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OBHIAS XAPAKTEPUCTUKA PABOTbBI
AKTyaJIbHOCTH NPo0JeMbl. B rpymne npou3BoACTBEHHBIX MOMEIIEHUHN, KOTOPbIE

OTJIMYAIOTCS CJIOKHOCTBIO PA3MEILEHUSI TEXHOJOTMYECKOr0 O00O0pYyIOBaHUs, MOXHO
BBIJICJIUTh 1I€Xa C PAacCIOJ0XEHUEM TEXHOJOTMYECKUX IUIOMIAJ0K Ha Pa3IM4YHBIX
BBICOTHBIX OTMETKax. [Ipu oOCylIecTBIEHHMM TEXHOJOTMYECKOTrO IMpoIecca B IeXax
JaHHOTO BHUAA (IpOOJICHHHM, W3MEJIbYEHUH, HWCTHUPAHUM H T.J.), a TaKkKe
TPAHCIIOPTUPOBKE CHIPbSI 1 MAaTEPUAJIOB, B BO3AYX paboueil 30HbI BBIICIISICTCS OO0JIBIIIOE
KOJIMYECTBO MbUIN, B TOM YHCII€ MEIKoaucIiepcHor. OneHKa U IporHo3 3anblJIEHHOCTH
BO3ayxa paboyell 30HBI Ha pabouyMx MecTax 3aTpydHEH, BBHAY IepeTeKaHUs
MBLJIEBO3IYIITHBIX MACC MEXAY TEXHOJOTHYECKUMH TUIOIIAIKAMH, TTIOATOMY UMEIOLIIUECS
pelieHus mno 00ecneyeHro TpeOyeMbIX CAaHUTAPHO-TUTUEHUYECKUX YCJIOBUHM TpyJlia HE
3¢ HEeKTUBHBI

Takum 00pa3om, TPUMEHSIEMBbIE MPOCKTHHIE PEIIECHUS HE YUYUTHIBAIOT B TOJIHOM
Mepe pacnpoCTpaHEHUE MbLIK, BKIIIOYash Meakoaucnepcuyo PMio u PMy s, no o0bemy
MIPOU3BOJICTBEHHBIX ~ TMOMEIICHHM  MOJ00HOW  KOHCTpykKIuu.  ClieioBaTelbHO,
aKTyaJbHBIMU U BOXXHBIMU MPEJICTABIISIIOTCS UCCIEA0BAHNS, HAlIEJICHHBIE HAa Pa3padO0TKy
HaydYHO OOOCHOBAaHHBIX METOJIOB OILICHKH M HOPMHPOBAHHUS BPEIHOTO IIBIJICBOTO
(hakTOpa MOCPEJICTBOM COBEPIICHCTBOBAHUSI MECTOPACIIONIONKEHUEM O0OpYI0BaHMUS, B
OCOOCHHOCTH, Ha MPEANPUATUSIX 3aHITHIX B CTPOUTEIBHON HHIYCTPUU 11O MPOU3BOACTBY
JKeIe300€TOHHBIX U3/ISTUI, IIEMEHTA, TUIICA B IPYTUX BSKYIIHX.

PaGora BbITIONHSIACE B COOTBETCTBUM C TEMAaTHUUYECKMM IUJIJAaHOM Hay4dHO-
uccienoparensckux padbor DPI'BOY BO Bosarorpaackoro rocyaapcTBEHHOTO
TEXHUYECKOTO YHUBEPCUTETA.

Crenenb pa3padloTaHHOCTH TEMbI

Bonpocamu  pacnpocTpaHeHusi — BO3AYIIHOMBUIEBBIX MacC B I€XaX C
NBUIEBBIICIICHUAMM 3aHuManuch yuenole, B.H. AszapoB, B.M. becnanos, E.HN.
borycnasckuii, M.!. I'pumutinun, A.M. I'pumutiiun, A.U. Epemkun, B.I1. )Kypasnes,
M.I1. Kanunymkus, .B. Konres, I1.A. Koy3os, 1.H. Jloraues, K.W. Jloraues, H.B.
MenzenmunueBa, B.A. Munko, H.H. Hazapos, B.B. Heilinun, O.J/I. HeiikoB, B.H
[Tocoxun, H.M. Cepruna, H.A. CrpaxoBa, B.®. Cunopenko, E.A. Illtokman, B.M.



DnpTepMaH, U MHOTHE JIpyTHE.

Onnako mpeasiaraeMble Pa3IUYHBIMU HCCIEIOBATEIAMU U MPOEKTUPOBIIUKAMHU
TEXHUUYECKHE peIIeHUs B II€XaX JIaHHOTO THUIa TPeOyIOT ajanTalldd M 3a4acTyi0 He
MOTYT OBITh TPUMEHEHBI W3-32 APXUTEKTYPHO-TUIAHUPOBOYHBIX OCOOEHHOCTEH
MIOMEIICHUN U TIEPETEKAHUS TTBIJIEBO3AYIIHBIX IOTOKOB MEXY dTaKaMH.

Heap paboThl. YiyullleHHE KauyecTBa BO3JyXa Ha pabodyux MecTax B IleXaX C
pacCIloOKEHUEM pPabOYMX 30H Ha PaA3IMYHBIX IUIOMIAJKAX IyTEM CHUXEHUS
KOHIICHTPAIIMU TBUIA, B TOM YHCJIe MenKoaucnepcHoit PMig u PMys, B paboueii 30He.
Ha ocHoBanuu BeIOpaHHOM 11€511 ObUTH COPMYIUPOBAHBI CIAEAYIONTUE 3a1aUn:

- IPOBEACHUE KOMILJIEKCA HAaTYPHBIX UCCIEAOBAaHUN MBUIEBOTO (DAKTOpa B BO3IyXE
pabodeil 30HBI B OETOHOCMECHUTEIBHOM OTJICJICHUH, B TOM YHCJIE: HHTEHCHBHOCTH
MbIJICOCENAHUS U OIICHKM MOIIHOCTH NBUICBBIJCICHUM OT TEXHOJOTHYECKOIro
o0opy/ioBaHUS, KOHIIEHTpAllUU OOIIed M MEJIKOAUCIIEPCHOW TbUIM, JUCIIEPCHOTO
COCTaBa IBUIM, B BO3AYyXe paboueil 30HBI Ha KaXIO0W TEXHOJOTHMYECKOM ILIOIIAJIKE
0OE€TOHOCMECUTEIILHOTO OTACIIEHNS,

- TEOPETUUECKUE pacueTsl u AKCIIEPHUMEHTAJIbHBIC HCCJICIOBAHUS
a’POJIMHAMUYECKUX  XapaKTePUCTUK  YaCTHUII TBLIH, BLIOMBAIOLICHCS W3
TEXHOJIOTUYECKOro 00OpYyJ0BaHUSI B BO3AyX paboueil 30HBI B OETOHOCMECHUTEIHLHOM
OTJICJICHH U,

- TPOBEJCHUE SKCIEPUMEHTAIBHBIX HMCCIENOBAHUM ISl aHAIM3Aa MEXKITAKHOTO
NepeTeKaHus MbLIK ¢ LEJbI0 M3YUCHHS BIMSHUS HA MBUICBYI0 0OCTAaHOBKY B paboumx
30HaX OpraHU3alMK BO3TyXO00OMEHA;

- pa3paboTkKa TEOPETHUECKON CXEMbI pacueTa KOHIEHTPAllUU MBLIM B BO3IyXE
pabouyux 30H C yU4ETOM MEPETEKAHUS MBUTH MEXIY TEXHOJOTUYECKUMH TUIOMAIKAMUA 1
opraHuzalen Bo3ayxoo0OMeHa;

- pa3paboTKa W BBIOOpP MEPONPHUATHI MO CHUKCHHUIO 3albUICHHOCTH BO3yXa
paboueii 30HbI B 0ETOHOCMECUTEILHOM OT/ICIICHUH.

OcHoBHasi ujes1i padboThl COCTOUT B: CHUKEHUU 3aNbUICHHOCTH BO3/yXa padodeit
30HBI B OETOHOCMECHUTENBHBIX II€XaX ITyTeM YCOBEPIICHCTBOBAHUS METOOJIOTHI

IMPOTHO3UPOBAHUA KOHIOCHTPAIWH IIbLJIXM B BO3JYyXC pa601mX 30H.
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Hayuynasi HoBU3HA padoThI COCTOHUT B TOM, YTO:

- Ha OCHOBaHWUU TEOPETUYECKUX M DKCIECPUMEHTAIBHBIX HCCIICIOBAHUN
NpEeJIOKeHa pacyeTHass MOJENb [EepeTeKaHusl MbUICBO3AYIIHBIX MacC MEXIy
TEXHOJIOTUUECKUMH  TUIOMIAKaMH, PACIONOKEHHBIMH Ha  Pa3HBIX  OTMETKax
XapaKTEPHBIX JIJIS psiia MPOU3BOJICTB, B TOM YKCIIE OETOHOCMECUTEIbHBIX OTACICHUSX;

- HA OCHOBAHUU KCIEPUMEHTAIBHBIX U TEOPETUUYECKUX HCCIICTOBAHUMN MOTYUYECHBI
adPOAMHAMUYCCKHE XAPAKTEPUCTHKU MU, BBIACISIONICHCS OT TEXHOJOTHYECKOTO
o0opynoBaHusi B  pabouyl0 30HY  KakJOW  TEXHOJOTMYECKOW  IUJIOIIAJKU
OETOHOCMECUTEIHLHOTO OTICIICHHUS: TIBLIb IIICOHS, IIEMEHTA, TTeCKa,

- TIOJIyY€HBI 3aBUCUMOCTH JJIsI ONPEICIICHUS JT0Je Macchl yacTull mbuim PMig u
PM; 5 BuTaroiei B Bo3yxe pabounx 30H U OCEBIIEH Ha TEXHOJIOTMYECKUX TUIOMIaIKaX
OE€TOHOCMECUTEIILHOTO OTACIICHUS,

- IOCTPOEHA MaTeMaTU4YeCcKas MOJIeJIb, TO3BOJISIONIAsl TPOTHO3UPOBATH MMAPAMETPHI
NbLIEBOTO (pakTopa Bo3ayxa pabouei 30HBI.

