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BbBIBOP OCHOBHBIX TAPAMETPOB BUXPEBOI'O
AUOJA IJIsA ITIPEJOTBPAIIEHUSA THJAPABJINYECKHUX
YIAAPOB B BEPTUKAJIBHBIX TPYBOITPOBOJAX

Haunbonee yacTo MoIIHbIE BEPTHKAJIbHBIE TPYOOIPOBOIbI MPUMEHSIOTCS Ha INAXTHBIX BOJOOTIUBHBIX
ycTaHoBKaxX. OmacHbIA THAPABINYECKUN yIap BOSHUKAET B HUX IIPU BHE3AIIHOM OTKIIIOUEHHH Hacoca. B
9TUX YCIOBHSX CPEACTBOM 3alIUTHI OT ONACHBIX KOJICOAHWIl JaBICHUS MOXKET OBITH T'MIPaBIMYECKUH
JIMOJI, yCTaHOBJICHHBIH, HaNIpuMep, B cepeanHe TpybornpoBona. Hanbosee npuemiieMbIM THIIOM JHOJA
BbIOpaH BUXPEBOM CTPYHHBINH 1roA. TPyJHOCTHIO IPH MOAEIUPOBAHUU NEPEXOJHOTO MpOLecca B BEP-
TUKAIFHOM TPyOOIPOBOJE C BUXPEBBIM JHOIOM SBIIETCSA €r0 CyLIeCTBEHHAs HHEPIHOHHOCTH. 3amada
OblIa pelreHa ¢ MOMOIIBIO JIOKAIbHONH CHCTEMbI KOOPAMHAT, KOTOpasi BBOAUTCS B IPOrpaMMy pacdera
Ha BpeMsl CyIIECTBOBaHHS 0OPaTHOTO TOKa XKHAKOCTH. Mcronb3ys pa3paboTaHHYI0 MOZEIb MOXKHO OII-
pelenuTh pa3Mephl BUXPEBOTO JHOJA U PACCUUTATh SHEPreTUUECKHEe MOTEePU, KOTOPbIe MOTYT BO3HHK-
HYTb IIPU UCIIOJIB30BAHHYU JaHHOH CXEMBI 3aIl[HTEL.

KiioueBble c10Ba: BOJOOTIMBHAS yCTaHOBKA, 3alJUTa, HAOPHBIA TPyOOIPOBOJ, MOJEINPOBA-
HUe, THIPaBINYECKUil yaap, BUXpEBO rUapaBIMYeCKUi AUOI.

Benenue. Kak MOKa3bIBalOT pe3yibTaThl MOICIHPOBAHHS JTUHAMHUYCCKHX
MIPOIIECCOB B BUXPEBOM JIHOJIE, BPEMSI €r0 BBIXO/a Ha PEXKUM MaKCHMAJIHOTO 00-
PaTHOTO COIPOTHUBIICHHA 3a4acTyl0 COU3MEpUMO C (a30i I'HApaBINYECKOrO yaapa
[1]. DT0 TOBOPHUT O TOM, UTO IIPH pacdeTe KoiedaTeabHOTO MpoIecca B HATOPHOM
TpyOONIPOBOAE BOJOOTIMBHOW YCTAHOBKH €ro HENb3sl pacCMaTpHBaTh Kak JHC-
KPETHBIH OE3bIHEPLIUOHHBI MOIYJIb C ABYMsI 3HAYCHUSIMH THIPABIMYECKOTO CO-
npotussieHus. C qpyroi cTOpoHbl, 3PPEKTUBHOCTD 3aIUTHI OT THAPABIHYECKOTO
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yAapa 3aBUCHT OT TUOJHOCTH [2] ycTpoiicTBa. M, XOTsI BO3MOXKHOCThH UCIIONIB30Ba-
HUS JUOIOB ISl 3alIUTHI BOJOOTIMBHBIX YCTAHOBOK (pHC. 1) HUKEM He ocrapuBa-
€TCsI, OTCYTCTBHE YETKUX PEKOMEHIANNH 10 BEIOOPY OCHOBHBIX MTapaMETPOB TOP-
MO3UT UX IPUMEHEHHE.

