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MMOABOIHBINA T'NIPABJIUYECKHN TAPAH
‘ A ‘

U306peTeHre OTHOCHTCS K BOIOHATIOPHOH TEXHHKE M K SHEPreTHKe, H MOXET HaHTH
IpUMeHeHHe IS TMOAbeMa BOIBI O€3 3aTpaT KakOH-nub0 NOINONHUTENBHOH SHEPTHH, B TOM
upcie i MENMOPAallMM  CENbCKOXO3SMCTBEHHBIX  TEPPUTODHMH, BOJOCHAOXKEHHA H
SHEProCEA0KEHUs HHAUBALYATIBHBIX X034HCTB, CTPOSUIMXCSA OOBEKTOB, KEMITHHIOB, KyPOPTHBIX
30H H J[PYyTHX NOTpeOuTened, yAAICHHBIX OT LEHTPAIM30BAHHBIX JHEProceTed HIM HE
obecreyeHHbIX TOIUTHBHBIMH PECYPCaMH.

Vi3BecTeH, TaKk Ha3bIBaeMBIi, "ruapaBinyeckuit Tapan” [1] maM Hacoc "Rampump™
[2], cocTosmm# U3 yAAPHOrO U HATHETATENHHOTO KJIANaHOB, BO3MYIIHOTO KOJIIaKa, MUTATEeNbHOM
¥ HarHeTaTeNsHEIX Tpy6. McTopus co3naHus MOZOGHBIX KOHCTPYKIHMH HacuuThBaeT Gomee 200
NeT, HauMHas cO BpeMEHH u300peTeHus QpaHIy3cKuM HEXeHepoM 3. Momronsdne nepsoro
TUPaBIHYECKOr0 TapaHa B KOHué‘ XVII Bexa, DTa MaluHa HCMOJIBb3YET BHEPruio Majarolled
BOABI M3 HCTOYHHKA, HAXOMUAIIEroCs BBINIE YPOBHS 3€MIH, M OOECIEUHBAET MOAATy HaCTH
HOCTYIAIoINe#l B HEro BOABI Ha YPOBEHb 3HAYMTENBHO BBINIE, YeM HMEET CaM HCTOYHHK.
[IpuHUAI DeHCTBUA TaKOH MAIMHBEI OCHOBAH HA MCIONb30BAaHHUH 3aKOHA HHEPLWH X CBOHCTB HE
C)KAMAeMOCTH JKHIKOCTH, KOTOpbIE BBI3BIBAIOT  SBJIEHHH THAPABINYECKOr0 yaapa IIpH
BHE3aMHOW OCTAaHOBKE TeYeHHA BoOsl B Tpybe. Pabora Takod BONOMOABEMHOW MAaIIWHBI
OCYIIECTRJIAETCS MO H3BECTHOMY INpHHIHMIY. BoJa OT HCTOYHHMKA, PacHOJIOKEHHOTrO BbllIE
YPOBHS 3TOH MAIIHHBI CAMOTEKOM NOJIAETCS B IUTATE/bHYIO TPYOY H BBITEKAET YePe3 OTKPHITHIA
yIapHBIH KNalaH ¢ HapacTalome# cKopocThio. IIpH onpeneneHHOM Hamope BOIBI 3TOT KianaH
aBTOMATHYECKH 3aKphIBaeTCs. VcTedeHme BOIbl HAapyy BHE3alHO Ipekpaipaercs. WMHepuns
JBIDKYLIECHCS BOIbI IPH BHE3AITHOM €€ OCTAHOBKE MOPOXAAET ABJICHHE THAPABIMYECKOTO y1apa.
[Ipy 3TOM naBjeHHe BOABI B IHTATENbHOH Tpy6e M B 30HE BO3AYLIHOIO KOJIAKa DPE3KO
noBbImaeTcs. [IOBBIIIEHHOE NaBJIC€HHE OTKPHIBAeT HarHeTaTeNbHBIA KianaH, Yyepe3 KOTOpbId
4acTh BOIBI HOCTYNAeT B BO3MYIUHBIA KOJNAaK, CXMMaeT HaXolsmiuiica B HeM Bo3nyX. Ilox
NeHCTBHEM 3TOTO JABJEHHS BOJA M3 BO3MYIIHOTO KOJIIaKa IIOJHUMAETCS Yepe3 HarHeTaTenbHYI0
TpyOy Ha ypOBEHb, NPEBHINAIOIIYI0 YPOBEHb HCTOYHMKA. Uepe3 HEKOTOpoe Bpems, Koraa
MHEPIMOHHBIA HAIIOP B NUTATENbHOM TpYOe HCCAKACT M JABJICHHE B IIATATENBHOM TPyOe 3a cyeT
OTpaXEHHOA OT HCTOYHHMKA BOJHBI Pa3psDKCHHUS MaNaeT HUKE aTMOCHEPHOTro, HarHeTaTeIbHbIN
KIanaH 3aKkpeiBaeTcs Mol JAeHcTBHEM Oojiee BBHICOKOTO IHaBleHHMs BO3JyXa B KOJIake, a
yIapHBIH KTamaH MoJ JeHCTBHEM COOCTBEHHOTO Beca H aTMOCHEPHOTO NaBIIEHHUS OTKPBIBACTCH.
TaxnM 06pasoM. 3aBepIIacTCs STOT UMKI W aBTOMATHYECKH HATMHACTCH CJIEAYIOIUHA IUKII, B

