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Pedepat. YipTpa3ByKkoBbIe METOABI YCTPAaHEHHS HEIMPOXOIMMOCTH COCY/IOB MONTYUIIH IIHPOKOE PACIIPOCTPAHEHHE BO BCEM
mupe. [IpenmyiecTBa — OTCYTCTBHE OIEPATHBHOTO BMEINIATENIbCTBA, HU3KAasi BEPOSATHOCTh OCIOKHEHHH M CTOMMOCTD JIedue-
HUS. YJIBTpa3BYKOBBIE BOJHOBOAHBIC CHCTEMBI MU Pa3pyNIeHHs BHYTPHCOCYAUCTHIX 00pa30BaHUM M yCTpaHEHHs HEIPOXO-
JVMOCTH COCYJa M3TOTAaBIMBAIOTCSI B BHAE MOJBIX MM CIUIOMIHBIX JUIMHHOMEPHBIX CTE€PXKHEH ITOCTOSHHOTO W ITEPEMEHHOTO
cedeHUil (KOHLIEHTPATOPOB-BOJIHOBOAOB). BemyTtcs pa3pabOTKM HOBBIX METOJAMK JICUCHHsS, OCHOBAHHBIX Ha IMPHUMEHEHHU
CTYIIEHYATHIX YJIBTPa3BYKOBBIX BOJIHOBOJHBEIX CHCTEM TpyO4aTOro THIA, MO3BOJIIONIMX IIOAABAThH XKHUAKOCTH B 30HY IHCIO-
KaI[i{ BHYTPHCOCYAUCTOTr0 0Opa3oBanus. Hanudue B qUCTANBHOM YacTH TaKUX BOJHOBOAHBIX CHCTEM IIOJIOTO chepruueckoro
HAKOHEYHHKA C OCEBBIM M OOKOBBIMH MHKPOOTBEPCTHSIMH, NPEAHA3HAYEHHBIMHE JUIS BO3ACHCTBHS 00pa3yIOIecs] KaBUTaIU-
OHHOM CTpyel Kak Ha BHYTPHUCOCYAHUCTOE 00pa3oBaHKe, TaK M Ha MOPAKEHHBI yYaCTOK COCYAMCTON CTEHKH, IMO3BOJISIET BOC-
CTaHABJIMBATh MPOXOANMOCTh COCYyJ[a C OXHOBPEMEHHBIM HOBBIIICHUEM SIIACTHIHOCTH COCYIHUCTOH CTEHKH. Takoe KOMOHHU-
poBaHHOE BHOPOYAApHOE M KABUTAIIMOHHOE BO3JCHCTBUE SBIISCTCS B HACTOSIIEE BPEMs OJHHUM n3 Hamboiee 3P (PeKTHBHBIX
METOJIOB JIEYEHHS] BHYTPHUCOCYAUCTHIX OOpa3oBaHUH. AHAIN3 pa3MepoB, KOHCTPYKIMH M MaTepHaoB IS HU3TOTOBICHHS
TpyO4YaThIX KOHIEHTPAaTOPOB-BOIHOBOAOB MOKAa3bIBAET, YTO UX (hOpMOOOpa30BaHME BO3MOXKHO INPOBOAUTH PA3IUIHBIMU
METO/AaMH: XOJIOMHOTO NeGOPMHUPOBAHUS, MEXaHUYECKOW, TruapoabpasuBHON 00pabOTKH, C HMCIOIH30BAHHEM CBapOYHBIX
(MM POOCTBEHHBIX MPOLIECCOB), DNIEKTPOIMTUYESCKUX, @ TAKKEe KOMOHMHHPOBAHHBIX METOZOB 00paborku. CyliecTByrommue
MPOLECCH MOTyUEHUs] JUIMHHOMEPHBIX U3/ENUi Manoro AMaMeTpa, OCHOBAHHBIE HA IUIACTHYECKUX METOJAaX, MEXaHHUECKOM
00paboTke ¥ HPU3NKO-TEXHUYECKUX METOJAX, UMEIOT PsiJ| HEJJOCTATKOB, HE NMO3BOJIAIOLINX MU3rOTaBINBATh TPYOUaThle KOHIICH-
TPaTOPBI-BOTHOBO/BI C TPeOyeMBIMHM XapaKTepUCTUKaMU. B cTaTbe NpencTaBiIeHBI PE3yNbTaThl aHANN3a JUTEPATYPHBIX
UCTOYHHUKOB, @ TAKXKE BBINOJHEHHBIX 3KCIEPUMEHTATbHBIX HUCCIEOBAHUM, KOTOPbIE MO3BOJIMIN 00OCHOBATh BHIOOP METO-
JIOB IIO3TAITHOTO M3rOTOBJICHHS TPYOYaThIX KOHLEHTPATOPOB-BOJIHOBOJOB. MOJYYEHUE TPYOUATOrO CTYNEHYATOro 3JICMEHTA
0e301paBOYHBIM BOJIOYEHHEM, NOJTyYEHHE pabouero HaKOHEUHMKA pas3fauyeii U 00XKUMOM, MOJydeHHe OOKOBBIX OTBEPCTHI
B pabo4yeM HaKOHEYHHKE HJIEKTPOXUMHYECKON MPOLIHBKOM.

