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)Benopycckuii 2ocydapemeennbiii mexnonozuueckui ynusepcumen,
2
1340 «Oxmaodpvcxxummawy (Pecnybnuxa Bawxopmocman)

Ha mpeampusTusix TOIUNIMBHO-DHEPreTUYECKOTo KOMIUIeKca (Hedremnepepa-
OaTpIBaIONINE 3aBOIBI, KOMIIPECCOPHBIC CTAHIIMH MaruCTPalbHBIX H PETHOHAIb-
HBIX Ta30MIPOBOJIOB), @ TAKXKE B HEPTEXUMHUUECKON MIPOMBIIIIIEHHOCTH, 3IEKTPO-
sHepretuke PecnyOnuku benapycs, Poccuiickoit denepaunn u O0JBIIMHCTBA
ctpan CHI' skcrutyatupyroTcs THICAYH amnmapaToB BO3AYIIHOTO OXJIaX[e-
Hus (ABO), mpudeM y TOJOBWHBI M3 HHUX CPOK DKCINIyaTallMH TIPEBBIIIACT
20-30 ner. ®usnveckd W3HOUICHHBIMU U CHJIBHO 3arpsI3HEHHBIMU IO BO3[YII-
HOU CTOpPOHE 32 TOT CPOK IKCILTyaTalll OKAa3aJUCh TPYyOHBIE IyYKH TEII000-
MEHHBIX CEKLUH, BBI3BIBAIOIINX HETOOXJIAXKAECHUS TEXHOJIOIMUYECKOTO MPOIyKTa
JI0 TEXHUKO-PKOHOMHYECKOTO OOOCHOBAHHOTO 3HaueHHs [l], YTO MPUBOIUT
K 9KOHOMHYECKOH MOTepe MPUOBUTH MPEeNnpuaThs. 3a IIUTEIbHBIN MEPUOJ dKC-
mryarauu ABO Ha anmoMUHHEBOH OBEPXHOCTU OpeOpEeHUsT OMMETaUINIEeCKUX
pebpucteix Tpyo (BPT) myukoB Bo3HHKIIA MecTHasi KOPpO3Hs, BO3pOCia LIEpo-
XOBaTOCTh TIOBEPXHOCTH, MOSBIIIMCH HAJIPBIBBI BEPIINH pedep, a MeKpeOepHbIe
MOJIOCTH OKa3aJHMCh 3aHECEHHBIMH TBEPIABIMU OTJIOXKECHUSAMM 3arps3HEHUH
U3 OKpY Kalolel cpepl, He MOJIAIOIIMMUICS OUYHUCTKE. JTO MPHUBEIO K yMEHbB-
IeHUI0 KO3 PHUIMEeHTa TEIUIONepeadn U BO3POCIIEMY MOTPEOICHHUIO ANEKTPH-
YEeCKOI SHEPTUU Ha NMPUBOJ BEHTHIIATOPA OXJIaXIAIOIIEro Bo3ayxa. Takum o0-
pa3oMm, TpyOHbIE IMy4KH TPeOyIOT 3aMeHbI, 8 UMeHHO BPT.

Bosznnkaer Bonpoc: kakomy triry bPT [2] ornaTts npeamnourenue? M3BecTHO,
gyro BPT ompenenser sHeprerndeckyio 3(GQGEKTHBHOCTH 3SKCILUTyaTHPYEMOTO
ABO B 11e110M, KOTOPBIN BIUSET Ha CTOMMOCTh KOHEUHOTO MPOIYKTa TEXHOJIO-
rudeckoil ycraHoBku. B ABO, TpeOyromux MOAepHHU3AIMH, ITyYKH COCTOAT W3
BPT c HakaTaHHBIMH CIIUPAITBGHBIMU AJTIOMHHUEBBIMU PeOpaMH MO TEXHOJIOTHUH
BHUWwMmermamm. Oxnako 3a nocnenuue 20-25 ner mst ABO paspadoTtana HOBast
texnonorus DHWKwmam [2] opeOpenus TpyO amomuHueBoii neHTol. Ha ee 6aze
nonyuuia pasButue TexHoiorus 3A0 «OkrsaOpeckxummans» [3], koTopas oc-
BOEHA IMPOMBIIUIEHHOCTHIO, U1 €€ pealn3allid HMEETCS BBICOKOIPOU3BOIU-
TenpHOE 00opynoBaHue. OTIMYUTETBHBIM CBOWCTBOM TEXHOJOTHH SIBJISETCS
MIPUJIOKEHUE K TUIOCKOCTH aIOMHUHHMEBOM JIEHTHI aKCHAIBHOTO YCUIIUS U KPYTS-
IIeT0 MOMEHTA, a 3aKpeIJICHUE CIUPAIBHOro pedpa Ha Hecyluel TpyOe mpowc-
XOAWT OJHOBPEMEHHO IyTeM OOXKaTHs TOPU3OHTAIBHOW IIOJIKH JIeHTHl L-
00pa3HOro TONEPEYHOr0 CEYCHUS MPH ee ABIKCHHU uepe3 Iiellb, 00pa3oBaH-
HYIO MTOBEPXHOCTHIO TPYOBI U HETIOABMKHBIM TeJIOM (POpMO0Opa3yroOIero HHeT-
pymenra. CrenoBarenbHO, TOPU3OHTANIbHAS MOJIKa L-JIeHTHl moaBepraercst mpo-
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Heccy, MogoOHOMY BOJIOYECHHUIO 4Yepe3 IMOJyBpallaroIlylocs Leab ¢ Heo0Xoau-
MBIM O0KaTHeM, 4TO 00ecleunBaeT MOocie ee 3aKaThIBaHHE 3y0UaThIM POIUKOM
B TIPOJIOJIBbHBIE pesibe(bl «00p03/Ka — BBICTYI» Ha Hapy)KHOW MOBEPXHOCTH He-
cymel TpyObl HaJe)KHOE MEXaHHYECKOE COeOUHEHHE. MITOrOBBIM pe3ylbTaToM
TEXHOJIOTHH SIBJISIETCSI HOBBI KOHCTPYKTUBHBIM THN — 3T0 bPT co cnupansHo-
HaBUBHbIMU anmroMuHUEeBbIME KLM-pebpamu.

