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BBEJAEHHUE

AKTYaJIbHOCTb  HM30paHHOi  Tembl. [a300€TOH, BBIMYyCKAGMbIH  Kak
TEIUION30JALMOHHBIM, KOHCTPYKTHUBHO-TEIJION30ISALUOHHBIA U KOHCTPYKTHUBHBIN,
ABJISIETCA YHUBEPCAIbHBIM COBPEMEHHBIM CTPOUTEIBbHBIM MaTEPUATIOM, OTINYACTCS
NOJITOBEYHOCTBIO M BBICOKOM NPOYHOCTHIO Ha CKaTue, HE TOPUT U HE
noanepkuBaeT ropenue. IlpumeHeHume ra3o0eroHa TMpU BO3BEIECHHUH, Kak
HEOONBIIUX JIOMOB, TaK M BBICOTHBIX 3/IaHWWA, a TaKXKE TOPrOBBIX W
Pa3BIEKATENBHBIX KOMIUIEKCOB, IO3BOJIIET COKPAaTUTh BPEMs CTPOUTENIBCTBA H
KanuTallbHbIE 3aTpaThl. [l03TOMy B HacTosiee BpemMsi IPOU3BOJICTBO Ta300€TOHA U
CTPOMUTENbHBIX KOHCTPYKLIMM Ha €ro OCHOBE HAXOJWUT B Hallel cTpaHe Bce Oosee
IIMPOKOE TPUMEHEHUE, OCOOCHHO B CBSI3M C peajau3aluedl rocyJ1apCTBEHHOMN
nporpammbl  «OOecrieueHre  JOCTYNHBIM U KOM(OPTHBIM ~ KUJIBEM H
KOMMYHaJIbHBIMU yCIIyraMu rpaxnaan Poccuiickont @enepanum».

BmecTe ¢ Tem, mpeanpusTUs MO MPOU3BOJCTBY ra300€TOHA M Ta300€TOHHBIX
CTPOUTEIIBHBIX KOHCTPYKIMU, TAK K€, KaK MPEAIPUATHUS 110 MPOU3BOJCTBY APYIUX
CTPOMUTENBHBIX MATEPHUANIOB, PACIIONATalOTCs B IPEAENAaX HACEIICHHBIX ITYHKTOB M
XapaKTepU3yTCsl OOIBIIMMH, 3HAUYUTEIHHO MpPEBbIMAONMMu HopMaTuBhbl [1JIB,
BbIOPOCAMU IBUIU B OKPYXKAIOLIYIO CPEAY 3aCTPOECHHBIX TEPPUTOPUIA.

AHaJIN3 HayYHO-TEXHUYECKOM JUTEPATypbl M IMPOEKTHBIX DPEIICHUM IOKa3all,
YTO MO YCIIOBUSIM TEXHOJIOTHH JJIsl PELICHUS 3a1a4¥ CHUKEHUS IBUICIOCTYIUICHUN
B TOPOACKYIO BO3IYIIHYIO CPEAY B PacCMaTpPUBAEMOM IPOM3BOJICTBE BO3MOKHA
TOJIBKO CyXasi OYMCTKA MbUIEBBIX BBIOPOCOB, U YTO C ATOM IIEJIbIO Yalle BCEro
MCIOJIB3YIOTCS IMKJIOHBL. OIHAKO OMBIT 3KCIUTyaTal[Ml CUCTEM OOECIIbUIMBAHUS Ha
NPEANPUATUAX OTPACIN ITOKA3bIBAET, YTO IPHUMEHSEMbIE B HACTOAIIEE BpPEMS
YCTaHOBKH MbUICOYNCTKA HE 00ECIEeUnBaIOT HEOOXOAMMON CTETIEHH YMEHBIICHUS
nputenoctymieHnid. OcCoOEHHO 3TO OTHOCHUTCS K MEJKOAUCIIEPCHBIM YacTHIIAM
PMip u PM35, conepkanre KOTOPBIX B aTMOC(HEPHOM BO3/IyXe HACEJIICHHBIX MECT B

HACTOAIIEE BPEMSI PEraMEHTHPYETCS TOBBIIIEHHBIMU TpeboBaHusMU. [loaTomy



aKTyaJbHBIMM SIBIIIIOTCSI MCCIIEOBaHUS, HAlpaBJIEHHbIE HA pa3palOTKy peIIeHUH,
00€CIeUnBaAOIIMX BBICOKYIO CTENEHb COKpPAlIEHUS IIOCTYIUIEHWHA MbUIM B
atMoc(epHBIi  BO3AyX TMpPH MPOU3BOJICTBE Ta300eToHA ©  Ta300e€TOHHBIX
CTPOUTENBHBIX KOHCTPYKIUU.

PaboTta BbIMONHATACH B COOTBETCTBUM C IJIAHOM HAYYHO-HCCIIEIOBATEIBCKUX
pabotr ®I'bOY BO «PoctoBckuii rocy1apCTBEHHBIA CTPOUTENIbHBINA YHUBEPCUTET
u OI'bOY BO «JloHCKOM roCy1apCTBEHHBIN TEXHUYECKUM YHUBEPCUTET.

Crenennb pa3pa0doTaHHOCTH TeMbl. BorpocaMu 3aluThl OKPY>KArOIIEH Cpebl
OT HETraTUBHOTO BO3JCHCTBUS  MBUIEBBIX BBIOPOCOB MpU  MPOU3BOJCTBE
CTPOUTENBHBIX MAaTEPUAIIOB U KOHCTPYKLIHM 3aHUMAJINCh MHOTHE HUCCIIEIOBATEIIN —
Azapos B.H., banrepenac I1.C., banut ®@.I'., boopoBaukoB H.A., borycnaBckuit
E.N., Men3zenunuea H.B., Munko B.A., [Ipumak A.B., Cugopenko B.®., Cepruna
H.M. u ppyrue. B HekoTopbslx U3 pabOT 3THUX aBTOPOB MNPUBOIATCA CXEMBI
KOMIIOHOBKH CHUCTEM OO€CIbUINBAHUS BEIOPOCOB OT OPraHU30BAHHBIX UCTOYHHUKOB,
KOTOpBIE  MPEAINOJaraloT  HCIIOJb30BaHUE OPAKTUYECKH  BCEX  THUIIOB
MbUICYJIOBUTEINEN (CYXHUX U MOKPBIX IIUKJIOHOB, CKpyOOEpOB, pyKaBHBIX (DUILTPOB U
anekTpopmibTpoB). OpHAaKo, Kak YK€ OTMEYaloch, B paccMaTpuBaeMOM
ITPOU3BOJICTBE BO3MOKHO IMPUMEHEHUE TOJIBKO CYXUX METOJIOB OYUCTKH.

B nacTosmeit paboTe npoBeneHbl UCCIEI0BAaHUS 110 OLEHKE BIUSHUS MbUIEBBIX
BbIOPOCOB B IIPOM3BOJICTBE Ia300€TOHA M CTPOUTEIBHBIX KOHCTPYKIMI M3 HEro Ha
KauecTBO aTMOC(EPHOro BO3/yXa, MO OLEHKE (PAKIMOHHOIO COCTaBa MbLUIH,
MOCTyHarouiel B CHCTEMY NBUICOYUCTKH, COJEpiKaiieiics B BhIOpocax H B
atMochepHoM  Bo3ayxe.  Pa3zpaboTaHbl  CXe€Mbl ~ KOMIIOHOBKM  CHCTEMBI
oOecnbUIMBaHUsL U pa3pabOTaHbl METOJWYECKHE OCHOBBI MPOBEACHUSI PACUETHOM
OLICHKH CTENEHH CHWXEHHs BBIOPOCOB MBUIM B aTMOC(EpPHBI BO3IyX MpuU
UCIIOIb30BaHUM TIPEUIOKEHHBIX cXxeM. [IpoBeneHa SKCnepuMEHTAbHAs OIEHKA
CTETNIEHU CHUXEHHS BBIOPOCOB MBLIM B aTMOC(EpHBIA BO3AYX MPU HUCIOJIB30BAHUN
KQKJIOTO U3 MTPEAJIOKEHHBIX BAPUAHTOB.

Heas wu 3agmaum  paGorbl. llenpto paboThl  sBisieTcss  oOecneyeHue

IKOJIOTUYECKOH 0e30IacHOCTH MPOU3BOJCTBA Ta300€TOHA H  Tra300€TOHHBIX



CTPOUTEIBHBIX KOHCTPYKIMI MOCPEACTBOM TMOBBIIIEHUS 3PPEKTUBHOCTH CHUCTEM
JUTSL  3allATBI  TOPOJCKOW BO3AYITHOM CpeObl OT 3arps3HEHUS IBUICBBIMU
BBIOpOCAMH.

JI1st noCTHKEeHUS TOCTABJIICHHOM e B pab0Te peliaiich CIEAYIONINE 3a0auu:

- aHaNM3 TEXHOJIOTUYECKUX TPOIECCOB MPOU3BOJACTBA Ta300€TOHA H
CTPOUTEIBHBIX KOHCTPYKIMH U3 HET0 KaK HMCTOYHUKOB 3arpsi3HEHHUS TOPOJCKOM
BO3/IYIIIHOM Cpe/ibl BEIOpOCaMU TbLIH;

- aHAJIN3 CYIIECTBYIOIIUX METOJOB U CPEACTB OOCCIBUIMBAHUS BBHIOPOCOB B
IIPOMBIIIEHHOCTH CTPOUTEIBHBIX MAaTEPUAIIOB;

- TMPOBEJACHUE OJKCICPUMEHTAJIBHBIX WCCICAOBAHMMA 10 OIICHKE BIUSHUS
MBUICBBIX BBIOPOCOB OT HMCTOYHUKOB IleXa II0 TIPOM3BOJICTBY Ta300€TOHA W
ra300€TOHHBIX OJIOKOB Ha KayeCTBO BO3JyXa HOPMHUPYEMBIX TEPPUTOPHIA,
BKJIIOUAIONIMX: OOCJIEIOBAaHUE CHUCTEM JIOKaJU3allid U OYUCTKU TMBUJIEBBIX
BBIOPOCOB; MHCTPYMEHTAJILHOE OMpEJIeJICHUE KOHIIEHTPAIMH MbLIK B BBIOPOCAX U B
aTMoc(EepHOM BO3/IyX€e; aHAIN3 (PPAKIIMOHHOIO COCTaBa MBI, OOpa3yIoNIeics npu
MPOU3BOJICTBE Ta300€TOHA U Ta300€TOHHBIX OJIOKOB, TIOCTYyMAlOIIed B CHUCTEMY
MBUICOYUCTKU M B TOPOJICKOM aTMOC(hEPHBIN BO3/IyX; N3yUYEHNUE OCHOBHBIX CBOMCTB
HCCIICTYEeMOHN TBUIN; OIEHKY YpPOBHS 3arps3HEHUS TOPOJICKOW BO3AYITHOW CpEIbI
yactuamMu PMio u PM3s;

- pa3paboTKa TEXHUYECKUX PEIICHUH M0 CHUKEHHUIO TBUIEBBIX BHIOPOCOB B
atMoc(epy TMpHU TPOU3BOJCTBE Ta300e€TOHa M Ta300€TOHHBIX CTPOUTEIBHBIX
KOHCTPYKIIUU;

- pacyeTHasl OIleHKAa CTENEHW CHIDKCHHS BBIOPOCOB MBUIM B aTMocdepy mpu
WCIIOJIb30BAaHUH TPE/ITIOKCHHBIX PEIICHHI;

- TIPOBEJICHUE OMBITHO-TTPOMBIITUICHHBIX UCTIBITAHUHN JIJISI OTIPEICTICHUS CTCTICHH
CHWKCHUS TTBUICTIOCTYTUICHHA B OKPYIKAIOIIYIO CPEIy, TOCTUTAEMOW B Pe3yJIbTaTe
MPUMEHEHUsT Pa3pa0OTAHHBIX PEIICHUM, a TaKKe I OIEHKH JHepro3arpar Ha
MIPOBE/ICHHE MPOIIECCOB MBIJICOUYNCTKH.

HayyHast HOBM3HA:



- TOJYYEHbl CHCTEMbl PACUETHBIX YPABHEHUH [UIsl TEOPETHUECKON OLICHKH
CTENEHU CHUKEHUS MNbLIEBBIX BBIOPOCOB B TOPOACKYHO BO3AYLIHYIO CpeAy Ipu
MCIOJIb30BaHUU MPEI0KEHHBIX CXeM KOMIIOHOBKH YCTaHOBOK OOECTIBUTHBAHMUS;

- NIpEeUIOKEHAa CHCTEMaTu3alus OallaHCOBBIX YpaBHEHUN JUIsl YHU(DUKAIUU
pacyeTHOW OLICHKM CTENEHW CHHKEHHS MBUIEBBIX BBIOPOCOB B TOPOJCKYIO
BO3/YLIHYIO Cpey IIPU UCIOIb30BAaHUM PA3JIMYHBIX CXEM KOMIIOHOBKH YCTaHOBOK
00ecHbIIMBaHUS B IPOU3BOJICTBE CTPOUTEIbHBIX MATEPHAJIOB;

- 10 pe3yibTaTaM »>KCHEPUMEHTAIBHBIX WCCIENOBAHUM, IIPOBEICHHBIX B
IPOMBIIUICHHBIX YCIIOBHSIX, BBISBIEHBI 3aBUCUMOCTH, XapaKTEPHU3YIOLIUE CTEIEHb
CHW)KEHUS TBUIEBBIX BBIOPOCOB B aTtMoc(epy IpH MNPOU3BOJICTBE ra3zo0eToHa H
ra300€TOHHBIX OJOKOB JIJIsl ABYX BAPUAHTOB KOMIIOHOBKH CHCTEMBI IIbJICOUYUCTKH;

- Ha OCHOBE pE3YyJbTAaTOB OIBITHO-IPOMBIIUICHHBIX HCCIIEIOBAHUN IOIYYEHBI
3aBUCUMOCTH  JUIsl  OLIEHKM  DJHEpro3arpar Ha MPOBEACHHE  IPOLIECCOB
oOecnbplIMBaHUsl BBIOPOCOB B aTrMocdepy NpHU MPOU3BOJCTBE TIa300€ToHA U
ra300€TOHHBIX OJOKOB JJisl BYX BAPUAHTOB KOMIIOHOBKH CUCTEMBI ITBJIEOYUCTKH.

Teopernueckasi M NIpaKTUYeCKasi 3HAYUMOCTH PadOThI:

- Ha OCHOBE aHaiM3a 0aJlaHCOB MBUIEBBIX M BO3AYIIHBIX MOTOKOB B CHCTEMax
oOecnbuIMBaHUsl pa3pabOTaHbl METOJUYECKUE OCHOBBI PACUETHOW OIIEHKU CTENEHU
CHIDKEHUS TBUIEBBIX BBIOPOCOB B TOPOJACKYIO BO3AYLIHYIO Cpely HpH
UCIIOJIb30BAaHUU B IPOU3BOJCTBE CTPOMUTENBHBIX MAaTEPUAIOB 3THUX CUCTEM C
Pa3IMYHBIMKU CXEMaMU KOMIIOHOBKH;

- TNpPUMEHHUTEIBHO K  MIpoOiieMaTuke  JAMCCEepPTallMM  Pe3yJbTaTUBHO
UCIIOJIb30BAHBI: SKCIEPUMEHTAIbHbBIE METOAUKHU ISl OLICHKU BEJTMYUHBI CHUXKEHUS
Macchl  MBUICNIOCTYIUIEHMH B OKPYXKAIOIIYI0  Cpeay MNpU  NPUMEHEHUU
pa3pabOTaHHBIX BAapUAHTOB CXEM KOMIIOHOBKHM CHCTEM TMBUICOYUCTKH B
MPOU3BOJICTBE Ta300€TOHA W Ta300€TOHHBIX OJIOKOB; OSKCIIEPUMEHTAIbHBIC
METOAMKHU OINPEIEIICHHUS] OCHOBHBIX CBOMCTB MbUIN; METOINKA MUKPOCKOITUYECKOTO
aHayM3a (PpaKkIMOHHOTO COCTABA MbUIH;

- IPHUBENEHbl HKCIEPUMEHTAJIbHBIE 3aBUCHMOCTH I OLIEHKH CTEIEHU

CHIDKEHUS MBUIEBBIX BEIOPOCOB B aTMOC(Epy, a TaKKe IJI OLCHKU YHepro3arpaT Ha



POBEICHUE TPOLECCOB OOECHbUIMBAHUA TPU MPOU3BOJACTBE Ta300€TOHA U
ra300€TOHHBIX OJIOKOB AJIsl ABYX BapHUAHTOB KOMIIOHOBKU CHUCTEMBI ITBIJICOYUCTKU;

- U3YYEHO BJIMSIHUE TEXHOJOTMYECKHUX IMPOLIECCOB MPOM3BOJCTBA Ta300€TOHA U
ra300€TOHHBIX OJIOKOB HAa YPOBEHb IBUJIEBOTO 3arpsi3HEHUS TOPOJICKON BO3AYIITHOM
Cpelbl;

- pa3paboTaHbl CUCTEMbl OYHCTKU IMBUIEBBIX BHIOPOCOB B IIPOU3BOJICTBE
ra3o0eToHa M Ta300€TOHHBIX OJIOKOB; HOBHM3HA pa3pabOTKU MOJTBEpKACHA
nateHToM P® Ne 155711;

- OIpENETIEHbl NPEAeNibl U MEPCIEKTUBHOCTh MPAKTUYECKOTO HUCIIOIb30BaAHUS
pa3pabOTaHHBIX CUCTEM OYHMCTKH IMbUIEBBIX BRIOPOCOB B IMPOU3BOJICTBE ra300€TOHA
1 ra300€TOHHEIX 0JIOKOB;

- Ha mnpomsinuieHHOM ©6a3ze OIl OOO «Macuke» MNpOBEJAEHBI OIBITHO-
MIPOMBIIUICHHBIE UCIIBITAHUS MPEIJI0KEHHON CUCTEMBI 00ECTIBIITMBAHUS BBIOPOCOB.

MeTogo10rust ¥ MeTOAbI JAUCCEPTAIMOHHOTO MCCJICOBAHUSI BKJIIOYAId B
ce0s: aHaIUTUYECKOoe OO0O0OIIEHWEe M3BECTHBIX HAYYHBIX M  TEXHUYECKUX
pe3ynbTaToB;  IUIAHMPOBAaHHWE  (PU3MYECKOTO  SKCIEPUMEHTa;  MPOBEIACHUE
71a00paTOPHBIX, HATYPHBIX M OMBITHO-TIPOMBIIIUICHHBIX HCCIEAOBaHU; 00paboTKy
OKCIIEPUMEHTAJIbHBIX ~ JAHHBIX METOJaMHU MaTEMAaTHYEeCKOM CTAaTUCTUKH U
KOPPEJSIHUOHHOTO aHAJIN3a.

IHon0keHus1, BLIHOCUMbIE HA 3ALIUTY:

- MOJyYEHHbIE CHUCTEMbl PACUETHBIX YPAaBHEHUU [JIsi TEOPETUUYECKOM OIIEHKU
CTETNIEHU CHIKEHUS! MBUIEBBIX BBHIOPOCOB B TOPOJCKYIO BO3IAYLIHYIO Cpely MpHu
UCIIOJIb30BAaHUU MPEJIJIOKEHHBIX CXEM KOMIIOHOBKH YCTAaHOBOK 00€CIIbUIMBAHUS;

- MpeUIOKEHHAsl CUCTEMaTU3alus OaJaHCOBBIX YpaBHEHWH IJsl YHU(DUKALMU
pacyeTHOW OIICHKM CTENEHU CHIDKCHHS TBUJIEBBIX BBHIOPOCOB B aTMoc(epHbIi
BO3/lyX TOpOJia MPHU HCIOJIb30BAHUM PA3IUYHBIX CXEM KOMIIOHOBKH YCTaHOBOK
00eCTbUTMBAHUS B TPOU3BOCTBE CTPOUTEIHHBIX MATEPHAIIOB;

- YCTaHOBJICHHBIE 110 PE3yJbTaTaM >SKCIEPUMEHTAIBHBIX HCCIEIOBAHUM,
IPOBEJICHHBIX B MPOMBIIIJIEHHBIX YCIOBUSAX, 3aBUCHUMOCTH, XapaKTEepU3YIOIINE

CTENIEHb CHWXEHUS TBUICBBIX BBIOPOCOB B armMocdepy TMpU TPOU3BOJCTBE
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ra3o0eToHa M ra3o00€TOHHBIX OJOKOB JIJIsl IByX BapUAHTOB KOMIIOHOBKH CHUCTEMBI
MBUIEOYUCTKY;

- TIOJIyY€HHbBIE HA OCHOBE PE3YyJIbTAaTOB ONBITHO-IPOMBIIUICHHBIX UCCIIEI0BAHUIMA
3aBUCUMOCTH  JUIsl  OIIGHKM  DHEpro3aTpar Ha MPOBEACHHE  IPOILIECCOB
oOecnplTUBaHUSl BBIOPOCOB B aTtMocdepy NpH TMPOU3BOJACTBE Tra300eToHa H
ra300€TOHHBIX OJOKOB JIJIsl ABYX BAPUAHTOB KOMIIOHOBKU CHCTEMBI ITBLJICOUUCTKHU.

CreneHb [0CTOBEPHOCTHM M amnpodamusi pe3yJbTaroB. J[0CTOBEPHOCTH
HAyYHBIX TIOJIO)KEHUHM, BBIBOJAOB M PEKOMEHJAIMI 00OCHOBaHA NPUMEHEHHEM
KJIJACCUYECKUX  IIOJOKEHWH  TEOPETHYECKOTO  aHaln3a,  IUIAHUPOBAaHHUEM
HEOOXOAMMOro O0bEMa JKCIEPUMEHTOB, TMOJITBEPKACHA YIOBJIETBOPSAIONICH
TpeOyeMbIM KpUTEPUSIM CXOAUMOCTBIO MOJTYYEHHBIX PE3yNbTATOB
SKCIIEPUMEHTAJIbHBIX  MCCICAOBAHUM, BBINOJHEHHBIX B  JIaDOpAaTOPHBIX H
MPOMBILIUICHHBIX YCIOBUSX, C PE3YJIbTATAMH JIPYTUX aBTOPOB.

OCHOBHBIE TIOJIO)KEHUSI U PE3YJIbTaThl padOThl JOKIAABIBAINCH U MOIYYHIN
0100peHre Ha: MEXIYHApOIHOM HaydyHO-TexHHUueckoil koHdepeniuu Industrial
Engineering (Yensabunck, 2016 r1.); MeXAyHapOJHOH Hay4YHO-TEXHUYECKOUN
koH(pepeniiuu MATEC Web of Conferences International Science Conference
SPbWOSCE-2016 «SMART City» (2017 r1.r.); MEXKIyHApOAHON HAY4HOM
koHdepeHmmu International scientific conference  EMSUDT-2017 «Energy
Management for Sustainable Urban Development and Transport» (Yepuoropus,
2017 r.); MEXIYHapOJHBIX HayYHO-TIPAKTUYECKUX KOH(epeHUusIx
«CtpourenscTBo-2013. CrpoutenbctBo-2014. CoBpemeHHbIE poOIeMBI
NPOMBIIIEHHOTO U TpaXkIaHCKOro ctpoutenscTBa» (T. Pocros-na-Zlony, 2013 r.
2014 r1.); VI wmexnyHapoaHO# Hay4YHO-TIPAKTUYECKOU KoH(pepeHuu
«CoBpemeHHass Hayka: TeHaeHuuun paszButusi» (r. Kpacumomap, 2014 r.); XIV
MEXAYHAapOJIHON HAyYHO-TIPAKTHYEeCKON KoH(epeHunun «lIpuopurerHpie HaydHbIE
HampaBJeHUs: OT Teopun K mpaktuke» (r. HoBocubupck, 2014 r.);
MexayHapoaHoM (opyme «MHHOBaumu B cdepe KUZHEACITETBHOCTH YEJIOBEKA
XXI Beka (r. PocrtoB-Ha-Ilony, 2016 r.); €XerogHbIX HayYHO-TPAKTUYECKUX

KoH(pepeHIMsIX mpodeccopcko-npenoaaBarenbckoro coctaa DOPI'BOY  BIIO
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«Bounrorpaackuii rocyaapCTBEHHBIM aPXUTEKTYPHO-CTPOUTEIbHBIM YHUBEPCUTET
(r. Bonrorpaz, 2013-2015 r.1.); eXeroaHbIX HAyYHO-TIPAKTUUYECKUX KOH(EPEHIUIX
npodeccopcko-tipenioaBarenbckoro  coctaBa  ®I'bOY  BIIO  «PoctoBckuit
rOCYJIapCTBEHHBIN CTPOUTEIbHBIN yHUBEpcUTeT» (T. PocTtoB-Ha-llony, 2013-2015
I.T.).

OcCHOBHBIE PE3yNbTaThl UCCIEIOBAHUNA MO TEME JAUCCEPTALMU U3JI0KEeHbl B 21
paboTte, B TOM uucie: B 3 CTaThiX, OMyOJUKOBAHHBIX B U3AAHUSIX, BXOJSALIUX B
MeXayHapoaHble Oasbl jmaHHBIX Scopus m Web of Science; B 8 crarhsx,

OHY6HHKOB&HHBIX B PCUOCH3NPYCMBIX HAYYHBIX U3JaHUAX; B 1 marente PO.
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I'JTABA 1 AHAJIMTUYECKHUHN OB30P U BBIBOP HATIPABJIEHUSI
UCCJEJOBAHUN

1.1 AHaju3 TEXHOJOTHYECKHUX MPOIECCOB B MPOU3BOACTBE ra300eToHA U
ra3o0eTOHHBIX 0JIOKOB KaK HCTOYHHKOB BbIJIeJIEHUsI BN B aTMOCcdepy

ropoaa

['a300eTOH — yHHUBEPCAIBHBIA COBPEMCHHBIA CTPOUTENBHBIN MaTepuanl -
SBJISICTCS] TIPEJICTABUTEIIEM CeMEHCTBa sSYEUCThIX OeToHoB [17, 27-29, 38, 39, 58,
100]. T'azo0eToHHBIC OJOKM MOTYT HCIOJB30BAThCS TPU BO3BEICHHH 3IaHUN
pa3IMYHOTO pa3Mepa W Ha3HAueHUs — OT HEOOJBIINX OeCKapKaCHBIX 3arOpOIHBIX
JOMOB JIO BBICOTHBIX 3JaHH, TOPTOBBIX M Pa3BJICKATCIbHBIX KOMILJICKCOB,
YCTPOCHHBIX Ha KapKacHOW OoCHOBe. [lapamMeTphbl 3TOro CTPOUTEILHOTO MaTepuaia
OOyCJIOBIMBAIOT  3HAYUTEIILHOC YMCHBIICHHE KOJIWYECTBA  ONEpaluid o
BO3BEJICHUIO CTEH M TEPErOpPOJIOK, TMO3BOJISASA COKPATUTH BPEMsS CTPOUTEIIBCTBA M
KanuTainbHble 3aTpaThl [27-29]. Knaccudukanms ra3o0eToHa B 3aBUCHMOCTH OT

Ha3Ha4YeHUs npuBescHa B Tadmmme 1.1 [38, 39, 100].

Tabmuma 1.1- Kiaccudukarnus razo0eToHa 1o Ha3HAYCHUIO
Cpenusis OO0mas
IJIOTHOCTD TTOPUCTOCT,
HasnaueHnne Matepuaia Marepuaa %
B CyXOM
COCTOSIHMH, KI/M>

Tennon3onsHOHHBIA ra300€TOH 300-500 ooiee 75
KOHCTpYyKTHBHO-TEIIOU30 IS IIMOHHBIH 500-900 55-75
ra3o0eToH
KoHcTpyKTHBHBIN Ta300€TOH 900-1200 40-55

I'a300eToH oTnMyaeTcs JOJITOBCYHOCTBIO 1 BBICOKOM IMPOYHOCTBIO HA CXKATUC —

28-40 xr/cm®>.  Cyxoil  aBTOKJIAaBHBIM  ra300€TOH uMeeT  KOIP HUIMEHT
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temonpoBoaHocty  0,09-0,18 B1/mM-°C, crencrBueM 4Yero sBISETCS HHU3Kas
terioBas wHepnms Mmarepuana [38, 39, 100]. Tlazoberon He TOpUT W He
MOJICP)KUBACT TOpPEHWE, W MOXET B TEUYCHHE 3-7 UYacOB BBIICPKUBATH
OJIHOCTOPOHHEE Bo3jaekicTBre orus [17, 27-29, 38, 39, 58, 100].

['a300eTOH MOXXKET OBITh AaBTOKJIABHOTO ¥ HEABTOKJIABHOTO TBEPJCHHUS.
["'a300eTOH aBTOKJIABHOI'O TBEPACHMS 0OJice MPOUYCH U JaeT MEHBIIYI0 ycaaky [38,
39, 100]. HeaBTOKIaBHBIM TIa300€TOH MPOM3BOAMUTCS 3HAUYUTEIBHO pEXKE, UYeM
ABTOKJIABHBIN.

B cTpouTtenscTBe MPUMEHSIOTCS ra300eTOHHBIC 0JIOKH (prcyHOK 1.1).

Pucynok 1.1 - 'azo6eToHHbBIC OJIOKH

B mnactosimee BpeMs TPOWM3BOAMUTENH TMpEAJaraloT ra300€TOHHbBIE OJIOKH
mioTHOCTEI0 400 m 500 kr/m°. Kiacc mpoYHOCTH IIPU CKAaTHMM ra300eToHa
moTHOCTRIO 400 kr/Mm? - B2,5, miiotHocThio 500 kr/m?® - B3,5. CrangapTHas BeicOTa
omoka — 250 mwm, mmuHa — 625 mm [100]. T'magkue ra3o0eToHHBbIE OJIOKH
mnotHocTeI0 400 kr/M3 mmeror mmpuny 150, 200, 240, 250, 300, 375, 400 u 500
mM. [lInprHa rnagkux ra300eTOHHBIX 0710K0B IOTHOCTHIO 500 Kr/™M? - 0T 50 mo 150
MM C BEIIMYMHOM Imara Mexnay pasmepamu B 25 MM [100]. broku Gombinero
paszMepa umerot mumpuny 200, 240, 250, 300, 375, 400 u 500 mm. bioku ¢ nazom u
rpebHeM WIOTHOCTHIO 400 kr/M® BhIMyckaroTest mmpuHon 240, 250, 300 u 375 MM

[100]. CrangaptHas ToyIMHA OJIOKOB, COCIMHSIONIMXCS IO THITY Ia3-rpeOeHb,
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mioTHocThIO 500 kr/Mm? - 175, 200, 240, 250, 300 1 375 mm. OnTuManbHas TOJIIIMHA
CTeH M3 Tra3o0eToHa B KJIMMATUYECKUX YCIOBHSIX cpefaHei mnonockl Poccun
cocraBisieT 375 — 400 mm [100].

[Tpou3BoaCTBO ra300eTOHHBIX 0JI0KOB ocyIiecTBisgercs mo [17, 38]:

- CTeHJAOBOMY MeToay ((opMBI TOA 3aJUBKy Ta30MacChl PACIIOIOKEHBI
CTaIlMOHAPHO, Tra3oMaccy K popMaM MOJABO3UT CAMOXOHBIM CMECUTENb-aKTUBATOD,
HIepeIBUTAIOIINICS 110 COOCTBEHHOMY pesibcoBomy myTh) [17, 38];

- CTEHJIOBO-KOHBeliepHOMY MeToay ((popMBbI MO 3aJIMBKY Ta30MacChl MOTYT
NepeIBUTaThCsl KpaH-OAJIKOW WJIM MOTPY3YMKOM, razoMaccy K (opMam MOJBO3HUT
CaMOXOJTHBI CMECHUTEIIb-aKTHBATOP 10 COOCTBEHHOMY pelibcoBoMy TiyTH) [17, 38];

- KOHBedepHOMY MeToay ((opMbl MOJ 3aJUMBKy Ta30MacChl MOMANOTCA K
CMECHUTENIO-aKTUBATOPy 10 COOCTBEHHOMY KOHBEHEpy, CMECUTEIb-aKTUBATOP
PacrojIoKeH CTAllMOHAPHO WJIM MMEET HEOOJIBIIYIO MOJIBHKHOCTh B 30HE 3aJIMBKH )
[17, 38].