Teoperuyeckasi U MPaKTHYECKAsT 3HAYUMOCTb PadoOThI:

- TIOJIYY€HBI a’POJAMHAMHYECKUE XapPAaKTEPUCTUKU JJIA TBUIM B BO3AyXe pabouei
30HBI Ha KQXI0W TEXHOJOTUIECKOH TUIOIAKE B OETOHOCMECHUTEILHOM OTICIICHHH;

- TIOKa3aHO, YTO 3aKOH pACMpEEeNICHHs M0 JUaMeTpaM MacChl YacTHI] MbUIH B
BO3JyX€ pabOuMx 30H OCTOHOCMECHUTEIHHBIX OTACIICHUM TMOJYUHSIETCS yCEUCHHOMY
Jorapu(pMUYECKOMY 3aKOHY;

- TIoJTy4eHa UHTerpayibHas u quddepenHnnanbas QyHKIUs pacipenesieHnus MacChl
YJACTHI] TTBLIN IT0 CKOPOCTSIM OCEIaHUs JIJIS TTBUTH, BBIJICIISIONMICHCS N3 TEXHOJIOTHYECKOTO
000py10BaHUs B BO3yX paboueil 30HbI B OETOHOCMECUTEILHOM OT/EICHUU;

- TMPEJUIOKEHA pacdyeTHasi MOJIEb JJI OIEHKH MapaMeTpoB MbUIEBOTO dakTopa u
MOJIBMYKHOCTH BO3JyXa B pabouell 30HE B IleXaX ¢ MHOTOSPYCHBIM PacIOJIOKCHHEM
TEXHOJIOTUYECKHX TIJIOMIAIOK;

- TpeJIOKEHAa METOJIMKA pacyeTa XapaKTePUCTHUK BO3ayXa pabodeld 30HBI s
ATAXEPOYHBIX IIEXOB;

- TIOJNIy9€HBl JIaHHBIE [IJI1 OIEHKH JOJW 4YacTUI[ THUJIM, B TOM YHCIIC

MenkonucnepcHon PMiy u PMjs, B Bo3myxe pabouumx 30H M OCEBIIEH Ha
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TEXHOJIOTHYECKHX TJIOMAKaX OETOHOCMECUTEIHHOTO OTACICHHS;

- IPOBEJICHA aJalTalusl METOJMKHU IO OIEHKE TEXHOJIOTUYECKOro 000pYI0BaHUS
OETOHOCMECUTEIBHOTO OTICICHHS KaK HCTOYHUKA 3arpsi3HEHUs paboueii 30HbI;

- IPEJI0KEHBI MEPOIIPUAITHS IO YJIABJIMBAHUIO NMbUIA U CHHXKEHUIO 3AIBIIIEHHOCTH
BO3JlyXa paboueit 30Hbl B 0€TOHOCMECUTEIILHOM OT/IEJICHUHU.

MeToa0/10Tusl JUCCEPTALMOHHOIO MCCJIEIOBAHUA BKIIOYACT: AHAIUTHYECKOE
00001IeHNe W3BECTHBIX HAYYHBIX M TEXHUYECKUX PE3yJIbTaToB, (QU3NUYecKoe u
MaTeMaTU4YeCKoe  MOJICJIUPOBaHKE, J1A0OpaTOpHbIE  HUCCIENOBaHUS, O0OpabOTKY
AKCIIEPUMEHTAIIBHBIX JIAHHBIX, ONBITHO-MIPOMBIIILIEHHBIE UCCIICIOBAHUS.

IToJ10:keHUs1, BBIHOCUMbIE HA 3AILMUTY:

- TOJIO)KEHUE O PENPE3CHTATUBHOCTU PE3YyJIbTaTOB HATYPHBIX MCCICAOBAHUN
NBUIEBOTO (pakTopa 3arps3HEHUs] BO3ayxa paboueid 30HbI B OETOHOCMECUTEIIbHBIX
OTJICJICHUSIX TIPOU3BOJICTB KEJI€300€TOHHBIX U3/ICNINN, & UMEHHO: HHTEPBAJl U3MEHEHUS
3allbUIEHHOCTh BO3/lyXa, apaMeTpbl JUCIIEPCHOTO COCTaBa MbUIM, B TOM yucie PMio u
PM3 5, BBIIETSIOMICICS U3 TEXHOJIOTHYECKOT0 000PYI0BaHUS 1JI KaXK10M U3 TUIOIIAIOK,
HEOOXOJMMbIE KaK WCXOJHbIC JIAHHBIE TPU  MPOCKTUPOBAHUHM  BEHTHIIAIIUU
0ETOHOCMECUTEIBHBIX OTAEIICHHUI;

- pe3yJbTaTbl  TEOPETHUYECKMX M  JKCHEPUMEHTAJIBHBIX  HMCCICAOBAHUM
adPOAMHAMUYECKUX XAPAKTEPUCTUK IMbUIM, NOCTYNAKOIIEH U3 TEXHOJOTMYECKOTO
o0opynoBaHusi B padoOuyl0 30HY, B TOM UYHCIE€ pacueThl CKOPOCTEM ocedaHus C
MCIIOJIb30BaHMEM Kputepues JIdmenko u PeriHosbaca;

- OCHOBHBIE TIOJIOKEHMSI i1 pacyeTa 3aKOHOMEPHOCTEH TMEepETeKaHMs
MBUICBO3IYIITHBIX MACC MEX 1Y TEXHOJOTUUECKUMH TUIOIIAIKaM1 O TOHOCMECUTETHLHOTO
OTJIEJICHUS, TIOCTYNAIONUX U3 TEXHOJOTHIECKOTO 000PYI0BaHUS B pab0UyI0 30HY;

- MIOJIOKEHUE 00 aJIeKBATHOCTH MaTEeMaTUYECKON MOJICNIN JIJIs OLICHKHU IMapaMeTpOB
MBUIEBOTO (paKkTOpa BO3ayXxa pabounx 30H.

CreneHb [0CTOBEPHOCTH HAy4YHBIX IIOJIO)KEHHUM, BBIBOJIOB W PEKOMEHJIALIUI
000CHOBaHa NPUMEHEHHEM KJIACCUYECKUX TOJIOKEHHM TEOPEeTHUUECKOTO aHalu3a,
IJIAHUPOBAHUEM  HEOOXOoAuMOoro oObeMa JKCIIEPUMEHTOB, BBIIIOJTHCHHBIX HA

J]a60paTopH0171 YCTAHOBKE M IIOATBCPXKAAIOIINX YAOBJICTBOPHUTCIIBHYIO CXOJHUMOCTD



7
MOJIYYEHHBIX PE3YyJIbTaTOB UCCIEAOBAHUN C PE3YIbTaTaAMH IPYTUX aBTOPOB.

Anpobanus pe3yJbTaToB padoThl. OCHOBHBIE MMOJIOKEHUS U PE3YIbTaThl PAOOTHI
JOKJIQ/IbIBAIUCh M TOJYYWJIM OJIOOpEHHE HA: €XKErOJHBIX HAyYHO- MPAKTUYECKUX
KoHpepeHIuax mnpodeccopcko-npenogaBatenbckoro  cocrasa  OPI'BOY  BIIO
«Bourorpajickuii TOCy/1apCTBEHHBIM apXUTEKTYPHO-CTPOUTENLHBIN yHUBEpCUTET» (T.
Boarorpan, 2010-2017 r.r.), xoH]epeHIIMH MOJOJBIX HHXEHEPOB-IKOJIOTOB
«IIpoGaeMbl 0XpaHbl MPOU3BOJACTBEHHON U OKpY»Karomiel cpeanl», Bonrorpan, 2011 r.,
2012 1., 2014 1., 2016 T.; MEXIAYHApOAHON HAYYHO-TPAKTUYECKOW KOH(EpPEHIIUU
«HayuHble nccneoBaHus U UX MPaKTHYECKOe puMeHeHne. COBpeMEHHOE COCTOSIHUE U
iyt pazsutus 2011», Onecca 2011 1.

Iyonmukanuu. OCHOBHBIE pE3yJbTAaThl MCCIEHOBAHUW IO TEME JHCCEPTALIUU
onmyOnukoBaHbl B 11 pabotax, B TOM umcie B 4 cCTaTbsiX, ONMyOJUKOBAaHHBIX B
pPELEH3UPYEMBIX  HAYYHBIX JKypHajJax ¢ M3JaHusIX, pekoMmeHayembix BAK
Muno6puayku P®, u 3 narenrax PO.

Crpykrypa u 00bem padoThl. /(uccepranus COCTOUT U3 BBEACHUS, YETHIPEX TIIAB,
3aKJTFOYEHUS], CIHMCKA MCIOJIb30BAHHON JIUTEpaTyphl W TpuiokeHu. OOmmii o0bem
paboTel -148 cTrpanuiisl B ToM unciie: 113 — 0CHOBHOM TEKCT, coaepskamuii 21 TaOuIibt
Ha 28 crpanunax, 44 pucyHka Ha 52 cCTpaHUIE; CIHUCOK JUTepaTypsl u3 153
HaMMEHOBaHui Ha 18 cTpanunax, npuioxeHus Ha 9 crpaHunax.

