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JlaH 0630p coBpeMeHHOro ypoBHs abpasvBHO-3KCTPY3MOHHOM 06paboTku. [Toka3aHo, YTo OTCYTCTBME TEOPETUYECKUX OCHOB SBIAETCS
OCHOBHOW M3 OCHOBHBIX MPOBAIEM, BO3HUKAIOLUMX MPY BHELPEHMM 3TOr0 Crocoba (PUHMLLIHON 06paboTKyM B MPOM3BOACTBO.

B mammmHocTpoeHNH Bce Oosee MIMPOKOe MpUMe-
HEeHUe MOJyYyaloT NeTald CO CIOXKHOMPOMUIbHBIMU
MOBEPXHOCTSIMU. B mepByto ovepeab, K HUM OTHOCSIT
JeTany JeTaTeJbHBIX ammapatoB (JIA), mBurateneit
BHyTpeHHero cropanusa (IBC), mu3enbHBIX IBUTATE-
JIel, a Takke MHCTPYMEHTAJIbHOM OCHACTKU IJIS MeE-
TaJUTyPTMYECKOTO U 3aTOTOBUTEIBLHOTO TIPOM3BOICTB.

®opmMooOpa3zoBaHUe W 0OeCTIeUeHNe KayecTBa 13-
TOTOBJIEHUST YKa3aHHBIX ITOBEPXHOCTEN TPeOYeT CII0XK-
HOTO JIBIZKEHMSI UCTIOJHUTEIbHBIX OPTaHOB 00pabaThl-
BalOLIETO 000PYIOBAHUS WM TIPUMEHEHUSI CIIOXKHBIX
110 ¢opMme ((hacOHHBIX) MHCTPYMEHTOB. B psizie ciyyaeB
(opMooOpa3oBaHre BO3MOXKHO TOJBKO CIELMATbHbI-
MU METOaMU JINThS WJIM 3JIEKTPO3IPO3MOHHOM 00pa-
00TKOI1 ¢ mmocIenyromei GMHUIITHON 00padoTKoi [1].

Bri0op Buaa ¢puHUIIHOKM 00pabOTKK MMEET 00JIb-
1I0e 3Ha4YeHue, T. K. ITOJYYeHHbIEe BbILIENepeYnclIeH-
HBIMM METOJAMM ITOBEPXHOCTH MMEIOT Ie(eKTHBII
CJIOi, XapaKTepU3YIOIIMIACS BHICOKMM YPOBHEM OCTa-
TOUHBIX HATIPSDKEHWIA, Ae(OPMALIMOHHOIO YIPOYHE-
HUsl (HakKierma) M HEpOBHOCTEW IOBEPXHOCTH, UYTO
CHIXAeT MX HameXHOCThb M paboTOCIOCOOHOCTD, CO-
MIPOTUBJIEHUE YCTAJIOCTU ¥ IPOYHOCTb.

OununiHasg obpabotka (PO) crokHOIPODUIL-
HBIX TTOBEPXHOCTEH TPaTMIIMOHHBIMH CIIOCOOaMI 00-
PabOTKY TPAKTHIECKH HE TPUMEHSIETCS M3-3a 3aTPya-
HEHHOIO JOCTyNa MHCTPYMEHTa K 00pabaTbiBaeMoii
NOBEPXHOCTU. [T03TOMY IS 3TUX 1I€JIell UCTIONb3YIOT
crieanbHbie TexHoaorun MO, B KOTOPHIX B KaUueCcTBE
MHCTPYMEHTa MPUMEHSIETCS MOTOK pa3HOOOpPa3HBIX
SKMAKOCTHBIX WJTM YIUIOTHEHHBIX Cpell, HeCyIInX pabo-
qye 3JIeMEHTHI, KOTOphle TPH TIEpeMEIIeHUH BIOJb
00pabaThiBaeMOI MMOBEPXHOCTHU BCTYIAIOT B KOHTAKT C
ee HepoBHOCTAMU. Hapdany ¢ HUMM, g ylIydLieHUs
KayecTBa CJOXHBIX TOBEPXHOCTEH MpHUMEHSIeTCS U
pyYHasi T0BOJIKa.

OnHMM 13 HOBBIX BUIOB TaKOi1 00pabOTKH SIBIISIET-
cs1 abpa3uBHO-3KCTPY3MOHHas1 obpaboTtka (ADO), 3a-
KJTIOYAIOIasICs B CHSITUM CJI0s1 MaTepuaa C MOBEpXHO-
CTH 00pabaThiBaeMOro KaHaja Mpy MepernpeccoBbiBa-
HUU TOJ JaBICHUEM Yepe3 Hero paboueil cpesibl, co-
CTosIIIeN M3 BS3KOYNPYTOro OCHOBAaHUS, HaIOJHEH-
HOTO TBEPABIMU pPaOOYMMM 3JIEMEHTAMU (Yallle BCero
— abpasuBHbBIE WK aJiMa3Hble 3epHa). [1pu aTOM hop-
MMpYeTCs HallpaBJIeHHbIN MOTOK, Ha MOBEPXHOCTH KO-
TOPOTO PACMONOXEeHbl abpa3uBHbIe 3epHA. OTCIEXU-
Bas 3a BHYTPEHHEH MOBEPXHOCTbIO KaHajua, MOTOK
obecrieunBacT B3aMMOIEHCTBIE MUKPOBBICTYIIOB aK-

TUBHBIX 3¢peH C MMKPOHEPOBHOCTSIMHU IMOBEPXHOCTH
(puc. 1). [1pu aTOM peanusyeTcs: LIMPOKUIX CIIEKTp TH-
MOB KOHTAKTUPOBaHUsI, KOTOPBHI M OMpenessieT xa-
pakTep 00pabOTKM TIOBEPXHOCTH IO Bcell ee 1inHe. B
psiIe POCCHICKMX pabOT 3TOT METON MOMYYMI Ha3Ba-
HUE 9KCTPY3MOHHOE XOHMHTOBAHME WJIM KCTPY3HOH-
Hoe nuMdoBaHue.

