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BBenenue. TexHonoruyeckas acrnupanus Ie-
MEHTHBIX MEJBHUIl SIBJISETCS BAKHBIM YCIOBHEM
YBEIUYCHHUS HX TPOU3BOAUTEIHLHOCTH, CHIDKCHUSA
YACNBHBIX JHEPro3aTpaT ¥ TOBBIIICHHUS KauecTBa
nementa [1]. B cBsI3u ¢ mMonepHHM3aIueil 1eMeHT-
HBIX 3aBOJIOB M TIEPEBOJOM MEITBHHUII B 3aMKHYTHII
UK TIOBBIIIAIOTCS TpeOoBaHHUS K A(PEKTUBHOCTH
paboThl MX acCIUPAlMOHHBIX cucTeM. [Ipu pacuere
U TPOCKTHPOBAHMM CHUCTEM acCIMpaIi HEOOXOIH-
MO YUYUTHIBATh a’pOJMHAMHYECKOE COMPOTUBIICHUE
METBHUIBI M JIPYTHX 3JIEMEHTOB aCIHPAIIOHHOTO
TpakTa, TeMIIepaTypy U 3albUIEHHOCTh OTCachIBac-
MOTO BO3]IyXa, TMOJCOCHI Hapy>KHOTO BO3IyXa, Xa-
PaKTePUCTUKY aCIHUPAIMOHHOTO0 BEHTWIATOpa U
JIpyrue OCOOCHHOCTH Ipollecca acmupaiu. Bius-
HUE 3THX (HAKTOPOB Ha PEXKHUM acCIHpaIlMH HCCIIe-
JIOBAJIOCh B psine pabor [2—6], OAHAKO METOIbI

KOMITJIEKCHOTO a3pOJIMHAMHYECKOr'0 pacdera CH-
CTEM acHHpally OCTAIOTCS HEJIOCTaTOYHO pa3pado-
TaHHBIMH. B CBsI3M ¢ 3TUM MOAOOP acHHUpaIOH-
HBIX BCHTUJIATOPOB M PEXKUMOB HX pa6OTbI, KakK
MPaBUIIO, BeeTcs 0€3 JODKHOrO 000CHOBAHUS, UTO
MPHUBOJUT K TEpPepacxofy SJIEKTPOIHEPTUU U CHU-
JKeHuo 3QQekTuBHOCTH acnupanuu. s paspa-
OOTKM METOJIOB pacuera W YIpaBJCHHs CHCTEMOH
acIHpanuy HEOOXOJMMO CO3/IaHUE ee MaTeMaTHue-
CKOW MOJIEIH, CBSI3BIBAIOIICH MEXAy co0Oi KOH-
CTPYKTUBHO—PEKUMHBIE IIapaMETPbl CHUCTEMBI C
yIpaBisiomuMy GpakTopami [7].

OcHoBHasi 4YacTb. A3pOJMHAMUKA OCHOBHOTO
JJIEMEHTa aCMUPAIMOHHOTO TpakTa — MEIbHUIIBI
(puc. 1) ocnoxHsieTcs: pAIOM 0COOEHHOCTEH, KOTO-
PBIE€ HOCST HENECTEPMUHUPOBAHHBIN XapaKTep.
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Puc. 1. Cxema acrimpanmoHHoro tpakra (1 — MeibpHUIA, 2 — acCIUpaloHHAs axTa, 3 — TPYyIa HUKJIOHOB,
4 — pykaBHBII QUIBTp, 5 — aCITUPAIMOHHBIA BEHTWIATOP, 6 —MeCTa MOJICOCOB HAPYKHOT'O BO3/1yXa)

Tak, menm MeXKaMepHBIX MEPETOPOJIOK, KOTO-
pbl€ BHOCAT CYILIECTBEHHBIM BKJIAJ] B CONpPOTHUBIIE-
HUE MEJIbHUIIBI, CIyYalHBIM 00pa3oM IepeKphIBa-

FOTCS MEJIIOIIMMH TeJaMH M 3a0MBAIOTCS W3MENb-
JaeMbIM MaTepHaJIOM, a TapaMeTphl aCIUpPaIOH-
HOTO BO3AyXa (TeMIieparypa, 3albUIEHHOCTD, BJIAXK-
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HOCTB), KOTOpbIE TaKXke BIUSIIOT Ha CONPOTUBIICHHE
MEJIbHULIBI, CIIOKHBIM M TPAaKTUYECKH HeIpercKa-
3yeMbIM 00pa30M MEHSIOTCS BAONb MEITbHHIIBI.

