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OnHuM 3 HaWOLIBII EHEPrOBUTPATHUX MPOIECIB IMEPEBAXKHOI OUIBIIOCTI
TEXHOJOTIYHUX CXEM BHUPOOHMIITBA MOJIOKA Ta MOJIOYHHUX TMPOIYKTIB €
roMoreHizamis. [lutome eHeprocrnokMBaHHsS HAWOUIBII TMOUIMPEHUX — KIIAaHHUX
romMoreHizaTopis — carae 7—8 kBt ron/t [1, 2]. Tomy BupinieHHs TpoOIEMH BUCOKUX
€HEProBUTpaT MPOIECY TOMOTrEHI3allli B CYYaCHHX pealisiX 3pOCTaHHS IIIH Ha
€HEProHOCIi NUISIXOM MiABUIIECHHS €()EKTUBHOCTI JUCIIEPTYBAHHS MOJIOYHOTO KHUPY
BIJIPI3HSETHCSI BUCOKOIO aKTYaJIbHICTIO.

JlucniepryBaHHs CKJIAJA€ThCs 3 JABOX eTamiB: Jnedopmarlii >KkUpoBOi KyJIbKH, il
pyiinyBanHs. [licng aucnepryBaHHs 3HOB YTBOpEHa UPOBa KyJbka MOBHHHA OyTH
cTabini3oBaHa. B mpoTuBHOMY BHIIAAKy MOXe BiOyTHCS mporiec ii koanecueHirii [3,
4].

[Tportec gedopmarii Ta pyHHYBaHHS >KHPOBHUX KYyJbOK MOJIOKA BaKKO
M1I0A€THCS €KCIIEPUMEHTAIIBHOMY BHUBYEHHIO. Hecraua HEOOX1THUX
eKCIIEPUMEHTAJIbHUX JaHUX Tpu3Beia J0 TMOSBM 0OaraThboX TINOTE3 MEXaHI3My
JMCIICPTYBaHHSI JKUPOBOi (a3 mojoka [5-8]. PosmoBcromkeHUMH € TilnmoTe3u
TIAPOAMHAMIYHOTO JUCHEPTYBaHHS: 3AYBAaHHS MIKPOYACTOK 3 MOBEPXHI KUPOBOI
KYJIbKH Ta O0TIKaHHS KUPOBOI KYJbKH MTOTOKOM TIJIa3MHU.

[Nnote3a moapiOHEHHS KUPOBOI KparuIi 31yBaHHSIM 3 11 MOBEPXHI MIKPOYACTOK
Oyma Bucynyrta Opemmaoro M.M. [9] i moTim po3Bunyta Ilamsanukoro H.A. [10].
XKupoBa Kynbka pO3TIATAETHCA TMOMIOHO Kparil PIAMHHA, 10 TMOAPIOHIOETHCS Y
IIBUJKICHOMY TMOBITpSIHOMY moTolil. MexaHi3M apoOieHHs 0a3yeTbCs Ha po3maji
Kparii B 3aJIeKHOCT1 BiJI PI3HUIl MIBHJIKOCTEH >KHPOBOI KYJbKH Ta OTOUYIOYOT ii
m1a3Mu (IIBUIKOCTI KOB3aHHS), 110 BU3HA4Yae Kputepiit Bedepa.

MaremaTnyHa Mojelb  APOOJCHHS KHPOBHUX  YaCTOK  TiApaBIIYHUMH
30ypeHHSIMHU 0a3y€eThCsl Ha TINOTE31, 10 AUCIEPCIHHE CEPEIOBUINE 3aXOIUTIOE B PYX
’KUPOBY YACTKY 1 3 ypaxyBaHHSIM LIOIO (POPMYETHCS BIJIHOCHUN PYX CEpENOBHILA 1
YacTKU. BujiisieHa icTOTHA poJTb MPUCKOPEHHS )KUPOBOI KyJIbKH [9].

Hocnigm 3 pedopmartiii Ta pydHYBaHHS Kpareidb PIAMHU TpU OOTIKaHHI
MOTOKOM TMOBITps, mpoBeneHi B poborax [10], mo3Bomwim orpumatu ¢ororpadii
pyHHYBaHHS Ta BUIUIMTH JEKIJIbKa XapaKTEPUCTUK PO3Mady Kpameib B 3aJIeKHOCTI
Biz kpuTepito Bebepa. Opemmuniit M.M. Branocst otpumatu potorpadii pyiHyBaHHS
Kparuii oJiii B MOTOII BOAM IMIYJbCHUMH BIUIMBAMH, 1[0 MOJICITIOE XapaKTEPUCTUKH
’KMPOBOI KyJIbKH B MMOTOI u1asmu [9]. 3a TBepKEHHSIMHU aBTOpa, PO3MIPH JKHPOBUX
KyJbOK  MOIIOKa micast 0OpoOKKM B po3poOJieHOMY 1M1'IyJ'ILCHOMy rOMOT€HI3aTopi
MEHII, HDK Mpu o0poOli B KJIamaHHUX TOMOTEHI3aTopax 1, B CEPEAHBOMY,
cTaHoBJATE 0,5 MKM.



