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ABTOMATU3OBAHUN PO3PAXYHOK BAPABEAHHOIO BAKYYM-®IIbTPA

Y pobomi posensioacmovcs memoouka asmomamuzo8aHo20 pPO3PAXYHKY 0apabamnHozo 6axKyym-
ginompa.

KitrouoBi cnoBa: 6apabaruuil saxyym-ginemp, 610K-cxema, asmomamu3o8anull po3paxyHox.

IHocTanoBka nmpodJjemu. OiIbTpyBaHHS 3aCTOCOBYIOTh Y 0araThb0X raify3siX MPOMHUCIOBOCTI, KOITH
HEOOXiZTHO BUKOHYBATH PO3ALT HEOAHOPiAHUX cucTeM. DinbTpyBanHs 0a3yeTbcsl HA 3aTPUMYBaHHI TBEp-
JNX 3BKCHUX YaCTHHOK MOPHCTUMH MEPErOPOAKAMH, 3JaTHUMH MPOITYCKATH PIIUHY 1 3aTpUMyBaTH 4a-
CTUHKH TBep/0i da3u. Y pe3ynbrati 6e3MmocepeTHOro KOHTAKTy CYCIIEeH31i 3 TOBEPXHEI0 TOPHUCTOI Iepe-
TOPOJIKH 1 PI3HHUIII TUCKIB JIO 1 TICIS MEPETOPOJIKH TUCTIEPCIHHE CepeOBUIIE MPOXOANUTEH Yepe3 MopH i
30MpAETHCS Y BUTIISIL 3BUTBHEHOTO BiJl TBEPAMX YACTUHOK (IIBTpaTy, a TBEPi YACTKH 3aTPUMYIOTHCS Ha
MOBEPXHI TIEPErOpOAKH, YTBOPIOKYH IIap ocaay, Mo MOTiM BuanseThes. 1lix yac dinprparii pinke nuc-
TepciifHe cepeIoBUIIe TIOBUHHE MepeOOpOTH TiApaBIiYHUIN OIip, CTBOPEHUHN (iIBTPYIOUOI0 IEPETOPO-
Koo [1].

CyuacHa Teopis (inbTpyBaHHs 0a3yeThbCs Ha 3aKOHAX KAIUISPHOI TiIPaBIliKH, SKi BHPAXKAIOTHCS
3akonamu Jlapci i Has’e-Crokca.

[Tpu po3paxyHKy TEXHOJIOTIYHUX MapaMeTpiB mporecy GiabTpyBaHHS i KOHCTPYKTUBHUX €JIEMCH-
TiB pi3HOTO BUAY QIIBTPIB TOBOAUTHCS BUKOHYBATH BEJIIMKUAN 00’€M PO3paxyHKiB. ABTOMATH3AIlS TAKHX
PO3paxyHKiB € aKTyaJIbHOIO ITPOOIEMOO TEXHOIOTITHOTO i KOHCTPYKTOPCHKOTO TTPOEKTYBaHHSI.

OcHoBHa yacTuHa. Po3paxyHok OapabanHOro BakyyM-¢inerpa (bB®) 3BoauThcs 10 BU3HAYEHHS
TPUBAIOCTI Tporecy (GiIbTpyBaHHS, Ta0apUTHUX PO3MIpiB (UIBTPY 1 MOTYXHOCTI npuBoay. s #oro
3MIACHEHHSI HEOOXITHO PO3paxyBaTH XapaKTEPUCTUKU CEPEIOBHIIL, 1110 TIEPEPOOIIIIOTHCS: KOHIIEHTPAITIIO,
rycTuny, ormip (ocimanus). PozpaxynkoBa cxema bB® noka3zana na puc. 1.

[MocnitoBHICTH pO3paxyHKy 0apabaHHOTO BaKyyM-(iibTpa.

