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(54) YcTpoiicTBO AJ151 JiedeHHs] KOPHEBOT0 KaHaja

(56) U3o0pereHne OTHOCUTCS K CTOMATOJIOTMM, B YaCTHOCTH K YCTpPOWCTBaM JUIsl JICUEHHUS
KOPHEBOTO KaHaja 3y0OB TOCPEICTBOM HCHOJB30BAHUS JKUIKUX XHUMHUYECKHX BEIIECTB.
YCTpOWCTBO COACPKUT TEPMETHUYHBIA pe3epByap C TpeMsl OTBOJAMH, TEPBBIA M3 KOTOPBIX
MOJIKIIIOYEH K BaKyyMHOMY HAcoCy, CHaOXKEHHOMY PpETryJsTOPOM [aBJCHHs, OTpaHHUUHTEIEM
JIaBJICHU W MaHOMETPOM. BBIXOIBI TpeX KOHTEMHEPOB YCTPOMCTBA, KAXKIbIM M3 KOTOPBIX
cHa0XeH AJIEKTPOKIIaaHaMu, OOBEAUHEHBI I MOABOJA K MyJIhIOBOMY KaHaly 3yOa. Bropoii
OTBOJ] T€PMETHUYECKOTO pe3epByapa MOJKIIOUEH K MATOMY 3JIEKTPOKJIANaHy JUIsl MOABOJA K
MyJBIIOBOMY KaHay 3y0a, a TpeTui OTBOJ - K IIECTOMY AJIeKTpokiamnany. [lepBbIii, BTOpoil u
TPETU 3IEKTPOKIIANaHbl 3JIEKTPUUECKU COEIMHEHBI YePE3 MHOTONO3UIIMOHHBIN MEepeKIoYaTeb
C MHOTOMO3UIIMOHHBIM KOMMYTATOPOM, BBIBOJBI KOTOPOTO COETUHEHBI C 3JIEKTPOKIANaHaMH.
YCTpolcTBO MO3BOJISET IMOCHEAOBATEIBHO OCYILECTBIATH BO3JACHCTBHE Ha IYJBIOBBIM H
KOpDHEBbIE KaHalbl BaKyyMOM U C TIOCJIEIOBATENbHOM TMoAauell HEOOXOAMMBIX >KUIKUX
XUMHMUYECKHUX BEILECTB, KOTOpPbIE COAEpPKATCI B COOTBETCTBYIOIIMX KOHTEHHEpax 0]
atMochepHbIM naBieHueM. boiee TOro, ycTpoWCTBO MO3BOJSET MepeMeniaTh YMOMSHYTHIE
BElIECTBA B TEpPMETUYHBIA COCyJl, a B BbUICYEHHBbIH 3y0 BBOAMTH IUIOMOMpYIOLIEe
nmacToo0pa3HOe BEmecTBO. 2 3.11. (-Jbl, 2 ¢ur.

I/I306peTCHI/Ie OTHOCHUTCA K CTOMATOJIOTHH, B YAaCTHOCTH K YCTpOﬁCTBaM JJIA JICUYCHUA
KOpPHEBOI'o KaHaJjia 3Y6OB MNOCpCACTBOM HCIIOJB30BAHUA KUAKHUX XHUMHWYCCKHUX BCIICCTB, U
npeaAHa3Ha4YCHO JIA 3(1)(1)6KTI/IBHOFO HJ'IOM6I/IpOBaHI/IH C IIOMONIBIO HaCT006p8.3HOFO BCIICCTBA
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MyJBIIOBOTO KaHalla M KOPHEBBIX KaHAIOB 3y0OB.

B 3y0OoBpaueOHOW MeauIIMHE JJaBHO W3BECTHO HWCIOJB30BAHHE  CICIIHAIBHBIX
MHCTPYMEHTOB JIJIs JICUCHUS KaHaa.

Tem He MeHee, METUIIMHCKOE BMEIIATEIbCTBO C IIOMOIIBIO TPUMEHSIEMBIX HHCTPYMEHTOB
CBSI3aHO C MHOKECTBOM MPOOIIEM.

DakTUYECKH, WCMOIB30BAHUE JTHUX MHCTPYMEHTOB TIPEANOJAracT MEXaHHYeCKOoe
BO3JICHICTBIE C M3BECTHOW CTOPOHBI, KOTOPOE BKJIIOYAET B Ce0S BCKPHITHE U paACIIUPCHHE
KOPHEBOI'O KaHajla, 4TOObl MOXKHO OBLJIO YMEPTBUTH 3y0 yAaJeHHEM - TaKKe C IOMOIIBIO
MEXaHUYECKUX UHCTPYMEHTOB - HEPBA.

Takast aeicTByromas cucrema, B oOIeM ciydae TpeOyeT OmpeaeieHHOro KOJIMYeCTBa
CEaHCOB, KOTOPbIE JOJKHBI BHITIOTHATHCS TOJIBKO OYEHb KBATU(UIIUPOBAHHBIMU M OTBITHBIMU
JIFOJTEMH, TIPEXKIIE BCETO, €CITM HEOOXOAMMO MOJTYUYNUTh KAYECTBEHHOE YMEPTBIICHHE, a TAKXKe JIJIs
YMEHBIIIEHUSI BO3MOKHOCTH BOSHUKHOBEHHUS HAPHIBOB U TPYHYJIOM, U TTOI0OHBIX BEIIEH.

B xoHeuHOM HTOTE TpeOyeTcs 3HAUYNTETHLHOE BpeMs ISl YCTICITHOTO BHITIOJIHEHUS TaKOU
OIepalyy C IOMOIIbIO TPAIUIIMOHHBIX HHCTPYMEHTOB.

Jlnst u3beraHuss yHOMSIHYTBHIX HEIOCTaTKOB, OblIa TpeIIoKeHa JApyras CHCTeMa
BMEILIATEIbCTBA, COTJACHO KOTOPOW, WYJBIOBBIH M KOPHEBOW KaHAJIbl MPOMBIBAIOTCS W
OTTYCTOIIIAOTCSI BBEJACHUEM B HUX XUMHUYECKHUX KUIKOCTEH MO/ TaBJICHUEM.

