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Abstract

The purpose of the article is to determine the nominal frequency of impacts of a machine for opening the iron
notch of blast furnace taking into consideration mechanical characteristics of bored notch masses and the freque-
ncy of rotation of the drill rod. The effect of such factors as ultimate pressing strength and frequency of rotation
of the drill rod on the desired frequency of punch impacts was estimated analytically. The recommendations to cho-
ose the design parameters of hammer mechanism of the machine for opening the iron notch of blast furnace were
worked out. There is a theoretic consideration of a process of interaction of tools and frozen notch mass while using
different methods of opening of iron notch of blast furnace. The article presents new scientifically based theoret-
ical results, which are essential for solving the problem of determining the power parameters for opening the iron
notch, as well as for a choice of rational parameters of the mechanism of boring of opening machines. The problem
was solved on the basis of a comprehensive study of real notch masses and iron notches of blast furnaces, as well
as structures of punch. A mathematical model that allows determining the nominal frequency of the punch impa-

cts was designed

Keywords: punch, machine for opening the iron notch of blast furnace, impacts frequency, percussion rotary

boring, impact energy
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1. BBenenue

ImapoxHaMuKa - 3TO pasdmes (GU3UKU CIJIONIHBIX
cpell, U3yYaloluil ABUKEHNE HUIEATbHBIX U PEATHHBIX
JKUAKOCTeH u ra3os [1], KoTopble B TOM WU MHOM BHUE
SIBJISIIOTCSI OCHOBHBIMU CYOCTAHIUSIMU SKU3HEAESI TEIb-
HOCTH 4esioBeKa. VIMEHHO 03TOMY PUOOPHI U atmiaparhl,
paboTaolire Ha 3TUX CPellax, SBIASIOTCS hyHKIIMOHATIHHO
HanboJjiee OPraHUYHBIMU, IIPOCTHIMU U HAJIEKHBIMU.

PacemoTpuMm u mpoanaausupyem pabory psifia Me-
JAUIUHCKUX YCTPOUCTB, UMEIIUX HauboJiee MHUPOKOE
NprMeHeHWe B KJIMHHUKAX, MAIlIMHAX CKOPOIl TTOMOIIH,
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JNIOMAIIHUX U MOJIEBBIX YCJAOBUAX, C TOUKU 3PEHUS TUIPO-
TUHAMUKH.

2. OcHoBHAas YacTh

1. IInpun MeAUIUHCKUIT B HACTOSIIEE BPEMST BBI-
MyCKaloOT KakK OJHOpPa30Bbie MIpuilbl o6sémom 1, 2, 5, 10
u 20 MJI, YKOMIIJIEKTOBAaHHbIE CTAHAAPTHBIMU UTJIAMU C
HapyxubIM quametrpom 0,6 — 0,8 MM, Tak u crientuaabHbIE
HITTPUILEI pa3andHoro Hazuavenus. [lnpuir MoxHO pac-
CMaTpPUBATh KaK PyYHOU THAPABIMYECKUIT HACOC, HA BbI-




X0/1€ KOTOPOTO PACIIOI0KEHO KOMIIJIEKCHOE COPOTHBIIE-
HHUe B BUJE UIJIBI U TKaHel maruenta B 061acTH YKOJIA.
TuapaBimyeckoe COMPOTHBIEHNE UTJIBI KOHCTPYKTHBHO
00yCJIOBJIEHO HAJIWYHEeM BHe3amHBIX cyxenuit E1,E2,
BHe3anupiX pacmupenuit &3,§4 u conpoTuBiIeHHEM
TpyOku urnbt 5 (puc. 1) [2].

On HasbiBaeTcs C(HUTMOMAHOMET]P, €CJIU B KauyecTBe
MOKa3bIBAIoONIero MPUGopa YCTAHOBJIEH PTYTHBIN dyaried-
HbIII MAHOMETD, ¥ TOHOMETD TPHU HCIOJIb30BAHUU TPY-
JKUHHOTO (CTPEJIOYHOr0) MAHOMETPA.

