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4

BBEJAEHUE

AKTyaJbHOCTh H30paHHOM TeMbl. lHTEHCHBHOE pa3BUTHE HHPPACTPYKTYpPHI
OOJBIIMX TOPOAOB, MPOUCXOAUBLIEE BO BTOPOM MosOBHHE XX B€Ka, MPUBEIIO K TOMY,
YTO NPEANPHUATHS, CICHUAIAZUPYIOIINECS HA BBITYCKE CTPOUTEIIBHBIX MAaTEPHUAIOB U
U3JIETUH, OKa3aJUCh B HEMOCPEACTBEHHOW OJIM30CTH OT 30H TOPOJCKOW KHIION
3aCTPOMKH. DTO OIpeAeseT MOBbIIIeHNE TpeOoBaHMit K 3PPEKTUBHOCTH U HAACKHOCTU
CUCTEM OOECIbUIMBaHUSA BBIOPOCOB, MpEIHA3HAYEHHBIX, KaK M3BECTHO, JUIA
o0ecreyeHuss HOpMUPYEMOr0 Ka4eCTBa BO3IyIIHOM Cpe/ibl HACEIIEHHBIX ITYHKTOB.

[Tp11b, 0Opazyroniasicss Npu MPOU3BOACTBE CTPOUTENBHBIX MATEPHAIOB, BO MHOTHX
ciliydasx ooOnagaer aOpa3vBHBIMH CBOMCTBaMH, 4YTO MPHUBOJUT K YCKOPEHHOMY
M3HAIIMBAHUIO 3JIEMEHTOB CHCTEM NbUICOYHCTKU.ONBIT UCIOJIB30BAHUS TAKUX CUCTEM
MOKa3bIBAET, UTO 00JIEEe BCEro adpa3MBHOMY M3HOCY MOJBEPKEHBI IbLICYJIaBINBAIOIINE
amnmaparbl, a Takke (haCOHHbIC YAaCTU BO3yXOBOJIOB (OTBOJIbI, TPOMHHUKUA U T.1.), IO
KOTOPBIM IbUIETa30Basi CMECh TPAHCHOPTHUPYETCS B MbLICYIOBUTENU. AOpa3uBHBIHI
U3HOC TMbUICYJIABIMBAIOIIMX allapaToB B TEUYEHHE OKCIUTyaTallud OOYyCIOBIMBAET
MOBBIIIEHUE MPOCKOKA MbUIM B arMochepHbii Bo3ayx. Ilpu pabore ycTaHOBKH
NBUICOYHMCTKU TI0JI HAIIOPOM IOBPEKIECHUE CTEHOK BO3AyXOBOJOB TaK)XE MPUBOAMUT K
BBIOMBAHUIO TPAHCHIOPTUPYEMOU MbUIH. CBEPXKPUTUYECKOE W3HAIIMBAHHUE 3JIEMEHTOB
CUCTEMBI OOECHBbUIMBAHUS MPUBOJUT K €€ OTKazy. Takum oOpa3oM, HCCIEeIOBaHMS,
HalpaBJICHHbIE Ha TOBBIIICHUE HAJIEKHOCTU CHUCTEM OYMCTKH BBIOPOCOB OT MbUIN C
aOpa3MBHBIMU CBOWMCTBAaMHU B MPOM3BOJCTBE CTPOUTEIBHBIX MAaTEPHANIOB, SBISIOTCS
aKTyaJIbHBIMH.

PaGota BbIMONHANACH B COOTBETCTBUU C TEMATUYECKUM IIJIAHOM HAay4YHO-
uccienoparensckux padbor DOI'BOY BIIO «Boarorpaackuii  rocynapcTBEHHbBIN
aApPXUTEKTYPHO-CTPOUTEIIbHBIN YHUBEPCUTET.

Crenenp pa3padOTAHHOCTH TeMbl. AHAJIN3 MPOEKTHBIX PEUICHUH U HOPMATUBHO-
TEXHUYECKUX JIOKYMEHTOB MOKa3aJl, 4TO JJii OYHMCTKHM BBIOPOCOB B aTMoc(epHbId
BO3/yX OT aOpa3uBHOMU MbUIM B CUCTEMaX 00ECTIBUIMBAHUS MOTYT IPUMEHSTHCSI MOKPBIE

N CYXHC IbLICYJIOBUTCIIN. HepBBIC N3 HUX MCHBIIC ITOJABCPKCHBI a6paBI/IBHOMy HN3HOCY,



HO WX UCIIOJb30BaHUE HE BCEr/Ja BO3MOXKHO MO TEXHOJOTUYECKUM YCIOBUAM. Jliis
CHI)KEHHUS a0pa3MBHOTO H3HOCA CYXUX TMbUICYJOBUTENCH MpeasiaraeTcsi CHIXKATh
CKOpPOCTh TIbUIETa30BOM cMecH B HuX. OJHAKO TakKoe€ pELIEHHE TMPUBOIHUT K
BO3pACTaHUIO MPOCKOKA MBUTA B aTMOC(EPHBIN BO3AYX.

B Hacrosimee Bpemsi i ylaBlIMBaHUS TbUIM C aOpa3MBHBIMH CBOMCTBaMU
NPUMEHSIOTCS LMKJIOHBI ¢ oOpaTHbIM KoHycoM KoHCTpykumu BIHUMOT u wux
moaudukammu — mukiaoHsl [{OK, PLI, [IM. BmecTte ¢ Tem u3BECTHO, YTO, HAPAIY C
MIPU3HAHHBIMU JTOCTOMHCTBAMH, IUKIIOHBI BO MHOTHX CIy4YasiX HE MO3BOJIAIOT CHU3UTH
MPOCKOK TMBUIM, OCOOEHHO MEIKOIUCIIEPCHOM, 10 HeoOXxoauMoro ypoBHs. B pabote
Oko6b1 C.U. miig ynaBnuBaHus MbUIA, 00pa3yIONICICs MPU MPOU3BOCTBE CTPOUTEIBHBIX
KOHCTPYKIIMHI U U3JEIUN U3 IPEBECUHBI, MPEITI0KEHA KOHCTPYKIUS MbUICYJIOBUTENS CO
BCTPEUHBIMU 3aKPYYEHHBIMHU MMOTOKAMH C CEMapalMOHHON KaMepoil, umeronie popmy
oOpaTHoro koHyca. B HacTosmieir paboTe NpOBENEHBI HCCIEIOBAaHUS IO OICHKE
BO3MOXXHOCTH MPUMEHEHUS TAKOTO armapara JJjisi OYMCTKH BIOPOCOB OT JIPYTUX BUJIOB
abpa3uBHOI MBLJIN B IPOU3BOJICTBE CTPOUTEIILHBIX MATEPUAJIOB.

Bmecte ¢ Tem, B BbIllle Ha3BaHHOW pabOTE aBTOPOM HE H3Y4aloCh BIIHUSHUE
KOHCTPYKTUBHBIX MMapaMeTpoB mnbuieynoButesst B3I ¢ o6paTHBIM KOHYCOM U PEXUMOB
ero paboThl Ha BETUYHMHY MPOCKOKAa MbUIM B aTtMochepHbii Bo3ayx. [loatomy B
HacTosIIeH padoTe MPOBEICHBI TEOPETUUECKUI aHAIN3 MTPOIIECCOB MbLICYJIABIMBAHUS B
anmapare B3Il ¢ cemapanvoHHOW Kamepoil B BHUJE OOpaTHOTO KOHYyca, a TaKkKe
AKCIIEPUMEHTAJIbHBIE MCCJIEIOBAHMS, M0 PE3yJbTaTaM KOTOPBIX BBISBJICHBI Hanbosee
palvoHaIbHbIC PEKUMHO-KOHCTPYKTUBHbIC napaMeTphl MbUICYJIOBUTEIIS,
MO3BOJISIONIME 00ECTIeUNTh HAWMEHBIIUNA MPOCKOK MBUIM B TOPOACKYIO BO3IAYIIHYIO
cpeny.

C napyroil CTOpOHBI, TIPU YIOMUHAHUM TBUIH, 00pa3yromieics mpu MpPOU3BOJICTBE
CTPOUTEIBHBIX MaTEPHANIOB, €€ a0pa3uWBHBIE CBOMCTBA MPOCTO KOHCTATUPYIOTCS Kak
(dakT 0e3 yka3zaHHs KOJMUYECTBEHHOI'O TTOKa3aTessl, XapaKTepU3yIoIlero 3T CBOMCTBA —
kod(pdunrenTa abpa3WBHOCTH, 3HAs KOTOPBIA, MOXHO MPOTHO3UPOBATH CTENEHb
abpa3MBHOTO W3HOCA DOJEMEHTOB CHUCTEMBl OOECTBIIMBAHUS B TIpoOIlecCEe e€e

AKCIUTyaTaluu. 3HaueHus KoddduimenTa abpasuBHOCTU Il HEKOTOPBIX BUAOB MbUIN



CTPOUTENIbHBIX MAaTepHATIOB MPUBEACHBI B M3BECTHOM «ATIace MPOMBIIIIECHHBIX
neuield»  Ckpsounoit  JI.A.  I[loatoMmy B HacTosiei  paboTe  IPOBEICHBI
AKCIEPUMEHTAJIbHBIE HCCIIEIOBAHUS IO OMPEAECICHUIO 3TOr0 IOKA3aTels s MNbLUIN
KEpaM3UTOBOM, MECKa U JPEBECUHBI MAJIbMBI.

Hear» um 3agaum padorbl. [lenpio paboThl SBISETCS CHIKEHUE MBLJIEBOTO
3arps3HEHUs] BO3IYIIHOTO OacceilHa TOpOAOB TMPU MPOU3BOJCTBE CTPOUTEIBHBIX
MaTepHaJOB TOCPEICTBOM TOBBIMICHUS J(PGOEKTUBHOCTH U HAACKHOCTH CHUCTEM
OUYUCTKH BBIOPOCOB OT a0pa3MBHOM IMBUIH.

JU1st TOCTH>KEHUS IOCTABJIEHHOM 1ENIHM B padoTe pelajiiuch CAEAYIOIINE 3a1a4u:

- aHaJIU3 KOHCTPYKIMH amnmapaToB, MPUMEHSIEMBIX JIJISi CHUKEHUSI BHIOPOCOB IMbLIH
CTPOUTEIBHBIX MaTEpHAIOB C a0pa3MBHBIMH CBOWCTBAMH B TOPOJACKYIO BO3IYIIHYIO
cpeay,

- aHaJIM3 OMbITa NPUMEHEHHUS NBUICYJIOBUTEIEH CO BCTPEUYHBIMHU 3aKPYyUYECHHBIMU
MOTOKaMH B CUCTEMaxX MbIJICOYUCTKU B IPOU3BOJICTBE CTPOUTEILHBIX MAaTEPUATIOB;

- aHaJIM3 CYHICCTBYIONIMX METOJIOB TEOPETUYECKON OIeHKU 3(PHEKTUBHOCTH
anmnaparos B3II;

- TIPOBEJECHUE HCIBITAHUM CHUCTEM OYHMCTKH BBHIOPOCOB OT MBLIU CTPOUTEIBHBIX
MaTepHaioB ¢ a0pa3uBHBIMU CBONCTBAMHU B YCJIOBHSX JIEHCTBYIOIINX MPOU3BOJICTB;

- HuccieloBaHUWE (PPAKIMOHHOTO COCTaBa M OCHOBHBIX  XapaKTEPUCTUK,
OTIPENICNAIONMX a0pa3uBHBIE CBOMCTBA, HEKOTOPBHIX BHUAOB TMBUIM CTPOUTEIBHBIX
MaTepUalioB;

- pacueTHas OLEHKAa CTENeHW aOpa3MBHOTO HM3HOCA BJEMEHTOB O0CIEI0BAaHHBIX
CUCTEM OOECIbUIMBAHUS BEIOPOCOB B TOPOJICKON aTMOCGHEPHBIN BO3IYX;

- TIPOBEJICHNE HATYPHBIX UCCJIENIOBAHUN TIO OIICHKE BIMSHUS aOpa3MBHOTO M3HOCA
[HUKJIOHA HA BEJIMYMHY MPOCKOKA MBUIM B TOPOJICKYIO BO3AYLIHYIO CPELY;

- aHanM3 TMpoIecCOB TbuIeynaBmuBanusi B ammapate B3Il ¢ obpaTtHbiM KoHycOM,
BKJTFOUAIOIIHI: IOCTPOEHNE PACUETHONM MOJICIIH JJIsl OIIEHKH BIUSIHUS KOHCTPYKTHUBHBIX
napaMeTpoB MbLICYJIOBUTENS Ha BEJIWYMHY MPOCKOKA MbUIM B aTMOC(HEpPHBIN BO3AYX;

IMPOBCACHUC HAa OCHOBC npezmonceHHoﬁ MOACIIM BBIYHUCIIMTCIBHOI'O 3KCIICPUMCHTA II0



ONPEJEICHUI0 BEIMYMHBl NPOCKOKA IMBUIM B 3aBUCHUMOCTH OT PEXKHUMHBIX H
KOHCTPYKTHBHBIX [1apaMETPOB MCCIIEyEMOTO IbLICYJIOBUTENS;

- IIPOBEACHHME OKCICPUMEHTAIBHBIX HCCICAOBAHUM [UII OLEHKU BEJIMYUHBI
CHIDKCHHUSI TBUICTIOCTYIUICHMM B  aTMOC(EpHBI BO3AyX TropojJa ©  3aTpar
3JIEKTPO3HEPTUU HAa MPOBEJEHUE IPOLECCOB OYUCTKH BBIOPOCOB OT aOpa3sMBHOM IbUIN
CTPOUTEIBHBIX MaTepUaJOB MpHU HCHoJb30BaHuM ammapata B3Il ¢ cenmapaunoHHOR
KaMepoil B BHJI€ OOpPaTHOrO KOHYCa B 3aBHCHMOCTH OT PEKHUMHO-KOHCTPYKTHBHBIX
XApaKTEPUCTHK MBLICYJIOBUTE.

Hay4Hasi HOBU3HA:

- IIOCTPOEHA pacyeTHas MOJEIb, XAPAKTEPU3YIOIIAsl BIUSHUE KOHCTPYKTHBHBIX
napamerpoB anmnapara B3Il ¢ oOpaTHbIM KOHYycOM Ha BEJIMUYMHY IPOCKOKA MBUIM B
TOPOACKYIO BO3IYLIHYIO CPENY;

- 10 Ppe3ynbTaTaM BBIYUCIUTEIBHOIO 3KCIIEPUMEHTA YCTAHOBJIECHBI IIPEIEIIbI
U3MEHEHHUS] PEKUMHO-KOHCTPYKTHBHBIX XapakTepucTuk mbuieynoBurens B3Il c
cernapalMoOHHON KaMepodl B BUJAE OOpaTHOTO KOHYCa, IMPH KOTOPBIX 00ECIEeYUBAETCS
HauOobIIasl CTENEHb CHUKEHUS MOCTYIIJICHUH NMbUIA B aTMOC(EPHBII BO3TyX TOpOa;

- DJKCIIEPUMEHTAJILHO ONpeNeNieHbl 3HaueHHUs KoddduuueHta aOpa3MBHOCTH IS
HEKOTOPBIX BHUJOB TbUIM, OOpasylouieiicss MNpu NPOU3BOACTBE CTPOUTEIBHBIX
MaTepUaJIOB;

- Ha OCHOBE PE3yJbTATOB OKCIEPUMEHTAIBHBIX MCCIENOBAHUN IOJYYEHBI
3aBUCUMOCTH, XapaKTE€pU3YIOLIME BEJIMYMHY CHW)KEHHUS IBUICIIOCTYIUIEHUH B
aTMOC(epHbI BO3AYX TrOpOJAa W 3aTPaThl NEKTPOIHEPIHH Ha MPOBEACHHUE MPOLIECCOB
OYUCTKM BBIOPOCOB OT aOpa3MBHOM TBUIM CTPOUTEIBHBIX MAaTEepUAIOB IpU
ucrosib3oBanuu amrmapata B3I1 ¢ cemapannonHoit kamepoil B BuIe 0OpaTHOTO KOHYCa B
3aBUCUMOCTH OT PEKUMHO-KOHCTPYKTHUBHBIX XapaKTEPUCTHUK MbLUICYIOBUTEIIS;

- 110 pe3yJbTaTaM UCCIIeJOBaHUsI (PPAKIIMOHHOTO COCTaB YCTAaHOBJIEHA 3aBUCUMOCTb,
OMKCHIBAIONIAS MHTETPATILHOE paclpee]IeHUE MAacChl YacTHIl [0 JUaMeTpam Ui MbLIH,
oOpa3syloleics Mpu MPOU3BOJICTBE CTPOMUTENIbHBIX MATEpUAJIOB M M3ACIUNA U3

APCBCCHUHLI I1aJIbMBI.



TeopeTnueckasi 1 NpakTUYeCKasi 3HAYUMOCTDH PadoThI:

- Ha OCHOBE MAaTEMaTUYECKOTO0 MOJICTUPOBAHUS HU3YYEHBl 3aKOHOMEPHOCTH
npoliecca mbUieynaBnuBanus B anmapare B3Il ¢ cemapanuoHHON kamepoill B BUIE
00paTHOTO KOHYCA;

- IPUMEHUTENBHO K MpoOJeMaTUKe IAUCCEPTALMU PE3yJIbTaTUBHO HMCIOJIb30BAHBI:
CTaHJAPTHbIE METOJUKH WHCTPYMEHTAJIBHOM OIIGHKM KOHIEHTPAallMd TMHUIM B
aTMoc(epHOM BO3/yX€ B BO3IYyXOBOJaX, TPAHCIOPTUPYIOUINX MBLICBO3AYIIHYIO CMECh
K MbUICYJIABIUBAIOIIEMY allllapaTy; CTaHJAapTHbIE METOJUKH ONPEACICHUS] CKOPOCTH U
pacxoja Tra3oIbUIEBBIX IOTOKOB; METOJHMKA 3KCHEPHUMEHTAIBHOIO ONpPEIEICHUS
Kod(p¢unueHTa abpa3uBHOCTH NbUIM; SKCIEPUMEHTAJIbHbIE METOAMKH MJI OLEHKHU
CTEIICHU CHIKEHUS MbUICBBIIECICHUI B aTMOCQEpHBI  BO3AYyX; METOAMKA
MUKPOCKOITMYECKOI0 aHaIn3a (PpaKIIMOHHOTIO COCTaBa MbLIH;

- [0 pe3yjibTaTaM SKCIEPUMEHTAIBHBIX HCCIEIOBAaHUM IMOTy4YeHbl 3aBHCHUMOCTH,
XapaKTEPU3YIOIINE BEJIIMYMHY CHUKEHUS MbUICNOCTYIUIEHUH B aTMOC(EPHBIA BO3AYX
ropojia M 3aTparhbl IEKTPOIHEPIUU HA MPOBENECHUE MPOLECCOB OYUCTKU BHIOPOCOB OT
aOpa3vBHOM MbUIM CTPOUTENIBHBIX MaTepUajoB MpH HcIosib3oBaHuu anmaparta B3Il c
cernapalioHHOM KaMepoil B BHUJE OOpaTHOrO KOHyCa B 3aBUCUMOCTU OT PEKUMHO-
KOHCTPYKTHUBHBIX XapaKTEPUCTHUK MbLICYIOBUTEIIS;

- BKCHEPUMEHTAJILHO OMpeeneHbl Kod(hGUIHeHThl aOpa3suBHOCTH JJii HEKOTOPBIX
BUJIOB NIbUJIM CTPOUTEIBHBIX MaTepUaoB (KEpaM3UTOBOM, MecKa, IPEBECUHBI MaJIbMBbl),
YTO TIO3BOJISIET MPOTHO3MPOBATH CTENEHb A0OPa3MBHOTO M3HOCA 3JIEMEHTOB CHCTEM
00ecNbUIMBaHUS IPU UX HKCILTyaTalHH;

- MO pe3yJbTaTaM JUCIEPCHUOHHOTO aHalMu3a YCTAaHOBJEHO, YTO Jsi ONUCAHUS
No(QpPaKkIMOHHOTO  paclpeneseHus Macchl YacTUI[ IMbUM, oOpasyromieiics mnpu
MIPOU3BOJICTBE CTPOUTENIbHBIX KOHCTPYKUUNA U U3IENHUIA U3 JIPEBECUHBI MAbMbI, MOKET
ObITH HcTONb30BaHa Ghopmyia ['ogdna-Annpeesa-l1llymana;

- TIOJATBEpXkAEHa UEJIeCO00pa3HOCTh HCMONb30BaHus mnbuieyinoButens B3Il c
OoOpaTHBIM KOHYCOM JIJIi OYMCTKH BBIOPOCOB OT MbUIM CTPOUTENIbHBIX MaTEpPHAIIOB C

aOpa3WBHBIMH CBOHMCTBAMHU;



- Ha OCHOBE pE3YJIbTATOB BBIYUCIUTEIBHOTO MU (PU3NYECKOTO SKCIEPUMEHTOB
YCTAHOBJICHBl ~TIPEACIIBl U3MEHEHUS PEKUMHO-KOHCTPYKTHUBHBIX XapAKTEPUCTUK
neuieynoButens B3Il ¢ cenapanuoHHol kamepoid B BHjE€ OOpaTHOrO KOHyca, IMpHU
KOTOPBIX OOECreYnBaeTCs HaWOOJIbIIAs CTEIECHb CHIDKCHHS TOCTYIUICHHUH TBUIA B
aTMOC(epHbIN BO3IyX ropoa.

MeTo10/10THSI 1 METO/bI AUCCEPTAIUOHHOTO UCCIAEA0BAHMS BKJIIOYAIU B ceOs:
aHATUTHYECKOEe OOOOIIEHNEe W3BECTHBIX HAYYHBIX M TEXHHYECKUX PE3yJIbTAaTOB;
MaTEeMaTUYeCKoe MOJCIMPOBaHUE; IUIAaHUPOBAHHE (PU3UYECKOTO IKCIEPUMEHTA;
MIPOBEJICHUE HaTYpPHBIX u 1a00paTOPHBIX VCCIIEIOBAHN; 00paboTKy
HDKCHEPUMEHTAJIbHBIX  JAaHHBIX  METOJaMM  MAaTE€MAaTUYECKOW  CTAaTUCTUKH WU
KOPPEJSIHMOHHOTO aHaJn3a.

IHos10’keHus, BHIHOCUMbIE HA 3AIIUTY:

- MPEJJIOKEHHAsI pacueTHasi MOJENb, XapaKTEPHU3YIOIlasi BIUSHUE KOHCTPYKTUBHBIX
napametpoB anmapara B3Il ¢ oOpaTHbIM KOHYCOM Ha BEJIMYMHY MPOCKOKA MbUIA B
TOPOZCKYIO BO3AYIIHYIO CPEAY;

- pe3yabTaThl BBIYUCIUTEIBHOIO SKCIEPUMEHTA [0 YCTAHOBJICHUIO MPEIEIOB
W3MEHEHUSI PEKUMHO-KOHCTPYKTHUBHBIX XapakTepucTuk mbuieyioButens B3Il ¢
cenapalloHHON KamMepoW B BUJE OOpAaTHOTO KOHYCA, MPHU KOTOPHIX 00eCreunBaeTCs
HauOOJIbIIIas CTETICHh CHUKEHUS MOCTYIIJICHUN MBUTH B aTMOC(EPHBIN BO3TyX rOpO/Ia;

- TOJIyYCHHBIE HA OCHOBE PE3YJbTATOB JKCIEPUMEHTAIBHBIX HCCICAOBAHUN
3aBUCHUMOCTH, XapaKTEPU3YIOIIHE BEIWYMHY CHUKEHHUS MbUIENOCTYIUICHUI B
aTMOC(epHbI BO3AYX TrOpOJAa W 3aTPaThl NEKTPOIHEPIHH Ha MPOBEACHHUE MPOLIECCOB
OYHCTKH BBIOPOCOB OT aOpa3WBHOW TMBUIM CTPOUTEIBHBIX MaTEPHAIOB  IPHU
ucrosib3oBanuy amnmapata B3I1 ¢ cemapannonHoit kamepoil B BiIe 0OpaTHOTO KOHYCA B
3aBUCUMOCTH OT PEKUMHO-KOHCTPYKTHUBHBIX XapaKTEPUCTHUK TMbLJICYIOBUTEIS;

- pe3yJbTaThl AKCIEPUMEHTAILHOTO OmpeneneHuss kod¢duimenta adpa3uBHOCTU
HEKOTOPBIX BHUJOB TMbUIM CTPOUTEIBHBIX MaTepHaloB (KEpaM3UTOBOM, TecKa,
JIPEBECUHBI TAJIbMBbI) ISl IPOTHO3UPOBAHUS CTEIIEHU a0pa3WBHOTO M3HOCA AJIEMEHTOB

cHUCcTeM 00eCIBbUIMBAHUS B MEpUOJa UX SKCILTyaTalnu,



10

- TIOJIO’)KEHUE O TOM, YTO JJI ONUCAaHUS MO(PAKIMOHHOTO PACHpPEEICHUS] MACCh
YacTHI] TbUIM, OOpa3yIolIecss MpU MPOU3BOJACTBE CTPOUTEITBHBIX KOHCTPYKLIMHA U
U3JIeTU W3 JIPEBECHHbl MaJlbMbl, MOXET ObITh HCHOJIb30BaHa Qopmyna [‘omdHa-
Anpnpeesa-lllymana.

CreneHb J0CTOBEPHOCTH U anpodanus pe3yJbTaToB. /J[OCTOBEpPHOCTh HAYYHBIX
MOJIO’KEHUH, BBIBOJOB M PEKOMEHAANHMA O00OCHOBaHAa MPUMEHEHHEM KIACCHUYECKUX
MOJIOXKEHUI TEOPETUYECKOTO aHalnu3a, [UIAHWPOBAHUMEM HEOOXOAMMOro o0bema
HKCIIEPUMEHTOB,  MOJATBEPKIEHA  YJIOBIETBOpSIOMIEH  TpeOyeMbIM  KPUTEPHUSIM
CXOOUMOCTBIO  MOJYYEHHBIX pPE3YyJbTaTOB 3KCIEPUMEHTAIBHBIX  HCCIEAOBaHUMA,
BBITIOJIHEHHBIX B JIA0OPATOPHBIX U MPOMBIIIIEHHBIX YCIOBUSX, C pe3yIbTaTaMu JIPYyTUX
aBTOPOB.

OCHOBHBIE MOJIOKEHUSI M Pe3ynbTaTbl PadOThl JOKIAABIBAIUCH M TMOIYYHIH
0J100peHre Ha: MEXIYHAPOIHON HaydyHO-TIpaKkTU4YecKoi koHpepeHunu «CoBpeMeHHbIE
napajurMbl Hay4dHbIX Bo33peHuil» (r. Cankr-IlerepOoypr, 2016 r.); Hay4HO-
npakTuyeckoi koHpepeniuu «IIpobieMbl 0XpaHbl TPOU3BOACTBEHHON U OKPYKAIOIICH
cpenb» (r. Bomrorpan, 2016 r.); eXerogHbIX HAy4YHO-TIPAKTUYECKUX KOH(MEPEHIUIX
npodeccopcko-tipenogaBarenbeckoro  cocraa  ®I'BOY  BIIO  «Bonarorpaackuii
rOCYJJapCTBEHHBIN apXUTEKTYPHO-CTPOUTENbHBIN yHUBepcuTeT» (r. Bomrorpan, 2013-
2015 r.r.).

OCHOBHBIE peE3yJNbTATHl HMCCICAOBAHMN MO TEME AUCCEPTALMU H3JO0KEHBI B 12
paboTax, B TOM 4ucjie B 6 CTaThsiX, OMYOJMKOBAHHBIX B PEICH3UPYEMBIX HAYYHBIX

n3JaHugX U 1 maTeHre.
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T'JIABA 1 AHAJJUTUYECKHHN OB30P U BBIEOP HATIPABJIEHUSI
HUCCJIEJIOBAHUN

1.1 AHaau3 KOHCTPYKUMIi NbLIEYIaBJINBAIOIINX ANNAPATOB, MPUMEHSeMBbIX
JJIS1 OYMCTKH BBIOPOCOB B FOPOJACKYI0 BO3AYIIHYIO Cpeay

0T a0pa3uBHON NbLIU

[Ipu mpou3BOACTBE CTPOUTEIBHBIX MAaTEPUATIOB 00pa3yeTcsi OTPOMHOE KOJIUYECTBO
MbUTH, KOTOPYIO YJIABJIMBAIOT U TEM CaMbIM OUMIIAIOT BO3YyX, MbLICYJIaBIUBAIOLINE
cucteMbl. Ho BO MHOrux ciiydasx Takas mbUlb oOJafgaeT aOpa3uBHBIMH CBOWCTBaMH,
YTO  OPUBOAUT K  YCKOPEHHOMY  H3HAIMBAHUIO  JJIEMEHTOB  CHUCTEM
nbuieouncTku[93].I1oa abpa3suBHOCTHIO MBUIM MTOHUMAETCSI €€ CIIOCOOHOCTH BBI3BIBATH
WMCTUPAHUE CTEHOK KOHCTPYKIMU U anmnapaToB MNPH KOHTAKTE C MbLUIETa30BbIM TOTOKOM
[19, 57, 86, 87, 98, 108]. Dra xapakTepuUCTHKa 3aBUCUT OT TBEPJOCTH W IUIOTHOCTH
HCXOJTHOTO MaTepuala, pasMepoB U (OpPMBI YACTHUIl, a TAKKE OT CKOPOCTH IOTOKA.
CuuTaercs, 4TO U3HOC METALTUYECKUX JIEMEHTOB MPHU B3aUMOJCHCTBUU C aOpa3uBHOMN
NBUTBIO YBEJIMUMBAETCS MPU BO3PACTAaHUU JTMAMETPOB MbLIEBBIX YacTull 10 90 MxMm. [1pu
MOCJEAYIOMIEM YBEJIMYEHUU pa3MepoB NBUIMHOK H3HOC yMeHbaercsa [108]. Ilpu
MOBBIINIEHUA CKOPOCTH OYHMIIAEMOI0 BO3JYIIHOTO TMOTOKAa a0pa3MBHOCTh MbUIH
BO3pacTaeT B CTENEHHOW 3aBucuMoctu [87]. IlpumeHHUTENBHO K CcUCTEMaM
oOecCIbUIMBaHUSI BRLIOPOCOB ATO CBOMCTBO MbUIH XapaKTepU3yeT MHTEHCUBHOCTh U3HOCA
MbUICYJABIUBAIOIINX anapaToB U BO3AYyXOBOJIOB, TPAHCIOPTUPYIOUIUX K HUM
MBLJIEBO3AYIIHYI0 cMech [87]. B cBOI odepenb, X CBEPXKPUTHMYECKOE M3HAIIMBAHUE
9JIEMEHTOB BBI3BIBAET OTKA3 CHCTEMEI MbLIeourcTkH [19, 93, 108].

PaccMoTpyM  KOHCTPYKLIMM —anmapaToB, MNPUMEHSEMBIX B CHCTEMax OYMCTKHU
BBEIOpPOCOB OT abOpa3uBHOM mbuM. Hambosee H3BECTHOW KOHCTPYKIIMEH SIBISETCS
ko BITHUUOT (pucynok 1.1) [19, 20, 60, 76, 79, 98, 99, 103, 106, 108]. ITomumo
paciiMpeHusi KOHyca, XapaKTEepHOW OCOOCHHOCTBHIO ATOTO IUKJIOHA SIBISETCS CIOCO0
yIaJleHusT OTCEMapupOBaHHOM THUIM W3 Kopmyca B OyHkep. [lbuiera3oBbiii MOTOK

NoCcTyrnaer B OyHKEp uepe3 KOJbIEBYIO I1eflb, KOTOpas oOpa3oBaHa JByMs
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COOCHBIMUKOHYCHBIMH TOBepxHOCTsIMU [19, 98, 108]. OO6patHO B KOpIyC IHKIOHA

OqHHICHHLIﬁ ITOTOK BO3BPAIIACTCA YCPC3 HCHTPAJIBbHOC OTBCPCTHC BHYTPCHHCTO KOHYCA

[19, 98, 108].

Pucynok 1.1 — Huknon BHHNUNOT
1 - BeIxyomHas TpyOa; 2 - BXOAHOU NMaTpy0oK; 3 - uuHAp; 4 - 0OpaTHBIN KOHYC; 5 -

BHYTPEHHHI KOHYC; 6 - OyHKep; 7 - mubep I BBITPY3KH MbLIN

Pa3HOBUAHOCTBIO AHAJOTUYHBIX KOHCTPYKUUU SIBISIOTCA: IUKIOH C OOpaTHBIM
konycom [{OK [104], perynmupyemsiii riukiod PII [104], ukion ¢ 0OpaTHBIM KOHYCOM
Mo iepHu3npoBanHbii [[M [105].