B kauecTBe HMCXOAHBIX MaTepuajoB JUIsl TPOM3BOACTBA Ta300ETOHA
HCITOJTB3YFOTCS:

- LIEMEHT (MOCTynaeT Ha MPEANPUATHE B XOIMpaxX-IIEeMEHTOBO3aX OYHKEPHOTO
THTIa, BarOHHBIMH IIOCTABKaMHU; XPAHUTCA B CHJIOCAX MapTHUSAMU Pa3AelIbHO 10
MapKaM U BHIaM OT pa3jIHYHbIX IocTaBIukoB) [17, 38];

- U3BECTh KaJbIIMEBasi, TOHKOMOJIOTasA, HeraiieHas, ObICTPO U CpeIHeTacsAascs
no [33] (moctymaer B xompax OYHKEPHOTO THWIIA, CKJIATUPYETCS W XPAHHUTCS B
CHJIOCAX MapTHUSIMHU Pa3IeIbHO OT pa3IMYHbIX MmocTaBiukos) [17, 38];

- TECOK KBapIEBbIN (CKIaIMpPOBAHUE W XpaHEHHWE IIECKa OCYIIECTBIISICTCS
OTJeNbHO B OyHKepax) [17, 38];

- amlOMUHHEBas — macta, nyapa  (IocTaBiseTcs  Ha  MPEANPHSTHE
aBTOTPAHCIIOPTOM; OaHKH C alFOMHMHHUEBOHM IMAacTOM, MyJApOH XpaHATCS Ha CKIIAZC)
[19];

- Boa 1151 0eToHoB u pactBopos o 'OCT 23732 [38];

- runc crpoutenbHeli 1o ['OCT  125-79, xamMeHb THUIICOBBIA W

runcoanruaputoBsiid mo 'OCT 4013-82 [17, 38].
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TexHonornyeckas cxema IMpONU3BOACTBA ra3o0eToHa M ra300e€TOHHBIX OJIOKOB

aBTOKJIABHOT'O TBEPJICHUS NpHUBeIcHAa Ha pucynke 1.2-1.4 [17, 27-29].

HABEL TS NWeamOIPANCHOPTOM
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Pucynok 1.2 - TexHonornueckasi cxema ojy4yeHHus ra300€ToHa.
1 — Oynkep xpanuiuii; 2 — OyHKep U3BECTH; 3 — BUOPOCUTO; 4 — 2IIeBaTOD;
5 — OTXO[IbI; 6 — 103aTOp; 7 — 103aTOP U3BECTH; § — 103aTOP BOJBI,
9 — nesunTerparop; 10 — no3aTop anmroMUHUEBOH cycnieH3uu; 11 — Bogomep;

12 — cmecutensb; 13 — pa3nuBo4YHOE yCTPOWCTBO; 14 — muTarens [17, 27-29]

CrIpbe 1 3anuBKa KanToBanue Peska OGparHoe
CMEITUBaHNE KaHTOBaHUE
Paznenenne Haxonnenue ABTOKJIaBHas Pasrpyska YnakoBka

MaccuBa MAacCHBOB obpaboTka peueTox

Pucynok 1.3 - TexHomorn4eckas cxeMma MpoOM3BOICTBA ra300€TOHHBIX 0JI0KOB [17,

27-29]




JloctaBka u
XpaHEHHE MecKa

JloctaBka u

YNAada,eAUA TTAMAHATA

v

'

TpancnopTupoBanue
recka K MeJIbHUIIe
MOKpOT'0 I10OMOJ1a,

XpaHeHHe B OyHKepe-

HaKOIUTEJIe

Jo3upoBaHue IIEMEHTA,
nojlaya B CMECUTEIIb

v

Jo3upoBanue necka u
Imogavdya K MCJIIbHHUIIC
MOKpOTO ITOMOJIa

Jo3upoBanue
MIECUaHOT0 IIIaMa,
mojjada B CMECHUTENb

v

Ilomon mecka B
MCJIBHUILIC MOKpOTO
oMoJia, rmojayva B
n1amM-oacceit

Jo3upoBanue
obpaTHOro 1ama,
nojiaya B CMECHTEIb

A

JloctaBka u JlocraBka 1 Hocraska 1 JlocTaBka 1
YNAadedue URRACTU Yhauedue TUTiCcAa XpaHCHUC XpaHCHHUC
¢ ¢ ATIOMUHUEBOM IOBEPXHOCTHO-
Iy ApBI (TIaCThI) AKTHBHBIX
Ho3upoBanue u3BeCTH, JlosupoBaH¥e TUIICA, (manee a.m.) BEIECTB
mojiaya B CMECUTEIIN nojadya B CMCCHUTCIIb l
Ho3upoanue a.i., TlosupoBane

[IpurotoBnenue
ra3o6eTOHHON cMecH

v

[0J1a4a B yCTaHOBKY

JUCIICPIUpOBaHUA a.11.

v

ITAB nonaya B
YCTaHOBKY

IHUCIICDTUDOBAHHU

3annBKa ra300eTOHHOM
cMecH B OPMEI, Io1aua
(hopM B 30HY BBIIEPIKKHU

HpI/IFOTOBHeHI/Ie 1 XpaHCHUC

AITIOMHUHICBOU AUCIICpCUn

/
— I\

v

JOCTHUKCHUS UM

BBIZ[ep)KI/IBaHI/Ie MacCuBa 1o

IUIACTHYICCKOI IIPOYHOCTH

Jo3upoBaHue antOMUHUEBON

Jlo3upoBaHue
ropsiuei BOJbl,
110Ja4a B
VCTaHOBKV

CYCIICH3UH, IT0/Ja4a B
CMECUTCIIb

v

Jo3upoBanue u nogaua

ROTTRT

!

Ilogaua 0TX0IOB MHUIICHUS
B MEIIAJIKy 0OpaTHOTO

ITopaya maccuBa K mocty
4| pacnuIOBKH, PaCIUIOBKa

OTBOJI ¥ OXJIAXKIEHIE KOHIeH caTa

7y

Ilonaua
MacCcHuBa K
OCTY

naMa Maccusa ABTOKIIaBHas 00paboTKa l
ra300eTOHHOTO MAaCCHUBa CHsiTHE 610KOB
C TEJIeKEK,
ITogaya nmakeToB Ha CKJIaj « [TakeTupoBanue, ®pesepoBanue OJOKOB B YCTAaHOBKE moj[a4a K mocTy
FOTOBOI TIPOTYKITNN BEPTUKAJIbHAA 00BA3KA ¥ st ma3-rpeGeHs CUCTEMBIL, 101a4a K (dhpesepoBanu
MMaKeTOB HOCTV VCTaHOBKH il

v

KECTKUX TTOTTTOHOR

C60p 1 MOJATOTOBKA K YTUJIU3AllMHU OTXOA0B OT YUCTKH

Pucynox 1.4 — ®yHk1roHaIbHas TEXHOJIOTUYECKAsI CXeMa MPOU3BOACTBA Ta300€TOHHBIX OJIOKOB

91
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JlocTtaBka Iecka OCyIIECTBIISIETCS aBTOMOOUIIBHBIM TPAHCIIOPTOM W3 NECUYAHBIX
KapbepoB WJIM KOBIIOBBIM IOTPY3UMKOM K3 OTKPBITHIX CKJIAJ0B Ha TEPPUTOPHUH
MPENNpHUATHs B PACXOJHBIN OyHKEp TMecka, Jajee B LEXOBOM pacXoJHbIi OyHKep
EMKOCTBIO 5 M° M jalee B MEIBHHMIly MOKPOIO MOMOJA JUIs IIPOMU3BOJICTBA
necyaHoro mwiama [17, 27-29].

[leMeHT mocTynaeT B CHEUUAJbHBIX >KEJIE3HOJOPOXKHBIX BaroHax - XOMpax-
[IEMEHTOBO3aX, 00OPY/IOBAaHHBIX MECTaMH BBIKAUKW. BbIKauumBaeTcs ¢ MOMOIIBIO
KOMIIpECCOpPa B aBTOLIEMEHTOBO3bI, 3aT€M TPAHCHOPTUPYETCS B CHIIOC XPaHEHUS
emkocThto 110 T. M3 cuioca XpaHEHUs IIHEKOBBIM TPAHCIOPTEPOM LEMEHT
nojaeTcsi B OyHKEpHbIE BEChl LIEMEHTAa CMECHUTENIbHOTO OTIEJICHHs Liexa IO
IIPOM3BOJICTBY Ia300€TOHHBIX OJ10KOB [17, 27-29].

M3BecTh MOCTyMaeT OT MOCTaBUIMKOB B XOMpax OYHKEPHOTO TUIA U XPAHUTCS B
CUJIOCHBIX €MKOCTsX. M3 cuioca XpaHeHHs HW3BECTh IIHEKOBBIM TPAaHCIOPTEPOM
nojaercss B OYHKEpPHbIE BEChbl M3BECTH CMECUTEIBHOIO OTAEJIECHUA Lexa IIo
POM3BOJICTBY I'a300€TOHHBIX 0J10KOB [17, 27-29].

[urc mocTymaeTr Ha TMpEeANnpUsITHE B  CHEHUANBHBIX  IMOJTYIPHIICTIAX-
[IEMEHTOBO3aX U BBIKAYMBAETCS C TMOMOILBIO KOMIIpECCOpa B CHJIOC XPaHEHUS
eMkocThio 110 T. I3 cuitoca XpaHeHUsl ITHEKOBBIM TPAHCIIOPTEPOM THUIIC MOJAETCA
B OyHKEpHBIE BEChl THMIICA CMECUTEIbHOrOo oTAeneHua uexa [17, 27-29]. T'unc
UCIIOJIb3yeTCsl B KA4deCTBE pEryJsiToOpa CTPYKTYpOOOpa3oOBaHWs, HapacTaHUs
IJJACTUYECKOM TPOYHOCTH, YCKOPHUTENSI TBEPACHHUS U IUIaCTU(UUHUPYIOIIEH
00aBKHU.

[Tecox monBepraercs MOMOJly MO MOKPOMY CIOCOOYy B IIApOBOM MEIbHUIIE
2,0x10,5 m. Ilecuanslii 1AM MepekaynMBaeTCs B IIaMOacCeHbl eMKOCThIO o 250
T, [/I€ IPOU3BOJUTCS €r0 YCPEAHEHHE, a 3aTeM LEHTPOOEKHBIM HACOCOM MOJAeTCs
B OYHKEpPHBIC BECHI IIIJITaMa CMECUTEIIBLHOTO OTAeIeHus 1iexa [17, 27-29].

OOpatHbIi IUTaM — 3TO TPUTOTOBJIIEHHBIE OTXO/IbI OT PE3KU MacCUBOB, KOTOPBIE
HAKaIlJIMBAIOTCS B MPUSMKE MO JIMHUEH pe3ku MaccuBOB. OTXO0/Ibl, 00pa3yroIHecs
npy KaauOpoBKE M MPO(PHUIMPOBKE Ta300€TOHHBIX MACCHUBOB, MaJal0T B JIOTOK,

H&XOHHMHﬁCH B IIPUAMKE IIOA PACIIMIIOBOYHBIMHW MallIMHAMH, CMbIBAIOTC BOI[Oﬁ B
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MPUSMOK C MEIIAIIKOW M IEHTPOOSKHBIM HAacocoM M mepememmBaroTcs. Ciona ke
MOCTYIAIOT MPOMBIBOYHBIE BObI, 00pa3yloIMecs: MPU MPOMBIBKE pa3rpy304HOTO
yCcTpoiicTBa (pacmpenenurtensi) Tmociae Kaxaoro 3ameca. llog cmecurenem
HAXOIUTCSA NPUAMOK C HAacoCOM 00BEMOM 5 M® Ul yJIaBIMBAaHHS TIPA3HOM BOJBI
nocJse mpombiBkH [17, 27-29].. 3aTeM MpOMBIBOYHBIC BOJIBI ITPH TOMOIIM BUHTOBOT'O
Hacoca M3 TMPHUSMKAa 3aKaYMBAIOTCS B MPOMBIBOYHYIO €MKOCTh Ha CMECHTEILHOMN
OaliHe, OTKyJa NMEPEeKayMBaIOTCS B MPUSMOK C MEIIAJIKON MO/ JIMHUEW pe3KH, TJie
MIPOUCXOJIUT TiepemMeniuBanue u ycpeanenue. [locne nabopa mnornoctu 1,40-1,45
KI/M® 0OpaTHBIHA NIJIaM 3aKau4MBaeTCs B MIIAMOACCENHBI, OTKyIa TPAHCIIOPTHPYETCS
B OyHKepHbIE Bechl Iiama [17, 27-29].

AmromunueBas mnacta (myapa) JOCTaBISCTCS B OTACICHHE IPUTOTOBIICHUS
ATIOMUHUEBONM CYCIIEH3MHM B II€X Ta300€TOHHBIX OJIOKOB aBTOMOTPY3UYHKOM B
KOJMYECTBE, HEOOXOAMMOM Ui OOecleueHUs] CYTOYHOTO IPOM3BOJICTBA.
[IpuroroBieHue  allOMUHUEBOM  CYCHEH3MM C  pabodeil  KOHIEHTpalHeu
OCYIIECTBIISIETCS B CHEIMAIBLHON YCTAaHOBKE, COCTOSIICH U3 JBYX CTaJIbHBIX 0aKOB
E€MKOCTBIO TT0 | T KaXIblii ¢ MEIIaJKaMHu C JBUTATCIISIMA U BECOBBIMH €MKOCTSIMH.
['oToBas cycrieH3usi mepeKayrMBaeTCss MEMOpPAaHHBIM HACOCOM B OYHKEPHBIC BECHI
CMECHUTEIBHOTO OT/IeJIeHUs 11exa. [Ipu Heucnob30BaHUU ATFOMUHUEBON CYCIICH3UH
13 OyHKEPHBIX BECOB MPOUCXOIUT aBapUHHBIN cOPOC B €MKOCTh, HAXOISAIIYIOCS 3a
npenenaMu 37aHus 1iexa. B 3aBUCMMOCTH OT MCXOJHOTO Marepuayia CYIIECTBYIOT
OCOOCHHOCTH IMPHUTOTOBJICHUS alfOMHHHEBOM cycrniensun [17, 27-29]. Cycnensus,
M3rOTaBiIMBacMas W3 aJIOMUHHEBOW TACTHI, TOJIy4aeTCsl TMPH TIIATEILHOM
MepeMENIMBAaHUN PACUCTHOTO KOJUYECTBA TMACThl W BOJBI, MOJOTPETOH 10
temmneparypsl 40-50°C. JIjisi mpUroTOBICHUSI CYCTICH3UH U3 aJTFOMUHUEBOW MYyPbI
CMEIMBaeTCsd  HEoOXOIMMOE  KOJIMYECTBO  MyJAphl W MPEIBAPUTEIHHO
MOJITOTOBJICHHOTO pPAacTBOpa BOABI C TOBEPXHOCTHO-aKTHUBHBIM BEIIICCTBOM B
pacuetHoM KkosinuecTBe. I[Ipu sTom momorperas Boma u IIBA mnopseprarorcs
peaBapUTEIIbHOMY MePEMENTMBaHHIO B OaKe ¢ MeIIaakoi u Becamu [17, 27-29].

[IpuroroBieHne ra300€TOHHONH CMECH MPOUCXOAUT B CMECHUTENE, KOTOPHIM

CTAaIlMOHAPHO YCTAHOBJIEH B CMECUTEIBHOM OTHeNeHuu (OamrHe). YmpaBicHHE
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MIPOIIECCOM JTO3UPOBAHUS U CMECEIIPUTOTOBIICHUS OCYIIECTBIISIETCS C IEHTPATIBHOTO
NmyJIbTa CMECUTEIIBHOrO OTjAelieHus. Ha mynpTe yhnpaBieHuss HaxoAsATCS Bce
KOHTPOJIbHO-U3MEPHUTEIbHBIC TPHUOOPHI TSI CHIPHEBBIX KOMIIOHEHTOB. CHcTtema
yIOpaBJCHUS TMPOIECCOM J03WPOBAHUSI M CMECEHPUTOTOBIICHUS C IMPOrPaMMHOMN
naMsIThI0 paboTaeT aBTOMATUYECKH U yIpaBiseTcs KoMnbloTepoM. Pacuer cocraBa
ra300€TOHHON CMECH OCYIIECTBIISIETCS KOMITBIOTEPOM IO BHECEHHBIM B ITPOTpamMMy
pacueTra KaueCTBEHHBIM IIOKa3aTEeIsIM CBhIPhEBBIX MAaTEPHAIOB 10 pe3ysbTaTaM
BXOJHOTO KOHTpous [28, 29].

B OyHkepHBIX Becax (Ji03aTope) IIIaMa CHadaja JI03UpyeTcs OOpaTHBIN IIIaM
3QIaHHOM TIOTHOCTH W3 MuIaMmbacceitHa. 3aTeM J03UPYyeTcCs IeCHYaHbIM IIam
3aJJaHHOM INIOTHOCTH, TaK)Ke IIOoJaBacMblii W3 IniaMOacceiiHa. B cMecurTenb
MOCTyMaeT CMeCh II€CYaHOr0 M OOpaTHOIro IlaMa, KOJHUYECTBO KOTOPOM
OTJIO3MPOBAHO COTIIACHO pacuera. [locime mo3upoBaHUs ropsdas ¥ XOJOJHAS BOAA
MoJaeTcsi B J103aTOp IIamMa, IMPOMBIBA€T €ro, W 3aTeéM B CMECHUTENe
nepeMeIIMBaeTcs €O IuiaMoM. BogoTBepioe OTHOIIEHHE CMECH B CpeIHEM
coctapisier B/T = 0,75 [28, 29]. 3atem 3a miamMoM M BOJOM B CMECHUTEIb M3
J03aropa IIEMEHTa IIOCTYIaeT IIEMEHT, KOTOPBIA IIePEMEIIUBACTCS C OTHUMH
KOMIIOHeHTaMu. Jlajiee B cMecuTeIb TOcie JO3UPOBKH B 3aJaHHOM KOJHUYECTBE
MO/TACTCSl M3BECTh, W TMPOWCXOAUT €€ IMEPEMENINBAHUE C IOCTYNMHUBIIUMHU DPaHEE
koMmrnoHeHTamu. Ilocime »Toro wu3 pgo3aropa B HEOOXOJWMOM KOJIMYECTBE B
CMECHUTEh TIOCTYIAET TUIIC IS TICPEMEIINBAHKS C OCTATBHBIMU COCTABIISIOIIHMHU
cMecu [28, 29]. IlepemeninBanue U3BECTH C APYTrUMU KOMIIOHEHTAMU MPOUCXOIUT
B TeueHue 60 c. Ilocine storo u3 jo3atopa aalOMUHHUS B CMECUTENb JJIs
NepeMEIIMBaHUs  TTOCTYIAaeT alfOMUHUEBas cycreH3us. llomydenHas cMmech
nepemernrpaetcs emre 60 c. B miemoM Bech mpoiiecc mpoaoipkaeTcs ot 8 10 10 MuH.
[28, 29].

[IpuroroBicHHas Ta300€TOHHAs CMECh BBITPY)KACTCA U3 CMECHUTEIS dYepes
CHeIMaIbHOE Pa3rPy30YHOE YCTPOWCTBO B MPEABAPUTEIHLHO CMa3aHHYIO (opmy,
KOTOpasi mojaeTcss Ha (GOPMOBKY TpaHCOOPAEPOM IO JIMHUEH JIUThs Ha yAapHBIMA

CTOJN, ecid (POPMOBAHHE MPOUCXOAUT IO YAAPHOM TEXHOJOTMM, WU Cpa3y
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MOJIaeTCsl B Kamepy cO3peBaHus, eciu (OPMOBAHUE MPOUCXOIWIO IO JIUTHEBOM
texHosorun  [28, 29]. OOmmii nwmkia QopMoBaHHMsS MacCHBOB [0 yJIapHOM
TEXHOJOTHH JO JOCTHKEHHMS MaKCHUMalbHOW BBICOTHI B 3aBHCHUMOCTH OT
peoJIorTMuecKuX CBOMCTB cmecu He mpeBbimaer 10-15 mun. [lo oxoHuanuum
npouecca ¢opmoBaHus (MpolleCC 3aKaHYMBAETCS TIOJIHOM  cTabuiu3aiueit
BCITyYEHHOTO MacCHBa) YIapHBIN CTOJ OoTKItouaercs [28, 29].

B kamepe co3peBaHusi ra300€TOHHAs CMECh CXBATBIBACTCS, U ChIPEI] HAOUpaeT
IUTACTUYECKYIO MPOYHOCTH 2,75-3,0 KI/cM?, IOCTaTOYHYIO [JIs TPAHCIIOPTHPOBKH,
KaHTOBAaHUS U PACIIIIOBKM MaccuBa. Bpems BbIIEpKKHM MacCUBa-ChIpIia 0 Havaida
KaHTOBAaHUS W PaCIUIOBKHM cocTaBisgeT 3-5 u [28, 29]. U3 kamepbl co3peBaHmUs
dopMa ¢ MacCHBOM-CHIPLIOM TOJAETCsI TPAHCOOPAEPOM Ha BBHICTABOYHBIA MYTh B
30Hy paboThl KpaHa-KaHTOBATess. 3axBaT KAHTOBATENs MOABOAMUTCS K mandam
dbopmbl, pukcupyeTcs U Jaiblie KpaH nepemMemiaer (GopMy K pacrnuIOBOYHOU
TEJIEKKE, Tocie 4ero popma ¢ MaCCHBOM-CHIPLIOM KaHTyeTcs Ha 90° u omyckaeTcs
OTBEPKIAIOIIUM JTHUIIEM Ha (PUKCATOPBI PACIIUIOBOYHON TEIEKKHU. 3aMKU (OPMBI
aBTOMATUYECKH OTKPBIBAIOTCS M KOPIyC (OPMBI OTAENAETCS OT MacCHUBa-ChIpIA, a
MacCHB OCTaeTCs Ha OTBepiKaaroleM auuiie [28, 29].

PacniuioBouHass TenekKa C MacCHBOM-CHIPLIOM Ha OTBEP)KIAIOLIEM JHMILE
MOJAETCS MOJ PACHWIOBOYHbIE_MalMHbL. Ha mepBoil pacnuiaoBOYHONW MalIMHE —
CTaHIuu OOKOBOW 00pe3ku W mpoduiupoBku cTpyHamu ¢ auamerpom 0,8 mm -
ocymiecTBIsieTcsi OOKOBas BepTUKaldbHas KaauOpOBKa MacchBa, a TaKke
CTEeNUATbHBIMA CTAJbHBIMH HOXKaMH - Hape3ka pasinuyHbIX npodwiei [28, 29].
3areM MaccHUB IOAAETCS MOJ BTOPYIO PACIMUIOBOYHYIO MAUIMHY — MPOJOJBHYIO
MUY Ui TOPU3OHTAIBHOM IIPOJOJIBHOM PE3KH, I NMPOU3BOIUTCSA pe3Ka MaccuBa
Mo TOJIIMHE C IIaroM, paBHbIM 25 mMm Jlamee maccuB mojaeTrcs Ha TPETHIO
pPaCIIJIOBOYHYIO MAIllMHY — TIOMEPEUHYI0 MYy C BaKyyMHBIM YCTPOMCTBOM IS
CHATUS TOpOYyIIKK (pe3epoBaHUsl PYUHBIX 3aXBaTOB. 3JE€Ch PACHMIOBKAa MAacCHBa
OCYIIECTBIISIETCS 3a CYET OIyCKAaIoLIEHCsl CBEpXy BHHU3 paMbl CO CTpyHamH,
COBepIIaroIIMMK KojiebaTenbHble aBrkeHus [28, 29]. [locie CHATHS BaKyyMHBIM

YCTPOMCTBOM BepxXHsisl TopOyiika cOpachiBaeTcsi B MPHUSAMOK Jisi JanbHEUIIei
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nepepaboTku. BOKOBBIMEH HOXKAMU yJaIsieTCs BEpTUKAIbHAS TOPOYIIIKa IO TOpIiam
MaccuBa [27].

[Tocne pe3ku MaccuBa-ChIpila Ha M3JCNHS 3aJlaHHBIX Pa3MEPOB PACTIMIIOBOYHAS
TEJICKKA MPOJIOJHKAET JABUTAThCS MO/ pa3rpy304YHbIi KpaH, KOTOPBIA YCTaHABIUBAET
MAacCHMB Ha aBTOKJIABHYIO TEJEKKY, HaXOJSAIIyIOCS Ha BbICTABOYHOM IyTH. Ha
ABTOKJIABHYIO TEJICKKY YCTAHABJIMBAIOT TPU MACCHMBAa Ha OTBEPKIAIOIIUX JHUIIAX
[27]. CxomiulekTOBaHHBIC aBTOKJIABHBIE TEICKKH C H3ACTHSIMH YCTPOHCTBOM
MO/TaYM TEJISKEK 3arpy»KaroT B aBTOKJIAB. PexuM aBTOKIaBHON 00pabOTKH OJIOKOB
U3 Ta300eToHa claeAyromuii: moabeM aasieHus n0 12,0 MlIla — 2 u; Beiepkka mpu
12,0 MIIa — 8-9 u; cOopoc nmapmenuss — 1,5-2 4. OOmmi MK 3amapuBaHus B
npenenax 13-11,5 g [27].

[Tocne oxoH4aHus mporecca TBEpACHHUS M cOpoca JaBlieHUs B aBTOKJIABE €T0
OTKPBIBAIOT. ABTOKJIABHBIC TEJICKKHU C U3JICIUIMHU C TOMOIIBIO YCTPONUCTBA MOJaYn
BBITPY)KAIOTCA W3 AaBTOKJIaBa M TMOAAIOTCS HAa BBICTABOYHBIA MyTh, OTKYyJa
3arpy304HbIM KpPaHOM OTBEpXKIAIOIIEe JHUIIE C 3alapEeHHbIMH U3JIEIUSIMU
BBICTABJISIETCSI HAa POJUKOBBIM TpaHcmoptep. [lo ponmkoBoMy TpaHcHopTepy
OTBEPIK/IAIOIECE THUIIE C U3JCTUAMU MOJAeTCs Ha euTensb [27].

Paznenenne w3menuii B TOPU3OHTAIBHOM  IUIOCKOCTH — OCYILECTBIISIETCS
MOCJIONHO, CHU3Y-BBEPX WJIM CBEPXY-BHU3 MOCPEACTBOM 3axBaTa MaccHBa U3JEIUIN
¢ 00erx CTOPOH TUPaBIMYECKUMU TyOKaMu (KoJoikamu). Pa3aenenne npoBoautcs
C IENbI0 JUKBUIAIMA TOPU3OHTAIBHOTO CIMMAHUS HW3ACNIHM, 00pa30BaBIIETOCS
Mocjie aBTOKJIaBHOW oOpaboTku. [locnme aenwrtens MaccMB Ha OTBEPXKIAIOIIEM
JTHUIIE TTOJACTCS MO POIMKOBOMY TPAHCIIOPTEPY B pabOUyIO 30HY MAKETUPOBIIHMKA
[27].

3axBaTOM MAaKETUPOBIIMKA CHUMAETCS 4YacTh MAacCHMBa M YCTAHABIMBACTCS HaA
MPOMEXKYTOUHBINH cTOJI. Ilocie «moBopoTa» 3axBaT yCTaHABIMBAET HW3ACIHS Ha
JNEPEBSIHHBIN NTOAN0H, HAXOASAIIUMCS HA LIETHOM KOHBEHEPE, IO KOTOPOMY IMOIOHBI
C M3JENUAMHU TOJIAI0TCA Ha MOCT YMAaKOBKM M aBTOMAaTHYECKON BEpPTUKAIbHOM

00BsI3KH T1aKeToB [27].
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OCBOOOXKIEHHBIE  OTBEPXKAAIONINE JIHUIIA POJUKOBBIM  TPAHCIIOPTEPOM
MOJAIOTCSI Ha AaBTOMATHMYECKYI0 CTAaHIMIO OYHCTKH OTBEPKIAMOIIMX JTHUIIL.
CrnenuanbHbBIMA JTUCKAMH TIOJIPE3HOM CJOM JApoOUTCS Ha KYCKH, KOTOpPBIC
YAQISIOTCS HOXKOM Ha JICHTOUHBIH KOHBEHMeEp, MO0 KOTOPOMY OHHU TIOJIAIOTCA Ha
najapHenIyo nepepadbotky. Ilociie ouncTKH OTBEpKAarolIye JHUIIA MOCTYIAOT B
HaKOMUTEIh OTBEPKAAOIIUX AHUI] [27].

W3 HakomuTeNs JHUINA MOJAIOTCS HAa MOCT cOOpKH (opM, HAXOIAIIUUCS IO
KpaHoM-kaHToBaresieM. Kopryc (opmbl TpaHCHOpTUPYETCSI K YCTPOUCTBY ISt
oOpaTHOM mojauyu AHUIL. BeimonHseTrcs ¢ukcaus OTBEP)KIAIONIECTO JHUINA K
Koprycy ¢opMmbl 3aMKaMu-(ukcaTopamu, Gopma MEepeMellaeTcss B HCXOJHYIO
MO3UITUIO K PEILCOBOMY MYTH, MEPEBOPAUUBACTCI KpaHOM-KaHTOBateseM Ha 90° B
TOPU30HTAIBHOE TMOJI0KEHUE, YCTAHABIMBAETCS HA PEIbCOBBIM MYTh U MOJAETCS Ha
nocT cMma3zku. Cmaska QopMbl NPOU3BOAMUTCS BPYUHYIO C MOMOILIBIO MaSPHBIX
BaMKkOB. Jlanee cmazanHas hopma TpaHCOOPAECPOM MOAAETCS MO CMECUTENb s
ouepeaHo 3amuBku [27-29].

Takum 00pa3oMm, MPUTOTOBJIEHHWE Ta300€TOHHONW CMECH JJisl MOCIEIYIOIIEro
MpPOU3BOJCTBA OJIOKOB, BKIIOYaeT B ceOs TMepeMenieHue U 3arpy3Ky B
000OpyI0BaHUE MOPOIIKOOOPA3HBIX KOMMOHEHTOB. Kaxaplii M3 ATHUX MPOIIECCOB
CONPOBOXKJIA€TCS  BBIJCJICHUEM TIBUIM, KOTOpas 3aTeM BbIOpachiBaeTCs B

aTMocdepHbIii Bo3ayx [49, 56].

1.2 AHaJIu3 MeTO0B U CPeICTB CHUKEHUS MbLJIEBbIX BLIOPOCOB
B F'OPO/ICKYI0 BO3AYLIHYIO cpeay NPHU MPOU3BOACTBE CTPOUTEIbLHBIX

MaTepuaioB

OcHOBHBIE MEPHBI 3aIUTHI aTMOC(HEPHI OT 3arPSA3HEHHN MTPOMBIITUICHHON THIIBIO
IIPU TPOU3BOJCTBE CTPOUTENBHBIX MAaTEPUATIOB IPEAYCMATPUBAIOT IIUPOKOE

MCIIOJIh30BaHUE THIICYJIABIMBAIONIUX amapaToB u cuctem [5, 14, 18-20, 23, 26, 31,
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45, 46, 81, 83, 84, 87, 88, 94, 96, 98, 99, 104, 107, 108, 110, 111, 112, 116, 121,
125].

JIisi OYMCTKM TBUIEBBIX BHIOPOCOB B II€Xax IO TPOM3BOJCTBY Tra300eTOHA
OPUMEHSIIOTCST CyXH€ METOJIbI, T. K. 3TO 00YCJIOBJICHO TEXHOJOTHUEN MPOU3BOJICTBA
[27-29]. Tlpu wucCHoab30BaHUU CYXUX IMBUICYJIOBUTEICH OOBIYHO MPUMEHSIOT
JIBYXCTYNEHYATYIO OYUCTKY. DTO 0OYCIIOBICHO BHICOKUMHU KOHIICHTPAITUSIMU THUIHA
U MIPUCYTCTBUEM B HEMl KPYMHBIX U TOHKUX (pakiuii. Ha mepBoii cTyneHu 04ucTKu
Jalie BCEr0 YCTaHABIMBAIOT IIUKJIOHBI PA3JIMYHBIX THUIIOB, @ HA BTOPOH - PyKaBHBIE
duneTpel [14, 18-20, 23, 26, 45, 57, 64, 74, 81, 83, 84, 86, 89, 90, 104, 107, 108,
110,111, 112, 116, 121, 125].