ITotok cxkaroro Bo3ayxa, BcachbiBaeMblii uepe3 obpar-
HBII KjanaH | pydyHBIM IHEBMOHacocoM 2 (pe3uHOBOM
rpylieif), mojaeTcs OJHOBpe-
MEHHO B IIEPEMEHHYI0 EMKOCTb 8
(MaHXKeTy), YCTAHOBJIEHHYIO Ha
pyKe TIaliuenTa, U Ha TTOKa3bIBa-
touuii npubop. O6parTHbIi Kia-
MaH 3 mpefoTBpallaeT yTeuKu

Shpy

- 13 eMKOCTH 8 u MaHoMmeTpa 00-

patHo B rpynry 2. /[ng nmiaaBHo-
ro cbpoca AaBJIeHUs B CUCTEME
HUCTIOJIb3YETCSI PEryaupyeMblii
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Puc. 1. Cxema mecTHbIx rMapaB/U4ECKHUX COI'IpOTMBﬂeHHl:i B TPaKTe «LWnpUL-HUrna»

BennynHa THIPABIMYECKOTO COMPOTUBJIEHNS BBIXOJ-
HOTO TPAKTA MITIPUTIA, HAPSY C CUJION TPEHUs TOPIIHS O
KopIyc, n obycraBiuBaeT pabouee ycuane, He0OXOIUMOE
IS IepeMeltienus mroka. [IpoBenennbrii onpoc mpakTHKYy-
FOIIMX MPOIEAYPHBIX CECTEP BBISBUJ CJEAYIONINE THIIOBbIE
HEIOCTATKHU IITPHUIIOB PA3JIMYHBIX KOHCTPYKINH 1 hupm-
U3TOTOBUTEJIEN, KOTOPBIE MOTYT 3aTPYAHSATH TOATOTOBKY U
MPOBeJIEHIE MPOIEAYPBL. ITO HEOOXOAUMOCTH TTPHIIOKEHUST
YpE3MEPHBIX YCHJIUN B CAMOM Hauajie Habopa JIeKapCTBeH-
Horo mpemnapara (JIIT) us ammysel, T.e. B mepnoy, moxa Io-
BEPXHOCTH KOPITyca IIIPHIIA U TIOPIIHS CyXUe; a TAKXKe J10-
CTaTOYHO 6OJIbIIOE Yeuiue HOIBIIOTO MaJIbla IIPU BBEACHUU
JIII, ocobGenHo 1pu paboTe co mipuiamMmu GOJIbIION eMKOCTH,
YTO IIPUBOAUT K OBICTPOMY YTOMJIEHUIO KUCTH.

Takum 06pas3oM, Npu MPOEKTUPOBAHUU IIIIPUIIA HE-
00XOMM IPAMOTHBIN KOHCTPYKTOPCKUN MOAXOJ K Ha3Ha-
YEeHUI0 HEOOXOAMMBIX J0MYCKOB U MOCA0K, BBIGOPY COOT-
BETCTBYIONINX MAaTEPHAJIOB M TEXHOJOTUH U3TOTOBJIECHUS,
a Tak’Ke MpOoBe/leHNe TPOBEPOUHBIX TH/IPABINIECKUX PAC-
YeTOB MPOTOYHOTO TPAaKTa <IIMPUI-UTJIA» C b0 €ro
TUIPABJIUYECKOTO COTTPOTUBIIEHMSI.

2. IpuGop A5t u3MePEHHs APTEPUATHHOTO /LaBIEHH S
(ITUA[l) npeacraBasger co6oii nHeBMaTHYeCKU a160
MTHEBMOTU/IPABJIMYECKUIT allTIapar, cXeMa KOTOPOTO TpH-
BejieHA Ha PUC. 2.
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— OBICTPOPA3HEMHOE COCAUHE-
nue 5. [poccenb 4 MoxeT ObITH
NUTOoJbYaTOTrO0 MUJNU CErMEHTHOTO
THUIIA U PA3MEIaThCsl B OTAEIbHOM KOPIIyCe UJIU BCTPau-
BaThCsI B IPYIIY.