Puc. 1. (Cxema nipouecca abpa3snBHO-3KCTPY3MOHHON 06paboT-

ku: 1) 0bpabaTsiBaemas eTanb, 2) UMnvHAP nodadu pa-
bovyest cpeabl; 3) paboyas cpeaa

Jlns mpaKTUYeCKO peanu3alMM 3TOro MeToja
HEeoOXOMMMbI YCTAHOBKA ISl TIEPENPECCOBBIBAHMUS pa-
Ooueit cpe/ibl ONpe/IeIEHHOTO COCTaBa U Psil JOTIONHU-
TEeJIbHBIX YCTPOICTB M IIPUCIIOCOOJIEHUI IS 3aKpe-
TIJIGHUS JeTaln Mpu 00paboTKe ¥ GopMUPOBAHUS TTO-
TOKa cpelbl 4yepe3 AeTanb. BaxkHoii cocTaBisoleii
TexHojorn4eckoro mpoiecca ADO sIBJsieTCs U3rOTO-
BJIeHME TOJMMEPHOM OCHOBBI paboyeil cpelbl U ee
paBHOMEpHOE HarojHeHue abpa3suMBHBIM 3€pHOM, a
TaKXKe OYUCTKA Y IIPOMBIBKA 00pabOTaHHOM AeTalu.

B Hacrosmee Bpems B CIIIA, rae 3ToT mpolece
nmeeT HasBaHue Abrasive Flow Machining, a Takxe B
HEKOTOPBIX APYTHX CTpaHaX, mpouecc ADO momydaer
Bce Oolee MIMPOKOEe MPUMEHEHNUE, BRITECHSS THAPOa-
pa3uBHYI0 00pabOTKy. DTO TeHAEHIIMSA OCOOEHHO 3a-
MeTHa B TIPOM3BOJACTBE CJAOXHOMPOMPUIBHBIX AeTaeit
1 METaJLTypru4eckoit OCHACTKU, Te TpeOyeTcsl yMeHb-
1IeHKe Ae(heKTHOTO ITOBEPXHOCTHOTO CJI0S U yaaieHe
3ayCeHLeB B TPYIHONOCTYNHBIX M TepeKpeliuBa-
IOIMXCS] KaHAJIaX TOIIMBHOM aIapaTyphl.

ITo cBegeHusiM, mpuBoAMMBIM ¢upmoit Extrude
Hone [2], xoTopas siBisieTcsl pa3pabOTIYMKOM U JIKIe-
poMm B obaactu ADO, puHuUIIHAS 00pabOTKA MO3BOJIS -
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et yBennuuth MouHocTh JIBC Ha 20 % v CHU3UTB MO-
TpebeHue Tormsa Ha 30 % 3a cueT yJydiieHus a3po-
JIMHAMWYECKUX XapaKTePHCTUK CIOKHOMPOMUIBHBIX
netaneil. laHHOe yiydllieHWe BbI3BAHO MU3MEHEHHEM
VCITOBUI KOHTAaKTa BO3MYIIHOTO MOTOKA C TOBEPXHO-
cthio KaHanoB JIBC. ADO yMmeHbIIIaeT BeTUYMHY Je-
(bEKTHOTO MOBEPXHOCTHOTO CJIOSI ¥ CHUXXAET €ro Iie-
POXOBATOCTh, OPMUPYET TaKoe HaNpaBieHUE LIepo-
XOBaTOCTH, KOTOPOE COBMAAeT C HalpaBJIeHUEM a3pO0-
JMHAMUYECKOro moroka mpu akcmiyatauuu JIBC. B
Poccuiickoit @emepaliii 1o psimy MpUINH a0pa3rBHO-
3KCTPY3MOHHAsI 00pab0TKa IIMPOKOIO IPUMEHEHMS
He TI0JTyJuIa.

Bo-1mepBbIX, 3TO CPaBHUTEbHO HOBAsi TEXHOJIOTHSI
(buHuITHON 00paboTKU. [TepBblii MaTeHT Ha 3TOT CIO-
co6 ow11 BeImad B CILA B 1965 1. [3], a B8 CCCP mep-
BbI€ IyOJIMKALIUY TIOSIBUIKMCh, HauMHas ¢ 1972 1. [4-9].

B CCCP nepBble ucciaenoBaHusi B odnactu ¢u-
HUIIHON 00pabOTKM HAIMOJHEHHBIMU MOJUMEPHBIMU
cperaMu ObLIM TIPOBEAEHBI BO BTOPOM MOJOBUHE
70-x r. mpomwioro Bexa. MccnemoBanus ObUIM Harpa-
BJICHBI Ha COBEPLICHCTBOBAHHUE CIIOC00a M COCTaBa pa-
Ooueit cpeapl (10 aBTOPCKUX CBUAETENLCTB), a TAKXKE
Pa3paboTKy yCTPOUCTB (15 aBTOPCKMX CBUIAETENBCTB).
Pesynbrathl MccaenoBaHUi OOBIMHO HE OMYOJUKOBbI-
BaJICh, 33 UCKJIIOUEHNEM HECKOJIbKUX OMMCAaHUI 130~
OpeTeHMIi M OTIENbHBIX cTaTeil B xkypHanax [10].

B nepBoii monosuHe 80-x IT. TexHomornsg ADO ObI-
Jla BHEAPEHA B OINBITHO-TIPOMBILIIEHHOE IPOU3BOJI-
CTBO Ha HECKOJBKUX TPEANPUITUAX a3pPOKOCMUUE-
CKOI1 oTpaciu sl (pMHUIIHOM OTAeNIKM Aeraneii JIA,
HO OTCYTCTBME HaJeXKHBIX TEOPETUIECKHUX OCHOB IIPO-
1iecca B YCJIOBUSIX YXYALIEHMS COLMAIbHO-3KOHOMU-
yeckoro coctosiHus B CCCP BbIHYAMJIO 9T MPEATIPU-
ATUST OTKA3aThCsl OT BHEAPEHUS METola B IPOU3BOJI-
CTBO CEPUMHBIX U3IECTUN.

IIpouecc ADO sBisercs cnoxubM. [Ipu ero pea-
JIM3allMM BO3ZHWKAET IIENBIN psin (pU3MYECKUX SIBJIE-
HUH, BIUSIIOUIMX Ha KAY€CTBO U MPOU3BOAUTEILHOCTD
obpadorku. g BHempeHuss ADO B IpOM3BOACTBO
KOHKPETHBIX JeTaneil HeoOXoMuMO MPOBECTH A0CTa-
TOYHO OOJBIION 00BEM 3KCIEPUMEHTAIbHBIX HCCTIe-
JIOBaHUI, CBSI3aHHBIX C ONpeie/IeHeM ONTUMAIBHOTO
cocrapa paboyveil cpefibl U PEXUMOB e¢ TIePeIpecCcoBbI-
BaHMSI, OOYCIOBJICHHBIX (PM3MKO-MEXaHUYECKUMU U
reoMeTpUYEeCKUMU XapaKTepUCTUKaMU 00pabaThiBae-
MbIX KaHaJ0B. Heo0XxoaumMocTh TOMOJTHUTENbHBIX 3aT-
paT Ha UCCJIeIOBaHUsI, KOTOPbIE OMUPAIOTCS TOJIBKO Ha
OIIBIT MICTIOJIb30BAHMS, @ HE HAa CUCTEMATU3MPOBAHHbIC
TEOpEeTMYECKNUE OCHOBBI Ipoliecca, SBJISIETCSl BTOPOId
MPUYMHON HU3KOTO MHTEpeca MPOU3BOACTBEHHUKOB K
BHeipeHuIo mporecca ADO.

