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BBEJIEHUE

AKTYaJIbHOCTh TeMbl HCCJIeI0BaHUIl. IHTEHCHUBHOE pa3BUTHE TEXHOJOTHM
MPOMBIIIJICHHOTO TPOU3BOJICTBA CTABAT MPOOJIEMBbI OXpaHbl TpyJa U oOecredeHus
HKOJIOTUYECKOIN 0€30MacHOCTU B Psijf HauboJiee 3HaYMMBbIX 33/1ad Ha TOCYAapCTBEHHOM
ypoBHe [1-4], pelIeHHe KOTOPHIX CBS3aHO HEIMOCPEACTBEHHO C OOcCreYeHuEeM
KOM(OPTHBIX yCIIOBUN KU3HENEATEIbHOCTH JIIOACH KaK B MPOU3BOACTBEHHOM, Tak U B
ropojackoit cpene. OAHO W3 BEAYLIMX MECT B OOIIEM MepedyHe YMOMSHYTBIX 3a/ay
NPUHAUICKUT 3a1adaM oOeCIbIIMBaHUS Bo3ayxa [5-15].

[Ip11eBbIE YACTHUIIBI AHTPOIMOTE€HHOTO IMPOUCXO0XKICHUS, BO-IEPBBIX, HETATUBHO
BO3JICHCTBYIOT Ha OpraHU3M paOOTHHKA, BO-BTOPHIX, YXYANIAIOT MPOU3BOJICTBEHHO-
TEXHOJIOTUYECKYI0 OOCTAHOBKY, TMPHUBOJA K TNPEKIACBPEMEHHOW TOpUYe 3JIaHUM,
COOpYKEHUU, MPOU3BOJCTBCHHBIX MAIIMH U MEXaHW3MOB, a, Momajaas B BO3AYIIHBIN
OacceiH TOPOJACKOM cCpelbl, 3HAYUTEILHO TIOBBIIIAIOT CTEMEHb HKOJOTHYECKOM
omnacHoctu. O6nazast B OOJIBIIMHCTBE CIIy4aeB BHICOKOW CTENEHBIO TOKCUYHOCTH, MBI
MOXET BBI3BaTh IIUPOKUM Kpyr TpodeCCUOHABHBIX 3a00JIeBaHUN, 3a4acTyIo
Heu3ieunMbiX. Ha uenmoBeka, HaxoAsIerocss B 3albUIEHHOM BO3JYXE, MOXKET
OCYILIECTBJIATHCA KaK BHEIIHEE, TaK U BHYTPEHHEE BO3JECHCTBUE IMbUJIEBBIX YAaCTHII.
[IpoHukass 4depe3 MOpPHI MOTOBBIX M CAIbHBIX KeE3, MBUIMHKA 3aKyMOPUBAIOT WX,
3aTpyaHss pu 3ToM ux PyHkuuu. [lonagaHue MmblIEeBBIX YACTHUIl B IJ1a3a MPUBOAUT K
BOCHAJIUTENILHOMY IPOLIECCY CIM3UCTON 000nouku. [Ipu qauTenbHOM BIABIXaHUU HbLUIN
paboTarmue MOABEP>KEHbI MPOPECCHOHATBHOMY 3a00JIEBAaHUI0 — ITHEBMOKOHHUO3Y.
Haubonee pacnpoctpanéHHON U THKENON (HOpMON MHEBMOKOHHMO3a SBIISECTCS CHIIMKO3,
KOTOPBIM MOpa)KaeT HE TOJIBKO JIETKKUE, HO U BbI3BIBACT (DYHKIIMOHATBHBIC HAPYIICHUS U
W3MEHEHHUSI psiia BaXKHBIX OpPraHOB M CHUCTEM OpraHu3Ma 4YeJOBEKa: HEPBHOU H
COCYIUCTOM CHUCTEMBI, KpOBOOOpaIIeHus U Apyrux. B cTpykrype 3aboiieBaeMoOCTH C
BpEMEHHOI norepeit TpynocrnocooHoct noutu 70% Bcex 3a00JieBaHUM MPUXOAUTCS HA
0oJ€e3HH  OpraHoB  JbIXaHus  (TyOepky’n€3, (apuUHIHT, OCTPO—PECIUPATOPHBIE

3a0o0sieBaHusl, OOOCTPEHHE XPOHUYECKHX 3a00JIEBAaHUI OPraHOB JIbIXaHMS, JPYrue
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00JIe3HN BEpXHUX JIbIXaTeIbHBIX TyTel) [13, 15].

CoBpeMEHHOE COCTOSHHE 3KOJIOTMYECKOTO HOPMHUPOBAHUS IPOMBIIUIEHHBIX
BEIOpOcOB B Poccum pemiaercss Ha OCHOBE BBEACHUS HOBBIX THMTHMEHUYECKHUX
HOpPMAaTUBOB. B cooTBeTcTBUM ¢ BBEAEHHBIMU B aelucTBUE [4] ycranosnensl [IIK mms
MEJIKOJIMCTIEPCHBIX YacThll pasmepamu meHee 2,5 MM (PM25) u menee 10 MM
(PM10). B pesynbTaTe BBeIEHUS 005S3aTENbHBIX CTAH/IAPTOB U HOPMATUBOB HAKOIUICH
3HAYMUTEJILHBIN OMBIT B 00JIACTH MOHUTOPHUHTA M OIEHKH cojaepkanust PM2,5 u PM10
[5, 16, 17, 18], xoTOpBIE MO MEIKOAUCIICPCHBIM B3BEIICHHBIM BEIeCTBAM B aTMochepe
SIBIITFOTCS HEOOXOJIMMBIMU YCIOBUSAMH ISl 3(PPEKTUBHOTO YIIpaBICHUS KayeCTBOM
BO3/yXa B LEJIAX OXPaHbI 3J10POBbSI.

Haunbonbiieit 6051€3HeTBOPHOCTHIO 00J1a/1at0T MbLIEBBIE YacTUIilkl PM2,5 u PM10.
KpoMe TOro, kak mnpaBujiO, SIBISSICH B3PBIBO-U IOXKAPOOMACHOM, MbUIb HAHOCHUT
OIIYTUMBIN MaTepuaIbHbIN yiepO pa3aIndyHbIM OTPACIISIM HAPOJIHOTO XO35HCTBA.

[Ipu 5TOM CONMOCTABUTENbHBIA aHAIN3 TEXHOJIOTHUYECKUX OCOOCHHOCTEMH, a TaKkKe
yCIOBUN 0Opa30oBaHUsI M BBIACJICHUS TbHUIM MNPEANPUATUN Pa3IMUYHBIX OTpacieu
MPOMBIIIJIEHHOCTA TO3BOJISIET  3aKJIIOYUTh, YTO OCHOBHOM BKJIAaJ B YPOBEHb
3aMbIJICHHOCTH  BO3AyXa pabo4yux 30H M BO3AYIIHOTO OacceilHa HACENEHHBIX MECT
BHOCAT TakXe OOBEKThl CTPOUTENILCTBA M MPEANPUATHS IO MPOU3BOJICTBY
cTpouTeNbHBIX MaTepuanioB [19, 20, 21]. Takum o6pazom, HauboJiee 3HAYUMBIN BKJIA]] B
3arpsi3HEHUE TOPOACKOM Cpelbl BHOCUT CTPOHWTENbHAA OTPACHb, MOCKOJBKY CO3AET
MPAKTUYECKU BCE BUBI CUCTEM KU3HEOOSCIICUCHUS U SIBISIETCS OCHOBOM TEXHOTECHHBIX
npeoOpa3zoBaHuil ropoja. B ycrnoBusix COBpeMEHHOTO CTPOUTEIHLHOTO MPOU3BOJICTBA,
MPUMEHEHUE HOBOTO, BBICOKOMPOU3BOJUTEILHOIO O0OpPYI0BaHUS, COMPOBOKIACTCS
WHTEHCUBHBIM  TbIIcOOpa3oBaHueM. AHamu3  HHPPACTPYKTYPHl  TEPPUTOPUU
COBPEMEHHBIX TOPOJIOB MO3BOJISIET 3aKIIOYUTh, YTO UMEHHO CTPOUTENbHBIE OOBEKTHI U
OpEANpUsATAS 10 MPOU3BOJACTBY CTPOUTEIBHBIX MaTE€pPUAJIOB, B TMOJABJISIONIEM
OOJIBIIMHCTBE CIy4aeB, PACIIONOKEHbl B YEPTE TOPOAOB, YTO OOOCHOBAHO, MPEKIE
BCEr0, MHMHUMHU3ALMEW TPAHCHOPTHBIX pPACXOJOB HAa JOCTaBKY CTPOMUTEIbHBIX

MaTCpUuaJIOB U KOHCTpYKHI/Iﬁ OT MCCT HX IPOU3BOACTBA HAa CTPOUTCIIBHBIC IJIOIIAIKH

[19-23].
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Kpowme Toro, B oTiinurie OT NMpEaNpUsITANA CMEKHBIX OTPACICH TPOMBIIUIEHHOCTH,
NPEANPUATHS CTPOUTEIIBHOIO KOMIUIEKCA [EJecCO00pa3HO pacioiaraTh Ha TEPPUTOPHULX
TOPOJICKUX 3aCTPOCK U KPYMHBIX HACEIIEHHBIX MYHKTOB, YTO OOBSCHSICTCS CIASAYIOUUMU
OCHOBHBIMHU MPUYHUHAMU:

- BO-TIEPBbIX, MPEANPUATUS CTPOUTEIBHOW WHIYCTPUM CIEAYEeT pacroyaratb B
MeCTaxX, IOCTYIHBIX JUIsi MOTpeOuTeNned MNPOAYKIMHM M HMEIOIIUX ONTUMAJIbHbBIE
TPAHCIIOPTHBIE CBSI3U, TaK KaK OTHAJIEHHOCTh MPEANPUATUN OT TaKUX PaOHOB BJICUET
3a cO00M 3HAUUTENIPHOE YBEIIMUCHHUE KAMUTAIBHBIX U AKCIUTYaTallMOHHBIX 3aTpar;

- BO-BTOPBIX, HEOOXOJMMO OOEeCIeUYnBaTh B3aHMMOJICHCTBHE C OOBEKTaAMHU
KU3HEOoOeCTIeUeHusl,  HalpuMep, CHUCTeMaMH  BOJOCHAOXXEHUs,  KaHaJIM3allWH,
AIIEKTPOCHAOKEHUS U IPYTUMH UHKEHEPHBIMU COOPYKEHUSIMU U KOMMYHHKAIIUSIMU;

- B-TPEThUX, HEOOXOAMMO HaMYHE PE3ECPBOB MECTHON pabodeil CHibl, KOTOpasd,
KaK MpaBWIO, COCPEAOTOYEHA B KPYIHBIX TOpOAaX M HACEIEHHBIX NYHKTaX, 4YTO,
MO3BOJIUT YIOPOCTUTh TMPOLEAYPY KOMIUIEKTOBaHHUSA, pacceleHuss ¢  OBITOBOTO
00ycTpoiicTBa paOOTHUKOB.

B pesynbrate, Hanu4ue OPEANPUSTUNA CTPOUTEIBHON WHIYCTPUU U OOBEKTOB
CTPOUTENBCTBA HA TEPPUTOPUHU TOPOJOB M KPYHHBIX HACEJIEHHBIX MYHKTOB MO3BOJUT
MOBBICUTD MPOU3BOAUTEIHLHOCTh TPY/Ia U CHU3UTh U3EPIKKH MTPOU3BOJICTRA.

Cnenyer yd4ecTh, YTO MHPH TaKOM pa3MELIEHUU, MPEANPHUITHS CTPOUTEIHHOTO
KOMILIEKCA SIBJISIIOTCSI MCTOYHHMKAMU HETaTUBHOIO  BO3JIEUCTBUS (aKyCTHYECKOTO,
BUOPAIIMOHHOTO, TEIJIOBOTO, MAaTEPHAIILHOTO) Ha TOPOJACKYIO Cpeay, TMpU STOM
OCHOBHAs J0JI MPUHAUICKUT MaTepUAIbHOMY 3arpsi3HEHUIO BO3AYIIHOIO OacceiHa.
AHaJIU3 CTAaTUCTUYECKUX JaHHBIX MO3BOJSET 3aKIIOUUTh, YTO EXKErOJIHBIA BBIOPOC
3arpsI3HSIIONIUX BEMIECTB B aTrMocepy MPEANPUSTHSIMH CTPOUTEITHLHON WHAYCTPUU
cocraBisier Oonee 4 wmiH. TOHH. OH comepxkuT Oonee 80 BHUIOB pPa3TUYHBIX
KOMIIOHEHTOB MbUIA, B TOM 4ucie 2,4 MJIH. TOHH Win 58% MbIIM HEOPraHUYECKOM,
COCTOSIIIE M3  MeNbYallliuX TBEPJBIX YACTUIl U OKa3bIBAIOIIUX OTPHUIIATEIHHOE
BJIMSTHHE HAa OKPYKAIOIIYI0 TOPOJICKYIO cpeny u ee xkuteneit [20, 21, 22, 24, 25, 26].

B nmpoMBbIIUIEHHBIX YCIOBUSIX 00pa30BaHUE MbLIEBBIX YACTHI] IPEUMYIIIECTBEHHO

CBSI3aHO C TaKUMU TEXHOJIOTMYECKUMH OIepalusiMu Kak IpoOJieHue, pa3MoJ, MPOCeEB,
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paclnuiioBKa, IMEpPEChIIKa W JAPYTUMHU [EPEMEMICHUSIMH TEXHOJIOTMYECKOTO ChIPbSI.
3HauUUTENBbHOE  KOJMYECTBO  MbUIM  BBIIEISETCS  NpU  pean3aluud  TaKux
TEXHOJIOTUYECKUX Omepaluii Kak ApoOJeHWEe U COPTHUPOBKA KaMHs, MOTPy3Ka H
pasrpy3ka HeMEHTa, U3BECTH, TUIICa, IPOCEUBAHUE MTECKA U IIIIaKa.

[IpousBoacTBO paboT Ha O0O0BEKTaX CTPOUTEIHCTBA M MPEANPUITHIX
CTPOUTEIBHOM  WHIYCTPUU  COMPOBOXKIACTCS  OOpa3oBaHUEM, BBIJCICHHEM U
pacrpocTpaHEHHUEM pa3IMYHBIX BHJIOB MbLIM, MPUBOIAIIMX K CBEPXHOPMATUBHOMY
YPOBHIO 3aMbIIEHHOCTH BO3/lyXa pab0ounX 30H BHYTPH MPOU3BOJICTBEHHBIX MTOMEIICHUM
U 3a UX IpejeliaMy Ha TEPPUTOPUH MPOMBIIUIEHHBIX Tuiomanok [20, 21]. B pe3ynbrare,
MPOIIECChl  M3MEIbYEHHUS, TPAHCIOPTUPOBKU, TMEPEMEIIUBAHUS TEXHOJOTHUYECKOTO
ChIpbsi € J00aBKaMM W BOJOW, (POPMOBaAHUSA, CYIIKH, OOXHIra XapakTEepU3YIOTCS
0o0pa3zoBaHKEM U BblJeleHreM bl [20, 21].

B Hacrosiiee Bpemsi HcCClieIOBaHHWE YpPOBHS 3albLICHHOCTH HAa CTPOUTENbHBIX
OpeANpUATUAX (3aBOJaX >KEJIC300CTOHHBIX W3JCIUN W KOHCTPYKIUU, KUPIUYHBIX
3aBO/IaX, 3aBOJIaX IO M3TOTOBJICHUIO JIEPEBSAHHBIX KOHCTPYKIIMM, 3aBOJax Mo
U3TOTOBJICHUIO CYXUX CTPOMUTENBHBIX CMECEW, 3aBOJax IO MPOU3BOJCTBY TEIUIO- U
3BYKOM3OJIALIMOHHBIX MAaTEpPUajOB, 3aBOJAX MO M3TOTOBJIECHUIO METAJUIOMIACTUKOBBIX
KOHCTPYKIIMH U JPYTUX) MO3BOJIIET CJeIaTh BBIBOJ O TOM, UTO 3arpsi3HEHHE BO3/yXa
SIBJISIETCA HauboJee aKTyaldbHON MpOoOIeMOM NIJisi 3aBOJIOB KEIE300€TOHHBIX U3JEIUI U
koHcTpykiuii (OKBMuK), ayisi KOTOphIX XapakKTepHa TMOBBIIICHHAS 3albUIEHHOCTD
BO3/lyXa pabouux 30H BHYTPU MPOU3BOACTBEHHBIX TOMEUIEHUNH W BO3JYIIHOTO
OacceiiHa TMpuUJEraloluX TEePpUTOpUl ropojackux 3actpoek [20, 21]. Hawubonee
pacrpoCTpaHEHHBIMU HMCTOYHMKAMH OOpa30BaHMsI U TBUICBBIICICHHUS Ha 3aBOjax
KBNuK saBnsroTCs y3/1bl IEPETPY3KU CBHIMYYNX MATEPUAIOB C KOHBEMEpA Ha KOHBEMUED,
1100 ¢ KOHBeMepa Ha Jpyroe TEXHOJIOTHUECKoe 000pyI0BaHKe, TMO0 HEMOCPEICTBEHHO
pa3JIMuHbIe BUAbl KOHBEHEPOB, OTHOCSAIIUXCS K MPOTSYKEHHBIM JIMHEHHBIM UCTOYHUKAM.
OKcmlyaTaius MNEPEeUUCICHHBIX TEXHOJIOTUYECKUX YYaCTKOB COIMPOBOKIACTCS
nporeccaMu MbUIe0Opa3oBaHMsl M TBUIEBBIICICHUS, MPUINHAMU KOTOPBIX SIBIISETCS
MEXaHUYeCKOe B3aUMOJCHCTBHUE YACTHUIl TEXHOJOTHYECKOT'O ChIphs (IeOHS, MecKa)

MeXay coOOM, a TakKe HMX CoyJapeHue co cTeHkamu obopymoBanus [19, 20, 21, 23,
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27]. IMeHHO KOHBEWEpHbIC JMHUN KaK MCTOYHUKU OOpa30BaHUS M BBIICICHUS IMBUINA
UMEIOT PsJl OCOOCHHOCTEH, K YHCIY KOTOPBIX OTHOCATCS UX THPOTSKEHHOCTD,
JTUHAMUYHOCTh, MEPUOAUYHOCTH PabOThl M Jpyrue. Kpome TOro, T€XHOJIOTHYECKUE
omepaluu, CBSI3aHHBIE C TPAHCIOPTUPOBKOW U MEPErpy3KOM CHIMYUHUX MAaTepHalioB,
BBIJICIISIONINE B BO3AYIIHYIO Cpeay OOJBIIOE KOJIMYECTBO MbLIH, TPEOYIOT MPUMEHEHUS
TaKUX CIMOCOOOB OOECHBUIMBAHUS, KOTOPbIE TMPEJOTBPAIIAIOT TMEPEyBIaKHEHUE
TPAHCIIOPTUPYEMOTO TEXHOJIOTHYECKOTO ChHIPhS.

Takum 00pa3oM, MOKHO 3aKJIOUHUTh, YTO HAWOOJBIIYI0 OMACHOCThH MBUIEBOTO
3arpsi3HEHUS] BO3AYIIHOM Cpelbl Cpelu NPEAIPUATHNA CTPOUTENBHOM WHIAYCTPUU
npeacTaBisaioT  3aBojabl  JKBUuK, B oskcmmyaTtanus KOTOPBIX — CONPOBOXKAACTCS
BBIJICJICHUEM OOJIBIIOTO KOJIMYECTBA HEOPraHMUECKOW MbLTH ¢ coaepikanuem Si0,>70%
B BO3JIyX pa0OUYMX 30H M MPOMBINIJICHHBIX TUIOMAA0K [5, 13, 14].

HecMoTpst Ha mpuMeHEeHHEe COBPEMEHHBIX, TOCTATOYHO 3(P(GEKTUBHBIX CIIOCOO0OB
U CpeICTB OOECTBUIMBAHUS TEXHOJOTUYECKOTO CBHIpbS M BO3IYIIHOM Cpeibl,
KOHIICHTpAIIUSl 3arpsi3HSIONIUX BEHIECTB B BO3JyXe pabOouMX 30H M MPOMBIIUICHHBIX
rmnomanok 3aBoaoB KbMuK npessimaer coorsercrBytomue 3Hauenus [IJIK B necsaTku,
U Jaxe coTHHU, pa3 [5, 13, 14]. UmenHo mo 3Toil mpuuuHe, mpobjeMa CBEICHHUS K
MUHUMaJIbHOMY WU, XOTS Obl, K HOPMAaTHUBHOMY YPOBHIO 3albUICHHOCTH BO3/yXa
pabouMx  30H  pacCMaTpUBaeMbIX  MOPEANPUITHI  TpeOyeT  JajdbHEWIero
COBEPIICHCTBOBAHUSI MHKEHEPHBIX CHCTEM OOECIEUEHMS] KauyeCTBAa BO3AYIIHOW Cpeabl
(oOecnpUTMBaHMST BO3MyXa), a TaKKe TEXHOJOTUH CTPOUTENHCTBA M IPOU3BOJCTBA
CTPOUTENILHBIX MaTEPUAJIOB HA YPOBHSIX CAHUTAPHO-TUTUEHUUYECKUX W IKOJOTHYECKHUX
HOPMAaTHBOB.

Pemenne mnpoOnemMbl CHWKEHHS 3albUICHHOCTH BO3AyXa pabouMx 30H U
BO3JIYIITHOTO OacceiHa MPOMBINIICHHBIX TuTomanok 3aBofoB JXBUuK Bo3moxkHO Ha
OCHOBE peaiM3allii KOMIUJIEKCA OPraHU3AIMOHHBIX U TEXHOJIOTHYECKUX MEPONPUSTU,
B KOTOPOM 0C000 BaXXKHOE MECTO 3aHUMAIOT WH)KEHEPHBIC TEXHOJIOTUU OOSCIBUIMBAHUS
CBIpbS W BO3/yXa, CpPeId KOTOPHIX OJMHON W3 HambOosiee 3PPEKTUBHBIX SIBISETCS
IUAPOOOECIbUIMBAHME TEHHBIM  CIIOCOOOM, O00JIajlaloliee PpsSioM  TEXHUYECKUX

IPEUMYLIECTB u IIPAKTUYECKU HE HapylIaromee PETIAMEHTUPYEMBIX
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MIPOU3BOJICTBEHHO-TEXHOJIOTMYECKUX TapaMeTpoB (B YaCTHOCTH, IO BIIAXKHOCTH
TEXHOJIOTUYECKOTO ChIPb) Ha PacCMaTPUBAEMBIX MPEINPUSTUSAX CTPOUTEIHLHOMN
uHyctpun [28-43].

B coBpeMeHHBIX YCIOBUSX Pa3BUTHSI TEXHUKH M TEXHOJIOTMU peau3aluu
TUAPOOOCCIIBUTMBAHUSL  TEHHBIM ~ CIIOCOOOM ~ MHOTOOOpaswe  COOTBETCTBYIOIIMX
TEXHUYECKUX  CPEICTB  BBI3BIBAET  HEOOXOJMMOCTh  BBIOOpAa  ONTUMAIBLHOTO
TEXHUYECKOTO PEIICHUS] HE TOJBKO MO KpUTEpHIo 3 (PEKTUBHOCTH 0OECIBIIIUBAHUS, HO
U 10 KPUTEPHUIO SHEPTETUUYECKON SKOHOMHUYHOCTH e€ro peanuszauuu [35, 44-52]. Ilpu
’TOM  OLEHKY  SHEPreTUYECKOW  HSKOHOMHYHOCTH  pealM3aluu  Ipolecca
TUAPOOOECIIBUTMBAHUSI TEXHOJIOTUYECKOTO ChIphS W BO3JyXa IEHHBIM CIIOCOOOM
1eIecoo0pa3Ho BBIIIOJIHUTH TUIS paccMaTpUBaeMbIX MPOU3BOJICTBEHHO-
TEXHOJIOTMYECKUX ycioBuil 3aBon0B KBbUuK, m3yunB u omnpenennsB 3HEPreTUYECKUE
mapaMeTpbl MBUIEBOTO a’po30Jisi Ha JdTamax ero oOpa3oBaHMsI, BBIJACICHUS U
pacrpocTpaHeHHUs B BO3JAyXe, a TakkKe TIeHbl KaK JUCHEPCHON  CHCTEMBI,
o0ecreynBaoIei MoJaBIeHUE MbIJIEBOTO ad3PO30JIsl.

NmenHo mo3TOMy, pelleHHe 3ajad, CBS3aHHBIX C  OOECHbLIMBAHUEM
TEXHOJIOTUYECKOTO CBIPhSA, BO3AyXa pabOYMX 30H M MPOMBIIUICHHBIX [JIOMIA0K
00BEKTOB CTPOUTENBHOW OTpacid, B TOM YHUCJE, 3aBOJOB IO H3TOTOBJICHHUIO
XKeJne300€TOHHBIX KOHCTPYKIMII Ha OCHOBE pa3pabOTKU W BHEJPEHHS HOBBIX, Oojee
(b (HEKTUBHBIX W YHEPTEeTUYECKH SKOHOMUYHBIX WHKEHEPHBIX CIOCOOOB W CPEJCTB,
SBIIAETCS OJHOM W3 aKTyallbHBIX MpoOJieM B oOnacTu oOecrieueHus Oe3BpeTHBIX
YCIIOBUM TPYJia U HKOJIOTHYECKOM 0€30MacHOCTH.

JuccepraninoHHasi paboTa BBIMOJIHEHA B COOTBETCTBUM C TEMATHUYECKUM ILJIAHOM
Hay4yHO-HccienoBarenbckux pabor PI'BOY BO  «J/loHckoil rocyaapCTBEHHBIM
TEXHUYECKUN yHUBepcuTeT» 1o Teme: «Co3naTth U BHEAPUTh WHKEHEPHBIC CHCTEMbI
obecrieyeHuss  YUCTOTHI  BO3JlyXa B  MPOU3BOJACTBEHHBIX  IOMENICHUAX U
NPEeAYNPEKICHAS 3arpsa3HeHHs] aTMOCHEphl TPOMBIIUICHHBIX IUIOMIAA0K», MO TEeMeE:
«PazpaboTka W  BHEApEeHHME B TPAKTHKY CHUCTEM JKH3HeoOecreueHus B
IPOU3BOJACTBEHHOM M OKpYXKaloIIeW cpegax» B paMKaxX KOMILIEKCHOW Hay4YHO—

TEXHUYECKOW mporpammbel MuHuctepctBa oOpazoBanuss W Hayku P®; mno Tteme:
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«CoBepIIEHCTBOBAHUE METOJIMYECKUX TMOJAXOAOB K OIEHKE IMHAMUKHU 3arpsi3HEHUs
BO3JIyIIIHOTO OacceiiHa TEpPUTOPUN TOPOJCKHX 3aCTPOCK C YYETOM PETrHOHAIbHBIX
IPUPOAHO-KIUMATUYECKUX, TPAJOCTPOUTENIbHBIX OCOOEHHOCTEH M XapaKTEPHUCTHUK
UCTOYHHUKOB 3arpsA3HEHUs BO3AyXa» B paMKax TOCYJapCTBEHHOTO  3aJaHUs
MunucrepctBa oOpa3oBanus u Hayku P®, Ne rocyaapcTBeHHOW perucTpaiuu
5.4244.2011; mo Teme Hay4yHO-00pa30BaTEIbHOIO MpoeKTa «PemeHne KOMIIIEKCHBIX
npoOiemM mo pa3pabOTKE METOJIOJNIOTMU BhIOOpa KOMIUIEKCA BBICOKO3((PEKTUBHBIX U
HSKOHOMUYHBIX TPaIOCTPOUTENBHBIX, TEXHOJIOTUUECKUX U CIEIHATbHBIX HHXEHEPHBIX
MEPOTPUATUN TI0O 00ECTICUEHUIO IKOIOTHIECKON 0€30MaCHOCTH TEPPUTOPHUI TOPOIACKUX
3acTpoek» B pamkax [Iporpammer Ctparernueckoro pa3Butus yHUBepcutera Ha 2012-
2016 rr., Ne rocymapcrBenHoi peructpauuu 01201365848; mo Teme: «Hayunoe
000CHOBaHME KOHIICNIIMM W pa3pabOTKa METOJOJIOTHMH OIICHKH, pacdyera |
MPOCKTUPOBAHUS DKOJIOTHMYECKH J(P(HEKTUBHBIX M DHEPreTHUYECKH HKOHOMUYHBIX
CrocO0OB M CPEJICTB CHMKEHHUSI 3arpsA3HEHUs BHIOPOCOB MPEANPUATHNA CTPOUTEIILHON
UHAYCTPUM U OOBEKTOB TOPOACKOTO XO3AWCTBA /Jisi OOECHEYEHHsS HSKOJIOTMYECKOMN
0€30MacCHOCTH TEPPUTOPHUIN HACEIEHHBIX MECT» B paMKaxX rOCyJapCTBEHHOIO 3aJaHus
MunucrepctBa oOpa3zoBanus u Hayku P®d, Ne rocygapcTBeHHOU perucrpanuu
114041840023.

Crenenp paspadoraHHocTH TeMbl. lccrnenoBaHuio CBOWCTB MBUIEBOTO
a’p030Ji MOCBSIIECHBI TPYJIbl MHOTUX YYEHBIX, OCHOBOMOJIATAIOIIUMU CPEId KOTOPBIX
SIBIIIIOTCSI TEOPETHUUECKUE U IKCIIepUMeHTanbHbie padboTel B. I'n66ca, K. Crypnoro, X.
['puna, B. Jleiina, H.A. ®ykca, C. Coy, B. llltpayca, I1.A. Pebunnepa, I1.A. Koy3oBa u
JIPYTHUX, HA OCHOBAHWHM KOTOPBIX MOKHO 3aKJIKOYHUTh, YTO MBLIEBOW a’pO30JIb CIEAYET
paccMaTpuBaTh KaK JUCIIEPCHYIO CUCTEMY.

N3ydenne nbuid B BHJAE JUCIEPCHOW CHUCTEMBI, MOBEICHUE YaCTHUI] MNbUIA B
YCJIOBUSIX JCHCTBUSI HA HUX BHEHIHUX (DaKTOPOB, UCCIICIOBAHUE BOMPOCOB, CBS3aHHBIX
CO CHUXEHHUEM KOHIEHTpAllMM MbUIA B BO3JyXE, COBEPIICHCTBOBAHHE TEXHUYECKUX
CPEICTB TBUICMIOMABICHHUS OTpakeHO B paborax AszapoBa B.H., AmepxanoBa P.A.,
baraesa /[.K-C., becnanoa B.U., borycnasckoro E.W., I'ny36epra B.E., 'pamenkoBa
H.®., [psxoBa B.B., XKypasnera B.K., Kypasnesa B.II., 3abypasesa I'.C., Nuryka
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N.I'., Kupuna b.®., Knebanora ®.C., Kynpsmosa B.B., JIluBuaka 11.®., Jlorauera U.H.,
Jlorauesa K.U., JIyrosckoro C.U., JIlykpanoBa A.b., MenkoBckoro M.A., Munko B.A.,
Huxutuna B.C., Ilepuea H.B., [Toznuskosa I'.A., Capanuyka B.U., Cugopenko B.D.,
CrpaxoBoit H.A., Xexena T.A., Lpiayper A.A., llIBapumana JI.A., llltTokmana E.A. u
MHOTHUX APYTUX aBTOpOB. McciienoBaHus 3TUX aBTOPOB OCHOBAHbI HA MCIIOJIb30BAHUU
OCHOBOTIOJIATAIOIIMX KOHIEMIIMM TAaKWX HayK KaK MeXaHHKa MHOTo(asHbIX Cpes,
a’poJIMHaMHUKa, TEPMOJUHAMUKa, (U3MWYECKass U KOJUIOWJHAs XHMHsS, OCHOBHBIX
MPUHIIUAINAX TEXHOJIOTUN peaau3allui MbUICNOAaBICHUS BO3AYIIIHONW CPeIbl COBMECTHO C
AKCIEPUMEHTAJIbHBIMU  JaHHBIMHM, TIOJYYCHHBIMH C TIOMOIIBIO BBICOKOTOUYHBIX
U3MEPUTETBHBIX TPUOOPOB.

He cmotpss Ha 3TO, BOMPOCHI, CBSI3aHHBIE C MapamMeTpaMud YCTOMYMBOCTU U
AHEPreTUUYECKUMHU XapaKTEPUCTUKAMHU TBIJIEBOTO a3p030JIs KaK TUCIIEPCHOM CUCTEMBI B
MPOIECCE CHUKEHMS 3albUICHHOCTH BO3AYIIHOW Cpelibl, MOJHOCTHIO JI0 CHUX MOp HE
BbIsSICHEHBI. Kpome TOro, ajis paiMoOHAIIBHOTO YMpaBJICHUS padOUYMMH THapameTpaMu
WHXXEHEPHBIX CHUCTEM THAPOOOECHbUIMBAHUSA TEHOM TEXHOJOTHYECKOTO ChIpbS U
BO3JYLIHON CpeJlbl HEOOXOIMMO 3HAHUE CYUIHOCTH MPOLIECCOB, OPTaHU3yEMbIX 3TUMU
CHCTEMaMH B OTHOIICHUH TMBUICBOTO a’pPO30Jisi, KOTOPhIH 00pa3yeTcs M BhIACISICTCS Ha
paccMaTpUBaeMbIX  MPEANPUATUSIX  CTPOUTENIbHOW  mHaycTpuu. Ilpu  3TOM
HHEPTeTUYECKUE MapaMeTphl MBUICBOTO a’3p030Js, XapaKTepU3YyIOIIUE YCIOBUSI €ro
00pa3oBaHUsl, BBIJICIICHUS U PACIIPOCTPAHEHHUS B paCCMAaTPUBAEMBIX MPOM3BOICTBEHHO-
TEXHOJIOTHYECKUX YCIIOBUSX, a TAK)KE DHEPIETUUECKHE MapaMeTPphl NEHbl KaK BHEITHEH
JMCTIEPCHOM CHUCTEMBbI, HalpaBJIEHHOW Ha MOJIaBJICHUE MBLUIEBOTO a3p030Jis, OCTAIOTCS
Ha CETOJHSIIHUMN J€Hb HEJIOCTATOYHO U3YYCHHBIMHU.

Heanb u 3axauyu padorsl. Heabio paboThl siBiseTcs obecrneueHre O0e3BpPETHBIX
YCIOBUU TpyJla B pabouuMx 30HAX MPEANPUATUN CTPOUTEIHLHOM OTpACIH, a TaKXKe
SKOJIOTMYECKHA O€30IMAaCHBIX YCIIOBHM, OJaronpusiTHBIX ISl >KU3HEIEATCIIbHOCTH
HACeJICHUsI TOPOJICKUX TEPPUTOPHUI, HA OCHOBE COBEPIIECHCTBOBAHUSI METO/IA OLICHKU U
BbIOOpA BBICOKOI((EKTUBHBIX U DHEPTreTUUECKH HPKOHOMHUUHBIX WHKEHEPHBIX CUCTEM
00ecbUIUBaHUS MEHOM TEXHOJOTUUECKOTO ChIPhsS U BO3/IyXa.

I{OCTI/I)KCHI/IG IMOCTaBJICHHOU eI MOXET OBITh 00ECIIEYCHHO Ha OCHOBE peuICHUA
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CIEAYIONINX 3a/1a4:

- BBIABUTHb OCHOBHBIC (DaKTOpPhl M HCTOYHUKH 3arps3HEHUs] BO3JYIIHOW CpPEJbI
TOPOJCKUX TEPPUTOPUM, XapaKTePHbIC JISl TPEANPHUATUNA CTPOUTEIBLHON UHYCTPUH;

- U3Y4YUTh OCOOCHHOCTH COCTOSIHUSI BO3JIYIITHOM Cpeibl B pabOUMX 30HAX 3aBOJIOB IO
U3TOTOBJICHUIO YKE€JI€300€TOHHBIX KOHCTPYKITUH;

- OMNpPEIEIIUTh M OMHUCATh PHEPreTUUYECKUE XapPaKTEPUCTUKH IPOIIECCOB U SIBJICHUM,
HaO0JII0/IaeMBIX B MBUJIEBBIX a3P030JIsX, 00pa3yIOIIUXCS U BBIJASISIOMMXCS B BO3AYITHYIO
cpedy Ha 3aBOJaXxX MO U3TOTOBJICHUIO KEIE300€TOHHBIX KOHCTPYKIIMM, a TaK)Ke OIICHUTD
BIIMSHUE OSTUX OCOOCHHOCTEW Ha YCIOBUS pealu3aluu Mpolecca oOecHbUIMBAHUS
BO3/yXa;

- BBIMIOJIHUTH aHAJIM3 COBPEMEHHOT'O COCTOSIHUSI TEOPUHU U MPAKTUKH 00ECTBLIUBAHUS
TEXHOJIOTUYECKOTO CHIPhSl U BO3/lyXa MEHHBIM CIOCOOOM Kak Hanbojee SKOHOMUYHOM
TEXHOJIOTUH OOpHOBI C TBUIBIO, BKIIOYAs: TEOPETUUYCCKHE IIOJIXOJBl K OIMCAHHUIO
Iporiecca IMbIJICBOT0 3arps3HEHUS BO3IYIITHOW Cpebl, CUCTEMATHU3aIIUI0 COBPEMEHHBIX
CpPEACTB OOCCHBUIMBAHUS TEXHOJOTUYECKOTO CBHIPhS W BO3/yXa, TEXHOJOTHYECKHE
0COOCHHOCTH TOJIyYEHUS TIEHBI, €€ OCHOBHBIE CBOWMCTBA U YCJIOBHUS MEHOOOPA30BaHus, a
TaK)K€ M3BECTHBIE METOAMYECKHUE IMOJXOJbl K OLIEHKE W BBHIOOPY ONTUMAIBHBIX JIS
3aIaHHBIX MMPOU3BOJACTBEHHBIX YCIIOBHHM TEXHOJOTHI 00€CTIBIIMBAHUS TTICHOM;

- pa3paboTaTh AITOPUTM peaau3auu (U3NKO-3HEPreTUUECKOTo MOAX0/1a K OICHKE U
BBHIOOPY ONTUMAJBHBIX JUISI 3aJaHHBIX ITPOU3BOJICTBEHHBIX YCIOBUU TEXHOJOTUN
oOecrbIMBaHUS TICHOW HA OCHOBE BBISBICHHS (PU3MYECKUX OCOOCHHOCTCH U
MIOCTPOCHHUSI COOTBETCTBYIOIIUX OJIOK-CXEM pealu3allui TPOIIECCOB 3arps3HEHUS H
CHIDKEHMSI 3arpsI3HEHUS UCTIOJIb3yEMOTO TEXHOJIOTHUYECKOTO ChIPhsl M BO3IYIITHON CpeIbl
JUISi  OCHOBHBIX TEXHOJIOTUYECKMX TPOIIECCOB HAa 3aBOJIaX IO H3FOTOBJICHUIO
JKeJIe300€TOHHBIX KOHCTPYKIIHIA;

- TOJNYy4YHTh  (DYHKIIMOHAIBHBIE 3aBUCHMOCTH  CAHUTAPHO-TUTUECHUYECKON U
IKOJIOTHIECKON A((PEKTUBHOCTH, a TaKKE KPUTEPHUS IHEPTETHUCCKOW IKOHOMHUYHOCTHU
mporiecca 00CCTIBIITMBAHUS TEHOW BO3/yXa M TEXHOJIOTHYECKOTO CHIPhS ISl YCIOBHUI
AKCIUTyaTalluy JICHTOYHBIX TPAHCIOPTEPOB;

- pa3paboTaTh METOUYECKHE OCHOBBI OIICHKU U BBIOOPA 3KOJOTHUECKH I(P(HEKTUBHBIX
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U DHEPreTUYeCKH SKOHOMUYHBIX TEXHOJOTWd OOECHbUIMBAaHUSA II€HOW, BKIIOYAS:
(dopMHpoBaHrEe OJIOKA HCXOJHBIX JAHHBIX JUISI OLUEHKHM M BbIOOpa ONTHUMAJIbHBIX
TEXHOJIOTHHA  OOCCTIPUIMBAHUSA  TEHOH, MAaTeMaTH4eCcKoe OINHCaHuEe Tpolecca
oOecnbuUIMBaHUsl TEHOM Ha 3Tanax NblUIe3aaepKaHus (IKpaHUPOBAHUS), OYHUCTKHU
BO3/lyXa OT MbUIM U PACCEMBAHMS NbUIM, a TaKkKe (POPMUPOBAHHE JOTHYECKOro OJ0Ka
BbIOOpA ONTUMAJILHOM TEXHOJIOTUU 00€CTIBUIMBAHUS MTEHOM;

- Ha OCHOBE pa3pabOTaHHOW METOJUKU BBINOJHUTH TEOPETUYECKUE pPacu€Thl U
ONpeNeNnTh O0JACTH CYIIECTBOBAHUS 3HAYCHHM KpUTEPUEB 3HAYCHHUM CaHUTApHO-
TMTUEHUYECKOW M 3KOJOTMYECKOW dS(PQPEeKTUBHOCTH, a TaKkKe HHEPreTUHYecKon
SKOHOMUYHOCTH pPa3IMYHBIX  TEXHOJIOTMH oOecbUIMBaHUS NEHOM  JUIA
OPOU3BOJCTBEHHBIX  YCIOBUH  3aBOJOB IO  M3TOTOBJIEHHUIO  JK€JI€300€TOHHBIX
KOHCTPYKIUHH;

- MPOBECTH DKCIIEPUMEHTAIbHBIC HCCIEAOBAHUSA PE3YJIbTUPYIOLIUX I1apamMeTpOB
pa3IUYHBIX TEXHOJIOTMI 00ECHbIIMBAHUSA MEHOM TEXHOJOTHMYECKOrO ChIpbS M BO3AyXa
JUIsL TIPOM3BOJACTBEHHBIX YCJIOBUW 3aBOJOB 10 M3TOTOBJIEHUIO KEJI€300€TOHHBIX
KOHCTPYKIHH;

- BBIIOJHUTH  COIIOCTABJIICHUE  PE3YyJbTAaTOB  TEOPETHUYECKUX  PACUYETOB €
DKCIEPUMEHTAJIBHBIMA ~ JTaHHBIMM W OLEHHUTb  BO3MOXXHOCTb  ITPAKTHYECKOTO
UCTIOJIb30BaHUs pa3pabOTaHHON METONKH;

- BBIIOJIHUTH NMPAKTUYECKYIO pealMu3ali0 METOJUKU OLIEHKH U BbIOOpa Haumbojee
3} (HEKTUBHBIX U B MAKCUMAJIbHON CTETIEHH SHEPreTUYECKH SKOHOMUYHBIX TEXHOJIOTUI
oOecnbuUIMBaHUsl MEHOW MpU OBKCIUTyaTalMd M  PEKOHCTPYKLIHMHM 3aBOJOB IO
U3TOTOBJICHUIO JKEJIE300€TOHHBIX KOHCTPYKLHMH, a TaKKe MpU MPOBEIECHUU HAyUHBIX
UCCJIeIOBaHU U B y4eOHOM Tpoliecce.

HayuyHasi HOBM3HA M 3HAYMMOCTh HauOOJIEE CYIIECTBEHHBIX pE3yJIbTATOB
pabOoThI 3aKIIFOYAKOTCS B CIIETYIOLIEM:

- YCTaHOBJICHbl HJHEPreTUYECKHE 3aKOHOMEPHOCTH MPOLECCOB 00pa3oBaHMS,
paclpoCTpaHeHuss M pa3pylleHUs TE€Hbl B  3aBUCHUMOCTH OT  TEXHOJIOIMU
NEHOOOpa30BaHusl M a’dpPOJUHAMHYECKHX YCJIOBHM pacIpOCTPAaHEHHs IEHBI B JIBYX

pPa3IUYHBIX COCTOSIHUAX (TEHHBIA a’p030Jib M TIEHHBIA CIJIOM), POJIb U BIIUSHHE
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DHEPTeTUYECKUX ITapaMETPOB MBLJIEBOIO a3p030Jisi U IEHBI HA Pe3yJIbTAT pealn3alun
nporecca OOeCHbUIMBAHUS TEHOW, 3aBUCUMOCTH HUX OT (PU3UKO-XUMUYECKUX H
IIPOU3BOJICTBEHHO-TEXHOJOTMYECKUX XAPAKTEPUCTHK, a TAKKE BO3MOKHOCTb OLICHKH U
BbIOOpAa ONTHUMAJIbHOW TEXHOJOIMM OOECNbUIMBAaHUS TII€HOW Ha OCHOBE 3THUX
IapaMeTpOB;

- U3y4YeHbl OCOOEHHOCTH IIpolecca OOecHbUIMBaHMS TMEHOM Ha HCTOYHHKAX
NBUIEBBIICIICHUS C PA3JIUYHBIMU a3pOJUHAMUYECKUMHU XAPAKTEPUCTUKAMU (OTKPBITHIE
MCTOYHUKHU Y BEHTUISILIUOHHBIE CUCTEMBI) JIJIsl TPOU3BOACTBEHHBIX YCIOBUIA 3aBO/IOB 110
U3TOTOBJIEHUIO KEJIe300€TOHHBIX KOHCTPYKLMI C MPUMEHEHHUEM PA3JIMYHBIX COCTABOB
MEHOOOPa3yIoMIEro pacTBOpa, a TakKXKe BBIICICHB TPAHWYHBIE 3HAYCHHUS THUIPO-
a’pOJAMHAMUYECKUX TapaMeTpoB U 00JIaCTH MPEUMYIIECTBEHHOTO HCIOIb30BaAHUS
Pa3IMYHBIX TEXHOJOTHA OOECHbUIMBAHMS TIEHOM M COCTaBOB MEHOOOPa3yIOUIEro
pacTBopa;

- JUIs TIPOU3BOJCTBEHHBIX YCJIOBUH 3aBOJOB IO H3TOTOBJICHHUIO >KEI€300€TOHHBIX
KOHCTPYKIIUH TIOJIy4eHBbl (PYHKIIMOHAIBHBIE 3aBUCUMOCTH, KOTOpBIC OIKMCHIBAIOT
OCHOBHBIE XapAaKTEPUCTUUYECKHUE IMAPAMETPBI MEHBI U MBUJIEBOTO a3p030Js Ha 3Tamnax
NbUIE3aJEPKAHUA M OYMCTKH BO3/lyXa OT IBUIEBBIX YaCTHL HA OCHOBE OIPEACICHUS
B3aHUMHBIX  CBA3C€M  MEXAYy OHEPreTUYECKMMHM  XapAaKTEpUCTUKAMU  Ipolecca
obecnbUIUBaHUS U (PUBNKO-XUMUYECKUMU CBOMCTBAMU TICHBI;

- JUI1 TPOU3BOJICTBEHHBIX YCIOBHUW 3aBOJOB IO M3TOTOBJICHHUIO >KEJIE300€TOHHBIX
KOHCTPYKIIMM YCTAHOBJIEHBI 3aBUCUMOCTH, PACKPBIBAIOIIME B3aHUMHYIO CBS3b MEXKIY
(U3BUKO-XMMUYECKUMH XapaKTEPUCTUKAMHU B3BEIICHHBIX B BO3JyX€ YaCTHUIl MBUIH H
NEHHOTO a’po3oJiei (IJIOTHOCTHIO MaTepualia MbUIEBBIX YaCTUL, WX CPEIHUM
MEJIMaHHBIM JUaMETPOM, CPEAHUM THUAMETPOM NEHHOIO Iy3bIPbKA, CPEIHEN TOJIIUHON
MJIEHKU TIEHHOTO IMy3bIpbKa, MJIOTHOCTHIO PAacTBOpa MEHOO0Opa30oBaTelisd, KPUTUUECKUX
3HAYEHUM CKOPOCTH BCTPEYM YACTHUL[ C IMY3bIPbKaMH, BPEMEHH KX JUHAMHUYECKOTO
CONPUKOCHOBEHHMSI, YIPYroro B3aUMOJACHCTBUS, CMayuBaHUA U  JAPYTHX) U
napamMeTpaMM, XapakTepU3yIOIMMU BO3AYLIHYIO cpeay (pe3yJbTUPYIOUIEl CKOPOCThIO
IIOTOKA, CpeaHeld TeMIepaTypod, TIpaaueHTOM TEMIIEPATyphbl, IUIOTHOCTBIO U

JUHAMHUYECKOM BSI3KOCTBIO BO3/yXa) Ha ATaIle pacCEUBAHUS MbLIN;
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- YCTaHOBJIEHBI 3aBUCUMOCTHU d(PPEKTUBHOCTH 0OECIBITMBAHMS TIEHOW OT IMapaMeTpoB,
XApaKTEPU3YIOIIMX CBOMCTBA IBUIEBOTO a’p030Ji, MEHBI M BO3MYLIHOIO IIOTOKA, a
TaK)K€ OCOOEHHOCTEH MX B3aMMOJEHUCTBUS C YUETOM YCIOBUH pa3pylICeHUs] MEHHBIX
Iy3BIPBKOB ~ JUISl  NPOM3BOACTBEHHO-TEXHOJIOTMYECKUX  YCJIOBUM  3aBOJOB IO
U3TOTOBJICHUIO JKE€J1€300€TOHHBIX KOHCTPYKLUH;

- BBIIIOJJHEHO MAaTE€MAaTHYECKOE OIMCAHME OCHOBHBIX XapaKTEPUCTUK Ipolecca
pacceuMBaHMsl MbUIM B BO3JIyXe TMEHHBIM CIOCOOOM Ha OCHOBE YCTAHOBJIICHUS
(yHKIHOHATBHBIX 3aBUCHUMOCTEN JKOJIOTUYECKON 3¢ pexTuBHOCTH 151
YHEPro€MKOCTHOTO MTOKA3aTelsi OT CBOMCTB B3BEIICHHBIX B BO3/1yX€ MBLJIEBBIX YaCTHII,
NEHHOTO a’po030Ji1 M BO3AYILIHOW Cpelbl B 30HE MCTOYHMKAa BbhIOpOca NbUIA B
BO3/IyIIHBIN OacCeilH rOpOJCKON Cpeibl;

- TMOJY4YEeHBl 3aBUCUMOCTH SHEProO€MKOCTHOTO MOKa3aTelsl Mpolecca 00eCbUIMBAHMS
IIEHOM OT OCHOBHBIX TEXHOJOTMYECKUX [TapaMETPOB IOJIYYEHUS IIEHBI U I1apaMeTPOB €€
B3aMMOJICUCTBHS C TBUIBIO JIs1 PACCMATPUBAEMBIX MPOU3BOJCTBEHHO-TEXHOJIOTUYECKUX
YCIJIOBUI 3aBOJIOB 10 U3rOTOBJICHUIO JKEJI€300€TOHHBIX KOHCTPYKIIMIA;

- BBINIOJTHEHO MaTeMaTH4YeCKOEe OMUCcaHhe (PU3MYECKHX MPOLECCOB 00ECIbUIMBAHUS
IEHOW, KOTOpOE IMO3BOJIIET OLEHMBAaTh U MPOTHO3UPOBATH PabOTy pa3lIMYHBIX €ro
TEXHOJIOTUYECKUX BUJOB (MEHHBIM a’po30JeM U TMEHHBIM CJOEM), HE THPOBOAS
NPEABAPUTEIBHYIO UX MPAKTUYECKYIO PEAIM3alUI0 U NMOA00pa ONTUMAJIBHBIX padounx
IapaMETPOB ONBITHBIM IYTEM.

Teopernyeckass W NPAKTHYECKAs 3HAYMMOCTH PadOTHI 3aKIIOYACTCAd B
CJIEIYIOLIEM:

-[IOJly4Y€Hbl TEOPETUYECKUE U HMIUPHYECKHE 3aBUCUMOCTU 3((PEKTUBHOCTH U
yIAETbHOW 3aTpaye€HHOM DSHEPruM peaju3alu TMporecca OOCSCHbIIMBAHUS TECHOM
TEXHOJIOTMYECKOTO ChIpbsl U BO3JlyXa Ha OCHOBE TEOPUHU MOA00Ms ¢ Y4ETOM Haumbosee
3HAYMMBIX JJIsl PAKTUKHU [ApaMETPOB: CKOPOCTU JBUKEHHUS BO3yXa B 30HE UCTOUHHUKA
IBIIEBBIICTICHNS, TIOBEPXHOCTHOTO HATSIKEHHsI PacTBOpa IMEHOOOpa3oBarenss W psijaa
JIPYTUX, KOTOPBIE MTO3BOJISIOT BBIIOJHATH COMIOCTABUTENIBHYIO OLICHKY IPEABAPUTEIBHO
BbIOpaHHBIX BapHAHTOB TEXHOJOIMI paccMaTpUBaeMoOro Impolecca s 3aBOJOB IIO

U3TOTOBJICHHUIO JKEJI€300€TOHHBIX KOHCTPYKIIMIA;
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- Ha OCHOBE TMOJy4YeHUs1 (YHKIUOHAIBHBIX 3aBHCHMOCTEH PE3yJIbTHPYIONTUX
napaMeTpoB Ipollecca NbUICMIOAABICHUS pa3paboTaHa METOAMKa OIEHKH M BbIOOpa
BBICOKOA(D(EKTUBHBIX U IHEPTeTHUYECKH SKOHOMHUYHBIX TEXHOJIOTUH 0O0ECHBUIMBAHUS
NIEHOM, WCHOJIb3YyIOasi B KaueCcTBE KPUTEPUEB ONTUMHU3AUUU S(PPEKTUBHOCTh U
SHEPrOEMKOCTHBI  TOKa3aTellb,  I[O3BOJISIIOIIAS ~ TAKXKE  BBINOJIHATH  PACUET
palMOHAIBHBIX TApaMETPOB TEHHOro croco0a s KOHKPETHBIX HCTOYHHKOB
NBUIEBBIJICTICHUS] HA 3aBOJIaX IO M3TOTOBJICHUIO >KEJIE300€TOHHBIX KOHCTPYKIUH C
yuetoMm oOecneuenust [IJIK mpuin B Bo3myxe paboyux 30H U TMPU3EMHOM CJIOE
aTMoc(epbl TOPOJICKUX TEPPUTOPHIA;

- B pe3yJbpTaTe NPOBEIEHHBIX HCCIEAOBaHUN pa3padoTaHbl PEKOMEHJALUMU IO
COBEPILEHCTBOBAHUIO Tpolecca 00eCHbUIMBAaHUS NMEHON TEXHOJOTMYECKOrO ChIPhS U
BO3/lyXa JJIA 3aBOJIOB IO HM3TOTOBJIEHHUIO KEJIe300€TOHHBIX KOHCTPYKIMH C IIENBIO
JOCTHMKEHUS  MAKCUMaJbHOW  CAaHUTAPHO-TUTUEHHUYECKOM M 3KOJIOTHYECKOM
3 PEeKTUBHOCTH, C MaKCUMaJbHOM HKOHOMHUYHOCTBIO oOOecreurBas HOPMAaTHUBHBIC
napaMmeTpbl 3albUIEHHOCTH BO3JyXa paO0o4MX 30H M MPU3EMHOrO Cios aTrMoc(epbl
NPUWIETAIONIUX TOPOJICKUX TEPPUTOPUIM 11 CUTyaluuld, KOorjga TpPaJulMOHHO
MIPUMEHSIEMbIE UH)KEHEPHBIE CPEACTBA HE JAIOT BO3MOKHOCTH JIOCTUYb ONTHMAaIbHBIX
pacyE€THBIX MapaMeTPOB paccMaTpUBAEMOro MPOIECCa;

- pa3paboTaHbl KOHCTPYKILMHU: YCTPONUCTBA PEr€HEPAUOHHON OUYUCTKHU 3ara30BaHHOTO
BO3yXa (mareHT Ha n3oopererne Ne 2144434), ycTpolicTBa pereHeparMOHHON OYUCTKU
BO3/lyXa OT TOHKOJMCIIEPCHON HECIUMAarouieicss mbutk (MaTeHT Ha u3olOpereHue Ne
2156643), ycTpoiicTBa OYUCTKH BO3AyXa OT TOHKOJUCIIEPCHOM HECIMMAIOIICHCS TBUIH
(maTeHT Ha noJie3Hyto Moaesb Ne 137210), ycTpoiicTBa 711 OYUCTKU BEHTWISIITUOHHOTO
BO3/yxa (maTeHT Ha nosie3Hyro mojenb Ne 139077), ycTpoiicTBa i OYMCTKHA BO3yXa
OT mbUIH (TaTeHT Ha moJie3Hyro monaens Ne 145908), anmapara rugpoauHaAMUYECKON
OYMCTKA Ta3oB (MaTeHT Ha moJyie3Hylo Mojenb Ne 146368), ycrpoiictBa s
ynaBimuBaHusi U cBs3biBaHuSA ThUH «OTYO-2-3» (maTeHT Ha mMoJe3Hy0 Mozenb No
154725), ycrtpoiicTBa AJig yJIaBJIMBaHUS U CBSI3bIBAHUA MbUIM (ATEHT HA MOJIE3HYIO
mozaenb Ne 169050), ycTpoiicTBa 11l yJIaBIWBAaHUS U CBS3BIBAHMS TBUIM (TIATEHT Ha

nosie3nyro mojzenb Ne 170041), ycTpoiicTBa uisl yJIaBIMBaHUS W CBSI3bIBAHUS TMBUIN
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(marenr Ha monesnyto Moxaenb Ne 170041), oOecrneuuBaroniye BBICOKYIO
3¢ (HEeKTUBHOCTH TbLIE3aiepKaHUs (SKPAaHUPOBAHUS) U OYUCTKU BO3yXa OT MbUIM Ha
OCHOBE IIEHHOTO CII0C00a;

- pazpaborana mporpamma «GEEPSUOR» mms OBM  (cBHmeTenscTBO O
rocyaapctBeHHoM — peructpamuu Ne 2016613157), mosBosstomias s 3aJaHHBIX
YCIIOBUM MPOU3BOJICTBA 3aBOJOB IO HM3TOTOBJIEHHUIO KENE300€TOHHBIX KOHCTPYKIUHI
BBITIOJTHATH aHAJTUTHYECKOEC MOJICIMPOBAHUE U Pacu€T pabodMx MapameTpoB MEHHOTO
cnoco0a, Ha OCHOBE YEro BbIOMpPATh ONTUMAJIBHYIO TEXHOJIOTHIO OOECHbUINBAHUS
MEHOM W ONpeAeNaTh COOTBETCTBYIOIIME €i paboune mapaMeTphl Uil DTaroB
IbLIe3aIepKaHUA, OYMCTKH BO3AyXa OT MBUIM W MPUHYIUTEIHLHOTO PACCEUBAHUS TBIIN
B atmMocdepe ¢ yuétoM oOecrneueHus: MakCUMalabHOU A(PPEKTUBHOCTU (10 3HAYEHUU
ITIK; 1 TTJK p(cc)) ¥ DHEPTETHYECKON SKOHOMHYHOCTH.

MeTtomoJiorusi 1 MeTOAbl HCCJIeI0BAHMS O0a3MPOBAINCH HAa AHATUTHYECKOM
0000IICHNM W3BECTHBIX HAYYHBIX W TEXHUYCCKHUX PE3yJIbTaTOB, (HU3UICCKOM U
MaTEMaTHYECKOM MOJCIIUPOBAHNHN, 00paOOTKE IKCIIEPUMEHTATBHBIX JAaHHBIX METOJAaMHU
TEOpUH TONOOWS W MATeMAaTHYEeCKOW CTAaTHUCTHKH, COIMOCTABICHUH MMOJYYECHHBIX
aBTOPOM  PE3yJIbTATOB  JKCIEPUMEHTAIBHBIX  HCCICAOBAHHM, BBIMOJHEHHBIX B
71a00paTOPHBIX YCIOBHSX, C COOTBETCTBYIONIUMH TEOPETHUYECKHMM pe3yJbTaTaMHu, a
TaKXKe C Pe3yJIbTaTaMH, ITOJTYYSHHBIMH IPYTUMH aBTOPaMHU.

IMosn0:keHNs, BBIHOCMMbIE HA 3AII[UTY:

- MPOIIECC B3aUMOJCHCTBUS TIEHBI C MBUIEBBIM a’p030JIeM, BKIIOYAIONIUN TpU dTama
€ro peayin3aliuy — IblIe3aIepKaHie, OYUCTKY BO3/IyXa OT MBUIH M pacCeHBaHUE TbLIN B
aTMocdepe, ¢ y4eTOM B3aWMMHOTO JEHCTBHUS B Ka4eCTBE OCHOBHBIX TaKMX CHJI Kak:
TUAPOAMHAMUYECKHE, adPOJIMHAMUYECKHE, TOBEPXHOCTHBIE W MEKMOJCKYJISIPHBIE, a
TaKk)Ke MPeo0IaaroNe poik YHEPreTUIECKUX MapaMeTPOB, OMPEACIIEMbIX BIUSHUEM
(U3HKO-XMMHUYECKHX CBOWMCTB B3aMMOJICUCTBYIOMHMX (a3, a Takke XapaKTepUCTUKaAMHU
MIPOU3BOICTBEHHO-TEXHOJIOTHUECKUX YCIIOBHIA,

- CBOHCTBa TEHBI M ad’pO30Jis, COJACPNKAIIErO0 THUIEBBIE YACTHUIBI, TPH UX
B3aMMOJICUCTBUM  OIPEACISAIOTCS TEXHOJOTMed MeHOOOpa30BaHUS U YCIOBHIMU

IBUICBBIACIICHUA, HaA OCHOBAHHWH 4YCrO0 YCTAHOBJICHBI 3aBUCHUMOCTH OJTHUX IIaApaMCTPOB
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(InameTpa TEHHOIO Iy3bIpbKa, TOJIIHWHBI IUJIEGHOK B TI€HE, IUIOTHOCTU IICHBI,
KPUTUYECKUX 3HAYEHUW CKOPOCTH BCTPEYM YACTUIl C Iy3bIPbKaMHU, BPEMEHU HUX
JUHAMUYECKOTO COPUKOCHOBEHUS, YIIPYTOro B3aUMOICHCTBUS, CMAaUUBAHUS U JPYTHUX)
OT KOMIUJIEKCHOTO BIUSIHUS KOHCTPYKTHUBHBIX M TEXHOJIOTMYECKUX XapaKTEPHCTHK
nporecca Moay4YeHUs MEHbI, a3pOANHAMUYECKON OOCTaHOBKHM B 30HE IBUICBBIJCIICHMUS,
CBOMCTB MEHOO0Pa3yIOIIEro pacTBOpa 1 MbLIEBOI0 MaTepuaa;

- pacceuBaHMe B arMoc(epe MbUIM NEHOM MOXHO OJHO3HAYHO XapaKTepHU30BaTh
OLICHOYHBIM 3HEPrOEMKOCTHBIM IIOKA3aTesieM, HENOCPEACTBEHHO CBS3aHHBIM C
IKOJIOTUYECKON 3((HEKTUBHOCTHIO M C MapaMeTpaMM, XapaKTEePU3YIOIIUMU COCTOSIHHUE
BO3IyIIIHOM CpPEJIbl, a TAaK)Ke TEXHOJOTUYECKHE U MPOU3BOJICTBEHHbIE YCIOBHUS 3aBOJIOB
[0 M3TOTOBJEHUIO KEJIE€300€TOHHBIX KOHCTPYKLMH; NpPH 3TOM aHaJIU3 TaKou
(YHKIIMOHATBHON B3aMMOCBSA3M MO3BOJISET AJIS Ipollecca pacceuBaHUs B aTMocdepe
NBUIM TIEHOM ONpPEENUTh MyTH €r0 JAJIbHEHUIIIEro COBEPIICHCTBOBAHUS,

- MaTeMaTUYeCKHME 3aBUCHMOCTH  PE3yJbTHPYIOLIMX MapamMeTpoB  Mpolecca
o0ecnbUIMBaHUSl IEHOM TEXHOJIOTMYECKOTO ChIPbsi M BO3AYLIHOW Cpeibl, MOJy4YECHHbIE
Ha OCHOBE OMMCAHUS PHEPreTUYECKUX MAPaMETPOB MEHbI U MBUIH, a TAKXKE Pa3TUYHBIX
YCIIOBUM TIBUICBBIICTICHUSI W TEHOOOpa30BaHMsI, TO3BOJIAIOT OIICHUBATh PA3THYHbBIC
TEXHOJIOTUM OOECHBUIMBAHUS TIEHOM MO KPUTEPUSM CAHUTAPHO-TUTHUEHUYECKOU U
IKOJIOTHYECKON  A(P(EKTUBHOCTH, a TaKKe MO KPUTEPUIO  DHEPreTUYeCKOn
SKOHOMHUYHOCTHU (IHEPrOEMKOCTHOMY MOKA3aTEIO).

Crenenb  JgocToBepHOCTM M ampodamusi  pe3yiabtaroB. CreneHb
JAOCTOBEPHOCTH TIPEACTABICHHBIX B pabOT€ OCHOBHBIX HAyYHbBIX [OJOKEHUMH,
chOopMyIMpPOBaHHBIX BBIBOJIOB U pa3pabOTaHHBIX PEKOMEHJalMii 00O0CHOBaHA
npuMeHeHueM (yHIAMEHTAIBHBIX OCHOB TEOPUHU JUCIEPCHBIX CHUCTEM, MEXaHHUKHU
a’po30Jieil, Teopur Mojo0us, a TaKKE COBPEMEHHBIX METOJIMK MPOBEJCHUS HAYUHBIX
UCCJIEIOBAHUM, CXOJMMOCTBIO IMOJYYEHHBIX aBTOPOM pE3YyJIbTaTOB TEOPETUYECKUX U
DKCIIEPUMEHTAJIBHBIX HCCIEIOBAaHUA B INpelesaX OTHOCHUTEIbHONM MOrPEIIHOCTH
Ac=%x13,26% s w3mepenuit dddextuBHOCTH U AN=%9,7% s u3MepeHui
3aTpayeHHOM »dHEpPruM C JOBEpUTETbHOM BeposTHOCThIO 0,95 u mnomydeHuem

IPOTrHO3UPYEMBIX PE3YJIbTATOB B IPAKTUUECKOMN pean3aiyi.
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Anpobanus pe3yabTaTtoB padoTbl. OCHOBHbIC HAay4YHBIE MOJOXEHUS, a TaKKe
TEOPETUYECKHE W  MPAKTUYECKHE  Pe3yJIbTaThl  JUCCEPTAIMOHHOW  paboOThI
JOKJIa/IbIBAJIUCh, OOCYKAAIMCh U MOIYYMWIN 0JOOpEHUE Ha: MEKIYyHApOAHOW HAyYHO—
npakTUYeckol KoH(pepeHuun «Ikonorus u peruon» (r. Pocros-na-Zlony, 1995 r.),
MEXIYHApOJHOW  HAy4YHO-TEXHHYEeCKoW  KoHbepeHimuu  «lIpobmembl  oXpaHbI
IIPOM3BOJICTBEHHON M OKpYyKaroiieh cpeasl» (r. Bomrorpan, 1997 r.), MexxayHapoaHOM
mkosie—cemuHape «lIpomeinuienHas skojorusi» (moc. Ao6pay-Hrwopco, 1998 r.),
MEKAyHapoaHOU mKose-ceMuHape «lIpoMpimuiennas skonorus» (r. Pocto-na-/lony, 2000
I.), MEXIYHAapOJHON HAyYHO-TIPAKTUYECKON KoH(pepeHInn «3710pOoBbe TOpoaa —
30poBbe uenoBeka» (r. Pocros-na-ony, 2001 r.), MexayHapoIHON KOH(pepeHIUU
JlemapTtaMeHnTa o oxpane okpy:xatouiei cpenbl FOxuoro peruona (r. Pocros-na-Jlony,
2001 r.), MeXXIYHAPOIHON HAyUYHO—TIPAKTHYCCKON KOH(MEPESHIINN «DKOJIOTHS U KU3HBY
(r. Tlenza, 2012 r), MexxayHapOAHOW HaydyHO—TIpaKTHYeCKoW KoHpepeHnun «Hayka u
oOpazoBanue B 21 Beke» (r. Mocksa, 2013 r.), MEXIyHapOIHON HAyYHO-TIPAKTUYECKON
kKoH(epeHusa «DPyHaameHTaabHbie TpodiaeMbl Hayku» (T. Yda, 2013 1.), exKeroaHbIx
MEXTYHApPOIHBIX HAyYHO-TIPAKTUUECKUX KOHpepeHusax «CtpoutenbcTBoy (T. PocToB-
Ha-Jlony, 1997-2014 rr.), BCEpOCCHUHCKOW HAyYHO—TIPAKTUYECKON KOHGPEPEHIIUU
«HoBoe B 3k0sioruu B 6€301acHOCTH ku3HeaAesTenpHocTH» (T. Cankt-IlerepOypr, 2000
r.), HayuHo-npakTruueckoil konpepenunn «bXKJ[, XX Bexk» (r. Bonrorpan, 2001 r.).

OcHoBHast wuaess PpaldOTBI  3aKITIOYAETCS B WCTIOJIB30BAaHUHM  (U3HKO-
HHEPTeTUYECKOI0 MOAX0Ja K ONMMCAHUI0 OCHOBHBIX XapaKTEPUCTUK MBUIEBOTO a3p030JIs
U BO3JCHCTBYIOUIEH Ha HEro MeHbl s (opManu3aluud KPUTEPUEB M pa3pabOTKU
METOJUKH OIEHKH U BBIOOpA BHICOKOA((PEKTUBHBIX M DHEPreTUUECKH IKOHOMUYHBIX
TEXHOJIOTUN 00ECTIbUIMBAHUS TIEHOM.

BkJiagoM aBTOpa B NPOBEICHHOE NUCCJIE0BAHUE SBIISIOTCS:

- HENOCPEICTBEHHOE Y4YacTHE Ha BCEX JTamax MCCIEAOBaHUA Kak Ipolecca
3arpsA3HEHMs, TaK M M[poLecca CHWKEHUS 3arpsA3HEHUs] BO3AYIIHOM  Cpelbl
INPUMEHHUTEIIBHO K YCIOBUSIM 3KCIUTyaTalldd JIEHTOYHBIX TPAaHCHOPTEPOB  HA
NPEANPUATUAX CTPOUTEITBHON UHIYCTPUH;

- pa3paboTke GU3NUECKUX MOJIEIEH MPOIECCOB 3arpsI3HEHUS U CHIKEHUS 3arps3HEHUS
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BO3AYIIHOM Cpexbl Ui YCIOBHM OKCIUIyaTallMM JICHTOYHBIX TPAaHCHOPTEPOB
NPEANPUATANA CTPOUTEIBHON UHYCTPUH;

- MOJIy4YeHHE HOBBIX ()YHKIMOHAJIBHBIX 3aBHUCHUMOCTEM CAaHUTEPHO-TMTHMEHUYECKON U
IKOJIOTUYECKON 3()PEKTUBHOCTH, a TaKXKE SHEProEMKOCTHOIO IIOKa3aTelisd >TaroB
nblIe3aiepKaHusl, OYMCTKU BO3JyXa OT MbUIM U PACCEMBAHMS IBUIM B aTMOc(epe Kak
OCHOBHBIX COCTaBJISIOLIMX Ipoliecca OOECHbUIMBAHUS TEXHOJIOTMYECKOTO ChIPbS M
BO3JlyXa Ha IPEANPUATUAX CTPOUTEINBHON UHIYCTPHH;

- pa3paboOTKa METOJAMKM OLEHKM U BbIOOpa ONTHMAJbHBIX JJIS 3aJaHHBIX
IPOU3BOJCTBEHHBIX YCJIOBHH TEXHOJOTUH OOECHBUIMBAHMS TIE€HOHM, pacuére ux
ONTHUMAJIbHBIX pabOuYMX MapaMeTpoOB, a TAKXKE CO3[JaHUU AIrOpUTMa €€ pean3aluu
IIPUMEHUTENIBHO K YCIOBHAM  OJKCIUIyaTallMd JICHTOYHBIX TPAHCHOPTEPOB HA
IPEANPUATUAX CTPOUTEIIBHON UHIYCTPUH;

- NPOBEACHUE HKCHEPUMEHTAIBHBIX HCCIEHOBAHUNM PE3yJIbTUPYIOIIMX IapaMETPOB
Pa3IMYHBIX TEXHOJOTUH OOECTIbUIMBAHUS NMEHOW TEXHOJOTWYECKOTO CBHIPhS U BO3AyXa
JUIS TPOU3BOJACTBEHHBIX YCJIOBHM 3aBOJIOB MO M3rOTOBJIEHUIO JKEJIE€300€TOHHBIX
KOHCTPYKILIMM, 4 TaKXe B COIOCTaBJICHUU PE3YJbTATOB TEOPETUYECKUX PACUYETOB C
DKCIEPUMEHTAJIBHBIMA ~ JTAHHBIMH M OLEHKE  BO3MOXHOCTH  IPAKTUYECKOIO
UCTIOJIb30BaHUs pa3pabOTaHHON METONKH;

- JIMYHOE Yy4YacThe B TPAKTHMUECKON ampobaluu pe3yibTaTOB BBIIOJHEHHBIX
HCCIIe0BaHUM;

- IOATOTOBKA OCHOBHBIX MyOJIMKALIMI 1O PE3yIbTaTaM BBINOJIHEHHBIX UCCIEI0BAHMIA.

Peanm3auuio pe3yJibTaToB padoThl XapaKTEPU3YIOT:

- pa3paboTaHHbIE HAa OCHOBAaHUHM pE3yJbTAaTOB OLEHKH M BbIOOpPAa ONTHUMAIbHBIX
TEXHOJOTMH  OOECHbUIMBaHUS TEHOW TEXHOJOTHYECKOTO ChIpbS M BO3AYyXa,
IPOBEJAEHHBIX II0 NPEIJIOKEHHOW aBTOPOM METONMKE, a TAaKXKE NPaKTHYECKU
NPUMEHEHHBIE PEKOMEHJAIMK IO YIYYIICHUIO YCIOBUW Tpyda Ha pabodumx MecTax,
MOBBIIICHUIO CAHUTAPHO-TUTUECHUYECKONH 3(PPEKTUBHOCTH, CTETEHU HKOJIOTUYECKOU
0€30MaCHOCTH M SHEPreTUYECKOM 3KOHOMHYHOCTH CHUCTEM IbUICNOJABICHUS IS
NPEANPUATANA CTPOUTEIBHON UHYCTPUH;

- BHCAPCHHBLIC CITOCOOBI opraHm3anvi MW TCXHOJIOTUH 00CCIBIIMBAHNS TICHOM
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IIPOU3BOICTBEHHOIO ChIphbs U Bo3yxa Ha [TAO «KoMOMHAT CTPOUTENBHBIX MaTEpUasIOB
(KCM) NelO (r. PocrtoB-na-Ilony), OOO «3aBoja CTpOUTENBLHOIO O0OpYOBaHUS (T.
PocroB-na-/lony), ITAO «MocToxene3o00eToHKOHCTpyKUUs» baraiickuil 3aBoag MXXBK
(r. baraiick PocrtoBckoit obmactu) u 3A0 «PocroBckuit 3aBoa JKeme300eTOHHBIX
Kounctpyxkiuit» (r. PoctoB-Ha-/{ony);

- UCIMoJb30BaHHbIE KOMUTETOM IO OXpaHe OKpyKarollel cpeipl AJIMUHUCTPAIUU T.
PocroBa-na-Jlony  pe3ynbTaThl ~ HcCClenoBaHMM  mpu  paspaboTrke  LlemeBoii
AKOJIOTMYecKol mporpammbl «O310poBieHHE BO3AYIIHOTO OacceifHa r. PocroBa-Ha-
[ony»;

- HCTOJB30BaHHBIE PE3YJbTAThl HUCCIENOBAaHMA B Y4eOHOM mporecce Kadempoii
«nxenepHas  3amura  okpyxkawomedn  cpeap»  OI'BOY BO  «JloHckoW
rOCYJIapCTBEHHBIN TEXHUUYECKUU YHUBEPCUTET» TIPU TMPOBEACHUU JICKIUOHHBIX M
MPaKTUUYECKUX 3aHATUA MO JUcHUIUIMHAM: «be30mnacHoCTh KU3HENESITENbHOCTHY,
«TeopeTrnueckue OCHOBBI 3alMTHI OKpYXaromen cpeabl», «lIpomeccbl u anmapartsl
3alMTHl  OKpYyXaromend cpeab», «Mexanuka MHoOrodasHbIXx cpen», «Pacuer wu
MPOCKTUPOBAHKE CUCTEM OOecrieueHrst 0€30MacHOCTH.

Myomukauuu.  OCHOBHBIE — pe3yibTaThl, TMOJYYEHHbIE B  pPE3yIbTare
UCCIIEIOBAHUM MO TE€ME JIUCCEPTALMOHHON pabOThl, U3JI0KEHBI B 75 MyOMuKanusax, B
TOM 4Yucjie: B 2 MoHoOrpadusx, 62 HaydyHbIX CTaThsix, B TOM uyucie 20 crarhsx,
onyOJIMKOBAaHHBIX B u3NaHusx, pekoMmenayembix BAK Poccun, 7 crarbsx,
UH/ICKCUPYEMBIX B HayyHOU 0a3ze «SCopusy, 10 maTteHTax Ha M300pETEHUS U MOJE3HBIC
MOJEJNH, a TAKKE B 1 CBUAETEIBCTBE O TOCYJAPCTBEHHOM PErUCTPALIMM TPOTrPaMMBbl ISt
OBM U B HAy4YHO-TEXHUYECKUX OTUYETaX.

O0béM M cTpykTypa padoThl. /(uccepramnrionHas paboTa BKIOYAECT BBEJCHUE,
NSATh TJ1aB, BBIBOJbI, CIMCOK JIUTEPATyphl U TpuiaoxkeHus. OOmmuit o0béM padOThHI
coctapisieT 287 cTpaHuil, BKIo4Yas 244 cTpaHUIl OCHOBHOTO MAalIMHOMHCHOTO TEKCTa,
BKJIIOUaroniero 6 tabnui v 37 pUCYHKA, CIHCOK JIMTEPATyphl, coctosmuid uz 210
HAaUMEHOBaHUM W WU3JIOKEHHBIMH Ha 24 CcTpaHuLax, a Takke 13 NpuiioKeHui,
U3JI0KEHHBIX Ha 19 cTpanuiax.

ABTOp BBIpaKaeT MCKpeHHIO OmaromapHocts JlaBpunenko B.b., JlopodeeBy
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B.A., AOnynkamupoBy II.A., Kaymanckomy M.B. 3a mnomous B OpraHu3anuu
IPOMBIIUIEHHBIX ~ 3KCIIEPUMEHTOB W  anpolOalMM  NPAaKTUYECKUX  Pe3yJIbTaToOB
uccnenosannii, llyiickomy A.U., Epémunon JI.B., Tomamyk E.A., Ilymenko C.JIL.,
HecseraeBy I'.B. 3a neHHBIE COBETBHI, CHIEAHHBIE MMH IPU BBINOJHEHUM HAy4YHBIX
UCCJIEIOBAHUI MO TEME JMCCEPTAMOHHOW padoOThl, a TaKK€ KOJUIEKTUBY Kadeapbl
«Mmxenepnasgs  3amura  okpyxawomen — cpeasdy  PI'BOY  BO  «JloHckon
roCyJapCTBEHHbI TEXHUYECKUU YHUBEPCUTET» 3a IOMOLIb B IMPOLECCE OTIAAKU
nporpammel  «<GEEPSUOR» 1 1ieHHBIE mNpakTUYeCKUE PEKOMEHAALMU 10 TeMe

JFCCEePTaIINU.
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1 AHAJIN3 ITPOIECCOB OBPA3OBAHUSA U BBIIEJIEHUSA IIBIJIN
HA IIPEJIPUATHUSAX CTPOUTEJBHON MHIYCTPUH

B coBpeMEHHBIX yCIOBHSX pa3BUTHS DJKOHOMHKH Poccum mpennpustus
CTPOUTEIBLHOW WHAYCTPUU  TPEACTABISIOT COOOW  KPYITHBIE  TIPOMBIIIUICHHBIE
KOMITJIEKCHI, OOCCICUMBAIONINE KaK IPOM3BOACTBO CTPOUTEIHHBIX MATEPHAIOB U
KOHCTPYKIIMH, TaK U CTPOUTEIHCTBO OOBEKTOB (3MaHUN U COOPYKEHUH) Pa3IUYHOIO
HaszHauenus [19, 20, 21].

CTpouTenbCcTBO OOBEKTOB PA3IMUHOTO HA3HAUEHHUS MPEIOJIaraeT BHIIOJIHEHUE
CJIEYIOIIMX OCHOBHBIX BHJIOB CTPOUTEIHLHO-MOHTAXHBIX PabOT (MOATOTOBUTEIBHBIX,
TPAHCHOPTHBIX M TOTPY30YHO—PA3TPY30UHBIX, 3EMJISTHBIX, KAaMEHHBIX, OETOHHBIX U
XKeJIe300€TOHHBIX, MOHTXKHBIX, OTIEIOYHBIX M KpPOBEIBHBIX) C HCIOJIb30BAHUEM
CTPOUTEIBHBIX MaTEPUATIOB U KOHCTPYKIIMMA, a TAK)KE CTPOUTEIILHON TEXHUKH, MAITUH U
mexanu3smMoB [19-23]. Tlpu 3ToM HEOOXOJMMO OTMETHTh, YTO, KaK IPaBHIIO,
CTPOUTEIHCTBO OOBEKTOB BBIMOIHACTCS B TpaHUIAX TOPOJCKHX TEPPUTOPUNA, UYTO
CBSI3aHO, MPEXKIE BCEro, C Pa3BUTHEM HH(OPACTPYKTYpPHI HACEICHHBIX MECT, U CPOKHU
CTPOUTEIBCTBA JOCTATOYHO OTPAaHUYEHbl (UCKIIOYas JIOJITOCTPOM) U SIBISIOTCS
OTHOCHUTEJIbHO KpaTkoBpeMeHHbIMH [19-23]. AHanu3 u 0000IIeHHEe pe3yIbTaToB
aTTecTali paboYMX MECT TPH BBIIOJHEHUH CTPOUTEIHLHO-MOHTAXHBIX padoOT Ha
pPa3NUYHBIX OOBEKTaX CTPOUTEIBCTBA Ha TeppuTopun Poccuiickoit Denepanuu 3a
nociaeaane 5 mer [7, 8, 9, 13, 14] mo3BoaMI 3aKIOYUTh, YTO HA CTPOMTEIBHBIX
IIOMAAKaX TMOMHUMO JPYTHMX HETaTMBHO BO3JCUCTBYIOIIUX Ha pabOTaIMMUX U
OKpyXKaromiyto  cpenay  (akrtopoB  (mmym, BuHOpaius, TEIJIOBOE  H3Iy4YCHHE,
AJIEKTPOMArHUTHOE U3TyUYEHUE, 3ara30BaHHOCTh U JIp.) 00pa3yeTcs MbLIb C pa3IMYHbIMU
CBOMCTBaMH, KOTOpPasl BBIICTSETCS B BO3AYX pPabOYMX 30H, a TAaKKe B BO3IYIIHBIN
OacceiH TOpoACKKX TeppuTtopuii [5-15].

B cBoto odepenn, kK mpeanpusaTHSIM O TPOU3BOJICTBY CTPOUTEIILHBIX MaTEPHUATIOB
U KOHCTPYKIMHA OTHOCST: 3aBOJBI IKENE300CTOHHBIX W3ACIUN W KOHCTPYKIIHIA,

KHPIINYHBIC 3aBO/Jbl 1o HU3TOTOBJICHHUIO Pa3INIHbIX BUOO0B KHpIIN4a,
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JepeBooOpadaThIBAIOIIKE TPEIIPUITHS 110 TPOU3BOJICTBY JACPEBIHHBIX KOHCTPYKIIMHA H
MaTepUasIoB; IIEMEHTHBIC 3aBOJIbI; Kaphephl MO J0ObIUE HEPYIHBIX MaTepuaioB (TeckKa,
IeOHs, CTPOUTEIIEHOTO KaMHS | T.I1.); 3aBOJIbI TI0 H3TOTOBJICHUIO CYXHX CTPOUTEIIbHBIX
CMECe W CTPOMTEIBHBIX MaTepPUAIOB; 3aBOJBI 110 HW3TOTOBJICHHIO KEPAMHUYCECKOM
IUINTKK W TPOTYapHOH IUIMTKH; ac(asbTOOCTOHHBIC 3aBOJBI, MPEANPHATHS 10
W3TOTOBJICHUIO METAJUIOKOHCTPYKITUH | psan npyrux [19, 20, 21, 23, 25, 26, 27].

[lepeunciieHHbIe TPEINPHATHS, KaK M CTPOMWTEIbHBIC IUIOIIAIKH, TaKKe
pacmoyiOKeHBI, Kak TMPaBUJIO, B TPAHMUIIAX TOPOACKHX 3aCTPOCK, YTO CBSI3aHO C
HEOO0XOMMOCTHI0O MHHHUMH3AIMK TPAHCIIOPTHBIX PACXO0JIOB Ha JOCTABKY CTPOUTEIBHBIX
MaTepuajoB K 00beKTy cTpouTenancTBa [19-23].

[Tpu sKcmIyatanuyd MPOU3BOJACTBEHHO—TEXHOJIOIHYECKOTO O00OpYyJAOBaHUSA Ha
OPEANPHUATHIX TI0 IPOU3BOJACTBY CTPOHMTEIBHBIX MAaTepUAOB W  KOHCTPYKIIHMA
NPOUCXOANT TepepadoTKa M HM3MEIbUCHUE Pa3IMYHBIX BHIOB TEXHOJOTHYECKOTO
CBIPBS, B PE3yJIbTATe YEro MOPOXKIAIOTCS pa3IudHbIe (PAKIMOHHBIC KOMIIOHEHTHI, B
pe3yJibTaTe uero Takxke oopasyercs nbslib [20, 21, 22, 24, 25, 26].

[Mpu stomM B coorBerctBUU ¢ [35, 46, 47] Ty 4YacTh CTPOWTEJIBHBIX MAIIIWH,
MEXaHHU3MOB, ITPOU3BOJCTBEHHO—TEXHOJIOTHYSCKOTO 00OPY/I0BaHMs, B 30HE KOTOPOM
IMPOUCXOJUT TpOIecC O0pa3oBaHUsS IBUIM, MOXHO CUHUTaTh  «UCHOYHUKOM
nulieobpazosanusy, a Ty 4acTh 3THX MAallldH, MEXaHU3MOB U OOOpY/JOBaHHS, B 30HE
KOTOPOM MPOMCXOAMT MPOIECC BBIXOAa MBI U3 00beMa TEXHOJOTHYECKOIO ChIPhS B
BO3/IyX paboueii 30HBI, MOKHO CUHUTATh «BHYMPEHHUM UCMOYHUKOM NbLIEEbIOCTCHUS .
[Tepexoa dYacTHIl TBUIM K3 BO3AyXa padO4YMX 30H B BO3AYyX CTPOMTEIbHBIX HJIH
IPOMBIIIICHHBIX IUIOIIAI0K (M, B UTOrE, TOPOJCKON TEPPUTOPUH) MIPEACTABISICT CO0Oi
[35, 46, 47] nporiecc «sHewneco noliegvloeeHusD .

JIJis  nanbHEWIIMX HCCIICIOBAHUM, CBS3aHHBIX C BO3MOYKHOCTBIO YITPaBJICHHUS
napamMeTpaMM M IOBBIIICHHEM 3(P(EKTUBHOCTH OOCCHBUIMBAHKMS TEXHOJIOTHYCCKOTO
CBIPbS M BO37IyXa Ha MPEANPHUATUIX CTPOUTCIBHONW WHIYCTPUH, HEOOXOIUMO BBISIBUTD,
IPEXKJEC BCEro, OCHOBHBIC HCTOYHHMKH IBLJICBOTO 3arps3HCHUS BO3IYIIHOW CpPEIbl
TOPOJICKUX TEPPUTOPHUH, XapaKTCPHbBIC JUISI TaKUX IPEANPHUATHN, a TaKKe KOHKPCTHBIC

TPYIIIIBI NPEAIPUATHI, BHOCSIINX HAUOOJBIINI BKJIA]] B TAKOE 3arpsi3HEHHUE.
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1.1 OcHOBHbBIE HCTOYHUKH NMbLJIEBOT0 3arPsi3HEHN S BO3AYIIHOM Cpeabl
TOPOACKHUX TEPPUTOPUI, XapaKTepPHbIe IS NPeANnpUsiTHH

CTPOUTEJIBLHONH MHAYCTPHH

[Tponu3BOACTBO PA3TMYHBIX BHJIOB CTPOUTEIHHBIX MAaTEPUAIOB M KOHCTPYKITUI
MPEICTABIISACT COOOM CIOXKHBIE TEXHOJIOTHICCKUE MPOIECCHI, CBA3AHHBIC C TIEPEBOIOM
TEXHOJIOTHYECKOTO CBHIPhS B Pa3JIUYHbIC (PU3HUECKHE COCTOSIHUS C Pa3TMIHBIMU
(UBHUKO—XUMUYECKUMH CBOMCTBAMH, a TAaKXE C HCIOJb30BAaHHUEM pAa3HOW CTEICHH
CJIIO)KHOCTH OCHOBHOT'O TEXHOJIOTHYECKOTO 000PY/I0BAaHHS, BCTIOMOTaTCIIbHBIX MAITMH U
MeXaHU3MOB. [IpakTHMYecKH BO BCEX CIydasX OTH TEXHOJIOTHYECKHE IPOIIECCHI
COTIPOBOXK/TAFOTCS  BBIJCIICHUEM OOJIBIIOTO KOJMYECTBA TOJUAUCICPCHON TBLIN C
COBEpIIIEHHO Pa3HOOOpa3HBIMM CBOWCTBAMH, KOTOpash CTAHOBUTCSA MPUUYUHOU
pa3IUYHBIX npodeCCUOHATTbHBIX 3a00J1eBaHUI pabOTHUKOB, CHIDKCHUS
IPOU3BOJMTEIILHOCTH TPyJa, HW3HOCA TEXHOJOTHYECKOTO O0OpYJAOBaHHMS U, Kak
CJICZICTBHE, CHUKCHUE peHTa0eIbHOCTH Ipou3BocTRa [13, 15].

AHau3 TEXHOJOTHYECKHX OCOOCHHOCTEH MPOM3BOJICTBA, YCIOBUN 00pa3oBaHMsI,
BBIJICJICHHS M paclpOCTPaHEHUs MbLIM B Bo3AyiHOM cpeae [19, 20, 21, 23, 25, 26, 27]
MO3BOJISCT 3aKIIOYUTh, YTO HAWOOJBIIYI0 OIMACHOCTh IBUICBOTO  3arps3HCHUS
BO3JYIIHOW CpEIbl M3 BCETO TEPEUHS MPEANPUATHA CTPOUTEIHLHOTO KOMIUICKCA
MIPEJICTABIISIOT 3aBOABI 10 M3TOTOBJICHHIO JKEJIC300€TOHHBIX M3ICIHA W KOHCTPYKITUH
(OKBNuK), skcruryaTalidss KOTOPBIX NMPUBOAMUT K BBIJCICHHUIO B BO3AYX pabO4YMX 30H U
IMPOMBINIUICHHBIX ~ TUTOMIAJ0K  OOJIBIIOTO  KOJWYECTBA IBUIM HEOPTaHUYECKOW C
comepxkanueM SiO,>70% [5, 13, 14]. Ilpu 3>TOM OCHOBHBIMH HCTOYHHKAMH
0o0pa3oBaHMs W BBIJCIICHUS TMBUIM HAa TaKUX 3aBOJaX SBIISIOTCS KOHBEHWEPHBIC JTUHUH,
UMEIOIIUE PsIi OCOOCHHOCTEH, K YHCIy KOTOPBIX OTHOCSATCS WX MNPOTSKEHHOCTD,
JTUHAMUYHOCTh, MEPUOAUYHOCTh PadbOThl M apyrue. Kpome Toro, TEXHOJOTMYECKUE
oTiepaluy, CBSI3aHHBIC C TPAHCIOPTUPOBKOW M IEPErpy3KOM CHIMYYHX MaTePHaIOB,
BBIJICJISIONINE B BO3AYIIHYIO CPeay OOJIBIIOE KOJMYECTBO IBUTH, TPEOYIOT MPUMEHEHUS

TaKMX CIMOCOOOB OOECIBUIMBAHUS, KOTOPbIE MPEJOTBPAMIAIOT TEPEYBIAXKHECHUE
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TPAHCHIOPTUPYEMOI'O TEXHOJIOTMYECKOTO ChIpbsl W HE TpeOylT MOJ pa3MeLIEeHue
OOJIBIIMX IJIOMIAJEH.

OO60011eHHBIN aHaTM3 MHOTOJICTHUX HAOJIOICHUH 32 COCTOSIHHEM aTMOC(hEepHOTro
BO3/lyXa KpyHHbIX TroponoB Poccuiickonn @enepanun, Ha TEPPUTOPUU KOTOPBIX
pacrionoxensl 3aBoAbl KbUuK, nmo nanHeiM MUHHCTEPCTBA NMPUPOAHBIX PECYPCOB H
skonoruu Poccuiickoin denepanyy NOKa3pIBAET, YTO TOJISI UMEHHO ITUX IPEANPUATUHN
coctaBisieT 10 75% B 00IlIeM BKIJIAJ€ CTAllMOHAPHBIX HCTOYHHKOB B 3arps3HEHUE
BO3/YITHOTO0 OacceifHa ropoJIOB HEOPTaHWYECKOW MbUTbI0 ¢ coaepskanueM SiO;>70%
[53-57].

Jlist oGecrieyeHust BO3MOKHOCTH YIPABICHUS TIPOLIECCOM 00€CTIBUTMBAHUS ChIPbs
U BO3AyXa C LEJIbI0 TMOBBIIIEHUS €ro 3((PEeKTUBHOCTH U HHEPreTUYECKOn
SKOHOMUYHOCTH, HEOO0XOJMMO, B TIEPBYI0 OYepellb, BBISIBUTH 3aKOHOMEPHOCTHU
peanu3anuy Mpolecca 3arpsi3HEHHs] TEXHOJOTMYECKOTO ChIPbS M BO3AYyXa, a TaKKe
npolecca 00ecHbUIMBaHUS BO3AYILIHOW cpelbl A HauOoJiee 3HAUYUMBIX MO BKJIaay
MCTOYHUKOB MbIIeBOTO 3arpsizHenus 3aBofoB XKbUuK. Vcxoas u3 aToro, Ha HauaabHOM
ATare UCCie0BaHui HEOOXOJUMO YCTAaHOBUTh TAKME UCTOUYHUKH, & TAKKE MPEATI0KUTh
HauOoJee OIU3KUM 1O 1eJI TEOPETUUECKUHM MOAXO0 K ONMHUCAHUIO MTPOIIECCOB MBLJIEBOTO

3arpsA3HCHUA U 00eCTIBIIIMBAHHUS BO3JyXad , YUUTBIBAA YCJIOBUSA 3KCILTyaTallW 3aBOJIOB

KbNuK.

1.2 O6ocHoBaHMe BHIOOPA TEOPETHYECKOTO MOIX0/1A K ONMUCAHUIO ITPOLIECCOB

NbLIEBOI0 3arpA3HEHUs M 00eCbIIMBAHUS BO3YIIHOM CPeabl

B coBpemeHHOI mMpakTUKe BBIOOP ONTHUMAIbHBIX TEXHOJIOTHI 0OECHbLIMBAHUS
BO3JIYIIIHON cpefibl (MPOU3BOJCTBEHHON W BHEIIHEW) OJDKEH 0a3upoBaThCs, MPEKIE
BCEro, Ha TEOPETUYECKOM OOOCHOBAHWHU W OMHCAHUH MPOIECCOB 3arpsi3HEHUS BO3IyXa
NbUIBI0O M CHIDKEHUS MBUIEBOrO 3arpsA3HEHUs. TakuxX TEOpEeTHYECKUX IOJXO0/I0OB B

HACTOAIICC BPCMA CYIICCTBYCT JOCTATOYHO OoubIIIOE KOJIN4YCCTBO, B CBA3M C 4YCM, Ha
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JAHHOM 3Tarle UCCIIEeI0BaHUN HAlllel 3a7a4eil sIBIsETCSl BBIOOp HanboJiee MprueMsIeMoro
0JIX0/1a.

AHanu3 HayyHbIX MCCIEIOBaHUN, CBSI3aHHBIX C BBIOOPOM ONTHMAJIBHBIX
TEXHOJIOTUA O0ECHbUIMBAHUS BO3AYLIHOW Cpelbl MOKa3al, YTO 0COOOro BHUMAHMS B
pamMKax YHOMSHYTOM 3aJlayd 3acily’KUBAlOT CJIEAYIOIIHE OCHOBHBIE TEOPETHUYECKUE
NOJAXO0/bl, Oa3upYIOIIMECs] Ha HCIOJb30BAHWU PA3IMYHBIX KPUTEPUEB ONTHMHU3ALUU
npouecca o0OecHbUIMBAHUSA BO3JyXa W IMpeanoiarammue, 4ro 3(P(HEKTUBHOCTH
NBUICTIOAABIICHHUS]  SIBJIIETCA  OCHOBHBIM M ONPEICISIONUM  ONTUMHU3ALMOHHBIM
KpUTEPUEM BbIOMPAEMBIX TEXHOJIOIMH (CIIOCOOOB M CPEACTB) OOECIBUIMBAHUS MIPU €0
YCTPEMJIEHUU K MAKCUMYMY.

OauH U3 TakWMX MOJAXOJOB OCHOBAaH Ha peall3allid METOAMKH, ONMMCAHHOW B
pabote [58], B KoTOpOil BBIOOp MEpOMPHUATHH, O00ECIEUUBAIOIIMX SKOJOTUUYECKYIO
0€30MacHOCTh  TOPOJICKMX  TEPPUTOPUNA, B TOM  YHCIE, MEpPOINPHUSITUH  TI0
00€eCIbUIMBAaHUIO BO3/1yXa, OCHOBAaH Ha MCIIOJIb30BAHUN COBOKYITHOCTH YAaCTHBIX OLIEHOK
3arpsi3HEHUsT aTMOC(epHOro BO3AyXa BBIOPOCAMHU CTAIlMOHAPHBIX U MEPEIBUKHBIX
UCTOYHHUKOB, MIPUUYEM COCTOSIHME PACTUTENBHOCTH U OPHUTO(AyHBI YYTEHO B JTaHHOM
cilydae JJisl OIICHKU BO3JICHCTBUS 3arpsi3HEHUS] aTMOC(Ephl Ha *KUBbIE OpraHu3Mbl. [Ipu
3TOM C IIeNIbI0 OOBETUHECHUST YaCTHBIX OIICHOK B KOMIUIEKCHYHO aBTOpPBI paboThl [58]

IpeajaratoT UCHOoJb30BaTh CIEAYIOUIYIO JIMHEHHYIO PopMyTy:

JKOMI’Z/Z:Al.Jl+A2.J2+""+A1.Jn’ (11)
rae Ji, Jo, ..., Jy — 6e3pa3zmepHbie OLICHOUHbBIE KPUTEPHUH JJISI PACCUUTHIBAEMOTO Y4acTKa
Tepputopuu; A1, Ay, ..., Ay — COOTBETCTBYIOIINE BECOBbIE KOIPDUIIMEHTHI.

Peanuzanus 3toro moaxoja 0asupyercs Ha CPaBHUTEIBHOM OLIEHKE COCTOSHHUSA
BO3JYILIHOM Cpebl OTIAEIBHBIX YYaCTKOB PACCMATPUBAEMOM TEPPUTOPHUHM, BBISBICHUU
OpUYUH  00pa3oBaHUs  3arpsi3HEHHBIX 30H M (OPMUPOBAHMM  KOMIUIEKCA
COOTBETCTBYIOIIMX MEPONPHUATHI IO 3aLUTE BO3AYIIHON CPEMBI.

OpHako, MO HalleMy MHEHHUIO, OCHOBHBIM HEJOCTATKOM TaKOro mOAX0Aa

SBJIAETCS HMCIIOJIb30BAaHUE MPOCTEHIIer JIUMHEHHOM (OpPMyYJbI CYMMUPOBAHHS IPHU
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OOBEIMHEHNUN YAaCTHBIX KPUTEPUEB B KOMIUIEKCHYIO OIIEHKY, 4YTO JaéT BechbMa
HETOUYHbIE pPe3ysbTaThl. Kpome TOro, OTCyTCTBYIOT PEKOMEHJALUWU I10 IOBBIIICHUIO
CTENEHU OOBEKTUBHOCTH OLIEHKM BECOBBIX KO3(P(QULHUEHTOB, ONPEIEISIOIINX
IPUOPUTETHI YACTHBIX OLICHOK.

Hpyrum, Haubonee IMIMPOKO NPUMEHSEMBIM Ha  MPAKTUKE,  SABIAETCS
TEOPETUYECKUM MOJAXO0A, B KOTOPOM BBIOOP CHOCOOOB U CPEACTB OOecreyeHus
DKOJIOTHYECKON  0€30IaCHOCTH  TEPPUTOPUN  HACENEHHBIX  MECT,  BKJIKOYAs
oOecnbITMBAaHUE BO3JyXa, OCHOBaH Ha OanbHOW ModakTopHOil omenke [59] wu
IpeanoiaraeT UCIoJb30BaHUE MIKAJIbI KPUTEPUEB OLEHKH KaueCTBA BO3IYLIHOW CPebl
(Hanpumep, mbuIeBOM Harpy3ku). [lpum peanuzanum 3TOro mMmoAxoAa OLIEHUBAETCS
CTENEHb 3arpsA3HEHUs BO3JYIIHOrO OacceiiHa, a ypOBEHb 3arpsA3HeHUs (KpuTepui
KauecTBa BO3YIIHOM Cpeibl) paccMaTpUBAIOT JMOO B HATypaJbHBIX IOKA3aTENsAX
(KOHIIEHTpaLIUSIX, MF/M3), a100 B OTHOCUTEIIBHEIX ITOKA3aTeIIAX .

