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Posensioacmocs numanis w000 niosuujerns npoOYKMuUGHOCME pobomu 2a308ux ma 2a30KOHOEHCAMHUX C8ep-
0n108uH Ha podosuwyax wenvgosoi 30nu Yoprnoeo ma Azo06cvro2o mopis, sxi pospobnsiomecsi AT « Hopromopua-
@pmoeasy. Ocnosna ysaza npudiiena 30LIbUEHHIO MEPMIHIE MINCPEMOHMHO20 Nepiody eKcniyamayii 6udo0yeHuUx
CBEPONOBUH ULTIIXOM PO3POOKU MA 6NPOBAOICEHHS 8 NPOMUCTOBY NPAKMUKY HOGIMHIX MEXHON02IU | MEXHIYHUX 3d-
c00i6, CNPAMOBAHUX HA THMEHCUPDIKAYIIO NPOOYKMUBHUX 6i0KIAOIE.

Pesynomamu nposedenux docriodicens cai0uams, wo 30 00NOMO20I0 CReYIAIbHO20 NPUCMPOIO-KABIMAMOpa Ha
6UO0T [ 6 NPUGUOITIHILL 30HI C6EPONIOBUHU NOCTIO06HO CMBOPIOIOMbCSL YUCCHHT NYXUPYL PIZHUX PO3MIDIS, 3ANO0GHEHI
eazom abo nosimpsim. L{i nyxupyi, nompanuswiu 00 30HU GUCOKO20 MUCKY, JYCKAIOMb 3 GUHUKHEHHAM YOAPHUX
X6Ub MUCKY PI3HOL aMnaimyou i WupoKo2o Cnekmpa 2apMoHiK, ki, HAKIaoaiouucs, Gopmyonms y nopucmomy ce-
pedosuyi RPUSUOIIHOL 30HU CEePONIOBUHU HEPIGHOMIDHE NOJie MUCKIS, N0 6NIUBOM K020 6I00Y8ACMbCs OUULYEHHS NOPD
610 0cadie, pO3UUPEHHsL MA 3aKPINAeHHs. MPIWUH, 0CAONCEHHs. NIACMOBOT 600U 6 NIOOWIOBHI 30HU KOLeKmopa nio i€
epasimayivinux cuit. Y maxuti cnocio nioguuyemuCsi RPOHUKHICb NPUSUOIIHOL 30HU NPOOYKMUGHO20 NAACMA 3 8I0N0GIO-
HUM NIOBULEHHAM aDO GIOHOGNICHHAM NPOOYKMUSHOCIE CEEPONIOBUHIL [ YMONCTIUGTIIOEMbCS  BUOANICHHS. 600U | 2iOPAMHUX
wapie 3 NoBepxHi NOpio NPUSUOILIHOL 30HU, WO U 3abe3neuye nooabuLe 30LIbULEHHS MIZCPEMOHMHO20 nepiody pobomu
C6epONIOBUHU.

KirouoBi crioBa: MpoAyKTHUBHI BiIKIa M, KaBiTallis, TiqpoJMHAMIYHHN KaBiTaTOP.

Paccmampusaemces eonpoc nogvluienusi npou3e00UmMenbHOCIU pabomvl 2a308bIX U 2A30KOHOEHCAMHbIX
CKBAJICUH HA MeCMOPOAICOeHUsAX uwebgho6oil 30Hbl eprnozo u Azo6ckoeo mopei, paspabamvisaiowjuxcs IAT « ep-
Homopneghmezazy. OcnosHoe 6HUMANUE YOEeHO YBEeNUUEHUIO CPOKOB MENCPEMOHNMHO20 Nepuoodd IKCHIyamayu
000bIBAIOWUX CKBAJICUH NYymeM pazpabomKu U 6HeOPeHUsl 8 NPOMBIULIEHHYIO NPAKMUKY HOGEUUUX MEXHOI02Ul U
MEXHUYECKUX CPeOCm8, HANPAGLEHHbIX HA UHMEHCUDUKAYUIO NPOOYKMUBHBIX OMIONCEHU.

Pesynomamol  npogedenuvix ucciedosanuii NOKA3AAU, HMO C HOMOWDBIO CHEYUATbHO20 YCMPOUCHEa-
Kagumamopa Ha 3a60e u 68 npu3aboUHOU 30He CK8ANCUNBL NOCAEO08AMENLHO CO30AI0MCL MHO2OUUCTEHHbLE NY3bIPb-
KU DA3HbIX pA3MEPO8, 3ANONHEHHbIE 2a30M ULU B030YXOM. Dmu Ny3blpbKu, NONAOAs 6 30HY BbICOKO20 OAG/eHUs,
JIONAIOM ¢ B03HUKHOBEHUEM YOAPHLIX GO OABNIEHUSL PAZHOU AMIAUMYObL U WUPOKO20 CNEKMpPa 2apMOHUK, KOMO-
pble, HaKIaoblBasCh, HOpMUPYIOmM 6 NOPUCHIOL cpede NPU3AOOUHOL 30HbL CKBANICUHBL HEPABGHOMEPHOE NOoJie 0a6iIeHUll,
100 6030eticmeuemM KOmopo2o NPoUCXo0un OYUCIKA NOP OM 0CAOKO8, pacuiupenue U 3aKpenieHue Mmpeujut, 0CaicoeHue
HAACTOBO 800bL 8 NOOOUBEHHbIE 30Hbl KOLIEKMOpa No0 8030elicmauem pasumayuonnvix cun. Taxum obpasom, nosbi-
waemcst NPOHUYAEMOCHb NPUAOOUHOL 30Hbl HPOUZEOOUMETILHO2O NIACHIA C COOMBETNCMEYIOUUM NOBIUEHUEM UL B030-
obHOGTIEHUEM NPOU3BOOUMETLHOCIIL CKBAICUHBL U OOCULAEHICSL BO3MOICHOCTb YOWISMb 800V U 2UOPAMHbIE CIOU C NOBEP-
XHOCITU NOPOO HPU3AOOUHOU 30HbI, YMO U 0becneuUusaen 8 OaIbHelueM YEeIUieHIe MeNCPEMOHMHO20 nepuoda pabo-
Mbl CKBANCUHDL.

KitroueBble ci10Ba: IPOIYKTUBHBIC OTIOKEHUS, KAaBUTAIUS, THAPOIUHAMHYCSCKHI KABUTATOD.

The article deals with the increase of gas and gas condensate wells productivity, situated on Black and Azov
sea shelf zone formation, developed by national join-stock company “Chernomorneftegas”. The main attention is
paid to the ways of prolongation of producing wells overhaul period by means of up-to-date technologies and tech-
nological equipment development and industrial implementation aiming at productive deposits intensification.

Undertaken researches prove that numerous bubbles of different size filled with gas or air appear near the
bottomhole area of the well. While reaching the high-pressure zone these bubbles burst and cause pressure air
blasts of different amplitude and partials range, which overlap and create non-uniform pressure field in the
bottomhole porous area. This cleans the pores from sediments, expands and fixes the cracks, besets the interstitial
water at reservoir bottom area affected by the gravity force. In this way the bottomhole area permeability of pro-
ductive layer is increased together with the increase or resumption of well production. Water and hydrated layers
may be removed out of bottomhole area superficial rock, which guaranties the prolongation of producing wells
overhaul period in the nearest future.

Key words: productive deposits, cavitation, hydrodynamic cavitation.

