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MMAPAMETPUYHI JOCJTIAKEHHSA I'TIPABJITYHOI'O
TACHUTEJIA NYJIbCAIIA TUCKY 3 ABTOMATUYHUM
NIACTPOIOBAHHSIM TAPAMETPIB

3aIpoNOHOBAHO y3aralbHEHYy MAaTeMaTH4Hy MOZAEIb TaCHTEIs IIyJbCaLliil THCKY 3 aBTOMATHYHHUM IIif-
CTPOIOBAHHSM IapaMeTpiB y 0e3po3MipHHX KOHCTPYKTHBHHX IapaMeTpax. BcTaHoBieHo BB 0Oe3-
PO3MIPHUX KOHCTPYKTHBHHX IIapaMETpPiB FACUTENA Ta YaCTOTH IyJbCalliif TUCKY B rifpoarperari Ha Ho-
ro KoedillieHT raciHHs. 3ampoNOHOBAHO BHKOPHUCTOBYBATH UL OaraTOKpUTepianbHOi omTHMi3arii
KOHCTPYKTHBHHX I1apaMETPiB FaCHTENs y3aralbHEHUM KPUTEPil ralleHHs My bCaliil THCKY, a A/ BCTa-
HOBJICHHS HOTO TEXHITHOTO PiBHS — MacorabapHTHUH KpUTePii.

KitiouoBi ci1oBa: MaTeMaTHIHa MOJEINb, TaCHTENb My IbCallill, koedilieHT TaciHHs, BTpaTH THC-
Ky, 6e3po3MipHi napameTpu, Kpurepii eeKTUBHOCTI.

Beryn i mocranoBka mpo6semu. [igpasiiiuHi racuteni Imylibcauiii THCKY
(I'TIT) BuKOpHCTOBYIOTECS B 00’ €MHUX Timpoarperatax (I'A) ms 3MeHIICHHS ITy-
My Ta BiOpatii, 3HaueHHs skux periamenroBaHo JICTY. 3acrocysanns I'TIT 3 aB-
TOMAaTHMYHUM IiJCTPOIOBAHHAM IIapaMeTpiB J03BOJIE MiJICTPOIOBATHUCS A0 3MIHU
THCKY Ta BUTpaTd y ['A, BUKITUKAHUX CIIPALIOBAHHAM BUKOHABYMX MEXaHI3MiB, L0
pobuth ix 3acrocyBanHs Outbm epexTBHMM. CtocoBHO Takux [TIT mocraroTs
po0JIeMH BU3HAYECHHS PalliOHAJIbHUX KOHCTPYKTHBHUX IapaMeTpiB, siki 3a0e3re-
4aTh {X eeKTUBHE (YHKLIOHYBaHHs IIPH HE3HAYHUX BTPaTaX THUCKY B HHOMY Ta
MaJIMX Macora0apuTHHX ITOKa3HHUKaX, a TAaKOXK 110 BCTAHOBJIEHHIO BILUIMBY KOHC-
TpykTrBHEX mapamerpis ['TIT Ha Horo koedimieHT raciHus.

Meroauka po3paxyHky Ta npoekryBanHsi ['TIT naBexena B podori [1]. B Hii
3pobieHo knacudikanito I'TIT, po3rasHyTO BEIMKY KUIBKICTh iX KOHCTPYKTHBHUX
T4 CXEMHHX DIllieHb, B TOMY YHCII 1 3 aBTOMATHYHUM MiACTPOIOBAHHAM MapaMeT-
piB, ommcani ¢izuuHi Mozeni X poboumx mpomeciB. OmHaK HaBeICHa METOINKA
npoexryBands [TIT 0a3yerbcsi HA eMIIPUYHHMX 3AJIEKHOCTSIX, OACPIKAHHS SKUX
TIOB'sI3aHE 3 TIPOBEJICHHSIM KOINTOBHHX EKCTIEPUMEHTIB. MeTo/IMKa Il BU3HAUCH-
Hsl palioHaJIbHUX KOHCTPYKTHBHHX napamerpiB ['TIT tpymomictka, a ii BUKOpHUC-
TaHHS MOTPeOye BENMKOI KITBKOCTI po3paxyHKiB. KpiM 1poro, HaBeaeHi MaTema-
TH4HI Mozeli pobouoro npouecy I'TIT He MOBHICTIO BPaXOBYIOTh XapaKTePUCTHKU
po6ouoi pinuuu (PP), poboui mapamerpu ['A 1 BTpaTt TUCKY B TACUTEII.

V crarri [2] HaBeneHi KOHCTPYKTHBHI cxemu Ta koHcTpykuii ['TIT, npukianu
ix Bukopuctanus B ['A marmH. Bu3naueHi fiana3oHu 4acToT B IKHX BiJI0yBa€ThCS
eeKTUBHE raciHHs MmyJibcalii Tucky. OJJHaK BCTAHOBIIEHI /1alla30HHU raCiHHS Yac-
TOT TPAaBOMIpPHI JIMIIIE AJISl TACUTEINIB 3 BU3HAYCHUMH KOHCTPYKTHBHUMH pO3Mipa-
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MH; KpIM TOTO, HE BCTAaHOBJICHO BIUIMBY KOHCTpYKTUBHHX mmapamerpis I'TIT Ha ¥o-
ro koedimienT racinus 1 He posrisyaerbest ['TIT 3 aBroMaTHYHUM MiJICTPOIOBAH-
HsAM napametpiB. Excniepumenrtansaum pociimkenasm [TIT npucssyeni crari [3,
4]. Ane B Hux He posrisinaersest [TIT 3 aBTOMaTnyHUM MiJICTPOIOBAHHSM Tapame-
TpiB. B crarti [5] HaBeneHa MeTonMKa i pe3ynbTaTH €KCIEPHUMEHTAIBHUX TOCIi-
JokeHb ['TIT 3 aBTOMAaTHUHUM IMIJCTPOIOBAHHAM IapaMeTpiB. B Hiit npoaHaiizoBa-
HO BIUIMB JICIKUX KOHCTpYKTHBHUX napametpiB ['TIT Ha ioro xoedimieHT racinus,
OJIHaK He BU3HAUYEHI paliOHAIbHI KOHCTPYKTUBHI IapaMeTpH racuTedIsl.