3. YcrpoiicTBo ANg BIMBaHUS KpoBe3aMeHUTeJeill U
nep¢dy3HOHHBIX PACTBOPOB (KaleJbHUIIA) TTPe/CTABISIET
co00il YHUKAJBHOE 110 IPOCTOTE KOHCTPYKIIUU U TOUHO-
CTH JI0O3UPOBAHMSI TUPABJINYECKOE YCTPOHCTBO, cXema
KOTOPOTO IpUBeJieHa Ha PUC. 3.
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Puc. 3. MHeBMorngpasnuyeckas cxema KanesbHULbl

IIpakTUYecKn OHO SABJISIETCS MOYTH THAPOCTATUICCKUM
arnmaparom, paboTa KOTOPOro OCHOBaHa Ha TOM, YTO KaiK-
nast nocaexytomas xamnas JIII mopaercs B Tionbman 7 n
MOTIOJTHSIET YPOBEHD JKUKOCTU B HEM TOJIBKO TOT/IA, KOT/a
naBJieHue cTos6a )KUKOCTU BBICOTOM h cTanoBUTCA 0CTa-
TOUYHBIM JIJISI TIPOZIaBAUBaHMsI ouepepHoi karnu JIII B Beny
narueHTa U MPeo[0JIeHUsT IPU 3TOM CONPOTUBJIEHUS TH-
JIPaBJIMYECKOTO TPAaKTa 13 TPyOOIpoBoaa 8, peryanpyemMo-
ro npoccedist 9, urint 10 U mo/mopa BEHO3HOTO JIaBJIEHUSI.

Emrocts 1 ¢ moarorosieHHbIM 1 BBegenus JIIT 2
00BIYHO yCTaHABJMBaeTCs Ha IuTaruBe (Ha PUC. HE I10-
kaszaH). [Ipu 3TOM MMEHHO BBICOTA MITATHBA OIPEJEseT
MaKCHMaJIbHO BO3MOKHYI0 CKOpocTbh nogaun JIIT mpu mosi-



HOCTBIO OTKPBITOM jipoccesie 9. B Bepxueii uactu emxocTu 1
obpasyeTcst BO3/IylHast KaMepa 3, KoTopasi 3ateM coobIia-
eTcs ¢ armocdepoil uepes3 Uity 4, BBOIUMYIO B PE3UHOBYIO
npobky 5. Iocaenyomas nmogada 6apOOTaKHBIX My3bIpeil
Bo3ayxa 11 B kamepy 3 uckiouaeT 06pazoBaHue BaKyyMa
B eMkoct 1 1o mepe pacxonosanusi u3 Hee JIII. Pazmep
KaleJsb ONpeesIsieTcsI Pa3MepoM coIlia 6, BBITOJHEHHOTO
B BepxHeil yactu Tioabnana 7. I[Tocaennuii obecieynBaet
MPUHYANTEIBHBII pa3pbIB HenpepbiBHOTO ToTOKA JITT, G1a-
rojiapsi YeMy HMCKJIIOYaeTCs MoTajiaine B BeHY Tal[ueHTa
My3bIPPKOB BO3/lyXa, a TAK)Ke TOSBJSETCS BO3MOMKHOCTH
«otkaTa» JIIT u3 Tpy6ornposoaa 8 6e3 HeOOXOAUMOCTH BbI-
HYKJIEHHOTO OTKJIIOUEHU S MTallueHTa OT CUCTEMBI.