[Ipumenenue mporecca BOJIOYEHHS B TEXHOJNOTHMHM «OKTAOpbCKXUMMAIIa»
MPU W3TOTOBJICHUM CHHpalbHO-HaBUBHBIX L- u KLM-pebep mo cpaBHEHUIO
C TPaJUIIMOHHBIM MPOIECCOM MMOTIEPEYHO-BHHTOBOTO XOJIOIHOTO BBIJABINBAHUS
cnupainbHbIX pebep mo TexHomorun BHUMmermama [2] U3 ToncToCcTeHHON
TpyOHOI 3arOTOBKH MO3BOJIMIIN CHU3UTH 3aTPaThl AIEKTPOIHEPTUH B 2,5-3 pa3a,
YMEHBIIUTH PacXof alfOMUHUS Ha opebpenue B 1,5-2 pasza [3], HCKITIOYHUTH U3
MpolLecca CMa3049HO-0XJIAXKIAIOUTYI0 KUAKOCTh KaK UCTOYHHK 3arps3HEHUs OK-
pyxaromeii cpensl. [IponsBoauTensHOCTE 000pYIOBaHHS U OpeOpeHHs Tpyo
QIIOMHUHHMEBOM JIEHTOH M CHOCOOOM IONEpPEeYHO-BUHTOBOM HAKATKHA OAWHAKOBA
(mocturaer 5-7 wm/muH). [lo oOIEHKaM CHEUWAIMCTOB, JOJS HSHEPro3arpar
B cebecroumocTu npoaykiuu B ctpanax CHI', Bkiroudas benapych, cocrasisier
30-40 %, 4TO 3HAYMTENHHO BBIINIE 1O CPABHEHHWIO C 3alaJHOCBPOIEHCKUMHU
ctpaHamu. OUeBUAHO, YTO CHWKEHHME TAKUX U3JEPKEK U IMPUMEHEHHE SHEpro-
U pecypcocOeperamonmx TeXHOJOTHH CIIOCOOCTBYET MOBBINICHUIO KOHKYpPEH-
TocriocoOHoCTH Ou3Heca. M3n0)keHHOE MO3BOJIIET OJHO3HAYHO OTBETUTH HA
[IOCTaBJIEHHBIN BONPOC — PEKOMEHAOBATh K IIMPOKOMY NMPUMEHEHUIO MPU MO-
nepuuzanmu ABO u msrotoBnenuto HoBBIX ammnapaTtoB BPT ¢ KLM-pebpamu.
OHM yIOBNIETBOPSIOT OCHOBHBIM TPEOOBaHUIM, IPEABSIBIIEMBIM K JII000H Ten-
J000MEHHOH TpyOe: TEXHOJIOTMYHOCTHI0 U OCBOGHHOCTHIO B KPYMHOCEPHUIHOM
MIPOM3BOICTBE, PECYypCOCOEPEKEHNEM, IKOJIOTHUHOCThIO, HU3KOH CTOMMOCTHIO,
BBICOKOH 3 peKkTUBHOCTRIO [4], KoTopas B 1,1-1,46 pa3a mpeBbIIIaeT 3TOT MOKa-
3atens A BPT ¢ HakaTHBIMH allOMUHHEBBIMH peOpamH, NPUMEHSEMBIMH
B ABO mepBOro u BTOPOro IMOKOJICHHA.

Pazpaborannble aBTOpaMH M NpEACTaBICHHBIE B cTaTbe KOHCTpYKuuu BPT
C HMHTCHCU(UIMPOBAHHBIM TEIUIOOOMEHOM 0a3MpyIOTCS Ha TMPOMBIIIICHHOM
TexHOJOoruu «OKTAOPbCKXUMMAIIIay, JOMONHASA €€ OTAEIbHBIMU TEXHOJIOTHYE-
CKHUMHM OIepauusiMu 0e3 HapyIleHHs €AWHOIO MPOLEecca U3TOTOBJIECHUS C BBICO-
KOH MPOM3BOJUTENIBHOCTHIO, IIPU 3TOM JOCTHKEHHE IOBBIIIEHHOW SHEepreTHye-
cKo# 2 (HEKTUBHOCTH TPYO SABISACTCS TPHOPUTCTHBHIM HAIIPABICHUEM.

TpyObl B myukax ABO mepBoro m Broporo nokoisienuii [1] pacnomnoxens
B BEpIIMHAX PaBHOCTOPOHHETO TPEYroJbHHKA ¢ maroM S; = S; = 58 mwm, rae

S1 M S, — COOTBETCTBCHHO MOIEPEYHBIil M AnaroHanbHbIH mary. [Tydkn cobpa-

Hel 3 BPT ¢ HakaTHRIMU CIMpaIbHBIMH ATIOMHHHEBBEIMH peOpaMiu Hapy>KHOTO
mametpa d = 56 MM, KoadduIHueHT opedpeHns KOTopeix ¢ = 15,2, 3a30p Mex-
1y BepIIMHAMH pebep coceqHux TPyO B mormepedHoM psiay N = S; —d = 2 mwm.
OnnuM u3 Haubojee MPOCTO PealTn3yeMbIX B MIPOU3BOJICTBE CIIOCOOOB yBEIHYE-
HUS armapaTHOH TerioBoid MomHOCTH ABO, MOBBIIEHUS YHEPTETHYECKOH (-
(DEeKTUBHOCTH M CHW)KCHUS MAaTEpPHAIOEMKOCTH SIBJIIETCS NPUMEHEHHe TpyO
C MakCHMaJbHO JOCTUTHYTHIM Koddduimentom opebpenns ¢ = 21,5-22 [4, 5].
OTo 3HaYeHHE (P OOECIeYMBACTCS TPU HU3TOTOBIEHWH cepuiHBIX BPT co crm-
panbHo-HaBUBHBIMA KLM-pedpamu ¢ d = 57 Mm u marom pedep S = 2,5-2,3 mm.
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OIHako HEMOCPEJCTBEHHOE INPHMEHEHHE TaKUX TPyO B MOJCPHHU3UPYEMBIX
MyYKax HEBO3MOKHO 110 MPHUYMHE YMEHbIICHUS 3a30pa N 10 1 Mm.