B naboparopuu OTHENOYHBIX METONOB 00PaOOTKU
CubupCKOro rocymapCTBEHHOTO a3pPOKOCMMYECKOTO
YVHUBEPCUTETa K HACTOSIIEMY BPEMEHU HAKOILICH
OoJsblION 00BbEM 3KCIIEPUMEHTALHBIX U TeOpeTHYe-
ckux uccnenoBanuit ADO netaneit JIA (puc. 2), a Tak-
K€ TeXHOJOTMYECKO MHCTPYMEHTaJbHOM OCHACTKH,
XapaKTepU3YIOIINXCS HATMIUEM CIOXHOMPODIIBHBIX
noBepxHocreii [11—15].
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Puc. 2. Ab6pa3vBHO-3KCTPY3MOHHAs 06paboTKa KpblibYaTku Ha
ycraHoske Y3LL-100

PesynbraraMu 3THX UCCIeNOBAHUN SIBISIOTCS pe-
KOMEH/IALIMU 110 TeXHOJOTMM 00pabOTKM KOHKPETHBIX
JeTajeii, OCHOBaHHbBIE Ha TTOMYYEHHBIX SMITMPUUECKIX
3aBUCHMOCTSIX, CBSI3bIBAIOIIMX OCHOBHBIE ITAPaMETPhI
TEXHOJIOTMYECKOTO Tpollecca ¢ XapaKTepUCTUKAMU
MOBEPXHOCTHOTO CJIOSI — BEIMUMHON U HATIpaBJIeHUEM
IIIEPOXOBATOCTU ¥ MUKPOTBEpHOCTH [16].

OCHOBHBIMU TTapaMeTpaMH TEXHOJIOTUYECKOTO
nponecca ADO aBIsI0TCI 00beM paboveid cpeabl, aa-
BJICHHME THAPABINYECKOIl CHCTEMBI YCTAHOBKY B IIPO-
JaBJIMBAIOIIEM Y MIPUHUMAIOLIEM pabodyeM LUIUHIpE
ycraHoBKM a1 ADO, BeauuuHa (IUCIEPCHOCThb) U
MPOLIEHTHOE cofepXaHue (KOHLEHTpalus) adbpa3uB-
HOTO 3epHa B paboueii cpene, ero pu3nKo-MexaHuue-
CKHE XapaKTePUCTUKHU, a TaKkKe KOJNUUYECTBO IMKIIOB
00pabotku. bosnbIioe BIMSHME Ha KaYeCTBO U IIPOM3-
BOJMTEIBHOCTh IIPOIECCa OKA3bIBAIOT TeOMETpHUYE-
CKME XapaKTepUCTUKU 00padaThiBa€MOro KaHajda —
€ro paguyc M JJIMHA, IJIOIAAb U IEPUMETp IoIepey-
HOTO CEUCHMSI, a TaKKXe MCXOOHBIC (DPM3MKO-XUMUUE-
CKHE CBOMCTBA IIOBEPXHOCTHOTO CJIOS.

INpakTiKa MOKa3bIBaeT, YTO HE BCETHa BO3MOXHO
UCIIO/b30BaTh MMEIOIINE SMIUPUYECKUE 3aBUCHMO-
CTU 118 TexHosoruu ADQO aeTaneil ¢ IpyruMu reoMe-
TPUUYECKUMU XapaKTepUCTUKaMu. B aToM ciydyae Ha-
OJtomaeTcss M3MEHEHUe CKOPOCTH MOTOKA U JaBJAeHUS
cpenbl B 00pabaThIBAEMOM KaHaJle, YTO BeAeT K U3Me-
HEHUIO YCIOBUI 00pabOTKU. DTU M3MEHEHMS MOAYK-
HSIIOTCS ONpeNeeHHbIM 3aKOHOMEPHOCTSIM, Ofpene-
JISIOIIMM PeoJIoTYeckue CBOMCTBa cpeabl. [Toatomy
KayecTBO U MPOU3BOAUTENbHOCTE ADO 3aBUCAT Kak OT
XapaKTepUCTUK 00pabaThIBaEMbIX KaHAJOB, TaK U OT
PEOJIOTUYECKUX CBOMCTB CPE/IbI.

B Hactosiee BpeMs1 B Halliei ctpaHe aOpa3iBHO-2K-
CTpy3MOHHasE 00paboTKa B OCHOBHOM IIPUMEHSIETCS B
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MPOM3BOJICTBE METAJUTYPrUYecKON OCHACTKU st (hu-
HUIIHON 00paboTKU (DOPMUPYIOLIMX OTBEPCTHIA Mpecc-
Matpuil, popM, PUIBEP U IITAMIIOB, ITOCKOJIBKY COCTOSI-
HUE WX TOBEPXHOCTU OIpeleseT KauecTBO ITOBEpX-
HOCTHOTO CJIOSI ¥ TOBAPHBII BYJI TIOMY4aeMbIX M3IEIIHIA.

AHanm3 TexHonoruyeckoro mpouecca ADO, mnpu-
MmeHsiemoro Ha OAO «KPAM3», 1. KpacHospck, st
(bUHUIITHON 00pabOTKKM Mpecc-MaTpUll TToKasajl, 4To
pabouast cpena Obuia BeIOpaHa 0e3 yyeta 0COOEHHO-
CTell KaHalloB oOpabaThiBaeMbIX HeTajieil, MoBepX-
HOCTb KOTOPBIX IIOCJIE OIepaluii (hopMooOpa3oBaHuUs
1 TepMooOpaboTKu umena eepaocts 50...55 HRc.

