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Pa6ota nocssieHa 3D-npoekTUpoBaHUIO HAXOASIIErOCs Ha CTaAuu pa3pabOTKM HOBOTO Mpudopa —
LeJIbHOMETaJIMuecKoro BoJHoBogHoro CO,-na3epa (3/1eMEHTOB U BCero Npudopa) ¢ UCMoab30BaHUEM
OTEYECTBEHHBIX MPEIN3NOHHBIX ATFIOMUHUEBBIX Mpodwieit. [Tokazan 3D-BuI OTHETBHBIX Y3JIOB U BCETO
nazepa. OMHUCHIBAIOTCS CXeMbI BO3IYIITHOTO M BOASTHOTO OXJIAXKICHWS, TEXHOJIOTMSI COOPKM U TepMeTH3a-
unu CO,-1a3epa ¢ MOMOLLBIO JIa3epHOH (IJITa3MEHHOI) CBapKU U KJIEEBBIX COEIMHEHU, 00ecTieynBalo-

IMX BBICOKOC€ KAY€CTBO M HAACXKHOCTDH HpI/I60pa.

DOI: 10.31857/50032816225010148, EDN: GHQCUQ

1. BBEAEHUE

lazopaspannbsie CO,-n1asepsl ABIAIOTCS OJHUM
13 Haubosiee MpencTaBUTEIbHBIX KJIaCCOB JIa3ePOB.
Bricokuit KIIJI, nmana3oH MOIIHOCTH, BbICOKas
MOHOXPOMATUYHOCTb M3JIYyUYEHUSI 00eCIIeunBaIOT
JIOKAJIbHOCTh UX Bo3meiicTBusa. OTHOBPEMEHHO
BaxHa cnocobHocTs CO,-naszepoB paboraTtb B
WMIYJIbCHOM, HWMIIYJIbCHO-IIEPUOINIECKOM H
HEIpepbIBHOM peXumax reHepauuu. JJaHHbie pu-
OOpBI HE3aMEHUMBI B (PU3NYECKUX UCCIETOBAHUSIX
¥ B TEXHOJIOTUY 00paboTKM MaTepuanos |1, 2].

[TocTtossHHOE pacHmpeHue obaacTeil mpuMeHe-
HUSI U KOHKYpeHTHass 00opbba 3acTaBisIOT CHELU-
aJINCTOB Beoylux (UpM pa3padaThiBaTh HOBBIC U
HENpepbIBHO COBEPIICHCTBOBATH YK€ CO3IaHHbIC
oOpasubl. B pesynabrate Ha pbIHKE MPOMBIIIIECH-
HBIX U3IEINN TUAUPYIOIIee MECTO CeTOIHS 3aHSIN
KOMIAKTHBIE ILICIbHOMETAINYECKNE IIPUOOPHL.
Oco06eHHO BbIIEINSIETCS BOTHOBOAHBIM BapuaHT C
MOITIEPEYHBIM BBICOKOYACTOTHBIM BO30YKICHUEM.

B KOHCTpyKIMSAX 3TUX JIa3epOB IPUMEHSIIOTCS
MPEUM3UOHHBIN MPOKAT aJIIOMUHUEBBIX CIJIABOB,
COBpPEMEHHBIE METONBI (hOPMOOOPA30BAHUS U MPO-
TPECCUBHBIE TEXHOJOTUN BHICOKOTEPMETUIHBIX COE-
JUHeHui [3—5].

AKTyanTbHOCTh pabOTHI 00YCIOBJIeHA IMMPOKNUMU
HMCCIeAOBAHUSIMU LIEJIbHOMETANIMYECKOTO BOJHO-
BonHoro CO,-nasepa. Ero KoHCTpyKLIMs TOCTPOEHA
Ha OCHOBE OT€UYECTBEHHBIX MPEINU3NOHHBIX ATTIOMMU -
HUEBBIX TTpoduiieit 1 3D-MeTonoB MPOEeKTUPOBa-
Hus [6, 7].

2. 3D-ITPOEKTMPOBAHUE
¥Y3J0B U KOHCTPYKL NN
HEJIBHOMETAJUJIMYECKOT O
BOJIHOBOIHOTI'O CO,-JIA3EPA

3D-MmopenupoBaHue — 3TO MPOLIECC CO3MaHUs
TpEeXMEpPHOI MoJean 00beKTa U pa3paboTKa BU3Y-
aJIbHOTO 00BEMHOI'0 00pa3a KejlaeMoro oobeKTa.
C 1TOMOIIIBIO TPEXMEPHOM TpadrKI MOKHO CO31aTh
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TOYHYIO KOTIMIO KOHKPETHOTO TIpeaMeTa 1 pa3pado-
TaTh HOBYIO, 3a4aCTYIO CJIOXHO MPENCTaBUMYIO KOH-
CTPYKIIMIO.

ImaBHOE€ HOOCTOMHCTBO U IPEUMYIIECTBO
3D-MomenupoBaHUsS — HAIJISIAHOCTb U BO3MOX-
HOCTh OIHOBPEMEHHOTO ITapajuIeIbHOTO MPOEKTH -
poBanHus. [Ipn 3TOM 06ecredyeHO aBTOMaTUUECKOE
corjacoBaHue BHOCHUMBIX M3MEHEHMIi, nopabo-
TOK KakK y3JIOB, TaK M BCero ycrpoiictBa. Kpome
TOrO, IOSIBMJIACh BO3MOXHOCTh pacueTa TeILJIOBBIX
M IPOYHOCTHBIX 3KCILIyaTallMOHHBIX XapaKTepHU-
CTHK Ha BCEX 3Tamax pa3pabdoTK! U U3TOTOBJICHUS
ycTpoiictBa. CoBpeMeHHBIE TEXHOJOTUYECKUE
oOpabaThIBalOlIMe LEHTPHI, CTAHKM C YUCJIOBBIM
MIpOrpaMMHBIM YIIpaBJIE€HUEM I103BOJISIOT 3HAYM-
TEJIbHO COKPATUTh BPeMsI U3TOTOBJICHUS U3IEIUs U
BpPEMEHHOI MHTEePBaJI OT UIEH IO BHIITyCKAa TOTOBOM
MPOOYKIIVH.

PaspaboTka KOHCTPYKIIMM OCYIIECTBIISIJIACH B
nporpammHoii cpene KOMITAC-15.