[TosToMy 3aBHCHMOCTH CONPOTHBIIEHUS MENb-
Hunpl APy OT MaccoBOro pacxofa IPOXOISILIEro
yepe3 Hee acIupanuoHHOro Boszayxa Go 1enecood-
pPa3HO ONpenensiTh HCHOIb3Ys TOHATHE 3KBUBA-
JICHTHOTO OTBepCTHs [8], T.e. KpyIJIOro OTBEpPCTHUS B
TOHKOW CTEHKE, MMEIOIIEro MpU TeX K€ YCIOBHUSX
COINIPOTHUBJICHNE, PAaBHOE COMPOTHBIIEHUIO MEIbHHU-
IIBI:

2
ARy = Per% . (1)
2 ppA

3necy p =p,+Z,, p, =b/T, — NIOTHOCTH BO3-
Jyxa, MpoCachlBAEMOro 4epe3 MelbHUILy, To — ero
cpenusisi abcomtotHas Temmepartypa, b = PM/R, P
= 101325 Ila, M = 0,029 kr/momb, R = 8,314
Jx/(mons-K), b = 3534 xr-K/M*, Zy — cpemnss 1o
METBHUIIE KOHIICHTPAIUS B3BEIICHHON MbUTH, A —
IJIOMIAh AKBUBAJICHTHOTO OTBepctus, u =0,65 —
K03 puIMeHT pacxoaa uepes Hero [9]. Bennunna 4
MOXeET OBbITh HaiJileHa B pe3ylibTaTre aIpoKCHMa-
87050 HOqueHHOﬁ OIIBITHBIM IIYTEM 3aBUCUMOCTH
APy ot Gy pyHKIHEH:

AP, =k,G; (2)

ITo HailieHHOMY METOJJOM HaMMEHBIIUX KBaJ-
patoB (MHK) 3HauyeHuto mapamerpa ky IUIomaab
SKBHUBAJIEHTHOTO OTBEPCTUS MEJbHMIIBI OIpPEACIs-
€TCsl COOTHOIIICHHEM

A 3)

st MENbHUL pazMepamu 3x14 M
A=0,15...0,19 M* [9]

CootHomenne (1) mmsg a’dpoaUHAMUYECKOTO

CONPOTHUBIICHUSI MEJBHHIIBI MOXET OBITh MPEICTAB-
JIEHO B BUJIE:
2

APO = aoGO 5 (4)

rae

_ 6 (b+2,Ty)Ty
ay =9.48-1070 ST E00R0 g
B npou3BOACTBEHHBIX YCIOBHUAX acIHUpanus
LIEMEHTHBIX MEJIBHHUI] CONPOBOXIAETCS 3HAYUTEIb-
HBIMH IIOACOCAMH HApYyKHOI'O BO3JlyXa B MECTax
COCIMHEHUS DJIEMEHTOB ACIHUPALMOHHOTO TPAKTa.
Tak, nepen acOMpalMOHHOM IIAXTOW pacxof IOJ-
CacplBa€MOr0  BO3AyXa MOXKET COCTaBJIATh
G, 20,5G,, nepen uuionamn - G, >0,15G,
nepes; GUIBTPOM G, 2 0,08G, u nepex BeHTHIIS-
TopoM G > 0,27G,. CyMMapHbIii 1OACOC MOXKET
y 0

MPEBBIIIATE PACXOJl MPOCACBIBAEMOTO Yepe3 Mellb-
HHUITy BO3AyXa B Heckoibko pa3 [10]. KommaecTBo
HApY>KHOTO BO3/yXa, TOACACHIBAEMOrO 4epe3 He-
NJIOTHOCTH  i-TO COIIPSAKEHUA  aCHUPAllMOHHOT'O
TpakKTa 3aBUCUT OT ILJIOMIaAAN I3THUX HEIIOTHOCTEMN
F;, paspexeHus B MeCTe UX pacloyiokeHus AP; u
ILIOTHOCTH HapyKHOTo Bo3ayxa p = b/T :

G = |*PAE (6)
g”
roe T — TemIeparypa  HapyKHOTO BO3JyXa,

¢, =275 — KO3((UIIMEHT MECTHOI'O COIPOTHBJIC-

HUS ILEIEBUIHOIO OTBEPCTUS IMPU HAJUYUU TPO-
xojsimero moroka [11].