AHanu3 nmocjeaHux ucciaenopanunii. Kak nssectno [3, 4], 3ammra BoJg0OT-
JINBHBIX YCTAaHOBOK OT T'MJPaBIMUYECKOTO yJapa sIBISETCS aKTyaJbHOW 3ajmaueil. B
pabore [5] moka3zaHO pacyeTaMH Ha MOJIENH, YTO TMIPABINYECKUNA ANOJ B MPHH-
LIUIIE MOXKET CIY)KUTh CPEACTBOM 3aIIUTHI BOJOOTIMBHBIX YCTaHOBOK OT THIpaB-
JMYecKoro yzaapa. [Ipu 3Tom mpenmonaraercsi, YTo caM JUOJ SBIsieTCsl Oe3bIHep-
LIMOHHBIM 3BEHOM. Takoe NMpeIoIoKeHNE BIIOJIHE JOMYCTUMO, KOTAa Pedb UIET O
THIPABINYECKUX ANONAaX, CHICNAHHBIX, HAIpUMep, Ha 0aze 0OpaTHOTO KIaraHa.
Bpewmst cpabarsiBannst 00paTHOTO KJIallaHa B PacCMaTPUBAEMBIX YCIIOBHSX HE TIpe-
BeiraeT 0,1 ¢, 4To Ha MOPsIOK MeHbIle (a3bl THAPABIMYECKOTO yAapa U HE BIIHS-
eT CyIIecTBEeHHO Ha mporecc. [locTosHHas BpemeHu Buxpesoro nuona [1] (puc. 2)
MoeT m3MeHsThCs oT 0,5 ¢ mo 1 ¢ u 6onee. OueBHIHO 3HAUMMOE BIUSTHUE WHEP-
IIMOHHOCTH XapaKTEPUCTHKU BHXPEBOTO
JIM0/1a Ha Ka4yeCTBO MEPEXOJHOTO Ipo-
recca. Kpome Toro, o0pr4HO mpeHeOpe-
TafoT MPSIMBIM COIIPOTHBIIEHHEM BHXpE-
BOTO JIMOJIa, KOTOPOE MOXKET OKa3bIBaTh
1 OIPEACIICHHOC BJIMAHHUE Ha IapaMETPbI
paboduero pexxumma Hacoca (puc.3) u

4 3KOHOMI/I‘I€CKyIO H6H6C006pa3HOCTB
HpI/IMeHeHI/Iﬂ paCCManI/IBaeMOFO MECTO-
J1a 3allIUThI B LICJIOM.

@ en

IlocTanoBka 3agaun. Ha ocHoBa-

HMH W3JI0)KEHHOTO OblIa ITOCTaBJIEHA

Leb: YCTAHOBUTH Ha KOHKPETHOM TIpHU-

Mepe CTCIICHb BJIUSHUA I/IHepHI/IOHHOCTI/I

U Pa3MepOB BHXPEBOTO THOJAA HA IO-

&k H BEIIIICHHUE IAaBIICHUS TPH IEPEXOTHOM

2 mpoliecce, a Tak ke OLUEHUTh DHEPIreTU-
YECKHE TIOTEPH MPHU ITOM.

MaremaTudeckasi MoOJeJb M pe-
3yabTaThl MoOJeqHpoBanus. Kak ot-
MeJaeTcsl B cTathe [2], BUXPEBOUW TUO/I,
Puc. 1 —Cxema BoooT/MBHON yeTa- KOTOPBI HCHOJNB3yeTCsS B KadecTBe

HoBKH: 1, 2,3, 4,5, 6 — yyactkn CpENCTBa 3aIllUTHl OT THAPABINYECKHUX
BoztooTmeHoro Tpy6onpososa, BI— yran0p  MoxkHo paccmaTphBaTh  Kak
Buxpesoii oz, OK — obparHeii Kia- yepHbulll AWUK, KOTOPBIA XapaKTepu3y-

mas, H— Hacgﬁ;gg}if TPHEMHBIH eTcs MNEepPeMEHHBIM THIPABIUYECKUM
COIMPOTHUBJIEHHEM U TOJBKO JBYMS Ma-
paMeTpamMH: MakCHMAJbHBIM COMPOTHB-
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JICHUEM IIpH O6paTHOM TCYCHUHU KUIAKOCTHU a... W BPEMEHEM €T0 HOCTHIKCHHA

X

T, (mocTOsTHHAS! BpEMEHH).