Ha pwuc. 1 npencrasneH BapuaHT Z-00pa3HOit
pas3psiAHON CTPYKTYpPbl, 00pa30BaHHO IBYMSI ILIBEI -
JiepaMHU-3JeKTpOIaMM U3 aIIOMUHUEBOTO CILIaBa
AJI31T. BoanHoBOaHBIN Z-00pa3Hblii KaHa MOJIy-
yaeTcs (ppe3epoBaHUEM COOTBETCTBYIOIIMX ITOY-
LUJIMHAPUYECKUX MTa30B Ha BHEIIHEN MOBEPXHOCTU
JNAaHHBIX IIBEJJIEPOB U IOCIEAYyIONIell CUMMETPUY-
HOIt cOopkoil. [Iuamerp KaHalla paBeH MPUMEPHO
3 MMm. [Iy1sT yMEHBIIEHNWST BOTHOBOMIHBIX IIOTEPh Ha
pabouux minHax BojsH CO,-1asepa MOBEPXHOCTh
3JIEKTPOAOB ITOKPBIBACTCS OKCHIOM aJIIOMUHUS
(a-ALOy).

Kanan takoii (popMbl MO3BOJSIET YMEHBIIUTH
rabapuThl IIPU TEX 3Ke MOIITHOCTSIX M3JTy4YeHUsI Tazepa
Ha enuHMULY IJuHBL. [Ipu 3TOM, OmHaKO, B KOH-
CTPYKLIMU HEOOXOIUMEI JOTIOJTHUTEIbHBIE ITOBOPOT-
HBbIE 3epKaJjia C PeTyJINPOBKOI X ITOJIOXKECHHUSI.

lTopeHnue paspsnga B paboueM KaHajae TpeOyeT
HMCKJIIOYEHHUSI ero pa3BUTHUSL B HepabouyeM 3a30pe

CTEIAHOB u mp.

MEXKJ1y 2JIEKTpOJaMU. YCIOBUE 3TOTO TAKOBO: BeJIM-
YyHa MEXDJIEKTPOMIHOTO MPOMEXYTKa (IpUMepHO
0.5 MM), 3HaYUTEAbHO MEHbIIas AuaMeTpa pabdo-
yero KaHana (okoiio 3 mm). [1pu pabouem maBieHn”
ra3oBoii cMecu B paboueM KaHajle pas3psia B 3a30-
pax meHee 0.5 MM HEBO3MOXEH M3-3a MEIJIEHHOTO
(GopMHUpoOBaHUST HEOOXOAUMBIX JIJISI 3TOTO TTPUIJIEK-
TPOIHBIX cjioeB. BennuuHa 3a30pa u ero peryiu-
pOBKa 00ecrneynBaloTCsl yCTAaHOBKOM Ha TOpIlax U B
cepenrHe pa3psAHON CTPYKTYPHI JOTIOTHUTEIHHBIX
KepaMU4YeCKNX (PUKCATOPOB.

Ha BHemIHel MoBEepXHOCTU 3JIEKTPOoHaoB dpe3e-
pOBaHMEM BHITIOJIHEHBI Ma3bl [NTyOMHOI ITpUMEpPHO
0.5 mM. B HuUX momelaloT KepaMuYecKue aatoMo-
aHutpugHbie (AIN) TIacTUHBI TOJIIMHONW 1 MM 11
M30JIMPOBAaHMS KOPITyCca W Pa3psIIHOM CTPYKTYPHI.
Bo BHyTpeHHe#l IOJIOCTU KaxXIOTro M3 IIBesje-
POB-2JIEKTPOJIOB YCTaHABJIMBAIOTCS COIJIACyIOINe
KaTyIIKA WHIYKTUBHOCTU W3 MEIHOI IPOBOJIOKH
auaMetpoMm 1.5 mm (23 mryku). JlomoaHUTENb-
Hag (puUKcalus 3JeKTPOAOB U yBeIWUeHue o0IIei
JKECTKOCTH pa3psaaHoro 6joka (0J10Ka apMaTyphl)
obecrieynBalOTCsa CTsKKamMu. B cepenuHe BHeEIII-
HEll TTOBEPXHOCTH 3JIEKTPOIOB €CTh IBa Pe3b00OBBIX
oTBepcTUst M4 1JIs1 TOKOBBOIOB, ITOABOISIIINX BBICO-
KOYaCTOTHYIO MOIITHOCTb. DJEKTPO/bI COSTUHSIOTCS
LIMWJIbKAMU, 100aBJISIIOTCS KepaMuuecKue 1aiiobl
U (pUKCATOP PEryIsITOpa MEXK3JIEKTPOIHOIO 3a30pa.

JOoCTOMHCTBO TaHHOI KOHCTPYKIIMY U3JIydaTesis
B IIpUMEHEHUH TpoUIIeii U3 aTIOMUHUEBBIX CILIa-
BOB. BriOpaHHOE CUMMETPUYHOE MOIePeYHOE ceue-
HUEe KopIlyca ja3epa obecreynBaeT yCTOHUYMBOCTD
K BHEIIHUM Bo3aeiicTBusIM. KoMmakTHOCTH Jlazepa
B 1I€JIOM 1 HaJIeXKHOCTh €r0 BO30YKIeHUS B BO3MOX-
HOCTU COBMelleHUsI ucTouHrnka BU-Bo30yxIeHust
U uznyvarens. [1pu c6opke KOHCTPYKLIMU HEO0OXO-
JIAM TIIATEIbHBII KOHTPOJIb TEPMETUYHOCTH COCIM -
HeHMs y3i0B. ClenyeT yuuThiBaTh, YTO YCTPOMCTBO
MOXKET padOTaTh IIPU MOBBIILIEHHBIX TEMIIEPATYPHBIX

1 3

60.5

Puc. 1. BapuaHt Z-00pa3Hoii pa3psiiHOi CTPYKTYPHI.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA
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3D-ITPOEKTMPOBAHUME HEJIbHOMETAJJIMYECKOI'O BOJTHOBOAHOTI'O CO,-JIASEPA

peXumMax, 0COOEHHO MpU BO3MYLUIHOM OXJIaXae-
HUU. DTO TpedyeTcs MpU CO3MaHUM PaaUaTOpPOB.
HeobOxonuMmasi cTereHb M30JILMU OOecreyunBa-
eTCsI YMEHbIIeHNEM Hepabounx 3a30pOB, B KOTO-
PBIX 3aTpyIHEHO BOZHUKHOBEHME pa3psua, a TaKKe
allyHIupoBaHUeM (OKCUIUPOBAHMEM) KOHTAKTH-
PYIOIIMX MMOBEPXHOCTEH M TOHKMX KepaMUUYECKUX
11aito.

OxJtaxkaeHne OCyIIeCTBIISIETCS ABYMSI aTlOMUHU -
eBBIMHU pamraTOpaMM-TIACTUHAMU C KaHaJIaMM JIJIsT
MIPOXOXKIEHMS BOAKI (pHC. 2).

PamuaTtopbl MMEIOT CUMMETPUYHYIO (GopMmy.
Kananel misi mpoTeKaHUsI OXJaXAalOIIed XUI-
KOCTbIO TakKXe CUMMeTpUuYHbl. M3rubdnl KaHaIOB
CITOCOOCTBYIOT BO3HMKHOBEHUIO TYPOYJIEHTHOTO
peXrMa MpOTeKaHUS XKUIKOCTU U 3(PPEeKTUBHOCTHA
TeruiooTBona (puc. 3).