IToacockl TPUBOAAT HE TONBKO K YBEIUYEHUIO
pacxoia aclUpallMOHHOIO BO3/yXa, HO U K CHUXeE-
HUIO €ro TEMIIEpaTyphl U 3allbUIEHHOCTU. BiusHue
M3MEHEHHUH 3THUX MapaMeTpoB HEOOXOIUMO YUUTHI-
BaTh IIPU ONPEAEIIEHUHN CONPOTUBIEHUIN 3JIEMEHTOB
aCIUPAIMOHHOr0 TpakTa. Temmeparypa U 00beM-
HBIA pacxojl MbUICBO3AYIIHON CMECH B acmupauu-
OHHOM IIaXTe ONPEAEIISIETCS COOTHOIIEHUSIMU:

T GT,+GT ,
¢ G,+G,
(G,+G ) GT,+GT
= a _ i (7)
0, b b

3anbUIEHHBIH BO3AYIIHBIA MOTOK, MOCTYMHAlo-
MHUA B acCNUPalUOHHYIO IIAXTy, JOMOJHHUTEIHLHO
3axBaThblBaeT C cOOOW YACTh BBITPYXKAEMOTO W3
MENTBHUIIBI [IEMEHTa, MO3TOMY €ro HavallbHas 3a-
MBJICHHOCTh Z| 3HAYUTEIBHO TPEBOCXOIUT KOH-
HEHTPAINIO MBUTH Ha BBIXOJE M3 MEIBHUIIBI U MO-
xeT gocturats 330...770 /M [12]. Konuentparms
MBUTH Ha BBIXO/IC ACTIMPAIIMOHHOW IIAXTHI OMpesie-
JISIeTCS. MacCOBBIM PacxolioM MbiieyHoca (7y, KOTO-
PBIH 3aBUCHT OT pacxojia aCUPaIMOHHOTO BO3IyXa
Go W JocTHTaer Juisi MENBHUI] OTKPHITOrO IIHKJIA
m3MenbueHuss oT 2 10 5% NpOoU3BOAUTEIHLHOCTH
menbHULbl Gy [13]. Ilomaras sty 3aBHCHMOCTH B
uaTepBane 1 < Gy <9 kr/c TMHEHHOH, OITyYrM

p=kG,+B, ®)

rne p= Gy /GM — OTHOCHUTEJIbHAS N0/ IIbUICYHO-

ca, mapameTphl k, U B ONpENeNsoTcs B pe3ylbTaTe
00pa0bOTKH OMBITHBIX JTAHHBIX.

D¢ deKTHBHOCTh THIICOCAKACHHS B acmupa-
IIMOHHOM IIaXTe, MPOMUCXOISIIEr0 B PE3yjIbTaTe
WHTCHCUBHON  KOAryJslMd H  CeIUMEHTAIMU
YKpYIHEHHBIX 4acTul, focturaer 90%. B atom
ciy4yae BXOJHasi Zi ¥ BbIXOJHAasl Z KOHUEHTpalHUH
LIEMEHTHOW MbUIM B aCMpPalMOHHOM IlIaxTe CBA3a-
HBI COOTHOINICHUEM Z1 = 97, a ayia cpenHeil KoH-
UCHTPAIMHI MBI MOMYIHM: 7 = ( Z+Z, )/2 =57,

rae
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ZZ _ i _ b(K}GO + B)GM ‘ (9)
0, GT +GT
AdpOoIMHAMHYECKOE COMPOTHBIICHUE AacIupa-
IIMOHHOM maxThl AP, 00yCIOBJIEHO IOBOPOTOM U
pacllupeHueM aclUpalMOHHOrO0 MOTOKa B Pa3rpy-
304YHOM YCTPOWCTBE MEIbHUIIbI, BECOM BBIHOCHMOM
NbLIM, Pa3HOCTBIO TEMIIEPATYP ACIUPALMOHHOTO U
HApYHOTO BO3/yXa, a TaKXe CY)KEHHEM IOTOKa
aCMUPaIMOHHOr0 BO3/1yXa MPH €ro BXOJI€ B IPYIINY
LIMKJIOHOB

_ gpﬂJZG(? [1 " 9(KyGo + B)Gvu j +

! 2Fp2b 7-;) GOY-;) + GIT
(10)
(k.G,+B)G,+G,+G, 1
+gH,| — : -—— |+
G T, +GT T

+ 2%;]) (G, +G +G,(k,G, + B)G,T, +GT).

3nech F), — miomaab CBOOOIHOTO MOMEPEYHOr0
CedeHHs pa3rpy30uHOro ycTpoiictsa, g = 9,81 m/c?
— YCKOpeHUE cuibl Tskectu, H, F, — BblcoTa U
IJIOIIAIb IOMEPEYHOr0 CCUCHMS AacCHHpPaIllHOHHON
IIAXThI; Cp =084 nu ¢ =155 - KO3 (PUIMECHTBI
MECTHOI'O COMPOTHBIICHHUS IEPEXOJ0B U3 pasrpy-
304HOr0 YCTPOMCTBA B aCIUPAIIMOHHYIO MIAXTy U U3
Hee B IPYIIY IUKIOHOB.

