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(1402) u cucremuslit racurens (1405) mynbcanuii, UMEOUMNA pa3Mep U KOHOUTYpALUIO ISl CHHYKEHUSI
aMIUIMTYJB! ITyJIbCanuii JaBIE€HUS B OObEIMHEHHOM IIOTOKE, BBIITYCKA€MOM II0 MEHBIIEH Mepe IBYMsI
HacocaMH, COBMECTHO C T10 MEeHbIIEeH Mepe nByMs MUHH-Tacutensimu (1403), (1404), kax1bIii N3 KOTOPBIX
MPUCOCIMHEH MEXKIY BBITYCKOM OJHOTO W3 HACOCOB M MarucTpalibHOW Tpyboi (Tpydamu) (1408),
(1428a), (1428b), mepeHOCAIIMA TIOTOK OT OJHOTO M3 HACOCOB B CHCTEMHBIN TaCHUTENb ITYIIbCAIIH.
MUHHU-TacUTEIN UMEIOT pa3Mephl U KOH(GUTYPALUH TSI CHY)KEHHST aMIUTUTY/AbI IyJIbCAIli TaBICHAS B
JIOTIOJTHEHHE K CHCTEMHOMY TaCHTENIO MyIbCallnii.
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OINIUCAHUE N30BPETEHNSA
2420-572159EA/042
MUHU-TACUTEJU TPU HACOCE, OBbEJUHEHHBIE C CUCTEMHbBIM
TACHUTEJIEM NIYJbCAITAN

OBJIACTb TEXHUKU

[01] B obwem, HacTosiuasi 3asiBKa OTHOCHTCS K padoTe CHCTEM, MPeIHA3HAYEHHBIX IS
BO3BPATHO-TMOCTYMATEIbHOTO MepemerneHust Quonaa, a Oonee KOHKPETHO, K OJHOMY WJIH
HECKOJIbKUM H3JIENHUSIM W/ WA YCTPONCTBAM JJIsl PETYJUPOBAHUS MyJIbCALIMNA 10 U MOCJEe CHCTEM
arperupoBaHus IMOTOKa (bHI'OI/II[a, HarmpuMmep, Mnocje KOHCOMUMAaUUuu MHOIOYHCJICHHBIX IMOTOKOB
dbarouna.

YPOBEHb TEXHUKHU

[02] PerynupoBaHme TmyJbCcalMii B CHCTEMax IMepeMelneHuss (QIIouAa MOCTOSHHO
HYXOA€TCA B YCOBCPIICHCTBOBAHHWU. K HUCIY KEIATCIIbHbIX YCOBepLHeHCTBOBaHI/Iﬁ OTHOCATCA
CHUKCHUEC aMILIUTYIQ Hy.]'[bcaLII/Iﬁ OT HACOCOB IJIA paCHOJ’IO)KeHHOfI HUKE T10 MOTOKY CHCTEME U
MOBBIIIIEHHE THOKOCTH TpH OOBENUHEHWW TacHUTENed MyJbCalluii C APYTHMH 3JIEMEHTaMHU
HAaCOCHOM CHUCTEMBI B LIEJIOM, HapsAAy C ONTUMH3ALMEH XAPAaKTEPUCTUK TalleHUs MyJbCalUNd U
3¢ (eKTUBHBIM HCIIOJIb30BAaHHEM JOCTYITHOI'O MPOCTPAHCTBA B 00JaCTH HACOCHOM CUCTEMBI.

CYHIHOCTB U3OBPETEHUA

[03] MHoromoTto4yHasi cucteMa nmogadu (JIrouaa BKIIOYAET B ceOs CUCTEMHBIN TaCUTENb
nynbcaunﬁ, HpHCO@)IPIHeHHbIﬁ A0 WJIN IOCJHE KOHCOJIMAAIMK MHOI'OYHCICHHBIX IIOTOKOB
¢barouna s ceTd TPyOONMPOBOIOB, MOAABAEMOr0 MHOTOYMCJIEHHBIMH HAaCOCAMH, BMECTE C
MUHH-TACUTEJISIMU Ha BBIMYCKE TIO0 MEHbINEH Mepe OAHOIo 13 HacocoB. KakmoMy M3 CHCTEMHOTO
U «MHHM» TacslIero MyJbCalMKd yCTPOWCTBA (YCTPOMCTB) MOMKET MPEdOCTaBIATHCS
ornpeneneHHbli 00beM (QUIrouna Ui TalleHus UMIYJIbCOB naBieHus: Grouna 0e3 mpoBeneHHs
TEXHUYECKOro obOchykuBanus. Kaxmoe W3 CHCTEMHOrO racsiuero myJibCalli yCTPOHCTBA U
racsiliMx MHWHH-YCTPOWCTB HMMEET 3aJaHHBbIN pa3Mep, TaK 4YTO COBOKYIHBbIE XapaKTEPUCTUKU
raliCcHuA OaBJICHHsI, B TOM YHCJI€ HMCHOIIMXCA AOOIIOJHUTECIIBHBIX FaCPITe.Heﬁ, COrIaCyroTcsa C
XapaKTEePUCTHKAMH KOHKPETHOW HACOCHOM CETH.

[04] Tlepem HauajOM pacCMOTPEHUs MOAPOOHOTO OMHUCAHMSI, MPUBEIECHHOTO HIIKE,
MOXKET 6I:>ITI> IMOJIE3HO MOACHUTD ONPECACICHUA HEKOTOPBIX CJIOB U (1)pa3, HCIIOJIb3YEMBIX Ha BCEM
MPOTAXKECHUH 3TOI'0 MATCHTHOI'O AOKYMCHTA. TepMI/IHbI (BKJIIOUACT B ce6$[>> U KCOOCPKUT», a
TAKKE€ TMPOU3BOAHBIEC HMX O3HAYAKOT BKJIHOUCHUEC 663 OrpaHHUYCHUS, TEPMUH «UJIN» ABJIACTCA
HWHKJIKO3WBHBIM, O3Ha4YarOIllHuM I/I/I/I.]'II/I, a (1)pa351 «CBSI3QHHBIA C» U «CBSI3aHHBIN C HHUM», a4 TaKXKEC
MPOU3BOAHBIE UX MOIYyT O3Ha4aTb COACPKATb B ce6e, 6]:>ITI:> BKJIIFOUCHHBIM B, COCOUHATH C,
BMeEIaTh, BXOIUTb B, COCAMHSTH C, CBSI3bIBATh C, COOOILIAIOIIMICS C, B3aMMOJIEHCTBOBATH C,
HEPEAOBATHCs, TOMECIIATHCA PAOOM, B6.]'II/ISI/I, 6I:>ITI:> CBsA3aHHBIM C, UMETb, UMCTb CBOMCTBO U T.IL
Uro kacaercsi onpeneseHnii HEKOTOPhIX CJIOB M (hpas, MPENCTaBIEHHBIX HA BCEM MPOTSKEHUU
OTOTO MATCHTHOTO AOKYMEHTA, TO CIICHHUAJINUCT B I[aHHOfI O6J'IaCTI/I TCXHHUKH OOJIXKEH ITOHHUMATD,
YTO BO MHOTI'UX Cliy4dasax, €CJI1 HE B 6OJ'I]:>LHI/IHCTB6 CJIy4acB, TAKUE ONPEACTICHUA UCIIOJIB3YOTCS B

NpeACCTBYOIIEM YPOBHE TCXHUKH, a TaKXE [MPCATIOJIaracTes yHOTpe6neH1/1e TaKHuX



OTIPENIEIEHHBIX CIIOB U (ppa3 B AaJbHEUIIEM.

KPATKOE OIIMCAHUE YEPTEXEU

[05] Tenepr ans Gonee MOJTHOrO MOHUMAHMS HACTOSALIETO PACKPBITHS U MPEUMYIIECTB
ero Oymer chenaHo oOpalneHWe K IMPUBEIEHHOMY HIUXKE OIHMCAHMIO, PAaCCMAaTPHBAEMOMY B
COUYETaHMHU C CONPOBOXKAAOIIUMHU YePTEKAMU, HA KOTOPBIX:

[06] ¢ur. 1 - cxemaTuuHbIil BUI OYypOBOH CHCTEMBI, BKJIIOYAIOLIEH raCUTENb MyJIbCalHH,
YCTaHOBJIEHHBII MEXIy HArHETAaTeJbHbIM MAaHU(OJBIOM M CTOSKOM, COIJIACHO pAa3IMYHBIM
BapHaHTaM OCYIIECTBJIEHHUS HACTOSIIEr0 PACKPBITHS;

[07] dur. 2 - cxeMaTHYHBIA BUI YaCTU CUCTEMBI JUIs Toaaduun GJrouaa, OypeHus: Wiu TOro
U JIPYroro, KOTopasi BKIFOYAaeT B ceOsi MHOXKECTBO HACOCOB JJIsi OypOBOrO pacTBOpa, COTJIACHO
pa3JMuYHbIM  BapUaHTaM OCYLIECTBJIEHHS HACTOSILErO  PacKpbITHS, KOTOPYIO  MOKHO
UCTIONIB30BaTh B BapUAHTAaX OCYLIECTBJIEHHs OypOBOH CHCTEMBI, KOTOpas BKIKOYAaeT B cels
CHCTEMHBIH TaCUTENb MyJbCALUI, YCTAHOBIEHHBIH MEXKAy HarHeTaTeIbHbIM MaHU(OIBIOM U
CTOSIKOM, KaK 3TO MOKa3aHo Ha ¢ur. 1;

[08] dur. 3 - cxeMaTHUHBIA BUJ YaCTU CUCTEMBI JUTs Moaayuu (Jronaa, OypeHus: Wil TOTO
U JPYroro, BKIKOYANOIIEH COYeTaHHEe HArHETATEJIbHOrO MaHM(OJIbIAa M TacUTeNs MyJbCalui B
OJJHOM CHCTEMHOM YCTPOMCTBE, CUCTEMHBIH IaCUTENIb HATHETATEIbHOTO MaHU(OIbIa COTTIACHO
Pa3JIMYHBIM BapHAHTaM OCYIIECTBJICHUS HACTOSIIETO PACKPBITHS, KOTOPBIH TaKXe MOXET OBITh
UCTIONIb30BAaH B BApUAHTAaX OCYINECTBJIEHUs OypoOBOIl CHCTEMBI, KOTOpas BKIJIIOYAaeT B cels
CUCTEMHBIN TacHUTeNb MYJIbCALUH, YCTAHOBJIEHHBIH MeXIy HAacocoM (Hacocamu) Jiisi OypoBOTO
pacTBOpa U CTOSIKOM, KaK 3TO MOKa3aHo Ha ¢wur. 1;

[09] ¢ur. 4 - wumOCTpamysi OIHOTO COUYETAHUS HArHETATeIbHOrOo MaHH(OIbAa |
CUCTEMHOIO TacHUTeNlsl MyJbCaluil COMIAaCHO pa3JIMYHbIM BapUaHTaM  OCYLIECTBJICHMUS
HACTOSILIETO PACKPBITHUS,

[10] ¢wur. S - cxemaTn4Hblil Bux OypOBOH CHCTEMBI, BKIIOYAIOIIEH APYrod MeXaHH3M
racuTeNsl MyJIbCALMi, KOTOPBI MOXKET ObITh YCTAHOBJIEH B CTOsIKE, BOJIM3M HErO HIIH HUXKE IO
MIOTOKY OT HETO, COTJIACHO Pa3JINYHbIM BapHAaHTAM OCYIIECTBIEHUS HACTOSIIErO PaCKPBITHS,

[11] ¢ur. 6A-6E - yBeNIWYEHHBIE CXEMATUYHbIC BHIbl PA3JIHMYHBIX KOHCTPYKIHI
CHCTEMHOI'O Tacsllero NyJlbCalluU YCTPOHCTBa (YCTPOHCTB), peaNM3yIOIIUX YacThb (Y4acTH)
racsiiero MmyJjibcauuu auadparMeHHoro ysnia u3 Gur. 6, UCIoNb3yeMOro B Ka4eCTBE CUCTEMHOTO
racsero myJbCali yCTPOHCcTBa (YCTPOUCTB);

[12] ¢ur. 7 - cxeMaTU4HBIA BUI OPYrOdl KOHCTPYKLUHU C M30BITOUHOCTBIO CHCTEMHOTO
racsiuero MyJbCallii yCTPOWCTBA (YCTPONCTB), KOTOPOE MOKET OBITh YCTAaHOBJIEHO B CTOSIKE,
BOJIN3M HETO WJIM HUXKE IO MOTOKY OT HEro, COTJACHO Pa3IMYHBIM BapHUAHTAM OCYIIECTBIICHHS
HACTOSIIETO  PACKPBbITHSA, UL  peanu3alud  4YacTh  (JacTeil) racsiiero myJbCaluu
nuadpparMeHHOro y3ia u3 ¢ur. 5;

[13] ¢ur. 8 - cxemaTu4HbIi BUA CHCTEMBbl mopadyu ¢uonga win OypoBOH CHUCTEMBI,
BKJIFOUAOLIeH (UTUHTH, OOBENUHSIOIINE MHOTOYUCICHHbIE TIOTOKH (IIFOMA, COTJIACHO
pas3JMYHbIM BapUaHTaM OCYLIECTBIEHMs HACTOSLIEr0 pPaCKPbITHs, KOTOPYID MOXKHO TaKXke

UCIIONBb30BaTh B BapUAHTAaxX OCYLIECTBIEHHMs OypOBOH CHCTEMbI, KOTOpas BKIKOYaeT B ceds



CHUCTEMHBI TacCUTENb MyJIbCALUI, YyCTAHOBJIEHHBIH mOCNe (UTHHIOB, OOBENUHSIOIINX
MHOTOUYHUCJICHHBIE TIOTOKH (PIIION/a,;

[14] ¢ur. 9 - Onok-cxema NOCIENOBATENBHOCTU IEHCTBUN BBICOKOTO YPOBHS IPH
BBIITOJIHEHUU TIpoLiecca Mojadyu (arouaa M TalleHus MyJbcaluii B cUCTeMe mopadu ¢uironna
COTJIACHO PA3JIMYHbIM BapUAaHTaM OCYIIECTBIEHHUS HACTOSIIErO PACKPbITHUS,

[15] ¢ur. 10A-10C - BuabI ra30HANOJTHEHHOTO TACUTES MYJIbCALIU;

[16] ¢ur. 11A-11B - BuaBl KOMIIOHEHTOB KOMMEPYECKH AOCTYITHOTO HE COIEPIKAILero
HATOJHUTEIS] TACUTEIS Iy JIbCALINH;

[17] ¢ur. 12A-12B - Bua ¢ BBIPE30OM U CXEMATHYHBIH BUJA, COOTBETCTBEHHO, HE
TpeOYIOLIEro TEeXHUYECKOro OOCIY)KUBAHUS PEAKTHMBHOIO CHUCTEMHOTO TacCHTENsl MyJIbCAalHi
COTJIACHO BapUaHTaM OCYILECTBJIEHHs HACTOSIIErO PACKPbITHS,

[18] dur. 13 - BHA, WLTFOCTPUPYIOIUN pa3MeLIeHHe CUCTEMHOIO TacHUTeNs MyJibCalui
COTJIACHO BapUaHTaM OCYILIECTBJIEHHs HACTOSIILErO PACKPBITHS, U

[19] ¢ur. 14A-14D - Bux cerm TpyOONMPOBONOB, B KOTOPOH yCTAHOBJIEHBI CHCTEMHBIN
racutesib MyJbCalMii U JBa MUHU-TAaCUTENs MyJbCcallili Ha BBINYyCKE, COIJIACHO BapHaHTaM
OCYII€CTBJIEHHS HACTOSIIIETO PACKPBITHS.

NNOJAPOBHOE OITHCAHUE

[20] Dur. 1-14D paccMaTpuBarOTCsl HIKE, @PU 3TOM pas3jIMYHble BapUAHThHI
OCYIIECTBJICHUS], MCIIOJNb3yEeMble [UIsl ONMUCAHUS MPUHLUIOB HACTOSIIErO PAaCKPbITUS B 3TOM
IOKYMEHTE, TNPENCTABISAIOTCS TOJNBKO Ul WJUIIOCTPALMM M HUKOMM O0pa3oM He JOJDKHBI
TOJIKOBaTbCA KaK OrpaHMYUBaroIiue o0beM packpeiTus. CnenmaaucTel B AaHHOM oOjactu
TEXHUKU JJOJDKHBI [IOHUMATh, YTO MPUHLUIBI HACTOSIIEr0 PACKPBITUS MOTYT OBITh PEaTN30BaHbI
B JIEOOOM COOTBETCTBYIOLIMM OOpa3oM CKOMIIOHOBAHHOM TacHTeNe JJisi HarHeTaTeJbHOTO
MaHU(OJbIa WJIM CHUCTEMHOM TacHuTese, KOTOPBIH MOXeT OBITh HCIIONB30BaH  JUIS
peryJnpoOBaHUs WU YaCTUYHOTO PEryJIMPOBaHNs AMILIUTYH My JIbCALIU.

[21] BosBpaTHO-moOCTymnaTebHbIE CHCTEMbI, TaKHe€ KaK BO3BPATHO-TIOCTyIATEIbHBIC
HACOCHBIE CHUCTEMbl M AHAJOTUYHOE O0OpynOBaHME, (PYHKUHOHUPYIOT B LHKIHYECKUX
TUJIPaBIMYECKUX CHCTEMax pasM4HbIX BHUIOB. Hampumep, BO3BpaTHO-NOCTyIATENbHbIE
HACOCHBIE CHCTEMbI JJisi OypOBOrO pacTBOpa HCIIONB3YIOT Ha OypOBOH YCTAaHOBKE ISt
o0ecrieueHHs] LUPKYJSILUU OypOBOrO PACTBOpA WM NMPOMBIBOYHON KUAKOCTH. [IMKHM aBiIeHus B
NPOKa4YMBaeMOM (PIIFOMIE BO3PACTAIOT MPH KAKAOH MyJNbCALMH, YXYALIEHHH XapPaKTEPUCTUK
HACOCa, PaCXOIHBIX AeTanel Hacoca Uit urronaa u 000pyJOBaHMS HUXKE TIO IMOTOKY OT HAcOCa,
TAKOTO KakK H3MEPHUTENIbHOE OOOPYAOBaHHE, HCIOJIB3YEeMOE Ul ONpEeAeNieHHs MapaMeTpoB
OypeHusi, U pacTBOPHOW TPyOBI BEPTIIOTA, U HAOWBKHU sl pacTBOpHOH TpyOrl. Hapyruenue
peryJINpOBaHUs TAKUX NMUKOB AABJIEHHs HEN30€KHO BIUSAET HAa paboune XapaKTepUCTUKH U CPOK
ciy>kOBl HacoCa, PaCXOMHBIX AeTaned Hacoca Ui (Ironaa U BCeX KOMIIOHEHTOB, HaXOSINXCSI
Bbllll€ 1O MOTOKY WM HWXe NO NoToKy. Kpome TOro, muku JaBieHHsT MOIYT MeUIaTh
OOHApY’KEHUI0 CUTHAJIOB NMPHOOpaMH, TaK YTO HApPYLIEHHE PEryJUpOBaHUS MUKOB JaBJICHUS
MOJKET TaK)K€ BJIMATh Ha OOHAPYKEHHE CUTHAJIOB W/MIJIN KaueCTBO OOHAPYKEHHsI CUTHAJIOB MPHU

(HarpuMep) U3MepPEHMsIX B Ipolecce OypeHus.