B crarri [6] HaBeneHa maremaTnyHa Mojeib pobouoro mponecy ['TIT 3 aB-
TOMAaTHYHUM IiJCTPOIOBAHHAM MapaMeTpiB y ckiani I'A. OxHak B Hil He JaHO pe-
KOMEHJaLi# 100 BUOOpY pauioHAIbHUX KOHCTpYKTHBHUX napamerpis I'TIT, He
BCTAaHOBJICHO BTPATH THCKY B HUX.

BusHaueHHIO pauioHaNbHUX KOHCTpYKTHBHUX mapamerpis ['TIT 3 aBTromaru-
YHAM TiACTPOIOBAHHIM IapaMeTpiB IUIIXOM OaraTOKpUTEpiaNbHOI OmTHMi3amii
napamerpiB Ha 0a3l yJ0CKOHaJIEeHOI MareMaTn4Hoi Mojeial poOovoro Ipouecy
mpucBsiueHa cratts [7]. B MaremartuuHiii Mopeni BpaXOBYBaJIM XapaKTEPUCTHKU
PP, a came temmeparypy, razoBmicT, Tuck B I'A. Onrumizauis KOHCTPYKTHBHUX
rapameTpiB B Hill IPOBOAMIACH 32 KPUTEPIAMHU Koe@iyicnma eacinua nyivcayii
MUCKY, CEPEAHIM 3HAYSHHSIM LIMKJIIYHOT MILIHOCTI NMPY)KHOT'O €JIEMEHTA Ta BeJIHYH-
HU 00epHEeHOoi Maci racurens, fKi MakcuMi3yBaiu. Brpatu Tucky B racureini pos-
MISAINCH SIK (QYHKIIOHAIBbHI 0OMEKeHHs. 3a pe3yIbTaTaMu ONTHMi3aLii BCTaHO-
BJICHI panioHanbHI KOHCTpYKTHBHI Mapamerpu ['TIT. OxHak oTpuMaHi pe3yiIbTaTu
HE MPUB’sI3aHi 10 OCHOBHOI'O KOHCTPYKTHBHOI'O IIapaMeTpa riipaBiiyHuX anapariB
1 IpUCTPoOiB — JiaMeTpa YMOBHOTO TIPOXOIY, a KpHUTepii, 3a SKHUMH BinOyBanacs
ONTUMI3allisi, He B MOBHIll Mipi 103BOJSIIOTH NpoBoauTH TOpiBHSHHS [TIT pizHuX
THUIIB.

[MopiBHsiHHs e(EKTUBHOCTI IacUTENIB, B TOMY YHC/I 1 Pi3HUX THIIB, B [8]
TIPOTIOHYETHCS 32 y3arajlbHEHUM KPUTEPIEM TaciHHs IMyJIbCallid THCKY, SIKMHA KpiM
CTYIEHs T'aciHHS aMILTTYIu BXiJHUX Iynbcauiidl Tucky PP BpaxoBye rigpasiiuHi
BTPaTH THCKYy B HBOMY, Ta MacorabapuTHUM kputepiem. Oxnak B [8] BimcyTHe
[puBe/ieHHs: KOHCTPYKTUBHUX mapamerpiB ['TIT 1o piamerpa yMOBHOrO HpPOXOIY
Ta TOPIBHSIHHS TaCHTENIB PI3HUX THIIB 32 UMK KpHUTepisiMH. TakuM YMHOM, BH-
3Ha4YeHHs 0e3p0o3MipHUX, 10 BIJHOILEHHIO JI0 JliaMeTpa yMOBHOI'O IIPOXOAY, parli-
OHABHUX KOHCTPYKTUBHUX TapameTpiB I'TIT 3 aBTOMaTHIHUM MiACTPOIOBAHHAM
rnapamerpiB Ta iX MOPIBHSHHS 3a 3alPOIIOHOBAHUMHU KPUTEPISIMU € aKTyallbHUM
HAYKOBO-TEXHIYHUM 3aBAaHHSM, PIIICHHIO SKOTO W MPHUCBSYCHA gaHa crarts. B
TaKil I0OCTAHOBII JaHa 3ajlaya He PO3IJILalIach.