KnioueBsbie cj10Ba: TpyOUaThIii KOHIIEHTPATOP-BOJIHOBO, BHYTPHCOCYAUCTHIC 00pa3oBaHus, ChepHIecKUil HAKOHEYHUK, MHK-
pOOTBEpCTHE, BOJIIOYECHHUE, IEKTPOXUMUYECKas IIPOLINBKA
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Abstract. Ultrasonic methods for eliminating vascular obstruction are widespread throughout the world. The advantages
of such methods are the absence of surgical intervention, a low probability of complications, and a low cost of treatment.
Ultrasonic waveguide systems for the destruction of intravascular formations and elimination of vessel obstruction are made
in the form of hollow or continuous long rods of constant and variable cross-section (concentrator waveguides). The develop-
ment of new methods of treatment based on the use of stepped ultrasonic waveguide systems of a tubular type is underway,
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allowing to supply fluids to the zone of dislocation of an intravascular formation. The presence of a hollow spherical tip with
axial and lateral micro-holes in the distal part of such waveguide systems, designed to influence the resulting cavitation jet,
both on the intravascular mass and on the affected area of the vascular wall, allows the vessel to be restored with a simulta-
neous increase in the elasticity of the vascular wall. Such a combined vibration and shock and cavitation effect is currently
one of the most effective methods of treating intravascular formations. An analysis of the sizes, structures and materials
for the manufacture of tubular concentrator waveguides shows that their shaping can be carried out by various methods: cold
deformation, mechanical, hydroabrasive treatment, using welding (or related processes), electrolytic, and also combined pro-
cessing methods. The existing processes for obtaining long products of small diameter, based on plastic methods, mechanical
processing and physical and technical methods, have a number of disadvantages that do not allow the manufacture of tubular
concentrator waveguides with the required characteristics. The paper presents the results of the analysis of literary sources,
as well as the results of experimental studies, which have made it possible to substantiate the choice of methods for the
step-by-step manufacture of tubular concentrator waveguides: obtaining a tubular stepped element by unrestricted drawing,
obtaining a working tip by distributing and crimping, obtaining side holes in the working tip by electrochemical cutting.

Keywords: tubular concentrator waveguide, intravascular formations, spherical tip, micro-hole, drawing, electrochemical
cutting
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BBenenune

IMpyMeHeHre KOMOMHHMPOBAHHBIX CIIOCOOOB Jie-
¢dopmupoBaHUS U 3JIEKTpodu3HUeckoil  00pabOTKH
JUIMHHOMEPHBIX TPYOHBIX 3arOTOBOK CJIOKHOW Teo-
METPHH OTKPBIBACT IIMPOKHE BOZMOKHOCTH CO3/IAHUS
HOBBIX BHJIOB MPOIYKIIMH, UYPE3BBIYAMHO BOCTPEOO-
BaHHBIX B TAKKX 00JIACTAX, KaK TOYHOE MPUOOPOCTPO-
€HUE W MEIUIMHCKAS MPOMBINLICHHOCTh. OCOOCHHO
aKTyaTbHBIMHU SIBIISIFOTCS Pa3pabOTKa W CO3JaHHe H3-
JeNuid MEITULIMHCKOrO Ha3HAYeHWs! IS JICUSHHUsl cep-
JICYHO-COCYIIMCTHIX 3a0osieBanmil. Tak, Ui JICYCHHs
aTepOCKIICPOTHYECKIX  3a00JICBaHUI  TIPEITIOMKEHBI
METOJl ¥ 000pYIOBaHKE JUIS YIIBTPa3ByKOBOW aHIHO-
racTuky, paspaborannHeie B BHTY coBmectHO ¢
kapauonoramu PHITL «Kapauonorus» u benMAIIO.
B ocHoBe MeTona NEXUT pazpylLIeHUE aTepOCKIepo-
THYECKUX 00pa30BaHU HU3KOYACTOTHBIM BBHICOKOWH-
TEHCHBHBIM YJIbTpa3BykoM [1], koTopoe mocturaercst
33 CYET MEXAHMYECKOTO U KaBUTAIHOHHOTO BHYTpPH-
COCYJIICTOTO BO3JICHCTBHS C IOMOIIBI0 THO-KOTO
BojgHOBOMa juamerpom 05-1,8 MM w mm-
HOH 10 1200 MM, W3IMydaromero KOMOMHHPOBAHHbIC
Kostebanwus ¢ yactoroi 22—28 kIt [1]. C uensio yco-
BEPIICHCTBOBAHUSI ~ KOHCTPYKIIMM  BOJIHOBOJHO-
KaTeTePHON CHCTEMbI TIPEJIOKEHO HCIOJIB30BATh
CTYTICHUYATBI  KOHIICHTPATOP-BOJHOBON  TpyOua-
Toro tumna [1].