- HOpMUPOBAHHbIE TTOKa3aTenu (KpaTHoCTh npebiieHus [11K);
- K03(QUIMEHT KOHILEHTpAlUHU, MPEICTaBIAIONINI cCO00M KpaTHOCTb MPEBBIIICHUS
coJiep KaHUsl 3arps3HSIONIETO BEIIECTBA HAJl €ro (POHOBBIM COJIEP)KAHUEM B BO3YIIHON

Cpelie U onpeaenseMblil o GopMyIie:

J =2 (1.2)

rae Ci u Cy — COOTBETCTBEHHO 3HauUeHUs (haKTUUECKOH U ()OHOBOM KOHIIEHTPAIMU i-TO
3arpsI3HSIONICTO BEIIECTBA, MI/M

- K03 PUIMEHT CyMMapHOTo 3arpsa3HeHus: 4, TpUMEHseMbIil Npu y4€Te BO3ACHCTBUS
HECKOJIBKUX 3arps3HSIONIMX BEIIECTB, OTPAXKAIOMIMN CyMMapHOE BO3ACHCTBUE STUX

BEIIECTB U OMNpEJENsieMblii 1o hopmyJie:

_ G , 1.3
A_Zﬂﬂlﬁ (1.3)

rae I1/[K; — npeaenbHO HOMyCTHMAast KOHIEHTPALKs I-ro BEIIEeCTBA B BO3AYIIHOM Cpele,

3
MI/M".
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K npeumyiiecTBam 3TOro mojaxoaa, Ha Halll B3I, MOKHO OTHECTH

- WCIIOJIb30BaHUE CyMMAPHOI'0 ITOKA3aTelsl, ONPEACIAIONIEr0 KPaTHOCTh IIPEBBILLICHUS
(dbaKkTHUECKOro YPOBHS 3arpsi3HEHUS HAJl HOPMAaTUBHBIM ((DOHOBBIM);

- BBeleHHE KOX(D(PUIIMEHTOB KOHILEHTPAMM M CYMMapHOrO 3arpsi3HEHHs] Kak
JIOCTATOYHO IIOKA3aTEJIbHBIX XapaKTEPHUCTUK, HCHOJb3yEMbIX I OIpEeIeICHUs
AKOJIOTUYECKOT0 KPUTEPHS COCTOSHUS BO3YITHON CPEIbI.

Onnako, O HallleMy MHEHHIO, 3TOT MOJAX0J 00JajaeT psIoM HEJOCTaTKOB, K
OCHOBHBIM U3 KOTOPBIX MOKHO OTHECTH:

- HEBBICOKYI0O TOYHOCTH IIOJIy4Ya€MbIX pPE3YyJIbTaTOB IPU IEPEXOJI€ OT aHaln3a
BO3JICMCTBUS OTMEJIBbHBIX BUAOB 3arps3HSIONIMX BEUIECTB K aHAIM3Yy UX CYMMapHOIO
BO3JICMCTBUS, TaK KaK 3HAUYECHUS, MOJTy4YaeMble IIPU pacueéTax, OKPYTISIOTCSA 10 LEIbIX
qyucen,

- IIKaJIa KPUTEPHUEB OLICHKU OMpPEIEICHA METOJOM 3KCIEPTHBIX MCCIEIOBAHUN, UTO
HOCHUT BeChbMa CyObEKTUBHBIN XapaKTep MpH OLIEHKE COCTOSHUS BO3IYIITHOUN CpEIbl;

- pe3yJibTaThl OLEHKH HMEIOT MPUOMMKEHHBIN XapakTep, 4TO, B KOHEYHOM CUETE,
OTPpa)KAE€TCSI HAa HETOYHOCTH BHIOOpA ONTUMAJbHBIX MEPONPUSATHN MO 3aIIUTE
BO3JYILIHOM CPEMBI.

Jpyroii moaxoja, CBA3aHHBIM C BBHIOOPOM CIOCOOOB W CpENCTB oOecreueHus
HKOJIOTUUECKOM O€30MacHOCTH TEPPUTOPUHU rOPOJIa, BKIItOUasi 00eCbUIMBaHUE BO3/IyXa,
OCHOBAaH Ha BBIJECJICHUM TPEX KOMIIOHEHTOB OIIEHKH KA4e€CTBA COCTOSIHUSA BO3YIIHOM
Cpeabl, ISl 4ero UCIOJIb30BaHbl CTAHAAPTHOE OTHOIIEHHUE (PAKTUUYECKON KOHIIEHTpAaIUU
arpsi3Hsitominx  BemectB Kk I[I[JIK M kOMIuiekCHBIM MOKas3aTenb, OMUCHIBAEMBIN

3aBHCHMOCTHIO [60]:

X = (X4 X1, X,) (1.4)

rae Xo — KpUTepHil cTaHAapTa KayecTBa (HOpMaTUBHBIN 0a30BbIN YPOBEHb) BO3IYIIHON
cpenbl, IpUHUMAEMBbI paBHBIM 1; X; — KpUTepuil yXyJLIEHUS KauyecTBa BO3IYIIHON
Cpeapl MO OTHOUICHWIO K JIOMYCTUMOMY YPOBHIO (BENMYMHA O€3yCIOBHOTO

MpPEBBIIIEHUS 0a30BOTO YPOBHSI), ONpeesieMbli 1o Gopmyiie:
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X, =+ B(R-1); (1.5)

X, — KpUTEpHil IOMyCTUMOTO YPOBHS KauyecTBa BO3IYIIHOW CPeibl, ONMPECISIEMBbIN 110

dbopmye:

X, =vBR?, (1.6)

rae R — uHaekce yxXyameHus: COCTOSIHUS BO3AYLIHOU cpeibl; B — BecoBoii koaduiineHT,
PACCUUTAHHBIN M0 3HAYEHUSIM SKOHOMHUYECKOTO yiiepOa BO3AYIIHOM cpefe.
KoMmmiekcHyr0  OLIEHKY  KayecTBa  COCTOSIHHUS ~ BO3AYIIHOM  Cpeapl B

paccMaTpuBaeMOM ITOAXOAE OMPEEISIOT 1Mo (hopmyIe:

X =1+4B(R-1) —vBR? (1.7)

K npeumymiectBam 3TOro mojaxoja, Ha Haill B3TJIs]], MOKHO OTHECTH:

-  METOJIMYECKOe OOCCTIeUeHHE TPOIEAYyphl PAHXKUPOBAHUSA W  KIacCU(UKAITUU
COCTOSIHHSI BO3AYIIHOW Cpelbl TEPPUTOPHHM Topofa IO YPOBHIO M CTENeHUu e€
3arpsi3HCHMS,

- BO3MOXXHOCTh OJHOBPEMCHHOW OIICHKH W CpPAaBHEHUS HECKOJBKHUX BapHUAHTOB
MEPOTPHUATUHN TT0 0OECIBUTMBAHUIO BO3TYIIIHON CPEIbI.

Opnako, 0 HaIIEeMy MHEHHIO, OCHOBHBIM HEJOCTATKOM 3TOTO IMOIX0/a SIBIISICTCS
OTCYTCTBHE BO3MOYKHOCTH Y4ETa SKOHOMHUYECKHX TTOKa3aTesield P OIEHKE COCTOSTHUS
BO3JIyIITHOW CPEIbl M BEIOOPE ONMTUMATLHBIX MEPOTIPUSITHIA 10 €€ 00eCITbUTMBAHUIO.

Takxe HamOosee OJNM3KUM IO KpPYry peIIaeMbIX 3a7ad SBISIETCS TMOJXO[,
ONMMCaHHBIN aBTOpamMu paboT [61-64], cBsi3aHHBII ¢ BHIOOPOM CHOCOOOB M CPEICTB
oOecrieueHrsT  DKOJIOTHYECKOW  O€30MacHOCTH  TEPPUTOPUU  TOpoja,  BKIOYAs
oOecrnbUIMBaHUE BO3/lyXa, U OCHOBAHHBIA HAa TEOPUU KOMIUIEKCHOW OIEHKH COCTOSTHUS
OKpY)KaIoOmIed Cpeapl TEPPUTOPUM TOPOJA, YUWTHIBAIOMIEH TPH  IOKa3aTelsl:
DKOHOMUYECKUN, JKOJIOTUYECKUN U COLUAIIbHBIN.

[Ipu peanuzanmu >TOTO MOAX0/Ia HA TEPPUTOPUU TOPOJA BBIACISIIOT 30HBI 1O UX

(GyHKUMOHAIBHOMY Ha3HAUYCHUIO (CeNUTEeOHBbIC, MPOMBILIUICHHBIC, PEKPEaIlMOHHbIE),
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YUYUTBIBASA, YTO 3HAYMMOCTH COCTABJISIIOIIMX KOMIUIEKCHOM OIIEHKM MEHSETCS B
Pa3JIMYHBIX pailoHaX ropojia U OLUEHUBAETCS COOTBETCTBYOLIMMH IMOKA3ATEIISIMU:
- DKOJIOTMYECKHM, XapaKTEePU3YIOIIUM KaKk MaTepuajlbHOE, TaK M HSHEPreTUYECKOE
3arpsA3HEHHE KaXJOro KOMIIOHEHTA OKpYXalollel cpeabl, BKIIOYas MOKa3aTelb
3arpsi3HEHHS BO3/YIIHOTO OacceiiHa;

- DKOHOMHYECKUM, XapaKTEPU3YIOIINM SKOHOMHYECKYIO BBITOJy OT peaju3alluud Ha
paccMaTpuBaeMOW  TEPPUTOPUM  MPUPOJOOXPAHHBIX  MEpPOIPHUATHM,  BKIIOYAs
BO3/1yXOOXpaHHBIE;

- COIMAJbHBIM, XapaKTepU3YIOIIMM COCTOSIHUE 3J0pOBbsl HACEIICHMS, YCIOBUS
KUBHENIEATETbHOCTH, KOMGOPTHOCTH U  OJIArOyCTPOEHHOCTH  paccMaTpuBaeMOM
TEPPUTOPUH TOPO/IA.

OObenuHEeHNE B KOMIUICKCHYIO OIICHKY BBINIENIEPEUHUCIEHHBIX TOKa3aTenei B
paccMaTpuBa€MOM MOJAXOAE MPEIJIOKEHO Ha OCHOBE MX HOPMHUPOBAHMS C MOMOILBIO
¢yHkuuu XappuHITOHAa B UHTepBaje 3HadyeHud ot 0 go 1 ¢ mnociaegyrommm
MOCTPOCHUEM JHarpaMMbl KOMIUIEKCHOW OIIEHKH COCTOSIHUSI OKpPY’KAroUIeH Cpeabl
TEPPUTOPUM TOpoJia Kak O0e3 peanu3aluu JOMOJHUTEIBHBIX MPUPOJOOXPAHHBIX
MEpONPUSATUINA, BKJIIOUAs BO3yXOOXpAHHBIE, TAK U C YYETOM MX peanu3anuu (pUCyHKH
1.1a, 1.16).

K mpeumymecTBamM 1oaxoja, OMUCAHHOTO B paboTax [61-64], Ha Hamn B3I,
MOHO OTHECTH:

- BO3MOKHOCTh KOMIUJIEKCHOM OILIEHKM KadyeCTBAa COCTOSIHMSI OKPYKAIOUIEH Cpesibl
TOPOJICKUX TEPPUTOPHIL, BKIIFOUAs OLIEHKY KaueCTBa COCTOSIHUS BO3/IyIITHOTO OaccelHa;

- BO3MOKHOCTh BBIOOpa BBICOKOA(()EKTUBHBIX MPUPOTOOXPAHHBIX MEPOIPHUATHUH,
BKJIIOYAs BO3JYXOOXpPaHHbIC, HA OCHOBE aHaJIM3a JuarpaMMbl KOMIUIEKCHON OILICHKH
KAuecTBa COCTOSHHUSI OKPY’KAIOUIEH Cpelbl TEPPUTOPUU TOPOJA, BKIKOYAS OIEHKY
KauecTBa aTMOC(hEpHOTo BO3/yXa.

OnHako, ciegyer OTMETUTb, YTO OCHOBHBIM HENOCTAaTKOM 3TOr0 MOJIXO0JAa
ABJISIETCS TO, YTO KOMIUIEKCHAsI OLEHKAa KayeCTBAa COCTOSIHUS OKpPY’KaroUIEll Cpenpl
TOPOJICKMX TEPPUTOPUIl HOCUT BeChbMa CyOBEKTHBHBIM XapakTep, TaK Kak KaKIbId
MmoKasaTeiab  (PKOJIOTMYECKHH, OSKOHOMHUYECKHMH, COLMANbHBINA), BXOJAIIMA B

KOMIIJIEKCHYIO OLICHKY,
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T T 1
09 | OKOMOTMYECKWN 09 Jkonoruyeckuin

nokasarenb rokasarens
08 - 08 -

0<7 i 0.7 4
06 + 06
05 + 05 1

04 + MoporoBbiii ypoBeHb 04 |
KomnnekcHan oueHka
NPOMBILUNEHHON 30HbI

KomnnexcHaa ouexka
NPOMBILLNEHHO 30HbI

KomnnekcHas oueHka
XWNOA 30HLI

KomnnekcHas oleHka

KWMOW 30HBI
Komnnexcran oueHka

NPUPOAHON 30HbI

KomnnekcHan oueHka
_ NPUPOOHOM 30HL!I

CounankHblit OKOHOMUHECKUI | CopnanbHBIi 3KOHOMUYECKMI

Hokasanelk HORAGITEN nokasatenb nokasarerb
a) 0)

KenateTbHOCTE OTMETKH Ha ITKaie eIaTeIbHOCTH

(OdgeHb WIOX0O 0,00 - 0,20

[Imoxo0 0,20 -0,37

Y AOBJIE TBOPUTEHHO 0,37 - 0,63

XOPOITIO 0,63 — 0,80

(Q4eHb XOPOIIIo 0,80 - 1,00

a) — JI0 peaju3aluy JOTOJHUTEIBHBIX MPUPOIOOXPAHHBIX MEPOIPHUATUN; 0) — mocie
peanu3anuu JONOJHUTEIBHBIX TPUPOTOOXPAHHBIX MEPOIPUATUI
Pucynox 1.1 — JIluarpamma KOMIUIEKCHOM OLIEHKH KauyeCTBa COCTOSIHUS OKpYXKarolen

Cpeabl pacCMaTpUBAEMOM TEPPUTOPUH TOPOJIa

OTIpE/ICIISETCS HA OCHOBE CyOBEKTUBHON BBIOOPKH MCXOIHBIX TAaHHBIX.

Hpyroii moaxox [65, 66], cBs3aHHBIH C BBIOOPOM CIIOCOOOB M CPEJICTB
o0OecrieueHnss  DKOJOTHYECKOW  O€30MacHOCTH  TEPPUTOPUU  TOpPOAd,  BKIIOUAS
oOecnbIIMBaHUE BO3[yXa, OCHOBAaH Ha HCIOJb30BaHUU OOOOIIEHHOTO Kputepus P,
3aBHCAIIETO OT MMapaMeTPOB, KOTOPBIE HEMOCPEICTBEHHO OMPEICISIOT 3PPEKTUBHOCTD
(YHKIIMOHUPOBAHUS  TEXHOJIOTMYECKOH  cHCTeMbl  (CIIOCOOOB W CPEJCTB)
NbUICTIONABICHUS, W TO3BOJISIOIIMNA  OLIGHUTh  PE3yJbTaT  MPUMCHCHHSI
THJIPOOOECIIBUIMBAHMS C YUYETOM CTATUCTHYCCKUX XapakTepucTuk. OIHAKO, [0 HaIlleMy
MHEHHIO, OCHOBHBIM HEJOCTATKOM 3TOTO IMOJX0JIa SABJSCTCS TO, YTO OH YUYHMTHIBACT HE
BCe (PM3UKO-XMMHUYECKHUE MEXaHHM3MBbI Ipolecca 00eCHbUIUBAHUS JTHUCIIEPTHPOBAHHOM

KHUIKOCTBIO. HpI/I 9TOM MPCUMYIICCTBOM I3TOI0 ImoAaxoda sBJIIACTCA TO, YTO OH MOIKCT
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JOTIOTHUTH (PU3UKO-MATEMaTHIECKOE OMMCAHUE MPOIIeCcCa MBIJICTIOIaBIICHUS.

Oco6oro BHUMaHHS MO KPYTy PENIaeMbIX 3a7ad 3acilyKHBAET TaKKe IMOAXOI,
OINMMCaHHbBIN aBTOpamu padot [67, 68], cBsA3aHHBIN C OILIEHKON U CpaBHEHHEM CIIOCOOOB
TUAPOOOCCIIBUIMBAHUS 10 3HAYCHUSAM OJHEPTUH, 3aTPauyeHHONW Ha WX pealln3alluio,
COBMECTHO CO 3Ha4eHUsIMHU d(PPeKTUBHOCTHU mbLIenoaBieHus. OMHaKo, K HeJJ0OCTaTKaM
paccMaTpuBaeMOro MoAX0/4a MOXHO OTHECTH TO, YTO:

- BO-TIEPBBIX, B TOJIXOJIC OTCYTCTBYET KOHKPETHBIH (PU3NUECKHA CMBICT C TOYKH
3pEHUS SHEPTETUUECKUX MapaMeTPOB;

- BO-BTOPBIX, MIOCTOSTHHBIA POCT 3(PPEKTUBHOCTH MBUICTIONABICHUS U YHEPTETUICCKUX
3aTpaT, IpH U3MEHSIOMINXCS OCHOBHBIX MapaMeTpax THAPOOOECIbUTUBAHMS, TIPUBOINAT
K CTUPaHUIO TPAHUI] ONITUMATILHOCTH TaKOU OIEHKH;

- B-TPETBHX, B TIOJXOJE HE PACKPBIBACTCS B3aUMOCBS3h (PU3NKO-MEXaHUICCKUX
MEXaHU3MOB PacCMaTPUBAEMOT0 TpoIiecca OOpbOBI C MBUTHIO U HE BHIACIACTCS CTETICHb
BIUSIHUS ATHUX MEXaHU3MOB Ha A()PEKTUBHOCTH MBUICMIOAABICHUS, YTO HE IO3BOJIUT
HaMe4aTh JAJLHCUIITNE MEPOTIPUSATHS 10 €T0 COBEPIIICHCTBOBAHMIO.

Hawnbonee Onm3kuM MO Kpyry pemiaeMbIX 3a7ad, Ha HaIl B3IV, SBIISCTCS
(bU3MKO-PHEPreTUUSCKUI TMOAXO0JI, ONHCaHHbIM B paborax [35, 44-49, 51, 52],
CBSI3aHHBIN C OIEHKOW W CPAaBHCHHUEM Pa3IMYHBIX TEXHOJOTHIA 00CCIIBIIIMBAHUS BO3AyXa
HA OCHOBE JIByX ONTHUMHU3AIMOHHBIX KpUTepueB: IPHEKTUBHOCTH CHUKCHUS
KOHIICHTPAI[UU 3arps3HSIONMIMX BEIIECTB, B TOM YHUCIE, MBUIH, U JHEPrOEMKOCTHOTO
MOKA3aTelNsd, XapaKTEPHU3YIOMIETO  HDHEPreTUYECKYI0  SKOHOMHUYHOCTH  MpoIecca
obecrputiBanusA. [lpu 3ToMm, paccmarpuBas 3¢p(EKTUBHOCTh IIpoIecca CHUKCHHS
3arps3HCHHsI BO3yXa B IICJIOM, MOXXHO TPEUIOKHUThH BBITIONHATH €€ (hopMau3aIuio,
OCHOBBIBAsICh Ha pacCMOTPEeHUH 3PHEKTUBHOCTH KaKI0T0 ATara 3TOro Mmpoiiecca.

Kpome Toro, ormMeuaeTcsi BaXKHOCTh JSHEPreTHYCCKHUX IMapaMETPOB B OMUCAHUU
MOBEJICHUST B3aWMOJICHCTBYIOIMX B TPOIECCE CHIDKCHHS 3arps3HEHUS BO3IyXa
JUCTIEPCHBIX CHCTEM. OJTH TapamMeTphbl pacCMaTPUBAIOTCA B KA4E€CTBE CBS3YIOIIETO
3B€Ha MEXIy IapaMeTpaMy CBOMCTB COOTBETCTBYIOLEW IMCIEPCHOW CUCTEMBI U €€
YCTOMYUBOCTBIO.

C yu€ToM MaTeMaTH4eCKOIro OIMCAHMS IPEICTaBJICHHOW aBTOpamu padot [35,
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44-49, 51, 52] ¢usnmyeckol MOJENU TpoIecca CHIKCHHS 3arps3HEHUs BO3AYIIHOM

CpCabl OJIA 3(1)(1)CKTI/IBHOCTI/I IpeacrasjicHa CICayromas 3aBUCUMOCTb.

anb(c3) =1—[1—(1—E3@C)]'(1—E3¢,_3) ]'[1_E9<D—V(1_E3<D—O)'(1_E9<D—P) ], (1.8)

rae Ese.c, Eso-30 Enao-yy Ere-00 Ese-p — COOTBETCTBEHHO 3(G()EKTUBHOCTH pPEATH3aIIUH
IIPOLIECCOB CBA3bIBaHUsA 3B, 3anepxanus 3B, ynaBnusanus 3B, ounctku Bo3ayxa ot 3B
u pacceuBanus 3B.

B paccMaTpHBaeMOM MOIXOJE TOJ SHEPro8MKOCTHBIM mokasateneM E° (%)
NOHUMAETCsl OTHolIeHue yzaenbHou 3Heprun W (BT), pacxoayemoil Ha JOCTHKEHUE
LI MPOLECcCa CHUKEHUS 3arpsi3HEHUs] BO3YIIHON Cpelbl B LEJIOM U OTACIbHBIX €r0o
sTanoB, kK ynenabHou 3Hepruun N (BT), pacxomyemoii Ha co3jaHue HampaBICHHBIX
BHEIIHUX BO3JCUCTBUN Ha 3arpsa3HAIOMUN a’3po30iib (T.€. <«JAOTOJTHUTEIbHBIX)
JUCIIEPCHBIX CHUCTEM B BHUJE BO3JYIIHBIX MOTOKOB, MEHBI, Mapa, AUCIEPTUPOBAHHON
KUAKOCTH, JTUOO0 (PU3MUECKUX MOJIeH B BHJE 3JIEKTPOMArHUTHOTO IOJIsI, TEIJIOBOTIO
MOJIS U T.IL.).

HpI/I 3TOM 3aBUCHUMOCTbD OJIsA BHCPFOéMKOCTHOFO Imoxkaszareciid UMECT BUA:

E>=11_.100, % , (1.9)

e | — COOTBETCTBYIOIIMK dTam, OTPAXKAIOUIUH OCOOCHHOCTH B3aWMOJCHCTBUS
«UCXOAHOW» JUCHEPCHOW CHUCTEMBI C 3apaHee MOATOTOBJIEHHBIMM IO TapameTpam
«JIOTIOJIHUTEIbHBIMMY ~ JUCIIEPCHBIMM CHUCTEMAMHM, BBICTYIIAIOUIMMHU B KayeCTBE
HAIIPaBJICHHBIX HA 3arps3HSIONIEE BEUIECTBO HA pacCcMaTPUBAEMOM IJTale Ipolecca
CHMD)KEHHUS 3arpsI3HEHUS BO3AYIITHON CPEJIbI.

[IpenBapuTebHO OLEHUTh SKOHOMHYHOCTh TEXHOJOTHI CHUYKEHHS 3arps3HEHUs

BO3I[YHIHOI>'I CpCAbl IIPCIIOKCHO Ha OCHOBC HUCITIOJIBb30BAHUA SHCPICTUICCKOI'O KPUTCPUA
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npoiiecca, KOTOpbIi onpesensercs rno hopmyle:

K, =

5 WN* ) 2 ) 2
S ” L. | E (W,N) L CE (W,N) SAWAN,  (1.10)
mer(s) .3

mer(s) oW oN

rane W — ynenbHas mosie3Hasi SHEprusi paccmaTpuBaemoro merona, Br; N — ynenbHas
SHEpPrusi, BHOCMMAsl HANpaBJICHHBIM BHEIIHUM BO3JIEUCTBUEM (COOTBETCTBYIOIICH
«JIOTIOJTHUTEIIPHOW» CUCTEMON) B 30HY AaKTHUBHOW OOPBOBI ¢ 3arps3HSIOINIUMH
BellecTBamMu, BT.

'eomeTpuueckass HMHTEpPIpPETALUS] SHEPIETHUYECKOTO KPUTEpHUS]  IMO3BOJSET
3aKIIOYNTh, 4TO wuciautedb B Qopmyne (1.10) ompepensier miomans o001acTH,
3aHUMaeMON paccMaTpUBAaeMbIM METOJOM Ha TE€OMETPUUYECKOW MOBEPXHOCTH,
ompenensieMol (QYHKIHEH HHEPro€MKOCTHOTO TIOKa3aTelsl TMpoIlecca CHUKCHUS
3arpsA3HEHUs] BO3AYIIHOM Cpellbl, a 3HAMEHATENb XapaKTepU3yeT IUIONIA/lb MPOCKIHUH

3TOM 00J1aCTH Ha TOPU3OHTAIBHYIO TUIOCKOCTH (PUCYHOK 1.2).

|

j & |

| I

| I

2
1 | ,l -
-3 P // W, 8m
el »
P
N.8m // - licer .._I/ - ll //
1-2 — obnactu cyuiecTBOBaHUSI HHEPrOEMKOCTHOTO TOKa3zaTeias B LEJIOM W A

KOHKPETHOTO criocoba
Pucynok 1.2 — I'eomerpuueckast unteprpeTanus GQyHKIUHA SHEPTOEMKOCTHOTO

IMOoKa3aTeid IMMpouccca CHMIKCHUA 3arpsA3HCHUA BO31yXa
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Takum 00pa3oM, BBIMOJHEHHBIM aHAIU3 PACCMOTPEHHBIX BBIIIE TEOPETUUYECKUX
MOAXOJI0B MO3BOJISIET 3aKJIIOUUTh, YTO JAJIbHEHIIIEE OMUCAHUE CBOMCTB U OCOOCHHOCTEH
MOBEJICHUSI MBLIEBBIX YACTUI] MPU UX 0Opa30BaHUU, BBIJCICHUU U PACIPOCTPAHECHUH, A
TAKXKE€ U3YUYCHUE U MATEMaTUUECKOE OMUCAHUE IHEPTETUUECKUX MApaMETPOB MBUIEBOTO
a’po30J1s ¢ YUYETOM U3MEHEHHS €r0 YCTOMYMBOCTH KaK JUCIIEPCHOM CHUCTEMBI, a TAKXKE
COBEPIICHCTBOBAHMUE METOJIUKU BBHIOOpA ONTHUMAIBHBIX TEXHOJIOTHMH 00ECHbUIMBAHUS

JOJDKHO 0a3upoBaThCsid Ha (PU3UMKO—HEPreTUUECKOM TMOAXOJe, MPEACTaBICHHOM B

paboTax [35, 44-49, 51, 52].

1.3 UccaenoBaHue 0cO0EHHOCTEN MPOM3BOACTBEHHBIX TEXHOJIOTHI H
COCTOSIHUSA BO3IYIIHOM cpelibl B pa004YMX 30HAX M HA MPOMbIILJIEHHbIX

miaomaakax 3apoaoB ’KbUuK

Kak Obuto ormeueno Bbimie, 3aBojabl KBUuK oTHocsTcs k mnpeanpusitusim
CTPOMUTENBHON OTPACIM M XapaKTEPHU3YIOTCS 3HAYUTEIBHBIM YPOBHEM 3albLIEHHOCTH
BO3/lyXa pabOuuXx 30H BHYTPU IMPOU3BOACTBEHHBIX MOMEUICHUN W 3a UX MpelesaMu.
Jlnst BbIABIEHHUST HauOoJiee 3HAUYMMbBIX TEXHOJOTMYECKHMX YYacTKOB, Ha KOTOPBIX B
HauMOOJbIIEH CTENEeHH HaOMIOAAOTCS MPOLEecChl 00pa3oBaHUs U BBIJIEICHUS TBLIH,
HaMH BBINIOJIHEH AHAJINW3 YCJIOBUM pealn3alyuu IIPOU3BOJACTBEHHO-TEXHOJOIMYECKOTO
mpoliecca MPOU3BOJCTBA JKEJIE300€TOHHBIX M3JEIMM M KOHCTPYKIUH, KOTOPBIN
MPEANOJIATaeT BBINOJHEHUE CIEAYIOIIUX OCHOBHBIX TEXHOJOTHYECKUX ONEPAIU:
CKJIAIUPOBAHWE, XPAHEHWE W  TPAHCHOPTUPOBKY  HMHEPTHBIX  MaTEpUaJIOB;
CKJIQJIUPOBAHKE, XPAHEHUE U TPAHCIIOPTUPOBKY LIEMEHTA; U3rOTOBJIECHUE U 00pabOTKyY
3aKJIaHBIX METAJUIMYECKUX JeTayiel; oOpaboTKy, IpaBKy, packpodl apMaTypHOil
CTaJbHOM IIPOBOJIOKM M H3TOTOBJIECHHE M3 HEE apMaTypHBIX KapKacoB; CBAPOYHBIX
paboT; W3TOTOBJICHHE ONANTYOKH;, MPUTOTOBICHUS OETOHHOW cmecH; (OPMOBKY,
IponapkKy, CMa3Ky U CYLIKY >KeJ1€300€TOHHbIX U3JIEIUI U KOHCTPYKLUH.

[Tpu 3TOM MENKMil U KPyIHBINA 3aMOJHUTENH (TIECOK U MIEOCHB) TOCTABISAIOTCS Ha
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CKJIaJl MHEPTHBIX MATEPUAJIOB JIMOO aBTOMOOWJIBHBIM, JHMOO KEIE3HOJOPOKHBIM
TpancrioptoM. Co ckJajga 3alojdHUTEIM [0 HAKJIOHHBIM JIGHTOYHBIM KOHBEHepam,
pacmoJIO)KEHHbIM B Tajiepee, NOJAITCI B BEPXHIOKW (HAAOYHKEPHYIO) 4YacTh
OETOHOCMECUTEILHOTO y3J1a, OTKYa MPHU MOMOIIU MOBOPOTHON BOPOHKHU 3aMOJHUTENIN
HAIpaBIAIOTCA B COOTBETCTBYIOIIME OyHKephl. OMHOBPEMEHHO C JTHUM IIEMEHT,
JOCTaBIsIEMbII ~ HA  TEPPUTOPUIO  3aBoja  JMOO  aBTOMOOWJIBHBIM,  JIUOO
YKEJIC3HOJIOPOKHBIM TPAHCIIOPTOM, Pa3rPy>kKaeTcsi B CKIAJICKUE E€MKOCTH, U3 KOTOPBIX
MTHEBMOTPAHCIIOPTOM TaKKe nogaércs B COOTBETCTBYIOIINI OyHKep
OETOHOCMECUTENBHOTO y371a, UMEIOIIUN BECOBOM aBTOMATUYECKUN J103aTOP MHEPTHBIX
MaTepuasoB U IIEMEHTA.

Jlo3upoBaHHBIE MaTepHalbl MOCTYMAOT B COOPHYIO BOPOHKY, OTKyJa 4epe3
MOBOPOTHYIO BOPOHKY BBITPYXKAIOTCS B OeToHOCMecHuTeNb. [Ipu 3TOM JBIKEHHE U
OCTaHOBKA TOBOPOTHOM BOPOHKH B 3aJJaHHOM TIOJIO)KEHUU  OCYILECTBIISICTCS
aBTOMaTU4eCKu. Takxke B O€TOHOCMECUTENb MOJAIOTCS BOJAa U XMMHUYECKHE JT00aBKU
U3 COOTBETCTBYIOIIUX PE3EPBYapoB ¢ Jmo3aropamMu. ['otoBasi OeTOHHAs CMeCh U3
OCTOHOCMECHUTENST BBITPY)KACTCS B pa3/laTOYHbIE OYHKEPHI C POJIMKOBBIM 3aTBOPOM,
OTKY/Ia 3arpy’kaeTcsi B aBTOTPAHCTIOPTHBIE CPEACTBRA.

Jlist MPOBEACHUSA JaJIbHEUIIINX HCCJICIOBAaHUM HE00XO0UMO TS
paccMaTpUBaeMbIX  MPEANPUATUN  BBIABUTH OCHOBHBIE  (DAKTOpPhI HEraTUBHOIO
BO3JICHCTBUSI HAa OKPYXKAWOIIYK0 Cpeay W CTENeHb HMX BO3JCHCTBUS Ha HeEE, 4YTO
HAWJIy4IIUM 00pa3oM MOXKET OBITh BBIMIOJIHEHO Ha OCHOBE MOCTPOSHUsI OajaHCOBOMU
CXEeMbI MaTepHAIIbHBIX MOTOKOB [69-72], packphIiBaroIei He TOJbKO JBHIKEHHE CHIPbS,
oty pabpuKaToB, BCIIOMOTaTEIbHBIX MaTEpPHAJIOB U TOTOBOM MPOAYKIIUHU, HO TaKkKe
BEIOpOocOB 3B B armocdepy, cOpOCOB CTOYHBIX BOJ M HPOMBIIIJIEHHBIX OTXOJOB B
paccMaTprBa€MOM TEXHOJIOTUUYECKOM Mpoliecce.

Takum o006pa3om, NOOINEPAMOHHOE M3YyUYEHHE TEXHOJIOTMYECKOro Ipoliecca
MIPOU3BOJICTBA KEJIE300€TOHHBIX HU3JEINI U KOHCTPYKIHMH C TOYKUA 3PEHUS YCIOBUUN
o0pa3oBaHMsi, BBIJICJICHUS] U PACHPOCTPAHEHHUS TMHUIM IO3BOJIAJIO TIOCTPOUTH U
NpeJCTaBUTh B OOIIEM BHJE OaJlaHCOBYIO CXEMy MaTepHUalbHBIX MOTOKOB (PHCYHOK

1.3), a Takke Ha OCHOBE BBIMOJHEHHOTO aHAM3a OCOOEHHOCTEH TEXHOJOTUYECKOTO
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nponecca BbIIBUTb OCHOBHBIC HCTOYHHWKH 3arpsA3HCHUSA BO3AyXa pa60q1/1x 30H

NpCANpUATUA WU YCPCAHCHHBIC I10KA34TCIM BBIACICHUS NbUIA JJIA 3THX HWCTOYHUKOB

(tabsmma 1.1).

Tabmuua 1.1 — OCHOBHBIE HCTOYHMKY TbUIEBbIACNCHMS TpU nipou3BoAcTBe XKBUuK

KomnuectBo
HanmenoBanue BBIJICIISIOIIECUCS
Lex, TEXHOJIOTHYec- HcTounuk IBIITH, T/TOT
y4acTOK KOTO IBLIEBBIICTCHUS B B Cpell-
o0opynoBaHuUs npene- | HeM 1o
Jax oTpaciu
Cxuman IITHEKOBBIC y3en  meperpy3ku | 3-8 5,34
XpaHEHUsl | TPAaHCHOPTEPHI | IEMEHTa
[EMEHTA | MHEBMOTpPAHC- | MPUEMHBIN JIIOK 1,5-5 2,60
nopT
Ckian MPUEMHBIN HEIUIOTHOCTHU 9-18 13,85
XpaHeHust | OyHKep OyHKepa,
MHEPTHBIX 3arpy304HO€  OKHO
MaTepuagoB OyHKepa
TPaHCHOPTEPHI | MOBEPXHOCTh JeHTHl | 20-24 21,92
WHEPTHBIX TpaHcnopTeEpa
MaTepuajoB
VYyacTok | pacxoaHbIe y3ean  meperpysku | 24-28 26,42
MPUTOTOBJICH | OYHKEPHI necka W MIEOHS C
usi 6ETOHHOU JIEHTOYHOT' O
CMeECH TpaHcnopTeépa B
(OeroHocMec pacxoJHbIe
UTEIbHBIN OyYHKEepHI
y3€en) HAKJIOHHBIE MOBEPXHOCTh JIGHTHI | 23-25 24,55
JICHTOYHBIE TpaHcnopTepa
TPaHCIIOPTEPHI
OETOHOCMECH- | HEIUIOTHOCTH 12-22 17,63
TeJb paboueit  EMKOCTH,
JIOK
OeToHOCMeCUTEIs

[Ipumeuanue. * - naHHble, B3aTHIE 3a ocneauue 10 et (B nepuox ¢ 2005 mo 2015 r.r.) no

marepuanam TomoB [1/IB 3aBogoB JKbMuK na Tepputopun Poccuiickoit

denepanuu.

B cBot0 ouepenb, aHaIKM3 MPEICTaBICHHBIX 0aTaHCOBOM cxeMbl (pUCyHOK 1.3) u
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HaHHBIX ~ Tabmuubel 1.1  mO3BONSET  3aKNIOUMTH, UYTO Hambojiee  3HAYUMBIM
TEXHOJOTMYECKHM YYaCTKOM IO BKJIaay B 3arpsA3HEHUE MPOU3BOJICTBEHHON U BHEIIHEN
BO3JYIIHOM CpeAbl ABIISIETCS YY4acTOK IMPUIOTOBIEHUS OeToHHOW cmecH. Ilpu stom
UCCJIEIOBAHUE OCOOCHHOCTEN TEXHOJIOTMH IPUTOTOBJIEHNUS OETOHHON CMECH MO3BOINIIO
BBISIBUTH, YTO HauOOJee 3HAUMMbIMH MCTOYHHKAMHU OOpa30BaHUs U BBIIEICHUS MbLIU
Ha BBIJCJICHHOM TEXHOJIOTMYECKOM YYacTKE SBISIOTCS HAKJIOHHBIE JIEHTOYHbIE
TPaHCIOPTEPHI U UX Y3JIbI IEPETPY3KH.

Kpome Toro, pe3ynbrarhl, mpencTaBieHHble B paborax [4, 6, 11, 13, 14, 15],
NOKa3aJid, YTO TMpPU TPAHCHOPTUPOBKE U TMEPErpy3Ke MHEPTHBIX MaTepUATIOB
HAKJIOHHBIMHM JIGHTOYHBIMU TpaHCHOpPTEPAMU B BO3AyXe pabo4yMxX 30H OIEepaToOpoB
HAO0JII01aeTCsl 3HAYUTEIBHOE TMPEBBIIIEHUE HOPMATUBHBIX 3HAYEHU KOHLEHTpaluu
HeopraHuueckoi mputk ¢ cogepxkanueM Si0,>70% — no 15 I1JK,,;, B HanOyHKepHOM
nomemennn — 4,5-5 I1JIK,,, B oTnenennn nosuposanus padoueit cmecu — 4-8 ITJIK,,..

Takum oOpa3zom, B JalbHEHIIMX HCCIACAOBAHUSX HAMU MPUHATHL K
paccMOTpeHHI0 HauboJiee 3HaYMMble TIO BKJIAJly B 3arpsi3HEHUE BO3AyXa padOuyux 30H
Ha 3aBojax KBWuK HakIOHHBIE JIEHTOYHBIE TPAHCIOPTEPHI MHEPTHBIX MAaTEepUajoB

(nmecka u medHs) 6eToHocMecuTeNbHBIX ydacTKoB (BCY).

1.4 BausiHMe NpPoOLECcCOB U SIBJICHUI B MbLIIEBBIX 23P030JISIX HA YCJIOBHS

peajin3anuu 00ecnbIMBAHUA BO3AyXa

B pesynbpTaTe aHanu3a MOCTPOSHHON HaMU OaJlaHCOBOW CXEMBI MaTepHUAIbHBIX
NOTOKOB it OeToHOCMecuTeNbHBIX ydacTkoB (BCY) 3aBomoB JXbUuK ycranoBiieHo
HaumOoJiee 3HAYMMOE TI0 BKJIQJy B 3arpsA3HCHHE Bo3Ayxa paboded 30HBI U
IIPOMBIIIUICHHOW TUTOMaAKu. IIpu 3TOM AOCTHIXKEHHE IEIM Mpoliecca 00eCIbUIMBAHUS
BO3JIyXa MOXET ObITh 3((PEKTUBHO 0OECIeueHO, MPEXKIe BCEro, HA OCHOBE M3YUYCHUS
CBOWCTB M OCOOEHHOCTEH ITOBEJICHHS MBLUICBOTO a’po30Jid KaK JTHUCIIEPCHOW CHCTEMBI,

Y4acTBYIOIIEM B ATOM Ipouecce. AHaluW3 MU CONOCTaBICHUE CBOWCTB, a TaKXKe
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XapaKTePUCTHK TOBEJACHHUS TMbUIM M TMBUIEBOIO a’po30Jii C XapaKTEPUCTHKAMU
JUCTIEPCHBIX CHCTEM TO3BOJISIET OTHECTH MEPBBIE K TPyOOANCIIEPCHBIM CUCTEMaM THUIIA
«TBépnaas (aza-razoobpasHas cpena» [73].

B peanbHBIX yCTOBHUSX CYyIIECTBOBAaHHS MBLJICBOTO a’dpO30Jsi B HEM IMPOTEKAIOT
CJICTYFOIIIHAE TIPOIECCHI U sABJICHUS [74] .

[Ipouiecc 6poyHosckozco O6udicenus, BBI3BAHHBIA CTOIKHOBEHHSIMH MOJICKYIT
JUCIIEPCHOU cpefibl (BO3AyXa) CO B3BEIICHHBIMU B HEM YaCTULAMHU JTUCIEPCHOU (ha3bl
(MbUIH), TPUBOAMUT K TOMY, YTO YACTUIII XAaOTHUYECKU CMEIIAIOTCS ¢ JUHUM Toka. [lpu
9TOM CpeIHMIA KBaApaT cMemeHus |,° JacTHIb 32 MPOMEKYTOK BPEMEHH 7 BIOJb OCH X

ompeeNAeTcs 10 ypaBHEeHUIo DiHITeiHa [75, 76, 77] :

12 2RT (1.11)
:—-'Z', .

" N3zud,

rie R — yHuBepcampHas ra3zoBas mnoctosiHHas, Jk/°C-monb; T — Temmeparypa

MOBEPXHOCTH TbLIeBOM yacTuilsl, K; N, — uncino ABoraapo, 1/Monb; u, — TMHaMU4ecKast
BSI3KOCTh BO3yXa, [la-c; d, — muamMeTp IbIICBOM YaCTHIIBI, M.

Hapsiny ¢ TpaHCHsIIMOHHBIM OpPOYHOBCKUM JBM)KEHHEM KPYITHBIC YACTHUIIBI MTBLIN
COBEpPIIAIOT OEcnopsOYHOE BpallaTelIbHOE JBUXKEHHE, TaKKe OIHUChIBAEMOE

CIIeYIOIIMM ypaBHeHHEM DuHITewHa [75, 76, 77] :

> __2RT

2 (1.12)

- .7
NAﬂ;ngdf

Huggysus npeacrapiser cod0il caMONpPOU3BOIBLHBIN MPOIIECC PACTIPOCTPAHEHUS
mucniepcHoi ¢a3pl B 00bEME TBUIEBOTO a’p030Jisi, OOYCIOBICHHBIH T'paMeHTOM
KOHIIEHTpaIuu (a3sl B 00bEME MBLUICBOTO a’3pO30Jisl, MPHUBOIANINNA K PAaBHOMEPHOMY
3aIOJIHEHUIO MBIICBBIMH JacTULIAMHU paccMaTpuBaeMoro o0BEMa u

xapaktepusyromuiicss  kodpduimentom  auddys3un, KOTOPBIM ompenensieTcss 1o

dopmyne [78, 79] :
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D, = RT
N 3m d,

(1.13)

K onmuueckum senenusm, NPOTEKAOIIMM B MBUIEBOM a3p030J€, OTHOCSIT
IIOIJIOLIEHUE, OTPAKEHHUE U PACCEMBAHUE CBETA, MIPOXOASALIETO YePe3 adpOAUCIIEPCHYIO
CHUCTEMY, OITMChIBACMBIM ypaBHEHHUEM, IMonydeHHBIM Pameem [80] s mosHO#M

HMHTCHCUBHOCTH HCIIOJIPU30BAHHOT'O CBECTA, pACCCIHHOIO BO BCCX HAITPABJICHUAX!

2

3 2 2 2
24” Ca(i)v’-l . gzon(ad;) - g20n(0c)
4 2 2
Slon Sronop) T 2S20n(0¢) ) (119

-0

rne lg — wunTeHCHBHOCTH mamatomiero ceera, nM; C,; — CYETHas KOHICHTPALHS
a’po30J14, 1/M3; V, — cpennuii 00OBEM YaCTHUIIBI, M3; Gonog)y Cronoc) — TOKA3ATENN
MIPEJIOMJICHUSI COOTBETCTBEHHO IHCIIEPCHOW (Da3hl WM MHUCIIEPCHOHHOU CPEabl; (o
JUTHHA BOJTHBI CBETOBOTO IMTOTOKA, M.

BaxxHBIM CIEACTBHEM ONTHYECCKUX SBJICHUH B MBIJICBOM a’pO30Jjie SBISCTCS
¢omocghopes, KOTOPBIA 3aKIIFOYACTCSI B BOBHMKHOBEHUHW JIBF)KCHHSI YacCTHI] B IOTOKE
cBera. XapakTep mpoTekanus (orodope3a 3aBUCUT, MPEXKAEC BCEro, OT pa3Mepa U
(GbOpMBI YaCcTHII, TPO3PAYHOCTH JUCIICPCHOHN (a3bl U TUCIICPCUOHHON Cpebl U CBETa
Pa3IMYHON JITMHBI BOJHBI M Pa3HOCTH (ha3 B MAJArONIUX, MPOXOISIINX U OTPAKEHHBIX
JTydax.

Henenue mennonposoonocmu pojacTBeHHO AU y3UU, Tak Kak OHO TaKkKe
00yCJIOBIIGHO  OECHOPSA0YHBIM  JIBIKEHUEM MOJICKYJT JHCICPCHOHHON  Cpebl,
NEPEHOCAIINX TEIUIOTY W3 OJHUX OOJaCTeH MBUICBOIO a’po30iisi B JIpyrue. OTOT
NPOIECC SBIISIETCS CAMOIPOU3BOJIBHBIM W OAHOCTOPOHHMM. OJHOHW W3 OCHOBHBIX
XapaKTEPUCTUK TETUIOMPOBOIHOCTH IBUIEBOTO a3pP0O30JIsl SBJSETCS CKOPOCTh Tepeaadn
TEIUIOTHI Yepe3 CIWHUILy CEYCHHS 3a €AMHUIY BPEMEHH, KOTOpas MpONOpIMOHATbHA
IPaJMCHTy TeMIIePaTyphl:

v, :_/1% , Br/im*c, (1.15)
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rae A — K03 HUIUEHT TeTUTONPOBOJHOCTH, YIUTHIBAIONITNHN TEIIIOPU3NIECKUE CBOMCTRA
muctiepcHoi (a3el U quctiepcuoHHOU cpeabl, Bt/m-°C.

Kpome Toro, mpu o0pa3oBaHuM, BBIICICHUU U PACHPOCTPAHEHUU IMBUICBOTO
a’po30Ji1 B HEM TPOTEKAOT IIeKMPOKUHemudecKkue seleHuss B PE3yJbTaTe
OpPUOOPETEHUSI WM  DJIEKTPUYECKOTO 3apsiga, KOTOPBIM B  JajJbHEHIIEM MOXKET
M3MEHATHCS BCIIE/ICTBUE CTOJKHOBEHUM M 3aXBaTa MOHOB 4YacTUIlaMH. B ciyuae, korna
HEOOXOJMMO YYMTHIBATh HANPSHKEHHOCTh JJIEKTPOCTATUYECKOTO TOJISI B TBLJIEBOM

a’po3oie, CeAyeT UCIOIB30BaTh (hopmyiy [78] :

g,-e V
P=—-2>2—-Img+—]|, 1.16
300 . i (1.10)

Yy

e g, — 3apsn dactun, Ki; €,, — HanmpsokEHHOCTh dIeKTprdeckoro mois, Ki/m’ Z, —
CpeHss MOABIKHOCTD yactuil, M/(c-H).

[Ipy 1OBWKEHWUM YACTHUI] TBUICBOTO a’pO30Jsl B DJICKTPUYCCKOM  IOJIE
HaNpsHKEHHOCTBIO €,, 3apa] (., mpuoOpeTaeMblil 3a BpeMs 7 chepuueckor yacTHUIleH

araMeTpoM d, ¢ TUAJIEKTPUUECKOM MTOCTOSIHHOM S, onpenensercs: BeipakeHuem [81] :

2(S, -1 d? -z x
qq:egﬂ. 1+ ( n ) . u - =nq.q’ (]__]_7)
S, +2 ) 4-(c+7")
. 1
rue 7 = z—p — BpeMsl, 32 KOTOPOE YacTuila MpruoOpeTaeT MoJOBUHY MPEACIHbHOTO
72' . 8 . q

3apsja, ¢; Ng — YUCIIO DIIEMEHTApHBIX 3aps10B  Ha YacTHIE, IIT.; Z ; — HOABIKHOCTB
MOHOB rasa, M/(c-H); pq — IIIOTHOCTB IPOCTPaHCTBEHHOTO 3apsiaa, Kin/m®.
Cedumenmayus, TPEACTABISAIONAs COOOW MPOIECC TMOCTENEHHOTO OCeAaHUs
YaCTHI] THIJICBOTO a’3p030Jisl B OKPYXKAIOIICH cpejie IMOJ MCHCTBHEM CHIIbI TSIKECTH,
NPOSIBIISIETCSl B TEX CIydasx, KOTJa KOHICHTpAaIUsl IUCTIEPCHOW (a3bl BBICOKA U
IUIOTHOCTh a3pPO30JIBHOTO 00JIaka 3HAYMTENIBHO OOJNbBIINE TJIOTHOCTH OKpYKAIOMmeh
cpensl. Oceanue TBEPIBIX YACTHUI[] B IMBUICBBIX adpPO30JISX MPOHMCXOIUT B OJHOM U3
TPEX PpPEKUMOB (IBMKCHHE 110 HMHEPIMH, BHTaHWE M OPOYHOBCKOE JBW)KCHHE),

OIIPCACIIACMBIX e€ Maccou Wi pPasMCpoM, B COOTBCTCTBUU C KOTOPBIM BCC YaCTUIIbI
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IBLTM MOXHO Pa30UTh Ha TPU IPYIIIbL:

- yactausl pasmepom cBbimie 100 MKM, ocemarommMe B COOTBETCTBUU C 3aKOHOM
HproTOHA, TO €CTh ¢ BO3pacTaroLIell CKOPOCTHIO;

- gactansl pasmepom ot 1 mo 100 MKM, ocemaromue ¢ MOCTOSHHOW CKOPOCTBIO B
COOTBETCTBUM ¢ KOMOMHUPOBAHHBIMH 3aKOHAMH, BKJIFOYAIOIUMU 3JIEMEHTbl KHHETHUKH,
JTUHAMUKHU U MOJIEKYJISIPHO—KUHETUYECKON TEOPUH;

- YacTHUILBl pa3MepoOM MeHee | MKM, OCelarolIie B HEMOABUKHOM BO3IYILIHON Cpene
U HaXOJSIIUECS] B UHTEHCUBHOM OpPOYHOBCKOM JBUKECHUHU.

[Ipomecc cemuMeHTaMM HAXOAUTCS B TECHOM B3auMOCBs3H ¢ auddysuei,
II03TOMY MAaTEMAaTHYECKOE OMMCAHUE 3TUX INPOLECCOB MIPOBOJUTCS MHOTMMH aBTOpPaMu
Ha OCHOBE 3TOM B3auMocCBA3U. OcenaHne 4yacTUl AUCHEPCHOM (a3bl B AUCIEPCHUOHHON
Cpelle 3aBUCUT OT BSI3KOCTH mociieqHed. Tak Kak BS3KOCTb XapaKTEpPU3YEeTCs CHIION
CABUTa Ha EIUHUIY IUIOIIAaU, TO, MCHOJb3ysd 3akoH CTOKCa, MOXHO TMOJIYYUTh
BBIpaXXEHHE CKOPOCTU OCEJaHMsI YaCTHI] TUCIIEPCHOM (a3bl:

) g-d;

Osum = Vg = Wq ' (p()qb - pac) : (1.18)

8

Ocenaronye a’po30JbHBIE YACTHIBI OBICTPO JOCTUTAIOT TAaKOM MOCTOSHHOU
CKOpOCTH Dngum, IIPU KOTOPOU a3pOJAMHAMUYECKOE COIPOTUBIICHUE CPEIbl CTAHOBUTCS
paBHBIM 3((PEKTUBHOMY BeCy OTHUX UYaCTULl € YYETOM apXUMEAOBOW  CHIIBI.
XapaKTEPUCTUKY Dngum IIPUHATO HA3bIBaTh CKOPOCTBHIO BUTAHUSA, IIOCKOJIBKY OHA paBHA

CKOPOCTH BEpPTUKAIBHOTO BOCXOJAIIETO TOTOKA BO3AyXa, B KOTOPOM 4YacTHUIlA
HAXOJIUTCS BO B3BEIICHHOM COCTOSIHUH. DTy CKOPOCTh BBIPAXKAIOT 3aBUCUMOCTBIO:
d;-p, -9
n _ y y
O = 18, (1.19)
M,
HemanoBaxHbIM SIBJICHHEM, OIPEACISIONIIM IOBEJACHUE MBUICBOTO adpP030J,
ABJISIETCS  adcopbyus, XapakTepuzyemasi ajcopOIMOHHONW CHOCOOHOCTBIO, KOTOpas

3aBUCHUT OT IPHPOAbI U JUCIICPCHOCTHU YaCTHI[, 4 TAKKXC OT COCTaBa ,Z[HCHGpCHOHHOﬁ
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cpelibl (Tra30BOM CMECH).
PaccmarpuBasi mapaMeTphbl, XapaKTepU3YIOIIUE IMPOIECC aIcopOLnu, MOXKHO
3aKJII0OYUTh, YTO OJHMM H3 HauOoOJIee BaXKHBIX IApPaMETPOB SIBIIACTCSA KOJIHYECTBO
aJIcOpOMPOBAHHOTO BEIIECTBA, MATEMATHUYSCKHM OIMCAHUEM KOTOPOTO SIBJISCTCS

OCHOBHOE YPaBHEHUE aJICOPOLINHU, UMEIOIICE BU/L:

Qadc - Q'.Tadc’ (120)

rme Q,=N,-H,-(2zm,, -RT)"° — uncio MoneKyI rasa, yIapsIromuxcs O eAHHHIY
MOBEPXHOCTH B €UHUILY BpeMeHHU, 1/¢; 7,9, — BpeMst aacopOuuu (mpeObIBaHUS MOJICKYJT
ra3a Ha TOBEPXHOCTH YaCTHII), C; M,, — MOJICKYJISIpHAsi Macca rasa.

JlpyruM 3HaAYMMBIM TIapaMETpPOM SBIISETCS YNPYrocTh aJCOPOMPOBAHHOIO rasa,
ompenensiemast mo popmyiie:

p-_RT___ 6 (1.21)

(Vm _61) V ’

m

TJIe 6; — MEpa OTTAJKHBAHUS MEXKIY MOJCKYJIAMH; 6, — MEpa CHJ TMPUTHKCHUS (CHIT
Kore3un); Vi, — MOJISIpHBIA 00BEM.

Kpome Toro, B mccineoBaHUSX MHOTHX aBTOPOB TAaKXKe IMIMPOKO MPUMEHSIETCS
ypaBHeHHe JIeHrMiopa, KOTOpOE CBSI3BIBA€T KOJIHMYECTBO ajcopdara ¢ paBHOBECHBIM

JIaBJICHHEM €TO B ra30Boi ¢a3ze:

" w, - H
Qadc:Q : -

© . (1.22)
1+ w, H,

rae Q:)ac— KOJIMYECTBO ajicopOaTa mpH MOJTHOM HACHIIEHUU TTOBEPXHOCTH aJCOpOCHTAa,

Kr/M?; Hj — pABHOBECHOE JABJICHHE IA33, MM PT. CT.; (04 — aJCOPOIHOHHAS KOHCTAHTA.
[TapameTpoM, XapakTepU3YIONIUM aJCOPOLMOHHBIA MPOIECC, SBISAETCS BpeMs

a71copOIIMK, 3aBUCUMOCTh KOTOPOTO OT TeMmIeparyphl noiydeHa DpeHKereM U UMeeT

BUI;
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QMA

'
Ta()c - z-aac : eXp RT ’

(1.23)

rae 7., — Nepuoj KojeGaHus MONEKyIbl ajcopOara B HAaNpaBIEHHH, HOPMAIbHOM K
TIOBEPXHOCTH a7icopbenTa, c; (v — MonsapHas TemnoTa ancopouuu, J/Mob.

AHanu3 ypaBHeHHMs JIBHTMIOpa MO3BOJIAET 3aKIIOYUTh, YTO aJCOPOIMOHHOE
paBHOBECHE MOXKET CABUTATHCSA B CTOPOHY YBEIMUYEHUS WM YMEHbIIECHUS aJcopOLUH B
3aBUCUMOCTH OT KOHIIEHTPAllMM MOJIEKYJ ra3a B IbUIEBOM a’po3one. K Takomy xe
BBIBOJly TPUBOJMT AaHAJINA3 OSMIUPUYECKOro ypaBHeHHMs DpelHminxa, HWHOTIA

HCIIOJIB3YCMOI'O B ITPAKTUKC IJISI OPpUCHTUPOBOYHBIX PACUCTOB:

1
— Wg
Qaf)c _0)5 CMB ! (1.24)
e s, O — OMIOHpUYECKHEe KOIPGOUIMEHTH, TPUHUMAeMble B pacuérax

COOTBETCTBEHHO M3MEHstonuMucsa ot 2 10 25 u ot 1,1 no 5,0; Cyp — KOHIIEHTpaLus
MOJICKYJI Ta3a B a3p030JIe [P JOCTHKCHNN aICOPOIMOHHOTO paBHOBeCHs, /M.
HemanoBakHbIM 1Sl MPAKTUKK 00ECTIBUIUBAHUS CBOMCTBOM IIBIJIEBBIX adP0O30JICi
SIBIISIETCSL UX CnocoOHocmb 00pa30BBIBATh arperarsl B pe3ynbrare xkoaeyiayuu [ 82-85].
B pe3ynbTaTe TPOMCXOIUT CIAUNAHUE YACTHUI[ MEXIY COOOH, C yMEHBIICHHEM HX
CyMMapHOM MOBEPXHOCTU MPU OJHOBPEMEHHOM YMEHBIIIEHHUH CBOOOJHOM JHEPTrUu
cuctembl. Koarymsmusi mporekaeT B AByX (opmax: siBHOM u ckpwiTod. [lpm siBHOM
KOaryJsilud YacTULbl AUCHEpCHOM (a3bl 00pa3yroT Mexay coOOW arperarbl, 4TO
OPUBOJUT K YBEIMYECHHUIO WX pa3MepoB U Macchl. CKpbITash Koarynsius OOBIYHO
SBJISIETCS TIEPBOM CTaaMell OOIIero mpoliecca Koaryysiud W TPOSIBISETCS JIHUIIL B
W3MEHEHHUM 3amaca SHepruu al’po3otia. CKOpOCTh KOAaryJdluu SIBISETCS OJHOW U3
OCHOBHBIX XapaKTEPUCTHUK MPOLIECCA, MATEMATUYECKOE BBIPAKEHUE KOTOPOW 3aBUCUT OT
xapakTepa TmpeoOsiafjaloliero mpoiecca, B pe3yjbTare KOTOPOro IMPOUCXOJUT
koarymsinua. OOmass ¥ JOCTAaTOYHO MPHUOJIMIKEHHAs MaTeMaTHdecKash 3aBUCHMOCTH

CKOPOCTH KOaryJsnuu, BbipakacMas HoCpCIACTBOM CKOPOCTHU y6BIBaHI/I$I qHucCiia 4aCTHUIl B
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enuHuIe 00BhEMa a’po30J1s, peacTaBiieHa Gpopmydion [81]:

dC,
dr

=k -C? | (1.25)

rae C, — KOJIMYECTBO YacTHULl, COJEPKALINXCA B IUCIEPCHON (a3ze B equHuUIEe o0bEMa
MBIIEBOTO a3po30is, /M, K, — KOHCTAaHTAa KOATYJSIHH, KOTOPAs ONPENENseTCs B
3aBUCUMOCTH OT XMMHYECKOI0 COCTaBa YacCTHLI.

Eciu B mpouecce koarynsuuu npeoOiafatoT 3JIEKTPOKUHETHUUYECKUE SIBICHMS
(4TO CBOMCTBEHHO paccMaTpUBAaE€MbIM BHJIaM MbUIM TMECKa U HIEOHS), TO CKOPOCTh

KOAryJISIIIHK B 3TOM CJIydae OIUChIBaeTCs BhIpaxeHueM [ 81]:

On1 G2
_ an 287Z"BA Cﬁ . dq K-T + On1 - G2 ’ (1.26)
dz exp On1 Qi -1 dltKT
d-K-T

rae Qni, On2 — DJIEKTpUYECKHE 3apsbl B3aMMOIECHCTBYIOIIMX YaCTHIl JUCIEPCHOU
dassr, Ko

[ToMuMO paccCMOTPEHHBIX MPOLIECCOB XaPAKTEP NPOTEKAHUS KOATyJISILUU 3aBUCUT
TaKXK€ OT MacChl JAUCHEPCHOM (a3bl B €auHHUIIE 00bEMA a’po30Jisl, pa3Mepa YacTHil
ObUTA, (OPMBI ATUX YaCTHI], TPABUTAIIMOHHBIX CHJIBI, TEMIEPATYypHl, AaBICHUS U
BSI3KOCTH JIUCIIEPCUOHHOW CpPEJIbl, BaH-JEP-BaalbCOBBIX CHUJI, CTENIEHU TypOyIH3aluu
a’po30J1s MbUIN U pAia IPYTUX MTapaAMETPOB.

SIBaeHue aoeesuu COMPOBOXKIACT TPOLECC KOATYNAIMH U TPOSBISAETCA B
CITOCOOHOCTH B3aUMOJICHCTBHS MEXKy COOOM YacTUIl AUCTIEPCHOM (ha3bl, C HATUIAHUEM
UX K OKPYXaKIMM MOBEPXHOCTSIM. OTO B3aMMOJECHCTBUE 3aBHUCUT OT BEJIUYMH,
XapaKTEPU3YIOIINX CBOMCTBA MOBEPXHOCTEH, UX yIEIbHON CBOOOIHON SHEPTUU U CHIIBI
MMOBEPXHOCTHOTO HATSKEHUS. AJTNe3MOHHOE B3aMMOJICHCTBHE, COMPOBOKIAIOIIEE
IPOIIECC KOAryJIsIuu Xapakrepusyercs [86]:

- CpC,Z[HCﬁ CHIION aJIrc3nu, BbIpaxacMasd 3aBUCHUMOCTbIO!:
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P max D V¥
q 0143 Ig Pa 2 Ig Pa 2
algz = I ) eXp - ( : 2 . ) ) dPade ' (127)
72 i
Trac Z — CpCAHCC KBAaJAPATHUYHOC OTKIOHCHHC, XapaKTCPUIYIOIICC PaCIIPCACIICHUC

CKOAryJanupoBaBHINXCA YaCTUI II0 pasMCpaM; Paae — CWJla aAre3mm MCXKIAY ABYM:A

B3aWMOJICMCTBYIOIIUMU YacTuliamu, H; Fa o5~ MeInaHHas CUJia a[re3uy, H;

- YHUCIIOM aJre3uH, XapaKTEPHU3YIOIIMMCS OTHOIICHUEM KOJIMYEeCTBa dYacTull Ny,
KOTOpBIE OCTaJUCh MEXIY COOOW B KOHTAaKTE IMOCJE BO3JACHCTBHUS OTPHIBHOW CHJIBI, K
KOJIMYECTBY  YACTHUIl, KOTOPbIE  H3HAYAJIBHO  TMOJABEPIIUCH  AJr€3UOHHOMY
B3aMMO/ICHCTBUIO:

n
o, =—4.100, . (1.28)

nHA

B npubmmkeHHbIX pacuérax, COrjacHO TeOpHuH, npesioxkeHHon b.B.Jlepsruabim,
cuna anresun P, JAeUCTByromas Mexay JAByMs CcepuuecKMMH YacTUIaMU
oJIMHaKoBOTO nuamerpa d,, onpenensercs mo Gpopmyse [82]:

P,.=2m0,d, (1.29)

a

rae Oy, — K03((OUUUEHT NPONOPLUHOHAIBHOCTH, XapaKTEPU3YIOIIUN TPaHUIly paszaeia
a3, /v,

B mbuieBBIX a’po30isiX  Takke HAOMIONAIOTCS cuOpOKUHemudecKue s61eHus.,
CBSI3aHHBIC C MPUCYTCTBUEM B HHUX XUJKOU (pa3bl. K Takum sIBIEHUSIM, B YaCTHOCTH,
OTHOCHUTCSI HOBEPXHOCHHOE HamsdCeHue, B TOM YUCIE, KUJIKOCTH, HAa TPAHUIIE pa3eiia

¢da3. BaxxHbIM MmapaMeTpoM, XapaKTePU3YIOIMUM TTOBEPXHOCTHOE HATSIKEHUE SIBIISICTCS
K03 QUINEHT TPONOPLUUOHATBHOCTH Oy B ypaBHeHHH (1.29). dusmueckuM CMbICIOM

3TOro KO3 UIIMEHTa ABJISETCS TO, YTO OH BBIpayKaeT co00i paboTy, 3aTpauyeHHYIO Ha
oOpa3oBaHHe EIMHMIIBI TOBEPXHOCTH, HA KOTOPYIO OKa3bIBaeT BIUSET MPHUPOIA

B3auMozeicTByromux (a3 u temmneparypa. [Ipu ncnonb3oBanuu ypaBuenus [ub6ca-
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[enbMrosbua, MOXHO MOIYYUTh 3aBHUCUMOCTb Ko3((duuueHra O,;, HA3BaHHOIO

K02 (PUIMEHTOM TOBEPXHOCTHOTO HATSKEHUS:
oo
o, =W/ +T a—]fb , (1.30)

VA 2

e V45— 00bEM a9pOIHCIEPCHOI CHCTEMBL, M-; WI’Y — TIOJTHAs! TOBEPXHOCTHAS SHEPIuUs
Ha €IUHUIYy IUIOMIAJd TIOBEPXHOCTHOTO CJIOS I OJHOPOJIHOW IMOBEPXHOCTH TIpH
OCTOSIHHOM 00B&Me adposoust (pasHast 0,118 J[x/M° B uamasoHe TeMieparyp oT 4 10
1000 °C).

N3 ypaBuenus (1.30) BUIHO, 4TO ¢ MOMOIILI0 KO3 HUIIMEHTa TOBEPXHOCTHOTO

HATAKCHUS MOJKHO XapaKTCPU30BATb MHTCHCHBHOCTL IIOJISI MOJICKYJISIPHBIX CHJIL. Z[J'ISI
IIBIJICBOI'O a3p030Jis1 TPAKTOBKA BCIMYHWHBI O-Qb KakK MC)K(I)aSHOFO HaTAXKCHUA ABJISICTCA

sarpynautensHoi [81, 89, 90, 91] BciencTBue HEOOpaTMMOCTH OOpa30BaHUS HOBOM

MOBEPXHOCTH. 3HA4YCHHS KOd(DPHUIMEHTAa MOBEPXHOCTHOTO HATSHKEHUS B CHCTEMax

«tBEpnas ¢aza-razoo0pasHas cpefiay 0., MPEBHIIAIOT 3HAUCHUS 3TOT0 Kodduimenra

B CHCTEeMax <okuukas ¢asza-razoobpasHas cpena» O,.., BCIEACTBHE OOJbIIEH
WHTEHCUBHOCTHU CHUJIOBOTO MOJISl B TBEPIBIX TEJIaX MO CPABHEHUIO C KUJKOCTIMHU.

Takke K TUAPOKUHETUUECKUM SIBJICHUSIM, HAOJI0/IaeMbIM B MBIJIEBBIX a3pO30JIsiX,
MOHO OTHECTH Npoyecc pacmeKaHus HcuoKocmu 1o MOBEPXHOCTU MbUICBBIX YACTHII,
BOXHON XapaKTEPUCTHKON KOTOPOTO SBISETCS KOIPPUIIMEHT pacTeKaHus 7

(xputepuii [apkuca), onpeaensieMblii mo Gpopmyiie:
w, =0, . -(cosd-1), (1.31)

rae 6 — xpaeBoii yron cMauuBaHus, Ipajl.
Kpome Toro, K THAPOKMHETHYECKMM SIBJICHUSAM TAKKE OTHOCATCH KANULISAPHbIE
A6NeHUs, XapPAaKTEPU3yEeMbIE KAIWUISPHBIM  JABJIECHUEM, KOTOPOE  OIUCBHIBAETCS

CJ'IGI[YI-OHICﬁ 3aBUCUMOCTBIO.
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dF,,
o

rae F,, — II0maap MOBEpXHOCTH B3aUMOCHCTBUS (Bas, M, Vg — 00BEM auCHEPCHOM
dasbl, M°.

N3 ypaBHenus (1.32) ciaemyeT TEOPETHUSCKUN BBIBOJ O TOM, YTO KaIMUISPHBIC
SABJICHUSI TECHO B3aMMOCBS3aHbl C TAKUMH IPOLECCAMU, ONPEACISIIONIMMU COCTOSTHUE
a’p030JIs MBUIH KaK aJcopOIus, MOBEPXHOCTHOE HATSHKEHHE, CMauyMBaHue, pacTeKaHue,
KoaryJsinus v apyrue. IMeHHO OT KanWUIAPHBIX SIBJICHHI B COBOKYIHOCTH C TAKUMH
SBIICHUSIMM KaK TOBEPXHOCTHOE HATSHKEHHWE Ha TpaHUIle pasnena ¢a3 B IBUICBOM
a’po30J1€, CMAUYNBAHUE, a TAK)KE TEIUIOBBIX SIBJICHUM 3aBUCUT IPOTEKAHUE IPOLIECCOB
MOIJIOLICHUS, BBIICIICHUSA, KOHACHCAIIMHA U UCITAPECHUS )KUIKOCTH B a3PO30JIAX.

Takke K TUAPOKUHETUUECKUM SIBJICHUSIM, HAOJII0JJaeMbIM B TIBUIEBBIX adPO30JIsX,
MOXXHO OTHECTH Mpoyecc CMaduBaHus HCUOKOCMbIO TIOBEPXHOCTH TBEPION MbLICBOMN
yacTunbl. 1Ipolecc cMadMBaHUS XapaKTEPU3YETCs PABHOBECHBIM KPAeBBIM yriioM 0,
KOTOPBIM ONpeAesieTCsl Kak YroJ, o0pa3yeMblid TBEPAOH MOBEPXHOCTHIO U KAacaTeIbHOM
B TOYKE COTMPUKOCHOBEHHMS TBEPOM, KUAKON U Ta3o00pa3Hoil pa3. B cBsizu ¢ Tem, 4to

3TO OTPEJEIICHUE TTOJAXOAUT JJIA ABYX YIJIOB, OOIICTIPUHSITBHIM SIBIISIETCS OTCUUTHIBAHUE
6 B cropony xuakoit (assl. COOTBETCTBEHHO, IPOLECC CMAYUBAHUS XaPAaKTEPU3YETCS
yraom 6 npeppmaromum 90 rpamycos. 3HadeHue KOd3(Q(UIMEHTa MOBEPXHOCTHOTO
HATSDKEHUST pa3IuYHbIX (a3 OTIMYaeTcs ApYr OT JApyra, CieJ0BaTeIbHO CMayUMBaHUE,

KOTOPOE XapaKTEPU3yeTCs BEIMduHOM O, OymeT 3aBHCETh OT COOTHOUICHUM 3HAYEHMI

0, Ha TPaHUIIE CONPHKACAIOIINXCS (a3.

3akoH OHra, KOTOpBIN ONpenenseT YCIOBHs CMadyMBaHMs, UMEET CIEIyoIlee

MATEMATHUYCCKOC BBIPAKCHUC!

cos @ = Zmz ~ T
. : (1.33)

Hce

T71€ Oy-5 — KOIPOUIIMEHT MOBEPXHOCTHOTO HATSDKEHHS HA TPAHMIIE pa3zelia TBEPAOH U
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Kuakou as.

C moMomipio MeTo1a MIIEHOYHOHN (HIIOTAIMK OTPECIICHa CTEIIeHb CMauylBaeMOCTH

YaCTHII ITBLICBOTO a3p030Jis, MO3BOJISAIONIAs pa3IeMTh UX Ha TpH rpymisl [79]:
- IUIOXO0 CMavyMBaeMble, C JI0JIel 3aTOHYBIINX YacTull MeHee 30%;
- CpeJlHEe cMavMBaeMble, ¢ JoJIeH 3aToHyBIIHX dacTHIl oT 30% 1o 80%;

- XOpOIIIO CMAa4YMBAEMBbIE, C JOJIEW 3aTOHYBIIMX dYacTull mpeBbimaeT 80% oT ux
00111eT0 KOJTMYECTBRa.

CornacHo Teopum psjma wucciaenosarenei [37, 38, 44, 89, 90, 92],
PE3YNBTUPYIONIUM  [TapaMETPOM, OIPEACISIONAM TOBEJCHHE U CYIIECTBOBaHUE
a’p030J1s MBLTU KaK TUCTICPCHOM CHCTEMBI, TO €CTh TapaMeTPOM €€ )KHU3HECTIOCOOHOCTH,
ABIETCS ycmouuusocms U.

Yem Oostbllie yCTOWYUBOCTh CHCTEMBI, TEM MEIJICHHEE MPOUCXOIUT U3MCHCHHE
e¢ mapameTpoB U Ha000poT. [Ipu paccMOTpeHUN U3MEHEHUS YCTOWIMBOCTHA BO3MOKHBI
Tpu cirydas [35] :

- YCTOWYUBOCTh CHCTEMBl YBEIMYMBACTCS, KOT/IA JHUCIIEPCHAs CUCTEMA CTPEMUTCS
U3MEHUTh TIapaMeTpPhl CBOWCTB TMPH YBEIWYCHHH 3HAUYCHUH DHEPreTUUYCCKUX
apamMeTpPOB:

d—U>0 : (1.34)
dr

- YCTOMYMBOCTh CHUCTEMBI OCTA€TCS HEWU3MEHHOM, IPU CTPEMIICHUU IHUCIEPCHOU
CHUCTEMBI CTAOWJIM3UPOBATh IMapaMETPhl CBOMCTB MPU HEU3MCHSIONINXCS 3HAUYCHHSIX

OHCPICTUYCCKUX IIAPaMCTPOB!

du
— =0 ; (1.35)
dr
- YCTOWYHMBOCTb CHCTEMBI YMEHBIIAETCS, MPU CTPEMJIICHUU JHUCIIEPCHOW CUCTEMBI K
HN3MCHUTDL IIaPaMCTPhI CBOMCTB IIpn  YMCHBIICHHUUA 3HAYECHUU OHCPICTHUYCCKUX
apameTpOB:

—0. 1.36
dr< (1.36)
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IIpr 5TOM NOHATHUA YCTOWYMBOCTH IIBUIEBOTO MAaT€pHalla M YCTOMYMBOCTHU
IBIJIEBOTO  a3p030J1s1 OOBENMHATH HENb3s,, UTO TMOATBEPHKAAETCA CIEIYIOIIUMHU
SBJICHUSIMH
-py 00pa30BaHUM W BBIJCIEHUU MBUIM YCTOMYMBOCTH IMBUIEBOTO MarepHasa
yMEHbIIaeTCcsl (AUCIepCHasl CUCTEMa B 3TOM Ciydyae pa3pyliaercs), a YCTOMUHMBOCTb
IIBIEBOTO a3P030JIs PACTET;
- IPU PaACHPOCTPAHEHUU IBUIEBOIO a3p030J1 €ro yCTOMYMBOCTH YMEHBIIACTCSA
(mucriepcHas CHCTeMa pa3pyIlIaeTcsl 3a CYeT TPABUTAIIMOHHOTO BBICEBA TBEPIOH (asbl),

a YCTOWYMBOCTH MBLUIEBOTO MaTepuaia (CJIos OCEBIIEH MbLUIN) PacTeT.

1.5 IlocTpoenue ¢puzuyeckoii Moae/ M Mpolecca 3arpsi3HeHusi BO3YIIHOM

cpeabl sl JIeHTOYHbIX TpaHcnopTépoB BCY 3aBonos JKbUuK

B coorBercTBUM C BBIOpaHHBIM HaMH 3a OCHOBY WCCIICIOBAaHUN (PU3HUKO-
SHEPreTHYECKUM METOJOJOTHYECKUM MoaxoaoMm [44, 45, 46] nns omnpeneiacHus
OCHOBHBIX XapaKTEpHUCTHK IIporiecca oOOeCHbIIMBaHUSA BO3JyXa Ha YydyacTKax
OKCIUTyaTalliM  JICHTOYHBIX  TPAHCIOPTEPOB HAMH  TPEIBAPUTEIHHO  HM3yYCHBI
0COOEHHOCTH TIPOIeCCa MBUICBOTO 3arps3HECHUU BO3AYIIHOW cpeabl. [lpumenss s
aeHTouHblX TpaHcnoptépoB BCY 3aBogoB KBUuK oOume npuHIUIBI MOCTpOSHUS
OJTOK—CXeMBbI (PU3UIECKON MOJIETN MPOIECcca 3arpsi3HCHUS MBUTHIO BO3IYITHOW CPEIbI
[47, 49, 51], Hamu nIpeIBaPUTEITBHO:

- BBISIBJICHBI M TIPOAHATM3UPOBaHbI OCHOBHBIC ATAIbI IMPOIECCa MBUICBOTO 3arps3HEHUS
BO3JIYIIHOH Cpeabl, TMPH TOCICIOBATEIbBHOM TIPOXOXKJACHUH KOTOPBIX  YacTh
TEXHOJIOTUYECKOTO ChIphs (TIecka, Tu0o0 1eOHs) TpaHCHOPMUPYETCS B 3arpsi3HSIONICE
BEILIECTBO (IBLIb MeCKa, JIMOO MbUTh IICOHS);

- BBIJICJICHBI OCHOBHBIC (PM3HUYECKHE OOBEKTHI, BCTYMAIOIIUE BO B3aWMOJICHCTBHUE C
NBUICBBIMA YAaCTHIIAMHM Ha JTamax WX O00pa3oBaHUs, BBIICICHUS (BHYTPEHHETO U

BHEIIIHETO0) COOTBETCTBEHHO B BO3AYX pa0doueil 30HbI U MIPU3EMHOTO CJ10s1 aTMOc(epsl, a
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TaK)K€ pacHpOCTpaHEHHUs (BHYTPEHHErO0 M BHEIIHETO) COOTBETCTBEHHO B BO3IyXe
paboueit 30HbI ¥ PU3EMHOTO CII0S1 aTMOC(EPHI.

B pesynbraTe, nmocrpoeHHass HaMu OJoK—cxema (U3NYEecKOW MOJENM Ipolecca
IIBUIEBOTO 3arpsI3HEHUS BO3AYIIHOW Cpelbl Ul JeHTOYHOro tpancnoprépa bCY 3aBona
XBbNuK u npencraBneHHas Ha pucyHke 1.4, HarJIAIHO WIIIOCTPUPYET CTPYKTYpY M
[OCIIE0BATENbHOCTh  peai3allud  3TOro  Ipolecca B paccMaTpUBAEMBbIX
IPOU3BOJICTBEHHO—TEXHOJOTUYECKUX YCIOBUSX, a TAK)KE MO3BOJIAET 3aK/IIOYUTh, YTO B
3TOM CJIy4ae MPOLECC 3arps3HEHHS BKIIOYAET MSTh OCHOBHBIX 3TAIOB!

- oopazosanue niblu (3B1), KOTOpOE MPOUCXOAUT MPU B3aUMOJICUCTBUU MEXIAY COOOM
TEXHOJIOTHYECKOT0 000pYyI0BaHMs (JIGHTOYHOTO TPAaHCHOPTEPA) M TEXHOJIOTUYECKOTO
ChIpbd (mecka, oo miedHs ). IIpu 3Tom 00pa3oBaHUe MBUIEBBIX YaCTULl IPU ABUKECHUU
JeHTHl TpaHCHOPTEPa TMPOUCXOAUT 32 CUET MEXaHWYECKOrOo B3aMMOJCHCTBHS
(ucTupaHMs) caMHMX YacTHI] TEXHOJIOIMUYECKOTO ChIpbs (mecka, Jau00 IIeOHs) MEeXIy
co0Oif, a TakKe MX yJapHOrO0 B3aUMOJEUCTBUS C TOBEPXHOCTHIO JIGHTHI NIpuU €€
BCTPSIXMBAHUHU Ha POJIMKAX TPAHCHIOPTEPA;

- eHympeHnee evideneHue TbuK (3B,), 3aKmodaronieecss B BbIXOJE 00pa30BaBLINXCS
IBIJIEBBIX YaCTHUI] U3 OCHOBHOTO TIOTOKA TEXHOJIOTUYECKOTO ChIPhs (MecKa, JTH00 1IeOHs )
BO BHYTPCHHHMH BO3AYIIHBI O00BEM TMPOM3BOACTBEHHOTO TIOMEUICHHs (Taliepen
TpaHCIIOpTEPA) W KOTOPOE TPOUCXOAWT TMPH B3aUMOJCHCTBUU MEXIy COOOH
BHYTPEHHET0 MCTOYHHKA MbUIEBBIICICHUS (TOBEPXHOCTh TPAHCHOPTEPHOM JIEHTHI) U
TEXHOJIOTUYECKOTO ChIphs (TIeCcKka, MO0 MIeOHS) B KauyeCTBE MbLICOOPA3YIOIIETO
matepuana. [Ipu 3ToM Ha XapakTep BHYTPEHHETO BBIJEICHUS YaCTHI] MTbUTH OKa3bIBAIOT
BJIMSIHME ITapaMeTphl BO3/lyXa paboueil 30Hbl IPOU3BOJCTBEHHOI'O TOMEILIEHUS;

- 6HympeHHee pacnpocmpanenue nbun (3B3), 3akmoyaromieecs B MPOCTPAHCTBEHHOM
pacmpocTpaHeHHH BO BHYTPEHHEM 00bEME MPOM3BOACTBEHHOTO MOMEIICHUs (Taiepeu
TpaHCIOPTEPA) BBIACIMBIINXCS U3 BHYTPEHHETO MCTOYHMKA NBUIEBBIX YacTHUIl U
KOTOPO€ TMPOUCXOAUT TPU YYaCTUU MPOU3BOJCTBEHHOTO TMOMEIIEHUs (Tajepeu
TpaHCIOPTEPA) U BO3yXa paboyeil 30HBI;

- sHewHee gvloenenue UK (3By), 3aKitrouaronieecss B BBIXOJE PaCIPOCTPAHUBIIMXCS

BO BHYTPEHHEM O0BEME MPOU3BOJICTBEHHOIO IMOMEIICHUS (Tajeper TpaHCIopTEpa)
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OBUICBBIX YaCTHII W3 JTOr0 0O0OBEMa uYepe3 BHEIIHUNM WCTOYHUK BBIICICHUS
(TEXHOJIOTUYECKHE, OKOHHBIC, IBEPHBIC U JPyrue NpoEMbl) BO BHEIIHIOIO BO3IYIIHYIO
cpeay. Ilpm 3TOM Ha XapakTep BHEIIHErO BBIACIECHUS YACTUL MbUIM OKa3bIBAIOT
BIIMSHUE TTapaMeTPhbl BO3YIITHOW Cpeibl TPOMBIILICHHON MJIOMIAAKH;

- gHewnee pacnpocmparnenue bl (3Bs), 3akimouaronieecs B IMPOCTPAHCTBEHHOM
pacnpoCTpaHEHUH B BO3YIIHOM OacceiiHe MPOMBIIIICHHOH IJIOMIAKH BbIICIUBIINXCS
13 BHEUIHEr0 NCTOYHHKA MbUIEBBIX YACTHII.

BrinmonHeHHbId HaMU aHAJIW3 TMPEJCTABICHHBIX HAa pUCYHKE 1.4 0OBEKTOB,
Y4acCTBYIOIIMX B mpoliecce 3arpsizHeHust Bo3aymHou cpensl bCY 3aBogoB XBUuK,
MO3BOJIMJI  OTPENCIUTh XApPAKTEPUCTHKUA DJTUX OOBEKTOB, HEOOXOIUMBIE IS
JATbHENIINX UCCIIEIOBAHUM U PACUETOB.

B kadecTtBe mexHon02UUECK020 CbIpbs AN WU3TOTOBICHUS >KEI€300€TOHHBIX
U3JIETIU U KOHCTPYKIMH B KayeCTBE 3aMOJHUTENCH MPUMEHSIOT MEeCOK U IIeOeHb,
OCHOBHBIC XapaKTEPUCTUKU KOTOPHIX MPUBEEHBI B TabmuIe 1.2.

B xauectBe mexnonozuueckoeo 060py0oanuss HAMUA PacCMATPUBAETCS TUIIOBOM
aeHTouHbI Tpancnoptép Mapku JIK—XK, npeacrasstomniuii co60ii TpaHCIOPTUPYIOIIEEe
YCTPOMCTBO HEMNPEPHIBHOIO JEUCTBUSI, HECYIIMM M TATOBBIM OpPraHOM KOTOPOIO
ABIIAETCS ruOKasi OecKOHEuYHas JieHTa, padoTarouMil B cpeHeM 16 4acoB B CYTKH U
NpeaHA3HAYCHHBIN ISl MEPEeMEIICHUsI CBhIMMYUYHUX, KYCKOBBIX MU IITYYHBIX MaTepHUaliOB
IUIOTHOCTBIO 10 3500 Kr/M° (IIeCOK, Mme6eHb, TPaBHil) B TOPH30HTAILHOM H HAKIOHHOM
(mo 30 rpan) HanpaBICHUSAX, XapAKTEPUCTUKU KOTOPOTO IIpeACTaBIeHbI B Tabnuie 1.3.
OCHOBHBIM OOBEKTOM, YYACTBYIOIIUM B MPOIIECCE 3arps3HEHUs] BO3AYIIHON Cpelbl Ha
BCEX €ro JTanax, HaMH pacCMaTpUBACTCS 3acpsA3HAIOWee 6eujecmeo, B KadecTBE
KOTOPOTO B HCCJEAYEMBIX MPOU3BOJCTBEHHO-TEXHOJOTUUECKUX YCJIOBUSX BBICTYIIACT
IBUIb TECKa U MbUIh MIEOHS, KOTOpas HaXOJIUTCS Ha dTare o0pa3oBaHUs B COCTOSTHUU
«MBUIEBOr0 MaTepHaliay, a Ha BCEX MOCIEAYIOUIUX ATamax - B COCTOSHUM «IbUIEBOTO
a’po30Jis», COCTOSAIIET0 W3 JAUCHEpcHON ¢a3bl W AUCHEPCUOHHON cpenbl. B
COOTBETCTBHH C METOJAMYCCKUM IIOIX0I0M, U3JI0KEHHBIM B padoTax [35, 44-49, 51, 52],
BCE MapaMeTpPhl, XapaKTEPU3YIOIIUE CBOMCTBA U MOBEJICHUE ATUX BHUJIOB 3arpSA3HAIOIINX

BEIIECTB, CTPYNIHUPYEM ClIeaytonuM oopa3om (tabnuma 1.4). [lpu sTom B Tabmume 1.4
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OJIHUM U3 OCHOBHBIX MapaMETPOB SBJISIETCA CPEIHUNA MEAHAHHBIA AUAMETP MbUIEBBIX
gacTull O34 , KOTOPBIA BIIOJIHE MOXKET OBITH HCIOJIB30BAaH B IPEIBAPHTEILHBIX
(nepBuuHbIX) pacuétax. OnHaAKO, B clydae HEOOXOAMMOCTH TMOIyUYeHUsl 00Jee TOUHBIX
OIIEHOK COCTOSIHUS MBUIEBOTO a’po30Jisi BMECTO CPEIHETO MEAUAHHOIO JTUaMEeTpa
ObUICBBIX YacThll O34 IEJIecO00pa3sHO HCIMOJIb30BaTh JUCIEPCHBIA COCTaB MBLIH,
KOTOPBIN [ paCCMAaTPUBAEMBbIX BUIOB MBUIH MPEICTABICH HA PUCYHKE 1.5.

JlpyruM 3Ha4UMBIM OOBEKTOM, YYacTBYIOIIUM B TIPOIECCe 3arps3HEHUS
BO3JIYILITHON Cpejibl, BIMSIONIMM Ha XapakTep BHYTPEHHETO BBIJEICHUS U BHYTPEHHETO
pacupoCTpaHeHHUs] TbUIN, SIBISAECTCA 6030yX 6HYmMpeHHeu paboueli 30Hbl, COCTOSHUE
KOTOPOI'O0 CTPOr0 PErjiaMeHTUPYETCs] HOPMAaTUBHBIMU JIOKYMEHTaMH [86] HE TOJIBKO IO
HaJUYUIO 3arpsA3HSAIONIMX BEMIECTB, HO TakKXke IO CIEAYIOUMM [apaMerpam
MUKpPOKJINMATA!

- OTHOCUTEJILHOM BIIaXKHOCTH, %0,
- Temneparype, °C;
- CKOPOCTHU JIBM>KEHUS (TOABUXKHOCTH) BO3/1yXa, M/C.

YuuteiBas, 4YTo pabouue oOmepanuu, CBS3aHHbIE C DJKCIUlyaTalued u
00CITy’KUBAaHUEM HAKJIOHHBIX JICHTOUYHBIX TPAHCIOPTEPOB U HMX Y3JIOB MEPErpy3KH
Y4acCTKOB TMpUTOTOBJIeHUs1 OeToHHOM cmecu 3aBoaoB JKBUuK, xapakrepusyrorcs
MOCTOSTHHOM XOJb0OM, mepemenieHueM MeNkux (10 1Kr) u3nenuii U mpeaMeTroB B
MOJIOKEHUU CTOSI, TPEOYET OMpeIeICHHOrO (DU3MUECKOro HAIPsLKEHUs, U coracHo [86]
OTHOCSITCA K KaTeropuu 2a (CpemHeil TspkecTu) ¢ 3Hepro3arparamu ot 151 go 200
kkan/gac (175-232 Br).

Pe3ynbTaThl MHOTOJIETHUX HAONIOJACHUNW U aTTecTaluu pabodynx MeCT Ha
paccMaTpUBaeMbIX TEXHOJOTMYECKUX YydacTKax pa3audyHbeix 3aBofoB JKBUuK Ha
tepputopun  Poccuiickoit ®enepari MO3BOJIAIOT 3aKIIOYUTh, YTO (HAKTUUECKUE
3HAQYEHUsI [apaMeTpOB MHKPOKIMMATa HAXOJATCA B  Mpelaeliax  3HAuYeHH,
MIPEICTaBIICHHBIX B TabmuIe 1.5.

HopmupoBaHue nepeunciieHHbIX MapaMeTPOB OCYIIECTBIISIETCS 110 JBYM YPOBHSIM
3HAQYEHUH: ONTUMAJbHBIX M JONMYCTUMBIX, HA BEJIWYMHY KOTOPBIX BIMSIOT TEILIOBAs
XapaKTEPUCTHKA TMPOU3BOJICTBEHHBIX IMOMEIICHUH, KaTeropuu padoT 10 CTENeHU

TAKCCTHU C YUCTOM BPECMCHU T'O/1a.
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Pucynox 1.4 - biok-cxema pusndeckoit Moienu poliecca 3arpsi3HeHHs BO3YIITHON

Cpeabl JUIsl TAIIOBOIO JIEHTOYHOTO TpaHcnopTtépa mapku JIK-7K

Ha bCYVY 3aBogoB XKbHuK
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Tabnuna 1.2 — XapakTepucTUKU TEXHOIOTUYECKOTO Chipbsi BCY

Haceinnas
HanmenoBanue Pazmep Tpebyemas
IUIOTHOCT, o, | Pacxon, t/ron
MaTepuaa dpakun, MM A BJIQXKHOCTb, %
[1e6enpb 3-20 1 250-1 550 3,5-5,0 10 000-30 000
[Tecoxk 1,0-1,15 1 020-1 200 5,0-7,5 5 000-15 000

Tabnuua 1.3 — XapakTepuCTUKH JIGHTOYHOTO TPAHCIOPTEPA KaK TEXHOJIOTMUYECKOTO

ob6opynoBanusi bCY
Hanmenosa- Pasmepsr, MM [lupuna | Ckopocts | [IponsBoau-
HUE Mapka JEHTBI, | JICHTBI, | TEJIBHOCTb,
06OPYI[OB3HI/I5{ JUIMHA | LIUPUHA | BBICOTA MM m/c Kr/c
nentounbiii | JIK-K | 54000 | 750 650 500 0,8 50-60
TPaHCIIOPTEDP

B coorBerctBum ¢ [87] ycraHoBieHbl (Tabmuma 1.6) ¢ yd4eTOM KpPUTECPHUCB
ONTHMAJIBHOIO TEIUIOBOTO M (YHKIMOHAJIBHOTO COCTOSIHUS 4YEJIOBEKAa ONTHMAJIbHBIE
3HAYEHUS] MUKPOKIMMATHYECKUX MapaMeTpoOB MPOU3BOJCTBEHHOW CpeIbl, KOTOPbHIE
MO3BOJIAT CO3/IaTh OOIKE M JOKAJIbHBIE OIIYIIEHUS TEIIOBOro KoMm(popTa Ha MEPHOA
BOCBMHYACOBOW CMEHbI C MMHUMAJIbHBIM HAaNpPsSyKEHUEM MEXaHU3MOB TEPMOPETYIISAINU
OpraHM3Ma 4YeJOBeKa, HE BbI3bIBasl MPH 3TOM OTKJIOHEHUH B COCTOSHUU 3/I0pPOBbS U
co3/1aBasi MPEANOCHUIKH JJI1 BRICOKOM pab0TOCIOCOOHOCTH Ha pabOYMX MECTaxX.

[lpy »TOM JOMyCTHUMBIE TApaMeTphl MHUKPOKJIMMATa MPOWU3BOJICTBEHHOW CpPEIIbI
ycTaHOBJIeHBI (Tabiuia 1.6) B cooTBeTcTBUU C [87] ¢ yueToM KpHUTEpHEB TEILIOBOTO M
(YHKIIMOHATBHOT'O COCTOSIHUS YENIOBEKA B TEUEHHE BOCBMUYACOBOM pabodeil cMeHbI, He
BBI3BIBAIOIINE HAPYIICHUH B COCTOSIHUU 370POBBSI YEJIOBEKA, HO MPU KOTOPBIX MOTYT
BO3HUKHYTh OOILME M JIOKAJIbHBIE OIIYIICHHUS TEIUIOBOTO IUCKOM(OpTa, HANPSKEHUS
MEXaHU3MOB  TEPMOPETYJSIUH,  YXYIIIEHHE  CaMOYyBCTBUS U  TOHW)KECHHE
TPYJOCIOCOOHOCTH.

Takum 00pa3om, B JaNbHEHIINX UCCIEIOBAHUAX Ipoliecca 00eCTbUTMBAHUS IS

OMHCaHUsA U YU€Ta COCTOSHUSA BO3ayXa paboueii 30Hbl HEOOXOAMMO UCTIOIb30BaTh
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Tabmuua 1.5 — dakTuyeckue 3Ha4YeHUs MapaMeTpPOB MUKPOKJIMMAaTa B paboudeid 30He
HAKJIOHHBIX JICHTOYHBIX TPAHCIOPTEPOB U UX Y3JIOB MEPErPY3KH YUACTKOB

NPUTOTOBJICHHS OeTOHHOM cMecH 3aBoa0B XKbUuK

Meprox roga Tenmeparypa, °C OtHocutenbHass | CKOPOCTH JBMIKEHUS
’ BJIQYKHOCTB, % BO3/IyXa, M/C
X OJIOIHBIHI 8-18 45-75 0,2-0,4
Temnbrit 22-28 35-60 0,4-0,6

Tabnuma 1.6 — HopmatuBHBIE 3HaueHUs mapaMeTPOB MUKPOKJIMMAaTa B paboueil 30He
HAKJIOHHBIX JICHTOYHBIX TPAHCIIOPTEPOB U UX Y3JIOB MEPETPY3KH YUACTKOB

MPUTOTOBIICHUS] OeTOHHOU cMmecu 3aBoA0B XKBuK

OTHOCHTEIbHAS CKOpOCTb JIBHKCHUS
Tepuox Temnepatypa, °C .
BII&YKHOCTB, % BO3/IyXa, M/C
roaa ONTHMAaJb- | IOMYCTH- | ONTUMAJIb- | TOMYCTH- |ONTHUMAlIb- |JIOIMYCTH-
HBIC MBIC HBIC MBIC HBIC MBIC
X 0JIOTHBIN 17-19 15-21 40-60 <75 0,2 <0,4
Terunbrit 22-23 16-27 40-60 <75 0,3 0,2-0,5

3HAYCHHUS JOIMYCTUMBIX MMApaMEeTPOB MUKPOKIIMMATA, KOTOPBIC SBJISIOTCS MTOCTOSTHHBIMU
¥ HE 3aBUCST OT MOTOIHO-KJIMMAaTUYECKUX YCIOBUN U TIEPHO/Ia TO/a.

OnHUM U3 00BEKTOB, YUACTBYIOIINUX B MPOIIECCE 3arPS3HEHUS BO3AYITHON CPEIbI,
NpoU3B00CMEeHHOe nomeujeHue, KoTopoe B ciiydae paccmorpeHus 3aBojoB KbUuK
NpeiCTaBlIsgeT CcoOOM rajeperd TpaHCHopTEépa W XapaKTEPU3YETCs CIETYIONUMU
napamMeTpaMu:

- reoMeTpuei (BbicoToi h, momerenus, ero mupuHou b, u muHoi 1,);
- KOHCTpYyKIMeH (KoOpauHaTaMH M OTMETKAMH XapaKTEPHBIX TOYECK HAPYKHBIX H
BHYTPEHHHUX CTEH, IPOEMOB B HUX, TUIIOM U OTMETKaMU KPOBJIN);
- KaTeropreu B3pbIBONIOKAPOONACHOCTH «/J[»;
- TUTIOM 30HBI MOJTHUE3AIUTHI «by.
Bozoyx npusemrnoco cnos ammocgepvr (IICA) kax OOBEKT, Y4acCTBYIOUIUN B

mpoliecce 3arps3HeHus BO3AYIIHON Cpenbl, KaKk U BO3JyX BHYTPEHHEH paboueil 30HBI,
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XapaKTEepHU3yeTCsl  CIEAYIOIMMU  OCHOBHBIMM  MapaMeTpaMu:  TEMIEPATYypOu,
BJIQXKHOCTBIO, CKOPOCTBIO JIBMDKEHHS (ITOABMXKHOCTBIO), @ TaKXe KOJIUYECTBOM
BBIMAIAIONIUX OCAJIKOB, aTMOC(EpHBIM JaBICHUEM W HampaBieHHEeM BeTpa. [Ipuyem
3HAYEHUs OCHOBHBIX, EPEUUCIICHHBIX BBILIE MapaMETPOB SIBJISIOTCS MEPEMEHHBIMU U
3aBUCST OT MOTOJHO-KIMMATHYECKUX YCIOBHI MECTHOCTH, @ TAKXKE OT NEPHOJIa Iro/a.

Cnenyer OTMETUTBH, YTO 3TH MapaMeTpbl MMEKT Oojiee IMMPOKUNA TUana3oH
3HaYEHUH, KOTOPbIE MOTYT U3MEHSTHCS B TEUEHHE KaK KOPOTKOro (B T€UEHHUE CYTOK),
Tak M JUINTEIBHOTO (B TEUEHHWE BPEMEHM TIoja) nepuojga BpeMeHH. llpu stom
HEOOXOIMMO YUYHMTBIBATh, YTO BAXKHEHIIMMH KJIMMATOOOpa3yomuMu (pakTopaMu Ha TOH
WM UHOU TEPPUTOPHUH SBISIOTCS reorpaduueckast HIMpOTa, BHICOTA HAJl yPOBHEM MOpH,
penbed M THUN 3€MHONH NMOBEPXHOCTH, OCOOEHHOCTH IMUPKYJSALUM BO3AYIIHBIX MAacc,
OMU30CTh K BOJAHBIM OOBekTaM. [lapameTpbl, XapakTepHu3yrolue KIHUMaT, OTPaKaroT
JOJITOCPOYHBIE MPOUECChl, MO3TOMY OHHU SIBISIOTCS CPEIHUMHU CTaTHCTHUYECKUMU
JaHHBIMU.

B nmanpHedmmx wuccineqoBaHUSAX Mpouecca OOeCHbUIMBAHUS I ONUCAHUSA U
yuera coctosiHuss Bozayxa I[ICA HeoOXoaMMO HCNONb30BaTh 3HAYEHHUS TaKHX
napameTpoB KiIuMaTa, KOTOpbIE COOTBETCTBYIOT HauOoJIee KapKOMy MEepUOAY roja, TaK
KaK MpOIIecC MbUIEBOTIO 3arpsi3HEHUs] B HaWOOJbIIEH CTENEeHN HAOII0JaeTCsl UMEHHO B
3TOT mnepuoi. Tak, Hampumep, I NPEINPUSITHI, PaClONOKEHHBIX HAa TEPPUTOPUU
PocroBckoit o6mactu, B pacuérax mpoiiecca oOeclbUIMBaHUSI BO3AyXa 11eJ1ec000pa3Ho
OPUHHUMATh CJEAYIOUIME 3HAYeHHs] NapaMeTpoB KIMMAaTa, XapaKTepU3YIOLIUMX BO3AYX
IICA:

- Temneparypa t, = +29°C;
- OTHOCHUTEJIbHAS BIAXKHOCTH ¢, =41%);

- CKOPOCTh JIBIDKCHHS BO3ayXa (BeTpa) v, =4,5 M/c.
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BriBoabI

B pesynbrare BBINMOJHEHHOrO 3Tana MCCIEIOBAHUN OMNpENEIeHbl M ONHUCAHBI
SHEPreTUYECKUE XapaKTEPUCTUKU TPOILIECCOB U SIBJICHUM, HAOIIOJaeMbIX B IBUIEBBIX
a’p030J1siX, 00pa3yIOIMIUXCSA M BBIICTSIONIMXCS B BO3AYIIHYIO Cpely Ha 3aBOJax IO
W3TOTOBIICHUIO JKETIE300€TOHHBIX KOHCTPYKIIMMA, a TaKXKe OIEHEHO BIHMSHUE DJTHUX
0COOCHHOCTEH Ha YCIIOBHS peasin3alliuy Mpoliecca 00eCbIIMBAHNS BO31yXa.

BrinmonHeHHBIH aHalW3 PaCCMOTPEHHBIX TEOPETUUECKUX IOJXO0JI0B IO3BOJISIET
3aKJTIOYUTH, YTO JaJbHEHIIIee OMMCAaHUEe CBOMCTB M OCOOEHHOCTEH MOBEACHUS MBUICBBIX
YaCTHUIl IpU UX 00pa30BAaHUU, BBIJCICHUU U PACIPOCTPAHEHUM JOJKHO 0a3upoBaTHCS
Ha (PU3UKO—IHEPreTUYECKOM MOAXO/IE.