Ha pucynke 1.2 nmokazan mukiion LIOK, KOTOpbI COCTOWUT W3: HMJIMHIPUYECKOU
YacTU KOpIyca C 3aBUXpUTENEM B BHUAE 'YIUTKU'; KOHUYECKOM 4YacTh Kopmyca,
pacumpsronieiics Kk Hu3y, nbuiecOopuuka  [104].  IIbutecOOpHHK — MOMKET
U3rOTaBIIMBATLCSA IO JIBYM BapuUaHTaM: C KOCBHIM JHHUIIEM U OOKOBOW BBITPY3KOI;

KOHHYECKOM (hOPMBI C BRITPY3KO# cHu3y [104].


http://3.bp.blogspot.com/-ozRKqUSuJZw/Tm3QKW0Qb5I/AAAAAAAAAOg/9G7tZDW9Z0Q/s1600/+33.gif
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Pucynox 1.2 — Iluxion ¢ o6patabiM koHycoM [TOK

[Tpu padote nukinona [OK creayer nmpoBOAUTh HEMPEPHIBHOE WU NEPUOAUUECKOE
ynajeHue npuid u3 OyHkepa. [Ipu 3ToM BepxHMIl ypoBeHb NbUIM B OyHKEpe AOKEH
OBITh HIDKE IJIOCKOCTH KpbIiku OyHkepa Ha 400 mm [104]. Ha nmuHUM BRITpY3KH MHUTHA
u3 OyHKepa JOJKHO OBITh YCTAHOBJIEHO YCTPOMCTBO, MCKIIIOYAIOIIEE MOJCOC BO3AyXa
WM BBIOMBAHWE MbUIM MpPHU padbOTe LUKIOHA MOJI Pa3pexEHUEM WM IOJ HAopoM
COOTBETCTBEHHO. C 3TOM LENBIO0 B MEPBOM CIIy4a€yCTAHABIMBAECTCS IUIKO30BOM 3aTBOP
WIM KJamaH ‘Murajika”, BO BTOPOM — IIUOEp, U BBITPY3Ka MbUIA TMPOU3BOIUTCS
NEPUOIMYECKU TPU OTKIIOYEHUN BEHTHIALIMOHHON CHUCTEMBI C MHTEPBAJIOM IO OMbBITY
ee akcrutyaraiuu [104]. CkopocTh ABMIKEHHS BO3yXa BO BXOJAHOM MaTpyOKe IMKIIOHA
[HOK wMoxer wm3meHsThcs B mpenenax 14-16 m/c. Ilpu sToM a’poamHaMUyecKoe
conpoTuBiicHUE anmnapara coctaBigeT ot 1250 go 1650 Ila [104]. Iuknons HOK
ahdexTrBHO PabOTAOT MIPU HAYAIBHOM 3aMbIICHHOCTH OYHUIIIAEMOI0 IOTOKAa He Oojiee
20 r/m>. B 3aBUCHMMOCTH OT CBOWCTB M ()PAKIIMOHHOTO COCTABA yJIaBIMBAEMOMN MBLIH, a
TaKXe OT TUIIOpa3Mepa armaparhbl MPOCKoK coctarisieT 2-8% [104].

Perymupyemsiii miukiion PII (pucynok 1.3) mMeer oOpaTHBIH KOHYC, CHUPAIBHO-
BUHTOBOM  3aKpy4yHMBAWOIIMK amnmapaT | perynupyromiee  ycrtpoiictBo  [104].
3akpy4HMBarONIMil anmnapaT BHIIIOJIHEH B BHJIE CIUPAIM30BAHHOIO BUHTA. Pa3MellieHHOe
B HEM pEryJHupylouiee yCTPOHWCTBO MPEACTaBISET COOOW HAMpaBISAIONIYIO JIOMATKY,
PacloJIOKEHHYIO Ha YPOBHE HUXHEH IMJIOCKOCTH 3aKpYyUHMBAIOILLErO amnmapara Mexmay

KOpIIyCOM IHMKIIOHAa HBBIXJIOIIHBIM Han}I6KOM. C IIOMOIIBIO PYKOATKH JIOIIATKA
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yCTaHaBIMBAETCSA U (PUKCHUPYETCS MOJ 3aJaHHBIM yIJOM C MOMOUIbIO pyKosATKU. [Ipum
TaKOH KOHCTPYKIMM OOECHEUMBAIOTCS  YCIOBUSA JUIsl  KOAryjasiiuyd TbUIM B
3aKpPYYMBAIOIIEM allllapaTe; MPeJOTBPAIAETCS BBIHOC KPYIIHBIX YACTHIL, TAKXKE JaHHAs
KOHCTPYKIIUS IO3BOJISIET PEryJIMPOBATH YTOJ BXOJa WU COOTHOILIEHHE MEXIY OCEBOM H
TAHICHIUAIBHOW COCTABJIIFOIIMMHU CKOPOCTH ITOTOKA IPU BXOJE B KOPIYC IIMKJIOHA B

3aBUCUMOCTH OT CBOMCTB IBLIU U €€ KOHIIEHTPAIIMK B oYrIaeMoM Bo3zayxe [104].

axb

B (A)
” S

Pucynok 1.3 - Perynupyembiit nukiion PL]

B ciyyae HanmumaHMs NbUIM BHYTPEHHIOK MOBEPXHOCTH KOPIyca LUKJIOHA MOYKHO
NEPUOJNYECKA OYMINATh C TMOMOLIBIO Hampapisgowmed Jonatku. g 3Toro
HATIPABISIONLYI0 JIONATKy I[OBOPAYMBAIOT HECKOJLKO pa3 BBepx Ha 135° m 3arem
BO3BPAILAIOT B HCXOAHOE MTOJIOKEHUE.

[ukinoH c¢ oOpaTHBIM KOHycoM MojaepHu3upoBanHbld [IM  (pucyHok 1.4)
pazpaboran ~ MOCKOBCKMM  HMHCTUTYTOM OXpaHbl ~ TpyJa Ha  OCHOBE
yCOBEpUIEHCTBOBaHHOM  KOHCTpykuuu  nukioHa [IOK. Tlpu  coxpanenun
MOJIOKUTEJIbHBIX TOCJIEHEr0 3HAYUTENIbHO paclIMpeHa 001acTh MPUMEHEHHS anmapara
[IM, noBbllIeHa CTENEHb OYUCTKM BO3JyXa, YBEJIMYEHA HAJCKHOCTb pPAaOOTHI B
IKCTPEMAIBHBIX yCIOBHX 3KcruryaTauuu [105]. Otimunem mexnay nukiaonamu LM u
[HOK sBnsierca BUAOM3MEHEHHAs KOHCTPYKLHMS BHYTPEHHEr0 OTOOMHOro KOoHyca,
KOTOPBIA KPEMUTCS K CTEHKE LMJIMHIPUYECKON YacTH OyHKepa ammapara ¢ MOMOIIbIO

YAJIMHCHHBIX JIAIIOK. Bnaro;laps[ O9TOMY IBUICBBIITYCKHOC OTBCPCTUC MCKIY CTEHKOM
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KOpIyca M OCHOBaHMEM OTOOWHOTO KOHyca ocTaeTrcsi cBobomgHbiM. Kpome ToroO,
KpeIUJICHUE JIAMOK K KPOHIITEHHAM BBIIIOJIHEHO ¢ HEOOIBIINM JHO(PTOM. ITO MPUBOIUT
K HE3HAuuTeJIbHOW BHUOpaluu OTOOWHOrO KOHyca OT JCHCTBUS BOCXOSIIETO
BO3IYIITHOTO ITOTOKA U, KaK CIICJICTBAEC, MEXaHUIECKOMY BCTPSIXHUBAHHUIO 00Pa3YIOIIUXCS
npobok. Ilogcoc Bo3ayxa B OyHkepe He cKa3biBaeTCs Ha A((HEKTUBHOCTH OCAXKIACHUS
NbUIH, T.K. MOTOK BO3AyXa, MPOXOASIIUN Yepe3 IEHTPaIbHOE OTBEPCTHE B OTOOHHOM

KOHYCE, HE TIPENATCTBYET ABMKEHUIO TbUH B OyHKep [105].

s .

Pucynok 1.4- L{lukyioH ¢ 00OpaTHBIM KOHYCOM MOJE€pHU3MpOBaHHbIN [IM
1 — BXOAHOI y3em; 2 — BXOJIHOM NMaTpyOoK; 3 — MUIMHAPUYECKAs YacTh Kopmyca; 4 —
KOHUYECKAs YaCTh KOPIyca; 5 — OTOOMHBIN KOHYC; 6 — JIONATKU JUIsl KPETUICHUS
0TOOIHOTO KOHYCa; 7 - HMWJIMHAPUYECKas YacTb OyHKepa; 8 — JIOKH JIJIsl IPOYUCTKY;

9 - xonmyeckas yacth OyHkepa; 10 — pasrpysurens; 11 — BEIXOAHOM MaTpyOOK

Bri6op cmocoba ycranoBku 1ukiaoHa [IM (pucynok 1.5) 3aBUCHMT Kak OT
KOHCTPYKTHUBHBIX TPeOOBaHUM, TaK U OT HEOOXOJUMOM CTENEHU OYUCTKU Bo3ayxa. Jljis

YCTAaHOBKHA € OYHKEpOM M IUIIO30BBIM MUTaTeneM (PUCYHOK 1.5, O, B) xapakTepHbI
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HU3KUH MPOCKOK (710 2-4%), MpOCTOTa MOHTa)Ka M OOCTYKUBaHMsI. Y CTAHOBKA IUKJIOHA
Ha TbUIecOOpHUKE (PUCYHOK 1.5, a) peKOMEHIyeTCs TOJBKO I TSKEION TBUIH C
HEBBICOKON JIMCIEPCHOCTHIO, T.K. KOHCTPYKTHUBHO TakKas YCTaHOBKa HE MOXET

00eCTIeUYNTh BBICOKYIO CTEIIEHb OYMCTKH Bo3ayXa oT mbutn [105].

E

a 0 B
Pucynox 1.5 — CriocoOb1 yctanoBkH 1ukiiona [{M: a — Ha neimecoopHuke; 0 — Ha

KpoOHIITeiHe; B — Ha oty [103]

Hapsimy ¢ oOmien3BecTHIMU TPEUMYIECTBAMH IUKJIOHOB, IO CpPAaBHEHUIO C
JPYTUMH TBUICYJIOBUTEISAIMUA, LHUKIOHBI C OOpaTHBIM KOHYCOM HMMEIOT CJICAYIOIINE
JIOCTOMHCTBA: MEHbIasi abpa3vBHAs M3HAIIMBAEMOCTh KOHMYECKOW YACTH; CHUKCHUE
MIPOCKOKA MUK, OJ1aro1apsi HATHYUIO KOHMYECKOW BCTAaBKM B OCHOBAHUU ITUKJIOHA.

B paGore [50] mns ynaBauBaHUS TbUIM, OOpa3yrolleics TpU MPOU3BOACTBE
CTPOUTEIHLHOTO KepaM3HTa, MPEJIOKEH anmapara co B3BeIIEHHO-QUIBTPYIOIIUM CIIOEM

(pucyHok 1.6).
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B atmocdepy

Oaumaenmas

PucyHnok 1.6 - CxeMa 3KCIepUMEHTAIbHOW YCTaHOBKH /IS YJIABJIIMBAHUS MbLIH,
oOpa3yroleincs npu Npou3BOJICTBE KEpAM3UTA
1- maTpyOOK BXOJ1a OUYMIIIAEMOTO TBIEBO3IYIITHOTO MOTOKA; 2 - OJI0K-
pacrmpenenuTeIb OYUIIAaeMoro ra3a; 3 — naTpyooK BBITPY3KU MPOCHITHN TBLIN;
4 — ycTpoicTBO (MaTpyOOK ¢ MUTATENEM) NOJAUYH U MOICPKAHUS YPOBHS IPaHyJ
3€pHUCTOTO MaTepHualia B siUCHKe; 5 - Ta3opacipeieiuTeNIbHas penieTka; 6 - 070K
cernapalMoHHOM 30HbI; 7 - MaTPyOOK BBIXOJIa OUYMIIIEHHOTO TIOTOKA Ta3a;
8 — BepTHKaJIbHAs TIEPETOPOJIKA MOICPKAHUS TOCTOSTHHOTO YPOBHSI B3BEIIICHHO-
(bUIBTPYIOIIETO 3EPHUCTOTO MaTepraja B YCTpOUCTRBe; 9, 14 — m3MepuTeIbHBIHN
KOMILJIEKC JJIsl onpeaenaeHus Konnentpamuu; 10, 13 - u3MepuTenbHblii KOMIUIEKC [T
omnpeseneHus napienus;l 1 — marpyOoKk BBITPY3KH TPaHyT (PHIIBTPYIOMIETO CIOS
3€pHHUCTOr0 MaTepuraja ¢ yJIOBJICHHOM MbLIbI0; 12 — MUTaTeNb BHITPY3KHU TPaHy

3€pHUCTOTO MaTepuana; 15 — AMCTaHIMOHHO-YyNpaBigeMbld mubdep; 16 — BeHTuIsITOp
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[lo npuBenenHsiM B [50] pe3yibraraM 3SKCHEPUMEHTAIBHBIX HCCIECIOBAHUMN
YCTaHOBJIEHO, YTO JJs MPAKTUYECKOTO0 IPUMEHEHUsS armapara HbUJICOYUCTKH CO
B3BEIIECHHO-(PHIBTPYIOLIUM CIIOEM LIEJIECO00PA3HO PEKOMEH10BATh!

— CKOpOCTb IIOTOKA B NIONIEPUYEHHOM CEUEHUH anmnapata B npeaenax 0,6-1,0 m/c;
—  YIOJl HaKJIOHA ra30pacIpeIeNuTeNbHOM pemerkn a = 16°,

[Ipu Takux peKUMHBIX ITapaMeTpax BeJIMYMHA MPOCKOKa cocTaBisieT € = 10-12%.

OpHako cineayeT OTMETUTh, YTO K HEAOCTAaTKAM TAaKOIro YCTPOMCTBA OTHOCATCS
3HaYUTeNIbHbIE TabapUTHBIC Pa3MEPbl U a3POAMHAMUYECKOE COMTPOTUBIICHHE.

Moxkpble NMbUICYJIOBUTENN CTPAAAIOT OT a0pa3UBHOIO U3HOCA 3HAYUTEILHO MEHBIIIE,
gyem cyxuwe [87]. C yderom 5TOro sl TPOU3BOJICTBA Kepam3uTa NpEJIOKEHA
KOHCTPYKLUS ammapara ¢ KOMOMHHUPOBAaHHOW CXEMOW MbIJICOYUCTKHU, MOKa3aHHAs Ha
pucynke 1.7 [50, 58].

BepxHsig yacTh 3TOro annapara KOHCTPYKTUBHO IIPEACTABIIAET COOOU MPSIMOTOYHBIN
UKJIOH. BHYyTpU NbUICyTIOBUTENS YCTAHABIMBAIOTCS KOHTAKTHBIE KAMEPHI C IUAMETPOM
MEHBIINM, YeM JuaMeTp anmnapara. s yBeaudeHus mionajad KOHTaKTa OYMIIaeMOro
IBLJIEra30BOr0 IMOTOKA C JKUAKOCTbIO BHYTPEHHUH OO0BEM KOHTAKTHBIX Kamep
3aIOJTHACTCS HACBITHOM 3arpy3Koi (HarmpumMep, kepam3utoBoi) 1o 80% 1o Beicote [50,
58]. Chauanma depe3 TaHTCHIMAIBHBIA BBOJ 3aKPYYCHHBIH TOTOK IOCTyHaeT B
TEXHOJOTMYECKUH OJIOK M PaBHOMEPHO pAacHpelesseTcs IO €ro 0o0beMy MEXIy
KOHTaKTHBIMA KaMepaMd. 3aTeM IIOTOK OIMyCKaeTcsl K TMOBEPXHOCTH >KHIKOCTH B
NOJAJIOHE, TN, MPOXOAs MEXAY JOMaTKaMHUIIONY4YaeT JOMOJIHUTENIbHOE YCKOPEHHE.
["a30xkuaAKOCTHAs cMeCh MOCTYINaeT B KOHTaKTHbIE Kamephl. [locie oTnenenus kamneinb
XKUIKOCTH B IUIACTHHYATOM CEMapaToOpe OYMIIECHHBIM T'a3 OTBOJUTCS Y€pe3 BBIXOJHOU
natpy6oxk [50].

Takum 06pa3om, B 3TOM MbLICYJIOBUTENE PEATU3YyETCs 1Ba MEXaHU3Ma YJIaBIUBAHUS
NbUIM — UHEPLIMOHHBIN U 3aXBaT YaCTHI] HA MOBEPXHOCTH WM B 00bemMe KUAKOCTH [50,
58].

[To mpuBeneHupM B [50] maHHBIM B 3aBUCUMOCTH OT KOHCTPYKTHBHO-PEKHMHBIX

napameTpoB paboTHI anmapara MPoCcKoK MUK u3Mensiercs ot 0,5% no24,5%.
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Pucynok 1.7 — Cxema npeaioKe€HHOT0 KOHCTPYKTUBHOTO PEIIEHUS, PEATU3YIOIIETO
MOKPYIO OYHCTKY BBIOPOCOB OT aOpa3uBHOM MbLIN
1 - xopnyc; 2 - cenapaiiMOHHBIN OJI0K; 3 - TOAIOH C KUJKUM MOTJIOTUTETIEM;
4 - matpyOOK JUIsl BBO/Ia MOTOKA OYUIIAEMOTO T'a3a B TEXHOJIOTUYECKUM OJIOK;
5 - matpyOOK AJisl BEIBOA OUHUILEHHOTO ra3a; 6 - CJIMB OTpaOOTaHHOM KUJKOCTH,
[ — perynsiTop YpOBHSI JKHIKOCTHU B MOJAOHE; 8, 9 — rOpU30HTAIbHbIE MTEPETOPOIKH;
10 — oTBepcTHS B IEPETOPOKE ISl IOJCOCTUHEHNSI KOHTAKTHBIX Kamep; 11 —
3aKpy4MBAIOIINMI JJIEMEHT B HUKHEW neperopoke; 12 — menesas npopesb; 13 —
KOHTaKTHbIE Kamephbl, 14 — koH]y3opsl; 15 — muddy3opsr;

16 — HachImHas KepaM3HUTOBas 3arpy3ka; 17 — mIacTUHYaAThINA cernapaTop

BwmecTe ¢ Tem, nmpuMeHeHne MbUICYIOBUTENEH MOKPOUM OYUCTKU TpeOyeT yCTpOoCcTBa
JOTIOJITHUTEILHOM CHUCTEMBbI BOJOCHAOXXEHHUS, a TakKe OpraHu3alvu IIJIaMOBOIO
xo3siiicTBa. Kpome TOro, B HEKOTOPBIX MPOM3BOJCTBAX MCIIOJIB30BAHUE MOKPBIX
MBUICYJIOBUTENICH HEIEeIeco00pa3HO B CBA3UM C OCOOCHHOCTSIMU TEXHOJOTUYECKHUX

TIPOIIECCOB.
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1.2 AHanu3 onbITa NPUMEHEHUs NbLIEYJI0BUTEICH CO BCTPEYHBIMH
3aKpPY4YeHHbIMHM IOTOKAMH B CHCTeMAaX 00ecnbINBAHUS BHIOPOCOB

B ITIPOU3BOACTBE CTPOUTEC/IBHBIX MaTE€pPHAJIOB

B Hacrosiee BpeMs B MpPOU3BOJICTBE CTPOUTENBbHBIX MaTepuasioB B Poccun u 3a
pyOeKOM U3 ammapaToB CyXOW OYUCTKH TMOJYYWSIM PACHPOCTPAHEHHE BHUXPEBbHIC
IBUICYJOBUTENN CO BCTPEUHbIMH 3akpyueHHbIMH TioTokamu (B3I0) [1, 3, 4, 7, 8, 11-13,
27, 30, 42, 44, 48, 56, 57, 62, 66, 87-93, 99, 101, 109, 111, 112]. OcHOBHOE OTINYUE
anmapatoB B3II OoT HUMKIOHOB COCTOUT B HAJIMYMU JIONOJHUTEIHLHOIO HUKHETO BBOJA
3aKpYyYEHHOT'0 MbUIEra30BOr0 MOTOKA B CeMapaloHHy0 kamepy. [llupokoe BHenpeHue
ATUX MBUICYJIOBUTEIEH OOYCIOBICHO CJEAYIOIIMMHU, B CPAaBHEHUU C LHUKJIOHHBIMU
amnmaparaMy, TPEUMYIIECTBAMU: MEHBIIUNA TMPOCKOK MEJIKOJIUCICPCHOM MBLIM;
MEHbIIasi YyBCTBUTEIBHOCTh K KOJIEOAHUAM OOBEMa W 3albUICHHOCTH OYMIIAEMOTO
raza; Oojplnas  ynaelbHas  NPOU3BOJIUTENBHOCTb,  PEryJHUpOBaHHE  Mpolecca
MBUIEOYNUCTKU TOCPEICTBOM PETYJIHPOBAHUS COOTHOILIECHHS PACXOJOB Tra3za uepes
IIOTOKH, @ B HEKOTOPBIX CiIy4asx MeHee BbICOKue 3arpathl [1, 3, 4, 7, 8, 11-13, 27,
30,33, 42, 44, 48, 56, 57, 62, 66, 87-93, 99, 101, 109, 111, 112].

[IpoBeneHHBI aHANKM3 MMOKa3aJl, YTO BO3MOKHBI Pa3HbIE€ BapUAHThl IMPUMEHEHHS
neuteynoButenied B3Il B cucrtemax obOecnbuiiBaHus BbIOpocoB. Hampumep, stu
ammaparbl MOTYT HCHOJB30BaThbCS JJII  OYMCTKH  MBUICBO3AYIIHOTO  IOTOKA,
OTCachIBAEMOTO0 U3 OyHKepa IIMKJIOHOB, YTO CIIOCOOCTBYET TMOBBIIIEHUIO UX
s¢pdexruBHOCTH (prcyHok 1.8-1.10) [50, 109].

Ha pucynke 1.8 mokazaHa cxemMa CHCTEMbl OYHUCTKH IBUIEBBIX BBIOPOCOB OT
MEJIbHMIIBI M TUTICOBAPOYHOTO KOTJIA B Liexe npou3BoacTBa rumnca Ha OAO «KyOaHckuii
runic-Kuay¢». Ilpu mnpoussoauTensHOCTH cucTeMbl 30 ThIC. M3/4 NMPOCKOK MBUIH B
aTMoc(epy B 3aBHUCHUMOCTH OT peXuUMa PaOOThI TEXHOJOTUYECKOTO 000PYT0BaHUS

u3MeHsieTcs B mpeneiax 1,8-16% [48].
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Pucynok 1.8 - Cxema cucTeMbl 00€CIBIIMBAHUS BHIOPOCOB
B II€XC MPOM3BOJICTBA TUIICA
1 — menbauma; 2— nukion [{H-800; 3 — 6aTtapeitasrii iukimod [{H-600x6;

4 — anmmapat B311-400; 5 — BeHTHIISITODP; 6 — 31IEKTPODUIBTP; 7 — IBIMOCOC

Ha pucynke 1.9 nokazaHa cxema CHUCTEMbl MECTHOM BBITSHKHOM BEHTWJISLIMK OT
MEJIbHUIIBI, YCTAHOBJIEHHAsI B Iiexe mnpousBoAcTBa rurica Ha OAO «Bonrorpaackuii
rurcy. [Ipy IPOU3BOAUTENILHOCTH CHUCTEMBI 37 ThIC. M/4 MPOCKOK HBUIM B atMocdepy

Obl1 cHukEeH 10 23-29% B 3aBUCHUMOCTH OT peXHMa padOThl TEXHOJIOTHYECKOTO

VTN
'\ —_— m 6
(o b

LY

N~ m 4
m. 9

% m. 71

om byHkepa

obopymoBanus [50].

Pucynok 1.9 - Cxema cuctembl 00eCbIIIMBAHUS BHIOPOCOB OT MEJILHUIIBI U
TUIICOBApPOYHOIr0 KOTJIA B TPOU3BOACTBE THIICA
1 — a51ekTpOoPUILTP; 2— OXJIAAUTEIIb; 3 — TUIICOBAPOUHBINA KOTEI; 4 — ITUKIIOH;

5 — MenbHHUIa; 6 — anmapar B3I1-600; 7 — annapat B3I1-400; 8 — BenTunstop
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Ha pucynke 1.10 mpuBeneHa cxema CHUCTEMBbI acHHUpanuy, OOCTYyKUBarOIIEH
CYIIWJIbHBIN OapabaH B kupnuvHOM 1exe CeOpsSKOBCKOTO 3aBoja acOeCTOIEMEHTHBIX
uznenuit [12, 80]. Jlo peKOHCTPYKIIUU CUCTEMBI TPOCKOK MbUTH cocTaBisut 45,6% (2,15
r/c mmu 66,96 1/rom). B pesynpTaTe opraHmzanuu oTcoca M3 OyHKepa OartapeidHOTo

IUKJIOHA ¢ mociienyromei ounctkor B anmapare B3I1-400 mpocKoK MbUTH CHU3UIICS 10

12,5% (0,49 r/c unu 14,476 t/ron) [12, 80].

o S
3

4

Pucynok 1.10 — Cxema yCTaHOBKM MBUICOUYUCTKH B CUCTEME acCIUpaLU
CYIIMJIBHOTO OapabaHa KUPNMUYHOTO 1iexa Ha CeOpsIKOBCOKOM 3aBOJIC
acOECTOIICMEHTHBIX U3
1 — cymmnbHbIN 6apaban; 2 — 6atapeitnsiii nukion CIIH-40; 3 — komiekTop

OuMIIEHHOTO Ta3a; 4 — neiMococ JAH-11,2A; 5 — BUXpeBo# MBLICYIOBUTEIb

Hpyroii BapuaHT — ycTaHOBKa mbuieynoBurenet B3Il B codetaHun ¢ Apyrumu
anraparamMu, KaK, HarpuMep, okasano Ha pucyHke 1.11-1.13 [50, 90, 109].

CucrteMa TBUIEOYMCTKH, CXE€Ma KOTOpOW TMpeAcTaBiiecHa Ha pucynke 1.11,
npemsiokeHa st achanbrodeToHHbix 3aBojoB [109]. Ha pucynke 1.12 npuBeneH oauH
U3 BAPUAHTOB KOMIIOHOBKH YCTAHOBKM NBUICOYHCTKH B CUCTEME MECTHOW BBITSKHOMN

BEHTHUJISILIMHK JUTS TPOU3BOIcTBA M3BecTH [90].
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Pucynok 1.11 —Cxema cucTeMbl NMBIJICOYUCTKH,
BHEJpEeHHOW Ha achanmbToOeToOHHOM 3aBoAe nmpomba3zsr AKOT
"Bonrorpanarponpomaopctpoiu”
1 — cymunbHbIl OapabaH; 2 — ycTaHOBKa OaTapeiHbix nukioHoB 4CILH —
40 x 1000; 3 — KOJUIEKTOpP OYMIIEHHBIX Ir'a30B; 4 — IBIMOCOC—IIBIIEYJIOBUTENb
NAI1-12; 5 - neieynoButens B3I1 — 400; 6 — mHeKkoBbBIN TpaHcmopTep; 8§ —

neiieBo BeHTHasitop LIT 6 — 45

)

Pucynox 1.12 — Cxema yCTaHOBKHM OYHCTKH MbLUIEBBIX BEIOPOCOB JIJIsl IPOM3BOICTBA
u3BecTH [92]
1 — BeHTHIIATOD; 2 — pa3AenuTenb-KOHIEHTpaTop; 3, 4 — neuieynosurenu B3I1;
5, 6 — packpy4yuBaTeIM MOTOKA; 7 — TKAHEBBIN MBLJICYJIOBUTEIb;
8, 15, 16 — Bo3ayxoBobI; 9, 12 — BepXxHHE BXObI BUICYIOBUTEICH;

10, 13 — HmxHUE BXOABI NbLIEyIoBUTENEH; 11, 14 — NUII030BBIE 3aTBOPHI;

17-20 — perynupyroniye 3aciOHKH
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Ha pucynke 1.13 mpuBenmena cxema oOecHbUIMBaHHUSI BBEIOPOCOB B aTMocdepy,
NpeIoKeHHas W ucclieloBaHHass B pabdote [109] mis mepenBM»XHBIX W MOOMIIBHBIX

aC(baJILTOCMeCI/ITGJ'IBHBIX YCTAaHOBOK.

Pucynok 1.13 — CxeMbl KOMITIOHOBKH CUCTEMBI 11l CHUKEHUS TTBUIEBBIX BHIOPOCOB B
aTMoc(epy AJid NEePEIBUKHBIX 1 MOOMIIBHBIX ac(PaIbTOCMECUTEIbHBIX YCTAHOBOK:
a — ¢ IoJ1ayel ra30mbIIEBOrO NOTOKA Ha HWKHUM BXoJ amnmapaTta B3I1 nociie ouncTku B
pykaBHOM (uibTpe (MEepBbIil BapuaHT); O — ¢ MapauieabHON N0Ja4Yeil ra30MbUIeBOro
NOTOKa MOCJIe LIEHTPOOESKHOTO MBUIEKOHIIEHTpaTopa B nbuieynoBurens B3I u
pyKaBHbIN GUIBTP (BTOPO BapUaHT).

1 — cymmnbHbIM OapabaH achanbTOCMECUTETbHON YCTAHOBKH; 2 — YIUTOYHBIH
3aKpy4HBATEIbIEHTPOOCHKHOTONBUIEKOHLIEHTPATOPA; 3 — MIMHAPUYECKas
cenapalloHHas Kamepa LEHTPOOEKHOTO MbUIEKOHIIEHTPATOPa;

4 — IBUICYJIOBUTEIb HA BCTPEUYHBIX 3aKPYUEHHBIX OTOKAX; 5 — MEPBUYHBIN BBOJ
neuieynoBurens B3I1; 6 — Bropuunblii BBOA niblieynosutens B3IT;

7 — packpy4yuBareab NOTOKA; 8 — pyKaBHBIA PUIBTP; 9 — TATOAYyTHEBOE YCTPOMCTBO

N tpernii BapuaHT wucnonb3oBaHUs nbuieysnoButeneit B3Il — kommoHOBKa
YCTAaHOBOK OOECHBUIMBAHMS W3 OTUX amnmapatoB. Hampumep, Takue penieHus
NpeUIOKEHBl  JUISI TPOM3BOJACTBA Kepams3uTa (pucynok 1.14) [50, 95] wum s

POM3BOJICTBA ra3o0eToHa (prucyHok 1.15) [114].
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PucyHnok 1.14 - CxeMa KOMIOHOBKH YCTaHOBKH MbIJICOYUCTKA
C BUXPEBBIMU UHEPIIMOHHBIMHU allapaTaMy Ha BCTPEUYHBIX 3aKPYUYECHHBIX TOTOKAX

JUTS TIpor3BoicTBa Kepamauta [50, 95]

&

A

Pucynok 1.15 - CxeMa KOMIOHOBKH YCTaHOBKH MbIJICOYUCTKU
C BUXPEBBIMU UHEPIIMOHHBIMU alliapaTaMy Ha BCTPEUYHBIX 3aKPYUCHHBIX MMOTOKAX

T TIPOM3BO/ICTBA ra3obeToHa [114]

1.3 AHauIu3 CylIecTBYIOIIMX METOA0B TeOPeTHYECKOM OLEeHKH IPPEeKTUBHOCTH

annaparos B3I1

Kak ocHOBHBIE TmOKa3aTenw HJisi XapaKTEPUCTHKH IIPOIIECCOB U  aIIapaToB
oOecCIbUTMBaHUS TPUHSATHI 00111ast 3P HEeKTUBHOCTH U (PpakiimoHHas 3 (HEKTUBHOCTD WK
oO1IMii MPOCKOK U (PpakIMOHHBIN TPOCKOK [2, 5, 19, 24-26, 28, 30, 42, 46, 48, 56, 76,

106-108]. B obmiem ciydae mporaHo3 3¢pGeKTUBHOCTH (IIPOCKOKA) MPOBOIAUTCS B JBa
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srana. Ha mepBoM W3 HuX BEIOWpaeTcs W OOOCHOBBIBACTCS CHUCTEMA YpaBHEHUH,
MOJIO’)KEHHAs B OCHOBY MaTE€MAaTHMYECKOW MOJIENIM paccMmaTpuBaeMoro mpoiecca. Ha
BTOPOM JTare OCYIIECTBISACTCS OmpeneiaeHue HckomMoil (yHKIMH 3(HPEKTUBHOCTH
(IpOCKOKa) C UCMOIB30BAaHUEM PA3JIMUHBIX METOJOB pacueTa.

