JAPOCEJIBHE PET'YJIIOBAHHS HIBJI I'IIPOITPUBO/JIA
[TpuHIMT APOCENBHOTO PEryJIIOBaHHS : 3MIHHA MOJ]ayl

HEPEryJIbOBAaHOTO HACOCA, KA 3aJI€KUTh BlJ HABAaHTA)KCHHS Ha JIBUTYH,
CKUJIA€THCS Yepe3 KiamnaH (SIKIIo Ipocellb yCTAHOBIEHUH ,,HA BX0/11”) a00
yepe3 Apocelib (SKIIO APOceilb YCTAHOBICHUH ,,lTapalieIbHO’’) Ha 3JIMB B 0aK,
MUHAIOUH TiapoABUryH. Lle 3HaunTh, 1110 HaBaHTaxeHHs perymoe LIIBJIL.

[Tpu apocenbHOMY peryioBaHHI MOXJIHUBI MPUHITUIIOBO Pi3HI cCIOcOOU
BKJIFOUEHHS PETYJIIOI0UOTO JIPOCENs: a) MOCIIOBHO 3 T1APOJIBUTYHOM; 0)
napajieJIbHO T1JIPOJIBUTYHOBI; Ta JABa APOCEISI OJJHOUYACHO — B) MOCIIIOBHO Ha
BXO/I1 1 BUXO/I, T') TapajeabHo 1 OCIII0BHO .

I'TI 3 npocesiem ""Ha Bxoai'" B ABUTYH
OCHOBHI €J1€MEHTH: BUKOHABUYMM T1JPOJBUTYH - WIIHAP 5 (a00 rizipomMoTop
YU IOBOPOTHHI IBUT'YH), HEPEr'YJIbOBAaHUM HAcOC 1, peryiboBaHUil 4u
HEperyJibOBaHUM Apocelb 3, IepeMBHUM KianaH (3 QyHKIIsIMH 1
3amo01HOro0) 2, Ta po3NOAUIBHUK - peBepcop 4. Haanumok pinunu, sika
HarHITAaeThCS HACOCOM 1 B cucTeMy, BIIBOAUTHCS B OaK yepes MepesiuBHUN
kiamnad 2. Ha 3auBHIN 11T B 11H CHCTEM] MOYKE BCTAHOBIIIOBATHCH
HiANIpHUHN KIanaH 7, SKuil B HepoOoulid (3JIMBHII) MOPO- KHUHI IWITIHAPA
CTBOPIOE MiAmip (IPOTUTHCK) Pup=0,2...0,3 MIla (1), unm 3abe3nedyeTbes
cTabuII3a1isl CUJI TEPTA 1 IJIABHICTh PYXY NMPU MaJUX IIBUJIKOCTAX BUX1THOL
JaHKH.
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PiBHSIHHS piBHOBAru Cuil, ikl HABaHTAXYIOTh MOPIIEHB TIPH

HOCTIMHOMY HaBaHTaXKEHHI 1 ycTaleHOMY pyci PpF =Pt + Py + Ry,
(1a),
ne pp: P 11p (2)- THCK B po0oYiil NOPOKHHUHI LIMIIIHPA 1 MPOTUTUCK Y
IOPO>KHUHI 3]IUBY;

F, f-(3) - edexTupni momi nopuHs 3 60Ky 6€31TOKOBOI Ta MITOKOBOT
TIOPOKHHUH;

P, Ry (4) - rexnonoriune (KOpUcHE) HABAHTAKEHHS 1 CHIJIM TEpTS

YIIUTEHEHb.
3Bi7ICH THCK B poOOUiil MOPOKHUHI IAJI-Pa



1
Pp = F(pnpf + IJH + RT)‘ (5)
HpI/I 3MiHHOMy HAGAHMAICEHHI Ha pOGOqI/Iﬁ opraH

Py = consr (6) THCK B poOOUill MOPOXKHUHI IIUIIHIPA TAKOXK OYe 3MIHHUM
Pp # Const (7), 3MiHHEM Gysie i nepenan THCKiB B HATIpHIi Jinil Ha