[IpenmytecTBaMu ITUKIIOHOB SIBJITFOTCSI MTPOCTOTa KOHCTPYKIIMU, HAIEHKHOCTH
paboThl, Manble  ra0apuTHBIE  pa3Mepbl,  HU3KHUE  DHEpro3arparbl U
AKCIUTyaTallMOHHBIE pacxoabl. OpHako 3¢G(EKTUBHOCTh YJIABIWBAHHS JTHMH
amnmapaTaM¥ TbUIA, 00pa3yOIIeHCs TPH IPOU3BOICTBE CTPOUTEIHHBIX MaTEPHATIOB,
B OOJIBIIIMHCTBE CIIy4aeB HE JocTUracT TpeOyembIx 3Hauennii [14, 18-20, 23, 26, 45,
57,74, 81, 83, 84, 86, 89, 90, 104, 107, 108, 110, 111, 112, 116, 121, 125].

PykaBHbie  GUIBTPHI UMEIOT  DPsSiI  KOHCTPYKTHUBHBIX  OCOOEHHOCTEH,
3aTPYAHSIONIMX WX JKCIUTyaTallii0 Ha TPOU3BOJCTBE: CPABHUTEIBHO CIIOKHBIA H
HEJIOCTAaTOYHO HAJCKHBIH MEXaHW3M BCTPSXWUBAHUSA W OOpAaTHOW MPOIYBKH,
CJIO)KHOCTH COOPKM U 3aMEHBI pykaBoB. Kpome Toro, mpeBbillieHre peKOMEHTyeMOi
VACIbHONW BO3MYIIHOW HArpy3Kd TIPUBOAWT K CHIKCHHIO 3(G(OEKTUBHOCTH
nelLIeocaKAcHUs TKanei [14, 18-20, 23, 26, 45, 57, 74, 81, 83, 84, 86, 89, 90, 104,
107,108, 110, 111, 112, 116, 121, 125].

Ha pucynke 1.5-1.7 moka3aHbl CXeMbl KOMIIOHOBKM CHCTEM OOCCIBUIMBAHUS
BBIOPOCOB B aTMocdepy, MpuMeHseMble B mpou3BojacTse nu3ectu [18-20, 94]. Ha
pucynke 1.8, 1.9 moka3zaHbl CXeMbl CHUCTEM OOECHBUIMBAHMS, MPUMEHSIEMbIC B
IIPOU3BOJICTBE TUIICOBOTO BSDKYIIIETO.

Ha  MHOrMX  mpeanpusTusX  CTPOMTEIIBHOM W JIPyTHUX  OTpaciieu

ITPOMBIIMIJICHHOCTH B CUCTEMAX 00eCIbUTMBAHUS BI>I6POCOB B aTMOC(bepy
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Pucynoxk 1.5 — Cxema ycTaHOBKM 0OECIIBUIMBAHUS B CUCTEME aclupaiuu

bawmak
aneBamopa

OT 2JICBATOpa U3BCCTU

mpaHcnopmep

Vaen nepeconku

Pucynok 1.6 - Cxema ycTaHOBKU OOECIIBUITMBAHMS B CUCTEME acIupaIuu

OT y3JIa MEPECHINKU U TPAHCIIOPTEPA U3BECTH

MPUMEHSIIOTCSI MHEPIIUOHHBIC TMHUICYJIOBUTEIN CO BCTPEUYHBIMU 3aKPYUYCHHBIMU
notokamu (B3II), koTtopple MO CpaBHEHHIO C IHMKJIOHAMU OO0JANAOT PSIAOM
npeumyiects [1-3, 5, 7, 11-13, 15, 30, 46, 52, 54, 55, 57, 58, 63-65, 67, 72, 73, 78,
82, 87, 88, 91-96, 98, 99, 101, 105, 108, 110, 113-115, 117, 126-128]. B yactHOCTH,

BUXPEBbIE MBIJICYJIOBUTEIN UMEIOT 00JIee YETKYIO0 OpraHU3auIo KPYTKH (B HUXKHEH
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[Tepecninka

[lepecoinka ¢ gozamopob
b mewanku

Pucynok 1.7 - Cxema ycTaHOBKU OOECIIBUITMBAHUS B CUCTEME acIiupaluu
OT TEPECHINKU U3 J03aTOPOB B MEIIAJIKY U TEPECHIIIKU C TPAHCIOPTEpA Ha

TPAHCIIOPTEP

A §

N ’
Pucynox 1.8 — Cxema ycTaHOBKH OOECIIBUTMBAHMS B CUCTEME aCIUPAIINH,
00CITyKUBArOIIEN JTUHUIO TIPOU3BOJICTBA TUTICOBBIX BSKYIITUX.

1 — a5exTpoPuIbTP; 2 — OXJIAIUTEIb; 3 — TUTICOBAPOUYHBIN KOTEN; 4 — IIUKJIOH;

5 — MepHHIIA

YaCTH KOpIlyca KpPYyTKa MOJJEPKUBACTCA 3a CUET 3aKPYYEHHOTO BTOPUYHOIO
MOTOKa). B muianHApHYecKkod dYacTh amnmaparoB MPOUCXOIUT pa3AeiieHUuE Ha

BBICOKO- M HHU3KOKOHICHTPHUPOBAHHLIC ITIOTOKH. [IoTOK ¢ MOBBILIEHHOU
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Pucynok 1.9 - Cxema cuctemsl acupanuy OT MEJIBHULIBI B IIPOU3BOJICTBE
TUIICA.
1 - menbHHUILIA; 2 - OaTapest HUKIOHOB; 3 - pyKaBHBIM QUIBTP; 4 - TIMOCOC;

5 — BEHTUJISITOP

KOHIIEHTpAIMeil Bpamaercs B mnepudepuiiHON 30HE 3aBUXPHUTENS, a TOTOK C
MIOHWKECHHOM KOHLEHTpauuMeu - B UEHTpalbHOM dyactu. Ilocime BbeIxoma B
CeNapaliOHHYI0  KaMepy  HU3KOKOHUEHTPUPOBAHHBIA  MOTOK  OTTECHSAET
BBICOKOKOHIICHTPUPOBAHHBIN MOTOK K Tepudepun ammapara, 4To oOyCIOBIUBAET
noBbIIeHUE 3P PeKTUBHOCTH yiaaBnmuBanus [1-3, 5, 7, 11-13, 15, 30, 46, 52, 54, 55,
57, 58, 63-65, 67, 72, 73, 78, 82, 87, 88, 91-96, 98, 99, 101, 105, 108, 110, 113-115,
117, 126-128]. OnbIT MPOEKTUPOBAHUS M SKCIUTyaTalluu cucTeM ¢ ammnapatamu B3I1
B CTpaHe U 3a pyOekoM Mokaszan ux 3PQPeKTHUBHYIO0 padOTy, MEHBILIYIO CTENEHb
abpa3MBHOTO HW3HOCA, CIa0yI0 YYBCTBUTEIBHOCTh K KOJIEOAHUSIM Harpys3ku IO
BO3[lyXy M KOHIEHTPALMM IMbUIM B OYMIIAEMOM IBUIEBO3AYIIHOM IOTOKE.
bnaromapss 3TOMy, BHUXpEBbIE HWHEPIMOHHBIC ammaparbl CO BCTPEYHBIMHU
3aKpy4YEHHBIMH TIOTOKAMHM IMOJIYUMJIM IMIUPOKOe pacnpoctpanenue [[1-3, 5, 7, 11-
13, 15, 30, 46, 52, 54, 55, 57, 58, 63-65, 67, 72, 73, 78, 82, 87, 88, 91-96, 98, 99,
101, 105, 108, 110, 113-115, 117, 126-128].
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Ha pucynke 1.10 noka3zaHsl NPpUHUMIIAAIBHBIE CXEMbl KOMIIOHOBKH YCTaHOBOK
oOecnbuiBanusi ¢ anmaparamu B3Il npu opranuzanum orcoca u3 OyHKepa

IBLUICYJIOBUTEIS BTOpoit crynenw [1, 41, 95, 97, 128].

B r

Pucynok 1.10 — IIpuHimnuanbHbie CXeMbl KOMIIOHOBKH CHCTEM
oOecnblTMBaHus BEIOpocoB ¢ anmnapatamu B3I1 ¢ opraHn30BaHHBIM OTCOCOM U3
OyHKepa MbUICYJIOBUTENS] BTOPOH CTYIIEHU MPU BO3BpATE YJIOBICHHOIO MPOIAYKTA:

a — B TEXHOJIOTMYECKOE 000pyI0oBaHue; 0 — B CUCTEMY 0OECIbUTMBAHUS

BBIOPOCOB; B — B MBLJICYJIOBUTENH MIEPBO CTYNEHU; T — KOMOMHUPOBAHHBIA BApUAHT

[1, 41, 95, 97, 128]

[Ipu 3ToM ynoBneHHblid B mbuieynoBuresnie B3Il BTopoll CTynmeHM NpORyKT
MOXET BO3BpAIAThCs JIMOO B TEXHOJIOTHYECKUM nporece (pucynok 1.10, a), win B
cuctemy obecnbimuBanus (pucyHok 1.10, 6), 1160 momaBaThCsi HEMIOCPEICTBEHHO
Ha HIDKHUH BBOJ ammapata nepBoit crymenm [1, 41, 95, 97, 128]. Ilpu Takom
pelIeHUN:

- TIPEIOTBpAIAeTCs MBUICBBIJCIICHUE TIPU BBITPY3KE M3 amnmapara YJIOBJICHHOTO
npoxaykra [1, 41, 95, 97, 128];

- YMEHbILIaeTcsl aOCOMIOTHOE 3HAaUCHHE JAaBJICHMs B alllapaTe, 4To, B CBOIO

ouepe.ib, MPUBOANT K CHIKEHUIO BhIOMBaHus mibuy [1, 41, 95, 97, 128];
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- UCKJIIOYAETCA YCTAHOBKA NUIKO30BOTO MUTATENs, YTO TaKKe 0OecredrBaeT
YMEHBIICHUE KOJMYECTBA TIbUIM, BBIOMBAIOIICHCS W3 MbUICYJIaBIMBAIOIIETO
ammapara [1, 41, 95, 97, 128];,

- TIOBBILIAETCS HAJIEKHOCTh pabOThl CUCTEM aCMUpPAllMU B pe3yJIbTaTe CHUKEHUS
BEPOSATHOCTH 3a0uBaHus mbpLieyaoBuTens [1, 41, 95, 97, 128];

- Tojja4a BO3/AyXa, OTCAChIBAEMOT0 M3 OyHKepa ammapaTa BTOPON CTYIEHH, Ha
HUKHUN BBOJ| MbUICYJOBUTENS TMEPBOM CTyNEHU OOECleYMBaeT B IMOCIETHEM
YMEHBIIICHUE a0COJIOTHOTO 3HAYEHUS JABJICHUSA W, BCIEJACTBHE 3TOTO, CHUKCHUE
ococoB Bo3ayxa [1, 41, 95, 97, 128].

KommnoHOBKa cHCTEMBI II0 CcXeMme, IIoKazaHHOM Ha pucynke 1.10, O,
1enecoodpasHa Mpu PEKOHCTPYKIIMHU CYIIECTBYIOUIUX YCTAaHOBOK OOECHBIIMBAHUS
BBIOpOCOB TIpu 00beMe oTcachiBaemoro Bo3ayxa 10-15% ot obmero pacxona,
MOCTYNAIOIIET0 Ha OYHUCTKY, C YYETOM MPOU3BOJUTEILHOCTA U  Haropa
ycraHoBlieHHOTO BeHTWiasTOopa [95, 128]. KoMmMmoHOBKa CHCTEMBI 1O CXEMe,
npuBelIeHHOW Ha pucyHke 1.10, B, mpeanodTuTenbHee Npu NPOEKTUPOBAHUU HOBBIX
00bekToB  [95]. Bo3BpaT yIOBICHHBIX MOPOIIKOOOPA3HBIX KOMIIOHEHTOB B
IPOU3BOJICTBEHHBIN MPOLECC IO BO3AYyXOBOJY CHCTEMBI, CKOMIIOHOBAHHOW IO
cxeMe, TMokazaHHoM Ha pucyHke 1.10, a, MIO3BOJISIET  IIPEAOTBPATUTH
MBUICBBIACICHUS TPU TPAHCIOPTUPOBKE MaTepuajia OT MbUICYJIOBUTENS K
TEXHOJIOTHYECKOMY 000pyaoBaHuio [95].

[IpennoxxeHHbIe PEIICHUsI peaIn30BaHbl B CUCTEMax JJisi CHUXKEHUSI BHIOPOCOB
NBUIM B TOPOACKYIO BO3IYIIHYKO Cpeay TMpH MPOU3BOACTBE PaA3IMUYHBIX
CTpPOMTENBHBIX MaTtepuanioB [1-3, 5, 46, 54, 57, 58, 76, 82, 87, 88, 94, 95-99, 101,
108, 110, 126]. Tak, Hampumep, IJsi TMPOU3BOJACTBA Kepam3uTta B [46, 98]
MpEIOKeHa yCTAaHOBKA IMBUICOYHMCTKH, CX€Ma KOTOPOM MpHUBEICHA HAa PUCYHKE
1.11. B cucreme oOecnbUIMBaHUS MPEIyCMOTPEHA MOCIENOBaTeNbHAs YCTaHOBKA
nByx neuieynosuteneid B3I1. N3 OyHkepa annapaTa nepBoi CTYIEHM OpraHu30BaH
orcoc. JIJisi OYUCTKM MBUICBO3YITHON CMECH, OTCAChIBAEMON U3 OYHKEpa MepBOTrO

OCHOBHOI'O aIlmnapara, Ip€aHa3Ha4dcH I[OHOJ'IHI/ITGJ'IBHHﬁ amnrapatrt ¢ MCHbIIIUM
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Pucynok 1.11 - Cxema KOMIIOHOBKH CHUCTEMBI MUIEOYUCTKH
C BUXPEBBIMH MHEPIMOHHBIMU arnapaTaMy Ha BCTPEYHBIX 3aKPYyUYECHHBIX

norokax B3II ms nmpousBoacTBa kepamsuta [46, 98]

IUaMETPOM, 4eM OCHOBHBIE. [locie OYMCTKM B JOMOJHUTEIBHOM almapare BO3AyX
M0JIaCTCsl HAa HUYKHUI BBOJ TBLICYJIOBHTENS BTOpol ctynenu [46, 98]. Yiosnennas
MbUTh BBITPY)KAETCS K3 OYHKEPOB BCEX TpeX anmaparoB M BO3BpallacTCs B
TEXHOJIOTHUeCKui mporecc [46, 98].

CnemyeT OTMETUTh, YTO JJi TOBBIMICHUS A(PGHEKTUBHOCTH ITUKIOHOB TaKXKe
MOJKET OBITh IPUMEHEH OTCOC MBUIEBO3YIIHON cMecH U3 OyHKepa C Mocieayromen
ee ounctkor B anmapatre B3Il. Takue peunienus peann3oBaHbl B MPOU3BOICTBE
TUIICOBOTO BsiKyIIero (pucynok 1.12, 1.13).

Ha pucynke 1.12 noka3zana cxema CUCTEMBbI JOKAIU3AIMU U OUYHUCTKU MbUIEBBIX
BBIOPOCOB OT MEJIBHUIBI U TUIICOBAPOYHOTO KOTJIA B I[€X€ MPOU3BOJCTBA TUIICa HA
OAO «Kyb6anckuii runc-Knayd». Ilpu npoussogurensHocTd cucteMbl 30 Thic. M/4
MIPOCKOK TBIIA B aTMOC(epy B 3aBUCUMOCTH OT PeKUMa PabOThI TEXHOJIOTHIECKOTO
oOopynoBaHust uaMeHsiercs B npenenax 1,8-16% [99]. Ha pucynke 1.13 moka3ana
CXeMa CHCTeMbl OYHCTKA BBIOPOCOB OT MENBHUIIBI, YCTAHOBJIEHHAs B IIEX€
npousBojictBa runca Ha OAO «Bonrorpaackuii rumnc». [Ipu npon3BOoAUTENLHOCTH
cucteMsl 37 ThIC. M>/4 NMPOCKOK MbUIM B atMmocdepy OblI cCHUkKEH 10 23-29% B

3aBHCHMOCTH OT peXUMa padOThl TEXHOJIOTHYecKoro obopyaoBanus [99].
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om byHkepa

Vo S O

Pucynox 1.12 — Cxema cucTeMbl JIOKAJIU3AIUN U OYUCTKU MBUIEBBIX BEIOPOCOB
OT MEJIBHUIIBI ¥ TUTICOBAPOYHOTO KOTJIa B IIEXE MPOU3BOACTBA THUIICA.
1 — 35ekTpoPUILTP; 2— OXJIAAUTEIIb; 3 — TUTICOBAPOYHBINA KOTEIT; 4 — ITUKIIOH;
5 — menpHUIA; 6 — anmmapat B3I1-600; 7 — anmapat B3I1-400; 8 — BenTuisITOp
[99]

Pucynok 1.13 - Cxema cuctembl JJOKJIU3AI[UU U OYUCTKH MBUIEBBIX BEHIOPOCOB
OT MEJIBHHMIIBI B IIe€X€ Ipou3BoAcTBa rumca [99].
1 — menpHuna; 2— nukion [{H-800; 3 — 6atapetinbiit nukion [{H-600x6; 4 —

arnmapat B311-400; 5 — BeHTHIATOD; 6 — 2IEKTPOPUILTP; 7 — IBIMOCOC
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I[JIH MNpoOMn3BOACTBA M3BCCTU IMPCIJIOKCHBI CHCTECMbI HBUICOYMCTKH, CXCMbI

KOTOPBIX MOKa3aHbl Ha pucyHke 1.14, 1.15 [87, 94, 108].

4 14

Pucynok 1.14 — CxeMa yCTaHOBKU OUYHMCTKH TBLIEBBIX BHIOPOCOB IS
MIPOMU3BOJICTBA U3BECTH (II€PBBI BapHaHT KOMIIOHOBKH) [94].
1 — BeHTHIIATOP; 2 — pa3AenuTenb-KoHUeHTpaTop; 3, 4 — neuteynosutenu B3II;
5, 6 — packpyuuBaTeNy MOTOKA; 7 — TKAHEBBIN MBUICYJIOBUTED;
8, 15, 16 — Bo3ayx0BOABI; 9, 12 — BepXHHE BXOIbI MBLICYIOBUTEICH;
10, 13 — amxHUE BXOABI NbLICYyIoBUTENeH; 11, 14 — UIF030BBIC 3aTBOPHI,

17-20 — perynupyromiye 3aciOHKA

OTnnynTeNnbHOM 0COOEHHOCTBIO CHCTEMBI, CX€Ma KOTOPOW MPHUBEACHA HAa PUCYHKE
1.14, sBnsgercs: yCTaHOBKA Ha BBIXOJAE W3 HWHEPIMOHHBIX  almapaToB
pPacKpy4yMBaTeNe MNOTOKA; HCMOJb30BAHUE pa3ACIIUTENSI-KOHIEHTPATOPa, BXO.
KOTOPOTO 4epe3 BEHTWIATOP MOJAKIIOYEH K BBIXOAY M3 pacKpyduBaTess IOTOKa
anmapara B3II BTOpoil CTymneHu, a ero BBIXOJ YEPE3 PEryJIUPOBOYHBIE 3aCIOHKH
IIOJKIIIOYEH K BEPXHEMY BXOJYy MbUICYJIOBUTENSA IEPBOU CTYNIEHUM M K HHKHUM
Bxoaam armapaToB B3Il mepBoil 1 BTOpPOW CTyNEHH; JOTOJHUTENbHAS YCTAHOBKA

TKaHEBOr0 (DHIIbTpA JJIsI TOHKOM OYMCTKU BBIXOJAIIETO U3 CHUCTEMBI Bo3ayxa [87,

94, 108].
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Pucynok 1.15 — CxeMa yCTaHOBKH OYHMCTKH MBLUIEBBIX BHIOPOCOB IS
MIPOU3BOJICTBA U3BECTU (BTOPOM BapUaHT KOMITIOHOBKH) [94].
1 — BeHTWIIATOP; 2 — pa3AenuTenb-KoHIeHTpaTop; 3, 4 — neuteynosutenu B3II;
5, 6 — packpyunBaTeNn MOTOKA; 7 — TKAHEBBIN MTBLICYJIOBUTEIb,
8, 15, 16 — Bo31yXx0BOIBI; 9, 12 — BepXHHE BXOJIbI IBUICYJIOBUTEIICH;
10, 13 — HmxHUE BXOIBI MBLICYI0BUTENCH; 11, 14 — MIIF030BBIE 3aTBOPHI,

17-20 — perynupyroniye 3aciIOHKA

Cucrema, cxema KOTOpPOW INpuBeAcHAa Ha puCyHKe 1.15, cocrout m3 tex xe
AJIEMEHTOB, HO OTJIMYAETCS OT MpPEAbIAyIIed TEeM, YTO IOC]Ee pa3JeauTens-
KOHLIEHTpAaTopa MOTOK C MEHbIIEH KOHILIEHTpaluel MOJAeTCs HAa HUYKHUE BXOBI
NEPBOr0 U BTOPOT'0 BUXPEBBIX MbLICYJIOBUTENEH, MOTOK C OOJIbIIEH KOHIIEHTpALMEH
— Ha BEpXHUU BXOJ| ammapata BTOpoul cTyrneHu. [loBwimenuto 3¢hdexTuBHOCTH
CUCTEMBI CIIOCOOCTBYET YCTAaHOBKA TKaHEBOIO (PUIIbTpa, KOTOPBIM oOecrieunBaeT
TOHKYI0 OYMCTKY BO3[yXa, a TaKKe MPUMEHEHHE pa3AesIUTeNsi-KOHIEHTpaTopa.
PesynbraThl panee mnpoBeneHHBIX wHccienoBanuil [95, 96] mokazamu, 4TO TPHU
1oJiaye pa3HO3aNbIJICHHBIX MOTOKOB HA BEPXHUN U HYXKHUM BXOJIbI TTBLUICYJIOBUTENS
B3II noBeimaercs 3¢dexTuBHOCTS anmnapara. [Ipu 3ToM TkaHeBbIil (GUIBTP 3a CUET

YCTAaHOBKHM HWHCPHOHUMOHHLBIX aIlllapaTOB 3alllMIICH OT MNEPETPY3KHU II0 IIbLJIM, 4YTO
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MO3BOJIAET 00ECIEeYnTh YCTOWYMBYIO paboTy cucteMbl. Kpome TOro, moHM»KEHO
a’poAMHAMUYECKOE conpoTuBiIeHHE anmnaparoB B3Il B pesynbrate yCTaHOBKHU
PAaCKpy4YMBaTeNe, KOTOPBIE IMIO3BOJISIIOT NEPEBOAUTH JHEPTUI0  OCTATOYHOMU
3aKPYTKHM BO3JyXa HA BBIXOJIEC M3 IBUICYJIOBUTEINS B JHEPTUIO OCEBOTO JBUKCHUSA

notoka [87, 94, 108].

1.3 O0ocHoBaHue M BLIOOP HANIPABJIEHHUS UCCJIe0BAHUI

B nacrosmee Bpems B Poccum peanmmsyercss rocylnapCTBEHHasl IIporpaMma
«O06ecnieueHre TOCTYIHBIM U KOM(OPTHBIM KMJIbEM U KOMMYHAJIbHBIMU yCIIyTaMu
rpaxnad  Poccuiickorn — ®@enepauum», — YTBEPXKACHHAs  ITOCTAHOBIICHHEM
npasutenscTtBa PO ot 15.04.2014 r. Ne323. OpnHoil M3 1enerd 3TOM MPOrpamMmMbl
Ha3bIBACTCsl TOBBIIIEHWE JOCTYITHOCTH JKWJIbSl 3a CYET YBEJIMYEHUS OOBEMOB
KUJIMIIHOTO CTPOUTENBCTBA, BKJIIOYAs MAJIOATA)KHOE CTPOMUTENBCTBO, a TAaKkKe
CO3/1aHH€ YCJIOBHUM JJIsi YBEJIMYEHHs 00beMa KAalHUTaJIbHOTO PEMOHTA KUJIUILIHOTO
dboHIa C T1EIBI0 TOBBIMICHUS €ro KOMGOPTHOCTH, JHEProdPPeKTUBHOCTH H
DKOJIOTUYHOCTH.

B oroN CBA3M, OYEBHAHO, JOJDKHO BO3PACTH IPOU3BOJACTBO COBPEMEHHBIX
AKOJIOTUYECKH YHUCTBIX M HMMEIOLIUX BBICOKYIO SHEPreTH4ecKyro 3((HEKTUBHOCTH
CTPOUTEIBHBIX MATEPUAIOB, M3JIEAMHA M KOHCTPYKUHMHA JUIsl  KUAJMIIHOTO
CTpOUTENbCTBA. Bcem 3TuM TpeOOBaHMSAM OTBEUYaeT ra300€TOH W CTPOUTEIbHBIC
U3JIENINSI HA €r0 OCHOBE, KOTOPBIE MOTYT MCIIOJIB30BATHCS MPHU BO3BEICHUH 3IAHUI
pa3IMYHOTO pa3Mepa — OT HEOONbIIMX OECKapKaCHBIX 3aropoJHBIX JOMOB 10
BBICOTHBIX 3/IaHHMI. TOPTOBBIX M Pa3BJIEKATEIbHBIX KOMIUJIEKCOB, YCTPOCHHBIX Ha
KapkacHOW ocHoBe. (CBOMCTBa 3TOT0 CTPOMUTENILHOIO MaTepuajia 00eCleYyuBaIOT
3HAQYUTEIBHOE YMEHBIICHHE KOJIMYECTBA OIEpallMid 110 BO3BEICHUIO CTEH U
[IEPETOPOJOK, YTO IIO3BOJIIET COKPATUTh CPOKU CTPOUTEIBCTBA WM KaIllUTAJIbHBIC

3aTpaThl.
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Opnako  OONBIIMHCTBO  TEXHOJIOTMYECKUX OMepanuili B  MPOU3BOJACTBE
ra3o0€TOHa U CTPOUTENIBHBIX  KOHCTPYKLUMH U3 HEro  CONPOBOXKIAETCS
MOCTYIUICHHEM B aTMOC(EpHBI BO3AyX 3HAYUTEIBHOTO KOJMYECTBA IIBLIH.
BceneactBue 3toro, pacmnosiarasch Ha TEPPUTOPUM  HACEJEHHBIX IyHKTOB,
OPEIIpUATHS OTPACiId OKa3blBaIOT CYIIECTBEHHOE HEraTHBHOE BO3JEHCTBHE HA
KauecTBO TOPOACKOM BO3AyIIHOW cpeabl. [Ipm 3ToM B aTtMocdepHbIi BO3AyX
[OCTyNAeT IbUIb, XapaKTEPU3YIOIIAsCs pa3HOOOpa3HbIM COCTaBOM: B3BELICHHBIC
BEIIECTBA, HW3BECTb, MbUIb HEOPTaHMYECKOTO THUIICOBOTO BSIKYINEro, IMbUIb C
Pa3IMYHBIM COACPKAHUEM JUOKCH1a KPEMHHUS, LIEMEHTHAs IbUIb U Jp.

[TpoBeneHHBIN aHAJIN3 MOKA3ajl, YTO JUIsl OYMCTKH IMBUIEBBIX BHIOPOCOB B I€XaX
M0 MPOU3BOJICTBY ra300€TOHA MPUMEHSIOTCA CyXHE€ METOBI, T. K. 3TO 00YCIOBIICHO
TEXHOJIOTMEW NPOM3BOACTBA, W JJS 3TOM LEIM Yalle BCEro MCIONb3YyIOTCS
uKIoHbl.  OJIHAKO, HECMOTPS. Ha MPOCTOTY KOHCTPYKIIMH, HAIEKHOCTH PaldOTHI,
Majible Ta0apuTHBIE pa3Mepbl, HU3KHE HHEPro3aTpaThl M OKCILTyaTal[MOHHBIC
pacxoapl, OTH ammaparbl, Ja)e NpU JBYXCTYNEHYAaTON yCTaHOBKE, He
o0ecreynBaloT HeOOXOAUMOW CTENEHH COKpAIlleHUsI BBIOPOCOB B aTMoc(epy MbLUIH,
oOpa3ymolelics Mpu NPOU3BOACTBE CTPOUTEIBHBIX MarepuasioB. Bo MHorux
cllydassX »d3TO NPHUBOJUT K NPEBBIIIEHUIO TUTHEHUYECKUX HOPMATHBOB IO
COJZIEP’KaHUIO0 B aTMOC(HEPHOM BO3AyX€ HACEJICHHBIX MYHKTOB YaCTHUI[ C pa3MepaMu
MeHee 10 MkM 1 2,5 MKM.

B mHactosimiee BpemMss Ha MHOTHUX NPEANPHUSITHSX CTPOUTEIBHOW W APYTUX
oTpacjeil MPOMBIIINICHHOCTH B CHCTEMax 0OeCIbUIMBAHUS BHIOPOCOB B aTMochepy
NPUMEHSIOT WHEPIMOHHBIE TMBUICYJOBUTEIM CO BCTPEYHBIMU 3aKpYy4YE€HHBIMH
norokamu (B3II), koTopble TO CpaBHEHWIO C I[HMKJIOHAMH OOJaNalOT PAIOM
npeumyiiecTB. ONbIT MIPOSKTUPOBAHUS U HKCILTyaTalluu cucteM ¢ anmnapatamu B3I1
B CTpaHe U 3a pyOekoMm mokazan uxX 3QQPeKTHUBHYIO padOTy, MEHBIIYIO CTENEHb
a0pa3uBHOTO H3HOCA, CIA0yH0 YYBCTBUTEIBHOCTh K KOJIEOAHUSIM HArpy3k IIO
BO3/yXY U KOHIICHTPAIMH MbUIA B OUUIIAEMOM MbLIEBO3AYITHOM MOTOKE.

[To  jmaHHBIM  HEKOTOpPBIX  aBTOPOB  MOBBbINIEHHE  A(P(PEKTUBHOCTH

neuteynoButeneld B3I1 moxker ObITh OOecredeHo TP OpraHU3alMe O0TCOca U3
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OyHKepa W TpU MojJade Ha HIDKHUA W BEPXHUW BBOJBI TOTOKOB C Pa3sHBIM
cogepkaHrueM TmbUIM. [losTOMy it OpraHu3alMu pas3feieHUs] Ta30IbLIEBOro
MMOTOKA Ha TIOTOKH ¢ OOJIBbIIICH ¥ MEHBIIIEH KOHIICHTPAIIUEH TBUIEBBIX YaCTHIl MOYKET
OBITH MCITIOJIb30BaHA YCTAaHOBKA JIOMIOJIHUTENIBHBIX ammapatoB B3I1.

W3nokeHHOe BBIIIE TOCTYXKUJIO OCHOBaHWEM JUIsi BbhIOOpa HampaBJICHUS
WCCIEOBAHUM 10 CHI)KEHHIO YPOBHSI TIBUIEBOIO 3arpsi3HEHHUS TOPOJCKOU
BO3JIYIITHON Cpe/ibl Ha OCHOBE Pa3paOOTKH M MCCIICIOBAHUS KOMIIOHOBOUYHBIX CXEM
CUCTEM OYHUCTKM TMBUIEBBIX BBIOPOCOB [ MPOM3BOJICTBA Tra300€TOHA W
ra300€TOHHBIX CTPOUTEIBHBIX HM3JICIMHA C HCMOJb30BAaHUEM IbLICYIABINBAOITNX
anmnapartoB Ha BCTPEYHBIX 3aKPYUYCHHBIX IOTOKOB, C OpraHu3alued oTcoca W3
OYHKEpHOW 30HBI MBUICYJIOBUTENIEH, U C YCTAHOBKOM JIOIMOJHUTEIBLHOTO anmapara

Ha pCIUPKYJLIMUOHHBIM BO3YXOBOIC.