HccnenoBanusi METONIOB YJIBTPa3ByKOBOH aH-
THOIUIACTUKU M CO3[aHUE YIbTPa3BYKOBBIX BOJIHO-
BOJIHBIX CHUCTEM B HACTOSIIEE BPEMs MPOBOJISATCS
takxke B CIIA, Wcnanuu, XopBatuu u Hpnan-
aun [2-5]. KOHCTPYKTHBHO yJIbTpa3ByKOBBIE BOJI-
HOBOJIHBIE CHUCTEMBI MOTYT BBHIMIOJHSATHCS B BHJIC
MOJIBIX WJIM CIUIOIIHBIX JUIMHHOMEPHBIX CTEPIKHEH
HOCTOSIHHOTO M TEPEMEHHOT0 CeYeHUi (KOHIICH-
TpaTopoB-BOIHOBOIOB) [1, 4]. Bemytcs pa3pabor-
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KA HOBBIX METOIMK JICYCHHs, OCHOBAHHBIX Ha
MNPUMCEHCHUN BOJIHOBOAHBIX CHUCTEM pr6anor0
TUIIA, MO3BOJAIOIINX IMOJAaBaTh XUAKOCTU B 30HY
JIMCIIOKAIIMK BHYTPHUCOCYINUCTOr0 00pa3zoBanus [5].
OJHaKO CyIIECTBYIOLIME IPOLECCH OIYYCHHUS
JUIMHHOMEPHBIX H3[EIUI Maloro AuaMeTpa, OCHO-
BaHHbIC HA IUIACTUYECKMX METOAaX, MeXaHWue-
CKOi1 00pabOTKEe U (PU3UKO-TEXHUUYECKUX METOaX,
MMEIOT PsiJi HEAOCTATKOB, HE MO3BOJISIOIINX HU3I0-
TaBIMBAaTh TpyOuyaTble KOHIEHTPATOPBI-BOIHO-
BOJIbI C TPeOYEMBIMH XapaKTePHCTHKAMH.

B 9T0il cBsA3M aKkTyadbHBIMH Kak B Hay4YHOM,
TaK M B MPAKTUYECKOM IUIaHE SIBISFOTCS Hay4YHBIC
TPY/bl, HampaBleHHbIE Ha Pa3pa0dOTKy W HCCIE0-
BaHUE IPOLECCOB IIOJNIYYEHHUs YIbTPA3BYKOBBIX
BOJIHOBOJIHBIX CHCTEM TPyOUYaToro THIa MepeMeH-
HOTO CEYeHHUsS JJIsi BHYTPHCOCYAMCTOrO YJIbTpa-
3BYKOBOT'O BO3JICHCTBHS C NPHUMEHEHHEM (H3HKO-
TEXHUYECKUX METOJOB U METOIOB ILIACTHYECKOTO
neGOpMUPOBAHHSI.

0O0630p MeTO10B

IJIACTHYECKOT0 1e()OpMHUPOBAHUS

M 2JIEKTPOPU3NKOXMMUYECKOiT 06padOTKH

Opnaum u3 Hambosnee 3(pQEeKTUBHBIX METONIOB
JIeYeHUs] BHYTPHCOCYIHMCTBIX OOpa3oBaHWH B Ha-
crosiee BpeMs SBIISETCS NPHUMEHEHHE CTYIICH-
YaThIX yJIbTPa3BYKOBBIX BOJHOBOIHBIX CHCTEM
TpyOuaToro tuma (TpyOuYaThIX KOHIIEHTPATOPOB-
BOJIHOBOJIOB) C TMOJIBIM C(EPHUCCKUM HAKOHEUHH-
KOM, HaJlM4he KOTOPOTO MO3BOJSET OOECIeUnTh
BO3MOXXHOCTb NOJAayM XKUIKUX Cpel B 30HY AMC-
JIOKallUU BHYTPUCOCYAUCTOrO0 0Opa3oBaHUA C ILie-
JBIO JIOTIOJTHUTENLHOTO KaBUTAIIMOHHOTO BO37eH-
CTBUSI M MaKCUMAaJbHO 3(P(PEKTHBHOIO pazpyie-
HUS BHYTPHUCOCYIHUCTBIX 0Opa3oBaHMH 3a cYeT
BUOpoyaapHoro Bo3zaeictsus (puc. 1) [5, 6].
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Puc. 1. Teomerpuyeckue mapameTpbl TpyO4aToro KOHIEHTPATOPa-BOJIHOBOJA CO ChepuIeCKUM HAKOHEUHUKOM

Fig. 1. Geometrical parameters of a tubular concentrator waveguide with a spherical tip

B cdeprudeckoM HaKOHEUHHKE UMEIOTCS OCEBOE
((0,50 £0,05) mm) u 6okoeeie ((0,30 £0,05) mm)
MHUKpPOOTBEPCTHS, NMpeAHA3HAYCHHBIE IS BO3ZCH-
CTBHS 00pa3yrolleiicss KABUTAIIMOHHOM CTpyel Kak
Ha BHYTPUCOCYAUCTOE 00pa3oBaHME, TaK U Ha TO-
paXX€HHBIH y4aCTOK COCYJUCTON CTEHKH, YTO I03-
BOJISIET BOCCTaHABJIHMBATH MPOXOAMMOCTh COCYZa
C OJIHOBPEMCHHBIM IIOBBIILICHUEM JJIACTUYHOCTH
cocyaucroii credku (puc. 2) [5]. TpyOuarsie KoH-
LEHTPATOPHI-BOJIHOBOB MEIUIIMHCKOTO Ha3Haue-
HHUSI MOTYT OBITh M3TOTOBJICHBI M3 KOPPO3HOHHO-
croiikoit cramu (tTuna 12X18H10, niu MoryTt ObITh
HCIIOBb30BAHbI €€ aHAaJIOTH).