OCHOBHOE COAEPXAHUE PABOTHI

Bo BBegeHum o00OCHOBaHa akKTyaJdbHOCTh TEMBI, CQOpPMYyIHpPOBaHA I1IEJhb
MCCJIEIOBAHMS U TTOCTABJICHBI 3a/1a4U AJI €€ JOCTUKEHUS, IPOAHATU3UPOBAHBI HAYUHAs
HOBHU3HA U MPAKTUYECKAsl 3HAUMMOCTb MCCIIEIOBAHUS, a TAKKE MPUBOJIATCA CBEACHUS O
MOJIOKEHUSIX, BBIHOCUMBIX Ha 3alIUTY.

IlepBas riiaBa mocBsleHa BOIPOCY MbUIEBOrO (hakTopa Kak BpeAHOro ¢akropa
BO3JICHCTBHUSI HAa OpPraHW3M paOOTHHUKA. AHAJIN3 TEOPETHUYECKUX U TPAKTUYCCKUX
WCCJICIOBAHUM PACTIPOCTPAHEHUSI TBUIM B OETOHOCMECHUTEIBHBIX I1eXaX IMOKa3aji, YTo
MOMEIICHUSM C TOJI0OHBIM (MHOTOSPYCHBIM) TJIAHUPOBOYHBIM PELICHUEM IMOCBSILIEHO
HeOOoJIbII0e KOIM4ecTBO padboT. HopMmupoBaHue nmapameTpoB Bo3ayxa paboueil 30HbI B

nexax JaHHOro Tula ABJEICTCA IIpaBUWJIbHAd  OpraHu3alisad BCHTHIIALIMK  KakK
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0011e00MEHHOM, TaK 1 JOKaNbHOW. HOpMaTUBBI cotep kaHus B3BEIICHHBIX BEIIECTB TSI
BO3MlyXa pa0ounMXx 30H MPEANPHUITHH CTPOHWHIYCTPUU YCTAaHOBJICHBI 0€3 ydeTa HuX
pasMmepa, B TO BpeMsl KaKk HOPMHUPOBAHUE MMEHHO MEJKUX (pakiuid MbUIH, a UMEHHO
PMip u PM;5, cuntaercss BO BceM MHpe Haubojee 1eaecooOpa3HbIM BCIEACTBUE HUX
pa3IMYHOrO JEWCTBUS HA OPraHU3M YEJIOBEKA W JJIUTEIBbHOCTH HAXOXKICHUS BO
B3BCILICHHOM COCTOSIHUM B BO3JyX€. Y CTAaHOBJICHWE JNAHHBIX HOPMATUBOB JJI YACTHI]
ONPENEICHHOrO0 pa3Mepa IO3BOJUT YETKO ONpPENeNsiTb MECTHble (DOHOBBIE
KOHILIEHTpaIlMU, MPEAbSIBIATh SICHbIE TpeOOBaHUA K NPEANPUATUSIM U TOJydaThb
JIOCTOBEPHYIO aHAJIMTUYECKYI0 HWHQPOpMAINIO, HEOOXOAUMYI0 i 3()PEKTUBHOTO
KOHTPOJIsl COOJIIO/ICHUSI YCTAaHOBJICHHBIX TPEOOBAHUIA.

Bropasi rmaBa nocpsiieHa TEOPETUUECKUM U SKCIEPUMEHTATIBHBIM UCCIEI0BAHUSIM
NBUIEBOM 00CTaHOBKM B OeToHOcMecuTeslbHOM oTaeneHuu. Ha mnpumepe OAO
«IIpoMCTPOUKOHCTPYKIUS» (PUCYHOK 1) mMyTeM HccleJOBaHuUs 3aIbUIIEHHOCTH BO3IyXa
paboueil 30HbI OBLIIM BBISABJICHBI 30HBI C MAKCUMAJIBHOM 3albLICHHOCTHIO aTMOCHhEphI
nomeneHus. Ha miomniagke nmepBoro sraxka mpoObl OTOUPATUCh B YEThIPEX TOYKAX, OJTHA
U3 KOTOPBIX ObLIa B3Ta B MECTE MOCTOSTHHOTO MTpeObIBaHus paO0THUKOB. KoHIIeHTpatus
TBUIA Ha PACCMATPUBAEMOM IIJIOMIAIKe HAXOAUTCS B iuanaszone ot 30 mr/m? 10 55 mr/m3,
Ha momangke BTOporo 3Taka mpoObl OBLTH B3SITHI TAKXKE B YETHIPEX TOYKAX, OJIHA U3
KOTOPBIX ObllIa B35iTa B MECTE MOCTOSIHHOTO TpeObIiBaHus paboTHUKOB. KoHIleHTpanus
TBUIA Ha PACCMATPUBAEMOM IIJIOMIAIKE HAXOAUTCS B Auanaszone ot 18 mr/m? 1o 82 mr/m3,
Ha muomanke TpeThero sTaxka 3amMepbl HE MPOBOJIUINCH BBUIY OTCYTCTBUS pabOUMX
MecT. Ha mommaake 4eTBepToro 3Taxka mpoObl OTOMPAIUCH B IIECTH TOUYKaX, MSATh U3
KOTOPBIX OBLIM B3SITHI B MECTaX MOCTOSHHOTO MpeObIBaHus pabOTHUKOB. KoHIIEHTpalus
NBUIA HA PacCMAaTPUBAEMOM ILIOIIAAKE HAXOMWTCA B AuanasoHe or 27 mr/m® mo 173
Mr/M°.

[Tonyuennslie pe3ynbTaThl MMOKAa3ald, YTO MAKCUMAJIbHOE 3HAYEHUE 3albLICHHOCTH
BOo3myxa mpesbimaeT 3HaueHue [IJIK Gombinie, vem B 25 pa3 u HaOIIOJaeTCs OHA B

HaJOYHKEPHOM OTJIEJICHUU.
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Pucynox 1 — Pa3pes 11exa 6eTOHOCMECUTENBEHOTO OTICTICHUS
C nennto pa3paboTku 3G (HEKTUBHBIX MEP 10 00pHOE C MOBHIIIEHHOMN 3aIBIIICHHOCTHIO
BO3/yxa paboueil 30HbI IKCIIEpUMEHTATLHBIM ITyTeM 1o meToauke E.W. borycnaBckoro
n B.H. A3zapoa omnpenensyiach BeJIWYMHA BBIACICHUS MbUIEBBIX 3arpsi3HEHUN OT
TEXHOJIOTHYeCKoro oobopyaoBanus. [IpoBeeHHOE HCClIeIOBaHUE TaK ke MOKa3aio, 4YTo
HauOOJBIIME TIOKa3aTeIM CPEAHEH TUIOTHOCTU TMbUICOCEAaHUsT TMPUIUINCh Ha
HaJ0yHKEPHOE OT/EJICHUE.
B xoe HaTypHBIX UCCIIEIOBAHUH BIUSHUSI OPTaHU3AIMN MTPUTOYHON BEHTWISILIUU
Ha KOHIIEHTPAIMIO TBUTM B BO3MyXe paboueit 30HBI, npoBeAeHHBIX HAa OAO «IIpom-
CTPOWKOHCTPYKITUS», OBLTN OMPEIEIICHbI TUANIa30HbI U3MEHEHUS KPATHOCTH BO3yX000-
ME€HA U YTJIOB HAKJIOHA BO3AyXOpacHpeAeauTeNe, TP KOTOPhIX 3HAYCHUSI KOHIICHTpa-
U TBUTK OBLTM MUHUMANBHBL. J[J1 pacdera Tpex APyrux BaXHbIX (PaKTOPOB, @ UMEHHO
pacxo/0B BO3/1yXa, 0AaBaeMOro Ha TEXHOJIOTHYECKHUE TUIOMAaKku: L1 — KOJIM4ecTBoO Mo-

JIaBa€MOro BO3/lyXa HA MEPBYIO TEXHOJNOTUYECKYIO IOmanKy, [M>/4]; Ly — konuuecTBo
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II0ABAEMOr0 BO3/yXa Ha BTOPYIO TEXHOJIOTMYECKYIO IIomanxy, [m3/4]; Ly — xomuue-
CTBO II0JABAEMOI0 BO3yXa HA YETBEPTYIO TEXHOJIOIHUECKYIO IIOIAAKY, [M3/4], OGbLin
MIPOBEJEHBI 3KCIIEPUMEHTAIBHBIE UCCIICIOBAHUS. Y UUTHIBAs, YTO HA TPEThEN TEXHOJIO-
TUYECKOM IUTOIIAIKe pab0YMX MECT C IOCTOSTHHBIM NMPEOBIBAEM JIFOJIEH HET, TO U MoJava
BO3/IyXa Ha HEE HE OCYIIECTBIISIACK.

