GEJIEPAJIBHOE I'OCYJJAPCTBEHHOE BIOJDKETHOE OEPA30BATEJIBHOE
YUPEXJIEHHWE

BBICLLIEIO OBPA30BAHNS] )
«BOJITOTPAJICKUI T'OCY JAPCTBEHHBIN TEXHUUECKUIA YHUBEPCUTET»

Ha npasax pyKonucu

= 4

HEYMEPKHIUKASI HATAJIbSA BAYECJIABOBHA

HCCJIEJOBAHUE NMPOU3BOACTB JEPEBAHHBIX CTPOHUTEJIbHBIX
KOHCTPYKIMI KAK UCTOYHHKA 3ATPSI3HEHUSI TOPOJICKOH
BO3YIIHOM CPE/IbI MEJKOAUCIHEPCHOH MbLILIO

05.23.19 - Dxonoruyeckas 6e30MacHOCTE CTPOMTENBCTBA U MOPOICKOro
X03sHcTBa

Huccepralks Ha COMCKaHHe Y4€HOH

CTENEeHH KaHIHOaTa TEXHHYSCKHX HaYK

Hay4Hbili pyKOBOIHTEND:
[OKTOP TEXHHYECKHX HaykK, npodeccop

CupnensHukoBa Onera [leTpoBHa

Bonrorpan, 2018



BBE/JIEHUE
['JIABA 1.

1.1.

1.2.

1.3.

1.4.

['JTABA 2.

2.1.
2.2.
2.3.

2.3.1.
2.3.2.

2.3.3.

2

COJIEP)KAHUE

OB30P N AHAJIN3 UMEIOIIMNXCA PE3VYJIBTATOB U
OBOCHOBAHMUE BbIBOPA HATIPABJIEHWH
NCCIEHOBAHMA. . ...

TexHomornyeckue NPOLECChl Ha JepeBO0OpadaThIBAIOIIUX
NPEANPUATASX KaK MCTOYHUKH TBUICBOTO  3arpsi3HCHHS
OKpYXaIoIel Cpe/ibl, UX OMMCAHUE U QHAIIUS . . . . . ... ... ..
Metoasl u cpenacTtBa oOecbUIMBAHUS BO3yXa OKpYKarouen
Cpenbl TpPH TMPOU3BOJCTBE CTPOUTEIBHBIX MaTCPHUATIOB H
VI3HETUN U3 JPEBECUHDBL . . . . v v vttt e e e eeee e
XapaKkTepUCTUKH TBUICYJIABIMBAIONIETO O0OpYAOBaHUSI B
CUCTEMaxX  achupalud  Ha  JIepeBOOOpadaThIBAIONIUX
10001501 (110178; 05 0 0. OO PP
HampaBineHue UCCHEMOBAHUM. . . . o . oo v o v ei e e
BBIBOIBI IO IEPBOM TTIABE. . .« v v ove e v e e e e e e
PA3PABOTKA MCXOJHbBIX JAHHBIX JIJISI HAWMBOJIEE
SOOEKTUBHOI'O OBECIIBIJIMBAHMS BO3JIYIIHOM
CPE/IbI HA JEPEBOOBPABATBHIBAIOIINX
[HPEAIPUATUAX. . .. ..o e
OOBEKTHI 00CIICTIOBAHUS U UX XAPAKTEPUCTUKH . . . . ... ... ..
AHaM3 MEXaHUYECKUX CBOUCTB JPEBECUHBL. . . . .. ... ... ..
DKCIepUMEHTAIbHBIC UCCIICTIOBAHHUS MIPOIIECCOB
pacnpocTpaHeHHs TBUTH B JEPEBOOOPAOATHIBAIONINX IIEXAX. .
OrieHka 3ambUICHHOCTH BO3AyXa Ha pabovnx MecTax. . . . . . .
Onenka BBIOPOCOB B aTMocdepy Ha OCHOBAHHHM JTaHHBIX
BBEIOPOCOB B PAOOUYIO B0HY & . o vt v vt veeeeeeeeeeeeeae e

HccnenoBanusi  pacpoOCTpaHEHUsT TBUIM 1O BBICOTE

11

16

18
31
34

35
35
37

39
39

43



2.4.

['JIABA 3

3.1

3.2

3.3

34

3.5.

3.6

3.7

['JIABA 4

1000 (5311 (5] 1 PP
Bimsinue npeBeCHOM MbUIM HAa MPUPOAHYIO Cpely Ipu
CTPOUTENBCTBE u IKCILTyaTaLNH 00BEKTOB
arpONPOMBIIIIEHHOTO KOMITIICKCA. « « « v v v v ov v v eee e e e
BBIBOZBI ITO BTOPOM TTIABE. . . . v v vvv vt e e e e e et
NCCIIEJOBAHUE JUCIIEPCHOI'O COCTABA U
OCHOBHBIX CBOMCTB IIbUIM, OBPA3VIOLIENCS
[1PU1 IMPOU3BOJACTBE JEPEBAHHBIX
CTPOUTEJIbHBIX KOHCTPYKLMM. . ..............

Pe3ynpTaThl OLIEHKH (PaKIMOHHOTO COCTaBa, (POPMBI YACTHII
Y KOHUEHTpAIMHU APEBECHON NbUIA B aTMOC(EPHOM BO3IYXE. .
HccnenoBanre OCHOBHBIX — CBOMCTB — JAPEBECHOM  MbLUIH,
NOCTYMAaIIeH B aTMOC(epHbI BO3AYyX OT HCTOYHUKOB
JePEBOOOPAOATHIBAIOMIETO IIEXA. + « v v v v vvveee e e e e ae e n
Uccnenosanue a’POJMHAMUYECKUX XapaKTePUCTUK
JIPEBECHOM TIBITHL. « « « o v v v v v e e e e et e e e e e e eee e
Hcnonb30BaHWEe  METOJA  pACCEUYEHUsT MpPU  aHAIU3E
JUCTIEPCHOTO COCTABA TBITH. . « « « v v v vt e et e eeeeeae e
AHaIW3 JHUCHEPCHOTO COCTaBa IMbUIM TPU  OCHOBHBIX
mpoiieccax oOpabOTKH  CTPOUTENBHBIX MaTEepUaloB U3
JIPEBECHHBL. « « . v ot vttt e et e et e et et e e
HccnenoBanre QUCIEPCHOrO COCTaBa MbUIM MPHU MPOLECCaX
L0000 (00100 1 16 OO
OrneHka (ppakIMOHHOTO COCTaBa MbUIM MIPU WHBEHTApHU3AIUU
CTAI[MOHAPHBIX HWCTOYHUKOB BBHIOPOCOB B TIPOM3BOJICTBE
CTPOUTEIBHBIX U3JIETUN U3 APEBECUHBL. .« . . oo v v ovveee e
BBIBOIBI IO TPETBEU TTIABE. . . . v v v o e veie e e eeeee e
OKCITEPUMEHTAJIBHOE NCCIIEJOBAHUE
I[TPOLECCA [NIBIJIEYJIABJIMBAHUSA I[IbIJIN B

51
55

57

57

61

69

74

78

89

92
96



4.1

4.2

4.3

4.4

4.5

4.6.

4.7

4.8

4.9

4

AIIITIAPATE B3Il C OBPATHBIM KOHYCOM U
KOHUYECKUM 3AKPYUUBATEJIEM ITOTOKA
HWKHETO BBOJA. .. ... e
Onucanue cxembl 1a00PaTOPHON YCTAHOBKH. . . .. ... ... ...
PazpaboTtka psiga TunopasmepoB anmnapatroB B3I ¢ o6paTHbM

KOHYCOM H KOHHYCCKHM 3dKPYYHBATCIICM IIOTOKA HHUXHCTO

Pe3ynbTaTh peABaPUTEIbHBIX AKCIEPUMEHTAIIbHBIX
1 (o00) (51 (0) : 7215 170 PR
AHanu3 pe3yJapTaToB OCHOBHOTO SKCIIEPUMEHTA. . . . . .. ... ..
Mertoanka v mporpaMma UCCIEAOBAHUM. . . . . . oo oo v v ...
OCHOBHBIE PE3YyJIbTAThl SKCIIEPUMEHTAIIBHBIX UCCIICAOBAHUIA. .
ONBITHO-IPOMBIIIIJIEHHAS YCTAHOBKA MbUICYJIABIMBAHUS B
CHCTeMaX IBIJICOYMCTKH C ITUKJIOHOM. M KoHnueckum B3II . . .
Mertonnka UW3MEHEHUM IUIAHUPOBAHUS OSKCIIEPUMEHTa U
pe3yJIbTaThl UCTIBITAHUM MPOMBIIIJIEHHON YCTAHOBKHM. . . . . .
Peanuzanus pe3yabTaTOB UCCICHOBAHUM. . . . v v v v v nn e
BBIBOZIBI ITO UETBEPTOM TTIABE. . « .« v v v ovv vt e e eeeee e
BAKJIIFOUEHME. . . ... ... ... .. . . . .
CIIMCOK JIMTEPATYPBI. . ... ...
VCITOBHBIE O00BHAUCHMS. . . .« oooeeee e e e e e e e e e e e e e e
[IpUIOKEHUE A. . . .o ot
IMpunoxenue b. . ... ... . .

IMpunmoxkenne B. .. ... ... ..

98
98

101

114



BBEJAEHHUE

AKTYaJbHOCTh  MNpo0JieMbl.  TEXHOJOTMYECKHME  MPOLECChl  MpHU
MPOU3BOJICTBE CTPOUTENbHBIX KOHCTPYKIMM W  M3JEIUMA U3  JIPEBECHUHBI
COMPOBOXK/JIAIOTCS 3HAYUTEIbHBIMU BBIJICICHUSAMHU MbUIM B IMPOU3BOJICTBEHHBIE
NMOMEIICHHS, a TakKKe B OKPYXKawllylo Mpupognyi cpeny. [lo crenenu
HEraTUBHOTO BO3JICUCTBHS HAa OpraHU3M YEJOBEKa JPEBECHAasl MbLIb OTHECEHa K
manoonacHeiM BemecTBaM (IV  kmacc), HO xapaktepusyeTcs aOpa3uBHBIMU
CBOMCTBaMHU, OTHOCUTCS K a3P030JIsIM MPEUMYIIIECTBEHHO (PUOPOTECHHOTO JIEHCTBUS
Y B MPOU3BOJCTBEHHBIX YCIOBUSAX MOXET BbI3bIBATH aJlliepruueckue peakiuu. [Ipu
00paboTKe IPEeBECUHBI BBIACISAETCA HE TOJIBKO JAPEBECHAsl, HO U TOKCUYHAS MbUIb
BEIIECTB, KOTOPBHIMU JIPEBECHHA MMPOMUTHIBACTCS, IOATOMY JIaHHAS MbLJIb CIOCOOHA
HAHOCHUTB BPEJ HE TOJIBKO 3J0POBBIO JIIOJIEN, HO U OKPYKAIOIIEN CpeIe.

B mnpoBeneHHBIX paHee HCCIEAOBaHUSX OBUIM HEAOCTATOYHO H3YUYEHBI
IIPOLIECCH] PACIPOCTPAHEHUsI U OCENAaHMs NbLUIM, 00pa3yrolIeiicss B IPOU3BOJICTBE
JIEPEBSIHHBIX ~ CTPOUTENBHBIX  KOHCTpykuuil.  IloatoMy  ucciegoBaHus,
HalpaBJCHHbIE HA U3YYCHUE TEPEUUCICHHBIX (AKTOPOB, OMPEIEISIOMUX
dbopmMupoBaHUE MBIJIEBONM 0OCTAHOBKHU Ha MPEANPUSITHH, SIBJISIIOTCS AKTyalIbHBIMHU.

C napyroii CTOpOHBI, BBICOKasi 3albUICHHOCTh aTMOC(HEpPHOT0 BO3ayXa Ha
JepeBo0OpadaTHIBAIOIINX NPEINPUSITUAX BO MHOTOM o0ycoByeHa
HEYCTOMYMBOCTBHIO PabOThl cucteM acnupauuu. Hapymenus paboTocnocoOHOCTH
ACIIUPAIIMOHHBIX YCTAaHOBOK BO3HUKAIOT BCIEJACTBHE OOpa30BaHUS MBUIEBBIX
OTJIOKEHUM Ha BHYTPEHHHUX MOBEPXHOCTSIX TOPU3OHTAJIBHBIX BO3yXOBOJOB, a
TaKK€ M3-3a OTKA30B ammnapaToB NBUICOYHUCTKH B pe3yibTaTe 3a0WBaHUS WU
abpa3MBHOTO W3HOCA. B 9TO#l CBA3M aKTyaJdbHBIMHU SIBIIIIOTCS HCCIEIOBAHMS,
HaIpaBJICHHbIC HA 00ECTICUCHHS HAJICKHOCTH CUCTEM acIupaluu.

Crenenb pa3padoTaHHOCTH TeMbl. BoripocaMu 3alIuThl OKPY’KAIOIIEN CPEIbI
OT HETAaTUBHOTO BO3JCUCTBHUS TBUIEBBIX BBIOPOCOB TMPHU  MPOU3BOJCTBE
CTPOUTEJIbHBIX MaTEPUAIOB U KOHCTPYKIMM 3aHUMAJIUCh W 3aHUMAIOTCS PST

uccienonareneit: Azapo B.H., AkcenoB JI.A., AnekcanapoB A. H., becmnanos



B.W., borycnasckuit E.M., Boponun 1O.B., I'ypesuu H.A., Kectauukos M.B.,
3ab6o3maeB b.C., Kozopuz I'.®., JlankaeB A.I'., Men3enunnea H.B., Cepruna
H.M. Tpaxtenbepr U.M., Pycak O.H. u npyrue. OgHako ocraercsi akTyajlbHOU
npo0semMa CHUKEHUS 3arpsi3HEHUs BO3yXa OKpyKarolied cpeabl U pabodyux 30H
NpeAnpUsITAA MeTkoaucrepcHor neuibio PM g u PM; 5. Pemienue 3toit mpo0iiembl
U SIBJISIETCS. OCHOBHOM LIEJIbIO HACTOSIEN JUCCEPTALIUH.

Iear  pabGorbl. M3yuuB  cBoiicTBa  mblIM,  OOpa3yromielcss  Ha
IepeBOOOPAOATHIBAIOMNX TPEANPUATHSIX CTPOUTEIBHON Cephl, 3aKOHBI €¢
mubpyHaupoBaHus, yJIaBIUBaHUS, OCENaHUs, MUHUMHU3UPOBATH OTPHUIATEIHHOE
BO3JICICTBUE MBLJIEBBIJCICHUN HA PUPOAY U, B 1IEJIOM, Ha OKPYKAIOIIIYIO CPEIy.

B pamkax peanuzanuu 1TaHHOU 11eJIM ObUTH PEIICHBI CIEAYIONINE 3aJa4 M.

Ilpoananu3uposanwi

- TEXHOJIOTMYECKHUE MPOIIECCHI, JIeKAIMEe B OCHOBE MPOU3BOJCTBA JPEBECHBIX
CTPOUTENbHBIX KOHCTPYKIIMH U, CJIEHOBATEIbHO, SBIAIONIMECS HCTOYHUKOM
3arps3HeHust aTMOC(hEpPHOTO BO3AYyXa;

- METOJBI U CPEACTBAa OOECIBIIMBAHUS BO3AYIIHOW CpElIbl MPU MPOU3BOJICTBE
V3JEIUN U CTPOUTENBHBIX KOHCTPYKIHUN U3 IPEBECHUHBI,

- XapaKTEepUCTUKU  OOOpYAOBaHHUSA,  HCIOJB3YEMOIO B  CHCTEMax
oOecCIbUIMBaHUS, THEBMOTPAHCIIOPTA, aCIUPAIIMK TIPU MIPOU3BOCTBE JIEPEBIHHBIX
CTPOUTEIIbHBIX KOHCTPYKIIUN U U3ACIIUAN.

Ilpogeoenni

- OKCHEpUMEHTAJbHbIE (M, YaCTUYHO, TEOPETUUYECKHE) HCCICAOBaHMUS,
CBSI3aHHBIC C TMPOIECCAMM PACIPOCTPAHEHUS] M OCENIaHMsl JPEBECHOM NbUIM B
OKpyXaromiei cpene, B ToMm uucie PM;y u PM,s, meTronoB oOecnbUiMBaHUS
BO3/1yXa B MPOU3BOJICTBE CTPOUTENBHBIX U3/CIHI U KOHCTPYKIIHIA;

- UCCINENOBaHUSI JaHHBIX O CBOMCTBaX TbUIM, oOOpasywoIleics mpu
MEXaHUYECKON 00paboTKe TPEBECUHBI, TUCTIEPCHOM COCTABE ATOU IMBLIH.

Paszpadoomanwi



- METO/bl U pelIeHMsl (BKI0Yasi IKCIEPUMEHTAIbHYIO OLEHKY 3(()EKTUBHOCTH
THX peIIeHUH), o0ecrneunBaroie HAACKHOCTh CHUCTEM AaclHUpaludl TpU
IPOU3BOJICTBE CTPOUTENBHBIX MATEPUAIIOB, U3JEIHI, KOHCTPYKIUA;

- KOHCTPYKLHMH aIIaparoB INbUICOYUCTKU [UIsl CHUKEHHUS BBIOPOCOB B
atMoc(epy, B TOM YHCIIE€ MEIKOAUCIIEPCHON MbUIA, U OOECTIeUYeHUs] HaJeKHOCTH
pabOThI CUCTEM acTIUpALUH.

OcHoBHast uaesi padOTbl COCTOMT B COBEPIICHCTBOBAHWM OLEHKH M
UCIIOJIb30BAaHUHU 3aKPYyUYEHHBIX IMOTOKOB Ui OOECTeueHUs] HaJECKHOCTU CHUCTEM
IIBUICYJIABJIMBAHUS TIPHU IIPOU3BOACTBE CTPOUTENIBHBIX KOHCTPYKIMH, PE3YyIbTaTOM
YEero SIBJIETCA CHUYKEHHUE BBIOPOCOB MENKOAMCIEPCHON MbUIM B aTMOC(HEPHBIN
BO3/yX.

Metoabl ucce0BAHMA: JCTATILHOE H3ydyeHUE U 0000ILEHUE H3BECTHBIX
HAayYHbIX M TEXHUYECKUX PE3yJNbTaTOB B O0O3HAUEHHOW BBIIE 00JaCTH
UCCIIEIOBaHMsI; SKCIIEPUMEHTAIIbHBIE HCCIEIOBaHUS B Jaboparopusx U Ha
IPOMBIIUICHHBIX OOBEKTaX; KOMIIBIOTEpHas 00padoTKa HKCIEPUMEHTAIbHBIX
JAHHBIX €  HUCIOJIb30BaHUEM  METOJOB  MAaTEMaTHYECKOW  CTATUCTHUKH,
KOPPEJSILIMOHHOTO aHAJIN3a U JIp.

JIOCTOBEPHOCTb  HAy4YHBIX TIOJIO)KEHHWM, BBIBOJOB W  PEKOMEHJALUM
000OCHOBaHa NMPUMEHEHUEM KJIACCUYECKUX MOJIOKEHUN TEOPETUYECKOTO aHaju3a,
IUIAHUPOBAaHUEM  HEOOXOJMMOT0 00beMa OSKCIEPUMEHTOB, MOATBEP:KIEHA
YIOBJIETBOPSIOMIEH  TpeOyeMbIM  KPHUTEPUAM  CXOAUMOCTBHIO  IMOJTYYEHHBIX
pPE3yJIBTATOB DKCIIEPUMEHTAIIBHBIX ~ HMCCIIEI0BAHUM, BBIIIOJIHEHHBIX B
71a00paTOPHBIX U MPOMBIIUICHHBIX YCIOBUSX, C PE3YJIbTATAMU JIPYTUX aBTOPOB.

Hay4ynasi HoBu3Ha pa0doThI:

- 10 pe3yJIbTaTaM HaTypPHBIX MCCJIEIOBAHUI MOJY4YEHBI TaHHBIE O TUCIIEPCHOM
coCTaBe IbUIM U 3HaueHusXx PM o u PM; 5, moctynaroniei B 30Hy JbIXaHUS JIFOJIEH,
3aHATBIX B NPOW3BOJICTBE IIPU BBIIOJHEHWH OCHOBHBIX TEXHOJOTMYECKUX
omepanuii 1Mo 00paboOTKe APEBECHHBI PA3HBIX MOPOA M TPHU Pa3HBIX CIOCO0aX
OpraHu3aldd OOECHbUIMBAHUSA, a TaKKe JaHHble O CTENEHU 3arps3HeHUus

aTMOC(EPHOTO BO3/1yXa;



- Ha OCHOBE pE3yJIbTATOB MCCIENOBAaHUM, BBIIIOJIHEHHBIX B HATYPHBIX
YCIIOBHSIX, YCTAHOBJIEHBI PACUETHBIE 3aBUCUMOCTH, XapaKTEPU3yIOLIUE H3MEHEHNE
KOHLIEHTPAlMU MbUIM, B TOM YHCIIE U MEJIKOAHMCIEPCHOM, B BO3AYXE MOMEIICHUI
MPEANPUATUN 110 TPOU3BOJICTBY CTPOUTEIbHBIX U3/IEIIUNA U3 APEBECUHBIL;

- TI0 pe3yJbTaTaM UCCIIeJOBaHMs U 0000IEHUS JaHHBIX O TUCTIEPCHOM COCTaBe
MbUIM, TOCTYMNAIOWIEd B OKPYKAIONIYI0 CpEly, YCTAHOBJIECHBI 3aBHCUMOCTH,
XapaKTepU3yIoIIke HHTETPAIbHYIO (PYHKIUIO PpaCHpeesiCHUs, ONMUCHIBAIOILYIO
no(QpaKkIMOHHOE PaCHpeeIeHHe MAcChl YacTHIl JUIsl MbUTH, 0Opa3yromieics npu
MEXaHUYEeCKOI 00paboTKe pa3HbIX MOPOJI JPEBECUHBI,

- Ha OCHOBE pE3yJbTaTOB MPOBEAEHHBIX SKCIEPUMEHTOB IOIYYEHBI
3aBUCUMOCTH JJI ONIPEACIICHHS a3POIUMHAMUYECKUX XapAKTEPUCTHUK, B YACTHOCTH,
CKOPOCTH OCEIaHHs YacCTHUL JPEBECHON NbUIM B BO3AYIIHOM Cpele C YYETOM HX
reoMeTpruyecKoi (hOpMbI U pa3MeEpOB;

- UCCIENOBAaHO BIMSHUE HA 3albUICHHOCTh BO3ayxa amnmapata B3Il c
OoOpaTHbIM KOHYCOM M KOHMYECKUM 3aKpy4HMBATEJIEM ITOTOKa HUYKHErO BBOJA,
KOHCTPYKIUSL KOTOPOro paszpaboTaHa il oOecnedeHus HaJeKHOCTH CHUCTEM
MBUICYJIABIMBAHUS U CHUKEHUSI BLIOPOCOB B aTMOChEDY.

Teopernyeckoe U NpaKkTU4eCKoe 3HAYEHUE PAadOTHI:

- Ha OCHOBaHUU TEOPETUYECKUX U DSKCIEPUMEHTAIBHBIX HCCIEAOBAHUMN
MOJIYYCHBl BEPXHUE MW HIDKHHE OruOaroniue i Juana3oHa W3MEHEHHS
WHTErpalibHbIX (YHKIMM pacrpenesieHdss MacChl YacTULl MO JuaMerpam st
CIIEYIOIMX TEXHOJOTHYECKUX MPOIIECCOB: MUJIEHHE, (pe3epoBaHUE, CBEPIICHUE,
CTporanue, nupoBaHue;

- BO u30eKaHue MOJOMOK anmnapaToB MbUICOYUCTKH HU3-32 a0pa3uBHOIO U3HOCA
WM 3a0VBaHMS U B IIEJISIX CHIDKCHUSI BHIOPOCOB TBUIM B BO3AYX OKpPY’KaroIien
Cpelbl, il CHUCTeM OOECHbUIMBAHMS, ACIHUpPALUU pa3padoTaHa KOHCTPYKIIUS
anmaparta B3II, ucnonp3yromasi oOpaTHRI KOHYC M KOHUYECKUN 3aKpyduBaTeIh

IIOTOKAa HM>XKHETO BBOJAA,



- IPOBEJEHBI SKCIIEPUMEHTAIIbHBIE HCCIIEN0BAHUS I OLICHKHU POCKOKA MbLUIN
U a’pOJMHAMUYECKUX XapakTepucTtuk ammapara B3Il ¢ oOparHbIM KOHycOM U
KOHMYECKUM 3aKpy4YMBaTelieM MOTOKa HUKHETO BBOAA,;

- TOJIydeHbl M O00OOIIeHBI  J1aHHbIE 00  OCHOBHBIX  CBOWCTBAaX:
a’pOIMHAMUYECKUX XapaKTEepPUCTHUKaX, pa3Mepax, (opme Mbuld, 00pa3yroleincs
IIpU TMPOU3BOJCTBE JEPEBSIHHBIX CTPOUTEIBbHBIX KOHCTPYKIMH U W3JCIUH,
HEOOXOAMMBbIEC IJIsi PEHIeHUS BOMPOCOB O0OECHbUIMBAHUS BBIOPOCOB B BO3IYX
OKPYXKarOUIEH CPEIbI;

- Ha OCHOBAaHUU TEOPETUYECKUX U HSKCIEPUMEHTAIbHBIX HCCIEAOBAHUN
MOJTYYEHbl MUCXOAHBIC JTaHHBIC JJIsI OLICHKH BEJIUYUHBI BEIOPOCOB B aTrMocdepy OT
OpraHW30BaHHBIX U HEOPTaHU30BAHHBIX UCTOYHUKOB;

- MPEJJIOKEHHAs: aBTOPOM K HCIOJIb30BAHHUIO B CTOJIAPHBIX II€XAaX yCTaHOBKA
B3I1-400, npomeaiias OnbITHO-IPOMBILIUICHHBIE UCTIBITAHUS (B TEUEHHE 72 4acOB)
B OOO «Taugem-BIl» (r. Hoouepkacck) u B OO0  «IITh
Bonrorpaarpaxnancrpoit» (r. Bosrorpan), paboTtaer ycTtoiuumBO, oOecrieunBas
BBITIOJTHEHHE TPEOYEMbIX HOPM Ha IPaHUIIe CAHUTAPHO-3aIUTHOMN 30HBI;

- TIOJIyY€HHBIC PEe3YyJIbTaThl M BBIPAOOTAHHBIE PEKOMEHAAIMHU IO CHUXKEHUIO
MOCTYIUICHUSI BHIOPOCOB MbUIA B aTMOC(epy B 1IeXe MO MPOU3BOJICTBY COPOCHTOB
00O «/lunapa» (r. MusmiepoBo) MO3BOJWIM CHU3UTH 3TU BBIOpoCchl Ha 14%, a
TaK)Ke JOOUTHCA KOHIEHTPAIIMM JPEBECHOW MbUIM HAa TPAHUIIE CAHUTAPHO-
3aIUTHOMN 30HbI MeHee 0,5 Mr/M°.

Anpobauusi pe3yabTartoB padoTbl. OCHOBHBIE IOJIOKEHHUS U PE3YIbTATHI
paboThl JOKJIANBIBAIUCh W TOJYYWIM OJI00peHue Ha: 6-ii MexayHapoaHou
HAay4YHO-TIPAKTUYECKON KOH(EPEHIIUU CTYJECHTOB, aCIIMPAHTOB U MOJIOJIBIX YUCHBIX
«Cpena, OKpyxarollasi 4YeliOBeKa: MPUPOJIHASl, TEXHOTCHHas, COIUajlbHas), T.
bpsinck, 2017 r.; 1-ii EBponelickoii koH(bepeHIIuH, MOCBAIEHHON JOCTUKEHUIM U
pa3paboTKaM MOJIOJIBIX YUEHBIX B €CTECTBEHHBIX M TEXHUYECKUX HayKax, I. BeHa,
2017 r1.; cexuuu «BepoSTHOCTHO-aHAIUTUYECKUE MOACIM M METOAbDY 7-U
Mexnaynaponnoii koHpepeHimu «CoBpeMEHHbIE METOJbl U TPOOJEMBI TEOPUU

OMEPATOPOB U TAPMOHUYECKOIO aHAIN3a U UX MPUIIOKEHUs», T. PocToB-Ha-/loHy,
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2017 r.; HAy4yHOM CEMHHape MO 3KOJOTMYeCcKoW Oe30macHOCTH Mpu Kadenpe
«be30nmacHOCTh KU3HEAEATEIbHOCTH B CTPOUTEIBCTBE U TOPOACKOM XO3SHCTBE»
UAuC BoarI'TV (pyk. mpod. B. H. AzapoB); HayyHOM ceMHHape MO MeTojaM
MaTeMaTUYeCKOro MoJenupoBanus npu kadeape «MHPopMalmoHHbIE CUCTEMBI B
ctpoutensctBe» PI'CY (pyk. mpod. A. A. JlanuH); HaydyHOM CEMHUHApe IO
CTOXacTUYeCKUM MeTosiaM npu Kadenpe «Boicmias marematuxa» AI'TY (pyk.
npod. W. B. [Tanos).

Iyoaukanmu. OCHOBHBIE PE3yibTaThl UCCIEAOBAHUN MO TEME IUCCEPTALUU
u3nokeHsl B 11 pabGortax, B ToM uucie B 4 CTaThsiX, OMyOJUKOBAHHBIX B
PELEH3UPYEMBIX HAy4YHBIX JKypHaJIaX M H3JaHUAX, pekoMmeHayemblx BAK
Munoopuayku P®, B 1 crarbe, mnaekcupyemoi B «Scopus» U B | cratbe,
unaekcupyemoii B AGRIS.

O0beM U cTpykTypa padoTthl. Jluccepraiysi COCTOUT U3 BBEJCHUS, YEThIPEX
IJIaB, 3aKJItoueHus, oubnuorpaduueckoro cnucka u npuwioxeHui. Oomuii 06bem
paboThl coctaBisieT 145 crpanuil, B ToM yucie: 139 cTpaHul] — OCHOBHOM TEKCT,
coaepxkamuii 20 Tabmui, 82 pucyHka, ombmmorpaduueckuit cnucok u3z 108
HAaMMEHOBaHUI; 3 TPWIOKEHUS Ha 3 CTpaHUIAX; YCJIOBHbIE O0O3HAYCHHS Ha 3

CTpaHUIIaX.
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I'JTABA 1. OB30P 1 AHAJIN3 UMEIOIIUXCSA PE3YJBTATOB U
OBOCHOBAHWE BbIBOPA HAITPABJIEHUHM UCCJIEJIOBAHUS

1.1 TexHosioru4ecKue MpPoUecchl HA 1ePeBO0OPAOATHIBAIOIIINX
NpeINpUsTHAX KAK MCTOYHNKHU NbLIEBOI0 3arpsi3HEHNUs] OKPY:KalolIeil cpeabl,

HX OITMCAHUC U AaHAJIN3

['TaBHBIMH ~ TEXHOJIOTUYECKMMH  OIEpalMsIMHU, JISKAIIMMH B OCHOBE
MIPOU3BOJICTBA CTPOUTEIHHBIX KOHCTPYKITUHN U U3EININ U3 JepeBa (IOCKU 1 TTapKeT
JUTSI TIOJ1A, TIBEPHBIE M OKOHHBIE OJIOKH U T.J.), SIBIISIOTCS:

- pacmuIKa Wix pacKpoi OpeBHa;

- CTPOTaHHE — CHATHE 0COOOTO BHIa HOXKAMHU CPE30B APECBECUHBL;

- JIYIIICHUE — PE3aHUE 110 CIIUPAJIH;

- (pe3epoBanme — pe3aHNE HOKAMH CIICIIUATILHON KOHCTPYKIIMH U TTOTyYCHUE
TpedyemMoro npoduisi IPEBECHBIX MAaTEPUATIOB;

- cbopka momydabpuKaToB, MOJYYEHHBIX IOCIEC MEXaHHYEeCKOW 00paboTKH
(ckneuBaHue);

- o0paboTka OTXOJOB, KOTOpas TMpeayCMaTpUBaeT WX COPTUPOBKY,
NepeMeIMBaHie €O CBSA3YIOIMMM W (QopmoBaHue (YacTO IIPECCOBAHHME TIOJ
JIaBJICHUEM );

- CylIKa — TIOBBIIIAET IPOYHOCTHh JPEBECHHBI U YBEIWUYHMBACT CPOKH €e
OKCILTyaTaIlHH.

B kauecTtBe MaTepmasia WCHOJB3YIOTCS XBOWHBIC, JIMCTBCHHBIC, a TaKXKe
TPONUYECKHE COpTa JpeBeCHHBbL. JlpeBecHble MOpoabl Npu BIaxHOCTH 12%
JIeNIATCS Ha ciienyomue 3 rpynmsl [63, 95, 96]:

- MSITKHAE — TOpI0Basi TBepA0CcTh 38,6 MIIa u MeHee (TomoJb, JInna, eJib, COCHA,
Keap, MUXTa, OCUHA, 0JIbXa);

- TBepable — TopuoBas TBepaocTth 38,6-82,5 Mlla (kneH, sicenb, Oepesa,

s10JI0HSI, TUCTBEHHUIIA CUOUPCKast, OyK);
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- OUEHb TBEpABIC — TOpPIOBas TBepaocTh Oonee 82,5 Mlla (akamusa Oenas,

KH3WJI, CAMIIIAT, Oepe3a jkee3Hasi, rpad).

Pucynok 1.1 — Cxema npousBoactsa [ICII.
1 — pyOwiibHas MamvHa; 2 - BUOpAIMOHHOE CUTO; 3 — OyHKep; 4 — CYIINJIO;
5 — cMecuTenb; 6 — HACTWIIOYHAs MAIlIMHA; 7 — «XOJOJIHBII) MPECC;
8 — 3arpyxareinb; 9 — npecc ropsiuero npeccoBanus; 10 — pa3rpyskarelns;
11 — xamepa 11 BBIIBHOKHBIX IUINT; 12 — CTaHOK U1l 0Ope3aHus TIUT

Ha pucynke 1.1 moka3zaHa TexHojormyeckasi cxema MpOU3BOACTBA JPEBECHO-
CTPY>XEUHBIX TUIMT. [loMydeHHBII Ha KOHEYHOM 3Tale MaTepuana MpEeACTaBIsET
co0o¥1 maHelb, U3TOTOBJICHHYIO U3 KYCKOB JIPEBECHUHBI (IIETIa, CTPYkKKa, 0OpPE3KN)
CKJICEHHBIX MEXJY COOON OpraHM4ecKHM BeEIIeCTBOM. JlaHHasi TEXHOJOTHUsS Ha
BCEX ATaIax COMPOBOXKAACTCS OOUIIBHBIM BBIICIICHUEM APEBECHOM MBUIH.

[Ipr wu3roroBiaeHurn ApeBECHOBOJOKHHUCTHIX KT (ABII) wucnonb3yror
LEJUTIOJIO3HBIE BOJIOKHA, MOJIYYEHHBIE TyTEM NAIBHEUIIIETO U3MEJIbUYCHUS IIETBI.
CymectByet aBa crioco6a mpousBozacTBa JIBII: Mokpsiit u cyxoii. [lpu mokpom
croco0e TIUTHI TOMy4YaloT MyTeM OTJIWBA IICJUTIONO3HON Macchl 0e3 BBEICHUS
CBA3YIOIIEro BemlecTBa. [Ipu cyxoMm cnocoOe B LEIUTI0N03HYI0 Maccy BBOAAT 4-
8% ces3yromieit cmoubl. [ToMHMMO CMOJIBI B COCTaB MacChl BBOJSAT aHTUCENTHUKH,
QHTUMHUPEHBl U JApyrue J00aBKHM, TMO3BOJSIONIME TpUAATh MaTepualy

HEO00XOIMMbIE CBOMCTBA — IPOUYHOCTb, BOJIOCTONKOCTD, MOKAPOCTOUKOCTD.



13

goa

A:wﬂ U 2008vaR

%
| g
F 1 -“'%
E"‘*

& 13

Pucynok 1.2 — Texnonornueckas cxema npounsBoacTtsa [IBII.
1- pyOumiibHast MalllvHa; 2 - MUKIJIOH; 3 - MENOCOPTUPOBOYHASI YCTAHOBKA,;
4 - ne3uHTErpaTop; S5 - OyHKEp XpaHEeHHUs IIETbI; 6 - pacXOIHbIH OYHKEp LIEIbI;
7 - mponapouHbIi anmapar; 8 - pacXoJHble Oaku nmapapuHa u CMOJIbI;
9 - pa3moJsibHas ycTaHOBKA; 10 - HUKIIOH CYIIWIKY NIEPBOU CTYIICHH;
11 - cymmnika Bropo# ctynenu; 12 - popmupyromas mamusa; 13 - 1eHTOYHbIN
MIpecC NPeIBAPUTEIBHON MOANPECCOBKY; 14 - hopmMyrolias rojioBKa OTAEIOYHOTO
cnos; 15 - nuna nonepedyHoi pe3ku; 16 - muia npoaoJIbHON pe3KH;
17 - 3arpy3ounas staxepka; 18 - mpecc; 19 - 3arpy3ouHas staxkepka;
20 - kamepa KOHIUUIUOHUPOBaHUS; 21 - poAoIIbHAS pe3Ka; 22 -ronepeyHas
pe3ka; 23 - HAaKONUTENb IJIUT; 24 — aBTONOTPY3YUK

Yacte (anepsl peanusyercs 06e3 Bcsikoil oOpaboTku. Ee mpocTo copTupytor,
MapKUPYIOT, YKJIAJbIBAIOT B MauyKyd W OTMPABIAIOT Ha ckiaa. bombmme oO0beMbl
daneppt Mapku @OCOD mnoaBeprarOT JIAMUHHPOBAHUIO TUICHKOM, KOTOpas
MpeCTaBIIACT cO00M MponuTaHHyto (peHoIPopMalibIeTUIHBIMUA CMOJIaMU Oymary
(pucyHok 1.3).

OOunpHOE MBUIEBBIICTICHUE B Mpoliecce NepepadoTKU APEBECHBIX MaTeprajoB
HaOmomaercss npu  nuMdosanuu. B gaHHOM  mpomecce  oOpasyercs
MeJIKoIucnepcHas nblib (MeHee 20 MKM).

Bce  Bblieyka3zaHHbIE — TEXHOJOTMYECKHE  TIPOLECCHl  XapaKTEpHU3YHOTCS
MHOTOYHUCIICHHBIMU TapaMeTpaMHt, KOTOPbIE MOTYT U3MEHSITHCS B OMPEICICHHBIX
mpenenax B paMKax perjaMeHTa WU K€ UMETh PE3KHe OTKIOHCHUS B aBapPUIHBIX

cutyauusix [ 16, 88].
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YNACTOX NOASOTOBKA 1. Mapo- 2 Oropwa 3 :
[ CUpLA |—.| Tepmoobpabora H pacnwioaxa 3. Nplase 4. OBpaxa Lungia
| 6. Copruposra I“ 5. Cywsa
|

8, Hatopka nareron

Y
7. OfnaropaxveaHne Wnosa:
NpspyGKa KYCXoo0ro WNoHA, PeGPOCKNENBARAG, NOSMNES WROHS |

4. XonopHoe 2 10. lopsves

BaHME Npeccosanne

14. lopaBora 11. OGpexa

[ 15. nmmnpoaanue }4—1 MeRinX ABtHEKTOD 13. Copriposxa 12. Wnudpoexa ¥ Mary

| 17. Copriposxa l——){m. Obpatora mpuoal‘—-)i 19. ¥naxosxa I =|I 20. C‘:o'l;:::y?;:aum

Pucynok 1.3 — TexHonoruueckasi cxema mnpu mpou3BOACTBE (paHEPhI

i

Becbma BaXHBIM ISl YCTOMYMBOCTH TEXHOJOTHMYECKOTO IIpoIecca SIBISECTCS
MOCTOSTHCTBO COCTaBa IMOCTYMAIOIIETO ChIPbS W MOJYNPOAYKTOB, COJIEPKAHUE B
HUX IMOCTOPOHHUX MPUMECEH, a TaKKEe TeMIepaTypHasi yCTOMYMBOCTb.