Marematnuna moaenasb I'IIT 3 aBTOMATHYHHM MiICTPOIOBAHHAM Mapa-
MmetpiB. Takuii I'TIT e Halibinbm NEPCIEKTUBHUMH JUIS TACiHHS IyJIbCALINA TUCKY
y OIMPOKOMY Jiiania30Hi 9acToT, puc. 1, [9]. B HbOMy aBTOMaTHYHE ITiICTPOIOBAHHS
10 3MiHM TUCKY y 'A 3a0e3nedyerbcsi 3a paXyHOK 3'€JHAaHHsS B OJHOMY KOPIIyCi
(uTbTpa HU3BKKUX YacTOT (MMPOTOYHI OPOKHUHY i3 BHYTPINIHIMU HatpyOkamu 11)
1 IapayieIbHOr0 PE30HAHCHOTO KOHTYPY (IIPOTOYHI MOPOXKHUHM 13 LEHTPAILHOIO
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Tpy0O¥0, B IKI YCTaHOBJICHI NPY)KHI ETIEMEHTH 31 3MIHHOIO JKOPCTKICTIO 7).
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Puc. 1 — Po3paxynkoBa cxema I'TIT 3 aBTOMaTHYHUM I1iJCTPOIOBAHHAM [apaMeTpiB:
1 — xopmyc; 2 i 3 — BiANOBiHO, BXiqHUII | BUXiqHUH NaTpyOKu; 4 — HeHTpanbHa TpyOa;
516 — orBopH; 7 — py:KHi OJIOKH 31 3MIHHOIO KOPCTKicTIO (cribpoHn); 8 i 9 — npoTouHi
nopokauHy; 10 — meperopoaka; 11 — KOpOTKi BHYTPiLIHI MaTPyOKH.

B ocHoBi MatematnaHOi Mozgemi pobodoro nporecy Takoro I'TIT y BimHOCHHX
reOMEeTPUYHHUX Napamerpax (0 BiJAHOIISHHIO A0 AiaMeTpa YMOBHOTO IIPOXOAY),
JIEXKUTH 30CepeKeHH ITapameTpiB 3a T- 1 [-noxiOHMMHU cxemaMu, Ta BpaxyBaHHA
razoBmicty PP, i Temnieparypu, 3MiHHICTh B 4aci T'yCTHHH, KOe(iLlieHTIB BUTpAT,
BITHOCHOTO IHAYKTHUBHOTO 1 aKTHBHOTO OTOpiB KaHamiB. BoHa ckiamaeTbes 3 piB-
HSHB!

— pyxy PP B kanani 1 (5)

d 4y(s) (t) 1 El(s) (t)
de Z1(5) (1) [P1(4) (Z)_pz(s) (t):l_mql(S) (¢),
d Pz(s)(f) 1 |
= = _ _ . 1
dt CI(S) 4 1(51) (t) CI(S) |:ql(5) (t) 412(52) (I)] S ; ( )
? ) (1) ! Rys ()
=— p t)-p 1) |[-=—2—=g p
dt Ll(s)(t)[ 2(5)( ) 3(6)( )] Ll(S)(t) 12(52)( )

— 3MIHU TUCKY B Kamepax 3i 3MiHHUM 00’ emom 3 (7)

dp t
L() = |:q12(6)(t) ~4q3(7) (t)]

T @

_E
W(t)3(7) ’

e W(l)w) — BITHOCHHMIT 00’ €M KaMepH;
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— 3MiHHK BiTHOCHOTO 00’ eMy kKamepu 3 (7)
— =~ = _
W)y =7 d; (L =1) 4= (02 3)
ae VI_/(t)l(z) — 3MIHHUM, TiJ] Ti€f0 MyJIbCYIOYOTO THCKY, BITHOCHUHA 00’€M KaMepu

cunb(OHa, IKUH PO3PaxoBYIOTH 32 3aJI€)KHiCTIO
W(tha =7 d¢ lc llp3(7) / 4

l_ (t)— ”gép3(7)(t)/4CC29 HPI/I ”dcp3(7)(t)/4ccz <Z_lmax;
p3H\*) 73— — _
llmax ’ npu 7 dC2p3(7) (t)/4CC z 2 llmax ’

— BUTPATH 4epe3 OTBOPH

/436 (t) = ﬂ(Re)ZO\/Z[p3(6) ()= Pag) (t):|/p3(6) OF 4)
— 3MiHHN THCKY B Kamepi 4 (6)

dP4(6)( ) E
— = q302() ¢ Q)
P [ 3052 4(6)( )J W4(6)
ae VI_/4(6) — BiTHOCHHI1 00’ €M KamepH,
Ty = (@ -32) (T -F) 4= T2 o =2 (-7 (1) fo
— HEPO3PUBHOCTI
(1)/4; (6)

— BUTPATH Y€pe3 OTBOPH Yy BHYTPILIHIX Kamepax

46 (1)/4= u(Re) A, 2[ p4 (1)~ 2 (1)] /e (1) ™)

— pyxy PP y BuxigHomy kanaii 8

d%(t)zzg;(r)[m (t)-Ps(’)J‘IEs(?% ®)
d 8() ! =
Ic)it e — 451 (1) == [(h ~a (1))

PiBusinzs (1) — (8) JONOBHIOIOTH HACTYITHUMH OOMEKEHHSIMHU:
bpi ( ) Prap » llmax e (tC _25C)
€ Py,p — THCK HAacHYCHHX mapis PP; de — BiHOCHMI miameTp cnnbdona; [ —
BIJIHOCHA JI0BJKMHA CUIIb(OHA; Zp3 ®, Zp7 @ 1 l_lmax — BIAIOBiIHO BiIHOCHI nepe-
MillleHHs cub()OHA Mij] i€ TUCKY p3, THCKY p; 1 MakCUMalbHE; C-y — Koedi-
LIEHT KOPCTKOCTI CHIb(pOHA MO TUCKY; I — BIIHOCHHII KPOK roppu cuib(oHa;

O¢ 1 ne — BITOBITHO BiTHOCHA TOBIIWHA CTIHKM 1 KiNBKICTh poOOYNX TOdPIB CH-
nbdoHa.
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3ayBa)XNMO, IO IIPY BUKOPHUCTAHHI B SKOCTI IPYKHUX EJIEMEHTIB CHIB(OHIB,
SIKI TIPALIOIOTH Pa30M i3 TBUHTOBOIO IMJIIHAPHYHOIO MPYKHUHOK, a00 BOX CHIIb-
(oHIB KOEDILIEHT 5 BU3HAYAETHCS SIK iX CyMapHa )XOPCTKICTb.