DKcnepuMeHTalIbHas MOJIeNb (PUCYHOK 2) BinoiHeHa B Maciitade 1:20000, cocrout
U3 Kopryca | UMEIoIIero npo3pavyHyto CTeHKY 2 1715l BU3yajlbHOTO KOHTPOJIS U (pUKcamu
MPOBEJEHUs JKcHepuMeHTa. lIpocTpaHCTBO Kopliyca pa3feneHo MEepPEeKpbITUIMU,
UMEIOITUMHU MEKATAKHbBIE TTEPEX0/Ibl, Ha 4 3Ta’a B COOTBETCTBUM C TUIIOBBIM ITPOEKTOM
OETOHOCMECUTENBHOTO OTACNICHUS. BEeHTHIIATOPBI C HATSIHYTOM KallpOHOBOW TKaHBIO M
HABECKaMU IMbUIM UMUTHPYIOT €€ BBIOPOC B BO3/IyX paboueil 30HbI U paclojiararoTcs Ha
COOTBETCTBYIOIIUX 3Takax. [ [puTouHass BEHTUIIAIMS BBIIIOJHEHA B BUJIE BO3IyXOBOIOB,
MMEIOIIME IIEJIEBbIE OTBEPCTHS I MOAAYM YHCTOrO BO3AyXa M BO3JIYXOJYBKH,
MIO3BOJISIOLIEH PErYIMPOBATH PACX0/1 IOJaBaEMOI0 BO3ayxa. Bo31yX0BObI 3aKpeIlIICHBI

TaKUM 00pa3oM, 4TO MO3BOJISIET MEHITh YTOJl IPUTOYHOU CTPYH.
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Pucynok 2 — CxeMa 3KCriepuMEeHTaIbHON YCTaHOBKU: |1 — BEHTUWIISTOP; 2 —
BO3JI0XYBOJ; 3 — BO3yXOPACIPEAEIUTEILHOE YCTPOMUCTBO; 4 — TETUIOBEHTHIIATOD; S5 —
€CTECTBEHHAs BBITSDKHAS BEHTUIISILUS
HccnenoBaHus NpOBOJAUINCH C YYETOM PaHIOMHU3aLMU U BPEMEHHOTO Aperida. boun

npoBeieH (DaKTOPHBIA SKCIepuMeHT mopsaka 3° (rme 3 — umcno (akTopoB), LENBIO
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KOTOPOTO OBLIO OIpeeleHNE 3HAaU€HUsI KOHIIEHTPAlMH BTN B BO3AYyXe paboyeil 30HbI
MOJIEJIH 11eXa 1 €€ 3aBUCUMOCTH OT CIIoco0a Mojauu MPUTOYHOTO BO3AyXa.

Ha ocHOBaHMHM TIPOBEIEHHBIX OKCIIEPUMEHTAJIBHBIX MCCICIOBAHUN BIIMSHUSA
OpraHu3aliy BO3yX000MEHa Ha MBUIEBYI0 00CTaHOBKY B paboueli 30He 1iexa Moxy4eHa

perpeCCuoHHadA 3aBUCUMOCTb OTHOCHUTCIIBHO 6€3p8,3MepHLIX BCJIMYHNH:

C=C(Ly Ly Ly (1)

C=1418-113| ,-0,44] ,—045] ,~012] ,| ,+0,29 , ,+

= T T 2)
+0,02|_,|_,+0,05 7 ~0,04 5+0,04] ;

OueHka BOCIPOM3BOAMMOCTH 3KCIIEPUMEHTAIBHBIX HCCIIEIOBAHUM, MPOU3BEICHA
MyTeM COMOCTABJICHUS 3HAYEHHI pacyeTHOro W Tabaum4Horo kpurepueB Koxpena, Ha
YPOBHE JIOBEpUTENBHOW BeposiTHOCTH p=0,05 pe3ynpTaTbl 3KCIEPUMEHTATBHBIX
UCCJIEIOBAHUIM BOCIPOM3BOAMMBL. B KauecTBe (YHKIIMM OTKIMKA OIPEACIIIIOCh
a’pPOAMHAMHUYECKOTO COMMPOTUBIIEHUE YCTAHOBKH.
3HaYUMOCTh KO3 (UIIMEHTOB YpaBHEHUS PErPECCUM HAXOJUJIACh C HCIOJIb30BAHHEM
kputepusi CThlOICHTa. AJIEKBATHOCTh YPAaBHEHUN pETrpecCMd MPOBEPSIACh IyTEM
COTIOCTABJICHUS PACUETHOTO U TaOJUYHOTO (UCMOJIb3Ysl YCTaHOBJIEHHbBIC 3HaUeHUsIX L 1
qucIa cTenenel cBo6oibl) kputepusa dumepa F, KOTOPHIi €CTh OTHOIICHUE JTUCTIEPCHH
aJICKBaTHOCTH K OIIMOKE OTMbITa. AJIEKBATHOCTH MOJYYCHHOM MOJIETH MOATBEPKIAeTCS
BBITIOJIHEHUEM BO BCEX CIIy4asiX YCIOBUH

[Io pesynprataM IPOBEAECHHOIO HCCIEAOBAHUS MOXHO CHENATh BBIBOJ, YTO IS
YCTAHOBJICHUsI TPeOYyEeMBbIX MapaMeTpOB BO3IYIIHON cpeabl TMOMEIICHUS 3HAYCHUS
pacxoza MPUTOYHOTO BO3/1yXa, OIaBAEMOI0 Ha KAXKIYI0 TEXHOJIOTHYECKYIO TUIOMIAJIKY,
JOJDKHO OBITh MAaKCUMAJIbHBIM.

B TpeTbeii riaBe npeacTaBieHbl Pe3yIbTaThl JUCIIEPCHOIO aHAIM3a MBI, OTOOP
po0 KOTOPOM OCYIIECTBISIICA M3 pab0veil 30HbI Ha KaKIOM TEXHOJOTMYECKOU TUIO-
niaike 0ETOHOCMECUTENIBHOTO OT/AENICHUS: B HAJJOYHKEPHOM OTJIEJICHUH, 4 3TaX; B J10-
3UPOBOYHOM OTACJICHUH, 2 3TaX; B OCTOHOCMECUTEILHOM OTACICHUH, | ITaxK.

B kadecTBe mpumMepa npuBEACHBI PE3YJIBTATH UCCIICIOBAHNI B HATOYHKEPHOM U U B

OCTOHOCMECUTEILHOM OT/ACICHUH (PUCYHOK 3a, 0).
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Pucynox 3 — Pacnipenenenre Macchl 9acTHII IO TAaMeTpaM sl TTBLUTA, OTOOpaHHOM
B! a - HAJOYHKEPHOM OTJICJICHUH TIPH 3arpy3Ke [EMEHTa; € - 0ETOHOCMECUTEIILHOM OT-
JIeJICHUH B 30HE JbIXaHus 1 — 00JacTh 3HAUCHUI MHTETpaIbHOM (PYHKIIUU pacipeene-
HUSI MacChl YaCTHI] MbUIH; 2 — CPEAHSSA MHTErpayibHasi GYyHKIIUS pacrpeesCHUs] MacChl
YaCTHII MbUIH.

Pe3ynbTaThl mpoBei€HHOTO UcceaoBaHus (Tabauna 3) He0OX0AUMBI JJIsl OTpeiesie-
HUSI JIOJIM OCENAroIIeH MbUIM, MBLIU, KOTOpasi MEPEXOIUT BO B3BEIICHHOE COCTOSIHUE B
BO3JIyX€ padoyeii 30HbI, a TAKXKE MBUTH, KOTOPasi MepeTeKaeT U3 OAHOM TEXHOJIOTHIECKOM
IJIONIA/IKU Ha JPYTYIO.

Tabnuua 1 — JlnanazoHsl pacnpeaesieHns 3HaYeHUH MacChl YaCTHUIT TIBUIX 110 Tha-

MeTpam B 6eToHocMecuTeabHOM oTAeIeHuH OAO «IIpoMCTpORKOHCTPYKITUS.

VYuactok 6eToHOCMecuTeNbHOro oTAene-| Jlons nmbuin,% |[MeauaHHbl TUaMeTp

HUS PMys | PMyo, [4acTi Oso,MKM
HaJOyYHKEepHOE oTnenieHue pu 3arpyske | 4-15 | 95-100 3,3-5,2
IIEMCHTA

HaJOYHKEpHOE OT/IeJICHUE TP OHOBpe-| 2-7 70-98 5,3-8,3
MEHHOM 3arpy3Ke IeMeHTa U IIeOHs

JIO3UPOBOYHOE OTJICJIEHHE B 30HE Jbixa- | 7-15 198,2-100 4-5
HUS OIIepaTOPOB

JIO3UPOBOYHOE OTHAeJNeHne B padoueit| 1,5-3 28-50 10-13
30HE OKOJIO IyJIbTOBOM

OeTOHOCMECHUTENbHOE OT/IeNieHue B pabo-| 1-2,1 60-90 6,5-9,3
yeli 30He

OeToHOCMeEcUTeNbHOE oTneienue B 300e| 1,5-3 | 37-70 8,2-13

AbIXaHHA OIICPAaTOPOB




13

[Tonp3ysice MeTo0M oreHnBanus JleBenOepra-Mapkapara Ha ypoBHE HaI€KHOCTH
95%, HanpaBJICHHBIM Ha PENICHHE 3a/1a4 O HANMEHBIIHNX KBaipaTaxX, GyHKIIHAS OTHChIBA-
o1ast rpauKu pacrpeiesieHrs 3HAYeHU Macchl YacTHUI[ MbUIM 10 JUaMETpaM HUMEET
BUJI;

1
D=—+ 3)

s

1+ Ae %

[To pe3ynbTaTaM Ucclie0BaHUsS ObLI CACaH BHIBOJ, YTO HA BEPXHUX TEXHOJIOTH-
YEeCKHX TUIOIAAKaX MpeodaaeT MEJKOAUCIIEpCHAs TThUTb, YTO CBS3aHO C €€ mepeTeKa-
HUEM C HIOKHHX TUIONIAI0K, OoJiee KPYITHAs ITBUTA OCEIaeT Ha HUKHUX TEXHOJOTHICCKIX
TUTOIIA/IKaX COOTBETCTBCHHO.