KauecTBeHHBIN BUI 3aBUCUMOCTU THAPABINYECKOI0 COIMPOTUBJIICHUSA BUXPEC-
BOro amo/ia OT BpEMCHU IMOKa3aH Ha pUC. 2 (KpI/IBaﬂ 1) O‘-IeBI/I)IHO, 4YTO 3Ta 3aBHU-
CUMOCTH allPOKCUMUPYETCA JIOMaHOM J'II/IHPIGI7I, COCTO?[IIIeﬁ H3 IBYX Y4YaCTKOB, U
e€ MOXKHO CUHUTaTh HZ[eaJ'IBHOfI XapaKTepHCTHKOﬁ BUXPEBOIo AMoOJa, KOTOpasd, Kak

OTMEYAJIOCh BBIIIE, MOXKET OBITH 3aJaHa BEJIMYNHOM ABYX MapaMeTpoB — d T.

max >
U 3HAYCHUCM THUAPABINYCCKOIO COMNPOTHUBJICHUA BUXPEBOI'O AWOAA MPU MPAMOM

TEUCHUU KUIKOCTH d,;, -

Jia npoBeneHHs NaNbHEHIEro aHalu3a MHOXECTBO IapaMeTpoB d,.. ., 1.,
Apx 11€7€CO00Pa3HO 3aMEHHTHh Ha HKBUBATIEHTHBIE MAapaMeTpbl di., 1., D,
rie D,y — AMOTHOCTb BHXPEBOTO THIApaBIMYECKOro amoma D, =a... /a... .

OueBUAHO, YTO YeM BbIIIE JUONHOCTh D,y u MeHblue 1., TeM 3(deKTUBHEE BUX-
peBOM AMOA KaK CPEeACTBO 3aIMTHI OT TMApPABIMUYECKUX yaapoB. OfHaKo, Kak OT-
MEYEHO BBIIIE U IMOKa3aHO B pe3yJibTaTe MMHTALMOHHOTO MOAenupoBaHus [1],
MaKCUMalbHOE 3HaueHue D,y IOCTHraeT COpOKa, a MUHMMAJbHOE 3HadeHue I,
paBHo 0,5 cekyH.

g
g 10,

0 0,1

0,2

03 04 05

0,6

0,7

0,8

09 1 te

Puc. 2 — 3aBUCMMOCTH TUAPABIMYECKOTO COMPOTUBIICHUS BUXPEBOI'0O IM0J1A C
nocrosiHHo# Bpemenu T, = 0,5 ¢ u auopHocThi0 Dy =40 OT BpemeHu

(1 — peanpHast XapaKTEpPHUCTHKA; 2 — HJCaTbHAS XapaKTePUCTHKA).

Ipesxne 4eM ompenesuTh BIUSHUE ATUX mapaMeTpoB ( Dy, 7,) Ha XapakTep
JUHAMHYECKUX TPOIECCOB B 3AIIMINAEMON BOZOOTIMBHON YCTaHOBKE CIEAYeT OT-
METHUTh, YTO BENMYMHA a,;, BIHUAECT HAa IapaMeTPhl CTAL[MOHAPHOTO PEXUMa €€

pa6OTH. YeMm MeHEBIIIE Anin » TEM MCHBIIC 3TO BJIMAHHC. BeJ'H/I‘-II/IHy ruapaBinyc-
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CKOI'0 COITPOTUBJICHHUSA Ahin uenecoo6pa3Ho OIPCACIUTL 4YE€pe3 SKBUBAJECHTHBIA
JAUaAMETP MECTHOT'O OTBEPCTUA C COIIPOTUBJIICHUEM, COOTBETCTBYIOIIIUM T'UAPABIIN-
YECKOMY COIIPOTUBJICHHUIO BUXPEBOIO auoda IpU HOPpAMOM TEUYCHUH KHUIKOCTU
D min *

