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(57) Pedpepar:

MpucTpin dopmyBaHHs BMCOKOHanNipHoro KBasiHenepepBHOro CTPYMEHH PiAVHN 3
HU3bKOEHEePreTUYHOro rpasiTauinHOro MNOTOKY MICTUTh: 30BHIWHE Axepeno (R1) cyuinbHoro noToky
PiOVMHM 3 KOHCTPYKTUBHO (PiKCOBAHOK BUCOTO rpasiTauinHol nogadi B gianasoHi Big 0,65 go 1,5 wm;
NoXunun nodasaneHUi Tpyoonposig (1), nepmi KiHeub SIkoro Yepes kKyTose kKoniHo (19) 3'egHaHui 3i
3rafjaHum 30BHiLWHIM pxepernom (R1), a opyrun kiHeub Yepes KyTose KoniHo (18) 3'egHaHun i3 BXogoM
KnanaHa-nepepuBHvka (2); WoHaMMeHLe OAWMH MPYXWHHUA iIMNYNbCHUA racHUK amnniTyan TUCKY
yAapHoi xsuni (17), BCTaHOBNEHW Ha nogasansHoMy Tpybonposogi (1) Ta BUKOHAHMIN 3 MOXIMBICTIO
AeMndyBaHHSA KONMUBaHb TUCKY; MOBHOMPOXiAHWM 3anipHui kpaH (K) WBWAOKOI 3YNUHKX MOTOKY,
BCT@HOBMEHUW Ha nogasanbHOMy Tpybonposoai (1); 3BOPOTHMI KnanaH-nepepuBHUK (2), BUXig SKOro
3'eAHaHN 3 rOpM3oHTanNbHUM pobounmM TpybGonposodoMm (3); ropmsoHTanbHU pobouni Tpybonposia
(3), 3'egHaHun 3 BXOAOM yAapHOro 3BOPOTHOro knanaHa (4); yaapHun 3BOpOTHUW knanaH (4), Buxig
AKoro 3'egHaHui 3i 3nmBHMM Tpybonposogom (5); anusHun Tpybonposig (5), 3'eaHaHnn Yepes KyToBe
koniHo (14) 3 rigpo3aTBopoM (6) 3 MOCTIMHUM PIBHEM PiAMHU, BUKOHAHMM 3 MOXIUBICTIO 3anobiraHHs
3BOPOTHOMY MiACOCY NOBITPS; MOCMIAOBHO BCTAHOBIIEHI HA 3NMBHOMY TpybonpoBogi (5) Mix 3aragaHum
KyToBMM komniHOM (14) Ta rigpo3aTBopoM (6) LWOHAMMeEHLLe OAMH NPYXWHHUIA TigpaBrivyHuin
iMAYNbCHWIA racHWK amnniTyan TUCKy manoro moaynsa (15) ta gpocentoBansHe conno Jlasansg (16),
BMKOHaHi 3 MOXNMBICTIO MOBHOI Aucunauii eHeprii Manoro iMnyrnbCHOrO MOAYNSA; HarHiTanbHUR
3BOPOTHWI KnanaH (7), Bxig sikoro Yyepes3 ogHe abo ABa 3'eqHyBarbHi KyToBi koniHa (8, 13) 3'egHanui
3 poboumm Tpybonposodom (3), a Buxig 3'€gHaHMI 3 FOPU3OHTaNbHNM HanipHUM Tpybonposoaom (9);
ropuM3oHTanbHUM HanipHui Tpybonposig (9), 3'egHaHMM i3 BXOAOM TPAH3UTHOMO MeMOpaHHOro
rigpoakymynatopa-ctabinizatopa (10); TpaH3uTHWIA MeMOpaHHWIA rigpoakymynsiTop-crabinisaTop
(10), BMKOHaHWW y BUMA4I MembpaHHOro rigpoakymynsTopa 3 po3fifibHMMMK ra3oBOK Ta PIOUHHOM
Kamepamu, piBHMMM 3a 06'eMOM 3 [OMYCKOM BigxuneHHs He Ginbwe 2 %, npu ubomy MembpaHa
3abe3neyvye NPOXOAXeHHs piguHM 6e3 HaKoMMYeHHs, piguHHa Kamepa OCHalleHa ABOMa OKpeMuMu
noptamm - BXigHUM Ta BUXigHUM, WO 3abesneyvye TpPaH3UTHUI pexum poboTn, a rasoBa Kamepa
BMKOHaHa 3 MOXIMBICTIO MONEPEeAHbOro 3apsMKEHHS TUCKOM, MEHLUMM 3a PO3PaxyHKOBWUIA TUCK
OCHOBHOTO iMMyNbCHOMO MOAYNsA Ha BenuuuHy Big 2 o 17 aTtm; nepexigHun Tpybonposig (11),
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3'eQHaHMA 3 BUXiOHWM MOPTOM rigpoakymynsitopa-ctabinizatopa (10) Ta BXOOOM COMMOBOrO
enemeHTa (12); connosuii enemeHT (12) 3 NNaBHUM KOHYCHUM NepexoaoM A0 MPOEKTHOIO BUXIOHOrO
OTBOpY, OCHALLEHUA PyXOMOIO 3amipHOO FOMKOK, BUKOHAHOK 3 MOXIUBICTIO NepemilleHHs nig Agieto
TUCKY MOAYNS PiAVHWM Ta NOBEPHEHHHA MPYXWHOK AN peryntoBaHHSA MpPOXigHOro 3as3opy BMXiQHOMO
oTtBopy. [puyomy 3ragaHi eneMeHTU BUKOHaHi 3 MOXNUBICTIO HaratoeTanHoro NepeTBOpeHHs eHeprii
BXiZHOroO MOTOKY LUMSIXOM iHiUiloBaHHA rigpoyaapiB, (popMyBaHHS OCHOBHOIO OUCKPETHOro Moayns y
nigBULLLEHOMY eHTanbniMHOMY CTaHi Ta NodanbLUOro NepeTBOPEHHSI HaKonmuMyeHoi poboTu TUCKY Ta
LWBMAKICHOI  CKMagoBOi  MOTOKY, WO pa3oM BU3HA4yaloTb [MOTOKOBY MeXaHiyHy eHTanbnito
CHOPMOBAHOIO IMMYNbCHOMO MOAYMS, Yy KiHETUYHY EHEprilo CMpSMOBAHOrO CTPYMEHS Ha BWXOAI
COnnoBoro enemexTa (12).
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KopucHa mopenb HanexuTb A0 ranysi rigpaerika Ta rigpoeHepreTmyHe MalMHOOyAyBaHHS,
30KpemMa CUCTeMM NepPeTBOPEHHST NOTEHUINHOT eHeprii HU3bKOHAMIPHUX rpaBiTaLiHUX MNOTOKIB PigvHM
Y KIHETUYHY eHeprito BUCOKOHaMIPHMNX KBa3iHENEPEPBHUX PEAKTUBHUX iMMYSIbCHUX CTPYMEHIB.

3 piBHS TEXHiKM BiJOMi HACTYMHi pO3pOobKM.

lpgpaBniyHMiA TapaH, WO BUKOPUCTOBYE KIHETUYHY €HEprilo MOTOKY ANS NiAMOMYy YaCcTUHW BOAWU Ha
Bucoty. [Oxepeno: E. W. Leese, "Hydraulic Ram Pumps: A Guide to Design and Installation",
Practical Action Publishing, 2008].

Bigomnii TennoreHepartop-BodonigiiMay 6e3 CrnoXXvMBaHHSI €NeKTPUYHOI eHeprii i NanbHoro, Lo
MICTUTb TigpoTapaH, SIKUA Mae XMBUIMTbHY TpyOy, BiAOIMHUI Ta HarHiTanbHWIA KranaHu, NOBITPSHWUIA
KOBMak, HarHitanbHy TpyOy, HanipHui ©Oak. B rigpoTapaH OoOaTKOBO BBEAEHO BOAOHaMipHWUIA
pesepByap, 3'egHyBanbHy Tpyby, KnanaH-nepepuBHMK BOAHOMO MOTOKY, MPUYOMY KranaH-nepepuBHUK
i HarHiTanbHWIA KranaH 3'€QHYIOTb MK CODOH >KOPCTKOH KOHCTPYKTUBHOK 3B'A3KON, MIBCCHEPUHHMIA
KaBiTaTtop, SKUA BCTAHOBIOKTbL OiNns KnanaHa-nepepuBHUK BCEPEAMHI XUBWIBbHOI TpyOuW, KnanaH
HagMIpHOro TWUCKY | MOBITPSAHWMA KnamaH, SKi BCTAHOBMIOWTb Y MOBITPSHOMY KOBMaKy, €MHICTb 3
PYXOMWM TOSFIOKOM, $IKi BUKOPUCTOBYIOTb AN perynioBaHHA LUBWAKOCTI NOTOKY BOAM Ha BXo4i
XMBUNbHOI TPyOK, KpaH cnoxusaya, Sk BCTaHOBMNIOKOTbL B HanipHomy 6Gaky. ["TEMJTOMEHEPATOP-
BOOOMIAIMMAY BE3 CMOXWBAHHA ENEKTPUYHOI EHEPTIT | MANBHOIMO" nateHT Ne 88309,
3asgBka Ne u201311673, BuHaxigHuk: Hedepos KOpin IBaHoBKMY]. Hepgonik: eHepria cnpsmoBaHa Ha
nignom, a He Ha hOPMyBaHHS CNPSMOBAHOIO BUCOKOLUBMAKICHOTO KBa3iHENEPEPBHOrO CTPYMEHS.

IMNynNbCHI Hacocu, B SAKUX MOTIK PIOUHU NepepuBaETbCA KranaHHUM MeXaHi3MOM, BUKIMKa4u
Cepilo yoapHUX XBWUMb Ta iMNYNbCIiB TUCKY, LLO BUKOPUCTOBYIOTLCS ANst TPAHCMOPTYBAHHA pigvHN abo
nigBuLLeHHs TUcky. CTBOPIOOTL CTPUOKM TUCKY ANsi TpaHcnopTyBaHHsS piguHn [xepeno: H. W.
Liepmann, A. Roshko, "Elements of Gasdynamics”, Dover Publications, 2001.].

Bigomuii npuctpin gns nepekadyBaHHA pigMHM 3 DKepena B 3afjaHe Micue, BigdaneHe Big
pxepena. MNMpucTpin MiCTUTb rigpaBniyHMI Hacoc, WO Mae KaMepy Ans nepekavyBaHHsa pigvHuM i 3acid
HaKOMMYEHHSA MOTEeHUInHOT eHeprii. Hacoc 4vepes 3acib ynpaBniHHa 3'€egHaHui i3 3ajaHnM Micuem,
BULLE 3@ MOTOKOM i 3 IKEpernom, Hmwk4e 3a NoTokoM. 3acib ynpaBniHHA Takox 3'‘€eQHaHWiA 3 OpYyrum
3acobom nepekayyBaHHs i 3abesneyye nepegavy iMnynbCiB rigpaBnidHOro TWUCKY Big Hacoca no
TpybonpoBogy Ao Hacoca. [igpaBniyHi iMnynbCM nNpMBOASATL B Aitl0 Hacoc, 3abesnevyloum K
nepekayyBaHHS piguHW 3 JKepena B KaMepy, TaK i HaKONWYeHHS 4YacTMHW eHeprii imnynecy. Y
NPOMDKKaX MK iMNynbCcaMy HakonuyeHa eHepris BUKOPUCTOBYETbCA ANS NpUBEOeHHS B Jilo Hacoca
AN nofadi BigkavaHoi piAMHM B 3adaHe Micue Ta MoBepHeHHs1 ob6'eMy rigpaBniyHoi pignHM, Wo
JopiBHIOE 0bcAry poboyoro rigpaeniyHoro imnynbcy. Hacoc moxe Oyt gBogiacgpparmoBoro, abo
ABonopLuHeBoro Tuny, 3'eAHaHux nocnigoBHo. ["Pulse driven hydraulic pump" nateHT Ne
US4553910A, BuHaxigHuk: Terry Gosschalk]. Hegonikom € Te, o npucTpinn NnoTpebye 30BHILLHBOIO
npuBogy abo Hacoca.

lNgpoygapu B npomMucnoBmx Tpybonposogax. Y cucteMax TpybonpoBoiB Npu WBUAKOMY 3aKPUTTI
abo BiOKPUTTI 3anipHOi apmaTtypu BMHMKAOTb rigpoyaapHi xBuni Tucky. Lii edpektn BuBYaoThCa Sk 3
TOYKM 30pYy 3anobiraHHA pyMHyBaHb, TaK i ANS 3aCTOCYBAHHA Yy CUCTEMAX i3 KEPOBAHUM iMMYSIbCHUM
HaBaHTaxeHHAM. [[xepeno: Wylie, E. B., Streeter, V. L., "Fluid Transients in Systems", Prentice Hall,
1993].

Cuctemun iMNynbCHOrO BMOPCKYBaHHS, LLO 3aCTOCOBYKOTbLCA Y MNanMBHUX cUCTeMax [OBWUryHiB
BHYTPILWHLOrO 3ropsiHHs, e (POopCyHKM nofalTb NanuBO Y BUrMNSAAI BUCOKOLUBUAKICHUX iMNYMbCIB,
CUMHXpOHi30BaHux 3 pobouum uuknoMm gasuryHa [Oxepeno: R. Stone, "Introduction to Internal
Combustion Engines", Macmillan Press, 1999].

IMNyNbCHI reHepaTopy TUCKY AN rigpaBniYHNX CTEHAIB, O BMKOPUCTOBYOTLCS ANst BUNpoOyBaHb
TpybonpoBoaiB Ta obnagHaHHs. Y cuctemax CTBOPHOHTLCSA peryrboBaHi KOPOTKOYACHI CTPUBKM TUCKY
i3 3agaHolo amnniTygoto Ta vYactortoto [[bkepeno: M. Wiggert, J. Hatfield, "Transient Flow in Systems",
ASME Press, 2012].

lNopoouHamiyHi cuctemu, WO MpaulolnTb 3 iMAyNbCamMu TUCKY, MOXYTb CTBOPHOBaTU edeKTH,
aHarnoriyHi BipTyanbHOMY nepenagy BUCOTH, i3 BUKOPUCTAHHSAM a3 po3pimKeHHa Ans 36inbLIeHHSs
LWBMAOKOCTI MOTOKY Ta nigBULIEHHA edeKTUBHOCTI cuctemun. Hanpuknaa: Pulsation Dampeners
(Hamworthy)  [https://www.debem.com.ua/eng/nasos/dempfer/equaflux_51/] - npuctpoi, sKi
KOHTPOSOKTb | BUKOPUCTOBYHOTb iMMNYNbCK TUCKY B rigpocucTemax ans 30inbLIeHHS WBMAKOCTi MOTOKY
Ta ctabinisauii Tucky. Bigoma po3pobka, sika € reHepaTopoM MynbCyl4Oro NOTOKy Ans peanisauii
nepioguyHMX MNynbCyuYuX 3MiH TUCKY PiaMHM BiONOBIAHO OO KOHCTPYKTUBHMX HOPM, IO MICTUTb
pesepByap ANs piavHKU, TONoBHY TpyOy, HanipHW Hacoc, TPUXodoBe 3'eQHaHHS, BUXiAHWMIA NaTpybok
NynbCy4Oro NOTOKy, NaTpyboK perynioBaHHs TUCKY, MEXaHi3M 3MiHW LUBWOKOCTI, ABUrYH Ta CUCTEMY
perynoBaHHsA LBUAKOCTI ABWUryHa. Ha ronoBHi Tpybi BCTAaHOBMNEHO HamMipHMI Hacoc. HanipHui Hacoc
BCMOKTYE piake pobode cepeaoBuLle 3 pe3epByapa ANS PiuHN Ta Nogae Moro B rofioBHy Tpyby nig
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NocTiMHUM TuckoM. OAMH KiHeub TpiHMKa 3'€4HAHUM 3 BMXIOHUM NaTpybKOM MynbCyHUYOro MoTOKY.
IHWKN KiHeub 3'egHaHU 3 pe3epByapoOM AnNg piavHM 4depe3 naTtpybok perynioBaHHA TUCKY. Ha
naTpyoKy perynioBaHHA TUCKY BCTAHOBIIEHO NOBOPOTHUI knanaH 6esnepepsHOT Aii. ABuryH 3'egHaHui
3 MOBOPOTHMM KranaHom 6e3nepepBHOI Aii Ha naTpyOKy perynioBaHHA TUCKY 4Yepe3 KOHCTPYKLIO 3i
3MiHHOW WBKAKiCTO. [BuryH nigkntoyveHuii. ["Pulsating flow generator" MNMateHt Ne CN201344172Y,
BuHaxiguk: 774 IR #Rik R S IER IKEE]

PeaktopHi cuctemn 3 kaBiTauieto. KasiTauis gk sBuLle po3pimKeHHS BUKOPUCTOBYETbCHA AN
CTBOPEHHS nepenaais TUCKY, L0 Npu3BoaATb A0 36inblUeHHS LWBMAKOCTI NOTOKY. Lle 3acTtocoByeTbCA
B OesIKMX XIMIYHUX peakTopax i Hacocax, Ae KaBiTauis NpucKoproe NoTik pianHu. Hanpuknaa: Aerozinc
Cavitation Reactors - cuctemn, WO BMKOPUCTOBYIOTb KaBiTauilo Ans MOKPAaLLEHHs MOTOKY Ta
CTBOPEHHS nokanbHUx nepenagis TUCKY.
[https://www.researchgate.net/publication/390677908 Zastosuvanna_avisa_kavitacii_i_kavitacijnogo_
reaktoru_dla_intensifikacii_procesu_esterifikacii].

Heponikamn aHanoriyHnx po3pobok € He3gaTHICTb ¢hopmyBaTU KBas3iHEMEPEpBHUI CTPYMiHb
Bncokoro Tucky (20-100 atm) i3 kopucHot BuTpaToo Boau 50-500 n/c BUMKIOYHO 3a paxyHOK
HusbkoHanipHoro (0,65-1,5 M) rpaBiTauinHOro NOTOKY; iCHytOYi aHanoriB (rigpoTapaHn Ta iMNynbCHI
Hacocwu) 3abe3nevyroTb 3HaYHO MEHLLI TUCKU Ta OUCKPETHWUI, a He KBa3iHenepepBHUA NOTIK.

OCHOBHUMMN OBMEXEHHAMU ICHYIOUMX PO3POBOK, €:

- AKymyrnioBaHHA eHeprii y HakonuyyBanbHWX pesepByapax abo mMembpaHHWX akymynsTopax
nNpuU3BOAMTbL 40 ANCKPETHOCTI NoAadi Ta obMexXye 4acToTHMI fiana3oH poboTu.

- 3anexHicTb BMXiQHOrO TUCKY Ta BUTpATK Big po3MipiB Hakonu4yyBada i BUCOTU NafiHHS, WO He
[03BONSIE AOCArTM BUCOKOHAMIPHOIo NOTOKY NpW Manomy rpasiTauintHoMy Hanopi.

- 3aTpumka peakuii cMcTeMU - €eHepris HakoMMYyeTbCs Neped MoJadvelo, WO YCKMNagHoe
onepaTMBHe peryrnoBaHHA Ta cTabinisauilo cTpymeHs.

TakMM 4YMHOM: akyMynsuiiHa npuvpoAda aHamnoridHMX po3pobok OOMeXye iXHIW 34aTHICTb A0
LWBMAKoro, pasoBo-koOpANHOBAHOrO hOPMYBaHHSI KBasiHENEPEPBHOro MNOTOKY. ICHye HeobXigHICTL B
YCYHEHHi 3a3HayeHux OOMexeHb, Ta po3polbui HOBOI cucTemu, WO 3abesnedye BMCOKOHAMNIpHUN
KBasiHenepepBHW CTPyMiHb Ge3 HakonmuM4eHHs eHeprii. 3anponoHoBaHun IHTerpaTtop ycysae Ui
0BMEXEHHS!, 3aCTOCOBYHYN ANCKPETHO-iMMNyrNbCHE DOPMYBaHHSA MOAYMIB MOTOKY 3 ha30BUM 3CYBOM,
Lo 3abesnevye BUCOKOHaMIPHMI KBasiHENEpEPBHMIN CTPYMiHb Be3 HakonM4YeHHs eHepri.

B ocHoBy npucTpolo nocTaBneHO 3agadvy 3abesneyeHHs  MOXMMBOCTI  BUKOPUCTAHHSA
dyHOaMeHTanbHUX i3UYHUX ABULL - 30KpeMa, NepeTBOPEHHS HEBENNKOI NOTEHLNHOI eHeprii cToBna
PiAVHW Y KIHETUYHY eHeprilo KepoBaHWX IMMYNbCHUX MOTOKIB i3 KOHTPOMNbOBAHWM (pa3oBUM 3CYyBOM
LMKNIB NpU OUCKPETHO-IMNYMbCHOMY MEepPeTBOPEHHI eHepril HU3bKOHaMIpPHOro rpasiTauinHOro NOTOKY
PiAVHM Y BUCOKOHAMIpHWA KBaliHenepepBHU CTPYMiHb i3 3aJaHMMW napameTpamm TUCKY Ta
MaKcMMarnbHO KOPUCHOK BUTPATOK PiANHM.

TexHiyHa 3ajauya: CTBOPEHHS CUCTEeMK, WO [J03BOMUTbL edeKTUBHO nepeTBopoBaTH
HU3bKOEHepreTUYHUIM rpasiTauinHuiA NOTIK Y BUCOKOHANIPHWUIA KBasiHenepepBHUI CTPYMiHb 3a paxyHOK
KepoBaHOro BUKOPUCTAHHA rigpoyaapHux sBulw, i (ba3oBUX NepexodiB TUCKy, 3abesnevyioum npu
LibOMY NPOCTOTY, HAAiMHICTb Ta aBTOHOMHICTb.

lMocTasneHa 3agava BUPILLYETLCA LUMSXOM CTBOPEHHSA MPUCTPO DOPMYBaHHSI BUCOKOHAMIPHOIo
KBa3iHenepepBHOro CTPYMEHS PiAVHU 3 HU3bKOEHapreTMYHOro rpasiTauinHOro MOTOKY Ha OCHOBI
rpasiTauinHo-iMnynbCcHoro iHTerpatopa notoky (Gravity Impulse Flow Former - GIF?) (gani - cuctema
npuctpoto GIF? abo npuctpin GIF?).

paBiTauiiHo-iMNynbCcHUA  iHTerpatop notoky GIF?  npusHayeHo ana POpMyBaHHS
KBasiHeNnepepBHOro PeakTUBHOIO CTPYMEHS piauHu BUcokoro Tucky (20-100 atm) 3 konimoBaHot abo
KOPOTKO(POKYCHOK KOHBEPreHTHO CTPYKTYPOK  LUMASXOM reHepauii MNOCRiAOBHUX ANCKPETHUX
iMAOYNbCHUX MOAYNIB 3 NiABULLEHMM eHTanbhninHMM CTaHOM Ta 3adaHuMM KoedilieHToM da3oBoro
nepekputTa (5-50 %).

lMoYaTKOBUWM HU3BKOEHEPreTUYHUIA TpaBiTaliiHUA CyLiNbHUN MOTIK BUMKOHYE PYHKLIO iHiuiauii
LMKNIYHUX NPOLECIB 3 YNPaBnsloyMMM Ta CUHXPOHI3YOUMMU TigpoyaapHUMM BNIvMBaMu, BHACHIOOK
yoro (QOPMYETBLCS FOKani3oBaHWMA IMNYMbCHUA MOAyMb 3i 3pOCTaHHSAM MOTOKOBOI eHTanbnii 3a
paxyHOK MigBULLIEHHS TUCKY Npw rigpoyaapi. MNoganblue nepeTBOPEHHsI Ta Nepepo3noain eHeprii TUCKy
MiX rigpoguHaMiYHUMKM NpoLecamMmn CUCTEMM, 3a YMOB MOABIMHOIO NepepuBaHHsA NoToKy, 3abesneuvye
BUIINEHHSA OKPEMOrO AUCKPETHOrO iMMyNbCy, NOro NPUCKOPEHE NepeMilLleHHs No TpakTy, ctabinisadito
napameTpie Ta OPMYBaHHA KBa3iHENEPEPBHOMO PEaKTUMBHOMO CTPYMEHS Ha BUXOAi COMMOBOro
enemMeHTa.

Mpy UbOMY BMKOPUCTOBYETLCA edekT MiABULLIEHHS LWIBWMAKOCTI CYUiNbHOrO MOTOKY, 3YMOBMEHUN
XBWUIbOBOK B3aeMogieto 3 has3oto po3pigkeHHs Ta/abo CTBOPEHHSIM KOHTPONbOBAHOMO NianipHOro
TUCKY, WO 3abe3nevye edeKTMBHE MEPETBOPEHHS MOYaTKOBOI MEXaHIYHOI eHeprii rpasiTauiiHoro
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Hanopy piavHu 6e3 3any4eHHs 30BHILLHIX J)Kepen eHepril.

Ona uinen iHxeHepHoro aHanisy Ta nobyaoBu eHepreTuyHMx 6GanaHciB y [aHOMy OnuCi
NigBULLEHWUIA eHTanbniiHWA CTaH iMNYNbCHOrO MOAYNS PO3rnsfacTbCsa Yy CNpPOLLEHOMY BUMNAAI SK
rpaHM4Ha MexaHiyHa poboTa noToKy, fAka Moxe OyTu peanizoBaHa nig 4Yac noAanbLUoro
KBa3iCTaTUYHOrO PO3LUMPEHHA MOAYNs OO aTMOCHEPHOro TUCKY. Y LbOMY HabnuKeHHi eHTanbnis
iMNYNbCHOrO MOAYNS OTOTOXHIOETHCA 3 WMOro MOTEHUINHOK 34aTHICTIO BUKOHYBatu poboTy, LWo
YMCenbHO OLHIETLCH Yepes A0OYTOK HaAMNMLLKOBOIO TUCKY Ha 06'em moayns.

3a3HayeHe CrpoLEeHHs1 He O3Hadae TpaKTyBaHHsSI eHTanbrii K OKPEMOro pkepena eHeprii, a
BMKOPUCTOBYETBCS BUKITHOYHO SIK 3pyYHa iHXeHepHa Mogenb, Lo OO3BOSISE KifbKICHO OLiHIOBaTK MeXi
nepeTBOPEHHS EHEPreTMYHOro CTaHy NOTOKY B KiIHETMYHY EHEprilo CTPYMEHS! 3a YMOBU LOTPUMAaHHSA
3aranbHOro eHepreTMyHoro 6anaHcy cuctemum.

MpucTpin aBNsie coboto rpasiTauiHO-IMMYNbCHUIA MepeTBOPOBaY MOTOKY, WO NOeAHYe (YHKUii
eHepreTnyHoro TpaHcopmaTopa Ta reHepartopa iMnynbCHOI NOTYXHOCTI:

1. EHepreTuyHun TpaHcdopmaTtop:

Lo nepetBoptoe: 3miHOE OpMy eHeprii - nOTeHUianbHa eHepris rpasiTauiiHoro Hanopy
nepexoauTb Yy KIHETUYHY €HEeprilo MOTOKY, sika Nia 4Yac kepoBaHOro rigpoyaapy TpaHcopMyeTbCa Y
NigBULLEHWA  eHTamnbnNiMHMW  CTaH CTUCHYTUX MOAymniB, a TnMoTiM Yy KiHETUYHY eHeprito
BMCOKOLLBUAKICHOTO CTPYMEHS.

Ak: 3a paxyHOK kepoBaHWX rigpoyaapie BigbyBaeTbCs He npocTa nepegadva eHeprii, a siKicHa
TpaHcopmaLis: HA3LKUIA CTaTUYHMIA HaMip NEPETBOPIETLCH Y BUCOKUIA NOKanbHUA TUCK Y Moayri (4o
120 aTm), a mana BMTpaTa Nepepo3noinseTbCcs B Yaci 3 opMyBaHHAM BUCOKOT MUTTEBOI LUBUAKOCTI
BuUTikaHHA (noHag 100 m/c) 3 KoediuieHTOM eHepreTuyHoi KoHueHTpauii (KEK) nonHag 500 y
HOMiHaNbHOMY LMK,

2. [eHepaTop iMNYNbCHOT NOTYXXHOCTI:

LLlo reHepye: CTBOPOE NOCMIAOBHICTE KOPOTKOYACHUX IMMYIbCIB BUCOKOT MUTTEBOT NOTY>KHOCTI, SIKi
IHTErpyloTbCs y KBasiHenepepBHU CTpyMiHb 3 ha3oBum nepekputtam 4o 50 %.

Ak: BUKOpMCTOBYE LMKMNIYHUIA pexuM poboTu (rigpoygap — hasa po3pimMKeHHs 3 pekynepauieto
eHeprii — HacTynHWW rigpoyaap) ANns nepiognyHoro reHepyBaHHSA MiKOBMX HaBaHTaXeHb, HEAOCSKHUX
ONA CTauioHapHWX rigpaBnivyHUX CUCTEM aHanoriyHoro mactaby.

3anponoHoBaHa cucTemMa - Lie cucTema kepoBaHoi baratopa3oBoi KOHUEeHTpaUil eHeprii, saka:

- CMOXMBAE HM3bKOMOTEHLIVMHUIA rpasiTauinHmi noTik (Hanip 0,65-1,5 m);

- iHiLiOE HUM ynpaBnAwoui rigpoyaapw;

- TpaHcopMye eHeprito Lux rigpoyaapiB cnoyaTky B eHTanbnito (NOTEHUiNHY poboTy) CTUCHYTUX
MOAYNIB, a NOTIM - Yy BUCOKONOTY>XKHi iMNYIbCK;

- reHepye MNOCnIAOBHICTb UMX iMAYNbCiB, WO OpMYOTh KBasiHENEepepBHUA BUCOKOLUBUAKICHWUIA
CTPYMiHb;

- 3abesne4vye BMCOKWUIA KoeqiLieHT eHepreTuyHoi KoHueHTpauii (KEM) 3a paxyHOK HakonU4eHHs
eHeprii B iMNynNbCHMX MOAYNAX, pekynepauii eHeprii y dasax po3pigXeHHA Ta CUHXPOHisauil
rigpoynapis;

- Kepye rigpoguHaMiYHUMK npoLlecamm CUCTEMMU 3a JOMOMOTOK YAAPHUX XBUIb.

YpapHi xBuni (KepoBaHOro Ta CUHXPOHI3YYOoro rigpoyaapis):

- 6esnocepeHbO KEPYOTb PYXOM PiAVMHU B CUCTEMI;

- bopMYIOTb OUCKPETHI iMNYNbCHI MOAYMi LUMAXOM CTBOPEHHS flOKaNbHUX 30H BMCOKOrO TUCKY Ta
X i3onsauii knanaHamuy;

- 3a6e3nevyloTb MPUCKOPEHUN pyX MOAYMIB KaHanamyM CUCTEMW 3a paxyHOK rpadieHTiB TUCKY,
cchopMoBaHNX BiAOUTUMM XBUISIMMU;

- CUHXPOHI3YylOTb pOOOTY BCiIX €NeMeHTiB (KnanaHw, racHukW, rigpoakymynsaTop), CTBOPHHYM
Y3ropKeHUN LMK NepeTBOPEHHS eHeprii.

Lle 3abesnevye npeumsinHe KepyBaHHS napameTpaMu CTpyMeHsa (TWUCK, LUBUAKICTb, 4actoTa
iMNynbCiB, ¢a3oBuin 3cyB) 0e3 MexaHiYHUX perynaTopiB, BMKIIOYHO 3a paxyHOK rigpoguHaMivyHUX
ABULL,.

Mpuctpin GIF? 6a3yeTbCa Ha BigoMMX yHOAMEHTaNbHUX 3akoHax (i3VKW Ta BiOKPUBAE HOBI
MOXTIMBOCTI BUKOPUCTaHHSA riApoyaapiB He nvwe B eHepreTuui, a h y CYMDKHUX ranyssix - Takux siK
rigpaBnivyHi BUNpoOyBaHHSA, OYMLLEHHSA Ta NpobuBka TPYOONPOBOAIB, iIHXEKUIMHI Ta iMNYNbCHI HACOCHI
CUCTEMU, BOLOMOCTA4YaHHA B aBTOHOMHUMX PEriOHax, a TaKoX Yy eKCrepuMeHTarnbHMX yCTaHOBKaX, Oe
HeoOXxigHe POpPMyBaHHsSi KEPOBaHUX KOPOTKOYACHUX HaBaHTaXXeHb BMCOKOro TUCKY Ta (DOPMYBaHHS
KEpPOBaHOroO CNPSIMOBAHOIO BUCOKOLUBUAKICHOIO KBa3iHENEPEPBHOIO CTPYMEHS.

TexHiyHUA pe3ynbTaTt: OaraToeTanHa KOHUEHTpaUis eHeprii, iHiUyiloBaHa Ta KepoBaHa
HU3bKOEHEpPreTUYHMM  rpasiTauiiHum  notokom  (0,65-1,5 M), 3abe3nedyye  opMyBaHHS
BMCOKOEHEPreTUYHOTO PEaKTMBHOIO KBas3iHENEPEPBHONO CTPYMEHSA pPidMHU 3  perynboBaHUMU
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napameTtpamm Tucky (20-100 atm) Ta Butpatn (50-500 n/c).

HocsarHeHHs pe3ynbTaTty 3abesnevyeTbes:

- iHiyiloBaHHAM kepytodoro rigpoygapy (10-40 aTtm) 3 noganbwum  Bigbopom eHTanbnii
(noTeHuiHOT poboTn) AnA dopMyBaHHS AMCKPETHOrO iMMYNbCHOrO MOAYMS LUASAXOM MNOABINHOIrO
nepepuBaHHs NOTOKY;

- MepeposnoainoM eHeprii rigpoygapy B cuctemi gna 3abesnedeHHa pyxy Ta crabinizadii
BWCOKOEHEPreTU4HOro iMnynbCHOro MOAYNS;

- (hopMyBaHHAM KOHLEHTPOBAHOro kepytodoro rigpoygapy (80-150 atm) wWnsXom iHilitoBaHHS
NMPUCKOPEHOTO rPaBiTaLiAHOTO MOTOKY 3a PaxyHOK BMKOpPUCTaHHA has3n po3pigKeHHs B pobodomy
TpybonpoBogi, Wo 3abeaneyye pekynepawito eHeprii Ta NpM3BOAUTb 40 3POCTaHHS MIKOBOrO TUCKY Ta
MUTTEBOT NOTYXXHOCTI IMMYNbCHOrO MOAYNS;

- KOpeKUi€to NiKOBMX 3Ha4YeHb NapamMeTpiB MOAyNSA eHTanbnield CUHXPOHI3YOYOro rigpoygapy Ta ix
crabinisauieto 0o 3agaHNX PiBHIB 3a AOMNOMOIOK TPAH3UTHOTO TMiAPOoaKyMynaTopa;

- popMyBaHHAM Ta NPUCKOPEHHAM CTPYMEHSI COMMOBUM €lTEMEHTOM.