IOctupoBouHbIe (haHIBI TPEACTABISIOT COOO
NIBE TUTACTUHBI C OTBEPCTUSIMU MOJ 3epKaja, IITeH-
reJiv IJisl OTKaukKu M Kpernex (puc. 4). ®iaHib u3
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critaBa AII31T umeror dbopmy mapamieiaenunena
1 00JianaloT OOJbIION XKECTKOCThIO Ha U3TUOBI U
OOBIIION MEXaHUYECKOMN MTPOYHOCTHIO.

BY-npaiiBep mpencrtasisieT co00il aBTOreHe-
paTop Ha 4YeThIpex TpaH3UcTopax (puc. 5) ¢ HOMU-
HanbHO# yactoToit 81.36 MI. OH ocyliecTBISET
BY-Hakauky akTUBHOI1 cpenbl 1a3epa. B kauecTBe
CUJIOBBIX BBICOKOUACTOTHBIX TPAH3UCTOPOB UCIOJIb-
3oBanucb MOSFET-tpan3ucroper MRF150 ¢ pa6o-
yuM nuana3zoHoM 4dactoT 30—150 MI, TokoBoit
Harpys3koii 16 A, MakCMMajabHOI BBIXOTHOM MOILII-
HocThio 10 150 BT. ABTOreHepaTop UMEET CUMMET-
PUYHBII BBIXOJ W MOAKIIOYEH K ABYM TOKOBBOIAM
usnayyartens. PeryiupoBka cpeaHeil MOIIHOCTHU
HaKayky OCYIIECTBJSIETCS C IOMOIIbIO IIUPOT-
HO-UMMyJabcHOro moayisaropa (ILIMM) nutanusa
CHJIOBBIX TPAH3UCTOPOB (CM. pHC. 5).

PaspsgHas cTpyKTypa-BOJHOBOA IOMEIIAETCS
BHYTpb O0Kca. B 1ma3bl pa3psimiHOi CTPYKTYphI yCTa-
HaBnuBawTcs AIN (aTIOMOHUTPUIHBIE) U30ISITOPHI.

Puc. 2. CobpanHas paspsinHasi ctpyKrypa 3D u koprmyc (60Kc).

]

2 Do e

le |

390

Puc. 3. 3D-monens u 2D-4yepTex KUIAKOCTHOTO paanaTopa.

MPUBOPBI U TEXHUKA SKCITEPUMEHTA  Ne |
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120

125
125

CTEITAHOB u np.

120

Puc. 4. ®nanus! ¢ y3namu toctuposku (2D- u 3D-1n3006paxkeHus1) CUIOBBIX TPAH3UCTOPOB.

A

Puc. 5. 3D-Mmonenb BbICOKOYACTOTHOTO ApaiiBepa.

OHU SABJSIOTCS 2JIEKTPUYECKMMU pa3Bsi3KaMu pas-
PSIHOM CTPYKTYpHI U 6oKca (puc. 6).

bokc m macTUHBI-pagMaTOPBl COEAMHEHBI
LIMIbKaMu M6 ¢ XeCcTKO# (hUKcaLeil moIoXKeHUs
pa3psaHOIt CTPYKTYpbl BHYTpU O0Kca. Buntamu M5
coenqrHeHbl (aHIbl, COOpaHHBIE C Y3JIaMH IOCTH-
POBKM, 3epKajlaMy U KPaHOM JIJI1 OTKa4yKu/HAarmoJI-
HeHMs. B MecTe CTHIKOBKM (Di1aHIIEB U OOKCa €CTh
PE3MHOBOE YIUIOTHEHUE MIJIsS TepMeTU3alu o0beMa
(puc. 7). BU-gpaiiBep ycTaHaBIMBAeTCS HAa BEpXHEM
paguaTope.

NPUBOPBLI U TEXHUKA SKCITEPUMEHTA

Puc. 6. Bokc ¢ pa3psiiHOil CTPYKTYpOId.

IMociie cOOpKM CienyloT orepaluu OTKAYKH,
OTXKMTIa M HAIIOJHEHMS ra30BOM CMeChlo pabouero
oObeMa 1azepa. 3aTeM Ipudop TpeHupyercs (pasm. 3).

3. TEIIJIOBBIE PE2KMM bl

B 3aBucuMocTM OT Ha3HaYeHUsI BOJHOBOJHbBIC
CO,-nazepsl MOTYT 3KCILIyaTUPOBaThCsl B AMana-
30HE TeMIlepaTyp OKpyxXaloleil cpensl oT —50 10
+55°C npu ycsioBuM o0ecredeHrs TETJIOBBIX PeXKi-
MOB UX PaOOTHI.

Ne 1 2025



3D-ITPOEKTUPOBAHUE LIEJIbHOMETAJJIMYECKOI'O BOJIHOBOAHOTI'O CO,-JIA3EPA

A

Puc. 7. I'epmeTHUHBII OOKC C ONTUYECKOI CUCTEMOI.

ITo cnocoOy oTBoAa Teria u3 paspsiaa Ipudopbl
NeJISITCS COOTBETCTBEHHO Ha M3JIydyaTeId C BO3-
nymHbIM (B) n xkupkoctHbeIM (2K) oxmaxkmeHUEM.
B nepBom ciryyae oxJiaxkaeHue IPOMCXOIUT 3a CUeT
€CTECTBEHHOM MM NPUHYIUTEIbHON KOHBEKIIAN
BO31yXa Ha paauaTopax ¢ pa3BUTOM IMMOBEPXHOCTHIO
(mpomoibHBIE WM IIOIEpEeYHbIe pedpa, a Takxke
MHOTOIITBIPHKOBBIE BAPHUAHTHI).

C y4eToM CHUMMETPHUM M3JIydaTesisl TEILIOBBIE
MOTOKM PaccMaTPUBAIOTCS TOJBKO B ONHOI U3 YET-
BepTelt (OMHOM KBaJpaHTEe) MOIMEPEUYHOr0 CEUSHUS
(cMm. puc. 4). Tem1000MEeHOM € TOPLIOB M3TydYaTels
npeHebOperaeM. Ilpu 3ToM McxomHast BeJIMUYMHA
TEIJIOBBIIEICHUSI COCTaBUT OKoJo 225 BT. Panna-
TOP BO3MYIITHOI'O OXJIAXKIEHUS MPEACTaBIsIeT cOO0it
Ha0Oop MITAMIIOBAHHBIX IIJIACTUH U3 aJTIOMUHUEBOTO
craBa. OHM (pUKCUPOBAHBI Ha BHEITHEN MOBEPX-
HOCTHU KOpITyCa ¢ MCIIOJIb30BaHUEM TEILJIOIIPOBOISI -
mei mactel Tuna KIIT-8. BHenmHsasg moBepxHOCTh
MJACTUH TIPEACTaBAsSeT cO00i peOPUCTHINT pagu-
aTop: BbIcOTa pedep 26 MM, pPacCTOSTHHE MEXIY
pebpamu 6.3 MM, KoJIM4eCTBO pedep 15, Marepuan —
amoMuHUeBbIN criiaB AJl 31 ¢ TenIompoBOITHOCTHIO
188 Bt/(m - K) (puc. 8).

