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JSIOT, 9TOOBI AaTh NOCTym aHomam (21) saeiiku de-
pe3 orBepcTra. ACM pa3MemaroT ¢ IIOMOIIBI0 TPyO-
ku (1, 1) momaum ¢ menpIo 3aKphIBaHUS aHOAOB (21)
Macca ACM nonnepskuBaetcs omanxyoxoit (40). Oma-
nmyOka (40) comepUT HEKOTOPBIA Y9acTOK, KOTOPBIHA
ONMpaeTcsl Ha BEpX KaTOAHON Yalld B HIXKHEM CEKTO-
pe OTBEPCTHA U AOTIONHUTEIBLHO CONEPKUT TUIACTHHY
(41) omay0Oku, KoTOpasi HAKJIIOHEHA 10 HAIIPaBJICHUIO
Kk aHoxy (aHomam) (21) Ha yrom (o), TakuM 00Opazom,
orpaanunBas ACM OT mepeMemnieHus U3 yKa3aHHOTO
otBepcTus B xoze pasmemmenus ACM. [lnactura omna-
TyOKH MOXKET COIep)KaTh OTKHIHYIO IUTacTHHY (46)
onaryOKH, TPUKPEIUICHHYIO K €€ BEPXHEMY YYAaCTKY.
N300peTenne TakKe CONEPKUT MOABIKHYIO [UIACTH-
Hy (3) ycTpoiicTBa pa3MeIIeHus, IPUKPEIICHHYIO K
TpyOKe (1') mogaun ACM, 1 rOpH30HTAIBHYIO IJIaCTH-
Hy (50), KOTOpast 3aKpHIBACT BEHTHISAIIOHHBIE OTBEP-
crus (28).

IV tICI6810¢



1810387
CITIOCOb 1 CPEJACTBO AJIA PASMEIIEHUWA 3AKPBIBAIOIIEI'O AHO/
MATEPUAJIA B DJIEKTPOJIMTUYECKOM SYEHUKE XOJIJIA-OPY JJIA TIOJIYYEHUA
AJITOMUHNA

Hacrosmee wusoOpereHue kacaercss cmocoba M CpeAcTBa Uil PasMELIEHUs
3akpeiBaromero anox Marepuana (ACM) B 3hekTponuTHUeCKOH sideiike XoJuta-Opy aus
NOJIy4eHHUs1 amoMHuHUsA. B wactHocTH, m3o0perenne kacaercs onanyoku mis ACM B xoxe ero
pasMelleHus] CBepXy M [0 CTOPOHaM aHoJa C LeNblo YIIPaBJIEHUs T[eOMEeTPUYECKOU
KOH(pHUrypauuei u pacrnonoxkennem Maccel ACM ¢ HCnosb30BaHUEM BPEMEHHOH onanyOKu.

B Hacrosiiee Bpemsi alOMUHMN NMPOU3BOJAT € MOMOIIBIO 3JIEKTPOJIM3A COAEpIKallero
aMIOMUHHUII  COCTaBa, PpAacTBOPEHHOTO B  pPACIUIABIEHHOM  3JIGKTPOJIUTE, U  Ipolecc
3JEKTPOJUTHYECKOTO BBIIEICHUS OCYIIECTBIISIIOT B siueiikax OObIYHONM KOHCTPYKUUHU XOJuta-2py
B 3JIEKTPOJIN3HOM Liexy. OOBbIMHO, Takue sSYeHKH COAep KaT KATOAHYIO Yally ¢ MPsIMOYTOJIbHBIM
OCHOBAaHHMEM W BEPXHEH KOHCTPYKIMEH ¢ KOXKYyXOM cOopa rasa, KOTopas pacrojio’KeHa CBEpXY
KAaTOJHOW dYally, ¥ TMPU 3TOM KOHCTPYKLHS TOJa OKPY)KAaeT sS4YeHKy Ha YPOBHE HIDKE BepxXa
KaTogHOU yamu. B mosy, BOIHM3M sSUelKy, pacroyioskeHbl BEHTHILILIOHHBIE OTBEPCTHS, KOTOPBIE
CO3/al0T BOCXOJALIMH MOTOK OT MOJABAja HUXKE MOJIa U B OKPYXKAIOLIYIO Cpely Liexa, KOTopas
okpykaer suerikn. Kokyx cOopa raza cHaOXEeH CbEMHBIMH KpBIIIKAMH, KOTOPbBIE YAAJSIOT,
9yTOOBI JaTh JOCTYIl aHOAAM siuelKH 4epe3 oTBepcTHs nmpu pasmemeHun ACM Ha OgHOM WM
HECKOJIbKUX aHOMaX.

Hanee, >TH siHeHKH AN BJIEKTPOJH3a CHAOXKEHBl TOPU3OHTAJIBHO BBIPOBHEHHBIMU
3JIEKTPOAAM, IIPU 3TOM 3JIEKTPONPOBOJALINE aHOJbI U KaTOAbl COBPEMEHHBIX sIU€EK BBIMOJIHEHbI
U3 YIJIEPOAHBIX MAaTEPHANIOB. DJIEKTPOJIUT OCHOBAH Ha cMmecu (ropuma Hatpus U ¢ropuaa
ATIOMUHUS ¢ HEOOJBIIMMHU H00aBKaMH INEIOYHBIX M INEJOYHO3eMeNbHBIX (Gropunos. [Ipowecc
SJIEKTPOJUTHUYECKOTO BBIJENEHUs TMPOUCXOAUT TOTAA, KOTJa TOK, MPOXOASLIUN uepes
SJIEKTPOJUT OT aHOAAa K KaToAy, IMOPOXKAAeT JJIEKTPUYECKOE OCAXKACHHE COAep Kallux
AFIOMUHUH MOHOB Ha KaToje, NMPOM3BOJS PacIlIaBIEHHBIH aJIOMUHUI, a Ha aHone oOpasyercs
auokenn yraepona. OOmas peakiust mpouecca MOKET ObITh NMPOMJUTIOCTPUPOBAHA CIEAYIOLIEH
bopmynoii:

2A105 +3C =4A1+3CO, (D)

biokn mpennouTHTENBHO MPEIBAPUTENBHO OOOMKEHHBIX VIJIEPOIHBIX AHOIOB U3
CYLIECTBYIOIIUX B HACTOsllee BpeMsl SUeeK pacXOAyKTCsl B XOJA€ YKa3aHHOIO Ipolecca,
COOTBETCTBYIOIEro peakuuu (1), mpu 3ToM 0OBIYHBIN OOITNI pacXxod aHOJOB cocTasJsier oT S00
10 550 kr yryiepoaa Ha TOHHY IPOU3BEAEHHOTO aTFOMHUHU. Jlaske XOTs yIIIepOAHbINA MaTepual u

HU3TOTOBJICHUEC aHOOOB CPABHUTCIBHO HCAOPOrW, MaHUNYJIALIUHU C UCIIOJIb30OBAHHBIMU aHOAAMU
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(ocTaTkamM#) COCTaBJSIIOT  OOJBINYI0O HYacThb OMNEPAMOHHBIX 3aTpaT B  COBPEMEHHOM
METAJUTyPTHYECKOM KOMIUIEKCE /ISl TIEPBUYHOTO ATFOMUHUS.