OcHoBOH TpUMEHSIEMOI Cpelbl SBISIaCh CMeCh
OOPCUIIOKCAHOBOTO OJIMTOMEPA U MbLIOMACISTHOTO TeJist
¢ mo0OaBneHreM aOpa3MBHOTO 3epHa. DTOT cocTaB [7],
00J1a1aI0IIMi1 TTOBBIIEHHON TEKYYeCThIO, pa3padaThi-
BAJICS TS OTIEIKHU Y3KUX U JUTMHHBIX KAHAJIOB C MaJIOi
TUIOLIAIbI0 TIOTIEPEYHOro ceueHus. Paboume cpeabl
JIAHHOTO COCTaBa XapaKTepU3YKOTCSl HEBBICOKOM Xe-
CTKOCTbIO, HM3KOM CTOMKOCTBIO K TEIUIOBOMY CTape-
HUI0, 00JIee CUITbHOI 3aBUCHMOCTBIO BI3KOCTH OT TEM-
MepaTyphl, YeM cpelbl Ha OCHOBe KpeMHMIiOpraHuye-
ckoro kayuyka CKT [17]. Bpemst 06paboTKu 0fHOIA fie-
TaJIK CPEIOM TaKOro coctaBa cocTapsuio 600...620 MuH.

IMpecc-marpuipl, mpuMeHsieMble Ha OAO «KPAM3»,
MMEIOT TAKOE COOTHOILUEHKE ILIOIIaan obpabarhiBae-
MOIi IOBEPXHOCTH KaHaa K IUIOIIAAN ero MOIepevyHo-
IO CeYCHUsI, KOTOPOE MO3BOJISIET UCIIONb30BaTh 0oJIee
XecTKie paboure Cpebl ¢ MOBBIEHHBIM COMePKaHM-
eM abpa3MBHOTO 3epHa.

[MpumeHeHune paboueit cpembl APYroro Cocrapa
[17], onmpeneneHHOro M3 OIbITa 00pabOTKU AeTajneit
JIA, TO03BOJIMIO COKpaTUTh BpeMsl 00pabOTKH 10
12 MuH Ha oHy AeTanb. Mcnosbp3oBaHue paboueii cpe-
JIbl, HATTOJTHEHHO! abpa3uBHBIMU 3€pHAMU Pa3TMUHOM
JUCIIEPCHOCTH, YMEHBILIMIO OIEPAlMIOHHOE BPEMEHU
Ha 00paboTKy 70 6 MUH.

ConepxkaHue Kaxnaoi Gpakiiuy ObUIO pacCUUTaHO
10 OTpe/eeHHOIN 3aBUCUMOCTH, TO3BOJIMBLICH MOJTY-
YUTh 00Jiee YIIaKOBaHHYIO CTPYKTYpY paboueil cpemdbl,
TIOBBLICHB €€ YIIPYTHe CBOMCTBA U 3KECTKOCTh 3aKpeILie-
HUS 3epHa B ocHoBe [13].

OCHOBHOI1 LIgJIbIO TEOPETUYECKMX MCCIIEIOBAHU B
obaactu ADO sBsieTcsl pa3paboTKa MaTeMaTUUECKUX
MojieJield, TTO3BOJISIOIIUX PACCUNTATh XapaKTepUCTUKI
OTJIEJIbHBIX COCTABJISIONINX MPOIecca, TAKMX KakK CKO-
POCTb, IaBJIeHUE M HaIlpaBJIe€HUE TIOTOKA CPeabl B 00-
pabaTbhiBaeMOM KaHaJle, B3aMMOAEHCTBUE eMUHUYHOTO
a0pa3MBHOI0 XIyTra ¢ 00pabaThiBaeéMOIl IOBEPXHO-
CTbI0 B 30HE KOHTaKTa, a TakKe B3aMMOCBSI3b PE0JIo-
TUU CPeJIbl C KOHTAKTHBIMU SIBJIEHUSIMU.

B [18] mpuBeneHbI TeOpeTUIECKUE MPEATIOCHUIKM,
OCHOBaHHbBIE Ha CYIIECTBYIOIIEM ITOIXOfe K OIMca-
Huio mporecca ADO, a Takke MPaKTUYECKUE Pe3yb-
TaThl M TMEPCIEKTUBbI MPUMEHEHMs 3TOTO Tpolecca
JUISL TIOBBIILIEHUS MPOU3BOAUTENLHOCTH 00PabOTKH,
VITY4IIeHUs KadyecTBa IIPOIYKINK, CHIDKEHUS e¢ cee-
crouMocTi. OCHOBHBIM HEIOCTATKOM TaKOTO ITOAXOIa
SIBJISIETCS TO, YTO OH HE AeT BOZMOXHOCTH YCTAHOBUTh

B3aMMOCBS3b MEXIY OTAEIbHBIMM COCTABIISIOLIMMU
npolecca MeEXaHNIeCKOoi 00paboTKH.

Tax, B3aMMomeHCTBHE ¢ IMOBEPXHOCTHIO KaHana, 1
peoJiorust paboueit Cpebl IOCTPOSHBI Ha MOJIEIH TeUe-
HUSI OMHTAMOBCKUX IIACTUKOB, KOTOpAast HE YUUThIBAECT
HaJIMyMe HOPMAIIbHBIX HAMpSDKEHUH TPU COBUIOBOM
TeUECHUH MOJIUMEPA, T. €. IO YIIPYTUX CBOMCTB. [laHHas
MOJIENTb IaeT BO3MOXHOCTb PacCUMTaTh PacXOIHO-Ha-
TIOpHBIE XapaKTEePHCTUKN TeUeHUs, HO He TTapaMeTphl
HapsXeHO-Ie(hOPMUPOBAHHOTO COCTOSTHUSI CPE/IBL.

IIpu Mcnonb30BaHUK TaKOM MOJEIM Ipearoara-
€TCs1, UTO IepeMellieHre adpa3uBHOIO 3¢pHA Y CTEHKH
OCYILECTBIAETCS MOTOKOM XUIKOCTH, U cuia P, mepe-
Melamonas abpa3uBHOE 3€pHO, OIpelesseTcs mepe-
magoM JaBjieHus AP

P, =AP'2p,

roe P — nmaBneHue cpelbl B CEYEHMM KaHaIa Ha dJ-
eMEHTAPHOM JUTMHE 3epHa C YCIOBHBIM PafycoM p.

Bemuuna cunbl P, IprXKUMaroLiei 3epHO K Io-

BEPXHOCTH, CYMTAETCS PABHOM
P =PS,,

rie S, — IUIolaab KOHTaKTa abpa3suBHOTO 3epHA ¢ 00-
pabaThIBAEMOIi TIOBEPXHOCTEIO.