CreneHp 3TOr0 BIUSHHUSA MOKHO OIIEHHUTH TpeMs Oe3pa3MepHBIMH XapaKTepu-
CTUKAMU:

e  BEIWYMHOM OTHOCHUTEIHHOTO U3MEHEHHS CTallMOHAPHOTO pacxoia
AQ,=0,/0Q, , TAe COOTBETCTBEHHO (J,, O, CTAallMOHAPHBII pacxXoj B He3allu-

LIEHHOM U 3alIMIIEHHON BUXPEBBIM AUOJIOM BOJOOTINBHON YCTAHOBKE;
J BEJIMYMHON YJENbHON DPHEPTUH MOTOKA KHUIKOCTH B TPyOONMpOBOJIE BO-

pooTnuBHOM ycranoBku E, =NyQ) /Oy N, , rae Ny, Ny — MOLIHOCTH pacxo-

JyeMble Ha TPaHCIIOPTHPOBKY JKMIKOCTH B 3allJMILEHHON W HE3alIMIIEHHON BOJO-
OTJIMBHOM yCTaHOBKE B CTALIHOHAPHOM PEXXUME PabOThI;

®  BEIMYMHON OTHOCHTENHHOTO MOBHIIEHNS AABJIEHHA NIPH BHE3AIHOM OT-
KJIIOYEHUH Hacoca B 3allMIIEHHOH BHUXPEBBIM JMONOM BOJOOTIMBHOH yCTaHOBKE
AP = Prax ! Po> TAE Ppax> Po» COOTBETCTBEHHO, MaKCHMAIIbHOE IABICHHE ITPU

MIEPEXO0THOM IIPOIIECCE U IaBICHUE B Hadajie TPyOONpoOBOJa B CTAIIHOHAPHOM pe-
KUME PabOTHI.

Ha puc. 3 mokazansl cooTBeTcTBYoNHEe rpadukn. OHH ITOIyYeHBI U BOAO-
OTJIMBHOM YCTaHOBKH C IMapaMEeTPaMHU, IPUBEIECHHBIMHU B [2].

ACy . Ap.Ey

0,75

75 100 125 150 175 200 225 Dpin, mm

Puc. 3 —3asucumoctu Benmuuun AQ, , Ap, E 4 B 3alIUMILEHHOM BUXPEBLIM
JIMOZIOM TPyOOIPOBOJE OT €0 MPSMOTO THAPABINYECKOTO COMPOTUBICHUS C
SKBUBAIEHTHBIM AuameTpoMm D, . (xuoxHocts 407, =0,5 c).

I'paduxu Ha puc. 4 MOKA3bIBAIOT, YTO BUXpeBoi quon ¢ D, =125 MM obec-
[I€YNBAET CHUJKEHUE OTHOCUTEIILHOIO IOBBIIICHUS AABJICHUS IIPU BHE3aIIHOM OT-
KIIFOUEHUH Hacoca BOJOOTIMBHOM YCTaHOBKHU JI0 JOIYCTHMOTO yPOBHS 0€3 3aMeT-
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HOTO BJIMSHHS Ha MapaMeTPhl CTAI[HOHAPHOTO pekuMa padoThl (puc. 2). OmHako
rpadyK Ha pHC. 4 TOKa3bIBAET, YTO KAYECTBEHHOTO M3MEHEHHs XapaKTepa Iepe-
XOJHOTO Ipoliecca B 3TOM CIlydae He IPOUCXOJHT, XOTs BUXPEBOH AH01 oOnanaeT
MaKCUMaJIbHO BO3MOXKHbIMU mnapameTpamu (7,4 =0,5 ¢, D4 =40). Iloatomy

IIpY JaJbHEHIINX pacueTax paccMaTpuBaeTcsi BUXpeBod nuox ¢ D, =100 mwm,

YCTaHOBKA KOTOPOTO YMEHBINAET PACXOJ] B CTAIIMOHAPHOM peKHUMe paboThl Ha 5%,
OJTHAKO TO3BOJISICT TOJYYHTh allepHOJMYECKHN NMEepexOqHbIH mporecc B TpyOo-
MIPOBOJIE, a 3HAYUT, 00ECTIEYNTh HAACKHYIO 3aIIUTY OT THAPABINIECKOTO yaapa.

