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Abstract: The paper presents the basic concepts and methods of data compression. De-
scribes a generalized compression algorithm that uses a system of RGB - model. The neces-
sity of developing a method of compressing data using a dictionary and an algorithm that al-
lows to compress the video stream. This makes it possible to reduce the transmission of data
for remote transmission of data (video, remote video conference, etc.).

B coBpemeHHOM 06LLecTBe ynpas/ieHne pas/IMyHbIMU NMPOeKTaMu TpebyeT onepaTuBHO-
ro ynpaeneHus NOAYUHEHHLIMW W MOAPa3AeNeHNsAMN HAXOAALLMMUCA KaK B 613 nexallem
Tak 1 yfaneHHoM pervoHe Poccuiickori ®efepaumn. VIHCTPYMEHTOM YNpaBfieHWst U KOHTPONS
ABNAOTCS KOPNOpPaTUBHbIE BUAEOKOH(EepeHUMMN. Icnonb3ys COBPEMEHHbIE TEXHONOIMM, Ka-
XObIA YYaCTHUK KOH(EPEHL MM B PeXMMe peasbHOro BpeMeHW MOXET MpOoBOAMTL Gecefy C
COTPYAHMKaMM, PacnoOXeHHbIMU B /IFO60I TOUKe NiaHeTbl B pas/iMyHbIX YacoBbIX Nosicax.
Ncxons n3 atoro, paspaboTka nporpammHO-annapaTHoro obecrneyeHns 4as Cxatuns noToko-
BbIX [aHHbIX B PEXMME peaslbHOr0 BPEMEHMW ABNSETCS OLHUM U3 MepCneKTUBHbIX Hanpas/e-
HWIA, 06YCNOBMEHHbLIX PA3BUTMEM CETU UHTEPHET U COBPEMEHHbIX SIMHUIA CBS3N [1].

BuaeokoHhepeHUMs — 310 061acTb MHOPMaLMOHHON TEXHONOIMK, 0becrneymBaroLLas
OfHOBPEMEHHO [BYCTOPOHHIOK Mepefayy, 06paboTKy, npeobpasoBaHWe W MpefcTas/ieHne
WHTEePaKTUBHOW MH(OPMAaLMM Ha PacCTOsSHNE B PEXMME peaslbHOro BPEMEHM C NOMOLLbHO arl-
napaTHO-NPOrpaMMHbIX CPEACTB BbIYNCANTENbHOW TEXHUKM.

B3avMogelicTBre B pexxrMe BUAEOKOH(EPEHLMIA Tak)Ke Ha3blBatOT CEaHCOM BULEOKOH-
(hepeHLcBA3n. BuaeokoHgepeHucssasb (BKC) — 310 TeneKOMMYHMKaUMOHHAA TeXHO/orus
WHTEPaKTUBHOIO B3aMMOAeNCTBUSA ABYX M 6onee yaanieHHbIX abOHEHTOB, NPU KOTOPOW MeX-
Ay HUMK BO3MOXEH 0OMeH ayamo- 1 BUAEOMHOPMAaLMei B peaslbHOM MacluTabe BpeMeHu C
y4YeToOM nepesayun ynpasnstowmx gaHHbIX

BraeoKOH(epeHUNA NPUMEHSETCA KaK CPeACTBO OMepaTUBHOIO MPUHATUA PeLleHns B
TOW WM UHOW CUTYaLMK; NPU Ype3BblYaiiHbIX CUTYaUMAX; 419 COKpaLLleHNs KOMaHAMPOBOY-
HbIX PacxofoB B TEPPUTOPUAIbHO pacrpefefieHHbIX OpraHu3auusx; NoBbIieHNUs aP(eKTnB-
HOCTW; NPoBeAeHNs CyAebHbIX NPOLECCOB C ANCTaHLNOHHBIM Y4acTUEM OCYX/AEHHbIX, a TakK-
e KaK OfUH U3 3/1eMEHTOB TEXHONOIMI TeneMeULMHbI U AUCTaHLMOHHOIO 06YyYeHNs.

BO MHOIMX rocyfapCTBeHHbIX M KOMMEPYECKMX OpraHu3aumsx BUAEOKOH(epeHLmMs
MPUHOCUT 60MbLUME pe3ynbTaTbl N MAKCUMa/IbHYHO 3P(EKTUBHOCTb, @ UMEHHO:

- CHMXXaeT BpPeMsi Ha nepeesfbl U CBA3aHHbIE C HUMW PacXofbl;

- YCKOpSieT MPOLECChI MPUHATUSA PELLEHWI B Upe3BblYaiHbIX CUTYauusXx;

- COKpalLlaeT Bpems pacCMOTPEHNSA AeN B cydax 06LUei opUcamKumu;

- YBE/IMYMBAET NPOV3BOANTENbHOCTD;

- peLuaeT KapoBble BOMNPOCHI U COLMAIbHO-3KOHOMUYECKIE CUTYaLNN;

- MpefoTBpaLLaeT yCcTasioCTb U CTPECC;

- MO03BOJISET CNEeAUTL 3@ COCTOSIHMEM PbIHKA W ObICTPO pearmpoBaTb Ha ero M3MeHe-
HUS;

- [aeT BO3MOXHOCTb NMPUHUMaTL 60/1ee 060CHOBaHHbIe PeLLeHUs 3a CYET npuBeYye-
HUS NPY HEO6XOAMMOCTU JONOHUTENbHBIX 3KCNEPTOB;

[ns 06LeHNs B peXMme BUAEOKOHMEPEHLMMN abOHEHT [O/MKEH UMETb TEPMUHA/IbHOE
YCTPOMCTBO (KOLEK) BUAEOKOH(EPEHLICBA3N, BUAEOTENEPOH UM UHOE CPeACTBO BbIYUCIN-
Te/IbHON TEXHUKK. Kak NpaBuio B KOMMJIEKC YCTPONCTB 19 BUAEOKOH(EPEHL,CBA3N BXOAUT:
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- LeHTpa/sbHOe YCTPOCTBO — KOAEK C BUAeOKamepol M MUKPO(OHOM, obecneyu-
BatOLLLEro KoAMpoBaHue/4eKoAnpoBaHne ayano- U BULEO- MH(opMaLmMuy, 3axXBaT U 0Tobpaxe-
HVEe KOHTEHTA;

- YCTPOMCTBO OTOOPaXKEHMs MH(hopMaLum U BOCNPOU3BEAEHNS 3BYKa.

B KayecTBe KofeKa MOXET MCMO0/b30BaTLCA MEPCOHabHbIA KOMMbIOTEP C NPOrpaMm-
HbIM 06ecneyeHnem 415 BUAEOKOHMEPEHUMIA. BonbLUyIO posib B BUAEOKOHMEPEHLMN UrpatoT
KaHa/bl CBA3W, TO €CTb TPAHCMOPTHaA CeTb Nnepefayn faHHbIX. [ NOAKNHOYEHUA K KaHa1aM
CBSA3M UCMOb3YHOTCA CeTeBble NPOTOKONbI IP nnn ISDN.

B HacTosLee BpeMsi NMpU KOAMPOBaHWM BUAEOCUTHaNA Hanbonbluee pacrnpocTpaHeHue
NoNy4YnIv pasnnyHble METOLbI CXXaTNA C UCMOb30BaHMEM CI0BapA.

MeToz cxKaTus C UCNO/b30BaHMEM CloBaps — pa3breHne AaHHbIX Ha C10Ba U 3aMeHa 1X
Ha WHAEKCbI B C/I0Bape. FABNAeTCA eCTeCTBeHHbIM 0600LleHVeM RLE.

B Hambosee pacnpocTpaHeHHOM BapuaHTe peasim3aummy CroBapb NOCTENEHHO MOMOHA-
eTCA C/10BaMM U3 UCXOLHOM0 6/10Ka JaHHbIX B NpoLiecce oxatus [2].