TOYHOCTH [OBTOPSIOIIMH IIPeABLIYIIHH.



BaxueHine#l 0COGEHHOCTBIO TakoH ,MalIMHBI SBJIAETCS BOIMOXHOCTD MOIBEMA BOIBI
Ha Gomec BBHICOKHH YypoBeHb O€3 3aTpaT KakoH-1MOO HONOJHHUTENbHOM MEXaHHYECKOH,
XMMHYECKOH HII HHOH SHEPIHH.

Ha mnporskenuu Oonee 200 ner ObUIO CAEMAHO MHOXECTBO KOHCTPYKTHBHBIX
ycosepmencTBoBaHMi. OxHako g0 2005 roga He yAaloCh YCTPaHHTh CaMbIA CYIUCCTBEHHBIH
HEIOCTATOK JAHHBIX MAIIHMH - GECIOJNE3HbIH CIMB 3HAYHTEIPHON 4acTH BOJbI Y€pe3 yAapHBIH
KJIanaH B OKpyXalomee MNpPOCTpaHCTBO. Boma, cnuBaeMas yepes yAapHBI KiamaH, IO
konuuecTBy B 10-15 pa3 mpesbimaeT 06beM HarHeTaeMo# Bozibl K notpeburento. Kpome toro.
BCE NOAOOHBIE MAIMHEI HE MOTJIM paboTaTh MONHOCTHIO IOIPYKEHHBIMHU B BOJY.