[22] OOopynoBanme UIsi  PEryJUPOBAHUS  MyJbCaluii  OOBIYHO  MOMELIAOT
HEMOCPEICTBEHHO BBILIE MO TMOTOKY WM HIDKE MO MOTOKY OT BO3BPATHO-NOCTYHATEIbHOIO
HACOCa, YacTO HMEILIEr0 OTHOCHTENBHBI pa3Mep M KOHPUIYpalHIO, COOTBETCTBYIOIINE
3aJaHHOMY OOBEMy, MepeMelIaeMOMy 3a OJUH XOJl Hacoca, U MAaKCHUMAaJbHON BBIAENEHHON
aMIUIMTYy/l€ TTMKOB AABJICHUs, BO3JEHCTBUIO KOTOPBIX MOKET MOABEPraThCsl HACOCHAs! CUCTEMA B
TeUeHHe KaKAOH myibcauu. TeM cambIM OOOpPYAOBaHME Ul PEryJUPOBAHUS ITyJIbCALMH
CIIOCOOCTBYET CHIDKEHMIO HAarpy3KH Ha HACOC M MUHUMM3ALUK BIMSHUS aMIUTUTY] MyJIbCAllui
Ha HACOC, PACXOAHbIE IE€TaM Hacoca i Quironaa U Ha 000pyJOBaHUE, HAXOSIIEECs BbIIIE IO
NOTOKY WJIM HIDKE MO MOTOKY. B pesynbrarte, o0opyaoBaHUe Uil PeryJHPOBAHUS MyJIbCALUI
yny4miaer paboune XapaKTEPUCTHKH W TOBBIIIAET CPOK CIYKOBI HACOCA, PACXOIHBIX JAeTayei
Hacoca s Quronga U irodoro 000pyIOBaHUs, HAXOMSIIErOCs BBIIIE MO MOTOKY MJIH HIIKE IO
MOTOKY OT Hacoca.

[23] OpHako mynbcallid MOTYT Takyke MPOSBIATHCA ellle Jajibllie HIKe MO MOTOKY OT
HAcocoB Juisi OypoBOro pactBopa, korma (urown mnepeMmemaercss mo TpyOompoBoay K
HA3HAUYEHHOMY MECTY. DTHU MYJbCALIUUA MOTYT YCHIJIMBATBCS, KOTZa BO3HUKAET HEOOXOIMMOCTH
HANpaBJATh (IIFOU] BHU3 MO PA3JIMYHBIM MYyTSAM HJIM KOTAa MHOTOYHCIIEHHBIE ITOTOKU (urronaa
HEoOXOomMMO OOBEAMHATh W HANpPaBJIATh B OAMH MOTOK. B Oonpineli 9acTu cucTeM 3TH
MyJbCAllMK, BO3HUKAIOIINE HUXKE M0 MOTOKY, HE IMPUHUMAIOTCS BO BHUMaHUE. JTU IyJbCALUY,
BO3HHUKAIOIIUE HIKE 110 TOTOKY, MOTYT OBITb NPHYUHONW IOBPEXKIEHHS] KOMIIOHEHTOB,
HaXOASIIMUXCSl HMKE MO IOTOKY, W MOBBILIEHUS IIyMa B HAaxOMALIMXCS HWXXE IO IOTOKY
U3MEPUTENbHBIX MPUOOpax U JaTUNKAX.

[24] Hcnonb3yemblii B 3TOH 3asBKE TEPMHMH «CUCTEMHBbIN TacUTENb IyJbCALUN»
OTHOCHUTCS K TACUTEJIIO MyJIbCALIUH, YCTAHOBJIEHHOMY MEKAY HarHEeTaTeNbHbIM MAaHU(OIBAOM U
CTOSIKOM, TTOKa3aHHOMY Ha ¢ur. 1 u 2, COUeTaHUI0 HArHETATeNIbHOrO MaHU(OJIbAA U racsIiero
NyJbCAllUM YCTPOHCTBA, TOKa3aHHOMY Ha ¢ur. 3, MaHU(OIbAY TacUTeNsl HMITYJIbCOB,
NOKAa3aHHOMY Ha (ur. 4, racsiieMy MyJbCalllu yCTPOUCTBY (YCTPOWCTBaM) ¢ AuadparMeHHbIM
y3JI0M, TOKa3aHHOMYy Ha ¢ur. 5, 6 U 7, W CHCTEMHOMY TaCHTEIIO MJISi PEryJHpPOBAHUS
MyJbCalNii, PaclOJOXKEHHOMY IIOCJI€ MeCTa, Ha KOTOPOM BBIMYCKU OT MHOTOUHCJIEHHBIX
HACOCOB KOHCOJIMIOUPYIOTCS B OAUH MOTOK, MOKa3aHHOMY Ha ¢ur. 8 u 13.

[25] Ha ¢ur. 1 nokasan cxematuuHblii BUA OypoBoi cucteMbl 100, BKIFOYArOLIei
racutenb 102 mynbcanuii, YCTAHOBJICHHBIH MEXAy HarHetaTeqbHbIM MaHH(ponbaom 104 u
croskoM 106, cornacHO pas3JIU4YHBIM BapUaHTaM OCYLIECTBJIEHHUsS HACTOSIIEr0 pPacKpbITHSL
Bapuant ocymectsienus Oyposoii cucrembl 100 mokasaH Ha ¢ur. 1 TOJBKO AT UIUTFOCTPALIUH.
@ur. 1 He orpaHUYNBaeT 0OBEM ITOTO PACKPBITHSI HUKAKOW KOHKPETHOH peanu3anueil OypoBoi
CUCTEMBI.

[26] Yro xacaercs Temepp ¢ur. 1, To OypoBas cucrema 100 Bkimroyaer B cebs 1o
MEHbIIEH Mepe oauH racutenp 102 mynbcanuii, MO MEHbIIEH Mepe OAWH HarHeTaTeJbHbIN
manugonba 104, mo mMeHbinell Mepe oguH crosik 106, mo mMeHbineit Mepe oguH Hacoc 108 s
OypoBOro pactBopa, MO MeHbLIeH Mmepe onHy eMKkocTb 110 mmst OypoBoro pacrBopa U IO

MEHbIIEH Mepe OAHY BBIKMAHYK JuHHUIO 112, racurens 113 nynbcanui, TpaauLIMOHHO



pacronokeHHbIN Ha BbImycke Hacoca 108 mist OypoBoro pactsopa, ¥ MO MEHbIIEH Mepe OIHY
OypoByro ycraHoBky 114. Bypoas cucrema 100 BBINONHSIET ONEPALMI0 IO 3aKAYUBAHHIO
OypoBoro pactBopa WM JAPYrux (QIIOMIOB BHHU3, B NPOOYypHUBAaEMyl B JaHHBIH MOMEHT
CKBXUHY IJIs1 IpenoxpaHeHusi Oyposoro aosiora 128 ot meperpeBa, o0ecrieueHusi CMa3bIBAHHS
OypoBOro n00Ta U NepeMereHust 00JIOMKOB BBIOYPEHHOH MOPOABI HA TOBEPXHOCTb.

[27] Hacoc ans duronna uimu Hacoc 108 nmist GypoBOro pacTBopa MOXKET MPOKAYHBATh
¢monn wm Oyposoii pactBop u3 eMkoctu 110 mmst GypoBoro pactBopa NO BBIKHIHOW JIMHHH
112 o Hampanenuto k OypoBoii ycranoske 114. B 6yposoii cucreme 100 MOXKHO HUCTIONB30BATH
HECKOJIbKO HacocoB 108 mist OypoBoro pacrBopa, 4ToOBI MPOJOJDKATH OypeHHE NMPHU OTKase
onHoro Hacoca 108 mis Oyposoro pactBopa. Kpome toro, racurens 102 myjibcaiuii MOKET ObITh
YyCTaHOBJIEH B BBIKUAHON JymHUM 112 kaxkgoro Hacoca 108 mus OypoBoro pacrtBopa aust
JOTIOJTHUTEIPHOTO CHIKEeHUs myJibcanuii. Kpome toro, emkocts 110 mist OypoBoro pacrsopa
MOJKET Ha3bIBAThCS pe3epByapoM Uil QIIoHIa, MPH 3TOM B pe3epByape sl (Grronaa XpaHUTCs
(bJFOUA, UCTIONIB3YEMBIN B TEYSHHE TTpoLiecca OypeHus.

[28] OGprynO racurens 113 mynpcauuii pacnoOXKeH MO XOAY BBIKUAHON nuHUK 112 Ha
BbIycke Hacoca 108 mist OypoBoro pacTBopa W Tepel HarHertaTelbHbIM MaHH(ogbaoM 104,
Harnerarensnsiii Maaugonbgy 104 mMoxer OBITh pacnojoXKeH HIKE BBIKMAHOW JuHMU 112 n
NPUKpPEIJIeH W/WIM TpPUCOoenuHeH K OypoBoil ycranoBke 114 ¢ obecrnedeHwem mnepenadu
¢dmronna. HaruerarensHsiit Mannugonpa 104 MOXkeT NPUHIMATD MHOXKECTBO PA3JIMYHBIX TOTOKOB
¢aronaa ot MHOKecTBa HacocoB 108 mst OypoBoro pacTBopa. B Takom ciy4dae HarHeTaTeIbHBIHI
manudonbg 104 mMoxer o0BeNMHATH BCE MOTOKU (JIFOMAA JJISi HAIMPABJIEHUS OJHOTO IMOTOKA
¢mronna BBepx k crosky 106. Jlpyrue pyHKUNH, TPAAULUOHHO BBIIOJIHSAEMbIE HArHETATENbHBIM
MaHU(OJBIOM, 3aKJIIOYAIOTCS B  OOECEYeHHMH BCIOMOTATENbHOTO  COCJUHEHUS U
JOMOJHUTEIBPHOIO HAcoca, a B CHUCTEMAax C MHOIOYUCIIEHHBIMU CTOSIKAMH, HMEROIINX
HKCIUTYyaTALMOHHYIO U30BITOUYHOCTb, B MEPEKIIOUEHUH MyTeH MOTOKa (pIronaa OT OJHOTO CTOsKA
K APYroMy B Cllydae MOBPEKACHUS OMHOrO cTosika. ONHAKO CHEeLMAINCTaM B JAHHOH O0JacTH
TEXHUKH JOJDKHO OBITh MOHATHO, YTO B HEKOTOPBIX CUCTEMax OOXoasTcs 0e3 HarHeTaTeJIbHOro
MaHH(POIbA U TPOCTO CBOIAT BOEAMHO BBIXOIHBIE NMOTOKHM MHOTOYHCIEHHBIX HACOCOB IS
OypoBOro pacTBOpa B OJHY JIMHHIO BOJHM3M HACOCOB JUisi OYypOBOrO PacTBOpPA WIIM HUKE IO
NIOTOKY, & 3aTeM OOBeIMHEHHBIN MOTOK MEPEMEINA0T 110 OJHOW JIMHIH K OCHOBAHHIO U BBEPX K
CTOSIKY.

[29] Korma moroku ¢irouna OT MHOTOYHCIIEHHBIX HACOCOB IJisi OypOBOrO pacTBOpa
00BeNUHSIIOTCA (B HATHETATEIbHOM MaHU(OIIbIE W O3 HEero), MyJIbCallH B Pe3yJIbTHPYIOLIEM
O0BENMHEHHOM TOTOKe (IIIOMIa MOTYT BO3PACTaTh BCJIEACTBHE PA3MYHBIX IMyJIbCALUH,
CO371aBaeMbIX HCIONB3yeMbIMH Hacocamu 108 mmst GypoBoro pacrtBopa. Hampumep, B omHOH
Oyposoii cucreme 100 MoryT ucnonb3oBarbest Hacochl 108 st OypoBOro pactsopa pa3iHyHBIX
TUMIOB M Pa3MepoB, KOTOpPbIE CO3MAOT BapHAMM MJIM NyJbCAllMM NOTOKa (Quronaa Ha
nporspkeHnn  TpyOpl.  Kpome Toro, nHacockt 108 nmsa OypoBoro pactBopa MOTYT OBITh
PacCIOIOXKEHBl Ha PA3JIMYHBIX PACCTOSHUSIX OT HarHetareabHOro MaHugoapaa 104. Hacocer 108

st OypoBOro pacTBOpa MOTYT HayWHATh pPabOTy B pa3Hble MOMEHTHI BPEMEHH, HMEThb



HepaboUyI0 YacTh IUKJIA, OTIMYAOLIYIOCS OT Hepabodel 4acTh LUKJIa Jpyrux HacocoB 108 ms
OypoBOro pactBopa, WJIH IMPOCTO MOTIYT paboTaTh C Pa3iIMYHBIMHU JJIMHAMH XO/Aa MOPIIHS.
JIroOble U3 paHee YNOMSIHYTBIX PaOOvYMX MapaMeTpoB BIUSIOT HAa NMpOTeKaHHe (IFOMIOB HIIN
OypoBoro pactBopa B HarHerartenbHblli Manudonba 104, BCaencTBHE 4Yero B CKBaXKUHE
CO3A0TCs MYyJIbCALUU.

[30] Crosik 106 moxeT ObITh ycTaHOBIIEH Ha OypoBOii ycTaHoBKe 114 1 mpoxoauTh BBEPX
Ha OypoBoii ycranoBke 114 mis obecniedenust nmpotekanus Gronaa no poTopHoMy nuiasry 116,
COeMHEHHOMY ¢ BepTirorom 118, mpu stom Beptitor 118 coennneH ¢ poTopHbIM kprokoM 120.
Crosik 106 mpuHMMAaeT BBIMYCK M3 HArHETATEJIbHOTO MaHU(OJbAA, KOTOPBIH BKJIKOYAET B ceOs
cucreMHbld racurenb 102 nmynbcaumii. HarHeratenbhbiii Manugonba 104 MOXeT BKJIIOYATH B
ce0s1 MHOTOYHCJICHHBIE BBIXOBI B CTOSIK 100 Ha ciydail TIOBPEXKACHUS YaCTH HATHETATEIbHOTO
maHudonbaa 104 win CBI3aHHOTO ¢ HUM TPYOONPOBOIA.

[31] Bepmuror 118 MoXeT BBIMONHATH (PYHKLHIO TEPENyCKHOrO KaHaja Ui TOTOKA
¢daronna BO BKJIAABII AJs1 BpameHus 122 Benymeil TpyObl (Miin TOYHee, B BEOYLIYIO TPYOy).
Benymas tpyba 122 coenmnrena ¢ OypuiibHOUW KOJNOHHOW 124, @moun nmpoXOmuT MO BeAyLIeH
TpyOe 122 u OypribHO# kKonoHHE 124, BHU3 1O ¢TBONY 126 CKBaskuHBI 10 OypoBoro nosota 128,
PACIIONIOKEHHOTO Ha JallbHEM KOHILE OypruibHOW KOJIOHHBI 124. Benymas tpy6a 122 o0braaO
MPUBOJUTCS BO BpauieHue poTtopHbIM ctojoM 130. bosee COBpeMeHHBIE CUCTEMBI MOTYT
BKJIFOYATh B ceOs BEPXHHUHM NPHUBOA U BpalleHHss OypHJIbHOW KOJOHHBIA 124 B KauecTBe
aJbTEPHATHBBI POTOPHOMY CTOJIy M BKJIAIBIIIY JUIsl BpPAIlEHUsl BeAylied TpyObl W Hacrosinee
PaCKpBITHE TAK)KE MOXKET IPUMEHATHCS B TAKUX KOHQUTYPALIUAX C BEPXHUM IPUBOJIOM.

[32] B OypoBeix cucremax racurenu 113 mynbcaruii MOXHO yCTaHaBIMBATh BOJH3H
HacocoB 108 st OypoBoro pactBopa, YToOBI CHIDKATh HArpy3KH HACOCOB M MUHUMU3HUPOBATH
aAMIUTUTYIbI MyJIbCALIMA CO CTOpOHBI HacocoB 108 mms OypoBoro pactBopa. OnmHako, Koraa
¢ronn oObenuHseTCs B HarHetaTtenbHOM MaHH(ponbae 104 B OOUH MOTOK M HAMPABISETCS K
crosiky 106, 3HauuWTeNnbHass 3HEPrUss M aAMIUIMTYAbl NYJbCALMM MOIYT CO3[ABaTbCS NIPU
00BeTMHEHNHU MTOTOKOB OT HacocoB 108 myist OypoBOro pacTBOpa WM MPH MEPEMEIIeHUH TTOTOKA
HETOCPEACTBEHHO K CTOsIKy 106, KOTOpBIN Aajiee mepeMeiaercsi B OCTaIbHYIO 4aCTb CUCTEMBI,
PAcCMOJIOKEHHYK0 HIDKE IO TMOTOKY, OMUCAHHYIO B 3TOH 3asBKe. AMIUIMTYIbI CO3/1aBa€MbIX
nyJbcaluii MOryT ObITh TeM OoJjibie, deM Oosbme HacocoB 108 miusi OypoBoro pactBopa
UCTIONB3YIOTCST U oOecreueHus! JOCTIKEeHUsT (PIIIoUaoM HarHeratenbHoro Manudonbaa 104,
NOCKOJIbKY MYJbCALIMA CO CTOPOHbI MHOTOYUCIICHHBIX TPYyO, NpPUHUMAIMUX (IOUI OT
MHOTOYHCIIEHHBIX HacocoB 108 mist OypoBoro pactsopa, OOBEANHSIOTCS U aKKYMYJHUPYIOTCS B
HArHETATEJIbHOM MaHU(OJbIE, U 3aTeM OHU MEPEeHOCATCS B CTOSIK 106. DTH Mynbcaliiil MOTYT
OBITh MPUUMHONW W3HOCA U TIOBPEXKACHUS KOMIIOHEHTOB, B TOM YHCII€ COEAMHEHUI BOIH3H
Bepmrora 118, Bexmymed TpyOrl 122 M ApyrHxX KOMIIOHEHTOB, TAKHX KaK pPacTBOpHas Tpyda
BEPTIIIOTA, KOTOpAasi BHIMOJHAET (PYHKIUIO TPyOOrpoBona st (BIromaa, MpPOTEKAOIIEero 4epes
Bepror 118, u HaOuBKa (YIUIOTHEHUSI) Al pacTBOPHOI TpyOs! (00e He mokasanbl). [Ipubopsl,
UCTIONB3YEeMBbIE JJI1 MOHUTOPUHIA U U3MEPEHUH nmapamMeTpoB pabodux MpoLeccoB MpH OypeHuw,

TaK>Ke€ MOTYT MOBPEXIAThCSI OCTATOUHBIMHU IMyJIbCALIUSAMHU CO CTOPOHBI Hacoca 108 nist Oyposoro



pactBopa. Jlaxke Mmaneiinne IMyJbCallMd CO CTOPOHBI HArHETATENIbHOTO MaHU(OJbAA MOTYT
UCKa)KaTh 3HAYEHUs] U3MEPEHUN.

