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I)KEKTOPHLIA KOJTOHKOBbBIA CHAPS,
AJs BYPEHHUS FTEOJIOTOPA3BEJJOYHbIX CKBA)XHH

C. C. CVJTAKIIMH, B. I'. XPAMEHKOB, B. I1. POJKKOB
(Mpeacrasaeta HayuHbIM CeMHEAPOM Kadeapbl TEXHUKH Pa3BelKH)

Ilpn pasBeaKe HEKOTOPHIX TUNOB MECTOPOKAEHHH MOJIE3HBIX HCKOMae-
MBIX OCTpO# InpobJemoil sBJisercs Bompoc ompoboBanuda. K rtakomy THiy
OTHOCATCHA MECTODOXK/ICHHSA, NpPeICTaBJeHHbie NOPOJAaMH H NOJE3HBIMH HC-
KOMaeMblMH, JeTrKO pa3MbIBAIOIHMHCA [OTOKOM ILPOMBIBOUHOH 2KHIKOCTH;
MeCTOPOXACHHS, CJOMKEeHHble CHJAbHO HAPYIIEHHBIMH H TPEUHHOBATHIMH
nopojaMH; MeCTOPOXK/IeHUsI C CEJEeKTHBHO HCTHPAIOUIMMHUCA MPOXKHUIKAMH
noJe3HblX KOMMNOHeHTOoB. [ljs mosyueHHs HEOOXOLHUMOTO KOJIHYECTBA KepHa
B 3THX YCJIOBHAX NMPUOErarT K HCI0Jb30BAHHIO ABOHHBIX KOJOHKOBLIX CHa-
pSIOB U K oOpaTHOH npombiBKe. [IpuMeHeHHe IBOHHBIX KOJOHKOBBIX CHa-
pSALOB AJs 6YpeHUs MO BCeMy pa3pe3y CKBAXKWHbI 'CHHZKAeT TeMIlbl MPOXOJ-
KH, TAK KaK TaKHe CHaPAAbl MpelHA3HAUEeHBl AJA NPOPE3KH TOJBKO €I1HHHY-
HbIX MJACTOB MOJE3HOTO Hekomaemoro. [IpumeneHue 06paTHOH MPOMBIBKH
MO3BOJISIET HCMOJAb30BATh MPOCTble KOJOHKOBHIe CHapsabl ¢ OOBIYHBIMKH pa-
OOYMMH HAKOHEUYHHKaMH, TeM CcaMblM He CHMXKATh TeMNbl OYPEeHHS H 10J0-
JKUTENBHO peulaTh BONPOC ONpOoOOBaHH;.

Jlnst cosnanusi o6paTHOR NMPOMBIBKH, KpOMe H3BECTHOTO criocofa HarHe-
TaHWsl NPOMBIBOUYHOH 2KMIKOCTH B 3aTpybHOE TMPOCTPAHCTBO € MOBEPXHOCTH
H 0O6paTHOTO BLIBOZIA e¢ 10 OYPHJAbHBIM TpyOaM, B IPAKTHKE HCIOJAb3YIOTCH
pasHble MeTOAbl H cpelcTBa, o0ecneyHBAIOHIHE MECTHYIO UHUPKYJHIHIO:
3paudTHLIE YCTAHOBKH, I'MYOHHHbBlE HACOCH ¢ MHEBMONPHBOAOM, Oe3HacoC-
Hoe OypeHue (C PAacXOMKOH CHapsla WM C NyJbCHPYIOLLeHd nmogavyed crkKarto-
ro Bozayxa B Oypu/bHble TPyObl) H, HAKOHEI, 3:KeKTOpHble cHapaabt. Hau-
6oJiee MPOCTBIM MO CBOEH OPTraHU3allid H TeM He MeHee BecbMa 3PQeKTHB-
HBIM SIBJSIETCS [I[PUMEHEeHHe 3KeKTOPHBIX 'CHap si/10B.