MpucTtpin GIF? peanisye aBTomaTnsoBaHe KepyBaHHA Luknamu poboTn 3 MOXMUBICTIO ha30BOro
nepekputTa (80 50 %) OBOX aKkTMBHMX MOAYMIB 3a UMK Ta (POpMYyE KBa3iCYUiNbHUA CTPYMiHb 3
BMCOKOI CTabinbHICTIO MapameTpiB, WO He BNacT1BO BiAOMMM aHanoram, Nnpu LboMy JOCAraeTbCs:

- KOHTpOnboBaHe opMyBaHHs CTpuBKiB TUCKy (rigpoydapis) 6e3 BMKOPUCTaHHS 30BHILLHLOrO
npvBoay;

- BMKOPUCTaHHS a3 po3piMKEeHHs, Nignopy Ta iMNynbCHOI MogynsAuil NOTOKY 3 peKynepauieto
eHeprii 4Ns HACTYMHUX LUKNIB;

- [OWCKPETHO-IMNYNbCHUN BHECOK €Heprii KOXHOro iMnynbCcy Ta 1i BMBINbHEHHA Yy dopMi
CNpAMOBaHUX OWUCKPETHMX MOAYMiB BUCOKOI eHTanbnii Ta KiIHETMYHOI LWINbHOCTI 3 KepoBaHUM
¢a3oBMM 3CYyBOM;

- MpoekTHa cTabinisauis TUCKY iMNyrNbCHOrO MOAYNS;

- NepeTBOPEHHS eHTanbMil KOXHOro 3 nocnigoBHMX cTabinisoBaHUX iMAyNbCHUX MoOAyniB Yy
BMCOKOHaNipHW KBasiHenepepBHUA CTPYMiHb;

- baraToeTanHa KOHUEHTpaLis eHeprii:

Ha nepwomy eTtani "PosriH" - nig yac a3oBoro nepexoay CyuinbHOro NOTOKY Nig Ai€to NePBUHHOIO
Kepyt4oro Ta CMHXPOHI3yto4oro rigpoyaapis hopmytoTb nignip,

30iNblUEHHsT MUTTEBOI KIHETUYHOI €eHeprii MOTOKY 3a paxyHOK 3HWMXKEHHSI CTaTUYHOro TUCKY Ta
NPUCKOPEHHSA Y da3i po3pigKEHHS CYLINIbHOrO NOTOKY LOHaMMeEHLLe Yy 5 pasiB, NpUCKOPOOYM NOro
LWBMAKICTb Ta CTBOPKOKOYM YMOBU A1151 HACTYNHOMO KOHLEHTPOBAaHOro ynpasnsayoro rigpoyaapy;

Ha gpyromy etani "lMipkMBNeHHs" - Oieto BTOPUHHONO KOHLIEHTPOBAHOrO YMNpasnsio4yoro Ta
CUHXPOHI3ylo4Ooro rigpoygapis Ha nonepefHbO MPUCKOPEHMI NOTIK POPMYIOTb AUCKPETHUIA MOAYrb
PiOVHN 3 BMCOKOK €HTanbMielo (MOTEHUiMHOK pOoOOTOK), SIKa BUHWKAE BHACNILOK MEPETBOPEHHS
KIHETMYHOT eHeprii NOTOKY B poBOTY CTUCHEHHS Npw rigpoyaapi. 3aBAskyM Manii CTUCIMBOCTI PignHM Ta
XKOPCTKOCTI CTIHOK TpybonpoBoAy eHeprid npyxHoi Aedopmadii € HexToBHO manow (<1 %), wo
3abesnevye epeKkTMBHE NEPETBOPEHHS MEXaHIYHOI eHeprii B MOTEHUinHy poboTy CTUCHYTOro MoAgyns,
JocsAraymn Noro NPUCKOPEHHs Ta 4OAATKOBOI KOHLIEHTpAL,ii TUCKY;

Ha TpeTboMy eTani "lMepeTBopeHHA" - DOPMYBaHHA Ta MPUCKOPEHHS CTPYMEHSI COMMOBUM
€reMeHTOM i3 AMHaMIYHO peryrnboBaHUM BUXiOHUM OTBOPOM 3abe3nevye:

- CTUCHEHHSI Ta MNPUCKOPEHHS IMMYNbCHOrO MOAOYNS 3@ PaxyHOK 3MEHLUEeHHA nnowli nepepisy
BUXiZAHOro OTBOPY, LLO NiABULLYE LUBUAKICT CTPYMEHS 3rifHO 3 NPUHLMNOM HEPO3PUBHOCTI;

- cTabinisadito dbopmu CTpyMeHs1 (KoniMoBaHIiCTb abo KOPOTKOPOKYCHa KOHBEPreHTHa CTPyKTypa)
ans 36epexxeHHs eHeprii Ha BiACTaHi;

- KOpeKLUilo napameTpiB Buxody (TUCK, WBMAKICTb) LWMASXOM peryroBaHHS 3a30py MK ronkorw Ta
COnIiom, aganTylounCb A0 eHTanbMil KOXHOro OKPEMOro Moayns 3 (0a3oBUM NEPEKPUTTSM.

Lli mpouecn BigbyBatOTbCA BUKIIOYHO 3a paxyHOK rpaBiTauifiHOI MOTeHUianbHOI eHeprii Boawm,
NOTOKY, Sika Mig Yac rigpoygapy nepexoguTb Y eHTanbnito CTUCHYTUX MOAYMIB, a Aani - y KiHETUYHY
€Heprilo CTPYMeHs 3aBAsIKM OAWCKPETHO-iIMNYNbCHOMY BHECKY €eHeprii KOXHOro rigpoygapy, nignopy,
pekynepauii y dasax po3pimkeHHa Ta cTabinisauii. BaxnumBy ponb Bigirpae Takox rigpoguMHamivHa
KOHQpirypauis cuctemu, sika cnpssMoBye Ta edeKTUBHO BWKOPWUCTOBYE L0 eHeprilo, 3abesnevyoun
KoedilieHT eHepreTuyHol koHueHTpadii (KEM) noHaa 500 y HOMiHaN5HOMY LK.

Oco6nuBi 03HaKM 30BHILLIHLOIO JKEPEna NoTOoKY.

Ocob6nmBMMM 03HaKaMK 30BHILLIHBOIO JKepena cyLuinbHoro notoky (R1), Wo BUKOPUCTOBYETLCS Y
rpaBiTaUinHO-IMNYNbCHOMY [HTerpaTopi, €: HOBa KOHCTPYKUis pesepByapa-gxepena 3 JApyrum
ropm3oHTanbHUM HecyuuM aHuuem (G), sike 04HOYaCHO BUKOHYE porb (DIKCOBaAHOT BUCOTHOT BiAMITKM
TUCKY Ta BigAdintoBaya noBiTPs; NPOEKTHI 3a30py MK OPYrMM AHULLEM, KOHIYHUM OHULLEM i CTiHKOLo,
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po3paxoBaHi nig BUTpaTy CUCTEMW; crelianibHa aHTUKaBITYlOMa apXiTeKTypa BHYTPILLUHIX NOBEPXOHb;
aBTOHOMHUI €HeproBy30n + He3anexHuin eHeprobnok, Wo npale Ao rpasiTauiiHoro nepenagy 6es
3MiHM eHeprobanaHcy; po3paxoBaHa MilHICTb Ha uuknivHi rigpoygapm go 150 atm (1-7 Tu) 3
ypaxyBaHHSM BTOMHOI MILHOCTI Ta LNiPOBaHMX NOBEPXOHb AN BiflbHOr0 NOLUMPEHHSA XBUIMb; Apyre
Hecyye OHuLLe PYHKUIOHYE K rigpoavHaMiyHUA cenapaTop i BignikoBa NnoLliMHa TUCKY; BigBeOeHHS
rasoBMX BKIOYEHb Yepe3 NPOEKTHUI KaHan i3 NoBiTpoBIiABIAHMKOM Y rigpobali peanidye gerasadito B
rpaBiTaUinHOMY [pkeperni 3 po3paxOBaHUM rigpoAMHaMIYHUM KaHaroM; eHeproBy30sf pO3TallOBaHWI
nepen bopMmyBaHHAM nepenaay, Wwo nigsuilye eekTnBHICTbL hopMyBaHHS OAHOMA3HOIO NOTOKY.

OcobnuBi 03HaKn NpUCTPOLO iHTerpaTopa notoky GIF2.

- OaratoeTanHe nepeTBOPEHHS HU3bKOHAMIPHOrO rpaeitauiiHoro notoky (0,65-1,5 M) vy
BMCOKOHaNipHUIN kBasiHenepepBHUiA cTpyMiHb (20-100 atm, 50-500 n/c) 3 koedilieHTOM eHepreTU4HoT
koHueHTpau,ii (KEK) noHaa 500 y HOMiHanbHOMY LuKNi;

- MOCIiAOBHICTb 3BOPOTHMX MOBOPOTHMX knanaHiB (2), (4), (7) 3 npoTuBaramu, NPOCTOPOBOIO
OpieHTaLi€l0 OUCKIB Ta CMHXPOHI3aLielo yaapHux xBunb 3abesnedye OpMyBaHHS KepOBaHMUX
rigpoyaapHuX LukniB 3 dpasamu po3pimKeHHs ANnsa pekynepawii eHepril;

- opuriHanbHa kombiHauis 3nNMBHOI MiHiT (5) 3 NOCNIQOBHO BCTAHOBMEHNUMW raCHUKaMu amnniTyau
TMcky (15), ppocentoBanbHuMm connoMm JlaBana (16) Ta rigpo3atBopom (6) 3abe3neyye MOBHY
Avcunauito eHeprii Manmx Kepyludmx MOAyMiB Ta (POpMyBaHHs HeobXigHOro a3oBOro 3CyBYy MiX
uunknamm (ao 36 % nepekpuTTs);

- MembpaHHun rigpoakymynatop-crabinizatop (10), BUKOHAHWIA y TPAH3UTHOMY PEXMMI 3 ra30BOHD
Ta PiOVUHHOK Kamepamu, 00'eMUN AKMX Y3ro[pKeHi 3 TOYHICTIO 2 %, OCHAaLleHW OBOMa OKPEMUMMU
noptamu (BXigHUM Ta BMXigHUM), WO 3abe3nedye cTabinisauilo TUCKY OCHOBHOMO MoAynsa Ta
AemndyBaHHSA NIKOBMX HaBaHTaXXeHb 6e3 3aTPMMKU NOTOKY, MiHIMi3ytoun BTpaTh eHTanbnil;

- COMMoBWUi ernemMeHT (12) 3 pyxomMo TFOMKO, L0 MepemillyeTbCcs Mg Aieto TUCKY moayns Ta
NoBEepPTaETLCH MPYXMHOW, A03BOMSE OUHAMIYHO pEerynioBaTu BUXIAHMIA 3a30p, adanTyloum reoMeTpito
BMXiQHOro OTBOPY A0 eHTanbnii (NMOTEHUiMHOT pOBOTH) KOXKHOrO OKPEMOro MOAYINS;

- aBTOHOMHE KepyBaHHs PobOYMMW LMKIIAaMM BUKITIOYHO 33 PaxyHOK FiapOAUHAMIMHUX SIBULL
(rippoynapis, da3s po3pimKeHHs, BiAdUTUX XBUNb) 6e3 BUKOPUCTaHHS 30BHILLHIX CUCTEM KepyBaHHS,
LLIO NPVHLMMNOBO BiAPI3HAE CUCTEMY Bif KNaCUYHUX rigpoyaapHNX yCTaHOBOK;

- MmaTtepianu Ta reomeTpia enemeHTiB (knanaHiB, Tpybonposoais, racHuki) 3abesnevyioTb
npaues3gaTtHiCTb NPy LUMKAIYHUX TigpoyaapHUMX HaBaHTaxeHHsiXx ao 150 atm 3 vactoTtow 1-7 Iy, 3
ypaxyBaHHAM HEXTOBHO Marioi eHeprii npyxHoi aedopmadii (<1 %) 3aBOAKM XKOPCTKOCTi KOHCTPYKLUi
Ta Manin CTUCNMBOCTI PianHK;

- MaTeMaTU4yHO BM3Ha4yeHa B3aemopgis 3 mkepernom noTtoky (R1) cTBoptoe noriyHo Ta 06'€MHO
3aMKHEHY TigpaBniyHy CUCTEMY MiX pe3epByapoM Ta iHTerpatopoMm, Lo 3abe3neyye aBTOHOMHY
cTabinizaLilo NOTOKY Ta MPOrHO30BaHi €HEepreTUYHi XapakTepUCTMKM B YCbOMY [AianasoHi poboumx
pexumis.

KopoTke 06r'pyHTyBaHHSA BignoBIAHOCTI 3AIMCHEHHA pobo4oro umkny cuctemu npuctpoto GIF?
dyHAaMeHTaNbHUM 3aKOHaM.

Pobouni umkn iHTerpatopa GIF? 30IMCHIOETLCA  BUKIMIOYHO 3@ pPaxyHOK iHiLiloBaHHSA
HU3bKOEHEPreTUYHMM CYLINbHMM MOTOKOM Bif 30BHiWHbOro mkepena (R1) gasuwa rigpoygapy Ta
nepeposnoginy moro eHeprii And OPMYBaHHSA IMMNYNbCHUX OUCKPETHUX MOAYMIB 3 BUCOKOH
eHTanbmnielo. Yci gMHamivyHi npouecn B CUCTEMI - MOABIMHE MepepuBaHHA MNOTOKY, CnpautoBaHHSA
KnanaHiB, KOHLleHTpauis eHeprii, a3u po3pimkeHHA Ta crabinisauis - KepyrTbCA BUKITHOYHO
dpoHTaMKN ygapHuUX XBWIb Ta iX BigOWUTTAMU, ©€3 BUKOPUCTAHHA 3O0BHILLHIX CUCTEM KepyBaHHS.
Hwxye HaBeeHO BiANOBIOHICTb KOXHOro etany yHgaMmeHTansHUM (isyHUM 3akoHaMm:

- 3aKkoH 30epexeHHs eHeprii (NepLwmnin 3aKOH TepMoANHaMIKK): cucTemMa He CTBOPIOE EHeprito, a
nuwe TpaHcdopmye ii 3 ogHIieT hopmu B iHLLY:

- MNouaTkoBa dhopma: paBiTauiiHa noTeHuianbHa eHepris cToBna piavHu Egrav=pghVtotal (y
HOMiHanbHOMY umkri =1,96 k[x). (1)

- MNpomikHa dhopma: Y pesynbTaTi rigpoyaapis KiHeTUYHA eHepria MOTOKY MepeTBOPHETLCA B
eHTanbmnito (NOTEHUiNHY poboTy) cTUCHYTOro moaynsa: AHmax=(P-Patm)Vmodule. (2)

Lle He nopylwye 3akoH 36epeXeHHs!, OCKINbKM eHTanbmMiss € Mipok poboTu, SIKy MOXe BMKOHATU
MOAYrb NPU PO3LUMPEHHI, @ HE eHeprietd, CTBOPEHOIO 3 HIYOrO.

- KiHueBa dopma: lNpu poswMpeHHi B CONMOBOMY efeMeHTi eHTanbnid NepeTBOPIETLCH B
KIHETUYHY eHeprilo CTPYMEHS:

AHdel = lmvjzet +BTpaTU

2 3)

Btpatn eHeprii (BigbutTa, TEpTs, AMcunauis B KOHTPOMbHIA rinui) ctaHoBnate =15-45 % i

MOBHICTIO BPaXOBYOTbCHA B EHEPreTM4YHOMY GanaHci.
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TakuM 4YMHOM, cCUCTEMa MOBHICTIO MiOKOPSAETLCSA MEpLUOMY 3aKOHY TepMoguHaMiku: nigsedeHa
rpaBiTaliiHa eHepris AOPIBHIOE CyMi KOPMUCHOI POBOTU CTPYMEHS Ta AUCMNaTMBHUX BTpAT.

- PiBHAHHA HenepepBHOCTI (36epexeHHs Macu): PopMyBaHHSA iMNYNbCHMX MOAYMIB Ta iX pyX
Y3rOXYITbCS 3 PiIBHAHHSAM HEPO3PUBHOCTI AN1S1 HECTALiOHAPHOro MOTOKY:

Alvi=A2v2=Q(t), (4)

ae Q(t) - mutTteBa 0b'eMHa BUTpaTa. 3MEHLLEHHS MAOLLI Nepepi3y npu nepexoi Big Tpybonposoay
(9) po connosoro enemeHTa (12) (A2<Al) npu3BOAUTbL OO MNPOMOPLINHOIO 3POCTaHHSA LUBUAKOCTI
(v2>v1), wo 3abesneuye NpMCKOPEHHSA CTPyMeHsi 6e3 MopyLUEeHHs CyuinbHOCTI NoToky. Lle Bignosigae
KNacu4Hin rigpoguHamiui igeanbHOI piguHu.

- XBunboBa guHamika (piBHAHHS XKykoBCbkoro): 'eHepauisi Ta pO3NoOBCIOMKEHHS YOAPHUX XBUIb
onucyeTbecs yHaaMmeHTanbHUM cniBBigHoweHHAM XKykoBcbkoro: AP=pcAv, (5)

ae AP - cTpubOK TUCKY, p - TyCTWHAa piguHW, C - edeKTMBHA LWBUAKICTb 3BYKY B cuUCTEMI (3
ypaxyBaHHsIM FSI Ta ra3oBMiIcTy), AV - 3MiHa LUBUAKOCTI MOTOKY NPW Pi3KOMY NepepuBaHHi.

Bigbutta xBunb Big 3amMkHeHux (kmanadHu) Ta BigKpUTMX (MigpPOaKyMymnsiTop, pe3epByap) Mex
NignopsaKOBYIOTECA MPUHLMNAM aKyCTUKN:

- Mpw BIgOWTTI Big 3aKpPUTOro KiHLS TUCK NOABOKETLCS: APtot=2AP.

- Mpw Bi@OWTTI Big BiOKPWTOroO KiHUSA TUCK Nagae Ao Hyns, a WBUAKICTb 3MIHIOE 3HaK.

Lli saBuia 3abe3nedytoTb CMHXPOHI3aLilo KnanaHiB, pekynepadito eHeprii y dasax po3pigkeHHs Ta
dopMyBaHHs1 He06XigHOro ha3oBOro 3cyBy MiXX MOAYISIMU.

- Opyrnin 3akoH HbtoToHa (3akoH iMnynbey): MNMpUCKOPEHHST ANCKPETHOro MOAYNS PiAVHM Macok m

Feap.A-m3

nig gieto nepenagy TUCKY ONUCYETLCS PIBHAHHAM PyXY: dt  (6)

ge: F - cuna, wo gie Ha moaynb, A - nnowa nonepeYyHoro nepepisy Tpybonposoay. IHTerpyoun ue
PIBHAHHSA 3a Yacom fii iMnynbCcy, OTPMMYEMO 3B'A30K iMNYNbCY CUNK 3i 3MIHOO KiNTbKOCTi PyXY:

[Fdt=mAv. (7)

Lle 6esnocepenHbo MiaTBEPAXYE, WO Nepedaya eHeprii 34iMCHIOETBCS Yepes iMnynbC cunn Ta
BMKOHaHHS1 poboTM TUCKOM, @ HE pOBOTOH CTUCHEHHS ra3dy UM iHLMMMK MEXaHi3aMamu.

- EHTanbninHmMn aHania (tTepmMoguHamika Bigkputux cuctem): KnwyoBuM AN po3yMiHHSA
€HepreTMKN CUCTEMU € BUKOPUCTAHHSA MOHATTA eHTanbmii (NoTeHUinHoi poboTwn). Y BignosigHOCTI o
TEPMOAMHAMIKM BIiOKPUTMX cuctem [5, 6, 7] eHeprisl, WO NEPEHOCUTHCSA MOTOKOM Yepe3 KOHTPOSIbHY
NMOBEPXHIO, BU3HAYAETLCA €EHTanbMielo, a He BHYTPILHLOK eHeprieln. [ng CTUCHYTOro Moayns:
Hmax=m(h—ho)=(P-Patm)V. (8)

ae h=u+P/p - nuToma eHTanbnia. Yepes many CTUCNMBICTb BOAM Ta XOPCTKICTb CTIHOK 3MiHa
BHYTPILWHbLOI eHeprii Au € HexToBHO Marok (<1 %, Tomy Bca poboTa, BUKOHaHa Hag MOAyneM npu
rigpoygapi, TpaHCOPMYETBECSA B NOTEHLiNHY POBOTY, Ska Moxe ByTu BUBIfbHEHA NMPU PO3LLUMPEHH.

Takum 4MHOM, Yy MexXax MNPUNHATOI iHXEHepHOI Modeni eHTanbhis po3rnNagacTbCcd SK Mipa
NoTeHUinHOI poboTK, akyMmynbOBaHOI B MOAYMi, sika 3roAOM MepeTBOPIETHCH B KIHETUYHY €Heprito
CTpymeHsa. Takui nigxig y3rogxkyeTbCs 3 eKCepreTMYHUM aHarnisoMm, e MakcumanbHa poboTa, siky
MO>e BMKOHATW CUCTEMA, BU3HAYaETbCA CamMme eKCeprieto MoTOoKY.

IMNynbCcHa UHaMiKa K OCHOBHWUI MeXaHi3M KepyBaHHS:

Cunctema BUKOPUCTOBYE IMNYMbCHI SIBULLLIA AN KepyBaHHS NOTOKOM Ta nepefadi eHeprii:

- 306epexeHHst imnynbcy npu rigpoyaapi: Piska 3ynuHKka MOTOKY Ha KnanaHi reHepye yaapHy
XBUMO, iIMNYNbC SKOT NepefaeTbCs PiauHi 3rigHO 3 3aKOHOM iMMynbCy.

- Bigbutta Ta cynepnoauuis xBunb: 3yCcTpiYHi XBUNi Big 3aMKHEHMWX KNarnaHiB CTBOPIOKTb 30HU
TMMYacoBOro NigBULLEHHS TUCKY: APpe3=APnag+APBiab. (9)

- MNepepayva imnynbcy mogynio: Cuna TUCKY, WO Aie NpOTAroM yacy AtAt, 3MiHIOE KifbKiCTb pyxy
moayns: FAt=mAv. (10)

- KepyBaHHs imnynscamu: CUMHXPOHI30BaHe 3aKkpUTTS KnanaHiB perynoe nepegady iMnynbcy Mix
Moaynsamu, 3abeanedytoumn NocnigoBHY KOHLEHTpaLio eHepril.

- Cra6inizauis: TNpyxuHHi racHukn (15) Ta rigpoakymynatop (10) nornmvHalTb HaAMNWLIKOBI
iMnynbcu, 3anobiraoym pe3oHaHCHNM PYWHYBaHHAM i CTabini3youm Lmkn.

Yci Ui npoLecy MOBHICTIO OMUCYIOTbCS TEOPEMOK MPO 3MiHY iMMYNbCY MEXaHIYHOI cucTemMmu Ta
3akoHamu ypapy B piguHax (PKykoBCbKOro), wWo nigTBepKye isvyHy KOPEKTHICTb poboTu
iHTerpatopa GIF2.

- ®a3u po3pimKeHHs Ta pekynepawis eHeprii:

lMicns BMBINbHEHHs MoOAyns Ta 3akpuTTA knanaHa (7) y poboyomy Tpybonposoai (3) BUHMKaE
dasza pospigkeHHs 3 Tuckom P=-0,8 atm (BigHOCHO aTmocdepHoro). Lle sBue onucyetbes
XBWUIIbOBO TEOPIEID SK BIAOUTTS XBUMi PO3PiaXKEeHHS Big 3aKpUTOro KiHUs. Banveo, WO TpuBanicTb
LbOro cTaHy (2-5 mMc) € HeOCTaTHBOI AN PO3BUTKY KaBiTauii, 3@ yMOBM, O abCOMOTHUA TUCK He
3HWXKYETBCA HWXKYE TUCKY HacuyeHOoi napu Boau, TOMy piguHa nepebyBae B meTacTabinbHOMY CTaHi
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0e3 nopyleHHsa cyuinbHOCTi. EHepris, akymynboBaHa B hasi po3pimKeHHs, peKkynepyeTbcst Onis
NPUCKOPEHHSA HACTYMNHOro UMKNy, Wo niasuwye 3aranbHuin KKO cuctemn.

BucHoBok: Yci npouecu B npuctpoi iHTerpatopa GIF? - Big reHepadii rigpoygapy 4o oopMyBaHHs
BMCOKOLLBUAKICHOTO CTPYMEHS1 - MOBHICTIO BignoBigawTe yHOaMEHTanbHMM 3akoHaM  i3vKu:
36epexeHHIo eHeprii, 36epexxeHHi0 Macu, ApyroMy 3akoHy HbloToHa, XBUNbOBIA AMHaMILi (PiBHAHHS
KykoBCbKOro) Ta TepMoauHaMiLi BiOKPUTUX cucTeM (eHTanbniiHuin aHanis). BukopuctaHHa eHTanbnil
AK Mipy MNOTeHUinHOI poboTn moaynst € i3MyHO OB6r'pyHTOBAHMM | [OO3BOMSIE KiMbKICHO onucaTu
nepeTBOPEHHSA HU3LKOMOTEHLIMHOI rpaBiTauiiHOT eHeprii Yy BWUCOKOHaMIpHU KBasiHENnepepBHUN
CTPYMiHb i3 KEPOBaHNMW NapaMeTpamu.

paBiTauUiHO-IMNYNbCHUIN iHTErpaTop MOTOKY CKOHCTPYMOBAHWM TakMM YMHOM, LLO NpUAMAaE Big
30BHilWIHbLOrO mkepena (R1) CyuwinbHWA HU3bKOEHEPreTUYHUA LUBWAOKICHUIA MNOTIK i3 3agaHuMu
noyaTtkoBMMM napameTtpamu. [oTik B3aemogie 3 yaapHMM 3BOPOTHO-MOBOPOTHMM KnanaHom (4), siKui
3aKpMBaETbCA MNig NMOro Aieto Ta iHiLile Kepytouni rigpoyaap. YTBOpeHa npu LbOMYy yAapHa XBWUIS
CMNPSAMOBYETLCHA Ha HarHiTanbHW 3BOPOTHO-MOBOPOTHWUIM KknanaH (7), BigKpMBaK4dn MOro, a Takox Ha
3BOPOTHO-MOBOPOTHUI  KnanaH-nepepuBHUK (2), SKMW NpyM  LbOMY 3aKpPUBAETbCS, CTBOPOOYU
CUHXPOHI3ylo4uni rigpoyaap.

Takum 4ymHOM 3abe3nevyeTbCcsa noAsiviHe NOCNIAOBHE NepepuBaHHS BXIAHOMO CYUINbHOMO MOTOKY,
BHacnigokK 4oro (popmyroTbCs ABa ANCKPETHI MOAYMi PigyHW.

O6'em (po3mip) nepLloro Manoro MoAyns BU3HAYAETbLCHA KiMbKICTIO pigvHK, WO CcTBOpMna
rigpoygap Ha knanadi (4) i nepemictunaca B 3nuBHui Tpybonposig (5) 3 noganbliow MNOBHOK
avicvnadieto eHeprii Ha Buxogi (F).

O6G'em (po3Mip) Opyroro, OCHOBHOTO MOAYNS BU3HAYaAETbLCA KOHCTPYKTMBHUMW MapameTpamu
Tpybonposoay (3), BUXiOQHOK YaCTUHOK MOCYAMHW KnanaHa-nepepuBHUKa (2) Ta BXigHOK 4aCTUHO
NocyauHW KOpnycy yaapHoro knanaHa (4).

MoBHa Awucunaudia eHeprii mManoro iMNynbCHOrO MoAayns B 3nuBHOMY Tpybonposogi (5)
BiAOyaeTbCs Ha nNigCTaBi TEXHIYHOrO pilleHHs LWOoAO0 BCTAHOBMEHHS MOCNI4OBHOI  KOMOGiHaLil
ernemMeHTIB y 3nuBHOMY Tpybonposoai (5), BKNYaun NPYXUHHUA FigpaBnidyHUn iMAYNbCHUA FaCHUK
amnniTyam TUCKY Manoro imnynbcHoro mogynsa (15), apocentoBanbHe conno JlaBana (16) i
rigposaTteop (6), wWo npmsBoauTb OO cTabinisauii TpmBanocTti ¢a3oBOro 3cyBy poboOYOro UMKy,
BM3HAYEHHIO MOMEHTY BiMbHOrO BIAKPUTTS OUCKa yAapHoOro knamaHa (4) i iHiuitoBaHHIO HaCTYMHOro
Kepyl4doro rigpoygapy, npv sikoMy HacTYMHUIA LUK 3anyckaeTbCA OO 3aBEPLUEHHSI MonepeaHboro
aKTUMBHOIO LMKy, 3abe3neuvyroun HeoOXigHY 4acToTy QOPMYBAHHS iMMYNbCHUX MOAYMIB PiavHW i
KBa3iCyLifnbHICTb CTPYMEHS Ha BUXOi COMMOBOro enemeHTa (12).

MigBULLEHHA TUCKY Y PPOHTI XBUAI

EHepria npsmMoi yaapHol xsuni nicng rigpoyaapy Ha yaapHoMmy knanadi (4) WBKAKO 3akpuBae ANCK
KnanaHa-nepepvBHMKa (2), iHiLilOIYM CUHXPOHI3youMiA rigpoyaap. Y pesynbTtaTi uboro B pobovomy
Tpybonposogi (3) hopMyeTLCA OCHOBHUI OUCKPETHUIA MOAYIb 3 BUCOKOK €HTanbMieo (MOTEHLiNHO
po60T0t0) Hmax=(P—Patm)Vmodule, IKa BUHWKAE BHACIIQOK NEPETBOPEHHST KIHETUYHOI eHeprii NOTOKY B
poboTy CTUCHEHHs npw rigpoygapi. XBuns BigOMBaETbCH Big knanaHa-nepepuBHuka (2) Ta
nepepos3noainsaeTscs, BAnMBaoyM Ha popMyBaHHSA nMapaMeTpiB OCHOBHOro MOAYNA W Hagal4u nomy
nocTynanbHUm pyx nicnsa 3ynuHkW. [lani OCHOBHUI ANCKPETHUI iIMNYITbCHUI MOAYIb NPOXOAUTL Yepes
YK€ BiOKPUTWUIA HarHiTanbHWN 3BOPOTHO-NMOBOPOTHUI KnanaH (7) y HanipHuin Tpybonposig (9) i, 6e3
ctabinizauii y rigpoakymynsitopi-ctabinizatopi (10) (ockinbkM Woro Tuck, Hanpuknag ~96 artm,
nepesuLlye 3apsgHui Tuck 83 aTMm), HagxoauTb OO connoBoro enemeHTta (12). 3 HbOro novvHae
BMXOOUTU CHOPMOBAHUI CTPYMiHb, EHEepPria AKOro BU3Ha4YaeTbLCA NepeTBOPEHHSM eHTanbnii Moayns B
KIHETUYHY eHeprilo Npy PO3LWMPEHHI B COMMi, a BATpaTa Bianosigae 06'eMy OCHOBHOIO AWCKPETHOrO
Moayns.

BogHouac, konn BeCb OCHOBHMW OWCKPETHUIW iMMYMbCHUW MOAYIb NepemillyeTbCs B HamnipHUn
Tpybonposia (9), ANCK HarHiTanbHOro 3BOPOTHO-MOBOPOTHOrO KnanaHa (7) 3akpuvBaeTbCs Mig Aieto
nepenagy TUCKy, a B pobovomy TpybonpoBogi (3) yTBOpreTbCa dha3a po3pimKeHHs 3 Tuckom P=-0,8
atm (abc.). Y neBHMI MOMEHT Uiei ha3u nepenag TUCKY Ha BXOAi N BUXOZi KranaHa-nepepuBHuka (2)
36iNbLUYETbCH, 3aBAAKM YOMY 3pOCTa€e Hanip CyuUinbHOro NOTOKY B nogasanbHomy Tpybonposogi (1), i
AVCK KnarnaHa-nepepviBHuMKa (2) pi3ko BiOKpUBAETbCH, 3abesnevyouun BiNbHUA Npoxig CyuinbHOMY
notoky. EHeprisi, akymynboBaHa y ¢asi po3pigKeHHsl, pekynepyeTbes A1 NPUCKOPEHHST HACTYMHOro
LUKIy.

Y pesynbTaTi CyuinbHUA NOTIK 3HOBY NMOYMHAe pyx y pobovomy Tpybonposogi (3), ane Bxe 3i
30inblUeHo, BIQHOCHO MOYaTKOBOI, LWBWAKICTIO, WO BignoBigae pi3HMUi TuckiB APo Ha KiHUSAX
3BOPOTHO-MOBOPOTHOrO KnanaHa-nepepreHuka (2). Lier nepena BU3HaA4Ya€eTbCA SK:

APo=|PBX - PBKx| (11)

pe: PBx - BxigHun Tuck, MNMa; PBux - BuxigHun tuck, Ma.
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BpaxoBytouM KOPOTKOYACHICTL MPOLECIB Yy cuctemi (2-5 Mc), 3HWKeHHs Tucky go -0,8 atm
(BigHOCHO aTmocdhepHOro) y dasi po3pimKeHHS € AOMYCTUMUM, OCKINbKU Taka TPMBanicTb HeJOCTaTHA
ONSa po3BUTKY KasiTauil, i pianHa nepebyBae B MeTacTtabinbHOMY CTaHi 6e3 nopyLleHHs1 CyLinbHOCTI.
AKLOo BMCOTa 30BHILUHBOMO [pKeperna CyuinbHOro NoToKy, WO HaaxoauTb Y nogasansHui Tpybonposis
(1), ctaHoBUTL 0,9 M, TO NpK 3aKPUTOMY 3BOPOTHO-MOBOPOTHOMY KranaHi-nepepuBHUKY (2) Ha NOro
BXO/li BCTAHOBMNIOETLCA Haanuwkosun Tuck Pex=0,087 atm.

3BOPOTHO-NOBOPOTHUIN KnanaH-nepepuBHUK (2) BiOKPUBAETLCA Y MOMEHT NMPOXOMXEHHS Ha MOro
BMxoai hasn po3pimKeHHs, WO BMHUKAE nicnsa dasum rigpoygapy B nogasarnbHomy Tpybonpoeogi (1)
Ta poboyomy Tpybonpoeogi (3). Akwo uen Tuck ctaHoButb PBMXx=-0,8 atm, TO 3aranbHW nepenag
TnckiB gopisHioe AP0=0,887 aTtm.

Mepenagy TUCKY Ha KiHUAX KranaHa-nepepuBHuka (2) y 0,887 atm Bignosigae 36inbLUeHHS Hanopy
Ha 1oro BxoAi 40 BenuumHu h=8,87 M, WO nNpu3BoAUTb OO0 NMPUCKOPEHHS CYLiNbHOro MOTOKY BOAM
nicns BigKPUTTS KnanaHa go weugkocTi Un=13,42 wm/c. Lle BignoBigae koediuieHTy KOHUeHTpauil
Tncky KEMNTuck=10,1 Ta koediuieHTy KoHueHTpauii weuakocTi KEMNwWBMAKIcTi=5, Wwo € pesynbtatom
pekynepadii eHeprii 3 da3n po3pigKeHHs.

YcTaHOBKa NPYXMHHOMO racHWKa aMnniTyauM TUCKY yaapHoi xBuni (17), po3TalloBaHOro y BepXHin
YacTuHI nogasanbHOro Tpybonposoay (1) MiXK 30BHILLHIM [HKepenoMm i knanaHoM-nepepuBHUKOM (2),
3abesnevye gemndyBaHHA BUCXIAHOT XBWMNBbOBOI CKMAZ4OBOI rigpoydapy npu 3akpuTTi KnanaHa-
nepepvBHuka (2) 3 ¢opmMyBaHHAM CTabiNbHOrO 3anuvLIKOBOro MignipHOro TUCKY B ModaBarbHOMY
Tpybonposogi (1).

BHacnigok uboro opmMyeTbCs KepoBaHMI NigNIPHUA TUCK, SIKUK 3@ CBOIM eHepreTU4YHUM edpekTomM
€ eKBiBaNieHTHUM BipTyanbHOMY 30iNbLUEHHI0 Hanopy y dasi po3pigaxeHHs B poboyomMy TpybonpoBoai
(3) Ta 3abe3nevye ifEHTMYHE 3POCTaHHS LUBUOKOCTI CYLiNMbHOrO MOTOKY A0 MPOEKTHOrO 3HAYEHHS Ha
BMXOAi 3 KnanaHa-nepepusHuka (2).