B kadecTBe NepBOil CTYIEHU OYMCTKH acrupa-
IIMOHHOTO BO3JyXa 4alle BCEro HMCIHONb3YIOTCS
rpynnsl nukiaoHoB [[H-15 umm IH-15y nmamer-
pom D” > 800 MMm. Koaddunuent conporupiieHus

TPYIIIBI TAKUX ITUKJIOHOB C YYE€TOM 3aIbUICHHOCTH
acIMpalMOHHOrO BO3/yXa paBeH ¢ =178, a 9¢-
£

(I)CKTI/IBHOCTB OYHUCTKHU JOCTUTACT 3HAYCHUA
n, =0,65..0,8, €CIH CKOPOCTh MBLJIEBO3 1Y IITHOM
4

CMECH, OTHCCCHHAA K IUIOIIAJX IMOIEPEYHOro ceye-

Ceu Uoznmb

HUSI [WJIAHIPUYECKON YacTH IHMKJIOHOB (yCIOBHAs
cKopocTs) Oimska K ontumansaoit Uy, =3,5M/c
[11]:
FU - G,T, + (G, +G2)T’
ey~ onm b
rie Ftw = nn’D; / 4 — cymapHas IJIoIaab momnepey-

(1)

HBIX CEUEHHUH LIUKJIOHOB, 1 = 2..4 — UX YHCIIO.
IIpu 3amaHHOM 4YKCIIE ITUKJIOHOB MX JHAMETP
OMPENENAIOTCA COOTHOIICHUEM

D :\/(),()()I(GOTO +(G] +G2)T)' (12)
y n
COmnpoTHBIIEHHE TPYIIIbI IUKIOHOB OMpee-

nsiercs popMyIioii:

AP_C PLL;(GO+G1+G2)
y Dy 2p2F2 :

y oy

(13)

3nece p, =p,+Z, — CpemHssi IIOTHOCTb
MBIJIEBO3/IYITHON CMECH B IIUKIIOHAX, p, = b/ T, T,

— IJIOTHOCTh BO3AYyXa U €ro TeMIeparypa, Zy —
CpeIHssl KOHIEHTPALKs BTN B IUKIOHAX.

CootHomenust s onpenenenust 7, u Ze, BbI-
BOJATCS M3 ypaBHEHHM TEIUIOBOT'O U MaTepHaIbHO-
ro OanaHca:

r _GL+(G+G,)r
! G, +G +G,
_ 0’522(2 -n, XGOTO + GIT)
“ GT,+(G+G,)r

, (14)

(15)

C yuaerom ycnoBus (10) u coornomenuit (12,
13) dbopMyna st CONPOTUBICHHUS TPYIIBI IUKIIO-
HOB NMPUHUMAET BU]I;

= (G, +G, +G, +0502-n, \k,G, + B)G,) (16)

A
" 2AG T+ (G +G)T)

JL1st BTOpPOM CTYIIEHU OYMCTKU aCIUPaLMOHHO-
r'o BO3JyXa HMCIOJB3YIOTCS pyKaBHbIC (DUIBTPHI ce-
puit ®PKU — 360 c mpousBOIUTENBHOCTHIO [0
32400 m*/u.

CompoTuBiicHHE pPYyKaBHOrO (HUIbTpa MOMKET
COCTaBIATE AP, =1200..1800 Ila, a »>(dexTus-

HOCTb JOCTHUTAeT 3HAaUEHU I Ng = 0,990...0,998.

Temmeparypa W 3anbUIEHHOCTb acCIHMpaLMOH-
HOT'O BO3/yXa Ha BXOJIe B pyKaBHBINH (pUIBTP, KOTO-
pbI€ CHUYKAIOTCS U3—3a MOJCOCa HAPYKHOTO BO3/Y-
xa B KonmuectBe (3, MOTYT OBITh HaiJIeHBI IO

dbopmynam:
:GOTE) +(GI +G2 +G3)T (17)

b

Tqb
G, +G +G, +G,

P G’"pb(l - nu) (18)
" GT +(G +G,+G,)I

3aKIFOUYUTEIbHBIM 3JICMEHTOM acCIHpPaIOHHO-
ro TpakTa SBJSICTCS BEeHTUIATOp. Pacxox, Temmepa-
Typa W 3albUICHHOCTh BO31yXa, BHIOPAChIBAEMOIO
BEHTHJISITOPOM B aTMoc(epy ¢ ydeToM mojcachiBa-
€MOr0 UM HapyXHOTO Bo3ayxa (i, MOXHO paccyu-
TaTh 10 hopMysiam:

G@ :G0+Gn’ (19)
T = GOTO + G”T , (20)
’ G

8
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GT
= Tole @1)
0, b
7 bpG (1-n,)G, (-7, ) (22)
‘ GT,+GT

rie G, =G +G, +G, +G, — NOIHBIH PaCXOA MOA-
CachpIBa€MOro BO31yXa.