B nocaennee BpeMs AJf CO3MaHUs OOPAaTHOH LUMPKYJSUUU B mpU3alboH-
HO#H 30HEe TIPUMEHSIIOTCS] ClellnaJbHble CHapsibl ¢ mMakepoM, B KOTOPBLIX BHI-
BOJA MPOMBIBOYHOH KH/AKOCTH H3 LE@HTPaJbHOTrO KaHaja B 3aTpyOHOe mpocT-
PAHCTBO IPOU3BOANUTCA HHUIKE MaKepa, MOTOK oMbipaer 3a00H H 10 BHYT-
pPEeHHHM KaHaJaM CHapsja CHOBA BLIBOAHTCA B 3ampyOHOe MPOCTPAHCTBO,
HO YyXe Bblllle nakepa. [IpuMeHeHue nakepa NO3BOJsACT NOJIY4UTh OoJee
cTabuabHYI0 OOpPATHYI UHPKYJAAILHK MTPOMBIBOYHOH 2KUIKOCTH, YTO $BJs-
eTCs BO MHOTHX CJy4asiX HeLOCTATKOM 3XKEKTOPHBEIX CHaps/10B, OCOOEHHO B
Konule pefica. Ho cHapsiabl ¢ nmakepoMm OoJee CJOXKHB B 3KCMJAYATaUUK H
MOKa He MOJYYH/IH HIHPOKOTO pPaclpocTpaHeHHs.

Ananusupya 'paboTy 3IKEKTOPHBIX CHApHA0B M VUHTHIBAS YCJAOBUSA
pasBe[KH MOJE3HbIX HCKOMaeMblX, MOXKHO OIPeLestHTh OCHOBHble TpeGoBa-
HHA, KOTOPbIM JIOJAKHBI YIOBJETBOPATL HOBble KOHCTPYKIMHH 3KEKTOPHBIX
CHaPSAAO0B!

1) MuHHMAaJABHBIH Nepelnasj AaBJeHHA B CHapsle;
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2) crabu/ibhas oOpaTHas UHPKYJSLHS TIPOMBIBOUHON KUAKOCTH,

3) pocraTtouHas MPOXO1Ka 3a peiic MPHM PaBHOMEPHOH M BBICOKOH CKO-
poctu OypeHHs;

4) 'BO3MOXKHOCTH ¢OOpa LIJaMa TOPOA H IOJe3HOT0 HCKOMaeMoro,

5) MakcuMaJbHasi OUHCTKA MpH3aboAHON WUPKYAUPYIOIEH MPOMbBIBOY-
HOH HHJIKOCTH;

6) mpocTOTa H3TOTOBJEHHSA, HACTPOHKH H IKCMJyaTalHH,

7) Hal1€KHOCTb B 3KCIJIVATALHH,

8) BO3MOKHOCTb IPUMEHEHHA OObIUHbIX KOPOHOK;

9) BO3MOMKHOCTb KOHTpOJsS 00paTHON UMWPKYJASLUHH B npolecce Gypenus;

10) BO3MOXHOCTb llepexoia ¢ 0OpATHOH UMPKYJAUHH Ha OPSMYIO [PH
HEOOXO0TUMOCTH NMPOBECTH HPPOKTHBHYIO UHCTKY CKBaXKHHBI,

11) BO3MOKHOCTb 3aChIIKH 3aKAHHOYHOrO MaTepHasa ¢ MOBEPXHOCTH;

12) HeBbiCOKadA CTOMMOCThL CHapsiia.

Ha puc. 1 npercraBiedbl cXxeMbl 3XKeKTOPHBIX CHAapsfAOB: MPOCTOro, ¢
JBOHHON mocJe10BaTe bHOll U ¢ ABOHHOH NapaJdnenbHoi zxkexuuneh. [1puH-
nmn cosfanus  o6paTHOH MECTHOH UHPKYJAALMH TIPOMbBIBOYUHOM KH/IKOCTH
NpH NPUMEHEHHH 3I)KEKTOPHBbIX CHapsI0B 3akjauaercd B ciaenyiouem. Ha-
rHetaemasi 'C MOBEPXHOCTH MPOMbIBOYHAS JKHUJKOCTb, BBIXOXS ¢ GOJbilION
CKOpOCThIO U3 acaaku | (puc. 1, a), obpasyer moIxaryw CTpylo € JAenpec-
cuel B MecTe nomxatuda. M3 npuemuoit KaMepnl «a» XHJAKOCTb 3a Cyer Je-
MpeccHdl MOCTYNaer BMECTe CO CTpyeH
notoka B Audpdysop 2 1 KaMmepy cmelle-
Hus 3. Bcesiencrsue Hepa3pLIBHOCTH 1O-
TOKA B MPHEMHYIO KaMepy XHIKOCTb IO-
cTynaeT U3 3aTpyOHOH 30HBLI 10 BHYTPEH-
HUM KaHanaMm «O» W «B», co3maBas 00-
paTHYIO IUPKyasALu. B saTpyonom mpo-
CTPaHCTBE XKHUAKOCTb, BBIXOAA M3 KaHaja
«a», pasjpensieTcs Ha IOTOK, MAYIIMH K
326010 ¥ UAYUIMHA HA TIOBEPXHOCTb.