B paGote [18] orcyrcTByeT MeTomMKa TeopeTHYe-
CKOTO pacyeTa TaBJIeHUs Cpelibl B CEUeHNH KaHaia P B
3aBHCHMOCTH OT €ro JIMHbI. Mcroab3yemMbie B pacue-
Tax 3Ha4YeHUs P OMpenensiorT SKCepuMEeHTAIbHO IS
KaxI0ro Buia od6pabaTbiBaeMOro KaHaja.

B3aumoneiicTBue enMHUYHOTO aOpa3MBHOTO 3epHA
B 30HE KOHTakKTa ¢ 00pabaThIBAEMOI IOBEPXHOCTBIO
MOCTPOEHO C KUCTOJIb30BaHUEM 3aBMCUMOCTEM, TOMy-
YeHHBIX JJIs1 THAPoadpa3uBHO 00pabOTKM, NI OoBa-
HUSl, aIMa3HOI 00pabOTKK U TPEHUSI B YCIOBUSIX Tia-
CTUYECKOTO KOHTakTa. Kputepuu BbiOOpa Mojenu
KOHTaKTa He MPUBEAEHbI, T. K. He MCCIIefoBaHa KMHE-
MaTuKa abpa3uBHOIO 3epHa B paboueii cpere.

o HacTosilero BpeMeHU HeT paboT, MO3BOJISIO-
IIMX OLIEHUTb CTEMEHb 3aKPEIUICHHOCTH a0pa3suBHOTO
3epHa npu ADO B 3aBUCUMOCTH OT BSZKOYNPYTHX
CBOICTB paboueii cpelpl, a CJeN0BaTeNbHO 1 BUI KOH-
TakTa 3epHa ¢ 00pabaThIBaeMOii ITOBEPXHOCTHIO.

ITo cyTu, aBTopamu [ 18] paccMOTpeHbI iBa Tpeeib-
HBIX CNy4asi 3aKperuieHusl 3epHa Mpu o0paboTke, Mpu
KOTOPBIX KO3(pu1MeHT 3aKperieHus k,, paeH O wiu 1.

IIpu xoadduuuente k=0, Ipu KOTOPOM 3epHO
HaXOJUTCS B TIOTOKE BSI3KOM XXMUAKOCTH, HE CITOCOOHOM
K HaKOIUIEHUIO YIpyrux Aedopmaiuii, peanusyercs
npolecc ruapoabpa3uBHoil 00padoTKU. OCHOBHOI
CheM MaTepHajia OCYIIECTBISETCS 3a CUeT 3HEPIUH,
BO3HHUKAIOIIEH TIpY COYJapeHUM 3epHa ¢ 0OpabaThl-
BaeMOil MOBEPXHOCTHIO. BenmnmunmHa COCTaBIAIOMINMX
CWJI pe3aHUsI 3aBUCUT OT CKOPOCTH U yIJ1a COyAapeHus,
(bU3MKO-MEXaHUUYECKUX CBOWCTB KOHTAKTHUPYIOIIMX
MaTepuaioB, a Takxe MUKporeoMeTpuu 3epHa. CKo-
POCTb MOTOKA CPebl IPU TMAPoadpa3uBHOI 00padboT-
Ke B CpeJJHEM Ha TpU MopsiaKa OoJblie, YeM Orpenes-
emast ipu ADO (3KCTPY3MOHHOM XOHMHIOBAaHUM).
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B npyrom npenenbHOM ciyyae k=1 — XecTkoM
3aKpeTIeHUH, XapakTepHOM s IUTM(OBAHUS U al-
Ma3HOI 00pabOTKM 3aKPEIIEHHBIM 3€pHOM, BEJIUYM-
Hbl HOPMAJILHOTO JaBJIeHUsI 3HAYUTEbHO BbILIE, YeM
omnpenensiembie ipu ADO (BXOH).

JomnylieHHbIe YIPOLIEHUSI MO TTPUBEIH K TO-
My, UTO MO pe3y/abTaTaM pacueTa Mo MpeaToXeHHO! B
pabote [18] Momeny KOHTaKTa JeaeTcs MPeaIoIoxe-
HUE, Y4TO MPU KOHTAKTHOM B3aUMOJEICTBUM abpa3uB-
HOTO 3epHa C MOBEPXHOCTbIO 00PabOTKY HEBO3MOXHO
OCYILIECTBUTD HE TONBKO pe3aHue Ha MUKPO- M CyOMU-
KPOYPOBHE, HO JaXe MIacTUYeCKoe OTTeCHEHME MaTe-
puana, T. K. pacyeTHad cuna P, cocrasuger ~2-10°H.

Ha ocHoBaHuu 3toro (akra, B TEOPETUUECKMX
MPEANOCHUIKAX B3aMMOCBSI3H PEOJIOTHUH paboueil cpe-
JIbl ¢ KOHTAKTHBIMU SIBACHUSMU IIPY B3aMMOJCHCTBUU
a0pa3MBHOTO 3epHa C MOBEPXHOCTHIO 00PabOTKHM, Je-
JIaeTCs BBIBOI, YTO KPOME TUIPABINYECKUX CHJ JOJ-
XHBI CYLIECTBOBaTb CHJIbI BHYTPEHHEr0 B3aUMOJEH-
CTBUS a0pa3UBHBIX 3€PEH B TIOTOKE pabOYEil Cpebl.

Hanee B paborte [18] mpeamoaraeTcs, 4To OT Iepe-
MeIIAloIIerocs 1eHTpa MoToKa — sipa abpasuBHOTO
«KryTa», GOpMUPYIOTCSI KOMILIEKCHl a0pa3suBHBIX 3€-
PEH, KOTOpbIe YCTPEMJISIIOTCS K TMOBEPXHOCTU 00pa-
0OTKM, 3aKPETLISISt abpa3sMBHOE 36PHO HA MTOBEPXHOCTH
«KTyTa». DTO YTBepXKIeHNE Jajee He TOOKPETIIeTCs
HU TEOPETUYECKU, HU KCIepuMeHTaIbHO. [Toatomy
IO MPEIIOXEHHON MOJENN HEBOSMOXHO OIpPEICTUTh
HE TOJIbKO NEHCTBUTEbHBIC BEJIUYMHbI CUJT PE3aHMs,
BO3HMKAIOIIMX IpU 00paboTKe, HO M pa3paboTaThb
(bYyHKUMOHAJIbHBIE 3aBUCHUMOCTH, MTO3BOJISIIOLINE TEO-
PETUYECKH PacCINTATh IIEPOXOBATOCTH 00PaOOTAHHOIM
TIOBEPXHOCTH B 3aBUCHMOCTH OT TTApaMETPOB TEXHOJIO-
TMYECKOTo TpoIiecca.