[33] IlosTOMy AOMOMHUTENBHBIM CHUCTeMHBIH racurenb 102 mynbcaluil yCTaHOBJIEH
MEXOy HarHeratreiabHbIM MaHuonpaoM 104 u croskom 106 ansd CHIDKEHHSI OCTaTOUHBIX
nyJbcaluii co CTOpoHbl Hacoca 108 nmmst OypoBOro pactBopa M IJisi CHIDKEHHs MyJIbCallui,
BO3HUKAIOIIUX B pe3yJibTare OOBEOUHEHHs MOTOKOB (JIIONMAA B HATHETATEIbHOM MaHH(OIbIEe
104. Cucremnbiii racutenp 102 myjabcauuii yMEHbLIAET MyJbCALMA U TMOTOOHO OOBIYHOMY
racutento 113 mynbcanuii ¥ BCIKOMY IPYyrOMy CUCTEMHOMY TacsiieMy IyJIbCALlUU YCTPOUCTBY
(ycTpoiicTBaM), OMHCAHHOMY B 3TOH 3asBKE, MOXET CO3[aBaTh MaJCHHE BHYTPEHHETO WJIH
BHEIIHETO JABJICHUs B MPOXOsIieM (JIFOuAe Ui JaTbHEHIIero CHHKEHHsI BBICOKOYACTOTHBIX
NyJbCallMii W YJIY4YIIEHWs B LEJIOM XapakKTePUCTUK rauieHus. B HEKOTOpbIX BapuaHTax
OCYIIECTBIIEHHUs] CHUCTeMHbI racutenb 102 mymnbcanuii MokeT OBITh Ta30HAMOJHEHHBIM
racutenem. [logoOHO 0ObHOMY racutenmo 113 mynbcanuii ¥ BCIKOMY IPYrOMYy CHCTEMHOMY
racsieMy MyJbCallud YCTPOUCTBY (yCTPOWMCTBAaM), OMHCAHHOMY B 3TOW 3asBKE, CHCTEMHBIN
racutenb 102 mynbcanmii MOXKeT OBITh THAPOIHEBMATHYECKHMM WJIM Ta30HAIOJHEHHBIM
pe3epByapoM BBICOKOTO JABJICHMs, COAEPIKALIMM CXKAaTbIH BO3AYX HIJIM a30T M Kamepy (wim
MeMOpaHHYI0 KOpOOKY), KOTOpast OTAEINSIET TEXHOJIOTHUECKHUH (DO OT Ta30BOr0 HAIIOJIHEHUSI.
ITonobHo obbraHOMY racutenmto 113 mynbcanmii U BCAKOMY APYTOMY CHCTEMHOMY TacsIieMy
NyJIbCALUN YCTPOHCTBY (YCTPOICTBaM), OMMUCAHHOMY B 3TOH 3asBKe, B HEKOTOPBIX BapHaHTax
OCYIIECTBIIEHHUsI CHUCTEMHBIH racurenb 102 mynbcanuii MokeT ObITh IIApOOOpasHbIM WIIN
LUIUHAPUYECKUM IPOTOYHBIM racuresneM. B HEKOTOpBIX BapuaHTaX OCYLIECTBJIEHUS MOTYT
UCIIOJIb30BATLCS PEAKTUBHBIE FACUTENH, KOTOPbIE OCHOBAHbI HA UCIIOJIB30BAHUM CXKUMAEMOCTH
TEXHOJIOTHYECKOro (Giouna, coaepxauerocs B 000JIOUKe TacUTeNsd, M OKa3bIBAIOLIETO
CONPOTUBJIEHUE YCTPONCTBA, COrNIACOBAHHOIO € TACUTEJIEM NYJIbCALIUNA WM BCTPOCHHOTO B HETO,
1151 TallleHUs MyJIbCAaLMi Hacoca.

[34] Cucremnbiii racurens 102 myjabcaumii  MOXeT ObITb NPUCOEAMHEH K
HarHeratesbHOMY MaHu(oapay 104 MOCpPencTBOM COeOUHUTENbHOro Iutanra. CHCTEMHBbIH
racutenib 102 mynbcanuii MOKET UMETh (PJIaHIIEBOE BBIMYCKHOE MPUCOSNMHEHNE, a (IaHel s
OBICTPOPA3BEMHOI'O aJanTepa MOKET OBbITh MCIOJB30BaH MJII MPUCOenUHEHus: racutens 102
nyJbcaluii K HaraerareabHoMy MaHudoabay 104. Kpome Toro, cucremusiii racutens 102
NyJIbCALUI MOXKET ObITh PUCOEINHEH K CTOSIKY 106 MOCpencTBOM COCMHHUTENBHOTO [IUIAHTA.

[35] Cucremusbiii racutens 102 mnynbcauuii, pacroyIOKEHHBbINM mepen cTrosikom 106,
CHIDKAET aMIUIUTYAbl KAaK HHM3KOYACTOTHBIX, TAaK W BBICOKOYACTOTHBIX MYJbCALUN, 4YTO
MO3BOJISIET JIOJIBIIE COXPAHATHCS PACTBOPHOHM TpyOe BepTirora M HaOMBKE, a TakXKe APYTHM
koMInoHeHTaM. Kpome Toro, cuctemusbiil racurens 102 mynbcanuil CHUXKAeT YPOBHU LIyMa U
MyJIbCALIMH, YTO MO3BOJISIET JIerde OOHAPYKUBATh CUTHAJIBI HCIIOJHUTENIO paboT, HaX OO eMyCst
Ha OypoBoii ycraHoBke 114, Bemmonsstomemy usMmepeHuss B mpouecce Oypenus (MIIb) u
kapotaxx Bo Bpemsi Oypenusi (KBB). Kpome Toro, cucremubiii racurens 102 mymbcaruii
CIIOCOOCTBYET CHIDKEHHIO TIOMEX CKBR)XUHHBIM TNPUOOPOM, KOTOpBIE MOTYT YJIaBJIHUBATh

OCTaTOUHbIE MYJbCAIlUH, yXYyJALIAomue OOHapy>KeHHEe U HCKaKaloIIHe NaHHble, o0pa3yemble



CKBXMHHBIMU TIPUOOpaMHU.

[36] Ha ¢ur. 2 nokazan cxematuuHblii Bug 4actu 200 cUCTEMBbI, TpeIHA3HAYSCHHON IS
nonayn (uronna, OypeHus WM TOro0 U APYroro, BKIIOYAKONIEH MHOXKECTBO HAacocoB 208 ms
OypoBOro pacTBOpa, COrJIACHO Pa3IMYHBIM BapUaHTAM OCYIIECTBJICHHUS HACTOSIIErO PaCKPbITHS,
KOTOpasi MOKeT OBITh MCIOJNb30BaHA B BapHaHTaxX oOCyliecTBieHHs OypoBoii cucremsl 100,
NOKa3aHHOH Ha ¢ur. 1, BKroydaromeil cucreMHblii racurens 102 mynbcauui, yCTaHOBICHHBIN
MeKIy HaruerareabHbIM MaHuponbaom 104 u crosikom 106. To ecTh, 3a UCKITFOYEHUEM 3aMEHbI
KOMITIOHEHTOB M3 ¢ur. 1 ux IBOMHUKAMH, MOKA3aHHBIMU Ha (Ur. 2, OCTajibHAsI YacThb OypOBOM
CHCTEMBbl M3 BAPUAHTOB OCYLIECTBJICHHsS COrJIaCHO (ur. 2 MOKeT OBITh COrJlacoBaHa C
JOTIOJTHUTEBbHBIMA KOHCTPYKLUSIMH, TIOKa3aHHbIMU Ha ¢ur. 1. BapuaHnTt ocyuiecTBieHus 4actu
200 OypoBOIi cHCTeMBbI MOKa3aH Ha (Gur. 2 TOJIBKO i WUTOCTpalmu. Our. 2 He OrpaHUYUBAET
00BEM 3TOTO PACKPBITHS HUKAKON KOHKPETHOW peanu3annei OypoBOi CHCTEMBI.

[37] Yro kacaercss ¢ur. 2, To yactb 200 cucrembl OypeHus: w/wim nomadu (Irouna,
NpeaHa3HAYeHHON sl mopayn ¢uronna, OypeHHs WM TOTO W IPYroro, BKIKOYaeT B ceds 1o
MEHbIIE Mepe OAMH CUCTEeMHbIH racutens 202 mnyjabcanmii, MO MEHbIIEH Mepe OIMH
HarHeraTesnbHbli Manugonpa 204, Mo MeHblIel Mepe OguH CTOsIK 206 M1 MHOJKECTBO HAaCOCOB
208 nnst byposoro pacteopa. Kommonents! yactu 200 OypoBOii CHCTEMBI MOTYT HCIIOJIb30BATHCS
BMECTO aHAJIOTUYHBIX KOMIIOHEHTOB OypoBoii cuctemsl 100, nmoka3zaHHOH Ha ¢ur. 1.

[38] Cucremnsbiii racurenp 202 mnyjbcallMii YCTAHOBJIEH MEXAY HarHETaTeNbHbIM
manuponbaom 204 u crosikom 206. MHoxecTBo HacocoB 208 mys OypoBOro pacTBopa MOTYT
OITHOBPEMEHHO mepemertats Qo B HarHeTaTenbHbI Manudonba 204, coznasas BUOpauu B
HarHeratenbHOM MaHudonpae 204. T'acurenp 202 mynabcaumii MOXET OBITh yCTAaHOBJIEH
AHAJIOTUYHBIM CIIOCOOOM, OIMCAHHBIM B 3TOH 3asBKE, COOTBETCTBYIOLIMM CIOCOOY YCTaHOBKH
racutessi 102 mysbcauuu, IJIst OCnabeHust MyIbCallHid, CO31aBA€MbIX MHOKECTBOM HacocoB 208
s OypoBOrO pacTBOpa, KOTAa MOTOKH (hJIFOMIA BXOAAT B HArHETAaTeNbHbIN MaHU(pOaba 204,
NePECEKAOTCS B HEM U OOBEIUHSIFOTCS B OJJUH BBIXOISLIHIA MOTOK.

[39] Ha ¢ur. 3 nokazan cxematuuHblii Bug 4actu 300 CUCTEMbI, IPEAHAZHAYEHHOM TSI
nofauu (uronna, OypeHHs WM TOTO M APYTOro, BKJIIOUAIOLIEH COYETArollee HarHeTaTeJbHBIN
MaHU(PONB] W TacHTEeNb MyJbCALMi yCTpoicTBO 302, COrJacHO pa3UYHBIM BapUAHTAM
OCYLIECTBJIEHUS] HACTOSLIEIO PACKPBITUS, KOTOPOE TAKXKE MOKHO HCMOJb30BAaThb B BApUAHTAX
ocyuiecTBiieHus: OypoBoii cucrembl 100, koTopasi BKJro4YaeT B ceOsi racutenb 102 mysbcariuii,
YCTAHOBIIEHHBI MEXAy HacocoM (Hacocamu) it OypOBOro pacTBOpa M CTOSIKOM, Kak 3TO
nokasano Ha ¢ur. 1. To ecTh, 32 HCKIIOYEHHEM 3aMEHbl KOMIIOHEHTOB 3 ¢ur. 1 mux
IBOWHHUKAMH, IOKa3aHHBIMH Ha (Ur. 3, OCTaibHas 4YacTb OypOBOH CHUCTEMbl M3 BapUAHTOB
OCYIIECTBIIEHHsI corjacHo ¢ur. 3 MoxeT OBITh COIIaCOBaHA C  JOTMOJHUTEIbHBIMH
KOHCTPYKLMSIMH, TOKa3aHHbIMU Ha ¢ur. 1. Bapumantr ocymecrnenmns usactu 300 Oypooit
CHCTEMBI TIOKa3aH Ha (ur. 3 TOJBKO ISl WLTIOCTparui. Our. 3 He OrpaHUYNBAaET OOBEM 3TOTO
PaCKpBITHS HUKAKOW KOHKPETHOH peanu3aieil OypoBol CHCTEMBL

[40] Yro kacaercs temepp ¢ur. 3, To uyactb 300 cucrembl OypeHHs W/HIN TOAAYH

¢ronna BKIOUaeT B ce0s MO MEHbIIeH Mepe OJTHO COUETAI0Iee HArHeTaTeNIbHbIH MaHU(OIbI U



racurtesib myJbcanuii ycTporcTBo 302, MHOXKeCTBO HacocoB 304 mist 6ypoBOro pacteopa u Io
MeEHbLIEH Mepe ofuH CTosik 300.

[41] HarunerarenbHble MaHU(OJIBABI MOTYT MOBBILIATH MMYJIbCALUN, BO3ICHCTBYIOIINE HA
OypOBYIO CHUCTEMY, BCJIEACTBUE TOIO, YTO HAarHeraTeslbHble MaHU(OIbABI OOBIMHO HMEIOT
COEIMHEeHUs] WK TPYyOOIPOBOA, KOTOPBIH NMPUHUMAET (JIIOUA ¢ MHOTOYUCIICHHBIX HANPaBJICHUN
OT Pa3IMYHBIX HACOCOB Ui OypoBoro pactBopa. HarHeraTenbHble MaHH(OIBIBI YaCTO UMEIOT
YIJIOBBIE M3THOBI, TIO KOTOPBIM KaXIBIH MOTOK (JIIOMAA NOJDKEH NMPOXOOUTH Mepel TeM, Kak
HarHeTaTeNbHbIi MaHH(OIb OOBENMHUT OTHENbHbIE NMOTOKM B oauH motok. Korma duroun
BXOAMT B MaHU(OIbA M TMEPEeMEIIAeTCs] Ha TMPOTSIKEHUHM W3THOOB B HATHETATEIHHOM
MaHH(OJIbE, MOTYT CO3J1aBAThCsl AOMOJHUTEIBHbBIC BUOPALIHL.

[42] Coueraroiee HarHeTaTENbHBIA MaHU(ONBA U TACUTENb MyJbcaluii ycTpoiicteo 302
MOXeT OBbIThb HCIIOJIb30BAHO BMECTO HArHETaTeNbHOro MaHudoapaa. Bwmecto cBeneHus
OTHENIbHBIX TOTOKOB (DJIFOMAA B OJUH MOTOK B CiIydae KPYThIX M3THOOB (IIFOUIBI MOTYT OBITH
NOMEIIEHbl B KOPIYC COYETAIOIIEr0 HArHETaTeNbHbI MaHU(OJIbA M TaCUTENb MyJbCalUi
ycTpoiictea 302, rae ¢ HUMHU MOXET NPOU3BOAUTHCS MaHUIYJIHpOBaHUE. ['acutenu mynabcanui
4acTO HMEIT O0bEeM MPOCTPAHCTBA, WM pe3epByap, B TacuTesie, B KOTOPOM MOKET
aKKyMYJIHPOBATbCSI HEKOTOPOE KOJMYECTBO (MIIOMIAa W MyJbCAIMA MOTYT CHHKATBCS [0
NepeMelIeHrs] W3 TacuTeNsl Myjbcalmii. B coderaromeM HarHeTaTelbHbIH MaHU(OIbI H
racuTeNb MyJbcaluii ycrpoiictee 302 MOTryT NPUHUMATBHCS OTAEIbHBIE NMOTOKU (uronaga OT
MHO>KeCTBa HacocoB 304 nyst OypoBoro pactsopa. Coueraroniee HarHeTaTeIbHbIM MaHU(OIbI U
racuTelNb MyJbCaluil ycTpoicTBO 302 MOKET UMETh TPYOOIPOBO/, YCTAHOBIIEHHbIH HA BHELIHEH
MIOBEPXHOCTH COYETAIOIIEr0 HAarHeTaTeNbHbIH MaHU(OIbA U racUTeNb MyJbCaLUil yCTPOHCTBA
302. B cnyuae racurens myibcaluil IapooOpa3HOro THUMA WM LMJIHHIPUYECKOrO THUIIA
TpyOONpoBOA MOXKET OBbITb YCTAaHOBJEH HAa BBIOPAHHOM MeCTe Ha CEepHYecKoM WIH
LWIMHAPUYECKOM KOpIyce racutens myjabcauui. @mounsa, NPUHMMAEMbI B COYETAHOLIEM
HAarHEeTATEeNIbHbIM MaHU(OJBA U TaCUTENb MyJIbCallil ycTpoiicTBe 302, MOKET ObITh OCAKICH BO
BHYTPEHHEM O0BEME COYETAIOINero HAarHeTaTeNbHbI MaHU(ONb M TaCUTENb MyJIbCALUI
ycrpoiictea 302 wu  ¢uroun, HaXOOIIIMHCS BO BHYTPEHHEM O0bE€ME  COYETAroIIero
HArHEeTATEeNIbHbI MaHU(OJIBI U racuTedb Nyjbcanuid yctpoiictBa 302, Oymer BBIXOAWUTH U3
COYETAIOLIEr0 HArHETATENbHbIM MaHU(OJBA U TacuUTeNb MyJbcauuid yctpoicrsa 302, 4ToObI
nepemMecTuTbcst B CTosKk 306. B coueraromem HaraeraTenbHbIH MaHH(OJBA U TaCUTENb
nyJibcanuii ycrpoiictee 302 MOXHO OOBEOUHSTH Pa3JIMYHbIE MPHHAMAaeMble (IFOUABI IS
PeryJIrpOBaHUsl MYJbCALMH, YTOOBI CHIDKATh MX B COYETAHUH, HANPHMEP, C BpAIICHUEM
(bIrOUI0B B Kamepe.