[Ipu onpeneneHny TPaeKTOPUI JBUXKEHHUS MBLUIEBBIX YACTHIl B LICHTPOOESKHOM MOJIE
3aKPYYEHHOT'O MOTOKA MOTYT OBITh HUCIOJIb30BaHbI ICTEPMUHUCTCKUN, CTOXaCTUUECKUI
u audy3noHHBIH MOAXO0Abl. [lpm WCHOMB30BaHUM JACTEPMHHHCTCKOTO IMOAXOA
paccMaTpHUBaKOT BCE CUJIbL, KOTOpPBIE NEHCTBYIOT Ha YAaCTHUIly B MOTOKE, a JBH)KCHUE
MOTOKa oOmpeaeneHo Marematuuecku. [lpu pacuere paauanbHOTO TMEpeMENICHUs
NBUIEBBIX YAaCTUL] C MPUMEHEHUEM CTOXACTHYECKOTO TMOJXO0JAa YYHUTHIBAKOTCS
BO3HHUKAIOIIME B PA3JIETUTEIbHOM IIPOLIECCE BEPOSTHOCTHhIE siBiIeHus. [lpu
1 Gy3MOHHOM MOJIX0/1€ 3aKOHOMEPHOCTH MIEPEHOCA YACTHUIL B TYpOYJICHTHBIX MOTOKaX
MPEICTABIISIOTCS YPAaBHEHUSIMUA MACCOIIEPEHOCA, UMEIOITMMHU (HOPMAIbHYIO aHAJIOTHIO C
ypaBHeHUsIMU T Py3Hn.

KyrenoBeim A.M. u JlatkuaeiMm A.C. NpPEasIOKEHO Pa3aeIUTh CYIIECCTBYIOIINAE
MOJEIN THAPOAMHAMHUKMA  BCTPEUHBIX 3aKPYYEHHBIX IIOTOKOB H  Ipolecca
obecnpluBanus B anmapatax B3I1 Ha Tpu kiacca [59].

[Ipu pacuerax 1O JAETEPMUHUCTCKONW (MEXAaHWYECKON) MOJETU MPUHUMACTCS
PAaBEHCTBO IIEHTPOOEIKHOW CHUJIbI, CHJIBI ApXUMeJa UM CHJIBI CONPOTUBIICHUS B
paguanbHOM HampasieHuu. [locnemuss B oOmieM Bujae IS 4acTUIBl chepruyecKou
(hopMBI MOKET OBITh OITMCAaHA BBIPAKCHUEM:

E = Kpa—lluz—awada (1.1)
rie K - ko3dduiumeHT, paBHBIN: B YCIOBUSAX CTOKCOBCKOTO IBUXEHUS 37T, B
YCJIOBUSIX HBIOTOHOBCKOTO ABMkeHus 0,125 (wm 1/8);
- IUIOTHOCTH CPEJBI, KI/M3;
JTMHAMHUYeCKasl BA3KOCTb, KI/M"C;

- CKOPOCTH YaCTHIIBI, M/C;

Q& S = O

- JaMETp 4aCTHILbI, M;

a - TIIOKa3aTcCjib CTCIICHH, paBHBIﬁZ B YCJIOBHAX CTOKCOBCKOTI'O JIBHMKCHHA
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l,B YCIIOBUAX HBFOTOHOBCKOI'O JIBUKCHM A 2.
]_IJ'ISI OIIMCaHuA ABMIKCHUA C(bCpH‘IGCKOﬁ JaCTUulObl B paavaJIbHOM HaIIPpaBJIICHUHU

MOKHO HCIIOJIB30BaTh BBIPAXKCHUC.

ow _ v2 x (p, = p)
or _r*p,;6*K*p,‘,‘f1*uz‘a*wa*da‘3 (1.2)
rie  p,, - TUIOTHOCTb YaCTHUIIBI, KI/M>;
r - paauyc BpalleHHUs, M;
Vv - KO3(pPUIMEHT KHHEMAaTUYECKOUN BSI3KOCTH ra3a Kr/M-C.

Ecnu npeneOpeub cuiaaMu MHEPLMU C MEPEXOJOM YACTHIBI C OJHOTO pajaunyca Ha
JIPYroM, TO JUJIi MTHOBEHHOM pavajJbHOM CKOPOCTH IIPU YCTAHOBHMBLIEMCS BPAILLCHUH
BoIpakeHue (1.2) npeobpaszyercs K BUIY:

- IIPY CTOKCOBCKOM JBUXECHUU

_ vzdz(pm - p)
B 18ur

(1.3)
- HpI/I HBIOTOHOBCKOM ABHUXCHHUU

and(p,, — p)]*
_ 1.4
w=v 3rp, (1.4)

JIJist TpOCTPAHCTBEHHOTO JABMXKEHUSI CPepUUECKON YACTHUIIBl MbUIM B JarpaHkeBOH

CUCTEMA KOOPpJAHNHAT MOKHO 3aIliCaTh

Mdw/dt = 3nud(v —w) — (gradP)®® + Mg (1.5)

TI€ vV - BEKTOP CKOPOCTH MOTOKA;
W - BEKTOp CKOPOCTH YaCTHIIbI;
M - wmacca 4acTHILbl, KT;
P - ruagpocTratuyeckoe NaBJICHUE MOTOKa, 11a;
g - YCKOPEHHE CHIIbI TSHKECTH, M/CP,

Ota Moaenb IS pacueTa TPACKTOPUM YaCTUIl MOXKET OBITh MCIOJb30BaHa
MPUMEHUTENIHHO K JIBYX()a3HbIM MOTOKaM C HEOOJIBIION KOHLIEHTPAIMEH, 1T KOTOPBIX
XapakTEPHO JOCTATOYHO MaJioe B3aUMOICHCTBHE YaCTHIl MEX Iy co0oit [2, 74].

B ocHOBY cTOXacTUUE€CKOW MOAEH MOJ0KEHO JIOMYIIEHUE O TOM, UTO Ha JBUKECHUE

HaxXOAIMUXCA B IIOTOKE YaCTHL OKa3bIBACT BIIMAHHC HCKOTOPOC CJ'Iy‘-IElfIHOC
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Bo3aeiictBue. [lpu 3TOM, MOMHUMO JEHCTBUS LEHTPOOEKHOW CHIIBI, YUUTHIBACTCS
JEHCTBUE CUJIBI CONPOTHUBIICHUS CPEAbl U OOYCIIOBIEHHOIO B3aUMOJICHCTBUEM YaCTHI
CIIy4ailHOro BO3JAeWcTBUA. Torma Uil ONMCAaHUS YCTAHOBHBILETOCS pPaaUuaJbHOIO

JABHMKXCHHSA 4aCTHUIL B I_IeHTp06e)KHOM arraparce MOKCT OBITh IMPUMCHCHA 3aBUCUMOCTD

Bua [74] :

(1.6)

dr _ z(f)_m)w_zr_v L O
dt p— 1/18v 7  3mpvd

e - yIJIOBas CKOPOCTh, M/C;
|74 - paanaibHas CKOPOCTh, M/C;
C(t) - xodpduIUeHT, YYUTHIBAIONMINI CITy4aiiHOEe BO3ICHCTBHE.

[Ipu cocraBneHMH ypaBHEHMS,KaK JOMYIICHHE, HE YUYUTBIBAIOTCA. OTHOCHUTEIBHOE
JIBUKEHHUE YaCTHUIl B OKPYKHOM HAmpaBJICHUH; OTHOCUTEJIbHASA CUJIa MHEPIIMU U CHUja
Kopuomnunca; cocraBisitoniass CONPOTHUBICHHUS OT HECTAIMOHAPHOCTH JIBMYKCHUS
yactuilpl. [lo muenuto KyrenoBa A.M. u JlaTkuHa, ciy4aliHOE€ BO3JEUCTBHE — 3TO
JeabTakoppeaupoBanHas (YHKIUS BPEMEHH C HYJIEBBIM CpPEIHHMM 3HaueHuem [59].
[TosToMy caydailHOE€ JBHXKEHHWE YaCTHUIBI MOYKHOXAPAKTEPU30BATH OJHOMEPHOMU
IUIOTHOCTBIO  BepositHoctd W (t,r) [59]. Droit  BEIWYMHON  ONPEAEIAETCS
KOHIEHTPAIMSI YAaCTUI[ B CEYCHUU " B MOMEHT BPEMEHHM t, KOTOPYI0 MOKHO HAaWTH,

pemrast ypaBHeHue Konmmoropopa-®dokkepa-Ilnanka:

b dw
dW_d(—aW-I'EE) 17
dt dr (1.7)
Bxogsmium B Beipakenue (1.7) xkosdduuuentom a XapaKTepU3yeTcs

HNHTCHCHUBHOCTDb OCaXJICHHA 4aCTHUILL B I_IeHTp06€)KHOM ITOJIC:

_ d2(pu/p)0’r
B 18v

B cBorwo ouepenar koddduimeHToM b omnpenensercss Mepa HEynopsI0YeHHOCTU

JBUKCHHSI YaCTHII, BOSHUKAIOIIETO BCJCACTBHE CIIYYalHBIX Bo3aeicTBuit [2,59, 74].
b

b = ————
972p2y2d?2
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Hubdy3nonHas Momenb OCHOBaHA Ha TOJIOKEHUU TEOPUH TypOyJIEeHTHOMN
G Gy3un. YIIOMSIHYTOE TIOJIOKEHHE 3aKIII0YaeTcsl B TOM, YTO TEPEHOC KaKOW-THO0
da3pl MPONOpUMOHANEH TPATUEHTY €€ COJEpKaHUsd B TOTOKE. YpaBHEHHE

TypOyJAeHTHON AU y3uH UIsl paBHOMEPHOTO IUIOCKOTO ITOTOKAa nMeeT Buj [59, 74]:

ac
we = VE = const (1.8)
rne C - OCpEJHEHHOE 3HAaYeHHE KOHIEHTPAIlMU YacTHUIl Ha YPOBHE Y;
w - TUJpABIMYECKAs] KPYIMHOCTh YaCTHII,
v - k03 duimeHT TypOyIEHTHOIO MepeHoca.

B mHacrosiiee Bpemsa Il TOCTPOCHHUS MaTEMaTHYECKUX MOJEJIEH MPOIECCOB
nepeHoca B MHOTO(a3HbIX MOTOKAX MPUMEHSETCS HECKOIBKO MOAX0A0B. MSCHUKOBBIM
B.II. u Crpymunckum B.B. mpemmaraercsux cieayromas knaccudukarmms [2, 74]:
(hEHOMEHOJIOTHYECKUM  TOAX0J; (HEHOMEHOJIOTHYECKHM TIOJAX0JI C BKIHOYCHUEM
3JIEMEHTOB CTAaTHCTHKH; CTATUCTHUYECCKUU MOJXOJ C DJIEMEHTAMH MEXAHUKH CIUIOIIHBIX
Cpell; CTaTUCTUYECKUM MOXOI.

B [82] aBTOpamMu BbIACIEHBI TPU IMOAXOJAa HPU OMUCAHUU SIBJICHUM MEpeHOCa B
Mpolueccax XMMUYECKON TEXHOJIOTUU

— TI0JXO0J, OCHOBaHHBIN Ha UCIOJIb30BaHUN METOJIa MOJIEKYJISIPHON TUHAMUKHY;
— (EHOMEHOJIOTMYECKUM MOIXOT;
— TI0JX0J, OCHOBAHHBIN HA MPUMEHEHUHU METOJIOB CTATUCTUKH.

I[Ipu pa3paboTke MaTEeMaTHUUYECKUX MOJAENEH JJisi  ONHMCaHUs MPOIECCOB
oOecTbUIMBaHUS IITMPOKOE MMPUMEHEHUE HAXOUT TOIX0/, OCHOBAHHBIM HA YpaBHEHMSIX
KJIACCUYECKOM MEXaHWKH. TakoW mMOAXOJ MO3BOJIIET OTPa3uTh BCE OCHOBHBIC
¢buznyeckue siBiaeHus. OIHAKO B JTOM CJydae HE YYTCHBI ClIydallHbIE SIBJICHUS,
XapaKTEepHBIS IS TIPOIIECCOB 00ECIIBIINBAHUS.

DEeHOMEHOJOTUUECKUN TI0JIX0/, OCHOBAHHBIM Ha W3BECTHBIX 3aKOHAX (PU3UKHU
(3aKOHBI COXpaHEHMSI MAacChl, KOJMYECTBA IBIDKCHHS, DHEPIHMU U JIp.), (PU3UICCKHUX
aHAJIOTUSIX, UHTYUTUBHBIX MPEJCTABICHUSIX U JAPYTHMX IBPUCTUUECKUX MPEANOCHUIOK,
MO3BOJISIET OMPEEIATh OCPEIHCHHBIC MTapaMeTPhl IBUKEHHUS Ta30BOU CPeIbl, MBLIEBBIX

YaCTHII, a TAKKE pacIpe/iesieHne KOHIICHTPAIMU JUCTIEPCHOM (ha3bl B IOTOKE.
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B cratuctmueckom moaxome [82] oOBEOMHSIOTCS BCE  IPEMMYIIECTBA
NEPEYUCIICHHBIX BbIIIE M01X010B. OCHOBHBIM IIPEUMYILIECTBOM 3TOTO MOAX0/1a, TaK XK€,
KaKk ¥ €ro OCHOBHBIM HEJOCTaTKOM, SIBIISIETCS 3HAUYUTEIbHBIH OOBEM HCXOJHOU
uHpopMmaiuu. Kpome Toro, B HEKOTOPBIX CIIy4asiX 3HAUUTEIHHO BO3PACTACT CIIOKHOCTh
MaTEeMaTHYECKON MOJIEIH.

B peanbHbIX ycnoBHsiX MHOTHE (U3WYECKUE SIBJICHHSI OOYCIOBIMBAIOT MOSBIICHUE
KaK CIy4YalHBIX, TaK U JIETEPMUHUPOBAHHBIX Cui. [lepeuncinum OCHOBHBIE CIy4YalHbIE
CHJIbI, BO3JICHCTBUIO KOTOPBIX MOJABEPKEHBI YACTHIIBI IIBIJIM BO MHOTO()a3HOM MOTOKE:

— cuJa, BO3HUKAIOIIAs U3-3a TypOYyJIEHTHBIX MyJIbCalliil Hecylel cpenbl (CHIIbI
TypOyJICHTHOM ITyJIbCALINH );

— CHWJIa, YYWTHIBAKOIIAs TypOyJEHTHbIE MYyJbCALMK MNPUCOECAMHEHHOW MAacChl
Cpebl;

— cuja, KOTopas XapakTepu3yeT HECTAIlMOHAPHOCTh OOTEKAaHUs YaCTUL] CPEIOH;

— cwia MarHyca,BO3HUKAlOIas BCJIEACTBUE TYpPOYJIEHTHBIX ITyJIbCALIMI
HECYILEH cpebl IPYU BPAILLEHNUH ITBUIEBBIX YaCTHLL;

— cuja, NOPOSBIAIOLIASACS MPU COYJNAPEHUHM YacTULl MEXIy co0oil u ¢
OrpaHUYMBAIOLIMMU TOBEPXHOCTSIMU;

— CHJIbI, BO3JIEWCTBHIO KOTOPBIX MOABEPrarOTCs YaCTHIIbL, JBHXKYIIHECS B
ANIEKTPOMATrHUTHBIX, TEIUIOBBIX, 3BYKOBBIX U JPYTHUX MOJISIX;

— cuya, o0ycioBieHHas QUIyKTyallusiMd MacChl OTJEIbHBIX YACTHII, BXOASILINX
B JUCIEPCHYIO UX COBOKYIHOCTD, 3 CUET IUAMETPA U IJIOTHOCTH;

— CuJIa, 3aBUCSAIAs OT BApbUPOBaHUs (DOPMBI YACTHUIIBI;

— COCTaBJISIIOIIAs CHJI ayTOT€3UU U aAre3uu, 00yCIOBIMBAIOIIAs KOATYISLHUIO U
HaJUMaHUE YaCTHILL;

— Clly4aifHasi COCTaBIIAIONIAS] CUII TPEHHUS;

— COCTaBIIAIONIASs, YYUTHIBAIOIIASI XUMUYECKHUE MPOLECCHI, B KOTOPBIX MOXKET
y4acTBOBATh YaCTULIA MBUIH.

O4eBUHO, YTO BO3ACHCTBUE CIYyYaWHBIX CHUJI IPU JABMXKEHUHM YAaCTHIIbI B MBLJIEBOM

MOTOKE MOXET OBbITh, KaK HEMPEpPhIBHBIM 10 BPEMEHU, TaK U JUCKPETHBHIM.
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Bo3aencTByromue Ha 4aCTUIY IIbUIM I€TEPMUHUPOBAHHBIE CUJIBI MOKHO IPEICTABUTH B
BUJIC JIBYX CJIaraeMbIX — BHEITHUX TTOBEPXHOCTHBIX CHUJI M MAaCCOBBIX CHJI [74].

B [5, 29] noka3zaHo, 4TO [IJIs1 pacyeToB anmapaToB CO BCTPEYHBIMU 3aKPYUYECHHBIMU
MOTOKaMHU IiesiecooOpa3Ha  (u3uuecku OOOCHOBAaHHAs C MO3UIUN BEPOSTHOCTHO-
CTOXAaCTHUYECKOI0 MOAX0JIa MOCTAaHOBKA 3alaudd. /{1 3TOro MCHoJIb30BAHO IMOHATHE O
BEPOSITHOCTH CJIOKHOTO TIpoliecca obecmbuInBaHus, BBeneHHOTO borycnasckum E.W. u
A3zapoBeiM B.H. IIpu »ToM cuuTaercs, 4To MPOIECC MAacCOMEpeHOoca MPOUCXOIUT U3
JBYX Kak Obl MapajieJbHBIX BXOJHBIX 30H — 30HbI A (BepXHss 4acTh amnmapara ¢
BEPXHHUM NaTpyOKOM BBO/JIa 3albUIEHHOTO MOTOKA) ¥ 30HbI B (HIKHsSA yacTh anmnapara ¢
HIDKHUM TaTpyOKOM BBOJa 3allbUICHHOTO IIOTOKAa). BeposSTHOCTH 3TOro ClIOKHOTO

Iporuecca COCTaBUT.

Pym + Ppm
— A'ltBxA B'"*uxB (19)
meA + meB

[Ipu BeposTHOCTHOM mMOaX0Je pacueT 3PGeKTUBHOCTH mnbUIeynoBuTeneit B3Il
OCHOBBIBAETCS HAa TOM, YTO JABMKECHUE YACTHI] B TIOTOKE, MTPOXOJISIIEM Uepe3 armapar,
ompenensieTcs (pakTopaMu, IMEIONTUMU CTOXaCTHIECKYTO pupoay. K Takum dakropam
MO>KHO OTHECTH PEKUM pabOTHI MBUICYJIOBUTENS U (PU3UKO-XUMUYECKHE OCOOCHHOCTHU
yJIaBIUBaeMoro marepuana [5, 29, 91, 92].

st pacuera apdextuBHOCTH anmapara B3Il npu ucnonb30BaHUN BEPOSATHOCTHOTO

MI0/IX0/1a UCTIONIB3YIOTCS BeIpakeHus [5, 91, 92]:

- JUId 30HBI A
p =11 — exp[— A(1 — Wa/Vig)Ra]l —exp [— A(1 — Wy /V,s) Ryl
4 (1 = Wra/Vea)(Ry — Ry)
(Ry - 0,5R5)? 1"
xerf 22b(r, = 7o) (1.10)
- 711 30HBI B
p. = 11 exp[_ A(l - WrB/VrB)RB] — exp [_ /1(1 - WT'B/VT'B)RH]
e = _

(1 - WrB/VrD)(RH - RB)
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0,5
(Ry - 0,5Rp)? |~
1.11
2@ty -] Y
rae Ry, Ry, Rg - paauychl LWIMHAPUYECKOM YACTH KOPIYCd, BBIXOAHOTO

naTpyOKa 1 BO3yXOBO/JIa MT0/1a4M BTOPUYHOTO MTOTOKA B 30HY
B cooTBeTCTBEHHO;
g - ko3 duruent quddys3uu rasa;
b - CTENEHb YBJICYEHUs YACTHUIL] MYJIbCUPYIOLIEN CPENON.
PaccMoTpuM ycTaHOBHBIIEECS JBM)KCHHE YaCTUII U MOMEHT JOCTHIXKEHHS €10
rpaHullbl pasnena notokoB. Eciu OyzneM cuuTaTh, 4TO LHEHTPOOEKHAs CUJla paBHA CUJIE
J000BOTO COIMPOTHUBIICHUS BO3AYyXa, OINpPEAEIIEHHOM Mo 3akoHy CTOKca, TO MOYKHO

IIOJIYUYUTDH BBIPAKCHUC IJII OOCHKH MHUHHUMAJIBHOI'O AUaMCTpa 4aCTUIBI, YHaBHHBaeMOﬁ

B anmapare [100]:

3(L, + 0,5Ly)%*r, |vHp.L,
min = 5 2R AL YR E)
2 (Iy + L)* n TPy

rne L;,L, - pacxom rasa B TQIEPBUYHOM U  BTOPUYHOM  ITOTOKaX
COOTBETCTBEHHO;
7 - paauyc rpaHullbl pa3/IeICHUs ra30BbIX TOTOKOB;
H - BBICOTA CeNapalOHHOU MbUICYJIOBUTEIIS;
n - YHCJIO BUTKOB TBEP0M (ha3wl B anmapare.

Pacuetst mo Beipakenuto (1.12) mposenens misa anmapatoB B3I1-600 u B3I1-800
OpU CJIEAYIOIIMX YCIOBUSIX: COOTHOIIEHHE pPAacXoJ0B B MNEPBUYHOM M BTOPUYHOM
norokax coctasusger 0,25; mrotrocts neumm 2000 kr/m3. IlomydeHHBIE pE3yIbTATHI
MOKa3aJId, YTO MUHUMAJILHBIN JTUaMeTp 4acTHIlhI, yiaaBiauBaeMol B anmnapate B3I1-600,

coctaBiset 1,43 MM, B armmapare B3I1-800 - 1,53 Mxm.
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1.4 ObocHOoBaHuEe U BBIOOP HANIPABJICHHUA MCCJIeI0BAHUI

OneIT 3KcITyaTallud CUCTEM  OOECHBbUIMBAHUS BBHIOPOCOB B  IPOU3BOJCTBE
CTPOUTEIBHBIX MAaTEPUAIOB M M3JIEIUN IMOKAa3bIBAET, YTO B IPOLECCE IKCILTYyaTALMH
OTJEJIbHBIE 3JIEMEHTBI 3TUX CUCTEM (TIBLIICYIOBUTEIH, (PACOHHBIE JIETAIN BO3yXOBOIOB
U T.JI.) TIOJBEPKEeHbI abpa3WBHOMY M3HOCY. B IUMKIOHAaX W3HOCY B NEPBYIO Ouepenb
MOJIBEPraroTCsl CTEHKH KOPITyca B HMIMHAPUYECKON U KOHMYECKOM vyacTsax. CHavyaia Ha
BHYTPEHHEH IMOBEPXHOCTH KOpIyca O0pa3yloTcs CHUpAJIbHbIE KAHABKH, OCOOEHHO B
KOHWYECKOM YaCTH — B 30HE KOHLEHTPUPOBAHHOIO MBLJIEBOTO MOTOKA. 3aTEM B KOPITYCE
00pa3yroTCsl CKBO3HBIE OTBEPCTHSI.

MHTEHCUBHOCTh HM3HOCA 3JIEMEHTOB CHUCTEM MbUICOYMCTKH, TJIABHBIM 00pa3om,
3aBUCUT OT CKOPOCTH ouunIaeMoro Bozayxa [19, 86, 87, 108]. Iloatomy 1msi CHUXKEHUS
UHTCHCUBHOCTH  a0pa3MBHOIO  M3HOCA  PEKOMEHAYETCS  CHUXaTb  CKOPOCTb
NBUIEBO3AYIIHOIO IMOTOKAa B IONEPEYHOM CEUEHUU TNbUIeysioBUTENsA. OIHAKO Takoe
pelIeHre IPUBOJUT K BO3PACTaHUIO IPOCKOKA BTN B aTMOC(HEPHBIN BO3AYX.

JlpyruM ~ BapuaHTOM  pEIIEHUsT  paccMaTpUBaeMoOM  MpoOJemMbl  SBISETCS
U3rOTOBJICHHE LIMKJIOHOB M3 H3HOCOCTOMKMX MaTEpHalIOB, HAlpUMeEp, YyryHa WIIU
COBPEMEHHBIX  KOMIIO3UTHBIX  MaTEpHUaJIOB, HCIOJIB3YEMBIX B  aBHALMOHHOM,
KOCMHMYECKOM M BOEHHOM MPOMBILIIEHHOCTH. [IpakTrKytomeecss B HEKOTOPBIX CIIydasx
M3rOTOBJICHUE KOPITyCa LIMKJIOHA U3 YyTryHa, KaK MoKa3ajl ONBIT 3KCIUTyaTallluy, HE JaeT
MOJIOKUTENIBHOTO pe3ysbrata. B 3ToM ciyuae mocne cpabaTbiBaHUs 3alIUTHOW KOPKU
OTOEJIEHHOr0 4yryHa aOpa3uBHBIM M3HOC TaKOro KOpIyca MPOMCXOAUT B JBAa pasa
ObIcTpee, YeM IIPU M3rOTOBJICHUH arapara u3 oobraHoi cranm [20]. Kpome Toro, mipu
UCIIOJIb30BAaHUM YYTYHHOTO KOpIyca IMKJIOHA BO3HHUKAIOT TPYAHOCTH C  €ro
U3rOTOBJIICHUEM M PEMOHTOM, MOCKOJIBKY ISl COOJIOIEHUSI COOTHOILIEHUS Pa3MEPOB U
TpeOOBaHUS MO OOECIEUEHHUIO IJIaJIKOW BHYTPEHHEN MOBEPXHOCTH, a TaKKE B CBSI3U C
HEJIOMYCTUMOCTBI0O MEXaHMUYECKOW 00paboTku, TpeOyeTcsl creuuanbHas TEXHOJIOTHUS
MOJITOTOBKH OTIUBKH [20].

C npyroii CTOpPOHBI, CTOMMOCTb YIOMSHYTBIX BBIIIE KOMIIO3UTHBIX MAaTE€pUaJIOB

A0CTAaTOYHO BCJIHMKA, YTO IMPCIATCTBYCT HMX MHUPOKOMY IPHMCHCHHUIO B CHUCTEMAX
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oOecrbuTMBaHUSL  BBIOPOCOB. JImsi  yMmeHbIeHWS aOpa3sWBHOTO HM3HOCA ITUKIIOHA
BO3MOXXHO TaK»€ HCIIOJb30BaHWE (PYTEpOBKHM BHYTPEHHHMX ITIOBEPXHOCTEH KopIryca
IJTUTKaAMHU W3 MaTepuajoB, KOTOPbIe 00Jadal0T CTOMKOCTBIO K UCTHPAHHIO, HAIPUMED,
13 TUIABJIEHOTO Oa3zayibTa WM APYruX KameHHbIX nopoa [20]. Takoe pernienue npuBoIuT
K YCJIOXHEHHUIO HW3TOTOBJICHUS M PEMOHTa ammapaTa, a TaKkKe K TOBBIIMICHUIO €ro
a’pOJIMHAMUYECKOTO  CONPOTUBIICHUS, U, CJIEAOBAaTEIbHO, BO3PACTAHHUIO 3aTpar
ANEKTPOIHEPTUHM HA PEATU3ALMIO0 MPOILIECCOB MbUICOYUCTKH. KpoMe Toro, Hemb3sl He
OTMETHUTbh, YTO YTSDKEJIEHHE CaMOro MbUICYJIOBUTENSA, OOyCIOBICHHOE (YTEPOBKOM,
noTpedyeT JAOMOJIHUTENIbHBIX MEPONPUATHA 10 oOeclneyeHnuo ero 0e30MmacHon
AKCILTyaTalluH.

Bonbiieir ycTOMYMBOCTBIO K aOpa3sMBHOMY HM3HOCY XapaKTEPHU3YIOTCS ILHMKJIOHBI C
oOpatHbIM KOHycOoM (1uKJI0oHBl KoHCTpykinu BIITHUWOT, 1{OK, I1P, IIM), B KoTOpBIX
B PpE3yJbTaTe PACHIUPEHUS KOHUYECKOW YaCTH MPOUCXOJIUT CHUKEHUE CKOPOCTH
MBIJIEBO3YIIIHOTO MOTOKA C BBICOKUM COAEPKaHUEM IbLIEBbIX yactull [19, 60, 76, 79,
98, 99, 104-106, 108].

Bmecte ¢ TeM, oOIIEM3BECTHO, YTO, HECMOTpPsS Ha NpPHU3HAHHBIC JIOCTOMHCTBA
[UKJIOHOB, 3T amnmnapaThl HE 00ECIEYUBAIOT TPEOYEMOU CTEMEHU CHUXKEHUS MbIIEBbIX
BBHIOPOCOB B TOPOJICKYIO BO3AYIIHYIO cpeay. OCOOEHHO S3TO OTHOCHUTCS K TIbLIH,
pa3Mepbl YaCcTHI] KOTOpOH cocTaBiiaoT meHee 10 mxm u 2,5 MM [19, 60, 76, 79, 98, 99,
104-106, 108]. ITomumo TOTO, YTO COAEPKAHUE TAKMX YACTHUIl B aTMOCHEPHOM BO3TyXe
HACEJICHHBIX MECT JKECTKO perjJaMEeHTUPYETCS JACHCTBYIOIIMMHU  CaHUTApPHO-
TUTUEHUYECKUMU HOpPMaTUBaMU, BO3pacTaeT HEraTUBHOE BO3JEHCTBUE TMbUIM Ha
OKPYXAIOIIyI0 TPUPOIHYIO CPEly BCIEICTBHE €€ a0pa3uBHBIX CBOMCTB.

CHmKeHUEe MNPOCKOKa MbUIM B TOPOJCKYIO BO3AYIIHYIO Cpedy IOCTUraeTcs Mpu
HCIIOJB30BaHUM B CHUCTeMaX oOOECHbUIMBAHUSA BBHIOPOCOB TBUICYJIOBUTENICH Ha
BCTPEYHBIX 3aKpyueHHBIX ToTokax [1, 3, 5,9, 10, 14, 17, 31, 34, 43-45, 47, 50, 60, 65,
69, 84, 90, 93, 94-96, 111, 114]. J{lna cHmxenus abpasuBHOr0 U3HOCA ATUX aIlllapaToB B
pabote [113] mpemnoxena koHcTpykuus mbuieyioButens B3Il ¢ cemapanmonHoi

KaMepoH, BHIMOJTHEHHOW B BUIE OOPaTHOTO KOHYCA.
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C npyrodi CTOpOHBI, JJiT OOECIEYEHUS HAIEKHOCTH CHUCTEM OOCCIBIITUBAHUS
BBIOPOCOB HEOOXOJMMO Y€ Ha CTaJud HUX MPOEKTUPOBAHUS MPOTHO3UPOBATH
HACTYIUJICHHE OTKa3a B pe3yJbTaTe adpa3uBHOTO M3HOCA OTAEIBHBIX JIEMEHTOB. Takoi
IIPOTHO3 MOKHO CIIeNaTh MO pe3yibTaTaM pacueToB MO U3BeCTHOM Meroauke [20, 86],
UCIIOJIb3Ysl JIAHHBIE O XapaKTEPUCTUKAX YJIABIIMBAEMOU MbUIH, O0YCIOBIMBAIOIINX €€
abpa3uBHBIE CBOWCTBA (TJIOTHOCTh, (PPAKIIMOHHBIA COCTaB, (hopma YaCTHIl M Jp.), a
TaKk)Ke JaHHbIE O BeIUMYMHE Kodd¢uimeHTa aOpa3WBHOCTH. 3HAUEHUS MOCIEIHETO
MoKasarTelis AKCIEPUMEHTAIBLHO YCTAHOBJIEHBI TOJIBKO JUISI HECKOJIbKMX BHJIOB TBLIU
CTPOUTENIBHBIX MATEPUAIIOB U MPUBENEHBI B [97].

W3noxxeHHOE BbIIIE TOCIY)XHJIO OCHOBaHHMEM JUIsi BbIOOpa  HampaBlCHUS
UCCJIEIOBAHNUM: DKCIIEPUMEHTAJIBbHBIE HCCIIEIOBAHHUS OCHOBHBIX XapaKTEPHUCTHK,
oOyCJIOBIMBAIONIMX a0Opa3uBHbIE CBOMCTBA, JUIsi HEKOTOPHIX BHUJOB MbLIU B
IIPOU3BOJICTBE CTPOUTEIBHBIX MAaTE€pPUAIOB; JKCIEPUMEHTAIBHBIC HCCIEAOBaHUS
BJIUSIHUSA CTENEHH a0pa3MBHOINO M3HOCA IUMKIOHOB HAa BEIMYHMHY IMPOCKOKA MbUIM B
aTMoc(epHBIi BO3/yX; TEOPETUYECKUE U OSKCIEPUMEHTAJIbHbIE MCCIECAOBAHUS IO
OLICHKE 3aBUCUMOCTH CTEIIEHU CHUKEHUS NBUICIIOCTYIUIEHUHA B TOPOJCKYIO BO3IYIIHYIO
Cpeay OT KOHCTPYKTHMBHO-PEXKUMHBIX TapamerpoB ammapata B3Il ¢ oOpaTHbiM

KOHYCOM.