ANropuTM, NONIOXEHHbBIA B OCHOBY MeTofa CrioBapel, Obin BnepBble onuncaH B paboTtax
M3pannbCKMX mccnegosatenein Akyba 3mea 1 Abpaxama JSlemnens, KOTopble Brnepsble ony6-
nnkosanu ero B 1977 r. B nocnegytowem anroputm 6bi1 HazeaH Lempel-Ziv, nnu cokpatyeH-
HO LZ. Ha cerogHAWHMIA feHb LZ-anroputMm 1 ero Mogugukaymmn nonyymam Hanbonee Lwm-
POKOe pacrnpoCcTpaHeHue, Mo CpaBHeHWIO C ApYrMMuM METO4amMu CxKaTus. B ero ocCHOBe NexxuT
naes 3ameHbl Hanbonee YacTO BCTPeYatoLLMXCs MoCcnefoBaTelbHOCTEN CUMBOOB (CTPOK) B
nepesfaBaeMOM MOTOKe CCbIIKaMU Ha "06pa3ubl”, XpaHsLiMecs B creuuanbHO CO34aBaeMol
Tabnuue (cnosape). ANropuTM OCHOBbLIBAETCA Ha TOM, YTO MO MOTOKY AAaHHbLIX ABWXETCH
cKonb3siLee "OKHO", cocTosLlee U3 ABYX YacTeld. B 60MbLueil N0 06beMy YacTh cofepxKatcs
y)XXe 06paboTaHHble AaHHbIe, @ B MEHbLLIEN MOMELLAETCA MH(OpPMaLMs, NPoYMTaHHas No Mepe
ee npocmoTpa. Bo BpemMs cuUMTbIBaHUA KaXK4OM HOBOW MOpUMKM WMH(OPMaLMM NPOUCXOANT
MPOBEPKa, M ec/v 0Ka3bIBAETCA, YTO Takad CTPOKa Y>Ke MOMeLLEeHa B C0Bapb paHee, TO OHa
3aMEHSETCA CCbINIKOM Ha Hee.

OCHOBHbIM NapameTpoM NHO60ro CNOBapHOro MeTofa ABMSETCH pasMep crosaps. Yem
6onblue cnosapb, TeM 60/bLle 3PPeKTUBHOCTb. OAHAKO /19 HEOAHOPOAHBIX AaHHbLIX Ypes-
MEepPHO 60/bLLON pa3Mep MOXET ObITb BPeAEH, Tak Kak Npu pe3KoM U3MeHeHUW T1Ma AaHHbIX
cnoBapb OyfeT 3anofHeH HeaKTya/lbHbIMW CnoBaMu. A1 adeKTUBHOM paboTbl faHHbLIX Me-
TOAOB MpU CXaTum TpebyeTca [LOMONHWUTENbHAA NaMsATb. MpubansuTensHO Ha MOPSLOK
60/IbLLE, YEM HYXXHO [/151 UICXOAHBIX AaHHbIX crioBaps. CyLlecTBEHHbIM NMPenMyLLecTBOM C/10-
BapHbIX METOA0B SBMSETCA NpPoCTas M ObICTpas npouefypa pacnakoBku. LononHuTenbHas
namsTb Npy 3TOM He TpebyeTcs. Takas 0CO6eHHOCTb KpaiiHe BaXKHa, ecivi HeobXxo4um onepa-
TUBHbIA AOCTYN K AaHHbIM.

K mMeTogam cxatusd C MCNoNb30BaHWEM CNOBaps OTHOCATCA C/eAyloLive anropuTMbl:
LZ77/78, LZW, LZO, DEFLATE, LZMA, LZX, ROLZ [3].

B pe3sy/nbTaTe novcka n aHanm3a MeToL0B KOAVMPOBAHUSA M CXaTUA AaHHbIX ObIN0 BbIsB-
NEHO LUMPOKOe pa3HOoOobpasne peLleHMin Mo CKaTuU BUAEO, OAHAKO BCE OHM UCMO/b3YHOT
O/VHaKOBbIN HAbOP aIrTOPUTMOB CXaTWSA BUAEO B Pa3/IMYHbLIX BapraHTax.

Mpegnaraemblii anropuTM ObIa HaMMcaH ¢ UCMob30BaHMEM cucTemMbl RGB — mogenu B
KOHTEKCTe «Teopuu LBeTa». Ero uenb 1 3agaun — ymeHbLUeHUA 06bemMa nepefaBaemMoro Kag-
pa 6e3 BUAMMOro yXyALleHNs KayecTBa M300paXKeHUs B peXKuMe nepefayn faHHbIX B peasib-
HOM BPeMeHW, a TakXke nepefadvy AaHHbIX BUAEOMNOTOKA Ha 60/blUMe 1 CBepX60/bLUMe pac-
CTOSIHUSI C UCMOMb30BaHNEM KaHa/I0B CBS3M Pa3/fIMYHON MPOMYCKHOM CNOCOBHOCTK, CNOCO6-
HOCTb B3aUMO[EVCTBOBaTb C a/IrOpPUTMamy COCTaBNAKOLLME CTaHAapTbl BbICOKOrO YPOBHS
(H.264)(ansa co3naHns CO6CTBEHHOIO KOMEKA).
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LieeT B RGB mogenn kogupyetca 24 6utamm obwmii 06bemM NanuTpbl paBeH 2 B 24
cTeneHu, 16 777 215 uBeToBbIX OTTEHKOB [4]. MporpaMmHbIA KOAeK UMEET G6/I0UHYO CTPYK-
TYypy:

- ba3sa OaHHbix «DB_RGB» (nnu gaiin Map.txt)

- MporpammHbIin 610K «CEPBEP».

- MporpammMHbIin 610K «KJTVEHT ».

MporpammHble 6/10KM UCMOML3YIOT 6a3y AaHHbIX, B KOTOPYH BXoAAT 4096 Tabnul, co-
aepxawymx no 4096 3HaveHus B gnanasoHe RGB ueTa. Kaxayto Tabnmuy MOXHO paccmat-
puBaTh KaK He3aBucumyro RGB nanutpy, oTinyatoLWmXcs To/IbKO CMeLLeHeM BTOPOro OKTe-
Ta KaXX4oro u3 Tpex 6anTos, NNICTpaums Ha puc. 1.

Kawnan Tabnuua §a3kwl AaHHb RGB

RBMNASTCA HE3ABMCUMMON NANUTPOA OTNMUAKWLEACA
BTOPLIM OKTETOM GaiiTa

0x0000FF [l Ne 4096

0x0000F1 [ Ne 543
0x0000F0 [ Ne 1

ANA NpMMEepa OaH KoL KPacHorno Leeta PMC' 2 (DyH KLWIOH&J'IbHOG rlpe,q-
B WecTHaAUATEPHHOM (opmaTe cTaB/fieHve Tabnmubl RGB
Puc. 1. padmyeckoe npescTasneHve 6asbl JaHHbIX RGB

PYHKUMOHAIbHO KaXAYH Tabnuuy MOXKHO MNpefcTaBuUTb B BUAE Pafy>KHOro Konbua,
WNTOCTPUPOBAHHOIO Ha pUC. 2.

Pa6oTa nporpaMMbl Ha4YMHAETCA C MNOAK/MOYeHMs 6ydepa 06MeHa K BULEONOTOKY U KO-
nupoBaHus Kagpa. Janee naet onpoc 0AHOM 13 Tabnuw, 6a3bl aHHbIX, Ha €€ OCHOBE CO34aeT-
CA acCcoLMaTMBHbLIA MacCuB B OMEPaTUBHOW MamATH, rae KoY — 12 GUTHBIA «yCeYEHHBbIA»
KoA, 3Ha4YeHne — NOMHbIN, 24 GUTHBIN, Kod. CkaHMpoBaHue bydepa NAeT ¢ warom B 24 6uTa,
4YTO COOTBETCTBYET AJ/IMHE MUKCena. OTU 3HaYeHUs nofgepraeTcsd 06paboTke - yAaneHuto
MIaALWNX OKTETOB KaXKAOro U3 Tpéx 6ainToB. VccnefoBaHus nokasanu, 4To yaaneHue mnag-
LUNX OKTETOB YBENIMUMBAET 3HTPOMUAHOCTL HA MOPSAAOK, YTO YBENNUUT KOIDDULMEHT CXKa-
TUA ecnu JOMOSIHUTE/IbHO MOAKMOUUTL anroputMoM XaddmaHa. Ha aTom atane cxatve
MPOXOAMT C KO3(MLMEHTOM paBHbIM 2, 63 NoTepy KavecTBa M306paKeHMUs. MonyYeHHbIR
KOZ XpaHUTbCS B KOHTEHEpe BEKTOPOB B OMepaTUBHOM NaMATW, KOTOPbIA nepefaeTca PyHK-
LMK 06pabaTbIBatOLLEN ero No anropuTMy «naroBoro» cxarms. Co3aaéTcst BTOPOW KOHTEN-
Hep 4/19 pe3ynbTUPYIOLWEro KOAMPOBaHWA. B Hero nomelyaetca pesy/ibTaT BTOPOro 3rtana
oxatns. KoarumeHT pasnnyHbiil U 3aBUCUT OT ABYX NapaMeTpoB: 3HTPOMNWSA, pasmep Kag-
pa.