1.4 BrbIiBoabI 0 MEpPBOIi riIaBe

1. IlpoBenmeHHBI aHAIW3 II0Ka3aj, 4YTO OOJBIIMHCTBO TEXHOJOTHUYCCKHUX
omepanuii B MPOM3BOJCTBE Ta300€TOHA W CTPOUTEIBHBIX KOHCTPYKIIMHA W3 HETO
CONPOBOXKJIACTCS  TOCTYIUICHMEM B  aTMOC(hEpHBIH BO3AyX 3HAYUTEIIBHOTO
KOJTMYECTBA TBLIM, YTO OKA3bIBAIOT CYIICCTBEHHOE HETAaTHMBHOE BO3JCHCTBUE Ha
KaueCTBO TOPOJICKOM BO3YIITHOM CPEIbI.

2. Ilo pesynpTaTam aHamM3a METOJIOB M CPEACTB, TNPUMCHSIONINXCS B
IIPOMBIIIUICHHOCTH CTPOMTEIIBHBIX MaTEPHAJIOB JUIS COKpAIIECHUS TOCTYIUICHHH B
atMocdepy TBUIM, CXOXEH IO COCTaBy C TbUIbIO, oOpasyromeics mnpu
MPOM3BOJICTBE T'a300€TOHA M Ta300€TOHHBIX OJIOKOB, YCTAHOBJIEHO, UTO ISl ITOU
TEJTM IPUMEHSFOTCSI TPAKTUYSCKHA BCE BUJIBI TTBLICYJIABIIMBAIOIIETO 000Dy I0BaHHUS.

3. B ¢cBsI3U ¢ 0COOCHHOCTSMHM T€XHOJIOTHH, JIJII OUUCTKH IBIJIEBBIX BRIOPOCOB Ha

paccMaTpuBaCMbIX MPCANPHUATHAX MOI'YT HCIIOJIB30BATLCA TOJBKO CYXHE MCTOAbI
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OYNCTKH, dYalle BCEro C YCTAaHOBKOW IIHMKJIOHOB, KOTOpbIE HE OOECTICYMBAIOT
HEOOXOAMMOM CTETICHH COKPAICHUH MBUICTIOCTYIUICHHH B aTMOC(EPHBIN BO3IYX.

4. O60CHOBaHO U BBHIOPAHO HAIPABICHUE MCCIEAOBAHUN MO CHIDKCHUIO YPOBHS
MBUIEBOTO 3arps3HEHHsI TOPOACKOH BO3MYIIHOH Cpeibl TPH IPOU3BOJICTBE

ra3o0eToHa ¥ ra300e€TOHHBIX CTPOUTCIIBHBIX HS,ZIGJ'II/Iﬁ



37

I'JTABA 2 DOKCIIEPUMEHTAJIBHBIE NCCJIEJOBAHUA
ITO O EHKE BJIMAHUA IIBIJIEBBIX BBIBPOCOB
OT UICTOYHHUKOB IIHEXA ITO MIPOU3BOACTBY
I'A3OBETOHHBIX BJIOKOB
HA KAYECTBO BO31YXA HOPMUPYEMBIX TEPPUTOPUM

2.1 XapaxkrepucTuka 00beKTa

H METOJIHUKA ITPOBECACHUA HCCJIeJOBAHUM

DKCIepUMEHTAIBHBIC MCCIICIOBAHUS IO OIICHKE BJIMSHUS IBLUICBBIX BHIOPOCOB
OT UCTOYHHUKOB I1€Xa MO MPOU3BOACTBY ra300€TOHHBIX OJIOKOB HA Kaue€CTBO BO3TyXa
TOPOJICKOM Cpelibl MPOBOAMINCH Ha AEHUCTBYIOIIEM Mpeanpustuu B r. PoctoBe-Ha-

Hony. OO1uii BUI TEPPUTOPHUH MPEITPUATHS IPEICTABICH Ha pUCYHKE 2.1.

Pucynox 2.1 — OOwuii BUJ1 TEppUTOPUH 00CIIEyeMOro 11exa



Pucynok 2.2 — O61muii BUJl IpOU3BOICTBEHHBIX TOMEIIICHUI

OO0cneayemslil 11eX NpelHa3HAYEH JJI MPOU3BOJICTBA CTPOUTEILHBIX OJIOKOB U3
razo0eToHa aBTOKJABHOTO TBepacHUs. [Ipon3BOACTBO BEAETCS MO CTaHIAPTHOMN
TeXHOJIOTUU, omnucaHHoW B IL.I. 1.1. CeIpb€M 171 TPOM3BOJCTBA Ta300€TOHHBIX
OJIOKOB SIBJISIFOTCSI: IIEMEHT, HM3BECTh, THUIIC CTPOUTEIIbHBIM, TMECOK KBapIICBBIH,
anmroMuHueBas nacra (myzapa). [Ipou3BojACTBEHHAs] CTPYKTypa liexa BKJIIOYAeT B
ce0s cienyrome onepaMoHHbIE TIOCThI: XUMUYECKas BOJIONOTOTOBKA; TPUEMHOE
OT/ICJICHUE; TIOMOJIbHOE OT/ACJICHUE; OTIEJICHUE MPUTOTOBJICHUS aTIOMUHUEBOU
CYCII€H3UU; CMECUTEIbHOE OTAEJICHUE; MOCT 3aJMBKHU; MOCT CO3PEBAHUSA; JIMHUS
pe3KU; OTACJICHUE aBTOKJIABHOW 00paOOTKH; ACICHHE MPOAYKIMH U TOATOTOBKA
dbopM; makeTUpoBaHHE MPOAYKIIMA U YIIAKOBKA; CKJIaJl TOTOBOM MPOIYKIIMH; TTOCT
TPpOOJICHUS TIOJIPE3HOTO CIIOS.

[Ipn mpoBeNeHHH HKCIEPUMEHTAIBHBIX HMCCIEAOBAHUNA IO OLICHKE BIIMSHUS
MBUIEBBIX BEIOPOCOB OT MCTOYHHKOB I[€Xa Ha KAYECTBO BO3/yXa TOPOJCKON CpPEIIbI
OLICHUBAINCh: Macca (PaKTUUECKUX MbUIEBBIX BHIOPOCOB B aTMOC(EpPHBINH BO3IYX;
(pakLMOHHBIN COCTaB M KOHLEHTpalUsl MbUIM, COAEp Kalleicss B aTMocpepHOM

BO3/yX€ Ha TEPPUTOPUHU NMPOMIUIOLIAJKA U HA TPAHULIE CAHUTAPHO-3AIIUTHON 30HBI.



39

Jns ompeneneHust (aKTUYECKOW MacChl MBUIEBBIX BBHIOPOCOB MPUMEHSIIOCH

BBIpKCHHE
M = CL, t/c  (2.1)
rie C - KOHIEHTPAlMs 3arpsA3HSIOIIUX BEIIECTB B BO3IYXOBOJE, MI/M>;
L - 00ObeMHBIH pacxo ra30Boro IMOTOKa B BO3IyX0BOE, Mo/C.

OOBEeMHBIN pacxo] ra30Boro MOTOKa B ra30Xxoje
L = vFM¥c (2.2)
rae v - YCpeIHEHHAas CKOPOCTh Ta30BOTO MOTOKA B BO3AYXOBOJIE, M/C;
F - IUIOIIAJb CEUYEHHUs BO3IYyXOBOA, M2,

COOTBETCTBEHHO  JJisi  OMpefeieHus  BeIOpoca  MBUIM  MPOBOJMIIUCH
WHCTPYMEHTAJIBHBIE 3aMEPhI: JUAMETPOB BO3IYXOBOJIOB; TAaBJICHUS B BO3TyXOBOJIE,
TEeMIlepaTypa BO3AYNIHOTO IIOTOKA; KOHIICHTPANUS TBUIA B  BO3JYXOBOJIE.
W3MepeHus MpOBOIMIIMCH MO CTaHAAPTHBIM MeToaukaM [34-37] u ocyIecTBIsUINCH
B CJIEAYIOIIEH MOCIEI0BATENbHOCTH:

1. TlomroroBka oOOpymOBaHUSA HJisi W3MEpPEHUI (B3BEUIMBAIUCH (DHIIBTPHI,
MPOBEPSIIUCh aCIUPATOPhl M MAHOMETPHI; TOATOTABIUBAIUCH Ta30HAMOPHBIC
TpyOKH U TIPOOOOTOOPHBIC 30HIBI).

2. TlpoBepka mTYIEpPOB HAa BO3AYXOBOJAX M HAIMYKE AJICKTPUUECTBA HA MECTE
MIPOBEICHHMS 3aMEPOB.

3. 3Mepenune nuaMerpa BO3AyXOBOJIA IS ONPEACIICHUS TUIOMIAAN €r0 CCUCHHSI
B MECTE U3MEPEHHUSI.

4. Jlns ompeseneHus YCPEeIHEHHOM CKOPOCTH MOTOKa U 00BbEMHOTO pacxoja B
BO3/yXOBOJaX - W3MEPEHHE IMHAMUYECKOTO JABJICHHUSI TMOTOKA W OMPEICICHHE
CKOPOCTH B TOYKaX IO CEYCHHUIO BO3TYXOBOIOB.

5. I3MepeHne CTaTHYeCKOro JaBiICHUS B BO3LyXOBOIOB.

6. 3mepenue temmnepaTypsl 1 aTMOC(EPHOTO JAaBICHUS BO3yXa HA IJIOMIAIKE
otbopa.

7. Ot6op npo6 THUTM HA PUIBTPHI B TOYKAX MO CEYCHHUIO BO3AYXOBOJIOB, pACUET
ckopoctu oTOopa TPoO uepe3 acmuparop IS COONIONEHHS]  YCIIOBHS

HN30KHMHECTHYHOCTH 0T60pa. I/ISMepeHI/IC TEMIICPATYPLI U CKOPOCTH IIOTOKA B
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BO3JIyXOBOJaX MEXIy oTOopamu mpod TbUTH (7151 KOHTPOJISI 00bEMHOTO pacxojaa B
BO3/yXOBOJIC M COOJIOJICHUS YCIIOBUS N30KHHETUIHOCTH 0TOOPA).

8. O0paboTKka pe3yabTaTOB M3MEPEHUH, MOATOTOBKA K aHAIU3y OTOOpaHHBIX
npo0, MPOBeIEHUE B JIAOOPATOPUH KOJIMICCTBCHHBIX aHAIM30B MBLIM B OTOOPaHHBIX
npobax (BBICYIIMBAaHWE W B3BEIIMBaHHE (QUIBTPOB U Np.). Pacder KOHIEHTpaIuu
MIBUTA B BO3TYXOBOJIAX.

9. Onpenenenue Macchl BHIOPOCOB MbUIM OT UCTOYHMKA. PacyeT morpenHocTu
U3MEPEHNN.

Mecta ana orbopa mpo® W TPOBENCHUS H3MEPEHHI MapaMeTpoB MOTOKa
BBIOPOCOB BBIOMPAIUCH C TAKUM PACUETOM, YTOOBI ATH U3MEPEHUS OOECIECUUBAIH
MOJIy4YeHHE JTOCTOBEPHBIX PE3yNbTaToB. M3MepurenbHOe cedeHue BhIOMpanoch Ha
OpsIMOM  Y4acTKE BO3JyXOBOJa Ha JIOCTATOYHOM PACCTOSHUM OT MECT, TJe
M3MEHSETCSl HalpaBJeHHWE TMOTOKa Tra3a (KojeHa, OTBOJALI M T.I.) WIM IUIONIAIb
MOTIEPEYHOTO CEUCHUS BO3IyXOBOAa. M3MepeHHs MPOBOAWINCH Ha BEPTUKATBHBIX
ydacTKax BO3yXOBOJIOB, B KOTOPBIX KpyIHbIE (paklud TMbUTH HE OCENAI0T Ha
CTEHKaX BO3TyXOBOOB MO ACHCTBUEM CHIIBI TSIKECTH.

JIist u3MepeHuit a’dpoAMHAMUYECKUX XapaKTEPUCTUK MOTOKA HCIIOJIb30BAINCH
TpyOku [lpanarns u manomerp auddepentmanbubii udposoit [IMI[-01/M. [ns
U3MEPCHHUSI 3aMbIICHHOCTH HCITOJTB30BAJICS CTaHAAPTHBIN KOMITJICKT
nbeuie3aboproro obopynoBanuss HUMOI'A3 (mpoboorboprHas TpyOka (30HI) C
HAaKOHEYHUKOM, DJJeKkTpoacruparop MuryHoBa (Mozenb 822), a’po30JbHbIC
aHanutraeckue QGuibTpel ADA, pasMemaeMple B 3aKPHITOM WJIH OTKPBHITOM
AIJIOHKeE).

[Ipo mpoBeneHWM 3aMepoOB HA TEPPUTOPUU MPOMIUIONIAJKKH W Ha TPAHHMIIC
CAaHUTAPHO-3AIMUTHON 30HBI JJII H3MEPEHHUS] CKOPOCTH BETPa HCIOJIB30BAICS
anemometp wudposorr HUCII-MI'4  (pazpabotumk wu wuzroroBurens CKb
«Crpoitnpubop») (auanazon uzmepenus ckopoctu 0,1-30 m/c). Jnsa uzmepenus
TEMIIEpaTypbl © OTHOCUTEIILHON BIQKHOCTH HAPYKHOTO BO3yXa B TOUKax OTOOpa

npo0 ObLI HCIIOJIB30BaH TepMoMeTp IudpoBoii snekTpoHHbli RSTO6412/S412
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(nmanazon w3Mepenus Temmeparypel - — 50°C-70°C; gmamason wm3mepeHus
OTHOCHUTEJIbHOM BiakHOCTH 1% -99%).

[Ipu omeHke (QpakIIMOHHOTO COCTaBa TMBUIM MPUMEHSJIACh METOJUKA
MHUKpPOCKOIHUYECKOro ananusa [4, 6, 8-10, 40, 61, 95]. Meroauka anpoOupoBaHa 1
pekomengoBana HHUW Atmocdhepa K UCHOJIB30BAaHUIO TPU  MPOBEICHUU
HCCIICIOBAaHUK COJICpIKaHHUS MEJIKOJUCIICPCHBIX YacThIl butd PMip u PMy5 [68].
[Ipu o006paboTke pe3yNbTaTOB MHUKPOCKOIHWYECKOIO aHajin3a MCIO0JIb30BaIaACh
nporpamMma 06paboTku nzobpaxkenuit yactuny DUST 1, paspaborannas B8 ®I'BOY
BITO Boarl’ACY u nonyuduBmiasi CBUAETEIBCTBO O TOCYJAPCTBEHHOW PETUCTPALIMU

[85].

2.2 Pe3yabTarhl onpeaeieHus GakTH4ecKoil Macchl NbLIEBbIX BLIOPOCOB B

atMocdepy OT HCTOYHMKOB Lexa

Ha pucynkax 2.3-2.6 mpuBeI€Hbl IPUMEPHI YCTPOMCTBA CUCTEM JIOKAIM3ALHUH
BBIOPOCOB TBUIM OT HEKOTOPHIX BHUJOB TEXHOJOTUYECKOTO O000pY/I0OBaHUS

obcremyeMoro 1exa.

PucyHnok 2.3 — Aciupanus TpaHcropTepa UCXOJHbIX MaT€pUaioB B IPUEMHOM

OT/IEJIEHUU
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Pucynok 2.5 — Acniupaius TpaHcmopTepa 00pe3KOB K MOCTY APOOICHUs



Pucynok 2.6 — Cuctema jgokanu3anuy BEIOPOCOB IBLTH OT TOCTa APOOTICHHS

Jia  obecnbuUiMBaHUS BO3[yXa, IOCTYNAIOMIETO B CHUCTEMBbl acCHUpalUH,
MPUMEHSETCA CyXash OYMCTKa, KOoTopas ocyulecTBisercs B uukionax [{H-15, 1. k.
3TO 00YCIIOBJIEHO TEXHOJIOTHEN IPOU3BOCTBA.

PesynpTatel mccieqoBaHMd MO OIEHKE MOIIMHOCTH TBUICBBIX BBIOPOCOB B
atMocdepy npuBeaeHbl B Tabnume 2.1. [lomydeHHbIe JaHHBIC CBUICTEILCTBYIOT O
TOM, YTO NPUMEHSIEMbIE CUCTEM IbUICOUYUCTKH HE 00eCreYrBalOT HEOOXOAUMOM
CTeleHH OOECTBUIMBAaHUS BBHIOPOCOB, B pe3yabTaTe dYero wMacca IbUIH,

BBIOpachIBaeMOM B aTMOC(HEPHBIN BO3AyX, IpeBbiiiaeT HopmaTuB [1/1B.

2.3 OneHka (ppaKIHOHHOTO COCTABA NMbLIH

[Ipu pa3paboTke MepONpHUATHI MO CHMXKEHHIO MAacChl MBUIEBBIX BHIOPOCOB B
aTMoc(epHbI BO31yX, ObUI MPOBEACH aHAJIW3 KPYIMHOCTHU MbUIN, BBIACISIONICHCS OT

TEXHOJOTMYECKOro 000pyA0BaHuUs IPU MPOU3BOCTBE Ta300€TOHHBIX OJIOKOB.
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MOIIIHOCTH TBIIEBBIX BRIOPOCOB B aTMochepy

PGSYJ'IBTaTBI SKCIICPUMCHTAJIbHBIX I/ICCJ'IGI[OBaHI/II\/'I I10 OLCHKCEC

o
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TpancnopTep HCXOAHBIX
MaTepraioB 4750 1,139 0,16 14,1 0,21 1,3
TpancropTep 06pe3KoB 4000 4,21 0,4 9,4 0,44 2,1
Jlunus pe3ku 6600 1,16 0,13 10,9 0,24 1,2
IToct npobneHus 7300 1,23 0,109 | 11,6 0,11 | 2,21
a . L L4 ®
e 9 o e D T
. Rl R
® 9. e

Pucynox 2.7 - Mukpodotorpadus yactuil nbuiv, OTOOpaHHOM B CUCTEME

acCliupanyn OT CMCCUTCIIA: 4 — 10 OYUCTKU B IUKJIOHC, 0 — IMOCJIe OUYMCTKH B

LIUKJIOHE
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Hekoropsle M3 MOMYYEHHBIX pPE3yJbTAaTOB NpPHUBEAECHBI Ha pucyHke 2.7-2.10. B
KayecTBE MpUMepa Ha pUCyHKe 2.7 moka3zaHbl MUKpodoTorpaduu 4acTul IbLIH,
O0TOOpaHHOI B CUCTEME acTiupaiuu oT cMecutens. Ha pucynke 2.8 B BepOATHOCTHO-
Jorapu(pMHUUECKON CETKE IMPEACTaBIEHbl MHTErpajbHble (PYHKIMM NpPOXOAa HJs
YacTUILl IbLJIM, NOCTYNAIOUIEN ¢ CUCTEMY aclupalnuy OT TPaHCIOPTEPA UCXOIHBIX

MaTEpHAJIOB.
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Pucynok 2.8 — aterpanbuble GyHKIMH MO(QPAKIMOHHOTO pacipeaeaeHus
MacChl YaCTUIL IIBbUIH, [IOCTYIIAOLIEN ¢ CUCTEMY aclIMpPALiiy OT TPaHCIopTepa
VCXOJIHBIX MAaTEPUAJIOB.

1, 2 — mpu TpaHCIOPTUPOBAHUM U3BECTH JI0 LIMKJIOHA U MOCIIE IIUKIOHA
COOTBETCTBEHHO; 3-5 - IPHU TPAHCIOPTUPOBAHUU TIECKA, TUIICOBOI'O KaMHs, IEMEHTA

COOTBCTCTBCHHO

[TonydyeHHble AaHHBIE TOKA3bIBAIOT, YTO TIOCJIE€ MCIHOJb3YEeMOW CHUCTEMBI
oOecnbUIMBaHUsl BEIOPOCOB B aTMOC(EpPHBIN BO3IyX MOCTYIAET, HAPUMEDP, MbLIb
W3BECTH, YaCTHIbl KOTOPOM HMMEIOT MEIHMAHHBIA JHAMETp 5,5 MKM W AWaIa3oH

WU3MEHEHHUs KPYIHOCTH OT 1,5 10 15 MKMm.
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Ha pucynke 2.9 noka3ana unterpanbHas GyHKIUS MIPOX0/a, IS YaCTHUIL MBUIH,
BbIOpAchIBAEMOI 1OCIIE OYUCTKH B aTMOC(EPHBIN BO3AYX M3 CHUCTEMBI aclUpalyi,
00CITyKUBAIOLIEH MOCT APOOTICHUS.
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Pucynok 2.9 - nterpanbHas GyHKIMS MPOX0/a, AJIs YaCTULL IIbLIH,
BBIOpAChIBAEMOM MOCIIE OUUCTKU B aTMOC(EPHBINA BO3/IyX U3 CUCTEMBI aclIUpaliy,

oOcmy>KuBaroUIed NoCT ApOOIEHUS

Takum oOpa3zoM, B aTMOC(EpHbIA BO3AYX OT MOCTa APOOJIEHHS MOCTYMAIOT
YacCTULBl NBUIM C MEIWAHHBIM JMaMeTpoM |2 MKM M JHMana3oHOM W3MEHEHMS
pasmepoB ot 1,8 10 18 mxm [53].

Ha pucynke 2.10 mpuBeneHbl pe3yibTaThl OLUEHKH (PPAaKIMOHHOIO COCTaBa
IBUTH, COZepIKaIlelcs B aTMOC(EpPHOM BO3/AyX€ Ha TEPPUTOPUHM MPOMILIOIIAIKH B
TEIUIbIA MEepUuoj, roja. AHalu3 TOJYYECHHBIX JAHHBIX IMOKA3bIBAET MPHUCYTCTBHE
YacTUL] MEJKOAUCHEpCHOM mbuM pasMepoMm MeHee 10 mxM. IlpencraBineHHbie
pe3ynbTaThl CBUAETENBCTBYIOT O TOM, YTO 3HAYEHHA JOJM YacTULl JIETOM
koneomoTes. it PMi - ot 12 % 1o 40 % ; nngs PM3ys - ot 0,3 % mo 0,5 %.

MenuanHbIi TuameTp dactuil coctapisieT 11-15 mxm [53]. Pasmepsr gactuin
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Pucynok 2.10 — Pe3ynbrarhl OLieHKH (pakIMOHHOTO COCTaBa MbLUIH,

coJiepKalieics JIeToM B aTMOCHEPHOM BO3/IyXe Ha TEPPUTOPUU TTPOMILIOIIAIKH
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Pucynok 2.11 — Pe3ynbrarhl OlleHKH (GpakiMOHHOTO COCTaBa MbUIH,
coJiep Kalieics 1eToM B aTMOC(hepHOM BO3TyXe Ha IPaHUIIE CAaHUTAPHO-3aIIUTHOM

30HBI
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U3MEHSIOTCS B mpejaenax oT 1,5 g0 20 mxm [53].

Ha pucynke 2.11 mpenctaBieHbl pe3ybTaThl AUCIIEPCHOHHOTO aHAIN3a YaCTHI
MBUTA, COJEpXKAIIeicss B aTMOC(EPHOM BO3IyXe Ha TpaHUIE CAaHUTAPHO-3aIUTHON
30HBI. [lomydeHHBIC NaHHBIE TaKKE CBUICTEIBCTBYIOT O HAJMYUU B BO3YIIHOM
cpene yactuil ¢ pazmepamu MeHee 10 mxm. Ilpm sTom Ha momo wactuir PMig
npuxoautcs 80% maccel kUM, Ha 10110 YacTul] PMjs — 0,5%. I1buieBbie yacTUIIbI

HUMCIOT MCHH&HHLIﬁ AUaMCTp 8,2 MKM H IIPCACIbI UBMCHCHUS pasMEpa OT 2 MKM a0

12 mxwM [53].

2.4 OueHka KOHUEHTPALMHU NbLLUIM B BbIOpocax B atMocdepy

U B aTMOC(EepPHOM BO31yXe

PesynbpTaTel n3Mepenuii oO1ieit KOHIICHTPAIlK MHLUTH B BEIOpOCax B aTMochepy
MOCJI€ CUCTEM 0OECTbIIIMBAHUS MPUBENIEHBI B TabmuLe 2.2.

Jlnst onpeneneHus KOHUEHTPALMM MEIKOAMCIIEPCHBIX YacTHLl C pa3MEpaMH
MeHnee 10 MKM u MeHee 2,5 MKM BOCHOJIb3yeMCs MOAXOAO0M, MpeiokeHHbiM AO
«HayuyHo-uccrenoBaTebCKuii UTHCTUTYT OXpaHbl arMmocepHoro Bozayxa (HUU
«Atmocheparn)» u OOO «IITh Boarorpaarpaxnanctpoit» [75, 76]. Nwmes
pe3ynbTaThl M3MEPEHHI 00Iel KOHUEHTPALMK MbUIM B BBIOpOCax OT MCTOYHHUKA
C3wu namHbple 0 (paKIMOHHOM COCTaBE YACTHI[ TBUIM B BBIOPOCAX OT MCTOYHHKA,
MOHO PacCUMTATh KOHLIEHTPALUIO MEJIKOIUCIIEPCHBIX YaCTHI] MO BBIPAXKEHUSIM

Com,, = CoD(dy = 10MkM)  (2.3)
Com,, = Co D(dy = 2,5mKm)  (2.4)

Hekotopsie pe3ysbTarsl OnpeneacHuss KOHLEHTpauu 4dactul PMig u PMays,
colepKalmxcs B BBIOpOCaX OT MCTOYHHUKOB OOCJIEIOBAHHOTO IieXa TI0

IIPOU3BO/ICTBY Ira300€TOHHBIX OJIOKOB, MPEJICTABIICHBI B Tabuie 2.2.
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PesynpTaThl TpoOBemeHHMs UW3MEpEHUN OOIIeH KOHIIGHTpAIliu THUTM B
aTMOC(EpHOM BO3AyX€ MOKA3aJlM, YTO CPEIHUE 3HAUCHHUS ITON BETUYUHBI B JIETHUN
IIEPUOJl COCTABIISIOT: HAa TeppuUTOpuM mpommiomanku - 0,8 mr/m3; Ha rpanmie
CaHUTAPHO-3aIIUTHOM 30HKI — 0, 44 Mr/MS.

Ucnons3ys BeipakeHus (2.3) u (2.4) u gaHHbIE, IPUBEICHHBIC HA PHUCYHKE

(2.10) u (2.11), monyyaem 3HauYeHHsS KOHIEHTpalus vactull PMiy u PMjys B

atMochepHoM Bo3ayxe (Tabnuia 2.3).

Tabmuma 2.2 - Konuentpanus yactui PMio u PMys5

B BLI6pOC&X OT HICTOYHHKOB IICXa

061113}1 PMlo PM2,5
KOHIICHTpAIus, R o R o
3 o = 0] =
Hcrounuk BeIOpOCa MI/M s = s =
= | En | B | B
S =2 Ex | ES
& s = | & o S
= = = =
S 5 3 S
Z Z
Cucrema acnupanuu
OT TPAHCTIOPTEPa UCXOTHBIX
MaTepruaioB 160 83 133 10 16
Cucrema acnupanuu
OT MOCTa IPOOIJICHHS 109 40 43,6 0,5 0,55

[TosyyeHHBIE J@HHBIE CBUIETENBCTBYIOT O TOM, 4YTO IIPU HPOU3BOJCTBE
CTPOMUTENBHBIX OJOKOB M3 ra3o0eToHa B pE3yJIbTaTe€ HEJOCTaTOYHOM CTENEHU
00ecHbITUBAaHUSI BHIOPOCOB MOKET OTMEYAThCsl MPEBBIIICHUE COACPKAHUS YacTHIL
PMjo, peienpHO AOMyCcTUMas KOHLEHTpALUs KOTOPBIX JUIsl BO3/lyXa HACEIEHHBIX
mect yctanobieHa 0,3 mr/m3. IIpeBbllICHME YCTAHOBJIEHHBIX HOPMATHBOB IO

KOHIIEHTpauu yactul] PM, s He yCTaHOBJIEHO.
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Tabmuma 2.3 - Konnentparus gactur; PMio 1 PM3 s

B aTMOC(EpPHOM BO3/1yXe

OOwas PMyg PM;5
KOHIICHTpAIus, ) w ) o
Mecro ot6opa mr/m3 = = = =
po6 = g% | 3 8%
P SR St | A8 | B &
& o = o o =
S = S =
) T o) T
) g o g
Tepputopus NpoOMILIOMIAAKHA 0,8 12- 0,096- | 0,3- 0,002-
40 0,32 0,5 0,004
['panuiia canurapHo- 0,44 80 0,32 0,5 0,0022
3allIUTHOU 30HBI

2.5 UccaenoBaHue OCHOBHBIX CBOMCTB NbLJIM B IPOU3BOACTBE Ira3o0eToHA

M ra300eTOHHBIX 0JIOKOB

[TpumeHneHre MeToja MUKPOCKOTTHH JIJIsl TMCIIEPCUOHHOTO aHaIHn3a MO3BOJIHIIO,
HapsAy C TOCIETHUM, TTPOBECTH M3Yy4YeHHE (OPMBI YACTHUIL MBUTH, BBIICISIOMIEHCS
IIpY MPOU3BOJICTBE Ta300€TOHA U Ta300eTOHHBIX 0J10KOB [40].

[Io pesympraraM WCCIEIOBAaHUI YCTAHOBJIEHO, YTO YACTHUIIBl  MBLIH,
oOpa3syroleiics MmMpu TPOU3BOJACTBE Ta300eTOHA, ONMM3Ka K IMIApoOOpa3sHOM WU
BBITSHYTAs, TPOJOJITOBaTasi W XapaKTePU3YETCs 3HAYCHUSAMHU T'€OMETPHUYECKOTO
daxTopa Gopmbl . u koddhduirenta chepuanoctr (kodddunrenta GopMbI) OT
1,061 no 1,564 u ot 0,939 0 0,631 cooTBeTcTBEHHO [53].

Jlns onpeneneHusl KaxyllenWcs MUIOTHOCTH, MpeACTaBistomel coboi maccy
eAUHUITBI 00bEMA YacTHI], BKJIIOYas OOBEM 3aKpBITHIX TOp, OBLT HCIOIH30BaH
MaHoMmeTpuueckuii criocod [62, 103]. Merox ocHoBaH Ha 3akoHe boiinsg-Mapuorra,

COTJIaCHO KOTOPOMY TP OJIHOM M TOM K€ TeMIiepaType Mpou3BeIeHUE JaBICHUS Ha
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00BbEM Macchl raza OCTa€Tcs MOCTOSIHHBIM. HackInHasl MI0THOCTh MbUIK (T.€. Macca
eAUHUIBI 00bEMA MOPOIIKOOOPA3HOr0 Marepuana, CBOOOAHO HACHIIAHHOTO B
KaKyl0-Tu00 €MKOCTh HEMOCPEICTBEHHO Tociie €€ 3amoJHEHHs) OMpeAesieTcs ¢
MOMOIIbIO YCTAHOBKH, COCTOSIIICH M3 MEPHOTO IWIMHIApPA C MPSIMBIM KOJBIIOM,
BOpPOHKH U mtatuBa [62, 103].

[Io pe3ynbraTaMm HCCIEIOBAaHUN OIPEACIICHO, YTO Ka)XKyINasiCsi W HACBHITHAS
IUIOTHOCTH TMbUTH, BBIICIISIONICHCS MIPU MPOU3BOJICTBE ra300€TOHA U CTPOUTEIHHBIX
OIOKOB W3 Hero, konednercs B npexenax 200-1710 kr/ m® u 80-1100 kr/ m3
COOTBETCTBEHHO [S53].