HcxomHoe chipbe, HCMONB3yeMOe B siueikax Xoyuia-OJpy, MPeAcTaBisieT cOO0OM OKCHI
AFOMUHUS, TAaK)KE€ HA3bIBAEMBIM TIJIMHO3eMOM. | nHMHO3eM oOJjamaer CpaBHUTEIBHO HU3KOM
pPacTBOPUMOCTBIO B OOJIBIIMHCTBE  BJIEKTPOJUTOB.  UTOOBI  NMOOUTBCS ~ AOCTATOYHOM
pacTBOPUMOCTH  TJIMHO3€Ma, TeMIleparypa pacIUIaBICHHOTO  3JIEKTPOJIMTa B sUEHKe
3JIEKTPOJUTHYECKOTO BBIACICHNUS TOJDKHA IMOJNAEP)KUBATHCS BBICOKOW. B Hacrosimee Bpews,
oObI4HBIE paboyne TeMIepaTyphl siaeek XoJuta-2Jpy HaxoasTes B quanaszoHe 940 - 970°C.

3akpeiBaromuii  anox marepuan (ACM) pasMmemiaroT Kak 3aKkpbIBAOIIUN MaTepua
CBEPXy M IO CTOPOHAM AaHOAHBIX OJIOKOB, a TaK)K€ B KaueCTBE H3OJUPYIOLIETO CJOS Hax
3JIEKTPOJUTHYECKON BaHHOU. Llenb yKa3aHHOTO 3aKJIF0YAETCsl B TOM, YTOOBI 3aUTUTh aHOBI OT
HE)KEJIaTeIbHOTO OKHUCIIEHHUs] W TOATapa, a TAKXKe JUIsl TEIUIOBOM HW3O0JIALMH 3JIEKTPOJIHUTA OT
TEIUIOBBIX TIOTEPb B BEPXHIOK KOHCTPYKLHUIO HAA 3JEKTPOJMTOM, TAaK KaK YKa3aHHOE HMEET
pemaromee 3HadueHue sl TeryioBoro Oananca sueiiku. Cioii ACM Takike BHOCHT BKJIAA B
yIpaBJIeHHe OTepsIMU GpTopHza.

Baxunoctps cBoiictB ACM paccmotpena B crenyroiuei cratbe TMS: Jlerkue merasmbl
(Light Metals) 2011, «BO3JEHMCTBUE COCTABA UM TI'PAHYJOMETPUU
3AKPBIBAIOIIETO AHO/4 MATEPUAJIA HA TEIUUIOITPOBOJHOCTDb», aBTOophl Xacuau
Buiisiepatne (Hasini Wijayaratne), Mapk Teiinop (Mark Taylor), Tanus I'poycto (Tania
Groutso) (Hayuno-uccnenoBarenbckuii ieHTp erkux merauios (Light Metals Research Centre),
yauBepcureT r. Oxjenn, noutoBbii siiquk 92019, Hosast 3enannus) u Auapea I'pama (Andreea
Grama) ([lemaprameHT mpoOiieM MaTepHaIOBEACHNUS U XUMHUYECKUX TEXHOJIOTHH, YHUBEPCUTET
r. OxyieHn, moutoBsbIi ssmuk 92019, Hosas 3emanmus).

Br10 BBIICHEHO, UTO TerIONpoBOAHOCTE ACM CHIIBHO 3aBUCHT OT €0 yIaKOBKH (M3-32
MOPUCTOCTH) U PACIIPEEIIEHHS pa3MEPOB YACTHII.

O6braHO ACM siBIISIETCS CMECBIO APOOJIEHOTO 3JIEKTPOJIUTa U TIIMHO3E€Ma, MEPBUYHOTO
TJIMHO3€Ma /MM BTOPUYHOTO TJIMHO3EMA, B COOTHOIIEHUH, KOTOPOE 3aBHCUT OT TEXHOJOTHH
JNEKTPOSN3a Ha (PaKTUYECKOM TpeanpusTHd. Takodl Marepuajs MOXKET COCTOATh W3
CYIIECTBEHHOIO KOJMYECTBA TMOBTOPHO HCIOJB3YEMOTO MaTepHaja, HalpuMep 3JIEKTPOJINTA,
W/WIM OCKAEHHOTO MaTepuaa, B3SITOTO M3 SYEEK Ul SJIEKTPOJIN3a MPH 3aMEHE aHOIOB, WJIH
MarepHala, U3BJIEYEHHOTO U3 OCTATKOB B MPEANPUSTHH [0 U3TOTOBIEHHIO CTEPIKHEH.

B OonplMHCTBE CYIIECTBYIOIIMX KOMIUIEKCOB JUIsI CMEIIMBAHUS  JIPOOJIEHOTrO
3JIEKTPOJIUTA U TJIMHO3eMa C Lenbio noaydeHnss ACM, UCTIONB3YIOT MEXaHHYECKHe yCTPONCTBA
CMEIINBAHUs, B OCHOBHOM OOBIUHBIC YCTPOMCTBAa CMEINIMBAHWS TNOPIMOHHON 3arpy3ku, WA

npocTO € MOMOMIBIO HIHCKOBBIX KOHBeerpOB AOBUPYHOT HAa JICHTOYHBIC KOHBeerpr HECKOJIBKO
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MOTOKOB MaTepHalioB C JKeJaeMbIM COOTHOILIEeHHEM KoMIoHeHToB. Pasmemenne ACM c
PaBHOMEPHBIM pacIpenesieHIeM YacTULl BAJKHO JUIS TETUIOBOTO OaaHca B sTUEHKe.