IocranoBka npooduaemu. [IpoGiema eHepre-  OuIbI akTyalbHHMMH. BumoOyTok HadTH 1 TIpUpO-
THYHOI Oe3neku YKpailHM Ha JaHWi 4ac MOCTae€  JIHOrO Ia3y B CBITOBIM €KOHOMIIll BXXKE JAaBHO IIe-
HAJI3BHYAIHO TOCTPO: B YMOBaxX 3pOCTaHHA I[IH HA  pEeMICTHBCS Ha MOpchbkuil menbd. B Ykpaini € nBi
HaQTy 1 Ta3, MUTaHHS eHepro3ade3rneyeHHs Ta eHe-  menboBi 300 — YopHOro i A30BCBKOTO MOPIB.
pro30epeKeHHs € Ui CKOHOMIKM JEp)KaBM Haili-  3a OMIHKaMHM CIIEIIaNiCTiB, MOTCHIINHI BYTJIEBOIHI
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3anacu YopHoro Ta AzoBCLKoro MopiB — 1,5 mupa.
TOHH a00 1,5 TpuH. M°. V ra30BOMY eKBiBaJICHTI 1ie
30% ycix 3amacis Ykpaiuu. 3 umMx pecypcis BUIO-
O0ytro menme 4%, B TOW 4ac SIK Ha MaTEPUKOBIiH
gactuHi — 67%. CTpaTeriyHuM HampsiMOM PO3BU-
TKy HaTOra3zoBOro KOMILIEKCY YKpaiHu € OcBO-
€HHSI BYIJIEBOJHEBOI CHUPOBUHH B YKPAIHCBKOMY
cektopi A3oBcbkoro i YopHoro mopis. [TomrykoBo-
pO3BiAyBaIbHUMH poOoTaMu, mpoBeneHumu JIAT
“YopuomopHagToras”’, BCTaHOBJIEHO, IO OCHOB-
HUMH Ha(QTOra30HOCHUMH KOMIUIEKCAaMH Ha IIe-
nb(hi YopHOro Ta A30BCHKOTO MOPIB 1 MPHIICTIIOMY
CYXOJ0J1 € BIAKJIAJCHHS HEOreHY, MaKKOIChKOT
cepii, eolleHy, MajneoleHy, HWXKHBOI 1 BEPXHBOI
Kkpeiiau, topu. [Ipuaopaomopceko-Kpumcbka Had-
TOra30HOCHA MPOBIHIlIA OoXxoritoe [IpruuopHOMOp-
CbKY 3amaanHy 3 KpuMCBhKHM MiBOCTPOBOM, aKBa-
topito YopHoro i A3oBcbkoro Mopie. TyT po3Bina-
1o nonan 60 pomoumt HadTy i rasy. Ilpomuciosi
ra3oBi, Ta30KOH/ICHCATHI Ta HA(TOBI MOKIA1H PO3-
TAlIOBaHi B MaJCOrCHOBUX 1 HMKHBOKDEHIOBHX
ripcbkux mopojax Ha rimbuni 100-4500 m. V min-
BOIHUX Hajapax YopHOro MoOps BHSBIEHO POJIO-
BHIa ra3y Ha rmbuni 300-750 M. B Mexax miBHi-
YHO-3aximHOoro meiabdy YopHOro Mopst BIAKpUTO 8
ra3oBUX 1 Ta30KOHJICHCATHUX POAOBHIIL: [ OMiIIMH-
cbke, [liBnenno-I oninuuceke, LTopMose, Apxan-
renschbke, [lminra, Kpumcbke, Onecvke, besiMen-
He. IlepeBakHa OUIBIIICTH BYIJICBOAHEBUX POMIO-
BHIII ITOB’SI3aHa i3 30HaAMH TJIMOMHHUX PO3JIOMIB.

HKmo HaWOIMKYMM Y4acoM OYAyTh MiITBEp-
JUKEH1 3aliaci BYIJICBOJHIB HA MPUKEPYEHCHKOMY
wenbi YopHOro Mopst, sKi iMOBIPHO MOXKYTH
CKJIACTH B Ta30BOMY ekBiBajieHTi 280 wmupa. M,
Tofi HapTOrazoBMAOOYTOK OJHO3HAYHO TepeMic-
THUTBCS B MOpE.

OcHoBHI Ha(I)TOFaSOBl ponosuma JTAT “Hop-
HOMOpHa()TOras” 3HaXONATBCS HA II3HBOMY eTarli
PO3pOOKH, SKHH XapaKTepU3YEThCS 3HUIKCHHSIM
IJIACTOBOI'O THCKY 1 PI3KUM 3POCTaHHSIM OOBOJIHE-
HocTi (10 90% 1 Ginbmie) [1]. B mpomeci TpuBanoi
eKCIUTyaTallii CBEpAJIOBUH BiOYBa€ThCs KOIbMa-
Tallist HABKOJIOCBEPIOBUHHOIO MPOCTOPY MPOAYK-
TUBHOIO TOPU30HTY, SKa 3HMKYE MPOJTYKTHBHICTH
CBEPIVIOBMHH | NPOAYKTUBHY IOTYKHICTb IHTEp-
Bany nepdopamii, mo mnorpedye MepioTUuIHOTO
OYMIIICHHS MPUBUOIMHOI 30HH IJIacTa, a HEOTHOPI-
JIHICTh KOJIEKTOPCHKUX BIIACTHBOCTEH MPU3BOIUTH
JI0 HEPIBHOMIPHOT'O T'a30KOHCHCATOBUIYYCHHSI.
Hanpukman, OCHOBHMUMH —YCKIQJAHEHHSIMHU TPH
eKCIUTyaTallii TOPTOHCHKUX BiIKIaaiB Ha ApxaH-
reinbebkomy, llItopmoBomy, [DominuHCEKOMY Ta
CxinHo-Ka3aHTHIICBKOMY pOIOBHINAX €: HAaIXoO-
JDKEHHS B CTOBOYpP CBEpIUIOBHHHU INPOAYKTIB PYH-
HyBaHHsI TUTACTIB 1 IUIacTOBOI Boau. JpiOHOAMCITE-
PCHHI TIIMHUCTHI MaTepiai, po3piKeHHN 3aIuII-
KOBOIO BOJOIO (IpiOHOIUCIIEpCHA CYCIIEH3is) Iie-
PEKpUBa€E TPOAYKTHBHHN IHTEpBall Ta IEPEIIKO-
JDKA€ pyxXy rasy 1 MiJIBUIIY€E HETOCKOHANICTh CBEp-
JUIOBUH 32 CTYNEHEM 1 XapaKTepoM pO3KPHUTTS.
ToMy miZBHUILEHHS MPOAYKTUBHOCTI pOOOTH Ta3o0-
BHX Ta Ta30KOHJICHCATHHUX CBEPJUIOBUH, 301JIb-
HICHHS] TEPMIHIB X MDKPEMOHTHOTO TEpioay eKc-
IIyaTalii Moxe OyTH JOCATHYTO ILISIXOM PO3p00-
KA Ta BIPOBKCHHS B IPOMHCIOBY NPAKTHKY
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HOBITHIX TEXHOJOTIH 1 TEXHIYHUX 3aCO0IB CTOCOB-
HO iHTeHCH]iKallii TPOIYKTUBHUX BiIKI/IIB.

AHaJi3 ocTaHHiX J0caiIxKeHb 1 myOaikaumiii.
OcraHHIM 4YacoM BHHAWJICHO BENUKY KiIbKICTh
METOAIB IHTeHCU(DiKaLii IPUILIUBY BYTJIEBOAHIB i3
macra [2-4]. Cepen oCTaHHIX OCATHEHb CBITOBOI
HAyKH y Taiy3i iHTeHcu(ikallii IpUIuMBy ByTIie-
BOJIHIB BUIUIAIOTHCS JEKIJIbKA METO/IB.