XKupoBa kynpka Mae ckiiagHy Oya0BY: KHPOBI KyJIbKH MOJIOKAa BKPUTI TOHKOIO
O17IKOBO-TIIITHOI0 00OJOHKOI0, MiJ KO PO3TAIllOBaHUH IIap TYrOIUIABKUX JKHUPIB.
Taka npyxHa Ta BOJHOYAC e€lacTHMYHAa OOOJIOHKA CTBOPIOE JOJATKOBI TPYAHOIII
TPOOJICHHIO KUPOBOi KyJbKku. KpiM Toro, micis i pyiHyBaHHS Ha IMOBEPXHI HOBUX
OlnbII  JOpiOHUX JKUPOBUX KYJIBOK 3HOBY YTBOPIOIOTHCS  OOOJOHKH, SIKi
NEPEIIKO/KAIOTh MPOIECy IX arjomepailii, IO TakKoX MoTpedye uacy. SKmio
HEXTYBAaTH CKJIQJHOI0 BHYTPIIIHBOIO CTPYKTYPOIO >KMPOBOI KYJIbKH, TO TMOTJIAI Ha
npotec ii Apo6ieHHsa OyJe HaaTO CIOPOIICHUM Ta He OyJe BIAMOBIAATH JIHCHOCTI. 3
ornsiAy Ha me Kparmrs ofii B gochmigax M.H. OpemmHoi HEe MOXXe BBaXKaTHCS
a/ICKBATHOIO MOJIEIUIIO JKUPOBOI KYyJIBKH MOJIOKA.

Mana pi3HUI MDK TYCTHHOIO TUIa3MH Ta >KUPOBOI KYJIBKH CTBOPIOE 3HAUHY
3alydeHICTh PyXYy CYCIOHIX IImapiB Mojioka. Tomy Oe3mocepeaHe TMepeHEeCeHHS
MEXaHI3MIB MOAPIOHEHHS PIAMHM B TMOTOII MOBITPSA, A€ PIZHULS T'YyCTUHU
BIJIPI3HAETHCS Maibke Ha 3 TOPSJIKM, HA MOAPIOHEHHS KUPOBOI KYJbKH B TUIa3Mi
MOJIOKAa BHUKJIMKae CyMHiBH. He3Baxkarouu Ha 11e, BUCOKUH CTYIIHb JUCIEPTYBaHHS
KUPOBOI (Pa3u MOJIOKA B IMITYJILCHOMY TOMOT€HI3aTOP1 JI03BOJISIE 3pOOUTH BUCHOBKH,
[0 MEXaHI3M JHUCIEepPryBaHHS 3a PaXyHOK IMIBUAKOCTI KOB3aHHS KHPOBOi KYJIBKHU €
MEePCIEKTUBHUM JIJISI TOJAAIIBIINX JTOCHII>KEHb.

Jlnst  CTBOpEHHSI MaKCUMAaJIbHOI IIBUJKOCTI KOB3aHHS >KHPOBOI KYJIBbKHU
3aMpoONOHOBAaHa TEOPisi TOMOTeHI3allii TP 31TKHEHHI CTpyMeHiB MoJioka [12]. B 3oHi
3ITKHEHHS CTPYMEHIB J>KMpOBa KyJbKa, 3a PaxyHOK CHJI 1HEpIii, pyXaeTbcs
MPSMOJIIHIIHO, B TOM Yac K MIBUAKICTh OTOUYYIOYOI IJIa3MHU 3MIHIOE HAINPSIMOK PYXY
criogatky Ha 90, a motim i Ha 180°. [lesikuii yac kupoBa Ky/ibKa pyXaeThes y MOTOL
3YCTPIYHOTO CTPYMEHS, JI¢é CTBOPIOETHCS MaKCHMajlbHA IIBUIKICTh KOB3aHHS
KUPOBOI KYJbKH, 110 TPU3BOAUTH N0 ii PyWMHYBAHHS Yy BIJIOBIJHOCTI 3 KpPHUTEpIEM
Bebepa, monudikoBaHUM ISl BUNAAKY NPOTUTEHIHO-CTPYMUHHOI TOMOT€HI3allli.

[Ipu o0OpoOii B TPOTUTEUIHHO-CTPYMHUHHOMY TOMOTEHI3aTOpl PO3MIpH
KUPOBUX KYJbOK MOPIBHIHI a00 MEHIII 3a X po3MipH MPHU KJIAMaHHIN TOMOTeHI3allii,
OJIHAK Bi3yaJIbHE CIIOCTEPEXKEHHS MPOLIECY AUCIIEPTyBaHHS HE 0yJI0 OTPUMAHO.