B coBpemennbix nexax ACM pasmemaror B sdeiikax ¢ moMombio Mamunel (PTM) mns
00pabOTKH 3JIEKTPOIHM3EPOB, KOTOPasi OOBIYHO SIBJIACTCSI KPAHOM, KOTOPBIA COIEPKHUT KaOWUHY
IUI omepaTopa W KOTOPBIH JOTIOJHUTENBHO CHA0KEH HECKOJbKMMU HMHCTPYMEHTAMH JUIS
TEXHUYECKOro oOcnmykuBaHus U peMoHTa siueek. ACM xpansar B OyHkepe Ha kpane, 1 ACM
MO3KeT OBbITh pa3MelIeH B SYEHKax ¢ MOMOLIBIO TPYOKH BBITPY3KH WM nojgauu. Hanpumep, mpu
WU3HOCE aHOMA, €r0 HYKHO 3aMEHHUTh HOBBbIM aHOAOM. Ilocne 3ameHbl HOBBIN aHOJ, O MEHbLIEH
Mepe, 4acTHUHO 3aKkpbiT ACM. ACM Takke MOKeT ObITh pa3MeleH C MOMOIIBIO TPAHCIIOPTHBIX
CPenCTB, Ha KOTOPBIX pacnoioskeH ACM.

OObIUHO aHOABI B STYEHKE YIIOMSHYTOTO BBIIIE THITA PACIIOJNIOXKEHBI B 1BA Psizia, TIPH 3TOM
JOCTYTI K PsilaM OCYILECTBJIAIOT C MPOTUBOIOJIOKHBIX CTOPOH BEPXHEN KOHCTPYKLMHU. 3aMeHa U
TEXHUYECKOe OOCHYKMBAHHE AaHOMA OCYIIECTBJSIIOT C TIOMOIIBIO BPEMEHHBIX OTBEPCTHI B
ra3oBOM KOXyX€ BEPXHEH KOHCTPYKLHH, KOTOpPble OOBIYHO 3aKpBITHI KphIIIKaMH. B xoxe
3aMeHbI aHOJa U mocyenayoieit Beirpy3ku ACM MOXXET UMETh MECTO BBICBHITIAHUE U3 STYCHKU, B
YaCTHOCTH Ha CTOPOHE aHOJa, HANPABJIEHHOTO K OTBEPCTHIO, KOTOPOE AOJDKHO OBITh 3aKPBITO.

OnuH HemOCTaTOK OOBIYHBIX CIIOCOOOB 3akiodaercs B ToM, 4yTo ACM HachInmaeTrcs ¢
MOMOIIBI0 CHJIBI TSDKECTH M €My IIO3BOJSIIOT MepeMeIaTbesi B 00JacTb, KOTOPYKO HYXKHO
3aKpbITh, TakuM oOpa3oM oOpasyercs AMHAMHYECKHH yroJ eCTeCTBEHHOIO OTKOCa.
OxoHYaTeNnbHBINH pe3yNbTaT CHUJIBHO 3aBUCUT OT ckopocTu notoka ACM u pacripeneneHus: ero
pa3MepoB 4acTHULl. YTOJI €CTECTBEHHOIO OTKOCAa MaTepuania TakXe BJIMsAET Ha OKOHYATEIbHbIN
pesyabpTaT. Yacto pasmeuienne ACM mpuBOAUT K 3arpsA3HeHHIo, pacchinanuio ACM cHapyxku
s;uefiKU U Jjanee B MOABAJ dYepe3 BEHTHJISLIMOHHbIE OTBEPCTHS B MOJy, OKPYKaroLue S4elky U
HepaBHOMepHOMY pacnpeaenernto ACM (CIHUIIKOM MHOTO B HEKOTOPBIX OOJACTSX M CIUIIKOM
MaJIo - B IPYTHX).

B cooTBercTBMHM ¢ HACcTOSIIMM H300PETEHHEM CPENCTBO U CHocol (OopMHUPOBAHUS
onanyOKH MOKET UCIPaBUTh MHOTHE U3 YKa3aHHBIX HEIOCTATKOB.

Hanee, Ob110 OOHAPYKEHO, YTO MyTEM 3aKPBIBAHUS BEHTHISILIMOHHBIX OTBEPCTHH B TIOJY
B o0OmactH, rae OCyIecTBILIOT pasMmerneHne ACM, OrpaHMYUBAETCS BOCXOMALINI TOTOK
BEHTIJIILIUOHHOTO BO3lyXa M3 MOJBAJA, PACIIONOKEHHOTO HIKE 1OJIa, U OyIeT MpUCYTCTBOBATh
MEHbIII€ BHUXPEBOIO MOTOKA, PaCIpelessIoIlero BXOAHON MOTOK BO3AyXa B OTKPBITOH HacTH
KOKyxa. B pe3ynbprare MeHbIIEe MEJTKUX 4acTUL] OyJIET pacrpeneneHo 1Mo BHEIHEH cpee uexa.

Kpome Toro, ACM, KOTOpBIHi MOXKET BBICHIIATHCS U3 SUYEUKH B XOIE €ro pa3MelleHus,
Oyzmer orpaHuYeH OT MaleHHsl B MOABAJ, Oiaromapsi 3aKpbIBAHUIO BEHTUJISILIMOHHBIX OTBEPCTHIA.

bruto 3ameueno, uto xonmmuectso ACM, mamaromero B MOABaJ, YMEHBIIAETCS MPUMEPHO IO
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20% - 10% ot mpexpiayiiero kKojm4yectBa. TakuMm 00pa3oM, OYMCTKA TPH TEXHHUECKOM
obcny:xuBanuu Oynet 6osee ynoOHOM.