KoshdmmmenT 3K eKiHu (OTHOUIGHHE
HHTeHCHBHOCTH 00paTHOTO TIOTOKA K ;pac-
X0y CTpYH) OIpesesseTcss TeoMeTpHel
U pa3MepaMHu 3XKeKTOpa, PacxoloM CTPYH
n  [UEIPaBAHYCOKHMH CONPOTHBJCHHAMH
KaHaJ/10B s oOpaTHOTO TIOTOKA,

Tlpu pacxozax MPOMBIBOYHON IKHAI-
koctH B mpeaenax 120180 a/mun, yxe
IpaKTHUCOKH HaWJIeHBl Mpele/ibl H3MeHe-
HYS TeOMETPHYECKHX PAa3MEpOB 31eMeH-
TOB Hacoca (3xkektopa) (1, 2, 3, 4, 5, 6, _
7, 8]. Ilpu KOHCTPYHPOBAHHH HOBbLIX :

IKEKTOPHBIX CHAPALOB [IPHHATDHIE pa3Me- L
pBl 9/1@MEHTOB Hacoca YTOUHAIOTCH TyTeM 7
JaaBopaTopHbIX JOBOLOUYHBIX ‘UCTIBITAHHH. L

CyulecTiBeHHBIM  HELOCTATKOM IIpH- ¥ : /
MEHEHHS AKEKTOPHBIX CHApPAI0B fBJAIeT- !
Csl pe3k0oe CHHKEHHE IKEeKTHPYEMOro mo- 1 Lf ! L |
TOKa TIPH BO3pPACTaHMH THIPABIAHYECKHX - - =
NOTepb B OOPATHHIX KAHAJAX, 4TO MOKET a 5 5
MPOUCXOJUTD TO NPHYHHE IO AKIHHOK Kep- -
Ha, 3aLraMOBaHus MPH3a00WHOH 30HBI 1 Puc. 1. CxeMbi 3KEKTOPHLIX  KOIOHKO-

YTO, B OBOIO Ouepelb, BeIeT K ycyrybae-  Bux cuapsiios. | —wuacauka; 2— aud-
HHO BLI3BABIINX THAPABANYSCKHE [IOTeDPH (hysop; 3"”{2@”5’@%“?91 Kamepa; 4 —
NPHYMH M B KOHEYHOM MTOre mpekpauje- ANOPATTPYDA: 3 — KOTOMKORAT TPy~

HHIO ‘O@p aQTHOrO TIOTOKA, ™WTO JA0THYECKH
IIPHBOAHUT K TPHIKOTY KOPOHKH.
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Pue. 2. DmeKTOPHUbIT KO.JIOHKO-
BRIl cnapsil. | -—nacaika: 2—

CMeCHTe b, 3 — BIIITOBOIl IARED;

4 — CcaJbHIK, J — IIHeKOBbLI

THAPOUHKIONHBIL  IITaMOY.T0BH-

Teab; 6 — faxoBas TpyOa;

7 — pemeTka; 8 - K0JOHKOBast
Ty Oa

B cBsian ¢ 3THM BceMH IKOHCTPYKTOpaMi
fPH CO3AaHHH 3AKCKTODHBIX CHAPALOB YaAeaf-
eTcsl GosTbloe BHHMaHHe MaKCHMaJbHOMY ce-
YEHHIO 0GPATHBIX 'KaHaAJIOB M CO3LAHHIO JOTI01-
HHTEJLHOTO TIOANOpA TyTeM, HalpHMep, TTOCTa-
HOBKH TIaKepa U AOMOJHHTEIbHBIX KaHaJ0B 115
BBIBOA KUJAKOCTH BhILIE MaKepa.

B ¢BA3H ‘¢ 3THM TIPEACTABJISETCH HUTOpeC-
HBIM /I HHTEHCH(PHKALMH  3KEKTHDYeMOoro
NOTOKA MNpHMeHeHHe MocJeI0BaTe/IbHO  (pHC.
1,6) m napasnenpHoil (puc. |, B) 3meKUHH.