[43] TlockompKy codeTarolee HarHeTaTeNbHbI MaHU(ONB W TaCUTENb MYJIbCALIHA
ycrporicteo 302 Bkmodaer B ce0s BHYTpPEHHUH o00beM, npoOJeMbl, CBS3aHHBIE C
UCTIOJNIb30BAHUEM HArHETATEJIbHOrO MaHM(OJba MOTYT OBITh HCKIOYEHbl. B coueraroimem
HAarHEeTaTeNbHbIM MaHU(OIbA U TacUTeNb MyJibcalui ycTpoiictBe 302 OTCYTCTBYIOT HM3THUOBI,
XapakTepHbIe Ul HAarHETAaTeNIbHOTO MaHU(OJbAA, BCIEACTBHE YEro CHIDKAIOTCS BUOpaluy,

Co3aaBacMbIC TIpU TMEPECCUHCHHUU OTACIBbHBIX IIOTOKOB, MW KpPOME€ TOro, B COYCTAIOLICM
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HAarHETATeNbHbI MaHU(ONB] M TacuUTeNb MyJabcaluii ycrpoiictBe 302 obecreunBaroTcs
3¢ dexTrI ramenus myabCalyii MPU MPUEMe OTAENbHBIX MOTOKOB (urronaa. [Toatomy oTaenbHbie
notoku ¢uronna MoryT ObITh OObeOUHEHbI B O0BbEME COYETAIINero HarHeTaTeNIbHbIN
MaHHU( OB ¥ TaCUTENb MyJIbcaluil ycTpoiicTBa 302 u 3aTeM OANH O0BEINHEHHBIH TOTOK MOXKET
OBITh BBINYLIEH W3 COYETAIOIEro HArHeTaTeNbHbIH MaHU(ONb M TacUTENb IyJbCALUi
ycTporictBa 302 nnsi mepemMeleHusi B cTosAk 306, Mpu 3TOM MOHM)XEHHAs] WM MUHUMAJbHAas
SHeprusi nepenaercss B CTosKk 306 M B OCTaJbHbIE KOMIIOHEHTBI, PACIOJIOKEHHbIE HUXKE IO
MOTOKY.

[44] Ha ¢ur. 4 mnokasaHo codYeTarollee HArHETATEeNbHbIH MaHU(OJIBI M TaCHUTENb
nyabcauuii yctpoictBo 400 COrylaCHO pa3jUYHbIM BapUaHTaM OCYIIECTBJICHHUS HACTOSIIErO
PACKpBITHS, KOTOPOE MOXKET OBITh HCIIOJB30BAHO B BapHAHTaX OCYLIECTBICHUS OypoBOH
cucrembl 100, koropasi Bkiro4aeT B cebst racurensb 102 mysbcanmii, YCTAaHOBJICHHBIH MEXIY
HAcocoM (Hacocamu) 1uisi OypOBOTrO pacTBOPA M CTOSIKOM, KaK 3TO MOKa3aHo Ha ¢ur. 1-3, umu B
BapHaHTaxX OCyIecTBIeHus1 OypoBoil cucrteMbl 100, koTopasi BkrO4YaeT B ceOsi racurenb 302
NyJIbCALl, YCTAHOBJEHHBIH Mocie (UTHHIOB, OOBENUHSIOIINX MHOTOYHCICHHBIE IOTOKH
¢ronna, Kak 3TO MokaszaHo Ha ¢ur. 8. BapuaHT OCyIIeCTBICHUSI COYETAIOIIEr0 HArHETATEIbHBIN
MaHU(pONb W TracuTenb mnyiabcauuid ycrporictBa 400 mokazaH Ha ¢ur. 4 TONBKO JJIs
wuoctpaunu. Our. 4 He OrpaHU4YMBaeT OOBEM 3TOTO PACKPBITHS HUKAKOH KOHKPETHOH
peanu3anyen raCuTeNs MMyJIbCAMH WM CIOCOOOM TallleHust MyJIbCalnii.

[45] Uro xacaercs Temepb ¢ur. 4, TO COYETalOIIee HArHETaTeNbHBIH MaHU(OIbI U
racureb myJbcauuii yerpoictso 400 MoskeT ObITh HCOIB30BaHO B cucremax 100, 200 u 300,
OMHCAHHBIX B 3TOW 3asiBke. MaHu(oNba racutens MmyJbcaluil BkIro4daer B cebst kopmyc 402.
Kopnyc 402, nmoka3anHbiil Ha ¢ur. 4, npeacrasisieT coO0l chepuueckuii Wi MIIHHAPUIECKUH
KOPIYC, COOTBETCTBYIOIUH PA3JIMYHBIM TaCHTENISIM UMITYJIbCOB, HMEIOIIUM MapooOpa3HbIi HITH
IWIMHAPUYECKHi Kopryc. OIHAKO MOXKHO HMCHOJIB30BaTh KOPIYC, UMEIOIMN Apyrue (hopMmsl,
9TOOBI UMETh pa3Hble POPMBI KOPITyCa raCUTENsl MyJIbCALUN, TAaKUe KaK MOKa3aHHbIe Ha (ur. 1-
3.

[46] Kpome Ttoro, manudompn 400 racutens myibcalvii MOKET BKIHOYAaTh B CeOs
pesepByap 404 BO BHyTpeHHeM TmpocTpaHcTBe kopmyca 402. B pesepByape 404 moxer
cobuparbcss obbem ¢uronna 406 ot HacocoB st OypoBOoro pactBopa wiu  (Irouza,
HaXOJALIMXCs BbILIE MO MOTOKY, NPOXOASIIMNA MO MHOKECTBY HAaXOMALIUXCS BBILIE IO MOTOKY
coennaennii 408 B cucremy nomauu (arouaa WiIM B OYpOBYIO CHUCTEMY, TaKYK KaK CHCTEMBI,
OMHCAHHBbIE OTHOCHTENBHO ur. 1-3. Dronn, NPUHUMAEMBbIA W3 HAXOMSIIUXCS BbIIIE MO TIOTOKY
coenunennit 408, odbpenuHsieTcss B 00beM ¢uronaa 406. 3aTeM 1o MeHbIIelH Mepe 4acTb o0bema
¢mronma 406 moxker BbIXOmUTh M3 MaHu(ponbaa 400 racurenss myJibCalMidi Kak OAMH IOTOK
¢aronaa yepes HaxozsIeecss HUke 1o notoky coeauHenue 410. Takum oOpa3om, coueTaromiee
HAarHETATEeNbHbI MaHU(OIBI W TaCUTENb MyJbCali ycTpOHCTBO 400 MOXET MOJIHOCTHIO
3aMEHATh HAHETATeJbHBbIH MaHU(OJIbA, CHIDKAs BHOPALMH, CO3/1aBa€Mble MHOTOYHCIEHHBIMU
noTtokamMu (urOnAa, NPOXOMAIIMMHU 4Yepe3 HarHeTaTrelbHbIl MaHudonba, u olecrnednBast

ralmcHue nynbcaum‘/'l BCEX ITOTOKOB, BXOOAIIHNMX B COUCTAIOIICC HarHeTaTeJIbHbII MaHI/I(I)O.]'Ib)I u
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racuTesb nysbcanuil ycrpoinctso 400.

[47] Ha ¢wur. 5 mpencraBieH CXeMaTU4YHbIA BUA OypOBOH CHCTEMBI, BKIIFOYAIOIICH
aNbTEPHATHBHBIN MEXaHU3M (MEXaHHU3Mbl) CUCTEMHOTO TaCUTENs MyJbCALMHA, KOTOPBIH MOKET
OBITh YCTAHOBIIEH B CTOsIKE, BOJIM3M HETrO MIJIN HIDKE 10 MOTOKY OT CTOSIKA, COTJIACHO Pa3IMYHbIM
BapUAHTaM OCYILIECTBJICHHUS HACTOSILETO PacKpbITHs. BapuaHT ocymecTBienus OypoBoi cucrem
500 mokaszaH Ha ¢ur. 5 TompKO I WUTOCTpauuu. Pur. 5 He orpaHUUMBaeT 00BEM 3TOTO
PacKpBITHS HUKAKOW KOHKPETHOH peanusaiuell OypoBoli cucreMel. XoTs Ha (ur. 5 He mokas3aH
OOBIYHBIN TacUTENb MyJbCALMH, PACIIONOKEHHBIH HA BBIXOJE Hacoca (HacOCOB) AJisi OypoBOTO
pacTBOpa, WJIM CHUCTEMHBIH TacUTENb MyJbCALMHA MEXKIY HArHETaTeJIbHbIM MAaHU(OIBIOM U
CTOSIKOM, CHELMAIHMCTHI B JAaHHOH 00JaCTH TEXHUKH JOJDKHBI OCO3HABATh, YTO OAWMH WM Ooee
CHCTEMHBIX TacHUTeNIel MyJbCALMi, CXEeMaTHYHO HE TOKA3aHHBIX Ha (Ur. 5, MOryT ObITb
UCTIONIB30BAHBI 0€3 TaKMX OOBIUHBIX FACHTENIEH MyJbCAIMA MIJIM MOTYT OBITh MCIIOJIb30BaHbI KaK
Takyue OOBIYHBIE, TAK U CUCTEMHbBIE TACUTEIIH ITyJIbCAITHHA.

[48] B cucreme u3 ¢ur. 5 rameHue mnyibcanuii oOecHeUMBAETCS WU YCHIIUBAETCS
nuadparMeHHBIMH KOHCTPYKIMSMH HECKOJBKUX pA3JIMYHBbIX BHIOB, PACIOJOKEHHBIMH Ha
OHOM MECT€ WJI MHOTOYHCJIEHHBIX MecTaX B CTosike 506 miam BOJHM3M HEro, WM Ha MyTH
notoka ¢uronna mocne croska. OpuH wmm Oonee auadparmeHHbx y3io0B 502a, 502b, 502c,
502d,..., 502n, kaxxablii U3 KOTOPBIX COIAEPIKUT CHUCTEMHOE racsinee IMyJIbCallid yCTPONCTBO
(ycTpolicTBa), MOTYT OBITH PACIOJIOKEHBI Ha Pa3JIMYHBIX MECTaX Ha MyTH MOTOKa (Irouna.
lacsammit mynecanmu quadparMeHHbIN y3€7 MOXKET OBITh PacIlONIOXKEH BO BXOAHOH TpyOe miu
COEAMHEH C BXOAHON TpyOOH BEpXHEro MpHUBOAA WM BepTIIIOra (B 3aBUCHMOCTH OT TOTO, YTO
UCTIONB3YyeTCs B JAaHHOH OypOBOHM yCTAaHOBKE), Kak 3TO WUIIOCTPUPYETCs AuadparMeHHbIM
y3noMm 502a. Tacamuii mynbcanuu auadparMeHHbIH y3el MOKET OBITb PaCIONOXKEH MEXKAY
mjgaHroM 516 W KOHIIOM BXOAHOH TpPyOBl BEpPXHEro MpPHUBOJAA WIM BEPTIIOTa, KakK 3TO
wunocTpupyercst nuadparmeHHbM y3noM 502b. Iacamuii mynbcaunu auadparMeHHbIH y3eln
MOJKET OBITh PACMOJIOKEH Ccpazy mocie crosika 506, Mexay KOHIOM cTosika S06 W HadvajaoM
mianra 516, xoTopblii coemuHsieT CTOsK S06 ¢ BepXHUM MPHBOJAOM WM BEPTIIOTOM (B
3aBHCHUMOCTH OT TOTO, YTO HCHOJb3YeTCsl B JaHHOW OypoBOW YCTaHOBKE), KakK 3TO
WUTIOCTpUpyeTcss nuadparMeHHbIM  y3oM 502¢. B wHOM ciydyae racsiuii  myJibCarvu
nuadparMeHHbIH y3€J MOXKeT ObITh PACIONOKEH AAJbIIe BAOJb CHCTEMBI IIJIAHT/TPYOOIIPOBOL,
KaK 3TO WUTIOCTpUpyercs: nuadparMeHHbIM y3jioM 502d. B eme omHOM ciydae racsimiwii
nyJbcaluu nuagparMeHHbIH y3€l1 MOXKET OBITh PacmhojioXkeH B crosike 506, Haxopsmemcs Ha
CTOpPOHE OYpOBOH BBILIKY, BO3MOKHO, HAa OJTHOM KOHIIE WJIM BOJM3U OTHOTO KOHIA CcTOsika 506
(XOTs OH MOXKeT OBITh PACIIONIOKEH I7I€ YIOJHO Ha BCEM MPOTSIKEHUH JJIMHBI cTosika S506), Kak
3TO WUIOCTpUpyeTcss auadparMeHHbIM  y3yioM  502n. OpuH  racsimquid  MmyJibCaluu
nuadparMeHHbIH y3€1 MOXKET OBITh HCIIOJIb30BAaH WJIM MHOTOYHCIIEHHbIE TacsIlie MyJIbCalluu
nuadparMeHHbIe Y3JIbI MOTYT OBITh UCIIOJIb30BAHBI HA PA3JINYHBIX MECTaX HAa BCEM MPOTSIKEHUU
IyTH TMOTOKa (IIFOM/A, BKIIOYAs OJHO W3 MECT, NOKA3aHHBIX Ha (UT. S, UM MHOTOYHCIIEHHBIE
racsmue MyJbcaluu guadparMeHHble Y36l MOTYT OBITh HCIIOJIB30BaHbl BO BXOAHOH TpyOe

BEPXHEro NpUBOJa UK BepTiIora (B obnactu auadpparmMeHHoro ysna 502a), Mexay HUIaHTOM U
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BXOJHOW TpyOo#l BepxHEro mpuBoAa Wiam Beptiirora (B obnactu nuadparmeHHoro ysna S02b),
Mexny crosikoM 506 wm mutanrom 516 (B obmactu  amadparmenHoro y3ma  502c),
MHOTOYMCJIEHHbIE Tacsllfe IyJbcauuu auadparMeHHble y3ibl B muaHnre 516 (B obmactu
nuadpparmenHoro ysna 502d) w/unm MHOTOYMCHIEHHBIE Tacslye MyJibcalnu auadparMeHHbIE
y31bl B cTosike 506 (B obnactu auadparmenHoro y3iaa 502n). Crnenuanuctel B JaHHOH 001acTH
TEXHUKH JTOJDKHBI OCO3HABATh, YTO PA3JIUYHBIE U3MEHEHUs] KOJIUYECTB U MECT PaCIIOJIOKEHUS
racsilux IyJbCalUH AUa(QparMeHHbIX Y3JI0B MOTYT MOIXOAWUTH AJSI PA3IMYHBIX NPHUMEHEHUH.
Kpowme Toro, racsimue nyibcanuu nuadparMeHHbIE Y3JIbl MOTYT ObITh PACTIOJIOKEHbI HA APYTHX
MecTaxX, a He Ha MeCTaX, IMOKa3aHHbIX Ha (Ur. 5, TaKMX Kak KOHeI[ (BBIMYCK) CTOSIKA MJIM Ha
MeCTe COEIMHEHMs C BEPTIIIOIOM WM BEPXHUM MPUBOAOM B Cydae LIUIAHTA, COEIMHEHHOIO CO
crosikoM. Kak oTMe4anoce Bblle, KKl TacsLIuil MmyJabcaly TuagparMeHHbIH y3€Jl MOKET
CO371aBaTh BHYTPEHHEE MJIM BHEIIHEE MaJeHUe JaBJICHHUs B IPOXOAIIeM (DIFOUAe Ui YCUIICHUS
TalieHus BBICOKOYACTOTHBIX IMyJIbCAlMA. DTH AuadparMeHHbIE Y3JIbl MOTYT BKJFOUATh B ceOs
WM He BKIIFOYaTh O0BEMBbI JKUAKOCTH ISl AAJIbHENHIIETO YIYYIIeHUS XapaKTePHCTHUK.

[49] B onHOM mNpeAnoOYTUTENHLHOM BapUAHTE OCYLIECTBJIEHUS CHUCTEMHBIH TacUTeNb
NyJIbCALUI UCKITFOYaeT HEOOXOAMMOCTh B IONOJTHEHUH T'a30HAIIOIHEHHOTO TaCUTENs My JIbCallui
WM 3aMeHe paboTaroIlero Ha CXKaTue Marepuata B KOMMEPUECKH JOCTYIHBIX HE COIEpIKaluX
HAMOJIHUTENA TracuTensax nyabcauuil. B cucreme 500 rasonanonHeHHbli racurens 501
nyJbcaluii IMeeT 1o MeHblel Mepe kopnyc 1001 u kpeiuky 1002 u nmokaszan Ha ¢ur. 10A-10C.
IIpuMeuaTenbHO, YTO Ta30HANOJNHEHHBIE TACUTENH MNyJbCalluii OOBIMHO PACIIONArarT BBILIE
TpyOOnpoBOa, MO KOTOPOMY MPOKAYUBAeMbIil (IIOMI TMPOXOJUT NPU HCIOJIB30BAHUU
KPECTOBHHBI, XOTsI 3TOT MyThb JJIsl CUCTeMHoro racurens 501 mynbcauunii Ha Gur. 5 He Mokas3aH.
ITonepeuHoe ceueHne ra30HaNOIHEHHOTO racuTeNs mynbcanuii nokasano Ha ¢gur. 10A-10C. Kak
nokaszaHo Ha ¢ur. 10A, rasoHanonHeHHbli racutens 1000 mynbcaumii BKIrOUaeT B ceOsl TEIO
1001 xopmyca, uMerolee BepxHee OTBEPCTHE, 3aKpbIToe Kpblikoil 1002, KOTOpblE COBMECTHO
00pa3yroT BHYTPeHHIOK 110J10¢Th 1003, coequHeHHYIO ¢ (IFOUAHBIM TPYOOTPOBOIOM HACOCHOM
cUCTeMBbl (HEMOKAa3aHHBIM) Yepe3 MOCPEACTBO HInKHero orsepctusi 1004, 'mOkasi BHyTpeHHsIsI
kamepa 1005 Bo BHyTpeHHel mnojoctu 1003 3amonHeHa cxkuMaemblM rasom. @moun us3
NPUCOCAMHEHHOTO TPpyOOomnpoBoaa BXoAUT B mosocth 1003 n/unu yXoauT U3 Hee uepes HUKHee
orBepctue 1004. JlaBnenue sToro (uirowma W AaBjieHHE CXKUMaeMoro rasa B kamepe 1005
BBI3bIBAECT CABUI HIDKHEH NOBEPXHOCTU Kamepbl 1005, KOTOpas HaXOAUTCS B KOHTAKTE C
(bIFOUIOM HACOCHOHM cHCTeMbl, U 00beM, 3aHMMaeMblii ra3oM B kamepe 1005, usmeHsercs.
Bricokoe nmaBneHue mpokaumBaemoro (Quironga nodyskmaer kamepy 1005 u ra3 B Hell CHIIBHO
CKUMaThCs 1O MEHbIIEro oObeMa, Torna Kak B JAHWANa3oHe CPEeOHHUX NaBICHUH WM IPH
nepexone OT BBICOKOTO JIABJICHUS K HU3KOMY JABJIEHUIO Kamepa M ra3 B HEM IMOOYKHArTCA
pactmpsThCst 10 OosbiIero oobema, a Mpu HU3KOM aasineHnu kamepa 1005 u ra3 B Helt OyayT
CHJIBHO PaCLIUPSATHCS O MAKCUMAJIBbHOrO 00BbeMa, JO3BOJSIEMOro BHYTpeHHeH mosocteio 1003
tena 1001 xopnyca u kpbiukor 1002. Ilostomy cxkatbiii ra3 B kamepe 1005 morjomaer
UMIIYyJIbCBl J1aBJIeHUs BO (IIIOMIE HAcoca M CHHXKAET IMHUKOBOE [ABJEHHE, KOTOPOE MOXKET

BO3HMKaThb. OHAKO CHKATBIA ra3 CleAyeT MepUOnUYecKd (Harpumep, pa3 B MeECsI], pa3 B JBa
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MecsIa, pa3 B KBapTaJl WM Pa3 B MOJIroja) MOMONHATh. UTO KacaeTcst onsTh Gur. 5, To BMeCTO
nonojHeHuss kamepbl 1005 kamepy 1005 mpocto ymamsror. OmuH wim 0ojiee CHCTEMHBIX
racuTeneil myJibcaluii yCTAaHABJIMBAIOT HA 3TOM MecCTe (MeCcTax) CrnocoOOM, pacCMOTPEHHBIM
BBbILIIE, MCKJIIOYasi HEOOXOAMMOCTb B Tra3OHANOJHEHHOM racurene 501 mynbcamuii u
JOMOJHUTEIBHOM TEXHMYECKOM OOCHYXKMBaHUM ero. Bo MHOrmx ciydasx, eciu He B
OONBIIMHCTBE CIIy4aeB, XapaKTEPUCTHKH TAMICHHs MYJIbCALMH MOTYT OBITh YJIYYIIEHbI MyTEM
TAKOW 3aMEHBI.