B 2005 romy 6bUI0 M300peTEHO BOAOMOABEMHOE YCTpoHCTBO [3] 6e3 Gecmone3Horo
CIMBa BOZBI, B Pe3yjbTaTe 4ero OHO MOIVIO paGoTaTh NMONHOCTHIO MOTPYXEHHBIM B BOIy. OTO
JOCTHUIaiock C HOMOLIBIO ynapﬁoro Knanana 0o0OpaTHOro THINA, KOTOPbIH pa3Melancs
HEMOCPENCTBEHHO BHYTPH HHMTaTeNbHOH TpyObl. JlaHHBIA KianaH ﬁennn B OIpeNeieHHOM
COOTHOIICHHM IIHTAaTeNbHYIO TpyOy Ha YCKODSIOIIYI0 M HAaNOpHYIO €e 4YacTh. B Takom
BOZONOXLEMHOM YCTPOMCTBE BOZA, HAXOAACh B YCKOPHTENBHOH YacTH IMTAaTeNbHOH TpYOHI,
IpH OTKDHITHM YHAPHOTO KJaraHa TPYOBl IpHOOpETaeT B HANOPHOH 4YacTH Tpebyemyro
CKOPOCTD H 3aIOJIHAET 3Ty YacTh TPYOH. A B MOMEHT CONPHKOCHOBEHHS BOIBI M Ha HAaIOPHOH
4acTH TPYOHI Y 3TOrO THA 3@ CYET PE3KOH OCTAHOBKH [I0TOKA BO3HMUKAET BOJIHA IMAPABINYECKOro
y/iapa, KOTopas, OTpaXasich OT 3TOrO JHa, HAYMHAET ABHMIaTrhCs B BOJE CO CKOPOCTBIO 3BYKa
TIIPOTHB IIOTOKA BOJBI K yIapPHOMY KJlaliaHy. Y 1apHas BOJIH, KaK M B OOBIYHOM THIPaBIHYECKOM
TapaHe, MOPOXIAeT NOBHIIEHHOE [aBJCHHE B MNHTATENbHOH TpyOe, KOTOPOE OTKPHIBAET
HarHETaTe IbHBIH Kilanad M 3aCTaBISET YacTb/BOJBI IOCTYNATh B BO3MYIUHBIH KOJMakK. CKUMas
Haxo[AILAiica TaM Bo3ayX. To e NaBjieHHe HPH CONPHKOCHOBEHHH OTPAXECHHOM  yIapHOH
BONHEI C yHAapHHIM KJIA[IAHOM, BBIOJHEHHBIM B BHIE OOPaTHOro KijamaHa, 3aCTaBiseT 3TOT
KJIalaH 3aKphiThes. VI OH KOHCTPYKTHBHO BBIIONHEH TakK, YTO ONpeNENeHHOe BpeMs OCTaeTCs B
3aKpHITOM MOJIOXKEHHH. 3a 3TO BpeMs ylapHas BOJIHA, OTPa3sHBIIKCH OT 3aKPHITOTO yAapHOro
KJ1amaHa, JOTOHSAET ABHXYIIUICA O MHEPIHM BOASHONM IOTOK M BHOBb OTpaXaeTcs OT AHA
Tpy6sl. Takoe OTpakeHHe YIApHBIX BOJH MHOTOKDAaTHO TOBTOpseTcs. B wurtore Ttakoro
MHOTOKP2THOTO OTPaXEHHS Yepe3 HarHeTaTeNbHbIN KilalaH, KaK ¥ B OOBIYHOM I'HIPaBIHYECKOM
TapaHe, B BO3IyIIHBIH KOJNAaK IOCTYNAaeT ONpeNeNeHHas YacTh BOABI, BCIEACTBHE YEro B
HaIOPHO} YacTH MHUTATENbHOH TPYOBI IO YAApPHBIM KIIAlIaHOM BO3HHKACT 30HA Pa3psKECHHUS.
VnapHblii WianaH KOHCTPYKTHBHO YCTPOGH Tak, 4TO K MOMEHTY HCYEpNaHHS HMEIOLIerocs

HAYaJIbHOIO KOJIMYECTBA KHHETHYECKOH SHEPIrUM 3aMKHYTOI'O ABHIAIOUIETOCs MO0 HWHEPUHHU



cT0106a BOIBI ITPH 3aKPhITOM HArHETATENIbHOM KJIallaHe M JAOCTHXKEHHS OIpEe/ICHHOM CTENeHU
paspshkeHMsd B IHTaTeNbHOH TpyGe OH aBTOMAaTHMYECKH OTKpBIBaeTcsA. Uepe3 OTKpBIBIIMICS
yAapHBIH KilanaH B HAOPHYIO YacTh TPYObl BTEKAeT HOBas MOPIHs BOMABI, KOTOpas pa3roHACT
cebst ¥ OCTaBIIYIOCS TaM BOY OO HMCXOIOHOH HadaibHO# ckopoctH. ITocie dero Bech mpouecc
MOJIHOCTLIO noBTOpseTca. Uepes ilarHeTaTeﬂL'Hy}o TpyOy BoAa ¢ OOJbLIMM, YEM MCXO/HbIM.
HanopoM IOCTyNaeT K MoTpebuTeo.

OpHako, HECMOTpA Ha KaXyUIyloCd IpPOCTOTY NPHHIUIHAIBHON CXEMBI JaHHOTO
BOJIOIIOAGEMHOIO YCTPOHCTBa 0OecrnedynuTh TpebyeMoe MONHOe 3aKphITHE BXOAHOTO YIAPHOTO
KJIanaHa NpH BO3ACHCTBHHM Ha HErO IEPBOH OTpakeHHOM ynapHOM BOJHEBI JOCTATOYHO CJIOXHO.
Bpems Bo31eHCTBHA Ha HETO OTPKCHHOHN YJAapHOH BOJIHBI C MOBHIIIEHHBIM JaBJICHHEM KpaiiHe
Mano. Macca 3Toro kjianasa JO/DKHa JOCTaTOYHO TOYHO COOTBETCTBOBATh Macce, HEOOXOIUMOM
s nportexaromero  ¢usuyeckoro mpomecca. Ee pacueTHOe 3HaYeHHE BBIYHCIAETCH C
ONPENENICHHON IIOIPEIIHOCTBIO HCIIONB3yeMor Teopud. IloaToMy ee HEOOXOMMMO YTOYHATH
3KCIIEPUMEHTAILHEIM TyTeM. I 3Toro TpeOyroTcs CTEHIOBBIE YCTAHOBKH, JHOO MpsSMble
HCIBITaH4s BCEr0 YCTPOHCTBA C MHOTOKPATHOK pa3bopkoi u c6opKo# Bcex y3ioB.