DPGEeKTUBHOCTL TaHHOTO paauaTopa JTOCTH-
raeTcsl IMPUHYIUTEIbHBIM OOIYBOM BO3IYIIHBIM
IIOTOKOM CO CKOpOCThIO V' = 6.5 M/c ipu atMocep-
HOM naBieHun u Temmepatype 20°C. Pagnatopom
oXJaxKIeHUsT U3JIydaTess Jlaepa sIBJISIeTCsl paaua-
TOPHBIN TTpop UL 13 amoMuHueBoro crutaBa AJI31T
¢ TertonpoBoaHocThio 188 Br/(M - K).

Hnst 3 GeKTUBHOrO OXJIaXAEeHUS IUIOMIAIb
MOKPHITUSI yBelndeHa. DTo obOecrmedymBaeTCs

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne |
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Puc. 8. HanpaBieHue ABMXEHUS TEIIOBBIX TTOTOKOB.

pebpamu BeicoToit oT 20 MM 10 35 mM. T1pm xkuakocT-
HOM (BOISTHOM) OXJIAXIEHMM B paauaTopax MMe-
IOTCS COOTBETCTBYIOIIME KaHajbl. [Ipu MolrHOCTH
JlazepHoOro usnydeHus nopsaka 40—45 Bt tpedyeTcs
MOBBIIEHHBIN TeIutooTBoA. [1o3TOMY B HJaHHOM
YCTPOMCTBE MCHOJB3YETCS XKUAKOCTHOE OXJIaXkKJIe-
Hue. Ilpu omeHke 3¢ PEKTUBHOCTU TETNIOOTBOIA
B M3JIydaTejie He0OOXOOMMO PacCMOTPETh YCIOBHSI
TEIUIO0OOMEHAa Ha KOHTAKTUPYIOIINX ITOBEPXHOCTSIX
¢ TeperagaMu Temiiepatyp. s MOITHOCTHA U3JTy-
yeHus1 40—45 Bt akTuMBHaAsg OJMHA pa3psaa JOJKHA
COCTaBIISITh BEIUUMHY 0KoJio 111 cM, mpu peanbHOM
KIIA 10% MouHOCTh pa3psiia COCTaBJISICT IIPH-
mepHo 450 Bt. C yuerom BU-ncrounmka cyMmmapHoe
TerioBblAeAeHUE JocTuraet mpuMmepHo 900 Br.
PaccMoTpuM TEIUIOBBIE MTOTOKU C YYETOM CHM-
METPUH M3JTydaTelis TOJbKO B OJHOM M3 YeTBepTeil
(omHOM KBaJpaHTe) IMONEPEYHOro ceueHus (puc. 9).
B xaHaax oxiaxneHust IIPOUCXOIUT BHIHYKIECH -
HBI KOHBEKTUBHBII TEIIOOOMEH IIPU IBMXKCHUM
KUAKOCTHU. TeIUIoBOIi TOTOK MPU 3TOM ITPOIIOPIIH-
OHaJICH IIJIOIIAAY ITOBEPXHOCTU CTEHKU U Pa3HOCTHU
TEMIIEPaTyp KUIKOCTH M CTEHKM (TEMIIEpaTypHOMY
Harfopy):
W= aSAt. D
Ha xoadduumeHT TeriooTnaym o BIUSIOT pa3-
JuyHble pakTophl. K HUM oTHOCATCS (pu3ndecKue
CBOICTBA XXUIKOCTU, CKOPOCTh €€ II0TOKAa, reo-
METPHUS M Ka4eCTBO IMMOBEPXHOCTH OXJIAXKOAIOIIETO
KaHayia. DTO OIpenesieT JJaMUHAPHBIN, ITepexo-
HBII WK TYPOYJICHTHBIN PEXXUM TCUSHMST SKMIKOCTH.
CKopocTb MOTOKA 1 (pOPMBI OXJIAXKIAIOIIEeTo KaHala
3a1aeT TypOYJIeHTHBINA pexXM TeUeHMS KUIKOCTH,

2025
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1 L

Puc. 9. HanpasyiieHue TEIJI0BBIX TOTOKOB MPU KUIAKOCT-
HOM OXJIaXKICHWMU.

YTO yBeJMUYUBaAeT 3((PEeKTUBHOCTL TEILIOOOMEHA.
XapakTep TeUeHMs XUAKOCTU OMPEAeNsieTCs Ync-
JioM PeiiHonbaca

4V
:—’ 2
ndv 2

rne V' [m3/c] — 06beMHBIIT pacxo XXuUaKocTu, d [M] —
JMAMETP OXJIAXIAIOIIEro KaHaia, v [M2/c] — KuHe-
MaTU4eCKasl BI3KOCTh KUIKOCTH.

IIpn Re < 2200 pexxnM IBUXKEHUS KUIKOCTH B
Tpy6e mamuHapHslit. st Reor2.2- 103 1o 1 - 104 pea-
JIM3yeTcs TIepeXoqHbIi pexxuM, a ipu Re > 1-10% —
TYpOYJAEHTHbIA.

KoadduuueHT TeruiooTnauum o MpPU BbIHYX-
JNIEHHOM JIBMKEHUU XXUIAKOCTU PacCUMTHIBAETCS Ha
OCHOBE 3aBHUCHUMOCTeN Mexny kpurepusmu Hyc-
censra Nu,, PeiiHonbnca Re, u [1pannmig Pr,.

Re

4. TEXHOJIOTUYECKHME ACITEKTbI
TEPMETU3ALIMU U TEPMOBAKYYMHON
OBPABOTKH HEJIBbHOMETAJINIMYECKOI'O
BOJIHOBOJAHOTI'O CO,-JIA3EPA

OOuenpuHsITBIE CIIOCOObI COSAMHEHUI B KOH-
CTPYKILIMM JIa3epa AAl0T MpeneJbHO HU3KYIO ra3o-
IIPOHULIAEMOCTb U Ta300TaeleHUe. B mociaenHue
TOAbI B 3TUX LIEJISIX CTAIU AKTUBHO UCIIOJIb30BATHCS
pa3IMYHbIC BUOBI YIUIOTHEHU 1 KJICEBBIX COSIUHE -

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

CTEINAHOB u 1p.

HUI, YTO 00YCIIOBJIEHO MOSIBJIEHUEM HOBBIX MaTePU -
aJIOB I COBPEMEHHBIX TEXHOJIOTUIA.