[pu nporube TpyOd MPOUCXOIUT 3aleMIICHHE BEPIIUH pedep, BBITyYUBAHNE
TpyO, Bo3pacTraer 3arpsA3HsIeMOCTb, CHI)KAIOTCS SKCILTYaTallHOHHAS HaJIS)KHOCTB,
TEIUIOBasi MOIIHOCTh. ABTOpaMu pa3paboTaHa HOBasl FHEPro- U pecypcocOepe-
ratomass bPT [6] (puc. 1), koTOopas He MMeeT OTrpaHWYCHHUN IS TPUMEHEHHS
B ABO u3 1py6 ¢ ¢ = 15,2. TerumooOMeHHas TpyOa COCTOHUT U3 HECYIIEH CTallb-
HOM TpyOHI 1 cO cMpanbHO-HABUBHBIMH Ha HEe Pa3HOBBICOKHUMHU 2 U 3 alrOMU-
HueBbiMi KLM-pebpamu ¢ auamerpoM 1o ocHoBanuio dy. Bbeicokue omHo3a-
XOHbIe pedpa 2 MMEIOT B TUIaHE BUJ KPYTOBBIX JIUCKOB, CETMEHTBHI KOTOPBIX
OTOTHYTHI C MPOTUBOMOJIOKHBIX CTOPOH TPYOBI 10 JIMHUY XOpasl 4. JInHUS XOp-
Il HAXOJHUTCS OT OCH TPYOBI Ha pPacCTOSHUM, PABHOM IOJIOBHHE HAPYKHOTO
nauametpa 0; HU3KOro pebpa. PaccTosiHne MExXIy MOBEPXHOCTSIMHU TOJOTHYTHIX
pebep D' =d; + 2A, rae A — TommuHa BEICOKOTO pebpa. Huskue pebpa 3 Takke
OTHO3aXO/HBIC, MPUYEM OHH PACHOJIOKCHBI B NEPUOIMIESCKH UYepeTyFOIIeMCs
MOpsiIKE C BEICOKUMHU pedpamu. [IpruMeHeHrne HU3KUX pedep HapsLy ¢ BBHICOKH-
MU TOJIOTHYTBIMH TPHUBOJHUT K CHIDKCHUIO MATEPHAIOEMKOCTH IMOBEPXHOCTH
opebpenust Tpy6 mo 22 %. IlogorayTsie pebpa TypOyIU3UPYIOT TOTOK BO3IyXa
C YMCHBIICHHUEM €ro IpaJIMeHTa CKOPOCTH IO BBICOTE MEXPEOEpHOro KaHaja,
YTO B COYETAaHHU C YBEIMYCHHBIM KOA(PGHUIHUEHTOM 3(PPEKTHBHOCTH HU3KUX
pebep B CpaBHEHUM C BBICOKMMH MHTeHcHuuupyet TemnooTnady Ha 20-30 %
M0 CPaBHEHUIO C TEIUIOOTAA4YeH pPaBHOBBICOTHBIX pedep. [loarnbka pebep BbI-
TOJIHSIETCS] TIPOTSATHBAHUEM TPyOBI Yepe3 HapalulieibHbIe HalpaBISIOIINE, pac-
CTOSTHHE MEXJly BHYTPEHHEH IMMOBEPXHOCTHIO KOTOPBIX paBHO D’. Bricokas ma-
CTUYHOCTH (MSTKOCTB) AIFOMUHMS U HEOOJIbINas TosmuHa peopa A =~ 0,30-0,35 mm
o0ecneynBaloT HA/ISKHYIO M KaUeCTBCHHYIO TIOATHOKY BBICOKHX pebep.
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Puc. 1. bumeranmnaeckas Tpy6a ¢ mogoraytsivu KLM-pebpamu

Jnst TenmnmooOMeHHBIX cekiuii MoaepHusupyembix ABO pexomeHmyercs Ha-
3HAYaTh MapaMeTphl BRICOKHX pebep dxdoxhxsxA = 57x25,8x15,6x5,0x0,35 mm,
a mapaMeTpsl HM3KHX pebep diXdoxhixs;XA = 47x258%10,6%5,0%0,35 mm.
Koaddumument opedbpenust tpyost ¢ = 18,15. [Ipumenenue stoii TpyObl yBe-
JMYUBAET IUIOMIAAb TEIIOOOMeHa MOJEepHHM3MpyeMoro myuka B 18,5/152 =
= 1,2 pa3a, a c y4eToM jAake HAMMEHBLIETO 3HAYCHUsI HHTCHCU(PHUKAINN TETIIO0-
OTJIa4M TOJIOTHYTHIMH pedpamm TeruiockeM Bo3pacTteT B 1,2x1,2 = 1,44 pa3a,
YTO MOTEHUUATBHO SKBUBAJIICHTHO HCIOJIb30BAaHUIO TPYOBI ¢ PAaBHOBBICOTHBIMU
KLM-pebpamu mipu ¢ = 22.

B xonctpykuuu BPT [7] Ha puc. 2 15 uHTeHCH(DUKALMY TEIIONEepeIadH 1Mo
BO3IYIIHOW CTOPOHE MPUMEHEH BUXPEBOH CIOCO0, OTIUYUTENBHON 0COOEHHO-
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CTBIO KOTOPOTO INPH ONTHUMAJBHBIX HapamMeTpax HHTCHCU(HUKATOPOB SBISETCS
OTePEKAIOUINH MPUPOCT TEIUIOOTAAYH 10 CPAaBHEHHUIO C POCTOM a’3pOAHHAMHYE-
CKOT'O COIIPOTHBIICHUS, YTO YHEPTETHYECKH HUCKIIOUUTEIBHO BBHITOIHO. B Kade-
CTBE MHTCHCHU(HUKATOPOB LIEJIECO00pa3HO MPUMEHATH chepudeckue TyHKU (Yr-
nyOnenus) Ha OOKOBOW MOBEpXHOCTH pedpa. TemmooOMeHHas TpyOa COAEPKUT
HECYIIYI0 METaUTUYecKyro TpyOy 1 Kpyrioro monepedyHoro CeYeHus U CITu-
pabHO-HaBUBHBIE Ha Hee amomuHueBble KLM-pebpa 2 onuHakoBOW BBICOTHI.
Ha xonbiieBoM y4acTke MIMPHHOW M ¢ OJHOH OOKOBOH MOBEPXHOCTH KayAOTO
pebpa pacnosokeHsl chepruueckue JTyHKH 3 nuamerpom d.. JIyHku mMoryT pac-
1oJiaraTbcsl Kak 10 BEPIIMHAM PAaBHOCTOPOHHETO TPEYTrOJIbHUKA, TaK U IO KOH-
LHEHTPUYECKUM OKPY>KHOCTSIM C LIaroM S.. BennynHa mIOTHOCTH TYHOK Ha KaxK-
IoM peOpe HaxoauTcsl B uHTEpBaje ¥ = 55-65 %. [Ipu 310l miioTHOCTH mOTpa-
HUYHBIA CJIOM BO3JyXa MWCHBITBIBAET HENPEPBIBHOE BO3JICHCTBHE BHXPEH,
TeHEPUPYEMBIX JTYHKaMH, 4TO B HaHOOJbIIEH Mepe MOBBIMIAECT SHEPreTHUECKYIO
3¢ dexTHBHOCTE TpYOHBI. [ TyOnHa TyHOK BBHIOMpaeTcs TakoW, 4TOOBI TIOA KaXKI0H
W3 HUX Ha MPOTUBOIOJIOXKHON OOKOBOH MOBEPXHOCTH 3TOr0 pedpa MOSBUIUCH
TUIAaBHOOYEPUYCHHBIC BBICTYIIBI 4 BBICOTOMU N, OOJNIBIIEH TOMIIUHBI O, MOrPaHUY-
HOTO CJIOSl BO3/yXa Ha KOJBLIEBOM YYacTKe MOBEpXHOCTH pedpa, T. €. h, > J;.
BeicTynbl HE JOMKHBI «TOHYTH» B IOIPAHUYHOM CJIO€ IJISl MX Pa3pyILIArOIIETO
BO3ACHCTBHA Ha Hero. DHeprerudeckas 3PQeKTUBHOCTH TPYOBI MO CTOPOHE
opeOpenus yBenuumBaeTcs B 1,8-2,1 paza nmpu oJuHAKOBOH 3aTpaTe MOITHOCTH
MIPUBOJIOM BEHTWJIATOpa C Tiaako-moBepxHOocTHEIME KLM-pebpamu. Hammame
JYHOK TaKKe MOBBIIAECT IKCIUTyaTallHOHHYIO HaAEXKHOCTb TpyObl. OOpa3oBas-
IIMECS] BUXPH MPEISTCTBYIOT OCAXKICHHUIO 3arpsi3HEHNH, BBITAIKUBAS X B SIPO
MeXpeOepHOTo MOTOKA, U Jjaliee BBIHOCITCS BO3JIyXOM BHE TpyOHI (IIyuka Tpy0).