IIpennaraemslii OJBOAHBIN rHAPABIMYECKUH TapaH JUIIEH YKa3aHHBIX HEIOCTATKOB.
JTO JOCTHraeTcs  JONONHHUTENbHBIM pe3epByapoM, B KOTOPOM IIpEIBAPHTEILHO OTKAYEH
BO3JyX, COCAMHSAEMBIM C YHapHBIM KJIallaHOM TakuM o0pa3oM, YTO B JaHHBIH pe3epByap
OCYINECTEJISETCS HaYaJbHBIH CIIHB HEKOTOPOro KOJMYECTBA BOABI, HEOOXOAUMOro AJIs pa3roHa
BOJBI B ITMTaTENbHOHU Tpy6e.

IlpennaraeMelii MONBOAHBIN THAPABIMYECKHH TapaH WUMOCTpUpyetcs Puc.l, 2, 3, 4
Ha KOTOpLIX H300pakeHa ero NpHHIHIHAIBHAS CXeMa B Ipoliecce paGoThl.

[lomsonHBIl THApPABIMYECKHH TapaH COJACPXKHT IHTATENbHYIO TpyOy 1, ymapHblii
KJanad 2, NONOJHHUTENbHbBIA pe3epByap 3, BO3AYIIHEINA KOJMMAK 4, HarHETaTeNbHbLINA KiaaH 5
Har"HeTarepHyo Tpyoy 6.

Pa6oTa JaHHOrO IIOZBOXHOTO Jrnnioannmecxoro TapaHa OIyIUEHHOTO B BOIY B
BOZOEME 7 Ha ONpPENETCHHYIO ITyOHHY OCYHIECTBIAETCS CIIEYIOLIHM 06pa3zoM:

YnapHelii xjanaH 2 10 MOMEHTa Haydaja paboThHl 3a CYET CHJEBI JABJIEHHS BOJbI B
nuTaTensHol TpyOe 1, kak mokasaHo Ha Puc.l, HaXOUTCS B 3aKPHITOM IIOJIOXKEHHH H BOJA U3
NMTaTeNnbHOR TpyOBI B JONONHHTENBHEIA pe3epByap He MpocaumBaeTcd. B MoMeHT Hauana