W3 nurteparTypbl W3BECTHBI YCTPOWCTBO U CHOCOO JIEYCHHs] KOPHEBBIX KAHAJIOB I10
Ha3BaHHOUW cucteme (cM. mareHT US Ned4021921, xin. A61C 5/04, 1991 r.). Tem He meHee,
BBISICHHIJIOCH, UYTO MCIIOJB30BaHHEC XHMMHYCCKON JKHUIAKOCTH MOJ JABICHUEM HE IIOJHOCTBIO
3¢ (PeKTHBHO B TEX cClly4asX, KOT/Ia B TPOIECCE JICUCHUS MPOMCXOAMUT 3aKyMOpKa KOPHEBBIX
KaHaJOB, BBI3BaHHAs ITyJIbIION, HAXOJIICHCS IMOJA JaBJICHHEM BHYTpU 3yOHOTO KaHaja, B
pe3yibTaTe dYero CTAaHOBUTCS HEBO3MOXKHBIM TIOMAJaHUE >KUJIKOCTH, HCIIOJIB3yeMOW st
JICUCHUS.

B matente US A 3, 704 520 Takxke NpensoK€HO BCKpbIBaTh 3yOHOW KaHaj, YTOOBI
YAQJISTh MYJIbIy BBICACBIBAHUEM, U MPOMBIBATh KOPHEBOW KaHal MPOMBIBAIOIIEH >KHUJIKOCTHIO
JUTSL I3BIICUCHUST OCTABIIICICS Ty JIBITHI.

BrisicHuioch, 4TO Takas CHUCTeMa HE BBIMONHIET CBOM (DYHKIMH, T.K. BO3HUKIHU
CJIO)KHOCTH TIO BBICACHIBAHUIO BCEU MYJIBITBI MPSMO M3 OTKPBITOTO KaHaja, U BCIEJICTBUE TOTO
dakra, 4TO MOCIEayoIas Mmojadya MPOMBIBAIOIIEH KUAKOCTH B 3TOM CIy4yae TaKkKe BbI3bIBACT
3aKyIMOPKY KOPHEBBIX KAHAJIOB TOM € IMYJbIIOW, HAXOIAIICHCS IMOJ JABJICHUEM I10]1aBaeMOM
MIPOMBIBAIOLIEH KUIKOCTH.

Kpome toro, cnenuanucTsl B TaHHOW OOJAcTH TEXHUKH OTIAIOT TOJIHBIA OTYET B TOM,
9TO B KOHIE JIeYCHHs, B 3yOe, MpeJHa3HAYCHHOM JJisi yYMEpPTBJICHHUS M JICUCHHUS KaHaja,
MyJIBIIOBBIA M KOPHEBOW KaHAJBI JOJKHBI OBITh HAJE)KHO TE€PMETUYHO 3aKPBITHI MOCPEIACTBOM
TUIOMOMPYIOIIET0 MaTepuana, YTo0bl MPeJOTBPATHTh BOZMOKHOCTh BOSHUKHOBEHUS PAa3IUIHBIX
WH()EKITMOHHBIX 3a00JI€BaHUH BIIOCIICICTBUH.

K coxanenuto, pa3anuHble TEXHUUECKUE TPUEMBI, IPEAJIOAKEHHBIE MPEKIE IS 3aKPBITUS
KaHaJla, He O0ecCrevYrBaIl IMOJHOTO 3aIMOJIHCHHS KOPHEBBIX KaHAJIOB, B YACTHOCTH, KOTJIa HMX
0oJIbIIIe OJTHOTO, UJTH, €CTM OHU MalIeHbKHE 0 pa3Mepy U U30THYTHIE.

Samauei HACTOSIIETO M300peTeHHS SIBJISIETCS n30exanue HEIOCTAaTKOB
MPEIIIIECTBEHHUKOB C  TMOMOIIBI0  pa3pabOTKU  YCTPOMCTBAa, KOTOPOE, TOCPEICTBOM
WCITOJIH30BAHUS KUJKHX XUMAYECKHUX JIEKAPCTBEHHBIX BEIIECTB, CIOCOOHO YIaTUTh MEX3YOHYIO
MyJIbITy, HEPB U JMOO0BIE BO3MOXKHBIE HHPUITMPOBAHHBIC 00J1aCTH, MOABEPTraIOIIHecs JICUSHHUIO, B
TEUECHHWE OJTHOTO KOPOTKOTO CceaHca W, KOHEYHO, O€3 HCIOJIb30BaHUSI MEXaHWYECKUX
WHCTPYMEHTOB, KpOME TOrO, HE BO3HHKAET HEOOXOAMMOCTH B BBICOKOKBATHU(PHUIIMPOBAHHOM
MepcoHale.

C yyeroM 5TO#l 3amaud, B COOTBETCTBMU C HACTOSIIMM HU300peTeHHEM, pa3paboTka
YCTPOWCTBA /I BBIMIOJTHEHUSI YMEPTBJICHUS HEPBAa U MPOBEJCHUS JICUCHUSI 3yOHBIX KaHAJOB, C
MOMOIIBI0 KOTOPOTO KUJAKHUE XUMUYECKHE JIe4YeOHbIC BEIIECTBA MOJAIOTCS B MYIBIIOBBINA KaHAT U
KOpPHEBBIE KaHAJIBI 3y0a, XapakTEPHU3YIOIIErocs TeM, YTO OHO COCTOUT, B COBOKYIHOCTH, H3:



201

IUIOMOUPYIOIIET0  CPeACTBa  JUIi TePMETUYHOTO  IJIOMOMPOBAHUS  BBIIICYNOMSHYTOTO
MyJIBIIOBOTO KaHaja, TEPMETHYHO 3alasHHOTO COCyJa, CPEJCTBA JUIsl YCTAHOBKU YIIOMSIHYTOTO
COCy/ia, NEPBBIX CPENCTB CEJIEKTUBHOM CBSA3M MEXKIY YNOMSHYTBIM COCYAOM M YHOMSIHYTBIM
MyJIBIIOBBIM KaHAJOM, pSIOM KOHTEHHEpOB aTMOC(EepHOro MaBi€HHs, MPUMEHSEMbIX IS
COJIEP/KAHUSI COOTBETCTBYIOIIMX MKHUAKOCTEH I JICYEHUs IIyJIBIIOBOTO KaHajda M KOPHEBBIX
KaHaJOB, BTOPBIX CPEACTB CEJIEKTUBHOM CBSI3U MEXKIY YINOMSHYTHIMH KOHTEHHEepaMu H
YHOOMSHYTBIM IyJBIIOBBIM KAaHaJIOM, M TPETBUX CPEICTB CEJIEKTUBHOM CBS3M MEXIY
YHOOMSIHYTBIM IYJIBIIOBBIM KaHAJIOM U aTMoc(epoil, Tak YTO MyJbIOBBIA KaHal U KOpPHEBBIE
KaHajJbl MOTYT TIOMENIaThCs MOJ BaKyyM M 3aT€M IIOCJIEIOBATEIbHO IOABEPraThCs JICUEHHUIO,
IpUYeM YIOMSHYTbIE JIeueOHbIe KHUIKOCTH MOJT aTMOC(EPHBIM J1aBJICHHUEM, KOTOPbIE BBOJASTCA B
YHOOMSHYTBIH COCYZ TOJ BaKyyMOM, IIPOTEKAlOT Ye€pe3 YHNOMSHYTBbIA ITyJBIIOBBIA KaHal U
COCeJTHHE KOPHEBbIE KaHAJIbI.

[TpennouruTensHO, 4TOOB! YPOBEHb BaKyyMa BHYTpPH ITyJIBIIOBOTO KaHaja MOT MEHSTHCA
MHOKECTBO pa3 3a KOPOTKHE BPEMEHHbIE HMHTEpBAJbl B TEUEHUE 3apaHee OIpPEIeICHHOTO
BPEMEHHOI'O IIEPHOAA.

Hanpumep, ymnomsHyThIiI YpOBEHb BaKkyyMa MOKET OBITh MOJIBEPKEH YHNOMSHYTHIM
MU3MEHEHUsIM ¢ yacToToi 40 pa3 B MUH.

AHaNOrMYHBIM 00pa30M ITyJIBIIOBBIM KaHaJl MOKET OBITh CEJIEKTHBHO CBSI3aH C KaK/IbIM
U3 KOHTEHHEpOB, COJECpXAIUX COOTBETCTBYIOLINE JeUeOHbIE XHJIKOCTH, MHOXKECTBO pa3 3a
KOPOTKHE BPEMEHHbIE MHTEPBAJIbl B TEUCHUE 3apaHee OMPEIEIIEHHOT0 MepHoJia BPEMEHH.

Hanpumep, yacTora Bcex 3TUX U3MEHEHUH cBA3eil 20 pa3 B MUH.

YcTpoiictBo paboTaeT moja MOHM)KEHHBIM J1aBlIeHHEM, HallpuUMep, 3HAa4eHHE BaKyyMma
Mo3keT cocTtaBuTh oT 0.526 10 0.592 atmocdep.

Jlpyroii 3amadeil HACTOAIIETO HW300PETCHHS SIBISETCS pa3paboTKa IUIOMOWPYIOIIETO
ycTpoiicTBa W 00OpyJIOBaHUS JUId IUIOMOMPOBAHMS BBUIEYEHHOro 3y0a, Takoro, 4YTo
nacToo0pasHoe Jiede0HOE BEIIECTBO MOKET ObITh NMPUMEHEHO K 3yOy TakuM 00pa3oM, UTOOBI
Takoe TmacTooOpa3zHoe JieueOHOE BEIIECTBO TOJHOCTBIO 3alOJHAI0 3y0, IuIoMOupys ¢
HE0OXO0JUMON FepMETUYHOCTHIO U KOPHEBOI KaHall, M BHICTYMAIOIINN MyJIbIOBBIA KaHa.

B cooTBeTcTBMM C MpeNNOYTUTENBHOM (OPMOIl  MPaKTHUYECKOTO  BOIUIONICHHS
n300peTeHus], CpeACTBA CBSI3M, MpeJHa3HAUYCHHbIE /ISl COSMHEHUS C BAKYYMHBIM HCTOYHUKOM
KOPHEBBIX KAaHAJIOB, COCTOSIT M3 IOJIBIX WIJI, KOTOpPbIE CBOOOJHO BBOJSATCS B 3yOHBIE KaHAJIBI,
MpEek/Ie YeM nacTooOpa3Hoe 3aMoIHSIOIIEe BEIECTBO BBOJUTCS B IyJIbIIOBBII KaHAJI.

YIOMSIHYTBI BaKyyMHBII UCTOYHMK NPEANOYTUTENBHO COCTOUT U3 COCYZAd, B KOTOPOM
YCTaHABJIMBAETCS BAKyyM C IOMOUIbIO BAaKyyMHOTO Hacoca, M KOTOPBIA CBSI3aH C MOJIBIMH
UTJaMH C TIOMOINBIO TPYOKH, 3aKaHUYMBAIOIICHCS COEAMHUTENILHOW 4YacThi0 Uil IUIOTHOTO
COEUHEHMSI YIIOMSHYTOM TpyOKH ¢ TEMH K€ UTJIaMU, IPUYEM MEXIy HUMHU YCTaHOBJIEH KJIamaH,
KOTOPBIA KOHTPOJIMPYET CO3JJaHNE BaKyyMa.

CrpykrypHble U (QYHKIHOHAJbHbIE  XapaKTEpPUCTUKU  HM300pETeHHUs U €ro
IIPEUMYIIIECTBA HAJl TEXHUYECKUMHU CPENCTBAMHU, U3BECTHBIMHM W3 IPEALIECTBYIOIIEIO YPOBHSA
pa3BUTUSL TEXHUKH, OyIyT Oojiee OUYEBUIHBIMU U3 PACCMOTPEHHUS CIENYIOIIETr0 OMUCAHMS,
CIENAaHHOIO CO CCBUIKOM Ha NPUIIOKEHHBIE K 3TOMY JOKYMEHTY 4YEpTEeXH, Ha KOTOPBIX
CXEMaTU4HO MOKa3aH MpUMeEp YCTPOICTBA, OTHOCALIETOCS K 3TOMY U300pETEHUIO.