s h A
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Puc. 2. bumerammueckas Tpy6a ¢ KLM-pebpamu co chepruaecknmu IyHKaMu

st coxpaHeHHs Ha CITUpaIbHOM pebpe chepudeckoil popMbl TyHOK HEOO-
XOAMMO pacmojiaraTh UX Ha HEHTpaJIbHON JIMHUK U B €€ OKPECTHOCTH Ha OAMHa-
KOBOM PAacCTOSIHUM 1O OJHY M JPYIyK CTOPOHBI IIMPUHOW M. Paxnyc HeWlt-
panbHo#t muHKH (c10s) pebpa ' = (r - 1o)°°, rae r = 0,50 — HapyxHbI# pamuyc
pebpa; ro = 0,5dy — paxuyc pebpa 1Mo ero OCHOBAHHMIO.

Jdnst ABO ¢ TpybGamu TpeTbero mokojeHus pazmepamu 0XdoXhxsxA =
= 57%26%15,5%2,5%0,3 mm ¢ = 20,9. MoxHo pexomenaoBats misi KLM-pebep
cd. =3 MM, m=8 mM; I' = 19,25 MM 00lllee KOTMYECTBO JYHOK Ha pedpe —
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80 ., h, = 0,3-0,6 MM. JIyHKH HAaHOCSTCSI IO TPEM OKPY)KHOCTSIM C PaInyCcaMu
ri=21,75mm; r =r'=1925Mmu rz = 16,75 mm.

[IpoMbInIIEeHHOE HW3TOTOBIIEHHE TaKWX TPyO BO3MOXHO HCKIFOUHUTEIHHO
M0 TeXHOJOTHU «OKTAOphCKXUMMAIay (puc. 3), OCHAIIEHHON JOTOIHUTEIHEHO
HOBBIMH y3namu [8].

s===——=\\\\it
& WA
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Puc. 3. Texnonorunueckas cxema uzrorosienust bPT ¢ «o6myHeHHBIMU» pebpaMu

TexHomnornueckas cxema mpeqHa3HavyeHa il GOpMUPOBAHUS JBYX3aXOIHO-
ro opeOpeHus M COCTOWT M3 Pa3MaThIBAIOINIETo ycTpoiicTBa (600uHEI) 1, HA KO-
TOpPOE YJIOKEH PYJIOH aJOMUHUEBOU JeHThl 3 ToiumHod A = 0,4 MM mpsmo-
YTOJIBHOTO TIOMEPEYHOT0 CEUYEHNs, HAMPABIISIIOIIEro pojirKa 2, MexaHu3ma 4 s
npoQIIUPOBaHUS JIEHTH 3 B JIeHTY L-00pa3Horo nomnepevyHoro ce4eHus S5, myH-
KOOOpa3yIolero ycTpoiicTsa 6, COCTOSIIEr0 U3 ABYX POJNMKOB, Ha pabouei mo-
BEPXHOCTH OJHOTO M3 KOTOPBIX (MaTpulla) 7 UMEIOTCS JIyHKH, a Ha APYroM (Imy-
aHCOH) 8 — BBICTYNBL. PONMMKM coeMHEHbI MeXay co0Oil MpH MOMOIIM LiecTe-
per 9. IlocpencTBoM IBYX POJIMKOB BCIEACTBUE 00XXMMa MEXIY HUMH JICHTHI
00pasyloTcs Ha OHOM ee OOKOBOM MOBEPXHOCTH JIYHKH (BBIEMKH), & HA IIPOTH-
BOTIOJIOKHOW OOKOBOW TTOBEPXHOCTH IO/ JIYHKAMH BO3HHKAIOT BBITYKIOCTH
BeIcOTO# h,. TTocie ayHK00Opasyrommx poiaukoB L-oOpasHas nenra 10 ¢ ayH-
KaMH{ MOCTyTaeT B HAaBUBOUHBIH MHCTPYMEHT, COCTOSAIINI U3 HEeMmoABMKHON 11
U Bparmatomieiicst 12 gacreit, KOTOpble UMEIOT LIEHTPAIbHOE OTBEPCTHE IS TIPO-
XoAa Hecyuield TpyObl 14 ¢ rimankoil HapyXHOH MOBEPXHOCTBIO, B3aUMOJEHCT-
BYIOIIEH C MPUBOJHBIMU pOJIMKaMU 13, pa3BepHYTHIMH Ha yToJ, COOTBETCTBYIO-
mmid oceBoil momade TpyOsl. Pabouas dacte poimkoB 13 BeimonmHeHa puGIIEHOH,
MOCPEIICTBOM KOTOPOH Ha HapyXHOW MOBEPXHOCTH HeCcyIlel TpyObl popmupyercs
HCKyCCTBEHHAs IIEPOXOBAaTOCTh B (hopMe «Oopo3mka — BeICTYI» 15. Ha Topre

38



BpallaroIerocsi HHCTpyMeHTa 12 pacrionoskeHsl pudieHus 16 — Toxe B BUe
BBICTYIIOB — BIIAJIMH, KOTOPBIE BHEAPSIOTCS B JIEHTY W NPU €ro KPyroBOM Bpa-
IIEHWH 3aKpy4rnBaloT ee B padodeM KaHalle B HENpPEpBIBHYIO crimpanb 17
C TIOCIIEYIOIINM O0KAaTHEM (3aKaTKOW) €€ TOPU30HTAIBHOMN MOJIKU B MIEPOXOBa-
TOCTh Ha Hecyleil Tpyoe. B urore monmyyaem BPT ¢ uHTeHCH(DUIIMPOBAHHBIMU
nByx3axogHeiMu KLM-peGpamu B cooTBeTCTBUM C pUC. 2. CKOPOCTH BpaIleHHs
LIeCTepeH CHHXPOHHA CKOPOCTH BpallleHHs Hecyuiel TpyObl. Ponuku 7, 8 Haxo-
ISTCSL B €IUHON TEXHOJOTUYECKON JIMHWUU C OCTAbHBIMHU y3iaMu. biaromaps
STOMY JIOTIOJIHEHUE TEXHOJOTHYECKOTO IMpoIiecca IYHKOOOPa3yroIuM YCTPOH-
CTBOM HE CHIDKAET IMPOIIecCa M3TOTOBICHUS TPYOBl B CPAaBHEHHH C M3TOTOBIIE-
HUEM TpPyObl ¢ TmagkuMu crnupanbHO-HaBUBHBIME KLM-pebpamu. [lpn HeoO-
XOJUMOCTH POJIMKH JIETKO JEMOHTHPYIOTCS WJIM MOTYT OBITh pa3JBUHYTHI
MEXIy co00l Ha HEKOTOPOE PACCTOsIHUE, JOCTATOYHOE JUISi CBOOOIHOTO JBIIKE-
HUS JICHTBl MEXIy HUMH 0€3 CONpPHKOCHOBeHHA. B Takom ciywae OymeTr u3ro-
taBnmuBaThbcst BPT ¢ TpaguumoHHBIMH Thankumu (0e3 3JeMeHTOB TypOynu3a-
MM TIOTOKa Ha OOKOBOW TOBEPXHOCTH) CHHpadbHO-HaBUBHBIME KLM- wnam
L-pedpammu.