3arem 3TOT BEKTOP nepefaeTca napameTpoM B (PYHKLMIO OCYLLECTBAAIOLLYIO nepejavy
yepe3 cTek TCP/IP knneHTy (BMAEONOTOK nepefaetcsa no npotokony UDP).

OcCHOBbIBasACb Ha aHann3e Npo6aeMHol 061aCcTU, MOXKHO CieNaThb BbIBOA, YTO NpPeaso-
YKEHHbIV HAMW NOAXOL MOXET ABNATLCA PeLUeHVEM PacCMOTPEHHOM 3afayn, Tak Kak Nno3Bo-
NAET B MOJIHON Mepe COKpaTUTb 00beM NepefaBaeMblX AaHHbIX 40 AONYCTMMOro pasmepa npu
nepefaye Ha 6ONbLUME PAcCTOAHMSA, a TaK Kak MPOLecC BellaHUs NPOUCXOAMT B peaslbHOM
BPEMEHM, TO HEOOXOAUMO MPUMEHEHNE a/lbTEPHATMBHbIX anmnapaTHbIX CPeACcTB, TaK Kak Cy-
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LLIeCTBYHOLLME NMPOrpaMMHO-annapaTHble peasnsauuy He NoaXOAAT MU HEeCroCO6HbI NOHO-
CTblO 06ecneynTb He06XOANUMBIN Pe3ynbTaT.

Cnucok nutepartypbl: 1. Cknap b. Lindposas cBs3b. TeopeTuyecKre OCHOBbI U Mpak-
TU4Yeckoe npumMeHeHue: Mep. ¢ aHrn. — M.: N3patenbckuii gom «Bunbsimc», 2003. — 1104 c.
2. banawos K.KO. Cxartue nHgopmalmun: aHaim3 METOA0B 1 NMOAXOLO0B: Y4. nocobue ans BYy-
30B.— CI16.: TMNTEP, 2004. - 234c. 3. domuH A.A. OCHOBbI CXaTus MHopMaLun : y4eo.
Mocobue- CI6.: MTEP, 2006. 210 c. 4. BatonuH ., PatywHsak A., CmupHoB M., FOK1H B.
MeTogbl CKaTua faHHbIX. YCTPOWCTBO apXMBaTOPOB, CXaTue U306paXKeHUi 1 Buaeo.— M.:
OVNATION-MU® I, 2003.— 384 c.

YK 629.78
NMPUMEHEHWE METOOA AKAP NA PELLEHUNA SAOAYUYN OPBUTAJIbBHOIO
MAHEBPVPOBAHNA KOCMUNYECKUX AIMNTTAPATOB

PblbnHcKkas T.A., 3eneHnHa H.A. (kad.Cully, TTU KO®Y, r. TaraHpor, Poccus)

AHHOTaumMa: [na ocyLecTBNEHNS Pa3/IMYHOr0O PoAa OpoUTalbHbIX MaHEBPOB WUCMO/b-
3yH0T XOPOLLO U3BECTHOE UMMYNbCHOE MaHeBpupoBaHue. OAHAKO AaHHbI NOAX0A4 UMeeT pAaf,
OrpaHnYeHnid, Takux Kak He06Xxo4MOCTb MO BO3MOXKHOCTM OCYLLEeCTBASTb MaHeBPUpPOBa-
HWEe TO/IbKO B TeX TOYKax opbuThl, r4e CKOpocTb KocMmuyeckoro annapaTa (KA) MuHu-
MasibHa, ¥ gpyrve. B aaHHo paboTe paccMaTpuBaeTCs COBPEMEHHAs!, NMPOrpeccmBHas Tex-
HO/IOTNA CUHTe3a 3aKOHOB YNpPaB/eHNs — METOJ aHaIM TUYECKOro KOHCTPYMPOBaHUA arperu-
poBaHHbIX perynsTopos (AKAP). MpeAno>KeHo peLleHre pasnnyHbIX 3a4a4 opouTabHOro
MaHeBpUPOBaHKA N HECKO/LKO BapuaHTOB NpoLeaypbl CUHEPre TUYECKOro CMHTe3a peryns-
TOpPOB. APPEKTNBHOCTb CUHTE3NPOBAHHbIX PETYIATOPOB NOATBEPXKAAETCA KOMMbIOTEP-
HbIM MOZENMPOBaHNEM 3aMKHY ThbIX CUCTEM.

COBpEMEHHbIV 3Tan pa3BUTUS KOCMUYECKOW TEXHUKI XapaKTepu3yeTcs MHTEHCUBHbLIM
POCTOM YmC/na Co3aBaeMblIX U 3anyckaeMblX Ha OPOUTY KOCMUYECKUX annapaToB. [esdTesb-
HOCTb CMYTHUKOB W BbIMO/IHEHWE MU Pa3/IYHbIX 38424 B KOCMOCE HEBO3MOXKHA 6e3 ocyLLe-
CTBNEHUS OpOUTA/IbHBIX MaHEBPOB. M03TOMY B CU/y CBOEN YPe3Bbl4anHON NPUKNaAHON 3Ha-
4yMMOCTU Npo6siemMa OpoUTaILHOrO MaHEBPUPOBaHNSA ABMISIETCA BECbMa aKTya/lbHOM Ha Cero-
AHALWHWIA eHb.

MaHeBpOM Ha3bIBaKOT LiesIeHanpasneHHoe U3MEHEHKEe NapaMeTpoB ABuKeHUs KA, B pe-
3yNnbTaTe KOTOPOro nepBoHavabHas TPaeKTopmst CBO6OAHOI0 noseTa (HayanbHas opouTa)
MEHAETCS Ha HEKOTOPYIO ApYryto (KoHeuHas opbuTa). Besakoe LeneHanpas/ieHHOe N3MeHe-
HMe OpOUTbI CNYTHMKA Ha3blBaeTCA OPOUT a/lbHbIM MaHeBpupoBaHvem [1, 2].

B gaHHOW cTaTbe CMHTE3UPYHOTCS pas/INyHble 3aKOHbI YrpaB/ieHns opouTaibHbIM Ma-
HeBpupoBaHveM KA, KOTOpble NO3BONAKOT OCYLLECTBNATL HEOOXOAMMbIE 3HEPreTUYECKN Bbl-
rofHble MaHeBPbl B KOCMWYECKOM MPOCTPAHCTBE U rapaHTUPYHOT aCUMMTOTUYECKOE COMMxKe-
HYe 1 yaepkaHve KA Ha xenaemoi opouTe. [ 3T0ro NPUMeHSETCA COBPEMEHHbIV METOS,
CUHTe3a cucTem ynpaeneHns — MmeTod AKAP. [laHHbIn MeTof SBNSeTCA 6a30BbIM METOA0M
CUHEepreTMYecKor Teopun ynpasneHus [3].