Kpome Toro, 00JIBITMHCTBO KPUBBIX MOKHO allPOKCHMHPOBATH KYCOUHO-TUHEH-
HoOWl yHkuwmei. ['padmku pacnpeneracHuss MacCchl YacTUIl MBUTH IO JUaMETpaM TaKXKe
MOJKHO TTPEJICTABUTH B BHJIC IBYX JIHOO TPEX3BEHHON KyCOYHO-THHEHHOHN (pyHKIINHU (pH-
CYHOK D).

Tak cBsi3p MEXIy KOOpPIWHATAMH B JIOTapH(PMHUUESCKH HOPMAIBHON CETKE MMEeT
BT

D=1 e ax (@)
x=1lgs, Ners

To anmpokcumupyeM (QyHKITHIO Ha KaKJOM U3 YYaCTKOB JIMHEWHON (PyHKIIMEH U KBaH-

ik ¢pyHknuu Y(D), Hanpumep, Ui TpeX3BEHHOH JIOMaHHOW Oy/IeT UMETh BUJI ypaBHE-

HUA

by + k(X — prl), X< X

y= b2 + k2 (Xxpl - XKpZ)XKpl SX< XKp2 (5)

b3 + k3(XKp2)' X> XKp2

CeneM pe3yabTaThl pacyeTOB B TAOIHILY 2.
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Pucynoxk 4 — AnmpokcuManus UHTETpaIbHON (DYHKIIMH pacriipeiesieHus Tucepc-
HOTO COCTaBa MbLJIN JIMTHEWHONW OTOOPAHHOM: a - B HAJJOYHKEPHOM OT/ICJICHUH TIPH 3a-
rpy3Ke MTHEBMOTPAHCIOPTOM LIEMEHTa B pabounii OyHKEp U OJJHOBPEMEHHOM 3arpy3ke

11eOHs; O - B JO3UPOBOYHOM OT/AEJICHUH B 30HE JbIXaHUs ONEPATOPOB MyJbTOBOM; B - B
J03UPOBOYHOM OT/EJICHUH B pabouell 30He OKOJIO MyJIbTOBOM; T - B 0ETOHOCMECHUTEIIb-
HOM OTJEJIEHUU B 30HE JIbIXaHUS.

[Ipu ananuze npuBeeHHBIX TPaUKOB MOXKHO CIEJIaTh BHIBOJ O TOM, UTO BCE KPUBBIE
MOJYUHSAIOTCS YCEUEHHOMY JIOTapu(MUUECKH - HOPMAJIbHOMY 3aKOHY, a HauOoOJbIIee
KOJIMYECTBO BBLAEIAIONIEHCS NbUd uMmeeT pazmep PMig. ConepkaHue 4yacTuil MbUIA
PMjo B Bo3ayxe paboueil 30Hbl B 0ETOHOCMECUTETBLHOM OTIEIEHUH KoJieOneTcst oT 59%
110 99,5%, KOMMYEeCTBO YacTHUIl TBUIK C pazMepoM PM; s coctasmsiet 1,1% - 7,5%. [Tomy-
YIIM, YTO HanboJiee BPEIHBIA pa3Mep YacTUIl TN [ 310pOBbS paOOTHUKOB HAXO-

AUTCA 'y OII€paTOpOB HYHBTOBOﬁ B 30HC JbIXaHWA B JO3UPOBOYHOM OTACIICHUH.
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Tabnua 2 — @yHKIMK pacHpeeIeHHs MacChl YAaCTHII MBUIX TIO JUaMETpaM.

YyacTtok OeToHOC-
MECUTEIBHOTO OT-

AmnmpokcuMmanuu GyHKIUH paclpepesieHUs] MacChl YacTHUIl MbUIHA
10 AMAMEeTpaM I YKa3aHHOI'O y4acTKa

ACJICHAA UHTETpabHas KyCOYHO-JIMHEIHAs

HaJOYHKEPHOE OT- D- 100 BBIPA3UTh B BUJIC KyCOUYHO-JIMHCHHON (PYyHK-
JICJICHUE TP 3a- 140216 0,87 diso IIUU HE TIPEJICTABIIACTCS BO3MOKHBIM
Ipy3Ke IIeMEHTa +92,16-€

Ha0yHKEPHOE OT- | 5 _ 100 : — 0,835+ 0,088(X — X1 ), X < X,

JEJICHUE TIPU OJ1- -0.715)

o . 50 =<— — <
HOBPEMEHHO 3a- 1+111,71-¢e y 0,566+ 0,553(X, 1 — Xp2) Xip1 S X < Xy
Ipy3Ke [IEMEHTA U —1,293+1,881(X,,2), X > X2
meOHs
AO3UPOBOYHOC OT- | 5 _ 100 —-0,721+0,213(x — prl), X< X

JIeJICHNE B 30HE
JIBIXaHUS OTIePATO-
poB

d

-1,04(—
1+116,79.¢ %o

)
y

— 0,414+ 0,553(X,1 — Xip2 ) Xyept < X< X2
—1,425+1,881(X,,2), X > X2

H03HPOBO‘IHog OT-|p_ 100 ~ 0,395+ 0,675(X — X1 ), X < Xt
JieJIeHnE B pabodeit 03y || B -
30HE OKOJIO TIYJb- 1+56,21-¢ Y =1-0,626+1962(X, 1 — X2 ) X1 < X< X2
TOBOU —5,620+14,301(X,2), X > X,
OETOHOCMECUTENb- D- 100 BBIPA3UTh B BUJI€ KYCOUHO-JIMHEHUHON (PYHK-
HOE OTHEJICHUE B -06(1) |IMM HE PEJICTABISACTCS BO3MOKHBIM

o 1+125,28-e ™
paboueii 30He
OETOHOCMECHTENb- | 1y _ 100 ~ |y- 0,635+ 0,6 75(X — X1 ), X < Xy

30HE JIBIXaHUs OIle-
paTropoB

HpOBCI[GHHBIC 9KCIICPUMCHTAJILHBIC UCCIICAOBAHUA aOpOANHAMUYICCKUX XapaKTCPU-

JIEMCTBUS MBUIH HA 3/10POBhE pAOOTHUKOB.

CTUK TIBUIA MOKA3aJIM, YTO OKOJIO 75% BCETO BBIJCSIONICTOCS KOJIMYECTBA MbLTU OyAeT
nepeTeKaTh Ha HIKHHE TAXKH U OCAKJIATHCSA HAa TTOBEPXHOCTH TEXHOJIOTHISCKOTO 000-
pyAOBaHus, MoJia, a okoJyio 25% - BUTaTh B BO3Ayxe paboueit 30HbI nmomemieHus. [lomy-
YEHHBIC 3HAYEHHUS JUCTICPCHOCTH MBI SIBJISIOTCS TaHHBIMH TSI TTOA00pa Kjlacca peciy-

paTopoB 115l pabOTHUKOB, KaK OJTHOTO U3 MEPOTIPUATHS TIO CHUKEHUIO HETATUBHOTO BO3-

I/ICCHGI[OBaHBI 3aBUCHUMOCTH CKOPOCTH OCCHaHMA YaCTHIL IIbLIX I10 KPHUTCPUAM JIs-

nieHko Ly u PeitHonbaca Re s kaxaoro matepuania, IpUMEHIEMOTo B TEXHOJIOTHYE-
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ckoM mporecce. [1o mocTpoeHHbIM rpadukaM (PHCYHOK 5) BHIHO, YTO JJISL MBLIH IIE-
MEHTa NIepeTeKaTh Ha HIPKHUE TEXHOJIOTHYECKHUE TIIOMIAIKH OYAYT YaCTHIIBI C pa3MEPOM
Oonee 72 MKM, a YaCTULIbI NTbUIK 111€0HS U I1ecKa OYyT BUTATh B BO3JlyX€ IO BceMy 00b-
eMy TOMENIEHUS] 1 YACTUYHO YHOCUTBHCS BOCXOIAIIMM IOTOM Ha BEPXHUE TEXHOJIOTUYe-

CKHE IUIOIIAIKH.
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Pucynox 5- I'padguk 3aBUCUMOCTH CKOPOCTH OCEIaHUS YACTHUIL TIBLIH,
paccuuTanHoi o kputepusMm Jlsmenko Ly u Pelinonbsaca Re; a — nys nementa, 6 —

JUIS 1IeOHS, B — JIJII IIeCKa.
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Tax >xe B paboTe MPOBOAMIUCH UCCIENOBAHUS a3POJUHAMHYECKHUX XapaKTepu-
CTHK MBI B OETOHOCMECHTEIBHOM OTAEJICHHH, OCHOBAHHBIE HA OCEJaHUU IbUIM B Ce-
JTUMEHTAIlMOHHOUM TpyOe BbicoToM 1,2 M. Ha ocHOBE MOJIy4eHHBIX PE3YJbTATOB ObLIH
MOCTPOEHBI MHTErPAIIbHBIE KPUBBIE MACChI YACTHI] IIBLIN, IO KOTOPBIM BUIHO, YTO MPHU
ckopocTHu 0,5 M/C 4YacTUIIBI UMEIOT CaMbIi OOJIBIIION pa3Mep paBHBIN 28 MKM, CpeIHUI
pazmep 22 MKM U caMblii MaJIeHBKUM pa3mep 17 MkM.; pu ckopocTu 0,3 M/c yacTUIlbI
UMEIOT caMblid 0oJIbIION pazmep 19 MM, cpenHuii pazmep 15 MKM U camblid MaJlEeHbKHIA
pasmep 5 MKM.; ripu ckopocTu 0,1 M/c yacTHUIIbI UMEIOT CaMblii OOJIBIIION pa3Mep S5 MKM,
CpeIHUM pa3Mep 4 MKM M CaMbIil MaJIEHbKUI pa3Mep 2 MKM.