[50] B unom cnyuae B cucreme 500 coxpaHstoT 1o MeHbluel Mepe oauH kopryc 1001
KOMMEPYECKH JIOCTYITHOTO HE COAepKallero HamojHutens racutens S01 mynbcaumii Tuna
nokasanHoro Ha ¢ur. 11A u 11B. 1 B sTOM ciiyyae He coneprKalque HATOJHHUTENS TacUTeNn
NyJIbCALUI OOBIMHO PACMOJATAIOT BBILIE JIMHUK ITOTOKA, IO KOTOPOH MPOXOIUT MPOKAUYNBAEMbIN
¢baronn, XoTs 3TOT NMyTh sl cucteMHoro racurenst S01 mynbpcaunii Ha ¢ur. 5 He mokaszaH. He
cofep KalIfe HAIOJIHUTENS] TACUTENH ITyJIbCAIIMA YacTO HE SABJISIIOTCS CTOJb ke 3P PEeKTHUBHBIMU
npu ocnabNeHnH TMyJbCalU{ JaBJIEHHs, KaK Ta30HAMNOJHEHHbIE TaCUTENH MyJIbCALHil.
KoMnoHeHThl KOMMepYeCcKH JOCTYMHBIX HE COAEp KalllUX HAIOJHUTENs racuTesie myJibcaruil
noka3anbl Ha ¢ur. 11A u 11B. B racurene mynbcauuii, mokasanHom Ha ¢ur. 11A u 11B,
ra3oHaNoOJIHEHHasi KaMmepa He ucnonbdyercsa. Kak mokaszaHo Ha ¢ur. 11A, HE comepskamuii
HATIOJTHUTEJIS TaCHTENIb MyJibcalui BKiodaeT B ceOs kopmyc 1100. Kopryc umeer cheMHYIO
BEPXHIOK YacThb C BIyCKAMU M BBITYCKAMH JJISI MPOXOXKAEHUs (IFOMAa B KOPIYC U U3 HETO.
Knerka 1101, nmokazannas (mBakael) Ha ¢ur. 11B, monsemeHa B KOpPIyce U UMEET BEPXHHIA
BBICTYII, KOTOPBIM I€PMETU3UPOBAH IO OTHOLIEHUIO K BHYTPEHHEW cTopoHe kopmyca 1100.
Knerka 1101 Bkirogaer B ceOsi OTKPBITYIO BEPXHIOI YacThb C OTBEPCTHAMHU CKBO3b OOKOBYIO
CTEHKY U HIDKHIOIO TIOBEPXHOCTH €€ (B pe3yJibTaTe 0Opa3yroIUMU «KJIETKY» WM KOP3UHKY). B
kiaetke 1101 ynep:kuBaercs padoraromuii Ha cxxatne matepuai 1102, pacrnonoXeHHbIH BHYTPU
kiaeTku. IlokasaHHbII B 3TOM npuMmepe pabOTaOLMI HA CXKATHE MaTepuasl CONEPIKHUT
MHOTOCJIOHHYIO CHUCTeMy U3 pabOTaroIlMX Ha CXKATHE JUCKOB, KaXIblii W3 KOTOPBIX
CEerMEHTHUPOBAH Ha YeThIpe YeTBepTHhIX KinHa. Korga ¢uonn Bxomut B kopryc 1100 racurens
NyJIbCALUI U MPOXOINT Yepe3 OTKPBITYI0 BEPXHIOK YacTh W/WJIM OTBEPCTUSI B OOKOBOM CTEHKE U
HIKHeW moBepxHocTH Kietku 1101, duroun pacnpenensieTcss mo paboTaroieMy Ha CXKaTHe
MaTepuaity, IpU 3TOM HACOCHasl CUCTEMa CO3JAeT AABJICHHUE, MPUKIAIbIBAEMOE K Pa3INYHbIM
MIOBEPXHOCTSIM pabOTaIOIIEero Ha CiKaTHe MaTepuala, modyknaromee pabOTAOMIMIA HAa CXKATHE
MaTepHall CKUMATHCS MO/ AEHCTBUEM JABJICHUS M TEM CAMBIM OCIa0ATh OPOCKH JaBIICHHUSL.

[51] OmHako He comepskamuii HaMOJHUTENS (TO €CTh, He TPeOYIOIMHA MOMOJHEHUS
ra3oBOM Cpenoi, KOTOpoe HEeoOXOAMMO B Ciyyae Ta30HANOJHEHHBIX Kamep) TacHTeNb
nyibcanuii u3 ¢ur. 11A u 11B He sBisgercs He TPeOYOIUM TEXHUYECKOrO OOCIYKMBaHUS.
ITocne HEKOTOPOro BpeMEHH 3KCIuTyaTauuu (Hampumep, cnycts 12 mecsien) paboTaromuii Ha
ckatue Mmartepuan 1102 Moxer cTaTh 3aCOpeHHBIM W/HIM 1eOPMHUPOBAHHBIM OYypPOBBIM
pacTBOPOM U OOBIMHO TPeOyeT 3aMEHbI BCIEACTBHE MOTEPH 3JACTUYHOCTH W/WIIA aKKyMYJISILUN
TBEPJbIX YaCTHUI[ B TaCUTENEe MyJIbCALUH, YTO BJIEUET 3a COO0OM HEOOXOMMMOCTh B MPEKpAIlEeHUH

padoTel HacocHOU cucteMel. Kpome Toro, padorarommuii Ha ckatue marepuan (MaTepuabl)
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OOBIYHO HW3rOTABJIMBAIOT U BBIOMPAIOT JIsI pabOThl B TOYHO OMNpPENEICHHOM I 33aJaHHOM
nuarnaszoHe faieHuil. [Ipy I3MEHEHMsIX HOMUHAJIBHOTO padouero aBjIeHUsl CUCTEMBI, Oyab OHU
NpeAHAMEPEHHBIMU HJIM BO3HHUKAIOIUMH BCJEICTBHE M3MEHEHUs Pa0O4YHMX YCIIOBHH, MOXKET
BO3HHKHYTb HEOOXOAMMOCTb B 3aMeHe palOoTalolero Ha cXkaTue MaTepuaja U Takke B
npeKparieHn padoThl HACOCHOH crcTeMbl. UTO KacaeTcs omsiTh Gur. 5, To, KOraa TEXHUUECKOe
o0CNy’KMBaHHE KOMMEpPYECKH IOCTYIIHOTO HE COAepKallero HamojHutens racurenss S01
NyJIbCALUH CTAHOBHUTCS HEOOXOOMMBIM, BMECTO 3aMEHbl padOoTaroIero Ha CKaTHe Marepuaa
1102 ynyoTHeHHe MOKET OBITh 3aMEHEHO MPOKJIAIKOH, a paboTaloLINil HA CXKATHE MaTepHal
1102 (u Heobs3arenpHO Takke kierka 1101) mpocro ynanen. OnuH uinu 6ojiee AEHCTBUTEIBHO
He TpeOyIOIMX  TEXHUYECKOrO  OOCHIY)KHMBAaHHUS  CHCTEMHBIX TacHUTENeH  MyJIbCaluii
YCTAHABJIMBAIOT HA MECTaxX CIOCOOOM, PACCMOTPEHHBIM BBIIIE, MCKIHOYast HEOOXOOUMOCTh B
KOMMEPYECKH JOCTYIIHOM HE€ cojepkaleM HanojgHutens racurene 501 nynbcamuii u
JaJbHEHIIEM TEXHUYECKOM OOCIYKUBAaHUH ero. Bo MHOrux ciydasix, eciu He B OOJIbLIIMHCTBE
ciydaeB, Onaromapst 3TOH 3aMeHe XapakTePUCTHKH TacUTENsl MyJbCalUid MOTYT OBbITh
yJIy4IlIEeHBI.

[52] Ha ¢ur. 6A-6E mpencraBneHsl BHAbI COOKY B pa3pe3e M MOIMEPEYHbIE CEUEHUS
racsmux NyJbcalui auaparMeHHbIX y370B 502X, KOTOpbIE MOTYT OBITh HCIOJNB30BAaHBI B
KauecTBe J0O0ro ogHoro u3 auadparmeHssix y3ioB 502a, 5S02b, 502¢, 502d w/umm 502n s
peanu3zallud OAHOTO MM HECKOJBKMX CHUCTEMHBIX TracsliuX Iyjbcaluu ycTpoicTB. Kak
noka3aHo Ha ¢ur. 6A, OOUH TNPUBENEHHBIH B KAyeCTBE INpUMepa TacsIlui MyJIbCAL[UH
nuadparMeHHbIN y3en 502X BKIIOYaeT B ce0sl HECKOJIbKO YBEJIMUEHHBIN 00BheM, KOTOPBIH MOXKET
OpITe OOpa3oBaH (HampuMep) MyTeM BCTaBIEHHUs OTpe3ka 622 TpyObl, UMEIOIIEero OOJbLIHIA
BHYTpeHHUH auametp (Bcero juuib Ha 1-2 moiima (2,54-5,08 cm) Oosbiue), uem mmeer Tpyda
IJIS Iy TH TTOTOKA (DITFOM/A IO MITH TTOCHIe TacsiIero myJbcaliy auadparMeHHoro y3na. Ha koHie
YBEJIMYEHHOro 00beMa HaXOOUTCS CO3MAIOLINN CONPOTHBICHUE MOTOKY (JIIOMIa WM MaJeHHe
JaBJIEHHsI SJIEMEHT, TaKOHW Kak auadparma wiM HamopHas TpyOka. B mpumepe, mokasaHHOM Ha
¢ur. 6A u 6B, npenycmotpena auadparma 624 miu 626 (cm ¢ur. 6E). OnHako crienuaniucTsl B
JaHHON 00JIACTH TEXHUKHU JOJDKHBI OCO3HABATh, YTO BMECTO HEE MOXKET OBITh HCIOJIb30BAHA
HaropHasi TpyOka. B COOTBETCTBUHM C M3BECTHBIM YPOBHEM TEXHUKH CYMMApHYIO ILIOLIAIb
otrBepcTuil auadparmer 624 win 626 BRIOUPAIOT B COUYETAHUU C YBEJIHMUYEHHBIM O0BEMOM, YTOOBI
NIOTaCHUTh MYJIbCALIH B TMOTOKe (ronaa yepes crosk S06 u muanr 516. Kak nmokaszaHo Ha ¢wur.
6C, mmadpparma 624 wnm 626 MoxeT OBITH paCIONOKEHA Ha MPOTHBOIIOJIOKHOM KOHLIE
(OTHOCHUTEIPHO HAMpaBJIEHUsT TMOTOKAa (IIIOMIA) YBEJIHMYEHHOro o0beMa, O00pa30BaHHOTO
orpe3koM 622 TpyObl. B nHOM cnydae nuadparma 624 numm 626 MokeT ObITh PaCHOJIOKEHA B
CepenMHe YBEIMYEHHOro OoOBeMa WM TAe-HuOyab mocpean. MHoOrodmcieHHble nuadparmbl
MOTYT OBITh PACIOJIOKEHBI B OOHOM yBenudeHHoM obObeme. Kak mokasano Ha ¢ur. 6D,
UMEIOLINI POCTYIO GOpMY Tacsmuil mybcauu guadpparMeHHbId y3eia S02X COTepKUT TOIBKO
muadparmy 624 wunm 626, HE OKa3bIBAIOLIYID HUKAKOTO COMNPOTUBIIEHUs NOTOKY (uronna,
CO371aBa€MOMY MPUJIETAIOIINM HJIM OKPY’KAIOIIUM YBEJIMYEHHBIM OOBEMOM Ha IMyTH IOTOKA

¢monna. Kak nokazano Ha ¢ur. 6D, nnapparma 624 MOxeT UMETb MHOXKECTBO oTBepcTHil. Kax
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noka3aHo Ha ¢ur. 6E, racsmmuii nmynapcanmu nuadgparMeHHbId y3en S02X MOXET conepikarh
nuadparmy 626 ¢ omHuM orBepctueM. Kak ormedanock Bbile, auadpparMeHHbIE Y3JIbI MOTYT
BKJIFOYATh B Ce0sl MJIM MOTYT HE BKIIIOYAaTh OOBEMBI SKUAKOCTH AJI JANbHEHIIEero yjaydieHus
xapakrepuctuk. Ha ¢ur. 6A u 6C nokazan pacuMpeHHbIH OTpe3ok 622, B KOTOPOM MOXKET
COIEePKATHCS OObEM JKUAKOCTH.

[S3] Ha ¢ur. 7 mpencraBieH CXeMaTHUHbIA BHJ albTEPHATUBHOW KOHCTPYKLHHU C
M30bITOUYHOCTBIO, TPEOHA3HAUYEHHOW JJIsi CHCTEMHOIO TacsIlero myJbCallid yCTpOICTBa
(YCTPOWCTB), KOTOpasi MOKET ObITh YCTAHOBJIEHA B CTOSIK, BOJM3U HETrO WJIM HUXKE MO TIOTOKY OT
HEro, COIVIACHO pAa3JuUYHbIM BapHAHTAM OCYILUECTBJIEHUs HACTOSALIETO pPACKPBITUS, IS
peanm3anyy 4acTu (JacTeii) racsimero myJjbcauuu auadparMmeHHoro ysina u3 ¢ur. 5. B Bapuanre
oCyIlIecTBIeHHs U3 GUr. 7 racsaumii myabcanuu quadgparMeHHbid y3en S02xX BKIFO4aeT B ceds
nepBbiid y3en 701 u BTOpOW y3enm 702, KaskIblii U3 KOTOPBIX BKJIKOYAEeT B CeOsl YBEJTUYEHHBIH
o0BpeM u auadparmy, KOTOpbIE PACIIONOXKEHBI HA IABYX MapaJUIeNbHBIX MyTSAX MOTOKA (uronaa
BMeCTe C peryiupyromumu kinananamu 703, 704, 705 u 706 (ynpaBisieMbIMH BPYYHYIO WIIH
aBTOMATHYECKH), HCIOJNb3YEeMBIMH JUI DPETYJIHPOBAHUS HAa JIBYX MyTAX INOTOKA. B 3Toii
KOHCTPYKLMHU oOOecreunBaercss M30BITOUHOCTh HA CiIydall OTKa3a TracsIlero IyJIbCaliu
nuadparMeHHOro y3i1a U O3TOMY B HEKOTOPBIX MPUMEHEHHSIX ¢ CHIIbHBIM TIOTOKOM OHA MOYKET
OBITH MCIIOJIB30BAHA KaK MPOIMYyCKaroIee HeOObIIOHM MOTOK YCTPOICTBO.

[54] Ha ¢ur. 8 mokasaH cxeMaTW4HbIA BHI CUCTEeMbI mojauu Quronna uiaum OypoBOH
cucrembl 800, Brimouaromed (UTUHTH, OOBEAMHSIOIINEe MHOTOYHCIICHHBbIE TOTOKU (Ironza,
COIJIaCHO PA3JIMYHBIM BAPHAHTAM OCYLIECTBJIEHHUS HACTOSILIErO PACKPBITHS, KOTOPBIE TaKXKe
MOTyT OBbITh WCIOJB30BaHBI B BapUaHTax OCYIIECTBIEHHs OypoBoii cucrembl 100, xoropas
BKJIIOUaeT B ceOst racurenb 102 mymbcaluii, yCTaHOBJICHHbII NOCie (PUTHHIOB, OOBEAMHSIFOIINX
MHOTOYHCIIEHHbIe IOTOKU (umonaa. Bapuant ocymectsinenus Oyposoit cucrtemsl 800 mokaszaH
Ha ¢ur. 8 Tompko A wumoctpauuu. Pur. 8 He orpaHHYMBaeT OOBEM STOrO PACKPBITHS
HUKAKUM KOHKPETHBIM BAPUAHTOM OCYILIECTBIICHHS OYPOBOM CHCTEMBI.