OCHOBHBIM TEIUIOTEXHUUECKHM HempocTaTkoM BPT sBisieTcss BOSHUKHOBEHNE
KOHTaKTHOTO Tepmudeckoro compotusieaus (KTC) mpu mepemade TermioBoro
MOTOKA, KOTOPOE OTCYTCTBYET B MOHOMETAJNIMYECKUX PeOPUCTBIX TpyOax. Be-
mnunHa KTC 3aBucHT OT 1enoro psiaa GU3NKO-MEXaHUIeCKUX CBOHCTB KOHTaK-
THPYEMBIX TOBEPXHOCTEH, HO MpPH OJMHAKOBBIX YCIOBHSIX JOMHUHHUpYIOLIEE
BIIUSHUE OKa3bIBAIOT KOHTAKTHOE JABIICHUE p, M BEJIMYWHA TUTOMa U F, KOH-
Tak-

THpyeMBbIX NoBepxHocTed. B mpouecce usrorosiaenuss bPT Bennuuna P, uc-
KITFOYUTEIHFHO 3aBUCUT OT BBIOPAHHOTO criocoba opeOpeHuss U OpUeHTHPOBaHA
Ha JIOCTIDKEHHE MaKCHMAJIBHOTO 3HAYEHUS, YTO MPAKTUYECKH JIUIIAET BO3MOXK-
HOCTH BO37eicTBOBaThH 3THM HapameTrpoM Ha KTC. B To xe Bpems BenmmunHa F
SIBIIIETCS] TTapaMeTpPoOM, 3HaueHHe KOTOPOTrO TOJIaeTCsi OTHOCHUTEIBHO JOCTYII-
HOMY YTpaBJICHUIO (M3MEHEHHIO). DTOT NMPHUHIIMII 3aJI0’)KEH B HOBOM KOHCTPYK-
mur BPT [9] co cnmpansHO-HABUBHBIMU ANMIOMHHHEBBIMHA OJIHO3aXOTHBIMH 3
(puc. 4a) u aByx3axoaHeivu 4 (puc. 40) KLM-pebpamu. TermiooOMeHHas TpyoOa
COCTOMT U3 METaJUIMUEeCKOil Hecylei TpyOsl 1 HapyxHOro auamerpa d, ¢ Haka-
TaHHBIMH Ha €€ Hapy>XHOW MOBEPXHOCTH PUGICHUSMH 2 MIEBPOHHOTO THIA
C YIJIOM 3 TIpH BEPIIMHE U CIIUPATIbHO-HABUBHOTO 101 HaTshkeHneM KLM-pebpa
HapyxHOTO nuameTpa d ¢ marom S. ['opu3oHTanbHAas MOJKA 5 pebpa MexaHHue-
CKH IDIOTHO COelMHEeHa ¢ pU()ICHUSIMHU IEBPOHHOTO THIIA, MTOTIEPEIHOE CEUCHHE
KOTOPBIX MPEACTABIIET «BIIAIUHY — BBICTYI» (0OPO31KN) TITyOMHOH M MIMPUHOM
0,2-0,3 MM u marom 1-2 mm. IIpu 0aHO3aX0HOM OpPEOPCHUH TOPHU30HTAIbHAS
noska 5 pebpa JomKHA 3aHUMATh BCIO MIMPUHY D meBpoHHOTO prdieHus, KoTo-
pas Ha3HavaeTcs paBHOU mary S. [IpempoTBpaliaercsa oceBoe nepemenieHue peo-
pa BCIEACTBHE YCTpaHEHUS pe3yJbTHPYIOIIET0 OCEBOTO YCHIIMS HM3-3a BCTped-
HOT'O HampaBJICHUs CHJI C JICBOM U MPaBOil CTOPOH LIEBPOHHOTO pHIIeHNUs, BO3-
JIeHCTBYIOIUX Ha MOJIKY. JIMKBUAMpYyeTca NepBONPUYNHA MOSBIEHUS MHUKpPO3a-
30pOB B KOHTaKTHOW 30HE, MOBBIIIACTCS TEIUIOBAas JKCIUTyaTallMOHHAs HaJllexk-
HOCTB, BO3pPAcTaeT YCTOMYUBOCTh K aTMOC(HEPHOIH KOPPO3HHU, PACIIUPSETCS TEM-
MepaTypHBIN JUamna3on npuMeHumoctu a0 270-275 °C mo temmneparype CTCHKH,
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3nauenne KTC ymensmraercs B 1,14-1,42 paza. Yron  Ha3Ha4yaeTcs paBHBIM
100°-160°, uto obecneunBaet yBenuuenue F, mo 21 %.

[Tpu nByx3ax0nHOM OpeOpeHnH MojKa 5 pedpa pacronaraeTcst Ha MOJIOBHHE
UpUHBI D 1IeBpoHHOTO pUQIIeHUS, a MIKMPUHA Ha3HAa4yaeTcs paBHOW b = 2s.
o cymecTBy ofHa U3 CTOPOH, HAIPUMED JIeBasi, IEBPOHHOTO pHpeHus mpes-
Ha3HaueHa JUIs MOJIKK 5 TepBOro 3axojaa, o0o3HavueHHoro |, a mpaBas cropoHa —
Juist oK 4 pebpa BToporo 3axoza, obo3nadenHoro Il (puc. 46). CoxpaHsioTcst
BCE IMPEUMYLIECTBA OJHO3aXOJHOTO OpEOPEHUs, HO IOMOJIHUTEIBHOE HpPEUMY-
IIECTBO — POCT MPOU3BOUTEIBHOCTH TEXHOJIOTHYECKOT0 mpoiiecca B 1,8-2 pasa.