ITomMuMoO JpeBECHOM MBUIM MPU HNPOU3BOJICTBE CTPOUTEIBbHBIX KOHCTPYKIUU U
u3Aeuil oOpaszyercsl psii JIPYyTHX 3arps3HSIONMX BEIIECTB, MPUBEICHHBIX B
tabmuie 1.1. Takume TOKcHUeckue BelecTBa, Kak (EHOT M CBOOOIHBIM
dbopmanpaerua, coaepkarcs B JIPEBECHOW TMbUIM, KOTOpas oOpa3yeTrcs mpHu
MEXaHUUYECKON 00pabOTKe APEBECHOCTPYKEUHBIX U JPEBECHOBOJOKHHUCTBIX ILIHUT.
[62].

B coorserctBun ¢ [35] apesecHoi nelau coorsercTByeT ITIK,, = 6 MI/M,
JIpeBECHasl MbLIb OTHECEHA K [V Kilaccy onmacHOCTH, a3p0o30J1siM TPEUMYILECTBEHHO
(GbUOPOTeHHOT0 JEWCTBHUS, KOTOpPHIE, KPOME TOTO, MOTYT BBI3BaTh AJJICPTUIO B
MIPOU3BOJICTBEHHBIX YCIOBUSX.

Tabmuma 1.1 - [lepeyenr 00OpymOBaHMS ¥ 3arpsi3HSIONIMX  BEIIECTB,
MOCTYMAIMMUX B aTMOC(epHBbIl BO3AyX MPU TPOU3BOJCTBE
CTPOUTEIBHBIX U3JIETUI U3 APEBECUHBI

HawnmenoBanmne 3arps3HSONIEE BENIECTBO
[IpousBoacTea OGopynoBaHus Kon Haumenosa- Hopmarus
(TEXHOJIOTUYECKOTO (YycTaHOBKN) HUE Ka4yecTBa
nporecca) aTMocepHOoro
BO3/yXa, MI/M’
1 2 3 4 5
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IIpooonocenue mabauywt 1.1

1 2 3 4 5
npoussojcTBo JICII o0opyoBaHue 2902 | B3BEILIECHHBIE 0,5
MEXaHUYECKOM BEILlECTBA
obpabotku JICIIT (mers JICIT)
obopynoBaHue 0303 | ammuak 0,2
MPOIUTKH CTPYXK- 1325 | dhopmanbae- 0,05
KU ropsiueit cMo- U]
JIOU, rOpsAYEro 1071 | rugpokcu- 0,01
IIPECCOBAHUSA U OeH301
BBIZICP>KKH TUTHT (benom)
MIPOU3BOCTBO obopynoBaHue 2908 | mbUTE HEOP- 0,3
LIEMEHTHO- 111 paboThI raHu4ecKast
CTPYKEYHBIX IIJIUT C LIEMEHTOM 70-20% Si0,
IIPOU3BOJICTBO (paHepsl | 0OOpyaOBaHME 2902 | B3BEILIECHHBIE 0,5
y4JacTka BEILleCTBA
CJIIOUCTBIX (IBLIB CIIOMC-
IUTACTUKOB TOTO IIACTH-
Ka)
1071 | rugpoxcu- 0,01
OeH301
(denomn)
1325 | popmanbae- 0,05
TH]T

B Ttabnume 1.2 mokasaH AMCHEPCHBIA COCTAaB MbUIM HAa Pa3HBIX YyYacTKax

nepeBoriepepadboTku [62, 14, 57].

Tabmuma 1.2 - JucnepcHplli coCTaB MbUIM, O0Opasyrolmeics mpu
OCHOBHBIX  TpOIECCaX MEXaHUYeCKoh 00paboTKu
JIpEeBECUHBI [57]
TexHoornyeckuu Pasmepsl yactui, MKM
npoiecce 200-100 100-75 75-53 53- 40
40
Conepxanue, %
[Tunenue 16 68 10 3 3
dpe3epoBaHUe 40 53 4.5 2 0,5
CaepJieHue 46 45,5 4,5 2,5 1,5
CtporaHue 52 43 3 1,2 0,8
nudoBanue 15 11 12 9 36
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1.2 MeToabl U cpeacTBa 00eCIbIIMBAHUSA BO31YyXa OKPY KalouUle cpeabl

IPH MPOU3BOACTBE CTPOUTECIBHBIX MATEPHATIOB U I/I3I[eJII/Iﬁ U3 JPE€BECUHDbI

BenTtunauus — ABiseTcs OJHUM U3 CPEICTB  KOJUIGKTUBHOM  3alllUTHI
pabOTHUKOB OT BPEIHBIX (haKTOPOB, CBSA3HBIX C MPOW3BOACTBOM. OOmIeoOMeHHas
MPUTOYHO-BBITSKHAS BEHTHIISIIIUS IPUMEHSETCS JJIsl TOAIEP>KaHUST KOHIIEHTPaIU
BPEIHBIX apoB Ha ypoBHe He Bble [1/IK,,, Tokamu3yronias (MeCTHas BBITSKHASI,
CUCTEMBI aCTIHPAIlN) — JIJIs1 00ECIIBUITMBAHMS BO3yXa B pabouelt 30He.

B uensx ynaBnuBaHUS JIPEBECHOM MBUIM, a TaKXe CTPYXKKH U OIMUJIIOK,
BO3HUKAIOIIMX TIPM MEXaHUYECKOW 00paboTKe MaTepuaioB, MNPUMEHSIOTCS
MECTHBIC OTCOCHI (IpUEeMHHUKN), BCTPOCHHBIC B KOHCTPYKIIHIO
nepeBooOpadaThIBalOMUX CTaHKOB. OOBIUHO 3TH OTCOCHI B TO YK€ BPEMS SIBISIOTCA
OTPAXKICHUEM peXKylmnX dyacren crankoB [30, 44, 75,Bo3myxa 15, 80].
VYnaBnuBaHUE TBEPJbIX MPUMECEN PEANTUIYETCS C MOMOIIBIO BO3AYIIHOTO MOTOKA,
a TaKXe€ MCIOJIb30BAHUEM CKOPOCTH TBEPHBIX YACTHUIl, KOTOpas NEepeAacTcs UM
pexymuM uHCTpyMeHToM [30]. O0beM Bo3ayxa, yAAIIEMOro 4epe3 MPUEMHUKH,
JOJDKEH OBITh Tako#, 4yTOObI O0OECreYnBaIoCh yJIaBIMBaHUE W Tepefada MbUIM B
OTCAaChIBAIOIIMI  BO3YyXOBOJ, a TakXKe TPAHCIOPTUPOBAHUE 4YACTUI[ IO
BO3IyXOBOJY BO B3BeIIEHHOM cocTOosiHMU [30]. 'maBHOE, UTO AOKHO ONPEACTsATh
00BEM 0TCaChIBAEMOT'0 BO3/yXa, — 3TO JIEUCTBEHHOE 00ECTIBUIMBAHUE MPOIECCOB
nepeBooopadoTku. IlosToMy B ciydae MECTHBIX OTCOCOB YyJajisieMble OT
pPa3IUYHBIX CTAaHKOB OOBEMBI BO3JyXa OMPEACIAIOTCS PE3yJbTaTaMHU OMBITHOTO
oOcJieToBaHMs, a HE U3 YCJIOBUS MOJYUYEHUs] ONTUMATBHON KOHIEHTPAIUU YaCTHIL
B oToKe Bo3ayxa [30].

Y pexymmx TroJOBOK HEKOTOPHIX CTaHKOB BO3MOYKHOCTh YCTPONCTBA
MPUEMHHUKOB OTCYTCTBYeT. B MecTax pa3MellleHHs TaKuX CTaHKOB, a TaKXe B
MeCTax, IJe CKaITUBAIOTCS CTPYKKHA W OMIIKH, TPEIyCMaTPUBAETCS yCTAaHOBKA

HaMoJIbHBIX OTCOCOB MEPUOIUUECKOTO MIIH HEeTpepbIBHOTO JiercTBUs [30].
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Ha 3arouHoM yuwacTke s yJaBiAMBaHUS MbUIM NPUMEHSIOTCS MECTHBIE
orcochl. OGBbEM YIAIAEMOTO MMM BO3IyXa — 2 M’/d HAa KB MIJIIEMET]
JIMaMeTpa 3aTouHoro kpyra [30].

[IputennpreMHUKN CTAaHKOB OOBEIUHEHBI CEThI0O BO3JYyXOBOJOB U TaKHUM
0o0pa3oM BO3HUKAIOT CHCTEMBI acCIUpallMM, KOTOpPbIE MOAPA3JCISIIOTCS Ha
KOJUIEKTOPHBIE U Pa3BETBICHHBIC.

K pasBerBiienHsiM (cM. pucyHok 1.4) [30, 44, 75, 15, 80] oTHOCAT CHCTEMBI
C HW3MEHSIOIMMCS AUAaMETPOM MAarucTpajibHOIO BO3AYXOBOJA. OTOT JIWAMETP
pacTer Mo Mepe TOro, Kak K BO3QyXOBOAY IOJCOECIHUHSIOTCS OTBETBJIICHHUS OT

Pa3JINIHBIX CTAHKOB.

2 yd

AN

PucyHnok 1.4 - KoMoHOBKa pa3BETBIEHHON CHCTEMBI.
1 — BeHTHIIATOD; 2 — OYHKEP; 3 — IUKIIOH; 4 — MECTHBIN OTCOC;
5 — OTBETBJICHHE OT CTaHKa; 6 — COOPHBIN MaruCTPaIbHbIN BO3IYyXOBO

Tak Kak cTaTM4ecKkoe [aBJIICHUE CYLIECTBEHHO HW3MEHSAETCS II0 JUIMHE
MarvucTpajbHOIO BO3YXOBOJA, HE JIOMYCKAETCA U3MEHEHHUSI KOJIMYECTBA CTAHKOB
WM MECTa HMX pa3MELICHHs B LeXy. B TNpOTHBHOM cilydae HE HCKIFOYEHO
CHIDKEHHE 00beMa M, TEM CaMbIM, CKOPOCTH BO3[yXa, OTCAChIBAEMOI'0 OT CTaHKa,
JI0 YpOBHS HIWKE TPAHCIOPTUPYIOUIEH, YTO, B CBOKO OYEpElb, INPUBEAET K
BO3PAaCTaHUIO 3aMbIIICHHOCTH aTMOC(HEPHOT0 BO3IyXa.

B komnektopHbix cuctemax (puc. 1.5) Ha CcMeHy MarucTpalibHbIM
BO3JIyXOBOJaM MPUXOJST KOJUIEKTOPHI, KAXKIbIH U3 KOTOPBIX MPEACTABISIET COOOM

KaMmepy, TJle CTaTUIeCKOe JIaBlieHue mouTH He koneonercs [30, 44, 75, 15, 73, 80].
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TeM caMbIM CO31AatOTCA PaBHBIE a3POJAMHAMUYECKUE YCIIOBHS I BCEX CTAHKOB U
X OTBETBJICHWH. Takoro poma cuUcTeMbl pabOTAIOT YCTONYHMBO, HE3aBHUCHUMO OT

Yuciia CTAHKOB U UX PACIIOJIOKCHHA.

PucyHnok 1.5 - IIpumep KOIEKTOPHOM CUCTEMBI.
1 —BO31TyX0BO/; 2 —KOJUIEKTOp OapabaHHBIN; 3 — OTBETBJICHUE OT CTaHKA;
4 — MeCTHBIHN 0TCOC; 5 — ITUKIIOH; 6 — OyHKep; 7 - BEHTUJISTOP

1.3 XapakTepuCTHKN NbLICYJIABIMBAKIIET0 000PYA0BAHUSA B CHCTEMAaxX

acnupauuy Ha AepeBoo0padaThIBAKIIUX MPeANPUATHIX

OnHUM W3 OCHOBHBIX CHCTEM AacCIHUpAlMM SBISIOTCS MBLICYIaBINBAIOIITNE
ammaparthl, B KOTOPBIX BO3AYX Iepea BEIOPOCOM B aTMOCHEPY OUHIIACTCS OT TBLTH
1 0€30TKa3HOCTh KOTOPHIX BJIUSCT HAa HAJIG)KHOCTh CAMUX aCITUPAIMOHHBIX CUCTEM.

[Tepeuyenn o0opyaoBaHUS MBIJICOYMCTKY, HCITOJTB3yEMOTO B
JepeBooOpabdaThIiBaroell MPOMBIIIIIEHHOCTH, AaH B Tabi.1.4 [30, 32, 39,46,76, 15,

88, 971.

Tabmuma 1.3 - XapakTepuCTUKHU MbUIEOYHUCTHOTO obopymoBaHus,
UCIIOJIb3YEMOTO B nepeBooOpabdaTeIBaroeh
IPOMBIIIJICHHOCTH
HanmeHnoBanue Tun | OddextuBnocts | Crocod | Opranumzanus- | [Ipumeuanus
MbUICYJIABJIMBAOIICTO 201051 YyJ1aBJIMBaHUA, OYHNCTKHN paBpa60T‘-II/IK
o0opymoBaHus Mapka %
1 2 3 4 5 6
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IIpooonxcenue mabauyor 1.3

1 2 3 4 5 6
LUKJIOH JTA 85-90 cyxonn | «l'mnponpesy,
r. JIenunrpazg
IIUKIIOH C OOpPaTHBIM 70 cyxou | I'TIA «I'oc-
KOHYCOM XUMITPOCKT,
r. Mocksa
nukion HUMOT a3 LH- 95 CyXOWl | UHCTUTYT PEKOMEH10-
11 «IIpo- BaHbI JUIA
IIH- 95 CyXOW | EKTIPOMBEH- OYHMCTKHU
TUWISLUSY, UH- | BO3J1yXa OT
15 T «['unporazo- | rpyobIx
OUHCTKaY, bpaxuuit
r. MockBa MbUIN
LUKJIOH CHUOT 70 CYXOHW | MUHCTUTYT OX- | IPUMEHEHHE
paHbl Tpy/Aa, T. | OTPAHUYECHO
CBepanoBck U3-3a CI0XK-
HOCTH U3T0-
TOBJICHUS
UKJIOH v 95-99 cyxoit | JITA um. C.M. | npeanasna-
Kuposa YeH JUIA
yIJIaBIMBAHUS
HECJIUIAL0-
IIeics TIBLIH,
a TaKxe cMme-
CH TIBLIIU CO
CTPYXKKaMH
Y OMTWJIKAaMU
LUKJIOH PUCHU 99 cyxon | PocroBckuii OUYHCTKA TEX-
WHXEHEPHO- HOJIOTUYEeC-
CTPOUTENBHBIN | KUX BBIOPO-
WHCTUTYT COB OT BCEX
BHJIOB CJIH-
MAoIIencs
BTN
IHUKJIOH K(um | <75 MM —45; cyxoi | «['mmpoapeB- | peKOMEHIy-
COKZ | 75-100 mxm — IPOM», eTCsl IpuMe-
OM) 58; r. Mocksa HATb KaK
100-150 MM — pasrpysu-
65; TENb B CUC-
150-200 MxM - TeMax aclu-
80 paruu, yua-
JISTFOTIHX OT-
XO/[Ibl, HE CO-
JiepoKalue

IIbIJTA
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IIpooonxcenue mabauyor 1.3

UUKJIOH ['unpoipes- 0 < 75Mkm —45; | cyxoi | «l'unponpes-
poma 75-100 MKkM — IIPOMY,
65; r. MockBa
100-150 mxMm —
65;
150-200 mMxm -
75
MBUICYJIOBUTEIb YIC- 85-100 Mokpsiit | JIMOT, r. Jle-
yAapHO-CMBIBHOT'O JINOT HUHTPAJ
JICUCTBUSA
GbuIsTp BO3ayXa ®BM 99 MOKpbIi | «['unpoapes-
MOKPBIi IPOM»,
r. Mocksa
IIUKJIOH C BOJSTHOH JINOT 90-98 MOKpbIi | «['unpoapeny,
TIJICHKOMN -1{BIT r. JIenunrpazg
LUKJIOH JINOT 97 cyxon |JIMOT,r. Jle- | nns ynaBinu-
HUHTPaj BaHHS Me-
TaJUIMYECKOU
u nwtdo-
BAJIbHOM
MBUTH
GWIBTp pyKaBHBIN OPKU 99,9 cyxoi | HUMOI'a3 JUISL yIIaBIIU-
BaHUS MEJI-
KOJHcrepc-
HOW Hearpec-
CUBHOM
B3PBIBOOTIAC-
HOMU TIBLJIHU C
MeJMaHHBIM
pazmMepom
qacTuly 3-5
MKM
npuIeynoBuTeNb BeH- | [IBM 99 Mokpeiii | [IHUUIIpom- | mis Beex BU-
THJIAIIMOHHBIN 3JIaHHH, OB MBLIH,
MOKPBII r. Mocksa 3a UCKJII0Ye-
HUEM IbUIH,
CHocoOHOM
00pa3oBBI-
BaTh MPOY-
HBIE OTJIOXKE-
HUS
JUiss  ynaBiuMBaHMS  APEBECHOM TBUIM Ha  JIepeBOOOpadaThIBAOLIUX

NPCAIPUATUAX IIPUMCHAIOTCA, I'NIABHBIM 06pa30M, OUKJIOHBI.

B coctaB nukiion tuna L (puc. 1.6) BXOAST UMIMHAPUYECKAss U KOHUYECKast

JaCTU KOpITyCa, BXOJIHOfI nany601< C TaHI'CHIHAJIBbHBIM 3aBHUXPUTCIIEM, 30HT H
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BbIXJIONTHAsE TpyOa ¢ cemapaTtopoMm. Cemaparop, MNPUHUUII PabOThl KOTOPOTO
AQHAJIOTUYCH TPHUHIMIY paOOThl THUICYJIOBUTENS C JKATIO3IMH W BHHTOBBIM
BXOJIOM, WCIOJIb3YETCA MJiIs1 JIONMOJHUTENbHOM ouncTkd. OJHAKO U3 OIbITa
AKCIUTyaTalluu IuKiIoHa 1l BbITekaeT, 4To cemapaTop HE COOTBETCTBYET CBOEU
byHKIIMHA, T.K. YacTO 3a0MBAETCS CTPYKKOM € MEJIKOAWCICPCHON IMBUIBIO,
BCJICJICTBUE 4YEro CIOCOOHOCTh YJABIWMBAaHMS TbUIM MOHWXKaerca. I[losTomy
nukIoHsl 1l wm3roraBmmBaroTcs, Kak mnpaBuiio, 0e3 cemapatopoB. [Ipu sTOM
3¢ (HEeKTUBHOCTh WX PabOThl MPAKTHUYECKH HE YMEHBIIAETCS, 3aTO YIPOIIaeTcs
KOHCTPYKIIMS U pacTeT HajexkHocTh [30, 32, 39, 46, 76, 15, 88, 97].

Cyxue mukionsl CUOT-M u CHUOT-M1 (puc. 1.7) ucnonb3yrorcs s
CpeaHell U TpyOOMl OYMCTKM Tra30B OT HECIUMAaronieics U HeaOpa3suBHOW CyXoH

npLn [98].

Pucynok 1.6 - L{ukion L.
1 — xonyc; 2 — kopnyc; 3 — cenapartop; 4 — 30HT; 5 — KOCbIHKA; 6 — BXOJIHOU
naTpyOoK; 7 — KphbIIlIKa KopIryca
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OCHOBHBIMM YacTsIMU MoJiepHU3UpoBaHHOTO 1ukioHa CUOT-M (puc. 1.7,a)
YBEIMYCHHOW J(PGEKTUBHOCTH SBISIOTCS KOPIYC, CHAOKCHHBIH BXOIHBIM
naTpyOKOM W BBIXJIOMTHOW TpyOO#, OyHKEp U pacKpyduBaTeidb MoToka. Ha HibkHen
4acTH KOpIlyca MMEETCsl TIIyXas HWJIMHIpHuYeckas BcTaBka. B mensx yaoOcTa
MOHTa)ka BCTABKH OCh MBUIEBBITYCKHOTO OTBEPCTUS KOpITyca IMKJIOHAa CHaO)KeHa
YCTPOMCTBOM: KOHHUECKON MaHXETOU C (hIaHIleM, pacroiararolencs Ha KpBIIIKe
OyHkepa. B HuXHEl BCTaBKE MPUCYTCTBYET JUCK CO IITBIPIMH, KOTOPBIN
npuBapeH K Manxere. PazMep KoJIbLIEBOro 3a3opa, 4epe3 KOTOpBIM MbUIb W3
KOpITyca NepexoauT B OYHKep, onpeaensercs JMHON mTelpeil. CBapHOW OyHKEp

COCTOUT U3 JIBYX 4acTel: BepxHed (IMIMHIPUYECKON) M HIDKHEW (KOHUYECKOM)

[98].
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Pucynok 1.7 - Cyxue uuxnonst: a - CHOT-M; 6 - CUOT-M1.
1 — kopmyc; 2 — BXoAHOU MaTtpy0okK; 3 — BeIXJIONMHAsA TpyOa; 4 — OyHKeD;

5 —3aTtBOp; 6 — pacKpyuuBaTEIb MOTOKA; 7 — WIMHAPUYECKAs BCTABKA;
8 — xoHnueckas MamxkeTa; 9 — dmanern; 10 — quck; 11 — mTeips; 12 — momas
BCTaBKa; 13 — koHnveckas Mmamwkera; 14 — dmaner; 15 — 3akpyunBartenb
JIOTIOJTHUTEIILHOTO MOTOKA; 16 — JIFOK

B nwuxnmone CHUOT-M1 (puc. 1.7, 6), oOmagaromieM MOBBIIIEHHON

3 PEKTUBHOCTHIO U MPOU3BOJUTEIIBHOCTHIO, B OTiIWuYue oT 1ukioHa CHUOT-M,
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BMECTO IIyXOM LUIMHAPUYECKON BCTABKU IIPUMEHSAETCA YCTPOMCTBO JJI II0JICOCa
JOTIOJIHUTENBHOTO TOTOKA 3albUICHHOTO BO3AYyXa, KOTOPOE COCTOHUT M3 IOJIOU
BCTAaBKM, KOHUYECKON MaHXeTbl C (hIaHIEM, 3aKpy4YHBATENsl JOMOJHUTEIBHOTO
3anbUIeHHOro mnotoka [98]. PexomeHayercss NPUMEHATh O3TU LUKIOHBI IIPU
HAYANBHOM 3aIBUICHHOCTH 710 300 /M’

Huxnonst CUOT-M MoryT ycTaHaBIMBAThCS KakK Ha JMHUM BCAaChIBaHUSA (710
BEHTWISITOPA), TaK W Ha JMHUM Har"HeTtaHus (mocie BeHTWIATOpa). LMkioHbI
CHUOT-M1 nomxHBl yCTAaHABIMBATHCSA TOJIBKO HA JIMHUW BCAaChIBaHUA, T. K. IPH
TOM IIOJCOC IONOJIHUTEIBHOIO IOTOKA OCYILECTBIIIETCA 3a CUET pa3perKeHUs,
CO3/1aBa€MOT0 B KOPITyCE UKJIOHA OCHOBHBIM MOTOKOM [98].

Huknonst CUOT-M B NBUIEBBITYCKHOM OTBEPCTUU CHAOKEHBI TITyXOM
WIMHIPUYECKON BCTABKOW, KOTOpPAas CHOCOOCTBYET CHMKEHHIO MHTEHCUBHOCTU
BUXpPsS B HI)KHEN YaCTH LIMKIIOHA. B CBOXO odepenb, 3TO NPUBOAUT K JUKBUIAALUN
pAla paguanbHbIX TEYCHUM U, CIENOBATEIBbHO, K CHHKEHHIO BTOPUYHOIO yHOCA
nbud. M3-3a yMEHBIIEHUS PacueTHOro0 O00bEMa MbUIEBOrO0 OyHKEpa IMOJTy4YeHHas
BBEJCHUEM BCTABKM HOpMaJlbHasl CTPYKTYpa IMOTOKA B MPOLECCE IKCIUTyaTallUu HE
Hapymaerca. BeraBka pazgenser OyHKep M MOJIOCTh KOpIyca IIMKJIOHA TakK, YTO
OCEBOM BOCXOIAIIMNA BHXPh NPUXOAAT B JABWKEHHE HE C IIOBEPXHOCTH
OTJIOKUBLICHCS TBIIM B OyHKEpe, a ¢ BEPXHEro Toplia BCTaBKU. Poib BCTaBKU
TaKOBa: OHA OTACISIET HUCXOUSIIMM IBUIEBOM MOTOK OT BOCXOALIErO BUXPA
YUCTOI'O ra3a B 30HE MBUIEBBIITYCKHOTO OTBEPCTHs. B pe3ysbTate BTOPUUYHBIN YHOC
YJIOBJIEHHOM MBLIN U3 OyHKEpa CHIKaeTcs B 3,5-5 pa3 [98].

B nuknonax CMOT-MI1 npuMeHeH NpUHLIMI BUXPEBBIX MBLICYJIOBUTENEH, B
KOTOPBIX TOJBOJ 3albUICHHOTO Ta3a M OYUCTKA €ro OT MbUIM MPOUCXOIAT B
BOCXOJSIIIEM 3aKpPYYEHHOM IIOTOKE (LIEHTpajbHas 4acTb), a JBH)KCHHE
HUCXOJIAILIET0 TIOTOKA, KOTOPBIA OOOramieH MbUIbl0, OCYIIECTBISETCA IO
nepudepuu. ToOUYHO TaK ke CHU3Y MO OCH B LHUKIOH MOJAETCS JOMOJHUTEIbHBIN
IIOTOK  3allbUIEHHOTO BO3AyXa. B  IeHTpaapHOM 4YacTH LUKIOHA  3TOT
JOTIOJIHUTENBHBIN MMOTOK 3aKPYYMBAETCS B CIIELIMAIIBHOM 3aKpY4YMBAaTENE TyAa ¥XKe,

Kylla H OCHOBHOM. OTI[GJIGHI/IC YaCTHu IIbIJIM IIPOUCXOIUT M B BerHeﬁ qacTHu
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IIUKJIOHA (M3 OCHOBHOTO IIOTOKa), M B HIDKHEW 4YacTH Kopmyca (U3
JIOTIOJTHUTEIIFHOTO TTOTOKA). OcaKICHHBIC Ha CTCHKH M3 00OMX ITOTOKOB YaCTHIIBI
MEPEMEIIAIOTCSI BHA3 Yepe3 KOJIBIIEBOE MBUICBBIITYCKHOE OTBEpCTHE B OyHKEp [98].

JIJIs yaBIuBaHUS MBLUIK Ha JAEPEBO0OPa0ATHIBAIONINX MPEIMTPHUATHIX MOXKET
NPUMEHSTBCA W IUKIOH C KoHycoMm-koaryistopom [IKK (puc. 1.8) [101].
XapaKkTepHOil 0COOEHHOCTBIO 3TOTO anmapara sBISCTCS HaJu4Ke JICMCHTA B BHJIC
KOHYCa-KoaryjiasiTopa, B KOTOPOM H3-3a YBEIHWYCHHUS CKOPOCTH TIPOUCXOJIUT
TypOynu3aiusi TOTOKa. B pe3ynbrare BOJOKHUCTBIC TIBUICBBIC YaCTHIIBI
KOaryJIMpyroT, 00pa3yloTcs yCTOWYMBBIC arperaTtbl M 3()QPEKTUBHOCTH OYMCTKHU

noBeimaetcsa[101].

Pucynok 1.8 - Llukiion ¢ konycom-koarymnstopom LIKK.
1 — BxogHO# maTpyOoK; 2 — KOHYC-KOaryJsiTop; 3 — oOpaTHbIN KOHYC;
4 — BBIXOJIHOM MaTpyOOK

Ha 0aze umxnona I{H-15 cnpoektupoBan 1IBP — nukioH c¢ BHyTpeHHEH
peuupkysinueit (puc. 1.9). OH npenHazHayeH sl yJIaBIMBaHHUS CYyXOW IBUIH,
KOTOpasl SIBJISIETCA TaK)Ke Hecaumnaroueics u menkoaucnepcHoit [101]. Or IIH-15
ATOT ammapar OTJIMYAeTCS CJCAYIONIMM: BBIXOJIHAS TpyOa HMEET IIEIeBOE
OTBEPCTHE U BUHTOOOPA3HYIO HAIPaBISIONIYIO JeHTY. Oco00 HaCHIIEHHAsI YacCTh
MOTOKA, BBIXOJSIIETO Yepe3 BHIXJIONHYIO TPyOy, HampaBiseTcs yepe3 IesieBoe

OTBCPCTHUC B KOPITYC NUKJIOHA HA ITIOBTOPHYIO OYUCTKY.
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B nensx uHTEeHCcHUKAIMKM Tpolecca MPOABMKEHHUS IBUIEBBIX YaCTHUI B
CTOPOHY IIEJIEBOIO OTBEPCTHUSI K BHYTPEHHEH MOBEPXHOCTU TPYObI MPUKPEIUICHA
BUHTOOOpa3Has  Hampamistomas  JieHTa.  lMcrnonb3oBaHWE ~— BHYTPEHHEU
peUMpPKYJIAIUU ToBbIaeT 3¢ pexkTuBHOCTH anmapara [101].

Ha puc. 1.10 uzobpaxen cpepruyeckuil MUKIOH ¢ KOPITYCOM B BHJE IIapa.
3anbUICHHBIM BO31yX NOCTYHNAeT B ammapar K BEpXHEW 4YacTH IMKJIOHA IO
KacaTelbHOM 4epe3 MarpyOKu (WX JOJKHO OBITh HE MEHBIIE JIBYX) U BBIBOAUTCSA
BBEpXY ammapara BbIXJIOIHOM TpyOoi. B cTeHke kopmyca IO HNEpUMETPY
HauOONbILIEro ce4eHUs cepbl MpoJieiaHbl BEPTHKAIbHbBIE IIEJIEBbIE OTBEPCTHUS

[101].
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Pucynoxk 1.9 - luknon [[BP.
1 — xopmyc; 2 — BXOAHOU NMaTpy0oK; 3 — HaMpaBstomas JeHTa; 4 — e JIs
MOJIcOCa BO3/TyXa C OCTATOYHOM 3aMbICHHOCTRIO; 5 — BRIXJIOMHAS TpyOa
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a 0

Pucynok 1.10 - Chepuueckuii HUKIOH: a — BUJ COOKY; O — BUJ CBEPXY.
1 — xopmyc; 2 — BbIXJIONHAsA TPyOa; 3 — BXO/IHbIE TAHT€HIIMAJIbHBIE TATPYOKU;
4 — mpopesb; 5 — OyHKep nblUIecOOpHUKA; 6 —TBUICOTBOASIINN NAaTPyOOK;
7 — oTpaxkarenb

[IputecOOpHUK TakXke CKOHCTPYUpOBaH B BUJE cdepbl (paaumyca Kopiyca
MeHblIe B 1,4 pa3a paauyca nbliecOOpPHUKA) U IPUKPEIUISIETCS BEPXHUM KpaeM K
KOpIYCY Ha YpOBHE BE€pXa HIEJEBBIX OTBEPCTUU. TYT K€ pacmoioKeHa HUKHSASL
yacTh BbIXJOomHOM TpyObl [101]. B momocTtu mblIecOOpHUKA HaXOIUTCS
OTpa)kaTeidb B BHUJE MNPSIMOIO U OOpaTHOTO KOHYCOB, HaBEpXy — OTBEPCTHE C
naTpyOKoM, 4epe3 KOTOPBIH BhlTyckaeTcs nblib [101].

3anbIIEHHBIM BO3JyX ABWKETCS B allapare BHU3 IO CIHPAIM PAIOM CO
CTeHKaMH Kopmyca. Yactuipl, wumeromme pasmepsl Oonee 100 Mk,
NEPEIBUTAIOTCS Y CTEHOK KOpIyca BCJEJACTBUE ACUCTBUS LIEHTPOOESKHBIX CHUJ H,
JIOCTUTHYB IIPOPE3€H, BBIBOIATCS Uepe3 ILIEJIEBbIE OTBEPCTHS C YAaCThIO BO3yXa B
nbUIeCOOpHUK. MenKkue 4acTullbl, UMerolre pa3Mepsl MeHee 10 MKM, BBIHOCATCSA
BO3/IyILIHBIM MIOTOKOM B KOPITyC amnmapara, ABMXKYTCSl y €r0 CTEHOK Ha HEOOJIbIIOM
PACCTOSIHUM M YJAISIOTCA M3 KOPITyCa BMECTE C KPYIHBIMM YAaCTULIAMM YEpe3
BbIyckHOM matpyOok [101]. Co3pmarenu ammapara CUMTalOT, YTO MOBBIIICHUE
abdextuBHOCTH  (98-99% nmns wactunr 10-50 mxmM) ompenensieTcss  Oosee
PaBHOMEPHBIMHM TOJAYEHN, PACHPENECICHUEM U 3aKPYYMBAHMEM MbLIETa30BOrO

notoka [101].
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B ClIydasax, Korda LIHUKIIOHBI HEC 00eCreYnBaroT H€O6XOI[I/IMYI-O CTCIICHb
O4YUCTKH, HCIIOJIb3YCTCA ABYXCTYyIICHYAaTasa cucreMa: 3a IUKJIOHOM

yCTaHaBJIMBAETCS APYTrod MbuieyIaBiIuBaromuii anmapat (pucyHok 1.11) [30].

4

Pucynox 1.11 - KomnoHnoBka o60pynoBanus.
1 — qukIoH; 2 — pykaBHbIA UIBTP; 3 — BEHTUIATOP; 4 — BO3LYXOBOJ OT
IepeBOo0OPa0ATHIBAIOIINX CTAHKOB; 5 — PELUPKYJIALIMOHHBINA BO3yX0BOJ

B HACTOSIEE BpeMsl HaIllJIN HIMPOKOE pacupocTpaHeHue
MbUICYJIABJIUBAIOIIME arperaThl JJIi OYMCTKU BO3JyXa OT TMbUIM, CTPYXKU U
OMMWJIOK, 00pa3yromuxcs Ipu o0padoTKe JPEeBECUHBI HA JePEBO0OpaOATHIBAIOIINX
CTaHKaXx, C BO3BPATOM OYMIIIEHHOTO BO3/yXa B MIOMEIIICHUE.

Ha pucynke 1.12 mnokazan penupKyIsSLAOHHBIM MBUICYJIABIMBAIOIINI
arperat 1IYA, npeaHa3HauyeHHBIN JJI1 OYMCTKU BO3QyXa OT KPYIHOJIUCIIEPCHBIX
CYyXUX, HECIUIAIOUIUXCS, HeaOpa3UBHBIX MbLICH, 00pa3yroUIUXCS MpU padoTe
oOpabaThIBalOIIMX CTaHKOB (JepeBo, IwiactMmacca, koxa) [63]. IIYVA
YCTaHABIMBAIOT B IleXax BOMM3M OT OOOpPYJOBaHUS W CTAaHKOB, TPEOYIOIINX
acnupauuu. Paznuunble Monpu@uKanuy arperata MO3BOJISIIOT MOJACOECAUHUTH 1-4
MecTHbIX oTcoca (puc. 1.13). Ilpu menuanHoM auameTrpe yacTtuil, Oosbiem 30

MKM, 3(pPEKTUBHOCTh OYUCTKHU cOCTaBIsIET 99,5% [74].
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MYA-M-1500, MYA-M-2000 MYA-M-3000, MYA-M-4000

' ] ' __]
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Pucynoxk 1.12 - YcerporictBo arperara ITYA.
1 — xopnyc anmaparta; 2 — cTolKa; 3 — BXOJIHOM NaTpyOoK; 4 — mbU1ecOOpHBII
MEIIOK; 5 — (PUIBTPOBAIbHBIA MEIIOK; 8 — BEHTUJISATOP; 7 — 3JIEKTPOIBUTaTEIhb

B cocraB arperara BXOJAT: BEHTWISATOP, COBMEIICHHBIN C HUM LIUKJIOHHBIN
AJIEMEHT, pama, pyKaB [Jisl YJaBJIMBAaHUS TMbUIM, MbUICCOOPHBIA MEIIOK,
BCACHIBAIONINM THOKH IIJIAHT, 3JIEKTPOABUTATEIb, XOMYTHI JUIsl KPEIUJICHUS! pyKaBa
U Mellka, TymOJep BKItoueHus. [Ipu 3TOM BO3MOKHO M3MEHEHHUE PACIIOIOKECHUS

BXOJIHOTO NMaTpyOKa ¢ HUJKHETO Ha BepxHee [74].
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Pucynox 1.13 - CiocoOsI mpucoeIMHEHNUsI MECTHBIX OTCOCOB K arperaty [IYA
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Bentunsatop 3acaceiBaeT (4epe3 TMOKMH IIAHT) BO3AYX, COAEpIKALLUN
B3BEIICHHBIC YAaCTHUIIBI, OT MECTa IMbUIeOOpPa30BaHUS. DTOT BO3AYX OYMILIACTCS B
IUKJIOHHOM D3JIEMEHTE€ OT KPYIHBIX YAaCTHUIl, MOMAJAalOlIUMX B MbUIECOOPHBIN
MEIIOK, U MOCTYyHaeT Ha JOOYMCTKY B PYKaB JJIsl yJABIMBAHUS MEJKOW IbUIN.
OTuIbTPOBaHHBIN YNCTHINA BO3yX BHOBB MOCTYMAET B 11eX [74].

Ha pucynke 1.14u300pakeH mbuieyiaBiuBaromuii  arperatr IITYAJL,
obnanarouuii 3¢pPeKTUBHOCTBI0 10 93%, KOTOpBIM MpUMEHSETCS Ui OYUCTKH
BO3/yxa (C JaJbHEUIINM BO3BPATOM B II€X) MpU 00pabOTKE APEBECHBIX H3ACIUIN

[74, 83].

Pucynok 1.14 — Bun penupKynsiquuoHHOTO
npuieyJaBiuBaromiero arperara [IYAJL

Taxxe npu nepeBooOpabOTKe NSl yJAajdeHUs TbUTH, CTPYKKH U OIUJIIOK
ucnonb3ytorcss  YBIT  (puc. 1.15) —  ycTaHOBKM  BEHTWISLIMOHHBIE
neiieynasnuBatonme [74]. Yeranosku YBII-1200 u YBII-1500 npumensitoTcs
UIsl paboThl ¢ JaepeBooOpabdarbiBaroMM obopyaoBanueMm, YBA-1200A — npu
3aTOYHO-UUTH(OBaNbHBIX padoTax. YcrtaHoBka YBII-1500Y wucnonb3yercss nmns
oOCTy>KUBaHUS 2-XUITK 3-X AEPEeBOOOpa0aTHIBAIONINX CTAaHKOB. YcTaHOBKU Y BII-
2500, VYBII-5000 wu  VYBII-7000 Taxke MoryT oOciyxuBatb  2-3
nepeBooOpadaThIBAOIMUX CTaHKA (MPU OTPAaHUYCHUH OOBEMOB OTCACHIBAEMOTO

BO3/1yxa, COOTB., 3000 M>/4, 5000 m>/4 1 7000 M3/‘I) [74].
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Pucynok 1.15 - Ycranoka YBII: a — o6t Bu1; 0 — KOHCTPYKTUBHAS cXeMa

Yepes BcachIBaromuii NaTpyOOK BO3AYIIHBINA MOTOK MIPOXOJUT U BO3IYXOBO/T
U B LICHTP yJIUTKU. [{eHTpoOEKHbIE CUIIbI IEPEHOCSAT B3BEUICHHYIO B TOTOKE MbLIb
Ha CTEHKH Kopryca ycTaHoBKU. [loj BiMsHHEM COOCTBEHHOTO Beca KPYIHbBIC
YaCTUIIbl MBI BBIMNAAAIOT U3 MOTOKA W Cpa3y OCHINAIOTCS B HAKOMMUTEJIbHBIN
MeIIoK. Mellkue 4acTUIIbl IBUIH OCTAal0TCA B QuibsTpe [74].