paboTBl OH KakMM-JIHO0 KOHCTPYKTHBHBIH CIIOCOOOM (HAampuMep, 3JMEKTPOMArHHTHBIM



TOJIKATENEM), KaK I0Ka3aHo Ha Puc.2, NIPUHY/UTENBHO OTKPBIBACTCS. Bona u3 Bogoema 7 uepes
HOATaTENLHYIO TPyOy 1 nox COGCTBEHHbBIM HalmopoM HayWHaeT MOCTYNaTh B JOMOJHUTEbHbINH
pe3epByap 3. 3a BpeMs MOKa 3TOT KJIalaH OTKPHIT, BoJa B MHUTATeNbHON TpyOe 0 3a4aHHO
ckopocTH pasroHseTca. IIpu ompeaeneHHOM Hamope BOJABI 3TOT KJallaH, Kak M B OOBIYHOM
THIPABIHYECKOM TapaHe, OMNATh 3aKpbiBaerca. McredeHwe BOMBI HapyXy BHE3aIlHO
npexpamaercs. MHepuus IBHKyleics BOABI IPH BHE3AITHOW €€ OCTAHOBKE MOPOXKIAET TOXKE
ABJICHHE THApPaBIMYECKOro yraapa. HarxerarenbHbldi kiamaH S5, Kak IoKa3aHo Ha Puc.3,
OTKPBIBAaCTCA H OCYLIECTBISETCS MPOLECC 3aKa4KH BOJBI B BO3AYLIHBIM KOJINAK 4 aHAIOrMYHbIN
IpOLIECCy 3aKayKd B OOBIYHOM THAPABIMYECKOM TapaHe. B KoHIle IepHOAa HarHETaHUs BOLBI U
OTpaXKeHHUs yIapHBIX BONH [4] mpH ompeleNeHHBIX IapaMeTpax I[OTOKa BOJbI JAOCTHUTAETCs
COCTOSIHHE BOJbI B NHUTATEIbHOH Tpybe, Korja U3 IUTATENBHOM TPyObl Boga OJHOBPEMEHHO
BBITEKAeT OBPaTHO B*BOMOEM 7 M MOCTyNaeT B BO3MYIIHBIA Konmak 4. B muratensHoll Tpy6Ge.
IIPOHCXOJIUT Pa3phiB CIUIOLIHOCTH BOABI M o6pasyeTcs 30Ha ¢ BaKyyMoM. IlIpu 3ToM mporecc
HarHeTaHus BOABI B BO3NYINHBIH KONNAK 4 MpeKpallaeTcs M HarHeTaTeldbHBIH KiIamaH 5 Nox
IeHCTBHEM M36BITOYHOTO NABICHAS U3 BO3AYIIHOTO KOJNaKa 3aKpheiBaeTcs. [IpH ompeneneHHOM
urcie (a3 HarHeTaHWA M ONpENENCHHBIX MapaMeTpax II0TOKAa BOABI, a TAKXKE OIpENe]EHHBIX
COOTHOINCHMSAX TUIOIIAAM MPOXOJHOIO CEYEHHS, TOJNIIMHBI CTEHKH H JUIMHBI ITHTATEIbHON
TpyOBl, 97Ta 30Ha 3aHAMaeT, KaK Moka3aHo Ha Puc.4, CymecTBEHHBIN 00beM [0 OTHOIIEHHIO K
UCNOJIb3yeMOMY 00beMy NHTaTeNbHOH TPYOHBI B paifoHe HarHeTaTeNbHOro Kiamnana 5. B utore us
IHUTaTEeNbHOH TPYyOBI B 3Ty 30HY ONATh HAYMHAET MOCTYNATh M3 BOJOEMa 7 MOJ COOCTBEHHBIM
HarlopoM BOJa, rie OHa, 6raromaps TakoH 30HE pasroOHSETCSs OO MEPBOHAYAIBHOH CKOPOCTH.
IIpy compHKOCHOBEHHH NBHTAIOIIErOCS C JAHHOH CKOPOCTBIO TMEPEMHETO (POHTA BOIBI M
3aKpBITOr0 YHApHOrO KjlallaHa NPOMCXOAMUT BHE3allHas OCTaHOBKA BOABI M BO3HHKAET TOMKE
SBJICHHE TMIpaBIA4ecKoro yaapa. Ilocie yero Bhlllie OMUCaHHBIN MPOLECC HATHETAHUS BOJbl B
BO3AYINHEIA KOJNaK M o0pa3soBaHMs Takoi 30HBI BaKyyMa IOJHOCTBIO IOBTOpserca. Yepes
HarHeTaTeNBHYI0 TpyOy 6 Boja € GONBIIAM, YeM MCXOZHBIM HAIOPOM IIOCTYNaeT K

HOTPEOUTEIO.

[1].I'mapaBmuaeckuii Tapan. BOC, 1. 6, M.. CoBerckas sHuukmoneaus, 1971, c 467-468.
[2].http://www.rampumps.com

[3].MTatenr EATIB Ne 005489, MKHU F04F7/02

[4]).OBcensn B.M. I'napaBnuyeckuii TapaH H TapaHHBIE yCTAaHOBKH, M.,MammrocTpoenne.,1968.
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®OPMYJIA U3OBPETEHMUA

[ToABOAHBIA TMAPABAMYECKHH TapaH, COCTOALIMI M3 MHTATEIbHOH TPYOBI, yIapHOTO
KTamaHa, BO3AYIIHOTO KOJNNAKa, HATHETAaTeNBHOTrO KJallaHa, HATHETATeNbHOH TpyOsL,
OTJIMYAROIHIACS TEM, YTO JUI1 CO3JAHMSA HAYQIBHOW CKOPOCTH BOIBI B IHTATENbHOH TpyGe
HCIIOJIB3YeTCA COSMHEHHbIH ¢ yIapHBIM KIIallaHOM JOTIONHUTENBHBIH pe3epByap 0e3 Bo3/yXa,

B KOTOpBIﬁ OCYILICCTBIIACTCA OI[HOpaBOBBIﬁ CJIMB HEKOTOPOI'0 Ha4yaJiIbHOIO KOJIHYICCTBA BOJBI.
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