1.5 BeiBoabI no ruaase 1

1. AHanu3 NMpPOEKTHOW M HOPMATHBHO-TEXHUYECKOM TOKYMEHTAlMU MOKa3al, 4TO
JUISL CHUKEHUS TIOCTYIUIEHUH aOpa3uBHOM IBLIM B TOPOACKYIO BO3AYUIHYIO Cpeay MpH
IPOU3BOJICTBE CTPOMUTENBHBIX MAaTEpHUaJOB B CHUCTEMax OOECHbUIMBAaHUS BBHIOPOCOB
MPUMEHSIOTCS LIMKJIOHBI C OOpaTHBIM KOHYCOM.

2. Ilo pe3ynpraraM aHaJiW3a W3BECTHBIX HAYYHO-TEXHUYECKUX HCTOYHUKOB
YCTaHOBJICHO, YTO 3HAYEHUS KOJMYECTBEHHOTO MOKAa3aTesi a0pa3uBHBIX CBOMCTB MbLIU
— ko3¢ duireHTa abpa3uBHOCTU — ONPEAEIICHbI TOJIBKO ISl HEOOJIBIIOTO YUCIA BUIOB
NBUIA CTPOUTEIBHBIX MAaTEPUAJIOB.

3. IIpoBeneHsl 000CHOBAHKE U BHIOOP HANPaBJICHUS UCCIICIOBAHUM.
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I'JTABA 2 DOKCIIEPUMEHTAJIBHBIE UCCJIEJJOBAHUSA
110 OIEHKE BJIMAHUA ABPASUBHOI'O U3HOCA 3JIEMEHTOB
CUCTEM OBECHIBIVIMBAHUMA BBIBPOCOB
HA BEJINYUHY NBLUIENOCTYILUIEHUHA B TOPOJCKYIO
BO3AYIIHYIO CPENY

2.1 O0BLeKTBI 1 METO10JI0T U MCCJIeI0BAHMI

DKCIIEpUMEHTAIbHBIE  HCCIEAOBAHUS  IPOBOIWINCH HA  HPEANPUATHSIX 10
NPOMU3BOJICTBY ~ CTPOMTEIILHOTO  KepaM3WTa W  CTPOMTEIBHBIX  MaTEpUalOB  C
UCTIOIb30BAHUEM KBapIICBOrO Iecka B T. Bomarorpame m Bomrorpaackoit obnactu, a
TaK)Ke Ha 3aBOJC CTPOHMTEIBHBIX MAaTEpHAIOB KOMIIAHHM «AOpamk-AjdbKapama
(AKCTrading&ContractingL.L.C) (cynrtanar Oman) (mpmioxkenue 1). Ha stom ke

MPEANPUSATAN TPOU3BOISITCS HAMOJIbHBIE JOCKU U3 IPEBECUHBI NabMBbI (PUCYHOK 2.1).

S N

§ b A

Pucynok 2.1 — ITpou3BoACTBO HANIOJBHBIX JOCOK W3 APEBECUHBI AIbMBI

[Ipu mpoBeneHUM HATYPHBIX HCCIIEIOBAaHMI: OOCIEIOBAIMCH CUCTEMBI MECTHOU
BBITSDKHOW BEHTWISILIUW; TPOBOJMIIACH OIEHKA IPOCKOKAa MbUIM M3 IUMKIOHOB B
aTMoc(epHbI BO3/yX; HCCIEIOBAIACh a’3pOJMHAMHUYECKas YCTOMYMBOCTh CHCTEM

MECTHOM BBITSDKHOM BEHTWISIMU B TEPUOJ SKCIUTyaTalluy; MPOBOJUIACH OIICHKA
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M3MEHEHHSI MIPOCKOKA MbUIM M3 LHMKIOHOB B 3aBHCUMOCTH OT CpPOKa 3KCIUTyaTaluu
anmapaTroB;  HMCCJIEIOBaJUCh  (PPaKIMOHHBIA COCTaB M  OCHOBHBIE  CBOWCTBA
00pa3yrolIencs: B pacCMaTpUBaCMbIX IPOM3BOJICTBAX MbUTH[5].

[Ipu oOcnenoBaHUM CUCTEM MECTHOM BBITSIKHOW BEHTWISIIUU M HUCCIICIOBAHUM HX
a’pOAMHAMUYECKON YCTOMYMBOCTU HW3MEPSUIUCH: TUIOMIAJM CEUYEHHs] BO3TyXOBOJOB;
JABJIEHUE BHYTPU BO3yXOBOJOB; TeMIIEpaTypa BO3AYLIHOTO IMMOTOKA; KOHUEHTpPALMs
IBUTH B BO3AyXoBoAe. JlJis u3MepeHus: AaBleHUN HCIOIb30Basica quddepeHInanbHbINA
b poBoii MmaHoMeTp testo 512 B coueTaHMH ¢ MHEBMOMETPUUECKOU TpyOKo# [35-37].
Jlns ompeneneHusi COAEpKAHHMS MbUIM B BO3AYXOBOJAX M B BO3AYIIHOM cpefe
OPUMEHSJICS CTaHAAPTHBIM HAO0Op MBUIEOTOOPHOTO OO0OpPYAOBaHUS KOHCTPYKIIUU
HUMOI'A3 [36, 37].

UccnenoBanus mo oreHke (QpakiMOHHOTO cOcTaBa M (POPMBI MBUICBBIX YacCTHIL
OpPOBOIMINCE B Jaboparopun Kadenpsl «be3onacHOCTh IKU3HEIAEATEIHLHOCTU B
CTPOUTENIBCTBE U TOpoACKOoM xo3sictBe» Boar['ACY. Ilpu 3TOM mnpuMmeHsnach
METOJMKa MHUKpOCKomuueckoro anamuza [13, 16, 18, 40, 55], anpobupoBaHHas u
PEKOMEHJOBAaHHASI K HCIIOJIb30BAaHUIO MPU MNPOBEACHUU HCCIEIOBAHUN COJIEPHKAHUS
MeJKOAUCIEpCHbIX 4YacTull mbuti PMio u PMys [66]. IIpu oOpaboTke pe3ynabTaToB
MUKPOCKOITMYECKOTO aHaIn3a MCIOJIb30Bajlach MporpamMma 0o0paboTKu H300paKeHui
gactuy DUST 1, paspabGorannas B Bonr[’TACY wu mosyduBmIasi CBHUIETENBCTBO O
rocyJapCTBEHHOU peructpaunu [81].

JIist uccliemoBaHUsI OCHOBHBIX CBOMCTB IBUIM, ONMPEAEISIONIUX €€ aOpa3uBHBIC
CBOMCTBa, MpoObI OTOMpaNKWCh HAa 3aBOJIE CTPOMUTENIbHBIX MAaTEPHUAIOB KOMITAHUH
«AOpamk-Anbkapama» (pUCyHOK 2.2), a camMd UCCJEIOBaHMUS MPOBOAMINCH B
1ab0paToOpUAX ITOW KOMITAHUH (TIPUIIOKEHHUE A).

JUiss  ompeneneHuss — MJIOTHOCTH — HUCCJIEAYEMOM  MBUIM  HCIOJIb30BAJICsH
MaHOMETPHUYECKHI croco0, OCHOBaHHBIN Ha 3akoHe boitns-Mapuorra [57, 98]. Hns
OLICHKM  a0Opa3uBHBIX  CBOWMCTB  HCCIEyeMOM MbUIM  OblIa  MCHOJb30BaHa

AKCIIEpUMEHTAJIbHAS YCTAHOBKA, CXEMA KOTOPOU MpuBEAEHA Ha pucyHke 2.3 [57].
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Pucynox 2.2 — IIpo6sl nibuH, 0TOOpaHHBIC HA 3aBOJIE CTPOUTEIBHBIX MAaTEPHAIIOB

KOMITaHHH «AOpaK-AbKapamay

— (S
Pucynok 2.3 — CxeMa d3KCIIEpUMEHTAIIBHON YCTaHOBKH VISl OTIPEIECIICHUS
koa(durreHTa abpa3uBHOCTU UCCIEAYEMOM TBLIH.
1 — cOopHuUK TIBUIH; 2 — KacceTa AJIsl KperieHus: 00pasiia; 3 — odpaserl;
4 — pasroHHas TpyOKa; 5 — BUOpaIIMOHHBINA TUTATENh; 6 — OyHKED;
7 — 2JIEKTpOMarHuTHas KaTyIlka; 8 — BOPOHKA; 9 — Kopiyc;

10 — ’eKTpOABUTATEND

Meron OCHOBaH Ha ONPENEJIECHUM CTENEHW H3HOCA IUIACTUHKH M3 HCCIEAyeMOM
Mapku cTanu. IIpy 5TOM IIacTMHKA pacnoaraercs noj yriom 45° k meiiesoil crpye.

Hccnenyemast mpuib mojaercs U3 OyHKEpa B BOPOHKY M M3 HEe — B Pa3rOHHOE
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YCTPOMCTBO, KOTOPOE MPEACTaBIsAET co00i TpyOKy ¢ AuameTpoMm 6 MM u JymHON 150
MM. Ha ogHOM KOHIIE TPYOKH yCTaHABIMBACTCS KacceTa ¢ 00pasIoM.

Pa3roHHoe yCTpPOWCTBO BpallaeTcsl dJICKTPOJBHraTrejieM B TOPH30HTAIBHOMN
miockocTr. [IpIIeBBIE YACTHIBI PA3TOHSIOTCS TOM JCUCTBHEM IIEHTPOOCKHBIX CHII,
yaapsroTcss o0 obOpaserm M 4yepe3 IMpoeM KacCeThl BBIHOCATCS B COOpHUK mbLIM. 1o
pe3ynbTaTaM B3BEIIMBAHUS 00pasIia 0 U MOCIE SKCIIEPUMEHTA ONPEACIISIICS MacCOBBIN
u3HOC 0Opasma. KomuecTBo 3ackimaeMoil MbLUTA, CKOPOCTh BpAaIlleHUs TPYOKH BO BCEX
OIbITaxX OBLTH OJAMHAKOBBIMH [57, 93].

Koaddumuent abpasuBHOCTH HccleAyeMOl MBUIA OMPEACISICS IO pe3yibTaTam

9KCIICPUMEHTOB 110 BhIpakeHuto [57, 93]:

K, = AAm, m*H (2.1)
rie A - TOCTOSIHHAs yCTAHOBKH (IIPH YIJIOBOM ckopocTh asurarens 50 ¢! u
JUIHE TpyOKHU Pa3rOHHOTO YCTpOMCTBA 0,15 M
A =1,0804-10°[55]), m¥/(H-kr);
Am - W3MEHEHHE MacChl CTAIBHOTIO 00pa3ua, Kr.

3a pe3ynpTaT UCHBITAHUN MPUHUMAIOCh CpeaHee apu(METHUECKOE pe3yIbTaTOB

TPEeX OCHOBHBIX M3MepeHuii [57, 93].

2.2 Pe3yibTaThl HCNIBITAHUI CHCTEM 00eCIbIIMBAHUS BHIOPOCOB

B atoM pazzene npuBoASITCS pe3yabTaThl UCIIBITAHUS CUCTEM acUPAIIMK HA MOMEHT
Hayaja IpOBEACHUS UCCIICIOBAHUM.

Ha pucynke 2.4 mnokazaHa cxeMa CHCTEMbl OOECHBUIMBAHUS BBIOPOCOB,
oOcITy>)KUBaroIel 3jieBaTop Tecka. Pe3ynabTaThl UCTIBITAHUN CUCTEMBI TPUBEICHBI B

tabmure 2.1.
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1
Pucynok 2.4 — Cxema 00C€10BaHHON CUCTEMBI OOECIIBIMBAHUS BEIOPOCOB OT
JIEBATOPA MECKA
1 — MecTHBI! 0TCOC; 2 — IUKIIOH; 3 — BEHTWIATOP; 4, 5 — TOUKH NPOBENCHUS

3aMepoB

Tabnuua 2.1 - Pe3ynpTaThl HCTIBITAHUN CUCTEMBI OOCCIBUIMBAHUS BBIOPOCOB

OT 2JIEBAaTOpa ICCKa

o) < N X 2
2 S | & > g g | &= o
& o & 5= o0 =6 > = & =
S E 5 o O o o 0 = a = 3
S = 2 a = R, Q © £ = =
S Z S S I 2 A o 2 o .
ge S ¥ S o == o S A o = =
= S, S = 3) 5 3 == S
g N 5 = 2 g < S T 3 3)
S g &R g £ 5 |2 ° 2
an &) = =
4 0,2 114 13,7 1550 9456,05
5 0,2 120 14,1 1595 2,9 319,31 3,38

Ha pucynke 2.5 npencraBieHa cxema CUCTEMBI JIOKAJIU3alMU U OYHUCTKU BHIOPOCOB
OT Y3JIOB MEPECHINKU TMecKa. Pe3ynbTaThl UCHBITAHUNA CUCTEMBI MOKa3aHbl B TaOIHUIE

2.2.
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Pucynok 2.5 — CxeMa 00ce10BaHHON CUCTEMBI aCITUPAIIAH
OT Y3JIOB MEPECHINKHU MEeCKa

1 — MecTHBIN 0TCOC; 2 — UKJIOH; 3 — BEHTUJIATOD; 4-6 — TOUKH MPOBEACHUS 3aMEPOB

Tabnuna 2.2 - Pe3ynbTaThl UCIIBITAHUN CUCTEMBI aCTUPAIITU

OT Y3JIOB IICPCCHIIIKHA IICCKA

IS < o X X
: = 8= |8 |E |{ |E £
) o & 3~ & =4 2, 5 2 =
s S o © L o 2 Q ¢ o & A

(» A 5o [ Y o} o = =
g ol = o = o b A o™ Q T«

o) S X S = = o S = o = =
o & éi[ S8 s B 3) o Q S 2
2 T |E2 |2 : S | EZ 5

~ Q o K o
g S 2% 8 k = |2 2
an O = =
4 0,18x0,18 121 14,2 1656 113,4
5 0,2x0,2 139 15,2 2190 8475
6 0,34x0,2 159 16,3 3980 3,5 141,25 27,5%

Ha pucynke 2.6 npuBeneHa cxema 0OCIE€IOBAHHON CHUCTEMbI JIOKAJIU3alUU U
OUYHCTKH BBIOPOCOB, OOCITYKMBAIOIIEH TpaHCHOpTEp Tecka. Pe3ynbrarhl WCHbITAaHUN

CUCTEMBI MPEJICTaBICHBI B Ta0HIE 2.3.
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X,
n

PI/ICYHOK 2.6 — Cxema O6CHGIIOB3HHOﬁ CHUCTCMBEI JIOKAJIM3allu1 U OYHMCTKH BBI6pOCOB,

o0cy>KUBaIOIIEH TpaHCIIOPTEp MecKa

Ta6Jmua 23 - PGBYJ'IBTaTI)I HUCIBITAaHUN CUCTEMBI JOKaJIN3allu U O4YNCTKH

BBIOPOCOB, OOCTYKHBAIOIICH TpaHCIOPTEP MEeCKa

=z = O g: < N = X
S < P o N
2 |eg |EE |5 |3 % |E% :
=2 |28 2¢ |8, |8z |E |EES 2
22028 |55 |e® |2% |E |55 |z
o = = > s = Q o ) == 2
D) H = T4 o v’ o = 3 5
g 3 55 | g 2 = | SF 2
2 = = < S =

4 0,2 124 14,4 1628 123,6

5 0,2 119 14,1 1594 1474

6 0,25 199 18,2 3222 135,4

7 0,25 228 19,5 3436 6,6 25,18 19,8

Ha pucynke 2.7 npeacraBieHa cxema CUCTEMBbI JIOKAIU3allMA U OYMCTKH BHIOPOCOB,
0OCITy>KHBArOIIe TPOXOThI KepaM3uTa. Pe3yiabTaThl UCIIBITAHUNM CHUCTEMBI TIOKa3aHbI B

tabmurie 2.4.
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X

Pucynok 2.7 — CxeMa 00ce10BaHHOM CUCTEMBbI JIOKAIU3al[ui U OYUCTKHA BHIOPOCOB
OT TPOXOTOB KE€paM3uTa
1 — MecTHBIN 0TCOC; 2 — IUKJIOH; 3 — BEHTWIATOP; 4, 5 — TOUKU IPOBEJCHUS

3aMepoB

Tabnuna 2.4 - Pe3ynbTaThl UCIIBITAHUN CUCTEMBI JIOKAIM3AIUN U OYUCTKU

BBIOPOCOB OT I'POXOTOB KepaM3HuTa

= < - X 2
- S 182 |2 8 |f B %
) a g S = X = >, 5 2 =
= 5 o © o o 5 ¢ = o
c% > L & 5o A o o F o B = =
ST = o = o QL= ) 2 =l o
o g > = = = o = A v = 5
o = SN s = Q o Q S =
02) N = T M e > o T A 3)
o S o O Q Cc = @)
5 g &% |8 g K 2
4 0,2 28,6 6,9 996 536,03
5 0,2 61,2 10,1 1454 46 54.4 10,1

Ha pucynke 2.8 moka3zaHa cxemMa CHCTEMBI acCHUpamuu, OOCTy>KUBAIOIIEH

TpaHCHopTep Kepam3uTta. Pe3yabTaThl UCTIBITAHUN CUCTEMBI PUBEICHBI B TabuLe 2.5.
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Pucynok 2.8 — Cxema 00ce0BaHHOM JTOKATU3AIMU U OUUCTKU BHIOPOCOB
OT TpaHCIOpTEpa KEpamM3HUTa
1 — MecTHBII 0TCOC; 2 — IMKJIOH; 3 — BeHTUJsATOP; 4-10 — ToukH nmpoBeneHus

3aMepoB

Tabnuna 2.5 - Pe3ynbTaThl UCMIBITAHUIN JIOKATU3AIUU U OYUCTKHA BRIOPOCOB

OT TpaHCHOpPTEpa KEpaM3UTa

JE = ) g‘\ < O\O.\ = X
- o S > ¥ < ™ 0
2 o A - = £ | B s
s =~ o 2 L O Q 3] o = o = 0
s 2| =8 = R 2z 9 == E
5% | 8% S 3 2 = s @ 5 s i
o, = =5 S B 3} = o =5 B e
2] SESt = M Q < Q T 3 S
g 3 5% | § 2 5 | SF g
T a {‘) A é =
4 0,25 24,6 6,4 1130 803,4
5 0,25 31 1,2 1272 626,7
6 0,25 21 59 1042 659,2
7 0,25 23 6,2 1095 726,8
8 0,25 39 8,1 1430 659,2
9 0,5 46,5 8,8 6200 3,9 666,2
10 0,5 53 9,3 6570 6,0 157,2 25
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Ha pucynke 2.9 u 2.10 npeacTaBieHbl CXEMbl CUCTEMBI JIOKAIU3AIMU U OUYUCTKHU
BBIOPOCOB OT JIepeBO0OOpa0aTHIBAIOIIMX CTAHKOB. Pe3ynbTaThl MCHIBITAHUNW CUCTEM

MIPUBEICHBI B TabuIIe 2.6.

/
/ 8 o / | 7§10

1

Pucynok 2.9 — Cxema 00cie10BaHHOH JIOKAJIM3allMi U OYMCTKU BEIOPOCOB
OT JiepeBooOpabaThIBaIOMMX CTaHKOB Bl
1 — MecTHBIN 0TCOC; 2 — UKJIOH; 3 — BeHTWISATOp; 4-11 — Touku mpoBeeHus

3aMepoB

(o2}

Va4

/1_1 1

Pucynok 2.10 — Cxema o0ciieJOBaHHOH JIOKAIU3aIMU U OYUCTKU BEIOPOCOB
OT JIepeBo0OpadaThIBAIOIINX CTAaHKOB B2
1 — MecTHBIN 0TCOC; 2 — IUKJIOH; 3 — BeHTWISATOpP; 4-11 — Touku mpoBeeHUs

3aMepoB
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PCBYJIBTaTBI HUCIBLITAaHUN JOKaJIMN3allu U O4YHCTKHU BI)I6pOCOB

oT I[CpeB006pa6aTI>IBaI-OHII/IX CTaHKOB

e g s | £ o i = =
g o & gE= | F 2 5 | §2 z
2 ~ 5 o O o o % - = a B )
> A T A o o o0 == =
S5 | 28 = |22 |&L |8 | g3 =
o 2 = § c% = 3) £ = O & E e
0 H & T 3 3 S S T 3 3
= ™ = S = Q ) S E 3
S g S 2 & s | % £
O = =
Cucrema B1
4 140 139 15,2 842 329.,6
5 140 161 16,4 908 438,2
6 140 148 15,7 870 243.8
7 160 142 15,4 1114 198,9
8 140 140 15,3 847 327
9 200 144 15,5 1755 385,2
10 250 270 21,2 3740 297,2
11 250 272 21,3 3760 0,5 295.7 12,6
Cucrema B2
4 160 180 17,3 1251 2125
5 140 156 16,1 892 197,8
6 140 139 15,2 842 2645
7 200 214 18,9 2145 206,2
8 250 171 16,9 2990 222 .4
9 250 190 17,8 3115 4.1 2135 17,7

HOJ’Iy‘IeHHBIC PE3yJbTaTbl IIOKA3aJIM HAJIWYHUEC HC3HAYUTCIbHBIX (B npeaciax

YCTaHOBJICHHBIX HOPMATHUBOB [87]) MOJCOCOB BO3/lyXa B CUCTEMaX MECTHBIX OTCOCOB U

BBICOKOC 3HAYCHHUC IIPOCKOKA ITbIJIM B TUKJIOHAX O6CJ'ICI[OBaHHI>IX CHCTCM.

2.3 OneHka (ppaKIHOHHOTO COCTABA U OCHOBHBIX XapPAKTEPHUCTHK,

onpeaeJsOMUX adpa3uBHbIE CBOMCTBA MccJeyeMOM NbLIN

Pesynbrars

OTpeICTICHUS

(bpakuMOHHOTO

npeacTaBieHbl Ha pucyHke 2.11-2.13.

cocCTaBa

UCCIIENYEMOU

IIBIJIN
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Ha pucynke 2.11 mpuBeneHbl naHHbIE 0 MO(PAKIMOHHOM DPACIPEAETCHUH MAaCChl
YacTULl MO pa3MepaM [UIsl KEpaM3UTOBOM MbUIM, IMOCTyHaromed B LUKIOH. g
CPaBHEHUS 3/1€Ch K€ MPEACTABIEHBI PE3YJIbTAThl OLEHKU AUCIIEPCHOIO COCTaBa 3TOM e

nbUTH, ipuBeeHHbIE B [50, 58, 95].
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Pucynox 2.11 — [lodpakumronHoe pacnpeesieHne Macchl o TMaMeTpaM YacTHII
KEpaM3UTOBOM IMBUTH, MTOCTYTAIOIIEH B CUCTEMY 00ECIIBUIMBAHUS BEIOPOCOB.
1 — pe3ynbTaThl COOCTBEHHBIX SKCIIEPUMEHTAIIBHBIX UCCIIEOBAHUIA;

2 — o pa"aeIM [50, 58, 95]

[Toy4yeHHbIe pe3yabTaThl CBUACTEIBCTBYIOT O TOM, YTO OCHOBHYIO 100 (10 50%
0 Macce) B KepaM3UTOBOW MbUIM, MOCTYMAOLIEH B CHCTEMbl OUYHUCTKU BBIOPOCOB,
COCTABJISIIOT YaCTULIBI C pazmepamu 10 10 MKM, U MenuaHHbIid auametp d,, = 10 Mxm.
Pa3Mepsl yacTuil uamMeHstoTcs B npeaenax ot 0,5 10 35 M.

Ha pucynke 2.12 npeacTaBiieHbl pe3yibTaThl aHaIu3a GPaKIIMOHHOTO COCTaBa MbLIU

II€CKa, HOCTYH&IOIHCI\/’I B CUCTCEMBI ITBINICOYUCTKH.



48

Bl &
99

99,
@ /
98 /
a7 Vi

a5

a0

an

/

70 /
/
/

60

40 ,/
30
20 1

05 bl
01 /

1 2 10 20 100 dioammnr

Pucynok 2.12 — Pe3ynbrathl ananu3a (pakIimOHHOTO COCTaBa MbLIHU TECKa,

MOCTYIAIOIIEH B CUCTEMY 00€CTIBIIIMBAHUS BHIOPOCOB

Pa3zmepnl wactun msMensirorca B auamnazone 1,3 — 32 mxm. Ha gomro wactwip ¢
pasmepamu Menee 10 mxm mipuxoautcst 38 %, MenuaHHb AUaMeTp d,, coctaBiseT 12
MKM.

Ha pucynke 2.13 noka3zano nodpakilmoOHHOE pacrpeieieHHe MacChl 10 TUaMeTpam
MOCTYMAIIMIMX B CHCTEMbl TBUICOYMCTKH YACTUIl TbUIM, OOpa3ymoOIIUXCs MpHU
MEXaHU4EeCKO 00paboTKe ApeBECHHBbI NalbMbl. Pa3Mepbl 4acTUIl U3MEHSIOTCA OT 5
MKM A0 35 mkMm. Ha nmomto wactun ¢ pazmepamu menee 10 mxm npuxomutcsa 9,5 %,
MEJUaHHBIN muaMeTp d,,, = 20 MKM.

[Tomy4yeHHbIe JaHHBIE MMOKAa3add, YTO (PPAKIIMOHHBIA COCTAB KEPAM3UTOBOM MbLUIU U
NbUIA TIeCKa, MOCTYMHAIOMUX B CHUCTEMBI OOECHBUIMBAHHS BBIOPOCOB, TMOJUHHSIETCS
yCEYEHHOMY JIorapu(MHUUECKU-HOPMAJILHOMY pacrnpenesieHuto. JucnepcHsii cocras
MbUTH, 00pa3yromiencs Tpyu MeXaHUueCcKoi 00paboTKe IpeBECUHBI MAIbMBbI, TaK XKe, KakK
JUCTIEPCHBINA COCTaB MBUIHM, 00pa3yromeicss mpuoopadboTKe NPEBECUHBI JPYTUX TOPOJT
nepeBbeB [61, 113], onuckiBaetcst hopmynoit ['omdna-Anapeesa-Illymana [55], koTopast
JUTSl paCCMaTPUBAEMOT0 Cydasi MpuoOpeTaeT BU/:

D(d,) = 0,01084284 (2.2)
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Pucynox 2.13 — [ModpakunonHoe pacnpeesieHue Macchl 1o TuaMeTpam
MOCTYTAIOIINX B CUCTEMbI 00ECIBUIMBAHUS BEIOPOCOB YACTHI TTBLIN, 00pa3yIONIUXCs

IIPU MEXAHUYECKOU 00pabOTKE APEBECUHBI MATbMBI

N3yuyenue  ¢GopMbl  YaCTULl  HUCCIEAYEMOM  MbUIM  MPOBOAMUIOCH MO
MuKpodoTorpapusM, TMOJYYEHHbIM TMpPHU MPOBEICHUHM AUCHEPCHOHHOTO aHalM3a
(pucyHok 2.14). OueBHUIHO, YTO YACTHUIIBI TIECKA B OOJILIIMHCTBE CBOEM UMEIOT (opMmy,
OJIM3KYI0 K 11apooOpa3Hoi (pucyHok 2.14, 6). YacTuilbl MbUTM JPEBECUHBI MaJbMbI B
OCHOBHOM XapaKTEpPU3YIOTCS BBITAHYTOM MaJOYKOOOpa3HOW WM WII000pa3HOM
dopmoii (pucynok 2.14, B). Haubonpmmm pazHooOpazuem QOpMbI OTIHYAOTCS
YaCTUIIBl KEPaM3UTOBOM TBUIM — OT IJJACTUHYATOM, NaJIOYKOOOpa3HOM 10 peaKo

Onm3Ko# K TapooOpasHoit (pucyHok 2.14, a).
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Pucynoxk 2.14 — MukpodoTtorpaduu gacTuil uccieyeMoi nblid, MOCTYNaoIIeH B
CHUCTEMbI MECTHBIX OTCOCOB:

a — KCpaM3UTOBaAA IIbLJIb, 0 — IBLIb IICCKAa; B — IIblJIb APCBCCHUHEI I1aJIbMbI

PGBYJ'IBTaTBI SKCIICPUMCHTAJIbHBIX HCCJIGI[OBaHI/Iﬁ II0 OIIPCACIICHUIO IINIOTHOCTHU
HCCHG,Z[yeMOI}JI IIbIJIM IIOKa3aJId, 4YTO 3Ta BCJIMYHMHA B CPCAHCM COCTABJIACT. [JIA

KepamM3uToBoi — 2600 kr/m®, mecka — 1500 kr/m3, npeBecunsl nanbMel — 1300 kr/m3,

OKCHEepUMEHTAIBHO TOJY4YeHbl 3HaueHusi Kod(duimenta aOpa3suBHOCTH IS

uccaeayeMoil mem: kepamsutoBoil — 0,66-10 ~ 1% m%/kr, mecka - 0,3-10 ~ 10 m%/kr,
npeBecHHbl manbMbl - 0,42-10 10 m2/kr.

2.4 PacyeT MHTEHCMBHOCTH a0pa3uMBHOI0 U3HOCA IIMKJIOHOB B 00CJ1€I0BAHHBIX

cucTeMax o0ecnblIMBAHUS BHIOPOCOB

JJist pacdeTHOM OIEeHKM MHTEHCUBHOCTH a0pa3WBHOTO M3HAITMBAHUS IUKIOHOB MIPU

OYHCTKE BBIOPOCOB B aTMOC(EpHBIN BO3AyX OT HMCCICAYEMOW MBUIA BOCIIOJIB3YEeMCS
BbIpaxkeHuewm [57, 97]:
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hq
= 35008002k, 2
e T - Bpems aOpa3sWBHOTO H3HOCA 3JEMEHTa yYCTAHOBKH OOCCIBUIMBAHUS
Ha 3aJ[aHHYIO TJIyOHHY, U;
h - JIMHCUHBIA M3HOC, M;
c/q - MaccoBas KOHIIEHTpaLys MaTepuana, Kr/c?/m?,
E - x03(dHUIHEHT BEpPOSTHOCTH MMOMAJAaHUs YaCTHI[ Ha M3HAIINBACMYIO
MIOBEPXHOCTD, B IOJIAX OT €UHHMIIBI,
V - CKOPOCTh ra30BOI0O MOTOKa, M/C;
K, - xo>pdumuent abpasuBHOCTU UCCIEMYEMOM MBLUIM, M2/KT.

B tabnuie 2.1 npuBeaeHsl pe3ynbTaTbl IPOTHO3HOTO pacyeTa adpa3uBHOIO M3HOCA
IIUKJIOHOB B 00CJIEI0BaHHBIX CHCTEMax OOECHBLIMBAHUS BBIOPOCOB, BBIIIOJIHEHHOTO HA
OCHOBE JKCIIEPUMEHTAJIBHBIX JAHHBIX O CKOPOCTHM M KOHIIEHTpPaUWM{d TMbUIA B
OUYHMINAEMBIX BO3AYIIHBIX [IOTOKAX, a4 TAKKE Ha OCHOBE DKCIIEPUMEHTAJILHO IOJy4EHHBIX

3HaYeHUHN KOA3(PPUIIMEHTOB aOPa3UBHOCTHU UCCIIEAYEMOU MbLIH.

Tabmuua 2.1 - Pe3ynbTaThl MPOTHO3HOTO pacueTa adpa3uBHOIO U3HOCA

OUKJIOHOB B 06CJ'ICI[OBaHHBIX CHCTeMaX 00CCHBIINBAHUS

BBEIOPOCOB
Cxema Bpewms
Bun nbun YCTaHOBKHU aOpa3uBHOTO

00eCIIBLIINBaHUS H3HOCA,
roJt
ITecok pUCYHOK 2.4 2,1
ITecok PUCYHOK 2.5 1,9
ITecok PUCYHOK 2.6 2,9
KepamsutoBas PUCYHOK 2.7 1,8
KepamsutoBas PUCYHOK 2.8 1,3
JIpeBecuHa najabMbI PUCYHOK 2.9 1,9
[peBecrna najabMbl pucyHok 2.10 2,5
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2.5 BKCHepI/IMeHTaJILHLIe HCCJICI0BAHUA H3MCHCHHUA ITPOCKOKA IIbIJIA

B IIpolecce IKCILIyaTaAllUM CUCTeM 00ecnbIIMBAHUA BHIOPOCOB

C yderom pe3yibTaTOB IPOTHO3HOIO pacyeTra BpeMeHH aOpa3MBHOIO HW3HOCA
LMKJIOHOB B T€UEHUE 2,5 JIET KaXAble I0JIN0/1a IPOBOJWINCH HATYPHBIE UCCIIEIOBAHUSA
M0 OIICHKE M3MEHEHMsI BEJIUYMHBI MPOCKOKA MbUIM B aTMOC(EpHBI BO3IYyX B
3aBHCHUMOCTH OT BPEMEHM OKCIUTyaTallud YCTAaHOBOK OOECHBUTUBAHUS BBIOPOCOB.