3 Meroro OuWIIeHHs MPHUBHOIMHINA 30HU IIac-
ta (I1311) Ta 30inbmIeHHs KOedilieHTa HadTOra3o-
BHJIYYCHHS PO3POOJCHO TEXHOIOIK 1 TEXHIYHI
3ac00M yIapHO-XBHIIBOBOI JIii Ha MPUCBEPITIOBUH-
HYy 30HY IPOIYKTHBHOTO IJlacTa B IHTEpBali mep-
¢opartii, 10 1aKOTh 3MOTY B JOKaJbHUX 00'eMax
CTBOPIOBATH JIiI0 Ha ILIACT, SKa IMITY€ reoauHaMi-
yHy airo [1]. YaapHo-XBWIIbOBA Jisi HA TLUIACT Tie-
penbavae nBa BUOM eeKTiB: OE3MOCEPETHIO IO
Ha OJMDKHIO TIPUCBEPUIOBMHHY 30HY IUTacTa 3 pa-
JilycoM 3axorments 10 50 M Bi JuKepena npyx-
HUX XBHJIb YIBTPa3ByKOBOIO [lialla3oHy 4YacToT;
BiUTaJIeHy J1i10, SIK& PEECTPYEThCS riipopoHamu Ha
Biam 1-1,5 kM Bix /pkepena, 1o reHepye HU3b-
kouactoTHi 0,2 I'm mpyxHi xBwii. Sk mkepeno
YIApPHOTO 1 HU3bKOYAaCTOTHOT'O XBHIILOBOTO HABaH-
Ta)XCHHS B TEXHOJOTii BHKOPHUCTOBYETHCS CBEP/I-
JIOBUHHUH ENEKTPOPO3PSIAHUE MPHUCTPIH; SIK JDKe-
pelo  BHCOKOYACTOTHMX KOJNHMBaHb PO3POOIEHO
CBEPJUIOBUHHUN TIPUCTPili, IO TE€HEPYE MpPYKHI
KOJIMBAHHS B YIbTPA3BYKOBOMY Jliala3oHi 4acToT
18-25 xI'L. Bu[HOBneHH;[ HOTeHHII/IHOI NPOJYKTH-
BHOCTI BUJOOYBHHX 1 HArHITaIbHUX CBEPAIOBHH
JOCSITAEThCSL 32 PaxXyHOK PYHHYBaHHS KOJOiJHO-
JIMCTIEPCHUX CHUCTEM, SIKi KOJIbMATYIOTh MPHUCBEP/I-
JIOBUHHY [ITHKY KOJEKTOpa, BHACTIIOK YOTO
YTBODIOIOTBCS IAPH MOHWKEHOT IPOHUKHOCTI.

TexHoJOriA MiIBUILEHHSA HpOHI/IKHOCTl I13I1
33 PaxyHOK CTBOPEHHs MEPEXi IITYYHHX TPILMH
MOKe OyTH peasti3oBaHa 3a J0MOMOTOI0 TEMIOBOTO
ynapy (Hampukia, MBUAKUM HarHiTanasM y T1311
ra3oBOro KOHJEHCATY, OXOJIOJDKCHOT'0 «CYXHM
JBOIOM»). 3 I€0 METOK0 MOXKHA BUKOPUCTOBYBA-
TH TaKi YMHHUKK: BUCOKY TEMIIEPATYPy NPOAYKTH-
BHOTO IUIACTa; HasBHICTh NeppopaniiHux OTBOPIB
B 00Ca/Hifl KOJIOHI, IO KOHLEHTPYIOTh TEIUIOBI
HANpyTH; HAasBHICTh MOPOBMX KaHAIIB 1 MPUPO.-
HUX TPIMUH /IS IMBUIAKOTO MPOHUKHEHHS TEIUIo-
HOCISI B IIJIACT, HU3bKY IUTACTUYHICTH MaTepiany
MPONYKTUBHOTO IUIACTa; PI3HUIO  KOe(illieHTiB
TEIJIOBOTO PO3IIMPEHHS KOMIIOHEHTIB TOPOIH
NPOAYKTHBHOIO ILIACTA; PI3HULIO Koe(ilieHTiB
TEIUIONPOBIHOCTI KOMIIOHEHTIB IIOPOAH MPOAYK-
TUBHOTO UIACTA; MOXKIUBICTH 3MiHH TEMIIEPATYpH
TEIUTIOHOCIS, TTOJJAHOTO Ha BHOii; MOXKIIMBICTH JIO-
natkoBoro HarpiBanas [13I1 TepMoxiMiuHUM cIIO-
coboM Tmepen 3aKauyyBaHHSIM XOJIOAOAreHTy abo
HABIAKH.

TexHomorisi CTpyMUHHO-BaKyyMHOI aii [3] Ha
NpHUBUOIHHY 30HY CBEp/JIOBUHH BKIIIOYAE CTPY-
MHUHHUWA Hacoc Ta JOJAaTKOBUM BaKyyMHHH MO-
NyJib, SIKM 3HAYHO 3HWKYE BUMOTH JIO SIKOCTI I10-
CajIKu TaKepa, a TAKOK YMOXKIMBIIOE HOro BiACy-
THICTh. AJANTUBHICTh CHCTEMH TOJNATAE B 3MiHI
PEKUMIB (QyHKIIIOHYBaHHS BAKYyMHOTO MOJYJS y
MIpy MaflHHS THCKY B NpUBHOIHIA 30Hi. Ilpn
OMY IMIyJBCHHHA PEKUM BaKyyMHOI 0OpOOKH
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NpUBUOIMHOI 30HU MEPEXOAUTh Y BHUCOKOYACTOT-
HUH BIOPOPEKHM ITOCTYIIOBOT'O 3HMXKEHHS T1JIpo-
CTaTUYHOTO THCKY B NpuBHOiitHiN 30Hi. Lle cipusie
OUIbLI OBHOMY BHIAJICHHIO 3a0pY[AHCHUX YaCTH-
HOK 3 TUTACTOBOI CHCTEMH Ta TOJIMIICHHIO i Kole-
KTOPCBKHMX BiacTUBOCTEH. EdexTuBHICTH mMiaBU-
IIEeHHS Ae0ITY HapTH IS MaJIOAEOITHUX CBEPJIJIO-
BHH 3 BHCOKOB'si3KOl0 Hadroro - He MeHiie 40%
BiJl TOYAaTKOBOT'O BUAOOYTKY 3 TPUBAIICTIO eheKTy
HE MEHIIIE POKY.

TexHomorist iHQpavacToTHOI XBUIILOBOT il Ha
miact [4] npu3HayeHa Ay 00poOIeHHs TPUBUOIN-
HOi 30HU IUIacTa 3 METOK 30UIBIICHHS MPHUTOKY
pinuHY y BUIOOYBHUX CBEPIIOBUHAX 1 301IbIIEH-
H MNPUAMAIBHOCTI HATHITAIBHUX CBEPUIOBHH.
IocrasneHoi MeTH 6yJI0 ZOCATHYTO TOMIMIICHHSM
KOJIEKTOPCHKHX BIACTUBOCTEH NMPUBUOIHHOI 30HU
T1acTa IUISIXOM OYMINEHHS 1i BiJl 3a0pyTHIOIOUNX
YaCTUHOK, CTBOPEHHSIM y TIPUBUOIHHIN 30HI MiK-
POTPIIIMHYBATOCTI, @ TAKOXK T'€HEPAIi€I0 TOMIHAH-
THUX PE30HAHCHUX YacTOT B TUIACTOBOMY CEpeIo-
Bulli. B ocHOBI TexHOMOTrii 00poOKKM MPUBHUOIHHOT
30HH IUIACTA JIOKUTh CHHEPTIYHA il Ha KOJICKTOP
MyJbCYIOUUM THCKOM PITUHH, CICI[IaJIbHO ITifi-
OpaHMMH XIMIYHUMH peareHTaMH Ta KaBiTalliliHU-
MH CTPYMCHSIMH. 3aBISIKU MPHCYTHOCTI PiAWHU B
nopax KoJeKTopa Ta MPYKHOCT1 TBepAoi (a3 Ko-
JIEKTOpa TEHEPOBaHI KOJIHMBAHHS MOIIUPIOIOTHCS 3
MPHUBUOIMHOI 30HU B TIIACTOBE CEPEIOBHIIIE.