Puc. 4. bumetanmuyaeckas Tpy0Oa ¢ 0qHO3aX0IHBIMHE (a) U AByX3axoaHbMU (0) KLM-pebpamu

VY3en Hakatku (puc. 5) MEBPOHHBIX pUDICHHN 2 COCTOUT UX TPEX MPHBOJ-
HBIX HAaKaTHBIX POJMKOB 3, paBHOMEpHO uepe3 120° yCTaHOBIEHHBIX BOKpPYD
Hecymel TpyOsl 1, Ha KoTopoll HakaThIBarOTCA puduieHus. Ha ygactkax €1 # ¢
C Pa3HBIM HaKJIOHOM pHdIeHNH (JieBas U MpaBasi CTOPOHBI) HABUBAIOTCS CIIMpa-
mu L-o6paszHoro ceuenus | u Il 3axomoB. [y co3gaHuss KpyroBoro U MpoI0Jib-
HOTO TIepeMelleHuil TpyObl OCH HaKaTHBIX POJHMKOB MOBEPHYTHl OTHOCHUTEIHHO
MPOIONILHON ocH TPyOBI HA YTroX Y, paBHBIH yIJIy MOJbeMa BHHTOBOH JIHHUM,
00pa30BaHHBIN BEPIIMHON MIEBPOHHBIX PUQICHUHA. YTOJ pacCINTHIBACTCS KakK

S
arctgy = ——,
nd,

rae dg, = 0,5(d; + d;) — cpennuit muamerp pudiennii; dq, d, — cOOTBETCTBEHHO
JaMeTp 110 BEpIIMHAM U BIIaAHHAM PUQICHHH.

Puc. 5. Akconomerpuueckoe H300pakeHre y3jia HaKaThIBAHUSI IIEBPOHHBIX pUdIIeHNiT

40



B octanpHOM M3roTOBIIEHHE TaKOW TPYOBI OCYIIECTBIISIETCS B COOTBETCTBHUH
C TEXHOJIOTMUYECKUM MPOIIECCOM, TOKa3aHHBIM Ha pucC. 3.

B xouctpykmmm bPT (puc. 6a) momy4mn manpHEHIIee pa3BUTHE MPUHIIHIL
yBenmuuenust F, ms camwkenns KTC. 3aeck meBpoHHbIE penbedbl KOHTAKTHOM
30HbI npensiaymeir BPT npeoOpa3oBaHbl B CeTh YETHIPEXYTOIBHBIX MHPaMHUII,
MIPUMBIKAIONINX CBOMMH OCHOBAaHHUSMH JPYT K JAPYTY, YTOI Y IPU BEPIINHE Kax-
JI0i TpaHu YeThIPEXyrojbHON MupamMubl BEIOpaH n3 nHtepBaia 60°-90°, a yron
B3aMMHOTO NIEPECEUYCHHUS PSIIOB OCTPOKOHEUHBIX MUPaMUI BBIOpaH U3 TOTO XKe
untepBana. BPT cocrout u3 meramumdeckod Hecymield TpyObl 1 Hapy»KHOTO
nuaMeTpa d; ¢ HAHECCHHBIMH HAa €€ Hapy>KHOW MOBEPXHOCTH MEXaHHUYECKHM
croco6oM, oJOOHBIM OMTUCAaHHOMY B pHC. 4, penbedamu 2 B BUIE OCTPOKOHEU-
HBIX YETBIPEXYTOJIHBIX MHPAMUIl M CIUPaTbHO-HABUBHOTO TOJI HATKEHHEM
L-pebpa 3 ¢ marom S, TOpH30HTANIbHAS TONKa 4 KOTOPOTO MEXaHHIECKH COeNIH-
HEHa C pernbedaMu, KOTOphIe M300paKeHbl B aKCOHOMETpHH Ha puc. 60. Illar
penbedos nenecoodpasHo BeiOMpars S, = 0,8-1,0 mm. Ilocie MexaHHueckoro
coenunenus nonku 4 nomydaercss KLM-pebpo. [Ipumenenne penbedoB B BUjie
MUpaMUJ] TIO3BOJISIET YBENUYHTE Tomans F, B 1,8 pasa B cpaBHEHUH ¢ IEBPOH-
HeIMU penbedamu. 3Hauenne KTC ymensiaerca no 1,45 pasa, uHTeHCH(UKA-
s Temonepenayn Aocturaer 6 %, HO caMoe BaXXHOE — 3TO YBEIHUYEHHUE Ipe-
NIEJTFHOM TeMIIepaTyphl CTCHKH B KOHTakTHOU 30He M0 300 °C, mpu KoTOpoit
COXpaHSETCS HUCXOAHOE 3HAYEHUE TEIUIOBOTO NOTOKa, paBHoe BPT ¢ Haka-
TaHHbIMU 10 TexHojorun BHHWHWMermama chnupanibHBIMU aTIOMHUHUEBBIMU
pebpamu.

Puc. 6. bumerannuueckas Tpy6a ¢ KLM-pebpamu (a) u akcoHoMeTpuyeckoe n3odpaxenue (0)
penbedoB mupaMuAaNEHON (GOPMEI Ha TOBEPXHOCTU HECyIIel TpyObl