YcranoBku AIIP [74], ananormussle ammapaty IIVA (puc. 1.16),

IMPHUMCHATIOTCA OJI YJIaBJIMBAHUSA a6pa3HBHOﬁ IIBIJIN.
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Pucynok 1.16 - ITsuieynaBnuBatomuii arperat AITP

Cyxas mbUTb W MeNKas CTpyXkKa, oOpasyromascs OT 3aTOYHBIX,

NUTM(OBAIBHBIX M APYTUX CTAHKOB, OUYHUIIAETCS ¢ ToMoIlblo arperatoB AOYM

(puc. 1.17) [67].
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Pucynok 1.17 - Arperar qns orcoca u ynaBnusanus neuii AOYM

KoHcTpykuust —arperara COJIEpPKUT HAKONUTEIbHBIM OyHKep, IIyJbT
YIPaBJIEHHUs, INIACTUKOBBIA BEHTWIATOP U TPU CTYIIEHH OYUCTKH, COCTOSIIME U3
WHEPIIMOHHOTO OCAJMTENs KPYMHBIX YacTUL, TKAHEBOTO (UIbTpPA C CHCTEMOU

OTpSIXUBaHUA U PUIbTpa-IryMoraymurens) [74].

1.4 HanpagJieHue ucciae10BaHUum

Kak ormeueHo B [36], MOBBIIIEHHas 3albUIEHHOCTh M 3ara30BaHHOCTH
BO3/lyXa OKPYKAIOIIEH MPUPOJHOM Cpenbl MPUYMUCIEHBI K BpPEeAHbIM (hakTopam,
KOTOpbIE MOTYT JEHCTBOBaTh Ha JIIOJIEH, CBSI3aHHBIX C TEXHOJIOTHYECKUMU
npoiieccaMu o0pabOTKU JpeBecuHbl. HecMoTpss Ha TO, 4TO JpeBecHas MbLIb
oTHeceHa K IV kJiaccy onmacHOCTH M TEM CaMbIM CUMTAETCs MajoonacHoi [35], aTa
MbUTh SIBJISIETCSI a3PO30JIbI0, CIOCOOHON BBHI3BIBATH AJUIEPTHYECKUE PEAKIUU U
MIPUBOJUTH K PA3IUYHOTO pojia 3a00J€BaHUSM OPTaHOB JIbIXaHUs, KOXKH U TJ1a3.

[To MHEHHI0O HEKOTOPBIX CIEIUATUCTOB, HYXKHO TMEPECMOTPETh BOIPOC 00
OTHECEHHUU JPEBECHOU MBUIM K KJIACcCy MaJloOTacHBIX BEIIECTB UM BOIPOC O €e
HOPMATUBHOM COJIEP)KaHMM B aTMOC(PEpHOM BO3ayxe (3TO HOPMATHUBHOE

conepkanue Obuto yctanoBieHo B 30-e rozst 20-ro cronetus [55, 57, 52]).
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B memsix obOecrniedeHuss HOPMUPYEMbBIX TapaMETPOB BO3AYLIHOW Cpe.bl
UCITOJIb3yeTCsl BEHTHIIAIMSA. JIJ1s pa36aBiieHHsI Ta30B MCTIOIB3YETCs 00IIe00MeHHas
BeHTWIsIMA. Jlmsi oOecnbUiMBaHMsT BO3Ayxa pabodeil 30HBI  HCIOIB3YIOTCS
CUCTEMBI acniupanuu (IIEHTPATM30BaHHbIC WM JICLIEHTPATN30BAHHBIC).

CHIWKEHHEM 3albUICHHOCTH BO3IYIIHON Cpeanl JepeBooOpadbaThIBAIOITNX
NPEANPUATUIX 3aHMMAJIUCh MHOTHE WM3BECTHBIE crnenuanuctbl: AkceHoB JI. A.,
Boponun 1O. B., I'ypesuu H. A., XKectsuukos M. B., 3a6o03mnaeB b. C. ,Kozopu3z I'.
@., JlankaeB A. I'., Pycak O. H., Tpaxtenoepr 1. M. u npyrue [32, 34, 42, 50, 51,
52,55, 54, 56, 53, 75, 79,85,86,103]. Ux uccnenoBaHusl ObUIM IOCBSIIEHEI, B TOM
Yyucie, PElICHUI0 NpoO0JeM, CBA3aHHBIX C YMEHBIICHHUEM BBIOPOCOB TMBUIM B
atMochepHbId Bo3nyx. HeoqHOKpaTHO OTMEUalioCh, YTO BBICOKAs 3alblICHHOCTH
BO3JlyXa Ha TEPPUTOPUH JIE€PEBOOOpAOATHIBAIONIUX MPEANPUATHNA 00yCIOBJICHA, B
OCHOBHOM, HEYCTOWYMBOM U He’I(DPEKTUBHONW pabOTON  acHUpallMOHHBIX
ycTaHOBOK. B  mpomecce wux paOoThl Ha BHYTPEHHHUX TOBEPXHOCTSIX
TOPU30HTAJIBHBIX  BO3JyXOBOJOB 0Opa3yloTCs TMbUIEBbIE oOTIOkeHusd. Kak
pe3yabTaT, CHIDKAETCs 00BEM BO3AyXa, YAAISIEMOrO0 MECTHBIMU OTCOCAMH OT
o0oOpyZ0BaHUs, a M3-3a ATOTO MPOUCXOJUT BHIOMBAHWE THUIM B BO3AyX pabodeit
30Hbl. Kpome Toro, cHmwkaercs o0O0beM TMepeMelniaeMoil 1o  CHUCTEME
MBUICBO3AYIITHOM CMECH U, CIIeIOBATEIbHO, TPAHCIOPTUPYIOIIAs CIIOCOOHOCTH
BO3/lyXa. A 3TO, B CBOIO OU€pelb, MHTCHCU(UIIUPYET TPOIECCHI OTIONKEHUS MBLUIN
Y JIOBOJILHO YaCTO BBI3BIBAET OTKA3 CUCTEMbI aCIIUPALIUH.

C yyeTroM BBIIIECKAa3aHHOTO 6 Kauecmee O0O0HO20 U3 HANPAGIEeHUll
UCC/1e008anuil OAHHOU padomsvl ObLIO 6bLIOPAHO U3YUEHUE B03MONCHOCHIU
NpUMEHEHUs 3aKPYMKU NOMOKA 6 20PU30OHMAIbHBIX 6030YX0600ax. ITO
JIeNaJIoCh Ha OCHOBE aHaJM3a CBOMCTB IMBUIH, 00pa3yONICHCs TPH MEXaHUYECKOU
00paboTKe JIpeBECUHBI Pa3HBIX MOPOI.

Jist  cHuKeHUsT BBIOPOCOB  JIpEeBECHOM mbUTM B atMocdepy B
YEHMPAIU308aAHHbIX CUCMEMAX acnupayuy WCIOJIb3YIOTCS, NPEUMYLIECTBEHHO,
IUKJIOHBI, U CPEIX HUX, B OCOOEHHOCTH, YCTAaHOBKU, B KOTOPBIX MPUMEHSIOTCS

BuxpeBbie 3G dekTsl (1ukion CUOT-M, meineynoButens chepudeckuii). Umeer
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MPAKTUYECKOE NMPUMEHEHUE TAK)KE€ M JBYXCTYIIEHUATasl CUCTEMA IbIJICOYUCTKH,
cocTosIas U3 IUKIOHA M TKaHeBoro ¢uiabTpa. OIHAKO, U cama JPEBECHAs MHLITh
obOnamaeT abpa3WMBHBIMH CBOWCTBAMH, M BMECTE€ C HEH Ha OYHMCTKY IOJAFOTCS
abpa3uBHBIE YACTHUIIbI, 00pa3yoIIKecs Npu paboTe METAIUTMYECKOTO HHCTPYMEHTA,
MPU KUCHOJBb30BAHUM NUIM(POBATIBHBIX KPYIrOB, MPHU 3aTOYKE MHCTPYMEHTOB. Bce
ATO MOAYAC MPUBOAUT K aOpa3sMBHOMY MPEXKICBPEMEHHOMY H3HOCY ammnaparoB
MBUIEOYNCTKHU.

B macTtepckux u HEOONBIMX I€Xax, TNIe HM3TOTaBIMBAIOTCS JEPEBSHHBIC
CTPOUTEIbHBIE KOHCTPYKIIUHU, PACIIPOCTPAHEHBI OeyeHmpaiu308aHHble CUCHEeMbl
acnupayuu. B HUX BO3JyX OYMIIAETCS OT MbUIM U B MOMEIICHHUE BO3BpaIlaCTCA
OYMIIIEHHBIA TOTOK C T[IOMOIIBIO arperatoB pa3jMYHbIX KOHCTPYKIMH. ITO
pEellIEHHEe HMEET NPEUMYIIECTBO B BHJE CHI)KEHUE 3aTpaTr, CBS3aHHBIX Ha
00paboTKOM BO31lyXa, MoJgaBaeMoro B nomemieHue. OHO UMeeT U HeocTaTku. Bo-
MEePBBIX, HEOOJBIION 00beM 00pabaThiBa€MOTr0 BO3/yXa, TaK KaK €CIM CTaHOK
0071a/1aeT HECKOJIBKUMHU OTCOCAMHM, TO Ka)KIbI CTAHOK JIOJDKEH OBITH CHAOKEH
WHIMBUAYAJIbHBIM arperaroM. Bo-BTOpbIX, Tak Kak arperar pacrnoJjiaraetcsi BOJIu3u
00OpyZIOBaHUsI, OH 3aHUMAET CYIIECTBEHHYIO IUIONIA/b TMOMENICHUS U MOXET
MemaTh pabOTHUKY (LIIyM BEHTUJISITOPA) UM JaXKe TPAaBMHUPOBATh €ro. B-TpeThux,
HEeoOXoaMMa CeTh MPOBOJOB, OOECIIEUMBAIOIIAsl arperarbl dJEKTpodHeprueii. B-
YETBEPTHIX, Pa3pabOTUMKA ¥ TPOU3BOJUTEIN PEIUPKYISIUOHHBIX arperatoB
CUMTAIOT, 4TO MX 3(P(HEKTUBHOCTh HeBenuka (MeHee 96%) u, ciegoBaTeIbHO, B
aTMOoc(epHBI BO3AyX BONHM3M pabovero Mecrta IomazaeT HEYJIOBJICHHAS IbLIb
Menkux ¢pakiuii. KpoMe Toro, kaxuapldi BUA TbUIM TpeOyeT OIpeaeaeHHYIo
KOHCTpYKIMIO arperara. OTMeTHMM TakXke, 4YTO I[0XapOB3PHIBOONACHOCTh
nepeBooOpadaThIBAIOIIETO TPOU3BOJICTBA OTHOCUTCS K Kareropuu B (sBisercs
MOKapooIacHbIM) W JOJDKHO OBITh BBIHECEHO 3a TMpeaeibl  Iiexa Ha
paccrostaue6oaeel1 0 M orpaxaenuti [36, 91].

N3 BBIIEU3IOKEHHOTO BBITEKAET, YTO MNPEANOYTEHUE 3aCITyKUBAIOT
[IEHTPAJIU30BaHHbIE CHUCTEMBI acmupanud u oOecnbUiuBaHusA. [losTtoMy oOns

obecneueHus HAOEHCHOCMU UCHMPAJIU306AHHbBIX cCUcCmem acnupauyuu OOHOIl U3
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3a0ay npPoeoOUMBIX UCCAeO08AHUN Oblia 6blOpaHa pa3padomkKka KOHCHMPYKUUU
annapama, no3eoaawuie20 IPdexmueno ynaeaiueamsv u HeadpazueHvle, U

a6pa3ueuble noljiu.

BbiBOABI 10 IEPBOH IJ1aBe

1. Pe3ynpTaToM MNpOBEACHHOTO aHalu3a SBIAETCS TOT (HAaKT, YTO MpH
IPOU3BOJCTBE CTPOUTEIBHBIX HW3ACIMNA W MAaTepuajoB U3 JIPEBECHHBI B
aTMOoc(epHBIi  BO3JyX TIIOCTYNAlOT CIEAYIOIIUE OCHOBHBIE 3arpsi3HAIOIINE
BEILECTBA: IbUIb OT JAEpPeBOOOPAOATHIBAIOIIUX CTAHKOB, ()€HOJI, (POPMATBIAETHI,
aMMUaK.

2. IlpopaGoTka W aHanM3 M3BECTHONM HAYyYHOW JMTEpPATypbl U JPYTUX
HAayYHO-TEXHHUYECKUX HCTOYHUKOB TMOKa3aliM, 4YTO 1 0O0eCTbUIMBaHUSA
BO3JIYIIIHOW CpeAbl Ha JIepeBOOOpadaTHIBAIOMINX MPEAIPUITHSIX MPUMEHSIIOTCS
LEHTPAIN30BaHHbIE U JCIEHTPAIN30BAHHbIE CUCTEMBI 0OecnibuIMBaHus. [1pu aTomMm
JUISl OYMCTKU BBIOPOCOB B aTMoc(epy B HEHTPATM30BAHHBIX CUCTEMAaX ACIHUpalUn
1 00eCTIbIITUBAaHUS B OOJIBITMHCTBE CIy4aeB UCIMOJIb3YIOTCS IIMKJIOHHBIE anmnaparhl,
B KOTOPBIX PEaTU3yIOTCS BUXPEBbIE IP(EKTHI.

3. MHccnenoBaHuii, TOCBSIIEHHBIX 3arps3HCHHUIO OKPYKAIOWIEW CpeJibl
MeJKUMH yactuiiamu PM g u PM, s 1u1st bUtH ApeBECUHBI TPAKTUYECKHU HET.

4. MWccnenoBaHus JUCHEPCHOTO COCTaBa MbUIM, OOpasyromieiics mnpu
mpolieccax 1epeBooOpaboTKH, JAIOT JaHHBIC TOJBKO ISl YAaCTHI] pa3MepoM Oosee
40 MKM.

5. OOocHoBaHbl W BbIOpaHbl HampaBiIeHHs HccieqoBaHui. B kauectBe
OJIHOTO W3 HAIpaBJICHUIN UCCIEAOBAHUN JaHHOUW PabOThI OBLIIO BRIOPAHO M3YUYCHHE
BO3MOYKHOCTH NMPUMEHEHHUS 3aKPYTKH MOTOKAa B TOPU30HTAIBHBIX BO3AYXOBOJIAX.
Jlnst obecrieueHrs] HAJEKHOCTH IEHTPAIU30BAHHBIX CHCTEM aclUpalliyd JPyron
3a/laueil MPOBOJAMMBIX HMCCIIEIOBaHUN OblIa BhIOpaHa pa3pabOTKa KOHCTPYKITUH
amrmapara, Mo3BOJIsOmEero 3(PGEeKTUBHO ylaBiIWBaTh U HeaOpa3uBHBIC, U

aOpa3vBHBIC MBLIH.
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I''TABA 2. PABPABOTKA UCXO/IHbBIX TAHHBIX /IJISI HAUBOJIEE
3®OEKTUBHOI'O OBECHBIJIMBAHMSA BO31YIIIHOM CPE/IbI
HA JEPEBOOBPABATBIBAIOIIUX ITPEAITPUATUAX

2.1 O0beKTHI 00C/IeA0BAHUS M X XaPAKTEPUCTHKH

DKCIEpUMEHTBI U MCCIIEA0BAaHUS C LIEJBI0 OLEHKU INBUIEBOM OOCTaHOBKHU B
MPOM3BOJCTBEHHBIX TOMEIICHUAX, a TaKKe aHaiu3 BBIOPOCOB B aTmochepy
IPOBOJWINCH Ha psae npeanpusatuii r. PocroBa-Ha-/[0Hy, BBITYCKAFOIIMX
CTPOUTEJIbHBIE MaTepUasbl, U3AENHS U KOHCTPYKIMU U3 JIpeBecuHbl. Ha pucynke
2.1 npuBeaeH IUIaH  OOCJIENOBAaHHOTO  JEpPeBOOOpabATHIBAIONIEIO  II€Xa.
[Tpou3BoaCTBEHHOE MOMEIIEHHE BBICOTON 4,5 M, BMelaeT B ce0s CKiaJl, KaMepy
JUISL CYIIKH, OBITOBBIE MOMEIICHHUS U TEXHOJOTHMYECKOe 000pYyJOBaHUE, B COCTaB
KOTOPOTO0 BXOJAT: LUIM(POBAIBHO-JIEHTOYHBIH CTAHOK, JBE LMPKYJISILIMOHHBIE
IIAJIbI, PEUCMYCOBBIM CTAaHOK, KPYIVIONWJIBHBIA CTaHOK, JBA CBEPJIMJIBHO-
JOJIOEKHBIX CTAHKA, CTPOTaIbHBIA U (PpEe3epHBII CTaHKHU.

Jnsa oOecnedyeHuss TpeOyeMbIX CAHUTAPHO-TUTHEHWYECKUX YCJIOBHM B
oOCleOBaHHBIX  LI€XaX  YCTPOEHAa  MPUTOYHO-BBITSKHAS  BEHTWJISALUA,
3alPOEKTUPOBAHHAs B COOTBETCTBUM C JEHCTBYIOIIMMHM PEKOMEHAALMAMHU U
Hopmamu [30, 35, 36, 75, 91, 93].

JUist ynaneHuss W MpeaoTBpalleHUs BBHIOPOCOB MBUIEBHIIHBIX OTXOJOB B
aTMOCc(epHBI  BO3AyX, oOOpasyrommxcsi Ipu  00paboTKe  JAPEBECHUHBI,
HEIMOCPEJICTBEHHO OT MECT MX O0O0pa30BaHMUs MCIOJb3YIOT Pa3BETBICHHBIC WIIU
KOJUIEKTOPHBIE CUCTEMbI acnupanuu (m.0. 1.2), KoTopble BKJIIOYAIOT: BCTPOCHHbIE
B KOpITyCa CTaHKOB IbUIECTPY>KENPUEMHHKH; CETh BO3AYXOBOJIOB; BEPTUKAIbHBIN
KOJUIEKTOP-IIBUIECOOPHUK (B KOJUIEKTOPHBIX CHUCTEMAax); TbLJIEBOM BEHTUIISATOP;

MbUICYJIOBUTEIb (HAPUMED, LIMKJIOH).
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Pucynox 2.1 — Ilnansl niexa nepeBooOpaboTku

B xomoanslii mepuoj roma YToObl KOMIIEHCHPOBATH OO0BEM BO3/yXa,
yAQISIEMBIA U3 1I€Xa CHUCTEeMaMU AaclHpaliH, YCTPAaWBalOT OPTraHU30BAHHBIM
MPUTOK HarpeToro Bozayxa [23, 30, 36, 75, 91, 93]. Tak nmomadya mpUTOYHOTO
BO3JlyXa B MPOU3BOJICTBEHHOE MOMEIIEHUE MMPOUCXOIUT JTUOO C BBICOTHI 10 4 M OT
ypOBHsI Toyia yepe3 mnepdopupoBaHHbie Bo3ayxoBojabl Tumna BIIK [23, 30, 75],
aM00 MO «METOJy 3aTOIUICHUS» HaNpsIMyl0 B Pab04yyl0 30HY C HEOOJbIIMMU
CKOPOCTSIMA  IIpU  IIOMOIIMA  BO3AyXOpacHpeAeauTeNIed, KOTOpble  HUMEIOT
nepdopupoBanHbie nmoBepxHocTu (Hampumep, BOIIm) [23, 30, 75]. PacuerHsiii
BO3JIyXO0OMEH OMpENEeNseTCss UCXOs U3 YCIOBUS KOMIIEHCAIIMU 00beMa BO3/yXa,
KOTOPBIN yJanseTcs U3 1iexa CuCTeMaMy MECTHBIX OTCOCOB [91].

B TETUIBIN [IEPUOLI roga  mnojaada BO31yXa B OMEIIICHUS
JepeB0o0OPaOATHIBAIOIMIUX TPOU3BOJICTB YACTO HE OCYIIECTBISIETCS, M HAPYKHBIN
BO3JYyX IIOCTymaer B paldodyyrd 30HY 4Yepe3 OTKpbIThIE OKHa, BOpOTa U
TexHonornyeckue npoemsl [23, 30, 75]. KoHuleHTpaliuu BpeIHbIX 3arps3HSAIONINX
BCIIECTB B BO3MyXe pabodeil 30HB HE JOHKHO TPEBHINIATh MPEACIBHO
nonyctuMbix  KoHueHTpauuit (ITIJK), wucnonb3yeMblx 0pH MOpOEKTUPOBAHUU

IIPONU3BOACTBCHHBIX BHaHHﬁ, TCXHOJIOITMYCCKHUX IIPOLCCCOB, O6OPYHOB3HHH,
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BEHTWISIUM JUIS KOHTPOJS 32 KAuyeCTBOM MPOM3BOJICTBEHHOM Cpeibl U
npo(UIAKTUKKA HEOJIArompUsTHOTO BO3JEHCTBUS Ha 370pOBbE pabOTArOMIMX, a
TaK)K€ Ha OKPYKAIOIIYI0 Cpely B COOTBETCTBUM C TpeboBaHusamu [35, 36, 91].
[TosToMy mpu pacyerax TpeOyeMoro Bo3ayxooOMeHa MOTy4aeTcsi, YTO BEIMYHMHA
IPUTOYHOTO BO3yXa MPEBBIIIACT BEIMYUHY yAAIIEMOT0 CHCTEMaMU acIUpallly,
THEBMOTPAHCIIOPTa U 00ECIBUIMBAHUS BO3AyXa. B 9TOM ciydae B OKpYXKaroIIyro
Cpeay MOCTyHaeT Yepe3 HeIIOTHOCTH 3arpsI3HSIONINE BEIIeCTBa.

B 1o xe Bpems B mexax MOTyT ObIThb MU HEOPTaHM30BAHHBIC HCTOYHHKH
BBIOPOCOB WJIM UCTOYHUKHU C HECTALlMOHAPHBIMU BblOpocamu. K TakuM oTHOCSTCS
nedaeKTopsl, SIKCHUIbTpanrsa yepe3 IpoeMbl U HEIJIOTHOCTH M mpouee. B Takmx
Cllydasix 3a pacyeTHYI0 BEeTMYMHY KOHIeHTpanuu C, Kak MPaBHIO, MPUHUMAIOT
peanbHOE 3HaUeHUe KoHueHTpauuu C ;.

B nexax, moxaseprmmxcst oOcienoBaHUIO, MPOU3BOAAT HU3ZIENUs U3 ay0a,

COCHEI, 6€p€3BI, SACCHA, ITNXTHI, JTMCTBCHHUIIBI.

2.2 AHaIM3 MEeXaHMYEeCKHUX CBOMCTB /IPEeBEeCHHBI

Kak Obu10 otmedeno B .. 1.1, MexaHnudeckue cBOCTBa oOpabaThIBaeMOn
JIPEBECUHBI  OMPEACNISIOT WHTEHCHUBHOCTh  MbUICOOPA30BaHUS U CTEICHb
OTPULATEIIBHOTO BO3CUCTBHS BOSHUKAIOIIEH IBLIH.

MexaHnYecKn CBOMCTBA JPEBECHHBI BKIKOYAIOT IPOYHOCTh, KECTKOCT,
TBEPIOCTh, YAAPHYIO BA3KOCTh U T.0. [63].

[IpouHOCTh JpeBecHHBI (T.€. CIOCOOHOCTH COINPOTHUBIICHHS JPEBECUHBI
pa3pylieHusiM,  KOTOpPbIE  MOTYT  TPOM30OHTH  BCJCACTBHE  MPUMEHEHUS
MEXaHUYECKUX YCWIIMI) XapakTepu3yeTcsi MpeAesioM MNpO4YHOCTH. JlaHHOE
CBOMCTBO MaTepuaja OIpeAeNseTcsl HamnpaBlIeHUEM JEHCTBUS  HarpysKw,
MOpOJAaMH JIEpEBa, MIIOTHOCTHIO, BIAKHOCTHIO M HAIMYUEM MOPOKOB [63].

Kak wu3BecTHO, JEHCTBUS CUJI MOJPA3ACIAIOTCS HA CIEAYIOLIUE BUbL:
cKaThe, pacTsbDKeHue, CABUT, u3rub. Haubonee WHTEHCMBEH B  CMbICIE

MbUICOOpa30BaHUs MPEANOCICTHUN BU. Pa3nudaroT ciemyromnme BHIBI CIIBUTA:
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CKaJIbIBAHWE BJI0JIb M MOMEPEK BOJIOKOH, a Takxke nepepeszanue [63]. [IpoyHOCTh
JPEBECUHBI NIPU CKAJIBIBAHWU B 4 pa3a MEHbIIE €€ MPOYHOCTH IMpPH MEepEepe3aHnuu
nonepek BOJOKOH [63]. JIucTBeHHBIE MOPOABI C IIMPOKUMH CEPALEBHHHBIMU
aydyamu (ny6, Oyk, rpa0) Ha 10-30% Oosee mnpouyHBl HA CKaJIbIBAaHUE IO
TaHM€HIUAIBHOW IJIOCKOCTH, HEXeNIW 1o paauanbHod [63]. Ilpu ckanbiBaHun
BJIOJIb BOJIOKOH MpeJed MPOYHOCTH B JBa pas3a OoJjbIle, YEM €CIIM CKaJIbIBaTh
MOTEPEK BOJIOKOH.

Ha npodHOCTH JOpeBECHMHBI OTPULATENBHO JECWCTBYET CBSI3aHHAs Biara B
KJIETOYHBIX 00ojoukax. Ecim yBennymBaeTcsi KOJUYECTBO CBSI3aHHOM BIaru,
IPOYHOCTh JPEBECHHBI IMOHUXKAETCS (OCOOEHHO HU3KOW OHA CTAHOBUTCA MpHU
BinaxkHoctn 20-25%). Ecnu Brnaxnocth mnepexomuT 30%-ii Oapeep (mpexpen
TUTPOCKOIUYHOCTH ), TO 3TO MEPECTAET BIMITH Ha IPOYHOCTh APEBECUHBI [63].

Tabnmuma 2.1 coAEpXUT TMOKa3aTelid, CBS3aHHBIE C MEXaHUYECKOU
IPOYHOCTBIO JPEBECHBIX MOPOJ, MOJBEPraBIINXCS 00pabOTKe B 00CIEAOBaHHBIX
nexax [63].

TBepAOCTh [JPEBECHUHBI OMNPENEISIETCS CHOCOOHOCTBIO CONPOTUBIIATHCS
BHEJPEHHUIO B OTy JApeBECHHy Oojee TBEpAbIX Tel. OJTa XapaKTepUCTUKa
HEOJMHAKOBA IO Pa3HbIM HANpPaBJICHUSAM 3aBUCUT OT IUIOTHOCTH JAPEBECHHBI. Y
XBOMHBIX IOPOJ TBEPAOCTH TOPLIOBOM IOBEPXHOCTH IPEBBIIIAECT PaJUAIbHYIO0 U
TaHreHuuanbHyo Ha 40%; 1 JIMCTBEHHBIX MOPOJ 3Ta TBEPIOCTh Bbilie Ha 30%

[63,95, 96].

Tabnuma 2.1 - Mexannyeckas NpOYHOCTh APEBECUHBI U €€ M0Ka3aTeN
ITopona MexaHunyeckas IpOYHOCTh IpeBecuHbl, Mlla
nepeBa Ha cxxarue Ha CxasnpIBaHue

BJI0JIb n3rud B paJuanbHON B TAaHT'€HLIMAJIbHOU
BOJIOKOH IJI0CKOCTH MJIOCKOCTH
XBOWMHBIE OPOBI

cocHa 43,9 79,3 6,9 7,3

JUCTBCHHHMIIA 51,1 97,3 8,3(83) 7,2(72)

IMUXTa 33,7 51,9 4.7 5,3

TBEPI0JIMCTBEHHBIE TOPObI

nyo 52,0 93,5 8,5 10,4

SCEHb 51,0 115 13,8 13,3

Oepesa 44,7 99,7 8,5 11
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TBepaocTh JApeBECHHBI OMNpPEAENSIeTCsl BIAXHOCTBIO, COJIEp)KaHUEM B
TOJUYHBIX CJIOSIX TIO3HEH JPEBECHHBI, MECTOM MPOU3PACTaHHUA U BpPEMEHEM
3aroToBkH. Tak, Hampumep, MpU YBETWYCHHM BIAXHOCTH JpeBecuHbl Ha 1%
TOPIIOBAsi TBEPJIOCTh YMEHbIaeTcst Ha 3%, TaHTeHIIMAJIbHASL U pajuaibHas — Ha
2% [95]. llpu yBenWMYEHMH IO3JHEH JPEBECHHBI IOBBINIAETCS IUIOTHOCTh M
YIIy4IIIalOTCs MEXaHW4YecKkue cBoiicTBa MaTepuasia. COCHbI, KOTOPbIE BBIPOCITH Ha
CyXOM MeECT€, UMEIOT NpSMbI€ BBICOKHE CTBOJBI M HMX JIPEBECHHA TBEPKE, YEM
JPEBECHHA COCEH, PACTYIIUX HAa OOJIOTUCTHIX TPYHTAX.

B Poccum u EBpome TBepAOCTh JApEBECHMHBI OLIEHUBAIOT 110 IIKale
bpunenns, B CIIIA — no mkane fnka [95, 96].

Jl1is onpeienieHrs TBEpAOCTH IPEBECUHBI IO METOAY bpuHENs ncnoap3yoT
UHJICHTOpP, KOTOPBIM BJABIMBAETCS B IOBEPXHOCTh HCHBITYEMOIro o0pasla c
perJaMeHTHUPOBAHHBIM yCUIIHEM. B kauecTBe MHACHTOpA MPUMEHSIETCS IapHUK U3
3aKkasieHHOM cTtanu ¢ auamerpoM 10 mM. [locne ucreuenus 30 cexyHn usmepsiercs
ryOMHa W mHpuHa 00pa30BaBIICICS BMATHHBI. TBEpIOCTh APEBECHUHBI TIO
Bpunenio paccunThiBaeTCsl Kak OTHOIIEHUE BEJIMUMHBI MPUIIOKEHHONW HArPy3KH K
IUIONIA/IA MMOBEPXHOCTHU IMOJIYYEHHOI'O OTrevyaTka. YeM BbIlIe YMCIIO0, TEM TBEPKE
nepeBo [59, 75, 96].

[To mxane bpunemns TBepAocTh 00pabaThiBaeMOil Ha 0O0CIIEIOBAHHBIX
MIPENPUATHIX APEBECHHBI COCTABISET: COCHA — 2,49 Kre/MM®, TUCTBEHHHIA — 2,6

Kre/MM?, ny6 — 3,8 Kre/MMY, oepe3a — 3,6 Kre/Mm?, siceb — 4,0 kre/Mm® [96].

2.3 DKCnIepUMEHTAJIbHbIC UCCJIEI0BAHUS NIPOLECCOB PACIPOCTPAHECHUS NbLJIH

B /1epeB000pPadATHIBAIOIIMX LEXax
2.3.1 Ouenka 3anbLICHHOCTH BO3lyXa HA pa0o4nx MecTax
[Ipu ouenke BBIOPOCOB B aTMoc(epy OT HEOPraHM30BAaHHBIX MCTOYHHKOB

BBI6pOCOB YacTO B Ka4YCCTBC KOHICHTPAIIUU IIbLINU BBI6I/IpaeTC$I 3aIIbIJICHHOCTHh Ha

pabounx MecTax.



40

OKCnepUMEHTAIbHBIE ~ HCCIIEIOBAaHUsl ObLIM  MPOBEJAEHHI aBTOPOM B
pa3iuyuHbBIe TEPUOABl TO/AA: XOJOIHBIA, MEPeXOAHBIH M Teruiblii. OT6op mpod
OPOBOJAWJCS MPU PA3IUYHBIX CIIOCOOAX TMOJayd MPUTOYHOrO BO3AyXa B
MOMEIICHHE, KOTOPhIE XapaKTEpHbI JJIsl IepeBOOOPadATHIBAIONIETO MPOU3BOCTBRA
(m.m. 2.1).

[TonBMKHOCTH BO3/lyXa U3MEpPsUIach TepModieKkTpoaHeMoMmeTrpoM TAM-I,
TeMIlepaTypa U OTHOCUTEIbHAS BIAKHOCTh — TepMorurpometp testo 608-H1.

ConepxaHue BpPEIHOTIO BEIIECTBA B KOHKPETHOW TOYKE ONpenessercs
CyMMapHbIM BpeMeHeM oTOopa, kotopoe coctaBisgeT 30 muH. [41]. 3a maHHBII
NEepPUOJT BPEMEHM OTOMpAIUCh TPHU IOCIEAOBATENbHBIE MPOOBI 4Yepe3 paBHBIC
IIPOMEXYTKN BPEMEHU, KOTOpbIE cocTaBisun 10 muH. [41].

B Teuenue cMeHbI B OJJHON TOYKE MOCIEA0BATEIBHO OTOUPAIUCH MTPOOHI (110
TpU TpoObl) NpPHU HEU3MEHHOCTU IOCJIEAOBATEIBHOCTH TEXHOJOTHMYECKHX
omepaluii, a Takke CTENeHH 3arpy3ku o0OOpYyJOBaHMS M BUABI HOPOAbI
o0OpabaTbIBa€MOro JIepena.

B cootBerctBuM ¢ TpeOoBaHusmu [41], mpoObl BO3dyXa Ha HAJIU4YWE
MBUIEBBIX YACTHUI[ OTOMPAINCh HAa aHAJTUTHYECKUE a’pO30JibHBbIC (DUIBTPHI THIIA
A®DA, KoTOpBIE pPa3MENIEHBI B OTKPBITOM AJJIOHXKE.

[lepeueHp uCHOIB3yeMBIX NPUOOPOB M MaTEPHANIOB, HCHOJIb3YEMbIX IpHU
HKCIIEPUMEHTAJIbHBIX UCCIEAOBAHUIX, IPUBEJEH B TaduLe 2.2.
JI1st BBIYMCIEHUS! KOHUEHTPALMK MBI MCIOIb30BANIACh cieaytomas Gopmyia,

B KOTOPOM YUTEHBI YCIIOBUS 0TOOpPA, a TaKkKe aHaln3a mpoo:

3
C = a/V,mr/wm, 2.1)
rie a — TbUIeBas Macca MbUTK BO B3SITON MPo0OE BO3IyXa, MT;
V' — o0ObeM Bo3ayxa, B3AThIN ISl aHAJIW3a U MIPUBEACHHBIN K YKa3aHHBIM

BhInre ycnousaM mpu =293K (20°C) u P= 101,3 xITa (760 MM pr.
CT.), M’ ;
t — Temmeparypa Bo3ayxa B MecTe oroopa mpod, C;

P — armocdepHoe nanenue, klla.
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Korma ot6op npob ocyiecTBisieTcs: aCHupaliMOHHbBIM CITIOCOOOM, UMEEM:

293VtP

T 1013273 + 0

3

(2.2)

Tabnuma 2.2 - [TpuOopbl 1 MaTepHabl, UCIIOIB30BAHHBIC
IIPU OLIEHKE YPOBHS 3aIIBIIEHHOCTH BO3/1yXa
Ne HanmenoBanune Hasnauenue

1. |»anexTpoacnupaTop
MuryHosa (Mojenb 822)

oT6op Tpob a’po3oieit

2. KOMIIJICKT PC3UHOBEBIX

JJIs1 COCAMHCHMA aJIJIOHKa

IIUTAHTOB ¢ npudopoM
3. | BECBI DJIEKTPOHHBIE B3BELIMBAaHUE (PUIIBTPOB

ALC-80d4
4. | punbtper ADA-BII-20 ONPEIEICHUE 3albUICHHOCTH BO3yXa
5. | a3pokoH- I1 OINIPEJEIICHNUE 3aIbUICHHOCTH BO3yXa

6. | Casella cel 712 microdust

pro

OIIpEJICIICHHE 3aIbICHHOCTH BO3AyXa
(obmas xoHnenTpanus, PM, s, PM ()

OCpCI[HCHHBIe S3HAYCHHUA KOHHOCHTpAlUKW IIbIUIM B BO3AYXC CTAHOYHHUKOB

npuBeicHBI B Tabmuie 2.3. B 30He nbIxaHus padoTaIoMKX 10 KOHIICHTPAIIMH TbLIN

CaMBbIC H€6J'IaFOHpI/I$ITHBIC YCIOBUA OTMCUAIOTCA IIpU IIpoLeccax H_IJ'H/I(l)OBaHI/ISI.

Otxonpl, oOpasyromuecs TpU NUIMGOBAHUU, SIBISIOTCS TBUIBIO, KOTOpas B

nanbHeieM mnocTynaer B arMmocdepHbli Bo3ayx. Ilpum oOpaGoTke mnopoa

JPEBECUHBI Pa3HON TBEPJOCTH KOHLEHTPAIUS MBI B aTMOC(PEPHOM BO3yXE MpHU

OCYIIECTBIICHUH OJHOWM W TOM >XE€ TEXHOJOTMYECKOM OIepalny HaXOIUTCS B

npeaenax ot 2% no 11% (cpennee 3nauenue — 6,5%).

Tabmuma 2.3 - 3anpIICHHOCTh BO3yXa Ha pabOunMX MECTaxX MPH Pa3TMYHbIX
poleccax AepeBooopaboTKu
Konnenrpanus npuin, MI/M
Marepuan XOJ0JHBIN U IEPEXOAHBIN EPUOJT Tenuslii nepuon
OGmas | PMy | PMys O6mas | PM;, | PMys
MHUJICHUC
cocHa | 52-11,8 | 0,52-1,18 | 0,03-0,05 | 5,4-11,9 | 0,54-1,19 | 0,03-0,05
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LIpooonxcenue mabauyor 2.3

Oepesa 5,5-11,9 0,55-1,19 | 0,04-0,05 | 5,5-12,1 | 0,55-1,21 | 0,04-0,05
yo 5,4-11,6 0,54-1,16 | 0,05-0,06 | 5,6-11,6 | 0,56-1,16 | 0,05-0,06
SICEHb 5,4-11,0 0,54-1,1 | 0,04-0,05 | 5,7-11,3 0,57-1,1 | 0,04-0,05
(dpesepoBanue
CoCHa 6,4-8,3 0,32- 0,03-0,05 6,5-8,4 0,33-0,42 | 0,03-0,05
0,415
Oepesa 6,6-8,4 0,33-0,42 | 0,04-0,05 6,6-8,4 0,33-0,42 | 0,04-0,05
ny6 6,5-8,6 0,33-0,43 | 0,05-0,06 6,7-8,9 0,34-0,45 | 0,05-0,06
SICEHb 6,5-8,6 0,33-0,43 | 0,04-0,05 6,6-8,6 0,33-0,43 | 0,04-0,05
CBEpJICHHE
COCHa 6,2-8,9 0,62-0,89 | 0,03-0,05 6,4-8,9 0,64-0,89 | 0,03-0,05
Oepesa 6,4-9,1 0, 0,04-0,05 6,9-9,1 0,69-0,91 | 0,04-0,05
64-0,91
nyo 6,3-8,9 0,63-0,89 | 0,05-0,06 6,3-9.,4 0,63-0,94 | 0,05-0,06
SCEHb 6,5-9,1 0,65-0,91 | 0,04-0,05 6,6-9,1 0,66-0,91 | 0,04-0,05
CTpOTaHHe
COCHA 5,9-10,5 0,59-1,05 | 0,03-0,05 | 6,2-10,7 | 0,62-1,07 | 0,03-0,05
Oepesa 6,1-10,9 0,61-1,09 | 0,04-0,05 | 6,5-10,9 | 0,65-1,09 | 0,04-0,05
ny6 6,3-10,7 0,63-1,07 | 0,05-0,06 | 6,3-10,7 | 0,63-1,07 | 0,05-0,06
SICEHb 6,4-10,8 0,64-1,08 | 0,04-0,05 | 6,4-10,9 | 0,64-1,09 | 0,04-0,05
nuiMdoBaHue
COCHa 7,7-13,1 0,77-2,62 | 0,04-0,07 | 7,8-13,1 | 0,78-2,64 | 0,04-0,07
Oepesa 7,8-12,9 0,78-2,58 | 0,04-0,07 | 7,8-13,1 | 0,77-2,56 | 0,04-0,05
nyo 7,5-13,2 0,75-2,64 | 0,05-0,08 | 7,5-13,4 | 0,79-2,64 | 0,05-0,07
SCEHb 7,8-13,0 0,78-2,6 | 0,06-0,07 | 7,9-13,0 | 0,79-2,65 | 0,07-0,08

JlanHbie 10 OOIIEH KOHIICHTPALUU OTJIMYAIOTCS OT Pe3yJbTaTOB, KOTOPHIC
npuBeneHsl B padote A.I. Jlankaesa [57], Ha 5-45%. Taxxke cieayeT OTMETUT,
YTO B JIaHHOU pabote [57] HE paccMaTpuBaeTCs 3arpsi3HEHUE MEIKOIUCIICPCHOM
NbUIBIO U JaHHbIE 110 PM), PM, s orcyrcTByroT. Pesynbrarsl ke 3aMepoB aBTOpa
MOKAa3ajy, 4TO MPU Pa3IMYHBIX CIIOCOOaX OpraHu3aliKi BO3AyX00OMeHa JAuana3oH
M3MEHEHUs 00Ie KOHLEHTPAIMKU MUK B pa0odell 30He HAXOAWJICS B Mpejesiax
20%. DTo0 yTBepKIEeHHE 0 OOIIeH KOHIEHTPAINK TMPUHIUINHAAILHO HE
pacxoautcsi ¢ nanHbiMu A.I'. JlamkaeBa, 1MOATOMY MOKHO CJENaTh BBIBOJ, YTO
CIoCcOOBI TOJaYM BO3yXa B MEHBINECH CTEMEHW OKAa3bIBAIOT BIMSHHUE Ha 0OIIee
3arpsi3HEHUE b, 4eM Ha PM, PM, s (10 40%). DTOT BBIBOA ClieJaH HA OCHOBE
U3MEPEHUN CIEAYIONIMX CIOCOOOB OpraHu3aluyd BO3IyXOOOMEHA: CTPYsSMU C

BBICOTHI 4 METpPOB, HEMOCPEACTBEHHO B pabodyio 30HY co ckopoctbio 0,7 wm/c,

qCpe3 ABCPHLIC 1 OKOHHBIC IIPOCMBI.
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Ha ocHOBaHuMM NpPOBENECHHBIX UCCIEAOBAHUN MAapaMETPOB 3aIIbLJICHHOCTH B
paboyell 30HE 1€XOB 1O NPOU3BOJACTBY CTPOUTENBbHBIX KOHCTPYKUUU U3
JPEBECUHBl MOXHO CJI€JaTh BBIBOJ, 4YTO OOILIYyK0 KOHLEHTPAUIO IbLIH,
BBIOMBAIOIIEHCA U3 1I€Xa B OKPYXAIOIIYI0 Cpely 4Yepe3 HEIUIOTHOCTH WM
nedIeKTopsl, cleAyeT MPUHUMATh PABHOW KOHIIGHTpaluu B pabodeil 30He, a

3HaueHusa PM o u PM, s cnenyer npuHuMars ¢ yuetoM nsmeHeHus 10 40% .