BenTuistop MoXKeT HCIIONB30BaThCS B Kaue-
CTBE YIPABIISIIONIETO 3JIEMEHTAa CHCTEMBI aclupa-
LM, TIOCKOJIBKY MPH M3MEHEHUH YacTOThI €ro Bpa-
IICHUSI MEHSIETCST 00bEM TOJICOCOB U TeMIlepaTypa
aCIHUPAIMOHHOTO BO3/lyXa, YTO HAPSAMY C YaCTOTOMH
BpallleHUs] BIHSCT Ha PSXKUM pabOThl BEHTHIISATOPA.
[TosTromy maTemaTH4ecKas MOJIENIb  CHCTEMBI
YIpaBJICHUS acnupanuend IEMEHTHOM MENbHUIIbI
JOJDKHA BKJIIOYATh B ce0sl aHAIMTHYECKOE BHIpa-
KEHHE XapaKTepUCTHKH BEHTUJISITOpA C YYETOM ee
3aBHCHUMOCTH OT YacTOThI BpalleHUA M TeMIepaTy-
pBI OTcackiBaeMoro Bo3ayxa [14]. B kauecTBe Tako-

T'O BBIpAXKCHUA NpCAIaracrcsa CICayromas anrpok-
CUManuAa XapaKTEPpUCTUK BEHTHUIIATOPOB:

2
T
P :(Ang +BG, +c)- i -(;j,(zs)

N

rne n,, Ty — 9acToTa BpalleHHs U abcomoTHas
TeMIiepatypa IepeMeniaeMoro Bo3ayxa MpH CTeH-
JIOBBIX WCTBITAHUSAX BEHTWIIATOPA, 1 U T — pabouune
3HAYCHUS] ATHX NapaMmeTpoB, 3HAYCHHS KOdPQHIIH-
eHTOB A,B u C onpenensiorcst B pe3yabTaTe CTaTh-
CTUYECKOH OOpabOTKH OIBITHBIX XapaKTEPUCTHUK
BEHTUJIATOPOB [15].

Tak, anmpokcuMalluu XapaKTePUCTUK IBIMO-
cocoB I-12 u JI-15.5, monyuennsix npu ng; = 970
06/muH u T = 473 K (¢, = 200 °C), umeroT BUI:

2
PV=(—11,51G§+194,73GB+1601,71{nj 473 (24)
970 )\ T,
2
PV=(—8,29G§+211,6863+1803,53)(”] 473 (25)
970)\ T,

ITotpebisieMyi0 MOITHOCTh BEHTHIIATOPA MOK-
HO HalTH 1Mo GopmyIie

N = 928 (26)
©1000n(G,)

rae U(Ge) — k03 HUIIMEHT TOJIC3HOr0 JACHCTBHUS

(KITX) BenTunsTOpa, 3aBUCALINI OT €ro MpOU3BO-
JTUTEIHHOCTH. OTH 3aBHCHMOCTH JUISl JABIMOCOCOB
A-12 u JI-15,5 MOXXHO anmpoOKCUMHUPOBATh B ClIe-
IYIOIIEM BHJIE:

n(G,)=-0,005G’ +0.077G, + 0,372 (27)
n(G,)=-0,001G? +0.0243G, + 0,494 (28)

Cucremy acnupanyi I[IEMEHTHOH MEIbHHUIIBI
MOXHO MpPEACTAaBUTh B BUJE CETH, COCTOSIIEH W3
MSATH BIOXKEHHBIX JIPYT B JIPyra U YCIOBHO 3aMKHY-
TBIX U€pe3 BHEIIHIOIO Cpeay KOHTYpOB (pHc. 2).