Jpoceni

AP P — Py # const;. ®)
[Tonaya piguau B poO0dy MOPOKHUHY IMITIHIPA B Hacoca yepes

JpOCeNb BU3HAYAETHCSA MEPENa oM THCKIB B HAMIPHIN JiHIT

= — Q= uS,
AP P Pp (9) i craHOBUTH ’

nepeMIlIeHHs] poO0YOro OpraHy BH3HAYAETHCS

v=0/F =ﬂ££'\[?$
€10 TIOJIAYCIO PITUHH F A2 © (11)
1 Oy/ie TaKOK BETUIMHOIO 3MIHHOIO.

BucHOBOK: MIBUAKICTh BUXITHOI JIAHKU IMPUBOJIA B T1IPOCUCTEMI 3
JpocesieM Ha BXO/1 poO0YO0i PIAMHY B ABUTYH 3aJICKHUTh BIJl XapaKTepy
HABAHTAXKEHHA: BOHA OyJ1€ MOCTIHHOIO TP MOCTIMHOMY 1O BEJIMYUHI
HABAHTAXKEHHI 1 3MIHHOIO TP 3MIHHOMY HaBaHTaKEHHI1

D, .
(10), a mBUAKICTH

I3 36inbinennsm HapanTakenns Ly (12) 3pocTae BeNMINHA THCKY B
po0oUiil MOPOKHUHI LIWIIIHIpA Pp> (13), 3MEHIITYETbCA TIepenaj TUCKIB
]

Ap (14) y namipHi# JTiHiT 1 BIAMTOBIAHO 3MEHIITYETHCS MBUAKICTh
nepeMiIIeHHs] poOOUYOTO OpraHy.

PiBusinus (11) ( piBHsHHS cnagatodoi napadomnu V= f(P,)(15))
SBJISIETHCS MEXaHIYHOIO XapakTeprcTtukoro ['TI mpu meBHOMY 3HAYEHHI

MPOXiTHOTO OTBOPY Apocelisi Sy,=CONSt (16) ok &7

. ) — V
ITo ocsim opaAMHAT BiJIKJIaAat0Th 3HaueHHs BigHocHUX [IIBJI V = v

max

: = P : .
abcIuC — BIIHOCHUX HaBaHTaXeHb P = B AHai3yeMO 3aJI€KHICTb.

max

B touti 0 maemo makcumansny HIBJI npu BigcyTHOCTI
HaBaHTaKCHHS.
B touti 1 npu 361nbieHH1 HaBanTaxkeHHs 10 Py [IIBJI 3MenmyeTses 1o
V1<Vpax . B Tou1i 2 nipu noganbiomy 301IbIIEHH] HaBaHTaXeHHS 110 P,
[IBJI me 3menmyetbest 10 Vo< V. B Touli 3 HaBaHTa)XXEHHS J10CATaE
MaKCHUMAaJIBHOTO (TabMiBHOTO) Py @ LIIBJI BTOUII 3 V3=0.

S0 apocenpb peryiboBaHuM, TO IpU OyIb-sIKOMY HOTO
HaJAIITyBaHHI MPOX1THUMA OTBIP 3pYYHO MPEICTABIATHA BEITUIYNHOIO



Ay

T= _ up
BiJTHOCHOTO BIJKPUTTS Swrmax (17), me Syp (18)— moToune
3HAUYCHHS IUIOILI OTBOPY, Syp max — MAKCUMAJIbHE 3HAUEHHS ILIOILI.