OTCyTCTBUE TEOPETUUYECKUX OCHOB Mpoliecca, Io-
CTPOEHHBIX Ha 0a3e OOIIENPUHSTHIX MTPEICTaBIEeHUI B
obnacty TpUOOJIOTUU U PEOJIOTUH, HE NaeT BO3MOXK-
HOCTb OLIEHUTb TPaHUIIBI MPUMEHUMOCTHU CIIocoba ¢
HayJyHOH TOYKHM 3peHHUsI. DTO TPEThs U, MOXKaIyH, oc-
HOBHasl MpoOJieMa, BO3HMKAWOUIAs MPU BHEAPEHUU
ADO B Mpou3BOACTBO.

J71s1 co3maHms TeopeTHIeCKUX OCHOB HEOOXOMMMO
YCTAaHOBUTD CTETEHD BIMUSHUS (DU3MIECKUX SBICHUM,
KOTOpPBIE BO3HMKAIOT MPU KOHTAKTHBIX B3aMMOJEHi-
CTBUSIX paboueil cpelbl ¢ MOBEPXHOCTHHIM CJIOEM, U
MPOBECTU aHAINU3 MPUMEHUMOCTU TEOPUU ITUX SIBJIE-
HU 115 oncaHus npoiecca ADO ¢ yueToM 0coOeH-
HOCTH WX TIPOTEKAHMS.

[IpoBeneH psin MCCleTOBaHMI, MO3BOJMBIINX
YCTAaHOBHUTH 3aBUCUMOCTD BSI3KOCTHBIX CBOMCTB pabo-
YUX cpell OT CTeTICHN WX HAITOJTHEHMS, TUCTIEPCHOCTH
HAaroJHUTeN S U HanpsbkeHuid casura [19]. Mcnonb3o-
BaHUE MOJE/IU BS3KOYIIPYIOii Cpebl MO3BOIMIO YCTa-
HOBUTD BJIMSIHUE HOPMAJIbHBIX HAIPSIKEHU, BO3HM-
KaloIIMX TPY CABUTOBOM TEUEHUH CPEAbl Ha YCIOBUS
KOHTaKTa €IMHWYHOTO abpa3WBHOTO 3epHA, a TakKkKe
pa3paboTaTh METOMONOTHIO OTIpeIe/eH!s TTapaMeTpOB
CABUIOBOTO TeueHus: paboueil cpebl Ast abpa3sUBHO-
3KCTPY3UOHHOM 00pabOTKM.
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Bce 3T0 103BOIMIO YCTAHOBUTH OCOOEHHOCTH PEO-
JIOTUM CpeIbl MpU abpa3sMBHO-IKCTPY3UOHHOK 0Opa-
0oTke HMIMHIpUyecKoro kKaHana [20]. B oTimuume ot
MOJIeIM OMHTaMOBCKOTO TLJIACTHKA, pealu3yomei
TOJIBKO BSI3KOE T€UEHHUE, PU CIBUTOBOM TEUEHUM Cpe-
JIbl BO3HUKAIOT TIOMUMO KacaTeJIbHbIX M 3HAUMTEIbHbIE
HOPMaJIbHBIE HAIpPsDKEHMS, XapaKTepU3yIOoIue yIpy-
Tue cBoKcTBa Matepuaina. IMeHHO 3T0 CBOMCTBO HEHb-
IOTOHOBCKUMX CpeJll UIMEET OOJIbIIOE BIMSHHUE Ha Kaye-
CTBO Y MPOM3BOAUTEIBHOCTD MpoLiecca 00paboTKu.

Pesynbrupyiomnas KacaTeJbHBIX U HOPMalbHBIX
HaIpsDKeHUI, BO3MECTBYIONIMX Ha abpa3uBHOE 3ep-
HO, Hapsay ¢ reoMeTpueii KOHTaKTa ¥ (pM3MKO-Mexa-
HUYECKMMU CBOMCTBaMU MOBEPXHOCTU U 3€pHA, OIpe-
JeNdeT CHUIbl, BO3HMKAWOIIME MPU WX B3aUMOICH-
CTBMH, a TakKXe B3aUMHOE NPUOIMXKEHNEe KOHTaKTH-
PYIOLIMX T€JI ¥ BUJ UX KOHTAKTa.

Teopetnueckue uccaenoBaHUs HA OCHOBE MOJIEIU
BSI3KOYTIPYTOI Cpejibl TIO3BOJIUT YYECTh BCE OCOOEHHO-
CTU CIBUTOBOTO TEUEHUS HAMOJHEHHOM paboueii cpe-
IIBI ¥ KHHEMATHKY abpa3iBHOTO 3epHa, MPaBUIBHO BbI-
OpaTh cXeMy KOHTaKTa abpa3MBHOIO 3epHa C HEPOBHO-
CThI0. MICTIONIb30BaHUE C YUETOM BBISIBICHHBIX YCIOBUIA
KOHTAKTa MOJOXEHWI KOHTAKTHBIX 33ay B TPUOOJIO-
TMH, BO3HUKAIOIIUX MMPU KOHTAKTUPOBAHUU ILEPOXO-
BATbIX TeJl, O3BOJIUT JaTh TEOPETUYECKYIO OLIEHKY UH-
TEHCUBHOCTU 1 PAaBHOMEPHOCTH M3MEHEHHS pa3MepoB
00pabaThIBa€MOro KaHaja 1 ero IIepOXOBaTOCTH.

JlaHHBII MOAXOM JACT BO3MOXHOCTb CO3/1aTh TEO-
peTryeckre OCHOBBI TMpolecca adpasMBHO-3KCTPY-
3MOHHOI 00pabOTKM KaHala LWIMHAPUYECKOU (Hop-
Mbl. JlanbHeliime uccaeaoBaHus TOKHBI YCTAHOBUTD
BIMSIHME TeOMETpUM 00padaThiBaéMbIX KaHAJOB Ha
MIPOM3BOAUTEIBHOCTD U KAYeCTBO 00pa00TKM CJIOXKHO-
Mpo(UIbHBIX TIOBEPXHOCTEH, a TAKKE BEIBUTH OCOOEH-
HOCTH TePMOIMHAMMYECKUX TIpolieccoB mpu ADO.