B coorBercTBUM co BTOpHIM 3akoHOM Kupxro-
¢a cucrema ypaBHEHUI, ONMUCHIBAIONIAs ACTIHPAIIU-
OHHYIO CETh, HIMECT BUJIL:

AR, + AP, + AP + AP, =T,

AR +AF, + AP, + AP, =P,

(29)
AP, + AP + AP, =F,
AR, +AF, =F,
AP, =F,

rne AP, i=1,2,3,4— conpoTHBICHHS HEIUIOTHO-

CTeH i-TO CONPSDKEHHUS DIIEMEHTOB aCHHPAIIOHHO-
rO TpaKTa:

AP =aG , (30)

rae Gi — MacCOBBIM pacxojl Hapy>KHOTO BO3AyXa,
MIPOXOIAIIETO Yepe3 HEIUIOTHOCTH i-TO COMPSIKCHUS
3JIEMEHTOB ACTIMPAIMOHHOTO TPAKTa,

a=°T —00039 L (31)
2bF F

i

YcnoBue coxpaHEHUS MacCOBOIO pacxoja ac-
MMUPAITMOHHOTO BO3/IyXa YUWUTHIBAJIOCH IPU BBHIBOJC
COOTHOILIEHUM i1 COMNPOTUBIIEHUH OTIEIbHBIX
3JIEMEHTOB CHUCTEMBI ACTTUPAIIHH.

BorunTass u3 mepBOro ypaBHEHHS CHCTEMBI
(29) BTOpOE, @ CO BTOPOTO — TPETHE U T.J. MIPUBEAEM
€e K CIICIYIOIIEMY BHY:

AP, — AP, =0
AP, ~AP, + AP, =0
AP — AP _~(32)
— 3+APu—0
AP, — AP, + AP, =0
AP, —P =0
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GotGi+G+G
Gt Gi+Go 0t G1tG2tG3

AP

|<_ _______________________________
: G1 GZ
:
G,
: Got+Gy
1
:
1
! AP,
1 GO a
AP
Go !
1
| A

—> ap, —>

Puc. 2. Cxema pacnpe/eieHus BO3AYIHBIX (= ) ¥ MBLIEBO3AYITHBIX (

AP,

\ 4

AP, AP,

) IIOTOKOB B CUCTEME acCliipalnu

HeMeHTHOﬁ MCJIbHHUIIBI

JU1 9MCTIeHHOT0 pelIeHnsl CUCTEMBl ypaBHe-
Hul (32) npuBeneM ee K BUAY:

a,G; —a,G} =0

a,G’ —a,G? +AP(G,,G,)=0

a,G; —a,G; +AP(G,,G,,G,)=0 (33)
a,G; —a,G; +AP, =0

a,G; ~F(G,)=0

G,+G +G,+G,+G, -G, =0

YpaBuenus (31) CBS3BIBAIOT BBIYMCISICMBIC
MaccOBbI€ PACXObl BO3/yXa, MPOXOMAILIETO Yepe3
MenbHULY Go ¥ 4epe3 HEIIOTHOCTH aclupaluoH-
Horo Tpakra (moacocsl G1—G4), ¢ KOHCTPYKTUBHO—
TEXHOJIOTHYECKUMH TapaMeTpaMu MeIbHHIBI, ac-
MAPALMOHHOTO TPakTa W TeMIIEPaTypol BHEIIHEro
BO37yXa. DT YpaBHEHHUS BMECTE C COOTHOIICHHS-
MU JUIS COPOTUBIIEHHH 3JIEMEHTOB aCITHPAIIIOHHO-
ro tpakta (4, 10, 15) u xapakTepuCTUKOI BEHTUIIS-
Topa (22) COCTaBIAIOT MaTEeMaTUYECKYI0 MOJEINb
cucreMbl acnupanud. Ilyrem uducnenHoi peanuza-
LMW 3TOW MOJENN HCCIeI0BAIOCh BIUSHUE YIIPaB-
JISIOIMINAX BO3JEHCTBUN (M3MEHEHHS YacTOTHI Bpa-
IIEHUS BEHTUWISTOpPA, peXUMa pereHepanuy pykas-
HOTrO (UIBTPA U JIPYTHUX) C YYETOM BO3MYILAIOIINX
BO3MICHCTBUN (M3MEHEHUH TUIOMIATN HETJIOTHOCTEH
U TeMIlepaTyphl BO3yXa B MEJIbHHIIE M CHAPYXKH)
Ha XapaKTEepUCTHKY acIUpPallMOHHOTO TPaKTa U Oc-
HOBHBIE TIOKa3aTeNy aCHHPAIMOHHOIO TIpoIlecca:
CKOpPOCTh BO3AYIIHOTO TMOTOKa BHYTPU METbHHUIIBI