Puc. 2. Chepruecknii HAKOHETHUK
TpyO4aTOro KOHIEHTPATOPa-BOJIHOBOA

Fig. 2. Spherical tip of a tubular concentrator waveguide
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AHanu3 pa3MepoB, KOHCTPYKLIMM M Marepua-
JIOB JIJI1 M3TOTOBIICHHUS TPyOYaThIX KOHIICHTPATO-
POB-BOJTHOBOJIOB IOKa3bIBaeT, 4To ux (Hopmooo-
PpasoBaHUC BO3MOXHO IIPOBOJUTH pa3JIMYHBIMU
METOIaMH. XOJIOHOTO Je(OpMUPOBAHNS, MEXAHU-
YeCcKo, Tuapoadpa3uBHO 00pabOTKH, C HCIIONb-
30BaHUEM CBapOYHBIX (MJIM POACTBEHHBIX MPOIIEC-
COB), 3JICKTPOJUTHYECKHX, a TaKKe KOMOHMHUPO-
BaHHBIX MeETOM0B 00paboTku. C menpio BeIOOpa
ONTUMAJILHOTO TEXHOJIOTUYECKOTo MpoIiecca U3ro-
TOBJIEHHSI TPyOYaThIX KOHIIEHTPATOPOB-BOJIHOBO-
JIOB pacCMOTPHM M TPOAHAIM3UPYEM Ppa3IMYHbIC
MeToapl (hopMOoOpa3oBaHUS PabOUMX IMOBEPXHO-
CTel TaHHOTO M3/ICITHSL.

Bonouenue mmMpoko mpUMEHsieTCA IS U3TO-
TOBJICHHS TPyOUaTBHIX M3AETUN MaJOTO THUaMeTpa.
[Tpu HE0OXOIUMOCTH BOJIOYCHHEM MOKHO JOOUTH-
Csl MONYYCHHUs CTYMEHYATOro Mpoduis TOTOBOTO
U3JENHs C Pa3iTUYHBIMU pa3MepaMu IMOMEPEYHOTO
cedyeHust. JTO JOCTUTAaCTCA HCIIOJIB30BAHHEM BO-
JIOK COOTBETCTBYIOIUX JTHAMETPOB C TPOTATHBA-
HHEM Ha HeoOxoaumyto uHy. B [7] uccnenosan
MeToa (GopMooOpa3oBaHUs CTEPKHEBOTO CTYIIEH-
4aToro yJbTPa3BYKOBOI'O BOJHOBOAA M3 KOPPO3H-
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oHHocTolKo# ctamu 12X18H9 ¢ muamerpamu cTy-
neneit 2,0, 1,0 u 0,5 MM MHOTOKpaTHBIM BOJIOYE-
HHEM IMyTEM MO3TAITHOTO MPOTATUBAHUS 3arOTOBKH
yepe3 BONIOKH. HemocTaTkOM BOJIOYCHUS SIBIISCTCS
HeOobIIas CTeNeHb aedopMalil 3aroTOBKH, KO-
TOpasi OrpaHMYUBACTCS MPEAETIOM MPOYHOCTH BBI-
XOJISIIET0 U3 BOJIOKA KOHIA 3arOTOBKH, K KOTOPO-
My Tpuiaraetcs Tpebyemoe s 1ehopMUPOBAHHS
ycunue. [loaToMy N1 MpakTUYECKOW peain3aluu
Mmerona [7] TpeOyercs HM3roTOBIIEHHE OOIBIIOTO
KonuuecTBa Bomok (18 mit.).

M3BecTHA TaK)ke TEXHOJIOTHYECKAs CXema OJi-
HOBPEMEHHOU c8epmKi ¢ 80I0UEHUEM JeHMbl de-
pe3 OIHy WM HECKOJNbKO BOJOK [8], KoTopas
BKITIOYAET CBEPTKY JMCTOBOM 3arOTOBKU C €€ TO-
CJICYIOIIAM BOJIOYCHHEM.

JInst M3rOTOBIICHUS AJMHHOMEPHBIX TPyOUaThix
KOHIICHTPATOPOB-BOJTHOBOJIOB MOTYT OBITh HCIIOJb-
30BaHBl MeMOObl C8APOUHBIX NPOYECCO8, TIPUMEHSIe-
MBI JUIS TTOTYUYCHUST MEUITMHCKUX UL B [9] omu-
ChIBaeTCs criocod JTyroBOi CBapKU 0c000 TOHKOCTEH-
HBIX (KammmpoB) TpyO Mmamoro aumamerpa (4 mMm
u Menee) ¢ TonmuuuaoM crenkn 0,1-0,2 MM 11 u3-
TOTOBJICHUSI MEAMIIMHCKUX HWIJ Pa30BOTO MpHMe-
Henus. [Ipu 3TOM rnaBHBIM TpeOOBaHUEM K CBap-
HOMY IIIBY SIBJIIETCS €r0 (hOPMHPOBAHHUE 3aITO -
10 C OCHOBHBIM MAaTEPHAIOM TPH MPUMCHEHUH
BBICOKHMX ckopocteit cBapku (200 m/u u Goiee).
OtoT MeTon 3PPEKTUBEH MPU U3TOTOBIICHUU TPY-
0OK Mayoro amaMerpa ¢ OOJBIIOW TPOTSHIKEHHO-
CThIO, HO HE TIPUMEHUM B ClIy4ae HEOOXOAUMOCTH
MOJYYCHHUS] CTYMEHYATHIX MEPEX0J0B U CTyMeHei
HIEPEMEHHOTO TTOTIEPEYHOTO CCUCHHSI.