[TonyueHHbBIC TaHHBIE TIPECTABIICHBI B Ta0uIle 2.2 U Ha pucyHke 2.15-2.17.

Ta6Jmua 2.2 - H3meHeHUE BEIUUMHBI IIPOCKOKaA IIbIJIKM B 3aBUCHUMOCTHU OT

CPOKa SKCILTyaTalliui CUCTCM 00eCIBLUTMBAHUS BBI6POCOB

Cxema [TpoaomKUTETHHOCTD
Bun neum YCTaHOBKH AKCIUTyaTaIli CUCTEMBI
00CeCIIBLUTUBAHUS 00eCIIbUIUBAHUS, TO/
05 | 1 | 15 | 2 | 25
IIpockok mel1u B atMochepy, %o
[Tecok PUCYHOK 2.4 3,6 3,8 4 4.3 5
ITecok PUCYHOK 2.5 3,5 3,6 3,8 4.2 4.8
ITecok PUCYHOK 2.6 2,8 3,1 3,3 3,6 3,8
KepamsurtoBas PUCYHOK 2.7 115 | 12,0 14,9 16,8
KepamisurtoBas PUCYHOK 2.8 10,2 | 10,4 13,8 16,2
HpeBecuna pUCYHOK 2.9 17,2 | 16,8 17,2 18,3 20,3
[AJIBMBI
HpeBecrHa pucyHok 2.10 15,1 | 15,1 15,1 15,8 18,3
AJIbMBI

[TomyyeHHbIE JAHHBIE CBUICTEIBCTBYIOT O TOM, 4YTO B IEPUOJI IKCIUTyaTallUuH
CUCTEMBI OYHCTKHM BBIOPOCOB OT TBUIA TIECKA MPOCKOK B aTMOCHEPHBIA BO3IYX
BCJIEZICTBHE a0pa3MBHOTO M3HOCA DJIEMEHTOB ITUKIOHOB B CPEHEM YBEJIMYMBACTCS Ha

28,6%, OT IbLIM APEBECUHBI TabMbl — Ha 21%.
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Pucynok 2.15 — I3MeHeHne BeTUYNHBI TPOCKOKA ITPU OYMCTKE BHIOPOCOB

OT IIBLJIM IIECKA
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Pucynox 2.16 — 3MeHeHne BeTUYMHBI TPOCKOKA MTPU OYUCTKE BHIOPOCOB

OT IIbUIH KEPAM3UTOBOU
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Pucynok 2.17 — I3MeHeHne BETUYUHBI TPOCKOKA ITPU OYMCTKE BHIOPOCOB

OT IIbIJIH, O6p&3YIOHlGﬁCSI IIpu MEXaHMYECKOU o6pa60TI<e APCBCCHUHLI I1aJIbMbI

Kak noka3pIBatoT NOJyuyeHHBIE JaHHbIE, OOJIbIIIE BCETO MOABEPraloTcsi adOpa3suBHOMY
U3HOCY IIMKJIOHBI, IPUMEHSEMbIE JUUIsl OYUCTKU BBHIOPOCOB OT MBLIM Kepam3uTOBOH. B
TOM CJy4yae B IMEPUOJ DJKCIUTyaTallud NPOCKOK MbUIM B aTMocepy B CpeaHEM

yBenuuuBaetcs Ha 69,8%.

2.6 BuiBoabI 1o rj1aBe 2

1. B HaTypHBIX YCIOBHUSIX MPOBEACHBI MCHBITAHUA CHUCTEM OOECIBLIMBAHUS
BBIOPOCOB OT HEKOTOPBIX BUAOB MbUIN CTPOUTEIBHBIX MaTEPHAIOB.

2. Tlo pe3ynbraraM SKCHEPHUMEHTAIbHBIX HCCIIECJOBAHUIM MOJYy4YeHBl JAHHBIE 00
OCHOBHBIX CBOMCTBax HcclieqyeMoi mbUIM (PpakIuOHHOM cocTaBe, (opme YacTwll U
MJIOTHOCTH ), 00YCTIOBIMBAIOIINX €€ a0pa3uBHBIE CBOWCTBA.

3. DKCnepuMEeHTaJbHO YCTAHOBJIEHbI 3HayeHusi Kod(pduimenta aOpa3uBHOCTH
HCCIIEYEMOM TIBLIH.

4. TlpoBeneH MPOTHO3HBIM pacyeT CpOKa HAAECKHOM HKCIUTyaTalluW IUKIOHOB B

CHUCTEMAX OYHMCTKHU BBI6pOCOB oT HCCHeHyeMOﬁ IIBIJIA.
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I'JIABA 3 OIIMCAHME U AHAJIN3 IPOIIECCA
OBECHBIJIMBAHUSA BBIEPOCOB B IIBLJIEYJIOBUTEJISIX HA
BCTPEUYHBIX 3AKPYUYEHHBIX IIOTOKAX C KOHUYECKOH
CENAPAIIMOHHOU KAMEPOH

3.1 Ananu3 cui, 00yCJ0BJINBAIOIINX JIBHKEHHE TBEPAOH NbLIEBOI YaCcTHIbI B
KOHUYECKOI cenmapanuoHHoi KaMepe NbLJIeyJOBUTE/ISI HA BCTPEYHbIX

3aKpPy4YeHHbIX IOTOKAX

JIBM>kK€HHE TBUIEBOM YacTHIBI B CENApallMOHHOM Kamepe MbUICYJIOBUTEIA
MPOUCXOAUT MOJ JCUCTBUEM a’3pOJIMHAMUYECKUX CHJI, JICHCTBYIOIIUX HA YACTHUILy CO
CTOPOHBI Tra3oBoro 1moroka. [lomamas B cemapalMoOHHYIO  KaMepy  4epes
TAHTCHUIUAIBHBINA BBOJ, MbUIEBAs YACTUIA JIBUKETCS MO OCECUMETPUYHOM CIIUPATBHON
TpaeKTOpUHU, MPUOIMKAICH K CTEHKE IO JCHCTBUEM MAacCOBBIX U MHEPIMOHHBIX CHJI.
YpaBHEHHE, ONKCHIBAIOIIECE IBUKECHHUE TBEPIAOM YACTHIBI HAXOIAIICHCS B Ta30BOM

IIOTOKC, IIPOTCKAIOIIICM B CCHapaL[I/IOHHOﬁ KaMepe, UMCCT BU.

md—V = Fn, + E, + Fy (3.1)
dt
rne FE, - pe3ylbTUPYIOIIas MACCOBBIX CHIT;
V - BEKTOp CKOPOCTH IbIJIEBOM YaCTHIIBL;
Fb - pe3ynbTUpYIOIIasi THAPOJUHAMUYECKUX CUJI;
Fy - peakuus CTEHKM KaHaua;
m - Macca ObUIEBOM YaCTHUIIBL.

JIst ynpolleHus: OMUCaHusl ABMYKEHUSI TPUHUMAETCS JOMYIIEHUE O MapooOpa3zHoin
dbopme TBepAOM MBIJICBOM YACTHIlLI, IPH KOTOPOM Macca pacrpeensercs mo oobemy
paBHOMEpHO. [Ipu 3TOM BEKTOp CHIIBI TSKECTH, HANIPABICHHBI BEPTUKAIBHO BHU3 W3

reOMCTPHUUICCKOIro NCHTpa 4YaCTHUILIbI, MOKCT OBITH OIIPCACIICH KaK:

_ wd3

riue dq - JUaMETp 4aCTULIBI,

g - YCKOpeHHEe CBOOOJHOIO MajeHus;
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Py - TUIOTHOCTH YaCTHUIIBI.
BexTop cuii, 1eHCTBYIONIMX HA YACTHUILY CO CTOPOHBI Ta30BOT0 MOTOKA, MOKET ObITh
MIPEACTABIICH B BUJE PE3YIbTUPYIOIIEN CUIT

F,=F +F +F,+E (33

rie  F, - cuia CONPOTUBJICHHMs JBMDKCHHs YaCTULBI B Ta30BOM IIOTOKE (CHIIA
oOTeKaHus);
F, - cwia, 00yClIOBIEHHAs HAIMYUEM IPUCOEIUHEHHONW MAcchl raza Ipu

YCKOPEHHOM JIBHYKECHHH YACTHIIBI B TIOTOKE;

E, - TomepeyHO HampaBleHHas CHJa, BO3HMKAIOLIas B pe3yJbTare
BpaIlleHUs YaCTHUIIbI B IOTOKE BA3KOM KHJIKOCTH (criia Marnyca);

E, - cuna, oOyclIOBJICHHAs HAJUYHEM TPaTUCHTa CTATHYCCKUX JIaBJICHUN
(cuita Apxumena).

AHanu3 BIWSAHUS BBINIC NMEPEYUCIICHHBIX CHJI HA JIBFOKCHHE TBEPAOW YACTHUIIBI B
3aKPYYCHHOM T'a30BOM IIOTOKE IO3BOJISIET YIIPOCTHTHh MoJieiab. COrIacHO JaHHBIM [21,
26, 34, 43, 44, 59, 60, 62, 64, 65, 90, 100, 102],nmpu ABMKEHUU YACTHUI] B 3aKPYIECHHOM
ra3oBOM IIOTOKE, TIPOTEKAIOIIEM II0 OCECHMCTPUYHOMY KaHally, H3 4YHcia
OKa3bIBAIOIIMX 3HAYMMOE BIIUSHHUE Ha JIBHOKCHHE YACTHIIBI B YCJIOBHSAX, XapaKTCPHBIX
JUIS BEHTWISIIMOHHBIX CUCTEM, MOKHO HUCKIIFOUNTD:

- cuny Apxumena, BCACACTBUC 3HAYMTEIBHON pa3HHIBI MEXIY IIOTHOCTBHIO
ra3oBoi (ha3bl OTOKA U MNIOTHOCTHIO YACTHIL LM,

- CWJIBI, OOYCJIOBJICHHBIC HAJIMYUEM TPUCOCIMHEHHBIX MacC - IO pe3yjbTaTam
0boOmeHus nanubix [21, 26, 34, 43, 44, 59, 60, 62, 64, 65, 90, 100, 102];

- cmry MarHyca, T.K. OTCYTCTBYET BpalllCHHE YaCTHI[bI BOKPYT COOCTBCHHOH OCH.
JI1sl TTOSIBJICHUSI TAaKOT'O BpAIllEHUS HEOOXOJAMMO JCHCTBHUE Maphl Pa3HOHAIPABICHHBIX
CHJI, OTCYTCTBYIOITIIcE B Ta30BOM IOTOKe. [1o100HOE BpalieHHe MOXKET CIIOKHUTHCS 3a
CUeT TOSBJCHHMS CHJIBI TPEHUS MEXKAY IMOBEPXHOCTSIMHM YaCTHIbI M CTCHKOU
cenmapanMoHHONM — kamepbl.  OaHako,  JOCTIDKEHHE  YaCTHIEH  IOBEPXHOCTH
cernapalioOHHON KaMephbl 03HAYACT €¢ Cerapalfio U MepeMeIleHue B 30HY YJIOBJICHHbIX

gactul] (OyHKep). DTO TO3BOJISIET HE paccMaTpuBaTh €€ JallbHEWIee JBIKCHHE B
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HacTosAlmell pacueTHoW mozenu. [lo 3ToN ke mpuUMHE MOXKET OBbITh HCKIIOYEHA
peakuys CTCHKM KaHaja.

IIpenBapuTeNbHBINA aHAIU3 YCJIOBHM JIBW)KECHMS, OCHOBAaHHBIM Ha TEOPETUYECKUX
BBIBOJIaX W TMPAKTHMUYECKUX HAONIONECHUAX, IMOKa3bIBaeT, YTO YacTHIA, IOMaBIIas B
CenapalMoOHHYI0 Kamepy mnbsuieynoButens B3II, coBepmaer cioXHOE JBUKEHUE.
BpamarensHoe [IBH)KEHHE 3aKpy4YEHHOIO Ta30BOr0 IIOTOKA, IPOTEKAIOLIEro I10
LHUJIMHIPUYECKON CEITapallMOHHON KaMEpPE BJIOJb OCH, BBIHYKIAET YACTUIy COBEpIIATH
BpallaTeIbHOE JBHJKEHHE B TOPU3OHTAIBHOM IUIOCKOCTH. BoO3HHMKaromas Ipu 3TOM

HeHTp06e)KHaﬂ CHJIa OIMCBIBACTCA BBIPAXKCHUCM.
2

F (dq)) (3.4)

= |— ™rm .

H dt

rapc r, gO - paI[I/IaJII)HaH nu YI‘JIOBaH KOOpI[I/IHaTLI B HI/IJII/IHI[I)I/I“IGCKOﬁ CUCTEMC

KOOpAWHAT COOTBECTCTBCHHO.
Hanuuwue HGHTpO6e)KHOI>'I CUJIbl 34CTABJIACT YaCTHLy ABHUIATbCA B padraIbHOM
HallpaBJICHUH. CJ'IGI[OBE[TGJ'IBHO, ABHJKCHHUC YACTHUIIBI B IINIOCKOCTH BpPAIOICHHA MOKHO

0XapaKTCPU30BaTh KaK CJI0KHOC, XapaKTCPUIYIOIICCC HATMIUEM CHUJIbI KOpI/IOJ'II/ICEl:

Fo = 2smp % )
= sSsINp———m—mm .
K dt dt
rane [ - YroJ Mexay BeKTOPaMH IIEPEHOCHON U OTHOCUTENILHON CKOPOCTH.

Cuna COIIPOTHUBJICHUSA 00TEKaHUIO 4acCTHUIbI TAa30BBIM IIOTOKOM OIIPCACISICTCS KaK:

nds p(@ — V)?

E, = A 2 > (3.6)
rie A, - Ko3DPUIUEHT a3pOoAMHAMUYECKOTO COITPOTUBIICHUS YACTUIIBL;
p - IUIOTHOCTbH ra3a;
U - CKOpPOCTh I'a30BOr0 MOTOKA.

Jlnst ompeneneHus 3HAYCHHsI BEJIWYMHBI COMPOTHBIICHUS OOTCKAaHHWIO TBEPHOH
YacTHUILIBI Ta30BbIM IMOTOKOM CYILECTBYET HECKOJbKO crocoboB. Haubomnbiiee
pacnpoctpaHenue nonyuun wmeton Crokca. B atom  ciydae  kodpdunmeHT
A4 IAPOOOPA3HOTO TeNa OIpeneNseTcss Kak (YHKIUS OT ero JAuaMeTpa M KpUTepHUs

PeitHonbca. OgHako MpakTUYECKOE MPUMEHEHHE 3TOM 3aBUCUMOCTH 3aTpYIHSIETCS
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HEOOXOJMMOCTBIO y4yeTa BIUSHUS CKOPOCTH YACTUIBI HAa HCKOMOE 3HA4YeHHE
koaddummenta. Kpome TOro, omeHouyHbIE pacueThl MOKAa3bIBAIOT, YTO B JHANa3oHE
WU3MEHEHHsI uucen PeliHonbAcCa, XapaKTEpHBIX [Ji1 ABUKEHHUS IMBUIEBOM YaCTHUIBI B
aCTIIMPAIMOHHOM TIOTOKE, BEIMYMHA A U3MEHSAETCS HECYIIECTBEHHO. bonbliiee BiausHMIE
Ha Hee okasbIiBaeT KO3 uuueHT GopMbl. [10CKOIBKY BEIUMYUHBI CKOPOCTEH T'a30BOTO
MOTOKA Y MBUIEBON YaCTUIILI B BRIPAKEHUH (3.6) SIBISIOTCS BEKTOPHBIMU BEJIMYMHAMU,
JUIS  TPAKTHYECKOTO  HCIOJb30BAaHUS  YpaBHEHHS HEOOXOJUMBI  CBEACHHUS O
KMHEMAaTUYECKON KapTUHE TeUeHUs moToKa. I[Ipu 3TOM MHTEpec MpeacTaBIsSIET TOJIBKO
NPUCTEHOYHAsl 30HA TEYEHHUSA, B KOTOPOU MPOMCXOAMUT Cenapaius MbUIEBbIX YacTHI] B
pe3ynbTaTe CONIPUKOCHOBEHHUS CO CTEHKAMHM CETApallMOHHON KaMepBl.

N3ydennio a’pOJVHAMHUKH CEMApAalMOHHBIX KaMep MbUICYJIOBUTENEH LHUKIOHHOTO
TUIIA TIOCBSAIICH psn padot [21, 26, 34, 43, 44, 59, 60, 62, 64, 65, 90, 100, 102].
[IpuBoavMMBIE B HHMX JAHHBIE TOJYYEHBl i1 LMKIOHOB M mbuieynoButenei B3II,
MMEIOIIMX [UIMHAPUYECKYIO CEMAPALMOHHYIO KAMEDY.

JI71s1 moTy4YeHusl JaHHBIX O MTapaMeTpax MPUCTEHOYHOTO TEYEHHUS B NbUICYJIOBUTEIAX
B3Il ¢ oOpaTHOW KOHMYECKOM cemapalMoOHHOM Kamepol ObUIM IPOBENICHBI
DKCIEPUMEHTAJIBHBIE HMCCIEIOBAaHUS, CYThb KOTOPBIX 3aKJIKOYaiach B OINPEACICHUU
U3MECHEHHUSI HampaBJeHUs M aOCONIOTHON BEIMYMHBI BEKTOpa CKOPOCTH Ta30BOTO
ITIOTOKA B IPUCTEHOYHOM 30HE.

B kayecTBe AKCIEPUMEHTAIBbHON YCTAaHOBKH ObLI MCHOJB30BAH MbLICYJIOBUTENb HA
BCTPEYHBIX 3aKPYUCHHBIX MMOTOKaX C 0OpaTHOM KOHHWYECKOW (OpMOM cemaparioOHHON
KaMmepbl. J[ns W3MEHEeHHs] MHTEHCUBHOCTH 3aKpyTKM IOTOKAa IEPBHYHOIO BBOJA
MBUICYJIOBUTEINIb CHA0XKEH TPEMsI CMEHHBIMH TaHTCHIIMAIbHBIMU 3aKpy4yuBatensiMu. s
U3MEHEHHUs] TapaMeTpa KOHYCHOCTH CelapalMOHHOW KaMmepbl HCIOIb30BaHbl TPHU
Pa3IMYHBIX CMEHHBIX CENapalMoOHHbIX KaMmepbl ¢ napameTrpoM koHycHocTu ©= 10%,
15% u 20%.

JUist  XapaKTepUCTUKM HWHTEHCUBHOCTH 3aKpPyTKHM IIOTOKAa B HACTOSIIEE BpeMs
UCIIONIB3YIOTCS HECKOJIbKO mapameTpoB. Hambomblnee pacnpocTpaHeHHE U3 HUX
TIOJYYH/IM J1BA - UHTErpanbHbii @ u nokansHeiitga[102]. lapamertp tg o mpeacTaBseT

co00ll mpeAenbHbI (MMOBEPXHOCTHBIN) TAaHT€HC yria 3aKpyTKH IMOTOKAa M SBIISETCS
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OTHOILIEHHEM MOBEPXHOCTHBIX KacCaTEIbHbIX HAINPSKEHUIN TPEHUS B TAHTCHIIUATIBHOM U
OCEBOM HampaBicHUsX. MHrerpanbHpiii mapamerp @ XapaKTepU3yeT OTHOIICHHUE
MOMEHTa KOJUYecTBa JBWXKEHUST M K OCEBOMY KOJWUYECTBY JABWkeHUs KB

IIPOM3BOJILHOM CEYCHHUH B MacIiTade JIMHEeHHOro pa3Mepa kanaia L [102]:

CD*—M 3.7

3nauenne Mu KmoxHo paccuutaTh o cieayromeigopmyiie:

R
M = an puwr?dr
0

R
K= an pw?rdr
0

OTH mapaMeTphl OJTHO3HAYHO CBA3aHBI MEXy COOOM U /I 0000IIEHUS ONBITHBIX
JTAHHBIX MOYKHO HCIIOJIb30BaTh JIO00M M3 HUX. MeXy JOKaIbHBIM M WHTErPaTbHBIM
napaMeTpaMy 3aKpyTKH CYIIECTBYET CBS3b, ONPEAEsieMas 3aBUCUMOCTBIO!

tga = 1,180*076 (3.8)

JIIi  OCHOBHBIX THIIOB 3aKpy4MBAIOIIMX YCTPOMCTB BBIBEICHBI BBIPAKECHUA,
IIO3BOJIAIOIIME MCXOIs H3 XapaKTEPHBIX KOHCTPYKTUBHBIX pa3sMEpPOB OIPEIEIAThH
WHTETPAJbHBIM TapaMeTp 3aKpyTKH II0TOKA, TNOJIydaeMbld Ha Beixoge. [l

TaHT€HIIMAIBHOTO 3aKpy4nBaTeNs BbipaxkeHnue numeet [102]:

. m D(D—a)
Ok = i — cosa (3.9
rne D - 1guaMmerp UMIMHAPUYECKOMW YacTH 3aKpyduBaTess (cemapalrOHHOM

KaMephbl NbLICYJTOBUTENS);

b - BbICOTa CCuCHHs TAHTCHIIMAIHLHOTO BBO/IAa 3aKPY4HBATEIs, OTHECCHHAS
K IMAMETPY UWJINHIPUYECKON KaMephI;

a - IIMpUHA CEYEHMS  TAaHNCHLMAJIBHOTO  BBOAA  3aKpy4MBaTelsd,
OTHECEHHAs K AUaMeTpy HWIMHAPUIECKON KaMepPbI

0. - YroJ HaKJIOHa OCH TAHM€HLUUAJIBLHOTO NaTpyOKa K OCH BO3/yXOBOJA.
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CxeMa K oNpefeNneHn0 KOHCTPYKTUBHBIX pa3mepoB nbuieynosutens B3II mpuBenena
Ha pucyHke 3.1. IIpu npoBeIeHNH SKCIEPUMEHTAIBHBIX MCCIIEIOBAHUN HCIIOIB30BAHO

TPH 3aKPYYHMBATEIS C IAPAMETPOM MHTEHCHBHOCTH 3aKpyTKU @ o =4, 5 1 6.

Pucynok 3.1 - Cxema k onpeAeneHn0 KOHCTPYKTUBHBIX Pa3MEpPOB MbLUICYJTOBUTENS
B3II
1 — BepxHU# TaHTEHIIMAIBHBIN BBOJI; 2 — cenapalMoHHas kamepa; 3 —
TaHT€HI[MAIbHBIA MATPYOOK BEPXHETO BBOJA; 4 — BTOPUUHBIN (HHKHUIA BBONT); 5 —
3aKpy4MBaTesb BTOPUYHOTO BBO/A; 6 — BEIXOAHON NaTpyOOK BTOPUYHOTO

3aKpY4YEHHOTO TIOTOKA; 7 — BBIXOJIHOM MaTpyOoK; 8 — OyHKEp YJIOBICHHOMN MBLIH

DKCIepUMEHTaIbHBIE UCCIIEIOBAHUS MPOBOJIUIIMCH B AUana3oHe yucen PeliHonbiaca
Re = 62000 - 38000, xapakTepu3ylOIIUX ONTUMAJbHBIA pEXKUM pabOTHI
neuieynoBureneid B3I1. [Tomumo uncna PeliHonbaca, XapakTepHU3yroLEero KoJInuecTBO
raza, NmoJaBa€MOro Ha OYHUCTKY, a’3pOJWHAMUYECKUN pexuM mnbuieyaoButenss B3Il

XapakTepu3yeTcsi OTHOIIIEHUEM pacxoja, MoJaBaeMOro Ha HWIKHUM BBOJI, K OOIIEMY,
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nojaBaeMomMy Ha O4HCTKY Ly/Losy. IIpw mpoBeneHUr SKCIIEPUMEHTOB 3HAYCHUE JIOJIH
pacxoja, IMOJAaBacMOr0 Ha HIKHHA BBOX, mnpuHiATO paBHbM L,/L.s, =0,28,
SBJISFOIIIUMCSL  ONTUMAJIbHBIM  JUIS  TOJYyYCHHS MaKCHUMaJIbHOW 3(PQPEKTHBHOCTH
ynaBnuBanus [5, 9, 10, 12, 14,31, 34, 42-44, 50, 60, 65, 80, 90, 91, 93, 95, 96].
N3mepenre BeTUYMHBI M HAIIPaBJICHUS CKOPOCTH Ta30BOTO IMOTOKA B MIPUCTCHOYHOM
30HE CEeNapaMoOHHON KaMephl MPOU3BOIUTCS TIPH MTOMOIIY IIIAPOBOTO MSATHKAHATIHLHOTO
30H7a, 6aTapeHOTO MUKPOMaHOMETPA U YCTPOUCTBA JIJIsi U3MEPEHHUS YTJIa HAKIIOHA OCH

IICHTPAJILHOTO KaHaJla 30H]1a, CMOHTHPOBAHHOTO Ha 3aMEPHOM IITyIepe (PUCYHOK 3.2).

0,0
00,

Pucynok 3.2 - YcTpoiCTBO MJi ONpEAeIeHUs HAMPABIEHUS U BEJIMUUHBI CKOPOCTHU
ra3oBOr0 MOTOKa B CEMAPAallMOHHON KaMepe
1 — mapoBoii MATUKAHATBHBIN 30HT; 2 — CTEHKA BO3yXOBOIa; 3 — 3aMEPHBIN
mITy1ep; 4 — Bpalaroiasics BTyJIKa; S — MydTa KperieHUs! CTPENIKH;

6 — dukcupytonuit BUHT My ThI; 7 — TPAHCTIOPTHD; 8§ — CTpENKa

Bocemb 3amepHBIX IITYIIEPOB PaBHOMEPHO  pacrojaralorcsi MO  BBICOTE
CenapalMOHHOM KaMmepbl C MmaroM, paBHbIM 100 MM, YTO COCTaBISIET MOJIOBUHY
nuameTpa cemaparmonHoit kamepbl (0,5 D). Yrom Mexay BEKTOPOM CKOPOCTH
BO3JYIIHOTO TIOTOKA M OChIO CemapalMOHHOM KaMepbl B MPUCTCHOYHOW o0O0JacTu
TEUEHHUSI BBISICHSIETCSI IOBOPOTOM IMATUKAHAIBHOTO 30HAAa BOKPYT TOPU30HTAIBHOW OCH.
TaHreHc MoJy4eHHOTO yIJia MO ONPEICICHUIO PABEH 3HAYCHUIO JIOKAJIBHOTO TTapaMeTpa

3aKPYTKHU IIOTOKa tg a. 3HaUYeHUSA CKOPOCTH BBIYUCIAIOTCA, UCXOAA M3 IMOJIYUYCHHBIX
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3HaYEHUH JUHAMHYECKOTO JaBieHHs. Takum o00pa3oM, HCXOAsS M3 MOJYYEHHBIX
NaHHBIX, BBIUMCISIOTCS  3HAUYEHUS OKPYKHOM  (TaHT€HUMANbHOM) U OCEBOM
(BEpTUKAJIbHOM) COCTABIISIOLIUX CKOPOCTH Ia30BOT0 MOTOKA B IPUCTEHOYHOM 30HE.
Pe3ynbTaTel onpeneneHnst OKpyKHOU M OCEBOM COCTABIISIIOIINX CKOPOCTEN ra30BOT0
IOTOKAa B NPUCTEHOYHOW 30HE CENapallMOHHOM KaMepbl MPU Pa3IUYHbIX 3HAYEHMSIX

gopMmapameTpa 3aKpyTKH MOTOKa @g COOTBETCTBEHHO HMPHMBEICHBI HA PUCYHKE 3.3 M

3.4.
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Pucynok 3.3 - 3aBUCHUMOCTb OKPY>KHOW CKOPOCTH ra30BOr0 MOTOKA B MPUCTEHOYHOMN

00J1aCTH OT KOHYCHOCTH CENApALMOHHON KaMepbl

1-h/d=1;2-h/d=2;3-h/d=3;4-h/d=4;5-h/d=5;6 —h/d=6
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Pucynok 3.4 - 3aBUCMMOCTBh OCEBOM CKOPOCTH Ta30BOTO MOTOKA B MPUCTEHOYHOU

001aCTH OT KOHYCHOCTH CeHapaHHOHHOﬁ KaMCPbI

1-h/d=1;2-h/d=2;3-h/d=3;4-h/d=4;5-h/d=5;6 —h/d=6

AHanu3 (GopMbl KpUBBIX MO3BOJISIET CAENATh MPEANOI0KEHNE 00 aBTOMOIETbHOCTH
KMHEMAaTUYEeCKOM CTPYKTYpbl TE€UEHUS B NPHUCTEHOYHOM 30HE IO OTHOLIEHUIO K
3HAUEHWSAM HAYaJbHOW MHTEHCMBHOCTH 3aKPyTKM TMOTOKa @y M KOHYCHOCTH
cenapaloHHON KaMepsl 6.

JIns mpoBEpKM JAaHHOM THIOTE3bl HA OCHOBAaHWM JKCIEPUMEHTAIBHBIX 3HAYEHUU
IIOCTPOEHBl ~ KPHMBBIE, XapaKTEPHU3YIOIIME W3MEHEHHE JIOKAJIbHOIO  IapaMerpa
MHTEHCUBHOCTU 3aKpPYTKH IIOTOKa IO BBICOTE CEMapallMOHHON KaMephl, a TaKke
OTHOUIEHUS! 3HAYECHWM TAHTCHIMAJIBHONW CKOPOCTM K €€ HAa4daJbHOMY 3HAYEHUIO IIO
BBICOTE cemapalioHHoli kamepsl tgaltgoo(h/D) u u./ u,o(h/D).

Kak cnenyer u3 pe3ynbTaToB, MPEACTABIEHHBIX HAa pucyHke 3.5, 3.6, 3.7 u 3.8
3aTyXaHUE CKOPOCTEW ra30BOro MOTOKAa B MPUCTEHOYHOM 30HE CenapallMOHHON KamMepbl

OIMMCBIBACTCS TNIaAKMMH ITOBEPXHOCTAMMU.
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Pucynok 3.5 - 3aBUCUMOCTB 3aTyXaHUs OCEBOM CKOPOCTH Ta30BOr0 MOTOKA B

HpI/ICTGHO‘IHOﬁ 001aCTH OT KOHYCHOCTH CGHapaHHOHHOﬁ KaMCpPhbI

1-h/d=1;2-h/d=2;3-h/d=3;4-h/d=4;5-h/d=5;6 —h/d=6
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0,5 1,0 15 2,0 2,5 3,0 3,5 4,0 45 5,0 55 6,0 h/D

PucyHoKk 3.6 - 3aBUCHMOCTb 3aTyXaHUsI OKPY>KHOM CKOPOCTH I'a30BOT0O MOTOKA B

MPUCTEHOYHOM 001aCTH OT OCEBOM KOOPAMHATHI CEMapalliOHHON KaMepbl

1-60=0,15;2-60=0,10;3-6=0,20
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PasMep 3.7 - 3aBUCUMOCTbD 3aTyXaHHUAg HHTCHCUBHOCTH 3aKPYTKH OT KOHYCHOCTH

CEeIapalroOHHON KaMephl

1-h/d=1;2-h/d=2;3-h/d=3;4-h/d=4;5-h/d=5;6 —h/d=6
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Pucynok 3.8 - 3aBHCUMOCTb 3aTyXaHUsI MHTEHCUBHOCTHU 3aKPYTKH MO BBICOTE
CEeIapalMOHHON KaMepbl

1-6=0,10;2-6=0,15;3-6=0, 20
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IlonydeHHble 3HAYEHHUsI, XapAKTEPU3YIOIINE 3aTyXaHUs JIOKAIBHOW NPUCTEHOYHOU
UHTEHCUBHOCTH 3aKpPYTKU IIO0TOKa, SBJSAIOTCA (PYHKUMAMH MapaMeTpa KOHYCHOCTHU
CenapalMOHHOM KaMepbl M HA4YaJIbHOM MHTEHCUBHOCTH 3aKPYTKH, U HE 3aBUCAT OT
aOCOJIIOTHBIX HAYaJIbHBIX 3HAYEHUU CKOPOCTEH BO BCEM JIMANA30HE M3MEHEHHS YUCE
Pentnonppca.