B nanpHedmmx wucclieoBaHUSAX HAaMU TPHUHATHI K PACCMOTPEHUIO Haubosee
3HaUYMMbIE TI0 BKJIAJly B 3arps3HeHUE Bo3ayxa paboumx 30H Ha 3aBomax JKbUuK
HAKJIOHHBIE JIEHTOYHBIE TPAHCIOPTEPHI MHEPTHBIX MaTepHasioB (Mecka M IIeOHs)
oeronocmecuTenbHbIX yyacTkoB (BCVY) (mpeBbillieHHE HOPMATUBHBIX 3HAYCHUI
KOHIIEHTPAllUU HEOpraHM4YecKoH mpumu ¢ coxepxkanueM SiO,>70% — mo 15 IIJK,,, B
HanOyHkepHOM noMmeniennu — 4,5-5 I1/1K,,, B oTaeneHnn no3uposanus pabouel cMecu
— 4-8 TIAK ;).

Takum oOpa3zoMm, mocTpoeHne (U3HMUECKON MOJAENU TMpolecca 3arpsa3HeHUs
BO3JIYIITHON Cpejibl MPUMEHUTENBHO K YCJIOBHUSM SKCIUTyaTallid TUIIOBOTO JICHTOYHOTO
tpancnoptépa mapku JIK—K na BCY 3aBomoB XXKbUuK obGecrieunBaeT BO3MOXKHOCTH
UCCJICIOBaHMSI B3aMMOCBSI3M OCHOBHBIX OOBEKTOB, MNPUHUMAIOIIMX YyYacTHE B
paccMaTpUBaEMOM TIPOIIECCE M BIIOJIHE MOXKET OBITh MPHUHSATA 32 OCHOBY IPHU aHAJIN3e
MPOIIECCa CHIXKEHUS 3arpsI3HEHUST BO3AYIIIHON CPeJIbl U MOCTPOEHUU COOTBETCTBYIOIICH
dbu3nueckoil MojeNu Tpolecca JIsl pacCMaTPUBAEMbIX TEXHOJIOTMYECKUX YYACTKOB C
Y4eTOM MPEABAPUTEIBHOTO HCCIEIOBAHMUS BIUSHHUS MPOLECCOB U  SIBJICHUH,
HaOII0JJaeMbIX B TBUICBBIX adpO30JI5X, Ha YCJIOBHUS pealu3aliu 00eCHbUIMBAHUS

BO3yXa.
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2 COBEPHIEHCTBOBAHHUE TEOPETHYECKHUX OCHOB OIIUCAHUA
IMPOIECCA OBECIIBIVINBAHUSA TEXHOJIOI'MYECKOI'O
CBIPbSI M BO3AYIIIHOM CPEJIbI

Pa3BuTHEe TEOpEeTHYECKMX OCHOB OIMCAHMS TMPOIecca CHUKEHUS 3arps3HEHUs
BO3TYIIIHON CPEJbI I0JITOe BpeMsi 0a3upoBaIOCh Ha:

- muddepeHIMPOBAHHOM pEIICHUM BHYTPEHHEW M BHEIIHEH 3a7ay CHIKEHUS
3arpsi3HEHUs BO3TYIITHOM CPEIbl;

- ONHCAHWHM TIPOIIECCOB B3aMMOJICUCTBHSI YaCTHUI[ JUCIepCHOM (da3pl B
KOHKPETHBIX KOHCTPYKIMSAX ammapaTtoB (BBITSKHBIX 30HTaX, OOPTOBBIX OTCOCAX,
IUKJIOHAX, CKpyOOepax, NbUICOCAIUTEIbHBIX KamMepax, MarepyaThiX (QUiIbTpax,
AEKTPOGUIBTPaAxX | T.11.).

B mnocnennee BpeMss BeCbMa AaKTUBHO MPOBOJATCS HUCCIEAOBAHUS CHUKEHUSA
3arpsi3HEHUs] BO3JYIIHOM Cpeabl Kak €IMHOTO IO3TAlHOTO IMpoIlecca Ha OCHOBE
MPUHIUITHATBHO HOBBIX MTOJX0JI0OB K CO3JJaHUIO OOIIEH TEOPUH CHUKCHHS 3arpsi3HEHUS.

B pamkax Takux wucclienoBaHWW aBTOpOM paboThl [94] mpemokeHO HaydHOE
HalpaBJICHUE MO MPOTHO3Yy U pacu€ty 3(P(HEKTUBHOCTH MPOIECCOB M TEXHUUYECKUX
CPE/ICTB CHIDIKEHHMS 3arpsi3HEHUs BO3AYIIHOW cpeabl. B OCHOBE 3TOro HampaBieHUs
HaXOJJUTCSl BEPOSTHOCTHO-CTATUCTUUYECKUHN TMOIXO0 K OMHUCAHUIO ITPOIIECCOB JBUKEHUS
YacTUIl JUCIEPCHONW (a3bl ¢ y4ETOM PEXKUMHBIX M KOHCTPYKTUBHBIX IMapaMeTpOB
WHXXEHEPHBIX CHCTEM, CBOMCTB TIOTOKA 3arpsA3HSAIONIMX BEIIECTB, Oojiee OOIIMX
IPAaHUYHBIX YCJIOBUH W CTOXaCTHYECKHX sBJICHUU. B pe3ynprate mnpoBeAEHHBIX
uccienosanmii [43, 94] mocTpoeHbl MaTeMaTHYECKUE MOJCIIH IIPOLIECCOB 00pa30BaHus,
BBIJICJICHUS, PACIPOCTPAHEHUs U YJaJCHUs 3arpsi3Hsiounero a’po3ois. OaHako
OCHOBHBIMHU HEJIOCTATKAMH B ATUX UCCIETOBAHUSIX SBIISIOTCS:

- BO-TIEPBBIX, HEJOCTATOUYHO YHOPSAOUYCHHAS KIacCU(PUKAIIMOHHAS CXEMa IMPOIECCOB
3apOXKIEHUS U Pa3pyLICHUsI 3arPS3HSIONIETO a3PO30Jis;
- BO-BTOPBIX, OIPAaHUYCHHOE JIUIIIb ITapaMeTPaMu CBOMCTB pacCMOTpPEeHHUE (PU3UUECKUX

OCHOB TIPOIIECCOB B3aUMOJCHCTBUS YaCTUIl MEXAYy CO0OH © C BHEIITHUMHU
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BO3/ICCTBUSIMH.

[IpumepoM Apyroro HampaBieHUS UCCIEIOBAHUM SIBIsETCS pa3paboTka PU3NKO—
XHUMHYECKOro nojaxoaa [37] k pelieHuto 3a1ad CHHKCHUS 3arps3HeHus. B pesynbraTe
MPOBEJICHHBIX B O3TOM HAMNpaBJICHUU HCCIEIOBAHUN pa3paboTaHa METOJ0JIO0THUS
OMMCAaHMs TMpoIlecca, BKIOYaromas MeToJbl pacuéra ero s dextuBHoctu. OnHAKO, B
OTUX  MCCJICJAOBAHUAX  HEJOCTATOYHO  pacKpbiTa  B3aMMOCBS3b  MapaMeTPOB
3arpsI3HAIONIETO a’P0o30Js ¢ MapaMeTpaMU OKPYKaIoIIel Cpejibl, 1 HE B MOJHOU Mepe
YUYTEHbl TPAaHUYHBIC YCJIOBUS, OTHOCSIIUXCS K 3TOW B3aMMOCBS3U. B oTiaumume oT
BEPOSTHOCTHO-CTATUCTUUECKOTO TMOJX0/Ja B (PU3MKO-XMMHUYECKOM TOAXOJE KPOMeE
MapaMeTpoOB CBOMCTB Y4YTEHBI TaKXKE€ DSHEPreTUYECKUE MapaMeTphl 3arps3HSIONIETO
asposoiis. OJHAKO, 3TH MapaMeTpbl PACKPBITHI JIMIIb OTHOCUTEIBLHO BHYTPEHHEH
SHEPIreTUKH Mpollecca CHIKEHUS 3arpsI3HEHUS BO31yXa.

Ha ocHoBe BbIJICJIEHHBIX HaNpaBiICHUW B HACTOSIIEE BpeMs IPEIIOKEH
HMPUHIUITHAIBHO HOBBIM MOAXOJ K HMCCIeaoBaHuI0 mporecca [44-52], 6asupyromuiics
Ha:

- YIIOPSA0YCHUH TIOHATUHN 1 KJTacCU(UKAITMOHHON CXEMBI IIpoIiecca;

- PACCMOTPEHMH 3arpS3HSIONIETO a3p030JIsl KaK JUCTIEPCHON CUCTEMBI;

- PacCMOTPEHUM YCTOMYMBOCTH KaK PE3yJbTUPYIOIICH XapaKTEPUCTUKU COCTOSIHUS
JTUCTIEPCHBIX CUCTEM;

- nuddepeHIranuyu JUCIIEPCHBIX CHUCTEM B TIpolieccax oOpa3oBaHUs, BBIICICHUSA,
pPacIpOCTpaHEHUS U Pa3pyLICHUS a3PO30JIs.

B o6macTu cHMXeHus 3arpsi3HEHUs BO3AYIIHON Cpelibl B MPOMBIIIICHHOCTH U Ha
O00BEKTaX TOPOJCKOTO  XO3SHCTBA HAKOIJIEH OOIIMPHBIA  TEOPETUYECKUU U
MPAaKTUYECKUM MaTepuall, aHajau3 KOTOPOTO MO3BOJISET 3aKIIOUNUTh, YTO:

- 10 Mepe pa3BUTUs OOBEKTOB TOPOJCKOTO XO3SUCTBA W IPOMBIIIJIEHHO-
TEXHOJIOTUYECKMX KOMIUIEKCOB AaKTYaJlbHOCTb OOpbOBI C 00pa3yrolMMHCS B
TEXHOJIOTUYECKOM CBhIPbE€ U BBIJICTSIONIMMUCS B BO3yX 3arps3HSIOMIMMU BEIIECTBAMHU
CTaHOBUTCH BCE 00JIee OUEBUIHOM,

- peanuzalued JABYX OCHOBHBIX TMEPEUMCICHHBIX HHUXKE ITUKIOB MOXHO JIOOUTHCS

3¢ (HEKTUBHOTO CHUKEHUSI KOHIIEHTPAIIUU 3arPsI3HAIONINX BEIIECTB B BO3AYIITHOM cpejie:
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- CHIDKCHMEM  3arpsi3HEHUsI HUCXOJHOTO  TEXHOJOTMYECKOTO  ChIpbs (1100
o0opynoBaHusl), MPEANojararolM JUO00 COBEPIICHCTBOBAHUE CYIECTBYIOIIETO
MIPOU3BOACTBEHHO-TEXHOJIOTHYECKOTO  000OpyAoBaHus, JuOO pa3pabOTKy HOBOTO,
COBMECTHO C TAaKOW OpraHu3alyen MPOU3BOJCTBEHHO-TEXHOJOIMYECKUX MPOILIECCOB,
KOTOPBIE UCKIIIOUAIOT 00pa30BaHUE U BBIJICICHUE 3arPsI3HSIONINX BEILECTB,;

- CHWXXEHHEM 3arpA3HCHUs BO3[yXa, MPEAYyCMATPUBAIOIIMM pEaJu3alui B
MPOEKTUPYEMOM WM  CYIIECTBYIOUIEM  TEXHOJOTHMYECKOM  MPOLECCE  TaKHUX
JOTIOJIHUTENIbHBIX ~ WHXKCHEPHO-TEXHUYECKUX CHUCTEM (MEpONpUsITUi), KOTOpPHIC
o0ecreunBaOT JIOKAIM3ALUUI0 W pa3pyllICHUE 3arpsA3HSAIONIErO  a’po30yisl  Kak
JIACTIEPCHON CUCTEMBI.

B pe3ynbprare BBIIIOJHEHHOTO 3Tana MCCICIOBAHUNA MOYKHO OXapaKTEpU30BATh
MEePBBINA UK Mpoliecca Kak Haubosiee paliMOHAIbHBIN M 9KOHOMUYHBIN, OTBEYAIOIIHMA
COBPEMEHHOMY YpPOBHIO pPa3BUTHSI HAyKHM W TEXHUKH, OJHAKO 4YacTO TOKAa HeE
MO3BOJISIIOIIMNA TIPEACTaBUTh KOHKPETHBIE pelieHus. IMEHHO Mmo3ToMy MOAAEpKaHUE
napaMeTpoB BO3IYIIHOW Cpellbl Ha YPOBHE HOPMATHBHBIX TpPeOOBaHUN B HACTOSIIEE
BpeMsi Ha TMPAKTUKE OOecreyuBaeTcss B OOJIBIIMHCTBE CIIy4aeB HCIOJIb30BAaHUEM

BTOPOI'O HKJIA IMTPOLCCCA CHUKCHUS 3aIPA3HCHUS.

2.1 IlocTpoenue puznyeckoii Moe/H MPoIecca CHUKEHUSI 3arpsi3HEHUs
BO3YIIHOM Cpelbl Il YCJAOBUH IKCILUIYATALMH JIEHTOYHBIX

TpancnoprépoB BCY 3aBonos KbUuK

[TocTtpoenne Ha TpeAbIAYIIEM 3Tarne HUCCIeA0BAHUM (DU3NYECKONH MOJeH
npolecca 3arps3HeHUs Jallo  BO3MOXKHOCTh pa3paboTarh (PU3MYECKYI0 MOJIEhb
npolecca CHIDKEHHS — 3arpsi3HEHUS — BO3JYIIHOM  Cpeibl,  WUJUTIOCTPUPYIOILYIO
COBOKYITHOCTb IOCJIEIOBATENbHBIX U LIEJICHANPABICHHBIX 3TANOB MPOLECCAa CHUKEHUS

3arpsiI3HEHUS] Ha KaXJOM COOTBETCTBYIOIIEM dTare Mpoliecca 3arpsA3HeHus: (PUCYHOK

2.1).
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Pucynox 2.1 — briok-cxema pu3udeckoil MoJIen MpoIecca CHUKEHUS 3arpsi3HEHUS
BO3IYIIHOM CPEAbI AJIsl TUIIOBOT'O JIEHTOYHOTrO TpaHcrnoprépa mapku JIK-K

Ha bCYVY 3aBogoB X KbUuK
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Marematnyeckas UHTepIpeTanus GU3HUECKOW MOJAEIIM CHUKEHUS 3arpsi3HEHUS
BO3IYIIHOM CpEAbl, YYHTHIBAIOIIA BO3MOXHOCTb PEAINU3ALNA COOTBETCTBYIOIIUX
3aBHCHMBIX IIOCJIEIOBATEIBHBIX COOBITUA MOXET OBITh BBIp@XEHA CIEAYIOLICH

3aBUCHUMOCTbBIO:

e =1_(1_Zoc)'(1_)(05)=1_[1_(1_Zc)(1_)(3)]x

x[1- 2, (1= 20 )= 2, )] (2.1)

KOTOpasi XapaKTepUu3yeT BEPOSATHOCTh IIPOIeCCa CHUKEHHS 3arps3HCHHS BO3ayXa (xc)
KaK COBOKYITHOCTb BEPOSITHOCTEW MPOTEKAHUA IBYX IIUKJIOB:

- CHIDKCHMS 3arpsi3HEHUS HCXOJHOTO TEXHOJOTHMYECKOTO CHIPhS (TEXHOJOTMYECKOTO
obopymoBanus) (Yoc), BKIKOYAIOIIEro 3tanbl cBs3biBanus 3B (yc) u 3anepkanus 3B
(x3);

- CHIDKCHHS 3arpsA3HCHUS BO3IyXa (), BKIIOYAIOIIETO 3Tambl yinaBnuBanus 3B (yy),
ouncTKH Bo3ayxa oT 3B (yp) u pacceuBanus 3B B armochepe (yp).

[Ipu 5TOM mpoLECC CHWIKEHUS 3arpsS3HEHUS, KOTOPBIM BKJIOYAET JIBA OCHOBHBIC
LHKJIA, CIEAYET PacCMaTpUBaTh KaK KOMIUIEKC IOCJIEI0BATEIBHOIO HAIMPABICHHOTO
BO3JCHUCTBUA «JAOTOJHUTEIbHBIMU» JIUCIEPCHBIMM CHUCTEMAMU Ha «UCXOJHBIE» U
«IIPOMEXKYTOYHBIE» CHUCTEMBbl. [J1laBHAsg I1€Jb KaXKJOro dTama Mpolecca CHUKCHUS
3arpsi3HEHUS 3aKJIIOYaeTCsS B YMCHBIICHWHM KOHIIGHTpPAIlMM JHCICPCHOW a3l B
CUCXOJTHON», «IPOMEKYTOUHBIX» U «0CTaTOYHOMU |1-4%» nucnepcHbIX cucTemax.

B xone npornecca CHUKEHUS 3arpsA3HEHUS] BO3MYIIHOM CPEIbl HA TOM WM UHOU
€ro CTaJNM BKJIIOYAIOTCS T€ WM WHBIE OOBEKTHI: TEXHOJOTHYECKOE O0OpYIOBaHUE,
TEXHOJIOTUYECKOE CBIPbE, NPOU3BOJACTBEHHOE MOMEIICHUE, BO3AYX ITOMEIICHUS,
TEPPUTOPUST TIPOMBIIUICHHOW TUIOMIAJKKM, BO3JIYIIHBIM OacceiiH MpPOMBIIIICHHON
miom@aaku 1 Jp. Ilpu STOM oOTAeNbHBIE ATambl MPOIECCA CHUXKEHUS 3arps3HEHUS
COOTBETCTBYIOT OIIPEAECICHHBIM 3TAIlaM MPOLECCA 3arPSA3HEHUS BO3LYIIIHOM CPEIbIL:

— TIPOIIECC CBSI3BIBAHUS OPTraHU3YyIOT Ha cTaiuu oOpazoBaHus 3B;
— MpOLIECC 3aJIepKaHusl adPO30Jisl — HA CTa/INU BblJiesieHus 3B;
— MPOLECCHl YJABIUBAHUSA, OUYUCTKU U PACCEUMBAHUSA — HA CTAJAUU PACHPOCTPAHECHUS

3arpsI3HSIONIETO a3PO30JIS.
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N3 6mok-cxembl Qusuueckord monenu (pucyHok 2.1) BHAHO, YTO B Ipolecce
BO3JICUCTBHSI HA 3arpsA3HAIOIIMNA  a’p030iib, OOO3HAYEHHBIH Kak «HUCXOAHAS
IUCIIEPCHAs] CUCTEMA, BHEIIHWMM 33apaHEE NPUTOTOBICHHBIMU «JIOMOJIHUTEIbHBIMU
CUCTEMaMH IPOMCXOJIUT  TiepepacmlpeseiieHue: mapamerpoB  cBoiictB  (/10),
sHepreTrueckux mapamerpoB (W,) m ycroiunBoctr (U) Bcex B3aMMOJICHCTBYIOIIHUX
IUCHEpCcHbIX cucteM. WimmrocTpanus TpaHchopMalMu —JAUCHEPCHBIX CUCTEM U
WU3MEHEHUSI UX YCTOMYMBOCTH B IMPOLIECCE CHUIKEHUS 3arpsA3HEHUs BO3AYIUHOM Cpenbl
Ipe/ICTaBICHA Ha PUCYHKE 2.2,

AHanmu3 0coOEHHOCTEW MepBOro IMWKIA TMPOIEcca CHUKEHUS 3arps3HeHus
UCXOJHOTO (TEXHOJOTMYECKOTO) CBhIPbS M €ro 3TanoB II0 NPEIJOKEHHONW CXeMe
(pucynku 2.1, 2.2) mo3BoJsieT 3aKII0YUTh, YTO MAKCUMAIBHO (P PEKTUBHAS peanu3anus
3TOro Mpolecca MpEeNnosiaraeT B HACAIbHOM Ciyyae NpelOoTBpallleHHe Iepexoa
TEXHOJIOTUYECKOTO  ChIphsl  (CUCXOIHOW»  CHUCTEMBbI) B  CHIPHEBOM  MaTepual
(«mpomexxyTounas-l.1» cucrema). DTOro MOXHO JOOUTBCS, TIPEKIE BCETO,
COBEPILEHCTBOBAHMEM TEXHOJIOTMYECKOT0 OOOpYAOBaHMUS, TEXHOJOIMH Mpolecca
TPaHCHOPTUPOBKU  (00pabOTKH, JMOO TmepepaboOTKH) HCXOMHOTO  CHIPbS  HIIH
opraHu3anuen BHICOKOA((HEKTUBHOM «JIOMOTHUTETLHOM-1.1» mucnepcHoi crucTeMsl.

Takum 00pa3oM, NEpBBIM LUKI Mpolecca NPeAoTBpallaeT BO3HUKHOBEHHE
3arpsi3HSIIOLIETO  adpo30JiA, YTO  OOBSACHAET  PAlUOHAIBHOCTD M BBICOKYIO
SKOHOMHUYHOCTh  MEPONPUATUN,  pEANU3yIIMX  3TOT HUKI.  MHIukaTopom
JIOCTATOYHOCTH peaIU3aldy TOJIBKO MEPBOTO LHUKIIA ABISIETCS MPEAEIbHO AOIMyCTUMAs
KoHleHTpalusis 3B B Bo3ayxe paboyeil 30HBI MPOU3BOACTBEHHOTO OOOpPYAOBAHUS
(ILOK,;). OnHako He B MONHON Mepe H3ydeHHbIE OCOOCHHOCTH B3aMMOJICHCTBUS
TEXHOJIOTHYECKOTO 00OpYJIOBaHMs, CBIpbS W OKpYXKalolleld cpeapl, a Takke
HEO0OXOIMMOCTh B3aUMOYBS3aHHOTO MPUBJICUYECHHS CIEHUATUCTOB PA3TUYHOIO NPOPUIs
IpU NPOCKTUPOBAHMM, PEKOHCTPYKUMU U  OKCIUIyaTalldd IPOU3BOJICTBEHHOIO
000pyI0OBaHUsl CO3JIAI0T TPYAHOCTU IIUPOKOrO0 MPAKTUYECKOTO MPUMEHEHUS 3TOT0
nukia mnporecca. lIloatomy B mopaBisiomeM — OOJBIIMHCTBE — CIIy4aeB  IpHU
TPAHCIIOPTUPOBKE UM TEXHOJIOTMYECKOM NepepadOTKe ChIPbEBOM MaTepHall MePEeXoUT

B COCTOSAHHC adPO30JIid, 4YTO 00BSACHSAET HCIOCTATOYHOCTDh pCajin3allh IICPBOI'0 LIUKIJIA.
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B pesynbraTe ananmza npeiyioKeHHOTO MOAX0/1a MOXKHO 3aKIIOUYUTh CIEIYIOIIEee:

- BO-TIEPBBIX, peaM3allusl MPOLECCa CHIDKCHUS 3arps3HEHUs] BO3AYIIHOM Cpebl
COCTOMT U3 JBYX OCHOBHBIX IIMKJIOB: CHHIXEHHUSI 3arps3HEHUs HCXOJHOTO
(TEXHOJIOTUYECKOTO)  ChIpbsl  (TEXHOJOTHMYECKOTO OOOpYJOBaHUSA) U  CHIDKCHUS
3arpsi3HEHUS BO3/yXa, MPHY MOATAITHON pean3alny KaK0To U3 HUX;

- BO-BTOpBIX, I1€7€CO00pa3HOCTh MPUMEHEHUsI Ka)KJOro TMOCIEIYIOmero JSTamna B
MIPOIIECCE CHIDKEHUS 3arpsi3HEHUS ONPEACIACTCS, B TIEPBYIO ouepeib, 3PHEKTUBHOCTHIO
MPUMEHEHUS TTPEABITYIIETrO ATala;

- B-TPEThUX, KOJIMYECTBO PEAIM30BAHHBIX B MPOIECCE ATAMOB OYIET ONMPEACNISITh €r0o
HSKOHOMHUYHOCTH U KOJIMYECTBO MOTPEOIIEMO MpU €ro peann3aluy YHEPTUH;

- B-UETBEPTHIX, IMPOIECC CHWXEHUS 3arps3HEHUS XapaKTepU3yeTcsl MEepPexXooM
3arpsi3HSIONICTO BEIIECTBA M3 OJHOTO BHJA JUCIEPCHBIX CHUCTEM B JPYrol Mpu
NPUHYAUTEIPHOM HW3MEHEHUM WX YCTOMYMBOCTH: TaK a’poO30JIbHOE COCTOSHHE
JUCTIEPCHOM CUCTEMBI TPeOyeT MaKCUMAJIbHO CIIOYKHOTO yIpaBlIeHUs €€ mapaMeTpamu B
MPOIIECCe CHWIKEHUS 3arpsi3HEHUs, U HAO0OpOT, COCTOSTHUE JUCIEPCHOU CHUCTEMBI,
OJIM3K0E K COCTOSTHUIO UCXOHOTO CHIPhs, TPeOyeT 3HAYUTEIHHO MEHBIIICH IHEPTUU IS
YIIpaBJICHUs €€ ITapaMeTpaMH.

Takoli MOJAXOJ TMO3BOJISET BBIACIATH JJII W3YUYECHHS U COBEPIICHCTBOBAHUS
0001 3Tan mpolecca ¢ y4€TOM €ro BHEITHUX CBsA3EH, HE Hapyllas OOIIeH CTPYKTYpHI
nporecca. [Ipu 3ToM B KauecTBe pe3yJbTUPYIOMINX MMapaMETPOB MPOIECCA CHUKEHUS
3arpsi3HEHUs] BO3YIIHOW CpeIbl MpeajaraeMblii Moaxoj BhiaenseT 3(PGEeKTUBHOCTD
(1.8) u osHeproémkocTHbi Mokaszarenab (1.9) mpoliecca CHWKEHHS 3arpsA3HEHHUS
BO3YIIIHOM CpEbl.

CoBOKYNHOCTh 3HaueHUW MHOkecTBa mnapamerpoB cBoilicTB (IIC) ompenensier
HYHEPTETUYECKYI0 EMKOCTh (IHEPIeTUYECKHI MOTEHIIMAIT) 3arPSI3HSIONIETO a3PO30JIs Kak
JUCIIEPCHON CHCTEMBI Yepe3 ero CyMMapHYI MOBEPXHOCTHYIO 3Hepruto W,. M3pecTHo
[37, 38, 44, 89, 90, 92], uro MMEHHO 3Ta PHEPTrHUS SBIIACTCA MEPOH yCTOHYHBOCTH
3arps3HAIONIETO a’p030JIs KaK TUCIEPCHON cUCTEMBI. B CBOIO ouepenib, YCTOMYHUBOCTD
0OIIIenpUHITa B KAUECTBE PE3YIbTUPYIOIIEH XapaKTEPUCTUKH COCTOSHUS TUCIIEPCHON

CHCTCMBEI.
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Opnnako, KaK OBUTO OTMEUYEHO BBINIE, COBPEMEHHBIC HAyUYHBIC 3HAHWS TIOKA HE
MIO3BOJISIIOT TOBOPHUTH 00 aOCOJIFOTHBIX 3HAYEHHSX YCTONYMBOCTH TUCIIEPCHBIX CHUCTEM,
YTO MPUBOAUT K HEOOXOIUMOCTH MTOUCKA €€ KOCBEHHBIX XapaKTepuCTUK. IMEHHO Takou
XapaKTEPUCTUKON MOXKET BBICTYINATh CyMMapHasi moBepxHocTHas sHeprus W,, Tak Kak
B TIpOIleCCe CHWKCHHS  3arpsi3HEHUS  BO3JyXa MPOUCXOIUT  MPHOOpETEeHHeE,
nepepacipeicicHne W pacxoJ CyMMapHOW TMOBEPXHOCTHOM SHEPTUU 3arps3HSIONTAM
BEIIECTBOM 32 CYET OHHEPreTUYecKoro oOMeHa ¢ BO3JEHCTBYIOIIMMU Ha HETO
«JTOTIOJTHUTEIBLHBIMIY TUCTIEPCHBIMA CHCTEMAaMH.

Takum o00pa3oM, pa3paboraHHas Qusnueckas MOJENb Ipollecca CHIKCHUS
3arpsiI3HEHUST BO3MYIIHOM Cpellbl MOKET OBITh TOJIO’)KEHA B OCHOBY CHCTEMAaTH3aI[UH
COBPEMCHHBIX CPEJCTB OOECHBUIMBAHUSA TEXHOJOTMYECKOTO CHIPhSI W BO3IYIIHOMN

Cpe/Ibl.

2.2 AHAJIU3 M CHCTEMATHU3AllMsI COBPEMEHHBIX CPe/ICTB 00eCIbIIIUBAHMS
TEXHOJOTHYECKOr0 ChIPbS U BO31yXa JJIfl YCJIOBUH 3IKCIIyaTAllUN

JIeHTOYHBbIX TpaHcnopTépoB BCY 3aBoxos KbUuK

Y4YuThIBasi, 4TO CYIIECTBYIONTUE TCPMHUHBI, TIOHITHS W OMPEACICHUS ISl CHCTEM
BEHTWJISIIIAN M UX KJIACCU(PUKAITMOHHBIE CXEMbI HE OTPaXarloT (PU3MIECKON CYIIHOCTH
NPEACTABIICHHOTO Ha PUCYHKe 2.1 mpoliecca CHYMDKCHUS 3arps3HEHUs BO3AYIIHOU
cpenbl, B padortax [37, 38, 44, 89, 90, 92] npemioxkeHna cxema Kiaccu(DHUKAIUNA CHCTEM
obecrnieyeHrss HOPMATUBHBIX MapameTpoB BosayuiHoi cpensl (COHIIBC), na Ham
B3MJIs1/I, Hawboyiee TOJHO OTpakaromas (U3NYecKue OCOOCHHOCTH HampaBICHHBIX
BHEIITHUX BO3JICUCTBUI, HA3BAHHBIX («JIOMOJHUTEIHHBIMIY MTUCIICPCHBIMA CHCTEMAaMH,
IPU UX B3aUMOJICHCTBUU C 3arpsI3HAIONIMM BEIIECTBOM, BBICTYIAIOIINM B KauyeCTBE
CHayaja «MCXOJIHOW», a 3aTeM B KaUeCTBE «IIPOMEKYTOUHBIX» JUCIIEPCHBIX CHCTEMaM

Ha Ka)XJIOM 3Tale pealn3aluu mpolecca 00eCbUIMBAHNS BO3IYIIHOW Cpeabl (PUCYHKH

2.1,2.2).
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IpelHa3HAYCHHas [UIsl YOpPaBJICHUS IapaMeTpamu, XapaKTEpPHU3YIOUIMMHU COCTOSHUE
BO3/lyXa paboyux 30H U pabOYUX MECT;
oOecrieueHrss HOpPMATUBHBIX TNapameTpoB Bo3ayuiHoi cpenbl (COHIIBC), B coctaB
KOTOPOM BXOJIAT CJEAYIOLINE OCHOBHBIE MHKEHEPHBIE CUCTEMBI:

- cuctema 00prObI ¢ 3arpsiusomumu BemectBamu (Cb3B), npencrasmistomas coboi
B3aMMOCBSI3aHHYIO MOCJIEA0BATEIBHOCTh CHENUATBHOIO MHKEHEPHOTO 000pyJ0BaHUS,
KOTOpOE€ TpeaHa3HAYeHO Il OOeCNbUIMBAHUS BO3ayXa paboueil 30HbI Ha OCHOBE
YIOPaBIEHUSI HHEPIETUUYECKUMH XapaKTEPUCTUKAMU M arperaTuBHON yCTONYHMBOCTBIO
JUCIEPCHBIX CUCTEM, MPEJICTABIECHHBIX MBUIEBBIM M JKUJIKOCTHBIM a’3pO30JsiMH, JTHOO
ra3000pa3HbIMU 3arpPS3HSIONIMIMU BEUIECTBAMU;

- cucTeMa obecrieueHnsi HOpMaTUBHBIX mapameTpoB MukpokiaumaTa (COHIIM),

- cuctema BerioMorarenbHoil 3amuThl (CB3), koTopast nmpenmnonaraeT UCIoiab30BaHUE
Orpak/IeHUM, 3HAKOB 0OE€30MaCHOCTH, CUTHAJIIOB OIOBELIEHUN pa3JIMYHBIX THUIIOB U
no3BossieT 3G(HEKTUBHO M 0€30MacHO JKCIUTyaTHUpPOBATh IMEPEUYUCIICHHBIEC BBIIIE JBa
BU/Ia CUCTEM.

HaneHeiimee wuepapxuueckoe nenenue Cb3B  npeanonaraer Hamuuue B
CTPYKType cuctembl ©O0pbObl ¢ mnpombinuieHHONH mbUIbl0  (CBIIIT), koTopas
npeaHa3HaueHa JiJisl UEJICHANPABICHHOTO U3MEHEHUSI NapaMeTpPOB, XapaKTEPU3YIOIINX
CBOWCTBA MBLJIEBOIO a’pO30Jis1 Kak JUCIIEPCHOM CHCTEMBI, €T0 JHEPreTUYECKOE
COCTOSIHUE U arperaTUBHYI YCTOMYMBOCTh. COTJIACHO MPENCTABIEHHON HAa pUCYHKE 2.3
cxeme B oOmeMm ciaydae CBIIIl moxker ObITH peanu3oBaHa MATHIO OCHOBHBIMU
@YHKYUOHANbHBIMUY  JJleMeHmaMy, OJAHOUMEHHBIMA M COOTBETCTBYIOLIUMH JTarnam
Ipoliecca CHIXKEHUSI 3arpsi3HEHHs BO3YIIHOM Cpelibl: CBsi3bIBaHHEM 3B, 3anepxanuem
3B, ynaBnauBanueM 3B, oumnctkoit Bo3ayxa oT 3B u paccemBanuem 3B B atmocdepe,
KOTOpbIE XapaKTepU3yITCS (PU3UKO-XUMUYECKUMU 0COOCHHOCTSMHU
B3aUMOJCHUCTBYIOIIMX C 3arpsi3HSAIOIIMM  BEIIECTBOM  HAIPaBJICHHBIX BHEIIHUX
BO3JICHCTBMH Ha TOM WJIM HMHOM OJTale pealu3aluy mpolecca 00ecTbUIMBaHUS
BO3AYIIHOW CPEJIBI.

JanbHeimas kiaccuukanus N0 CXeMe, MPEACTaBICHHOW Ha pUCyHKe 2.3,

MMpCaIoIaract pCajan3alnuio KaxXxaoro Meroa pa3jindYHbIMHU CI’lOCO6ClMu,
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XapaKTEepU3yIOUMMUCA (u3HYecKol (OpMOI HaANpaBiICHHBIX Ha 3arpsA3HSIOLIEe
BCILIECTBO BHEIIHUX BO3JACUCTBUN, (Hampumep, TUAPOJAMHAMUYECKUN  METOHd —
oponieHueM (KUIKOCTh B (opMe Karelb), TeHHBIM CIOoCcOo00M (GKHAKOCTh B (opme
y3bIPbKOB NIEHBI), TyMaHa (3KUJIKOCTh B (pOpMe Kamelb, OJIU3KUX K pa3Mepam MOJIEKYJ)
u ap.). Kaxnapiii cnocod MoxeT ObITh pealii30BaH Pa3IuYHBIMU 6UOAMU Pealu3ayui,
XapaKTEPU3YIOUIUMUCS TEXHOJOTMEN MOATOTOBKM HAIPABICHHBIX HA 3arpsI3HSIOLINN
a’p030Jib BHEUIHUX BO3JACUCTBUN, (HampuMep, OPOIICHHE TUIPOAMHAMUYECKUM
MeToJ0M  MoOXeT ObiTh  Hu3koHamopHbiM (HO), Bwicokonanmopusim  (BO),
nHeBMmoruapoopoiuenreM (I1I'O) u np.). W, HakoHel, KaXXIbli B pealn3aluyd MOXKET
OBITh OCYIIECTBIEH PA3UUHBIMU MEXHUYECKUMU CPEOCMBaMU CHUKECHHS 3arpsA3HEeHUs
BO3]lyXa.

B ocnose gopmupoBanus cxembl CBIIII (pucyHnok 2.3) HaXOaWTCS MPUHLIMI
JOCTIDKCHHS] KOKIbIM €€ (PYHKIHMOHAJIBHBIM 3JIEMEHTOM TMPEACNIbHO JOMYyCTUMOMN
konnentpanuu (IIJIK) cOOTBETCTBYIOIIMX  3arpsA3HSIONIMX  BEHICCTB KakK  BO
BHYTpPEHHEM 00BEME MPOU3BOICTBEHHOIO TOMEIIEHHS (B BO3/lyXe paboyeil 30HbI), TaK
¥ B BO3JyIIHOM OacceifHe MPOMBIIIUICHHON TUIOMIAIKU U MPUJIETaroiell TeppuTopuu (B
IPU3EMHOM CJI0€ aTMOC(ephl) MPU MaKCUMaJIbHO SKOHOMHYHOM peanu3aluu mnpoiecca
CHUKEHUS 3arpsA3HEHUs BO3AyXa.

[IpoBeass aHanu3 YCIOBUH U OCOOEHHOCTEM OKCIUTyaTallMid JIEHTOYHBIX
tpancnoptépoB bCY 3aBomoB XBUuK, a Taxke TexHomorumueckue TpeOOBaHMS,
NPEABIBISIEMbIE K TPAHCIOPTHPYEMBIM HHEPTHBIM MaTepHasiaMm (MecKy M I1eOHI0),
MO>KHO BBIJICIUTH CJIEIYIOIME OCHOBHBIE XapaKTEPUCTHUKHU:

- OTHOCHUTEJIbHYIO BJI&KHOCTH TECKa U 1e0Hs, KOTopasi cTporo orpanudesna (ot 3,5%
10 7,5%) u He AOMyCKaeT MepeyBIAKHEHUS ChIPbS,;

- TEOMETPUYECKHE MapaMeTpbl IMOMENIEHUI rajepeid C pa3MEIIEHHBIMU B HHX
JEHTOYHBIMU TpaHcnopTépamu bCVY, a Takyke KaTeropuu B3pbIBONIOKAPOONACHOCTH;

- TIOBBIIIEHHBIE TPEOOBAHUS BJIEKTPOOE30MACHOCTH, XAPaKTEPUIYIOIINE HCTOYHHKHU
ANEKTPUYECKOr0 TOKa, 3JIEKTPOOOOPYAOBAHHUE, AJIEKTPOIPOBOJKY, METANIMYECKUE
KOHCTPYKIIMM OCHOBHBIX 3JIEMEHTOB Trajiepel, a TAK)KE CaMU JIEHTOUHbIE TPAHCIIOPTEPHI;

- IIapaMmeTpbl, XapaKTEPU3YIOLIME IMOBBILMICHHYI  BIAXKHOCTh B  YCIOBUAX
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HKCIUTyaTallMl METANIMYECKUX KOHCTPYKIIMH OCHOBHBIX 3JIEMEHTOB rajepei, a Takxke
CaMHX JIGHTOYHBIX TPAHCHOPTEPOB, KOTOPHIE MOTYT OBITh IMOJBEPKEHBI AKTUBHOMY
BO3JEHCTBHIO KOPPO3UU;

- TMPOCTPAHCTBEHHbIC XapaKTEPUCTUKU KOHBEHEPHBIX rajeped, Ompeaesionue
CTENEeHb OrPAHUYEHHOCTH OOBbEeMa IMOMEIICHHI C IeJIbI0 BBISBICHHUS BO3MOXKHOCTH
MPUMEHEHHUS JOTOJHUTEIBHOTO, JOCTATOYHO TPOMO3IKOI0 000pYI0BaHMS, TAKOTO KaK
BBITSDKHBIC 30HTBI, BO3JyXOBOJbI, BEHTWJISATOPHI, CAYBO-BCACBHIBAIOIIME HACAJKH
pa3IMYHON KOH(UTYpAIlMU, HACOCHI, KOMIIPECCOPHI, pa3IuYHbIe EMKOCTH JiJisi paboueii
KUJIKOCTH | T.IL.);

- 0COOCHHOCTH MW IIapaMeTphl MCTOYHHKA IIBUICBBIICICHUS, B KaueCTBE KOTOPOTO
paccMaTpuBarOTCs  JieHTOuHble TpaHcnopTépel BCY, mnpeacraBnstonme coboi
JIOCTATOYHO TMPOTSHKEHHBIE MCTOUYHHMKH, JUISI KOTOPBIX TMIPOIIECC BBIJACICHUS MbUIM
MOXHO Ha0I0/1aTh HaJ BCEH MOBEPXHOCTHIO JICHTHI.

Cpeny pa3MYHBIX METOJIOB, pa3pabOTaHHBIX M HAIICAIIMX B HACTOSIIECE BpEeMs
IIMPOKOE TPUMEHEHHE B UENAX NbUICTONABICHUS [JIi yYacCTKOB JIGHTOYHBIX
TPAHCIIOPTEPOB HA TPEANPHUATUAX CTPOMMHAYCTPUH, HAMOOJBIINMH 3HAYCHUSIMHU
CAaHUTAPHO-TUTHCHUYCCKOW M DKOJOTHYECCKOH  A(PGEeKTUBHOCTH  OTIHMYACTCS
TUAPOJIMHAMUYECKUIN METO/I, peaiu3alus KOTOPOro OCHOBAaHA Ha CJIEAYIONIINX Coco0ax
[37, 74, 112]:

- MPEJIBAPUTEIIHHOM O€3HAIIOPHOM yBJIAKHEHUH;

- HU3KOHANOPHOM OpOUIIEHWHU B JWANa30HE 3HAYCHUN JaBJICHUS OPOIIAIONICH
skuakoctu ot 0,2 no 2,0 Mlla;

- BBICOKOHAIIOPHOM OpPOIIEHUM B JHMaNa30HE 3HAYECHWM JaBJICHUS OpOUIAIOIIEH
xkuakoctu ot 7,0 mo 15,0 MlIlIa;

- TTHEBMOTUJIPOOPOIIECHUU TPU COBMECTHOM HCMOJb30BAHUM KHUIKOCTU M CIKATOTO
BO3/yXa;

- IPUMEHEHUEM TICHBI;

- MPUMEHEHUEM TyMaHa.

I'uapoobecnbuIMBaHUE — SABJSIETCS  CJIOXKHBIM — MPOIECCOM  BUJAOU3MEHEHMUS,

BHYTPEHHETO W BHEIIHETO B3aWMOJACWUCTBHUA M mpeolOpa3oBaHus TpexdaszHOil cpersl
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«IBUTh—KUAKOCTh—BO3IyX», Ha XapaKTep MPOTEKAHHS KOTOPOTO OKAa3bIBAIOT BIIUSHHE
HE TOJIBKO THAPOJUHAMUYECKUE, XUMUUECKUE U (PU3HUECKHUE, HO U adpOJAMHAMUYECKUIN
¥ 1buIeBoi akropsl [37, 74, 112].

B kauecTBe OCHOBHBIX, HaHOOJIEE YaCTO MPUMEHSEMBIX Ha MPAKTHUKE, CIIOCOOOB
rUApoOOECbUIMBAHUS  HAWOOJbIIEE pACIPOCTPAHEHUE TOJYYHJIM OpOIICHHE U
npeaBapuTenbHoe yBiaaxkHeHue. OnHako 3¢ (PEKTUBHOCTh ITUX CHOCOOOB B YCIOBUSIX
WHTEHCUBHOMW SKCIUTyaTallMu JIEHTOYHBIX TPAHCIOPTEPOB HEJAOCTATOUYHA M OCTATOYHAS
3anbUIEHHOCTh BO3/lyXa padO4YuX 30H M BO3AYIIHOTO OacceiiHa rOpOoACKUX TEPPUTOPHUI
3HayuTenbHO npesbimaer 11K, mmu ITAK.. (ILJK,,). Kpome Toro, mis moctmxeHus
BBICOKOW 3((PEKTUBHOCTH OOECHBUTMBAHMS TPUXOJUTCS PACX0JI0OBATh JIOCTATOYHO
GOIBIIOE KOMHYECTBO sKUAKOCTH (Gomee 4-10™ M® sKHAKOCTH / KT CHIPBSL), 4TO YXyALIAeT
CaHUTAPHO-TUTUEHWYECKUE YCIOBHS TPyJAa 3a CUET YBEIMUEHHUS BIAKHOCTH BO3OyXa
pabounx 30H M HE BCETJa BO3MOXKHO IO TEXHOJOTHYECKUM YCJIOBHSIM (OTpaHHYCHUS
pacmoyiaraeMoro pacxo/aa BOJIbI).

Peanmszamusi M3BECTHBIX CHOCOOOB THAPOOOECTIBUIMBAHMS Ha TMPAKTHKE B
OOJBIIMHCTBE  CIy4aeB  HMX  NPUMEHEHHUS  COMPOBOXKAACTCS  3HAYUTEIHHBIM
NEPEyBIAKHEHUEM TEXHOJOTHYECKOTO CBIPhS, MOABEPracMoro OOSCHBIIMBAHUIO, UYTO
4acTO KpailHe HEJOMyCTUMO IO TEXHOJOTHYECKHM perjameHTaM. HeoOxomumo Takke
YYHUTBIBATH, YTO MPH TPAHCIIOPTUPOBKE CHITyUYUX MATEPHUAIIOB, SIBISIOMICHCS OJHUM M3
OCHOBHBIX BHJIOB TEXHOJIOTHUECKHX OIEpaIluii, BBIACISACTCS 3HAYUTEIBHBIA O0BEM
NbUIEBBIX 4YacTUIl. [Ipu 3TOM, BBEJEHBI OMpEEICHHBIC OTPAHUYCHHS IO BIAKHOCTH
TPAHCIIOPTUPYEMOTO CHIPhsI, YTO TMPEHAIoJiaracT BeCbMa OTpaHHMYEHHBIE BO3MOXKHOCTH
MPUMEHEHUS JKUJKOCTH, TUOO e¢ MPUMEHEHNE ¢ MUHUMAJILHBIM PAaCcX0I0M Ha €IUHUILY
00bEMa 3TOrOo ChIphA. TakuMm 00pa3oM, 3KCIUTyaTalys JEHTOYHBIX TPAHCIOPTEPOB
CBsI3aHA C MHTCHCUBHBIM IBLICOOPAa30BaHUEM U TIBIJIEBBIICIICHHEM. A B TAKUX YCIOBHUSIX
i 3hPEeKTUBHOTO OOECTIBUITMBAHMS BO3AYIIHOM CPEIbl LIEIECO00pa3HO MpPUMEHEHUE
THIPOIMHAMHYECKOTO METO/1a, HO MPU OIPAHUYEHUHU YIOMSIHYTOI'O pacxo/ia KUJIKOCTH.
TakumMu OCOOCHHOCTSIMH CpEeAM OCHOBHBIX crocoOoB obOmamaror [37, 95, 105, 107]
MHEBMOTHIPOOPOIICEHHE U  TEHHBIH Ccrnoco0 OOpeOBI €  MBUIBIO, KOTOPHIE

XapaKTCPU3yrOTCd HAUMCHBIIMM pPacCXoJOM KHAKOCTH, oOecrnieunBass MaKCHMAaJIbHas
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CTETEeHb TUCTICPTUPOBAHUS KHUIKOCTH.

AHanu3 yoMsHYTBIX BBIIIE JIBYX CIIOCOOOB MOKa3ajl, YTO MUHUMAJIbHBIA pacxo/l
KUJAKOCTH TMPUCYI] [EHHOMY crnoco0y oOecnbulMBaHus, Korja oOecrneyuBaercs
MaKCHUMajbHas MOBEPXHOCTh MeX(a3HOrO B3aUMOACHCTBUS KUAKOCTH U TBUIEBBIX
YacTUIl TPU MHUHUMAIBHOM pacxoje O Kuakoctu. CyIIeCTBEHHOE TOBBIIICHUE
CAaHUTAPHO-TUTMEHUYECKOW U  HSKOJOTMYECKONM 3(P(EKTUBHOCTH OOECHbUINBAHMS,
COTIPOBOXKAAIOIIEECs 3HAYUTEIbHBIM CHIDKEHHEM pPAcXojia OpOLIAroIIel KHUIKOCTH Ha
enuHuIly 00BéMa TPAHCIOPTUPYEMOTO CHIPbs, BBI3BAHO yBEIMUYECHHUEM  OTOU
MOBEPXHOCTH, a TAKXKE BPEMEHH B3aUMOJACHCTBUS MIEHBI C MBUIEBBIMU YaCTUIIAMU. DTOT
(bakTop MOXHO C YBEPEHHOCTBHIO OTHECTH K OCHOBHBIM IPEUMYIIECTBAM TIEHHOTO
criocoba obecnbuiBaHuA. Takke K MPEeUMYIIECTBaM 3TOr0 Crocoda CleayeT OTHECTU
BO3MOKHOCTb €0 MPUMEHEHHS IPU OTPULIATENIbHBIX 3HAYCHUSIX TEMIIEPAaTyphl BO3AyXa.
[TomMuMO TIepednCIeHHBIX, Pl MPEUMYIIECTB IEHHOTO Crloco0a MepevrciieH B paboTax
[74, 95, 105], roe HAa OCHOBAaHHMM PE3YJIBTATOB SKCIICPUMEHTAIBHBIX HCCIICIOBAHUMN
NPEJICTaBICHbI CPABHUTENBHBIE JaHHBIE C JPYTUMHU CIIOCOOaMH THAPOOOECIIBIITUBAHUS:

- pacxo/1 Bojibl 3HauuTeIbHO (B 15 - 50 pa3) MeHbllle, 0 CPABHEHHIO C OPOIICHUEM,;

- TOBBIIIEHUE BIAXKHOCTH BO3AYIIHOM CPEIbl U TEXHOJOTHYECKOTO ChIpbs (MBUIAIICH
MOBEPXHOCTH) HE3HAYUTEIIBHO;

- 3¢ ($EeKTUBHOCTh THUICTIONABICHUSI, OCOOEHHO MEJIKOIUCIEPCHBIX (PAKINi MHLIH,
Hanbosiee MHEBMOKOHHO300MaCHbBIX, BECbMa BbICOKAS.

OpHako TpakTHYeCKas pealu3anus MEPEUUCICHHBIX MPEUMYIIECTB TMEHHOTO
crnoco0a MbUICTIOAABICHUSI MOXET ObITh 3((EKTUBHA TOJBKO B TOM cllydae, KOrja
OyayT 00ecneunBaThCS €ro ONTHUMAalIbHbIE TEXHOJOrHUeckue (pabouue) mapaMeTphl.
[Tpu 3TOM Ha CAaHUTAPHO-THTUEHUYECKYIO U IKOJIOTHUECKYIO 3PPEKTUBHOCTH MpoIecca
oOecnbplTMBAaHUS BO3JyXa IEHONW 3HAYUTENbHOE BIIMSHHUE OKA3bIBAIOT CIIEIYIOIINE
OCHOBHBIE XapaKTEPUCTUKHU: THI MCTOYHHKA IbUIEOOpPA30BaHUs, €r0 I€OMETPUUYECKHE
XapaKTePUCTHKH, WHTCHCHMBHOCTh  MBUICBBIACICHUS W Jpyrue, a  TakKe
TEXHOJIOTUYECKNE XapaKTePHCTUKU TICHOTEHEPATOPHBIX YCTAaHOBOK (B YacTHOCTH,
MPOU3BOJAUTEILHOCTH MO TI€HE), MPHUHATOM CXeMbl OOpbOBI C TMBUIBIO W CBOMCTB

noJjiyuaemMoii mensl [116].
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ComnocTtaBuB  NEPEUYUCICHHBIE BBIIIE  MPOU3BOACTBEHHO—TEXHOJOTHYECKHUE
TpeOboBaHUsl, = OCOOCHHOCTH  DKCIUIyaTallMM  JICHTOYHBIX  TPAaHCIOPTEPOB  C
BO3MOYKHOCTSIMHU U COOTBETCTBYIOIIMMHU OCOOCHHOCTSIMU DJKCIUTyaTallMM Pa3IMYHbIX
texHonoruii peanmmzanuu CBIII (B cooTBeTcTBUU ¢ KiIacCU(DUKAIMOHHON CXEMOW,
NPEICTaBICHHOW Ha PUCYHKe 2.3), HAaMHU CJeJIaH BBIBOJ O TOM, YTO JUIsl OOCCIICUCHHUS
MaKCUMaJIbHOW CTETMEeHH OOeCHbUIMBAHUS BO3AyXa pabo4ynxX 30H JIEHTOYHBIX
TPaHCHIOPTEPOB U BO3IAYIIHOIO OacceiiHa TOPOJCKUX TEPPUTOPHH, MPUIIETAIONIUX K
OPEANPUATUSIM  CTPOUTEIBHONM HWHIYCTPUH, Haubosiee MpuemMiIeMon SABJISIETCA
texHonoruss  peanmuzaumu  CBIIII, koropas  ocHOBaHa Ha  INPUMEHEHUH
TUAPOIMHAMHUYCCKOTO METO/Ia C MCIOIb30BaHNEM TeHbI (ITEHHBIH crtoco0) [49].

IMeHHO TI03TOMYy paccMOTpuM Oojiee TMoAPOOHO OCOOEHHOCTH OpPraHU3alUH U
peanu3aluy TeXHOJOTUM OOECHbUIMBAHUS ChIPbS M BO3JyXa Ha OCHOBE MPUMEHEHUS

IICHHI.

2.3 HccnenoBanue TeXHOJOTHYECKUX 0COOEHHOCTEN MOTyYeHHUsI

NeHbl, ¢ OCHOBHBIX CBOICTB U YCJIOBHH NEHO00PAa30BaHUA

[Tporecc reTepoKOaryssSIiuyd YacTUIBI MMBUIM 3JIEMEHTApPHBIM MY3BIPHKOM JTHOO
CJIOSl TIE€HBI, JIMOO TEHHOTO a’po30Js, MO CBOCW [WHAMHUKE TIOYTH AaHAJIOTUYCH
TeTepOKOAryJISIUY MBUTMHKY Karuiel. 3aXBaT YaCTHIIbI MBUTH My3bIPHKOM TIEHBI TAKKE
MOXKHO  paccMaTpuBaTh KaK MHOTOCTaJAMHHBIA  mporecc. OpHako  cTagus
POHUKHOBEHUSI YACTHIIBI MBUIM BHYTPh MY3bIpbKa MEHBI MPUBOAHUT K Pa3pyIICHUIO
neHHOTo a’po3ois. [loatomy makcumanbHast 3QGEKTHBHOCTh 00ECIBUTMBAHUS TEHON
MIPOSIBJISICTCS] IPY HAJMIAHUH TBIJIEBBIX YACTHUI] HA TIOBEPXHOCTH IMy3bIPHKOB IMEHBI 0€3
UX paspyuieHus. ABTopamu pa0oThI [74] yka3zaHbl TpaHUYHBIC YCIOBHUS 3PPEKTUBHOCTH
yIIaBIUBaHUSl THUIM MYy3BIPHKOM TI€HBI, KOTOpBIE CBOAATCA K cienyromemy. [Ipu
HAJIMTIAaHUU YaCTHUIl TIBUIA Ha MY3BbIPEK MEeHBI OHU JOJKHBI MMETh MUHUMAJILHBIN 3arac

KHUHETUYECKOM OHCPI'UU, HOBBOJ’IHIOHIHIZ qaCTUuIe COJM3UTBCI  C IMOBCPXHOCTBLIO
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ny3bIpbKa JO PACCTOSAHMA JEHCTBHUS MEXMOJEKYSPHBIX CHJI (MOMEHTa Haydaa
OpPOSIBJICHUS. AJre3uu). OTW TPaHUYHBIE YCIOBUS CBS3aHBI C CYIECTBOBaHUEM

MUHUMAIBHOM (Upin) 1 MAKCUMATTBHOM (Dmax) CKOPOCTEN BCTPEUHU MBUTUHKHU U My3bIPhKA:

6w
Uy = —1|———= ,M/C; (2.2)
pttrq
W,
Upin =~ o , M/C, (2.3)

rae W, — mapameTp, XapakTepusyromui 3Hepruto pacrekanus, H/m; W, — pabora cun
anresun, H/M;p, — IIOTHOCTh MaTepHala JaCTUIBI TBLIH, KI/M°; I, — CPEIHHIT Pajnyc
YaCTHULbI BTN, M.

Hanmnune MakcumanbHOW W MUHHMMAJIbHOM CKOPOCTEW BCTPEUM MBUIMHKU U
ny3bIpbKa YKa3blBaeT Ha TO, YTO JMIIb YacCTUIbl C ONPENETEHHON KHHETUYECKON
9HEpruer MOryT OBITh 3aXBady€Hbl My3bIPHKOM MEHbI. [Ipu CKOPOCTAX, MEHBIIHUX Omin,
YacCTUIbl MBUIM OOTEKAlOT IIy3bIPEK MEHbI, a MPU CKOPOCTAX OONBIIUX Dmax,
HAO0JII01aeTCsl MEXaHMYECKH pa3pblB IUIEHKHU My3bIpbKa IEHBI JIETSIIEH YacTULEH
e, Ecin 0,~0max, B TIpoliecce 3axBaTa MbIJIEBOM YacTUIIBI TPeo0Ia1aeT HHEPIUOHHAS
COCTaBJIISIIONIAs, @ KOTAA Uy ~Upin — aAT€3UOHHAS.

[Ipu mporecce MbUICHOAABICHUS HE OTACIBHBIM (JIEMEHTAPHBIM) ITy3BIPHKOM, a
CJIOEM TEHbI, KHHETUYECKasi SHEPIHsl MbUIEBBIX YACTHI] PACXOAYETCS Ha UX JABUKECHUE
110 MHEPIMU B CJIOE TIEHBI U HA IPEOIOJIEHUE COMTPOTUBIIEHUS INIEHOK TIEHBI.

OmnpenensaomuM (HakTOpoM B IKPAHUPYIOIIEM JCHCTBUH TEHBI 1IEIEeCO00pa3HO
cuMTaTh aAre3uoHHoe B3ammojeiictBue. CornmacHo ypaBHeHuto (1.29) skpanmpyromiee
NBUICTIOAABJICHHE TEeHaMU BO3MOXHO JIMIIb JUIS TBUIEBBIX YaCTHUI, HWMEIOIIUX
HU3KO3Hepreruueckue nosepxHoctw (Wp<0O), a s [OBUIEBBIX  4YacTUI C
BBICOKO?HEpreTudeckor nosepxHoctero (W,>0) dhopmyna (1.29) tepser cmblci, Tak Kak
MOJIEKYJISIPHBIE CHJIBI Iy3bIpbKa MEHbI HE MPOTUBOJECUCTBYIOT OTTAJKHUBAHUIO MBLIEBOM
YacTULBI OT My3bIpbKa MeHbl. IMEHHO moTOMY J1H000€ BO3/EICTBHE MBUIEBBIX YaCTHII,

oOjamaromux KWHETHYECKOW »JHepruell, HexenatenbHo. Kaxknas ruapoduibHas
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IbUIEBasl YacTHIIA B OTOM Ciydae CIOCOOHA pa3pymiaTh HECKOIBKO IJIEHOK TEHBI, U
BBICOTA CTO0JIOA MEeHBI HE OyAET BAUATh HAa Y(PHEKTUBHOCTDH 3aXBarta.

Jlist ycTaHOBJIEHHSI BIMSIHUS CBOMCTB NbUIM HAa SKPAHUPYIOIIYIO CIIOCOOHOCTH
NeHBl aBTopaMu paboThl [29] uccienoBaHa 3aBUCHUMOCTH YCTOWYMBOCTH TEHBI OT
CTETMeHH CMAaYyMBAEMOCTH TBUIEBBIX YacTHUIl. Pe3ynbTaThl TUX UCCAEIOBAHUM TTOKA3aIIH,
YTO NeHa HauboJiee yCTOWYMBa K IEUCTBUIO TUIOXO CMauyuBaeMOM TBLIH.

[Ipr B3aMMOJEHUCTBUM MBUIEBOIO a3pO30Jisi C IIEHOW €CTECTBEHHBIM 3apsijl
IBUIEBBIX YACTHI] U MTy3BIPHKOB IEHBI HE OKA3bIBACT 3HAYMTEILHOTO BIMSHUS HA 3aXBaT
3TUX YacTuil [66] . OaHaKo MpU UCKYCCTBEHHOM JIEKTpONoA3apsake (IJIEKTpU3alnn) B
nporecce o0pa3oBaHUs TMEHHOTO a’pO30Jis WM CJos (TIOTOKA) MEHBI AJICKTPUUYECCKUE
CWJIBI, BO3HHKAIONINE MEXIY TBUJICBHIMH YAaCTHIIAMH WM TY3bIPhKaMHU TI€HBI, UTPAIOT
CYIIECTBEHHYIO pOJIb, U HX HEOOXOJMMO YYUTHIBaTh MPHU OIKMCAHUU Mpolecca
obecnplTuBaHus Bo3ayxa. B psae pador [37, 46, 47, 95, 96, 97] noka3zaHa BO3MOKHOCTb
NOBBIMICHUS Y((HEKTUBHOCTH TBUICTIOIABIICHUS, OCOOCHHO, MENTKUX (DPAKIIMil MBUIEBBIX
YaCTHLI, 32 CUYET AJICKTPU3ALMHU TIEHBI.

JI7ist nanpHENIIero uccaeA0BaHus 3HAYMMOCTH PA3IMYHbBIX (AaKTOPOB, BIUSIOIINX
Ha TPOLECC MbUICTIOJABICHHS, HEOOXOAUMO MPEABAPUTEIBHO H3YYUTh OCOOEHHOCTH
CTPOCHMUSI, CBOMCTBA U YCTOWUMBOCTH IJIEHOK MEHBI, HEMOCPEACTBEHHO OMPEICISIONINX
XapakTep MpoIecCOB 00pa30BaHUsl, CYIIECTBOBAHUS U Pa3PYIICHUSI TICHBI.

CormacHO OCHOBHBIM TIOJIOKEHHUSIM TEOPUM JTUCIEPCHBIX CHUCTEM TIeHA
NpeACTaBiIseT co00M TpyOOAUCHIEPCHYIO KOJJIOMAHYIO CHUCTEMY, COJEpXKallyl0 B
KauecTBe JUCIEepCHON (as3pl ra3 (BO3ayx), a B KayecTBE JAUCIEPCHOHHON Cpeibl —
KHUIKOCTh (pacTBOop meHooOpasoBarens) [98, 99, 100].OcHoBHBIME mMapaMeTpaMH,
XapaKTEPHU3YIOMTUMU CBONCTBA TIEHBI, SBISIFOTCS KPATHOCTh M CTOMKOCTb.

Kpatnocts niensl K npeacTaBisieT coOoi oTHoIIeHHEe 00bEMa neHbl V,, K 00BEMY

xuakoctu V,,., nomenmiei Ha eé oopasosanue [98]:

K =\%W . (2.4)

Ilo xkpaTHOCTH NEHY pa3AEISIIOT HA:
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- HU3KOKpaTHyo (K<50);
- cpennekpatHyo (50<K<300);
- BeICOKOKpaTHyto (K>300).

KpaTHOCTP TI€HBI 3aBUCUT OT OCHOBHBIX NapamMeTpoOB IEHOOOpPa30BaHUS
(TEXHOJIOTMYECKOT0 pPEXKUMa TIOJYyYEeHHs] TI€Hbl, KOHCTPYKTHUBHBIX XapaKTEPUCTUK
NEeHOTeHepaTopa), MPUPOJbl M KOHIEHTpaIMu IMeHooOpa3oBaressi, CBOMCTB BOJBI, a
TaK)X€ YCIIOBUM BHEWIHEW cpeapl. KpaTHOCTP TMEHBI HAaxXOAUTCS BO B3aMMHOU
3aBUCHMOCTH C JPYrOM Ba)XHOM XapaKTEPUCTUKOW IE€HBI — CTOWKOCTBIO,
XapakTepu3yromie CrocoOHOCTh MEHBI COXPAHATh OO 00BEM M MPENSITCTBOBATH
VICTEYEHHUIO KUIKOCTH — CUHEPE3UCY.

CTOMKOCTh TEHBl XapaKTEpU3yeTCS BPEMEHEM CYIIECTBOBAHUSA OTIEIBHBIX
My3bIPbKOB WJIM ONpPEIEIEHHOr0o 00BhEMa TEHbl U 3aBUCHUT, TJIaBHBIM 00pa3oM, OT
OpUPOABl MEHOOOPa3yIOIIEro BEIECTBA M €ro KoHleHTpauuu. llpu yBenuyeHuun
KOHIICHTPAIIMU TTOBEPXHOCTHO-aKTUBHOTO BemiecTBa (IIAB) B pacTBope yCTOMYHUBOCTH
NEHbl, KAaK [MpaBWIO, I[OBBIIIAETCA, JIOCTUras MAaKCHUMaJbHOTO 3HA4YE€HUs IpHU
KPUTHYCCKON KOHIICHTparuu Mulesuiooopasosanus (KKM), a 3atem camkaercs [101].
OpHako, B 3aBUCHMOCTH OT HPHUPOABI MEHOOOPA3yIOLIEro BELIECTBA CTOMKOCTH IEH
MOXET JOCTUTraTh MAKCHUMaJIbHOTO 3HAYEHUS IPU HEKOTOPOM APYrod KOHIEHTpauuu
NeHO00pa3zoBaTess, MOCiAe Yero CHUXKAETCA MOYTH 10 HyJs. DTO XapaKTepHO s
HU3KOMOJIEKYJISIPHBIX coenuHennii. [lenoobpa3oBarenu, TUNIA MBI TAKOTO MaKCUMyMa
HE JTal0T, CTOMKOCTh II€H, MOJYYECHHBIX HA UX OCHOBE, C YBEJIMYECHHEM KOHIIEHTpaLUU
nopeimaercs [98]. PesymbraThl mccnemoBaHuWil, mpesicTtaBiieHHbie B pabote [103],
NOATBEPKAAIOT TMPEIAINOIOKEHHE O TOM, YTO MaKCHUMajlbHas YCTOMYMBOCTH IIEHBI
HaOmoaercss npu KoHueHtpauusax [IAB 0Oonee HU3KMX, 4YeM Te, HpPHU KOTOPBIX
JIOCTUTAIOTCS HACBIIIIEHHBIE aICOPOIIMOHHBIE cilou. [laHHbIe, MpecTaBIeHHbBIE B paboTe
[89] mnonaTBepxmaroT, YTO TOJBKO TIPU HACBHIIICHHOM aJICOPOIIMOHHOM  CJIOC
HAO0JIIO1aeTCsl BBICOKAsl YCTOMYMBOCTH IE€HBI. TakoWl BBIBOJ CJAEJIaH IMPU CPABHEHUU
3aBUCHUMOCTEN CTOMKOCTH IIE€HBI OT U3MEHEHUS ITOBEPXHOCTHOI'O HATSKEHUSA U JIPYIUX
apaMeTpOB.

K ¢dakropam, obecrneuynBaroniM CTORKOCTh MEHbI, OTHOCAT 3 dexT Mapanronu
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(ctpykrypHO-Mexanndeckuit) u 3¢ ekt ['md0ca (TepMOIMHAMUYCCKHIA).

Oddexr MapaHroHu MOBBIIIAET CTOMKOCThH MEHBI, MPOSBIASICH B CIIOCOOHOCTH
TOHKUX IUIEHOK ITy3bIPHKOB IIEHBI PEArUPOBATh HA JIOKAJIBHOE U3MEHEHHUE TOJIIUHBI, TO
€CTh K «3aJICUMBAHUIO» CJIA00r0 yyacTKa 3a CueT MOBEPXHOCTHOI'O TECUCHHS pacTBOpa U3
00JIaCTH HU3KUX 3HAYEHHM MOBEPXHOCTHOTO HATSXKEHUS B 00JIacTh OOJiee BBICOKHUX.
CrnenoBarenbHO, CKOPOCTh IMPOIECCAa BOCCTAHOBIEHUS IUIEHKU Iy3bIpbKa IEHBI TEM
BBIIIIE, YeM OoJiblasi MOBEpXHOCTHas akTUBHOCTh y ITAB u yem Oonblie pa3HOCTb
KOHLIEHTPALMK B YTOHYEHHOM U «3J0POBBIX» YYACTKAX IUIEHKH.

Dddexr 'mbOca mposABIIETCS B TEX CiIydasx, KOrJa IOJ BIMSHUEM TEIUIOBBIX
BO3JICMCTBU, BBI3BIBAIONIUX PACTSDKEHHE IUIEHKH Iy3bIpbKAa TIEHBI, BO3HHUKAIOT
JOKAJIbHBIE  PAa3HOCTHM  3HAYEHWW  TMOBEPXHOCTHOTO  HATSXKEHUS,  KOTOPBIC
oOycrnoBnuBatoT nepexon moisekyn IIAB B aacopOImoHHOM ciioe B CTOpPOHY OoJee
HU3KOW KOHIIEHTpAIMH, T.€. K pacTsaHyTor dactu Tui€HKW. OcHoBoM Teopun ['mnbOOca
SABJISIETCS] MPEANOJIOKEHHE 00 yIpYrocTH IJIEHKH: MPU HU3KUX KOHLEHTpauusx [1AB
YIIPYTOCTh IUIEHOK HE MPOSIBISAETCS, TAK KAK YMEHBIICHNE TOBEPXHOCTHOIO HATSKECHUS
OYE€Hb HE3HAUYUTEIBHO.

[Ipy MOBBIIEHUH TPOYHOCTU AJICOPOIMOHHOTO CJIOSI MAKCUMYM CTaOMJIBHOCTH
My3bIPHKOB CJIBUTAETCS B CTOPOHY Oouibinx KoHueHTpanuii [TAB. Takum oGpazom,
YCTOMYMBOCTh TEHBI OMNPEACNICTCS MEXaHMYECKUMHU CBOMCTBAMHU aJICOPOIIMOHHOTO
CJIOSI Hapsy C MOBEPXHOCTHOM akTUBHOCTHIO [IAB. CTONWKOCTH MEHBI 00YCIOBIHBACTCS
HaJUYUEM CUJI CUEIICHUSI MEXAY OTACIbHBIMU MOJIEKYJIaMU aJcOPOIIMOHHOTO CJIOs, a
TaKK€  TMOJBM)XHOCTBIO  JTHUX  MOJEKyJd, KOTOopas oOecrieuuBaeT  OBbICTpOE
BOCCTaHOBJICHHE Je(QopMaliiii, BOSHUKAIOIMNUX MPU HUCTCUYCHUHU KUIAKOCTH U3 TUIEHKU
My3bIPHKOB TMIEHBI B 3aBUCUMOCTH OT CBOMCTB NIEHO0Opa30BaTEIIsI.

B Teopum koaryiasiiMu M YCTOMYMBOCTH JIMCIEPCHBIX CHUCTEM, MPEITIOKEHHOU
HepsirunbiM - B.B., packnuHHMBaroliee JaBJICHUE paccMaTpUBAaeTCs Kak (akTop
MOBBIIICHUSI CTOMKOCTH II€HBbl. PackiMHMBaKUIEe MHABJICHUE B JAaHHOM CiydYae
XapaKTepu3yeTcss W30bITOUHBIM [IABJIEHUEM MPENEeIbHO TOHKOTO CIJIOSl >KUIKOCTH,
KOTOpOE€ INPEISATCTBYET JNAJIbHEUIIEMY YTOHUYCHMIO CJIOS IOJ BJIMSHUEM BHEIIHUX

BO3jcicTBYOmUX cui [98].
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Nzeectro [89, 90, 91, 92], uro meHy, Kak ¥ JIFOOYIO JHUCIEPCHYIO CHCTEMY,
MOXXHO  XapakTepu3oBaTb arperaTuBHOM HEYCTOWYMBOCTHIO. B 3TOM  ciyyae
HeCTaOWIIbHAS TIeHa MPOSBIAET HaJU4YMe M30BITKA MOBEPXHOCTHOW SHEPIHH, KOTOpas
IPOIOPITMOHATIbHA TIOBEPXHOCTH pasjieia (a3 «KHIKOCTb—Ta3y». Pe3ynbratel padot [89,
90, 91, 92] mo3BONAIOT TAKXKe OIMPEACIUTh 3aMKHYTYIO CHCTEMYy Kak 00JIaIaroIiyro
U30BITKOM BHYTPEHHEW SHEPruM M HaXOISIIYIOCS B HEYCTOWYMBOM pPaBHOBECHH,
BCIEACTBUE 4YEero  HaOM0OMaeTcs  YMEHBIIEHHWE HOHEPTUM  TAaKOW  CHCTEMBI.
[TpoIODKUTETFHOCTh  3TOTO  MPOIECCa  OMPEACNIICTCS MOMEHTOM  JTOCTHIKCHUS
MUHHAMAJIBLHOTO JHEPreTHYECKOro 3amaca, NP KOTOPOM CHCTEMa IEPEeXOJUT B
COCTOSIHME paBHOBecHs. B ciiydae, korja Takasi cucTeMa BKIIIOUYAeT paziudyHbie (asbl,
HAIPUMeED, KUJIKOCTh U Ta3, YTO CBONCTBEHHO MEHAM, BHYTPEHHSS SHEPT U CTAHOBUTCS
MUHHAMAJILHOHM, YTO MPUBOJIUT TaK)KEe K YMEHBIIECHUIO TIOBEPXHOCTH paszjiena ¢as, a, B
KOHEYHOM Ccu€Te, K pa3pylieHuto IMeHbl. CaMoNpou3BOJIBHOE pa3pyLICHUE IEHbI
NPOUCXOMUT B PE3yJNbTaTe TNPOTEKAHHS CICAYIOMUX IMPOIIECCOB: CHHEPE3UCa,
muddy3un raza Mexay Mmy3bIpbKaMu, pa3pbiBa TUIEHOK MeHbl. [Ipeobiananne Toro uim
WHOTO U3 3TUX MPOIIECCOB MPHU Pa3pyIICHUU MEHbI 3aBUCUT OT MHOTUX ()aKTOPOB.

AHanmu3 pe3ynbTaToOB HCCICAOBAHUS TIPOIECCOB OOpa30BaHUS W Pa3pyIICHUS
NICHBI, UCTIOJIB3yeMOM i 00prObI ¢ mbUIbI0 [37, 74, 98], moka3bIBacT, YTO OCHOBHBIC
mapaMeTpbl CBOWCTB TIEHBI, a MMEHHO, KPaTHOCTh W CTOWKOCTh, HE BCETJa JaroT
OJIHO3HAUHYI0 MH(OpMaIIo 0 TIpoliecce nenoodpazoBanus. [Ipu 3TOM KpaTHOCTH MEHBI
MOJKET CITY’)KHTh CPaBHUTEIHHOU XapaKTEPUCTUKOHN Iporiecca eHOOOpa30BaHUs JTUIIIh
JUTSI UIEHTUYIHBIX TEXHOJIOTHYECKUX YCJIOBHHA TOJYYCHHUS TCHBI, @ CTOMKOCTh — IS
CIIy4aeB, KOTJla KpaTHOCTh OCTAETCs MOCTOSTHHOM. OTHAKO, Ha MTPAKTUKE MOAICPKAHUE
MOCTOSIHHOW KPAaTHOCTA TICHBI HEBO3MOXXHO TIpH OOJBIIMHCTBE TEXHOJIOTHH €€
nonyueHusi. Bc€ ato 3arpyanser moabop 3¢dekTuBHBIX MNeHOoOOpazoBaTeneil s
O0pBOBI C MBUIBIO.

Kpome ommcaHHBIX BhINIE KPATHOCTH M CTOWKOCTH KaK OCHOBHBIX ITapaMeTPOB
NIEHBI, BEChMa BAXHBIMH €€ XapaKTEPUCTHKAMU TAKXKE SBIIAIOTCS: TUIOTHOCTH TICHBI, €€
JUCIIEPCHOCTh,  TEIUIONPOBOJHOCTb,  JJIEKTPOMPOBOJHOCTb,  PSifi  CTPYKTYPHO-

MCXAHHNYCCKHUX XAPAKTCPHUCTHUK, OIITUIYCCKUC I1apaMCTPbI U APYI'UC.
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[[70THOCTH TEHBI 3aBHCHT OT KOJUYECTBEHHOTO COOTHOIICHUS J>KHIKOU U
ra3o00pasHoii a3 u MoxeT KosiebaThes B npeaenax ot 0,50, (p,. — IIOTHOCTD KHIKOH
¢da3bl) 10 3HAYCHUM, OJU3KUX K HYJIIO.

JlucnepcHOCTh TIEHBI OLCHWBAIOT CPEIHUM JTUAMETPOM IYy3BIPHKOB D,
yACIBbHON MOBEPXHOCTBHIO pasjiesia PacTBOP-BO3MYX HIIM PacHpeleiCHUEM ITy3bIPhKOB
1o pazmepam [98]. OOBIYHO pa3Mephl My3bIPHKOB TEXHOJIOTUYECKOM TICHBI U3MEHSIOTCS
B mmpokoMm guamazoHe — ot 0,00001 mo 0,01 m. JIume B 0COOBIX CiIydasx MOKHO
MOJIYYUTh MOHOJHCIIEPCHYIO TICHY, WCIONB3Yys CHEIUaIbHBIE MEeHOOOpa3yIoIme
ycTpoiicTBa. [103ToMy MCHOIB30BaHUE CPEIHErO AMAMeETpa My3bIpbKOB d,, IS OICHKH
JUCTIEPCHOCTU TICHBI HE BIIOJIHE MPABOMEPHO, XOTA U JOMycTuMO. Ha aucmepcHOCTh
NIEHBI CYIECTBCHHOE BIMSHHUE OKA3bIBAIOT (PU3UKO-XUMUYECKHE CBOMCTBA pacTBOpa
(MTOBEPXHOCTHOE HATSDKCHHE, BS3KOCTh, KoHIleHTpauus [IAB u apyrue), a Ttaxke
cnocod mepeMemuBaHusA (a3, KOHCTPYKIMS TICHOTCHEpaTopa, a TakkKe peXUM
TEXHOJIOTHUECKOTO Tmporecca TmeHooOpaszoBanus [38, 98, 103]. [lns omucanus
pacupeneneHuss IMy3bIpbKOB B 00BEME TEHBI IO pa3MepaM HCIOIb3YIOT 3aKOH
[Tyaccona. Ilpomecc u3MEHEHMsI HUCIEPCHOTO COCTaBa TEHBI MPOTEKAET TaKUM
oOpazoM, 49TOo TIpu €€ pa3pylIeHUH COXPAHIETCS HEKOTOpass o0O0JacTh 3HAYCHUN
KPUTHYIECKOTO pa3Mepa IMy3bIPhKOB, J0JS KOTOPBIX OCTAETCs MOCTOSTHHOW BO BPEMEHHU.
[TpumenumMocTh 3akoHa IlyaccoHa mJIs ONMUCAaHWS PaCHpPEACNICHUs ITy3bIPHKOB 10
pa3MepaM OrpaHWYeHa HJisi My3bIPbKOB OOJBIIMX Pa3MEpPOB, €CIM UX OO0IIee YUCIIO
HEBEJIMKO, a TAK)Ke JUIS MEHBI, MOABEPIIIeHCcs 3HaYUTeIbHOMY pa3pyiieHuto [103].

[Tepenada TEIOTHI B MEHE MPOUCXOMNUT Yepe3 My3bIPHKU Ta3a M 4epe3 KUIKUC
WK TBEPABIC MPOCIOUKH MEXIY ITHUMH IMy3bIpbKaMH. [10CKOJIBKY TEIIONPOBOIHOCTH
NIEHBI TOBOJIBHO Majla W3-3a HAJIW4YUS Ta30BOH (a3bl, €€ TeITON30IHPYIONUEe CBOMCTRA
IIMPOKO WCTONB3YIOTCS HAa TPaKTUKE. YpaBHEHWE NI omnpeeneHus: koddduimenrta

TEIUIONPOBOAHOCTH meHbl umeeT By [103]:

A=2 (a4, )+1-a) 4, , kJbx/(m-crpan), (2.5)

A€ Ay, As — COOTBETCTBEHHO KOI(P(MUIIMEHTHI TEIJIOMPOBOJHOCTH KUIKOU (ha3bl U
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BO31yXa, KJK/(M*C'Tpam); o — CTETICHb 3aIIOJTHCHUS TICHBI YKUIKOUW (ha30il.
HemanoBaxxHOM XapaKTEpUCTUKOW, OIMPEACIISIONIEH OCHOBHBIE CBOWMCTBA IICHHBI,
SIBJISICTCS eé 3JIEKTPONPOBOJHOCT. KonuuectBeHHOE BBIPKECHHUE JUIST

AJIEKTPONPOBOIHOCTH TeHbI nMeeT Bua [103]:

ﬂ%;nzszl{’ (2.6)

TA€ Ly Pn — COOTBETCTBEHHO VJACIbHAS 3JICKTPONPOBOJIHOCTH BHYTPUILICHOYHON
XKUJIKOCTU U nieHbl, Kii/M; K — KpaTHOCTh MEHBI.
Jlns omeHKW mpoliecca TMEHOOoOpa3oBaHMs Oe3pa3MepHBIMU TapameTpaMu B
MIPaKTUKE MPUMEHEHUS MEHbI JIs1 IBUIETIOIaBICHUS BBEAECHBI IBA OCHOBHBIX KPUTEPUSL:
- kputepuid [IpsKOHOBa /[, XapaKTEPU3YIOLIUN COOTHOLICHUS CTOMKOCTHM II€HBI B
CTaTHYECKUX U JUHAMUYECKUX YCIOBHUSIX, OKA3bIBAIOIINN HACKOJIBKO KOHKPETHAS MEHA

npuroaHa K IIPUMCHCHUIO I TCX WM HMHBIX ueﬂeﬁ )41 OHPGIICJIHCMBIﬁ 110 (1)0pMy.HG

[104]:
A, = 7% , (2.7)

TA€ Tem,y Tounw — COOTBETCTBEHHO CTAaTUUECKAs M IMHAMUYECKAsi CTOUKOCTHU TEHBI, C.
Uem Ommke 3HaueHWe Kputepus J[psikoHoBa /{1 K €IUHHMIE, TeM IIUpEe 00JacTh
IIPUMEHEHHUS TICHBI 111 TEXHUYECKUX LEIIEH;

- xkputepuii Kypasnéa /[,, MOKa3bIBAIOIIUA BO3MOXKHOCTH O€3pa3MEpPHON OIICHKU
mpoliecca TEHOOOpa3oBaHUSI B CTATUYECKUX YCJIOBHSX, TMO3BOJISIONIMNA BBIOUpATH
ONTUMAJIbHBIE TapamMeTphl MEHO00pa3oBaTeiis MpPU HMHBAPUAHTHOCTH OCTAJbHBIX
MapaMeTPOB, PACCUUTHIBATH IIEHOTCHEPATOPHBIE YCTAHOBKU W OMNPEACISIEMBIA 10
dopmyie [97, 104]:

H,=K-7. (2.8)

YuuThiBas, 4TO KpaTHOCTh MEHBI K OMHUCHIBACT MPOIECC MEHOOOpa3oBaHMs, a

CTOMKOCTh T — KHHCTUKY Pa3pylICHus IICHbI, MOKHO 3aKJIHOYUTb, YTO UMCHHO 3TH JIBa
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napaMeTpa OINMCHIBAIOT COCTOSIHHUE TEHBI KaK IUCHEpCHOM cuctembl. Uem OoJblie
KpPaTHOCTb IEHbI MPHU MOCTOSHHOM KOHUEHTpAIMU pacTBOpa MEHOOOpa3oBaTeNsl, TEM
HUXKE €€ CTOMKOCTb, TO €CTh BBIMOJIHIETCS yCoBHeE: /[, = const.

B kauecTtBe mneHOOOpa3oBaTeNeid MOTYT CIIYXUTh ITOBEPXHOCTHO-aKTHBHbBIE
BemectBa [IAB (monoxxurenbHast afcopOIius) U MOBEPXHOCTHO—MHAKTUBHBIE BEIIECTBA
[INB (otpunarensHas amcopomust). Monekynsl [TMB umeror manblie pa3mepsl, U TeHa,
NOJTyuYeHHasl W3 3TUX BEIIECTB, 00JaJaeT MEHbIIEH CTOMKOCThIO, YEM W3 PACTBOPOB
[TAB, KOTOpBIE MPEUMYIIECTBEHHO W MPUMEHSIOT B KadecTBe MeHO0OpaszoBateneit [38,
67,101, 102, 104,105, 106].

[To aacopOIIMOHHONW aKTUBHOCTH W TOBEPXHOCTHO—AKTHUBHBIM CBOWCTBOM BCE
ITAB nenstcs Ha aBe OoJiblliie TPYNNbl: PACTBOPUMBIE B BOAE U KOJUJIOWIHBIE.
Pe3yibTaThl SKCIIEPUMEHTOB, MpeACTaBlIcHHbIe B padoTe [74], mokasaau, 4TO IEHa,
MoJIy4eHHasi U3 pacTBOpPoB KoJutouaHbIX [IAB, oOnamgaer Gosblielt yCTOMYMBOCTHIO K
BO3JICHCTBHUIO TIbLIM, YE€M II€HA, IOJY4YEHHAas W3 pPacTBOPOB pacTBOPUMBIX B BOJE
(uctunnbix) [TAB, KoTOpas, B CBOIO OYepe/b, MEHEE YCTOMYNBA, HO O0JIaacT JIydllieh
CMaYMBaIOIIEH CIIOCOOHOCTHIO.

[lepeuncneHHble CBOWCTBAa pPacTBOPOB KOJUJIOMAHBIX U MUCTUHHBIX [IAB
HEOOXOJMMO YUYHUTHIBaTh MPHU HCIOJIb30BAHUM NEHBI B pEaju3allMd COOTBETCTBYIOIIMX
dyukunonanbHbIX eMeHToB CBIIIT (pucynok 2.3). Tak, npu opraHu3aiuu mnpoiecca
NBUICYJIABIMBAHUS, IIEJIECO00pa3HO HCMOIb30BaTh Kkojutounneie [IAB, mnena wu3
KOTOPBIX 00JIaJla€T BBICOKON CTOMKOCTBbIO M HHU3KOW CMauMBaroUleil CIOCOOHOCTHIO.
[Tpu opranuszanuu *e Nporecca OYUCTKU BO3yXa OT MbUIM HEOOXOJIMMO, YTOOBI NIEeHa
obyajana SpKO BBIPAKEHHON CMAaYMBAIONICH CIIOCOOHOCTBIO, YETO MOXKHO JIOOUTHCH,
MpUMEHSISl UCTUHHBIE pacTBOPHI [IAB.

HemanoBaxxHoe 3HaueHue Uil oOecreyeHusi BbICOKOM 3(P(HEKTUBHOCTH
NBUIETIO/IABJIICHUS] TIEHOM B YCIOBHUAX JKCIUIyaTallUM JIEHTOYHBIX TpaHcnopTtépoB bBCY
3aBojoB  KBbUuK  umeroT MakcuManbHO  OOBEKTHMBHasi  OIIEHKA  Mpolecca
neHooOpa30BaHus, BbHIOOp ONTHUMAIbHBIX NapaMeTpoOB MEHOOOpa3oBaTelss U PACUET
NEHOTeHEepPaTOPHON ycTaHOBKH. VMeHHO mosTomMy Oosiee TOAPOOHO PacCMOTPUM

npoliecc menooOpazoBanus (TeHEPUPOBAHUS TICHBI).
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[leny, Kak ¥ APyTHUE TUCIIEPCHBIE CHCTEMbI, MOXKHO MOJTYYUTh TBYMS OCHOBHBIMU
crnocobaMu: JUCTEPralMOHHBIM W KOHJEHCAIIMOHHBIM. [l OOprOBI C  MBUIBIO
OPUMEHSIOT JUCHEPTralluOHHBIN CMOco0 MONy4YeHUs: TEHBbI, Korja oO0ecredyrBaeTCs
WHTCHCHUBHOE COBMECTHOE IUCIEPTHPOBAHUE MEHOOOPA3YIOIIEro pacTBOpa M BO3ayXa
Ha OCHOBE NMPUMEHEHHUS Pa3INIHBIX TEXHOJIOTHH:

- IpoJaBIMBaHUE PACTBOpA MEHOOOPA30BATENs Yepe3 CETKY IMyTeM HKEKTUPOBAHUS
BO3/lyXa CTPYEM pacTBOpa WM MPUHYIUTEIHLHON IMOJa4YH MTOCIICTHETO;

- OapOoTUpOBaHUE BO3/AyXa YEpE3 PacTBOP NEHOO0Opa3oBaTEs;

- MEXaHHYECKOe TIepeMEIINBaHIe pacTBOpa MEHO00Opa30BaTeNs;

- B30aJIThIBAaHKUE PACTBOPA MIEHOOOPA30BATEIIS;

- pacTbUIMBaHKUE pacTBOpa meHooOpa3oBaTens yepe3 (popcyHKy U IpyTrHe.

[Ipr >TOM TEeXHUYECKHE CPEICTBA TMOITYYCHHs BO3TYIIHO-MEXaHHMUECKON IEHBI
BKJIIOUAIOT: penieTdyarbie U 0apOOTaXKHbIE IEHOTEHEpPaTOphbl; BO3AYIIHO-TICHHbBIE
CTBOJIBI, paboTaIIMe MO0 TPHUHIUIY COYIapeHUs CTPyW pacTBOpa; CeT4aThie
NIEHOTEHEPATOPHI; pacTbUIHBAIOIINE dbopcyHKH Pa3TUIHBIX THUTIOB "
ITHEBMOTHIPOOPOCHUTEIIH.

[Tpn menooOpa3zoBaHWM Ha ceTKe, 0apOOTa)ke W B BO3MYITHO-TICHHBIX CTBOJIAX
o0Opa3yeTcsi TMEeHa, COCTOAlAs M3 CBS3aHHBIX MEXIy CoOOH My3bIpbKOB (KOTrIa
paccrosiHue 1, MeXIy COCEAHMMH Iy3bIpbKaMu TieHbl paBHO (), B pe3yibTare 4ero
MIOJIYYAIOT NeHHbIU CIOU WIH 00HEM TICHBI.

[Ipn pacnpUIMBaHUM pacTBOpa MEeHOOOpa3oBaTesisi € MOMOIIbI (POPCYHKHU
oOpa3yercs TieHa, MPEACTaBISIONIas CO0OW MOTOK JUCKPETHBIX IMy3BIPHKOB (KOTIa
paccrosture 1, MeXay COCeTHHUMHM My3bIpbkamu NeHbl Oouibiie 0), B pe3ysbTare 4ero
NONy4YaloT HeHHbld  ad2po30ib. OTIWYUs B COCTOSHHUSX — IOJy4aeMOMl  IEHBI
oOycrmoBnmuBaer B oOmeit crpykrype CBIIIl (pucyHoxk 2.3) Hamuume JBYX
TEXHOJIOTUYECKHUX BUJIOB NMIEHHOTO cr1oco0a O0pHOBI € MBLIBIO:

- 00CeCTIBITUBAHNE TICHHBIM CJIOEM;
- 00€ecIbUIMBaHNE TIEHHBIM a3PO30JIEM.
B Hnacrosimee Bpemsi HamOoJiee MIMPOKOE NMPUMEHEHHUE TMOJydHsia TEXHOJOTHUS

NOJy4YCHUsT TICHbI BCIeHMBaHHMeM Ha cetke [37, 98], xorma mporiecc 0Opa3oBaHMsI
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Ny3bIPbKOB MPOTEKAET YIOPSJAOYEHHO MpPU CPAaBHUTEIBHO PAaBHOMEPHON Tojaye
BO3/lyXa. B ceruaThiX meHoreHepartopax NeHOOOpa3yloLUi pacTBOP MOJA AAaBICHHEM
MOCTYIAaeT Ha CETKy uepe3 pacnbuiutenb. [IoTOK BO3Ayxa, 3KEKTUPYEMbId CTpyEN
pacTBOpa WM  TOJABAa€Mbld  MPUHYAUTEIBHO C  MOMOIIBIO  BEHTUJIATOPA,
IpeIBapUTEIbHO TEPEMEIINBACTCS C PACHbUICHHBIM pPAacTBOPOM IMEped CETKOH u
BBIJIyBa€T Ha CETKE MY3BIPHKH MEHBI, KPATHOCTh KOTOpPOMl MoxkeT mocturatb 1000 u
Oonee, U B OCHOBHOM, OHa OIPEAENSAETCS pa3MepaMH SYEeK CETKH, CTENEHBIO
JIpoOJIeHHs CTPYH pacTBOpPa, a TAaKKe MapaMeTpaMu BO3AyLIHOro nmotoka. Odpa3oBaHue
NIEHBI Ha CETKE MPOMCXOAUT TOJBKO MPH ONPEAEICHHOM UHTEPBAJIC 3HAUEHUI CKOPOCTH
MOTOKA BO3YXA Upmin < Vs < Upmax, IPEACIbHBIE 3HAUEHUSI KOTOPOT'O 3aBUCAT OT CBOICTB

N KOHLICHTpaluu HeHOO6paSOBaT€J'I$I, pPasMECpPoOB AYCCK CCTKU H OINPCACIIAIOTCA I10

Vgmin =0,71 [F b .d W, (2.9)

3aBucumocTt [98, 103]:

_Vp
Ugmax = 27Z'dﬂ , M/c, (2.10)
Vgopt =0,25-v, [ 7-d, wic, (2.11)
TI€ Uopt — ONTHMallbHAas CKOPOCTb BBIXOAA TI€HbI U3 TOPJIOBUHBI CETYATOIO

NeHOreHepaTopa, M/C; ¢ — MOBEPXHOCTHOE HATSXKEHHE pacTBOpa IMEeHOOOpa3oBaTes,
H/M; p, — IUIOTHOCTB BO3LYXa, KI/M° | Vp — KHHEMaTH4YecKas BSA3KOCTb pacTBOpa
neHooGpasosarels, M2/c; o, — pasMep SYEHKH CETKH EHOTEHEPaTopa, M.

[Ipn 3HayeHWH CKOPOCTHM HAOEralwIIero IOTOKA 0z MEHbIIE 3HAYCHUS
MUHUMAJIBHON 0pmin, TIEHOOOPA30BaHNUE MPEKPAIAETCS, a MPU 3HAYEHUU CKOPOCTH g
BBIIIIE MAKCUMAJIbHOU Upmax, OT CETKM HAYMHAIOT OTPBIBATHCS OTHAEJIbHBIE TPYIMIIbI
y3bIPHKOB TIEHBI B BHJIC XJIONBEB, M CILIOMIHOCTh MOTOKA IeHbl Hapymaetcs [103].
AHanu3 MexaHu3Ma [EeHOOOpa3oBaHUSI Ha CEeTKe, a TakkKe ONTUMaJIbHBIX
TEXHOJIOTHUECKUX PEKMMOB IMOJaYM Ha He€ BO3AyXa M pacTBOpa MEeHOOOpa3oBaTems

nokaspiBaeT [98, 103, 104], yTo KpaTHOCTH IEHBI C YBCIMYCHHUEM JaBICHHUS I10Ja4H
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pacTBOpa MEHOOOpa3oBaTeNs JIMHEWHO BO3pacTaeT. JTO OOYCIOBICHO TEM, UYTO C
YBEIIMYEHUEM CKOPOCTH TIOJIa4Md JKUJKOCTM HA CETKY TIOBBIIIACTCS  TaKXKe
MKEKTHPYIOIIAsl CIIOCOOHOCTh MOTOKA JKUJIAKOCTH. Pe3ynbTaThl MCCICAOBAaHUN BIUSHUS
pasmepa «KHBOrO ceueHus» ceTku F. Ha kpaTHOCTh meHbl K TMOKa3bIBAIOT, YTO
CYIIECTBYET OIpeJeICHHOE 3HadeHue F;, KOTOpOMY COOTBETCTBYET MaKCUMaJlbHas
KPaTHOCTh TMEHBI. DTO MOXHO OOBSCHUTH TE€M, UTO MpPHU HEOOJBIIUX 3HAYCHUsAX F
CONPOTHUBJIICHUE CETKH CIHIIKOM BEJIUKO W, COOTBETCTBEHHO, KOJHUYECTBO
MKEKTUPYEMOTr0 BO3[yXa He3HauuTelbHO. [Ipu Oonbiiux xe 3HaYeHusx F. yacthb
BO3/lyXa MOXET CBOOOJHO TIPOXOJAUTh 4Yepe3 sSYeHKH CETKH, HE Y4YacTBYS B
NeHooOpa3oBaHUKM. TakuM 00pa3oM, BIUSHHE JIaBJICHHS IIOJa4YM  pacTBoOpa
MEeHO00pa3oBaTessi Ha KPaTHOCTh MOJy4aeMOU MeHbl HEOJJHO3HAYHO U B 3HAUYUTEIILHOU
CTETICHH OTpEeeIeTCsl Kak CBOMCTBaAMHU IMEHOOOpa3oBaTelisl, TaKk U KOHCTPYKTUBHBIMHU
ocoOeHHOCTsIMU TeHoreHepaTopa [98].

[Tpon3BOIUTEIILHOCTH IEHOTeHEpaTOpa ONpeaeaioT mo popmyite [104] :
Qne = Qp K , M3/C, (212)

rae Q, — pacxoz pacTBopa neHooOpa3oBaTes 4epe3 EHOreHEPATop, M/c.

[Ipu 3TOM HEOOXOAMMO YYUTBIBaTh, YTO NMPU TEHEPUPOBAHUH B OOBEME TEHBI
OJTHOBPEMEHHO IMPOTEKAIOT JBa KOHKYPHUPYIOUINX TpoIecca: oOpa3oBaHUE MEHBI U €€
paspymienue, npudéM o0bEM meHsl V, B TaHHBII MOMEHT BPEMEHH T PaBEH Pa3HOCTHU

00BEMOB CreHEPHPOBAHHOM HEHBI V, M pa3pymeHHoH V,:
4 ° Y (2.13)

OOBEM paspylIEHHOW IeHbl V, MOKHO OIPENEIUTh HAa OCHOBE PAaCCMOTPEHHMS

npouecca €€ pazpyLIeHHs], IPOTEKAIOIIEr0 BO BPEMEHU C OIIPEEICHHBIM YCKOPEHUEM:

V =Q, K-z (2.14)
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rae Qy— pacxox pacTBOpa IEHOOGPA30BATENS B JAHHBIH MOMEHT BPEMEHH, M/C.
Ecnu mponecc oOpa3oBaHus NEHbI BO BPEMEHHM PAaBHOMEPEH, a Ipolecc e
pa3pyluieHus MPOUCXOJIUT C YCKOPEHUEM (a TaKO€ YCIOBHUE BBHIMIOJHAETCSA MPAKTUYECKU
JU1s1 TE0001 TIEHOTeHEPUPYIONIEH YCTaHOBKH), TO 00BEM CYIIECTBYIOIIECH MEHBI MOXKHO

OITPENIENIUTD [0 YPABHEHHUIO:
V,=(Q,-05Q, ) K-z . (2.15)

W3 ypaBuenus (2.14) ciemyer, 4TO MpH T€HEPUPOBAHHM TEHBI BO3MOXHBI TPH
CITydast:

- mpeoOnaganue mporecca oOpa30BaHUS IEHBI HAJl MPOIECCOM €€ pa3pylICHUs
(Qv>Q5), Kora 00BEM CYIIECTBYIOIICH ITEHBI IIOCTOSHHO BO3PACTacT;

- mpeoOiagaHWe Tpolecca pa3pymieHUs TEeHbl Haja TporeccoM e o0pa3oBaHUs
(Qv<Qp), KOrIa 00BEM CYHIECTBYIOIICH TIEHBI YMECHBIIIACTCS,

- CKOpOCTH Tpolecca 00pa3oBaHMs MEHBl U CKOPOCTh €€ pa3pylICHUs paBHbBI, KOTa
00BEM TIEHBI OCTACTCSI TOCTOSTHHBIM.

Anamu3 3aBucumocteil (pucyHok 2.4), mpejacraBieHHbIXx B pabote [107],
NOKa3bIBAET, YTO IS OJKU3HEHHOTO [MKJIAa TI€HBl MOXHO C JOCTaTOYHOM
OTPENIEIEHHOCTHIO BBIJICIIUTh TP BPEMEHHBIX WHTEPBAIa, UMCIOIIUX BIIOJHE YETKUIA
(bu3HYECKUIl CMBICT:

- wuHTepBan BpemeHu oT 0 70 7; XapakTepu3yercs MpeodiasaHueM Ipolecca
neHooOpa3zoBanus Haja paspyuicHreM meHsl (Qy>Q5);

- JUIsl MHTEpBaJla BPEMEHU OT 7, [0 73 XapaKTEPHO PAaBHOMEPHO TEYECHUE OO0OMX
nporieccoB (Qv=0Qs);

- B MHTEPBaJIe BPEMEHU OT 73 JI0 T4 IIPOUCXOAMT Pa3pylieHHe 00pa30BaBIICICs TEHBI, a
nporiecca MeHoo0pa30BaHMs HE HAOII01aeTCs.
B MOMeHT BpeMeHH 73 CKOPOCTh MEHOO0Pa30BaHMsI MaKCUMallbHa, 8 B MOMEHT BpEMEHHU
7, MaKCUMallbHa CKOPOCTh pa3pylleHUs IMeHbl. TakuM 00pa3oM, MHTEPBaIbl BPEMEHH
or0 M0 7y W OT 73 A0 74 TO3BOJSIOT OIEHUTh KHHETHKY COOTBETCTBEHHO

MEHO00pa30BaHUsI U Pa3PYIICHUS TIEHBI, @ TAK)KE MPUHSTHI 32 CTOMKOCTb MEHBI T1/; .
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dvjde

v

T; (%) T3 Ty 7,C

Pucynox 2.4 — VI3mMeHeHre CKOpOCTH MEHO00pa30BaHMs BO BPEMECHH

Jlns ciydasi yCTaHOBMBIIIETOCS TTPOIECCa TeHEPUPOBAHUS MEHBI €€ 00BEM MOXKHO

paccuuTaTh N0 YPaBHECHUIO:
V., =Q, K-z, (2.16)

VYpasuenus (2.14) u (2.15) mo3BOASIOT ONPEAEIUTh KOJTUYECTBO CYIIECTBYIOIIEH
TNICHBI TI0 MapaMeTpaM MpoIeccoB e€ o0pa3oBanus U paspyuicHus. V3 ypaBaenus (2.15)
CJIEyeT, YTO KOJMYECTBO MEHbl B MOMEHT BPEMEHHU 7 3aBHCHUT OT CKOPOCTH MOJA4H
pacTBopa meHooOpa3oBaTells Ha CETKy MeHOreHepaTopa u napamerpa /.

