Imxenepw, mo maroth ING oTpuMyroTh BinnoBiaHui auruioM i BHocsTeest B FEANI peectpartiro,
ska 30epiraetbess B bprocceni. B nanHmii yac criika HayKOBHX Ta IH)KEHEPHUX 00 ’€THaHb YKpaiHU
CIIUTBHO 3 AKaJIEMI€I0 IHKEHEPHUX HAayK YKpaiHH 3IHCHIOE peasti3alilo mporpamu «EBpoiHKeHep».
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JIO IUTAHHS 3ACTOCYBAHHS CACTEMM PEKYIEPAIII MTHEBMATHUYHOI
EHEPTII Y 3AJII3BHUYHOMY TPAHCIIOPTI

Ha croronHimHiil geHp 3a011a/PKEHHST pecypciB Ta po3po0OKa MaIIMH 1 MEXaHI13MIB 3 BUCOKOIO
EHEeproe(eKTUBHICTIO € OJHHUM 3 OCHOBHHMX HAIPSIMKIB PO3BUTKY CBITOBOI'O MAaIIMHOOYTYyBaHHS.
3HMKEHHS METAJIOEMHOCTI, 3aCTOCYBaHHS DPI3HMX CHCTEM JJIi HAKONMWYEHHS EHeprii, 1o sK
NPaBUJIO TEPETBOPIOETHCS y TEIJIO, 3 MOJAIBLUIMM BUKOPUCTAHHSAM HAKOMMYEHOI €Heprii ass
KOPHCHOI poOOTH, MiZABUILEHHS KOe(DII[ieHTy KOPUCHOT Iii JIaHKK a00 MaluHu B niiomy. Kommuieke
TaKUX 3aXOIB JI03BOJISIE CYTTEBO CKOPOTUTH BUTPATH HA BUPOOHUIITBO MAIIMHU 1 MiJBULIUTH il
eneproedextuBHicTh [1, 2]. Illo crocyerbcsi MOKpalieHHs €Heproe(eKTUBHOCTI BKE ICHYIOYHX
MAaIllMH OJHUM 3 BapiaHTIB € 3aCTOCYBAaHHS CHCTEM PEKYNEPaTUBHOTO rajibMyBaHHS 3 MOAAJIBIINM
BUKOPHUCTAHHAM HAaKOMHMYEHOI €Heprii JJIs KUBJICHHS JONOMDKHUX MEXaHI3MIB UM MOYATKY PyXYy
Marmuni [3].

CporojiHi, B CBITi, peKyIlepaTUBHE TaIbMYBaHHS IIMPOKO 3aCTOCOBYETHCS Ha €IEKTPOBO3ax Ta
enekrponoizgax. CyTh mpolecy peKynepaTHBHOTO rajlbMyBaHHS IOJISiTa€ B TOMY, IO BHpOOJIEeHa
CJIEKTPUYHA EHEPris IMOBEPTAETHCS B KOHTAKTHY MEpexXy 1 Jali Moxe OyTH BUKOPHUCTaHa,
HaNpUKIa, A7 )KUBICHHS 1HIIOTO €JIEKTPOBO3Y, IO PO3NOYnHAE CBill pyX. Lle no3Bosse B ymoBax
PYXy 3 YaCTHMU 3yIIMHKAMU 3a011a/pKyBaTH 3HAYHY KiIbKIiCTh eHeprii [4].

Haxanb, B VYkpaiHi, [IOCHTh Maja KUIbKICTh €JIEKTPOBO3IB 0OOJaJHaHA CHCTEMOIO
PEeKyNepaTUBHOTO TalbMyBaHHA. B OCHOBHOMY, pEKylNepaTMBHMM TaJIbMYyBaHHSM OCHAIyIOTHCS
€JIEKTPOBO3H MOCTIHHOTO CTPyMY, II€ MOSICHIOETHCS MMPOCTOTOIO MEPEMUKAHHS TATOBUX JIBUT'YHIB B
pexumM reseparopa. Ha enekTpoBo3ax 3MIiHHOTO CTPYMY BCTQHOBIIEHHS JAHOTO BUY T'ajbMyBaHHS
€ MpoOJIeMaTUYHUM, OCKUIBKA MEPETBOPEHHS MOCTIHHOTO ENEKTPUYHOTO CTPYMYy B 3MIHHUH €
JIOCUTh CKJIaJHUM MpOIlecOM 1 MOTpedye 3acTOCYBaHHS JOCHUTh JOPOTHX CHUCTEM, SKi
BCTAaHOBJIOIOTHCSI HA EJEKTPOBO3aX, Ta JIOJATKOBOI MOJEpHi3allii By3JiB TpaHC(HOpMATOPHUX
mifcranmii [5].