JIns IPaKTUYECKOrO HWCHOJIB30BAHMS IOJYYEHHBIX pE3YJIbTATOB HCCIIEIOBAHUS
KMHEMaTUYEeCKOW CTPYKTYphI MMOTOKA B MPUCTEHOYHON 007acTh 0OpaTHONM KOHMUYECKON
CENapalMOHHOM KaMmepbl IIbUICYJIOBUTEN HAa BCTPEYHBIX 3aKPYYEHHBIX ITOTOKaXx
JAHHBIE II0 3aTyXaHWI0O HMHTEHCUBHOCTH JIOKAJIBHOW 3aKPyTKHM W TaHINCHIHAIBHOU
COCTaBIIAIOLICH CKOPOCTH aIIPOKCUMHUPOBAHBI TOJIMHOMHUAIBHO-3KCIIOHEHIIUAJIBHBIMU
pPErpeCcCUOHHBIMU 3aBUCUMOCTAMH.

YpaBHEHUE pETpPeCcCrH, OMMUCHIBAIOIICE 3aTyXaHUE TAHTCHIMAJIBHOM CKOPOCTH
ra3oBOro INOTOKa B IMPUCTEHOYHOW oOJacTM OOpaTHO KOHMYECKOHM cernapaliOHHON

KaMEphI IIBUICYJIOBUTEIA HA BCTPCYHBIX 3aKPYUYCHHBIX ITOTOKAX MMECT BUJI.

Ug 0,0104h
= 3,835 — 0,002786% + 0,07526 — 3,338exp (—) (3.10)
Ut
rae U, - TaHreHOualibHash CKOPOCTh I'a30BOT0O IMOTOKA B MPUCTEHOYHOM
obnacTu;
Uo - HAYQIbHOE 3HAYECHUETAHICHIIMAJIBHOW CKOPOCTH Ta30BOI0
MOTOKA Ha BXOJIE B CEMAPALMOHHYIO KaMepy;
h - BeprukampHas (0ceBas) KOOPAWHATA;
D - namametp HWJIAHAPUYECKOU 4acTu TaHTEHIUAJIBHOTO
3aKpy4uBaTens NoToka nepsuyHoro Beojaa B3II;
@ - KOHYCHOCTH CENapalMOHHON KaMephl.

YpaBHEHHE perpeccrt, ONMHUCHIBAIOIIEE 3aTyXaHHE OCEBOM CKOPOCTH ra30BOro MOTOKA B
MPUCTEHOYHOM 001acTh 0OpaTHO KOHUYECKON cenapalliOHHON KaMephl MbLICYJIOBUTENS

Ha BCTPCYHBIX 3aKPYUYCHHBIX IIOTOKAX, UMCCT BH .
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Uy , 0,0231h
—= = 2,967~ 0,001996% + 0,08126 ~ 2,996exp (—) (3.11)
0
roe Uy - 0CCBas CKOPOCTHb I'a30BOI'0 IIOTOKA B HpHCTeHO‘IHOﬁ 06J'IaCTI/I;
Uy - HaYaJIbHOE 3HAYECHHUE OCEBOM CKOPOCTH I'a30BOTO ITOTOKAa HAa BXOIC B

CenapalroHHYIO KaMepy.

AmnanoruyHas PETPCCCUOHHAA 3aBUCUMOCTD, XApaKTCPU3YIOoLIasd 3aTyXaHHUC
JIOKAJIbHOTO IIapamMeTpa HWHTCHCHBHOCTHU 3aKPYTKH IIOTOKa B HpHCTGHO‘IHOﬁ 30HC

00paTHO KOHMYECKOW CernapaluoOHHOW KaMepbl, UMEET BU/L:

tga 5 0,01557h
= 2,155 —-0,00296~ 4+ 0,07766 — 1,699%exp (—) (3.12)
tga,
rAe (g - JIOKAIBHBIM MapaMeTp MWHTEHCHUBHOCTH 3aKPYTKH IIOTOKA B
IPUCTCHOYHOM 001acTH;
{gop - JOKAJIBHBIA ApAMETP MHTEHCUBHOCTH 3aKPYTKH ITOTOKA HA BXOJIE B

cenapalnvuoHHYI0 KaMepy.

Jlucriepcus anmpoKCUMaly 3HAYCHUM, MOJYYEHHBIX HAa OCHOBE 3KCIEPUMEHTAJIbHBIX
JaHHBIX cocTaBusgeT R? = 0,901...0,934, 4TO CBMAETENBCTBYET O alE€KBATHOCTH
THUIIOTE3bl 00 aBTOMOIEIbHOCTUKMHEMATHUECKON CTPYKTYPhl TCUCHHS B MPUCTCHOYHOM
30HE 10 OTHOLICHUIO K MapaMeTpy KOHYCHOCTH CEMAPALIMOHHON KaMePhbl 1 HAYaIbHOMY
3HAYCHUI0 WHTEHCUBHOCTH 3aKPYTKHM MOTOKAa BO BCEM JHAIa30HE PACCMOTPEHHBIX
3HaueHUW Kputepusa PeliHonpaca. JlaHHBIM  BBIBOJ MO3BOJSAET  HCHOJIB30BATh
MOJIy4YeHHbIE Oe3pa3MEpHbIC PErpPeCCHOHHBIE 3aBUCHMOCTH TMPHU  COCTaBJICHUU
pacyeTHONW MOJCIM JBFM)KCHHUS TIBUICBOM YacTHIBI B OOpaTHONW KOHHWYECKOM

CEenapalroOHHON KaMepe MbUICYJIOBUTENEH Ha BCTPEUHBIX 3aKPYUYECHHBIX MTOTOKAX.
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3.2 Meroauka pacuyera 3¢(peKTHBHOCTH YJIABJIMBAHUSA NbLJIEBbIX YACTHII

nbuieyaoButesaeM B3I ¢ oOpaTHoii koHMYecKoH GOPMON cenapanuoOHHONH KaMepbl

Kak ormeueHo B mpenpinymieM maparpade, HauboNbIINKA WHTEPEC C TOUYKU 3PEHUS
onpeneneHuss 3(PGEKTUBHOCTH YJIaBIMBAHUSA, TMPEJCTABISET JABUKCHUE THLICBON
YacTUIbl B IMPUCTEHOYHOM 30HE CEMapalroOHHON Kamepbl. OUEeBUAHO, YTO JIAHHOE
YTBEPXKACHHUE CIIPaBEAJIMBO U JJIS MBLICYJIOBUTENEH C 00OpaTHON KOHMYECKOH (opMoit
CeMmapalMOHHONW  Kamepbl.  Tpaekropuss  ABWKEHHMS  MbUICBOM  YacTUII B
paccMaTpUBaEMOM CIIy4yae TaKKe IMPEACTaBIsIET COOOM OCECUMMETPUYHYIO CIHpajb
yBenuuuBaromerocs paauyca u mara [102]. Iloatomy, Hambosnee yaoOHBIM IS
OMMCAHUS JBW)KECHHUS YaCTULbI MPEICTABISIETCS WCIOIb30BaHUE UUIUHIPUYECKON
CUCTEMBI KOOPAUHAT.

HUcxons n3 aHanm3a CWII, OKAa3bIBAIOIIMX 3HAYMMOE BO3JCHMCTBUE HA JBUXKCHUE
NBUIEBOM YAaCTUIIBI, MPOBEACHHOIO B MpEIblAylIeM Maparpade, IpH COCTaBICHHUH
pacyeTHOM MOJAENM YYHUTHIBAIOTCS CJEAYIOIIME CHJIbl - LEHTPOOSXKHas Cuia,
KopuonucoBa cuna, cuia TSDKECTH M CHJIa OOTEKaHHs YaCTHUIbI T'a30BBIM MOTOKOM
(CrokcoBa cuna).

Hcxonst U3 mpencTaBiIeHHOM CXEMBbI, COCTABJIEHBI IMPOSKIMU CHUJ, OKa3bIBAKOLINUX
3HQUMMOE BJMSHHE HaA JBM)KCHUE YaCTULBl HAa OCH MNPHUHATOM UUIMHIAPUYECKOU
CUCTEMBI KOOPAUHAT.

B panuansHOM HampaBiIeHHUM Ha YaCTHUILy OKa3bIBAIOT BO3JIEUCTBHE IIEHTPOOESKHAS
cuna F,, 1 panuanbHas OpOEKLMs CUIIbI COMPOTUBICHUSI OOTEKAHUIO Ta30BBIM MTOTOKOM
F,.. na onpenenenus nocieaHed UCIONb30BaHa THIIOTE3a 00 OTCYTCTBUU paUalIbHOM
COCTaBJISIFOLIEH CKOPOCTH Ta30BOrO IMOTOKA B MPUCTEHHOW 30HE €i1ab0 U yMEpPEHHO
3akpyyeHHoro Tteuenus [102]. Takum oOpa3om, paauanbHas MNPOEKIMS CKOPOCTH
OOTEeKaHMWs YaCTUIIBI Ta30BBIM MOTOKOM paBHA PaJUALHON COCTABIISIONICH CKOPOCTHU
yacTuubl. [Ipoenupys Ha paIuabHYIO OCh, UMEEM:

d?r (dgo>2 N (dr)z pA,d? 213
—_— = _— J— *—_
m M\ae) T \ae 8 (3.13)
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[Ipoekuust CHI Ha MOJBUKHYIO KacaTelIbHYI0 OCh T CKJIAAbIBACTCS U3 MPOCKIIUU CHIIbI
CoOIpoTUBIIeHUs 00TekaHuto notokoMm F,u Kopuonucosoit cuinel Fy. Kopuomucosa cuna
JEUCTBYET B IUIOCKOCTHU BpallleHusl (B TOPU3OHTAIBHON IJIOCKOCTH) W HaIpaBlicHA
MPOTUB JIB>KEHUSI YacTUIlbl (pucyHOK 3.9). [Ipoenupyst Ha MOJBHKHYIO KacaTeIbHYIO
OCh T, UMEEM:

d?t dt pA,md? drde

ot (Fu— — 2 arae
e (Fit = Fiop) G~ V" moarar G

3aMeHsIs YTI0BYK0 CKOPOCTb JINHEWHOUM Ha MOJABUKHOM OCH TOJIy4aeM:

d’t dt pA,md? 2drde 315
* — — — — —
8 M de dt (3.15)

Pucynok 3.9 - PacueTHas cxema K ONPEAEIICHUIO0 TPAEKTOPUH TbIJIEBOM YaCTHULIBI B
cenapanroHHON KaMepe MbLUICYIOBUTEIIS.
I — paaragbHas OCh; X — MPOIOJIbHAS (BEPTHKAIbHAS) OCh; ¢ — yII0Bas KOOPJAWHATA; T
— MOJBWKHAS TaHTCHIMAIbHas 0ch; h/D — oceBast KoopaAMHATA;
/R — paguaibHas KOOpIUHATA.
F, — cuia conpoTuBiieHUs: 0OTEKaHUIO YaCTULIBI Ta30BbIM MIOTOKOM;

F, — uenrpoGexnas cuna; F,— cuna tsxectu; F — Kopuonucosa cuna
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[Tpoekuusi cuil Ha BEPTUKAIBbHYIO (MPOJIOJBHYIO) OCh CKJIQIbIBAETCS W3 CHJIbI
TsbkecTd F,, M BepTUKAIBHON MPOEKIUU CUJIBI CONMPOTUBJICHUS OOTEKAHUIO YACTUIIBI

ra30BbIM ITIOTOKOM F,u:

2

d7y dy PAyqd?
— L = (Fu+P)=(=—U)tsx—

Jns ynpomeHusi NOJy4eHHBIX YPAaBHEHHMM, XapaKTEPU3YIOIIHUX IPOCKIMH CWJI Ha

—mg (3.16)

IPOJOJIBHYI0O W TOJBM)KHYIO KacaTelIbHYH OCH, IPUHUMAETCS JIOMYIICHHE O
COBNAJICHUHM OKPYXXHOH W IPOJIOJIBHOW COCTAaBJISIOIIUX CKOPOCTH COOTBETCTBYIOIIUM
MIPOCKITUSIM CKOPOCTH Ta30BOTO MOTOKA. JlaHHOE JOIyIIeHNEe OCHOBAHO HA pe3yJibTaTax
BU3yaIbHOTO HAOMIOJEHUS] 3a JIBHOKEHHEM IIbUICBBIX YaCTHUII B  IPO3PAYHBIX
aCIIMPAIMOHHBIX ~ BO3AYXOBOJIAaX W  CEMapalMOHHBIX  KaMepax  HHEPIMOHHBIX
nbUIeyJoBUTeNeH. JlaHHBIe ATUX HAOMIOJACHUN IMO3BOJISIIOT YTBEPIXKIATh, YTO YACTHIIBI
KpymHOCTBIO 710 180 MKM B NIPUCTEHOYHON O0O0JACTH MPAKTHYCCKH ABMIKYTCS IO
TPACKTOPHH ABHKEHHUS 3aKPYyUYCHHOTO Ta30BOTO IMOTOKA B BUAY HE3HAYUTEIHHOCTHIO
Macc U CHJI MHEPIIMU B CPAaBHEHHUH C a’poAuHaMHUUecKuMu cuiiami [21, 29, 34, 43, 62,
65, 90].

Takum obpazowm, (3.14) u (3.15) npuHUMAIOT BU/L:

d*t 0.2 pA,d? dr U, 317
—_— P — . .
s t 8 ™R ( )
d*y pA,md? dr U
mﬁ= UxZ*T_ maﬁ (318)

raeR — paguyc cenapalMoOHHON KaMephl.
BBuny toro, 4yto cemapaiMoHHas Kamepa UMEET KOHUYECKYH (opmy, 3HaUYCHUE

paauyca Ronpenensercs kak:
h
R =R, + 95 (3.19)

D
rae Ry = Py

CJ'ICI[OBaTeJIBHO, CCJIM BOCIIOJIL30BATHCA AOIMMYHICHUCM O TOM, YTO CHJIA TSAKCCTHU U
CHJIa KOpI/IOJ'H/Ica HC OKAa3bIBAKOT 3HAYMMOI'O BJIMAHHNA Ha IBHXCHHC YaCTHUIIbI, TO

CUCTEMa NPUHUMACT BU .
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d2r dg\> ar\> pA,md?
maz=m(ar) 7+ (@) s
dp  U; dx
dt g ygh dt
D

(3.20)

X

JUist  OCyHIECTBIEHUSI TMPAKTHUECKUX BBIUUCICHUNW HEOO0XOJUMO pacrojiararhb
3HAQYCHUSIMU TAHTEHI[MAJIBHBIX M OCEBBIX (BEPTHUKAJIbHBIX) COCTABISIONIMX CKOPOCTHU
ra3oBOT0 MOTOKa B MPUCTEHOYHOW 30HE MO BCEH BBICOTE CemapalluOHHON Kamepbl. [
OTIpEJICICHUs] MCKOMBIX 3HAYEHUN HEOOXOJIMMO BOCHOJIB30BATHCS SMIMPUYECKUMHU
0e3pasmepHbiME 3aBUcUMOcTAMH (3.10) u (3.11). BBuay Toro, 4uro 3Ha4eHHe apaMerpa
KOHYCHOCTH CeNapalioHHOW KaMephbl € SBISIETCS KOHCTPYKTHBHBIM TMapameTpoM, H,
KaK CJICICTBUE, KOHCTAHTOM, HE MEHSIOIIEH 3HaUYCHHE Ha BCEM MPOTSHKEHUU pacuera,

3aBucuMOCTH (3.10) 1 (3.11), MOKHO YIIPOIIICHHO MPEICTABUTh B BUJIC:

U, 0,0104h

— = B; — 3,338exp (—) (3.21)
U‘L‘O

U, 0,0231h

— = B, — 2,996exp (—) (3.22)
UxO

rme B, = 3,835 —0,002786% + 0,07526
B, = 2,967 — 0,001996% + 0,08126
Takum 00pa3oM, TaHI€HIMAIBHBIE U OCEBBIE COCTABISIOLIME CKOPOCTH Ta30BOTO

MOTOKa B MPUCTEHOYHOW 30HE CEMapallMOHHON KaMepbl MOTYT ObITh ITPEICTABIICHBI KaK:

0,0104h
U, =U, (Bl — 3,338 exp (T)) (3.23)

0,00231h
U, = Uy (Bz — 2,996 exp (T)) (3.24)

IMoacrasnss (3.23) u (3.24) B (3.20), mony4daem:

0,0104h\\ 2
d*r Uro (31 — 3,338 exp( > )) dr\’ pAmd?
m—— =mr - + (—) * (3.25)
dt? Ry+02 dt 8
D
0,0104h
dp Uxwo (31 — 3,338 eXp( 5 )) dx 0,00231h
. U (B, - 2996 exp (222211Y)

dt R0+3% " dt
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JI1s1 moJy4eHusl YaCTHBIX PEIICHUN MOJyYEHHON CUCTEMbI MPHUHSTHI CIEIYIOIINE
HaYyaJIbHbIC YCIIOBUS:
-3a Hayajgo OTcueTa MPUHUMAETCS TOYKa, PACIOJIOKEHHAash HAa HWXKHEH TIpaHHIle
TQHTCHIIMAIBHOTO BBOJAA, HamOoyiee OnmM3Kas K IEHTPY IMONEPEUYHOTO CEUYCHUS
HUJIMHAPUYECKON KaMephbl TAaHT€HIIMAIBHOTO 3akpyuuBatens x = 0, r = 0,6R (mwmpuna

TaHTEeHIMAILHOTO NaTpyOKa npuHsTa paBHoil 0,4R);

dt
- TaHICHIMAJIbHAsA COCTABJIAIOINAsA CKOPOCTHU YaCTHIIbI E = U;o, a4 Ha4YaJIbHOC
o do _ U,
SHAYCHUC YITIOBOU CKOPOCTH COOTBCTCTBCHHO E = R_’
0

- 3HAYEHHUE BEPTUKAJIBLHOM (TIPOJIOIBHOM) COCTABISIONICH CKOPOCTU YacTHIBI Ha
BXOJI€ B CENapalMOHHYK KaMepy, COIJIaCHO [JOIYLIECHHUSM, NPUHATBIM IIpU

COCTaBJICHUHA ypaBHeHHﬁ, paBHa HA4YaJIbHOMY 3HAUCHHUIO BepTI/IKaJIBHOﬁ COCTaBJIHIOHIGP'I
dXO .
CKOpPOCTH 1a30BOI'0 HOTOKaE = Uy,

- pagualibHad COCTaBJArOIIad CKOPOCTH YaCTUIbI BO BXOJHOM CCUYCHHH

CEMAPAIMOHHON KaMEPhI UCXOJ U3 TEX K€ AOMYIICHUA paBHA TAKOBOW COCTABIISIIOIICH

dar
CKOPOCTH BO3QYIIHOTO ITIOTOKA T.C. d—t(): 0.

3.3 UcciienoBanue nmpouecca yJaBJIuBAHUA NMbUIEBBIX YACTHI[ HA
pacuetrHoii moaeu nblieyaoButTesss B3I1 ¢ oOparHoil kKoHUYecKOH

cenapanuoOHHON KaMepou

Jlns  omnpeneneHuss — BAMSHUS,  OKa3bIBAEMOT0  MapaMETpoOM  KOHYCHOCTH
cenmaparoHHONW Kamepbl Ha dJ(PGEKTUBHOCTh yJIABIWBAHUS TMBUICYJIOBUTENS Ha
BCTPEUHBIX 3aKPYUYEHHBIX MTOTOKAX, MPOBEICHBI YUCICHHBIC IKCIIEPUMEHTHI HA CUCTEME
ypaBHeHHi (3.25), xapakTepu3yroluX IBUKEHHUE MbIJIEBOM YaCTUIIbI B MPUCTECHOYHOM
30HE CenapalMOHHOM  Kamepbl. YacTHble  pEUIEHHUsT CUCTEMbl  YPAaBHEHU,
MPEJIOKEHHBIX ISl OMMCAHUs JBY)KCHUS TIBIJICBOM YaCTHUIIbI, TTOJTYUYEHBI TIPU TTOMOIIIH

npuioxenns Mathcad [32].
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[lenpt0 YHUCIEHHOTO WHTETPUPOBAHUS SIBISUIOCH  OMNPEACIICHHE TPACKTOPUHU
JBIDKEHUS YacTUIBI B  CeMapallMoOHHOM Kkamepe mbuieynoButend. [lockombky
TPaeKTOpHUsi UMEET BHJ OCECUMMETPUYHON CHUpaM, JOCTATOYHBIM YCIOBUEM,
MTO3BOJISIONINAM CJENIaTh BBIBOJ] O CEMApalliy MEUICBUIHON YaCTHIIhI, SIBISICTCS 3HAUCHUE
paauanbHOU KOOPAUHATHI, paBHOE PAJINYCy CeMapallMOHHON KaMephbl Ha JaHHOU O0ceBOM
koopauHate I = Ro+6h/D. Ilpu 3TOM 3HAYCHHE YIIIOBOW KOOPIWHATHI (),Ha KOTOPOM
JOCTUTHYTO CONMPUKOCHOBEHHUE CO CTEHKOW, HE UMEET MPAKTUICCKOTO 3HAUCHUSI.

Mopens nwuieynoButenss B3Il mo 3agaHHbIM JUisi pacdyeTa KOHCTPYKTHBHBIM
XapaKTEPUCTHKAM TIOBTOPSIET JTAOOPATOPHYIO YCTaHOBKY. JlmameTp IMIMHAPUICCKON
KaMepbl MEPBUYHOIO TaHIEHIMAIBLHOTO BBOAA cocraBisier D = 200 MM, KOHYCHOCTH
cenmapalMioHHOM Kamepel u3MmeHsiercs B mnpenenax 6 = 0,10-0,20, mnapamerp
WHTEHCHUBHOCTH 3aKPyTKH IMOTOKA, CO3/1aBAEMOTO BEPXHUM TAHTCHIIMAIBLHBIM BBOJIOM,
U3MeHsieTca B auana3one @ o= 4-5. Pacxon rasa, mojaBaeMoOro Ha OYUCTKY, IIPHHSAT
COOTBETCTBYIOIIUM  ONTUMAJLHOMY  3HAYCHHWIO  KpuTepus  PeliHompmca — is
IBLUICYJOBUTENEH Ha BCTPEUHBIX 3aKpydeHHBIX oTokax Re = 50000(5, 9, 10, 12, 14,31,
34, 42-44, 50, 60, 65, 80, 90, 91, 93, 95, 96]. HayanbHblc 3HAYEHHS TAHTCHIIMAILHOM U
OCEBOM CKOPOCTEH Ta30BOTO MOTOKA HA BXOJIE B NMPUCTEHOYHYIO 30HY CeMapaliMOHHON
KaMepbl OMPEEISI0TCS, UCXO U3 33JJaHHBIX 3HAYCHHM pacxo/a rasa, mojaaBacMoro Ha
OYHCTKY, U HAYaJIbHOH MHTCHCHBHOCTH 3aKPYTKH TOTOKA, CO3AaBAaEeMOM TMEPBUYHBIM
TaHTCHITUATHLHBIM BBOJIOM ITBLICYIOBHTEIIS.

[Ipu mpoBeneHWU pacyeTOB IMEPEMEHHBIMHU SIBISIOTCS SKBUBAJICHTHBIN JHAMETP
IbUICBOM YacTUIpl O,, KOHYCHOCTh CEMapalMOHHON KaMepbl NbUICYJOBUTEI 6
WHaJYaJlbHAs WHTCHCUBHOCTH 3aKPYTKH IOTOKA 1go/tgon(BBIUMCISICTCS, HCXOAS W3
3aJIaHHOTO 3Ha4YeHUsl (popMIapaMerpa 3aKpyTKH MEPBUYHOTO TAHTEHIIMAIHLHOTO BBOJA
@").). Pu3MYeCKHe CBOMCTBA IBIIEBBIX YaCTHI[ (IIOTHOCTH Py, M KOd(PQUIMEHT
a’POAMHAMUYECKOTO COMPOTUBIICHUS Ay) MPUHSATHl PABHBIMU TAaKOBBIM [IJIS1 TBUICBBIX
JaCTHI] KCCIICTyEMbIX MaTECPHAJIOB.

[Topsimok MpoBEACHUS BEIYUCIUTEILHOTO SKCIIEPUMEHTA CJICTYFOIITHI:

1. ITocne BBOJIa HAYAJILHBIX YCJIOBHM B Ka4ECTBE apryMEHTOB 33/Iaf0TCSI HA4aJIbHOE

3HAUEHUE MapamMeTpa KOHYCHOCTH CemapaldoOHHOW Kamepbl € HadalbHBIA MapaMmerp
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MHTEHCHBHOCTU 3aKpyTKH @', Ge3pa3MepHOe 3HAYE€HHE BEPTHKAIBHOM KOOPIMHATHI
h/D u pa3mep wactunsbl d,. B kauecTBe OTKIIMKA MOTyYaeTcsl 3HAYEHHE OTHOCHTEIbHON
pamuanbHOit koopauHartsl I/R.

2.Ilpu mpoumnx 3amaHHBIX mapamerpax 3HadeHueh/DyBenruuBaeTCsi CUHTEPBAIOM

0,410 Tex mop, MOKa 3HAYEHHE OTHOCUTEIBHOW paJauaibHON KOOpPJAWHATHI HE Oyaer

r
YIOBJICTBOPATH YCIIOBHUIO D > 1. EcnumotHOCHTEIbHAS BCPTHUKAJIbHAA KOOPAWHATA

oty

r
nocturaer 3HadeHuss h/D = 4, a ycnmoBue—; = 1 He BBINONHSACTCS, TO AETACTCS
Ry +
D

BBIBOJI, YTO YaCTHULA JAHHOTO pa3MepPa HE CENapupyeTCs IIPHU TEKYIINUX YCIOBUSX.
3. PacueT NOBTOPSAETCS NPH YBEINYEHHBIX 3HAYEHHAX Do uind.,.
B Tabmuue 3.1. mnpenactaBieHbl pPe3yNbTAaThl pacyeTa CEMapupoOBaHUS MbLIU
JPEBECUHBl NMAJBMBl B BHJI€ 3aBUCUMOCTH BEPTHKAJIBHOM KOOpPAWHATBHI, Ha KOTOPOWU
MPOUCXOJUT CONPUKOCHOBEHUE YACTHI[ 33JaHHOTO 3KBUBAJICHTHOIO JMaMETpa C

MOBEPXHOCTHIO OOPATHOM KOHUYECKOHN CcenapallMOHHON KaMephbl.

Tabnuua 3.1. — Pe3ynbrarhl BEIUUCTUTEIHHOTO SKCIIEPUMEHTA

No Pazmep HavaneHbllinmapameTp [TapameTp Beprtukanbnas
YaCTHIIbI UHTEHCUBHOCTHU KOHYCHOCTH KOOpJIMHATa
d., mxm 3aKpyTKH MOTOKa P o cenaparMoHHON h/D
kamepsbif, %

1 2 3 4 5

1 30 4 10 5,272

2 30 4 15 5,337

3 30 4 20 6,036

4 30 4,5 10 4,841

5 30 4,5 15 4,906

6 30 4,5 20 5,605

7 30 &) 10 4,431

8 30 5 15 4,496

9 30 5 20 5,196

10 o0 4 10 3,675

11 50 4 15 3,740

12 50 4 20 4,439

13 50 4,5 10 3,244

14 o0 4,5 15 3,309

15 o0 4,5 20 4,008
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OxoHuanue Tadauus! 3.1

1 2 3 4 S
16 50 o) 10 2,834
17 50 o) 15,03 2,902
18 50 S 20 3,599
19 250 4 10 1,738
20 250 4 15 1,804
21 250 4 20 2,503
22 250 4,5 9,97 1,309
23 250 4,5 15 1,373
24 250 4,5 20 2,072
25 250 &) 10 0,898
26 250 S 15 0,963
27 250 5 20 1,662

B rpaduueckom Bue pe3yabTaThl pacueTra mpeacTaBieHbl Ha pucyHke 3.10.

JlnameTpbl 4acTull, JUisi KOTOPBIX MPUBEICHBI PE3yibTaThl pacyeTa, MoJI00paHbI
UCXOAd W3 MAaKCUMAJIbHOM HArJsJHOCTH. OKBUBAJIEHTHbIM 1uamerp 30 MKMm.
XapaKTepU3yeT HAMMEHBIIYIO KPYITHOCTh APEBECHBIX MBIJIEBBIX YACTHLI, YIABIUBAEMBbIX
IIpY 3aJaHHBIX YCJIOBUAX. lIpakTmyeckue wuccienoBaHusl cemapaluud JIPEeBECHBIX
MBIJIEBBIX YACTHUI TOKA3BIBAIOT, YTO JAHHBIN pa3Mep SIBJISAETCA MPAKTUUECKON TPaHUIIEH
VHEPLIMOHHOW CeNapanuy, BBUIAY COOTHOLICHUS a’pOAMHAMUYECKUX U BECOBBIX
XapaKTEPUCTHK MEIKUX (pakuuii. MakCUMaNnbHBIA TUaMeTp, MPUHATHIN MpU pacdyeTax
d, =250 MKM, TpeACTaBIsICT BEPXHIOK TPAHUIy MPH KOTOPOH palMOHAIBHO
IIPOM3BOAUTHh PACUeT, BBUIY JOCTATOYHO PAHHETO IOCTHMKEHUS YACTUI[AMH CTEHOK
CenapalmoHHON Kamepsbl. [[poMeKyTOUHbIE 3HAUEHUSI UCKITIOUEHBI, BBUY CJIIOKHOCTEH,
CBSI3aHHBIX C BOCIHPHUATHEM TpaPUUECKUX 3aBUCUMOCTEH NpPH HX HAJIOXKECHUSIX WU

HepeceUCHUsIX.
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h/D

5,5 ] -~
’ 1 ——/ /
50 . //
o 3 _’//
4,0 /
35 ,///
5
3,0
6
2,5
7
8
10 ___,..-;"/
9
0,5
8 10 12 14 16 18 20 6,

Pucynok 3.10 - 3aBUCMMOCTD BEPTUKAIBHONW KOOPAUHATHI CENapUPOBAHUSA
IIBUIEBOM YaCTHUILBI OT KOHYCHOCTH CENapallMOHHON KaMepPbI
1-d,=30mxm., @ov=4:2—-d, =30 mxm., @ o=45:3-d, =30 mxm., @ =5;
4-d,=80mxm., @o=4;:5-d, =80 mxm., @ 9=4,5;6—-d, =80 mxm., @y =05;
7—d, =150 mxm., @ v =4:8—-d, =150 mxm., @y =4,5;9—d, = 150 mxm., @
=5

AHaM3 pe3yJbTaToB, IOJYYEHHBIX B XOJI€ BBIUMCIHUTEIIBHOTO JSKCIEPUMEHTA,
MOKa3bIBaCT, UYTO MaKcuMaibHas 3((EKTUBHOCTh YJIABIMBAHMS TIBIJICBBIX YaCTHII
HaOMIOMaeTCsl B JWAlla30HE TapamMeTpa KOHYCHOCTH —CeIMapallMOHHOW KaMepbl
6 = 0,10-0,14mpu Bcex coueTaHUSX DKCHEPUMEHTAIBHBIX (PakTOpoB./laHHBIM BHIBOA
CIeNlaH, UCXOJsi W3 HAWMCHBIINX pPACUETHBIX 3HAYCHHH OCEBOW KOOPIWHATHI, TMPHU
KOTOPBIX TPOUCXOJIUT TPUKOCHOBEHHWE YACTHIIBI W TOBEPXHOCTH CEMapaliOHHOM
KaMepbl, YTO CBHJETEIHCTBYET O MAaKCHUMAJIbHBIX 3HAUYCHUAX PaJAHAIBHON
COCTABIISIIOIIEN PE3YJIBTUPYIOLIECH CUJI, JEUCTBYIOIIUX HA YACTUILY, U, KaK CIEICTBUE, O
HanOoJIee OJIArONPUATHBIX YCIOBUSX CEMapalluu.

Taxke B Xome aHaiM3a TMOJMYYEHHBIX pE3YJIbTATOB  YCTAaHOBJICHO, UTO
¢()EKTUBHOCTh Cemapamvy BO3PACTaCT C YBEIMYCHHEM IapaMeTpa HavaJlbHON

HHTCHCUBHOCTH 3aKPYTKH IIOTOKa BO BCEM JHAIIA30HC CIro HU3MCHCHUA. 910
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OOBSICHSIETCSI yBENIMYCHHEM TaHTCHIMAJIbHOW CKOPOCTH TMOTOKA, W KaK CIEACTBHE
BO3pAacTaHUE HEHTPOCTPEMUTENBHOTO YCKOPEHUS IIBUICBOM YaCTHLIBI.