JIiss  HaKOIJICHWs]  OMPEACNIEHHOTO KOJMYeCTBAa TIEHHl HAa TOBEPXHOCTH
TPAHCIIOPTUPYEMOTO CBIPbsI HEO0OXO0UMO, YTOOBI KpoMe Tpebyemoit
MPOU3BOJAUTEIILHOCTH TEHOTEHEpaTOpa CKOPOCTh BO3JYIIHOIO TOTOKa B 30HE
JICHTOYHOTO TPaHCIOPTEpPA HE MPEBBIIIATA CKOPOCTH BBIXOAA TMEHBI U3 TOPJIOBHHBI
neHoreHeparopa (v,>vs;). B 9TOM cilyyae T1eHa, BBIXOJSINAS K3 TOPJIOBUHEI
NICHOTCHEPATOpa, PACHpPOCTPAHICTCS B BHUJAE CIUIONIHOTO TMOTOKa JuiMHOW | u

HaKalinBacTCss A0 OMPCACIICHHOI'O KOJMYCCTBA Ha IOBCPXHOCTH TPAHCIIOPTHPYCMOTO
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CoIpbsi. Benmmuuny | MoxkHO HaiiT 1o Gopmyiie:

| (Un +0, n)~ T, IUTS CILyTHOTO JIBM)KEHUSI ICHBI U BO3IYIITHOTO MOTOKA,
¢ (2.17)

(Un N Uen)° Tos JUIS1 BCTPEYHOTO JIBUKEHHUS TIEHBI U BO3AYIIHOTO MTOTOKA,

TJIe U, — CKOPOCTh BBIXOJa TIEHBI W3 TOPJIOBHHBI MEHOTCHEPATOPA, M/C; 4 — CKOPOCTH

BO3AYHIHOI'O IIOTOKAa B 30HC PACHPOCTPAHCHHA W HAKOIIJIICHHUS IICHEI, M/C, T, — BpEmMA
HaXOXICHU:A IICHBI B OKPYKarOmEM BO3AYIITHOM IIOTOKC, 06Ha,ZIaIOHII/IM CKOPOCTBIO Vg, ,

C.

Benuuuna T,, onpenensiercs no hopmyiie:

T2 pu <Tu |

[
n npu =T, (2.18)

rae Ty, — BpeMs, B TCUCHHEC KOTOPOIO Hy3LIpéK IICHHBI, BI)IHICI[HII/Iﬁ N3 TOPJIOBHUHBI
IICHOI'CHECpATOpa, HAXOAHUTCA B OKPYXKAIOIICM BO3AYHOIHOM IIOTOKC, O6J'IaI[aIOH_[I/IM

CKOPOCTHIO Vg, (OT CETKU IMEHOTEHEPATOPA IO MECTA HAKOILJICHHS), C.

Benuuuny T, MOXHO Oomnpee/uThb 10 (hopmyIie, peIcTaBiICeHHON B padote [23] :

. 07-h
" Js-g-plp,

T

(2.19)

rme h; — BbICOTA PACHOJNIOKEHHUS  TEHOTCHEepaTopa HaJg  IMOBEPXHOCTHIO
TPAHCTIOPTUPYEMOTO CBIPBSI, M; Oy — CPEIHSS TONIIMHA TIEHKY Ty3bIpbKa TIEHBI, M; J —
YCKOpPEHHE CBOGOIHOTO MaeHHs, M/c.

Ecnu BbINonHsAETCS YCIAOBUE 1,<0,, TO MOTOK MEHBI O] JEUCTBUEM BO3TyIITHOTO
MOTOKA PacIajlaeTcsl Ha XJIOMbs WU OT/ACJIbHBIC MY3bIPbKU B 3aBUCUMOCTU OT 3HAUCHUH
Ugn. AHAIIU3 pabOT, MOCBSIIECHHBIX U3YYCHUIO (PU3UKO-XUMHUYECKUX CBOWCTB MEHbI [37,

108, 109] u aaresuonnsix cBsizeii B mene [82, 110, 111], mO3BOIMI OLCHHUTH CHIIBI,
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CBA3BIBAIOLIME MEHHBIE MY3bIPbKU JIPYT C IPYroM. 3Has JaBJIEHHE BO3YLIHOTO MOTOKA
B TOPJIOBUHE NEHOT€HEpPaTopa, MOKHO OIPEACNIUTh KPUTUYECKYIO CKOPOCTb 0, NpHU
KOTOPOM CBSI3U MEXKIY My3bIpbKaMH B 00bEME NEHBI HApYIIAIOTCS, B PE3YyJbTaTe YEro

MOET c(pOpMUPOBATHCS IEHHBIN a3P030JIb:

Ua=3,96-1/% p M. (2.20)

OnHako WM3BECTHO, YTO COCTOSIHHUE IEHHBIX Iy3BIPHKOB B BO3IYIIHOM ITOTOKE
onpenensercs kpurepuem Bebepa We [83, 112, 113, 114], kpuTudyeckoe 3HaAUYCHHUC

KOTOPOTO omnpeernseTcs mo Gopmyire:

2
L2 d

We = 2e mn (2.21)
2-0

W3 ¢opmynsl (2.21) MOXKHO ONPEICIMTh KPUTHUECKOE 3HAYECHHE CKOPOCTH

BO3QYIIHOI'O IIOTOKA, TP KOTOPOM HACTYIIAaCT pacliaa IICHHBIX ITy3bIPHKOB.

v, =L77-| —>— | . (2.22)

dnn ) p@

IIpu v,, > vy, My3BIPBKU NEHBI Pa3pyLIAIOTCA, HE 00Pa30BaB NEHHBIN a3P0O30JIb.

W3 BbIIECKa3aHHOTO CIENYET, YTO TMPU YCIOBUU 04>D, 1EIECO00pa3HO
UCIIOJIb30BaTh O0OpYAOBaHHE, TEHEPHUPYIOIee TMEeHY B BHUJE MEHHOTO a’po30Js, T..
JUCKPETHBIX TICHHBIX ITy3BIPHKOB, HApUMep, (POPCYHKH, YTO MOATBEPIKIACT BBIBOIBI,
npuBeaeHHbIe B padoTax [37, 38, 82, 95, 104, 107, 112, 115].

JIns  monydeHHWsi TIEHHOTO — adpo30Jii TPH  PACTBUIMBAHUK  pacTBOpa
NeHoo0pa3oBatTess pa3aIuYHbIMU TUnamMu GopcyHok co3naroT gasienue 0,2+0,3 Mlla,
kKorma Gopmupyercs BechbMa CTAaOWMIBHBIA (aken cO CpeaHEd CKOPOCTHIO BBUIETA
ny3bIpbkoB  OKkoj0 30 wm/c. HaumbGomee sddexTuBHBIN (daken NEHHOTO a’po307is,
XapaKTEPHU3yEeMbIid BRICOKOH CTEIICHBIO TUCIICPTUPOBAHKS PACTBOPA IMMEHOOOpa3oBaTes
¥ OOJIBIIION TUIOTHOCTHIO, TIOMyYaeMbIi MPH MajoM JaBJIICHUW PacTBOpAa M CIKATOTO

BO3/yXa, CO3JAl0T C IOMOIIBI OpOCUTEIIer mHeBMoruapoopomenus tuna BBK.
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[Ipomecc  pacmpocTpaHeHUsT TEHHOTO  a’po30Jisi  AHAJIOTHYECH  IPOIECCY
pactpoCTpaHEHUsT KalelIbHOTO a’po30js, a POJb Iy3bIpbKa ICHBI B IIpolecce
oOeCIbUTMBAHUS BO3AyXa OMPEICIASTCS CISAYIOIIMMH OCHOBHBIMH (haKTOpaMHU:
CKOPOCTBIO €r0 II0JIETa v, , pa3Mepamu d,, , TOIIMMHON TJIEHKU My3bIPbKa ICHBI 0, U
MTOBEPXHOCTHBIM HATsHKEHUEM Ha IpaHwMIle pasjaena a3 o,... OJHaKo Ipu OJMHAKOBOM
pacxoie JKHUIAKOCTH IUIOTHOCTh (hakena TIEHHOTO ad’po30Jisi 3HAYUTEIBHO BBIIIC
IUIOTHOCTH (pakesla KamnelabHOTO al’po30iisi, 4To obecreunBaeT 00jee BBICOKYIO

3(PEKTUBHOCTD MBUICMOAABICHHUS IEHHBIM a3PO30JIEM.

BriBoabI

Takum o0pa3omM, B pe3yJibTaTe€ BBIMOJHEHHOIO 3Tara HUCCIEIOBAHUIN BBISBIICHBI
OCHOBHBIC (DAKTOPHl M HWCTOYHHMKHU 3arps3HEHUS BO3AYIIHON CpeAabl TOPOJCKHUX
TEPPUTOPUM, XapaKTEpHBIC IJIs MPEANPUATHN CTPOUTEIbHOW HHAYCTPUM, H3YUYCHBI
OCOOEHHOCTH COCTOSIHHS BO3AYIIHOW cpeabl B pabodmMx 30HAX 3aBOJIOB IO
WU3TOTOBJICHUIO  JKEJIE300CTOHHBIX  KOHCTPYKIIMH,  ONpeIeNeHbl M OINHCAHBI
HPHEPTeTUYECKUE XAPAKTEPUCTUKHU TMPOIECCOB U SIBJICHUN, HAOIIOJAEMbIX B MBUIEBBIX
a’p030JIsiX, 00pa3YIOMUXCSA M BBIICTSIOMUXCSA B BO3AYIIHYIO CpPeAy Ha 3aBOJaxX IO
W3TOTOBJICHUIO JKEJIE300C€TOHHBIX KOHCTPYKIIMH, a TaKk)Ke OIEHCHO BIUSHUE ITHX
OCOOCHHOCTEM Ha YCJIOBUS pealu3allid mpolecca oOeCHbUIMBAaHUSA — BO3JyXa.
BrinmosHeHHBINH aHAM3 COBPEMEHHOTO COCTOSIHUS TEOPHH U MPAKTHUKUA OOCCIBUIMBAHUS
TEXHOJIOTUYECKOTO ChIPhs U BO3/lyXa B paboueil 30He JEHTOYHBIX TpaHCTIOpTEPoB BCY
3aB010B JKBbUuK, BKiItoUas TeopeTnyeckrue moaxo/abl K OMMCAHUIO MPOIECCa MbIIIEBOTO
3arpsi3HEHUS]  BO3JAYIIHOM  Cpebl, CHUCTEMaTH3alMI0  COBPEMEHHBIX  CPEJACTB
00eCbUIUBAHUS TEXHOJIOTUYECKOTO ChIPbsl M BO3yXa, TEXHOJIOTUUYECKHUE OCOOCHHOCTH
MOJIyYEHHUsI TIEHbI, €€ OCHOBHBIE CBOMCTBA W YCJIOBHUS MEHOOOPA30BaHUs, MO3BOIUII
BBIJICIIUTH MEHHBIM CIIOCO0 Kak HanboJiee SJKOHOMUYHYIO TEXHOJIOTHIO OOPBOBI C MBUIBIO

B pacCMaTpuBaCMbIX ITPOU3BOACTBCHHO—TCXHOJOINYCCKHUX YCIOBUAX.
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[Tomy4yeHHble pe3yiabTaThl IMO3BOJSIOT IEPEUTH K pa3pabOTKe anropurMma
peanuzanuu  (PU3MKO—HEPreTUUYECKOTO MMOJX0/Jda K OIIEHKE M COBEPIICHCTBOBAHUIO
METOJAUKH BBIOOpAa ONTUMANBHBIX JUISI 3aJaHHBIX [POU3BOJCTBEHHBIX YCIOBUU
TEXHOJIOTUH oOecnblUiiBaHus TieHOW. JlampHe#mme wuccienoBaHuss NpoBeAEM Ha

IpumMepe JICHTOUHbIX TpaHcnopTépoB KbHUuK.
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3 COBEPHIEHCTBOBAHUE METOAMKH OLIEHKH U BBIGOPA
BBICOKO®®EKTUBHbBIX U JQHEPI'ETUYECKHN DKOHOMUNYHbBIX
TEXHOJIOT'MI OBECHBIJIMBAHUS IEHOM

C 1enbl0 MCHOJNB30BAHUS IOCTPOEHHBIX W ONHCAaHHBIX B ILIL1.S wm 2.1
(bu3HUeCKUX MOJENEH mpouecca 3arpsi3HeHUs U MpoIecca CHIKEHMS 3arpsiI3HEHUS [
BBHIOOpa ONTHMANLHON W3 YCIOBUM oOecrieueHuss TpeOyemoil »(QeKkTuBHOCTH U
MaKCHUMAaJIbHOW SHEPreTHYECKOW 3KOHOMUYHOCTH TEXHOJIOTMU 00€CTbUIMBAHUS MEHOMH,
a TaKke s pacu€ra pabo4yux MapaMeTpoB 3TOM TEXHOJOIMU NPH MPOEKTUPOBAHUH,
PEKOHCTPYKIIMU M JIKCIUTyaTallud MPEINPHUSTHI 1O W3rOTOBIEHHUIO KeJIe300€TOHHBIX
U3JIEIMI U KOHCTPYKLHMM, HEOOXOAMMO MpEeIIOKUTh TAaKyl0 METOJUKY, KOTopas
no3BoJisijia Obl KpOMe psAlia MPOU3BOJCTBEHHO—TEXHOJIOIMUECKUX MapaMeTpoB H
(UBUKO—XUMUYECKUX XapaKTEPUCTUK MPOU3BOJICTBEHHOTO MPOLIeCcCca TAKXKE YUUTHIBATh
ycioBusi obecneueHusi [IJIK B paboueil 30HE NPOU3BOJCTBEHHBIX MMOMEIICHUM
JICHTOYHBIX TPAHCIOPTEPOB M B BO3AYIIHOM OacceiiHe MPOMBIIUICHHBIX IJIOMIA0K
IPEANPUITUNA CTPOUUHIYCTPHUHU.

Takas MeToAMKa MOXET OBITh IOCTPOEHAa, B YACTHOCTH, HA AHAIUTUKO—
JIOTUYECKON cXeMe, BKIIIoYarolled OoJblIoi 00BbEM ONepaTUBHON W HOPMATHUBHO-
CIIPaBOYHOM uHbopMaIu, pacyéTHbie napaMeTpuyecKue 3aBUCUMOCTH
3Q(DEKTUBHOCTH UM KPUTEpUS  HDHEPreTUYECKOM HKOHOMHYHOCTH  (Hampumep,
3HEepProéMKocTHOro mokasarens [44, 45, 47, 51]) nporecca oOecHbUTUBAHKS, a TaAKXKe
PAl KPAeBBIX YCIOBUM.

NmeHHO mno3TOMYy OCHOBHOM 3aJadyed CIEAYIOUIEro JTamna MWCCIEI0BaHUN
SBIIAETCS MAaTEMAaTHMYECKOE OMHCAaHUE TMpolecca OOeCHbUIMBAHUS TMEHOW BO3JyXa W
TEXHOJIOTUYECKOTO CHIPbS I YCIIOBHM JKCIUTyaTalluM JIEHTOYHBIX TPAHCHOPTEPOB Ha
OCHOBE TIOJIYYCHHUS MMapaMETPUUYECKUX 3aBUCUMOCTEH S(D(PEKTUBHOCTH U KpUTEPHS

BHCPFCTHHCCKOﬁ OKOHOMHUYHOCTH.
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3.1 MaTemMaTH4YecKoe ONMMcaHHe OCHOBHBIX 3TaloOB Mpolecca

00ecnbIIMBAHMSA TEHOM

B cooTBeTcTBHM C paccCMOTPEHHBIMH B 1.2.2 TOJIOKEHUSMHU OOECIBUITMBAHHE
TICHHBIM CIIOCOOOM MOKET OBITh MPUMEHEHO:

- Ha 3Tare Mnbuie3aJep KaHns, KOorja UCIIOIb3YIOT MEHY B BUJIE CJIOS, PACIOJI0KEHHOTO
HETIOCPEICTBEHHO BOJIM3HM TMOTOKA TPAHCHOPTHUPYEMOTO CHIPbSI M MPEMATCTBYIOIIETO
BBIXO/Iy M3 3TOTO MTOTOKA MBIIEBBIX YaCTHUI] 33 CUET DKPAHUPYIOIINX CBOWCTB;

- Ha JTane OYHUCTKH acHUpHUpPyeMOro (BEHTWISIMOHHOTO) BO3AyXa OT IBUIEBBIX
YacTHUIl, KOTJa HCHOJB3YIOT MEHY JUOO B COCTOSHUHU a’po30Jisi, OO B BUAE CIOS,
00ecrevnBaroNIyI0 B aKTUBHOM 30HE MPOIIeCcca OUYNCTKU OT/ICTICHUE MBUIEBBIX YACTHI] OT
BO3/YITHOTO MOTOKA C MOCJIEIYIOIINM BRIOPOCOM OYHIIIEHHOT'O BO3yXa B MPU3EMHBIN
cioi atMocdepsl;

- Ha 9Tane NPUHYAUTEIHHOTO pACCEHBAHMS MBUJICBBIX YACTUIl B MPU3EMHOM CIIOE
atMoc(epbl, KOrja HCIOJIb3YIOT TEHY B COCTOSIHUU a’3po30Jisl, O0EeCIeunBarolero
MHTEHCUBHOE pa3yJlajeHHe MbUIEBBIX YACTHIl B ClIydae, KOTJa Ha 3Tale OYHMCTKH HE
o0ecrneunBaeTcs MOJHOE OTACNICHUE BCEX MBUIEBBIX YaCTHUI] OT BO3AYITHOTO MOTOKA C
MOCTICYIONIUM HX BBIBOJIOM B MPU3EMHBIN CI0M aTMOC(hEpHI.

[IpuueMm, mnbLI€3aAepkKaHUe (PKPAHUPOBAHUE) BBLACIAIOLIUXCS W3 IOTOKA
TPaHCIOPTUPYEMOI'O MbUIEOOPA3YIOMIET0 ChIpbs (MECKa, MIEOHS W JIp.) pealu3yloT Ha
OTKDBITHIX HMCTOYHHMKAX BBIJCIICHUSI TBUIEBBIX YACTHI, K KOTOPBIM OTHOCSATCS
JICHTOYHBIE TPAHCHOPTEPHI, TPH OTHOCHUTEIHHO MAaJIbIX CKOPOCTSX OKPYKaIOIINX
BO3IYILIHBIX MOTOKOB (M0 1,5 M/C), a OUMCTKY BO3AyXa OT MBUIEBBIX YACTHI] M HX
NPUHYAUTEIHLHOE PACCEMBAHHE B MPU3EMHOM CIIO€ aTMOC(Epbl — MPU OTHOCHUTEIHHO
OOJIBIINX CKOPOCTSX Ta30BO3IYIITHBIX MOTOKOB (CBBIIIE 2,5 M/C).

Takum oOpa3zom, MaTeMaTHYECKOE OMHMCAHUE Ipolecca OOECHbUTUBAHUS TEHOU
BBIMIOJTHAM  TIOCTIEOBATENbHO  JUIsl  CJHEOYIOINIMX  OCHOBHBIX  €r0  OTaloB:
nbIIe3aepKaHus, OYUCTKH acIIUPUPYEMOT0 BO3/AyXa OT MBUTH U €€ MPUHYAUTEIHLHOTO

paccerBaHus MPH IKCIUTyaTaluu JeHTOUYHbIX TpaHcnopTépoB bCY 3aBonos KbUuK.



101

3.1.1 IlsL1e3agepxkanue

MareMaTuyeckoe OINKCaHUWE Tpolecca MblIe3aJepKaHus Uil YCJIOBHIA
JKCIUTyaTanuu JeHTOUYHbIX TpaHcnopTépoB bCY 3aBonoB KbMuK, cymHocTs KOTOpOro
3aKJII0YACTCST B HCIIOJIB30BAHUU CJIOS TI€HBI, BBIMOJHAIOMIETO (GYHKIMUA SKpaHa,
MPETISATCTBYIONIETO BBIXOJAY TMBUICBBIX YAaCTHI[ M3 TMOTOKAa TPAHCIOPTHUPYEMOTO
TEXHOJIOTUYECKOTO ChIPbsI, BHIMIOJIHEHO HAMHU C YUYE€TOM YIPYTHX CBOMCTB IMy3bIPHKOB
NIEHBI, a TAK)Ke MapaMeTPOB BO3BPATA B 3TO ChIPhE MbIJIEBBIX YACTHUIL 32 CUET PA3TUUHBIX
bu3HUecKMX MEXaHW3MOB HMX 3axBara. Kpome TOoro mapaMerpudeckue 3aBUCUMOCTH
3¢ PeKTUBHOCTH  OOECHBbUIMBAHMS U JYHEPrOEMKOCTHOTO  MOKazarelsl  Kak
pPEe3yABTUPYIOIIMX [apaMETpPOB TMEHHOTO crocoba mblIe3anepkaHus obecredar
BO3MOXHOCTh TPOTHO3HOTO pacyéTa HMX 3HAYCHUU JUIsi pacCMaTpUBAEMOro JTara
nporecca oOeCHbUIMBAHUS BO3AyXa C Y4Y€TOM OCOOEHHOCTEW B3aMMOACHCTBUS
IBLIEBOTO a3P030JIs CO CIIOEM TEHBI.

Pesynbrarom peanuzamuu mporecca MbUIe3aiepkKaHUS TEHHBIM CIOCOOOM
aBisgeTcs ero 3G(EKTUBHOCTD, I OMpPENETCHUS KOTOPOW MPUMEHSIOTCS Pa3THYHbIE
3aBucuMocTH [37, 67, 81, 98, 104, 115, 117]. OxHako, 3TH 3aBUCHUMOCTH MPHUBSI3aHbI K
KOHKPETHBIM BHUJAaM IE€HOT€HEPUPYIOUIEro OO0OpYJOBaHUS M HEIOCTATOYHO IOJHO
OTpaXKaloT BCE CTAJUU MPOIIeCcCca B3aUMOICHCTBUS TBUIEBOTO a3P030JIs CO CIIOEM TIEHBI.

Pacuer s¢ddexTuBHOCTH peanu3aunuy Mpolecca MbUIe3aJepKaHUus OCHOBAaH Ha
y4€Te BEPOATHOCTHOM pealin3aliii MoCie10BaTeIbHbIX B3aUMO3aBUCUMBIX (PU3MUECKUX
MEXaHU3MOB B3aUMOJICUCTBHUS TBIJIEBBIX YAaCTHI[ C OTAEIbHBIMHU IY3BIPHKAMH CIIOS
IICHBI, 94TO 10 aHAJIOTHH C (HOPMYIIOH, MpeacTaBiecHHOW B pabortax [118-123], moxer

OBITh OMKUCAHO CIAEAYIOIIECH 3aBUCUMOCTBIO:

E,,.=1-0-E

aqb(l)—ns)' (1_ E

sp—n3 3qb(2)—n3) ’ (1 - Ead)(3)—n3) , (3.1)

rac Egd,(])_m - 3(1)(1)€KTI/IBHOCTL 3aXBdaTa U BO3BpPAdTa IIbIJICBBIX YACTUIl IICHHBIM CJIOCM B

IOTOK TEXHOJOIMYECKOrO ChIpbA I0J JECHCTBUEM MHEPLUMOHHBIX CHUIL; Fop0).s
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3G (HEKTUBHOCTh YMPYTOro B3aUMOJCUCTBHUS (OTTAJIKWBAHMS) THUJICBBIX YaCTHI[ C
Iy3BIPbKAMH TIEHBI; E,p3).,; — 2QOEKTUBHOCTD 3aXBaTa IBUICBBIX YAaCTHIL ITy3bIPEKAMU
NIEHBI MOJ] IEUCTBUEM DJIEKTPUUECKHUX CHUII.
O¢dextuBHOCTD E,4())-n; XapaKTEPU3yeT, TaKUM 0Opa3oM, 3aXBaT U BO3BpaT
IBLICBBIX YacCTHIl IeHHBIM ciioeM (mpu 1, = 0) B MOTOK TEXHOJOTMYECKOI'O CHIPbS Ha
NEepBOM CTaauM B3aUMOJCHCTBUSA TMOJ| ACHCTBUEM HWHEPIUMOHHBIX CHJ, 3aBHCHUT OT

ko3 (ppUIIMeHTa HTHEPITMOHHOTO OcaxAeHus K, 1 onpeaenseTcs mo hopmye:
anb(l)—rw - 1_ RMH . (32)

Koadpduruent K, onpenensiercs [124, 125]:
- OpHU YCJOBHH, KOTJA CKOPOCTh Iy3bIPHKOB ¥, MEHBIIE CKOPOCTH, MPH KOTOPOM

Iy3BIPEKH JPOOATCS Uy, TO €CTH U, < Dy, , TO (HOPMYIIE:

Stk

K =— 3.3
“ Stk + A ¢9

- €CIIK XK€ v, = Vop, TOIAA IIPOLECC I[pO6J'ICHI/I$I ITY3BIPEKOB HOCUT MacCCOBBIN XapakTep u
Ead)(])-m: 0.

Yucno Crokca Stk onpenensiercs o ¢popmyie [82]:
Stk = Ju 0P (3.4)

rae d, — IuamMeTp 4YacTHll, M; U, — CKOPOCTh HEBO3MYIIEHHOT'O BO3AYIIHOI'O IOTOKA,

HaOerampIIero Ha MPEnsSTCTBUE B BUJE CIIOS TEHBI, M/C; p, — IUIOTHOCTH IBIIEBOTO

3. ~ s

MaTepuaia, Kr/M', U, — KOIPPUIIMEHT AMHAMUYECKON BSI3KOCTH BO3/ayXa, PaBHBIN

-5 e o

1,82-107 Ia-c; |; — xapakTepHbIit pa3Mep 00TEKAeMOro MPEISATCTBUS B BUJC CII0SI IICHBI,

M, KOTOpPBIH Jij1st ieHHoro cios (ripu 1, = 0) npuaumaer 3navenue l.
. 1
B ornenke 3nauenuii ko uimenta 4;” y pa3nudabix aBtopoB [37, 119, 125]
HAOJIFOMATOTCSL  OMpENEiEHHBIC  PACXOXACHHUS, KOTOPHIE  MOXHO  OOBSICHUTH

3aBUCUMOCTBIO 3TOI'O KOC—)(l)(I)I/IHI/ICHTa OT Pa3MCPOB YaCTUL, CKOPOCTHU HUX ABHIKCHUA,
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CKOPOCTH IIy3bIPbKOB U psiia Apyrux ¢GakTtopoB. [I[puMEeHUTENHEHO K IIEHHOMY CIIOCO0Y
peanu3aluuy Mpolecca IMbUIe3aJAepXKaHUsl MOYKHO BbBIACIUTh MbUJIEBbIE YaCTHIIbI
pasmepom d,,, KOTOpble HE MOTYT JOCTUYb IIEHHOTO CJIOS, TaK KaK HX JBHKCHHUE
HACTOJIBKO 3aMEJUISIETCS, YTO OHU TEPAIOT MHEPLUIO U O] BIMSHUEM COCTABJISIOLIUX
CKOPOCTH, MEPHNEHAUKYISIPHBIX HANPABICHUIO JBUKEHUS OCHOBHOTO MOTOKA IMBUIEBBIX
YacTULl, CHOCSTCS MapajyieIbHO BHYTPEHHEH MOBEPXHOCTH cjosd MeHbl. C yueTrom
OKCIIEPUMEHTAIBHBIX JIaHHBIX W METOJAMKH, TPEACTaBICHHBIX B paborte [126],
MPUMEHUTEIBHO K MEHHOMY CIIOcO0y MOMyYeHa 3aBUCHMOCTH Kod(guimenta A" ot
COOTHOIIICHUS (PaKTHYECKUX pa3MepoB 0, TMBUICBBIX YACTHII U WX KPUTHUYECKOTO

pazmepa d,,:
1 1
A =2-10", (3.5)
1 .
rae N;° — KO3(p(UIHMEHT, YYUTHIBAIOIIUKA COOTHOIICHHE (PAKTUUECKUX pa3MEpPOB

MBUIEBBIX 4YacTHLl O, M MX KPUTHYECKOro pasmepa 0, OIpenenseMblil CIeIyOIIM

obpazom:

n]]_- == O, HpH dw = del (36)
1

3nauenus d,, ONPEAEIAI0TCS KPUTHIECKUMU 3HaueHnsIMH urcna Stk mo ¢opmye

[126]:

9-u -Stk_-d
d = [~ H e T (3.7)
v-p,

3nauenue Stk,, 3aBucuT 0T QopMbl 00BbEMA MEHBI, PACIIONOKEHHOH B BUAE CIOS
HaJl WCTOYHHMKOM TbUIeBbIneneHus [127]. Kpome TOro, koHdurypamuss camoro
MCTOYHUKA MBUIEBBIACICHHUS TaKkxke BiuseT Ha 3HaueHHe Stk,,. Cumras mHepumoHHOE
OCAKICHME YaCTHULl Ha IIEHHOM CJIO€ aHAJOIMYHBIM OC&XJEHUI0 Ha IUIACTHHE,

IIpHHUMAEM JJIs Iponecca NblIC3adCpKaHu .
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- Stk,, = 0,28 Ha uCTOYHMKE NBUICBBIICICHUS NPSIMOYTOJIBHOTO CEUeHUs (4To
XapaKTEPHO MOBEPXHOCTH JICHTHI TPAHCTIOPTEPA);
- Stky, = 0,1 Ha HCTOUHMKE MBIIEBBLAEIEHNS KBAAPATHOTO WM KPYTJIOTO CeUeHUs (UTO
XapaKTEePHO 3arpy304HbIM, TUOO Pa3rpy30UHBIM OTBEPCTUSAM Y3JI0B IEPETPY3KH).
CKOpOCTh BCTpEUH MBUIEBBIX YaCTHUI] C My3bIPhKAMU IIEHHOTO CJI0S ONPEEIsIeTCs
CKOPOCTBIO ,, KOTOPAsi 3aBUCUT OT CKOPOCTH BUTAHMS Us MBLJIEBBIX YACTHI] U CKOPOCTH

HepeMeIICHIS HCTOYHHKA MBUICBBIACIICHUS U, (111 OTKPBITHIX HCTOYHUKOB) [128]:

IIPU Vs > Vg
v, = - (3.8)

IPU Vs < Vg,

CKOpOCTB BUTAHUS MbLICBOM HJaCTHUIbI Vg 3aBUCUT OT IINIOTHOCTHU e€ MaTcpuaiia, ee

pasMepoB, a TaKKe BA3KOCTH BO3IYIITHON CPejibl, U ornpeensercs mo gopmye [82]:

dq P, 9 npu d, < 60 MKM,

v. =4 18- 4, (3.9)
31,468 p, -d,, npu d, > 60 MKMm.

AHaM3 OCHOBHBIX TapaMETpOB Tmpolecca meHooOpasoBanus [129] mnpm
CKOPOCTSAX BO3AYLIHOTO MOTOKA 04, <IM/C, UTO XapaKTEpHU3yeT OTKPHITbIE MCTOUHUKHU
ObUIEBBIZIENEHUST (K~ KOTOPBIM  OTHOCSITCS ~ paccMaTpUBaeMble  JIEHTOYHBIE
TPaHCHOPTEPBI), MO3BOJIWI NOJYYHUTh I IEHHOTO CJOS CIEIYIOIUE 3aBUCHMOCTH
CpeIHETrOo AMaMeTpa My3bIPHKOB TIEHBI d,,,:

- IIpY MOJIYYCHHUU CJIOA IICHBI CETYATBIMU IICHOTCHEpAaTOpaMU.

IIPH U= Omin ,

d, = <10(dﬂ + Iﬂ)'\/K 'Qp -d, -d, /(”'Vp)’ IPU Vmin<Uc< Vmax (3.10)
5(d, +1,)-\K-Q,-d,-d /(z-V,);

IPH U= Umax ;
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- TIPH TIOJTYYSHHUH CJI0S NIEHBI 0apOOTaKHBIMU MTEHOTEHEPATOPAMHU:

4.r6.o'p /(Unpn.ll’lp)’ HpI/I Refl,

o
Il
N

nn r6 ) Gp ) g /(28'Unpn .lup)’ Inpu 1<Re< 800, (311)
\1’28.01’ -?»\/r6 /(Unpn P, M, -pg), npu Re > 800,

rae 0, — SKBUBaJCHTHBIN JMaMeTp SYCWKH CETKH TeHOTeHepaTopa, M; d. — amamerp
comia (pOPCyHKH ceTyaToro TMeHoreHepaTopa, M; 1, — paccTOsHHE MEXIy IHEHTpaMu
sS4eeK B CETKe, M; 7], — KHHEMaTH4ecKasl BSI3KOCTb pacTBOpa IeHO00pa3zoBaTels, M/C; I';
— panuyc Oapbotépa, M; 4, — JMHAMHYECKas BA3KOCTh PAacTBOpPAa NEHOOOpa3oBaTel,
ITa-c; vu, — CKOPOCTH My3BIpbKa B PAcTBOpPE IeHOOOpasoBarens, M/C; 0, —
MOBEPXHOCTHOE HATSKEHUE pacTBOpa MeHO00pa30oBaTeis, H/M.

CKOpoCTh v BBIXOJa TOTOKA MIEHBI Y€pPe3 CETKY MEeHOTeHepaTopa ONpeeieHa 1o

dopMmyIte ¢ y4ETOM ypaBHEHHUS HEPa3phIBHOCTH MTOTOKA!
v.=4-Q/7-di=025-v,/7-d, , we. (3.12)
CKOPOCTH Upin B Dmax OTIPEACIISIOTCS COOTBETCTBEHHO 110 hopmyram [129]:

(3.13)

(3.14)

Ecmu v, < vpin, TO pacTBOP MEHO000pa30BaTENS MPOCKAKUBAET YEPE3 CETKY B BHJIC
Kareib, He 00pa3ys My3bIPbKH IEHBI, a MPHU U, > Umax OOpa3yroIIMEcs Ha CETKe
My3bIPbKH TICHBI MTHOBCHHO Pa3pyINAIOTCS O] BO3JCHCTBHEM BO3AYIIHOTO IMOTOKA,
npoxosiiero yepes cetky [130].

CKOpOCTh My3BIPbKA 0,,, B PAacTBOpe HEHOOOpa3oBarels Uil 0apOOTa)KHOTO

NeHOreHepaTopa omnpeaensercs mo popmyite [51, 129]:
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(g -d,,-p,/3u,, npu Re<1,
v =4 ,gZ /336V npu 1<Re<800, (3.15)
npn nm p!
2'(4'%9/3',% 1 J'°13, wic, npu Re>800.

C yueTom 3aBuCUMOCTH (2.4) KpaTHOCTh MIEHBI OTNpeeNsaeTcs mo Gopmyie:

K=Q,/Q,=078-d,.-V,/Q, (3.16)

3 _ .
rae Q, — pacxox meHsl, M°/c; d,. — AMaMeTp CTBOJIA MEHOreHepaTopa, M; V. — 00BEM
3
CJIOS IIEHBL, M.
Pacxon pactBopa nenoob6pasosareins Q, onpenensercs no popmye:

- IIPH IIOJIYYCHHUH CJIOS IICHBI CCTYATBIMU IICHOTCHEPAaTOpPaMH.
-5 /
Qp = 5723 ) 10 ) ac Hp ' M3/C ) (317)

. 5 -
rie o, — K03 QUIMEHT pacXoja CoIia OPOCHUTENsI, MPUHUMAaeMbIii paBHbIM 5-107°d,;

- IPY TIOJIYYEHHH CJI0S1 TIEHBI 0apOOTaXKHBIMH TEHOTE€HEPATOPAMMU:
Q,=h-F/K-7, v (3.18)

rae h, — BbICOTa CJI0si MEHBbI B MOJIOCTH KOpIyca MeHoreHepatopa, M; F, — rmiormas
2
CEUEHMS KopIlyca IEHOreHepaTopa, M”.

BeicoTa ciiosi meHbI B TOJIOCTH KOpIyca IMeHOoreHeparopa N, ompeenseTcs 1mo

bopmye:
h,=274-10°-h U, 1650, 4, w (3.19)

[Inomans ceyeHus kopmyca neHoreHeparopa F, HaxoauTcss B 3aBUCUMOCTH OT

KOHCTPYKTHBHBIX MTapaMETPOB arapara u onpeaensiercs no Gpopmyie:
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F =27R? w2 (3.20)

[110THOCTB TIEHBI P, ONPEACIASTCS CIACAYIOIUM 00pa3oM:
p, =100- P, P, /Cmp -(pg —pp)—i—lOO Py Kkr/m° (3.21)

¢ Cmp — MacCoOBasd KOHLOCHTpALUA HGHOO6paSOBaT€JI}I B pacTBOpPC, %, KOTOpad

onpenensercs no popmyie:
Cop =100-Q,0,/(Q, -, +Q, £, ) %, (3.22)

[InoTHOCTH pacTBOpa MEHOOOpa30BaTENsl MOXHO ONPENEIUTh, 3HAsl 3HAUYCHUS
IUIOTHOCTH CaMOT'0 MEHO00pa3oBaTesis U BOAbI, B COOTBETCTBUM C 3aKOHOM COXPaHEHUS

MAacCCBhI:
Qp 'lOp :Qeoa'p600+Qno.pno’ (323)
pp = (Qeod ) peod + Qno ) pno)/Qp ' KF/M3' (324)

[Ipomecc sKkpaHUpOBaHUS THUIEBBIX YACTHI[ CIIOEM TICHBI XapaKTePHU3yETCs
3pdexTuBHOCTBIO E, 5 2)-05, BEMMUMHA KOTOPOH 3aBUCHT, INIaBHBIM 00pa3oM, OT CBOUCTB
NEHbl M CKOPOCTHM BCTPEYM TBUIEBBIX YACTUIl C My3bIpbkamMu TeHbl. C  ydeTrom
pPe3yJbTaTOB AKCIEPUMEHTAIIBHBIX M TEOPETUUYECKUX HCCIETOBAHUM, MPECTABICHHBIX
B paborax [37, 131, 132], npUMEHHUTENbHO K IIEHHOMY CIJIOI0 BEJIUYHHA  E,p0)ns

onpenensiercs no popmyie:

2
US
E 20, =1~ €XD| —0,693- [ , (3.25)

IIe 0y, — KPUTHYECKass CKOPOCTb IBUICBOM YAaCTUIBI, IPU KOTOPOH ITy3bIPEK MEHBI

MOKET Pa3pyIIUTHCS IPU SIKPaAHUPYIOIEM (YIPyroM) B3aUMOICHCTBUH, M/C.



108
3HaueHue v’,, MOXKHO ompeneanTs Ha ocHoBe [130, 131] ¢ yuérom ympyrux cBOWCTB

IJIEHKU ITy3bIpbKA:

v, =\[27-o-d,Im,-[5/5,-0+d,/d,-(d,+5,))-1] (3.26)

rae 6, d,, — COOTBETCTBEHHO CPEIHsA M KPUTHYECKas TONIIMHA IUIEHOK B IEHHBIX
my3bIpbKax, M; M, — Macca MbIJICBON YaCTHUIIbI, KT.

N3BecTHO, YTO TOMIMIMHA TIEHOK B MEHHBIX IMy3bIPhKAaX MEHSIETCS BO BPEMEHU 3a
CYEeT HCIIApEHUs, HWCTCYCHHS pacTBOpa M3 IUIEHKH, YHOCAa pacTBOpa BO3IYIIHBIM
MOTOKOM M Jp., YTO BEIWYMHA O 3aBHCHT OT JUIMHBI BOJIHBI NpOru0Oa IIEHKH,
MOBEPXHOCTHOTO HATSHKEHUS U IPYTUX (HAKTOPOB, YTO IMY3BIPEK HE pa3pyIiaeTcs A0 U B
NEPUOJT TOSBJICHUS HWHTEPPEPEHIMOHHBIX II0JOC W  pa3pymaercs IoclIe HUX
HCYE3HOBEHUS, TO €CTh IPH TOJIIWHE TUIEHKHA J10 7,6-10'7M, a Taxxke 10 4-10"m [131,
132].

B cBsi3m ¢ 3TUM 17151 JAaNBbHEHIIMX PAacYeTOB B HAIIMX HMCCIICAOBAHUSIX MIPUHUMACM
cpeaHee 3HAYEHHWE TOJNIIWHBI TUIEHKH ITy3bIpbKa B TIEHHOM CJIoe O = 7,6:10"m, a
KPUTUYECKOE 3HAUEHHE Oy, = 4-10"m.

Macca MBUIEBOM 4YacTHIBI M,, 3HAYEHWE KOTOPOW 3aBHCHT OT IUIOTHOCTH €&

MaTtcepuajia U padMepoB, MOKHO OIIPCACIIUTD 110 (I)OpMy.IIei
m,=z-d>-p, 16 , xr. (3.27)

3axBatr YacTHII MbUTA TIEHOW MO/ ACHCTBUEM dleKTprueckux cui [114, 133, 134]
XapaxkTrepusyercss 3PQPEKTUBHOCTBIO E,p;3)..;. AHANIN3 SKCHEPUMEHTAIBHBIX JAHHBIX
[134] mo3BoHIT TONYYHUTh 3aBUCHMOCTD 3(()EKTUBHOCTH 3aXBaTa MBUICBBIX YaCTHIL TO]T
JEeWCTBUEM DJICKTPUYECKUX CHUJI, KOTOPYIO MCIIOJIb3yeM B pacuéTax MPUMEHHUTEIBHO K

IICHHOMY CIIOCO0Y MpH MCIOJIb30BaHUH TIEHHOTO ¢j10s (1, = 0):

E =17-102.9,>%, (3.28)

o (3)—n3

r71e (o — yICTbHBIN dJIEKTPUIECKU 3aps neHbl, Ki/m.
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Heo0xo1umMo 0TMETHTh, YTO MPHU UCKYCCTBEHHOH AJICKTPU3AIMH TICHBI BEJIMYMHA
yJIEIBHOTrO 3apsia (o 3aBUCUT OT CIIoco0a MOA3aPSIIKK MEeHbl U BEJIMYMHBI TOTCHIIMAJIA
[134].
C yuerom ypaBHenud (3.2)-(3.28) 3aBucumocts (3.1) sddexTuBHOCTH

IbLIC3aCpyKaHusl MEHHBIM CIOCOO0OM ¢ mpuMeHeHueM menHoro cios (1, = 0)

IMPUHUMACT BHU:

E.pns =1-d?-v-p, /(d,{2 0. p, +360- 1, -I)-
cexp|-7.48010% - p,-(U/d, +21d,/d, -(d, +4-107 )] (329)
(1-17-10°.¢°%) -

Hapsiny ¢ mapamerpudeckoit 3aBUCUMOCTBIO 3(D(PEKTUBHOCTH TbLIE3aACPIKAHUS
(3.29) nnsg  TOBBIIEHHUS] CTETMEHM OOBEKTUBHOCTH BBIOOpAa  TEXHOJIOTMYECKHUX
napamMeTpoB MbLIE3aJep)KaHUs TEHOM HEOO0XOJUMO TMONYYUTh IMapaMeTPUUECKYIO
3aBUCUMOCTb 3HEPro€EMKOCTHOT'O MOKa3aTeNs 3TOro Mpoliecca.

Jlist mosty4eHusl Takol 3aBUCUMOCTH C YYETOM IMapaMeTpUueCcKOl 3aBUCUMOCTH
apdextrBHOCTH (3.29) HEOOXOIUMO OMPEACTUTh JSHEPreTHYECCKUE MapaMeTphl,
CBA3BIBAIOLIME  MEXAY  Cc000H  (DU3MKO—XMMHYECKME UM  TEXHOJOTHYECKHE
XapaKTepUCTHUKH Tiporiecca [46, 47].

C oTOM 1enbl0 HaMH BBISIBICHBI U HCCIEIOBAHbl HEPreTHUYECKUE MapaMeTphl,
XapaKTEPU3YIOLIHE:

- SHEPIHIO, pEeaTU3yeMYI0 Ha 3aXBaT YACTHUI IbLUIM My3bIpbKaMU CJIOS MEHBI,
- DHEPruio, KOTOPOW 001alar0T My3bIpbKU MEHbl W YACTHUIbI MBLUIEBOrO a’po30Js B
aKTUBHOMW 30HE TBLIC3aICPKAHUS.

[Ipouecc B3auMOJIEHUCTBHS My3bIPHKOB CJIOSI MEHBI C YAaCTULIAMH TBUIM HA 3Tare
nbLIe3aIepKAHUS MOKHO Pa3/JIeIUTh HA HECKOJIBKO CTauH.

Ha nepeoti cmaouu mpoucxoauT cCONMKEHNUE YaCTHUIl MBUIA C TEHHBIM CJIOEM JI0
pPaCCTOSIHHS IEUCTBHSI MOJICKYJISIPHBIX CHJI TOJ] ICWCTBHEM MX KMHETUYECKOW DHEPTHUH.
[Ipy sTOM MOJE3HOM, C TOUKHM 3peHHs dPPEKTUBHOCTU TpoLecca MblUIEe3aAepKAHUSA,

CUUTACM KHHCTHUYCCKYIO DHCPIrHUIO TOJIBKO TCX IIBIJIICBBIX YaCTHILl, KOTOPLIC BCTYIININ B
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KOHTAKT C ITy3bIPbKaMH IIEHHOT'O CJIOSI.
Oueprernueckuii napamerp W;, yUYUTBHIBAIOIIMNA KHUHETHYECKYIO DHEPrHUIO

JeTsamux K meaaomy cioro (1, = 0) gactuir, MokeT OBITh OITUCAH:

W,=05-m,-v?-n"-V, /7, B, (3.30)

rae M, — Macca TBUICBOM YaCTHIBI, KI; N' — KOJMYECTBO MBUICBBIX YACTHIIL,
COMPHKOCHYBIIHMXCS C My3bIPhKAMU TIEHHOTO CJI0S B CMHAIE ero o0béMa, 1/M°-¢; 7, —
BpeMsl JIBMDKCHUSI IMBUICBBIX YaCTHIl, OTJCIHMBIIMXCS OT MACChl TPAHCIOPTUPYEMOTO
CBHIPbEBOTO MaTrepuasia, A0 TPaHHIbI CJIOSI TeHbl, C; V, — 00beM aKTHBHON 30HBI
TbINE3aICPIKAHNS CITOEM MEHBI, M .

B 4YHCIO TBUICBBIX YACTHUI[, COMPUKOCHYBIIUXCS C TICHHBIM CJIIOEM B CMHUIIC
00bEMa, BXOJSIT YAaCTHIIBI, KOTOPbIC MOJ JACHCTBHEM HHEPIMOHHBIX CHJI BCTYIWIN B
KOHTAaKT CO CJIOeM MeHbl. Tak Kak CKOpOCTh JIBUKCHUSI M Macca 4acTHUI[ Pa3InYHbI, HE
BCC MBLJICBBIC YACTHUIIBI, OTJCIUBINNECS OT CHIPHEBOTO MaTepHaja, JOCTUTHYT CIIOS
neHbl. YUCIO TEHHBIX My3bIPHKOB, CTOJKHYBIIMXCS C MBUIMHKAMU B ¢IMHHIIE 00bEMA,
OIPEJICIICHO C YYSTOM HAIPABJICHHS U BETUYMHBI CKOPOCTH BO3IYIITHOTO MMOTOKA Vg, JIJISI
nenHoro cios (1, = 0):

N'=n,-E, ;0 (3.31)

3 :
re Np — KOJIMYECTBO OTCIUBIINXCS YaCcTHIL, 1/M~, KOTOpoe omnpeaenseTcs o ¢hopmylie:

NG _ 6c,
Com, z-dlop,

L)

, I, (3.32)

rae C, — KOHUEHTPAMs YacTHUL| IbUIM, OTAEIUBUIMXCS OT MAaccChl TPAHCIIOPTUPYEMOIO
3
CBIPEBOIO MaTepuaa, Kr/m .
BpeMsi NBH)KEHHSI MBUIEBBIX YacTUL T, OT HMCTOYHUKA IbUIEBBIIEICHUS 0

I'PaHULIBI CJIOS TIEHBI OTpeenseTcs no GopmyJe:

T _E 3.33
K Vq’ C, ( )
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rae h, — cpemHee paccTosiHUE MEXy NMBUICBBIMU YaCTHIIAMH W Iy3bIPbKaMHU TICHBI B
aKTUBHOW 30HE TbUIE3aJIepKaHUS, M, [JIs1 OOJIBIIMHCTBA THUIIOB JIEHTOYHBIX
tpancmoptépos h, = 0,025m.

Ha emopoii cmaouu miporiecca B3avMOJECUCTBUS TBUIEBOTO a3p030Jisi C NEHOMH,
KOTJ[a YaCTHUIIbI MBUIN W IMY3bIPbKU HAXOSATCA HA PACCTOSTHUM JCHCTBUS MOJIEKYJISPHBIX
CWJI, WM YaCTHUIbl IPEOJ0JICBAIOT PACKIMHUBAIOIIEE IaBJICHUE, OCHOBHBIM BHJIOM
SHEPIHM, YYaCTBYIOIIMM B 3aXBaT€ YACTHI] SIBJISIETCS aJl€3HOHHAsl SHEPrus, TaK Kak
MMEHHO 3TOT BHUJI PHEPIHM CBS3aH C MOBEPXHOCTHBIMU SIBICHUSIMU. DHEPreTUUECKUN

rapamer 5, YUUTBIBAIOIIUHA 3TOT BHJ DHEPIrUH, OMUCHIBAETCS BHEHHEM , 47,
apametp W,, aro 9TO JHE , OIIICBHIBAETC a 37, 47

128, 129, 130]:

W,=0,6-W,-F -V./z-h*-7_, Br, (3.34)

rne Wy — sHeprus IMCIEPCUOHHOTO B3aumojeucTBus, K, paBHas ~10%; F. —
CyMMapHas IUJIOIIa/lb MOBEPXHOCTH MEXMOJICKYJISIPHOTO B3aUMOJICUCTBUSL YaCTHUI[ C
IIEHOH B eQUHHIIE 00BbEMa, MM T, — BpeMsi, B TCUCHUE KOTOPOTO MbUIMHKA U MYy3bIPEK
HaxXOJATCS B TMHAMHUYECKOM COMPUKOCHOBEHHH, C.

CymMmmapHasi miomaabr MOBEPXHOCTU aJTr€3MOHHOIO B3aUMOJCHCTBUS IMYy3bIPHKOB
¢ yactuuamu neutd F, B equauie oo0béma ais nennoro ciost (1, = 0) B cooTBeTCTBHH C

[86, 128, 129] onpenensiercs o popmyie:
F,=03-7-d?-n", », (3.35)

rae N" — KONMMYeCTBO YACTHII, YIPYro MPOB3aWMOCHCTBOBABINIUX C IMy3bIPbKaMU U
OTTOJIKHYBIINXCSL OT HEpa3pYLIMBIIMXCS My3HIPHKOB, B GIMHHIE 00BbEMa, 1/M°; N, —
KOJIMYECTBO ITy3bIPHKOB, YIIPYTO MPOB3aMMOCHCTBOBABIINX C YACTHIIAMH, IIPH TOM HE
pa3pyIIMBIINXCS, B SAMHAUIE 00bEMa, 1/M°;

Jiist nenHoro cios (1, = 0) BenwunHa N'' onpepenseTcs aHAIOTHIHO N'

" A _ 3
n=n- anb(Z)—ns - nO ) anb(l)—n3 ) E3¢(2)4n31/M : (336)
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[Ipu OGapOoTaxkHOM mMEHOOOpa30BaHMM M Ha CETKE OOBEM AaKTUBHOM 30HBI

B3aUMOJICHCTBUS MIBUTH C MIEHOU V4 onpeaessitoT 1o ¢hopmyiie:
_ 3
V,=h,-S , v, (3.37)

rac Su — Ijiomaab HCTOYHHKA IIBIJICBBIACIICHUA, M.
BpeMﬂ ANHAMHWYCCKOTI'O COIIPUKOCHOBCHHUA 1N E:10)7 qaCcTullbl C IICHHBIM
IIy3BIPBKOM T, COOTBCTCTBYCT BPCMCHH IIPCOAOJICHHA BO3AYIIHOIO CJIOA MCKAY

y3bIPHKOM M IMBUIMHKON, KOTOPOE MOXKHO OIPEICIUTD 110 popmyJie:
_2f2 2
v,=3f"-uldr-P.-r°, c, (3.38)

rae I — pacCTosIHUEC HCﬁCTBHH MCIKMOJICKYJISIPHBIX CHUJII, M, Pc — CHJIa, CTAaJIKMBaromiasa
IBUICBBIC YaCTHIBI C ITY3bIpbKaMH IICHBI, H, fa — Iuomaab MCXKMOJICKYJIIPHOI'O

« o 2
B3aMMOJICUCTBUA TIIbUICBOM YaCTHIIbI C IIY3BIPbKOM IICHBI, M , OIpcacisieMas I10

bopmye:
f.=03-7-d?, v . (3.39)

Cuna P. 3aBUCUT OT pacKJIMHHUBAIOIIETO JaBICHUS MEXIY IMbUICBOM YacTUIICH U
My3bIPHKOM TIEHBI MPU UX B3aMMOJCHCTBHM U i eHHOTO ci1os (1, = 0) onpenensercs
o gopmye:

Pczpnn.unn'fa/Z’H, (340)

A€ Ppn = My, /V,, — TIUIOTHOCTH MEHHOTO Iy3bIPbKA, kr/m>; V., = md,, /6 — 00BEM
y3bIPbKa [EHBI, M,

Tpemvss cmadus Tpollecca MbUIE3aJCpXKaHWS HAYMHAETCS B MOMEHT
BO3HMKHOBEHUS HEIMOCPEACTBEHHOIO KOHTAKTA MEXIY YACTHMIEH MBUIM M ITy3BIPHKOM
neHbl. [Ipr 3TOM MOJE3HO PacXOAyeMOUW MOXHO CUHTATh DHEPTUIO IMPOTHBOACHCTBHS

CJIOA IICHBI MBUICBOMY ITIOTOKY M MOKHO BBIIACIINTH JIBAd OCHOBHBLIX B3dUMOCBA3dHHBIX
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bu3nueckuXx MexXaHWu3Ma: HKpPAHUPOBAHUE MBUTM W cMmauuBaHue e€ mneHoul. [lpwu
peanu3aiuu npouecca nplie3aaepKaHus riaBHast posib MPUHAJICKUT SKPAHUPYIOLIEMY
MEXaHU3MYy B3aWMOJICUCTBUSL MbUIEBOW YACTUIBI C Iy3bIPBKOM II€HBI, KOTOPBIii
3aKJIF0YAETCS] B TOM, YTO MbLIEBAsl YaCTUIlA, COMPUKOCHYBILASICS C IEHHBIM ITy3bIPHKOM,
paCTATHBAET €r0 MOBEPXHOCTh B MECTE KOHTAKTa, 00pasys yriryolieHue.

Ucxona u3 sroro, snepretudeckuit mapamerp Wj, XapakTepusyromud dHEPTUIO
YIOPYroro B3aWMOJICUCTBUS MbLJIEBOM YAaCTULBI C IMYy3bIPHKOM IIE€HBI, ONHCHIBAETCS B
3aBUCHUMOCTH OT JABJICHUS, OKa3bIBAEMOTO IbLJIECBOM YACTHUIIEH Ha IUIEHKY Iy3bIpbKa

IICHBI.
W,=r-c, .-d>-v-n"-V,/d , Br. (3.41)

DHeprus 3JEKTPUYECKUX CHJI, BOSHUKAIOIIUX MPH B3aUMOJICUCTBUU MBUIEBOTO
a’p030Jid CO CJIOEM TEHbl YUYUTHIBAETCS C MOMOIIBI0 IHEpPreTrudeckoro napamerpa Wy,
KOTOpBIM TMPOSBISETCS B 3aMETHOM CTEIEHU IIPU HCKYCCTBEHHOW DSJIEKTPUUYECKOU
noa3apsake mnensl [133, 134]. Tlpu mbuie3agep)kaHuu SJICKTPO3aPSIKCHHOW TICHON B
TEUEHWE BCEro Mpolecca B3aUMOJCHUCTBUS  YYacTBYIOT  CIEAYIOIIME  BUIBI
ANEKTPUUYECKUX CHIIL:

- KYJOHOBCKas CWJIA, JICMCTBYIOIIAA MEXY NbUJICBOM YaCTHUIEH U TMOBEPXHOCTHIO

nmy3bIpbKa NeHbl Py, onpeaensemast mo popmyre:
Pl:qll.qnn/dnn/47z-'go'hA1 H) (342)

rae J, — 3apsja mbUIeBBIX yactull, Ki; g — dJekTpuueckas IOCTOSHHAs, paBHas
-12

8,85-107° d/™m; (,,, — 3apsn nensl, K,

- CWla UHAYKIHM MEXIy 3apsAJioM Ha TIeHe H HWHAYIUPOBAHHBIM 3apsaoM

(IpOTHUBOMOJIOKHBIM 10 3HAKY) Ha MbLJIEBOU yacTulie Py:

P,=(s-1)-d?-q, /(s6+2)-167-5,-h3, H, (3.43)
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TJ€ & — OTHOCUTEIbHAS IUAJICKTPUUECKAS MPOHUIAEMOCTh YaCTHULL, (,, — 3apsij IMEHBI,
KOTOPBIM B 3aBUCUMOCTH OT CBOMCTB IE€HbI U BHELIHUX YCIOBUI 17151 IeHHOTO cios (1,

= 0) onpexensiot mo dopmysie [133, 134]:
Qi =0 Su’ K. (3.44)

- CHJIa MHOAYKIOHUH MCKIY 3apsa10M Ha MbLICBOM JaCcTUOC U HHAYOUPOBAHHBIM 3aps10M

Ha nene Pj:
P3 ={(, 'dnn/87r'5o ’ hA _un 'dq ) hA /7%‘0 '(4hA _dnn)’ H. (3.45)

Takum o0pa3om, sHeprernyeckuii mapamerp W,, XapakTepU3yOLIUN 3HEPTHUIO
JEWCTBUSI BCEX BHJOB AIIEKTPHUECKUX CHII st eHHoro cios (1, = 0), omuceiBaeTcs

ypaBHEHUEM:

3
W, = Z(PK) Ny By Fa -y B (3.46)
k=1
[Ipm STOM Ha peanu3anuio MbUIC3aACPKAHNS TIEHHBIM CJIOEM PacXOIyeTCs
9HEpPrus, KOTOpOoH oO0jagaeT IEeHa B AaKTUBHOMW 30HE pealM3alldu Tpolecca
00eCTIbUTHBAHUSI HETIOCPEJACTBEHHO Tepe]l B3aUMOJICHCTBHEM C TBUJICBBIM a’pPO30JIEM.
OTa SHEeprus YaCTUYHO BKIIFOYAET SHEPreTUYCCKHUE 3aTpaThl TEXHUYECKHX CPEJICTB Ha
NIEHOOOPa30BaHNEe M OPTAHM3AIMIO0 BO3IYIITHOTO MOTOKA. (715 KOJIMYEeCTBEHHON OIICHKU
OHEPruHU, KOTOPYIO TpPHOOpETaeT IMeHa B Tmpolecce €€ TMPUTOTOBICHUS, HaMHU
OTIpe/ICIICHBI SHEPTETUYECKHE ITapaMeTPhl, XapaKTePU3YIOIIIHE:
- QHEPTHUIO KUJIKOCTHOTO MoToKa N; Tmepes meHoreHepaTopoM, KOTopasi OIpeaessieTcs
o ¢opmyie:

Nl = Hp .Qp -t’ BT, (347)

rne H, — naBnenme pactBopa mneHooOpasosarend, Ila; t — kosddunuenr,

XapaKTepU3yIONUi MUHUMAIBHOE KOJWYECTBO TMEHOTEHEPATOPOB, HEOOXOIUMBIX IS
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peanm3aiuy nporecca Mbuie3aaepKaHrs B KOHKPETHBIX TPOU3BOJICTBEHHBIX YCIOBHUSX.
Hasnenne pacteopa H, B dopmyne (3.47) paccmarpuBaeTcd — Kak
THIPOMHAMHYECKAsT XapaKTePUCTHKA TPOoIlecca U ONpeAessieTcs mo hopMmyIie:
Hp:p-g-ho,l'[a. (3.48)
Pacxon pactBopa mneHooOpasoBatens Q, ompenensercs B 3aBHCUMOCTH OT

yCIJIOBHI TEHOO00pa3oBaHus Mo (popmyie:

- pu 6apOOTAKHOM MEHOOOPA30BaAHUU:

Q,=h,-FIK-7, mc; (3.49)
- TIPY IEHOOOPAa30BaHUH Ha CETKE:

Q, =u-Uy - Fy Mc, (3.50)

rae u — ko3p@UIUEeHT pacxoja comIa MEHOIEHEPaTOPa; Vgpt — ONTUMAIIbHAA CKOPOCTh
2
BBIX0/J1a MEHBI, M/C; Fo — KUBOE CEUEHUE CETKU MEHOreHeparopa, M".
Takum o6paszom, ypaBHeHue (3.47) 1jsi TUIPOCTATUYECKUX YCIOBUM MPUHUMAET

BUJL:

N,=p,-g-h-h, -F,-t/K-7 , Br; (3.51)

- JHEpPruI0 MOTOKa CXaroro Bo3ayxa N, B cilydae €ro NMpUHYAUTENbHOW MOJa4yu B

MCHOICHECPATOP MJIA MMOJYUCHUA CJIO IICHBI MOKHO OIMPCACIUTD 110 (1)OpMy1'I€:
N,=H_-Q,-t , Br, (3.52)

3
rne H, — naBnenue cxkaroro Bosayxa, Ila; Q, — pacxom cxkaroro Bozayxa, M/c,
ompelensieMblii MO0  TEeXHUYECKMM  XapaKTepUCTHKaM  Komipeccopa.  Ecim

NpUHYyJMTENbHAS MoAada Bo3ayxa He ocyulectBisercs (H, = 0), To mpoucxoaut
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)KEKTHPOBAHHE BO3/lyXa PacTBOPOM U mapameTp Q, MOKHO OMpeneiuTh mo Gopmyre,

HOHy‘I@HHOfI Ha OCHOBC OJOKCIICPMMCHTAJIBHBIX IaHHBIX H HpeI[CTaBHGHHOﬁ B pa60Te

[135]:

Q,=8889-10°-Q, , m¥c. (3.53)

Ouepreruueckue nmapametrpsl Ni u Ny, XapakTepu3yrone HEePTUi0 KUIKOCTH U
BO3/1yXa Mepel] aKkTHBHOM 30HOI MEeHO00pa3oBaHusI B IEHOTEHEPATOPE, OMPEACIISIOTCS C
yuyeToM mapameTpa {, TOKa3bIBAIOLIETr0, KaKoe KOJWYECTBO II€HOI'€HEPaTOpOB
HEOOXOJMMO JJIsi CO3/aHusl Takoro oObEMa IEHbI, KOTOPBIM CHOCOOEH NEPEKPHITH
pacu€THYIO 30Hy 00eCTIbUTNBAHUS.

st mennoro cnost (1, = 0) mapamerp t mpuHUMAaeT IeNbIe TOJOXKHUTEIHHBIC

3HAYEHUS U ONPEIEIAETCS:
t=l,ecrm V /S, -h_.. =1, (3.54)

riae V, — 00beM 00pa3oBaHHOM MEHBI, M; Nmi, — MUHUMAaJIbHAs TOJIIIUHA CJIOSI ICHBI, M.
IIpu V,, < 1 M/c, TO eCTh Ha OTKPBITBIX HCTOYHHKAX ITBUICBBIACICHUS, K KOTOPBIM
OTHOCSITCS  JICHTOUHBIE TPAHCHOPTEPHI TMPU TMEHOOOPA30BAaHMU HA CETKE WIH
OapOoTaxxeM BenvuMHa t ompenenseTcss U3 TOro YCIOBHS, YTO CIOM TEHBI JOJIKEH
MOKPBIBATh BCIO IO/ UCTOYHUKA MbUIEBBIICIICHHUS.

Bennuuna hpyi, onpenensiercs o popmyse:
h.. = (dnn : ukp)z -p..124-0, -COSO. (3.55)
O0béM nensl V,, onpeaensercs mo Gopmyre:
V,=Q,-K-7 , ™. (3.56)

- DHEpPruio, 3aTPauyeHHYI0 Ha BJEKTPUYECKYI0 moi3apsanky mneHsl Ny B ciyuae eé

VCKYCCTBEHHOW DJJIEKTpU3alM{, IPUHAMAEM pPABHOM JJIEKTPUYECKOW MOIIHOCTH
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UCTOYHHKA TOKa, O0OECIEUYHBAIOMICTO JOTOJHUTEIbHBIA 3aps] Ha IOBEPXHOCTU

ITY3bIPBEKOB IICHEI.
N,=N,, . (3.57)

rae N,, — MOIITHOCTh HCTOYHUKA IIIEKTPUIECKOTO TOKa, BT.
[MoxcraBuB dopmynsr  (3.30)—(3.57) B (1.9), monyunM mapaMeTpPUUECKYIO
3aBHCHMOCTh JHEPro€MKOCTHOTO TIIOKa3aTelsl IEHHOTO Croco0a MblIe3aaepKaHms

neHHbIM citoeM (1, = 0) oT 3HepreTHYeCKuX MmapaMeTpoB Mmporecca:

06, By V(050412002 E ¥, )i, +

EZ&‘ - 3 /
+ Cq U 'VA /du 'pu (6 Um—ofc ’ anb(l)—m ' Ea(})(Z)—na‘/dnn)-I_ Z(PK) .E9d)(4)—n3/ﬂ. ’ du

k=1

/[(Hp Q,+H, -Qg)'t+ Nl (3.58)

Takum  0oOpa3oM, HaMH  TIOJY4YeHBI  IapaMETPHYECKHE  3aBUCHMOCTH
sbdextuBHocTH (3.29) M sHeproéMmkocTHoro mokaszarens (3.58) mua mporecca
IbLIC3aCPyKaHUs IEHHBIM CITOCOOOM Ha OCHOBE MPUMEHCHHMS MMEHHOTO CJ0sS KaK ero
pe3yJbTUPYIONTUX IapaMeTPOB, IO3BOJISAIONIMX 0OJiee OOBEKTHBHO OIICHHBATH

PE3YIIbTAT pCaIn3ali 3TOI'O IIPpOIECCCa.

3.1.2 OuncTka BO3AyXa OT NbLIH

Jpyrum Ba>KHBIM 3TanoM Ipoliecca 00eCIbUTMBAHMS BO3/IyXa, 00ECIICUHBAIOIIUM
IKOJIOTUYECKYI0 3P (HEKTUBHOCTh, @, CIEAOBATEIbHO, COOIIOJCHUE HKOJIOTUYECKUX
HOPMAaTUBOB 3allbUIEHHOCTH BO3/yXa MPWIETAIOMINX K IMPEANPUITUAM CTPOUTEIBHOU
WHYCTPUHU TEPPUTOPUH, SBJISIETCS OUMCTKA BO3/AYyXa OT MbLJICBBIX YACTHIL.

TexHOIOrMM OYMCTKHU BO3AyXa NEHOM MOYKHO Pa3JeianuTh Ha JBA OCHOBHBIX BHU/IA:

- OYMCTKA BO3[yXa OT MbUIM MEHHBIM a3p030JieM (IUCKPETHBIMU IMy3bIpbKaMU TEHBI,

KOTJIa PAaCCTOSIHME MEXy COCSIHUMU My3bIipbkamu 1, > 0);
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- OUMCTKA BO3AYyXa OT MbUIM CJIOEM NEHBI (CIUIOMIHBIM MOTOKOM MEHHBIX MYy3bIPHKOB,
KOI'Ja paccrostuue Mexay aHumu 1, = 0).

PaccMoTpuM mepBBIl BUJ TEXHOJOIMU OYMCTKM BO3AyXa IIEHOM HAa OCHOBE
IPUMEHEHUS IEHHOTO a3pO30JIsl.

[Tpu 3TOM (PU3HMYECKYIO CYITHOCTh MPOIECCAa OUYUCTKH MOKHO MPEACTaBUTh Kak
IeJICHANPABICHHOE BO3JICHCTBUE Ha 3albUICHHBINA (MBUICTa30BbIi) TIOTOK 3apaHee
MOATOTOBJIEHHONW M0 MapaMeTpaMm «JIonoiaHuTenabHou-11.2» mgucnepcHolt cucremoi,
KOTOpas TPEJCTaBl€HAa TIEHHBIM a3p030JIeM, C MOCIEAYIOUUM pa3JieJIeHuEM
JTUCTiepCHOM (pa3bl (YaCTHI] TBUIN) U JUCTIEPCUOHHON Cpeibl (BO3yXa WU rasa).

AHallU3 MEXaHU3MOB B3aMMOJCHCTBUS TBUIEBBIX YACTHUI[ C JUCKPETHBIMU
My3bIpbKaMU TICHBI B BEHTHJISIIMOHHOM TIOTOKE BO31ayxa (IIPH CKOPOCTIX 0,,>1M/C)
MO3BOJIWJI BBIOJHUTh MAaTEMATUYECKOE OMUCAHUE U MOJYUYUTh ISl MPOIIECCa OUUCTKH
BO3/lyXa IMEHHBIM a’p030JIeM MapaMeTPUUYECKue 3aBUCUMOCTH S(PPEKTUBHOCTU U
PHEPro€MKOCTHOTO TOKa3zaTeiass OT OCHOBHBIX IapaMETPOB MPOU3BOJICTBEHHO—
TEXHOJIOTHYECKOTO TpOIlecca, CBOMCTB MMEHHOTO a’po30is MU APYTrux (akTopoB,
BIIUSIIOIIMX Ha XapakTep NpOTEKaHUs Mpolecca.

BrinonHeHHOE HAMU MaTeMaTUYECKOE OMUCAHUE TUIAPOJIUHAMUYECKOrO0 METO/Aa
OYKMCTKHA BEHTHJISIIIMOHHOT'O BO3/YyXa U OTXOJSIIUX ra30B OT 3arps3HSIONINX BEUIECTB
(TOKCUYHBIX KOMIOHEHTOB) MEHHBIM CIIOCOOOM C MPUMEHEHHEM IEHHOTO a’po30Jisi,
NOJy4aeMOro C TOMOIIBIO  (OPCYHKH, TaKkKe CBOAWIOCH K  IOJyYEHHUIO
napamMeTpUyecKnX 3aBUCUMOCTEN 3(PPEKTUBHOCTH M SHEPrOEMKOCTHOIO IMOKa3aTems
paccMaTpUBaEMOro IpoLecca OUUCTKH.

B  pesynaprare  HccienoBaHuM, MPOBEICHHBIX  AHAJIOTMYHO  MPOIECCY
neuie3anepxkanus  (n.3.1.1) HamMM moJydeHa mMapaMeTpuyueckas — 3aBUCHMOCTh
3(p(GEeKTUBHOCTH TpoIlecca OYUCTKH MEHHBIM CIIOCOOOM C MPUMEHEHHUEM MEHHOTO

a’po30Jis1, KOTOpast UMEET BU.

.d2?. d -
1-|1- P4, -0, |1-0032q |—=Pr | (3.59)

d2. du.
181”3 . dnn . M +10”3'A7 Qp y lue Uq
181”(; ) dnn

agh—o—asp =
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rae d,, — cpeqHHll MEJAMaHHBI JUAMETP MY3bIPbKOB TEHBI, M; N3 — KOA(PQHIUCHT,
KOTOPBI XapaKTepHU3yeT OTHOIIeHHE (AKTUUECKOW M KPUTHYECKOM CKOpocTel
JIBUYKEHMSI YACTHI] MBUIM U TIEHHBIX My3bIPbKOB; A7 — KO3 (OULIUEHT, XapaKTepU3youi
IIOJIHOTY IIEPEKPBITHS TONEPEYHOIO0 CEYCHMS] aKTMBHOM 30HBI OYHMCTKHA C ITOMOUIBIO
IIEHHOTO a’p030JId; p, — MJIOTHOCTh MEHOOOPA3yIOLIET0 pacTBopa, Kr/m; Q, — pacxon
IIEHOOOPa3yIOLIEr0 pacTBOPa NEPE] BEIXOIOM U3 OPOCHUTENS, M/c.

IIpn ompeneneHun DHEPreTUYECKUX IMApaMETPOB, KOTOPBIE XapaKTEPU3YIOT
DHEPIHI0, PaCXOAYEMYI0 HAa OUYUCTKY BO3AYIIHOIO IOTOKA IEHHBIM a’po30JeM (T.e.
3axXxBaT M yJaJ€HHE NbLICBBIX YaCTHUI] W3 BEHTWISALMOHHOTO IOTOKA), PacCMOTPUM
IIOCTAJUMHO M IPOAHAIU3UPYEM COOTBETCTBYIOLIME KaXIOW CTaJIUM OCHOBHBIE
MEXaHU3Mbl B3aUMOJECUCTBUSA IBLIECBBIX YAaCTHUIL C JUCKPETHBIMU ITy3bIPbKAMU IIEHHOTO
aspo30JI.

Ha nepeoii cmaouu NpOUCXOANUT CONMIKEHUE NBUIEBBIX YAaCTHIl C ITy3bIpbKaMHU
NEeHbl /10 PACCTOSHHUSA ACUCTBHUS MOJIEKYJSIPHBIX CHJI Ojarojaps MX KHHETHYECKOU
DHEPIUU. OHEPreTUYECKUN IMapaMeTp, YUYUTHIBAIOIIMN KUHETUYECKYI0 JHEPIHUIO

IIY3BIPBKOB IICHHOI'O ad%pPO030JId, JICTAININX K IIBUICBBIM 4YaCTHIAM, OIIPCACIIACTCA II0

dbopmye:

WK = 0’5 mnn ) 02 ) n;ln 'VA ’ BT ’ (360)

re m, — Macca MeHHOTO My3bIpbKa, KI'; 0 — OTHOCUTEJIbHAS CKOPOCTh BCTPEUHU TBIJIEBOM
YaCTUIIBI W TYy3bIpbKa TMEHBI, M/C; N’, — KOJWYECTBO TMEHHBIX IMy3bIPHKOB,
CONPUKOCHYBIIUXCS C TBIJICBBIMUA YaCTUIIAMH B €AMHUIIC 00bEMA B €IMHUIY BPEMECHH,
1/M3-c; V, — 00bEM aKTUBHOM 30HBI OUMCTKH BO3/IyXa OT MbUICBBIX YACTHII, M.

Macca TeHHOTO Iy3bIpbKa OIPENENICTCS W3 YpPaBHEHHUS 3aKOHA COXpPAHEHUS

MacCCHhI:

mnn:mp+m6 :Vp.pp +V6.p67 Kk, (361)

rae m, — macca pacTtBopa, CoAcpKalerocsa B OJJHOM IIY3bIPbKE, KI'; M, — Macca Bo3ayxa
'p > s s >

3aKJII0YE€HHOTO B OJHOM IIy3bIPBKE, KT; V), — 00BbEM pacTBOpPA, COAEPIKAILEroCs B OJHOM
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3. . 3
ny3bIpbke, M"; V, — 00BEM BO311yXa, COAEPHKAIIETOCA B OHOM ITy3bIPbKE, M ™.

OO0BEMEI V), 1 V, HaXOIAT IO COOTBETCTBYIOIMM (HOPMYJIam:

v, :%-[dnn (. —25)3]:%-5-(3dnn _6d,, -6+46%) . (3.62)
V. = % (d —25) = % (d,,—6d, 5+12d,,5° ~85°), W (3.63)

JInsg TEeHHOro a’po30Jis, IMOJYYEHHOTO C IOMOIINBI0 (DOPCYHKH, 3HAYCHHE
TOJIIMHBI TUIEHKH TIEHHOTO My3bIpbKa J, TIaBHBIM 00pa3oM, 3aBUCHUT OT KOHIICHTPAILIUH
pactBopa meHooOpaszoBarenst C,,, a CICI0BATEIBLHO, OT MOBEPXHOCTHOTO HATSHKCHHUSI
pacTBopa 0, ~3HaueHHE KOTOPOH C y4YeTOM SKCIIEPUMEHTAIBHBIX JaHHBIX,
npeJCTaBICHHbBIX B padoTax [136, 137, 138] onpenensercs mo gpopmyiie:

13,35+Ind,,,

O
5=05-| —~ oM, (3.64)

O 00

60

-2
T/IC 04,0 — IOBEPXHOCTHOE HATSDKEHHUE BOBI, paBHOE 7,6-10 H/M.

Ywucno meHHBIX My3bIPHKOB N’,, , COMPUKOCHYBIIMXCS C MBIJICBHIMUA YaCTHUIIAMH B
eIMHAIC 00bhEMA AaKTUBHOW 30HBI OYMCTKH BO3AyXa B CIWHUIYY BPEMEHHU, MOXKHO

ONpCACIINTE C YYCTOM HAIIPABJIICHUA W BCIWYHMHBI CKOPOCTH BO3JAYHIHOI'O IIOTOKA II0

dbopmyite [139, 140]:
nnn - nonn ) Ead)(l)—o ) Bl’ I/Ms‘c > (365)

rae By — koo duimenT, yuuThIBarofi BETUIHMHY CKOPOCTH 3aMbUIEHHOTO BO3AYIIHOTO
NOTOKA M HaIpaBJeHUE B3aUMHOIO JABWKEHUS MbUIEBBIX YACTHUI[ U MY3bIPHKOB IEHbI
(cmyTHOE, BCTPEYHOE M MEPEKPECTHOE); Esp (1) — SQDEKTUBHOCTD pean3aliy NEpBOU
CTaJMM IIPOLECCAa OYUCTKH; N,y — YACIIO TIEHHBIX ITY3BIPHKOB, HAXOMSIINUXCS B €UHULE

" 3
0o0béMa (pakena MEHHOroO a’po30Jisi B €AUHUILYy BPEMEHH, 1/M’-C, ompeiensemMoe Io

dopmyire [139, 140]:

N =Qp IV, Vs e (3.66)
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rae V, — 00b€M Iy3bIpbKOB MIEHBI B aKTUBHOM 30HE MPOLECCa OYMCTKU BO3/lyXa OT MbLIN
(30HE B3aMMOZEHCTBHS MBUIEBBIX YACTHIL C ITy3BIPHKAMH MEHHOTO a3po30s), M°; V, —
00BEM aKTHBHO# 30HBI POLIECCA OYHCTKH BO3AyXa OT MBLIA, M,
[Ipu pacnbuMBaHMM pacTBOpa MeHOOOpa3oBateis yepe3 popcyHKy BenuyuHa Vy

paBHa 00BEMY aKTHBHOW 30HBI (pakesga OpPOIICHUS U MOXKET OBITh OIpeJesieHa IO

dbopmye:

V,=x-h,-sin(a/2) v | (3.67)

/1€ 0. — KOPHEBOM yToJ pacKpbITUs (pakena IEHHOro a’po30s, Tpal, ONpeAesIIeMblid 110
TEXHUYECKUM XapaKTEPUCTUKAM OPOCUTEJIS.

JliMHa aKTUBHOM 30HBI (hakejga IEHHOTO a’po3ois hy, TiaBHBIM 00pa3oM,
3aBUCUT OT BPEMEHU CYIIECTBOBAHUS IIEHHBIX NY3bIPHKOB, KOTOPOE OIPEACIACTCS
COOTHOIICHHEM 3HAYCHUM KPUTUYECKOH (ITPU KOTOPOW HACTYIAET pa3phbIB My3bIpbKa) U

(aKTHUECKOW CKOPOCTEH IBUKEHHUS ITy3bIPbKOB MEHBI:
2/3
h,=048(v,, /v, ", w. (3.68)

Ha emopoti cmaouu nipoliecca OYUCTKU BO3/yXa OT MBUIEBBIX YaCTHUI[ TEHHBIM
a’p030JIeM, KOTJa YacTULbl MbUIM M My3bIPbKUA MEHbI YK€ HAXOASATCS Ha PAaCCTOSIHUU
JCHCTBYSI MOJICKYJISIPHBIX CHJI M TIPEOJI0JICBAIOT pacKIMHMBaromiee napienue [136, 137,
138], OCHOBHBIM BHIOM DHEPIWH, YYACTBYIOIIMM B 3aXBaTe¢ Iy3bIpbKAMU MEHBI
NBUIEBBIX YACTHUIl SIBJISIETCS DHEPrus aJre3MOHHOr0 B3aUMOJICHCTBHS, CBSI3aHHAs C
NOBEPXHOCTHBIMH SIBJICHUSIMU Ha TpaHulie pa3zaena ¢a3. Duepreruueckuil mapamerp Wy,
YUUTBIBAIOIIHI 3TOT BUJI DHEPTUH, ONKChIBacTCs ypaBHeHueM [139, 141]:

W,=06-W,-V,/z-F, -h,-t,, Br (3.69)
rne Wy — SHeprusi TUCIIepCHOHHOTO B3aUMOJICHCTBUS, B COOTBETCTBUU ¢ [37] paBHas

-28 o
~10 I[}K; Fa — CYMMapHas I1uiomanab IHOBCPXHOCTU AATIC3MOHHOI'O B3aUMOIACUCTBUA

o 2,
IBUJICBBIX YaCTUI C ITY3BIpbKaAMM IICHBI B aKTUBHOM 30HC OYUCTKH, M , T, — BPCMs, B
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TEUEHHE KOTOPOTO IMbLIEBas YacTHIA W MY3BIPEK MEHbI HAXOIATCS B JUHAMHYECKOM
conpukocHoBenuu [136, 137, 138], c.
CyMmMapHast TIom@aab MOBEPXHOCTH aAre3MOHHOTO B3aMMOIECHCTBHUS ITy3BIPHKOB
ICHBI C TBUICBBIMH YacTuUllaMH F,, B equHHIle 00bEMA AKTHMBHON 30HBI OYHUCTKH

onpeaensercs o popmye [37]:
F,=03-7-D,-n,, ., (3.70)

rae N,, — KOJIMYECTBO Iy3bIPHKOB MEHBI B €UHUIE 00bEMAa aKTUBHOW 30HBI OYUCTKH,
YIPYro IIPOB3aMMOJIECHCTBOBABIINX C IIBUIEBBIMU YaCTULIAMU U HE pa3pyLUUBIIUXCA IPU
stom, 1/M% D, — SKBUBANCHTHBI AMAMETpP MOMNEPEUHOTO CEUCHHS AKTHBHOI 3OHBI
OYHCTKH, M.

Bpewms, B TedeHHe KOTOPOro IIbUIEBAs YacTHULA U ITy3BIPEK IIEHBI HAXOUATCS B

JTUHAMHYECKOM COITPUKOCHOBEHUH, MOYKHO ONpeesuTh 1o popmysie [86, 98]:
t,=3-f  -uld4-7-P-ric (3.71)

rae f, — mromans aare3sMOHHOIO B3aUMOJCHCTBHUS IMBUIEBONM YaCTHIBI C Iy3BIPHKOM
MEHbl, M; I — pacCcTOsiHUE JACHCTBHUS MEXKMOJEKYISIpHBIX cui, M; P. — cuina,
CTAIKMBAIOIIAS MMbUICBBIC YACTHIIBI C ITy3bIpbKamu neHbl, H.

Cuna P, 3aBUCHUT OT NaBJICHUSI MEXIY MbIJIEBOM YaCTHUIEH W My3BIPHKOM IEHBI

npu UX B3aumoiericteuu [86, 142]:
Pczpnn.u‘falz’ H, (372)
TJIE Py — IIOTHOCTB TIEHHOTO My3BIPbKA, KI/M, OIpeerseMas 1o (popMyIie:

pnn = mnn /Vnn’ KF/MS, (373)

. 3 o
rae V,, — 00bEM MeHHOro My3bIpbKa, M™, OIPEAeIIeMbIi o GpopmyIie:
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V,,=z-d, 16, (3.74)

Tpemuvss cmaous mpolecca OYUCTKH BO3AyXa OT IMbUIEBBIX YacTHI] NEHHBIM
a’po30JIEM HAYMHAETCI B MOMEHT BO3HMKHOBEHHS HENOCPEACTBEHHOIO KOHTAaKTa
MEXy MbUIEBOM YaCTUIIEH U Iy3bIPbKOM IEHBI. B KauyecTBE OCHOBHOTO MEXAaHU3Ma B
ATOM CJIy4a€ MOYKHO CYHUTATh CMAYMBAaHHWE MbUICBBIX YAaCTHUI MYy3bIPbKaMH IE€HBI C
MOCJICYIONTUM JIBIDKCHHEM TIBIJIEBBIX YacTHI] WM OOpa30BaBIIMXCA arperaToB B
aKTUBHYI0 30HY OuuUCTKH. Mcxonas w3 »Toro, nsHepreTudeckuit mnapamerp Wi,
XapaKTEPU3YIOIIUN YHEPTUIO YIPYTOro B3aUMOJICVCTBHS MBLICBON YaCTHUIIbI C EHHBIM
My3bIPBKOM, OIIMCHIBAETCSI B 3aBUCHUMOCTH OT JABJICHHS, OKa3bIBAEMOT'O ILJIEHKOM

Iy3bIpbKa IICHBI HA YaCTUIY ITBIJIH.

W, = r : Br, (3.75)
nn
rjie N — KOJNMYECTBO NBUICBBIX YACTHI[ B €IMHHIEC 00BbEMA aKTUBHOM 30HBI OUHMCTKH,
yOpYyro IMpoOB3aUMOIEHCTBOBABIIMX C My3bIpbKAMU II€Hbl W OTTOJKHYBIIUXCS OT
HEpa3PYLIMBIINXCS Ty3bIPHKOB MEHbI, 1/M°.
OHeprus NIEKTPUUYECKUX CHJI, BO3HHMKAIOIIUX NPH B3aHUMOJCHCTBUU IBLIEBBIX
YacTHI] C My3bIPbKOM I€HBI, YUYUTHIBAETCS IHEpreTudeckuM mnapamerpom W,, KoTopbii

UMEET 3HaYCHHE TIPH UCKYCCTBCHHOM 3apsIKe IICHBI U ONUCHIBACTCs ypaBHeHUeM [134,

138]:
3
W,=| > P N Eyu.Vi-h 7, Br (3.76)
k=1
rac 7, — BpEMsiA, B TCUCHHUC KOTOPOIO )IeﬁCTBYIOT QJICKTPUYICCKUC CHJIIBI B IIPOLCCCC
BBaHMOI[efICTBH}I MTBEUICBOU JacTUlbI C IMTYy3bIPbKOM IICHHOI'O a3p030Ji4, C.

B 3aBHCMMOCTH OT CBOWMCTB IEHHOI'O a3p030Jisi U BHEIIHHUX YCJIOBUU YJIEJIbHBIN

3apsJl y3bIPHKOB IIEHBI (, PABEH:

d, =% Q, o, -, IV, xnpd. (3.77)
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[MoacraBuB ¢opmyasl (3.60)—(3.77) B (1.9), moayuyum mnapaMeTpUIECKYIO
3aBUCHMOCTh DHEPro€MKOCTHOIO TOKAa3aTessi MEHHOrO CIoco0a OYMUCTKH BO3AyXa OT
NBUICBBIX YacTHIl TEeHHbIM adpososieM (1, > 0) oT 3HepreTHUecKux MapamMeTpoB

npoiiecca:

Q,-h,E oy B-(05-p,-0+35:10%/d,-v-h, -7, +12.0, . -d,-(1-cos6)/

9 —
o-asp

K /
Id,-v-r, +1,91-Z(PK)/dn -h,)

i=1

035 7-(u-d.-(H, 1 p,)* +09L 7-(H,, ~ H,,)"*-d, +Q, - H,)+ N, ] (3.78)

rie 7, — HPOJOKUTEIBHOCTh JWHAMUYECKOTO COIMPUKOCHOBEHHUSI YACTUIBI IBUIA C
IICHHBIM IIy3BIPBKOM, C; 7, — IPOJOJDKUTEIBHOCTh IPOLECCAa CMAYUMBAHMUA YaCTHLBI
MBUTH TTy3bIPHKOM MEHBI, C; P — CHIIBI SJIEKTPUUECKOTO B3aUMOICUCTBUS (KYyJIOHOBCKasI,
WHIYKIIHOHHAs), KOTOPhIE 00SCIICUNBAIOT B3aWMOJICHCTBHE YACTHIIBI MBUTA U MTEHHOTO
ny3bipbka, H; H,, — TonHOE [aBJicHME B CEYECHHWU HArHeTaromlero (BCcachIBAIOIIETO)
natpyOka mooyaurens tsru, [1a; H,, — moTepu MOJHOTO JaBJICHHS B TPyOOIPOBOJE OT
CEYEeHMs] HAarHeTarollero (BCachIBAIOILEro) NMaTpyOka MOOYyAUTENs TATH 10 AKTUBHOMN
30HBI 0unCTKH, [1a; Q, — pacxom ckaTroro Bo3ayxa, KOTOPHIN MOJAETCS K OPOCHUTEIIO,
M/c; H, — IaBICHHE CHKATOTO BO3XyXa mepex opocureneM, Ila; N,, — MOIIHOCTB
VMCTOYHHMKA UCKYCCTBEHHOM JIEKTPU3aLIUU TeHbI, BT.

B pesynbrare, HaMu MOTy4YeHbl MapaMETPUUECKUE 3aBUCUMOCTH 3(PPEKTUBHOCTU
(3.59) u sHeproémkoctHoro mokaszatens (3.78) mns mporecca OYMCTKH BO3AyXa OT
NbUIM TEHHBIM CHOCOOOM Ha OCHOBE MPHUMEHEHHUSI TEHHOTO a’po30Jii Kak €ro
PE3YJIBTUPYIOMIUX TapaMeTPOB, MO3BOJIIIONIUX Takke Oojiee OOBEKTUBHO OIICHUBATH
pe3yabTaT peaau3aly 3TOro mpoiecca.

PaccmoTpym BTOpOM BHJ TEXHOJOTMM OYMCTKM BO3JyXa IEHOM HAa OCHOBE
MPUMEHEHUS CJI0SI IEHBI.

DuU3NYECKyI0 CYHIHOCTh IIpoIllecCa OYMUCTKH MOXHO TMPEJICTaBUTh  Kak
[[eJICHAIIPaBIICHHOE BO3JICMCTBUE HA 3albUICHHBIA (TMBUIETA30BBIM) IIOTOK 3apaHee

MOATOTOBJICHHONW M0 MapaMeTpaMm «JIonoiaHuTeabHou-11.2» aucnepcHolt cucremoi,
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KOTOpasi IPEICTaBJIEHA MEHHBIM CJIOEM, C IOCIEIYIOIUM pa3/Ie€HUEM JIHUCIIEPCHON
¢da3bl (4acTull MbUIN) U AUCTIEPCUOHHOM Cpeibl (BO3/yXa Wi Tas3a).

Pemenus 3amaun, cBsi3aHHOW C OIEHKOW A()DPEKTUBHOCTH U IHEPTETHUECCKOU
HSKOHOMUYHOCTU TEXHOJIOTMU OYUCTKH BO3/yXa, OCHOBAaHHON HAa NMPUMEHEHUU IMECHBI B
BU/JIE CIUIOIIHOTO CJI0S, CTAHOBUTHCS BO3MOXKHBIM MIPH MPEABAPUTEIHHOM BBIMOTHEHUU
MaTEMaTUYECKOIO OMMCAHMS MPOIECCa OYUCTKU 3TOM TEXHOJIOTUEH, KOTOPOE CBOIUTCS
K MOJYYEHHUIO MapaMEeTPUUYECKUX 3aBUCUMOCTEN 3(P(HEKTUBHOCTH M IHEPTOEMKOCTHOTO
nokazarens [44, 45, 47, 50, 51, 116, 120, 123] paccmaTpuBaeMoro mporecca, H3yIuB
npu 3ToM (uU3nYecKkue OCOOCHHOCTH €ro MPOTEKaHMs, OCHOBHBIE CBOMCTBA YacCTHI]
IBUIA, KOTOPBIE OOpa3ylTCs U BBUICIAIOTCS B pe3yibTaTe MPOU3BOICTBEHHOMN
NEeSATENbHOCTH MPEINPUATUN CTPOUTETBHOTO KOMILJIEKCA, a TaKKe CBONCTBA MEHHOIO
cnos (meHHoro (uiabTpa) W pAn ApYrux (GakTopoB, KOTOPHIC BIUAIOT Ha XapakTep
IPOTEKAHUS MPOLECCa OUUCTKH.

B pesynbrare mpoBenéHHBIX uccnenoBanmii [143, 144, 145] mamu moirydeHa
napamMeTpuyeckas 3aBHCUMOCTh 3(PGEKTHBHOCTH TMPOIECCa OYMCTKH BO3JyXa CIIOEM

IIEHBI, IOJIYYEHHON C TIOMOILBIO 0apOOTa)KHOTO WM CETYATOrO IEHOT€HEPaToOpa:

Ea(f)—o—cjl =4 . d 2 L .
9u, -, -(p“"lwz-lonzj

5,77-107-d, - p, -U?

u

) d?2
o, — |1+ .
| s d,-(d,+5,)

Kp

. 1_e)<p — 5’77 .10_2 i dnn " Paun Ufn
o, . -(1-cos@)

(1-1,7-102-q2%) (3.79)

1—exp

rae |, — amuHa akTUBHOWM 30HBI OYMCTKH, M; Ny — KOA(MQUIIUCHT, XapaKTePU3YONIUii
COOTHOIICHHE (HAKTUYECKOTO W KPUTHYECKOTO JUIsi TIEHHBIX IY3BIPHKOB Pa3MEpoB
IBUIEBBIX YACTHL; O, Oy, — COOTBETCTBEHHO CpelHsAA (pakTuueckas M KpUTHUYECKas
TOJIIMHA TUIEHKU IY3BIPHKOB TIE€HBI, M; (o — YACIBbHBIA JJICKTPUYCCKUN 3apsij] TICHBI,

Kn/kr;
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JIns onpeneneHus SHEPreTUYECKUX IMAapaMeTpPOB, XapaKTEPU3YIOLIUX JHEPIUIO,
pacxoIyeMyI0 Ha 3aXBaT IBIJIEBBIX YACTHI] IIEHHBIM CJIOE€M, HAMH BBIJIECJICHBI OCHOBHBIE
(¢u3rnyeckue MeXaHu3Mbl B3aUMOACHCTBUS 3TUX YACTHI] C ITy3bIpbKaMHU IEHbI U MPOIIECC
OYMCTKHA BO3JyXa IIEHHBIM CJIOEM pa3fgeiaéH Ha JBa OCHOBHBIX  OTaa,
XapaKTEepU3yOLUXCA OAHOU WA HECKOJIBKMMH CTaAUSAMU B3aHUMOIEUCTBUS IBIJIEBBIX
4acTHLL C IIy3bIPbKaMU IIEHHOTO CJIO.

Ha nepsom smane namu BbII€TIEHBI U PACCMOTPEHBI IBE CTAIUU:

- IBU)KEHUE MTOTOKA MBIJIEBBIX YACTHUI] HABCTPEUY IIEHHOMY CJIOKO;
- cONMMKEeHUE MbUIEBBIX YaCTHI] C My3bIpbKaMU MEHHOTO CJIOSl HA PACCTOSIHUE ACHCTBUS
MEKMOJIEKYJIIPHBIX CHIL.

B kadecTBe OCHOBHOI'O BHJA SHEPIUH, MO3BOJSIOLIETO JTOCTHYL LEIb MpoIecca
OUHCTKHM BO3/yXa, HA nepeol cmaouu, BHICTYNAET KUHETUYECKas SHEPIHs IMbUIEBBIX
YaCTHUL, ABWKYIIUXCS K CJIOK IEHbl. JHEPreTUYECKUN MapameTp, KOTOPBIA YUYUTHIBAET

JaHHBIN BUJ SHEPTUH, onpeneisercs mo gopmyie [47]:
W, =05-m,-v>-n"-V,/z , Br, (3.80)

rac¢ m, — Macca MbIJICBOM qacTUlbI, KI', KOTOpas OIpPCACIIICTCA II0 e€ CpCaAHCMY

MeJIMaHHOMY quameTpy d, mo gpopmyiie:
m, =017-d;- p,  xr, (381)

T]ie p, — IDIOTHOCTh MaTepuraja MbUICBBIX YaCTHII, KI/M>; 7' — YHCIIO TIBUIEBBIX YaCTHIL B

eMMHAIC 00bEMa aKTHBHOW 30HBI OYMCTKH, KOTOPBIC BCTYMAIOT B KOHTAKT C MEHHBIM
3

cioem, 1/m”,

3HaueHue 7' pacCYUTHIBAIOT 110 popmyie [47, 129]:

n=n,-k, =c, K, Im, 1n (3.82)

A€ ng — O6H_ICC KOJMYCCTBO IBbUICBBIX YaCTHUI, HAIIPABJICHHBIX B AKTHBHYIO 30HY

OYUCTKH, B eauHHIle ¢€ 00BEMa, M e, — KOHUEHTPAIUs TbUIEBBIX YacCTHUI] BO
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BXOJJHOM CEYCHHH aKTHBHO} 30HBI OYHCTKH, KI/M°; K,y — KO3 PUITMEHT HHEPITMOHHOTO
3aXBaTa MbUIEBBIX YACTHUL IEHHBIM CIIOEM.

Koaddurment nHepMOHHOTO 3axBaTa YacTHI] MBLIM CJIOEM TEHBI OIpeaeisieM
YCJIOBHO IMPHHAB, YTO IIPOLECC 3axBaTa YacCTUL MbUIM CJIOEM IIE€Hbl aHAJIOTWYEH

IPOIIECCY OCEaHuUs YaCTHUI] Ha IIOCKOU TutactuHe [146]:

Stk
Ky = o 3.83
Stk + A’ (3.83)
rnie A — Oe3pasMepHblii KOIPGUIMEHT, B OICHKE KOTOPOTO HAOIIOAAIOTCS

SHAYUTCIIBHBIC PACXOXICHUA, KOTOPBIC MOXKHO OOBACHUTH €ro 3aBHCHUMOCTBIO OT
pasMEpPOB NIbUICBLIX YaCTHUIL U OTHOCHUTEIbHOM CKOPOCTH UX IBUKCHUA.

Kpurepuit Ctokca st IEHHOTO CJIOSI ONPEACIIOT o dopmysie [147]:
Stk =d’-v,-p, /191, -1, (3.84)

TA€E [{, — AMHAMUYECKas BA3KOCTh BO3/AyXa, paBHas 1,82- 10° Ma-c.

Ha ckopocTh TBUIEBBIX YaCTUIl 0, BO BXOJHOM CEUCHHHM B AKTHBHYIO 30HY
OYMCTKH OKa3bIBACT BIIMSHUE CKOPOCTh JBMIKEHHUS OCHOBHOTO IIBIJICBO3YIIHOTO
(BEHTUJIALIMOHHOTO) TIOTOKA.

[MoncraBu 3aBucumoctu (3.80)-(3.83) B dopmyny (3.79) u BbINOJHUB

COOTBETCTBYIOIIIME MaTeMaTHYECKUE MPeoOpazoBanus, noaydum [148-153]:

O’S.Uj'cq.pq.su
WK:U . p, +2,668-10% - h- 1 .do,4o4,BT- (3.85)

Ha emopou cmaouu, xorja NpuIeBbIE YacTHULBI COJMIKAIOTCA C Iy3bIpbKaMu
IIEHHOTO CJIOSI HAa PACCTOSHHUE ACHCTBUS MEXMOJIEKYJISPHBIX CHJI, MX JBH)KCHHIO
IPENSTCTBYET PACKIMHUBAIONIEE JIABJIEHUE, KOTOPOE BO3HUKAET MEXKIY YacTULAMU U
Ny3bIpbKaMU M CBSI3aHO C BO3HUKHOBEHHUEM aJICOPOIMOHHBIX O0O0JIOUEK BO3JyXa Ha

JacTumax M IIY3bIPpbKaX H OCOOCHHOCTSIMM HX BBaHMOHeﬁCTBHH Ha I'paHUOC pa3jgciia
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¢da3. OTy cTaauioo NEpBOro 3Tama Ipolecca OYUCTKM MOXKHO XapaKTepU30BaTh
sHepreTnyeckuM mnapamerpoMm Wy, KOTOPBIH y4UuThIBa€T pabOTy aare3MOHHBIX CHI,

CBSI3aHHBIX C TMOBEPXHOCTHBIMHU SIBJICHHUSMH, U OINMHUCBhIBaeMbIM (hopmystoit [148, 152-

156]:

L 06:W,-f,-V,

r-h?.r

M

Wy, , Br, (3.86)

-28 .
rae Wy~ 10 — sHeprusi 1ucrnepcuoOHHOTO B3aUMOJICHCTBHSI, XapaKTEPU3YIOLIasi CUIIbI
NPUTSHKCHUST MEXKITy TBUICBOM YacTHICW W MEeHHBIM mmy3bipbkoM, JIxk; f, — ruromans
MOBEPXHOCTH aJr€3MOHHOr0 B3aUMOJEHCTBUS IBUIEBOM YacTHUIBI M Iy3bIpbKa IEHBI,

onpenensemas 1o hopmyiie:
f =03-7-d? (3.87)
rie V, — akTUBHASI 30Ha OYMCTKU BO3/yXa MIEHHBIM CIIOEM, OTpeesieMas 1mo GgopmyJie:
V,=05-d -S , W, (3.88)

rac t,, — BpPCMA aArC3HMOHHOI'O BBaHMOHeﬁCTBHﬂ MbIICBOM qacTulbl C IICHHBIM

My3BIPBKOM, onpenersiemoe 1o Gopmyse [148, 152-156]:
7, =3, 4, l4-R-r" 7). c, (3.89)

Tac PC — CHJIa, CTAJIKUBarOIldsA IIBUJICBBIC YaCTHUIIBI C IIY3BIPbKAMH IICHBI, KOTOpas
OIIPCACIIACTCA, TJIABHBIM 06p330M, KUHETHYECKOU SHCpFI/Ieﬁ IIBIJICBBIX 4YaCTHII,

pacxoayeMoii Ha IPEOA0ICHHE PACCTOSHUS ACHCTBHS aare3snoHHbix cui [153-157]:
P =0,26-0>-p,-d’-r, H, (3.90)

rae I — pacCrosgHue I[eﬁCTBHH aArc¢3MOHHBIX CHII, M.
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[ToxcraBus (3.87) - (3.90) B (3.86), momyuum [153-157]:

~ 366-10%.¢c,-0°-S, - p,
Yd, -h?-z-(v, - p, +2,668-10°-h, -y, -d %) BT (3.91)

8 u

W

Hauano emopoco smana nporiecca OUUCTKH BO3yXa CIOEM IEHbI COOTBETCTBYET
MOMEHTY BO3HMKHOBEHHUSI HEMOCPEACTBEHHOI'O KOHTAKTa MEXKIY INbUIEBOM YAaCTULIEH U
My3bIPbKOM MEHHOTO CJIos. [Ipu 3TOM 3HEPrut0 NPOTUBOACUCTBUS NIEHBI 3aNIUIEHHOMY
MIOTOKY CJIEAYET CUMTATh IOJIE3HO PACXOAYEMOH. DTOT 3TAIl XapaKTEPU3YETCSA IBYMS
OCHOBHBIMH, B3aUMOCBSI3aHHBIMH (PU3MUECKUMHM MEXaHH3MAaMHU U COOTBETCTBYIOLIUMHU
VM JIByMs CTaJUsMMU:

- YOPYTOo—3JIaCTUYHOE B3aMMOJICMCTBUE TBIJIEBBIX YaCTHI] U IEHHBIX MY3bIPbKOB;
- CMa4yMBaHUE MBIJIEBBIX YACTHIL CJIOEM ICHBI.

