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BBEJAEHUE

AKTYaJIbHOCTH NPo0JieMbl. B rpynne npon3BOACTBEHHBIX OMENIEHUN, KOTOPbHIE
OTJMYAIOTCA CIIO)KHOCTBIO pa3MELICHHs] TEXHOJIOTHYECKOTO O0OpYAOBaHHUSA, MOKHO
BBIJICTIUTh 1I€Xa C PACIIOJOKEHUEM TEXHOJOTMYECKUX IUIOMAJ0K Ha Pa3IUYHBIX
BBICOTHBIX OTMETKaxX. [IpM OCyIIECTBIEHMM TEXHOJIOTMYECKOrO Ipoliecca B IEXax
JaHHOTO BuJa (ApoOJeHUH, U3MENbYEHUHU, WCTUPAHUUM U T.J.), a TakxKe
TPaHCIIOPTUPOBKE CHIPhSl U MATEPUAJIOB, B BO3AYyX paboyueil 30HbI BhIIEISAETCS O0JIbIIOE
KOJIMYECTBO MbLIU, B TOM YUCJE MEIKOAUCIIEPCHOM. Bhlie nepeunciennoe popmupyer
HEOIaronpusITHbIE CAHUTAPHO-TUTHEHUYECKHE YCIOBHS TPy/Ja Ha paboYnX MecTax, 4To
IPUBOJUT K BO3PACTAHUIO BOZHUKHOBEHUS TPO(ECCUOHATIBHBIX 3a00I€BaHUII.

K npousBoncTtBaMm, KOTOpble 001alalOT BBIIMICYKa3aHHBIMH ~ apXUTEKTYPHO-
IUIAHUPOBOYHBIMU ~ PEIICHUSAMHU, OTHOCATCS MPEANpHUSITHS IO TPOU3BOJACTBY xk/O
W3JIENUM, TUIICA, LEMEHTa M JPYTruX BSDKYIIUX. 3aMepbl 3albUICHHOCTH BO3IyXa
paboyell 30HbI MMOKa3aJId, YTO KOHLEHTpAIUs NMbUIH IpeBbiiaeT HopmaTuBHbie [1/1Kp.3.
B HECKOJBKO pa3, a CKOPOCTb [JIBWJKEHHsS U HalpaBJICHHE PACHpPOCTPAHEHUS
BO3JIYIIHOIBUIEBBIX MOTOKOB MNPHUBOAUT K (TEPEMEIIMBAHUIO) TMEPETEKAHUIO IbLIU
MEX/y TEXHOJOTMYECKHMMHM IUIONIaJIKaMH MO BceMy 00beMy uexa. Jljis paOOTHHKOB
JAHHBIX  TNPOM3BOJACTB  CBOWCTBEHHAa  BBICOKAas  CTENEHb  BO3HMKHOBEHUS
npodeCCUOHANIBHBIX 3a00JIeBaHUM, 00YCIIOBJIEHHAS BO3JCUCTBUEM MEJKOIUCIIEPCHOM
MBUIH.

OnuH 13 PakTOpOB HECOOTBETCTBUS XapaKTEPUCTUK BO3AYLIHOM cpenbl paboumx
30H HOPMATHBHBIM B TPOU3BOJCTBEHHBIX COOPYXEHUSX C MHOTOYPOBHEBBIM
pa3MernieHueM oOOpyAOBaHUSI — 3TO PEILEHUs, MPUHATHIE Ha 3Tare MPOEKTUPOBAHUS,
KOTOPbIE OCHOBBIBAIOTCSI Ha YCTAHOBJIEHHBIX METOAAaX, HE MPUHUMAIOIINX BO BHUMAHUE
3aKOHOMEPHOCTH PacCIpOCTPAHEHUs BBIACISIOMUXCS BpeaHocteil. Takum oOpazowm,
INPUMEHSEMBIE PACUETHI MOJHOCTHIO HE YUHUTBHIBAIOT PACIPOCTPAHEHUE IbUIH, BKIHOYAs
Menkoaucnepcuyto PMig u PMjs, mo o00beMy MNpPOU3BOIACTBEHHBIX MMOMEUICHUI
no/100HO# KoHCTpyKuMU. Cien0BaTeNbHO, aKTYaIbHBIMU U BaXXHBIMU TPEICTABISIOTCS

HCCIICAOBAaHUA, HALICJICHHBIC HA pa3pa60TKy Hay4HO 000CHOBAHHBIX MECTOOOB OLICHKH U



HOPMHPOBAHUS BPEIHBIX MPOU3BOACTBEHHBIX (PAKTOPOB (HECTAOMIILHON TeMITepaTyphl
¥ TIOBBIINICHHOTO 3HAYEHWs KOHIICHTPAllUA TBUIM B BO3AyXe pabodeid 30HBI)
MOCPEJICTBOM  COBEPIICHCTBOBAHUS ~ MECTOPACIOJIOKEHHEM  00OpYyJIOBaHUSA, B
OCOOCHHOCTH, Ha TNPEANPHUATHAX 3aHATBIX B CTPOUTSIBHOW HMHIYCTPHH TIO
MIPOU3BOJICTBY KEJI€300€TOHHBIX U3/ICNIUN, IEMEHTA, TUIICA U JPYTUX BSDKYIIUX.

PaGoTta BbIMONHSIACH B COOTBETCTBUM C TEMAaTHYECKUM ILJIAHOM HAay4dHO-
uccienoparensckux padbor @DI'BOY BO  Bonarorpaackoro rocyaapCTBEHHOTO
TEXHUYECKOTO YHUBEPCUTETA.

Crenenb pa3padloOTaAaHHOCTH TeMbI

Bonpocamu  pacnpocTpaHeHHMs ~ BO3QYIIHONBUIEBBIX MacC B I[e€Xax C
NBUIEBBIICIICHUAMU 3aHUManuch ydeHole, B.H. A3zapoB, B.M. becnanos, E.M.
borycnasckui, M.U. I'pumutiun, A.M. I'pumutiinn, A.. Epemkun, B.I1. Xypasnes,
M.II. Kanunymikun, [.B. Konres, I1.A. Koy3os, N.H. Jloraues, K.W. Jloraues, H.B.
Menzenunuea, B.A. Mwunko, H.H. Hazapos, B.B. Heiiaun, O.[]. HeiikoB, B.H
[Tocoxun, H.M. Cepruna, H.A. Crpaxosa, B.®. Cunopenko, E.A. Illtokman, B.M.
DnpTepMaH, U MHOTHE JIpYTHE.

OnHako mpeanaraeMble pa3iMYHBIMU MCCIEIOBATENSIMU M TPOCKTUPOBIIMKAMHU
TEXHUYECKUE PEIICHUS 3a4acTyl0 HE MOTYT ObITh MPUMEHEHBI B II€XaX JaHHOTO THUIIA
M3-32 UX apXUTEKTYPHO-TUIAHUPOBOYHBIX OCOOCHHOCTEH.

B mHacrosmeir pabore mnpoBeneHBI HCCIEAOBaHUS IO OIICHKE 3alblICHHOCTH
BO3/lyXa pabouell 30HBI OETOHOCMECUTENBHOTO OTACJICHHsS, B TOM YHUCIE W
MenKkoaucnepcHon mneuiblo PMig m PMjs. Kpome Toro ucciegoBaHbl ITHCHEPCHBIN
COCTaB M a’pOJIMHAMUYECKHE XAPAKTCPUCTUKU TMHUIM Ha Pa3JIUYHBIX OTMETKax
0ETOHOCMECUTETHHOTO OTJEJICHUS, aJanTUpOBaHA METOJIMKa OLICHKH
TEXHOJIOTUYECKOTO OO0OpYJOBaHMS KaK MCTOYHMKA 3arpsi3HEHUs aTMocdepsbl Iiexa,
OIICHCHO BJIMSHUE OpTraHM3aIlliyd BO3AYyXOOOMEHAa Ha TBUICEBYI0 OOCTaHOBKY B
OeTOHOCMECUTEIHPHOM OT/AeeHHH. Pa3zpaboTaHbl Mephl IO CHIKEHUIO KOHIICHTPAIIHMA
MBUTH Ha KaXKJI0M TEXHOJIOTMYECKOM IIJIONIAKEe O€TOHOCMECUTEILHOTO OTICTICHHS.

Henas paGorhl. YiydllleHHE KadecTBa BO3AyXa Ha pabO4yMX MecCTax B LEexax C

PaCIIOJIOKCHUCM pa6oqnx 30H Ha pPa3JIMYHBIX IUIOMaAKax IIYyTEM CHHXKXCHHA



KOHIIEHTpAIlMHU MbUIH, B TOM 4YHucie MenkoaucnepcHoit PMig u PMys, B paboueii 30He.
Ha ocHoBanmm BeIOpaHHOM 11e7M OBLTH CHOPMYITUPOBAHBI CICAYIONTNE 3a/1a4H:

- IPOBEJICHNE KOMILJIEKCA HATYPHBIX MCCIEI0BAHUM MBUIEBOrO (hakTopa B BO3AYXE
paboueii 30HBI B OETOHOCMECUTEIHHOM OTACICHHWH, B TOM YHCJIC: WHTCHCUBHOCTH
MBUIEOCENAHUSI M OLEHKA MOIIHOCTH MBUICBBIICICHUN OT TEXHOJOTHYECKOTO
000OpyZ0BaHUs, KOHIIEHTpaUuK OOmEed H MEIKOAUCIEPCHOW TbUIM, IUCIIEPCHOTO
COCTaBa TbUIM, B BO3AyXe pabodeil 30HBI HA KaXJAOW TEXHOJOTHMYECKOW IUIOINIAIKE
OETOHOCMECUTEIBHOTO OTICICHHUS,

- TEOPETUYECKHME  pacueTbl W  OKCIEPUMEHTAIbHBIE  MCCJICIOBaHUS
a’POJIMHAMUYECKUX  XApaKTEPUCTUK  4YacTUIl  TbUIM,  BbIOMBawmieicsa  u3
TEXHOJIOTUYECKOro 000pYy/I0BaHUS B BO3JyX paboyeill 30HbI B OETOHOCMECUTEITHLHOM
OTJICJICHUH;

- TPOBEIECHUE JKCIEPUMEHTAIbHBIX HUCCIEHOBAHUM ISl aHaM3a MEXITaKHOTO
NepeTeKaHus MbUIU C 1EJIbI0 U3YYCHUS BIMSHUS Ha IMBUICBYI0 OOCTAaHOBKY B pabo4mX
30HaX OpraHU3allK BO3yXO000OMEHa;

- pa3paboTKa TEOPETHUYECKOW CXEMbl pacueTa KOHIICHTPAllUU THUIM B BO3IyXE
pabouMX 30H C YUYETOM IMEPETEKAHUSI MBLUIH MEXKIY TEXHOJOTUUECKUMHU IIOMIaAKAMU U
OpraHu3aluei Bo31yXo00MeHa;

- pa3paboTka M BBIOOP MEPONMPHUATHN MO CHIDKCHUIO 3albUJICHHOCTH BO3ayXa
paboueii 30HbI B 0ETOHOCMECUTEILHOM OT/ACIICHUH.

Ha 3amuTy BBIHOCSATCS:

- TIOJIO)KEHHE O PENpPe3eHTATUBHOCTH pE3YyJbTaTOB HATYPHBIX HCCIEA0BaHUMN
nbUIEBOTO (hakTopa 3arpsi3HEHUs BO3jAyxa pabodeil 30HbI B OETOHOCMECHUTEIBHBIX
OTJICJICHUSX TIPOU3BOICTB JKEJIE300€TOHHBIX M3/ICNNI, 4 UMEHHO: HHTEPBAJI N3MCHCHHUS
3aMbUICHHOCTh BO3/yXa, MapaMeTphbl AUCIIEPCHOTO COCTaBa MbUIM, B TOM 4ucie PMig u
PMjs, Bbimenstomieiics €3 TEXHOJOTHYECKOTO OOOpYIOBaHUS IS KaXAOW W3
TJIOMIAZI0K, HEOOXOUMbIE KaK WMCXOJIHbIE JaHHBIC MPHU MPOCKTUPOBAHUU BEHTHUIISAITUU
0ETOHOCMECUTEINBHBIX OTAEIICHUIA;

- pe3yibTaThl  TEOPETUYECKUX U  HKCOEPUMEHTAIBbHBIX  HCCIIEIOBAHUI

AOPOAMHAMHUYCCKHUX XAapPAaKTCPUCTHUK IIBIIH, HOCTYHB.IOH.I@ﬁ N3 TCXHOJIOTHUYCCKOI'O



o0opynoBaHusi B pabouyyi0 30HY, B TOM YHCIE pacydeThl CKOPOCTEH OCemaHus C
UCIIOJb30BaHueEM Kputepues Jlsmenko u PeliHonbaca;

- OCHOBHBIE TIOJIOKEHHA JUIsl pacuera 3aKOHOMEPHOCTEH MEPETEKAHMS
MBUIEBO3TYIITHBIX Macc MEXKTY TEXHOJIOTUYECKUMU IO IKAMHU
0ETOHOCMECUTENHHOTO OTJICJICHUS, MOCTYHAOIINX U3  TEXHOJIOTMYECKOIO
o0opy1oBaHUs B pabovyIo 30HY,

- TIOJIO’KEeHHE 00 aJeKBaTHOCTU MaTEMaTUYECKOW MOJIENH ISl OLIEHKU MapaMeTPOB
nbLIEBOro (pakTopa Bo3ayxa pabouux 30H.

MeTo10/10THSI TUCCEPTANMOHHOTO HCCIEA0BAHMS BKJIOYACT: aHAIUTUYECKOE
0000IlIEHHE U3BECTHBIX HAYYHBIX M TEXHMYECKUX pE3yJbTaTOB, (PU3UYECKOE H
MaTeMaTU4YecKoe  MOJCIUpPOBaHUE, JabopaTOpHBIE  HCCIENOBaHUA, O0O0pabOTKY
AKCTIIEPUMEHTAIIbHBIX JAHHBIX, ONBITHO-MIPOMBIIIJIEHHBIE UCCIEIOBAHUS.

CreneHb JOCTOBEPHOCTM HAYYHBIX IIOJOKEHUM, BBIBOJIOB WU PEKOMEHIALUN
000OCHOBaHa MPUMEHEHHUEM KJIACCHYECKUX TIOJIOKEHHI TEOPETUYECKOro aHalu3a,
IJJAHUPOBAHUEM  HEO0OXOIMMOro oObeMa HKCHEPUMEHTOB, BBIMOJHEHHBIX  Ha
7a00paTOPHON yCTAaHOBKE U TMOJTBEPKAAIONIMX YIOBJICTBOPUTEIBHYIO CXOJIUMOCTH
MOJTYYEHHBIX PE3yJIbTATOB UCCIEIOBAHUM C pe3yJibTaTaMu JPYTUX aBTOPOB.

Hay4nasi HOBU3Ha pad0ThI COCTOUT B TOM, YTO:

- Ha OCHOBaHUU TEOPETHUUYECKUX M OSKCIHEPUMEHTAIBHBIX HCCIIEIOBAHUMN
NpeJIoKeHa pacyeTHas MOJEb MEePEeTeKaHUsl TMbUIEBO3AYIIHBIX MAacC MEXIy
TEXHOJIOTUYECKUMHU  IUIOIIAJIKAMH,  PACIOJOKEHHBIMU  Ha  Pa3HbIX  OTMETKax
XapaKTEePHBIX JJISI psiJia MPOU3BOJICTB, B TOM YUCJIE OETOHOCMECUTEIBHBIX OT/ICICHUSIX;

- Ha OCHOBAHUWU HKCIEPUMEHTAJIBHBIX U TEOPETUUECKUX MCCIIEAOBAHUN MOTYYEHbI
a’pOJIMHAMUYECKHE XapaKTEPUCTUKU TbUIM, BBIICISIOMICHCS OT TEXHOJOTMYECKOIrO
obopynoBaHusi B pabouyyr0  30HY  KaXJOM  TEXHOJOTHYECKOW  IUIOIIaJKU
O0ETOHOCMECUTEIHLHOTO OTJEIICHHS: TIBLIb IIICOHS, IIEMEHTA, TeCKa,

- TIOJIy4€HbI 3aBUCUMOCTH IS ONPEIEIICHUS 10JIEM Macchl yacTul nbu PMig u
PM; 5 BuTaromieil B Bo3ayxe pabo4nx 30H U OCEBIIEH HA TEXHOJOTHYECKHUX TIIOMIAIKaX
OE€TOHOCMECUTEIILHOTO OTACIICHHU,

- IOCTPOCHAa MaTCMaTHUUYCCKasA MOACIIb, IIO3BOJIAIOIIAs ITPOTHO3UPOBATH IMapaMCTPhI



IBLIEBOTO (paKkTOpa BO3AyXa pabodeil 30HBI.

Teopernueckasi M NIpaKTUYeCKasi 3HAYUMOCTH Pa0OTHI:

- MOJIYYEHBI a’3pPOJIMHAMUYECKHE XapaKTEPUCTUKU JUIsl MBUIM B BO3AyXe paboueit
30HBI Ha KaX/I10M TEXHOJOTMYECKOH TUIONIaIKE B OETOHOCMECUTEILHOM OTJECIICHHH;

- MOKa3aHO, YTO 3aKOH pacCIpelesiCHHUs MO JUaMeTpaM MacChl YacTHUIl MbUIM B
BO3/lyXe pPabO4YMX 30H OCTOHOCMECUTEIBHBIX OTIEICHUN MOJUUHSICTCS YCEUCHHOMY
JorapuMUIECKOMY 3aKOHY;

- TIOJIy4€Ha MHTEerpajibHasg u nIuddepennuanbias QyHKIUS pacnpeaesieHrs MacChl
YaCcTUIl TMBUIM TI0 CKOPOCTSIM  OCedaHus JUIsi TbUIM, BBIACTSIONICHCS U3
TEXHOJIOTUYECKOT0 O0OpYJIOBaHUSI B BO3AYyX paboyell 30HBI B OETOHOCMECUTEIHLHOM
OTJICJICHUH;

- IPEJJIO’KEHa pacyeTHasi MOJAEIb Ui OLUEHKH MapaMeTpoB MbLUIEBOrO (pakTtopa u
MOJBW)XHOCTU BO3/yXa B paboueil 30HE B I€XaX C MHOTOSIPYCHBIM PaCIOIOKEHUEM
TEXHOJIOTUYECKUX MIOMAO0K;

- MNpeJIoKEHAa METOAMKa pacyeTa XapaKTepUCTHUK BO3JyXa paboueld 30HBI IS
ATaXKEPOUHBIX IIEXOB;

- TOJy4YeHbl JaHHbIC JUISl OLICHKU [JOJM YacTUI[ MbUIM, B TOM YHUCJE
menkoaucnepcaon PMig um PMys, B Bo3ayxe pabouux 30H W OCEBIIEH Ha
TEXHOJIOTUYECKHX TJIOMIAKaX OETOHOCMECUTEIHLHOTO OTICICHHUS;

- TIPOBEJICHA ajamnTalydsi METOJUKHU MO OIEHKE TEXHOJIOTHYECKOT0 00OpYI0BaHUS
OETOHOCMECUTEIHLHOTO OTICICHHS KaK UCTOYHUKA 3arpsi3HEHUs paboueii 30HbI;

- TIPEJIOKEHBI MEPOTIPUSITHS 110 YJIABJIUBAHUIO MBI U CHUYKEHUIO 3aNbUIEHHOCTH
BO3/yxa pabouel 30Hbl B 0€TOHOCMECHUTEIHLHOM OT/ICJICHUH.

AnpobGauus pe3yabTaToB padoTbl. OCHOBHBIC MMOJOXKEHUS U PE3YIbTAThl paOOTHI
JTOKJIQJIBIBAIUCh M TOJYYHJIM OJOOpEHHE Ha: €XETOJHBIX HAyYHO- MPAKTUUYECKUX
KoH(pepeHnuax  mpodeccopcko-mpenoaaBaTenbckoro  cocraba  ®I'BOY  BIIO
«Bonrorpaackuii rocyAapCTBEHHbI apXUTEKTYpPHO-CTPOUTEIbHBIN YHUBEPCUTET» (T.
Boarorpan, 2010-2017 r.r.), kxoHdepeHUUH MOJOJBIX HHXKEHEPOB-IKOJIOTOB
«IIpobGyieMbl OXpaHbI MPOU3BOACTBEHHON U OKpYyXaromiei cpeasn», Bonrorpam, 2011 r.,

2012 1., 2014 r., 2016 r.; MEeXIyHApOJHOW HAYYHO-TIPAKTHYECKOH KOH(EpEHIIUU
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«HayuHble ucciieoBaHus U UX NPAKTHUYECKOe NpuMeHeHne. COBPEMEHHOE COCTOSIHUE U
nytu pazsutus 2011», Onecca 2011 r.

Peanu3anus pe3yabTaToB padoThl:

- BHEJpPEHA METOJMKA I pacyeTa XapaKTepUCTUK BO3QyXa padoyed 30HbI IS
TAXEPOUYHBIX 1I€XOB, a TakXKe JUIsi pa3padOTKH MEpPONPUITHI 10 CHIKEHHUIO
3anblIICHHOCTH B paboueit 30He Ha npeanpusitud OAO «[IpoMCTpONKOHCTPYKIIUSY;

- BHEJIPEHUE MEPONPUATUI MO3BOJIMIIO CHU3UTh 3HAUEHHE 3albLIEHHOCTH BO3AyXa
paboueii 30u61 OAO «IIpomcTporikoHcTpykuus» Ha 30%

- peKOMEHJAIMU [0 pacyeTy KOHLEHTpAuus MEIKOAMUCIIEPCHON MbUIM (B TOM
guciie PMio 1 PM25) B 06TOHOCMECHTEIPHOM OTACIICHUN HUCIIOJB3YIOTCS MPU pacdyeTax
KOHILICHTpAIlMd MbUIM B IPOU3BOJCTBEHHBIX IOMELIEHUSIX C MHOTOSPYCHBIMU
TE€XHOJIOTUYECKUMH IO/ IKaMU;

- MaTepuaibl IUCCEPTALlMOHHON pabOThl UCIIOIB30BaHbl Kadeapoi «O6e30MacHOCTb
KU3HEACATENIbHOCTU B TexHocdepe»  Bomrorpanckoro  rocyaapcTBEHHOTO
TEXHUYECKOTO YHUBEPCUTETAa B Y4YE€OHOW NOATOTOBKE MAarucTpoB M OakajlaBpOB I10
cneruanbHocTu «TexHochepHas 6€30MacCHOCTHY.

Hyonuxkanuu. OCHOBHBIE PE3YJBTAThl MCCICAOBAHUM MO TEME AUCCEpPTAlUU
omyOnukoBanbl B 11 pabGotax, B ToM uucie B 4 cCTaThsiX, OMyOJUKOBAHHBIX B
PELEH3UPYEMBIX  HAYYHBIX IKypHAJIaX H  U3JaHUAX, pekoMeHayembix BAK

Munoopuayku P®, u 3 narenrax PO.
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IJTABA 1 COCTOSAHUE BOITPOCA U BBIBOP HAIIPABJIEHUSA
NCCIEAOBHUA

1.1 IIb1eBOM (pAKTOP KAaK BpeIHbIH (PAKTOP BO3ACHCTBUSA HA OPraHU3M

Pa0dOTHUKOB NPpeINPUATHI 110 MPOU3BOACTBY CTPOUTEIbHBIX MATEPUAJIOB

OCHOBHBIM BpeIHbIM (AaKTOPOM BO3ACHCTBUSL HA OpraHu3M pabOTHUKA B
CTPOUTEIFHOM TPOU3BOJICTBE SIBISETCS MbUIb, CTENEHb M XapakTep BO3ACUCTBUSA
KOTOPOW BO MHOTOM OIPEAETSETCS CHeU(PUKON TEXHOIOTHIECKOTO Mpolecca, BUAOM
IBUTH U €€ AUCTIEPCHBIM COCTABOM.

CunukaTtHas TbUIb, BBIACIAIOMIASACA B BO3MyX palOoueil 30HBI IPU MPOU3BOJCTBE
CIWJIMKATHOTO KHUpPIHYa, MPAaKTUYECKU HE OKa3bIBaeT OOILETOKCUYECKOro JCHCTBUS,
OJTHAKO, MpHU OTJOKEHUU YACTUI[ STOW MbUIM B OpraHax JbIXaHUS HAYMHAIOT
pa3BUBATHCA MECTHBIE U3MEHEHUS MO TUITY THEBMOKOHHMO3a M XPOHUYECKOTO TBIJIEBOTO
OpOHXHMTa, a TaKKE CBOWCTBEHHBIC OTHM 3a00JieBaHUSIM O0OIIUe (CHCTEMHBIC)
Hapymenusmu [40]. TlockoibKy TmBIIEBOW IMHEBMOCKJIEPO3 SBISETCS OIHUM U3
HauOosee  TSDKENbIX  MOCHEACTBUM  OTJIOXKEHUS B JIETKUX  ObUIM, O
THEBMOKOHHMO300MIACHOCTH CHUJIMKATOB 4YacTO OMNpeiensercs Mo ux (puOporeHHOCTH.
BricOokre KOHIIEHTpaIlMM CHJIMKATHBIX TMBUICH B MPOW3BOACTBAX, Iie MHTEHCHBHOCTH
00pbOBI ¢ MbUIEOOpPa30BaHUEM HECKOJIBKO HMXKE, YEM B CHIJIMKO300MACHBIX SIBISIOTCS
OCHOBHOM NPUYMHON CHJIMKATO30B. YBEJIMYEHHE OTJIOKEHHUS NbUIM CIHOCOOCTBYET
Pa3BUTHIO XPOHUYECKOTO OpPOHXHUTA, YCHIUBAIOMIETO (PYHKIIMOHAIBHBIC HAPYIICHUS Y
O0onpHOTO crimkato3oM. [lpu  yBenmuueHUM QUOPOTCHHOCTH TIBIIEH W3MEHSETCS
XapakTep MTHEBMOKOHHO3a («CHIIMKO- CHITHKATO3») [34].

Ha mpousBoncTBax oOpabOTKM W W3TOTOBJICHUS W3JIETIUN W3 TUICA Yy pabovmx,
KOTOpbI€ JOOBIBAIOT THUIIC TMOA3EMHBIM CIOCOOOM, JUAarHOCTUPOBAHBI H3MEHEHUS
CIIM3UCTBIX BEPXHHUX JBIXaTENBHBIX IMyTeH W YyCHUJIEHHE JIETOYHOro pucyHka. [lpwm
KOHIIEHTparusix  6—375  Mr/M3  3aperucTpupoBaHbl  TakXKe  XPOHUYECKHE

KOHBIOHKTHUBUTEI, 06OCTpeHI/I€ CyXoCTHu CIIM3HUCTOMN HOCa, CHHKCHHC 06OHHHI/I}I,
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MOSIBJICHUE OXPUIUIOCTH, NPUTYIJICHHE BKycCa, POCT Hecmeuupuueckux Ooe3Hei
JBIXaTEJIbHON CHCTEMBI. Y HEKOTOpBIX pabouyux OOHApyKeHa PEHTTECHOJIOTHYecKas
KapTHHA MEJIKOSYEHCTOr0 y3elIKoBoro ¢puodposa erkux [10].

PaboTHUKKM mpeanpusATHi 1O NPOU3BOJACTBY  KEJIE300€TOHHBIX  W3JEIINH,
BKJIFOUUTENIBHO C MAJICHBKUM CTa)XEM, UCIBITHIBAIOT OOJIb U TSXKECTh B TPYIH, OJBIIIKY,
KallleJib, CyXOCTh BO PTY, OXPHUIUIOCTb, CMaJ OOOHSHUS W HOCOBBIE KPOBOTEUCHHUSI.
MHorumu aBTOpamMu OINMUCAHBI Cyyau THEBMOKOHKO03a, YacTO JOOPOKaYeCTBEHHOTO, CO
CKYJHOM KIIMHUYECKOM CUMOTOMATUKOW. ICX0s U3 XMMUYECKOTO COCTaBa MbIJIM MOTYT
HAOMIOAAThCSl pa3Hble BUABl CHJIMKO3a: THUIWYHBIA CHIJIMKO3, JHOO MEXYTOUHBIN
ckiepo3 [50]. Tak xe y paboTaromux Ha JJdaHHBIE MPEIPUATHIAX OOHAPYKCHBI
«KaMelIku» (PUHONHUTHI) Ha 3aJHEH CTEHKE TIJIOTKH, Ha MHUHAAJIWHAX, B TOPTaHU H
MIOJIOCTH HOCA, TPEIIMHBI, & TAKKE BCTPEUYAETCSI BOSHUKHOBEHUE CKBO3HOTO OTBEPCTHS B
HOCOBOM meperopojake. OOHapyKeHBI TaKkKe OpOHXHTHI, dMHU3EMa U TUJICBPAIbHbBIC
CpallleHusl; XPOHUYECKUE BOCHAIUTEIbHBIE MPOLECCH B TaliMOPOBOM TMOJOCTH U
NOJIUTIO3 ~ CJIM3UCTOM  HOCA;  YBEJIMYEHUE  BO3HUKHOBEHHMS  XPOHHUYECKHX
Hecrnienmduueckux 3adoneBaHuil Jierkux. CeHCMOWIM3MPYIONIME KadecTBa I[EMEHTa
oOycioBieHbl pucyTcTBUEM B HeM coeauHeHui Cr (VI); aTum sBisieTcs npuUYMHON
BO3HMKHOBEHUsI OpoHXMaNbHON acTMbl [126] 1 oteka KBunke. YUem Ooibiiie K IEMEHTY
MPUMEILIAHO W3BECTH WM 4ueM Bbie conaepxkanue CaCOsz TeM TsbKelee KOKHBIE
3a0oneBanus. Hanbonee yacTo BO3HMKAIOIIME: «IIEMEHTHAs YE€COTKa», SI3BbI, «IK3EMa
KaMEHIIUMKOBY». Eclii LleMeHTHas MbUIb MOMaJeT B Ija3a, TO OHA MOXKET OKa3aThCs
NPUYMHON KOHBIOHKTHUBHTA, a TaKXe€ B HEKOTOPHIX CJydas MOXET BO3HUKATh
OMEpPTBEHHE HEKOTOPBIX YYACTKOB COEIMHHUTENIbHONM OOOJOYKH U JajJbHEHIINM
o0Opa3oBaHUEM CpaIecHUH.

3ammMTON OT MBUICBBIACICHUN SBIISIOTCS KaK CPEJICTBA MHAWBUIYaTbHON 3aIlUTHI,
TaK U CPEACTBA KOJUICKTHBHOW 3amlUThl pabOTHUKOB. K cpeacTBam MHAMBUIYaTBLHOMN
3aIIUTBl  OTHOCATCS  MPOTUBOIBUIEBBIE  PECHUPATOPHI, IUIOTHO  MpHUJIErarolas
CHEO0/Ie’Ka U3 MbUIE3AUIUTHON TKAHU, TEPMETUYECKHUE 3AIIUTHBIE OUYKH, OKUPSIOIINE
Masu it 00pabOTKU OTKPHITHIX YacTeil Tema. K cpemcTBaM KOJUIEKTUBHOM 3alllUThI

pa6OTHI/IKOB OT IIBIIIEBBIX 3anH3HCHHﬁ B BO3YyXC pa6oqeﬁ 30HBI OTHOCAT CHCTCMBI
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BEHTWISIMK W cUCTeMbl acnupanuu. CHUCTeMbl aclHUpalnuv MpeIHA3HAYEHBl s
JIOKalNu3alui  BPEAHBIX  BBIJACICHUH  OT  HMCTOYHUKOB, TMpeaoTBpamias  Hx
pacmpocTpaHeHue 10 BceMy o00bemy mnomenleHus 1exa. CucreMbl BEHTWISALUU
HaIpaBJICHHBI HA MOJIJIEpKaHWe HOPMATUBHBIX [MapaMETPOB KauecTBa BO3yxa padboueii
30HBI TMOMEIIEHUsT NyTEM pa30aBiieHUs BpeaHOCTe M ymeHblneHus. CralOunbHas
paboTa cucTeM BEHTWJISIIIUMHU, a TakKe MX BhICOKas A((HEKTUBHOCTH IMbUICYIABIMBAHUS
oOecrieuynBaeT JOMYCTUMBIC 3HAYCHHsI KOHIICHTPAIMK MBUTM Ha pabOYMX MECTax, TeM
caMbIlM  TpenoTBpamias (yMeHblIas) pHUCK MNpodecCUOHANBHBIX  3a00JIeBaHUMN

pabOTHUKOB MPEATPUATHI MO MIPOU3BOACTBY CTPOUTEIBHBIX MAaTEPUAIIOB.

1.2 AHa/1u3 TeopeTH4eCKHX MCCIEOBAHNI PacIpoOCTPAHEeHHUs NbLJIH B

MNOMEIICHUAX 0eTOHOCMECUTEJILHOI0 oTac/JICHUA

Bonpocamu  pacmpocTpaHeHHs ~— BO3AYIIHONBUIEBBIX MacCc B IeXax C
MBUIEBBIICIICHUSAMM  3aHUManuch ydeHele, B.H. AzapoB, B.M. becnanos, E.N.
borycnasckuii, A.1. Epemkun, B.Il. XKypasnes, M.I1. Kanunymkun, /[.B. Kontes,
IT.A. Koy3os, N.H. Jloraues, K.W. Jloraues, H.B. Men3enuniieBa, B.A. Munko, H.H.
Hazapos, B.B. Heiigun, O.Jl. HeiikoB, B.H Ilocoxun, H.A. CrtpaxoBa, B.D.
Cunopenko, E.A. llltokman, B.M. Dnberepman, u mHOTHe apyrue [6, 12, 14, 17, 33, 44,
52,56, 61, 75, 73, 79, 81, 86, 90, 62, 109, 110, 118, 121]

[Ipy TEXHOJIOTHYECKUX TpoIlleccaX BBIOMBAHHWE TBUIM U3 000PYIOBaHUS
MPOUCXONUT, OOBIYHO, CIydyaiilHBIM 00pa3oM, a He CTallMOHApHO U HE
JTETEPMUHUPOBAHO, T.. cToXacThdecku. CTOXaCTHYECKHH IMOIX0J] TPUMEHSIETCS IS
aHajM3a M OIpPEICICHUs TMPOIeccoB, CBA3aHHBIX ¢ auddysueit [117, 120], mns
U3y4YeHUs TICeBIOOXKWKeHHoro cnos [117, 120], npu MopemupoBaHuu C
UCITOJIb30BAaHUEM MaTEMaTHYSCKUX METOJIOB 3aJlay IO 3allUTe OKPYXKAIOMIEeH CPeIbl

[84] u npyrue.
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VYpaaenust nupdy3un Ui aHamu3a 3arpsi3HEHHONW aTMoc(epbl U TUAPOChEpHI
ob1i paccMoTpensl .M. Mapuykom [84]. TlomydeHHbIe ypaBHEHHUS CITIOCOOCTBOBAIN B
peleHun 3ajaud 1o Haubosee OJaronpusTHOMY pPaCHOJIOKEHHIO IPOU3BOJCTB C
Y4€TOM BBIOPOCOB B OKPYKAIOIIYIO Cpey OT AeHCTByIomuX 00bekToB. B padorax M.E.
bepnsuna u mp. aBTopos [98, 32, 8, 139, 142, 88] ucciemoBan BOIpoc O MepeMeElCHUH
BpeaHocTel B atMocdepe. Pa3paboTka HHKEHEPHBIX METOAMK 110 pacyeTy 3arpsa3HeHui
atMoc(epbl TMPOMBIIUICHHBIMA HMCTOYHHKAMH OCHOBBIBAIACh Ha MOJCIUPOBAHUU
nudy3noHHbIX mpoueccos [71,119,135,87, 122,88].

[Ipn paccMOTpeHUM HaNMYUE UCTOYHMKA BO3HUKHOBEHMS YAaCTHUI], YpaBHEHUE
mudy3un B IbUIEBOM MOTOKE uMeeT BuA [31]:

oc, (1.1)

=D, V’C,-WVC, +Q,:

rac

Q, 00bEMHBIN UICTOUHUK 00pa30BaHUs YacTHIL B 1 M3,

PEICHp@)ICJ'ICHI/Ie KOHOCHTPAOWMW TbUIN JUIA 49aCTUL] MCJIKHX (bpaKL[I/Iﬁ B IIaxrTax

paccmarpuBaerca B.II. XypasneBeiMm u b.®. Kupunsim [67, 89] ypaBHeHueM

mudy3un
c . &C, oC, (1.2)
%€ _p, %% (v +w ) pe,
ot oX oX
riae
C,  CpeIHss O CeYCHHIO BRIPAOOTKH 3albUICHHOCTD BO3IYXa;
t BpeMs Ipoliecca;
D,  xodbduument TypOyaenTHol quddysum rasa;
W.  CKOpOCTb IOJIa4u KOMOaliHa,;
V.,  CKOpPOCTb IBMKEHMS BO31yXa B BEIPAOOTKE;

KO3 GUIMEHT OCeTaHus YaCTHII ITBLIH.