B cootBercTBuu ¢ HactosimuM uzodperenneM, ACM MoskeT ObITh pasMelieH ¢ OobIIeh
TOYHOCTBIO M TaKXKE€ C YMEHBIIEHHBIM 3arps3HEHHEM U BBICHIIIAHHEM B PaOO4yH BHELIHIOKO
cpeny. H3-3a reomerpun omanyOKu M MNPEANOYTHTEIBHO TAaKXKE C TIOMOLIBIO TUIACTHHBI
YCTPOWCTBA pa3MEINEHHs], IPUKPEIJIEHHON K TpyOke monmaun, ACM MoskeT ObITh pa3MelieH ¢
HEKOTOPBIM YIJIOM €CTECTBEHHOI'O OTKOCA, KOTOPBIN Kpyde XapaKTEPHOIO yria €CTeCTBEHHOIO
OTKOCa. YKa3aHHOE JeJIaeT BOZMOKHBIM 3aKPBITh BEPX U CTOPOHBI aHOAA ¢ OOJIbLIeH TOYHOCTEIO,
U MOXXET OBITh MOJIy4eH OoJiee TOUHBIN CJIOH U3O0JISILIHH.

VYka3aHHbIE U JOTIOJHUTENbHBIE JOCTOMHCTBA MOTYT OBITH JOCTHTHYTHI C ITOMOIIBIO
HACTOSIIIET0 N300PETeHMsI, KOTOPOE OIPENeIeHO B MPIJIOKEHHOU (hopMyie n300peTeHus.

Hacrosmee nzoOpereHue OyAer NOMONHUTENBHO OOBSICHEHO C MOMOIIBK MPUMEPOB U
¢buryp, npu 3ToM:

¢ur. 1 - BUI, MOKA3BIBAIOIINUN YACTHYHOE NIOMIEPEYHOE CEUSHHE TUSHKH THIa X0JuTa-2py,
IIPU 5TOM YCTAHOBJIEHA KPbIIIKA BEPXHEH KOHCTPYKIIUH,

¢dur. 2 - BHA, MOKA3bIBAIOIIUN YACTHYHOE IMOTIEPEYHOE CEUYEHHE 3JIEMEHTOB SUEHKU C
¢ur. 1, mpu 3TOM KpBILIKa YAAJICHA;

¢ur. 3 - Bua, nokaseiBarouuii pasmermenne ACM B suelike, n3oOpakeHHOH Ha Qur. 2,
IpU 3TOM onasyOka ycTaHoBieHa, pasmerieane ACM TOJIBKO HA4aJoCh;

¢ur. 4 - Bua, nokaseiBarouuii pasmermenne ACM B siuelike, n3oOpakeHHON Ha Qur. 3,
npu 5ToM onanyOka ycraHoBlieHa, pasmernenue ACM 0CTaHOBJICHO,

¢ur. 5 - Bug, nokaseiBarou il pasmermenne ACM B siuelike, n3oOpakeHHON Ha Qur. 2,
IIPU 3TOM onajtyOKa yCTaHOBJICHA, pa3MeIleHHe TOIbKO HA4aJoCh U BEHTUSILUOHHOE OTBEPCTHE
3aKpbITO;

¢ur. 6 - Bux, noxaspBarouMii pasmeumieHne ACM B sueiike, mpu 3ToM omnanyOka
yCTaHOBJIEHA, Pa3MeLIeHNE OCTAHOBJIEHO U BEHTUJSILIMOHHOE OTBEPCTHE 3aKPBITO;

¢ur. 7 - BUI B IEPCIIEKTHUBE, IOKA3BIBAIO LN OMaTyoOKy;

¢ur. 8 - BHO cmepenu B MEPCNEKTHUBE, TOKA3bIBAIOIIMH IUIACTHHY YCTPOHCTBA
pa3menienust ACM, pacrnofio:keHHYIO B TpyOke 3anonHeHus st ACM,

¢ur. 9 - BUI c3a1M B MEPCIEKTHBRE, MOKA3BIBAOIINUN TUTACTUHY YCTPONUCTBA pa3MEIEeHUs
ACM c ¢uwr. 8.

Ha ¢ur. 1 nokasaHo 4YacTHYHOE TIONEPEYHOE CEUYEHHE HEKOTOPOH sUEHKH THIa
Xonna-2py, IpU 3TOM yCTaHOBJeHa Kpblmika 20 Kokyxa BepxHell KOHCTpykuuu. Kpbiika
MOKa3aHa 4YaCcTU4YHO onuparomeiicss Ha nopor 30, KOTOPBIN SIBJISETCA HEOTHEMJIEMOH YacCTbIO

ractuHbl 27 Hactwiaa. IlmacTuHa HacTuiia JOIIOJIHUTCIIbHO ABJISACTCA HEOTBHEMJIEMOM YaCThIO
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CTabHON OOOJIOUKH 25 M BEPTHKAJIBHOW CTOHKU 26, KOTOpBIE SIBJISIOTCS YacThIO CTPYKTYPBI
obonmoukn karona. BHyTpu cranmbHOH 00O0NOUKM 25 OOBIYHO NPUCYTCTBYET OOImMBKa 24,
OTBEPKACHHBIN dJIeKTposuT 23, oOpasyromuii 60okoBol OOpPTHK, pacIUIaBiieHHAs BaHHA 22 U
aHon 21. Bce KOMIIOHEHTHI NOKa3aHbl YacTUUHO. CHapyXH sSUeHKH MPUCYTCTBYET CTPYKTypa 29
1oJia, OOBIYHO BBITIOJHEHHAS U3 OeTOHA. BeHTHIsIIMOHHBIE OTBEPCTHA 28 PaCIOIOKEHBI MEXKITY
SYEHKOW U CTPYKTYpOH moya. BeHTHISIMOHHBIE OTBEPCTHS OOBIYHO OOpa3ylOT 4acTh IOJa
Omaromapsi yCTaHOBJIEHHBIM PELIETKAM.

Ha ¢ur. 2 nokaszanbl 3eMeHTHI stueiiku ¢ ¢ur. 1, mpu 3ToM Kpblmka yaanena. Crenyer
MOHMMAaTh, YTO Ha MPAKTUKE OJHA WM HECKOJBKO KpBIIIEK yAaleHbl AN NpPeNOCTaBJIEHUs
JIOCTAaTOYHOTO JOCTYIA sl (pakTHIecKoro aHoaa (aHOJOB).