TpaaulIMOHHBIMU METONaMU FepMETU3aIIUU KOH -
cTpyKkuuu razopaspsaHbix CO,-1a3epoB SBISIOTCS
pa3InYHbIe BUOBI CBapKK M maiiku. KieeBnie coe-
JUHEHUS 0 MOCeAHEro BpeMEeHU CYIeCTBOBAIU
B MIEPBYIO o4Yepenb IS TepMETU3alNN OTITHYECKIX
BJIEMEHTOB. DTO, MPEXIE BCEro, MJIeHOUYHBIN KIei
mapku I[TKC-171 (TY 6-06-20-88), KoTophlii mony-
YaT U3 CIUPTOBOAHOTO PACTBOpa MOJMAMUIHOMN
cMmoutbl 6/66/610-1, kinest mapku [1PD-2/10, smok-
cugHoi cMmonabl DJ1-20, nuuuanauamuaa, gocdo-
HUTPUJIAHUINAA U aMUHONPONWJITPUITOKCHIIaHA
(armmpet AI'M-9).

Mertainbl (CTajab U €€ CIJIaBbl, aJIOMUHUN 1 €T0
CIUIaBBI, OIOPAJTIOMUHUI, 30JI0TO, cepedpo U Ip.)
CKJIEMBAIOTCSI ¢ HEMETAJUNIMYECKUMM MaTepuajaMu
(kepaMuKa, KBapll, CTeKJIO, YIJIETIIaCTUKU, TOJU-
aMUIbl U 1p.) B MHTepBajie TeMneparyp ot 120 mo
240°C, gasnenuu ot 0.05 mo 4.5 MIla (ot 0.5 mo
45 krc/cm?) ¢ BblaepxKoii oT 20 ¢ 10 5 4.

ODTH KJIeeBble COCOMHEHUSI OTIIMYAIOTCS BBICO-
KMMU IOKa3aTeJsIMU IIPOYHOCTU KJICEBOTO IIIBa,
BBICOKMMMU 3JICKTPOU3OJISILIMOHHBIMU CBOIICTBAMMU,
XOPOIIUMHU AUBJIEKTPUUSCKUMU CBOMCTBAMH,
a TaKXKe HM3KOU ra3oIlpoOHMIIAEMOCTbIO U ra300T-
neneHueM. O6nacth pabounx TeMmieparyp: ot —60
no +150°C, kparkoBpemeHHo mo +200°C [8, 9].
O dpekTuBHOE MPpUMEHEHHUE NAHHOrO BUIa Kjes
U KJeeB BOOOIEe JaeT MOArOTOBKA COSAMHSIEMBbIX
noBepxHocTeit. OHa ocyllecTBsIeTCs, Kak Mmpa-
BWJIO, B IBa 9Tara.

BaxxHoit oTmnIuTebHON 0COOEHHOCTHIO COBpE-
MEHHBIX KOHCTPYKIHMII HeJIbHOMETAIINYEeCKUX
CO,-na3epoB SABISETCS LUPOKOE UCIOIb30BaHUE
VIDIOTHEHU U3 pa3IMIHBIX MaTepUajIoB, B YaCTHO-
CTU M3 BUTOHA 1 MHIMSI. PaccMoTpuM rmogpoOHee nx
XapaKTePUCTUKMU.

CHUHTETUYECKMII PEe3MHONON00HBIII MaTepuall
(aI1acToMep) BUTOH C XUMMYECKOM TOYKU 3PEHUS
SIBJISICTCS JIMHEMHBIM COMOJIMMEPOM BUHWIMICH-
¢Topuna u rekcapropnponuicHa. ITOT MaTepual
MPEeACTaBICH MPOKJIaAKaMU KPYIJIOTO WU IJIOCKOTO
ceueHMs1 pazHooOpa3Hoit popmel [10].

[Ipu repMeTH3aliiu COBPEMEHHBIX I€JIbHOME-
TAJJINYECKUX KOHCTPYKLIMM MPUMEHSIOTCS YILUIOT-
HEHHUSI U3 BBHICOKOIUIACTUYHBIX METa/IOB. B yacT-
HOCTHU, 3TO MPOKJIAAKNA U3 WHINS WK €ro CILUIaBOB
¢ IpyruMU MeTajilaMu. Takue yIJIOTHEHUST MOXKHO
MOYTH OEeCKOHEYHO ae(hopMUpOBaTh IOM NaBje-
HUEM, IIOCKOJIbKY OHM He YIIPOUYHSIIOTCS IIpU o0pa-
00TKe. DTO Ype3BLIYAITHO TTOJIE3HO JIJIS pa300PHBIX
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WJIM OTHauBaeMbIX MPHOOPOB, pabOTAIOIINX IPHU
TeMIiepaTypax HUXe TOUKM TaBiaeHus uHaus [11].
IIpu 3ToM OH YCTOIUMB K pacTBOpaM CUJIbLHBIX
ILIETTOYEN.

B o011y10o CTpYKTYpHYIO CXEMY M3TOTOBIICHUS
razopaspsaHoro CO,-nazepa BXOIAT ollepauuu
METaJI000pabOTKM, OUMCTKM U TEPMOOOpPadOTKHU
neTajieit, MpoKIaaKy YIUIOTHEHUSI, COOPKU 1 KOH-
TPOJist COOPOUYHBIX OIepalluii, OCTUPOBKU 3epKal,
a Takxe cornacoBaHusl uznyudatenst ¢ BU-renepa-
TopoM. OUHUIIHBIMY OIIEPALIMSIMU SIBJISTIOTCS TEP-
MOBaKyyMHast 00paboTKa, TpeHUpPOBKa B paboueit
CMeCH ra3oB, OKOHYaTeJIbHasl cOOpKa, HacTpoiika 1
M3MEpEeHUe ITapaMeTpoB Ja3epa B LIEJIOM.

[IpucytcTBUE B Ta30BOii cpeae BOIOpPOAa, BOMIbI,
OpTaHMYECKMX IIPUMECEii, B TOM YUCJIe TTapOB Maced,
CHIXKAeT MOIIHOCTb M3JIy4eHUSI Y BIUSIET Ha TOJITO-
BeuHOCTb CO,-nasepa. IloaTomy Ha srane coopku
BBITIOJTHSIETCS THIATEIbHOE 00e3XXMpUBaHUE BCEX
JeTajeil B TPUXJIOPITUICHE U Aera3aiuys B BaKyyme.
3T10 obecrieunBaeT 3¢ HEKTUBHOE yIaJleHUE BOIO-
pona u3 obbeMa aeraneil. Eciin KOHCTpYKIIMOHHBIM
MaTepuajl — allOMUHUIA, TO B IIPUCYTCTBUM aTOMap-
HOTO 1 MOJIEKYJISIPHOTO KMCIOpoa B pa3psiae obpa-
3yeTcs okcuaHas mieHka. [Ipoucxonut HeoOpaTu-
MO€ yaajJeHue KUCJI0poJa U3 CPeabl, YTO CMEIaeT
paBHOBeCHUE peakluy AUCCOLMallMy BOpaBo. s
MPEeIOTBPAILeHUST 3TOrO JAeTalIr pa3psiIHOI CTPYK-
TYPBI IIPOXOISIT 00padOTKY B ABa 3Tara.