Hoontity =10f x|
N YT B ] BopoBoa + BUXPEBORA AHOR H
| 1 Tm 10 |
> oz !
LN LT . - H
L Fome o] |
Craupaneteg Ko 3 (55) : :
HemaepTedt metin i i
o ; fu {6
I Harweas ) ! *
— [F] \ i
N ED . \
b o o |
h [am? \
O CrIspanHS KAt 2(5-5) ¥ e
7 L e
Toeniad yuacTox [EF3
L
o J:ﬁ' Crsansinsi ki 1 (3-4)
0zn
h > [
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L oz [ rHenewe
BrcpoR yeacTon.
1
l
L ’_“ Macos. ||
[
(k23 [ZH) [EC
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0 1 2 3 4 5 [ 7 3 9 10
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b - o Paccusr

h =

X

Po 626757 -] 2% ke 0771853

Puc. 4 — 3menenue naBieHus U pacxoza B Havaie TpyOOoIpoBoia BOJOOTIMBHON
YCTaHOBKH (IIEPEXOAHBIN IIpolece B 3auLIeHHOM Tpyoonposoze 1.4 =0,5 c,

Dy =40, Dy, =125 Mm).

OmnpenenuM TpaHUYHBIE YCIIOBHS B TOUKE YCTAHOBKH BHXpEBOTO auona. [Ipu
9TOM Oy/IeM CUUTAaTh, YTO 3aBUCHMOCTb THJPABIMUECKOTO COMPOTUBICHHUS BHXpE-
BOI'0 AuoJia OT BPEMCHH, IMOKasaHHAas Ha pUC. 2u IMOJIYUYCHHas B CTAllMOHAPHBIX
peknMax paboThl yCTPOHCTBa OyIeT CHpaBeATUBON M MPH OBICTPHIX M3MEHEHISIX
pacxona xuakocTd. Kpome Toro, Oyznem mpenmonararb, 9TO IPH HCTIOJIB30BAHUH
BHXPEBOTO MO/ JUIS 3aLIUTHl BOJOOTIMBHBIX YCTAHOBOK HE BO3HHKAIOT PEKUMBI
paboTsl, paccMOTpeHHbIe B [1], KOrIa cO 3HAYUTEIbHBIM YBEJIMUEHHEM OTPHILIA-

44 ISSN 2222-0631. Bicnux HTY «XI1l». 2015. N6 (1115)



TEJIBHOTO pacxoja CONPOTUBJICHHUE BUXPEBOTO TUOJA YMEHBIIAETCS, TOCKOIBKY B
TpyOOIIPOBOIaX BOAOOTIMBHEIX YCTAHOBOK CKOPOCTH TCUCHHS KUIKOCTH HE TIpe-
BeImaeT 3 m/c [3, 4] u Takue peKUMBI He BOZHUKAIOT.

Urak, ¢ ydeToM NpUHSATHIX AOMYIIEHUH MOJyYUM HUCKOMYIO CUCTEMY ypaBHe-
Huil. Ecmm vd HOMep ydacTka, B KOHIIE KOTOPOTO YCTaHOBJICH AWOM, a JITUHA JTO-
ro yuactka L4 , TOrna:

a\‘d(Q) 1

-

ags (Q)

Ty
>
OTtn T

Puc. 5-3aBucumocTy ruipaBIHyECcKOro
COTIPOTHBIICHUS BUXPEBOTO AUOJA OT BPEMEHH
B BUPTYaJbHON CHCTEME KOOpJIMHAT.