Ha ¢ur. 3 mokaszano pasmerneHue 3akpeiBaromero anon marepuaina (ACM) B saeiike,
npu 3ToM omnanyOka 40 ycraHoBieHa, pa3memeHne ACM depe3 TpyOky 1 momaum TOJIBKO
Havajnocb 1 ACM marepuan 4aCTUUYHO 3aIOJIHAET MyCTOTY Mexay aHoAoM 21 u mnactuHoH 41
onanyOku. Onanydka 40 MokeT ObITh yCTaHOBJIEHA B padodee MOJIOKEHHE ¢ TIOMOIIBIO phluara
MaHumysasTopa MamuHel (PTM) 1 oOpaboTKu  3JIEKTPOJIHM3EpOB, KOTOPBIH  yIpaBisieT
PYKOSITKOM 43 omanyOKH, U KOTOPBIH MepeMeIaroT 10 ornopbl o nopor 30 yepe3 BbleMKy 42 B
yactu pambl onanyoku 40. Cama onanyOka ganee nmoapoOHo OyneT onrcaHa Co CCbUIKOW Ha (UT.
7.

Ha nmwkuelt yactu pambl 40 onanyOKH pacmoJiOXKeHa BBITIOJHEHHAs] ¢ BO3MOKHOCTBIO
MOBOPOTa OMNOpPHAast 4acTh 44, KOTOpasi HAXOAUTCS Ha OMOPE, MPEACTABICHHON BEHTHISIIUOHHOMN
peleTKol y BEHTHUISILIMOHHOTO OTBEPCTHs 28 CHapy»XH sUeiiky. DTa ONOpHas YacThb BHIMIOJHEHA
C BO3MOXXHOCTBIO TOBOPOTa OTHOCHUTENIBHO OCH 45 ©W MOXKeT ObITh IOTOJHHUTEIHHO
3adukcupoBana wuiaM 3a0JOKHpoBaHa (BUHTAMHM) B HEKOTOPOM ONPEAEICHHOM YIJIOBOM
nosoxkeHnH. B pesynbrare omanmyOka 40 MokeT ObITh MOBEPHYTAa OTHOCHUTENBHO mopora 30.
Bcenencreue storo, yroi o mactuHel 41 omanmyOkm MOKeT OBITh 3apaHee ONpeNesieH B
COOTBETCTBUHU C >KE€JIaeMbIM CTaTHUUYHBIM YIJIOM €CTECTBEHHOro OTKoca pasMeunieHHoro ACM.
OnHO IOMOJNHUTENBPHOE TOCTOMHCTBO YKa3aHHOTO MPHU3HAKA 3AKIIFOUAETCS] B TOM, YTO OmnajyOka
MOKET OBITh JIETKO MPHUCIOCOONIEHa K Pa3iMYHBbIM KOHQUTYpaHsIiM KOHCTPYKLUH S4eeKk |
BbicoTaM miopora 30. Yrom o MOXKeT COCTaBlisiTh, Hampumep, MeHee 60° u Oojee 30°
MPEANOYTUTEIBHO COCTABIIAECT MPUMEPHO 45°.

Ha ¢wur. 4 nokaszaHn ToT ke BUI, 4TO U Ha (ur. 3, KOraa OCTaHOBJIEHO pa3merneHne ACM
u ynamneHa TpyOka | momaum. [lanmee, orTkumHas TutacthuHa 46 omanyOku, KoTOpas ¢
BO3MOXKHOCTBIO MTOBOPOTA MPUKPEIUIeHa K miacTuHe 41 omanyOKu ¢ MOMOIIBI OAHON ocu 47,
OTBEJIEHA JI0 MOJIOKEHHUS, TI0 CYIIECTBY, TUIOCKO BBIPABHEHHOTO C MIacTUHON 41 onanyOku. 1o

npuBOIUT K TOM, 4T0 ACM ynakoBBbIBAIOT B 00J1aCTH CBepXy-cOOKy aHona 21.
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Ha ¢ur. 5 nokaszana cutyanms, aHamoru4Has curyauuud ¢ ¢ur. 3, korma ACM
pa3MemarT B suelike u korma omnanyOka 40 ycraHOBjJeHa. B 3TOM BapuaHTe OCYIIECTBIICHUS
n300peTeHNs] BEHTHISLOHHOE OTBEepCcTHE 28 CHApPYKM OTBEPCTHS B KOXKYyXe, TI€ yAaleHa
KPBIIKA (KPBIIIKH), 3aKPBITO TIACTHHOH 50, KOTOpast OJIOKUPYET MOTOK BO3IyXa Yepe3 PEeIeTKy
BEHTWJIALIMOHHOI'O OTBEPCTHSL.

Ha ¢ur. 6 mokasaHa cuTyarusi, aHaJlOTU4YHAsl cUTyauuu ¢ ¢ur. 4, Korma pasMerieHue
ACM 3agepiieHo u xorza onanyOka 40 ycraHosieHa. TpyOka 1 momaum ynaneHa. AHaJIOTHYHO
OTIMCAHUIO, TIPUBENEHHOMY Uil (pUr. 5, BEHTHJISILIMOHHOE OTBEepCcTHE 28 CHApy>KU OTBEPCTHS B
KOXKyXe, I/Ie yaaJleHa KPbIIKa (KPbIIKH), 3aKPbITO TIACTUHON 50, KoTOpast OJOKUPYET MOTOKA
BO3ayxa depe3 oreepctre. OTkuaHas muactuHa 46 onanyOku OTBelNeHa. JTa IMJIACTHHA MOXKET
OBITH MpUKpETUIeHa K onanyOke 40 ¢ MOMOLIBIO KPOHIITEHHOB WJIM PhIYaroB (HE MOKA3aHBI).

Omnany6ka 40 mokazaHa Ha ¢ur. 7 B mepcrekTuBe. MeXaHU3M Uil TepeMeIleHHs
OTKUAHOW TUTACTUHBI 46 omajyOKH TOKa3aH C TOMOIIBID YCTPOWCTBAa 54, BBITIOJHEHHOTO C
BO3MOXKHOCTBIO TIpeoOpa3oBaHusl JIMHEHHOTO MepeMeleHns Y PyKOsSTKA 43 BO BpaliaTelibHOe
nepemMelieHyue ocu 58. Yka3zaHHas OCb MOJAJEPKUBAETCS MOALIMIHUKAMH 55 C BO3MOKHOCTBIO
nosopoTa. [anee, nnst 0OBsICHEHUS MEpEeMEIIeHNs] OTKUIHON TIaCTHHBI 46 omanyOku, perdar 51
MIPUKPEIJIEH K OCH 58 U C MOMOIIBIO COWIEHEHHs 49 OH CBsI3aH C KPOHIITEHMHOM 48 ¢ MOMOLIBIO
HeKoTOpoil ock. KponmreliH 48 mpukpervieH k BepxHed miuactuHe 46 omanyOku. Ha ¢wur.
MIOKa3aHO BCErO YeThIPE PACTIONIOKEHHS COUJICHEHUH, ONMUCAHHBIX BBILIE.