[55] HarueratenbHbiii MaHu(OJb HE BCErga MMEETCS Ha MyTH MOTOKOB (urouma B
OypoByro ycTaHOBKYy. Ha HekoTopbie OypOBbIe YCTAaHOBKM IOTOKH (DJIFOMIA, TNOJaBaeMble
Pa3IMYHBIMH HACOCAMU Il OYypOBOTO pacTBOpPa, BBOASITCS COBMECTHO M3 MPOCTHIX (DUTHHIOB,
KOTOpbIe OOBEIUHSIOT MHOTOUHCIIEHHBIE TIOTOKU (IIFOMIa B OUH MOTOK. YTO Kacaercs: Tenepb
¢ur. 8, To Oyposas cucrema 800 BriIrOuaer B ceOs o MeHblIeld Mepe onuH putuar 802 w/umn
804, mHOXecTBO HacocoB 304 mis OypoBoro pacrtBopa u Tpydomposon 806, mpUHUMANOIIHUIA
00BeIMHEHHBIE TOTOKH (ITFOUTA.

[56] CucremHoe racsinee myiabcauuu ycrpoiictso 102, 202, 302, 402 wumu 502x
(cucteMHOe racsiee myJbcanun yeTpoiictBo 302 moka3aHo Ha (ur. 6) MOXKHO HCIOIB30BATh B
Tpybonposone 806 mocne ¢urunroB 802 w/mmm 804. T'acurenu mnynpcaumii, Takue Kak
CUCTEMHOE racsiiee myjiabcannn ycrpoicTso 102, 202, 302, 402 umn 502X, 9acTO UMEIOT 00BEM
MIPOCTPAHCTBA, WM pe3epByap, BHYTPHU TacUTENs, B KOTOPOM OINPENEJIEHHOE KOJIUYECTBO
¢ronna MOXKET aKKyMyJHPOBATHCS, U MPH 3TOM MyJIbCALUN YMEHBIIAIOTCS A0 MEPEeMEeIIeHUs

¢mronna u3 racutens myibcauuil. CucreMHoe racsuiee nmysabcanuu ycrpoiictso 102, 202, 302,
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402 mnm 502X MOKET NMPUHUMATh OOBENUHEHHbIE MOTOKHM (PJIFOMAAa M3 MOJAYd HACOCOB IS
OypoBoro pactBopa. DrOUA, MPUHUMAEMbBIH CHCTEMHBIM TacsIIUM MYJIbCALIUA YCTPOHCTBOM
102, 202, 302, 402 unu 502x, MoxeT ObITh OCa’KIe€H BO BHyTpeHHeM oO0beme racutens 102 umu
202 mynpcanyii, B COUYETAIOINEM HArHETATENbHbIM MaHU(OIbA U TaCUTENb MyJIbCALUN
ycrpotictBe 302, manugonbae 400 racutens mynbcaluil WM TacsileM MyJbCalUH YCTPONWCTBE
(ycrpoiicTBax) 502x ¢ auadparmMeHHbIM y3510M. DIrOnA, HAXOISIIUNACS BO BHYTPEHHEM o0BbeMe
CHUCTEMHOTIO TacsIlero MyJbCallud yCTPOMCTBA, BBIXOAUT U3 CUCTEMHOIO racsllero MyJbCaluu
YCTPOWCTBA, YTOOBI MEpeMeCTHThCs K OypoBoil ycranoBke 114 mo TpyOomposomy 806.
CucremHOe racsiiee MmyJbCaluy YCTPOHCTBO MOXKET PEryJIHUPOBATD MYJIbCALIH, YTOOBI CHIDKATh
UX B COUETAHUH, HAIIPUMEP, C CO3JJaHHEM BpALIEHUsI B Kamepe.

[57] TlockoapKy CHUCTEMHOE Tacsmlee MyJIbCAlli YCTPOWCTBO BKIFOYaeT B ceds
BHYTPEHHUI 00BbeM, MpOOJIeMbl, CBSI3aHHBIE C FCIIOIb30BAHUEM HArHETATEJIbHOTO MAaHU(OIBIA,
MOryT ObIThb HMCKIFOYEeHbL. CHCTEMHOE racsiuee MyJIbCallid YCTPOWCTBO HE HMeEeT H3rHOOB,
XapaKTePHBbIX U HArHETaTEJIbHOrO MaHHM(OIbIA, BCIEACTBHE HYEro CHIDKAKOTCS BUOpALWH,
CO37aBa€Mble NpPHU MEPECEYEHUN OTAENbHBIX ITOTOKOB, U CHCTEMHOE racsiiee myJbCalHuu
YCTPOHCTBO TakXke co3aaeT 3PQeKT rameHus myabcaluii, Korna OHO MPUHUMAET OO beANHEHHbBIE
notoku ¢monna. IlosToMmy o0benuHeHHbIE TOTOKH (JIIOMIA MOTYT BBIXOAUTH M3 CHCTEMHOTO
racsiiero MyJbCallud YCTPOHCTBA, 4YTOOBI mMepemernatbcss K OypoBoil ycraHoBke 114 ¢
YMEHBIIEHHON WJIM MUHUMAJbHON DJHEPrUeH, MepenaBaeMOM K OCTajJbHbIM KOMIIOHEHTaM,
PacIOIOXKEHHBIM HIKE IO MOTOKY.

[58] Ha ¢ur. 9 nokazana OJ0K-cxeMa MOCIeNOBATeIbHOCTU ACUCTBUN TPU BBITOJIHEHUU
nporecca 900 nmopaum Quronaa u rameHus nyibcanuii B cucreme 100 mu 500 nonaun duronna
COTJIACHO Pa3JIMYHBIM BapuaHTaM OCYILECTBJIEHMs HACTOsIIEro packpoitusa. Hanpumep, nponecc
900 u3 ¢ur. 9 MmokeT OBITH BBITOJHEH MOCPeACcTBOM cucteMbl 100, mokaszaHHOH Ha ¢ur. 1, win
cuctembl 500, moka3aHHOH Ha (GUr. 5, WIM MOCPEACTBOM 3THUX CHUCTEM, MOAU(DHULIIUPOBAHHBIX B
cooTBeTCTBUH ¢ Gur. 2, 3 wiu 4 (0e3 COOTBETCTBYIOLIUX 3TAIOB, OTHOCSLIMXCS] K MAHU(OIBAY).

[59] Uro kacaercs Tenepsb ¢ur. 9, To npouecc HaunHaercs: Ha stane 902. Ha stame 902
OIWH MM 0oJiee HACOCOB MPUHUMAIOT (DIFOMJ U3 OJHOTO HJIM HECKOJIbKHX PEe3ePBYapOB IS
dbaronaa, Takux Kak eMkocTh 110 myist OypoBOro pactBopa, onmucaHHasi B 3TOM 3asiBke. Ha sTame
904 onun nu 60s1ee HACOCOB TSt (DIIFOKIA HATIPABJISIOT ONMH UM OOJiee MOTOKOB (hJIFOMAA BHU3
Mo TOTOKY 4epe3 cucrteMy mnomauu ¢urronna. Ha stame 906 manu¢onb NpUHUMAET OOUH KU
Oonee moTokoB (ronna M OOBEAWHSET OOUH MM OoJjiee MOTOKOB (UIIOMAA B OAWH IOTOK
¢daronna. Ha stame 908 racutens nmyJbcalyiii MpUHUMAET OAWH MOTOK (JIFonAa u3 MaHU(OJIbIA.

[60] Ha stame 910 ycTaHOBIEHHBIM CUCTEMHBIN raCUTENb MyJIbCAIIUI TACUT OCTATOYHbBIE
NyJIbCALIUH, CO37JaBaeMble MaHU(OIBAOM. B HEKOTOPBIX BapHaHTAaX OCYLIECTBIEHHSI CHCTEMHBIHI
racuTeNb IMyJbCALUNA MOJKET BBIOJHATH ONEPALMU TalleHNs, KOrjaa OOUH WM OoJjiee TTOTOKOB
NPUHUMAIOTCS TACUTENIEM TTYJIbCALMH, TaK, KaKk OyITO racHTeNb MyJbCallui MPeACTaBIsAeT COO0H
coYeTarollee HarHeTaTeNbHbI MaHU(OJIbA M TacUTEeNb IyJbCALMHA yCTPOHCTBO, 3aMEHSIOINEe
HarHeraTeNbHbI MaHH(poOaba B cucreMe mnonaun Quronna. Ha srame 912 TpybGomposon

NpUHUMACT (1)J'I}OI/II[, BbIBOI[I/IMbIﬁ U3 CUCTCMHOI'O IraCHUTECIIA Hy.]'[bC&I.IHfI. B HEKOTOPBIX BapHUaHTAX
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OCYIIECTBJIEHUsS] TPYOOMPOBOI MOKET OBITh CTOSIKOM, TakuM Kak ctosik 106. Ha stame 914
bmroun nepemeniaercss no TpydompoBoxy BHHM3 MO MOTOKy. Ha stame 916 ommn wmm Oonee
TOTIOJTHUTEJIBHBIX YCTAHOBJIEHHBIX CHCTEMHBIX IacuUTeNel MyJbCcalluii racsaT JI0Oble OCTATOYHbIE
NyJIbCALUH B ITOTOKE (puronna.

[61] Ha ¢ur. 12A u 12B mnpencraBieHbl BUA C BBIPE30OM M CXEMATUYHBIA BHI,
COOTBETCTBEHHO, HE HYXJAIOIIErocs B TEXHUYECKOM OOCIYKMBAaHHM PEAKTHBHOTO CHCTEMHOTO
racuTeNss MyJdbCallMii COIJIACHO BapHaHTaM OCYLIECTBJICHUS HACTOSALIErO PaCKPBITHSL.
Hcnonp3yloTesi TONBKO H3HOCOCTOWKHME M TMPOCTbIE KOMITIOHEHTHI B HEOOJBLIOM KOJHYECTBE,
o0ecrieynBarOIUe BO3MOXKHOCTh JIETKOTO PEMOHTAa M MPONOJIKHUTENBbHOH paboTel  0e3
peryaupoBku. HamonmHenune ra3om (To €CTh, KaMepa M KJIAlaHbl/JaTYUKH) WIA UCTIOJIb30BAHUE
paloTaromux Ha CKAaTHE MATEPUATIOB HCKJIIOYAIOTCS, TaK YTO TEXHHYECKOe OOCIyKMBaHUE
SIBJIIETCSI MHUHHUMAJIbHBIM (HAMPUMEp, MEPHUOAMYECKHMM OCMOTPOM), TPH KOTOPOM YIaJIeHHE
KppIIKK He TpeOyercs. He HyXmaromuiicss B TEXHHYECKOM OOCITY)KMBAHUU PEaKTHBHBIHI
cucteMbiii racutenb 1200 He wWMeeT TONBIKHBIX JeTajel, NPOKAYUBAEMBIA (DITFOUM
UCIIONb3yeTCs A ramenus nynbcauui. Omronp 1201 ¢ BBICOKOAMIUIMTYHBIMU ITyJIbCALIUSIMU
HAacoca TMPUHUMAKOTCA 4epe3 BOyck U (umona 1202 ¢ HU3KOAMIUTUTYAHBIMH IYJIbCALIHSIMU
HAcoca BBIITyCKAETCs Uepe3 BBIMYCK, MpH 3ToM (urona 1203 B Kopriyce peakTHBHBIM CIIOCOOOM
racuT MyJbCcalliy Hacoca, TO €CTh, MpOKauuWBaeMas Cpela pearupyer ¢ CUCTEMHOM Maccoil
bmonna s cHwkeHus mysbcanuil. Heobszarensublil ynansemsiii y3en 1204 perynupoBaHus
nepernaga JaBJIeHUs] MOXET CHoCOOCTBOBATh OCHAOJIEHUIO MyJbCalluii AaBlieHUs: (Irouaa
Hacoca.

[62] Ha ¢ur. 13 moka3aHa yCTaHOBKAa C CHCTEMHBIM TaCUTEJIEM MYJIbCALUH COTJIACHO
BAapHAHTaM OCYILECTBJIEHHUS] HACTOSIIErO PACKPBITUA. B MOka3aHHOM IpuMepe Kaskabli U3 JBYX
TPEXLWIMHAPOBBIX HACOCOB, HMMEIOIINX MPUCOEINHEHHBbIE BBIXOMABI, BKJIIOYaeT B ceOs
crabummsatop 1301 BcachiBaHUSs, COEAMHEHHBIH C BIYCKOM, M Ta30HAIMOJHEHHbIH (UM HE
cofep Kaluii HanoJHuTeNs1) racutenb 1302 mynbcanuii Ha Bbimycke. B Takux koH(Urypaumsx
NPOCTPAHCTBO M OMNOpa SIBJISIFOTCSI KJIOUEBBIMH K TpeOyeTcss BTEKaHWE/BBITEKAHUE B
TpyOompoBom/u3  TpyOompoBoga. B ciaydae  HCMOJIB30BAaHUS  TAaKUX  JOIMOJHUTEIBHO
YCTaHOBJIEHHBIX ra30BbIX y3i0B 1301, 1302 HacocHbIe caja3ku U TPyOONPOBOA MOJIKHBI ObITh
MOIU(HUIIMPOBAHBI U TPEOYETCs MPOCTPAHCTBO B HACOCHOM oTceKe. [IpoCTpaHCTBO U 3aTpaThl HA
yIIOBJICTBOPEHHE TaKUX TPeOOBAHUI MOTyT OBITh UCKIIFOYEHBI NMPHU HCIOJB30BAHUU OIHOTO,
COOTBETCTBYIOIIUM 00Pa30M YCTAHOBJICHHOT'O CUCTEMHOTO racutesist S01 mynbcanuid.

[63] st MmomepHU3anuu cucteMbl U3 ¢ur. 13 Bce ra3oBble KaPTPUIKU, HAXOMISIIIUECS B
pesepByapax cradwimmsatopa 1301 BcachiBaHUs ynansitoT U (HeoOs3aTeNIbHO) 3aMEHSIIOT OoJiee
s dexTuBHOM siaencToi TpyOkoW st padoThl Oe3 HamOJHHUTENs. AHAJIOTMYHO 3TOMY, BCE
ra30HANOJHEHHbIE KaMepbl B JOMNOJHHUTENBHO YCTAHOBJIEHHBIX Ta30BbIX racuressx 1302
YIAJSIIOT M JAENIaeTCs BO3MOXKHBIM 3aIOJHEHHE Pe3epByapoB (UIFOMIOM BO BpeMsi pabOThI A
o0ecrieueHNs1 HAYaJIbHOTO PETYJUPOBAHMSA rameHus (K ToMy ke, 0e3 3amMeHsl TpyOonposoaa). B
KadecTBe BapuaHTa AuadparmMbl WM aHAJOTMYHBIE YCTPOWCTBA MOTYT OBITh YCTAHOBJIEHBI Ha

OyTH TOTOKa (JIONAa IOCIe pPe3epBYyapoB HMEIOIIUXCS JIOTIOJHUTENBPHO YCTaHOBJIEHHBIX
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raszoBbix racuteneii 1302. OtnenpHbIN peakTHBHBIN CUCTeMHbIH racutens 501 mymnbcanuii
n00aBJSIOT B BBIKMIHYIO JIMHMIO HACOCHOW CHCTEMBI, NPUCOCAMHAEMYIO NMPH HCIOJIb30BAHUU
IIPOCTOrO COEIMHEHHUs], NPU HCMOJIb30BAHUM BbINYCKHBIX COEAUHUTENEH BBICOKOIO NABJICHUS
IJIs1 yAAJEeHUus MEMJIEHHBIX Iynbcanui. Pasmepsl cucremnoro racurens 501 mynbcanui
ONpPENEISAOT HA OCHOBE aHAJIN3a BCEH KOHCTPYKLUH, PACIIOIOKEHHsI TACUTENIST HUXKE TMOTOKY OT
HACOCOB M TpeXHeH Bepcuu o0OpymoBaHMs Uil rameHust. [IpeamouTHTeNbHO pacmojaraTh
cucteMHbiii racutenb 501 mynpcanuii Tam, rae MyJbCallMM JABJEHUS aKKyMYJIUPYIOTCS
(HampuMep, B CETEBOM IOTOKE IMocyie OOBEAMHEHUs BBIMTYCKOB OTAENbHBIX HACOCOB), H
MPEINOYTUTENILHO KaK MOKHO OJHKe K Hacocy (Hacocam).

[64] Ha ¢ur. 14A-14D noka3aHa ceTb TpPyOONMpPOBOMOB COIJIACHO BapHaHTAM
OCYIECTBJIEHHSI, B KOTOPOH YCTAHOBJIEHBI CUCTEMHBIN FACHTEJNb MyJIbCALUN U JIBa WK OOJblIee
KOJIMYECTBO MUHH-TaCUTENEH IMyJIbCAllMii Ha BBINYCKE, COMVIACHO BAapUaHTaM OCYILECTBIICHUS
HacTosero packpbitusi. Kak mokasano Ha ¢ur. 14A, gacte HacocHO# cuctemsl 1400 BKIIFO4aeT
B ceOs1 mo MeHbIeil Mepe aBa Hacoca 1401 u 1402, kaxxaplii U3 KOTOPBIX MPOKaunuBaeT Guronm, u
HeoOs13aTeNIbHO JIONOJHUTENbHBIE HAacochl (HemokasaHHble). Hacocnas cucrema 1400 mosker
OBITH OMMCaHA KaK «MUHH-HACOCHAS» CHUCTEMA, B KOTOPOH motoku (irouna ot HacocoB 1401 u
1402 00beaNHSIOTCS B HEKOTOPOH TOUKE HUKE IO MOTOKY OT IO MEHBIIEH Mepe OJHOrO U3 IBYX
HACOCOB JJisi 00Opa3oBaHMsI OMHOTO MOTOKa (uronna B TpyOONMpoBOAe, B APYIHX HACOCaX WM
(YHKIMOHAIBHBIX KOMITOHEHTAX JJISi MAHMITYJUPOBaHHUA ¢ (QIrouaoM (Hampumep, B QUIbTpe
WIM HAarHeTaTeJIbHOM MaHU(OJbAE) W/WIM TacUTENISIX NyJibCalliil, B OTINYHE OT HACOCHBIX
YCTAHOBOK, B KOTOPBIX TOJBKO AKKYMyJHPYIOTCS OTHAENbHbIE IOTOKM (mrouna or
MHOTOYMCJIEHHBIX HACOCOB B p€3€pByape JIsl XPaHEHUsI UM B YeM-JTHO0 MOJ00HOM.