Ha ¢ur. 1. cxemaTHuecKu MOKa3aH NpUMep yCTPOICTBA, BHITOJTHEHHOTO B COOTBETCTBUU
C HACTOSIIIUM H300peTeHrneM; Ha QUT. 2 - TOCIEAHUN dTal TEPMETUYHOTO TIOMOUpOBaHUs 3y0a,
noagepratomerocss  jgeuenuto. CoriacHo ¢wur. 1, yCTpOHCTBO CTPYKTypHO COCTOUT W3
BaKyyMHOro Hacoca P, pabotaromiero, Hanpumep, npu 3HaueHusx nasieHus ot 0.526 no 0.592
aTMocdep, perynsTopa JaBieHUs Rp BakyyMHOro mHaumkatopa V, CIELUHAIBHOTO PETYJsTOpa
Rz, orpannumBaromiero aaBiieHHE, COCTOSIIETO U3 YCTPOMCTBAa Z, MPeayNnpekaaonero o ToMm,
YTO JOCTUTHYT THpeAesbHO Oe30MacHblii BakyyM. OTa 4acTb YCTPOWCTBA 3aKaHUYMBAETCS
repMETHYHO 3amasHHBIM COCYAOM 1, KOTOpBIN paboTaeT M KaK BaKyyMHBIM pe3epByap, U Kak
cobuparomuil pesepByap Ui yIaIeHHBIX OOJIbHBIX TKAaHEH.

Kpome Toro, ycTpolcTBO COCTOMT M3 TpeX KOHTEHMHEPOB 2, 3 U 4, mpuYeM KaxIblid U3
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HUX CHA0XE€H, COOTBETCTBEHHO, DJICKTPOKJIANAHOM 5, 6 M 7 JUIsl CENEeKTUBHOIO COEIUHEHUS
YHOOMSIHYTHIX KOHTEHHEPOB € MYJILIIOBBIM KaHajoM § 3y0a 9.

ITnomba 10 mpennHazHaveHa Ui TEPMETHYHOTO IUIOMOMPOBAHMS MyJIbIIOBOrO KaHaja 8
3yba 9, m B Hee OTKpbIBatoTca yuinHeHus 11, 12 tpybok 13, 14, oTBepcTHs KOTOPBIX
COOTBETCTBEHHO CBSA3BIBAIOT ITYJIBIIOBBIN KaHal 8 ¢ YIOMSHYTBIM COCYJOM | M KOHTeilHepamu 2,
3 u 4. Mexny ynoMsHyTbiIMu TpyOkamu 13 u 14 u ynomsHyThIMH yamuHeHussMu 11 u 12
YCTaHOBJIEHBl COOTBETCTBYIOLME 3JEKTpokjganansl 15 u 16, KOHTpoiupyroume IOTOK, U
Oaiinacueie TpyOku 17, 18. YnoMsHyTble 3aekTpokianansl 15 u 16 ynpaBistoTCss YaCTOTHBIM
reHepatopoM 19, KOTOpBIM MNOJKIIOYAETCS IMOCPEACTBOM BbIKitouaTens 20, OT KOTOpOro
OJTHOBPEMEHHO BO30ykmaercs pene 21, anekTpokianansl 22 u 23.

YnowmsinyTas TpyOka 14 MoxeT ObITb, KpOME TOTO, COCAMHEHA C aTMOC(epoi, mpuyem
MEXIy KaHaJIoM M aTMocdepoil uepe3 diekTpokjanaH 23, KOTOPBIA ympaBiseTcs
BeIKIIouateneM 20, pasMerieH BO3AYIIHbIH ¢GuibTp 24. Beikimouarens 25 mnpeqHa3HauyeH
YIIPaBJIATH IEKTPOKIIANIAaHOM 23 yepe3 reHeparop 26.

Beibop nedeOHON KHMIKOCTH, coJepiKalleics BHYTpH KOHTeWHepoB 2, 3 u 4,
OCYILECTBIISICTCA C IOMOINBI LIEHTPAIBHOIO IMEpeKirodarenss 27 dYepe3 COOTBETCTBYHOIIUE
MHOT'OIIO3UIIMOHHBIE nepekiitouarenu 28, 29 u 30. Knonounsle Boikitouarenu 31, 32 u 33 patot
BO3MOJKHOCTb ~ ONEPATOpPy  OCYLIECTBIATH  COOTBETCTBYIOIIME  KOMAaHABL:  OTKPBITh
ANEKTpOKNananbl 5, 6 M 7 3a COOTBETCTBYIOIIME BPEMEHHBIE MHTEpBajibl. [ JIaBHBIN
BBIKJIIOYATe b 34 1UIsl BKIIOYCHHSI/BBIKIIIOUEHUS YCTpOoiicTBa paboTaeT npu HamnpsbkeHuu 24 B,
KHOIIOYHBIN BBIKJIIOYATENb 35 yIpaBisieT IeKTpoKIananaMu 5, 6 u 7.

VYerpoiicTBo 3aBepiaeTcst Tpyokou 36, 3aKkaHYMBAIOIICHCS] COSTMHUTEIBHBIM KOHIIOM 37
¢ noJioit urnoii 38 u HacocoMm 39.

VYnomsiHyTas TpyOka 36 cBs3aHa ¢ BAKYyMHBIM COCYJIOM 1, mpuyeM nepes HUM MOMEIIeH
anektpoknanad 40, KoTopslii ynpasisercss BbikatodareneM 41. Hacoc 39 Beikimouaercs
perynstopom 42.

VYmpaBieHne yCTpOWCTBOM OCYIIECTBISETCS MpU HOMOIM reHepatopa 43 wu
BeIktouareneit 44 u 35. [Ipu mumoMOuMpoBaHUU KOPHEBOTO KaHaja 45 OTBEpCTHE IyJIBIIOBOTO
KaHaJla 8 3aKpbIBAaETCs MJIOMOMpPYIOLIEH macToit 46.

PaGoTa ycTpoiicTBa IpOUCXOIUT CIACAYIOMHUM 00pa3oMm.

JUis  WUTIOCTPUPOBAaHUS HEIMMUTHPOBAHHBIX 3a/1ady  pabdoTa paccMaTpuBaeTcs Ha
IpUMepe YCTPONCTBA, UCIIONIb3yEeMOro JJis JeueHus KaHaia 3y06a 9 ¢ 1ByMsi KOPHSIMH.