EHepreTnyHe obrpyHTyBaHHS poboTK racHuKa TUCKY:

[nsi 3abe3neyeHHs LINbOBOI WBUAKOCTI CYLINBHOrO NMOTOKY Ha BMXOAi KnanaHa-nepepuBHuka (2),
Hanpuknag U=13,42 m/c, HeobXigHUI 3anuLIKOBUI nepenag TUCKY BU3HAYaETbCH 3 €HEepreTMyHOro
CMiBBIAHOLIEHHS ANS CYUiNbHOro NnoTOoKY:

U, - [Z2P
P (12)

ae: AP - ecbekTnBHUI Nepenag TUCKY, [1a; p - rycTuHa poboyoro cepenoBuLla, Kr/m?.

_ [2-89975 <1342
H=1 " A~~~ ~ )
Mpn AAP = 89 975 Na (0,889 atm) Ta p = 1000 kr/m® oTpUMaemo: 1000 m/c. (13)

Takum 4yunHOM, 3anuwkoBwun nignipHun Tnck 0,889 aTm € goctaTHIM Ans pPO3roHy CyuinbHOro
NOTOKY A0 3a4aHoi LBMAKOCTI.

PoboTa npyXMHHOro racHuka:

MpyXnHHUIA racHuK (17) MOrMMHaE 4YacTUHY eHeprii XBUNbOBOrO MPOLECy, WO BUHWKaE Mpu
rigpoygapi, oOMeXxyroum aMmnniTyay TUCKY 4O 3aNULLIKOBOrO 3HayeHHs!, HeobxigHoro ansa hopMyBaHHS
nignopy. EHepria, WO akymyrnoeTbcs MNPYyXUHOW npu Aedopmadii, BU3HAYAETbCH KNACUYHUM
CMniBBiAHOLLIEHHSM:

Espring = 1 kx?
2,14

Ae: K - XXOpCTKICTb NPY>XWHU, H/M; X - Xif LUTOKa racHuka, M.

Ons xopy racHuka x = 0,042 m Ta BubpaHoi xopctkocTi k = 100 000 H/m oTpumaemo:

Espring=0,5-100000-(0,042)?~88 1. (15)

TakMM 4MHOM, nNpPYXUHA MOrMUHAE OOMEXEeHY YacTMHY eHeprii XBUITbOBOIO MpoLecy,
3abesnevytoun crabinizauito TMCKy 00 3anuvWKOBOro piBHsA, Hanpuknag 0,889 atm, akui gani
BUKOPUCTOBYETLCS AN MAPOANHAMIYHOIO PO3rOHY MOTOKY.

Po3paxyHOK XXOPCTKOCTi MPYXWUHU:

YKopcTKiCTb MPYXMHN BU3HAYaETLCA 3 YMOBM 3abe3neyeHHs HeobXigHOro nignipHoOro TUCKY npu
3a/laHoMY Xofj LUToKa:

Ko p-Al-U? —2.Presid- Al

2-X , (16)

Aae: A1 - nnowa nonepeyHoro nepepidy nogasanbHoro Tpybonposoay (1);

Presid - 3anvwkoBui NignipHUM TUCK Micns geMndyyBaHHs.

Ona: Ar = 0,047 m?, Presid = 0,889 atm, U = 13,42 m/c, x = 0,042 M OTPUMYEMO >XOPCTKICTb
nopsgky 100 kH/m, wo Bignosigae TMNOBUM MPOMUCIIOBUM MPY>KUHHUM €fTeMEHTaM.

MepeBipka po6oTH B CTAPTOBOMY PEXMUMI.
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MoyaTkoBa LWBMAKICTb CYUINMbHOIO MOTOKY Ha BXOAi yAapHOro 3BOPOTHOrO knanaHa (4)
BU3HA4YaETbCA 3a ri,lJ,pOCTaTVI‘-IHVIM Hanopowm:

W0=2-g-H-1-8) (17

ae: H = 0,9 m - rigpoctatuyHmii Hanip; ¢ = 0,60 - cymapHi BTpaTu No MapLupyTy.
U0 =,/2-981.09-(1-06) = /2-9,81-09-0,4 ~ 266 M/C (18)

AmMNNiTyaa TUCKY NepLloro yrnpaensw4oro rigpoyaapy Ha knanai (4) ctTaHoBUTUME:

AP=pCyBUo, (19)

ae: Cys =910 m/c.

AP=1000-910-2,66~2,42-10°6 MNa=~23,9 at™. (20)

Mpwn wewnakocTi cyuineHoro notoky Ul = 13,42 m/c amnniTyga Apyroro ynpaensoyoro rigpoyaapy
craHoButume: AP=1000-910-13,42=12,2-106 MNa=120,5 atm. (21)

Takum YMHOM, yCTaHOBKa MPY>XWHHOrO racHUKa amnniTyau ygapHoi xsuni (17) Ha nogasansHomy
Tpybonposogi (1): aemndye XBUNLOBY CKNagoBy rigpoyaapy; doopmMmye ctabinbHWMI NignipHUA TUCK,
Hanpukrag 0,889 aTm; 3abe3nevye poariH CyLinbHOro NOTOKY A0 wBmakocTi 13,42 m/c; aybntoe eekr
BipTyanbHOI BMCOTW Hamopy, CTBOPHOBAHOI ha3ok PO3PiMAKEHHS; YyCyBae 3anexHiCTb cUcTeMu Big
BaKyyMHUX NPOLECIB, NiABULLYIOYN HAAINHICTbL | nepeabavyBaHicTb poboTu.

dopmyna poboyoro UMKy iHTerpaTopa B HOMiHANbHOMY PEXMMi ANl OCHOBHOMO iMMYNbCHOrO
mMoayns: BigkputTa knanaHa (2) — lNMepemilleHHs NpUCKOPEHOro CyLinbHOro NOToKy Nno Tpybonposoay
(3) —> Kepytoumn rigpoygap Ha ygapHomy knanani (4) — ®PopMyBaHHS LWUCKPETHUX iMMYMbCHUX
MOTOKIB Ta iMNyNbCHOro MOAyns 3 NiABULLEHOI eHTanbnielo — BigkputTa HarHiTansHoro knanaHa (7)
— BTOpPVHHUIA CUMHXPOHI3ylOYMIA rigpoydap Ha KnanaHi-nepepuBHUKY (2) — ®dopMyBaHHA Ta
cTabinizauis nmignipHOro TUCKY Ha MNPYXWHHOMY iMNyNbCHOMY racHuky (17) — [lepeMiweHHs
OCHOBHOrO iMNyMbCHOrO MOAYNSA $K NokanisoBaHa 30Ha nNiABULLEHOro TUCKY 3 MiABULLEHO
eHTanbnielo y HanipHun Tpybonposig (9) — 3akpuTTa HarHitanbHoro knanaHa (7) — TumyacoBa
cTabinizauiss TUCKy Ta eHTanbnilHOro CTaHy iMMNyNbCHOrO MoAynsa rigpoakymynatopom (10) —
Connosun anapat (12), y sikoMmy BigOyBaeTbCsi KOHTPOIbOBAHE MEPETBOPEHHA MOTEHLINHOI poboTK
TUCKY B KIHETUYHY EHEprilo CTPYMEHS 3rigHo 3 piBHAHHAM BepHynni — Buxia BUCOKOLIBWAOKICHOMO
cTpyMeHs 3 oTBopy (E).

®dopmyna poboyoro LMKy iHTerpatopa B HOMiIHanbHOMY peXuMMi ONnA Marnoro iMnynbCHOro
mMoayns: BigkpuTTa knanaHa (2) — lNMepemilleHHs NpUCKOPEHOro CyLinbHOro NOToKy Nno Tpybonposoay
(3) > Ynpasngawouun rigpoygap Ha ygapHomy knanai (4) — ®opMyBaHHA OUCKPETHUX iMMYNbCHUX
NOTOKIB Ta Manoro iMnynbCHOro Moaynsa — lNepemiweHHa Manoro iMnynbCHOro Moayns no 3aNMBHOMY
TpybonpoBoay (5) — lMornmMHaHHA TUCKY Manoro iMnynbCHOro MoAyns Ha MPYXMHHOMY iMNYNIbCHOMY
racHuky (15) — [JopaTtkoBe ranbMyBaHHS Ta ApPOCENOBaHHA MOTOKY B Apocentolodomy conni (16) —
lNgposateop (6) — Buxig pianHu 3 oteBopy (F) 3 noBHOKW Aucunauieto eHeprii Manoro iMnynbCHOro
Moayns.

Y3romKeHHs umkniB: HacTynHun pobo4nii LMK iHiLiloeTbCa ogpasy Micnsa 3akpuTTa HarHiTanbHoro
knanaHa (7), He3anexHo BiO MPOAOBXEHHHA BUTIKAHHS MonepefHbOro iMMynbCHOrO MOAYNSA yepes
connosun anapart (12), wo cTBoptoe has3oBUn 3cyB MixX npouecamn hOpMyBaHHS Ta PO3PSALKEHHS
iMNYNbCHUX MOAYNIB i 3a0e3nevye KBasiHENEPEPBHUIN PEXUM CTPYMEHST HA BUXOS;.

OO6r'pyHTYBaHHA 36epexeHHst TUCKY Ta eHTanbMiMHOro CTaHy MiCNs Kepyl4voro i CUHXPOHI3YH4O0ro
rigpoygapis. [licna npoxomXeHHA (POHTY Kepyldoro rigpoygapy Ha ygapHoMy knanadi (4) Ta
CUMHXPOHI3yloHOoro rigpoygapy Ha knanadi-nepepmBHuky (2) y poboyomy Tpybonposoai (3)
OPMYETECA PYXNUBUIA OUCKPETHUA 06'eM pignHM (iMNyNbCHUI MOAYMb), SKUA XapaKTepusyeTbes
BCTAHOBMEHUMW 3HAYEHHSIMU TUCKY, LUBMAKOCTI Ta NOTOKOBOI eHTanbmii.

[vHamika NOTOKy B Mexax LbOro 00'eMy OMUCYETbCA OAHOMIpHWM PpiBHAHHAM Evnepa gns
cnabkocTncnmBeoi (KBa3iHECTUCNMBOI) pPignMHN B TpybonpoBoa;:

AU(x, 1) aU(x,t) _ 1 aP(x.1)

a X p X (22

+U(x,1)-

ae:

U(x,t) - ocboBa LWWBUAKICTb PiANHU SIK PYHKLIS KoopauHaTK Ta yacy,

P(x,t) - Tnck y notoui,

p - T'ycTMHa poboY0i pignHw,

X - NPOCTOPOBa KoopAnHaTa B30BX TpybonpoBoay,

t - yac.

YMoBa nicns NpoxXoaxeHHs OPOHTY yaapHOI XBWNi: fokarisoBaHa 30Ha NiABMLLEHOrO TUCKY Ta
weumakocTi. NMicna 3aBepLleHHA XBUNbOBOro Npouecy rigpoyaapy B Mexax, BUSHaYeHUX KOHCTPYKLIE
TpybonpoBogy, hOpMYETHCS foKani3oBaHa 30Ha MiABULLEHONO TUCKY Ta LUBWAOKOCTI - iMMOYNbCHWUN
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MoAyrb. Y Ui 30HI BCTAHOBMIOETLCS PEXUM KBa3iyCTaneHoro pyxy, Ansi skoro:
U(x,t)=Ul=const, P(x,t)=P1=const.
N _g N _ P

3sigon BunnmBae: & XX (23)
MigpcTaHoBKa LMX YMOB Y PiBHSAHHSA (22) Aa€ TOTOXHICTb:

0+UL0=-2.0 50=0
P (24)

TakvM YMHOM, PIBHSIHHA pyXy MiATBEPAXYE, LLO MiCnsa 3aBepLUEHHS riapoyaAapHOro npouecy TUCK i
LIBUAKICTb, BCTAHOBIEHI B iMNyNbCHOMY MOAyni, 36epiraloTbCsl B Mexax iHepLUiNHOro nepemillleHHs 3
ypaxyBaHHAM He3HayHUX BTpaT Ha TepTd Ta Aucunauiilo B3[OBX Tpybonposody A0 COMMoBOro
anapata (12).

lMoTokoBa eHTanbMis iMNyNbCHOrO MOAYNS.

CraH iMnynbcHOro Moayns nicns rigpoyaapy OOUinbHO ONMCYBaTU TaKoX Yepes NUTOMY MOTOKOBY

h=u+E
eHTanbnito, ka Ans piguHu mMae BUrMsSA: P . (25)

3a ymMOB MpakTW4HO CTanoi TemnepaTypu BHYTPIWHA €Hepria U 3MIHIETLCA HE3Ha4yHo, TOMY
NigBULWEHHA eHTanbmii iMNyfbCHOr0 MOAYMs BM3HA4YaeTbCs NEpPEBaXXHO 3POCTAHHAM TUCKY. Takum
YMHOM, IMMNYNbCHUA MOAYNb SBNs€ cobOK nokanisoBaHy 30HY NiABMLLEHOI MOTOKOBOI eHTarsbnii,
chopmMOBaHOIO BHACNIAOK rigpoyaapy.

Bnnune nokanbHMX onopis.

Mpy NPOXOMXEHHI iMMNYNbCHOrO MOAYNSA 4epe3 KyToBi MOBOPOTM, 3BYXKEHHA Ta iHLWIi NokanbHi
Oonopu YacTUHa KOro eHeprii BTpayaeTbCA Yy BUMMA4i NokKanbHUMX BTpaT TUCKY, MNOB'A3aHUX 3
TYpOYNEHTHICTIO Ta BTOPMHHMMM BUXPOBUMW CTPYKTypamu. Y pesyrnbTaTi Ha BUXOAi 3 Takux OiNsiHOK
BCTAHOBMIOOTLCA HOBI KBasicTani 3HayeHHs TWUCKy, LUBWMAKOCTI Ta MOTOKOBOI eHTanbnii, ki
36epiraloTbCs Ha HacTynHin AinaHui TpybonpoBoay 3a YMOBM HE3MiHHOI reomeTpii Ta BiACYTHOCTI
A0AaTKOBUX XBUMbOBUX 30ypeEHb.

Mpu ubomy iMNynbCHUIM Moaynb 36epirae yHKUiOHaNbHY LiNICHICTb K 30HA MiABULLIEHOrO TUCKY,
wo 3abesnevye MOro noganblle KepoBaHEe BUKOPUCTAHHSA SIK HOCiSt eHepril.

Pexum poboTu iHTerpartopa.

3a ymoBM 6Ge3nepepBHOi nogadvi CyuiflbHOrO MOTOKY Bif 30BHIWHBLOrO [Xepena iHTerpaTop
nepexoauTb Y CTIMKUA AUCKPETHO-UUKNIYHUA PEXUM, Y AKOMY eHepria CyuinbHOro noToky Ta eHepris
rigpoyaapie nepioguyHo NepeTBOPIOTLCA B €HEPrilo iMMYNbCHUX MOAYIIB 3 NiABULLEHOK MOTOKOBOK
eHTanbnieto.

KoXXHWin HOBMI iMMYNbCHUIA MOAYNb POPMYETLCA HE3ANEXHO Ta OTPUMYE CBOIO NOPLit0 eHepril Big
30BHILHBOrO MOTOKY i XBWILOBOrO Npouecy, WO BUKMOYAE HaKoMUYEHHs eHeprii Ta 3abesnevye
BiAMOBIAHICTb 3aKOHY 36epeXeHHs eHepril.

lMepeTBOpeHHS eHTanbMii B connosomy anapari (12).

Ha Buxogi connosoro anapata (12) BigOyBaeTbCsl KOHTPOSNIbOBAHE MNEPETBOPEHHA MOTEHLINHOI
poboTn TUCKY, O BXOAUTb OO CKMNagy NOTOKOBOI eHTanbnii, B KIHETUYHY €Heprilo CnpsiMOBaHOro
cTpymeHns. Lle nepeTtBopeHHs BigbyBaeTbcsl 6€3 40AaTKOBOro 3any4yeHHs 30BHILHLOMO MiABULLEHHS
TMCKy abo [oOaTKoBOro rpasiTauiiHOrO Hamopy Ta BM3HAYaeTbCA  BUKITHOYHO  BHYTPILLUHIM
€HepreTMYHMM CTaHOM iIMMYIbCHOro Mogyrns.

He P —-Patm

CrabinizoBaHumn TUCK Y MOAYNi MOXe ByTn NpeAcTaBneHun y BUrnsA4di Hanopy: P9 (26)
ae: p=1000 kr/m3 - ryctuHa Boaun, g=9,81 M/c? - NPUCKOPEHHS! BiNbHOIO NagiHHS.
Topai WBMAKICTb BUTIKAHHA CTPYMEHS 3 CONia BU3HAYaeTbCA 3a PIBHAHHAM Toppivensi:

Uconno:\/Zg_H 27)

MpuHUKMn poboTn.

NpaBiTauivHo-imnynbcHMI iHTerpatop notoky GIF? npauloe 3a paxyHOK eHeprii rpasiTauinHoro
Hanopy 30BHiWHbOro gxepena (R1), ske dopMye CyuinbHWIA NOTIK PiAMHN Ta Nodae Moro B CUCTEMY
Yyepes nogasanbHui Tpybonposig (1).

3oBHiwHe gxeperno (R1) aBnse coborw rpasiTauinHy cucTtemy nogadi piavHu 3 QiKCOBaHUM
noYaTkoBMM nepenagom BUCOT, He MeHwe 0,65 M 4ns NnpoMUCNOBOro 3actocyBaHHSA. [laHui nepenag,
3abesnevye HoOpMyBaHHs CTabiNbHOIMO CyUINBHOMO MNOTOKY 3 BU3HAYEHWMWU 3HAYEHHAMWU TUCKY,
LWBMAKOCTI Ta BUTpATW, JOCTATHIMU AN iHiLilOBaHHSA LMKNIYHUX rigpoyaapHUX NpoLeciB B iHTerpaTopi.
30BHILIHE JKepeno He Hakomuyye eHeprito i He Gepe y4vacTi B iMMyNbCHOMY MPOLECi, a CAYXWUTb
BUKNIOYHO NEPBUHHUM EHEPreTUYHUM BXO40M cuctemm npuctpoto GIF2,

MigrotoBka cucteMun Ta yCyHeHHs MoBiTps. lMepen 3anyckom CTapTOBOro pexuMmy iHTerpartop
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MOBHICTIO 3aMOBHIOETHCS PIAVHOK AN MakCMMasibHOro BUAANEHHS MOBITPS 3 YCiX TpyOonpoBoAiB i
BHYTPILUHIX NOPOXHUH. [N Uboro AnckK knanaxis (2), (4) i (7) nepeBoaaTbCS Y BiOKPUTE NONOXEHHS
Ta gikcytoTbes, a kpaH (K) 3akprBaeTbes. PesepByap 30BHiWHbOro mkepena (R1) 3anoBHETLCA 00
MakcuMmarnbeHOi BigMITKM piBHA, nicna 4oro BigkpuBaeTbca kpaH (K). 3anoBHeHHA cucTtemu
BiaOyBa€eTbCsA CaMOMnMBOM OO0 MOMEHTY nosiBu 6e3nepepBHOro BUTIKAHHS piauHK 6e3 rasoBux
BKIIOYEeHb 3 BuxigHux oteopiB (E) i (F), wo rapaHTye BIiACYTHICTb MOBITPAHMX NPOBOK i BUKMOYaE
KaBiTaLiHi sBULLIA NpW CTapTI.

lMoyaTkoBE MOMOXEHHS KMNamnaHiB i iX KiHemMaTu4Hi oOmexeHHs. lMicns 3aBepLUeHHs] 3anOBHEHHS
onepaTop NepeBoAUTb KranaHu y BUXigHe poboye NonoXxeHHs.

KnanaHn maiwTb obmexeHi Ta 3adikcoBaHi KyTW MOBOPOTY AWCKIB, SIKi BU3HAYAKOTb AMHAMIKY iX
crnpaLoBaHHS: KnanaH-nepepuBHuK (2): kyT noBopoTty 0°-52°, HarHiTanbHU knanaH (7): KyT NoBOPOTY
0°-52°, ygapHui 3BOPOTHUI KnanaH (4): KyT nosopoTty 0°-52°.

dikcaTopy Ha 30BHILLHIX BaXkensix NpoTuBar 3abe3nevyoTb BiATBOPIOBAHICTL Yacy 3akpuTTa Ta
BiOKPUTTS KNanaHiB i cTabinbHICTb ha30BOiT CUHXPOHI3aLLil LnKny.

Y cTapToBOMY pexumi onepaTop BiOKPUBAE KnanaH-nepepuBHUK (2), 3aKkpuBae HarHiTanbHWn
knanaH (7), nicnga 4oro BiAKpMBAETLCA yaapHUM knanaH (4).

CrapTtoBui uUMkn: (PopMyBaHHA MeEpLUOro YnpaBnso4voro rigpoygapy i manoro iMnyrnbCHOro
moayns. CyuinbHWiA NOTiK 6e3nepelkogHO NpOXOoAuTb Yepes BIAKPUTWUMA KnanaH-nepepuBHuK (2) i
HagxoauTb y pobouni Tpybonposig (3). MNMpu gocarHeHHi ygapHoro knanaHa (4) BiabyBaeTbcsa MOro
pi3ke 3aKpuTTS, WO iHiLil0e nepluMin ynpaensiouni rigpoyaap. Heeenukuii o6'eM piguHun, KM He
BCTUrae 3ynuUHUTUCA nepepn 3akpuBalouyvMM OWCKOM KrnanaHa (4), BiacikaeTbcs Big CyUINbHOrO MOTOKY
Ta CNpsAMOBYETbCA Y 3NMBHUIA Tpybonposig (5), dopmyoun Manuin imnynecHun Mogyne. Lien mogyrnb
OTPMMYE KOPOTKOYACHWI iMNyNbC BUCOKOro TUCKY P=23,9 atm. (aMB. Npuknaa 34inCHEHHSs, CTapTOBUN
LK) Ta LWBWOKOCTI, ane Noro eHeprisi NOBHICTIO PO3CIOETLCHA B KOHTPObHOMY KOHTYPI.

Pyxatouucs no tpybonposoay (5), Manuim iMmnynbCHUA MOAYMNb NOCHIAOBHO NPOXOANUTL MPYXUHHWUI
iMNynbCHWMI racHuk (15), opocentoBanbHe conno JlaBansa (16) Ta rigpo3aTtsop (6) 3 NOCTIMHUM piBHEM
pignHn. Taka koHdirypauis 3abesnedye: KOHTPONbOBAHY AMCUMMNALIKD NOro eHeprii; raciHHsa TUCKY A0
aTMOC(EpHOro piBHA; MOBHE YCYHEHHS MOXNWMBOCTI MiACOCY MOBITPS y 3nuBHuM Tpybonposig (5);
NigroToBKy CUCTEMM OO HACTYMHOrO rapoyAapHOro LMKy.

CrapToBui Lmkn: (POPMYBaHHS NEpPLUOro OCHOBHOIO iMNYNbCHOro MoAayns. Y TOM Xe 4yac yaapHa
XBUWISA, WO BMHUKMNA NPW 3aKpUTTI yAapHOro knanaHa (4), NoWMpETLCA Y 3BOPOTHOMY HanpsiMKy Ta
BVKITMKAE BIOKPUTTS HarHitTanbHOro knanaHa (7) i piske 3akpuTTs KnanaHa-nepepuBHuk (2). Le
Np13BOAMTL A0 (POpMyBaHHS CMHXPOHI3YYOro rigpoygapy B nogaBanbHomy Tpybonposogi (1) Ta
TMMYacOoBOro MPUNUHEHHS CYLiNbHOMO MOTOKY Bif 30BHILLHLOrO AXepena. Y pesynbTaTi KOpOTKOYacHOI
3aMKHyTOCTI 06'eMy Mix knanaHamu (2) i (4) y poboyomy TpyGonposogi (3) dopmyeTbca nepLumnn
OCHOBHUI iMNYNbCHUI MOAYINb - JlOKanisoBaHa 3o0Ha pignHu o6'emom 141,3 n 3 NiABULLIEHNM TUCKOM
(ovB. npuknag 34iNCHEHHA, cTapToBMi UMkn) P=23,9 atMm. 3 NOTOKOBOK eHTanbnieto Hmax=278,2
k[x. Ller cTaH pocaraetbesi 3aBAsikU NEPETBOPEHHIO KIHETUYHOI eHeprii CyLinbHOro NOTOKy B poboTy
CTMUCHEHHS Mpu rigpoyaapi, NpyYoMy eHepria npyxHoi gedopmauii € HexToBHO manow (<1 % Big
Hmax.).

OcCHOBHUI iMMNYNbCHUIA MOAYNb, NepebyBatoyn y CTaHi NiaBULLEHOT eHTanbnii, MPoXoanTb Yepes
BIOKPUTUIA HarHiTanbHMn knanaH (7) y HanipHui Tpybonposig (9). TMicns NpoXomKeHHs moayns
HarHiTanbHMM knanaH (7) 3akpuBaeTbcs, | B pobovyomMy TpybonpoBogi (3) yTBoptoeTbCs neplia casa
po3pimKeHHSA  Ppospinx=-0,8 atm (BigHOCHO artmocdepHoro). Lle sBulle oOnNUCYyeTbCA XBUNBbOBOIO
Teopiel AK BiAOWUTTA XBWMi PO3PIMXKEHHS Bid 3aKpUTOro KiHUs. 3aBOsku KOpPOTKOYacHOCTI (2-5 mc)
piovHa nepebyBae B MeTacTabinbHOMY cTaHi 6e3 po3BUTKY KaBiTauii 3@ yMOBM, L0 abCOMOTHUIA TUCK
He 3HWXKYETbCS HXKYE TUCKY HAacUYeHOi napy Boaw.

Mepexig 4O HOMIHaNBHOrO (aBTOKONMBAMNbLHOrO) UMKNy. licna 3aBepLleHHA CTapTOBOro LMKITY
cucTemMa He MOBEPTAETbCH Yy BUXIOHWMIW CTaH, a NepexoanTb 40 aBTOKONUBAIIbHOIO PeXrMMy 3aBOsAKM
pekynepaLuii eHeprii, NOB'I3aHOi 3 Nepenagom TUCKY, chopMoBaHMM Yy hasi po3pimkeHHs. Nepenag
TMcky APo=0,887 atm mix Bxogom (PBx=0,087 atm (HagnuwkoBui Tuck)) Ta Buxogom (PBux=-0,8
aTM) KnanaHa-nepepuBHuKa (2) 3abe3neyye MPUCKOPEHHST CYLINMbHOIO MOTOKY A0 3HAYHO BMLIOI
wewugkocTi (Un=13,42 m/c) nopiBHAHO 3i cTaptoBot (Uo=2,66 m/c). Lle Bignosigae koediuieHTam
koHueHTpau,ii Tucky KEPruey=10,1 Ta wemakocTi KEMwsuakocri =5.

HomiHanbHui pexum: popMyBaHHS OCHOBHOrO MOAYMs 3 BMCOKOK eHTarnbmnien. Y HacTynHuX
LMKNax NpuCKOpeHUN CyuinbHUIA NOTIK 3HOBY iHILIOE Kepylouui rigpoyaap Ha knanadi (4), ane Tenep
yepes3 BULLY LIBUAKICTb MOTOKY TUCK Y CUHXPOHi3ytouoMy rigpoyaapi gocsrae P=120,5 atm. (aus.
npuknag 34iRCHeHHsi, HOMiHanbHWUIA UMKn). Y pesynbTaTi, B pobodomMy Tpybonposogi (3) dopmyeTbes
OCHOBHWI iMNYNbCHUI MOAYNb 3 BUCOKOI EHTanbMieko:

Hmax=(P-Patm)vmodue=1371,5 kX, (28)

11
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Ae: Vmodule=0,1413 m?* - 06'em poboyoro Tpybonposogy (3). Lien mogynb Hece noTeHuiiHy poboTy,
ska byge nepeTBopeHa B KIHETUYHY EHEPril0 CTPYMEHS.

OcHOBHUI MOAynb NPOXOAMTL Yepes HarHiTanbHWUi knanaH (7) y HanipHui Tpybonposig (9). Mpu
HeobxigHocTi cTabinisauil TUCKy (Hanpuknagd, ANS 3HWKEHHS MiKOBUX 3Ha4eHb) MOAyNb MOXe
CNpAMOBYBATUCA 4Yepe3 TPaH3UTHUMA MeMOpaHHuM rigpoakymynarop-ctabinizatop (10), dkuin
3abe3neyye cTabinisauito TUCKY Ha 3agaHoMmy piBHi (Hanpwuknag, oo 78,48 atm) Ta nNoB'a3aHoro 3 UMM
3MEHLUEHHSM MOTOKOBOI eHTanbmii.

da3oBe nepekpuTTA Ta KBasiHENEpPEepBHUN CTPyMiHb. 3anmyck HacTynHOro moayns BigbyBaeTbcs
0O 3aBeplUeHHsA BMXO4y MonepegHboro 3 connosoro enemeHTa (12). Le 3abesneuye asose
nepekputta go 17,2 %, 3aBOskM 4YOMy Ha BUXOAI (POPMYETbCS KBa3iHEMEPEPBHWUWA CTPYMiHb.
[MapameTpu CTpyMeHs PerynooTbCad AUHAMIYHOK TOMKOK CoMna, fka 3MIHIE BMXiOHWMI 3a30p
3anexHo Big TUCKY MOAYMs, afanTylody reoMeTpilo 4O eHTarnbrii KOXKHOrO OKPeMOro Mogyssi.

MepeTBOpeHHs eHTanbnii B conni. lMicna crabinisauii Tucky B rigpoakymynstopi (10) ocHOBHMIA
iMNyNbCHUIA MOAYNb Mae eHTanbnito Hdel, ska Bu3HavyaeTbCa sk:

Hdel=(Pdel-Patm)Vmodule=1125,5 k[1x, (29)

ae Pdel=78,48 atm - Tuck mogyns nicns ctabinizatopa, Vmodule=0,1413 m3 - 06'em mogyns. Lis
eHTanbnig SaBnse cobOol NOTEHUiMHY poboTy, AKy MOAyNb MOXE BWUKOHATWU NPU PO3LUMPEHHI A0
aTMOC(EPHOro TUCKY.

Mpn HapxomkeHHi mopgyna OO connoBoro enemeHTta (12) BigbyBaeTbca 1oro apgiabaTudHe
PO3LUMPEHHS, B pe3ynbTaTi SKOro eHTarnbMis NepeTBOPETECA B KIHETUYHY EHEprilo CrpsiMOBaHOro
CTpyMmeHs. BignoBigHo 0o 3akoHY 30epeXeHHs1 eHeprii Ans BiAKpUTOT CUCTEMU:

Hdel= %mvjel2 +EBTpatn

Ae M=pVmodue - Maca Mogyns, vjet - WBKMAKICTb CTPYMEHS Ha Buxodi 3 conna, Eemarm - BTpath
eHeprii (Ha TepTa, po3citoBaHHA TOLWO). [ HOMIHANBLHOIO PEXUMY:

Ly jef ~11255
2 kx-BTpaTth, (31)

wo npy m=141,3 kr gae WBUAKICTb CTpyMeHsa vjet=125m/c. Takum 4MHOM, TMUCK MoAyns nicns
cTabinizaTtopa 6e3nocepegHbO BU3HAYaE MOrO eHTanbnilo, ska NoTiM NepeTBOPIOETECA Ha KIHETUYHY
eHeprilo cTpymeHs. Lle nepeTBOpeHHs € aHanoroM pOo3LMPEHHS CTUCHYTOrO rasy B peakTUBHOMY
conni, e eHTanbnis BUCTyNae Mipor NOTEHUINHOT poboTu.

B iHTerpatopi Hemae iHWWX mKxepen eHeprii, OKpiM eHeprii BXiAHOTO MOTOKY Ta BHYTPILLHIX
nepeTBopeHb TWUCKY, Macu W iMnynbCy, WO BigbyBalOTbCA Yy CyBOpiNM BiANOBIQHOCTI OO
dyHOaMeHTanbHNX 3aKOHIB di3nKu.

MpucTpin Mae 4OCUTL NPOCTY, HafiMHY Ta KOMMNAKTHY KOHCTPYKLitO, 3py4HY B eKcnryaTauil.

Hwxye HaBegeHo onuc npuknagy 34iIMCHEHHs Uiel CUCTEeMM 3 MOCUNaHHAMW Ha npuknageHi
KpecreHHsi Ta Tabnuui.

Ha popaHux KpecneHHsXx MNOSACHIETLCA KOHCTPYKUiS npuctpoto [pasiTauiiHO-iMnynsLCHOMo
iHTerpaTopy notoky, GIFz

®dir. 1 - Ornok-cxema rpaeiTaUiHO-iIMNYNbCHOrO iHTEerpaTopa MOTOKY, MiAKMYEHOro [0
30BHILIHBOrO [AXepena CyuinbHOro MoTOKY, BMKOHAHOrO, Yy BUMMSAI pe3epsyapa 3 HECYy4uMm OpYrum
AHULLEM, BCTAHOBIEHOrO BULLE PiBHA BXigHOro nogasanbHro Tpybonposoay. CTpinkamu nosHavyeHo
HanpPsIMKK pyxy MOTOKY.

dir. 2 - cxema MONOXEHHS OUCKIB KranaHiB y MOMEHT MiArOTOBKM A0 3anycky CUCTEMU NPUCTPOIO
(3anoBHeHHS cnuctemy poboYoIo PIANHOI).

®ir. 3 - cxemaTuU4He 300paXKeHHs MONOXEHHS AUCKIB KNanaHiB y MOMEHT 3amnycky CUCTEMM.

®ir. 4 - 3D-mMoaenb 3aranbHOro BUMMSAY NPUCTPOIO, BUMMAA 300Ky, NpMBEAEHUI OIS HAOYHOCTI, 3
YMOBHUM BUZINEHHAM eneMeHTIB KOHCTPYKLUIT (knanaHu, KpaH, NOBITPOBIABIAHWK Ta rigpoakymMynsatop-
cTabinizaTop nokasaHi CuHiM, Tpybu Ta npunagu - cipm Konbopom).

@ir. 5 - 3D-mMogenb 3aranbHOro BUrMSAY MPUCTPOID, BUMMNS4 3 TOPLEBOI CTOPOHU Mi KyTOM,
NPUBEAEHUI ANA HAOYHOCTI, 3 YMOBHMM BWZINEHHAM €feMEHTIB KOHCTPYKUii (KnamaHu, kpaH Ta
rigpoakyMynsaTop-ctabinisaTop nokasaHi CUMHiM, Tpyou Ta npunagm - Cipym KOrbopomMm).

Ha cpirypax noauuismu nokasaHo:

A - Touka Bigniky rpasiTauiiHOi BucOTM ©e3nepepBHOrO0 MNOTOKY 30BHILIHLOrO [mKepena,
po3TalloBaHa Ha HecydoMy ApyroMmy AHuLi pesepByapa (R1).

B - noBopoTHa BiCb An1CKa 3BOPOTHOIO MOBOPOTHOIO KranaHa-nepepyBHvKa (2).

C - noBOpOTHa BiCb ANCKa yaapHOro 3BOPOTHOro NOBOPOTHOrO Kranaxa (4).

DO - Touka 3'eQHaHHsI KyTOBOrO 3'€iHyBarnbHOro KoniHa (8) 3 Tpybonposogom (3).

D1 - noBopoTHa BiCb AMCKa 3BOPOTHOrO NOBOPOTHOrO HarHiTanbHOro kranaHa (7).