Takum oOpasom, pykositka 43 MoxeT OBbITb NPUMEHEHa C TIOMOLIBIO phlYara
MaHHMyJsTopa, HanmpuMep Ha PTM, ¢ menbio ycTaHOBKHM OomnanyOku B pabodee MOJIOKEHHE B
SUEHKe M TaKXKe ITyTeM TOJKAHHS PYKOSITKH BHH3 U1l OTBEACHUS BEPXHEH IIACTHHBI OMATyOKH.

ITnactuna 50, xoropas OJOKMpYeT BEHTHJISILIHOHHBIE OTBepCTHsl 28, MOXeT ObITh
npUKperuieHa K onanyoke 40 y cTep:kHs 53 ¢ MOMOIIBIO KPOHIITEHHOB WJIM AHAJIOTHYHOTO (He
nokazaHo). Jlamee, mulacTMHa MOXeT OBITh BBIMOJIHEHA W3 HEMAarHUTHOIO MaTepHaa.
AHaNOTUYHO, TPEANOYTUTENIHO, YTOOBI KOMIIOHEHTBI ONaNyOKH OBUIM BBINOJHEHBl W3
HEMAarHUTHBIX KOMIIOHEHTOB C ONPEEIEHHON TEPMOCTONKOCTBIO.

Ha ¢ur. 8 cnepenu B mepcriekTuBe Moka3aHo ycTpoiicTo pasmeuienns ACM, npu 3Tom
TpyOka 1’ mopaum, coenvHeHHass ¢ OYHKepOM XpaHEHUs (HE IMOKa3aH), MOXET IOJaBaTh
Marepuag uepe3 BBIXOJHOE OTBepcTHe 2’ W Ha aHox (HEe mokasaH). B sTom BapuaHTe
OCYILIECTBIIEHUs] M300pETeHHsI BBIXOJHOE OTBEPCTHE 2’ MOJKET OBITh PACIOJIOKEHO B MeEHee
BEPTUKAJIBHOM IOJIOKEHUH TI0 CpaBHEHUIO ¢ TpyOkoi 1’ momaun. C 3anHeit ctopoHsl TpyOku 1’
NOJIa4X MPHUCYTCTBYET KPOHIUTEHH 6, KOTOPBIA MOAAEPKUBAET MPHUBOA S MOPLIHA 8/IIMIIHHIpA
10, KOTOPBIN MOKET YHPABJIATh MJIACTUHON 3 yCTPOWCTBA Pa3MELIEHUs C IOMOIIBIO COSUHEHHUS

9. IlpuBox 5 MOXET MPUBOIUTBHCA B JAEHCTBHE BO3AYXOM IMOJ JABJICHUEM U JOMOJHUTEIBHO
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MOKeT ObIThb CIOCOOEH IMOBEPHYTh IUIACTHHY YCTPOWCTBA pPa3MEIIEHHs KaK BHYTPb, TaK U
HApY’Ky BOKPYT IIAPHUPHOTO COENUHEHHS 4 OTHOCUTENIbHO TOJIOKEHHUs], TOKa3aHHOTO Ha (ur. 8
u 9. IlnactuHa 3 yCTpOHCTBA pasMeIleHHs] MOXKET COAepKaTh yCHJIMBaromue pedpa 7, U OHa
MOKEeT ObITh BBINOJHEHA M3 JFOOOTr0 HAIJIeKaIlero MaTepuasa, B YaCTHOCTH, METaJUTHYECKOTO
MaTepuania, TAKOro Kak allOMUHUN WU CTAJb.

Hanee, utactiHa 3 yCTPOWCTBA pa3MELIEHUS] MOKET ObITh BBITIOJNIHEHA U3 ABYX CEKLIUN
3a u 3b muacTUHBIL, KOTOpBIE IMAPHUPHO COEAMHEHBI APYr ¢ apyrom mno juHuu 11. Iapaup
PACIIONIO’KEH TaK, YTO CEKLHs 3b IIaCTHHBI MOXKET IMOBEPHYTHCS BHYTPb MO HANPABICHHIO K
BBIITYCKHOMY OTBEpPCTHIO 2, HO HE MOKET MOBEPHYTbCS HApPYy)Ky Jajbllle IOJOKEHUs, MpU
KOTOPOM OHa IJIOCKO BBIPOBHEHA C CeKlMel 3a rmiaacTuHbl. Llenp 5Toro npusHaka 3akjir04aeTcs B
TOM, YTO IJIACTHHA YCTPOMCTBA pa3MeIEeHHs CTAHOBHUTCS OoJiee THOKOH MpH ee NMepeMeIleHru B
y3KHX IIPOCTPAHCTBAX.

Ha ¢ur. 9 c3amu B mepcmekTHBE MOKAa3aHO YCTPOHCTBO Pa3sMEIIEHUS W CCBHUIOYHBIC
MO3UIMU OTHOCATCS K TEM K€ 3JIEMEHTaM, 4To U Ha ¢ur. 8.

IMocne oxonuanusi pasmernennss ACM, omnanyOky 40 W BO3MOXKHO 3aKPBIBAOIIYIO
wiactuHy S50 (eciM OHAa HCHOJNB3YeTCs) VAANSIOT M YCTAaHABJIMBAIOT HAa MECTO KPBILIKY
(kpbIIKH), KOTOpasi OblIa yIaieHa.

B obmewm, ecin pasmemienssii ACM conepkut Menkue (pakiuu, TO HU30JISLUOHHBIC
cBO¥cTBa OyOyT XOPOIIMMH, HO JTOBOJBHO MAaJIbIH YIOJl €CTECTBEHHOTO OTKOCAa MOXKET BbI3BATh
npobnemsl ipu pazmerneHnu ACM.

brnaromapst ucnonb30BaHUIO M300pETEHUs, TAKOW MaTepuasl MOXKET ObITh pa3MEIleH C
OOJIBIINM YIJIOM E€CTECTBEHHOI'O OTKOCA, YTO OYAET MPEACTABIJATH BO3MOXKHOCTb HSKOHOMHH
00JBIIOrO KOJIUYECTBA SHEPTUM.