ITocme COOTBETCTBYIOLIETO BCKPBITHS IYJBIIOBOIO KaHajla &8 TpaJulMOHHBIMU
cpenctBamu (cBepiio), tiomba 10 ¢uKCHpyeTCss COOTBETCTBYIOIICH MACTUKOM, TakK, YTOOBI
3arIoMOUpoBaTh 3y0 ¢ XOpoIIel TepMETHYHOCTHIO.

ITocne Toro, kKak 3TO MPOJEIAHO, BKIIOYAETCS TJIaBHBIA BBIKIIOYATENb 34, 3aIMyCcKaeTcs
Hacoc 39. Perynsarop 42 obecnieunBaet JaBieHue B pe3epByape okoio 0.59 atm.

B Tedenne sToro srama snekTtpokianaH 22 3akpbIT. Beikimrouarens 37 Tenepb BKIFOUYEH
(monosxkenue 1), 9ToOBI 3aITyCTUTH FreHepaTop 43, KOTOPBIN BBI3BIBAET OTKPHITHE HIIEKTPOKIaNaHa
22, TakuM 00pa3oM, coeuHss pe3epByap | ¢ MysbNoBeIM KaHaoM § uepe3 Tpyoky 13.

bnarogapst renepatopy 43, KOTOPBIil HEIPEPHIBHO OTKIIIOYAETCS M BKJIKOYAETCS B 3apaHee
(buKCcHpOBaHHbIE BPEMEHHbIE HHTEpBaNbl, pe3epByap | M MyJibNOBBI KaHal § MOTYT OBITh
COEUHEHBI JIPYT C IPYTrOM Ha KOPOTKHE BPEMEHHbIE UHTEPBaJbl, HAIIpUMeEp, ¢ yacToToil 40 pa3
B MuH. Takum o00pa3oMm, JOCTHUTAIOTCS pAa3IUYHbIE YPOBHU BaKyyma. OTO JCHCTBHE,
IIPOJOJDKAOIEECs, HAlpUMEDP, IABE MHH, JAE€T BBICOKOIIOJIOKUTEIbHBIE PE3YJIbTAThl C TOUYKH
3peHus JajbHelIel OUNCTKY KaHaloB, KOTOpask MPOUCXOANUT Ha Pa3InYHbIX YPOBHAX BaKyyMa.

Ilo mpomecTBMM 3TOr0 BPEMEHHOTO NEPHOJa MHOTONIO3UIIMOHHBIE NIEpeKItouaTenu 27 u
28 ycranaBnuBatoTcs B nonoxkeHue I u Il cooTBeTCTBEHHO.

I'enepatop 43, 0OBIYHO BKIIIOYEHHBIN, OTKIIIOYAETCS MTyTEM MEPEeMEIEeHHs BBIKIIIOYaTEes
44 B mnonoxenue 0 (mepexntouarenb 44 BBIKIOYEH) IPU OJHOBPEMEHHOM Ha)KaTHUM Ha
KHOTIOYHBIM BBIKJIFOYATeNb 35, Tak, YTOObI BBI3BAaTh OTKPBHITHUE 3JIEKTPOKIANaHa 5 M, YTOOBI
BbI3bIBaTh TaKUM 00pa3oM TeUeHHUE KHUAKOCTH, COJEeprKalleiicss B KOHTeiHepe 2, B MyJIbINOBBIN
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KaHan 8.

3atem reHepaTop 43 BHOBB 3aIlyCKaeTCs IMOCPEICTBOM BKJIKOYEHUS BBIKItouUarens 44
(mo3unus I); 3TO BBI3BIBACT OTKpBITHE KiamaHa 22 M COEJMHEHHUE IyJIBIIOBOrO KaHajia § ¢
BaKyyMHBIM pe3epByapoM 1.

IToxa pesepByap 1 m IyJnbNOBBIM KaHal § COEOUHEHBI APYr C JIpPYroM, reHepatop 43
BBI3bIBACT MOCJIEI0BATEIbHOE OTKPBITHE U 3aKPBITHE 3JEKTpOKanaHa 22 B Te4YeHHE BPEMEHHBIX
MHTEPBAJIOB, TAaK, YTO BHYTPH IIyJbIIOBOIO KaHaja 8 3HAUYEHHUS BaKyyMa MEHSIOTCS; 4acTOTa
OTKPBITHSI/3aKPBITUS AJIEKTPOKIIanaHa 22 MOXeT ObITh, HalIpuUMep, okoio 40 pa3 B MUH.

B TeueHue TOJIBKO YTO OMMCAHHBIX 3TAIlOB, OTKPHITHE IEKTPOKIIANaHa 22 rapaHTUPYET,
4TO B ClIyyae HapyLIEeHUI paboThl CUCTEMBI (HalpUMep, MPU HEKaueCTBEHHOM IIOMOMPOBAHUU
wid, eciu wiom6a 10 BbIBanMBaeTcs M3 MyJbIOBOTO KaHana §), jeyeOHas KHUJIKOCTb OyneT
MOJIcackIBaThes B coCyl 1, mpeoTBpaliast yreuky B IOJIOCTh pTa MallUeHTa.

Tenepb BBIKITIOUATENb 25 BKIIOUEH, YTOOBI 3aIlyCTUTh T'eHepaTop 26, KOTOPbI BBHI30BET
OTKpbITHE 3JeKkTpokiamnaHa 23. OTKpeITHE 53JeKTpokianaHa 23 cBsa3bIBaeT TpyOky 14 wu,
ClleIoBaTeNbHO, MyJIbIIOBBIN KaHa 8, TpyOKy 13 u pesepByap 1 ¢ atmocdepoid.

3areM MHOTOIMO3UIIMOHHBIN MepeKiIodareib 28 ycTaHaBIMBaeTcs 0OpaTHO B MOJIOKEHUE
I 1 xHOMOUHBIN BhIKITIOUATENh 31 HaXKMMaeTcs B MHTEpBaJaX BPEMEHHU Tak, YTOOBI JKUAKOCTH,
coJiep Kallascs B KOHTEHHepe 2 Mmornaja 4epe3 3JIeKTPOKIanaH S5 B MyJIbIIOBBIM KaHal U OTTyZa
4yepe3 OTKPBITBIN AIeKTpoKIanas 22 B cocyn 1.