D2 - Touyka crabinizauii OCHOBHOro iMnynbCHOro moayns rigpoakymynstopom (10).
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E - Buxig ctpymeHs 3 connoBoro eniemeHTa (12).

F - Buxig Manoro iMnynsLCHOro Moaynsi 3 CUCTEMM.

G - Hecy4ye ropusoHTanbHe apyre OHWLLE 30BHILLHLOro JXeperna cyuinsHoro notoky (R1).

J - BEPXHiN 3anvBHWUIA MOK 30BHILLHBLOrO Axepena (R1).

K - 3anipHun kpaH.

M - BXiaHWIA Be3nepepBHMIN NOTIK BOAM B pe3epByap 30BHiLHbOro axepena (R1).

R1 - pesepByap 30BHILLHBLOrO AXxepena 3 Hecydnm apyrum guuwem (G).

S - NOBITPOBIABIAHWK 30BHIWHBOrO mkepena (R1).

1 - HaxMneHun nogasBanbHUN TPybONpPOBIA.

2 - 3BOPOTHUI NOBOPOTHUN KNnanaH-NepepuBHUK 3 Bakenem npoTmearu.

3 - rop130oHTanbHWI pobounii Tpybonposia.

4 - ynapHuUn 3BOPOTHUI MOBOPOTHUI KranaH 3 BaXkernem npoTusaru.

5 - 3nuBHUN (BiABIOHWMIA) TPyGONpOBIa,.

6 - rigposarsop.

7 - HarHiTanbHU 3BOPOTHUI NOBOPOTHUN KNanaH 3 BaXenem npoTtmearu.

8 - 3'egHyBanbHe KyToBE KOMiHO (Hanpwuknag, nig kytom 15°).

9 - ropM3oHTanbHUIN HanipHU Tpybonposia.

10 - TpaH3UTHUN MembpaHHWA rigpoakymynaTop-cTabinisaTtop 3 po3dinbHUMM rasoBOK Ta
PiAVHHOIO Kamepamu, piBHUMK 3a 06cArom, 6€3 HaKoNMYeHHs, 3 4BOMa nopTamu.

11 - nepexigHuin Tpybonposia.

12 - connoBuin enemeHT.

13 - 3'egHyBanbHe KyTOBE KOMiHO(Hanpuknag, nig Kytom 75°).

14 - 3'egHyBanbHe KyTOBE KOJMIHO BiABIAHOMO (3nMBHOro) Tpybonposoay (5).

15 - NPYXMHHWIA TigpaBRiYHUA iIMAYNbCHUIA TACHUK aMnniTygM TUCKY Manoro iMnyfibCHOro Moayns
y 3nuBHOMY Tpybonposogai (5).

16 - gpocentotoye conno JlaBans.

17 - nNPYXWHHMIA T[igpaBniyHWMA  IMNYNLCHUA FAcHWK aMnniTyaum TUCKY yAapHOI XBWMi B
nogasanesHomy Tpy6onposogi (1).

18 - 3'egHyBanbHe KyTOBE KONiHO (Hanpuknag, nig kytom 51°).

19 - 3'egHyBanbHe KyTOBE KONiHO (Hanpuknag, nig kytom 39°).

Mpuknapg 34inCHEHHS.

HaBegeHi B UbOMY po34ini po3mipn, reoMeTpuyHi napameTpu, TUCKM, LUBWUAKOCTI Ta iHLUi
XapakTepUCTUKN enemMeHTiB iHTerpaTopa nofaHi fK npuknaz O[HOro 3 MepeBaxHUX BapiaHTiB
30iNCHEHHSI KOPUCHOT Moaeni.

KomnnekcHe rigpoguHamiyHe MoAentoBaHHSA rpasiTauiiHO-iMNYNbCHOMO iHTerpaTopa MOTOKY Ha
OCHOBI (hyHOaMeHTarnbHNX 3aKOHIB MeXaHiku piavHu Ta Teopil rigpaBniyHoOro yaapy, 3 eHepreTuyHUM
aHani3oMm eMEeKTUBHOCTI KOHCTPYKUii Ta ii TeopeTudyHMM OBrpyHTYBaHHSAM, a TakoX pPO3pPaxyHKM
MILHOCTI Ta [JOBrOBIYHOCTI BCiX €IeMEHTIB CUCTEMW 3 YypaxyBaHHAM TMPOEKTHUX LMKMIYHMX
HaBaHTaXXeHb, BTpAT, reOMETPUYHNX NapameTpiB i BMAacTUBOCTEN MaTtepiany BKasyloTb Ha MOXIUBICTb
LUIMPOKOrO MPOMUCIIOBOrO 3aCTOCYBaHHA rpasiTauinHO-iMNYNbCHOrO iHTerpaTtopa MNOTOKY Ta WOro
30aTHOCTI A0 MacwTabyBaHHS.

B ogHOMy 3 MOXMMBUX pexuMiB ekcnnyaTauii rpasiTauiliHO-iMAynbCHOro iHTerpatopa MoTOKY,
peXxumi BiNbHOro BUTIKaHHS, iHTerpatop npautoe 6e3 nigkniodeHHs1 40 KiHLEBOro eHepreTMYHOro ym
TexHonoriyHoro obnagHaHHa. Y UbOMYy BuMagky COpMOBaHUA BWCOKOLLUBUAKICHWA iMNYNbCHUNA
CTPYMiHb Micns BMXOAY 3 COMMOBOrO MPUCTPOIO BiNbHO BWUTIKAE Ta AUCUMYE B HAaBKOMULIHbOMY
cepepoBuLi abo y cneuianbHin 3nuBHiA kamepi. KiHeTndyHa eHepris ctpyMeHs (npubnuaHo 1,1 MIOx
3a umkn Tpmeanictio 0,66 ¢) MOBHICTIO AMcKNye B TYpOYNEHTHIN Tevil, NTepeTBOPIOYNCE HA BHYTPILLHIO
eHeprilo pignHn. Takun pexxnm MoXxe 3acTOCOBYBAaTWCh ANs BUNPOOYBaHb, HANaromKeHHs, NPoayBKH,
abo nig 4ac ekcnnyartauil YCTaHOBKM $K AMHAMIYHOrO iMMyfbCHOrO HarHitaya, Hanpuknag, ans
OYMLLEHHS, MPOMMBKM YK TigpoBMNpobyBaHb TpybonpoBodiB. TakoX MoOXnMBa Tum4yacoBa poboTa B
LUbOMY pexumi 3a BiOCYTHOCTI MiOKMYEHOro yTtunidaTopa eHeprii (y TOMy uuchi rigpoTypbiHn um
iHLLIOro NepeTBOpIOBaYa eHeprii MOTOKY).

lNgpoouHamiyHe MoAenoBaHHA BMKOHAHO 3 ypaxyBaHHAM BUXIOHWX NapameTpiB 30BHILLHLOMO
[XXepena CyuinbHOro NoToKy, WO HagxoauTb no Tpydonposoay (1) Ha BXig 3BOPOTHOrO MOBOPOTHOIO
KnanaHa (2), 3asHadeHux y Tabnuui 1, a TakoX noJanblworo pyxy B CUCTEMY rpaBiTauiiHO-
iMMYNbCHOrO iHTerpaTopa MNOTOKY - Ha npuknagi NiACyMKOBWUX pe3ynbTaTiB, OTPUMaHUX Y MpoLeci
MOJEeNoBaHHs, HaBeAeHMX y Tabnuusix 2-16.
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Tabnuuga 1

KopoTka xapakTepucTika 30BHILLHBOrO AxXepena CyuinbHoro NnoToky Rinpu mogentoBaHHi cuctemm

Ne MapameTp 3HayveHHs OcHoBHa po3paxyHkosa
dopmyna

Bucorta (rpasiTauis + kiHeTuka) Big To4km A o

1 |ropusoHTanbHOI oci Tpybonposoay 3 iHTerpaTopa 0,9 m. MpoekTHa BMCoTa
GIF?

2 EOHaTKOBa LWBMAKICTb CYLLINbHOrO NMOTOKY 3 TOYKU 0 m/c MpoekTHa WBMAKicTs

3 LLIBM/J,Klpr CyUiNbHOMO NOTOKY Ha yaapHOMY 2.66 m/c U=,2-g-H-(1-¢)
knanani 4 ne: (=0,6

4 ?HyTpILLIHIVI JdiameTp nogasanbHoro Tpybonposoay 245 MM MpoeKTHuiA aiaMeTp

5 | 3oBHiWHIN giameTp Tpybonposoay 1 315 Mm IMpoekTHUIN giameTp

6 JoBxuHa OinsHkM Big Toukn A o BXoAy KnanaHa- 1,695 m MpoekTHa AOBXMHA
nepepuBHuKa 2

7 |Pobo4a pignHa Yucra Boga

8 | Matepian nogaBanbHoro Tpyéonposogy 1 AISI 4340

9 | doBXuHa ginsiHkm 3a mapwpytom A—»1—-2—3—4 4,695 m IMpoekTHa QOBXMHA

10 O6'em Bogu B TpybonpoBoai 3a MapLIpyTOM 02221M® | V=rr-r2L
A—-1-52-53-4

®yHKuUii Ta poboTa knanaHiB rpasiTauiiHO-iMNYNbCHOMO iHTErpaTopa noToKY:

KnanaH-nepepuBHMK (2) - MONOXEHHA Ha cTapTi: "BiOKPpMTUA"; MpoMycKae CyuinbHUA NOTIK Big
30BHiWHbOro mkepena (R1) yepes nogasanbHui Tpybonposig (1); 3akpuBaeTbea Mig Ai€lo yaapHoi
XBUIi, WO BMHMKAE Npw rigpoydapi Ha yaapHOMy KnanaHi (4), iHiLitoloyYn BTOPUHHWUIA CUHXPOHI3YOUNA
rigpoyaap; 6epe yyactb y (oopMyBaHHi OCHOBHOIO AUCKPETHOrO iMnynbCcHOro Mmoayns (o6'emom 141,3
n), nepepuBaroym CyLinbHMI NoTiK y pobodomy Tpybonposogi (3); BiAKpMBAETLCS MiA Qi€ CYLiNbHOro
NOTOKY B MOMEHT BUHUKHEHHS Nepenajy TUCKY Ha Bxofi Ta Buxodi (Hanpuknag, AP=0,887 atm y dasi
PO3pPISKEHHS).

KoHCTpykKUis: AMCK po3TalloBaHWi 3i CTOPOHM BUXOAY, NOBOPOTHA BiCb AMCKa po3TalloBaHa BHU3Y
Kopnyca.

YaapHun knanaH (4) - NOMOXeHHA Ha cTapTi: "Bigkputuin"; copmye Kepytouui rigpoyaap,
amnnitTyga $Koro 3anexutb Bid LWBWAKOCTI NOTOKY (y cTapTtoBoMy pexumi P=23,9 atm, y
HoMiHanbHomy P=120,5 aTm); pi3ko 3akpuBatouncCh, NnepepuBac NoTik y poboyomy Tpybonposogi (3) Ta
dhopmMye Manuii AUCKPETHUIN MOAYrb, 06'EM SKOro BU3HAYaETLCA QUHAMIKOIO 3aKpUTTH: Y CTapTOBOMY
pexumi = 2,85 n, y HoMiHanbHOMY = 5,23 n; pa3oM i3 knanaHom-nepepuBHUKoM (2) 6epe yvactb y
POopMyBaHHi OCHOBHOIO AMCKPETHOro moaynsa ob'emom 141,3 n, Akui NiCAS CUHXPOHI3YHOYOro
rigpoygapy Habysae BUCOKOI eHTanbnii (noTeHuiHoi poboTtn) H=(P—Pam)V; BigkpmnBaeTbca nig Aieto
BMacHOI Macu B MOMEHT BUHWUKHEHHS dha3n po3pigkeHHs y pobodomy Tpybonposogi (3).

KOHCTpykKUis: AUCK po3TalloBaHWMiA 3i CTOPOHWM BXOAY, MOBOPOTHA BiCb AWCKA po3TalloBaHa BHU3Y
Kopnyca.

HarHiTanbHuii knanaH (7) - NOMOXEeHHs Ha cTapTi: "3akputun"; Oepe y4vacTb y CUHXPOHi3auii
poboTn knanaHie (2) Ta (4), BNAMBaKYM Ha TPUBAmICTb iX BIOKPUTOro cTaHy; YacTuHa kopnyca
knanaHa (7) pasom i3 npwunernot AinsHkow HanipHoro Tpybonposogy (9) Ta BXigHUM MOPTOM
rigpoakymynsatopa-crabinizatopa (10) yTBOpOE OiNsHKY TpakTy, WO BMilWye BeCb 06'€M OCHOBHOIO
ONCKPETHOro imnynbcHoro moaynsa (141,3 n) - Big Aucka knanaHa (7) 4o cepefyvHu ra3oBoi kKamepu
rigpoakymynsitopa-ctabinizatopa (10); 3akpuBaeTbCs nig Ai€elo nepenagy TUCKY B HanipHOMY
TpybonpoBoai (9) B MOMEHT HacTaHHs as3n po3pimpKeHHa Yy pobodomy Tpybonposogi (3);
BiOKPUBAETbCS Mg Ai€t0 yaapHOI XBUITi NMpU KepyrudoMmy rigpoydapi Ha knanadi (4), nponyckaroum
OCHOBHUI MOAynb y HanipHWn Tpybonposig (9).

KoHCTpykuisi: AMCK po3TalloBaHuiA 3i CTOPOHM BMXOAY, NOBOPOTHA BiCb AUCKA po3TalloBaHa BHU3Y
Kopnyca.
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Tabnuusa 2

MigcymkoBuMi pe3ynbTat BUOOPY NnapameTpiB 3BOPOTHUX NOBOPOTHUX KnanaHiB 2, 4, 7: DN250 PN250 3
UUKNiYHUMK rigpoydapamu amnnitygoto o 150 atm 3 yactotoro y mexax 1,5-2 'u.

Ne EnemeHT Martepian Po3mipu OcobnusocrTi Pecypc
1 | Kopnyc knanaHa AISI 4340 Crina: 60 mwm; BHYTpILIHS noOBEPXHS: =15 pokiB
3 NigCUNEeHHaM HoexuHa: 660+330 HikentoBaHHs abo
DN250 PN250 MM XpomMyBaHHs. KomnakTHa
KOHCTPYKLUIis!, BIACYTHICTb
KvweHb. MiHiManbHa rmmbuHa.
2 | Anck KoHycHMI AISI 9310 Bara: 4 «r; OiameTp: - = 5 pokis
2323,8 Mm;
ToBwwmHa: 10 mm no
kpato, 20 MM g0
LeHTpY
3 | lNoBopoTHa Bicb AISI 9310 HiameTp: 236 Mm - = 15 pokiB
4 MigwunHmk CeramicSpeed 36%45%50 - = 15 pokiB
5 Cigno Kapbia KpemHito HiameTtp - = 25 pokiB
(SiC) 3 npoxoay:238 mm.
nokputtam DLC
6 ®naHeub Inconel 718) | ToswwHa: 40 mm; | 3ycunns 3aTtaryBanHs: 70715 | 2 50 pokis
npuBapHUN, 12 6onTiB M24; H; MoMeHT 3aTaryBaHHs:
NSIOCKWIA HiameTp 6onToBoro 382,8 H'm
kona: 390 Mm
7 IMpoknagka FKM (Viton) 4 Mm =8 pokiB
8 bonTu: Inconel 718) |227mMm; 224,439 mm| HiameTp i MiHOpHUIA giameTp | 235 pokiB
M27 X 120 X 12 HoBxuHa: 120 mm pi3bbu
9 "ankn Inconel 718) |DIN 934, Bucota 22 235 pokiB
MM
10 LLanbu Inconel 718) |DIN 125, ToBWMUHa:
3 MM

Y cuctemi iHTerpatopa Ha nepexigHomy Tpy6onposoai (11) abo Ha BuxigHIn  niHii
rigpoakymynsitopa-ctabinizatopa (10) moxe OyTu BCTaHOBNEHWM MOBHOMNPOXIOHUMA 3anobixHUIA
KnanaH MUTTEBOI Aii 30MOTHMKOBOro Tuny (Hanpuknag, Rexroth DBW25B abo Parker PVR250). BiH
3abesnevye MUTTEBUIN aBapiHWN CKUA TUCKY NpW NepeBULLEHHi 3adaHoi ycTasku. HanawTtysaslum
knanaH Ha yctasky 19,07 atm (WO BignoBigae TWCKy B CTapTOBOMY UMKII), rapaHTyeTbCs KOro
crnpautoBaHHA npu OyOb-AKOMY TWUCKY, WO [OOpPIBHIOE abo MEepeBULLYE Lie 3HAYEHHS, BKIIIOYHO 3
po60oYnM TUCKOM HOMIHanbHOro uukny 78,48 atm. Takun knanaH 36epirae NOBHY NPOMNYCKHY 30aTHICTb
marictpani (DN250) npu cnpautoBaHHi, WO [o3Bonsie 6e3nepelkogHO MponyckaTtu OCHOBHUMN
AnckpeTHMn moayne ob'emom 141,3 n. Micna Hopmani3adii TUCKY knanaH repMeTUYHO 3aKpUBAETbLCSH,
3anobiratoum 3BOPOTHOMY MOTOKY PiAMHM Ta Migcocy NoBITPSA B rigpocuUcTeMy, He3anexHo Bifg, pexumy
poboTu.

OyHKkUiT Ta poboTta rigpoakymynsitopa-ctabinizatopa 10. igpoakymynstop-ctabinizatop (10)
BUKOHAHUA MeMOpPaHHUM, 3 PO34INbHUM TPAH3UTHMM BXOAOM i BUXOOOM, 6€3 HaKONMUYEHHS PiguHM
(TpaH3uTHUM pexum). BiH mMae posgineHi kamepu: rasoea (a3ot) ob'emoM 5 n Ta BoAsiHa kamepa
o6'emoMm 5 n. PoatawoBaHuMi Ha KiHUi AinsHkW HanipHoro Tpyb6onposoay (9). CnyxuTb Ans
cTabinisauii TMCKy OCHOBHOIO OUCKPETHOro iMnyrnbCcHOro Moayns ob'emom 141,3 n, 9kMn NPOXOAUTb
yepe3 HbOro TpaH3uTOM, 6e3 3aTpumku. Yac crtabinisauii B HOMIHANbLHOMY pPEXMMi CTaHOBUTb
Tcra6=0,00611c. 3apsagHuin TUCK ras3oBoi kamepu - 83 aTm, BXigHUN TUCK moayna - 88,7 atm. [licns
NPOXOMPKEHHSI rigpoakymynsaTopa TUCK MOAynst cTabiniayeTbcsa Jo poboyoro 3HavyeHHst 78,48 aTtm, Wo
Bignosigae eHTanbnii Haei=(Pdei—Patm)V=1125,5 k[1)X y HOMiHarbHOMY LMKi.
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Tabnuusa 3

TexHiyHi napameTpun Tpybonposoais 1, 3, 5, 9

No EnemenT 3OBHiUJHi17| BpriMHiﬁ [oBXuHa Marepian Maca |O6'em, mMicTKiCTb
gdiameTtp (m) | giameTp (M) (m) (kr) (m3)
1 | TpyGonposig 3 0,315 0,245 1,68 AISI 4340 403,4 0,07920
2 | Tpybonposig 9 0,315 0,245 4,34 AISI 4340 |1042,2 0,20460
3 | Tpy6onposig 5 0,315 0,245 4,861 |AISI 4340 |1167,3 0,22916
4 | Tpy6onposig 1 0,315 0,245 1,695 |AISI 4340 407 0,07991
BHyTpilHs noBepxHst cTiHOK Tpy6 1, 3, 5, 9 - rmagka, wnidoBaHa.
Tabnuusa 4

TexHiyHi napameTpu KyToBUX KOMiH 8, 13, 14, 18, 19

L . Kyt
No EnemenT C?OBHILUHII/I B_HyTplLUHlvl HoBxunHa Crans | BurmHy 3aranbHa AOBXMHA
giameTp (M) | giameTp (M) | gyrm (m) (rpan.) 32 pyXOM MOTOKY (M)
: AlSI
1 | KytoBe koniHo 8 0,315 0,245 0,165 4340 15 0,81
. AISI
2 |KytoBe koniHo 13 0,315 0,245 0,824 4340 75 -
3 |Kyrose koniHo 14| 0,315 0,245 0,589 gi(') 90 0,81
KyToBe koniHo 19 AISI
4 Tpy6onposigy 1 0315 0,245 i 4340 39 i
KyToBe koniHo 18 AISI
> Tpy6onposigy 1 0315 0,245 i 4340 o1 i
BHyTpiwHsa nosepxHs koniH 8, 13, 14, 18,19 - rmagka, wnidosaHa.
Tabnuusa 5

Bubip maTtepianis 4na OCHOBHMX €NEMEHTIB rpaBiTaLiHO-iMMyNbCHOrO iHTEerpaTopa noToky 3a
po3paxyHKaMu MiLHOCTI

Ne EnemeHT ycTaHoBKM Martepian MiunicTb (MIMa) FloBrosiuHicTb (roanH
poboTn)
1 Kppnyc CTaJ"lb AISI 4340 + 850 200 000
rigpoakymynsitopa HiKenBaHHSA
Mem6oana ApmoBanun PTFE 3
2 i oa?( MVIISITODA Byrneuesvmmu 30 100 000
Apoakymy P BOMTOKHaMM
TpyGonpoBig BUCOKOro AISI 4340, rapsaue 850 250 000
TUCKY LUMHKYBaHHSA
Cocya knanana 2, 4, 7 AlSI 9310 1080 150 000
Kapbig kpemHito (SiC) 3
5 Cigno ancka 000aTKOBUM MOKPUTTAM 1000 250 000
DLC
6 Bicb ancka AlSI 9310 1080 150 000
7 [nCK KOHYCHWI AISI 9310 1080 100 000
8 | Migwmnimk CeramicSpeed 800 150 000
(kepamika)
9 Connosun anapat Inconel 718 1300 150 000
MpyXnHHWIA rigpaBnivyHMI
10 |iMnNynbCHMI NOrNUHaY AISI 4340 + 850 180 000
HikentoBaHHS
TUCKY
11 | lMpyxvHa nornvHava 51CrVv4 (EN 10083-3) 1900 600 000
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Tabnuusa 5

Bubip maTtepianis Ang OCHOBHMX €MEMEHTIB rpasiTaLiiHO-iMMNyNbCHOrO iHTerpaTopa noToKy 3a
po3paxyHKaMu MiLHOCTI

No EnemeHT ycTaHoBKM MaTepian MiunicTe (MMa) FlosrosiuHicTb (roanH
po6oTtun)
12 | Apoceniotoue conro WC-Co (ISO 4379) 3 2500 300 000
arMasHMM HanuIeHHaMm
AISI 316 (EN 1.4401),
13 |ligposaTBOp noslipoBKa BHYTPILLUHBOI 500 200 000
NOBEPXHI

PyHKLUiT Ta poboTa connoBoro enemeHTa (12) rpaBiTauiiHO-iMNYNbCHOIO iHTErpaTopa NoToKy.

ConnoBun enemeHT (12) npusHayeHUn OnNsi NEepeTBOPEHHS eHTanbnii (MOTeHUiHOI poboTn)
iMOYNbCHUX MOZYMIB Yy KIHETUYHY €eHeprilo Wwnsaxom (OPMyBaHHA CAPSMOBAHOIO CTPYMeEHS 3
pPO3paxyHKOBUMW NapameTpamMu BUTpaTW, LUBMAKOCTI Ta TUCKY. CTPyMiHb MOXe ByTu CnpsiMOBaHWIN Ha
BMKOHaBYi MPUCTPOi, Taki £K KOBLIOBI rigpoTypbiHW, peakTuBHi opcyHkn abo iHWi cuctemu
nepeTBOPEHHS rigpoeHeprii.

PospaxyHok napameTpiB CTpyMeHS.

PospaxyHkoBuii TucK nepen connoBuM enemeHTom (12) giametpom otBopy 46,5 mm (micns
ctabinisauii B rigpoakymynaTopi-ctabinizatopi (10)) cTaHOBUTE:

P=78,48 atm=78,48x%101325=7952646 la. (32)

MepeTBOPMMO TUCK Y Hanip H 3a doopmMyrnoto:

__P 7952646 ..
p-g 1000-981 M. (33)
PospaxyHkoBa WwWBuAKiCTb CTpyMeHs Uconno HA BUXOAi 3 conna (12) 3anexuTb Big Hanopy H:
Uconrio = /2gH = /2.9.81-810,7 = 159059 ~1261 /. (34)

OTpumaHe 3HayeHHs Jobpe y3romkyeTbCs 3 WBMAKICTIO 125 m/c, HaBedeHow B pesynbraTax
MOZEeroBaHHS.

PopMyBaHHS OCHOBHOTO iMMYNbCHOrO MOAYNS.

BignosigHo oo BubpaHoi goBxuHu Tpybonposoay (3) Ta po3mipiB KopnyciB knanadis (2) i (4),
BMKOPUCTOBYIOUM chopmMyny o06'emy uuniHagpa, po3paxyemo ob6'em Boau B Tpybonposogi (3), wo
MICTUTBCS B 3aMKHEHOMY 06'EMi MK 3aKpUTMMK AMCKamu KnanaHis (2) i (4):

V=m-r2-L, (35)

pe: m1=3,1416;

I - BHYTPILLHIW pagiyc Tpyou = 245/2=122,5 mm=0,1225 wm;

L - poBxuHa gingHku Tpydonposogy (B—C) = 3 m.

MNigpcTaBMMO 3HAYEHHS:

V=3,1416-(0,1225)?-3=3,1416-0,01500625-3~0,1413 m3=141,3 n. (36)

BpaxoBytouu, Wo BigbuTa yaapHa xBuns Big gucka knanaHa (2) nicnsa rigpoyaapy Ha knanani (4) 3
amnnitygoto 120,5 atm chopmye napameTpyu OCHOBHOrO AMCKPETHOro moayns ob'emom 1413 ny
TpybonpoBogi (3), BU3HAa4YMMO TUCK BigOMTOI XBUIi Ta MOYATKOBY LUBUAKICTE MOSYMS.

Twuck BigOUTOI XBUNi MOXHa NnodaTtu K YacTKy Big amnniTyau rigpoyaapy:

PBin6=a-Prigpoyaap, (37)

ae: o - koedilieHT BiobUTTA, WO BpaxoBye BTpaTK eHeprii xBuni (BiabuTTs, TepTd, gecdopmadiio).
Onsa gaHoi cuctemun a=0,80~0,8, Wo BiagnoBiaae BTpartam Ha Biaoutta 18,6 % 3rigHO 3 eHepreTUYHUM
©anaHcom.

Ansa HomiHanbHOro pexuMmy: Prigpoynap=120,5 atm=1,221x107 MNa. (38)

PBin6=0,8-120,5~96,4 atm=9,768%10° Ma. 39)

3miHa wemakocTi moaynsa AU nig gieto BiabuToi XBuMi BU3HAYa€ETbCs 3 PIBHAHHSA iMNYNbCY:

_ Peig6 976800 ~1073m/c
p-C 1000-910 , (40)

ae: ¢=910 m/c - edpekTMBHA LWIBMAKICTb MNOLUMPEHHS YAapHOI XBUMi B cuctemi (3 ypaxyBaHHaM FSI
Ta rasoBMicTy).

MoyaTkoBa WBUAKICTL CYLINbHOIO NOTOKY B pobodomy Tpybonposogi (3) nicnsa dasu po3pigKeHHst
craHoButb U=13,42 wm/c. TligcymkoBa LIBMAKICTE OCHOBHOIO MOAYMNsl nepeq HaaXOMKEHHAM Y
HanipHun Tpybonposig (9): Unigeyw=U+AU=13,42+10,73=24,15 m/c. (41)

AU
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Crabinisauis napameTpis mogyns.

3 ypaxyBaHHSAM po3paxyHKOBMX CyMapHUX BTpaT TUCKy AP=784 234,9 Na Ta BTpaT LWBKAKOCTI Npu
NPOXOKEHHI Yepe3 KyToBi KoniHa (8), (13) i npoxigHun nepepi3 knanaHa (7), Ha BXo4i B HanipHWUi
Tpybonposiza (9) ocHOBHWUI Moaynb Mae weuakicte U=22,77 m/c npu Tucky 88,7 aTm.

Y rigpoakymynaTopi-ctabinizatopi (10) Tuck moaynsi ctabinisyetbCcsl 40 poboyoro 3HayeHHs
P=78,48 atm 3i 36epexeHHam weuakocTti U=22,77 m/c. MNicna ctabinisauii moaynb HaAXOAWUTb Ha BXiA
connosoro enemeHTa (12).

TpuBanictb poboyoro Umkny.

3Haun OOBXUHWU OiNAHOK, LUBMAKICTb MOLUMPEHHSI YAApPHOI XBWMi, LWBMAKICTb MOTOKY Ta 4ac
crnpautoBaHHSA KnanaHis, TpMBanicTb OAHOMO LUKIY B HOMIHANbHOMY pexuMi ctaHoBuTb: Tunkn=0,66 c
(amB. Tabnuuto 15).

da3oBe NepekpuUTTS LMKAIB.

3a yac nepemilleHHs OCHOBHOIO iMMyNbCHOrO MOAYNS MO HanipHomy Tpybonposogy (9) auck
knanaHa (7) 3akpuBaeTbcs. OgHovacHo, y dasi po3piaXeHHs!, BiAKpMBaTLCA ANCKM KnanaHiB (2) Ta
(4), wo 3HameHye NoYaToOK HACTynHOro poboyoro uMkny. 3aBOsKW Takih CMHXPOHI3aLil 4OCAraeTbCs
daszoBe nepekpuTtTa umknie 17,2 %, TOGTO HACTymHMIA MOAYMb MOYUHAe dopmyBaTUCa [0
3aBepLUEHHs BUXoAdy nonepeaHbLoro 3 connosoro enemenTa (12). Lie 3abeaneyye kBasiHenepepBHICTb
BUXiOHOrO CTPYMEHS.

Butpara Bogu 4epes conno.

Butparta Bogu Ha BMxogi 3 connoBoro enemeHTa (12) Bu3HayaeTbca 3a GopMyroto:

L-n-(D)?

Q=
4'Tcycle (42)

ae:

L= 3 M - goexuHa poboyoro Tpybonposogy (3) mix Toukamn B—C;

D=0,245 m - BHYTpILWHIiK giameTp pobodyoro Tpybonposogy (3).

MNigpcTaBMMO 3HAYEHHA:

3:3,1416-(0245) _ 1,14 3 /0

4.0,66 (43)

YacToTa Kepyounx rigpoyaapis:

Y HOMiHanbHOMY pexumi YactoTa ynpaBns4Mx rigpoygapis moxe crtaHosutn 1,83 u. TobTo
ynpasnstounn rigpoygap Bigbysaetbca npubnuaHo 3a 0,1137953c [o 3aBepLUEeHHs nonepegHboro
uukny npu rnoro Tpmeanocti T=0,66 c.

OvHamika 3akpuTTH knanaHa (4) Ta o6'em manoro moaynsi.

lMoBHWMI TUCK Ha AUCK KnanaHa (4) BU3Ha4YaeTbCa 9K CymMa CTaTUYHOI Ta AUHAMIYHOT CKNaaoBuX:

Pcrarmme=p-g-H = 1000-9,81-0,9=8829 Ma=0,087 atm. (44)

b _p-U? 1000-(1342)
ONHaMmivyHe — 2 - 2

Qconrno =

=90048,2-Ma~ 0,887

atm (45)
PnosHe:PCTaTMqu"’P,quaMMqu (46)

Prosne= 8829+90048,2 =98877,2 Ma=0,9754 aTtm. (47)

Yac 3akputTs gMcka knanaHa (4) po3paxoByeTbcs 3a hopMynoto:

taakp = |1
PTIMQ | g

ne:
I=1/2 m-r? - MOMeHT iHepuii gucka; (49)
M=F-r - momeHT cunu; (50)
F=Prosre - Aguck - CUNA, WO Aie Ha auck; (51)
0=0,907 papg - BCTaHOBNEHUI KyT NOBOPOTY AMUCKA.
[MpoMixkHI po3paxyHKu:
- Maca aucka: m=4kr;
- pagiyc aucka: r=Dguc/2=0,3238/2=0,1619 m; (52)
- nnowja aucka:
n-(Damck)’ _ 314159-(03238)° ~ 0082402,
4 4 (53)
- MOMEHT iHepuii ancka: 1=1/2-m-r?=1/2-4-(0,1619)%=0,0524 kr-m?. (54)
- Cnna BnnuBy Ha auck: F=Prosre-Aqnc=98877,2 0,0824=8147,48 H. (55)
- MomeHT cunbl: M=F-r-=8147,48-0,1619=1319,07 H-m (56)

A aucKk =
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MigpcTaBnsaemo B (48):

tsaKp4:\/ 2| = 2-00524 = 01048 =,/0,0007 =0,0094c
M-Q 1319,07-0,907 1196,3 (57)

Takum 4ymMHOM, AMcK knanaHa (4) NOBHICTIO 3akpuBaeTbCs 3a ~9,4 MC, L0 MOSICHIOE 4iTke
hopMyBaHHS Marnoro iMnyrbCHOrO0 MOAYMs Ta BUCOKY YacTOTY Kepyounx rigpoyaapis.

O6'em BoAW, WO NPOXOAUTb Yepes knanaH (4) 3a 4ac Noro 3akpuTTS:

Q4—>5—>14—>6:AnmcK'Ucep't3aKp, (58)

Ae cepefHs LWBKNAKICTb 3a yac 3akputta Ucep=U/2=13,42/2=6,71 m/c. (59)

Q4—5—14—6=0,0824-6,71-0,00936~0,00517-m3=5,17 n. (60)

OTpumaHe 3HadeHHs Oobpe y3romkyeTbca 3 06'eMOM Manoro mMoaynsi B HOMiHanbHOMY pPeXuMi
(5,23 n).

CymapHa BuTpaTa 30BHILIHbOIO mpKepena:

BuTpaTta yepes 3nMBHWIA TPaKT 3a CEKyHAY:

Q4—5—14—6=N-Qcycle, (61)

ae N=1/Tuukn=1/0,66=1,515 yuknis/c. (62)

Q4—5—14—6=1,515-5,23=7,92 n/c. (63)

CymapHa BuTpaTa CyLinbHOro NoToKy i3 30BHILLIHBOIO JXepera A58 HOMIHaNbHOIO PeXnMY:

Qcym=Qconno+Q4—5—14—6=214+7,92=221,92 n/c=0,222 m%/c. (64)

OTXe, 30BHILWUHE [KEpeno CyuinbHOro MOTOKY 3 rpaBsiTauiiHOW nogadeto mae 3abesnevyBatu
cTtabinbHe HaOXOMKEHHHA PpiavHM Ha BXig iHTerpaTtopa ob'emom ~222 n/c, WO HeobxigHO Ans
nigTpMMaHHs BanaHcy cuctemu.

AKWwo 30BHIWHE [DKepeno [[o4aTKoBO OCHALWEHe eHepreTMdHMM  BY3nom  (Hanpuknag,
BepTUKarbHMM OCbOBMM HAacocoM), LUen By3on Mae OyTu npusHavyeHu BUKIMIOYHO ANiS
TpaHCMopTyBaHHA PIiOVWHW OO TOYKM nogadi, 6e3 3MiHM BCTaHOBMNEHWX rpaBiTaUiMHUX MapameTpiB
noToky Ta 6e3 BNNnBy Ha eHepreTU4HUM GanaHc pobounx NpoLeciB iHTerpaTtopa. Y Takomy pasi Hacoc
BUKOHYE nuwe yHKUito 3abe3nedyeHHst cTabinbHOCTi Ta OGeanepepBHOCTI nogadvi. 3a Hamnopy,
Hanpuknag, 5,4 M i OOBXWHI rOpM3OHTanbHOI AinsiHKM Tpybonposogy 10 M, poboya crnoxuBaHa
MOTYXHiICTb OCbOBOIO Hacoca MoXe CTaHOBUTK He Binblie 15 kBT (amB. Tabnuuio 6).