=)
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Pacnpenenenrie KOHIIEHTpaUMyW MbUIA JJIS  PA3JIMUHBIX TEXHOJIOTUYECKUX
IIPOLIECCOB, AMMAPATOB U MHKXEHEPHO-IKOJIOTMYECKUX CUCTEM MOIY4YarOT HA OCHOBAaHUU
ypaBHeHu#  auddy3uit.  BBumy  dero, TOpH  pEIIEHUH  CTOXACTHUYECKHUX
muddepeHIManbHbIX YPaBHEHUN, NPUMEHSIOTCA JIOMOJHUTENbHbIE pPEIIeHus s
onpeneneHuss >PGEeKTUBHOCTH oOOecHblIMBaHUs. BpIOOp TIpaHUYHBIX YCIOBHM K
ypaBHeHUsIM JTU((Py3UM 3aBUCUT OT KOHKPETHBIX IMapaMETPOB TEXHOJIOTUYECKOTO
npolecca.

B pabortax mo mexanuke MHOro(asHbIX CIUIOMIHBIX cpen [94, 95] pasOuparorcs
IPOLIECCHl MEPEHOCAa TBEPJBIX YacTUl. PelieHus, MpeAcTaBlIeHHbIE B MPUBEACHHBIX
paborax onucanbl pemeHus npu nomou IIK. Tak ke BBISIBIEHO, 4TO NOJIPOOHOE
OMMCAaHWE B3aUMOJICUCTBUS YacCTUILl OYEHb 3aTPyAHEHO, © JUIsl MOJy4YEHUs
MPAKTUYECKUX PE3YJIbTATOB TpeOyeTcs MNPUMEHEHUE PalMOHAIBHBIX O000OIICHUH,
KOTOPBIE, B CBOKO OYEPEb, BBIBEAYT K PEIIAEMBIM YPABHEHUSM.

B pa6orax P.M. Hurmarymuaa otmedeHo [133], uTo s moOJdydeHUS
NPaKTUYECKUX PE3yJIbTaTOB HCIOJNb3YIOT pPAallMOHAIbHbIE O0O0OIIEHUs, KOTOpPbIE
CBOJSITCS K pEIIaeMbIM YPaBHEHUSIM, BBUIY CI0XKHOCTH B3aMMOJCHCTBUS BHYTPHU U
MEXy F€TEPOre€HHBIX CPE/I.

Jlyist cocTaBiieHsl MaTEMaTUYECKUX MOjeNield B 00J1acTH 00EeCTbIITMBAHUUA MOTYT
NPUMEHSTHCS CTOXACTUYECKHE METObI, KOTOPBIE PACCMOTPEHBI B padotax [140, 142].

H.A. ®ykcom [142] onnuM W3 4YmciIa TEPBBIX ObUIA WCIIOJIB30BaHA TEOPHS
CllydallHbIX MPOLIECCOB B a’po30iiiXx. B ero pabore mpeacraBieHbl JBa ypaBHEHHS.
[lepBoe ypaBHenue -31o ypaBHeHue A.H. Koiamoroposa, KoTopoe npeacTaBieHo B BUJIE
[36, 37, 23].

5 . 13
(%P:—diu(\NPH D.AP. (13)

Hcxonuble yClnoBUA. P(A,t,) =P, (1)
I'pannunbIe yCa0BUA:

OTpaskeHHe - WP —0,50(D,P)/ 94 =0 (1.4)
(1.5)

IOTJIOIIECHUE - P=0
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BbI10 BBIABICHO, UTO IIPH HAMIEHHBIX yciaoBusaX ypaBHeHue A.H. Koamoroposa
NPUHUMAET BUJ ypaBHEHUS TU(PPYy3UH ¢ TAKUMHU K€ TPAaHUYHBIMH ycioBusaMH. LleneBas
(GyHKIUS TpencTasiseT co00il BEpOATHOCTh MpeObIBaHUS YacTUll B AMana3oHe (X, X +

dx) B onpeneieHHbBII MOMEHT BpeMenn t [142].

~ n (1.6)

rae
n,  CUeTHas KOHLEHTPALMs YacTUI[ B MHTepBase (X, X + 0X) MOMeHT t ¢

pa3sMepHOCTBIO (1rT/m1).

C maremMaTnyecKou TOYKHM 3pEHHS K JaHHOMY YPAaBHEHHIO YAaCTO IMPUMEHSIOT
TEPMUH BEPOSTHOCTh HAXOXKIEHUSA, HECMOTPS Ha TO, YTO B JECHCTBUTEIBLHOCTH DPEYb
UIET O IUIOTHOCTH BEPOATHOCTH HAaxXOXIEHWs. BBuay 3toro, B  BoIpocax
00€eCIbUIMBAaHUSL BEPOSITHOCTA COOBITMI  ONHCHIBAIOT MOCIEAHEN TPUBEIECHHON
dopMyI0ii, UTO HE BO BCEX CIIydyasix sBIsETCS 0OOCHOBAHHBIM. BTOphIM ypaBHEHUEM,
npuBelcHHBIM B pabore [142], sBnsercs ypaBHenume JI.C. ITlontpsruna. [lanHOoe
yYpaBHEHUE TMOKa3bIBa€T (U3NYECKOe OOBSCHEHHUE U XapaKTepU3yeT BEpPOSTHOCTh

JIOCTUKEHHUSI YaCTHUIIEH C KOOPAMHATOM X, Y, Z MOBEPXHOCTH 3a HEKOE Bpems t:

(%P:WgradP+ D,AP; P=ﬁn—0,, (L.7)
rae
N KOJMYECTBO YAaCTHI], KOTOPbIE IPUCYTCTBOBAJIN B MOMEHT BPEMEHHU
B TOUYKE X U JOCTUTHYBIIMX 3a BpeMs t rpaHUIbI.
I'pannunbIe YyCI0BUA
P(x,y,2,0)=0 - s TOYEK, KOTOPHIE HE JIEXKAT HA DTOW INOBEPXHOCTH; (1.8)
P(X,y,z,0)=1 - JJI TOYEK, KOTOPBIE JIEXKAT HA DTOW IIOBEPXHOCTH. (1.9)

B mnpencraBieHHOM INpUMEpE MEPEBENCHBI NMPEACIbHBIE TPAHUYHBIE YCIIOBHS.

BCpO}ITHOCTHble OOBSICHEHHSI HE 3aBHCAT OT OCHOBHBIX napamMcTpoB HWHIKCHCPHO-
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HKOJIOTHYECKUX CHCTEM U CPeIcTB oOecmbuinBanus — 3¢ dextuBHOCTRI0. H. A. Dykc
[142] nns aHanmu3a OPOUCXOASIIUMX B HUX SIBJICHHM M TPOILIECCOB HCMOJb30Bal B
OCHOBHOM (heHOMEHOJIOTHYECKUM 1oax01. HecMoTps Ha To, uTo B cBOoel padote [142]
H. A. ®ykc NpakTUYECKH HE HCHOJIB30BaJl CTATUCTUYECKUN IMOAXO0J, OCHOBAHHBIA Ha
ypaBHeHusx A.H. Kommoropoa u JI.C. [lontpsaruna, uzganue moHorpadpuu H.A.
dykca [142] nmano Hayano MOMyJIsSpPU3alMd MMEHHO CTATHCTHYECKOro moaxonaa [29,
100, 66, 78, 108, 74]. ABTOpHI MPUBEAEHHBIX BHIIIC TPYAOB 0OpAIAINCh K YPABHEHUIO
A.H KonmoropoBa, npuMuHas B BUJE II€JI€BOM (PYHKIIMM MACCOBYIO WJIM CUETHYIO
KOHIICHTPAITUIO TBEPBIX YACTHUI]. DTO OMPEACICHO TEM, YTO OOBIYHO aBTOPHI B MIEPBYIO
ouepelb HaXOAWIM paclpe/iesieHne KOHIIEHTpaIlMy NbUIM B 3aJJaHHOM 00beMe, a 3aTeM

— s dexrusnocts (77,). Juddy3uonnslii MeTO npeanonaran 3anMch ypPaBHEHUH B

BUjic (YHKIMK KOHIEHTpanuu. B omHoit u3 pabor [124] ObuiM mpoaHaIM3HPOBAHEI
METOAbl pacuera LHUKIOHHBIX ammaparoB. [[LA. Koy3oB mnpeamonoxwi, 49ro
pPaMOHAIBHOCTh aHAJIU3UPOBaHUS 3(PPEKTUBHOCTH LUKIOHHBIX MPOLIECCOB OCHOBAHA
Ha BEPOSITHOCTH MTONAAaHUS IBUIEBBIX YACTULl HA ONPEAECICHHBIE TPAHMIIBI.

Onupasice Ha ypaBHeHue JI.C. IlonTpsiruna u, npuMmeHssi (QpPaKIMOHHYIO

3¢ (HEeKTUBHOCTH MbUICYIABIMBaHUA Kak 1eieByto Gynkiuto, nmpod. E.W. borycnasckuii

nonay4dni ypaBHenue [27, 25, 18, 20, 24, 19, 26, 22, 28, 148, 147]:

__ZW Z”axax

ij=1

(1.10)

E.N. BorycnaBckuM ObLT BEIpaOOTaH BEPOSTHOCTHO-CTOXACTUUECKUM MOIXO/ J1JIS
pemieHns 3amad no obecmbUiMBaHUO. IIpuHHMMas, 4To B MHOTO(a3HBIX TCUCHHUIX
BO3HHUKAIOT JIETEPMUHUPOBAHHO-CTOXAaCTUYECKUE 3aKOHOMEepHOCTH, E.W. borycnasckuii
OCHOBBIBAETCS HA aHAIM3UPOBAHUM ITPOIIECCAa MACCOTIEPEHOCA B ONPEICICHHOM 00heMe
KaK TMpoliecca BepoOsATHOCTHOro. Mcxoms w3  OOMIEIPUHATOrO  KJIACCHYSCKOTO
OTpeIeSICHUs] BEPOSITHOCTH CIIY4YaiHOTO COOBITHS MOJy4€Hbl OCHOBHBIC COOTHOIIICHHUS:

BCPOATHOCTD 3JICMCHTAPHOI'O COOBITHS

| 111
P(A}), =8 —
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BCPOATHOCTD CJIOKHOI'O COOBITHS

(1.12)

OCHOBHBIM IOKa3aTeieM, XapaKTePU3YIOIINM MPOIECC MacCoepeHoca, MPUHATA
¢pakimonHas 3ddexkTuBHOCTE (1)p). BakHEeHIIMM MOMEHTOM  BEpPOSTHOCTHO-

CTaTUCTHUYCCKOT'O IT0AXO0Aa ABJISICTCA BBIBO/ 00 OCHOBHOM TOXICCTBC

{774, }EP(AJ’-’)M; P(A47)y - (1.13)
1-n,

B xone anHanu3a ObUIO BBISBIEHO, YTO MPU MOMOIIM JAAHHOTO MOJXO0Ja MOTYT
OBITh YUYTEHBI KOHKPETHBIE YCIOBHUS OOECHBUIMBAHUS IPU MHOTOMEPHON IOCTAaHOBKE
3ama4y. JlaHHBIA TOOXOX MOXET OBbIThb NPUMEHEH [Js ONHMCAHHWS MPOLECCOB
OBUIEBBIICICHUSI M3 TEXHOJOTMYECKOro O0OpYJOBaHMS C YYE€TOM CKOpPOCTEH
HAOEeraroLero BO3AYIIHOIO MOTOKAa, CKOPOCTEH BCIUIBIBAIOLIETO TEIJIOBOIO MOTOKA, a
TaKKe A HaXOXkAeHUs  PpakuuoHHOW  3(P(EKTUBHOCTH  HMHEPLUOHHBIX
IBUICYJIOBUTENEH CO BCTPEUHBIMH 3aKPYUEHHBIMU TOTOKAMHU.

B03MOXHOCTH TPUMEHEHUSI CTOXACTUYECKUX METOJIOB VISl pEIIEHUsI KOHKPETHBIX
dbuszndeckux 3amad ommcansl B padorax B. Teprerunoro - [laypu [138] m B.A.
Caemuikoro [131].

B.A. Ceemmmukuii momaran [131], 4TO KJaccuyeckwe IETEPMHHUPOBAHHBIC
(bakTopbl He SBJISAIOTCS TJIABHBIMH, B TO BpeMs KaK METOJbI KJIAaCCHYECKON MEXaHUKH,
KOTOpbIE€ OCHOBAaHbl Ha TOHSTHM JETEPMHHHU3MA, HE SIBISIIOTCS AOCTATOYHBIMU IS
BOCIIPUATHUSL U TOSCHEHUs (pu3nyeckux 3PQPeKToB, KOTOpPbIE MOSABISIOTCA MpH padoTe
npuOOPOB, HMMEIOMIUXCS Ha JBMXKYIIUXCA OOBEKTaX, KOTJa BO3HHMKAET BHOpaIus
JIBUTATEJEN JIeTaTENbHBIX amnmnapaTroB, NEPEeMEIICeHUH TPAaHCHOPTHOIO CpEJICTBA,
BJIMSIHUM BETPOBBIX M CEMCMHUYECKUX Harpy3ok. BBuay 3Toro mpu wucciaenoBaHUU
OMHCAaHHBIX JAMHAMUYECKUX IMPOLECCOB BO3HHUKJIA TMOTPEOHOCTH CO3JaHMSI HOBOM
(¢u3nyecKkoil MOJEIM M HOBOTO MaTeMaTHYECKOIO ammapara, AAIIMNA BO3MOYKHOCTb

YUCCThb BJIIMAHUC HEACTCPMHUHNUPOBAHHBIX BHCIIHUX (l)aKTOI)OB. Takum MaTeMaTHYECKUM
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amnmapaToM SIBJSIETCST TEOpHsl CIIy4aHbIX mporeccoB. [lanHas Teopusi Oblia
pa3zpaboTaHa NPUMEHHUTENBHO K 3amadaM rae 3PdekT OT ciydalHbIX (PaKTOpoB
COMOCTaBUM C 3((PEKTOM OT JETEPMUHUPOBAHHBIX (HDAaKTOPOB, U HUTHOPUPOBAHUE
CIIy4ailHbIX ()aKTOPOB MPUBOIUT K HEKOPPEKTHBIM pPe3ybTaTaM.

B tpyne B. Tepthiunoro - [Jdaypu [138] ommcano, 4To BEpOSTHOCTHBIC METOJIbI
ABJIAFOTCS ~HEOPAMHAPHBIM  CPEACTBOM JUIA JPYTUX AHAJIUTUYECKUX METOJ0OB
uccnenoBanus. OQHON W3 TJIABHBIX NMPUYMH 3TOro siBuiock [138] To, uro ammapar
TEOpUU CIIy4YalHBbIX IPOLECCOB U CTOXACTUYECKUX UG epeHINaTIbHBIX YpaBHEHU,
KOTOpPBIA €CTh Ha CErOAHSIIHUI MOMEHT, pa3padOTaH, B OCHOBHOM I JIMHEHHBIX
cucreM. B. Tepterunsiii - laypu ormedan, [138] uTo BBOA B HCIIONIb30BaHKE amnmapara
BEPOSITHOCTHOI'O M CTOXaCTUYECKOIO AaHaM3a B MEXAHUKY CJHIEJIA€T BO3MOYKHBIM
OTpaX€HUE B HaWOOJIbLIEH CTENEHW aJE€KBAaTHOIO MPUOIMKEHUS OMUCHIBAEMBIX
MOJEJIE K peajbHbIM YCIOBHUAM HUX JCHCTBHA M IIO3BOJUT ONPENEIUTh paHee
HEU3BECTHBIE OoJiee AETANbHbIE 3aKOHOMEPHOCTH JEUCTBUS MEXAaHHMUYECKUX CHUCTEM B
NPUCYTCTBUM BHYTPEHHUX M BHEIIHUX CIyYalHBIX (DAKTOPOB.

bomnpiioe 4ncino OTEYECTBEHHBIX CIEHHAIMCTOB YAEISUIA BHUMAaHHE BOIPOCaM
pacnpeneneHuss  TEeMIepaTypbl M COJEPXAHUI0  BPEIHBIX  BEIIECTB IO
IPOU3BOJCTBEHHBIM MOMEUICHUSIM, HO PAa0OT, HCCIEIYIOMIMX KadeCTBO BO3AYIIHOMN
Cpelbl B 11eXax OO0JbIION BBICOTHI ¢ TEXHOJIOTHYECKHUMH YPOBHSAMHU M MEXKTYy3TaXKHBIMU
POEMaMHU, MAJIO.

Cpenu paboT, B KOTOPBIX pacCMaTPUBAETCsI COCTOSIHME BO3/lyXa B paboueil 30HeE B
1exax ¢ TEXHOJOTMYECKMMHM IUIOMIAJIKaMU M MEXIYITaXKHBIMUA MPOEMaMH, B MEPBYIO
ouepeqlb CleIyeT BBIIEIUTh wuccieaoBanus 3a3biMkuHa C.M. [60], koTophiii Ha
BO3JYIIHOM MOJENM 3aBOJAa CHHTETHYECKOrO0 KaydyKa YCTaHOBHJI  XapakTep
pacnpocTpaHeHHUsT BPEIHbIX IMPUMECEH IO BBICOTE IeXa JJIs Pa3IMYHBIX CIOCOOOB
OpraHu3aliy BO3TyX000MeHa.

[Tomocun U.U. B cBoux paborax [114, 115, 116], Ha OCHOBaHMM HATYPHBIX U
HKCIIEPUMEHTAJIbHBIX HCCIEAOBAHUI ABYXATaKHBIX L[EXOB MO MPOU3BOACTBY CTHpOJIA
MOKa3aJl BIMSIHUE TPOEMOB B MEKY3TaKHBIX MEPEKPHITUSAX HA IMapaMeTpbl BO3AYIIHON

CpEAanbl ITpH PA3JINIHBIX crocobax OpraHu3anuun BO?)I[YXOO6MGH3.
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K paGoTam, O3BOJISIFOIITUM OIIEHUTH XapakTep ABMKEHUS BO3IYIIHBIX TOTOKOB U
WX TIapaMeTPhbl B TPOU3BOJACTBEHHBIX MTOMEIICHHIX, MOXHO OTHECTH Takke padboTsl [97,
13, 51, 63, 76, 83, 96, 106, 115, 112, 128, 129, 144, 146, 9]. H3BecTtHBI
OKCIIEPUMEHTAJILHBIC HWCCIEAOBAaHUS TOW WJIM HWHOW MOJEIH TPOU3BOJICTBEHHOTO
nomMeneHus. J{is ucrosnap3oBaHus 0oJiee OOIIEro TEOPETHYECKOro MOJX0/1a K OIICHKE
COCTOSIHUSI BO3YIIIHOM CPEJibl Ha Pa3IMYHBIX YPOBHSIX IMPOU3BOICTBEHHBIX MOMEIICHUH
C TEXHOJOTWYECKUMH IUIOMAAKAMA W C PACIOJ0KCHHEM HWCTOYHUKOB BBIJICICHUS
BpEIHOCTEH IO BBICOTE MOXKHO BOCIIOJIB30BAThCS NPEMIOKEHHUEM O pa3/ielIeHUH
ITOMEIIICHUS Ha a’POIMHAMUYICCKUC 00BEMBI u pEIICHUH 3a7a4uu
BO3IyXOpacHpeIeICHUS ¢ YIETOM B3aMMOJICHCTBHSI TIOTOKOB BO3yXa U MX IMApaMeTPOB
B CME)KHBIX 00beMax, BRICKa3aHHBIX B padote [7, 3, 69, 70].

OpHuM U3 pe3ybTaTOB MHOTOUYMCICHHBIX HWCCIEIOBAHUHN SBHJICS BBIBOJ O TOM,
YTO TIPU 3HAYMUTEIBHBIX TEIUIOBBIJICICHUSIX B 3UMHEE BpPEMs B IOMEIICHUU CIEAYyeT
BBIJICIIATh TaKWe 30HBI, KaK 30HA BOCXOMMIIEr0 KOHBEKTMBHOIO IIOTOKa, 30HA
HUCXOJIANINX TPUCTEHHBIX TOTOKOB M pabouyro 30HY. Ha ocCHOBaHWM Takoro
pas3/ielicHusl TOMEIICHUS TalueBbIM ObUT TPEIVIOKEH pacueT BO3JIyX000OMEHa
MIPOU3BOACTBEHHBIX ToMetneHuid [137]. [Ipu 3TOM BO Bcex paccMaTpuBaeMbIX paboTax
CUMTAJIOCh, YTO BOCXOJSINAs KOHBEKTHBHAS CTPYS Pa3BUBACTCS IO TEM XKE 3aKOHAM,
uyTo U cBoOOaHas [1, 46, 51, 111, 116].

Bompoc o xapakTtepe pacnpeicieHnid KOHIICHTPAIlUM BPEIHBIX BEIIECTB H
M30BITOYHBIX TEMIIEpaTyp B HEOTPAHUUYCHHBIX, OTPAHUUYCHHBIX (IIPOM3BOJICTBEHHBIX
MTOMEIIICHHSX ) U JIOKATBHBIX 00bEMaxX pacCMaTPHUBAJICS MHOTHMH HCCIICOBATEISIMU KaK
B DKCIIEpUMEHTAJIBLHBIX, TaK U TeopeTuueckux padotax [97, 125, 35, 46, 47, 51, 60, 65,
72, 82, 99, 91, 96, 102, 106, 112, 113, 114, 115, 116, 128, 129, 137, 144, 146, 152,
150]. BugHoe MecTo B pelIEHUWH 3TOW MPOOJIEMbl UIPAIOT OTEYECTBEHHBIE YUEHBIE:
bepnsaun M.E., borycnasckuit E.W., ['pumutnun M.U., I'paueB FO.T'., [leptorun B.B.,
Konresa /I.B., JIupuak U.®D., Munko B.A., Hukutun B.C., ITo3un I''M., TutoB B.II.,
OnbrepMad B.M. u ap.
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1.3 AHaIM3 NPAKTHYECKUX HCCIe0BAHUI PacIpoCcTPpaHeHUs NbLIU B

NMPON3BOACTBCHHBIX IMNOMECICHUAX

B Hacrosiee BpeMsi BOIPOC O paclpOCTPaHEHWH NbUIM B MPOU3BOIACTBEHHBIX
MOMEIICHHUSX OCTAeTCsl aKTyaJbHbIM BBHUAY IOBBIIMICHUS TPEOOBAaHUN K KayecTBY
BO3IIyXa paboueil 30HBI.

[IpakTUueckue UcCiaenoBaHUs PACIPOCTPAHCHHS MBUIM MPOBOIMINCH B paboTax
Onerepmana B.M., borycnasckoro E.N., Konrtesa /[.B., becnanosa B.U., IlITokmana
E.A., Hazaposa H.H, Kamunymkuna M.II.,, AzapoBa B.H., T'opOGynomoii M.E.,
["aga6opmmesoit T.b. u npou.

[locoxun B.H., chopmynupoBan, 4To IJIaBHBIM KpuTepueM 3()PEKTUBHOCTU
ACIUPAIIMOHHBIX CHCTEM SIBJISIETCS KOHIIEHTpAIMsl MbUIM B BO3Ayxe pabodeil 30HbBI, a
borycnaBckum E.M., wu AzapoBeim B.H. Opwia mnpemioxkeHa — MeTOAMKA
AKCIEPUMEHTAJILHOTO OMNpEACICHUSI 3HAYCHUS KOJWYECTBA TMbUIM, MCXOJAIIECH OT
TEXHOJIOTUYECKOT0 000PY10BaHMUS.

Jlns pemieHuss BOMPOCOB BO3yXOOOMEHAa TMOMENICHUM, HMEIOLIUX CI0XKHOE
manupoBodyHoe pemreHue, Kononenko B.JI. m AzapoBeim B.H. Obut0 mpemioxeHo
JIeJICHHE 11€X0B JaHHOTO THUITA Ha a3POIMHAMUYECKHE 0OHEMBI.

[To mnpemyaraemoii METOAUWKE BeChb OOBEM II€Xa HEOOXOIUMO pa3OUTh Ha
OTIIEJIbHBIE AdPOJMHAMUYECKHE OO0BEMBI, HCXOAS M3 OCOOCHHOCTEW O00BEMHO—
MJIAHUPOBOYHBIX PEIICHUN U HEOOXOIUMOCTH UHANBUYIbHOTO BEHTHUJIMPOBAHUSI.

AspoauHaMuueckue OoObEeMbl BCETO TMOMEIICHUS pacCMaTpUBAIOTCS — Kak
B3aMMOBJIHSIONIAs CUCTEMa OOBEMOB, B KOTOPOUM Kaxkhash W3 4YacTed BIUSET APYr Ha
npyra. B eauHUYHOM a’poJMHAMUYECKOM OOBEME OIpeesioT padodyyio 30HY, B
KOTOpOW  HAxOJWUTCA  MPOU3BOJCTBEHHO-TEXHOJOTUYECKOE  00OpyIOBaHHWE  C
BBISIBJICHUEM MECTA BBIJICJICHUS] BPEJHOCTEN M UX KOJUYECTBA, OMPEIEISAIOTCS MOTEepU
Teria 000pyJ0BaHUEM.

[Tocne aTOrO COCTaBISIETCS BO3MYIIHO—TEIUIOBOM OamaHc wind OamaHCc TIO

BpPCOHOCTAM, B 3aBUCUMOCTH OT TOI'O, 4YTO H€O6XO,Z[I/IMO JJI1 OTACIBHOI'O O6’I)€Ma, 141
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OTIPENETSAETCS KOJUYECTBO BO3AyXa, HEOOXOJUMOTo sl 00eCledeHHs] HOPMUPYEMBbIX
napamMeTpoB Ha pabouumx MecTax. PasneneHue Ha OTHAENbHBIE a3pPOJMHAMHYECKHUE
00BEMBI MO3BOJSET ONTHUMAJIBHO OPraHU30BaTh BO3yXOOOMEH, YUMUTBHIBAsi BpPEIHOE
BIUSHAE OOBEMOB Jpyr Ha Jpyra BCIEACTBUE IEPETEKAHHS BPEIHOCTEH.
[IpennoxeHHbIi  METOA  JENEHUs 1€XOB C  IUIOHIaJKaMM  Ha  OTACJIbHBIC
a’pOIMHAMUYECKUE  OOBEMBbI  IO3BOJIAET  MOBBICUTH  A(P(PEKTUBHOCTH  CHCTEM
KU3HEOOECNEYeHNs] M HUCKIIOYUTh TE€ HEIOCTaTKH, KOTOpble HEU30€kKHbl MpHU
IPOEKTUPOBAHUM MO  oOwenpuHsaTod  Meronuke. llpuyem,  s3¢dekTuBHOCTH
BO3/lyX00OMEHA TEM BBILIE, UEM MTPABUJIbHEE Pa30MBKa 11€Xa Ha OTJIEIbHbBIE 00OBEMBI.

AzapoB B.H. moka3zan, 4to (akTopaMu, KOTOpbBIE OKa3bIBAIOT BIIMSIHUE Ha
XapaKkTep paclpeiesIeHus] NbUIN, SBIBIIOTCI CKOPOCTh BO3AYLIHOTO TEUYEHUS IpU
OOBEMHOM HCTOYHHMKE TMBUIEBBIICICHNUS M HaIpaBJI€HUE IIOTOKAa BO3AyXa K OCH
VCTOYHHKA BBIJIEISAIOMIEHCA NBUIM IIPU JIMHEHHOM HMCTOYHHUKE IbUIEBBIACHCHUS. Jlns
peuieHus 3ajxad 1o OIPEACIICHHIO MOIIHOCTM HWCTOYHHKA IIBUIEBBIACIICHHUS Yepe3
MHTEHCUBHOCTh  HCHOJB3YIOT  pa3pabOTaHHYI0  METOJUKY,  OTJIMYHUTEIIbHON
O0COOEHHOCTBIO KOTOPOH, SIBJSIETCSI 30HUPOBAHKE TUIONIAIN TIBIJICOCEIaHMSL.

C yderoM JaHHbIX, moay4deHHbIX A3zapoBbiM B.H., T'agma6opmesa T.b.
ONpenienuia, 4YTo JUIsl yYMEHbIIEHUS OOJacTH paclpOoCTPaHEHUs MbUIM B LEXax C
MHOTOSIPYCHBIM PACIIOJIOKEHUEM TEXHOJOTMYECKHX IUIOIIAJ0K CIEAYeT MOHMXKATh U
pPEryIMpoBaTh CKOPOCTh TOJ@YM MPUTOYHOTO BO3AYyXa B KAXKIOM OTACIBHOM
a’poIMHaMUYEeCKOM 00beMe. YMEHbIICHHE CKOPOCTH NMPUTOYHOTO BO3AyXa B pabodyro
30HY CHOCOOCTBYET COKpalleHUIO O00JacTH  paclpeleieHUs  BBIICISIOMUXCS
BPEIHOCTEN — TEILIA U MbLIN.

[lo pesynpraTam  3kcmepumenta [opOynoBoit M.E. mo  ucciemoBanmio
a’pOAMHAMUYECKUX TapaMeTpoOB TMbUIM, BBIIEISIOMIEHCS B BO3AyX paboyero
NOMEIeHUsT H3 O00OpyAOBaHHUSA, TMONYy4YeHbl JaHHbIE, 4YTO B pabouyell 30HE BO
B3BELIEHHOM COCTOSIHUM HaXOJATCA YAaCTULBI MBUIM CO CPEIHUM IUAMETPOM OT 2,5 110
10 MKM y4uTBIBasi, 4TO CKOPOCTh IMOJHUMAIOIIETOCA MOTOKA BO3ayxa cocTaBiiseT oT 0,1
1o 0,17 m/c. YacTuupl NmbUIM NPUBEIEHHOTO AHMAMETpa COCTABISIIOT 5-7% OT obiero

KOJIMYECTBA BCEM IbIJIK, KOTOpasd HCXOOHUT OT O60py,IIOBaHI/I}I.
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1.4 UccnenoBanue a3poAUHAMHYECKUX XapPAKTEPUCTUK NMbLIN

Jlis HaXOXKJIEHUsI CHJIBI, KOTOpask BO3HHMKAeT MpH OOTEKaHWU YaCTHUIBI TTOTOKOM,
BBOJUTCS Oe€3pa3MepHasl BEIUMYHMHA - KOA(P(ULIHUEHT JIOOOBOIO COMPOTHUBIICHHS IIapa,

KOTOpast HaxoauTcs 1o gopyme [142]:
. (1.14)

§=2Fm/lo.ugr.

Uy,

rae

F°,  COMPOTHBIICHHE CPE/bl JIBIKCHUIO IMapooOpa3Hoii vactwuiie, H;

Vo, IJIOTHOCTH CPEIbI, KI/M |

u CKOpPOCTb 0o0TeKaHMs HJaCTHUIbI I'a30M, M/ C,

ar IIOIIAAb MHUJIEJIEBA CEUEHHUS YACTHULIBI, M~ .

3HavyeHue uncia PeliHombaca yacTribl Beipaxkaetcs o ¢popmyne [142]:
Re, =u, -d/v (1.15)

rae

d JTUAMETP YaCTHUIIbI, M;

v KHHEMaTH4YecKas BSI3KOCTb CPEJIbl, M~ /C.

[Ipu oOTexkaHMM YacCTHUIIBI TOTOKOM, Korja yucio PeiiHonbaca Re<0,1 nuHuu TeueHus
BOKpYT cdepbl pacxoiarcsi Ha OTHOCHUTEJIBHO OOJBIIOM PACCTOSTHUM BBEpPX MO
HanpaBJjeHHIo JBUKeHUsA. C yBelMUeHUEM 3HaueHus uucia PeitHonbaca Re sTta Touka

npubamxkaetcs kK chepe (pucynox 1.1).
Nonmbyebolr Suzpo

. %’F”é\\(‘?é

e

L =22

a : ]
Pucynok 1.1 — O0rekanue tena chepuyHoil POPMBI JKUIKOCTHIO: a- MPU MaJbIX

3HAa4YCHMUAX Re, Ipu O6paBOBaHI/II/I BUXPCBOI'O KOJIbIlda U 3BHAYMMOM OTKJIOHCHUHN TCUCHHA
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OT 3aKOHa CTOKC&; 9] -IIpH OOJIBIINX 3HAUCHMSIX Re, KOTJa BUXPEBOC KOJIBIO

otaensercs npu Re 500 u oGpasyer cien 3a cepoit

Bce wnampaBneHus TOKa - 3TO TJIAJIKUE KpHUBBIC, HAXOJAIIHMECS B JHANa30HE
npuMeHeHus1 3akoHa Ctokca. C poctoMm umcia PeliHonbaca ciiod, HaXOIAIIUKMCS Ha
IpaHulle, HAYMHACT OTACIATHCS OT KOPMOBOM yacTu cepbl U MpUOIU3UTEIBLHO, KOTAa
yucio PeliHonpaca gocturaet Re=10, mpoucxoaut oOpa3oBaHHE BUXPEBOTO KOJIBIIA,
KaK n3o0paxxeHo Ha pucyHke 1.la. Ilpu nanpHeimem yBenuueHuu Re yBennuuBaroTCs
pa3mepsl BUxps, a mpu Re=150 nmpoucxoauTt oTaeaeHne dTOro BUXPS U ABHIKEHHE €T0
BHH3 110 MOTOKY. O4YeBHIHO, YTO KAaKOW-THOO TEOPETUUSCKUIN aHAIU3 HE JACT TOYHOIO

NpEaACTaBJICHUA O MCCTC PACIIOJIOKCHUA TAKOTO BUXPAI.

[Ipu odeHb BBICOKMX 3HaueHMsIX uuciia PeiiHonbiaca cien 3a cdepoil oka3bIBaeTCs
0 Re=3-10°
a0COJIOTHO TYypOYJICHTHBIM M, B MTOrE, NIpPU 3HaueHun Re= BEJIMYMHA & PE3KO
camkaercs ot 3Hauenuss 0,4 nmo 0,1, xorma TypOyJlEeHTHBIM TOTPAaHUYHBIA CIIOM
UCIIBITBIBAET PE3KUM MTEPEXO.

Takum o0Opa3oM, ¢ M3MEHEHHEM pPEKHMOB TEYCHHS MPOUCXOJUT 3HAYUTEIHHOE
U3MEHEHUE CONpOTHBIECHHUS dacTulbl. PucynHok 1.10 oToOpaxaeT 3aBUCHUMOCTb

ko3 duieHTa conpoTUBIEHHs OT YKciia PeliHombaca.

194

0%

Jarok Hetomona

N
N

or [ N ) |
4 s 10Y 1 107

ﬁ‘ep

!
104 A

Pucynok 1.2 — 3aBucumoctb K03 PUIMEHTa CONMPOTUBICHUS OT 3HAUCHMSI YnCIia
Peitronbaca nist cepuveckoil 4acTUIIbI, IBYKYIIEHCS C TTIOCTOSSHHON OTHOCHUTEIHLHOM

CKOPOCTBIO
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Omnpenenerno, urto koddduiment & (Cp) - MPUOMINKEHHO MOCTOSHHAS BEITHYHHA
npu OOJBIIMX 3HAYCHHUSX CKOpocTer (Oombiive 3HaueHHs Re), korjga nercTByromas
CWia B Tropasio OoJblIed cTerneHu (QOopMUPYETCs WHEPLMEH >KHIKOCTH, a HE €€
Ba3kocThI0. TeM He MeHee, TI0 PUCYHKY 1.2, BUIHO, uTO & CYIIECTBEHHO BO3PACTAET C
yMeHblIeHueM uucia PeiiHonbaca Re. Pe3ynbTaT MHOTOYMCIIEHHBIX SKCIIEPUMEHTOB CO
chepuIecKUMHU JacTUullaMu oToOpaxeH rpadukomM Ha puUCyHKe 1.2 W pas3meneH Ha TpU
MIPOMEKYTKA!

1) Re>500, rae xo3bdumuent & =0,44 U OPHEHTUPOBOUYHO TOCTOSHHBIH (3aKOH
HrroToHa);

2) npomexytounsiii guanazon (0,2 < Re < 500), rae & npeuMyIIecTBEHHO
OCHOBBIBaeTcs Ha Re;

3) Re < 0,2, rae 310 cooTHomeHUEe sBisgeTcs 3akoHoM Ctokca. B manHoM
MIPOMEKYTKE HU3KHX 3HAUCHHH Re (PeXuM «I10I3yIIero TEYCHHS» ) HHEPITUS KUIKOCTH
OKa3bIBaeT MPEHEOPEKMMO Majioe BIMSHUE HA CHITy COMPOTHUBIEHUS, KOTOpas B CBOIO
ouepenb 3aBHCUT OT BS3KOCTH >kHMAKOcTH. OleHKa § TeOopeTHMUecKMMH METOJaMH
OKa3bIBaJIaCh BEChbMa YCIEITHOM TOJBKO MPU HEOONbINX 3HAUeHUIX Re.