Kaxxnplii U3 NEepeyYHCIIEHHBIX BBIINIE MEXAHU3MOB IIPOSABIAECTCS B Pa3JIMYHOU
CTETIEHU B 3aBHCHUMOCTHU OT CBOMCTB IOJYYEHHOMN IMEHBI M 3aXBATHIBAEMBIX IIBIJIEBBIX
YaCTHI]

[Tapamerp, xapakTepU3YIOLINUN 3HEPTUIO YIIPYTrO—3JIACTUYHOIO B3aUMOJCUCTBHUS
CJIOSl TIEHBI M MBUIEBBIX YACTHUI], MOXHO MPEICTABUTh B BUJIE CYMMBI JIByX MapamMeTpPOB
W, u W,,, omnuchBalomuX MOJE3HO PACXOAYyEeMYyI SHEPTrHUI0 COOTBETCTBEHHO IIPH
3JIACTUYHOM M CMauyMBaIOIIeM MEeXaHU3MaX B3auMO/ICHCTBUS.

MexaHu3Mm ynpyro—a3jaacTUYHOTO B3aUMOJEHUCTBUS MbUIEBOM YAaCTHUIbI C IEHHBIM
My3bIPbKOM COCTOUT B TOM, YTO YaCTHIA, KOTOpas COMPHUKOCHYJACh C IYy3BIPbKOM,
pacTsATHBAET €ro MOBEPXHOCTh B MECTE€ KOHTaKTa, oOpasys yriyonenue. Mcxons w3
ATOTO, SHEepreTudeckuil mapamerp W, MOXKHO ONpPEACTUTh B 3aBUCUMOCTH OT JaBJICHUS
BHYTPH IIEHHOTO ITy3bIPbKa, 4 TAKKE IJIOMIAIN TOBEPXHOCTU B3aUMOICHUCTBUS MBUIEBOM

YaCTHIIBI C My3bIphKOM IeHbI [153-159]:
W3:2.72-'0m—0/c.dw2‘ult'n’.ka’.Fa.ﬂa/dnn’ BT7 (3'92)

2.
Tl Oy, — TOBEPXHOCTHOE HATSHDKEHHE pacTBopa mneHooOpaszoBarens, x/m; K, —
ko3 UIIMEeHT 3axBaTa NBUICBBIX YaCTHUI[ Iy3bIpbKaMHM TI€HBI TPU WX YIOPYro-

AJIIACTUYHOM MEXaHU3ME B3aUMOJEHUCTBUS; [, — KOIP(GULIMEHT, XapaKTEePU3yIOUIUN
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A0JII0O  YHPYIro-3JIaCTUYHOIO MCXaHU3Ma BSaHMOHeﬁCTBHH IOBbUICBBIX 4YaCTull C
ITy3bIPbKAMM IICHBI IIPW OYUCTKC BO3AYyXa OT IIbIJIM IICHHBIM CJIOCM.

Cornacho [68, 73], Benmnunna ko3 duieHTa 3axBaTa YaCTHUI] MMBUTH MTy3bIPHKOM
TICHBI UMEET SKCTIOHCHITUAIBHYIO 3aBUCIMOCTh OT OCHOBHBIX XapaKTCPUCTHUK JIBUKCHHSI
ATUX YACTHIl, TIO3TOMY YIPYTO—3JIACTUIHBIA MEXaHU3M B3aMMOJICHCTBHSI CJIOSI TICHBI U

HaCTHII IIbIJIM MOXKCT OBITH OITMCAaH YPaBHCHHCM.

d -
Kk, :exp[—O,Z-Vq- /ﬁ] (3.93)

rae y — K03 UIMEHT yIpyro—31acTUYHOTO B3aUMOJICUCTBHUS, KOTOPHIN ONpeeseTcs

3aBHCUMOCTBIO [68, 73]:

A P IP R (3.94)
S, d,,-(d,+5,)

Koadbdumuent f, 3aBucHT OT KpaeBOro yria CMadWBaHWS dYacTull 6,

MOBEPXHOCTHOTO HATSDKEHUS PaCTBOPA Oy, U PACCUMTHIBACTCSA 10 hopmyie [68, 73]:

B = 76.5. %815, 53261 (3.95)

m-—oic

[Moncrasus (3.92)-(3.94) B (3.91), mosryunm Beipakenue [153-159]:

291’98 0o, . .qu . Cq . 90,815 . O-;iy—solic -exp| — 012 .Vq M
W | | o, . v ) Br.  (3.96)

3 dl‘.d””.(\/‘t.qu+21668'108’h‘1u3.d;a464)

DHEPreTUYECKUd NapaMeTp, XapakTePU3YIOLIW SHEPrUI0 CMAYMBAIOIIMX CHJ,

MOYKHO orpeneuTs 1o ¢popmyne [153-159]:

W, =050, -(1-cos@) z-d?-n'"-k,-1-p)/z, ,Br, (3.97)
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rne k; — koapduumeHT 3axBara THUIEBBIX YaCTUI] Iy3bIpbKaMH TICHBI TIpU

CMauUBaIOIIeM MEXaHU3Me, onpeaesieMbli o Gpopmye [68, 73]:

d
k,=exp| —0,2-v, - Pon "D , (3.98)
o, . -(1-coso)
rae p, — IUIOTHOCTh CJIOSl TICHBI, Kr/M°; T, — BpeMs pacTeKaHHs pacTBOpa

neHo00pa30BaTeNs MO MOBEPXHOCTHU MBUICBOW YaCTHIIHI, C.
3HaueHHE 7, ONPENEIAIOT 1o (hopMyse, IOTyYEHHOH B pe3ylabTaTe 00pabOTKH

IKCIIEPUMEHTAIBHBIX TaHHBIX [68, 73]:

7,=10".0," -6°%.d *. c. (3.99)

m—otc

Torga popmyina (3.96) moxkeT ObITH IPUBEEHA K BUTY:

29198 -7-0, . -v>-C, -0**° .53 .exp| -0,2 v,

et V) Br. (3.100)
cm dq -dnn '(Uq o, + 2,668-108 . h',ug -d_0’464)

Y

DKCcIepUMEHTAIbHBIC M TEOPETUYECKUE HCCIe0oBanus ycTanoBwin [133, 134,
138], uro B pe3yabTaTe NPUMEHEHHUS JJICKTPO3apSHKEHHOW TIEeHBI CYIICCTBCHHO
NOBBIMAETCA d(PPEKTUBHOCTD MPOIECCa OYUCTKU BO3MyXa, MPU JEHCTBUM HA BCEX €TO
sTamax JJICKTPUICCKUX CHII. [lapameTp, KOTOPBIH YYUTHIBACT SHEPTUIO SJIEKTPUUCCKUX

CHWJI, MOXKHO OoTpeieNiuTh 1o gopmyie [153-159]:

3’25 103 ’ (\nyﬂ +WuH0.n +WuH().u _W83 ) Cn ) q’(l);les ) (V8 +Va) Bt (3 101)
— 3 ’ ’ -
To'dq ) pq

on

rae Wy, , Wonon s Winow » Wy — mapamMeTpbl, yYMTHIBAIOLIME COOTBETCTBEHHO JIEHCTBUE
KYJIOHOBCKOW CHUIBI, CWJI MHIYKIIMM MEXIy 3apsoM Ha TEHE W WHIYIHPOBAHHBIM

3apAAOM Ha YaCTHULEC IIbUIM, CHJI HHAYKOHHK MCXKAY 3apsAAO0oM HaA YaCTHLC IIbUIM H
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WHIYIIUPOBAHHBIM 3apsioM Ha TI€HE, CHUJ B3aUMOACHCTBUS MEXIy THIJICBHIMU
JaCTUI[AMHU.

[TapameTppl, KOTOpPBIC YYHTHIBAIOT 3aTPauyeHHYIO JHEPTHUI0 HAa OPTaHHM3aIldI0 B
KOpIyce IEeHOTeHepaTopa IMOTOKAa BO3ayXa HJs TOJYYCHHsS TIeHBbI, Ha MOJady B
NICHOTEHEepaToOp TOJ JaBJICHHEM TMEHOOOpa3yIoIIero pacTBopa, a Takke Ha
UCKYCCTBEHHYIO JJICKTPUYECKYIO TOM3apSAKY TIEHBI OMPENesIOT MO CIETyOIINM
dbopmymnam:

- TI0Jja4a BO3AyXa B TICHOTCHEPATOp C IIeNIbI0 00pa30BaHUS MEHBI C YIETOM YPaBHEHHUS

HEePa3pPbIBHOCTHU TIOTOKA:
N, =032 g -7-d? - H?®.t B (3.102)
- [1oJa4a K IICHOIrCHCpAaToOpy pacTBOpa HGHOO6paSOBaTeHH:
N, =354, -7-d2-H.(c, -(p, —998)+876-10'f°-t ,Br,  (3.103)

TOE 14, tt, — KOOPOHUIMEHTHI pacXo/a BBIXOAHBIX OTBEPCTUH I BO3/lyXa U pacTBOpa

TneHoreHeparopa; d,, d, — anamerpsl ceueHnii MOABOIMINX NATPYOKOB IEHOTeHEpaTopa

A1 1oJJadru BO3JlyXa M pacTBOpa HeHOO6p330BaTeJ'I$I, M, Pno— HIOTHOCTb

nerooGpasosarens, kr/m>; H,, H, — COOTBETCTBEHHO JaBJIEHHE BO3JyXa U PacTBOpa
neHo0Opa3zoBaTeNs Ha BXOJE B MeHoreHeparop, Ila; t — konnyecTBO MeHOreHEPaTOPOB,
KOTOpOE€ HEOOXOAMMO JIJIsi CO3JaHUsl CIOsI TIEHBI, MEPEKPHIBAIOIIETO BCE MOMEPEUHOE
CEUYCHHME aKTUBHOMW 30HBI OYUCTKH BO3/IyXa.

Ouepreruueckuit  mapamerp  N,,,  XapakTepu3ylOllUd  HCKYCCTBEHHYIO
AIIEKTPOIOA3APSAKY TEHBI PABEH MO BEIIMYMHE MOIIHOCTH UCTOYHUKA BJIECKTPUYECKOTO
TOKa, OOECIEYHMBAIOMIETO JOMOTHUTEIbHBIA 3JIEKTPUYSCKUNA 3aps] HAa TMOBEPXHOCTH
Ty3bIPHKOB TICHBI.

B pesyabTaTe BBINOAHCHHOrO 3Tana wucciegaoBanui [155-165] wamm Takxke
NoJlyueHa MapaMeTphueckas 3aBUCHMOCTh JHEPrO€MKOCTHOTO IOKaszaTess mpolecca

OYHCTKH BO3JyXa OT IIbLJIM IICHHBIM CJIOCM:
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; 1,83-10-28.uq-R2+6-am_2-uq-n'-hA 12-am_2(1—c039)-n"-hA+

05-0° + +
' dj.hA'lus pu.dq.dnn pn.Tp.dnn
> = 3
b 191 Y P, n,n"'F,h,
——
d-p, (3.104)
E,, . -F

ahp—o—cn n

Q,(H, —H,)+H,Q,+HQ)i+N,’

rae F, — Iomamp cedeHus MeHOOOpa3oBaHus (IIOJAYM MEHBI), M°, | — KOIMYECTBO
OJIHOTUITHBIX TIEHOTEHEPATOPOB, HEOOXOAUMOE ISl IOJTHOTO MEPEKPHITHUS MTOMEPEUHOTO
CEUYEHHUs aKTHMBHOM 30HBI OYUCTKH, IIT; R — cpegHee paccTosHNE MEXIY My3bIpbKaMu
MEHbl W TBUICBBIMHM YaCTHUIIAMU B AaKTUBHOM 30HE OYMCTKHA, M; N, — YJAEIbHOE
KOJIMYECTBO IBUICBHIX YACTHI[, BXOMIIINX B AKTHBHYIO 30HY OYHCTKH, l/M>, n' —
yAENbHOE KOJMYECTBO IMBUICBBIX YACTHI[, CTOJKHYBIIMXCS C Iy3bIpbKaMH IE€HBI U
BCTYIHMBIIHX B MEKMOJICKY/SIPHOE B3anMozeiicTBue, 1/M>; n’ — yIelbHOE KOINYECTBO
NBUIEBBIX YacTHUI, HA MOBEPXHOCTH KOTOPBIX IPOUCXOJUT MPOLECC CMayuBaHUs
IICHHBIMU Iy3bIPbKaMH, I n’ - YAEIBbHOE KOJIMYECTBO MBUIEBBIX YAaCTUL], KOTOPBIE
3a/IEPXKUBAIOTCS] Ha TTOBEPXHOCTH IMY3BIPHKOB MEHBI 32 CUET NEUCTBUS AICKTPUUYECKHUX
CHII, 1/,

Takum  o0pa3zomM, HaMM  TOJy4YEHB  MapaMeTPUYECKUE  3aBUCUMOCTHU
adpdextuBHoctr (3.79) u sHeproémkoctHoro mnokazatens (3.104) mis mpouecca
OUYMCTKH BO3/yXa OT MbLIU MEHHBIM CITIOCOOOM Ha OCHOBE MPUMEHEHHS CIIOS TIEHBI KaK

CTr0 PCIYIbTUPYIOIIHUX IMAPaMCTPOB, TIIO3BOJIAIOIINX  TAKIKCE 0ojee OOBEKTHBHO

OLCHUBATH PC3YJIbTAT PCAIN3AIIUHN 3TOTO ITpOoHccca.

3.1.3 PaccenBaHue NbLIn

[IpunynurensHOE pacceMBaHME MBUIM KaK (PYHKIIMOHAIBHBIA DJIEMEHT CHUCTEMBI

0opbOBI ¢ mbUTBI0 [166-169] MOXkeT ObITh MPUMEHEH TOJILKO B TEX CIIydasx, KOTia
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3¢ (HEKTUBHOCTh TPOIECCOB TMBUIC3aJEPKaHUSI W OYUCTKH BO3IyXa OT TMBUIH HE
o0OecrieynBaeT HOPMATUBHBIX JKOJIOTMYECKUX TpeOOBaHUN, TMPEAbSIBISEMBbIX K
BBIOpachiBa€MOMY B aTtMoc(epy  BEHTUJISLIMOHHOMY  BO3JyXY HMCTOYHHKAMH,
HaXOMJSIIMXCS HAa  TEPPUTOPUSAX  NPOMBINLIICHHBIX  IUIOIIAJ0K  MPEINPUATHIA
CTPOUTEIBHOTO KOMILJIEKCA U, B 4aCTHOCTH, 3aB010B JKBUuK.

@U3NYECKYI0 CYHIHOCTh IIpollecca NPUHYAMTEIBHOTO PACCEMBAHMS MbUIN
XapakTepu3yeT MHTCHCUBHOE YBEIWYEHUE CTENECHW pasyJalieHusl 4YacTUIl IbLIH,
BBIOpAacChIBAa€MbIX B TIPU3EMHBIN CiIOH aTMocdepbl, YCKOpPEHHE HX BbICEBa W3
OKpY>Karollel BO3yIIHOW Cpebl U IPOUYHOE UX CBSA3BIBAHUE C MIEPEXO0JIOM B COCTOSTHUE
neuieBoro  Marepuana. CrencTBUEM  ATOTO  JOJDKHO — SIBIATHCS  YMEHBIIICHUE
KOHIICHTPAIIMM YacCTUI[ TMbUIM B  OKOJOTMYECKH 3HAYUMBIX TOUYKax (30HaX)
MPOMBIILICHHON ITIOMIAJKH.

IIpouecc paccenBaHusi MEHHBIM CHOCOOOM  HEOOXOJMMO  peaau30BaTh
HEIMOCPEJICTBEHHO Ha MCTOYHUKE BHIOPOCA MBLJIEBOTO a3p030Ji MOCIE MbUICOYUCTKU B
BO3/lyX HaJ TEPPUTOPHEH MPOMBINUICHHOW  IUIOMIAJKK, YTO OOecrneynBaeT
MUHHMMAaJIbHbIE SHEPTreTUYECKUE 3aTPaThl HA CO3/IaHNE KOMITAKTHON «JIOMOJIHUTEIbHOM-
[1.3» aucnepcHOl cHCTeMBbl, B KaueCTBE KOTOPOH B JAHHOM CJIy4ac BBICTYMACT TICHHBIH
CJIOW WJIM MEHHBIA a3p030ib. OHA BO3JECUCTBYET Ha «IIpOMEXyTOuHYIO- |1.2» cucremy,
KOTOpasi MpeACTaBIsAE€T COO0I MEHHBIN a3PO30Jib.

Ocob6oe, MPEeUMyIIECTBEHHOE MECTO Cpeau Haubojee MIUPOKO MPUMEHSIEMBIX
TEXHOJIOTUH MPUHYAUTEIIBHOTO PACCEUBAHUS BHIOPOCOB MBUIEBBIX YaCTHUIl B aTMOChepy
3aHUMAET MEHHBIN COCO0 ¢ MPUMEHEHHUEM MTEHHOTO a3pP030Jis, KOTOPHIN 3aKITI0YaeTCs B
CO3/ITaHUH TIOTOKA TUCKPETHBIX My3bIPHKOB IEHbI, UX M0/1a4€ B OCTATOYHO 3albUIEHHBIN
BO3JYIIHBI TMOTOK HEMOCPEJICTBEHHO TIepe]l BBIXJIOMHBIM CEUYCHHUEM HCTOYHHKA
BbIOpOCa (BEHTWISIIMOHHOW TPyObl WJIM IIAXThI) C TMOCJIEAYIOMIUM pasyJajieHHEM B
dakeme BBIOpOCAa 3aXBAYCHHBIX ITy3bIPhKAMH TICHBI TBUICBBIX YACTUI[ 32 CUET
3HAYUTEJIHLHOTO YBEJIMUCHHUS UX napycHoctu [166-169].

[Ipu peanuzanuum mnpolecca NPUHYAUTEIBHOTO PACCEMBAHUS IBUIEBBIX YaCTHIL
y3bIpbKaMU MIE€HbI IPEBBIIEHNE CKOPOCTU JIBH>KEHUS MYy3bIPHKOB MIEHBI HAJ] CKOPOCTHIO

ABHOKCHHS OCTAaTOYHOI'O KOJIMYCCTBA 4YaCTHUIl IIBIJIM B aKTUBHOM 30HE pacceuBaHusd



135
o0ecreuynBaeT yBEIMYECHUE MMITYJbCa U KMHETHUYECKOW SHEPrUM IMbUIEBBIX YacTHI] 32
c4€T 00pa30BaHUs arperaToB «4acTUIA—ITY3BIPEKY.

IIpu wuccnenoBaHum (U3MYECKOTO MEXaHU3Ma IIpollecca NPUHYAUTEIBHOIO
paccerBaHus MbLIEBBIX YaCTUIl HAMH PACCMOTPEHBI XapAKTEPHBIE ISl HETO MPOLIECCHI
B3aUMOJICMCTBUSL JUCIIEPCUOHHOM CpEAbl, B KauyeCTBE KOTOPOM BBICTYyNA€T BO3AYX
BbIOpachIBa€MOl CTpyH, M JUCHEpPCHOM (ha3bl, B KAauecTBE KOTOPOW BBICTYMAIOT
OCTAaBILMECS MOCIE MPOLECCa OUUCTKH MbIIEBbIE YACTULIBI.

Ha nepeom smane, B MOMEHT UCTEUEHHsI MbLICBO3IYIIHON CTPYH U3 UCTOUYHHUKA
BBIOpOCA OHA UCHBITHIBAET BO3JCUCTBHE PA3IMYHBIX CHJI, COOTHOIICHHE MEXIY
KOTOPBIMU MOKET JIOCTAaTOYHO OBICTPO MEHAThCA. Tak, Ha HavyaJbHOM ydyacTke (akesna
BbIOpOCa MpeodsaaeT BIMAHHE KHHETHUYECKOW OJHEpruyM 3a CuU€T CWIbl TATH B
UCTOYHUKE W CHJIbl IUIAaBY4YeCTH CTpyH. YacTh HaYaJIbHOIO YYacTKa MOIbEMA,
00OyCIIOBIIEHHAs: CKOpPOCTBbIO HCTEUEHHUs, ONpenenser €€ KUHEMaTH4YECKHH MHOIBEM.
Takum oOpa3oM, Ha HA4YaJbHOM YYacTKe OIpPENCSIONIMMH Ul PaclpOCTpPaHEHUs
NBUIEBBIX YacTHI] B aTMoc(epe SBIAIOTCS CHJIbI, BbI3BIBAIOIINE NOABEM CTpPYH.
[Tonepeunsie TypOyJleHTHbIE MyJbCallUM CKOPOCTH B CTPYE €€ HE3HAUUTEIbHO
paciupsroT CTBOJA (paKena u MOCIeAHUN BeJET ce0sl aHAIIOTUYHO TBEPAOMY TEIy.

Jliist onpenenenys BEICOTHI MoAbEMa (hakesia BEIOpoca BOCHOb3yeMcsl (hOpMyJIoit
H»Buncona—bpaitanmma [170], koTopas uMmeeT BU/I;

Ah =Dy, - (U5 /U ) - A+ AT T, ) (3.105)

eemp

rae Dy, — aMaMeTp ycThsa NCTOYHHKA BBIOPOCA IBIIH B aTMOCDEPY, M; gy, — CKOPOCTD
BbIOpOCa, M/C; Ty, — TEMIEpaTypa (hakena BeIOpoca, rpal; A7 — pa3HOCTh TEMIEPATYP
OKPYXKAIOLIEro aTMoc(epHoro Bo3ayxa M (akena BeIOpoca, rpal.; U, — CKOPOCTbH
BeTpa B aKTUBHOW 30HE MPUHYIUTEIHLHOTO PaCCEUBAHUS MBUIEBBIX YaCTHII, M/C.

Ha emopom smane pazsutus (akena BbIOpoca Ha cojepiKalimrecs B HEM IbLUIEBbIE
YaCTHUIIBl PEIIAIOIIee BIMUSHUE OKA3bIBAIOT CHJIBI, BBI3BAHHBIE TYpOYJICHTHBIMU
MyJIbCAASIMU M TIUPKYJIAINHAEH aTMOC(EpPHBIX MOTOKOB. M3-3a 60IBIION JIUTETEHOCTH

MMPOTCKAIINUX HAa BTOPOM I3TaIlC IPOHCCCOB AOCTATOYHO BBIPAKCHHBIMU CTAHOBATCA
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TPaBUTAIIMOHHOE OCAXICHUE TMHUICBBIX YaCTHUI] W aAre3noHHble dddextsr. s
HAYaJIbHOT'O y4acTKa BTOPOIO 3Tana XapakTepHO Halumuyue u3ruda ¢akena BeiOpoca, a ¢
pa3BUTHEM BTOpPOro JTama Ha ¢aken BbBIOpOca MbUIM JIEUCTBYIOT aTMOC(EpHbIE
MyJIbCAIIMHA U PETYJISIPHBIC BO3MYIIHBIC TedeHUs. [Ipu 3TOM HabmI0Maf0TCs CTaOMIIbHOE
OCWXKJICHWE TIBUICBBIX YACTHII HA IOJCTHJIAIOIINE TIOBEPXHOCTH HA TEPPUTOPUHU
MPOMBIIIVICHHON IUJIOIIAKK, a TakKe paBHOMEpPHOE paciiupeHue Qakenaa BbIOpoca,
dbopmMa  KOTOPOTO  TEMeph  OMPENESETCSs  TEPMOJMHAMHYECKUM  COCTOSTHUEM
aTMOC(EpHOTO BO3AyXa M MPU3EMHBIMH MTOTOKAMH BO3IYIITHBIX MacCC.

Takum oOpa3oM, Ha XapakTep MPOTEKaHHUS IPOIecca PacCEHBAHUS IBIJICBBIX
YacTHI[ B MPU3EMHOM CJIo€ aTMOC(hephl TOPOJCKONW TEPPUTOPUU OKA3BIBACT BIUSHUC
COBOKYITHOCTh Pa3IMYHOTO POjia HE3aBUCUMBIX (DaKTOPOB, KOTOPHIE MOKHO OTHECTH K
YETBIPEM OCHOBHBIM T'PYIIIIAM:

- K TEpBOM rpymme OTHOCATCS (haKTOPhI, XapaKTEPHU3YIOIIUE CBONCTBA HMCTOYHHKA
BBIOpOCA: X, J, Z — KOOPJAMHATHI YCThS MUCTOYHHMKA BHIOpOCA MBUIEBBIX YacTuil, M; Dy, —
SKBUBAJICHTHBIN TUAMETP YCTbsI UCTOUHUKA, M; Vgygp, — CKOPOCTB BBIOpOCA, M/C; Ty —
TemriepaTtypa ¢akena BpIOpoca, Tpaj;

- KO BTOpOU TpymIme OTHOCSTCS (DAKTOPHI, XapaKTEPU3YIOIINE CBOWCTBA IMBUIH: ), —
IUIOTHOCTh MaTepHajia MbIICBBIX YacTHIl, Kr/M ; O, — cpeIHUN MeAMaHHBIN JHaMeTp
MBUIEBBIX uacTHL, M; K, — koddduiueHt ¢opmsl; Cgg, — KOHIEHTPAIMS IBUIEBBIX
YACTHI B CEUYCHHH YCThS KCTOYHHMKA BbIOpoca, Mr/M>, S, — KodhdUIHEHT
JUDJICKTPUYECKON MTPOHUIIAEMOCTH MaTepHraa MbIJICBBIX YaCTHII;

- TpeThI0 Tpymmy o0pa3yroT (GakTOphl, XapaKTEPU3YIONIME CBOKWCTBA BO3TYIIHON
cpenbl: Ugemp 1 Vgemp s Weemp — COCTABISIOIINE CKOPOCTH BETPA COOTBETCTBEHHO IO OCSIM
X, y, " Z, M/C; Auny — HHIEKC cocTosiHus atMmochepsl; Ty, — TeMmmeparypa
OKpYIKaromero arMoc(hepHoro BO3yxa, Tpaj;

- yeTBepTas TIpyIlIa ONpelnesieT TEeOMETPUI0 M CBOMCTBA MOJCTUJIAIOLIEH
noepxHoctH: f(X,y,Z) — ypaBHCHHE JIMHUM TOKA, OTHOAIOIICH MPEMATCTBUSA, M; T,,s —
TeMITepaTypa MOJACTUIIAIONIEH TTOBEPXHOCTH, TPal.

B 1npouecce mnNpuUHYIUTENBHOIO pAaCCEMBAHUS TMbUIM B TMPU3EMHOM  CJIOE

arMocdepsl (pucynku 2.1, 2.2) npu Bo3AeHcTBUU «a0noaHUTENbHOM-11.3» crcTembl Ha



137
«IPOMEXYTOUHYIO-11.2) crucTeMy B akKTHBHOM 30HE TPOIecca MPOUCXOAUT 00pa30BaHUE
«octarouHoi-11.3» nucnepcHoM CHUCTEMBbI, MPEICTABICHHOW MBIJIEBBIM a’pPO30JIEM C
OCTaTOYHBIM KOJMYECTBOM IIbUIEBBIX YacCTHUL, C HEU3MEHHOW WM HE3HAYUTEIIBHO
yYBEIIMYUBAIOLIEHCS] YCTOMUYMBOCTBIO, MPOJOJDKAIONIEH HAaXOAUThCS B arMmocdepe, a
TaKke «ocTtaroyHoi-11.4» cucTteMbl ¢ pPE3KO YMEHBIAIOIICHCS YCTOMYHUBOCTHIO B
COCTOSIHUU «a3p030JisD», CKIIOHHOM K MEPEX01y B COCTOSIHUE «IIBUIEBOTO MaTepuaja» Hu
ocejarolled Ha mOACTWiaromMe mnoBepxHocTH. IIpum »Tom  «octatounas-l1.3»
nucrepcHasi cucreMa GOpMUpPYET B BO3AYIIHOM OacceilHe MPOMBINUICHHONW TUIOMIAIKH
U TpUJeraromed TeppUTOPUU OCTATOYHYIO 3albUIEHHOCTh, KOTOpas MOJDKHA OBITh
crporo opueHtuposana Ha ITJIK,,, wim ITAK,..

N3meHeHne mapaMeTpoB UM YCTOMYMBOCTH «HpoMexyTouHou-11.2» nucnepcHoit
CHUCTEeMBI B TIpOIlECCe MPUHYAUTEIHHOTO paccerBaHUs OOYCIOBIMBAETCS, B KOHCUHOM
cyeTe, MepepacipeeIeHueM YHEPTE€THUECKUX MOTEHIIMAIIOB 3TOW U «IOTOJIHUTEIbHOM-
I1.3» nmucnepcubix cucteM. IIpum 3TOM co3nanue «aomoiaHUTENbHOM-11.3» cucTeMsl
TpeOyeT Oonpe/ieNIEHHBIX YHEPTETUUECKUX 3aTpaT, B pe3ybTaTe uyero oHa mpuobdperaer
CYMMAapHyl0 CBOOOJHYIO IOBEPXHOCTHYIO dHepruro Wsory3, BHOCHMYIO 3aT€M B
AKTUBHYIO 30HY pealu3alyd NpOoLecca NPUHYIUTEIBHOTO pPACCEMBAHUS IBUIEBBIX
yactull. UMEHHO 3Ty 3HEPTHUI0 MOXKHO CUMTATh 3aTPAYCHHOW Ha peaIM3alnIo MPoIecca,
TaKk KaKk OHa 00eCleYMBaeT, B KOHCUHOM CYETE, CHWIKEHHE KOHIICHTPAIIMU MBIJIEBBIX
YacTHIl B BO3JIYIIHOM OacceiiHe NPOMBIIIJICHHON IUIOMIAJAKA W TPUJICTAOIICH
TEPPUTOPHUH.

[Ipoananu3npoBaB SHEPreTUUYECKUE MapaMeTpPbl AUCIEPCHBIX CHUCTEM, KOTOPHIE
Y4acTBYIOT U 00pa3yloTcsl B XOJI€ Mpolecca NPUHYAUTEIBHOTO PACCEUBAHUA, a TAKKe
CXEMBI MepepacipeieCHIs dTHX MapaMeTpoB (PUCYHOK 2.2) MOXHO 3aKJIIOYUTh, YTO B
KauecTBE TOJIE3HOW HHepruu (TO €CTh TMOLIEAIIe Ha JOCTHXKEHUE LEeJIu
IIPUHYIUTEIBHOTO PACCENBAHUS — YBEJIMUYCHHUE CTEIIEHU Pa3ydAJICHUS MTbUIEBBIX YACTHLL,
YCKOPEHUE HMX OCAXACHUS B BO3AYLIHOW CpeAe W TMPOYHOE CBA3BIBAHUE C
NOACTUJIAIOIIEH IMOBEPXHOCThIO) B JAHHOM CJIy4a€ BBICTYIIA€T SHEPrus, KoTopas
ompeeNsieTcsl KaKk pa3HOCTh MEXKIY CYMMApHBIMH CBOOOJHBIMU IOBEPXHOCTHBIMU

3HEprusiMu «1poMekyTouHoR-11.2» Wezy12) 1 «octarounoit-11.4» Wy o.i 4y IuCTIEpCHBIX
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CUCTEM.
Paccmorpum  apdexkTUBHOCTh  peaiu3aluu  MOpolecca  MNPUHYIAUTEIBHOIO
paccenBaHMs TBUIM MEHHBIM CIOCOOOM KaK €ro pe3yJbTUPYIOIIYI0 XapaKTepUCTHUKY,
KOTOpasi ¢ y4€TOM €ro MHOTOCTAIMHOCTH aHAJIOTMYHO TIpolieccaM MblIe3aJepKaHus U

OYMCTKHU BO3/yXa OT IBUIM MOXKET OBITh OTIpeiesieHa o Gpopmyie:
Eeqb—pn—asp =1- (l_ Ead)(l)—pn) ’ (1_ qub(Z)—pn) ) (1_ Ead)(S)—pn) . (3106)

[Mapamerp E,p),n XapakTepusyeT BEpOSTHOCTb 3axBaTa IIbUIEBBIX YaCTHIL
My3bIpbKaMH TEHBI MOJ ISHCTBUEM HHEPIHMOHHBIX CHII Ha nepeoul cmaoduu Tpolecca
NPUHYAUTEIHLHOTO PACCEMBAHUS TBLIM, KOTJAa TOCTYNAaTEeIbHOE IBUKEHHE MBIICBBIX
YacTULl OCYIIECTBIIETCA 3a CUYET KUHETUYECKOM SHEPruu COBMECTHO IBUIEBOIO U
NEHHOTO ad’po3oiieid, a d((eKTb, NPUBOASIINE K CTOJKHOBEHMIO M 3aXBaTy
(HaMMMIAHWIO) YACTHII TBUIM MYy3BIPbKAMH TICHBI HOCSAT WHEPIUOHHBIA XapakTep,
onuckiBaeMblii kputepueM Crokca.

KonuyecTBo (KOHILEHTpaIMs) YaCTUL] NIBLIX Ny, KOTOPBIE BCTYIMUIN B KOHTAKT C

y3bIPbKaMU TICHBI TI0JT ACHCTBHEM JaHHOTO MEXaHHU3Ma ONpeIeisieTcs Mo popmyJie:
npn = r-IO—pn ) anb(l)—pn ) 1/M3. (3107)

KonnuecTBo (KOHIIEHTpAIUs1) MBUIEBBIX YacTUIl B BRIOpachiBa€MOM B aTMocdepy

BO3AYIIHOM (Ia30BOM) BEHTHJIIIUOHHOM IOTOKE Ng.p, OIMPEEIAETCS 10 popMyIe:
— 3

Ny, =c,/m,  1n. (3.108)

Torna mapamerp E,p1)-p, 18 IpoLiECCa IPUHYAUTENBHOTO PACCEUBAHKS IEHHBIM

asposonem (1,>0) aHanmormyHO TmpoleccaM MbUIC3aJACPKAHUS M MBUICOUYUCTKH

onuchIBaeTcsi KOA(P(UIMEHTOM HHEPLUUOHHOIO ocaxiaeHus K, U omnpeaensercs o

bopmye:
Es(])(l)—pn = KHH . (3109)
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Bmopas cmaousa npouecca NpUHYIUTEIBHOTO PACCEMBAaHUS NBUIEBBIX YacCTHI] B
aTMoc(epe BKIIOYAET CONPUKOCHOBEHHUE MbUIEBOM YacTULbI C IY3BIPHKOM IE€HBI J10
BO3HUKHOBEHUS MPOYHOTO KOHTAKTA MEXKJy HUMH. B pOTHBHOM ciydae, MbUJIMHKA 32
cuer 3ddekra a’dPOAMHAMHYECKOTO M MOJICKYJISIPHOTO OOTEKaHWs, OTOPBETCS OT
my3bIpbKa. Ha IMpOYHOCTH KOHTAKTa MEXKJy NbUIEBOM YAaCTULIEM U Iy3bIPHKOM IICHBI
BJIMAIOT aAT€3UOHHBIE CUIIBI, a IapameTp E,p:).,, XapaKTepu3yeT BEPOATHOCTh 3aXBaTa
NBUIEBBIX YACTHUIL MO/ JEWCTBUEM aJIT€3MOHHOTO MexaHu3ma. [Ipnuém, B TMHAMUYECKUX
YCIOBUSIX TpHU COJMKEHWHM TBUIEBOM YaCTULBI C IMY3BIPHKOM II€HBI KpoMe
a’pOAMHAMUYECKOTO 00TEKaHUs, MOKET MPOUCXOAUTH MOJIEKYJSIPHOE, YTO 3aBUCUT OT
COCTaBa, CBOMCTB U COCTOSHUS YaCTHII IIBUIH U y3bIPKOB TieHbI [86, 171].

MonekynsspHoe OOTEKaHHe, TaK KaK OHO CBA3aHO C IOBEPXHOCTHBIMU
SIBJICHUSIMU, MOKHO OLIEHUTb DHEPrued aJare3uu, KOTOPYH HEOOXOAMMO 3aTpaTUTh Ha

OTpPBHIB IBUTHHKH OT Iy3bIpbKa IEHBI U KOTOpast ornpenensercs mo ¢popmyse [86, 171]:

W,=0, . -@Q+cosd)-S,, ,Br, (3.110)

a

rae S, — miomank aJAre3MOHHOTO B3aMMOJCHCTBHUS TBUICBBIX YaCTHUI[ C My3bIPhKaMH
NICHBI B aKTHBHOW 30HE pealiu3alliy Mpoliecca MPUHYIUTSILHOIO PaCCeUBaHUS TBLIH,
KOTOpasi ompeensercs mo popmysie:
2
S,,=2-7-r,-(L+cosH) , w". (3.111)
[ToncraBus Beipaxenue (3.111) B popmyiy (3.110), momyumm:
2
W, =2-7-1r,-0, . -(1+cosd)’Br, (3.112)
Paguyc mepuMeTpa cMaduBaHus I, MBUICBBIX YACTHI[ MMy3bIPHKAMHU IMEHBI OMPEICITUM

o ¢opmyire:

r,=r-sin@, m (3.113)

[IpenenbHbIil MAKCUMATBHBIA TUAMETP O,.2(max) TBUICBBIX YaCTHII, YACP)KUBAEMBIX
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Ha IMMOBCPXHOCTH ITY3BIPBLKOB IICHLBI ITPH 3aIaHHBIX YCJIOBUAX PACCCUBAHUS IIBIJIM MOKHO

OTIPENICNTH 1O HOpMyJIE:

0106-Re-o, . -(1+cos@)’/-p,-(v, +v,, )" -sin@-(1-cos)
) 10106-Re™ o - (1+c0sO)’ - p, - (u, +v, ) -sin@-(L-cosB) , m.  (3.114)
[Ipn >TOM MHMHUMANBHBIN AuaMeTp O..p(min) MBUICBBIX YACTHUI, YAEPKHBAECMbIX

Ny3LIPbKAMM [IEHEI 32 CUET CUII AAre3UH MOXKHO OIPENEIUTH 110 (HOpMYIIE:
2
dq—2(min) == 12 * O-m_wc * (1_ COS 9)/pq * (U’Z + U@n) R M. (3.115)

3Hass MakcUManbHbIA auaMeTp J,pmax) MBUIEBBIX YACTHI, YAEPKHUBACMBIX
aJAre3MOHHBIMU CWJIaMU IpPHU 33JaHHBIX CKOPOCTSX JBHKEHUS ITy3bIPHKOB II€HBI U
BO3JIyIIIHOIO TMOTOKa B (akejle BbIOpOca, MOXKHO oOmnpeaenuTb 3PHEKTUBHOCTh

COIMPUKOCHOBCHUA Eg(l)(g)_pn INBUJICBBIX Y4CTHIl C IIY3bIPbKAMU IICHBI TOJIBKO 34d CUCT CHUII

aArce3nu.
k m
anb(Z)—pn = qu—Z(max) ) r]i /qu ) nj ) (3116)
i=1 j=1
rac | — KOJIWYECTBO IBUIEBBIX 4acTulg € MAKCHMAJIbBHBIM JUaMCTPOM dq_g(max); J

KOJIMYECTBO IMbLIEBBIX YACTHIL C (PaKTHUECKUM auameTpom d.,.

Ipemvss cmaous Tipoliecca TMPUHYAUTEIBHOIO pACCEUMBAHMUS MbUIM TEHOU
OMpeIeIIIeTCsl OCeIaHueM (BBIMAJECHUEM W3 BO3IYIIHOTO MOTOKA) CKOAryJMPOBABIIHMX
KOHTJIOMEPATOB «YaCTHUIa—TICHHBIN My3bIPEK» MO IEUCTBUEM I'PAaBUTAITMOHHOMN CHUIIHI.

OCHOBHBIM YCJIOBUEM OCQXJEHHUS CBSI3aHHOW TIEHHBIM IY3BIPHKOM IBIJICBON
YaCTHI[bl SBJISICTCS JIOCTATOYHO OOJBINAs I TMPOSIBICHUS TPABUTAIIMOHHOW CHIIBI
CyMMapHasi Macca My3bIpbKa MeHbl U MbUIEBOM YACTHUIIbI MPU OMPEEIEHHON CKOPOCTH
BO3JYILIHOTO TOTOKAa. J[pyruMm yCJIOBHEM OCaXKICHHS SIBISIETCA TO, 4YTO BpeMs
rPaBUTALIMOHHOTO OCAXJEHUSI KOHIJIOMEpaTa «YacTUIa—TIE€HHBIA MYy3bIPEK» HTOJKHO

OBITh MEHbIIIC TUHAMHYECKON CTOUKOCTH (BPEMEHU «KH3HM») ITy3bIPbKa TICHBI.
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Torna »sddexTuBHOCTE E,43).,, peanu3auuu TpeTbed cTaauu Ipouecca
OPUHYAUTEIBHOIO PACCEUBAHMSI IbUIM, XapaKTepHU3yeMas BEpPOSITHOCTBIO OCAXKICHMS
KOHIJIOMEPATOB «YaCTULIa—TIEHHBIN MYy3bIpEK» 3a CYET CUJI T'PABUTALIMH MOXET OBbITh

ompeneneHa mo Gopmyre:
P m
Eop@)-pn = ;dq-s«mm) n/ Zl:du Ny (3.117)
= j=

rae 0,-3(min) — MUHIMAJIBHBIA JUaMeTp ITy3bIPhKOB, YCIEBIINX OCECTh Ha mromany f, , M;
| — xOMYEeCTBO MBIIEBBIX YaCTHUIl ¢ MUHUMAIBHBIM TUAMETPOM d.-3(min), OMPEAEIAEMbBIM

o dhopmyiie:
d, s> 180, -H-u,/1.-9-p,)" (3.118)

rae |, — paccrossHMe OT UCTOYHHMKA BBIOpOCA IO MeCTa OCEIaHus Iy3bIpbKkoB, M; H —
BBICOTA HAa YPOBHE JbIXaHUsl, paBHas 1,5 M.
Paccrosnue |, 101KHO OBITH MEHBIIIE HEKOTOPOTO KPUTHIECKOTO 3HAUCHUS |,

KOTOPOC OIIPCACIIACTCA I[I/IH&MH‘-IGCKOﬁ CTOfIKOCTBIO IICHHBIX Hy3prBKOB 10 (bOpMYJIe:
Ir S Un ) T()L{H . (3119)

Takum oOpazom, noactaBu Gopmynsl (3.109), (3.116) u (3.117) B dopmyny
(3.106), momyuum pacu€THYH0 3aBUCHUMOCTh A(PEKTUBHOCTH [JIsl  Mpolecca

IPHHYIUTCIIBHOT'O paCCCUBaHUA IBUICBBIX YaCTHUL IICHHBIM a3PO030JIEM.

k m
Ead)—pn =1- (1_ Kun) ) (1_ qu—Z(max) ) r]i /qu ) nj) :
i=1 j=1
p m
(=2, sy M/ Dd, 0y (3.120)
I=1 j=1
TCOpeTI/I‘ICCKI/Ie N JKCIICPUMCHTAJIBHBIC HMCCICAOBAHHA IIpoLCCCa paCCCHBAHUA

IMMO3BOJIAIOT BBIABUTL PE3CPBLI €TI0 3(1)(1)€KTI/IBHOCTI/I N YKa3aTb IPOCKTUPOBIIMKAM
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CHOCOOBI WX peau3alii, OCBOOOJUTHCS OT 3MIUPHUYECKOrO MOAOOpa ONTHUMANIbHBIX
napamMeTpoB  pacCeMBaHMs M  TOJYYUTh BO3MOXXHOCTh HMX  AHaJUTHYECKOTO
IIPOrHO3UPOBAHMSI U BBIOODA.

AHanu3 pabOT MO HMCCIENOBAHMIO PACIPOCTPAHEHUS MBUIEBOTO a3po30Jid B
IPU3EMHOM cJio€ atMoc(epbl (B YaCTHOCTH, B BO3JYIIHOM OaccelHe MPOMBIIIIIEHHBIX
IUIOIIAJIOK M IPUJIETAIONIUX TEPPUTOPUI) MOKa3ad, YTO IO HACTOSILErO0 BPEMEHHU HE
UCCJIEIOBaHbl B IIOJHOW MeEpe SHEPreTHYECKHE XapaKTEPUCTHKU Ipolecca
OPUHYIUTEIBHOTO PACCEMBAHUS B aTMOC(Epe YacTULl MbUIM Iy3bIpbKaMU IIEHBI,
ompeNeNsiomas poiab  KOTOPBIX  JIOKa3aHa MPUMEHHUTENIBHO K  Ipoleccam
NbUIE3a/IepKAHUS U OYMCTKH BO3yXa OT MbUIHM. [IpuHyIuTEIpHOE paccenBaHUE YaCTHUL]
IbUIM KakK 3aBEpIIAIONIMIl ATam Ipolecca OOeCHbUIMBAaHHUS BO3JyXa Takke TpeOyer
UCCJIEIOBAaHMUSI BO3MOXKHOCTH HCIIOJB30BAaHUA HHEPreTUYECKUX IMapaMeTpoB IS
MaTeMaTUYECKOTO OMMCAHUS FHEPrOEMKOCTHOTO IT0KA3aTeNsl aHAIOTUYHO TOMY, KaK 3TO
CAENaHO s MpeAblAyIUX, YINOMSHYTHIX BbIlIe 3TanoB. HeoOXoaumocTh Takoro
UCCJIEIOBaHMsI TIOATBEPKAAETCS TEM, YTO 3HEPIus, 3aTpaurBaeMas Ha pPeaTU3alfio
npouecca NPUHYAMTEIBHOTO PACCEMBaHUsA, sBISETCI OOOOIIEHHOM 3SHepruei,
3aTpauyrBaeMONl Ha CHIDKEHHE YJEJIbHON MacChl M YIENIbHOTO 00bEMa MBLIEBOTO
a’po30J1s Kak «octarouHoii-11.3» nucnepcHoit cucremsr [172].

[IpumeHuTeNBHO K Tpolieccy NPUHYIUTEIBHOTO paccenBaHus MbUIM B aTMOc(hepe
NoJIe3Hasi SHEPrusl ONpeaeNsieTcs KaK SHEprus, pacxojyemas HEMOCPEACTBEHHO Ha
YBEJIMYEHUE PACCTOSIHMSI MEXIy MbUIEBBIMU YacTHIIAMM IIOCJIE€ MX BbIOpoca B
aTMocdepy, UX TUCIEPCHOCTU U CKOpPOCTH oceAaHus. [Ipu 3Tom 3aTpadyeHHass SHEPrus
ompeseNnsieTcss Kak CyMMapHasi 3HEprus, HeoOXxoaumas [UIsl peaju3aluu Ipolecca
NPUHYIUTENBHOTO pacceuBaHus. Takum o00pa3oM, >HEPro€MKOCTHBIA TOKa3aTelb B
JAHHOM  CJly4ae [O3BOJISIET  OLIEHUTh  CTEMNEHb  IOJE3HOIO  MCIOJIb30BaHUS
3aTpayMBacMOM SHEPrMM C TOYKM 3pEHMsSI  JOCTHXKEHMs LEeIu  mpouecca
OPUHYAUTEIBHOIO pPAaCCEUBAHUS IBUIEBBIX YACTUL] B aTrMocpepe — CHUKEHMS
KOHLEHTpAalMd W YJEIbHOM MAacChl BHUTAIOIIMX YaCTUL MbUIM KakK JHUCIIEPCHOIO
MaTepuaia.

PaCCMOTpI/IM Ka)I(I[BIfI N3 BBIJCJICHHLIX PpPaHCC (I)I/ISI/I‘ICCKI/IX MECXaHHU3MOB,
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COOTBETCTBYIOIIMX KAXKIOW CTaguu peald3allud Tpolecca NPUHYAUTEIHLHOTO
paccerBaHMsl, U OLICHUM HX IOJIE3HbIC BUIBI dHepruu [172, 173].

Ha nepsoui cmaouu, xorja HaOIONAETCS 3HAYMTENBHOE BIUSHUE HCTOYHHUKA
BbIOpOCa, B KaUeCTBE IMOJIE3HON paccMaTpUBAETCs KUHETUYECKasl SHEPrus €ro CTpyH, a
TaK)Ke SHEPIUsl aAr€3NOHHOTO B3aUMOIEHCTBUS.

Jlna peanuzanuu mpolecca MPUHYIUTEIBHOTO PACCEUBAHUS MBUIH B BO3IYIITHOM
OacceliHE MPOMBIIIJICHHONW IUIOMAJAKA W TNPUIETAIoEl TEeppUTOPUU HEOOXO0IUMO,
yTOOBl  BBIOPACHIBAEMBIE YACTULBI MBUIM OOJIAJaNM  OMNPEIEICHHBIM  3alacoM
KUHETUYECKOW SHEpruu. B 3TOM cilyyae KMHETHKA HANpaBIECHHOTO JBUXEHHS CTPYH
00s13aTeNbHO  OyZEeT COMPOBOXKAATHCS KUHETUKOW TYpOYJEHTHOrO NepeMellrBaHus,
NPUBOJAIICH K pacHIMPEHHUIO CTPyH BbIOpoca. B pesysnbTare, KMHETHYECKass dHEPIUs
OBUJIEBBIX YaCTUI[ SBJSAETCS IOJIO)KUTEIbHOM C TOYKHM 3pEHHUS pealu3alliy LEeIH
IpoIecca PacCeUBaHMs, TaK KaK 00ECIIeYnBaeT BO3MOXKHOCTD TMepexo/ia OmpeaeIEHHOM
JIOJIM ATUX YacTHIl K cienytomei craguu. [lapaMerp, yd4UThIBatOLUI 3TOT BUJI SHEPTUU
YaCTHUIl MBUTH, MPOIIEAIINX MEPBYIO CTAIUIO MPOIIecca MPUHYIUTEIHHOTO PACCEUBAHUS

¥ 00pa3yroIuX KOHIICHTPAIUIO B HA4aIbHBIA MOMEHT BTOPOM CTaauu, UMeeT Bu [172,

173]:
W =05-m,-v°-F,-n"” Br, (3.121)

rJle © — CKOPOCTh BCTPEYM YACTHIBI M Iy3bIpbKa Ha IIEPBOM CTAaaWM IpoIecca
pacceuBauusi, m/c; Fy, — Iuiomans nomepedHoro cedeHus (akena BHIOpOCa B TOYKE
Iepexo/1a OT [ePBOTO ITANA PACCEHBAHMS KO BTOPOMY, M~ N,,*” — KOJIMYECTBO HEHHBIX
ITy3bIPHKOB, CONPUKOCHYBIIHMXCS C IBUICBBIMH YaCTUIIAMHU, NPOXOJAINX 4epe3d F, B
€MHUILY BPEMEHH, 1/m%-c.

CKOpOCTh YaCTHUIIBl IBUIM HE JOJDKHA IPEBBINIATE HEKOTOPYI) KPUTHYECKYIO, IIPH

KOTOPO¥ OHa, MOTaB Ha My3bIpeK, pa3pymmr ero [172, 173]:

v<u, =12-c-(1-cosd)/d, - p, . (3.122)
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Buauenus W™ s moboro ceuenmst (akena BHIOpOCa Ha MPOTSHKCHUHM BCEH
MEepBOM CTaaMK TMPOIECCa MPUHYANUTEILHOTO PACCEHBAHUS OMPEICISICTCS 3aMCHON

napamerpa F, Ha ero texymee 3HaueHue F:

057,
0,25 7-[(Ah+d,, /t9(0,5-7))/tg(0,5-»)[ npu F=F . (3.123)

[TapameTp y y4dHuTBIBAaET SHEPrUI0 TYpPOYJIEHTHOI'O pacIIMpeHusi KoHyca dakena
BBIOpOCA, 3aBHUCAIIYI0 OT TEPMOJAMHAMHUYECKOTO COCTOSHHS Bo3ayxa. [locie
BBITIOJTHEHHONW HaMHM CTaTUCTUYECKOW 0O0paOOTKH pe3ysibTaTOB HCCIEIOBAaHUM,
NpeCTaBICHHbIX B paborax [170, 174], BemuumHa y MOXKET OBITH ONpE/CIICHA I10
bopmye:

y=017- 1/10’75 , (3.124)

I1€ Y — HHJIEKC TEPMOAMHAMUYECKOTO COCTOSHUSA aTMoc(ephl, MPUHUMAIOLIUN
3Ha4eHUsA OT | 10 6 mpH CMEHE TUIOB COCTOSIHUSA OT YMEPEHHOW YCTOWYHMBOCTH O
CUJIbHOM HEYCTOMYMBOCTH B COOTBETCTBUU ¢ [175, 176].

YuutsiBass HEOONBIIYI0 BEPTUKAIBbHYIO MPOTSHKEHHOCTh MPU3EMHOIO  Clos
tommuuot  50-100 M, MOXHO TOBOPUTH O pPaBHOBECHOW (Oe3pa3mU4HON)
cTpatudukanuu atMocepsl, KOrja BepTUKaIbHBIA MOTOK Teruia paBeH 0, a H3MEHEHHe
TEeMIIepaTypbl BO3JlyXa C BBICOTOW MPOUCXOJIUT MO aJuabaTUYEeCKOMY 3aKOHY, HIIU
KOI'JIa TEMIIEpaTypa BO3AyXa HE3HAUYNTEIbHO U3MEHSIETCSI C BBICOTOM, TO €CTh Y =4 (115
6e3paznuaHoi cTparudukamnmn), a y = 0,48.

BricoTa koHyca cTpyu Ah Ha TEpBOM CTaguu MOXKET OBITh OIpejAesieHa IIO0

dopmyie [166, 175, 176]:
AN =030, (Usupray - D) M (3.125)

'€ Vomn+y) — HadaJlbHaAsl CKOPOCTH ITY3bIPpbKa IICHBI C qacmueﬁ IIbIJIM B BBIXJIOITHOM

CEYEHUU UCTOUHHKA BBIOPOCA, M/C; Dg(uy+y) — CKOPOCTh BUTAHMS ITy3bIPbKA C MBIIMHKOI,
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M/C, KOTOpas ompezensercs no Gopmye:
Os sy =0,056-47 -0 o,/ 11, wifc . (3.126)
[Ipu »TOM HavanbHasE CKOPOCTh BBIOpOCA vy OTpeiesaeTcs o Gpopmyie:

_ 2
KonuuecTBo MHEHHBIX ITy3bIPHKOB N,,”, mpoxopsmmx uepe3 cedeHue Fjy B
CIUHUIYy BpeMeHHM, sBidercs (QyHkuueil sddextusHoctd E,p )., MepBoil cragun

nponecca MpUHYAUTCIBHOIO paCcCCHMBAHUA IILIIN B aTMochepe H OIpCACIIEICTCA I10

dbopmye:

rasp __ .
npn — 0n anb(l)fpn

‘B, , Iimc . (3.128)

DHEPreTUYECKUd TNapaMeTp, MpPU MNOMOIIM KOTOPOTO YUYUTHIBAETCS HSHEPIrus
aJIre3MoHHOro B3amMoeiicTeus W,** | omuchiBaeTcs YPaBHEHHUEM, B KOTOPOM Hapsy C
FEOMETPUYECKUMHU  XApPaKTEPUCTUKAMHM AKTUBHOW 30HBI peaiu3alvu Mpolecca
MPUHYIUTEIBHOTO PACCEMBAHUS MBUIM YUYUTHIBAETCS BEJIMUMHA IUIOMIAIA MOTIEPEYHOTO

ceueHus (axena BeiOpoca F !
W =06-W,-F,-F,/h, -7, ,Br. (3.129)

[IpoAOmKUTENBHOCTh TMEPBOM CTaguM ONPEACISIETCS BpPEMEHEM [0 Hayana
CBOOOJHOIO TPAaBUTALMOHHOIO OCAXKACHMS Iy3bIpbKa II€Hbl C 3aXBAaYCHHON UM
yactuieil. B Tom ceuenun ¢akena BpiOpoca, rie CKOPOCTh U COBIAJIAET CO CKOPOCTHIO
USm-+v) » 3AKAHUMBACTCS aKTHBHOE JEUCTBHE caMoro (pakena BbIOpOca, IOCKOIBKY YyiKeE
HE HaOJI0JAeTCsl HAMNpPaBICHHOTO JBW)KEHHUS TMbUICIIEHHOTO a’po30Jisi 3a CYET
KMHETHYECKOW sHepruu (paxena BeiOpoca.

Bmopas cmaousa npouecca NpUHYIUTEIBHOTO paccerMBaHus MbUIM B aTtMocdepe
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XapaKkTepU3yeTcs MPEeHEeOPEeKUMO MalIbIM BIUSHUEM MapaMeTPOB UCTOYHHKA BBHIOpOCa
Ha noBejieHue (akena BbiOpoca. [Ipu 3TOM Ha BTOpOH cTaguu MposBIAOTCA dPPEKTHI,
CBA3aHHBIE C TYpOYJEHTHOCTBHIO OKPY)KAIOIIMX BO3AYLIHBIX MacC, U B KayecTBE
MOJIE3HOM 11e71ecO00pa3HO paccMaTpPUBATh SHEPTUIO KOATYJISIIMOHHOTO B3aMOIEHCTBUSA
YaCTUIl MbUIM MEXAYy COOOW M ¢ My3bIpbKaMU MEHHOI'O a3po30Jis, a TAaKXKEe SHEPTUI0 UX
IPAaBUTAIMOHHOTO BBICEBA M SHEPIrUI0 TYpPOYJEHTHOTO NepeMelinBaHus. BurtaHue
NEHHBIX MY3bIPHKOB C 3aXBaYCHHBIMU MBLUICBBIMHU YaCTUI[AMHU MOKET OBITh BBI3BAHO KaK
HaIpaBJICHHbIM MEPEHOCOM, OCYUIECTBISIEMBIM C TOMOILIBIO KPYMHOMACIITAOHBIX
BUXPEBBIX ITIOTOKOB M JIAMHUHAPHBIX TEUYECHUM, TaK M XAOTHYECKUMHM IIyJIbCALUSIMMU
CKOPOCTH BETpa.

[Tapametp W,, olieHHBarOLMKA 3HEPTHIO TYpPOYJIEHTHOIO EPEMEIINBAHMS, MOXKET

ObITH ompeienéH no hopmyre:
W, =WT””°0+WT"O"ep+W;epm : (3.130)

e W70, WP, WA napaMeTphbl, OIICHMBAIOIIME YICIBbHYIO DSHEPrUio
TypOYJE€HTHOrO TMEpPEeMEIINBAHMUs MYy3bIPbKOB TMEHbI C TMBUIEBBIMU YacCTUIAMH
COOTBETCTBEHHO II0 HUX IMPOAOJIBHOM, IIONEPEYHOM U BEPTUKAIBHOM CIIyYaWHbBIX
COCTaBJIAIOIIUX CKOPOCTH, BT.

Hcnonb3ys noHATHE YIEIBHOM DHEPTMU (0 Iy3bIPbKa IEHBI C 3aXBAYEHHOW UM
MBUICBOM YacTHUIEH NJII BCEX COCTABJISIONIMX CKOPOCTH v, Ay onucaHus W, MOXHO
MPEJIOKUTH 3aBUCUMOCT:

W2 - (a)u +a)v +C()W) ) mn ) mep6 ’

n' ... Br, (3.131)

rine Fps — MII0mans nonepeyHoro ce4eHus 00JacTu TypOyJIEHTHOTO IEpEMENIMBAHUS
Ha YpOBHE JIbIXaHUs YejioBeka (mpumepHo oT 1,5 10 2,0 M OT MOBEPXHOCTH 3EMIIH), M;
N",, — KOJINYECTBO NEHHBIX ITy3bIPHKOB C IBIJIECBBIMH YaCTULAMH, IPOXOIAIIUX Yepe3
ceuenne F B exummy Bpemenn, 1/(m*-c).

[Ipu mepexone OT mepBOM CTaAMM MPOILECCA MPUHYIUTEIBHOIO PACCEMBAHUS KO
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BTOPOW MY3BIPHKH TEHBI ¢ 3aXBaYCHHBIMH IBUICBBIMH YACTHUIIAMU B KOJIUYECTBE N,y
MOCTYIMAIOT B 00JIACTh peau3alli BTOPOW CTAaJWU MPOIECcca MPUHYAUTEIHLHOTO
paccemBaHus. B  pesynpTare HEHaNpaBIEHHOTO TypOyJeHTHOro oOMeHa Ha
paccMaTpuBaeMoil TOBepXHOCTH F,, oOpasyercs mbUICTICHHAsh CHUCTEMA, KOJIMYECTBO
KOTOpOH ompexensiercs nmapamerpom n",, ... [Ipu aTtom nmapamerp n”,, ., onpenensercs
KaKk (yHkus 3)PEKTUBHOCTH BTOPOM CTaAMM B3aUMOJCUCTBHUS IMy3bIpbKa TEHBI C

MBbUIEBOM YaCTHUIIEH:

" !

Mo = Mo Eopy—pn , V(M%) . (3.132)

[Tapamerp F,, ompenensercs Kak 4YacTh IUIOIMIAAW 3aJaHHOM SKOJOTUYECKU
3HaYMMO# 30HHI (D33), B IIpeenax KOTOpoi HaOIr01aeTCsl KOHIICHTPAIHS TTBUICTICHHBIX
arperatoB N",,.,. JlJIS BO3MOXHOCTM HCHOJIb30BAaHUSI B MPAKTUYECKUX pacuéTrax
dopmyisr (3.131) Bennuuna F,, ucnons3yercs B HopMupyemoM Bujae [169], npuHuMas
3Hadenus ot 0 1o 1.

Brnusare BS3KOCTH BO3MyXa Ha CTPYKTYPY TYPOYJEHTHBIX 30H MPAKTHUCCKH
orcyrctByeT [167, 177], mosTOoMy YHIENnbHYI0 DHEPrHIO IS BCEX COCTABISIOIIUX

CKOpPOCTH v ONIPCACIIATOT 110 (bOpMy.HaMI

@, = 0’5.§2’3 k3, m/c; (3.133)
w,=15-f-U?/n-1+95-)*° - (3.134)
w,=336-f-U?/n-(1+10- f)*°  m/ic; (3.135)

e ¢ — MPOMEXYTOUHBIN mapametp, M7/c>; k — BomHOBOE uncio, 1/m ; f — GespasmepHas
yactota; U' — ckopocTh TpeHus, M/C; N — 9yacToTa myJibcarui, 1/c.

Makporyabcanuy, BbI3BIBAEMBIC OJHOPOJIHON TypOYJIECHTHOCTHIO BO3TYIITHOM
Cpenbl, HOCST MEePUOINUSCKHUIA XapaKTep, MPUYEM BEIMUMHA 3TOTO MEPUOa 3aBUCUT OT
WX WHTCHCHBHOCTH B KaXIOW paccMaTpuBaeMoil Touke oOsiactu. [IposBisroriasics

MNCPHUOANIHOCTDb aACKBATHA BUXPCBOMY BOB,Z[GIZCTBHIO.
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BBIpa)KeHI/IC I OamaHca KUHETHYECKOU OHCPIruM II0JIy4acTCid, HCXOJsA U3
MMPCAIIONIOKCHUA O TOM, YTO BPCMA 34aTyXdHUA BHUXPA IIPU JIUKBUAAIUKW HCTOYHHKA
OHCPI'UU ABJIACTCA Oomee MNpOAO0IZKUTCIIBHBIM, YEM BpPEMS IICpUOIa anpeﬁ B MHTCPBAJIC
pacCMaTpuBaCMbIX BOJIHOBBIX YHMCCJI, CJIICAOBATCIbHO, SQHCPIUIO TAKHUX BI/IXpef/'I MOXXKHO
CUMTATh NOCTOSHHOM. HpOMG)KYTO‘{HBIﬁ ImapameTp, BB@ILGHHHﬁ Ha OCHOBC IMPUMCHCHMUA

Teopuu moAoous, onpenensercs [166, 177] mo dopmye:
E=U")?/k -Z, (3.136)

rae kg — xoncranTa Kapmana, paBHas 0,4; Z — BpICOTa HaJ] IOBEPXHOCTHIO 3€MIIH, M.
Cxopocts TpeHuss U' CyIlecTBEHHO 3aBHCUT OT COCTOSIHHUS YCTOMYMBOCTH
PHU3EMHOTO CJI0s BO3ayxa, ckopoctu Betpa U(Z), mapamerpa mepoxoBaroctu Zg. Jist

ciydast Oe3pa3inuHoi crpatudukanuu ckopocth Tpenus U' ompenensiercs [166] mo

dbopmyie:

U'=k -UZ)/InN(Z'+Z'1Z,) | wmic , (3.137)

rjae Z' - ycpeHeHHas BBICOTa 00JIaCTH BTOPOM CTaJMM TPOIECCa paCCEUBAHUS, M.

bespasmepnas yacrora f Haxogurcs mo gpopmyne [166, 177]:
f=n-Z/U(2) . (3.138)

[IpoaomKUTENBHOCTE BTOPOM CTAIMU NPOLIECCAa NPUHYAUTEIBHOTO PAaCcCEUBaHUs
MBUTH OTPENCIISIETCSI BPEMEHEM JKM3HM ITy3bIpbKa IEHBI, 3aKPENUBIINCH HA KOTOPOM
NBUIEBAS YAaCTHIA NEPEMENIAETCS B BO3AYyXE, TO €CTh JAUHAMUYECKON CTOMKOCTBIO
NEHHBIX IMy3bIpbKOB. [IyTh L,,, KOTOpBII My3bIpeK ¢ YaCTULEH MTPOXOAUT OT UCTOUHHKA

BBIOpOCA 10 MOMEHTA €ro pa3pylIeHus onpeaensercs no Gpopmyie:

L=z, -0 M. (3.139)

nn

CkopocTh  TBUICNIEHHOTO TOTOKAa ©0,, Ha BTOpPOM CTaauM Ipolecca
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IIPUHY AUTCIIBHOI'O paCCEMBAaHUA OIIPCACIACTCA CKOPOCTBIO BETPA:
Unn = Ueem , Mm/c. (3140)

TpeTpss cTagus mnpouecca NPUHYAUTEIBHOTO PACCEMBAHMS XapaKTEPHU3YETCS
IPAaBUTALIMOHHBIM OCAXICHUEM IBUIEBBIX YACTUL HAa IOACTUJIAIOIIAE ITOBEPXHOCTH.
CootBercTBytonMii 3HepreTuueckuil nmapamerp Ws; , XapakTepu3yrolUi MOJIE3HYIO

OHEPTHUI0 TPEThEN CTaANH, onpeaesnsercs no hopmyse:

"

W,=(m,+m)-g-Z-F-n"  Br. (3.141)
KoanuecTBO TNBLICIIEHHOTO adpO30JIAd n”;,n Ha TpPCTbCM OTalIC IIpoHecca

OIIpCACIIACTCA:

mo_ A"
npn - npn anb(3)—pn

CImPc . (3.142)

JIns peanuzanuu npouecca MPUHYAUTEIBHOTO PACCEMBAHMS MBLIEBBIX YaCTHIl B
atMocepe MEeHHBIM CIOcOOOM HEOOXOIUMO HCIOJIb30BaTh TEXHUUYECKHUE CPEACTBA,
MO3BOJISIONIME JTOCTUYh COOTBETCTBYIOIIUX TEXHOJIOTMYECKUX TMapaMeTpoB criocoda u
TpeOyIoIIKe MPH SKCIUTyaTallud ONPEIeIEHHBIX SJHEPT€TUYECKHX 3aTparT.

Tak, Ha IepBOM CTaJANM MPOIECCa MPUHYTUTEILHOIO PACCEMBAHUS K TAKOTO poja
3aTpaTaM OTHOCHUTCS SHEPIHsl MOTOKa pacTBOpa MeHooOpa3oBaTessi HEMOCPEICTBEHHO
nepes OpoCUTENIEM, KOTOPYIO MOXHO OIKCaTh SHEPreTHYecKuM mnapamerpom Nj

ompeensieMbIM 1o hopmyIie:
N1=Hp-Qp-t , BT . (3.143)

Ouepreruueckuit napamerp N, moOyauTens TAru, o0eCIEUUBAIOIIETO BHIOPOC B
aTMoc(epy BEHTUISIIMOHHBIX TOTOKOB, XapaKTEPU3YET PHEPTUIO BO3IYIITHOTO MOTOKA B

CCUYCHHNH HAruncTaromicro nany6Ka H06y,III/ITCJI$I TATU U OIIUCBIBACTCS YPABHCHHUCM:
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N,=98-(H, -H, )Q, ,Br. (3.144)

HCHOJ’IBSYH INOHATHUEC OSKBHUBAJICHTHOIO JUAMCTpa Don BBIXJIOITHOT'O CCUYCHHA

UCTOYHHUKA BRIOpOCca, popmyiy (3.143) MokHO mpeoOpa3oBaTh K BUILY:
NZ :7’7.(0’5.Ujm.p6 _Hnm) Dozn'Unm ) BT . (3145)

Ha Bropoli crammm B KaudecTBE 3aTPAadyC€HHOM pacCMaTpPUBACTCS DHEPTHUS
BETPOBOT'O MOTOKA, JUIsl OLIEHKH KOTOPOW UCIOJIb3yeTcsl sHepreTudeckuil mapametp Nj ,

onpeaensieMslii o popmyIe:

N3 = 9’8 Hsem ) Qs , Bt (3146)

b

rne H,., — IaBJcHHE BETPOBOIO MOTOKA B ceueHUHU (akena BeIOpoca, I1a; Q,— pacxon
3
BO3/1yXa, IPOXOoAsIIero uepes ceuenue F; pakena, m’/c.

JlaBneHue BETPOBOTO MOTOKA H,,,, OTIpeAenseTcs mo hopmyie:
ITa, (3.147)

TJIC Vger — CKOPOCTH BETPA, yCpenHEHHAS 1O CeYeHUI0 (pakena, m/c, ompenensieMas 1o

dbopmye:

8

Ueem - 0’5 ) (U:em + Ueem) ) M/C, (3148)

TZIE V' ger, U ger — CKOPOCTDH BETPA B HIDKHEHM W BEPXHEM IIOCKOCTAX cedeHus Fi.

Pacxon Boznyxa Qg MOKHO omnpeeuTh 1o Gopmyiie:

Q,=F-v, .M. (3.149)
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ITpu aTom ceuenue F; dakena BeiOpoca onpeensiercs mo Gopmyde [166, 177]:
F,=[05-19(0.08-p°™)- (Ah+ D, /tg(0,08-y*™)2 - D, /tg (0.08-y* )|+ F, w2 (3.150)

rae F, — momanp mnomepeyHoro BeTpy ceueHus (akena BbIOpoca Ha  €ro
FOPH30HTATBHOM y4acTKe, M.

[ToxcraBuB Gopmyisr (3.121)—(3.145) B Beipakenue (1.9) u mpoBeas HECIOXKHBIC
MareMaTH4eckue mpeoOpa3oBaHus, MOJYYUM [MApaMETPUUECKYI0  3aBHUCUMOCTH
SHEPrOEMKOCTHOTO NMOKA3aTeNs Epyqyp AIA MpOLECCAa NPHHYAUTEIBHOTO PACCEUBAHUS

IIBUICBBIX 4aCTHUI IICHHBIM CII0COOOM:

(0,2-d, - p,-v*-(0,004-Ah+d,,)? -1 +4-7-n", -(0,004-Ah+d,,,)? ]
m -0/107%%7 )-((U'-(19,8/Z2%°- 2" +15-Z/U(Z)-

3n—a3: /
P (1+38-212-7)%° +336-2/U(Z)-(1+2-Z 1 7)*?) -

_' (mn+mtl)'n::;1+w'mep6)+((mn+ml¢)'g.z'mep6'n:::1+w)) i
/[HP-QP-t+7,7-(0,5-ufm-pg—Hnm)-Dfn-unm+9,8-ngm-Q@] . (3.151)

Takum o00pa3om, B pe3yJbTaTe BBIMNOJHEHHOTO JTama TEOPETUYECKUX
UCCIEIOBAHUM HAMMU TIOJIy4EHBI TapaMEeTPUUECKHUE 3aBUCUMOCTH  CaHUTApHO-
TUTUEHUYECKOW M DKOJIOTHYECKOW H(PQPEKTUBHOCTH, a TaKXKe HSHEPrOEMKOCTHOTO
noKazaTeisi Kak  Pe3yJbTUPYIOUIUX  XAPAaKTEPUCTUK  COOTBETCTBEHHO  HTAlloOB
nbUIe3aJiepKaHus, OYHUCTKH BO3JyXa OT MbUIM U TPUHYIUTEIBHOTO PaCCEHBAHUS
NBUIEBBIX YACTUIl B aTMocdepe, KOTOPbIe HCIOJIb30BAaHBI HAMH B KAa4€CTBE OCHOBBI
MaTeMaTU4YeCKOr0 OMUCAHMS TEPEUHCICHHBIX MPOLIECCOB JI YCIOBUN 3KCILTyaTalluH
JICHTOYHBIX TPAHCIOPTEPOB HA MPEIANPUATHUIX CTPOUTEIbHOU HHAYCTPUH, U, TPEK]IEC
Bcero, 3aBoJ10B JKBMuK. Xots BnosiHE NOHATHO, YTO € YYETOM MPUHATHIX JOMYLIEHUN
MIPE/ICTABIICHHBIE MaTeMaTHYECKHUE 3aBHCHUMOCTH HE OTPaXaloT aOCOJIOTHO BCEX
OCOOCHHOCTEH B3aMMOJICUCTBUSL MBUICBBIX YACTUIl W IMY3BIPHKOB TMEHBI, OJIHAKO
CTPYKTypa MaTeMaTUYECKOr0 OMMCAHUS MMOJYyUYEHHBIX NapaMETPUUECKUX 3aBUCUMOCTEN

pPE3yNBTUPYIOIIMX IapaMETPOB IPOLECCa IbUICMIOAABICHUS II03BOJSIET 10 MEpe
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YTOYHEHUS OTUX OCOOCHHOCTEH W TIONy4YEHHUS KOJWYECTBEHHBIX OIICHOK, WX
XapaKTEPU3YIOIINX, €r0 JOTOJHATh U COBEPIICHCTBOBATh 3TH 3aBUCHUMOCTH.

[IpoBenéuusplii aHamu3 (QU3MYECKUX MEXAaHU3MOB peajlu3alydd IPOIECCOB
MBUIEBOTO 3arpsi3HEHUsI BO3/yXa paO04YMX 30H M MPOMBIIIJIEHHBIX IUIONIAJ0K 3aBOJIOB
KbUuK, a Takke CHWKEHMSI OTOr0 3arpA3HEHUs IO3BOJUT, OCYLIECTBIISA
MaTeMaTUYeCKOe MPOTrHO3UPOBAHKUE PAOOUYNX MAPaMETPOB HEOOXOIUMBIX TEXHUUYECKUX
cpencts, a¢(deKTUBHEE UCTIOIB30BaTh TH MEXAHU3MBI JIJISl ONIPEACIICHUS HANlpaBICHUN

COBEpPIICHCTBOBaHUSI CIOCOOOB OpraHU3allid U TEXHOJOTHM MbUICTIOIaBICHUSI MEHOU

[178-185].

3.2 Pa3zpaboTka ajaropurmMa peajim3auuu MeTOAUKHU MPUHATHS pelleHust
BbIOOPA ONTUMAJILHBIX /ISl 32JaHHBIX MPOM3BOJACTBEHHBIX YCI0BUH

TEXHOJIOTUH 00eCIbLINBAHUSA MEHOM

BrinonHeHHOE HaMU MaTeMaTUYECKOE OMUCaHUe (PU3NYECKUX OCOOEHHOCTEH U
pPE3yNbTUPYIOLIUX MapaMeTPOB MPOLIECCOB MbUIE3aJEPKaHUs, OYHCTKM BO3J1yXa OT
ObUIM W pPacCeMBaHUs TbUIM KaK OCHOBHBIX ATAaloOB peaju3alldd MbUICTIOAaBICHUS
NIEHOW TMO3BOJISIET OLIEHHWBAaTh M MPOTHO3UPOBATH 3PPEKTUBHOCTb, IHEPTETUUECKYIO
PKOHOMHYHOCTh  (PHEPro€MKOCTHBIM  MOKa3aTeidb), a TaKXKe  pPacCUUTHIBATh
oNTHUMaJIbHbIE paboyue napameTpsl cucteM 00pbObI ¢ poMblliuieHHOU nbuTbio (CBIIIT)
Ha OCHOBE IPUMEHEHHU IEHBI B YCIOBMAX 3KCIUIYaTallMH JICHTOYHBIX TPAHCIOPTEPOB
3aBonoB JKbHuK.

C  uenpl0  UCMONB30BAaHUS  KOMILIEKCA  TMOJYYEHHBIX  3aBUCUMOCTEH,
OIHCHIBAIOLINX OCOOCHHOCTH peal3alliy IpoLecca MbUICIIONABICHUS IEHOM, a TaKXkKe
napaMeTPUUECKUX 3aBHUCUMOCTEH 3(PPEKTUBHOCTH U SHEPrOEMKOCTHOTO MOKA3aTEINs
KaK pe3yJbTUPYIONIMX I[apaMeTpoB 3TOro Ipolecca sl BbiOOpa (yHKIHOHAIBHBIX
anemeHnToB CBIIIl, cooTBeTCTByIOIMX 3Tanam peanus3alud paccMaTpuBaEMOro

IIponccca IbUICIIOAABJICHUA, a4 TAKKS CIIOCO0OB €ro OopraHu3anun u TGXHOHOFHﬁ, a, B
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koHeuHoM cuete, — ¢opmupoBanus CBIIII Ha oOcHOBe NpUMEHEHHsS TEHbI MpU
IPOECKTUPOBAHUM, PEKOHCTPYKIUMU U JKCIUTyaTallud JMHUN TPaHCIOPTUPOBKHU
WHEPTHBIX MATEPHUAJIOB JUIsl MPEANPUSATANR CTPOUTENHHON WHAYCTPUHU, B YaCTHOCTH,
3aBojioB JKbMuK, Hamu pazpaborana meronuka [187, 188, 189], mo3Bosstormias kpome
psAoa XapakTEepPUCTHK TPOU3BOJCTBEHHO-TEXHOJIOTMYECKOTO IMpollecca YUUTHIBAThH
TaK)Ke yCIIOBHs 0OeclieueHHs B3pbIBO- MokapobesonacHocTy u [1/[K,,; B pabodeil 30He
IpOU3BOJCTBEHHBIX noMemenuil u I1/{K,, ) B IPU3EMHOM CJIO€ aTMOC(EPBHI.

Takum 00pa3oM, aldropuT™M peadu3aluyd MPEeIIOKEHHOW HaMU METOAUKU
dopmupoBanusa CBIIII, 3akmrouaromelics B BBIOOpE ONTUMAIBHBIX MO 3(P(HEKTUBHOCTH
U DHEPreTHYeCcKOM SKOHOMUYHOCTH CIOCOOOB OpraHu3allid M TEXHOJOTMHI
NBUICIIOAABIICHHS IIEHOM, COCTOUT U3 CIEAYIOIIMX OCHOBHBIX TAlOB!

1. Coop wuHboOpMamuu O peaTbHO BO3MOXHBIX B YCIOBUAX KOHKPETHOTO
paccMaTpUBaEMOro  NPENNpUSATHS  AWana3oHaX  TEXHOJOTMYECKHX  IapamMeTpoB
peanu3alMyd TMEeHHBIM CIOCO00OM Kaxaoro ¢yHkuuoHaibHoro snementa CBIIT —
IblIe3aepKaHusl, OYMCTKH BO3/IyXa OT IbUIM U MPUHYJUTEIBHOTO pacCEeUBaHUs MbUIA
B atMocdepe (TEXHUYECKHE XapaKTEPUCTHUKU BEHTHISTOPOB, HACOCOB, KOMIIPECCOPOB;
THUIIBI U XapaKTEPUCTUKU OPOCUTENEH, IEHOTeHepaTOpOB U T.J.), UCXO/sl U3 HAMYUS Ha
NPEANPUATAA COOTBETCTBYIOUIETO O0OPYJIOBAaHUS WJIM CYIIECTBYET BO3MOXHOCTb €r0
npUOOPETEHUS.

2. ®opmupoBanue A Kaxzaoro  ¢yHkuuonampHoro — snementa  CBIIII
(mbLI€3aaepIKaHMs], OUUCTKH BO3/lyXa OT MbUIM U MPUHYAUTEIBHOIO PACCEUBAHUS MbLIN
B arMocdepe) BapuaHTOB CHOCOOOB OpPraHM3allMM M TEXHOJOTMH MbLICTOJaBICHUS
NCHON («METOI—CIOCO0—BH/ peain3alliuy, COrJacHO 1.2.2, pUCYHOK 2.3) Ha OCHOBE
3aJaHHOro 1o 1.1 JaHHOW METOJUKHM BCIIOMOTaTEeIbHOTO OOOpYyAOBaHUS U
COOTBETCTBYIOIIMX €My JMala30HOB TEXHMYECKHUX  XapaKTepUCTUK (pabouux
napaMeTpoB).

3. CorocTaBieHlEe TEXHOJIOTHYECKUX OCOOCHHOCTEW M MapamMeTpoB MOA0OPaHHBIX
BApUAHTOB CIIOCOOOB OpraHu3alMid W TEXHOJIOTMM NbUICMIOAABICHUS TEHOM ¢
peaNbHbIMM TEXHOJOTMYECKUMHU YCIOBHSIMH pPAaccMaTpUBaeMOro MPEANpUsTUS U

OCOOCHHOCTSIMU TEPPUTOPUU €T0 PACIOIOKEHUS (HEIOMYyCTUMOCTh NEpeyBIaKHEHUS
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ChIpbSl U BO3/lyXa, HPEBBIIICHUS TEMIEpPaTypbl, MOJBHKHOCTH BO3/lyXa, B3PHIBO-
M0’Kapo0e30MacHOCTh,  ANEKTPOOe30MmacHocTh W T.a4.). OTOéop  TOmBKO  Tex
bynkunoHanbHbIX dmeMeHToB CBIIII u cooTBETCTBYIOMMX UM BapHAaHTOB CIIOCOOOB H
TEXHOJIOTUN THUICTIONABICHUS TICHOM, KOTOPHIE OTBEYAIOT BBHITIOJIHEHUIO TPeOyeMBIX
YCIJIOBUU.

4. B paMKax Kaxxjoro, 0TOOpaHHOTO M0 1.3 TaHHOW METOJUKH (DYHKIIMOHATBEHOTO
IIEMEHTa, M0 KaXJOMY BapUaHTy CIOCOOOB OpraHM3alud M  TEXHOJIOTMU
IbUICHIOJABIECHUS IIEHOU, pacyeT 3(p(PpeKTUBHOCTH E,j CHUKEHUS 3arps3HEHHs U 0TOOp
TOJBKO TE€X BapUAHTOB, KOTOphle oOecneyuBarOT coOmonaenue [IJJK (s
(yHKIMOHAIBHOTO 3JIEMEHTa IblIe3aAepKaHus — B paboueii 30ue nomemenus (114K,;),
a 17151 GYHKIMOHAJIBHBIX AJIEMEHTOB OYMCTKHU BO3/lyXa OT MbLIU U
IPUHYAUTEIBHOTO PACCEMBAaHUS MBUIN — B IPU3eMHOM cioe atMochepsl (I1K, pc))-

4.1. Ecmu ycnoBue cobmtonenus [I/[K BBITIONHSIETCS TOJBKO JUIsl OJHOTO W3
paccMaTpuBaEeMbIX BapHaHTOB, TO MMEHHO 3TOT BapHaHT OKOHYATEIHHO BhIOMpaeTCs
JUISL PeaJIN3aliviy.

4.2. Ecin ycnoBue coOmtogenust [[/[K He BBIMONHSAETCS HU AN KaKOro W3
paccMaTpuMBaEeMbIX  BapHaHTOB, TO OCYLIECTBISETCS BBIOOp (I  KaXa0ro
paccMaTpUBaeMOro (yHKIMOHAIBHOIO 3JIEMEHTA) TOJIBKO TOrO BapUaHTa, y KOTOPOIO
3¢ (HEKTUBHOCTH MaKCUMalIbHa, HO C MOCTEAYIOIIMM COBEPIIEHCTBOBAHUEM TEXHOJIOTHUHU
ITOTO BapuaHTa J0 obecredeHus uM Tpedyemoii adpdexruBroctn [181, 190].

4.3. Ecmm ycnosue coOmonenus [[/[K BBITIONHIETCS IS HECKOJIBKUX
paccMaTpUBaEMbIX BAPUAHTOB, TO OCYIIECTBISIETCS MPEIBAPUTENbHAS OLIEHKA KaXI0ro
W3 HUX [10 SHEPreTUUeCcKOMy Kputeputo K, . Ipu sTom:

4.4. ]1ns ycioBus, KOT/1a TOJIbKO OJHOMY BapHaHTY TEXHOJIOTMH COOTBETCTBYET

MaKCUMAJIBHOC 3HAYCHUC KEa HMMCHHO O3TOT BAaApWAHT IIOJJICKUT PpPaACUCTY
]

TEXHOJIOTUYECKUX NapaMeTPOB, C MOCIEAYIOIUM MPOCKTUPOBAHUEM HAa OCHOBE
MPEeIBAPUTETHLHOTO MOAOOPa COOTBETCTBYIOIINX TEXHUYECKUX CPEICTB M, B KOHEUHOM
CU€Te, MPAKTUYECKON PEeATU3aLUEN;

4.5, I[J'I?I YCJI0BuUsA, KOraa HCCKOJIBKUM BapHaHTaAM TCXHOJIOI'MH COOTBCTCTBYIOT
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MaKCUMAJIBbHBIC, HO OJWHAKOBLIC, 3HAUYCHMHA K; MMPUMCHUTCIBHO KO BCCM 3THUM

BApUAHTAM [POBOAUTCA  JAJbHEHIIMKA aHAIUM3 C [OCIEAYIOIIUM  PacyeToM
SHEPrOEMKOCTHOTO TT0Ka3arels £~ 1 onpe/ie/IeHHEM ero MaKCHMAJIbHOTO 3HAYCHHSI.

5.B pamkax xkaxzaoro ¢ynkuumoHanbHoro snementa CBIIII ocymecTBasieTcs
BBIOOP TOJIBKO TOTO BapHaHTa CIIOCOOOB OpraHU3alluyd U TEXHOJIOTHM MbUICTIOAaBICHUS
IIEHOM, 11 KOTOPOTO SHEPrOEMKOCTHBIN MOKA3aTEeIIb E° MakcuMalieH. [Ipu 3TOM:

5.1. Eciiu B paMkax OJHOTO ()YHKIIMOHAJBHOTO 3JIEMEHTA TOJBKO OJHMH W3
paccMaTpuBaEeMbIX BAapUaHTOB o0nanaer MaKCHMaJIbHBIM 3HAYEHUEM
SHEpProéMKOCTHOrO TOKasatens E°, TO MMEHHO OTOT BApHaHT OKOHYATEIHHO
BBIOMpAETCA ISl peaiu3alkH.

5.2. Ecnu B pamMkax OJHOTO (PYHKIIMOHAJIBHOTO 3JIEMEHTa MJI HECKOJIbKUX
PacCMaTpPUBAEMBIX BAPUAHTOB 3HAUCHHS SHEPrOSMKOCTHOIO MoKasateas £ OKaKyTCs
paBHBIMHM, TO OKOHYATEIbHBIA BBIOOP ONTUMAJIHLHOTO BapUaHTa OCYLIECTBISIOT IO
MUHUMAaJIbHOMY U3 COOTBETCTBYIOIIMX 3HaUEHUH 3aTpaueHHON sHeprun N.

6. ®opmuposanue CBIII (Mo GyHKIIMOHANIBHBIM 3JIEMEHTaM) C ONTUMAaTbHBIMHU
pabouuMu  mapaMeTpaMH,  COOTBETCTBYIOIIMMHM  MAaKCHUMAaJbHBIM  3HAYEHUSIM
dextuBHOCTH E,; M SHEPrOEMKOCTHOIO MOKA3aTels E°, anst 3a1aHHBIX BHYTPEHHHX
(IpOU3BOACTBEHHBIX) M BHEIIHUX (TEPPUTOPUANIbHBIX) yciaoBUM. Permenue oOpatHOM
3aJlauM, CBSI3aHHOM C OIpe/eJeHUEM 3HAUCHHUU ONTUMAIbHBIX padOUYUX MapaMeTpoB,
COOTBETCTBYIOIIUMX  MAKCUMAaJIbHBIM  3HaueHHsAM  dQQekTuBHOCTH  E,5 W
SHEPrOEMKOCTHOTO TIoKa3aTens £,

7. OKOHYaTENbHBIN noaodop COOTBETCTBYIOILIETO BCIIOMOTaTEIbHOTO
o0opy0oBaHusl (TEXHUYECKUX CPEJICTB) ISl pean3alui KakKaoro (pyHKIHMOHAJIBLHOTO
AIIEMEHTA U 00BSI3KA CUCTEMBI TPYOOIIPOBOIaMHU, BO3TyXOBOAAMH U T.II.

Takum oOpa3zoM, MNpeIoKEHHAss METOJMWKA MPUHATUSA PELIEHUS MOBBIOOPY
ONTHUMAJIBHBIX MO 3PPEKTUBHOCTH U IHEPreTUYECKON SKOHOMUYHOCTH JUIsl 3aJaHHBIX
IIPOU3BOJICTBEHHBIX YCJIOBHM TEXHOJOTMH MbUICTIONABICHUSI TMEHOM Oa3zupyercss Ha
AJIIEMEHTAPHBIX  IOCJIEIOBATENBHOCTSAX  BbIOOpa  (PYHKUMOHAJIBHBIX  3JIEMEHTOB,
TEXHUYECKUX CIMOCOOOB M CPENCTB (YCTPOMCTB) MX peaju3alii, a TakKe CIIOCOOOB U

TEXHOJIOTHYECKUX Y3JI0B UX peajau3aluu (BEHTHISTOPOB, HACOCOB, KOMIIPECCOPOB,
dopcynok u T.1.) [191, 192].
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JIJIs  TIpaKTHUYeCKOW peaau3alid TpU TPOSKTUPOBAHWU, PEKOHCTPYKIIMHA U
IKCIUTyaTallil CHCTEM NBUICTIONABICHHS TICHOH Ha TPEANPUATHUAX CTPOUTEIHHON
UHIYCTpUH MeToauKa obecriedeHa mporpammoit « GEEPSUORY (mpunoskenne A) st
AHAJTMTUYIECKOTO MOJICTTMPOBAHUS M pacuera pabodux MapamMeTpoB IMEHHOTO criocoda B
Pa3IMYHBIX IPOU3BOJICTBEHHBIX YCIOBHSX, OJIOK-CXeMa KOTOpOW Tpe/CTaBJicHAa Ha
pucynke 3.1. CTpykTypa mporpaMMbl MMOJTHOCTEIO COOTBETCTBYET CTPYKTYpPE METOJIUKHU
[141, 143, 144, 188, 193] u BKIIOYaeT YETHIPES OCHOBHBIX OJIOKa: OJIOK HMCXOJIHBIX

JAHHBIX; PACUETHBIN OJIOK; JIOTMYECKUM OJIOK 1 OJIOK BBIBOJIA PE3yiIbTaTa.

3.3 ®opMupoBaHue 0,10Ka UCXOAHBIX JAHHBIX

brox ncxonnpix nanaeix nporpammsl «GEEPSUORY mpenmnonaraer ux BBOA 1O
CJIETYIOIIUM TPYyTIIaMm:

- Xapakxmepucmuku npou3800CMEEHHbIX YCI06uUll: HAUMEHOBAHUE TMPEANPUITHS U
BBIITYCKaeMOI UM MPOIYKIUH; BUJ, TUI U MapKa MPOU3BOICTBEHHO-TEXHOJIOTHIECKOTO
o0opy/s0OBaHus; BHUJA HUCTOYHMKA O0Opa3oBaHUS M MCTOYHUKA BBIJACJICHUS MbUIN;
XapaKTePUCTUKHU ChIPbS (BUJ, MOPHOJIOTHYECKUI COCTaB, IMIIOTHOCTh, (PPAKIIMOHHOCTb,
pacxoj, IOMyCTUMas BIAXHOCTh W Jp.); HAIWYHE y HCTOYHUKA BBIACICHUS TMBUIH
aCIUPALMOHHOIO YCTPOMCTBA M €ro TE€OMETPUYECKME U  a’dpOoJIMHAMHUYECKHE
XapaKTePUCTHKH, TJIONab UCTOYHHKA BBHIOpOCA TBIIM B aTMocdepy; SKBUBAJICHTHBIH
JMaMEeTp YCThs MCTOYHUKA BbIOpOCA MbUIM B aTMOC(hEpy; pacCTOSHUE OT MOBEPXHOCTH
3eMJIM JI0 YCThbS HCTOYHHMKA BbIOpOca NbUIM B arMocdepy; pacCTOSHUE OT OCHU
TOPU30HTAJIFHON YacTh (hakena BEIOpOca MbLIH B aTMOC(EPY A0 MOBEPXHOCTH 3EMIIH;

- Xapakmepucmuxy noiay: BUJ MbUIH; TUCIEPCHBIN cocTaB (JInOO cpeHui MeAMaHHBbIHI
JIMaMeTp YacTHI] MbUIN); KPaeBOW YroJl CMauyMBaHUS; TNIOTHOCTh MBUIEBOTO MaTepUaa;
OTHOCHUTENbHAS JUAJIEKTPUYECKass MPOHHUIIAEMOCTh MBUIEBOTO MaTepuaia; YACNbHBIH
€CTECTBEHHBIIN AJIEKTPUUECKUH 3apsij MbUIEBBIX YacTHUIl; KOAhUIHEHT (HOPMBI YaCTHII,

xknacc onacHocty; IJ[K,,; IJ[K.., 1K,

p» (PakTHdeckas (nubO pacyETHas)
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KOHIIGHTpAIMsl B BO3JyXe paboyeil 30HbI U B BO3YIIHOM OacceilHe MPOMBIILICHHON
TUTOLIAAKY HA TPAHUILIE IPEANPUSITHS;

- XapakxmepucmuKku 803MONCHbIX K NPUMEHEHUI0 8CNOMO2AMENbHO20 MEXHOL02ULECKO20
000pyoosanusi u neHoobpazosamelisi: NAANA30H HATIOPHO-PACXOJHBIX XapPAKTEPUCTHK
BEHTHJISITOPOB, HACOCOB M KOMIIPECCOPOB; MOTEPHU AABIEHHUS MO TPAKTy BO3yXOBOJIOB
(ra3oxoJ10B) OT aCIUPALIMOHHOTO YCTPONUCTBA 10 AKTUBHOM 30HBI peajn3alliu mpoiiecca
OUYKCTKH BO3/lyXa OT MbUIH; MOTEPH JABJICHUS MO TPAKTY BO3YyXOBOAOB (Ta30X0/I0B) OT
aKTHUBHOM 30HBI peajiu3alliy Mpoliecca OYUCTKHA BO3/lyXa OT MbUIM JO aKTUBHON 30HBI
peanu3aiuu npolecca MPUHYIUTEIBHOTO PacCEeMBaHUsl MbUIM B TMOc(hepe (10 yCThi
HMCTOYHUKA BHIOpOCA TMBUIN); SKBUBAJICHTHBIN THaMETp BO3AYXOBOJOB (Fra30X0/0B); BU]
U TEXHUYECKHE XapaKTePUCTUKU TEHOTEHEPATOPOB; HAIWYUE TUTUEHUYECKOTO
ceptudukara MeHOOOpa30BaTelis; AMANa30H BO3MOXKHBIX 3HAYEHUU KOHIIEHTpaIlUU
NeHo00pa3oBaTesisi B BOJHOM PAacTBOPE; JAMANA30H BO3MOXHBIX 3HAYEHHUM TUIOTHOCTHU
pacTBopa TmeHooOpa3zoBatens; Auana3oH BO3MOXKHBIX 3HAYEHHH IMOBEPXHOCTHOTO
HATSDKEHHUS pacTBopa MeHOoOOpas3oBaTelsl; JaBJ€HUE IMEHOOOPa3yIollero pacrBopa;
JMaMeTp ceueHusi o0pa3oBaHUs MEHbI B CETUYATOM IEHOTEHEpaTope; AUaMETp SUYEHKU
CEeTKM CETYaTOro IEHOTEeHEepaTopa; PacCTOSHUE MEXOy SYeHKaMu CETKH CEeT4aToro
MIEHOTEHEePATOPa; BBICOTA UCXOIHOTO CJIOSI )KHIKOCTH B 0apOOTaXKHOM MTEHOTCHEPATOPE;
HSKBUBAJICHTHBIM nuameTp (pamuyc) Oapbotepa; koddduimeHT pacxoaa coruia
opocurens (HOpCyHKH); TUaMETp COIUIa OPOCHUTEINS; KOJUYECTBO COMEI B OPOCHUTEIE;
KOPHEBOM Yrosl packpbiTus (Qakena OpOIICHHs; TPH HATUYUU HCKYCCTBEHHOMN
AJIEKTPU3AIMU TIEHbI BBOJASITCS MOITHOCTh UCTOYHUKA MUTAHUA N,,;

- Xapakmepucmuku 8030yxa pabouetl 30Hbl: TEMIIEPATYpa; BIAXHOCTb; MOJBHKHOCTh
(CKOPOCTh IBUXKEHUS ); NIOTHOCTh; TUHAMUYECKAS BA3KOCTb;

- Xapakmepucmuxu 6030yXa NPU3eMHO20 Clos ammocgepvl 8 Haubolee dHcapKuil
nepuoo (Kax Hauxyouiue YCl08Usi pacceu8anusi noliu). UHIEKC COCTOSIHUS aTMOC(ephl;
TEMIIepaTypa; BIAXKHOCTh, IMOJBHKHOCTh (CKOPOCTh BeTpa M €€ COCTaBJISIOIINE);
IUIOTHOCT;

- KOHCmMaHmbvl.  YCKOPEHHE CBOOOIHOTO TAACHHS; JJICKTPUYECKAas IMOCTOSHHAS;

pacCcTOsIHUE NENCTBUS MOJIEKYJISIPHBIX CUJI U IPYTHE.
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3.4 ®opmupoBaHue JOTHYECKOr0 0JI0KA

Jlornueckuii 6ok mporpammbl «GEEPSUOR» mnpenHasnaueH sl NpUHATHS
OJIHO3HAYHBIX PEIIEHUN NIPU BO3HUKHOBEHHUH aJbTEPHATUBHBIX PACUETHBIX CUTyalluld B
CJIeIYIOLIUX CIIyYasix:

- npu pacuére >PQPEeKTUBHOCTH F,; CHWKEHHMA 3arpsA3HEHHS B paMKaxX KaKIoro
(GYyHKUMOHANBHOTO 3JIEMEHTa MO KaXJAOMy BapHaHTy CIOCOOOB OpraHu3aluu |
TEXHOJIOTUW TBUICTIONABIICHHS] MEHOM HEO0O0XOAWMO OTOOpaTh TOJIBKO TE€ BapHaHTHI,
KOTOphle oOecneunBaOT coomonaenue [I/[K (nias (QyHKUIMOHAIBHOTO 3JEMEHTa
nbule3afepkanusd — B paboueil 3oHe nmomemenus (/14K,;), a ansd (QyHKIHUOHAIBHBIX
AJIEMEHTOB OYMCTKU BO3JyXa OT MbUIM U MNPUHYJUTEIBHOIO PAacCEMBaHUS MbUIA — B
npuseMHoM cioe atmocepst (114K, ..))). Ilpu aTom:

- eciau ycinoBue cobmonenus [[/[K BBIMOTHSETCS TOJIBKO JJs OJHOTO W3
paccMaTpUBaE€MbIX BApPUAHTOB, TO MMEHHO 3TOT BapHaHT MbUICNOAABICHUS TEHON
OKOHYATENIbHO BBIOUpAETCS AJIs peann3aluu;

- ecau ycinoBue cooOmonenuss [[/[K He BBINONHSAETCS HHU JUIsl Kakoro u3
paccMaTpUBAEMBbIX BapHAHTOB, TO OCYILIECTBISAETCA BHIOOP TOJBKO TOrO BapHaHTA, Y
KOTOPOro 3(pPEeKTUBHOCTh MAaKCHMaJibHA, HO C MOCIEAYIOUIMM COBEPIIEHCTBOBAaHUEM
TEXHOJIOTUH 3TOr0 BapuaHTa /10 o0ecrieueHus: uM TpedyemMoil 3 peKTUBHOCTH;

- eclii ycnoBue coomtogenust 17//K BbIMONHSETCA JIJIs HECKOJIBKUX PacCMaTpUBAEMBbIX
BAPUAHTOB, TO OCYIIECTBISETCS MpEIBAPUTENIbHAS OLIEHKAa KaXXJIO0ro U3 HUX MO
PaCCUYHUTHIBAEMOMY SHEPIETHYECKOMY KpuTepuio K, . Ilpu sToMm:

- €CIIM MaKCUMaJIbHBIM 3HaueHueM K, 00J1amaeT TONbKO OJUH BAPHAHT TEXHOJIOTUH
NbUICTIOIABICHUSI TI€HOW, TO JUISI HEro BBIMOJHAKOTCA Pacy€T TEXHOJIOTUYECKUX
apamMeTpoB, IPOEKTUPOBAHME M peajgu3alus C [0J00POM COOTBETCTBYIOIUX
TEXHUYECKUX CPEJICTB;

- €CllM MaKCHMaJbHBIM, HO OJMHAKOBLIM, 3HaueHHEM K, 00IagaloT HECKOJILKO
BAPUAHTOB TEXHOJOTMU TbUICTIONABICHUS T[EHOW, TO MMEHHO JTH BapUAHTHI

MIPpUHUMAIOTCA  IJIA HaﬂbHeﬁmCFO pacCMOTpCHUA C IMOCIICAYIOIIUM paC‘IéTOM
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SHEPro8MKOCTHOTO TOKa3aTe s £~ U ONMpe/e/ICHHeM ero MaKCUMAIIBHOTO 3HAYCHHUS.