Tabnuusa 6
Po3paxyHKkoBi napameTpu BepTUKanbHOro 0OCLOBOro Hacoca
Tun: ocboBUIA, BEPTUKaNbHUIA, NPONenepHnin, enekTpudHUim, o4HOLLBUAKICHUN
Ne MNapameTp 3HayeHHs MaTepian
1 |Bwurpara (n/c) 221,92 -
2 |Hanip (m) 54 -
3 | Poboya notyxHicTb (kBT) 15 -
4 | Makc. noTyxHicTb (KBT) 18,5 -
5 |KKO (%) 84 -
6 |[poToYyHa YacTuHa - AISI 316

Twunosi moaeni: Grundfos NK/NKE 200-400/415; KSB Amacan P 250-500.
CraHgapTtu: EN ISO 9906:2012; EN 733 (DIN 24255); EN 1090 (EXC 3).

Y KOXXHOMY LUKni iHTerpaTtopa BigbysatoTbes:

- OOMH NePBUHHWIA KepiBHWIA rigpoyaap Ha knanaHi (4);

- OOWH BTOPUHHWUIA CUHXPOHI3YHOUNIA - Ha KnanaHi-nepepuBHUKY (2).

Y cTapTOBOMY pexumi 3aranbHUA BUTpaTa CKnagaeTbes 3.

- OCHOBHOro puckpeTtHoro moayns (141,3 n - BenuuMHa nocTiiHa 3a paxyHOK reometpil
iHTerpartopa);

- Manoro AMCKPETHOro MoAynsa (4epes knanaH, WO 3akpuBaeTbcs (4)), SKUA 3anexuTb Big
noyaTkoBoi weuakocTi Uo=2,66 m/c.

MopentoBaHHA nokasarno: y neplioMy UukNi us AoAaTKoBWA BUTpaTa cTaHoBUTbL 2,85 n, Tomy
cymapHo - 144,15 n.

3akpuTTAa HarHiTanbHoOro knanaHa (7) BigbyBaeTbca Ha 2,6665 ¢ nicnsa 3anycky. Y Lei MOMEHT
noTik 3HOBY MoYMHae pyx no Tpybonpoeoay (3) Ao yaoapHoro knanaHa (4) 3i wewuakictio 13,42 m/c -
aKTUYHO NOYaTOK LIMKIY.

YacTvHa OCHOBHOIO iMMYNbLCHOMO MOAYMO Y €HTanbNinHOMY CTaHi BXe BUMLLNAa Yepes Conosui
enemeHT (12), iHWa we pyxaeTbest no Tpydbonposoay (9). MoBHa nocnigoBHICTL yCiX MpoueciB Big
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ToukM A (cpir. 1; Tabn. 14,15) 0o Buxony CTpPyMeHs i3 consia B CTapTOBOMY LMK cTaHOBUTL 3,1556 c.
To6TO HOMIHANBHWI LMK NOYMHAETLCA 3 2,67174 ¢ CTapTOBOrO LIMKITY.

KomnnekcHe MogentoBaHHA BCTAHOBUITO, O TPUBAMiCTb OOHOMO HOMIHANMbHOrO LMKy A0 novaTtky
BUXOAY CTpyMeHs 3 conna gopisHioe 0,66 c.

Ockinbku NOBHe 3akpuTTs KnanaHa (7) o3Havae a3y po3pigxeHHs B Tpybonposoai (3), npu sikin
BiAKpMBaOTLCA KknanaHu (2) i (4), HaCTYNHWM KPOKOM MOTPIOHO BM3HAYUTM - B SIKUW Came MOMEHT
HOMiHanNbHOro LMKNy BiabyaeTbCa TPETin kepiBHUN rigpoyaap, Wwob 3abesneunTn ctabinbHiCTb poboTn
iHTerpartopa.

AHarnis MOMEHTY TPeTbOro KepiBHOro rigpoyaapy:

Ouck HarHiTanbHoro knanaHa (7) noBHiCcTio 3akpuBaeTbcs Ha 0,3043587 ¢ nepluioro uumkny
HOMIHaIbHOIo PeXnmy - ogpasy nicris NPOXO4KEHHS "XBOCTa" OCHOBHOIrO AUCKPETHOrO MOAYIS Yyepes
noro NpoxigHum giameTp. Y Le MOMEHT CYUifNbHMIA MNOTIK 3 30BHILLHLOMO AKepena, KM padiwe
3YMVHUBCA Yepe3 KranaH-npepuBHUK (2), 3HOBY MouMHae pyx no pobouvomy Tpybonposogy (3) oo
yaapHoro knanaHa (4) 3i wewnakictio 13,42 m/c.

BpaxoBytoun: dac BigkpuTTa knanaHa (2) - 0,008896 c, uyac nepemilleHHa MOTOKY no
Tpybonposogy (3) - 0,22355 c, 4yac 3akpuTTa knanaHa (4) - 0,0094 c, oTPUMYEMO MOMEHT TPETLOro
KepiBHOrO rigpoyaapy:

t=0,3043587+0,008896+0,22355+0,0094=0,5462047 c. (65)

Takum 4ymHOM, TpeTin kepiBHWI rigpoyaap BiadysaeTocs Ha 0,5462 ¢ nicns gpyroro, To6ToO 3a:

0,66-0,5462047=0,1138 c. (66)

[0 3aKiH4yeHHs HoMiHanbHoro umkny (0,66 c).

OTxKe, UUKNM MepekpuBalTbCa y dasax: HaACTYNHWA UMK CTapTye LWe [0 3aBepLueHHs
nonepeaHboro. Lle cTBopioe as3oBui 3cyB 3amycky, SIKMA € TUMOBMM MpUHUMNOM Yy 6aratbox
iMNyNbCHUX cucTemax i 3abeanedye Ge3nepepBHICTb BUXIQHOT CTPYi i3 connoBoro enemMeHTa (12).

Ha rpadiky 1 (pir. 6) - NOpPiIBHAHHSA iMNYNBCHOMO Ta HEMNEPEPBHOIO MOTOKY.

[obpe BMaHoO, WO NiKOBi 3Ha4YeHHs He cdaratoTb 250-260 n/c, npoTe 1 npoBanis 4O HyNs HEMae.

Mpadpik aemMoHcTpye: hasa HACTYNHOro iIMMyNbCy NOYMHAETBLCA A0 3aBEPLUEHHS NonepeaHboro, 3a
pPaxyHOK 4YOro BUHWUKAE NEPEKpUTTS.

CuvHi ginsHkn BUTpaTK TPOXWU MIQHATI Ta He obpuBalTbCH, Ha BiAMIHY Bif KNaCWYHOI iMAYNbCHOI
nogadi.

Lnknu TpueanicTio 0,66 ¢ 3anyckatoTbes koxHi 0,5462047 ¢, To6TO 3 ha3oBMM 3CYyBOM:

fo L

At (67)

ae:

f - yacTtoTa 3anyckiB yuknis, Iy;

At - cha3oBuMIA 3CYB MiXX LiMKnamu, c.

= 1 =183y

Omke, 05462047 (68)

3miHa TpmBanocTti a3oBOro 3CyBy B MeXax HaBeOeHMX 3HayeHb BU3HAYaeTbCcA BUOOPOM
YCTaHOBOYHUX KYTiB NOBOPOTY ANCKIB KnanaHis (2) Ta (4).

- Po3paxyHok BuTpaTt 3 ha3oBOI0 KOpeEKLIE

O6'em ogHoro imnynecHoro mogynsi: 141,3 n.

YacTtoTa 3 ypaxyBaHHAM dha3oBoro nepekputts: 1,83 Nu.

Qkopp.=141,3-1,83=258,6 n/c. (69)

loeanbHWIn HenepepBHUIA NOTIK (6e3 NepeKkpuTTS):

f= i =1515Ty
YacTtoTa yukny npwu iHtepsani 0,66 c: 0,66 . (70)
Butparta: Q6e3 nepekp.=141,3-1,515=214 n/c. (71)
2586 .,

EdekT asosoi kopekyii: 214 (72)
ae: Kn koedilieHT nigBULEHHA BUTpaTH.
TobTo BuTpaTa 3binbleHa Ha = 20 % 3a paxyHOK (ba30BOro NepekpuTTS.
EdekTuBHiCcTb dhasoBoi Kopekuii (% nepekputTa):
MepekputTa dhas Ha 17,2 % 3a Yacom LMKy CKnagae:
Ty ~At 5o - Q137988 5 ¢ 17,2%
Ty 0,66 (73)
Y3aranbHeHur pexxum poboTtn GIF
Y3aranbHeHui pexxum poboTtun GIF2:
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TpuBanictb noBHOro umkny moayns: 0,66 c.

®asosuin 3cyB Mix mogynamu: 0,5462 c.

KoediuieHT nepekputta: 17,2 %.

Yactota ogHoro moayns: 1,515 Ny,

KinbkicTb a3 (moaynis): 2.

Pexum poboTu: ha3oBo-3cyHyTa nocnigoBHa akTusauis iMnynsciB. KoxeH Moaynb 3anyckaeTbes

i3 3aTPMMKOIO BIAHOCHO NONEpeaHbOro, Lo CTBOPKE NepekpuTTa das Ha =17,2 % TpmBanocTi LmMKny.

Le

3abesneyye KyMynsSTUBHUA TUCK Ha BWXOAi, 3rMafKyBaHHA Mynbcauiil Ta HabnKeHHs [o

KBasiHernepepBHOro MOTOKY.

BuxigHunin edbekT: iMNynbCHUIA MOTIK MEPETBOPIOETLCSA Y KBa3iHernepepBHUA 0e3 NiaBMLLEHHSI

4YacToTU 0gHOro Moaynsi, 3bepiratoum HagiMHICTb | KOHCTPYKTUBHY MILHICTb CUCTEMM.

Tabnuua 7
KntoyoBi napameTpm IHTerpatopa GIF?2
Ne MapameTtp 3HaveHHs HopmatuaHui MeTogn BMMiptoBaHHS ®iznyHMn 3micT
cTaHgapt
MoBHMM yac poboTu
TpuBanicTtb uukny FOCT P 54840- Ocuwnnorpady/ O[HOrO iMMYMNbCHOrO
1 0,66 c .
mogyns (T) 2021 0aTyuK TUCKY Moayrns Bif, 3anycky 4o
3aBepLUEHHS
3aTpmMKa Mix
2 | ®asoBun 3cyB (At) 0,5462 ¢ ISO 10767 dasoBuii aHanizaTop akTusadieto

1:2015 (knacllM) nocnigoBHMX MoAyniB

YacTtka Yacy, Konu aea

KoediuieHT o i PospaxyHok: )
3 nepekpuTTs! (K) 17,2 % ASTM E74-18 K=(T-At)/T-100 % Moayni npauTb
0fHOYaCHO
OcHoBHa 4acToTa
4 |Yactota mogyns (f) 1,515y IEC_ 60034- YacTtoTomip iMMynNbCiB OQHOrO
1:2017 -
mogyns (f=1/T)
KoHCTpYKTUBHMIA KinbkicTe
5 [Kinbkicte dhas (N) 2 - Py CUHXPOHI30BaHMX
napameTp . .
MoAyniB y CUCTEMI
) BipTyanbHa 4actoTta
6 EdekTnBHa yactoTa 1,831y i PospaxyHok: CpUAiMAHOro

noToky (fe) fe=1/At

HernepepBHOro NMOTOKY

MpuHUMN poboTK (CXxemaTuU4He NpeacTaBneHHs):

Cuctema peanisye pa3oBo-3CyHYTY akTUBaLito iMNynbCHUX MoayniB, Ae:

Mopaynb 1 3anyckaeTbCsl B MOMEHT to;

Mogaynb 2 BMUKaeTbCS i3 3aTpumMkoto to+0,5462 c;

Ha momeHT t0+0,66 ¢ LiMKn NOBTOPIOETHLCS;

Mepekputta dhas = 17,2 %, wo 3abesneyye popMyBaHHS KBa3iHENEPEPBHOIO MOTOKY.

Ha rpadiky 2 (dpir. 7) - dba3oBuin 3cyB LUMKNIB iMNYNbCHUX MOAYMIB.

(Y Burnagi iMnynbCHUX curHanis, 3aMilleHux no gasi Ha At; 30HM NepekpUTTa BUAINEHI).
MepekpuTTa aKTUBHUX has:

OpHouvacHo npauroTb ABa umknm npotsirom 0,1137953 ¢ (wo ctaHoBuTtb 17,2 % Big T = 0,66 ¢).
TucK y 30Hi NepekpuTTS:

3a vac nogin, wo BigdyBawTbca NpoTarom uukny 0,66 ¢, ogHOYacHa aKTMBHICTb OBOX iMMYIbCIB

HacTae 3a 0,1137953 ¢ o 3aBepLUEeHHA nonepeaHbOro LMKIy.

MpoTe iX TMUCKM He NiACYMOBYIOTbLCH, OCKiNbkM obuaBa iMnynbCu NPOXOAATb cTabinisauiio B

rigpoakymynsitopi-crabiniaropi (10) i3 3apsaHMM TuckoM rasy 83 aTtm.

Ockinbkn yac ctabinisauii TUCKY Tcras CYTTEBO MEHLUMI 3a Yac NEpPeKpUTTS iMNYNbCIB trepexpurrs,

HakKragaHHsA TUCKIB BUKITIOYEHE: KOXKEH iMMyrbC CcTabini3yeTbCa OKPEMO i HEe BMIIMBAE HA HACTYMHUNA.

Tctabd = X . |n(ﬂj
PBux (74)
TcTab = %Jn ﬂ =0,05-In(1,13)=0,05-0,122217 =0,00611 c
0,2 78,48

(75)
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TcTab << tnepexpurs (76)

IHTerpaTop GIF? peanisye kBasiHenepepBHUN PEXNM 3a paxyHOK NEPEKPUTTS LUKNIB:

- KOXXeH HoBUI Umkn cTapTye Yepes 0,5462047 ¢ (82,8 % tpusanocTi T = 0,66 c);

- 17,2 % vacy uyukny (0,1137953 c) aBa iMmnynbCU NpaLUolTb 0OHOYACHO;

- etbektnBHa yactora: 1,83 'y (npu 6a3osin 1,515 y).

CraHgapTui Ans pexummy:

ISO 10767-1:2015: knacudikye cuctemy sk "iMnynscHy 3 hasoBoo Moaynsuieo”;

EN 13480-3:2017: Bumarae nepesipku Ha BToMy npu 120,5 atm (MOXNUBWIA NIKOBUIA TUCK).

BuxigHi xapaktepucTtumku:

- KBasiHenepepBHiCTb MOTOKy: AocsraeTbcs 3aBasdkn 17,2 % nepekputta a3 6e3 nigsuLeHHs
4YacTOTU OKPEMMX MOAYIIB.

- KymynatmBHum edekT TUCKy: 3poCTaHHS iMNynbCHOI cunm Ha 18-22 % MoxnvBe 3a paxyHoK
(a30BOro HaknagaHHs, ane He 3a paxyHoK MNigBULLEHHS TUCKY.

- EHeproedekTuBHICTb: cnoxmBaHa MNOTYXHICTb 3HWXKYETbCA Ha =15 % 3aBAsKkM BiOCYTHOCTI
npocCTOIB.

lMepeBarn nepen aHanoramu:

- CtabinbHicTb y 3,7 pasy BuLa, HiX Yy NOCMiIAOBHOMY iMMYNbCHOMY PEXUMI.

- Pecypc ekcnnyartaudii: cTpok cnyxbu knanaHiB 36inbwyetscsd Ha =40 % (MeHwe uuknis
BMWKaHHS/BUMUKAHHS).

- 3HMxeHHs Bibpauin Tpybonposoay - Ao 20 % Big HOPMATMBHOIO 3HAYEHHS.

PekomeHgoBaHa o6nacTb 3aCTOCyBaHHS.

Tabnuusa 8
PekomeHgoBaHa o6nacTb 3aCTOCyBaHHS
Ne 3acTtocyBaHHs BignosigHun ctangapt OcobnuBsi BUMOru
1 |TigpoTpaHcnopt cuny4mx matepianis  |TOCT P 55023-2022 AHTUKOPOSiNHE NOKPUTTS
> ImnyanHe_ NPOMMBAHHA ASME BPE-2022 YucToTta nosepxHi Ra < 0,8
TeNnnoobMiHHMKIB MKM
. ; ISO 15674:2016, FDA Class| NMynbcauii 1,515 'y, AP <
3 | Megu4Hi cuctemm remoamMHamikm I 5
Wenakictb ctpymeHs 110-
MKUBIIEHHS CTDYMAHHO-KOBLLIOBHX IEC 60193:2019, ISO 130 m/c, ButpaTta 0,200-
a |7 e Py 4371:1984, EN 60900:2012, | 0,250 m/c, KK[] >92 %,
P ES 1109:2015 TpuBanictb imnynscy 0,66
c
5 | AeapinHi Bogosigsoau N'EC IEC 62006:2010 IM“Y”"?H”” nyck Ges
KaBiTauii
6 |HadTorasosi npoMunBHI anapaTu API RP 14E, ISO 14692-3 Tuck 125 6ap, PTFE-
MeMOpaHu
e . EN 17152:2020 Hanip < 0,1 aTm,
7 |TpaBiTauinHi 3poyBadvi i
(Bogo306epexeHHs) aBTOHOMHICTb

dopMarnbHe BU3HAYEHHS ONa JOKYMeHTau;i:

"Pexum GIF2-PCQCF - ue meTon ¢a3oBoi CUHXPOHi3aLii ABoX iMnynbcHMX mogynis (f = 1,515 Ny,
T = 0,66 c) i3 koedivieHTOM nepekpuTTa 17,2 %, WO 3abe3nedvye KBasiHENEPEPBHUA MOTIK 3aBASKU
3rnafpKyBaHHIO Nyrnbcauii. TexHonorisa ycyBae HeoOXigHICTb MiABULLIEHHS YaCcTOTUM OKPEMUX MOAYNIB,
30epiratoum pecypc obnagHaHHsA."

Knto4oBi TexHonorivHi nepesaru:

- MNapoanHamivyHa epeKTMBHICTb

- KoediuieHT nynbcadin Tucky: <5 % (ISO 10767-1:2015)

- KymynsiTuBHe 3poCTaHHSA CcTaTu4HOro TUCKY: BiacyTHE (0 %) 3aBasikm edekTuBHIN ha3osin
cTabinizauil.

Pecypco3bepexeHHs:

3acTocyBaHHA (ha30BOro 3CyBY 3HWXKYE LIMKNIYHE HaBaHTaXeHHs Ha knanaHu Ha 40 % (3 1 000
000 po 209 000 uwkniB), WO NIOTBEPOKYETBCS PO3PaAXyHKOM 3a MoaudikoBaHOK OPMYIoH
MiHHepa:

22



10

15

20

25

UA 163130 U

ae:

Ngon - JonycTMMe YUCIOo LMKIIB (Pecypc LMKIIIB);
APmax - nikoBun tuck (122,07 6ap);

APpex - pobounin Tnck (79,52 6ap).

KKL cnctemun: 80-82 % (ISO 50001:2018):
dopmynu gns sepudikauii pexnmy:

Po3paxyHOK KpUTUYHOTO Yacy NepeKkpuTTS:

tkput :[ZLJL—K
N (78)
ne:

L - goBxuHa Tpybu (9) 3a mapLupyToM NOTOKy A0 conna (4,34 m);

C - wemakictb yaapHoi xsuni (910 m/c);
K - koediuieHT nepekpuTtTa (0,172);

N - yncno mogaynis (2).

OnTumarbHe Y1Mcno MoayrniB:

1
NonNT = OKpy rMeHHsA B ropy{—} +1
(79)

K

PekomeHaauii 3 ekcnnyatauii:

- TemnepaTypHui gianasoH: Big -40 °C go +120 °C (3rigHo 3 knacom cTinkocTi 3a 1ISO 23936-1).

Bumoru o o6enyroByBaHHs:

- Mepesipka dasoBoro 3cyBy koxHi 500 rognMH poboTu.
- KanibpyBaHHs gaTumkie Tucky 3rigHo 3 TOCT 8.635-2023.
BignosigHicTb 06nagHaHHSA Ta cucTeMM MiXKHaApOAHUM CTaHOapTaMm.

B3aranbHi TexHidyHi napameTpu cuctemn GIF?

Po6ouunii Tuck: BxigHui - atmocdepHuii, BuxigHum - 78,48 atm.
lMikoBmmn TCK npw rigpoyaapi: 120,5 atm (TpmBanicts <0,66 c).
YacTtoTa iMmnynbciB: ocHoBHa - 1,515 'y, edpekTmBHa - 1,83 Nu.
Poboue cepepoBulle: yncta Boga (pH 6,5-8,5; Temnepartypa 5-50 °C).

Tabnuusa 9
OcHOBHi KOMMNOHEHTH Ta maTtepianu IHTerpatopa GIF?2
CraHgapT maTepian Mparnus Pecypc
Ne KomMmnoHeHT MaTepian y MiLLHOCTI y
abo Bupoby (rogunn)
(MNa)
ASTM A829 (EU: EN
. 10083), EN 13445, EN
1 |Kopnyc rigpoakymynatopa | Ctanb AlSI 4340 14359, EN 1993 850 200 000
(Eurocode 3)
2 |MembpaHa Apmosanun PTFE ISO 13000-1 30 100 000
3 | Tpy6onposig AISI 4340 EN 10216-3 850 250 000
. Kapbig kpemHito ISO 21223; ASTM
4 | Cigno knanaHa (SiIC+DLC) G99 1000 250 000
AlSI 4340 ISO 4525; API 6D, API
(HikenboBaHwWI/ 594, npopatok F; EN
XPOMOBaHWI 3 12516-1; ISO
5 | Cyaura knanaa KOHCTpYKLUi€eto 6e3 11120:2015; 5208; 1080 150 000
KULLEHb, TOBLUMHA ASTM A829; FDA/EN
CTiHkM 60 MM) 1935
6 |lMoBopoTHa BiCcb AISI 9310 ,ik.l\2/I081€;265; ISO 4378- 1080 150 000
7 | Avck koHycHMiA AISI 9310 éjl?é6D:2021; ASTM 1080 | 100 000
8 | MiawunHuk CeramicSpeed | \EPAMIHHN SO 26602:2009; DIN | 54 | 150 000
NiALWNNHWK 623-2
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Tabnuusa 9
OcHOBHi KOMMNOHEHTK Ta maTepianu IHTerpaTopa GIF?2
. paHnus
Ne KoMnoHeHT MaTepian Crarnapt marepiany MiLHOCTI Pecypc
abo Bupoby (roamnn)
(MNa)
9 |Connosuii enement Inconel 718 poMEBLOSGAMS 1 1300 | 150 000
UNS G43400, ASTM
Lo L A29 / EN 10083-1,
10 | [Py uHHMIA TiApaBniukmi | AIS] 4340 + ASTM A322, ISO 148-| 850 | 180 000
iMMYNbCHUIA raCHMK TUCKY | HIKeNOBaHHS 1 1SO 4527 ASTM
B733
11 |[MpyXuHa racHuka 51Crv4 EN 10083-3 1900 600 000
12 | Apoceniotode conmno WC-Co 3 anmasiim | g 4379 2500 | 300 000
HanWNeHHAM
AISI 316 3
13 |ligposaTBOp nosnipyBaHHAM EN 1.4401 500 200 000
BHYTPILUHLOI NOBEPXHi
Tabnuuga 10
MipcymkoBsi 3HaveHHs KK rpasiTauiinHo-iMnynbCHOro iHTerpaTopa noToKy:
Ne MokasHuK Popmyna/aHadyeHHs LLlo nokasye
YacTka noBHOI BXigHOI eHepril
3aranbHuit KK, naar = EcTpy MeHs % 100% (rpaBiTauiiHa + noyaTtkoBa K||-_|eTV|qHa), dKa
1 | encremm Erpas, umkn + EkiH nepeTsopuracs Ha réqpmgHy KIHETUYHY
o~ . 0 H .
(TepMoZMHaMIHMIA) Crapt: ~10-12 % HowmiHan: eHeprito CTpymeHs. BiAobpaxae CymapHi
~60-66 % BTpaTu B cuctemi (TepTta, onopw,
aucunadito) [22-24].
Aka yacTka BoaM, WO npoKuna Yyepes
cucTemy 3a uukr, 6epe yyactb y
. \%
. . . nrigp = —Mo'u'ymxloo% dopMyBaHHI KOPUCHOTO IMMYNbCY
lNapasniyHnn KKO V umkn o L
2. (06'eMHMI) c . 63 % Homi 63 (ocHoBHOro moaynsi), a He iae B 06XigHi
Tapr. o FOMIHaI: ~03- | (3n1BHi) noToku. XapakTepnsye
65 % e EeKTUBHICTb BUKOPUCTAHHA pOBOYOro
Tina [18].

Tabnuusa 11

MigcymKoBi iHTerpanbHi NokasHUKN eHepreTu4Hoi KoHueHTpauii KEIN rpasitauiiHo-iMnynscHoro
iHTerpaTopa noTtoky GIF2;

Ne MokasHuk dopmyna/aHayeHHs LLlo nokasye
Linknoswii Y CKinbKKn pasiB eHepria BUXigHOro
o CTPpYMeEHS nepeBuLLye NpsiMy rpasiTauinHy
EcTtpy mens .
KoediLlieHT . KEI‘Il.u/nm:L eHeprito, BUTpayeHy 3a uukn. Lle
1 |eHepreTuyHoOI Erpas,umkn o .
KOHLIEHTPALLT Crapt: ~05 Hominan: ~500-500 FONOBHWIA NOKa3HWK 3[ATHOCTI cucTemMu
pT: : KOHLEHTPYBaTW HU3bKOMOTEHLHY
(KEMuwukn) ; . .
eHeprito B Yaci Ta npocTopi [3, 4].
lMokasye, y CKinbKkK pasiB eHTanbninHnm
KoedidieHT CTaH chOpMOBaAHOro MOAYIA NepeBuLLye
KOHUeEeHTpaujii KEM eHTansnis = Hmax MeXaHi4Hy eHeprito BXiAHOro NOTOKY.
2. | eHTanbnifHoro EnoToky BH Crapt;| Xapakrepuaye ehekTUBHICTb
CTaHy ~195 HoMinan: ~85 TpaHcdopmaLlii KIHeTU4YHOT eHeprii B
(KEMeHTanbnis) NOTEHLUiNHY pobOTY CTUCHEHHS 3a paxyHOK
rigpoyaapy [1, 2, 3].
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Tabnuusa 11

MigcymKkoBi iHTerpankeHi NokasHukn eHepreTu4HoI KoHueHTpadii KEIN rpasitauiiHo-imnynbcHoOro
iHTerpaTopa notoky GIF?:

Ne MokasHuk dopmyna/3HayeHHs LLlo nokasye

Y cKinbku pasiB 3pocTae KiHeTU4YHa
€Hepris CyLiNbHOro NOToKy B KOXHOMY
LUKMi 3@ paxyHOK eHeprii, akyMynbOBaHOi
y (hasi pospigkeHHs Big nonepegHLOro
rigpoynapy. Xapakrepuaye epekTMBHICTb
BHYTPILLHbLOT pekynepauii eHeprii Ta
30aTHICTb CUCTEMU 0 CaMO-MPUCKOPEHHS
[4,5].

KEI pekynepauii KEN _ Enotoky, nicrisipoap
pekyn—

3. |(dasa EnoToky,nou

PO3pPioKEHHS) CrapT—HomiHan:~8,0

MigcymKoBi eHepreTU4Hi 6anaHcy NOTOKy Ta eHTanbMiNHOrO CTaHy iMNYybCHOro MOAYNS.

Cuctema npuctpoto GIF? peanisye ¢a30BO-CUMHXPOHI30BaHUIA IMAYNIBCHUI PEXUM PYXY PiOUHW.
EHepreTnyHmun 6anaHc cuctemu rpyHTYETbCHA Ha y3romkeHOMy obniky ABOX B3aEMOMOB'A3aHuX, ane
i3NYHO PI3HMX CKNagoBMX MEXaHiYHOI eHeprii MOTOKY: KiIHETWYHOI eHeprii CyuinbHOro MoTOKy Ta
MOTOKOBOI MEXaHiYHOI eHTanbnii, WO XapaKkTepusye CTaH foKanidoBaHWX iMMYNbCHUX MOAyniB,
chopmMOBaHMX yHacnigoK rigpoyaapHOro XBUIbOBOrO npouecy. Takunm nigxia [0O3BONSAE KOPEKTHO
onucatnm nepeposnoisi MexaHiYHOT eHeprii nig 4Yac LWBWMOKOrO 3aKpPUTTS KranaHiB, Konu
HecTauioHapHa B3aemofisi NOTOKY MPM3BOAUTbL A0 Pi3KOi 3MiHW TUCKY i LUBMAKOCTI 6e3 nopyLleHHs
3aranbHOro eHepreTMyHoro 6anaHcy cucremm.

1. KiHeTnyHa eHepris noToKy Ao rigpoyaapy.

[lo MOMEHTY BWMHUWKHEHHS TiApOy4apy MeXaHidHa eHepris CUCTEMWU 30CepeKeHa NepeBaXkHOo Y
BUMMAAI KIHETUYHOT eHeprii pyxoMoi pignHu. [na cyuinbHOro NoToKy, WO pyxaeTbesa 3i wauakictio U y
TpybonpoBoai foBxMHo L Ta nnoweto nonepeyvHoro nepepidy A (o6'em V=A-L), kiHeTu4Ha eHepris
BM3HAYaETLCS SAK:

EKiH,I‘IOTiK:%-m-UZ :£-p~U2~V

2 , (80)

Ae: p - rycTuHa pignHun. Lia BenuvyunHa xapaktepusye MexaHiYHUA eHepreTUdHU cTaH NoToKy A0
no4yaTKy NepexigHoro XBnnbOBOro NpoLecy.

2. EHTanbniiHMm cTaH iMNynbCHOro mogynsd, cdopmoBaHui rigpoyaapom. PantoBa 3miHa
LUBMAKOCTI CyUinNbHOro notoky AU, 3okpema npu LWBWOKOMY 3aKpWUTTi KnanaHa, npusBouTb [0
BVHUKHEHHS rigpaBniyHOro yaapy - HecTauioHapHOro XBMITbOBOrO Mpouecy B piguHi. 3rigHo 3
piBHAHHAM 2XyKOBCBLKOro, Npu LiboMy hopmMyeTbcs cTpmbok Tucky: AP=p-c-AU, (81)

Ae: C - LWWBUAKICTb MOLIMPEHHS yAAaPHOI XBUTi.

Y Mexax KopoTKo4yacHo i3onboBaHoro ob'emy piguHm Vmodule BigbyBaeTbcAa XBUNbOBUM
nepepo3noin KiHeTUYHOI eHeprii CyuinbHOro MoTOKY, WO NPU3BOAUTbL A0 3POCTaHHSA YneHa poboTu
TUCKY p/p y cknagi MOTOKOBOI MeXaHiYHOI eHTanbnii. TakMMm 4YmHOM OpPMYETbCHA NiABULLIEHUI
eHTanbMinHWA CTaH iMNYNbCHOro MOAyns, KU € XapaKTepUCTUKOI Oro eHepreTUYHOro CTaHy, a He
OKpPEMMM [pKepernioM eHeprii. [Ons cnabkoCTUCNUBOI piguHM 3a NpakTUYHO CTanoi TemnepaTtypu
NPUPICT NUTOMOT eHTanbMil BU3Ha4YaeTbCHA NEPEBAXHO 3POCTAHHAM TUCKY. Y LbOMY BUNAAKY rpaHnyHa
MexaHiyHa poboTa, siky MOXe BUKOHATM CChOpPMOBaHUM iMMAYNbCHUA MOAZYMb Mig Yac noganbLuoro
KBa3iCTaTUYHOro PO3LUNPEHHSA A0 aTMOCHEPHOro TUCKY, OLIHIOETHCS AK:

Hmax=AP-Vmodule. (82)

BennunHa Hmax iHTepnpeTyeTbCAa HK rpaHMyHa poboTa MOTOKy, WO BiAMNOBIgae WOro
nigBMLWEHOMY eHTanbninHOMY CTaHy i Moxe 6yTn peanisoBaHa Npu po3LIMPEHHI B COMIOBOMY anapari
[5-7]. Cnig 3a3Ha4MTK, WO PYLUIAHOIO OCHOBOI (hOPMYBAHHS BUCOKOLLBUAKICHUX iMMYNbCHUX MOAYMIB
€ CcaMe [MOTOKOBa MexaHiyHa eHTanbnis, copmoBaHa BHACMIQOK TriApoy4apHOro XBUIbOBOIO
nepepo3snoginy eHeprii. BHecok npyxHoi aedopmadii piguHn Ta CTiHOK TpybGonpoBoay B 3ararnbHui
eHepreT4Huin 6anaHc € opyropsagHNM i B faHin CUCTEMI MOXE BBaXXaTUCS HEXTOBHO Marnmm.

3. EHepreTnyHuin 6anaHc nepeTBopeHHs [5-7].

KiHeTu4Ha eHepris CyuinbHOro NOTOKY Ta MOTOKOBA eHTarnbMig iMAynNbCHOroO Moayns BiANOBIAaTb
Pi3HUM IBUYHUM CTaHam MOTOKY, OAHaK iXHA MOCMiAOBHA B3aEMOAISl € OCHOBOI pobOTM cUCTEMM.
Y3aranbHeHu MexaHi3amMm NepeTBOPEHHsI Ma€e Taku BUrNSA:

- KiHETMYHA €eHeprisi CyUinbHOro MOTOKY YacTKOBO MEepepo3nodinsaerbcsa B PoOOTY CTUCHEHHS
piavHM Nig Yac rigpoyaapy;

-y pesynbTaTti OpMYyETLCHA NoKanizoBaHWM iMAYNbCHAN MOAYMb 3 MiABULLEHUM eHTanbninHuM
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CTaHOM;

- nNig 4Yac nepemilweHHa Moayns 4YacTMHa WOro eHTanbnii BMTpPaAvyaeTbCA Ha NoAONaHHS
rigpaBnivyHUX onopis (knamnaHu, KoniHa, TepTs);

- y COMMOBOMY €neMeHTi 3anuvLIKOBa MOTOKOBA eHTarbnis iMnynbCHOro Moaynsi NepeTBOPOETLCA
Y KIHETUYHY eHeprito BUCOKOLLBUAKICHOIO CTpyMeHsi 6e3 nigBefeHHs1 30BHILLHbOT eHepril.

4. Po3paxyHOK eHeprii NOTOKY 0 NepLLOro Kepyw4oro rigpoyaapy.

Ons o6'emy cucremmn V=222,1n=0,2221m3;

- lpaBiTauiHa noTeHuUianbHa eHeprisa (BiAHOCHO PIBHS BUTOKY):

ErpaB=m-g-h=p-V-g-h. (83)

Erpas=1000-0,2221-9,81-0,9=1960,9 k. (84)

KineTu4yHa eHepris noToky (npu weuakocTi Uo=2,66Mm/c):

EkiH0= 1. p-U?.V =05-1000-(2,66)° -0,221~ 7857
2 k. (85)

[MoBHa noyaTkoBa MexaHiyHa eHepris CUCTeMu:

Enoy =ErpaB +EkiH, 0=1960,9+785,7=2746,6 [x. (86)

5. NoyaTKoBMI eHTanNbMNiNHUIA CTaH MNOTOKY.

Ho noyatky poboTu cuctema nepebyBae nig CTaTU4YHUM TWUCKOM, 3YMOBMEHUM rpaBiTauiiHUM
Hanopom:

Tuck Big cToBna pignHu Bucototo h=0,9wm:

Pcrar=p-g-h=1000-9,81-0,9=8829 Na=0,087 aTm. (Hagnuwkosuin Tuck) (87)

BignosigHa LubOMy TUCKY rpaHnyYHa poboTa NoToKy AN BCboro 06'eMy cuctemm V CTaHOBUTL!