Bunisiennsi He BHpilIeHHX YACTHH 3arajib-
HOi mpo06aemu. HapeneHi BUIlE METOAM BOJIOII-
I0Th HU3KOI HEMOJIKIB, SIKi OOMEKYIOTh MOMKIIHU-
BOCTI 1x 3acTrocyBaHHs. [lepcrieKTHBHUM Ha JaHUit
yac € METOJ BIUIMBY 3a JOINOMOIOI KaBiTallii.
CyTbh HOBOTO CIIOCOOY 30Y/IKEHHS Pi3HOMaHITHUX
3a BEJTMYMHOIO YIAPHUX IMITYNIBCIB 1 KOJMBAaHb TH-
CKy y IIMPOKOMY Jiara3oHi 4acTOT MOJISra€e B TO-
My, IO Ha OCHOBI YTBOpPEHHsI Ta30BoOi (a3u B pi-
JWHHUX CHCTeMaxX 3a JOMOMOIO0 CHElialbHOro
MpHCTpPOO-KaBiTatopa (MyjbcaTopa) Ha BHOOI 1 B
NpHUBUOIHHIN 30HI CBEPATIOBUHU MOCITIJOBHO CTBO-
PIOIOTBCS. YUCIIGHHI MYyXHPIl PI3HUX pPO3MIpiB,
3aroBHeHi razoM abo mositpsM. Lli myxupmi, mo-
TPalMBIIA B 30HY BHCOKOrO THCKY, JyCKaiOTh 3
BUHHMKHEHHSM YJIApHUX IMIYJIbCIB THCKY Pi3HOL
aMIUTITYM 1 IHPOKOTO CNEKTPY TApMOHIK KOJH-
BaHb TUCKY B IPUBUOINHII 30H1 CBEpNIOBUHU [5].

HepupinieHnmMu Ha JaHWd MOMEHT 3alldIa-
I0TBCSI TIMTAHHSI TPAKTHYHOTO 3aCTOCYBaHHS KaBi-
TaifHO-IMITYJIECHOT'O BIUIMBY Ha MPUBUOIHHY 30-
HY MOPCHKUX cBepmiuoBuH pomoBuil AT “Yop-
HOMOpHadTOras”, ToMy 10 OCHOBHI IpobieMu Ha
[UX POJIOBUINAX TOJISTAIOTh Y TepeadacHoMy 00-
BOJHEHHI Ta 3a0pyAHCHHI CBEPAJOBHH, IO MO-
XKyThb OyTH BHKIIMKaHI HaBiTh 3aCTOCYBaHHSIM Me-
TOJIB XIMIYHOrO BIUIMBY Ha IUIACTH IpU 0OPOOILi
MPONYKTUBHUX IHTEpBaJiB y BUIOOYBHUX CBEpI-
JIOBUHAX.

IHocTranoBka 3aga4yi. OTHUM 3 OCHOBHHX 3a-
BJaHb TEXHOJNOril 00poOKM TPUBUOINHOI 30HH
Iiacta 3a JIOMOMOTOK TiIpOJWHAMIYHOTO TIpH-
CTporo-KaBiTaropa (mynbcaTopa) € GopMyBaHHS B
MPUBUOIAHIA 30HI BHUCOKOIIBHIKICHUX ITYJIbCYIO-
YUX TIOTOKIB poOouoi pimuHM, MO HECYyTh B COOi

BUCOKI 3aps/in KIHETMYHOI €HEprii, sAKi mpu CIiB-
majgafgi 3 TplII_[I/IHaMI/I 1 MIKpOTpIlIMHAMH, HasB-
HUMH B TipCBKii nopoi, CTBOPIOIOTh B HUX iMIy-
JbCH TUCKIB, NOCTaTHI 1yist iX pyiHyBaHHs. Oue-
BUJIHO, W10, HAKIAJAIOYMCh, YIAPHI XBUII Pi3HOI
pupoay (GOpPMYIOTH Y TIOPUCTOMY CEPEIAOBHMIII TIPH-
BUOIAHOI 30HU CBEPUIOBHMHU HEPIBHOMIpHE IOJIE
THUCKIB, ITiJI BILITABOM SIKOI'O BiZIOYBA€ThCSA OUMIIICHHS
TIOp BiJI OCaIiB, PO3LIMPEHHS Ta 3aKPIIUICHHS TPIlIUH,
OCaPKCHHS IJIACTOBOI BOAW B IIOIIOBHI 30HU KOJIE-
KTOpa I €0 TPABITALIMHUX CHJI. 3aBIaHHS TOJSI-
ra€ B TOMy, 100 BU3HAYUTH YMOBU KOHTAKTYBaH-
HS MYJIbCYIOYOI CTPYMHUHHU 3 HOPHCTO-TPIIIMHHUAM
CepeloBHIEM IJIacTa Ta THUCK il TiIpaBIidHOrO
yIapy 110 TipCbKHX TOpiJ.

OcHoBHMII Martepian mociaimxkenns. I'igpo-
JNMHAMIYHUN MYJIbCATOP, KOHCTPYKILSL SKOTO OIMU-
caHa B po6ori [6], y nepiomMy HaGIMKEHHI MOXKe-
MO 3BECTH JI0 TiIPaBIIIYHOI CXEMH, SKY IMOKa3aHO
Ha puc. 1.
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|

SOUNA S AN RN AN NN NS AN AN

| AL R O Y

Nordl

w

e — .-

Q — BuTpaTa pimunu, M’/c; D) — niamerp Kopmycy
KaBitaTopa, M; D, — JiaMeTp BUXiJIHOTO OTBOPY, M;
d — A1aMeTp BXIHOTO OTBOPY KaBITAIIHOT
KaMepH, M
Pucynok 1 — I'igpaBaiuna cxema
rigpoaAuHaMiyHOro KaBiTaTopa

lNpponuHamiuyHuii  KaBiTaTOp TPAIIOE Tak.
Poboua piguna yepe3 BXigHI TaHT€HIIAIbHI OTBO-
pH HOTpAIUIAE /10 KaMepH 3aBUXpeHHs. B kamepi
3aBUXPEHHs pinuHa HaOyBae 0OEPTOBOrO pPyxXy 3
MHTTEBUM 30UIBIIEHHSM MBUIKOCTI pOGOYOro mo-
TOKY. 3aBUXPEHUH MOTIK i €0 BiAUEHTPOBHX
CHII i mepenany THCKY GeslepepBHO BUTIKA€ B Ki-
nbleBUi KoH(Y30pHHN KaHan (Hacanky). B Haca-
JIIIi, SIKY BUKOHAHO 3 KYTOM PO3KPUTTA ¢ Bif 6° 10
7°, mocsraeThCsl 30UIBIICHHS IIBHUAKOCTI MOTOKY
piIMHN 3 BUHHUKHEHHSM ii JIOKaJbHOTO PO3PHBY,
TOOTO YTBOPEHHSI MyXHUPIIB 1 KaBEpH, IO 3aIOB-
HEHi ra3oM (TOBITPSIM).

OCKUIbKHI MOTIK IPOMUBAJIBHOI PIMHH CIpsi-
MOBaHHii 10 JOTHYHIA B KUTBLEBOMY KOH(DY30p-
HOMY KaHali, TO BiH PyXaTUMEThCS MO KpPUBIH, i
quM GUTBIIMI Hac MPOXOJ/PKEHHS TOTOKY Yepes
30HY MOHWXEHOIO0 THUCKY B HAacCalli MPHCTPOIO,

)
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THUM OilbIIIe 3pOCTATUMYTh 32 PO3MIpaMU KaBEpHH
1 MyXupIi, a TaKOK 30UTBIIYBATUMETHCS 1X Kilb-
KiCTb.