Yron ecTeCTBEHHOTO OTKOCA, T.€. YIoJl MEXK/y TOPU30HTAIbHON MTOBEPXHOCTHIO
1 00pa3ymolleil KOHyca HAacChIIaHHOTO Ha HeE MOPOLIKOOOpa3HOro maTepuara,
ABJISIETCA KOCBEHHBIM IIOKA3aTEJIEM, XapaKTEPU3YIOIMIMM KOMIUIEKCHBIE CBOMCTBA
UM - CBIITyYeCTh, a3PUPOEMOCTh, apkooOpazoBanue [21, 62, 103]. [Iunamudeckuit
YIoJd €CTECTBEHHOIO0 OTKoca (YroJ, Moj KOTOPBIM pacloyiaraeTcs HapyXKHas
MOBEPXHOCTh 3€PHUCTOIO0 MaTepuajia NpH MaJeHUH YacTUIl Ha IUIOCKOCTH)
OIpeaeIsICsS METOJIOM HACBIIaHWs IMOPOIIKAa Ha JUCK, onmucaHHbIM B [62, 103].
Cratuueckuil yrojl €CTeCTBEHHOTO OTKOCA WJIM Yrojl oOpymieHus (yroyi HakjIOHa
MOBEPXHOCTH MaTepuaia, 00pa3yrolIuiics B pe3ybTaTe OOPYIIECHUS CJIOS YaCTHI]
Ipy  yJaJ€HUU TOJAMNOPHOM CTEHKH) OINpEAeNsiCs € MOMOILBI0 MPO3pavyHOM
HPSMOYTOJIBHOM éMKOCTH, UMEIOIIICH OTKPBIBAIOIIYIOCS O00KOBYIO cTeHKY [62, 103].

[lo monydyeHHBIM JaHHBIM 3HAYEHUs YIVIa €CTECTBEHHOIO0 OTKoca —
JTUHAMHYECKOTO W CTaTUYECKOr0 — I HUCCIEAYyeMOM TMbUIM W3MEHSIOTCS B
npenenax 39-53 rpan u 44-73 rpag cooTBETCTBEHHO [S3].

JucrieprupyeMoCcTh U3y4aeMOM MNbUIM ONPEAEISIIACH MO0 U3BECTHOM METOIUKE
H. E. TlecroBa [62]. YcTaHOBIE€HO, YTO MBLUTH, 00Pa3yIONIAsCs B POU3BOICTBE ra300eToHa
U ra300€TOHHBIX OJIOKOB, 00J1a71aeT BHICOKON pacIbLisieMocThio - oT 45 10 88%. Taroke
YCTaHOBJIEHO, YTO UCCIIETyeMast MbLIb XapaKTePU3yeTCs XOPOILEH ChITYy4YeCThIO OOJIBIION

a’PUPOEMOCTHIO U C1a0bIM apkooOpaszoBanuem [21, 53].
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2.6 BbIBOBI 110 BTOPOI IJ1aBe

1. UccnenoBanbl W 00OOIIEHBI OCHOBHBIE CBOWCTBA MBUJIEBBIX YaCTHII,
MOCTYMAIOIIUX B CUCTEMBI JIOKAJIU3AIMU U OYUCTKHA BBIOPOCOB MPU MPOU3BOJICTBE
ra3o0eTOHa U CTPOUTENbHBIX Ta300€TOHHBIX OJIOKOB.

2. Ilo pesynbraTam TPOBEJACHHBIX MCCIEIOBAHUNA YCTAaHOBJIEHO, 4YTO
uccleayeMasl MbUTh 00JIaJaeT BBICOKOM MBUIEOOpA3yIOUIeil CIOCOOHOCTHIO |
XapaKTepU3ylTCAd XOopoued cbimyyecTbio. [IpoBen€HHBIE HCCIIEIOBAHUS TaKKe
MOKa3aJld, YTO MbLIb, 00pa3yIoMIascs B pacCCMaTPUBAEMOM MPOU3BOJICTBE, SIBIISIETCS
nonuaucnepcHoil. Ilpy 3ToM OCHOBHas 101 4acTHI UMEET (opMy, ONHM3KYIO K
mapooOpa3HoOM, WIH BBITAHYTYIO, MPOO0JTOBATYIO.

3. [Ilomyuennbie mTO pe3yiabTaTaM HATYpHBIX HCCICIOBAHUN  JTaHHBIC
CBUJIETEIBCTBYIOT O TOM, YTO B CHCTEMBI aCITUPAIMH MOCTYHaET MbLIb, OT 25 10 100
% Macchl KOTOPO MPUXOAUTCA Ha 4acTUlbl ¢ pazmepamu 10 20 mxMm. Ilpu 3TOM
MEIUaHHBI TUaMeTp HM3MEHSeTcs OT 5,5 MKM a0 28 MKM, JOJS YacTHIl C
pasmepamu Menee 10 mxMm (PMjig) cocTaBisieT ot 6% 10 65%.

4. AHanu3 MOJYyYEHHBIX PE3yJbTAaTOB, XapaKTEPU3YIOIIUX TUCIIEPCHBIA COCTaB
MBUIEBBIX YAaCTHI], @ TAKXKE cojiepkanue yacTull Pyo B BeIOpocax u B aTMoc(hepHOM
BO3/lyXe, TIO3BOJIAET CHeNaTh BBIBOJ O HEJAOCTAaTOYHOW  (PpaKIMOHHOU
3¢ (PEKTUBHOCTU TBUICYJIABIMBAIOIIET0 000PYJOBaHUS, IPUMEHIEMOr0 B CUCTEMAX
MBUICOYUCTKHU.

5. Takxe YCTaHOBJIEHO, YTO MPHU HCHOJIb30BAHUM ILHMKIOHOB B YCTaHOBKax
oOecrbUIMBaHUS BRIOPOCOB MPHU MPOU3BOJCTBE ra300€TOHA U ra300€TOHHBIX OJIOKOB

B aTMOC(bepHOM BO3yXC MOXKCT OTMCHATLCA IIPCBBIILICHUC COACPIKAHUS YACTHIL

PMjp.
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I'JIABA 3 PABPABOTKA PEINEHUI IO CHUKEHWIO MACCBI
IIBIJIEBBIX BBIBPOCOB B I'OPOJICKYIO BO3AYHIHYIO CPEAY
IIPU NPOU3BOACTBE 'ASOBETOHA "
TEOPETHYECKASA OLHEHKA UX DOPEKTUBHOCTH

3.1 Onucanue npeajdaraeMbiX CUCTEM NBUICOYUCTKH AJIA ITPOU3BOACTBA

rasooerona

[Tpennaraembie cXxeMbl KOMIIOHOBKH OOECIIBUIMBAOIICH YCTAaHOBKU (PHUCYHOK
3.1, 3.2) pa3paboransl [52, 55, 80, 106, 126, 128] (mpumoxeHue A) ¢ ydeToM
pe3yNbTaTOB TIO0 WCCIEAOBAHUIO PEXUMOB paboThl ammapatoB B3II,  panee

nmoJTydeHHbIX aBTopamu [1-3, 5, 41, 85, 86, 89-96, 98, 102, 105, 107, 110-112 ].

n
- — )

Pucynok 3.1 — IlepBblil BApUAHT CXEMbI KOMIIOHOBKH MPEAJIAraeMON CUCTEMBbI
JUTSl CHUPKEHHUSI TIBUIEBBIX BHIOPOCOB B aTMOC(EPHBIN BO3yX ¢ BUXPEBBIMU
MHEPUHUOHHBIMU anmnapaTaMy Ha BCTPEUHbIX 3aKpyueHHbIX ToTokax B3I [106]

(mpuiioxeHue A)
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Pucynok 3.2 —BTopo#i BapuaHT CXeMbl KOMIIOHOBKH ITPEAJIAraeMOil CUCTEMBI
JUTSI CHYDKEHHUS TIBIJIEBBIX BEIOPOCOB B aTMOC(EPHBIN BO3/IyX C BUXPEBBIMU

MHEPLUHUOHHBIMHU annapaTaMy Ha BCTPEUHbIX 3aKpy4eHHbIX ToTokax B3I

B nepeuncieHHbix paboTax yCTAHOBJIEHO, YTO MPU OpPraHU3alMu OTcoca M3
OYHKEpHOMW 30HBI HHEPIIMOHHOTO anmnapara 3QPEeKTUBHOCTD MOCIEIHETO BO3PACTAET
W CHIDKAETCA a’pOJMHAMHUYECKOE COMNPOTUBICHHE. TakkKe BBIABICHO, YTO
s dexkTuBHOCT, ammapata B3Il moBbImaeTcs npu mojadye Ha HUXKHUKA BBOJ
armapara IbUIEBO3AYIIHOTO IIOTOKA C MEHBIIIEW KOHLIEHTPALKEN, YEM HA BEPXHUM.

C y4eToM M3JI05KEHHOTO BBIIIIE, MpeJjlaraéMble CUCTEMbI BKJIIOUAIOT B ce0s1 JBa
MOCNIEOBATEIbHO ycTaHOBJIECHHbIX ammapara B3Il 13 OyHkepHOil 30HBI
NBUICYJIOBUTEIIS BTOPOH CTYNEHU U TPeThero (jomnonanutenbHoro) ammapara B3I1 ¢
MEHBIINM  JHAMETPOM  KopIlyca  opraHusyerca  orcoc. Jist  ouucTKH
NBUJICBO3YIIHOM CMECH, OTCAChIBAEMOM U3 MEPBOIO M TPETHErO aNNaparos,
OpelycCMOTpEHAa YCTAHOBKAa €Ille€ OJHOro (Y4eTBepTOro) AOMOIHUTEIBHOIO
NBUICYJIOBUTENSI C MEHBIIUM JUAMETPOM KOPITyCa, U3 KOTOPOTO IOCIE€ OYUCTKHU

BO3AYyX IMOAACTCA HaA HWKHUA BBOJ IBIJICYJIOBHUTCIIA nepBoﬁ CTYIICHH. YnoBieHHas
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ObUTb  BBITPYXKaeTcsi U3 OYHKEpOB TMEPBOIO U YETBEPTOTO ammapaToB H
BO3BpalllaeTCs B TEXHOJIOrHUecKuii mporiece [54, 57, 109, 126, 128].

[ToTok MBIIEBO3AYIIHON CMECH MOCTYIAET U3 CHCTEMBI JOKAIU3allii BHIOPOCOB
B BEPXHHUIl BBOJ BUXPEBOI'O MBUICYJIOBUTENSI MEepBOM cTyneHu 1. Brixoasimumii u3
HEro T1oclie OYMCTKM TIOTOK pas3fensercs, W TIOJAeTCs Ha BEPXHU BBOJ
MBUICYJIOBUTEII BTOPOM CTYNEHHU 2 U Ha BXOJ AOMOJIHUTENbHOrO annapara B3I1 3..
PerynupoBka pacxoJ0B NBUICBO3AYIIHOW CMECH OCYILECTBIAECTCS MOCPEACTBOM
muobepoB. [locrme ouncTkM B anmapare 3 MOTOK MOJAETCSd HA HWKHUNW BBOJI
IbLICYJIOBUTENS BTOPOU cTymeHu 2. Takum 00pa3oMm, B BEpXHUA U HUKHUN BBOJIBI
NBUICYJIOBUTENS 2 TMOJAKOTCS IOTOKM € Pa3HOM KoOHIEHTpauued mnbumm. I[locne
OYMCTKH B amnmapare BTOPOW CTyNEeHW 2 BO3JyX BEIOpackiBaeTCs B aTMmocdepy.
OtcacbiBaeMasi 13 OyHKEpa MbLICYJIOBUTENS 2 MbUIEBO3YIIHASA CMECh MOAAETCSA Ha
OUYMCTKY B YETBEPTHIM JOMOJHUTENbHBIA MbUICYJIOBUTENL 4, U3 KOTOPOrO IOCIHE
OUYMCTKHM BO3AYX MOJAETCS HAa HIXKHHMM BBOJ IbUICYJIOBUTEINS MEPBOM CTyIleHU 1.
Takum oOpa3zoM, oOecrnieumBaeTcs Iofa4a B BEPXHUM W HIDKHUH BBOJIBI
NBLICYJIOBUTEINS | MOTOKOB C pa3HbIM colepkaHueM neud [54, 57, 109, 126, 128].

Ha Bcex maTpyOkax mpeaycMOTpeHa yCTaHOBKa IIHUOEPOB ISl OCYIIECTBICHUS
PETyJIMPOBKU MBUIEBO3AYIIHBIX IOTOKOB C LEJIbIO JOCTHXKEHUS 3(PPEeKTUBHON
pabOThI CUCTEMBI.

Kak mnokazano Ha pucynke 3.1 u 3.2, 0Opu KOMIIOHOBKE CHUCTEMBI
o0OecnbUIMBaHUs BHIOPOCOB MO MEPBOMY BAPUAHTY MpEIonaraeTcs 00beIMHEHHAS
nojiaya B anmapart 4 MOTOKOB IbUIEBO3YIIHON CMeCH, OTCachlBaeMOW U3 OyHKEPOB
IBUICYJIOBUTEI BTOPOM CTyneHU 2 U AomnonHuTenbHoro ammapata B3I1 3 [54, 57,
109, 126, 128]. [Ipu KOMIIOHOBKH yCTAaHOBKH MbLUICOYHCTKU 10 BTOPOMY BapHaHTY
PELMPKYISIIIMOHHBIM MOTOK M3 OyHKepa ammapaTa 2 MOAAeTCs Ha BEPXHHUM BXO
anmnaparta 4, peHUpKYISIMOHHBIA MOTOK U3 OyHKEpa ammapara - Ha HYDKHHI BXOJ
YETBEPTOTro nbuieynoBuTens [54, 57, 128].

[Ipennaraemsbie pelieHus MO3BOJISIOT:
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- BCIIEJICTBHE OpraHM3allMd OTcOoca U3 OyHKEpPHOM 30HBI TOBBICUTH
3¢ (PEeKTUBHOCTH anmapara BTOPOW CTYIEHU, YTO MPUBEAET K MOBBIIICHUIO CTETICHU
OUHCTKH BCEH CHUCTEMBI B 1iesioM [54, 57, 128];

- BCICACTBME OpraHM3alid oOTcoca U3 OYHKEpHOW 30HBI CHU3UTH
a’pPOJIMHAMUYECKOE COMPOTUBIIEHUE BTOPOTO MBLICYIOBUTENS, YTO MPEAOTBPATUT
3HAYNUTEILHOE BO3pAaCTaHUE IMOTEPh JABJIEHUS BO BCEH CHCTEME, OOYCIIOBIEHHOE
YCTaHOBKOM JIOTIOJIHUTEILHOTO 00opyaoBanus [54, 57, 128];

- BCJIEICTBHE NOJAYM HA BEPXHUU W HWKHUM BXOJbI NIBUICYJIOBUTEIICH ITEPBOU
U BTOPOM CTYIIEHH IIBUICBO3AYLIHBIX IIOTOKOB C PAa3HOM KOHIIEHTpalWen
o0OecneunTh MOBBINIEHUE €r0 3()(PEKTUBHOCTH, YTO, B CBOIO OUYEPEllb, MPUBEIET K
BO3pacTaHuIO 3P(HEKTUBHOCTH CUCTEMBI B 1I€JIOM U, COOTBETCTBEHHO, K OOJIbILIEMY

CHUKEHUIO MPOCKOKA MbLIK B atMochepy [54, 57, 128].

3.2 TeopeTnyeckasi oieHKa 3(P(PeKTUBHOCTH NpeAJIaraeMbIX CHCTEM sl
CHHKEHUS BHIOPOCOB NbLIU B TOPOJACKYI0 BO3IYIIHYIO Cpeay

NPHU NPOU3BOACTBE ra300eTOHA

Hns TEOPETUYECKOU OLICHKH s HexTUBHOCTH MPEIJI0KEHHOU
00eCIBITUBAIOIIEH YCTAHOBKH, CKOMIIOHOBAHHOM 1O TIEPBOMY BapHaHTYy (PUCYHOK
3.1), no ananoruu ¢ [46, 94, 95, 97, 98, 127] cocTaBUM pacUeTHYIO CXEMY CHCTEMbI
(pucynox 3), B COOTBETCTBHMM C KOTOPOW COCTaBUM CHCTEMBbI OalaHCOBBIX
ypaBHCHHMI TIBIJICBBIX U BO3AYIIHBIX MOTOKOB [126, 128].

Cuctema 0amaHCOBBIX YPaBHEHUH BO3IYIIHBIX MOTOKOB MMeeT Bu [126, 128]

Loy + Ly = Lgxz + Lyy;
L]133x2 + LI;XZ = LBbIX + LOTCZ;
LBX3 = LI;XZ + LOTC3;

L4 = LOTCZ + LOTC3'

(3.1)
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G

BbIx 1, LBBIX1 LBbIX,

GBbIX

B B
L ox2 G Bx2

/ S |—an2
- .
Jf G ex2

LOT’:3

£ Gores

2
Lexs Gexs
Gym
- \
-

PI/ICYHOK 3.3 — PacueTHas cxema CUCTEMBbI IBIIICOYUCTKH, CKOMIIOHOBAHHOM

10 IEPBOMY BapUAHTY

Cucrema 0ajJaHCOBBIX YpaBHEHHUH MBIICBBIX MOTOKOB [126, 128]

f

[Ipu sTOoM

JLo+ L,

GO + G4- = GBbIXl + Gyjll;
GBbIXl =& (GO + G4);

LB
B _ 2 G \
BX2 LO +L4 BbIXx1
L
> GBbIXl = GZZ + G34; (32)

1l33x2 + GI?XZ = GBLIX + GOTCZ;

113{x2 = &3 GBX3;

GBbIX =& (GBBXZ + GJI;XZ )
GBX4 = GBI)IX4 + Gyﬂ4;
Goxa = Gorez T Goress

GBI)IX4 =& GBX4-

& = &(Lo; Ly/Lo; G4/Go);

|—3T’3.2 3

Gorez
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& = SZ(LIEXZ/L%XZ; LOTCZ; ]I;XZ/G]];XZ ;
&3 = & L3/ Lixz; Lore3);

€4 = €4(L5xa/L3x4 ).

Takum xe 00pa3oM MOCTYNUM Jisl BTOPOTO BapHUaHTa KOMIIOHOBKH YCTAaHOBKH
obecnbuiBaHuA. B 3TOM ciydae pacueTHas cxema CUCTEMbl OyJIeT UMETh BU],

MPECTABICHHBIN HA pUCYHKE 3.4.

GBhlxl, LB"'xl LB]:IX.,
Gex

YY

-

Y
Ql=
m w @
B [
N

Lorcz,

Gorcz

L) <
~/ Lo'rcs
Gores

PucyHok 3.4 — PacueTHas cxema CUCTEMBI TbUIEOYUCTKH, CKOMIIOHOBAHHOM

110 BTOPOMY BapuaHTy

Cucrempl OaJaHCOBBIX YPaBHEHMM BO3AYNIHBIX U TMBUICBBIX MOTOKOB IS
CHUCTEMBbl MBLICOYUCTKH, CKOMIIOHOBAaHHOW IO BTOPOMY BapuaHTy Takke OYyIyT
umeth Bua (3.1) m (3.2). OpHako B 3TOM ciydae IS MPOCKOKA YE€TBEPTOIO

ammapara CrpaBe/IJINBO BBIPAKEHUE

&4 = 84(LOTC2/LOTC3; GOTCZ/GOTC3)
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[Tomyuennasi cucrema, BOOOIIE TOBOpsI, SBISETCS HEMWHEHHOW cuctemon 16
ypaBHEeHHMI ¢ 16 Hen3BecTHBIMU. HelMHEHHBIMU 3JICMEHTAMH B CHCTEME SIBIISTIOTCS
(GYHKIMH TPOCKOKa & . OTW (QYHKIHMH 3aBHCAT OT: pacxoja BO3IyXa,
MOCTYMAOIIEr0 HA OYKHCTKY B ammapart L; ; cooTHomenus: pacxomos L;/L;, L7 /L;,
L3¢+ i/ Lo; KOHIIGHTpAIMHU C; HAa BXOJIE B I-bIii ammapar.

Bocmonb3yemcsi  pe3yiabTaTaMd  SKCIICPUMEHTAIBHBIX  MCCIICOBAHUN  psijia
aBTOPOB [2, 46, 94, 95] u npeactaBuM GYHKIHIO IPOCKOKA & B Buae [126]

& = &0 + a1(Li — Lio)* + @3 (Liwun = Limunco) +a3(Liorci — Liorco)® +

+ ay(c; — €10)%,(3.3)

Takum 06pa30M, MNCPCIIMIICM KOHCTAHTBI MU IIApaMCTPbl B CIICAYIOIICM BHIC

[126]

4

& =&, t+ Z a;(x; — x5)*  (3.4)

i=1

rae muaekesl 1 = 1, 2, 3, 4 cOOTBETCTBEHHO 0003HAYAIOT OOLIUH PACXO[, IOJIIO
pacxojia, MOCTYMAIOIIETO B HWYKHUN BXO/I, TOJIIO PacXo/ia, MOCTYIAIOIIET0 B OTCOC,
KOHIeHTparuio [126].

O06o3naunm ammapatsl B3I1 B cxeme (pucyHok 3.1-3.4) unnexcamu | =1+4, rue:
] = 1 coorBerctByer ocHoBHOMY ammapaty B3Il mepBoit crymenw; j = 2
COOTBETCTBYET OCHOBHOMY ammnapaty B3I1 BTopoii crynenu; | = 3 COOTBETCTBYET
BCIIOMOTaTEJIbHOMY almnapary Ha HKHEM BBOJE B ocHOBHOM anmnapat B3II Bropoii
CTYIIEHH; | =4 COOTBETCTBYET BCIIOMOTATCIIbHOMY aIapary Jjisl OYUCTKH BO3IyXa,
oTcachiBaeMero u3 OyHkepoB ammapatoB 2 W 3 (OYMIEHHBIC Ta3bl MOCIE HETO
BO3BpAIIAOTCS Ha BXOJ anmapara 1) [126].

[TycTh MHIEKCHI, XapaKTEPU3YIONIUE TSl KaKIOTO arapaTa BXOJ WM BBIXO],
umeror Bud: K = 1 — Bepxuumii Bxom; K = 2 - mmwkuuii Bxoa; K = 3 - orcoc; k = 4 —
ynaBiuBanue; K = 5 — Beixon [126].

PaszienuM Bce ypaBHeHus cuctemsl (3.2) Ha Go u npuMeM o6o3Hauenus: G, =

Gy/Go; Goux1 = Guuxa/Go; Gy = G4/Gy; ngz = G2/ Go ; Gy = Gp3/Gy;
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G_34— = G34/GO; _];IXZ = JI;XZ/GO; G_BbIX = GBbIX/GO; G—OTCZ = GOTCZ/GO; G_BX4 =

GBX4/G0; GBbIX4- = GBbe4/GO; G_yml- = GyJI4/GO; G_OTC3 = GOTC3/GO [126]

Torma monyuaem [126]

( 1+ 54 = G_Bblxl + Gynl;
Gppx1 = 81(1 + 64);
B
— 2 —
G; = G ;
2 LO + L4 BbIX1
L, - _ _
LO + L4 GBLIXI = G22 + 034; (35)

1133X2 + le;xz = GBbIX + GOTCZ;
ngz = &3 GBX3;
GBbIX =& (ngz + ngz )
GBX4— = GBbIX4— + GYJI4-;

GBX4— = GOTCZ + GOTC3;

k GBI)IX4 = 84 GBX4'

Tenepr BOCMONB3yeMCs TPUBEACHHBIMH BBITIIE 0003HAYCHUSAMU JIUIS OTIMCAHUS
9TON CUCTEMBI.

JInst  yHHBEPCAJIBHOCTH  MpEIaraéMoro  IMOAXoJa PacuyeTHOHW  OIEHKH
(¢ (PEKTUBHOCTH TpeJIaraéMbplX TEXHUYECKUX PEIICHUNH CUCTEMATHU3HPYEM BCE
ypaBHEHHMS 10 TpeM rpymmnam [126]:

[ rpynma - ypaBHeHus: Hepa3pbiBHOCTH [126]

Yir ¥ Y2 = Vi3 + Yja 151.2,3,4; (3.6)
Il rpymnmna — ypaBHeHus 3¢ GeKTUBHOCTH (TTpocKoka) [126]
Via = &(ya + ¥i2), 171,234 (3.7)
Il rpynma — ypaBHEHHS, XapaKTEPU3YIOIMHE OCOOEHHOCTH KOMITOHOBKH

cucteMsl [126]

yiu = 1

Y12 = Yaa,

Vo1 = K12Y14;

Y31 + Y32 = (1 — ki2)Y1a; (3.8)
Viz = k33(¥31 + ¥32);
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Y22 = Y34,
Yag = Y23 + V33;

Vaz = kaa(V23 + ¥33).
OTHOCUTEBHO YVji (i1=1+4, j=1-+4)sra cucrema sBIACTCSA HEIMHEHHOM, T.K.

(1)YHKHI/II/I €j 3aBUCUT OT KOHIOCHTPAIWH IIbIUIN U COOTBETCTBCHHO OT BCIIMYNH yll "

YVj2-

JIiis perreHus moaydeHHONH CHCTEMBI COCTaBUM BCIIOMOTaTeIbHYIO Tabmuiy 3.1
¢ K03 UIMEHTaMH ypaBHEHHUH, C IMOMOIIBIO KOTOPOH COCTABUM KBaJApaTHYIO S-
Mmatpuily 16x16 (pucyHok 3.5) [126].

O6o3naunM Kak BekTop Y BEKTOP XapaKTEPUCTHK IBLICYIOBHTEI,

pasmepHoctu 16 [126].

V11
3’12\
V13
V14
Y21
V22
Y23
V24
V31
V32
Y33
V34
Va1
Va2

Va3 /
YVaq4

O0603HaYMM Kak BEKTOp B - BEKTOp UCXOJHBIX JAHHBIX, KOTOPbIA COCTABIIEH U3

CBOOOJTHBIX YWICHOB CUCTEMBI YpaBHEHUH pasMepHocTh 16 [126].
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1 2 3 4 5
Y11 Y12 —V13 —V14 0
0 0 0 0 Voq
0 0 0 0 0
0 0 0 0 0
—&Y11 —&1Y12 0 Y14 0
0 0 0 0 —&5V91
0 0 0 0 0
0 0 0 0 0
Vi1 0 0 0 0
0 Vi 0 0 0
0 0 0 —K12Y14 Y21
0 0 0 —(1 = kq13)y14 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
[Tponomxenue Tabnuuml 3.1
6 / 8 10 11
6 / 8 0 0
0 0 0 0 0
Y22 —Y23 Y24 Y32 —Y33
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
—&2Y22 0 Y24 —&Y¥3 —&3Y32 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 Y32 0
0 0 0 —K33Y31 (1 — k33)ya; 0
0 0 0 0 0
Y22 0 0 0 —Y33
0 —Y23 0 0 —K44Y33
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Pucynok 3.5 - S-matpuna
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Torma cucteMy ypaBHEHHI MOKHO 3aIMCaTh B CIICIYIOIIEM BHJIC
SY =B

Ecnu omnpenenurtens matpuiel He paBeH «HyTo»(||S|| # 0), To Bektop Y

HaXOJHUTCS OJTHO3HAYHO CIICTYIOIUM 00pa3om
Y =BS7 1,
rae S~1- marpuna, o6patHas matpuie S.

BenmnuuHbl MOMYyYEHHBIX SKCIEPUMEHTATBHO KOADOUIMEHTOB K15, K33, K 44
3aBHCSIT OT COOTHOIIICHUS PAaCcX0J/I0B U BEIOMPAIOTCS U3 TPEOOBAHU ONTUMAIIBHOCTH
JUTSI TIBUTK B TIPOM3BOJICTBE razobeTona. [Ipu atom kq,, = 0,7; k33, = kyy = 0,28.

[leperumem cucreMy B BUAC, YAOOHOM [UIsi €€ pEIICHHS METOJIOM
MOCJIC0OBATEIBHBIX MPUOIMKCHHH

SY=B -Y=BS"1 (3.9)

Biok-cxeMa pereHus 3Toi 3a1aun npuBecHa Ha puc.3.6 [126].

[lepBoHawambHO BBIOMpaeM  3HaueHUs Gy, Lo, K13, k33, ke . 3aTeM 3amaem
3HAYEHHE & U3 PACcYeTa, YTO BXOJHAsS KOHUEHTPALMsA B anmapar Cj; = Co M Cjp =
Co. 3atem ctpomm Matpumy S. Haxoamm oGpaThHyro matpuiy S~ 1. Berumcisem

BekTop Y . U3 ypaBHeHms HaxoauM 3(PGEKTUBHOCTh BCEH CHCTEMBI Kak

Y24
Y11
Jliis Bcex j = 1 + 4 BerunciisieM 3HaucHus [126]
g = _Yis
Yi1 t YVj2

Ecau u1st Beex j BBINIOIHAETCS YCIIOBUE
|€jsion — Ejcrap| < 0,001, (3.10)
TO pellleHre HailieHo, 1 3((EKTUBHOCTh CUCTEMBI € onpeneieHa. Eciu ycnoBue He
BBITIOJIHAETCS, TO BBIYUCIISIEM HOBBIE 3HAUYEHHMsS Y;, NEPEXOJAMM BBEpX U CHOBA
IPOBOJUM BBIYMCIIEHHUS, IO TE€X TOp, MoKa yciaoBue (3.9) He Oy1eT BBINOIHATHCS.
JUig CXOAMMOCTH pELICHUs Ba)KEH BHIOOP NEPBOrO MNPUOIMKEHUS, TO €CTh

Habop &;, rae j = 1-4. B kauecTBe mepBOro NpuOIMKEH s BRIOMPaeM JUIsl BCEX | =
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COop HaYaIBbHBIX UCXOAHBIX JAHHBIX
Go, Lo, k12, k33, ka4, 81,62, 83,84

g

3azaeM 3HaYCHUS & U3 pacyera

gj:€1

4

| CrpouMm matpuiy S

1}

Haxoxum obpatHyio Matpuiy S~ 1

il

Breruuciisiem Bexktop Y

4

Haxonum 3¢ dexTuBHOCTD Beeit

|

y
CUCTEMBI ===

Y11

Beruucnsem & =

L

IIpoBepsiem |£jHOB — ngTapl < 0,001

- T

YVija
Yi1tYj2

[IpuaUMaem
4 Pemenne HaineHo
Via

Ej =
Vi1 + Vi2

Pucynok 3.6 - Briiok-cxema pemrenus 3agaun [126]
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Takum 00pa3om, MOJYYCHHOE 3HAUCHHE £ CHCTEMBI MO3BOJISCT MPH 3aJaHHBIX
COOTHOIIIEHUSIX pPAacXxoja BHYTPH CHCTEMbI paccyuTath 3(PPEeKTHBHOCTh BCei
cucteMbl. IIpu 3TOM BeJIMYMHA & CYIIECTBEHHO 3aBUCHUT OT pacxoxa Lg ,
COOTHOIICHHMSI pacxoioB Ly/Lg :
COOTHOIIEHUS KOHIEHTpAauid C,/Ccy , pasmepa dg, Ha BXOJAE B MEPBBIH
nbLICYI0BHTED [126].

AHanoru4Ho Sj 3daBUCUT OT IIApaMCTPOB Ha BXOJAC B 3TOT IBbUICYJIOBHUTCIIb U

BEJIMYUHBI OTCOCA U3 MbLICYIOBUTENEH (3TO OTHOCUTCS K 3 U 4 MBUICYJIOBUTEIIO).

3.3 BbIBOIBI 11O TPeTheEii IJ1aBe

1. Jns coxpalleHus MbUICNIOCTYIUIGHUH B aTMOC(EpHBIM BO3AYX IpH
MPOU3BOJACTBE Ta300€TOHA W Ta300€TOHHBIX CTPOUTENbHBIX KOHCTPYKUHN
pa3zpaboTaHbl [Ba BapHaHTa CXEM KOMIIOHOBKM YCTaHOBOK OOECIBUIMBAHUS C
anmapatamu B3I, opranmzamueit orcoca u3 OyHKEPOB TMbUICYJIOBUTENCH U
YCTaHOBKOM JOTOJTHUTEIBHOTO MbLICYJIABIMBAIOLLETO anmnapara Ha
PELUPKYJIALMOHHOM BO3/IyXOBOJE.

2. TlonyuyeHbl OalaHCOBbIE YPAaBHEHHMSI IJI1 PACUETHOM OLEHKH d(PPEeKTUBHOCTU
MPEJIOKEHHBIX YCTAHOBOK OYMCTKH MbLUIEBBIX BEIOPOCOB.

3. Jlns yHHBEPCATBHOCTH pAaCYETHOW OLIEHKM CTENEHW CHUKEHUS MbLIEBBIX
BBIOPOCOB B FOPOJICKYIO BO3AYUIHYIO CpEIy MPHU UCIOIb30BAHUN PA3IMYHBIX CXEM
KOMIIOHOBKM  yYCTaHOBOK  OOECTBUIMBAHMS  NpPEJIOKEHa  CHUCTeMaTH3allusl
0alaHCOBBIX YPaBHEHUH.