Hnou=PcTaT-V=8829-0,2221=1960,9 . (88)

YuncenbHa piBHicTb Hnoy=Erpas (dpopmyna 84) He € BUNagKkoBOIO i NigTBEPOXKYE, O Yy CTaTUYHMX
yMOBax rpaBiTauiiHa noTeHuianbHa eHepria NOMNoXeHHS eKBiBaneHTHa rpaHnYHin poboTi TUCKY, WO €
NepeBiIPKOID KOPEKTHOCTI BUXiAHMX AAHUX Ta EHEPreTUYHOI Y3rompKeHOCTi Mogeni.

6. EHepreTuyHa koHUeHTpaUia 3a Teopieto Karney: ponb 4acoBoro cpaktopa Ta ¢-iHOekcy B
nepexigHux npouecax [1, 3].

Bucokun koediuieHT eHepreTuyHoi koHueHTpauii (KEM), wo peanidyetbes B cuctemi GIF?,
NOSICHIOETLCSA HE 3POCTaHHSM CyMapHOI eHeprii, a NoKanbHOK KOHUEHTPaLiEd MexaHi4YHOI eHeprii B
yaci Ta MpOCTOpi, WO € XapaKTEepPHO O3HAKOK HecTauioOHapHWX XBWMbOBMX MNPOLIECIB Y
TpybonpoBogax. Takui nigxia y3rogXyeTbCs 3 €HepreTMYHUM aHanisoM nepexigHuMx Mnpouecis,
3anponoHoBaHuM Karney [3], y SKOMY KMno4oBY porfib Bifgirpae CniBBigHOLWEHHSA XapaKTepHUX YacoBMX
MacLuTabiB NpoLeciB Ta YacTka eHeprii, Wwo 36epiraeTbca B CUCTEMI.

Y mexax ogHoro poboyoro uukny GIF? BUAINSAOTbCS OBa MPUHLMUMOBO Pi3Hi XapakTepHi 4acoBi
iHTepBanu: Yac HaKOMWYEHHs1 eHeprii tTacc Ta Yac XBUbOBOTO BMBINbHEHHS (Nepedadi imnynbey) tdis.

6.1. Yac HakonuyeHHs eHeprii tacc. [ins HOMIHanNbLHOro pexnmy poboTy cucTemMm YactoTa LMKIIB
ctaHoBuTb f=1,83 U, WO ekcnepMMeHTanbHO BM3HAYeHO 3a ocumnorpamamu TUCKY Ta LUBMAKOCTI
noToky (ame. Tabnuuto 15). BignosigHo,

racc:}z0,546
f c. (89)

Llen iHTepBan Bignosigae nepiogy MiX NocrnigoBHUMMU Kepyrouumu rigpoyaapaMmn Ha yaapHomy
knanaHi (4) i xapaktepusye 4ac nigBeAeHHs eHeprii Big 30BHILIHLOrO rpasiTauiiHOro gxepena Ta
dopMyBaHHS LLIBUAKICHOIO CTaHy CYLifbHOro NOTOKY nepes YeproBuUM iMMnyrbCOM.

6.2. Yac xBunboBoi nepefadi imnynbcy tdis. Yac BuBINbHEHHs eHepril tdis BU3Ha4yaeTbLCA He
TpMBanicTo BCbOro NepexigHoro npouecy, a xapakTepucTUYHUM YacoM XBUIbLOBOI nepeaadi iMnynscy
BCil Maci ccpopmoBaHoOro iMnynbcHoro moayns. Ons cnabkocTUCNMBOI PiAMHM LEW 4ac KOPEKTHO
OLIHIOETBCH SK Yac NPOXOMKEHHSA MPYXHOI XBUMi Big rpaHWYHOI MOBEpPXHi MOAyns OO0 MOro LeHTpa
Mac, L0 BiAnoBigae NOMNOBUHI ePEKTUBHOT AOBXMHM MOAYNSA, NOAINEHIN Ha WBUAKICTb 3BYKY B PiAWHI:

. Lmodule/2
dicy ————
¢ + (90)

[na reomeTpil Ta napameTpis HoMmiHanbHoro pexumy GIF? e nae tdis =0,0016 c.

Takun BUOIp XxapakTepUCTUYHOTO Yacy Y3roaXXyeTbCs 3 KNacMYHOK TEOpIeElo rigpaBniyHuX yaapis i
€HEepreTMYHUX CniBBiAHOWEHb Y HECTauiOHapHUX MOTOKaX, Ae CaMe 4ac PO3MNOBCHMXKEHHS XBUIlb
BM3HA4Yae TeMmn Mepeposnodiny iMnynbCy W  BCTAHOBMEHHS  HanpyxXeHo-0edopMoBaHOro
(eHTanbninHOro) ctaHy ob'emy piguHu [1-4]. BukopucTaHHSA LpbOro Macwitaby yacy € CTaHOapTHUM y
XBUIMTbOBMX MOENSAX NEepPEXiaHMX NpoLeciB i He NOTpebye BBEOEHHS] A0AATKOBUX NMPUMYLLEHD.

6.3. ¢-iHOoekc Ta 30epexeHHs eHTanbninHOro ctaHy. [logaTkoBMM MapamMeTpoM, Lo BU3HAYae
piBEHb €HEepreTUYHOI KOHLUEHTpaLii, € ¢-iHOEKC, KU XapaKTepmusye 4acTKy MakCUManbHOI eHTanbmnii
iMNyNbCHOrO MOAYNsi, WO 30epiraeTbCa B CUCTEMi OO MOMEHTY WOr0 HafgXOMXXEHHS B COMSIOBUWA
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anapar:

b=

Hmax . 2709620 ~0631
Hmax+DrTpaHc 2709620 +1586004,4 (91)

Lle o3Hauvae, wo 6nu3bko 63 % rpaHUYHOI MexaHidHOi poboTu, WO BigNOBigAE MaKCUManbHOMY
eHTanbninHOMy CTaHy Moayns, 30epiraeTbCsl 4O comnna, ToAi SK pelwTa BUTpa4yaeTbCs Ha NOAONaHHS
rigpaenivyHMX onopis nig Yac TpaHCNopTyBaHHS.

6.4. OuiHka koediuieHTa eHepreTMyHOI KOHUEeHTpaLii. BignosigHo fo nigxoay Karney, koedilieHT
€HepreTMYHOI KOHLIeHTpauii BM3HAYa€eTbCs CMIBBIAHOLIEHHAM XapakTepHUX YacoBux MacLiTabis
NpoLLeciB Ta ¢-iHOEKCY | Ma€ OLiHOYHWUIA XapaKTep:

KEM o face. _©_
Tdis 1-® (92)
[na HaBefeHWX NnapamMeTpiB:
_ 0546 0.631

KEM~ —22 .22 58x102
0.0016 1-0.631 (93)

OTpumaHe 3HadeHHs niaTBepmxye, wo Bucokun KEIM y cuctemi GIF? 3ymoOBReHMI 3HaAYHOM
pisHMLEl0 4YacoBux MacwTabiB npoueciB Ta 4YacTKOBMM 30epexeHHAM eHTanbmiiHOro CTaHy
iMMyNbCHOrO MOAYIs, @ He CTBOPEHHAM JOOATKOBOI eHeprii.

6.5. ®PisnyHa iHTepnpeTauis. Takum ynHom, cuctema GIF? peanisye pexunm 4acoBoi KOHLEHTpaLii
MeXaHi4YHOT eHeprii, Y AKOMy eHepris, Lo NigBoANTbCS NPOTArOM BiAHOCHO TPMBAMOro iHTepBany tacc,
peanisyeTbCsa y BUrNsAi iMnynbCHOMo Npouecy 3 xapakTepHum 4acom tdis. Lie NoBHICTIO y3roaxyeTbes
3 eHepreTMYHVMK ChiBBIAHOWEHHAMM Teopii nepexigHuX npoueciB i NiagTBepaXye, WO BUCOKi
3HayeHHa KEI e Hacnigkom XxBUNbOBOI pekynepauii Ta (a3oBOro Y3rogXeHHs npouecis, a He
NOpYLUEHHSAM 3aKOHIB 36epexXeHHs1 eHeprii.

[leTanbHUn po3paxyHOK eHepreTUYyHoro GanaHcy iMnynbcHoi cuctemmn GIF2 y ctapToBoMy Ta B
HOMiHanNbHOMY pexumax HaBegeHo y Tabnuui 12 Ta Tabnuui 13,

ae:

E - mexaHivyHa eHepris noToky\Moayns (kKiHeTuyHa + rpasiTauiiHa);

H - noTeHuiiHa poboTa TUCKY (eHTanbninHWI CTaH NoToky\Moayns).

Tabnuua 12

BanaHc nepeTBOpPEHHs eHeprii NOTOKY B CTapTOBOMY pexuMi 3 TpyBanicTio uukny 3,1556¢,
BPaxoBYOUM, LLO WBUAKICTb yaapHoi xauni 910 m/c.

Ne ETan EBx, x| EBux, [HBX, x| HBux, Btpatu (E + H), KK
(vexa- | [k |(eHTanb-| [Ox lMosicHeHHA
HiY. | (mexa-| nia/ |(eHTanb- KEMN

eHeprisi| Hi4. | poboTa nisi/

NoTOKy/ | eHeprisi| TUCKy) | poboTa

Moayns|noToky/ TUCKY)
) Moayns

)

1 |lMovaTkoBUIM NOTIK 2746,6 | 2746,6 - - CyuinbHWI NOTIK pyxaetTbesa 3 -
(rpaBiTauis + kiHeTuka) 3 TOYkM A pesepByapa
30BHILLHLOIO gXepena 30BHILLHBLOrO AXeperna no
00 yOoapHoro knanaHa 4 nogaBanbHOMY
(o ynpaensito4oro Tpybonposogy. V - o6'em
rigpoyaapy Ha knanati 4, notoky 222,1 n. Bucora 0,9
U=2,66 m/c) EHepris M (reoMeTpia KOHCTPYKU,T).
iHiLiauii (rpasiTauinHa) Esar = Ep.go+Ek.go =
2746,6 Ox. 1960,92 + 785,7
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BpaxoBYyOUM, LLO LWBUAKICTb yaapHoi xeuni 910 m/c.

3akpuTTa yaapHoro 2746,6 |11960,92| 537482 | 537403, | Esrparn =78,57 [xk. KEM
knanaHa (4). 43 (=10 % Big noyaTkoBOI 195,7
Ynpasnstouunn rigpoynap KiHeTUYHOT eHepril 785,7

(23,9 aTm) Ha knanaHi 4, Ibx)-Ha HarpiB, 3BYK,

BigpvB Manoro mogyns Mikpogedopmallii.

2,85 n Big cyuinbHOro Pi3ke 3akpuTTa KnanaHa 4

noToKy B Tpybonposia CTBOpPIOE CTPUBOK TUCKY

(5). EHTanbnis AP=23,9 aTtm, sikomy

(moTeHuiriHa poboTta BignoBigae eHTanbmniqa

CTUCHYTOro 06'emy (npu A=AP-V=537482 [

V=0,2221 m3) B (noTeHuiHa poboTa
Tpybonpoeogi (3) Ta (1) cTUcHyToro ob'emy 222,1 n).

NpuW PO3LUNPEHHI 0 Manuin mogynb 2,85 n
aTMOCHEPHOro TUCKY), BiJOKPEMITIOETLCS B 3MIMBHUN

O BUHMKAE B TpakT (5), Ae Noro eHepris
peaynbTari rigpoygapy: MOBHICTIO Ancunye B
Hmax=(P-Patm)V=5374 enemeHtax (15, 16, 6) i He

82 Ox. BMMMBa€ Ha eHeprobanaHc

KEI = OCHOBHOIO MOAYIA
537482/2746,6=195,7 - (BpaxoByeTbCA nuLle y

ue KoediuieHT BUTpaTI piaunHu).

eHepreTn4Hoi ®poHT yaapHoi xBuni no
KOHUeHTpau,ii Tpybonposoay (3) iHiuitoe
(BigHOLLIEHHSA BiOKPWTTS KNanaHa 7 1a
BMBINbHEHOT eHTanbnii 3aKpUTTS KnanaHa 2.

00 eHeprii iHiyiaui).

BigkpuTTa HarHitanbHoro|1960,92(1960,92| 537403, | 502372, | 35031 [OIx. KK
KnanaHa 7 nig gieto 43 43 Brtpatn 35031 Ox - 93,5

yaapHoi xsuni. Brpatu
eHTanbnil Ha NoAonaHHA
MeXaHi4yHoro onopy
auncka (7): 35031 Ox
(He3BOpOTHI, NepexoasTb
y Tenno Ta
Aedopmaliio).
EHTanbnisa nicna
knanana: 537403,43 -
35031 =502372,43 Ox.
BigHolLeHHs1 eHTanbMil
Ha BuXopAi Ao
MaKcuManbHOI eHTanbnil
Ha BXxofi:

_ 502872,42

n= x100% ~ 93,5%
53740842

eHTanbmnig, BUTpayeHa Ha
nogonaHHsa MexaHidHoro
onopy aucka (7) (tept4,
iHepuis, Bara, npoTuais) npu
MOro BiAKPUTTI yAapHOIO
xsuner. EHTanbnia nicnsa
knanaHa: 537403,43 - 35031
=502372,43 Ox.
Hes3Baxatoun Ha BTpaTtu,
mMoayrnb 36epirae BUCOKY
edekTuBHICTb (93,5 %) i
rOTOBHICTb 4O NOAAnbLUOro
nepeTBOPEHHS eHepril.

KK nokasye epeKkTUBHICTb
nepenavi eHeprii Yepes
knanaH (7).

%
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BpaxoBYyOUM, LLO LWBUAKICTb yaapHoi xeuni 910 m/c.

3akpuTT4 KnanaHa-
nepepvBHuKa (2) nig
Jielo yaapHoi xsuni.
Hapgxogutb 3 eTany 3:
502372,43 Ox. Btpatu
Ha nogonaHHsA
MeXaHi4YHOro onopy
avcka Ta geMndyBaHHs -
29245,9 [Ix.
EHTanbnis nicns
3aKpUTTS:
502372,43 - 29245,9 =
473126,53 x - ue
eHeprisi, 30cepekeHa B
i3oNboBaHOMY MOAYyni
(TpybonpoBig 3 mix
knanaHamu 2 T1a 4). KK
eTany 36epexeHHs
eHTanbnii Npy 3aKpUTTI
KnanaHa-nepepuBHMKa
(2):
n= 47812658 10096~ 94,294
502372,48
CWHXPOHI3yro4mi
rigpoygap 19,36 atm.
MpyXMHHWIA racHuk (17)
nornuHae
BWCOKOYaCTOTHi BigouTi
XBUNi B TpybonpoBoai
(1), popmytoumn
cTabinbHWiA nignip ans
HaCTYMHOTO LIMKNy.
BaxnuBo: npouecu B
Tpybonpoeogi (1) nicns
3aKpuTTS KnanaHa (2) €
OKpeMUM
rigpoguHamMiYHNM
SIBULLIEM i HE BMMMBaKOTh
Ha eHepreTUYHU CTaH
yXe chOpMOBaHOro
moaynsa (473126,53 Ox
HaneXmTb BUKITHOYHO
i3oniboBaHoMy 06'eMy
(141,3n.)B
Tpybonposogi (3).

1960,92

1960,92

502372,
43

473126,
53

29245,9 x.

Hes3BopoTHi BTpatn
eHTanbnil Npu 3aKpuTTI
KnanaHa-nepepuBHuka (2) -
Ha TepTs, Aedopmadito
€rneMeHTIB, MexaHiuyHy
po6oTty. EHTanbnis nicns
3aKpuTTA KnanaHa-
nepepvBHuka (2): 473126,53
Ox.

CuHXpoHi3ytouni rigpoyaap -
yaapHa xBuns Big
yNpaBnsaw4oro rigpoyaapy
(eTan 2) gocsarae knanaHa-
nepepviBHuKa (2) i 3akpnsae
Noro, CTBOPHOOYM
CWHXPOHI3younn rigpoyaap 3
amnnitygoto 19,36 atm. Lle
3abesnevye TMM4yacoBy
i30N4Lit0 OCHOBHOrO MOAYIsi
(141,3n) B poboyomy
Tpy6onposogi (3). PpoHT
yAapHOi XBuni B
Tpybonposogi (1) nicns
3aKpuTTS KnanaHa (2) dpoHT
yAapHOI XBWMi NOLUMPIOETLCSA
B 3BOPOTHOMY HanpsiMKy no
nogasanbHOMY
TpybonpoBoay (1) i gocsirae
NPY>XUHHOrO rigpaBni4yHo-
iMMYMbCHOrO racHMKa TUCKY
(17). MacHuk (17) BUKOHYE
OBi BaXnuBi pyHKLIT, L0 He
BMMMBAKOTb Ha eHTanbMito
moayns B (3), ane HeobXigHi
ansa pobotn cuctemu: -
JemMndye BUCOKOYACTOTHI
BiaGuTi yaapHi xsuni,
3axMLLaKYM 30BHILLHE
oxepeno (R1) Big pynHiBHUX
HaBaHTaXeHb;

- bopmye cTabinbHMI Nignip
y Tpyb6onpoBogi (1), akui
Oyae BMKOpUCTaHWUA Ons
PO3roHy CyLUifIbHOro NOTOKY B
HacTynHOMY uukni (nig vac
hasu po3pigKeHHS).

KKQ,
94,2
%
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BpaxoBYyOUM, LLO LWBUAKICTb yaapHoi xeuni 910 m/c.

Binbuta xBuns Big ancka
KnanaHa-nepepusBHuka
(2) (19,36 atm).
dopmyBaHHA OCHOBHOTO
ONCKPETHOro Moayns
141,3 n, KOHUEHTpauiqa
eHTanbnil Ta pos3riH
moaynsa go U=4,79 m/c.
2818,1 I - ue noBHa
MeXxaHiyHa eHeprisi
MOoAyns Micns po3roHy B
Tpybonpoeoai (3), ska
CKNnagaeTbes 3:

1. EHepria moayns B
3yNUHEHOMY CTaHi
(1697,5 Ox): -
lMoTeHuiHa eHepris
(eHTanbnia B cTaHi
cnokoto): 1247,5 [x; -
EHepris npyxHoro
CTUCHeHHS: 450 [x.

2. EHepris po3roHy
(1120,6 Ox):

- YacTtuHa eHTanbnii, gka
nepeTesopunace Ha
KIHETUYHY eHeprito
moayns; - Hagae
Moaynto wBeuakicte U =
4,79 m/c.

Pasom: 1697,5 +1120,6
Ox=2818,1 Ox.

2818,1 [x nokasye, Lo
MOAYIb HE NPOCTO
"CTOITb" 3 eHTanbnicto, a
BXe Ma€e KiHeTU4HY
eHeprito 4na pyxy no
Tpy6onposogay. Mpu
LibOMY OCHOBHa
eHTanbnia (278266,13
[>x) 3anuwaeTbca B
MoAyni SIK NOTeHuinHa
poboTa, sika Oyane
BMKOPUCTaHa nisHiwe (B
conni). MexaHiyHa
eHepria 2818,1 [x - ue
nuwe "aktTmeHa"
yacTuHa, HeobxigHa ans
TPaHCNOPTYyBaHHS
Moayns.

1960,92
-0 -
1697,5

—

2818,1

2818,1

473126,
53

278266,
13

193739,8+1120,6 =194860,4
k. Brpatn.
BxigHa eHTtanbnia 473126,53
Ibx (posnogineHa no BCbOMy
o06'emy 222,1 n). MNicns
BinouTTa xBuni (a=0,81;
19,36 aTm) eHeprisi
KOHLEHTPYETLCS B MOgYni
141,3 n.
CtaH mogyns nicns
POpMYBaHHS:
- Y 3ynnHeHoMy CTaHi:
1697,5 [x (eHTanbnis
1247,5 [x + npyxHa 450
).
- YacTtuHa eHTtanbnii 1120,6
[ nepeTBOpOETLCA Ha
KiIHETUYHY EHeprito PO3roHy
no U=4,79 m/c.
Micnsa po3roHy moaynb Mae:
- KIHEeTUYHY eHeprito - 1120,6
x;
- 3anM1LLIKOBY €HTanbmMito -
126,9 Ox
(1247,5 - 1120,6);
- MPY>XHY eHeprito - 450 k.
3aranbHa MexaHidHa eHeprisi
B pyci:
1697,5 + 1120,6 = 2818,1
.
KopucHa eHTanbnis Ha
BuUxofi etany: 278266,13 Ox
(3anuwok nicns BTpaT
193739,8 I Ta poboTtn
posroHy 1120,6 Ox).
KKL etany (58,8 %) -
nokasye epekTnBHICTb
30epexeHHs eHTanbMii B
Moayni nicng BCiX BTpaT:
278266,13

n=—22222 100% ~ 58,8%)
478312652

KEIT - koediuieHT
€HEepreTMYHOI KOHUEeHTpauil
Ons uboro etany BigHOCHO
No4aTKOBOI rpaBiTauinHol
eHeprii (2746,6 0x):

KEM = M ~1013

2746,6

KEM
101,3

KKA
58,8
%
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BpaxoBYyOUM, LLO LWBUAKICTb yaapHoi xeuni 910 m/c.

MepemiweHHs 2818,1|2125,9 | 278266, | 277573, |692,2 [x KK
OCHOBHOIO iMNYMbCHOIo 13 93 BTpaTtu Ha rigpasnivyHun 99,8
Moayns yepes onip: %
HarHiTaneHuIM knanaH (7) - 3MeHLIEeHHS WBMAKOCTI Ha
y HanipHuiA Tpybonpos.ig AU=0,27 m/c.
(9) 4yepes KyTOBI KOMiHa - HesHayHe 3HWMXKEHHSA TUCKY
(8,13) 3 pobouoro Ha AP=0,04 atm.
Tpybonpoeoay (3). BTpaTtu eHeprii CnpUYnHeHi
UBx=4,79 m/c TepTsaM Ta MicLLeBMMH
—UBux=4,52 m/c. onopamu npu NPOXOMXKEHH
IMpoxomkeHHA nepeLuko knanaHa (7) Ta KyToBumX
692,2[1x. KOIiH.
KKQ eTany: KKL TpaHcnopTyBaHHSA
"= 27757393 1 006 ~ 99.8% MOoAyns 3 eHTanbnieto

278266,13
MuTTeBe 3akpuTTA 2125,9|2125,9|277573,|273994, | 3579,3 [x KK,
HarHiTanbHOro KnanaHa 93 63 BTtpaTtun eHTanbnii 98,7

(7) nicnst nepexopy
MOAYNS B HAaNipHWi
Tpy6onposig (9)
cnpuymnHsie asy
pospimkeHHs (-0,8 atm) B
poboyomy Tpybonposoai
(3). Nepenapg Tucky AP =
0,887 aTm Ha knanaHi-
nepepvBHUKY (2)
BiAKpMBaE knanaHu (2) i
(4). Lle noyaTtok nepLuoro
HOMiHarnbHOro LuMKny (3
2,67174 c ctapToBOro).
CyuinbHun NOTiK y
TpybonpoBogax (1) Ta
(3) BigHOBMNOETLCA 3i
wewnakictio 13,42 m/c,
3abe3nevyoun
NepekpuTTS LMKIIB:
HOMIHaNbHMN LUKUKN
NOYNHAETLCH A0
3aBepLUEHHs BUXo4y
CTapTOBOro Moayns 3
conna (12).
(HOMiHaNbHWIA LMKN -

eTan 1 tabnuuysa 13).

(rigpaBnivHi Ta gucunavis)
Npw 3aKpUTTI HarHiTanbHOro
knanaxa (7), iHiyinoBaHi
amnniTygamm TUCKY, Lo
nepexoauTb Y HanipHUn
Tpybonposig (9) BHacniaok
BMXOA4Y MOAyns Ta
PO3pigKEHHS B
Tpybonposogi (3).
CrtaH mogynsi:
- MexaHi4Ha eHepria mogyns
2125,9 x (pyx oo conna) -
He3MiHHa.
- EHTanbnia Ha Bxoai B eTan
7: 277 573,93 [Ix. Brpatn
3579,3 Ix (rigpaBniyHi,
avcvnaduis).
- EHTanbnia Ha Buxoai 3
eTany: 273994,63 [x - ue
pes3epB A5 NEPETBOPEHHS B
conni (12). KK[ 36epexeHHst
eHTanbnil Npy 3aKpuTTI
HarHiTanbHoro knanawa (7):
KK eTany 7:
_278994,62

n=——"x100% ~ 98,7%
277578,98

%
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BanaHc nepeTBOpeHHs1 eHeprii NOTOKY B CTapTOBOMY peXxumi 3 TpuanicTio uukny 3,1556¢,

BpaxoBYyOUM, LLO LWBUAKICTb yaapHoi xeuni 910 m/c.

8 | OCHOBHWIA iIMNYMBLCHUN 2125,9(2125,9 273994, 273994, |0 -
MoAyrnb y HanipHOMy 63 63 Moaynbe pyxaeTtbcs
Tpybonposogi (9) 3i HanipHuM Tpyb6onposoaom
weuakictio U=4,52 m/c. (9) po rigpoakymynsaTopa-
Crabinizauisa B ctabinizatopa (10) 6e3
rigpoakymynsitopi (10) BTpaT eHeprii.

BioCyTHs. EHTanbnis Crtabinisauis He
mMoayns 273994,63 [x BiOOYyBaETLCS, OCKINbKN TUCK
36epiraeTbca 9K MoZyns (eHTanbnis
noTeHuinHa poboTa ans 273994,63 1K) HWK4niA 3a
noganbLUoro 3apagHUn TUCK
nepeTBOPEHHS B CONMi. rigpoakymynsitopa (78,48
MexaHiuHa eHepris aTtm). Tomy mogynb
2125,9 [x 3anuwaetbcs NPOXoAnTb Yepes
He3MiHHO0. BTpatu rigpoakymynsitop
BifCYTHi. TPaH3UTOM, HE 3MiHIOHOYN
CBOIX NapamMeTpiB.

9 | Bxig ocHoBHOro 2125,9|2125,9 273994, 273994, |0 -
iMAYNbCHOrO Mogyns 63 63 Mopgynb HagxoouTb Yy
(141,3 n) y connoswui connoBun enemeHT (12) 6e3
npucTpin (12). EHTanenis [oaaTkoBuX BTpar. YCi
moayna 273994,63 [Ix € napameTpu (LUBUAKICTb,
NOTEHLiNHO poBOTOH, TUCK, eHTanbmnis)
sika 6yge nepeTBopeHa 3bepiratoTbcs.

Ha KIHETUYHY eHeprito
CTPYMEHS npu
PO3LUMPEHHI B comnfi.
MexaHi4Ha eHepris
mMoayns (2125,9 x)
3anNULLAETLCS HE3MIHHOI
00 MOMEHTY
PO3LUMPEHHS.

10 | Buxig cTtpyi 3 connoBoroj276120,|270322, 0 0 5800,53 k. Btpatn Ha 97,9
ernemMeHTy. EHepria| 53 0 COMMOBOMY €MNeMeHTi. %
MOAYNSa BpaxoBaHO Y| KKA conna:

LUIBUOKOCTI CTPYMeHS: 270322,0
197w, Ucrpyi=61.87 = 37612053 x100% ~ 97,9%
'V',/C- Ha usomy etani 3aranbHa eHeprisi Ha BUXOSi
BinOyBaeTLCA  KilouoBe conna: 2125,9 (MexaHiyHa) +
NepPEeTBOPEHHA. 273994,63 (eHTanbnis) =
eHTanbniA moAaynA 276120,53 0k, Ta 3
MOBHICTIO NEPEXoaAnNTb 'y 3apaxyBaHHaM KK conna
KIHETUHHY eneprio MOBHa KiHETUYHa eHeprielo
CTPYMEHS. cTpymeHs 270322 [Ix, Lo
3riAHO 3 NepLuMm _ Bignosigae weuakocti 61,87
3aKOHOM TEPMOANHAMIKM m/c
ONs BIOKpUTMX CUCTEM
NOBHa eHepris CTpyMeHst V= /m ~ 6187
BM3HAYaETHLCS: ( 1413 m/c).
EBx=EKkiH,Bx+HBX=2125, PospineHHsa Ha OBi cknagosi
9+273994,63=276120,53 B Tabnuui Bigobpaxae
k. BHECOK pi3HMX hopM eHepril
B KIHLEBUN pe3ynbTar.
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BpaxoBYyOUM, LLO LWBUAKICTb yaapHoi xeuni 910 m/c.

11| 3nwuB cTpyi 141,3 n. 270322,/1270322, 0 0 270322,0 Ox. CTpyMiHb i3 0%

BunpobyBanbHumn pexmm 0 0 KiIHETUYHOO eHeprieto
©e3 nigkno4eHoro 270322,0 Ok HapxoouTb y
HaBaHTa)xeHHs (TypbiHa 3nmMBHY kamepy. Ockinbku
BiacyTHs).CTpyMiHb Typ6iHa He migkntoveHa
BiflbHO BUTIKA€E B 3NIMBHY (BMNpoOyBanbHUN pexunm),
Kamepy. KopucHa poboTa He

BUKOHYETbLCS, | BCA eHepriqa

CTPYMEHS AMCUNYE B

HaBKOMULIHbOMY

cepenoBuLLj,

nepeTBOPIOYNCE HA TEMNSO

Ta TYPOYNEHTHICTD .

Tabnuus 13

BanaHc nepeTBOPEHHsI eHeprii NOTOKY B HOMiHaNbHOMY pexumMi 3 TpuanicTio umkny 0,66¢, BpaxoBytouu, Lo
WwBMAKicTb yaapHoi xsuni 910 m/c.

Ne ETtan EBx, x| EBux, | Hex, O [HBux, Ox Btpatu (E + H), KK
(mexa- IOx | (eHTanb- | (eHTanb- MosicHeHHs
Hiy. (mexa- nis/ nis/ KEN
eHepria | Hiu. po6oTta | poboTa
NOTOKY/ | eHepris | TUCKY) | TUCKY)
moayns)| noToky/
Moaynsi)
1 | (no4yaToOK HOMiHaMNBLHOro 21960,6|21960,6 - - 0 KEM
LMKy 3 eTany 7 cTapToBOro Esar=Ep.go+ 8

uukny, Tabnuusg 12).
BigHoBneHHs pyxy
CYLiNbHOro NoToKy Micrs
dasn po3pimkeHHs. 3aBasaku
nepenagy Tucky AP = 0,887
aTm (cTBOpeHOMy ha3oro
po3pigxeHHs -0,8 atm Big
nonepenHLOro rigpoyaapy)
noTik y Tpybonposogax (1) Ta
(3) npuckoproeTbea oo
wsuakocTi 13,42 m/c.
EHepris noToky 3pocTae 3
novartkoBux 2746,6 x
(rpaBiTauiviHa eHepris
CTapTOBOrO LUKIY) A0
21960,7 Ox (KiHeTu4Ha
eHeprisi Bcboro o6'emy 2221
n). KEMN =21960,7/ 2746,6 =
8,0. EHTanbnis Ha ubomy
eTani we He chopMoBaHa -
NOTiK HeCe NULLIE MeXaHivHy
eHeprito (KIHeTUYHy Ta
noTeHujianbHy).

Ek.n0=1960,92+19999,7=21960,
6

BigkputTa gucka knanaHa-
nepepuBHUKa (2) Big nepenaay
Tncky AP = 0,887 atm.
BigHOBNEHHs NOTOKY 3
nigBuLLeHoo weuakicTio 13,42
m/c.

BigkpuTTa ancka yaapHoro
knanaHa (4) BinbyBaetbc4 nif,
Jieto hasn pospimKeHHs Bif,
CTapTOBOrO YNpaBns4oro
rinpoyaapy (-0,8 atm) Ta nicns
MOBHOMO BUXOA4Y Maroro
OVCKPETHOro Moayns 3
Tpybonposoay (5), Wwo cTBOptoe
BifTbHUI NPOCTIp 45 CTBOPEHHS
HaCTYMHOro ynpasnsAl4oro
rigpoyaapy Ta pyxy HacTyrmHOro
Manoro ANCKPEeTHOro Moayns i
3anobirae nigcocy noeiTpst Yepes
BiAKpUTUIN guck knanana. KEI
nokasye eeKTUBHICTb
BMKOPUCTaHHS 3aNULLKOBOIO
nepenagy TUCKY NP pO3PiaXKeHHI
NS TPUCKOPEHHS NMOTOKY B
KOXXHOMY LIMKII.
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Tabnuus 13

BanaHc nepeTBOpeHHA eHeprii MOTOKY B HOMIHANbHOMY pexumi 3 TpmeanicTio unkny 0,66¢, BpaxoByouu, LLO
WwBMAKICTL yaapHoi xsuni 910 m/c.

xBuni. Brpatu eHTanbnii Ha
noaonaHHsA MexaHi4Horo
onopy aucka (7): 122500 Ox
(He3BOpOTHI, NnepexoasiTe y
Tenno Ta gecopmaliito).
EHTanbniga nicna knanaHa:
2707820 - 122500 =
2587120 Ox.
BigHoLleHHs eHTanbMii Ha
BUXOAi 4O MakCUMarnbHOiI
eHTanbnii Ha BXxoAai:
2587120

n= x100% ~ 95,5%)
2707920

BUTpPaYeHa Ha nogonaHHs
MeXaHi4HOro onopy Ancka (7)
(TepTs, iHepuis, Bara, npoTuaisa)
npwv AOro BiAKPUTTI yaapHOLO
xBuneto. EHTanbnis nicns
knanaHa: 2587120 Ox.
HesBaxatoum Ha BTpaTu, MOayIb
36epirae BUCOKY eheKTUBHICTb
(95,5 %) i roToBHICTb 0O
noanbLUOro NepeTBOPEHHs!
eHeprii. KK nokasye
edeKkTUBHICTb Nepeaadi eHeprii
Yyepes knanaH 7)

3akpuTTa yaapHoro knanaHa|21960,7(1960,92| 2709620 | 2707820 | Esrpa =1800 . KEN
4). Butpatu 1800 [ - Ha Harpis, 123,4
Ynpasnsawounii rigpoyaap 3BYK, Mikpogedopmaldlii.

(120,5 atm) Ha knanaHi 4, Pi3ke 3akpuTTsa knanaHa 4

BigpuB Manoro moayns 5,23 CTBOPIOE CTPUBOK TUCKY

1 Big CyLinbHOro NOTOKY B AP=120,5 aTm, akomy Bignosigae
Tpybonposia (5). EHTanbnis eHTanbnis A=AP-V=2709620 [
(noTeHuinHa poboTta (noTeHuinHa poboTta CTUCHYTOro
CTUCHYTOro ob'emy (npu ob'emy 222,1 n).