Hcxoas u3 sToro momxoia, HeOOXOAMMO IaThb
OLIEHKY TEXHOJIOTMUYECKOI MPUMEHUMOCTH CIIOCO0aM,
MHTeHCcUbuIMpyromuM mpouecc ADO TpyaHoobpaba-
ThIBaE€MBIX JieTajlell 3a cueT HalOXKEHUS AOMOJHUTEb-
HbIX BUOpauuit [21—23] v co3naHust OMOJTHUTELHOTO
COMNPOTUBJIEHUS TEUEHUIO Cpefibl [24], a TakxKe Croco-
0aM c BbIpaBHMBaHKEM (OPMBI 00pabaTHIBAEMOrO Ka-
Hana [9] u 06paboTKKM KaHaI0B OOJbIION JIMHBI C Ma-
JIOM TJIOIIAIbIO MTONEPeYHOro ceyeHus [25].

PaspaboTka (pyHKIIMOHANBHBIX 3aBUCUMOCTEA, T10-
3BOJISIONINX C MUCTIONB30BAHNEM MaTEMAaTHIECKUX MO-
Ieeil PeosIoTMM HATIOMHEHHBIX HEHBIOTOHOBCKUX
Cpel M KOHTAaKTHBIX B3aMMOACHCTBMIA IIEPOXOBATHIX
TeJ YCTAaHOBUTb B3aMMOCBSI3b MEXIY OCHOBHBIMH Ia-
pamMeTpaMu TEXHOJIOTMYECKOTO Mpoliecca, POU3BOIM-
TeJbHOCTBIO ¥ paBHOMePHOCThI0 ADO. D10 1aeT Bo3-
MOXHOCTh TEOPETHIECKH OIEHUTh MPOU3BOMUTEITH-
HOCTb, TEXHOJIOTMUYECKYI0 Ce0ecTOMMOCTh M HaIeX-
HOCTb Ipoliecca MeXaHMYeCKOi 00pabOTKH IS IUpO-
KOl HOMEHKJIaTyphl AeTajeil O6e3 mpoBeaeHUsT 00Jb-
1I0ro 00beMa 3KCHEePUMEHTANIBHBIX UCCIENOBAHUN C
MO3UIMI obOecrieyeHUs] KayecTBa TOBEPXHOCTHOTO
clost aeTajieil MamvH [26].



TexHm4eckune Hayku

Oco0eHHYI0 3HAUMMOCTb MPHOOPETaeT Takasl pas-
paboTKa Mpy MPOM3BOACTBE JeTaNeil U3 TpyaHooOpa-
0aTbIBaeMBbIX MaTEpUAJIOB, KaHAJIOB OOJBILON JJTUHBI
WY TIepeMeHHO# (hopMOii TIONIEPEYHOro ceueHusl, je-
Tajell MMEIoUIMX HU3KOE KayeCTBO MOBEPXHOCTHOIO
CII0SI TIOCJIE OIepallyii 3JeKTPOIPO3UOHHOI 00padoT-
KM Win (popMooOpa3oBaHus CHelMalbHbBIMU METOIA-
MM JIUThSI.

BoiBog. B MalmmMHOCTpOEHMM CYILIECTBYET KJIacC
CIIOXHOMPOPUIbHBIX JAeTaNeld, AJIsI KOTOPbIX OTCYT-
CTBYeT HaleXHBIH Croco0d (MHUIIHOK 00pabOTKU.
JlaHHOE 00CTOSTENLCTBO BBHIHYXKIAET KOHCTPYKTOPOB
MO0 CHUXATh TpeOOBaHUsI, IPEABSBISIEMbIe K Kaye-

CMCOK IUTEPATYPbI

1. BopobGeii B.B., Jloruxos B.b. TexHomnorust mpou3BoacTsa XuakocT-
HBIX pakeTHbIX ABurateseir. — M.: M3n-so MAHU, 2001. — 496 c.

2. Extrude hone corporation [DnekTpoHHbIit pecype]. — Pexum no-
cryna: http:// www.extrudehone.com, cBOGOTHBII

3. Tlar 3521412 CILIA. MKH B24B 1/00, 19/00. Crioco6 cHsiTus 3ay-
CEHIIEB 1 OT/IENKHU TIOBEPXHOCTel abpasuBHOil Maccoit / PY. Mak-
Kapru. 3assneno 05.11.65; Omy6x. 21.07.1970, Bronr. UCM Ne 10.

4. Pat. 3634973 U.S. ISC B24B 27/00. Apparatus for abrading by extrusion
and abrading medium / R.W. McCarty. 18.01.1972. — T. 894. — Ne 3.

5. Pat. 3802128 U.S. ISC B24B 7/00, 9/00. Machine for abrading by ex-
truding / R.J. Minear, N.P. Nokovich. 09.04.1974. — T. 921. — Ne 2.

6. Pat. 3819343 U.S. ISC B24B 7/00. Medium for process for honing
by extruding / R.W. McCarty. 25.06.1974. T. 921 Ne 2.

7. Tlar. 4087943 CILIA. MKH B24B 1/00. Crioco6 uutudoanus y3-
kux KaHajo / E.I1. Kenner. Ony6i1. 09.05.78; bron. ACM Ne 12,
BhITL 27, 1978.

8. Rhoades L.J. Abrasive Flow Machining with Non-So-Silly Putty //
Metal Finish. — 1987. = T. 5. — Ne 7. — P. 27--29.

9. Pat. 4936057 U.S. ISC B24B 57/02. Finish machining the surface of
irregularly shaped fluid passages / L.J. Rhoades. 26.06.1990. —
T 1115. - Ne 4.

10. CoicoeB C.K., Tumuenko A.U., Jleko B.A. TexHomnorns otnenxku
PK-npoduibHbIx oTBepcTHil abpa3uBHO-3KCTPY3MOHHON 00pa-
6otkoii // BectHuk MantHoctpoeHust. — 1991. — No 1. — C. 65-67.

11. Coicoes C.K. ccnenosanue 1 pa3paboTka palioHaTbHBIX METO-
JIOB TEXHOJIOTHYECKOTO 00ecTieyeH st TOYHOCTH: ABTOped. IuC. ...
KaHj1. TexH. HayK. — KpacHosipck: HUMTM, 1978. — 21 c.

12. Jlyonux M.A. Pa3paboTKa u BHeIpEHHE TEXHONOTHH SKCTPY3MUOH-
HOro LIM(OBaHMUS TPYIHOLOCTYIHbIX TOBEPXHOCTEN AeTaneil: AB-
Toped. uC ... KaH1. TexH. Hayk. — M.: HUUTM, 1987. — 18 c.