Ouy (Lyys1) = 0,y11(0,1), (1)
pvd+1(0’l)+amin 3d+1(0>1)’ ecm vy (0”)20§

Poast (0,0)—ay (002, (0,1), ecmt Quq.y (0,7)<0.

VYpaBuenue (1) ykaszpiBaeT Ha TO, YTO MIHOBEHHBIC 3HAUCHHS pacxona a0 U
IOCJIe BUXPEBOTO AMO/AA CUUTAIOTCS OOMHAKOBBIM. CHcTeMa ypaBHEHHH (2) TOKa-
3BIBAET, YTO MPSMOE CONMPOTUBIICHHE BUXPEBOTO TUOAA MIPU PacueTax IMPHHAMACT-
Csl PaBHBIM a a JUIs OIpEeeNICHUS O0PaTHOTO COMPOTHBIICHUS MPH KaKIOM

Pud(Lyg»t) = 2

min >
cilyyae OOpaTHOTO TEYCHUS JKHIKOCTH, C YUYETOM OCOOEHHOCTEH AMHAMUYECKUX
IPOIIECCOB B BUXPEBBIX AuOAax [1], BBOAATCA JOKaJIbHBIE CUCTEMbI KOOPIUHAT C
OCSIMU KOOpAUHAT — a,,;(7), 1 ociMu abcuucc 7 . MoMmeHT BpeMmenu 7 =0 ompe-

aensercs u3 yenosud — Q,4,,(0,1) <0.

Kaxmas Takas joKajbHasg cUCTEMa KOOPAWHAT CYIIECTBYET B TEUCHUH Orpa-
HUYEHHOTO MHTEpBaia BpeMeHH (3):
t, <<ty A3)

MoMeHTH!I ¢, ¢, MOXHO HaliTu u3 ycioBui (4):
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de+1 (O’ tn ) <0u de+1 (05 tn + tk ) > 0. (4)

Takum 006pa3oM, Tekyllee 3HaUeHHE BETMYHUHbBI COTPOTHUBJICHHSI B JIOKAILHOMN
CUCTEME KOOpAMHAT a,4(7), ompepensercs nubo u3 quddepeHnnaabHOro ypas-

HCHUS
d D, -1
Ayq (T) =a. vd , (5)
dr Tvd

a B Clly4ae, eClld CONPOTUBIICHUS BUXPEBOIO JHOJA MEHbIIE MAKCUMAJIBHO BO3-
MOXKHOI'0, TO U3 YCJIOBUH:

Ay (T) < Amax = Amin DVd > (6)

1100 a4 (T) = Ay - (7

Pemenne nuddepennuansaoro ypaBHeHus (5) MOXeT ObITH HalJeHO ciie-

JyIOLIUM 00pa3oM:
Avd (T) =day (T - At) + Gin ((Dvd - 1) / Tvd )At .
Bemnuuna a,4(7 —At) u3BEeCTHA U3 Pe3yIbTAaTOB PACUETOB, & dpy, » Dyg, Loy

MOTYT OBITh HalJICHbI U3 3aBUCHMOCTH T'MJPABJIMYECKOTO CONPOTHBIICHUS BUXpE-
BOTO JIMoJia OT BpeMeHH (puc. 2). Jlanee mpoBepsieTcss BhITIOTHEHHE ycIoBus (6).
Ecnu oHO He BBITIOTHSETCS, TO HCIONB3yeTcs ypaBHeHHE (7).

Takum 00pa3oM, onpeznenseTcs TeKyllee 3HaUYeHHe BeIMYUHbI a4 (7), HOA-

CTaBUB KOTOPOE B cHcTeMy ypaBHeHHi (1, 2) ¢ yueToM ypaBHEHHH, OIMCHIBAIOIINX
COCTOSIHHE TIOTOKA >KUAKOCTU Ha NMPSIMOW M OOpaTHOW XapakTepucTukax [8], BbI-
YHCIIAETCS COCTOSIHHE MOTOKA KHUIKOCTH B TOUKE YCTAHOBKU BUXPEBOTO THOAA.