OnHuM 3 TOMIMPEHHX €JIEKTPOBO3iB, B YKpAiHi, IS 3A1iICHEHHS MAaCAKUPCHKHUX IIEPEBE3EHb €
EP9 Ta iforo monudikarii. Taki eseKTpoBO3U 31iHCHIOIOTh MDKMICBKI Ta perioHalbHi EpeBEe3CHHS
3 YaCTMMHU 3YNMHKaMU Ha CTaHIiAX. Tak, Hampukiaa, KOMIIPECOp, IO 3aCTOCOBYETHCS IS
JKUBJICHHS THEBMAaTUYHOI MEpEXi Ta CUCTEMHU TajbM, HAa MPOTOHaX MK CTaHLISIMU BMHUKAETHCS
onuH pa3 B cepenHboMy Ha 80 CeKkyHJ, KUIBKICTh CTaHId Ha MapLIpyTi CepeHbOi TOBXKHUHU
6mu3pko 40. [Ipu rasbMyBaHHI 3aCTOCOBYETHCS MEXaHi3M 3 (DPUKIIHHUMH KOJIOJIKAMH, PEOCTaTHE
raJibMyBaHHS a00 iX moenHaHHS. 3arajioM Yac 3HOIICHHS (PUKIIMHUX HAKIAJOK Ha KOJOIKAX
rajibM, JI0 CTaHy iX 3amiH#, cTaHOBUTH /-10 gHiB. TakuM YMHOM TUTBKHU COOIBAPTICTh YTPUMAHHS
rajbpbM B poOOYOMy cTaHi (3aMiHa OJHUX JIMIIIE TaJbMIiBHUX K0J10J10K) Ha 30 nHiB ckianae Big 60 no
100 Tuc. TpH. 3HIWKEHHS BHUTpPAaT Ha OOCIYrOBYBAaHHS TaJbMIBHOI CHCTEMH MOXIIUBE IPU
3aCTOCYBaHHI CHCTEMH PEKYIIEPATUBHOTO raJIbMyBaHHS BUCOKOT €()eKTUBHOCTI.

OnHuM 3 BapiaHTIB pilIeHHs MPOOJIEMH CKIAJHOCTI peaiizaiii CUCTEeMH peKylepaTHBHOTO
rajJbMyBaHHs €JEKTPOBO3a IUISIXOM TEPeBOJY TIATOBUX [JBUTYHIB y pEXHM TeHeparopa €
3aCTOCYBAaHHSI OKPEMOTO MOJYJSl pEKYNEepaTUuBHOTO rajibMyBaHHs. Taka KOMIOHOBKa 3a0€3MeYHTh
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MOJIMBICTh  yHi(iKalii KOHCTPYKIII 3 IHIIUMH BHAAMHU 3aJi3HOJOPOKHOTO TPAHCIIOPTY.
JlouiibHUM BapiaHTOM miABHIeHHS 3araabHoro KKJI icHyrounx TAroBUX TPAaHCIOPTIB Ta COCTABIB,
a TaKOX 3aJI3HOJAOPONKHHUX TATOBUX MACAKUPCHKUX BAroHIB € BBEACHHS y KOHCTPYKIIIO MOJYJI,
1o Oyze, mij Jac, raJbMyBaHHs HAKOIIMYYBAaTH €HEPTII0 y BUIJISAII CTUCHYTOTO MOBITPSI B PECUBEPHU
(puc. 1). Lle 3a yMOB rajbMyBaHHS J03BOJIUTh 3HH3HMTH, a B JCSKUX BUIAJIKaX B3araji 3HATH,
HABAHTAXXCHHS HA TAJIbMIBHI KOJIOAKH, IO BIAMOBITHO MPOJOBXKHUTH iX CTPOK Ciy:kOu. Takox 3a
HEOOXITHOCTI CTUCHYTE MOBITPS MOKE BUKOPUCTOBYBATUCS JJIS )KUBJICHHSI OOPTOBOT MHEBMATHYHOL
Mepexi, 10 3a0e3MeYnTh 3MEHIICHH! HEOOX1IHOCTI BMUKaHHS KOMITpECcopa.
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Puc. 1. Biok-cxema B3aemMozii MOIyJ1iB CCTEMH PeKyNepATHBHOIO FAJIbMYBaHHS