Perysupyembiii gpoccesb 9 B 06bIYHBIX YCTPORCTBAX
OYeHb ITPOCT ¥ BBHITTOJHEH B BUJIE POJTUKA, KOTOPBIH ITPH Ha-
CTPOIiKe TlepeMeniaeTest B KOHycooOpasHoM mase Kopiyca
u repexuMaet TpyOonpoBoa 8, U3MeHsIsl €ro MPOXOHOe
ceyenune. OlHAKO Takas MPOCTOTA KOHCTPYKIIMU UMEET 1
CBOIO OTPUIATETBHYIO CTOPOHY, TAK KaK U3-32 peJlaKcalu-
OHHOII crocobHOCTU MaTepuaa TpybOIpPoOBoAa BbIOPaH-
Hasl HACTPOIKa CO BPEeMEHEM <IIJIBIBET», UTO IPUBOJIUT
K HEOOXOAMMOCTHU I€PUOAUIECKOrO MOAHACTPAUBAHUS
YaCTOTHI T10JIaUM Kallesib, 2 3HAUUT, HEPOU3BOAUTEIbHOMN
orepe BpeMeHH 00CIYKUBAIOIIETO Me/IIIEPCOHAIA.

B mupoxo#l ramMme MeAMIMHCKHUX allapaToB AJs
CO3/IaHMs BaKyyMa YCIEITHO HCIOJb3yeTcs aggexm
aocexyuu. B 0O6pasoBaHHYIO 30HY paspekeHUusi 0OBIYHO
npoucxoaut nogcaceiBanue JIII u gpyrux HeoOGXOAUMBIX
[OTOKOB Pab0Y X CPEJI C UX MOCJIEeLY IONIIM PACIIBIIEHUEM,
CMEIIMBAHUEM U B/lyBaHUCM.

[lns cozmanus addexTta 3KEKIUN ¢ HUZKUM yPOBHEM
BaKyyMa MCIIOJIb3YIOTCS CHEIMAJIbHBIC COIJA, B KOTOPbIE
MojlaeTcsl MOTOK pabodueil cpeibl MO JAOCTATOYHO BBICO-
KM JIaBJIEHIEM OT KOMIIPeccopa Ui GajlJIoHa CO CKATHIM
razom. IIpu HEOOXOAUMOCTH CO3/IaHKS BAKYyMa BbICOKOTO
ypos#st (10 50 klla) IpUMEHSIOT ClIeNHaIbHO CIIPOEKTUPO-
BaHHbIE 93KeKTOPBI [3]. PaccMoTpuM THIIOBBIE KOHCTPY KT
MEINIIMTHCKUX allapaToB C UCIOJb30BAHNUEM 95KEKITH.

4. Unranarop 6siToBoii Tuma AUMUII-1 npeacrasaser
€060l ycTpoiicTBO a1 (hOPMUPOBAHUS U TOCTIENYOIIETO
MOJIyaKTUBHOTO BITPBICKA MEJTKOIUCIIEPCHOI a9P030TbHOM
cmecn JIII B meixaTtesnpHble myTHn manueHTta. IIneBmorn-
IpaBINYeCcKas CXeMa WHTAJSITOpa IPUBeIeHa Ha PUC. 4.
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Puc. 4. NHeBMornppaenuyeckas cxema MHranatopa tuna
ANUM-1

[Ipu pabore B wHTaIsITOPE GOPMUPYIOTCS TPU TTOTOKA
pabouymnx cpejr: CKATOro Bo3ayxa, remoro napa u JIII, ko-
TOpble OUeHb 3(PHEKTUBHO M KAUECTBEHHO CMEIINBAIOTCS
U PACHBIISIOTCS C TTOMOIIBIO 95KEKTUPYIONIEro comJa 8.

Ilomox cacamozo 6030yxa, co3paBaeMblii MeMOPaHHBIM
xommpeccopoM 2, o nasiaenueM g0 100 xlla momaercsa