2.3.2 OueHka BbIOPOCOB B aTMOC(epy Ha OCHOBAHMU JAaHHBIX BHIOPOCOB B

pado4yio 30Hy

BriOpockl mbutM  epeBO0Opa0aTHIBAIOIINX IMPOU3BOJACTB B aTMOC(EpHBII
BO3/lyX JOBOJIBHO YaCTO CJIOKHO OLEHUTh. boiiee TEeruiblii BO3yX, BBIIEISIEMbIN
npu paboTe MallMH M MEXaHU3MOB, IOJIHUMAETCSd HAaBEpPX, M TOJIBKO YacTb
BBIOPOCOB yJaJII€TCsl aCIUPAIMOHHBIMU CUCTEMaMHU, a Ipyrasi 4acTh ocTaercs 0e3
OYMCTKH M, KakK MpaBWIO, YyXOAUT B arMocdepy uepe3 AePIEKTOpbl U
HEOPTaHU30BAHHYIO BEHTWIALMIO. BrIOpoCcOB B armocdepy moctynaer OoJiblie,
YeM yAISIeTCsl aCIUPALIMOHHBIMU CUCTEMAMH.

Jlns  ompeneneHus  MacChl  BBIOPOCOB  OT  MCTOYHHMKOB  TBUICHHS

JepeBo00padaTHIBAIONINX ITPOU3BOJICTB MPEIJIOKEH PacUeT MO CISaYIONeH cXeMe:

Pucynox 2.2 - OnpeneneHue nbljIeBbIX BHIOPOCOB B aTMOCHEPY OT
JIepeBO0OPAOATHIBAIOIIETO MPEATPUSTHS
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rje:

M — 0TXO0JblI;

K, — xoadduiueHT, yuuThBAIOMIMA OO OTXOJ0B MPHU JIEPeBOOOpabOTKE,
KOTOpBIE NEPEXOIAT B IbLIb (COCTOSHUE TBEPIBIX B3BEIICHHBIX YaCTULL);

K, — ko3 puLirenT, yuuTHIBAIOMIMIA JOTI0 «TSDKEJIOW» MUK, OCeNarolell Ha
0T,

K; — ko3 puument, yuyuTeiBaromui JOI0 MbUIM, HEOUYHMILEHHON cHCcTeMaMu
acnupalyy, MOCTYMAOIIEH B BO3AYIIHYIO CPEAY IPOU3BOACTBEHHOIO OMEILIECHHUS;

K4 — K03 puirienT, yunThIBarOMi 10JI10 «3ae€pKaHHOM» MBUIM B CHCTEMax
acnupalmy;

K5 — ko3 puimeHT, yuyuThiBatomui OO MbLIM, MOJBEPIrHYTONH BTOPHUYHOMY
IIOJbEMY B BO3JYILIHOW CpENie MPOU3BOACTBEHHOTO IOMEIICHHS,;

K¢ — K03QduLMeHT, YUYUTHIBAIOIMN JOII0 MUK, YIAJSIOMENHCcs B MpoLecce
MBLICYOOPKY;

K; — ko3uuueHT, yduTHIBAIOIIMKA JOJNI0 MbUIM, MNOCTYyHAIOIIEH IyTeM
AKCPUIBTPAIIMU B OKPYKAIONIYIO Cpey (HETUIOTHOCTH OKHA U JIp.);

Ks — xoadduiment, yduThHIBAIONIMI OJI0O TMBUIM, MOCTYIAIIIEH Yepe3
00111€00MEHHYIO BBITSIKHYIO BEHTUJISLIUIO.

€aen — CTEIIEHB ITPOCKOKA MBUIX B MBUICYJIABIMBAOIIEM YCTPOUCTBE,

€qy — CTEIIEHB IIPOCKOKA MBUIX B MBUIEYOOPOYHOM YCTPOUCTBE

B o0mieM Bujie KOHIIEHTpaIKs BEIOPOCOB OYAET paCCUUTHIBATHCS MO Popmyie:

Ci=(Ki Ky Kg €y + K"Ky Ks"K; + K"Ky - Ks - Kg + Ky - K3 - K7 +
Ki-K3-Kg+ +K; Ky €0n) ' M (2.3)

B  mpoumecce  mpoBeneHHs ~— SKCHEPUMEHTAIBHBIX  HMCCIEIOBAaHUNA O
pacnpocTpaHEHUH NbUIA B BO3JyXe OTOOP MpoO OCYIIECTBIsUICS Ha BbIcOTE 1,5 M
OT I0J1a OMELIEHUS Ha PA3JIMYHbBIX PACCTOSHUSAX OT CTAHKOB PA3HOIO THUIIA.

3aMepbl OCYLIECTBISUIMCh B pasHble IMEpPUOABI TOJa NpPU  XOJOJIHOM,
nepexogHo u Teruiod moroae. OT6op mpoO® ObUT MPOBENEH MPHU Pa3IUYHBIX

criocobax 3aIlyCKa IIPHUTOYHOIoO BO3JyXa B IIOMCHICHUC, XAPAKTCPHLIX JIA
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JepeBooOpabdaTpIBaroero mpou3BoAcTaa (Mm.m. 2.1), 1y Toro, 4ToObl ONPEICIUTD,
KaKoe KOJWYECTBO MBUIM YAAISIETCS B IOMEIIEHUE, a KaKOe BBIOPAChIBACTCS B
OKPY>KaIOIIYIO CPEey.

B TedeHue ogHON CMEHBI B OJHOW (PMKCHPOBAHHON TOYKE IMOCIICTOBATEIHHO
OB OTOOpaHBI TIO TPH MPOOKI MPHU BBHITIOJHEHUU YCJIOBHS, YTO pabOTaeT JIUIIh
OJIMH CTaHOK, a OCTAIbHOE 000PYyT0BAaHUE OTKIIOUYEHO.

Ha puc. 2.2 npuBeneH mnpumep rpaduvecKuX  3aBHUCHUMOCTEH,
XapaKTEPHU3YIOMINX W3MEHEHHS KOHIICHTPAIIUU MBI B BO3AyXe y pabodeil 30HBI
Ha PA3JIMYHBIX PACCTOSHUSAX OT KPYTJIOMWIBHOTO CTaHKa BO BpeMsi 00pabOTKU
pPa3IUYHBIX TOPOJ APEBECHHBI. J[aHHBIE AEMOHCTPHUPYIOT ONTHMAIBHYIO palboTy

CUCTEM aCIUPALIHH.

C, 1~.f'|r,r'|~.,'u3
12
® 1
; 2
2

Pucynok 2.2 — VI3MeHeHne KOHIIEHTpAllMK B BO3/1yXe pabouel 30HbI Ha BBICOTE
1,5 M Ha pa3HbIX PaCCTOSHUIX OT KPYIJIOMWIBHOTO CTaHKA JUJIS ITBUIH,
oOpazyrorieics nmpu 00paboTKe pa3TuYHBIX BUAOB APEBECUHBI: 1 - pu nojaye
BO3J/1yXa C BBICOTHI 10 4-X M; 2 - IPU MO/1a4€ BO3AyXa HETMOCPEACTBEHHO B
pabouyto 30HY.
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I[aHHI)IC OIIBITOB TOBOPAT O TOM, 4YTO KOHHOCHTpAalMsA IIBIIIM B BO3AYXC
MNOMCHICHUA H3MCHSCTCS II0 OKCIIOHCHIMAJBbHOMY 3aKOHY C pPAaCCTOAHUCM OT
CTaHKa M 3TO IHPOUCXOJUT HC3aBUCHMO OT crocoba noaadn BO3JAyXa M IMOPOJAbI

APCBCCHUHBLI. I/IMCHHO, 9TO U3BMCHCHHUC AIIIIPOKCUMHUPYCTCA MHTCTPAJIaMU

Cp.3.cp = €V=1 fp Ci - eXp(_ai\/ x?% + yz) dxdy, (2.4)
riae:
C; — KOHIIEHTpaIMsl y 1-TO CTaHKa, MF/M3;
F — 1011 16 TOMEIICHHS, M,
N — KOJIMYECTBO CTAaHKOB;
a — K03 (PULIMEHT, YUUTHIBAIOIINI BUJ CTAHKA;
X, Y — KOOpJIMHATHI TOYEK U3MEPEHU.
[Ipy manoM KOJHUYECTBE CTAHKOB KOHIIEHTPALMM TMPEBBIIIAIOT CPETHIO0

KOHIIeHTpauio. Ilpu  3ToM  mpeBblieHue He  mpeBocxoauT  20-25%.

KOB(i)(l)HHI/IGHTBI a; IIPHUHUMAIOTCA COIVIACHO JOKCIICPUMCHTAJIbHBIM 3HAYCHUAM

[104] Tabmuiter 2.4.

Tabmuua 2.4 - DKcnepruMeHTalIbHbIE 3HaUYEHUs KO3 puuuenTa a
B OKCIOHECHLUHMAIBHBIX 3aBUCHUMOCTSX, XapaKTEpU3YIOLINUX
M3MEHEHUE KOHILIEHTpAlMM IbUIM B BO3JyXe paboueil 30HbI C
pPacCTOSIHHEM OT Pa3HbIX CTAHKOB 10 [88]

HaumenoBanue cTankoB a

KPYIJIONHJIbHBIE - 0,501
CTpOTajbHbIE - 0,638
dbpe3epHbIe - 0,624
HIUITOPE3HBIE - 0,626
JICHTOYHOIIMJIbHBIC - 0,884
CBEPJIUIIbHBIE - 0,936
U OBAITBHO-JICHTOYHBIC -0,11

peNCMyCOBBIE - 0,286

st Toro 4ToOBI TOKa3aTh MPUMEHUMOCTH (opmynbl 2.4 17 OIEHKH
CpelIHEel KOHIICHTpAlluu TbUIM B paboueil 30HE, MOJYyYEeHHBIE pacueTHbIC U

M3MEPEHHbIE 3HaYEHUsI KOHIIEHTPAIUH NPEICTaBUM B TpadyuuecKoM BUJIE:
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c p.3. pacy., MriaS

E

1 1 L 1 1 L 1 .
T T

1 2 3 4 5 6 T 8 c p.3. M3M. M

Pucynok 2.3 - I'padux COOTHOIIEHHS paCU€THON U M3MEPEHHON KOHIIEHTPalluU
IbUIM B paboueit 30He
[Ipu ontumanbHON paboOTE AaCHUPALMOHHBIX CHUCTEM KoOHLEHTpauuu C;
V) 3 )
pabodeil 30HBI HaxoIATCA B npenenax 5-6 Mr/M°, Opu HEONTUMAIbHON —

npesbimnatoT [IJIK npeBecnoii nbiu [104] (cm. puc. 2.4.).

C, mr/m?
C, mr/m?
\
12 & 12 \
N\ 2
8 \N
8 \ \4
M \,
NN
4 4 O
L
0 0
0 1 2 3 X, M 0 1 2 3
a §

Pucynok 2.4 — VI3MeHeHHe KOHIIEHTpAllMK B BO3/1yXe pabouei 30HbI Ha BBICOTE
1,5 M Ha pa3HBIX PACCTOSHUAX OT KPYIJIOMUIBHOTO CTAHKA JJIS MbUIH,
obpazyrorieics npu 00paboTKe COCHBI: a — MPH MoJa4ye BO3yXa C BBICOTHI J0 4-X
M; 0 — Ipu Mojia4ye BO3yXa HEMOCPEACTBEHHO B pabouyro 30Hy [104].
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2.3.3 UccaenoBanusi paclpocTpaHeHH sl NbLJIM 110 BbICOTE MOMeEIeHMsI

3aKOHBI PACIPOCTPAHEHUSI NBUIM MO BBICOTE LIEXOB MCCIEIOBAINCH Ha
JNEHCTBYIOIUX MPEANPUATUSAX HU3ydaemon oTpaciu. OO0beM Liexa pa3OuBajcs Ha
JJIeMEHTapHble  00beMBbl. J[MMHA ¥  ImHMpUHA  DIIEMEHTapHBIX  O00BEMOB
COOTBETCTBOBAJIM 1Ay KOJIOHH, a BBICOTA — BbIcOTE Liexa. Ha puc. 2.8 Ha npumepe
1exa, M300pa)k€HHOTr0 Ha pUCyHKE 2.1, MOKa3aHO COOTBETCTBYIOLIEE JIEJICHHE
nomernierus. OT6op mpobd ObLT poBeIeH 1Mo aHajioruu ¢ m.a. 2.3.1, 2.3.2 B Toukax,
PACIIOJIOKEHHBIX B HECKOJIBKMX YaCTSIX NOMEIIEHUs Uil KakIbIX 0,5 M BBICOTHI.
Cxema 3aMepHBIX TOYEK B IUIAHE JaHa Ha puc. 2,9. Cxema 3aMEPHBIX TOYEK Ha
(pOHTANBHBIX MOBEPXHOCTSIX 3JEMEHTapHbIX 00BEMOB IpuBeaeHa Ha puc. 2.10.
Ha OOKOBBIX NOBEPXHOCTSAX 3JIEMEHTAPHOrO 00BEMa BBIOOP 3aMEpPHBIX TOYEK

IMPOBOJUJIICSA aHAJIOTUYHO.

1=F¥ It

AN ]

Pucynox 2.8 — Cxema pazjeneHus 1nexa Ha 00 beMbI
MIPU UCCIIENOBAHUSIX PACIIPEETICHUS KOHIIEHTPALMU MBLIN
10 BBICOTE MOMEIIEHUS

p 5000

BODD

|
|
J

Pucynok 2.9 — CxemMa pa3melieHus 3aMepHbIX TOUEK B 00beMe
B IUIaHE
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Pucynok 2.10 — Cxema pa3MeliieHus 3aMEpHBIX TOYEK Ha (PPOHTATILHON
MOBEPXHOCTH 00BbeMa
OnbITHl MPOBOAWIIMCH MPU JBYX PaA3IUYHBIX CHOCO0aX TMOJa4M CBEXKETro
BO3/lyXa B MOMEIICHHUE: TMOjlaya C BHICOTHI HE Oosee 4-Xx M M Tojlaya MpsiMO B
pabouyto 30HY.
OcpenHeHHbBIC PE3YNIHTAThl ONBITOB B BUJIE TPA(PUKOB MPEJACTABICHBI HA PHC.
2.11 u 2.12. Ilpu >TOM HCHOJIb30BaHbI CleAyrolKe 00o3HaueHus:: h — BwIcOTa

3amepHoro ceuenus; H — Bpicota momemenus; hy, ; — BeicoTa pabouen 30HbI (2

. 3
M); (; — KOHIEHTpAlMs TbUIM B [-TOM 3aMEPHOM cCedeHuHu, Mr/M™; Cp, —

KOHIIEHTPALWS [IBLIA B BO3AyXe paboueii 30HbI, MI/ M.

Ha pucynke 2.11 BHIHO, Kak U3MEHSAETCS KOHLEHTPALMS IBUIM M0 BBICOTE
1exa, ecyy MmoJjiaya Bo3/ayXa OCYUIECTBIIETCS MpsIMO B pabouyio 30HY. i 3TOrO
UCIIOJIB30BAIMCH BO3AyXopacnpenenutenbubie naHenu BOIlm. Onu obnagator
BBICOKOHM 3KEKTUPYIOUIEH CIOCOOHOCTBIO M O0ECIEeYMBAIOT OBICTPOE 3aTyXaHHE
CKOpocTel mnpu BbIxone u3 ycrporcrBa [30]. Bce 3T0 ngaeT BO3MOXKHOCTH

MHCTAJIMPOBATh YCTPOMCTBA AJIs pa3lauy Bo3Ayxa BOIU3M pabounx MecT.
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Pucynok 2.11 — MI3MeHeHne KOHIIEHTPAMK IIBUIK 1O BBICOTE LI€Xa MPHU MOJaYe
BO3/lyXa B pabouyIo 30HY

B nanHOM ciyyae oTpaOOTaHHBIN BO3yX BBITECHSETCSA W3 pabouyel 30HbI U
VCKJIFOUEHO BOBJICYEHUE B LIUPKYJILIMIO 3arPsI3HEHHOIO BO30yXa, HAXOSIIEroCs B
BEpXHeil 30He mnomemieHus. Bmecte ¢ Tem HaOM0maeTcs MOCTENEHHBIM POCT
3ambIJICHHOCTH BO37yXa BHE pabodeil 30HB. B armocdepy oOmeoOMEeHHBIMU
BEHTWISILIMOHHBIMA CHUCTEMaMH BBIOpPACHIBAE€TCS BO3IYyX CO 3HAYUTEIbHBIM
cojiep>kaHreM NbUH (OOIBIINM, YeM B paboueii 30He).

Ha pucynke 2.12 nmoka3zaHo M3MEHEHUE KOHLIEHTPALMM TbUIM O BBICOTE

1exa npu nojayve Bo3yxa B padouyto 30HY C BBICOTHI JI0 4-X M.
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Pucynok 2.12 — MI3MeHeHne KOHIIEHTPAIUY IIBUIM 110 BBICOTE LI€Xa IIPH IT0Aaue
BO3/yXa B pabOuyI0 30HY C BBICOTHI 0 4-X M

JIist 3TOTO Cilydast XapakTepHO pe3KOE BO3pACTaHME KOHILIEHTPALMH MbUIA HA
YPOBHE DPAcCHOJIOKEHHsI BO31YyXOpa3Jarollero yCTPOWCTBA. 3aTeéM KOHLIEHTpauus
NbUIM MO BBICOTE LI€Xa OCTAETCS MPAKTUYECKH IOCTOSHHOM, HO B aTtMocdepy
TaK)K€ BbIOpAChIBA€TCA BO3JyX C OOJBIIMM COJAEpPXKAHUEM IIbLIM, YeM B pabouei
30HE.

Takum o0pazom, cioco0 OpraHu3ai BO3LyX000MeHa BIMSIET HE TOJIBKO Ha

KOHIICHTpAIINIO B pabodeii 30He, HO M Ha BEIOPOCHI B aTMocdepy.

2.4. BuusiHue [JpeBecHOWl MNbLIM Ha NPUPOAHYI Ccpexy NpH

CTPOUTECIBCTBE M OKCILIyaTaluu 00bEKTOB AarponpomMbIlJICHHOI'0 KOMILJIEKCa

HecMoTpst Ha pa3zHO0Opa3ue COBPEMEHHBIX CTPOUTENbHBIX MaTE€pUAOB, BO

MHOI'UX ciIy4dasiax IpCaAIIOYTCHUC MO-IIPCIKHEMY oTHacTCA IIPUMCHCHHIO
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KOHCTPYKIUN M U3JENUA U3 JPEBECUHBbI (CTPONMUIIA, MOJIbI, TUIMHTYChI, OKOHHBIE
pambpl, JIECTHHIIBI M THEpWIa U T.J.), OCOOEHHO B CEIIbCKOM XO3fWCTBE, IJIE
JIpEBECHHA, KaK CTPOMUTEIBHBIN MaTepuall, UCIOIb3YETCS TPATULIMUOHHO W IS
YKUJIOTO CTPOUTEINIbCTBA, U JJISI BO3BEJICHHS COOPYKEHHUI PA3IMYHOrO0 Ha3HAYEHUS,
HarpuMep, COOPYNKEHHUM I CTOMIIOBOTO COJIEPKAHUS )KUBOTHBIX — KOPOBHUKOB,
KOHIOIIEH U Ap. Kpome TOro, mpakTHYecKM Ha KaXKIOM 3IJIEBATOpPE U JIPYTHUX
00BbeKTaXx, peaHa3HAYEHHBIX TUISt XpaHEeHUs " nepepadoTKu
CEIBCKOXO3SIICTBEHHOM MPOAYKIIMU, UMEIOTCSL AEpPEeBOOOPA0ATHIBAIONINE YUACTKU
win  Macrepckue. Ilpu wmexanudeckoit o00paboTKe ApeBeCHHBI 0OOpasyeTcs
3HAYUTEIPHOE KOJIMYECTBO MbUIK. Tak, Hampumep, 1Mo JaHHBIM, IPUBEICHHBIM B
[14], npu paboTe KpYrIOMUIbHBIX CTAHKOB B 3aBUCMMOCTH OT MapKH BbIIEISAETCA
ot 10,7 mo 61,2 xr/4 nbun, pu paboTe CTpOraibHBIX — OT 8,2 10 122 Kr/4 U T.1.
PaccMoTpuM (DpakLMOHHBINA COCTaB MbUIM, OOpa3yrouleicss MpU MEXaHUYECKON
o0paboTKe JpEeBECHHBI, KaK OJIHY U3 €€ BAXKHEUIIUX XapaKTEPUCTUK,
OOyCJIOBJIMBAIOIIMX HEraTUBHOE BO3JCHCTBHE KaK Ha 4YeJIOBEKa, TaKk W Ha
OKPY>KAIOITYIO IPUPOJHYIO CPEIy.

ITo naHHBIM, TIPUBEAECHHBIM B [ 14], Ha MO0 MBIJIEBBIX YAaCTHUIl C pa3MepaMu
no 40 mxm npuxogutcs oT 0,5 10 3% B 3aBUCHUMOCTH OT TEXHOJIOTHYECKOTO
nporecca. OgHaKo pe3ysbTaThl COOCTBEHHBIX MCCIAEAOBAHUM [65], TPOBEACHHBIX
no MeToauke [6], a TakKe pe3yabTaThbl, MOJYyYEHHBbIE IPYTHUMH aBTOpamu [55],
MOKA3bIBAIOT, YTO B 3aBUCUMOCTHU OT MOPOJIbI JPEBECUHBI MIPU €€ MEXAHUYECKOU
00paboTke 00pa3yeTcs MbliIb, B COCTaBE KOTOPOU coaepkutcs ot 15 mo 85% u ot
0,8 mo 8%, coorsercTBeHHo, yactul PM;y u PM,s, npusHanHeix BcemupHOn
OpraHu3alel 3IpaBOOXpPAHEHHUS OJHUM M3 CaMbIX OIMACHBIX 3arps3HUTENCH
OKPYXKaIOLIEN CPEIBL.

HeratuBHoe BO3A€HCTBUE MEIKOIUCIIEPCHOM MBUIM Ha pPa3HOOOpa3HbIC
KOMITOHEHTBI PACTUTENIbHBIX IIEHO30B, O0YCIOBIMBAIOIIECEe YTHETEHHWE MX POCTa,
BO3HMKHOBEHHE MOP(POJOTUYECKUX aHOMAINM, WCYE3HOBEHHE HEYCTOWYMUBBIX
BHUJIOB, U3BMEHEHHUE XMMHUYECKOT0 COCTaBa IMOYBHI U T.M. MOAPOOHO OIMHCAHO BO

MHOTHX paboTax W, B 4aCTHOCTH, B [92]. B ToM uucne, mbllb CHIIBHO OCiabiser
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razooOMeH, Tmpouecchl JbIXaHuss W  (OTOCUHTE3a, BbI3BIBAET YTrHETEHHUE
CEIbCKOXO3SIMCTBEHHBIX  KYJIBTYp, 3aTPyOHAET MX POCT WU CHUXKAET
NPOAYKTUBHOCTh. OJIMH U3 BUAOB HEraTUBHOI'O BO3JICUCTBUS MBUIM HA PACTEHUS —
MEXaHUYECKUH — B OIpPEACIICHHON CTENeHu O0O0ycloBiIeH (OPMON MbIIEBBIX
yactull. VccnenoBanus MOpQOIOTHIECKOTO0 COCTaBa JIPEBECHON MBUIM MOKa3aH,
YTO B OOJIBLIMHCTBE CBOEM €€ YaCTHUIbl UMEIOT IJIACTUHYATYIO (POPMY C OCTPBIMU
3a3yOpeHHbIMU KpasiMu (puc. 2.13, a).

Jlpyroi TUO BO3ACMCTBHM IBUIM — XHMHMYECKMM — CBsi3aH C
(UTOTOKCUYHOCTBIO COCTABISIIOIIMX €€ yacTull. C 3TOM TOUKM 3pEHHs] MHTEpEC
NPEICTABISIIOT ~ PEe3yJbTaThl  MCCIEAOBAHMNA  aJCOPOIMOHHON  CITOCOOHOCTH

JIPEBECHOM TBLIH.

Pucynok 2.13 - MukpodoTtorpadun 4acTHIl IpeBECHON MBLIH:
a — cpasy 1nocie ee 00pazoBaHus; 6 — OCIE KOHTAKTa ¢ aTMOC(EPHBIM BO3TyXOM

Ha puc. 2.14 npuBeneHsl pe3ynbTaTsl ONPEAEICHHs 3JIEMEHTHOIO COCTaBa
YacTHIl JAPEBECHOM NbUIM cpa3dy Iocie €€ O0O0pa3oBaHMs, KOTOPbIE IOKa3aJn
CoJIep’KaHue B UCCIIeyeMbIX 00pa3ax CoeIMHEHNH KPEMHUS U aTIOMUHMUS, YTO, B
CBOIO OY€pelb, CBUJETEIBLCTBYET O HAIMYUU LIEOIUTOB, SBISIONIUXCS aKTUBHBIMU
copbeHTamu. VX nosiBiIeHNE 1TOCIIe KOHTAKTa UCCIIENyEMOM MbUIA ¢ aTMOC(HEPHBIM
BO3/[yXOM M HaJM4KE B BUJE KPUCTAIIOB IIapo0Opa3Hoi (HhOPMBI POCIEKUBACTCS

Ha puc. 2.13.6.
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Pucynox 2.14 - XpomoTtorpamMmma JIpeBEeCHOM MUK TOCIIe €e 00pa30BaHMUs.
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Pucynok 2.15 - XpomoTorpamma aJpeBeCHOM MbLIN TOCIE
€€ KOHTaKTa ¢ aTMOC(HEpPHBIM BO31yXOM

[TomyueHHble JaHHBIE TOKa3aldH, YTO OOpa3yrollascs MpU MEXaHUYECKOH
00pabOTKe ApPEeBECHHBI MbUIb B 3JEMEHTHOM COCTAaBE YACTHI[ MOXET COAEpk aThb
COCIMHEHMSI KaJbIUs, OTHOCAIIMECS K BEUIECTBAM YMEPEHHO OMacHBIM (3 Kiacc
OMAaCHOCTU JUIsl OKpY’Kalollel MpPUPOJHOW Cpenbl), a TakXKe COCTUHEHHS
IIOMUHUSA, OTHECEHHBIE K BBICOKO OMAaCHBIM BELIECTBaM (2 KJacc OMAacHOCTH).
[Tocne koHTakTa UccieayeMbIX 00pa3LoB ¢ aTMOC(HEPHBIM BO3YXOM BECOBas 10JIs
COEIMHEHUI KaJlis B MbUIEBBIX YaCTUIAX BO3pOCa MOYTH B 4 pasa, COeIMHEHUI

Kanbuus — B 13,5 pas, coenvHEHW alrOMUHUS U KpeMHust — B 5,6 u 6,8 pas
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cooTBeTCTBEHHO (puc. 2.15). Kpome Toro, mocie KOHTakTa € aTMOC(HEPHBIM
BO3JIyXOM B 3JIEMEHTHOM COCTaBE€ YAaCTHI] IPEBECHOM NbUIM OTMEYEHO MOSIBICHHUE
COEJIMHEHUI MarHus M ene3a (3 Ki1acc OMacHOCTU ISl OKPYKAOUIEH MPUPOHOM
cpenpl). OTU  pe3yiapTaTbl  CBHUJETEIBCTBYIOT O  OCTaTOYHO  BBICOKOM
a7IcCOpPOIIMOHHOM CIIOCOOHOCTH UCCIIETyeMON MBLITH.

Takum o00pa3oM, HEraTMBHOE BO3JEHUCTBUE JIPEBECHOW IbUIM Ha
OKPYXXAIOLyl0 IPUPOJHYIO Cpely, B TOM UYHCIE Ha CEIbCKOXO3SMCTBEHHBIC
KyJbTYpPbl, C OJHOW CTOPOHBI, OOYCIIOBJIEHO NPHCYTCTBUEM B €€ COCTaBE
3HAYUTEJIBHOTO KOJWYECTBA MEJKOoAUCTEepcHbIX yacTuil PM10 u PM2,5, a takxke
OCOOEHHOCTSIMU €€ MOP(OJOrHMYEeCKOro cOoCcTaBa, W, C APYrod CTOPOHBI, €€
CHOCOOHOCTBIO TIPH HAXOXKJIEHUH B aTMOC(EpHOM BO3AYyXE COpOUPOBATH
pa3HoOOpa3Hble BEILECTBA, B TOM YHCJIE OTHOCSIIMECS K BBICOKMM Kjacca

OITIaCHOCTH.

BbiBoabI 10 BTOpOH Iri1aBe

1. VYcraHoBneHO, YTO Ha MeCTax, TJI€ OCYIIECTBISIOTCS palbOThl TIO
MPOU3BOJICTBY  JEPEBSIHHBIX  CTPOUTENBHBIX  KOHCTPYKIIMH W WU3JETUH,
3allbUIEHHOCTh BO37YyXa IpPEBbIIAET NpUHATHIM HopMmaTuB I1JIK,, mig npesecHoi
neud B cpenHeM B 1,3-2,5 pasza. Haubonee HeOnaronmpusTHbIC YCIOBUS TpyIa
OTMEYEHBI Ha MecCTax pabOThl CTAHOYHUKOB HIIU()OBAIHHO-JICHTOYHBIX CTAaHKOB,
/1€ KOHIEHTpaIUs IbIIK MOXET f1octurarh 5,7 ITJK,,.

2. TlpennoxkeHa cxema pacudeTa JJisi ONPEAENICHHUsS MbUICBBIX BBHIOPOCOB B
atMoc(epy OT JiepeBooOpadbaThIBAIOIIECTO TPEATPUITHS.

3. Ilpu onTumanpHONM pabOTe acCIHPAIMOHHBIX CHUCTeM KoHIeHTpanuu C;
paboueil 30HBI HaxOAATCA B Tpeaesax 5-6 Mr/M, NP HEONTUMAIBHOU —
npessimaroT [ IJIK npesecHoi nbuim.

4. KoHueHTpalus nbUl B BO3yX€ MOMEIIECHUS] U3MEHSIETCA C PACCTOSIHUEM
OT CTaHKa IO 3KCIOHEHIMAIIBHOMY 3aKOHY HE3aBHCHMO OT MOPOJIbl JPEBECUHBI U

crioco0a moj1ayu Bo3ayxa.
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5. 38.(1)I/IKCI/IPOBaHBI JaHHBIC 00 HM3MEHEHUH 3aIlbLICHHOCTH BO3JayXxa IIO
BBICOTC I[epeB006p36aTI>IBa101uero nexa B 3aBHUCHMMOCTH OT MCTOAA IIOoAa4H

BO3ayXa B IIOMCIHICHNH.
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I''TABA 3. UCCJIEJOBAHMUE JUCIIEPCHOI'O COCTABA 1
OCHOBHBIX CBOMCTB IIBLJIN, OBPA3YIOHIEVCS ITPHU
MMPOU3BOJICTBE JIJEPEBAHHBIX CTPOUTEJBHBIX KOHCTPYKIIUM

3.1 Pe3yabTarbl OlleHKH (PAKIIMOHHOIO COCTaBa, (POPMbI YACTHIL U

KOHUEHTPALUM APEBECHOM NMbLJIM B aTMOC(PEpPHOM BO31yXe

JIisi mpoBelleHUsI AMCIEPCUOHHOTO aHalu3a Oblla WCIOJIb30BaHA METOIMKA
MHKPOCKONIMYECKOTO aHanu3a ¢ npuMmeHenueM [1IK [5, 6, 38, 49] u komIibroTepHOM
IporpaMmsl s aucnepcHoro ananmsa DUST [82].

OT60p poO APEBECHOM MBLIU MPOBOIUIICS B TOUKAX, HAXOSIIMXCA HA Pa3HBIX
PacCTOSIHUSIX OT JAepeBO0OpPa0aTHIBAIOIETO 1I€Xa: Ha TEPPUTOPUM MPOMILIONIAAKU
(25M, 50m) 1 Ha rpaHuUle caHUTapHO-3aUTHOM 30HKI (100 M) [89].Bpems oTbopa
B KaXXJI0i TouKe paBHsI0CH 20 MuHyTaM. KOHTpOJIb METEOPOJIOTMYECKUX YCIOBUMI
npu 0TOOpe MpoO JIPEBECHOM MBUIM OCYIIECTBISUICS COIVIACHO C TpeOOBaHUSIMU
[84]. Hekoropble W3 MOMYyYEHHBIX PE3yJIbTATOB MpPEACTaBICHbI B Tabmwuie 3.1.
VYcnoBus mnpoBeAeHUST TMPUBEACHHBIX 3aMEpPOB: OTHOCUTENIbHAS BIIAXKHOCTH
BO3yXa (@ = 72%, CKOpocTh BeTpa 1,2 M/c, Temmeparypa Bo3ayxa ¢ = 18°C.

OnHOBPEMEHHO NPOU3BOAUIIOCH HCCIEIOBAHHE AUCIEPCHOTO COCTaBa MbUIU
MUKPOCKOTTMYECKUM METOJIOM, 10 METOJANKAM, U3JI0KEHHBIM B padbortax [105, 8, 9,
10]. Ha pucynkax 3.1 u 3.2 npuBeneHbl HHTETpaIbHbIe (PYHKIIMN paclpeaesICHUs
MaccChl YaCTHII 110 JUaMeTpaM B KOHIIE U Hauajie pabouero JIHs.

Tab6nuua 3.1 - Pe3ynbTaThl OLIeHKH (GPaKIMOHHOTO COCTaBa M KOHIIEHTPALUU
JPEBECHOM MbUTH B aTMOC(PEPHOM BO3IyXE

Paccrosanue O6mas PMio PM; 5
or exa, M | koHuenrpanusa | Cogepxxanne | Konuenrpanus | Conepxxanue | Konunenrtpauus
Mr/m° % Mr/M° % Mr/M°

BpeMs MPOBECHUS 3aMEPOB — HAYaJIO pabodvero JTHs

25 4,8 8 0,39 - -

50 3,7 9 0,33 - -
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IIpooonocenue mabauywt 3.1

100 | 031 | 95 | 0,29 \ 05 | 0,002
BpEeMsI POBEICHUS 3aMEPOB — KOHEI[ pad0Uero JTHS

25 4,3 10 0,43 - -
50 2,9 15 0,44 - -
100 0,32 98 0,31 10 0,03
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Pucynok 3.1 — HTerpanbable QyHKIMH pacipeaesieHus MacChl YaCTHII 110

nuamMeTpam (B Hadase pabovero JHs):

1- Ha paccrossHuM 25 M OT 11eXa; 2 - Ha paccTosiHuM S0 M OT 11exa;

3 - Ha paccrosaauu 100 m oT 11exa
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Pucynox 3.2 — HTerpanbpabie GyHKIMH pacrpeaesieHus MacChl YaCTHIL 110
auamMeTpam (B KOHIle pabodero /iHA): 1- Ha pacCTOSTHUU 25 M OT 11exXa;
2 - Ha paccrosauu 50 M oT 1iexa; 3 - Ha paccrosauu 100 M oT exa
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[TonyueHnHsle pe3ysibTaThl MOKa3add, YTO B aTMOC(EPHBIN BO3AYX MOCTYIAOT
YACTHUIIbl MTBUIM, OCHOBHASI Macca KOTOPBIX MPUXOJUTCS HA YACTHUILI C pa3MepamMu
menee 20 mxm. [Ipudem B Havame pabodero mHS B aTMOCHEpPHOM BO3IyXe Ha
TEPPUTOPUH MPOMILIONIAAKUA Ha M0ir0 yacTull PM, mpuxonutcs 5-10%, B KoHIIE
pabouero aHsa — 9-12%. OpHako Ha TpaHULE CAHUTAPHO-3AILUTHOM 30HBI
COJIEp)KaHHE MEJIKOJAMCIIEPCHBIX YacCTHIl BO3PAcCTaeT M COCTABJISAET: IS YaCTHI
PM,, B Hauane pabouero aus 50%, B koHIe padodero gHs — 98%; nmns gactuil
PM, s —0,6% u 15% cooTBETCTBEHHO.

Ha pucynke 3.3 mpuBeneHa rpaduyeckas 3aBUCHUMOCTh, XapaKTepU3YOIIas
M3MeHeHue 10au yactull PM ) B atMmochepHOM BO3yXe Ha Pa3HBIX PaCCTOSHUAX

OT JIepeBO00OpadaTHIBAIOIIETO 1IeXa.

Die),
%

-

80 /

. /
o e

20
‘__’/-"'(

U T T T T T
0 20 40 60 al 100 Lt

Pucynok 3.3 — smenenue nonu yactui] PM;, B atMocepHOM BO31yXe B
Hayasie paboyero JHs B 3aBUCUMOCTH OT PACCTOSHUS

ITonydeHHble NaHHBIE CBUACTEIBCTBYIOT O TOM, YTO PACIPOCTPAHEHHUE IIBLIU
IIPOUCXOJHUT I10 HKCIIOHEHI[UAJIBHOMY 3aKOHY U OIHUCBIBACTCS BBIPAKEHUEM
D(d,) = 3,1038 %9332k (3.1)
YacTuupl ApEeBECHOM MbUIM HMMEIOT Pa3sHOOOpPA3HYIO BBITAHYTYIO (opMmy,
OTIMYAIOULYIOCS OT C(hepuyHON (HOPMBI C PE3KUMHU U3JIOMaMU U Pa3BETBICHUSIMHU.
Ha pucynke 3.4 B KkadecTBe MNpuMmepa IMpeacTaBieHbl (QoTorpaguu yYacTHUIl

JIPEBECHOW TbUIA, OOpa3yromieiics mnpu nuiMdOBaHUU, U COACpKaIIeHcs B
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aTMOC()EpHOM BO3/YyXE Ha Pa3HbIX pacCTOSHUAX OT 1exa. [lo Tonmmue y vactuil

HaOJII01at0TCSl PE3KHE MEPEXObl OT Y3KOU YaCTH K pacIIUpEHUIO.