Takke 3aBUCUMOCTU CKOPOCTH OCEIaHMUsl YACTHUIl MbUIM OT UX SKBUBAJIECHTHOI'O

JaMeTpa MOYKHO MPEJCTABUTh B JIOTapH(PMUUICCKON CeTKe (PUCYHOK 6).

V, m/c
1
db0
d5
0.50 / \/. ’
] e /o
/ \(19;5,
0.30 e Vad
0.25 %3 /.(
. Py
0.20 e ®
0.17 4 _/
[ L) [
®
0.10 * /"/‘/‘V./

1 2 3 5 10 15 20 30 40 50 100 duy, Mkm
Pucynok 6— 3aBUCMMOCTb CKOPOCTH OCEAAaHUs OT SKBUBAJIEHTHOI'O IMaMeTpa ya-
CTHIIbL, ITPEICTABJIICHHAS B JIorapupmMuieckoil ceTke: | — MUHUMasbHbIE SKBUBAJICHT-
HBIE TUAMETPBI; 2 — MEIMAHHbIE SKBUBAJICHTHBIEC JUAMETPBL; 3 — MAaKCUMaJIbHbIE SKBU-
BAJICHTHBIE TUAMETPBI.

[IpoBeneHHbBIE UCCIEN0BAHNS XapaKTEPUCTHUK MbUIA JAIOT HAM MPEICTABICHUE O
MOBE/ICHUH YaCTHI] IbIIM B BO3/LyXe paboyeil 30HbI KaK MPH HOPMAJBHBIX YCIOBHUSAX, TaK
U MPY U3MEHEHUHU KPATHOCTU BO3AYyX000OMEHa, pacxojia BO3AyXa, PU U3MEHEHUH CIIO-
coba mojauu MPUTOYHOTO BO3/IyXa, KOTOPHIE B CBOIO OUEpe/lb MOCITY>KAaT OCHOBOM JJIst
BbIOOPA MEPOIIPHUATHIM 0 YITYUIIEHHIO KaueCcTBa BO3AyXa paboyeil 30HbI 1exa.

B yeTrBepTO# ri1aBe pacCMOTPEHBI MPAKTUYECKHUE PE3YJIBTATHI IPOBEICHHBIX HC-

CJIEIOBAHUI: pa3paboTaHa METOAMKA OIICHKHU MBUIEBOTO (paKTOpa Ha paboYnX MecTax, a
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TaK)Ke METOAMKA JUIsl OTIPEICIICHNS BO3AYIITHOTO OajaHca TOMEIICHHS 110 TN B OETO-
HOCMECUTEIBHOM OTJICJIICHUH, TIPEIOKEHA CUCTEMA JIJIsl, MPEAJIOKEeHA YCTaHOBKA IS
MOJICTTUPOBAHUS IBHKCHHS BO3IYIIHBIX MACC B ATAKEPOUHBIX II€XaX, a TAKXKE MPEIIIO-
YKEHBI MEPOIIPHUATHS TI0 CHIDKEHHUIO 3aIBUICHHOCTH BO3/yXa Ha pab0ovnx MecTax.

JlJ1st 3TOTO, UCXOAS U3 KOHCTPYKTHBHBIX OCOOEHHOCTEH I1eXa U TeXHOJOTHIECKOTO
mpoliecca, a TakKe OMHUPasCh Ha MPOBEICHHBIC B paboTe a3pOIMHAMUYCCKUE XapaKTe-
PUCTHUKH THIIN: UHTCHCUBHOCTD MBIIEBBIACIICHAS U ITBUICOCEAaHMs, TUCTIEPCHBIN aHATTN3
0TOOpaHHOM MBUTH U CKOPOCTH €€ OCETaHNs COCTABUM JIBIKEHHUE IMBUICBO3IYIITHBIX MacC
1o BceMy 00beMy OETOHOCMECUTEIBLHOTO OT/ACIICHUS.

CocTtaBieHo ypaBHeHHE OanaHca MO MbUTM C YIETOM NIEPETeKaHNs €€ C OJJHOU TeX-
HOJIOTMUECKOM IJIOMIAIKA Ha JPYTYI0, UCTIONB3Ys peaioxkeHHsid B.H. AzapoBbiM fe-
JICHHE 11eXa C MHOTOYPOBHEBBIM PACIIOIOKEHHEM pabovnX 30H Ha AJIEMEHTapHBIE a3po-

JUHAMHWYCCKUC O6’B€MBI.
M; + M(i11),i — Mi(i41) — My; — Mpe; = 0 (6)
My; = n;(M; + Mi11),i — Mi;i41) — Mpc;)
Mpci = Mp; + My,
M;.iv1) + Mpei = (1 =) (M; + M 41),1)
rie i - HOMEP TEXHOJIOTHYECKOM TUIOMIAIKHY;
- Macca BBIIEIMBIIEHACS MBI OT TEXHOJIOTHYECKOTO 060Py10Ba-

HHS Ha IUIOIIAJIKE;

M - Macca OCeBIICH MbUIA Ha IIJI0IIaaKeE.

Qi
Pacyet Macchl bUTH, TIepeTeKaroIeH C i-0i TEXHOJIOTHYCCKOM IIOMIAJKH TEXHO-

JIOTHYECKYIO IJIOMAAKy I-1 B 001meM Buje:

_ 1 (7)
M, = A D;(6)dé(v,c)
t Voci
rae Voc -CKOPOCTH OCEJAHHMs YACTUI] IIBUIM HA MIOBEPXHOCTH TEXHOJIOTUYECKOM
TJTOIIAIKH | .

B pe3synbraTe MpoM3BENCHHOTO aHaIM3a JIBIKCHUS BO3JyXa B JJIEMEHTAPHBIX
a’pOAMHAMUYECKUX 00beMax Oblla COCTaBJI€HA CHCTEMa YPaBHEHHM, OTOOpaKaroIiasi

OajaHC 10 MBLIH JJIs1 BCET'O oO0bema nexa OCTOHOCMECHUTEIILHOI'O OTACIICHUA:
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( (8)
L4Cp.3.4 + KpamaKocaMy + (1 — Kypea)My = Lacn4Cp.3.4 +

+[(Kno,aM4 + 1)L4 - Lacn4] [Cp.3.4 + /1(ny3 - Cp.3.4)]
L3cps3 + KpzuzKocsM3 + (1 — Koe3)M;3 = LacnzCpaz +

+[(Kno,qM3 + 1)L3 - Lacn3][cp.3.3 + A(nyz - Cp.3.3)]
Lycps2 + KesmpKoco M + (1 —Koe2)M, = LacnaCpzz +

+[(Kno,qM2 + 1)L2 - Lacnz][cp.s.z + A(nyl - Cp.3.2)]
Llcp.3.1 + Kpam1Koc1My + (1 — Ko )My = Lacnlcp.s.l +
\ +[(KHO,E[M1 + 1)L1 - Lacnl][cp.3.1 + A(_Cp.s.l)]

rae A K03 puimeHT, oToOpaxaromuil ”3MEHEHHE 3HAY€HH KOHIIEHTpa-

MY MBIJIA BHE pabodeil 30HBI (COTJIACHO OIBITHO-ITPOMBIIIICHHBIM
uccaeaoBanusaM A = 0,5 u A =0,3);

M, Macca MbUId, UCXOISIIeH OT 000pyI0BaHMUS;

Kasu KO2(PHUIIMEHT, MOKa3BIBAIOITUN JTOJIIO TIBUIH, KOTOPas MEPEXOHUT BO
B3BECIIICHHOE COCTOSTHUE B paboueil 30He (11711 0ETOHOCMECUTEIBHBIX
11ex0B — 4-5% oT 00111er0 MHUICBBIICIICHS ),

Kiomw K03 (dHITUEHT, TOKA3BIBAIOIINI JOJI0 MBI, KOTOpask MOAMEIINBa-
eTcs B pabo4yIo 30HY U3 CTBOJIa BO3AyXa.

Cucrema BKIIHOYAET B €051 YETHIPE YPABHEHHS C YETHIPbMsI HEU3BECTHBIMU: Cp 52,

Cp.3.2’ Cp.3.3v Cp.3.4-'

KOHIEHTpany NbLIM B YXOJSIIEM MOTOKE BO3YXa Cyyq, Cyxz » Cyx3 MOXKHO BbI-
YHUCIIUTh 3HAsl MacCy BbLACTUBLICHCS MBbUIM OT 000PYAOBaHUS, MAacCy OCEBIIECH MbLIH,
KOTOpbIE ObUIH OMpE/IeNICHbI paHee B padboTe B TJ1aBe 2, 1 00bEM TEXHOJIOTUYECKOH TUI0-
IIaJIKH:

nyi = % (9)
1
3Has pacXo/pl MPUTOYHOTO U aCITUPALMOHHOTO BO3/IyXa, a TAKXKE IUIOMIAAh TPO-

eMa MKy Tutoniaakamu | 1 (1+1) paccuuThiBaeM CKOPOCTh BO3AyXa B MPOEME:
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. Z ll(Ll - Lacni) (10)
vnpi - Fi

YacTuiibl IbUTH, UMEIONTUE CKOPOCTh OCEAaHMs HUKE TTOTyYEHHOW CKOPOCTH V),
OyayT miepeTeKaTh Ha BBIMISCTOSIINE TEXHOJIOTHUECKUE IIIOMAAKH. TeM caMbIM 0 WH-
TErpaJIbHBIM KPUBBIM PACTIPEICICHUS MACChl YaCTHUIl MBUIA 10 IHAMETPaM, TTOCTPOECH-
HBIM B TJ1aBe 3, MBI MOKEM YHCICHHO OIICHHUTH JIOJIIO MBUTH, KOTOpas TOMEIINBACTCS B
pabouyIo 30Hy U3 CTBOJA BO31yXa - KOOPUIMEHT Kpjo ;.