JJ1 TOBBILIIEHNS SKCIITYaTal[HOHHON TEIUIOBOM HAJEKHOCTH U 00eCIIeYeHUs
CTa0MJIBHOCTH Mpollecca TEIUIONepeqayd MPH MHOTOLUKIOBOM DPEXHME 3KC-
IUTyaTan «Iyck — octanoB» ABO pa3pabotan HOBBIH criocob [10] usrorosie-
Hus BPT ¢ KLM-pebpamu, nmpumeHsieMbIX B BBICOKOTEMIIEPATYPHBIX TE€XHOJIO-
TMYECKUX yCTaHOBKax. OH peanu3yercs B COOTBETCTBHU CO CXEMOM Ha pHC. 7a
MOCPEICTBOM 37ECh XKe M300pakeHHOoro ycrpoiicTBa. Mcxonnas Hecymas Tpy6a
1 momaeTcst B TpH HAaKaTHBIX POJNMKA 2, PABHOMEPHO PACIIONIOXKEHHBIX BOKpPYT
TpyOBI (7151 MPOCTOTHI M300paKEHUsI MOKa3aHkl ABa pojiMKa). Ponnku nosepHy-
ThI OTHOCUTEJIBHO MPOJOJIBLHON OCH TpYOBI Ha YIOJ, COOTBETCTBYIOIIMIA €€ oce-
Boii nojiaye. Ha oJiHOM ocH ¢ HAKaTHBIMU POJIMKAMHU 2 YCTaHOBJICHBI POJIMKHU 3 ¢
rnaakoil paboueil moBepxHOCTHIO. KOMMUECTBO MIaAKHX POJIMKOB COOTBETCTBY-
€T KOJIMYECTBY HakaTHBIX. [locpelcTBOM NMPHUBOAHBIX HAKAaTHBIX POJMKOB HECY-
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mas TpyOa BparmaeTcs U HepeMenlaeTcsl ¢ 3aJaHHbIM I1aroM, pH 3TOM Ha Ha-
PYXKHOI TOBEpPXHOCTH TPYOBI OT JEHCTBUSI POJIMKOB 2 HAKATBHIBAIOTCS PUGICHUS
TpeOyemoii (hopMmbl. ['Magkue posiMku O0KUMAIOT BEPIIUHBI MOJYUYCHHBIX pHUd-
JeHnid 10 oOpa3oBaHus rpuboBuaHON (popmel. Jlanee Hecymas TpyOa ¢ TakuM
pudIcHHEM TNOCTyNaeT B 30HYy HaBHBOYHOTO MHCTPYMEHTAa W HPUBOIUTCS BO
BpalleHre MIHHACTh 4, KOTOPBI BHEIPSETCS B TUIOCKOCTh JICHTHI 6 CBOMM 3a-
XBaTHIBAIOLUIMMHU BBICTyIaMu 11, pacnojioXeHHBIMH Ha €ro TOPLIEBOM MOBEpX-
HOCTH, ¥ OCYIIECTBIISICT €€ 3aKpydnuBaHue. Mexay Hecyliei TpyOoi U BHYyTpEH-
Hel TopiieBo moBepxHOCTHI0 10 dhopMoobdpasytomero diania 5 mpemrycMoTpeH
3a30p, KOTOPBIM MEHBUIE HCXOJHOM TONIIMHBI Aj; TOPU3OHTAJIBHOM MOJKHU
L-o0pa3Hoit neHTrl 6, packpyunBaemoit ¢ 606uH 8. TonmuHa MoaKy mocie o0-
xatus Ay = (0,2-0,5)A;. TopueBasi MOBEpXHOCTh UMEET TOJIIIHHY, PABHYIO IIH-
pUHE TOPHU3OHTANBHOW MONKH L-o0pasHoit neHTsl 6. Ilpm BpameHuu TpyOa
C pUQICHOH MOBEPXHOCTHIO OOKMMAaeT TOPU3OHTAIBHYIO TONKY L-00pasHoii
JICHTBI B 3TOM 3a30p€ TaKUM 00pa3oM, YTO MaTepHuall JIeHTHI, a 3TO BBICOKOILIA-
CTUYHBIC CIIABBI AJTFOMUHUS U MEAH, 3aMOJHIECT MPOCTPAHCTBO (KapMaHbl), 00-
pasoBaHHBIE MEXAy coceTHMMH Ooposakamu. [lockonbky pudueHHS HMEIOT
rpuboBUAHYIO (hopMy, MoaKa L-IeHTh HameKHO GUKCHPYETCSI B HUX KakK B OCe-
BOM, TaK U B PaHalbHOM HampaBlieHHUsAX. B pesynbrate oOpasyeTcs NpoO4HO-
IJTOTHBIM MEXaHUYECKUN KOHTAKT U, KaK CIEICTBHUE, — HAJIEKHBIA TEPMUUECKUN
koHTakT KLM-pebpa ¢ TpyOoit. MTorom peanu3anind M3JI0KEHHOTO CIoco0a
sBisieTcs: TeriooomMenHas Tpyoa ¢ KLM-pebpamu, ¢pparMeHT momnepeyHoro ce-
YeHUs] KOTOpO# mpuBeaeH Ha puc. 70, 1 KLM-pebpo 2, MaTepuan mojaxu KOTo-
POro MOJIHOCTBIO 3aIOJHMI KapMaHbl MEKIy pudieHusME (IPOAOIbHbIC pUd-
neHnss | TpPEyroibHOTO TONMEPEYHOIo CEYCHUS Ha MOBEPXHOCTH HeECy-
meld TpyObl ¢ O0OKaTBIMH BEPIIMHAMHU J0 TPUOOBUAHON (POpMBI H300paXKEeHEI
Ha puc. 8a). Koncrpykuus nannoro BPT mHTreHcndpunupyer na 15-20 % xoH-
TaKTHBII TEMJI000MEH BCIEACTBHE YCTPAaHEHHUsS B KapMaHax pu(IeHuil BO3Ly-
HBIX MEIIKOB M MOXET HaJIe)KHO IKCIUTYaTHPOBAThCS TPU TEMIIEpaType OXJIaxk-
naemoi cpeapl 10 320 °C Ha BXOjE B Hee.

a 0
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Puc. 7. Texnonoruveckas cxema narorosienus bPT ¢ pudnenusiMu rpuboBuIHOM GopMbl (a)
u ¢pparment BPT (0) ¢ atumu pudneHusiMu

Ha puc. 86 m3o0paxkeH ¢parMeHT Hecyiied TpyObl BHYTPEHHErO AWaMET-
pa d,; ¢ pudIeHUSIME B BUJIC YETBIPEXYTOIBHBIX MTHUPAMUJL 1, BEPIIMHBI KOTOPHIX
00’KaThI TT0 W3JIOKCHHOW TEXHOJIOTHH 10 TpuOoBHIHON (popmel. Ha puc. 8B man
MIOTIEPEYHBI pa3pe3 Hecylleld TpyObl C MPOIOIbHBIMA PHUQIEHUSIMH 10 X Me-
XaHUYeCKOTo O00KaTHs. YKa3aHHbIE 3HAYCHUS] B MIJUTMMETPaX T€OMETPUIECKUX
napamMeTpoB pudICHUI MO HAMM ONbITAaM Hauboliee MPEeNNOYTUTENHHBI KaK
JUISl peanu3aiuuu B cepuidiHoM mpou3BojcTBe BPT, Tak v Mo TemosHepreTuye-
CKUM TpeOOBaHHAM. OTH k€ pUQIIEHHS MOCIe Tpolecca MX O0XKaTHi AaHBI
Ha puc. 8r. ONTHUMaIBHBIMH MapaMeTpaMu OO0XKaTbiX pHUQICHUN SBISIOTCA:
S« = (0,8-1,2)A4; s, = 1,0-1,2 Mm; h,, = (0,2-0,3)s,,.

a 9]

Puc. 8. Pexomennyemslie hopMbl prdIeHNI Ha HApY>KHOW TTOBEPXHOCTH HECYIIEH TPpyObl

BbIB O I bl

PacimmpeHHOe BHEIpEHHE 3HEPro- U pecypcocOeperaromx TEeXHOJIOTHil
Y HOBBIX OMMETAITHYECKUX PEOPUCTHIX TPYO ¢ MHTEHCH(UIIMPOBAHHBIM TEILIO-
00MEHOM, XapaKTePU3YIOLIMXCS BBICOKOW TEXHOJOTMYHOCTHIO NPU TPOMBIII-
JICHHOM W3TOTOBJICHUH, TIO3BOJIUT:

e B OJIMHAKOBBIX Ta0apUTax CTaHIAPTHU3UPOBAHHBIX TEIUIOOOMEHHBIX CEKIUH
annaparoB BO3AYIIHOTO OXJaXIEHHS WHTCHCHU(HULUPOBATH MPOLECC TEIlIoNe-
penaudu, CHU3UTH B 1,5-2 pa3a Maccy CeKLUH, yBEIHMYUTD TEIJIOBOM MOTOK amra-
para Ipu HEM3MEHHBIX 3aTPaTaX MOIIHOCTH IPHBOIOM BEHTHIIATOPA;