Ha mepBoM 3Tame getaan MOHTUPYIOTCS Ha
OCHACTKY, 3allauBalOTCSd B CTEKJSHHBIE KOJIOHBI,
OTXKUTaIOTCs B BaKyyMe U 3aTeM OKMCJISIIOTCSI B KHC-
nopone nipu temriepatype 300°C B reuenue 3 4. ToJ-
IIMHA OKCUIHOM IIJIEHKHU IIOCJIe OTXKUTa W OKMCJIIC-
Hus coctabisget 0.3—0.8 MKM, OHa KOHTPOJIMPYETCS
MUKpouHTepdpepomerpom MUNUN-4.

TepMoBakyyMHasi 00paboTKa BKJIIOYaeT B ceOs
OTKauKy, JAerasaluio B IeYd U TPEHUPOBKY B pa3-
psaHOI cMecu padounx razoB. CleayoIInM 3TarioM
SIBJISIETCS. TPEHUPOBKA B paspsme padboueit cMecHu
ra3oB. OHa coctout u3 CO,, a3ora, reus, KCEHOHa
B cooTHomeHuu 1:1:4:0.25, TpeHUpoOBKa NPOXOAUT
B LUKJIMYECKOM pEXMME — YeThIpe pa3a mo 60 MuH
C OTKauKO¥ M 3aMeHOi1 HaroJHeHus. TpeHupoBKa
B pa3psiae obecreurBaeT HachIIIeHUE TOBEPXHOCT-
HBIX CJIOEB 3JIEMEHTOB apMaTyphbl padOYMMU razaMu
¥ HavaJIbHYI0 00pabOTKY MMOBEPXHOCTHU 3JIEKTPOIOB.
3T0, OIHAKO, HEe 0bOecIieyrnBaeT paboTOCIIOCOOHOCTh
M3JIydaTessl B TeUeHUe IJINTeIbHOTO IIeproaa Bpe-
meHu [3]. Herpamauust paboyeil CMECH BbI3bIBAETCSI
nuccoumauueit moiekyn CO,. CreneHp auccolma-
LIMK CO BpEMEHEM PacCTeT, YTO CBSI3aHO C ITIOCTEIICH-
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HBIM HEOOPATUMBIM YXOIOM 00pPa3yIoIIerocs B Xoe
JNUCCOMAllUU KMCIOPO/a.

Hs1 yMEHBIIEHUSI CKOPOCTH MOTEPh KUCI0poaa
WJIM KOMIICHCAILIMY 3TUX ITOTePh UCIIOIb3YIOTCS pa3-
JINYHBIC METOIbI — KaK IIACCUBHBIE, TAaK U aKTUBHEIE.
K maccuBHBIM MeTOaM OTHOCUTCS UCTIOJIb30BaHE
JIOTIOJTHUTETLHOTO 00BbeMa.

Bonee acdexkTuBHOI 1151 YMEHBIIEHUS TOTEPh
KMCJI0pOJa, KaK IOoKa3aIi Macc-CIeKTPOMETpUYIE-
CKM€ MCCIIeIOBAHNS, SIBIISIETCS ITACCUBALIMSI ITIOBEPX-
HOCTH IpU AuTeNbHOM (0Kojio 100 4) TpeHUpPOBKe
aKTUBHOIO BJIEMEHTa B pa3psae paboyeil cmecu
kaHasia. OHa TPUBOIUT K YMEHBIIIEHUIO TTOTePb KK C-
Jiopona. I1pu 3ToM NporcXoasiT MUHTEHCUBHOE HaChl-
ILIEHWE CTEHOK pa3psiAHOro KaHajla KOMIIOHEHTaMU
paboueit cMecUu U CpaBHUTEIbHO HETTyOOKOEe OKHUC-
JIeHWe METaJNIMYeCKuX moBepxHocTeil. IlogoOHas
rnaccuBalvs B COYETAaHUM C HAIbIJIEHUEM TUICHKU
Al,O; no3BoJsAET yBENIUYUTD JoJaroBeyHocTs CO,-
Jlazepa B HecKoJbKo pa3 (1o 5000 4 u 6o1ee) [3].

5. OHEPTETUYECKHUE
XAPAKTEPUCTUKH

K ocHOBHBIM J1a3epHBIM ITapamMeTpaM, Kak mpa-
BUJIO, OTHOCSTCSI MOIITHOCTD M3JIyUYeHUSI, €€ 3aBUCH -
MOCTb OT BpEMEHHU, TUAMETP U PACXOIUMOCTb ITyJIKa
JIa3epHOro M3JyYeHUs, TTOJSIpU3alus, CIIeKTpaib-
HBIN cocTaB (AJMHA BOJHBI, KOJUYECTBO YAaCTOT U
ap.). IIpubopsl MoryT padbotaTh Kak B HEeIpephIB-
HOM peXuMe, TaK U B UMITYJIbCHOM (IepuOauye-
CKOM), ITO3TOMY U M3MEPEHNEe XapaKTepUCTUK Tpe-
OyeT MpUMEHEHUSI U3MEPUTEIbHOI aImapaTypbl
pa3auvyHoro ObIcTpomeiicTBUsI. PacnpocTpaHeHue
OOBIYHBIX OTMTUYECKUX METOAOB M3MEpEeHUs Ha
Takue Majible BpeMeHa 1 Ha Ype3BblYaiiHO BHICOKHE
IUIOTHOCTU MOTOKOB TpeOyeT KaK YCOBEPIIEHCTBO-
BaHUs U Pa3BUTUSI CTAPBIX METOIOB, TAK 1 CO3AAHUS
HOBOM U3MEPUTEIbHOU TEXHUKU.

K 6osee ToHKMM Ja3epHBIM MapaMeTpaM OTHO-
csITCSI 0COOGHHOCTU CIIEKTpa MOJI pe3oHaTopa, yCu-
JIeHe, IITyMbl M1 BO3MOXHOCTb MomyJisiiiuu. Mamepe-
HY€ BHYTPEHHUX U BHEIITHUX JIa3€PHBIX ITapaMeTPOB
MIPOBOIMUTCS IIPU ITOMOIIM JATYMKOB CUTHAJA, MOIII -
HOCTU U dHepruu [1].