[65] B cooTBeTcTBUM C BapMAaHTOM OCYILIECTBJIEHHS, ONMMCAHHBIM B COYETAHUU C (UT.
11A-11B, 12A-12B u 13, cucremHbIil racuTeb MyJbCalUi M ABa WM OOJblIee KOJIUYECTBO
MHHHU-TAaCUTEJIeH MyJIbCAlliii Ha BBINMYCKe («MUHU-TaCUTENeH») MOXKHO UCIIONIb30BaTh B KAUECTBE
BapUaHTa JJIsl MOAEPHU3ALUN HACOCHON CUCTEMBI, UMEIOLIEH CYIIEeCTBYIOLINE JONOJHUTEIbHBIE
racuTeNu MyJbCaluh, TpeOyIOLIMe PperyJsipHOro MM CHOPAJUYEeCKOr0 TEXHUYECKOTO
oOcnyxuBanusi. B kauectBe BapuanTa Hacocel 1401 u 1402 moryT ObITh CHAOXKEHBI HA BBIMTYCKax
HENPOAOJDKUTEbHO paboTaromumu racutensimu 1403 u 1404 mynbcaruii, COOTBETCTBEHHO,
OOBIYHO THINA TaKUX, KOTOPBIE HCIIONB3YIOTCS OMOJIHUTENIbHO U HE NPUBS3BIBAIOTCS K
ckBo3HOMY moToky ¢urouna. [acurenu 1403 u 1404 nynbcanuii SIBISIFOTCS KHETTPOIOJKUTENBHO
paloTaromMU» B TOM CMBICIE, YTO HEOOXOOUMO TMPOBOOUTH IEPHOAWYECKOE MU
CTHIOPaJUIECKOe TEXHNUECKOe 0OCIyKIMBAHNE KaJKAOTO HA MPOTSHKEHUH MOJTHOTO CPOKA CITYKOBI
HacocHOM cuctembl 1400, B kortopon Hacocel 1401 u 1402 ycranosnenel. To ecTh, He
TpeOYIOLUNIl TEXHUIECKOro OOCIyKMBaHUS pabouMil IMKJI HENPOAOJKUTENBHO pPabOTaroIInX
racureneit 1403 u 1404 sBnsiercst 60jiee KOPOTKHUM, YeM OXKUAaeMblil pabo4nii mepuo HaCOCHOM
cucremsl 1400. Hanpumep, ra30HanoNHEHHbIE TACUTENHN MyJIbCallnii HEOOXOAMMO MEPHUOAHYECKH
TIOTIOJNIHSATh, & B HE COAEPIKALINX HATIOJIHUTENS FACUTEISAX MyJIbCALMH ¢ padOTAIOIUM Ha CIKaTHe
MaTepHaJoM HEOOXOIUMO CIOPAIUIECKH WM MEPUOINYECKH 3aMEHITh pabOTAIOLINI Ha CKaTHe

MaTepHall BCIEICTBUE aKKYMYJIHPOBAHUS TBEPBIX YACTHL, Ae()OPMUPOBAHMS W/WIH YXYALIEHHS
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3JACTUYHOCTH (M MMO3TOMY YXYAIISHHS XapaKTePUCTHK raleHus myjiabcanuuii). Kak onucbBanoch
BbIIIE, HACOCHYHO cucteMy 1400 MOXHO MOAEPHU30BaTh NPOCTBIM YAAJICHUEM YacTel
HENPOAOJDKUTENbHO —paboratomux racureneit 1403 w1404 nynecammii  (kamepsl B
ra30HANONIHEHHOM TacuTelie IyJbCalMi WM paOOoTaroLIero Ha CKaTHe Marephaja B He
cofiep Kalliell HaNoJHUTENsT KOHCTPYKIMM) U OCTaBJIEHHEM pe3epByapa (Tela WM KOpIyca)
racuTelsl MyJIbCalMi HANOJHEHHBIM JKUAKOCTBIO. IlocTpoeHne mozenu moseneHus (uouna B
HacocHOW  cucreme 1400 MOXHO  BBIIOJHUTP C  YY4€TOM  MOAU(HLMPOBAHHBIX
HeTPOJOJUKUTENBHO padoTtarommx racuresei 1403 u 1404 mynbcanmii.

[66] B Oonee oOmem ciay4ae M HE3aBUCUMO OT HEOOXOOMMOCTH B MOIEPHH3AIUH
HAaCOCHOM CHCTEMBI, BKJIOYAKOIIEH CYLIECTBYIOLIME TaCUTENIN NYyJbCALUM, XapaKTePUCTUKU
ramieHusl MmyJbcaluii B HacocHOi cucreme 1400 ¢ OQONBIIUM KOJHYECTBOM HACOCOB MOKHO
YIYYIIUTh TMyTEM HCIOJIb30BaHUSA CHUCTEMHOro racutens 1405 mynbcanmii (KOTOPBIA MOXKET
OBITH paCIOJNIOKEH BHE HACOCHBIX Calla30K) M MHOXecTBa MHUHH-racutened 1406 u 1407
nyibcanuii. Kak mokasano Ha ¢ur. 14A, muan-racurens 1406 nmpucoequHEH MEKAY BBITYCKOM
Hacoca 1401 u maructpansHOil TpyOoii 1408, Torma xax MuHu-racutens 1407 mpucoennHeH
MeXAy BbIMyckoM Hacoca 1407 m wmaructpanbHOi TpyOoit 1408. B kauecTBe BapuaHTa
marucrpanpHas TpyOa 1408 MokeT NpUHMMATh BBIMYCK (IIOMAAa OT JPYTUX HACOCOB
(merokazanHbIx). [To MaructpanpHol TpyOe 1408 duronn nogaercst B CUCTeMHBIH racutens 1405
nynbcanuii. ITorok 1410 ¢mronna ot Bbimycka cucteMHoro racureist 1405 mynbpcauuii MOKeT
IIPOTEKaTh B CTOsIK, Kak 3TO onuceiBanoch Bbime. Hacocer 1401 m 1402 npuHHMArOT NOTOKH
¢ronna u3 OTHENbHBIX BIYCKHBIX TpyO 1411 1 1412, COOTBETCTBEHHO.

[67] Ha ¢ur. 14B npencraBieH BapuaHT ycTraHOBKHM M3 ¢ur. 14A u mokaszaHa 4acTb
HACOCHOM cuctembl 1420 ¢ MHOTMMHU HAacOCaMH, KOTOpasi BKJIIOUAET B ce0si MHOXKECTBO HACOCOB
1401 u 1402, xaxxablii U3 KOTOPBIX HepekaunsaeT (uronn. [IpuHIMNUaTIbHOE pasiuuue MEXIy
¢ur. 14A u 14B 3akmrouaercs B TOM, YTO CHCTEMHBIN racurendb 1425 nynbcanuii u3 ¢ur. 14B (B
OCHOBHOM COOTBETCTBYIOIIMH CHCTeMHOMY racutento 1405 nymbcammii u3 ¢ur. 14A)
NpUHUMAeT MOTOKH (roupa ot MuHH-racutened 1426 u 1427 w3 ¢ur. 14B (B ocHOBHOM
COOTBETCTBYIOLINX MHHU-TacuTeNsiM 1406 u 1407 u3 ¢ur. 14A) U3 OTAENBbHBIX MaruCTPaIbHbBIX
TpyO 1428a u 1428b, a He u3 oxgHOW MaructpanbHou TpyOwl 1408, kak Ha ¢ur. 14A. Kak u
HacocHas cucreMa 1400, HacocHast cucrema 1420 coriaacHO BapHaHTy OCYINECTBJICHHS U3 (pur.
14B MosxeT BKJIIOYATh B ce0sl Ipyrue Hacochl (HETOKa3aHHbIe) B ONOJHEHHE K HacocaM 1401 u
1402 BMecTe C OTHENBHBIMH MAarucCTpajbHBIMH TpyOaMu (Takke HENOKAa3aHHBIMH),
OCYILIECTBJISAIOIIMMU MOAAa4Yy B CHUCTEMHBIM racuTenp 1425 mnynbcauuii, WM BMeECTE C
BBITYCKHBIMH TAaTPyOKaMH HACOCOB, NMPUCOCAMHEHHbIMH K OHOH W3 MarucCTpajbHBIX TPyO
1428a nnu 1428b.

[68] Ha ¢ur. 14C u 14D mnpencrasnens! Bapuantsl 1430 u 1440, COOTBETCTBEHHO,
HacocHbIX cucteM 1400 u 1420 u3 ¢ur. 14A u 14B, B KOTOPBIX CHUCTEMHBIA racutenp 1425
MyJIbCALIM HE BKJIKYEH B HACOCHYIO cucreMy 1430 mmu 1440. BMecTo 3TOr0 MCHOJIB3YHOTCA
TOJIBKO MUHU-TacuTeu 1426 u 1427 6e3 CUCTEMHOTO racUTeIs My JIbCAIUil.

[69] Ilonnast koHCTpyKLMsA HacocHbIX cuctem 1400, 1420, 1430 u 1440 He mokaszaHa Ha
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¢ur. 14A-14D. Hanpumep, x0T 3TO He nokazaHo Ha ¢ur. 14A-14D, ctabunmusatop BcaCbIBaHUS
MOKET OBITh COEOMHEH C BIIyCKOM OXHOro uju obomx HacocoB 1401 u 1402 u moxer
UCIIOJIb30BAThCs YCOBEPIIEHCTBOBAHHASI TEXHOJIOTUS STYEUCTBIX MATEPHUAJIOB, KOTOPYIO MOXHO
MOJIyYUTh oT Performance Pulsation Control, Inc.
(www.performancepulsation.com/products/vertical-cellular-stabilizer-retrofit u www.perform-
ancepulsation.com/products/suction-stabilizers). B umHOM ciyuae mpu MOAEPHHM3ALUH TaKOTO
TUNA, KaK ONMCAHHAs BBINIE, IA30BbIH KAPTPUIK WM palOOoTArOIIUi Ha C)XKATHE SYEHCTHIH
MaTepHuall MOXeT ObITh yIaJeH U3 MMEIOLIMXCS CTa0UIN3aTOPOB BCACHIBAHMS M JTHOO 3aMEHEH
YJIYYLIEHHBIM SYEUCTBIM MaTepuajioMm, Judo BbeiOpomeH. Kpome Toro, HarHeraTeNlbHBIN
mMaHu}oIb MOXKeT ObITh pUcoenrHeH Mexkay Hacocamu 1401 u 1402 u CHCTEMHBIM racUTeNeM
1405 nynbcauuii. BMecTo mokasa M ONHMCAHUS IMOJHOW KOHCTPYKLHUHU U BCEX BO3MOXKHBIX
BAPUAHTOB MJII IPOCTOTBI U SICHOCTH IOKa3bIBAOTCS M OIMUCBHIBAIOTCS TOJIBKO HACOCHBIE
cucremel 1400, 1420, 1430 u 1440, uro HEOOXOOUMO I TIOHUMAHUS MPUHIUIIOB BAPHUAHTOB
OCYIIECTBIIEHHSI, PEACTaBIeHHbIX Ha (ur. 14A-14D, BMecTe cO 3HAUNMBIMU BapUAHTAMHU.

[70] 13 mpuBeAeHHOrO HIKE PACCMOTPEHUsl OJIHOTO BapHaHTa HacocHbIX cucteM 1400,
1420, 1430 u 1440 noKHO OBITH OYEBHAHO, YTO HET HEOOXOAMMOCTH O0s3aTeNIbHO CHAOKaTh
kaxneii Hacoc 1401 u 1402 munu-racurenem 1406/1426 unu 1407/1427. Bmecto 3TOro B
COOTBETCTBUM C HACTOSILIUM PACKPBITUEM MPEAINONArarTCsl BAapUAHTHI  OCYLIECTBJICHUS
HACOCHOM CHCTEMBbl C MHOTHMH HACOCaMH, BKJIFOYAIOINEW CHUCTEMHBbIH racutenb 1405/1425
nyjabcanuii U MuHU-racurenb 1406/1426 wmm 1407/1427, coenvHEHHBIH C BBITYCKOM IIO
MeHblIel Mepe ogHoro u3 Hacocos 1401 u 1402, 6e3 MUHHU-TacUTENsI, MPUCOSTUHEHHOTO MEKAY
BBIITyCKOM Jipyroro u3 HacocoB 1401 u 1402, u marucrpanbHoii Tpyooit 1408/1428a/1428b.

[71] IIpeanouTuTenbHO, 4TOOBI KaXIbIl U3 cUcTeMHOro racutesst 1405/1425 nynpcaunit
u MuHHu-racurenen 1406/1426 u 1407/1427 Obln peakTHBHBIM TacHTENEM C HCIOJIb30BAHHUEM
o0beMa U HEOOs3aTeNIbHO OKA3bIBAIOIIErO COMPOTHBIEHHE IOTOKY YCTPOWCTBA, OMHMCAHHOTO
Bbllle. B ciydyae cucTteM ¢ MHOTMMM HAcoCaMM OJIMH CHCTeMHbIH racutenb 1405/1425
NyJIbCAllUil MOXKET He O0eCledYuTh NPUEMIIEMYI XapaKTePHCTUKY TalleHHsl BCJIEICTBHE
CJIO)KHOCTH TPYOOIpOBOJAa M PE3YJbTHPYIOLICH CJIOXKHOCTH TOTOKa (IIFOMAa U BapUAHTOB
nyibcanuii B HeM. Kpome Toro, monbop pasmepa pe3epByapa U KOHKPETHBIX OKa3bIBAOLIHX
COIPOTHBJIEHHE MMOTOKY YCTPOMCTB JJisi cucTeMHoro racutens 1405/1425 mynbcanmii B ciaydae
KOHKPETHOT'O MPUMEHEHHs] MHOTHX HAaCOCOB MOJKET OBITh MPOLIECCOM C COKPAINAFOIIIMMCS CBEPX
OTNPENEeNICHHOrO0 YPOBHS JOXOAOM. BceneacTtBue 3TOro MOTEHLHANBHO SBISIETCS  Oolee
3¢ dexkTuBHON pa3padoTKa ONpeaeNeHHbIX CTAHAAPTHBIX Pa3MeEpOB pe3epByapa sl CHCTEMHOTO
racutenst 1405/1425 mynbcanmu BMECTe C Pa3IMUHBIMH KOH(UTYPAIUsIMH OKAa3bIBAIOIIETO
COIPOTHUBJIEHHE MOTOKY YCTPOMCTBA U KAXIOTO pasMmepa, 4ToObl 00eCHeuuTh BO3MOXKHOCTB
nonbopa pa3mepa M KOHPUTYpPALH OKAa3bIBAIOIIETO COMPOTHBJIEHHE MOTOKY YCTPOWCTBA IS
annpOKCHUMALUM ONTUMAIbHON XapaKTEPUCTUKMU TallleHHuss MpPU KOHKPETHOM IPUMEHEHHH.
Opnako fAake NMpU HaNUYUU psfia PELIEeHUM, IMOJy4aeMbIX BCJIEICTBUE BbBINIOJHEHUS] 3TOrO
nondopa, kenaemMasi WM MpHeMJIeMas XapaKTepUCTUKA TalleHNuss MOXKET He JOCTUTAThCs TPH

UCTIONIb30BAaHUHM OFHOTO cucteMHoro racurenst 1405/1425 nynpcaumii. B coorBeTcTBUH € 3THUM
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10 MEHbIIEeH Mepe OIWH HacoC U mpu HeoOxonmmoctu oda Hacoca 1401 u 1402 coepmHAOT €
muHHU-racutessimu 1406/1426 u 1407/1427.

[72] T'acurenu 1406/1426 u 1407/1427 npencrapieHsl Kak «MUHI» (MJIM KaK «MaJibley,
YTO 5KBUBAJIEHTHO), MMOCKOJbKY OHHU SIBJISIFOTCS MAJOPa3MEPHBIMHU M/UJIM MEHEEe OCHAIEHHBIMU
(HarpuMep, B YAaCTHU OKAa3bIBAIOLIErO CONPOTUBJIEHHE IIOTOKY YCTPOWCTBa (YCTpOMCTB)) A
obecrieyeHns: MPUEMIIEMOTO TalleHus MyJIbCAlUi UIsi COOTBETCTBYIoLIero Hacoca 1401 u 1402.
Onnako wmunHu-racutenu 1406/1426 u 1407/1427 B codeTaHWM C CHCTEMHBIM TacUTENIEM
1405/1425 cHWKAOT MyJbCAIlMH, & CUCTeMHbIH racutenb 1405/1425 nynbcauuii ymajaser Bce
MeIJIeHHble mysibcaiuu. Her HEOOXOOMMOCTM B TOM, YTOOBI XapaKTEPHCTUKA TalleHHs
nyJbcaluii ObUla WAEaIbHO ONTHMHU3MPOBAHA COYETaHHEM CuUcTeMHoro racutens 1405/1425
nyjabcanuii U MuHu-racutenen 1406/1425 u 1407/1427. Ongnako munu-racutenb 1406/1426
w/wim  MmuHH-racutens 1407/1427 yaydimaroT XapakTEPUCTHKY TalIeHHs IyJbCALUN 10
CPAaBHEHUIO C XapaKTEPUCTHKOW, oOecrieunBaeMOl ONHMM CHCTeMHbIM racureiem 1405/1425
nyibcanuii. J{ust kaxkmoro u3 cucreMHoro racurenst 1405/1425 mynbcanuii 1 MUHHU-TacuTeNel
1406/1425 wn 1407/1427 wHIUBUAYaAIBbHO OMNPENEISIIOT pa3Mep MW KOHQUIypauuro, a oOuIuii
pasmMep u OOIIYI0 KOHQHUIYpaLHUIO ONPENeNsOT U3 YCJIOBHUS TallleHUs] aMIUTHTYIbl MyJIbCalui
naBneHus1 (IIOUIAa B COOTBETCTBYHOLIEH HacocHOH cucteme 1400, 1420 1430 wmm 1440 no
MPUEMIIEMOTO YPOBHSI.