MaTemaTunyeckan Mojesib opouTasibHOro asxkeHns KA. B 3ata4ax opouTanbHOro
MaHeBpupoBaHua KA, Kak npasu/io, paccMaTpmBaeTcsi Kak MaTepuasibHasi Touka. B Takoi
3aiaye ypaBHeHNA ABvKeHns KA BbIrAAAT CnefyoLwM o6pasom:
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r(t) =Vi;

V() =Virt—(h?/p)r?+U,;
O(t) =V,r;
V,(t)=-V,V,rt+U,,

1)

rae r v € - nonsipHble KoopawHatel; Ve 'V, - paguanbHas 1 TpaHeBepcaibHas COCTaB-
nstowme ckopoctu; Uy U, - cocTaBnsitoLLme BeKTOpa TAMW; & =y + y, TAe y - UCTUHHAS

aHoManua, y - yrnosas NnocTtoAHHadA, KOTopad OnpenendaeT yron Mmexxay NNHMEN ancug un

ocbto OX. MonspHble 1 AeKapTOoBble KOOPAMHATLI CBA3aHbI MEX Y CO60 BbIpaXKeHUAMY
X=rcosd, y =rsing. NapameTpbl OpOUTLI ONPeLenstoTCa CeayroLLMM COOTHOLLEHNAMN:
/ 2 22 2
h=27Vl7e Pt , b _om= 10 =398600,4 kM?/c?, rae p — hokanbHbIii paguyc, G — nocTo-
@-e*)*T " p
fHHas rpasuTaumm, M — macca NpUTATMBAKOLLErO LieHTpa, T — Bpems 06paLLeHNsl, e — IKCLIEH-
TPUCUTET 3anannca.
CuvHTE3 perynaTopos. [MocTaBuM 3agayvy CMHTE3a 3aKOHOB YMpaBneHua ANa peLleHus
3afila4y MaHeBpupoBaHusa KA: TpebyeTcs onpeaenvTs BeKTop ynpasneHns U, n U, Kak (PyHK-

MO KOOPAMHAT COCTOAHUA cucTeMbl (1), o6ecnevmsatowmii BoiBog KA Ha 3agaHHyo opouTy
BpaweHus. CornacHo npoueaype metoga AKAP BBefieM COBOKYMHOCTb MHBAPUAHTHBIX MHO-
roobpasuii, yunTbIBatoLLMX peLlaeMble 3a4a4m ynpasieHus.

B kayecTBe NepBoro Habopa MHBapMaHTOB UCMOb3YHOTCA CNEeAYHOLLE COOTHOLUEHUS:

r(l+ecosé)—p=0;

2 (2)
r-et)-h=rv,-h=0.
MepBbIil MHBapUaHT B (2) NpeacTaBnseT cob6oi NepBbIi 3aKoH Kennepa n 06ycnasnvBa-
eT avkeHne KA no KOHMYeCKOMY ceyveHnto. BTopoli MHBapyaHT — 3T0 3aKOH COXPaHeHMs
MOMeHTa cucTeMbl «3eMna — KA».
Mpn Takom Habope MHBAPMAHTOB C/ieAyeT BBECTU CNeAYHOLLY COBOKYMHOCTb MHBapU-
aHTHbIX MHOr006pa3uii:

vi =V, —y(r,0) =0,

pu )
vy =V =+ = =0,

rae ¢, (r,6) — noka HemsBecTHasa PYHKLUNA («BHYTPEHHEE» YrpaB/ieHNE).
Ha nepeceyeHnn MHBapMaHTHbIX MHOroo6pasuii (3) AnHammKa CMCTeMbl OMUCLIBAETCS
YPaBHEHWSMU LeKOMMNO31POBAHHON CUCTEMbI:

r = (/71(ra9)’

s ©

r.2

[lns onpefeneHnst «BHYTPEHHEr0» YNpPaB/eHNs BBEEM CliefytolLiee MHBapUaHTHOe
MHOroobpasue:
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_ p _
=r————=0. 5
Vs 1+ecosé ®)

«BHYTpeHHee» yrpaB/eHre NLLETCA Kak peLleHne 0CHOBHOMO (hYHKLMOHaNbHOIO ypaB-
HeHua Toy5(t) +w; =0 B cuny ypasHeHWin mogenu (4):

T,pesin X,/ pu — X —2x3ecosx, — x2e? cosx,” + pxZ + px2ecos X,

o (r,0) =x
. : T,x2(1+2ecosx, +e?cosx,”)

MpuBeeHHas npoLeaypa noaTanHoi AMHAMUYECKOl AEKOMMO3ULMM NO3BO/SIET Onpe-
[eNVTb CTPYKTYPY MHBApUaHTHOTO MHOroobpasus w, =0 W 3aBepLUnTb CUHTE3 perynstopa.

ckoMbIli 3aKOH ynpaBneHWsi opouTanbHbIM MaHeBpupoBaHWeM KA npeacTaBnsieT co6oii
peLLeHVe cucTeMbl (YHKLMOHaNbHbIX YpaBHEHUI

T (t) +y, =0;

6
Ty, () +y, =0 ©

B CM/Y YpaBHeHWiA Mogenn (1) 1 UMeeT creaytoLnin BUA;

U, =(2pxecosx, + px2e? cosx,” —3x; T, eCoS X, — 33X, Tox e? cosX,” —

— 2Ty XgT5 Pe? Sin X,/ Pa COS X, — 2T, Xo T PESIN Xy o/ Paz +T,8PX,XZ SiN X, — 3Ty XgX e COS X, —
—3T,xsxe? cosx,” — T, xsxe® cos x,” — 3T x2T,x2ecos x, — 3T, x2T;x2e? cos x,” —

—Tyx2Tx2e® cos X, +2T,e2 px, T Sin X,/ pas +T,8pX, T3 COS Xy o/ Pz +T,0% X, T, COS X,” /s +
+T,62 X, X7 sin X, COS X,, + 3T, 4T3 X, COS X, + 3T, 4T X% cos X, + T T x,% cosx,® +

+ %, T3 PESiN X,/ P2z + X,T5 pe’ sin X,/ paz c0s X, — X, Toxe® cos x,” —3x;'e? cos x,” —

—3x€C0S X, = TyXaX2 = Xy = XgTaX =T X2T, X2 + X + Ty 1aToX, —

- xi'e% cosx,”) [(T,T,x3 (3ecos X, +1+3e? cosx,” +e°cosX,>));

U, = _Ton PuXs —ToXgX, Xy + X4X12 —+ PUXy )
0= 5 .
ToX

B KauecTBe 0[]HOr0 U3 MHBAPMAHTOB CUCTEMbI MOXKHO MCMO/b30BaTb IHEPreTUYECKNiA
VHTErpan CTauyoHapHOro ABukeHus KA:

2 _
0,5(V,2 +V2) _H (T Du 0. (8)
r 2p

Toraa CoBOKYMHOCTb BBOAMMbIX MHBAPUAHTHBIX MHOT006pasniA NPUHUMAET BUA:

w1 =V, ¢ (r,0) =0,

2
-Du ©)
=05(V2 +V?2 _ﬁ_(e—:o,
) (Vr 4 ) r 2 p
rae ¢, (r,6) — noka HemsBecTHasA (PYHKLUNA («BHYTPEHHEE» YrpaB/ieHNE).
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[anee npoBoaMTCA NpoLeaypa ABYX3TarHOro CMHTesa perynsatopa, Kotopas aHaiorny-
Ha npoLefype CMHepreTMYeCKOro C1HTe3a C nepebiM HABOPOM MHBApPUAHTOB. B nTore nony-
4aeM VCKOMbI 3aKOH YMNpaBfieHUs, KOTOPbIV ABSETCA CANLWIKOM FPOMO3AKMM, NO3TOMY Npu-
BeJeH TO/IbKO B CamMOM (haiifie mporpaMMbl MOAENMPOBAHNS.

KomnbloTepHoe Mofe/iMpoBaHue 3aMKHYTbIX cucTeM. Ha puc. 1 npeacrasneH Ma-
HeBp nepesoga KA ¢ HayanibHOM anannTUYecKoin opbuTel ¢ napametpamn e=0,87;
p=6297,8 KM Ha aN/IMNTUYECKYLO opouTy ¢ napametpamu €=0,2; p=28000 KM C NPUMEHEHMNEM
3aKoHa (7).

Ha pwc. 2 npegctasneH maHeBp nepesoga KA ¢ HavabHOM 3NAMNTUYECKOR OpouTbI C
napametpamu e=0,87; p=6297,8 KM Ha Kpyrosyto opouTy ¢ napameTtpamu: e=0; p=20000 KM
C 1CMo/b30BaHNEM 3aKOHa, NMOIYYEHHOr 0 B pe3y/ibTaTe NPUMEHeHUs 3HEPreTUYECKOro NHTe-
rpana ABMKeHWUS.