CompoTuBlieHUE CpeIbl TMepeMelieHuto Jactuie ¢ ¢opmoi mapa npu Re, <1
BeIpaXkaroT 1o ¢popmyie Crokca [142]:

F, =3mdu,, (1.16)
r7e

n BSI3KOCTB cpenbl, [la-c.

n=vp (1.17)

B o6nactu ucnonw3zoBanusi ¢opmynbl CTOKca, KOT/a 3KBHBAJICHTHBIN paanyc
YaCTHUI] HAMHOTO BBIIIE, YeM CpEIHEE pacCTOsSHHME Mpobdera MOJIeKyNn Taza (mpu
BBEJICHUM HEOOXOAMMBIX IMONpaBok (opmyiny CTokca MOXKHO TpuMeHsATh mpu 107

M<r<5-107° M), k03¢ HUIMEHT JJOOOBOrO COMPOTURIICHUS Mmapa onpenensercs [142]:

24 (1.18)
f=-—,
Re,
@opmynoit CTOkca HE NPUHUMAETCS BO BHUMAHHUE pE3yJIbTaT ACHCTBUS CHII

uHepuu Ha yactuily. [loaToMy oHa mpencraBisieT coOOW IepBoe NPHUOIMKEHUE.
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Bropoe mnpuOIMKEHHE € YaCTHYHBIM YYETOM HWHEPIMOHHBIX CHJ BBIPAXKAETCS 10
dopmyne Oceena [142]:

F., =3m7dug,(l+%Red), (1.19)

®opmyna [NonpmiTeiiHa BbIpaxkaeT 0o0Jiee JTOCTOBEPHBIM YUET BIUSHUS JICUCTBUS

WHEPIMOHHBIX CHJI Ha OT/ICIBHO B3ATYIO yacTuiy [142]:

3 19 (1.20)
F =3zndu. (1+—Re,———Re_ +...),
m 727] gr( +16 d 1280 d+ )

®opmyne Oceena oreevaet Gpynkuus [142]:

2% 3 (1.21)
=1 . 1+=R
é/ Red ( +16 ed)l

Pa3ubiMu aBTOpamMu OBLIO MPECTABICHO I0CTATOYHOE KOJTUYECTBE IMITUPUUECKUX
dbopmyn, cea3piBaonux ¢ u Re,. CaMoil ynauyHol M3 HUX MO MPOCTOTE U CTENEHU

NPUOJIMKCHHUS CIICAYET CUUTATh GopMyITy, npeanoxernyto Kisuko [85]:

§=ﬁ+ 4 (1.22)
Re, 3‘/Red’

Yacro ucronp3yercs npuBeaeHHas Hke Gopmysa [85]:

A (1.23)
(Rey)"

¢ =

rae
A, N smnupuueckue Kod3(hGUIMEHTHI, 3HaYeHUsT KOoTophix mpu Re, <1000

ompenensroTes u3 Tadmumsr 1.1,

Tabmuma 1.1- Dvnupuyeckue kodppuimeHTsr A, N

Re, A n

<0,1 24 1
01-1 26,9 0,95
1-10 26,5 0,8
10-100 16,8 0,6
100 — 800 6,1 0,38
100 - 1000 5,8 0,37
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UtoObl HaliTH KOA(UIIMEHT JO0O0BOrO COMPOTHUBICHUS Chephbl MPU 3HAYCHUH
yrcna PeliHompaca wactursl >1000 BO3MOXKHO —HMCTOJIB30BaTh  KOIPPUITUCHTHI,
BbINTMCaHHbIC B Ta0uIly 1.2. OTKIOHEHHUS OT IKCIIEPUMEHTATBHBIX JAHHBIX COCTABIISIIOT
He 6omee 5%.

Ta6muna 1.2- Koadpdunuentsr A, n s Re, >1000

Re, A n
1000 - 5000 1,05 0,12
5000 - 100000 0,16 0

®opmyny Wnenpuaka WM.E. [80] mMoHO Takke Ha3BaTh Kak HamOOJee 4YacTo

UCIIONB3YyeMyl0 (opMyny mist pacdeta Kod(@dUIMEHTa JTOOOBOTO COMPOTHBIICHUS

qaCTUIbI.
‘= p(0,128+%) 2<Re;<1000, (1.24)
d
Omneckoro B.A. [80]:
§:%+4,4,/Red 1032 10<Re,<60. (1.25)
d

Jnsa uucen PeiiHonbaca yactuisl B auanazone 30-300, Annen I'.C. npepnaraet

bopmyay [149]:
10 (1.26)

e,

Cuck MaremaTudyeckoid 0OpaOOTKOW ONBITHBIX 3HAYEHUUX BbIBENI (opmylly,

npumenumyto s 0,1<Rey<3500 [80]:
£ = 29,6 Rey(0554INRe-0983) (1.27)

®dopmyie [umnepa u Haymana as 0,5<Reg<800 cooTBeTcTBYeT QyHKIMS [134]:

C:RZ—4‘(1+O,15-RedO’687). (1.28)

€d

Jleurmiopom u broarerrom Obuta TpesuiokeHa (QOPMYIY IS ONpEACICHHS

ko3 durnrenTa 1060Boro conporusiacHus A 1<Reyg<100 [149]:
24

(= (1+0197 Rey%%%+0,0026-Rey38).
€4q

(1.29)
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C ymeHbIIEHHMEM pa3Mepa YacTUll M MPUONMIKEHHEM HMX pajauyca I K BEJIIUYUHE,
CBOMCTBEHHON Uil TMEPEeXOJHOW 00JIacTH, OKa3bIBaeT BJIUSHUE, HE YUTCHHOE IMpHU
BbIBOZIE (hopmyIbl CTOKCA PE3KOEe U3MEHEHHE CKOPOCTEH ra3a y MOBEPXHOCTH YaCTHIIbI,
YTO SIBJIAETCS] IPUUYMHOM MOTPEIIHOCTEN B pacuere. BBUIY 3TOro M 4acTHUI] pa3MEPOM
MeHee 1 MKM, ucnonb3yioT ¢opmyny KenuHrema, mo KOTOpoil cuja CONMPOTUBICHUS
paBHa:

F=3 zndov/Q+ A4llr), (1.30)

rae
KO3 GULMEHT A PUHUMAIOT paBHBIM 0,86 —IJIs )KUJKUX U TBEPABIX
yacTull mapooOpazHot  ¢opmel; A=0,7 — a8  TBEpIbIX
apoo0Opa3HbIX YaCTHIl C IIEPOXOBATOW MOBEPXHOCTHIO; | — mimMHa

CBOOOIHOTO ABUKEHUSI MOJIEKYJI ra3a, M; I — pauycC YacTUIIbI, M;

[Ipn nBWeHMHu 4YacTull ¢ GPOpPMOI, OTIMYHOM OT IIAPOBOM, B Ta30BOM IIOTOKE
WU3MCHSETCS XapakTep €€ OOTeKaHWs. Y4YeT TPUBEACHHBIX (AKTOPOB CBS3aH C
MaTEeMaTHYECKUMH TPYTHOCTSIMH.

CrereHb HECOOTBETCTBHSA (POPMBI HATYPHBIX YACTHI] OT IIapO0Opa3HON HA3bIBAIOT
reomerpudeckuMm O, u quHamudeckuM O, koapdurmentamu Gopmel. ['eomerpudeckuit
@, korhPuieHT GopmMbl HAXOJAT KaK OTHOIICHHE PEAIbHOW IUIONIAA TOBEPXHOCTH
YJaCTHUIIBI S K TUIOMIAIH IIapa Sy TaKOTo ¥kKe 1Mo 00beMy.

o= -1 02075 . (1.31)

TR v 23

¥ - xo3pdunuent chepuynoctu (paxkropoM GopMmbl, KO3GGUIHEHTOM (OPMBI).

Bennuuna ¥ obpatHa ko3 dunnenty popmsl ;.

JInst gacTul, UMEIIKUX OTIMYHYIO OT Iapa GopMy, NPUMEHSIOT JUHAMUYECKUN
koahuienT dopmel. Junamudeckuit k03PpEGUUUEHT GOPMBI — 3TO €CTh OTHOILIEHUE
CHJIbI JJOOOBOTO CONPOTHUBJICHUS YAaCTUIBI MMEIOUIMX HENpaBUIbHBIE (POPMBI K CHIIE
COTPOTHUBJICHUS IIAPOBOM YACTHIIbI, SKBUBAJICHTHBIA JUAMETP KOTOpOH 00O03HAYaETCs

d [142]. B 1enom pauHamMuuecKuii KoO3(pGHUIHMEHT (OPMbI HAXOAAT IMyTEeM

na3

COOTHOIIIEHHSI CKOPOCTEM BHUTAHMSI YaCTUIbI HENPaBUIBLHOM (OpPMBI W IIAPOBOMA

qacTUIbI ¢ CCAMMCHTAIMOHHBIM JUAMCTPOM.
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2

5 O (132)
0o d 2 1
ns
r7e
d  CeOMMCHTALMOHHBIA AMAMETP, ONpeIe/sIeMbIi KaK JUaMeTp IIapa ¢
TOM K€ IIJIOTHOCTBIO H CKOpPOCTBIO OCCHAHHA, YTO M 4YaCTHIA
HETPaBUILHON (hopmMbl tuamerpom d ;

d YKBUBAJICHTHBIN AUaMCTPp YaCTHULBI I10 06'I)eMy, OHpeI[eJ—IerMBIﬁ KaK

na

JUaMETP MIapa ¢ TOM e MIOTHOCThI0, 00beMOM V=V, 1 Maccoil.
YacTuipl, umeromue (GopMy TeOMETPUYECKH MPABUIIBHBIX Tel, KOI(DPUIUEHTHI
(GOpMBI OTPENCIIAIOTCS aHATMTHYCCKUMU Metoaamu [77] (tabmumer 1.3; 1.4). Tak xe
JUIsl TPUOIM>KEHHOM OIIEHKU (DOPMBI HEMPABUIIBHBIX TEI BO3MOXKHO HCIIOJIb30BAaHUE
JAHHBIX U3 Ta0auIel 1.5.

Tabnuna 1.3 - Koaddumuentsr popmbl npaBriibHBIX T [ 77]

[Ipuzma
®opma |Terparap| Ky6 |Oxrasnp|donexasapHkocasap
a/a/2a |a/2a/2a|a/2a/3a
(O 1,49 1,24 1,18 1,10 1,07 1,30 1,31 1,38
1/ @, 0,67 0,806 | 0,846 0,912 0,937 | 0,767 | 0,761 | 0,725
Tabnuna 1.4 - Koapduruentsr popmbl nununapa [77]
WITUH]T
M| o | e | @20 | a0 | d | 15d | 5d | od
(BeICcOTa h)
ON 1,21 1,68 3,10 4,55 2,28 1,16 1,45 1,72
1/ @, 0,827 | 0,594 | 0,323 | 0,220 | 0,438 | 0,860 | 0,691 | 0,58
Tabnuua 1.5 - Koaddunuentsr Gopmbl HenpaBUIbHBIX TEI [ 77]
XapaKTepUCTUKH YrioBarou [LmacTuHyar
Oxpyriibie [TpogonroBatsie
(bopMbI HaCcTHII bopmbl 13(S
(O 1,30 1,52 1,72 2,33
1/ @, 0,77 0,66 0,58 0,43
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W3meHeHns BenMUYuHBI ¢ YYUTHIBAeTCS IpU ToMonM KoddduiueHta (Hopmbl
[153].
§=¢ u Do, (1.33)
[lokazanus wu3MepeHus Kod(pQPHUIMEHTa CONPOTHBIEHHUS 4YacTULl C (OPMOH,
OTAMYHON 0T chepuunoir npuBeaeHsl Coy [153] B rpaduyeckoil 3aBUCHMOCTH
(pucynox 1.3).
B o6mactu Re.<2-10° PEKOMEHAYIOT  CJIEIYyIOIUEe  BBIPAKEHUS I
IuHamMuueckoro kosd¢uuuenta dopmel yactur [123] mpu naMUHApHOM pEXUME UX

00TEKaHUS:

@, =(0,8431g(1/0,065®,))* put Re,<0,2 (1.34)

b

Cp

10F

0,] | : 1 ] il \
0 w0 10° J7) 0¥ w0l
Rep

Pucynok 1.3— KoadduuueHt conpoTuBieHus yacTul] Hechepuaeckoil popMbl

@, =*°, Re, ™™ npu 0,2<Re,<2000 (1.35)

4,88 (1.36)

@, =12,4-1140. §=5,31—CT npu 2-10° <Re.,<2-10°
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1.5 O0630p MeTOA0I0THUN HOPMUPOBAHUA MEJIKOAUCTIEPCHOI NbLTH PMjo,

PM2 5 npMMEeHHUTEIBHO K NPEeANPUSATHAM CTPOUTEIbHOM HHAYCTPUH

Hayunble uccienoBanus OTpUIIATEILHOTO BO3JACUCTBUS MEJIKOIUCIIEPCHOM MbLIN
Ha YeJIOBCKa U OKpYykaroIyio cpeay [24, 19, 26, 22, 28, 148, 147, 138] nauamucs ¢ 90x
ronoB XX Beka B EBpomne, CIIIA, Kanane, BenukoOpuranun. JlaHHBIE HCCIIeOBaHUS
JIOKa3bIBAIOT CBSI3b MEXJYy YPOBHEM 3arpsi3HEHHsS] BO3JyXa MEJIKOAUCIIEPCHBIMU
yacTUIlaMu U TpoOJieMamMu 3JI0pOBbS  JIIOJCH, BKIIOYAsi, OCTPbIE€ XPOHUYECKUE
3a00JIeBaHUS IbIXATEIbHBIX MyTeH, OPOHXUT OJIBIIIKY, aCTMY OOJI€3HEHHOE JbIXaHHE, a
TaKXKe MPEKICBPEMEHHBIC CMEPTHBIC CITyUaHu.

B Jupexktuse 2008/50/EC «O kauectBe atmocdepHOro Bo3ayxa M O Oojee
yrctoM Bozayxe /st EBponsi» (Directive 2008/50/EC of the European Parliament and
of the Council of 21 May 2008 on ambient air quality and cleaner air for Europe) ot
Masg 2008 r. mnpomucaHbl 3HAUYEHHsS NPENETbHBIX YpOBHEW (KOHLIEHTpaLUi)
3arpsi3HSIIONIMX BemecTB. Llenpio 3TOro HOopMaTuBa SIBISETCS MPEIOTBpAICHUE WU
YMEHBIIICHUSI HEraTUBHOTO BJIMSIHUS Ha COCTOSIHHME 3JI0POBBs YEJIOBEKa, a TakXKe Ha
KaueCTBO OKPYKAIOIIEH Cpelbl B 11E€JIOM, B TOM YHUCIE JJISI MEJIKOIUCIIEPCHON TBLIU
PMip u PMys. IlpuBeneHHble HOPMATHUBBI JOJKHBI OBITh JOCTUTHYTHI B 3aJIaHHBIC
NepuoAbl BPEMEHH; IOCIE ATOTO HEOOXOIUMO COOJI0aTh 3HAYEHUS] KOHIEHTpALUMA
BPE/IHBIX BEUIECTB B BO3/IyXE OKPYKAOLIEH Cpey Ha MOJyYEHHOM YPOBHE.

Tabmuma 1.6 — [lpeaenbHO TOMYyCTUMBIE KOHIEHTpPALlMM B BO3JyX€, COTJIACHO

Hupextuse 2008/50/EC nist PMag

MaxkcumanbHbIN HNuTepBassl
IIpomexyTOK
YPOBEHb JIOITYCTUMBIX JlaTa nocTuxkeHus
OCpEIHEHUS .
(KOHLIEHTpALIHS) OTKJIOHCHUU

B3BelieHHbIe BelecTBa, 4acTUIlbl pazmMepom < 10 MM (PMyo)

50 mkr/m%, ypoBeHb
HE JIOJDKEH
24y4aca IpeBbIaTh  Ooliee 50% 01.01.2005
35 pa3 B TeueHue
KaJICHIAPHOTO roja
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[Iponomxenue Tadbauisl 1.6
KaneHmapHslii rog 50 MkT/M3 20% 01.01.2005

JIJist yacTull TbUTM, HaXOISIIMXCS BO B3BEIIEHHOM COCTOSIHUU pa3Mepom < 2.5
MkM (PM35) HdupektuBa 2008/50/EC mpemycmaTpuBaeT MOCIeI0BATEIbHOE CHIDKEHUE
CPEIHET0I0BOM KOHIICHTPAIIMHU JAHHBIX YaCTHI] IbLUIA B BO3yXE.

B BenukoOpuranuu cornacHo co CtpaTterueit B o0actu kadecta Bozayxa (Air
Quality Strategy, 2007) neneBble TIOKa3aTelnd MapaMeTPOB BO3AyXa MPUMEHUMBIC IS
YJaCTHII MUK ¢ pazMepoM PMip 1 PM3 5 HOpMHpYIOTCS CIEAYIOITUM 00pa3oMm:

Tabnuua 1.7 - IleneBble moka3aTeian KauecTBa BO3/IyXa JUIsl B3BEUICHHBIX YaCTHUI

¢ pazamepoM PMip u PM; 5 B Benukooputanuu

I{eneBble MOKa3aTENN KAYECTBA BO3IyXa
3arps3Hsonee
[lepuon Jata nocTuxeHus
BEILECTBO Konnentpanus
OCpEJTHEHUS
B3BelenHble BemecTBa, yactulbl pazmepoM < 10 mxm (PMjg), rpaBUMeETprUYECKOE
OIpPEJIETICHHE
Cpennsis
50 mxr/m? (He BeIMYMHA U3 24
Coenuuentoe JOJKHA MOCJIEA0BATENb
KoponescTBo 31.12.2004
IpeBBINIATHCA OoJiee HBIX
BenukoOputanuu
. 35 pa3 Bron) CpeIHEYACOBBIX
u CeBepHol N
. KOHIICHTpAI i
Wpnanuii CpenneronoBas
MKT/M peaeron 31.12.2004
KOHIICHTpAIUs
B3BenieHHbIe BelecTBa, 4acTuilbl pazmepom < 2,5 MM (PMy5), rpaBuMeTprdecKoe
OTpEJIEICHHE
25 MKT/M3 (maHHBIN
MOKa3aTelb, HE CpeHeroopas
YCTaHOBJICHHBIN B P 2020
CoenuHEeHHOE KOHIIEHTpAaLUs
HACTOSAILIEE BpeMs
KoponesctBo
3aKOHOJATEIbCTBOM)
BenukoOputanuu o
. 15% cokpanienue
1 Ceneproit 03Bl B TOpOJIax
Npnananit A POz
Cpennerononas
KOHIICHTpAIUs
2010 - 2020
Cpenneronoas
HloTnanaus 12 mxr/m® (aumur) pea A 2010
KOHIICHTpAIs
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Crangaptel kauecTBa atMocdepHoro Bozayxa CIIA (mo cocrosuuto Ha 2008 T.)
BKJIIOYAIOT B C€0s1 HOPMHUPOBAHHUE KOJUYECTBA MIPUCYTCTBUS MEIKOIUCTICPCHOM MBLIH.
Tabnuua 1.8 - Crannaptsl kauectBa atMocdepHoro Bozayxa CIIA mo PMig u

PM3s

IlepBU4HBIE CTAHIAPTHI
3arps3HAIonIee BEIIECTBO ITepuo
P H H YpoBeHb pHoa
OCpETHEHUS

B3BelieHHbBIC BEIIECTBA, YaCTHULIBI 0,15 mr/m3 24 gaca
pasmepoM < 10 MM (PM;)

0,015 mr/m3 I'on (cpenuee
B3BelieHHbIC BellleCTBA, YaCTHIIBI

apu(pMETHIECKOE)

pasMepoM < 2,5 Mku (PMzs) 0,035 mr/m3 24 4gaca

B ABcTpanuu craHmapThl KayecTBa aTMOC(EPHOro BO3JyXa ObLUIM NPUHATHI B
1998r. 3HaueHue TUX CTAaHAAPTOB JOJKHO ObITH JOCTUTHYTO Ka 2008 r.; Ipu 3TOM JJIst
KQKJIOTO M3 HOPMATHBOB OIPEAEIICH MEPHOJI OCPEIHEHUS U MPENEbHOE KOJIMYECTBO
cllydaeB pa3 B TOAy, KOTJa 3TOT I10Ka3aTellb MOXKET ObITh MPEBBILLIEH.

JlomycTuMble Tpelenabl  COACPKAaHWS  3arps3HSIOIIMX BEIIECTB Kak  JUIA
IIPOU3BOJICTBEHHOM, Tak U B celUTEeOHOM 30HBI B Poccun onpenenstorcs HopMaTuBaMu
KauecTBa BO3/yXa, KOTOPBHIE B CBOK OYEpPEb OTHOCATCS K CAHUTAPHO-TUTMEHUYECKUM
[131, 49, 54, 57, 58]. HopMupoBaHue HampaBiI€HO HAa KOMIUIEKCHBIA yYET KaXJI0TO
MCTOYHHUKA BBIOPOCOB 3arpsi3HSIONIMX BEIIECTB B arMoc(depy, 4To, B CBOIO OuYepeib,
MIO3BOJISIET PACILIMPUTH EPEUEHB 3arpSA3HSIONINX BEIIECTB.

Tabnuma 1.9 - Cranmaptel kKayecTBa BO3Ayxa B ABCTpaluK B MPUMEHUMBIC IS

PMlo u PM2,5

Llenp Ha 10-neTHUi
[Tepuon MaxkcumainbHas epro.a

OCPEHEHMS | KOHIIEHTpalus |(MakKCHUMaJbHOE YHUCIIO

CJIy4aeB MPEBBIIICHUS )

3arps3HAOIIEe BEUIECTBO

B3BenieHHbIC BElIECTBA,

yacTUIlbl pazmepom < 10 1 cyTku 50 Mxr/m® S IHEW B roay
MKM (PMj)

cOOp JTOCTATOYHOM
B3BelnieHHbIe BENIECTBRA, uHbOpMaIK 1151
YacTULBI pa3MepoM < 2,5 1 cytkn 25 MKr/™m3 YCTaHOBJICHUS
MKM (PM35) HAIMOHATHHOTO

crangapta B 2005 r.
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JlocTmkeHne W TOJJepKaHHE 3HAUCHUM KOHIIGHTPAIlMM BPEIHBIX BEIIECTB B
BO3/yXEe OKpY’KaloIlel cpelapl cormacHo HopMatuBaMm [64, 49, 54, 57] obecrieunBaeT
HE0OX0MMOE KayeCTBO BO3AyXa Kak Ha NMPOU3BOJCTBEHHBIX TEPPUTOPHSIX, TaK U B
KUJIOM 3acTpoiiKe, KOTOPOE HE OKa3blBaeT HEOJAronmpusiTHOIO BO3JCUCTBUS Ha
3JI0pOBbE UeJOBeKa (KOHIIEMIIMS HYJIEBOro pucka). B mpoliecce MpuHATUS U OMUCAHUS
HOPMATHBOB KayecTBa (1EJIEBBIX IMOKa3aTesie KayecTBa) OKpyKaroleh cpeiabl Ooliee
BBICOKYIO IMOIYJIIPHOCTh MPUOOPETAaET METOM, KOTOPBI 0a3upyercs Ha OLEHKE pHUCKa
(Mepbl  OMAcHOCTH, OMPENESAIONEd BO3MOXHOCTh YCTAHOBJICHUSI HETATUBHBIX
SIBJICHUM/TIOCIIEICTBUI).

Jlo HemaBHero BpeMeHHM B Poccun mpuBOAMIOCH K YCTAaHOBIECHHBIM HOpPMaMm
o01iee cozep)kaHue B3BEILIEHHBIX BEUIECTB U B aTMOC(epHOM BO31yXe, U B pabouei
3one mpeanpusaTuii. B wione 2010 roma Oplav BBEACHBI B JCHCTBHE TUTHCHHUYECCKUE
HopmatuBel ['H 2.1.6.2604-10 ¢ 21.06.2010r.: nmomomuenne Ne 8 xk I'H 2.1.6.1338-03
«I[IpenensHo gomyctumble koHueHTpauuu (IIJJK) 3arpssHsionmx Bemects B
aTMOC()EpHOM BO3JIyXe HACEICHHBIX MecT» [68], KOTOpble HOPMHUPYIOT COIEp)KaHHE
B3BCIIICHHBIX BeIIecTB 10 dpakmusM PMig u PMys.

Tabmuma 1.10 - Benmuuuns [1/IK B atmochepHOM BO3ayxe, YCTAaHOBIECHHBIC IJIS

PMlo u PM2,5

Bemmuauna TTJK, mr/m3 Knacc
Haumenosanue Bemectsa | MakcumaneHo- | Cpenne- | CpenHe- | OIacHo
pasoBas CyTOUHAs | TOJOBas CTH
2 3 4 5 6
B3Bemenusie yactunsr PMig 0,3 0,06 0,04 -
B3emennasie gactuisl PM; s 0,16 0,035 0,0255 -

Jlist ompenenieHus IEJICBhIX MOKa3aTelield KauecTBa BO3IyXa B Pa3HBIX CTpaHaX
CBOMCTBEHHBI CBOM METOJBI K JOCTIKCHHUIO TMPEACIBbHO JOMYCTUMBIX KOHIIEHTpPAIIHid
BpEIHBIX BEHICCTB B arMocdepHOM Bo3ayxe. Ho HecMOTps Ha OT/IMYMS B METOAAX
YHCIICHHBIC 3HAYCHUS TOKa3aTesiel JJIT MHOTHX BEIIECTB JOCTaTOYHO Ou3ku [57, 68,
138]. [lauHblii (akT SBISETCS WMTOTOM HEIABHUX JCHCTBHM, HANpPAaBICHHBIX Ha

YTOUHCHHUC psaaa KaK MOPpEACIbHO OJOIIYCTUMBIX KOHI_ICHTpaHI/Iﬁ B POCCI/IH, TaK H
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KOHLIEHTpalMi, YCTaHOBJEHHBbIX pekoMeHpauusmMu BO3 mno kauyecTBy BoO3ayXa B
EBpore.

Tabnuua 1.11 - HopmaTtusel kauectBa atmocdepHoro Bozayxa: PO, EC, BO3

I[Tepuon KonuenTpanuu, MKr/m®
3arps3Hsroiee ocpeaHenus /
BEIIICCTBO XapakTep P® EC BO3 | CIIIA
HOpMAaTHBa
B3BelienHrnie BelIecTBa, 24 yaca 60 50 50 150
qacTUIlsl pazmepom < 10
Mic (PMio) I'ox 40 20 20 80
24 gaca 35 — 25
25 (meneBoi
B3Bemennrle BemecTna,
YaCTUIIBI pa3Mepom < 2,5 TOKa3aTele,
Micm (PMos) I'on 25 |Bcrymun B| 10
CUITY
01.01.2010)
B3Bemenusie BemecTna 24 qaé%gnﬂK 500 — —
(oO1ast KOHIIEHTpAIK) 20 umyt 15000 — —

BBuay mociiencTBui MOBBIIEHHOW 3albUIEHHOCTh M JJIMTEIIBHOCTh HAXOXKJICHUS
YacTUI[ TMbUIA BO B3BEHICHHOM  COCTOSIHUM, HOPMHUPOBAHUE KOHLEHTPAUWU
MenkoaucnepcHou meuid PMio u PM3 5, BO BceM Mupe cuuTaeTcs HauboJiee 3HaUuMbIM.
TeM He MeHee, 10 HACTOSIIEero BpEMEHH B BO3ayxe pabouel 30HbI MPUHITH HOPMATHUBBI
COJIEp’KaHMsI  B3BEIICHHBIX BEIIECTB B BO3JyXe pabOYMX 30H MPOU3BOJCTB
cTpolmHAyCcTpun Oe3 ydera mX pasmepoB. Pa3paboTka W NMpUHATHE HOPMATHBOB IS
MEJKOAUCTIEPCHOU b PM1o 1 PM3 5 1aeT BO3MOKHOCTh TOYHO ONPEAEITATH MECTHBIE
(hOoHOBBIE KOHIIEHTpAILIUM, YCTaHABIMBATh OINPEICICHHbIC KOHKPETHBbIE TPEOOBaHUS K
NPEANPUATASIM U TONy4aTh JOCTOBEPHYIO AHAIMTHUYECKYIO HWH(POPMAIHMIO, KOTOpas

HEO0OXOIMMa JIJIsi KOHTPOJIS TTOAIepKaHUs YCTAHOBJICHHBIX HOPMATHUBOB.
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1.6 BbiOGop HanpaB/eHUs UCCIEIOBAHUIA M MOCTABJIEHHOM 3a1a4Un

[Ipu TpOM3BOACTBE CTPOUTEIBHBIX MATEPUATIOB B BO3MYyX pabdodeid 30HBI
MIOMEIIEHUST  BBIICISAIOTCA BpeaHblid  BemectBa. [IpeBbimienust [1JIK  3HaveHus
KOHIICHTpAIIMi BPEIHBIX BEIICCTB BBI3BIBAIOT XPOHHYECKHE 3a00JCBaHUS OpPTaHOB
JIBIXAHUA.

Opranu3zaius BO3AyX000MEHa, a TaK)Ke CHCTEM BEHTHIIIALIMW HAMPABICHHOW Ha
paz0aBiieHUE BpPEIHOCTEH B BO3AyXe pabouell 30HBI CYIIECTBEHHO CHHU3WUThH 3HAYCHUS
KOHIICHTpAITUH.

BBusy KOHCTPYKTHUBHBIX OCOOEHHOCTEH I1I€XOB OETOHHO CMECHUTEIBHOIO
OTJICJICHUS pacueT BO3TyX00OMEHA M KOHIICHTPAIIUN MU 3aTPyIHEH.

OCHOBHBIM HAaINpaBIICHUEM HCCJIEIOBAHUS SIBJIACTCS HCCIEIOBAHUE JBHXKCHUS
MBUIEBO3AYIIHBIX MacC MO BCEMY 00BbEMY IieXa, ONTUMU3AIIMS pacueTa KOHIEHTpaIui

MBUTH Ha KaKJI0M TEXHOJIOrMYECKOM IIJIOIIA/IKE, a TAKXKE pacueTa BO3yX00OMeHa.

1.7 BbIBoabI 110 NIEPBOI IJ1aBe

1. Ananu3 BpelHBIX BEIIECTB BBIACISIOMIUXCA B BO3IyX pabouedl 30HBI liexa
MO3BOJIMJI OLICHUTHh WX BIIMSHUE Ha 3JI0POBhE PAaOOTHUKOB JAHHOTO MPOHW3BOJICTBA M
ONPEJCNTh OCHOBHBIC Mpod)ecCHOHANbHBIC OO0JC3HNW: TMHEBMOKOHUO3 JIETKHUX,
BOCMAJICHUE BEPXHUX JBIXATENbHBIX TMyTEH ©  CIM3UCTOM  00OJOYKH  TJia3
(KOHBIOKTUBUTY), JCPMATHT OTKPBITBIX TOBEPXHOCTEH KoXku u Jap. OpraHuzarus
CUCTEM BEHTWIAIMH (KaK OOIICOOMEHHOW BEHTWJISIIINK, TaK U ACHHUPAINH) SIBISICTCS
OCHOBHBIM ITyTeM TOJIJIEp>)KaHUsSI HOPMHUPOBAHHBIX MapaMETPOB KayeCTBO BO3yXa B
paboueil 30He TOMEIIEHUS.

2. HccnemoBaHuio pacmpenesieHuss BPEAHBIX BEIIECTB B IMPOU3BOACTBEHHBIX

IIOMCIICHHUAX OO0JIBIIION BBICOTbI C TCXHOJOTHYCCKUMH IJiomaaxKaMu 141
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MEXIYITAXKHBIMU TIPOEMaMH TIOCBSIIIIEHO HEOOJBIIOE KOJIWYECTBO pPaboOT, dTO
3aTpyaHSIET MOJIepKaHNe KaueCcTBa BO3ayXa pabodeii 30HbI B IIeXaX JaHHOTO THIIA.

3. AHanu3 crnoco0oB OIpEEICHHs] HOPM XapaKTEpUCTUK aTMOCHEPHOTO BO3TyXa
(OTHOCHUTENIPHO HalW4us B HEM B3BEIICHHBIX 4acTull) B Poccuum u Apyrux crpaHax
BBISIBWI, YTO MMEETCs Kiaccu(UKalus 4acTUll OTHOCUTENbHO UX pazmepoB PM10 u
PM2,5 — 4gactuubl pazmepom < 10 MKM u 2,5 MKM COOTBETCTBEHHO. UTO KacaeTcs
BO3/lyxXa B pabOuuMx 30HAaX Ha MPOMBIIUICHHBIX MPEANPUATUSIX B HAIEH CTpaHe
NPUMEHSJICS JAETEPMUHUPOBAHHBIA METOJI OLEHKH OOIIETr0 COJEp KaHMs B3BEIICHHBIX
4acTUll B OOBEME MPOMBIILICHHOTO TOMEIIECHUS, HE YYUTBhIBas pa3Mepbl YaCTHII.
Takke Ha JaHHBIAH MOMEHT HE CYIIECTBYET CUCTEMBI JIJIsi KOHTPOJISI U OIIEHKU HAJIUYUS
dbpakuuii Mamoro pasMepa B 00IIEM KOJMWYECTBE IMbUIM, IMOCTYMAroUIed B BO3IyX
paboueil 30HbI U BEHTUJISILIUOHHBIE CUCTEMBI MPETIPUSTHIM.

4. Tlpu U3MEHEHUU PEKUMOB TEUCHUS CYIIECTBEHHO MEHSIETCS CONMPOTHUBIICHUE
yacTuil 3Tor cpeze. [Ipu 6ompmmx 3nadeHusix kputepus Peinonbaca Re koadduruent
COMPOTUBJICHUSI €CTh BEJIMYMHA TMOCTOsAHHAs. [Ipu yMeHblIIEeHUH 3HAYEHUs
kodddurnmenta Peitnonbnca Re 3HaueHune koddduimeHta  CONMPOTUBISIEMOCTH

CYIICCTBCHHO YBCIIMUUBACTCA.
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I''TIABA 2. TEOPETUYECKHUE U OKCIHEPUMEHTAJIBHBIE
HCCJIEJOBAHUS ITPY OIIEHKE IBIJIEBOM OBCTAHOBKHU B
BETOHOCMECHUTEJIBHOM OTAEJIEHUU

2.1 Teopernyeckue uccjae10BaHNS 3aNILLUICHHOCTH BO3AyXa pado4eil 30HbI

0eTOHOCMECUTEJIbLHOI0 OoTAC/JICHUA

[Ipu BbUIETE YACTHI] TBUIH U3 TEXHOJOTMYECKOT0 000pyI0BaHUs (TP 3arpy3Ke
U pa3rpy3ke, uepe3 HEIJIOTHOCTH U CBOOOJIHBIC MPOEMbl) BHAYajie MPOUCXOIUT
MEPEHOC YACTHUI[ MbUIA OT TEXHOJOTHYECKOro 00OpynoBaHUS B paboO4yl0 30HY, U
JanbHEeWIlIee OcCeJaHue €€ Ha IMOBEPXHOCTh padoyveil IUIOMIAAKH, JIUTEIIbHOE
HAXOXKJCHUE B BO3YIIHON Cpejie MOMEIICHHS WM BBIHOC B aTMOC(EpY.

[Ipodeccopom E.M. borycnaBckuM TOJy4€HO YypaBHEHHE BEPOATHOCTHU

MacCCOIICpCHOCAa 4aCTUIl IIbJIM OT TCXHOJIOTHUYCCKOI'O O60pyI[OBaHI/I$IZ

3 2 2.1
+WZ£+O,52bi 0 Ij (21)
oz T aX?

a_P :WX E.FW @
ot oX )4

rac

W,  BEKTOp abCOJIFOTHOIM CKOPOCTU YACTHUII MBLIH;
r  BpeMs Ipolecca;

b,  kKoahdummeHt nudPy3un NbIIEBbIX YACTHII.