5 (19) OTPUMYEMO P XapAKTEPUCTUK JJIS

[Tpu 3miH1 3HAUYCHHSA
T1APOCUCTEMHU 3 MOCTIIOBHO YCTAHOBJIECHUM JIPOCEJIEM Ha BXO1 B IBUTYH
(360 Ha BUXO/I 3 HLOFO) (pHc_ 3) OueBUIHUN BUCHOBOK: nopu MMOCTIAHIN
HACTPOMIII Ipocessl Ta 3SMIHHOMY HaBaHTaXEHHI Ha poOOUYNii OpraH cuctema
3 IpocesieM ,,Ha BXoJi” HE 3a0€31euye NOCTIHHOT MIBUIKOCTI HOro pyxy. I3

36inbiennsM napantakenns Fr (20) 3pocTae BeNMYMHA THCKY B POOOUIi
NOPOXHUHI IyTiHApa Pp (21), 3MEHIIYEThCS Teperay TUCKIB Ap (22) y

HaITIpHIH JIIHIT 1 3MEHITY€E€ThCS IIBUJIKICTD MepEeMillIeHHsI poO0YOro opraHy.
I'TI 3 npocesnem ""Ha Buxoai' 3 ABUryHa

Jlpocens 3 BCTaHOBJIEHUM B 3JIMBHIH JIiHIT 3 METOIO PETYJIIOBAHHS PyXY
PIAVMHYU NPU BUTICHEHHI 11 13 IITOKOBO1 MOPOKHUHM LIWJIIHAPA O TOPLIHEM,
1] TACKOM PI1JIMHHU, 0 HarHITA€ThCS HACOCOM 1 uepe3 po3noAUIbHUK 4 y
pobouy MOpOoXKHUHY IUIIHApa. Haqmuimok nogadi Hacoca BIIBOJUTHCS B Oak
yepes NepesiMBHUM KITaraH 2.

I cuctema Takox He 3a0e3neuye NOCTIHHOT BUIKOCTI pyXy
poboyoro oprany 6 npu NOCTIMHIN HACTPOMIIL JPOCes Ta 3MIHHOMY
HABAHTAXKEHHI.

I3 piBHsIHHS piBHOBaru mir04unx Ha (1) BU3HAYMMO BETHUHHY
MPOTUTUCKY B 3JIMBHIN MOPOKHUHI 1 B T1IPOJIIHIT MEpe]] APOCEIEM:

1 [PpF_(PH +PT)]

P up 4
f (23)
[Tpu 3MIHHOMY HaBaHTa)KE€HHI
P, # const (24) BenmmurHA MPOTUTUCKY TIO PIBHIHHIO (23) TaKOXK 3MiHHA

Pnp# cONSI (25), i mepenax THCKIB Ha APOCEIi TAKOXK 3MIHHUAN

Ap = Pnp — Ps # CONSt (26), ne P8 (27) — Tuck B noposxuuHi 6aka
3HauuTh BUTpATa PIAMHU Yepe3 APOCesib MPU 3MiHI HABAHTAXKECHHS
3MiHIO€ThCs @ = @(Ap) # const,(27) i MIBUIKICTH NEPEMIILIEHHS POGOUOTO
oprany 6, sk ¢GyHKIis BUTpaTH Q, TaKOXK 3MIHIOETHCS

v = (,D(Q) # CONSI. (28)

I3 3anexHocTi (23) BUILIMBAE, IO 13 301IBIIICHHSIM HABAHTAXKCHHS
MPOTUTHUCK B TIOPOXKHUHI 3TMBY 3MEHIITY€THCS, 3MEHITYEThCS TIepena] TUCKIB
Ha JApOCei, a 3HAUUTh 3MEHIIYETHCS 1 IIBUIKICTh pyXy poOOUOro oprasy.

3aJIe’KHOCTI 3MIHH IMIBUJIKOCTI PyXy poOOUYOTO OpraHy Mpu 3MiH1
HABAHTAXKEHHS T1POMPUBO/IA 3 TIOCTIJOBHUM BKJIFOUSHHSIM JPOCEIS ,,Ha
Buxoai” (MexaHiuHI XapaKTePUCTUKN) MAlOTh TAKHU )K€ BUIJISI, SIK 1



OTpPUMaHI paHillie IJisi CXeMH 3 APOCENEeM ,,Ha BXOM1 .