Hexoropsie npeanpusatus wusrorosieHuss ACM mnpoussogst ACM ¢ [0CTaTOUYHO
OoJBIINM  conep’kaHHeM Menkux (pakumil. Bpicokoe conmepikaHHe MeNKux —(ppaxiuii
yBEJIMUYMBAET 3arpsi3HEHUE, BBICHIIAHUE B sUelKy M B MOABA] M CO3JaeT IUJIOCKUI yron
€CTECTBEHHOI'0 OTKOCa C IUIOXUMHU CBOWCTBAMHU 3aKPbIBAHMS WJIM WM3JIMILIHUM HCIOJB30BaHHEM
matepuana ACM.

B cootserctBun ¢ m3obperennem, ACM ¢ BBICOKHM COAEP’KaHHEM MEJKUX (paKkmui 1mo-
NPEKHEMY MOTYT OBITh Pa3MeLIeHbl HEKOTOPBIM 00Pa30M, TAKMM 00pa3oM, 3KOHOMSITCS 3aTPaThI
B MpeanpusaTHsaX nurorosiaeHuss ACM.

Beicbimanne ACM B momBan MoXeT ObITh MHHUMH3HPOBAHO, CIIEIOBATENBHO,
SKOHOMSITCS ONIEPALIHOHHBIE PACXOIbI Ha YOOPKY.

Mosker ObiTh yMeHbleH Bkiag ACM B BBIOPOCHI MbUIM KaK BHYTPH, TaK M CHapYKU

exa.
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Croiictea, npucymme ACM ¢ BBICOKUM COAEPIKaHUEM MEJKUX (PpaKkuui, 3aKITF0YAr0TCS
B Pa3HULE CTATUYECKOIO U JUHAMHYECKOIO YIJIOB €CTeCTBEHHOro oTkoca. Maes 3akitodaercs B
TOM, 4TOOBI BOCHOJIB30BATHCS STOW pasHHUEH M, Ojaromaps 3TOMY, MOJYYUTb TOJb3Y OT

xopomeﬁ TEIJIOCMKOCTH MEJIKOI'O COOCPIKUMOTO.
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DOOPMVIJIA U30BPETEHHMA

1. Criocob pa3mereHns 3aKphIBAIOLIET0 aHOA MarepHralia B AJIEKTPOJIUTHYECKOH siueiike
I TIOJNYYEHUs  QJIIOMHUHHUS, TIPH  3TOM  JJIGKTPOJUTHYECKas  s4eiika  sIBIIseTCs
3NEKTPOJUTHUYECKON sTuelKol Xoita-Jpy ¢ MpenBapuTeIbHO 000MCKEHHBIMU aHoaaMu (21), mpu
STOM YKa3aHHasl sYeKa COAEPKHUT KATOTHYIO Hally ¢ MPSIMOYTOJIbHBIM OCHOBAHHUEM U BEPXHEH
KOHCTPYKIIMEH ¢ KOKYXOM cOopa rasa, KOTOPBIH PaCIOJIOKEH CBEPXY KaTOAHOHN Yally, mpudeM
KOHCTPYKIHs (29) mona mo MeHbLIeH Mepe YaCTHYHO OKPY)KaeT YKa3aHHYIO SYEHKY Ha YPOBHE
HIDKE BEpXa KAaTOMHOM Yalld M MPH 3TOM BEHTWIILHMOHHBIE OTBEPCTHs (28) pacmojoXKeHbI B
noJty (29) O6nmM3Ko K siueiike, MpH 3TOM KOKYX BEpXHEH KOHCTPYKLUH it cOopa ra3a cHaOxeH
kpbikamMu (20), KOTOpBIE BBINIOJHEHbI C BO3MOXKHOCTBIO YAAJEHHs, YTOObI NaTh IOCTYI K
aHomaMm (21) yka3aHHOW siueliku depe3 OTBEPCTHs, U IPU 3TOM 3aKPBIBAIOLIUI aHOA MaTepual
pasMeraroT ¢ nomoInbko Tpyoku (1, 17) momaum anst 3akpeIBaHUsS aHOIOB (21),

OTJIMYAKOIIHUICS TEM, YTO

NOCJIe YAAIEeHUS! OHON MIJIM HECKOJIBKUX KpbIIeK (21) v 10 pa3MeleHnst 3aKphIBAIOIIEro
aHon Marepuaia, omanyoky (40) ¢ tuactuno#t (41) omanyOkm ycraHaBIMBaKOT B pabouee
MIOJIOXKEHHE B HIJKHEM CEKTOPE OTBEPCTHs, MPH 5TOM IO MEHbLIEH Mepe YacTb IUIACTHHBI
onanyOKN HakJIOHEHa Ha yroi (0) MO HampaBJICHHUIO K aHOAY WIJIM aHOJAaM, TakuM o0pa3oMm
OTpaHWYMBAasE 3aKPBIBAIOIIMN aHOJ MaTepHaj OT MEPEMEIIeHUs] U3 YKAa3aHHOTO OTBEPCTHUS IPH
pa3MeIeHNH 3aKPhIBAIOIIEr0 aHOA MaTepHaa.

2. Cnoco® mo m. 1, OTIMHAIOIIMICA TEM, YTO VYIJOBOE€ MOJIOXKEHHE IUTACTHHBI (41)
onaiyOKH BJIMSET HA yroJl €CTECTBEHHOIO OTKOCA 3aKPBIBAIOIIETO aHOJ MaTrepHaja B XOJE €ro
pa3MeIeHus..

3. Cnoco6 mo 1. 1, OTIUYaroImuiAcs TeM, YTO yroJi (o) HakJIoHa coctaiisieT oT 30° mo 60°.

4. Cnocob mo 1. 1, oTiHyarouuiicst TeMm, 4to yroJ (0) HakJOHA COCTAaBJISIET TMPUMEPHO
45°.

5. Crocob mo m. 1, oTnUYaroIuiics TeM, YTO BEHTHIISIHOHHBIE oTBepcTHA (28) B moy
(29), mpurerarmomue K OTBEPCTHUIO B BEPXHEW KOHCTPYKLUH, 3aKPBITBI B XOAE Pa3MEILEHHS
3aKpPBIBAIOIIErO aHOA MaTepHaa.