Ha pucynke 2.1 moka3aHbl BO3MOXHBIE (U3HUECKHE MOJEIN MpoIecca

MacCCOIICpEHOCAa OT TCXHOJIOTHYCCKOT'O 060p}7)10BaHI/ISI.
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Pucynok 2.1 — PacueTHas cxema npoueccoB MbUIEBBIICICHUS OT

TEXHOJIOTMYECKOr0 000pyI0BaHus: a - V, 1 W, COBIAJAIOT 110 HAIIPABJICHUIO; O - V,

)41 Wx IMIPOTHUBOIIOJOKHBI 110 HAITPABJICHUIO; B — BU/J B IIJIAHC

Ecan IIPUHUMATb BO BHUMAHHUC TOJIBKO HanOoJiee 3HAYMMBIC CTOXACTHYECKHUE

SIBJICHUS, TO YPABHCHUC IIPUHNUMACT CJ'ICI[YIOH_II/Iﬁ BU:

e N 2
P _w, P w, L osp, OF
ot oXY oz oY ? |

(2.2)

Pemennie NpUBEIEHHOTO BHINIE YPAaBHEHUS OCYIIECTBISIETCS 10 METOIY
pa3/ieliecHUs] JTaHHOTO YpaBHEHHUS MO (U3UYECKUM TMPOoIeccaM, KOTOPBIM ObLI
npemtoked npod. E.W. Borycmasckum [16, 42, 43, 94, 25] nns aHaIMTHYECKOTO
peIIeHUs] ypaBHEHUH BEPOSATHOCTHA MACCOMEPEHOCa.

['pannuHbIe yCiIoBUS K ypaBHEeHHU!O (2.39) Bo3bMeM Ooiee o0mue, 4yem B [127, 25]
P=Knpu X=X n Z=h (2.3)

P=a mpu X=X u zZ=H (2-4)
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a

—=a 2.5
P=1 mpu X=0, Z=hnu K 0 (2.5)

Torz:a ITOCJIC ITIOACTAHOBKH 1 HpCO6p&30BaHI/II>’I MBI HMEEM.

le{l_exp[‘ﬁvvxvf S (ﬂn_aﬁ)ﬂe” ) =

(v ){ H? } (2.7)

2!7bz (r-7)

rac

H paccTosiHUE, MPOXOAUMOE YacTHUIEM 1o ochu Z M0 IUIOCKOCTH
ocemanus X=H,

2 CTENIEHb YBJICYEHUS YaCTHULBI ITyJIbCUPYIOLIEH Ta30BOM CPEIOH;
b, ko3 purreHT nudPpy3un ra3oBoro NOTOKa;

T—T,=T, BpEMs IIponccca MEpCeHOCa MACChbl HAaCTUI[ HA IINIOCKOCTb OCCAAHMA

X=H.

[Ipu paccMOTpeHMH BpeMEHH ‘1 HEOOXOAMMO BBIAEIWTH JBE BO3MOKHOCTH
IUISL 4acTUIl KPYHMHOTO M Mayoro auamerpa. [ms ocemarommx 4YacTull COTJIACHO

pucynka 2.1.

Ty == (28)

I[J'Iﬂ 4aCTul, YHOCHUMBLIX BOCXO/AIIMM BO3AYHIHBIM IIOTOKOM BBCpPX, T.C. IIPpHU
W, <0-

H, h

WZ z

T, =

(2.9)

Paccmorpum 7,(5) kak ciaydaiHyro (YHKIOMIO CKOPOCTH OCEIAHUS YaCTHIL
NbUIM, TOTJAAa BUJ YPaBHEHUSI BEPOSITHOCTU MacconepeHoca yactuilbl (2.43) nmpumer

BHUA:

P’ = ﬁp(rn (5))d(D(5))ds, (2.10)
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9

Il
O =8
O =y 8

(1{1— exp(— v h_ - In aoﬂerf (Y)}d (D(5))ds, (2.11)

3anumemM YpaBHCHHC, IIPpHMHUMAs BO BHHMAHHC TPAHUYHLIC YCIIOBUA A

HCTOYHHUKA BbIACIJIICHUA IIbIJI.

X =255, 2=0,

Tl L [ XW,Ing,  hina,
e f ey o oo, e

FpaHHIIHOe yCi1oBHC @, 3aBHCHUT OT OIIPCACICHHBIX YCJIOBI/Iﬁ 3aJa4du,
HAIIpUMCpP, B3MCTbIBAHMWA, IICPCTCKAHMWA IIBLIH. 3HayeHUE a, MOXKCT OBITH

OIIPEJIEICHO IKCIIEPUMEHTAIBHO B Ja0OPATOPHBIX U MPOU3BOACTBEHHBIX YCIOBHUSX
WIIM QaHATTUTUYECKH MIPH JOMOTHUTEIBHBIX OTPAHNYCHUSAX U 00OCHOBAHUSX.

Takum  0o0Opa3oMm, TIONyY4EeHO  AHAIMTHYECKOE  ONKCaHHWE  Ipolecca
MaccolepeHoca 4YacTHIl TMbUIM OT BBIOPDAHHOTO TOYEYHOTO MCTOYHUKA B

Ha6€FaIOI_HCM H BOCXOOAIIEM BO3AYIITHBIX ITOTOKAX.

2.2 UccieoBaHme 3aNbLIEHHOCTH BO3JyXa B padoueii 30He

0ETOHOCMECHTEJILHOI0 OT/IeJICHUSA

JIst OLIGHKW BKJIaJa OTAEIHLHOTO MCTOYHMKA BBIICIICHUS IMBUTH B CyMMapHOE
3arpsA3HEHUE BO3IYLIHON CPEIbl MPOU3BOACTBEHHBIX OMEIIEHUN Y KaXIOU OTIEIIbHOU
SAMHUIIBI TEXHOJIOTHUYECKOTO 000pYAOBaHUS ObUIA MPOBEACHBI 3aMEPhl 3aMBUICHHOCTH
BO31yXa B paboueit 30He [21, 5, 45, 2, 11]. Ha ocHOBaHMH XpOHOMETpaxa pabodero
BpeMeHU ObUTH BHIOpAHBI TOYKH 3aMEPOB 3aIlBUICHHOCTH pabodero BO3ayXa (PHUCYHOK
2.2). Pesynmbrarhl 3aMepoB B pabodeil 30HE OETOHOCMECHTEIHLHOTO OTICIEHUS Y

KaXXJ0TI0 UICTOYHHKA NBIICBBIACICHUA ITPCACTABICHBI B Ta6J'II/IIIe 2.1.
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Tabnuma 2.1. - 3anblIEeHHOCTH BO3AYIIHON Cpeibl pabodei 30HbI

OETOHOCMECUTEIBHOTO OTIEICHUSA

Howmep Touku 3amepa Konnenrpauus, mr/m?
3amep 1 | 3amep 2 | 3amep 3 | CpenHee 3HaueHUE
1 54,61 52,54 54,09 53,75
2 21,09 19,82 20,6 20,50
3 31,07 30,57 30,6 30,75
4 38,97 38,56 38,71 38,75
3) 82,16 82,39 82,2 82,25
6 37,06 36,96 37,02 37,01
7 18,12 18,01 18,03 18,50
8 44,07 43,95 44,02 44,01
9 68,1 68,02 68,04 68,50
10 173,56 173,46 | 173,49 173,50
11 27,48 27,42 27,46 27,45
12 33,65 33,71 33,67 33,68
13 33,72 33,78 33,76 33,75

3aMephl  BBIMOJHSJICH IO CTaHAapTHBIM Metogukam [55, 130, 39]. Ha
OCHOBAHUHW MPEACTABICHHBIX JAaHHBIX MOXHO CJIeJIaTh BBIBOJ,
KOJIMYECTBO TIBUIM TIOCTYMaeT OT O0O0OpyIOBaHHUS B OOCIYy)XHMBAaEMyl 30HY Ha
paccrosiuue A0 0,5-1 M, a KOHILEHTpalus MbUIM B paboueid 30HE B pslE ClIydacB
npesbimaet [IJIK B 5-7 pas.

Ha pucyHke 2.2 moka3aHO COCTOSHHE TEXHOJOTMYECKOTO OOOpYIOBaHUS, IO

94TO0 MAKCHUMaAJIbHOC

KOTOPOMY MOKHO OOCHUTb KAa4€CTBO BOBHYMHOﬁ Cp€abl MIOMCIICHUAA.
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Pucynok 2.2 — CocTosiHrE TEXHOJOTUUECKOTO 000py10BaHUS B

oeroHocMecuTenbHOM oTaesneHnn OAO «I[IpoMCTpONKOHCTPYKIIHSDY
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Bpemsa npebuibarug 70%

mouka ombopa npob 9

mouka om6opa npo6 8 mouka ombopa npob 10

mouka ombopa npob 17

pabouee mecmo Ne5 moyka ombopa npoblZ

bpema npebobaHua 30%

moyka ombopa npobl3

moyxka ombopa npob 6

i (] bpema npebuobarusa 100%

mouka ombopa npob / paboyee mecmo Ne3

moyka ombopa npob 5

o

pabouee mecmo Ne4

mouka ombopa npob 3

bpema npebuobarHusa 100%

moyka ombopa npob 1

moyka ombopa npob 4

moyka ombopa npob 2

pabouee mecmo Nej

=

Pucynox 2.3 — Mecra 3a60pa npo0 mplian B 66 TOHOCMECUTETHFHOM OT/ACIICHUN

[H] paboyee mecmo Ne2
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AHanu3upys MoJydeHHbIE Pe3ybTaThl BUAHO, YTO HAWOOJbINAs 3albUICHHOCTD
BO3ayxa mpesbimiaer 3Hadenue [1JIK Gombmie, yem B 25 pa3 u HaOmiomaercs oHa B

HaI[6YHKepHOM OTACICHUU.

2.3 UcciienoBanue 3aMepoOB HHTEHCUBHOCTH NbLIEOCETaHUS U OLIEHKA

MOIIHOCTH HLI.]'leBLIIle.]IeHl/Iﬁ OT TEXHOJIOI'HYIE€CKOIo OGOPYI[OBaHl/Iﬂ

C uenbto pazpabotku APPEKTUBHBIX Mep 10 OOpr0e C MOBBIINIEHHOMN
3aMbIJICHHOCTHIO BO3[yXa pabouell 30HBI TpeOyeTcs 3HaTh BEIWYUHY BBIJICTICHUS
IBUICBBIX 3arpsS3HCHUM OT TEXHOJOTHYecKoro obopymoBanus [15, 4]. Hckomas
BEJIMYMHA OIICHUBAIACH DKCIEPUMEHTAIBHBIM MyTEeM MO MeToauke rnpodeccopa E.N.
borycnaBckoro u B.H. AzapoBa [21]. CyMmmapHas BelW4YMHA TbUICBBIICICHUNA B
MPOU3BOJICTBEHHOE TToMeneHrne M B 1/4, onpenensercs: GopMyJiou:

M=M,+M, +M,, (2.13)
rie Mi;-  KOJWYECTBO MHIJIM, YHOCUMON BEHTWJISIIMOHHBIMH M aCTHPAIMOHHBIMU
CHCTEMaMH, T/d;
M, - KOJIMYECTBO MbUIX, YHOCUMOM Yepe3 MPOEMbI IOMEIIEHUs, T/4;
M3 -  KOJMYECTBO MBUIM, OCEHAIONICH HA TOJI U TEXHOJOTMYECKUE TLIOIIAJAKU
exa, r/4.
Benuuuna (M; u M) u3z dopmynst (3.1) coctaBusier 5-10% ot M. CymmapHoe

KOJIMYCCTBO IIbIJIN HOCTYHaIOHIeﬁ B IICX MOZKHO BBIPAKaCTCsA (bOpMYJ'IOﬁ:

k
M = 1,1Zn:2 M i (2.14)

k=1li=1

B X0AC 9KCIICPUMCHTA AOKAa3aHO, YTO 3HAYCHHUC MHTCHCUBHOCTH OCCOAHMWA IIbLIIN
MOXCT HNPUMCHATHCA JIdI HAXOXKIACHHUA HMHTCHCHUBHOCTHU  IIBUICBBIACICHHA  OT

TCXHOJOTHYCCKOI'O 060py,I[OBaHI/IH. Maccy IIbIJIK, KOTOpPad HUCXOAUT OT HCTOYHHKA



46

IBUICHWA, MOKHO OIIPCACIUTDb IMYyTCM CYMMHUPOBAHWA MACC IIBLJIM, KOTOpasd OCCJiIa Ha

ydJacTKax MOBEPXHOCTH 1ona [5, 45, 2], To ecTh

n
M 1 :zGiFn (2.15)
i-1
rac ll - KOJIMYCCTBO YUYAaCTKOB ITOBCPXHOCTU OCCOAHU IIBLIN,
Fi - IIomazas y4acTKa MOBEPXHOCTH OCEIAHUS.

Jlns  mojcyera  WHTEHCHMBHOCTH — NBUICOCEAHHMS HAa TOBEPXHOCTh  I0JIa
MIPOU3BOJICTBEHHOTO MOMENIEHHUS MPEkKIE BCEr0 HEOOXOIUMO BBISIBUTH HAIPABIICHHE
JIBIOKEHUST T, JIj1st yero Ha paccTosHud 1,5 M OT MCTOYHHMKA TBUICBBIICICHUS 1O
OKPY>KHOCTH Uepe3 YroJi paBHbIN /4 pacnosiaraloT TapeioYKU—I0BYIIKH.

[Ib11b, KOTOpPAst Oocena Ha TapeloyKy — JIOBYIIKY, B3BELIMBAECTCS, U HAXOAUTCS

WHTEHCUBHOCTb MbIICOCEAaHus 110 hopmyJie:
G )
G, =— r/(m*u), (2.16)
Fr

rie G - KOJIMYeCTBO MbUIX, OCEBIICH Ha TapeJIOvKe, KT;
F - miomanas Tapenoyku, M2
7 - BpeMs HaxO0XJICHUS TapeJIOUYKHU B 30HE MbLJICOCEAAHUS, Y.

Ha ocHoBe pe3ynbTaTOB IJIOTHOCTH OCEAaHUs NMPUHUMAaeM MHHHMalibHble Gmin
n MmakcuMmaiabHble Gmax 3HadeHus. [lo manapiIM Toukam Gmax u Gmin cTpouTCs
JIUHUS, SIBISIONIAsICS, JUIsi  BBIOpAaHHOM  30HBI  MbUICOCENAHUS CPEIHEH  OT
(UKCUPOBAHHOTO MCTOYHHKA MbUIEBBIETICHUSI. O0IacTh MbUICOCEaHNs OT UCTOUYHUKA
pazzesieM Ha mapy YYacTKOB YToJl PacKPBITUSI KOTOPBIX COCTaBIISIET /4, TEM CaMbIM,
nojtyyaeM 1o JBa ydactka ¢ Gmax u Gmin ocelaHleM YacTHI] TTbLIN.

Jlanee BBINOJHAIOTCA OCHOBHBIE HW3MEPEHUSA, MO pe3yJbTaTaM KOTOPBIX
OTIPENICNIAIOT BEJIWYMHY MBUIM, MOCTynawliel u3z obopyaoBanus. C 3TOM 1eNblO0 Ha
KaXJIOM y4acTKe MbUICOCEAaHUsl pa3MevaroT AYTd, B KOJIWYECTBE He MeHee Tpex. Ha
JyTax pacroJiaratoT Mo TPU TapeIOUYKH-JTOBYIIKHA. BpeMsi SKCIO3UIIMU JIOBYIIIEK B 30HE
MbUICOCEIaHUsT JOJDKHO COCTaBJISITh HE MEHbIIE vaca. [lamee ompenensior maccy,

OCeBIIECH Ha KaKAYH0 JIOBYIIKY, IbUIM W CPCAHION INIOTHOCTb PACHpPCACICHHA I10

bopmyne (2.4) nmns kaxnod ayru. HToroBoe KOJIMYECTBO TMbUIEBBIICIECHUN OT
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aHAIM3UPYEMOIO CEKTOPA OINPEAEISIETCS 10 YPABHEHUIO, TPUBEAECHHOMY HUXKE.

2
= — | e+ =+ |exp(—ax, )|, /4 2.17

r7e @ - 3HAa4YEHHUE LEHTPAIBHOIO YIJIa PACCMAaTPUBAEMOI0 CEKTOPA, TPa;
Gmax— 3HA4YEHHME MaKCUMyMa KpHUBOH pachpeneneHusi WHTEHCUBHOCTU
npuieoceanus  (onpenesieTcss  OKCIePUMEHTAIBHBIM — IyTeM  JUIS
KaxKJ10l uccneyeMoit nbim), /(M2 u);
Xk- pAacCTOSHUE OT HCTOYHHKA, M;
a - xodhduimeHTt (ompenensieTcs AKCIEPUMEHTAIbHBIM ITyTEM  JUIs
KaXJI0¥ UCClIeyeMon bLIH), 1/M.

JlelicTBUTEIbHOE 3HAYEHUE TMBLICOCEAAHUS OT OINPEACIECHHOIO0 HCTOYHHMKA
BBIJICJICHUS TTBUTH MOKET OBITh BBIPAKEHO HAXOXKJECHUEM YJIBOCGHHON CYMMOMW CPEIHUX
BEJTMYMH THIJICOCEIAHUS ISl CEKTOPOB ¢ MUHUMAJIBHBIM M MaKCUMAJILHBIM 3HaYCHUEM
OCEIaHUs TIbUIH.

BBugy Toro, urto wucmnonp30BaHHAas MeToAauka [21] mnpumensuiach IS
NPEANPUSATANA TI0 TPOU3BOJCTBY TEXHUYECKOTO YIJIEpoJa U MO 3epHomepepadoTke,
CieAyeT YTOYHHUTh METOAMKY [21] [uIst TbUTH, BBIACISIOIICHCS B MpOIEcce
IIPOM3BOCTBA JKEIC300€TOHHBIX U3IEHi [5].

3amMepbl MHTEHCUBHOCTU MBUICOCEIaHUs] MPOBOIUINCHE B O€TOHOCMECUTEIHLHOM
otraesieHn OAQO «IIpoMCTpONKOHCTPYKHSI.

Bce oOopynoBanue B OETOHOCMECHUTEIBHOM  OTIEIEHMHM Ha  KaXIou
TEXHOJIOTHYECKOM TUIOMaaKke paboTaeT ¢ IMOCTOSHHOM CKOPOCTBIO 0€3 OCTaHOBOK (3a
UCKIIIOUCHUEM CJIy4aeB pPEMOHTa), C KOJMYECTBOM CBHIPhS COOTBETCTBYIOIIUM
TEXHOJIOTUU Tpou3BojicTBa. OOOpynOBaHHE MOXET paboTaTh B XOJOCTYHO B JIHH
PO MIIAKTUKY WUITU B CIIydae OTCYTCTBUU CHIPhS HA MPEAITPHUSITHH.

CxeMbl pacmoJIOKEHHUsI JIOBYIIEK sl ONpe/eTICHUs HAIIaBJICHUS MbLICOCEIaHUs

npuBecHa Ha pUcyHke 2.4
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Pucynok 2.4 — Cxema pacnonoeHus JOBYIIEK JIJIsl IPeIBapUTEIbHBIX 3aMEPOB
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PesynbTaThl mpeaBapuTeNbHBIX 3aMEPOB IPUBEACHBI B TA0IHIIE 2.2,
Tabmuma 2.2. - Pe3ynabpTaThl 3aMepOB CpeAHEH IUIOTHOCTH TBIJICOCENAHUsS B

o6eronocmecutenbHoM oTAeseHn OAQO «IIpoMCTpORKOHTPYKITUS

[Tmomane Cpennsist II0THOCTh
Ne olg/éifj(;:ﬁ ITOBEPXHOCTH | JUIMTENBHOCTD | PACIPOCTPAHEHUS
JIOBYILIKH — JIOByIZIIKI/I, 3aMepa, MUH. nmneocez:azﬂm Go,

M- Kr/(M-4).
1 0,841985| 0,011304 180 0,02483
2 0,875995| 0,011304 180 0,02583
3 1,15045 0,011304 180 0,03392
4 1,30055 0,011304 180 0,03835
5 1,2901 0,011304 180 0,03804
6 1,34615 0,011304 180 0,03970
7 1,09725 0,011304 180 0,03236
8 0,894425| 0,011304 180 0,02637
9 1,3034 0,011304 180 0,03843
10 1,10485 0,011304 180 0,03258
11 0,92473 0,011304 180 0,02727
12 0,86051 0,011304 180 0,02537
13 0,86887 0,011304 180 0,02562
14 1,03455 0,011304 180 0,03051
15 1,33285 0,011304 180 0,03930
16 0,649325| 0,011304 180 0,01915
17 0,71497 0,011304 180 0,02108
18 0,79344 0,011304 180 0,02340
19 0,898985 | 0,011304 180 0,02651
20 0,96995 0,011304 180 0,02860
21 0,918935( 0,011304 180 0,02710
22 0,83999 0,011304 180 0,02477
23 0,623865| 0,011304 180 0,01840
24 0,902595 | 0,011304 180 0,02662
25 0,80009 0,011304 180 0,02359
26 0,644005 | 0,011304 180 0,01899
27 0,659775| 0,011304 180 0,01946
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28 0,69977 0,011304 180 0,02063
29 0,81472 0,011304 180 0,02402
30 0,934325| 0,011304 180 0,02755
31 0,0513 0,011304 180 0,00151
32 0,0589 0,011304 180 0,00174
33 0,06175 0,011304 180 0,00182
34 0,06745 0,011304 180 0,00199
35 0,0627 0,011304 180 0,00185
36 0,05605 0,011304 180 0,00165
37 0,0494 0,011304 180 0,00146
38 0,05225 0,011304 180 0,00154
39 0,06555 0,011304 180 0,00193
40 0,05985 0,011304 180 0,00176
41 0,0551 0,011304 180 0,00162
42 0,0608 0,011304 180 0,00179
43 0,057 0,011304 180 0,00168
44 0,05415 0,011304 180 0,00160
45 0,0513 0,011304 180 0,00151
46 0,05605 0,011304 180 0,00165
47 1,5048 0,011304 180 0,04437
48 1,32145 0,011304 180 0,03897
49 1,2521 0,011304 180 0,03692
50 1,8506 0,011304 180 0,05457
51 1,9627 0,011304 180 0,05788
52 2,09285 0,011304 180 0,06171
53 1,65205 0,011304 180 0,04872
54 1,54565 0,011304 180 0,04558
55 1,89525 0,011304 180 0,05589
56 1,20745 0,011304 180 0,03561
57 1,07255 0,011304 180 0,03163
58 1,38985 0,011304 180 0,04098
59 1,6967 0,011304 180 0,05003
60 1,73945 0,011304 180 0,05129
61 2,04725 0,011304 180 0,06037
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OKOHYaHME TaOJIUIEI 2.2
62 2,00165 0,011304 180 0,05902

Ha ocHoBaHMM MOJy4e€HHBIX pE3YyJbTaTOB OepyTcs camble OOJBIINE U CaMble
MaJIeHbKHe 3HadeHus II0THOCTH TbuieocenaHust (Gmin 1 Gmax). Uepe3 BbIOpaHHBIC
3HaYeHUSI Gmin U Gmax MPUCYIOT MPSIMYI0, KOTOpasi €CThb CPEAHSsSI JTUHHUS [JIST 30HBI
IBLICOCEJAHUS] ONPEJEICHHOIO HMCTOYHHMKA BBIACIECHUS IbUIM. 30HY MbLICOCEHaHMS
JAHHOTO WMCTOYHHMKA Pa3eiisiOT Ha JBa CEKTOpa C YIJIOM PACKPHITHS PaBHBIM TU/4,
CJIEZIOBAaTENIbHO OOpPa3yIOTCsl J1Ba CEKTOpa C CaMbIM MAaJIEHBKUM U CaMbIM OOJBIIMM
3HaueHueM ocenanus nbuid [/1]. Ilocne uvero ans ompeneneHus KOJIWYECTBA IBLIH,
KOTOpasi BBIOMJIACh M3 O0OPYAOBaHMS, MPOBOIAT OCHOBHBIE 3amephl. Jljis 3TOro B
Ka)XJIOM M3 CEKTOPOB MbLICOCENaHNsI HaME4yaloT HE MEHee TpeX IyT, Ha KaKIoW W3
KOTOPBIX YCTaHABJIMBAIOT MO TPH JOBYIIKU. JIOBYIIIKM AOKHBI HAXOTUTHCS B 00JIACTH
ocellaHUsl He MEHee 3-X 4YacoB, TaK Kak OoJjiee JJIUTEIbHOE HMX HAXOXKICHHE HE
CKa3bIBAaETCSl Ha pe3yjbTaTax M3MEPEHHUs, YTO JOKa3aHO HIKCIEepUMEHTaiabHO. Cxema

PaCIIOJIOKCHUS TAaPCIIOYCK 3aBUCHUT OT 0COOEHHOCTEM IIPpOU3BOACTBA.

G1

G?2
(b -
g

= Gs

N
—_

Pucynok 2.5 — Cxema pa3menieHus JOBYIIKH ISl TNTIOCKUX UCTOYHUKOB MbUICHUS
IIPY MPOBEJACHUHU OCHOBHOIO 3aMepa JJIsl ONPEAEICHNUS] MHTEHCUBHOCTH

IIbIICOCCAaHUA
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PI/ICYHOK 2.6 — Cxema Pa3sMCIICHUA JIOBYHICK JIA OIIPCACIICHUA IIBIJICOCCAAHMA!

a — IepBUYHBIN 3amep; O, B — OCHOBHOM 3aMep; @ - JIOBYIIKHU

CpenHsisi MIOTHOCTh PACHPOCTPAHEHMS MbUICOCEHAHUA Uil KaXIOro paauyca
OMpEeNEIAeTCs MyTEM B3BELIMBAHUS IbUIM, OCEBIIEH Ha Ka)XXIOM TapesioYKe-JIOBYIIKE.
PesynbpTaThl 3aHOCSATCS B Tabiuity 2.3.

Tabnuma 2.3 Pe3ynbTarsl SKCIIEpUMEHTAIBHBIX UCCIAEAOBAHUHN CpeIHEH TIIIOTHOCTH

MBLJICOCEIaHUA.
Macca jioByliku Macca neuin, | UHTEHCUBHOCTH
No Paanyc, o
JOBYIIKH o 110 OmBITa ocJie YJIOBJIEHHOH MBLICOCENAHUS
OTIBITA JIOBYIIIKOM, T r/M24
1 1,52 2,0513 0,5313
2 1,5 1,52 1,6973 0,1773 86,7857
3 1,52 1,7924 0,2724
4 1,52 1,6569 0,1369
5 3 1,52 1,6558 0,1358 36,6596
6 1,52 1,6617 0,1417
7 1,52 1,8173 0,2973
8 5 1,52 1,8093 0,2893 81,1622
9 1,52 1,8508 0,3308
10 1,52 1,7430 0,2230
11 1,5 1,52 1,7615 0,2415 69,7300
12 1,52 1,8437 0,3237
13 1,52 1,6572 0,1372
14 3 1,52 1,6558 0,1358 36,5623
15 1,52 1,6603 0,1403
16 1,52 1,7073 0,1873
17 5 1,52 1,7604 0,2404 60,8975
18 1,52 1,7806 0,2606
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19 1,52 2,1031 0,5831

20 1,5 1,52 1,9229 0,4029 99,9706
21 1,52 1,6640 0,1440

22 1,52 1,61463 0,09463

23 3 1,52 1,6221 0,1021 25,9607
24 1,52 1,61673 0,09673

25 1,52 1,7750 0,2550

26 ) 1,52 1,7955 0,2755 71,5051
27 1,52 1,7978 0,2778

28 1,52 1,7467 0,2267

29 1,5 1,52 1,8777 0,3577 72,3614
30 1,52 1,7536 0,2336

31 1,52 1,61501 0,09501

32 3 1,52 1,6221 0,1021 26,1377
33 1,52 1,61835 0,09835

34 1,52 1,7765 0,2565

35 5 1,52 1,7407 0,2207 59,1000
36 1,52 1,7109 0,1909

37 1,52 1,8781 0,3581

38 1,5 1,52 1,6277 0,1077 59,1139
39 1,52 1,7225 0,2025

40 1,52 1,5265 0,0065

41 3 1,52 1,5271 0,0071 1,7870
42 1,52 1,5266 0,0066

43 1,52 1,6330 0,1130

44 5 1,52 1,5862 0,0662 26,4489
45 1,52 1,6398 0,1198

46 1,52 1,8147 0,2947

47 1,5 1,52 1,8038 0,2838 54,6309
48 1,52 1,5591 0,0391

49 1,52 1,5258 0,0058

50 3 1,52 1,5263 0,0063 1,6808
51 1,52 1,5269 0,0069

52 1,52 1,6706 0,1506

53 3) 1,52 1,6659 0,1459 35,8710
54 1,52 1,6290 0,1090

55 1,52 1,7318 0,2118

56 1,5 1,52 2,2245 0,7045 132,0340
57 1,52 2,0962 0,5762

58 1,52 1,7148 0,1948

59 3 1,52 1,7266 0,2066 54,9982
60 1,52 1,7403 0,2203
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61 1,52 1,8349 0,3149
62 5 1,52 1,8910 0,3710 82,4784
63 1,52 1,7665 0,2465
64 1,52 2,2179 0,6979
65 15 1,52 2,1868 0,6668 162,3858
66 1,52 1,9909 0,4709
67 1,52 1,7195 0,1995
68 3 1,52 1,7307 0,2107 55,3521
69 1,52 1,7355 0,2155
70 1,52 1,9008 0,3808
71 5 1,52 1,8043 0,2843 91,9074
72 1,52 1,8938 0,3738

7\ /6

VN

Pucynok 2.7 — Cxema pacronoKeHus TapesioueK-I0BYIIEK ISl OCHOBHBIX 3aMEPOB

B CMCCHUTCJIIBHOM OTACICHNU
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PI/ICYHOK 2.8 — Cxema PaCIIOJIOKCHMA TAPCIIOUYCK-JIOBYHICK JII OCHOBHBIX

3aMepPOB B I03UPOBOYHOM OTJEJICHUU

Pucynok 2.9 — CxeMa pacnosioKeHus! TapeIoyeK-JIOBYIIEK 111 OCHOBHBIX

3aMepoB
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Pucynok 2.10 — Cxema pacIionokeHus TaperaoyeK-JIOBYIIEK U1 OCHOBHBIX

3aMepoB

2.4 UccnenoBanue BJIAMSTHUS OPraHU3aMU BO31yX000MeHA HA NMbLIEBYIO

00CTAHOBKY B 0€TOHOCMECHTEJIbHOM OT/IeJICHUH

2.4.1 AHau3 BJIUSAHUA OPraHU3aIlUM BO31yX000MeHA HA NMbLJIEBYIO

00CTAaHOBKY B 0€TOHOCMECHTEJIbHOM OT/IeJICHUH

Jlst moaneps>kanusi TpeOyeMBIX CaHUTAPHO-TUTHCHHYECKUX IMapaMeTPOB BO3TyXa
pabodeil 30HbI OJTHUM M3 CPEJCTB SIBISIOTCS CHCTEMBI O0IIICOOMEHHON BEHTHIISIIIMU. B
3aBUCUMOCTH OT Ha3HAYCHHS TTOMEIICHHSI, 0COOCHHOCTEH TEXHOJOTHYECKOTO MpoIiecca,
TpeOOBaHMI, KOTOPBIC MPEABIBISIOTCS K KaueCTBY BO3JIyXa pabouell 30HBI, a TaKkKe
KOHCTPYKTHUBHBIX OCOOCHHOCTEH IIeXa MPUMEHSIOT pa3IMyHbIe CIIOCOOBI TO/Ia4Yu

IIPUTOYHOI'O BO3yXa U THUIIbI BO3AYXO0paClnpCACINTCIbHbBIX YCTpOﬁCTB.
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Kak wu3BecTHO, OCTOHOCMECHUTEIBHBIC II€Xa OTHOCAT K TOMEIIEHUSM BTOPOM
kareropun [45] ¢ HE3HAYUTEIBHBIMUA TEIIOM30BITKAMH, KPATHOCTh BO3yXOOOMEHA B
KOTOPBIX COCTaBJIsIeT CBbImIe 10 1/4.

PexoMeHTyeMble CIIOCOOBI MOJaYu BO3/lyXa B MOMEIICHUSX JaHHOW KaTeropuu
no M. U. I'pumutiuny [45]:

- CTPYSMHU TIOJT YTJIOM K OBEPXHOCTH I10JIa B HAIIPaBJICHUH paboyero Mecra
yepes Bozayxopacnpenenurenu tuna HPB, PB;

- COCPEIOTOYEHHO BbIIIE padoveil 30HBI Yepe3 BO3AyXOpaclpeaeTuTenu
tuna BCII, PB, u ¢ HanpaBisomumMu CoriaMu;

- HEIMOCPEJICTBEHHO B padOuyl0 30HY 4Yepe3 BO3AYXOpacHpeAesMTeNn TUMa
BOIIm;

- CMBIKAIOIMMHUCS WM KOMIAKTHBIMU KOHHUYECKUMH CTPYSIMU CBEPXY BHU3
C BBICOTHI He OoJiee 8 METpOB uepe3 Bozayxopacnpenenutenu tuna BP, [IPM.

B nomemieHusx ¢ 0co00KpymHOTabapUTHBIM TEXHOJOTHYECKUM O0OpYAOBaHHEM
(BpIcOTO1 ©Oo0nee 3 MeTpoB), K KOTOPbIM OTHOCATCA Li€Xa IO MPOU3BOACTBY
JKEIe300€TOHHBIX ~M3JIeIui, peKoMeHayroTcs [45] craemyronme CcxeMbl TOAaYH
MPUTOYHOTO BO3/yXa: HEMOCPEJACTBEHHO B pabOuyl0 30HY; HAKJIOHHBIMH CTPYSIMU B
o0acTb  MEXAy  TEXHOJOTHMYECKMM  OOOPYJIOBAaHHMEM;  COCPEAOTOYEHHO ¢
MCIIOJIb30BaHUEM HAMPABJISIOIINX COMET.

Ha cxemax opranuszanuu Bo3ayxopactpeaenenus (pucyHok 2.11, 2.12, 2.13,
2.14) mnoka3aHO JABWKEHHE TMBUICBO3AYIIHBIX MAacc, TIJI€ CTPEJKM CHUHEro IBETa
NPEACTABISAIOT  MEJIKOJUCIEPCHbIE  MbLJIEBbIE  YacTUIBI, a  KpacHOro -

KPYIHOJIUCIIEPCHBIE.

Pucynok 2.11 — Cxema moja4u mpyUTOYHOT'O BO3/[yXa B 00BEM 11€Xa HAKJIOHHBIMU

CTPYSIMHU MO YTJIoM 45° K MJIOCKOCTH M0J1a; BO3AYXOPAaCIPEAEIUTENb PACIOI0KEH
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BbIlIE paboyel 30HbI. 1 — BO3AyXOpacnpeaeauTess; 2- 00J1acTb pacipeleneHus
MPUTOYHOM CTPYyH; 3- rpaHuIia paboyuei 30HbI TEMEIICHUST;, 4- HCTOYHHUK

IIBIICBBIACICHU S
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PI/ICYHOK 2.12 — Cxema ImoJga4u IpUTOYHOIO BO3yXa B 00BeM nexa HaKJIOHHBIMHU

CTpYysIMU HapaienbHo (mof yriiom 180°) miockocTu noja; Bo3ayXopacnpeaeauTellb
pacmnoJioKeH BhIlIe padboyeil 30Hbl. | — BO3lyXopacnpeienuTenb; 2- 00JacTh
pacnpeziesieHus: IPUTOUYHOM CTpyH; 3- rpaHuiia pabodel 30HbI IEMEIICHUST; 4-

HCTOYHHUK IIBIJICBBIACIICHU A

\K\\T\ ~

Pucynok 2.13 — CxeMa nogauu NpuTOYHOTO BO3/lyXa B 00BEM IIeXa
HAKJIOHHBIMHUM CTpYsIMU napaiuiensHo (moa yriaom 180°) miockoctu nosna;
BO3IyXOpacipeIenTe b pacloio’KeH Ha YpoBHE paboueii 30HbIL. 1 —
BO3AyXOpacHpeaesuTelNb; 2- 00JIacTh pacnpeneaeHns IpUTOYHON CTpyH; 3- TpaHHIa

pa60qe171 30HbI ICMCIICHUA, 4- ICTOYHUK IBIIICBBIACICHU A
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Pucynok 2.14 — CxeMa nojjauu MpUTOYHOTO BO3/yXa B 00bEM IIeXa CTPYSIMU
BEPTHKAIBHBIMU CBep3y BHU3 (1o yriioM 90°) K MI0CKOCTH MOJa;
BO3/IyXOpacIpeeuTeNb PACIOoI0KeH Ha ypoBHE paboueif 30HbI. 1 —
BO3AyXOpacIpeesuTelNb; 2- 00JIaCTh paclpeieieHus IPUTOYHON CTPYyH; 3- TpaHHIa
paboueii 30HbI TeMeIIeHUs; 4- HICTOYHUK TTHUICBBIICICHUS

[IpencraBneHHble CXEMbl OpTaHU3AIMM  BO3IyXOPACIPEACICHUs IO3BOJIWIN
OLICHUTh TOJBMKHOCTh BO3/lyXa, BBIIBUTH 3aCTOMHBIC 30HBI, a TaK Xe MeCTa

HanOOJIBIIIETO oCcaaHus IbLJIM Ha IMTOBECPXHOCTH I10J1a TEXHOJOTHYSCKOM IJIOMIaAKH.