VY piBHsHH:AX (1) — (8) BemmuuHH
Ly (’) =P (t) lx/Ax L Ly (t) = Pis) (t) 11(5)/2141(5)
— BIAIrPaIOTh POJIb BIAHOCHOTO IHAYKTUBHOTO onopy 8-ro u 1 (5)-ro kaHaiiB; Be-

JIMYUHHU
= 8v,pe (1) .= 8V, pyes (¢ 1
Ry (l‘) _ 8( )%’,82 i RI(S) (t) _" 1(5)( ) 1(5) 2 1(5)71(25)

— pONBb BITHOCHOTO AaKTHBHOTO omopy 8-ro i 1 (5)-ro kaHamiB; BETHYWHU
C, =4 / E — ponb BITHOCHOI EMHOCTI i-T0O KaHaIy, 1¢ [, =/; /d), . Kpim Toro, mo-

3HAa4YeHO: 7; — BITHOCHUH pajiyc NEepeTHHy i -TO KaHawly, 7; =7, / d,; d- —BigHO-

cHuH cepenniil aiametp cumbgona; 4 (Re) i 4, — BinnosinHo KoediuienT BUTpa-
TH 1 BiTHOCHA IIIOIIA OTBOPY; V, — KiHCMaTHYIHUH KoedimieHT B’s3kocti PP; 4, i
7, — BIAMOBIOHO BiXHOCHI moma i pajiyc kaHaiy (TpyOompoBony), A4; = 7[71-2 ; E

— [pUBeAeHUNA MOYJIb IpyKHOCTI PP, sikuit po3paxoByBaiu 3 ypaxyBaHHSIM BMicC-
Ty TOBITPS Ta TOBIMHU CTIHKH TPyOOIpoBOAYy (KaHATy).

Kpurepii epexruBrocti I'TIT. [Jiist ouiHky e)eKTUBHOCTI raCUTENIB IyJib-
calliif TUCKYy BUKOPHCTOBYBaJIM HACTYIHI KpuTepii [8]:

* y3arajJbHEHUI KpUTEpiH TalleHHs IyJbCaliii THUCKY, SIKMH KpiM CTyNEHs
TallIeHHS aMIUTITyOu BXiJHUX MyJbcaliid THcKy PP BpaxoBye rigpaBmniuHi BTpatu
THCKY B HBOMY,

Ky =k (1= A Pegp [ P cep) » )

ne k.=a,., /aI,BHX 5 Qpux s Qppx — BIIMOBIAHO aMIUTITY/a My/TbCAIii THCKY Ha

BXOJI 1 BUXOAl racurens; A p, — BiJIOBIZIHO CEpeJIHE 3a Nepioj KOJu-

1 Ppx cep

Banus PP Brparu tucky B I'TIT i THCK Ha Horo BXoni;
* MacorabapuTHHUH KpUTEpin

KmV z(mTpVTp)/(err)’ (10)

ae m,, 1 m, — BIAMOBIJHO Maca TPyOOIPOBOLY OAMHUYHOI JOBXKUHHU 3 A1aMETPOM

™
YMOBHOTO npoxofy racutesns i maca I'TIT; V) i V. — BinmosinHo 06’em tpy6o-

MIPOBOJY OJMHUYHOT JOBKHHH 3 JIaMETPOM YMOBHOTO MPOXOJIY racutelis i 00’eM
I'TIT.

ITpn pospaxynky Brpat Trcky B I'TIT npuiimanu, mo BOHM BUKOHaHi 3 MeTa-
JeBUX TPYO KpPYTIIOro NMEepeTHHy OAHAKOBOI TOBIIMHK. BTparu THCKY B TpyOOmpo-
BOJIi KPYyTJIOTO MEPETHHY y CTaTHYHOMY PEXHMI NPU HEXTYBaHHI MOYATKOBOIO Ji-
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JSTHKOIO PO3PAaxOBYBAJIH 32 BIIOMOIO 3aJIEKHICTIO:
2
Ap, = pi =Py =Lu0iPco [2 (11)
e p, 1 p, — BIANOBIAHO THUCK Ha BXOJi 1 BUXOAI TPyOOIPOBOLY; ) i Py — Bil-

noBifHO MBUAKICTE PP B TpyOompoBoai i i rycTuHa B cTaioMy pexxumi; &, — He-
CTalioHapHU KoedilieHT onopy TpyOOIpoBOAY, SIKMIA 3HAXOAUTHCS 3a 3aJICKHIC-

Ti0 [10]:
Cu =G + 21 (D/VtCO/Re() ) (12)

Re, —4ncno PeiiHonbca, 0 pO3paxoByeTHCS 3@ MIBHAKICTIO CTAJIOTO MOTOKY, HA

SIKMH HAKJIQIAIOThCSl KOJIMBAHHS, ® — 4YacTOTa KOJIMBaHb (IyJibcauiii Tucky PP);
V,co — KiHeMaTH4Ha B’A3KicTh PP y cTanomy pexumi; { . — KBasicTalliOHapHHUI

KoedillieHT onopy TpyOOIpoBoIy,
é’KKC = /ul /dl ’ (13)

A — KkBazicrauioHapHUil KOe(ILiEHT TiAPABIIYHOIO ONMOPY TEPTS, SIKHH 3AJIEKHUThH
Bix uncia PeifHONbACa Ta BU3HAYAETHCS 3a 3aJICKHOCTIMU 3 podoTh [11].