Maenumo-abpaszusnas obpabomka SBISETCS
OJTHMM W3 TIEPEIOBBIX MPOIECCOB 00pabOTKHU IOo-
BEPXHOCTH 3aroTOBKH, KOTOpBIA 0OOecreunBaeT
BBICOKHI YPOBCHb Ka4decTBa MOBEPXHOCTH (IIepo-
XOBaTOCTh HAHOMETPOBOTO HANA30HA) U B OCHOB-
HOM KOHTPOJIMPYETCSI MapaMeTpaMH MArHUTHOTO
nojst. 3aroTOBKA PpACMoNiaraeTcs MEKAY IByMs
HOJIFOCAMU MarHuTa, a 3a30p MEXIy 3aroTOBKOW M
MAarHuToM 3aIlOJIHEH MAarHuTHbBIMU a6pa3I/IBHI)IMI/I
gactummamu [10, 11]. Takoit meron sddexrtuBen
P MEXaHWYIECKOH 00paboTKe TpyOUaThIX H3Ie-
JWH MaJjioro CEYCHHUs M JIOBOJKE UX J0 HeoOXoau-
Moro pasmepa. OHAKO B CBSI3H C TEM, YTO CHU-
MaeMblii CJIOH BO BpeMs MarHMTHO-a0pa3HBHOMN

00paboOTKH HEOOJBIION, IMONyuYeHHE pa3MEepHBIX
CTyNEHYATHIX INEPEXOJ0B AUAMETpa TOTOBOTO H3-
Jens C TOMOIIBIO JTAHHOTO METoJa 3aTpyHHH-
TEJIHHO U HEIIeIeco00pasHo.

Dnexmponrumuyeckue Memoosl Pealn3yrTcs
MYTEM JICKTPOXUMHYECKOH (3JEKTPOITUTUIECKOI)
00pabOTKH 3arO0TOBKH, NMPH KOTOPOW (opMUpOBa-
HUE HEOOXOAMMOTO pa3Mepa U3JICIHsl JOCTUTACTCS
IyTeM PaBHOMEPHOTO YAaIeHHs MaTepHaa.

Dnexmpoxumuueckoe  noauposanue  (IXTI).
OXII noBepXHOCTU METAIOB U CIUIABOB B HACTO-
siee BpeMsl SIBIAETCS] OAHUM M3 HauboJee MIHpo-
KO TMPHUMEHSEMbIX METOIOB IOBBIIICHUS KayecT-
Ba noBepxHocTH m3nenuii [12]. OcHOBHBIM MeXxa-
HU3MOM CIJI&KUBaHUS mMoBepxHocTH mpu OXII
CUUTAETCS] MHTEHCHBHOE PacTBOPEHHE MeTajula Ha
BEpIINHAX MHKPOHEPOBHOCTEH BCIIENCTBHE WX
HauOonbineit  mosspusanuu  [13].  Hemocratok
OXII — ucnonp30BaHNE BPEAHBIX, B Pslie ClydyacB
TOKCHYHBIX 3JICKTPOJIHMTOB, OCHOBAaHHBIX Ha KHC-
JIOTax.

[IpuMeHsITh elIeBbie U SKOJOTHYECKH YHCTHIC
ANIEKTPOJIUTHI ¢ OTHOCHTEIBHO JIETKOH aBTOMATH-
3amyeil B yCIOBHAX JIFOOOTO TPOU3BOJCTBA MO3BO-
JS€T WCIIONB30BAHUE 21EKMPOIUMHO-NIAZMEHHOU
obpabomxku (2I10) [14]. Metoa DITO B 0cHOBHOM
OpUMEHSIETCSl Uil OYMCTKUA IOBEPXHOCTH, YyAa-
JICHHsl 3ayCEHIIEB, CKPYTJIEHHUS OCTPBIX KPOMOK.
OO6paboTKy TPOBOAAT MPH TEMIIEpaType SIIEKTPO-
auta (75-90) °C. IIpoaomKUTENBHOCTE 06pabOTKH
06praHO cocraBiser 3-5 muH [15]. Ilpu sTOM mo-
CTUTAIOTCS IPKUH METAJUTMYECKHI OJIECK, BBICOKas
YHCTOTA M TIISHIEBaHUE TOBEPXHOCTH, CHATHE 3a-
yCEHIIEB, Ka4eCTBEHHAs MOJrOTOBKAa U Moauduka-
LU TIOBEPXHOCTU ISl TIOCIEAYIONIET0 HAHECEHHUS
pa3HooOpa3HbIX mokpeiTHii [15]. B [16] ormeuaer-
Csl, 9TO HPOU3BOJUTEIHFHOCTE W IKOHOMHYECKAs
3G (PEKTUBHOCTh TEXHOJOTHYECKHX OIepanui
npu OIIO B maATh-1ecTh pa3 Oosibllie, YeM MPH
JNEKTPOXUMHUECKOM CIIOCOOE TMOJMPOBaHUS B
pacTBOpax KUCIIOT.

