CONOCTABJICHHS  XapaKTEPUCTHUK  TPATUIIMOHHO
HCIIOJB3YEeMOU U MPEJIOKEHHON CUCTEM MbLICOYUCTKH

OneHuBaeMbIi Tun cucteMsl
napamerp TPaJUIIMOHHAS | TIPEIOKCHHAS

KoHIeHTpaIus mel B OTOKE Ha BBIXOC U3 109 12,3
CUCTEMBI, MI/M°
Conepxanue yactuil PMjg B BeIOpoce, % 40 24
Conepxanue yactuil PM; s B BeIOpoce, % 0,5 0,4
KonnenTpanus yactuir PMjo B moToke Ha 43,6 1,7
BBIXOJIE U3 CHCTEMBI, MI/M°
Konnentparus gactur; PMz s B moToKe Ha 0,55 0,2
BBIXOJIE U3 CHCTEMBI, MI/M°
[TpocKOK CUCTEMBI E¢yer, Y0 11,6 5,7
Macca nbutn, BeIOpacbiBaeMoit B atMocdepy, T/4 796 89,8

[Torepu naBnenus B cucreme, [la 1960 1740
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3AK/IIOYEHUE

B nuccepranmonHoit pa®oTe [aeTcs pelIeHHWE aKTyalbHOM 3aJadd  TIo
00€CIEeYEHNI0 3aIUIIEHHOCTH MPUPOJHON Cpeabl U )KM3HEHHO Ba)XKHBIX HMHTEPECOB
YelloBeKa OT HETAaTHUBHBIX BO3JCHCTBUM MBUIEBBIX BHIOPOCOB, 00pa3yloIIUXCA MNpU
IIPOU3BOJICTBE ra300€TOHA U CTPOUTEILHBIX U3/IEJINI HA €r0 OCHOBE.

Ha ocHoBaHuUM pe3yibTaTOB BBHINOJHEHHBIX HCCIEIOBAHUNA MOXHO CHeNaTh
CJIeIyIOIME OCHOBHBIE BHIBO/IBI 110 padoTe.

1. Tlo pe3ynpTaTaM HCCIEAOBAHUM, MPOBEAECHHBIX B YCIOBUAX pEATbHO
JACHCTBYIOLIETO NPEANPUATHS IO TPOU3BOJICTBY Ira300€TOHA U Ta300€TOHHBIX OJIOKOB,
YCTaHOBJIEHO, YTO MPU MCHOJIB30BAHUY TPATULIMOHHBIX CUCTEMAM OYMCTKH IbLUIEBBIX
BBIOPOCOB C ITMKJIOHAMU B aTMoc(hepHBIi Bo3ayX BhIOpachiBaeTcs mbuib, 10 100 %
Macchl KOTOPOW MPUXOAUTCS HAa 4YacTulbl ¢ pazmepamu a0 20 Mxm. Ilpu 3TOM X
MEJIMaHHBINA TUaMeTp paBeH 12 MKM, J1oJist yacTull ¢ pasmepamu MeHee 10 mxm (PMjg)
cocraniset 40 %, 1o yacTuil ¢ pasmepamu meHee 2,5 MkMm (PMzs) - 0,5%. 3naucHus
JOJM YacTULl B aTMOC(HEPHOM BO3AyXe Ha TEPPUTOPUH MPOMIUIOMIAIKUA JIETOM
koseomoTes: st PMiyg - ot 12 % 10 40 %; nis PMzs - ot 0,3 % mo 0,5 %. Ha
IPAaHULE CAHUTAPHO-3AIIMTHOW 30HBI 3TH 3HadeHus cocraBisiroT 80% u 0,5%
COOTBETCTBEHHO.

2. Ha ocHOBe MaHHBIX, IOJIYYEHHBIX B HAaTYpPHBIX YCIOBHUSX, OTMEUYEHO
npeBbILICHUE coaepxkaHus dactull PMip B aTMOcepHOM BO3ayXe Ha TEPPUTOPUU
MMPOMIUIOIIA/IKM U HAa TPAHULIE CAHUTAPHO-3alIMTHOM 30HbI Hax [IJIK, ycTaHOBIEHHOU
JUTSl TAKUX YaCTULL AJI1 BO3AYLIHOM Cpe/bl HACEJIEHHBIX ITyHKTOB.

3. Iy cHUKEHUS BUIENOCTYIIEHUH B aTMOc(epy Mpu NPOU3BOICTBE ra300€TOHA
U CTPOMUTENIbHBIX M3JIEJTUN Ha €ro OCHOBE MPEJIOKEHbI Ba BapHUaHTa KOMIIOHOBKH
CUCTEM OOECHBUIMBAHMS BBIOPOCOB C ABYMs IOCJIEAOBATEILHO YCTAaHOBJICHHBIMU
neuieynoutenamu  B3I1, AByMs AONMOMHUTENBbHBIMU amapaTaMyd € MEHbBIIUMHU
pa3Mepamu, ¢ OpraHu3aluil orcoca U3 OyHKEepa OCHOBHOTO IBUICYJIOBUTENSI BTOPOU
CTYIIEHU M U3 OyHKepa OJHOTO W3 JOMOJHUTEIbHBIX amnmapaToB. [lepBbiii BapuaHT
KOMIIOHOBKH TpeJinoiaraeT 00beAMHEHHYIO M101auy PELUPKYISIIMOHHOTO MOTOKA BO
BTOPOW W3 JOIOJHUTENBHBIX anmnaparoB. BTOpoll BapuaHT KOMIIOHOBKHA CHUCTEMBI
oOecnbUIMBaHUS IPEANoaraeT pa3aeibHyl0 Mogavy peupKyISIUOHHBIX TOTOKOB BO
BTOPOU U3 JIONOJIHUTEIBHBIX alapaToB.