3ayBa)kMMO, L0 IUIOLLY MPOXIJHUX Nepepi3iB TpyOONpoBOIIB Ta KaHaIIIB BU-
OMpAIOTH 3TiAHO 3 PEKOMEHIAIIMH, HaBeACHIMH y HayKOBO-TEXHIYHIH JiTeparypi
3aJIeXKHO BiJl JOMYCTHMOT IBUAKOCTI piavHu B HUX. KoediuieHT MicueBoro omnopy
{s 00YMOBIIEHHH OCTYIIOBUM 3BYXKEHHAM MOTOKY [11],

é,ng =O’Skn3 (1_d22/d12)’ (14)

d, 1 d, — BiIIOBITHO JiaMeTPH BXiTHOTO i BUXITHOTO TPyOOIPOBONIB; k,, — KO-

edimieHT 3M’AKIICHHS, BPaXOBYIOUHH ITOCTYIIOBE 3BY)KCHHS IMOTOKY PIIMHH 3 KY-

TOM KOHYCHOCTI COIIa «, SIKUH 3a manumu podotu [11] mma 20° < ¢, <60°,

nmpronr3HO nopiBHIOE 0,2, a B pa3i panToBOTo 3BYXKEHHS MOTOKY JOPIBHIOE OJTH-
HUII.

Koediuient miciesoro omnopy ¢, 0OyMOBICHHUIl PANTOBAM PO3LINPCHHSIM

moToKy [12]:
G =(1-d}/a3) . (15)

Brpartu THCKY B OTBOpi PO3paxOBYBajIM 3a TIEH XK 3aJIEXKHICTIO, SIK [Vl CTa-
THYHOTO PSKHMY:
_ 2
Apors = PorsEorelorsPC 0/2 ’ (16)
€ Qo | Egpy — BIATIOBITHO KOCOII[IEHT IMBUAKOCTI i CTHCHEHHS CTPYMCHS, SKi

BU3HAUAEThCA 3 poboTu [13]; v, — mBUIKicTE PP B 0TBOpI.

TB

3ayBa)knMo, 1O JiiaMeTp oTBOpY d,, TOBHHEH OyTH He MeHme 3a 0,5 MM.

Brpartn THCKY B Kamepi po3paxoByBaJH 3a (HOpPMYJIaMH, SK IJISI CTATHYHOTO pe-
KUMY:
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2 2
Ay =05 peo (Sl +¢pu03 )5 (17)
ne &y 1 &y — BIANOBIZHO KOSPILIEHTH MICLEBOTO ONOpy, 10 00yMOBIIeH par-

TOBUM PO3LIMPEHHSM 1 3BY)KEHHSIM TIOTOKY, 5IKi PO3paxOBYIOThCs 3a (OpMYyJamu,
a”anoriuaumu (15) 1 (14) mpu &, =1; v, i v, — BigmoBigHO mBHAKOCTI PP y BXi-
JTHOMY 1 BUXIJTHOMY KaHaJlax.

3a3HauMMoO, IO TYT 1 Aajli BUKOPHCTOBYBAIM 3HAYCHHS KBa3iCTAIliOHAPHUX
Koe(illiEHTIB MICIIEBHX OIOPIB; sSIK BigMideHO B poOoTi [13], BoHN 3a0e3meuyroTh
JOCTATHIO JJIsl IPAKTUYHUX PO3PaXyHKIB TOUHICTb.

Po3paxynok cymaproro koedinienta omopy B I'TIT mpu mociimoBHOMY
3’€IHaHHI POBOAMIIN 33 3JICIKHICTIO:

Cx=81+6r 85wty (18)
a [PH TapaieIbHOMy BUKOHYBAIHU TAK:
/&5 =1/8+1/ & +1/ Sy +. 41/ (19)

Po3paxyHkoBi nocaigkenns. Ix npopomumu, posrisaaroun [TIT y cknami
06’emuoro ['A. Baxxanu, mo tuck 3muBy B ['A nopiBHIoe aTMocdhepHOMy. [Tapa-

merpu PP: ryctuna p =885 KI/M’; KiHeMaTnyHa B’S3KiCTH v, = 2,8-107° m%/c;

temneparypa 50° C, Moayns 06’ €MHOT IpyKHOCTI E = 1,35-10° MITa.
3a 6a3oBi nmapametpu ['TIT, puc. 1, mpuiimanu:
dy=dy=1107%m; dy =0,1m; dy = 6,510 m; ds =810 m; dg =5-107 m;
dy;=3-107m; d, =6-107m; [=27,2-102 m; [, =3,6-10°m; [, =1,5-107 m;
L=810"m; [, =0,1m; [, =1, =7-107m;
=5,5- 102 m; Jiamerp

MaKCHMaJbHe HEPeMillCHHS CHIL(OHIB CTAHOBHIO /...