Pyx motoky po6ouoi piguHu B HAaca/Ii ITyJib-
caropa CyMpOBOJDKYETHCS HApOIIyBaHHSM IIBH/I-
KOCTI 3, BiAATIOBIZIHO, CTBOPEHHSAM YMOB ISl BiIpH-
BaHHS TIOTOKY BiJl CTIHOK HACaJKM IMyJIbCaTopa Ta
YTBOPEHHSI HOBHX MYXHPIIB 1 KaBEepH, IO 3pell-
TOI0 TMPHU3BOAUTH JI0 BUHUKHEHHS KOJHBaJIHHOTO
MPOIIECy.

Crin 3ayBasKUTH, IO y KOHCTPYKIIii BUXPOBOT
KaMepH IyJibcaTopa OCHOBHI po0O0Yl E€IeMEHTH
BUTOTOBJISIIOTHCS METOJJAMH TIOPOIIKOBOI METaiy-
prii 3 HAATBEPAUX MaTepialis.

3aranoM, TiIpoIUHAMIYHHN KaBiTATOp MOBU-
HeH 3a0e3MeYnTH HE TUTBKH CTBOPEHHS ITyXHUPIIB 1
KaBepH, ajie¢ i iX BUHECEHHS 3a MEKI IPUCTPOIO,
Jie, TIOTPAnMBIIM JI0 30HW BUCOKOTO THCKY, BOHH
JIyCKalOTh, CTBOPIOIOYM IYJIbCALliHI TOTOKH BH-
COKOT iHTEHCUBHOCTI.

Cri 3ayBaXkUTH, 110 OCOOIUBICTIO PO3p0o0IIe-
HOI KOHCTPYKLi TiAPOAMHAMIYHOIO KaBiTaTopa €
3MiHHa poboya Hacaka, Ipodib sKoi Moxe OyTu
PO3LIMPEHNM 1 YTBOPEHMM KOHOINAIBHOK TIOBEP-
XHEI0, KOHIYHOIO MOBEPXHEI0, KOHIYHOI TOBEPX-
HElo, SIKa MEPeXOJUTh MOCTYIOBO B HHUIIHIPUYHY
MTOBEPXHIO, KOHIYHOK MOBEPXHEIO 3 BXIJHOIO IIH-
JIHAPUYHOIO JUISHKOIO, npore KOHIYHI TOBEPXHI
MOXKyTh OyTH BHUKOHAHI 3 Di3HUMH KyTaMH DO3-
KpUTTA i pi3HOi poBkunu. Lle 3a6e3nedye Berano-
BJICHHSI PI3HUX PEKHUMIB BUTIKaHHS poO0Uoi pimu-
HU 3 MYJIbCATOpPa 1, KPIM I[bOTO, J03BOJISIE IBH]IKO
3MIHIOBaTH HacaJKH y BHUIAJAKY iX €po31iMHOro
3HOIIIYBaHHS 1 3MiHU MPOQLITI0 OOKOBUX KaHAIB.

3 MexaHi3My Ail riApoIuHAMIYHOTO KaBiTaTo-
pa BHUIUIMBAaE, IO Jis Ha IUIACT 3aTOMJICHUMH
NyIbCYIOUHMH CTPyMHHAMH, W10 0€3M0CepenHbo
BIIAPSIOTH JI0 TYNHMKA TOPOBUX KAHAJIB 1 TPilUMH,
Oyzne edeKTHBHOI TpH MEBHIM Bigmani poOovoi
HacaJKH TiIPOAMHAMIYHOIO IyJIbCATOpa BiJ CTIiH-
KU cBepasioBuHHM [7]. Bigomo, mo npu npoMy Bif-
OyBaeThCsl PO3IIUPEHHS CTPYMHHHU, 3HWKCHHS
MIBUAKOCTI 11 Aapa 1 mociabiieHHs Ail Ha CTIHKH
cBepanoBUHU. [IpoTe, IHTEHCUBHI yapu CTPYMHH
710 BHOOIO CBEPUIOBHHHA MOXKYTh YNHHTH CHIIbHUH
BILIMB Ha (hOpMYBaHHS KOJMBAJIBHOTO MO TUCKIB
B 30HI MPALIOIOYOr0 B CBEPIOBHHI KaBiTATOpA.
3BiJICH BUILTMBAE MATAHHS IOJI0 IOLIIBHOCTI aHa-
T3y KUTbKICHUX 3HaYeHb BEUYMH IMITYJbCIB THC-
Ky, SKi ()OpMYIOTbCSI B IPUBHOIIHIN 30HI CBEpLIO-
BHMHHU MiJl 4Yac POOOTH TiIPOJUHAMIYHOTO KaBiTa-
Topa (ITyJIbcaTopa).

Jiist iporo 3a7a€MOCsl TAKUME BUXIJTHUMH J1a-
HUMHU:

— JliaMeTp BUXIJHOTO Tiepepizy OTBOPY Hacaj-

KU TiApoauHaMiuHoro kasitaropa d, = 0,014m;

— ryctuHa pobo4oi pinuan p,, =1 150x2/m°

— MOAYyIb TPYXHOCTI pobouoi piauHU
K=3-10"1ITa ;

— MOJYJb MPYXKHOCT1 IIOPUCTOTO CEPEIOBHIIA
ripcbkux nopig £ =2- 10'° 174 ;

— BUTpata pituHu Q = 0,028M3/C ;

— xoedimieHT cTpykTypu noroky a = 0,07.

Tsa )
154 )

3a dopmysioro (1) 3HAXOIUMO MONOKESHHS 110~
Joca CTPYMUHH Ha TIHOWHI MOYaTKOBOTO Tiepepi-

3y CTPYMUHH:

d 14-1073

h =0,297”/a=0,29 /0,07 =

(D
=29-107 .

3HaliieMo po3TallyBaHHS TEPEXiHOTO Mepe-
pi3y cTpymun# 3a hopmynoro (2):

14-1073

d
So =0,677”/a=0,67 /0,07 =

2
=67-107 u.

3’€HABIIM LIEHTP MEPEXiIHOTO Mepepisy 3
KPOMKOIO HAcaJKH KaBiTaTopa, OTPUMAEMO I'PaHH-
o nocriiaux mBuakocreir (U = Ug). Tanrenc
KyTa 3BY)KEHHS TPaHHUIl MOCTIHHUX MIBHJIKOCTEH
tga) = a'p; = L6éagp; =1,5a , o610 tgar{ =0,105.

KyT posumpeHHsi MOrpaHUYHOro Iapy cra-
HOBUTD:

B =aj +ab =arctg(0,105)+ arctg(3,4a). (3)

npu a =0,07, aj +a) =14°.

[luprHa MOrpaHUYHOrO APy B JOBLTEHOMY
nepepizi MoYaTKOBOI AUISTHKH CTPYMHHH JIOPIBHIOE
b, . =4.9aS.

IIpn Q =28x/c MBUAKICTH BUTIKAHHS MHPO-
MHUBAJIbHOI PIAMHM 3 HACaIKW TiIPOIUHAMIYHOIO
KaBitaTopa aiamerpoMm 14 MM ctaHOBUTH 182.m/c .

Bu3HauMMO IIBHIKICTh MOMIUPEHHS YIapHOL
XBHJII:

K

Pn.p

1/1+£
E

1 . "
ne K =— —Moayis npy>KHOCTI IPOMHUBAJIBHOL
9
pinnHy (Benu4KHa, sika € 0bepHeHa (:[0 KoeirieH-
Ty f0ro 06’eMHOro crucHenHs), [la-
E — MOmynb NpyXHOCTI HOpI/ICTOFO cepejio-
BHIIIA TIPCHKUX TOPIJ, MO MiUISATaloTh pyHHYBaH-

C =

“4)

HIO EzL, , [a.
B

9
3rigHo Gopmynu (4) MBUAKICTH TOMKUPEHHS
yaapHoi XBUIII CTaHOBUTH 1506 m/c.
Po3paxyeMo THCK, IO CTBOPIOETHCS BHACITI-
JIOK TiJJpaBIIvHOrO yAapy B TPIMIMHI 32 HOpMyIIOr0
AP=p,-c-vg, 5)

e C — MBUJKICTh MOUIMPEHHS yJapHOi XBWIIL,
M/C;

Uy — TOYAaTKOBA CEpPeaHs MIBUAKICTh PiUHH,
M/C;

P p —TycTuHa pobodoi pinuumy, KI/M.