Y, KM

000-
10000-
20000 —Mﬁoxmoo o
10000 h
~20000:
Puc. 1. ®a308BbIin NOpPTPET Puc. 2. ®a308bIin NOpTpPET

HaligeHHble 3aKOHbI yNpaBneHUs NO3BONSAKOT YCMELLIHO Peasin30BbiBaTb KOMMIaHapHbIE
opbuTanbHble MaHEBPbI 6e3 yueTa OrpaHNUYeHUiA MMYNbLCHOrO NOAX0/Aa, YTO NOATBEPXKAaeT-
CSl KOMMNbIOTEPHBIM MOZIENMPOBAHNEM 3aMKHYTbIX CUCTEM.

Cnucok nutepatypsbl: 1. MiBaHoB H.M., JIbiceHKO J1.H. bannuctmka n HaBurauus
KOoCMMYecKux annapatos: MoHorpadus. — Mocksa: [podga, 2004. — 544 ¢. 2. OXOUMMCKMiA
O.E., Cnxapynuase KO.I". OCHOBbI MeXaHUKM KOCMMUYeCKOro noseta: MoHorpadgus. — Mock-
Ba: Hayka, 1990. — 448 c. 3. KonecHnkos A.A. CuHepreTnyeckaa Teopus ynpasneHus. Ta-
raHpor: M3g-so TPTY. 2001. 123 c. Un.

YK 621.9.025
OCOBEHHOCTW MPOEKTVPOBAHWA ®YHKLVOHAIbHO-
OPVEHTUPOBAHHbIX KOMMO3ULIMOHHbIX
TEXHOIOM A MALLMHOCTPOEHWSA

WcaeB [.C., MuxaiinoB A.H. (Kathegpa TM, JoHHTY, r. [loHeUK, YKpanHa)
AHHOTauma. CTaTba NocBsALleHa paspaboTKe (DYHKLMOHaIbHO-OPUEH TUPOBAHHBIX

KOMMO3WLMOHHbIX TEXHONOMMin 0becneunBaroLLyx fasbHeiLlee NoBbIeHe KayecTBa U3Lenui
MaLUMHOCTPOEHNS Ny TeM KOMMO3ULMN He MeHee ABYX PasNyHbIX MO 3HAYUMOCTMW TEXHONO-
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WA, KOMMYECTBO KOTOPbLIX ONpefenseTcs YMCNOM pasfMyHbIX HanpasneHuii obecneyeHuns
CBOVICTB U3LENNiA.

KntoueBble cnoBa: (PYHKLMOHANbHO-OPUEHTUPOBAHHBLIX KOMMO3WULMOHHLIX TEXHOMO-
i, CUHTE3 TEXHONOMMIA, CTPYKTYpPa, NOBbILLEH/E Ka4yecTBa.

Hay4HO-TeXHUYeCKMin Nporpecc NOCTOSAHHO TPebyeT OT TEXHOMOMOB PeLLeHNs BONPO-
COB KapAMHa/IbHOI O MOBbILLEHNSA Ka4YecTBa U3AeNniA MalMHOCTPOEHUSA. DTO 0CO6EHHO He06-
XOAMMO 4151 U3AeNNiA, paboTatoLwmX B CIOXHbIX YCNOBUSAX 3KCNyaTaumnm, K KOTOPbIM Npesb-
ABNAOTCS BbICOKME TPeboBaHMS K CBOMCTBaM. B aKcnyaTauMOHHbIX YCNOBUAX Ha U3aenns
[ENCTBYET LieNoe MHOXECTBO Pas/IMyHbIX PYHKLMIA. MpryeM 3T yHKLMN UMELOT NepeMeH-
Hble NapameTpbl AeNCTBUSA, YTO B pALe Cy4YaeB MPUBOAUT K BbICTPOMY BbIXOAY U3LEeNNA U3
CTPOS U CHUKEHMNIO 3KCMyaTalMOHHbIX CBOMCTB MAaLLWHBI UM TEXHOIOTMYECKON CUCTEMDI.
370 TpebyeT 0becrneyeHns N3aennaM MallMHOCTPOEHUS HOBbIX HETPaAULMOHHbLIX CBOMCTB [1,
2,3].

[ns peleHns 3aTuX BONpocoB NOTPe6HbI HETPaANLMOHHbIE NOAXOAbI B CO34aHNM
MPYHUMNNATIBHO HOBBIX TEXHOOMMIA, NO3BONAIOLLMX peLlaTb COXHbIe 33fa4M CUHTe3a Ma-
LUNH HOBOIO NOKOJIEHMS C KOMIMO3WLMe CBOMCTB, NOJTy4aeMblX 3a CHET NPUMEHEHUS pas-
NINYHBIX MO 3HAYUMOCTI TeXHONOrniA [4].

Llenbto gaHHo paboThbl ABNSETCA pa3padboTka PYHKLUMOHAIbHO-0PUEHTUPOBAHHBIX
KOMMO3MLMOHHBIX TEXHONOI M1 06ecneunBaroLLmnX fanbHeliLlee NoBbILEHNe KavecTBa nsge-
N MaWHOCTPOEHUA MYTEM KOMMO3ULMKN He MeHee ABYX Pas/InyHbIX MO 3HAYMMOCTN TeX-
HOMOI WA, KONMYECTBO KOTOPbIX OMNPeSenseTcs YACIOM pasNnyHbIX HanpasieHuin obecreve-
HWS CBONCTB N3LeNNA.

B cooTBETCTBMM C MOCTaBNEHHOI LieNbto B paboTe onpefenieHbl CneayroL e 3afaun:
BbINOMHUTb aHa/IN3 U CUHTE3 (DYHKLMOHA/TbHO-0PUEHTMPOBAHHbIX KOMMO3ULMOHHbIX TEXHO-
NOTWiA; NPeSIOKNUTL 0BLLMIA NOAXOL UX CO3AaHNS; pa3paboTaTb KacCuguKaumo GyHKLMO-
Ha/IbHO-OPUEHTUPOBAHHBLIX KOMMO3ULNOHHBIX TEXHONOIWIA; faTb PEKOMeHAALUM Mo NX CO3-
[aHun0. TU 3aJaun peLlatoTes B JaHHOM paboTe.

3[ecb NpenoXeHo A1 06ecneyveHns Ka4eCTBEHHO HOBOM COBOKYMHOCTU CBOMCTB U
Mepbl NOIE3HOCTUN U3/EeNNIA COBMECTHO MCMO/b30BaTb MHOXECTBO Pa3/IMYHbIX MO CBOEN 3Ha-
4YMMOCTU TEXHOIOTNIA HA OCHOBE NMPUHLMMNOB KOMNO3ULMK. 34eChb Cpa3y BO3HMKAET psij BO-
MPOCOB:

1. Kak coeivHATb pa3/inyHble No CBOEN 3HaYMMOCTI TeXHONOrMn? - (Ha 6ase NPUHUK-
MOB KOMMNO3MLMK).

2. CKONbKO MO KOMMYECTBY TEXHOIOMMIA HEOOXOAMMO BK/OYATb B COCTAB KOMMNO3N-
LIMOHHOW TexHONOrMn? - (Ha 6ase NPUHLUMNOB BGUHAPHOIO COOTBETCTBMA YMCIA TEXHONOTUIA 1
CBOWCTB U3aenus).

3. Kakas cTpyKTypa CoeanHsSeMol B KOMNO3NLMIO TEXHONOrMKU? — (Ha 6ase npuHumna
CTPYKTYPHOr0 COOTBETCTBUS TEXHOIOMMIA 1 CBOWCTB U3AENNSA).

4. Kakas nocnefoBaTeNbHOCTb COeAMHEHNSA TEXHONOMMIA? — (Ha 6a3e NPUHLMNOB pe-
KYPPEHTHO-UTEPALMOHHOW NOCNe0BaTENIbHOCTH).

5. BO3MOXHO, /i1 BECTY Ynpas/ieHne CBOMCTBaMM U3Lennin? — (Ha 6ase NpUMHLMNOB
(hYHKLMOHaNIbHO-OPMEHTUPOBAHHOI O MOAXO0A3A).