OTBOpY 5 OpiBHIOBAB 2,2-107 M crauioHapHi xoedillieHTH BUTpaT OTBOPIB Ta
apocenst x4, =0,7. KoedimieHT xopcTKOCTI CHIb(OHIB, SIKi PO3TAlIOBaHi y BXif-
HIl Ta BUXIJHIA KaMmepaxX TacHUTENsl, BIAMOBIAHO CTaHOBUTH 27-10*H/™m i

22-10* H/m.

3a MatreMaTHUHUMH Mogensamu pobodoro mporecy I'TIT Ta nomomororo ma-
KeTa MPUKJIAJHAX IIPOTpaM BH3HAUYamd KoedillieHT raciHHs. 3aaBaincs moYaTko-
BHMH 1 TPaHUYHUMH yMoBamH: omip ['A 3amaBaiy 3a JOTIOMOrOI0 ApPOCENs, BCTa-

HOBJICHOTO Ha BHXOJI TacUTeNs (AiaMeTp Jpocelis CTaHOBUB 4,2-107 M), 3HaX0-
aa p(0)=p,(T), p(0,¢)=p,(¢), ne T — nepiol IOBTOPEHHs LUKIY KOIH-
BaHb. [lynbcarii BuTpaTu 3 BUXogy 00’€MHOTO Hacoca, SKi MOAEIIOBAIN HaIliBCH-
HYCOIJJaMH, IO € HAKOUIBII HAOIMKCHUMH JI0 PEATbHHUX MYyJIbCAIliif, CTAaHOBHIA 5
% Bin ii ycrameHoro 3HaueHHs, a yactora f =250 1In.
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3a pe3ynpTaTaMy MaTEMaTHIHOTO MOJENoBaHHS pobounx mporecis y I'TIT 3
OCLIWJIOTPaM MyJIbCallii TUCKY 3HaXOJWJIM aMILITYIU iX IyJbcaiiid 1 BU3HAYAIN
KoeilLlieHT raciHHS 3aJIE)KHO Bill BITHOCHHUX HOTO KOHCTPYKTHBHHX IapaMeTpiB,
pHcC. 2, Ta aHATI3YBaJIX iX BIUIMB HA KOe(IlI€HT TaciHHS.

IIpoBeneni AOCHTimKEHHS TO3BONMIN BCTAHOBUTH, IO TP 30UTBIICHHI Bij-
HOcHOro aiamerpa BxinHoro narpyOka ['TIT (giamerpa yMOBHOrO Ipoxomy) Koe-
¢itieHT racinHs 3MeHmyeTbest (puc. 2, a). [Ipu 30inblieHH] BiTHOCHOT JTOBKUHA
BxizHoro narpyOka I'TIT B HpoMy criocTepiratoTbcsi BTpaTH THCKY, 00yMOBIIEHI
BTpaTaMy Ha TepTs (pHC. 2, 6). 3HAYHOIO Mipor0 KoeillieHT TaCiHHA 3aJISKUTh Bif
BIJHOCHUX JiaMeTpiB oTBOPIB 5 1 7 (puc. 1), BUKOHAHUX B LIEHTpaJIbHINA TpYyOi 4
(puc. 2, 6, 2), ne BHaCIiAOK apocentoBaHHs PP BinOyBaloThCs 3HaYHI BTpaTh TUC-

Ky. 31 30ibIICHHSAM ITOJOBHHY BiTHOCHOI TOBXKWHU KaMCPH racutens /, koedimi-

€HT TaCiHHS HE3HAYHO 3pocTae (puc. 2, 0).
3 puc. 2 BUIHO, LI0 3AJIEKHICTh KOedilieHTa raciHHs BiJ BiIIHOCHOTO BHYT-

pilIHbOro AiamMeTpa Kopiyca d Mae BUpa3HUil MiHiIMyM. Lle xapakTepusye BILIMB

Ha Koe(il[i€HT raciHHs BJIACTUBOCTEH Kamep racurelis, a came B IpaBiii 4acTHHI
KpHBOI O1JIbIIe TIPOSBISIOTECS AKYMYITIOIOUH (IeMII(pYI0di) BIaCTUBOCTI KaMepH, a

B JiBi#f — Npy>kHi. BigHOCHUI HiaMeTp KOPOTKOTO 3BY:KEHOTo MaTpyoka d Ta Ho-

IO BiJIHOCHA JIOBJKHMHA [ , B PO3IJISIHYTOMY Aiala3oHi iX 3MiHM, Ha koedilieHT ra-

CIHHS NIPAaKTUYHO HE BIUIMBAIOTH (pUC. 2, Jic, 3). Takum unHOM, HalOLIBIIMI BIUB
Ha koedimient racinug I'TIT maloTh HacTymHi #oro 6e3po3MipHiI KOHCTPYKTHBHI
rnapamerpu: xiamerpu oTBopiB 5 1 7 (puc. 1), BUKOHaHHX B LEHTpPaNbHIi TpyOi 4,
Ta BHYTpILIHIN JiaMETp KOpILyca racutems — d;.

3aznaunmo, mo i I'TIT, mo po3rismaeTsesi, KOHCTPYKTHBHI ITApaMETPH CH-
Jb(QOHIB BUOMpAIIKCS HAMU 32 PO3POOJIEHOI0 METOUKOI 3 YMOBH 3a0€3Ie4eHHS
MaKCHMAJILHOTO 3HaueHHs! KoedillieHTa TaciHHs, Y 3aJeXHOCTI BiJi poOounx mapa-
metpiB 'A. Tomy ix BmmB Ha koedinieHT racinns pociiukyBanoro I'TIT He3Hau-
HUH.