Cnenyer OTMETUTh, 4YTO IIPEMJIOKEHHAs pPAacyeTHas MOJENb HE YYUTBHIBACT
BO3pacTaHue TYpOYJICHTHBIX MyJIbCAIMN, yXYyIIIAIOMMX YycioBus cenaparuu [102],
KOTOpPBIM HEWU30€KHO COINPOBOXKAAECTCA IOBBIIIEHHE CKOPOCTH B MPHUCTEHOYHOMH
obmactu TeueHus. Kpome Toro, yBenMueHHWE WHTEHCHUBHOCTU 3aKpyTKH MOTOKA,
CO31aBAEMOT0 NIEPBUYHBIM TAHTECHIIUAIBHBIM BBOJOM, MOKET IIPUBECTH K YBEIMYECHUIO
a’pOAMHAMUYECKOTO CONPOTUBIICHUS IBUICYJIOBUTENS 10 3HAYECHHM, NENAOLIUX €ro
DKCIUTyaTal[M0 IKOHOMUYECKH HELEIECO00pas3HOIl.

Brimenepeuncnennbie (pakTbl B COBOKYITHOCTH € HAJTMUUEM JIOMYIIEHUM, IPUHATHIX
Ha CTaJuu pa3pabOTKU MOJENN JBWKEHHUS YacTULbl, HE IMO3BOJSAIOT OJHO3HAYHO
PYKOBOJICTBOBATBbCSl ~ pe3yJbTaTaMU  BBIYMCICHHM TMpU MOA00pEe  ONTHUMAlIbHBIX
KOHCTPYKTUBHBIX XapaKTEpPUCTUK IIBUICYJIOBUTEIEM HAa BCTPEUYHBIX 3aKPYy4YECHHBIX
MOTOKax ¢ 0OpaTHON KOHHYECKOW (OpMOHM cemapalnmoHHOW kamepsbl. JlJis poBEepKH
a/IeKBaTHOCTU TPEUIOKEHHON PAacyeTHOM MOJEIN HEOOXOAMMO IPOBECTH CPaBHEHUS

AaHHBIX, ITIOJIYYCHHBIX PACUYCTHBLIM IIYTCM, C OKCIICPUMCHTAJIbHBIMH 3HAUYCHUAMU.

3.4 BeiBoabI 10 ri1aBe 3

1. C nensio onpenesieHus MapaMeTpoOB MPUCTEHOYHOTO TEUCHUS B MbLUICYJIOBUTEISAX
B3Il ¢ oOparHoii KOHWYECKOW (OpMOM cemapalMoOHHON KaMepbl MPOBEICHBI
AKCIIEPUMEHTANIbHBIE HCCJIEOBaHUsA, B XOJE€ KOTOPBIX H3MEPEHbI aOCOJIIOTHBIC
BEJIMYMHBI U HANPABJICHHS BEKTOPA CKOPOCTH T'a30BOT0 MMOTOKA B PUCTEHOYHOU 30HE.

2. B pesynpraTe anmpoKCUMAIMM TOJYYCHHBIX JIAHHBIX IOJMHOMHUAIBHO-
AKCTIOHEHIIMAIBHBIMA ~ 3aBUCUMOCTSAMM  TIOJy4YeHbl  Oe3pa3MepHble  YpaBHEHUS
perpeccuu, XapakTepU3yIolnue N3MEHEHUsI TAaHT€HIIMAIIbHON 1 0CEeBOM (BEPTUKAIHLHOMN)
COCTAaBIIFOIIMX BEKTOpPAa CKOPOCTHM Ta30BOrO IIOTOKA B MPUCTEHOYHOW 30HE
CEeIapalMOHHON KaMepBl.

3. Bo BceM nmamazoHe WM3MEHEHUS IKCIEPUMEHTANIBHBIX (PAKTOpOB HAOIIOMAETCS

ABTOMOJCJIBHOCTH KWHEMaTH4YECKOM CTPYKTYPBLI TCUCHHA OTHOCHUTCIBHO 3HAYCHUM
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rmapamMeTrpa KOHYCHOCTHM CeNapalMOHHOM KaMephl M [apaMeTrpa HadaJlbHOMU
WHTCHCUBHOCTH 3aKPYTKH ITOTOKA HA BXOJIE B CEMApPAIMOHHYIO KaMepy.

4. TlomydeHHbIE SMIUPHUYECKUE 3aBHCUMOCTH HCIIOJIB30BAHbI TPHU TOCTPOCHUH
pacyeTHOW MOMAENH, MPEIHA3HAYCHHOW ISl OICHKW BIWSHUS MapaMeTpa KOHYCHOCTH
CeTapalMOHHON KaMephl IMBUICYJIOBUTENSI HAa BCTPEUYHBIX 3aKPYyUEHHBIX IMOTOKAX Ha
3¢ (HEKTUBHOCTH 00ECTIBUTMBAHUS BRIOPOCOB.

5. Ha pa3paboTaHHOM pacueTHOW MOJIENU MPOBEJICH BHIYUCIUTEIbHBIN IKCTIEPUMEHT
no omnpenenacHuo GGEKTUBHOCTH yIABIUBAHUS IBUICBBIX YACTHUI] TPH Pa3IUIHBIX
3HAUYCHUAX KOHYCHOCTH CEMaparlMOHHOW KaMepbl W HWHTEHCHBHOCTH HAYaJIbHOMN
3aKPYTKH.

6. B pesynbrare 00paOOTKM JaHHBIX  BBIUMCIUTEIBHOTO  SKCIEPUMEHTA
YCTaHOBJICHO, YTO HAMMEHBIITNI MPOCKOK MBUTH HAOTIOIAETCS B AUANa30HE MapaMeTpa
KOHyCHOCTH cemnapanuonHoit kamepsl € = 0,10-0,14 npu Bcex coudeTaHUAX

AKCTIIEPUMEHTAIIbHBIX (haKTOPOB.
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I'TABA 4 DKCIIEPUMEHTAJIBHBIE UHCCJIEJOBAHMUSA 11O OHEHKE
IOOEKTUBHOCTHU IPUMEHEHUSA B CUCTEMAX OYUCTKHA
BBIBPOCOB OT ABPASUBHOW NbLIN
AIIITAPATA B3I C OBPATHBIM KOHYCOM

4.1 DKcnepUMEHTAJbHAS YCTAHOBKA M METO10JIOTUSA MCCJIeI0BAHU

DKClepUMEHTANIbHBIE MCCIEA0BAaHUS IO OLIEHKE 3(P(PEKTUBHOCTH NPUMEHEHUS B
CHUCTEMax MECTHOH BBITSKHOW BeHTWsiuuu amnmapaTta B3Il ¢ oOpaTHbIM KOHYcOM ISt
ylaBiuBaHus  aOpa3uBHOM MbUIM  NPOBOAMINCH B  Jjaboparopun  Kadeapsl
«be30macHOCTh KU3HEACATEIBHOCTH B CTPOUTENIBCTBE U TOPOIACKOM XO3SHCTBE»

Bourl’'ACY (pucynok 4.1).

PucyHok 4.1-DxcriepuMeHTalbHOE UCCIIe0BaHUE HA JJaOOpaTOPHOM YCTAaHOBKE
J171s mpoBeieHus SKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUM Mpoliecca OUUCTKHU BIOPOCOB
OT a0pa3uBHOM MbUIM B IMBUICYJIOBUTENE CO BCTPEUHBIMU 3aKPYUYEHHBIMH MOTOKAMU C
CemapalMOHHOM KaMepoW, BBIIOJHEHHOW B BHUJE O0OpaTHOro KOHyca, ObuLIa

HCIIOJIb30BaHa SKCIICPUMCHTAJIbHAS YCTAaHOBKA.
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OnuceiBaeMasi yCTaHOBKA MPEICTABISET COOON CHUCTEMY acCHHUpAIMHA, B KOTOPOU
OCHOBHBIM 3JIeMeHTOM siBiisgeTcs annapat B3I1 ¢ 00paTHbIiM KOHYcOM (pUCYHOK 4.2).

JIns W3MEHEHHMs] KOHCTPYKTHUBHBIX IIapaMETPOB MbUICYJIOBUTENS OCHOBHBIC
AJIEMEHThl KOHCTPYKIIMM BBINOJHEHBl CMEHHbIMH. [l W3MEHEHUs mapamerpa
KOHYCHOCTHU cernapauroHHON KaMmepbl 0 151 napamMmerpa 3aKpYTKHU
noroka @, co3maBaeMOro TEpBHYHBIM BBOJAOM mbuieynoBuTens B3I, kopryc
MBUICYJIOBUTEIIS BBITIOJHEH pa300PHBIM, U COCTOSIIUM M3 JIBYX OCHOBHBIX MOHTaKHBIX
eauHull. [IepBUYHBIN BBOJI MBLICYIOBUTEINS, IPEACTABISIONIUNA COO0M TaHTEHIIUATbHBIN
3aKpy4YUBaTeIb C MOCTOSHHBIM JIMAMETPOM LuIuHApHU4Yeckord dactu D = 200 mwm, ¢
MOMOIIBIO (DJIAHIIEBOTO COCIMHEHUS CTHIKYETCSI C KOHUYECKOM YacThiO cemapaliiOHHOM
Kamepbl. 3aKpy4yuBarTellb BTOPUYHOTO TMOTOKA HAXOAWTCS BHYTPH CEMapallMOHHOW
KaMephbl 110 aHAJIOTHH ¢ TbuIeynoBuTe siMu cepun BUII [5, 9, 14].

Takum 06pazom, HAJIMYKE TPEX CMEHHBIX MEPBUYHBIX BBOJOB MBLJIETa30BOT0 MOTOKA
M TPEX CMEHHBIX CENapallMOHHBIX Kamep TMO3BOJIET PEATM30BaTh pPa3JIUYHbIC
COYETAaHHSI OCHOBHBIX KOHCTPYKTHMBHBIX IapaMeTPOB, OKAa3bIBAIOIIWX BJIUSAHUE Ha
IPOLIECC TIBUICYJIABIMBAHUS B IBUICYJIOBUTEIE CO BCTPEUHBIMU 3aKPYYCHHBIMU
MMOTOKaMHU.

B ycranoBke ucnonb3oBaH BeHTWwIsiTop BP 300-45-2.5, ycTaHOBIEHHBIN mOCTe
MBUICYJIOBUTEIIS], KOTOPBIN IO AHAJIIOTUH C CUCTEMAaMK MECTHOM BBITSKHOM BEHTUIISLINH,
MpeAHAa3HAYCHHBIX [IJIs JIOKaNW3alliy, YAaJdeHUsS UM OYUCTKH a0pa3vBHON IbUIH,
HAaXOAWUTCS MOoJA paspexeHueM. JUIisi W3MeEpeHus [aBJI€HUs Ta30BOr0 IOTOKAa U
KOHIICHTpAIIMU TMBUJIM B BO3AYXOBOJAX TMPEAyCMOTPEHBI IITYLEPbl, CHAaOKECHHbIC
FePMETUYHO 3aBUHUMBAIOIIMMUCSA KpbIIKamMu. [[ns oOecrnedeHuss BO3MOKHOCTU
KOPPEKTHOTO 3aMepa BEIMYMH JABJICHUM B 3aMEPHBIX CEUCHUSX YCTAHOBKA CHaOXeHa

JIONMACTHBIMH YCIIOKOUTCIIAAMHA ITIOTOKA.
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Pucynok 4.2 — CxeMa 3KCIIEpUMEHTAIBHOW YCTaHOBKHU
1 — BXOAHOM BO31yXOBO/; 2 - CMEHHBIN BEPXHHI TaHT€HIMATIbHBIN BBO;
3 — meuteynoBurenb B3I1; 4 — ¢naniieBoe coeuHeHne; 5 — peryaupyonmi muoep;
6 — 3aMepHBIN MTyHEp; 7 — JOMACTHONW YCTIOKOMTEIb MTOTOKA; 8 — mMaTpyOoK
OUYMIIEHHOTO0 Ta3a; 9 — y3es NpUroToBIEHUs NbUIEBO3AYIIHON cMecH; 10 — OyHKep
yJIOBJAEHHOW NbUIH; 11 — BTOpUYHBIN BBOJA MOTOKA; 12 - TAHT€HIIMAJIbHBIN

3aKpy4HMBaTeNb BTOPUYHOTO BBOAA; 13 — BeHTHiATOp BP 300-45-2,5

PerynupoBanue a’poMHaMHUYECKOrO0 pPEKMMa padOThl YCTAHOBKH, B TOM YHUCIIE
JIOJIM pacxoja, N01aBaeMOoro Ha HM>KHUM BBOJI anmapara, OCyLIECTBIIAETCS ITPU TOMOIIH
mubepoB. Jlnms  perynupoBaHus ~— 0OIIEro  pacxoja  HMCHOJb30BaJICS  MUOEp,
PACIIOJNIOKEHHBIM Iepel BEHTWIATOPOM. /s co3maHus MBUIEBO3AYLIHOM CMECH
HCIIOJB3YETCSI CMECHUTEIIBHOE YCTPOMCTBO, co3faroliee ABYX(a3HBIM IbIIETa30BbIN
IIOTOK C PAaBHOMEPHO PACHPEICICHHON KOHIIEHTPALMEN IBUIEBBIX YacTUL[ 34 CYET
KOMOMHUPOBAHHOTO  a’pPOJMHAMUYECKOT0 M MEXaHWYECKOro  BO3JCHCTBUHU.
[IpumMeHeHne CMECHUTENBHOIO YCTPOMCTBA MO3BOJISIET MOJABATh BO BXOJHOE CECUYCHHUE
SKCIIEPUMEHTAIBHOM  YCTAHOBKM  MBUICBO3AYIIHBIA  IMOTOK €  MHapaMeTpamu,
AHAJIOTUYHBIMU JICMCTBYIOLIAM CUCTEMAM MECTHOM BBITSHKHON BEHTUIISILIMM.

Cxema  ompeneneHus  KOHCTPYKTHMBHBIX — MAapaMETPOB  BEPXHEro  BBOJA

MBIJICYJIOBUTEIIS TTIOKa3aHa Ha pUCYHKE 4.3.
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Pucynok 4.3 - Cxema onpeneneHus OCHOBHBIX KOHCTPYKTHUBHBIX pa3MEpOB
BEPXHETr0 BBOJA NBUICYJIOBUTENS B SKCIIEPUMEHTAIBHON YCTAHOBKE
1 — cenapanmonHas kamepa; 2 — naTpyOOK OYMIIIEHHOTO Ta3a;
3 — TaHTEeHIIMAJIbHBIN BBOJI.
a— IIUPHUHA CEYCHUS TaHTCHIIMAILHOTO BBOJIa; b — BrIcOTA ceueHHS
TaHTEHIMAIBHOTO BBO/A; D — auameTp kamepsl MEpBUYHOTO TAHTEHIIMAIBLHOTO BBOJIA
MOTOKA MbIICYI0BUTENS; Dy — IMamMeTpocHOBaHUS 00paTHON KOHUYECKOM

cernapalioOHHON KaMepbl;N — BhICOTa 0OpaTHOW KOHWYECKOM cernapalMoOHHON KaMephl

OKCnepruMEeHTAIbHBIE UCCIEI0BAHUS MPOBOJAWINCH B COOTBETCTBUU C MPHUHSATHIMU
cTaHgapTHRIMU MeTtoaukamMu [35-38, 51, 63]. [lo BenmnuuHaM AaBIEHUM B 3aMEPHBIX
CEUCHMSIX YCTAHOBKHM, HU3MEPAEMbIX C IMOMOINIbIO LHHUPPOBOro auddepeHuanibHOro
MaHoMmeTpa testo 512 B codeTaHHM C MHEBMOMETPHYECKOW TPYOKOM, ONMpeaessroTcs
3Ha4YeHHs: OOIIer0 pacxoja IMbUIEra3oBOM CMeCH, II0JaBaeMOl Ha OYHCTKY;
COOTHOIIIEHMSI PAcXOAOB TBUIETra30BOM CMECHM B BEPXHUX U HIDKHHUX BBOJIAX
NBUICYJIOBUTENIS; a3POIMHAMHYECKOTO COITPOTHUBIICHHUS.

O (DHEeKTUBHOCTL OYKMCTKUA MBUIETA30BOM CMECH OIpesessiack Ha OCHOBE
COIMOCTABJICHUsI TOCTYMAIOIIEH W BBIXOASIIEH MacChl MbUIM, OMPEIEISEMbIX MyTEM
oTrOopa nMpod W U3MEPEHHUI B 3aMEPHBIX CEUEHUSX BO3AYXOBOIOB, U KOHTPOIUPYEMBIX

10 BECY MbLIU B NbuiecOOpHUKE. I3MepeHns 3HaueHHi 3albUIEHHOCTH Ta30BOT0 MOTOKA
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B 3aMEpHBIX CEUEHHUSAX MPOU3BOAUINCH C TMOMOIIBIO KOMILJIEKTa MbIJICOTOOPHOTO
obopynoBanus koHctpykunu HUMOI'A3. OT60op mpod ocyliecTBIsICS OAHOBPEMEHHO
BO BCEX 3aMEpPHBIX CEUYEHMSIX, 4eM OOecleunBaiach WIECHTUYHOCTh OTOOpa mpol B
Ka)KIOM U3 CEYCHUI PEXXUMY pabOThl CUCTEMBbI U TOCTYIUICHHUS TBLIH.

HccnenoBanne 3(Q()EKTUBHOCTU YIABIMBAHUSA MPOBOAUIIOCH C IPEABAPUTEIBHO
BBICYIICHHBIM KBAapIIEBBIM IIECKOM C IUIOTHOCTBIO p = 2650 Kr/mM°, ()pakMOHHBIHA
COCTaB KOTOPOTO XapaKTEpU3YyeTCs CIEAYIOUIMM 00pa3oM: COAEpkKAHHE YaCTHUI[ C
pa3mepamu 0,3-1 mxm cocrasisieT 20%, ¢ pazmepamu 1-5 mxMm - 20%, ¢ pazmepamu 5S-
10 mxm - 40%, ¢ pasmepamu 6ostee 10 Mxm - 20%.

Ha ocHOBe pe3ysnbTaToB NPOBEJECHHOTO aHAIW3a MPOLECCA IbUICYJIABIMBAaHUS B
annapare B3Il ¢ oOpaTHBIM KOHYCOM B Ka4e€CTBE H3MEHSIOIIUXCS PEryJIUPYEMbIX

nepeMeHHbIX [22, 31] ObuIH BBIOpAHBL:

C) - IapaMeTp KOHYCHOCTH CEellapalliOHHON Kamepsl;

D, - (opmmapameTp 3aKpyTKH, CO3JaBa€MOM CMEHHBIM BEPXHUM
TaHI€HIIMAJIbHBIM BBOJIOM;

Re,, - 4ucio PeliHOnbaca, BBIYMCIEHHOE 110 3HAYEHUIO CpEIHEU
CKOPOCTH TBUIETA30BOTO MOTOKA B CEYEHHWH LWJIMHAPUYECKON
Kamepsl IEPBUYHOIO TaHI'€HIMAIIBHOIO BBOJA IIOTOKA;

L, =L,/ Lys, - OTHOLICHHE pacxoja IbUICra30BOH CMECH, MOCTYIAOLIECro B

HUKHUM (BTOPUYHBIN) BBOJ K OOIIIEMY pacxojy, MojgaBaeMoMy
Ha OUYHUCTKY.
[TapameTp KOHYCHOCTH CeIapallMOHHOW KaMephl B BHIE OOpaTHOTO KOHYycCa
® ompenenseTcs KaKk TaHIEHC YIVIa HakJoOHAa oOpasylomieil MOBEPXHOCTH

cenapalloHHON KaMephl K €€ MPOAO0JIbHON (BEpTUKAIBHOW) OCH:
DZ - D
2h

dopmnapaMeTp 3aKpyTKU IOTOKa ompenenserca no 3asucuMoct (3.9). Ywucio

@ = (4.1)

PeitHONbICA, XapaKTEPU3YIOLIEE PACXO MBUIETA30BOM CMECH, ITOJaBAEMON HA OYUCTKY

B IIBIJICYJIOBUTECIIb, OIIPCACIISCTCS 110 BBIPAKCHHUIO.



84

Dv
cp
Re., = 4.2
o ==L (42
Trac v - CpCAHAA CKOPOCTh IIOTOKA B CCUCHHU ITUIWMHI H‘-IGCKOﬁ KaMCpPhbI
cp
MCPBUYHOI'O TAHI'CHIIMAJIbHOI'O BBOAA ITOTOKA ITBIJICYJIOBHUTCIIA, M/ C,
V - KHHEMAaTHYECKas BA3KOCThb BO3IyXa, M%/C.
L
_ obwy
Ucp —_ W (4‘.3)
3600

4

B cootBercTBuU C [22, 31] onpenenstoniye (pakTopsl MPUBEICHBI K BUAY:

X=®_®O' X _Recp—Recpol
1 A® > ARe, '
o 0o g o B (4.4)
2 AD: AL,

I/ICXOI[HBIG JaHHBIC UL INIAHUPOBAHUA SKCIICPUMCHTA IIPUBCACHLI B Ta6J'II/IHC 4.1.

Tabmuna 4.1 - HcxoaHble faHHBIC 1)1 IUIAHUPOBAHUS SKCIIEPUMEHTA

VYcnoBus O6o3HaueHus DaKTOphI
OIIBITA X4 X, X3 X,
HyneBoil ypoBeHb Xi, 0,17 45 50000 | 0,3
NuTepBasl BappUpOBaHUS AX; 0,05 0,5 10000 | 0,1
Bepxuuii ypoens X;, = + 1 Xi,, 0,22 | 50 |60000 | 04
Huxuuit yposens X;, = - 1 X 0,12 4,0 | 40000 | 0,2

[Inan skcrnepuMeHTa — MaTpulla IUIAHUPOBAHHUSA, COOTBETCTBYIOLIAsI LIEHTPAIbHOMY
KOMITO3UIIMOHHOMY POTOTa0ENbHOMY IUJIaHy, HWMEET B OCHOBE IUJIaH MOJHOTO
(akxTopHOro skcmepumenta 2° (AP0 MaTpUIBl IUIAHUPOBAHMS). U IOMOJHAETCS
OTIPEJICTICHHBIMA TOYKAaMHU (PAKTOPHOTO TIPOCTPAHCTBA — 3BE3IHBIMU TOYKAMU U
OMbITAMU B LIEHTpE J1aHa. [[ns paccMatpuBaemMoro ciydasi n = 4 3B€3JJHO€E €40 PABHO
a = % 2,000, KoIM4eCTBO OMBITOB $JIpa MaTPHUILIbI 2% = 16, yMcI0 3BE3AHBIX TOYEK
N,= 8, unucno HyneBbix Touek Ny= 7. CnegoBaTelibHO, MaTpHUIla POTOTAOEIBHOTO IJIaHa

BTOPOTO Mopsiika cocTouT U3 31 ombita (Tabnuua 4.2) [31].



Tabnuna 4.2 - Ilnan skcriepuMeHTa
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Howmep | X, DakTopsl [Tapubie
OIIBITA X4 X, X3 X, XX, X1X3
1 2 3 4 5 6 7 8
1 +1 +1 +1 +1 +1 +1 +1
2 +1 -1 +1 +1 +1 -1 -1
3 +1 +1 -1 +1 +1 -1 +1
4 +1 -1 -1 +1 +1 +1 -1
5 +1 +1 +1 -1 +1 +1 -1
6 +1 -1 +1 -1 +1 -1 +1
7 +1 +1 -1 -1 +1 -1 -1
8 +1 -1 -1 -1 +1 +1 +1
9 +1 +1 +1 +1 -1 +1 +1
10 +1 -1 +1 +1 -1 -1 -1
11 +1 +1 -1 +1 -1 -1 +1
12 +1 -1 -1 +1 -1 +1 -1
13 +1 +1 +1 -1 -1 +1 -1
14 +1 -1 +1 -1 -1 -1 +1
15 +1 +1 -1 -1 -1 -1 -1
16 +1 -1 -1 -1 -1 +1 +1
17 +1 +2,0 0 0 0 0 0
18 +1 -2,0 0 0 0 0 0
19 +1 0 +2,0 0 0 0 0
20 +1 0 -2,0 0 0 0 0
21 +1 0 0 +2,0 0 0 0
22 +1 0 0 -2,0 0 0 0
23 +1 0 0 0 +2,0 0 0
24 +1 0 0 0 -2,0 0 0
25 +1 0 0 0 0 0 0
26 +1 0 0 0 0 0 0
27 +1 0 0 0 0 0 0
28 +1 0 0 0 0 0 0
29 +1 0 0 0 0 0 0
30 +1 0 0 0 0 0 0
31 +1 0 0 0 0 0 0

[Tponomxenue TadauIIbI 4.2
B3aHUMOJICHCTBHS KBanpaTnuHbie WIeHBI
XXy | XoX3 | X4X, | X0 X5 XX, X, X5 XX, X, X5
9 10 9 10 9 10 9 10
+1 +1 +1 +1 +1 +1 +1 +1
-1 +1 -1 +1 -1 +1 -1 +1
+1 -1 +1 -1 +1 -1 +1 -1
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Oxonuauue Tadaunsl 4.2

-1 -1 -1 +1 +1 +1 +1 +1
+1 -1 +1 -1 +1 +1 +1 +1
-1 -1 +1 -1 +1 +1 +1 +1
+1 +1 -1 -1 +1 +1 +1 +1
+1 +1 -1 -1 +1 +1 +1 +1
-1 +1 -1 -1 +1 +1 +1 +1
-1 +1 -1 -1 +1 +1 +1 +1
+1 -1 -1 -1 +1 +1 +1 +1
-1 -1 -1 -1 +1 +1 +1 +1
+1 -1 +1 +1 +1 +1 +1 +1
-1 -1 +1 +1 +1 +1 +1 +1
+1 +1 +1 +1 +1 +1 +1 +1
+1 +1 +1 +1 +1 +1 +1 +1
0 0 0 0 4,0 0 0 0
0 0 0 0 4,0 0 0 0
0 0 0 0 0 4,0 0 0
0 0 0 0 0 4,0 0 0
0 0 0 0 0 0 4,0 0
0 0 0 0 0 0 4,0 0
0 0 0 0 0 0 0 4,0
0 0 0 0 0 0 0 4,0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

B kauecTtBe (YHKIMII OTKIMKAa TIpU NPOBEACHUM  OIKCIEPUMEHTAIBHBIX
UCCICNOBAHUNM  IPUHATHI BEJIMYMHA IPOCKOKA IMBUIM U adpOJUHAMUYECKOE
CONPOTUBJICHUE MBUICYJIOBUTENASI CO BCTPEYHBIMM 3aKPYYECHHBIMU IIOTOKAMHU C
0OpaTHBIM KOHYCOM:

( — 2P6bzx_2P3x (45)
vap
rne P,,P,, -  IOIHOE AaBIEHUE HAa BXOJE U HA BBIXOJE U3 NBUICYJIOBUTEIIS
COOTBETCTBEHHO, I1a.

OOmwmii BU ypaBHeHu# perpeccun [22, 31]:
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Y = by + b1 X; + byX, + b3X3 + byX, + b1, X1X3 + b3 X1 X5 +
+ b1 X1 Xy + by3XoXz 4 bygXoXy + b3gX3Xy + by X? + byppXZ +
+ b33 X2 + by X2 (4.6)

O06paboTKa IKCIIEPUMEHTAIILHBIX JJAHHBIX MMPOBECHA C TIOMOIIBIO MTaKeTa MPOrpaMM
craructideckoro aHamm3a «STATISTICA 6» [32]. 3HaYUMOCTH BBIYHCICHHBIX
koa(duieHToB perpeccun ompenensiack no kpureputo Crbrogenta [22, 31]. Hus
OLICHKH aJICKBATHOCTH TIOJIYYEHHBIX PETPECCUOHHBIX 3aBUCUMOCTENW HCHOJb30BaH

KpI/ITCpI/Iﬁ CDI/Hﬂepa C YV4YCTOM BBIIIOJIHCHHUA YCIIOBHA, YTO PACUCTHOC 3HAYCHHC Fb

MeHbie Tabmuanoro F, [22, 31]. OmeHka BOCIPOW3BOJAMMOCTH IOJTyYEHHBIX

Pe3yabTaTOB MPOBOMIACK ¢ TOMOIIBI0 KpuTepus Koxpena [22, 31].

4.2 AHanans PE3YIbTATOB IKCIIEPUMEHTAJIBHBIX HCCJIe}IOBaHHﬁ

PC3y.]IBTaTBI OKCIICPUMCHTAJIBHBIX I/ICCJ'ICI[OBaHI/Iﬁ II0O ONICHKC IIPOCKOKa IIbLIX

npuBesieHbl B Tabmuie 4.3 u Ha pucyHke 4.4-4.21.