- mpM  pacuéTe SHEPrOEMKOCTHOTO MokasaTenss FE° B paMKax — KaxIoro
(GYyHKIMOHATBHOTO DJIEMEHTa M0 KaXXJIOMy BapHaHTy CIIOCOOOB OpraHM3aluud |
TEXHOJIOTUH TBUICTIOIABJICHUS TIEHON HEOOXOAMMO OTOOPATh TOJIBKO T€ €AMHCTBEHHBIC
BapUAHTBI, KOTOpPbIE OO0JAMAI0T MAaKCUMAIbHBIMU 3HAYCHUSIMU HHEPrOEMKOCTHOTO
nokasarers E°. [Ipu sTom:

- ecaM B paMKax OJHOr0 (PYHKIMOHAJbHOTO »JJIEMEHTa TOJBKO OJWH U3
paccMaTpUBaEMbIX BAPUAHTOB obaaer MaKCHUMAaJIbHBIM 3HAYEHUEM
SHEpPro8MKOCTHOr0 IOKasaTenss E°, TO HMEHHO OTOT BAaPHAHT OKOHYATEIbHO
BBIOMpAETCs JJIsl peann3aliui,

- eciM B paMKax OJHOTO (DYHKIIMOHANBHOTO OJJIEeMEHTa I HECKOJbKHX
pacCMATPHBAEMBIX BAPHAHTOB 3HAUCHHS DHEPrOSMKOCTHOTO IOKA3aTems £ OKaKyTCs
pPaBHBIMHU, TO OKOHYATEJIbHBIA BHIOOP ONTHUMAIBHOTO BAapHaHTA OCYIIECTBISIOT TIO
MUHUMAaJILHOMY U3 COOTBETCTBYIOIIMX 3HAYEHUH 3aTpaueHHON sHeprun N.

PaccmoTpeHHbie yCNOBUSI MOJIOKEHBI B OCHOBY (OPMHUPOBAHUS JIOTMYECKOTO
omoka mporpammbl «GEEPSUOR» mowcka Hawiaydiiero BapuaHTa TEXHOJIOTHHU

00€eCIIBJIMBAHMS TEXHOJIOTHYECKOTO CBIPbA 1 BO3]yXad HAa OCHOBC IIPUMCHCHUA IICHDI.

3.5. Onucanue BHIXOAHBIX IAPAMETPOB

Anroputm mporpammbl  « GEEPSUOR» paspabotan ¢ yd4€ToM chemyromux
OCHOBHBIX TPeOOBaHUM:
- MUHUMYM 3aTpaT Py4YyHOTO TpyJa Ha cOOp MCXOMHBIX JaHHBIX U (HOPMHUPOBAHHUE HX
0askl,
- MUHHMYM HCIIOJIb30BaHUs orepaTuBHON mamsitu OBM, tpebGyemoii misi XpaHeHUs
uHbopMaIny;
- KOHTPOJIb 32 BCEMU dTallaMU BBITIOJHAEMOTO aHAJN3a;

- BO3MOXXHOCTb PAaCUIMPEHHs B aJITOPUTME ONEpPALMi, CBA3aHHBIX C 00pabOTKOM yke
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U3BECTHBIX W (HOPMHUPOBAHMEM HOBBIX YpPaBHEHUH, AOMOJHSIOIIMX MAaTEMaTHYECKOE
OMKCaHUe PacCMaTPUBAEMOTO MpoIlecca 0OECIbUTMBAHMS BO3AYyXa.

Taxum o6pazom, kpome 010ka POPMUPOBAHUST UCXOAHBIX JaHHBIX M JJOTHIECKOTO
omoka mporpamma «GEEPSUOR» Brimrouaer pacu€tHbiii OJOK, COCTOSIIIMN U3 JIBYX
OCHOBHBIX Pa3/IeJOB:

- TEpBBIM pa3fen BKIIOYAET 3aBHCUMOCTH, CBS3aHHBIE C pPacy€TOM OTAEIBHBIX
(MpOMEXKYTOUHBIX) IapaMeTPOB, XapaKTEPU3YIOIIUX OCOOEHHOCTH peallu3aluu
mporecca TMBUICTIOAABICHUST BO3AyXa pa0ouWx 30H W BO3AYIIHOTO OacceifHa
MPOMBIIUICHHBIX TIOMIAI0K JUIS YCIOBUHM dKCIUTyaTallMy JIEHTOYHBIX TPAHCIOPTEPOB Ha
3aBonax JKBUuK (pacxon pactBopa meHooOpaszoBatrensi; AMAMETP IMYy3bIPHKOB IEHBI;
TOJIIIIMHA TICHHOTO CJI0sT; OOBEM TEHBI, MOTy4aeMOld B €AMHUIY BPEMEHH, CKOPOCTh
JIBMYKEHUSI My3BIPHKOB MEHbI B aKTUBHOM 30HE peaju3alliid COOTBETCTBYIOLIETO 3Tama
npoliecca MbUIeTIOAaBICHUS IEHOU U 1Ip.);

- BTOPOH pa3fen BKIIOYAET IMapaMETPUUYECKUE 3aBUCUMOCTH 3((PEKTUBHOCTH
OBUJICTIONABICHUS U HHEPro€MKOCTHOTO TIOKa3aTeNls KaXJAO0ro JTama pealn3aluu
nporecca 00eCTbUTMBAHMS BO3AyXa (MbUIe3aepKaHus, OYUCTKH BO3AyXa OT TBUIH U
NPUHYTUTEITHFHOTO PACCEMBAHUS MBLIH B aTMOC(hepe).

B nporpamme «GEEPSUOR» B03MOXHO 3amaBaTh JIF00O€ YHCIIO MOIIArOBBIX
pacu€ToB JUIA Ka)XJOTrO MapamMeTpa, KOTOPHI HM3MEHSETCS B 3apaHee OMpPEe/eICHHOM
nuamna3one. Takum o0pa3oM, Mpu BBEIACHHHM BCEX MCXOJHBIX JAaHHBIX, 3a7aBas YUCIIO
MIOIIATOBBIX Pacu€ToB (HampuMep, X = 6), a TaKKe IMOIIAaroBO BapbUPYEMbIN MapaMeTp
(HanpuMmep, Hp) ¥ ero MUHUMaNBbHOE M MAKCHUMAJIbHOE 3HAYEHNUs, HA BBIXOJE MOIy4aeM
OZHOBPEMEHHO IIECTh 3HAYECHMIl Pe3yJIbTHPYIOMNX (BBIXOAHBIX) napaMerpos E,, n E’
A mect 3HaueHuil Hp. KonudecTBo 1maros 3aoskeHo B IporpamMMy B 3aBUCUMOCTU
OT TpeOyeMOoro 4uciia pacu€ToB X U MPeIeNIbHbIX 3HaueHuH H,.

Kpome Toro, mporpaMMmoil TakXke MpPeIyCMOTPEH pacyeT HSHEPreTUYeCKuX
napaMeTpoB,  JHEPrOEMKOCTHOTO  MOKAa3aTeNs, MOCTaJAUWHBIX  COCTaBISIONINX
3} (GEKTUBHOCTH U CyMMapHO# 3PPEKTUBHOCTH B paMKax Kaxa0ro (QyHKIHOHAIHLHOTO
anementa CBII nns kaxaoro oroOpaHHOro0 K pacCMOTPEHHUIO BapuaHTa CIOCOOOB

OopraHu3alnuv U TEXHOJIOTUH IIBUICTIOAABIICHUA IICHOM.
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biok BbIBOsa pe3ynbTaTa OOECIEUMBAET OKOHYATENIbHBIA BBIBOJ Ha IE€YaTh
MaKCUMAJIbHBIX 3HAauYC€HHH 3(P(GEKTUBHOCTH TMBUICMOAABICHUS U SHEPro€MKOCTHOIO
nokaszatessi JyUisi ONTUMAajJbHOIO BapuaHTa CIIOCOOOB OpraHW3alid U TEXHOJOTUMN
IBUICTIOIABJICHUS TICHOM IO KaXXJIOMY 3Taly pealH3aluy Ipoliecca 00ecbUINBaHUS
BO3AyXxa (MbUIC3aJCpKaHUs, OYMCTKHM BO3AyXa OT TMbUIM WU NPUHYAUTEIBHOTO

pacceuBaHwUs BLUTH B aTMocdepe).

3.6 Anaju3 PE3YJIBTATOB TECOPETUIECCKUX PACIECTOB HA OCHOBE METOAUKH
INPUHATHSA PCIICHUSA 11O BbIﬁOpy ONTUMAJIbHBIX TEXHOJIOTHH

o0eCnILLINBAHUS MEHOH

C momomipio mporpamMmmbl « GEEPSUOR» Hamu BBITIOJTHEHO MaTeMaTHYECKOE
MOJIETMPOBaHUE Mpollecca 00eCTIbIITMBAHUS BO3/IyXa MIEHOU JIJIsl YCIIOBUN KCILTyaTaIlluu
JICHTOYHBIX TPAHCIOPTEPOB (MBUTH TIeCKa M TbUIb ImeOHs). [Ipu 3ToM paccuyuTaHbl
TUAPOAIPOAMHAMUYCCKAE W TEXHOJOTMYECKHE  XapaKTepUCTUKH  TIpolecca
oOecIbUIMBAHUS BO3JyXa IS pPacCMaTPUBACMBIX IPOM3BOACTBEHHBIX YCIOBUI
pa3sTUYHBIMA CIOCOOAMH OpTaHM3AIMd W TEXHOJOTHUSMH, BKJIIOUYAs TEXHOJIOTHHU
MOJIYYEeHHS TIEHBI: TICHOOOPAa30BaHUE Ha CETKe, 0apOOoTaxkeM, pacbIIIMBAHUEM PACTBOPa
gyepe3 opocutenb (PopcyHKy). B pesynbraTe HaMu MOTy4eHbI 00JIACTH CYIICCTBOBAHMSI
3HAUYCHUN HSHEProEMKOCTHOTO TOKazaTens ¢ Yy4€ToM 3HaueHuil dS(YPEKTUBHOCTH
IBLICTIOABICHHS ITEHOM JIJIs pa3HbBIX JTAMOB IMpoliecca oOecbIIMBaHus Bo3ayxa [123].

Tak st mporecca MbUIe3aAepKaHUS pacCUUTaHbl 3HAYCHUS dPHEKTUBHOCTH H
HHEPrOEMKOCTHOTO TTOKA3aTeNs JIJIsl BCErO JIMara3oHa peaibHO BO3MOXKHBIX MapaMeTPOB
pealM3aliMi 3TOTO dTama Mpolecca NbUICHONABICHHUS ISl Pa3IUYHBIX YCIOBUH
OKCIUTyaTallii OTKPBITBIX HCTOYHHUKOB TBUICBBIJCICHUS TPU TOJTYYEHUU TIEHBI B
ceTyaToM U 0apOOTaKHOM TIEHOTeHepaTopax. B kadecTBe mpuMepa Ha puCyHKax 3.2,

3.3 (a, 6) mpeacraBieHsl rpaduvecKie 3aBUCUMOCTH 3(PPEKTUBHOCTHU TbUIC3aIePKAHUS

OT IIOBEPXHOCTHOT'O HATSXKECHUA Oy pacTBOpaA HeHOO6p330BaT€JI$I H BBICOTHI hn IICHHOI'O
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CJI0f1, @ TAKXKE€ AHEPrOEMKOCTHOTO MOKa3aTelsl 3TOr0 3Tara Mpolecca NbUIeoAaBICHUS
OT DHEPreTUYECKUX MapaMEeTPOB, XapaKTEPU3YIOIIMX COOTBETCTBEHHO moje3nyo W u
3arpayeHHyto N sHepruto i nbUIu 1eOHs U MecKa.

Jlist mpoliecca TMBUTCOYHCTKH TAKXKE PACCUMTAHBl 3HAYCHUS 3(PPEKTUBHOCTH U
SHEProeMKOCTHOTO MTOKa3aTelis JIJIsl BCEro JIMana3oHa peajbHO BO3MOKHBIX TapaMeTPOB
peanu3aly 3TOTO dTama Ipoliecca MbUICMNONABICHUS] B aKTUBHON 30HE OYHMCTKH C
Y4€TOM B3aMMOHAINPABICHHOCTH JBH>KEHUS YAaCTHI] ITbUIH U ITY3bIPbKOB MEHBI (CIIyTHOE
U BCTPEUHOE JIBMKEHUE) JJISl PA3JIMUHBIX YCJIOBHUH AKCIUTyaTallMy MPOU3BOJICTBEHHOTO
000pyI0BaHUs, BBIICISIONIETO MbUIh MECKa U 1EOHS, OCHALIEHHOTO aCIUPallMOHHBIMU
YCTPOMCTBAMH.

B xauectBe mpumepa Ha pucyHkax 3.4 (a,0), 3.5 (a,0), 3.6 u 3.7 npeacraBicHbI
3aBUCUMOCTH  D(P(QEKTUBHOCTH  MBIICOYUCTKM OT JaBineHus H, pactBopa
neHooOpa3oBaTeisl Tepel OpOCUTETIEM, MOBEPXHOCTHOTO HATSKEHUS Oy, pacTBopa
neHooOpa3oBaTeisi W CKOPOCTH  MBUICBO3AYIIHOTO  TMOTOKAa Vg, a  TaKke
HPHEPrOEMKOCTHOIO TOKa3aTelisi ATOr0 JTama Mpolecca MbUICTIONABICHUS  OT
HHEPreTUYECKUX MapaMeTpOB, XapaKTEPU3YIOIIUX COOTBETCTBEHHO 3arpayeHHyr0 N u
noJie3Hyto sHeprutro W, CKOpOCTH NbUIEBO3YIIHOIO MOTOKA Vy; B AKTUBHOW 30HE
OUYMCTKH JIJIsl IBUTA 1IECOHS U TeCKa.

Taxke ObUIM paccuvTaHbl 3HAYCHUS SPEHEKTUBHOCTH U DHEPrOEMKOCTHOTO
MOKa3aTess Mmpolecca MPUHYAUTEITFHOTO PACCeUBAHUS TBUTH B aTMOC(Epe sl BCETO
JMara3oHa peallbHO BO3MOKHBIX MapamMeTpPOB pealiu3allid A3TOTO 3Tama Mpolecca
NBUICTIOAABIICHHS B MMPU3EMHOM CJIO€ aTMOC(EPBI JUIsl OCTATOYHOIO0 KOJIMYECTBA IMBUITU
necka u mieoHsI.

B kauectBe mnpumepa Ha pucyHkax 3.8-3.12 mnpenacraBieHbl 3aBHCUMOCTH
3 (PEKTUBHOCTH MPUHYIUTEIBLHOIO PACCEUBAHMS TMBUIM TNEcKa U MIEOHS OT CKOPOCTH
IBUIEBO31YIIHOIO TOTOKA Vg,ep, B YCTBE MCTOYHUKA BBIOPOCA M CKOPOCTU BETPOBOIO
MOTOKA Vg; B 30HE BBIOpOCAa, a TakKe SHEPrOEMKOCTHOIO IOKa3aTels OT
HEPreTUYECKUX MapaMeTpPOB, XapaKTEPU3YIOIIUX COOTBETCTBEHHO 3arpayeHHyr0 N u
nosie3nyto s3uepruto W u ckopoctu Betpa Us.

KpoMe pacuéra OCHOBHBIX XapaKTEPUCTHUK Mpolecca oOeCHbUIMBAHUS BO3yXa
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NIEHON HaMM TAKX€E BBINOJHEHBI PACUEThl XapaKTEPUCTHK PAcTBOpa NEHOOOpa30oBaTeNs
Y TICHBI, PUMEHsIeMOi B mporecce (pucynku 3.13 - 3.14).

AHanu3 mnpejcTaBieHHBIX Ha pucyHkax 3.2 - 3.14 mpumepoB rpaduyeckux
3aBUCUMOCTEMN I03BOJIIET HAa OCHOBE BBINOJHEHHBIX TEOPETUYECKUX HCCIEIOBAaHUI
npolecca 00ecnbUIMBaHUS BO3/yXa Ha OCHOBE MPUMEHEHHUS NEHbI MOJITBEPAUTH TOT
(dakT, 9TO Ha OTKPHITHIX UCTOYHUKAX O0OPa30BaHUS U BBIICICHUS MBIJIEBBIX YaCTUIl TIPH
CKOPOCTAX BO3AYIIHOTO MoToka MeHee 1,0 m/c (B 4YacTHOCTH, MMEHHO K TaKUM
YCIIOBHUSIM OTHOCUTCS peaju3alys Ipouecca Mbule3afep’KaHus MEHOW Ha JIEHTOYHBIX
TpaHcnopTépax) Hauboisiee d(PPEKTUBHBIM SIBISETCS HCIIOIB30BAHUE SKPAHUPYIOIIETO
NIEHHOTO CJIOA 33 CYET MO0JIaYu OTOKA MEHbI B aKTUBHYIO 30HY 00ECIBLIMBAHMUS.

[ToaTBepKaaeTcsi Tak e MOJOKEHHE O TOM, YTO HCIOJIb30BaHUE 0apOOTaKHBIX
NIEHOT€HEePaTOPOB 1IEJIECO00Pa3HO JIMILb NMPU 3HAYUTENbHBIX 00beMax oO0pa3oBaHUs U
BBIJICJICHUSI TBUIEBBIX YaCTUI, MPUYEM, CIEAyeT OTMETUTh, YTO TMIPU 3TOM
3HAUUTETBHBI POCT 3aTpayeHHOM HSHEPrHUU COMPOBOXKIACTCS MEHEE WHTEHCHUBHBIM
POCTOM MOJIE3HOM SHEPTUH, UTO KPalHE HEPALUOHAIBHO.

Haubosnee pannoHaIbHBIM SBIISIETCS] IPUMEHEHHUE CETYATOro MEHOTeHepaTopa ¢
PKEKIMOHHBIM MaTpyoOKoM ©0€3 NpUHYIUTENbHOM mojaun Bo3ayxa. llpu stom
3HAYUTEIBHO SKOHOMUYHEE C TOYKH 3PEHHUS YHEPreTUYECKUX 3aTPAT OCYLIECTBISAETCS
nblIe3anepxkanue ruapooOHoi mbu (TBUTH 1E0HS), HEXENU TUAPOPMIbHON (THLITH
necka). [lpu 3amepkanuu (3KpaHUpPOBAHUM) TUIAPOGOOHOW MHUIU SHEPTOEMKOCTHBIM
MOKa3arellb JOCTHTaeT MaKCUMaJIbHOTO 3HadeHus 10 2,5% mpu KOHIEHTpaIuu
«Camno» 3%.

JlanbHeilliee yBEeIWYEHUE KOHLEHTpPALMUd HE MPUBOAUT K IOJOKUTEIbHBIM
U3MEHEHHSM DSHEPreTHUEeCKUX mapameTpoB mporecca. [lpuuém, nus ruapoduibHON
neUd (MBUIb TI€CKA) 3HAYEHHUs SHEPro€MKOCTHOIO IOKa3aTelsl YBEJIMYMBAIOTCS IPHU
CHIDKCHHHU KOHIEHTpAllMU MEHO0Opa3oBaTeNs B PAacTBOPE M JOCTUTAIOT HAaWOOJBIICH
BEJIMYMHBI TTpU KOoHIIeHTparuu 0,8%.

IIpr UCIIONB30BaHUM CETYATBHIX IIEHOICHEPATOPOB C NPUHYAUTEIBHOU IOAayey
BO3/lyXa WM 0apOOTa)XXHBIX IMEHOTCHEPATOPOB 3a CUET 3HAYMTEIHHOTO YBEITUYCHUS

Banan/IBaeMOﬁ Ha O6p&30BaHI/I€ IICHBI OJHCPIrrUr, 3HAYCHUA 3H€pFOéMKOCTHOFO
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nokasarens ymensimarorcst or 0,001 1o 0,01% st ruapodoOHoit etk 1 g0 2-107%
Uit TUAPOQUIBHONW, 4YTO  TOBOPUT O  HEIEJIecOOOpa3HOCTH  MPUMEHEHUs
paccMaTpuBaeMbIX TEXHOJOTHH TMONyYeHHUs TMEHbI Ui pealu3aliyl MblIe3aaepKaHus
HEHHBIM CIIOCOOOM.

Jlnst mporecca OYMCTKM BO3AyXa OT TMbUIM TPOBEACHHBIM aHAIU3 IMOJTYYEHHBIX
3aBHCHMOCTEH SHEProEMKOCTHOTO TOKa3aTells OT adpOAMHAMHUYECKHUX XapaKTEPHUCTUK
BO3IYILIHON cpeabl (IpUMEPbl KOTOPBIX MPEACTaBlIeHbl Ha pUCYyHKax 3.6, 3.7)
MOKa3bIBaCT, YTO TIPU CKOPOCTAX TMBUICBO3AYIIHOTO TIOTOKA B AaKTUBHOW 30HE
peaym3aruu  mporiecca MeHee 1,0 M/c  B3aMMOHAIpaBICHHOCTh JBIKEHUS TTEHHOTO
a’p030JIs1 U MBUIEBO3AYIIHOTO MOTOKAa HE UMEET 3HAUEeHHS, XOTs Mpu cKkopoctsax ot 1,0
m/c 1o 10 m/c 3HAYEHHS SHEPTrOEMKOCTHOTO TOKa3aTells MPH BCTPEYHOM M CITyTHOM
JBIDKEHUSAX 3HAYUTEIBHO OTJIMYAIOTCS Jpyr oT apyra. [Ipuuém, B 3TOM auamasoHe
CKOpOCTed C TOYKA 3pEHUsT  HDHEPreTUYeCKOM  HKOHOMHYHOCTH  Mpolecca

oOecnbuIMBaHUs HanboJiee 1enecoo0pa3HO OPraHu30BbIBATH CITYTHOE JIBH)KCHHE

—1=0,20m

— 0,15 m
— 0,10 m
— == ———— ——0,05 M
91,0 \ 0,03 m
90,0 —
O, H/m
""""" - BTG IIE€OHSA; - IBUIb ITECKA

Pucynox 3.2 — Pacuérnbie 3naueHus 23 (HEKTUBHOCTH MpoIecca

NbUIC3aICPKAHNA IICHHBIM CJIOCM JIA JICHTOYHOI'O TpchnopTépa
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a) — ceTyaThlil IeHOreHepaTop; 0) — 0apOOTaKHBII TEHOTEHEPaTOP
Pucynok 3.3 — Pacu€THble 3HaUCHHS YHEPTOEMKOCTHOTO MTOKa3aTes mpolecca

NbUIE3aAEP KaHUS IEHHBIM CJII0E€M JUISl IEHTOYHOI'O TPAHCIIOPTEPa
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Pucynok 3.4 — Pacuérnbie 3HaueHus 3G (PEKTUBHOCTH MIPOIIECCa OUUCTKU BO3AyXa OT
MBUIEBBIX YAaCTUI] IEHHBIM a3P030JIEM C YU€TOM B3aUMOHAMNPABICHHOCTH JABUKECHUS
YACTHUI] TIBUTH U MYy3bIPbKOB MEHBI B AKTUBHOM 30HE OYMCTKH aCIUPAIIMOHHOMN CeTH

JICHTOYHOTO TpaHcHopTépa (MbLIb MICOHS)
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a) — CIIyTHOE JBUKEHUE; 0) — BCTPEUHOE JBUKCHHE
Pucynok 3.5 — Pacuérnblie 3HaueHus 3((pEeKTUBHOCTH NpoLecca OUUCTKU BO3yXa OT
IBLJIEBBIX YAaCTUL| IIEHHBIM a3p030JIEM C YYETOM B3aUMOHAIIPABICHHOCTH IBUKECHUSA
YaCTULl ITBUIM U IIy3bIPbKOB IIEHBI B AKTUBHOM 30HE OYMCTKH aCIUPALUOHHOMN CETU

JIEHTOYHOTO TpaHcopTEpa (IIbLIb MecKa)
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Pucynox 3.6 — PacuétHble 3aBUCMMOCTH SHEPTOEMKOCTHOTI'O MTOKa3aTelis rnpoiecca
OYMCTKHU BO3AyXa OT MbUIEBBIX YACTHUI] IEHHBIM a3p030JIEM MPU UX
BCTPEYHOM JIBUXKEHUU B aKTUBHOW 30HE OYMCTKHU aCMIUPAIMOHHON

CETH JICHTOYHOTO TpaHCHOpTEpa (MbUIb MICOHS)

MBUICBBIX YAaCTHI] U Ty3bIPHKOB TI€HBI, XOTS MPU OTHOCHUTEIBHOM CKOPOCTH WX
JBYDKEHUS, TPEeBBIMIaroniei 6,5 m/c, 3Ha4eHUs] YHEPrOEMKOCTHOTO IOKa3aTeNsi PE3KO
YMEHBIIAIOTCA, W DSHEPreTUYECKass JKOHOMUYHOCTh OpraHW3allii TakKoro BHAA
JBIDKCHUSI CTAHOBUTCS JIOCTaTOYHO HU3KOHM. [Ipw 3TOM HEOOXOIMMO OTMETUTh, UTO
3HAYCHUS DPHEPTOEMKOCTHOTO TIOKa3aTessl IPU OYKCTKE BO3AyXa OT THAPOPOOHON MBLIH
(mBLTH 11e0HST) 3HAYUTEIBHO BBIIIE, YeM OT TUIPOQPMIbHON (TTBLUTH TIECKA).
Paccuntanubie 11 mpoliecca NMPUHYIUTEIBHOTO pacceuBaHus B aTtMmocdepe
NbUIEBBIX YaCTHUI[ MEHHBIM CHOCOOOM 3HAYEHUS PHEPro€MKOCTHOTO TMOKazaTelsl U
3¢ (HEKTUBHOCTH TMOKa3aJId, YTO HCIOJb30BAaHHWE MEHHOTO CJIOA B JIAHHOM Cliydyae He

UMEET CMBICIIA, TAK KaK HE 00ecreunBaeT JOCTKEHUE dPQeKTa pacceuBaHUs
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PucyHnok 3.7 — Pacu€THble 3aBUCMMOCTH 3HEPTOEMKOCTHOTI'O ITOKa3aTelis rmporecca
OYMCTKHU BO3AYyXa OT MBUIEBBIX YACTHUL IEHHBIM a3p030JI€EM

IIpHU UX BCTPCHYHOM ABMIKCHUH B AKTUBHOM 30HE OUYMCTKU aCHI/IpaHI/IOHHOI\&

CETH JICHTOYHOT'O TpaHCTIOpTEpa (IbUTh MECKA)

YacTHI] MbUIM U3-3a TOr0, YTO HEMOCPEACTBEHHO B CEUEHHUH YCThsl HCTOYHUKA BBIOpOCa
IBUIEBBIX YaCTHUL[ MTPOMCXOAMUT MPAKTHYECKHU MOJHOE pa3pylICHHE MEHHOTO CJIOS MOJ
BO3JICICTBUEM (pakeiia BhIOpoca.

[Ipu 3TOM BHOJIHE ONpaBIBIBAET ce0s C MO3UIMI 00ECHEUEeHHs IKOIOTUYECKON
3¢ (PEeKTUBHOCTH  NPUMEHEHUWE  MEHHOTO  a’po30Js,  MO0JaBaeMOro  CIYTHO

MbIJICBO3AYIIHOMY IIOTOKY, BLI6paCBIBaCMOMy N3 YCTbA UCTOYHUKA BLI6pOC&.
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Pucynox 3.8 — Pacuétnble 3HaueHus 3(pPeKTUBHOCTHU Mpoliecca MPUHYAUTETEHOTO
pacceuBaHus MbUIM MIEHHBIM a3p030JIEM B MPU3EMHOM CJI0€ aTMOC(EphI OT UCTOUYHUKA

BbIOpOCa BRICOTOM 12 M, muameTpom ycThsa 315 mm

3aBucUMOCTh A()PEKTUBHOCTH TPUHYIUTEIBHOTO PACCEHBAHUS TBLUIA  OT
HAa4yaJdbHOW CKOPOCTH BBIOpOCA MOXKET OBbITh OOBSCHEHAa HEMOCPEICTBEHHBIM
YBEIIMYEHUEM KHUHETUYECKOM OHEPruu TMEHHBIX TMy3bIPhKOB, YTO OOeCreYrBaeT
YCKOPEHHOE yAaJICHUE MBUICTIEHHOTO a3p030Jisl OT UCTOYHUKA BBIOpOCA.
VYBenuueHne CpeaHEro AuaMeTpa My3bIPbKOB MEHBI, 4, CIEA0BATENIBHO, UX CPEOHEU
MacChl MPUBOJUT K BO3HUKHOBEHUIO Ha MEPBOM CTAAMU pPeaIu3allih Mpoliecca
NPUHYIUTEIHHOTO paccenBaHusl IBYX 3(PGEKTOB: C OTHON CTOPOHBI, YBEIUUYCHHIO
IUIaBydecTH arperatra (IMy3bIpbKa C 3aXBAa4CHHOW 4YaCTHICH), KOrJa pealu3yeTcs
JOTIOJTHUTENBHBIN 3aMac KHHETUYECKON IHEPTUu, CIOCOOCTBYIONINI MHTEHCU(DHUKAIIUN
yAaJeHusT 4YacTUI[ MbUIM OT HMCTOYHHMKA BBIOpOCAa HaA TEPBOM CTaguu mpolecca
pacceuBaHus, W, C JPYroll CTOPOHBI, yBEIMYCHUIO d(PQekTa TOPMOKEHHS 3a CUeT

BO3pacCTaHus CUJI J1000BOTO COIIPOTHUBJICHUS.
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Pucynox 3.9 — PacuétHble 3aBUCIMOCTH SHEPTOEMKOCTHOTO TTOKa3aTelIs mporiecca
MPUHY IUTEIBHOTO PACCENBAHHUS MTBUIU ITIEHHBIM a3pP030JIEM
B IIPU3EMHOM CJ10€ aTMOC(hephl OT UICTOYHUKA BBIOpOCa BHICOTOM 12 M,

IUaMETPOM yCThs 315 Mm
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1 — mpuIB 11EOHS; 2 — MBUIB ITECKa
Pucynok 3.10 — Pacu€THbie 3HaueHUsI D HEPTOEMKOCTHOTO MTOKa3aTes mpolecca
MPUHYAUTEIBHOTO PACCEUBAHUS MMBLIU IEHHBIM a3pP030JIEM B IIPU3EMHOM CJI0€
aTMocQepbl OT UCTOYHUKA BHIOpOCca BbICOTOM 12 M, iuamMeTpoM ycTbs 315 MM

B 3aBUCMMOCTH OT SHCPIUH I'paBUTAIIUOHHOI'O OCAKACHUSA IBIJICBBIX YaCTHUIT
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Pucynok 3.11 - Pacu€THbie 3HaueHUs D HEPTOEMKOCTHOTO MOKa3aTes Mmpolecca
MPUHYAUTEIHHOTO PACCEUBAHUS MMBLIU IEHHBIM a3pP030JIEM B IMPU3EMHOM CJIO€
aTMocQepbl OT UCTOYHUKA BHIOpOCca BbICOTOM 12 M, iuamMeTpoM ycTbs 315 MM

B 3aBUCHUMOCTH OT KMHETUYECKOM OHCPIr'MU MBIJICBBIX YaCTHUIL
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1 — mpuIB 1IEOHS; 2 — MBUIB TTeCKa
Pucynok 3.12 — Pacué€THbie 3Hau€HUS SIHEPrOEMKOCTHOTO TTIOKa3aTes mpoiiecca
MPUHYAUTEIBHOTO PACCEUBAHUS MMBLIU IEHHBIM a3pP030JIEM B IIPU3EMHOM CJI0€
aTMocQepbl OT UCTOYHUKA BBIOpOCca BbICOTOM 12 M, iuameTpoM ycTbst 315 MM B

3aBUCUMOCTH OT SHEPTUU TypOYyJIEHTHOIO NEpEMEIINBAHUS
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Pucynok 3.13 — 3aBUCMMOCTH CTOMKOCTH TEHBI OT KOHIIEHTPALIUU PaCcTBOPA
neHooOpa3oBaTeisl U COOTHOLIEHUS TUaMETPOB TOPJIOBUHBI U

cu(OHHOM YaCTH CETYATOr0 MEHOreHepaTopa
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Pucynox 3.14 — 3aBUCHMOCTBH KPATHOCTH TIEHBI OT KOHIICHTPAIIUU PacTBOPa
neHooOpa3oBaTeis U COOTHOIICHUS TUaMETPOB TOPJIOBUHBI U

cU(OHHOM YaCTH CETYATOrO NIEHOTe€HEepaTopa
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Pucynox 3.15 — 3aBUCHMOCTH BTOPOTO KpUTEPHUS IEHOOOPA30BaHUS OT
KOHIICHTPAIIMU PacTBOpa NEHOOOPA30BaTENS U COOTHOIIIECHUS TUaMETPOB

TOPJIOBHHBI U CU(OHHOM YaCTH CETYATOTO MTEHOTeHEepaTopa

Kpowme Toro, yBenuueHue cpeJHero [uaMerpa my3bpbKOB IMEHbI CITIOCOOCTBYET Ha
BTOPOM CTaJuy peaJn3aluy Ipolecca NPUHYIUTEIBHOIO PacCEUBaHUS IBUIEBBIX
YacTHUL] YBEJIUYECHHUIO SHEPreTHYECKOW 3KOHOMHYHOCTH IpoIecca MPUHYAUTEIBHOIO
paccerBaHus 3a CUET MPOSBICHHS B OOJIbILIEH CTENEHU KOAryJSIUOHHBIX 3(P(HEKTOB U
YMEHBUIEHUS YJIEIbHBIX SHEPreTHUYECKHX 3aTpaT Ha KOAryJsIUUIO IBUIEBBIX YACTHIl U
Iy3bIPbKOB MEHBI. A YBEIMYEHUE CPEAHEr0 AuaMeTpa Iy3bIPbKOB IEHBI MPUBOAUT Ha
TPEThEHl CTAaMK peau3aluu MNpoLecca MNPUHYIUTEIbHOIO PACCEMBAHMS TBUIEBBIX

qaCTull B aTMOC(bepe K YCKOPCHHUIO I'PABUTAIMOHHOT'O OCAXKICHHUA IIBIJICBBIX YaCTHUII.
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BriBoabI

B pesynbrare BBIMOJHEHHOTO ATama HWCCIACAOBAHWHN JUIsI TPOU3BOJACTBEHHBIX
ycnoBuii 3aBogoB JKb1uK:

- JUIA TIPOW3BOJCTBEHHBIX YCJIOBUW 3aBOJOB IO H3TOTOBICHHUIO JKEIe300€TOHHBIX
KOHCTPYKIIUN TIOJNIy4eHBbI (PYHKIIMOHAIBHBIE 3aBUCUMOCTH, KOTOPBIC OIHMCHIBAIOT
OCHOBHBIC XapaKTEPUCTUUYCCKHUE TapaMeTphl MEHBI M IBUICBOTO a’p0o30Ji1 Ha dTarax
IbLTIC3a/ICPKAHUS U OYUCTKHA BO3JyXa OT IBUICBBIX YAaCTHI[ HA OCHOBE OMPEICICHUS
B3aMMHBIX  CBSI3CM  MEXKIYy  OHEPreTHMUECKHMMH  XapaKTEepUCTHUKaMHU  Mporiecca
obOecrbUTHBaHUS U QU3UKO-XUMHUESCKIMHU CBOMCTBAMU TICHBI,

- JUIA TIPOW3BOJICTBCHHBIX YCJIIOBHHA 3aBOJIOB I0 M3TOTOBJICHHUIO JKEJIE300CTOHHBIX
KOHCTPYKITUH YCTaHOBJICHBI 3aBUCHUMOCTH, PAaCKPBIBAIOIIME B3aWUMHYIO CBS3b MEXKIY
(UBHKO-XUMHUYECKIMH XapaKTePUCTUKAMH B3BEIICHHBIX B BO3JYyXE YaCTHI[ NBUTH H
NIEHHOTO a’po3oJiel (IJIOTHOCTHIO MaTepHwalia MBLICBBIX YacTHIl, HX CPEIHUM
MEMaHHBIM JHAMETPOM, CPEIHUM JHAMETPOM ITEHHOTO IMy3bIphKa, CPEIHEH TOIIUHOM
TUIEHKW TIEHHOTO MY3bIPbKa, TUIOTHOCTBIO PacTBOpa MeHO0Opa3oBaTelis, KPUTHICCKUX
3HAYCHWH CKOPOCTH BCTPEUM YACTHI[ C MYy3bIpbKaMH, BPEMCHH WX JIMHAMHUYCCKOTO
COTIPUKOCHOBEHHMSI, YIPYroro B3aWMOACHCTBUSA, CMayuBaHUS W JPYTHX) H
napaMeTpaMu, XapaKTepU3YIOUIMMHI BO3AYIIHYIO cpeay (pe3ylIbTHPYIOMICH CKOPOCThHIO
NOTOKa, CpEOHEH TeMIepaTypoi, TpaJHCHTOM TEMIIepaTypbl, IUIOTHOCTBIO U
JTUHAMUYECKOHN BS3KOCTBIO BO3/IyXa) Ha dTAIle PACCCHMBAHUS TTBLIH;

- YCTAHOBJICHBI 3aBUCUMOCTHU d(PPEKTUBHOCTU OOECIIBUIMBAHMS TIEHOM OT MapaMeTpoB,
XapaKTEPHU3YIOMINX CBONCTBA THIJIEBOTO a’pO30Jisi, TIEHB W BO3AYIIHOTO IOTOKA, a
TaK)ke 0COOCHHOCTEH X B3aUMOJICHCTBUS C yUETOM YCIOBU pa3pyIIeHUs TICHHI,

- BBIMIOJIHEHO MaTeMaTHYeCKOe OIUCAaHWE OCHOBHBIX XapaKTEPUCTHK Mpoiiecca
pacceMBaHMsI TBUIM B BO3JIyXe TMEHHBIM CIOCOOOM Ha OCHOBE YCTaHOBIICHUS
(GyHKIIMOHATBHBIX 3aBUCUMOCTEH HKOJIOTHIECKOM s dexTuBHOCTH "

BHCPFOéMKOCTHOFO II0Ka3aTejsl OT CBOMCTB B3BCILICHHBIX B BO3JYyXC IIbIJICBBIX YACTHII,
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IIEHHOTO a’po030Ji1 M BO3AYLIHOW Cpelbl B 30HE HCTOYHMKAa BbIOpOca NbUIA B
BO3/IyIIHBINA OacceilH ropoJCKON Cpeibl;

- MOJYYEHBbl 3aBUCUMOCTU SHEPro€MKOCTHOTO IMOKa3aTels mpouecca 00ecblIMBaHUS
NIEHO OT OCHOBHBIX TEXHOJOTMYECKHUX MMapaMeTPOB MOJIYUEHHS MEHbI U MapaMeTPOB €€
B3aUMOJICUCTBHS C TBUIBIO JIs1 PACCMATPUBAEMBIX MPOU3BOJCTBEHHO-TEXHOJIOTUYECKUX
YCIJIOBUI 3aBO/IOB IO M3TOTOBJICHUIO )KEJI€300€TOHHBIX KOHCTPYKIIMA;

- Ha OCHOBE IIOJNyuYeHHUS (PYHKIMOHAIbHBIX 3aBHUCHUMOCTEH pPe3yJbTUPYIOLIUX
napaMeTpoB Ipoliecca MbUICNOABICHUS pa3padoTaHa METOJIMKa OIEHKHM U BbIOOpa
BbICOKOA(()EKTUBHBIX U HHEPreTHUUECKH IKOHOMUYHBIX TEXHOJOTHI 0OecTbUIMBaHUS
NEHOW, HCIOJB3YIOLIasi B KayecTBe KPUTEpUEB ONTUMHU3AUUU 3(P(HEKTUBHOCTh U
PHEProEMKOCTHBIM  IOKa3aTelb,  IO3BOJSIOIIAS  TAaKKE  BBIIOJHATH  PacyéT
paloHalIbHBIX TapaMeTpPOB IEHHOTO CHocoba s KOHKPETHBIX HCTOYHHKOB
IBUIEBBIICTICHUS Ha 3aBOJaX [0 H3TOTOBJICHUIO JKEJI€300€TOHHBIX KOHCTPYKIMH ¢
yaetrom obecneuenus [IJIK mpumm B Bo3gyxe paOoumx 30H W TIPU3EMHOM  CIIOE
aTMoc(epbl TOPOJICKUX TEPPUTOPHIL;

- paspaboransl porpamma «GEEPSUORY miist 9BM u COOTBETCTBYIONMINIA aITOPUTM
JUIsT  TIPAaKTHYECKOW peanu3aldd METOAMKM TPHUHATHS peleHUus MO0  BBIOOpPY
BbICOKOA(()EKTUBHBIX U HHEPreTUYECKU IKOHOMUYHBIX TEXHOJOTHI 00eCHbUIMBAHUSA
TICHOM,

- aHamM3 TOJY4YeHHBIX ¢ momomsio mporpammbel «GEEPSUOR» pesynbratoB
MaTEMaTUYECKOrO0 MOJIETUPOBAHMS KaXJI0ro 3Tamna (mbUIe3aJepiKaHusl, OYHCTKHU
BO3/lyXa OT NbUIM M MPUHYJUTEILHOTO pacceMBaHMs MbUIM B arMmocdepe) mporiecca
o0OecnbUIMBaHUsl BO3AyXa VISl PA3JIMYHOIO IMbUIEOOPA3yIOUIEr0 U MbLIEBBIICISIONIETO
IPOU3BOJCTBEHHOTO  O00OPYIOBaHUSI  MPEANPUSITHI  CTPOUTEIBLHOM  MHAYCTPUU
NOATBEPKIAET BBIBOJ O TOM, YTO BBIOOp ONTUMAJIBHBIX MO 3(PQPEKTUBHOCTH U
HHEPreTUYECKON  3KOHOMHYHOCTH  croco0a  OpraHuM3allud W TEXHOJIOTMH
o0ecnbUIMBaHUs EHOW HEMOCPEACTBEHHO CBSA3aH U ONpPEAEIAeTCS XapaKTepUCTUKaMU
UCTOYHHKA OOpa30BaHMs M BBIJCICHUS MBUIM, CBOWCTBAMHU MBUIEBOTO MaTepuana U
IBIJIEBBIX YACTHII, XapaKTEPUCTUKAMU BO3/1yXa pabouell 30HbI U BO3YIIHOTO OacceiiHa

MPOMBIILJICHHON TUIONIAJKHU, a TaKXK€ CBOMCTBaMM MEHOOOpa3oBaTessi U pacTBopa Ha
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€Iro OCHOBC, U XapaKTCPUCTUKAMH TCXHOJIOTUH IPUMCHCHUS TICHBI.

OHCHKa BO3MOKHOCTH IIPAKTHUYCCKOI'O HCIIOJIb30BAHUA pa3pa60TaHHOﬁ Ha
OCHOBC MATCMATHYCCKOI'0 OIIMCAaHMA MCTOAMUMKH IIPpUHATHA PCIICHUA IIO BI)I60py
BBICOKOC-)(I)(I)GKTI/IBHBIX N OHCPIreTUYCCKN OKOHOMHWYHLBIX TEXHOJIOTHH O0O0CCHBIINBAHUS
IIEHOH MOKET OBITh BBIIOJIHEHA Ha OCHOBE IMPOBCACHUA OKCIICPUMCHTAJIBHBIX
HCCHCHOBaHHﬁ, C mocjCaAyromuM COIIOCTAaBJIICHUCM PC3YJIbTATOB OJKCIICPUMCHTOB H

IIPUBEIEHHBIX BBIIIE TEOPETUUECKUX PE3YIBTATOB, ITIOJYUYEHHBIX HA OCHOBE PACUYETOB.
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4 JKCIHEPUMEHTAJIBHBIE UCCJIEJOBAHUA ITPOIECCA
OBECHBLIIUBAHUA NIEHON TEXHOJIOT'MYECKOI'O
CbIPbS U BO3/IYXA

[{eapl0 BBINOJHEHHBIX HaMU 3KCIEPUMEHTAIbHBIX HCCIECIOBAaHUN SBISAIACH
IpaKkTUYeCKas IMpPOBEPKAa pe3yJbTaTOB TEOPETUYECKUX MCCIECIOBAaHUNA U OILICHKA
BO3MOXXHOCTH HCIOJIb30BaHUsI pa3paOOTaHHbIX HaMU TEOPETUYECKHUX IOJIOXKEHUH, a
TaK)K€ MaTEMaTHYECKOr0 OMHCAHMUA M METOAUKU TPHUHATHS pELIEeHUS MO BHIOOPY
BBICOKOA(()EKTUBHBIX U DHEPIeTUYECKU 3KOHOMHUYHBIX TEXHOJIOTMH MBUICHOIaBICHHUS
IIEHOM B NMPAKTHUYECKUX PACUETax, OCYIIECTBISAS MPOCKTUPOBAHUE, PEKOHCTPYKLUIO U

SKCILTYaTaI[i0 CHCTEM OOPBOBI C IMPOMBIIIIEHHOM MBUIBIO MPEANPHITHN CTPOUTEIBHOM
otpanu, B ToM drcie 3aBoaoB JKbMuK [150, 152, 154, 155, 156, 158].

4.1 Onucanue IKCNEPUMEHTAJIBHOI0 CTEHIA

OKCIepUMEHTANbHBIE HCCIEAOBAaHUS MPOBOIMWINCH HAMH Ha Pa3pabOTaHHOM U
CMOHTHUPOBaHHOM B Jabopatopuu Kadenpsl «MHXeHepHas 3ammMra OKpyKaroulei
cpeasy PI'BOY BO «/loHCKOW TOCYIapCTBEHHBIM TEXHUYECKUN YHUBEPCUTET»
IKCTIIEPUMEHTAIIBHOM cTeH e (pUcyHoK 4.1).

Crenn coctouT (pUCYHOK 4.2) W3 y37aa TEpPErpy3Kd ChIYYUX MAaTEpUAIOB,
BKJIIOYAIOIIIETO TMOJAIOIIUM JICHTOYHBIM TpaHCHopTep 1, mpuHUMAarOMMI JTE€HTOYHBIN
TpaHCcopTEp 2, 3arpy304HbId OyHKep 3, pa3rpy30uHblii OyHKep 4, MeHOTeHepaTop S,
COCAMHEHHBIA TOCPEJACTBOM BO3yXOBOJa 6 C BO3AYXOAYBKOW 7, pacXomHBIM Oak ¢
pacTBOpoM TieHOOOpa3oBaTens 8, HACOCHYIO YCTaHOBKY 9, TpyOompoBon 10 momaun
pacTBOpa meHooOpa3oBarensi K IEHOT€HEepaTopy S5 ¢ NPUHYIUTENbHOW MoAaden
BO3/yXa, acmupanuonHoe ykpeitue 11 ¢ acmupannoHHBIM MaTpyOKoM 12, akKTHBHYIO
30Hy 13 mpoTekaHus mpolecca OYKUCTKH BO3AyXa OT MbLIEBBIX YacCTHUL, TPYyOOIpPOBOJ

14, noparoiuii pacTBop NeHOOOpa3oBaTes B aKTUBHYIO 30HY OYUCTKH, IIJTAMOCOOPHUK
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Pucynok 4.2 — CxeMa 3KCIIepUMEHTAIBHOTO CTEHIA
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15, BenTunsTop 16  BBICOKOTO JABICHUS, BBIXJOMHOW MaTpyOok 17 c 30HTOM-
oOTekaresieM, BO3yXOBOAbl 18, a Takxke mNpuUOOPHBIA OJOK, COCTOSIIMN U3
anekTpoacnuparopa 19, tepmomerpa 20, OGapomerpa-anepouga 21, SJIEKTPOHHOTO
CEeKyHAo0Mepa 22, U BCIIOMOTATENbHbIE YCTPOMCTBA: OPOCHUTENM 23, a TaKke 3alOpHO-
perynupyromyto apmarypy 24 u 25. Touku 3aMepoB KOHIEHTpALMHM NTbUIM (MecTa
YCTAaHOBKHM aJUTOH)KEH OTKPBITOrO WM 3akpbiToro tuma ¢ ¢uibrpamu ADA-10)
0003Ha4YeHbI Ha cxeme Kak C.

V3en mneperpy3kud ChIIy4uX MaTepuajoB, B KadyeCTBE KOTOPhIX HaMu
HCII0JIb30BaHbI MIECOK, MIEOEHb, KEPAM3HUT U TIEPJIUT, BHITIOJHEH B BUJI€ T€OMETPUUYECKOM
MOJIENT Pa0OTAOIIMX TOJAIONIEr0 JIGHTOYHOTO TpaHCHopTépa 1 W IPUHUMAIOIIETO
JICHTOYHOTO TpaHCIopTépa 2 COOTBETCTBEHHO miauHON 1,55 M m 1,38 M, Kaxmbri ¢
mupuHoit JeHThl 0,25 M. brmarogapss KOHCTPYKIMHM CTeHJa OOeCIeurBaeTCs
BO3MOKHOCTh U3MEHEHHSI CKOPOCTEW JIBUKEHUS JICHTHI TPAHCIIOPTEPOB B IHANA30HE OT
0,1 mo 0,4 M/c, oCymIecTBisisi TPHU ATOM PETYIUPOBAHHME TMEpemnaza BBICOT MEXIY
TpaHCHIOPTEPAMHU MyTEM OTKJIIOHEHUS TpaHCHOPTEPA | OT TOPU30HTAIIBHOTO MOJIOKEHUS
Ha yron oT O rpaxg o 20 rpan, a TakkKe 3a CUeT MEpPEMEIIEHUsl TpaHCHOopTEpa 2 Mo
BEPTUKATbHBIM HAIPABIISIIOIIUM (CTOMKaM).

CeT4yaThlM TIEHOTEHEPATOPOM 5 C MPUHYAUTEIBHOW TMOJadyeil BO31ayXa
o0ecreynBanoch MOJYyYEHHUE TEHbl HAa CTEHJE M €€ MOCTYIUIEHHE B JIOOBIE 30HBI
TpaHcriopTépoB. (CaMOTEKOM WM TpPU TOMOIIM HACOCHOM  YCTaHOBKH 9
eHOO00pa3yIoLMi pacTBOP U3 PACXOJHOro Oaka 8 rmojaBajcs Ha CETKY IEHOreHepaTopa
S.

C momoIIp0 acmUpalMoOHHOTO YKpbITUg 11 ¢ acnupanuoHHbIM matpyOkom 12,
YCTAHOBJICHHBIM HEIMOCPEJCTBEHHO Ha y3Jie MEPETPY3KU MEpPEeMENIaeMoro Marepuana,
MPOUCXOJIUT MOCTYIJICHUE 3albIJICHHOTO BO3/lyXa B aKTUBHYIO 30HY 13 OoCyIIleCTBICHUS
IIPOLIECCA MTBUIEOYNUCTKHU.

Jnsa  ocymectBiaeHuss otOopa mpo0 3ambUICHHOTO BO3AYIIHOTO TIOTOKA B
BBHIOPAHHBIX TOYKAX MCMOJb30BAIU AJJIOHX U, B KOTOPBIE YCTaHABJIMBAIU (DUIBTPHI
A®A-10 u porameTpsl, BCTpoeHHbIe B ayekrpoacnupaTop 19 (Momens 822). Kpome

9TOI0 HM3MCPCHHUA IIPOU3BOAUINCH C HMCIIOJIB30BAHHCM CICAYIOIIHNX KOHTPOJIBHO-
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U3MEPHUTENBHBIX CpPEeACTB M mpuOopoB: Tepmomerpa 20, Gapomerpa-aHepomnpa 21,
AJIEKTPOHHOTO  CeKyHaoMmepa 22, auddepeHnuanbHoro MaHomeTrpa MM-15,

IpaBUMETPUUYECKUX BeCOB 2-To Kitacca Tounoctu WA-33, mukpockorna MIH-8.

4.2. Onucanue METOAMKH NMPOBEJACHUS IKCIIEPUMEHTOB

OKCHepUMEHTAIbHbBIE  HCCIEAOBaHUS  COCTOSUIM M3 JBYX  JTaroB!
peIBapUTEIHLHOTO U OCHOBHOTO.

[lens mnpenBapuTENbHOTO 3Tala MUCCIEAOBAHMM COCTOsUIa B ONpENEICHUU
OCHOBHBIX IapamMeTpoB 00pa3yemMoil NeHbl (KpaTHOCTH, CTOMKOCTH) M JIHUCIIEPCHOTO
COCTaBa MbLJIEBOTO MaTepHaIa.

JUist  mpoBeleHMs OKCIEpUMEHTa HaMu  BbIOpaHbl HauOoJee IHEBMO-
KOHMO300TacHbIE BUABI TBUIM, O0Opasylomieiics Ha NPeanpHUsITUIX CTPOUTEIbHOU
OTpacyu: IbUIb NIECKa, IEOEHs, KEpaM3UTa U MEPIINTA.

C uenpio ompeAeneHUs IUCIEPCHOIO COCTaBa IbUIEBBIX MAaTEpUaJIOB HaMU
UCIOJb30BaHbl METOJbl CUTOBOI'O aHajlM3a, KOTOPbIE OCHOBaHbl HAa IMPUMEHEHUH
afnmapara, ONpENESIONIero IpaHyJOMETPUUYECKHI COCTaB MU MUKPOCKOMMPOBAHUH IO
metoauke [79] Ha OCHOBE MPHUTOTOBJICHUS OOpa3IOB MyTEM OOPaOOTKU KCHIIOJIOM
aHanmutuueckux QuibtpoB ADA-10. Mukpockon MWMH-8 wucnons3oBanu s
onpeeseHus] pa3MepOB YACTHI] 10 MOJyCyMMe JUTMHBI U IHUpUHBI yacTuil. [locne yero,
NOJIYYEHHBIH CUETHBIM METOJIOM JIUCIIEPCHBIM COCTaB MbLIU, MEPECUUTHIBAICS Ha
COOTHOIIeHUE (Pppakiuii Mo Macce yactull (mpuioxenue b).

[leny momydanu u3 pacTBOpoB IeHooOpasoBareneir «Cammo», OIl-7 u 110-12.
BenuunHy KpaTHOCTM M CTOWKOCTM TI€HBI ONpEAENsiiM Ha ycTaHOBKe ApOy3oBa-
['pebenmmkoBa mo wmeroguke [194],ucnonn3yss pacTBOpbl IMEHOOOpa3oBaTens C
koHuentpauueit or 0,1% no 5,0%. OcHoBHbIE (PU3MKO-XUMHYECKHE CBOWMCTBA
II0JIy4aeMOro pacTBOpa EHOOOpa30BaTEIs IPUBEACHBI B IPUIIOKEHUH B,

[leapt0 OCHOBHOIO  JKCIIEPUMEHTA  SBJSUIACh  MpaKTUYeCKas  IpOBEpKa

PE3YIBbTATOB TCOPCTUICCKUX I/ICCJIGILOBaHI/Iﬁ N OOCHKAa BO3MOKHOCTH IIPAKTHYCCKOI'O
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WCIIOJIb30BAHUSL  pa3pa0OTaHHBIX HAMU TCOPETUYECKHX TMIOJIOKEHUH, a TakKKe
MaTEeMAaTHYECKOTO OMNWCAHUA ¥ METOAUKM MPUHATHS pPEIIeHUS 10  BBIOOpPY
BBICOKO3()(EKTHBHBIX W DHEPTrEeTUYCCKH DKOHOMHYHBIX TEXHOJIOTHH OOSCHBUINBAHUS
MIEHHBIM CIIOCOOOM.

KoHIeHTpaIuio MbUIeBBIX YaCTHUI] B BO3IYIIIHOMN Cpe/ie OMpeAeIIsiIi PU TOMOIIN
I'PaBUMETPUYECKOTO METO0JIa, UCIOJb3Ysl aCIUpalMOHHBIA crmocod orbopa mpod [88],
ucrnonb3ysi Becbl WA-33 2-ro knacca TouHoctu. [lpm 3amepax a’poauHaMHUYECKHUX
XapaKTEPUCTHK HCIOJIB30BAICS MHUKPOMAHOMETP B COOTBETCTBHH C TPEOOBAHHSAMHU
[195].

KOHLEHTPALHIO BUTH B Bo3xyxe C,, MI/M® , pACCUMTHIBAIN IO HOPMYIIE:
CH(K) = (m2 _ rnl)/Qacn ) Tus’/l/t 5 MF/M3 ) (41)

rjae M;, M; — COOTBETCTBEHHO Macca (uibTpa 4YmMcToro (70 3amepa) u (QuibTpa
3anmpUIEHHOTO (TToce 3amepa), Mr; Q,., — pacXxoJ1 aCIUPUPYEMOT0 BO3ayXa, 3aJaBaeMbIit
B OIBITaX PaBHBIM 3,33-10'4 M3/C; Tusn — BPEMSI 3aMepa, 3aJ1aBa€MO€ B OIBITAX PaBHBIM
60 c.

D¢ (hHEeKTUBHOCTh MPOLIECCOB TMbLIC3aJCPKaHUSI U OYUCTKH BO3JyXa OT IMbUIU

paccUYUTHIBAIIM 1O PopMyIIe:
E, =(C,-C,)-100/C, , 4.2)

rne C,, C, — KOHUEHTpanusi MbUJIM B 33JaHHOW TOYKE BO3AYIIHOW cpenbl (paboueit
30HBI) COOTBETCTBEHHO JI0 W IIOCJIE peajlu3aluy IpoLecca MNblUIe3aJepk aHus, JIU00
OYHCTKH BO3/yXa OT MBLIH, MI/M".

VY IenbHYI0 SHEPTHUI0, 3aTPAaYMBAEMYI0 Ha CO3JaHUE IIEHHOIO CJIOS M PEAIU3ALNIO
IEHHOI0 crocoba, ONpeeIsiiii COOTBETCTBEHHO 1O (hOpMyIaMm:

- IJi TIponecca nblie3aJCpiKaHmA:

Nn3 = 9’8 ) (He—ne ) Q@—nz + Hp—nz ) Qp—nz) 5 Br; (43)
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- JUTS IPOLIECCA OYMUCTKH BO3/1yXa OT IBLIU:

Nn3 = 9’8 (Hen _Hnm) ) Q@—o + Hp—o ) Qp—o) ’ Br. (44)

[Tpu ipoBeIeHUH SKCIIEPUMEHTA MTPOU3BOIIIICS 3aITyCK CHCTEMBI TPAHCITOPTEPOB
1 u 2, omHOBpeMeHHO U3 OyHKepa 3 oOecleyrBaid PaBHOMEPHYIO M HEIPEPBHIBHYIO
MOJIayy CBIMYYEro MbUICOOPA3yIOIET0 M MBUIEBBIACIAIONMEro Matepuana. [leny,
3apaHee TIOJYYCHHYIO IPH IOMOIIM CETYaTOro IIEHOTeHEparopa 5 W3 pPacTBOPOB
neHooOpazoBatreneit «Cammno», OII-7 u IIO-12 ¢ wu3BecTHOM UM (UKCHUPOBAHHOU
KOHIIGHTpaIel, KoTopas Oblia BbIOpaHa B XOJie MPOBEACHHS TMPEIBAPUTEIHHBIX
DKCIICPUMEHTAIBHBIX  WCCICOBAaHWHN, TMOJABAIM HA MBULANIYIO  ITOBEPXHOCTH
NepeMenaeMoro Marepuansa Ha HadaJlbHBIA Y4YacTOK TOJaroIIero TpaHcmoprépa 1,
OCYIIECTBIISISI TIPOIIECC €€ 3a/IePIKaHusI.
[IpoBeneHre OCHOBHOTO dTama JKCIEPUMEHTAa C I1EJIbI0  OMpeeicHUs
3¢ (HEKTUBHOCTH U DHEPTETHYECKUX 3aTpaT Mporiecca MbUIe3aAepKaHus 3aKIII0valics B
YCTAaHOBJICHHM W W3MEPEHHUM CIEAYIONUX XapaKTePUCTHK IS COOTBETCTBYOIIMX
JTMAMa30HOB 3HAYCHUM
- CKOPOCTb JBHKEHHUS JIEHTBI TPAHCIIOPTEPOB 0, = 0,1-0,4 Mm/c;
- KOHIIEHTpAIMIO pacTBOpa neHoodpazosatenst C,, = 0,1-5,0 % ;
- BBICOTY  CJIOST  TICHBI, TOKPHIBAIOMIEH  TOBEPXHOCTh  TPAHCIIOPTHPYEMOTO
IbLICOOPa3yIOINEero U MbLIeBbIAesonero Marepuana h,. = 0,08-0,15 m;
- Tiepemnaj] BEICOT MEKIY TPAaHCIOPTEPAMU Ha Y3II€ eperpysku H,., = 0,3-0,8 m;
- kpaTHOCTH nieHbI K, = 150-350;
- CTOMKOCTH IteHsl 7, = 700-2400 c;
- Maccy GuIbTpoB A0 U mocie usmepenust My = (20-1000) mr.
Pe3ynbpTaThl n3MepeHuil U pacueTHBIX 3HaUYCHUH d(H(PEKTUBHOCTH, MOTyICHHBIC B
X0JIe TPOBEICHUS DKCIIEPUMCHTAIBHBIX HWCCIICIOBAHUNA IIpoIlecca IbLIe3aaepiKaHus,
BBIOOPOYHO MPEICTABIICHBI B MPUJIOKeHUH [
[Ipy TIpoBECHWHM OKCIICPUMCEHTAIBHBIX HCCICIOBaHUNA d3(PHEKTHBHOCTH U

OHCPICTUUCCKUX 3aTpar IIpoHecCa OYMCTKM BO3JAyXa OT IIbUIM YCTAHABJIMUBAJIN U
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W3MEPSITH CIIEYIONINE XapaKTEPUCTUKU B COOTBETCTBYIOIIMX JUANA30HAX 3HAUCHUI:

- CPEIIHIOI0 CKOPOCTH MbLJIEBO3YIIIHOTO TTOTOKA B AKTUBHOW 30HE OUUCTKH Vg, = 2,0-
10,5 m/c;

- KOHIIEHTpaluo neHoodpaszosarens B pactsope C,, = 0,1-5,0 %);

- Maccy (GUIBTPOB 10 U nocie uzmepenus My = (20-1000) mr;

- KpaTHOCTH TieHb! K, = 150-350;

- CTOMKOCTH I1eHsI 7, = 600-2400 c.

Hexkoropeie mpuMepsl pe3yjabTaTOB MU3MEPEHUM UM PAaCUETHBIX 3HAYCHUU

3¢ (HEKTUBHOCTH, TIOJYYCHHBIX B X0JI€ SKCIEPUMEHTAIBHBIX HCCIEIOBAHUN IMpoIecca

OYMUCTKH BO3yXa OT IIbUIH, IIPCACTABJICHBI B ITPHUJIOKCHUN I[

4.3 O0padoTKa M aHAIH3 Pe3YJIbTATOB IKCIIEPUMEHTAJIbHBIX UCCIeI0BAHNM

[TonpoOHBII aHAMU3 TOMYYCHHBIX OKCIEPHUMEHTAIBHBIX JTaHHBIX TTO3BOJIWII
3aKJIIOYUTh, YTO OHU SBWIKCH KAYCCTBCHHBIM TOJATBEP)KICHHEM BBITIOJHCHHBIX
TCOPETHUYECKUX MCCICAOBAHUM W MAaTeMaTH4YeCKOro OMKMCAHMS IIEHHOro Crocoda
o0eCIbITUBAHUS BO3/AyXa, OTPAXKAIOIIETO B3aUMOCBSI3b (PH3UKO-XUMHUIECKUX, THIPO- U
adPOAMHAMUIECKUX (PaKTOPOB.

JIis  KOJMYECTBEHHOTO  IOJATBEPXKIACHHUS  PE3yJbTATOB  TEOPETHUYCCKUX
UCCIICJIOBAaHWI  HEOOXOJMMO  BBISSBUTH  B3aWMOCBS3M  MEXAY  HCCIEIYEMBIMH
napaMeTpaMH, IO UISKAIIMMHA HETIOCPEICTBEHHOMY ompeneicHuro. [Ipu ucciienoBanum
npoiiecca 00eCIBUIMBAHUS BO3/lyXa IMEHOHW C YCIOBHEM O0CCIICYCHUsT WHBAPUAHTHOCTH
€ro JUHAMHYECKHMX, CTATHUYECKMX M T'€OMETPUYCCKHUX IapaMeTpPOB, €ro OIHCAHHE
BO3MOJKHO C ITOMOIIBI0 Teopuu 1oqo0us [196].

[TonmydeHne SMOUPUYCCKUX PYHKIIMOHAIBHBIX 3aBUCUMOCTEH MEXKTy OCHOBHBIMH
napaMeTpaM# TICHHOTO CIIoco0a Ha OCHOBE NMPUMEHEHHS amnmnapara TEOPUHU IOJI00Hs
MO3BOJIIET OJIHOBPEMEHHO BBINIOJIHUTh CTAaTUCTHUYECKYI0 00pabOTKy MOTYYCHHBIX

9KCIICPUMCHTAJIBHBIX JaHHBIX W OJHO3HAYHO OLCHHUTL PC3YJIbTAaThbl 3KCIICPHUMCHTOB,
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BBIJICIMB W YCTAHOBUB CTETCHb BIWSHHUS OCHOBHBIX (DAKTOpOB mpollecca Ha €ro
BBIXOJIHBIE (PE3yIbTUPYIOIIUE) XapaKTEPUCTHKHU C YIETOM UX B3aMMOCBS3H.

W3BecTHO, II  MPAKTHYECKOTO  NPUMEHEHHS  TEOPUH  MOa00HMsl B
OKCIIEPUMEHTATIBHBIX HCCIEAOBAHUSAX PA3JTUYHBIX TPOILIECCOB HCIOIB3YETCS TPHU
Teopembl mogoowms [196]:

- teopema HrrotoHa-beprpana, ocHOBaHHas Ha TMPUMEHCHUH WHAMKATOpPA MOI00MUS,
KOTOPBIN TTOKA3bIBAET, YTO MPOIIeAypa BEIOOpA KOHCTAHT MOJ00US OTpaHUYeHa TEM, YTO
IPY  BBHITIOJIHEHUH YCJIOBHS TMOAOOWS JBYX CHCTEM MOXHO MEHSATH TOJBKO TPH
BCJTNIHHBL;

- Teopema bekunrema-denepmana, oOTBeYarolass Ha BOIPOC, KakUM 00pazom
MIPOU3BOJNTh OOPa0OTKY IMOTYYEHHBIX B XOJ€ SKCIEPHMEHTa JIaHHBIX WM B KaKOH
dbopMe MOXKET OBITh TMOJYYSHO pEIIeHHE CUCTEMBbI TudPepeHInaTbHbIX ypaBHEHUH,
KOTOPBIC OMHCHIBAIOT PACCMATPUBAEMBIN MTPOIIECC, MPUMEHSST METOIBI TECOPUU TIOJ00US;

- teopema Kuprnmuéna-I'yxmana, mo3Bossitonias chopmMyIupoBaTh HEOOXOAWMBIC U
JIOCTaTOYHBIC YCIOBHSI JIJISl TIOT00MS TIPOIIECCOB WITH SIBJICHUH.

Bo3MoxHO TIpejicTaBiieHHE B OOIIEM BHJE 3aBUCUMOCTH MEXAY (DU3UICCKUMU
BETMYMHAMHU W TEOMETPUYECKUMH TapaMeTpaMu, XapaKTEepPU3YIOMMMHU mporiecc. Bun
OTOM 3aBHCHUMOCTH  OMNPEIEISIOT, TMPOBEIAS aHAIU3 Pa3MEPHOCTEH  OCHOBHBIX

(U3NYCCKUX BEIIMYMH, KOTOPBIC OMPEACIAIOT XapaKTep MPOTEKAaHUs PaCCMaTPUBAECMOTO
nporecca. MeToJl OCHOBaH Ha NpHMEHEeHUH 7-Teopembl [196], xoTopas sBiseTcs
YJaCTHBIM ClTydaeM TeopeMbl o1oous beknnrema-denepmana.

Cremyer OTMETUTh, 4YTO C TIOMOIIBIO 7T-TEOPEMbI, HJIU METOJla aHaJIHu3a
pa3MepHOCTEH, BO3MOKHO HAXO0XKJICHUE CBS3U HE MEX/y OTJCIBHBIMHU IIEPEMEHHBIMH, a
MEKIy HEKOTOPBIMHM HX Oe3pa3MEpHBIMH COOTHOIICHUSIMHU (7T-KOMIUIEKCAMHU), KOTOPBIC

COCTaBJICHbl M3 (PU3MYECKUX BEIUYMH C OMPEACIIEHHOW, BBIPAXKEHHOU C MOMOIIBIO
OCHOBHBIX €IMHULl U3MEPEHUSL, PA3MEPHOCTHIO.

Pe3ynbTaThl mpoOAENIaHHBIX HAMU TEOPETUYECKUX M AKCIEPUMEHTAIBHBIX
WCCJICIOBAHUIA TTO3BOJIMIIN 3aKIIIOUHUTh, YTO 3HAYCHHS d(PPEKTUBHOCTH MPOIECCa U €TO
DHEProEMKOCTHOIO IOKA3aTelsisl JOCTATOYHO B IOJHOW MEPE XAPAKTEPU3YIOT IPOLECC

IIbUICTIOJAABJICHUSA Ha OCHOBC IIPUMCHCHHA THUAPOAWHAMHNYCCKOIO METOAA IICHHBIM
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cnocobom. Takum oOpa3oMm, ¢ LEIp0 TOJHOIO  ONpEAeNieHHus Mpouecca
IbIJIETIOJaBICHUS [IEHOM 3a/1a1uM:

- TEOMETPUYECKHE XapaKTEPUCTHUKU JIUCIEPCHBIX CHCTEM, YYacTBYIOLIUX B
paccMaTpuBaEMOM IPOLIECCE;

- CTAaTUYECKHE MTapaMEeTPhl NIEHBI B BUJIE CIIOSI, TUOO a3p0o30Jis;

- TMHAMHAYECKYI0 0OCTaHOBKY OpraHU3alluy Mpoliecca.

ITpu 3TOM J1enaem AOMYLIEHUE, YTO MPOLIECC SIBJISIETCS YCTAHOBUBIIMMCS U OTHOCHTCS K
U30TEPMUYECKON CUCTEME.

JUist Toro, 4yTtoObl YCTAaHOBUTH CBSI3b MEXIY JUHEHHBIMU XapaKTePUCTUKAMH
npoluecca He0OX0IMMO 33aTh B KAUECTBE HE3aBUCUMOM MEPEMEHHOM, OIpeaesoneil
TE€OMETPUYECKUE CBOWCTBA CUCTEMBI, OJIMH XapaKTePHBIN JIMHEHHBIN pazmep [197].

Tax, Hanpumep, A Mpolecca MbUIe3aJep:KaHus 3aaeM BBICOTY IEHHOTO CJ0s
HaJl ICTOYHUKOM 00pa3oBaHus W BbAeNeHUs bt h,,=h,. Jluamerp my3bIpbKOB NCHBI
d,, B KayecTBE HE3aBUCHUMOW TMEPEMEHHOH HE BBOJWM, TaK KaK OH BIIOJHE
ONpPEIENSIETCS YCIOBUSAMU TMAPOAMHAMUYECKOTO MOJ00MS 00pa3oBaHUs U OTICICHUS
My3bIPHKOB OT MOBEPXHOCTH.

JluHamuueckas 0OCTaHOBKa MpoIecca ONMpeAessieTcsi pABHOBECHEM YEThIPEX CHUIL:
BHEIIHETO JIaBJICHMS, MOABEMHBIX CHJ, a TakXKe CWJI HMHepuMM U TpeHus. U3 atux
YEeTBIPEX CHJI, HaXOJSALIMXCS B PABHOBECHH, JIOCTATOYHO 3anarh Tpu [197]. 3amaém
JMHAMHYECKYIO0 0OCTAaHOBKY Yepe3 TPEHHE, NHEPIHIO U MOAbEMHBIEC CUJIBL:

- CWJIBl TPEHHUsI OMNPENESAIOTCS BEeTUYMHAMU KO3(PQUIMEHTa BHYTPEHHETO TPEHUS
(BSIBKOCTH) Wy U CKOPOCTH BO3IYIIHOIO IOTOKAa U, OTHECEHHOW K J0OON TOuKe
paccMaTpUBaEMOU a3po- TUAPOJUHAMUYECKON CUCTEMBI;

- CWJIbl MHEPLIUU, OTHECEHHBIE K )KUJIKON (pa3e, onpeAesatoTcs BeIMUYMHON TNIOTHOCTH
pacTBOpa eHO00Pa30BaTENs P, U COOTBETCTBYIOIIEH BETMYMHON CKOPOCTH Vgy;

- IOJABEMHBIE CHIIBI TAKXKE 3aBHCAT OT INIOTHOCTH PacTBOPA p,, CKOPOCTU BO31yIIHOIO
MOTOKA Vg, YCKOPEHUSI CUIIBI TSDKECTH (.

Cratuyeckue XapakTEpUCTHKU CHUCTEMBI MPEACTABISAIOT COOOH mIapameTpsl,
onpenenstomue (U3NKO-XMMUYECKHE CBOWCTBA pacTBOpa IMeHooOpa3zoBarens, K

KOTOPBIM B Ka4C€CTBC HC3aBUCHUMBIX IMCPEMCHHBIX MOXHO OTHCCTH KOHLCHTpPALIUIO Cno
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neHooOpa3oBaTeisi B BOJHOM PacTBOPE M MOBEPXHOCTHOE HATSKEHUE Oy . OTHAKO
UCIIOJIb30BAHUE ITHUX MAPaAMETPOB B OMUCAHUM Tpoliecca OyneT HernpaBoMepHbM [197]
B CBSI3H CO CJIOKHOCTBIO M pa3HOOOpa3neM MpHUpO/Ibl IEHOOOPa3yIOLIMX PacTBOPOB, UTO
O3Ha4yaJl0 Obl M3YyYEHHE OTACNIbHBIX, MHIWBUIYAIbHBIX CIy4aeB U HEBO3MOKHOCTh
UCIIOJIb30BaHUS JaHHBIX, OJYYEHHBIX B PE3yJIbTaTe SKCIEPUMEHTA B O0jee MHUPOKOM
cnektpe. Kpome 3Toro, yder moBEpXHOCTHOTO HATSKEHUS, BSI3KOCTH M IUJIOTHOCTH
pacTBOpa SIBISETCS HEJOCTATOYHBIM, TaK KaK OHM HE MCUEPUYMBAIOT MEHOOOPa3yIOIMIMX
CBOMCTB pacTBOpa, y4€T e BceX (U3UKO—XUMHUYECKUX (AKTOPOB, OMPEACIISIOIINX
CBOICTBAa pPAacTBOpa, NPAKTUYECKM HEBO3MOXKEH. OTH HE3aBUCHMBIE IapamMeTpPbl
OKa3bIBAIOT COBOKYITHOE BIUSHUE HA BEJIMYHHY CTOMKOCTH MEHBI T,

Tak kak MCKOMOI mepeMeHHOU siBiseTcsd 3PHEKTUBHOCTh 0OECTIBUIMBAHUSA, TO
CTOMKOCTh TIEHBI 7, 3aBUCUT €€ U OT CBOMCTB IMBUIEBOTO a’p030Jsi, B YACTHOCTH, OT
auaMerpa mbuUieBbIX dacTil O, . CTOMKOCTh TICHBI, TaKKe KaK M BI3KOCTh, H
NOBEPXHOCTHOE HATSDKEHHE, 3aBUCUT OT MPHUPOIBl MEeHooOpa3zoBaTelsis, HO Haubojee
NOJIHO XapaKTepU3yeT IEeHOOOpa3yoIllIue CBOWCTBA pacTBOpa. OJTUM OOBSICHSETCS
1E€CO00Pa3HOCTh VICIIOJIB30BAHUs CTOMKOCTH KaK (U3UKO-XUMHYECKOU
XapaKTepUCTUKHU pacTBOpa NeHOOOpa30BaTENs.

Takum oOpa3om, 3amaeM CTOWKOCTh TEHBI 7, , SBJISIONyIOCS (QyHKIUEH
HecKONbKUX TmepeMeHHBIX (C,,, Oppe, O, W 1Ip.), B KadecTBE CTATUYCCKOU
XapaKTePUCTUKHU UCCIIEyeMOTro Mpolecca.

O} ekTUBHOCTh MBIJIEMONABICHUS, KaK OJHA U3 MCKOMBIX BBIXOJIHBIX
0e3pa3MepHBIX XapaKTEPUCTUK TMPOIecca, MOXKET OBbITh MPEACTABICHA PA3HOCTHIO
KOHLEHTpaluil neim B Bo3ayxe A0 C, u mnocine C, aKTUBHOM 30HBI pean3aluu
npolecca MbUICNOAABICHUS,, OTHECEHHOM K HadanbHOM KoHueHtpauuu C,.,, = 1000
mr/m’,

Torna, HessBHAsi 3aBUCUMOCTb MEXAY BBIOPAHHBIMH BBIIIE MapaMETPaAMH MOXKET

OBITh BEIPAKEHA YPABHEHUEM:

AC, = f(u,.h,.. 0, 1,7 9) (4.5)
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Tak Kak Kaxayro QYHKIUIO MOXHO MPEICTABUTh B BUJIE€ TPOU3BEJCHUS CTEIICHEN

HE3aBUCHUMBIX ICPEMCHHBIX, TO.

a a a a a a
AC, = f(u,h2, pie, ot 7,5, g%) (4.6)

Bripaxxenne (4.6) mnpexacraiaser coOoli pa3MEpHO OJHOPOJHYIO CHCTEMY,
COCTOSIIIIYI0 W3 pa3MEpPHBIX BEJIWYMH, KOTOPYID MOXHO 3aMEHHTH Oe3pa3MepHOU

CHUCTEMOM BUIA:

= f,(AC,,0,,,h,..0,,1,,7,,9) (4.7)
WITH
_ . X1, X X X X X x ’ 4.8
7Z-_G (Aquuenz’hnz’ P4”Llp5’rn6’g 7) ( )
rae G — 6e3pa3mepHbIil KOdPPUIUEHT; X1, X2, ... , X7 — TOKA3aTENIA CTEIICHU.

Brlpaxkasg pa3MepHOCTb BCEX HE3aBHUCHUMBIX IIEPEMEHHBIX, BXOJAIINX B
ypaBHeHHeE (4.8), ¢ TOMOIIBIO TPEX OCHOBHBIX MEPEMEHHBIX, XapaKTEPU3YIOIIUX MacCCy,
pa3Mep u Bpemsi, 00beIuHss MOKa3aTeau CTENEHN B MaTPUILy pa3MEpHOCTEN U Moayyas

MaTpPHUILy PEIICHH, COCTABUM YEThIpe Oe3pa3MepHBIX KOMILIEKCA!

[TomyyeHHbIe Ge3pa3MepHbIE KOMITIIEKCHI TIPEICTABIISIOT COOOI:

- kputepuii PeiiHonbaca Re (7;), ompenessionuii COOTHOIICHHWE MEXKIy CHIAMHU
MHEPIIMHU U CUJIAaMU TPEHUS B pacTBOpE MEHO00pa3oBaTels;

- KpUTEpUl 73 , HEMOCPEICTBEHHO CBS3aHHBIM C MPOIECCOM MEHOOOpa30BaHUs,
SBIISIOLIUICS 1O CBOEMY (PU3NYECKOMY CMBICIy OTHOIICHHEM JIMHAMUYECKOW W
CTaTUYECKOM CTOMKOCTH TII€Hbl M  Ha3blBaéMbId /[; TIEpBBIM  KpUTEpPUEM

neHooOpazoBanus (KpurepueM JbIkoHOBa);
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- kputepuii ®pyna Fr (7;), XapakTepu3yomui mog00ue MPoIeccoB, MPOTEKAOIINX
noJ JEHUCTBUEM CHJIBI TSDKECTH, U BBIPAKAIOUIUNA COOTHOIIEHUE CUJI TSXKECTH U CHII
MHEPIIMHU B pACCMATPUBAEMOM IPOILIECCE.

Takum 06pa3om, 3aBUCUMOCTH (4.6) B KpUTEpUATIBHON (hopMe UMEET BU/L:

ACL: v .h"”.pp v 'Tn hnn'g

=f,| = - : , (4.9)
pp /’lp hnn Usn
d B KOHCYHOM BHUJIC MOKCET OBITH IMpcacTaBjiCHa CICAYIOIINUM 06pa30M2
AC
v Gl . Reyl. 1y2 . Fr Y3 ) (4_10)
p

Uucnennple 3HaYeHUs KoOHCTaHTBI G; W mMoOKaszaTtened cremeHu Y, Yz, Y3 B
dbopmyne (4.10) ompenensuii mMyTéM MOACTAHOBKHU IMOJYYEHHBIX HAMH PE3YyJbTAaTOB
AKCIIEPUMEHTAIbHBIX HCCIICIOBAaHUN IO MeTojauke, mpejacTtaBieHHor B [198]. B
pesyabrare aisi 3(PGEeKTUBHOCTH Mpollecca MbIIe3aJAepKaHus TOTyUeHa CIIeIyIomas

SMITUpHUYECKask 3aBUCHUMOCTh B Oe3pa3MepHOi ¢opme:

AC,
Pp

— 0,128 . Re0,153. ﬂf,234 . Fr70,184 . (411)

[IpumeHsas MeTOll aHaNM3a Pa3MEPHOCTENM K OMMCAHUIO YJIEJIIBHOM 3aTpayeHHOMU
SHEPrMd NpU  peanu3aluu  Ipolecca  NbUIe3aJepKaHus, HaMu  [OJy4eHa

COOTBETCTBYIOIAs SMITUPUYECKAs 3aBUCUMOCTh B Oe3pa3zMepHoOit hopme:

0,6
N h,, |
= 2,346 -We %30t pr 0104
pp ' U:n ) dj—m’ da_”3 - (412)

VYuutsiBasi, uro Oe3pazmepHbiii KoMiieke (N, /pp-vsgn-dza_m) B popmyne (4.11)
MPEICTaBIAET COO0M KpUTEPU MOIIHOCTU WM KpuTepuit Diinepa Ky ams mporeccoB
nepeMellBaHus, OKOHYATEIbHO ISl YACIbHON 3aTpau€HHOW SHEPTHUU MIPU peain3aluu
IbLIE3aIePKAHUS TTOJIYYHM dMITUPUUYECKYIO 3aBUCUMOCTh B Oe3pa3zMepHOit hopme:

0,6
K, = 2,346 -We °%%. Froaes.| Mo

d, . ) . (4.13)
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Ha ocHOBe wncnonp30BaHMs ONKWCAHHOTO BBINIE MOAXOAA HAMHU  IIOJYYEHBI
SMIIMPUYECKUE 3aBUCUMOCTU 3(P(HEKTUBHOCTH U YAEIbHON 3aTpau€HHON SHEPrUM IS

Ipouecca OYUMCTKHU BO3yXa OT IIbIJIA.

AC, —1482. Re?" ﬂlo’%l‘ Er 0112 (4.14)
Pp
1 | 1,214
K, =2,346-We ™ "°. Frt%7.| —a_| . (4.15)

Takum oOpa3oM, TMOJdy4YeHHble OOpPaOOTKOM AKCIEPUMEHTAIbHBIX JIAHHBIX
METOJIOM TEOPHUH MOA00HS KPUTEpUaIbHbIe YMIIUpUIEcKue 3aBucuMoctu (4.11), (4.13),
(4.14) u (4.15) xak Ka4YECTBEHHO, TaK U KOJMYECTBEHHO MOJITBEPKJIAIOT B3aUMOCBSI3b
(GUBUKO—XMMUYECKUX W a’po-  TUAPOAMHAMUYECKHMX  IapaMeTpoB  Ipoliecca
B3aUMOJEHCTBUS MEHBI C MBUICBO3AYIIHBIM TOTOKOM, a TAK)KE BIIOJHE IPUEMIIEMBI JIJIS
COINOCTAaBIIEHUs C PE3yJbTaTaMU TEOPETUUYECKUX HCCIICTOBAHUN U OLEHKH CTENEHU UX
JIOCTOBEPHOCTH. B kadecTBe mpuMepa Ha pucyHKe 4.3 IpencTaBiI€Hbl SMIUPUYECKHE
3aBUCUMOCTH  3(PGEKTUBHOCTH  TbUIE3aJEPKaHUsl OT KOHUEHTpaluud pacTBopa

neHooopasosatens C,, ¥ BBICOTBI IICHHOTO ¢J1os h,,.

>

100

AW

‘L
90 i /A
e

85 :
0.4 0.6 0.8 1,0 Cpor %

1 — BeicoTra mennoro cios h,= 0,15 m; 2 — BeicoTa nennoro ciost h,= 0,10 m; 3 —
BbICOTA IIeHHOro citost h,.= 0,08 M;
Pucynox 4.3 — 3aBucumocTb 3 PEKTUBHOCTH TbUIC3aACPIKAHUS OT KOHIICHTPAINH

pactBopa nenoobpaszosareist C,, ¥ BEICOTHI IIEHHOTO CJ10s1 N,
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4.4 ConocraBiieHHe Pe3yJIbTATOB TEOPETUYECKHX PACYETOB €

IKCHNEPUMECHTAJIBHBIMH TaHHBIMHA

O1eHKYy CTENeHU TOCTOBEPHOCTH PE3yJIbTaTOB TEOPETHUECKUX HCCIEIOBAaHUN U
BO3MOKHOCTH HMX TMPAKTUYECKOTO WCIOJB30BaHUS Mg BBIOOpAa ONTUMAaIbHOU
TEXHOJIOTHH OOCCTIBUIMBAHMS BO3AyXa C NPUMEHEHHEM IEHBI MyTEM TpadudecKoro
COTIOCTABJICHUS TEOPETUYECKUX M  OMIMPHUYECKHX 3aBHUCHUMOCTEH C  yd4€ToM
MOTPEITHOCTH TPOBOANMBIX U3MEPEHUH (IOBEPUTEIHHOTO HHTEPBAJIA).

JUis u3MepeHHil KOHIEHTpAalMd TMbUIM B BO3JAYyXE OILIEHKY HOrPEUIHOCTH
BBITIOJTHSUIN B CIIEAYIOIICH MOCIEA0BATEILHOCTH:

- OIlEHKa CyMMAapHOW HEHCKIIIOUEHHOW CHCTEMATHYECKOW MOTPEIIHOCTH BBITIOJHEHA
HAa OCHOBE IOIPEIIHOCTEH H3MEPEHUI HCIONb3YEMBIX CpPEICTB H3MEpPEHUuM (11
anekTpoacnuparopa 0,= £ 7%; s 3IAEKTPOHHOTO cekyHaomepa O~ = 1%; nus
B3BCILIMBAHMSA HABECKM MbUIM HAa BeCaX aHAJIUTUYECKUX 2-TO KjIacca TOYHOCTH Oy =

+7,1%) o dhopmyiie:

6, =67 + 6% + 6> =/49+1+50,41 =10,04 % : (4.16)

- OLEHKAa CIy4YalHOM COCTABJIAIOIIEW TMOTPEIIHOCTH BBIIIOJIHEHA C  y4ETOM
CpeaHEKBAPATUIHOTO OTKJIOHEHUS pe3yabTara HaOI0/ICHUIM (5=3,4),
CPEIHEKBAIPATHYHOTO OTKIOHCHHS pe3yibTraTta m3mepenuit (S¢ =1,63), 10BepUTEIBbHOM
BEPOSITHOCTH CPEIHEKBAIPATHYHOTO OTKJIOHEHHUs pe3yibrara HabOmroaenuit (p = 0,95),

ko3¢ duiuenra CTpIofIeHTa C Y€THIPbMS CTEICHIMH ¢cBOOO b (ts = 2,776) mo dopmyie:

e=t-S,=2,776-1,63=4,52 ; (4.17)

- OLIEHKAa CYMMapHOM MOrPeIIHOCTH U3MEPEHUN KOHUEHTPALMH MbLIU 10 (hopmyJie:



=1,96-6,75=13,26% (4.18)

Jns wu3MepeHuil ynelbHOW 3aTpavy€HHOW JHEPrUHM OIEHKY MOTPEUIHOCTH
BBITIOJTHSUIN B CIEAYIOLIEN MOCIEA0BATEIbHOCTH:
- OIICHKa CYMMAapHOW HEUCKIIOUYEHHONW CUCTEMATUYECKOW MOTPEIIHOCTH BBINOJHEHA
Ha OCHOBE IMOTPEIIHOCTEH M3MEpPEHUM COOTBETCTBEHHO HCIIOJIB3YEMBIX CpEJCTB
U3MepeHui (I AIEKTPOHHOTO ceKyHiuoMepa O-—= £ 1%; s manometpa 60, = 1%;

11 MEpHOTO LyInHApa BMectuMocThio 500 M 0,= + 0,71%) no ¢popmyie:

O, =602+ 6% + 62 =/1+1+0,49 =154 %; (4.19)

- OLEHKAa CIy4YailHOM COCTaBJAIOIIEM MOTPEIIHOCTH BBIIIOJIHEHA C  Y4ETOM
CpeaHEKBAIPATUIHOTO OTKJIOHEHUS pe3yJibTara HaOI0/ICHUM (5=3,58),
CPEeIHEKBaIPaTHUYHOTO OTKJIOHEHHS pe3ynbrara uamepenuit (5;=1,89), nosepurenbHoi
BEPOSITHOCTH CPEIHEKBAJPATHYHOTO OTKJIOHEHHUs pe3yibrara Habmroaenuit (p = 0,95),

kod(punnenta CTprofieHTa C YETHIPbMS CTENeHsIMU cBoOObI (I = 2,776) o dhopmyiie:

e=1,-S. =2,776-189=525; (4.20)

S n

- OICHKAa CYMMapHOﬁ MOTPCIIHOCTHU I/IBMepeHI/Iﬁ y)IGHBHOﬁ SanaquHOﬁ OHCPTUHA 110

bopmyire:

2 2 2 2
(g+492)-\/9c+0M +0” +>° 100
A=K-S; = 3 3 3 N _
+\/9§+¢9§4 +6}
3
=2,43-3,99=9,7% : (4.21)

S

n
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B pesynbrare, BenMUMHA MAaKCUMAJIBbHOM OTHOCUTEIBHOW IOrPEHIHOCTH
MU3MEPEHUN KOHIEHTPALMU MbLUIEBBIX YACTHUIl B BO3AYIIHOW cpelie cocTaBisieT +13,26%,
a BEIMYMHA MAaKCUMAaJIbHOM OTHOCHUTEIBHOW IIOTPELIHOCTU H3MEPEHUN YACIbHOU
3aTpadyeHHON HEPTUH cocTaBiseT +9,7% npu qoBepuTenbHON BepositHocTh p = 0,95.

[Ipumepsl  Tpaduueckoro COMOCTABICHUS TEOPETUYECKUX  3aBHUCHUMOCTEU
3 (HEKTUBHOCTU M YJIETBHOM 3aTpaueHHOW SHEPIrUM IPOILECCOB MbLIE3ATEPKAHUSI U
OYKCTKH BO3JlyXa OT IbUIM NEHOM, MPEJCTaBICHHbIE HA pUCyHKax 4.4, 4.5, MOJy4YEeHBI
pacu€éTaMiM Ha OCHOBE HMX MAaTEMaTUYECKOro ONHUCaHUsA, C HOMIIMPUYECKUMU

3aBUCUMOCTSIMHU, COCTaBJICHHBIMH C TIOMOLIBIO METOJAa aHaliu3a pa3MepHocTed (7-

TEOPEMBI).

Eopm)s%0 4
100

90

\=13,26%

80

10" 0.2 0.3 04| v, M

10° r

5-10°
A=9.7%
2

10°

1 — TeopeTnyecKue 3aBUCUMOCTH; 2 — SMIIMPUUECKUE 3aBUCUMOCTH
Pucynok 4.4 — ConocrapiieHue TEOPETUUECKUX U IMITUPUUECKUX 3aBUCUMOCTEN
3¢ (HEKTUBHOCTH M YIACITHHOU 3aTpauyeHHON SHEPTHH JJIsl TIPoIiecca MbuIe3aAepiKaHus
B 3aBUCUMOCTH OT CKOPOCTH JIBUKEHUS JICHTHI TPAHCIIOPTEPA Uy

(nag menToi, meLIh medns, C,,=0,6%)
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100
95 / |
|
90
/ \L
y
A=13,26%
85 7
7 [
V4 A&
V4
2,
107102 0.3 0.4 0.5

5-10°

10*

N,, BT

PI/ICYHOK 4.5 - ConocraBiieHue TCOPCTUYUCCKUX U OMITUNPUICCKUX 3aBUCHUMOCTEHN

3¢ ()EKTUBHOCTH U YICTHHOM 3aTPaue€HHOMN YHEPTUH JJIS MPOIecca OYUCTKA BO3IyXa

H, MTla

OT IIBLJIM B 3aBUCHUMOCTH OT JABJICHHUA paCTBOpaA HeHOO6pa3OBaTeJ'I$I

nepen opocurenem H, (biib 1me0HA, IEHHBIN a3P0307Ib,

BcTpeuHoe aemxenue, C,,=0,6%)
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BriBoabI

B pesynbTaTe BBINOJIHEHHOTO MPEABAPUTEIBHOIO 3Tana 3KCIEePUMEHTATbHBIX
UCCIIEOBAHUM YCTAHOBJIIEHO, 4YTO MAaKCHUMajbHas OTHOCUTEIbHAs MOTPEIIHOCTh
M3MEPECHUN KOHIIEHTpAlMU NhUIM B BO3AyXe cocraBisier +13,26%, a MakcuMmanbHas
OTHOCHUTEJIbHASA MOTPEIIHOCTh U3MEPEHNUN YAEIBbHOW 3aTPAYECHHON SHEPTUM COCTABIISIET
+9,7% nipu noBepuTeabLHON BepositHocTH p = 0,95.

CormocTraBiieHHE PE3yIbTATOB TEOPETUUECKUX PACUETOB C IKCIEPUMEHTAIbHBIMU
JAHHBIMH, BBIIOJHEHHOE HaMU [JIi BCEro JMana3oHa YCJIOBUW IPUMEHEHHUS
TEXHOJIOTUHA OOECHBIIMBAHUS BO3JyXa Ha OCHOBE MHCIMOJIb30BAaHUS TI€HBI, BKJIIOYas
ATambl MbUIC3aJEPKAHUS U OYMCTKH BO3JyXa OT MbUIM, MO3BOJUJIO CHAENIATh BBIBOJ O
TOM, YTO, C YYE€TOM MOIPEIIHOCTH U3MEPEHUM, PE3yJbTaThl TEOPETUUYECKUX PACUETOB
COTJIaCYIOTCSl C JIaHHBIMM DKCIIEpUMEHTa B JOCTAaTOYHOM cTeneHu (B Tmpejenax
JIOBEPUTEIbHBIX UHTEPBAJIOB).

[TonyueHHast yJAOBJIETBOPUTEIbHAS CXOJUMOCTb PE3yJhTATOB TEOPETUUYECKUX U
OKCIIEPUMEHTAJIBHBIX HWCCIECNIOBAaHUN, a Takke TOT (aKT, UYTO OTKIOHEHUE
TEOPETUYECKUX PE3YJIbTATOB OT 3KCIEPUMEHTANBHBIX MO BEJIMYMHE HE BBIXOIAUT 3a
npeesbl a0COMIOTHBIX MOTPEIIHOCTEN U3MEPEHUM 1 HAOII0aeTCs KaK B MEHBIIIYI0, TaK
U B OOJBIIYIO CTOPOHY, CBUIETEIHCTBYET O TOM, YTO BO BCEM pacCMaTPHUBAEMOM
JMana3oHe 3HA4YeHMM TmapaMeTpoB TMpollecca OOecTbUIMBAaHUS BO3AyXa IEHOU
BBIITOJITHEHHOE HAMM MAaTE€MaTHYECKOE OINHUCAHUE IMPOLECCA C JOCTATOYHOM CTEIEHBIO
JIOCTOBEPHOCTHU OMHUCHIBAET UCCIIEyEMBIN MTPOIIECC.

Takum 00pa3oM, MOXKHO 3aKJIFOYUTh, YTO BBIMOJHEHHOE MAaTeMaTHYECKOE
omucaHue (HU3NIECKUX TPOIECCOB OOCCIBIIMBAHUS TICHOW TO3BOJISIET OIICHUBATH U
MIPOTHO3UPOBATH PAOOTy Pa3TUYHBIX €T0 TEXHOJOTUYECKUX BUAOB (TIEHHBIM a’PO30JIEM
U TIEHHBIM cJIoeM) 0e3 TMpeABapUTENIbHOIO OCYIIECTBICHUS HUX Ha TMPAKTUKE H

AMITUPUYECKOT0 0100pa ONTUMAIBHBIX pab04YNX MapaMeTPOB.



199
5 HPAKTHYECKASA AITPOBALIMA METOAUKU INTPUHATUSA
PEHIEHUA 11O BBIBOPY 3KOJIOI'MYECKHU DOPEKTUBHbLIX U
SHEPTETUYECKHA YKOHOMHUYHBIX TEXHOJIOT U1
OBECIHBIJINBAHUS IIEHOH

CH0XHOCTh U MIKUPOTA MPOOJIEMBbl 0OECIIBUTUBAHUS BO3lyXa MPOU3BO/ICTBEHHBIX
NOMEIICHUI W TEPPUTOPUU TPOMBINUICHHBIX IUIOMAA0K, OCOOEHHO MpEeANpHUSITHIA
CTPOUTENBHON HHIyCTPUH, HAXOIALIMXCA B TPAaHULIAX HACENEHHBIX MECT, MPHUBEIU B
HACTOsIIee BpeMsl K CO3JaHHUIO OOJIBIIOTO KOJUYECTBA PA3IMUHBIX METOJOB, CITOCOOOB
U CpEICTB, HANpaBICHHBIX Ha €€ pemieHne. Hepemko s TOCTHKEHHUS IeNnu
HEOOXOMMO TPUMEHSTh HECKOJIbKO TEXHUYECKUX PEIICHUM, KOTOphle HEOOXOIUMO
yBSI3BIBATH MEXIy co0oil. OgHM W Te ke 3aaud MOTYT pematbcs pasTuIHBIMU
METOJaMH U crocobamu, BbIOOP KOTOPBIX HE BCEr/la TEXHUYECKH M SKOHOMHYECKU
omnpaBiad. CIOXUBIIASCA CHUTyallusi CBsI3aHA, TPEXKAEC BCETO, CO CIOXKHOCTBIO U
pa3HoOOpa3ueM TMpOIECCOB TMbUICOOPA30BaHUS U  MBUICBBIICICHUS, a TaKXKe C
pa3Ho00pa3ueM MbUTH, MOCTYTAIOIIeH B BO3IyX pabOYuX 30H U B BO3/YIIHBIN OacceiH
NMPOMBIIUICHHBIX TUIOIMAJ0K, TPHU peaTu3ali COOTBETCTBYIOIIUX TEXHOJIOTHUYECKUX
IPOLIECCOB.

B pesynbTare NpoBENEHHBIX HAMU TEOPETUUYECKUX M SKCIEPUMEHTAIBHBIX
WCCIICJIOBaHMI 00€CIIeYMBACTCSI BO3MOXHOCTh TOJHOMACIITAOHON OIEHKH CIOCOOOB
OpraHM3aINH ¥ TEXHOJOTUH MBUICTIOABICHHS TICHOW KaK €IMHOTO MHOTOCTAIUHHOTO U
MHorogakropHoro nporecca [123, 141, 144].

[TpakTHueckass peanu3aiusi Mpoliecca IMOAABIEHUS MbUIM B BO3Ayxe paboueit
30HBI W BO3AYIIHOM OacceiiHe MPOMBIIUICHHON TUIOMAAKKA Ui MPEANPUSITHIA
CTPOMMHIYCTPUM HA OCHOBE TPUMEHEHHUS TEeHbl B OOJBIIMHCTBE CIydacB
npeaycMaTpUBAET HEOOXOAUMOCTh PEIICHUS HECKOIBKIUX OCHOBHBIX 33]1a4:

- BbIOpaTh ontuMaibHy0 cTpykTypy CBIIII M coOTBETCTBYIONIYIO € KOMOMHALIMIO
(GYyHKUMOHANBHBIX AJIEMEHTOB  (MbLIE3aJepiKaHue, OYUCTKAa BO3AyXa OT IbUIH,

NPUHYUTEILHOE PACCCHBAHUE TBUIM), a TAKXKE CIIOCOO OpraHHM3alud U TEXHOJIOTHIO

IMPUMCHCHMA IICHBI IJIS KAXKI0I'0 (bYHKI_[I/IOHaJ'IBHOFO 9JICMCHTA (HpI/IMeHeHHe CcCTUYaTOro
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NIEHOreHepaTopa, 06apOOTa)KHOIO NEHOreHepaTopa, IEHHOrO CJIOs, [IEHHOI'O a’3po30Jisi U
ap.);

- ONPENENIUTh MAaKCUMaJIbHO BO3MOXXHYIO U MpPUEMIIEMYIO (MCXOASl U3 COOIOJEHUs
COOTBeTCTBYOIMX  3HaueHWd  [I/[K) >pdekTUBHOCTP M JHEPreTHYECKYIO
HSKOHOMUYHOCTh KaXKA0ro (pyHkuuoHasibHOro sneMeHTta w/unu CBIIIl B nemom muis
3aJIaHHBIX MPOU3BOACTBEHHO-TEXHOJIOIMYECKUX YCIOBUM MPEANPUATHIA CTPOUTEIHLHON
UHIYCTpUH,;

- paccuMTaTh ONTHUMAaJIbHBIE, UCXOAS U3 oOecrieueHusl TpedyeMol 3(ppeKTUBHOCTH U
MaKCUMaJIbHO BO3MOXXHOW 3HEPreTUYECKON HSKOHOMUYHOCTH, TEXHOJIOTHYECKUE
napaMeTpsl Imporecca OOeCHbUIMBAaHUS BO3AyXa M 10J00paTh COOTBETCTBYIOLIEE
o0opyI0BaHuE AJIA UX pealin3allii,

- MPEUIOKUTh NPUHLIMIHAIBHO HOBBIE TEXHUYECKHE PEIICHHs, O00ECIeUHBaIOLIUe
noBbllIeHHE A(P(EKTUBHOCTH Ipoliecca OOECHbUIMBAHUS IPU  OJHOBPEMEHHOM
NOBBIIIEHUH €ro HSHEPreTHYECKOM SKOHOMUYHOCTH B CIy4asix, KOIJa H3BECTHBIE
TEXHUYECKUE PELICHHS HE MO3BOJIAIOT JOCTUYb HOPMATUBHBIX 3HAUYEHUI KOHLIEHTpALUU

nbuH B Bo3yxe (ITJIK,, mmm TTAK pco))-

5.1 CoBepiieHCTBOBAHME TEXHOJIOTHIA 00eCIBLIIMBAHMS BO3yXA MEHOM 151

YCJIOBHMH IKCIUIYaTAUMH NPEeINPUATHI CTPOUTEIbHOM HHIYCTPHH

BpinonHeHHBI HaMU aHAIU3 IMOJYYEHHBIX ITAPAMETPUUYECKUX 3aBUCHUMOCTEU
3 PEKTUBHOCTU IHEPTOEMKOCTHOTO TTOKA3aTeNsl KaK pPe3yIbTUPYIONIUX XapaKTEPUCTHK
npoiiecca oOecHbUIMBaHUSI BO3AyXa IIEHOW, a TaKXKe pe3yJbTaTOB pealu3aluu
METOJUKH OIIEHKM W BBIOOpa ONTUMAIbHOW MO 3(PGEKTUBHOCTH M DHEPreTUUYECKOU
SKOHOMUYHOCTU TEXHOJOTMHU peajau3alydyd NEHHOTo crnocoda oOecnbuUIMBaHUS BO3yXa
Ha OBM c¢ mnomompto mporpammel  «GEEPSUOR» mo3Bonmun paszpabortaTth
PEKOMEHJAllMM 10  COBEPIICHCTBOBAHUIO  (MOBBIMICHUIO  A(PGEKTUBHOCTH U

PHEPreTUYECKOM HKOHOMHYHOCTH) KaXKJIOr0 JTala paccMaTpUBAEMOro Mpouecca



201
obOecmpummBanus [153, 158, 162, 199, 200].