B [1] ucnionb3yetcs cioco6 D10 mis hopmu-
pOBaHMS pPa3NUYHBIX 110 JHAMETPy CTyHEHEH
CTEP)KHEBOTO KOHLIEHTPaTOpa-BoJHOBOAA (puc. 3)
IUIsl BHYTPUCOCYTUCTOW TPOMOIKTOMHH U TIEPEX0-
TIOB MEXIy HUMH.

=

it

L

I
1

Puc. 3. Cxema CTep>KHEBOTO CTYIIEHUATOr0 KOHIICHTPATOPa-BOJIHOBOAA JUISl BHY TPUCOCY IUCTOI TPOMOIKTOMUH

Fig. 3. Diagram of a rod stepped concentrator waveguide for intravascular thromboectomy
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3aroToBKy MOMEIIAIOT B BJIEKTPOJUT IIOA yT-
aom ot 0 mo 90° MO OTHOMIEHHWIO K IMOBEPXHO-
CTH DJIEKTPOJIUTA, TOCJE Yero 3aroTOBKE 3aJaroT
BpalleHUEe BOKPYT HPOJOJBHOM OCH C 4YacTOTOH
10 30 00./MUH Ha BpeMsi JOCTHIKCHUS 3aJaHHOTO
JaMeTpa TOW 4YacTH BOJIHOBOJA, KOTOpas MOrpy-
JKCHa B JJIGKTPOJIHT, a JIIsl CO3JIaHMs Mepexo/ia 1o
TUMY KOHIeHTparopa Dypre OCYIIECTBISIOT e
nepeMeneHrue U3 3JIEKTPOJINTA BJOIb MPOJOILHOM
ocu. IlpuyemM Ha MEHbBIIUN AUAMETP 3arOTOBKY
nepeMenIaT U3 3JIEKTPOINTA BAOJIb €€ MPOI0JIb-
HOM OCH C IIaroM nepemenienus 1 MM 1mo ropu3oH-
TaJId COTJIACHO 3HAUYCHHSIM BEIMYMHBI TIepeMeliie-
HUSI U TIOJTy4aeMOro TuaMeTpa.

Vcranosieno [17], aro D110 cramm 08X18H10T
obecrieunBaeT MOBBIICHUE TIOTSHIANA TUTTHHTO-
obpazoBanus (KOPPO3UOHHON CTOWKOCTH TMOBEPX-
HOCTHOTO CJIOS) TIO CPaBHEHHIO C MEXaHWYCCKHM
NOJAUPOBaHUEM. MHOrO(yHKIIMOHAIBHOCTh pac-
CMOTPEHHOTO crocoda J0Ka3bBaeT ero 3(hdexTus-
HOcTh. OOpaboTKka BHEIIHEH OBEepXHOCTH U (Hop-
MHUPOBaHUE CTYNEHYATOrO MPOJOIBHOTO MPOGHIIS
TOTOBOTO W3JICNUsl OTPAHUYMBAIOTCS IUIINb MPOY-
HOCTHIO 00pabaThIBacMO 3arOTOBKH.

Memoow komburuposanHoi 0bpabomxu 00b-
€JMHSIOT JIBa WK OoJiee pa3IMyHbIX criocoba 00-
paboTKK M31eNnusl U IpeIHa3HauYeHbI ISl TTOBBILIE-
HUSL 3QPEKTHUBHOCTH PEKUMOB 00pabOTKU MpH
MOJYYCHUH TPYyOUaTHIX KOHICHTPATOPOB-BOJIHO-
BoJoB. Kak mpaBuio, MeTobl KOMOMHUPOBAHHOM
00pabOTKHN PEANTM3YIOTCS IIyTEM COBMEIICHUS TEX-
HOJIOTHYECKHX TIPOILIECCOB XOJIOMHOU Jedopma-
UU U 3JEKTPOIIMTHIECKON 00pabOTKH W3IENHH.
XonoaHas 1ulactudeckas aedopManusi BBITONHS-
ercst Juist (hOpMOOOpa30BaHUs M3/ICHS U TIOBBIIIIC-
HUSl €ro MPOYHOCTH 3a CYeT Ae(opMalMOHHOTO
YOPOYHEHUS. DJIEKTPOIUTUYECKOE MOJIUPOBAHUE
NPOBOJIMTCS C IIETbI0 yNANCHHsT 00pa3yroIerocs
OpU BBICOKHX CTEIEHAX XOJOJIHOW jaedopma-
OUU JePEKTHOTO CJOsI C TOBBINICHHOW IJIOT-
HOCTBIO JIMCJIOKAIMH, COJIep)Kallero TakXke IIo-
BEPXHOCTHbIE MHKPOTPEUIMHBI M MEXaHHUECKHE
BKJTFOUCHHSI.