YcraHOBJIEHO, 1110 4acTOTa IIyJibcallii THCKY Ha BUXOJII 3 00’€MHOT0 Hacocy
CYTTEBO BIUTMBA€E HA KOCDIIIEHT, 1110 AOCATAETHCS Y TacUTeN, i1 30LIbIICHHS TTPH-
3BOJUTH A0 30UIbIIeHHs [bOro KoedimieHTa. 3MiHa Temneparypu PP y pobouomy
nianasoni Ha koedirient racinus [TIT npakTnyno He BIUMBAE. 3ayBayKHMMO, 110
npu poboti ['A temneparypHuit pexxum PP BUOHparOTh TaKuM 4MHOM, 1100 BiH
OyB mocriitHuM. 3MiHa Temneparypraoro pexxumy PP y I'A BinOyBaeTbcsl TUIBKY Ha
TTOYATKOBHX CTAIisIX Horo poboTH i B TaHiil poOOTI HE PO3TIIAIaIach.

ITpn po3paxyHKy y3aralbHEHOTO KpPHUTEPII0 TAIICHHS MyJIbCAllii THCKY 3a
¢dopmyoro (9) Ta macorabaputHoro 3a ¢opmyioro (10) mpuitmanu, Mo cepeaHe
3HaYEHHS THCKY Ha BUXOJi 3 00’ eMHOro Hacoca ctaHoBuTh 16 MIla, a cepenns Bu-
tpata B I'A 3anmexxHo Bixm miamerpa ymoHoro mpoxony I'TIT BusHawgaeThes 3
tabu. 1. 3a3HaunMo, 110 KoediIlieHT raciHHs JUTA 3a1aH01 YaCTOTH MyJIbCalliif THC-
Ky Ta BimHocHUX po3mipiB I'TIT cranoBus 1,8. Pe3ynbratu po3paxyHKiB HaBeJeHO
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B TaOm. 2.

kF kr
2,6 2,29 -
2,4 4 2,24 - /
_—
22 2,19 ——
2,0 T - 2’14 / -
0,5 1,0 1,5 d, 1 3 5 Ia
a o
kF kr
30 24
20 \\ 2.3
10 22 =
0 ¥\ ; — 2,1 7 T T T -
0,1 0,25 0,4 ds 0 0,5 1 1,5 dr
8 2
kr kr
2,4 2,9 *\
2.3 / 277 \ ]
2.5
2.2 */’/ 2 \_—//
271 T _ 2,1 T -
5 10 15 Iy 5 10 15 ds
0 e
kr kl'
2,192 T 2,189
2,190 2,188 7 o
2,188 2,187 7
2,186 ‘ - 2,186 ‘ ‘ ‘ .
0,2 0,5 0,8 ds 0 0,5 1 1,5 I3
oHc 3

Puc. 2 — 3anexnicts koedinienra racinust I'TIT Bix BiTHOCHMX KOHCTPYKTHBHUX

HnapameTpiB: g — JiaMeTpa BXiJJHOro natpyoOka d, ; 6 — IOBXHHH BXiIHOro narpy6oka / ;
6 — JllaMeTpa oTBOPY 5; ¢ — AiaMeTpa oTBOpY 7 ds ; O — HOJOBHHHU JIOBKHHH IIPOTOYHHX
Kamep racurens [, ; e — BHyTPIlIHBOTO JliaMeTpa Kopiyca dj ; x# — JliaMeTpa KOPOTKOro

BHYTPIlIHBOT0 MaTpyOKa d ; 3 — TOBKHUHI KOPOTKOTO BHYTPIIIHBOTO MaTpyOKa I .
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Tabmuus 1 — Butpara y I'A 3anexHo Bix aiamerpa ymosHoro mpoxoay I'TIT 3

aBTOMATHYHUM I1iICTPOIOBAHHSIM APAMETPIB
dy*, MM 6 (0,6) 10 (1,0) 16 (1,6) 20 (2,0) 32(3,2)
eep » UXB 12,5 32,0 100,0 160,0 250,0

*B my>Kax HaBeZeHI BiTHOCHI aiamerpu ymoBHoro npoxoxy I'TIT.

Tabmuist 2 — 3HaUSHHS y3araabHEHOr0 KPUTEPIIO TAIlICHHs MyJIbCalliil THCKY Ta
macorabapuTHOro KPUTEPIiio 3aJIeKHO Bia Aiamerpa ymoBroro npoxoay I'TIT 3
aBTOMATHYHHUM I1i/ICTPOIOBAHHSIM APAMETPIiB

dy*, MM 6 (0,6) 10 (1,0) 16 (1,6) 20 (2,0) 32(3,2)
K, 1,79 1,79 1,79 1,79 1,79
K,y 102 1,70 0,914 0,402 0,245 0,152

*B my>KKax HaBeZEHI BiIHOCHI Aiamerpu ymoBHoro npoxoxay I'TIT.