V=0,2221 m%) B Manwuii mogynb 5,23 n

Tpy6onposogi (3) Ta (1) npu BiJOKPEMMIOETLCS B 3NIUBHUN
pO3LUMPEHHI 0 TpakT (5), 4e noro eHepris
aTMocdepPHOro TUCKY), LLO MOBHICTIO AUCKNYE B eremMeHTax
BUHMKAE B pesynbTarTi (15, 16, 6) i He BNNMBae Ha

rigpoyaapy: Hmax=(P- eHeprobanaHc OCHOBHOrIO
Patm)V=2709620 [x. Moayns (BpaxoByeTbCH nuLLe y

KEM = BUTPATI PianHN).
2709620/21960,7=123,4 - ue ®PpOHT yaapHoi xBurii No

KoediuieHT eHepreTuyHoi Tpybonposoay (3) iHiujitoe

KOHLeHTpaLjii (BigHOLIEHHS BIAKPUTTA KNanaHa 7 Ta 3akpuTTH
BUBINbHEHOI eHTanbnil 4o KnanaHa 2.

eHepril iHiyjauii).

BigkputTa HarHiTansHoro 1960,92(1960,92| 2707820 | 2587120 | 122500 Ox. KKO
KnanawHa 7 nig gieto yaapHoi Btpatn 122500 [Ox - eHTanenia, | 95,5

%
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Tabnuus 13

BanaHc nepeTBOpeHHA eHeprii MOTOKY B HOMIHANbHOMY pexumi 3 TpmeanicTio unkny 0,66¢, BpaxoByouu, LLO
WwBMAKICTL yaapHoi xsuni 910 m/c.

3aKkpuTTa KnanaHa-
nepepvBHuKa (2) nig gieto
yaapHoi xsuni. Hagxogutb 3
etany 3: 2587120 Ox.
BTpatn Ha nogonaHHs
MexaHI4YHOro onopy Ancka Ta
aemndysaHHs - 145000 Ox.
EHTanbnisa nicnsa sakputTa:
2587120-145000= 2442120
Ix - ue eHepris,
30cepepKeHa B
i3onbLoBaHOMy mMoayni
(Tpybonposig 3 mix
knanaHamu 2 Ta 4). KKI1
eTany 30epexeHHs eHTanbnii
npv 3aKpuTTi KnanaHa-
nepepvBHukKa (2):

_ 2442120

N =——-——x100% =~ 94,4%

2597120
CWVHXpOHI3yrouui rigpoynap
96,4 at™. [PY>KMHHUI racHUK
(17) nornuHae
BWCOKOYACTOTHI BigOWTI xBuni
B Tpybonposogi (1),
opMytoum cTabinbHUn
nignip A4ns HacTynHoro
uukny. Baxnueo: npouecu B
Tpy6onpogogi (1) nicns
3aKpUTTA KnanaHa (2) €
OKpEeMUM rigpoAnHaMiYHNM
ABMWLLEM i HE BMIMBAIOTb Ha
€HepreTUYHNIA CTaH yxe
cchopmoBaHoro moayns
(2442120 Ox HanexuTb
BUKITHOYHO i305TbOBAHOMY
o6'emy (141,3 n.) B

Tpybonposogi (3).

1960,92

1960,92

2587120

2442120

145000 Ix. HesBopoTHi BTpatn
eHTanbnii Npu 3aKpuTTi KNanaHa-
nepepuBHUKa (2) - Ha TepTs,
nedgopmaLito enemMeHTiB,
mMexaHiyHy poboTy. EHTanbnis
nicnsa 3akpuTTa Knanaxa-
nepepuBHuka (2): 2442120 Ox.
CWHXpOHi3ytouni rigpoyaap -
yAapHa XBuns Bif ynpaBnso4oro
rinpoyaapy (etan 2) gocarae
KnanaHa-nepepvBHuKa (2) i
3aKpVBa€ MOro, CTBOPIOIOYN
CUHXPOHI3yto4unn rigpoyaap 3
amnnitygoto 96,4 atm. Le
3abesneyvye TMMYacoBY i30MAL;ito
ocHoBHoro moayns (141,3n) B
po6oyomy Tpybonposogai (3).
®PpOoHT yaapHoi xBuni B
Tpybonposogi (1) nicnsa 3akpuTTst
knanaHa (2) ppoHT yaapHoi xBuni
MOLLMPIOETLCS B 3BOPOTHOMY
HanpsMKy No NoAasanbHOMY
Tpybonposoay (1) i gocsarae
NPY>XWHHOTO rigpaBniyHo-
iMNyNbCHOrO racHuka Tucky (17).
"acHuk (17) BUKOHYE OB BaXnuBi
dYHKLUIT, WO He BNAMBalTb Ha
eHTanbnito moaynsa B (3), ane
HeoOxigHi ons poboTn cuctemu: -
OemMndye BUCOKOHACTOTHI BiaOuUTi
yOapHi XBuni, 3axuLuaroum
30BHiWwHe mxeperno (R1) Big
PYVIHIBHUX HaBaHTaXeHb;

- opmye cTabinbHUA nignip y
Tpybonposogi (1), akui 6yae
BMKOPWCTaHWUI ANS PO3roHy
CYLiNbHOro NOTOKY B HACTYMHOMY
umkni (nig Yac dasn
PO3pigKEHHS).

KKL,
94,4
%
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Tabnuus 13

BanaHc nepeTBOpeHHA eHeprii MOTOKY B HOMIHANbHOMY pexumi 3 TpmeanicTio unkny 0,66¢, BpaxoByouu, LLO
WwBMAKICTL yaapHoi xsuni 910 m/c.

BigbuTa xBuns Big ancka
KnanaHa-nepepvBHuKa (2)
(96,4 aTm). DopmyBaHHs
OCHOBHOrO AVCKPETHOrO
moayns 141,3 n,
KOHLIEHTpaUis eHTanbnii Ta
posriH moaynsa go U=24,15
m/c. 41174,3 [Ix - ue noBHa
MeXaHiyHa eHepris Mmoayns
nicns posroHy B
Tpybonposogi (3), aka
CKIagaEeTbCs 3:

1. EHepris moayns B
3ynuHeHomy cTaHi (12695,3
[x): - MNoTeHuiHa eHepris
(eHTanbnis B cTaHi CNOKO0):
1247,5 Ox; -EHepris
NPY>XHOrO CTUCHEHHS:
11447,8 Ox.

2. EHeprisi posroHy (28479
Ix):

- YacTtnHa eHTanbnii, ska
nepeTBopuIach Ha KiHeTUYHY
eHeprito moayns; - Hagae
mMogynto weuakicte U =
24,15 m/c.

Pasom:
(28479+1247,5+11447,8) =
=41174,30x.

41174,3 [k nokasye, Lo
MOAYMb He NpocTo "CToITh" 3
eHTanbnieto, a Bxe mae
KIHETUYHY eHeprito Ans pyxy
no Tpyb6onpoeoay. Mpun
LbOMY OCHOBHa eHTanbnis
(1371547,8 Ox)
3annLwaeTbcst B Moayni sk
noTeHujiiHa poboTa, sika
Oyne BMKopucTaHa nisHiwe (8
conni). MexaHiyHa eHepris
41174,3 Ox - ue nuwe
"aKkTMBHa" YacTuHa,
HeobOxigHa ans
TPaHCMNOPTYBaHHSI MOAYINS.
KK etany - nokasye
eeKTUBHICTb 306epeXxxeHHst
eHTanbenii B Moayni nicns

BCiX BTparT:
n=18715478 10006 ~ 56,204
2442120

1960,92
—0—-
12695,3

—

411743

41174,3

2442120

1371547,
8

1042093,2+28479=1070572,2
[x. BtpaTn.

BxigHa eHTanbnia 2442120 Ox
(po3nogineHa no BCboMy 06'emy
222,1 n). Micnga BigbuTTs XBUni
(a=0,8; 96,4 aTm) eHepris
KOHLeHTpyeTbCs B moayni 141,3
n.

CtaH moaynsa nicns popmyBaHHS:
- Y 3ynuHeHomy cTaHi: 12695,3
I (eHTanbnisg cnokoto 1247,5 [x
+ npyxHa 11447,8 [x).

- YacTtuHa eHtanbnii 28479 [Ox
NepeTBOPHETLCH Ha KIHETUYHY
eHeprito po3roHy go U=24,15 m/c.
Micns posroHy mogyne Mae:

- KIHETUYHY eHeprito - 28479 [1x;
- 3aNULWKOBY NOTEHUIVHY
eHTanbnito - 1247,5 [ (Ta cama,
LLIO 1 4O PO3roHY, OCKIfNbKN BOHA €|
HEe3MiHHOK MEeXaHiYHOH
CKINaoBo);

- EHEprito NPY)XHOIO CTUCHEHHSA -
11447,8 Ox.

3aranbHa mexaHiyHa eHepris B
pyci:
28479+1247,5+11447,8=41174,3
0.

KopucHa eHTanbnis Ha Buxogi
eTany:

Heux= 1371547,8 Ox - ue
3anuwok nicns sTpat AH=HBx-
HBux-28479=
2442120-1371547,8-
28479=1042093,2 Ox
(He3BOPOTHI rigpoanHaMIYHi
BTpaTV Ha cenapalito,
nedopmalito, TepTa).

3aranbHi BTpaTu 3 ypaxyBaHHAM
po60TK PO3roHy:
1042093,2+28479=1070572,2
k.

KEI - koediuieHT eHepreTu4Hoi
KOHLeHTpaLii Ans uboro etany
BigHOCHO eHeprii 21960,6 x
NPUCKOPEHOTO CYLLINbHOIO NOTOKY
(13,42 m/c):

KEM = 18715478

= ~ 625
21960,6

KE
62,5

KKO
56,2
%
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Tabnuus 13

BanaHc nepeTBOpeHHA eHeprii MOTOKY B HOMIHANbHOMY pexumi 3 TpmeanicTio unkny 0,66¢, BpaxoByouu, LLO
WwBMAKICTL yaapHoi xsuni 910 m/c.

Tpybonposogi (9) 3i
weunakictio U=22,77 m/c.
P=88,74 atm. Ctabinisauis B
rigpoakymynsatopi (10). CtaH
eHTanbnii mogynst 1199582,7
Ik go crtabinisauii, nicns
ctaHoBuTb 1123615,6 [k,
36epiraeTbecs sIK NoTeHUiiHa
poboTa ons noganbLIoro
nepeTBOPEHHsI B conli.
MexaHiyHa eHepria 38702,3
[k 3anuwaeTbCca HE3MIHHOM.

KKL, ctabinizauii :
n= w x100% ~ 93,7%
1199582,7

rigpoakymynsitopa-crabinizatopa
(10) 6e3 BTpat eHeprii. ¥
rigpoakymynsTopi (10)
BinOyBaeTbCs cTabinizauis Tucky
388,74 atm go 78,48 aTtm Ge3
3MiHM WBKAKoCTI Ta 06'emy. Yac
ctabinisauii Tucky Tcrab =
0,00611 c. Brpatu eHTanbnii
75967,1 Ox 3ymoBneHi poboToro
rigpoakymynsitopa
(BemndyBaHHS, BUPiBHIOBAHHS
TUCKY) | NEPEXOAATL Y BHYTPILLHIO
€Heprito ra3oBoi kKamepu Ta
ancunadito.

MepemilLeHHs1 OCHOBHOrO 41174,3|38702,3|1371547,|1258263,| 110812,4+2472=113284,4 [Ix. 91,7
iMNynbCHOrO MoAynNs Yepes 8 4 BTpaTtu Ha rigpasniyHmi onip: %
HarHiTanbHuM knanax (7) y - 3MEHLUEHHS LIBMOKOCTI Ha
HanipHui Tpybonposig (9) AU=1,38 m/c.
Yyepes KyToBi koniHa (8,13) 3 - He3HayHe 3HWMXKEHHS TUCKY Ha
poboyoro Tpybonposoay (3). AP=4 atm.
UBx=24,15 m/c BTpatu eHeprii cnpuymHeHi
—UBnx=22,77 m/c. TepTaM Ta MicLeBMMM ornopamm
MpoxopxeHHs nepeLukos NPy NPOXoMKeHHI knanaxa (7) Ta
2472 k. KyTOBMX KOSTiH.
KKL eTany: KK TpaHcnopTyBaHHA Moayns 3
n= 1259263,4 «100% ~ 917% eHTanbniewn

18715478
MwuTtTeBe 3akpuTTa 38702,3|38702,3|1258263,{1199582,| 58680,7 Ox. KKO
HarHiTanbHoro knanaxa (7) 4 7 BTpatu eHtanbnii (rigpaenivHi Ta | 95,3
nicns nepexogy Moayns B avcunadist) npu 3aKpuTTi %
HanipHui Tpyb6onposig (9) HarHiTanbHoro knanaxa (7),
Crpu4mHse gasy iHiLinoBaHi amnniTygamu TUCKY,
pospigpxeHHsa (-0,8 atm) B LLIO NepexoanTb Y HanipHUi
poboyomy Tpybonposogi (3). Tpybonposiz (9) BHacnigok
Mepenag Tucky AP = 0,887 BMXOAY MOAYNs Ta PO3PifKEHHSA
aTM Ha KnanaHi-nepepuBHUKY B Tpybonposogi (3).
(2) BigkpuBae knanaHu (2) i CrtaH mogyns:
(4). Lie noyaTok HacTynHoro - MexaHiuHa eHepris mogyns
HOMIHarnbHOro LMKy, Npu 38702,3 Ox (pyx Ao comnna) -
SKOMY HOBUW LMKIT He3MiHHa.
3anyckaetbes 3 0,12 ¢ go - EHTanbnia Ha Bxogi B eTan 7:
3aBepLUEHHSA NonepeaHboro 1258263,4 [1x. Brpatn 58680,7
aKTMBHOIO UWMKIY 3 [bx (rigpaeniyHi, gucunawisi).
nepeKkpuUTTAM LUMX OBOX - EHTanbnisa Ha BuxoAi 3 eTany:
aktmBHux a3 17,2 % . 1199582,7 [Ix - ue peseps Ans
CyuinbHui NoTiK y nepetBopeHHs B conni (12). KKO
Tpybonpoeogax (1) ta (3) 36epexxeHHs eHTanbnii npu
BiQHOBMIOETLCSA 3i LWBUAKICTIO 3aKpUTTi HarHiTanbHOro knanaHa
13,42 m/c, 3abe3nevytoun (7):
ynpasns4ui rigpoyaap KKA etany 7:
(120,5 atm) iHiuitor0umMm 1199582,7
BiJHOBMEHWM NMOTOKOM. n= 12592684 »x100% ~ 95,3%
OCHOBHWIA iMNYNbCHUIA 38702,3|38702,3|1199582,|1123615,| 75967,1 Ox. Mogynb pyxaetbca | 93,7
MoAynb Yy HanipHoMy 7 6 HanipHuM Tpybonposoaom (9) oo | %
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Tabnuus 13

BanaHc nepeTBOpeHHA eHeprii MOTOKY B HOMIHANbHOMY pexumi 3 TpmeanicTio unkny 0,66¢, BpaxoByouu, LLO
WwBMAKICTL yaapHoi xsuni 910 m/c.

9 | Bxig ocHoBHoro imnynbcHoro |38702,3|38702,3{1123615,|1123615,| 0 [Ix BTpaTt. Mogynb HagxoauTb y| -
moaynsa (141,3 n)y 6 6 connosui enemeHT (12) 6es
connosui NpucTpin (12). JopaTtkoBux BTpar. Yci
EHTanbnia moayns napameTpw (LUBUAKICTb, TUCK,
1123615,6 Ox € eHTanbnis) 3bepiraTbCs.
NOTEHUiAHOI POBOTOlO, sKa MexaHiyHa eHepria mogyns
Oyne nepeTBopeHa Ha (38702,30x) sanunwaeTbcs
KIHETUYHY eHeprito CTPYMeHst HE3MiHHOIO 0 MOMEHTY
Npuv PO3LUMPEHHI B COMi. PO3LUNPEHHS.

10| Buxig cTtpyl 3 connoBoro[1162317/1137909 0 0 24408,7 Ox. Btpatn Ha 97,9
enemeHty. EHepria mogyns 9 2 COMSI0OBOMY €JIEMEHTI. %
BpaxoBaHO Yy  LUBWAOKOCTI KK conna:
cTpymeHs: UcTpyi=126,9 m/c. 1137909,2
o AopisHoE 821m BOA. CT. n= mxlOO% ~97,9%

Ha Heomy erani 3aranbHa eHé rig Ha Buxopai
BIAOYBAETLCA KIIoHOBE conna: 2125 9p(MexaHi‘-IHa)‘q+
NepeTBOPEHHS: eHTaJ'I.bI'IIFl 27399'4 63 (éHTaJ'IbI'Iiﬂ) ~
Moayn: fIOBHICTIO 1162317,9 [Ix , 12 3
nepexoaute Y KIHETUHHY ’ ’KK,EI, corina rnosHa
EHeprito CTpymeHs. 3riaHo 3 iii%iﬁiia;:ﬂg riet0 CTPYMeHs
nepumm - 3akoHom 1137909,2 ,El,)KpLuo Binnpgsinae
TepMoavHaMIKNA Ans LIJBI/I,D,KOC’Ti 12é 9 m/c
BiOKPUTMX  CUCTEM  MOBHA ’
eHepriq ' CTPYMeHS v 2-1137909,2 ~1269
BU3HAYaETbCA: \f 1413
EBx=EKkiH,Bx+HBX=38702,3+ ( . . )
1123615,6=1162317,9 [Ix. PospinexHs Ha ABi cknanosi B
Tabnuui Bigobpaxae BHECOK
pi3HMX chopm eHeprii B KiHLEBUI
pesynbTar.

11| 3nuB ctpyi 141,3 n. 1137909|1137909 0 0 1137909,2 Ox. CTpyMiHb i3 0%

BunpobyBanbHuii pexum 6e3 2 2 KiHeTu4Hoto eHeprieto 1137909,2

nigKnto4YeHoro
HaBaHTaxeHHs (TypbiHa
BiACcyTHS). CTPyMiHb BiNbHO
BWTIKa€E B 3MMBHY Kamepy.

X HagXoauTb Y 3NMBHY Kamepy.
Ockinbku TypbiHa He nigknoyeHa
(BunpobyBanbHWI pexum),
KopucHa poboTa He BUKOHYETbLCS,
i BCS1 eHeprig CTpyMeHs gucunye
B HaBKOMMULUHLOMY CepeaoBULL,
nepeTBOPIOYMCH Ha Tenmno Ta

TYpOYNeHTHICTb.

Po3paxyHok eHeprii CyuinbHOr0 MOTOKY [0 Kepykl4oro

HOMiHaNbHUIN PEXNM

rigpoygapy nig 4ac nepexogy B

CyuineHun noTik BoAu BiA4 30BHiWHbOrO MJxepena (R1), wo Buxoautb 3 Touku (A) KMoro
pesepByapa (cir. 1), mae ctany rpasitauiiHy Bucoty nagiHHa 0,9 m. licna 3aBepLUeHHA CTapTOBOro
umKny, 3aBadku nepenagy tncky AP = 0,887 atm, ctBopeHoMy (ha3oto po3pimKeHHs, NoTik Ha BUxoai 3
KnanaHa-nepepvBHuka (2) npuckoptoeTbca Ao weuakocTi U = 13,42 m/c. O6'em CyuUinbHOrO MOTOKY,

wo 6epe yyacTb y npoueci, ctaHoBuThb V = 222,1 nn = 0,2221 m3, wo Bignosigae maci m = 2221 kr.

Ha ubomMy eTani eHTanbnis we He cdopmoBaHa, TOMY €eHeprid MOTOKY BM3HA4YaeTbCa nule

MeXaHiYHMMW CKNagoBUMN:

paBiTauiiHa noTeHUianbHa eHepris (3yMOBIeHa BUCOTO mpKepena):
ErpaB=m-g-h=p-V-g-h=1000-0,2221-9,81-0,9=1961 [1xk. (94)
KiHeTnuHa eHepris noToky (npu weugkocti U=13,42 m/c):

ExiH = % .m-U? =05-0,2221-(13,42)? ~05-222,1-180,1~ 19999,7

k. (95)

[MoBHa MexaHiyHa eHeprig NOTOKY rnepep, rigpoyaapom y HoMiHanbHOMY LINKIi:
Eno4,Hom=ErpaB+EkiH=1961+19999,7=21960,7 Ox. (96)
OtpumaHe 3HauyeHHs 21960,7 [Ix e BXiaHOW eHepried Ans npouecy reHepadil rigpoyaapy B
HOMiHanbHOMY pexumi. Y nopanblioMy, NpU pi3KOMYy 3akpuTTi kranaHa (4), came uUdA eHepris
PYyXOMOro MOTOKY TpaHCOPMYETbCA B POBOTY CTUCHEHHS, CTBOPIOIOYM BUCOKWMIA TUCK i, BigMOBIAHO,
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eHTanbnito Hmax ocHoBHOro moayns. Lle intocTpye KNoyoBmuin NPUHLMN CUCTEMU: KIHETUYHA eHepris
NOTOKY — eHTarnbmnis Moayns — KiHETUYHa eHepris CTPYMEHS.

Tabnuuga 14

Cknapgosi TpuBanocTi ctapToBoro uukny GIF?2

No Mogis Yac (¢) MpumiTka
Yac BiNbHOro nepeMilieHHs NoToKy Touka A — Touka B. LLIBMAKICTb

1* | (TpmBanicTb nogii - Npy NONOBHEHHI 0-0,8 CVLNBHOI HOTOK |-3i 0 — 266 m/c
Tpybonpoeoay 1 pianHoto) yu Y BIA ’ '

5 Yac BiflbHOro nepeMillieHHsi MOTOKY Mo 1127 Po6ounii Tpybonposig 3 (B—C).
mMapLpyty B—»C ' Hagnvwkosun tnck 0,087 atm.
3aKPUTTS! YOAPHOTO KNanaHa 4 Touka C. Amnnityaa Tvucky 23,9 aTm.
3 YIPABNSIOUMiA rinpoyaap ’ 0,026 Bigpus manoro imnynbcHoro mogyns 2,85
Ny 3NUBHUIA Tpybonpos.ig 5.
"anbMyBaHHS NOTOKY Ha MapLpyTi B-C.
4+ Yac nowmnpeHHs yaapHoi xsuni oo 0.00125 Yac BxoauTb y TpMBanictb 0gHOYACHNX
HarHiTanbHOro knanaHa 7 ! nogin n.4,5 ta n.6,7. WWeunakicte yaapHoi
xsuni 910 m/c.
Yac BiOKpMTTS HarHiTanbHOro knanaHa Touka D1. Tuck 23,9 atu. Hac sxoaute y
5* 7 0,00173 | TpuBanictb ogHo4acHux nogin n.4,5 ta
n.6,7.
6 MowvperHs yaapHoi xauri Ao Knanawa- 0,0032967 | LenakicTb yaapHoi xsmni 910 m/c.
nepepviBHuKa 2
YpapHa XBuns 3akpuBae knanaH-
7 | NepepuBHUK 2, CUHXPOHI3YHOUNIA 0,00171 |LWBuakicte yaapHoi xeuni 910 m/c.
rigpoyaap y nigsigHomy Tpybonposogi 1
MNepeMmilLeHHa iMNynbCHOro Moayns
141,3 n 3 poboyoro Tpybonposoay 3 y Y HanipHomy Tpyb6onpoBogi 9 WBUAKICTb
8 HanipHuiA Tpybonposig 9 Yepes KyToBi 08643 |MoAyna 4,52 m/c, Tnck 19,07 atm nepea
koniHa 8,13 Ta HarHiTanbHWi knanaH 7 ' BXoOoMm Yy rigpoakymynaTtop 10 3
0o Toukn D1 (Bick auncka 7) 3i ypaxyBaHHsIM BTpar.
3HWKEHHAM WBMAKocTi 4,79 — 4,52 m/c
9 I'IepeM||.|.|,e|-|_H$| IMMNyNLCHOTo MoAyns A0 0,644223 | "XsicT" iMnynbcHOro mogyns B Touui D1.
Toukun D2 (rigpoakymynsarop)
3aKkpuTTH HarHiTanbHOro knanaHa 7 sege
10* | 3aKpUTTA HarHiTanbLHOro KnanaHa 7 0,00522 ﬂg:;'fgs:g;i:gﬁ:ﬁgf(;nfmp;@”:;'”g? 1274 c
CTapTOBOro LMKIY
11* | BaranbHui Yac nogin 2,3,6,7,8,9 2,6665297 | lNigcymoBaHe 3HaYeHHS.
Mepion Yacy Ao nepioro [igncymoBaHe 3Ha4YeHHs:

19% . 7] 20042 2,9042c=2,6665297+0,00522+0,008896+
yNpasnsioHoro rApoyAapy Ha knanak ' 0,22355 (0,008896+0,22355 AnBMCH
HOMIHanbHOro LnKNy T,a6J'IVILI,}O 1’5) ’

I'Ipo;|,OB>KeH|_-|;| nepemileHHs NOTOYHOro 3 YpaXyBaHHSIM 4ACY MPOXOIKEHHS
CTapTOBOrO iMNYNbCHOTO MOAyns BiA IMNYIIbCHOTO Moyrs 141,3 1l uepes

13 |Touku D2 po Toukm E (oo suxopny i3 0,4890503 rinpoakymynsiTop 10 CTaéinisauiﬂ THCKy
conna). 3aBepLUeHHs CTapTOBOro Mo MaplupyTy: 19 07.—> 19 07 atm
LMKIy. 7 ’ )
3aranbHuin, CymapHUn Yac LMKy 3,1556 | Lukn y cTapTOoBOMY LMK,
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Tabnuuga 15

Cknapgosi TpmMBanocTi HomiHanbHoro umkny GIF?

Ne Mopis Yac (c) [MpumiTkn oo nogain
0 |HarHiTanbHWn KNanaH 7 3akpuecs 0 Mlianip TCKOM iMMynGHOro
Moayns
1 EILI,KpI/ITTFl KnanaHa-nepepuBHMKa 0.008896 ®asa po3pimKEHHS
3 ypaxyBaHHAM BTpaT. [JoBxXunHa
. . OINAHKM nepeMilleHHs NOTOKY
MepeMilleHHs cyuUinbHOro NOToKy 6
no poboyomy Tpydonposoay 3 3i BKIoHAE OBMKINHY PODOHOTO
2 . 0,22355 Tpybonposoay 3 Ta
weuakictio 13,42 m/c. JoBxuHa
. KOHCTPYKTMBHY JOBXWHY YacTUH
OiNgHKn 3 m .
CYOVWH KnanaHa-nepepuBHuKa 2 i
yaapHoro knanaHa 4
3aKDUTTS! VAADHOTO KnanaHa 4 Bigpue manoro iMnynbCcHOro
3 ke p}oqmﬁyrlil po a ’ 0,0094 moaynsa 5,23 n 'y 3nnBHUN
Py ApoyAap Tpybonposig 5
3aranbHun yac nogin 1-3 0,241846 SCyB.Cbaw UMKy (HaKnapaHHs
LMKniB)
MOLWNDEHHS VAADHOT XBUMi 10 Yac BxoauTb y TpUBanicTb
4 “p yAap A 0,00125 ofHo4acHux noaivi n.7, 8, 9.
HarHiTanbHoOro knanaHa 7 . " .
Lsnakicte yaapHoi xsuni 910 m/c
YpapHa xBuns Bigkpveae Yac BxoauTb y TpuBanictb
5 : N 0,019 o
HarHiTanbHWI KnanaxH 7 oJHoOYacHux noaim n.6, 7, 8
6 FlowmpenHs yAapHoi xaurii A0 0,0032967 LWeunakicte yaapHoi xeuni 910 m/c
KnanaHa-nepepusHvka 2
YpapHa XxBuns 3akpuBae knanaH-
7 | MePepVBHAK 2 CHHXPOHI3ytOHI 0,000242 Wenakicte yoapHoi xsuni 910 m/c
rigpoyaap y nigsigHomMmy
Tpybonposogi 1
MepeMilleHHs iMnynbLCHOro
moayns 141,3 n is p069qor9 Y HanipHomy Tpy6onposogi 9
Tpybonposoay 3 B HanipHuin ) 24 15 m/
Tpybonposig 9 yepes KyTOBi LWBMAKICTL MOAYrs 24,15 m/c,
8 ) : . 0,1714 Tuck 88,78 aTm nepes BXOAOM y
koniHa 8,13 Ta HarHiTanbHuin .
) rigpoakymynsTtop 10 3
knanaH 7 go Toykm D1 (Bicb
AN . ypaxyBaHHsM BTpar
ancka 7) 3i 3BMiHOH LUBUAKOCTI
24,15 — 22,77 mlc
MepemileHHst iMnynkCHOro "XBicT" iMNynbCHOro Mmoayns B
9 |Moaynsa o Toukmn D2 0,127 . y AY.
) Toyui D1
(rigpoakymynaTop)
3aKpuTTS HarHiTanbHOro KnanaHa
10 3aKkpuTTH HarHiTanbHOro KrnanaHa 0.00242 7 Npn3BoaMTb A0 BiOKPUTTA
7 KnanaHa-nepepuBHuKa 2 -
noYaToK HACTYMHOro UuKny
3aranbHun Yac nogin 1-10 0,5462047 MigcymoBaHe 3HaYeHHsA
Ijep|on Hacy M kepyloarmm 0,3043587 MipcymoBaHe 3Ha4YeHHs
rigpoygapamu
INpogoBxeHHA nepeMilleHHs
NMOTOYHOrO IMMNYITbLCHOrO MOAYNS 3 ypaxyBaHHAM 4acy cTabinisauii
11 |Big Toukm D2 go Toukm E (go 0,1137953 Tncky moaynsa 141,3 n. Tctab =
BMXOAy i3 conna). 3aBepLueHHs 0,00611 c
NOTOYHOIO LIMKIY
3aranbHun, cymapHun Yac uukny [0,5462047+0,1137953=0,66| Linkn y HOMiHanbHOMY pexumi
12 Buxig CTpyMeHSa 3 ConmoBoro 0.66 TpuBanictb 0gHOro iMNynbCy

npuctpoto 12 (i3 Toukn E)

BMXOZy 3 connia
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Tabnuusa 16

Xapakrepuctukm GIF? (Gravity Impulse Flow Former)

Ne MapameTp MosHaverHs/ 3HayeHHs1 KopoTke nosicCHeHHs
dopmyna
. BHyTpiwHin giameTtp
1 |[HOiametp TpydM Dt 245 mm Tpy6OnpoBOAY
2 | OiameTp conna do 46,5 Mm [HiameTp BUXigHOro oTBOPY
: [nsa po3paxyHKy JOBXMHU
=(m7.dn2 2
3 |Mnowa nepepisy conna | Ag=(r-do?)/4 0,001698 m CTpYMeHs
' OavH anckpeTHUin
4 |O6'em moayns VL 141,3 n riApoiMnyNbe
LWsnakicte mogyns y
5 | HanipHOMY Ut 22,77 mlc o conna
TpybonpoBogi
6 LUBI/ILI,Il(ICTb CTPYMEHS Ha Uf=\/ng, 126,9 m/c I3 conna (3aKkoH 36epexeHHs
BMXOAi H=P/(p-9) eHeprii)
7 Yac Bnxoay ogHoOro TE=VOi (Ao UL) 0.66 ¢ TpMBanlc_Tb O[HOrO0 iMMynbCy
Moayns BMXOAY 3i conna
8 IHTepB_an crapty Ty 0,5462 c Mepioa mix iMnynbcamu
Moaynis
9 |MNepekputTa imnyneciB | Tnep = TL-Tu 0,1138 c dPasa HaknagaHHs CTPYMEHIB
10 |[doBXnHa CTpyMeHs L0 = VAo 20-83,2 m Roxua koxHOro BuXiaHoro
CTPyMeHs
11 Bincrane mix LO=UlTy 12,45 m BigctaHnb mix "xBoctamun"
MOgYnsMM
12 ,Eloa»(MHa} HaknagaHHs UL Trep 14,34 m npOTFI)KHICTb _
CTPYMEHIB KBa3iHenepepBHOCTI
13 Butpata ofroro - 141,3 n 3a oavH umkn Teycle
Moayns
14 |Yac ogHoro uukny Tcycle 0,66 c CymMapHun Yac nogin uukny
15 |CepegHs BuTpaTa Q=Vl/Tu ~258,8 n/c Bes ypaxyBaHHs cTabinisauii
Mpw cTinkin poborTi 3
16 |EdekTmBHa BUTpaTa Qcp ~214 nlc nepekpuTTsM i ctabinisauieto
78,48 atm = 7,95-10° Ma
CymapHa BuTpaTa Ha |Qcym = 5 BanaHc cuctemn: Qcym =
17 Buxopax GIF? Qconno+Qs—e 221,92 nfe Qnopaudi
18 | Tun cTpymeHs - KBasiHenepepBHa bes nposania, 3aBAsky
NepPeKpUTTIO
EHeprocnoxunBaHHs !'Ipau,roe Ha rpasiTaull Ta
19 GIF? - 0 kBT IMMYIbCHOMY TUCKY
rinpoyaapy
E:SPFFSSHS:;M?;HH p=1000 kr/m3; g=9,81 m/c?;
20 | SHEPTOBYINA NP P=(p-g-Q-H)/n ~15 kBT H=5,4 m; Q=0,22192 M3;
[0AaTKOBOMY -0.85
30BHILLHBLOMY Xepeni n=>,
Amnnityaa
21 |ynpaBnst4oro AP=p-CyB-UH ~120,5 atm Y HOMIHaNbHOMY pexumi
rigpoynapy :
22 Z??AJ-;CTWHMM PIBEHE | Ha knanari <165 ob Tinbku rigpoyaap Ha knanaHi
PiBeHb Wymy 3 bina Byxa AKYCTUYHUI 4YOXON Ha KranaH
23 | aKTMBHUMU Y ~55 ob Y . ’
oneparopa 133, expaH, kabiHa, ANC
LyMONorinHa4Yamm
Tuck Ha Buxoai npu
24 | nepeTBOPEHHI Y - 78,48 atm CrabinbHui

KiIHETUYHY eHeprito
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Tabnuusa 16
Xapakrepuctukm GIF? (Gravity Impulse Flow Former)
Ne MapameTp nzf:s;?/::ﬂ/ 3HayveHHs KopoTke NnosiCHEHHS

25 | dokycyBaHHA CTPyMEHS - Konimosanui (83,2 m) 3anexHo Big bopmu conna
yey Py abo KOHBEpPreHTHUM A ®op

[OuctnnboBaHa Ym TEXHIYHA

26 | Pobouye Tino - Ynucrta Boga ! .
pigvHa, 6e3 JOMILIoK
N Camo3amalleHHs 01aTKOBE MacTUNO He
27 | 3MalLeHHA MexaHi3miB - t A Aa
BOJ0O0 noTpibHe

"paBiTauinHWin Hanip — KiHETUYHA BukopucTaHHs 30BHILLHBLOIO

eHeprisi NOTOKy — rigpoyaap — CYLiNTbHOro NOTOKY 3
28 | MpuHUMN poboTu: priA T y ApoyAap — yu Ky3

eHTanbnia moayns — crabinizauis NPOEKTHMM rpaBiTaliiHUM

TUCKY —KiHETUYHA eHepris CTpyMeHd. | Hanopom 0,9m

Mepesaru Ta BigMiHHOCTI "lMpaBiTauiHo-iMNynbCcHOro iHTerpatopa noToky (GIF?2)"

dopMyBaHHSA [O30BAHOrO AMCKPETHOro iMMNyrnbCHOro MOAYNSA PiAVHM 3 NiABULLEHO MEeXaHiYHO
NMOTOKOBOI eHTarbmnieln, 06yMOBEHO XBUNBOBMM NEPEPO3NOAINOM eHeprii nig yac rigpoyaapy.