U,, OTHOCUTENBbHBIM YpoBEeHb mojcocoB K, =
100G/ Go, % , sHepro3arparhl Ha pabOTy BEHTHIIS-
TOpa, TeMIlepaTypa 3ambUICHHOTO BO31yXa, MOCTY-
MAOIIET0 B IIUKIOHBI U (PUIBTP, 3aBUICHHOCTD ac-
MHAPALMOHHBIX BEIOPOCOB. PaccMOTpUM YHCIICHHYIO
peanu3anyio MaTeMaTHYECKOM MOJETH CHCTEMBI
acmyparii Ha TMPUMEpPEe MEIBHHUIIBI OTKPHITOTO
LUKJIa u3MenbdeHus pasmepamu 3x14 m. Ilpousso-
IUTENLHOCTE METBHHMIEL Gy = 43 1/u = 12 xr/c,
cTerneHb ee 3amonHeHust @ = 0.27, miomanas SKBU-
BasienTHOrO oTBepcTus A = 0,17 M2, IJIOIaAbL CBO-
00IHOr0 ceueHust MeIbHULEI Fpy = 4,66 M2, TEeMIIE-
paTypa ¥ 3albUICHHOCTh AaCIHPAIMOHHOTO BO3IY-
Xa Ha BbIXoje u3 MenbHULbl 1o = 110 °C = 383 K,
Zo= 0,4 xr/™’, ky, = 0,01, B = -0,01; xoHIeHTpaIus
MBUTH Ha BXOJI€ B acHMpalMoHHyto mmaxty Zi1=0,7
Kr/m> , a ee BeIcoTa H = 14 M, YHCJIO IMKIIOHOB 71 =

2, ux spdexrusHoCTH 1], = 0,8; compornsnenue

pykaBHoro ¢unetpa APy, = 1400 [la, ero > dek-
TUBHOCTH 7y = 0.998, B KauecTBe acUpallMOHHBIX
BEHTUWJIITOPOB PacCMaTPUBAIKCHh IBIMOCOCH J1—12
u JI-15.5.

Haummenee sHeprozaTpaTHas acmmpanus Iie-
MEHTHBIX MEIILHUI] BO3MO)KHA TIPH TIOJHOM OTCYT-
ctBuH mosicocoB. OJTHAKO, XapaKTePUCTHKA TepMe-
THU3UPOBAHHOTO aCMPAIOHHOTO TpakTa (puc. 3, 1)
MOKAa3bIBACT , YTO MOJICPKUBATH TAKOH PEKUM ac-
nupamuu (U, = 0,7 m/c, Go= 3 kr/c, Qo = 11,7 ThIC.
/4, Py = 3100 Tla, N, = 14,4 xBt npu 1, = 0,7)
MOXHO JIUIIIb C MOMOIIBIO BEHTHIISITOPOB BHICOKOTO
JaBieHus (pa3pexeHus).
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B peanbHBIX YCIOBHSX TOJHOE YCTpaHEHHE
TI0/ICOCOB MPAKTHYECKH HEBO3MOMKHO, IOCKOIBKY
X BJIHAHUC NPOABIACTCA YXKE IIPU IUIOIIAIN BCEX
meneit u HernotHocteit F ~ 0,025 M2, TIpu Hamuauu

MOJICOCOB XapaKTEPUCTHKA aCITUPAIIMOHHOTO TPaKTa
CTaHOBUTCS Oolee moyioroit (puc. 3, 2), 4YTO MO3BO-
JIICT MCIONB30BaTh B KauyeCTBE acCMUPaIlMOHHBIX
BEHTHJIATOPBI CPETHETO TaBIICHHMS.

P, Ila

400

350

3000

2500

G,, KT/C

15

Puc. 3. XapakTepuCTHKH acIUpaIioHHOro Tpakra (1-6e3 moacocos, 2 — ¢ moacocamu, F = 0,076) 1 BEeHTWIATOPOB
(3 - 1-12, n =970 o6/mun, t =75 °C, 4 — 1-15,5, n = 970 06/mun, ¢t = 77 °C)