Pucynok 3.4 — MukpodoTtorpadun 4acTuIl IbIIH, COAEPIKAIICHCS B
aTMoc(hepHOM BO3yXe Ha pacCTOssHUU: a — 25 M; 6 — 50 M; B — Ha rpaHulLe
CaHUTAPHO-3AILUTHON 30HBI

Ha pucynke 3.5 mpencraBineHa Qororpadus YacTil APEBECHOW IHLIH,
BBIICJISIIOIICICS  TMpU  Mpoleccax JAepeBOoOOpadOTKHA, B MPOU3BOICTBEHHOM

MOMEILEHUH JIepeBO0OpabaThIBAIOIIETO 11eXa.
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Pucynok 3.5 — Mukpodororpadun yacTul ApeBECHON MbUIH, BBIAEISIONIEIHCS
MIpH TIpoIieccax AepeBooOpadOTKH, B MPOU3BOICTBEHHOM ITOMEIIICHUH
nepeBo0OpadaTHIBAIOIIETO 11€Xa

Ha pucysnke 3.5 BUHO, 4TO YyeM OOJIBIIIE pa3MepP YACTHUIIbI (€€ SKBUBAJICHTHBIM
JUaMETP), TEM HUKE TeoMeTpruiecKuil KorhGUIHEHT POpMBI, T.€. YaCTHUIIA UMEET

0oJee BRITSHYTYIO (hopMmy.

3.2 UccienoBanue OCHOBHBIX CBOMCTB APEBECHOM NMBLIH, NOCTYNAOLICH B

aTMoc(epHbIif BO31YX OT HCTOYHHMKOB /1ePeB000padaThIBAIOIIEro exa

JIns uccnenoBaHusT OCHOBHBIX CBOMCTB JPEBECHOW TMbLIU HCIOJIb30BATUCH
CTaHJIapTHBIE METOJIUKH, ONUCaHHbIC B [16, 48].

HacpimHass 1oTHOCTH — ompenesnsiach BECOBbIM — MeToJoM. /[l  3Toro
MCIIOJIB30BAJICS MEPHBIM LMJIMHJIP U3 CTeKJIa 00bemom 50 CM’ ¢ LCHOH JeIeHUs

mkansl 0,5 cM® (pHCyHOK 3.6) [48].
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Pucynox 3.6 - [Ipubop 1y1s1 oripeiesieHust HACHIITHOM MIIOTHOCTU MaTepuaia.
1 — BopoHKa; 2 — TpyOKa; 3 — 3aIBUKKa; 4 — MEPHBIN COCY/T

Ilepen HavanoM HU3MEpPEHMs] HACBIIHOM IUIOTHOCTH ONpENENsaeTcs Macca
MepHoro wwiuHapa M,. Ilocine 53Toro MepHbId UWIMHAP € 00beMOM V'
HAIIOJIHAETCS NIPEABAPUTENIBHO BBICYIIEHHOM NbUIBIO. 11bIIb, KOTOpass HaXOAUTCS
BBIIIIE BEPXHEN KPOMKH LWIMHJpPA, yaainserca. Onpenensercs Macca HUIMHAPA C

nbUTbI0 M,. Torma HackImHAs IJIOTHOCTH OTIPESseTCs Mo popMyJie

Ml_Mz

Puac = T . (32)

Kaxymascs 1mioTHOCTh ONpenesseTcss MAaHOMETPUYECKUM METOJOM C ITIOMOIIBIO
3akoHa boins-Mapuorra [48] (cxema  OAKCHEPUMEHTAIbHOM  YCTAHOBKHU
npenactaBieHa Ha puc. 3.7). OObeMHBIH Bec Marepuallia BBIYMCISETCS Tak.
[lepekppiBaeTCcsl 3aOpHBIA KpaH U 00beM Bo3ayxa AV; mmpwuiiem mnoaaercs B
cuctemy. Jlanee nmo mnokazanusM U-00pa3HOro MaHOMETpa IMOJIy4YaeM MOKa3aHMs

n3MeHeHus oobema AV u npupaiieHus 1aBjieHus Py .
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Pucynok 3.7 — Onpeaenenne Kaxymencs IOTHOCTU MBUIH C TTIOMOIIBIO
BbITECHEHUS1 0ObeMa raza. CxeMa yCTaHOBKHU.
1 — U-o0pa3Hblit MAHOMETD; 2 — COCY/l C TEPMETUYHOMN KPBIIIKOW;
3 — 3anopHbIN KpaH; 4 — MIIPHIL

Tak kak paccMaTpuBaeMblid MPOLIECC M30TEPMUYEH, 3aIUIIEM YypaBHEHHE
ra3oBOr0 COCTOSIHUSA TaK:

PV = P,(V + AV — AV,),(3.3)

rae P —  arMocdepHoe napnenue, [1a;
/4 —  HavabHEIA 00BEM BO3yXa B CHCTEME, M';
P, —  abcomoTHOE naBieHue, Ila
[Ipu sTomM
P, =P + Py (3.4)
P,y — Wu30BITOYHOE NABIEHHE BO3AyXa, omnpexaensieMoe no U-oOpazHoMy

MaHoMeTpy, l1a.

HOMCIHaH HCCIICAYEMYIO MBI B COCY U MPOBCAA OIICPAINIO BEHITCCHCHUA C

MOMOIIIBIO HInpuiia oobema AV, 3anumem (3.3)ciaenyronum o0pazom:

PV —X) =P,V - X + AV — AV)), (3.5)
rie X —  HCKOMBIH 06BEM HCCIIEAYEMOI MIBLIH, M,
AV’ — wu3MeHeHHe 00beMa 10 IIKaIe MAHOMETPa, M,

Pll - P + PllN. (36)
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Pemast coBmectHo ypaBHenus (3.3) u (3.5) orHocutenbHO X U UCKIIOYUB
HavyaJlbHBIA 00bEM BO3/yXa B cucTeme I/, moiydaem:

x=p(M_ A AV AV v av (3.7)
PlN PlN P’1N P’1N . .

PCBYJIBTaTBI ONpCACICHUA INNIOTHOCTU IIbIJIM IIO IIOpOJaM JdPCBCCHUHBI

pUBEAECHBI B Ta0uIe 3.2.

Tabmuma 3.2 - [L1oTHOCTH APEBECHOM TIBLIN

[Topona TII0THOCTb APEBECHOM TBUTH, KI/M’

JPEBECHUHBI KaXyulasics HaChITHAS

COCHa 1340 149
MUXTA 1290 138
JINCTBEHHULIA 1400 162
oepesa 1480 177
ny0 1530 184
SCEHb 1420 192

UctuHHasg mIOTHOCTH (T.€. IUJIOTHOCTh CYXMX YAacTHI[, HE WMEIOIIUX
BHYTPEHHUX MOpP) APEBECHOM MbLIM 3aBUCUT OT €€ IUCIIepCHOro coctaBa. OaHakKo,
C YMEHBIIIEHUEM pa3Mepa YacCTHUIl CHUKAETCA YHCIO 3aKPBITBIX MOpP U MIOTHOCTH
YBEIIMYUBAETCS, NMPUOIMKAsICh K TJIOTHOCTH JIPEBECHOTO BEIIECTBA, MPUHSATON B
cpextem 1540 kr/m’ [62].

Hanbonee akTyanbHas METOAMKA, CIEIys KOTOPOM HM3y4aloT CIUIAeMOCTh
nem — 310 Metoauka E.M. AngpuanoBa [16]. CormacHO 3TOM METOAMKE
UCCIIEAYIOT Pa3pbIBHYI0 NPOYHOCTHh MBUIEBBIX CJIOEB, KOTOPYIO CHEUHUAIBHO
dbopmupyroT s dToil 1enu. Ilomyuyaembli B pe3ysbTaTe MOKa3aTedb JeaaeT
BO3MOXHBIM pa3jieieHue Bceil mbiiM Ha 4 rpynnsl ciaunaemoctd. K rpymme 1
MPUYUCIISIIOT HECIUITAIOIINECS BTN, K TPYIIe 2 — cI1aboCIunaromuecs mbli, K

rpymnmne 3 — cpemHeciaunaromuecs, K rpynne 4 — cuipHOcaumnarommecs [16].
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CornacHo pa6ote [105], 5Tu rpynmbl COOTBETCTBYIOT YEThIpEM HHTEpBajIaM
pa3pbiBHOU TipouHocTu ciost: 1) menee 60 Ila; 2) 6onee 60 I1a, nHo menee 300 Ila;
3) 6oxee 300 I1a, Ho menee 600 Ila; 4) 6omee 600 Ila.

Huxe nmpuBeneHa cxema SKCIIEPUMEHTAIBLHOM yCTaHOBKHU (CM. puc. 3.8) mis
OMpEICTICHHS CIUIIAEMOCTH M3ydaeMon nbuih. C MOMOIIIbIO CIIEUANIBHBIX BECOB K
BEPXHEH YacTW COCTAaBHOTO IIWJIMHJIpA MPUKIAIBIBAJIOCH Pa3phIBHOE YCHUIIHUE.
[unuuap moaBemMBAJICS K OJHOMY M3 IUIeY pblyara BecoB. HukHss cTropoHa
HUJMHpa 3aKperuisuiack. K IpyroMy miedy pblyara moJBelInBajiach €MKOCTh C
CBIIyYUM MaTepuanoM. PaspbiBHOe ycunue F,, ONpelensach B3BEIIMBAHUEM
ChIIIy4yero maTepuajia B MOMEHT pa3pbiBa IbUIeBOro cios. [IpoyHoCTh clos

P Bwruucisiack no Gpopmysie:

Ey — Gy Ma (3.8)

rne G, — Bec TPYOKH C IUIYHXKEPOM M TMBUIBIO, YAECPKUBAEMOW CHIIAaMU
aJre3uu U TPEeHUs O CTeHku, H;

2
S — miIowmwaabs NonepeyHoro ceueHus cios, pasuas 0,0002 m”.

-

Pucynok 3.8 — YcTaHoBKa i ONpeaeaeHus CIUIaeMOCTH MbLIH.
1 — mrratuB; 2 — cTakaH; 3 — TpyOKa; 4 — IIyHXep; 5 — ucciaeayemast mbljib;
6 — phIYAKHBIC BECHI; 7 — CHIMYYUl MaTepHual

B pesynbrare wuccnemoBaHuii ObUla TIOMyYE€HA CIEAYIOMIAs pa3pbIBHAS

MPOYHOCTHh TBUIEBBIX CJOEB, OOPa3yIOIUXCS TpH 00pabOTKE CIEAYIOIMUX
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JpeBECHBIX TOpoa: cocHa — 684 Ila; nmuxta — 679 Ila; nucrBennuna — 681 Ila;
oepesa — 688 Ila; nyd — 673 Ila; sicerp — 665 Ila. Pe3ynbTaThl 3KCIIEPUMEHTOB
nmokasajah, 4ro, oOpa3oBaBHIasiCs TMpPH MEXaHHUYECKOH o00paboTKe MbUIb
(He3aBUCHMO OT MOPO/IbI IPEBECHUHBI) SBJSUIACH CHIIbHOCTUTIAoNIEH s (rpynna 4).
Tak Ha3pIBaemasi AUCHEPTUPYEMOCTb MbUIM (MBUISAIAS CIIOCOOHOCTh) —
CBOMCTBO TMbUIM, XapaKTepU3YIOIllee JBE CIIOCOOHOCTH MOPOIIKOOOPa3HOTO
npoaykTa: 1) mepexoluTb B COCTOSHUE B3BEUICHHOCTH; 2) CKIOHHOCTH K
a’pupoBanuto [49]. CormacHO BeTWYMHE MBUIAIIEH CIIOCOOHOCTH Pa3IMYHBIC TIHLITH
paznmensitorcst Ha Tpu Tpynnbl (cm. [16, 49]): cunpHo mnbusiimue (6oxee 70
npoiieHToB); neursimue (ot 50 1o 70 mpoueHToB); cnado neusimue (ot 30 mo 50
npoueHtoB). Jusg nbum, oOpasyromielics npu  00pabOTKe  JIPEBECHUHBI
MEXaHUYECKUM  CIOCOOOM,  HUCIIOJIb30BajaCh  METOJIMKA  OMpeesieHUs
nucnieprupyemoctd  H.E. IlecroBa. HMMeHHO, NpPOM3BOAWINCH CIEAYIOLINE
nerctBus. GUKCUpOBaHHAS Macca MUK MOPIUSMU Yepe3 BOPOHKY HAIPaBIISIACh
B CTPYIO BO31yXa, KOTOpas pachbuijla Mmarepuan (co3JaBajach CKOpPOCTh
BO3AYIIHOIO TOTOKa 2 M/c). YacTh mbUIM oOceiajla Ha KpUCTAILIU3aTOpe,
YCTaHOBJIEHHOM I10J1 CTPYEH U C LIEHTPOM, HaxoAsmmMcs Ha pacctosauu 300 Mmm

OT LIEHTpa BOPOHKH. PacnbuisieMOCTh OnpeAesnsiiach no Gopmyse

Gi — Gy
l_[ = ) 0 )
Gy o

rie G;, G, — Macca HACBIMHOW 3arpy3ku (COOTB., MbUIM), OCEBIIEH Ha
kpucraumsatope. [lo pesynbraram SKCIEPUMEHTOB OBLJIO YCTAaHOBJICHO, YTO
MbUTh, BO3HUKAIOIIAS MPU MEXAaHUYECKONH 00pabOTKE IPEBECHHBI, MO OMHCAHHOMN
KJIacCU(DHUKAIMN OTHOCUTCS K TPYIINE MbUISIINX.

Pe3ynbTaThl OIIEHKH AUCIEPTUPYEMOCTH UCCIEAYEMOU MbUIM MPUBEICHBI B

tabmurie 3.3.
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Tabmuna 3.3 - [Ipinsiiass cmocoOHOCTH — TBUIM,  OOpa3ylollelcs  Mpu

MEXaHU4YEeCKOM 00paboTKe TPEeBECUHBI

[Topona JlucrieprupyemocThb I'pynma
JIPEBECUHBI I1, %
COCHA 62
MMUXTa 60
JIUCTBEHHUIIA 57 OBUISIIINE
oepesa 52
ay0 54
SICCHD 55

K peonornueckum cBOHCTBaM MbUIM OTHOCSTCA apKOOOpa3oBaHuUE,
a’3pUPOEMOCTD U ChHIITYUYECTb.

OxkaspIBaeTcs, MbUIb CIOCOOHA K OOpPa30BaHMUIO JOCTATOYHO YCTONYHMBOM
CBOJIOBOM CTPYKTYpbl. JTa CIOCOOHOCTh, Ha3bIBaeMasi apKoOOpa30BaHUEM,
oOyCJIaBIMBAET 3aBUCAaHUE MOPOIIKOOOPA3HOTO Marepuajiga HaJ BbITYCKHBIM
orBepcteM [48, 25]. OCHOBHBIMHM IIOKa3aTEIsIMM CKJIOHHOCTH TMbUIA K
apKkoOOpa30BaHUIO  SBJIAIOTCS  JMCHEPTUPYEMOCTh M KJIACC  CHIIYYECTH.
DKcnepUMeHTAlIbHAsT OIICHKAa apKooOpa3oBaHUs [JIsl IMbUIM, BO3HUKAIOUIEH MPHU
00paboTKe pa3IMYHBIX APEBECHBIX TOPOJ, AACT pPE3yJbTaThl, NMPUBEIACHHBLIE B
tabmure 3.4.

OCHOBHO# XapaKTEPUCTUKOMN CHITyYeCTH SIBISIETCA CIOCOOHOCTh MaTepuaia
00pa3oBbIBaTh AUCKPETHO-HENPEPHIBHBIA yCTOWYMBBIA NOTOK. CyIIECTBYET CEMb
Ki1accoB  ceimydectd [48, 25]. CeimydecTh OILICHHMBAETCS C  MOMOIIIBIO
JUHAMUYECKOTO yrja €CTECTBEHHOTO OTKoca. Pe3ynpTaThl Takol OLEHKU
IpeacTaBleHbl B Tabnuie 3.4.

CrocobHOCTh MaTepuana K 00pa30BaHHIO TICEBIOOXKUKEHHOW CHUCTEMBI C
JaBUHOOOPA3HBIM HEYCTOWYMBBIM MCTEUEHUEM HA3BIBAECTCS a’pUPOEMOCThIO [48,
25]. CymiectByeT MATH KJIACCOB, HAa KOTOPBIE TMOPOIIKOOOpPA3HBIC MPOMYKTHI
JEISATCA [0 ATOMY IOKa3aTelio (C YYETOM PACHbUISEMOCTH M CHITYYECTH IbLIN)

[48, 25]. JlaHHBIE 11O OIIEHKE adpUPOEMOCTH BTN CM. B Tabmute 3.4.




Tabmuma 3.4 -

XapaKTepI/ICTI/IKI/I ITbIIN, BO3HMKAIOIICH IIpu MEXaHUYECKOU

00paboTKe APEBECUHBI

ITopona Knaccrl
JPEBECHUHBI apkooOpa3zoBaHUs CBIITy4eCTH a’pUPOIMOCTHU
COCHa cnaboe - 2 xopormias - 3 oosbias - 4
UXTa cimaboe - 2 xopormas - 3 Oomnpmas - 4
JMCTBEHHHULIA ciaboe - 2 xoporas - 3 Oonpmias - 4
Oepesa cnaboe - 2 xopomias - 3 Oosbias - 4
y0 ciaboe - 2 xopormas - 3 Oonbas - 4
SCEHb ciaboe - 2 xopomas - 3 Oonpmas - 4

Wtak, nbUIb XapakTepu3yeTcs JOBOJBHO XOPOIIEH CHIMYYECThIO, BEChbMa CIa0bIM

apKOO6pa3OBaHI/I€M 1 3HAYUTEIBbHOM APHUPOCMOCTBIO.

CMaunBaeMOCTh I[pGBCCHOfI IbJIM 3aBUCHUT OT IIOPOAbI APCBCCHHLI. CampIMH

JydIIMMH IIO0Ka3aTCIIIMU CMAa4YMBACMOCTH 06J1azxaeT IbJIb SICCHA W KpPaCHOTO

ACpPCBa. CMauynBaeMOCTh HpeBeCHOﬁ INbUIX MOXHO ONICHUTL IIO BCJIMYMHC YIJId

cMaynuBaeMoCTH[48]

e Oy —

cos® = o,

- O-X{I'/O-)KT 5

IMOBEPXHOCTHOC HATAKCHUC HA I'PAHULIC TBEPAOC TCIIO — ra3;

IMOBCPXHOCTHOC HATSXKCHHUC HA I'PAHULIC )KUAKOCTD — I'a3;

IMOBCPXHOCTHOC HATAKCHHC Ha TI'PaHUIC KHUIKOCTb — TBCPAOC

TCJIO.

VYcpenHeHHas: BeIMUMHA yria CMauyMBaHUs ISl 4acTUl] nfuameTpoMm meHee 200

MKM ISl Bce€X mopoA npeBecuHbl paBHa 0,9240,04, yto ompeaensieT APEBECHYIO

MBI KaK THAPOPUITHHYIO.
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Tak ke, Kak W JIpyrHe a’po30Jid, YAaCTULBl APEBECHOM MBUIM HEMPEPBIBHO U
CaMOIIPOU3BOJIBHO  KoarynupyroT. [lpu yBenWYeHUM KOHIEHTpPALMU IIbUIX
CKOpPOCTh KOAryJsilMM 3HAYUTEIIbHO yBEIWYMBAETCS. Tak, JJIs 4acTUIl Bsi3a IPHU
KoHIeHTpamy 10° yactui/cM® BpeMs, B TEYCHHE KOTOPOTO YHCIO YACTHIL
YMEHBIIAETCS BABOE, COCTABIISIET 5 CEKYHJ, TPU KOHLIEHTPALUH 10’ gactuyem’ —

1,5 4.

3.3 UccaenoBanue a3poMHAMNYECKHUX XaPAKTEPUCTHK APEeBECHOM NbLIN

B kauectBe o00BeKkTa WHcCiIeaOBaHHS ObLIa B3dATa JIPEBECHAS]  MbLIb,
oOpazyromiasicss B nporiecce uumdoBanus. JlJiss TOYHOCTH PE3YyIbTATOB
oToOpaHHas rpoOa ObLIa MPOoCYyIeHa, MOCJe Yero pasjieJieHa Ha PaBHBIC YacTH IO
50 wmr. Ilepen nmpoBeaeHHEM SKCIIEPUMEHTA MTPOObI HAHOCWIIMCH HAa YHMCTBIM JUCT
OyMaru ¥ paBHOMEPHO IO HEMY paclpeaessuiuch. s mpoBeneHus OOJbIIOTO
KOJIMYECTBA CEpU UCCIEIOBAHMI, B KaueCcTBE MprUOopa ObLI BEIOpAH BO3TYIIHBIN
CEIMMEHTOMETP, MPOWJUTIOCTPUPOBAHHBIN Ha pucyHke 3.9. PacmbeuieHune nbpun
MPOUCXOUT PE3KUM BO3IYIIHBIM TOJYKOM, OOJIAKO THUIM TOMANAET B BEPXHIOIO
4acTh MWJIMHJPA (TTOCJIE YeT0 BEPXHIOK YacTh HWJIMHAPA HAKPHIBAIOT KPBIIIKOH), U
noJ JEHWCTBUEM CHJI TSKECTH YacCTUIbI C PA3IUYHOM CKOPOCTHIO OCEHAIOT Ha
JIMIIKYIO JIEHTY, YII0KEHHYIO Ha JICHTOUHBIN TpaHcropTep. JIumkas ieHTa peIBKaMu
nepeMeIiaeTcss B paBHbIE TNPOMEXYTKH  BpeMeHU. bbuin  mpoBeneHbl
AKCIEPUMEHTAIbHbIE UccienoBanus no 10 cepuil yepe3 MHTEpBaIbl ocenanus 1 ¢
u 2 c [48].

ITo mosiydeHHBIM JaHHBIM YCTAHOBJICHO, YTO Ha MEPBBIX CEKYHJaX OCEHacT
KpYIHOIMCIIEpCHAs ThUTh AuaMeTpoM Oosee 20 Mkm. CKOPOCTh OCENaHUs YaCTHI

JIPEBECHOM MbLIW TIpUBEICHa B Tabmumile 3.5.
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HBLTh -
I CHATLIA BO3AYX

- R,

€3 i i =

PucyHok 3.9 - DkcnepuMeHTalIbHasl yCTaHOBKA.
1 — cenmuMenTaMOHHBIN HUAUHAP BeicoTOo H=2200 MM 1 tuameTpom
d=175 mm; 2 — mozcTaBka; 3 — IEHTOYHBIN TpaHCIIOPTEP; 4 — pacHbUIUBAIOIICE

YCTPOMCTBO
TabOmuma 3.5 - CKOpOoCTh OceaHus 4acTUIl IPEBECHOM TbLIN
Bpewms CkopocTb Bpewms CkopocThb
oceJaHusl, C ocenaHus v, M/c oceJaHusl, C ocegaHus v, M/c

2 v>1,1 8 0,27<v<36
4 0,55<v< 1,1 10 0,22<v<0,27

6 0,36<v<5,5 12 0,1<v<0,22

30 0,02<v<0,1

Ha ocHoBe MoOjy4YeHHBIX NAaHHBIX ISl JAPEBECHOW MbLIM, oOpasyrolencs B
npouecce nUM(OBaHUA, BBISIBICHAa Tpaduyeckas 3aBUCUMOCTb, CKOPOCTH

OCEIaHMsl YaCTHUIl APEBECHOM MBUIM OT CPEIHETO IKBUBAJIEHTHOIO JUaMeTpa (puc.

3.11).
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Pucynok 3.10 — MHTErpanbHble KpUBBIE pACTPENEIICHUS MACChl YACTHUI[ 110
JyaMeTpam JIPEBECHOM IbUIN, OCEBIIEH B CEIMMEHTALIMOHHOMN TpyoOe.
1 —uepe3 2 c; 2 —uepe3 4 c; 3 —uepe3 6 ¢c: 4 —uepe3 8 ¢; S —uepes 10 c;
6 —uepe3 12 ¢, 7 —uepe3 30 ¢

v, m/c
1.2 /L
L
1 A ri
0.8 - ri 7
4
{ B
0,6 4 ]
d N 3
0,4
ol
| rd
b
0,2
0 T 1
35 40

0 5 10 15 20 25 30
du, MEM

Pucynok 3.11 — I'panutibl u3BMeHEHU 3aBUCUMOCTEN, XapaKTEPU3YIOIINX
CKOPOCTb OCEaHMsI YaCTULl JPEBECHOM MBUIH.
1 — MuUHUMAasbHBIE KBUBAJIEHTHBIE uaMeTphl (0,5%); 2 — MeuaHHbIe
sKBUBaJIEHTHbIE quamMeTpbl (50%); 3 — MakCuMasbHbIe SKBUBAJICHTHBIE IUAMETPBI
(99,5%).
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BriBoa: mpu MakcumanbHOM ckopocTy 1,1 M/c yacTuiibl uMeroT auamerp ot 11
710 28 MKM, a MPU MUHUMAJIbHOM CKOpPOCTH ocefaHusi paBHou 0,1 m/c yacTuiisi
UMEIOT uaMeTp ot 1,1 MKM 10 9 MKM.

Omnpenenenue reomerpuueckoro kosdduimienta GopMbl 4acTUIl U CPEIHETO
SKBUBAJICHTHOTO JJMAMETPA YACTHIL dyc, BBIITOJIHAIOCH C IOMOLIBIO KOMIIBIOTEPHOM
nporpammbl  DUST [82]. [ns omnpenesieHUs CPEIHETO TE€OMETPHYECKOTO
kodpdunmrenta ¢opmbel yactur, [38] mporpamMma  BBITIOJHSET —CISAYIONINE
oreparuu:

- OIIpEJIETICHNE PEATIbHOM TIIOIIAIA YACTHIL;

- ompe/eneHrne HanboIbIIEro uaMeTpa YacTHll,

- moabop wyactull B (QopMe »HiMIca C OChI0 «a», COOTBETCTBYIOIICH
HauOOJIBIIEMY TIUAMETPY YACTHII C TUIOMIAAbI0, PABHOM IIOIIAIA YaCTHIIBL;

- OTIpEJICTICHUE BEJIMUYUHBI OCU «BY» JJLIUIICA;

- pacuet ko3 uimeHTa reoMeTpuIecKoi (hOpMbl YACTHUII, KAK OTHOILIIEHUE OCH
«B» K OCH «ay;

- pacuet cpenHero korduimenTa reomeTpuaeckoi opMbl YACTHUIL C TAHHBIM
SKBUBAJICHTHBIM IUAMETPOM.

B Tabmune 3.6 mpencTaBieHBl NONYyYEHHBIE 3HAUYEHUA do, U P. ¢ ydeTom

CKOPOCTH OCEIaHUsI YACTHIl JPEBECHOM MBUIH B CEIMMEHTAIIMOHHOMN TpyoOe.

Ta6nuna 3.6 - 3HadyeHus koddduimenta ¢GopMbl YACTUI] U CPEIHETO
AKBUBAJICHTHOTO TMaMETpa YaCTHII

CxopocTb ocenaHus 1719 D,
YaCTHIL, M/C

6oxee 1,1 31,45 0,45

ot 0,55 no 1,1 21,1 0,49

ot 0,36 10 5,5 17,3 0,53

ot 0,27 mo 36 11,0 0,57

ot 0,22 10 0,27 8,20 0,61

ot 0,1 10 0,22 7,84 0,66

ot 0,02 10 0,1 3,2 0,71
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[Io mnomyyeHHBIM JaHHBIM ObLIa TOCTPOCHA 3aBUCUMOCTH  CPEIHETO
DKBHBAJIECHTHOIO JHAaMETPa YaCTULBl d,p, OT CPEAHEr0 TIE€OMETPHYECKOrO
kodpdummenta ¢opmbr D, (pucyHok 3.12). Pe3ymprarhl 3KCIEPUMEHTOB
MOKA3bIBAIOT, YTO CKOPOCTh OCEMAaHUs YAaCTUIl YMEHBIIACTCS MPH YMCHBIICHUU
DKBUBAJICHTHOTO JHaMeTpa ¥ YBEIUYCHUH TeOMETpHUecKoro Kkoddduimenta
(GbOpMBI YacTHII, T.€. CTENICHN OKPYTJICHUS YacTUIl. AHAJIN3 3aBUCUMOCTH TOKa3all,
YTO KPYITHBIC YaCTHUIIBI UMEIOT UTII000pa3Hyo (opMy ¢ 3aMETHBIMH H3JIOMaMH H
Pa3BETBJICHUSAMHU, a CPEIHUNA TEOMETPUYECKUU KOIPODUIIMEHT HAXOAUTCS B

npenenax 0,45-0,66.
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Pucynox 3.12 — 3aBUCHMOCTB CPETHETO T€OMETPUUECKOTO KOI(PPUIIUECHTA
(GbOpMBI YaCTUI] OT CPETHETO IKBUBAJIEHTHOI'O IUAMETpa

VYpaBHeHUE CBS3M MEXKIY CPEAHHUM TE€OMETPUUYECKHM KOod(DpuimeHTom
(GbOpMBI YACTHI] M CPETHUM DKBUBAJICHTHBIM THaMeTpoM (puc. 3.12) umeet BUA:
&, = 0,67 —0,007d,,. (3.10)
Ha ocHOBe moJsiy4eHHBIX paHee NaHHBIX O CPEAHEM AKBHBAJICHTHOM JAHAMETPeE
U CpeIHEero reomMerpuueckoro koddduimenta (GopmMbl YacTHIl IS KakIOM
CKOPOCTH OCeJIaHusl, ObLIN MOCTPOEHBI IPaMKH 3aBUCUMOCTH CKOPOCTH OCEIIaHMs

YaCTHIl JPEBECHOM MBLIU OT 3TUX TMOKa3arenei (puc. 3.13, 3.14).
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Pucynok 3.13 — 3aBUCUMOCTb CKOPOCTH OCEJJaHUS YaCTUI] IPEBECHOM MBLUINA OT
CPEIIHETO SKBUBAJIEHTHOTO AHaMETpa
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Pucynok 3.14 — 3aBUCUMOCTHh CKOPOCTH OCEIAHUS YACTHUIL APEBECHOM TBIIN OT
CPEIHEr0 reOMEeTpUUYEcKOoro ko3gduuuenta Gopmbl

3.4 Ucnosb30BaHue METOa pacCeYeHUs IPH aHAJIM3e JUCIIEPCHOTO0

CoCTaBa NIbLIIN

JInst aHanm3a NOJIy4YEeHHBIX pe3yJIbTaTOB AUCIIEPCHOTO COCTABA MPEIJIAraeTcs
HCIOJIb30BaTh METOJI «pacceueHMs», NMpeaioxkeHHbn AzapoBeiM B.H. [2, 3, 60],
COTJIaCHO KOTOPOMY PacCMaTPUBAIOT OTIACIBHO MEIKUE U KPyMHbIC (HpaKivH, T.€.
WHTETPpaIbHYI0 (YHKIIMIO pacTpeiesIeHUs] MacChl YaCTUII IO AUAMETpaM 3aMeHsIeM
Ha JIBE: OJIHA UHTETpalIbHAs KpuBasi DM — st Menkux dpakuwmid, npyras Dkp — mis

KPYHHBIX (pakiui.
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Pucynok 3.15 — HTerpanpHas KpuBasi paclpeaeieHus: MacChl YaCTHULL 110
JaMeTpaM B BEPOSTHOCTHO-JIOTapU(PMUUECKON CETKE AJIsi APEBECHOM MbUIH
JUIsi mpoBeneHusl aHaiau3a IMPOBEACM paccedeHue 1o auamerpy 11 Mxm.
3nauenne 11 MKM BbIOpaHO HMCXOAS M3 COOOpaKEHHMH yA0OCTBa IMPOBEACHHMS
pacyera U TOYHOTO OTOOPaKEHUSI MOJYUYEHHBIX PE3yIbTaTOB.
3areM MOCTPOMM HHTErpalibHble (YHKIUMH pACIpEeAeSeHUs] MacChl YacCTHI
oTaeNbHO s mbu 10 11 MxM u meutm Gosiee 11 mxm. IlpoBegem 3To
«paccedueHue» sl KpuBoil (puc.3.15) W mpeacTaBUM IOJTYYEHHbIE 3HAYCHUS
UMHTErpalibHbIX (YHKUMA pacnpeneneHuss Ha puc. 3.16. Pe3ynabTaThl pacueToB

cBelieM B Tabsumity 3.7.
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Pucynox 3.16 - nterpanbHas KpuBasi pacnpeiesIeHUus MacChl YaCTHIL O
JMaMeTpam B BEPOSITHOCTHO-JIOTapU(PMUIECKOM CeTKe JJI JPEBECHOM MBI MOCTIE
MIPOBENICHUSI METOJIa «paccedeHus»: 1 - 1y Menkux yactuil (Menee 11 Mxm);

2 - nyist kpynHbix yactull (11-34 mxm).

Tabnuna 3.7- [TpouenTHoe coaepxkaHue wyacTull (oOmiasi, OTAENbHO IO
MEJIKOW U KPYIHOU (ppakuun)

d, MkM D, % D, % menk D, % xpynn
710 paccedeHus MOCJIE PACCEUEHHS
1,58 0,005 0,09
2,163 0,016 0,30
3,16 0,061 1,14
3,87 0,168 3,15
4,468 0,263 4,93
5,089 0,334 6,27
6,49 0,72 13,51
7,597 1,367 25,65
8,094 1,655 31,05
10,116 2,903 54,46
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IIpooonocenue mabauywl 3.7

pacceuenue no 11 Mkm
11,087 5,436 0,11
12,186 7,309 2,09
13,075 8,521 3,37
18,525 13,382 8,51
19,236 17,239 12,58
26,258 27,051 22,94
30,649 42,654 39,43
33,256 78,338 77,12
34,191 100 100,0

AHaJIN3 TOJYYEHHBIX PE3YJIbTATOB MO3BOJIAET CHEJIaTh BBIBOJ O TOM, 4YTO
JIOJIS TBUTH MEJIKMX (Ppakiiuii pasmMepoM MeHee 3 MKM He mpeBbIaeT 3%, mo3aTomy
NPEANOYTUTENIEH  BBIOOp  MBUICYJIOBUTENS, Y  KOTOPOrO  TEOPETHYECKHU
pacCUMTaHHbIA dypyrye (AMAMETP YACTHIL, KOTOPHIE IIOJHOCTBIO YJIABJIHMBAIOTCS)
oOecrieunBaerca He MeHee 97%. bonee TOYHO HEOOXOAUMO YYHUTHIBATH
7 (HEKTUBHOCTH MBIJICYJTOBUTENS HA YaCTHIAX MbUTM MeNKuX (pakuuii. B manHOM
ciydae 3(pGEeKTUBHOCTD YJIABIMBAHUS UM, KOTOpas OMHCHIBACTCS B «JICBOW
yactu (puc. 3.16), umeet napamerpsl D5y — 7,8 MKM.

Hampumep, mns anmapata B3I1-200 ¢ oOpaTHBIM KOHYCOM W KOHHUYECKUM
3aKpy4yMBaTeNieM MOTOKAa HMXKHErO BBOJA CTEIMEHb MPOCKOKa coctaBuia 11% mis
YacTHUI MbUIH MeNKuX ¢pakuuid. CienoBaTeabHO, MPOCKOK MENIKON NMbUIM B 00LIEH
nbutr paBeH 0,03-0,11=0,33%. 3amava moBbiieHus d(PGEKTUBHOCTH ISl JaHHOU
MBUTM CBOJUTCS K TMOBBIIICHUIO HAJIG)KHOCTU YJIABJIMBAHUS MbUIMA, pa3Mep 4acTHIl
KoTopoil umeer auameTp Oosnee 11 mxm. K coxkanenuro, TeopeTHdecKue pacyeThbl
oy VL1 LIUKJIOHOB M JPYTUX WHEPLUUOHHBIX allapaToB 3adacTyl0 He
COOTBETCTBYIOT MHOTOYHMCJICHHBIM OMNBITAM U JSKCIEPUMEHTAJIbHBIM JaHHBIM.
[IpuumHOM dTOrO sIBIsieTCS  «d((EKT TMPOCKOKA KPYIHBIX YaCTHUID IS
MBUICYJIOBUTENICH Majoro JuaMeTpa, uTo, HalpuMep, MmokazaHo B padorax B.H.

A3zaposa, /I.B. JIlykanuna [3, 58].
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[TosToMy mnpu pEKOHCTPYKLMH OpraHU3al OTcOCa W3 LUKIOHA BaXXHO
YUUTHIBaTh 3TOT A(G(HEKT MpH OYHUCTKE BO3yXa, MOCTYIMAIOLIETO B HEOOJBIION

MIBUJICYJIOBHUTCIIb.