Jna cnenyromero MOMeHTa BPEMEHHU IPOLIEAYphl MOBTOPSETCS A0 TeX MOop,
noka 7 <t,.( At — mar 1o BpeMeHH B OCHOBHOM CETKE XapaKTEPUCTUK IIPU pacye-
T€ THJIPABIMYECKOTO yJiapa METOJIOM XapaKTepPHUCTUK [8]).

W3 npuBeneHHON BBIIIE CHCTEMBI YPaBHEHHH CIEIyeT, 4TO IpH BBIOOpE Ia-
paMeTpoB BHXPEBOTO AMOJA IS 3aIUTHl KaKOH-TM00 BOJOOTIMBHON yCTaHOBKH

OT THAPABIMYECKUX YAApOB HEOOXOIMMO OMpeNeNMTh ABa mapameTrpa — 1,4 H

D,y . 3HaUMMOCTh BIMAHMSA DTHX I1aPaMETPOB HAa XapaKTep AMHAMUYECKHX IIPO-
IIECCOB OTPaXKaroT rpadMKy, oKazaHHbIE Ha puc. 6. M3 3Tux rpaguxos BUIHO, UTO
BUXPEBOI1 IO C NIPEJENBHO JOCTHXKMMBIMHU /I yCTPOMCTB 3TOr0O TUIIA apaMeT-
pamu (T4 =0,5 ¢, D,y=40) ¢ D, =100 MM obecreuynBaeT 3(dEeKTUBHYIO
3alMTy PacCMaTpUBAEMOM BONOOTIMBHON yCTaHOBKH. OIHAKO, CO3AaHUE TAKOIo
anoza npodnemMaTuyHo. Kpome TOro, octaércsi OTKPBITBIM BONPOC O BIMSHUH OT-
KJIOHEHHMS TIaPaMETPOB BUXPEBOTO JMOJA HA XaPAKTEPUCTUKU JTMHAMUYECKUX IPO-
neccoB. M3 paccMOTPEHHBIX BBILE YPABHEHMH CJIEAYET, YTO BEIMYMHA OTHOCH-
TEJIBHOIO IOBHINICHHS JABJICHUS NP BHE3AIIHOM OTKJIIOYEHMH HAcOCa B 3ally-
LICHHOH BHXPEBBIM JHOJOM BOJOOTIMBHOM YCTaHOBKE 3aBMCHT OT JUOJHOCTH
D,y ¥ BpeMEHH Pa3roHa *HAKOCTH T,y IIpH onpenesnéHHoM 3Hadenuu D, . Ha

puc. 7 mOKa3aHbl JUHUM YPOBHS 3ToH (yHkimn. M3 3Tux rpadukoB BUIHO, Ha-
NpPYMED, YTO IIPU YBEINYEHHWH BPEMEHM pasroHa skuakoctu I,y 1o 0,55 ¢ u

YMEHBIICHUN AUOIHOCTH ¢ 40 1m0 35 CyInecTBEHHOTO M3MEHEHHUS KadyecTBa Iepe-
XOJIHOTO TIpolecca He MPOUCKXOMT.
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Puc. 6 — I3mMeHeHne naBneHus B Hayaje TpyOONpoBoia BOAOOTIMBHOM
YCTaHOBKH ¢ — THAPABIMYECKUH yIap B HE3aI[HIIEHHOM TPyOOIpoBo, 6 —

TUPaBIMYECKUH yaap B 3aIlHIIeHHOM Tpy6omposoae 7,4 =0,9 ¢, Dy =20,6—

HepexoAHbIH Mpolecc B 3amueHHoM Tpyoonposose 7,4 =0,5 ¢, Dy =40.
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Puc. 7 — I3MeHeHuE OTHOCUTENBHOTO MTOBBILIEHUS JaBJICHUS B 3aIMIIEHHON BUXPEBBIM
JIMOI0M BOJOOTIMBHOM yCTaHOBKE B (DYHKIMH AUOJHOCTU M MOCTOSHHOI BpEeMEHH.