* YBEJIMYUTH HKCIUTyaTallMOHHYIO HaJIEKHOCTh B 00JIaCTH BBICOKUX TeMIIepa-
Typ (mo 320 °C) u obecneunTsh CTAOMIBHYIO TEIUIOBYIO XapaKTEPUCTHUKY ara-
PaToB BO3IYIIHOTO OXJIAXICHHUS P MHOTOLIUKIIOBBIX YCIOBUSAX PaOOTHI;
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e YMCHBUINTH 3arpsA3HAEMOCTh TPYOHOrO Iy4Ka MO BO3IYIIHOW CTOPOHE H

YBCIUYUTD JJIUTECIIBHOCTh MECXKPEMOHTHBIX IIEPUOIOB.
JUTEPATVYPA

1. Kepwn, A Passursie noBepxuoctu Teruroobmena: mep. ¢ auri. / 1. Kepn, A. Kpayc. —
M.: Oneprus, 1977. — 464 c.

2.0 cHOBB pacueTa U MPOCKTUPOBAHUS TEIUIOOOMEHHUKOB BO3JYIIHOTO OXJIAXKICHUS:
cnpas. / oz o6 pea. B. b. Kynteima, A. H. Becconnoro. — CII6.: Henpa, 1996. — 512 c.

3.TennooTnaya M adpoAMHAMUYECKOE CONPOTHBICHHE [IaXMATHBIX MYYKOB M3 KPYT-
nbIx Tpy6 ¢ nomoruyteiMu crimpaibibiMu KLM-pe6pamu / B. b. Kynteiu [u ap.] / Xumuueckoe
u HedrerazoBoe MaiuHocTpoenue. — 2003. — Ne 11. — C. 10-14.

4. Ky H T8 o, B. b. Ananu3 TemnoBoil, 00beMHOI U MacCOBOH XapaKTEPHCTHK TEII000-
MEHHBIX CEKLHWI ammaparoB Bo3aymiHoro oxnaxaeHus / B. b. Kyarem, A. O. [Munp // Xumude-
ckoe u He(rerazooe MamuHoctpoenue. — 2009. — Ne 5. — C. 3-6.

5.Kyutem, B. 5. OcHOBHBEIE CITOCOOBI SHEPTeTHUECKOTO COBEPIICHCTBOBAHMS allllapaToB
Bo3aymHoro oxnaxzaenus / B. b. Kynrsmm, A. H. becconnsiii, A. A. bpumis // Xumudeckoe u
HedTerazopoe ManmmHoctpoerue. — 1997. — Ne 4, — C. 41-44.

6. TennooO6MeHnHas cekius: nar. 2213920 Poccun, MIIK C2, F 28 D 3/02 / B. I1. My-
nuH, U. U. Kouetos, P. ®. Tenses, B. b. Kyntsiu, B. 1. Menexos, A. B. CamoponoB; 3asBuTenb
3A0 «Oxrsibpeckxummant». — Ne 2001119695; 3assa. 16.07.2001; omy6n. 15.07.2003 // Bron.
n300per. / Pocnarent. — 2003. — Ne 28. — C. 70.

7.¥YcTpoicTBO A U3TOTOBICHHUS TEIUIOOOMEHHOM TPYOBI CO CIHPaIbHO-HABUBHBIMH
pebpamu: 3asiBKa Ha mojesHyto Moxens Pecn. Bemapycs, MIIK B 21 D 11/06 / B. b. Kyntem,
B. II. Mynun, E. C. CankoBuy, A. III. Munnuranees; 3asButenb benopyc. roc. TeXHONI. yH-T. —
Ne n 20120381; 3asBi. 05.04.12.

8 TennooGMeHHas pebpucras TpyOa: nat. 4814 Pecn. Benapycs, MIIK F 28 F 1/00 /
B. b. Kynrsm, B. U. Bonogus, E. C. CanxoBuy, B. I1. Mynun, A. O. [Tuup, A. III. Munnuranees,
I'. T'. bapanos; 3asBurens benopyc. roc. Texuon. yH-T. — Ne u 20080322; 3asBn. 17.04.08; omy6u.
30.10.08 // Adiuptitasr 6ro. / Harr. mpuTp iHTanekryan. ynacuacui. — 2008. — Ne 5. — C. 36.

9. TenmooOMeHHas Oumerammyeckas pedpucras TpyoOa: mar. 14907 Pecn. bema-
pyck, MIIK F 28 F 1/00 / B. b. Kyntemm, E. C. CankoBuy, B. I1. Mynun, A. III. Munauraziees,
A. O. IImup, U. P. Tasa30B, A. JI. ConoBeeB; 3asBuresb beinopyc. roc. TeXHONI. yH-T. —
Ne 1 20091539; 3assi. 28.10.09; omy6a. 30.10.11 // Adiupritnsr Gron. / Ham. mpuTp iHTOIEKTY A
ynacHaciy. — 2011. — Ne 4, — C. 58.

10.Cnoco0 uyCTpOMCTBO Il U3TOTOBJICHHA TeriooOMeHHOH TpyOrl ¢ KLM-peGpamu:
nart. 16177 Pecn. Benapycs, MIIK B 21 C 37/15 / B. b. Kyursi, B. I1. Mynun, E. C. Canko-
Bu4, A. O. [unp, A. lII. Munnuranees, A. JI. Conosses, O. B. Ilerposuy; 3asButens bemopyc.
roc. TexHoJd. yH-T. — Ne a 2010366; 3asBn. 11.03.10; omy6ma. 30.08.12 // Adiustiiaer 6ron. / Har.
IPHT iHTANeKTyan. ynacHacui. — 2012. — Ne 4. — C. 44.

[pencrasiena kadeapoii sHEprocOepeKEHHS,
TUZIPABIMKY U TEIUIOTCXHUKH Tloctymmia 12.11.2012

V]IK 536.2 (075)

OPTOI'OHAJIBHBIE METO/IbI B 3AJIAYAX TEILJIOIIPOBOJHOCTH
JIJII MHOT'OCJOMHBIX KOHCTPYKIIUM

Joxrt. pus.-mat. Hayk KYJIUHOB B. A.,
umzkenepsl KOTOBA E. B.,, EPEMHUH A. B., KY3HEIIOBA A. J.

Camapckuil 20cy0apcmeentbltl mexHUu4ecKutl yHugepcumem

st onpeneneHuss TpeOyeMOro COYeTaHWs CBOMCTB MHOTOCIIOMHBIX KOHCT-
PYKIMI HanIydimuM o0pa3oM MOAXOJAT aHATUTHUYECKUE (MPUOIMKEHHBIC aHa-

44