2.4.2. HatypHble UCCJIeI0OBAHNS BO3IYIIHO NbLIEBBIX MOTOKOB M 3aNbLIEHHOCTH

BO31yXa padoueid 30HbI

JIyst omipeieNieHns BIIMSIHHMSL OpPTaHW3alliy MPUTOKA BO3JyXa HAa KOHIICHTPAIIHIO
IBUIA B BO3AyXE pabodel 30HBI OBLIM MPOBEICHBI OMBITHBIC HATYPHBIC MCCIICIOBAHUS.
[lepeHocHass mpuTOYHAss yCTAaHOBKA, COCTOSIAsl W3  BEHTWISITOPA, THOKOTO
BO3/JYyXOBOJa, IITaTUBAa-MauThl U BO3IyXOpaCHpeeauTeNsl yCTaHABJIMBAIACh TaKUM
oOpa3oM, YTOOBI O00OecreyuTh TMOoAauy YHCTOIO BO3AyXa B pabouyyl0 30HY.
KoHcTpykTHBHO ObLIa BO3MOKHOCTh THOKO MEHSTH yTomn HaKJIOHA
BO3yXopacnpeaenutens, B auamazone ot 0° mo 90°. B HaTypHBIX HCCIEAOBaHMUSIX

OBLITM BRIOpAHBI JIBA yTJIa TIOIaYu IPUTOYHOM cTpyn 45° 1 90°.



IIpon3BOAUTENBHOCTD

IPUTOYHOTO BO3yXa MO KPATHOCTSIM OT 00beMa TEXHOJIOTUYECKOM TUIoImaake 10 N=5/4

BKIIFOUHUTCIBHO.

[To CHull 41.01-2003 pexoMmeHayeMas KpaTHOCTh BO3AyXOOOMeHa is
IIPOU3BOJICTBEHHBIX TTOMEIICHUH COCTABIISICT 2/4, OJHAKO B KPAaTHOCTH BO3yXO0OMEHa
JUTSL TIEXOB C KPYIMHOTa0apUTHBIM TEXHOJIOTHYECKUM 000pyAoBaHHEM (BBICOTOM Ooliee
3m.) [45] cocraBmser 10/4. CanlluH ycraHaBmuBaeT KpaTHOCTH BO3IyXO0OOMEHA
paBHYIO 8/4 U1 aBapUHHBIX YCJIOBHH, YTO B CBOIO OYEpPE/b CTAaBUT I10J] COMHCHHUC

nenecoodpasHocth 10/94 Bo3myxooOMeHa npuBeeHHoro B [45]. Takum oOpa3zom Hamu

BCHTHUJIATOPA
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ObLTM BBIOpaHbI KpaTHOCTH 2/4; 3,5/4; 5/4, 6,5/4.

Tabnuna 2.4. - Pe3ynpTaThl 3aMEpOB 3aIbUICHHOCTH BO3[yXa paboyeil 30HBI B

IIO3BOJIsAIAa

OpraHU30BaTh

oeronocmecutTenbHOM oTAeneHnr OAQO «IIpoMCTpOHKOHCTPYKIUS»

Yron
Texuomoru- Pacxon
Kpartnocts HaKJIOHA
yeckast MOAaBaEMOr0 Konnentpanus
BO3/1yX000 BO3yXO0pact
IJIOIIA/IKA BO3/1yXa, MbUIM, MT/M3
MeHa, 1/4 peaenuTens.
(aTax) M3/4
90 47,22
2 490 45 43,51
90 42,94
1 35 858 45 39,86
90 33,28
> 1226 45 26,19
90 27,14
6,5 1594 45 20.03
90 21,43
2 490 45 19,20
90 18,16
9 35 858 45 15,34
90 16,29
> 1226 45 12,05
90 12,33
6,5 1594 45 9.54
90 38,97
2 490 45 36,14
4 90 34,73
3 858 45 30,41
3) 1226 90 28,33

nojavy
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45 22,09
90 23,48
6,5 1594 A5 18.26
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Pucynok 2.15 — 3aBUCHMOCTh U3BMEHEHHS] OTHOCUTENBHOM KOHLIEHTPALMU NIBLIN B

BO3JIyXe pabOuYnX 30H OT 3HAUYCHHUS KPAaTHOCTH BO3MyX0ooOMeHa. 1, 2 ,3 — HOMep

TEXHOJIOTUYECKOW MIIOAAKHA, Ha KOTOPON IPOU3BOJIUIICS 3aMED; - YroJ1 HaKJIOHa

Bo3ayxopacnpenenurens 90 s - YIOJI HaKJIOHa Bo3ayXxopacnpeaenurens 45 .

[lo pesynpTaTaM 3amMepoB BUIHO, YTO HAUMEHbIIAs KOHIICHTPALUS MbUIHA
JIOCTUTAETCSd TPU KPAaTHOCTH BO3AyXOoOOMe€Ha S5/4 U Tpu  yrjie HaKJIOHA
Bo3yxopacnpenenutens 45°. Mznom Ha rpaduke (pucyHok 2.15) nmokassIBaeT, 4To Mpu
JadbHEUIIIeM YBEJIUYCHHHM 3HAYEHUS KPaTHOCTH BO3AyXOOOMEHa IMPOUCXOJUT
YBEIMYCHHE 3HAYCHUS! KOHIICHTPAIIMU TBUIM Ha TEXHOJIOTUYECKHX IJIOMIaKaX 3a CUeT

NEPCTCKAHNHN €C U HAKAIIJIMBAHWA HA HUKCIICKAINX YPOBHSAX.
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2.4.3. JkcnepuMeHTAJIbLHASL MOIeJIb JIJI HCCJIeJ0BAHUS BO3IYIIHO NMbLJIEBBIX

MOTOKOB M 3alILIJICHHOCTH BO3yXa paﬁoqeﬁ 30HBI

I[J'ISI OKCIICPUMCHTAJIBHOI'O  HCCJICAOBAHHA  BJIMAHHA  BO3AYIIHBIX CTpYﬁ
HpHTO‘IHOﬁ BCHTWIAIOHUHW Ha PACIIPpCACICHUC BBIHGHHmmeﬁCH IMIbIJIX B BO3AYyX pa60qeﬁ
30HbI MHOT'OYPOBHCBBIX IMPON3BOACTBCHHBIX IJ10maaoK HCIIOJIB30BaJIaCh

IKCIIEpUMEHTaIbHAs MOJIEIb, CXeMa KOTOPOM MpuBeieHa Ha pucyHke 2.16.
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Pucynox 2.16 — Cxema 9KCIEpUMEHTAIbHON YCTAHOBKU: | — BEHTUIIATOD; 2 —
BO3J0XYBOJ; 3 — BO3AYXOpaCHpPEAeIUTEIIbHOE YCTPOICTBO; 4 — TEIIOBEHTUIISITOP; D —

CCTCCTBCHHAA BBITAXKHAA BCHTUIISALINA
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DKcrnepuMeHTallbHasE MOJENb BbIMONHEHa B MacmTadbe 1:20000, coctout wus
Kopiyca | MMeroIero Npo3pavyHylo CTeHKY 2 JJis BU3YAIBHOTO KOHTPOJIS U (PUKCAlUu
IOpOBEICHUS dKclepuMeHTa. lIpocTpaHCTBO KoOpIyca paslelieHO MepeKPBITUSIMH,
UMEIOITIMH MEKITaKHbIE TIEPEX0bl, Ha 4 3Ta)ka B COOTBETCTBUH C TUMIOBBIM IPOEKTOM
OETOHOCMECUTENILHOTO OT/IENeHUSI. BEHTUIATOPBI C HATSHYTOW KallpOHOBOM TKaHBIO U
HaBECKaMH MbUIM UMUTHPYIOT €€ BHIOPOC B BO3AyX paboueil 30HbI U pacroaraloTcs Ha
COOTBETCTBYIOIIUX dTaxkaX. [I[pUTOYHAsT BEHTHIIALIMS BBHITIOJHEHA B BUJIE BO3AYXOBOOB,
UMEIOIME IIeJNeBble OTBEPCTHUS IS IOJAa4YM YHCTOTO BO3AyXa U BO3IYXOIYBKH,
MO3BOJISIOIIEH  PerylMpoBaTh  pacxoj  I0JIaBaeMoro  Bo3ayxa. Bo3ayxoBojbl

3aKpEemJIEHbl TAKUM 00pa30M, YTO MO3BOJISIET MEHATH YTOJ NPUTOYHOU CTPYH.

2.4.4. ®akTOpBHI, IVIAH IKCIIEPUMEHTA

OcHOBHOI 3a/lauell SKCIIEPUMEHTA SIBJSIETCSl OINpeNesieHne B BO3JyXe paboueit
30HBI MOJIEJIH 1I€Xa U €€ 3aBUCUMOCTH OT Crloco0a NoJjayl MPUTOYHOIO BO3AyXa.

3amepsl TPOBOAMIIUCH Y KaXIOTO HMCTOYHUKA TMbUIEBbIACICHUS 4, COTJIACHO
CTaHIApPTHON MeToAuKH oTOopa mpoO mbeu [2]. CKOpOoCTh MOJaYd MPUTOYHOTO
BO3JyXa PETYyJUpPYETCs BO3AYXOIYBKOW 1, KOJMYECTBO BBIACHSAIOMICHCS TBUIM HE
MU3MEHAETCS] B TEUEHUE BCErO SKCIIEPUMEHTA.

[Ipy npoBeneHUM HCCIEIOBAHUN METOJaMU TUTAHUPOBAHUS DKCIIEPUMEHTa B
KauecTBE BapbUpPyEeMbIX (haKTOPOB ObLIIN BHIOPAHBI:

L; — KonM4ecTBO MO/1aBa€MOI0 BO3/yXa IMEPBOM TEXHOJIOTUUECKOU MIIOIIAIKE,
[v3/a];

L, — KoM4ecTBO MO/1aBaEMOI0 BO3yXa BTOPOIM TEXHOJIOTMYECKOM IIJIOMIAJIKE,
[M%/a];

L4 — KOIM4eCTBO MO1aBa€MOI0 BO3/[yXa YETBEPTON TEXHOJIOTHYECKOM TIIOIAIKE,

[M%/u]; —
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B xadecTBe mapameTpa ONTUMHU3AINHA BHIOpaHa KOHIICHTPAIIHS BTN Ha
MJIOMIAKaX YCTAHOBKH.

[TpoBenen ¢akropusiii sxcriepument [11, 30, 38, 53, 4, 30, 59, 141, 143, 145]
nopsaka Tuna 33 (rae 3 — uncio (GakTopoB), MATPHIIA INIAHUPOBAHUS KOTOPOTO
npejcTaBiieHa B Tabiuiie 2.6, Ipu 3TOM orpeestonre GakTopbl ObLIN MIPUBEICHBI K

BU]TY:

Iy_ly0 _By_ByO

X, = 2. Xs hy=hy,

Aby Xg=—"— (2.18)
Ahy

ST 3HAQYCHUS COOTBETCTBYIOIIMUX (haKTOPOB B IICHTPE
1o IJIaHa;

Aly;Aby;Ah —  HMHTEpBaJIbI U3MEHEHUHN 3HAYEHUS (PAKTOPOB.

Martpuria rutana 3aneceHa B Ta0nuily 2.6. YpoBHH U HHTEPBAJIbl BAPbUPOBAHUS

oTnpeaeNsonmx (pakTopoB MpUBEACHBI B Ta0IUIE 2.5.

Tabnuma 2.5 - YpoBHU U HHTEPBAIIBI BAPbUPOBAHUS OTPEIEISIOMUX (PaKTOPOB

M TeOBALLL YpoBHU hakTopoB
@akTopsI ppai OcHoBHoll | Bepxuauit | HuxHuit
BapbUPOBAHUS

0 +1 -1

1 2 3 4 5
L, [M3/4] 2 0,093 0,155 0,031
Lo, [M%/4] 2 0,093 0,155 0,031
L, [M%/4] 2 0,186 0,310 0,062

Tabnuna 2.6 - Marpuiia mIaHUPOBAHUS SKCIIEPUMEHTAIBHBIX UCCIIECIOBAHUM

No DakTOpHI
OIbITa X0 X1 X2 X3
1 +1 +1 +1 +1

2 +1 0 +1 +1
3 +1 -1 +1 +1
4 +1 +1 0 +1
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MPOIOJIKEHNE TaOIUIIbI 2.6
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2.4.5. Pe3yabTaThl 3KCIIEPUMEHTAJIBHBIX HCCAeA0BAHMIT U UX 00padoTKa

I/ICCJIGI[OBaHI/ISI, IMPOBCACHHBIC OIMUPAACH HA IJIAH SKCIICPUMCHTA, YICTbBIBAHUM

BpPEMCHHOT'O npeﬁ(ba " paHIOMH3alUHU, ITO3BOJIMIIN ITOJIYIUTh JaHHBIC, CBCACHHBLIC B

Tabmuity 2.7.
Tabnuma 2.7 - Pe3ynpTaTsl SKCIIEPUMEHTAIBHBIX UCCIEIOBAHUMN
Pacxon
Pacxon mpurounoro IIPUTOYHOI'O Pacxon nputounoro | Konnenrtpanus
Bo3ayxa Ly, [M3/4] Bo3ayxa Lo, Bo3ayxa Lg, [M3/4] neH, [Mr/m?]
[M3/4]
0,062 11,09
0,031
0,186 9,62
0,310 8,34
0,031 0,062 9,91
0,093 0,186 8,83
0,310 8,05
0,062 8,85
0,155 0,186 7,78
0,310 7,24
0,062 7,93
0,031 0,186 7,11
0,310 6,89
0,062 7,52
0,093 0,093 0,186 6,71
0,310 6,35
0,062 6,91
0,155 0,186 6,44
0,310 6,03
0,062 6,69
0,031 0,186 6,28
0,310 5,88
0,062 6,47
0,155 0,093 0,186 6,05
0,310 5,56
0,062 6,35
0,155 0,186 5,89
0,310 5,43
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BrlIn mpoBeICHBI IBE CEpUM OTBITOB MApaIJICIBHO IS TPOBEICHUS CTATUYECKUX
OIICHOK, a TakXke JUIsi TPOBEPKA BOCIPOU3BOAMMOCTU OHKcrepuMeHTa. OreHka
BOCITPOU3BOJMMOCTH SKCIEPUMEHTAIBHBIX HUCCIEI0BAHUM, MPUBEJICHHBIX B TaOJHIIE
2,7, mpou3BelieHa MyTEM COMOCTABJICHUS 3HAYEHUN pAaCUETHOIO U TaOJIUYHOTO
kputepueB KoxpeHa, Ha ypoBHE J0BepuUTENbHON BeposTHOCTH p=0,05 pe3ynbrarhbl
HKCIIEPUMEHTAILHBIX MCCIIEI0BAHUIM BOCIIPOM3BOIMMEI. B kauecTBe (PyHKIIMM OTKIIMKA
OIPEIEISIIOCH a3pPOJMHAMUYECKOTro conporuBiieHne ycraHoBku [11, 30, 38, 53, 59, 92
,93, 107, 136, 141, 143, 145]. B pe3yibTare ammpOKCHMAIUH SKCIIEPUMEHTAIbHBIX
JAHHBIX TOJMHOMAMH BTOPOHM CTEIMEHH C YyYE€TOM 3HAYMMOCTH BBIYMCICHHBIX
kod(pdunrieHToB, Ha ypoBHE 3HauyuMOCTH 0=0,05 nNpPUHATOM JII TEXHUYECKHUX

9KCIICPUMCHTOB, YPABHCHUC PCTPCCCUHU ITOJTYUCHO B BUJIC:

C= C(Ll’ L2’ L4) (2-19)

C=1418-113[ ,~0,44] ,—0,45] ,~012] ,| ,+0,29 | ,+
S (2.20)
+0,02|_,|_,+0,05 70,04 5+0,04]

3HayuMOCTh  KOI(D(PUIIMEHTOB  ypaBHEHHUSI  PErpeccud  HaXoAujach  C
ucnoJib30oBaHueM kpurepusi CThloAeHTa. AJIEKBATHOCTh YPAaBHEHUH pPErpeccuu
IpoBepsUlach IyTEM COIMOCTAaBICHHUS PACYETHOTO U TaOJIUYHOro  (MCIOJIB3Ys
YCTaHOBJICHHbIE 3HaueHUsX L W uncina creneHeil cBoOonbl) kpurepuss Duiepa F,
KOTOPBIN €CTh OTHOIICHHE UCIIEPCUHU aJIeKBATHOCTU K OIIMOKE OmbITa. AJIEKBATHOCTh

HOJ'Iy‘-IeHHOf/'I MOJICIIN TOATBCPIKAACTCA BBIIOJIHCHUCM BO BCCX ClIydasix YCJ]OBI/Iﬁ

F,<F, [11,30,38,53, 59,92, 93,107, 136, 141, 143, 145].

Ha pucynke 2.17 mokaszaH mporiecc pacmpeacsieHusl MbUIM B X0JI€ MPOBEICHUS

AKCIIEPUMEHTA.



a) 6) B)

Pucynok 2.17 — [Ipouecc pacnpenesieHus NbUIH B XO/1€ IPOBEACHUS
SKCIIEPUMEHTA. a) — JI0 Havyaja dKCIepuMeHTa; 0) — mpoBeaeHue dKcrepumenTa (15¢.);

B)IIPOBEJICHHE dKCIIepuMeHTa (28c.)

2.5 BbIBOaBI 110 BTOPOH IJIaBe

1. Ha ocHoBaHuu pabOT ApYyrux HCCieIOBaTENe W MPOBEIECHHBIX aBTOPOM B
OETOHOCMECUTENBHBIX OTIEJICHUSAX 3aMEpOB MOXKHO CJeNIaTh BBIBOJ, YTO
MaKCHUMaJIbHOE KOJIMYECTBO MbUIM MOCTYNAET OT 000pyA0oBaHUsl B pabouyro U
00ciTy)KuBaeMyto 30HbI Ha pacctossHuM A0 0,5-1 M, pu 3TOM KOHIIEHTpaIus
BTN B paboueil 30He B MOMEHT 3arpy3ku MarepuainoB npesbimiaet [1JIK B 5-
7 pas.

2. Pe3ynbpTrathl 3aMepOB MHTEHCHUBHOCTH IbUICOCENAaHUs IOKa3ald, YTO
HauOoJbIIee KOJIWYECTBO MBUIM OCENAeT B HAJOYHKEPHOM M CMECHTEIHLHOM

OTIEJICHNH, COOTBETCTBEHHO 10 162,39kr/M? 1 86,79 Kr/™m>.
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3. Ha ocHOBaHHMH SKCIIEPHUMEHTAJIBHBIX WCCICIOBAHUN BIUSHHUS OpPTaHU3AINN
BO3lyX00OMEHa Ha TMBIJIEBYI0 OOCTAaHOBKY B pa0odeil 30HE Iexa MOXKHO
clenaTth BBIBOJA, 4YTO HauOOJee ONTUMAIBHOW SBISICTCS MaKCUMAaJIbHOE
3HAQYCHHUS pacxoja NPUTOYHOTO BO3AyXa, I[IOJIaBa€MOr0 Ha KAKAYIO

TCXHOJIOTHYCCKYIO INIOMIAIKY.
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I''IABA 3 TEOPETUYECKHUE U DKCHEPUMEHTAJIBHBIE
NCCIEAOBAHUA JTUCITEPCHOI'O COCTABA U ADPOANHAMUNYECKHUX
XAPAKTEPUCTHUK IIBIJIM B BETOHOCMECHUTEJIBHOM OTAEJEHNU

3.1 UcciienoBanue IMCIEPCHOT0 COCTABA NMbLJIM HA Pa3JIMUYHBIX OTMETKAX

0eTOHOCMECUTEILHOI0 OTACJICHHUA

UccnenoBanusi BBIOPOCOB IEMEHTHOM TMBUIM MPOXOJAWIA Ha OJHOM U3
Bosnrorpaackux mpeanpusiTui, Creruain3upyromemMcs, Ha U3rOTOBJICHUU U BBITYCKE
OCTOHBI, IKEJIE300€TOHHBIX KOHCTPYKIIMH UM M3ACIUA JUIsI  MPOMBIIIICHHOTO,
TPaXJAHCKOr0, CEIIbCKOXO3SIMCTBEHHOTO W WHIMBUAyalbHOrO crpoutensctBa OAQO
«ITpOMCTPONKOHCTPYKIIUSD.

JlanHbie, pe3ynbTaThl KOTOPHIX OYIyT MPUBEIEHBI HUXKE, MOTYYEHBI B MeECTax
ot0Oopa 1mpo0 B Bo3ayxe paboueld 30HbI OETOHOCMECUTENBHOTO Y371,

Uccnegyemblit 66 TOHOCMECUTEIBHBIN y3€1 SIBIISIETCS TUIIOBBIM M COCTOUT H3:

1. HanOynkepHOro otneneHus,

2. TeXHHUYECKOro sTaxa,

3. Jlo3upoBOYHOIO OTIEICHUS,

4. BeTOHOCMECUTEIBHOTO OTACICHUS

B kaxaoMm W3 OTIENEHUH Ha KaXKJIOM YPOBHE KPOME TEXHUYECKOTO YPOBHS
HaxoasITCs paboyue 30HBI, TJI€ W MPOUCXOAUT OTOOp MpOO IEMEHTHOW MbUIA IS
BBISIBJICHUS: BO-TIEPBBIX, KOHIICHTPAIIMH, @ BO-BTOPBIX JJII MPOBEACHUS TUCIIEPCHOTO
aHaM3a CoCTaBa MbUIK. Pe3ynbTaThl UCCIeI0BaHNN B OETOHOCMECUTEIHPHOM OTACICHU T
MpuBENICHBI Ha pucyHkax 3.1, 3.2, 3.3, 3.4, 3.5, 3.6.

Ha rpaduke (puc. 3.1) BHAHO, YTO MbUIb, BBIACISIOMIAACS B BO3AyX paboucii
30HBI B HaJOYHKEPHOM OTJIEJICHUHU, MPHU 3arpy3Ke IMHEBMOTPAHCIIOPTOM IIEMEHTa B
pabouwnii OyHKEp SBISIETCS MPEUMYILIECTBEHHO MEJIKOIUCTIEPCHON U paclpeaessieTCs 1o
auaMeTpam cleayrommum oopasom: PMig cocraBnser 99,5% u PMys — 7,5%. Ilpu stom

d50 INPpUMCPHO COCTABJIACT 5 Mmkm. bonee KPYIHBIC YaCTHIIbI IIBIJIM BBIACIIAIOTCS B
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BO3MIyX pabouell 30HBI HAJOYHKEPHOTO OTIACICHHS MPH 3arpy3Ke MHEBMOTPAHCIIOPTOM
1eMeHTa B paboumii OyHKEp W OJHOBPEMEHHOW 3arpy3ke mmieOns (puc. 3.2) u
pacrpesensercs o JuaMeTpam cieayromum oopazom: PMig — 90% u PM3s— 3,8%, %.
dso ITPM 3TOM MPUMEPHO COCTABIACT 6,5 MKM.

[1b11b, BBIIEHSIOMASACA B TIO3UPOBOYHOM OT/ICJICHUU B 30HE JIBIXaHUS OIEPATOPOB
nynbToBOM (puc. 3.3.) sdABisieTcss HauOoliee MEJNKOJUCIIEPCHON W MpeCcTaBiseT
HauOOJBITUK BpeA Il 37I0pOBbsl paOOTHHWKOB. PacrmpeneneHre 3HAYCHUNM MAacChl
YacTHI] MO JuaMeTpamM B JO3UPOBOYHOM OTIIEJICHUU B 30HE JIBIXaHHUS ONEPaTOpOB
nyJabTOBOM cocTaBmwiio:. PMig — 98,2% u PMys — 8%. Ilpu srom dsp mpumepHO
cOCTaBJIsIeT 3,5 MKM. AHAJIU3 MIBUTH B JIO3UPOBOYHOM OTJEICHUU B paboueii 30HE OKOJIO
nynbToBOM (puc. 3.4) mokaszana, 4To B ATOM OOJACTH TEXHOJOTMYECKOW TUIOMIAJKU
JMCIIEPCHOCTh TBUIM BO3pacTaeT, W PacCHpe/IesiCHHe 3HAYEHUW MacChl YacTHUIl IO
JTuaMeTpam B JO3UPOBOYHOM OTJECJICHUH B paboueii 30HEe OKOJIO IMyJIbTOBOM COCTABIISET:
PMig — 59% u PM25— 1,8%, tipu 3T0M 050 MpuUMEpPHO cocTaBisieT 12 MKM.

[Ipu paccMOTpeHHMH TIBUTH, OTOOPaHHOH B OETOHOCMECHTEILHOM OTACICHHH B
paboueil 30He orepaTopoB (puc. 3.5) m B 30He aApixaHus (puc. 3.6), BHIHO, UTO
npeobsialaeT  MEJNKOAUCIEpPCHAs TMbLIb, YTO OOYCJIOBJIEHO TEXHOJOTHMYECKUM
MPOILIECCOM: BHIOMBAEM  MEJKOJUCIIEPCHON TMBUIM TPU  OTKPHITUU JIFOYKA Yy
oeronomemanku. PacrnpeneneHue 3Ha4YeHW Macchl YacTUIl 1O JUaMeTpam B
OETOHOCMECUTEIBHOM OT/EJIEHUU B padoueil 30He oneparopoB: PMig — 60% u PMy s —
1,1%, a B 30He apixaHus coctaBuiao: PMiy — 59% u PMys — 1,8%. mpu stom dsg
IIPUMEPHO cocTaBisieT 8 MKM U 10,5 MKM COOTBETCTBEHHO.

ITo rpadukam (puc. 3.1, 3.2, 3.3, 3.4, 3.5, 3.6) MOKHO cIelaTh BBIBOJ, YTO Ha
BEPXHUX TEXHOJOTHYECKUX IUIONIAJIKaX MpPeodaaeT MEIKOAUCIIEPCHAs MbUIb, YTO
CBSI3aHO C €€ TMepeTeKaHWeM C HUKHUX TUIOMIAJI0K, Oojiee KpymHas MbUIM OCelaeT Ha

HM)XHHNX TCXHOJOI'MYCCKHUX INIOIMaAKaX COOTBECTCTBCHHO.
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Pucynok 3.1 —Pacnpezenenue Macchl 4acTUll IO JUaMeTpaM AJis IbLUIH, OTOOpaHHOM B
HaJOYHKEPHOM OT/IEJIEHUH MIPH 3arpy3Ke MHEBMOTPAHCIIOPTOM LIEMEHTA B pabounii
OyHKkep: 1 — 00s1acTh 3HaUEHHUI UHTETPAIBHON (DYHKIIMM paclpeesIeHHUs] MACChl YaCTHII

IIBIJIN, 2 — CPCOHAA MHTCTPAJIbHAA (bYHKI_II/IH pacipCaciaCHus MacChbl YaCTHII IIBLIH.
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Pucynok 3.2 —PacnpezaeneHnue Macchbl 4aCTHIL IO
JTMaMeTpam JJis MBI, OTOOpaHHOM B HaJIOYHKEPHOM OTJEJICHUH TP 3arpy3Ke
MTHEBMOTPAHCIIOPTOM IIeMeHTa B pabounii OyHKEp U OJTHOBPEMEHHOM 3arpy3Ke 1meOHs
1 — obnacTh 3HAYEHUN UHTETPATIBLHON (DYHKIIUN pacIipeieiICHUsI MacChl YACTHUIIL MMBLIH; 2

— CpCOHAA MHTCTPAJIbHAA (I)YHI(I_[I/I}I pacupeacsICHUs MaCCbhbl HaCTHUII ITbLIN.
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PI/ICYHOK 33 —PacnpeﬂeneHHe MAacCChbI 4aCTHII I10 AUAMCTPaM IJIA IIGMGHTHOﬁ

IIBIJIN, 0T06paHHOI>’I B 103MPOBOYHOM OTACJIICHUHU B 30HC JIbIXaHHA OIICPATOPOB

myJIbTOBOM: 1 — 0051aCTh 3HAYECHUN MHTETPATbHON QYHKIIUU paclpeIeTICHUSI MACCHI

qaCTHulIl IIbIJIN, 2— cpeaHssa MHTCrpalbHasd (1)YHKHI/I$I pacpeaciiCHusT MaCChbl 4HaCTUIL

IIBIJIN.

Lfaa}, %
99.9
99.5]
59
& /
85
o 44

/ i
e0 1/
70 //
Y \
&0
40
30 . /
v/

20
1o \Q
I3
2
f
25
a.f o MM

a1 02 83 G405 f 2 10 28

Pucynok 3.4 — PacnpeneneHre Macchl 4acTHIl IO JUAMETpaM ISl LIEMEHTHOU

MBUIA, OTOOPAaHHOU B JO3UPOBOYHOM OTJECJIICHHUH B paboyeil 30HE OKOJIO MyabToBOM: 1 —

00J1aCTh 3HAYEHUI MHTETrpajbHOW (PYHKIMU paclpeieseHus: MacChl YacTHI] NbUIN; 2 —

Cpeansasa MHTCrpajlbHasd (I)YHKIII/IH pacnpecaciiCHus MaCChbl YaCTHUII ITbLIH.
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Pucynok 3.5 — Pacnipeaenenue macchl 4acTull IO AUaMETpaM Jjsl IEMEHTHOH MbUIH,
OTOOpaHHOW B OETOHOCMECHUTEIILHOM OTJIEIIEHUH B paboueil 30He onepaTopoB: 1 —
001acTh 3HaYEHUI UHTErpaIbHON (DYHKIIMU pacipeleIeHUs MacChl YaCTHUI] MbUIH; 2 —

CpCAH:Ad MHTCTPAJIbHAA (1)YHKHPIH pacipCaAciaCHus MaCcChbl YaCTHII IIBLIH.
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Pucynok 3.6 — Pacnipeaenenue Macchbl 4acTHIL IO JUAMETpaM JIJIsl LIEMEHTHOM TbUIH,
0TOOpaHHOW B OETOHOCMECHUTEIFHOM OTJICJICHUH B 30HE JbIXaHus: 1 — o01acTh
3HAYCHUN UHTETPATIbHON (YHKIIUU PACTIPEIeIICHUS MAaCcChl YaCTHUII TTbUTH; 2 — CPEIHSA

HHTCTpajlbHasd (I)YHKHI/I}I pacnpeaciaCHus MaCChbl YaCTHUII ITbLIH.
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B Tabnune 3.1 cBeaeHbl JaHHBIEC O AMANa30HAM 3HAYEHUN MacChl YaCTHI] MbUIN
no nuaMmerpaM B OetoHocMecutenbHOM otaeneHuu AO «IIpoMcTpOHKOHCTpYKIUSY,

IMOJIYUYCHHBIC B PC3YJILTATC IIPOBCACHHOI'O JUCIICPCHOT'O aHAJIN3a.

Tabmuma 3.1 — Jluama3oHbl 3HaYEHMM MAacChl YacTWI] MBLIM IO JAUaMeTpaM B

o6etonocmecutTenbHOM oTAeeHnr AO «[IpoMCTPONKOHCTPYKITUS .

YyacTok 3HauYeHHE MACCHI YAaCTHI 110 AuameTpaM  |CpenHuid
0ETOHOCMECUTEILHOIO MeIUaHHBIN
PM;;s5, % PMo, %
OTIEJIEHUS JTMaMETp YaCTHII
cocrasJisteT dsp,

MKM

HaJTOyHKEpHOE 4-15 95-100 3,3-5,2
OTJICJICHHE TIPH
3arpyske
ITHEBMOTPAHCIIOPTOM
IIEMEHTa B pabodmii
OyHKep
HaJTOyHKEpHOE 2-7 70-98 5,3-8,3
OTJICJICHHE TIPH
3arpyske
THEBMOTPAHCTIOPTOM
1ieMeHTa B pabounit
OyHKep U
OJHOBPEMEHHOMU
3arpyske meoHs

JI03UPOBOYHOE 7-15 98,2-100 4-5
OT/ICJICHHUE B 30HE
JBIXaHUS OTIEPATOPOB
ITyJIbTOBOM

JIO3UPOBOYHOEC 1,5-3 28-50 10-13
oTneneHue B pabouei
30HE OKOJIO IyJIbTOBOU

0ETOHOCMECHUTEIILHOE 1-2,1 60-90 6,5-9,3
oTHeneHue B pabouei
30HE OTIEPATOPOB

OETOHOCMECUTEIILHOE 1,5-3 37-70 8,2-13
OTAEJIEHUE B  30HE
IBIXaHUS
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I'padmkm pacmpenereHuss MacChl YacTHIl MBUIA IO JHAMETpPaM TaK e MOYKHO
IPEJICTAaBUTh B BHJIC JABYX JHOO TPEX3BEHHON KyCOUHO-TMHEHHON (DYHKIUH (PHCYHOK
3.7).

Takum o6pazom, pyukmus D(0) OyaeT mpeacraBieHa B CIEAYIONEM BHIE:

IUTA IBYX3BEHHOW JIOMAHHOM

D,(5)5<6
D(5)= (0)o20,, (3.1)
D,(5).5,,<5<6,,
IJIS1 TPEX3BEHHOM JIOMaHHOM
D,(6),0 <5,
D(6)=4D,(6).3,,<5<6,, (3.2)
D,;(6).6>6,,,

[TockonbKy KpHBBIE HMEIOT JIOCTATOYHO MPOCTOW BUJ B JIOTapu(PMHUUECKU-

HOPMAJIBHBIX KOOPJAMHATAX, TO CBSI3b MEXKIY KOOPAUHATAMH OYyIET CIEAYIOIIAs:

x = lgo,
D:%ie%dx (33
Torna
DI1(0) = Y1(x) na yuactke x < xkpl,
D2(8) = Y2(x) Ha yuyactke X kpl <x <X Kp2,
D3(8) = Y3(x) Ha ygacTke X > X Kp2,
AnmpokcumupyeM QYHKITUIO Ha KaXXIOM U3 yU4aCTKOB JIMHEHHOM:
y, =a, +kx (3.4)

B urore ypaBHeHus QpyHKIMil pacnipeaenenust OyayT UMETh BU/L:

b, +k, (x— prl), X< X,
Y =<b, + kz(pr1 - prz)pr1 <X < Xpo (3.5)

b3 + k3 (XKpZ)’ X > XKp2
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Pucynox 3.7 — Anmpokcumanusi WHTETpaibHOM (YHKIIMU pacipeneeHus

JUCTIEPCHOTO COCTaBa IMBUIH JIMHEHHOW OTOOpaHHOMW: a - B HaJOYHKEPHOM OTACIICHUU
IpU 3arpy3Ke NMHEBMOTPAHCIIOPTOM LIEMEHTa B pabouuii OyHKep M OAHOBPEMEHHOMU
3arpy3ke meOHs; O - B JO3UPOBOYHOM OTIEICHUM B 30HE JBIXaHUS OINEPaTOPOB
NyJIbTOBOM; B - B JO3UPOBOYHOM OTJEJICHUU B paboyeil 30HE OKOJIO MyJIbTOBOM; T - B
0ETOHOCMECUTEIHHOM OT/CJICHUU B 30HE JIbIXaHUSI.

[Tonp3ysace meTomgoMm oueHuBaHusi JleBenOepra-Mapkapara Ha  ypOBHE
HaJIe)KHOCTU 95%, HampaBICHHBIM Ha PEUICHHE 33/a4 O HAWMMEHBIIUX KBaJpaTax,
(GyHKIMS ONMUCHIBAOIIAs MpUBEAEHHBIE Tpaduku Ha pucyHKax 3.1 — 3.6 Tak ke MOXET

OBITH MPEJICTABJICHA B BUJIC:

100
D=——"qy" (3.6)

()
1+ Ae ™
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Tabnuma 3.2 — OyHKIUYU pacipee’eHs] MaCChl YaCTHI] IBUTH MO JUaMeTpaM IJis

Y4aCTKOB.