13. Jlesko B.A. MuTeHcubukams mpoieccoB abpasuBHO-IKCTPY-
3MOHHOI 00pabOTKM JeTaneii JeTaTe/IbHbIX anmapaToB; ABToped.
JIC. ... KaH[. TexH. Hayk. — KpacHosipck: CAA, 1998. — 20 c.

14. CoicoeB A.C. AOpa3MBHO-3KCTPY3MOHHOE YIy4leHUE KayecTBa
BHYTPEHHHMX MOBEPXHOCTEl KAaHANOB TMOCTE 3MEKTPOIPOUOHHOM
00pa00TKK B [eTAISIX JETATEIbHBIX aInapaTos; ABToped. muc. ...
KaHJ. TexH. Hayk. — KpacHosipck: Cu6TAY, 2002. — 20 c.

15. CuetkoB I1.A. CoBepieHCTBOBaHHE TEXHOIOTUN abpasuBHO-3K-
CTPY3MOHHO# 00pabOTKY KAHANOB B AETATISIX JIETaTeIbHbIX arlapa-

CTBY UX TIOBEPXHOCTH, JTMOO MPUMEHSITH COOPHBIE KOH-
CTPYKIIMH, UTO BEAET K POCTY CeOECTOMMOCTH U3TOTO-
BJICHMS Y CHIDKEHUIO HAJIEXXHOCTU U3AEIUS B 1IEIOM.

BHenpeHue B HIMPOKOE MPOMBIILIEHHOE MPOM3-
BOJICTBO HOBBIX T€XHOJNOTUMI (DUHUIIHOK 06paboTKHu,
TaKMX Kak abpa3uMBHO-3KCTPY3MOHHas o0paboTka,
CHIEePXKMBAETCS OTCYTCTBMEM CHCTEMATHU3UPOBAHHbIX
TEOPETUYECKUX OCHOB IPOIIECCca, YTO HE aeT BO3MOX-
HOCTb OLIEHUTb TPaHUIIbI TPUMEHUMOCTH CcIocoba ¢
HAYYHOM TOYKM 3pEHUSL.

Takum o0pa3oM, BO3HMKAeT HOBas HayyHas Ipo-
01eMa — 000CHOBaHHME BBIOOPA TEOPETUUECKUX OCHOB
npolecca abpa3suBHO-3KCTPY3MOHHOI 00pabOTKMU.

TOB: ABTOpEd. IWC. ... KaHI. TeXH. HayK. — KpacHosipck: Cu6IAY,
2003. - 19c.

16. CoicoeB A.C., Coicoes C.K., JIyounH M.A. AGpasMBHO-3KCTpY-
3UOHHast 06paboTKa neraneii // TeXHONMOTMS MAIIMHOCTPOEHUS —
2002. — Ne 4, — C. 28-32.

17. A.c. 1379063 CCCP. MKH B24B 39/02. Crioco6 uuctoBoii 06pa-
0oTku ckBo3HbIX otBepcTuii aetaneir / C.K. CoicoeB. 3asBneHo
30.10.85; Omy6m. 07.03.88, Brom. Ne 9. — 3 ¢.: vn

18. Ceicoes C.K., CricoeB A.C. DKCTpY3MOHHOE XOHMHTOBAHHUE JIeTa-
JIei leTaTeNbHBIX ATapaToB: TEOPHs, UCCENOBAHMS, IPAKTHKA. —
Kpachosipck: Cu6IAY, 2005. — 220 c.

19. Jlesko B.A. UccnenoBanue TeXHOTOTMYECKMX XapaKTepUCTHK pa-
0oyux cpent 11 abpazuBHO-3KCTPY3UOHHOI oOpaboTku // Tlepe-
TIEKTUBHBIC MATEPUATIBI, TEXHOIOTUH, KOHCTPYKLMH, SKOHOMIKA;
C6. HayunbIx Tpynos / Ilon pen. B.B. Crauypsr. — KpacHosipck,
2000. — Bem. 6. — C. 276-278.

20. JleBko B.A. OcobeHHoCTH peosoruu paboueii cpenbl mpy abpasuB-
HO-9KCTpY3UOHHO# obpabotke // BectHux CubIAY. — 2005. —
Beim. 7. — C. 96—100.

21. A.c. 738837 CCCP. MKU B24B 1/00. Crioco6 cHATHS 3ayceHIeB U
OTIENKH TIOBepXHOCTel abpasuBHOi Maccoit / A.U. Tlomenko,
B.M. Murynos, I1.B. Illupkesuu, A.W. Kosran. 3asBieHo
16.12.1977; Ony6m. 05.06.80, Bron. N 21. — 6 c.: un.

22. A.c. 738838 CCCP. MKU B24B 1/00. Crioco6 cHsTHS 3ayceHIIeB 1
OTHENKH TIoBepXHOCTell abpasuBHOi Maccoit / A.M. Ilomenko,
AN. Kosran, I1.B. [upxesuy, B.M. MuryHos. 3asiBieHo
02.01.78; Omy6u. 05.06.80, Brox. Ne 21. — 8 c.: mi.

23. A.c. 865643 CCCP. MKU B24C 3/06. YctpoiicTBo st 06paGoTKi
JeTaneil abpa3sMBHOM Maccoii, TMomaBaeMoil MoJ JaBleHHEM /
A.H. [lamosan, M.H. Tusosapos, I.P. 3onotapes, B.A. 3anes-
ckuif, A.A. 3nenko, AA. Chithuk, H.A. ®enoteeB. 3asgsieHo
10.01.80; Ony6u1. 28.09.81, brom. Ne 35. — 2 ¢.: u.

24. A.c. 1641591 CCCP. MKH B24B 31/116. Crioco6 06paGoTku feta-
Jeit abpasusHoil Maccoit / C.K. Cricoes, M.A. Jly6nuH, B.®. Ka-
iy, 3asiero 13.01.88; Omyom. 05.06.91, brom. Ne 14. — 3 ¢.: miw.

25. Cuicoes A.C., Coicoes C.K., JleBko B.A., Cuerkos I1.A., 3pepun-
uesa JI.B. MccnenoBanue npoiiecca XOHUHTOBAHUS 3aTOTOBOK TPY-
0OMpPOBOOB JUIS JeTaTeNbHBIX armapatoB // BectHuk CublAY. —
2005. — Bbim. 6. — C. 248-252.

26. Cycrnos A.I. KayecTBo MOBEPXHOCTHOTO CJIOSI IETANICH MalluH, —
M.: Mammnoctpoenue, 2000. — 320 c.

129