3 IBOX PO3TISTHYTUX CXEM JIPOCETBHOTO PETYIIOBAHHS PU BKIIOYCHHI
JPOCEIIS TOCITIIOBHO CHIIOBOMY IWJIIHAPY MepeBary CJiiJl HaJaTh CXeMi 3
npoceneM "Ha Buxoji", 60 Take BKIIOUEHHs 3a0e3neuye OUIbII MIJIaBHY 1
CTaJry poOOTY T1IPOJABUTYHA, OCOOJIMBO MPH 3HAKO3MIHHOMY HaBaHTa)KCHHI,
a TaKOX OUTBII CTIPUSTIIMBI YMOBH BIIBOJY TEIUIA, SIKE BUILISETHCS
BHACITIJIOK JIPOCEIIOBAHHS IMMOTOKY PiAMHU. Y I[bOMY BHITAJKYy PiHHA, IO
HarpiBa€eThCS MPH IPOCETIOBaHHI, BIIBOAUTHCS O€3MOoCcepeIHbO B OaK, 1

~

T1APOJBUTYH TIPAIIOE B OUIBIIT CIPUSITIMBUX YMOBAX. |

KpiM po3risiHyTHX c11OCOO1B APOCENBHOTO PETYIIOBAaHHS 3
MOCIIJOBHUM BKJIFOUEHHSIM JPOCENis, B MAIIMHOOYAyBaHHI 3aCTOCOBY€ThCS
croci® IpOCETbHOTO PETYIIIOBAHHS 3 BKIIOUEHHSM JPOCEIs NapaJieIbHO
TApoABUTYHY (puc 7 §).

[Tpu Takomy crocoO1 peryatoBaHHs MOTIK P1IUHU, IKUI MOJAETHCS
HAcocoM | B cuCTeMy, pO3UISIETbCA Ha JIBa MOTOKH: Yepe3 pO3MOALIBHUK 4
JI0 T1IpOABUTYHA 5 1 yepe3 apoceib 3 B 6ak. PerymroBaHHS MIBUAKOCTI
NepeMIILEHHS MOPIIHS T'IPOJIBUTYHA, SIK 1 B PO3IJISTHYTUX paHIIIe cXemax,
3IMCHIOETHCST HACTPOIMKOIO Apocens 3. SKio apocelb 3 3aKpUTo, YBECh
NOTIK PIAMHM B HACOCA HANIPABJISETHCSA A0 TAPOABUTYHA 1 IIBUIKICTD
nopiIHsA MakcumainbHa. [1o Mipi BIZIKpUTTS ApOcens YaCTHHA PIIUHU B[
Hacoca CpsSMOBYEThCS B 0aK 1 IIBUJKICTh MEPEMIILIEHHS TOPILIHS BIAMOBIIHO
3MEHIIYEThCS. [Ipy MOBHICTIO BIAKPUTOMY JIpOcedi (SKIO OMip APOCEs 1
YaCTHUHU 3JIMBHOI T1APOJIIHIT ITICIS HHOTO MEHIIIE, HIXK OITIp, III0 CTBOPIOETHCS
[UJIIIIPO-TIOPIIIHEBOIO TPYIIOO 1 MiIMIPHUAM KJIalTaHOM 7) BCsI piIMHA BiJl
Hacoca BIABOAMUTHCS B OaK 1 mopuieHb 3ynuHseThes. Knanan 2 B 1iil cxemi €
3ano0ixkHUM | BKITtOUa€eThCS B pOOOTY TIILKM B MOMEHTH MEPEBAHTAKEHHS B
1HIIMI yac kianad 2 3akpuTuid. Knanan 7 ¢ mianipHUM KJIaiaHOM Ha 3JMBHIN
riipoiHii. Sk 1 B monepeaHix JBOX CXeMax JPOCEIbHOIO PEryIIOBAHHS,
nepenaj TUCKIB Ha APOCEI] 3aJI€KUTh Bl HABAHTAXKEHHS, 2 OT)KE 13 3MIHOIO
KOPUCHOTO HaBAaHTAXKEHHS MIPH MOCTIWHIM HACTPOUIIi Apocens Oyie