Yyactok
OETOHOCMECHUTEIT

AHHpOKCI/IMaHI/II/I (l)YHKHI/II/I pacinpcaciaCcHus MaCChbl 4aCTHII IIbLJINA
10 AUaAMCTpPaM IJIAA YKAa3aHHOI'O Y4aCTKa

BHOT'O OTACIICHUA

MHTETpajbHas

KYCOYHO-JINHEMHAs

HaJI0yHKEPHOE
OTJICTICHUE TIPH
3arpyske
MTHEBMOTPAHCIIOP
TOM IIEMEHTA B
pabouuit OyHKep

100

D=
0,87(-%)

1+9216.e %o

HaJ0OyHKEpHOE
OTJIeJICHUE TIPU
3arpyske
MTHEBMOTPaHCIIOP
TOM IIEMEHTA B
pabouuii OyHKep
u
OJTHOBPEMEHHOM
3arpyske meoHs

D- 100

d

dso

_Ol
1+111,71-e

— 0,835+ 0,088(X — X,1), X < X
— 0,566+ 0,553(X,1 — Xip2) Xp1 < X < Xy
—1,293+1881(X,,2), X > X0

xpl
D =

JIO3UPOBOYHOE
OTJICJICHUE B 30HE
JIbIXaHUS
OIepaTopoB
ITyJIbTOBOU

D- 100

d

dso

_ll
1+116,79-e

-0,721+0,213(x — prl), X< X
— 0,414+ 0,553(X,1 — Xip2) Xiep1 < X < Xy
—1425+1881(X,,0), X > X,

xpl
D =

JIO3UPOBOYHOE

OTZIECJICHHE B
pabouei 30HE
OKOJIO TyJIbTOBOM

100
d

-0,34(-—)
d50

D:
1+56,21-¢e

—0,395+0,675(x — x
—0,626+1,962(X,,1 — X,p2) Xip1 < X < X2
—5,620+14,301(X,,,5), X > X,

Kpl) X< XKpl

beronocmecure-
JIbHOE OTJEJICHUE
B pabouell 30HE
OIIepaToOpOB

100

D=

d

-0,6(—)

d50

1+125,28-¢e

OETOHOCMECHUTE]T
bHOE OTIECJICHUE
B 30HE JIbIXaHUSA

D- 100

d
~0,43(—)
dso

1+84,17-¢

xpl
—12,899+14,301(X,2), X > X1

{0,635+ 0,675(X — X, 1), X < X

[Ipu ananm3e npuBENEHHBIX I'pa)MKOB MOXKHO ClIeJaTh BBIBOA O TOM, YTO BCE
KpUBbIE MOJYMHSAIOTCS YCEUYEHHOMY JIOTapu(PMHUECKH - HOPMAJIbHOMY 3aKOHY, a

HauOOJIbIIIee KOJUYECTBO BBIIETSIONMEHCS MhUTH uMeeT pasmep PMio. Comepxanue
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gactur] meumm PMjy B Bo3ayxe paboueil 30HBI B OETOHOCMECHUTEIHLHOM OTHCICHUU
konebnercs ot 59% mo 99,5%, KoMMuecTBO dACTUIl MbUIM € pasmMepoM PMjys

coctasigeT 1,1% - 7,5%.

3.2 PacueTr cKOpOCTH OCeIaHUsI YACTHI NbLJIM N0 KpuTepusim Peiinoabaca n

JIgmenko

JIns pacdyera CKOPOCTM OCENAHWs YaCTHUI] IIbUIM O KpUTepusiM PeliHonpaca u
JIsAImEeHKO mpU U3BECTHOM JIMAMETPE YaCTULbI MOJIb3YIOTCS, KaK MpaBUio, GopMyJioif

Apxumena [101]:

Ar=(p, - p)pyd® 1 1, (3.7)
rae
P, IJIOTHOCTH MaTepHala 9acTULIbL, KI/M;
) IJIOTHOCTB CPEJbI, KI/M°;
g YCKOpEHUe cBOOOIHOrO najgenus, 9,81 m/c?;
d JUaMETpP YaCTHULBI, M;
U JTMHAMHUYecKasl BI3KOCTh cpenbl, [1a-c;

3arem u3 rpaduka SKCIIEPUMEHTAIbHBIX 3aBUCUMOCTEN KPUTEPUEB Ly U Re  OT

KpUTEpUS Ar OIS OCAKICHHS OJUHOYHBIX YacTUI[ B HemoiaBrkHou cpeme [101]

OIIpCACIISICM KPUTCPUH Ly H Reoc , 13 KOTOPBIX HaAXOAHUM CKOPOCTb OCAXKACHUA W .

Re=w, do/ u, (3.8)

OTKyJa
w, =Reuldp, (3.9)
Ly =w,’p/(u(p, - p)9), (3.10)

OTKyJa



80

oc 3

W = 3\/ Ly(ulp,—P)9
Yo,

(3.11)

[Io mM3BECTHOM ILIOTHOCTH Marcpuaiia, INIOTHOCTH CPCAbl U AUAMCTPAM YaCTHUII

NbUIM OBUIM paccUUTaH KpUTEpH ApxuMmena Juisl KaKIoro u3 marepuana (LeMeHTa,

mebHss W Tecka) | omnpeneneHbl kputepuu Jlsmenko u  PeitHonbica.

Ilocne

MIPOBEJICHHBIX PAcU€TOB OBLIM MOCTPOCHBI IPpaUKH 3aBUCUMOCTE CKOPOCTH OCEIaHus

qacTul IbUIM MAaTCpHUdjla OT IUAMCTpPA YaCTHUI 3TOI0 MaTCpualia, OIIPCACICHHBIX IIO

kputepusim Jlsimenko u PeitHonbena (pucyHok 3.9).
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Pucynox 3.9 — I'paduk 3aBUCHMOCTH CKOPOCTH OCETaHMSI YaCTHIT TBLIH,
paccuuTanHoi 1o kputepusim Jlsmenko Ly u Peiinonbaca Re; a — s nementa, 6 — 11t

IIIG6H$I, B — IJIA IICCKa

W3 rpadukoB BUAHO, YTO JJISI YACTHUI[ LIEMEHTHOW MBUIM CKOPOCTh OCEIaHUs
Bapbupyercs ot 0 M/c g0 0.6 M/c, miisg gactuil ey medHs — ot 0 m/c 1o 0.33 M/c, ms
yacTHUI IbUTK niecka - ot 0 m/c 1o 0.37 m/c.

Cpennsis CKOpPOCTh BOCXOJSIIETO IMOTOKAa B MPOeMax OEeTOHOCMECHTEIBHOTO
otneneHust coctaiseT 0,4 M/c, 9TO MO3BOJISAET YACTHUIIAM BTN, CKOPOCTh OCAXICHUS
KoTopbix Bbime 0,4 m/c, mepeTekath Ha HIDKEIEKAIIUE TEXHOJIOTUYECKUN TUIOIIAIKH,
YaCTHIIBI CO CKOPOCThIO ocenanust Hike 0,4 M/c OyayT YHOCUTBCSI TIOTOKOM Ha BEpXHUE
TEXHOJIOTHUECKHE TIIOMAIKHA, a YAaCTUIIBI CO CKOPOCTh paBHOW 0,4 M/C HAXOTUTHCSA B
nmpoeMax Mexay dTakamu. [lo mpuBeeHHBIM BhINIEe TpadukaM BUIAHO, YTO JJIS THLIN
IIEMEHTA IepeTeKaTh Ha HWKHUE TEXHOJOTHUYECKHE IUIOMAAKHA OyayT YacCTHIBI C
pasmepomM Oosee 72MKM, a YaCTHUIbI NIbUIK 111€OHS U 1ecka OyAyT BUTATh B BO3AYyXeE MO
BceMy 00bEMY TOMEIICHHS] M YaCTUYHO YHOCHUTHCS BOCXOJSIIMM TIOTOM Ha BEPXHHE

TCXHOJIOTHYCCKUC IINIOITaaKHU.
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3.3. UccnenoBaHue a3poAUHAMUYECKUX XaPAKTEPUCTUK NbLIU B

0eTOHOCMECHUTEIbHOM oTAC/ICHUHN

JIJisi yTOUHEHHsSI TEOPETUUYECKUX Pe3yJbTaToOB, MpelcTaBleHHbIX B m.im. 3.1, 3.2
HE0OXOAMMO MPOBECTU IKCIIEPUMEHTAIBHBIE UCCIIEI0BAHNS, OCHOBAaHHbIC Ha OCEAaHUU

MBI B CETMMEHTAIMOHHON TpyOe.

3.3.1. Onucanue J1adGopaTOPHOIi yCTAHOBKH

DKCnepUMEHTAIbHbBIC UCCIEOBAaHUS CKOPOCTH OCENIaHUs YaCTHUIl MbLIH, B3STOU B
paboueil 30He OETOHOCMECHTENIBHOTO OT/AEJCHUS, METOJOM CEAMMEHTOMETPUU B
BO3MIYITHOW Cpejie IPOBOAMINCH Ha AKCIIEPUMEHTAILHOW YCTaHOBKE, MPEICTaBICHHOMN
Ha pucynke 3.10.

Pacmpuienne wcciieryeMoi MBI MPOU3BOJIUTCS CIICIUATBHBIM — YCTPOMCTBOM
(OanmIOHYUK C CKATBIM BO3JyXOM), TIPH MOMOIIM KOTOPOTO MbUIb PE3KUM BO3AYIITHBIM
TOJITYKOM TomazaeT B Oydep, TAe MPOUCXOIUT 3aTyXaHHWE BO3AYITHOTO HMITYJIbCA,
3aTeM TBUIM MOMAJAeT B BEPXHIOI0 YacTh CEAMMEHTAIIMOHHOTO IMJIMHIIPA, B KOTOPOM

o1 HeﬁCTBHeM CWJIbl TAKCCTH 4YaCTHIBI OCCHAOT B HCIIOABHMIXKHOM BO3IAYyXC.

Yactuipl ¢ pa3iMyHON CKOPOCTHIO MAaICHUsI OCENAI0T Ha JIMIKOM JieHTe (CKoTy). JlenTa
PE3KUM JIBDKEHHEM IIEPEMENIACTCS Ha PACCTOSIHUE JHMaMeTpa CEIMMEHTALMOHHOIO
UUJIMHAPA 32 OJJMHAKOBBIE MPOMEXYTKH BPEMEHU, B JaHHOM Cllydae COCTaBiismomume 1
cek. OTcyeT BpeMeHU NPOU3BOIUTCS YEPE3 KOPOTKUI IPOMEKYTOK BPEMEHU C MOMEHTA
pacnbUIeHHs], TOCTATOYHBIN ISl 3aTyXaHUsI BO3IYIIHOTO TOJYkKa B Oydepe, HO Maiblid
10 CPaBHEHHIO CO BPEMEHEM OCaXKJIeHUs B Oydepe caMbIX KPYIHBIX YaCTHII.

B xone skcnepuMeHTOB OBLIM HMCCIEIO0BaHbI CKOPOCTh OCENaHMs YacTHI MbUIN

pa3HOro pasmepa
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B pe3ynbpTare npoBeAeHHBIX UCCIEAOBAHUN MOJYYEHO, YTO Pa3Mep OCEHAOLIUX
gactul] B TedeHun 10 cex ymenspimaercs. [lo tabmure 3.3 BUAHO, 9TO MEIMAHHBINA
JTMaMEeTp TbUIM, KOTOpas BBIAEISAETCS MPHU MPOU3BOACTBE KEI€300€TOHHBIX H3CIUM,
COCTaBWJI: uepes3 2 cek. - 24 MkM; uepes 4 cex.— 16 MxMm; uepes 6 cex. — 10 MxMm; uepes 8
cek — 5,7 MkM; uepe3 9 cex — 4,9 MKMm.

Tabnuua 3.3 — PacnpeneneHue yacTuil NbUIM MO AUaMETpaM, B 3aBUCUMOCTH OT

IIPOMEKYTKA UX OCEJIaHUA B CEIMMEHTALIMOHHOMN TpyoOe.

[TpomexyToK CopeprkaHue 4acTull pa3MepoM He Ooiiee, %o
oceaHus ds dso dos
0-1
1-2 11 24 32
2-3 6,5 17 21
3-4 6,2 16 20
4-5 55 14 16
5-6 3,5 10 14
6-7 3,3 8,5 11
7-8 3 57 7,5
8-9 2,4 4,9 6,5
9-10 1,7 4 6

: | |

5

4
8 4
11
10
Zﬂ 9
! 6
\ )
] |

Pucynox 3.10 Cxema 3KcriepuMeHTaIbHON YCTaHOBKH: 1 — CEIMMEHTAIIMOHHBIN
UAJIUHIP BBICOTOM, H =1200 mm. quameTpoM d =200 mm. ; 2 — Kapkac; 3 —JeHra; 4 —
cTabunusupyromuii 0ydep; 5 — HaBecka uccieyeMom MbUTh; 6 — KaTyIka; 7 —
dopcyHka; 8 — mroniaaka s HaBecku; 9 — 6ayon cxkaroro Bo3ayxa; 10 — kpan; 11 —

TpyOOTIPOBOI.
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[logaya mpIIM B CENMMEHTAIMOHHYIO TPYyOy NPOU3BOIWIICS TOPIHSIMH, YTO
MaKCUMaJbHO TIOBTOPSICT XapakTep BHIOMBAaHUS THUIM W3 TEXHOJOTHYECKOTO
000py10BaHUS.

st obecriedeHusT HEMOABMKHOCTH HABECKW TBUIM Ha JICHTE TPUMEHSIIH
3aIUTHBIA CJION caMOKJIerolelicst Oymar.

[Tocne nmpoBeneHus: SKCIEPUMEHTa ObLT MPOBEACH aHAJIU3 AUCIEPCHOIO COCTaBa
BTN, HAXOJIAIIEHCS B OETOHOCMECUTEITLHOM OTIEICHUN METOIOM MUKPOCKOTIHH.

[IpuBeneHHbIN METO] OCHOBaH Ha LU(PpoBOM GoTorpadupoBaHUM YACTHIL MBLUIH,
YBEIMYEHHBIX MpU Tomomu Mukpockona B (200 — 2000) pa3. HMcnonssys
KOMITBIOTEPHYIO TMPOTpaMMy [0 3HAYCHHUIO IUIONIAIN, KOTOPYIO 3aHMMAeT YacTHUIla
NbUIM, PACUETHBIM IIyTEM OMpeaesercs e€ CpeJHUuN IuaMeTp U OmpeesseTcs
KOJMYECTBO YACTHII PA3JTMYHOTO pa3zmepa. M300pakeHHsI OCEBINCH MBUIH, a TaKkKe
UTOTU aHaJIM3a JIMCIIEPCHOTO COCTaBa NbUIM OTOOPAKEHBI B BHJIE WHTETPAIbHBIX
KPUBBIX  pacrlpelleieHusi Macchbl YacTUIl [0 JhaMeTpaM B  BEPOSTHOCTHO-

Jorapudmmuueckoit cetke Ha pucyHkax 3.11. u 3.12.

3.3.2. Pe3yabTaThl 3KCNIEPUMEHTAJIBHBIX HCCIIEI0BAHUI

C yueroM MpOBEAECHHOTO IUCIEPCHOTO aHamu3a Tpaduuecku OTOOpaKeHBI
3aBHCHUMOCTH CKOPOCTH OCEHaHHsl OT OJKBHBAJICHTHOTO JUAMETpa YAaCTUIBI B
aorapupmuyeckor cetke (pucyHok 3.12) u momynorapudmuueckoil cerke (pUCYHOK
3.13). Taxxe na pucynke 3.12 mpencraBieHa TeopeTHUecKas KpUBasl JUIsl YACTHIL

1rapoo6pasHoii opMel mo MenuukoBy [85].
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Pucynox 3.10 MaTETpanbHbie KPUBBIC MAaCChl YaCTHII ITBUTH, BBICIISIONIEHCS TTPH
IPOU3BOJICTBE JKEIE300€TOHHBIX U3JIEIHA, 110 IUaMETPaM B BEPOSITHOCTHO-
norapupmuueckoi cetke: Ne0012 — st mplieoceianusi Co CKOPOCThIO W, > 0,6 M/C ;
Ne0013 — 0,4M/c < w,. < 0,6 M/c; Ne0014 — 0,3M/c < w,. < 0,4 M/c; NeOO15 —
0,24Mm/c < w,. < 0,3 M/c; Ne0016 —0,2M/c < w,. < 0,24 Mm/c; Ne0017 —0,17m/c <
Woe < 0,2M/c; Ne0018 —0,15m/c < w,. < 0,17 m/c; Ne0019 —0,13M/c < w,. <
0,15 m/c; Ne0020 -0,12M/c < w,. < 0,13 m/c; Ne0024 — 0,11M/c < w,. < 0,12 Mm/c;
Ne(0025 - 0,10m/c < w,. < 0,11 m/c; Ne0026 — 0,09Mm/c < w,. < 0,10 M/c; Ne0027 —
Wy < 0,09 M/c.
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Pucynox 3.11 — M3o0pakeHus 9aCTHII ITBUTH, BBIICISIONIEHCS B TTPOU3BOACTBE
KeJIe300€TOHHBIX M3/ISIUi, OCEBIIEH B CEIMMEHTAIIMOHHON TpyOe uepes: a) —2 cek; 0)
—3 cek; B) —4 cex; T) — 5 cek; 1) —6 cek; e) —7 cek; k) —8 cek; 3) —9 cek; u) —10 cek; K) —

11 cex; m) —12 cek; m) —13 cek; H) —14 cexk.

[To n3o0pakeHUsIM MbLIM ObUT IPOU3BEAECH pacyeT KPaTHOCTH IJIOMIAeH YacTHUIl
IIBUIM U ONPENESICHA J0JIA NBUIM, KOTOpas INPUXOIUTCS HAa KAXKIBIM OTPE30K BPEMEHHU
OCEJIaHHs.

[lo pe3ynbraTam JUCHEPCHOrO  aHalM3a MbUIM  TOJYyYeHbl  rpaduKy,
0TOOpakaroliye 3aBUCUMOCTH CKOPOCTH OCEJIaHUS YaCTHUII MBLJIM OT UX SKBUBAJIEHTHOTO

TuaMeTpa B JIorapupMUUecKoil ceTke.



93

V, m/c
1
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Pucynok 3.12 — 3aBUCHMOCTH CKOPOCTH OCEaHUSI OT SKBUBAJIIEHTHOTO JAUAMETPa
YacTULbl, IMIpEJICTaBlI€HHAass B Jorapudmuueckod cerke: 1 — MUHUMAaJbHBIC
DKBUBAJICHTHBIE JIMAMETPBI, 2 — MEIHWAHHBIE DJKBUBAJCHTHBIC JUAMETpPBI; 3 —

MAaKCHMAJIBHBIC SKBUBAJICHTHBIC TUAMCTPHEI.

V, m/c

1

e e ®
0.50
¢ ® ®

0.30 /- P e

0.25 / :/

0.20

0.17 //

e e
IR
0.10
0 10 20 30 d4, MKM

Pucynok 3.13 — 3aBHCHMOCTH CKOPOCTH OCEHaHUs OT SKBHBAJICHTHOTO JIUaMETpa
YaCTHUIIbI, TMPEJACTABICHHAs B TMOJyJorapupMUUecKon cetke: 1 — MUHUMaJIbHBIC
DKBUBAJIICHTHBIC JIMAMETPBI, 2 — MEIMAaHHBIC DJKBHBAJCHTHBIC JIUAMETpPHI; 3 —

MaKCHUMAaJIbHBIC DKBUBAJICHTHBLIC JUAMCTPHI.
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OcCHOBBIBasICh Ha 3aBUCUMOCTH CKOPOCTH OCEaHUs YACTHUIIbI ITBUIH OT €€
HKBHUBAJIEHTHOTO JTUAMETpa, UMeeTcs (hopMyJia, TO3BOJIAIONIAs OTPEACTUTH CKOPOCTH

OoCCOaaHUA YaCTHUIBI IIbIJIX, KOTOPBIC BBIACILAIOTCA U3 TCXHOJIOIMYCCKOT'O O60pYI[OBaHHH:

V = Ae™, (3.12)
105
InV =InA+Bd, (3.13)
rae
V CKOPOCTb OCEaHMs YaCTUILIbI IbUIH, M/C;
d SKBUBAJICHTHBIA JUaMETpP YaCTULIbI [TbLIH;
A B KO3 (D PUIIMEHTBI, XapaKTEPU3YIOIINE BU MBLIH.

C yueToM pe3yabTaTOB HCCIENOBAHUN 3aBUCUMOCTH CKOPOCTH OCEAAHUS OT
HKBHUBAJIEHTHOTO JMaMETpa YaCTHUIIBl MbUIA, KOTOpas BBIACISAETCS MPH IMPOU3BOICTBE
U3JIeNUA M3 KeNe300€TOHa, MOXKHO KOHCTAaTUpOBaTh, 4YTO mpu ckopoctu 0,5 wm/c
YaCTHIIBl UMEIOT CaMblil OOJIBIIION pa3mep paBHBIM 28 MKM, cpeHHI paszMep 22 MKM U
camblii MaleHbkuil pasmep 17 mxm.; mpu ckopoctu 0,3 M/C YacTUIBI UMEIOT CaMBbIi
Oonpioi pasmep 19 mxM, cpeanuii pazmep 15 MKM U camblii MaJeHbKUNA pa3mep 5
MKM.; ipu ckopoctu 0,1 M/c yacTUIBl UMEIOT caMblii OOJIBILION pa3Mep 5 MKM, CpeTHUI

pazmep 4 MKM U caMblid MAJICHBKUM pa3Mep 2 MKM.

3.4. MaTtemaTnueckasi 06padoTKa pe3yibTaTOB HCCIe0BAHUI TUCIIEPCHOTO

cocTraBa IIbIJIN

3.4.1 llocTpoeHue cpeaHeB3BENIEHHOI UHTErPAJIbHON QYHKIIUN pacnpeaeeHus

MaCChl YaCTHUI IIBLJIMA 110 THAMETPAM

st Oonee TOYHOM OLIGHKM paclpeleneHusl MbUIM 10 AuamMeTpaMm BHYTPH
MOMEIIEHUS MMOCTPOUM CPEIHEB3BEIICHHYI0 HWHTErpaibHONW (PYHKIHMH pacHpeeieHUs

MacChl YacTHI IO TUaMETPaM € y4eTOM BECOBBIX KOd(pPuimeHToB no popmyie:
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D, () ZZN:ﬂi D, (9), (3.14)

rae
il BeCOBOM Koa(huImeHT (MaccoBas 10Js).
BecoBoil ko3 duiiveHT naet mpeAcTaBlieHHe O KOJWYECTBE IMbUIM, OCEBIICH 3a
OJIMH TPOMEXYTOK BPEMEHH, OTHOCUTEIBbHO Apyroro. Ompexnenenue koddduumenrta

OCYIIEeCTBIsICTCS 1O AaHHbIM mporpammbl SPOT EXploer, ¢ moMoIpio KOTOpoi ObLI

IIPOBEJEH JUCIIEPCHBIN aHAJIN3 MBbLIN.
D(du), %
09

@
3

N OB BEEE83B 8 WS

or
(&)

et

1 2 (0 20 130
dy, MKM

O
=

Pucynok 3.14 — CpenHeB3BelIEHHYIO MHTETPajIbHON PYHKIIMU pacpeeieHUs] MaCChl

YacTHIl IO JUaMETPaM
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3.4.2 TlocTpoeHne HHTErPAIbHON (PYHKIUM pacnpeieieHus MacChl YACTHUIL 110

CKOPOCTAM OCECAaHUA

[Tocne 06paboTKK TaHHBIX, OJTYYEHHBIX B 1. 3.3 cTpouM IpaduKu
pacrpeiesIeHUs: MacChl YaCTHIL IIBUIH MO0 CKOPOCTSIM ocefanus (pucyHok 3.15).

Dv,
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80 //
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60 /
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w ~
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0.1 0,2 0,3 0.4 0,5 0,6 0,7 08 0,9 1,0 v,
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Dv,
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0,1 0,2 0,3 0.4 0,5 0,6 0,7 0,8 0,9

B

1,0

m/c

Pucynox 3.15 —MurterpanbHas GyHKIMS pacpeiesieHus MacChl YaCTHUIL ITbUTH 110

CKOPOCTSIM OCEJIaHUsI I a — HaIOYHKEPHOT0 OTJEIEHHUs, O — JO3UPOBOYHOIO

OTACJICHUSA, B- OETOHOCMECHUTEIHLHOTO OTACJICHUA.

[Tocne maremaTrueckoit 00pabOTKH MTOCTPOEHHBIE rPpadUKH MOKHO BBIPA3UTh

YPaBHEHUEM:
JUIS HAMOYHKEPHOT'O OTACICHUS

D, =1-144.¢3"

JUTS. JO3UPOBOYHOTO OTICIICHUS

D, =1-137.¢7%8™

JJIIsA 0ETOHOCMECUTEIBLHOTO OTACICHUA

D, =1-131-e**

(3.15)

(3.16)

(3.17)
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3.5

£(d), %

0.8

v,M/C
Pucynok 3.16 — luddepennmanpaas QyHKIMS pacipeaesieHuss MacChl YaCTHUII

ITIBIJIX 11O CKOPOCTAM OCCAAHUSA

3.5. BbIBoabI 110 TPETHEI IJ1aBe

1. ITo rpadukam, MoaydeHHBIM MPU U3YUYSHHUH JHUCIIEPCHOTO COCTaBa MBLIH, MOKHO
CIenaaTh BBIBOJ O TOM, YTO HaWOOJIBIIEE KOJMYECTBO BBIJACISIONMICHCS IBUTM HMEET
pasmep PMjo. Conepxkanme dactuii neumi PMjp B BO3ayxe paOoueild 30HBI B
OETOHOCMECUTEIBHOM OTJIEICHUH KoJjebnercss oT 59% 1o 99,5%, KoJIM4ecTBO YacCTHIL
neuin ¢ pazmepom PMjs cocrasnsger 1,1% - 7,5%. Bce xpuBble, MOJydeHHbIE MPU
MPOBENCHUH AUCIEPCHOTO aHaIW3a, WMEIOT BHJ YCEUEHHBIX JIOTapU(PMUIECKUX
KPUBBIX.

2. IIpoBeneHHbIE  AKCIIEPUMEHTAIBHBIE  HCCIEIOBAaHUS  a’pPOJAMHAMMYECKHUX
XapaKTepUCTUK MbUIM MOKa3alid, YTO OKOJO 75% BCEro BBLACINSIOIETOCS KOJWYECTBa

IIbIJIN 6y,Zl€T NNEPETCKAaTh Ha HHXHHUEC OTAXHUW M OCAXKIAThCA Ha ITOBCPXHOCTH
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TEXHOJOTHYECKOro 00OpynOBaHus, Mojia, a OKojo 25% - BUTaTh B BO3AyXxe paboueit
30HBI IOMEILEHUS.

3. Jlis Oonee TOYHOM OLIGHKM pacHpeleleHHsl IMbUIM [0 JUaMeTpaM BHYTPHU
NOMEIICHUsT OblIa  MPOCTPOEHA  CPEJHEB3BELICHHAs HMHTErpajbHas  (PyHKIUSA
pacpenesieHrs MacChl YaCTHIL 110 AUAMETPAM.

4. HccenenoBanbl 3aBUCUMOCTH CKOPOCTH OCEAaHMs YacTWI] IBUIM IO KPUTEPHUAM
JIsmenko Ly wu PeiiHonpaca Re nmng kaxaoro Marepuana, HTPUMEHSEMOIO B
TEXHOJOrMueckoM npouecce. [lo mocTpoeHHBIM rpadukaM BUAHO, YTO JJIS IBLIM
LEMEHTa IEepEeTEeKaTh Ha HWXHUE TEXHOJOTHYECKHE IUIOMAAKUA OyayT YacTHUUBI C
pazmepom Oosiee 72MKM, a YaCTHIIbI IbUIM IIE€OHA U Mecka OyAyT BUTaTh B BO3AYXE MO
BCEMY 00bEMy MOMEUICHHS] U YAaCTMYHO YHOCHUTBHCS BOCXOJSIIUM IIOTOM Ha BEPXHUE

TCXHOJIOTHYCCKUC IINIOITaAKH.
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T'JIABA 4. NIPAKTUYECKAS PEAJIN3ALINSA PE3YJIBTATOB
HUCCJEJOBAHUN

4.1 PaspaﬁoTKa METOAUKMU AJA ONPEACJICHUA NMbLJICBOIO O0aJsiaHca MHOT'OSIPYCHOI'O

MoMeleHUus

Jlnst oueHkW mbUIEBOTO ¢akTopa B BO3AYyXE pabodyMx 30H HEOOXOIUMO
OTPENICNIUTh PSiJl MApaMETPOB, B TOM YHCIE MAacCCy MbUIM, KOTOpasl JBUXKETCS IO
BCEMY 00BEMY OETOHOCMECUTEIBLHOTO OTACJICHUS: MEPETEKAeT C OJHOIO 3Ta)kKa Ha
IpYroy, ocelaeT Ha MOBEPXHOCTH IM0Ja, YAAISETCS CHCTEMaMU BEHTHIISIUU, a
TaK)X€ HaXOJIUTCSI BO B3BEIIIEHHOM COCTOSIHUU B BO3/TyX€ paboy4eil 30HBI.

Jnst »TOoro, wWCXoAs W3 KOHCTPYKTHBHBIX OCOOCHHOCTEH 1iexa U
TEXHOJIOTUYECKOTO TMpoIlecca, a TakKe OIMUpasich Ha MPOBEICHHbIE B paboTe
a’POJIMHAMUYECKHE XapPaKTCPUCTUKU TbUIM: UHTCHCUBHOCTH MbUICBBIACICHUS U
NBUICOCEaHMS, TUCTIEPCHBIN aHaU3 OTOOPAHHON MUK U CKOPOCTh €€ OCeInaHus
COCTaBUM  JIBUKEHHWE  TBUICBO3YIIHBIX  MacC MO  BceMy  00beMy
O6eToHOCMecuTeIbHOTO oTaeneHus. Cxema mpecraBieHa Ha pucyHke 4.1.

Macca BbIIEIHMBIICHCS TBUIM OT TEXHOJOTHYECKOTO O0O0OpYy/OBaHUS Ha

TJIOMIAAKE | |\/|i , & TaK K€ Macca OCEBIICH NbJIM M oi Ha IUIOIAZKE i ONpenenaiach

B IJ1aBe 2.
Pacyet Macchl IbLUIH, MIEpeTEKaOIIEH C 1-0ff TEXHOJOTHYECKOM TLIOIIAIKH
TEXHOJIOTHYECKYIO IUIOMmaaKy i-1 B 001mem Bue:

_1r (4.1)
M, = o D;(6)dé(v,c)

LY Voci

rae
Voc  -CKOPOCTH OCEHAHUS YACTHI] MbUIM HA TOBEPXHOCTH TEXHOJIOTUUYECKOU

IIOIIAOKY i .
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Pucynok 4.1 — Cxema IBM>KEHHS TBUIEBO3IYIIHBIX MacC B
0ETOHOCMECUTEIILHOM OT/IEJICHUHN

I'ne M, - Macca BBIAEIMBIIEHCS TBUIM OT KCTOYHMKA IBIJIEBLIICIICHHS, Mgy —

Macca IbUIA, IEPEHOCUMOM C IUIOMIAJKH | Ha IUIOLIAIKY (i +1), M,y — Macca IbLIy,

IIEPEHOCUMOM C TUIOLIAIKA (i+l) Ha IUIOIIAJAKY i, M, — Macca OCEBIIEH IMbUIN;

Oi

M ... — Macca IbUIH, YAaIIeMON CHCTEMOW BEHTUJISLIUM.

BCi
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KoadurmeHT, yauThIBarOIil TOTI0 OCEBIIEH MBUTH, 3aBUCUT OT KOHIICHTPAITUN
MU B BO3/IyXe pabouel 30HbI, CKOPOCTH OCEIaHUs U OT IUCIIEPCHOTO COCTaBa MBLIH U
BbIpakaeTcs (popmyIoi:

M;;_4 (4.2)
M;

n; =

CocTaBuM OanaHC TBUIM B MOMEIICHUHA OETOHOCMECUTENBHOTO OTACNICHUS Ha
KaXX/I0M TEXHOJIOTUYECKOH TUIOMAIKH C YIETOM IepeTeKaHus mbutd (pucyHok 4.1)

Yactb IIbLJIN, BI)II[GJ'IPIBHIGﬁCiI N3 TCXHOJIOTHYCCKOI'O 060py,Z[OBaHI/ISI B

HAaJ0yHKEPHOM OTJIEJECHUM M ,, IEPETEKAET B JO3UPOBOYHOE OTIACIEHUE M ,,, YaCTh

43>

0CCaacT Ha ITOBCPXHOCTH I10J14, 06OPYI[OB3HI/ISI M TaK K€ HCKOTOPOC KOJIMYCCTBO

04°

IMbIJIN YHOCUTCA BCHTHJLINMOHHBIMH CUCTCMAMH Ha OYHCTKY M .B HaI[6YHK€pHOC

BC4

OTACICHUC IIOMHMMO IIBIJIM, HOCTYHaI-OIHeﬁ OT TCXHOJOI'MYCCKOI'O 060py,I[OBaHI/ISI,

OCYHMCCTBIIACTCA ITIOAMCEC IIBLIIN C HWKHEH TEXHOJOTMYECKOU Iomaaku M 34"
CocraBuM YPaBHCHHC OajaHca IMbUIH JJIsA HaI[6YHKCpHOFO OTACICHUA:

ITpu sTOM Macca oceBIel IbUIH M,
Mo4:774(M4+M34_M43_MBC4) (4.3)

TJIE 7),,- 9TO KO PUIIMEHT, YIUTHIBAIOIIHMK IO OCEBIICH MBLIH.

Macca npm, yHOCUMOW CUCTEMaMU BEHTUIISILIAN:
Mg, =Mgy +M ey (4.4)
Macca npu, YHOCUMOM U3 HaJOYHKEPHOTO OTACIICHUS
MBC4+M43:(1_774)(M4+M34_M43_MBC4) (4'5)
[lo amanmormm coctaBUM OajlaHChl THUIM B TOMEIICHHH HAa OCTAJIBHBIX

TCXHOJIOTHYCCKUX INIOIaaKax OCTOHOCMECHUTEIILHOIO OTACJICHHUA C YYCTOM

MEPETCKAHMUS TILIIN.

J103upOBOYHOE OT/IEIIEHHUE:

bananc npm:
M3+M23+M43_M34_M32_M03_M503:O (4'6)

Macca oceBHIEN TTEUIN:
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Mos :773(M3 +My+ My —My, —M,, — MBC3)
Macca IIbIJIN, YHOCHMOﬁ CUCTEMAMU BCHTUJIAIIUN .
Msca = MB3 + MAC3
Macca IIbIJIN, YHOCHMOﬁ n3 ,Z[O3I/Ip0BO"IHOFO OTACJICHUA:

M34 + M32 + MBC3 :(1_773)(M3 + M23+ M43 - M34_ M32 - MBCS)

CMecHuTenpbHOe OTACIICHUC!

bananc neum:
Mz +M12_M21_M23+M32_M02 _MBCZ =0
Macca oceBIen NbUIN:
Moz = 772(M2 + MlZ - le - Mzs + Msz - Moz - MBCZ)
Macca IIbIJIN, yHOCHMOﬁ CUCTEMAaMHU BCHTUJIIAIINN .
MBcz = Msz +MAC2
Macca IIbIJIN, YHOCI/IMOﬁ N3 CMCCUTCIIBHOT'O OTACJIICHHUA:

M23+MBC2 +M21:(1_772)(M2 +Ml2_M21_M23+M32_MBC2)

3arpy304HO€E OT/EIICHUE:

bananc neun:
M1+M21_M12_Mo1_MB(:1 =0
Macca oceBHIeN ITEUIA:
Mo, :771(M1 +My —My, - MBCl)
Macca npliiy, yHOCUMOM CUCTEMaMU BEHTHIISILIAM
MBCl = MBl+ MACl
Macca nbim, yHOCUMOM U3 CMECHUTENBHOTO OT/ICIICHUS:

My, + Mg, = (1_771)('\/'1 + M21)

(4.7)

(4.8)

(4.9)

(4.10)

(4.11)

(4.12)

(4.13)

(4.14)

(4.15)

(4.16)

(4.17)
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JIns pemeHus JaHHBIX YPAaBHEHUN COCTABUM CUCTEMY:

( M, +M;, + My —Moy =Mge, =0 (4.18)

Mo, =7,(M, + M, =M, —M_.,)
Mg, =My, +M,o,
Mg, + M,z =(1-7,)(M, +M,,—M,,—M_.,)
M, +M,+M,;—M,,—M,,—M, —M,., =0
Mos =75(M; + My + M, =My, — Mo, — M)
Mgy =My, +M s
My, +M,, + Mgy = 1=7,) (M, + M,y + M, =My, =M, — M)
M, +M,-M, ~M,, +M,,—M_, -M., =0
Me, =1,(M, + M, =M, =M, + M, — M, - M)
Mg, =My, +M .,
M, + Mg, +M,, =(1=7,)(M, + M, =M, ~M,, + M, —M_,)
M, +M,, ~M,-M, —Mg, =0
Mo, =7, (M, +M,, — M, ~M_,)
Mg, =My, + M,
L My, + Mg, =(1=7,)(M, +M,,)

3anuieM ypaBHEHHE 6anaHca MbUIA B 0OIIEM BUIE:
M; + Miv1y;i — Mi;(i41) — Moi — Mpe; =0 (4.19)
My; = ni(M; + Mi11).i — Mii41) — Mpc;)
Mpc; = Mp; + My,
M. iv1) + Mpei = (1 =) (M; + M(j41).1)

rje

[ -HOMEP TEXHOJIOTUYECKOM TIIOIIAIKH.
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4.2. Pa3paGoTKa MeTOUKH OLIEHKH NMbLIEBOro (pakTopa mno pacyery

KOHIHCHTPAIUNM IIbLJIN HA paﬁotmx MecTax B 0eTOHOCMEeCUTEIbHOM OTACJICHUHN

Jns OUEeHKM TmapaMeTpoB BO3AYIIHOW Cpelbl LEXOB C MHOTOSPYCHBIM
pa3MelieHreM pabounx 30H TPeOyeTCs yUHUTHIBATH PAcXoJ]l Bo3ayxXa (MPUTOYHOTO,
aCIUPAIIMOHHOIO, TIEPETEKAIoEero M3 OJHOM 30HBI B JAPYTyI0), CHOCOO paszaauu
BO3/IyXa, KOJMYECTBO BPEAHBIX BEIIECTB (B CTBOJIE IOTOKa, B paboueil 30HE, B
MepeTeKarolIeM BO3yXe), a TAKXKE pa3IudHbie KOAPOUITUEHTHI.