BeiBoabl. Takum o0paszom, pa3paboTaHa METOIMKA y4eTa OCHOBHBIX HHEp-
LMOHHBIX CBOICTB BUXPEBOI'O IHOAA, TO3BOJISIONIAs B IPOrPAMMHOM KOMILIEKCE
MatLab ycoBepuieHCTBOBaTh MOJIENb [IEPEXOAHOTO IPOIiecca B HAIIOPHOM TpyOo-
NPOBOJIE IIAXTHOM BOJOOTJIMBHOW YCTAHOBKHU. /[0Ka3aHO, YTO OCHOBHBIMM Hapa-
METpaMH BUXPEBOTO MO, ONPENCISIIOIINUMU €ro CIIOCOOHOCTE ()(EKTUBHO ra-
CHUTb THUAPABIMYECKUE yAAphl, CIEIyeT CUATATh AUOJHOCTh, IPAMOE THUAPABIMYE-
CKOE€ COIPOTUBJICHHE U BPEMsI pa3rOHa >KUAKOCTHU (IIOCTOSHHYIO BpemenH). Iloa-
TBEPKJCHO, YTO MHEPLIUOHHbBIE CBOMCTBA IHOAA OKA3bIBAIOT B IIEJIOM HETATHBHOE
BIMSHHE HAa Ka4eCTBO YIPaBJISIEMbIX IIEPEXOAHBIX IMporeccoB. [lokazaHo, 4TO U3-
MEHEHHEM MPSMOT0 CONPOTUBIICHHUS BUXPEBOTO MO (IIPH HEU3MEHHOMN INOJHO-
CTH) BCErJa MOKHO JOCTUTHYTh T'allleHUs] THIIPABINYECKOTO yJapa B BOJOOTIHB-
HOM YCTaHOBKE, OJHAKO, IPH 3TOM OyIyT pacTH YAENIbHbIE SHEPro3arpaThl Ha
TPaHCIIOPT KHUIKOCTH.

IlepcnekTHBBI AaJIbHEHIINX Mccael0BaHuil. [lanbHelnue ncciaenoBaHus
ClJIe/lyeT BECTH B HAIIPaBJICHUH O00OOIICHHS TOJyYSHHBIX PE3yJIbTaTOB U IKCIECPH-
MEHTAJIFHON TPOBEPKU MOJIENIN TIEPEXOIHOTO MPOIECca B 3alIUIICHHOM HAlIOPHOM
TpyOOIPOBOJIE MIAXTHON BOJOOTIUBHON YCTAHOBKU.
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OIIEHKA BJIMSIHU A ITONEPEUYHBIX BUXPEI HA ITIPOIIECCHI
INEPEJAYHX DQHEPI'MUN B CBOBOJHOBUXPEBOM HACOCE

PaccMoTpeHO BIMsSHUE NONEPEYHBIX BUXpEll Ha Ipolece Nepeayu YHepruM KUIKOCTH B CBOOOJHOBHUX-
peBoM Hacoce. IIpencTaBiaeHbl HAOPHBIE W YHEPreTHYECKHE XapaKTePUCTHKU YTUX HACOCOB IIPU Pas-
JIMYHBIX CIOCO0aX CKPYyTJIEHHs TOPLOB JIomacTeil Koyieca, MOTyYeHHbIE SKCIEPHMEHTAIBHBIM ITyTeM.
IpuBeieHBI pe3yIbTaThl YHCICHHBIX UCCICIOBAHUI TEUSHHUS B MEXKJIONACTHBIX KaHalIaX, KOTOPBIE HO-
3BOJIAIOT YTOUHUTH KapTUHY TeUEHUs )KUIKOCTH B IPOTOYHON YacTH Hacoca.

KmoueBble c10Ba: cBOOOIHOBUXPEBOH HAcoc, NMONEPEYHbIH BHUXPh, JOMACTh, MEXKIOMACTHON
KaHaJI, YUCICHHBIA YKCIIEPHMEHT.
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