Hamnpumep, KHONOYHBIN BBIKITIOYaTedb 31 MOXET HaXUMaTbCA CO CKOPOCTBIO | pa3 B
CeKYH/Y, YTO BBI3bIBAET Yepe3 IMOCJIEJOBATEILHOCTh HAaXAaTUH M BaKyyMHBIX KoJeOaHWH -
MoJlydaeMbIX Ojarogapsi OTKPBITUIO M 3aKpbITHIO 3JIEKTpoKiamaHa 23, ymnpaBiIsieMoro
reHepaTopoM 26 - yJaJeHHe U3 IyJIBIIOBOIO KaHajla TEX AJIEMEHTOB, KOTOPBIE COAEpXKATCS
BHYTPHU YNOMSIHYTOTO KaHajla U JOJDKHBI ObITh yAajieHbl U3 Hero. Takue yhaeHHbIe JIEMEHTHI
cobuparoTcs BHyTpH cocyza 1.

[Io wucreyeHMH 3ampOEKTHPOBAHHOIO BpPEMEHHU JIEYEHHS C IOMOUIbI0 HUMIIYJIbCOB
JABJICHUS BaKyyMma, IIMTaHHE TeHepaTopa 26 OTKIIOYAETCs IOCPEICTBOM  BBIKIIIOUEHHS
reHeparopa 25, mpuyeM 3JeKTpoKIanaH 23 3aKphbIT.

B 93TOM COCTOSIHUM YCTpONCTBO TOTOBO JJIsi BBINOJHEHMS JIEYEHMS S>KUIKOCTIMM,
coJiepKallMMHKCs B KOHTeHHepax 3 u 4.

OTO ne4YeHue NMPOBOJIUTCS ITyTEM BBINIOJHEHUS TEX JK€ OINUCAHHBIX BBILIE ONEpaluil,
myTeM oOpalieHuss K KOHTeHHepy 2, MyTeM  MPOCTOM YCTaHOBKM MHOTONO3HIIMOHHOTO
nepexmoyarens 27 B nonoxenue Il ayis konrelinepa 3 u B nonoxenue Il s xonreiinepa 4 u
BO3JICHCTBUS HAa COOTBETCTBYIOINE KHOMOYHBIE BBIKIOUYaTenn 32 u 33.

OTH JAEUCTBHS B BBILICYNOMSHYTOM IOCIEAOBATEIBHOCTH MOTYT OBITh ITOBTOPEHBI,
HarpuMep, IMATh pa3 ¢ XUMHUYECKOW JICUeOHOW KHUIAKOCTBIO, COJEpKamielcs B KOHTeHepe 2
(mocpescTBOM BO3ICHUCTBUSL Ha KHOIMOYHBIA BBIKIIOYATeNnb 31); Tpu pa3a ¢ SH3UMHOU
(bepmeHTaTUBHOI) )KUAKOCTHIO, COIEpXKAIICHCS B KOHTEHHepe 3 (ITOCPEICTBOM BO3ICHCTBUS Ha
KHOTIOYHBIM BBIKIIOUaTedb 32) M JBaXIbl C TMOCIEAHEH NPOMBIBAIOIIEH JKUAKOCTHIO,
coJiep KalIeicsi BHyTpH KOHTeHepa 4 (ITOCPEACTBOM BO3JEHCTBUS HA KHOTIOUHBIN BBIKITIOYATEb
33).

Ecnu HeoO6XonMMoO COKpaTUTh BpeMsi Je4eOHOro IHMKIIA, MPOLECC MOXKET MpPOTeKaTh
CIIEIYIOLIIM 00pa3oM.

[Tocne momaum kaxaoil jJedueOHON >KUIKOCTH (coaeprkalieiics B KOHTelHepax 2, 3 u 4
COOTBETCTBEHHO) B ITyJIbIIOBBIN KaHaJI, KAK ONIMCAHO BBIILIE, BBIKJIIOUATENb 20 BKJIIOYAETCS.

[Tocne Brimrouenus Beikirouarens 20, pene 21 3akpbIBaeT U, B CBOIO OYEPEb, OTKPHIBAET
AJIEKTPOKJIanaH 22 U 3JIeKTpoKiIanaH 23, u, HakoHell, Bo30yKIaeT 4acTOTHBIN reHepaTtop 19.

YacroTHblll TeHepaTop 19 BBINONHAET OJAHOBPEMEHHO BO30YXKACHHE 3JIEKTPOKJIANaHOB
15 u 16, npuyeM yacToTa MPSIMOYTOJBHBIX UMIYJIbcOB paBHa 120 I'u, Tak, 4ToOBl MOIYYHUTH
M3MEHEHHUE KHUJKOCTH, OIpelesieMoe CIeIyIoNM 0o0pa3oM: B TE€UEHHE IEPBOM IOJOBUHBI
cexynzp! (60-120 [') mmeer MecTo MOTOK KHUJIKOCTU Nof faBieHueM 0.4 Gap uepes TpyOKy 14 u
aNeKTpokianan 16. YrnomsiHyTas >kMIKOCTh MOMAAET B MyJIBIIOBBIN KaHai 3y0a 9 yepes TpyOKy
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12 u 3areM mnpomonkaeT Teub dvepe3 TpyOky 11 wu snmekrpoknaman 15, 1py6ky 13 u
AJIEKTPOKIIANAH 22, ¥ 3aKaHYMBAET CBOE TEYEHUE B cocyle 1.

3a BTOpYyIO mNONOBUHY cekyHabl (60-120 I'm) >xuakocts OyneT mpoTekarb MO
cienyroomeMy myTu: Tpyoku 14 u 18, snexrtpoknaman 15, tpy6ka 11, 3y6 9; TpybOka 12,
anekTpokianad 16, Tpyoku 17 u 13, cocyn 1.