Jns peuienus psiaa BEHTWISAUUOHHBIX 3a1a4 A.M. biaunkos, H.®. ManbueBckas
u B.JI. KoHonenko mnga npeanpustuii He@TEXUMHUH ObUIO NPEIJIOKEHO JETUTh
MIPOU3BOJICTBEHHBIE TOMENIEHUS HAa 30HBI C YYETOM BO3JIECUCTBHUS aCHUPAlMOHHBIX
Moxayieit. Jliig HaxoXK/IeHus 3HaYeHUN KOHIIEHTPAIMU MBUIA B BO3JyXe paboueil 30HbI
IpU pas3auYHbIX croco0ax opraHu3anuu Bo3zayxooomeHa B.H. AzapoBbiM ObLIO
MPEJIOKEHO JIeJIEHWEe IIeXa C MHOTOYPOBHEBBIM DPACIOJIOKEHHEM paboyux 30H Ha

QJICMCHTAPHBIC A9PpOANHAMUYCCKUC O6L€MBI, BOO6H_IC roBOps, HE3aMKHYTEIC.

Pucynox 4.2 — Cxema ABMKEHUS BO3AyXa B a3POJMHAMHYECKOM O00BeMe 2 dTaxa
0ETOHOCMECUTENBHOTO OTJIETICHUS C MHOTOSIPYCHBIM pacmoIoKeHHUEM
TEXHOJIOTMYECKOro 000pyA0BaHuUs

Ha pucynke 4.2 wu3o0pakeHO [ABI)KEHHE BO3JyXa Ha TMpUMEpE OJHOU

TEXHOJOTMYECKOU IJIOmMAAKKW, TI'AC CTPys IHIPUTOYHOI'O BO3AYyXad, PaACHPOCTPAHAACH



106

CBEpPXY BHM3, IIEpEMELIAET 3a COOON IpsA3HBIA BO3AYX MOMELICHUS, & TAKXKE B3METAET
yKE€ OCEBIIME YACTULBl IBUIM, IOCIE YEro, COEAMHSACh C BO3AYXOM M3 CTBOJA
HU3JIEKALIETO AIEMEHTAPHOIO a3POJUHAMUYECKOT0 00bEeMa, IEPETEKAET B CIEAYIOLIUI
00BeEM.

[Tpu nccnenoBanuu 2 3Taka 6ETOHOCMECUTEIBLHOTO OTAEIECHUS MOYKHO BBIIECINUTh
CJIEYIOIKE a3POAUHAMUYECKUE OOBEMBI:

- 30HA BOCXOJAILErO ITOTOKA,;

- 30HA JICHCTBYSI IPUTOYHBIX CTPYH;

- 30HA 3aTyXaHus (CMEUIEeHUs) IPUTOYHOU CTPYH.

B pesynprare NpoM3BEIECHHOIO aHAINW3a JABWIKECHHSI BO3QyXa B JJIEMEHTAPHBIX
a’poJlMHaMUYecKuX oObeMax Oblla BBIBEIEHA CHCTEMa U3 JBYX YpaBHEHUI,

OITMCHIBAIOIINX cO00# OanaHC 110 NbLIX Ha 2, 3 ¥ 4 TEXHOJOTHYECKON IIJIOMIa KE:

Lo + KnopmLoCyxi—1 + KpsuMy = LacnCps. + (4.20)
+[(Knogm + 1)L0 - Lacn][cp.s. + A(nyi—1 - Cp.s.)],
Lo + KysuMyy = LycnCps. + (Lo — Laen) Cyxi—1
Perraem cructeMy ypaBHEHHI OTHOCHTEIBHO KOHIICHTPAIIMi BPEIHBIX BEIIECTB B

BO3JlyXe paboueit 30HbI U B YXOISIIEM TOTOKE (M COOTBETCTBEHHO). [Tomydyaem, uTo

_ L0+K33MMH_(L0_Lacn)cyxi—l (421)
p3. — ’

Lacn
nyi—l (4.22)
_ LOZKHO,ELM + LOKHO,CLMKBBMMH + LOZ + KBBMMHLO - LaCHKBBMMl'I - ALO + AKBBMMH
LOKHO/I[M - 3L0Lacn + Lacn2 + LOZKno,qM - LOKHOAMLaCH + LOZ + Lacn - 2)LLacn + /1LO

C

CocTaBUM CUCTEMY ypaBHEHHUH, OTOOpaKaroIIyl0 OaJaHC MO TMbUIA JJIS BCETO

o0BeMa 1exa OETOHOCMECUTEIHLHOTO OTIEICHUS:
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r (4.23)
Ly + KpamaKocaMy + (1 — Koea )My = Lacn4Cp.3.4 +

+[(KHO,£LM4 + 1)L4 - Lacn4] [Cp.3.4 + A(ny3 - Cp.3.4)]

L3 + KysuzKocsMz + (1 — Koe3)M3 = LacnzCpaz +
) +[(KI'IO,£[M3 + 1)L3 - LaCH3][Cp.3.3 + A(CyXZ - Cp.3.3)]

Ly + KysnaKocoMy + (1 — Ko2) M, = LacnaCpzz +
+[(KHOAM2 + 1)L2 - Lacnz][cp.3.2 + A(nyl - Cp.s.Z)]

Ly + Kesu1 Kot M1 + (1 — Kpe1) My = Lacnlcp.s.l +
\ +[(KI'IO,£[M1 + 1)L1 - Lacnl] [Cp.s.l + A(_Cps.l)]

rae
A K03 urneHT, OTOOpaKaIOIIHMA M3MEHEHUE 3HAYCHUU
KOHIICHTpAI[MM TMbUIM BHE paldodedl 30HBI (COTJIACHO OIBITHO-
IPOMBIIIICHHBIM UccieaoBanusm [41] A= 0,5 u A = 0,3);
M, Macca b, UCXOIAIIEH 0T 000py10BaHNUS;
Kasu KO2((PUIMEHT, TTOKA3BIBAIOIINI TOJIFO TBUTH, KOTOpas MEepPEXOIuT
BO  B3BCIIGHHOE  COCTOSIHME B pabouedd  30He  (mis
OETOHOCMECUTEIBHBIX 1IEX0B — 4-5% OT 00IIeT0 MBIIEBHIACIICHS);
Kiosw  KO3GGULMEHT,  MOKa3bIBAOIIMA  JOJIK0  MbUIM,  KOTOpas
MOJIMEIIIUBAETCS B pa00UyI0 30HY U3 CTBOJIA BO3/yXa.

Cucrema BKIIHOYAET B €05l YETHIPE YPABHEHHUS C YETHIPbMSI HEU3BECTHBIMU: Cp 5 2,

Cp.3.2! Cp.3.31 Cp.3.4-

KoHIeHTpalMu NbUIM B YXOJISIIEM TOTOKE BO3IYXa Cyxq1, Cyxz ; Cyx3 MOXKHO
BBIYHCIIUTH 3HAasI MAacCy BBIICTUBIICHCS MBUTH OT 000PYI0BaHMS, MacCy OCEBIIIEH TBLIH,
KOTOpbIE OBLIM ONpeliesieHbl paHee B paboTe B riaBe 2, U 00bEM TEXHOJOTMYECKON

TUTOIIAIKH .

M, —M
Cpyi = ————t - ocl (4.24)
1

3Has pacxoabl IIPUTOYHOI'0O M aCIIMPAHMOHHOIO BO34YyXd, a TAKXKC IUIOINAAb

nmpoeMa MEeXIy Iiomaakamu i u (i+1) paccauTeiBaeM CKOPOCTh BO3yXa B IIPOEME:
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v . Z;(LL - Lacni) (425)
npi — Fi

YacTuiisl MbUIM, UMEIOIIKME CKOPOCTh OCEAaHUsl HUXKE MOJTYyYEHHON CKOPOCTH V;,
OyIoyT meperekarb Ha BBIIECTOSIIME TEXHOJIOIMYECKHE IUIOMAaAKUu. TeM cambIM M0
UHTETPAJIbHBIM KPHUBBIM pPACHPEACIICHUS MacChl 4YacTUIl MbUIM IO JUaMETpam,
MOCTPOEHHBIM B TJlaBe 3, Mbl MOXKEM UHCIEHHO OIEHUTh [OJII0 MbUIA, KOTOpas
IOJMENINBAETCSA B PadOUYIO 30Hy U3 CTBOJIA BO31yXa - KOdPduument Ky o y;.

3Has pacCTOSHHE OT WCTOYHMKA WBUICBBIACICHHUS 10 Tpoema [;, a Tak ke
CKOPOCTb TOJBW)XHOCTH BO3/lyXa B IPOU3BOJACTBEHHOM momenienun (w = 0,5m/c —
0,7 M/c), BEIUHCIIIEM BpEMS IBYKCHHS YACTHIIBI MBI OT UCTOYHHKA ITBIJICBBIICICHUS

J0 MCKITAXXHOIO IIpoeMa T.

’ (4.26)
T=—
w

[To rpaduky 3aBUCUMOCTH CKOPOCTH OCEIaHHS OT SKBHBAJICHTHOTO IHAMETpa
YJACTHUIIBI, IOJTYICHHOTO B X0JIC OTIPECIICHUS adPOAMHAMUYCCKUX XapaKTEPUCTHK ITBLIH
B IJIaBe 3, U HOPMATHBHOMY 3HAUCHHIO CKOPOCTH JBIIKCHHS BO3ayXa B Iiexy (w =
0,5mM/c— 0,7 M/c) ompenenuM IOJO TMBLIM, KOTOpas OCEMIAEeT HAa MOBEPXHOCTH ITOJa

TEXHOJIOTUYECKOU TIomaaku- KodpduimeHT oceganus mnbuiu K.

h;  hyw;
Voei = — = (4.27)
T li
rje
hi -BbICOTA UCTOYHHUK IIBIJICBBIJACJIICHHUA HA TGXHOHOFI/I‘-IGCKOﬁ IIJIOIIAAKU.

Takum o00pa3zoM moOJydaeMm, 4YTO COJAEpNKAHUE BPEIHBIX BEIIECTB B BO3JyXe
paboueii 30HbI 3aBUCUT OT psiia (PaKTOPOB: PACXOAOB MPUTOYHOTO U ACHUPALUOHHOTO
BO3/lyXa, OT 3HAYEHHUS MACCHI MbUIM, BBIICISAIONICHCS U3 HEIUIOTHOCTENW 000pyA0BaHUS,
oT ko3¢ puIreHTa, ONUCHIBAIOLIETO U3MEHEHHE COAEpKaHus MbUIM BHE paboyeil 30HbI,
a Takke OT KO3((OULMEHTOB, YYUTHIBAIOIIMX OO MOJMEIINBAHUS BO3yXa U3 CTBOJIA
MOTOKA U JIOJIIO MBLIU, KOTOPasi HAXOIUTCS BO B3BEIIEHHOM COCTOSIHUU B paboyeil 30He.

KoHueHTpanusi BpeIHbIX BEIIECTB B NEPEXOMSIIEM IOTOKE BO3JyXa B CBOIO

ouepeb 3aBUCUT OT COJEp’KaHUs BPEIHBIX BEIIECTB B pabouell 30HE, OT Pacxoa0B
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BO3[yXa MPUTOYHOTO W aCMUPALMOHHOTO, OT MAacChl MbUIA, BBIOMBAIOUICHCS OT
o0opynoBaHus ¥ OT KOd((PUIIMEHTa, YIUTHIBAIOLIETO OO MUK, KOTOPAast MEPEXOIUT
BO B3BEIIEHHOE COCTOSIHUE B paboyeii 30He.

Takum 00pa3oM, i BBINOJHEHHS pacyera, IOKAa3aHHOIO0 Ha OJIOK-cXxeme
(pucyHoK 4.3) HEOOXOIMMO BBIMOTHUTH CIEIYIOLIUE YCIOBUS:

- o0cinenoBaTh  ApXUTEKTYpHO-TUIAHUPOBOYHBIE  pEIICHUS B  1LEXy W
TEXHOJIOTHYECKOE 000PYI0BaHUE U ONPEIAEIUTh HCTOYHUKHU MBbUIEBBIIEICHUS,

- DKCIIEPUMEHTAJILHO OMNPEJEINTh WHTEHCUBHOCTb MBUICBBIJCICHUS, MAacCy
BBIJICIISIFOIICICS MBIJIM U CTENIEHb UX TePMETH3aUU 000pYyJ0BaHUS

3atreM 3amaeMcsl TPOEKTHbIMH (JIMOO pPACCUUTAHHBIMU 10 YKPYIHEHHBIM
NoKa3aTessiM) 3HaYEHUSIMU BO31yX000MEHa U aClIUPUPYEMOTr0 BO31yXa.

[Tocne HeOOXOAMMO MPOBECTH PSIZT A3POIMHAMUYECKUX UCCIIEA0OBAHUM MbLIH:
ONPENEIUTh Pa3MEpP YaCTHUL IbUIM U CKOPOCTh UX OCENaHUs, KOTOPBIE IMO3BOJIAT, 3HAS
CKOPOCTb BO3]lyXa [JBWXEHHS B IPOU3BOIACTBEHHOM IIOMEIIECHUH, OIPEIACIHUTH
K0dpuumentsl Kyonvi + Kpswi + Kocis - loncraBus HaiineHnble KO3(GQUUMEHTHI B
ypaBHeHHe OanaHca (4.4) HaiiieM KOHIIEHTpAIMIO MbUIM B BO3AyXe pabouel 30HBI Ha

paccMaTpuBacMoOil  TEXHOJIOTMYECKOW  rmomanke. IlomydeHHOE 3HAYCHHE  Cp

cpagauBaem ¢ IIJIK, ecmu ¢, <IIJK,; , TO pacuer cumTactcs 3aKOHYCHHBIM U
NPUHATBIE 3HAYEHHS BO3JyXOOOMEHa oOcTaBisieM. B MpoTHBHOM cilydae, €ciu
Cps. >IIKp; , TO HEOOXOAMMO YBEIUYMTH 3HAYEHHUE BO31yXooOMeHa Ha 0,1 ex. u
NOBTOPUTH pacueT. Pacuer moBTOpseTrcs A0 TeX MOp, NMOKa He Oyner CcoOII0JAEHO
ycnoBue ¢, 5 <ITIKps.

Kpome Toro, mpoBeieHHbId pacyeT MO ypaBHEHHsM Oananca (4.4) mo3BOJIUT
OLICHUTH JOJIO MbUIM, KOTOpas IMEPETEKAeT C OJHOrO0 TEXHOJOTMYECKOTO spyca Ha
JpYroil, KoTopasi OcelaeT Ha MOBEPXHOCTH Moja IUIOAAKA M Ha OO0OpYAOBAHHH, a

TaKke KOTOpasi OCTaeTCsl BUTATh B BO3AyXe paboueil 30HBI.
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Hcxonubie nanHbie A1 pacuera

I'eomeTpuyeckne pa3Mepsl IUIOMIAIKH,

Macca BBIIEIISIOIIEHCS oM i

y

[IpuHuMaroTCs 3HaYEHUS! IPUTOYHOTO L; U
acupupyeMoro Bo3ayxa L.y

Omnpenenenue Ko3PhUMEHTOB

KnogMi KBBMi Koci

Pacuer ¢, 1o cucreme ypasuenui (4.4)

\

CpaBHUBaEeM NOJIYYEHHBIN 3HAUCHUS
KOHUEHTPALMY [bLJIM ¢ HOPMATUBHBIMU
Cps IIKp,

Her

HN3MeHseM 3HaUYCHUS IMPHUTOYHOT'O

Bosayxa L; Ha 0,1m%/c

Pacuet oxoHuyeH

Pucynok 4.3 — biok-cxeMa pacuera Bo31yxooOMeHa B OETOHOCMECUTETLHOM

OTJIEJICHUU
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4.3 Pe3ysbTaThbl 00C/IeJ0BaHNS 3aNIbIJICHHOCTH BO3/1yXa padoyeil 30HbI

0eTOHOCMECHTEJILHOI0 OT/IeJIeHUs

B xome paGoThl ObUTO MPOM3BEICHO MCCIECIOBAaHHE KadyecTBa BO3ayxa paboueit
30HBI B 0ETOHOCMECHUTEITHLHOM OT/ICTICHHH.

Ha ocHOBaHMM TpPOBEICHHBIX HCCIEAOBaHMH H TareHToB [126, 6, 12, 14]
NPEJIOKEHBl PEKOMEHAIIMK 110 CHIDKEHHIO 3albUICHHOCTH BO31yXa pabodell 30HBI
OETOHOCMECUTENIPHOTO  OTIEJICHUS: TMOBBIIICHUE TepMETHU3alMd  00O0pPYAOBaHUA,
YCTaHOBKA [IJIsl YJIABIMBAHHUS M OYHMCTKH Ta30BbIX BBHIOPOCOB OT TEXHOJOTHYECKOTO
000opy10BaHUS.

Jnst oueHkn 3()PEKTUBHOCTH MEpPONPHUITHI Oblla NMPOBENEHAa cepus 3aMEpOB
KOHIIEHTpAli NI B BO3AYyXe pa0doyeil 30Hbl O BHEIPEHUS] MEPONPUATUN U TOCIE.
Pe3ynbrarel 3aMepoB AJi KaXXJIOTO M3 BUAOB MbUIM (LIEMEHTHOW, IIEOHS M MECYaHOil)

Ipe/ICTaBICHBI B BHJIE rpadukoB (pucyHok 4.4, 4.5).

HAYya o 3aepy3Ku 302py3Ka OKOHYOHUE 302py3KU
10: 47 10: 45 10: 49

Pucynox 4.4 — Konnentpanuu nbutd mebHs: 1 — momasaka 4-ro staxa; 2 — momajka

2-ro ATaxa; 3 — rionaaka 1-ro sraxa; — 10 IPOBEICHUSI MEPOTIIPUATHUI;

— IIOCJIE IPOBEACHUSA MEPONIPUATUN
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| | |
— |
LN

HOUaNO 302pPY3KU 302Py3Ka OKOHYQHUE 302DY3KU
10: 41 10. 45 10. 49
Pucynok 4.5 — Konnientpanuu necuaHoi neiian: 1 — muromaaka 4-ro staxa; 2 —
IJTONIAJIKa 2-TO 3TaXa; 3 — IUIOMIAJKA |-TO 3TAXKA == = JIO POBEACHUSA
MEPOIPUSATHH; — IIOCJIE IPOBEACHUS MEPOITPUATHN

Takum oOpa3oM, Ha OCHOBAaHHUM IMPOBEJCHHBIX HCCIIECIOBAHUI MOXHO CHAENaTh
BBIBOJI, UTO MEPOIPHUITHS IO CHIKCHHIO 3allbIJICHHOCTH BO3JyXa pabdodeil 30HBI
OETOHOCMECUTEIBLHOTO OT/ICJICHUS TTO3BOJUIN YMEHBIIUTh KOHIICHTPAIUIO [IEMEHTHOM
neu ¢ 13,0 mr/m® go 6,0 Mr/M3; neumm me6ns ¢ 14,0 mr/M® o 5,7 mr/m3; necuanoit

nsutd ¢ 14,3 mr/m 1o 6,0 mr/m3

4.4 PazpaboTka yueOHOIl MoeJIU IBUKEHHUSI BO3AYIIHbIX MACC B

ITAKECPOYHBIX HEXax

BBugy — KOHCTPYKTHUBHBIX  OCOOEHHOCTEM  IIEXOB C  MHOTOSIPYCHBIMH
TEXHOJIOTUYECKUMH IO KaMH BBISBIIGHHE W OIleHKa oOjacTedl ¢ HaumOoJbIei
KOHIICHTpaIlMeld MbUIM B BO3JyXe pabodeil 30HBI 3aTpyaHeHa. [l MopenupoBaHUs
MPOIIECCOB TIEPETEKAHUsT KOHBEKTHBHBIX TIOTOKOB BO31yXa B OOBEME IMOMEIICHUS

paspaboTana yuebHas moenb [103].
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JlanHass MOJIENIb TIPEACTABISIET COOOM 3aMKHYTBIM KOPITYC, OJJHA CTE€HA KOTOPOTO
BBIIIOJIHEHA W3 IIPO3PAYHOIO MATEpUANIa, CHCTEMY BO3IYXOBOJOB JUIA IOJA4YU

IIPUTOYHOT'O BO3yXa MCTOYHHUKH TCIJIA 1 UCTOYHHUKHU IJICKTPHUYICCKOI'O TOKa (pI/IC}/HOK

4.6).

a) 0)
Pucynox 4.6 — Cxema 3kcriepuMeHTaIbHONW YCTAaHOBKU: a) TPO(UIbHBIN BUT; 0)
BHJI cBepXy. 1,2-kopmyc Moaenu niexa; 3-mojiku; 4,5 — BRITSDKKA; 6,7 —
ynbTpaduoneToBsie Jamisl; 8,9 - rermoBeHTHIIATOPSBE; 10,11 — mopuwmst neim; 12,13 —

nephopupoBaHHBIE MPUTOYHBIE BO3YyX0BOAbBL; 14, 15 — 3acnonka; 16 — Bo3ayxomayBKa

PaGoTta nmanHO# MOJE3HON MOJENM 3aKIIOYaeTcs B TOM, YTO B Kopmyce |1 Ha
Pa3JIMYHBIX YPOBHSX 4 YCTAHOBJICHBI TEIUIOBEHTHIISITOPHI 2 U 3, HA KOTOPBIX OMENIEHBI
UCTOYHUKU b 5 u 6. Ilpu momomm Bo3ayXxoayBKu 9 uepe3 mnephopupOBaHHBIE
BO3yxoBoAbl 11 m 12 B oObeM Mojenu TOJaeTCs YUCThIM Bo3ayX. I[lpuTounbie
BO3AyX0BOAbl MMerT mmbepbl 10 u 15. 3arps3HeHHBIM BO3IYyX YIalsdeTcs dYepes
BBITSDKHBIE 0TBepcTUs (TpyOkH) 13 u 14. Ilpouecc BUTaHMs 4acTHI] UM HAOIIOAAeTCs
yepe3 Mpo3pavyHylo CTEHKY Kopiyca, 01aroaapsi CBEUEHHUIO YIbTpadroIeTOBBIX jJami 7
u 8.

B npouecce ucnbITaHusl CHUMAKOTCS MTOKA3aTeNd NapaMeTPOB BO3AyXa (CKOPOCTh

U TEMIIEpaTypa), 3aTEM 3TH BEJIMUYMHBI IEPEBOJISAT HA HATYPY.
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4.5 Pa3paboTka cnoco0a yJIaBJIUBAHUSA U OYMCTKHU Ia30BbIX BHIOPOCOB OT

TEXHOJIOTHYEeCKOro 000py/10BAHMS

[Ipy aHanmu3e TEXHOJOTMYECKOrO0 O0OpYIOBaHMUS KaK HCTOYHHMKA BbIICICHUS
OBUIM B BO3QyX pabodeil 30HBI BBIABICHO, YTO HAMOOJbIIAs KOHLEHTpAUUs IbUINA
Ha0II0JaeTCs B HAIOYHKEPHOM OT/ACTICHUH MPU MEPECHINKE MECOHS.

JIist ToKanu3alyuy BBIACISIONICHCS IBUIM, BO3MOXHO, MCIOJIB30BaTh YCTAaHOBKY
JUISl yIaBIMBAHUS U OYUCTKU Ta30BbIX BBIOPOCOB OT TEXHOJIOTMYECKOTO 00OpPYAOBaHUS
[105] puc 4.7.

Acnupanys TpUIM TPOUCXOJWT OT HCTOYHHKA 9 TOBOPOTHBIM 30HTOM 3,
MIEPEABUKEHUE KOTOPOIO OCYIIECTBISETCA NMpU nomomu posnkoB 10 m nmpusona 4.
Br106pochl, KOTOpble TOCTYNAOT Yepe3 BbIXOAHOM natpyOok 16 pykaBHoro ¢uibstpa 11
B Kamepy 3arps3HEHHOIO ras3a 13 u mocTynarT B MEXPYKABHOE MPOCTPAHCTBO. 3aTEM
ra3 IpoxoJIuT yepe3 (GUIbTpoBalbHbIE pyKaBa 14 M BBIXOJUT B KaMepy OUYUILEHHOTO
raza 12, mocne uvero yepe3 marpyook 17 mpu momomy BEHTWISITOpa 28 yhaiseTcs
¢bunbTpa.

[IpeuMyIIeCTBOM [TaHHON YCTaHOBKHM SIBIIIETCS OTHOCHUTENIBHASI HECIIOXKHOCTb
KOHCTPYKLUH, NOBBIIIEHHAS! 3((PEKTUBHOCTH yJIaJ€HHsI U OUUCTKU MbLIEBBIX BHIOPOCOB
OT TEXHOJIOTHYECKOT0 000PYAOBaHUS U HAJIEKHOCTh pereHepali pyKaBHOro (hUiIbTpa.
Kpome Toro, BBuAY IUIaHHPOBOYHBIX OCOOEHHOCTEW HAAOYHKEPHOIO OTIEJICHUS
YCTAaHOBKa TMEPEABMKHOTO YCTpPOWCTBA [Jisi YJIaBIIMBaHUSI M OYUCTKH BBIOPOCOB

SIBJISIETCS HanOoJe€e ONTHMAaIbHBIM.
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. Pucynox
4.7 — VYcraHoBKa [IJi1 yJaBIMBAaHUS M OYUCTKH Ta30BbIX BBIOPOCOB OT
TEXHOJIOTUYECKOro oOopynoBanus: 1 — monakpaHoBas Oanka; 2 — razoxom; 3 —

MIOBOPOTHBIA 30HT; 4 — KaHATHBIA NMPUBOJ; 5 — KaHaT; 6 — MEpEeXOAHON y4acTok; 7 —
3arfylIeHHBIN TOpell; 8 — MPOIOJIBHBIN Ma3; 9 — TexHoJoTuIecKoe ooopyaoBanue; 10 —
pomukw; 11 — kopryc pykaBHoro ¢unsTpa; 12 — Kamepa ounIeHHOTo Ta3a; 13 — kamepa
3arpsi3HEHHOrO rasa; 14 — puibTpoBanbHBIE pyKaBa; 15 — 3JIEKTPOMArHUTHBIE KATYIIKH;
16 — BxomHOM maTpyOok; 17 — BeIXOAHOW maTpyOok; 18 — mbuieBoi OyHkep; 19 —
MeTainyeckas nepdopupoBanHas miactuda; 20 — npyxussl, 21 — miomanaka; 22 —
BuOparop; 23 — pe3uHOBas BcTaBka; 24, 25 — paT4uMKU JaBiieHHUs; 26 — OJIOK

yrpaBieHus; 27 — UICTOYHUK MTUTAHUS; 28 — BBITSKHOU BEHTHIISATOP
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4.6 Pa3paboTka cnocoda JOKaIU3alUU U OYMCTKH NbLIEeBbIX BHIOPOCOB

Jns yiydiieHus Ka4yecTBa BO3AYIIHOW CPe/ibl B IPOU3BOICTBEHHBIX MOMEIICHUSIX
npejiaraeTcsi PeKOHCTPYKIIMS CHUCTEMbI acIUpalldd C HMCIIOJh30BaHUEM IIaTeHTa Ha
noJie3Hyro Mojenb [104].

JlaHHas TmoJje3Has MOJeNIb NPEACTaBisieT CcOOOW CUCTEMBbl —acHupaluu,
COJIEpIKAIIyI0 MECTHBIA aCIUpPAIMOHHBIA OTCOC OT TEXHOJOTHYECKOTO 000pY/I0BaHMS,
MbUICYJIABJIUBAIOIIEE YCTPOMCTBO B BHJE JBYX — MEPBOTO M BTOPOTO MHEPIMOHHBIX

BUXPEBBIX MMBUICYJIOBUTEICH BEHTHISTOP U TKAHEBBIA QHILTp (pUCYHOK 4.8).

201

Pucynox 4.8 — Cucrema acnupamuu: 1 — BEHTUISATOpP; 2 — pa3aeiauTellb-
KOHLIEHTPATOp; 3,4 — BUXPEBbIE UHEPIIUMOHHBIE MBUICYJIIOBUTENH; 5,6 — paCKpy4YUBATEIN
MOTOKA; 7 — TKaHEeBBIA UIBTpP; 8 — BO3MyX0BO; 9 — BepxHHit BX0; 10 — HIOKHMI BXO/T;
11 — nutro30BoM 3aTBOp; 12 — BepxHui Bxoxa; 13 — HwxHUM BXoA; 14 — nUII030BOM
3aTBOP; 15 — BcachiBarouuii Bxoa; 16 — BbIXOJIHOM naTpyOoK BeHTUisiTopa; 17, 18, 19,

20 — perynupyromume 3aciIOHKU

OCOOEHHOCTBIO JaHHOW YCTAHOBKU SIBISICTCS COJACpP)KaHUE JOTOJHUTEIIHHO
MIEPBOrO0 U BTOPOr0 PACKpy4dMBATEls MOTOKA, KOTOPHIE YCTAHABIMBAIOTCA HA BEPXHHUX

BBIXOJdaX HBIJICYJIOBPITCJIeﬁ. HpI/I O9TOM, BBIXOA IICPBOIO PACKPYUHMBATCIIA I10TOKA
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NOJIKJIIOYEH K BEpPXHEMY BBOJY BTOPOrO TMBUICYJIOBUTENS, BBIXOJ BEHTUIISTOpA
MOJIKJIFOUEH Yepe3 TKAHEBBIH (PUIBTP U JAOMOJHUTEIBHYIO PErYJIUPYIONIYIO 3aCJIOHKY K
BO3YXOBOJly /Ul BBIXOJIa OYMIIIEHHOTO BO3/lyXa B aTMochepy.

3asiBIeHHAs cUCTEMa MO3BOJISIET 3(PPEKTUBHO OYUCTUTH BO3AYX IEpe] BEHIOPOCOM
B arMmocdepy. TkaneBblii (uIbTp oOecreyrMBaeT TOHKYIO OYHCTKY BO3/yXa,
BBIOpAachIBAEMOTO B aTrMocdepy, 3allMIIeH OT Meperpy3kd IO TbUIM BCIIEACTBUE
YCTaHOBKHM MHEPIMOHHBIX MbUICYTOBUTENCH. TeM caMbIM JaHHAsl CHCTEMa aclupaliu

HNMCCT BBICOKYIO HAACKHOCTD pa6OTBI.

4.7 BbIBOJBI M0 YEeTBEPTOH IiiaBe

1. Pa3zpaboTtana MeTo/IMKa OLIEHKHU MBUIEBOTO (DaKTOpa MO pacyeTy KOHIICHTpallUU
MBUTM Ha paboyuX MecTax, a TakyKe METOJIMKA JJIsl ONPE/IeTICHUS BO3yIIIHOTO
OasiaHca MOMeNIeHHS 10 MbUTH B 0€TOHOCMECUTEIBHOM OT/ICJICHHUU.

2. [IpoBeneHHOE HMCCaeA0BaHKE 3aNIbIIEHHOCTH BO3yXa paboyeil 30HbI
OETOHOCMECUTEIHLHOTO OTJEICHHS TIOKa3aJl0 HEOOXOUMOCTh MPUMEHEHUS MEP
[0 CHUKEHUIO KOHLEHTPALIUH MbLIH.

3. Pe3ynbTaThl aHanMM3a MbIJIEBOM 0OCTAHOBKH MOCJIEC MPUHSITUS MEPOTIPUSTUIN 110
CHUKEHUIO 3aMbIJIEHHOCTH BO3/IyXa padoyeil 30HbI TOKA3aJId 11€71€CO00pa3HOCTh
WX UCIOJIb30BAHUS U UX BIUSHUE Ha YJIy4YIICHUE KaueCTBA BO3AYIITHON CpeIbl
nexa.

4, Pa3zpaboTana yueOHas MoeIb 1JIsI MOJETMPOBAHUS MIPOIIECCOB MEPETEKAHUS
KOHBEKTHBHBIX IIOTOKOB BO3/lyXa B 00beMe MOMEIIEeHUS pa3padoTaHa.

5. JI1st ToKamM3aiuy BBIJCISIIONIEHCS BT B OETOHOCMECUTEITLHOM OT/ICJICHUN
PEKOMEH0BAHO UCIOJIb30BAHUE YCTAHOBKH JIJIs YJIaBIUBAHUS U OUUCTKU

ra3oBbIX BHIOPOCOB OT TEXHOJIOIMYECKOTO 000pYA0BaHUS
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I[HH YIy4dIICHHUA KadCCTBA BOB,HYHIHOﬁ Ccpcabl B IPOU3BOJACTBCHHBIX
IMOMCIICHUAX MPCIIaracTcss pPCKOHCTPYKIUA CUCTCMBI aCIIMpalnu C

HCIIOJIb30BAHHCM IIaTCHTA HA ITOJIC3HYIO MOCIIb
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3AK/IIOYEHUE

B nmuccepranmonHoit  paboTe  pacCMOTPEHBI  BOMPOCHI,  TMOCBSIICHHBIC
UCCJIEIOBAHUIO TMBUIEBOTO (pakTopa BpEIHOrO BO3ACHCTBUS Ha pPAOOTHUKOB B
OETOHOCMECUTEILHOM OTACJICHUH TMPOU3BOJICTB Kele300€TOHHBIX u3nenui. Ha
OCHOBAaHHMH PE3YJIhTATOB BBIMOJHEHHBIX HCCIIENOBAHUN CHOPMYITUPOBAHBI OCHOBHBIC
BBIBO/IbI 110 padoTe:

1. [IpoBeneHHBIE ~ TEOPETHUYECKUE W IKCIEPUMEHTAIbHBIE  KCCJIEIOBaHUS
a’POJAMHAMUYECKUX XAapaKTEPUCTUK TIBUIM TMOKa3alud, 4YTOo OKoJo 75% Bcero
BBIJICJISIFOIIETOCS. KOJTMYECTBA MbUIK OyIE€T MepeTeKkaTh Ha HIHKHUE ITAXKU U OCAXKIAATHCS
Ha MOBEPXHOCTU TEXHOJOTHMYECKOro OOOpYJ0BaHMs, Iojda, a okoyio 25% - BUTATh B
BO3lyX€e paboueli 30HbI omenieHusi. Ha ocHOBe pe3ysbTaToB HCCIEOBAHUM IO OIICHKE
NbUIEBOM OOCTAaHOBKU B OETOHOCMECHUTEIBHOM OTACJIICHUU ObLIO BBISIBJICHO, YTO
3aMbUJIEHHOCTh BO3JyXa padoueil 30HbI npeBbiiaeT HopmaTuB IIJIK B cpennem B 3-4
pasa, Mpu OCYIIECTBICHUM 3arpy3ku marepuaia — B 10 u Oonee pa3. [IpoenenHoe
UCCJIEIOBAHUE  3albUIEHHOCTH BO3AyXa pabouedl 30HbI OETOHOCMECHUTEITBHOTO
OTJICJICHUS TTOKA3aJI0 HEOOXOAMMOCTh MPUMEHEHUSI MEP MO CHIKEHUIO KOHIEHTPAINH
MBUIH.

2. [To pesynpTaTaM JUCIEPCHOTO COCTaBa TMbUIM, BBIJCSIONICHCS B  XOJ€
TEXHOJIOTUYECKOT0 Tpoliecca B OETOHOCMECUTEIILHOM OTJECJIICHUH, YCTAaHOBJIEHO, YTO
oosee 50% BwImENsIONICHCS MBI SIBAsSETCS MenkoaucnepcHoit PMig. Conepxanue
gactull neuin PMig B Bo3ayxe pabodeil 30HbI B OETOHOCMECUTEIHLHOM OTJEICHUU
kojeonercs or 59% mo 99,5%, KOIMYECTBO 4YacTHIl IBUIM ¢ pa3MepoM PMjs
coctasigeT 1,1% - 7,5%.