ITpu naMepeHnr pacxoaMMOCTH My4ykKa METOIOM
JIBYX CEYEHUI JTy4 Jlazepa HampaBJiseTcs Ha BXOTHOE
YCTPOUCTBO (M3MEpUTEIISI pacIipeaesaeHus MIOTHO-
CTU MOIIIHOCTHU ITy4Ka U3JTyYeHUs ), CUTHAI C KOTO-
poro momaeTcs Ha IBYXKOOPAMHATHBINA CAMOIIMCEII.

Hst u3MepeHUsI OCHOBHBIX DHEPTeTUYECKUX U
CIEeKTpaJbHbIX XapaKTePUCTUK COOpPAHHOIO 2KC-

2025



112
IICPUMCHTAJIBHOTO 06pa3ua OblJla co3gaHa U3Me-

puTeIbHas yCTaHOBKA, OJIOK-CXeMa KOTOPOi TIpei-
craBjeHa Ha puc. 10.

Puc. 10. biok-cxema 3KCIIepUMEHTATbHON YCTAaHOB-
KM JUISI U3BMEPEHMST DHEPTeTUYECKUX U CIIEKTPaJIbHBIX
XapaKTepUCTUK JIa3epHOTO u3inydeHus: I — nasep, 2 —
MCTOYHUK MUTaHUs, 3 — CHUCTeMa OXJaXAeHUs, 4 —
ocjaburenb, 5 — usMeputeab MoiiHoctu UMO-4C,
6 — IBYXKOOPIMHATHBII caMomucell, 7 — U3MEepPUTENTh
pacripeeieHUs IJIOTHOCTY MOIIHOCTH ITy4Ka U3IIyde-
HUs, § — UIBMEPUTENb JNIMHBI BoJHBI udnydeHus (ITAC).

M3nyyeHue oT 1azepa yepes ociaduTesb 4 MoCTy-
naeT JM00 Ha U3MEPUTETb MOILIHOCTU 5, TMOO Ha
U3MEpUTEIb pacipeae/ieHUs INIOTHOCTA MOLTHOCTH
nmyuka usirydeHust 7, 1u6o Ha [TAC.

I[Ipu u3MepeHUU PacXOOUMOCTU My4Ka METO-
JIIOM JIBYX CEUEHMI JIyd Jla3epa HaIIpaBisIeTCs Ha
BXOJ yCcTpoiicTBa 7 (MU3MepuTessl pacrpeaejeHus
IUIOTHOCTU MOIITHOCTU IMyYKa U3TYYEHUST), CUTHAT
C KOTOPOTO TMOJAETCS Ha IBYXKOOPAMHATHBII caMO-
mucel 6. PacxonMMocTh olieHUBaeTCs 10 pe3yJibIa-
TaM U3MEpPEHUS IBYX TMAMETPOB JIa3epPHOr0 My4yKa
Ha paccrostHum 500 1 1000 MM o popmyiie

4 3

AL
rae Op [pan] — pacxoguMocCTb My4ykKa U3JIy4eHUs,
AL [MM] — paccTosIHUE MEXIY IBYMSI CEUYEHUSIMU,
Ha KOTOPBIX U3MEPSIOTCS IUAaMETPHl, d, [MM]| — nua-
METp IMy4YyKa U3Ty4YeHUs, USMEPEHHBII B MEPBOM
ceyeHuu, d, [MM] — nuameTp mydyka MU3JIy4eHUs,
M3MEPEHHBI BO BTOPOM CEUECHUM.

HN3mMmepeHue mapaMeTpoB OCYIIECTBISIETCS IO
ypoBHIo 0.5 o MakcuMyMa. Ha 3anmmcanHoif KpuBoOif
OTMEYAIOT TOYKHU Ha ypoBHe 0.5 0T MaKCMMaJIbHOTO
3HAUYEHUS U COECAUHSIIOT 3TU TOUYKU OTPE3KOM TIpsi-
MoO# UIMHOH Ax,, Ax, [MM] 11 IEpBOro U BTOPOTro
CEYEHUI COOTBETCTBEHHO. JIuaMeTphl ImyuyKa U3Jy-
YEHUsI OMPENesISIIOTCS CASYIOIINM 00pa3oM:

d, = kix,, d, = kAx,,

0,

(C))
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rae d,, d, [MM] — nnameTpsl ryuka Ha ypoBHe 0.54, .
JIJISI TIEPBOTO M BTOPOT'O CEYEHUM COOTBETCTBEHHO,
k — macmTabHBIN KO3(h(PUIIMEHT, OTpenensieMblii
TEXHUYECKMMHU XapaKTepPUCTUKAMU CKAHUPYIOIIETO
ycTpoiictBa u rpadonocrpourens (k = 0.18).

CxeMbl, TIOSICHSIOIINE TIPUHIIUAIIBE U3MEpEeHUS
PacXoOMMOCTH U TMaMeTpa IyYKa U3TydeHUs, Ipe -
cTaBJIeHBI Ha puc. 7, 8.

M3mMepeHunss MOITHOCTU M3JIYyYeHUs IIPOBOIM-
JINCHh B (POPCUPOBAHHOM pEKMMeE aBTOTeHepaTopa C
MJIHWH 70%, ¢ BLIXOOZHBIM 3epKajioM, KO3 ULm-
€HT IIPOIyCKaHusI KoToporo coctanisut 30%, v ripu
JIaBJICHUU Ta30BOI cMecH, paBHOM 80 MM pT. CT.
ITpu 70% PWM (Power Width Modulation, mupot-
HO-MMITYJIbCHAsI MOAYJISILIVSI — IIPOLIECC YIIPABICHUS
MOIITHOCTBIO METOIOM ITEPUOINYECKOIO BKIIOUCHUS
¥ BBIKJIIOYEHUS IIpruOOpa) MOITHOCTh M3IYyYCHUS
cocrtasuna 22 Bt (puc. 11-13).

HN3mMepeHne MOIIHOCTU M3JIYYEeHUsS ITPOBOIM-
JIOCh B He(pOopCHUPOBaHHOM pexXrMe aBToreHepaTopa
C UMITYJIbCHOIM MOIITHOCTBIO mopsiaka 500 Bt u npu
napieHusx razosoit cmecu 70, 80, 85, 90 u 100 Topp
(cMm. nuarpammy). Mcnonb3oBanach ra3oBasi CMeChb

Puc. 11. Cxema namepeHust pacCXoqUMOCTU My4yKa U3JTy-

yeHus [4]: 1 — nazep, 1—1, 2—2 — cedyeHwUs1, B IIIOCKO-

CTSIX KOTOPBIX U3MEPSIOTCS JUAMETPBI ITyYKa U3JTydeHus,

L, — paccrosiHue 10 nepBoro ceyeHus, AL — paccros-
HHE MEXIY IBYMS CEUCHUSIMU.