TUNUYHBIM TIPUMEPOM TIPHUMEHEHHS Memooa
KOMNLEKCHOU 00pabomky  SBISIETCS BOJOYEHHE
3aroTOBKHU C YaCTHYHBIM oOxaTtueM Ha 12-15 % mo
JaMeTpa, TPEBBIIIAIONIEr0 THaMETP TOTOBOTO U3-
nemus Ha 8-12 %, ¢ mocnenyromeit II10 [18, 19].
IlpoBeneHHBIM B yKa3aHHBIX paboOTax MHKPO-
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CTPYKTYpHBIH aHaju3 00pa3noB IMOCJIE BOJOYCHUS
U 00pa3loB IMocjie BOJOYEHHUS C IOCIeIyFOIIeH
OI1O nponomxutensHOcThI0 10 MUH MOKa3ai, 4To
Ha MOBEPXHOCTH 00pasua Mociie BOJOYEHHs Mpu-
CYTCTBOBAJIM 3aJUPbl, MUKPOTPELINHbI U CKJIAAKH.
ITocne mocaenyromeit D110 TonmmHa cinost ¢ uU3-
MEHEHHOHU CTPYKTYypo# cocraBisiia 20—25 Mxwm.

Jns  momyueHus CQepuUuecKMX HAKOHEUHH-
KOB Ha 3aroToBKax TPyOuYaThIX KOHIIEHTPaTOPOB-
BOJTHOBOJIOB HEOOXOJMMO BBITIOIHHUTH JIBE OCHOB-
HBIE OIEpalHu:

1) pa3nauy TpyOKH B COOTBETCTBHH C pa3Mepa-
MU c(heprIecKoro HAKOHEUHHKA,

2) oOkuM  JUIS  TOodydeHHs  c(epUuecKoit
(hopMBr.

PannanbHas pasnmada (BXOJOAHYIO WM C Ha-
IPeBOM) OOBIYHO MPOU3BOJUTCS B Cydae HEOOXO-
JUMOCTH IUTABHOTO YBEIMYCHHUS JUaMeTpa TPyObI
IpU JAanbHEHIe KaauOpOBKE W MEXaHWYEeCKOU
obpaboTke. i momydyeHus: cepuyecKoro Hako-
HEYHHUKa IOCcJe pa3fadyd, KAIMOPOBKH W MEXaHU-
Yyeckoil 00pabOTKM HaKOHEYHWKa TpyOKu Tpedye-
MOTrO JAMaMeTpa HeoOXOOMMO 3aBajblieBaTh Kpas
Ha HYXHbIA paauyc. IIpu 3aBanblOBKE KOHIIOB
TPYOBI B BBITYKIIYIO C(hepHUECKYIO (hOpMY OOBIYHO
UCTIONIL3YIOTCS MATPHUIBI ¢ HY>KHBIMH pajlyCcaMu
3aKpYTJICHHUSI.

B cayuae ¢opmupoBaHHs OOKOBBIX MHKPOOT-
BEepCTUHl B cheprIeckoM HAKOHEUHHKE IJIsl KaBHU-
TaIllMOHHOTO BO3ACHUCTBHS HA CTEHKH COCYIOB MO-
TyT OBITH HCIIOIB30BAHBI METOMNBI THAPOAOpa3HB-
HOTO, Ja3epHOI0 CBEPJIEHUS, 3JIEKTPOIPO3UOHHAS
obpabotka. K HemocTaTkaM STHX METOJOB OTHO-
CSATCS HU3KOE KAueCTBO MOBEPXHOCTH, OrpaHHue-
HHE TI0 TOJNIIMHE MaTepuala, 3aBUCUMOCTh XapaK-
TEPUCTHUK 00pabOTKU OT THIMA Jla3epa U CIOKHOCTD
(dopmupoBanus rayxux orBepctuii [20-22]. B ka-
YeCTBE aJIbTEPHATUBBI PACCMOTPEHHBIM IIpOIieccam
(hopMupoBaHUsT OOKOBBIX MHUKPOOTBEPCTHH B ce-
PHYECKOM HAKOHEUHHKE MOXKET OBITh pacCMOTPEHa
IEKTPOXUMHUUECKAs! IPOIINBKA.

B [23] mpoBenmeHbl wHCClIenOBaHHS PEKUMOB
NPOIIMBKYA MHUKPOOTBEPCTHH KBAJAPATHOW (OPMEI
C TIOMOIIBIO AJIEKTPOXUMHUECKOH 00pabOTKU B
3NIEKTPOJINTE Ha OCHOBE CEPHOW KHCIIOTHI B 00pa3-
max u3 KopposmoHHocToikon cramm AlSI321
tommuHo 0,1 Mm. CTaOWIBHOCTE M KayecTBO
00paboOTKM OBLTM CYIIECTBEHHO TIOBBIMICHBI 32
CUeT MPUMECHEHHUS UMILYJIbCHOH 3JIEKTPOXHMHU-
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yeckoii 00paboTku. Takue peKHUMBI IO3BOJIHIH
OpOIIMBATh KBAJApaTHbIE OTBEPCTHS ILIHPHU-
moii (100 £5) MKM ¢ yITIOBBIM pagnyCcoM 3aKpyT-
nerns 12 mMxm.