ITo rpaduky 3aBHCUMOCTH CKOPOCTH OCEIaHUs OT IKBUBAJICHTHOTO AHAMETpa Ja-
CTHIIBI, TIOTYYEHHOTO B XOJI€ OMPEACIICHUS a3pOIMHAMUYECKUX XapaKTePUCTUK MBLITH B
raBe 3, ¥ HOPMATUBHOMY 3HAYEHUIO CKOPOCTH IBIDKEHHUS BO3Ayxa B Iexy (w =
0,5mM/c — 0,7 M/c) onpenenum MO0 MbUIK, KOTOpasik OCEJAaeT Ha MOBEPXHOCTU I0JIa

TEXHOJIOTUYECKOU IoMaaku- K03 duimeHT oceqanus mbuiu K.

_hi hw 1
Voci = = ( )
T li
rae  h; - BbICOTA MCTOYHUK ITBIIEBBIIEIICHUS HA TEXHOIOTHYECKON IIIOIAIKH;
l[; - paccTrosiHHE OT UCTOYHMKA MBUICBBIICIICHNUS 10 IPOEMa,;

T  BpeMs JBIKEHUS YACTHUIIGI MBUTH OT UCTOYHHUKA MBIJIEBBIICIECHUS JO MEXK-
ATAKHOTO MPOEMaA.
Taxum 0Opa3zom momaydaem, 4TO COAEpKaHUE BPEIHBIX BEIIECTB B BO3IyXe pabdo-
Yeil 30HBI 3aBUCHUT OT psAfa (aKTOPOB: PacX0JI0B MPUTOUYHOTO M ACTIMPALIMOHHOTO BO3-
JyXa, OT 3HAYCHUS MACCHI MBI, BBIACISIONICIHCS U3 HEIUIOTHOCTEH 000pyAOBaHUS, OT
kod(durreHTa, ONMMCHIBAIOIIETO U3MEHEHUE COACPIKAHUS MBUTH BHE pabodeil 30HBI, a
TaKkke OT KO3(P(GUIIMECHTOB, YYUTHIBAIOIINX OO IMOAMEIIMBAHUS BO3yXa M3 CTBOJA
MIOTOKA M JIOJTFO TIBIJIN, KOTOpasi HAaXOIUTCS BO B3BEIIICHHOM COCTOSTHUU B pabodeii 30HE.
KoHnienTparus BpeIHbIX BEIIECTB B IEPEXOAAIIEM TOTOKE BO3IyXa B CBOIO OUe-
pEeab 3aBUCHUT OT COJIEPKaHUS BPEIHBIX BEIIECTB B paboYeii 30HE, OT pacxo/10B BO3AyXa
MPUTOYHOTO U aCIUPAIMOHHOTO, OT MACCHhI THLJIH, BEIOMBAIOIIEHCS OT 000PYI0BaHUS U
OoT K03 (UIIMEHTA, YIUTHIBAIOIIETO JOJI0 MHLIN, KOTOPas MEPEXOJAUT BO B3BEIICHHOE

COCTOsIHUE B pabouell 30He.
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Ha Gmok-cxeme (prCyHOK 7) TpeACTaBICH MOA00p 3HAYCHUH PACXOI0B MPUTOY-
HOTO ¥ acCIIMPUPYEMOro BO3JyXa JUIsl IPUBEICHHS MapaMeTPOB BO3IYIIHOW CPEbI IMO0-

MEILICHHS 10 TPEOyEeMBbIX.

Hcxonnbie nanHbie 115 pacuera
I'eomeTprueckue pasmepsl turomaiku |,
h, a,b; macca BeImENISIIOIIENCS TTBUTH

M;

[IpuHuMaroTCs 3HaYeHUSI IPUTOYHOTO L; U

acIUpUPyeMOTro Bo3ayxa L.

Omnpenenenue kKod3hPUIIEHTOB

KnogMi KBBMi Koci

) )

no cucreme ypasHenuii (7)

Pacuer ¢, 5

CpaBHHMBaeM NOJYYCHHBIN 3HAYEHUS KOHIICH-

TPALHH [BUTH ¢ HOPMATUBHBIMH Cp 5 <TTJTK;,

Her

NV
HN3meHnsieM 3HaUYCHUS IMPHUTOYHOT'O

Bosayxa L; Ha 0,1m%/c

Pacuer okoHueH

Pucynok 7 — brok-cxema pacyeTa Bo31yxooOMeHa B 0€TOHOCMECUTEIBHOM OT/Ie-
JICHUH
Ha ocHOBaHMM METOJIMKM C MPUMEHEHHEM MMAaTEeHTOB Ha YCTAHOBKY 110 yJIaBJIUBa-

HUIO U OYUCTKHU BBIOPOCOB OT TEXHOJIOTHYECKOTO 000pymoBaHus (mat. Ne2416651), wc-
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NBITATEIbHOM MOJIENIM IPOMBIIIEHHOTO 1exa (rmat. Nel128657) u nosie3HoM MOAENH CH-
crembl BeHTHWsAnuu (mat. Ne144460) Obutn pa3paboTaHbl U TPOBEIECHBI MEPOTIPUSATHS,
KOTOpBIE NTO3BOJIMIIM CHU3UTH 3albUIEHHOCTh BO3ayXxa padoueii 30HbI Ha OAO «IIpom-
CTpOUKOHCTpYKIUs». Ha prucynkax 8 u 9 n300pakeHbl H3MEHEHUS 3HAYCHUH KOHIICH-

Tpalnuu IIbLJIH HIC6H$I H IICCKa 10 U ITOCJIC BBCACHUA PCKOMCHAYCMbBIX MGpOHpHﬂTHﬁ.

e Mrim®
15
/’- - —
ngk 6 \/, —_—— N
5 ”/’( ::’_____ (__f ‘.‘1*§
1 ~
0

Havario 3arpysky  3arpyska — OKOHYaHHe 3arpysKd
Pucynox 8 — Konnientparuu neiiy meOHs B Bo3ayxe padodeit 30HbI: 1 — mmommaaka 1-

ro ypoBHs; 1 — muioniaika 2-ro ypoBHsi; 3 — miomiajaka 4-ro ypoBHs; = = — 10 Mpo-

BEJICHUS MEPOIPUATUI; — IIOCJIE IPOBEACHUS MEPOITPUATHM.

c,mrim’®
15
T —
2 ,/ N
10 y J pu—— N
gk & = ﬁése
1 N T
()

Havaric 3arpyskut  sarpyaka  OKOHYaHMe sarpyskH

Pucynok 9 — KonnieHnTpaniuu necuaHoii mbliid B BO3ayxe paboueii 30ubl: 1 — mmomaka

2-T0 YPOBHS; 2 — TJIOMIAJIKa 4-T0 YPOBHS ;= =—— JI0 IPOBEJICHUS MEPOIPHUSATHIA,

— IIOCJIE MPOBEACHUS MEPONIPUATHU.

JUIT  1aHHOTO  MCCIECNOBaHUS Ha KaXIOM TEXHOJOTMYECKOM  IUIOIIAJKE
POU3BOMINCH 3aMePbl KOHLIEHTPALUU BTN B BO3AYyXe paboueii 30HbI 10 TPUMEHEHUS
MEpOMNPUATUNA MO CHUXKEHUIO 3albUIEHHOCTH BO3AyXa paboueld 30HbI U TOCIE HUX.
Takum o0pa3om, Ha OCHOBAaHWHU MPOBEACHHBIX HCCIEIOBAHUN MOXHO CIENaTh BBIBOJ,
YTO MEPONPHUATHUS [0 CHIKEHHUIO 3albUICeHHOCTH BO3JAyXa paboyedl  30HBI
OETOHOCMECUTEIBHOTO OTAENIEHHUS TO3BOJIUIN YMEHBIIUTH KOHIICHTPALIMIO MBUIN 111e0HS

c 14,0 mr/m® 1o 5,7 mr/mM3; necuanoii neumm ¢ 14,3 mr/v® 10 6,0 mr/ve.
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3AKJTIOYEHHUE