0.5 Ay

Amax

Puc. 12. Cxema uaMepeHust [uaMeTpa rmydka Jia3epHoro
M3JIyYeHUS 110 paaraibHOMY PaclpeaeeHNIO IIOTHO-
CTU U3JTyYEHMUSI.
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MouHocTh u3nyuyeHusi, Bt

30.00 -

25.00 1

22,00

2000 -

15.00 4

10.00

5.00 +

0.00

0 10 20 30 40 50 60 PWM, %

Puc. 13. 3aBUCMMOCTb MOLIIHOCTH U3JIy4€HUsI OT YPOBHS
PWM.

c cocraBoM 6 CO,, 3.75 N,, 25 He, 2 Xe. Bennuuna
ONTUMAaJbHOI'O NIaBJIEHMsS B MaKeTHOM oOpa3slie
nmasepa coctaBmyia 80 MM pT. CT., YTO TUIIMYHO
IIJIsT BOJJTHOBOMHBIX JIa3€POB C AMaMETpPOM KaHajia
rmopsiaka 3 MM 1 OJIM3KO K MHBapuaHTy pd = 250, roe
p (MM pT. ¢cT.) — gaBieHue, d (MM) — AIMaMETpP pas-
psaHoro kaHana (puc. 14).

MouHocTh usnydyeHusi, Br

225 ~
22

2 -
£ 21.5

215 4
21

k3 20.5
205 -
20 -

195

18.5 T T T 1
70 75 80 85 90

NasnexHue rasoBoid CMECH, MM.pPT.CT.

Puc. 14. 3aBUCUMOCTb MOIITHOCTH U3JIyYeHMSI OT JaBJie-
Hus ra3oBoii cMecu (PWM = 100%).

C nmomorsio u3Meputens Pirocam-3 ObUIH ITOJTY-
YyeHbl ITapaMeTphl Ja3epHOTO Jyda. PesynbraThl
M3MEPEHUI NMEIOT HEKOTOPOEe OTKJIIOHEHUE OT TEO-
puu. M3MepuTesb TakkKe ONpeaenuil aCTUrMaTu3M
nyvya(Z,— 7))/ Z,,=7.6%, aCHMMETPUIO MEPETIKKN
2Wy / 2Wx = 0.981 u acuMMeTpuIO pacXoauMOCTH
0, /0, =1.004. Kpome s10r0, 6bLITA M3MEPEHA MOIII-
HOCTb M3JIYyYeHMSI, IIPOXOISIIETIo Yepe3 auacdparmy
d = 12 mMm, Ha pacctostHuu 800 MM oT Ja3epa. Ee
BeJIMYMHA cocTaBwia 22 BT npu nmagaronieii Ha nua-
¢dparmy moirHocTH 21 BT.

Hst OLleHKM CTEIIEHU ITOJISIpU3alliy M3JIyde-
HUSI MaKeTHOro oOpasiia Jia3epa MCIOJIb30BallCh
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HeNnpocBeTJIEHHAas IUIaCTMHA M3 CeJIcHUIa LIMHKA
1 U3MEPUTETb MOILIHOCTHU JIA3€PHOIO M3JIyYEHUS.
[InacTuHa ycraHaBiIuBanach Ha IIyTU JIa3€PHOTO
Jlyda ¥ HAKJIOHSUIaCh B BEPTHKAJbHOM INIOCKOCTH
nox yriioM bplocrepa 67.4°. i3mMepeHUsI MOLIHOCTU
usnydyeHus nposoauinch npu 20% PWM. B rakoii
CXEMe M3JIyYeHME C BEPTUKAJIbHOW TMOJIsIpu3alueit
MPOXOAUT Yepe3 MIACTUHY MOJHOCThIO, HE OTpaXxKa-
sich OT Hee. M3ayyeHHe ¢ TOpU30HTAJbHOM ITOJISI-
pu3aluei Ienuaoch e Ha IBe yacTu. OgHa 4acTh
MIPOXOAMJIa CKBO3b IUIACTUHY, a Apyrasl 4yacTh OTpa-
Kajach IutacTuHOM. Iloka3zaHo, 4TO M3JIydeHUE
Jlazepa 3JUTUNTUYECKHU TTOJIIPU30BaHO C Mpeobiiaaa-
HUEM BEPTUKAJbHON MOJSIpU3alIuU.

HaHHBIe 3KCIIEpUMEHTaJbHbBIE PE3YJIbTaThl IO -
TBEPXKIAIOT IIPEABAPUTEIIbHBIC OLICHKM, 33 MCKIIIO-
YEeHUEM YPOBHSI MOIIHOCTH JIa3€PHOTO M3IydeHMUSI.
DTO CBSI3aHO C OOMOJHUTCIBHBIMU ITOTEPSIMU B
Z-00pa3HoOM pa3psiIHOM KaHaJie-BOJTHOBOIE M3-3a
HEIOCTAaTOYHOTO KauecTBa 00pabOTKU €ro BHYTPEH-
Hell oBepXHOCTU. [JIsI CHUKEHUSI MOTeph MOXHO
HCIIOJIb30BaTh CIelralbHbIe (ppe3bl 1 HaHECEHUE
AJTIOMOOKCHIHOIO IOKPHITUS METOIAMHU HAITbIJICHMSI.

6. SAKJIIOYEHUE

IIpennoxeHsl 1 0O0CHOBAHBI KOHCTPYKTUBHBIE
0COOEHHOCTH U TEXHOJIOTUYECKIE PEKMMBI Ha BCEX
CTaAusAX U3roToBlieHUd HOBoOro noxkojeHusa CO,-
Jlazepa c monepedHbiM BU-B0o30yXneHuEeM.

Ha ocHoBe aHanu3za mateHTOB U 3D-MeTomoB
MPOEKTUPOBAHUSI OCYIIIECTBIEHB pa3paboTKa U
HM3TOTOBJICHME OTEYECTBEHHOI'O MajoradapuTHOrO
LeJIBHOMeTaJuInyeckoro BoaHosonHoro CO,-na3zepa
¢ nornepeyHbiM BY-B030y:XaeHUEM C MCMOJIb30Ba-
HUEM OTeUECTBEHHBIX aJTIOMUHUEBBIX TTPOGUIICH, TI0
rapameTpaM MpeBbIIaIOIIero 3apyoeKHble aHATIOTH.

3D-npoToTunpoBaHue IO3BOJUIO pa3pado-
TaTh KOHCTPYKTOPCKO-TEXHOJIOTMIECKYIO JOKYMEH -
TaLUIO JUISI MEJIKOCEPUITHOTO IIPOM3BOACTBA HOBOTO
MOKOJIEHUSI COBPEMEHHBIX 1LIeJIbHOMETANIMICCKIX
W3MIENINi, NCIOJb3YIOIMNX B CBOEH KOHCTPYKIIMK
OTeYeCTBEHHbIE aTIOMUHUEBbIE TPOoduIn (IMMPoKar).
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