Tomi THUCK TiApaBIiYHOrO yJaapy A0 BHOOIO
CBEpJUIOBMHU, BU3HAaUeHHH 3a (opmysow (5) mo-
piBatoe AP =315,2 MIla.
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Pucynok 2 — 3anexnicrs noBHoro paagiyca R,, myJjbcyro4oi CTpyMHHH Bil Biljai Mixk Topuem
HACA/IKHU 10 CTIHKH CBEPVIOBMHU S VI PI3HUX 3HAYEeHDb iaMeTpa HACAIKU KaBiTaTopa

Ha puc. 2 HaBeaeHO 3aleKHICTh TIOBHOTO pa-
Jiyca CTPYMHHH Rzp BiI Bimmam S [ pi3HUX

3HauYeHb JllaMeTpa HacaJoK TiApOJANHAMIYHOIO Ka-
BiTaTopa (mynbscaropa) npu o = 0,07 .

3 puc. 2 BUILIMBAE, 110 an'Biz[z[ani Big TOPLLS
HacaJKH TiIPOJAMHAMIYHOIO KaBiraTopa J0 CTIHKH
CBEPAJIOBUHU OuIbIIEe TPHOX 11 JAiaMeTpiB Mae Mic-

1le BUMAJOK, KOJU JiaMeTp 2R2p MOTOKY PiIUHU

MepeKprBae po3Mipy HassBHUX B MOPOJI TPIilKH. 3
HABEJICHOI BHIIE TpadiuyHOi 3aJIEKHOCTI BUILIMBAE,
IO MyJIbCAIlIHI MOTOKK 3aTOIJICHUX MYJIbCYFOUNUX
CTPYMHH MOXYTb NEPIOAMYHO CTBOPIOBATH KOJIH-
BaHHs IMIIYJIbCIB TUCKY BENMKAX aMIUITYJ, 3Ha-
YEHHS SIKMX € UUIKOM JIOCTATHIMH U1l PyHHYBaHHS
ripchkux 1nopia. OnHak Ciif 3ayBaXuTH, MO HAMHA
PO3IUISAKOTBCS iACANbHI YMOBH IPOSIBY BILIUBY
KIHETHYHOI €HEPrii Ha/JIBUIKICHUX MyJbCYHOYNX
CTPYMHH Ha NPOLEC PYHHYBAaHHS TiPCHKUX MOPIJ.
Tomy HaBeneHi JaHi 3a BENMYMHOI BiHOCATHCA
70 MaKCHUMaJIbHO MOXKIIMBUX 3HA4Y€Hb THUCKIB, SKi
MOXYTh BUHHKATH 32 ieallbHIX YMOB. DakTH4HO
BOHH JilOTh B yMOBaXx iHTep(depeHIii NeKiTbKoX
MOTOKIB pO0O0YOT PiUHH, 10 PYXAIOThCS OJHOYA-
CHO 1 YTBOPIOIOTH B HaBKOJIOCBEPUIOBUHHIN 30HI
T1acTa CKIAJAHUN CHEKTP TYpOYJICHTHHX MOTOKIB,
napaMeTpH SKUX MPAKTUIHO HEMOXKIIMBO aHAJITH-
4HO pospaxysaTd. IIpore, abGComOTHI 3HAYCHHA
THUCKIB BUIBHHMX 3aTOIUICHUX MYJIbCYIOUHX CTpPY-
MHH, W0 YIQPSIOTh 10 CTIHKH CBEP/UIOBUHH, Ja-
I0Th HaM BCi apryMEHTOBaHI MIJICTABH BBaXaTw,
IO HaBiTh 1 MpHU iHTepdepeHlii MOTOKIB PiIuHH
CHIIa yIapiB 10 MipCbKoi MOpoan 6yz[e BCE X 3HAY-
HOIO, 110 3PEMITOK MPU3BENE JI0 il pyHHYBaHHSL.
Takum YMHOM, 32 PaXyHOK TiIPOMHAMIYHOrO
KaBiTaTopa B TEXHOJOTIYHOMY 00’eMi pobouoi pi-
JMHU MOXKYTh BUHHUKATH KaBITAI[IHO-Ty/IbCALlIAHI
MPOIIECH, SIKI SBJISIFOTH COOOI0 30HY 13 CKYITUCHHS
Oynp0amiok razy (nmosirps). Benwuuna mysbcarriii-
HOI 30HU Hacamriepes Oyjae BU3HaYaTHCS (GOpMOrO
1 po3MipaMu BUXPOBOi KaMepu Ta HACallKh Tilpo-
JMHAMIYHOTO KaBITaTOpa, MPUYOMY IyJIbCaIlis BU-

HUKaTHME sSIK Ha TpaHMIli po3ainy ¢as, Tak i B ca-
Miii pinuHi.

Ha nanomy erarmi JOCHIKEHD 3a ICHYIOUHMMHU
METOJJaMH MaTeMaTHYHOro 1 (Hi3MYHOTr0 MOJIECIIO-
BaHHS PI3HHUX IPOIIECIB, 1110 BiOYBaIOTHCSA B PilIu-
HaX, MPAKTHYHO HEMOXJINBO YiTKO BU3HAYUTH MO-
JIeNb 30HH I1yJIbCALlii, TOMY IO PO3IIOALT yXHPUiB
3a po3MipaMH 1 MPOCTOpy 00’€MY piIMHHU HE Mae
YiTKO BCTaHOBJIEHOI'O CTATHCTUYHOTO XapakTepy.
Alle 4acTHHY SIKICHUX Pe3yJIbTaTiB JJIsl 30HH MYyJIb-
callii Mo)KHa OTPMMATH Ha OCHOBI aHaJI3y JTUHAMI-
K{ MyJbCAIiHHIX aBTOKONMBaHb. OCKUIBKH ITyIIb-
carlii CTpyMHH YTBOPIOIOTh TOTIK PiIMHH, IO pa-
JaJIbHO PO3XOIUTHCS, TOAI NMIBHUAKICTH I[LOIO TIO-
TOKY MOOJH3Y MOBEPXHI CYCiTHBOT CTPYMHUHU BU-
3HaYaTUMe CHIIy Jii OJHi€l CTPYMHHM Ha IHIIY.
SIKINO MPUIYCTHTH, IO JBI CYCIAHI MyJbCallildHI
CTPYMHHH OJHOTO pajiyca R KOJHBAaIOThCS CHH-
XpOHHO Ha Bimmami / MK CBOIMH IIEHTpaMH, TOIi
YMOBOIO BIJICYTHOCTI B3a€MOJII MOXXHA BBaXKaTH
BHIIQ/IOK, KO MIBHJIKICTh U TYJICYIOYOTO MOTO-
Ky, SIKHH YTBOPIOETBbCS BHACHIZIOK PyXy Iepmioi
CTPYMHUHH OiIsl TIOBEPXHI APYroi, € HE3HAYHOIO B
nopiBHsIHHI 3 mMBHAKiCTIO U pyxy 00’€MHOT moBe-
PXHI IpyToi CTpYMHHHU:

1))
—<<1. 6
U (6)

B TaKOMy BI/IHa)Z[Ky BI/Ipa3 JJIsT BU3HAYCHHA
IIBUAKOCTI MyJIbCYIOUOI0 MOTOKY BiJ ChepuIHOrO
JOKEpesia MaTUME TaKUM BUTIISI

4
U(r)Z—Z, (7)
r
e 7 — IOTOYHAa KoopAuHaTa,
@ — GyHKIS, SKa BU3HAYAETHCS 3 TPaHWY-

HUX YMOB.