VY pe3ynbTaTi MPOBENCHOTO aHali3y 3pPO3yMiJIO, IO 3HAYHA KUIBKICThH TIMOTE3
rOMOT€HI3allli CIPUYMHEHA TPYAHOIIAMU OTPUMAaHHS Bi3yalIbHUX JAHUX PYHHYBaHHS
KUPOBHUX KyITbOoK. OCTaHHI AOCIIHKEHHS MPOLIECY AUCTIEPTYBaHHS >KHPOBOI (a3u B
KJIAITAaHHUX TOMOTE€HI3aTOpax CBIAYATh MPO CUIIHHE PO3TIATYBAHHS )KHPOBUX KYJIHOK B
KJIAMaHHIM [IIJMHI Tepel  pyWMHYBaHHSAM Ta MIATBEPAXKYIOTh CIPABEIJIMBICTD
TypOyJICHTHOI B'SI3KICHOI TEOpii, 3a SIKOI pyWHYBaHHS BiIOYBA€ThCS B PE3yJbTATI
necrabimizamii  KenpBina—I'enbMmronsia Ta Pones—Telnopa. Taki  MexaHI3MU
pyHHYBaHHS Kpamellb BHKJIMKAIOTHCS MIBUAKICTIO Ta TPUCKOPEHHSIM TIOTOKY
emynbcii. KaBitarmisa iHTeHCH(]iKye Tpollec KJamaHHOI TOMOreHi3allii, aje ii BIUIWB
IPYTOPSIHUM.

Bucokuii CTymiHb IUCIIEPCHOCTI KUPOBOI ha3u MOJOKA JOCATAETHCS TPH
BUKOPUCTAaHHI TMPHUCTPOiB, TOOYyAOBaHMX Ha TiMOTe3aX 3AyBaHHS MOBEPXHI
MIKpPOYAaCTOK Ta PI3HUIll MIBUIAKOCTI B 30HI 3ITKHEHHS CTpyMeHiB. CHUJIbHICTh MIX
IIMMUA TINOTE€3aMU B CTBOPEHHI YMOB IS BUHHKHEHHS MaKCHUMAaJbHOI PI3HUIIL
MIBUIKOCTI Mk (ha3aMHu MOJIOKA.



He3Baxkatoun Ha CyTTEBI BIAMIHHOCTI PO3IJISIHYTUX BHILE T1MOTE3, CIUIBHUMU
JUIS HUX € CTBOPEHHS TIAPOJMHAMIYHUX YMOB B 30HI PYyWHYBaHHS, SIKI CHPHSIOTH
MIJBUIICHHIO BIJHOCHOI IIBUAKOCTI JKMPOBOi KyJIbKH. JIJIsi Teopidt 37ayBaHHS
MIKpOYaCTOK — pyXy €MYJbCii 3 BUCOKMM MPUCKOPEHHSM 1 POCKOB3yBaHHS KUPOBOL
KyJIbKH BIJIHOCHO TUIa3MM 3a PAaxXyHOK CHUI 1HEpIli, NI 3ITKHEHHS CTPYMEHIB —
1HEpIIAJIbHUX CHUJI TIPH PI3KiH 3MiHI pyXY IJIa3MH HABKOJIO JKUPOBOi KYJIbKH.

TakuM 4YHHOM BCTaHOBJIEHI II€pEBaXXKHI TIAPOJWHAMIYHI TIOKAa3HUKH, SKi
BHU3HAUAIOTh TPOIEC PYWHYBaHHS >XKMPOBOI KYJIbKHM MOJIOKA: BIJHOCHA IIBHIKICTDH
JUCTIEPCHOI Ta TUCHEPCIHOT (a3 1 MPUCKOPEHHS pyXy eMmyibcii. BceranoBieHo, 1o
BIJIHOCHA MIBHJIKICTh IUCIIEPCHOI Ta MUCIIEPCIHHOT (pa3 BUHUKAE TIPH PYCl eMYJIbCIi 3
MPUCKOPEHHSM 32 PaXyHOK 1HEpIaIbHUX cuil. ToMy JUIst TUX THITIB TOMOTEHI3aTOPIB,
IUIA SIKUX PO3PaxyHOK BIAHOCHOI HIBUAKOCTI BUKIIUKAE CYTTEBI TPYAHOII, BEINYHHA
MPUCKOPEHHSI PYXy IOTOKY €MYJIbCli € OLIbII YHIBEPCAJIbHUM 1 3pYyYHUM IS
BUKOPHUCTAHHSA [IPU BU3HAUYEHHI CTYIIEHS JUCIEPCHOCTI.
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