4. Pa3paboTaHbl METOAMYECKUE OCHOBBI PACUETHOW OLICHKU CTENEHU CHMXKEHUS
IBUIEBBIX BBHIOPOCOB B TOPOJCKYIO BO3AYIIHYIO Cpely IpU HCIOJIb30BAHUU B
IIPOMBINUIEHHOCTH  CTPOUTEIBHBIX MAaTEPUAIOB YCTAHOBOK MBUICOYUCTKH €
pa3IMYHBIMH CXE€MaMU KOMIIOHOBKH, BKIIOYAIOIIUME B ce0s: CHUCTEMY pPacUYeTHBIX
ypaBHEHUI; CUCTEMaTU3allMI0 PACUETHBIX YPaBHEHUU MO CIEAYIOIIUM TpyIIaM —
OaslaHCOBBIE YpaBHEHMS; YPaBHEHUS MPOCKOKA MbUIK (ypaBHEHUS d(P(HEKTUBHOCTH);
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YpaBHEHHMsSI, XapaKTEPHU3YIOIMIME OCOOEHHOCTH CXEMbl KOMIIOHOBKH CHCTEMBI
obecnibIUBaHUsA  BBIOPOCOB;  OJIOK-CXEMy  pacyeTa  CTENEeHM  CHHXKEHUS
MBUICTIOCTYTUICHUI B aTMOC(EPHBII BO3IYX.

5. Ilo pesynbratam OMNBITHO-IIPOMBINIJIEHHBIX HCCJIEIOBAHUN YCTAHOBJICHBI
3aBUCUMOCTH, XapaKTepU3YIOIINE CTENICHb CHIDKEHUS BRIOPOCOB MBI B aTMOChepy,
a TaKX€ BBISIBJICHBI IMANIA30HBI U3MEHEHUSI PEKUMHO-KOHCTPYKTUBHBIX MMapamMeTPOB
IPEAJIOKEHHBIX CUCTEM MBUICOYUCTKH, MPHU KOTOPHIX 00ECIICUUBAIOTCS HAMMEHBIIINE
NBUICTIOCTYIUICHUSI B OKPYXXAIOIIYI0 CPEeAy W HaWMEHBIIME HSHEpPro3arparbl Ha
IIPOBEJICHNE MPOIECCOB OOECIBIIMBAHUS BHIOPOCOB B MPOM3BOJACTBE ra300eTOHA U
CTPOUTENBHBIX KOHCTPYKIIUN HA €r0 OCHOBE.

6. Pe3yapTaThl  ONBITHO-TIPOMBINUICHHBIX  WCHBITAHWA  TMOKa3aJHd, 4YTO
WCMOJIb30BaHUE MPEITIOKEHHON CUCTEMBI MBIJICOYMCTKU coAepkaHue yactul, PMio B
IIOTOKE, BHIOpAChIBAEMOM B aTMOC(EPHBIM BO3AYX IOCIE CHCTEMbI 0OCCIBUTMBAHUS
BBIOpOCOB cokpatuiiock Ha 40%, coneprxkanue yactui] PMy s — Ha 20%.

[Tpu aTOM BBIOpOC MBLIH B aTMOcdepy cokpatuiics B 8,9 pas.

[IpenoTBpaIieHHbIN SKOJOTHUESCKUN YIIIepO OT BRIOPOCOB MBUTH B aTMOC(epy Mnpu
OCHAILICHUU TOJIBKO OJHOM CHCTEMBbI AaCMHUpPAlUU TMPEIJIOKEHHOW CHCTEMOU
nbuUIeouncTKy coctaBmi 23900 py6./roa.

brnarogapsi mojaydyeHHBIM 3aBUCUMOCTSIM B paboTe ObUIM JaHbl MPAKTHUYECKUE
PeKOMeHIAMH 10 CHIDKCHHIO MacChl BHIOPOCOB MBLINM B aTMOC(EPHBIN BO3YX H 11O
CHIDKCHMIO 3aTpaT AJIEKTPOIHEPTUHM HA IMPOBEJACHUE IMPOIECCOB OYMCTKH BBHIOPOCOB
MIBUTM TIPY TIPOU3BOJICTBE Ta300€TOHA M Ta300€TOHHBIX CTPOUTEIBHBIX KOHCTPYKITHH.
B TOoM uncie, HaMeueHbl MepPCHeKTUBbI JajbHelleil pa3padoTKu HcclieayeMon
TEMBI, 3aKJIFOYAIOIINECS B PE3YJIbTATaX UCCIIEIOBAHUS 3arPSI3HEHUS BO3AYIIIHOMN CPEIbI
MEJIKOAUCTIEPCHOM TIBUIBI0 PM1ou PMys.
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