6. Cocob mo 1. 5, OTIMYAOLIUICS TE€M, YTO BEHTHJISILUOHHBIE oTBepcTHs (28) B mouy
(29) B obnacty, rme ypajeHa Kpblka Wid Kpblku (20), 3akpeiTel mutacTuHO# (50), koTOpas
BBIMIOJIHEHA C BO3MOJKHOCTBIO PACIIOJIOKEHUs] HAa YKAa3aHHBIX OTBEPCTHSIX M 3aKPbIBAHHS
YKa3aHHBIX OTBEPCTHUH.

7. Cnocob mo m. 1, oTMyaroImuiics TeM, 4To IutacTHHa (3) yCTpOHCTBAa pa3MerneHus
pacroyio’keHa y BBIXOAHOTO oTBepcTHs (27) TpyOku (1°) mogaum Ui HanmpaBiIeHUs] pa3MeLeHHsI

3aKpPbIBAOLICTO aHOA MaTEpHraa.
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8. CpencTBo pa3MelIeHHs] 3aKpBIBAIOIIEr0 aHOA MarepHaja B 3JIEKTPOJUTHUECKOH
siuelike NS MOJTy4eHUsl alllOMUHUSL, TIPU 5TOM yKa3aHHas siueiika sBjseTcs sdeiikoit Xonna-Opy
C TpenBapUTENbHO OOOMCKEHHBIMH aHozamu (21), mpudeM yka3aHHas siuefika COAEPIKUT
KaTOJHYIO Yamly C MPsIMOYTOJIbHBIM OCHOBAHHEM M BEpXHEH KOHCTPYKLHUEH ¢ KOXKyXoM cOopa
rasa, KOTOPbIH PacmojIOKEeH CBEpPXy KATOJHOW YallW, W MPU 3TOM KOHCTPyKuus (29) mona mo
MeHbIIEH Mepe YaCTUYHO OKPYKAeT SYeHKY Ha YPOBHE HIDKE BepXa KaTOIHOM Yallli, U TIPU STOM
BEHTIJIILUOHHBIE OTBepCTHs (28) pacroyioskeHbl B oy (29) OMu3Ko K sueike, MpuueM KOXKyX
BEPXHEH KOHCTPYKLUHMH CHaOKeH KpblmkamMu (20), KOTOpble MOTYT OBbITh yAANeHBI IS
NPEIOCTABJICHUS 1OCTyNa K aHojaM (21) sueiiku yepe3 OTBEPCTHs, U MPU STOM 3aKPbIBAIOLIUIA
aHOJI MaTepuaj pasMelarT nocpenctsoM Tpyoku (1, 17) momaum uist 3aKpbhIBAHUS aHOJIOB,

OTJIMYAIOIIEECS TEM, UTO

YKa3aHHOE CPEeACTBO comepkuT onanyOky (40) ¢ y4aCTKOM OCHOBAHHSI, KOTOPBIH
OTIMPAETCs] HA BEPX KATOAHOMN Yallli B HUYKHEM CEKTOPE OTBEPCTHUS U AOTIOJHUTEIBHO CONEPIKUT
miactuny (41) onanyOku, KOTOpasi HAKJIOHEHA TO HAMPaBJICHUIO K aHOAY Wid aHoxam (21) Ha
yron (o), TakuM o0pa3oM OrpaHUYMBAsl 3aKPHIBAIOLIUN AaHOM MaTepuaj OT MepPeMEIleHUs M3
YKa3aHHOTO OTBEPCTHUS B XOZI€ PA3MELICHHS 3aKPBIBAIOIIETO aHO MaTepuaa.

9. CpeactBo 1o 1. 8, OTIIMYAKOIIEECsS TeM, 4TO yroi (o) HakjioHa coctasisieT ot 30° mo
60°.

10. CpenctBo mo 1. 8, OTIHYAIOMIEECs] TeM, 4TO yroJ (o) HAKJIOHA COCTAaBJISIET IPUMEPHO
45°.

11. CpencrBo mo m. 8, oTiHMHarOIEecs] TeM, YTO Y BEPXHErO y4dacTKa IUIacTHHBI (41)
onayOKu ¢ BO3MOKHOCTBIO TTOBOPOTA MPUKpPEIJICHa OTKUAHAS TUIacTHHA (40) omanyOku.

12. Cpencreo 1o 1. 8, oTiMyaroIeecs: TeM, YTo TOpU3OHTaNbHas mactuHa (50), koTopast
3aKpbIBACT BEHTWJILMOHHBbIE OTBepcTHs (28) B mony (29), Moxer OBITh MpHKpEIUIeHa K
onanyoke (40).

13. CpenctBo o 1. 8, oTNIMHAKOIIEECs TEM, YTO IUIACTHUHA (3) YCTPOHCTBA pa3MeIneHus
pacroyioskeHa OJM3KO K BBIXOJHOMY OTBepcTHio (2°) TpyOku (1°) momaum.

14. Cpencrso no . 13, oTnuyaromieecs: TeM, 4To MIacTuHa (3) yCTpoicTBa pasMeIneHus
BBITIOJIHEHA C BO3MOYKHOCTBIO MEPEMEIIEHNUsI OTHOCUTENIbHO BBIXOHOTO OTBEpCTHs (2’) TpyOKH
(1”) monmaun.

15. Cpencrso no . 14, ornuyaromieecs: TeM, 4To MacTuHa (3) yeTpoiicTBa pasMeIneHus
HIAPHUPHO CoenuHeHa ¢ Tpyokoii (1) momayw.

16. Cpencrso mo 1. 15, ornuyaromieecs: TeM, 4To MacTuHa (3) yCTpoicTBa pasMeIneHus
BBITIOJIHEHA C BO3MOJKHOCTBIO TIOBOPOTa OTHOCHTENIBHO OCH, B OCHOBHOM, FOPHU3OHTAJbHOH H

MEPIeHIUKYISIPHON OTHOCUTENBHO ocu TpyOku (1) momaun.
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17. CpencrtBo mo mobomy m3 mm. 14 - 16, ornuuarommeecss Tem, 4ro ruactuHa (3)
YCTPOWCTBA pa3MEINEHHUs] BBITIOJHEHA C BO3MOXKHOCTBIO IEPEMEIICHUS IO HANPABICHHIO K

BBIXOJHOMY OTBepCTHIO (27) TpyOku (17) momaun ¢ momoursro npusoza (5).
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