3. UccnenoBanne HMHTEHCUBHOCTH IMBUICOCEAAHUS TO3BOJUIIO  aJalTHPOBATh
METOAUKY boryciaBckoro-A3zapoBa OIIEHKE HMHTEHCUBHOCTH IMbUICOCENAHUS IS
OCTOHOCMECUTEIbHBIX OT/ICJICHU, a TaKke OIIEHUTH rePMETUIHOCTh
TEXHOJIOTUYECKOTO0  00OpYy/NOBaHMs,  OIEHUTh  MOIIHOCTH W  HAMpaBJICHUE

pacnpoCTpaHCHUA IbLJIM OT KAXKA0I'0 MCTOYHHKA IbIJICBBIACIICHHUA.
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4. [IpoBeneHHBIE  SKCHOEPUMEHTAIBHBIE  HCCIEHOBAaHUS  a3pPOJMHAMHYECKHUX
XapaKTEPUCTHK NBUIA IOKAa3alaH, 4TO OKOJIO 75% BCETO BBIACISAIOIErOCS KOJINYECTBA
Opld  OyJeT MepeTekaTb Ha HIWKHUE JTaXM M OCAKIAThCS HA IOBEPXHOCTU
TEXHOJOTHYECKOr0 00OpyIOBaHus, Mojia, a OKojo 25% - BUTaTh B BO3AyXe paboueit
30HBI [IOMEILEHUS.

S. OnpeneneHpl TEOPETUUECKUE 3aBUCHMOCTH CKOPOCTH OCEJAaHUs YACTHIL ITBUIA Ha
ocHoBaHMM KputepueB Jlsmenko LYy wm PeliHonbaca Re mnsg kaxaoro marepuana,
IPUMEHSAEMOTIO B TEXHOJOTHYECKOM mpouecce. Ha OCHOBaHMM TEOPETHUYECKHX
pacyeToB CIEAyeT, YTO MEPEeTeKaTh Ha HUKHUE TEXHOJIOTMYECKHE IUIOMIAJIKU OyayT
TOJIBKO YacTUIbI IEOHs, LIEMEHTAa U TeCKa C pa3MepoM Oosee 72 MKM, a 4acTHIIbI C
pasMepoM 110 71 MKM ¢ OyayT BUTaThb B BO3JAyX€ IO BCEMY OOBbEMYy IOMEILIEHUS U
YaCTUYHO YHOCHUTBCSI BOCXO/SIIIIUM ITIOTOM HAa BEPXHUE TEXHOJIOTUYECKUE TIIOMIAIKH.

6. Ha ocHOBaHMM SKCIIEPUMEHTAIBHBIX a3POJHMHAMUYECKUX UCCIIEIOBAHUIN BIUSHUS
OpraHu3aliy BO31yXOOOMEHa Ha IMbUIEBYI0 OOCTAaHOBKY B paloueil 30HE ILeXxa MOYKHO
clelaTh BBIBOJA, YTO HauOoJiee ONTHUMAJIbHOW SIBJIIETCA MAaKCUMalbHOE 3HAUYCHHS
pacxojia IpUTOYHOTO BO3AyXa, [I0JJaBAEMOI'0 Ha KKy TEXHOJOTHYECKYO IIOIIAKY.
7. [IpensioxkeHbl MEpONPUATHS MO CHUKEHHUIO 3albLIEHHOCTH BO3AyXa pabouei
30HBI, KOTOPBIE MO3BOJIWIM YMEHBIINTh 3HAYEHUE KOHLICHTPALUWW MBI B BO3AYIIHON
cpene nomemenuss Ha 30%. Pa3paGoTana MeTojuKka OIIEHKH TMbUIEBOTO (akTopa Io
pacyeTy KOHLEHTpalMud TNbUIM Ha paboynMx MecTax, a TaKXke METOAMuKa s
OTpe/eNIeHUs] BO3JYIIHOTO OanaHca MOMEUICHHs] MO MbUIM B OETOHOCMECHTEIHLHOM
OTJICJICHUMU.

8. PexomMeHnannu BHeApeHsI U UCnoiab30BaHbl HA OAQO «IIpoMCTpOMKOHCTPYKIHS
B OETOHOCMECHUTEIIbHOM OTIEJICHUM M0 CHIKEHHUIO 3albLICHHOCTH BO3JyXa paboueit
30HbI OETOHOCMECHUTENIbHOTO OTIEJEHUSI NpPHU PEKOHCTPYKIMM CHCTEMbl M0Jayuu
CBIITYYMX MATEPHAIIOB; a TAKXKE MO pacyeTy KOHLEHTPALUU MEJIKOINCIIEPCHON NbUIN (B

toM umucie PMio u PM;5) ipu paszpadotke I1/]B.
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CCBT [Tekct] / E. W. borycnaBckuii [u ap.]. — Mocka : ['ocarpomnpom
PCOCP. - 1987. —Ku.2.-97c. : un.

PekoMeHganuu 1O NPHUBENECHUIO TEXHOJOTHYECKOTO 00O0pYJOBaHMS
NPEANPUATAA CTPOUMHIYCTpUH B cooTBeTcTBUE ¢ TpeOoBaHuamMu CCBT
[Texcr] / E. U. borycnasckwuii [u np.] - Mocksa : ['ocarpornpom PCOCP,
1987.-Ku.2.-97 c.

Perues, B. M. OcHOBHBIE BOIPOCH TMUTHEHBI TPyAa MPU H3TOTOBJICHUU
OETOHOB, UCKYCCTBEHHBIX MIOPUCTHIX 3aMOTHUTENICH OETOHOB U HEKOTOPHIX
CTPOUTEIBHBIX U3JeNNU Ha uX ocHoBe [Tekct] : aBroped. muc. ... n-pa
TexH. Hayk / PetueB B. M. - Jlenunrpan, 1965.

PykoBoxctBo P2.2.755-99 T'mruena tpynma. [urneHmdeckue KpUTEpHUH
OIICHKH M KJIacCU(pUKAIIMU YCIOBUU TpyJa MO MOKA3aTeNisiM BPEIHOCTH U
OMacHOCTH  (PaKTOpPOB  MPOU3ZBOACTBEHHOW  CpEIbl, TSKECTH U
HanpsHKEHHOCTH TpysioBoro mporecca [Teker] @ yTB. I'1. roc. Bpauom PD
23.04.1999. - Mockaa, 1999. — 48 c.

PeimkeBnu, A. A. KoMmImieKCHBIM mOAX0J K  OIEHKE METOJ0B
BO3AYyXOpacHpeae/ICHHUS. Opranuzanus BO3/1yX000MeHa B
IIPOM3BOJICTBEHHBIX MoMemeHusx [Tekcr] / A. A. PeimkeBuu, M. U.
['pumutnun. - Jlenunrpan : JIJITHTTI, 1978. — C. 13-17.

PriMkeBuy, A. A. CHCTeMHBIM aHalIW3 ONTHUMM3AIMM OO0IIEOOMEHHOM
BEHTWISALIUYA U KOHJIUITMOHUPOBaHUs Bo3ayxa [Tekcr] / A. A. PriMkeBuy.

— Mocksa : Ctpornzgat, 1991. — 299 c.

COOpHHK 3aKOHOJNATEIHHBIX, HOPMATUBHBIX W METOAMYECKUX JIOKY-
MEHTOB ISl DKCIIEPTU3bl TPUPOJIOOXPAHHBIX Mepornpustuii [Tekct] /
I'ockomruapomer ; coct.. P. H. Ky3sneunos [u gp.]. — Jlenunrpag :
I'mppomereonsnar, 1986. — 317 c.

Ceermunkuii, B. A. Cratuctuueckas MeXaHWKa W TEOpUsS HAACKHOCTH
[Texcr] / B. A. CBermunkmit. — MockBa : Uzn-Bo MI'TY um. U. D.
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137.
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139.

140.
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baymana, 2002. — 504 c.

CemuBanoB, I'. T'. IIporHo3upoBaHue AUCIEPCHOIO COCTaBa MbUIA B
aCIUpUPYEMOM BO3JIyX€ IMEPErpy30YHBIX Y3J0B CHIMYYUX MaTepuaioB
[Tekct] / I'. T'. CenuBanoB, A. A. IlankoB, H. I'. A6pamkun // Beecoros.
Hayd. KoH(}. “OuucTka BEHTWISIMOHHBIX BBIOPOCOB U  3aluTa
BO3AYIIHOrO OacceiiHa OT 3arpsizHeHust”. — PocroB-na-J/lony, 1977. — C.
212-213.

Crapk, C. b. I'a3oouncTHbBIE annapata ¥ YCTAHOBKUA B METAJLUTyprU4eCcKOM
npousBojactse [Tekct] / C. b. Ctapk. — 2-e u3j. nepepad. u gomn. — MockBa
: Metamnyprus, 1990. — 396 c. : u.

Crpayc, B. Ilpowmsbinuiennas ouuctka razoB [Tekcr] / B. Crpayc. —
Mocksa, 1981. — 616 c.

CrpaxoBa, H. A. BbiOOp MH)XEHEpPHBIX pPELICHUI MO 3alIUTe BO3AyXa
MIPOU3BOACTBEHHBIX OMEILIEHUIA U MPU3EMHOro ciosi armochepsl [TekcT]
/ H. A. CtpaxoBa. — Poctos-Ha-Jlony : PoctoB. roc. ctpout. yu-1, 1997. —
131 c.

Tabmuipbl TIaHOB JKCIepUMeHTa sl (PAaKTOPHBIX W TOJTMHOMHATBHBIX
moxeneit [Tekcr] : cripaB. mocodue / mox pea. B. B. Haimmmosa. — MockBa
: Metamnyprus, 1982, — 750 c.

Tamues, B. H. JIBwxeHue BO31yxXa B OrPaHUYEHHOM MPOCTPAHCTBE

[Texct] / B. H. Tanues // BomocnabxeHnue u canuTapHast Texauka. — 1966.
—Ne 5.-C. 19-22.

Teprterunsiii-Jaypu, B. FO. Croxactuueckas mexanuka [Texcr] / B. IO.
Tepterunbiii-laypu. — Mocksa : U3a-Bo «@Paktopuan-IIpece», 2001. —
464 c.

Tuxonos, B. 1. Mapkosckue npoueccsl [Tekcer] / B. Y. Tuxonos, M. A.
Muponos. — Mocksa : CoB. paauo, 1977. — 488 c.

Yopk, K. 3arpsasaenne Bo3ayxa. MctouHnku u koHTpoJib [Teker] : mep. ¢
anrn. / K. Yopk, C. Yopaep. — Mocksa : Mup, 1980. — 539 c.

®unHH, /[. BBeneHne B Teopuio MmaHupoBaHus 3kcnepumenta [Tekcr] :
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nep. ¢ aurn. / JI. ®unnn ; mox pex. 0. B. Jlunauka. — Mocksa : Hayka,
1970. - 287. - c. : un.

dyke, H. A. Mexanuka aspo3zoneit [Tekct] / H. A. dykc. — Mocksa : U3x-
Bo AH CCCP, 1955. -351 c.

Xaptmad, K. IlnanupoBaHue 3KCIIEPUMEHTOB B  HCCIEIOBAaHUM
TexHosornyeckux mporeccoB [Tekcr] / K. Xaptman [u 1p.]. - Mocksa :
Mup, 1977. - 552 c.

Yepuun, A. b. K Bonpocy oOpa3zoBaHus TeMIepaTypHBIX 30H B TOPSYHUX

uexax [Tekct] / A. b. Uepnun // BomocHa0OkeHne U caHUTapHAasl TEXHUKA.
—1963. — Ne 10. — C. 10-12.

enk, X. Teopust unxeHepHoro skcnepumenta [Teker]| / X. Ilenk. —
Mocksa : Mup, 1972. — 381 c.

[llenene, M. A. AspoaumHamuka BO3IYIIHBIX MOTOKOB B MOMEIICHUU
[Tekct] / U. A. llleneneB. — Mockga : Ctpoituzaart, 1978. — 145 c.

ypranbckuii, J. @. MccnenoBanre 1 METOAMKA pacyeTa anmnapaTtoB CO
BCTPEUYHBIMH 3aKpyueHHbIMU oTOKamu [Tekcr] / D. ®. lypransckwuii, B.
JI. KonenkoB, H. X. EnukeeB // Bcecoro3. Hayy.-T€XH. CEMHHAp
«YHuukanmuss W TEPCHEKTUBBI pa3padOTKM W OCBOCHHS CYXHX

IBUICYJIOBUTEIICH-IIMKIOHOBY. — MockBa, 1986.

[ypranscknii, 9. @. O cemapauuy 4YacTULl B  BHUXPEBBIX
nbUIeyaBauBaromux anmaparax [Tekcr] / O. @. Illypramsckuii.,, H. X.
Enukees // [Ilpomeccsl u ammapaTel IS MHUKPOOMOJOTUYECKHUX

npou3BoJcTB «bunorexnuka — 86». — I'po3nbii, 1986.

Allen T. Particle Size Measurement [Text] / T. Allen. — London, 2001. —
454 p.

Mermann H., Fragen zur Lu ftung und Klimatisierung in
Industriebetrieben [Text] / H. Mermann // Warme—Technik. — 1962 — N
10.
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151. National Fire Protection Association (NFPA) [Text] / Standard Nos. 68,
69, 91, 654/

152. Room air distribution [Text] // Air condition, Heat and Ventilat. — 1960. —
Vol. 57, N 11. — P. 69-85.

153. Soo, S. L. Fluid Dynamics of Multi-Phase Systems [Text] / S. L. Soo //
A.J.ch. E Conference, Dallas, Texas, 1967. — P. 35.
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IIpunoxenne A AKTbI BHEAPEHUS H CIPABKH

; 5: OTKPBITOE AKHI/IOHEPHOE OBIIECTBO

" «[MPOMCTPOUKOHCTPYKLIHS»

54 r. Boarorpax 400080, y1. 40 aer BJKCM 76 ‘R 49-37-62 R 40-27-17, 40-27-27
p/euer Ne40702810210300000023 kop/cuer Ne30101810300000000999 dusman OAO
Bank BTB B r.Pocrose-na-/lony , BUK 046015999 VIHH 3448009820 KIITI 344801001

OKIIO 22362962 OKB/I 26.61

P Q
r/ - W
ST T2

A\

mtp://WWW.PSK-GBK.RU e-mail: PSK-FEO@MAIL.RU [ Ceprudiposatio J

Pycckim Peructpom

AKT
0 BHE/IPCHHH pe3yjabTaToB HCCJIeI0BAHUI

Komuccus B cocrase:

[Ipencenarens komuccun: IN'ymmn K.H. — I'naBnbiit nmkesep
Unensl komuccun: Mronuna JI.51. — I'1aBHBIH TEXHOJIOT;

Tiomenesa E.B. — MnxkeHep no oxpaHe OKpykatomen cpe/ibl
COCTaBMJIa HACTOSIIMH aKT O TOM, UTO pe3yJIbTaThl quccepTalHoHHoi paboTsl Ctapuesoit Omun

BnanumupoBuel Ha Temy «MccnemoBaHue mbuieBoro (aktopa BpEIHOrO BO3EHCTBUS Ha
pabOTHHKOB B OETOHOCMECHTEILHOM OT/ENCHHH TPOH3BOACTB KeJIC300€TOHHBIX H3IEIHIY
ucnosibzoBabl OAO «IIpoMcTpOHKOHCTPYKITHS» B 6€TOHOCMECHTEILHOM OTACICHHHU:

l. 1pHM peKOHCTPYKLMH CHCTEMBI MOJIa9HM CHITYYHX MaTepHaIoB B GETOHOCMECHTENIBHOM
OT/ICJICHHH HCIIOIb30BaHBI 'peKomeHuauml [0 CHHJKEHHUIO 3albUIEHHOCTH BO3jyXa
paboueii 30Hbl B OETOHOCMECHTEIILHOM OT/IEICHUH

2. npu pa3paborke npoekra [1/IB m1s 6eTOHOCMECHTETFHOIO OTACICHHS HCIIOJb30BaHbI
PEKOMEHIAaIMK TI0 PacyeTy KOHIEHTPAIMH MEJIKOMUCIIEPCHOH NbLUIH (B TOM YHCIIE

PMp u PM; 5) B 66 TOHOCMECHTEILHOM OTHEICHHH.

IIpeacenaress KOMHCCHU:

" 1aBHBIA WHXKEHED ///%/’/ ["yumn K.H.

(A0mKHOCTS) '/(nu,mm:b) (Damuamna L.O.)
YieHbl KOMHCCHH: '

I'naBHbIi TEXHOJIOT Hionuna JI.5.

(JI0MKHOCTS) AITHCH (Damuans U1.O.)
HHxeHep no oxpane okpysKarouiei cpe/ibl : : é’(j;{ Tiomenesa E.B.

(JIOMKHOCTD) (no; IﬂMCb) (Dammaua H.O.)
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OTKPBITOE AK[[PIOHEPHOE OBHIECTBO

«HPOMCTPOI/IKOHCTPYKHI/I}I»

>4 r. Boarorpaa 400080, y.i. 40 aer BJKCM 76 ‘& 49-37-62 & ¢ 40-27-17, 40-27-27
p/euer Ned40702810210300000023 xop/cuer Ne30101810300000000999 ®uinaa OAO
Baunk BTB B r.Pocrose-na-/lony , BUK 046015999 WHH 3448009820 KIIIT 344801001

OKIIO 22362962 OKBD/I 26.61

Lhttp://W WW.PSK-GBK.RU e-mail: PSK-FEO@MAIL.RU CepruHunposatio

Pycckum Pernctpom

AKT nepegaqn

Hacrosinmmii akT cocrasieH B ToM, 4to Paspaboruuk, B ymue FO0.B. Crapuesoii, H.M.
Ceprunoii, 10.A, Crapuesa mnepemamu, .a Iloms3oBatens, B Jmne 00O
«ITpoMCTPOHKOHCTPYKIIHS), TIPHHSIT CIEAYIONIHE MaTepHAaIbI:

- pe3ysbTaThl Hccle0BaHus 000py/10BaHHS OETOHOCMECHTEIBHOTO OTACICHUS KaK
HUCTOYHHKA IMBLICBIJICICHUN;

- pe3ynbTarbl  TEOPETHYECKOr0 H  JKCIEPHMEHTAJIBHOIO  HMCCIE/1I0BaHHS
3allbUIEHHOCTH (B TOM YHCIIe MEJIKOAUCIIEpPCHOM 1bUTbI0 PMjo 1 PM>5) Bo Bcex pabouux 30HzX
OETOHOCMECHTEILHOIO OT/IEIICHHUS; :

- PCEKOMEHJAIMH 10 CHHXXCHHKO 3allbUICHHOCTH BO31yXa pa6oqeﬁ 30HbLI B

OETOHOCMECHTEIEHOM OT/IEJICHHH.

Toponkos IL.M.
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SKOTQXMOHmé'anr 000 “Accounauuns IKOTeXMOHUTOPUHT”

tOpuanseckuin appec: 400 087, r. Bonrorpaa, yn. Hosopoccuiickas, 10 OrPH 1023403452731
p/c 40702810311280100177 Bonrorpaackoe OCB Ne8621 r.Bonrorpag WHH 3444057420
BUK 041806647 k/c 30101810100000000647 KIr 344401001

Ten./daxc: (8442) 37-97-01, 37-82-15
Email: ecomonitoring@list.ru

AKT nepejayu

Hacrosnmii akT cocrasien B ToM, uto Paspabotuuk, B nuie acnupanta 10.B.
CrapueBoit, mepenan, a OO0  «Accoumanus  DKOTEXMOHHTOPHHI»
(ITons3oBarens), B yuue I'enepansHoro aupekropa A.C. JlykbsiHCKOBa, NpHHSII
«PexoMeHaluu 10 pacyeTy KOHIEHTpAlMKM MEeJIKOJUCIIEPCHOH NbUIH (B TOM
gyucie PMy, u PM,s) B 6€TOHOCMECHUTEIBHOM OT/CJICHUN» Ul UCIOJIL30BAHUS
NPy pacyeTrax KOHIEHTPALWH TIbUIM B IPOU3BOJACTBEHHBIX IMOMEMICHUSIX C

MHOT'OAPYCHBIMH TEXHOJIOr'MYECKUMHU ILIOIIAAKAMH.

Pazpaborunk Crapuesa 10.B.
[Tons3oBarens : I 'eHepainbHbIA TUPEKTOP
/ «Accoxmamm OKOTeXMOHUTOPUHI»

JlykssinckoB A.C.
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Ipuiaoxenne b IlaTeHTbl

POCCHMCKAR GREIMEPAIIFMA

B B KRB BR X X% B KX B

HA U3OBPETEHHE

Ne 2416651

YCTAHOBKA /U151 YJIABJIMBAHUSI U OYUCTKH
I'A30BbIX BLIBPOCOB OT TEXHOJIOTHYECKOT' O
OBOPY/1OBAHUA

[Matenroobnanarens(an): Q0ugecmeo ¢ ocpaHudeHHON
omeemcmeennocmoio "TIpoekmuo-mexuonozuieckoe 610po
HPOCKMHO-CMPOUMeI1bH020 00beOUHEHUA
Boncozpaozpancoancmpon” (RU)

Astop(bl): CM. Ha obopome

Basieka Ne 2009132227

Ipuoputer usobperenns 26 aBrycra 2009 r.
3apeructpuposano B [ocy/lapcTBeHHOM peecTpe
usobperennii Poceniickoit Depepain 20 anpens 2011 2.

Cpox neifctsus natenta ucrekaer 26 aBryera 2029 r.

Pyxosodumenv Dedepanvioil caymcdvl no unmeirexmyaibnot
COBCMBEHNOCU, RAMEHMAM U MOBAPHBIM HAKAM

b.1I. Cumonos
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POCCHMCKA Sl ®EJJEPALIUA

(19) Ru(ll) 2 416 651(13) c1

(51) MIIK

C2IC 5/38 (2006.01)
F27B  3/10 (2006.01)
F27D 17/00 (2006.01)

DEJNEPAJIbBHAS CIIY)XXBA
10 UHTEJUIEKTYAJIBHOY COBCTBEHHOCTH,
ITATEHTAM U TOBAPHBIM 3HAKAM

(12) QOPMYJIA U30BPETEHUS K ITATEHTY POCCUMCKOM ®EJEPALIMHA

(21)(22) 3asska: 2009132227/02, 26.08.2009 (72) ABTOp(BI):
Temuenko Banepuit Usanosuu (RU),
Kopotkos Esrenuit Anexcannposud (RU),

I'paues Bnagumup Anexcaugposud (RU),
A3zapos Banepuit Huxonaesuu (RU),

(24) Jdara Hauana oTcYeTa CPOK4 JIEACTBUS MATEHTA:
26.08.2009

[TpuopuTeT(bl):

(22) Jdara noaauu 3assku: 26.08.2009 + Tyrenes Buamnmp Bnammvmposd (RU),
Cepruna Hatamms Muxainossa (RU),
(45) Onyonuxosano: 20.04.2011 Bron. Ne 11 Axrupesnd ApreM MBanosuu (RU),

Kopa6mna KOs Bnagumupossa (RU)
(56) Cniucox JAOKYMEHTOB, UHTHPOBAHHBIX B OTHETE O

noucke: RU 2282667 C1, 27.08.2006. RU 96117662 A, (73) INatentoobnanarennb(u):

20.11.1998. SU 1691398 A1, 15.11.1991. US O61mecTBO ¢ OrpaHUYEHHOU
4253644 A, 03.03.1981. US 4294432 A, OTBETCTBEHHOCTHIO "IIpoexTHO-
13.10.1981. TEXHOJIOTHYeCcKoe 6I0pO MPOEKTHO-

CTPOHTEJILHOTO o6BbeTuHEeHUS

Alpec 1715 TeperucKu: BonrorpaarpakaascTpo” (RU)

400131, r.Bonrorpan, yi. Jlonenxas, 16, o.531,
OO0O "IITH IICO BonrorpaarpaxaascTpo#”

(54) YCTAHOBKA )1 VIIABJIMBAHHWS U OYUCTKHU 'A30BBIX BEIBPOCOB OT
TEXHOJIOTUYECKOI'O OBOPYIIOBAHU A

(57) ®opmyia n3oOpeTeHUs
YcTaHOBKA JUIs YIABIMBAHUS M OYMCTKH Fa30BbIX BIOPOCOB, cojeprKalias
PACMOI0KEHHBIA HAl TEXHOJIOTHYECKHM 000PY/10BAHUEM 30HT € KAHATHBIM ITIPUBOIOM,
COOOLISHHBIN ¢ 3aKPerJIeHHbIM Ha 1MOAKPAaHOBOM OaJIKe ra30X0/10M, pYKaBHbIA QUILTP U
BEHTWISATOP. OTJIMYAIOIIASCS TEM, YTO 30HT BBINOJIHEH MOBOPOTHBIM U YCTAHOBJIEH HA
POIMKAX HA TOPU30HTAIBHO PACIIOI0KEHHOM MEPEXOIHOM YYACTKE, BBINOJIHEHHOM B BH/IE
oTpe3ka TpyObl, MMEIOILICH 110 KpaiHeld Mepe O/IMH ITPOAOJIbHBIN 11a3, OAMH KOHEL KOTOPO#H
3ATIVIICH, a APYTrOf COG/IMHEH C Ia30X010M, IPHYEM JIUAMETP MEPEeX0HOI0 YUacTKa
D0:1bIIe THaMEeTpa ra3oxo/id., MpH 3TOM LEHTP TSIKECTH 30HTA CMEILEH OT OCH MEPEX0/IHOr0
VHACTKA B CTOPOHY, MPOTHBOIOIOKHYIO CTOPOHE, HA KOTOPOW pa3MeLleH KaHATHbIN
NPHBO/1, OJMH KOHELl KaHaTa KOTOPOI o KECTKO 3aKPEIUIeH Ha 30HTE, 4 PYKaBHBIA QUILTP
COEPAMT KOPIYC C BXOIHBIM M BBIXOIHBIM NMaTpyOKaMH, pa3/ielieHHbIN HA KaMephI
3ArpPA3HEHHOI O W OYMILEHHOT O Ia3a, NbUieBoH OYHKep H QUIbTPOBAIbHbIE PyKaBa, BEepXHHE
OTKPbITbIE KOHLbI KOTOPBIX HEMOABHAHO 3aKPEI/ICHbI B KOPITyCe U COOOIIEHbI C KaMepon
OHMIICHHOI O I'd3a, @ HUAKHME 3aKPbIThIC KOHLUBI IPUKPEIIEHbl K METAUIHYeCKOM
nepdOpPHPOBAHHOM ITACTHHE, YCTAHOBISHHOMN MOJABU/KHO HAa NMPYKHUHAX B HUKHEH YaCTH
KaMmepbl 3arps3HEeHHOr0 rasa, MpHYeM MJIaCTHHA COSIMHEHA C pa3MeIleHHON CHapYXH
KOpnyca IUI0UAIKOA, Ha KOTOPO#H PAacnookeH BUOPATOP, N0 OCH (PUIIbTPOBAIIbHBIX
PVKaBOB pa3sMellIeHb! JIeKTPOMArHHTHbBIE KaTYIIKH, 4 B KaMepax 3arpsi3HEHHOT O U
Crpa 1

lS99LVve N

(30
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POCCHICHK A BEMEPAIFSA
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HA MMOJE3HYIO MOJIEJb

Ne 128657

HUCIHBITATEJBHAS MOJAEJb TPOMBIINJIEHHOI'O LHEXA

Harenroobnaparens(an): Obugecmeo ¢ ozpanuyenton
- omeemcmeennocmyio "TIpoekmuo-mexnonozuueckoe 610po
Bonzozpaoepascoancmponu” (RU)

Asrop(pt): €M. Ha obopome

Saseka No 2012121649

Ipuopurer nonesnoit monenn 23 mas 2012 r.
3apeructpuposano B ['0Cy1apCTBEHHOM PEeCTpe MOJIe3HbIX
mozeseit Pocentickoii Menepaunn 27 man 2013 2.

Cpok neiictsus natenta uerexaer 25 mas 2022 r.

Pykosodumens Dedeparvmoil caymdve
10 UHINEANEKMYANbHONR COBCMBENHOCTIN

B.11. Cumornos
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POCCHUCKAS ®EJIEPALLAS

P RU" 128 657" U1

(51) MIIK
E2IF 1/02 (2006.01)
EO4H 502 (2006.01)

DEJEPAILHA S CITVIKBA
10 UHTEJJIEKTYAJIbHOM COBCTBEHHOCTH

(12 TUTYJIBHBIN JIUCT ONMCAHMS IIOJIE3HOM MOJIEJIU K ITATEHTY

(21)(22) 3aseka: 2012121649/03, 25.05.2012 (72) Asrop(sl):

A3zapos Buxtop Hukonaesny (RU),
I'apabopmesa Tamapa Bumbynatosna (RU),
Ha6okosa Hatanes AnatonsesHa (RU),
Asapos Aptem BukToposuu (RU),
Crapuesa FOmis Bnagumuposna (RU)

(24) laTa Ha4ana OTCYETA CPOKA JeHCTRHA NaTeHTa:
25.05.2012

[Tpuopurer(si):
(22) Hata nogauu sasexu: 25.05.2012

(45) Onybnukopano: 27.05.2013 Bron. Ne 15 (73) HarenToobranatens(u):
ObmecTBO € OrpaHHYEHHOIA
Ajpec U8 NIEPenucKH: OTBETCTBEHHOCTEIO "[IpoeKTHO-
400131, Bonrorpaackas obn., r.Bonrorpan, yn. TeXHOJIOTH4ecKoe Gopo
Honeukas, 16, 0d.511, 000 "IITH Bonrorpaarpaxnanctpoit” (RU)
Bonrorpaarpaxzascrpoit”

(54) UCIIBITATEJIbHA A MOJEJIb MPOMBIIIJIEHHOI'O ITEXA

(57) @opmyia MoJIe3HOn MOIEIn

HcneiTaTensHas MoJIelb MPOMBILLIEHHOIO LEXa, COAepKallad 3aMKHYTHIH 0OBEMHBIN
KOPpITyC, B KOTOPOM, 110 KpaiiHel Mepe, 0/1Ha CTeHA BBIITOJIHEHA W3 IPO3PavHOro MaTepHaa,
HAITPHMEDP H3 OPraHHYECKOro CTEKIIAa, HCTOYHHK JJICKTPHYECKOTI O TOKd, HCTOYHHMK Terra U
CHCTCMY BCHTHJIALUWH, OTIHYAKIIAACA TEM, YTO B Ka4eCTBE HCTOYHHMKOB TEIU1a
HCIIOJIL30BAHBI JIBA TEIUIOBEHTHIATOPA, KOTOPBIE MOIKIIIOUYEHbI K HCTOYHHKY
YIEKTPHHECKOI'O TOKA W PACTIONOMKEHEBI B KOPIYCE OIHH Ha IMOJy, a ﬂ,p}'I'OITI HA OAHOH U3
[MOJIOK, KOTOPbIE UMEIOT BO3MOXKHOCTE YCTAHOBKH Ha OOKOBBIX CTEHKAX BHYTPH KOpIycd Ha
PasNMYHBIX YPOBHSX, K TEIUIOBEHTHIATOPAM IPUKPEIIEHbl HCTOYHHUKH TIBUIH, BHYTPH
KOPITYCa Ha I10JIY U ITOTOJIKE YCTAHOBIIEHEI IIBE }fﬂpraCbHOHCTOBLIE JaMIIbI, KOTOPBIC
NMOAKIKYEHBl K HCTOMHHKY JIEKTPUYECKOI0 TOKA, K KOTOPOMY ITOAKIIIOHMCHA BO3AYXOIYBKA
CHCTEMBI BEHTWIIALNH, TPHTOYHBIE BO3/IYXOBO/IbI KOTOPOH BBE/JIEHBI BHYTPb KOPITYCa,
BBEIITOJIHEHEI HEp@DpHpOBaHHHMH HC muﬁepamu Ha KOHIAX H HMCHT BO3MOXKHOCTE
YCTAHOBKH Ha OOKOBBIX CTEHKax Kopnyca Ha pas/IMYHBIX YPOBHHX, B IIOTOJIKE KOPIIyCca
VCTAHOBJIEHB! [1BE BLITSHKKH JUTIS YIATIeHHAS UCIIOJIB30BAHHOTO H3JIMIIHET O BO3IYXA.

Crp.: 1
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CHCTEMA ACIITMPAIIUH

HMarenroohaagarens(m): Oﬁuqecmsa C 0ZPAHUYEHHOU
omeemcmeennocmoio "TIpoekmno-mexnonozuweckoe dropo

Boazoepaozpancoancmpoi” (RU)

R R R R R e R R R R R

AsTop(pi): CM. Ha obopome

3aanka Ne 2013106749

Ipuopurer nonesnoi mogean 18 despans 2013 r.
Japernctpupopano B locyapeTREHHOM PEeCTPE NoIeaux
soneaeit Pocenitcxoli enepawm 17 woas 2014 2.

Cpok aeficteua narenta neresaer 18 despana 2023 r.

Pryxosodumens Dedeparvnoi cayien

110 EHMETTERTNYAIBHOL COOCMBEHROCTIN
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POCCHHMCKAS OEJEPALIMSA (19) (i1 e o
(51) MITK

BOID  s0000 (2006:01)

BiHC 900 (2006.01)

BOSE 1300 (200601)

DENEPATBHAS CIVAKEA

MO HHTEAIEKTYAITBHOA COBCTBEHHOCTH

(12) THTYJILHHﬁ JIACT OTIMCAHU A IMOJIE3HOWU MOJIEJIU K TTIATEHTY

(210(22) 3awnwa:  2013106749/05, 18.02.2013 {72} Amioplei):
Cepruna Hatanea Muxadinopna (RU),
Cemenosa Enena Aratonsesna (RU),

{241 ,[LH.'I'H. HAYHL OTEHETE CpOKa ACACTBHA EToRTH!

18.02.2013 Crapuena Fmmg BnagaMuporna (RU),
Mpropirer(s); Asapon lewnc Banepsesua (RU),
(22} Hara nogaqw sasexs: 18.02.2013 Asapos Aprem Brktoporirs (RU),
[ Mubaxos Bragmuup Apragsesng (RU),
{45) Onybaukosano: 20.08.2014 B Ne 23 1 [Monomapesa Hatanes Cepreesna (RU),

boposkos dmurpuit asnoswq (RU},
Hlynera Ceprefi Bragamuporra (RU),
Huxonenxo Makcum Anexcannposud (RU),
JlappenTresa JToboss Muxafinosa (RU)

AJpes U NEPEnHckn:
400074, r. Bonrorpaa, yn. Bappuxagras, 1, 000
“IITE BoarorpaarpasaqcTpoi”

{73) MaTenToobaanaTens(u):
ObmecTBO ¢ OrpAHMYCHHOM OTRETCTREHHOCTLIO
"[IpoekTHo-TexHONOrHYecKoe Bropo
Bonrorpanrpaxnascrpoit” (RU)

i54) CHCTEMA ACTIMPAITHH

(57) PopsMyaa NONSIHOA MOIETH

CHeTema acmMpanmy, cofepkalllas MECTHBIA ACTHPAUHOHHBI OTCOC 0T TEXHOIOTHYECKOTO
0DOPYIOBAHUA, NBUIEYIARTHBAIOIIEE YCTPOACTBO B BHIE ABYX - MEPBOTO H BTOPOTO
HHEPUHOHHBIX BHXPEBLIX MLIICYIOBHTEIECH, BEHTHARTOP M TKAHEBEIN (PHIBTP.,

OTaMYa0Iascs TeM, 4T0 OHA JTONMONHHTEIEHO COTEPRNT NEPBLIA H BTOPOit
PACKPYUMBATEIN [IOTOKA, YVCTAHOBICHHBIC HA BEPXHMX BRIXOIAX TIBUICYIOBUTENCH,
PA3IeTHTETB-KOHUEHTPATOD, BXO KOTOPOI0 Hepe3 BEHTHISTOP NOAKITHYEH K BEIX01Y
BTOPOrO PACKPYYMBATENS NOTOKA, M Er0 BLIXO/ Y4ePe3 10N0JIHMTENLHEIE PEryIHPOBOYHBIE
FACIOHKH NOKTIOUEH COOTBETCTBEHHO K BEPXHEMY BXOIY MEPBOTO BUXPEBOTO HHEPUMOHHOTO
NBLIEYIOBHTENS M K HHAKHHM BBOJAM [IEPBOLO M BTOPOrO NLLIEYIOBHTENEH, IIPH 3TOM BEIXO]
AEPBOrO PACKPYUMBATENS NNOTOKA NOIKTIOUEH K BEPXHEMY BBOY BTOPOTrO MLUIEYIORHTEN],
BRIXOJ1 BEHTWIATOPA MOIKIIOUCH YEPe3 TKAHEBLIA (DHILTP M I0NOTHHTEIBHYIO PErYIAMPYIOUIVIO
FACNOHKY K BOYIYXOBOIY /U1 BHIXOA OYMILIEHHOIO BO31YXa B atMocdepy.
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