3.5. AHa/IU3 AUCHEPCHOI0 COCTaBa NbLIM MPH OCHOBHBIX MpoLeccax
00padOTKH CTPOUTEJIbHBIX MATEPHAJIOB U3 JPeBEeCHHbI

AHanu3 IUCIepCHOr0 COCTaBa MbLIM MIPU OCHOBHBIX IMpolleccax o0paboTKU
CTPOUTEIBHBIX MaTepUaliOB M3 JIPEBECHUHBI MOKa3aj, YTO WHTErpajbHas KpUBas
pacrpeiesieHrss MacChl YacTHIL IO AUAMETPaM B BEPOATHOCTHO-JIOTapu(PMUIECKOM
CeTKE HJisi JAPEBECHOM MbUIM IO3BOJSET YTOUYHUTH PE3YyJbTaThl psAAa JIpPYrux
uccienosarenenn [57, 104]. IIpoBeneHHble uCCIEenOBaHUS IHCIEPCHOTO COCTaBa
MO3BOJIWJIA MOCTPOUTH AUANA30Hbl U3MEHEHHUs JUCIEPCHOrO0 COCTaBa MbUIM, IS
Yero ObUTM NOCTPOEHBI BEPXHUE U HIXKHHUE OIMOAOIIHeE.
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Pucynok 3.17 - /InanazoHbl ”3BMEHEHUS IUCTIEPCHOTO COCTaBa APEBECHOM
IIBUTH TIPH TIpOIeccax MUJIeHUs: | - BEepXHss orubaromas quama3oHa n3MeHSHHUS
WHTErpaIbHON KPUBOM pacnpeesiCHUs] MAaCcChl YaCTHIL 110 JUaMETpaM I10
AKCIIEPUMEHTAJILHBIM JIAHHBIM aBTOPA; 2 - HWKHSSA oru0aroIias Juarna3oHa
W3MEHEHUS] MHTErPAIbHOM KPUBOM pacipeeieHUs MacChl YaCTHII 110 JUaMeTpam
0 DKCIEPUMEHTAIBHBIM JaHHBIM aBTOPA; 3 — SKCIIEPUMEHTAIbHBIC 3HAYCHUS
corjacHo aAaHHbIM JlankaeBa A.I'. [57]
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Pucynok 3.18 - Jlnana3zonsl "3MEHEHUS ITUCIIEPCHOTO COCTaBa APEBECHOM
MIBUTM TIpH Tipolieccax (ppe3epoBanus: 1- BepxHsis orudaroIias Auana3oHa
M3MEHEHUS MHTETPAJIbHOW KPUBOU pacnipeaeICHUsl MacChl YaCTHUI] MO IUaMETPam
10 PKCTIEPUMEHTAIBLHBIM JAHHBIM aBTOPA; 2 - HUKHSISI OrM0arolas iuana3oHa
M3MEHEHUS MHTETPAJIbHOW KPUBOU pacipeaeICHNsI MACChl YACTHII [0 TUAMETPAM
10 SKCIIEPUMEHTAIIBHBIM JAHHBIM aBTOPA; 3 — SKCIIEPUMEHTAJIBHBIE 3HAUEHUS
corjlacHo gaHHbIM JlankaeBa A.T". (Tabnuma 1.2) [57]
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Pucynok 3.19 - J/Ilnana3onsl "3MEHEHUS TUCIIEPCHOTO COCTaBa APEBECHOM
MIBUTM TIPU Mpolieccax CBepJieHUs: 1- BepXHsis orudaroias quana3oHa u3MEeHEeHUs
MHTErPAIBHON KPUBOM PACPEICIICHUS MACChl YaCTUIL IO JUAMETPaM I10
AKCIIEPUMEHTAJILHBIM JIAaHHBIM aBTOPA; 2 - HWXKHSISI oru0arorias Juana3oHa
V3MEHEHUS UHTETPaJIbHOW KPUBOU pacpeesICHUs] MacChl YACTHULL 10 JUAMETPaAM
[0 SKCIEPUMEHTAIBHBIM JaHHBIM aBTOPA; 3 — 3KCIIEPUMEHTAIbHBIE 3HAYEHUS
coriacHo naHHbIM JlankaeBa A.I'. (Tabnuna 1.2) [57]
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Pucynox 3.20 - JInana3zoHbl U3MEHEHUS TUCIIEPCHOTO COCTaBa APEBECHOM
IIBUTH TIPH MPOIECCax CTPOTaHMs: 1- BepXHss orubdaromas auana3oHa n3MeHCHHS
HMHTETPaIbHON KPUBOU pacnpeesIeHrs] MacChl YaCTHI] IO TUaMETpam 1o
AKCIIEPUMEHTAJILHBIM JJAHHBIM aBTOPA; 2 - HWXKHSISI orubarorias Juana3oHa
W3MEHEHUS] MHTErPAIbHOM KPUBOM pacipeeieHUs MacChl YaCTHII 110 JUaMeTpam
10 PKCTIEPUMEHTATBHBIM JAHHBIM aBTOPA; 3 — dKCIIEPUMEHTAIbHBIC 3HAYCHUS
corjlacHo naHHbIM JlankaeBa A.T". (Tabnuma 1.2) [57]
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Pucynoxk 3.21 - J/Inana3zoHsl U3MEHEHUS TUCIIEPCHOTO COCTaBa APEBECHOM
MBUTK TIpU mponieccax nuindoBaHust: 1- BepxHsig orudaroias 1uana3oHa
W3MEHEHUS] MHTETPaJIbHOM KPUBOU pacipeiesieHUust MacChl YaCTHIL 110 AUAMETPaM
0 SKCTIEPUMEHTAJILHBIM JaHHBIM aBTOPA; 2 - HUXKHSIS OTHOaroIas quana3oHa
U3MEHEHUSI MHTETPaIbHOM KPUBOU pacipeiesieHrus MacChl YaCTHII 110 AHaMeTpam
0 SKCIIEPUMEHTAIBHBIM JaHHBIM aBTOPA; 3 — SKCIIEPUMEHTAIbHbIC 3HAYCHUS
coriacHo naHHbIM JlankaeBa A.I'. (Tabnuna 1.2) [57]; 4 — skcniepuMeHTaIbHbBIC
3Ha4YeHUs coryiacHO JaHHbIM DKObI C.U. [104]

JIns  OUEHKM SKCHEPUMEHTAIBHBIX JAHHBIX  HCIOJIB30BAJCS  METO[
ornlecHuBanusi JleBenOepra-Mapkapa Ha ypoBHe HaaexkHocTH 95%. Huxke
MIPE/ICTABIICHBI B JIEKAPTOBOM CHCTEME KOOPAUHAT BEPXHUE U HIDKHUE OTHOAIOIITHIE
JIMAna30HOB M3MEHEHMS JUCIIEPCHOTO COCTaBa JIPEBECHOM MBUIM MPU Mpolieccax

nuJeHus, ppe3epoBaHusi, CBEPIICHUS, CTPOraHus U NUIM(OBAHMSL.
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Pucynok 3.22 - BepxHsst orudaroiias auana3oHa U3MEHEHHs IMCIIEPCHOIO COCTaBa
JPEBECHOM IBUIM MPU IIPOLIECCAX TUIICHMUS.
Koaddumment xoppensuun aiis nogodpanHoit mogenu R = 0,988.
@OyHKIUS 3aBUCUMOCTH UMEET BUJ:

D =-0,0065d% +1,175d +13,649
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Pucynok 3.23 - HikHss1 orubaroias quana3oHa U3MEHEeHHs TUCIIEPCHOTO COCTaBa
JPEBECHOM MbLIY MPU MPOLIECCAX MUIICHUS.
Koaddunment koppensiuu 11 nogoopanHoit moaenu R = 0,99.
DyYHKIHUS 3aBUCUMOCTH UMEET BUJL;

D =-0,000084> +0,0213d? —0,703d + 4,143
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Pucynox 3.24 - BepxHsis oru0aroias Juana3oHa U3MEHEHUS JUCIIEPCHOIO COCTaBa
JPEBECHOM MBUIH MpU Ipolieccax ppe3epoBaHusl.
Koaddunment koppensiuu 11 nogoopanHoit moaenu R = 0,99.
@yHKIMS 3aBUCUMOCTHA UMEET BUL:

D =0,0079d> +0,3535d — 6,4246

Mogene: vZ=a*v1"2+b*vi+c
=, D024 3824+, 10477 1) +{-5,07)

=20
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Pucynok 3.25 - HiokHss1 orubaroias quana3oHa U3MEHEeHUs TUCTIEPCHOTO
COCTaBa JIPEBECHOM MbLIX MPH Tporieccax dhpe3epoBaHus
Koaddunment koppensiuu 111 nogoopanHoit moaenu R = 0,97.
OyHKIMSA 3aBUCUMOCTUA UMEET BU/I;

D =0,00244d? +0,10477d — 6,07004
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Pucynok 3.26 - BepxHsis orudaroias Juana3oHa U3MEHEHUS AUCIIEPCHOIO COCTaBa
JIPEBECHOM TBLIU MIPU MPOLIECCAX CBEPIICHUSI.
Koaddumment koppensiuu 11 nogoopanHoit moaenmu R = 0,99. @dyHkius
3aBUCHUMOCTH UMEET BUI:

D =-0,0005184> +0,07597d* —1,67176d + 8,67669

Maogent: vZ=c+a“exp{t®v 1)
y={-26, T3 121, 4388} eccp(| DOESBG) ")
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Pucynox 3.27 - HukHsg orubaroniasi 1uarna3oHa u3MEHEHUs JUCTIEPCHOTO COCTaBa
JIPEBECHOM TBUTH MPH MPOIIECCAX CBEPIICHHUS.
Koaddurment xoppensiiuu anis nogoodpanroi moaenu R = 0,98.
DyHKIUS 3aBUCUMOCTH UMEET BUI:

D=-26,73+215-¢%0
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Mogene: v2=a*v1 t3+b™v142+c™v1+d
y=I-, 40e-4*x 3+, 008808)"x "2+, 743527 c+-11,89)

o 20 40 80 20 100 120 140 160 180 200

Pucynok 3.28. - BepxHsis orubaromas Juana3oHa U3MEHEHUS AUCIIEPCHOTO
COCTaBa IPEBECHOU NBLIM IIPH IPOLIECCAX CTPOTaHUs.
Koadduument koppensaiuu a1 nogoopanHoit moaenu R = 0,99.
@DyHKIMS 3aBUCUMOCTH UMEET BUJI:

D =-0,0004d> + 0,00681d? + 0,74353d —11,89

Mopgenk: v2=a*v 1°2+b*v 1+
y=(, 001607 Fx"2+(, 035929 x+-1,662)
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Pucynox 3.29 - HwxkHsa orubaroniasi 1uamna3oHa U3MEHEHHUS JUCTIEPCHOTO COCTaBa

JPEBECHOM MBLIU TIPH MpOoLIeccax CTPOraHusl.
Koaddunment koppensiuu 11 nogoopanHoit moaenu R = 0,99.
DyHKIMSA 3aBUCUMOCTUA UMEET BU/I;

D=0,00161d* +0,0399d — 1,662
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Pucynox 3.30 - Bepxusig orubaroiias 1uarna3oHa U3MEHEHUS JUCTIEPCHOTO
COCTaBa JIPEBECHOM MBUIX MPH Mpoleccax NIudOBaHUS.
Koaddunment koppensiiuu 11 nogoopanHoit moaenu R = 0,98.
OYHKIMS 3aBUCUMOCTH UMEET BU/I:

D=-0,0577d> +1,949d° —11,6344d +14.9

Mogene: v2=a*v 1"3+b*v 1"2+c*v 1+
y=(- 142-3Fx" 3+ 029123 F2+(- 54341 Fx+(2, 92515)
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Pucynox 3.31 - HmKHsA orubaromias 1uarna3oHa U3MEHEHUs JUCTIEPCHOTO COCTaBa
JPEBECHOM MBUIH MPH Tpolieccax numdoBaHus.
Koaddurment xoppensiiuu anis nogoodpannon moaenu R = 0,99.
DYHKIMS 3aBUCUMOCTH UMEET BUJ:

D=-0,000141d"> +0,029123d? — 0,64341d + 2,925
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ITo IMOJIYYCHHBIM JSKCIICPUMCHTAJIBHBIM AOAaHHBIM ObLIH IIOCTPOCHBI TAKIKC

WHTErpaAJIbHbIE KPUBBIE PACIIPEAEIICHNS MACChl YACTHIL 110 AuameTpam (puc. 3.32).
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Pucynok 3.32 - HTerpanbHble KpUBBIE PACTIPEIEICHNAS] MACChl YACTHUL] I10
JaMEeTpaM MO dKCIEPUMEHTAIBHBIM JTAHHBIM aBTOPA IPH MPOLECCAX
nuQoBaHUs.

AHanmu3upys TOJyYCHHBIE DKCIIEPUMEHTAIbHBIC IaHHBIC, MOKHO CIENaTh
BBIBOJ O TOM, YTO NpH TMporeccax NUIMGOBaHUS HaOIIOAACTCS HAUOOIBITHI
pazOpoc JaHHBIX, T.C. MPUCYTCTBYIOT YACTHUIIBI IMBUTH KaK MEJIKHX, TaK ¥ KPYITHBIX
bpakuumii. Ilpu BeIOOpPE cpeactB OOppOBI C  3aMBUIICHHOCTHIO, CPEACTB
KOJUICKTUBHOM 3allUTHl U BHIOOPE CHUCTEM aCTHMPAIUU CIIETYeT OPUCHTUPOBATHCS

Ha BEpXHUE OTHOAaloIINeE.
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3.6. HccaenoBaHue JTUCIEPCHOr0 COCTaBa MNbUIM MNPH IMpoleccax
Mg oBaHUA

Kak ormeuanochk B psjue uccienoBaHuil [56] Hambosiee TOHKOAMCIIEPCHAs
IBUTH TIOTy4aeTcss mpu numdoBannu. Hampumep, mpu 5TOM omeparuyd 4acTHIL
nem ¢ pazmepamu 100-63 mxm, 63-50 u menee 50 mkm, COOTBETCTBEHHO,
coctaBisgeT 17,16%, 11,8% u 31% wmnmm Bcero 59,96% oT Bcel MacChl HaBECKH
[57]. Tak xak nuridoBaHUE 3aTOTOBOK JaeT MaKCUMaIbHOE KOJUYECTBO IMBUIH, TO
ee JUCIEPCHBIA COCTaB MbUIU XapaKTepHU3yeTcs ciaeayromum odpazom. Hampumep,
no JaHHbIM [57], y mbum 1y0a, B 3aBUCUMOCTH OT HOMeEpa NUIM(OBATILHON
HIKYpPKH, KOJIMYecTBO yactull ¢ pazmepamu 100-63, 63 - 50 u menee 50 MM
coctaisieT B mpeaenax 81,70 - 93,4%.

JlankaeB A.I'. BBIACHWIJ, YTO, YEM MEHBIIE HOMEP IWIKYPKH, TEM TOHBIIE
NblIb, TOJMy4Yaemasi INpu oOpaboTke 3arotoBok. Hampumep, mo pesyibTaTam
UCCIICIOBAHUM JTUCIIEPCHOTO COCTaBa TbUIM, MPOBEICHHBIX AaBTOPOM, IIpHU
nudoBaHuM Jetaneid mkypkoid Ne 8 yactuil mbutm ¢ pazmepom meHee 50 MKM
conepxutcs 68-79%, torma kak mnpu nuMdoBanuu mkypkamu Ne 25 u 32,
cooTBeTcTBeHHO, 50-55% wu 46-52%. B paborellankaeea A.I'. [57]
MPOCJIC)KUBACTCS TaKas K€ 3aKOHOMEPHOCTb B JMCIEPCHOM COCTaBE U JIPYTHUX
BUJIOB JIPEBECHOM TMbLIM, YTO MOATBEPKAACT aJCKBATHOCTh JKCICPUMEHTOB U
BBIBO/IbI 00 OMACHOCTHU KaKI0T0 BUJA APEBECHOM MBLUIH.

[Ipu 5TOM B 3KCIIEpUMEHTAX MOATBEPANIIOCH, YTO AUCIIEPCHBII COCTaB IbLIN
BCEX IMOPOJI JIEPEBHEB 3aBUCUT OT HOMEpa IIKYPKHU B HAIPABICHUH KPYMHOCTH €€
3epeH. Uem MeHee HOMEp IIKYPKU, TEM MeJbue MbLIb, MoJTy4daeMas mpu o0padboTke
3aroToBok. Macca vactuil mbutk ¢ pazmepom MeHnee 50 MKM Bcerga Oosee, dyem
Macca yacTtuil 6onee 50 MKM.

JlaHHbBIE SKCIIEPUMEHTOB, IIPOBEACHHBIX aBTOPOM, TaKK€ MOKAa3bIBAIOT, UYTO
Macca 4acThll ¢ pasMepoM MeHee 45 MKM MpeoOiiaiaroT B Kaxaon meutd. Ho ¢

TUTHEHUYECKOM TOYKM 3pCHUA OIIACHOCTb JJIA 3a00JIEBaHHUsI ITHEBMOKOHHO30M
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MPEJICTABISIFOT MBUIMHKH C pa3MepoM MeHee 15 MKM, KOJMYeCTBO KOTOPBIX PE3KO
MEHSETCS 1O MopojaM jAepeBa. Hampumep, mbllb KPacHOTO JepeBa TAaKUX YaCTHI
conepxut 58,8%, a nbuib O6epessl - 37,5%.HaumMenpiee KOIUYECTBO UX Y MbUIU
oepe3sbl (37,5%), a HanbonblIee - y mbUIK siceHs (65,8%). Y IbUM TUCTBEHHUIIBI
ux MeHee (42%), 4yem y nbuiu cocHsl (52,4%).

[To pesynbpTaraM HccleIOBaHUN OBLIM TOCTPOSHBI MHTETPATbHBIC KPUBHIC
pacrpeneNieHdss MacChl YacTHI[ MO0 JUaMeTpaM Ui TBUIH Pa3InYHBIX TIOPOJ

JepeBa, oopa3yroreiics npu nudoBaHUN Pa3HbIMH MKypkamu (puc. 3.33-3.35).

Pucynok 3.33 - uHTEerpanbHble KPUBBIE PACTIPEICITICHUS] MACChI YaCTHI] IO
JTUaMeTpaMm 1o SKCIIEPUMEHTALHBIM JIAaHHBIM aBTOpA MPHU MPoIieccax
nudoBaHus pa3HbIMH MIKypKaMmu (1y0): 1 — mkypka Ne8, 2 — mikypka Ne25,
3 — mkypka Ne32.
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Pucynok 3.34 - uHTerpanbHble KpUBBIE PACTIPEICICHUS] MACChI YACTHI] IO
JUaMeTpaMm Mo SKCIEPUMEHTAIbHBIM IaHHBIM aBTOpPA MPHU IpoLeccax
nuIMoBaHUs pa3HbIMU IIKYpKaMH (cocHa): 1 — mkypka Ne§, 2 — mikypka Ne25.
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Pucynoxk 3.35 - IHTerpanbHbie KPUBBIE PACIIPEICTICHUSI MACChl YaCTHI 10
JUaMeTpaMm Mo SKCIIEPUMEHTAIbHBIM IaHHBIM aBTOpPA MPHU IpoLeccax
nu@oBaHus pa3HbIMU HIKYpKamu (Oepes3a): 1 — mkypka Ne§, 2 — mkypka No25

3.7 Ouenka (pPakUMOHHOIO COCTABA MNbLIM NPH HHBEHTAPU3AIUU
CTAIMOHAPHBIX MCTOYHHUKOB BBIOPOCOB B IMPOU3BOJACTBE CTPOUTEIbHBIX

U3/1eJIUi U3 IPeBeCUHbI

B cootBerctBum co cr. 22 ®enepanbHoro 3akoHa oT 04.05.1999 r. Ne96-Dd3
«O0 oxpane armocdepHoro Bozmyxa» (B pemakuuu ot 29.12.2014 r.)
«fOpunnueckue nuIa ¥ WHIWBHUIYAIbHBIC MPEINPHUHUMATEIIN, OCYIICCTBIISIOIINEC
XO3SUCTBEHHYIO U (WJIM) WHYIO JESITEIIbHOCTh C MCIIOJIb30BAHUEM CTAIlMOHAPHBIX
WCTOYHUKOB, MPU OCYIIECTBICHUN MTPOU3BOACTBEHHOTO IKOJIOTHYECKOTO KOHTPOJIS
B COOTBETCTBHUH C yCTAHOBJICHHBIMH TPEOOBAHMSIMH TPOBOJISAT WHBCHTAPU3AIUIO
CTAI[MOHAPHBIX HMCTOYHUKOB BHIOPOCOB BPEIHBIX (3arps3HSIONINX) BEIIECTB B
aTMocepHbId Bo3ayx». OCHOBHAs I1elb MHBEHTAPU3AlMA — YYET M BBHISBIICHUE

HCTOYHHUKOB 3arpsa3HCHUsA aTMOC(l)epHOFO BO3ayXad. a TaKiKC YCTAaHOBJICHHC
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KaueCTBEHHO-KOJMYECTBEHHBIX  XapPaKTEPUCTUK  BBIOPOCOB  3arpsi3HSIIOIIMX
BemiecTs (3B).

B Hacrosmee BpemMs B AepeBO0OpadaTHIBAIONIEH MPOMBINIIICHHOCTH,
BKJIIOYAsl MPOMU3BOJCTBO CTPOUTEIBHBIX KOHCTPYKUMWA W W3JEIWNA, BCTPEYAIOTCS
pasHble BUABI MOCTYNAKOMUX B arMOoc(hepy TBEPABIX MBUIEBUAHBIX OTXOJOB, IS
KOTOPBIX JOJIKHBI OCYILIECTBISATHCS YYET, HOPMUPOBAHUE U peryiaupoBaHue [87,
107, 108]. IlepeueHb TEXHOJOTHYECKHX IMPOIECCOB W  00OpYyIOBaHUS,
UCITOJIb3YEMBIX B MPOU3BOJICTBE WU3/EIINN U3 JPEBECUHBI, & TAKKE HAUMEHOBAHUE,
KOABbl M HOPMATHBBI KauecTBa aTMOC(EpPHOro BO3/yXa BBIIEISAIOUIMXCA B ITHUX
pou3BOACTBaxX 3B nmpuBeAeHBI B METOIMYECKHUX YKAa3aHUAX MO pacyeTy BbIOPOCOB
3arpsi3HSIIONIMX ~ BEMIECTB B aTMOC(EpHBI  BO3AYyX  NPEANPUITHIMHU
nepeBooOpadaThIBaIOIEH MPOMBIIIEHHOCTH (Ha OCHOBE YAENbHBIX MOKa3aTesei)
(AO «HHUHN Atmocdepa», r. Canxt-lIletpOypr, 2015 r.). Tak, B mexax u Ha
y4acTKax, MPOU3BOJSALIUX CTPOUTENIbHbIE U3/€Nusl (OKOHHBIE U JIBEpHBIE OJIOKH,
JOCKM TI0Jla, IUIMHTYChl), MpPU MEXaHUYECKO 0OpabOTKe [pPEBECHHBI OT
UUPKYJSIPHBIX MHJI W CTaHKOB (TOPIIOBOYHBIX, (DYroBaJIbHBIX, PEHCMYCOBBIX,
CBEPJMIbHBIX, (PPE3EPHBIX, CTPOTAIbHBIX U T.H.) BBLACNSAETCS IPEBECHas MbUIb C
kozoM 2936 (IlepedyeHb U KOABI BEUIECTB, 3arPA3HAIOMIMX aTMOC(HEPHBIN BO3AYX -
AO «<HUUN Atmocdepar, r. Cankt-IletepOypr, 2015 r.). [Ipuyem oOpa3yromiasics
OBUIb XapaKTepU3yeTcsl Pa3sHOOOpa3HbIM (PAKIUOHHBIM COCTAaBOM, JaHHbBIE O
KOTOPOM CO CChUIKOM Ha [14] mpuBOASATCS B HA3BAHHBIX BBIIIE METOIMYECKHUX
yKazaHusx (tabnuma 1.2).

Henp3s HE oTMETHTH, YTO B CYHIECTBYIOUIEW B HAIllEd CTpPaHE IPAKTUKE
ydeTra, HOPMUPOBAHUS U KOHTPOJSI BBHIOPOC MBUIM OT PA3IMYHBIX HCTOYHUKOB
paccMaTpuBaeTcsl B 1eJIoM, 0e3 paszzneneHus Ha (paklMOHHBIE COCTAaBISIOLIUE,
TOTJla KakK OOIEU3BECTHO, YTO HAMOOJBIIMM HETraTUBHBIM BO3JEHCTBUEM Ha
OKPYXAaIOIyl0 NPUPOAHYIO Cpely M OpraHu3M YeJIOBEKa XapaKTepU3yITCA
MbUIEBbIE YaCTUIIBI C pa3mepaMu MeHee 10 MM u 2,5 mkm. U B 3TOil cBs3M elie B
2010 r. B Poccum BBeaeHnl rurueHnuyeckue HopmatuBel ['H 2.1.6.2604-10

«IIpenenbHo gonmyctumble KoHueHTtpauuu (IIJIK) 3arps3Hsiommx BeniecTs
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HACEJICHHBIX MECT», KOTOPBIE€ YCTAHABIMBAIOT 3HAYEHUS MAKCUMAJIbHO Pa30BOU
TIJIK s HA3BAaHHBIX B3BELICHHBIX TBEPJBIX 4acTHI, paHeie 0,3 Mr/m° u 0,16
MI/M° COOTBETCTBEHHO.

C »Toil TOYKM 3peHus sl O0OecHeueHHs] SKOJOTUYECKOM Oe30MacHOCTU
IIPOU3BOJICTBA CTPOUTENBHBIX M3IENHA U3 IPEBECHBIX MATEPUATIOB MPAKTHYECKUI
WHTEpEC MPEJCTaBIsEeT OIEHKAa (PPAaKIIMOHHOTO COCTaBa IbUIM HA BBIXOJE W3
YCTAaHOBOK OOeCHbUIMBaHMS BBIOPOCOB. Takue ucCCieloBaHUs C MCIOJIb30BaHUEM
METOJMKHA MHKPOCKONHMYECKoro aHamu3a [l11] mpoBeneHsl Ha NpeAnpUATHIX
nepeBooopabotku B T. Bomrorpame m B 1. PoctoBe-Ha-/lony. Hekortopslie u3
ITOJTYYEHHBIX PE3YJIbTAaTOB IIPUBEICHBI HA puUC. 3.36.

[IpeacraBineHHble  TrpauuecKue 3aBUCUMOCTH  CBHJIETEIBCTBYIOT O
cienyoomeM.  Bo-mepBeix,  (akTHuecKuid  JHUCIEPCHBIM  COCTaB  IbUIH,
coJiepKalleiicss B BO3AYIIHOM MOTOKE, IMOCTYHAlOUIEM B CUCTEMY MbUICOYHUCTKH,
XapakTepusyercs OOJBbIIMM COACPXKAHUEM MENKUX (pakiui, B CPaBHEHHUH C
JAHHBIMH, TpuBeAeHHBIMUA B Tabimue Nel (puc. 3.36, kpuBas 1). Bo-BTOphIX — B
YIOMSIHYTBIX BBIIIE METOJWYECKHX YKa3aHUSAX TOBOPUTCA O TOM, YTO Ha
MPEANPUATUIX JEPEBOOOPAOOTKH 3aNbIIEHHOCTh BO3/IyXa Ha BBIXO/I€ B aTMOC(epy
He JOo/DKHA mnpeBbimath 60-100 mr/m’. B Hacrosimee BpeMmsi Takoe 3HAYCHHE
KOHILIEHTpAIlMKA TIbUIM, KAk IPaBWIO, HE JaeT BO3MOXHOCTH nocthdb [I/IK Ha
rpanuiie C33. Eciau Bocnosib30BaThCs MOAX0/I0M, KOTOPBIM MO3BOJISIET OIEHUBATH
KOHLEHTPAMI0 MEJIKOAUCIEPCHBIX YacTUIl B BHIOpPOCE KakK J0JI0, PaBHYIO
COJIEp)KaHMIO 3TUX YacTHI] B 3TOM BbIOpoce [57, 11- 13], TO Ha OCHOBE JTaHHBIX,
IPECTABICHHBIX Ha puc. 3.36 (kpuBas 2), MOIy4YaeM, 4YTO KOHLIEHTPALUS YACTHUI] C
pasmepamu MeHee 10 MKM B BBIOpOCE Ha BBIXOAEC W3 IHKJIOHA HE JIOJDKHA
npesbiath 21-35 Mr/M’, KOHIEHTPALMS YaCTHIL C PasMepamMd MeHee 2,5 MKM —

1,5-2,5 M/,
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Pucynok 3.36 — /lucriepcHblid COCTaB IPEBECHOM MBUIM B BO3IYIITHOM
noToke: 1 — Ha Bxojie B 1iukiIoH Ll 'uniponpesmpom; 2 — Ha Beixoi€ B aTMochepy
u3 nukinona L I'mnpoapesnpom

C npyroii ctopoHbl, Ha (OPMHUPOBAHKE MTBUIEBBIX BEIOPOCOB B aTMOCHEPHBIN
BO3JYyX Ha pacCMaTPUBAEMBIX MNPEANPUATUAX BO MHOTOM OKAa3bIBAaeT BIIUSIHUE
opraHu3aiys BO3AyXooOMeHa B  MPOU3BOJCTBEHHBIX TmomemieHusx. [lo
CYILIECTBYIOLIMM HOPMaM MPOEKTUPOBAHUS B LIeXax (Ha y4acTKax) MEXaHUYECKON
00pabOTKH APEBECUHBI IPUMEHSIOTCS CeAyromue pemienus [75, 31]: B XoaoaHbIN
Y TIEPEXOAHBbIM MEPUOABl — OPraHU30BaHHBIM IPUTOK C IOJAYeHd BO3AyXa B
pabouyto 30HY (JIMOO HEMOCPEACTBEHHO B pabOuyl0 30HY, JUOO BEPTUKAIHLHBIMU
CTPYSIMU C BBICOTHI J10 4-X M OT YPOBHS I0Jla) U yJaJICHHE BO3JyXa CHCTEMaMH
MECTHBIX OTCOCOB; B TEIUIbIM MMEPHUOJ] — HEOPTraHW30BAHHBINA MPUTOK YEPE3 OKHA U
BOpPOTa U yAQJICHUE BO3/yXa CUCTEMaMH MECTHBIX OTCOCOB C JIOMOJHEHUEM (TIpu
HEO0OXOIMMOCTH) OOIEOOMEHHON BBITSKHOW BEHTWUJISIIMEH W3 BEPXHEH 30HBI
uexa. HeynoBieHHbIE MbIIEBBIE YACTHUIBI M3 MPOU3BOJCTBEHHBIX MMOMEIIECHUN
BbIOpackIBaeTCss B arMocdepy cucremMaMu OOIIEOOMEHHOW BBITSKKH WM 4epes
OTKpBIThIE TpoeMbl. [losTomMy ObUT HccneoBaH (PaKIMOHHBIM COCTaB TBUIH.
coJIeprKalllelicsi B BO3JlyXe paboueil 30HBI U B BEpPXHEW 30HE Iiexa. B kauectBe

npuMepa MOJYYEHHBIX pe3yJbTaToB Ha puc. 3.37 mnpuBeneHnl TIpaduueckue
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3aBUCUMOCTH, XapaKTCPUIYIOIIUC ,HHCHCpCHLIﬁ COCTaB B3BCHICHHBIX YaCTUIl B

BO3IIYITHOW Cpejie 1exa mpu 00padoTKe IPEBECUHBI HA Pa3HBIX CTAHKAX.
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Pucynox 3.37 — JlucnepcHblil COCTaB MbUIM B BO3/IyXe paboueid 30HbI pU
00paboTKe IPEeBECHUHBI HA CTaHKaX: | — KPYrJIONMWIBbHOM; 2 — (DyrOBaJIbHOM

Takum 00pa3oM, MOJyYEHHBIE O PE3yJIbTaTaM HATYPHBIX HCCIIEOBAHUMN
JAaHHBIC TIOKa3ajM, YTO Ha MPEANpPUITHIX JIepeBOOOPaOOTKM OCHOBHasi Macca
B3BCIICHHBIX TBEPABIX YACTHUIl, KaK B OpPraHU30BaHHBIX, TaK U B

HCOPIraHN30BaAHHBIX BI)I6p003X, INpUXOAUTCA Ha MCIKOIUCIICPCHBIC IIBIJICBBIC

JaCTHIBI.

BbiBOaBI 10 TPeTHEH IJ1aBe

1. B armocdepHbiii BO3AyX MOCTYMAKOT YAacTHUIbI IMBLJIM, OCHOBHAs Macca
KOTOPBIX MPUXOJUTCS HA YaCTHUIIBI ¢ pazMepamu MeHee 20 mkwm. [IpuyemM B Hauase
pabouero AHS B aTMOC(EPHOM BO3IyXe HA TEPPUTOPHUH MPOMIUIONIAJAKU Ha JIOJIO
gactuly PM;, mpuxonurcs 5-10%, B xonne padbouero nus — 9-12%. Ognako Ha

TPAaHUIIC CAHUTAPHO-3AIMUTHON 30HBI COJCPKAHUE MEJIKOJUCIICPCHBIX YaCTHII
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BO3pACTaeT U cocTapiseT: s yactuill PM;y B Hayane pabouero aus 50%, B KOHIIE
pabouero nus — 98%; st wactun PM, 5 — 0,6% u 15% cooTBeTcTBEHHO.

2. HccnmenoBanus a’pOJIMHAMUYECKUX XAPAKTEPUCTUK JAPEBECHOM IBLIN
MOKa3aJld, YTO MPU MAaKCUMaJIbHOU CKOPOCTH 1,1 M/C 4acCTHUIIbI UMEIOT AUAMETP OT
11 mo 28 MKM, a ipu MUHUMAILHON CKOPOCTH ocemxanus paBHOU 0,1 M/c dacTUIIbI
UMEIoT auaMeTp ot 1,1 Mkm 10 9 MKMm.

3. Merox pacceueHusi, TPUMEHEHHBIM [JI aHaiIM3a AUCIEPCHOTO COCTaBa
MIBUTA, JA€T BO3MOKHOCTh YYHTHIBATH JIOJIO MBUTA METKHUX (DpaKIHid Mpy BEIOOpE
ONTUMAJIbHON 3((HEKTUBHOCTH MBLICYTOBUTENS.

4. lucniepcHbIM aHAIW3 MOKa3ajl: MpU mpoleccax NuiMdpoBaHUs HAOIIOIACTCS
HauOOIBIINN Pa30pOC MAHHBIX, T.€. MPUCYTCTBYIOT YACTHUIIBI MBUIM KaK MEIKHX,
Tak U KpynHbIx (pakiuii. [Ipu BeIOOpe cpeAcTB OOpHOBI C 3ambLICHHOCTHIO,
CPEACTB KOJUICKTUBHOM 3alllUThl, M BBIOOPE CHUCTEM acOUpaluu CleayeT
OpPUEHTHUPOBATHCSl Ha BEpXHUE OrvOaOIIMe JAuarna3oHa U3MEHEHHUS WHTErpajbHON

KPHUBOM paclpeiesICHHs] MAaCChl YaCTHUIL IO THaMETPaM.
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I''TABA 4. OQKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUME ITPOLIECCA
HBIJIEYJIABJIMBAHMUA ITIBIJIN B AIIITAPATE B3I11 C OBPATHBIM
KOHYCOM U KOHUYECKHUM 3AKPYUYUBATEJIEM ITIOTOKA
HMWXHEI'O BBOJA

4.1 Onucanue cxembl JJa00OPATOPHOH YCTAHOBKH

DKCnepyUMeHTAIbHbIE HCClieoOBaHUs JI(P(GEKTUBHOCTH YJIABIMBAHUS U
CTEIIEHW IIPOCKOKAa TbUJIM BHUXPEBOIO HMHEPUUOHHOTO TBUICYJIOBUTENIA CO
BCTPEYHBIMU 3aKPYYEHHBIMH IOTOKaMU C OOpaTHbIM KOHYCOM W KOHUYECKUM
3aKpy4HMBaTEIEM IOTOKAa HMKHErO BBOJA IPOBOAWIIMCH HA DKCIEPUMEHTAIBHOU
YCTAaHOBKE, npeacTaBieHHOM Ha puc. 4.1. HccmemoBanus NpPOBOAWINCH CO
NUTMQOBAIBHON JIPEBECHOM MBUIbI0. DKCIEPUMEHTAIBHBIC TAHHBIE CPABHUBAIUCH
C pe3yibTaTaMu HSKCIEPUMEHTOB, MPOBEICHHBIX HA AHAJIOTWYHBIX YCTAaHOBKAX:
cranaaptheiii annapar B3I1 (puc.4.2), annapat B3II ¢ o6patHbiM KoHycOM (puc.
4.3) u anmapat B3II ¢ koHn4yeckuM 3akpyduBaTesieM MOTOKa HUXKHETO BBOA (puC.
4.4)[17, 104].

OCHOBHOM 3JIEMEHT YCTAHOBKH — BUXPEBOW MHEPIIMOHHBIN MBLICYJIOBUTED
CO BCTPEUHBIMU 3aKpyuyeHHbIMH TmoTOKamMu B3Il ¢ oOpaTHbIM KOHyCOMH
KOHMYECKUM  3aKpyuyMBaTeJeM  IOTOKAa  HI)KHEr0  BBOAA,  HMMEIONIUHU
UAJTMHIPUYECKU Kopryc auaMmerpoM 180 MM, BBINOJHEHHBIM M3 OPrCTEKIIA.
BricoTa ¥ mupuHa BEepXHEro BBOJA NEPBUYHOIO IMOTOKA, JUAMETP MaTpyOKa
HIDKHETO BBOJA BTOPUYHOIO ITOTOKA, AUAMETp OTOOHWHOM IIaiiObl M T.J. B3STHI B
COOTBETCTBUM C COOTHOILIEHUEM KOHCTPYKTHUBHBIX MMAPAMETPOB, XaPAKTEPHBIX IJIS
anmaparoB B3Il [4, 21, 61]. [lepen BuxpeBbIM amnmaparoM | mpenycMOTpeEH y3en
M3TOTOBJICHUSI TBUICBO3AYIIHOW cMmecu 2. Pacxon Bo3myxa, MOCTYHArolIEro B
cuctemy, peryinupyercs muoepom 3. COOTHOILIEHHE pPACXOJI0B MbLIEBO3YIIHON
CMECH B BEPXHHX U HUKHUX BBOJIaX B ammapaT peryaupyercs muoepom 4.

Jns  3akpyuuMBaHUA BTOPUYHOTO IIOTOKAa Ha HWKHEM BBOJE B

NbUICYJABJIMBAIOIIMI  anmapaT  YCTAHOBJIEH  KOHWYECKUMH  3aBUXPUTEID,



o0ecneunBaroIInm YCTOMUYMBYIO  PABHOMEPHYIO  3aKpyTKy  IIOTOKa.
[TeeynoButens 1 cHabGkeH OyHKepoM [Js MpuemMa yIOBIeHHON meutd. Ha
BO3JYyXOBOAAaX IIEPBUYHOIO W BTOPUYHOIO IIOTOKOB, OYMILEHHOIO ras3a JJis
IIPOBENICHMSI 3aMEPOB YCTAHOBJIEHBI IITYLEPHI C 3aBUHYMBAOIIMMUCS KPBIILIKaMU.
[TeineynoBuTens paboTaeT CieAyIOUIMM 00pa3oM: OYMILAEMbIH ra3 uepes
BEPXHUN M HWKHUM NATpyOKH 3aKpy4dMBAETCS U MOCTYNMAaeT B KOpIyC ammapara.
[lox nelicTBEM MHEPLIMOHHBIX CHJI IPOUCXOIUT OTAEJIECHUE IIBUIEBBIX YaCTHIL U UX
OCaXJeHUuEe B TMbUIeBOM OyHKep. OUYMILEHHBIA Ta3 ynausercs 4Yepe3 OCEBOM

naTpyOoxK.

7
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Pucynok 4.1 — Cxema s5kCIepMMEHTAIIBHON YCTAaHOBKH JIJIsI UCCIEAO0BAHUS
s dextuBHOCTH anmapara B3I ¢ 06paTHEIM KOHYCOM ¥ KOHUYECKUM
3aKpy4HMBaTeseM MMOTOKA HIXKHETO BBoJA: 1-kopmyc anmapara B3I1-180; 2,5-
HITYLIEp 7151 IPOBEICHUS 3aMEPOB; 3- KOHMYECKUW 3aKpyUMBATEIIb IOTOKA
HIDKHETO BBOJIA; 4-BEHTHIIATOP; 6,7- MHOEPHI
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Pucynok 4.2 —Cxema nsuieynosutens B3I1:

1 — cenapannoHHas KaMepa ¢ TAHT€HIIMATIbHBIM BXOJIOM 3aIlbUIEHHOTO MTOTOKA U
[EHTPAIbHBIM NATPYOKOM JIJIs1 BBIXO/a OYMIIIEHHOTO MOTOKA; 2 — KOpIyca
UIMHAPUYECKUI; 3 — COOPHUK C aKCHAJBLHBIM BXOJIOM 3aIbICHHOTO MTOTOKA U
KOHMYECKHUM OYHKEPOM C TEUKOU JIJis BHITPY3KH MbLIN

| | 2

Pucynok 4.3 — CxeMa 3KCIEpUMEHTAIBHON YCTAHOBKHU:

1 - BXOAHO# BO3AYXOBO; 2 - BEPXHUM TAHT€HUMAJIBHBIN BBOJ; 3 - cenapalnroHHas
Kamepa; 4 - uiaHLeBoe COeAMHEHHE; 5 - peTyJIMPOBOUHBIN MHOEp; 6 - 3aMepHbII
HITyuep; 7 - y3eJ1 NPUroToBJICHUS MbUIEBO3AYLIHON cMecH; 8 - maTpyOok
OYUIIIEHHOTO Ta3a; 9 - OyHKep yJIoBIeHHOH nbutn; 10 - BTOPUYHBII BBOJ OTOKA;
1 1- TaHreHUHATBHBINA 3aKPYy4YMBATENIb BTOPUYHOTO BBOAA; 12- BeHTHsATOp [104]
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Pucynok 4.4 — CxeMa 3KCIEpUMEHTAIBHONW YCTaHOBKHU:
I-xopmyc anmapata B3I1-180; 2,5-mtynep 1iia npoBeeHUS 3aMEPOB; 3-
KOHMYECKHH 3aKpy4HBaTeslb NOTOKAa HUXKHETO BBOJIA; 4-BEHTUWIIATOP; 6,7- mmOepbl
[17]

4.2 Pa3zpa0orka psjaa tunopamepos annaparos B3I1
¢ 00paTHBIM KOHYCOM M KOHHYECKHM 3aKpy4uBaTe/ieM NOTOKA

HHKHEIr0o BBOJa

Ha  ocHOBaHmM  mpOBEIEHHBIX aBTOPOM  TEOPETUYECKUX U
HKCIEPUMEHTAIbHBIX HCCIEAOBAHUN OBUIM pa3paboTaHbl psAJ TUIOPa3MEpOB
anmaparos: B3I1-200/250, B311-400/630, B3I1-400/800, B3I1-800/1000. B
tabnuue 4.1 npuBeAeHBI OCHOBHBIE TEXHUYECKHE ammaparbl pa3pabOoTaHHBIX

anmaparToB.