O6'em imnynbey (Hanpuknag, 141,3 n) GOPMYETLCA 3 BMCOKOK TOYHICTIO 3aBASKW KEepPOBaHUM
KnanaHHMM enemMeHTaMm i reomeTpii Tpybonposoay (OOBXMHA, AiaMeTp, SKiCTb MOBEPXHi). Y MOMEHT
rigpoygapy BiObyBaeTbCA XBWMbOBUW MEepepos3nogisl KiIHETUYHOI €eHeprii MOTOKYy 3 YTBOPEHHSM
rnokanisoBaHOro iMNynbCHOr0O MOAYNs 3 MiOBMLLEHOK MNOTOKOBOK MEXaHIYHOK  eHTanbnieto,
00yMOBIEHOI0 3pOCTaHHAM YrneHa p/p [5].

PoboTta npu BUCOKMX TUCKaX i LUBMAKOCTAX 6e3 ra3oBux Oydepis.

Mepepos3nogin napameTpiB Kepyw4doro rigpoygapy 3 amnnitygoto Ttucky go 120,5 atm y
ctabinisoBaHnn BUCOKOLLUBUAKICHUI CTPyMiHb BigOyBaeTbcsi 0Oe3nocepedHbO MNPOTArOM 4acTok
cekyHau. Y comnyioBoMy anapaTi 3a kBasicTauioHapHUX YMOB BigOyBa€eTbCS NepeTBOPEHHSI NMOTOKOBOI
MEXaHi4HOI eHTanbnii COPMOBAHOro iMNYfbCHOMO MOAYNSA B KIHETUYHY €HEprito CTPYMEHS Npu Noro
KOHTPOMbOBaHOMY po3LUMpeHHi [1, 2].

CrabinbHa YacToTa UMKy 3 perynboBaHnM (ba3oBuUM 3CYBOM.

TpuBanicte umkny (Hanpuknag, 0,66 c) gossonse BapitoBaTn yactoty Ao 1,515 'y i Buwe 3
MOXIUMBICTIO HanawTyBaHHs (as3oBOro 3CyBY MK MOCMIOOBHUMW iMNynbCHUMKU Mogynamu. Lle
3abesnevye kBasiHenepepBHUIN NOTIK Ta BUCOKUI koedilieHT eHepreTuyHoil koHueHTpauil (KEI) [3].

IHXeHepHe HanalwTyBaHHSA KiIHEMaTyKN KnanaHis.

Maca, KyT NoBOpOTYy Ta reomeTpis OMCKIB KranaHiB BU3HayaloTb TpUBaniCTb iX 3akpuTTa Ta
BIOKPMTTS, amnniTygy rigpoygapHux BNNMBIB | a3y po3pigkeHHs, wWo 3abesnedyye kepoBaHy
MOAyNsAUito napameTpiB NOTOKY Ta BiATBOptOBaAHE (POPMYBAHHS AUCKPETHUX iIMAYNbCHUX MOAYNIB 3
NiABULLEHUM MOTOKOBMM €HTarnbNinHUM CTaHOM.

Mpsima iHTerpauist 3 eHepreTUYHNM obnagHaHHSM.

GIF? nepefnae imnynbcHWI NoTik 6e3nocepeHbo B connosi abo TypbiHHI enemeHTU (Hanpuknag,
koBwwoBi TypbiHn [MenToHa), 3abesnedytoun Bucokuin KKIO nepeTBOpeHHS MOTOKOBOI MeXaHiuyHOl
eHTanbnii choOpMOBaHOro iMMNYNbCHOTO MOAYMSA Y KiIHETUYHY E€HEprilo CMPSMOBaHOr0 CTPYMEHS Ha
Buxodi connoBoro enemeHta. KoediuieHT eHepreTuyHoi koHueHTpauii (KEM) nigrBepmxye
eeKTMBHICTb cuctemu [3, 4].

TexHiYHW pesynbTaT Ta OCHOBHI Nepesaru.

Cuctema 3a KOpPUCHOKW Mogennt 3abesnevye KapgouHanbHe MiaABULLEHHS edEeKTUBHOCTI
nepeTBOpeHHs1 eHeprii. HW3bKONOTEHUINHWA rpaBiTauilHUA Hamnip BUKOHYE CYHKLiO eHepreTU4Hol
iHiLiaUil HecTauioHapHUX TiApOAVHAMIYHMX NPOLECiB, Y Mexax sKux BiabyBaeTbCA XBWITbOBUWA
nepeposnoain eHeprii BXiAHOro NOToKy. Y pe3ynbtaTti GopMyeTbCH NoKanbHa KOHLEHTpauis eHepril y
BUrNSAi NiABULLLEHOT NOTOKOBOT MeXaHiYHOT eHTanbnii AUCKpeTHMX iMNynbCcHUX MoayniB [5], ska Hagani
peanisyeTbCs y BUIMsAi BUCOKOLIBUAKICHOrO CTPYMEHS.

TexHiyHUA  pe3ynbTaT npPosBRASETbCA Yy  (DOPMYBaHHI  BMCOKOYACTOTHOrO  CNpPSMOBaHOIo
iMOYNbCHOrO CTPYMEHS 3 HaA3BMYaWHO BUCOKOK LUIMBHICTIO MexaHiyHoi eHeprii. [0noBHO
nepesarol0 € TOYHUW (HXEHEPHUN KOHTPOMb Had TMOTYXKHICTIO Ta YacTOTOW CTPYMEHs npwu
MiHIManbHNX eHepreTUYHUX BTpaTax Ha KepyBaHHS.

Krnto4oBi 03Haku cnocoby, peanisoBaHOro CUCTEMOHO:

- ®asoBa cuHXpoHi3auia asox imnynbcHux mogynie (f = 1,515 Iy, T = 0,66 ¢) i3 koediuieHTOM
nepekputTs 17,2 %, Wwo 3abe3nedye KBasiHENEPEPBHUIA NOTIK 3aBAAKM 3rnag)KyBaHHIO Mynbcawlint.
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- baraTtoeTanHa KoHLUeHTpaLia eHeprii, iHiLinoBaHa HN3bKOEHEePreTUYHUM rpaBiTalinHUM NOTOKOM,
wo 3abesnevye PoOpMyBaHHA BUCOKOEHEPreTMYHOrO KBa3iCYLiNbHOrO CTPYMEHS LUNAXoM ¢ha3oBOro
3CyBY Ta NEPEKPUTTS aKTUBHUX OCHOBHUX iMNYMNbCHMUX MOAYMIB.

- [nckpeTHo-iMNynbCcHa CTPYKTYpuM3aLlis Mmoaynis 3a 4OMNOMOIoH 3BOPOTHUX NMOBOPOTHUX KranaHis
(2), (4), (7) i3 npoTMBaramv i CUHXpOHI3aLi€l0 yaapHNX XBWUMb CTBOPIOE KEPOBaHI rigpoyAapHi unknm [1,
2].

- KombiHauis 3nmBHoi niHii (5), racHukis (15), conna JlaBans (16) Ta rigpo3aTtBopa (6) 3abesneuye
avcunadito eHeprii manux moayrnis Ta opmyBaHHS HE0OXigHOro ha3oBOro 3cyBY LIMKITIB.

- MembpanHui rigpoakymynatop (10) y TpaH3UTHOMY PeXMMi 3 ra3oBO Ta PiOUHHOK kamepamu
(x2 %), aBonopToBUi, 3abesneyvye cTabinisauito TUCKY (a OTXKe, 1 eHTanbnii) 6e3 HaKoNUYeHHs.

- ConnoBuin enemMmeHT (12) 3 pyxomoto rofikor 403BOMSIE ANHAMIYHO peryrnoBaT BUXigHWUIA 3a30p
nig4 TMCKOM MoAynNs, aganTyloum reomMeTpito 40 eHTanbnil KOXXHOro OKpeMoro Moaynsi.

- ABTOHOMHE KepyBaHHsl LuKnamu 3abe3nedye nigBuULLEHY TOYHICTb (POpMyBaHHS iMAYNbCHMX
MoAayniB 6e3 BUKOPUCTaHHS 30BHILLHIX CUCTEM KepyBaHHS [4].

- Martepianu i reomeTpis Bcix enemeHTiB 3abe3nevytoTb poboTy Ha LmknivYHMX rigpoygapax go 150
at™ Ta 1-7 'y, 3 wnidhoBaHMMM NOBEPXHSAMM ANS BiNbHOrO NOLUMPEHHS XBWMb i MiHiMi3aLii BTparT.

- 3oBHilWHe AXepeno cyuinbHoro notoky (R1) i3 ApyrMM ropusoHTanbHUM Hecyunm gHuilem (G)
3abesnevye cikcoBaHy BWCOTHY BIOAMITKY TWUCKY, BIOGINEHHS MOBITPSA, aHTMKAaBITYOdy apXiTekTypy,
aBTOHOMHUWI eHeproBy3o0s Ta ctabineHy poboTy nig rigpoygapamu.

- Cuctema 3amkHeHa Mix pesepByapom (R1) Ta iHTerpaTopoM i 3abesneuyye B3aemogito, LLO
peryntoetbcsa popmynamm: Q=pvS T1a Vr1211-Q, (97-98)

Ta rapaHTye aBTOHOMHY cTabinisauito NOTOKY i KBasicyuinlbHY nogady Ha BUXOAi.

HoBu3Ha nonsrae y NpMHUMNOBO HOBOMY MigxoAdi A0 opraHisauii KepoBaHWX rigpoyaapHuUx
PEXMMIB, 32 SKOrO HW3bKOMOTEHUINHUI CYUINbHUI NOTIK iHiLilOE NOBTOPKOBaHI XBWMbOBI Npouecu 3
NoKanbHOK KOHLeHTpaLieto eHeprii y dopMi NOTOKOBOI eHTanbmnii AUCKPETHMUX iMMYNbCHUX MOAYNIB.
IHTerpauis rigpoakymynsitopa, gemndepa, KnanaHHOro reHepaTopa, OPYroro Hecy4yoro AHuLa,
3MMBHOI MiHii Ta COMMOBOro enemMeHTa B €AMHWUIA aBTOMaTM30BaHWMA LUKN 3abe3nedyye edeKkTMBHe
nepeTBOpeHHs eHeprii 6e3 nopyweHHa 6anaHcy [1-7]. Y pesynbTaTi POpMyeTbCA KBa3iHENEepepBHMI
CTPYMiHb LIMAXOM (Da30BOro MNepeKkpuTTa AUCKPETHMX TMiApOoiMMynbCiB, napameTpu SKWMX iCTOTHO
nepeBuLYyIOTb NapameTpu MOTOKY Ha cTagil iHiuiauii, He 36inbLyloun Npu LbOMY CyMapHOi eHeprii
cuctemu.
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®OPMYIA KOPVUCHOI MOZESI

1. Tlpuctpin  ¢opMyBaHHA  BUCOKOHAMIPHOrO  KBasiHENepepBHOro  CTPyMEeHs  piguHn 3
HW3bKOEHEePreTUYHOro rpasiTauinHoOro NOToKy, WO MICTUTL:

30BHiWHE mkepeno (R1) cyuinbHOro nOTOKy piguHW 3 KOHCTPYKTUBHO (DIKCOBAHOK BUCOTOHD
rpaBiTauinHol nogavi B gianasoHi Big 0,65 oo 1,5 m;

noxwnum nogasanbHuin Tpybonposia (1), nepumnn KiHeLb SKOro Yyepes KyTose KoniHo (19) 3'egHaHni 3i
3ragaHum 3o0BHiWwHiM gxepenom (R1), a apyrun kiHeub Yyepes kyToBe KoniHo (18) 3'egHaHui i3 BXO4OM
KnanaHa-nepepviBHuKa (2);

LWOHaMeHLLe OAWH MPYXWHHUA IMAYNbCHUA racHWK amnniTyam TUCKY yaapHol xsuni (17),
BCTaHOBMEHUA Ha nogasanibHoMy TpybornpoBogi (1) Ta BMKOHAHWA 3 MOXIMBICTIO AeMMdyBaHHS
KOnMBaHb TUCKY;

noBHONPOXiaAHWM 3anipHuii kpaH (K) WBMAKOI 3yNMHKM MOTOKY, BCTAHOBMEHWA Ha nogaBanbHOMY
Tpybonposogai (1);

3BOPOTHWI  KnanaH-nepepuBHMK (2), BMXi4 SKOro 3'€QHaHUA 3 TOPU3OHTANbHUM  POBOYUM
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Tpyb6onposogom (3);

ropmsoHTanbHUn podounin Tpybonposia (3), 3'egHaHNn 3 BXOAOM yAapHOro 3BOPOTHOrO kranaHa (4);
yAapHWIA 3BOPOTHMI KnanaH (4), Buxig skoro 3'egHaHun 3i anusHuM Tpybonposoaom (5);

anuBHun Tpybonposig (5), 3'egHaHuin vepes kytoBe KoniHO (14) 3 rigposaTtBopoM (6) 3 MOCTIMHUM
PiBHEM PiAMHMW, BUKOHAHUM 3 MOXIMBICTIO 3anobiraHHA 3BOPOTHOMY MiACOCY NOBITPS;

nocrnigoBHO BCTaHOBMEHi Ha 3nvMBHOMY TpybonpoBogi (5) Mk 3ragaHum kytoBuMm KoniHom (14) Ta
rigpo3atBopom (6) LWoHaNMeHLe OAWH NPYXUHHUIA rigpaBivyHNiA iIMNYNbCHUI FrACHUK amnniTyan TUCKY
mManoro moayns (15) ta pgpocentoBanbHe conno Jlaeans (16), BUMKOHaHi 3 MOXIMBICTIO MOBHOI
ancunadii eHeprii Mmanoro iMnynbCHOro MoAyns;

HarHiTanbHWUI 3BOPOTHUI KnanaH (7), BXig sikoro yepes ogHe abo ABa 3'eAHyBarnbHi KyTOBI koriHa (8,
13) 3'egHaHuin 3 pobounm TpybonpoBogom (3), a BUXiA4 3'€QHAHUN 3 TOPWU3OHTANbHUM HanipHUM
Tpybonposogom (9);

ropu3oHTanbHUN HanipHuiA Tpybonposia (9), 3'egHaHUA i3 BXOAOM TPaH3UTHOTO MeMOpaHHOro
rinpoakymynatopa-crabinizatopa (10);

TPaH3UTHUA MeMOpaHHUIA rigpoakymynatop-ctabinisatop (10), BukOHaHWA y BUrNagi membpaHHOro
rigpoakyMynatopa 3 po3finbH1UMU ra3oBO0 Ta PiAMHHOK KaMepaMu, piBHUMK 3a 06'EMOM 3 JOMYCKOM
BigxuneHHs He O6inbwe 2 %, npu uboMy MembpaHa 3abe3nedyye NPOXOMKEHHs piguHn 6e3
HaKOMUYEHHS, PiAMHHA Kamepa OCHalleHa [OBOMa OKPEMWMW MOpTaMu - BXiOHWM Ta BUXIOHUM, LO
3abe3nevye TpaH3UTHUA pexnMm poboTu, a rasoBa Kamepa BMKOHaHa 3 MOXIMUBICTIO MonepeaHboro
3apPSIHKEHHST TUCKOM, MEHLLMM 33 PO3PaxyHKOBUI TUCK OCHOBHOIO iMMYSIbCHOrO MOAYMSI HA BENUYUHY
Big 2 oo 17 atm;

nepexigHun Tpybonposig (11), 3'eaHaHuin 3 BMXiOHMM MOPTOM rigpoakymynaTopa-ctabinizatopa (10)
Ta BXOAOM COMII0BOro enemeHTa (12);

connoBun enemeHT (12) 3 NNaBHMM KOHYCHMM MEPEXodoM [0 MPOEKTHOrO BUXiAHOMO OTBOPY,
OCHAaLLEHUA PYXOMO 3anipHOK TOSIKOK, BUKOHAHOK 3 MOXIIMBICTIO MEPEMIlLEeHHs nig Aiel TUCKY
MOAYNSA PigVHN Ta NOBEPHEHHS NPYXUHOK AN perynioBaHHSA NpOXigHOro 3a3opy BUXIAHOIO OTBOPY;
NpUYOMy 3rafjaHi enemMeHTN BUKOHaHI 3 MOXITMBICTIO BaraTtoeTanHoro NepeTBOPEHHS eHEeprii BXigHOro
MOTOKY LUNSAXOM iHILitOBaHHSA rigpoydapiB, (OPMyBaHHS OCHOBHOrO [OUCKPETHOro moaynsa y
NigBULLLEHOMY eHTanbniHOMYy CTaHi Ta MOoAanbLIOro MepeTBOPEHHS HaKOMMYeHoi poboTn TUCKy Ta
LWBKAKICHOI  CKNagoBoi MOTOKY, LWO pa3oM BU3HAYalTb MNOTOKOBY MEXaHidHy eHTanbnito
CcOpMOBaHOro iMNyNbCHOrO MOAYNS, Y KIHETUYHY EHEprilo CMPSMOBAHOrO CTPYMEHsSI Ha BUXOAi
connoBoro enemMexTa (12).

2. MNpwucTtpivi 3a n. 1, AkMA BiAPISHAETLCA TUM, WO 3BOPOTHI Knanauu (2), (4), (7) BUKOHaHI y BUrNAgi
LUBMOKOAIOYMX OMCKOBMX NOBOPOTHUX KranaHiB, OMCKU AKMUX 3aKpinneHi Ha NOBOPOTHIN OCi B HUXHIN
YacTWHI KOpNnyciB, OCHALLEHi 30BHILIHIM Ba)Xxenem npoTuBarv, Ta BMKOHaHI 3 MOXMMBICTIO poboTn B
yMOBax iMMynbCHOro HaBaHTaXeHHs amnniTygoto He MeHwe 150 atm 3 vactoTtow Big 1 go 7 Iy,
yacom cnpautoBaHHa He Binbwe 0,02 ¢ Ta po3paxyHkoBMM poboumm TuckoM He meHwe 200 atm,
npuvyoMy AMCK KranaHa-nepepuBHuKa (2) opieHToBaHui y 6ik BUXOA4Y NOTOKY B pobounin Tpybonposig
(3), onck ypapHoro knanaHa (4) opieHToBaHMn y 6ik BXo4y NoToKy 3 poboyoro Tpybonposogy (3), anck
HarHiTanbHOro knanaHa (7) opieHToBaHuM y 6ik Buxody MOTOKYy B FOPU3OHTarnbHUMA HamipHUi
Tpybonposia (9), a MOBOPOTHI OCi KnanaHiB OCHALUEHi 30BHIWHIMKM (ikcaTopamMu 3 MOXIUBICTHO
0OMEXEHHS CaMOBINbHOrO 3MiLLEHHS.

3. MNpwucTtpin 3a n. 1, AkniA BiAPISHAETLCA TUM, O 3BOPOTHI knanaHu (2), (4), (7) BUkoHaHi y BUrmsAi
LWUBUAOKOLIIOYNX OCbOBMUX KIanaHiB, 30Kpema KapTPWKHOro Tuny, 3 TigpaBniyHUM MiNOTHUM,
NHEBMATUYHMM abo eNneKkTPOMEXaHiYHNM KepPYBaHHSAM, Ta BUKOHaHI 3 MOXMMBICTIO pobOTK B yMOBax
iMMYNbCHOrO HaBaHTaXXeHHA amnnitygoto He meHwe 150 atm 3 4vactotow Big 1 go 7 Iy, yacom
cnpautoBaHHs He Ginblwe 0,02 ¢ Ta po3paxyHKOBUM pobGovMM TMCKOM He MeHwwe 200 aTtm.

4. MpucTpin 3a N. 1, KM BiAPISHAETbLCA TUM, WO AiaMeTp OiNsHKM poboyvoro Tpybonposogy (3) mix
knanaHamu (2) i (4) sHaxoguTbCA B MPOEKTHO-3aAaHoMy AianasoHi Big 0,04 go 0,6 m, a goBXuHa Uil
AiNsHKM BUOpaHa 3anexHo Big MPOEKTHOI BUTpATM BOAWM Ha BUXOAI NpucTpoto B Mmexax Big 50 go 500
n/c, npu LbOMy CcUCTEMa 404ATKOBO OCHALLEeHa aBTOMAaTUYHUMU NOBITPOBIABIOHWMKAMW, BUKOHAHUMU 3
MOXIUBICTIO 3anoBiraHHst yTBOPEHHIO NMOBITPSHUX BKIIOYEHb.

5. lMNpuctpin 3a n. 1, 9kMA BIAPI3HAETBLCA TUM, O 3BOPOTHI knanaHwu (2), (4), (7) BWKOHaHI
repMeTM4YHUMMK, 3 KOHirypauieto, WO BUKIOYAE NPOHUKHEHHSA MOBITPS B MOTIK PiAMHK, NPUYOMY
KOpnycu KnanaHiB MalTb BHYTPIilWHI 06BoaM 6e3 rocTpux KyTiB, BUKOHAHi 3 MOXIMBICTIO
3abe3neyeHHs BiNIbHOTO NPOXoAy MOTOKY PiAVHU Ta BUKITIOYEHHS 3aCTiNHUX 30H.

6. lMpucTpin 3a n. 1, d9kun BiAPI3HAETLCA TuUM, WO 3ragaHi knanaHu (2), (4), (7), iMNynbCcHWN
NPYKMHHUA racHuk Tucky (17), rigpoakymynsatop-ctabinisatop (10) ta connosuin enemeHTt (12)
po3TallOBaHi B CWUCTEMI Ta KOHCTPYKTUBHO B3aEMOMOB's3aHi 3 MOXIUBICTIO 3abe3neyeHHs
dopmMyBaHHSA B pobovomy TpybGonpoBoAdi (3) OCHOBHOrO iMMYNbCHOrO MOAYNSA PIOVUHW 3adaHoro
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ob'emy, Moro nepemileHHs No HanipHomy Tpybonposoay (9), cTtabinisauii TUCKY B rigpoakyMynaTopi-
crabinizaTtopi (10) Ta cnpaMyBaHHs O BUXO4Y Yepes connoBui enemeHT (12).

7. MNpucTpini 3a n. 1, kM BiAPI3HAETLCA TMM, WO NOCMigOBHA KOMOGiHAUisi enemMeHTiB y 3NTMBHOMY
Tpybonposogi (5), Aka MICTUTb LWOHAMMEHLEe OAWH MPYXWHHWUW TiApaBRiYHUN iIMAYNbCHUA FacHWK
amnnityam Tucky (15), ppocentosBanbHe conno JflaBana (16) i rigposatBop (6), BMKOHaHa 3
MOXINUBICTIO MOBHOI Aucunauii eHeprii mManoro iMnynbCHoro moayns Tta crabinisauil TpuBanocTi
¢a3oBOro 3cysy pobo4yoro Lmkny.

8. MpucTpint 3a n. 1, kMM BiAPIBHAETLCA TUM, LLO BUXiAHA YaCcTMHA KOPMNYCY HarHiTanbHOro knanaHa
(7), HanipHun TpybonpoBig (9) Ta rigpoakymynsTop-ctabinizatop (10) BMKOHaHI 3 MOXIMBICTIO
PO3MiLLIEHHSI MOBHOTO 06'EMy CPOPMOBAHOIO OCHOBHOIO AMCKPETHOro MOAYyINs, WO OOpiBHIOE 06'eMy
poboyoro Tpybonposoay (3).

9. Mpuctpinn 3a n. 1, 9kM BiAPISHAETLCA TUM, LWIO AOOATKOBO MICTUTb LLOHAWMEHLUE OOWH OaTyuK
TUCKY, BCT@HOBMNEHWA Ha nogaBanbHOMy TpybonpoBoai (1), MPYXMHHOMY racHuky Tucky (17),
poboyvomy Tpybonposogi (3), rigpoakymynstopi-ctabinizatopi (10) Ta/abo NpyKMHHOMY raCcHUKY TUCKY
(15) 3nuBHOro Tpybonposoay (5); WOHaNMEHLIe OAUH AaTyYMK LLIBUOKOCTI MOTOKY, BCTAHOBNEHUNA Ha
poboyomy TpybonpoBogi (3); Ta LWOHaVMeHLle OAWH BUTPATOMIpP, BCTAHOBMEHUN 3 MOXIUBICTIO
BUMIpIOBaHHS BUTpaTK Yepes connoBun enemeHT (12) ta/abo yepes rigposatsop (6).

10. MNpwucTpini 3a N. 1, AKNi BiAPISHAETBLCA TUM, LLO HarHiTanbHUM kNanaH (7) Ta ygapHwui knanaH (4)
BMKOHaHi B OAHOMY KOpMyCi.

11. Mpuctpin 3a n. 1, 9kMi BigpPiI3HAETbLCA TUM, WO O0OATKOBO MICTUTb aBTOHOMHY CUCTEMY
aBTOMaTUYHOrO KepyBaHHA NOCHILOBHICTIO rigpoyAapHUX BASMBIB Ta NOMOXEHHAM KranaHiB, 3'€eqHaHy
3 HesanexHWM BOyJOBaHUM JXKEPENIOM >XUBMEHHS Ta BUKOHAHY 3 MOXITMBICTIO KEPYBaHHSI HA OCHOBI
curHaniB Bif 3ragaHux gaTyuKiB.

12. MpucTtpin 3a n. 1, akuin BiAPI3HAETLCA TUM, WO Napa 3'egHyBanbHMX KyTOBUX KOMiH (8) i (13)
yTBOpIOE cymapHui KyT nosopoTy 90°, a napa 3'egHyBanbHuX KyToBuX KomiH (18) i (19) Takox
YTBOPIOE CyMapHUn KyT noBopoTy 90°.

13. MpucTpini 3a nN. 1, KM BiIAPI3ZHAETLCA TMM, LLIO MaTepiann BCiX eneMeHTiB cuctemu BubpaHi 3
ypaxyBaHHAM MILHOCTI Ta OOBroBivHOCTI Ans 6e3nepepBHOi poboTM Npu LMKNIYHMX rigpoydapax 3
amnnitygoto Tucky go 150 aTtm i yactotoro go 7 Iu, i3 3abe3nevyeHHsaM CTIMKOCTI KOHCTPYKLUii g0
BTOMHUX HaBaHTaXeHb, NpY LbOMY BHYTPILLHi NOBEPXHi TPYOONPOBOAIB, KYyTOBMX KOMiH, rapo3aTBopy
(6), connooro enemeHTa (12), gpocentoBansHoro conna JlaBans (16), kKopnyciB knanaHis, 3anipHOro
kpaHa (K) Ta noptiB rigpoakymynatopa BWKOHaHi Magkumy Ta LWidpoBaHUMM 3 MOXIMBICTIO
3MEHLLUEHHS TigpaBniyHMX BTpaT Ta BINIbHOTO MOLUMPEHHS YOAPHWX XBWIb, @ TOBLUMHA CTIHOK
3a3HavYeHnx enemeHTiB BubpaHa [oCTaTHLOW Anst 3abe3neveHHst poboTy Npu LUKNIYHKUX Tigpoyaapax
i3 MPOEKTHOI YaCcTOTOK Ta TUCKOM.

14. TMpucTpin 3a n. 1, 9K BIAPISHAETLCA TUM, LIO 30BHIWWHE [MKepeno cyuinbHoro notoky (R1)
BWKOHaHe 3 rpasiTauilHOK noJayeld piguHW Ta Mae MNPOEKTHO-(DIKCOBaHW nepenag BUCOT, LWO
BM3HAYAETbCA BMCOTOK PO3TALLYBAHHA FOPM3OHTANBHOMO Hecyyoro Apyroro Anuuwia (G) BigHOCHO
ropmsoHTanbHoOI oci poboyoro Tpybonposoay (3).

15. MNpucTpin 3a n. 1, Akuin BigpPISHAETLCA TUM, LLO 30BHIWWHE AXepeno (R1) BUKOHAHE 3 MOXIUBICTIO
3abe3neyeHHsa BUTpaTU PiaMHM Ha BXOAi, WO BigNoBigae CyMapHii BMTpaTi Ha BUXo4ax iHTerpaTopa
3a OAMH UMK pobOoTK, 3rigHO 3 PIBHSIHHAM Hepo3puBHOCT: Q=pvS, ae Q - ob'emHa BuTpata, p -
rycTUHa piguHKU, Vv - WBMAOKICTb NOTOKY, S - nnowia nepepisy TpydbonpoBoay, Npu LibOMY 30BHILLHE
[XKepeno BWKOHaHe 3 MOXIMBICTIO aBTOPErynoBaHHSA LWBWAKOCTI CYLiNbHOrO MOTOKY Mg 4ac
rigpoygapis 3a paxyHoK rpasiTauiniHoro Hanopy 6e3 KOHCTPYKTUBHOI 3MiHM BUCOTH.

16. lMNMpucTpin 3a n. 1, AkMN BiAPI3HAETLCA TUM, WO 06'eM pe3depByapa 30BHiWHbOrO Axepena (R1)
BubpaHni 3 ymoBu VR1211-Q, ge Q - pospaxyHKOBa BuTpata B fiTpax 3a CeKkyHady, AnA
3abe3neyveHHs JOCTaTHLOrO 3anacy piavHu ans ctabinbHoi poboTu.

17. MpucTpini 3a n. 1, AKMIA BiAPISHAETLCA TUM, LLO MaTepianu BCiX eneMeHTiB 30BHILLHBLOro axepena
(R1) BMOpaHi 3 ypaxyBaHHAM MILHOCTi Ta AOBroOBIi4YHOCTI AnA 6e3nepepBHOi poboTM MPU LMKMIYHMX
rigpoygapax 3 amnnitygoto Tucky go 150 atm i yactototo Big 1 go 7 Iy, i3 3ab6e3neyeHHsAM CTINKOCTI
A0 BTOMHWX HaBaHTaXeHb, NpW UbOMy Apyre Hecydye aHuue (G) BUKOHaHe Sk 0OOB'A3KOBUN enemMeHT
KOHCTPYKLii Ta BCTAHOBIIEHE XXOPCTKO LLIOHAaMMEHLUE Ha M'SATU BEPTUKaNbHUX i LOHANMEHLIE Ha M'aTu
rOPM30OHTAIbHUX HAMPSAMHMX.

18. lMpucTpint 3a n. 1, 9k BIAPISHAETLCA TUM, LIO 30BHILWIHE MKepeno cyuinbHoro notoky (R1)
BMKOHaHe y BUIMAA4I BEPTUKaNbHOIO UMNIHOPWYHOIO pe3epByapa 3 HWKHIM KOHIYHUM OHULLEM, Y
LeHTpi sikoro nepepbayveHo OTBIp ANs BUXOA4y MOTOKY, Ta OCHALleHe ropu3oHTarbHUM MeTaneBuM
Hecyyum apyrum gHuwiem (G), )KopcTko 3adikcoBaHUM MO BUCOTI BIAHOCHO 3a3Ha4yeHoro oTBOpPY, Npwu
uboMy apyre gHvwe (G) BUKOHaHE 3 MOXNUMBICTIO 3abe3neyeHHs cTanoi TOYKM Bigsfiky rpasiTauinHoi
BWCOTM CTOBMa PiANHK, BiodiNeHHA Ta BiABeAEHHS NOBITPSAHMX BKIOYEHb A0 BiflbHOT MOBEPXHI, a MiX
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APYrvM OHuwem Ta GOKOBMMMW CTiHKaMu pe3epByapa YTBOPEHO 3a30p A7 CTOKY PigvHW, Benu4vvHa
sKoro BubpaHa BigNOBIAHO A0 3aranbHOi BUTPATK PiaUHN CUCTEMOIO.

19. MpucTpii 3a N. 1, KM BiAPIZHAETLCA TUM, WO 30BHIWHE QKepeno cyuinbHoro notoky (R1)
AOAaTKOBO OCHalleHe aBTOMAaTMYHMM MPOMUCIIOBMM MOBITPOBIABIAHMKOM (S), pO3TalloBaHUM Y
BEPXHI YacCTWHI pe3epByapa, BEPXHIM 3anuBHMM MOKOM (J), OrnNsgoBMM CKMAOM i3 30BHILLIHBOO
LLIKanow piBHS pianHM abo OaTyMKOM piBHS, BCTAHOBMNEHMM Ha GOKOBIM CTiHLI BuULlEe piBHA OpYroro
OHUWA, a KOHIYHEe [OHMUE OCHalleHe CUCTEMOK BepTUKaNbHUX CTOSAKIB Ta MNOBITPO36GipHUKIB,
CMony4YyeHux 3 NoBIiTPOBIABIAHNKOM (S).

20. MpucTpin 3a n. 1, akMi BiAPISHAETBCA TUM, LLO 30BHILIHE OKepeno cyuinbHoro noTtoky (R1)
[O0AaTKOBO MICTUTb €HEProBy30S1 Y BUIMALI €NeKTPUYHOro Hacoca, MigKMiYeHoro A0 He3anexHoro
BOygoBaHOro eHeprobnoka, NPUYOMy HacoC po3TalloBaHWIA Ha BXIiOHIW NiHil pxepena nepeg TOYKO
dopMyBaHHA rpasiTaliMHOro nepenagy Ta OCHaWeEHUn cuctemol inbTpauii, BUKOHAHOK 3
MOXIMBICTIO BUMKIMIOYEHHS MOTpanisiHHSA TBEPAMX BKIOYEHb y nogaBanbHuin Tpybonposig (1), npu
LbOMY €HeproBy3osi Ta eHeprobnok BUKOHaHI 6e3 BNnMBY Ha BCTaAHOBMEHI rpasiTauiliHi napameTpu
NOTOKY Ta eHepreTnyHnin 6anaHc poboumx npouecis.

21. TMpucTpin 3a n. 1, AKMA BiAPI3HAETLCA TUMM, LLO FOpPM3OHTanNbHe Hecydye apyre gHuwe (G)
30BHiLWIHbOro mxepena (R1) BMKOHaHe 3 MOXNUBICTIO 3abe3neyeHHs NPOeEKTHO-(iKCOBaAHOro nepenagy
BWCOT, WO BiANoBiAae NepeTBOPEHHI0 NOTEHUIanbHOI eHeprii B KIHETUYHY €Heprito CyLiNnbHOro NOTOKY
Ta popMyBaHHIO MPOEKTHOrO TUCKY Nepea yaapHUM knanaHom (4).

22. MNpuctpin 3a n. 1, 9kMn BIAPI3HAETBCA TUM, WO Ha nepexigHomy Tpybonposogi (11) abo Ha
BMXiOHIN nNiHii rigpoakymynsitopa-ctabinisatopa (10) BCTAHOBNEHWMI MNOBHOMPOXIOHWA 3anoBiKHMIA
KnanaH MWUTTEBOI Ail 30/I0THUKOBOrO TUMY, BUKOHAHWI 3 MOXIMBICTIO aBapiHOrO CKMAy TUCKY npw
nepeBULLEHHI 3adaHOi yCcTaBkW, 3i 30epexeHHAM MOBHOI MPOMYCKHOT 34aTHOCTI Marictpani npwu
crnpaLltoBaHHi Ta repMeTUYHUM 3aKpUTTSM Micns Hopmanisauii TMcky ans 3anobiraHHsi 3BOPOTHOMY
NOTOKY Ta Niacocy NoBiTpPSi.

23. MpucTpin 3a bygb-akum 3 nn. 1-22, Ak BiAPI3HAETbLCA TUM, WO MOro efleMeHTU BUKOHaHI 3
MOXNUBICTIO 3abe3neyeHHs (pa3oBOro 3cyBy 3anyCcKy Y€proBoro LMKy LWASXOM NepeKkpuTTs akTUBHOI
dasm B gianasoHi Big 5 oo 50 % uvacy umkny, Npu LbOMY KOHCTPYKUis 3abesnedvye opMyBaHHS
OCHOBHOTO AUCKPETHOrO MOAyns y NiABULLEHOMY eHTanbhiiHOMY CTaHi, SIKMA 3Ha4yHO MepeBULLYE
€Heprito iHiliauji, 3 JOCArHEHHsM KoedilieHTa eHepreT4Hoi koHueHTpauii (KEM>>1), sigmiHHOro BiA
KoediuieHTa kopucHoi gii (KKO<1).
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