4. Pa3paborana  OJOK-cXeMa  pacyeTHOM  OHEHKH  APPEKTUBHOCTH

MPCIJIOKCHHBIX YCTAHOBOK OYUCTKU IMBIJICBBIX BbI6pOCOB.
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I''TABA 4 DOKCIIEPUMEHTAJIBHAS OHEHKA 39OPEKTUBHOCTHU
NPEJJIOKEHHBIX PEHIEHUA IO CHUXKEHUIO NBLUIEBBIX
BbIBPOCOB B I'OPOACKYIO BO3AYIHIHYIO CPELY ITPH
IMTPOU3BOJACTBE 'A3SOBETOHA

4.1 DKcnepuMeHTAJIbHAS YCTAHOBKA

U METOJIMKA MPOBeAeHUsI MCCIeI0BAHUI

Jlns mpoBeieHUsT B 3KCHEPUMEHTAIBHBIX HCCIEIOBAHUN MO OLIEHKE MPOCKOKa
IBUIA U YHEPro3arpaT Ha MPOBEACHUE NMPOLECCa OYUCTKHU MbLIEBBIX BHIOPOCOB IJIS
OPEUIOKEHHBIX ~ BAapUAaHTOB  KOMIIOHOBKM  CHUCTEM  TBUICOYUCTKH  ObUIM
CMOHTHPOBAaHbI YCTAaHOBKH, CXEMbI KOTOPBIX IMOKa3aHbl HA pUCyHKax 4.1 n 4.2.

OCHOBHBIMM 3JIEMEHTaMH YCTaHOBOK SIBIISIFOTCS: BHUXPEBBIE HMHEPLIUOHHBIC
ammaparbl €O BCTPEYHBIMHM 3aKpydyeHHbIMM IoTokamu B3Il mepBoit u BTOpOM
CTYNEHW, WMEKIIHEe JUaMeTp  LuIMHApUYeckoro  kopmyca 800  mm;
JONOJIHUTENbHBIE TpUIeysioBUTENM B3II ¢ BapbupyrommMmcs AUaMETPOM KOpIyca;
pyKkaBHbIM GUIBTP; BEHTHIATOPHL. [lbuieynaBnauBaromue anmnaparsl 1-4 cHaOXeHbI
nblIecOOpHUKamMu  5-8 s mpueMa yJIoBJIeHHOHW mbuid. COOTHOIIEHHE PacXoJ0B
NBUIEBO3YIIIHOW CMECH B BEPXHHUX U HUKHUX BXOJAaX BHMXPEBBIX MBUICYJIOBUTENIEH,
a TakXke J0Ji1 pacxojia, OTCACHIBAEMOro M3 OYHKEpOB MbUIEYJOBUTENEH 2 u 3,
perynupyiorcst mubepamu. s mpoBeaeHHS H3MEPEHUN adpOAMHAMMYECKUX
XapaKTEPUCTUK W OTOOpa MBUIEBBIX MPOO BO3IYXOBOALI CHAOKEHBI 3aMEpPHBIMU
HITYLEpaMU, TEePMETUYHOCTh KOTOPHIX OOecleurnBaliach 3aBUHUYMBAIOIIUMHUCS
KPBIIIKaMHU.

[Ipu npoBeieHnH SKCIEPUMEHTAIIBHBIX HCCIIEIOBAHUN 3aMepbl TPOBOIUIHUCH 110
MPUHITHIM METOIUKAM B COOTBETCTBHH ¢ [34-37, 46, 65]. Tlo BeanunHaM JaBiIeHUM,
U3MEpSEeMBIX B BO3AyXoBojgax npu noMomu  TpyOok Ilpanarna
muddepennmanbHpix UGpoBeiX MaHoMeTpoB JIMII-01/M, onpenensyiuch: oOIIMit

pacxoa BO3ayXa B YCTAHOBKE; COOTHOILICHUC PACXO10B MbIJIETa30BOM CMECH B
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BEPXHUX W HIDKHUX BXOJaX BHUXPEBBIX IBUICYJIOBUTENCH, a TaKXKe J0JIA pacxoa,
0TCacChIBAEMOI0 13 OYHKEPOB MbUICYJIOBUTEINICH 2 U 3 peryIupyroTcs Inodepamu.

[Ipu npoBeIeHUH SKCIIEPUMEHTATBHBIX UCCIIEI0BAaHUMN 3aMephl MPOBOIUIIUCH 110
MPUHITHIM METOAUKAM B COOTBETCTBHHM C [34-37, 46, 101], a Tak’ke B COOTBETCTBUU
¢ I'OCT 12.3.018-79 (¢ usmenenusimu 2001 r.) (CucTemMbl BEHTHIISIIIUOHHBIC.
MeTob1 a3pOoIMHAMUYECKUX UCTIBITAHUMN ).

CKOpOCTB IIOTOKA B BO3AYXOBOJaX YCTAHOBKHU

v = (4.1)
rae P, - JUHAMHYECKOE JIaBJIEHUE B BO31yX0BoAE, I1a;
K - KO3 (PUIIMEHT MHEBMOMETPUUYECKON TPYOKH;
p - IUIOTHOCTH BO3/yXa, KI/M°.

Pacxon Bo3yxa onpeesnsiics 1o BeIpaKeHUIO

Li = 3600UiFi MB/LI (42)

II€e v; - CKOPOCTh BO3JyXa B -TOM 3aMEPHOM CEUYEHHH, M/C;
F; - miomags MOMEPEYHOrO CEYEHHsT BO3AyXOBOAA B I-TOM 3aMEPHOM
CEeYeHuu, M>.

BennunHa TmpockOKa MBUIM IS KaXAOrO anmapara B OTAEJIBHOCTH
ONpENEsUIaCh Ha OCHOBE COMNOCTABJIEHHS IOCTYNAKOIIEN M BBIXOISIIEHM MAaccChl
IBLIM, OINpenesieMbIX MyTeM 0TOOpa MpoO0 U HU3MEpPEeHUN B 3aMEPHBIX CEUEHUSIX
BO3/1yXOBOJIOB

€ = GBbIX/GBX (43)
rae Gy, Gg,x - Macca IbUIM HAa BXOJE B IBUICYJIOBUTENb U HA BBIXOAE U3 HETO
COOTBETCTBEHHO.
¥ KOHTPOJHMPYEMBIX IO BECYy MbUIM B MbUIECOOPHUKAX MbLICyToBUTENEH. Benmnunna
IPOCKOKA I BCEW CHUCTEMBI B LIEJIOM ONPEAENSIACH IO AHAJIOTUM C KOHTPOJIEM IO
Macce MbUIY, YIOBJICHHOW B pyKaBHOM (PUIIbTpE.
B cBO10 04yepens macca MbLIM ONPEIEIUTCA

G =cL (4.4)
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r1e ¢ - KOHLEHTPALUS IIbLIU, MI/M,

W3mepeHusi 3albUICHHOCTH Ta30BOrO0 IMOTOKAa B 3aMEPHBIX  CEUCHHSIX
MPOU3BOJIWIIUCH C NOMOILBIO  KOMIUIEKTa MbUIEOTOOPHOTO 000pYIOBaHUs
koHcTpykimu HUMOI'A3. Ot6op mpoO oCylIeCTBIsUICS OJIHOBPEMEHHO BO BCEX
3aMEpHBIX CEUCHUSIX, UeM O0ecleurBaIach UJICHTUYHOCTh 0TOOpa Mpo0 B KaXIOM
U3 CEYCHHU pEeXHUMYy pabOThl CHUCTeMbl W MOCTyIUieHHs mblan [37]. B kauectBe
YCTPOMCTBA, CENapHUPYIOIIET0 M3 Tra30MNbUIEBOrO IMOTOKA MbUIb, HCIOIb30BAINCH
oymaxusle (uiabTpel ADA, ycTaHAaBIMBaeMble B CHEIHAILHOM TATPOHE —
ajutonke. B3BemmBanue 4UCTBIX OyMaxHBIX GUIBTPOoB ADA OCYIIECTBISIIOCH
MOCJI€ BBIJICPKUBAHUSA B HDKCHUKATOPE JI0 TMOCTOSIHHOM Macchl (0 paBHOBECHOM
BJIaXXHOCTH). byMakHbie (GUIBTPBHI TEpe]] HUCIOJIb30BAHUEM BBICYIIMBAINCH B
cymiasHOM 1mkady npu temmneparype 80°C B teuenune 20-30 MuH., MOCIE YEro
BBIJICPKUBAJIMCH B TEUEHUE CYTOK Ha Bo3ayxe. Jlajiee mpou3BOaUI0OCH KOHTPOJIBHOE
BTOpUYHOE B3BemMBaHue rmaketa QuibTpoB ADA. I[lapamiensHo ¢ 3TUM
MPOBOAWIOCH B3BEIIMBAHUE KOHTPOJIbHOrO makera ¢uiabTpoB (10 miT.). Ilocne
MpoBeJieHUusI 0TOOpa Mpo0 Ha 3ambUICHHOCTh (DWJIBTPHI CHOBA BBIJICPKUBAIUCH B
BECOBOM KOMHAaT€ B TEUEHHE CYTOK, U 3aT€M B3BEIIMBAIUCH C OJIHOBPEMEHHBIM
B3BEILIMBAHUEM KOHTPOJLHOIO MakeTa PUuibTPOB.

DKCIIepUMEHTAJIbHBIE UCCIEAOBaHUS MNPOBOJIUIMCH B ABa 3Tamna. Ha mepBom
stane (IpeABapUTEIbHbIN 3KCIIEPUMEHT) ONPEAEISUIOCh COOTHOIICHUE TUAMETPOB
OCHOBHBIX u JOTIOJTHUTEIIBbHBIX MBUICYJIOBUTEIICH

D, npu KOTOpoM 00ecreurnBaeTCsl HAMMEHBIINI MPOCKOK MbUTH
D = D3/D; = D3/D, = Dy/Dy = D,/D,
rne D,,D,,D;, D, - nuaMmeTrp cenapauMOHHOM KaMepbl II€pBOro, BTOPOTIO,
TPETHETO 151 YETBEPTOIO MbUICYJIOBUTEIIEH
COOTBETCTBEHHO, MM.
3
[Tpu sTOM pacxon Bo3ayxa Obul IpUHAT paBHbIM 7200 M°/4, 4TO COOTBETCTBYET

CKOpPOCTH B IONEPEYHOM CEUYEHHUH aNmaparoB MEPBOM U BTOPOU CTYNEHU, paBHOU 4

Mm/c.
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Ha BTOpom »Tame (OCHOBHOM 3KCIIEPUMEHT) SKCHEPUMEHTAIbHON OIEHKU

3¢ (PEKTUBHOCTH TIPEITIOKEHHBIX CHCTEM B KaueCTBE Ompenemstomux GhakTopos [18,

22, 43] 6puty ipuHATH [117]

L, - pacxoj BO31yXa, MOCTYMAIOUIEro B CHCTEMY Ha OYMCTKY, OTHECEHHBIH K
1000 m3/y;
Loc, - nmoms  (OT TOCTYNAwIIEro Ha OYMCTKY B CHUCTEMY) Ppacxoja,

oTcachiBaeMoro u3 OyHkepa amnmnapara 2;
Lorc3 - nmomd (OT TMOCTyHAmoIIEro Ha OYUCTKY B CHCTEMY) pacxoja,

oTcachbiBaeMoro u3 OyHkepa amnmnapara 3.

LOTCZ = LOTCZ/LO' LOTC3 = LOTC3/L0
i€ Lyreo, Lores - PAacxod BO3[yXa, OTCAChIBAEMOro M3 OyHKepa BTOPOTO H
TPETHETO TIBLICYIOBUTENS COOTBETCTBEHHO, M>/4;
Lo - pacxoj BO3yXa, MOCTYIAONIErO Ha OYMCTKY, M>/4.
B kauecTtBe (QyHKUMM OTKJIMKA TPUHATHI MPOCKOK MbUIM U KOIP(ULHUEHT
a’pOJMHAMUYECKOTO CONPOTUBIIEHUSA. B COOTBETCTBHUN € ONpENEICHUEM BEIUYMHA

IIPOCKOKA MBUIM B aTMOC(EPY COCTABIISAET

CouxL
b = T (45)

KoadduirieHT MecTHOr0 COMPOTUBIICHUS OTIPEACIISIETCS. KaK OTHOIIIEHUE OOIINX
MOTEPh JABJIEHUS BCEW CHUCTEMBI K JIMHAMHYECKOMY JABJICHUIO, BBIYMCICHHOMY,
UCXOsl W3 3HAYECHUS OCPEIHEHHOM IO Pacxoay CKOPOCTH Ta30BOIO IIOTOKA B
CEUCHMU CEMapallMOHHON KaMephl OJTHOTO U3 OCHOBHBIX NbuieyoBuTene B3I

I BbIX I BX
(CI/ICT = 2 T%p (46)
rae Py, P - TIOJIHOE JABJICHUE BO BXOJHOM U B BBIXOJHOM CEUYECHUAX
YCTaHOBKH IBUJIEOYUCTKU COOTBETCTBEHHO, [a;

vcp - CpeaHAasd 110 pacxXody CKOPOCThH IbUICTa30BOI'0 IMOTOKA B CCUCHUU

cernapaloHHON KaMephl 0CHOBHOTO mbuieynoButens B311, m/c.

Omnpenenstomye (HakTopbl ObUTA TPUBEIEHBI K BUAY
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LOTCZ - LOTCZO LOTC3 - LOTC30 Z0 - ZOO (47)
X, = = ;o Xy = = ; X3 = ———
ALOTCZ ALOTC3 ALO
WcxonHble maHHBIC JUISl TUIAHUPOBAHUS SKCIEPUMEHTA NPHUBEICHBI B TaOJIHIIE
4.1.
Ta6muma 4.1 - Wcxonupie qaHAbBIC TS IHIAHUPOBAHUS YKCIIEPUMEHTA
YcnoBus O6o3HayeHue DakTOopHI
OTIbITa X1 ‘ X2 ‘ X3
KoMImoHoBKa cHCTEMBI TTO IEPBOMY BapHaHTY
HyneBoii ypoBeHb Xi, 0,20 0,10 7,2
HNuTepBan BappupoBaHUs Ax; 0,05 0,05 1,8
Bepxuuii ypoBeHs x;; =+ 1 Xig 0,25 | 0,05 9,0
Hwoxuuit ypoBenb x;,, = -1 Xy 0,15 0,15 5,4
KoMIToHOBKa CHCTEMBI IO BTOPOMY BapHUaHTY

HyneBoii ypoBeHb Xi, 0,15 | 0,10 7,2
HNuTepBan BappupOBaHUs Ax; 0,05 0,05 1,8
Bepxuuii ypoBeHs x;; =+ 1 Xig 0,20 | 0,05 9,0
Hwoxnuii ypoBenb x;, = - 1 Xy 0,10 0,15 5,4
OO6mmii BUA Yy = by + bixqy + byxy, + b3x; + biyxix, +
YPABHEHHUSA PETPECCUU + by3Xy X3 + byzXoXz + byyx{ + bypxi + bszxd

[Inan oSkcnepumeHTa — MarTpuua IUIAHUPOBAHUS, COOTBETCTBYIOIIAS
LHEHTPAJIbHOMY KOMITIO3ULIMOHHOMY POTOTa0EIbHOMY IJIaHy, UMEET B OCHOBE IUIaH
NONHOro (PpaKTOPHOTO DSKcIepuMeHTa 23 (AZpo MaTpuibl IUIAHUPOBAHMS) H
JIOTIOJIHAETCSL OIpPENEICHHBIMU TOUYKaMHU (DAKTOPHOTO MPOCTPAHCTBA — 3BE3AHBIMU

TOYKAMU M OMbITAMH B IIEHTpe IiaHa. [[ns paccMarpuBaeMoro ciydas n = 2

8,

3BE3HOE IUIEUO paBHO ¢ = * 1,682, KOJIMYECTBO OMBITOB SA/Ipa MATPHUILIbI 23
YHUCJIO 3BE3IHBIX ToueK N, = 6, uncino HyJeBblXx Touek Ny = 6. CinenoBaTeibHO,
MaTpulia poToTabeIbHOTO TIJIaHa BTOPOTO MOpsiiKa cOCTOUT M3 20 onbITOB (Tabiuiia
4.2) [18, 22, 43].

Marematnyeckass 00paOOTKa SKCHEPUMEHTANBHBIX JI@HHBIX MPOBOAMUIIACH IIO
COOTBETCTBYHOIIEMY anroputmy [18, 22, 43]:

- PacCUUTHIBAINCH KO (UIIMEHTH ypaBHEHUS PETPECCUM;
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Tabmuma 4.2 - [1nan sxcnepuMenTa
Howmep Xo [Tnan B3anmoneiicteue KBanpatuuneie
OIIbITA (baKTOpOB YJICHBI

X4 Xy X3 | XXy | Xyx3 | Xpx3 | x? x2 x2
1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
2 +1 -1 +1 +1 -1 +1 -1 +1 +1 +1
3 +1 +1 -1 +1 -1 -1 +1 +1 +1 +1
4 +1 -1 -1 +1 +1 -1 -1 +1 +1 +1
5 +1 +1 +1 -1 +1 +1 +1 +1 +1 +1
6 +1 -1 +1 -1 -1 +1 -1 +1 +1 +1
7 +1 +1 -1 -1 -1 -1 +1 +1 +1 +1
8 +1 -1 -1 -1 +1 -1 -1 +1 +1 +1
9 +1 +1,682 0 0 0 0 0 2,829 0 0
10 +1 -1,682 0 0 0 0 0 2,829 0 0
11 +1 0 +1,682 0 0 0 0 0 2,829 0
12 +1 0 -1,682 0 0 0 0 0 2,829 0
13 +1 0 0 +1,682 0 0 0 0 0 2,829
14 +1 0 0 -1,682 0 0 0 0 0 2,829
15 +1 0 0 0 0 0 0 0 0 0
16 +1 0 0 0 0 0 0 0 0 0
17 +1 0 0 0 0 0 0 0 0 0
18 +1 0 0 0 0 0 0 0 0 0
19 +1 0 0 0 0 0 0 0 0 0
20 +1 0 0 0 0 0 0 0 0 0

- paCCUUThIBAJIaCh JUCIICPCHUA BOCIIPOU3BOAMMOCTH I10 PE3yJibTaTaM 6 OIIBITOB B

IIEHTPE TUTaHa;

- MpoBepsIach 3HAYUMOCTh KOA(D(PHUIIMEHTOB YpaBHEHUM PErpeccuu, sl ITOrO

PACCUUTHIBAIUCH JUCTIEPCUU KOI(P(ULIHMEHTOB PErpecCHM M 3HAYEHUS KpPUTEPHUS

CTplOZICHTA;

- MMPOBOJUJIACH MTPOBEPKA aJICKBATHOCTH ypaBHEHUS perpeccur. C 3TOU LEIbIO:

II0 yYpPaBHCHUIO PCTPECCHMH BbIYUCIIAINCHE 3HAYCHUA BbBIXOJHOI'O IIapaMeTpa;

onpcaciiaiiacb OCTaTO4YHasA PErpeCCHUsiA, BBIYHUCIIAIACH AUCIICPCHUA aACKBATHOCTH H

YHCJIO €€ CTeNeHeH CBO60)1BI; pacCUUThIBAIOCh 3HAYCHHC

ONPEIEISIIOCH €T TAOJIMYHOE 3HAYEHHUE; TIPOBEPSIIOCH yenoBue K, < Fi.

kpurepuss duiiepa u
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4.2 Pe3yJabTaThl IPeIBAPUTEILHOI0 IKCIIEPUMEHTA

PGSYJ'IBTaTLI NPpCABAPUTCIIBHOTO  OKCIICPUMCHTA C HOCJIIBIO  OIIPCACICHUA

COOTHOILIEHHS IUaMETPOB OCHOBHBIX U JIOIIOJIHUTEIBHBIX IbLICYJIOBUTENEN D, 11pu
KOTOpOM oOecreynBaeTcs HaMMEHbBIIINN MPOCKOK IMbUIH, IPUBEACHBI B Tabmuie 4.3

U Ha pucyHke 4.2, 4.3.

Tabmuua 4.3 - Pe3ynbTaTel Ipe1BapUTENBHOTO SKCIIEPUMEHTA
CooTHomeHne [wnameTtp CxopocTb [Torepn [Ipockok
JTMaMETPOB JOTOJTHUTENb- MOTOKa JABJICHUS MBI,
OCHOBHOI'O U HOTO B JIOMIOJI- B JIONOJI- Ecucr
JOTIOJTHUTEIBHOTO IIBLUICYJIO- HUTEJILHOM HUTEJILHOM
NBUICYJIOBUTEIIS BUTEIIS, MM MbLUICYJO- IBLIEYJIO-
D BHTEJIE, M/C surene, [1a
0,4 320 7,4 3387 0,025
0,5 400 4,8 1034 0,026
0,6 480 3,3 516 0,032
0,7 560 2,4 349 0,035
0,8 640 1,8 259 0,046
0,9 720 1,5 186 0,06
SCI’ICT
0,04
0,02
0,2 0,4 0,6 0,8 6

Pucynok 4.3 — 3aBUCMMOCTb BEJTMYHUHBI MPOCKOKA MBUIM OT COOTHOIIICHUS

ANaMCTPOB AOIMOJIHUTCIBHOTO 1 OCHOBHOI'O HBIHCYHOBHTGHGIZ
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AP,xIla

0,8

0,4

0,4 0,6 0,8 D

PI/ICYHOK 4.4 — 3aBUCHUMOCTD IIOTCPb JABJICHUA B OOIIOJIHHUTCIIBHOM
NBUICYJIOBUTCIIC OT COOTHOIICHUA AUAMCETPOB JOIIOJIHHUTCIBHOI'O 1 OCHOBHOI'O

anmnapaToB

Ha pucynke 4.3 mpuBeneHa rpaduyeckas 3aBUCHMOCTb, XapaKTepHU3yrOIIas
U3MEHEHHUE MPOCKOKA NbUIM OT COOTHOIIEHHS AHAMETPOB JOMOJHUTEIBHOTO H
OCHOBHOro mbuieynoBurened. Ha pucynke 4.4 mokazaHa rpadudeckas
3aBUCHUMOCTh, XapakTepu3ylllas T[OTepU JaBJICHUS B  JOMOJHUTEIHLHOM
NbUICYJIOBUTEIIE MPU W3MEHEHHH COOTHOUIEHUS IHAMETPOB JOMOJHUTEIBHOIO H
OCHOBHOTO armaparoB. IlojgydeHHbIE JaHHBIE CBHJETEIBCTBYIOT O TOM, 4YTO
Ha¥MEHbIIAs BeJIUYMHA MPOCKOKA £, OOecreunBaeTcs npu 3HadeHusx D = 0,4-
0,5. Ilpu nocnenyroiieM yBeIUYEHUN THAMETPa JONOJHUTEIBHOTO MbUICYJIOBUTEIIS
CKOPOCTH TBIJICBO3/YIITHOTO MOTOKA B HEM CHUXKaeTcs (Tabnuiia 4.3), 9To TpUBOAUT
K BO3pPacCTaHUIO E.,epr » T.6. K CHIDKCHUIO S(PQGEKTUBHOCTH OOCSCIBIIMBAHMS
BbIOpocoB. Opnako mpu D < 0,5 pe3ko BO3pacTaeT ad’poJHMHAMHYECKOE
COTIPOTUBJICHUE JIOMOJIHUTEIHLHOTO ammapara, 4To BJeYeT 3a COOOW TOBBINICHUE
3aTpaT Ha TMPOBEJCHUE IMPOIECCOB MbUICOYUCTKHU. [lodTOMy I TIpOBEICHUS
OCHOBHOTO JKCIIEPUMEHTA IO OIICHKE CTETCHH CHIDKCHHS MBUICBBIX BHIOPOCOB B

atMocdepy  TPU  HWCIONB30BAHUU  TMPEUIOKEHHBIX  CHCTEM  JHaMETP
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JIOTIOJHUTENBHBIX TIbUICYJIOBUTENEH ObLT NpUHAT paBHbIM 400 MM n3 ycaoBus D =

0,5.

4.3 Pe3yabTaThl IKCIIEPUMEHTAIBHBIX HCCIe10BAHUI
0 OlleHKe CTeNeHH CHUKEeHHS NbLJIeBbIX BHIOPOCOB
B aTMOC(EepPHbIN BO3AYX

IPH KOMIIOHOBKE CUCTEMBI o0ecnbLIMBAHUA 110 MMEPBOMY BapHUaHTY

Pe3ynbraTel 3KCIEPUMEHTAJIBHBIX HCCICAOBAHMM I10 OLEHKE BEIUYHMHBI
IIPOCKOKA MBUIA I CUCTEMBI IBIJICOYUCTKHA, CKOMIIOHOBAHHOW II0 IIEPBOMY
BapHaHTY, MpUBEcHBI B Tabnuie 4.4 u Ha pucyHkax 4.5-4.13.

Ha pucynkax 4.5-4.7 noka3anbl rpaduueckue 3aBUCUMOCTH, XapaKTEPU3YIOIIHE
BEJIMUMHY MPOCKOKA MPH U3MEHEHHMH JOJM pacxoia, OTCAChIBAEMOro u3 OyHKepa
neuieysnoutenst B311 BTOpol CTynmeHHM NpW pa3HbIX 3HAYEHUAX JOJU PACXO/a,
oTcachlBaeMoOro M3 OyHKepa JOIMOJHUTENBHOIO ammapara 3, W pacxoja BO3AyXa,

IMogaBacMoro B CUCTCMY 00eCBUTUBAHHS.

8CHCT

0,06 /

0,04 N

0,1 0,15 0,20 0,25

0,02

Lorc2

PucyHok 4.5 — 3aBUCUMOCTb BEJIMYHMHBI POCKOKA OT pacxoja, 0TCAChIBAEMOTO
u3 OyHkepa neuieynosurens B3I Bropoii crynenu npu Lo, = 0,05 u npu:
1'E0=5,4;2'E0=7,2; 3'Z0=9,0.

* - DKCIIEPUMEHTAJIbHBIC 3HAUCHUS; __ - paCUETHBIEC JAHHBIE O BhIpaXkeHuto (4.9)



Tabomnuma 4.4 -

PCSYJII)TB.TBI BKCHCpHMCHTaﬂbHOﬁ OLICHKH ITPOCKOKA IbIJIN JTJIA

CHUCTEMBI, CKOMIIOHOBAaHHOM 110 IIEPBOMY BapUAHTY

3HaueHUsl ONPEACNAIOMMX (HaKTOPOB Benuuuna
JI0JI pacxoa, JI0JIS pacxo/ia, OTHOCUTEJIbHBIN POCKOKa,
OTCACBIBAEMOIO OTCACBIBAEMOI0 pacxon Ecuer
n3 OyHKepa n3 OyHKepa IBLICBO3TYIITHOM
OBUICYJTOBUTENSL | JOTOJTHUTEIHHOTO cMecH,
BTOPOM CTYTICHH, MBUICYJIOBUTEIIA, 110/1aBaeMoi
Lorc2 Lorcs B CUCTEMY,
L,
0,15 0,05 5,4 0,065
7,2 0,059
9,0 0,052
0,15 0,10 5,4 0,045
7,2 0,042
9,0 0,034
0,15 0,15 5,4 0,052
7,2 0,050
9,0 0,043
0,20 0,05 5,4 0,056
7,2 0,054
9,0 0,044
0,20 0,10 5,4 0,038
7,2 0,034
9,0 0,025
0,20 0,15 5,4 0,045
7,2 0,041
9,0 0,034
0,25 0,05 5,4 0,088
7,2 0,084
9,0 0,074
0,25 0,10 5,4 0,064
7,2 0,051
9,0 0,032
0,25 0,15 5,4 0,075
7,2 0,070
9,0 0,068
Ha  pucynkax  4.8-4.10 nmpuBeneHsl  rpaduueckue  3aBUCHUMOCTH,

XapaKTCPUIYIOKE BEJIMYUHY IIPOCKOKA IIPpHU USMCHCHUHN JOJHU pacxoaa,




SCl/lCT

0,10

0,08

0,06

0,04

0,02

80

iy

%8

0,1

0,15

0,20

0,25

L0T02

PI/ICYHOK 4.6 — 3aBUCHUMOCTD BEIIMYUHBI IIPOCKOKA OT pacxoaad, 0TCACbIBACMOI'O

u3 OyHKepa nbuieynosutens B3I1 BTopoit crynenu npu Lo,z = 0,10 u npu:

1-L,=542-Ly=72; 3-L,=9,0.

* - DKCIIEPUMEHTAJIbHBIC 3HAUECHUS; __ - paCUETHBIE JaHHBIE MO BhIpaXkeHHto (4.9)
80!’10’1‘
1

0,06 /
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0,04 P

JL '/&
0,02
0,1 0,15 0,20 0,25

LOTCZ

Pucynok 4.7 — 3aBUCUMOCTb BEJTMUMHBI POCKOKA OT pacX0/ia, OTCACKIBAEMOTO

u3 OyHkepa neuieynosurens B3I1 Bropoii crynenu npu Lo, = 0,15 u npu:

1-L,=54;2-Ly=72; 3-L,=9,0.

* - BKCIIEPUMEHTAJIbHbIC 3HAYEHUS;, __ - PaCUETHbIC JAHHBIE 110 BhIpaxkeHuto (4.9)
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Pucynok 4.8 — 3aBUCUMOCTb BEJTMUHHBI IPOCKOKA OT PAcX0/1a, OTCACHKIBAEMOTO

13 OYHKepa JOMOIHUTEILHOTO TIbLICYIOBUTENS IPH Loy, = 0,15 u mmpu:

1'Z0=5,4;2'Z0=7,2; 3'Z0:9,0.

* - DKCIIEPUMEHTAJIbHBIC 3HAUCHUS; __ - paCUETHBIC JAHHBIC 10 BhIpaXkeHHIo (4.9)
SCHCT
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Pucynoxk 4.9 — 3aBUCUMOCTD BEJTMUYMHBI POCKOKA OT PacX0/ia, OTCACKIBAEMOTO

13 OyHKepa JOMOIHUTEIBHOTO MBLIEYIOBUTENS IPH Lorep = 0,20 1 npu:

1-L,=54;2-Ly=72; 3-Ly=9,0.

* - DKCIIEPUMEHTAJIbHBIC 3HAUCHUS; __ - paCUETHBIEC JJAHHBIE O BhIpakeHuto (4.9)
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Pucynoxk 4.10 — 3aBUCUMOCTb BETWYMHBI MPOCKOKA OT PACX0/1a, OTCACBKIBAEMOTO
13 OYHKepa JOMOIHUTEILHOTO TbLICYIOBUTENS IPH Loy, = 0,25 u mmpu:

1'Z0=5,4;2'Z0=7,2; 3'Z0:9,0.