Tak, B Temnenii mepuon roma (=25 °C) mnpu
oOIIell IIoaad HEIUIOTHOCTEH COMPSKEHHHA ac-
nupanponHoro Tpakta F = 0.076 M’ (F1=0,05,
F>=0,01, F5=0,003 u F; = 0,014 M? ) ¢ HOMOIIBIO
neiMococa J[-12 MOXHO ToanepKuBaTh PEKUM ac-
nupanuu (puc. 3) ¢ mapamerpamu: U,= 0,7 m/c, G,=
5,17 xr/c, Qs = 18,3 Thic. M/, N, = 25 kBT, ns
=0,64, koadp¢uiment neuieyHoca p=0,02, oTHOCH-
TeNbHBIN 00beM moacocoB K, = 71%, TemnepaTypa
BO3/1yXa, MOCTYIMAIONIET0 B IIMKIOHBI U PYKaBHBIH
¢uneTp t, = 83 °C, t3 = 82 °C, 3ambUICHHOCTH ac-
IUPALMOHHBIX BHIOPOCOB Z; = 19 mr/m’. Ilpu mo-
HWO)KEHUH TeMIIepaTypbl Hapy)KHOTO BO3IyXa [0
5 °C (xonmomHBIN MepHo T0/1a) YPOBEHb MOACOCOB
COXpaHSETCS, a HMHTCHCUBHOCTh BEHTHJIALIUN MEIIb-
HUIIBI U TIOTpedJisieMas BEHTHJIATOPOM MOIIHOCTh
nopsimarotres (U, =0,76 m/c, Ne = 27,2 kBt). CHu-
KEHUE CKOPOCTH BpalleHHWs BEHTHJSATOpa Ha 15

00/MHUH. II03BOJIIET BOCCTAHOBUTH 3HAYEHMS DTHX
napamerpoB. PaccMOTpeHHBIH peXUM pabOThI CH-
CTEMBI aclHpalMy IS PEabHBIX MPOU3BOJCTBEH-
HBIX YCJIOBHM IO—BUIAMMOMY SIBJISE€TCS ONTHMAb-
HbIM. [lIupoko pacnpocTpaHeHHOE NPUMEHEHHE B
AQHAJIOTUYHBIX YCIOBUAX 00JIee MOIIHOIO JhIMOCOCA
J-15,5, compoBoxmgaeMoe 3HAYUTEIBHBIM YBEIH-
YeHHeM oObeMa IOZCAChIBAEMOr0 BO3AyXa M IIO-
TpeOIsIeMON BEHTHJIATOPOM MOIIHOCTH (pHC. 3),
MPEeXKAC BCEro OOYCIOBICHO HEYIOBJICTBOPHUTENIb-
HBIM COCTOSIHMEM aCIIUPAIMOHHOTO TPaKTa.

BoiBoabl. 1. HeoOX0omuMbIM YCIIOBHEM CHH-
JKEHHE DHEpPro3arpar Ha aclHUpalMi0 ILEMEHTHBIX
MEJIBHUIL  SIBIIETCS TEPMETH3ALMS  COMPSKCHUM
3JIEMEHTOB aCIUPAIMOHHOrO TPaKTa.

2. Jns peanu3aiuy 3HEprocOEperaroInero pe-
)KUMa Pa0bOThl CHCTEMBI aCIUpAIMH HEOOXOIMMO
pEeryJMpoBaHUE XapaKTEPUCTUKH aCHHPAIHOHHOTO
BEHTHJIATOpA.
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3. Pa3zpabGorannas MaTeMaTH4ecKash MOJCIb
MOXET OBITh HCIOJb30BaHA i OOOCHOBAHHOTO
noadopa acnupalMoOHHBIX BEHTHUJISITOPOB, a TaKKe
npu  pa3paboTKe aBTOMATH3WPOBAHHBIX CHCTEM
YOpaBJIEHUS aCOUpalyed EMEHTHBIX MEIbHULL.
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Shaptala V. G., Shaptala V.V.

MATHEMATICAL MODEL OF CONTROL OF TECHNOLOGICAL

ASPIRATION CEMENT MILL

A mathematical model of aspiration system of cement mill, which can be used for its calculation and creation

of automated control systems.

Key words: cement mill, aspiration, mathematical model, automatic control.

lanTana Baraguvmup I'puropseBud, 10KTOp TEXHHUYECKUX HAYK, podeccop Kadeapsl BEICIIEH MaTEMaTHKH.
Benroponckuii rocynapcTBeHHbIN TexHomornueckuil yausepcuretr uM. B.I'. Illyxosa

Anpec: Poccus, 308012, r. benropon, yi. Koctiokosa, 46.
E-mail:zchs@intbel.ru

MlanTana Bagum BraaummMupoBuy, KaHAWAaT TEXHUYECKUX HAYK, AOLEHT Kadenpa MHPOPMAIOHHBIX TEXHOJIOTHH.
Benroponckuiil rocynapcTBeHHbIN TexHOMornueckuii yausepcuretr uM. B.I'. Illyxosa

Anpec: Poccus, 308012, r. benropon, yi. Koctiokosa, 46.
E-mail:zchs@intbel.ru

150