Tak, mis moBsimieHHs >(P(OEKTUBHOCTH W DHEPreTHYECKOM SKOHOMUYHOCTH
OpoIECcCa  MbLIe3a0epicaniss  LENeco00pa3sHo  MPHACPKUBATBCS  CIEIYIOIIUX
PEKOMEH TaIH:

- IUIs peajM3alny Ipoliecca MbUIe3aaepKaHus IPUMEHSTH IIEHY B BUIE CIIOS;

- yBeJIMYHBATh CTOMKOCTh IIE€HBI IyTeM MPEABAPUTEIBHOrO IMMOa0opa THIIA
IICHOOOPA30BaTeIs U €r0 KOHIEHTPAIMU B PACTBOPE IS 3aJaHHBIX IPOH3BOACTBEHHO-
TEXHOJOTHYECKUX YCIIOBHI U BH/Ia IBIIEBOIO MaTepHala;

- MaKCHMAaJIbHO BO3MOKHO (OPUEHTHPYSICh Ha TEXHOJIOTMYECKHI PErJIaMEeHT) CHUYKATh
CKOPOCTH JBIJKEHHS HCTOYHHKA IBUIEOOPa30BaHus U MBUIEBBIAEIEHNUS (B COyYasX, €CIIu
OH MEPEIBHKHOM), TMOO CKOPOCTH IBMIKEHUS BBIAEISIEMBIX HCTOYHMKOM IIBIJIEBBIX
YACTHILI,

- MAaKCHMMajJbHO BO3MOXHO (OPDHEHTHPYSICh Ha TEXHOJOTMYECKHH pErjiaMeHT)
YMEHBIIIATh PACCTOSHUE MEXKIY TIEHOT€HEPATOPOM U MCTOYHUKOM ITbIICBBIICICHHS,

- YMEHbBIIIATh CMAauYWBAIOIIME CBOMCTBA MEHBI MPU OJHOBPEMEHHOM YBEIHUYCHUHU €&
SKPAaHUPYIOIIMX CBOMCTB (WMCIIOIb30BAHHE «CYXOi» IIEHBI), IPUMEHSS PacTBOPEI
IICHOO0OPAa30BaTEIIst ¢ OTHOCUTEIILHO OOJIBIINM IIOBEPXHOCTHBIM HATSKEHHEM;

- IPUMEHSTH CeTYAThIC IIEHOI€HEPaTOPhI O3 MPUHYAUTEIHLHON I01aYH BO3IyXa.

JI1s1 TIOBBIMICHHST CAHUTAPHO-TUTHEHUYECKON M DKOJOTHUECKOM 3 (EKTUBHOCTH,
a TaKXe DHEPreTHMUECKOH HSKOHOMHYHOCTH IPOILIECCA OYUCHKU 6030VyXA OM NblLiu
1eJIeCO00Pa3HO IPUIEPKUBATHCS CICAYIONIMX PEKOMEH TALIHIA;

- IS peanu3allii IpoIllecca OYMCTKHA BO3AyXa OT MbLIM NPHUMEHSATH NEHY B BHIC
a’p030J1s;

- MOBBIIIATH KPATHOCTH IIE€HBI IyTEM IMPUMEHEHHs opocuteneil (PpopcyHOK),
UCTIONB3YIOMINX CKAThI BO3AYX, C TMPEABAPUTEILHBIM CMEIIMBAHHEM pacTBOpa
IICHOOOPA30BaTEIIs U CXKATOI0 BO3yXa,

- yBEJIMYHBATh CMAa4yHMBAIOIINE CBOMCTBA IMy3BIPHKOB IICHBI IPH OJHOBPEMEHHOM
YMEHBIIICHHH WX YOPYruX (IKPAHUPYIOIIMX) CBOWCTB, MPHUMEHSS  PacCTBOPBI
IEHO00OPAa30BaTEIls C OTHOCUTEIHLHO HU3KUM IIOBEPXHOCTHBIM HATSHKCHHEM;

- YBEJIMYMBATh KOJUYECTBO MYy3bIPHKOB IMEHbI B €IUHULE 00bEMa (akena MEHHOIO
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a’po30J1s;
- YMEHbLIATh CKOPOCTh NBUICBO3AYIIHOTO IMOTOKAa B 30HE pealiu3aluM Ipoliecca
OYMCTKHU BO3/yXa OT MbUIH J10 3HaUYeHui ot 3,0 1o 6,0 m/c;
- OpraHU30BBIBATH CHYTHOE JABMIXKEHHE MBUIEBOTO M TIEHHOTO a’po30Jied B 30HE
peanu3aiuu Mpoecca OUUCTKA BO3yXa OT MbUIH.

Jlnst moBbItieHUs 3((HEKTUBHOCTH U SHEPIEeTUYECKON IKOHOMUYHOCTH TIpoiiecca
NPUHYOUMETbHO20 PACCEUBAHUs NbLIU 8 amMocghepe 1eNeco00pa3Ho MPUAEPKUBATHCS
CHEAYIOUUX PEKOMEHIAIINN:

- JUIs peanu3aluy Tpoliecca MPUHYIUTEILHOIO0 pacceMBaHUs TbUIM B aTtMocdepe
MPUMEHSITh TIEHY B BHJIE a3PO030JIsi;

- OpPraHU30BbIBATH CIIYTHOE ABWKEHHE MBUJIEBOIO U MEHHOrO a’3p030JI€il B AKTUBHOM
30HE MpoIecca NPUHYIUTEILHOTO PACCEUBAHUS MBLIH;
- IPUMEHSATh MPOLECC MPUHYIUTEIBHOTO PACCEMBAHUS MBUIM MPHU CKOPOCTSIX BETpa J0
6,5 M/c;
- MPUMEHSTH MPOLIECC MPUHYIUTEIBHOTO PACCEMBAHMS TIBUIH JIJIs1 KPYITHOAUCTIEPCHBIX U
«TSHKENBIXY MBUIEBBIX YaCTHIL.

Takum oOpa3oMmM, B KayecTBE pEKOMEHJIAIUWA OIpeeIeHbI OCHOBHBIE
HalpaBJICHUs]  COBEPIICHCTBOBAHUS  KaXKJOro  3Tama  peaju3aluu  I[polecca
oOecnbUIMBaHUS BO3JyXa TMEHOM HA OCHOBE TOBBIIICHUS 3(PGEKTUBHOCTH MpPH
o0OecrieueHn MaKCUMAaJIbHOM SHEPreTHYeCKOW 3IKOHOMHYHOCTH, a, CIEIOBATENbHO,
MOJTy4Ye€Ha BO3MOXKHOCTh COBEPIIEHCTBOBATh CYIIECTBYIOIIHME U pa3padaThiBaTh HOBBIC
TEXHUYECKUE pemIeHus] (CIocoObl W CpPEACTBA) JUIsl JOCTHKEHUS ONTUMAaIbHBIX
3HQYEHUH  yHNOMSHYTBIX  BBIIIE  PE3YJbTHPYIOIIMX  [MAapaMeTpOB  Mpolecca
00eCTbUTUBaHUSI.

[IpuMepamMu TEXHUYECKOW peanu3aluu pa3pabOTaHHBIX PEKOMEHIAIUNA MOTYT
CIIYUTh pa3pabOTaHHBIE HAMH CJEAYIONIME NPUHIUIHUAILHO HOBBIE TEXHHUYECKUE
peleHus.

ABTOHOMHOE yCMPOLCMEO pe2eHepayuoOHHOU OYUCMKU 6030yxa paboyeil 30HBI
[201, 202], obecnieunBaroiiee noBbieHue 3PHEKTUBHOCTH OYUCTKH BO3/yXa OT MbUTH
U JAPYrUuX BUIOB 3arps3HSIOIIMX BELIECTB MPU CHUKEHUU DHEPreTHUYECKHUX 3aTpaT Ha

OpraHu3anuro Mmpouecca OYUCTKHU 3a CYET OTKa3a OT IMPUMCHCHUA HCHOO6p330BaTeJI$I u
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CBA3AHHOIO C €ro Iojaveld TEXHOJIOTMYECKOro oOopylaoBaHuUs (Hacoca, 103aTopa,
TpyOOTIIPOBOJIOB, CMECHUTEJIS).

YcerpoiictBo (pucyHOK 5.1) COCTOMT W3 JUAJIEKTPUYECKOro kopmyca 1 co
BCACBhIBAIOIINUM 2 U BBIXJIONHBIM 3 BO3AYIIHBIMHU MaTPyOKaMH, YCTAHOBJIEHHBIM OJHA B
JIPYroil KOHMYECKHE KaMepbl ILIETOYHOTO 4 W KHUCIOTHOTO 5 OpOIICHHS, Kamephl
IIPUTOTOBJICHHUS] aKTUBUPOBAHHOW KUIKOCTH O, TUHEWHOrO pa3psaHUKa 7 U CIMBHOU
KOpOOKH 8 ¢ pa3sMemEHHON BHYTPH BEHTHISAIIMOHHON KaMepor 9 u MmoOyauTeNns TIru
10. Pa3psinHuK 7 BBINOJHEH B BUJE NPOTSHKEHHOTO MOJIOTO HUAJIMHIPUYECKOTO KOpITyca
11 ¢ HaTSIHYTBIM IO OCH ANEKTPOAOM 12, mpudem KopmycC 8 1 3IEKTPoA 12 MoAKIIOUYEHBI
K Pa3HbIM MOJIFOCAaM BBICOKOBOJIBTHOTO UCTOUHMKA TOKa 13. Ha BepTHUKaNbHBIX CTEHKaX
BEpXHEH 4YacTU pa3psAIHMKAa 7 TMpOJENIaHbl WLIEJEBbIE Ipope3u 14 u ycTaHOBIIEH
Karie3anuTHeld - 30HT 15. Kamepa 6 wu3roroBieHa H3 JABYX KOAKCHAJbHO
YCTAHOBJICHHBIX IMOJBIX LWIMHAPOB M pa3/ieJicHa Ha JIBE YacTU BOJOINPOHULIAEMOMU
JTURIIeKTpuuecKkor neperopoakoil 16. Ileperoponka 16 umeeT HMAMHAPUYECKYIO GOpMY
Y BBINOJIHEHA B BUJIE KapKaca U3 JBYX KOJEll C HAaTSIHYThIM Ha HETO BOJIONPOHUIIAEMbIM
matepuasioM (OpezeHt). K BHYTpEHHUM BEpTHUKAJIbHBIM CTEHKaM KaMmepbl 6
INPUKPEIUICHBl TOJIbIE LUIMHAPUYECKHE JIEKTpoAsl 17 u 18, BBINOJHEHHBIE U3
TOKONPOBOJAIIIEro  Mmarepuana (rpadura). Onexkrtpon 17  moakmoyaeTcs K
OTPULIATEIILHOMY TMOJIFOCY MCTOYHUKA IMOCTOSIHHOrO Toka 19, a anexkrpon 18 -
IIOJIOKATENIBHOMY Toytrocy ucTtouHuka 19. ®opcynkn 20 m 21, yCTaHOBIEHHBIE B
Kamepax 4 u 5, coeIMHEHbI COOTBETCTBEHHO TpyOonpoBoaamu 22 u 23 yepes Hacockl 24
u 25, umeroniue 3a00pHbIe NaTpyoku 26, OTACIBHO C KaXI0W YacThio KaMephl. [Ipuuem
TpyOOINpoBo 22 COEANHEH C TOW YaCThiO KamMephl 6, B KOTOPOW YCTAHOBJIEH AJIEKTPOJ
17, a TpybomnpoBoj 23 - ¢ TOM 4acThi0 KaMephl 6, B KOTOPOM yCTaHOBJEH 3JieKTpo 18.
B BepxHeil yacTu kaMepbl 4 BBINOJHEHBI MO OOpa3ymOIIUM IIeJIeBbie Mpope3u 27 u
YCTaHOBJIEH Kalule3alUuTHbIA 30HT 28. BojoHenpoHunaemas Iu3JIEKTpUYECKas
neperopoaka 29 Mexay Kamepod 6 U KOpOOKOW 8 yCTaHOBJEHAa C YKJIOHOM TaKHUM
oOpa3om, uTo ciuBHbIE MAaTpyOKku 30 yCTAaHOBIEHBI B HIDKHUX TOYKAX INEJIOYHOU H
KHCJIOTHOM 4acTAX Kamepsl 6.

VYerpoiicTBo pabortaet cienyromum oopazom. Ilepen Tem kak moaath 3ambUieH-
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Pucynok 5.1 — ABTOHOMHOE yCTPOMCTBO pEr€HEPAIMOHHON OYUCTKHU BO3/lyXa

paboueit 30HBbI

HBI BO3AYIITHBIN MOTOK B YCTPOHUCTBO, HEOOXOIMMO TTPEABAPUTEIHLHO 3aMIOJTHATH BOJION
KaMmepy NMpUroToBjiaeHus 6.

PacnonoxkeHHble  Ha ~ BHYTPEHHUX  BEPTUKAJIBHBIX  CTEHKAX  KaMmepbl
MPUTOTOBIICHUST 6 2yiekTpoabl 17 u 18 MOAKIIOYarOT K Pa3HOMMEHHBIM IIOJIFOCAM
MCTOYHUKA MOCTOSIHHOTO TOKa 19 (anektpox 18 - k monokurenapHOMY nojrocy, 17 -
oTpulaTebHOMY). Takoe NOAKIIOUEHHE OOECreynBaeT MPOTEKAaHUE B Kamepe 6
npolecca 3JIEKTPOJiM3a BOJbI, KOTOpbIM 00OecrneunBaeT CMEUIEHUE XUMHUYECKOIO
PaBHOBECUS OTHOCUTEIBHO BOAOMpPOHHUIIAEMOI meperopoaku 16. Ilpu 3ToM aHUOHBI
[OH] mBmxyTcst k aHony (+), a katuonsl [HsO]" - k karoxy (-). Berpeuas Ha cBoem
MyTH BOJIONIPOHUIIAEMYIO MEMOpaHy, BHITIOJHEHHYIO U3 BOJONPOHUIIAEMOTO MaTepuaia

(6p€3€HTa), HOHBI COOTBCTCTBYIOIIUMX 3HAKOB HAYMHAIOT KOHLCHTPUPOBATHCA Yy €€



205

nosepxnoctn ([OH] co cTopons! katona, [Hz0]" - co cropons! anona). UHTeHCHBHOCTS
M3MEHEHHUSI aKTUBAIMU (BEJIMYMHBI TMOKa3arens PH cpenbl) B CTpOro orpaHUuYE€HHOM
00bEMe ompenensieTcs HaNpsSHKEHUEM U BEJIMYMHOW TOKa, a OOBEM aKTUBAIUU
(pacnipenieneHue MIOTHOCTH 3apsiI0B B CPEJIC) OMPEACIISICTCS TIIOMIAIbI0 AJIEKTPOJIOB U
CTETMEeHbIO BOJIOMPOHUIIAEMOCTH MaTepuana. B pesyiapTare, B 00BEME KUIKOCTH,
KOTOPBIM HAaXOOUTCA MEXKIy neperopoakoi 16 um anekrtpomoM 17, mpoucxomut
KoHIeHTparuss annoHoB [OH]~, mpuBopsmas kK 00pa30BaHUIO INEIOYHOM CpeIbl ¢
pH>7. B 00béMe XKUAKOCTH, KOTOPBIA HAaxXOIWUTCA MEXAy Meperopoakoil 16 wu
3JEKTPOAOM 18, MpPOUCXOAUT KOHIEHTpPALMS KATHOHOB [H3O]+, npuBOAsIIAs K
00pa3zoBaHHI0 KUCIOTHOW cpenbl ¢ PH<7/. C momoipto gaBiieHuss HacocoB 24 u 25
aKTUBUPOBAHHAsI TAKUM METOJIOM BOJIa Pa3eibHO MOCTYMAaeT B TpyOOnpoBoasl 22 u 23,
nocie — K ¢opcynkam 20 u 21, ¢ oOpazoBaHueM IIETOYHOTO (TIEHHOTO) U KUCJIOTHOTO
(xanenpHOTO0) hakenoB opolieHus. 3a00pHbIe MaTpyOKH 26¢Ty>Kat At 0TOOpa BOIBI U3
KaMepbl W PAacloJIOKeHHBI IO Tmepumerpam oboux o0nEMOB 6. I[loakmroueHue
LHEHTPAIBHOTO A1eKTposia 12 u kopnyca 11 nuHeitHoro pa3psaaHuka 7 K pa3HOMMEHHBIM
MOJIFOCaM BBICOKOBOJBTHOI'O MCTOYHHMKA TOKa 13103BOJISIET MOMYYUTh B pa3psiAHUKE 7
MeXK Ty 3J1eKTposioM 12 u koprycom 10 "Tuxuit" 3nexkTpuuecKkuil pa3ps.

Kak Tonbko pocturairorcs TpeOyemble CBOMCTBA IKUJIKOCTH TMPOUCXOAUT
aBTOMAaTUYECKOE BKJtOUCHHUE MoOyauTes Taru 10. 3anbln€HHbIA BO3TYIITHBIN TOTOK U3
paboueill 30HBI TIOCTYMAaeT B BEHTWISAIMOHHYIO KaMmepy 9 mocpeiAcTBOM BXOJIHOTO
BO3JIYyLIHOTO NaTpyOka 2 ¢ momolbio nodyautens tsaru 10 u nanee B paspsiiHUK 7, T1e
MBUICBBIE  YAaCTHUI[BI PUOOPETAIOT JOTOJHUTEIbHBIA DJICKTPUUYECKUM 3apsi] B
ANIEKTPUYECKOM I0JI€ BBICOKOTO noTeHunuana. Ilocie Bbixoaa U3 pa3psIHHUKA 7 yepes
niesieBble  mpope3u 14, 3anbUIeHHBIM BO3JyX IOJAETCS B IMOJOCTh Kamepol 4,
B3aUMOJICHCTBYSI TaM C (hakeJIoM TIEHHOTO a’po30Jid. 3aTeM 3amlbUICHHBIA BO3IyX
npoxons depe3 mpopesu 27, obTtekas 30HT 28, MOJaeTcss B IMOJIOCTh KaMephl S5, Tie
MPOUCXOMUT KOHTAKT YacCTHI[ THUIM C (akeaoM Kamenb KHCIOTHOW JKHUIKOCTH.
[TocpeACTBOM BBIXJIOMHOTO MaTpyOka 3 MOJHOCTHIO OYMIIEHHBIM BO3AYX IMOMANaeT U3
yCTpOMCTBa JINOO B POCTPAHCTBO paboyeil 30HbI, MO0 B OKpYsKarolyto cpeny. Kamu

LIEJIOYHOM M KUCJIOTHOM YKHUJIKOCTEW, KOTOPBIE IMPOPEArupoBajid C ra3oBbIM MOTOKOM
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NOMNaJal0T COOTBETCTBEHHO B ILIEJOYHOM M KHUCIOTHBIM 00bEMBI Kamepbl O.
OO6pa3yromuiicss B pe3ysbTaTe mpoliecca 1jiaM coOMpaeTcs Ha JIHE KaMephl 6 B TOUKax
BBIBOJIA CIMBHBIX MaTtpyOkoB 30, MOCPEICTBOM KOTOPBIX BO3MOXKHO €ro yJaJeHHE B
CIIMBHYIO KOPOOKY 8, B KOTOPOI MPOUCXOAUT HEUTpamu3auus 000MX CTOKOB.

O (DHEeKTUBHOCTH OUYMUCTKM BO3AyXa OT YacCTHUIl MbUIM TeCKa W TbUIM IICOHS
bpakuui  PM2,5 u PMI0 cocraBuser 90-93%, 4dYTo mnpeBbIIaeT 3HAYCHUS
3¢ (HEKTUBHOCTH OYMCTKHA aHAJIOTUYHBIX U3BECTHBIX yCTporcTB Ha 10-15%.

Jpyrum npuMepoM SIBIISIETCSI YCMPOUCEO DeLeHepaAyUOHHOU OYUCMKU 8030YXA
OT TOHKOJUCHepcHOM Hecnumamomeircs neiin [203, 204, 205], obOecrneuunBaroliee
noBbIlIeHHE 3()PPEKTUBHOCTH OUMUCTKH BO3AyXa OT TBUIM TMpPU  CHUKECHHUU
HPHEPreTUYECKUX 3aTpaT Ha OpraHM3alfio0 IpoLecca OYKUCTKHU 3a CUET OpraHu3aliu B
aAKTUBHOW 30HE OYMCTKM MOMHUMO (haKesa MEHHOIO a’po30Jsl AOMOIHUTEIBHOTO CIOS
TICHBI.

YcTpoiicTBO (PUCYHOK 5.2) COCTOMT W3 BEPTHKAIBHOTO IMIUHIPHYECKOTO
Kopnyca 1, KOTOpbIA UWMEET KpBILKY 2, HW3rOTOBJICHHYIO KOHHMYECKOW U
3aKaHYMBAIOIIYIOCS BBIXOJAHBIM JUG(PY30pHBIM MaTpyOKOM 3, MPEACTABISIONIEr0 COO0M
runepOoIon]] BpalleHUs, a TaKKe KOHUYECKOe AHO 4, B KOTOPOM JUIsl BBIIYCKa
CKOIMBILErocsl Ha JHE IUIaMa MNpPeIyCMOTPEHO 3alopHOE YCTpoulcTBO 5. BxonHo#
naTpyOoK 6, pacrlojiO)KeHHbIM B HUXHEW yacTu Kopmyca 1, umeer dnanen 7 s
HOJIKJIIOYEHHUST YCTPOWCTBAa B II€JIOM K Bo3ayxoBojaaM. [latpybok 6 coeaussiercs c
cuoHoM 8, B KOTOpPOM Jisl CITMBAa M30BITKA pacTBOpa MEHOOOpa30BaTENsl BBIMIOJIHEHO
oTrBepcTHe 9, Apyroi KoHel cu(oOHA, PaCHOJIOKEHHBIH MO OCH Kopiryca 1 compsikéH ¢
OrpaHUYHUTENIbHON cTeHkoi 10, KoTopas mMmeeT BHA OOpaTHOrO KOHYycCa, CTyNEHYaTo
MEHSIOUINM CBOI KOHYCHOCTh W MMEIOIKM nepdopanunio 11B BepxHeil cBoel 4acTu.
Han orpannuntensHoit crtenkoid 10 BHoap ocu Kopryca BBINIOJHEH MPOXOJIHOM
mudy30pHBI maTpyOoK 12, HIKHSS 4YacTh KOTOPOTO pacrojiaraetcsi Ha 0JIHOM ypOBHE
C MIEpBOM MO X0y ABHKEHMS BO3AYIIHOIO ITOTOKA KOJIBIIEBOM IUIACTUHOW 13, mpu 3TOM
BEPXHsS 4YacTh MPUCOEAMHEHA K BBITHYTOM BBepx cdepuueckoil neperopoake 14,
umeromeld menu 15 mo okpyxsHoctu Ha nepudepun. Humwxe neperopoaxu 14 mpu

OMOIIY CTOeK 16 kpenuTcs cenapanmoHHOE yCTPOHUCTBO 17, KoTopoe umeeT BuI
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Pucynok 5.2 — YcTpoicTBO pereHepainoHHON OYHUCTKHA BO3/IyXa OT

TOHKOJIUCTIEPCHOM HECIUMAIONICUCS MBI

KOJBIEBbIX TIUIACTUH 13, Tpu 3TOM MNPOUCXOAUT YMEHbBIIEHHE HUX IUIOLIAAeH
NOBEPXHOCTH NO Mepe yhaneHuss ot Hee. HanéxHoe mnomamaHue a’po3oyid B
BBITIOJIHEHHBIE 3a30pbl 17 o0ecreynBaeTcs OTOTHYTHIMH BHHM3 BHYTPEHHUMHU KpPasiMU
mwiacTuH 13, mpu 3TOM OHU 00pa3ylOT KOJIbIEBbIE LIEIH CO CTEHKAaMU MPOXOJIHOTO
natpyOka 12, a HapykHbI€ Kpasi 00pa3yoT 1ienu ¢ koprnycom 1. I'enepatop 18 neHHoro
a’p030Ji1 YCTAaHOBJIEH B HWYKHEW YacTh Kopmyca | CIIyTHO 3albUIEHHOMY MOTOKY, IpHU
3TOM IEHHBIA a3P030Jib MOMNAAAET BO BHYTPEHHIOI KOHTAaKTHYIO MOJOCTh 19, koTopas
oOpa3zoBaHa Ipu noMouy cudoHa 8§, orpaHuyuTeNbHOM cTeHKH 10 U chepuyeckoin
neperopogaku 14. BuemHioro koHTakTHYr Tmonocth 20 oOpasyer kopmyc 1 w

orpannuutenbHas crenka 10.
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YcrpoiictBo pabortaer criexayromuM obpasoM. K reneparopy 18 ocymiecTBisiroT
10/1ayy pacTBopa MeHoo0pa3oBarTessi, KOHTPOJIUPYS MPHU ITOM MNOCPEACTBOM OTKPBITOTO
3alOpHOTO YCTPOWCTBA 5 HAIMOJHSAEMOCTh MEHHBIM a’po3ojieM cudona §. C MOMeHTa
BBITEKAHUS [IEHHOT'O a3p030JId YEPE3 OTBEPCTUE 9, 3aKPBIBAIOT 3aAIIOPHOE YCTPOUCTBO 3,
OCYLIECTBJISIS MOJavy NbLUIEra30BOT0 MOTOKA BHAYalle BO BXOJAHOU MaTpyOokK 6, a 3aTeM
U3 Hero - B cu(oH 8, peayin3ys TaM HayajlbHYIO CTaJMI0 OYUCTKH B pPE3yJbTaTE €ro
B3aUMOJICMCTBUSl C pPacTBOPOM IeHOoOpaszoBarens. IlocTynuBmIMiA BO BHYTPEHHIOIO
KOHTaKTHYIO TOJIOCTh 18 BO31yX, B3aMMOJEWCTBYET C AKTHBHOM 4YacTblo (pakena
NIEHHOTO a’pO030Jisi, KOTOPhIM MOJIy4aroT MpH nomolnu reHeparopa 18. B pesynbraTe
IPEUMYIECTBEHHOIO aJAr€3MOHHOr0 BO3JEHCTBUS W CMAYUMBAEMBIX CHJI IPOUCXOIUT
BBIJICJICHUE YaCTU MbLIEBBIX YACTHUI[ U3 BO3AYIIHOI'O MOTOKA U CTEKAaHUE UX BMECTE C
pPa3pyUIMBIIUMUCS My3bIpbKaMU MO OTpaHUuUTeNIbHOM cTeHke 10 B cudon 8. 3a cuer
MPOXOXKJICHUS BO3YIIHOTO MOTOKA HaJl MOBEPXHOCTHIO pacTBOpa MEHOOOpa3zoBaTENs
yepe3 IIeIeBbie 3a30pbl 17 OpraHu3yeTcs MHTCHCUBHBIN C1oW TieHbl. HTeHCcnpukaims
npolecca CMayuBaHMs M 3aXBaT HaMOOJee MEJNKUX MbUIEBBIX YAaCTUL 00€CIEeUnBAIOTCS
KOHCTPYKLIMEN M pa3MelleHueM IulacTuH 13. BBIBOA OYMINEHHOrO BO3ayxa W3
YCTPOMCTBA OCYILECTBIIAETCS MOCPEACTBOM BBIXOAHOro mnarpyOoka 3. Kak TOJbKO
YpPOBEHb IIJIaMa, KOTOPBIM COXpaHSeT MEeHOOOpa3yIollue CBOMCTBA, JOCTHTHET
oTBepcTUsl 9, ero U30BITOK BHITEKAET Yepe3 HEero Ha JHO 4, mociie Yero MmocpeiCTBOM
OTKPBITOTO 3aIIOPHOTO YCTPOMUCTBA S NOCTYIAET B JPEHAKX.

O} peKTUBHOCTh OYUCTKU BO3AyXa OT YACTHUILl MbUIM Kepam3uta gpakuuii PM10
cocraBisier 91-93,5%, uro mnpeBblmaeT 3HaYeHUS APPEKTUBHOCTH  OYHUCTKHU
aHAJIOTMYHBIX U3BECTHBIX YCTPOUCTB Ha 12-17%.

Takke mNpUMEpPOM peaau3aldd MPEUIOKEHHBIX PEKOMEHJAUUN  SABIISETCS
MOJAU(PUIUPOBAHHOE  YCMPOUCMBO  OYUCMKU  8030yXa  OM  MOHKOOUCHEPCHOU
necaunarowetics notiu [206], obecnieunBaroiee moBbicHe 3PPEKTUBHOCTA OUUCTKH
BO3/lyXa OT MbUIM MPU CHUKEHUHU SHEPreTHUECKUX 3aTpaT Ha OpPraHu3aluio Mpouecca
OUYMCTKH 32 CUET UHTEHCU(UKALIMM CMAYMBaHUA U 3aXBaTa Haubojaee TOHKHUX (Ppakiuit

IIBLJIN.
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YceTpoiicTBO (pUCYHOK 5.3) COCTOMT M3 BEPTHKAIBHOTO LMIMHIPHUYECKOTro Kopmyca 1,
KOTOpPbI HMMEET KpBIIIKY 2, HW3rOTOBJIEHHYI) KOHMYECKOM U 3aKaHUYMBAIOUIYIOCS
BBIXOJHBIM JTU(DPY30pHBIM MaTpyOKOM 3, MPEACTaBIISIIOIECTO CO0O0M TrUrepOoIon
BpAIlICHMS, @ TAK)KE KOHUYECKOE THO 4, B KOTOPOM JJIs BBIITYCKAa CKONMBILErOCs Ha JHE
nulaMa  TOpeayCMOTpPEHO  3alopHoe  ycTpodcTtBo 5. BxoaHoit marpyOok 6,
pacrmoyioKEHHBIM B HWKHEW 4YacTu Kopmyca 1, umeer (uanen 7 Juisl MOJKITIOYEHUS
yCTpoiicTBa B 1elOM K Bo3ayxoBojaMm. IlatpyGok 6 coemunsiercss ¢ cudoHoMm 8§, B
KOTOPOM IS CIIMBAa M30BITKA pacTBOpa NMEHOOOpa3oBaTeNsl BBIIOJHEHO OTBEpcTHE 9,
npyroil koHer] cu¢oOHa, pAaCMOJOXKEHHbIH MO ocu Kopryca | compskéH c
OTPaHMYHUTENIbHOM cTeHKo# 10, KoTopas mMmeeT BHJ OOpaTHOrO KOHYycCa, CTYIEHYATO
MEHSOIIMM CBOI0 KOHYCHOCTh M MMerIIuM nepdopauuto 11B BepxHeil cBoel yacTu.
Han orpannuntensHoid cteHkol 10 Boonb oOCuM Kopmyca BBINIOJHEH CIUIONIHOW
obtekarenp 12, umeromuii Gpopmy mMapabosionjia BpallleHHUs, HUKHSS 4acTh KOTOPOTO
pacrnoJiaraeTcsi Ha OJHOM YPOBHE C IEPBOMl MO XOAYy ABHKEHHUS BO3IYIIHOIO MOTOKA
KOJIBLIEBOM IUTACTHUHOW 13, Mpy 3TOM BEPXHSIS 4aCTh MPUCOEINHEHA K BBITHYTON BBEPX
chepuueckoil neperopoake 14, umeromieil menu 15 mo OKpPyKHOCTH Ha mepudepuu.
Hwuxe neperopoaku 14 npu nmoMmouu ctoek 16 Kpemurcsi cenapairoHHOE YCTPOMCTBO
17, koTopoe MMeeT BUJ KOJBLEBBIX MJIACTUH 13, Mpu 3TOM MPOUCXOAUT YMEHbILIECHUE
uX IUIOUIaZiell MOBEPXHOCTH MO Mepe ynaaineHus oT Hee. HanéxHoe mnomnagaHue
a’po30Jisi B BBITIOJIHEHHBIE 3a30pbl 17 oOecneynBaeTCs OTOTHYTHIMU BHU3
BHYTPEHHUMH KpasiMy IJIaCTUH 13, mpu 3TOM OHU 0Opa3yloT KOJIBLIEBBIE LIEIH CO
CTEHKAaMHM CIUIOIIHOTO oOTekarens 12, a HapyKHbIe Kpas 00pa3yroT IIENU ¢ KOPILyCOM
1. I'eneparop 18 meHHOro a’po30Jis1 YCTAHOBJIEH B HIMXKHEH 4acTU Kopryca | CIyTHO
3albIJIEHHOMY IIOTOKY, HPH 3TOM II€HHBI a’p030Jb NOMNAaJaeT BO BHYTPEHHIOKO
KOHTAKTHYIO TojiocTh 19, kotopas oOpa3oBaHa mnpu mnomomu cudoHa 8§,
orpanuuuTesbHoM cteHku 10 u chepuueckoit neperopojku 14. BHENIHIOIO KOHTAKTHYIO
noJsiocts 20 oOpazyer kopryc | u orpanuunTenbHas cteHka 10.

K reneparopy 18 ocymecTBidi0oT Mojadyy pacTBOpa IeHooOpa3zoBarters,
KOHTPOJIMPYS TIpU 3TOM IIOCPEACTBOM OTKPBITOIO 3alOpPHOIO yCTpoWcTBa 5

HAIIOJIHACMOCTD IICHHBIM a3P030JICM CI/I(l)OHa 8. C MOMeHTa BBITCKAHHUS IICHHOTO
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Pucynok 5.3 — MoaudguiupoBaHHOE YCTPOMCTBO PEreHEPAIIMOHHON OUYNCTKHU

BO3/yXa OT TOHKOJUCIIEPCHON HECIUNAIOIIEHCS TTBUIU

a’po30is1 4epe3 OTBEPCTHE 9, 3aKphIBAIOT 3allOPHOE YCTPOMCTBO S, OCYIIECTBIIS
10/1a4y IbUIEra30BOI0 IMOTOKA BHA4Yaje BO BXOAHOW MarpyOoK 6, a 3aT€M M3 HEro - B
cudpon &, peanusys TaM HAYaJIbHYIO CTaUI0 OUYUCTKM B PE3YJIbTATE €ro
B3aMMOJICUCTBHS C PACTBOPOM IMeEeHOOOpa3oBarensd. [locTynuBimmii BO BHYTPEHHIOO
KOHTAKTHYIO TOJIOCTh 18 BO3ayX, B3aMMOJCHCTBYET C AaKTHBHOW YacThio (axena
MIEHHOTO a3pO30Jis, KOTOPBIA MOJYy4YarT MpH MoMoIIUd reHeparopa 18. B pesynbrare
MIPEUMYLIECTBEHHOTO aJAr€3MOHHOIO0 BO3JECUCTBUS U CMAYMBAEMbIX CHJI MPOUCXOJUT
BBIJICJICHUE YAaCTH IBUIEBBIX YaCTHUIl U3 BO3MYLIHOTO IOTOKAa U CTEKAHUE UX BMECTE C
pa3pyLIMBIIMMUCS Iy3bIpbKaMu IO orpaHuuMTenbHoM cteHke 10 B cudon 8. 3arewm,
crulomHOM  oOtekartenb 12, BbINONHEHHBIM B BHAE Napadoiouja BpaIEHUs,

PaCIIOJIOKEHHBIM MO OCH KOpITyCa, HAMpAaBIISIET MbUIE-Ta30-)KUAKOCTHON IMOTOK 4epes
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CJIOM TEHbl Ha KOJBIEBHIX TMIAacTUHaX 13, KOHCTPYKLIHA KOTOPBIX OOeCTeyuBacT
MHTEHCU(UKAIMIO TpolLlecca CMAuyMBaHUS M 3axBaT HaumOosiee  MeEJKUX (Ppakuui
NBUIEBBIX YacTUL. BbIBOJ OYMIIEHHOTO BO3JyXa M3 YCTPOWCTBA OCYIIECTBIISIETCS
NOCPEJICTBOM BbIXOJHOTO mnarpyOoka 3. Kak Tonbko ypoBeHb MHIIamMa, KOTOPBIN
COXpaHsIeT TMEeHOOOpa3yIollUue CBOWCTBA, JOCTUTHET OTBepcTUs 9, ero u30BITOK
BBITEKAET 4Yepe3 HEro Ha JHO 4, MOCJe Yero MOCPEICTBOM OTKPBITOTO 3alOpPHOTO
YCTPOMCTBA 5 TIOCTYIAET B APEHAK.

O} PexTUBHOCTh OYUCTKH BEHTWISLMOHHOIO BO3QyXa OT YacTUI] NbUIA
kepam3uta (Ppakuuit PM2,5 cocrtaBnser 84-85,5%, uTo mnpeBbiiaeT 3HAYCHUS
3¢ (HEKTUBHOCTH OYMCTKHA aHAJIOTUYHBIX U3BECTHBIX YCTPOUCTB Ha 9-11%.

Yempoiiemso ons ouucmru senmunsiyuonnozo eo30yxa [207], obecnieunBaromee
NOBBIIIEHHE APPEKTUBHOCTH OYUCTKH BO3[AyXa OT TMbUIM MPU CHUKEHUU
HPHEPreTUYECKUX 3aTpaT Ha OPraHU3ALMIO MPOLEecca OYUCTKU 3a CUYET MHOTOKPATHOM
PELUPKYJISILIMY HE YJIOBJICHHBIX MBIJIEBBIX YACTHUL] B aKTUBHOM 30HE MPOIIECCa OUUCTKH.
KOHCTpYKTHBHO yCTPOMCTBO BBIMIOJHEHO CIICAYIOINUM 00pa3oM (pucyHok 5.4). Kamepa
l ¢ KOHMYECKOW TYNHKOBOM YACThIO 2, HA IOBEPXHOCTU KOTOPOW BBINOJHEHBI
JIMHEWHBIE IIEJIEBBIE 3a30Pbl C OTOTHYTBIMM HApyXKy IO XOAY ABMKEHHS BO3AYIIHOIO
NOTOKa KPOMKaMHU 3 TMOMEINIEHAa B YJUTKOOOpPa3HbIM KOXKYX 4, UMEIOIINI B BEpXHEH
YaCTH TaHINCHIHMAIbHBIM OTBOA S5 MJIsI OTCOCAa BO3/yXa, KOTOPBIM NOAKIIOUEH K
BCachIBaIOIIEMy NaTpyOKy BakyyM-cuUcTeMbl 6. HamopHbIil matpyOoK BaKyyM-CHCTEMBbI
6 coequHEH ¢ TMOABOASAIIMM maTtpyokom 7 ycrpoiictBa. Opocutenb 8 yCTaHOBJIEH
BHYTpPH MOABOJASIIET0 MarpyOka 7 COOCHO C HUM U CIYTHO MbLUIEBO3IYIIHOMY MOTOKY.
OtBojsamuii marpyObok 9 dBiseTCSs MNPOJOJDKEHHUEM KOJIBLIEBOIO 3a30pa MEXAy
HAPY)KHON TOBEPXHOCTHIO TOMBOJIAIIETO MaTpyOka 7 WM BHYTPEHHEHW MOBEPXHOCTHIO
LUJIMHAPUYECKOM 4yacTh Kamepbl 1. BHyTpu kamepsl | mo €€ mpomoipHOW OCHM Ha
Hanpasisitonux 10 ycraHoBieHa oOedaiika B BUJie yced€HHOro konyca 11 Toii xe
KOHYCHOCTH, 4TO M Kamepa |, KECTKO COEOUHEHHOro ¢ TArod 12. B HukHEW yacTu
Koprnyca 1 1 Koxyxa 4 UMEIOTCSl CIyCKHbIE TPYObl 13, omylleHHbIE B HIIaMOCOOPHUK
14 u oOpazyroiiue ¢ HUM ruapo3aTBop. Tsara 12 ciay>kKuT Ui IepeMelieHus yCeUYEHHOTO

KoHyca 11 B kpaiiHee mpaBoe WM KpallHee JIEBOE MOJIOKEHUE MO Hampasistomum 10.
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[Ipu sTOoM ogHMM KOHUOM TAra 12 XECTKO cCOoequHEHa C KPECTOBHMHOM 15, xoropas
3aKpEIUIEHa ¢ TOpla YCEUEHHOTO KOHyca 11 Ha MEHbIIIEM €ro OCHOBAHUH, U IIPOITYLLIEHA
4yepe3 CaJbHUKOBBIM YIUIOTHUTENb 16, pacroioKEeHHBI B BEPIIMHE KOHHYECKOIO
ydacTka KaMmepsl 1, a Ha IpyroM (Hapy>KHOM) KOHIIE UMEET 3aKpeTUIEHHBIN MaxoBUK 17
JUIsl ynoOCcTBa nepemenieHus konyca 11.

YcerpoiicTBo paboTaeTt cienyomuM o0pa3oM. 3arps3HEeHHbIM BO3IYIIHBIA MOTOK,
IPOXO0JsS 4Yepe3 MOABOMAAIINNA MaTpyOOK 7, TMOMYyTHO OPOIIACTCA TUCIIEPTHPOBAHHOMN
KUIKOCTBIO M3 opocutens 8. Ilpm 3TOM HpOHMCXOAUT B3aUMOACHCTBHE IBLIEBOIO H
AKUIKOCTHOTO a’p030Jieii, KOTOpOEe B HAaMOOJIbIIEH CTENEHU MPOSIBISAETCS B KOHUYECKON

4acTHU KaMmepsl 1.

Boda om
naceca

6)

a) — BUJ COOKy; 0) — parMeHT KOHUYECKOTO y4acTKa KaMephl CO MIECTEBBIMU 3a30paMHU
C OTOTHYTBIMH KPOMKaMU

Pucynok 5.4 — YcTpoiCTBO /ISl OUUCTKY BEHTHISIIUOHHOTO BO3/yXa

BrieneHHble M3 BO3AYIIHOTO NMOTOKA YACTUIBl MBUIM C KaIUISIMU JKUAKOCTH
yAAJSA0TCS B HUIaMOCOOpHUK 14, a ocTaBuIascs 4acTh NMBUIEKUAKOCTHOTO a3pO30JIs
HampaBJsieTcss K OTBOAsIIEeMYy natpyOoky 9. Ecim B moToke 3arps3HEHHOrO BO3Iyxa
npeobIagaroT MbIJIEBBIC YAaCTHIIBI MENIKUX ppakiuii (d, <50 mxm), yceu€Hubiii konyc 11
YCTaHaBJIMBAIOT IIOCPEACTBOM TArM 12 B KpaliHee IpaBO€ IOJOKEHHUE BIUIOTHYIO K
nojBoAsIeMy HaTpyoky 7. YacTuubl a’po3oisi HAOpaBisiOTCA B 3a30p MEXKIY

Hapy>KHOW TOBEPXHOCTBIO YCEYEHHOTO KOHyca 1l M NOBEPXHOCTBIO KOHUYECKOU
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TYIMKOBOM 4aCTH 2, B aKTUBHOM 30HE KOTOPOM ITPOUCXOJNT UX YJIABIMBAHUE, IIPU 3TOM
OTOTHYTHIE€ IO XOAY JABWKEHHUS BO3AYLIHOTO IMOTOKAa KPOMKH JIMHEWHBIX HIEJIEBBIX
3a30p0B 3 M YBEJMYCHHE MX IIMPUHBI K TYNHKOBOW 4YacTH KaMepbl | IO3BOJISIOT
YBEJIMYHUTH YBJICYEHUE HEYJIOBJIEHHBIX YACTHUL NbUIM B YJIUTKOOOpa3HbIA KOXKyX 4, C
MOCJIEAYIOIIMM HAINPABICHUEM HAa PELUPKYJSLMIO B AKTUBHYIO 30HY opomieHus. Ecinu
B 3arpA3HEHHOM BO3YLIHOM MOTOKE IMPeoOagatoT YaCTHUIbl MBI KPYIHBIX (pakiuui
(d>100 mMxm), obstanaroripe OOJIBIION KHHETHUSCKON YHEPTUEH, CKOPOCTHIO BUTAHUS U
MHEPLUUOHHOCTBIO, TO YCE€YEHHBIM KOHYC |1 yCcTaHaBIMBAarOT MOCPENCTBOM TiAIru 12 B
KpaiiHee JieBOe MOJI0KeHHE (BIUIOTHYIO K KOHUYECKOMY y4acTKy kamepsl 1). I[Ipu atom
nepdopanmst 2  UYACTUYHO MEpPEKPBIBA€TCA, 4YTO MPUBOAUT K H3MEHEHHUIO
a’pOAMHAMUYECKUX M F€OMETPUYECKHX NapaMeTpOB 30HbI €€ aKTUBHOIO ACHCTBUS, a
cienoBaTelbHO, K HamOosiee 3(P(HEKTUBHOMY YJIABJIMBAHUIO W YJAJCHUIO YacTHIL
KPYNHBIX (pPaKIUil, a HEYyJIOBJICHHbIE YaCTULIbl MbUIM W3 30HbI UX MaKCHUMaJbHOU
KOHIICHTpAIlUM  YBJIEKAIOTCS B YJIMTKOOOpa3HbI KOXyX 4, C MOCIEIyIOIINUM
HaIpaBJICHUEM Ha PELUPKYJISALMIO B aKTUBHYIO 30HY opoleHusa. O0pa3yromuiics miam
gyepe3 CIYCKHYIO TpyOKy MOCTymaeT B HIIaMOcOOpHUK 14, M3 KOTOpPOro Hacocom
yaanserca B JApeHaX. MakCUMalbHBIE M MHHUMAJIbHBIA yPOBHH IIyJIBIBI B
nuiaMocOopHuKe 14 ciyxat aas npeaoTBpalleHUs] COOTBETCTBEHHO MEPEIUBA ITYJIbIIbI
Y TI0ZICOca BO31lyXa B KOXKYX 4 U3BHE.

OTorHyThIE HAPYXKY IO XO1Y JIBHIKEHHS BO3IYILIHOIO ITOTOKA KPOMKH JTMHENHBIX
HIEJIEBBIX 3a30pOB MO3BOJISIIOT  YBEJIMYWATH 3KEKLIHUIO BO3AYIIHOIO IOTOKA W3
KOHUYECKON 4acCTH KaMephl B YIIUTKOOOPA3HBIN KOXKYX, UYTO CIOCOOCTBYET YBEIHMUYEHHUIO
YBJIEYEHUS] HEYJIOBJIEHHBIX YaCTHUI] MbUIM B YIUTKOOOPA3HBIN KOXKYX, C MOCIEIYIOLUINM
HalpaBJI€HUEM Ha PEUUPKYJALHMI0 B AaKTUBHYIO 30HY OpOILIEHHSA, a YBEJIUYEHUE
IIMPUHBI IIEJIEBBIX 33a30POB K TYNMKOBOM YaCTH KaMepbl CIIOCOOCTBYET YBEJIMYEHHUIO
YBJICYEHHSI HEYJIOBJICHHBIX YACTHI] IIBUIA U3 30Hbl UX MAaKCUMaJIbHOW KOHLIEHTpAaluu B
YJIUTKOOOPA3HBbIM KOXYX, C MOCIHEAYIOIIMM HAMpaBiICHUEM Ha PEUUPKYISLIUI0 B
AKTUBHYIO 30HY OpOIIEHHUS, YTO B KOHEYHOM HTOre CIIOCOOCTBYET YBEIMYEHUIO
3(p(PEeKTUBHOCTH MPOLECCa OUUCTKU BEHTHIALIMOHHOIO BO3/YyXa 32 CUET MHOI'OKpaTHOU

PCHUPKYIIHUU HC YJIOBJICHHBIX KAIJIAMHU JKUAKOCTHU IBIJICBBIX YaCTUIl B AKTUBHYIO 30HY
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OpOILIECHHS.

VYCTpOoHCTBO MO3BOJISIET MPOU3BOAUTh OYUCTKY BEHTHISIIMOHHOTO BO3AyXa IpPH
MONEPEMEHHO TOCTYMAIOUX PA3IMYHBIX BUJAX MbUIM OT MbUIEBBIX YACTHUI[ MEIKHX
bpakuuii ¢ 3pPekTuBHOCTHIO 10 83-85%, KpynmHBIX Gpakuuii — 10 99,2%, a OunuCTKY OT
MOJIUUCTIEPCHON TMBUIM C HMHTErpajgbHOM 3PdeKkTuBHOCTBIO — A0 99,95%, uro
npeBbimaeT 3((PEKTUBHOCTh M3BECTHBIX YCTPOMCTB MO OYUCTKE OT MBUICBBIX YACTHI]
Menkux (pakuuit Ha 4-5%, KpynHbIX— Ha 2-4% 1 TOMUANCIIEPCHON TBLTH — Ha 5-7%.

Yempoiiemeo  ons owucmku  6030yxa om newu [208], obecneunBaromee
noBeIieHHe APGEKTUBHOCTH OYMCTKH BO3AyXa OT TMBUIM TP  CHUKCHUU
HHEPreTUYECKUX 3aTpaT Ha OPraHU3aLUIO MPOIecca OYUCTKHU 3a CYET TOr0, YTO YACTUILIBI
NbUIM, HaXOJSIIHECs B BO3AYUIHOM IOTOKe, oOianaromue OOJIbIION KUHETUYECKON
DHEpruer, YHAISIOTCSd M3 BO3AYIIHOIO TIOTOKA 3a CYET IMOCIeI0BaTEeIbHOTO
B3aUMOJCHCTBHUS C (aKeloM TIEHHOTO ad’po30js, 3aTeéM CO CII0eM pacTBopa
MeHO00pa3oBaTess, a YaCTUIIbl MMBLIH, 00JIaJaloIIMe Majloil KMHETUYECKOU SHEpruei u
MOJIBEP>KEHHbIE HaWOOJIBIIEMY BIMSHUIO BO3JYIIHOTO  TMOTOKA, BBIJACISIOTCS W3
MOCJIETHETO MTPU B3aUMOJEHCTBHUU CO CIIOEM IIEHBI.

YcrpoiicTBo BKIOYaeT (PUCYHOK 5.5) BEpTHUKANBHBIN IMIUHAPHUECKUN KOPITYC
1, B KOTOPOM KOaKCHaJbHO Ha OJHOM YPOBHE YCTaHOBJICHBI BXOJIHOM 2 M BBIXOJHOMU 3
natpyOku. BxoaHoit maTpyOoK 2 BBITIOJIHEH KOH(PY30PHBIM U UMEET B BEpXHEH 4aCTH
KOHYCHOE CyXeHHue 4 ¢ KOHyCHOCThIO 40-60°, kpast KOTOPOro Bpe3aHsl B Kopnyc 1, a B
HIDKHEW YacTH BBIMIOJHEHBI HAJpPE3bl, KPOMKH KOTOPBIX OTOTHYTHI M 00pa3yloT
3aKpyuuBarens 5. BeixoaHoit matpy6ok 3 BeinmoiaHeH AU GYy30pHBIM U UMEET B HUKHEH
YacTH IUIABHOE paclIdpeHue 6, KOTOpoe CBOMMU KpasiMU TOK€ Bpe3aHo B kopmnyc 1. B
BEPXHEN 4YacTU BBIXOJHOM marpyOOK 3 3ariyiieH napabojouIHbIM oOTekaTeineMm 7.
Mexnay crenkamu Kopiryca 1 u BXogHOro matpyoka 2 oOpa3zoBaHa BHEITHSISI KOHTAKTHAs
NOJIOCTh 8, KOTOpasi COEIMHAETCS C BBIXOJHBIM MaTpyOKoM 3 TMOJIBIMHU JlonacTsMu 9.
[lTonsie gomactu 9  BBINOJIHEHBI CHUPAIbHBIMUA, CETMEHTHBIMM B  CEUCHUH,
CY’)KaIOIIMMHCS TI0 XOAY BO3AYIIHOTO MOTOKA. BOJbIIMM ceueHreM Kaxaas JIonacTtsb 9
Bp€3aHa B KOHYCHOE CYyXeHHE 4, a MEHBIINM TaHTCHIIMAIbHO B MapaOOJOMIHBIN

oOrekareinb 7. Kpome Toro, y kaxaou jomnactu 9 cropona 10, oOpa3oBaHHas Xopaon
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Pucynok 5.5 — YcTpolcTBO 711 OYMCTKHA BO3yXa OT MBUIH

CerMeHTa, o0palieHa K ocu Koprmyca | u Bce OHM 00Opa3yrOT Ha BXOJE BO BXOJHOMN
naTpyOOK 2 CTaTUYECKU 3aKpy4yuBaTelb, OJIHOHAMPABJICHHBIH CO CTATHUYECKUM
3akpyuuBateseM S. [lonocTh 8 B HIDKHEN YacTh MMEET OTBEPCTHUE B CTEHKE KOpIyca, a
BEpXHEW dYacTH Kopryca 1, mepen mapabONIOMIHBIM OOTeKaTenemM 7 CIYTHO
MBUICBO3/IyIITHOMY TOTOKY YCTAHOBJIEH TeHepatop 14 meHHoro a’posons. BHyTpenHss
KOHTAKTHas MoJ0CTh 15 00pa3zoBaHa marpyOKkoM 2 U BbIXOJHBIM naTpyOkom 3. Kopmyc
ycTpoicTBa umeeT (nanubl 16, 17 mis BKIIOYEHUSI €r0 B CETh BO3JYXOBOJIOB. Bhiiie
YPOBHSI HAaJpe30B 3aKpy4duBaTelsl S5 BBHINOJHEHO (QaHIeBOe coequHeHue 18 mms
oOecrie4eHus: BO3MOXKHOCTH  MEPUOJMYECKOTO HM3BJIICUCHHUS CEKIUU YCTPOWCTBA U
yAaJIeHUs NUlamMa U3 HU)KHEN 4acTH BHEIIHEW KOHTAKTHOM MOJIOCTU 8 U €€ TPOMBIBKH.
daHueBoe coequHeHue 18 aiig COXpaHEHHs] LEJIOCTHOCTH YCTPOMCTBA B MeECTax
CONPSIKEHUS UMEET YIUIOTHEHHE 19.

YerpoiictBo paboTtaer cienyromuM o0pa3oM. 3anbUIEHHBIN BO3AYX MOCTYIAET B
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BEPXHIOK YaCTh YCTPOMCTBA, I'IE BCTYNAeT BO B3aWUMOJCHCTBUE C AKTUBHOW YacCThIO
dakena meHHOro a’po30Jis, 00pazyeMoro reuepatopom 14. 3aTemM OH NPOXOIUT MEKY
JonacTsIMu 9, 3aKkpyuyMBaeTCs U BUXPEBBIM MOTOKOM MPOXOAUT YEPE3 BXOJHOU
naTpyOOK 2, OMbIBasi CHapy» U BBIXOAHOU matpyOok 3 uepe3 mosocts 15. [Ipu stom
MPOUCXOAUT WHTEHCUBHOE CMAUMBAaHME W 3aXBaT YaCTUI] MbUIA JAUCIECPTUPOBAHHOU
KUJIKOCTBIO MPU Pa3pyLICHUU MYy3bIPHKOB MEHHOIO a3p030Jid 3a CYET MHTEHCHUBHOTO
a’pOJAMHAMUYECKOTO BO3ACHCTBUSL  (BUXpeBble A(M(PEKThI) U  CTOJIKHOBEHHUS C
KOHCTPYKTHBHBIMHM 3JIEMEHTAMHU YCTPOWCTBA, BCIEICTBUE 4YEro B HIKHEW YacTH
MOJIOCTH 8§ CKaIlJIMBaeTCs pacTBOp IMeHOOOpa3oBaTessi, M30BITOK KOTOPOTO dYepe3
OTBEpPCTHE B KOpItyce | mocTynaeT B ApeHaxHyto TpyOKy 11 1 ¢ moMOIIbI0 IPEHAXHOTO
BEHTWISI 12 BBIBOAMTCS M3 ycTpoiicTBa. i mpenoTBpaiieHus monajgaHus Bo3AyXa B
YCTPOMCTBO NPEyCMOTPEH 00paTHBIM KianaH 13.

VYxe B (Qakene dYacTh NBUIMHOK 3a CYET MPEOOIaNaroniero BO3IEHCTBUS
aAr€3MOHHBIX U CMAYMBAIOIIUX CUJ BBIACISETCS U3 BO3IYIIHOTO MOTOKA U CTEKAET IO
CTEHKaM B BHJE IUIaMa B HWXKHIOK YacTh YCTPOWCTBA. BoO3aymHbIA TOTOK C
OCTaBIIMMHCS B HEM TBUICBHIMH YacTHIIAMU W3 BXOJHOTO TaTpyOka 2 dyepe3
CTaTMYECKUHN 3aKpy4YUBATEIb 5 MOCTYNAET B KOHTAKTHYIO MOJIOCTh 8 M, MPOXOAS HaJ
MMOBEPXHOCTHIO TIEHHOTO PACTBOPA, CKOMMUBIIETOCS B HIXKHEW YacTH Kopmyca 1, co3gaer
cJI0i neHbl. YacTHUIIbl TBUIH, OCTABIIIMECS B BO3AYIIHOM ITOTOKE, 00Ia/1ar0lue 00IbIION
KMHETUYECKOW PHEPTrUeH, YIAISIOTCS U3 BO3IYIIHOTO MOTOKA 3a CYET B3aUMOJICHCTBUS
HETIOCPEJICTBEHHO CO CJIOEM pacTBOpa, a 00JagaroIe MO KHHETHYECKON YHEpruei
U TIOJIBEpKEHHBIE HANOOJbIIIEMY BIUSHHUIO 3TOTO TMOTOKA, BBIJEISIIOTCS U3 MOCIEIHETO
IIPY B3aMMOJEHUCTBUHU CO CJIOEM MEHBI.

BozaymHbiii mOTOK U3 MONIOCTH § TIOJHUMAETCS BBEPX, YBJIEKas 3a CO0O# 4acTh
My3bIPbKOB U3 CJIOS MEHBI, KOTOPHIE 3aXBATHIBAIOT U YIAJISIIOT U3 BO3AYIIHOTO MOTOKA
4acTh MNbUIEBBIX dYacTull. IIpoxoas BHyTpu jomacte 9, KOHCTPYKUHS KOTOPBIX
CIIOCOOCTBYET, TMpeXAEe BCEro, WHTCHCHU(PHUKAUKU TIpoliecca B3aUMOJCUCTBUS
OCTaBIIMXCS MBUIEBBIX YaCTUI[ C JUCIEPTUPOBAHHOM JKUAKOCTBIO, a TaKke
pa3pyIIeHUI0 My3bIPHKOB TEHBI, BO3yX OCBOOOXKIAETCS OT OOpPa30BABIIETOCS TOCIE

pas3pymicHus IIy3bIPbKOB pPaCTBOpa MW HUJlaMa 3a CU€T YKIIOHAa HHWXHCTO CCUCHUA
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gomacred 9. OuMILIEHHBIM BO3AYyX Yepe3 BBIXOJHOW MNaTpyOOK 3 BBIBOAMUTCS H3
YCTPOMCTBA.

[TocTeneHHO ypoBEHb pacTBOpa B HMXKHEW 4acTU Kopmyca | moBkIlIaeTcs A0 TeX
1op, MOKa He JOCTUTHET HWKHEW KPOMKH OTBEPCTHs ApeHakHOW TpyOku 11, uepes
KOTOPYIO ynamsieTcsi M30BITOK pacTBopa. Pacxos ymansemMoro pacTBOpa peryupyeTcs
IpU MOMOIIU JPEHAXHOTO BeHTW IS 12. [l mpegoTBpamieHus monajgaHus Bo3AyXa B
YCTPOMCTBO MpeAaycMOTpeH oOpaTHbI kinanaH 13. B koHeuHOM cuéTe, mpu CTaOMIbHOU
paboTe ycTpoiicTBa OOECHEUUTCS TaKoe T'HAPABIMYECKOE paBHOBECHE, KOTJA Pacxoj
MOCTYMAIOIIETO B MOJIOCTh 8§ pacTBOpa OyJEeT paBeH pacxojay ylaisemoro. B HukHel
YacTH BHEIIHEH KOHTAKTHOW TMOJOCTH 8 B 00BbEME pacTBopa IMEHOOOpa30oBaTElIs
MIOCTENEHHO YBEJIMYMBAETCS KOHLEHTPALIMS 3aXBAYECHHBIX U1 CMOUYECHHBIX YaCTHUI IbLIH,
00pa3yrolux, B KOHEYHOM cu€Te, miaM. [Ipu 3ToM yBennyeHne KOHLEHTPaluy YacTHUI]
neUIM B 00BEME pacTBopa IMEHOOOpa3oBarelisi BIEUET 3a COOOM YXYJIIICHUE €ro
CMaYMBaIOIIIe-CBA3BIBAIOIIMX CBOMCTB 3a CUET 3aMEIICHHs 4acTh 00bEMa KUIKOCTHU
(pacTBOpa) TBEPIIMU YACTULIAMU (TIBLIBIO), YTO MPUBOJUT K NOCTENIEHHOMY CHUYKEHUIO
bpakimoHHON >(PGHEKTUBHOCTH OYMCTKHU BO3AyXa OT MbUIM. B KOHEYHOM cueTe, Mmpu
MOJTHOM HACBIIIEHUH 00BEMA KUIAKOCTU (pacTBOpa) TBEPABIMU YaCTUIIAMH (IIBLIBIO)
dbpaknronHas 3¢ (HEKTUBHOCTH OYUCTKH BO3AyXa CHUXKaeTcs 10 25-35%.

Jlns mepuoAauvecKod pereHepaldu CBOMCTB pacTBOpa MeHooOpaszoBaTenst u
CTaOdWJIM3allMi  €ro CMadMBaIOIIE-CBA3BIBAIONIMX CBOMCTB 3a CYET MNOAJEPKAHUS
MOCTOSIHHBIX 3HAYEHUI €ro MOBEPXHOCTHOTO HATSHKEHUSI M KPAeBOTO yIjla CMauyMBaHUs
BEITIOJIHEHO  (prmanHmeBoe  coenuHeHue 18,  obOecmeudnBaroee  BO3MOXKHOCTh
NEPUOINYECKOTO U3BJICUEHUS CEKI[UU YCTPOICTBA U YJIaJ€HUs JIaMa U3 HIKHEW 4YacTu
BHEIIIHEN KOHTAaKTHON moyiocTh 8, a Takxke e€ mpombIBKU. [Ipu 3TOM H3BIekaemas
CeKIMsI YCTPOWCTBa, orpaHnyeHHas Guannamu 17 w18, mocnme pereHeparuu
YCTaHaBJIMBAETCA B MCXOJHOE IMOJIOKEHUE TAKUM O0pa3oM, YTO BCE KOHCTPYKTHUBHBIE
aneMeHThl (Kopmyc 1, BXOAHOW mnaTpyOOK 2, BBIXOJHOM MNaTpyOOK 3) COXpaHSIOT
LEJOCTHOCTh YCTPOHMCTBA MU B MECTax CONPSIKEHHUS] HMMEIT YIUIOTHEHus 19,
oOecrieunBasi U30JISIUIO0 BHEIIHEH KOHTAKTHOM IMOJOCTH 8 U BHYTPEHHEW KOHTaKTHOMN

moJyioctu 15.
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OpakruonHas 3(h(PEKTUBHOCTh OYUCTKHA BO3AYyXa OT TOHKOJHMCIIEPCHOHN MHUIA
(PM2,5) cocraBnser 89,2%, m03BOJIsASI SKOHOMHUTH MPOU3BOJCTBEHHBIE IUIOIIAIN
Omarojmapss TOMY, 4YTO CaMO YCTPOMCTBO HEMOCPEACTBEHHO BCTPAaMBAETCS B
BEHTWILMOHHYIO CUCTEMY M MPAKTUYECKH SBISECTCS 3JIEMEHTOM BO3IyXOBOJA.

Annapam  euopoounamuueckou ouucmku 2azoe [209], obecneunBaroIMl
noBbIlIeHHEe APGEKTUBHOCTH OYUCTKH BO3[yXa OT TMbUIM TPU CHUKCHUU
DHEPreTUYECKUX 3aTpaT HA OPraHU3alMUI0 MPOLECCa OYUCTKHA 3a CYET TOro, 4TO
OCHOBHOW 3amlbLIEHHBIM Ta30BbId MOTOK Oyiaromapss COOCTBEHHOM KHWHETUYECKOMN
SHepruu oOpa3yeT B aKTMBHON 30HE OYMCTKH JIOTIOJTHUTEIBHBIA 00BbEM MEHBI (MTEHHBIM
CcJI0i1).

Amnmapar BrmoudaeT  (pucyHok  5.6) mwnmmHgpwueckuid  kopmyc 1 ¢
TaHTeHIIMAIBHBIM BXOJHBIM MaTPyOKOM 2, BBIXOAHBIM NaTpyOkoM 3 u maTpyOxom 4 mis
BbIBOJIa IUIama. B cpenHeld yactu Kopryca | ycTaHOBI€Ha OMNOpHAsl pemérka 3,
BBHITIOJIHEHHAS B BHJIE NMEep(HOPUPOBAHHON KOHMYECKOW MOBEPXHOCTH, YKPEIJIEHHON Ha
mTOKEe 6, YCTAaHOBJIEHHOM B OMOpe 7 C BO3MOXXHOCTBIO CBOOOJHOrO MEPEMEILECHHUS B
BEPTUKAIBLHOM HarpaBiieHUU. Ha onopHyro peméTKy 5 HachlllaH CloM Hacalku 8, Hax
KOTOPOM pACHoOJIOKEHO OpPOCHUTENIbHOE YycTpoicTBo 9. Ha mToke 6 moja omopHoit
pPEHIETKON 5 YKpEII€H >KaIO3UHBIN BOg00TOONMHUK 10, 00pa30BaHHBIM COOCHBIMU
NPSIMBIMUA KPYTOBBIMU KOHYyCaMH 0€3 OCHOBaHUM, PacOJIOKEHHBIMU JIPYT MO JIPYyTroM
HAa HEKOTOPOM pAaCCTOSIHMM, NPUYEM BCE KOHYChI, KPOME BEpPXHEro, SBISIOTCS
YCEUEHHBIMU M JIUAMETP BEPXHEW OKPYKHOCTH KaXJOTO MEHBIIE JHUaMeTpa
BOOOpakaeMoOro OCHOBAaHMS KOHYCa, PACIOJIOKEHHOro HaJl HUM. B BepxHel yacTu
Kopryca 1 o ocu ycranosieH no3atop 11 Hacaaku 8 ¢ Oynkepom 12 u Hampasistoniei
BopoHkoi 13. Ilpm sTtoM misg oOecnedyeHHWs paBHOW TOJIIHWHBI CJIOS HACaJKd &,
3achinmaemMoil 1o3atopom 11 Ha OMOpHYIO PEeIETKY 5, yroa MEX1y o0pa3yrollei KoHyca
pem€TKu M ero BOOOpakaeMblM OCHOBAHHEM pPaBEH YIJIy €CTECTBEHHOTO OTKOca
UCIIONb3yeMOW Hacanku. Hapx 3a3opom Mexay Hampasisiiomeld BOpOHKOW 13 m
OpOCHUTENIbHBIM YCTPOMCTBOM 9 ycTaHOBIEHA KoJiblieBas rpedénka 14 ¢ dopcyHkamu
nojaun 1neHoooOpaszoBarens 15. B wmxHelt wactu kopnmyca | umerorcs ABa

pasrpy304YHbIX OKHA 16, 3aKpbIThIE pU padoTe anmnapaTa kpsimkamu 17. Tlox
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Pucynox 5.6 - Anmapar ruipoAMHAMHUYECKON OYUCTKU Ta30B

3arpy304HbIMU OKHaMH 16 ¢ Hapy>KHOW CTOPOHBI KOpIyca | yCTaHOBJIEHBI JIOTKOBBIE
ciycku 18.

Amnmapar padoTaer cienyromum oopazom. Bona yepes opocutensHoe yCTpOHCTBO
9 nopmaerca Ha clIOM HacaJKu §, HACHIIAHHBIA Ha NEPPOPUPOBAHHYIO OIMOPHYIO
pemETKY 5, MPOXOIUT Yepe3 CI0M HaCaaKH 8 M MO KaI3UMHOMY BOJA0OTOOMHUKY 10
CTEKaeT K BHYTPEHHEH MOBEPXHOCTH CTEHKH Kopmyca 1, oOpa3ys Ha Hell HelpepbIBHO
cTekarolyro II€HKY. OJHOBPEMEHHO, IOCPEACTBOM KOJIbLIEBOM TIpedéHku 14 ¢

dopcynkamu 15 obecrnieunBaeTCsi HENPEPHIBHOE IMOCTYIJIEHHE MEHOOOpa3oBaress Ha
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IIOBEPXHOCTh Hacagku & U €€ pPaBHOMEPHOE CMayuMBaHUE, INPH OTOM BOJAQ,
MIOCTYTAKOIAs HA MOBEPXHOCTh HACAJKH 8 U3 OPOCUTEIBLHOTO YCTPOMCTBA 9
nepeMeNInBaeTcs C IeHOo0Opa3oBaTesieM, 00pas3ys pacTBOp MEHOO0Opa30BaTelIs.

3anbUIEHHBIM ra3 4Yepe3 BXOAHOW mNarpyOOK 2 TaHre€HUMaldbHO BBOJUTCA B
HIDKHIOIO 4acTh Kopryca | ammapara, rze, mnornajas Ha HENPEpPbIBHO CTEKAOIIYI0 MO
CTEHKE IUIEHKY BOJbl, NMEPBUYHO OUMIIAETCS OT NbuiM. [lamee, cBOOOAHO MpOUs
KATFO3UMHBIA BOJOOTOOMHUK 10, ra3 mpoXoauT Yepe3 CIION Hacaaku § HEMpephIBHO
OpOIIAaeMOM BOJOM, II€ BTOPUYHO OYMILAETCS OT MBUIM. 3aTE€M, MPOXOIs YEPE3 CIOU
neHsl 19, oOpasyemblli Ha MOBEPXHOCTH CJIOS Hacaaku 8 B pe3yibrare OapOoTaxa
pacTBopa MeHooOpa3oBaresisi MOTOKOM rasa, TJie pealiu3yeTcsl 3aBeplIarolIvil 3Tarl
ouucTtku. [locne 4ero OYMIEHHBIM Ta30BbIM IOTOK BBIBOJAUTCS W3 almapara 4yepes
BbIXOJHOW matpy6ok 3. Illmam BeIBogMTCS W3 ammaparta depe3 matpyook 4. Korma
Hacagka 8 3a0MBaeTcs OTJIOKEHUSIMH TbUIM, MPOU3BOIAT €€ ObIcTpyio 3ameny. [lpu
3TOM IITOK 6 OMYCKAaIOT B KpPaWHEE HM)KHEE TMOJIOKEHUE 0 COBMEIICHUS HUXKHEU
KPOMKH OTMOPHOW PEHIETKH 5 C HIXKHUM KpaeM pa3rpy304HbIX OKOH 16, OTKPBIBAIOT
KpbIlIKK 17 ¥ Hacaaka Mo JOTKOBBIM criyckam 18 BeIrpyxaercs u3 anmaparta. [locie
BBITPY3KH 3a0UTOM HacaJKu OKHA 16 3aKpbIBAIOT KpbIKaMu 17, a ITOK 6 BO3BpAIalOT
B IEPBOHAYAIBHOE ITOJOXKEHUE. JlJIg 3achIIKM HOBOI'O CJIOSI HACAJKHA BKIIHOYAKOT
no3atop 11 m w3 OyHkepa 12 Ha oOmopHyw pemeérky 5 moAaloT HEOO0XO0IUMOe
KOJIMYECTBO Hacajaku. Hanmuwme HampaBnsromend BOPOHKM 13 mpenoxpaHseT oOT
nonajanus 3JIEMEHTOB HAacaJKu Ha opocutenbHoe ycTpoiicTBo 9. KomblieBas rpedbénka
¢ (QopcyHkamu oOecreynMBaeT HENPEpPhIBHOE MOCTYIJIEHUE TEHO0Opa3oBaTeNs Ha
IIOBEPXHOCTh HACAJKHU, PABHOMEPHO CcMauyuBas €€, MPU 3TOM BOJA, MOCTYIAIOLIAs Ha
MOBEPXHOCTh  HACAaJKU W3 OPOCUTEIIBHOIO YCTPOWCTBA INEPEMELINBAETCA C
neHooOpazoBaTeneM, 00pasysi pacTBOp MEHOOOpa3oBaTesl, MPOXOAS Yepe3 KOTOPHIi,
ra3oBbli MOTOK 00pa3yeT Ha TOBEPXHOCTH CJOS Hacaiku OOBEM IEHbI, 4YTO
o0ecreynBaeT €ero JIONOJHUTEIbHYI0 OYHUCTKY, OCOOEHHO OT TOHKOIMCIEPCHBIX
bpakuii, a, cienoBaTeNbHO, YBEIHMUMBAET (HpakuuMOHHYIO 3(()EKTHBHOCTH OUYHCTKU
ra3os.

ArmapaT IMO3BOJIACT IIPOU3BOAUTL OYHUCTKY OTXOAAIIMUX Ta30B (HaHpI/IMep,
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CYyIIWIbHBIX 0apabaHOB) OT TOHKOAMCHEPCHON MbUIM (HApUMEp, KEpPaMUYECKOM) C
dbpakuunonnoit (PM2,5) sddexruBroctrio 89,5%, uyTO mnpeBbIIAET (PPAKIUOHHYIO
3¢ (PEeKTUBHOCTH U3BECTHBIX YCTPOICTB Ha 6-8%.

Asmonomnoe ycmpoticmeo 05 yragiusanus u ceasvieanus noliu « OTYO-2-3»
[210], obecneunBaromiee moBbIIeHUE YPPEKTUBHOCTH OOESCIBUIMBAHUS BO3AyXa IPH
CHMKEHUHM SHEPreTHUECKUX 3aTpaT Ha OpraHU3alldio Ipoliecca Mblie3aJepxKaHus Ha
JIEHTOYHBIX TPAHCIOPTEPAX 3a CYET MHOTOKPATHON PELMPKYIISIIUN BBIACISIOMINXCS U3
NOTOKa TPAHCIOPTUPYEMOIO CHIPbSl MBUIEBBIX YacTHL, HWHTEHCU(HUKAIUU HX
CBSA3BIBAHUS U UX BO3BpaTa My3bIpbKaMU MEHbI B IOTOK TPAHCIIOPTUPYEMOTO MaTepuana
npu  o0ecrne4eHu ero MUHUMAJbHOTO YBIAKHEHUS U YBEIUYCHHUS BpEMEHU
UCIIOJIb30BAaHUSI IY3bIPbKOB MEHBI IO CPAaBHEHHIO C KaIUIAMHM JUCIIEPTHPOBAHHOMN
AKUIKOCTH.

YcrpolicTBO  coCTOMT (pHCYHOK 5.7) W3  aclUpalMOHHOTO YKPBITHUS 1,
pa3MenIéHHOT0 HaJ JIEHTOM KOHBedepa 2 ¢ TpaHCHOPTHPYEMbIM O0O0ECIIbUINBAEMbBIM
MarepuanoMm 3. AcnupanoHHOE YKPBITHE | COETMHEHO CO BCACHIBAIOIIMM NaTpyOKom 4
u coobmaercs ¢ mnoOyautenem 5 Taru. Ilpu 3TOoM BcachiBaromiee orBepcTue 6
BCachlBaroliero mnarpyoka 4 cooOLIeHO ¢ IEHTPaJIbHOM YacThlO 3JUIUINTHYECKOTO
Koprnyca 7 TOpHCcHOcOoOJieHHs & JUisl MbUICYJaBIMBaHUS, a BBIXOJHOE OTBEpCTHE 9
noOyuTenss 5 TIrM COOOIIEHO IOCPEACTBOM BO3AYXOBOAOB 10 ¢ KOJIBIIEBBHIMU
AIUIMNTAYECKUMHU  Hacaakamu 11. Dnaountudeckuit  kopmyc 7  COCAMHEH €
TaHT€HLUAJIbHBIM NaTpyOKoM 12, a y BHyTPEHHUX CTEHOK 3JUIMIITUYECKOro Kopmyca 7
pa3MelleHbl KOJIbLEBbIE JUTMNTHYECKUE Hacaaku 11, pacmupsroniyecs o XoAy MoToka
B JJUIMITHYECKOM KOpIyce€ 7 W BBINOJHEHHBIE B BUJE YCEUEHHOTO AILTUNTHYECKOTO
KoHyca 13, BHYTpH KOTOPOTO IO €ro IeHTPaIbHON ocH pa3MeniéH narpyook 14 momaun
NOTOKa TME€Hbl, @ K €ro MajJoMy OCHOBaHHUIO MNPUCOEAMHEH MaTpyOOK moJayu
3anbUIEHHOTO BO3yxa 10, mpu 3TOM O0JIbIIOE OCHOBAHUE COCTABIISIET KOJIBIIEBOM 3a30p
15 ¢ marpyOkom 14 momauu MoToKa MeHbl, COENUHEHHBIM C CHCTEMOW TeHEPUPOBAHMS U
NO/IBOJIa TEHbl. TaHreHIUalIbHbIA NaTpyOOK 12, COEOUHEHHBIN € SUIMITHYECKUM
KOPIycOM 7, BBIIIOJHEH JYyrooOpa3HbIM, a €ro BbIXOJIHOM 3eMeHT 16 pazMenén nepen

BXx0J1I0M 17 B acnupanmontoe ykpoitue 1. Comio 18 BeIxogHOrO 351eMeHTa 16
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Pucynox 5.7 - YcrpoiicTBo nist ynaBnuBanus v cBsizbiBanus bl «OTYO-2-3»

BBIIIOJIHEHO B BUJIE IyTH OKPYKHOCTH, LIEHTP KOTOPOM pa3MeIEH CO CTOPOHBI BXxoaa 17
acnupanuoHHOro ykpelThss 1. bokoBas wacte 19 acnmpanvoHHOro ykpeitus 1
BBIITOJIHEHA BBIMYKJIOW, a TopueBas yacTb 20, pa3MelEHHas HanpoTuB Bxoxa 17 B
aCIMpPALlMOHHOE YKPBITHE 1, BBINOJIHEHA 3aKpyIrJIEHHOM W BOTHYTOHM BHYTPb

ACTIMPAIIMOHHOTO YKPBITUS | U compsikeHa ¢ ero (YKpbiTueM) 00KoBO#M yacThio 19.
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VYerpoiictBo paboraer cienyrouMm ooOpasoM. llpu nepemeleHuH ChITydux
MarepuagoB 3 JIEHTOM KoHBelepa 2 3a CuUé€T HMCTUpaHUS MPOUCXOAUT 0Opa3oBaHUE
NBUIEBBIX YACTHUI[ MO BceMy 00BEMY 3TOro marepuana. Kpome Toro, ompenenéHHOe
YUCJIO YAaCTHIl IBUIM MOXET HAXOAUTHCS B CJIO€ TPAaHCIOPTUPYEMOro Marepuaina 3
TIIOCJIE €T0 NIEPETPY3KHU C KOHBEKEPa Ha KOHBeWep. [lepeMeniaemMpiil MaTepra monaaact
Onmarojapsi KOHCTPYKIIMM JTOTO COIUIa OPraHu3yeTcs KOMITAKTHAs HarpaBieHHAas
HACTWIAIOWIASICA  CTPysS  BO3AyXa, a’pOJAMHAMHYECKHE  MApAMETPbl  KOTOPOU
YCUJIMBAIOTCA MO OCH JICHTHI, 4, CIEAOBATEIbHO, TPAHCIOPTUPYEMOIO MaTepHaa B
HampaBjeHUW Bxoaa 17 acnupauuoHHoro ykpeitusa 1. Ilpu 3TOM mpoumcxoauT
BBIIyBaHHE KaK C MIOBEPXHOCTHU, TaK U U3 00bEMA TPAaHCIIOPTUPYEMOTO MaTepraia 3 Tex
YacTHI[ IbUIM, KOTOpblE 0€3 MPUMEHEHHs YCTPOICTBA MPH JIFOOOM HEOPTaHHM30BAHHOM
BHEIIIHEM BO3JICUCTBUU (MEXaHMYECKOM, a’pPOJUHAMUYECKOM WU JPYyroM) MOTYT
IIEPEUTH BO B3BEIICHHOE COCTOSHUE WU IIOBJICYb YBEJIMYCHUE KOHLIEHTPALUW IbUIM B
BO3/1yX€ paboueil 30HBbl.

[ToOynuTens 5 TArm obecrieunBaeT BcachlBaHME Bo3ayxa. [LmaBHBIA mepexon
ACTIMPAIIMOHHOTO BO3/yXa B AJUIMIITHYECKOM KoOpITyce 7 o0ecrneynBaeT CTaOMIbHOCTD
a’pOJAMHAMHUYECKUX T[apaMeTpPOB YKAa3aHHOTO BcachiBaromero (akeia 1O Bcel
MMOBEPXHOCTH Marepuana, OXBAYCHHOM 3TUM ACHUPALMOHHBIM YKDPBITHEM, & TaKXKe
YCTpaHEHHWE 30H a’pPOJIMHAMUYECKOrO0 3acTOsd B AaCMUPALMOHHOM YKpbITHH 1 H
WHTEHCUBHOE yIAJICHUE MbUIN B MOJOCTh AJUIMIITHYECKOTO KopIryca 7.

B menTpanpHON 4acTH 3JUIMOTAYECKOrO KOpIyca 7 OpPraHW30BaH 3allbLIEHHBIN
HaIIPABJICHHBIM BO3AYIIHBIN MOTOK, YaCTh KOTOPOI'O HAIPABISETCS BO BCACBIBAIOLIEE
oTrBepcTHe 6 MOOyauTeNs S5 TATH, a 3aT€M MO MaTpyOKaMm MoAauy 3abUIEHHOTO BO3AyXa
10 mogBOOMTCS B MOJHOM OOBEME K KOJIBLEBBIM DIUIMITUYECKUM HacagkaMm 11.
YBennueHue COOTHOMIEHUS IUIOIIAIed KOJbLEBOro 3a3opa 15 kaxmoro Hacanka 11 u
COOTBETCTBYIOIIETO MarpyOka mojauyu 3amnbUIEHHOTO Bo3ayxa 10 obecneunBaeT
YBEJIMYECHHUE Pacxoja HarHETaeMOTO B 3a30p BO3yXa MO Mepe MPUOIMKEHUs HACAIKOB
11 k TanreHunasbHOMy TaTpyOKy 12, a, ciiemoBaTeNbHO, IKEKIMOHHOTO 3(ddekra B
nojoctd marpyOka 12, 4YTO co3maeT yCHoOBHS JUIS OPraHMU3alMH  CTaOMIBHOTO

BO3/IyIIIHOTO MOTOKAa 4yepe3 naTpyook 12 u ero comio 18 Kk 00 TpaHCIOPTUPYEMOTO
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Marepuana 3.

Pacnonoxenue narpyOkoB 14 mojaum moTOKa MEHbI HEMOCPEICTBEHHO IO OCU
KOJIBLEBBIX AJUIMNTHYECKUX HacaakoB 11 mo3Bosser oOecneduuth OOBEMHBIM
PKEKIIMOHHBIM  3PdeKT B  MOJOCTH  KaXIOro Hacaaka 11, pamnroHaJIbHO
nepepacupeiesiuTh a’3poOJUHAMUYECKUE U TUAPOJWHAMUYECKHE IMapaMeTpbl 3a CUET
JOCTHKEHUS UX MAaKCHMAaJIbHBIX 3HAYEHUUN B OJTHOU 30HE, TO €CTh Y BBIXOJIHBIX CEUCHUU
Hacajakos 11.

[Ipr 3TOM BO34YyX, BBIXOIAIIMA K3 KOJIBLIEBOTO CEYEHHUA |5 3UIMOTHYECKHUX
HacaakoB 11, cocOOCTBYET 23KEKTUPOBAHHIO My3bIPHKOB MEHBI B CBOCH IIEHTPAILHOMN
YacTH M 4YacTHI] IbUIM B CBOEH NepupEepuilHOM 4YacTh, CO3[aBasi JOMOJIHHUTEIbHbIE
YCJIOBUS JIJIsi UHTEHCU(UKAIIMM CMAaYUBAaHUS TMBLJIEBBIX YACTHUIl B TJIOTHOM, TTOCTOSIHHO
MEPEMEIINBAIOLIEMCS] TOTOKE IY3bIPBKOB TMEHBL. [Ipu 3TOM NpPUMEHEHHE TMEHBI
obecrieuMBaeT MHUHUMAJbHBIA PAacXxoJl XUJIKOCTH HA YBIAKHEHUE YACTHUI] MHbUIA, B
3HAYUTEIBHOMN CTENEHU CHIXKAs EPEYyBIaAXKHEHUE TPAHCIOPTUPYEMOTO MaTepurana 3.

3a cy€T yCTaHOBKM HacaakoB |1 B MOJOCTH J3IUIMIOTHYECKOTO Kopiyca 7
CO37aeTCs BUXPb, OOECIICUMBAIOIINKA JOTMOJHUTEIBHBIA TOAOP BO3AyXa, 3a CYET
KOTOpPOro o0pasyercs sSpo BHUXPsS, U MbUICKUIKOCTHONW a’po30Jib, HAMPABICHHBIA B
30HY BcachIBaromero ¢akena moOyauTenss 5 TATH, MPETEPIeBaeT JOTOJHHUTEIHHOE
nepeMeNnMBaHue, KOTOpOe WHTEHCU(UIUPYET TMPOIECC CMayuBaHUS 32 CYET
YBEJIIMYEHUS UIOIIAIN TOBEPXHOCTH KOHTAKTA YACTUIL MbLIN C IMy3bIPhKaMU MEHBI.

Takum oOpa3oM, Bce 4YacTUIIbl TBUIM, TIOMABIIME BO BCAaChIBAIOIMMKN (aken
noOyautens S5 TATH, B DJIUTUNTHYECKOM Kopryce 7 0053aTelbHO MOJBEPraroTCs
KOMIUIEKCHOMY BO3JEHCTBUI0 WHTEHCUBHBIMHU THUIPOJUHAMUYECKMMH M BHUXPEBBIMU
a’pOJIMHAMUYECKUMU (haKTOPaAMH.

VY cTaHOBKA KOJIBIEBBIX AJUIMOTHYECKUX HACAJAKOB Y BHYTPEHHUX CTEHOK KOpIyca
obecrnieurBaeT HEMPEPHIBHYIO M0/a4y MNEHbl BO BHYTPEHHIOK MOJIOCTh AJUIMITUYECKOTO
kopmyca. [Ipu 3TOM BO3AyX, BBIXOISIIUM M3 KOJBLEBOIO CEUECHUS JJUIMINTUYECKUX
HACAJKOB, CIIOCOOCTBYET 3KEKTUPOBAHMIO IY3bIPHKOB MEHBI B CBOEH IIEHTPAIBLHOMN
YacTH W YacTHI] TbUIM B CBOEH mepudepuilHOM 4YacTh, CO3/1aBasi JOMOJHHUTEIbHbBIE

YCIIOBUA AJIA I/IHTeHCI/ICI)I/IKaLII/II/I CMa4YuBaHUA IBUICBBIX 4YaCTHL B IIJIOTHOM, ITIOCTOSHHO
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NIEpPEeMEIINBAIONIEMCSI TIOTOKE ITy3bIPHKOB TIEHBI. [IpW 3TOM TIpHMEHEHUE TICHBI
oOecrieurBaeT MUHUMAJIBHBI pacxoja KHJAKOCTH HA YBJIAKHCHUEC YaCTHI[ IbLIH, B
3HAYUTEIILHOH CTENIEHU CHIDKAsS MEPEyBIKHEHNE TPAHCIIOPTUPYEMOTO MaTepHaa.
YcrpoiicTBo  o0ecrieuyuBaeT — peajHM3alHMio  [polecca  MbUIC3aepKaHUS — C

€] eKTUBHOCTBIO 95,5%, uTO mpeBBIIAET 3 CKTUBHOCTh HM3BECTHBIX YCTPOMCTB Ha
M 2

15-18%.

5.2 Peanu3anusi MeTOAMKHN OLIEHKU M BHIOOPA ONTUMAJIbHBIX TEXHOJIOTHIA
00eCIbIIMBAHUS MEHOU MPHU IKCILVIYATAUUHN U PEKOHCTPYKIMH

NpeanpPUATHNA CTPOUTEIbHON HHAYCTPUHA

5.2.1 JIns JIeHTOYHOT0 TPAHCIOPTEPA HHEPTHBIX MATEPUAJIOB

ITAO «KCM-10» r. PocToBa-Ha-J[ony

OmanM w3 OOBEKTOB, BBHIOPAHHBIX JJI TPAKTUYECKOW pealu3anul |
MPOMBINIJICHHON anpoOaluu METOAUKHA OIEHKH U BbIOOpA ONTUMAJbHBIX TEXHOJOTHM
oOecrnbUIUBaHUS TEHOM, SBUJIOCh MPEANPUATHE CTpouTelbHOM wuHAycTpun I[IAO
«KCM-10» r. PocToBa-Ha-/loHy.

B pesynbrate mnpenBapUTENbHBIX 3aMEPOB KOHIEHTPALIMM TBUIM B BO3AYyXE
pabounx 30H OBUIO YCTAHOBJIEHO, YTO HamOOJiee 3HAYMMBIM MO BKJIAly UCTOYHUKOM
NbUIC0Opa30BaHUsl W TBUICBBIJICICHUS, a, CJIEJA0BATENbHO, NBUIEBOTO 3arps3HEHUS
BO3JYILIHON Cpelbl SIBUICS JIGHTOYHBIA TPAaHCHOPTEP MHEPTHBIX MATEPUATIOB CKJIAJa
11eOHs.

Jlist uccnenoBaHust MbUIEBOM 00CTaHOBKHM B BO3yXe paboueil 30HbI JIEHTOYHOTO
TpaHCHOPTEPAa HA MOCTOSSHHOM pabo4yeM MeCTe Omeparopa MPOBOJWUIN H3MEPEHUS
KOHIICHTpAIlMU MbUIM I1IEOHS. AHAIM3 W CpaBHEHHE HW3MEPEHHBIX 3HAYCHUU
KoHIeHTparmu neutn 1mebHs (C, wu3MeHsymach B mpepenax or 15 Mr/M° TpH

paboTaromieil CHCTEMe MBUICTIONABICHHS IEHHBIM ajsposoneM g0 120 mr/m® Ge3
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NPUMEHEHUSI CHCTEMBI TBUICTIONABICHHUSI B 3aBUCUMOCTH OT peXuMa padOThI
TpaHCHOpTEPA) ¢ HOPMATUBHBIMU 3HAYEHUSMH MTOKA3aJId, YTO BO BCEX TOYKAX 3aMEpPOB
HaOmonaercs npepbiuenue 1/[K,= 2 MIr/M,

C 1enpi0 CHIDKCHHS 3ambLIEHHOCTH BO3MyXa B pabodeil 30HE W 0OecTedeHUs
Oe3BpeAHBIX YCIOBHM TpyJa omeparopa JIGHTOYHOTO TPAHCIOPTEPA WHEPTHBIX
MaTepHaJioB CKJiajia 1meOHsT HaMu Oblila MPUMEHEHa pa3paboTaHHas METOJMKa BbIOOpa
MakCUMaJIbHO  I(PGEKTUBHON UM DHEPreTUYECKH  IKOHOMHYHONW  TEXHOJIOTHHU
IBUTCTIONABIICHHS] TIEHOH M cooTBeTcTByromas mporpamma «GEEPSUOR» mms e€
peanm3anii W pacyéTa  ONTHMAJIBHBIX  paboYMX  IMapaMeTpPOB  CHUCTEMBI
MBUICTIOAABICHHUS.

B pe3ynbrare B KauecTBe ONTUMAIBHBIX MO 3PGEKTHBHOCTH M YHEPTETUUECKON
SKOHOMHUYHOCTH CTII0CO0a OpTraHU3aIMK U TEXHOJIOTMH MBUICTIOAABICHUS Ha HAaYaIbHOM
y4acTKe JICHTOYHOT'O TPAHCIIOPTEPA MHEPTHBIX MAaTEPUAIIOB CKJIa/ia MIEOHS MPETI0KEHO
clenyroniee:

- B CYIIECTBYIOIICH CHCTEME TMBIJICTIONABICHUS TIEHHBIM a’p0o30JieM peaTn30BaTh
npoliecc Mbuie3afepkanus (PKpaHUPOBAHUSI THUIM) HA OCHOBE NMPUMEHEHHUS BMECTO
(GOpCYHOK, WCTHONB3YIOIMMUX CXKATBIH BO3JyX, CETYATOr0 TIEHOTeHepaTopa 0e3
MPUHY TATEITHHOM Mo 1auu BO3/TyXa, oOpa3yromero Ha MTOBEPXHOCTH
TPAHCTIOPTUPYEMOTO IICOHS CJION TICHBI,

- IPOU3BOIUTENBHOCTH MeHoreHeparopa — 0,031 m%/c;

- Buj neHoobpazosatens — OI1-7,;

- KOHIIEHTpaIus meHooOpaszoBaTessi B BoJgHOM pactBope — 0,15%;

- KpaTHOCTH Tosry4aemoit mensl — 400;

- CTOMKOCTB ntosrydaeMmou rensl — 800 ¢;

- KOHIIEHTpallUsl MbLIK IeOHs B paboueii 30He onepaTopa:

- 0€3 MPUMEHEHHS CUCTEeMBI TibuienoaaBieHus — 117,1 MF/MS;
- B pe3yJIbTATe IPUMEHEHHS CHCTEMBI IIBUICTIONABICHAS — 1,5 MI/M’;

- a(ppexTuBHOCTD NbUIE3aAEpKaHus — 98,72%);

- yAeJIbHBIE PHEPTreTUYECKUE 3aTPaThl HA OPTaHU3AIUIO MTpoIiecca

nbuiezaaepxanus — 120 Br;



227
- SHEPTOEMKOCTHBIN TIOKA3aTelb Mpoliecca meuie3aaepxxanus — 3,78%.

Takum oOpa3om, BHeApeHHe mpeaaaraeMoil Metoauku (mpuiokenue E)
IO3BOJIIET PEATU30BaTh IMPOLECC MbUICTIOAABICHUS HA JIEHTOYHOM TPaHCHOPTEpPE
MHEPTHBIX MAaTEpUAJOB CKJIaga Me0HS C MaKCUMalbHOW 3(P(HEKTUBHOCTBIO U
MUHUMAIBHBIMH ~ DHEPreTHYeCKMMHU  3aTpaTramu,  oOecreumBas  CaHUTApHO-
TUTUEHUYECKUH 3P PeKT 3a CYET CHIXKEHUS KOHILICHTpAIMM NI LIEOHS B BO3JIYyXe
paboueli 30HBI onepaTopa TpaHcnoprépa 1o ypoBHs [1/[K,,,, 3xonorndeckuil 3pQpexr 3a
cuét obecnevenns [1//K,,, 5TOro Bua bl B BO3AYIIHOM OacceiiHe MPOMILJIONIAIKY, a
TAaK)K€ COLMATbHO-DKOHOMHUYECKH 3(pdexT 3a CcYET CHUXKEHUus 3a00JeBaeMOCTH
pabOTHUKOB TPEANPHUATUS U HaceleHus mnpuieraromux Tepputopuil. Ilpu sToM

IKOHOMHUYECKUH A((PEKT OT peanusanuu mnperaraeMoi TexHojgoruu coctaBut 112502

pyo/rog.

5.2.2 Insa 6yabao3epa, 3arpykaiero HHepTHble MaTepuajibl B OyHKep
JeHTouHoro tpancnoprépa bCY ITAO «KCM-10»

r. PocroBa-na-/lony

Hpyrum Hambojee 3HAYMMBIM MO BKJIAJy HMCTOYHUKOM TbLICOOpa3OBaHUS U
NBUIEBBIJICICHUS] HA PAacCMATPUBAEMOM NPEANPUSATUU CTPOUTENBHOW HHAYCTPHUH, a,
CJIeIOBATENbHO, IMBUIEBOTO 3arpsA3HEHUs] BO3JYIIHOrO OacceiiHa MPOMBIIUICHHON
IUIOMIAJKA W TIPWIETaloNIell TEPPUTOPUHN CPENbl SBWICS OYIbI03€ep, 3arpyKaromui
WHEPTHBIE MaTepualbl B OyHKep JieHTouHoro Tpancnoprépa bCY.

Jlnst  uccinenoBaHusi NbUIEBOM OOCTAaHOBKM B paboyeil 30HBI MalllMHUCTA
Oyibao3epa (B kaOMHE) U B SKOJOTUYECKU 3HAUMMOMN 30HE MPOMBIIIJICHHON IJIOIIA KK
(B MecTe OTApIXa) IPOBOAWIM U3MEPEHUS] KOHUEHTPALMH MbUIU MECKa U MIeOHs. AHaIN3
¥ CPaBHCHHE HW3MEDPEHHBIX 3HAYCHUH KOHLEHTpaUMU NIbUIM Tecka u mebHa (Cy
M3MeHsUIach B mpenenax oT 30 mr/m® B kKabuHe Gyibaosepa H 4o 25 Mr/M° B BO3IyXe

AKOJIOTUYECKH 3HAYUMOM 3OHI>I) C HOPMATHUBHBIMHA 3HAYCHHAMHU I1IOKA3aJId, YTO BO BCCX



228
TOYKaxX 3aMEpOB HAOIIOAAETCA COOTBETCTBYIOIME npeBblmieHus [[JK,= 2 Mr/M° 1
IJIK,,= 0,5 Mr/m>

C wnenpio oOecrieyeHus: O€3BPEIHBIX YCIOBUM TpyJda 3a CUET CHIDKCHHS
3ambUIEHHOCTH BO3yXa B paboueil 30HE MalIMHUCTA Oyliblo3epa (B KaOWHE), a TakkKe
o0ecrnedeHns dKOJOTHIECKO 0e30MacHOCTH B BO3AYIIHOM OacceiiHe MPOMBIIICHHOM
TUTOMIAAKHY 32 CUET CHUKEHUS 3albUIEHHOCTH BO3/yXa B 9KOJOTMYECKH 3HAUUMOMN 30HE
(B MecTte oOTmbIXa) HamMu ObUla TpHUMEHEHa pa3padoTaHHAas METOJMKa BbIOOpa
MakCUMaidbHO  3(PPEKTUBHOM W  HDHEPreTHUECKH HSKOHOMHUYHON  TEXHOJOTHH
NBUICTIOIABJICHUST TIeHOM M cooTBeTcTBylomas mnporpamma «GEEPSUOR» s eé
peanu3ani U pacyéTa  ONTHUMAJIBHBIX  pabOo4YMX  MapaMeTpPOB  CHUCTEMBI
TBLIETIOIABICHMS.

B pesynbrate ans Oyibaosepa, 3arpy’Karoliero HHEpTHbIe MaTepuaibl B OYHKep
neHTouHoro tpancnoptépa BCY, mpemnoxkeHa TexHonmorndeckas cxema (pucyHok 5.8)
BBICOKOO((EKTHBHON W HHEPreTUYECKH JKOHOMHYHOW CHCTEMBI TMBUICTIONABICHUS
MIEHOM CO CIEAYIONIMMH TEXHUUYECKIMH XapaKTePUCTHKAMU:

- peanu3oBaTh TMPOIECC TbUIC3aACPKAHUS HA OCHOBE TMpUMEHEHUs (OPCYHOK
KEKIIMOHHOTO THUIMA C MPUHYJUTEIbHOM mMojauell BO3ayxa, OOpa3yloIUX TMepen
paGounM opraHom Oyiba03epa HEMOCPEACTBEHHO Yy TIOBEPXHOCTH MEPEeMENIaeMbIX
WHEPTHBIX MaTepuanoB ¢aken (00Jako) MEHHOTO a’po30Jisl, MPETOTBPAIIAIOIIETO
pacpocTpaHEHUE BhIICISIOMMUXCS MBUIEBBIX YaCTHII,

- Tun popcynku 1BBK —12;

- KOJIMYE€CTBO (POPCYHOK — 2 TIT.;

- MPOU3BOUTEIBHOCTD (IO pacTBOPY MEeHOOOpa3oBaTesl) Kax a0 POpCyHKH —

0,000215 m*/c;

- IaBJICHUE pacTBOpa neHooOpaszopatens nepea popcynkamu — 0,41 Mlla;

- BUJI neHooOpazosarens — «Cammnoy;

- KOHIIEHTpalus neHooopazoBatens B BogHoM pactBope — 0,21%);

- KpaTHOCTh nosiyyaemoit nensl — 600;

- CTOMKOCTH Ttostyuaemoii rnensl — 400 c;

- KOHIICHTpAIMA MMbUTH 1eOHs B paboyeil 30He (B KaOMHE) MalnHUCTa Oybo3epa:
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- 0e3 MPUMEHEHHUSI CHCTEMBI TTbUTCTIOAaBICHUS — 28,3 MI/M;
- B pe3yJIbTAaTe MPUMEHEHHUS CHCTEMBI TIBUICIIONABICHIS — 1,2 Mr/M;
- 3¢ (heKTUBHOCTH OOECIBIIMBAHUS BO3/ayXa paboueii 30HbI — 95,76%;
- KOHIICHTpAIM MbUTH EOHS B BO3/IyX€ SKOJOTUYECKH 3HAUUMOM 30HE (B MeCTe
OT/IbIXa MIPU MITHIEBBIX YCIOBUSAX):
- 6e3 IPUMEHEHHS CHCTEMBI TIbUICIOAaBIeHns — 24,1 Mr/m’;
- B pe3yJIbTATe IPHUMEHCHHS CHCTEMBI bUIeIofaBIeHns — 0,35 mr/m’;
- aKojorudeckas 3Q(HEeKTUBHOCTh 00CCIBUIMBAHUS BO3IyXa SKOJOTHYCCKH 3HAUMMOM
30HBI — 98,55%:;
- YIeJIbHBIE SHEPTETUUECKUE 3aTPaThl HA OPraHU3ALMIO MPoIecca
npuIernionaBienus — 1734 Br;
- SJHEpro€MKOCTHBIN ITOKa3aTelb mpoiiecca meuienoaasienus — 0,193%.