B nuccepranmonHoi paboTe pacCMOTPEHBI BOIIPOCHI, TIOCBSIIICHHBIC UCCIICI0BA-
HUIO MBLJIEBOTO (PaKTOpa BPEIHOTO BO3ACHCTBUS HA paOOTHUKOB B OETOHOCMECUTEITHLHOM
OTJICJICHUH TIPOU3BOJICTB KEJI€300€TOHHBIX M3aenuii. Ha ocHOBaHUM pe3yJIbTaTOB BhI-
MOJIHEHHBIX UCCIIeIOBaHUMN C(HOPMYITUPOBAHBI OCHOBHBIE BBIBO/IBI 10 padOTE:
1. [IpoBeieHHBIE TEOPETUYECKUE U IKCIIEPUMEHTAJIBHBIE UCCIECAOBAHUS a3pOUHA-
MUUYECKUX XapaKTEPUCTUK MBUIH TTOKa3aIu, YTO OKOJIO 75% BCEro BBIACISIONIECTOCS KO-
JMYECTBa MbUIM OyJIET MepeTeKkaTh Ha HUKHUE ATAXH M OCAKIATHCA HA MOBEPXHOCTH
TEXHOJIOTHYECKOro 000pYyI0BaHusA, 10Jia, a 0Koyo 25% - BUTaTh B BO3AyXe padbouei
30HBI ToMenIeHus. Ha ocHOBe pe3yabTaToOB HCCIEAOBAaHUM 110 OLEHKE NbUIEBOM 00CTa-
HOBKH B O€TOHOCMECUTEIHLHOM OTJIEJIEHUU ObLIO BBISIBJICHO, UTO 3albIJIEHHOCTH BO3/1yXa
paboueii 30161 npesbiaeT Hopmatus [1/IK B cpegnem B 3-4 pasa, npu oCylIECTBICHUU
3arpy3ku Marepuaia — B 10 u Oonee pas. [IpoBeneHHoe ucciaenoBaHue 3aMbUIEHHOCTH
BO3/lyXa paboyeil 30HbI OETOHOCMECUTEIHLHOTO OTICJICHHS MOKa3ajio He0OXOJAUMOCTb
MPUMEHEHUSI MEp IO CHUKEHUIO KOHIIEHTPALINY THLIH.
2. ITo pe3ynbTaTaM JUCIEPCHOTO COCTaBa MbUIN, BBIAECISIONICHCS B X0/I€ TEXHOJO-
THYECKOTO MpoIiecca B 0ETOHOCMECHTEIIEHOM OTICICHHIH, YCTAaHOBIICHO, uTO Ootee 50%
BBIJICIISIFOIICICS MBUIH ABJIsICTCS MenkoaucnepcHoir PMig. Coaep)kaHre 4acTull TbUTH
PMjo B Bo3ayxe paboueiil 30HbI B OETOHOCMECUTEITFHOM OTIEICHUH KoJie0neTcst oT 59%
110 99,5%, KOIMYeCTBO YaCTHIl NMbLIU ¢ pazMepoM PM; s coctasnser 1,1% - 7,5%.
3. HccnenoBanre MHTEHCUBHOCTY TMbLICOCEAAHUS MO3BOJIUIO aJaNTUPOBATh METO-
nuky borycnaBckoro-AszapoBa OIEHKE HHTEHCUBHOCTH MbLJICOCEAaHUs JIJ11 OETOHOCME-
CUTEJILHBIX OTJICJICHUM, a TAaK)KE OLICHUTh TEPMETUYHOCTh TEXHOJIOTHYECKOT0 000PY/10-
BaHUS, OLICHUTh MOIITHOCTh M HAIIPaBJICHUE PACIIPOCTPAHEHUS MBUIN OT Ka)JI0T0 UCTOY-
HUKA MBUICBBIICIICHMUS.
4, [TpoBeneHHbBIE SKCIIEPUMEHTAIBHBIE UCCIEA0BAHUS A3POANHAMUYECKUX XapaKTe-
PHUCTHK TIBUIM TIOKA3aJIK, YTO OKOJIO 75% BCETO BBIJCISIONIETOCS KOJIWYECTBA MU OY-
JIeT TIepeTeKaTh Ha HUXKHUE dTAKU U OCAXKIATHCS Ha TMOBEPXHOCTH TEXHOJOTUUYECKOTO

o0opyioBaHus, Moja, a 0KoJo 25% - BUTaTh B BO3AyXe paboveil 30HbI MOMEIICHHUS.
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S. OnpeneneHbl TEOPETUYECKUE 3aBUCUMOCTH CKOPOCTH OCEAaHUS YaCTHUL ITbUIH Ha
ocHOBaHMHM Kputepues Jlsmenko Ly u Pelinonbica Re aiig kaxxaoro marepuana, npume-
HSIEMOI'O B TEXHOJIOTMYECKOM Iporecce. Ha OCHOBaHNM TEOPETUYECKUX PACUETOB Clle-
JIyeT, 4TO TepeTeKaTh Ha HIDKHUE TEXHOJIOTMUECKUE TIIOMIaAKH OyIyT TOIBKO YaCTHIIBI
meOHs, IIEMEHTA U TIECKa C pa3MepoM OoJiee 72 MKM, a YaCTULIbI ¢ pa3MepoM A0 71 MKM
c OyIyT BUTaTh B BO3/lyX€ IO BceMy 00beMy OMEILIEHUS U YACTUYHO YHOCUTHCSI BOCXO-
JSIIIUM IOTOM Ha BEPXHHE TEXHOJIOIMYECKUE TUIOIIA/IKH.

6. Ha ocHOBaHMM KCIIEpUMEHTAIIBHBIX a9POJUHAMUYECKUX UCCIICTOBAHUIN BIUSHUS
OpraHu3alliyd BO3yX00OMEHa Ha MbUIEBYI0 0OCTAaHOBKY B paboueil 30HE I[eXa MOXKHO
C/IeNIaTh BBIBOJ, YTO HamOoJiee ONTUMAIbHON SIBISIETCS MAaKCUMaJIbHOE 3HAUYECHHS pac-
X0/1a IPUTOYHOT'O BO3/YyXa, [I0JJaBAEMOT0 Ha KaXK1yI0 TEXHOJOTHUYECKYIO IIOIIAJIKY.

7. [IpensioxkeHbl MEpONPUATUS MO CHUKEHUIO 3allbUICHHOCTH BO3JyXa pabouei
30HBI, KOTOPBIE MO3BOJIMIN YMEHBIINTh 3HAYEHUE KOHLUEHTPALUil IbUIM B BO3AYLIHOU
cpene nomenienus Ha 30%. PazpaboTaHa MeToiMKa OLEHKHU MBUIEBOTO (paKTopa Mo pac-
YEeTy KOHIIEHTPALMH MbUIM HA padOYuX MECTaX, a TAKKE METOAMKA JUIsl ONpPEAeICHUS
BO3/yLIHOTO OajaHca MOMEIIEHUS MO NbLUIH B 0ETOHOCMECUTEIHOM OTACIICHUU.

8. Pexomenanmu BHenpeHb! U ncnoiab30BaHbl HA OAQO «IIpoMCTpONKOHCTPYKIMSD)
B OCTOHOCMECHUTEIHLHOM OTAEJICHUHM MO CHUKEHHIO 3allbIECHHOCTH BO3JyXa paboueit
30Hbl OETOHOCMECHUTEIBHOTO OTAEICHHS MPU PEKOHCTPYKIMHM CUCTEMBI MOJAYU ChIITY-
YUX MaTepHalioB; a TAKXKe MO pacyeTy KOHUEHTPALMH METKOAUCIEPCHON NbLIU (B TOM
gucie PMjo u PM;5) ipu paszpadotke [1/]B.

B pabote npuBeneHbl NpakTHUECKUE PEKOMEHAAMM ISl OLEHKH U BO3MOKHOCTHU
MPOTHO3MPOBAHUS 3aMBUICHHOCTH BO3/1yXa padoyueil 30HbI MOMENIEHUI ¢ MHOTOYpPOBHE-
BBIM PaCIIOJIOKEHUEM TEXHOJIOIMYECKUX TIOMAA0K, 8 TAKXKE JUIsl ONPEIEICHUS BO3AYIL-
HOTO OanaHca MOMEIIEHHUS 10 MU B OETOHOCMECHUTENIbHOM OT/ACJICHUU U JIJIsl pacyeTa
CUCTEM BEHTWISALIMM U aCHUPALMH B LIEXAX TaHHOT'O TUIIA C YYETOM IEPETEKaHNs YaCTHI]
OBUTH B 00BEME 1I€Xa C OJJHOTO TEXHOJOTMYECKOTO YPOBHS Ha JPYroi, Ha OCHOBaHHUH

IMPOBCACHHBIX a3POANMHAMHNYCCKHUX I/ICCJ'IC)IOBaHI/Iﬁ COCTaBa IIbIJIM U BBIBCACHHBIX KOB(l)-
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(GUIMEHTOB, TAIOIIMX MPEICTABICHNE O JBUKEHUH MBLJIN TI0 BCEH BBICOTE paccMaTpUBa-
€MOT0 I1eXa, KpOMEe TOro B paboTe MPUBEACHBI PEKOMEHIAIUN TI0 CHIDKCHHIO 3aITblICH-
HOCTH Y IIPUBEJICHUIO TTApaMETPOB BO3IYIIHOM CpeJibl TOMEIIECHUS K TPEOYEeMbIM.
Kpowme Toro, mepcrnekTuBbl JajibHel el pa3pad0TKU TeMbl 3aKJIFOYAIOTCA B IPU-
MEHEHUM METOJIOB pacueTa KOHIIEHTPAIMH MbLJIA B TOM YUCJIE U MEJIKOAUCIIEPCHOM J1JIs
IIEXOB C MHOTOSIPYCHBIM PACIOJIOKEHUEM TEXHOJOTHMYECKUX IUIONIAJ0K HE TOJBKO B
CTPOUTEIILHOM MPOU3BOJICTBE, HO U HA MPEANPUATHIX HEPTEXUMHUUECKON TPOMBIIILICH-
HOCTH, MPOU3BOJICTB YEPHOM U [IBETHON METAJLUTYPTHH, a TAKXKE B APYTUX OTPACIIIX, T

IPUCYTCTBYET NEPETEKAHNE MBUIEBO3AYIIHBIX MAcC B OOJIBIIOM HE3AMKHYTOM 00BbEME.

CIIUCOK PABOT, OITYBJIMUKOBAHHBIX ABTOPOM 11O TEME
JUCCEPTALINN:
Pabomuwi, onybauxosannvle 6 peyeH3upyemoix HayuHblX HCYPHALAX U UZOAHUSX
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