B [24] npencrasiena pa3paboTka KOMOHHHPO-
BAaHHOW TEXHOJOTHM 3JIEKTPOIPO3UOHHOU U BJIEK-
TPOXUMHUYECKOW TMPOIIMBKM MHUKPOOTBEPCTUH B
obpasnax u3 Hepxkaseromieit cramu 12X18H10T (pas-
mepom 0,46 MM) C HCIIOIB30BaHHEM DIIEKTPOIPO3H-
OHHBIX Pa3psI0B B MEXKIICKTPOHHOM IPOMEXKYTKE.
CoueTaHue IBYX TPOIECCOB IO3BOJUIIO YBEIH-
YUTh CKOPOCThH MPOIIMBKH TOYTH B YETBIPE pasa,
YMEHBIIUTh KOHYCHOCTh MPOIIMBACMBIX OTBEp-
cruii ¢ 4,3° no 2,5°. Takxke cieayer OTMETUTD, YTO
JUIsi OOJIBIIETO MOBBIMICHHUS TOYHOCTH IMPOIIMBKU
MHKPOOTBEPCTUIl PEKOMEH/YeTCS HCIOJIb30BaTh
MEIHBI KaTOA C 3JCKTPUYECKH H30JUPOBAHHON
OO0KOBOI1 MOBEPXHOCTHIO.

OCHOBHBIE PEXKHUMBI, HCIOJIb3yEeMble CErOHS
JUTSL 3JIEKTPOXMMHUYECKOI MPOIIMBKH, PEICTaBIIC-
HbI B [19]:

— anektponuT — 25 % NaNOs;

— temrieparypa sekrposuta — (30 + 3) °C;

— HamnpsbkeHue oopabortku — 17 B.

BbIBO/IbI

1. AHanu3 npoBeeHHOTO 0030pa OTEYeCTBEH-
HBIX M 3apyOE€XHBIX MATEHTHBIX U JINTEPATyPHBIX
WCTOYHHKOB, a TaKXXe BBHITIOJHEHHBIE HCCIIEI0Ba-
HUS TTIO3BOJIMIIN OCTAaHOBUTHCS Ha CIEIYIOMINX Me-
TOJAaX IMMO3TAITHOTO W3TOTOBIIEHUS TPYOUaThIX KOH-
[IEHTPATOPOB-BOJIHOBOJIOB: TIOJTy4eHHE TPyOdIaToro
CTYTIEHYaTOT0 3JIeMeHTa 0e30MpaBOYHBIM BOJIOYE-
HUEM, TIOJly4eHHe Pabodyero HaKOHEYHHKA pasa-
gelt 1 00KMMOM, TIOJTydeHHEe OOKOBBIX OTBEPCTHI
B pabodeM HaKOHEUYHWKE JIEKTPOXUMHUIECKOMH
MPOIINBKOM.

2. JIns M3roTOBJIEHHs TPYyOUaTOro CTyNneH4aTo-
ro dJIEMEHTa BOJHOBOJA IIEJIeCO00pa3HO HCIIOJNb-
30BaTh cxeMmy Oe30MpaBOYHOTO BOJOYEHHS, KOTO-
past obecrieunT (GOPMHPOBAHHE CTYIEHEH BOJHO-
Boja nauamerpamu 1,0-1,5 MM ¢ coxpaHeHueM
ucxoaHoi Touabl crenku (0,25 mm). Tpu yero-
BHHU BOJIoYeHHs ¢ oOxarneM He Ooiee 0,1 U BEI-
TsOKKOM okoso 1,1 3a mpoxon JuIst MoTy4deHHs CTy-
HICHU BOJTHOBO/Ia HauMeHbInero auamerpa (1,0 mm)
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noTpedyeTcst MATh-IIeCTh MPOX0J0B. JlJIsi MOBBHI-
LICHUS] YCTAJIOCTHOW MPOYHOCTU TPH HM3TOTOBIIE-
HUHM BOJOYEHUEM PEKOMEHIYETCS MPOBOAUTH OT-
JKHT TIOBEPXHOCTU TPYOKH C MOCIEAYIOUIMM HaHe-
CEHHEM CMa30YHOTO MaTepuaa.

3. Ilpu m3rotoBieHHH PabOYEro HAKOHEYHUKA
HEOOXOIUMO MPOM3BECTH NPEABAPUTENBHYIO pa3-
nmady mo nuamerpa 1,35 mm. 3atem BBIMONHSETCS
00XHM TS TTOTydeHUs cPeprudeckoil OopMBbI.

4. lns monydeHuss OOKOBBIX OTBEPCTHH JHa-
merpom 0,3 MM B paboueM HAaKOHEYHHKE BOJIHOBO-
Ja Tenecoo0pa3sHo TPUMEHSATh 3AJIEKTPOXHMHUYE-
CKYIO TPOMIMBKY C HCIOJB30BAHHEM CIIEAYIOIINX
pexxumoB: 3nektpoiut Ha ocHoBe NaNOj koHIleH-
tpareii 25 % ¢ Temmeparypoit (30 + 3) °C, smek-
Tpox — MeaHas mpoBoioka muamerpom 0,1 mm
C JIAKOBOW W3OJAIHEH OOKOBOW ITOBEPXHOCTH,
CKOpOCTh mogaun sekrpoma — 20 Mxm/c, Hamps-
xeHue o0padbotku — 17 B.
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