3anpornioHoBaHa Oyok-cxema (puc. 1) B3aemMomii MOIYNIB CHUCTEMH PEKyNEepaTHBHOTO
rajJbMyBaHHS JI0JIAaTKOBO OCHAILYETHCSI MEXAaTPOHHOIO CHUCTEMOIO KOHTPOJIIO PEXKUMIB poOOTH
TATOBUX €JEKTPOABUTYHIB. [Ipu pexxumi ranbMyBaHHS Yepe3 PeayKTOp KOJICHOI Tapu MPUBOIUTHCS
B JII0 KOMIIPECOp BHCOKOTO THCKY 1 4Ye€pe3 CHCTEMYy KOHTPOJIIO Ta PO3MOJUICHHS HAIOBHIOE
CTHCHYTUM TMOBITpAM pecuBepu. lIpu 1mpoMy uYacTHMHA CTHCHYTOTO MOBITPS, Yepe3 peryKUiiHY
CHCTEMY KJIaIlaHiB, MOTPAIUILE 10 PECUBEPIB HU3bKOTO TUCKY, 3alIOBHEHHS, SIKUX € MPIOPUTETHHM.
[Tpu pexxumi po3roHy (3pyIIeHHI 3 MICI), SKIIO PECUBEPH BUCOKOTO TUCKY JOCTATHHO 3allOBHEHHI,
KOMIIPECOP Yepe3 PEAYKTOP KOJICHOI Mapu B pPeKUMi pOOOTH MTHEBMOMOTOPA CTBOPIOE JT0AATKOBHIA
KPYTHHM MOMEHT JUIsl MoYatky pyxy. Ilpw pexumi cramoro pyxy MOIyilb PEKyHNepaTUBHOTO
raJbMyBaHHS (I3MUHO PO3MHMKAETHCS Bl peAyKTOpa KOJIICHOI mapu PpuKLiifHOI0 My(dTOIO.

TakuM YMHOM 3allPONIOHOBaHAa KOMIIOHOBKA MOMIYJNS PEKYNEepaTUBHOTO rajbMyBaHHs
TEOPETHUYHO JI03BOJIUTh HAKONMMYYBAaTH EHEPril0 y BUINIAAL CTHCHYTOTO TOBITpA 1 Hajali
BUKOPUCTOBYBATH ii il TOTpe0 NMHEBMATUYHUX CHUCTEM HHU3BKOrO THCKY. B cBowo uepry
3aCTOCYBaHHS, CKJIAIHIIIOTO IO KOHCTPYKIIl, KOMIIpecopa, L0 MOKE MpAIlOBaTH 1 B PEXUMI
THEBMAaTUYHOTO JBHUI'YHA Ta PECHBEPIB BHCOKOI'O THUCKY TaKOXX JO3BOJMTH YACTKOBO 3MEHILIMTH
HaBaHTAKEHHs Ha TATOBI JIBUTYHU NPU 3pYIICHHI NOTAry. Bee 1€ 103BOIMTh 3MEHIIUTH BUTPAaTH
€JIEKTPOESHEPTii MpH 3pyLIEHH] MOTATY, Ha BBIMKHEHHS! KOMIIPECOPY HU3bKOTO TUCKY Ta BUTpPATH Ha
00CIIyroByBaHHS rajbMIBHOT CUCTEMH 1 TSTOBUX €JIEKTPOABUTYHIB.
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CHOCIB JAETA3ALII PIJMHU HIJISIXOM YJbTPA3ZBYKOBOI KABITAIII

Sk MM 3Ha€EMO, HEPO3YMHEHE MOBITPS IIKIUIMBO BIUIMBAE HA 00'€MHHI MOIYNb MPYKHOCTI
pobouoi pimvHU. 3a3BUYail BMICT TaKOro IMOBITpS B rigpocucremax craHoBuTh 0,5-5%, ane me
3HaYeHHs Moxe gocsrath 15%. Takox y piauHi HasiBHE 1 PO3UYMHEHE NOBITPA, SKe, MNpHU
HOpMaJIbHIM poOOTI TiIPONPUBOAY, HE BIUIMBAE HAa BEIMYMHY MOXYJIS HpyxkHOCTL. OnHAK, Hpu
3HW)KEHHI TUCKY JI0 3HA4eHHsI, 10 3HaYHO HIK4Ye arMoc(epHoro (Harpukiala, Ha BXOJIl B HACOC
OpU 3acMi4eHOMY (UIBTPI, SKH BCTAHOBJIGHO MEpea LMM HAcocoM, 1 0e3 0oO0XimHoi JiHii),
BiZIOyBa€TbCS BHUJAUICHHS MOBITPA 1 30MpaHHs HOro B OynbOamiku, TOOTO, 30UIBIIYETHCS BMICT
HEPO3YMHEHOro MoBiTps. HacniakoM naHOro siBUIIA € 3MEHIICHHS 00'€eMHOTO MOJYNS MPYXKHOCTI
poOoyoi piguHM, II0 HETaTWBHO BIIMBAaE Ha CTaOUIBHICTE poOOTH Tigpocuctemu. Jlns
MOTIEPEIKEHHS Ta YHUKHEHHS [UX MPOLECIB HEOOXITHO peTeNbHIlle pO3IISHYTH JaHEe MUTAHHS 3
PI3HUX CTOPIH.