Tak sx V=R upu r=R, tomi @ =UR’
[MincraBuBum Bupas gt @ 'y dopmyny (7), oTpu-
MaeMo

A
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1- emnicts (20-25 M°); 2 - Hacochwmii arperat tumy ACF-700; 3 - konona HKT; 4 - excrutyaTaniiina
KOJIOHA; 5 - TiIpoiMHaMIYHUH KaBitaTop (IynbcaTop); 6 - CBepUIOBHHA; 7 - IUCTEpHA; 8 - QiIbT;
9 - kpaH i Binoopy mpob; 10 - Butpatomip; 11- mmamoymnosiroBad; 12 - MmaHOMeTp
Pucynoxk 3 — TexHiko-TexHoJIOTiYHA cXeMa 00B’sI3KH 00JIaHAHHA NPH iHTeHcH(ikanii
NPOAYKTHBHUX BilKJIaaiB

o(r)= U(I% )2. ®)

Toni, BukopucroBytoun (8), yMOBY BiICYyTHO-
CTi B3a€MOI] (6) 3aNuIIeMO HACTYITHUM YHHOM:

(1% )2 <«<I1. 9)

BpaxoByroun Te, mo 3Hak “<<” BKa3ye Ha
Pi3HHUIIIO B MOPAAKY BENMYMHM, a R — Makcu-

MaJIbHE 3Ha4YeHHs pajiiyca MyJbCYI40i CTPYMHHH,
OTPUMAEMO KPUTHYHE 3HAYEHHS pajlyca CTpyMU-
HH 1 KpUTUYHY B1Jalb MK HUMH:

(10)

Fep = 3Rmax 1 Ly =4R

Bigomo, mo mynbcyoda CTpyMHHA MOXeE
BTpayaTy CBOIO CTIMKICTh 1 PO3MAJATUCS Ha YacTH-
HKU. Yepes Te, 10 pylHYBaHHS CTPYMUHH BiIOY-
Ba€ThCS B MOMEHT, KOJIM THCK 1 TeMIlepatypa B Hiit
JIOCAratoTh CBOr0 MAKCHMAIIBHOIO 3HAYCHHS, HMO-
BIDHUM € i Te, 110 B HOBOYTBOPEHHX CTPyMHMHAX
THUCK 1 TeMmIiepatypa € TakoX BUCOKMMH. Ha wmo-
MCHT PO3TSTYBaHHs BOHH JICTKO POSIIMPIOIOTECS i
CTaloTh 3apOJIKAMU HOBHX IyJIbCALIAHAX MOTOKIB.

Ha puc. 3 Hamu HaBezeHa TEXHIKO-TEXHOJO-
riyHa cxema MpoBeAeHHS iHTeHCU(iKalil 3 BUKO-
PHUCTaHHSIM TiIPOIUHAMIYHOTO KaBiTaTOpA.

[puctpiii onmyckaeTbcsl y CBEpUIOBUHY Ha KO-
noui HKT 3. Poboua piguHa HaaXoauTh Y KOPITYC
KaBiTaToOpa, 1 IMiJ] BIUIMBOM KOHYca OOTIYHUKA CKe-
POBYETBCS y BHXPOBI Oarato3axiiHi TBUHTOBI Ka-
Haym. Jlam 3akpydeHui MOTIK 3 KUTBIIEBOTO PO3TO-
YEHHS HaJXOIUTh 4€pe3 MOXMII HAIPSAMHI OTBOPHU
y KOH(DY30pH MPUCKOPIOBAYiB MIOTOKIB (reHepaTopis
TiPOANHAMIYHUX IMITYJIBCIB), IO PO3MIIIIEHI HABKO-
JI0 LEHTPATIBHOIO NPUCKOPIOBaYa ab0 reHeparopa.

Sk poboty pisiHy BHKOPHCTOBYIOTB BOLY, [era-
30BaHy HaTy ¥ Pi3HI PO3UMHH, CKJIAJI SIKUX CIEIialb-
HO JIOOUPAETHCSL.

T56 )
156 )

max -

MexaHi3M BUHUKHEHHS IHTEHCHBHUX YIapHUX
IMITYJTBCIB 1 BiOpalliii THCKY iHIIIFOE XBHIILOBI MPOLIC-
CH, 1O MOLIMPIOKOTECS IUIACTOM Y TIPUBUOIAHIA 30Hi,
T BIUIMBOM SKMX BifOyBA€ThCs OYMIICHHS Bill Oca-
Jly, KOIbMATYIOUMX YaCTMHOK IOPOJM 1 3aMLIKiB
MPOMHBAJIEHOI PiJIMHMU, a TAKOXK OCaJIiB coei 1 acda-
JILTEHO-CMOJIO-TTapahiHOBUX BIKJIAIIB, 10 BUIAIA B
TIOPUCTOMY CEpEIOBHIINL. Y IApHi IMITYJILCH, Y CBOIO
4epry, GOpMYyIOThCS TIifl BIUIMBOM CITCIU(IYHIX OCO-
OMBOCTEH TiPOMHAMIKY TIOTOKIB.

OzeiM 3 OCHOBHHX (PaKTOPIB MPOLECY BILIMBY
Ha IUIACTOBY CUCTEMY CIYI'ye LIBH/KICHUH HAIIip, 10
PO3BHBAETHCS CTPYMEHSIMU TIPH BUTIKAHHI iX y CBEp-
JUIOBMHY 3 BHUXPEKUIBIEBOI KaMepH dYepe3 collia-
HacaJku Maioro miamerpa. [lpu crhiBnajaHHi Ha-
MPSIMKY TIOIIUPEHHST CTPYMEHS 3 BIiCCIO LIUIIIHPUY-
HOro mepdopariiHoro KaHamy B CTiHII 00CaIHMX

Tpy0 1 B HalGIIKIOMY T10POBOMY [POCTOPI ILIACTA
BUHHKAIOTH Crieli]ivHi yMOBH Tedii TypOyIeHTHOrO
crpymMensi. [inpoquHaMivHui (HaUTHIIIKOBUI) THCK
y TYITUKOBOMY KaHaJli MOXe, HalPUKIIAJl, TOCSITaTh
(Ipu TIOBHOMY CITIBIIA/IaHHI OCi KaHAITY 3 HAIPSIMKOM
TypOyYJIEHTHOrO 3aTOIUIEHOTO CTPYMEHSI IIPH BUTPATI
pinunu B 10 1/c i HasBHOCTI B arperati TpbOX BH-
KAJHAX KaHATiB-HACa/IOK) 3HA4YeHb, 10 JOPIBHIO-
1016 10...15 MITa.