1. Kinbkicte TBepnoi ¢asm, mo Bigkmamaetbes Ha (imeTpi 1/7° dinerpaty c=ﬁ, e
G G
C, — BMicT TBepaoi Ga3u y (pinbTpoBaHiil cycnensii, ke/ke; C, — BMICT TBepAoi (a3u y BOJIOroMy ocai
nepeJ| IpOCYIIyBaHHAM, K2/Ke; P, — FYCTHHA PiIKOi a3y cycrensii, Ke/ M
2. Cepenniit nuromuii omip ocagy I, =r. -], Ae I, — KOHCTaHTa MUTOMOT'O OIOPY ocany, I/m;

J — CTyIIiHb CTHCHEHHSI OCay.
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3. OG’eMm BOJIOrOro ocamy, IO Biakiamgaerbcss B 1 m° QigbTpaty vV =——"—""2 &€
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P, — TycTuHa TBepHoi a3y cycreHsii, KZ/ M.
1
4. I'yctuHa BOJIOTOro ocagy p, = ——————.
¢ 1l-g
= + &
pc pdy
. . _ u-r,-c _ . 2. _ .
5. Koncranru piBHSHB Qinbrpanii: b = Jae P — tuck ¢inerpanii, ke/ m°; g — nMHaAMiYHA
P
, . . , . . . R
B’A3KicTh  QinbTpary, [lla-c. YMoBHHMH 00’eM (QuIbTpaTy Ha OAMHULIO Iuiomi V) = , e
r,-C

R, — KOHCTaHTa MUTOMOTO omnopy (GimbTpyrouoi TkaHuHH, //m. O6’eM (inbTpaTy Ha OAWHMINO IUIOMII

. h
¢insrpyBannst V' =—2 | e h, — TOBIIMHA BOJIOTOr0 0Cajly 3a ONTUMAIBHUX YMOB TIPOLIECY, M.
v
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6. Yac dimprparmii T = bl ) hz '(h2 +2-0 -V0 ) .

2
19

Puc. 1. Po3paxynkoBa cxema 6apabaHHOTO BaKyyM-(inbTpa

aO'pg ‘Il'lnp Crm
pnp

HOi pinmmm ma | kr Bosororo ocamy, M>/ke; p,— TyCTHHA TIDOMHBHOI pimanm, xofm®;

7. KoncraHnTa piBHAHHS NIPOMHUBKU D, =

, 1e o, — HeoOXiJHA KUJIbKICTh IPOMHUB-

2. : : -
pnp — THUCK ITPOMUBKH, xkelm , ,Llnp — JWMHaM14Ha B’SI3KICTh MMPOMHUBHO1 P1AVUHH, Ila-c.

bz i hz : (hz ‘H)'Vol)

8. Yac mpomusku T, = .,

3 ypaXyBaHHAM BiJHOIIEHH JifCHOI TIONI 3poIyBaHHs i TeopeTndHoi 3Haxoaumo T, =T -u,
ne U — BIAHOIIEHHS JiHCHOI 3pomryBaHOi ()OPCYHKaMHU TUIOMI (PiIbTPY A0 TEOPETHYHOI IUIONI 30HU
TPOMUBKH.

(T +Tnp’) -n./

9. Yac npocyiyBaHHs1, 3HIMaHHS ocajy i nepeOyBaHHs B MEPTBHX 30HaX ' = , e n,

n.—ng
— 3araJibHe YMCIIO CEKIIii; N, YMCIIo CeKill mPOCyIyBaHH s, 3HIMAHHS 0CaLy | MEPTBHX 30H.

10. 3aranbHa TpuBanicts pobotn mukay To=T +T +T'.

11 3agarounce KyTOM CEKTOpa BIJUTyBKH 1 3HIMAHHS OCaxy @, 1 KyTOM ¢, CEKTOpa MEpTBOI 30HH

' 360
3HAXOAUMO @' =@, + @, +——.
2-n,
12. Yac npocymryBaHHs ocany T, = T’—% T,
. .o Q" T,-Q"-v . ) )
13. IloBHa noBepxHs ¢inpTpanii F, = v, h , 1e Q MPOLYKTUBHICTh (PibTPY MO
2

G

¢inmpTpary Q' = , ie G — MacoBa MPOJYKTUBHICTh CYCIICH3ii, 1[0 IOJJAE€ThCSI, K2/X8.