BB Hepo3uMHEHOTO MOBITPS B poOOYiid piiMHI Ha T1IPOCUCTEMH.

Hepo3zunHene noBiTps B mepiry yepry BIUTUBAE Ha poOOTy Hacoca, ajke o0'€eMHUN MOIYyJb
IPY)KHOCTI poO04Oi piAMHY, 3 HAasBHUM B HIl MOBITPSAM, HWKYMH MACIOPTHOTO 3HAUCHHS, 5K
HACIIIOK 3MEHIIYeThCs Hanip. Ha movyaTtky BCMOKTYBaHHS BiIOYBA€ThCSl POIIUPEHHS CTUCHEHOI, y
MIK1TTMBOMY MIPOCTOPI, PIAMHY, a Yepe3 HasgsBHICTh HEPO3UMHEHOTO HOBITPS, 3HAYSHHS 3MIiHU I[LOT'O
00’eMy 3HA4YHO OUIbIIE PO3paxyHKOBOro. lle BUKIMKAae 3aTPUMKY y BIAKPUTTI BCMOKTYBAJIbHOTO
KJIalaHa, yepes3 110 NOPYIIYIOThCS KOJMBAHHS TUCKY, IO MepeIaloThes Ha JeTani Hacoca. Tak camo
Ma€e Miclle HeJO03aloBHEHHs po0oYMx Kamep, L0 3MEHIIYe MPOJIYKTHUBHICTh Hacoca. Yepes
NOTPAIUITHHS MOBITPS B IPOTOYHY YaCTUHY MOKE BiIOyBaTHCS 3pUB Hacoca NMPpH BMUKaHHI. Takox
HEpO3YMHEHE TOBITPS B poOOUId piauMHI Tpuse epo3ifHOMY 3HOCY poOOYMX TOBEPXOHb
JPOCENTIOIYO0I araparypH, Horipirye podoTy MaclsHOro 0aka i TermIooOMiH B TEMI00OMIHHUKAX,
BUKJIMKA€E 3aIli3HIOBAHHA Iii T'iAPOCUCTEMH, 1 30KpeMa CHCTEMH CIiJIKylouoro mnpusoxy. Lle x
MOBITPSI CHpUsi€ 1 BUHUKHEHHIO KaBiTallli, akTHBHUMH OCEpe/IKaMu fKOi 1 € OyJIbOalIku MmoBiTpsl.
HacuyeHHs piqMHM HEPO3YMHEHUM MOBITPSIM MOXKE NMPUBECTH JI0 BTPATH CUCTEMOIO CTIMKOCTI Ta
KOPCTKOCTI. 3HM)KEHHS dKOPCTKOCTI TJAPOCUCTEMH, SIKE XapaKTePU3Y€EThCS BETUYMHOIO 3MIIICHHS
(mpocagky) BHXITHOI JAHKM BHKOHABYOTO OpraHy Wil [i€l0 TNPHKIAJACHOTO 0 HBOTO
HaBAaHTAXKEHHs, BUKJIMKaHE 30UIBIIEHHSM MPYXKHOCTI poboyoro cepenoBuiia. Hepo3unHene
MOBITPS TAKOXK BUKIIMKAE CTApIHHS MacJa.

Ha TenepimHiif yac 6arato yBaru NpuaUIS€ThCS yAbTPa3ByKOBOMY CIIOCOOY Jlerasaii piiuHu.
AKTyaJbHICTh JJAHOTO CHocoOy 3aKiIoYaeThesl y IIBUAKIN Ta edeKkTuBHIN aerasauii piguHu 0e3
BILTUBY Ha (Pi3UYHI Ta XIMIYHI BIACTUBOCTI PiIUHU. AMKe, K BIIOMO, Ui TOJIMIIEHHs (I3UYHUX
BJIACTUBOCTEH MAaCTWJI, $IKI 3aCTOCOBYIOTh Y TiJIPONPUBOAAX, LIMPOKO BUKOPUCTOBYIOTH Pi3HI
XIMI4HI TPHUCAIKH, a MPH TEPMIYHOMY CIOCO01 jaerasaiii, 32 yMOBH HEJOTPUMaHHS HEOOXITHHX
TeMIeparyp, OTPUMAaeMO HE3BOPOTHI 3MiHM (DI3MUHUX BiIAacTUBOCTEH poOouoi pimuuu. Taka x
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