[Tpumenesne MecTHON 0OPATHON MPOMBIB-
KH M03BOIACT MPUMEHATDL BHYTDEHHIE (IJ1aMO-
Bble TPYOL H cOBHMPATH JOMOIHHTENLHO MaTe-
puan nas onpoboBaHus. JlaHHbIE MOMeEHT $iB-
JAETCS OCOBEHHO BaKHBLIM NPH HOIVIOUIEHHSX
TIPOMBIBOYHOH XKHIAKOCTH, KOTLA HEBO3MOKHO
icoGpaTh mTaM Ha nosepxHoct. Ilpumenenue
LLTaMOBbIX TPYO HYKHO CYHTATb Jaxe 06si3a-
TEJBHBLIM TIDH HHTEPBAABHOM ONPoGOBaHAH
TJ1aCTOB HJIHM TOJULH TI0JI€3HOMO HMCKOTIaeMOro,
'KOTY1a HAOJIIONACTCst CHABHOE HCTHPAHNE H ‘Bbi-
MBIBAHNE IOJE3HOTO KOMIOHeHTa (HamnpHMep,
MOJIHOLEHHTA) ‘1 TIOTHOE HOKAKEHNE Pe3yabTa-
TOB ONPOOOBAHHA NPU YJABIHBAHUK YaACTHIL
MOJE3HOI0 KOMIOHEHTA Ha MOBEPXHOCTH 0e3
NPpHMEHEHHT JOTIOJHHTEIBHbIX CPEICTB H TIPO-
BeJenus padorT (YHCTKA OTCTOHHOH CHCTEMBI,
ofbcanKka CKBaXXHHDL, JTHKBHAALNA TOTJIOUISHHH,
IIPOMBIBKA CKBAKHHBL 10 # TFOC/IE [PeHCOBOH Y-
JYOKH, TPHMEHeHHE CNeUHaJbHbX OTCTOHHH-
(KOB, CENapaTopoB M T.H.).

Ha puc. | noxkasanel xBa THIa BHYTPEH-
HuX urmaMosbix Tpy6. TlpumeHeHue Toro HH
MHOTDO 'THTIA TLJIAMOBBIX TPY6 MOXKHO PeKOMEH-
JOBATh, MCXOAS M3 YCJIOBHA MakcHMyMma o0be-
Ma JJ5 ‘ocaXJeHHs Ml1amMa IpH COOTBETCTBYIO-
IMMX AHaMeTpax H CTanzapre TpyoO.

Ha pue. 2 npeacraBien 3:KeKTOPHBIH CHa-
PSAL, YAOBJCTBOPAIOIIMH OO/NbIIHICTBY Bbpa-
GotaHHbIX TpeGoBanuii. OCHOBHHIM €ro LOCTO-
WHCTBOM SBJASETCA: TIpHMEeHeHe BHHTOBOrO 11a-
Kepa 3, CO3RAIOIEro JONOJHHTENAbHO COINPO-
THBJEHHS MOTOKY, BBIXOAALIEMY H3 -OTBEPCTYHS
«a» M oTGpacuBaponero ero k 3a6o, 3a cyer
yero ofaeruaercs o0paTHas NPOMBIBKA; TIPiH-
MeneHHe T IPOLHKIOHHOTO IUHEKOBOTO LITaMo-
VJOBHTE s D, COCODCTBYIONUIIO (PEe3KOMY NO-
BLILIEHHIO KOJQHYecTBa cobGpansoro urrama ot
KPVIHHBIX 10 MEMKHX (PpaKilii.

Takoll 3mkexkTOpHBIH CHAPAL OAUHAPHOTO
THIIA MOXKET [IPHMeHSATbCS MPH aJMa3HOM,
TBePACCMJAABHOM 1 APO6OBOM OYpCHHH € [IPO-
MBIBKOHl W TNPOAYBKOH, BIIHCHLIBAETCHA B MHHH-
Maabipli avaverp 57 wa. [lpu aavasiom Oy-

peHI peab fnaxcpa MoXKeT BBLITOTHATH PAaCUKIDHTEIb. ,ZI‘OCTOH]!CTBOM craps-

Jda aBIsetcs TPOCTOTA KOHCTPYKIHH 11 JIETKOCTH

142

H3B.1eUens  coDparHoro



l11aMa; CTABHIBHOCTb 3HKEKTHPYEMOro NOTOKa M J1ocTaToulasl AJuHa peica
MPH MaKCHMaJibHOM cOope BHIOYpPEeHHOH MeJOYH NOpPOJd M TOJE3HOrO HCKO-
naeMoro.
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