* - SKCHIEPUMEHTAJILHBIE 3HAYEHHS; - PACYETHBIE JAHHBIE [0 BEIpaXKeHHIO (4.9)
SCI/ICT
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0,08
1 \
.\ 2
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, ._\Qﬁ
0,04
2 4 6 8 T

Pucynok 4.11 — MI3MeHeHne BETMYMHBI TPOCKOKA B 3aBUCUMOCTH OT
pacxo/ia mblIEBO3yLITHONW CMECH, T0AaBaeMON B CUCTEMY OOECIBLTUBAHUS, IPU
Lores = 0,05 u mpu:

1 - EOTCZ = 0,15, 2 = EOTCZ = 0,20, 3 = ZOTCZ = 0,25

* - DKCIIEPUMEHTAJIbHBIC 3HAUCHUS; __ - paCUETHBIE JAHHBIE MO BhIpakeHuto (4.9)
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PI/ICYHOK 4.12 — I3MeHeHNUE BEIUUYMHBI IIPOCKOKAa B 3aBUCUMOCTH OT

pacxojia IbUIEBO3AYIIIHOW CMECH, ITOAABAEMOI B CUCTEMY OOECIIBUTUBAHUS, IPU

Lorez = 0,10 u mpu:
1- Z0Tc2 =0,15; 2 - ZOTcz =0,20; 3 - ZOTCZ =0,25

* - DKCIIEPUMEHTAJIbHBIC 3HAUCHUS, __ - paCUCTHBIC JaHHBIE 110 BEIpaXeHUIO (4.9)

Ecuc
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X
3 e

0,06 .

o \o
0,04 i

_2,

0,02

2 4 6 8 Lo
Pucynok 4.13 — I3meHeHue BeTu4YrHBI IPOCKOKA B 3aBUCUMOCTH OT
pacxojia mbUIEBO3AYIIIHOW CMECH, MTOABAEMOI B CUCTEMY OOECIIBUTUBAHUS, IPU
Lorez = 0,15 u mipu:
1-Lorez =0,15; 2 - Lyper =0,20; 3 - Lypep = 0,25

* - BKCIIEPUMEHTAJIbHbIC 3HAYEHUS;, __ - paCUETHbIC JJAHHBIE 110 BhIpaxkeHuto (4.9)
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oTcachlBaeMOro M3 OyHKepa JOMOJHUTENBHOIO MbUICYJIOBUTENSI 3 MpU Pa3HbIX
3HaYEHUSIX JOJH Pacxoja, 0TCachIBAEMOTo U3 OyHKEpa anmnapara BTOPOU CTYIEHH,
U pacxojia Bo3ayXa, 0JlaBaeMoro B cucreMy obecnbuinBanus. Ha pucynkax 4.11-
4.13 npexacraBieHbl rpadUyecKUe 3aBHUCHUMOCTH, XapaKTEPU3YIOIIUE U3MEHEHUE
BEJIMYMHBI POCKOKA MPU U3MEHEHUHU pacxo/a BO3yXa, 0JaBaeMoro B CHCTEMY Ha
OUHCTKY.

Pe3ynbpTaThl SKCIIEpUMEHTATBHBIX UCCIIEI0BAHUM MMOKA3aJIH, YTO C YBEJIMUYCHUEM
pacxoia TBUICBO3AYIIHOW CMECH CHIDKAETCS TMPOCKOK MBUIM B aTMOCQEpPHBIH
BO3/yX, UYTO OOYCJIOBJICHO MOBBIIIEHHUEM CKOPOCTU IMOTOKAa B MbLICYJIOBUTEISX.
[lomydeHHble TaHHBIE TAK)KE CBHJIETEIHCTBYIOT O TOM, YTO HAMMEHBIIHMIA MPOCKOK
BT 00ECTIeYNBAETCS TIPH U3MEHEHUH JIONIM pacxoja, 0TCAChIBAEMOI0 U3 OyHKepa
BLIEYJI0BUTENS BTOPOi cTynenu, B npenenax 0,17 < L,,., < 0,22 u u3MeHeHUH
JOJM pacxoja, OTCachlBaeMOro M3 OyHKepa JOMOJHUTENBHOIO amnmapara 3 B
npenenax 0,08 < L,,.3 < 0,12, HOCKONbKY HpPH TAKUX COYETAHHMAX BEPXHHX
penenos L,,,.; ¢ HWKHAMYA TIpeaeiaMu L, ;1 Ha000pOT 0OECTIEUMBAETCS TaKOE
COOTHOLIEHHE PacXo/0B, MOJaBAaEMbIX HAa HW)XHMM W BEpPXHUH BBOJbI armapara
NEpPBOM CTYINEHU, TPU KOTOPOM JOocCTUTraeTcs HauOoibmas 3>()PEeKTUBHOCTD
neuieysourenen B3I1.

Marematuueckass o0OpaOOTKa SKCHEPUMEHTANbHBIX JaHHBIX IPOBEAEHA I10

aNnropuTMy, onvcanHomy B 1.11. 4.1. KoagpuuuenTtsl ypaBHEeHuUs perpeccun

b, = 0,0063; b, = — 0,0053; b,s = 0,0011;
b, = —0,0113; by, =— 0,6043; by, = 0,0201;
b, = 0,0028; b,s = 0,0345; b,, = 0,0126;

bss = — 0,0026

Jlucnepcust BOCIIPOU3BOAMMOCTH MO pe3yjbTaTaM 6 ONBITOB B LIEHTPE IUIaHa
[18, 22, 43]
s =59476-107% fy =Ny —1=6-1=25
3nauenus kpurepus CTbrOeHTA

ty, = 16,662; ty, = 22,544; ty,, = 2,674;
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tp, = 12,388; tp,, = 1,0393; tp,, = 9,6033;
tp, = 11,432; tp,, = 2,019; tp,, = 9,0102;
tp,, = 19,104,

Tabnuunoe 3Hauenue kpurepusi Cteronenta npu q = 0,05, f, = 5t = 2,571.

Ycnosue t, > t; HE BBINOIHAETCS I KOOGPUIUMEHTOB by, U by, CIENOBATENBHO
oHU He 3HauuMbl [18, 22, 43]. Torma UCKOMOE ypaBHEHUE PETPECCUM MPUHUMAET
BU/T
y = 0,0063 — 0,0113x; + 0,0028x, — 0,0053x3 + 0,0011x,x; +
+ 0,0201x? + 0,0126x3 — 0,0026x2 (4.8)

Ocrarounas aucnepeus s, = 3,089-10° 4, fi.. = N — 1 = 20 — 10 = 10.
Jucniepenst aneksatHocTH s2; = 0,2344-10°4, f,, = 10 — 5 = 5. Torzxa pacderHoe
3HaueHue kputepusi Oumepa cocrapisger 0,0394. TabnuuHOe 3HAUCHUE KPUTEPUS
®uepa npu q = 3%, f,, = 5, fo = S F = 5,1. Venosue F, < F, BbINOJHSETCH,
CJIEIOBATENIbHO, TIOJIYYCHHOE YpaBHEHHE PErpecCHd aJCKBAaTHO PEATbHOMY
nporeccy [18, 22, 43].

B pesynbrare mepecuera ¢ HCnoiab30BaHHEM (opmyn koaupoBanusa (4.7) wu
y4eTOM YCJIOBHI JKCIIEPUMEHTA YPAaBHEHHE PErPECCHUU B HATYypaJbHOM MaciiTade

npruoOpeTaeT BU

Eoper = 0,0266 + 8,04(Lyres - 0,186)% + 5,04(Lyres - 0,118)% -

—0,0008(Lo - 4,6)° + 0,0123Ly.5Lo (4.9)
npu 9,4 <L, <54; 015<L ., <0,25;0,05< L3 <0,15

JIst OlleHKW SHEpro3arpar Ha peaqn3alldio MPOIECCOB OOECIbUIMBAHUS B
paccMaTpuBaeMoOl yCTaHOBKE ObUT ompeesieH Kod(PhUIMEHT adpoaMHAMUYECKOTO
COTMPOTUBICHUSA (., KaK OTHOIICHHEC CyYMMapHBIX IIOTEPh JaBJIICHHUS B

INbIJICYJTOBHUTCIIAX nepBoﬁ )41 BTOpOI>'I CTYIICHU K JWMHAMHUYCCKOMY [aBJICHUIO,



pacCHYUTAaHHOMY 110 cpenHeﬁ CKOpPOCTH IIOTOKAa B OCHOBHOM IIbLICYJIOBUTCIIC.

[TonyueHnHsbie pe3yNbTaThl IPUBEACHBI B Tabnuile 4.5 1 Ha pucyHke 4.14-4.17.

Tabmuma 4.5 -

P€3YJ'II)T3TI>I 3KCHCpI/IM€HTaJIBHOﬁ OIICHKH

AOPOJAMHAMHNYCCKOT'O COIMPOTUBJICHHA YCTAHOBKHU

00eCIBLUTMBAHUS BI)I6p0COB, CKOMIIOHOBAHHOM I10 IICpBOMY

BApUAHTY
3HaYCHUS ONPEICIIAIONINX CymMmapHbie Cener
(dhaxkTOopoB noTEpH
JIOJISL pacxoa, OTHOCHUTEJIbHBIN JTaBJICHUS B
0TCachIBa€MOTO pacxon OCHOBHBIX
u3 OyHKepa MBLJICBO3TYIITHOM MBLICYJIOBUTEIISIX
MBLICYJIOBUTEIIS CMECH, 11(5]0):10) 7 %
BTOPOM CTYIICHH, MojiaBacMou BTOPOM CTYIICHU
Lorc2 B CUCTEMY, AP, Tla
L,
0,15 54 996,3 186
7,2 1794 187,5
9,0 2928 196
0,20 54 958,5 177,5
7,2 1727 179
9,0 2823 189
0,25 54 931,5 172,5
7,2 1675 176
9,0 2748 182,5

Ha pucynke 4.14 u 4.15 npuBeaeHbl JaHHBIE, XapaKTEPU3YIOIIUE U3MEHEHHE
CyMMAapHBIX TOTEPh JIaBJICHUS B MBUICYJIOBUTEISAX IMEPBOM M BTOPOH CTYNEHU M
Kod(ppueHTa adpOIMHAMHUYECKOTO COMPOTUBIICHUS] CUCTEMBI { .y B 3aBUCUMOCTH
OT HM3MEHEHUs pacxojJa MbUICBO3AYIIHOW CMECH, MOJABAa€MOW HAa OYHUCTKY B
cuctreMy ooOecnbuiiBanus. Ha pucynke 4.16 u 4.17 mnpuBeneHbl JdaHHBIE,
XapaKkTepU3yIOIIMe U3MEHEHHE CYMMAapHBIX MOTEPh AABJIEHUS B MbUICYJIOBUTEISAX
NepBOM U BTOPOM CTyneHU U KOdhPUIIMEeHTa a3pOAMHAMUYECKOTO COMPOTUBIICHUS

CUCTEMBI ( ;. B 3aBUCUMOCTH OT HM3MEHEHUs JOJM pacxoja MbUIEBO3AYIIHOMN
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CMecH, OTcachlBaeMOM H3 OyHKepa OCHOBHOTO mbuieynoButens B3II Bropoii

CTYIEHHU.

AP kIla

25 7
8

o~

1,5 /

/ 2
1,0

05
4 6 8 Lo, TbiC. MM

PucyHok 4.14 — MI3MeHeHue CyMMapHbIX NOTEPh JTaBJICHUS B MbUICYJIOBUTEISIX
IIEPBOU M BTOPOM CTYIIEHU B 3aBUCHMOCTH OT Pacxoja NbUIEBO3AYIIHON CMECH,
M0/1aBaEMOM HAa OYUCTKY B CUCTEMY OOECIBLUIMBAHUS MPU:

1- EOTCZ =0,15;2- ZOTCZ =0,20; 3 - Zo'rc2 =0,25

Matematnyeckas o00pabOTKa HKCIEPUMEHTAIbHBIX MJAHHBIX MPOBEIEHA IO
aNropuTMy, onucaHHoMmy B ILIL. 4.1. Ilocne oueHku 3HAUMMOCTH KO3(p(PUIIUESHTOB
no kpurepuro CTbIOAEHTA M OTCEBAa HE3HAYUMBIX YPABHEHUE PETPECCUU
npuoOpeTaeT BUA

y =5,714 + 1,4143x; + 4,1588x; + 0,194x? + 1,6272x% (4.10)

Pacuetnoe 3nauenue kputepusi uiiepa cocrapisieT 2,31. TabnmuuHoe 3HaUeHUE

kputepus Puniepa npu q = 5%, fo = 5, fo = S K. = 5,1. Ycnosue F, < F

BBIIIOJIHACTCA, CIICA0BATCIIBHO, ITIOJIYYCHHOC YPABHCHHUC PCTPECCUN dAICKBATHO
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PHcyHOK 4.15 — 3aBUCUMOCTH Koa(b(l)HuI/IeHTa AOPOAUHAMUYECKOI'O
COIIPOTHUBJICHUS ZCHCT OT pacxona HBIJIGBOSI[YHIHOﬁ CMecH, 1oJIaBaeMoM Ha OYHCTKY

B CUCTCMY 00eCIIbUTMBAHUS IIpu:

1- Z0Tc2 = 0’15; 2 - Z0Tc2 = 0,20; 3- Z0Tc2 = 0,25

* - DKCIIEPUMEHTAJIbHBIC 3HAYEHUS, __ - PACUCTHBIC JJAaHHbIC 10 BhIpaxkeHuto (4.11)
AP, xITa
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Pucynok 4.16 — I3MeHeHne cyMMapHbIX NOTEPh JIaBJICHUS B MbUICYJIOBUTEISIX
IIEPBOM ¥ BTOPOM CTYIIEHU B 3aBUCUMOCTHU OT U3MEHEHUs 10JIA pacxo/a
NBUIEBO3AYIIHOW CMECH, OTCAChIBAEMOM U3 OYHKEpa OCHOBHOTO MbIICYJIOBUTENS
B3II BTOpOIi CTyneHu npu:

1-Ly=54;2-1-Ly=7,2; 3-1-L,=9,0
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Pucynok 4.17 — 3aBucuMocTb K03 HUIIMEHTa adPOIMHAMUYECKOTO
COINPOTHUBJICHUSA (., -r OT U3MEHEHHUS JOJIM PacX0/ia MbLUICBO3YITHOU CMECH,
oTcackIiBaeMoi U3 OyHKepa ocHOBHOTO mbuieynoButens B3I1 BTropoit ctynenu mpu:
1-Z0=5,4;2-1-Z0=7,2; 3-1-Z0=9,0
* - DKCIIEPUMEHTAJIbHBIE 3HAUCHNS, ___ - paCUETHBIE JaHHBIE IO BEIPAKEHUIO

(4.11)

peaibHOMY Tiponieccy [18, 22, 43].

B pesynbrare mepecuera ¢ HCHoyib30BaHHEM Gopmys KogupoBaHus (4.7) wu
y4eTOM YCJIOBHI JKCIIEPUMEHTAa YPAaBHEHHE PETPECCHU B HATypallbHOM MaciiTade
pruoOpeTaEeT BUA

{eper = 244,8 — 0,904L,(9,8 — Ly) - 388Ly1e2(0,71 — Lyrez)

500041

lewer = 174,3 + 0,904 (L, - 4,9)2 + 388(Lyyez — 0,355)% (4.11)
npu 54 <Ly <9; 0,15 < L,z <0,25; 0,05 < L,pe3 < 0,15

AHanu3  TNONYYEHHBIX  JAHHBIX  IOKa3bIBaeT,  4YTO  HAaMMEHbIIEe
a’pPOJMHAMUYECKOE  CONPOTHBJIEHHE CHCTeMa  OOECIBUIMBAHMS  BHIOPOCOB,
CKOMIIOHOBAHHAs 10 NEePBOMY BapHaHTy, uMeeT mpu Lo =54 u L,,., = 0,25.
AHanoruYHBIC PE3yIbTaThl MOYYeHBI B padote [95].

TakuM 06pa3oM, HaMMEHBIINE BEJIMYHMHBI MPOCKOKA IMBUIM JOCTUTAIOTCS IIPHU

M3MEHEHUHU JI0JIU Pacxojia, OTCachlBaeMOro M3 OyHKepa MbUICYJIOBUTENS BTOPOM
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crynmenu, B mpenenax 0,17 < L, < 022 wu 72< Ly, <94 . C npyroi
CTOPOHBI, HAHMMEHBIIEE Aa’POJAUHAMUYECKOE COINPOTHUBIECHHE CHCTEMBI, T.E.
HAMMEHBIINE SHEPreTUYECKUe 3aTparhl Ha HPOBEICHHE MPOLECCA IbLICOYUCTKH,
obecneunsaerca npu 0,20 < L,,., < 0,25u npu 54 < L, <7,2. C yderom
3TOro, Haubollee PAlMOHANBHBIMU 11€J€CO00Pa3HO NPUHATH CIEIYIONINE PEKUMBI
paboOThl CHCTEMBI Ui CHUKEHHUS 3allbLICHHOCTH BBIOPOCOB, CKOMIIOHOBAHHOM I10
IIEPBOMY U3 HPEIJIOKEHHBIX BADMAHTOB: H3MEHEHHE JI0JIM PACX01a, OTCACHIBAEMOTO
13 OyHKepa HbUICYJIOBUTENS BTOPOil crymenu, B npenenax 0,17 < L., < 0,22;
M3MEHEHHE JI0JIH PACX0/1a, OTCACHIBAEMOTO M3 OYHKEpa IOMOIHUTEILHOTO anmnapaTa

3 Buopenenax 0,08 < L,,.; < 0,12; uamMeHeHue pacxoia NbUIEBO3AYIIHOW CMECH,

oJlaBaeMoi B CUCTEMY, B Ipefenax 5,4 < ZO <72

4.4 Pe3yJbTaThl 3KCIIEPUMEHTAJIBHBIX UCCJICIOBAHNH
1O OlleHKE CTeNeHH CHUKEHUS NMbLIIeBbIX BLIOPOCOB
B aTMOc(epHbIN BO3yX

NPU KOMIIOHOBKE CHCTEMbI 00eCIIbLIMBAHUSA 110 BTOPOMY BAPHAHTY

Pe3ynpTaThl 3KCIIEPUMEHTANBHBIX HCCIEAOBAHMM IO OLIEHKE BEJIWYUHBI
OPOCKOKA NBUIM JUISI CUCTEMBI MBLJICOYNUCTKH, CKOMIIOHOBAHHOW I10 IEPBOMY
BapUaHTy, IpUBeJEHBI B Ta0aune 4.6 u Ha pucyHke 4.18-4.26.

Ha PUCYHKE 4.18-4.20 [MOKa3aHbI rpaduueckue 3aBUCUMOCTH,
XapaKTEepU3ylole BEIUYMHY [MPOCKOKAa TMpPU H3MEHEHUH JOJU pacxoja,
oTcacbiBaeMoro u3 OyHkepa mnbuieysioBuTens B3Il BTOpoil cTyneHu mpu pasHbIX
3HaYEHUSIX  JIONIM pacxoja, OTCachlBaeMOro u3 OyHKepa JOMOJIHUTEIHLHOTO
amnmapara 3, ¥ pacxojJa BO31yXa, MOJaBaeMOTO B CHUCTeMy oOecrnbuimBanus. Ha
pucyake 4.21-4.23 npuBeneHsl rpadudecKue 3aBUCHUMOCTH, XapaKTEPHU3YIOIIHE
BEJIMYMHY MPOCKOKA MPHU U3MEHEHUHU JOJU Pacxoja, 0TcachblBaeMoro u3 OyHKepa

AOIOJHHUTCIIBHOI'O IIbUICYJIOBUTECIIA 3 IIPpH PA3HBIX 3HAYCHUAX OOJIM pacxo/a,



Tabmnuma 4.6 -

PCSYJII)TB.TBI BKCHCpHMCHTaﬂbHOﬁ OLICHKH ITPOCKOKA IbIJIN JTJIA

CHUCTEMBI, CKOMIIOHOBAaHHOM 110 BTOPOMY BapuaHTy

3Ha4YCHHUS ONIPEIEISIIOMUX (HDaKTOPOB Benuunna
JI0JIS1 pacxoia, JI0JIS pacxoja, OTHOCHTEJIbHBIH IPOCKOKa,
OTCachIBAEMOTO OTCachIBAEMOTO pacxoj Ecuer
n3 OyHKepa n3 OyHKepa IBLICBO3TYIITHOM
IBUICYJIOBUTENS | JIONOJHHUTEIBHOTO CMecH,
BTOPOU CTYIICHH, IBLICYJIOBUTEIIS, 10/JTaBacMOH
Lorc2 Lorcs B CUCTEMY,
L,
0,10 0,05 5,4 0,078
7,2 0,075
9,0 0,070
0,10 0,10 5,4 0,045
7,2 0,039
9,0 0,033
0,10 0,15 5,4 0,055
7,2 0,050
9,0 0,043
0,15 0,05 54 0,091
7,2 0,085
9,0 0,080
0,15 0,10 5,4 0,055
7,2 0,049
9,0 0,044
0,15 0,15 5,4 0,065
7,2 0,061
9,0 0,055
0,20 0,05 54 0,096
7,2 0,092
9,0 0,086
0,20 0,10 54 0,062
7,2 0,056
9,0 0,052
0,20 0,15 54 0,070
7,2 0,065
9,0 0,059
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Ecucr

0,08

0,06

0,05 0,10 0,15 0,20 -
Pucynok 4.18 — 3aBUCUMOCTD BETMYMHBI POCKOKA OT PACX0/1a, OTCACBIBAEMOTO

u3 OyHKkepa nbuieynosutens B3I Bropoii crynenu npu Lyy.3 = 0,05 u npu:

1-Z0:5,4;2-1-Z0=7,2; 3'1'Z0=9,0.

* - DKCIIEPUMEHTAJIbHBIE 3HAYEHNS, - paCYETHBIE JaHHBIE [0 BhIpaKeHuo (4.12)
Ecucr
2
0,06
0,04
0,02
0,05 0,10 0,15 0,20

Loty

Pucynoxk 4.19 — 3aBUCMMOCTb BETUYMHBI POCKOKA OT PAcX0/1a, OTCACHIBAEMOTO

u3 GyHkepa neuieynosutens B3I Bropoii crynenu pu Lyy.; = 0,10 u npu:
1-Ly=54,2-1-Ly=72; 3-1-Ly=9,0.

* - SKCIICPUMCHTAJIbHBIC 3HAYCHHUS; __ - PACUYCTHBIC JAHHBIC IO BhIpaxeHuto (4.12)
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Ecuct 1
2
0,06
3
0,04
0,05 0,10 0.15 0,20

LOT02
Pucynok 4.20 — 3aBUCUMOCTb BEJIMUMHBI IPOCKOKA OT PACX0/1a, OTCACHIBAEMOTO
u3 6ynkepa neiieynosutens B3I Bropoit crynenu npu Ly,3 = 0,15 u npu:

1-Ly=54;2-1-Ly=72; 3-1-Ly=9,0.

* - SKCIICPUMCHTAJIbHBIC 3HAYCHHS, - PaCUCTHBIC IAHHBIC 110 BRIpAKCHUIO (4.12)

Ecucr \

0,06 \ 3

0,04

3 2
0,02
0 0,05 0,10 0,15 L
oTCc3

Pucynoxk 4.21 — 3aBUCUMOCTb BETMUMHBI POCKOKA OT PAcX0/1a, OTCACKIBAEMOTO
13 OyHKepa JOMOHUTENBHOTO MbUIEYIOBUTENS IPU Lorep = 0,10 1 npu:
1-Ly=54;2-1-Ly=7,2; 3-1-Ly,=9,0.

* - SKCIICPUMCHTAJIbHBIC 3HAYCHHUS; __ - PACUYCTHBIC JAHHBIC IO BhIpaxeHuto (4.12)
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Ecucr

0,08 /

1
2
0,06
8,
0,04
0 005 0,0 0,15 Lores

PucyHok 4.22 — 3aBUCUMOCTb BEJIMYMHBI IIPOCKOKA OT PACX0/1d, OTCACBIBAEMOTO
13 OyHKepa JOMOIHUTEILHOTO MbLIEYIOBUTENS IPH Loy = 0,15 n npu:

l-Z0:5,4;2-1-Z0=7,2; 3'1'Z0=9,0.

* - SKCIICPUMCHTAJIbHBIC 3HAYCHHS, - PACUCTHBIC IAHHBIC 110 BRIpAKCHUIO (4.12)

Ecuct

0,08 1

0,06

3
- 2
0,04
0 0,05 0,10 0,15 [OTCS

Pucynox 4.23 — 3aBUCHMOCTh BEJTUYMHBI ITPOCKOKA OT PacxXxojia, OTCACKIBAEMOTO
13 OyHKepa JOMOIHUTENLHOTO MbLIEYI0BUTENS IPpH Lo, = 0,20 1 mpu:
1'Z0:5,4;2'1'E0=7,2; 3'1'Z0=9,0.

* - OKCIIEPUMECHTAJIbHBIC 3HAYCHHUS; __ - PACUYCTHBIC JaHHBIC IO BhIpaxeHuo (4.12)
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Ecucr E)
/
0,08 T~
\.
0,06

Lo

PI/ICYHOK 4.24 — VI3MeHEeHNUE BEIUUMHBI IMPOCKOKAa B 3aBUCUMOCTHU OT

o]

2 4 6

pacxojia MbIJIEBO3AYIIHOM CMECH, T0JIaBa€MOI B CUCTEMY OOECIIBIIIMBAHMUS, TIPU

Lorez = 0,05 v mpu:
1- Z0TC2 =0,10; 2 - Z0Tc2 =0,15; 3 - Z0Tc2 =0,20

* - OSKCIIEPUMEHTAJIbHBIC 3HAYCHHUS; - PACUYCTHBIC JaHHBIC IO BhIpaxeHwUo (4.12)
Ecucr 3
0,06 o~
‘\EZ\,\ i
.\.\\
o N\
/
0,02
2 4 6 8 10 [0

PucyHok 4.25 — VI3MeHeHue BeJIMYMHbBI TPOCKOKA B 3aBUCUMOCTH OT
pacxojia MbIJIEBO3IYIIIHONW CMECH, T10/1aBaeMOU B CHCTEMY 00€CTIBITMBAHUS, TIPH
Lorez = 0,10 v mpu:

1-Logez =0,10; 2 - Lyyep =0,15; 3 - Ly, = 0,20

* - SKCIICPUMCHTAJIbHBIC 3HAYCHHS, __ - pPaCUCTHBIE IAHHBIC 110 BRIpAKCHUIO (4.12)
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Ecucr
3 2
y
.\\ //
0,06 e~
e S
0,04 il
2 4 6 8 Lo

Pucynok 4.26 — I3MeHeHnE BETMYMHBI IPOCKOKA B 3aBUCUMOCTH OT
pacxoja MbUIEBO3IYIIHOW CMeCH, MOJaBaeMol B CUCTEMY OOECIIBIIUBAHUS, IPU
Lores = 0,15 u mpu:

1-Logez =0,10;2 - Lyyep =0,15; 3 - Ly, = 0,20

* - SKCIICPUMCHTAJIbHBIC 3HAYCHHS, - PACUCTHBIC JIAHHBIC 110 BRIPAKCHUIO (4.12)

oTcachlBaeMoro M3 OyHKepa ammapaTa BTOPOM CTYyNEHH, M pacxoja BO3AyXa,
nojaBaeMoro B cuctemy oOecnbuinBanusa. Ha pucynke 4.24-4.26 npencraBiieHbl
rpaduyeckue 3aBUCUMOCTH, XapaKTEpU3YIOLIUME M3MEHEHHE BEJIMYMHBI MPOCKOKa
IIpY U3MEHEHHUH pacxojia BO3yXa, 10/1aBaéMOro B CUCTEMY Ha OUHCTKY.

Pe3ynbpTaThl SKCIIEpUMEHTANBHBIX UCCIEI0BAHUM MOKAa3aJH, YTO C YBEIMUYECHUEM
pacxoia TbUICBO3AYIIHOM CMECH CHIKAETCS TMPOCKOK IMbUIM B aTMOCQEpHBIH
BO3JlyX YMEHBUIAETCS, 4YTO OOYCIOBJIEHO TOBBILIEHUEM CKOPOCTH IIOTOKa B
npuieynoBuTeNax. [lonmydeHHble AaHHBIE TAKXKE CBHUJAETEIBCTBYIOT O TOM, YTO
HAaUMEHBIINKA TPOCKOK TMBUIM OOECHeurMBaeTcs 3HAUYEHUW JOJM  Pacxoja,
OTCACBHIBAEMOTO M3 OyHKepa IbLIEYJIOBUTENS BTOpOM cTyneHw, L,,., = 0,10 u
U3MEHEHUM JO0JIM pacxojla, OTCachlBAEMOro U3 OyHKepa JAOMOJIHUTEIBHOIO
anmnapara 3 B npeaenax 0,08 < L,,.3 < 0,12., nocTuras MUHUMyMa TIpH L3 =
=0,10.

[Ipu ysenuueHuu L,,.,, YTO JOJDKHO OBUIO ObI OOECHEUUTH BO3PACTAHUE

B(I)q)CKTI/IBHOCTI/I NbUICYJIOBHUTCIIA BTOpOﬁ CTYIICHU U, COOTBCTCTBCHHO, BO3pAaCTaHUC

3¢ pexTUBHOCTH cHUCTeMBl B T1eioM [95], BemWymHA TMPOCKOKA, HAIPOTHB,
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YBEJIMUUBAETCS. DTO OOBACHSAETCS TEM, YTO B TAKOM ClIy4ae HapYIIAeTCs Takoe
COOTHOIICHHE PAcXOJ0B, IIOJABAEMbIX HA HWKHUM W BEPXHUWM BBOJBI
JOTIOJIHUTENIBHOTO 4YETBEPTOrO amnmapara MEPBOM, IPU KOTOPOM JOCTUTAETCS
HaumOonbmas  dddextuBHOCTy mbUIeynoBuTenet  B3Il.  BcenenctBue  3TOro
MOBBIIIAECTCS KOHIEHTPALMS IbUIM B MOTOKE, MOCTYIAIOIIEM U3 MbUICYJIOBUTENS 4 B
HUKHUN BBOJ| ammapara MEpBOMl CTYyMEHH, 4TO OOYCJIOBIMBAET CHMXKEHUE €ro
(¢ (PEKTUBHOCTU U, COOTBETCTBEHHO, CHUXEHUE I(P(HEKTUBHOCTH BCEH CHUCTEMBI,
YTO COOTBETCTBYET pe3yabTaTM, IPUBEACHHBIM B padoTte [95].

Crnenyer Takke OTMETHUTh, UTO MIPU KOMIIOHOBKE CHCTEMbl OOCCHBLUIUBAHUS TIO
paccMaTprMBaEMOMY BapHUAHTY BEJIMYMHA MPOCKOKA MbUIM B aTMOC(EPY BBIIIE, YEM
B MPEIBIIYIIEM BapUaHTE, YTO TAKKe O0YCIOBIEHO CHH)KEHHUEM, 10 CPABHEHUIO C
NEPBBIM BapUAHTOM, JIOJM Pacxojia, 0TCachblBaeMOro u3 OyHKepa IMbUICYJIOBUTEIS
BTOpOW cTyneHu. B 3ToM ciywae cHukaercss 3(pQeKTHUBHOCTH ammapar 2 W,
CJICZIOBATEIIbHO CHIKAeTCs 3(h(HEKTUBHOCTh CHCTEMBI B 11esioM [95].

[Tocne maTemMatnyeckoi 0OpaOOTKHU MOJYYEHHBIX PE3YJIbTATOB MO AJTOPUTMY,
onvcaHHOMY B ILI. 4.1, ¥ mepexofa K HATypaJbHbIM 3HAYEHUSAM OMNPEIEISIOIINX
(GakTOpOB ypaBHEHHUE, XapaKTEPU3YIOIIEE BEIIMUYNHY MPOCKOKA, TPUHUMAET BU/T

Eener = 0,0712 — 0,88(Lyrez — 0,255)% + 9,024(Lyye3 - 0,113)2 -
—0,0002L% — 0,16Lyrc3Lorc2 (4.12)
npu 94 <L,<54; 010<L,,, <0,20;0,05< L,,.3 <0,15

B Tabmuue 4.7 u Ha pucynke 4.27-4.35 npuBeneHbl pe3yibTaThl ONPEACIICHUS
K03 dHUIHeHTa adPOIUHAMUICCKOTO COMMPOTHUBIICHHMS.

MaremaTtudeckass oOpabOTKa SKCHEPUMEHTAIBHBIX JaHHBIX IPOBEACHA IO
anroputMmy, onucanuomy B 1.i. 4.1. [Tocne omnenku 3HadyumMocT Kod(hPHUITMESHTOB
no kputeputo CThIOJEHTa M OTCEBA HE3HAUYMMBIX, B peE3yJIbTaTe Iepecuera C
ucrosib3oBaHueM (popmyn koaupoBaHus (4.7) W y4eTOM YCIOBHUM SKCIIEPUMEHTA
ypaBHEHHUE PETPECCUU B HATYpaJIbLHOM MaciiTade mpruoOpeTaeT BU/

{eper = 250,24 0,967Ly(11,1 — Ly) - 674Lyp2(0,54 — Loyep) -
— 488Ly.3(0,38 — Loyez) + 1200 LyyeoLores (4.13)
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170

160

0,05 0,10 0,15 0,20 Lorey

Pucynok 4.27 — U3menenue ko3 duirenTa a3poIMHaMU4eCcKoro
COTNPOTUBJICHUSI CUCTEMBI B 3aBUCUMOCTH OT J0JIM PAcXo/ia MbIJICBO3AYIITHON
CMECH, OTCAChIBAEMOTr0 U3 OyHKepa MbUICYJIOBUTENSI BTOPOM CTYTECHH,

1pH Lyye3 = 0,05 1 ipu:
1-Ly=54,2-1-Ly=72; 3-1-Ly=9,0.