[IpoBeneHi po3paxyHKH y3aralbHEHOTO KPUTEPIIO TallleHHS ITYJIbCAIii THCKY
K, 103BONUIM BCTAHOBHTH, L0 BiH 3aJICKUTh TIIbKH BiJl BITHOCHUX KOHCTPYKTH-

BHUX napametpiB ['TIT i #oro JOIIEHO BUKOPHCTOBYBATH SIK OCHOBHHUH KpUTEpil
IIpU MpoBeleH] OaraTokpurepiayibHOT ONTHMI3alil KOHCTPYKTUBHHMX HapaMmeTpiB
I'TIT. MacorabapuTHuii kputepiii K., CyTTEBO 3alEKHUTH BiJ JiaMeTpa yMOBHOTO

MPOXOJY, i HOro BUKOPHUCTAHHS JOLLIBHO MPH MPOBENCHHI OaraTOKpUTEpialbHOT
onruMmizauii KoHCTpYKTUBHUX napamerpis ['TIT, a Takox 1 uist NOpiBHSHHA 11OKa3-
HUKiB TexHigyHOro piBHA ['TIT pi3HHX THIIB 3 OJZHAKOBHM JiaMETPOM YMOBHOTO
MPOXOLY.

BucHOBKH. 3alpOIIOHOBAHO Yy3arajbHEHY MAaTeMaTHYHy MOJCNIbH TacUTEId
MyJibCallii TUCKY 3 aBTOMAaTHYHUM IiJCTPOIOBAHHSIM [1apaMeTpiB, L0 CKIIaJieHa Yy
6e3p03MipHUX KOHCTPYKTHBHUX MapaMeTpax. BetaHOBIEHO, 1110 HAHOUIBINIA BITHB
Ha koediuienT raciuus I'TIT maroTh BiIHOCHI JiaMeTpu OTBOPIB, BUKOHAHHX B
LEHTpaJbHI TpyOi, Ta BHYTPINIHIN AiaMeTp Kopiyca racutens. 301IbIIeHHs Jac-
TOTH IYyJbCALill TUCKY HA BUXOI 3 00 €MHOI0 HACOCY MPU3BOAWTH Y TaCHUTEIl 10
301TbIIeHHS KOe(illieHTa TaciHHs.

3an0pONOHOBAHO BUKOPUCTOBYBATH SIK OCHOBHHMH KPUTEpid HpH MpOBeACHI
GararokpuTepiaNbHOI onThMi3arlii KoHCTpyKkTuBHUX TapaMetpiB I'TIT yzaramsme-
HHUH KpUTepill ramreHHs IyJbcalilf TUCKY, a MacorabapUTHHI KpHUTepii ciyrysa-
TUME /IJIs TOPIBHSHHS NOKa3HUKIB TexHiuHoro piBHs ['TIT pisHux Tumis.
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V]IK 621.22

IMapameTpuuHi gocaiXKeHHs TiApaBJIiYHOro racuTeNs myabcaniii THCKY 3 ABTOMATHYHHM
nigcTporoBanusiM napametpis / II. M. Annpenko, M. C. CBuHapenko, A. X. PemeroBa // Bicuuk
HTY «XIIl». Cepis: MaremMaTiHuHe MOJCIIOBAHHS B TEXHIIl Ta TexHONOTisX. — XapkiB: HTY «XI1I»,
2014. —Ne 6 (1049). — C. 9 — 19. bi6miorp.: 13 na3s. — ISSN 2222-0631.

IpemtoxeHa 0600MEHHAs MaTEMATHYCCKAst MOJICIb TACHTEIS MyJIbCALIMI JABICHHS C aBTOMATH-
YecKol IOACTPOIMKON IapaMeTpoB B 0Oe3pa3sMEpHBIX KOHCTPYKTHBHBIX IIapaMeTpax. YCTaHOBIIEHO
BIIMSHUC OC3pa3sMCPHBIX KOHCTPYKTHBHBIX MAapaMCTPOB TacHTCNS M YaCTOTHI ITyJIbCAIMHA JABICHUS B
ruzpoarperare Ha ero ko3 duienT ramenuns. [IpeaTokeHo HCHOIB30BaTh AN MHOTOKPUTEPHUATbHON
OINTHMH3ALMH KOHCTPYKTHBHBIX MMApaMCTPOB racuTens OOOOIICHHBIA KPUTCPH TaIICHUS ITyJIbCALHil
JIABIICHMS, A [UIsL ONPEICIICHHS] €0 TEXHUYECKOT0 YPOBHS — MaccorabapUTHBIH.

KurioueBble c/10Ba: MaTeMaTHUeCKasi MOJEIIb, TAaCHTEIb Ty IbCALUH, KO3(Q(HLMEHT raleHus, no-
TCPU JABJICHUS, OC3pa3MEPHBIC TAPAMCTPbI, KPUTCPUH 3P (HCKTUBHOCTH.

UDC 621.22

Parametrical study of a hydraulic damper of pressure pulsations with automatic tuning of
parameters / P. M. Andrenko, M. S. Svinarenko, A. H. Remetova // Bulletin of National Technical
University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU
«KhPI», 2014. — Ne 6 (1049). — pp. 9 — 19. Bibliog.: 13 titles. — ISSN 2222-0631.

A generic mathematical model of a hydraulic damper of pressure pulsations with automatic
tuning of parameters in non-dimensional design parameters was proposed. The influence of the non-
dimensional design parameters of the damper and the frequency of pressure pulsations in the hydraulic
unit on the dumping coefficient of the hydraulic unit was determined. It was proposed to use the generic
criterion of pressure pulsation dumping for multicriterion optimization of the damper structural
parameters and the mass effect of the damper for evaluation of its technical level.

Key words: mathematical model, a pulsation damper, dumping cocfficient, pressure losses, non-
dimensional parameters, performance criteria.
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