TwucK, 0 BUHHKAE, 3 YPaxyBaHHSIM TiIPOCTATH-
YHOT'O THCKY (THCKY CTOBIIA PiJUHH B CBEPJIOBHHI)
MOxe OyTH OJIM3BbKUM JI0 Tipchkoro. Bapto Haromocu-
TH, 1110 MEPIOAUYHOMY CIHIBIAJAHHIO CTPYMEHIB 3 T'H-
paamu nepoparifHiX KaHATIIB i 0CEH IOTOKY 3 OCAMH
KaHAJIIB CTIpUsi€ BUTbHA ITI/IBICKA MTyJIbCATOPA HA TPY-
6ax HKT, mo 3HaxomsThCs IIiJ BEITUKHUM THCKOM 1
BOJIOIIOTh 3HAYHHUM 3aIlaCOM MPYKHOI €HEprii, sika
BUTPAYAETHCSl HEPIBHOMIPHO MU BHUTIKAHHI 3 ITyJlb-
catopa HeIOCTaTHLO 3PIBHOBYKEHOTO TYpOYJIEHTHO-
T'O 3aTOIUICHOTO MOTOKY. BinOyBa€eThCs IHTEHCUBHUI
XaO0THYHUIA PyX TPHCTPOIO B NPHUBUOIIHIN 30HI Y
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BepTHKaJH)HiI‘/'I 1 ropmomaanu/I IUIOIMHAX, 11O
CIIPHSIE TIEPIOMIHOMY CHIBIAJIAHHIO YAPIiB CTPYMEHIB
70 niepQopalifHuX KaHaIiB 3 BUHHKHEHHSM HEpiBHO-
MIpHOT 33 BEJTMYWHOKO CHJIM YIapiB 10 HUX. IMIynben
THUCKIB, 110 BUHUKAIOTh, PO3KPUBAIOTH MPUPOJIHI TPi-
IIMHA KOJIEKTOpa 1 CIPHSIOTh BUHUKHEHHIO HOBHX
TPIIIMH, SIKI MAIOTh ITIJABMIIECHY TiIPOMPOBIIHICTD, 110
Jla€ 3MOTY IIAIABaTH Y/IAPHUM HABAHTKEHHAM OUTbLI
BiIIayieni Bl BUOOK NUIsHKK 1uiacTa. [lpu 3sMuKkanHi
TPIIMH YHACIIOK A [iHHS THCKY B HUX IICIIS 3CYBY
CTpyMeHsI Bin mepdopalliiHuX KaHaJIB BiIOyBa€ThCS
BUTHCKaHHsI 320py/THEHb 13 PUBUOIHHOT 30HMU.

EnemenToM MexaHi3My BHHUKHEHHSI TiIpaBIid-
HUX yJapiB 1 BiOpariif TUCKY IpW MPpOKadyBaHHI de-
pe3 arperar (kaBitaTop) poOOuoi PiIMHU € BHHHUK-
HEHHs B HbOMY i JIOBKOJIA HbOTO [TAPOBHX TIOPOKHHUH
1 myxupuis ra3oBoi $asu pi3HOro po3Mipy, 1o 3'sB-
JISFOTBCS. BHACHIAOK PO3PHBIB CYLIUIBHOCTI HOTOKY
PIUMHU i BIUTMBOM CKJIQJHOI JMHAMIKA Tedii B
arperari 3aTOILICHOTO TypOYJICHTHOIO 3aKpy4eHOro
CTpyMeHsl. [HTeHcHBHE BUIIEHHS IapoBoi (asu Bia-
OyBa€ThCsl IIPH 3ITKHEHHI 3aTOILUIEHUX CTPYMEHIB 3i
CTIHKOIO 00CaJHUX TPYO BHACIIIOK YAApHOTO JIHC-
nepryBanHs pobouoi pimuHu. Yac icHyBaHHS KaBEpH
nmapoBoi (a3u, CTPYMEHIB 1 ra30BUX MOPOKHUH BH-
3HAYAETHCS MIBUIIKICHUM HAIlOpOM Y iXHBOMY cepe-
JIOBUIII ¥ y cximgacromy po3rpy0Oi arperaty. [lpum
3HIDKCHHI LUBMJIKICHOTO HANOPY B ra3sOpifMHHOMY
CCPEIOBUILI BIIOYBA€TbCS JIyCKAaHHS IIyXHPUIB i
NIOPOYKHHMH N1apOBOi (hasu IiJ| BIUIMBOM TipOCTaTHY-
HOT'O THCKY POOOYOI PilMHH B 3aTPYOHOMY IIPOCTOPI.
[Ipn nbOMy BUHUKAIOTH YMCIICHHI TiIpaBIivyHi yja-
pH, 4YacTOTa il aMILIiTy/a sSKMX BH3HAYarOTbCs Oy-
JIOBOKO TIAPOBUX MOPOKHUH, KOHIEHTPAILEIO ra30Boi
(hasu B pizmHi 1 pO3NOALTIOM 32 PO3MIPAMHM BHHUKIIMX
T'a30BUX ITyXHPIIIB.

BararoroHaneHM mIyM, 110 BUHUKAE TPH BU-
npoOOBYBaHHI 1 JOCII/DKEHHI POOOTH arperaty Ha
crenai [8], CBiMUMTH MpO MOSIBY PI3HOMAHITHUX 32
PO3MIpPOM TA30BHX ITyXHPIIB, JYCKaHHS SIKHX IPH-
3BOJIUTH JI0 BUHUKHEHHS TiIpaBIIvYHAX yAapiB i3 MHU-
POKHM Jiarna3oHoM YacToT 1 aMILTITYIl, iHTepdepeH-
IS IKUX CTBOPIOE B PiIMHI MPUBUOIMHOT 30HA MOTY-
THIH KONMBAIBHUIA Tporiec (BIOpaIliro Ta TigpaBIIiuHi
yaapH), 1O TOMIMPIOETECS B TIOPUCTE CEPEIOBHIIIE.
Leti konmuBanbpHUI Mpoliec (MPU MPOKavYyBaHHI PO0O-
YOI PIIMHU Yepe3 arperar) HaKkIaJaeThCsl Ha TiIpaBIi-
YHI yiapu B TIOPHCTOMY CEPEOBHIL, 1O HOPMYIOTH-
Csl i/l BIUTMBOM TUCKY Y/IADHHMX 3aTOIUIEHUX CTPyMe-
HIB PO60YOI PiTHHH, SIKi IOTPAIUIAOTH Y iepdoparyiii-
Hi kaHamu. [Ipy npoMy cymapHUil eekT BIUIMBY Ha
TIPOLIEC OYMIICHHS IIPUBUOINHOI 30HU CBEP/UIOBHHH,
Ha MOMNIIeHHs GUTbTPaliifHuX BIACTUBOCTEH MOpi,
Ha PO3KPHUTTS CTapuX i (OpMyBaHHS HOBUX TPIIIMH
ICTOTHO 3pocCTae.

BucnoBku. IIpoBemeHi DOCTIIKEHHS aald
3MOry BCTaHOBHUTH, IUO, HAKIA/AIOYMCH OfHA HA
OJIHY, YAapHi XBHJI p13H01 npupoa (HOpMYHOTh Y
TIOPHCTOMY cepenom/mu HpI/IBI/IGII/IHOI 30HH CBEPIO-
BHHH HEPIBHOMIPHE I10JI€ TUCKIB, ITi/l BILTABOM SIKOI'O
BLIIGYBEIQTI)CSI OUMILEHHS TI0p BiJl OcasiB, PO3LIMPEH-
Hi Ta 3aKp1HJIeHH$[ TPIIIUH, OCa/DKEHHSL TLIACTOBOI
BOIU B ITIJIOIIOBHI 30HU KOJISKTOpa ITijI i€k rpaBiTa-
LIMHUX CHIL

OCKibKH OIMCaHi BULLE TIPOLIECH BiIOYBAIOTHCS
GaraTopas’oBo, MHTTEBO i, SIK TPABWJIO, Y€PE3 PiBHI
NIPOMDKKM 4acy, TO W 3ByKOBI XBWJI, 1 rigpasiiuni
yaapu TpU3BOASATH JO BHHUKHEHHsS TapMOHIYHHX
SIBUIII, 200, HABITh, IO PE3OHAHCY 3 BEIMKOIO PYHHIB-
HOIO cHIIOK. TakuM YMHOM, BUKOHYIOTBCSI TTOCTaBIIe-
HE 3aBJIaHHS - IIIBHUILYETHCS IPOHUKHICT NPUBHOIH-
HOi 30HH MPOJYKTUBHOIO IUIACTA 3 BiIIIOBIHAM ITill-
BULIEHHSM a00 BiIHOBJICHHSIM MPOIYKTHBHOCTI CBEP-
JUIOBHHY 1 YMOKJIMBITIOETHCSI BHIAJICHHS BOJIM 1 TiJl-
paTHUX MIapiB 3 IIOBEPXHI ITOPiJ] MPUBUOIIHOT 30HM.
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