Tabnuna 4.3 - DKcnepuMeHTaIbHbIC 3HAUCHUS BEJIMUMHBI MPOCKOKA MBLITH
Omnpenensitomye GakToOpsl £
8] M Re., L,
1 2 3 4 S
0,12 4,0 40000 0,2 0,1405
0,3 0,1252
0,4 0,1321
0,17 4,0 40000 0,2 0,148
0,3 0,1276
0,4 0,1302
0,22 4,0 40000 0,2 0,1982
0,3 0,1784
0,4 0,1871
0,12 4,5 40000 0,2 0,132
0,3 0,1009
0,4 0,1222
0,17 4,5 40000 0,2 0,1376
0,3 0,116
0,4 0,125
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[Tponomkenue Tadnuip 4.3

1 2 3 4 5
0,22 4,5 40000 0,2 0,1825
0,3 0,164
0,4 0,174
0,12 5,0 40000 0,2 0,111
0,3 0,091
0,4 0,0998
0,17 5,0 40000 0,2 0,114
0,3 0,0905
0,4 0,104
0,22 5,0 40000 0,2 0,1638
0,3 0,140
0,4 0,155
0,12 4,0 50000 0,2 0,099
0,3 0,0756
0,4 0,102
0,17 4,0 50000 0,2 0,106
0,3 0,0,84
0,4 0,0972
0,22 4,0 50000 0,2 0,155
0,3 0,1342
0,4 0,133
0,12 4,5 50000 0,2 0,083
0,3 0,063
0,4 0,0791
0,17 4,5 50000 0,2 0,087
0,3 0,0703
0,4 0,084
0,22 4,5 50000 0,2 0,1401
0,3 0,12
0,4 0,133
0,12 5,0 50000 0,2 0,061
0,3 0,043
0,4 0,0562
0,17 5,0 50000 0,2 0,065
0,3 0,061
0,4 0,0695
0,22 50 50000 0,2 0,1302
0,3 0,096
0,4 0,12




Oxonuanue Ta0oaunsl 4.3
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1 2 3 4 5
0,12 4,0 60000 0,2 0,0705
0,3 0,0506
0,4 0,0631
0,17 4,0 60000 0,2 0,076
0,3 0,055
0,4 0,0645
0,22 4,0 60000 0,2 0,127
0,3 0,1055
0,4 0,117
0,12 4,5 60000 0,2 0,0565
0,3 0,038
0,4 0,0475
0,17 4,5 60000 0,2 0,063
0,3 0,0415
0,4 0,0545
0,22 4,5 60000 0,2 0,117
0,3 0,0905
0,4 0,104
0,12 5,0 60000 0,2 0,036
0,3 0,0155
0,4 0,0256
0,17 5,0 60000 0,2 0,0405
0,3 0,02
0,4 0,032
0,22 5,0 60000 0,2 0,1065
0,3 0,071
0,4 0,082
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e
1
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PI/ICYHOK 4.4 — I3MeHeHHUE BEIUUYMHBI IMPOCKOKaA IIbIJIKM B 3aBUCUMOCTH OT I1apaMCTpa

KOHYCHOCTH CenapanioHHoi kamepsl npu Or=4,0u Re, = 40000;
1-L,=02;2-L,=0,3;3-L,=0,4

* - PE3yJIbTATHI IKCIIEPUMEHTA;—— pacyeTHbIC JaHHBIE 110 (4.7)

e

1
0,14 ;

0,10 e
— | —
2
0,06
0,10 0,14 0,18 0,22 e

PucyHok 4.5 — MI3MeHeHne BeNMYnHbI MPOCKOKA NBUIM B 3aBUCUMOCTH OT ITapamMeTpa
KOHYCHOCTH cenapanioHHoi kamepsl npu Or=4,5u Re, = 40000;
1-L,=02;2-L,=0,3;3-L,=04

* - Pe3yJIbTAThl IKCIIEPUMEHTA;—— pacyeTHbIC JaHHBIE 110 (4.7)
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e
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PucyHok 4.6 — MI3MeHeHne BeNMYnHbBI MPOCKOKA IBUIA B 3aBUCUMOCTH OT IIapameTpa

KOHYCHOCTH CenapanroHHoi kamepsl npu Or= 5,0u Re, = 40000;
1-L,=02;2-L,=0,3;3-L,=0/4

* - PE3yJIbTATHI IKCIIEPUMEHTA;—— pacyeTHbIC JaHHBIE 110 (4.7)

1
0.12 [ 7
0,08 1 _«

L
2 3
0,04

0,10 0,14 0,18 0,22 0

PucyHok 4.7 — I3MeHeHre BENMYHUHBI MPOCKOKA NBUIA B 3aBUCUMOCTH OT IIapamMeTpa

KOHYCHOCTH CellapanonHoi kamepsl pu Or= 4,0u Re, = 50000;
1-L,=0,2;2-L,=03;3-L,=0,4

* - pe3yJbTaThl FKCIEPUMEHTA;—— PacyeTHbIE TaHHbIE 10 (4.7)
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PI/ICYHOK 4.8 — I3MeHeHNUE BEIUUMHBI IIPOCKOKaA IIbIJIN B 3aBUCUMOCTH OT IIapaMCTpa

KOHYCHOCTH CenapanronHoi kamepsl npu @r= 4,5u Re, = 50000;
1-L,=02;2-L,=0,3;3-L,=0,4

* - Pe3yJIbTAThI IKCIIEPUMEHTA;—— pacUyeTHBIC JaHHBIE 110 (4.7)

€

0,16

0,08 \ | //
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’ ~

0,04
0,06 0,10 0,14 0,18 022 0

3

Pucynox 4.9 — MI3MeHeHHne BETMYUHBI MPOCKOKA MTBUTH B 3aBUCUMOCTH OT ITapamMeTpa
KOHYCHOCTH CellapaoHHoi kamepsl ipu Pr= 5,01 Re, = 50000;
1-L,=02;2-L,=03;3-L,=0,4

* - Pe3yJIbTAThl IKCIIEPUMEHTA;—— pacyeTHbIC JaHHBIE 110 (4.7)
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Pucynok 4.10 — MI3MeHeHne BeTMYMHBI TPOCKOKA MBLUIN B 3aBUCUMOCTH OT

napameTpa KOHyCHOCTH CenapannonHon kamepsl npu ®r= 4,0u Re., = 60000;

1-1,=072;2-L,=03;3-L,=04

* - Pe3yJIbTAThI IKCIIEPUMEHTA;—— pacUYEeTHBIC JaHHBIE 110 (4.7)

e
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Pucynok 4.11 — MI3MeHeHne BETMUMHBI TPOCKOKA MBLUIN B 3aBUCUMOCTH OT

napameTpa KOHyCHOCTH CemapainonHoi kamepsl npu Or= 4,5u Re., = 60000;
1-L,=02;2-L,=03;3-L,=0,4

* - pe3yJbTaThl FKCIEPUMEHTA;—— PacUYEeTHbIE TaHHbIE 10 (4.7)
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Pucynox 4.12 — 3meHeHne BeTUYUHBI TPOCKOKA BTN B 3aBUCUMOCTH OT
napameTpa KOHyCHOCTH cenapanronHon kamepsl npu @r= 5,0u Re, = 60000;

1-1,=02:2-1,=03;3-L,=04

* - pe3yJbTaThl FKCIEPUMEHTA;—— PacUYETHbIE HaHHbIE O (4.7)
e
1
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Pucynok 4.13 - FI3MeHeHue BeIMUMHBI TPOCKOKA MbLUIN B 3aBUCUMOCTH OT
COOTHOIIEHHS PacXO0B, M10/IaBA€MOT0 B HIDKHUN BBOJ MBUICYJIOBUTEIIS, U OOIIETO
npu © = 0,12 u Re, = 40000;

1-907=4,0;2-90;=4,5;3-D;=5,0

* - Pe3yJIbTAThl IKCIIEPUMEHTA;—— pacyeTHbIC JaHHBIE 110 (4.7)
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Pucynok 4.14 - I3aMeHeHre BeIMUMHBI TPOCKOKA MBUIA B 3aBUCUMOCTH OT
COOTHOIIICHHSI PacX0/I0B, M10/IaBAEMOT0 B HIXKHUI BBOJI MBUICYJIOBUTEIS, U O0IIETO
npu 0 = 0,17 u Re., = 40000;

1-97=4,0;2-9;=45;3-d;=5,0

* - PE3yJIbTATHI IKCIIEPUMEHTA;—— pacyeTHbIC JaHHBIE 110 (4.7)

0,16 N

0,12
0,1 0,2 0,3 0,4 Lu

Pucynok 4.15 - I3MeHeHne BeTMUrHbBI TPOCKOKA MBLUIN B 3aBUCUMOCTH OT
COOTHOLIEHUSI pacX00B, [10/1aBA€MOT'0 B HI>KHUN BBOJ] MBUICYJIOBUTENS, U OOLIETO MPU
0 = 0,22 u Re., = 40000;

1-907=4,0;2-0;=45;3-D;=5,0

* - Pe3yJIbTAThl IKCIIEPUMEHTA;—— pacyeTHbIC JaHHBIE 110 (4.7)
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Pucynok 4.16 - I3MeHeHne BETMUMHBI TPOCKOKA MBLUIN B 3aBUCUMOCTH OT
COOTHOIIEHUS pacX00B, [10JIaBAE€MOT'0 B HIDKHUN BBOJI IBLICYJIOBUTENIS, U OOILETO
npu 0 = 0,12 u Re., = 50000;

1-907=4,0;2-0;=4,5;3-P;=5,0

* - Pe3yJIbTATHI IKCIIEPUMEHTA;— PACUETHBIC JaHHBIE 110 (4.7)
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Pucynok 4.17 - I3MeHeHne BeIMYMHBI TPOCKOKA MBI B 3aBUCUMOCTH OT
COOTHOIIEHHS PacXO0B, M10/IaBAE€MOT0 B HIDKHUN BBOJ MBLUICYJIOBUTENIS, U OOIIETO
npu © = 0,17 u Re, = 50000;

1-907=4,0;2-90;=4,5;3-D;=5,0

* - Pe3yJIbTAThl IKCIIEPUMEHTA;—— pacyeTHbIC JaHHBIE 110 (4.7)
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Pucynok 4.18 - I3MeHeHne BeTMYnHBI TPOCKOKA MBbLUIN B 3aBUCUMOCTH OT
COOTHOLIEHHS pacX00B, [10/1aBA€MOT'0 B HIDKHUN BBOJI IBLUICYJIOBUTENIS, U OOILIETO
npu 0 = 0,22 u Re., = 50000;

1-907=4,0;2-0;=45;3-P;=5,0

* - Pe3yJIbTATHI IKCIIEPUMEHTA;— PaCUYETHBIC JaHHBIE 110 (4.7)
8 \/
0,09 \-/ 2
0,04 N
" \n/<.
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0.1 0,2 0,3 0,4 L,

Pucynok 4.19 - I3MeHeHue BeTMUMHBI TPOCKOKA MBI B 3aBUCUMOCTH OT
COOTHOIIEHHS PacXO0B, M10/IaBA€MOT0 B HIDKHUN BBOJ MBUICYJIOBUTEIIS, U OOIIETO
npu © = 0,12 u Re, = 60000;

1-907=4,0;2-0;=4,5;3-P;=5,0

* - Pe3yJIbTAThl IKCIIEPUMEHTA;—— pacyeTHbIC JaHHBIE 110 (4.7)
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PI/ICYHOK 420 - I3sMeHeHue BETUYNHBI IIPOCKOKaA ITbIJIIKM B 3aBUCHUMOCTHU OT
COOTHOHICHUS pacXOd0B, II0O4aBACMOI'0 B HUKHUHN BBO/ ITBIJICYJIOBUTCIIA, U O6IH€FO IIpu
© =0,17 u Re, = 60000;

1- =402 -®'=4,5:3- d'=50

* - PE3yIbTaThl KCIIEPUMEHTA;—— PACUETHBIE JaHHEIE 110 (4.7)
g
1
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Pucynok 4.21 - I3MeHeHue BEIMUMHBI TPOCKOKA MBI B 3aBUCUMOCTH OT
COOTHOLIEHHSI pacX00B, M0JIaBa€MOT0 B HIKHUI BBOJ MBUICYJIOBUTEINS, U OOIIETO MPH
0 = 0,22 u Re , = 60000;

1-907=4,0;2-0;=4,5;3-D;=5,0

* - Pe3yJIbTAThl IKCIIEPUMEHTA;—— pacyeTHbIC JaHHBIE 110 (4.7)
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MatemaTtnueckas o0pabOTKa KCHEPUMEHTANbHBIX IaHHBIX MMOKa3aja, YTO IOCTe
MPOBEPKH 3HAYUMOCTH Kod(dduimeHToB perpeccun 1o kKputeputo CTbIOJEHTA,
MPOBEPKH aJ€KBAaTHOCTU 1O Kpureputo Duiiepa U mnepexoja K HaTypaJbHBIM
3HAYEHUSAM ONPENCISIIONMX (PAKTOPOB 3aBUCUMOCTh, XApPAKTEPU3YIOIIAsl CTENEHb

CHMKCHUA MACChI IIBIJICBBIX BBI6pOCOB HpI/IO6pCTaCT BU/I.

e = 0,0416 + 9,103(0 - 0,14)2 — 0,018(d* — 3,53)% +
+0,0908- 10~ °(Re — 70000)2 + 1,6148(L, - 0,313)2  (4.7)

Kak cnegyer W3 TMONy4YEHHBIX JaHHBIX, HAWMEHBIIME 3HAYCHUSI MPOCKOKA
HaOJII0/Ial0TCS B IMaNa30He U3MEHEHUS 3HAUEHUN KOHYCHOCTU CcenapaliiOHHON KaMepbl
6 = 0,13-0,15, 9T0 1MO3BOJIIET CUMTATh JaHHBIC 3HAUCHHS HauboJee parMOHATBHBIMHU.

3aBUCUMOCTh TMPOCKOKA OT JOJIM pacxoja, I0JaBacMOT0 Ha HWKHUM BBOJ
NBUICYJIOBUTENIA, UMEET BHUJ, ONMU3KUN K TakoBoMmy [isi mbuieynoButeneid B3Il c
HUJIMHAPUYECKON CemapaluoHHON kKamepoi. MuHUMalnbHble 3Ha4eHUs 3 (HEKTUBHOCTH
HaOmoal0TCss B Auama3oHe 3HadeHWd Ly/Logy = 0,27-0,35.Takke NPOCKOK TMBLIH
YMEHBIIIAETCS MpPU yBelIWYeHUU ¢dopmIapaMerpa 3aKpyTKH TOTOKA, CO374aBAEMOTO
MEPBUYHBIM BBOJIOM MBUICYJIOBUTENISA. 3aBUCUMOCTh BETUYMHBI TPOCKOKA OT HAYaJIbHOU
WHTEHCUBHOCTH 3aKpPyTKH TIOTOKAa SIBIIsETCS YOBIBaloOled BO BCEM JUaNa3oHE
BapbUPOBAHUS IKCIIEPUMEHTAIBHBIX (DAKTOPOB.

Pe3ynbTaThl 3KCIEPUMEHTANIBHBIX HMCCIEAOBAHUNM IO OLIEHKE JHEPro3arpar Ha
peanu3aiuio nporeccoB odbecnblInBanus BeIOpocoB B amnmapate B3I1 ¢ cenapannonnoit

KaMepoH, BBIMOJHEHHOUW B BUE OOpPAaTHOrO KOHYCa NpeICTaBlIeHbI B TabnuLe 4.4.
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Tabnuna 4.4 -  DkcnepuMEHTATbHBIE 3HAUYEHUS BEIMYUHBI KOdhduIineHTa
a’pOMHAMUYECKOT0 conpoTuBiIeHUsnbUIeyToBUTENs B3I C
00paTHBIM KOHYCOM

Omnpenensiromuye HakTopbl ¢
0 OM Re., L,
1 2 3 4 5
0,12 4,0 40000 0,2 116,23
0,3 114,11
0,4 111,32
0,17 4,0 40000 0,2 106,04
0,3 104,12
0,4 99,26
0,22 4,0 40000 0,2 100,00
0,3 98,76
0,4 95,34
0,12 4,5 40000 0,2 106,58
0,3 104,72
0,4 102,36
0,17 4,5 40000 0,2 96,34
0,3 94,22
0,4 92,61
0,22 4,5 40000 0,2 90,03
0,3 87,70
0,4 85,61
0,12 5,0 40000 0,2 91,92
0,3 88,78
0,4 87,04
0,17 5,0 40000 0,2 80,12
0,3 79,00
0,4 77,00
0,22 5,0 40000 0,2 74,03
0,3 72,11
0,4 70,00
0,12 4,0 50000 0,2 110,2
0,3 100,6
0,4 94,3
0,17 4,0 50000 0,2 96,6
0,3 98,8
0,4 100,6
0,22 4,0 50000 0,2 88,3
0,3 91,3
0,4 94,1




[Tponomkenue Tabnuip 4.4
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1 2 3 4 5
0,12 4,5 50000 0,2 109,8
0,3 111,2
0,4 112,4
0,17 4,5 50000 0,2 98,6
0,3 101,1
0,4 103,2
0,22 4,5 50000 0,2 90,4
0,3 93,9
0,4 97,1
0,12 5,0 50000 0,2 115,5
0,3 117,2
0,4 118,5
0,17 5,0 50000 0,2 104,5
0,3 107,3
0,4 109,1
0,22 5,0 50000 0,2 96,6
0,3 100,5
0,4 104,1
0,12 4,0 60000 0,2 117,38
0,3 114,32
0,4 112,26
0,17 4,0 60000 0,2 107,38
0,3 105,16
0,4 103,76
0,22 4,0 60000 0,2 101,52
0,3 99,87
0,4 97,51
0,12 4,5 60000 0,2 107,24
0,3 104,83
0,4 102,52
0,17 4,5 60000 0,2 98,12
0,3 95,53
0,4 93,12
0,22 4,5 60000 0,2 91,53
0,3 89,82
0,4 87,54
0,12 5,0 60000 0,2 91,56
0,3 89,00
0,4 88,02
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Oxonuauue Ta0uusl 4.4

1 2 3 4 5
0,17 5,0 60000 0,2 83,57
0,3 82,00
0,4 79,04
0,22 5,0 60000 0,2 77,52
0,3 75,34
0,4 74,03

I'paduueckass mHTEpmpeTanmsi MOJYYCHHBIX JaHHBIX MPHUBEIEHA HAa PHUCYHKaX
4.22 —4.30.

3aBUCUMOCTh KO3(P(UIIMEHTa MECTHOTO a’3pOJAMHAMUYECKOTO COMNPOTUBICHUSI OT
KOHYCHOCTH CENapallMOHHON Kamepbl MbUICYJIOBUTEINS SBISETCS YOBIBAIOIIEH BO BCEM
JMarna3oHe BapbUPOBAHUS IKCIIEPUMEHTATBHBIX (PaKTOPOB.

Janueiii QaktT OOBACHSETCS YBEIWYCHUEM CEYCHHUS CEenapaloOHHON Kamepbl U
CHIUKEHHEM CKOPOCTEHN ABMIKEHHS Ta30BOTO MOTOKA. [IpW 3TOM CHHIKAIOTCA TAKKE U
aOCOJIIOTHBIE BEJIMYMHBI CHJI, CIIOCOOCTBYIOIIMX CEMapalydyd YacTULbI, YTO J€JaeT
HEpaIMOHAJILHBIM TTOBBIIIICHUE KOHYCHOCTH KaMephl Bbile 3HadeHus 6 =0,16.

VBennueHne MHTEHCHBHOCTH HAYaIbHOW 3aKPYyTKH MOTOKA BHIIE 3Ha4YeHHsS @, =

4,5 IpUBOJUT K PE3KOMY POCTY a3pOAUHAMHUYECKOTO CONTPOTUBJIEHNS MBLICYIOBUTENS.
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Pucynok 4.22 — I3meHeHue ¢ B 3aBUCHMOCTH OT ITapaMeTpa KOHYCHOCTH
cenapaoHHoi kamepsl ipu Or=4,5u Re , = 40000;
1-L,=02;2-L,=03;3-L,=0,4
* - pe3yJIbTaThl 3KCIIEPUMEHTa;—— pacueTHbIC JaHHbIC 110 (4.8)
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Pucynoxk 4.23 — 3meHenue ¢ B 3aBUCUMOCTH OT apaMeTpa KOHYCHOCTH
cemnapannonHoi kamepsl npu Or=5,0u Re., = 40000;
1-L,=0,2;2-L,=03;3-L,=0,4

* - pe3yNbTaThl 3KCIIEPUMEHTa;—— pacueTHbIC JaHHbIC 110 (4.8)
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Pucynok 4.24 — I3ameHnenue { B 3aBUCUMOCTH OT MapaMeTpa KOHYCHOCTH
cenapaioHHoi kamepsl ipu Or=4,5u Re., = 40000;
1-L,=0,2;2-L,=03;3-L,=0,4

* - pe3yJIbTaThl 3KCIIEPUMEHTa;—— pacueTHbIC JaHHbIC 110 (4.8)
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PucyHok 4.25 — I3MeHeHue ( B 3aBUCUMOCTHU OT ITapamMeTpa KOHYCHOCTH
cenapannonHon kamepsl npu Or=4,5u Re., = 50000;
1-L,=0,2;2-L,=03;3-L,=0,4

* - pe3yJbTaThl 3KCIIEPUMEHTa;—— pacueTHbIC JaHHbIC 110 (4.8)
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Pucynok 4.25 — Usmenenue { B 3aBUCMMOCTH OT MapamMeTpa KOHYCHOCTH
cenapaioHHoi kamepsl ipu Or=4,5u Re , = 60000;
1-L,=0,2;2-L,=03;3-L,=0,4

* - pe3yJIbTaThl 3KCIIEPUMEHTa;—— pacueTHbIC JaHHbIC 110 (4.8)
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Pucynoxk 4.26 — 13meHenue ¢ B 3aBUCUMOCTH OT apaMeTpa KOHYCHOCTH
cenapannonHon kamepsl npu Or=5,0u Re., = 60000;
1-L,=0,2;2-L,=03;3-L,=0,4

* - pe3yJIbTaThl SKCIIEPUMEHTa;—— pacueTHbIC JaHHbIC 110 (4.8)
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Pucynok 4.27 - I3meHeHue ¢ B 3aBUCUMOCTH OT COOTHOIIICHUSI PACX0/I0B,
110/1aBa€MOT0 B HIDKHHUM BBO/JI MBUICYJIOBUTENS, U oO1ero mpu @ = 0,12 u
Re., = 40000;
1-®97=4,0;2-9;=45;3-P;=5,0

* - pe3yNIbTaThl 3KCIIEPUMEHTa;—— pacueTHbIE JaHHbIE 110 (4.8)
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Pucynok 4.28 - I3meHeHue ¢ B 3aBUCUMOCTH OT COOTHOIIEHHUS PaCX0/I0B,
MOIABA€MOTO B HUKHUIN BBOJI MBUICYJIOBUTENS, 1 001Iero npu © = 0,17 u
Re, = 40000;
1-9;=4,0;2-9;=4,5;3-P;=5,0

* - pe3yJIbTaThl 3KCIIEPUMEHTa;—— pacueTHbIC JaHHbIE 110 (4.8)
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Pucynok 4.29 - I3meHenue ¢ B 3aBUCUMOCTH OT COOTHOIIEHHUS PaCX0/I0B,
110/1aBa€MOT0 B HIDKHHM BBOJI MBUICYJIOBUTENS, U oO1ero rpu 0@ = 0,22 u
Re., = 40000;
1-d7=4,0;2-9;=45;3-P;=50
* - pe3yJIbTaThl SKCIICPUMEHTAa;—— PaCUYCTHBIC TaHHBIC 110 (4.8)
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Pucynok 4.30 - I3meHeHue ¢ B 3aBUCUMOCTH OT COOTHOILIEHHSI PacX0/I0B,
M01aBaeMOro B HWXKHUM BBOJ MbLICYJIOBUTENS, U 00miero nmpu @ = 0,12 u
Re, = 50000;
1-9;=4,0,2-9;=45;3-P;=5,0

* - pe3yJIbTaThl 3KCIIEPUMEHTa;—— pacueTHbIC JaHHbIC 110 (4.8)



108

Takum 00pa3oM, COBMECTHBIN aHaIN3 3aBUCUMOCTEH, XapaKTEPU3YIOIIUX MPOCKOK
NBUIM W a3pOAMHAMHUYECKOE CONPOTHBJIIEHUE MBUICYJIOBUTENSI HAa BCTPEYHBIX
3aKPYYEHHBIX MOTOKaxX IIPU OYHUCTKE MBUIEBBIX 3arpsA3HECHUN MO3BOJIAET CUYUTATh
HanOoJiee palMOHAIBHBIM JHANa30H 3HAUYCHUNM KOHYCHOCTH CETMapallMOHHON Kamepbl
6 = 0,12-0,15. BausiHue 3HaYeHHS JOJIM pacxoja, I0JaBaeMOro Ha HIKHHMM BBOJI
MBUICYJIOBUTENSI C KOHUYECKOW CEMapalMOHHOM KaMepoW Ha BEJIMYHMHY MNPOCKOKA W
a’POJAMHAMHUYECKOE COIMPOTUBIIEHUE, TMPAKTHYECKH AHAJIOTUYHO TAKOBOMY  JJISI
MBUICYJIOBUTENICH C IWIMHAPUYECKON cermapallMoHHOM Kamepou. Takum o0pa3oM, B
COOTBETCTBHUHM C MOJTYYEHHBIMH PE3YJbTATAMM JIUANA30H ONTUMAJIbHBIX 3HAYCHUN JOJIH
pacxoja, 1o1aBaeMoro Ha HIKHHUE BBO cocTaBisieT Ly /Lygy = 0,27-0,35.

[lo pe3ynmbraraM MareMaTH4eCKOW OOPaOOTKU SKCHEPUMEHTAIBHBIX PE3yJIbTaTOB
MOJIyYEHO BBIPAXKEHUE, XAPAKTEPUIYIONIIEE 3aTPaThl AJEKTPOIHEPIUM HA PEATU3ALUI0

polieccoB obecnbIIMBaHus BIOpocoB B anmapate B3I1 ¢ o0paTHbIM KOHYCOM:

H

¢ = 24591 + 601,91(tg®)2 + 8,007(613;)2 — 3,144 * 107 19Re? — 18,597 I
06111

H

— 414248 x tg® — 65,543 * Oy + 0,001Re + 3,981 + 0,001

06111

Ly
*tg@*CD;'i*Re*L6 (4.8)
061

4.4 BeiBoabI 11O IJ1aBe 4

1. C uenpio uU3ydeHHs Tpolecca ylaBiIMBaHUs NbuM nbuieyjgoBuTensiMu B3I ¢
oOpaTHOM KOHUYECKOW (opMOii cernapaliMOHHOW KaMephl MPOBEICHBI TEOPETUUECKUE U
DKCIEPUMEHTAJIbHBIE UCCIECIOBAHNUS.

2. IlomydeHbl SMIUPUYECKHUE 3aBUCUMOCTH, XapaKTEPU3YIOIINE BETUYMHY MPOCKOKA
IBUIM M 3aTpaTbl DJJEKTPOIHEPIMM HA peaNM3aldi0 IPOLIECCOB OYMCTKHA IBUIEBBIX
BbIOpocoB  mbuieynoBuTens B3Il mpu  pa3nuyHBIX  3HAYEHHUAX ~ KOHYCHOCTH

CEIapaluOHHON KaMepBl.
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4. DKCNepUMEHTaIbHO MOATBEPKIECHA aJCKBATHOCTH MPEAJIOKEHHOM pacdyeTHOM
Mozend. MUHUMaNbHbIE 3HAY€HUs MPOCKOKA MbUIM HAOJIOAAIOTCS MPH JOCTATOYHO
OJIM3KUX 3HAYEHUSX KOHYCHOCTH CeNapallMOHHON KaMephl U MHTEHCHUBHOCTU 3aKPYTKH
MOTOKA, TOTYYEHHBIX PACYETHBIM M SKCIIEPUMEHTAILHBIM METO/IaMU;

5. YcTaHOBIEHO, YTO MUHHMMAJIbHBIE 3HAYEHUS MPOCKOKA MbUIM HAOJIOMAIOTCS B
Jrana3oHe 3HaAYeHWH KOHYCHOCTH cemaparmonHoi kameps! 6 = 0,13-0,15.

6. CoBMECTHBIN aHaIN3 KCIEPUMEHTAIBHBIX JAHHBIX MO OIICHKE MPOCKOKA MbUIA U
3aTpaThl AMEKTPOIHEPTUH HA PEaTU3alMI0 MPOIECCOB OYUCTKHU MBLJIEBBIX BHIOPOCOB B
annapare B3Il  mnos3Bonsier cuuTaTh HauOoyiee  PALMOHAIBHBIMU  3HAYEHUS
UHTCHCUBHOCTH 3aKpyTKM BEPXHErO0 BBOJIa IbUICYJIOBUTENS Ha  BCTPEUHBIX
3aKpYYEHHBIX TIOTOKaX ¢ OOpaTHON KOHWYECKOH cernapalMOHHOW KaMepou JIeKalliuM B
npenenax @, =4,6-4,8.

/. OKCHEpUMEHTaJIbHO YyCTAHOBJIEHO, YTO MaKCUMailbHast 3(PPEKTUBHOCTD

Ly

yIJIaBJIMBaHUS JTOCTUTACTCS B IMAINA30HE 3HAUYCHUN = 0,28-0,35 BO BceM auamasoHe

ooy

BapbHUPOBAHUS SKCIICPUMCHTAJIBHBIX (1)aKTOpOB.
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3AK/IIOYEHUE

B nuccepranmonHoi paboTe MPUBOIUTCS PEIICHUE BAKHOW M aKTyallbHOM 3a/1auu
IO 3aIUTE TOPOJCKON BO3IYITHOW CPEABI OT MBIJICBOTO 3arPsI3HCHHUSI TIPU MTPOU3BOCTBE
CTPOUTEIBHBIX MATEPHAJIOB HAa OCHOBE MOBBIIEHUS 3(P(HEKTUBHOCTH U HAJEKHOCTH
CHUCTEM OYHCTKHA BBIOPOCOB OT abpa3uBHOW mbuHM. Ha ocHOBaHWM pe3yabTaTOB
BEITIOJTHCHHBIX HCCIIEAOBAaHUN MOJXKHO CJZIeJaTh CICTYIOIINE OCHOBHbIE€ BBIBOJbI IO
paoore.

1. Amnanu3 omnbITa OKCIUTyaTalldd CHUCTEM OOECHbUIMBAaHUS BBHIOPOCOB B
MIPOU3BOJICTBE CTPOUTEIbHBIX MAaTEPUAIOB W M3JEIMM IOKa3aj, 4YTO B MPOIECCe
AKCIUTyaTallMK IUKIOHBI B 3THUX CHCTEMax IMOJABEPKEHbI abpa3uBHOMY U3HOCy. Kpome
TOTO, HECMOTPS Ha TMPU3HAHHBIC JOCTOMHCTBA IIMKJIOHOB, JTH allaparbl HE
o0ecreynBalOT TpeOyeMoil CTENeHH CHUKEHHUS MBUIEBBIX BBHIOPOCOB B TOPOJCKYIO
BO3MYIIHYI0 cpeay. OCOOEHHO ATO OTHOCUTCS K TBUIM, Pa3Mephbl YacTHI] KOTOPOH
coctaBisitoT MeHee 10 MM u 2,5 Mkm. [Tomumo TOrO0, 4TO COlepKaAaHUE TAKUX YACTHUIL B
aTMOC(EPHOM BO3YyXE HACEICHHBIX MECT KECTKO PEraMEHTUPYETCS NEeUCTBYIOIMUMHU
CaHWUTAPHO-TUTUCHUYECKUMH HOpPMaTHBaMH, BO3PAcTacT HETaTHBHOE BO3JICUCTBUC
MBUIA Ha OKPYKAIOIIYIO TPUPOIHYIO CPely BCIECACTBUE €€ aOpa3UBHBIX CBONCTB.

2. Tlo pe3ymbTataM SKCIEPUMEHTANBHBIX HCCIACAOBAHWMN IS HEKOTOPHIX BHUIOB
MBUIA  CTPOWUTEIBHBIX MaTEpPHAIOB (KEPaM3UTOBOHM, II€CKa, JPEBECHUHBI ITaIbMBbI)
MOJIYYeHBl JaHHbIe O (PaKIUOHHOM CcoOCTaBe, (OpMe HaCTHI], TUJIOTHOCTH,
00yCI0OBIMBAIOIIUX a0pa3uBHBIC CBOMCTBA UCCIIEYEMOM MBLIH.

3. Ha ocHOBe pe3ynbTaToB SKCHEPUMEHTAIBHBIX HWCCIEAOBAHUMN OMpPENeeHbI
3HaueHUs K03 UIMeHTa a0pa3UBHOCTU UCCIIECYEMOMU MBI, YTO MTO3BOJUIIO MMPOBECTH
MPOTHO3HBIM pacyeT WHTEHCHBHOCTH a0pa3MBHOTO H3HOCA ITMKIOHOB B CHCTEMax
o0eCIbUTMBaHUSI BEIOPOCOB I OIEHKH Teproaa 0e30TKa3HOM padOThl ATUX CHCTEM.
Pe3ynpTaThl Takoro pacuera MOATBEPXKIACHBI pe3yjIbTaTaMU HATYPHBIX HCCIICIOBAHUMN
M0 OIICHKE HW3MCHCHHS BEIWYMHBI IMPOCKOKA HCCIEAYyeMOW MbUTM B aTMocdepy B
3aBUCUMOCTH OT CpPOKa JKCIUTyaTalliy CHCTEM IMbUICOYUCTKHU C IuKiIoHaMu. Hampumep,

ObLJIO YCTaHOBJIEHO, YTO B Te€YeHUE 2,5 JIeT MPOCKOK MbUIM Iecka B aTMocdepy B
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pe3ynbTate abpa3sWBHOTO HM3HOCA almapaToB B CpeaHEM YyBenuuuBaeTcs Ha 28,6%,
MIPOCKOK MbUIA JIPEBECUHBI NaibMbl — Ha 21%. IlonmyyeHHble NaHHbBIE MOKAa3aJid, YTO
OOJbIIIE BCEro IMOJBEPraroTcsi a0pa3suBHOMY HM3HOCY IUKJIOHBI, MPUMEHSEMbIE Jis
OYUCTKHU BBIOPOCOB OT MBUIM KEPaM3UTOBOW. B 3TOM ciyuae B mepuoj dKCIUTyaTaluu
MPOCKOK MbUIK B aTMOcdepy B cpeAHeM yBennuuBaercs Ha 69,8%.

4. Jlid CHM>KEHHMSI MacChl MBUICTIOCTYIUIEHHA B TOPOACKYIO BO3IYIIHYIO Cpely M
MOBBIIICHHS HA/IEKHOCTU PAabOThI CUCTEM OYHMCTKH BHIOPOCOB OT abOpa3WBHOM MBLUIU B
IIPOU3BOJICTBE CTPOUTENBHBIX MATEPHAIOB MPEIJIOKEHO UCIONIBb30BaTh anmnapatsl B3Il
C CenapalMoHHOW KaMepoi, BBINMOJIHEHHOW B QopMe oOpatHoro konyca. Ha ocHoBe
aHaJln3a cujl, 00yCJIOBIMBAIOIINX JABM)KEHUE TBEPAOH IMbUIEBON YaCTULIBI B KOHUYECKOU
CENapalliOHHOM KaMmepe TMbUICYJOBUTENSI Ha BCTPEYHBIX 3aKPYYEHHBIX IIOTOKAX,
COCTABJICHA pacyeTHasi MOJENb Il OLEHKH CTENEHH CHIDKEHHSI NPOCKOKAa IbUIM B
atMoc(epHbIil BO3ayX B HcciaeayeMoM amnmnapare. [lo pesynbrataM BBIYMCIUTEIBHOTO
HKCIIEPUMEHTA OIPEAENIEHbl PEXXHUMHO-KOHCTPYKTUBHBIE IMapaMETphl MbLICYIOBUTENS
B3II ¢ oOpaTHBIM KOHYCOM, IpHU KOTOPBIX OOECIIEYMBAETCS HAUMEHbBIINN MPOCKOK
IIBUIA B TOPOJCKYIO BO3YIIHYIO CPELY.

5. Ilo pe3ynpTrataM 3KCNEPUMEHTAIBHBIX MCCIIEIOBAHUM MOJTYYEHBI 3aBUCUMOCTH,
XapaKTepU3yIOIINe CTENIEHb CHUKEHHSI MacChl BBIOPOCOB IMbLIM B aTMOC(EPHBII BO3AYX
W 3arpaThl AJIEKTPOSHEPTMH Ha NPOBEICHHUE IMPOLIECCOB OYHMCTKH BBIOPOCOB OT
aOpa3uBHOI MbUIM NPH HCoJab30BaHuK anmapara B3Il ¢ koHnueckol cenapamoHHOU

KaMepoH.
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