110 Tpy6onpoBoAYy 6 Ha rJIABHOE 95KEKTUPY IOIEE COILIO 8 1
ncTeKaeT u3 nero B Hacajnok 14. Ilpu atom, 6raromapst no-
CTaTOYHO BBICOKOI CKOPOCTHU NCTEYEHN 1, HA BBIXO/IE COTLIA
8 cosmaeTcs 30Ha pa3pekeHus], B KOTOPYIO 13 eMKoCcTH 13
yepes Tpybonposox 12 u skuakoctHoe coro 10 nomcacsi-
Baetcs nomox JIII ¢ pacxogom y1o 0,3 r/Mun. On1HOBpEeMeH-
HO B 30HY 9KeKI[UU depe3 TohpUpOoBaHHBINA TPyOOIPOBO/L
7 TOJCACBIBACTCS NOMOK MENJL020 NApa ¢ TeMIIepaTypoi
35+4°C us o6bemMa, 06pa30BAHHOIO Hajl TOBEPXHOCTHIO
3aJIUTOHN B eMKOCTD 3 U IIPe/IBAPUTEIbHO HATPETOM /10 KU-
nenust BoAbl 4. O6a 95KEKTUPYEMbIX IOTOKA PACTIBLISIOTCS
U TIePEeMEITUBAIOTCST BO3/YIITHON CTPyeil 1 06pa3oBaHHbI
TEeTJIbIHT JIEKAaPCTBEHHBINH a9PO30JIb ¢ AMCTEPCHOCTHIO 15-
30 MxM uepe3 Haca/ok 14 MPUHYAWTETBHO BAYyBaeTCs B
JbIxaTesabHbie Iy TH. PaboToll mHTragsiTOpa yIpaBJser caMm
MaIUeHT, TePUOANYECKU Ha)KUMasi Ha Ky POK pacrpe/esin-
tesst 11 u koMmMyTUPys eMKocTb 13 ¢ 30HOIT A3KEeKITNH.

5. Anmapar aprxateabHoi peanumanuu tuna <Topuo-
cracaresb» BBIIIYCKAETCS B PA3JMYHBIX MOAUBUKAIUAX
M IIpe/IHa3HAYuCH /11 BOCCTAHOBJICHU S JIBIXAHU S Y TIOCTPa-
JABIIUX TIPY HECUYACTHBIX CJydYasX C HapyHIeHHEM HJIU
MOJIHBIM IIPEKpalleHneM CaMOCTOSATENbHOTO JIBIXaHUS.
Annapar umeer Tpu pekuMa pabdOThL UCKYCCTBEHHAs
Bentussus jgerkux WUBJI (mpunynurenpHoe BayBaHue
B JIETKHE U OTCAChIBAHUE U3 HUX KUCJIOPOJHO-BO3/LYIIHOMN
cMecn); MHTaA s 1 acnupanud. [azonnesmarnyeckas
cxeMa afmapara ImpuBejieHa Ha puc. 3.

McToYHUKOM TUTAHUS alllaparta siBJAsSeTCs KHCJIOPO/I-
Hbri 6asaon 1 emkoctbio 2,0 11, 3apsisKEeHHbII Ha JaBJIeHUe
22,0 MIla. BesinunHa JIerouHON BEHTUIS MY 3a/1a€TCS 110
PEAYKTOPOM 2 110 JIUTPOMEPY 3 U B CPeJHEM COCTaBJISET
20 j1/MuUH.

Iepen mposeaenmem MBJI wan wHramsamuu obs3a-
TEJIbHO HEOOXOAMMO OUYUCTUTDH JbIXATeJNbHbIE IIYTH OT
WHOPOJIHBIX BelecTB u causu. s aToro ammapar pac-
npezgenuteseM 15 BKJIoYaeTcsl Ha PEXUM acHupanun
1 KUCJOPOJ TIOJIAeTCsl HAa 9KEKTOP 5, KOTOPBIH cO3aeT
ray6okuii Bakyym 0 50 klla B 6anke-c6opHuke 14 u or-
cacpiBaiomieil Tpy6Ke, BBEIEHHON B POT MOCTPafaBIIero.