Tab6nuia 4.1- OCHOBHBIE TEXHUYECKHUE XaPAKTEPUCTUKN TOPU30HTATIBHBIX
IEHTPOOCKHBIX pa3euTeNneh

Mapka Pacxon I'abGaputHbie Macca anmapara,
arrapara aCMHUPAIMOHHOTO pa3Mepsl, KT
BO3YXa, M/C MMXMM
B3I1-200/250 0,2 400x400 120
B3I1 -400/630 0,8 800x1200 280
B3I1 -400/800 0,9 800x4000 500
B3I1-800/1000 2,2 1600x2400 700




102

Ha ocHOBaHMM TPOBEICHHBIX HCCICIOBAaHUN ObUIM  pa3pabOTaHBI
ciemyronue Mmozenu ammapatoB: B3I11-200/250, B3I11-400/630, B3I11-400/800,
B3I1-800/1000. 3necy mepBas mnudpa o3HAYAET AMAMETP BEPXHETO CECUCHUS
IBUICYJIOBUTENSA, BTOpas — MaKCHUMAJbHBIA JHMAMETP CCUCHHS IBUICYJIOBUTEIIS.
[TpuHIHMIIAATPHO  BO3MOXKHBI W JIPYTHE  JUAMETPhl  ammapartoB  IOCIE
COOTBETCTBYIOIIUX KOHCTPYKTOPCKUX TMPOPAOOTOK M  DKCIEPUMEHTAIBHBIX

HUCCIIEeI0OBaHUM.

4.3 Pe3yabTarhl peBAPUTEIbHBIX IKCIIEPUMEHTAIbHBIX HCCJIe10BAHUI

PesynbraTel mcCClENOBaHMM O NOPEABAPUTENBHOM OLEHKE CTENEHU
CHIDKEHHUS 3albLJICHHOCTH BO3[yXa, MOCTYHAIOIIET0 B aTMOC(HEPHBIN BO3IYX U3
CUCTEM OOECHbUIMBAIONIEN BEHTWJISIUMHU, NpU Hclonb3oBaHuu ammaparta B3Il c
IpEJIOKEHHOW KOHCTPYKLIMEW IpuBeAeHbl B Tabmume 4.2, a Takke B BHUJIE
rpaduyeckux 3aBucumocted Buaa € = &(L,c) (3aBUCHMOCTH CTENEHU MPOCKOKA
€ OT pacxoi BO3AyxXa, IOJABAEMOI0 B ammapar, L, ¥ KOHUEHTpPAaUWUHU IbUIA B

BO3YXC, [I0JaBaCMOM B allriapar, C.

Tabnuua 4.2 - Pe3ynprarel npeagBapuUTENBHOIO YKCIEPUMEHTA

KonnenTpanus neuim
Pacxon Bo3nyxa,

B BO3JlyX€,
II0JaBa€MOro B armapar, [Tpockoxk €
3 MoJaBaeMoOM B arrapar,
M”/q 3
/™M
1 2 3
400 0,5 0,217
1 0,208
2 0,197
3 0,192
4 0,182
5 0,174
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LIpooonxcenue mabauyot 4.3

3

0,166

0,161

XR[Q ||

0,158

600

=
(V)]

0,126

0,121

0,112

0,108

0,094

0,086

0,080

0,075

RN AN N ||V

0,069

800

=
(9]

0,032

0,028

0,028

0,03

0,026

0,021

0,014

0,011

R [QAN N ||V —

0,012

[lony4yeHHBIE pe3yJIbTaThI IOKA3AJIN, YTO, KaK U s nbuieysoureneit B3I1 ¢
MUIMHAPUYECKON  CemapalluoOHHOM  Kamepod, d(PQPEeKTUBHOCTh  OYUCTKH
MOBBIIAETCA NPU YBEIWYEHHH pPAacxola M 3allbUICHHOCTH IIOJABAEMOTO Ha

OYMCTKY BO3YHIHOI'O IIOTOKA.

4.4 AHaiu3 pe3yJibTATOB OCHOBHOI'0 IKCIIEPUMEHTA

Ha stane oCHOBHOTO 3KCIEpUMEHTA OIpPEIEIsIacCh 3aBUCUMOCTh CTEIICHU
CHU)KCHUS TIBUIEBBIX BHIOPOCOB OT YCIOBHOUM CKOPOCTH M COOTHOIIICHUS PACXOIOB,
MOJIaBAEMbIX HA HW)KHUWA W BEPXHUW BBOJBI ammapara. MeauaHHbIA JUaAMETP
yacTull nbla dsp= 6,2 MKM, HcciieqoBansl anmnapatsl B3I1 ¢ oOpaTHeIM KOHYCOM U

KOHWYECKHM 3aKpy4yuBaTejeM MOTOKa HuxkHero Beoaa auamerpamu 400,600 u
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Pucynox 4.5 — Iamenenue npockoka jyist anmnapara B3I1 ¢ o6paTHbM
KOHYCOM M KOHUYECKUM 3aKpy4HMBATEJIEM ITOTOKA HUKHETO BBOJA B 3aBUCHUMOCTH

OT KOHIICHTpALUH IIbIJIM IIPU pacXxojie BO3ayXa:
1 -400 M*/a; 2 - 600 M’ /a; 3 - 800 M/

4.5 MeToanka ¥ NporpaMmMa HUccae0BaHUM

[IpoBeneHne  AKCIEPUMEHTANBHBIX  3aMEPOB  OCYIIECTBIISLIOCH IO
MIPUHATHIM CTaHIAPTHBIM METOIUKAM.

[To BenwuMHAM [aBICHUN, WU3MEPSIEMBIX B BO3IyXOBOAAX C IOMOIIBIO
MukpomanomerpoB MMH-250 u T1pyOok I[lpanarns, ompenensummch: OOIIHiA
pacxoa BO3AyXa B YCTaHOBKE; COOTHOIIEHHE PACXOOB IBUICTA30BON CMECH B
BEPXHUX M HIDKHHUX BBOJIaX TMbUICYJIABIUBAIOIIETO arapara; pacxoja BO3/yXa,
0TCaChIBAEMOTO u3 OyHKepa IBIICYJIOBUTETIS; a’pOMHAMUYICCKUC

XapaKTEPUCTUKH.
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D¢} PexTUBHOCTh yNaBIMBAaHUS OLEHUBANIACh IIYTEM COMNOCTaBJIECHMS
MOCTYNAIOMIe U BBIXOJAIICH MAacChl MBUIM, OMpEACNAeMbIX OTOOpOM Mpol H
U3MEPEHUSMHU B 3aMEPHBIX CEUEHUSAX BO3AYXOBOJIOB. 3aNbUIEHHOCTh M3MEPSIIACh
CTaHAAPTHBIM IbLI€3a00pHBIM 00opy1oBaHuEM, pa3paboTaHHBIM "
usrotoieHHbiIM HUMOT'A3. C nienpio obecrieueHrs WASHTUIHOCTH 0TOOpa mpod
B KaKJIOM M3 CEUECHUN PEKXUMY paOOThI CUCTEMBI U MOCTYIUIEHUS NbUIH [38] oTOOD
Ipo0 OCYIIECTBISUICA OJTHOBPEMEHHO BO BCEX 3aMEPHBIX CEUEHMSIX

HccnenoBanne  3()PEexTUBHOCTH  yNaBIMBAaHUS  MPOU3BOAWIOCH  C
Tpe/IBAPHTEIBHO BBICYIICHHOH JPEBECHOH MbLIBI0 IUIOTHOCTBIO p=1340 Kr/m’
(cocHa) 1 MeAMAHHBIM IUaMETPOM YacTull 15 MKM.

Crnengyer OTMETUTH aBTOMOJEIBHOCTh 3aKPYYEHHBIX ITOTOKOB B ammaparax
B3II, 1.e. B onpeicIecHHOM JAMana3oHe pacxo0B Bo3ayxa Oe3pa3MepHbie Mpoduiiv
TAHICHIUAIBHOW COCTABIAIOIIEH BEKTOpAa CKOPOCTH HE 3aBUCAT OT pa3MEpPOB
anmnaparoB IPU OJIMHAKOBBIX X KOHCTPYKTUBHO-PEXKUMHBIX TapaMeTPaXx.

Konuentpanusi tBepaoil (a3pl Ha BXOAE€ B CHCTEMY oOecnedyuBaiach
3aJJaBa€MbIM BpPEMEHEM 3arpy3ku, (PUKCHUPYEeMbIM IO CEKYyHJIOMEpPY U pacyeTHOMN

Maccoi UCXOHOM 3arpy3KH, onpeaensieMoi no hpopmye

c, L
G, = T,
60
rae: Gy —wMacca UCXOJIHOU 3arpy3Ku, T;
3
Cyp  —3aJaHHas UCXOJHas KOHIIEHTpAIMs Ha BXOJIE B CUCTEMY, I/M’;
3
L — IIPOU3BOJIUTEIIBHOCTh YCTAHOBKH I10 BO3AYXY, M™/C;
T — BpeMs 3arpy3Kd MaTepualia, MUH.

OTmeTHM, YTO B HACTOALIEH paboTe UCIIOIBb30BANIACH OJIHA U3 CAMBIX BaXKHBIX
UAe TEOpHH IUTAHUPOBAHMS OKCIEPHMEHTA: KOHIICMIHUS MHOTO(aKTOPHOTO
skcriepuMeHTa. CMBICT €€ COCTOMT B cienyromeM. OIHOBPEMEHHO BapbHUpys
(akTOpbl, BHI3BIBAIOIINE U3MEHEHUE COCTOSIHUS 00BEKTa, MbI ONpesessieM ooliee
COCTOSIHUE O0OBEKTa (3TO KacaeTcs KakIOro J3KcrepuMmeHTa). OnTumanbHO
UCTIONB3YsT (PAKTOPHOE MPOCTPAHCTBO, MbI JTOOMBAEMCSI CHUKEHUS AUCIIEPCUU

kodddurnmenTop Maremarnueckod momemu [1, 29]. B pabore ucCmosib30BaHbI
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IJIaHbl 3KCTPEMaIbHOTO J3KcrepuMeHTa. OHU pa3paboTaHbl JJisl OMpeesieHus
ONTHUMAJIBHBIX YCIOBHM pa3BUTHS MPOLECCOB B OOBEKTAX MCCIEIOBAHUA.
OnTuMyM ompenensercsa Mo MaTeMaTHYeCKOM MoJenu OO0bEeKTa HCCIeAOBaHUS,
MPEICTaBIIAIONICH CO00 HEKOTOPOE MOTMHOMHAILHOE YPABHEHHE.

Meron minaHUpOBaHUS 3KCIEpPUMEHTa ObUI MPUMEHEH ISl ONpeNeNCHUs
CTENIEHU IMPOCKOKA MbUIM B BUXPEBOM HMHEPLHUOHHOM armapaTe CO BCTPEUYHBIMU

3aKpY4YEHHBIMH MOTOKaMu. Bapbupyembie pakTopsi:
X1~ OTHOCHUTEINIbHASI CKOPOCTh Vy IOTOKA B IIONIEPEYHOM CEUCHUU allapara,

KOTOpas paBHA OTHOLLIEHUIO Pacxo/ia ra3a, MOCTYIAIIEro Ha OYUCTKY, K
IJIOIAU TIOTIEPEYHOr0 CEUEHHUS alrapaTa U OTHECEHHas K 1 M/c;
X - JIOJIS pacxo/ia ra3a, oJlaBaeMoro B anmnapar 4epe3 HUKHUN BBOJ Ky;
X3 - OTHOCHUTEJIbHAsl KOHIEHTpalusi C MbUIM B OYUIIIAEMOM IOTOKE BO3/1yXa,
paBHas KOHIGHTPALMH MBI HA BXOJIE B AIIapaT, OTHECEHHOM K 1 r/M°,
IIpyn HCHONB30BaHUM MATEMAaTUYECKOM MOJEIM B BHJE MOJMHOMAa BTOPOTO
HOpsiZIKA WCIOJBb3yeM IUTAaHBI HA TpeX YpOBHsX Tuma 3" (rae n = 3 — 9mcio
(dbakTOpoOB); MpPU ITOM peam3yeM Bce coueTaHus ypoBHeu (axropoB. [IDD
oOnafaeT ciueayrmuMe npeumyiiectTBamu| 1, 29]:
1)  gucnepcuu NMepeMEHHON COCTOSTHUSI HE 3aBHCHUT OT BPAILEHUS CUCTEMBI
KOOPJMHAT B LIEHTPE [IaHA;
2)  pucmepcusi OLEHKH KO3(p(UIIMEHTOB perpeccuu mnojiydaercss B N pas
MEHBIIIEH OIMOKH ONBITA;
3)  B3auMHAas HE3aBUCUMOCTH OINpEAEIeHUs KO3PPULIUEHTOB PErPECCUU;
4)  PIEMEHTapHOCTb BHIYMCICHHS KOI(P(PULUEHTOB.
VYPOBHHU U MHTEPBaJIbI BapbUPOBaHUsI (PaKTOPOB MPUBEACHBI B Tabaue 4.2,
MaTpulla HKCIEPUMEHTAJIbHBIX HCCIEAOBAHUI IO OMNPEACNICHUIO CTENEHU

MIPOCKOKA TBUIN MIpHUBEeHA B Tabumiie 4.3.
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Tabnuua 4.3 — YpoBHU U HHTEPBaJIbl BApbUPOBaHUs (HaKTOPOB

HNurtepBansi YpoBHH (haKTOPOB
DakTOpbI BappupoBaHus | OcHoBHOM | Bepxuuil | Huxuuii

0 +1 -1
X1- OTHOCHUTEJIbHAS CKOPOCTh MOTOKA B 6 3 4
MONEPEUYHOM CEUCHHUH anmnapara
Xp- J10JI pacxoja rasa, nojgaBaemMoro B 0.25 0.5 0
arrnapar yepe3 HUKHUKM BBOJ Ky; ’ ’
X3- OTHOCHUTEJIbHASI KOHIICHTPALIMS TIbLUIU B 20 40 0.1
OYMIIIAEMOM MTOTOKE BO3/IyXa

Tabmuma 4.4 — Matpuria 3KCIIepUMEHTATBHBIX UCCIICIOBAHUNA TI0 OTPEICTICHUIO
3¢ (HEKTUBHOCTH TBLICYIABIMBAHUS

No Ne pean. PakTopsl PaGouast matpurna €
1 X; X X3 L L/L, C V;

1 2 3 4 5 6 7 8 9 10
1 1 27 -1 -1 -1 4 0 0,1 15
2 2 27 | -1 -1 0 4 0 20 13,3
3 3 25 | -1 -1 1 4 0 40 13,1
4 4 24 -1 0 -1 4 0,25 | 0,1 9.9
5 5 23 -1 0 0 4 0,25 20 8,2
6 6 22 | -1 0 1 4 0,25 40 79
7 7 21 -1 1 -1 4 0,5 0,1 13,1
8 8 20 | -1 1 0 4 0,5 20 11,4
9 9 19 | -1 1 1 4 0,5 40 11,1
10 | 10 | 18 0 -1 -1 6 0 0,1 10,1
11 11 | 17 0 -1 0 6 0 20 8,4

12 ] 12 | 16 0 -1 1 6 0 40 8

13| 13 | 14 0 0 -1 6 025 | 0,1 5
14 | 14 | 15 0 0 0 6 025 | 20 3,3
1 2 3 4 5 6 7 8 9 10
15| 15 | 13 0 0 1 6 025 | 40 3,1
16 | 16 | 12 0 1 -1 6 0,5 0,1 8,1
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IIpooonocenue mabauywl 4.4

1 2 3 4 5 6 7 8 9 10
17 17 11 0 1 0 6 0,5 20 6,3
18 | 18 | 10 0 1 1 6 0,5 40 5,9
19 | 19 9 1 -1 -1 8 0 0,1 9,5
20 | 20 8 1 -1 0 8 0 20 6,8
21 | 21 7 1 -1 1 8 0 40 6,5
22 | 22 6 1 0 -1 8 025 | 0,1 4,5
23 | 23 5 1 0 0 8 0,25 20 2,8
24 | 24 4 1 0 1 8 025 | 40 2,5
25 | 25 3 1 1 -1 8 0,5 0,1 7,5
26 | 26 2 1 1 0 8 0,5 20 5,8
27 | 27 1 1 1 1 8 0,5 40 5,5

OO0paboTKa pe3yNbTaTOB SKCIEPUMEHTAIBHBIX HCCIIEOBAHUN MO3BOJIMIIA
T0JTy4UTh PEFPECCHOHHBIE 3aBUCUMOCTH Buja £ = £(ky, V, ().
YpaBHEHUE pErpeccu UMEET BU:
e =0,25— 21,03k, + 42,432 — 5,4V + 0,33V% — 0,2C. 4.1)
JIJisi MCKITIOUEHUSI KOPPENALMA HEYNpaBlIsIeMblX (DAKTOpPOB C pe3ysbTaTamu
MPaKTUYECKUX 3aMEPOB MIPUMEHEHA PaHAOMU3ALIMS TTOPSAKA BBIMOJIHEHUS OMBITOB.
Bocnipons3BoauMOCTh  3KCHEPUMEHTAJIBHOTO  Ipolecca WU MIPOBEICHUE
CTATUCTUYECKUX OIICHOK pE3yJbTaTOB JKCIIEPUMEHTAa B XOAE€ pa3pabOTKu
AKCIIEPUMEHTAIBHOTO TIJIAHA CBA3BIBAINCH C MPOBEICHUEM JBYX NapalICIbHbBIX
cepuii onbITOB. FIMEHHO, HA BCEX COUETAHUSAX YPOBHEH OMpenestomux (pakTopos
MJIAHUPOBAJIOCH MTPOBEICHUE IBYX U3MepeHuid. O1ieHKa BOCIIPOU3BOIMMOCTH ObLTa
BBITIOJTHEHA HAa OCHOBE COIIOCTABJICHHMS PACUETHOTO M TaOJIUYHOTO KPUTEPHUEB
Koxpena [1, 29]. PacueT BOCHpPOM3BOAUMOCTH 3KCIIEPUMEHTOB MOKHO HaWTH B
npui. 2.
Od4eBugHO, YTO pasHble (hAaKTOPHI BIUSET HA TEPEMEHHYIO COCTOSHUS TIO-

PasHOMY. I[J'ISI OLCHKKW JaHHOI'O0 BJIHUAHHUA IIPOBEPAIOT 3HAYUMMOCTb KaXXI0T'O
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ko3 dureHTa 1ByMsl IOXOXKHUMHU criocodamu. B o0oux ciydasx cHavaga HaxOoJsT
aucniepcuio kodhpummeHTos perpeccun, cneays Gopmye [1, 22,30]:

2 6
0
Sbi = —N . (42)

[To manHBIM pacueTa NPUIIOKEHHUS 2 PACCUUTAEM OIIMOKY OIbITA:
s2=1/27-12,92=0,478,

3aTeM BBIYUCIIAEM JUCTIEPCHIO KO (DUIUEHTOB YPaBHEHHS PETPECCHH Sp;

st =0,478/27=0,0177,

Sy =+/0,0177 =0,133.

[TockonbKy gucnepcuu Bcex KO3(D@PHUIIMEHTOB PaBHBI M 3aBUCAT TOJIBKO OT

OLIMOKH OIbITa s% M YHWCJIa CTPOK MAaTpHIlbl IUIAHUPOBAHUSA N, TO IO IEPBOMY

CIIOCOOY OLIEHKH 3HAaYMMOCTH KO3((PHLINUEHTOB BBIYHUCIAEM tj, 0 Gopmyre [1, 22,

30] u cpaBHMBaeM C TaOJUYHBIM:

¢ - [bil |
ip — T (43)
Spi
IIPH 5TOM COOJIIOACTCS YCIIOBHE:
tip >t (4.4)

rjae ‘bi‘ - a0co0THOE 3HavyeHue i-ro ko3dduuuenra perpeccu; t, - TaOIMYHOE

3HaueHue kputepusi CThIOJEHTa, KOTOPOE HAXOJAT MO YUCITY CTEMEeHEeW CBOOOIbI

f, = N(m—1) A1 ypoBHA 3HauumMocTH (=0,05 (IOBEpUTENBLHON BEPOATHOCTH
P=0,95) ¢, =2.,05; s,,; - CPCAHEKBAAPATHIECKOE OTKIOHEHHE.

[Ipumensis BTOpoil cmoco® aii MPOBEPKUM 3HAYUMOCTH KO3 UIIMEHTOB
PErpeccus, HCIIOJIb3yeM JOBEPUTENILHBI HHTEPBAT Ab,, KOTOPBIA IO IPUYMHE
pPaBEHCTBA 51231 1715 BceX KO3 QUIMEHTOB, OJMHAKOB I BeeX b, [1, 44, 56]:

Ab; =+t s,;> (4.5)

Ab, =t -s,; =+2,05-0,133 =+0,273

1 T



110

Teneps olleHMBaeM 3HAYMMOCTb IIYTEM CPaBHEHHUS aOCONIOTHBIX 3HAYCHHA
K03 dUIUEHTa U JOBEPUTEILHOTO MHTEPBAIA:
bi]>[Aby. (4.6)
[To nanHOMY YCIOBUIO KOO PHUIMEHTH YPAaBHEHUS PErPECCHU 3HAYUMBI.
[IpuroaHOCTh ypaBHEHUSI PErPEeCcCUU Ui PEUICHHs 33Ja4l TIOMCKa ONTUMyMa
IPOBEPSETCS CIEAYIOMMM MeTofoM. lloaBepraroT cpaBHEHHIO JBE AWUCHEPCHUH.
OnHa W3 HHUX OTpakaeT paccesHUE CPEAHMX OIBITHBIX BEIUYMH IEepPEeMEHHON

COCTOAHMA y, OTHOCHUTCIIBHO TCX 3HAYCHUMN MMCPEMCHHBIX COCTOAHHUA y,,, KOTOPBIC

NpCaCKasaHbl BLIBCACHHBIM YPAaBHCHHUCM PCIrpCCCUM. Taxkas AUCIICPCHUA UMCHYCTCS

JUCTIEpCHel aleKBaTHOCTH M BeIUMCIsieTcs o ¢popmyie [1, 16, 30]:

2 _LN _ 2
Saa_N_l;(yu V) 4.7)

A€ M — YHACIO NPOBOJIAIIMXCS IMAPAIIENBHO OMNBITOB; N — KOJIMYECTBO CTPOK
MaTpUlbl IUIAHUPOBAaHUS; | — KOJMYECTBO WIEHOB YpPAaBHEHHUS PErPECCHH,
OCTaBILIUXCS I10CJIE MPOBEACHHON OLEHKM 3HAYMMOCTH. BTopas aucnepcus — 310
OlIMOKA, BO3HMKAIOIIAA IPU MPOBEIECHUU ONBITA. AJEKBATHOCTb MPOBEPSIETCS

olleHKOM cooTHomeHus[ 1, 28, 30]

gl\)

S
F,= (4.8)
S

[e=3 \S]

1o Kputepuro duirepa

Fp<F, (4.9)
st crenieneit cBobonbl f,,=N-1, fp=N(m-1) u 3amaHHOrO ypOBHS 3HAYUMOCTH (.
Ecnu BbimonHeHO HepaBeHCTBO (4.9), TO ypaBHEHHME pErpecCHM CUUTAETCA
anexkBaTHbIM. Eciu ke HepaBeHCTBO (4.9) He BBINOJNHSAETCS, T.€. MOJEIb
HEaJIeKBaTHa, OCOOEHHO YacTO MPUHHMMAETCS PEIICHWE YMEHBIINUTh WHTEPBAJIbI
BapbUpOBaHUs (PaKTOPOB U MOBTOPUTH IKCIIEPUMEHT.

Paccuutaem AJICKBATHOCTDb YPABHCHUA PCTPCCCUMN.

2
Omu6ka omnbita: s°;=0,405, nucnepcust aIeKBaTHOCTH: s§H=O,765.
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Ecnu paccMoTpets ypoBeHb 3HaunMocTH q = 0,05, pacueTHoe 3HaYeHUE 110

0,765
kputeputo duriepa cocTapisier F, = 5208 — 1,89, uro MeHbLIE TAOJIUYHOTO

3Havenus F, = 2,38, u, ciempoBaTenbHO, MOKHO C/I€IaTh BBIBO/I, YTO YPaBHCHHUE

perpeccuu 4.1 afeKBaTHO ONMMCHIBAET dKCIEPUMEHTANIbHBIE TaHHbIE [ 1, 22, 30].
4.6 OcHOBHBIE Pe3yJIbTATHI IKCIIEPUMEHTAIBHBIX UCCJIEI0BAHUI

Pe3ynbTaThl SKCHEpPUMEHTAIBHBIX HCCIEIOBAaHUN pabOThl CTaHAAPTHOTO
annapara B3Il (3), annapara B3Il ¢ oOpatHeiM koHycoM (1), ammapata B3II ¢
KOHMYECKHM 3aKpydMBaTesieM IOTOoKa HWkHero BBoja (2) u ammapar B3Il ¢
OOpaTHBIM KOHYCOM U KOHMYECKHUM 3aKpy4yMBaTeJIeM IOTOKa HUXKHETO BBOJA (4)
IIPUBEJICHBI HA PUCYHKaX 4.6-4.7.

Hanpumep, Ha pucynke 4.6 npenctaBieHbl TpaduKU 3aBUCUMOCTH CTEIIEHU
npockoka mbud anmapaToB B3Il oT OTHOCHTENBHOM CKOPOCTHM IOTOKa Vy B
MOINIEPEYHOM ceueHnH anmapara [20,21].

g, %
18 |

16 1

14

12 . 2
\ |
—

[ I O = B ¢

N

0 1 2 3 4 5 & 7 VY

Pucynox 4.6 — rpaduk 3aBUCUMOCTH CTENEHU MTPOCKOKa IbuK anmapaTtos B3I1-
200 OT OTHOCHUTENIBHOM CKOPOCTH MOTOKA B IONIEPEYHOM CEUCHUU arapara:

1 - ammmapatra B3I1 ¢ o6patabiM KOHYCOM, 2 - anmaparta B3I1 ¢ konnyeckum
3aKpy4HrBaTesieM MMOTOKA HIXKHETO BBOJA, 3 - cTaHAapTHBIN annapaT B3I1, 4 -
anmmapat B3I1 ¢ 06paTHbIM KOHYCOM M KOHMYECKUM 3aKpYy4YHBATEIEM MMOTOKA

HUKHETO BBOJIA



112

Ha ocHoBe anammza pucyHka 4.6 MOXKHO CJenaTh BBIBOJI, YTO IOBBIIICHHUE
pacxoja BO3JyXa 4epe3 MbUICYJOBUTEIb U CPEAHEH CKOPOCTH MO €ro CEYEHHIO
CIIOCOOCTBYET YMEHBIIIEHUIO CTENEHW MPOCKOKA MBUIA, TIOCTYHAIOMEH Kak II0
BEpXHEMY, TaK U HIDKHEMY BBojaM. [Ipu oTHOCUTENbHON CKOPOCTH MOTOKA 10 3,5
M/c (TIpu MasbIX pacxoaax) HanOosee 3(PEeKTUBHBIN PEXUM paOOTHI HAOIIOACTCS
y cranaaptHoro ammaparta B3I, npu ckopoctu ot 3,5 1o 6 m/c (mpu CpeaHux
pacxonax) - anmapatr B3Il ¢ oOpatHeiM koHycoM u anmapat B3Il ¢ oOpaTHbiM
KOHYCOM U KOHHYECKHM 3aKpyuHMBaTEJIEM MOTOKA HMXKHEro BBOJA, MPU CKOPOCTHU
cBbIle 6 m/c (mpu G6oabIMX pacxonax) - ammapaT B3Il ¢ oOpaTHbIM KOHYyCOM U
KOHMYECKHMM 3aKpyuyuBaTeleM IOTOKa HWXHero BBoja. s uumndpoBaibHON
JIPEBECHON MbLIK onTUMalbHO padoTtaeT anmnapaT B3Il ¢ o6paTHeiM kKoHycoM (1),
Uit KpynHou mibuid dddextuer anmapatr B3Il ¢ xkoHmdyeckuM 3akpyduBatesieM
NOTOKa HMKHETO BBOJA (2), Il JPEBECHOM MbUIM CPEeIHUX (PpaKiuil CTENneHb
MPOCKOKA MbUIM TpuMepHO oauHakoBas [18,19,21]. Takum oOpasom, mnpu
YMEHBIIIEHUU pacxojaa (MOSIBJIEHUE TMOJICOCOB, HApyIIEHHWE TePMETHUYHOCTH,
OTJIOXKEHHE B BO3AyX0Bojax mnbuin) anmapat B3II ¢ oOpaTHbiM koHYcoM (puc. 4.3)
MeHee 3¢ dekTrBeH, yeM ctanaapTHeii anmapat B3II (puc. 4.2), npu yBenTudeHUH
pacxona sddextuBen anmapatr B3Il ¢ oOpaTHbIM KOHYCOM M KOHHMYECKUM
3aKpydHMBaTeIeM ITOTOKA HIDKHETO BBoa (puc. 4.1).

ABTOpPOM TpEJJIOKEHA CXeMa MbUICYJIOBUTENS CO BCTPEYHBIMU 3aKPYUYECHHBIMU
MOTOKaMu ¢ 0OpaTHBIM KOHYCOM U KOHMYECKUM 3aKpy4HBaTEIeM MOTOKA HIDKHETO
BBoJa (puc.4.1). JlanHblil anmapaT MOKa3bIBa€T HAWIYUIIUE MOKa3aTelu padoThl
(HaMMEHBIINI MPOCKOK MbUIH) JJIs MITU(OBAIBHON APEBECHON MUK B AUANa30HE
OTHOCHUTEJIBHBIX CKOpOCTed moroka Vy or 3 10 8 M/c, B TOM uHClIe H JUIA
MEJIKOJIUCTIEPCHOM MbLIU pazMepoM MeHee 10 Muxkpon (PM).

Ha  pucynke 4.7 nmnpencraBieHa  3aBUCUMOCTh  d(PQPeKTUBHOCTH
neUieynaBauBanus anmnapatoB B3Il oT OTHOCHUTENBHON KOHIIEHTPALUM OYUIIIAEMOMN

IBIJIEBO3AYIIIHON CMECH.



113

o
[ H]

0 10 20 30 aa C

Pucynok 4.7 — 3aBucumoctb 3(()eKTUBHOCTH CTEIIEHU MPOCKOKA IbLJIH aNIapaToB
B3I1-200 0T OTHOCUTENBHON KOHLICHTPAIIMU OYMILAEMON MbUIEBO3AYIIHOW CMECH
IIPU ONITUMAJILHOM CKOPOCTH, ds50=6,2 MkM: 1 — miia anmapata B3I1 ¢ oOpaTHbIM
KOHYCOM, 2 —1s anmapara B311 ¢ KOHnYecKuM 3aKpy4rBaTesieM IMOTOKA HUKHETO
BBOJIa, 3 —iia cranaaptHoro annapata B3I1, 4 —nns anmapara B3I ¢ o6paTtHbiM
KOHYCOM M KOHUYECKHM 3aKpY4YMBATEIEM OTOKA HUKHETO BBOJA

KoHnenTpanus moaBep>KE€HHOW OYMCTKE MbUICBO3IYIIHOM CMECH BJIMSAECT HA
b dexTuBHOCTh TbUICyNaBiIuBaHusa anmapara B3Il. MiMenHo, mpu TOBBINICHUU
KOHLEHTpauuu neuik pacteT 3¢ddextuBHOCT, padotel B3Il. D10 00BsACHsAETCA
POCTOM CTOJIKHOBEHMU YaCTUI] IIBUIH, B PE3YJITATE YET0 OHU YKPYIHAIOTCS.

3aBUCUMOCTH S(P(GEKTUBHOCTH MbUICYJABIMBAHUS M TOTEPb [ABJICHUSA B
anmaparax B3I1 ot oTHOLIeHUs pacxoa BO3ayxa, NOAaBa€MOTO B HU>)KHUN BBOJ, K
o0IeMy pacxoay OYHMIIAEMOIro BO3AyXa, TIpadUyecKd NPEACTaBISIIOT BUA
napaboisl ¢ K;.=0,29. CoOTHOIIEHHE PacXOAOB BIIMSET HAa MbLICYJIABIMBAOIIYIO
CHOCOOHOCTH ammapaTa B IpoLecce OYMCTKH Bo3Ayxa. Eciau oTHomeHue pacxoja
BO3]lyXa, KOTOPBII MOJAETCS B HIKHUM BBOJI, K OOIIEMY pacxoAy MOABEPraeMoro
ouncTke Bo3ayxa paBHo 0,29, apdpexTuBHOCTD NMbLIeynaBnuBanus B anmnapate B3I
JIOCTUTAeT MaKCUMyMa 3a CYET MOBbIIEeHUS 3()(PEKTUBHOCTU yJIaBIMBAHUS TbLIH,
MOCTYNAIOIIEH B anmapaTr ¢ HUKHUM IMOTOKOM ras3a, BXOAHAas CKOPOCTh M KPyTKa

KOTOpPOI'0 PacTyT C pOCTOM K. JlaHHBIE 3aBUCMMOCTH aHAJIOTUYHBI U JJISI APYTHUX
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BUJI0OB mbuIeH [3, 17].

[TocKONIbKY  KOHIIEHTpAlldd TBUIM HE BIMSIOT Ha  adpOJAMHAMHUUYECKHUE
XapaKTePUCTUKH OTJEJIBbHBIX alllapaToB W BCEM YCTAaHOBKU B II€JIOM, TO B JIAaHHOM
paboTe uccaeaoBaHus a3POJMHAMUYECKUX TIPOIIECCOB HE TTPOBOIMIINCH.

OpakuronHas 3(PpGeKTUBHOCTh TbUICYJaBIuBaHus amnmapatoB B3Il  Obuia
ompenesieHa 10 JaHHBIM JIUCIIEPCHOTO COCTaBa ITOCTYNUBIICH, YJIOBJICHHOM U
BBIHECEHHOM W3 ammapaTa NbUid. Pe3ynbraThl mokasansl Ha puc. 4.8. IlorpenHocts
PaCYETHBIX U SKCIEPUMEHTAIBHBIX 3HAYCHUN d((HEKTUBHOCTH MBUICYIABINBAHUS HE

npesbimaet S5 %.
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Pucynok 4.8 —I'paduku, otpaxatoiue GppakiinoHHyt0 3¢pHEKTUBHOCTh
annapata B3I ¢ 00paTHbIM KOHYCOM M KOHMYECKHM 3aKpy4YHBaTEIEM IMOTOKA
HIDKHET0 BBOJIA NP YJIABIMBAHNM YacTHIL JpeBecuHb! ( P =1340 kr/m’):

1 — nannbie skcniepuMenta (uuHaApuyeckuii B3I1) [17]; 2 —nanubIe
TeopeTrdeckoro pacuera [17]; 3 — skciepuMeHTalbHbIC JAHHBIE aBTOPA

4.7 ONbITHO-NPOMBILICHHAS YCTAHOBKA MbLICYJIABJIMBAHUSA
B CHCTEeMaX NBLICOYHUCTKH ¢ MUKJIOHOM U KoHnYeckum B3I1

Onucanue ONBITHO-NPOMBIIIJIEHHOH YCTAHOBKU

Yacto CYHCCTBYIOIMUE CHCTEMBI IBIJICOYHMCTKU HE IMO3BOJIAIOT OOCTUIHYTDH

TpeOyeMbIX TMOKa3aTelie CaHUTAPHO-TUTHEHUYECKUX HOopM Ha rpanuie C33.
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Oco0eHHO YacTo 3TO HAOMIOAAETCs] MPU CUCTEMAaX OYUCTKU TOJBKO C OJHHUM
HUKJIOHOM. Jl;msg 3TOro Ha  OCHOBAaHMM TPUBEICHHBIX B  TIJaBe 3
OKCIIEPUMEHTATLHBIX ~HCCIEAOBaHWN pa3paboTaHa MW TPOIUIA  ampoOAIHIO
YCTaHOBKA IbUICYJIABIIMBAHUA, CXEMa KOTOPOM ITpUBEIeHa Ha puc. 4.9.

JIOCTOMHCTBOM JJAaHHOW YCTAHOBKU SIBJISICTCSI:

1) oTcyTcTBYET HEOOXOAUMOCTh JIEMOHTHUPOBATH LIUKJIOH 4;

2) ycranoBka B3Il ¢ oOpaTHbIM KOHYCOM M KOHWYECKUM 3aKpy4dUBaTEIEM
MOTOKAa HUKHEro BBOJIA 5 MO3BOJISET CHU3UTh CYMMAapHBIN MPOCKOK MbUIK B 2,7-
3,5 paza, BBIOpOCH MenkoaucnepcHoi meum PMj, cokpatuts B 1,8-2,0 pasa,
BBIOpOCHI MeNkoucnepcHou nbiin PM, s cokpatuts B 1,3-1,5 pa3za.

3) pacxon rasza, MOCTYNAlOIIMN B MbUICYJIOBUTEIL 5, COCTaBISET, Kak
npaBuio, 9-15% ot o6111ei Harpy3Ku Mo1aBaeMOTro Ha IUKJIOH 4 Tasa.

4) BO3MOXHOCTh U3MEHEHHUS PACIIOIO0KEHUSI 0TCOCA MO BBICOTE IUKJIOHHOTO
amnrapara.

B cnywae, korga pacxod NbUIEBO3AYIIHOW CMECH, MOCTYHAlOLIEeH Ha
ouucTKYy, coctaBisier 10-20 % OT MakCMMaJIbHOTO, UCIOJBb3YETCS] HUKHAS 4acThb
orcoca (/1,m.=0,75h,,); ecnmu pacxon mocturaetT 50 %, UCHONB3YyeTCS CPEIHSSA

gacTb 0Tcoca ( /1o,m.=0,5h,,); €CIM pacxo] MaKCHUMalbHBIA, pabOTaeT BEpXHSA

omc

9aCTh ( 41, =0,25h,,).

omc

0,25h,

-
U

0, 75hm

Aa

D2y

Pucynok 4.9 - cxema OnbITHO-IPOMBIIIEHHOW YCTAaHOBKY MbLICYJIaBINBAHHUS:
1,2,3 — oTcockl u3 paboueit yacTu UKIIOHA, 4 — MUKJIOH quameTpom 500,
5- neuieynoButesb B3I1 ¢ 00paTHBIM KOHYCOM M KOHUYECKUM 3aKpydHUBaTEIeM
MOTOKa HUKHETO BBOAA — 150, 6 — BEHTUIATOP
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[TeuteynasnuBaromue anmnapartsl B3I umeror kopryc B BHJE LWIMHAPA C
auametpoM 500 MM. BpicoTa M mmpuHa BEpXHEro BBOJAA IMEPBUYHOIO MOTOKA,
IUaMeTp maTpyOKa HW)KHETO BBOJIa BTOPUYHOTO TIOTOKA, JUAMETp OTOOMHOMU
maidbl M T.O. ONpEAENEHbl COOTHOLICHHUSMM KOHCTPYKTHBHBIX IIapaMeTpOB,
xapakTepHbIx i annapartos B3I1 [7, 77].