Hakonern, Beikmtouarens 20 BBIKIIOYASTCS, BBIKIIOUaTeIn 44 m 25 BKIIOYAIOTCS B
TE€YEHNE HECKOJIBKUX JECITKOB CEKYHJ] M 3aTEM BBIKIIIOYAIOTCS] CHOBA.

bnarogaps Tomy, 4to nedyeOHbIE )KUJIKOCTH TEKYT B IEPEMEHHBIX HANpaBJICHUSX, BCETaa
MOKHO TOJIyYUTh Kaue€CTBEHHOE OUMILIEHHUE IIyJIBIIOBOTO KaHaja M KOPHEBBIX KAaHAJOB, M 3a
OUYEHb KOPOTKOE BPEMSI.

B 37Ol TOuke IMKJI 3aKaHUMBaeTCs. YMCIO 3THX LUKIOB MOYKET IOBTOPSATHCS CTOJIBKO
pa3, CKOJIBKO 3TO HEOOXOIUMO.

[Tocne Toro, kak MPOBEICHO YMEPTBIICHHE U JICUEHHE KaHala, KaK OMHCAHO BBILIE, 3y0
MO3KET OBbITh 3aIJIOMOMPOBAH MOCPEACTBOM MOMEIICHUS MOS0 Uribl 38 K BepUIMHE KOPHEBOIO
kaHasia 45. OTBepcTHe B IyJBIOBOM KaHajle 8 3aKphIBAECTCS HEOOXOIUMBIM KOJIMYECTBOM (C
HEOOJBIIMM M3JIMIIKOM) IIoMOupyromel nactsl 46, mpuueM HEOoOXOIUMO BHUMATEIbHO
yCTpaHUTH JII00O0M MPUTOK BO31yXa, 3aTeM TpyOka 36 cBsi3biBaeTcs ¢ mosoil urioit 38. B atoit
TOYKE, TMOCPEJICTBOM BKIOYEHUA BbIKItoUarens 41, oTkpeiBaercs siekTpokianan 40,
CBSI3BIBAIOIIMI BaKyyMHBIH pe3epByap 1 ¢ KopHeBbIM KaHanoM 45. bnaronmaps BakyyMmy,
CO3/1aBa€MOMY TakuM oOpa3oM, IIoMOUpytolias nacta 46, paHee pacroyio)KeHHas B OTBEPCTHH
IIyJIBIIOBOTO KaHaja & IIpUCcachlBaeTCs B KOPHEBOM KaHan 45, 3amoyiHAd €ro Tak, Kak
Heooxoaumo (ur 2).

Boikmrouarens 41 pa3oMkHYT, anekTpokianal 40 3akpsiBaeTcs, ojas uria 38 yaansercs
13 KaHana 45, v onepaius mIoMOUPOBAHHUS 3aBEPIIIACTCS.

TpyOka 36 MOXeT 3aKaHYMBATbCS HECKOJBKMMHU COCIUHHUTEIbHBIMM YacTsIMHU 37 ais
HECKOJIbKMX TOJBIX UIJT 38 JUIsi OTHOBPEMEHHOTO JICUEHUsI HECKOJIBKUX KaHAJIOB OJHOTO U TOTO
xKe 3y0a.

[IpeumyrmiecTBa ycTpoiCcTBa, CKOHCTPYHPOBAHHOTO B COOTBETCTBUU C HACTOSIIUM
n300peTeHreM, MOTYT ObITh KPAaTKO OIpeesieHbl caeyromuM o0pa3oM. PaboTa B myaIbMoOBOM U
B KOPHEBBIX KaHaJax, IJIaBHBIM 00pa3oM, BBIMOJHAETCS MOJ BaKyyMOM U Mpu aTMochepHOM
JIaBJICHUH.

3anadeil co3naHus BaKkyyMa BHYTPU INTIOMOUPYIOIIEH CHCTEMBI, COCTOSIICH U3 anmapara,
MYJBIIOBOTO M KOPHEBBIX KAaHAJOB, SBIAETCS, BO-TIIEPBBIX, oObOecreueHue HeoOX0aUMOro
JNENCTBUSL XMUMHMUYECKON >KHIKOCTH, M, TakKMM oOpa3oM, yJajleHHE U U3BJIEYEHHE HEpBa K
BHYTPH3YOHOM MYJIbIBI; BO-BTOPBIX, OOECIEUYEeHHE TOIHON O€30MacHOCTH HCHOIb30BAHUS
XUMHUYECKHX )KUJIKOCTEH (HEKOTOPBIE U3 KOTOPBIX EAKHE).

Kpome Toro, amelictBuMe BakyyMa (3agadya KOTOpPOTO OOECIEUYHTh INOMNaJaHUEe BHYTPhb
KHUJIKOCTH, TaK YTOObI OHA MOIJIa BCTYMUTh B KOHTAKT C MaTepuaioM, KOTOPbIii HEOOX0IUMO
YAAIUTh) U TOAAyYa KUJKOCTEW M BO3JyXa B BaKyyMHYK) CHCTEMY HMITYJbCAMHU Pa3IU4HON
YacTOTHl MPHUBOJUT K HCKIIOYUTENbHO 3(PQEKTUBHOI omepanuy MO OYHCTKE IyJIBIIOBOTO M
3yOHBIX KaHAJIOB;

[ToaToMy, OTAMUYNTENbHBIE TPU3HAKA U OCHOBHBIE YEPThI YCTPOICTBA, B COOTBETCTBUU C
HACTOSIIIUM H300pETEeHUEM, COCTOSAT B TOM, YTO OHO JOJDKHO paboTaTh IMOJ BaKyyMOM U IpH
aTMOoc(epHOM JIaBJIEHHUH, U C IOMOUIBIO IYJIbCUPYIOIIET0/TIEPEMEHHOIO MOTOKA MHUAKOCTH,
coJiepKalleiicss BHyTpH IIIOMOUPYEMOTro HEPBHOTO y3J1a.

Pe3ynbpTaThl mMpakTUYECKUX HCHBITAHUM MOKa3aJd, YTO MPOUCXOAMT IOJHAS OYHCTKA
MYJBIOBOTO M KOPHEBBIX KaHAJOB HE3aBUCHMMO OT (OpMBI M pa3MepoB MOCIEeTHHX 0e3
MIPUMEHEHHUS KaKUX-1100 HHCTPYMEHTOB J1JIsl BHYTPUKaHAIbHOIO BMELIATEIbCTRA.