3/€eCb rNMaBHbIM ABSETCA CO34aHMEe KOMMO3ULMOHHOM TEXHOMOrMK, Ha 6a3e KOTOPOiA
obecrneymBaeTcs BO3MOXHOCTb (DOPMMPOBATb HETPAAMLNOHHbIE CBOMCTBA U3AENNIA.

KomMno3numoHHas TeEXHOMOrMA — 3T0 CrneupasibHas TEXHONOIMSA, CTPYKTYpa KOTOpOi
06pa3oBbIBAETCA COYETAHNEM HE MeHee ABYX Pa3/IYHbIX MO 3HAYMMOCTM TEXHOJOMMIA Ha OC-
HOBE MPVHLMNOB KOMMNO3ULUW, KOSIMYECTBO KOTOPbIX OMPeAenseTcs YACI0M HanpasieHui
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o6ecreyveHuns CBOMCTB U3Aenmnia. Mpu 3ToM UCNoNb3yeTcs PYHKLUMOHAIbHO-0PUEHTUPOBAHHAS
TEXHO/OrnA.

OCHOBHble 0CO6EHHOCTM CUHTE3a KOMMO3ULMOHHBIX TEXHONOTNA. MOXHO OTMETHUTb,
4TO KOMMO3ULMOHHAA TEXHO/OTUSA 3TO HE CYMMa HECKO/IbKUX TEXHONOTMIA UM UX NPsSIMOe
COefjHeHVe B eJMHYI0 TEXHONOIMI0. 3TO HEYTO HOBOE, 60/Iee 3HAYMMOE B TEXHO/IOTUM Ma-
LUMHOCTPOEHMK, NO3BONSAIOLLEE 06eCneynBaTb U3LENAM Ka4eCTBEHHO HOBYIO COBOKYMHOCTb
CBOWCTB ¥ Mepy Mo/e3HOCTW. KOMMO3WLMOHHAsA TEXHONOMMSA 3TO HOBbIN K/ace opraHm3aum-
OHHO-TEXHO/IOrMYECKON (POPMbI TEXHONOTMK. TpoLecc co3aaHna aTUX TeEXHONOrniA 6asnpy-
FOTCA Ha CMefyoLmnX NPYHLUMNAaX KOMNO3ULMK:

1. CoBMECTUMOCTU CTPYKTYPbl TEXHONOT WA

2. EQMHCTBA M 06LWHOCTM CTPYKTYPbI COEAMHAEMbIX TEXHONOT WA

3. CNoco6HOCTUN COeAMHSAEMbIX TEXHOMOTUIA K rMbpuamnsaumm.

4. YNpaBnseMoCTN TEXHONOMMUYECKMI BO3AENCTBUAMMN U CBOMCTBAMU U3LENNIA.

5. [eicTBMA MeXAY TEXHONOrMAMU UTEPALLMOHHO-PEKYPPEHTHBIX CBA3EN.

6. Cnoco6HOCTY KOMMO3WLMOHHOM TEXHONOIMNU K peanu3aLmmn KayeCTBEHHO HOBbIX
METOLOB TEXHONOrMYECKMX BO3LEMCTBMIA U MPUHLMINOB NPeobpa3oBaHns CBONCTB N3NNI

7. ObecneyeHNs Ka4eCTBEHHO HOBOW COBOKYMHOCTW CBOMCTB M Mepbl MOMIE3HOCTY.

MpoLecc coveTaHns 1 CoeJUHEHNUS TEXHOMOMUIA B KOMMO3ULMOHHYIO TEXHOOMuIo 6a-
3MpyeTcs Ha CrefytoLLeM MHOXECTBE Pas/IMYHbIX N0 3HAYMMOCTMN TEXHONOTUIA:

1. Ha TexHonoruax T;, CTPYKTYPUPYHOLLMXCA NO BUAY METOL0B 06paboTKu (MexaH K-
YecKoil 06paboTKU, TEPMUYECKO 06PabOTKM, XMMUYECKO 06paboTKY, ..., KOMOUHMPOBAH-
HOI 06paboTKN).

2. Ha TexHonorusx T,, 06pa3oBaHHbIX MO K/laccy TEXHONOMMYECKNX BO3AENCTBUI
(TpagMLUMOHHbIE TEXHOMOTUW, MaKpPO-, MUKPO- Y HAHOTEXHO/OTUN).

3. Ha texHonorusx Tg, opmMupyroLwmxcs no Tuny nponssoacTsa (eAMHNYHOE, Ce-

pWiAHOE N MaccoBOe MPOM3BOACTBO).

X. Ha TexHonorusax T, , NOAPa3AeNAtoLLMXCa NO OpraHn3aLMoOHHO-TEXHONOMMYECKO
(hopme (eAMHMYHBIE, TUMOBbLIE, TPYMNMOBbIE U MOAY/IbHbIE TEXHO/IOTUN).

X. Ha TexHonorusax Ty , onpeAenstoLLmxcs rno Knaccy opraHn3aLloHHo-
TEXHONO0rMYeCKOM (hOPMbl TEXHONOMMI (06bIYHbBIE TEXHONOTMMW, (PYHKLMOHA/TbHO-
OPUEHTMPOBAHHbIE TEXHO/IOTUN).

TakvM 06pa3oM, KOMMO3ULMOHHAS TEXHONOIMS CTPYKTYPUPYETCA HA MHOXKECTBE Cle-
AYHOLLMX TEXHOMOTNIA:

KOT ={Ty,Tp, T3, . Ty oo T } (1)
KOT — KOMMO3ULIMOHHAsA TEXHONOIMS, COCTOsALLAs U3 X TEXHOMNOIIA;
T, - x-7 TexHonorvs;

X — 06LLee KOMMYECTBO Pas/IMUHbIX TEXHONOMWIA (NPU3HAKOB).

"eHepupoBaHMe NOTHOr0 MHOXECTBA Pa3/IMYHbIX BAPUAHTOB KOMMO3ULMOHHbIX TEX-
HOMOTUIA MOXHO BbIMNOMHATL Ha 6a3e MOPKONOrMYECKO MaTPULbI:

B LieN1oM KOMNO3ULMOHHAs TEXHONOT st 6a3npyeTcst Ha KOMMNO3ULMM CTPYKTYP He-
CKO/bKMX Pa3fINYHbIX MO 3HAYMMOCTY TEXHO/OTUIA:

X
Strk{T,A}:Xm_lstrX{TX,AX}, @)
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roe Str k{ T, A} - CTPYKTYpa KOMMNO3WLMOHHON TEXHO/IOrMK, COCTOALLAA U3 MHOXecTBa T
3NeMeHTOB (onepauuii) 1 MHOXecCTBa A OTHOLLEHWIA (CBSA3eii) Ha MHOXecTBe T,
Str X{ Ty, A X}

(onepauuit) n MHOXecTBa A, OTHOLLEHWIA (CBsA3ei) Ha MHOXeCTBe Ty ;

- CTPYKTYypa X-0i TEXHONOrnK, COCTOALWaA N3 MHOXXeCTBa TX 3/IEMEHTOB

X - obLiee KonmyecTBo (MOLHOCTb MHOXECTBA) COeAUHAEMbIX TEXHOMOMMIA B KOMMO3ULMOH-
HYIO TEXHONOT IO,

CnepnyeT 3aMeTUTb, YTO BbINOHAEMOE 06beANHEHVE TEXHOMOMMI B KOMMO3ULMOHHYO
TEXHO/IOrM0 06Pa30BbIBaeT 06LLYH HOBYHO CTPYKTYPY TEXHOMOMMN. B KOMMO3ULMOHHOM
TEXHO/IOMMMN BbIMONHSAETCS NPEABAPUTENbHBIA CUHTE3 CTPYKTYPbl TEXHOMOMUW, 3aTEM PEKYP-
PEHTHBIA UTEPALMOHHBIV CUHTE3 (pUC. 1) 1 KOPPEKTUMPOBaHME CO34aHHON NepBOHaYaIbHO
CTPYKTYpbl TEXHOMOMMK Ha 6a3e NPUHLMMOB M 0COOEHHOCTEN CUHTE3a CNefyHLLER TEXHOO-
Ty, MOTOM MOC/eAYIOLLEN TEXHONOMMM 1 TaK fanee. 34ecb UCMOb3YTCA NpsMble U 06paT-
Hble CBA3M MEXAY 3TanaMm NPOeKTUPOBaHWS KOMMO3ULMOHHOM TeXHONorum. Npun 3Tom co3-
[aeTCs Ka4eCTBEHHO HOBasi CTPYKTYpa TEXHOMOMMW, U 3TO He CyMMa COeiMHAEMbIX TEXHO/O0-
TUii — 3T0 KOMNO3ULWS TeXHONOrniA. KOMNo3nLmoHHas TeXHON0rns no3BosnseT obecneumsaTb
N30eNNsM Ka4eCTBEHHO HOBbIE CBOMCTBA MO HECKO/bKMM HanpaBieHNAM, YAC/IO KOTOPbIX 3a-
BMCUT OT KOIMYECTBA BapUaHTOB COEANHSAEMbIX TEXHOMOTMIA.