PaGory anmapara Ha ABYX APYTHX pexumax obe-
crieunBaeT TJaaBHBIN nHKeKTOop 4. B pexxume BJI on na
(ase Broxa mojacachiBaeT arMocepHbIil BO3AyX, 06pasyeT
KHCJIOPOJIHO-BO3/IYHIHYIO CMECh U BIyBaeT €€ B MacKy 9, a
Ha (haze BbIIOXA 0TCAChIBAET OTPAOOTAHHY O CMECH U3 Jier-
KUX 1 BbiOpaceiBaet ee B arMocdepy. [Ipu noctmkenun B
JIETKUX U30BITOYHOTO JaBieHust 12 MM.pT.CT UJIK BAKyyMa
5 MM.PT.CT TIPOUCXOIUT aBTOMATHYECKOE MEPEKJIIOUCHIE
armapara ¢ OfHoit ¢pas3bl pabOThI HA APYTYIO IIYTEM OaYH
TEKYIIEro JAaBJeHMs Ha MeMOpaHHbIN OJI0K 6, CBSI3aHHbIT
¢ pacnpegeauresnem 7. Jlus npeporspaiienust 6apoTpas-
MBI JIETKUX B allllapaTe YCTAHOBJECHBI NPEIOXPAHUTEIb-
Hble KJIalaHbl U30BITOUHOTO AaBieHus 12 u Bakyyma 13,
Hactpoennbie Ha gaBienue 18-20 MM.pT.CT. 1 pa3pexenue
7-9 MM.pPT.CT. COOTBECTBEHHO.

B pexume wmurangmum B pazbeM rodpupoBaHHON
TpyOku 10 ycTaHaBIMBAaeTCsl PE3UHOBBII JbIXATEJNbHbIil
MEIIOK, B KOTOPBIN MHKeKTOpoM 4 momaercs 60% -Has
CMeCh WJIM YUCTBI KUCI0po aHajgoruuHo pexumy NBJI,
HO TIPU 9TOM JIBIXaHUE MaIUEHT OCYIIECTBISIET CaMOCTO-
SATEJIBHO.

BaskHO OTMeTUTH, YTO B Ipoliecce paboThl rJIaBHBII
WHKEKTOP 4 110/icachiBACT BO3/LYX U3 OKPYIKAIONIEH CPEIbI,
YTO UCKJII0YAeT BO3MOKHOCTD NCIIOJIb30BAHUS allliapaTa B
YCJIOBUSX 3a/[BIMJICHUST UJIV 3ATTBIJICHHSI.
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Puc. 5. l'azonHeBmatuueckas cxema annapata Tvna «lopHocnacatenby

3. BoiBozIBI skciayaranuu obopysoBanusi u obecmeduth Goisee
koMdopTHBIE yca0BHUs 00CTYKUBAHWS MallMeHTa, a

3HaHue M noHuManue GU3NYECKUX OCHOB (PYyHK-  MHKEHEPY-KOHCTPYKTOPY MCEAUIIMHCKON TEXHUKHU
MUOHUPOBAHUSA MEAMIIMHCKMX annaparoB IM03BO- — pa3pabaTbiBaTh COBEPIIEHHOE M 3PrOHOMHUYHOE 000-
JUT MEJUIMHCKOMY IMepPCOHAJNy MOBBICUTH KAa4eCTBO  pyJOBaHHeE.
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Abstract

The article represents the original hydraulic and composite schemes of the most commonly used medical devices
and their description in terms of hydrodynamics. There is an examination of a medical syringe as manual hydrau-
lic pump, the outlet of which is a complex resistance in the form of needle and tissues of the patient in the place of
injection. Its defects and ways to improve the ergonomics were suggested. The scheme and peculiarities of the device
Jfor measuring blood pressure were described. The hydraulic scheme of the device for solutions infusion was sugg-
ested, and the principal features of its work were indicated. The efficiency of the ejection phenomenon in medical
devices was considered. There is a diagram and description of the inhaler usage with an ejector nozzle for feeding
and mixing of three fluid flows. There are the scheme and the peculiarities of operation of the artificial lung ven-
tilation device powered by an oxygen cylinder with two special ejectors to create a high vacuum and oxygen resp-
iratory mixture

Keywords: equipment, vacuum, hydrodynamics, pressure, medicine, principal scheme, nozzle, ejection