Omnepanus 1no rIoMOMPOBAaHHIO BBIJICUEHHOTO 3y0a, BBIMOJHsAEMAs KaK OMHCAHO BBILIE,
npenoxpanser 3y0 OT 3aJiepKUBaHUSI BHYTPU KaHalla My3bIpbKOB BO3/lyXa, KOTOPHIE MOTYT OBITh
MPUYMHOM BOZHUKHOBEHHUSI HH(EKIIHUH.
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®opmy.a nzodperennst

1. YcTpoicTBO [UIsl J€4EeHHsT KOPHEBOTO KaHalla, COJEpKalllee BaKyyMHBIM Hacoc W
NEPBBIH KOHTEWHEp, OTIHMYAIIIEECs TEM, YTO AOMNOJHUTEIBHO COACPKHUT IE€pPMETUYHBIN
pesepByap € Tpemsl OTBOAAMH, IEPBBIM M3 KOTOPBIX IOJKIOYEH K BaKyyMHOMY Hacocy,
CHa0>)KEHHOMY DETYJISITOPOM JAaBICHHS, OTPAaHUYHMTENEM JIaBJICHUS U MaHOMETPOM, BTOPOH U
TpeTUil KOHTEMHEpHl, MNPU D3TOM KaXKIbli U3 KOHTEHHEPOB CHAOXXEH COOTBETCTBYIOLIUM
AJIEKTPOKJIAaHOM, BBIXOJIbl KOTOPBIX OOBEIMHEHBI I MOABOJA K MyJbIOBOMY KaHaly 3y0a u
Yyepe3 YeTBEPThIM 3JEKTPOKJIAnaH - K BO3AYLIIHOMY (WIBTPY, BTOPOH OTBOJ T'€pPMETHYHOTO
pe3epByapa MOJKIIOUEH K MATOMY 3JIEKTPOKJIANaHy Ui MOJBOJA K ITyJBIOBOMY KaHaly 3yoa,
TPETUN OTBOJ TEPMETHUYHOTO pe3epByapa - K MIECTOMY JJIEKTPOKJIANaHy JUuisl MOJABOJA K
MyJBIIOBOMY KaHally 3y0a, MpHYeM MEpBbIA, BTOPOH M TPETU HJIEKTPOKJIANaHbl 3JIEKTPHUECKU
COEIMHEHBI yepes COOTBETCTBYIOIIUI MHOT'OTIO3UIIMOHHBIN MIEPEKII0YATENb c
MHOTOIIO3ULIMOHHBIM ~ KOMMYTaTOpOM, OJWH BBIBOJ KOTOPOIO COEAUHEH C IEPBBIM
AJIEKTPOKJIAIAHOM, BTOPOM BBIBOJ - CO BTOPBIM JIEKTPOKJIAIIAHOM, & TPETUH BBIBOJI - C TPETHUM
AJIEKTPOKIJIANIAHOM, JIPYTME BBIBOJBI IEPBOTO, BTOPOTO M TPETHETO MHOIONO3UIIMOHHBIX
MEpPEKIIoYaTeIel d4epe3 COOTBETCTBYIOUIMM IEpPBbIM, BTOPOW M TPETUA KHOIOYHBIE
BBIKJIIOYATEIM OOBEAMHEHBl M IMOJKIIOYEHbl K OCHOBHOMY BBIKJIIOUATEINIO, COCAMHEHHOMY C
IIMHOM MCTOYHMKA MUTAHUS, KPOME TOTO, K IIMHE NCTOYHUKA IUTAHUS Yepe3 MOCIIEI0BATEIbHO
COCIMHEHHBIE YETBEPTHIM KHOMOYHBIMA BBIKIIOYATENb W MEPBBIM TE€HEPATOp MOJKIYEH
YEeTBEpPThIA DJIEKTPOKJIANaH, K OObEIMHEHHBIM MEPBOMY, BTOPOMY U TPETbEMY KHOMOYHBIM
BBIKJIIOYATENISIM Yepe3 MOCIIEN0BATENIBHO BKIOYEHHBIE BTOPOU FE€HEPATOP U MATHIM KHOIOYHBIN
BBIKJIFOYATENb MMOJKIIOYEH IITHINA JJEKTPOKIANaH, K IIMHE UCTOYHUKA NMUTAHUS Yepe3 IIEeCTON
KHOIIOYHBIN BBIKJIIOYATENb MOJKIIIOUEH LIECTON IEKTPOKIIAIIAH.

2. YerpoiictBo 1o 1. 1, oTnuyatonieecs TeMm, 4TO TPyOOIpOBOA, OObEIMHEHHBIN C
NEPBbIM, BTOPHIM M TPETBUM DIIEKTPOKJIANAHAMHM, U TPYOONPOBOJ, COCIAWHEHHBIH C MATHIM
AJIEKTPOKIJIANIAaHOM, CHa0XeHbl OTBOJAAMHU C COOTBETCTBEHHO C CEIbMBIM U BOCHMBIM
AJIEKTPOKJIANIaHaMH, YIIPABJIAIOIINE BXOIbl KOTOPBIX MOAKIIOUEHBl K YaCTOTHOMY I'€HEpPaTopy,
BBIXOJl KOTOPOTO COEIMHEH C 4YEeTBEPThIM JJIEKTPOKIIAIIAHOM, 4Yepe3 pene - ¢ IISThIM
AJIEKTPOKJIAIIaHOM M Yepe3 CEJbMOM KHOIMOUHBIA BBIKIIOYATENb - ¢ O0bEAMHEHHBIMHU IEPBbIM,
BTOPbIM U TPETHHUM KHONOYHBIMU BBIKJIIOUATEISIMH, a MEXAy TpyOONpoBOJaMU U OTBOAAMHU
pa3melieHbl OaiiiacHble TPYOOIPOBO/IBI.

3. YerpoiictBo 1o nm. 1, oTnuyarwnieecs TEM, YTO TPETHM OTBOJ IepMETUYHOTO
pe3epByapa CHa0XeH, 110 KpaitHel Mepe, OJHOH 1010 UTIIOM.
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