14. YactoTa obepranns 6apabdana GpinbTpy N = Ti .
0

15. KyroBa mBuakicts 0apabana inerpy: @=360-n.
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16. Bapaban QinsTpy B mepepisi CKIaaaeThCs 3 PAAY CEKTOPIB: (QinbTpallii, IPOMHBKH, MPOCYIIY-
BaHHs 1 MEPTBHUX 30H, — MOJAJBINUI PO3PAXyHOK IMOJSTAE y BU3HAUCHHI YMCEIbHUX 3HAYEHb KYTIB IHX

30H y rpajycax — 30Hd (inbTpanii: @ =@-T; — 30HM IPOMHUBKH: ¢, =@ T — 30HH NPOCYIIyBaHHS:
_ , 360
@, =w-T,; — MEPTBUX 30H: @, =@, +2—.
-n

c

17. Kyt cextopa 3aHypeHHs OapabaHa ¢, =@, + ¢ .

Jns Bu3Ha4YeHHs rabapuTHUX po3MipiB GiAbTpy 3amaeMocs AiaMmeTpoM Oapabana D, = 2.6 m, Toxi

-D, -{1—cos[%;¢ﬂ.

FO

Woro nosxuHa | =
-D,

, M.

18. I'mubuna 3anypenns 6apabaHa B cycnensiro H =

N |-

1
c  1-c
P Py

19. I'yctuHa cycnensii Poe =

G

20. O6’em cycmensii, o noctynae y BauHy Q.. =

cyc

21. Kopuchuii 06’em Bannu ¢inbtpy V, =Q,,, - Tp.

22. Butpara noBiTpst Ha ofuHUIIO MoBepxHi QineTpy Q, = K’ > £o - , e K'=2+5-
by (0+Vg)- 4,
KoeQiIliEHT, 110 BPaxOBYE MEPEBUIICHHS JTIHCHOT BUTPATH TOBITPS HAJl TCOPSTUYHUM Yepe3 MOMaJ aHHs
30BHIIIHBOTrO NOBITPS; 4, = 3.05-10™° [1a- ¢ — MMHaMiuHa B’S3KICTh MOBITPSL.
[MotyxHuicte npuBoay bB® BuTpavaeThcs Ha MOIOTAHHS HACTYITHUX MOMEHTIB OTOPIB:
1. MowmenT onopy M, , 1110 CTBOPIOETHCS BHACHIZIOK HEBPIBHOBAXKEHOCTI LIapy ocaly IpH oOepTaH-

Hi Oapabana. Ocan BkpuBae 3/4 (QuIbTpyroUoi MoBepxHi OapabaHa, TOMY HEBPIBHOBAXKEHICTh CTBOPIOETh-

csl 32 paxyHOK ocasy, 110 nokpusae 1/4 ¢pinprpyrodoi nosepxui M, =G, -1, -Sin(%j ,ae G, =F-h,-r, -

Maca ocaJy Ha HEBPIBHOBa)XKEH1H OBEPXHI, ke; Iy = -(D5 + hz) — BIJICTaHb BiJl IEHTPY TSDKIHHS HEBPIiB-

N |~

. . T . .
HOB&)KEHOI YaCTHHM Ocajy 10 oci ObapabaHa, M; o = 5 KyT CEKTOpa HEBPIBHOBAKCHOI YACTUHU OCATy

. | . . .
Ha G6apabani; F, =P-D, ) — IUIOLIA MTOBEPXH1, TOKPUTOT HEBPIBHOBAXKEHOIO YaCTUHOIO OCay.
Omxe, cnipoutytoun, onepxumo M, =0.278:1-h,-r,-D;-(D, +h,).
. 1 . ..
2. MowmenT onopy M, 3pizy ocany M, = > f-p-D,, ne f=0.18 — xoediwieHT TepTs npu 3pisi

ocanry; P=k-lI-h, — 3ycwms 3pisy ocamy; k=6.97 — mnwmromumiti omip 3pizy ocamy. Toni
M, =0.5-f-k-I-h-D,.