* - DKCIIEPUMEHTAJIbHBIC 3HAUEHUS, __ - PACUCTHBIC JJAaHHbIC M0 BhIpaxkeHuto (4.13)

QCI/ICT

200

0,05 0,10 0,15 0,20 -

Pucynok 4.28 — U3menenune koddduinenTa adpoimHaMUdecKoro
COTIPOTHBIICHUS] CHCTEMBI B 3aBUCHMOCTH OT JIOJIM PacXo/ia MbLICBO3AYIITHON
CMECH, 0TCachIBaeMOro u3 OyHKepa MbUICYIOBUTENS BTOPOI CTYIICHH,

pH Lypez3 = 0,10 1 pu:

1-Ly=54;2-1-Ly=7,2; 3-1-L,=9,0.

* - DKCIIEPUMEHTAJIbHbIE 3HAUEHUS; __ - pacUeTHBIEC JaHHbIE MO BhIpakeHuto (4.13)
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CC HCT

200

180

0,05 0,10 0,15 0,20 Lorcs

Pucynok 4.29 — V3sMenenne ko3(pdHUIHMEHTa a9pOMHaAMUYECKOTO
CONPOTHBIIEHHS] CUCTEMBI B 3aBUCHMOCTH OT JI0JIU PACX0/1a IbLIEBO3IyIIHOMN
CMECH, 0TCAChIBAEMOT0 M3 OYHKepa MbLICYI0BUTENs BTOPOI CTyIIEHH,

pu L3 = 0,15 u npu:
1-Ty=54:2-1-T,=72; 3-1-L,=90.

* - DKCIIEPUMEHTAJIbHBIC 3HAYEHUS, __ - PACUCTHBIC JJAaHHBIC 110 BhIpaxkeHuto (4.13)

C,CHCT

/ //
2 O O ' / ./. o

180

0 0,05 0,10 0,15

Lorca

Pucynox 4.30 — U3menenune koadduimenTa adpoinHaMUIecKoro
COTNPOTUBJICHUSI CUCTEMbI B 3aBUCUMOCTH OT JOJIM PacXo/ia MbIJICBO3AYIITHON
CMECH, OTCAChIBAEMOTr0 U3 OyHKEpa JIOMOJHUTEIBLHOTO TPETHETO
NBIICYIOBUTENS, NMPH Loy = 0,10 1 pu:

1-Ly=54;2-1-Ly=7,2; 3-1-Ly,=9,0.

* - DKCIIEPUMEHTAJIbHBIC 3HAUEHHS; __ - paCUETHBIEC JaHHBIE MO BhIpakeHuto (4.13)
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CC HCT

200

180

0 0,05 0,10 0,15 EOTC3

Pucynok 4.31 — 3Menenue ko3QpuiirenTa adpoAMHaMUIECKOTO
COIPOTHUBJIEHUS] CUCTEMBI B 3aBUCUMOCTH OT JIOJIM PAaCcX0/1a IbUIEBO3YIIIHON
CMECH, OTCACBIBAEMOT0 U3 OyHKEPA JONOJHUTENBHOIO TPETHErO
TBLICYIOBUTENS, NPH Loy, = 0,15 u mpu:

1-Ly=54,2-1-Ly=72; 3-1-Ly=9,0.

* - DKCTIEPUMEHTAJIbHBIC 3HAUCHHS; __ - paCUETHBIC JJaHHBIE O BhIpakeHuto (4.13)

-
3

200

180

160

0 0,05 0,10 0,15 [orc?,

Pucynok 4.32 — 3menenue ko3¢ uirenTa a3poIMHaMUYeCcKOro
CONPOTHUBJIEHUS] CUCTEMBI B 3aBUCUMOCTH OT JIOJIM PAaCcX0/1a MbUIEBO31YIIIHON
CMECH, OTCAChIBAEMOTr0 U3 OyHKEpa JIOMOJHUTEIBLHOTO TPETHETO
MBLICYIOBUTENS, TIPU Lyp; = 0,20 u npu:

1-Ly=54,2-1-Ly=72; 3-1-Ly=9,0.

* - DKCIIEPUMEHTAJIbHBIC 3HAYEHHUS;, __ - PACUETHBIC JJAHHBIE M0 BhIpaxeHuto (4.13)
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CJCI/ICT

=

180

(\ 'I

160

4 6 8 Lo, ThiC. MM
Pucynok 4.33 — M3aMenenue kodpduiinerTa a3poJuHaMHUIEeCKOTro
CONIPOTHUBJIEHUSI CUCTEMBI B 3aBUCUMOCTH OT Pacxo/ia MbUIEBO3IYIIIHON CMECH,
110/1aBaeMOii B CHCTEMY 00eCIbIINBAHUS, IPHU Lyy.3 = 0,05 1 npu:
1- Loz =0,10; 2 - Lyper =0,15; 3 - Loy = 0,20

* - DKCIIEPUMEHTAJIbHBIC 3HAYEHUS, __ - PACUCTHBIC JJAHHBIC M0 BhIpaxkeHuto (4.13)

C_,CI/ICT

200 v
g
5//{ 2

2 4 6 8 10 Lo, ThiC. MM

180

Pucynox 4.34 — U3smenenue korhduimerTa adpoIMHaMHUIeCcKOro
COTIPOTHUBJICHUSI CUCTEMBI B 3aBHCHMOCTH OT pacxo/ia MbUICBO3AYIITHON CMECH,
I0JaBaeMOHi B CUCTEMY 00€CHBUIMBAHMS, TIPHU Lyy.3 = 0,10 u npu:

1-Lypey =0,10; 2 - Lypey =0,15; 3 - Loy = 0,20

* - DKCIIEPUMEHTAJIbHBIC 3HAYEHUS;, __ - PACUETHBIC JJAaHHbIE 10 BhIpaxkeHuto (4.13)



QCI/ICT

200

180

102

|
..——

4 6

8

Lo, TbIC. MM

Pucynok 4.35 — U3smenenue koadduiinenta aspoIMHaMU4ecKoro

COIIPOTUBJICHUA CUCTCMBI B 3aBUCHUMOCTH OT pacxoaa HBIJ'ICBO3I[YIHHOI>1 CMECH,

10J]aBaeMOii B CUCTEMY 00€CHIbUIMBAHMS, TIPHU Lyy.3 = 0,15 1 npu:

1- Z0TC2 =0,10; 2 - Z0Tc2 =0,15; 3 - Z0Tc2 =0,20

* - DKCTIEPUMEHTAJIbHBIC 3HAUCHHS; __ - paCUETHBIC JJaHHBIE O BhIpakeHuto (4.13)

Tabmnuma 4.7 -

Pe3ynbTaTsl 3KCIEpUMEHTATIBHON OLIEHKHU

AOPOJAUHAMHNYCCKOTO COIMMPOTUBJICHHA YCTAHOBKHU

o0ecnbUIMBaHUs BHIOPOCOB, CKOMIIOHOBAHHOMW 110 BTOPOMY

BapUaHTy
3HauyeHUsI ONPEACIIAIOIIMNX CymMmapHbie
dbakTOopoB noTepU
J10JIs pacxoa, JI0JI pacxojia, | OTHOCHUTENbHBIN | JaBJICHHS B
OTCAChIBAEMOI'0 | OTCACHIBAEMOIO pacxof OCHOBHBIX
u3 OyHKepa u3 OyHKepa MBUICBO3IYIITHON |  TBUICYJIO- {ener
MBUICYJIOBUTENIA | JOTIOJIHUTEIBHOIO cMecH, BUTEJISAX
BTOpPOH [BLICYJIOBUTEIS, 1101aBaeMOU IIEPBOM U
CTYNEHU L,rc 2 Lores B CUCTEMY, BTOPOW
L, CTYIIEHH
AP, Ila
1 2 3 4 5
0,10 0,05 5,4 1011 187,2
7,2 1815 189,1
9,0 3003 200,2
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Oxonyanue Ta0oaune 4.7

1 2 3 4 5
0,10 0,10 5,4 1013 187,5
7,2 1846 1923
9,0 3022 2015
0,10 0,15 5,4 1024 189,6
7,2 1858 193,5
9,0 3057 203,8
0,15 0,05 5,4 983 182
7,2 994 184
9,0 2880 192
0,15 0,10 5,4 1001 185,3
7,2 1800 187,5
9,0 2975 198,3
0,15 0,15 54 1024 189,7
7,2 1858 193,5
9,0 3057 203,8
0,20 0,05 5,4 962 178,2
7,2 1739 181,1
9,0 2748 183,2
0,20 0,10 5,4 1000 185,2
7,2 1790 186,5
9,0 2918 194,5
0,20 0,15 5,4 1049 194,2
7,2 1884 196,2
9,0 3084 205,6

npu54<Ly<9; 0,10 < L,» <0,20; 0,05 < L3 < 0,15

HOJ’Iy‘ICHHBIG PE3YIbTAThI CBUACTCIILCTBYIOT 0 TOM, qTo cucremMma
O6€CHBIJ'II/IB3HI/I$I, CKOMIIOHOBAaHHAA IO BTOPOMY BAPHAHTY, B CPABHCHHU C IICPBBIM
BApUAHTOM, XApPaKTCPHU3YCTCsA 3HAUUTCIBbHBIMH OHEPro3arparaMu Ha IMPOBCACHHUC
IMpOUEeCCOB IBIJICOYUCTKH. C Y4€TOM OJOTOIr0, a TaKXKE C Yy4Y€TOM TOIro, 4TO B
paccMaTpuBacMOM CJIydac BCIMYHMHA IIPOCKOKaAa IIbIJIM B aTMOC(l)epy BBIIIIC, K
IMPAKTUYCCKOMY HCIIOJIb30BAHUIO CJICAYET PCKOMCHAOBATL CHUCTCEMY OYHMCTKH

BBIOPOCOB, CKOMIIOHOBAHHYO 110 TIEPBOMY BapHaHTY.
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4.5 IlpakTuyeckasi peaju3anus pe3yJbTaTOB HCCJIeI0BAHUI

4.5.1 Pe3yabTaThl IKCIJIyaTALMH ONBITHO-NIPOMBILIJICHHOH YCTAHOBKH

OYMUCTKH IIBLJIE€BBIX BbIﬁpOCOB

Cucrema oOecnbUTUBaHUS BBIOPOCOB JUIsl MPOM3BOJICTBA Ta300€TOHA U
ra3o0€TOHHBIX  OJIOKOB TMpOILIa  OMNBITHO-TPOMBILIUICHHbIE HCIBITAaHUS  Ha
npomebinuienHol 6aze OI OO0 «Macuke» (mpunoxkenue b). Jlna Hamagku
PEKUMHBIX MapaMETPOB YCTAHOBKH B IpEJAENIax MX PEKOMEHIYEMbIX 3HAYEHUH, a
TaK)K€ KOHTPOJIA padOThl YCTAHOBKY B MEPUO]I SKCILTyaTalluy IPOBOJUINCH 3aMEpPBI
NABJICHUM W KOHUEHTpAlMWd Ta30lbUIEBOTO IOTOKA B 3aMEPHBIX TOYKAaX,
PACIIOIO0KEHUE KOTOPBIX ITOKA3aHO HA PUCYHKE 4.1,

ComoctaBuM pe3ysbTaThl HCHObITaHUN (Tabnuna 4.8) mNpemasioKeHHOU U

TPpaaAuIIMOHHO HCHOHBSyeMOﬁ CHCTECM IIBIJICOYHNCTKH C HUKJIOHAMM.

Tabnuia 4.8 - Pe3ynpTarsl CONOCTaBICHUS XapaKTEPUCTUK TPAJIULIMOHHO

UCIIOJB3YEeMOM U MPEJIOKEHHON CUCTEM MbIICOYUCTKU

OreHnBaeMbIit Tun cucremsl
rapamMeTp TPaIUIIMOHHAS | MPEJIOKCHHAs

KonueHTpaiys nbuiv B TOTOKE HA BBIXOJIE U3 109 12,3
CUCTEMBI, MI/M°
Conepxanue yactuil PMig B BeIOpoce, % 40 24
Conepxanue yactuil PMy s B BeIOpoce, % 0,5 0,4
Konnentparnus yactuir PMjo B ToTOKe Ha 43,6 1,7
BBIXOJIE U3 CUCTEMBI, MI/M°
KonmnenTpamus yactuir PM; s B moToke Ha 0,55 0,2
BBIXOJIE U3 CUCTEMBI, MI/M°
ITpoCKOK CUCTEMBI Egyer, Y0 11,6 5,7
Macca nbuid, BeIOpacsiBaeMoi B arMocdepy, r/4 796 89,8
ITorepu naBneHus B cucreme, Ila 1960 1740
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[IpencraBieHHBIE PE3yNbTATHl CBUACTEIBCTBYIOT O TOM, YTO HCIOJIH30BAaHHUE
MPEIJIOKESHHOW CUCTEMBI MBUICOYUCTKH TIO3BOJICT CHHU3UTH BBIOPOCHI IBUIA B
atmochepy B 8,9 pas. Ilpu stom comepkanme yactuii PMjy B TOTOKe,
BbIOpachiBa€MOM B aTMOCQEpPHBI BO3IyX TIOCIE CHCTEMBbI OOECIIBUIABAHHSI
BBIOPOCOB cokpatmiiochk Ha 40%, comepxanue yactur PMa s — Ha 20%.

Kpome ToOro, mpoBeACHHBIE 3aMephl KOHIIEHTPAllMd MBUTH B aTMOC(EpPHOM
BO3/yX€e MOKa3ajy, YTO Ha TEPPUTOPHH MPOMIUIONIAIKHA 3Ta BEIMIMHA CHU3UIACH C
0,8 mr/m® 10 0,68 mMr/M%, Ha rpaHMIle CAHMTAPHO-3AIIUTHOM 30HBI — ¢ 0,44 Mr/M3 10

0,35 mr/m>.

4.5.2 PacyeT npeaoTBPaNIeHHOI0 IKOJOTMYECKOro yepoa

JInst yKpYNHEHHOM OLEHKH MpPeA0TBPALIEHHOTO 3KOJIOTMYECKOro yiiepba oT
BBIOPOCOB 3arps3HAIOLIMX BELIECTB B arMocdepy Hcnoib3oBaHa «BpemeHHas
METOJIMKAa pacuera NpeJOTBPALIEHHOIO JKoJIorHnyeckoro ymep6a» (Mockaa,

MuHHCTEPCTBO NPUPOAHBIX PECYPCOB M 3KoJOrMH, 1999 T.), B COOTBETCTBUU

KOTOpOU
yﬁp.r = y;ﬂr(M? - %)Kg it (414)
e Yy - BEJIMYMHA DJKOHOMHYECKOW OIICHKH YJeIbHOTO yiepba ot
BBIOPOCOB 3arpsI3HSAIONIMNX BEIICCTB B aTMOCHEPHBIA BO3MIYX,
(mokazarenb yAeNbHOTO yIiiepOa) s F-r0 AKOHOMHYECKOTO
pationa P®, py6./yci.T;
§,M5 - npuBeneHHas Macca  BBIOPOCOB  3arpsA3HSIOINMX  BEILECTB
Ha HAYaJIO ¥ KOHEI] pacuyeTHOTO NIEPHOJIa COOTBETCTBEHHO, YCIL.T.,
K3 - KOO(pOUIUEHT OKOJOTUYCCKOH CHUTyallMM ¢ 3KOJIOTHYCCKOU

3HAYMMOCTH COCTOSIHHUSI aTMOC(EpHOTO BO3IyXa TEPPUTOPHUI
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AKOHOMMYECKUX parioHOB Poccuu;
Ji 1 - UHJIEKC-AeDIATOP o OTpaciisIM MIPOMBIIUIEHHOCTH,

yCTaHaBJInBaeMblii MuH3KOHOMUKH Poccnu.

[Tpu sTOoM
Mi = Kia m; (415)
rie K% - kodpduimeHt OTHOCHUTEIIbHOMN JKOJIOTO-3KOHOMHUYECKOU
OIACHOCTH I-T'O 3arPsA3HSIONICTO BEUICCTBA;
m; - MaccaToJ0BOro BbIOpoca MPUMECH JAHHBIM UCTOYHHUKOM, T/TOJ.

Hanpumep, mpu mpoaoKUTENsHOCTH paboThl JpodmiasHOM ycTaHOBKH 2920
4/To/1 Macca roZI0BbIX BHIOPOCOB MBUIM U3 00CITYKUBAIOILIEH €€ CUCTEMBbI aCTIUpaIU
C YCTAHOBKOW IIUKJIOHOB COCTABUT

my; = 2920-2,7-796-10"°% = 6,276 T/rog,

[Ipu ocHameHnM acmUPaMOHHOW CUCTEMBI MPEIJI0KEHHOW CUCTEMON OYMCTKHU

MIBUIEBBIX BRIOPOCOB
m, = 2920-2,7-89,8-10"% = 0,71 1/rog

Takum oOpazom, MpeaoTBpaIIEHHbIN dKOJI0THYECKU P(DEKT, 1OCTUTaeMblil B
pe3ynbTaTe OCHAIUEHMSI TOJIBKO OJIHOM CHUCTEMBI aclHpalu, MpeIIOKEHHON
CUCTEMOM MbIJICOYNUCTKH COCTABUT

Y. = 57,2(6,276 — 0,71)29,32 - 2,56 = 23900 py6./rox

4.6 BbIBOabI 110 YeTBEPTOM IJ1aBe

1. Ilo pe3ynbraTaM OIBITHO-IPOMBILIJIEHHBIX HWCCIEAOBAHUNA TOJYyYECHBI
DKCIEPUMEHTAIIBHBIE  3aBUCUMOCTH, XapaKTEpU3YIOLIUME CTENEHb CHUKECHUS
BBIOPOCOB TBUIM B aTMOC(EpHBIA BO3AyX M 3aTpaThl SHEPIMM Ha MPOBEJICHUE

npolecca NbUICOYMCTKM TMPU  H3MEHEHUHM OMpeAeNiomuXx (akTopoB Mpu



107

KOMITOHOBKE CHUCTEMbI OOECIHBUIMBAaHUS BBIOPOCOB C OOBEIMHEHHON Mopaden
PELUPKYISAIIMOHHOTO TTOTOKA B JOMOJHUTENbHBIN antmapat B3I1.

2. Ilo pe3ynpTraram ONBITHO-NPOMBIIUICHHBIX HWCCICNOBAHUM ITOJTYyYECHBI
AKCIEPUMEHTAIIbHBIE  3aBUCUMOCTH, XapaKTEpU3YIOIIUE CTENEHb CHUKEHUS
BBIOPOCOB THIIM B aTMOC(HEPHBIM BO3MYyX W 3aTpaThl DHEPTUU Ha MPOBEACHHE
npolecca TMBUICOYMCTKH TPU  H3MEHEHUH OIpeAeNsiomuXx (akTopoB Mpu
KOMITOHOBKE CHCTEMbl OOECHBbUIMBAHMS BBIOPOCOB C pa3leibHOW Moaauden
PELUPKYISAIMOHHBIX MOTOKOB B IOMOJHUTENbHBIN anmapaT B3I1.

3. DOKCHEpPUMEHTAIIbHO YCTAaHOBJICHBI MPEAETIbl W3MEHEHUS OIPEeICIIONINX
dbakTopoB (00mIErO pacxoja MbUICBO3AYIIHOM CMECH, MOJaBaeMON Ha OYHUCTKY;
JIOJIM pacxoja, OTCAChIBAEMOro M3 OyHKEepa OCHOBHOI'O MbUICYJIOBUTENSI BTOPOMH
CTYNEHM; JIOJM pacxojJa, OTCacChlBAEMOTro U3 OyHKepa JOMOJIHUTEIBHOIO
MBUICYJIOBUTEIISI), IPU KOTOPHIX OOECIEYMBAIOTCA HAUMEHBIIME MPOCKOK MbUIA B
aTMOC(epHBIA BO3AYX M SHEPro3arpaThl Ha MPOBEACHHUE MPOIECCOB MbUICOYUCTKU
115 000MX BapUaHTOB KOMITIOHOBKHM CUCTEMbl 00ECIIBUIMBAHUS BEIOPOCOB.

4. Pe3ynbTaTbl  ONBITHO-IPOMBINUIEHHBIX  MCIHBITAHUKA  TMOKA3aJIM, YTO
UCIIOJIb30BAaHUE TMPEIJIOKEHHON CHUCTEMbl TBUICOYMCTKU TO3BOJISIET CHU3UTH
BEIOpOCHI TbUTH B atMmocdepy 8,9 pa3. Ilpm stom comepkanme udactuir PMig B
MOTOKE, BEIOpAChIBAEMOM B aTMOC(EPHBINA BO3AYX MOCIE CUCTEMBI 00€CTIBITMBAHUS
BBEIOPOCOB cokpaTmiioch Ha 40%, conepskanue yactuil PMa; s — Ha 20%.

5. OnpeneneH NpegoTBPALLIEHHBIN SKOJOTMYECKUN yIepd OT BEIOPOCOB MbUIH B
atMocdepy, KOTOpBI TIPH OCHAIIEHWH TOJHKO OJHOW CHUCTEMBI aCTIHpaliN

PEeAJIOKEHHON CUCTEMOM MblTeoducTK cocTaBut 23900 py6./ro.
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3AK/IIOYEHUE

B muccepranmonHoil paOoTe JaeTcs pelIeHHe aKTyalbHOW 3a7add 10
00eCTIeYEHUI0 3aAlTUIIIEHHOCTH TPUPOHON CPEAbl U KU3ZHEHHO BAXKHBIX UHTEPECOB
YeJIOBEKa OT HETraTHBHBIX BO3JICHCTBUM MBLJIEBBIX BHIOPOCOB, 00pa3yIOMIUXCA TPH
IIPOU3BOJICTBE ra300€TOHA U CTPOUTEIILHBIX U3/ICJINI HA €r0 OCHOBE.

Ha ocHOBaHuUM pe3yJbTaTOB BBHIMIOJIHEHHBIX HMCCIEAOBAHUNA MOXKHO CJIENIaTh
CJIEAYIOIIE OCHOBHBbIE BHIBOABI MO padoTe.

1. Ilo pe3ynprataM WuCCIEIOBAaHUNA, NPOBEICHHBIX B YCIOBUSIX PEAIbHO
JNEUCTBYIOIIEr0 MPEANPUSTHS IO MPOU3BOJACTBY Ta300€TOHAa W Tra300€TOHHBIX
0JIOKOB, YCTaHOBJICHO, YTO MPU UCIOIB30BAHUH TPATUIIMOHHBIX CHCTEMaM OYUCTKU
MBUIEBBIX BHIOPOCOB C IIUKJIOHAMU B aTMOC(EpPHBINM BO3TyX BHIOpACHIBACTCS MbLIb,
10 100 % macchel KOTOpPOIl MPUXOAUTCS HA YacTULBI ¢ pazMmepamu 10 20 Mkm. [Ipu
ATOM MX MEJIMAaHHBIA JUaMeTp paBeH 12 MKM, IO 4acThll ¢ pazMepamu meHee 10
MkM (PMig) coctaBisier 40 %, noist yacTuil ¢ pasmepamu Menee 2,5 Mkm (PMjys) -
0,5%. 3nayeHuss J0JMM YACTUI[] B aTMOc(PepHOM BO3JIyXe HAa TEPPUTOPUU
MIPOMIUIONIA/IKHU JeTOM Kojeomtotes: st PMio - ot 12 % 1o 40 %; nyist PMys - ot
0,3 % nmo 0,5 %. Ha rpanuile caHUTapHO-3AIUTHON 30HBI STU 3HAYCHUS
coctaBistroT 80% u 0,5% COOTBETCTBEHHO.

2. Ha ocHOBe MmaHHBIX, MOJYYEHHBIX B HATYPHBIX YCJIOBHUSX, OTMEUYEHO
MIPEBBINICHUE coqiepkanus dyacTul] PMig B atMocpepHOM BO3ayXe Ha TEPPUTOPUU
NPOMIUIOIIAJKM W Ha TpaHUIE CaHUTApHO-3aIMTHOM 30HBI Haa [IJIK,
YCTAaHOBJIEHHOM JIJIsl TAKMX YACTHUII JIJIsI BO3AYIIHON Cpebl HACEIICHHBIX IMyHKTOB.

3. Jlmg cHWXKEHHs TBUICTIOCTYIUIGHHH B arMocdepy Mpu MPOU3BOJCTBE
razo0eToHa M CTPOUTENBHBIX U3JICJIUA HA €r0 OCHOBE MPE/JIOKEHBI JBa BapUaHTa
KOMITOHOBKH CHCTEM OOECIBUIMBAaHUS BBIOPOCOB C JBYMs IIOCJIEIOBATEIHHO
YCTaHOBJICHHBIMH TibUIeyJIoBUTENSIMU B3I1, 1ByMs JOTIOJIHUTENBHBIMU alapaTaMmu
C MEHBIIMMHM pa3MepaMu, C OpraHu3aluii oTcoca U3 OyHKepa OCHOBHOIO

NBUICYJIOBUTEN BTOPOM CTYNEHM U U3 OyHKepa OJHOTO M3 JOMOJHUTEIbHBIX
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anmnapatoB. [lepBblif BapuaHT KOMIOHOBKHM MPEIOJIaracT 00beIMHEHHYIO T0/1avy
PELUPKYJSLMOHHOIO MTOTOKA BO BTOPOM M3 JTONOJHUTENBHBIN anmaparos. Bropou
BapUaHT KOMITOHOBKHM CHCTEMBI OOECHBUIMBAHHS TIPEIIOJIAraeT pPa3AciIbHYIO
nojavy peUUpPKYISHUOHHBIX TOTOKOB BO BTOPOM M3 JOTOJHUTEIIbHBIN amnapaTos.

4. PazpaboTaHbl METOIMUYECKHUE OCHOBBI PACUECTHOM OLICHKH CTETICHU CHUKCHUS
NBUIEBBIX BBHIOPOCOB B TOPOJCKYIO BO3IYIIHYIO Cpeay NpH HCIOJb30BaHUM B
IPOMBIIIJIEHHOCTH CTPOUTENBHBIX MAaTEpUAIOB YCTAHOBOK IBUIEOYUCTKU C
pPa3TMYHBIMA CXEMaMH KOMITOHOBKH, BKIIFOUAIOIINE B CEOsl: CHCTEMY PacUETHBIX
YPaBHEHHI; CUCTEMATU3ALUIO0 PACUETHBIX YPABHEHUW MO CIECAYIOIIUM TpyIIaM —
OanlaHCOBBIE YpAaBHEHMUS; YPAaBHEHUS MIPOCKOKA MbUTH (YpaBHEHUS 3P(HEKTUBHOCTH);
YpaBHEHUS, XapaKTEPU3YIOIIUE€ OCOOCHHOCTH CXEMbl KOMIIOHOBKH CHCTEMBI
oOecnbUIMBaHUsl ~ BBIOPOCOB;  OJIOK-CXEMy  pacdera  CTENEHU  CHIDKCHHUS
abUICTIOCTYIJICHUM B aTMOC(EpPHBIN BO3IYX.

5. Ilo pe3ynbTaTaM OMNBITHO-IPOMBIIIJIEHHBIX HUCCIEAOBAHUN YCTAHOBJICHBI
3aBUCHUMOCTH, XapaKTEPU3YIOIIUE CTENEHb CHIDKCHUSI BBHIOPOCOB THUIM B
atMoc(depy, a TakKe BBISIBJICHBI JUANa30Hbl U3MEHEHUS PEKUMHO-KOHCTPYKTUBHBIX
apamMeTpPOB MPEIIOKEHHBIX CUCTEM MBIJICOUNCTKH, MPU KOTOPBIX 00€CTIeUnBaIOTCS
HAUMEHBIIME MBUICHIOCTYIUIEHUS B OKPYXAKNIyIl0 CpeAy UM HAaUMEHbIIUE
AHEPro3arpaThl Ha TMPOBEACHHE MPOIECCOB OOECHbUIMBAHKS BBIOPOCOB B
IPOU3BOJICTBE ra300€TOHA U CTPOUTEILHBIX KOHCTPYKIIUI HA €r0 OCHOBE.

6. Pe3ymbrarhl  ONBITHO-TIPOMBINIUICHHBIX ~ WCHBITAHWA  TIOKa3ald, dYTO
HCMOJIb30BaHUE MPENIOKEHHON CUCTEMBI IBIJICOYMCTKU coJepxanue yactul, PMyo
B TOTOKE, BbIOpackiIBaeMOM B aTMOC(hEpHBIA BO3AyX TIOCIE CHUCTEMBI
obecnbUIUBaHUs BBIOPOCOB cokpatuiiochk Ha 40%, comepxanue yactuil] PMys — Ha
20%.

[Ipu sTOM BBIOpOC NBLTH B aTMOc(epy cokpatuiics B 8,9 pas.

[IpenoTBpalieHHBIN YKOJOTUUECKH yIIepO OT BBHIOPOCOB MBUIM B atMochepy
IIPA OCHALIECHHHU TOJBKO OJHOM CHCTEMBI ACHUPALMM MPEIIIOKECHHON CHUCTEMOU

nbuteouncTku coctaBui 23900 py6./rog.
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VeTpoicTBO NBUIEOTHCTKH, BKITIOHUAIOIMEee TPYOOMPOBOIEL, IEPBBIT, BTOPOM U TPETHIH
BHXpEBLIE [BLICYIOBUTENH, KaKIbIH H3 KOTOPHIX CONEPKUT HIHHOPUIECKHUI KOPIYC ¢
BEPXHUM TAHTEHIUABHBIM BXOQHBIM NAaTPyOKOM, 3aBUXPUTENIEM, COeTHHEHHEBIM C HIKHUM
BXOJIHBIM MTaTPyOKOM, CHaGKeHHBIM PACIONIOKEHHBIM IO OCH KOpIyca MbLTeoTOONHOM
KOHHYECKOH maiiboll, 0CeBEIM BEIXOIHBIM MaTPyOKOM U KOHHIECKUM OYHKEpOM I coopa
TBLTH C [TBUTEBBITY CKHBIM NaTPyOKOM, CHaOKeHHEIE IUTI030BEIMU 3aTBOPAMH, U BEHTHIIATOP,
[IPU 3TOM TPETHH [BUIEYTOBUTENT UMEET MeHBIITHe TaGapHThL, TeM HEPBLIH H BTOPO
[IBLUIEYIOBUTEIH, BXOIHBIE NATPYOKH KOTOPOTO COOOIIIEHE! C BRIXOIHBIM NaTPyOKOM MEPBOTO
MBUIEYIOBUTENS, 2 OCEBOHN BRIXOIHOM NAaTPYOOK COeUHEH C 3aBUXPUTEIIEM BTOPOTO
[BUIEYTIOBUTENA, OTIHYAIOIIEECA TEM, UTO YCTPOMCTBO BUTEOTHCTKH JONOIHUTEIBHO
CHaOXeHO JeTBEPTHIM BUXPEBBIM IBLIEYTOBUTEIIEM, TakKe HMEIOITHM MEHBIITHE FrabapHTHEIE
pa3Mephl H MEHBIITYIO IPOU3BOAUTETBHOCT, HeM [IEPBBIT U BTOPOI [IBLIEYIOBUTENH, BXOJHBIE
NaTPyOKH KOTOPOTO COOOIIIEHEI ¢ GYHKEpaMH )T cOOPa MIBLTH C IIBLIEBBITYCKHEIM ATPYyOKOM
BTOPOTO H TPETHETO HBUIEYIOBUTENEH, 2 0CEBOM BEIXOAHOM NAaTPYOOK COOOIIEH ¢ HHKHUM
BXOJIHBIM NaTpyOKOM [IEPBOTO MBLIEYIOBUTENS, [IPH 3TOM TPYOOIIPOBO [IOAATH HCXOTHOTO
rasza cooOIIeH ¢ BEPXHHM BXOIHBIM NAaTPYOKOM HEPBOTO MBLIEYIOBUTEN S, 2 BEHTHIIATOPD
YCTaHOBJIEH 32 BBIXOAHBIM NATPYOKOM BTOPOTO MBUIEYJIOBUTENS A BEIOpoca rasza B
aTMochepy.
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