[73] Xors Hacrosimee pacKpbITHE OBLIO OMHCAHO TPU HCIOJIB30BAHUH IPUMEPOB
BAPUAHTOB OCYILIECTBIICHUS, PA3JIMYHbIE U3MEHEHU U MOAUDUKALUU MOTYT OBITh MPEAIOKEHbBI
CHELMAINCTOM B JaHHOW oOmacTu TexHuKHU. l[Ipenmonaraercs, 4To HACTOsIIEE PACKPBITHE
OXBAaTBIBAET TAKHWE H3MEHEHMs W MOAM(PUKALUK KaK IMOoMajarlue B 00bEM NpUIIaraeMoil

(dbopmy el H300peTeHMSL.
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®OPMYVYJIA H30BPETEHUA

1. Cucrema nopauu Quronnaa, copeprxaras:

110 MEHbIIIEH MEPE OAUH HACOC IJisd (I)J'II-OI/II[a, BBITTIOJTHEHHBIN C BO3MOKHOCTBIO IMPOKAa4YKn
¢daronaa yepes cuctemMy noxayu Qpironna;

KOPIyC Al OJHOTO Ta30HANOJHEHHOTO TacuTess MyJbCALUN TUIA, HCIONb3YIOIIEro
Kamepy, HO 0e3 KaMepbl B HEM, HJIM He COAEPIKAINero HAaIOIHUTEN TaCUTeNs MyJIbCALMI THIIA,
UCTIONIB3YIOIIETO 3JIACTOMEPHBIH padoTaroImuil Ha ckaThe MaTepuali, HO Oe3 padoraromero Ha
CKaTue€ Marc€puaja B HEM, IPHU 5TOM KOPIYyC COCAUHECH C BBIITYCKOM IIO MEHBIIEH MEpE OAHOI0
Hacoca st pJrouaa; u

TpyOONPOBOJ, COENUHEHHBIH C BBIIYCKOM [0 MEHBIIEH Mepe OJHOrO Hacoca s
(brora ¥ BRINOJHEHHBIH ¢ BO3MOXKHOCTBIO TIPUEMa U NiepeMelneHus (rronaa, mpoKaYruBaeMoro
10 MEHBIIEH Mepe OJHUM HACOCOM IS (PIIFOHNA;

onuH uin Oosee racuTeNel NMyJbCcalui, MPUCOSTUHEHHBIX B Mpenenax Tpyoonposoaa u
BBITOJIHEHHBIX C BO3MOXHOCTBIO TallleHHUs TyJbCAllMii BO (QuUIOHIe, NepeMelaeMoM I10
TPyOOMIpOBOY.

2. Cucrema momauu ¢yrouga mo m. 1, B KOTOpPOM MO MEHbIIeH Mepe OJAMH HAcOC IS
¢baronaa BKIIOYAET B ceOs MO MEeHbIIEH Mepe IBa Hacoca,

npudeM TpyOONPOBOA COAEPKUT MO MEHbIIEH Mepe OAHY MAarucTpPalbHYH TPyoy,
BBIITOJIHEHHYIO C BO3MOXKHOCTBIO TpremMa (IIronaa, MpoKavunBaeMoro o MeHbIIEH Mepe ABYMs
HAcOCaMHM, OOBETMHEHHS IPOKAYNUBAEMOT0 (PiIronaa 1 MoAavl 0O0bEJUHEHHOTO MPOKAYHBAEMOTO
¢aronna B omHO TPyOHOE COeNUHEHUE, |

IpUYeM 10 MEHbLIEH Mepe OAUH WM OoJiee racuTesel MyJbCaluil MPpeaCTaBIsIOT COOOMH
0 MEHbLIEH Mepe OAMH MUHHU-TACUTENb, MPUCOCIUHEHHBIH MEXJy BBIMTYCKOM OJHOTO U3
HACOCOB M MO MEHbLIEH Mepe OHOW MarucTpajibHON TPYyOOH, P 3TOM IO MEHbIIEH Mepe OAUH
MHUHHU-TQCUTENIb HUMEeT pa3Mep M KOHQOUIYPALMIO IJIsl CHIDKCHUS aMIUTMTYAbl IyJIbCALIUH
JaBJICHUS.

3. Cucrema nonauu ¢Jrouza mo m. 2, B KOTOPOH OnHMH Wiu Oojiee racuTeNel MmyibCaluii
NPEACTABIISIFOT COOOM CUCTEMHBIN TaCUTENb MYJIbCALIHH,

NpUYeM OJHO TPYOHOE COEAMHEHHE MPENCTaBJIseT COOOM BIYCK B CHUCTEMHBIA TaCHUTENb
MyJIbCaLlUi,

NpUYeM CHCTEMHBIH TacUTEeNbh MyJNbCAUA HMeeT pasMep U KOHPUTYpALHUIO IS
CHUIKECHUA aMILIUTYbI nynbcaum‘/’l JAaBJICHUA B O6”beI[I/IHeHHOM (1)J'II-OI/II[6, IMMPOKaA4YMBAEMOM 1O
MeHBIIeN MEpPE ABYyMH HACOCaMU, U

pUYeM IO MEHbIIEeH Mepe ONMH MHUHH-TACUTENb UMEET pa3Mep M KOH(PHUTYPALHIO IJIs
CHUXKCHUA aMILUIUTYAbI Hy.]'[bcaI_II/Iﬁ AaBJICHUSA B AOOMNOJHCHUE K CHCTEMHOMY T[dCUTEIIRO
MyJIbCALIU.

4. Cucrema nopauu Quronaa 1o 1. 3, B KOTOPOH 10 MEHbLIEH Mepe OlHa MarucTpaibHas
TpybOa mpexacrasisieT coO0i OHY MarucTpasibHy0 TPyOy, MePEeHOCINYI0 0ObeANHEHHBIN TOTOK
OT YKa3aHHBIX 10 MEHbIIIEH MEPE ABYX HACOCOB B CUCTEMHBIN racuTeIb nynbcaum‘i, 151

NpUYeM CHUCTEMHBIH raCUTeNb MyJbCAllMi NMPEACTaBIsIeT COOON peakTHUBHBIN racUTENb C
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HCIIOJIb30BAHMEM OKAa3bIBAOIEr0 COMPOTUBJIEHUE TIOTOKY YCTPOICTBA.

5. Cucrema nopmauu ¢uironza mo m. 1, B KOTOpOH MO MEHbIIEH Mepe OJWH HAcoC IS
¢monna npencrasisier coOOM MO MeHbIIEH Mepe Ba Hacoca s (Ironaa, KaXKIbli U3 KOTOPBIX
BBIITOJIHEH C BO3MOXKHOCTBIO NPOKAukU (rompa depe3 cUCTeMy mofauu (urouaa, NpuueM
KaKABIA HACOC COEIMHEH Ha CBOEM BBIMYCKE C KOPIYCOM JJisl HE COAEp KaIlero HarOJIHUTE
racuTesis MyJibCaluii TAKOro THUIIA,

IpUYEM HCHONb3YETCsl 3JIACTOMEpPHBIH padoTaroluii Ha CkaTHe Marepuai, HO 0Oe3
paboTaroiiero Ha C:kaTHe MaTepuajga B HEM, U B KOTOPOH TpyOONpPOBOA COAEPKUT MO MEHbIIEH
Mepe OIHY MAarucTpajibHyl0 TpyOy, BBIIOJHEHHYI0 C BO3MOXHOCTBIO mpuema (QIrouna,
NPOKAYMBAEMOr0 110 MEHBIICH Mepe ABYMSI HaCOCaMH, OOBEIMHEHHsI TPOKaunBaeMoro Quronna
U noiayn 00 BEIMHEHHOTO MPOKAYMBAEMOro (IIFOMIA B OTHO TPYOHOE COeTMHEHHE.

6. Cucrema nonaun (pyrouza o 1. S, B KOTOPOH MO MEHbINEH Mepe OJJHAa MaruCTpasibHas
TpyOa BKJIFOUAET B ce0sl MEPBYI0 MArHCTPANbHYIO TPYOy, MEPEHOCSIIYI0 MOTOK OT MEPBOro U3
yYKa3aHHbIX IO MEHblLIeH Mepe ABYX HAcOCOB B CHCTEMHBII racuTelb MyJbCalluii, U BTOPYIO
MarucTpasbHYIO TPyOy, MEPEHOCSINYIO MMOTOK OT BTOPOTO U3 YKa3aHHBIX MO MEHbIIEH Mepe IBYX
HACOCOB B CUCTEMHBIN raCUTeNb MyJIbCALIUN.

7. Cucrema nonauu (Jrouzaa Mo m. 5, B KOTOPOH onuH win Oojiee racuTeNel myibCcaui
NPEACTABISIIOT COOOH TMEepBBIi MHUHHU-TACHTENb, NMPHUCOSIWHEHHBI MEXIYy IMEPBBIM W3 JABYX
HACOCOB M IO MeEHbIIEH Mepe OIHOM MarucTpaibHOW TPyOOH, M BTOPOW MHHH-TACUTEND,
MIPUCOECINHEHHBIN MEXAY BTOPBIM U3 ABYX HACOCOB U IO MEHBLIEH Mepe OAHOU MaruCTpajJbHOU
TPYyOOii.

8. Cucrema momauu ¢urouna mo m 1, B KOTOpPOW IJIMHA 1O MEHBbIIeH Mepe OIHOMN
MarfcTpajibHOW TPYObl MEXAY BBIXOAOM IEPBOrO U3 IBYX HACOCOB s (pIFOMIA M BBIXOOM
BTOPOT'O U3 IByX HACOCOB AJIs (DIIFOMIA OCHOBAaHA HA paboueM AaBJICHUU MEPEeKAdKH.

9. Cucrema nmogauu ¢uronaa no 1. 1, B KOTOpoil KOPIyC COAEPIKUT HENPOAOIKUTENIBEHO
paboTaroIMii raCUTENb MyJIbCALUI, BHOCSIIHMIA BKJIAJ B TALICHUE TTyJIbCALHI.

10. Cucrema mopmaun ¢Quronaa mo m. 1, B KOTOpPOH KakIObli M3 OJHOTO WM OoJjee
racuTeneil myJbcalMi TMPEenCcTaByisieT COOOW pPEaKTHUBHBIA TacHTelb C HCHOJb30BAHUEM
OKa3bIBAIOLIETO CONPOTUBJIEHHE [TOTOKY YCTPONHCTBA.

11. Cnocob, conepskamuii STambl, Hd KOTOPBIX:

MPUCOEIUHSIOT 110 MEHbIIEH Mepe OJIUH HAcOC sl (DIIFOUAA, YTOOBI MPOKAYUBATE (PITFOU]T
gyepe3 CHCTeMy rojadu (Jrouaa, MPH 3TOM C BBITYCKOM IO MEHbIIEH Mepe OJHOr0 Hacoca IJis
¢dnronna COEAMHSIOT KOPIYC, KOTOPBIH KOH(PHUIYPHPYIOT IUIi OJHOTO Ta30HANOJHEHHOTO
racuTensl NyJbCalMH THIMA, HCIOJB3YIOLIEr0 Kamepy, HO Oe3 KaMmepbl B HEM, WIH He
COZIEp’KaLlero HAIOJHUTENsI TacuTeNs NyJbCaliy THIA, HCIOJB3YIOIIEro 3J1aCTOMEPHbIH
paboTaromuii Ha CkaThe MaTepwaia, HO 0e3 padoTarImero Ha CkaTue MaTepuaja B HEM, B
KOpIYCE,

COEAMHSAIT TPYyOONIPOBOA € BBITYCKOM IO MEHbIIEH Mepe OJHOro Hacoca st (rouaa,
9TOOBI MPUHUMATD U NepeMeInaTh QIron], MPOKAYMBAEMbIl 10 MEHbIIEH Mepe OTHIUM HacOCOM

s puronna; u
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NPUCOCANHSAIOT OJUH WM Oosiee racuTenel mysibcaluii B mpenesnax TpyoonpoBoaa, mpu
5TOM KaX/bIH U3 OJHOTO WUJIM HECKOJIbKUX racuTeNel MyJbCalUii BBIMOIHSOT C BO3SMOKHOCTBIO
raiieHus myJibcanuii Bo Quonze, nepeMenaeMoM 1o TpyooIpoBoay.

12. Cnoco6 mo m. 11, B KOTOPOM 1O MeHbLIeH Mepe OJUH HAcOC i (PIIIoH/Ia BKIIIOYAET B
ceOst M0 MeHbIIEH Mepe ABa Hacoca,

npudeM TpyOONpPOBOJ COXEPXKUT IO MEHbLIEH Mepe OOHY MAaruCTpajbHYK Tpyoy,
BBIMIOJTHEHHYIO C BO3MOXKHOCTBIO MpueMa (IIonza, IPOKaYMBAeMOro 10 MEHbIIEH Mepe IBYMs
HAcOCaMHM, OOBETUHEHHsI MPOKAYNBAEMOTr0 (PiIrouaa 1 MoAavl 0O0bEJUHEHHOTO MPOKAYHBAEMOTO
¢barouna B o1HO TPyOHOE COeNMHEHUE, U

NpUYeM ONIMH WK OoJiee racuTeNel MyJbCaluil MPeACTABISIOT COOOH O MeHbIIeH Mepe
OJIUH MUHU-TAaCUTEJNb, MPUCOEINHEHHBIN MEKAY BBITYCKOM OJHOTO M3 HACOCOB W MO MeHbIel
Mepe OHOW MarucTpaibHON TPYOOIi, MPU 3TOM MO MEHbIIEH Mepe OAMH MUHU-TACUTETh UMEET
pa3Mep B KOHPUTYPALHIO U CHIYKEHUS] aMILUTHTY bl YJIbCALIUN TaBJICHHS.

13. Cnoco6 mo n. 12, B KOTOPOM OIMH MK OoJiee racuTeNiell MyJIbCalui MPEICTaBISIOT
co0O¥ CHCTEMHBIH raCUTENb MyJIbCAIHH,

NpUYeM OTHO TPYOHOE COEAMHEHHE MPENCTaBIsseT COO0M BIYCK B CHCTEMHBIH TaCUTENb
MyJbCaLlUi,

NpUYeM CHCTEMHBIH TacUTeNb IyJbCallMid HMEeT pa3Mep M KOHPHUIYpaluwoo s
CHIDKEHHsI aMIUIUTYIbl MyJbCAllMH JaBIE€HUs] B OOBEOUHEHHOM (hronzae, MpOKauuBaeMOM I10
MEHbLIEH Mepe ABYMs HacOCaMH, U

NpUYeM 0 MEHbLIEH Mepe OJUH MHHH-TACUTENb UMEET pasMep U KOHPUTYpALHIO AJIs
CHI)KEHUs aMIUIUTYyAbl MyJbCALUN JaBlI€HHUs B JAONOJHEHHE K CHCTEMHOMY TacHUTEN0
yJIbCALIUIA.

14. Crnoco6 mo m. 13, B KOTOPOM MO MeHbIIEH Mepe OJHa MaructpaibHas TpyOa
IpeCTaBsieT COOOH OHY MAaruCTpasbHyr TpyOy, NMEepeHOCAINy0 OObEAMHEHHBIH MOTOK OT
yKa3aHHBIX MO MEHbIIEH JBYX HACOCOB B CUCTEMHBIN raCUTeNb MyJIbCaLUi, 1

NpUYeM CUCTEMHBIN raCUTENb MyJbCAllMHA NMPEACTaBIsIeT COOOH pEeaKTHUBHBIN racHTENb C
HCIIOJIb30BAHUEM OKa3bIBAIOIIEr0 COMPOTUBJIEHHE TIOTOKY YCTPOICTBA.

15. Cnocob mo m. 11, B KOTOPOM 1O MEHBLIEH Mepe OJUH HAcOC AJis (PIIFOHIa BKIIIOYAET B
cedss mMO MeHbLIeH Mepe 1Ba Hacoca aiusl (uronga, KaxIbldi W3 KOTOPBIX BBINOJIHEH C
BO3MOKHOCTBIO TIPOKAUYKU (IIFOHMIA Yepe3 CUCTeMy Nojadu (Ironaa, MPH 3TOM KaXKAbI HACOC
COEJMHEH Ha CBOEM BBINYCKE C KOPIYCOM JJii HE COJEep’Kallero HAaMOJHUTENs TacUTes
NyJIbCALUI THUIA, MCIOJB3YIOLIETO 3JIACTOMEPHBINH padoTAIOMINI Ha CKaTHe MaTepual, HO Oe3
paboTaroiiero Ha c)xaTue Marepuaja B HeM, U

npudeM TpyOONPOBOA COAEPKUT TO MeEHbIIEH Mepe OAHY MAarucTpPajibHYH Tpyoy,
BBIITOJIHEHHYIO C BO3MOXKHOCTBIO TpreMa (hIIronaa, MpoKavunBaeMoro o MeHbIIEH Mepe ABYMs
HAacoCaMH, OOBETUHEHHS MPOKAYNBAEMOT0 (PIIroNaa 1 MoAavl OOBEIMHEHHOTO MPOKAYHBAEMOTO
¢aronaa B ogHO TpyOHOE COeTMHEHUE.

16. Cnoco6 mo m. 15, B KOTOpOM MO MeHbIIEH Mepe OJHAa MarucTpaibHas Tpyda

BKJIFOYAaeT B ce0s MEpPBYI0 MAaruCTpPalbHYIO TpyOy, MEPEeHOCAIIYI0 IMOTOK OT MEPBOro u3
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YKa3aHHBIX 110 MEHbLIEH Mepe ABYX HAacOCOB B CHCTEMHBII I'acUTENb MyJbCalluii, U BTOPYIO
MarucTpasibHyI0 TpyOy, MEPEHOCSINYIO MMOTOK OT BTOPOTO U3 YKa3aHHBIX MO MEHbIIEH Mepe IBYX
HACOCOB B CUCTEMHbBIN raCUTENb MyJbCALUMI.

17. Cnoco6 no n. 15, B KOTOpOM OAMH WK Oosee racuTenell MmyJbCaluii MpenCTaBiIsoT
co0oll mepBblii MUHU-TACUTENb, MPUCOEANHEHHBbIH MEXAY MEePBBIM M3 JBYX HACOCOB H IO
MEHbLIEH Mepe OIHOW MarucTpajbHOW TPyOOH, M BTOPOW MHHHU-TACHTENb, MPHCOCIMHEHHbIH
ME3Ky BTOPBIM U3 IBYX HACOCOB U IO MEHbIIEH Mepe OJHON MarucTpaibHON TPyOoil.

18. Cnoco6 no m. 11, B KOTOPOM JAJTMHA 1O MEHbLIEH Mepe OJHONW MaruCTPajibHON TPyObI
MEKAY BBIXOIOM IMEPBOTO U3 JBYX HACOCOB ISl (MIIOHMA U BBIXOJOM BTOPOTO M3 IBYX HACOCOB
st pIrona OCHOBaHA HA paboyueM JaBJIEHUU TIEPEKAUKH.

19. Crocob mo m. 11, B KOTOPOM KOPIYC COAEPKUT HEMPOMOLKUTENBHO PabOTArOIIUIA
racuTesb MyJbCalui, BHOCSIIUHI BKJIAJ B Fall€HUE MTyJIbCALIUI.

20. Cnocob mo m. 11, B KOTOPOM KaKABI M3 OJHOTrO WK OoJiee racuTeNieil myJibCarii
NpeACTaBIsieT COO0M peaKTUBHBIN MACHTENb C HCIOIb30BAHUEM OKa3bIBAIOIIETO COMPOTUBIICHNE
MOTOKY YCTPONCTBA.

ITo noBepenHocTn
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