Takum  00pa3oM, BHEApPEHHE TIpeajlaraeéMoi  TEXHOJOTHMYECKOM  CXEMBbI
(mpunoxenne JK) BbICOKO3(D(PEKTHBHON M IHEPreTHUECKH SKOHOMUYHOW CHCTEMBI
MBUICTIONABIICHHST TIEHOM JUIsi OyJibJi03€pa, 3arpy arollero MHEpTHhIE MaTepuaibl B
OyHkep JeHTouHOro TpaHcropTépa bCY, mno3Bonsier peanuzoBaTh MpoIECC
NBUICTIONABJICHUSI C  MaKCUMAaJbHBIMU  3(P(GEKTUBHOCTHIO W DHEPreTUYECKOUN
YKOHOMHUYHOCTBIO, 00ECNeunBasi CAHUTAPHO-TUTUEHNYECKUN d(PPEKT 3a CUET CHIHKEHUS
KOHIIEHTpAIMH TBLIK TIECKa U MIeOHs B BO3yXe pabodeil 30HbI 3arpy304HOTO y4acTKa
1o ypoBHs [I/[K,,, sxonormdeckuid 3pdexr 3a cuér odecneuenus [1/[K,, 5TUX BHUIOB
NBUIA B BO3AYIIHOM OacceilHe MPOMIUIONIAJKH U COLMATbHO-DKOHOMHYECKH 3 dexT
3a CU€T CHWXXEHUS 3a00JIeBA€MOCTH pPAOOTHUKOB MPEANPUATHS U  HaCEJICHUS
npwieraromux Tepputopuit. Ilpm 3TOM 3KOHOMHMUEcKH 3G(dEKT OT pearn3aruu

npejiaraeMou TexXHojaoruu coctaBut 104968 py6/ros.
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5.2.3 JIJis1 JIEHTOYHOT0 TPAHCIOPTEPA YYACTKA MPUTOTOBJIEHUS 0eTOHHOM
cmecu OO0 «3aBoa CcTPOUTEIBHOI0 000PYA0OBAHUSA»

r.PocroBa-na-J/lony

Hpyrum  OOBEKTOM, BBIOpAaHHBIM Il  MPAKTHUYECKOW  peanu3aluu U
MIPOMBITIVICHHON ampoOaIiii METOJUKH OIIEHKH W BhIOOpA ONTUMAIBHBIX TEXHOJIOTHH
oOecnbUIMBaHUs MIEHOH, SIBUJIOCH NpeanpusTue ctpoutenbHo naayctpun OO0 «3aBoj
CTpOUTENILHOTO 000pynoBaHus» T. PoctoBa-Ha-J/[oHy.

B pesynbrate mnpenBapUTENbHBIX 3aMEPOB KOHIEHTPALMM TbUIM B BO3AYyXE
pabouyux 30H OBUIO YCTAHOBJIEHO, YTO HaWOOJIe€ 3HAYMMBIM MO BKJIAAy HCTOYHHUKOM
NbIeOOpa3oBaHUsl W NBUICBBIACICHUS, a, CJIEJI0BATENbHO, NBUIEBOIO 3arps3HEHUs
BO3JIyIIIHOM CpeIbl SIBUJICS JICHTOYHBIM TPaHCHOPTEP YYyacTKa MPUTOTOBICHUS
OETOHHON CMECH.

JInst uccnenoBaHusl MbUIEBOM 0OCTaHOBKHM B BO3yX€ paOoyveil 30HbI JIEHTOYHOIO
TpaHcHopTépa Ha TOCTOSHHOM pabodyeM MecTe oreparopa MPOBOAMIA HU3MEPEHUS
KOHIICHTpAIIMU THUIM TIeCKa W MIeOHS. AHaNMW3 W CPaBHEHHE W3MEPEHHBIX 3HAYCHUN
KOHLEHTpaluyu Nblay necka u mebHs (C, u3MeHsach B npeaenax ot 10 mr/m° TipH
paboTaroleil cucTemMe MbUIeTIOIaBIeHUs TTIeHHBIM ciioeM 110 90 Mr/M° 6e3 MIPUMEHECHUS
CUCTEMBbI TBUICTIOAABICHUS B 3aBHCHUMOCTH OT peXuMa pabOThl TpaHCIOpPTEpa) C
HOPMATHBHBIMM 3HAUEHUSAMM IOKa3aJM, YTO BO BCEX TOYKAaX 3aMEPOB HaOIIOAaeTCs
npesbimenue IJ[K,,= 2 mr/m’,

C 1enpi0 CHIKEHHS 3ambUIEHHOCTH BO3/yXa B paboueil 30He u obecrieueHus
Oe3BpeAHBIX YCIOBUWA TpyJAa oOlepaTopa JIEHTOYHOIO TpaHCHOpTEpa ydacTka
NPUTOTOBJICHUsS] OETOHHOM CcMecH HaMH Oblla TMpUMEHEHa pa3paboTaHHAs METOIMKA
BbIOOpa MakKCUMaIbHO 3(PQGEKTUBHOM M IHEPreTUYECKH SKOHOMUYHOM TEXHOJIOTHUHU
IBUICTIONABJICHHS] TIEHOW © cooTBeTcTByromas mnporpamma «GEEPSUOR» mms eé
peanuzanuMd M pacyéra  ONTUMAJIBHBIX  pabO4YMX  MapaMeTpPOB  CHUCTEMbI
NBUICTIOAABICHHUS.

B pesynbrare B KauecTBe ONTUMAIBHBIX MO 3PGEKTUBHOCTH M YHEPTeTUYECKON
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PKOHOMHYHOCTH CIOcO0a OpraHM3allid HW TEXHOJOTWW TBUICTIOMABICHUS IS
JICHTOYHOTO TPAHCIOPTEPA ydacTKa MPUTOTOBJICHUS OCTOHHOW CMECH MPEIIOKEHO
clenyrouiee:

- B CYIIECTBYIOIIEH CHUCTEME MBUICTIONABICHHS TICHHBIM CJIOEM Pealln30BaTh MPOIECC
npUIe3aiepKaHusl  (PKpAaHUPOBAHWS TBUIM) HAa OCHOBE TMPUMEHEHHS CETYaTOTO
TIeHOTeHepaTopa 03 MPUHYAUTEIBLHON IMOJau BO3AyXa,

- [IPOM3BOUTENLHOCTH eHoTeHepaTopa — 0,048 m’/c;

- BUJI IeHOOOpasoBarens — «CamMmoy;

- KOHIIEHTpalus meHooOpaszoBaTessi B BoJHOM pactBope — 0,24%;

- KpaTHOCTh TToJTy4yaeMou reHsl — 750;

- CTOMKOCTB Tosry4aemoit ensl — 480 c;

- KOHIIeHTpalus nbuu (1o mebHI0) B paboueii 30He oneparopa:

- 0€3 MPUMEHEHHMS CUCTEMBI TbUIenoaaBiaeHus — 89,6 MI‘/M3;
- B pe3y/IbTATe IPUMEHEHHS CHCTEMBI bUIeIofaBIeHns — 1,1 Mr/M°;

- a(ppexTuBHOCTD TBLTE3aAepKaHus (10 meoHt0) — 98,77%;

- yIeTbHBIC YHEPTETHUECKHE 3aTpaThl HAa OPraHU3aIIMIo Mpollecca

nbeuIe3anepxkanus — 235 Br;

- SHEPTOEMKOCTHBIN TIOKA3aTelb Mpoliecca mpuie3aaep:kanus — 2,69%.

Takum 00pa3oM, BHEIpPEHHE NpeIaracMoi MeToAuKu (mpuiioxkenue 3)
MO3BOJISIET pPeaM30BaTh MPOIIECC MBUICTIONABICHUS Ha JIGHTOYHOM TPAHCIOPTEPE
y4acTKa TPUTOTOBJICHHS OETOHHONW CMECH C MaKCUMaldbHOW 3(P(PEKTHBHOCTHIO U
MUHAMAJIBLHBIMU ~ DHEPIeTHYECKUMHU  3aTpaTamMu,  oOecmedwBas  CaHUTAPHO-
TUTHCHUYECKHH A(P(EKT 3a CYET CHIKCHUS KOHIICHTPAI[MU IBUTH TeCKa W IMIeOHS B
BO3JyXe pabodyell 30HBI oreparopa TpaHcnoprépa 10 ypoBHsS [[/{K,,, 3KOIOrH4ecKuil
dpdext 3a cuér obecneuenus [I//K,, >TMX BHJIOB IbUIM B BO3AYIIHOM OacceiHe
MPOMILIOIIAJIKK, @ TaKKe COLMAIBbHO-DPKOHOMHUYECKHH A»((eKT 3a CYET CHUKEHUS
320071€Ba€MOCTH PaAOOTHUKOB MPEANPUITHS U HACEICHHS MPUIIETAIOIINUX TEPPUTOPHUH.
[Ipu »>TOM >sKOHOMHYECKHH d((EeKT OoT peannzanuu NpPeITaracMoil TEXHOJIOTUU

coctaButr 97418 py6/ron.
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5.2.4. JIns acnupanuoHHON cHCTeMbl y3J1a 3arpy3Ku necka u meons bCY

00O «3aBox crpouTenbHOro ooopynosanus» r.Pocrosa-na-/lony

[IpensaputensHo Takke Ha OOO «3aBoj CTPOUTEIHLHOTO O0OPYAOBaHUS» T.
PocroBa-na-Jlony ObLT mpoBeAEH aHAIU3 pe3yJbTaTOB WHBEHTApU3aIlMU HCTOYHUKOB
BBEIOPOCOB THUIM B atMocdepy, B pe3ysibTare 4Yero YCTaHOBJIEHO, YTO Hambosee
3HAYMMBIM TI0 BKJaJy HCTOYHHMKOM BBIOpOCA MBUIM, 4, CJIEIO0BAaTEIbHO, IBUIEBOIO
3arpsi3HEHHs] BO3AYLIHOro OacceiiHa MPOMBINUICHHOW IUIOIIAAKA W MpUiieratrouiei
TEPPUTOPUM SIBWICS BEHTHISIIMOHHBIM BBIOPOC AaCHUPAIMOHHOM CHUCTEMBI Yy3ia
3arpy3ku necka u meOHs bCY, ocHalEHHbBIN B KayecTBE (PyHKUIMOHAIBHOTO 3JIEMEHTA
OYMCTKU MaTepyaThiM (DUIBTPOM.

Jlist uccnenoBaHUs TBUJICBOM OOCTAHOBKM B JKOJOTMUYECKH 3HAUYMMOW 30HE
MPOMBIILJICHHOW TUJIOMIAJIKU (B MECTE OTJIbIXa) MPOBOIAWIN U3MEPEHUS] KOHUECHTPALUU
NbUIM TIecKa U 11eOHs. AHalU3 U CPAaBHEHHE U3MEPEHHBIX 3HAUYCHHI KOHIIEHTpaIluu
nbun necka u mebHs (Cy u3Mensiach 10 21 MI/M: B BO3/yX€ IKOJIOTUUECKH 3HAUMMOM
30HbI) C HOPMATUBHBIMU 3HAYCHUSIMU [OKa3alid, 4YTO BO BCEX TOYKAX 3aMEpPOB
HaOIr01aeTCs coOTBeTCTBYIoNME npepbienus //[K,,= 0,5 Mr/MC.

C uwnenpio oOecrieyeHusi O€3BPEHBIX YCIOBUM TpyJa 3a CUET CHIKEHUS
3anbIIEHHOCTH BO3MYIIHOTO OacceiiHa MPOMBINIICHHOW TUIOMAAKA MYTEM CHUKEHUS
KOHLEHTpallMU MbUIM MEeCKa M IEOHS B BO3AyXE HKOJOTMYECKHM 3HAYUMOM 30HBI (B
MecTe OT/AbIXa) HaMu OblJa TMpUMEHEHa pa3paboTaHHas METoJMKa BbIOOpa
MakCUMaJIbHO  3(P(GEKTUBHON U DHEPreTUYECKH  IKOHOMHYHOM  TEXHOJIOTHHU
NBUICTIONABJICHHS] TIEHOW © cooTBeTcTByromas mnporpamma «GEEPSUOR» mns eé
peanM3auuM W pacy€ra  ONTUMAJBHBIX  paboO4yMX  MapaMEeTpPOB  CHUCTEMBI
NbUIETIOIaBJICHUS.

B pesymbrare mis  (QyHKIMOHAIBHOTO JJIEMEHTA, PEANTHM3YIOIIET0 OYHUCTKY
BO3/lyXa OT MbUIM B aCHUPAIMOHHOW cHCTeMe y3ja 3arpy3ku mnecka u miedns bCY,
paccuuTaHbl CIEAYIOIIKME ONTUMalbHbIE (T.€. OOECIeYMBAIOUINEe  MaKCHMAaIbHbBIE

3HAa4YCHUA 3(1)(1)€KTI/IBHOCTI/I )41 3H€pF€TH‘I€CKOﬁ O9KOHOMHWYHOCTH IIponccCa OIII/ICTKI/I)
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pabouune napaMmeTpsl:

- peanu3oBaTh IMPOLIECC OYMCTKM BO3AyXa OT TMbUIM, TPUMEHSS (QOpCyHKU
MKEKIIMOHHOTO THUIIA C MPUHYIUTEIBHON MOJadeil BO3/IyXa, 00pa3yonux B aKTUBHON
30HE OYMCTKH (haKesl IEHHOTO a3p030JIs;

- tun ¢popcynku 1BBK —12;

- KOJTMYECTBO (POPCYHOK — 1 mIT.;

- IPOM3BOUTENHLHOCTS (II0 PACTBOPY HeHooOpasoBaTems) Gopeyrku — 0,0012 m%/c;

- IaBJICHUE pacTBOpa neHooOpaszopaTes nepes popcynkoit — 0,35 Mlla;

- Bu ieHooOpazoBatens — «OI1-7»;

- KOHIIEHTpalus meHooOpa3oBaTesisi B BOJHOM pacTBope — 1,45%;

- KpaTHOCTb NoJty4aemMoi nensl — 315;

- CTOMKOCTb TTOJTydaeMoi rmeHsl — 650 c;

- KOHIICHTPAIIMA MUK IEOHS B BO3/IyX€ SKOJOTUYECKH 3HAUMMOM 30HE (B MeCTe

OTJIbIXA MPH MITHJIEBBIX YCIOBUIX):
- IPY UCTIOJIb30BAaHUU MPEIBIIYIIET0 BapuaHTa GyHKIIMOHATHHOTO 3JIEMEHTa
OYHCTKH B BHJEe MaTepyaToro ¢ribtpa — 13,7 M/
- B pe3yJbTaTe MPUMEHEHHS CUCTEMBI mbutenogaBieHus — 0,15 MI/M;
- akoJsiorudeckasi 3 (PEeKTUBHOCTh OUUCTKU BO3AyXa OT MbUIH (I10 MIEOHI0) —
98,91%;

- YACIbHBIC YHEPTETUIECKUE 3aTPAThl HA OPTAHU3AIUIO MTPOIIECCa OYUCTKHA BO3IyXa

ot nelu (st mbutH 1eons) — 2015 Br;

- SJHEpro&€MKOCTHBIN IMOKa3aTelb npoiiecca neienogasienus — 1,094%.

s peanM3anuu pacCYMTAHHBIX Pa0OUYMX IMAPAMETPOB MPEIOKEHO HCIOJIB30BAThH
YCTPOMCTBO I OYMCTKU BO3/yXa OT MbLIH (PUCYHOK 5.5).

Takum o0pa3zom, BHEIApEHHE MpeajaraeMoro ycrpoiicrsa (mpuioxenue M) B
KauecTBe (PYHKITMOHAILHOTO JJIEMEHTa, PEau3yIoNero OYMCTKY BO3AyXa OT IMBUIH B
acIUpallMOHHOM cHCTeMe y37ia 3arpy3ku necka u uedns bCY, no3possier peann3oBaTh
IpolecC OYHMCTKM C MaKCUMalbHBIMU  3(G(EKTUBHOCTBIO W DHEPreTUYECKON
PKOHOMHYHOCTBIO, oOecredynBasi dKojJorudeckuii dPdexkr 3a CcYET CHIKCHUS

KOHLICHTpPAaUMU TMbUIM Tecka W wmebHa po [IJ[K,, B BO3IylIHOM OacceilHe
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OPOMIUIOMIA/IKA, a TaKKe COIUAIbHO-DKOHOMHUYECKHH 3PQPEKT 3a CU€T CHUKCHHS
3a005ieBa€MOCTH PAaOOTHUKOB MPEANPUATHS U HACEJICHUS MPWIETAIOIUX TEPPUTOPHUI.
ITpu »TOM »HSKOHOMHYECKHI 3((EeKT 0T peannzauuu NpeIaraéMol TEXHOJIOTUU

coctaBuT 81346 py6/ros.

5.2.5 Jlnsl JIEHTOYHOT0 TPAHCIIOPTEPA yUYACTKA TPAHCIOPTUPOBKHM TNeCKa U
nmedoHs 0eToHOCMecHTeJIbLHOro otaeaenusa ITAO
«MocToxkesne300eToHKOHCTPYKUMs» baraiickuii 3asoq MKBK

r. Baraiicka PocToBcKoii 001acTH

[TpakTryeckyro peain3aluio U IPOMBIIUICHHYIO apo0aIii0o METOJMKH OLIEHKU
U BBIOOpA ONTUMAIBHBIX TEXHOJOTHUH OOECHBUIMBAHMS TEHOW MPOBOJIWIM TaKKe Ha
npeanpustau crpoutenbHol uHayctpuu I[IAO «MocToxene300e TOHKOHCTPYKIIHS
Baraiicknii 3aBogq MJ)KBK r. baraiicka PocTtoBckoii o0OnacTu.

B pesynbrate mnpenBapUTENbHBIX 3aMEPOB KOHIEHTPALIMM TbUIM B BO3AYyXE
pabounx 30H OBLUIO YCTAaHOBJIEHO, YTO HaMOOJIee 3HAYMMBIM MO BKJIAQTy HMCTOYHUKOM
nbUIeOOpa3oBaHusl M TBUICBBIJICTCHUS, @, CJIEIOBATEJIbHO, TMBIJIEBOTO 3arps3HEHUS
BO3JYLIHOM CpeAbl SIBUJICS JIEHTOUYHBIM TPAHCIOPTEP y4acTKa TPAHCIIOPTUPOBKH MECKa
U 11IeOHST OETOHOCMECUTEIBLHOTO OTCICHUS.

Jlns uccaeoBaHus MbIJIEBOW OOCTAHOBKHU B BO3AyXe paboueil 30HbI JIEHTOYHOTO
TpaHcHopTépa Ha TOCTOSHHOM paboyeM MecTe omeparopa MHpPOBOIWIM H3MEPEHUS
KOHIICHTpAIlMU MbUIM 1I€OHS. AHAIM3 W CpaBHEHHE HW3MEPEHHBIX 3HAYEHUU
KOHLICHTpaluy IbUIM necka u mebHs (Cy n3MeHsnach B npeaenax or 105 mr/m® o 120
mr/m° Ges NPUMEHEHUS! CUCTEMBI IMbUICTIONABICHUSI B 3aBUCUMOCTH OT pexuMa padoThl
TPaHCIOPTEPA) C HOPMATUBHBIMH 3HAYECHUSAMU BBIABUIN npeBbimicHus [/[K,,= 2 Mr/m°
BO BCEX TOYKAX 3aMEPOB.

C 1enbio CHIKEHUS 3amnbUIEHHOCTH BO3JyXa B paboueil 30He u obecrieueHus

Oe3BpeAHBIX YyCIOBUW TpyJda olepaTopa JEHTOYHOTO TpaHCHOpTEépa ydacTka
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TPAHCIIOPTUPOBKMU Iecka M IMIeOHSI OETOHOCMECHUTENIBHOTO OT/JEJICHUsS HaMmHu ObuLia
npuMeHeHa pa3paboTaHHas METOAMKAa BbIOOpa MakKCUMalbHO J(()EKTUBHONH U
OPHEPreTUYECKH  DKOHOMHMYHOM  TEXHOJOTMM  MBUICNOJABICHHUS  TEHOM U
cootBercTByromas mnporpamma «GEEPSUOR» mns e€ peammsamuum u  pacuéra
ONTHMAJIBHBIX pa00YHX TTaPaMETPOB CUCTEMBI TBIJICTIONABIICHHUS.

B pesynbrare B KauecTBe ONTUMAIBHBIX MO 3PGEKTUBHOCTH U YHEPTreTUYECKON
HYKOHOMHUYHOCTHU CIIOC00a OpraHU3aIMK U TEXHOJIOTHH MBUICTIOAABICHHS Ha HAYaJbHOM
YYacTKE JICHTOYHOTO TPAHCIIOPTEPA MHEPTHBIX MAaTEPUAIOB CKJIa1a MEOHS PEITI0KEHO
cienyrouiee:

- OpraHW30BaTh CHUCTEMY TBLJICTONABICHUS TEHHBIM CIIOEM, PEaTU3yIOIIyI0 MPOIecc
nbUIe3aiepKaHusl  (PKpAaHUPOBAHHWS TBUIM) HA OCHOBE TMPUMEHEHHS CETY4aTOTo
NIeHOTeHepaTopa 03 MPUHYAUTEIBLHOM IMOJau BO3AyXa,

- IPOU3BOJAUTEIBLHOCTh IIeHOTeHepaTopa — 0,052 Mlc;

- Buj neHoobpazopatens — OI1-7,

- KOHIICHTpaIus MeHooOpaszoBaress B BogHoM pactBope — 0,19%);

- KpaTHOCTH ToJry4aemoit mensl — 850;

- CTOMKOCTh nosrydaemoit nensl — 1200 c;

- KOHIIEHTpallUsl MbLIK IeOHs B paboueil 30He onepaTopa:

- 10 TPUMEHEHHMS CUCTEeMBI NbuienoaaBiaeHus — 119,5 Mr/M3;
- B pe3yJIbTaTe MPUMEHEHHUS CHCTEMBI TIBUICIIONABICHHS — 2,0 MI/M;

- appexTuBHOCTD TIBLTE3aAep)Kanus — 98,33%);

- YACIBbHBIC PHEPIreTUYCCKUE 3aTPaThl HA OPTaHU3AIUIO MTpoIIecca

nbuie3aaepxanus — 175 Br;

- SHEPTOEMKOCTHBIN TTOKA3aTelb Mpoliecca mpuie3aaepxxanus — 2,44%.

Takum oOpa3zom, BHeApeHUe TnpemIaraeMoir Metoauku (npunoxkenue K)
MO3BOJISIET pPeaiu30BaTh MPOLIECC MbUICTIOJABICHUS Ha JIGHTOYHOM TPaHCHIOPTEPE
ydacTKa TPAHCIOPTUPOBKH TIECKa ¥ MICOHS OETOHOCMECHTEITHLHOTO OTACICHHS C
MaKCUMaJIbHOW 3()(PEKTUBHOCTHIO M MHHHMAIBHBIMH JHEPTETHUECKHUMH 3aTpaTamH,
o0ecrieuynBasi CAaHUTAPHO-TUTUEHUYECKUNM A(DPEeKT 3a CUET CHUKEHUS KOHIEHTpaIuu

IBUIM TIeCKa U MIeOHS B BO3Ayxe paboueil 30HBI olepaTopa TPAHCIOPTEPA IO YPOBHS
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IIIK,;, >xonorndeckuil 3¢¢dexr 3a cuér obecneuenus [I/J/K,, >TUX BUJOB IbUIM B
BO3JIYLITHOM OacceifHe MPOMIUIONIAIKY, a TakKe COLMaIbHO—A3KOHOMUYECKHUM A(PekT
32 CU€T CHWXKEHUA 3a00JIeBa€MOCTH pPAOOTHUKOB MPEANPUATHS U  HaCEJCHUS
npwieraromux Teppuropuil. Ilpu 3TOM 3KOHOMHMYEcKHl 3(Q(dEKT OT peanuzaluu

npejiaraeMou TexHojaoruu coctaBut 101472 py6/rog.

5.2.6 Insa acnMpanuoHHOM CUCTEeMBbI y3J1a 3arPy3KHU MecKa v 1me0Hs
ITAO «MocToxkene300eTOHKOHCTPYKIus» baraiicknii 3aBog M7KBK

r. baralicka PocTroBcKkoi o0J1acT

[IpenBapurensino  Takxke Ha IIAO  «MocToxkene300eTOHKOHCTPYKIUS
baraiickmit 3aBog MJKBK r. Baraiicka PocTroBckoit obGiactu ObLT IpPOBEAEH aHAIU3
pe3yibTaTOB HWHBEHTApU3AIlMM HCTOYHMKOB BBIOPOCOB TbUIM B arMmocdepy, B
pe3ysibTaTe Yero YCTaHOBJEHO, YTO HamOoJjiee 3HAYUMBIM MO BKJIAAy HCTOYHHUKOM
BBIOpOCA TBUIM, a, CIEAOBATENIbHO, MBUIEBOTO 3arpsi3HEHHsS BO3YIIHOTO OacceiiHa
IPOMBIIIVICHHON TUIOHIAJAKKA W TpUJIErarlouiell TeppUTOPUU SBWICS BEHTHIISILIMOHHBIN
BBIOPOC acCHUpPAlMOHHOW CHUCTEMBl Yy37a 3arpy3kd Tecka H IIeOHS ydacTka
NPUTOTOBJICHUS] OETOHHOW CcMecH, OCHAIIEHHBIA B KayecTBE (YHKIIMOHAIHLHOTO
3JIEMEHTA OYUCTKH OaTapeiHbIM IIUKIOHOM (1-51 CTyIeHb) U MarepuaThiM GUIETpOM (2-
S CTYTEHB).

Jist uccnegoBaHUs TBUIEBOM OOCTAHOBKM B 3KOJOTMYECKH 3HAUYUMOW 30HE
IPOMBIIIEHHON TUIOMIAJKU (B MECTE OT/bIXa) MPOBOAMIM U3MEPEHUS KOHLEHTpALUU
NBUIA TeCKa W MmIeOHs. AHANW3 M CpaBHEHHWE M3MEPEHHBIX 3HAYCHHI KOHIIEHTpaIluu
nbun necka u mebns (Cy u3mensiach 10 37 MI/M B BO3/IyX€ 9KOJIOTHYECKH 3HAUMMOM
30HbI) C HOPMAaTUMBHBIMU 3HAYEHHSIMHU IIOKa3aJd, YTO BO BCEX TOYKaxX 3aMEpoB
HaOmogaercs cooTBeTcTBytomue npessimenus [7/{K,,= 0,5 Mr/m°,

C wuenpio oOecrieyeHus O€3BpENHBIX YCIOBUH TpyJda 3a CUET CHHXKEHHS

3albUIEHHOCTH BO3JAYIIHOW Cpeabl MPOMBIIIICHHON IUIOIIAJAKA IYTEM CHHXKEHUS
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KOHIICHTpAIIM{ THIIM TEeCKa W MEeOHS B BO3MyXE DKOJIOTHYCCKHM 3HAYMMOUN 30HBI (B
MecTe OT/AbIXa) HamMu OblJa TMpUMEHEHa pa3pabdoTaHHas METoJMKa BbIOOpa
MakCUMaJIbHO  3(PGEKTUBHONH M DHEPreTUYECKH  DKOHOMHYHOW  TEXHOJIOTHH
NBUICTIONABJICHHS] TEHOW H cooTBeTcTByromas mnporpamma «GEEPSUOR» ans eé
peanm3anii W pacyéTa  ONTHMAJIBHBIX  paboYMX  IMapaMeTpPOB  CHCTEMBI
MBLUICTIOAABICHHUS.

B pesynbrare manga GyHKIHOHATBHOTO 3JIEMEHTA, PEAM3YIOIIEr0 2-10 CTYIEHb
OYMCTKH BO3yXa OT MBUIA B aCUPAIMOHHON CHCTEME y3Jia 3arpy3KH TecKa W MeOHs
BCY, paccuuTansl cieayrone onTuMaibHbIe (T.€. 00ecneunBaronue MaKCUMalbHbIE
3HaYCHHUS S(PPEKTUBHOCTH W JHEPreTUYCCKOM SKOHOMHYHOCTH IPOIECCa OYUCTKH)
pabouune mapameTphl:

- peanm3oBaTh BO 2-M CTYINEHHM NPOIECC OYMCTKH BO3AyXa OT TBUIM Ha OCHOBE
npuMeHEHUsT (HOPCYHOK MKEKIIMOHHOTO THIA C MPUHYAUTEIHHON Mojadeil Bo3ayxa,
00pa3yIolrx B aKTUBHOW 30HE OUUCTKHU (haKelsl IEHHOTO a’pO30JIs;

- Tun popcynku 1BBK-12;

- KOJIMYECTBO (POPCYHOK — 1 mIT.;

- [IPOM3BOUTENBHOCTS (II0 PACTBOPY MeHooOpasoBateis) Gopeyrku — 0,0027 m¥/c;

- TaBJIeHWE pacTBopa neHooOpazoBarens nepen Gopcynkoit — 0,41 Mlla;

- Buj neHooOpazopatens — «OI1-7»;

- KOHIICHTpAIUs IEHO00pa3oBartelis B BOJHOM pacTtBope — 1,27%);

- KpaTHOCTH Tosry4aemoit ensl — 420;

- CTOMKOCTB ToJTydaeMoii nmensl — 460 c;

- KOHIICHTpAIIMA MUK EOHS B BO3/IyX€ SKOJOTUYECKH 3HAUUMOM 30HE (B MECTe

OTJIbIXA MPH IITHJIEBBIX YCIOBUSIX):
- IIPY UCTIOJIb30BAaHUH TPEIBIIYIIETO BapuaHTa 2-i CTyNeHU QyHKIIMOHATBHOTO
AJIEeMEHTa OYMCTKH B BUJIe MaTepuaroro ¢puiabTpa — 36,4 Mr/M3;
- B pe3yJIbTaTe IPUMEHEHHS CHCTEMBI IbUIenogasieHns — 0,27 Mr/m°;
- 9Kostoruueckas 3¢ (HEeKTUBHOCTH OYUCTKU BO3AyXa OT MBUTH (10 MIEOHI0) —
99,26%;

- YACJIBHBIC SQHCPICTUYCCKHUC 3aTPAThl HAa OPpraHU3alHIO0 ITPOoIecCa OYUCTKH BO3aAyXa
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ot meutH (110 eoHt0) — 1873 Br;
- SJHEPro&€MKOCTHBIN IMOKa3aTellb npoliecca neienoaasienus — 1,219%.

Jns peanuzaluy pacCUUTAHHBIX PaOOUUX MaApPaMETPOB IMPEIOKEHO TaKKe
UCTIOJIb30BaTh YCTPONUCTBO JIJISl OYMCTKH BO3/IyXa OT IMbutH (pUCYHOK 5.5).

Takum 00pa3oMm, BHEIpEeHHE MpeliaraeMoro ycrpoictBa (mpuwiokenue JI) B
KadecTBe ()yHKIIMOHATHHOTO 3JIEMEHTA, PEATH3YIOMIETO 2-10 CTYIeHh OYMCTKU BO3AyXa
OT TBUIM B AacCNHUPALMOHHOM CHCTEME Yy3/a 3arpy3kd IMecka M MIeOHS ydacTka
MPUTOTOBJICHUSI OETOHHOM CMECH, IMO3BOJISIET peaju30BaTh MPOIECC OUYUCTKU C
MaKCUMaJIbHBIMH 3 ()EKTUBHOCTBIO M DHEPIreTHUECCKON YKOHOMHYHOCTHIO, 00eCTIeUnBast
AKOJIOTHYECKUN d(PGEKT 3a cuéT CHIKEHHUS KOHIICHTpAIlMU TBUIM TecKa W IIeOHS 0
IIJIK,,, B BO31yIIHOM OacceliHe MPOMILIONIAIKH, a TAKKE COLUAIbHO—IKOHOMUYECKUN
b dexT 3a cu€T cCHUKEHHUS 3a00J1eBa€MOCTH PAOOTHUKOB MPEANPUITHS U HACEICHUS
npuieratonux tepputopuil. Ilpu 3TOM sKOHOMHMUeckuil 3P(DEKT OT pealn3aluu
npejIaraeMo TeXHOJI0TuM coctaBuT 41671 py6/ro.

KpoMe Toro, mNpoOMBIIUICHHYIO amnpobaruioo  pa3pabOTaHHOW  METOJUKHU
ocymecTBsuH Takke Ha 3AO «PocToBckuii 3aBox XKenezobeToHHBIX KoHCTpYKITHii» T.
PocroBa-na-Jlony i nenrounoro tpancmnoprépa BCY (mpunoxenue M). B stom
clydae KpoMe€ CaHUTapHO-TUTMEHUYECKOTO U COIUATbHO-DKOHOMUYECKOTO, JOCTUTHYT
skoHOMHUYECcKu# 3ddekT B pazmepe 65491 py6/roa.

[TonyueHHble pe3yJbTaThl HCCICIOBAHMN U pa3paboTaHHAs METOJMKA TaKXkKe
UCIIOJIb30BaHBI B y4eOHOM mporiecce DeaepanbHOTO TOCYIapCTBEHHOTO OFOKETHOTO
00pa30oBaTENBLHOTO YUPEKIACHHS BBICIIETO OO0pa3oBaHus «JlOHCKOW ToCymapCTBEHHBIN
TEXHUYECKUN YHUBEPCUTET» MPU MPOBEACHUU JICKIIMOHHBIX U MPAKTUUECKUX 3aHSATHUM
CO CTyJCHTaMHU HamNpaBJICHHs] MOATOTOBKH «TexHocdepHas 0e30MacHOCThY», MPOohuiIn
«be30macHOCTh TEXHOJIOTHYECKHUX MPOIIECCOB M MTPOU3BOJICTBY U «HKeHepHas 3amuTa
OKpyXaromie cpenpl» (mpuwioxkenue H) mno aucummiuHam:  «be3omacHOCTb
KUBHEACATEIbHOCTH», «TeopeTnyeckue OCHOBBI 3allUThl OKPYXKAIOIIEH Cpelb»,
«IIpormeccyl U anmapathl 3alllUThl OKpY>KaroIIew cpeab», «MexaHnnka MHOro(a3zHbIX
cpen», «PacyeT v MpoeKTUPOBAHUE CUCTEM OOecreueHus: 0€30MaCHOCTIY, a TaKKe MPU

BBIIIOJIHEHUH  Hay4dHoO-uccienoBarensckux  padbor @O®I'BOY  BO  «/loHckoi
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roCyJapCTBEHHbIM TEXHUYECKUN YyHUBepcuTeT» 1o Teme: «Co3nate U BHEAPUTH
UH)KCHEpPHBbIE CHCTEMbl OOECHEeUeHUsT YHMCTOTHl BO3JyXa B IMPOU3BOACTBEHHBIX
NOMEIICHUSIX M MPEayNpexkICHUs 3arpsA3HEHUs aTMoc(epbl  MPOMBIIUICHHBIX
WIOW@AA0K», 1o TeMe: «Pa3paboTka U BHEApPEHHWE B NPAKTUKY CHUCTEM
XKHU3HEeoOeCcreueHnss B IPOU3BOJCTBEHHOM M OKpY’Kalollell cpeaax» B paMKax
KOMILJIEKCHOM HayYHO—TE€XHUYECKOU MporpaMMbl MUHKHCTEpCTBA 00pa30BaHus U HAYKU
P®; no teme: «CoBEPIIEHCTBOBAHME METOAWYECKUX MOAXOJIOB K OLEHKE JUHAMUKHU
3arpsi3HEHHUs] BO3JYIIHOTO OacceliHa TEPPUTOPUN TOPOJACKUX 3aCTPOCK C ydeTOM
PErMOHANBHBIX TMPUPOJIHO-KIMMATHYECKUX, T'PaJOCTPOUTENIbHBIX OCOOCHHOCTEH U
XapaKTepUCTUK HMCTOYHHUKOB 3arps3HEHUS BO3AyXa» B paMKax TIOCYyAapCTBEHHOIO
3amanuss MunucrepcTBa oOpazoBanusi U Hayku P®, No rocyaapcTBeHHON perucrpaiuu
5.4244.2011; mo Teme Hay4yHO-00pa30BaTENbHOrO MpoeKkTa «PeleHne KOMIIEKCHBIX
npoOiemM mo pa3padOTKe METOJOJIOTMH BhIOOpA KOMIUIEKCA BBICOKO3(D(PEKTUBHBIX U
SKOHOMUYHBIX TPAJOCTPOUTENBHBIX, TEXHOJIOTUYECKUX U CHELHAIbHBIX HHKEHEPHBIX
MEpPOTPUATUNA TI0O 00ECTIEUEHUIO0 FKOJIOTHYECKO 0€30MaCHOCTH TEPPUTOPUI TOPOACKUX
3acTpoek» B pamkax [Iporpammer Ctparerndeckoro pa3BuTus yHuBepcuTera Ha 2012-
2016 rr., Ne rocynmapcrBeHHoil peructpaunu 01201365848; mo teme: «HayuHoe
000CHOBaHME KOHIIENIIMM U pa3pabOTKa METOJOJIOTMH OILIEHKH, pacyera |
IPOEKTUPOBAHUS DKOJIOTMYECKH J(P(EKTUBHBIX M DHEPreTUYECKH SKOHOMUYHBIX
CHOCOOOB U CPEJCTB CHMKEHUS 3arpsA3HEHMs] BHIOPOCOB MPEANPUATUH CTPOUTEIHHOU
UHIYCTPUU U OOBEKTOB TOPOACKOTO XO3SMUCTBA HJisi OOECHEYEeHMS] HKOJIOTHYECKOM
0€30MaCHOCTH TEPPUTOPHI HACEIEHHBIX MECT» B paMKaX I'OCYAApCTBEHHOIO 3a/IaHMS

MunucrepctBa oOpa3zoBanus u Hayku P®, Ne rocyaapcTBeHHOW perucTpanuu

114041840023.

BrIBOABI

Takum 06p3,30M, B KadcCCTBC peKOMCHI[aHI/Iﬁ OIpCACJICHbBI OCHOBHBIC

HaIpaBJICHWA COBCPIICHCTBOBAHUA KaXXJ101ro oTaria peain3anuu Imponecca
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oOecTbUTMBAHUS BO3MyXa IICHOW HA OCHOBE TOBBIMICHUS dS(PPEKTUBHOCTH TPHU
o0ecreueHn MAaKCUMAaJIbHOM »HEpPreTMYecKOoil SKOHOMUYHOCTH, a, CIIEIOBaTeNIbHO,
NOJIy4eHa BO3MOXKHOCTh COBEPIIEHCTBOBATh CYIIECTBYIOIIME M pa3padaThiBaTh HOBbHIE
TEXHUYECKUE pelIeHHus] (CrnocoObl M CpPEACTBA) Uil JOCTHMKEHUS ONTUMaIbHBIX
3HAUYCHUW  yHOMSIHYTBIX  BBIIIE  PE3YyJIbTUPYIOMUX  MapaMeTpoB  Tpolecca
o0OecrbUIMBaHUSI.

Takoke BBITTOTHEHA TIPAKTHYECKAst ampoOariss METOAUKHA TPUHSTHS PEIICHUS 110
BBIOOPY MakCUMaIbHO 3(P(EKTUBHBIX W JHEPTeTHUYECKH SKOHOMUYHBIX TEXHOJIOTHH
o0ecnbUTMBaHUS TIEHOM:

- MPU IKCIUTyaTallid U PEKOHCTPYKIIMU 3aBOJOB MO U3TOTOBJICHHUIO KEJI€300€TOHHBIX
KOHCTPYKILIWH;
- IPY IPOBEJICHUH HAYYHBIX MCCIIEIOBAaHUI U B y4eOHOM IpoLecce.

PesynmbraThl  muccepTanmoHHOW — pabOThI  BHEAPEHBI HA  MPEANPHSITHIX
ctpoutenbHoit nHaycTpun: [TAO «KombOuHat crpoutensubix MatepuanoB (KCM) Nel(O
(r. PoctoB-Ha-/lony), OOO «3aBoa crpouTeabHOro obopymaoBanus» (r. Poctos-Ha-
JHony), TTIAO «Mocroxkene300eToHKOHCTpYKIMs» bataiickuii  3aBonm MIKBK (T
baraiick PoctoBckoit obnactu) u 3A0 «PocroBckuit 3aBon JKene300€TOHHBIX
Kouncrpykuuii» (r. PocroB-Ha-ZloHy).

Brenpennbsie pa3pabOTKu MO3BOJMMIM 00ECTIEUUTh HOPMATHUBHBIC 3HAYCHUS
KOHIIEHTpAIIMU MBUTH TecKa W MIeOHs Ha MOCTOSHHBIX pabouyux MecTaxX MpeIrpUsiTUN
CTPOUTEIBHOM HMHAYCTPUM 3a CUET CHUKEHUs (QakTthyeckoro ypoBHs Ha 96-99%,
00€eCIeunB CONMMATbHO-IKOHOMUYECKUH d(DPEKT MO KaXAOMY MPEITPHUITHIO B CPETHEM
ot 40 1o 130 TeIC.py0/TO HA OCHOBE MPETOTBPAIICHHOTO SKOHOMUYECKOTO0 yIiepoa oT
NOTEePU TPYJAOCHOCOOHOCTH PAOOTHUKAMU TIPEANPHUSATHS.

B pesynbpTaTe BBIMOTHEHHBIX UCCIIEIOBAHUA MOXKHO 3aKIIOYUTh, 9TO B Ka4€CTBE
NEPCTIEKTUB JaJbHENIIIeH pa3pab0oTKH TEMbl HEOOXOIMMO MPEITIOKUTh HAIIPABIECHUS 110
HOBBIIIEHUIO 3((EKTUBHOCTH U DHEPreTUYECKOM HKOHOMUYHOCTH  CIIOCOOOB
OpraHu3allMi W TEXHOJIOTHUH TMbUICTIOJNABICHUS TIEHOM, a TaKXKe M0 PaCHIUPEHHUIO
00J1aCTH TPUMEHEHUS MTPEAJIOKEHHOW METOJUKH T10 CIIEKTPY BUOB MbLIEOOPA3YIOIIETO
MaTepualia W MPOU3BOJCTBEHHO-TEXHOJIOTUYECKOTO OOOpYJOBaHUS MPEINPUATUI

CTPOMMHAYCTPHH.
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SAK/IIOYEHUE

B nmmccepranuonHoil paboTe MpEACTABICHO pEIICHHE aKTyalbHOW 3aJadyd 10
COBEPILIEHCTBOBAHUIO  METOJa OIEHKHM U  BbIOOpa  BBICOKOA(P(HEKTUBHBIX U
HPHEPreTUYECKU SKOHOMHMYHBIX HWHXEHEPHBIX CHCTEM OOeCHbUIMBaHUSI IEHOU
TEXHOJIOTUYECKOTO CBIPhS M BO3[yXa C IEJbl0 oOecredeHus: Oe3BPEIHBIX YCIOBUU
TpyAa B pabouyux 30HAaX MPEANPUSATHN CTPOUTEILHONW HWHIYCTPUH, a TaKKe
HKOJIOTUYECKH O€30MacHbIX YCIOBUM, OJaronpusTHbIX sl >KU3HEIEATEIbHOCTH
HACEJICHUS TOPOJICKUX TEPPUTOPUI.

[Tpu 3TOM chopMyIUPOBaHBI CAEAYIOLINUE UMO2U BbINOIHEHHO20 UCCNE008AHUSL:

1. BwisiBieHsl OCHOBHBIE (DAaKTOPHI M HCTOYHUKH 3arps3HEHUS BO3AYIIHON CpeIbl
TOPOACKHUX TEPPUTOPHI, XapaKTEPHbIEC NIl MPEANPUATHIN CTPOUTEIbHON UHIYCTPUH, A
TaK)k€ OCOOEHHOCTHM COCTOSIHHSI BO3YIIHOW Cpefbl B pab04YMX 30HAX 3aBOJOB IO
W3TOTOBJICHUIO JKEJIE300€ TOHHBIX KOHCTPYKIIHH.

2. OnpenesneHbl U ONMUCAaHBl YHEPTETHUECKUE XaPAKTEPUCTUKHU TPOIIECCOB U SBJICHUH,
Ha0II0/IJaeMbIX B TMBLIEBBIX a9PO30JISIX, a TAKKE OIEHEHO BIUSHUE ATUX OCOOCHHOCTEH
Ha YCIIOBUS peain3aliuy Ipoliecca 00ecbIIMBaHUS BO3/IyXa.

3. BeImosHeH aHanM3 COBPEMEHHOTO COCTOSHUS TCOPUU M MPAKTUKU OOECHBUINBAHUS
TEXHOJIOTUYECKOTO CBHIPhS M BO3/yXa MEHHBIM CIIOCOOOM Kak Hambojee SKOHOMUYHOU
TEXHOJIOTUU OOPBHOBI C MBUIbID, TEXHOJIOTHYECKUX OCOOCHHOCTEH MOJIyYEHUS MEHBI, €€
OCHOBHBIX CBOWCTB U YCIIOBHI MEHOOOPA30BaHMs, a TaK:KE€ MU3BECTHBIX METOIUYECKHUX
MOJXO/IOB K OIIEHKE M BBIOOPY ONTHUMAJBHBIX [IJIS 3aJlaHHBIX TPOU3BOJICTBEHHBIX
YCJIOBUH TEXHOJIOTUH 00€CTIBUTMBAHUS TTIEHOM.

4. Pa3paboTaH aaropuTM peanu3anuu (GU3HKO-IHEPTeTHUECKOTO MOAX0Aa K OIECHKE U
BBIOOPY ONTHUMAJBHBIX JUIS 3aJaHHBIX TMPOU3BOJICTBEHHBIX YCJIOBUH TEXHOJIOTHI
oOecrnbUIMBaHUs TIEHOW HA OCHOBE IMOCTPOCHUS (U3UYECKUX MOJEJCH MpOoIeccoB
3arpsSI3HEHUS W CHWKCHHS 3arpsi3HEHHS TEXHOJIOTMYECKOTO ChIPbS M BO3AyXa JJIs
OCHOBHBIX  TEXHOJOTMYECKHMX  IPOLIECCOB HAa  3aBOJAX IO  HM3FOTOBJICHUIO

XKeJe300€TOHHBIX KOHCTPYKIUH.
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5. [Ilomydyenbl mapamMeTpuuecKhe 3aBUCUMOCTH J(PGEKTUBHOCTH U  KpUTEpUs
OPHEPreTUYECKON  HKOHOMUYHOCTH  (SHEPrOEMKOCTHOIO  IOKaszaTels)  mpolecca
oOecnbUIMBaHUSl TEHOM BO3JyXa UM TEXHOJOTMYECKOTO ChIpbA JUIsl  YCJIOBHUH
JKCILTyaTalMH JICHTOYHBIX TPAHCIIOPTEPOB.
6. PazpaboTana MeTouka IpUHATHS PELISHUsI TI0 BRIOOPY 3KOIOTrHYecKH 3 (HEKTUBHBIX
U DHEPreTUYeCKd SKOHOMUYHBIX TEXHOJOTMi O0OeCHbUIMBAaHUSA [I€HOW, BKIIOYAS:
¢opMupoBaHue OJOKa MCXOIHBIX JAaHHBIX JJS OLEHKU U BBIOOpA ONTHUMAaJbHBIX
TEXHOJIOTUHA  OOECHbUIMBAHUS ~ TIEHOM, MaTeMaTH4YecKoe OIMCaHHWe Mpoliecca
oOecnbuUIMBaHUsl TEHOM Ha 3Tamax nbUIe3afepkaHus (IKpaHUPOBAHUS), OYHCTKHU
BO3/lyXa OT MbUIM U PACCEMBAHMS MbUIM, a Takke (POpMUpPOBaAHUE JIOTUYECKOTO OJoKa
BbIOOpA ONTUMAJILHON TEXHOJIOTUU 00€CIIbUIMBAHUS TIEHOM.
7. Ha ocHoBe pa3paOOTaHHON METOJMKH BBIMOJIHEHBl TEOPETUUYECKHE pPACUEThl U
ompeneneHbl 00JacTH CYIIECTBOBAaHWS 3HAYEHHM CAHUTAPHO-TUTHEHUYECKOW U
IKOJIOTUYECKOMN 3P(HEKTUBHOCTH, a TAKKE IHEPreTUYECKON SKOHOMUYHOCTH Pa3IMYHBIX
TEXHOJIOTUA OOECHbUIMBAHUSA IEHOM IJIs NPOW3BOJCTBEHHBIX YCJIOBUH 3aBOJOB IO
U3TOTOBJICHUIO JKEJI€300€TOHHBIX KOHCTPYKIIH.
8. BroimomHena  mpoBepka  pa3paOOTaHHBIX  TEOPETUUYECKUX  IMOJIOKECHUN
OKCIIEPUMEHTAIBHBIMU  HCCIEJOBAaHUSMU B J1aOOpPaTOPHBIX  YCIOBUAX  Ha
HKCIIEPUMEHTAJIBHOM CTEHJE [UISl HCCIEJOBaHUS pE3YyJbTUPYIOIIMX MapaMeTpoB
pa3IMYHBIX TEXHOJOTUI 00ECTbUIMBAHUSA MEHOW TEXHOJOTHYECKOTO CBHIPhS U BO3AyXa
JUIsl TIPOM3BOJACTBEHHBIX YCIOBUM 3aBOJOB 10 M3TOTOBJIEHUIO KeJIe300€TOHHBIX
KOHCTPYKIMH,  pa3padOTaHHOM M CMOHTHPOBAaHHOM B Jiaboparopuu Kadeapbl
«nxenepHas  3amura  okpyxkawromed — cpeap»  OI'BOY BO  «/loHckoit
rOCyAapCTBEHHBIA TEXHUUECKUN YHUBEPCUTET.
9. BbINONHEHO  COMOCTaBICHHE  PE3yJbTaTOB  TEOPETHUECKHX  PACUYETOB  C
DKCIIEPUMEHTAJIbHBIMU  JIAHHBIMH W OLEHEHAa  BO3MOYKHOCTb  IPAKTUYECKOTO
UCIIOJIb30BaHUsl pa3paOOTaHHOM METOAMKH. YUHUTBIBAas MOTPEIIHOCTh IMPOBEACHHBIX
u3MepeHuil 3(PpPEeKTUBHOCTH O0OECTBUIMBAHUSA W YACIbHOW 3aTpAayeHHON HHEPruH,
pe3yJbTaThl TEOPETUYECKUX PACUYETOB B JIOCTATOYHOM  CTENEHU COMVIACYIOTCA C

JaHHBIMHA 9KCIICPUMCHTAJIbHBIX HUCCIeA0BaHUI COOTBETCTBCHHO B npeacinax
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OTHOCUTEIBHBIX morpemHocTeil Ac=+13,26% u AN=%9,7% mnpu moBepuUTETHLHON
BeposTHocTH p=0,95.

10. BrinmonHeHa npakTuueckas anpooOaiusi METOAUKH MPUHATUS PELIEHUs MO BBIOOPY
MaKCUMaJIbHO  A(OPEKTUBHBIX W  DHEPIeTUYECKH  HKOHOMHUYHBIX  TEXHOJIOTHH
oOecrbUIMBaHUSl TEHOW TMpU OKCIUTyaTallkd ¢ PEKOHCTPYKIIMHM  3aBOJIOB IO
U3TOTOBJICHUIO >KENIE300€TOHHBIX KOHCTPYKIMUA, a TaKXke MpPU MPOBEICHUM HAyYHBIX
UCCIEIOBAHUM M B Yy4eOHOM mpoliecce. Pe3ynbrarbl JaucCepTallMOHHOW palOThI
BHEJpEHbl Ha mpeanpuatusx crpoutensHoil wunayctpuu: I[IAO  «KomOunar
ctpoutenbHbix MatepuaioB (KCM) NelO (r. Pocros-na-/lony), OOO «3aBon
CTPOUTEIBHOTO 000pyIOBaHUS» (r. PocroB-Ha-J{ony), ITAO
«Mocroxene300eToHKOHCTpyKIus» baraiickuii 3aBog MKBK (r. Bataiick PoctoBckoit
obnactu) u 3A0 «PocroBckuit 3aBon XKenezoobetonnnix Konctpykiuit» (r. PoctoB-Ha-
JHony). BHenpeHHble pa3paOOTKW IMO3BOJWIM OOECIEYUTh HOPMATHBHBIC 3HAYCHUS
KOHIICHTpAIIMU MbUIA TeCKa U MICOHS Ha MOCTOSHHBIX pabOyMX MecTax MPearnpUsTHM
CTPOUTEIHPHOW WHAYCTPUHM 3a CUET CHIDKEHUs (QakThdeckoro ypoBHsS Ha 96-99%,
00ecrnedynB COIMATbHO-2KOHOMUYECKHUI d(PGHEKT Mo KaXIoMy MPEANPUITUIO B CPETHEM
oT 40 10 130 ThIC.py0/TOT Ha OCHOBE MPEIOTBPAIICHHOI0 SKOHOMHYECKOTO yIiepOa ot
MOTEPHU TPYJIOCTOCOOHOCTH PAOOTHUKAMU TIPENIPHUSATHS.

B kauectBe  pexomenOayuti  ONPENENEHbl  OCHOBHBIE  HANpPaBIICHUS
COBEPIIICHCTBOBAHMS KaXKJOTO 3Tala peajn3alldy Mmpoiecca 00SCIbUTMBAHMS BO3IyXa
MEHOM Ha OCHOBE TMOBBIMICHUS A()PEKTUBHOCTH MPU OOECIICUCHUH MaKCUMaJIbHOM
HPHEPreTUYECKOM HKOHOMHUYHOCTH, @, CIJEIOBAaTEIbHO, IOJIYy4Y€HAa BO3MOXKHOCTh
COBEPILICEHCTBOBATh CYIIECTBYIOIINE M pa3padaThiBaTh HOBBIE TEXHUYECKUE PEIICHUS
(cmocoObI U CpeAcTBa) JJis JOCTHKEHHUSI ONTUMATbHBIX 3HAYCHHUH YIIOMSHYTHIX BBIIIEC
PE3YIABTUPYIOLIUX MTApaMETPOB Mpolecca 00ECIbUITMBAHMUS.

Ilepcnexkmuessl danvhelwell pa3pabomku memsl 3aKIOYAIOTCS B MPEIOKEHUIX
[0 COBEPILICHCTBOBAHUIO CIOCOOOB OpraHU3AlMM W TEXHOJIOTHH MbUICTIOAaBICHUS
NIEHOM, a TaKk)Ke MO PaCIIMPEHUI0 00JACTU MPUMEHEHUs MPEI0KEHHON METOJUKHU T10
CHEKTPY BUOB IbLICOOPA3YIOIIETO MaTepHalia U MPOU3BOICTBEHHO—TEXHOJIOTHYECKOTO

000pyI0BaHUs MPEANPUATHI CTPOUUHAYCTPHH.
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IIpunoxenue I

PGSYHBTaTBI OKCIICPUMCHTAJIbHBIX HCCIeAOBaHUI Imponecca nbuiC3aaCpKaHusA

Taomuna I[1.I°.1
Pe3ynbTaThl 3KCIEpUMEHTAIBHBIX HCCIICIOBAHUH TIpoIiecca MbuIe3aAepyKaHus TEHHBIM
crroco6oM (HaJ1 ISHTOH MOAAIOIIEr0 TPaHCTIOPTEPA Iepe] y3I0M IEPETPy3KH,

MbLIb EOHS)

T CKopocTh Konnenrpa- Havampnas Koneunas D¢} pexTHBHOCTD
IIeH000- JBIKEHHA s KOHIIEHTpa- | KOHIIeHTpa- IbLIe3azep-
pasoBa- TIeHTEI IIeH000pa30- ITHA TIBLI, I [TBLIH, JKaHHd,

Tens TpaHCIOPTEpPa, BaTed, C,, Mr/M° C,. Mr/M° Esp ns) . %0

Dpp M/C Cho » %0
0.4 817,53 42,29 94.88
0.6 839,45 40,62 95,16
02 0.8 860,17 41,16 95.21
1.0 823.52 37,85 95.47
0.4 868.43 39,84 95.41
§ 0.6 915,42 36,18 96,05
S 0.3
8 0.8 963,11 37,08 96,15
M 1.0 948,79 37,21 96,08
0.4 954,69 37,86 96,03
0.6 962,84 34,77 96,39
o 0.8 981.38 39,51 95,97
1.0 986,19 39,68 95.98
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Tabnuua [1.I.2

PGSYHbTaTBI OKCIICPUMCHTAJIbHBIX I/ICCJ'ICILOBaHI/Iﬁ Imponecca MnblIC3aACpiKaHnsA IICHHBIM

crocoOoM (HaJl JISHTOM MOJAIOIIETo TPAHCTIOPTEPA MEPe y3IIOM Neperpy3KH,

MbUIb TIECKA)

Tun | Cxopocts | Ilepemany | Konmenrpa- | HavanbHas Koneunag B¢ dexTus-
IEeHO- | JBIDKeHHS BBICOT IS KOHIIEHTpa- | KOHIEeHTpa- HOCTb
o0pa-| IIEHTHI MEKIY neHooOpa3o- | I IBLIH, U4 BT, | IBLIe3aznep-
30Ba- | TPAHCIIOp- | TPAHCIIOP- BaTeld, C, . Mr/m’ Cy,MIAL JKaHHA,
Tend TEpa, TEpaMI, Cho, % E:,gg,_(,,_g ). %
Omp, M/c ]{r?epa M
0.4 273.84 38.61 85.90
0.6 296,52 40,54 86.33
0.2 0.5
0.8 327.09 36.83 88.74
1.0 308.16 39,06 87.32
0.4 298.49 37.26 87.52
= 0.6 330.16 36,32 88.99
= 0.3 0.5
8 0.8 348.47 35.21 89.90
7 1,0 342,03 35,17 89.72
0.4 316.83 29.84 90,58
0.6 308,27 26.61 91.37
0.4 0.5
0.8 300,51 24,98 91.69
1.0 287.74 21.14 92,65
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Tabnuua I[1.I.3

PC3y.]'IBTaTBI OKCIICPUMCHTAJIbHBIX HCCJ’I@I{OB&HI/Iﬁ Imponecca nbuIC3aaACprKaHus IICHHBIM

criocoOoMm (B paboueit 30He y3i1a Meperpy3Ku, MbLIh MIeOHS)

Tun | Cxopocts | Ilepeman | Konmentpa- | HawanpHas Koneunas | D¢dexTus-
IIEHO- | JIBIDKEHHA BBICOT VG KOHLIEHTpa- | KOHIIEHTpa- HOCTb
o0pa- | JIEHTH MEXIY IeHo00pa3o- | I NI, s OBUIM, | TIBLIE3AJEp-
30Ba- | TPAHCIIOP- | TPAHCIOP- BaTell, C, , Mr/m’ C, . MI/AY AKAHHA,
Tend Tépa, TE€paMH, Cp . % Espns) - %0
Ump, M/c ]{r?ep: M
0.4 273,84 38.61 85.90
0.6 296.52 40,54 86.33
0.2 0.5
0.8 327.09 36.83 88.74
1.0 308,16 39.06 87.32
0.4 298.49 37.26 87.52
= 0.6 330,16 36.32 88,99
= 0.3 0.5
5 0.8 348.47 35.21 89.90
7 1.0 342,03 35,17 89.72
0.4 316.83 29.84 90.58
0.6 308,27 26.61 91.37
0.4 0.5
0.8 300,51 24,98 91.69
1.0 287,74 21,14 92.65




275

Tabnuua I[1.I'.4

Pe3yanaTm OKCIICPUMCHTAJIbHBIX PICCJ'I@I[OB&HI/Iﬁ mponecca MnblIC3aJACpKaHrA MICHHBIM

criocoOom (B paboueli 30He y371a meperpy3Ku, MbLUTb MecKa)

Tun | Ckopocts | Ilepenan | Konmentpa- | HavambHad Koneunas D¢ pexTus-
IEHO- | IBIKEHHS BBICOT 1A KOHIIEHTpa- | KOHLEHTpa- HOCTb
obpa-| IeHTHI MEXIY IeHoo0pa3o- | LU IIBUI, LU OBIIM, | IBLIe3anep-
30Ba- | TPAHCIIOP- | TPAHCIIOP- BaTelLd, C, , Mr/rC C,,Mr/r JKaHHA,
Tensd Tépa, TE€pamil, Cho . % E34,_(,,3 ). Yo
Omp, M/c [_[nep.a M
0.4 273.84 38,61 85.90
0.6 296.52 40,54 86.33
0.2 0.5
0.8 327.09 36.83 88,74
1.0 308.16 39,06 87.32
0.4 298.49 37,26 87.52
= 0.6 330.16 36,32 88.99
b= 0.3 0.5
8 0.8 348.47 35,21 89.90
¥ 1.0 342.03 35,17 89,72
0.4 316.83 29.84 90,58
0.6 308,27 26,61 91.37
0.4 0.5
0.8 300.51 2498 91.69
1.0 287.74 21,14 92,65
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[Ipunoxenue /1

PGSYJIBT&TBI SKCIICPUMCHTAJIBHBIX I/ICCJ'I@,Z[OBaHI/Iﬁ mponecca OUYNCTKU
BO3JyXa OT IIbLJIN

Ta6muma I1.21.1
Pe3ynbTaThl 3KCIEpUMEHTAIBHBIX MCCIICIOBAHUI TTPOIIecca OYMCTKH BO3TyXa OT MBLIN

MIEHHBIM CTIOCOOO0M (TIEHHBIN a3p030Jib, MBUTH MIEOHS, BCTPEYHOE JBUKECHUE)

Tun | Cxopocte | Konnen- | [laBnenue Havanbnas Koneunasa DdexTus-

MEeHO- | BO3IyHI- Tpanms pacTBopa KOHIIEHTpa- | KOHIIeHTpa- HOCTB

obpa- | HOro Io- IIeHO- neHooOpa- LIS MBI, LU IBIIH, OYHCTKH

30Ba- | TOKAa B aK- obpaso- 30BaTend Gy, MI/M° Cx, MI/M° BO3JyXa OT

Tend THBHOHI BaTelld, nepen BTN,
30He Cho . % OpoCHTe- Espo). %

OYNCTKH, JIAIMH,
Dg.o, M/C H,. MIla

0.2 875,31 162.98 81.38

0.3 815.89 122,63 84.97

0.4 0.4 823.45 93,63 88.63

0.5 818,90 68,71 91.61

0.6 867,04 48,81 94,37

0.2 890,05 158.61 82.18

0,3 843,21 114,59 86.41

0.6 0.4 867.85 90,78 89.54

0.5 902,15 57.11 93.67

S 0.6 845,76 24,19 97.14

= 2.0

(3 0.2 834,53 139.12 83.33

M 3 855,44 109.67 87.18

0.8 0.4 891,28 63,73 92.85

0.5 902,52 40,25 95,54

0.6 852,11 1.87 99.78

0.2 863.43 124,16 85.62

3 877,11 95.78 89.08

1.0 0.4 891,31 48,22 94,59

0.5 852,57 22,85 97,32

0.6 893,12 1.61 99.82
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Tabmuma I1./1.2

PCBYJ'IBT&TBI OKCIICPUMCHTAJIbHBIX I/ICCJICILOBaHI/Iﬁ mponecca OUYMCTKH BO3yXa OT IIbLJIN

MEHHBIM CTIOCOOOM (TIEHHBIN a’3P030Jib, MBLIb IIEOHS, CITyTHOE ABUKEHUE)

Tun | Cxopocts | Konmen- | JlaBneHue HagabHas Koneunas D¢ dexTs-
IIEHO- | BO3yNI- Tpauus pactBopa KOHLEHTpa- KOHLIEHTpa- HOCTbH
o0pa- | HOro Io- [IeHo- IeHoo0pa- 1A TIBLIH, LU IIBLIH, OUHCTKH
30Ba- | TOKa B ak- obpaso- 30BaTeNd Cy, MI/M Ck, MI/M> BO31yXa OT
Tend THBHOH BaTens, nepesn IIBLTH,
30He Cuo . % OpocHTe- Esp (o) . %0
OTHCTKH, TIIMH,
Dg.o, M/C H,. MIla
0.2 786,35 122.75 84,11
0.3 803,14 97.58 87.85
0.4 0.4 803,11 67.55 91.61
0.5 834.91 45,25 94,58
0.6 788.95 23.35 97.04
0.2 769,05 113,74 85.21
0.3 845,12 89,67 89.39
0.6 0.4 813.09 57,81 92.89
0.5 835.42 40,69 05,13
g 0.6 870,34 17,84 07.95
= 2.0
5 0.2 856,22 117,73 86,25
M 0.3 861,35 78,3 90,90
0.8 0.4 809,76 54,01 03,33
0.5 811.43 27.91 96.56
0.6 866,15 13,68 98.42
0.2 901.15 103.90 88.47
0.3 843,12 67.03 02.05
1.0 0.4 855,16 36.26 95.76
0.5 813.05 15.12 08.14
0.6 832.55 3.75 99,55
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Tabmuma I1.71.3

PCSyHBTaTBI OKCIICPUMCHTAJIbHBIX I/ICCJ'ICI[OBaHI/II\/'I nmponecca OYUCTKH BO3yXa OT IIbLJIN

MEHHBIM CIIOCOOOM (TIEHHBIN a3p030J1b, MU MIECKA, BCTPEYHOE JBUKECHUE)

Tun | Ckopocts | Konmen- | JlaBuneHue Havanbnas Koneunas D¢ ¢dexTus-

IeHO- | BO3QYII- Tpanus pactBopa KOHILIEHTpa- KOHIIeHTpa- HOCTh

obpa- | Horo mo- IIeHO- IeHoodpa- L1114 [IBLII, L1 IBLUIH, OUYHCTKH

30Ba- | TOKa B aK- obpaso- 30BaTENd C,, MI/M Cy Mr/M° BO31yXa OT

Tems TUBHOHI Barel, nepen IIBLIH,
30HEe Cho . % OopocHTe- Esp o). %0

OYHCTKH, TAMH,
Ds-0, M/C H,, MIla

0,2 845,13 132,01 81.89

0,3 857.43 124,76 85.45

0.4 0.4 863,12 88,90 89,70

0.5 876.45 65.03 92,58

0.6 880.19 40,40 95.41

0,2 875,44 147,16 83,19

0,3 901,30 118.25 86,88

0,6 0,4 885,15 84,27 90,48

0,5 869,32 45,55 94,76

% 50 0,6 870,16 15,75 98.19

ij 0,2 881,57 137,97 84,35

h 0,3 879.42 109.3 87,57

0.8 0.4 875.60 55,69 93.64

0,5 880.30 28.96 96.71

0,6 895.64 1,61 99.82

0,2 883.48 118.92 86.54

0,3 868,49 83,55 90,38

1.0 0.4 870,35 36,73 95,78

0,5 893,22 14,02 98.43

0,6 876,75 0,70 99,92
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Tabmuma I1./1.4

PC3yHBTaTBI OKCIICPUMCHTAJIbHBIX I/ICCJ'ICI[OBaHI/II\/'I nmponecca OYUCTKH BO3yXa OT IIbLJIN

MEHHBIM CIOCOOOM (TIEHHBIN a3p030J1b, MBUTH MECKA, CIyTHOE JBUKCHUE)

Tun | Cropoctt | KonieHt- | [laBIeHHe Hauamnenag Koneunas D¢ ¢pexTus-
IIEHO- | BO3JyLI- panus pacTtBopa KOHIEHTpPa- | KOHIEHTpa- HOCTh
obpa- | HOro Io- IIeHo- IeHoo0pa- IS TIBLIH, LU MBLTH, OUHCTKH
30Ba- | TOKa B ak- obpazo- 30BaTeq C,, MI/M C,, Mr/M° BO31yXa OT
TeNs THBHOI BaTel, nepen IIBLIH,
30HE C,o . % OpOCHTe- Esg (o) . %0
OYNCTKH, TISIMU,
Ve-0, M/C H,. MITa
0,2 883,51 122.37 85,22
0,3 868,62 102,58 88,19
0,4 0,4 870,41 66,06 9241
0,5 8933 39.04 95,63
0,6 876,15 18,49 97.89
0,2 875.88 120.61 86,23
0.3 815.14 75,48 90,74
0.6 0.4 823.67 50,16 93,91
0,5 818,12 31,50 96,15
é 0,6 867,85 9.81 98.87
= 2.0
8 0,2 890,31 112,18 87,40
h 0,3 843.44 69,58 91,75
0.8 0.4 867.65 47,55 94,52
0.5 902.77 22,75 97.48
0.6 845,15 8.03 99.05
0,2 881,61 90,3 89,75
0,3 879,20 59,08 93,28
1.0 0,4 875,53 28,02 96,80
0,5 880,45 6.43 99,27
0.6 895,53 0.18 99,98
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IIpunoxenue E

Komnus akra Bueapenus meroauku Ha [TAO «KomOunat CTpoUTeIbHBIX

Marepuanos-10» r. PoctoB-Ha-Jlony

YTBEPXJIAIO

M.II.

"eHepaIbHBIH JUPEKTOP

AKT BHEJIPEHUSE
pe3yJbTaTOB Hay4HO-UCCIIEI0BATENbCKUX, OMBITHO KOHCTPYKTOPCKUX H
TEXHOJIOTHYECKHX paboT

Hacrosumm akToM MOATBEpXKIAETCA, YTO pe3yibTaThl pabotel: «TeopeTnueckoe
obocHOBaHKE U pa3paboTKa CrOcOOOB OpraHU3allMy ¥ TEXHOJIOTUH MBUIEIO1aBIEHHS IIEHOM
Ha MPEJINPUATHIX CTPORMHIYCTPHIY,

BbINOIHEHHOU:  COMCKarelaeM, JoueHToM Kadeapsl «VmHkeHepHas — 3auiura
okpyxatoieii cpeas» ®IBOY BIIO «PocToBCKMI rOCYAapCTBEHHbIH CTPOHTETBHBII
yHuBepcuteT» I'ypoBoii OxcaHoit CepreeBHoI,

nposooumoui___c¢ 16 mapra 2015 rona mo 9 mrons 2015 roaa

@HeOpeHbl: HA YYacTKE TPAHCIOPTHPOBKM CKJIaJ1a MHEPTHBIX MartepuanoB [IAO
«KCM-10» r.PocroBa-na-/loHy.

1. Buo 6HeOpenHbix pe3yivbmamos: METOINWKa OLEHKH U BbIOOpa ONTUMAaIBHON 110
CaHWTapHO-TMTHEHNUYECKOH  d(P(DEKTHBHOCTH U DHEPreTHYECKOH  HKOHOMHYHOCTH
TEXHOJIOTMH MbLIENO1aBIECHUS IEHOH Ha JIEHTOYHOM TPaHCIIOPTEPE.

2. Xapaxmepucmuxa macuima60o6 éneopeHus: €INHAYHOE.

3. @opma eHeOpenus: TPUMEHEHHE METOJMKU U ajlropuTMa e pealusaluu Ui BbIOOpa
MaKCUMaabHO  3(G(EKTHBHOH M JHEPreTHYecKd  SKOHOMHUYHOH  TEXHOJIOTHMH
TbLICTIOIABICHNUS TIEHOM, a Takke pacyéra e€ pabodynx napaMeTpoB.

4. Hosusna pe3yismamos HayuHO-uccie006amensckux pabon: NPUHLHUIIHAIBHO HOBBIE.

5. O6vexm eHedpeHus: TEHTOUYHBIA TPAHCIIOPTEP MHEPTHBIX MAaTEPUAIOB CKIaja MEeOHs.

6. Coyuanvnbiil,  K0M02UYeCKUll U HAYYHO-MeXHuU4ecKui  @ghexm:  BHELPEHHE
npejlaraéMoifl  METOAMKM IIO3BOJISIET  PEal30BaTh [POLECC IBUIENONABICHUS Ha
JEHTOYHOM TpPAHCMOPTEPE € MAaKCUMAIbHOW S(PGEKTUBHOCTBIO. U MHMHMMAIbHBIMH
JHEPreTHYECKUMH 3aTpaTamu, obecrieurBas CaHWTApHO-THTMeHHYecKu# >ddexT 3a cuér
CHWJKEHHSI KOHLIEHTPALMH MU 1eOHs B Bo3ayXe paboyeil 30HBI OnepaTopa TpaHCIopTépa
a0 yposus I1JIK,,, sxonoruyeckuit spdekr 3a cuér obecneuenns 11K pe) 3TOrO BHAa
MBUTH B BO3AYIIHOM OaccelfHe MpPOMILIOIAJKH, a TaKKe COLHUAIbHO-DKOHOMHYECKHI
ekt 3a cyér cHuKeHHs 3a0071€BaeMOCTH pabOTHWUKOB MNPEANPHUATHS M HACEIECHHS
NpHWIETaoIUX TEPPUTOPHIA.

Ot npeanpusaTus:

Hagansauk niexa XXbU
(0on%) T)

(<% (Yeensu M.O.)
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[Ipunoxenue XK

Kormus akta BHeApeHus TexHosorudeckoit cxeMbl Ha [TAO «KombOurar CTponuTeIbHBIX

Marepuanos-10» r. PoctoB-Ha-Jlony

VYTBEPXJIAIO

MH/K"Q“:“':‘: .
6 2T RUEPANbHBIH JIMPEKTOD

Davunus 1.0,

2015 .

AKT BHEJIPEHUS
pe3yJbTaToOB HAy4YHO-HCCIIEI0BATEIbCKHX, ONBITHO KOHCTPYKTOPCKUX M
TEXHOJOrH4yecKkux pador

HacrosiuM akToMm [OATBEpIKAacTCs, 4TO pe3ysbTarhl pabotsl: «Teopernueckoe
oGocHOBaHKE M pa3paboTKa crocoGOB OpraHM3alluKk ¥ TEXHOJIOTHH MbIIENOAaBICHHS NEHO
Ha MPEANPHATHIX CTPOHHHILY CTPHIN,

6bINOJIHEHHON:  COMCKaTeaeM, JoleHToM Kadeapsl  «MmkeHepHas — 3ammTa
okpyskatoweit cpeas» PI'BOY BIIO «PoctoBekuit rocy1apCTBEHHBIH CTPOUTEIbHBIN
yuuBepeure™ ['ypoBoii Okcanoii CepreeBHoif,

npoeodumoti ¢ 16 mapta 2015 rona no 9 uions 2015 roaa

6HeOpeHbl: Ha y4yacTKe TPAHCIOPTHPOBKM CK/IAajJa MHEPTHBIX MaTepuanos [IAO
«KCM-10» r.PocroBa-Ha-/loHy.

1. Buo eHeopenHwix pe3ynomamos: BbhICOKOY(P(EKTUBHAS U DHEPreTHYECKH YKOHOMHYHAs
cHcTeMa IbIJICHOaBICHHs [IeHO# s Oyabp/103epa, 3arpysKaloliero MHEPTHBIE MaTEpHalIbl B
OyHKep JieHTouHOoro Tpancnoprépa bCY.

2. Xapakmepucmuxa macuimabo6 HeopeHus: €IMHUYHOE.

3. @opma eHeOpenua: TEXHOJIOTMYECKas CXeMa BbICOKOID(EKTHBHON M SHEPreTHUECKH
SKOHOMHMYHOM CHCTEMBbI [bUICNOJABICHUS MeHOW /U1 Oyiabjo3epa, 3arpykarouliero
MHEPTHbIE MaTepuasbl B OyHKep JIeHTouHOro Tpancnoptépa bCY .

4. HosusHna pe3yiomamoe Hay4¥Ho-uccie006amenbCkux padom: NPUHIMIHAILHO HOBBIE.

5. Obvexm enedpenus: OybI03€ep, 3arpykatoMUi CO CKJIAJ0B Necka U IEeOHsS MHEpTHbIE
Matepualibl B OyHKep JIeHTo4HOro Tpancnoprépa bCY.

6. Coyuanvnolil,  K0N02uUMECKUNl U HAYYHO-MEXHUYeCKUuil  aghgexm:  BHEAPEHHE
npe/uiaraeMoil  CHCTeMBI  [bUICIIOJABICHUS O0ECIeYnBAeT CAHMTAPHO-TUTHEHHYECKHUIA
3 dexT 3a CUET CHIKEHHS KOHIIEHTPAIIMH MBUTH TTecKa M 1e6Hs B Bo3tyXe pabouei 30HbI
3arpy3ouHoro ysma g0 yposus IIJIK,. skonoruueckuit spdexr 3a cuér obecneuenns
TTJTK p(ce) ITHX BHJIOB NBLIM B BO3YIIHOM GacceiiHe NpOMILIOIAAKH, a TaKKe COLHaIbHO-
IKOHOMUUECKHI P DeKT 3a cu&T CHIKeHUs 3a00/1eBaeMOCTH PaOOTHUKOB TPEAIIPUATHS U
HACEJICHUS NIPHJICTAIOIIMX TEPPUTOPHIA.

Ot npeanpusaTus:

Hauanbuuk nexa JXbBU

(JIOSTKHOC,
% (Yceensu M.O.)

&
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[Ipunoxenue 3

Komnus akta Bueapenus metoauku Ha OOO «3aBoji CTPOUTEIBLHOTO 000PY0BAHUS

r. PocroBa-na-/[ony

YTBEPXJIAKO
M.II.
JlipeKTop

JIOIKHOCTD

OOO «3aB0OJl CTPOUTEILHOIO 000PYA0BAHHUS
%y PocToBa-Ha-JloHY

HaumeHoBanue npeanpuaTia

A6nynkaaupos I11LA.

| Gamnans U.0.
¢ urons 2015 .
A R Q> s nusl
pPE3yJIbTaTOB HaYy4YHO-HCCJIEJ0BA TEMEC I/lX, OIIBITHO KOHCprKTOpCKHX 41

TEXHOJIOTHYECKHX paboT

HacTosiMm akToM TMOATBEpPIKAAeTCs, 4YTO pe3yiprarhl pabotel: «Teopernueckoe
060cHOBaHKE U pa3paboTKa crocoOOB OPraHU3alluy M TEXHOJIOTHH MbIIEIO0AaBICHUS TEHOM
Ha NPEANPUATUAX CTPOHMHIYCTPUNY,

6bINONIHEHHOU: — COUCKaresieM, JouleHToM Kadeapel «MHxeHepHas  3amura
oxpyxkatouieii cpeas» PI'BOY BIIO «PocroBekuil rocyaapcTBeHHBIH  CTPOUTEIIBHBIH
yuuBepcute™ I'ypoBoit Oxcanoit CepreeBHOIA,

nposooumoii: ¢ 18 mapta 2015 roza o 19 urons 2015 roaa

6HeOpeHbl: HA _ydacTKe TPAHCIOPTHPOBKM mecka u mebua OO0 «3aBoj
CTPOHTEIBHOTO 000pyaoBaHus» r.PocToBa-Ha-JIoHy.

1. Buo 6HeOpenHbIX pe3yibmamos. METOJMKAa OLEHKM M BbIOOpa ONTHMAJIBHOM MO
CAHUTAPHO-TUTMEHNYECKOH  d(OGOEKTUBHOCTH M JHEPreTHYECKOH  IKOHOMHYHOCTH
TEXHOJOIMM  TBUICTIOJABJICHUSI  [EHOW Ha  JICHTOYHOM  TPaHCIOpPTEPE  ydyacTka
[PUTOTOBJICHUS] OETOHHOM CMeCH.

2. Xapakmepucmuxa macuima6oe éneopeHus: €IMHUIHOE.

3. ®opma enedpenus: NPUMEHEHHE METOIMKM M alroputMa e€ peanusauuyu Ui BbiOopa
MAKCUMaibHO  S(QGEKTUBHOM M DHEPreTHYECKM  SKOHOMHMYHOM  TEXHOIOIMH
NbUIENIOIaBJICHHS TIEHOM, a TaKike pacuéra e pabounx napaMeTpos.

4. Hosusna pe3yibmamog Hay4HO-Uccie006amenbCkux padom: NPUHIUNNAIBHO HOBBIE.

5. Obvexm enedpenus: TEHTOUHbIN TpaHCIOPTEP necka v mebus bCY.

6. Coyuanvnulll,  KON02UMECKUN U  HAYYHO-MEXHUYeCKui  3¢pgexm:  BHEAPEHHE
npe/uiaraeMoii  METOJMKH MO3BOJIAET PeaM30BaTh [POLECC MbUICNOJABICHUS Ha
JIEHTOYHOM TpPAHCHOPTEPE ¢ MaKCUMaibHOH S(O(PEKTMBHOCTBIO M MHHHMAIBHBIMH
SHEPreTHYECKUMHU 3aTparamy, 00ecreunBas CaHUTAPHO-TUIMEHHYECKuH d(dext 3a cuér
CHIDKCHMS KOHLIEHTpALMKM TN TlecKa W 1meGHs B Bo3ayxe paboueil 30HBI oneparopa
Tpancrioptépa a0 yposus ITJIK,,, sxonornyeckuii apdekr 3a cuér obecneyerns TIK )
TUX BMJIOB MBLIM B BO3AYyLIHOM OacceifHe NPOMILIOMAAKH, @ TaKXKe COLMaIbHO-
YKOHOMHYECKHMI YQdEKT 3a cUET CHIKeHHs 3a0071eBaeMOCTH PaGOTHUKOB NPEANPUATHS U

HaceJIeHHUs PWIETaloLUIMX TEPPUTOPHUI.
Ot npeanpusaTHs:
3am.aupeKTopa

(JLONAKHOCTD)

(CaBoukun H.I'.)
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[Ipunoxenne U

Komnus akra BHenpenus annapara ouuctkd Ha OO0 «3aBoj CTPOUTETBHOTO

obopynoBanus» r. PoctoBa-na-/{ony

VTBEPXIAIO
M.II.
JlupekTop

JIOKHOCTD
) 0 : «3aBo;[ CTPOUTEILHOr0 000pYIOBAHHUS
2Ry .POCTOBa-Ha JOHY

HaumeHoBanue npeanpuaTus

Ab6nynkamupos LILA.

Gamunns U.0.
UIOJIS 2015 .

pe3yJIbTaTOB Hay4yHO-HCCIIE0BaTeIbCKUX, ONBITHO KOHCTPYKTOPCKUX U
TEXHOJIOTHYECKHX paboT

Hacrosiiim akToM TOATBEPIKIAETCs, YTO pe3yJibTaThl padoTsl: «Teopetnueckoe
obocHOBaHKE M pa3paboTKa crlocoO0B OpraHUu3aly U TEXHOJIOTUI MbIJIENO/IaBIEHHUS TIEHOM
Ha MPEPUSTHIX CTPOUUHILYCTPUIY,

6bINOJIHEHHOL: ~ COUCKATejaeM, JIOHeHTOM  Kadeapel «MHxeHepHas  3aiiura
okpyxkatouieit cpeas»y PI'BOY BIIO «PocroBeckuil rocyaapCTBEHHBIH CTPOMUTENbHbBIN
yuuepcuret» ['ypoBoii Oxcanoit CepreeBHo,

npoeooumoti: ¢ 18 mapra 2015 roaa no 19 mrosg 2015 roaa

6HeOpeHbl: Ha _Y4yacTKEe TPAaHCIOPTUPOBKM Hecka U 1eOHs 000 «3aBox
CTPOUTEILHOr0 000opyAoBanus» r.PocToBa-na_noHy.

1. Buo  eHeOpenHbix  pe3ynemamos: - anmnapar — MAPOJUHAMUYECKOH  OYMCTKH
BEHTHJISLIMOHHOTO BO3/yXa Ha OCHOBE NPUMEHEHHUs [IEHbl B aCIUPALMOHHON CUCTEME y3i1a
3arpy3ku necka u medHs bCY.

2. Xapaxmepucmuka macumadoe eHeOpeHUs: € IMHAYHOE.

3. Qopma 6HeOpeHus: MOHT@X, Halajka M OKCIUlyaTallMs ammnapara OUYMCTKH
BEHTWISILIMOHHOTO BO3/lyXa Ha OCHOBE NMPUMEHEHHUS TIEHbl B aCIUPALMOHHON CUCTEME y3J1a
3arpy3ku necka u mebnsa BCY.

4. HosusHa pe3yibmamos HayyHO-UCCIe006ameNbCKux padom: TPUHLUIIMAIBLHO HOBBIE.

5. O6vexm eHeOperus: aCTIMPALIMOHHAs CUCTEMa Yy371a 3arpy3Ku necka u mebns bCY.

6. Coyuanvholii, KON02UYECKUTI U HAYYHO-MEXHUYecKull 2¢hghexm: BHEAPEHUE arrapara
MO3BOJIIET  peajli30BaTh IPOLECC OYMCTKH BEHTWIALIMOHHOIO BO3JyXa Ha OCHOBE
NPUMEHEHUsT  TeHbl € MaKCUMalbHOM  3((EeKTUBHOCTBIO W MMHUMAJIbHBIMU
9HEPreTHYEeCKUMH 3aTpaTamy, ofecrieunBasl dKOJOru4eckuil sPdhexr 3a CYET CHUKEHMs
KOHIIEHTPAIMK TbUIK IeCcKa U 1eOHS B BO3AYIIHOM OacceiiHe MpOMILIOMAAKA 10 YPOBHS
IT/IK,;p. @ TakKe COLUMaTbHO-I)KOHOMMUECKUH PEKT 32 CUET CHIKEHHS 3a00/IeBaeMOCTH
pabOTHUKOB MPEANPUITHSI U HACCICHUS IIPUIIETaOIUX TEPPUTOPHHA.

Or NpeANnpUATHs:

3aM.MpeKTopa

(CaBoukun H.I'.)
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IIpunoxenune K

Kormus akrta BHeapenust metoaukn Ha [TAO «MoctoBas JXKenezobeToHHas

Konctpyknus» baraickuit 3aBox

Jlupexrop

JIOKHOCTS

MocTokKene300e TOHKOHCTPY KLU
Baraiickuii 3aBog MOKBK

HanmeHosanue npeanpuaTis

JlaBpuneHko B.b.
Gamuana U.0.

« 21 » HIOJIS 2015 .

AKT BHEJAPEHUS
pe3yJIbTaTOB HAay4HO-UCCIIe0BaTeNbCKUX, ONBITHO KOHCTPYKTOPCKHUX U
TEXHOJIOTHYECKHX paboT

Hacrosilumum akToMm I0JTBEpXKIaETCA, YTO pe3dyJibTaThl paboThl: «Teopernueckoe
obocHOBaHKe ¥ pa3paboTKa crocobOB OpraHU3aluK U TEXHOIOTHH TbUIETNOaBIeH s TIEHOI
Ha MPENPUATHIX CTPOHUHIYCTPUMY,

6bINOJHEHHON:  COUCKaTelneM, JjoueHToM Kadenpsl «VMHxeHepHas  3amura
okpyxaiouei  cpeas»y ®I'BOY BIIO «PocTtoBekuii rocyaapCTBEHHbIH CTPOMTEIbHbIH
yausepeuteT» ['ypoBoii Okcanoit CepreeBHoi,

nposooumoti: ¢ 10 anpess 2015 rozga no 12 moas 2015 roxa

6HeOpeHbl:  HA___y4acTKe  TPAHCIOPTHUPOBKM _ Iecka W 11elHs I[TAO
«MocroskenezoberonkoHcTpykuua» baraiickuii 3aBoa MIKBK.

1. Buo eHeOpenHbix pe3yiomamos: METOIAMKAa OLECHKHM U BbIOOpa ONTHMAJIbHOM 110
CaHMTapHO-THTHEHHYECKOH  YG(MEKTUBHOCTH ¥ JHEPreTHYeCKOi  IKOHOMHYHOCTH
TEXHOJOTMH MBUICNO/IaBICHHS TIEHOM Ha JICHTOYHOM TPAHCIOPTEPE OETOHOCMECHTEIBHOIO
OT/ICJICHUSL.

2. Xapaxmepucmuka macuimaboe eHeOpeHus: IMHAYHOE.

3. @opma eéHedpenus: PUMEHEHHE METOAMKHM M airopur™a e€ peainusaluu Ui BeiOGopa
MakcuMaibHO  d(D(EKTHBHOM M JHEPreTMYECKH  DKOHOMHMYHOH  TEXHOJIOIMH
NBLUIETNOIaBICHHS TIEHOI, a TakKe pacyéra eé pabo4yMX mapamMeTpoB.

4. Hoeusna pe3ynbmamoe Hay4HO-uccnedoeamensekux pabom: NPUHIMIIMAILHO HOBBIE.

5. Obvexkm eHeOperus: TEHTOUHbBIM TPAHCIIOPTED NecKa U MEeOHS.

6. Coyuanvuolll,  IKONOSUHECKUN U  HAYYHO-MEXHUYeckuil  3ggexm:  BHEIPEHUE
npeaiaraeMoif  MEeTOJMKHA TO3BOJIIET  Peaju30BaTh IPOLECC MBUICNOJAABICHHS Ha
JIEHTOYHOM TPAHCIOPTEPE € MaKCUMalIbHOH d(D(HEKTUBHOCTHIO W  MHHUMAJIBLHBIMU
JHEpPreTHYECKUMHU 3aTparamu, oOecrieyrBas CaHUTApHO-TUTHEHWUYeCKHd >(dexr 3a cuér
CHMJKEHHs KOHIEHTpAlMH TbUIM TNecka M mebHs B BO3ayXe paboueil 30HBI omeparopa
Tpancnoptépa 10 yposus ITJIK,,, skonornyeckuii sdpdekt 3a cuét obecneuenus TTAK )
STHX BHWJOB IbUIM B BO3AYLIHOM OacceiiHe NPOMIUIONAAKH, a TaKkKe COLMUaIbHO-
SKOHOMMYECKHUIT 3 ekt 3a cuér cHiKeHus 3a601eBaeMOCTH pabOTHUKOB MPEATIPUATHS U
HACEJICHUs IPUJIETalOLUX TEPPUTOPHIA.

Ot npeanpuaTus:
HavaapbHUK 11exa
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IIpunoxenue JI

Komnus akra BHEApEHU yCTPOMCTBA OYUCTKHU Ha

ITAO «MoctoBas XKene3zoberonnas Koncrpykius» baraiickuit 3aBoj

aRcki 2280R
X
Mo;xosb\
Kenesoberonneik
Koncrpyxumt

JlupekTop

JlomxHOCTH
’AO «MocToxene300€ TOHKOHCTPY KLU
Baraiickuii 3aBog MYKBK

HaumenoBanue npeanpuaTia

JlaBpunenko B.b.
Damuans U.0.

« 21 » HIOJISL 2015 .

AKT BHEJAPEHUSA
pe3yIbTaTOB HAay4HO-HCCIIE10BATENBCKUX, ONBITHO KOHCTPYKTOPCKHUX U
TEXHOJIOTMYeCKUX paboT

HacrosmuM akToM IOJATBEpIKAAcTCd, 4TO pe3yibTaTel pabotsl: «Teopernueckoe
000cHOBaHUE U pa3paboTKa CIIOCOOOB OPraHN3aLMK U TEXHOJIOTUH NBIIEIO/1aBIICHHUS IEHOM
Ha MPENPUATHIX CTPORUH/TY CTPUNY,

6bLINONHEHHOU:  COUCKATenaeM, JOUeHTOM Kadenpel  «MHKeHepHas — 3aiura
okpyxatouieit cpeasy ®IBOY BIIO «PocToBekuit rocy1apCTBEHHBIH CTPOUTEIIBHBII
yuuBepcure™» ['ypoBoit Oxcanoii CepreeBHOiA,

nposooumot ¢ 16 mapra 2015 rona mo 9 urons 2013 rozxa

6HEOPEHbL: Ha y4acTKe [IPUTOTOBJAECHHUS OCTOHHOM cMecH ITAO

«MocToxkene300eToHKOHCTpYKIis» Baraiickuii 3aBoj MOKBK.

1. Buo enedpennvix pe3ynbmamog: YCTPOWCTBO OYMCTKM BEHTWJIALMOHHOIO BO3AyXa Ha
OCHOBE MPUMEHEHHs TIEHHOI0 a’po30js M CJIOS IEHBI B aCIMPalMOHHOM CHUCTEME y3iia
3arpy3KH Iecka v meGHs y4acTKa MPUroToBjieHHs GETOHHOM CMECH.
2. Xapaxkmepucmuka macuimaboe éne0peHs: €IMHIIHOE.
3. Gopma eHeOpeHus: MOHTAX, HajajKa M OKCIUIyaralus YCTPOHCTBa OYMCTKH
BEHTW/ISIIMOHHOIO BO3/yXa Ha OCHOBE NPUMEHEHHs IIEHHOIO a’po30jis ¥ CJIOs MEHbl B
aCNMpaLMOHHON CHCTEME Y3/1a 3arpy3KH IecKa ¥ 1IeOHs yJacTKa MPUroTOBIECHUs OETOHHOM
CMeCH.
4. Hosusna pe3yibmamos HayyHO-uccied06amenbCkux pabom: TNPUHIMIIMATBHO HOBBIE.
5. Obvexm eHeOpenus: aCIMpallMOHHAs CHCTEMa y3Ja 3arpy3Kd Iecka W meOHs ydyacTka
TIPUTOTOBJICHUSI OETOHHOM CMECH. ‘
6. CoyuanvHulil, 5KON02ULECKUL U HAYYHO-MeXHUYecKull ¢h¢hexnt: BHEAPEHHE YCTPOHCTBA
MO3BOJIIET peal30BaTh IMPOIECC OYUCTKMA BEHTWISALHMOHHOIO BO3/1yXa Ha OCHOBE
NIPUMEHEHHS. TIEHHOTO a’po30Jis M CJI0S IEHBl ¢ MAaKCUMAajbHOW S()(PEKTUBHOCTBIO W
MUHHMAJILHBIMH DHEPreTHUECKMMHU 3aTpaTaMy, oOecredrBas dKOJOrHueckuil spdekr 3a
CYST CHWJKGHMS KOHIIEHTpallMM [bUIM Mecka u meOHs B BO3XylIHOM Oacceiine
npomrutomaznxku 10 ypoBHs [IJIK ), @ TaKKe COLHaIbHO-DKOHOMUYECKHH S deKT 3a cuér
CHMWKEHUs 3abo0jeBaeMOCTH pAabOTHUKOB TNPEANPUATHS M HACEJIECHUS TPUJIEraloLInX
TEPPUTOPUIL.

OT npeanpusTys:

HayanpHHK 11eXa
(JI0/17KHOCTB)

Encydses E.H.)
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Komnus akra Baeapenus metoauku Ha 3A0 «PocroBekuit 3aBoj XKene300eTOHHBIX

Konctpykuuin» r. PocroBa-na-Jlony

VYTBEPXJIAIO

["naBHBIA HHKEHED

JlosskHOCTH

TOBa-Ha-J[0HY

P

THS

Kaymanckuii M.B.

Qamumnn K.0.

2015 .

AKT BHE/IPEHUS
pe3yJIbTaTOB HAyYHO-MCCIIEI0BATEILCKHX, ONBITHO KOHCTPYKTOPCKUX H
TEXHOJIOTHYECKUX paboT

Hacrosmum akrom moaTeepkaaeTcs, 4ro pesynsTathl paboter «TeopeTHueckoe
obocHOBaHME M pa3paboTKa criocOO0B OPraHU3aLMK U TEXHOJIOTHIA MBIIENOABICHHS TIEHOH
Ha NPEINPHATHAX CTPOHHHIYCTPHHY,

6bINOIHEHHONW:  COMCKaTeneM, noueHToM kadenpsl «MHkeHepHas — 3amura
okpyxatomei cpeas» PI'BOY BIIO «PocToBeckuit roCyapCTBEHHBIH CTPOMTEIbHBIM
ynusepcute™ ['ypoBoii Oxcanoit CepreeBHOMH,

nposooumot ¢ 12 anpens 2015 roxa mo 29 mas 2015 roma

6HeOpenbl: HA_Y4acTKE TPAHCIIOPTHPOBKH CKJIAJa WHEPTHBIX MaTepuanoB 3A0
«Pocrosekuii 3aBoz XKBK» r.PocroBa-na-/lony.

1. Buo 6neopennvix pesyibmamog: METOJMKA OLEHKH W BbIOOpa ONTHMAIBHOM 110
CaHWUTAPHO-THTHEHUYECKOH  S(Q(PEKTHBHOCTH W  JHEPreTHYECKOM  HKOHOMHYHOCTH
TEXHOJIOTUH ITbUIENO/IABICHUS NIEHOH Ha JICHTOYHOM TPAHCIIOPTEPE.

2. Xapaxmepucmuxa macuimaboe 6HeOpenus: e JAHAYHOE.

3. ®opma enedpenus: MPUMEHEHHE METOJHMKH M aNTOPHTMA €€ peau3aldH JUis BbIOOpa
MakCUManbHO  S()(EKTHBHOH M  JHEPreTHYECKH  JKOHOMHMYHOM  TEXHOIIOTHH
NBUIENIOABJIEHHS TIEHOM, a TakKe pacyéra e€¢ paboyHX MmapaMeTpoB.

4. Hosusna pesynemamoe Hay4HOo-uccie008amensCkux pabom: NPHHIHMITHATIBHO HOBBIE,

5. Obvexm 6neopenus: NEHTOYHBIH TPAHCTIOPTEP HHEPTHBIX MATEPHAIIOB CKJIaaa MEeOHS.

6. Coyuanvnubiii,  sxonozuveckuii  u  HayuHo-mexHuueckuii  d¢hhexm:  BHEIPEHHE
Npe/ularaéMoi  METOAMKM TO3BOJAET PEalM30BaTh MPOLECC IBUIENONABIEHHS Ha
JIEHTOYHOM TPAHCIOPTEPE € MAKCHMAJbHOM 3(P(PEeKTHBHOCTRIO M MHHHUMAJIBHBIMH
SHEPreTHYECKMMHM 3aTpaTaMH, oOecreynBas CaHHTAPHO-THTHEHHYECKHH 3 dekT 3a CuéT
CHHJKEHHS] KOHLIEHTPAIIMH TbITH mEeOHA B BO3ayXe pabouei 30HbI ONepaTopa TPaHCIIOPTEPa
no yposus IIJIK,,, skonoruyeckuit sddexr 3a cuér obecneuenus IT/IK ) ITOr0 BHIA
ObUIH B BO3AYIIHOM OacceiHe NpPOMIUIOIIAJKH, a TaKKe COLMATbHO-3KOHOMHYECKHIA
Spdexr 3a cuér cHWKeHHA 3a00eBAEMOCTH PAOOTHHKOB TNPEANPUATHS M HACETCHHS
NPUIIETAOIIUX TEPPHTOPHH.

Ot npennpusitus:

HauanbHuk 6eToH0-GOpMOBOYHOrO 1exa

(10JDKHOCTD)

W (I'ontaps I''B.)
1
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Komnus cripaBku 0 BHEIpEHUHU PE3YIbTATOB IUCCEPTALIMOHHON paOOThI

B yueOHBIH Mmpoliecc

«YTBEPXJIAIO»

[IpopexTop no yuebHoit pabore

IO.U. babenkos
2017 r.

CITPABKA

0 BHEJIPEHHH Pe3y/IbTaTOB AHCCEPTALMOHHOI PaboThl B y4eOHbII mpouecc
BBICIIET0 Y4eOHOr0 3aBeJeHHs

Hacrosmel cnpaBkoit NOATBEPHKAAETCS, YTO PE3YJIbTAThl AMCCEPTALMOHHOM
pabotel moueHrta kadenpel «MHxeHepHas 3ammTa Okpyxaromei cpeas» PI'BOY BO
«JloHCKOM TroCynapCTBEHHBIH TeXHMUYeCKHi yHuBepcuteT» ['ypoBoii O.C. Ha Temy
«Teopernueckoe ob6ocHOBaHME M pa3paboTKa CrOCOOOB OpPraHM3alMK W TEXHOJOTHIA
NBUICTIOAABICHUS MEHOW Ha MPEANpPUATUAX CTPOUMHAYCTPUHM» BHEAPEHBI B yueOHbIi
npouecc ®I'BOY BO «JloHcKkolH rocy1apCTBEHHbIH TEXHUYECKUI YHUBEPCUTET)» IPHU
YTEHUH JIEKUMA W DPOBEACHHMM IPAKTUYECKUX 3aHATHH 10 JUCLIMILTHHAM:
«be3onacHOCTh XKU3HEAEATENBHOCTHY, « TeopeTHueCKrue OCHOBEI 3aIUTHI OKPYIKAOIIE
cpenbl», «lIpoumeccsl W anmapaTel 3amMTBl OKpY)Kalomed cpeab», «MexaHuka
MHOro(a3HbIX cpea» i CTYAEHTOB, OOyYarOIIMXCA MO HANPAaBICHHMIO IMOATOTOBKH
20.03.01 «Texnocdepnas GesomacHocTh», mnpoduns «MHXeHepHas  3ammTa
OKpY KaloLIe# Cpeapl», a TaKKe MO AUCUMIUTMHAM «PacueT u mpoeKTUpPOBaHHE CHCTEM
obecneuenus Ge30macHOCTH», «3ammra atMochepbl OT TEXHOTCHHBIX BO3IEUCTBHIN»
JUISL CTYIEHTOB, 00yvaromuxcs no HanpasiaeHuto noarotosku 20.04.01 «Texnochepnas

6e3onmacHOCTBY, MporpamMma «MHxeHepHas 3aluTa OKPYIKAIOLIEH CPEIbI».

B.H. Becnanos

3asenyrouwmii kadenpoit U30C, '
npodeccop, A.T.H. %’