3. Momenrt onopy M, Tepts Gapabana o6 cycnensito M, =0.02-M,.

4. MowmeHT onopy M, TepTs Bainy GiuIbTpy 00 po3moAiIbHYy TonoBKy M, =z-f-B-r , 1e
z=1 — 4ucio po3NOAUILHUX rofioBoK (inbTpy; f — koediuieHnT Teptsa; B, =F-p’ — cuna T4-
KIHHSI TOJIOBOK J0 TOpIls Bainy (inbTpy ( F — muroma moBepXHi TepTs; p° — HUTOMHM THCK MiX
MOBEPXHSIMU Bally 1 TOJIOBKH); I, — pajlyc TepTsl.

[Tnoma nosepxHi Tepra F :%-(dz2 —d32)+(—n1- f,), me (-n,-f,) — uielo BenMYHHOIO

MOYKHA 3HEXTYBaTH, 30UIbLIYIOYM BEIMYUHY MOMEHTY; d, 1 d, — 30BHIIIHINA 1 BHYTpIIIHINA Aia-
MeTp Topus Bainy QineTpy; f, — muoma oTBopy ocepenky, To0To:
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d,’ —d,?

F= ?,(T_d;)

7 (0 -ag) =

. 1
5. Mowmenrt onopy M. Teprs B migmuunuukax saay M, = > Uy -G, -d, , ne G, — maca Baiy 3 Gapa-

0aHOM 1 ocazoM, ke; f,— Koe]illieHT TepTs nand Bady B MiIIMITHHUKAX; du =d, —0.01 — miamerp
nard, .

5

D> M;-n

6. [NoBHa motyxHicTh N enekrponsuryna N :1.15-‘=$T, JIe N — umcio obepTiB OapabaHa,
n

n=0.6 — KK/ mpuBomy.
Biok-cxema alropuTMy aBTOMaTH30BaHOTO PO3PAaxyHKY HaBeIeHa Ha puc. 2.

( — > !

Buznauaem Q', Fo, n, o, ¢

Ga Q, p: pnp: RO

BuzHauaeM ¢'np, 9 0%
Mnps hy, Po Pp

Busnauaem ¢, [, H, peye
C1, Co, o, J, 1

BusnagaeM Qgye, Vi, Qs
(ﬂm: uv nCl nC,’ pr;

Busnauaem My, My, M3

e, Ga, O3, g, K
Busnauaem My, Ms, N
K'fzp'n
Vo To, Top, T, T
BusHauaeMm C, I, V, po, by
In Hn (0’np, (ﬂc, ¢
Busuaavaem Vo', V', T, b,
@, 92, My, My
Buznauaem Tpg, Top' T
M3, Ms, Ms, N
Bmsnauaem Ty, ¢/, T

| C Kinens )

Puc. 2. bok-cxema po3paxyHKy
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ABTOMAaTH30BaHMIA PO3PaXyHOK MpoBoAMBCs B cepemouiii VathCAD.
3anexHiCTh MOTYKHOCTI ABUTYHA BiJl MacOBOi MPOIYKTHBHOCTI CYCITEH31i, IO MMOMAETHC, TIPH Pi3-
HUX JiameTpax OapabaHa HaBe[eHa Ha puUC. 3.
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Puc. 3. 3anexHicTh MOTYKHOCTI JIBUTYHA BiJI MacOBOi MPOJYKTUBHOCTI CycCIieH3il, 0 MOAAEThCH,
NpY pi3HUX JiaMeTpax OapabaHa

BucHoBku
VY pesynbraTi aBTOMaTU3aLil PO3PAaXyHKiB TEXHOJOTTUHUX PEXUMIB pOOOTH i KOHCTPYKTUBHHX Ta-
pameTtpiB OapabaHHOTO BakyyM-(pilbTpa 3HAYHO CKOPOTHJIACH KUTBKICTh MaTeMaTUYHHUX PO3PaxXyHKIiB,
3’SBUJIACh MOXKJIMBICTH MPOBOJUTH aHATITHYHI JOCIIIPKEHHS 3B’SI3KY MK TEXHOJIOTIYHUMHU PEKUMAMH 1
KOHCTPYKTUBHUMU napamerpamu bBO.
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