MpoeKTUpOBaHME KOMMO3ULMOHHON TEXHOMOM MW BbIMONHAETCA NO3TANHO Ha MHOXe-
CTBe NapameTpOB KaX/0i TEXHOMOrMKU, KOTOPOe MOXHO NPeacTaBuTb B BUAe 060/104eK MHO-
YKECTB 0COOGEHHOCTEN NPOEKTMPOBaHUA TEXHONOIMIA, NPeACTaBNEeHHbIX Ha pUc. 2. O6LL i
MOAXOZ B CO34aHMN KOMMO3ULMOHHBIX TEXHOMOMM 6a3MpyeTcs Ha MHOrOypOBHEBOM NPOEK-
TUPOBaHWUU CTPYKTYPbl TEXHONOTMK B 060/104Kax X YPOBHEN. 34eCb 060/104KN TEXHOMOTUIA
CTPYKTYPUPYHOTCA CeayroLwmM 06pasom:

1. O6onoYKa CMHTE3a TEXHONOM WA MO BUAY METOAOB.

2. O60/104Ka CMHTE3a TEXHOOMNIA MO
Knaccy BO3[ENCTBUIA.

3. O60/104Ka CMHTE3a TEXHOMOMUIA M0 TU-
My NPOW3BOACTBA.

IIpuHUIUNBI CHHTE3A
TEXHOJIOT MM 110

BH/Iy METOI0B
TIpHHIMIBI CHHTE32
> (2 rtexnonornii no _ <
KJIaccy BO3/IeicTBHii
IIpuHOMIIBI CHHTE32
(3 “rexuouoruii no
THITY IPOM3BOICTBA

X. O60M104Ka CMHTE3a TEXHOIOr WA NO op-
raHM3aLMOHHO-TEXHOOrMYECKO hopMme.

X. O60onouKa C1HTE3a TEXHOMOMMI NO
(x) 10 opraHH3auHOHHo- o
TEXHOOTHYECKO (hopte Knaccy opraHn3aloHHO-TEXHONOTNYECKOU

: : (hopMbl.

[IpHHNHNBI CHAHTE3A TEXHOAOTHIL

[IpHHITILI CHHTE3A TeXHOOTHil
110 K71ACCY OPraHH3AINOHHO-
TEXHOOTHYECKOI (OPMBbL

KoMImo3znmnmmumoHHLIE
TEXHOJIOT MU

Puc. 1. Cxema CBA3el Mexay atanamm
CUHTE3a KOMMO3ULNOHHBIX TEXHOOT Ui

CneayeT OTMETUTb, YTO MeXAy 060/104-
KaMy [AeCTBYIOT UTepalyOHHO-PEKYPPEHTHbIE
CBS31, UTO MO3BO/ISIET CUHTE3MPOBATb U KOPPEK-
TUPOBaTb CTPYKTYPY KOMMO3ULIMOHHOTO TEXHO-
NIOrNYECKOro npouecca. NTepaunoHHo-
PEKYPPEHTHbIE CBA3M MeXAy OTAeNbHbIMU 3Ta-
naMy NPOEKTUPOBAaHWUS TEXHOMOTMIA NO3BONSHOT,
BO MepBbIX - NOC/eA0BaTeIbHO BbINOMHATL CUH-
Te3 CTPYKTYpbl TEXHO/OMMYECKOro npoLiecca Ha
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6a3e BCex 3TanoB KOMMO3WLMOHHbIX TEXHONOIMIA, BO BTOPbIX - NPOW3BOAMTL BO3BPAT Npo-
Lilecca MpOeKTUPOBaHWSA Ha Mpedpblaylime 3Tanbl ¥ KOPPeKTMpoBaTh pa3paboTaHHyK paHee
CTPYKTYpY TEXHOMOIMYECKOro npolecca, N B TPETbUX - NPU CUHTE3e TEXHONOMMN 06XOAUTD
OTZeNIbHble 3Tarnbl NPOEKTUPOBAHMA Kak B MPAMOM, Tak U B 06paTHOM HanpaeneHusx. 10T
noaxof [aeT BO3MOXHOCTb BECTW KOMMO3ULMIO, CUHTE3NPOBATb N KOPPEKTUPOBATL KOMIO-
3ULMOHHYIO TEXHOJOTUIO.

3ameTVM, 4YTO B 060/I04KE MEPBOro YPOBHSA (PUC. 2) BbIMOHAETCA CUHTES CTPYKTYPbI
TEXHO/IOrMYECKOro npovecca Ha 6ase NPUHLMNOB CUHTE3a TEXHONOMMIA NO BUAY MeToAoB. K
3TUM METOZaM MOXXHO OTHECTU CrieflytoLLme: MexaHUYecKoi 06paboTKmM, TepMUYecKoli 0bpa-
60TKM, XMMUYECKOW 00paboTKy, ..., KOMOMHMPOBaHHON 06paboTKW. AN peannsaumm TeXHo-
NOTUYECKMNX BO3LENCTBUIA MOFYT WUCMONb30BaTLCA pasNyHble MeToAbl 06paboTKN MU3LAeNuil.
OfHako Hambonee MepcrneKkTUBHO MPUYMeHEHWE KOMOWHMPOBaHHbLIX (TMOPUAHLIX) METO/0B
WKW TEXHOMOTWIA. TpUMEHeHe 3TUX TEXHONOrMUIA No3BOJISeT 0becrneunBaTb 3afjaHHble, Tpe-
Oyemble UK NpefenbHble CBOWCTBA U3LENNIA MAIMHOCTPOEHUS. MpK 3TOM KOMOUHMPOBaH-
Hble TEXHOMOMM [al0T BO3MOXHOCTb PeLlaTb BOMPOCHI MOBbILLEHUS KayecTBa M3fLennii 3a
CYeT CTPYKTYPbl TEXHOMOMMYECKOrO MpoLecca. Y C/IOBHO 3TOT MPOLLECC MOXHO MPeACcTaBUThb
KaK NOBbILLEHME Ka4YeCTBa U3LeNNs «BLUMPb» - MO CTPYKTYPEe TEXHON0MMYECKOro npovecca.

B 060n04ke BTOPOro ypoBHA (pUC. 2) BbINOMHAETCA CUHTE3 U KOPPEKTMPOBaHMe
CTPYKTYpbl pa3paboTaHHON paHee TEXHONOrMK Ha 6a3e MPUHLMMOB CUHTE3a TEXHO/OIMIA Mo
Knaccy Bo3fencTBui. K aTUM TEXHOMOMMAM MOXHO OTHECTU TPaLULMOHHBIE, MaKPO-, MUKPO-
1 HAHOTEXHO/OrMN. 34eCb HEOOXO0AMMO KOPPEKTUPOBATL U AOMOJHATL pa3paboTaHHYO paHee
CTPYKTYPY TEXHO/IOTMM HOBbIMY OnepauusmMu. 3TO 06YCNOBEHO TEM, YTO MaKpo-, MUKPO- 1
HaHOTEXHONOINW COAEPXaT PAL AOMONHUTENbHBIX OMnepaumii. Hanpumep, HaHOTEXHOMOr MK
BK/IIOYAOT CNejytolme LOMOMHUTENbHble onepaumn: obecreyeHne 0cobbIX COCTOAHWIA Be-
LLiecTBa, CMHTE3 HOBOrO Martepuasa, pasMesibueHvie MaTepmana, KOMNakTMpoBaHve MaTepuma-
na, COXpaHeHve A1CnepcHOCTY MaTeprana, ynpas/ieHe CBOMCTBaMU MaTepuana u3genms.