CooTHOIIEHNE PACXOJOB IBUIEBO3AYIIHOM CMECH B BEPXHMX M HWKHHUX
BBOJAaX B ammaparbl, pacxo] BO3AyXd, OTCACBIBAEMOIO0 M3 OyHKEPHOH 30HBI
IIBUICYJIOBUTEIIS IIEPBOU CTYIIEHM, a TAKKE HAIIPABIICHUE JIBU)KEHUS YJIOBJIEHHOTO
npoAykra (Ha BBOJ B CHCTEMY WM B IIbUICYJIOBUTENb IE€PBOW CTYIIECHN)
perynupyrorcs mubepamu. Ha Bo3yxoBo1ax NEPBUYHOTO U BTOPUYHOTO MTOTOKOB,
OUMIICHHOIO Ta3a, HAa BO3AYXOBOJAE BO3BpaTa YJIOBJICHHOIO MNPOAYKTa A

YIIO6CTB3 3aMCPOB MHCTAJIMPOBAHLI IITYICPLI C 3aBUHYUBAIOIIUMHACA KPBIINKAMH.

4.8 MeToanka U3MeHEeHH MJIAHUPOBAHUS IKCIIEPUMEHTA U

Pe3yIbTATDI HCIBITAHUMN HpOMLIHIJIeHHOﬁ YCTaHOBKH

DKCIEepUMEHTAIBHBIC 3aMEphbl ONMPEACISUTUCh TPHHATBIMA CTaHIAPTHBIMHU
METOINKAMHU.

[To BenuumHaM JaBIEHUN, U3MEPSEMBIX B BO3AYyXOBOAAX C IMOMOIIBIO
MukpomanomerpoB MMH-250 u tpy6Gok [lpanarns, omnpeaensuich: oOmun
pacxoji BO3JlyXa B YCTaHOBKE; COOTHOIIECHUE PACXOIOB MbLIEra30BOMl CMECH B
BEPXHUX M HIDKHHX BBOJIaX TNBUICYJIABIIMBAIOIIETO arapaTa; pacxoa BO3yXa,
OTCaChIBAEMOTO u3 OyHKepa MBLICYJIOBUTEIIS; a’pOAMHAMUYECKHE
XapaKTEPUCTHKHU.

D} heKkTUBHOCTh  yIaBIMBAHUSA OICHUBAIACh IYTEM COIOCTABJICHHSI
MOCTYTAINMIEH W BBIXOAIICH MacChl TBUIH, OMPEACNISIEeMBIX OTOOpOM Mpod U
U3MEPCHUSIMH B 3aMEPHBIX CEUEHHUSX BO3JIYXOBOJIOB. 3albUICHHOCTh M3MEPSIach
CTaHJAPTHBIM bLUTe3a00pHBIM o0opy0BaHUEM, pa3pabOTaHHBIM u

n3roroBiieHHbIM HUMOI'A3. C nenpro obecrnieueHuss MASHTUYHOCTA 0TOOpa mpod
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B Ka)X/IOM U3 CEYEHUI PeKUMY PaObOThl CUCTEMBI M IOCTYIJIEHUS MbUH [38] oTOOp
po0 OCYIIECTBIISIICA OJTHOBPEMEHHO BO BCEX 3aMEPHBIX cedeHMsX[94].

HccnenoBanne  3()PEeKTUBHOCTH  yNaBIMBAHUS  MPOU3BOIMIOCH  C
Tpe/IBAPHUTEIBHO BBICYIICHHBIM KBAPIEBBIM TIECKOM IUIOTHOCTEIO p=2650 Kr/M° ¢
(bpakuuOHHBIM cocTaBoM: yacTuilbl pazmepoM 0,3-1 mxm coctaBusitor 20%; 1-5
MKM - 20%; 5-10 mxm — 40%; cBoimie 10 mxm — 20%.

Konnentpamnusi TBepaoi (a3sl Ha BXOJEe B CHCTEMY oOOecreunBasach
3aJlaBaéMbIM BPEMEHEM 3arpy3Ku, (UKCUPYEMBIM MO CEKYHIAOMEpPY U PacueTHOMU

Maccoi UCXOHOM 3arpy3KH, onpeaensieMoi mno popmye

c, L
' =60 T, (4.10)
rae: Gy — macca UCXOJHOU 3arpys3KH, T;
Cp — 3aJaHHAasg MCXONHAS KOHIEHTPAIUS HA BXOJIE B CHCTEMY, T/M ;
L  —TIpOM3BONMTENHHOCTH YCTAHOBKH TI0 BO3IYXY, M /4.

B kadecTBe mapamerpa ONTUMHU3ALMHM NPUHATHI oOmas 3(p(HEKTUBHOCTH
NBUICYJIABIIMBAHUS CHCTEMBl M a’poAMHAMHUYECKOe compoTusieHue. [lpu
IIPOBEICHUM HCCIIECJOBAaHUN METOJAMM IUIAHMPOBAHUS HKCIIEPUMEHTa, W Ha
OCHOBAHHMM TPOBEICHHOIO C MO3ULHNA BEPOSITHOCTHO-CTOXACTUYECKOIO MOJIX0Ja
TEOPETHUUYECKOr0 aHAJIN3a MPOLiEcCca NbUICYJIABINBAHUS B BUXPEBBIX MHEPLIMOHHBIX
anmnaparax co BCTPEUYHBIMHU 3aKPYYEHHBIMU MOTOKAMH B KaU€CTBE OMPEEISIOINX
(haxkTOpOB ObLIIN BHIOPAHBI:

V, — YCIOBHAs CKOPOCTb B CPEHEM CCUCHHH IbLICYTOBUTEIIS,
3600 F

ceyq

omnpezesnsemMas 1Mo BIPaKEeHUIO v, 1 OTHECEHHas K 1

Mm/c.;

Al

y — YCJIOBHAad KOHICHTPAIHA Ha BXOJIC B YCTAHOBKY U OTHCCCHHAsA

3
K 1 mr/m’;

homc_ OTHOCHTCIIbHA BBICOTA PACIIOJIOKCHUS OTCOCA B allrapare.
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Ha nepBom »Tamne ObLI peanu30BaH MOJHBIA (aKTOPHBIA SKCIEPUMEHT MOPsaKa
tuna 2n (rme n=3— uuciao (aKTOpoB), MaTpHIla TUIAHUPOBAHUS KOTOPOTO

npuBesieHa B Ta0u. 3.2., mpu 3TOM Ompenesstonire GakTopsl ObUIM MPUBEACHBI K

BUY: TIE
_ Vy - Vyo homc - hoch
X, = — . X =—7——".
2 b
AV, Ahtome
Cy T CJ/o
x3 - —
AC,
— o~ — 3HAUYCHUA COOTBCTCTBYIOIIHUX
Vyo , Cyo ;homCO -
(hakTOpOB B IIEHTpPE TUIAHA;
AVy : ACy : Ahome — HHTCpBAJIbl HN3MCHCHHH 3HAYCHUA

(bakTopoB.

[Ipu yucne creneHeit cBoOObI, paBHOM 3, MPOBEJEHA OIEHKAa AMCIEPCUI
omnpenensommx  (akTopoB,  YCTaHOBJIEHbl  KOX(PQOUUIUEHTHl  PErpeccud,
JIOBEpUTENBbHBI HMHTEpPBaJ, a TakkKe CpEeAHssl KBaJpaTudeckas ommoka,
MOJTyYaloIasicsi MpH OMpeAesieHUH yKa3aHHbIX KodddummentoB. B pesymnbrare
MOJIYYHJIOCH, YTO KOA(D(PHUIIMEHTHI B3aUMOICHCTBUS 3HAYMMBI, a JIMHEWHAsT MOJICIb
He oOnagaer aaeKkBaTHOCTHIO. I[loaToMy OBLIO MpUHATO pemeHue o0
anmpokcuManuu GyHKIMHA OTKIIMKA KBapaTHYHBIMU TTosimHOMamu [4, 40,90,102].

Tabnuua 4.5 — YpoBHU U UHTEPBaJbl BAPbUPOBAHUS ONMPEAEISIONUX (PaKTOPOB

YpoBHH (paKTOpOB
HNHutepBansl > v v
DakTopsI OcHoBHo#t 0 | Bepxnuit HwxHnit
BapbHPOBAHUS ") 1
1 2 3 4 5
V'y — oTHocuTenbHas ycioBHas
CKOPOCTb B CPEIHEM CEYEHHH 1,0 4,3 53 3,3
ammapara
Cy — YCJIOBHasi OTHOCHUTECJIbHAs
Y 60 80 140 20
KOHIICHTpAIUs Ha BXOJIC B
YCTAHOBKY
N ome— OTHOCHTEBHAS BBICOTA
PACTIONOKEHHS 0TCOCa B 0,25 0,5 0,75 0,25
anmapare
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AJIEKBAaTHOCTb YPaBHEHUM pETPECCHH MPOBEPSIIACH COIMOCTABICHUEM
pacyeTHOro W TabAM4HOro (MpHU 3aJaHHBIX ¢ U YHUCJIE CTENeHeW CBOOOIbI)
3HaueHUM kputepus Ouiepa F, NpecTaBIsIonIero co0oil OTHOIIEHUE JUCTIEPCUU
aJIeKBaTHOCTU K OIIMOKE OIBITA. BEINONHEHHE BO BCEX Cllydasx yclaoBUil F,<F,
CBUJIETEIBCTBYET 00 aICKBATHOCTH MOJMydeHHON Monenu [4, 40, 102].

Ha  puc. 4.104.12. MOKa3aHo M3MEHEHUE 3 PeKTUBHOCTH
NbUICYIABIMBaHUSL OJIOKA M3 IUKIOHA C OTCOCOM M3 CENapallMOHHOW YacTH |
MBUICYJIOBUTEIISI CO BCTPEYHBIMU 3aKPYYEHHBIMU IMOTOKAMH B 3aBUCUMOCTU OT
CKOpPOCTH MOTOKa B CPEIHEM CEYEHUU U OT BBICOTHI PACHOJIOKEHUS OTCOCA MPH
Pa3JIMYHBIX KOHIIEHTPALIMIX HAa BXOJI€ B YCTAHOBKY.

Kak cinenyer u3 pe3ysibTaToB, NPUBEACHHBIX HA puc. 4.13, MakcCuMaibHas
cymmapHasi 3¢(HEeKTUBHOCTh TMbUICYJIABIUBAaHUS 0J0Ka W3 IMKJIOHA M OTCOCA W3
CernapaliOHHON YacTU C MbUICYJIOBUTENIEM Ha BCTPEUHBIX 3aKPYUYEHHBIX MOTOKAX
JIOCTUTAETCA MPH U3MEHEHWH COOTHOUIEHHUS PAacXoja, MOJABAEMOT0 HAa HUKHUU

BBO/JI MbUICYJOBUTENS, K 00IlIEMy, MoAaBaeMoMy Ha O4yuCTKy (K)), B mpenemnax

77yCT
0,98
1 2 3
—
0,94 \\
\\g.
\!-!4-
0,92
0,90
0,88
0.86 1
2 3 4 5 6 |

Pucynox 4.10 - 3aBucuMocTb 3¢ (HEKTUBHOCTH YCTAHOBKH OT YCIIOBHON CKOPOCTH B
3 p—
cpenHeM ceuenuu armmapara npu C =20 mr/m™: 1 - 4,,,. = 0,75h,,;

2 - }_Zomc = Oashan; 3 - Zomc = Oszshan
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Pucynox 4.12 - 3aBucuMocTb 3¢ (HEKTUBHOCTH YCTAHOBKH OT YCIIOBHOM CKOPOCTH B

cpeaHeM ceueHu anrmapara npu C = 140 Mo/ - 7, =0,75h,,:
2 - Zomc = ODShan; 3 - Zomc = Oazshan
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Pucynok 4.13 - 3aBucUMOCTb 3()PEKTUBHOCTH MbUICYJIABIUBAHUS OT OTHOIICHUS
pacxopa, oJaBacMoro B anmapar 4epes HIKHUN BBOA k obiuemy (K,) npu V =4,3:

1- 610K M3 MUKIJIOHA U OTCOCA U3 CEeMapallMOHHON YaCTH C MBLJICYJIOBUTEIEM Ha
BCTPEYHBIX 3aKPYUECHHBIX MTOTOKAX; 2 - MblIeyaoBUTenb B3I1

B stux xe mpenenax uameHeHus: K, HaXOIWTCS MUHHMMAJIbHOE 3HAYCHUE
noTeph nAaBieHus. JJiss OJMHOYHBIX amnmapaToB Ha BCTPEYHBIX 3aKPYyUYCHHBIX
MOTOKaX ONTHUMAJIbHOE 3HaUYC€HHUE BeTUUYuHbI K}, KaKk MpaBuiio, KojieOaeTcs B OoJiee
y3kux npenenax. Hampumep, mns anmapara BHUII onTtumaneHbld  Iuana3oH
n3MeHenus Benuuunsl K, — 0,23...0,27.

O6paboTka pe3yJabTaTOB JIKCICPUMEHTAIBHBIX HCCICIOBAHUM TI0 METOIY
HAaUMEHBIIUX KBaJAPATOB MO3BOJIMIA MOJIYYUTh PETPECCUOHHBIE 3aBUCUMOCTH

e = &(¥,, hore, C). (4.11)
YpaBHEHHE PErpeccuy UMEET BUJIL;

£ =0,21-0,57%,(1 - 0,99%,) — 0,02hy(1 + 175,6hy) — 0,2C.  (4.12)

4.9 Peanu3anus pe3y/ibTaToOB MCCICA0BAHUM

PCBYJ'IBTaTBI HCCHCHOBaHHﬁ, BBITIOJTHECHHBIX I10 BO3MOXHOCTHU
HCIIOJIb30BaHUA BHXPCBBIX HBIHGYHOBHTCHCﬁ B CHUCTCMaAx aClIupanuu
TCXHOJIOTHYCCKOT O O60py,Z[OBaHI/I$I 10 IpPOU3BOACTBY CTPOUTCIILHBIX MATCPHAIOB,

BHeapeHnbl HAa OO0 «Tanaem-BIl» (r. HoBouepkacck). [Ipu pacxoae ouuniiaemMoro
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3 3
raza B 4000 M’/gac ¥ KOHIIEHTpaIlMU MbLIM Ha BXoje 10 1500 Mr/M’ MpOCKOK
3 0
NBUIA B ONTHUMAJILHOM PEXUME padOThl HE TpeBBICHI 29 Mr/mM°, TO ecth 2 %.
WcnbiTanus B TeueHue 72 4dacoB mokazanu, uyTto ycraHoBka B3I1-400 paGortaet
YCTOMYMBO M 0OECIeYMBaeT BBHIMIOJIHEHUE TpeOyeMbIX HOPM Ha TpaHUIIe
CaHUTApHO-3aIIMTHON 30HBI (cM. Ilpwinoxenue A). Pe3ynbTaThl CBEIEHBI B
Ta0IuILy.

Tabmuna 4.6 — Vcnonp3oBaHWE BHUXPEBBIX IBUICYJOBUTENCH B CHCTEMax
acrypalii TEXHOJOTHYECKOro oOOpYy/IOBaHUS IO MPOU3BOJICTBY CTPOUTEIBHBIX
marepuanoB Ha OO0 «Tangem-BID».

Haumenosanue | [luamerp, | OOmas D¢ddextuBnocts | Boicor Macca
MM MPOINYCKHAs | OYMCTKH MBUIEYJIOBH- | MBLIEYJIOBU-
CIIOCOOHOCTH | BO31yXa, B %, B | TEJS, MM, Tens, KT, HE
110 BO31yXYy, | Ipenenax He Oouee Oonee
M>/gac
B3I1-400 400 4000 96-99 % 2138 160

AHanoruyHbple pe3yabTaThl ObLIM TOJYYEHBl MPU BHEIPEHUH BUXPEBBIX
neuieynoBurenied Ha OO0 «Boarorpaarpaxaanctpoi» (r. Boarorpan), rae npu
pacxojae ouuiaemoro raza B 4200 M>/9ac u KOHIIEHTpAIlMXA MbUIM Ha BXOJE 10
2000 Mr/M’ MPOCKOK TBUTH B ONTHMAIBHOM PEXHME PaboTHl He MpeBbICHI 31
Mr/M’, T0 ecTb 1,5 % (cm. Tpunoxenue b).

Pexomenmanmu, mnpeaioKEeHHbIE TIO0 CHIDKCHHIO BBIOPOCOB TMBUIM B
atMocdepy B 1exe 1mo mpousBocTBy copoerToB (OO0 «/Iuapa», r. Musiepono),
MO3BOJWJIM CHU3UTH 3TU BbIOpochl Ha 14%, a Takke NOOUTHCS KOHILIEHTpaLUU
JPEBECHOM MBUIM Ha TPaHULE CAaHUTAPHO-3aIIUTHOW 30HBI MeHee 0,5 Mr/™M (cm.

[Tpunoxenue B).
BbiBOABI 10 YeTBEPTOIl IJ1aBe
1. ITomy4eHsl IKCIIEPUMEHTAIBHBIE 3aBUCUMOCTH CTEIEHW INPOCKOKA IBUIH

anmapara B3Il ¢ oOpaTHbIM KOHYCOM HKOHHMYECKHM 3aKpy4HMBAaTEJIEM IOTOKa

HWXHCTO BBOAA OT PA3JIMYHBIX PCKHUMHBIX XapaKTCPUCTHK IIbUICYJIOBUTCIIA.
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JlaHHbIM amnmapaT MoKa3bIBaeT HAWIyYIlIMe IOKa3aTeau padoThl (HaWMEHbIIUN
OPOCKOK TMbUIM) 17 IIUGOBANIBHON  JPEBECHOW TMbUIM B JHAma3oHe
OTHOCHUTEJIBHBIX CKOpOCTed mortoka Vy or 3 1o 8 M/c, B TOM uHuClIe H JUIA
MeJIKOAUCTIEpCHOM TblIK pazMepoM meHee 10 mukpon (PMy).

2. Ilo pesynpTaTam »SKCHEPUMEHTOB YCTAHOBICHO: I NUIM(GOBATHHOM
JPEBECHOM MbUIH oNTUMaNIbHO paboTaeT anmnapaT B3Il ¢ oOpaTHbIM KOHYCOM, st
KpynHo nbUH 3¢ dektrBeH annapaTt B3I1 ¢ koHnueckuM 3akpydrBaTeIeM MOTOKA
HWKHETO BBOJIA, JUISl IPEBECHOM MBUIH CPEIHUX (PpaKLUUi CTENEHb MPOCKOKA MbLUTU
IIPUMEPHO OJIMHAKOBASI.

3. Ilpu ymensiieHun pacxoga Bozayxa anmnapaT B3Il ¢ oOpaTHbIM KOHYycOM
MeHee >QdekTrBeH, yeM craHaapTHeid annapatr B3I, npu yBenmyeHun pacxona
sp¢ektuBen anmapar B3Il ¢ koHMUYECKMM 3aKpydMBaTesieM IOTOKAa HHKHErO
BBOJIA.

4. TlomydyeHbl aHAJIUTHUYECKHE 3aBHUCHUMOCTH, XAPAKTEPU3YIOIIHME CTEIECHb
IIPOCKOKA MBUIA B CHUCTEMAx AacCIHpPAlHUHA C YYETOM H3MEHSIOIIMXCS pacxola U
KOHLIEHTpallMd  MbUIETa30BOI0  MOTOKA, OOYCIOBJIEHHBIX  OCOOEHHOCTSMH
TEXHOJIOTUYECKOTO PEKUMA.

5. YcranoBka B3Il ¢ 0OpaTHBIM KOHYCOM M KOHHYECKHM 3aKpy4UBaTEIEM
MOTOKA HUYKHETO BBOJA MO3BOJIIET CHU3UTh CYMMAapHBIM MPOCKOK NbUIH B 2,7-3,5
pa3a, BbIOpochl MenkoaucnepcHod mnbuti PMI10 cokparute B 1,8-2,0 pa3a,

BBIOPOCHI MeJIKoaucniepcHou bt PM2.5 cokparuts B 1,3-1,5 pasa.
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3AK/IIOYEHUE

PaGota mocBsllleHa PEMICHUIO aKTyallbHBIX 3ajlad — OOeCIEeUYCHUIO
HKOJIOTUYECKON 0€30IaCHOCTH Ha MPEANPHUATHIX MO MPOU3BOJCTBY JIEPEBSHHBIX
CTPOUTENBHBIX KOHCTPYKIUN U U3JICIUNA U CHUKCHHUIO HETaTUBHOTO BO3JICHCTBUS
Ha artMmocepHbli Bo3ayX. [lo pe3ynapTaTam BBINOJIHEHHBIX KOMILJIEKCHBIX
UCCIIEJOBAaHUM, HANpPAaBJICHHBIX HA: IMPOTHO3UPOBAHUE COCTOSIHMSI BO3JYIIHOM
CpeIbl; U3y4eHHE TEXHOJOTHYECKUX MPOIECCOB, MPOUCXOISAIINX MPH MOATOTOBKE
U TPOU3BOJICTBE CTPOMUTEIBHBIX H3JACIUNA U3 JIPEBECUHBI, KOHCTPYHPOBAHUE,
ONTUMHU3ALMIO TIapaMEeTpPOB MbUICyJaBIuBaHus amnmapatoB B3Il ¢ mensro
CHIDKEHHUS HETaTHBHOTO BO3JCHCTBHS THLJICBOTO (hakTopa, — MOXKHO CIeNaTh
CJIEyIOIlE OCHOBHBIE BBIBO/BI 110 padoTre:

1. IlpopaboTka W aHanu3 W3BECTHOM HAy4YHOW JHMTEpPATypbl M JPYrUX
HAayYHO-TEXHUYECKUX MCTOYHHMKOB IMOKa3ajdd, 4YTO i OOeCHbUIMBAaHUS
BO3JIYIIIHOW cCpeAbl Ha JepeBOOOpadATHIBAIOIIMX MPEANPUATHIX MPUMEHSIOTCS
[EHTPAJIN30BaHHbBIC U JICIIEHTPAIN30BaHHbIE CUCTEMBI oOecibuiiBanus. [Ipu 3Tom
JUISL OUYMCTKU BBIOPOCOB B aTMOC(epy B LEHTPATU3OBAHHBIX CHCTEMaX aclupanuu
1 00ecnbUTUBaHUS B OOJBITMHCTBE CIIy9aeB HCIOIB3YIOTCS IIUKIOHHBIC ammapaTl,
B KOTOPBIX PeaTnu3yoTcs BUXpeBbie 3P (EKTHI.

2. Ilpennoxena cxema pacueta «OnpeneneHue MNbUIEBBIX BBHIOPOCOB B
atMochepy OT JAepeBOOOpadaTHIBAIOIIETO NPECANPUITHSY, YUYWUTHIBAIOIIAsS BCE
UCTOYHUKY TBIJICHUS.

3. B pe3ynbTaTte mpoBeneHUsT HATYPHBIX SKCIIEPUMEHTOB M HCCIIECIOBAHUIMA
MPOIIECCOB  PACIPOCTPAHEHHUS M OCENaHWs TMBUIM B  TMPOW3BOJICTBEHHBIX
NOMEILIEHUSAX pAga NPEINpUSITU YCTAaHOBJIEHO: HW3MEHEHHUE 3allbUIEHHOCTU
BO31yxa paboueil 30HBI W IJIOTHOCTH OCENAaHUS MBUIM B TPOHW3BOJCTBEHHBIX
NOMEILIEHUSX Ha Ppa3IUYHbIX PACCTOSHUSAX OT HMCTOYHHKOB IBUIEBBIACIICHUS
MOTYMHSIETCS SKCTIOHEHIIMAIbHOMY 3aKOHY.

4. TlomyueHHbIE Pe3yabTaThl U3yUEHUS JUCIIEPCHOTO COCTaBa M OCHOBHBIX

CBOMCTB I[pCBGCHOfI IIbIW, JaHHBIC O KOTOPLIX HCO6XOI[I/IMI)I s pCHICHUA
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BOIIPOCOB OOECHBUIMBAHUSL BO3/yXa, MOKa3ajdd, 4YTO B aTMOCGEpHBIA BO3IyX
MOCTYIAIOT YaCTULbI MbUIH, OCHOBHAsI Macca KOTOPBIX MPUXOJUTCS HA YACTHIIBI C
pazmepamu Menee 20 miMm. Ilpuyem B Hauane pabGouero gHS B aTMoc(epHOM
BO3JIyX€ Ha TEPPUTOPUHU MPOMIUIOIIANKM Ha A0 yactull PM;y npuxoaurcs 5-
10%, B xoH1Ee pabouero qua — 9-12%. OgHako Ha TpaHUIE CAHUTAPHO-3AIUTHON
30HBl COAEPKAHUE MEJKOJHUCIEPCHBIX YACTHIl BO3pPACTA€T M COCTABJSCT: IS
yactuli PM,, B Hayane pabouero aas 50%, B koHIie pabouero qusa — 98%; mis
gactur PM, 5 — 0,6% n 15% cooTBeTcTBEHHO.

5. ITocTpoena napabonuyeckast rpaduueckas 3aBUCHMOCTD,
XapaKTepHU3yrollasi CKOPOCTh OCEaHUs YACTHUIL JPEBECHOM MbLIM, 0Opa3yromencs
B Ipouecce HUIM(OBAHUS, OT CPEAHEr0 SKBUBAJIEHTHOTO JHMaMeTpa Mpu
MaKCHUMaJIbHOM ckopocTu 1,1 M/c gacTuiel uMmeroT auameTp oT 11 g0 28 MkM, a
P MUHUMAJIbHOM CKOPOCTH ocellanus, paBHou 0,1 M/c, YaCTUIIbI UMEIOT TUAMETP
oT 1,1 MKkM 110 9 MKM.

6. s mporeccoB aepeBooOpabOTKU: MUIeHUs, (ppe3epoBaHus, CBEPIICHHUS,
CTporanusi, NUIM(oBaHusl, — ObUIM MOJYyYEHbl BEPXHUE W HUKHUE OTrHOArOIIHe
JMarna30HOB M3MEHEHHUs JTUCIEPCHOro cocrtaBa jApeBecHo mbuid. [Ipu BbIOOpE
CPEJICTB MbLICYJIABIMBAHMS, CPEJICTB KOJUIEKTUBHOM 3alIUThI U CUCTEM aclUpaluu
ClIeTyeT OPUEHTUPOBATHCS Ha BEpXHHUE OrHOarolue.

7. dns obecrieyeHus: HaJEKHOCTU CUCTEM acHHUpalliy, MpeIHa3HAaYeHHbIX
Uil o0ecnbUIMBaHUs BO3AyXa paboyeil 30HBL, a Takke g CHUKEHUS
3allbUIEHHOCTH aTMOC(EepHOro BO3[yXa, Ha OCHOBE JIaHHBIX O CBOWMCTBax
UCCIENYEeMON TbhUIM  MPEJIOKEHO HCIOJIb30BAHUE OMBITHO-IPOMBILIICHHON
yctaHOBKM — anmapara B3Il ¢ oOparHbIM KOHYCOM U KOHUYECKHUM
3akpyuuBareneM. [lomydeHbl 3KCHEPUMEHTANbHBIE 3aBUCUMOCTH  CTEIEHU
npockoka mbUM anmapatra B3Il ¢ oOpaTHbIM KOHYCOM M KOHMYECKUM
3aKpy4yMBaTEIE€M IMOTOKAa HWIXKHET0 BBOJA OT  Pa3JIMYHBIX  PEKUMHBIX
XapaKTEPUCTUK MbUICYJOBUTENA. JlaHHBIM anmapaT IOKa3blBa€T HAWUMEHBIINN

IMPOCKOK IIbLIW AJIA ﬂpCBGCHOfI IObIJIM B AHAIIa30HEC OTHOCHTCIIBHBIX CKOpOCTCﬁ
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noToka ot 3 10 8 M/C, B TOM 4HuCJIE U JUJIl MEIKOAMCIEPCHON MbUIM pa3MepoMm
meHee 10 mxm (PMy).

8. YcranoBka B3Il ¢ 00paTHBIM KOHYCOM M KOHUYECKHM 3aKpy4HBATEIEM
MOTOKa HIXKHETO BBOJIa MO3BOJISIET CHU3UTh CyMMAapHBIA MPOCKOK MbLIU B 2,7-3,5
paza. YcranoBka B3I1-400, mpoieniias ONbITHO-IPOMBIIIJICHHBIE WCTIBITAHUS B
teueHue 72 yacoB B OO0 «Tannmem-BII» (r. HoBouepkacck) u B OOO «IITh
Bonrorpanrpaxknanctpoi» (r. Bonrorpan), padotaet ycToH4nMBO U o0ecrieqyuBaeT
BBIIIOJIHEHHE TPEOYEMBIX HOPM Ha IPaHULE CAHUTAPHO-3AILUTHON 30HBI.

9. IlonyueHHbIe B TUCCEPTAIMOHHONW paboTe pe3ysIbTaThl U BbIpaOOTaHHBIC
PEKOMEHJAIUU 110 CHHYKEHUIO MTOCTYIIEHUSI BBIOPOCOB MbUIM B aTMOC(eEpy B LIiEXe
1o npousBoAcTBY copoeHToB OO0 «/lnapay (r. MUiaepoBo) mo3BOJIUINA CHUZUTh
9TH BeIOpoCHl Ha 14%, a Takke MOOUTHCS KOHIEHTpAIMU JIPEBECHOW MbUIA Ha

. 3
TPAHMIIE CAHUTAPHO-3aUUTHOM 30HBI MeHee 0,5 Mr/m™.
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VYcnoBHBIE 0003HAUCHUS

BpeMsl, ¢ (MHH., 4, TOJ);

ILIOMIA (b, M*;

IIOTHOCTH TIBUICOCEHAHHS, T/(M -4);

KO2(PPHUIIUCHTHI;

BBICOTA, M;

auameTp, M (MKM);

AKBUBAJICHTHBIN pa3Mep YacCTHII,

WHTETpaJibHas (PYHKITHS pacTpeIeICHUS MacChl YaCTHIT
o Auamerpam, %;

KO3 (DUIIMEHT MPOCKOKA;

KO3 UIIMEHT a’pPOIMHAMUYECKOTO COMPOTUBIICHHUS;
naBieHue, Ila;

¢ depeHuranbHas byHKUIHS IJIOTHOCTH
pacrmpeneneHrs MacChl YaCcTHII IT0 THAMETPaM;

koA PUIIEHT POPMBI YACTHIL;

JTUCTIEPCHST;

kputepui Ouiepa;

CKOPOCTb BO3/yXa, M/C;

kputepuil CTBIOAEHTA;

JUCTIEPTUPYEMOCTH (TBLIAIIAS CTIOCOOHOCTB);

00BeM, M.

o6mas 3(h(EeKTUBHOCTH MBUICOUUCTKH, %0;

oOmuii pacxoa Bo3ayxa, M/c;

pacxoJ BO3ayxa, 1o1aBacMoro B HUKHUIN BBOJ
arrapara, M/c;

yToJI HAKJIOHA OCH TIBIJICYJIOBUTENS K BEPTUKAIBHON OCH;

yrioBasi CKOpOCTh MOTOKA, 1/c;
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paauanbHas KOOpAWHATA MbIJICBON YaCTHIIBI, M;
BpEMSI JBMKEHUS YaCTHIIBI MTBLUIH, C;

IIOTHOCTH BO3/yXa (ra3a), Kr/M’;

[LUIOTHOCTB MaTepHalIa YaCTHIIbL, KI/M;
JTUAMETP YaCTHIIbI, M;

paanyc BBIXOJIHOTO MaTpyOKa arapara, M;
paanyc KopIryca ammapara, M;
KHHEMaTHYeCKast BI3KOCTh BO3IyXa, M/C;

BXOaHAaA CKOPOCTb I'a30BOI'0 IIOTOKaA B aIlliapar, M/C;

BBICOTAa IIOMCIICHU, M,

YCJIOBHAsI CKOPOCTh TIOTOKA B TUTAHE armapara, M/c;

KOA(POHUITUEHT THAPABINYECKOTO COMPOTUBIICHUS
anmapara;

MGI[I/IaHHIﬂﬁ AUaAMCTP 4aCTHUL, MKM;

yuciio Pelitnonpaca;

CHIIA TSKECTH, M/C .

THAPOCTATHYECKOE JaBJCHUE MOTOKa, [1a;
oceBasi KOOpJIMHATA, M;

TaHIeHIIMAIbHAs KOOPANHATA;

KOHIIEHTPALUS MbLIH, KT/M;

APOANHAMHUYICCKOC COIIPOTHUBIICHUC YaCTHUIIbI ITBLIH, I1a

BpEMsI peliakcaiuu, 1/c;

yucio PeliHobaca 1J1s1 4aCTULIBI BN,

nonpaBoyHbie K03 durmentsl ot auametpa B3I1 u ot

3albIJICHHOCTHU OUYHMIIAEMOTI'0 BO3ayXa COOTBCTCTBCHHO,

JUCIICPCHUA,
MaccCa 3arpA3HAr0muXx BCIICCTB, BBI6paCI)IBaeMLIX B

atMocdepy, T/Tox;
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NHaekcol

YacTUIIA;
SKBUBAJICHTHBIN;
CpEIHHUI;

oceaHue
KPUTHYECKUU
Ta0JIMYHOE 3HAUCHHUE,

Oe3pa3MepHas BEJIMYHMHA.
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[Tpunoxenue A

HHH 6150033221 KITII 615001001 OKB3J151.70 OKIIO 55519628
Plew 40702810700030000092 & Hosouepxacckom deumase OAQ «DOHACEPBHCHAHKA»
Kics 30101810200000000212 BHK 046043212

AKT BHEJIPEHHA
HAYHHO-TEXHNYCCKoH pazpalorks

Hactosumit aKT COCTABIEH O TOM, 9T0 Pe3yNLTAThl HCCNIeIOBaHHH, BhNONHCHHAIN Heymemxuikol
H.B. 1 Ceprusoiit HM., 10 BO3MOMKHOCTH HCYIOE30BAHHE BRXPEBEIX MEIICYIOBHTCACH B CHUTUMAX ACHIMPE-
OHH TCXHOMOrMMECKOro 00OPY/IORAHIA TI0 MPOHIBOJICTRY CTPOHTENLIEIX MATCPHANOB, BHeAPCHbL Ha OO0
«Tanpem-BIT»,

Pacxon oimemoro rasa — 4000 w'/4ac, KOHUEHTPaIAs TTELTH Ha BXoge — o 1500 mrin’. TTpockox
TBUIH B ONTHMIBHOM PERHMe PaloThi He IpeBkIcHT 29 Mriv’, T0 ecTs 2 %.

Henbiranns B revenue 72 9acon mokalam, 9o yeranoska B311-400 paboraet yeroiiuneo u obecne-
UHBACT BHNOAHCHHUE TPEOYEMBIX HOPM HA IPAHMIE CAHWTAPHO-3AIHTHON J0HELL

N Hamvenoranme Juametp, My | ObBwaz npo- C)(blbmb ! BhicoTa neic- ’ Macca neine-
TYCKHA OYMCTEH BOZAY- | YHOBMIEIN, MM, | VIOBHTSNN, KT,
cuocobuocts | xa, s %, B npe- me GoTce ne Goaee
IO BOSZYXY, JiEnax ‘
A faac l
1 B311-400 400 4000 96-99 % 2138 | 160
21

Or AI'TY u BoTTY

3aw. kad. M30C, a7, npod. L ~ hognan
Tlonen kapeaps BXCHIX _ L8 fpriom HM.
3as. xap. «Crpourensune METepG :

Accucrenr kap. BM (

346421, Poc
Ten: (86352) 6-73-12. 66-100. Qs (86352) 66-100
e-mall; aadcnniiedury
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[Ipunoxenue b

00O «MNTB BonrorpagrpaxaaHcTpon»

10pupuveckni anpec: 400 087, . Bonroman, yn, Hosopoccwickas, 10 Tendiase: (3442) 379701

Movroesii aapec: 400 087, 1. Bonrorpaa, yn. Hosapacewiickan, 10 371276
Ete pic 40702610311000000887 Bonrorpagckos OCB N18521 r.Bonrorpaa Emall: ptoZ006¢dmait.ru
a EUK 041806647
! w'e 30101810100000000647
OFPH 1063444056356
WMHH 3444135069/ kNN 344401001
AKT BHEAPEHHSA

HAY'IO-TEXIAYCCROA paspadorKn

Hactoanyil akT cocranien 0 TOM, 910 pesyJiLTaThi HCCHSIOBARMI, BhIIHCHIEN
Heymeprnukoit H.B. u Ceprumoii HM., no BOIMOKHOCTH HCHONLIORANNA BHXPEbIX
NBUIEYTOBHTEICH 0 CHCTEMAaX HCHMPANMH  TEXHONOIMMECKOTO  00OpPYLOsaHus (10
NPOH3BOACTEY  CTPOHTCHBHBIX  MaTepHalos,  mueapeHst  Ha Q00  «IITh
Bo.uorpaiurpakaancTpoiin.

P.u,\o,x oumaeMoro rasa — 4200 w’fuac, KOUIMENTPALMA [1bLIM HA BXOJE — |0
2000 Miin’. [IPOCKOK TIELTH B ONTHMATHHOM peskume paboTsl He npesbicun 31 mrav’, 1o
ecTs 1,5 %,

Menbiranug B TeticHue 72 yaco noxasaix, yto yeraHoska B311-400 padorac:
YCTOHUMBO W OfeCieMBART BHINIONHCHHC TPeGYeMBIX HOPM HA IPAlMIe CAKHIZPHO-
3EIMTIOH 30HEL

Ne | Hammenosanwe  uamerp, O6iman ek rusrocts Buicora Macea |
MM HPRDYCKHA OSHCTEK OLLICVIORN e 1%, ThUICNIOBHTE A,
CNOCODHELTL | BO3AYNa. k%, 8 | v, Ie Goses KT, HC Doree

‘ oo DO] INXY, npcnciax

' fuac |
| B3l1-400 400 I 41{{} | Y69 Y 2138 [0

Ot Boarl 'Y w JITTY O 000 ¢l ITE Bosrorpaarpananc iz

Horxadenpr BAICHTX, k1.0, Cg{ Ceprima 11.M.

AccrcTenT Kad. BM -4 _Heymepxomxas L.
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[Ipunoxenue B

O0mecTRO ¢ OrpaHHYEHNOH OTBETCIBEHHOCTHIO

. «Tuapa»
WHH 6149018772, KIIIT 614901001, OI'PH 1136173000127,
e 40702810452000097668 B Drumvase OTRPEITONO SKUHOHEPHONO 00WECTsa
i «Coepbark Poccu - MWIICPOBCROS OT/esieHHE {HA NPAsax O14SNa)
Pocroeckoro oracnetie Ne 5221 OAO «Coepdank Poccwn
®'c 30101810600000000602, BHK (M6015602, OKIIO 12149196
346132, Poctorcras ofmacts, v, Munepoeo, yn. 3 Hurepnauponana,3 1-6
Tea! paxc: (86385) 2-56-76, 3-00-94, 3-11-64. 2-98-65

‘7',:-(":"’! AT >
AKT BHEJIPEHMSA U 11361735
HAYMHO-TEXHEYeCKOH paspaorkn

Hacrosupaif akT COCTABIEH © TOM, HTO PEKOMEIJ@AIHH, TpelIokKeHHbIe
accuerenToM JIOHCKOTO TOCY/IapCTBEHHONO TEXHWNECKOro yausepeurera Heymepxumxodn
IIB. u gouexromM Boirorpaickoro rocyl@perseHHON0 TEXHHYECKOTO YHHBEPCHTCTd
Ceprumoii H.M., no cHmkeHHiO BHIOPOCOB MbiAM B arMocdepy B LEXE N0 NPOU3IBOACTBY
copOEHTOB TI0ZBONIHTH CHU3HTE 3TH BHOPOCcH Ha 14%, a Taicke J00MTHCS KOHIEHTPALHH
ApeBeCHOM MBUTH Ha NPAHHIIE CAHNTAPHO-3AIMTHON 301k Meree 0,5 MriM(3).

Or ATTY u BoarI'TY |
3as. kad. U30C,
A1H., mpod.
Jlon, xad,

Or 000 «Juapa»

becnanon B.H. I'n. uHmeHep (/7/;/Tapac‘g§ AB.

BXACHTX
3as. xad.

«CTPOHTC/IbHBIC

MATCPHANLLY

Accucredt kad.

BM

(gz _ Cepruna HM. I Texnoiaor /(Z%aa 0B,

-2 ARomnap B

//’%24 " Heymepwuikas H.B.