3MIHIOBATHUCS IIBUAKICTh IEPEMILIEHHS pOOOYOT0 Opray. .
PiBHSIHHS XapaKTEpUCTUKU HABAHTAXKEHHS MIPOIPUBOA MPU NapaIeIbHOMY
BKJIFOUEHHI JIpOCeIisi MOXHA OJIEp>KaTH TaKoXK, Buxoaduu I3

piBusaEs ¥ = Q/F, BPaxOBYIOUH, IO MPH I[OMY CIIOCO01 peryatoBaHHs

nojiava piAMHA B poO0YY MOPOKHUHY IIITIHIPA Q= QH - Qﬂp ’
ne Oy - To/1ava PIAMHN HACOCOM Y CUCTEMY;



Oyp - BUTpATa PIAVHY, 110 BIABOJAUTHLCS Y€pe3 IPOCeib B OaK.
[TpuitHABIIN Ti 5K MPUITYIICHHS, IO 1 B TIONIEPEIHLOMY BHIIJIKy, TOOTO
10 BTPaiu TUCKY Ha JIJITHKAX CUCTEMH, 3a BUHITKOM JPOCEIIs, BIACYTHI 1

OTJK€ Mepenaj TUCKIB Ha Apoceri Apap =Pp — Po T Pp
(OCKLUTBKH ps = 0), BUTpaATa PiIUHU Yepe3 APOCEIhb 3 ypaxyBaHHIM
mBHSHHS (7.33) BU3HAYAETHCS 3AJICKHICTIO

2 2 1
O = 48y ';’AP = = ﬂSﬂpJ;'?(pnpf+PH +RT)'

Tonai piBHSHHS XapaKTEPUCTHUKKM HaBaHTaXEHHS OyJe 3amucaHo y

BUTJISIII:

9= 20l - 20, S % Llows < B+ R)|

XapaKkTepuCTUKHN HaBaHTaXEHHS T1JIPONPUBOJA, TOOYI0BaHI 3a LIUM
PIBHSIHHSIM TIPH PI3HIN BEIUYMHI BITHOCHOTO BIAKPUTTS Ipocesis. AHAII3
XapaKTEPUCTUK HABAHTAKEHHS CUCTEM JPOCEJIBHOTO PETYIIOBaHHS 3
HOCJIOBHUM 1 ApaJICIbHUM T1IPOJIBUTYHY BKJIIOUEHHSIM JIPOCEIsl IOKA3Ye,
1110, HE3AJIE’KHO B1JI MICLIS 1 CIOCOOY BKIIFOYEHHSI IPOCEIs, Ll CUCTEMH HE
3a0€3M1e4yI0Th MOCTIHHOT IBUAKOCTI MEPEMIIIEHHS MMOPILHS 13 3MIHOIO
HAaBAHTAKEHHA MPU HE3MIHHIN HacTpouul Apocens. Lle BUKIMKaHO TUM, 1110
nepenaj TUCKIB Ha APOCei 3aJeXUTh Bl BEJIMYMHU HaBaHTaxkeHH. 1100
3a0€3MeUnTH MOCTINHY CTa0UTbHY MIBUAKICTh PYXy poO0YOro oprany
HE3aJIe)KHO B1J] 3MIHU BEJIMYMHU HABAHTAXKEHHS, B CUCTEMaX JIPOCEIbLHOTO
peryJitoBaHHs BCTAHOBJIIOIOTh PETYJIATOPU BUTPATU PIAUHH, SIKI
MIATPUMYIOTH IIOCTIMHUHN TIeperaj TUCKIB Ha IPOCeTl HE3aJIe)KHO BiJl 3MIHH
BEJIMYMHU HABAHTAXXEHHS B IpoLeci poOOTH .