C NOMOLLbIO MaKpo-, MUKPO- ¥ HAHOTEXHO/MOMMIA peLlatoTcs BOMpockl obecneyeHus
3aflaHHbIX CBOWCTB U3MEeNNIA Ha KaXXA0N onepaummn, Hanpumep, KOMOMHMPOBAHHOIO MeToAa
WK C NOMOLLBI0 KOMOMHUPOBAHHbLIX METOA0B TEXHO/IOrMYECKUX BO3/ENCTBUWIA, TO eCTb YC-
NOBHO MOXHO MpPeACTaBUTb Kak MOBbILIEHWE KayecTBa M3Aenus «Briybb». B aTom cnydvae
[a/ibHelLLIee MOBbILLIEHWE KaYecTBa U3eNiA MaLlMHOCTPOEHUS Peann3oBbiBaeTcs 60/ee TOH-
KO 1 NPeLM3NOHHO YXKe Ha Makpo-, MUKPO- U HaHOYPOBHAX. Ha ocHoBaHuK 3TOro, npeobpa-
30BaHWe  CBOIACTB
N3LeNMin  [O/MKHbI
BbIMO/IHATLCA C NO-
MOLLbIO Makpo-,
MWUKPO- U HaHOTEX-
HONOT WA

B o6onouke
TPETbEro  YPOBHSA
(puc. 2) cHoBa Bbl-
I N MONHSAETCHA CUHTES U

KOPPEeKT1pOBaHue
CTPYKTYpbl CUHTe-
3MPOBAHHOW TeXHO-
normm  Ha  6ase
Puc. 2. MHOroypoBHEBbII CUHTE3 KOMMO3ULIMOHHBIX TEXHOMIOTUIA B MPUHLMMOB,  Onpe-

060104Kax X ypoBHei pgensowmxes  Tu-

Thn 10 Kjaccy opranngauuoﬂno
~Texy
o,

JIOI‘J,

TEXHOJIOI'HH 110
BIIY METO10B_~7
Kaaccy mosaenc T

KoMIOO3UIINOHHLIE
TEXHOJIOTU U
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nMom npoussoactea. B aTom cnydvae paspabarbiBaemas TEXHOMNOMMSA CTPOUTCA Ha OCHOBE
MPUHLMNOB TEXHOMOTUIA eUHUYHOrO0, CepUMHOIO U MaccoBOro NPOW3BOACTBA. W Tak Janee
BbIMO/IHAETCSA MOCTPOEHME KOMMO3ULMOHHON TEXHOMOMMM B 060/104KaX APYTUX YPOBHEN.

3arem, B 000/104Ke X-TO YPOBHSA MPON3BOAUTCA CUHTE3 N KOPPEKTMPOBaHWE CTPYKTY-
Pbl TEXHOMOMMK Ha 6a3e NMPUHLMNOB OpraHN3aLOHHO-TEXHONOMMYECKMX (POPM TEXHO/OT WA,
a VUMEHHO: efVHWUYHBIX, TUMOBbLIX, TPYNMOBbLIX WX MOAYNbHbIX TEXHONOIMA. W Tak aanee
CTPOUTCHA KOMMO3ULMOHHAA TEXHO/IOMTUA Ha CMeAYHOLLNX YPOBHAX NPOEKTUPOBAHNS.

[Janee, B nocnegHein 060104Ke X-ro YpOBHSA BbIMO/HAETCA CUHTES U KOPPEKTUPOBAHME
CTPYKTYpbl KOMMO3ULMOHHON TEXHONOrMN Ha 6a3e NPUHLMNOB ONpeeNstoWwmMxcs no Knaccy
OpraHu3aLMOHHO-TEXHO/IOrMYECKO (hOPMbl TEXHOMOMNIA. 34eCb MOTYT ObITb OObIYHbIE W/
(hYHKLMOHaIbHO-OPUEHTUPOBAHHbIE TEXHOMOTUN.

MOXHO OTMETUTbL HEKOTOPbIe XapaKTepUCTUKN 060/104EK MPOEKTUPOBAHNSA KOMMO3M-
LLMOHHOW TEXHONOTUNA:

1-11 ypoBeHb — (hyHlaMeHT, OCHOBa WY AP0 (DOPMUPOBAHUSA CTPYKTYPbI TEXHOOMUK;

X-M YpOBeHb - AOMOSIHEHWE, YTOUHEHNE, KOPPEKTMPOBKA CTPYKTYpPbI Ha 6a3e NpuHLK-
MoB paccMaTprBaeMOin TEXHONOT UK,

X-  ypoBeHb — ynpaBAsAloWas TexHonorms Ha 6ase  (PYHKUMOH&IbHO-
OPWEHTUPOBAHHOIO NOAX0AA.

PYHKLMOHA/IbHO-0PUEHTMPOBaHHbIE TEXHONMOrMM [5] [at0T BO3MOXHOCTb BECTU
ynpas/ieHe CBOWCTBaMWN U3AENUI Ha Pa3/IMYHbIX YPOBHAX (PYHKLMOHa/IbHLIX 3/IEMEHTOB, a
TaKXXe MO03BOMAT MOMHOCTLIO afanTUPOBaTb U3LENNSA NPU U3rOTOB/IEHUN K OCOBEHHOCTAM
UX 3KCcryaTauumy B MalliMHe WM TEXHONOMMYECKON cUCTeMe U 06ecrnevnTb 3aflaHHbIN, Tpe-
OyeMblii UK NpeaenbHbIA UX 3KCNIyaTauMoHHbIA NOoTeHLMan. 3To peainsyeTcs Ha 6ase 060-
NOYKMN (PYHKLNOHAIbHO-OPUEHTUPOBAHHON TEXHONMOT UK.

B npouecce peanuzauum

KJIACCHOHKALIAA KOMI'I03VILI|I/IOHHOI7I TEXHONOrnMn no-
KOMIO3HUIHOHHBIX iy -
oo oo i e
= ,
%4/ S\- ro, TeM, YTO B 3TUX TEXHONOrUAX
) : : 110 OCOBEHHOCTIM . o
= ; = = OBECHEIP%EEI/IJ{[HCI/%;O{/JICTB cBOMCTBA WM3AeNnA  AOCTUraroTCs
S=| |2E S= = cpasy Mo HECKONbKMM HanpaBieHu-
= == = =
E% E% E% %% [ocTonHAbE] [nepeveneE] 1M Ha 6ase MpUHLMNOB KOMMO3M-
== 2| = e .
=2 |28 |EE SE 6 6 6-
E= 52 == SE|| Heasucnmo 3aBucnmo B paboTte paspaboTaHa 0O
= =] o] = 3| |M3MEHAIONHECS| |H3MEHS IO eCS]|
g S 3 S|~ last  Knaccuukaums Komnosnuy-
= = = = OHHbIX TexHonorui (puc.3) [6].

)

HN3meHsiromuecst BO BpeMeHu

Mpw 3TOM 3a CYET TOro, YTO KOMMO-
3ULUMOHHAsA TEXHONOrns Cco3faeTca
Ha MHOXeCTBE pas3/InyHbIX NO 3Ha-
YMMOCTM TEXHONOrMIA 1 obecneyn-
BatoTCA nTepaLmoHHO-
PEKYPPEHTHbIE CBA3U Mexay 060-
NoYKamm rpouecca MNpoeKTUpPoBa-
HNA peasin3yeTcs BO3MOXHOCTb re-
HepupoBaHWA MHOXECTBa KOMIMO-

- 3ULUMOHHBIX  TEXHOMOTWK,  OTAK-
Puc. 3. ObLasn knaccuhmkaums KOMMO3ULMOHHbIX YaloLMXCA ApYr OT fpyra crefyto-
TEXHO/IOr Ui LMMm:

U OKCILIyaTaluu

o
BapHAHT,

Tlo 3akoHoMepHocTAM

AaaMarTuBHbIE

CMmMeunraHHbIE
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3aKOHOMEPHOCTSIM
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- KONINYECTBOM COEAMHSEMbIX B KOMMO3ULMIO Pa3NyHbIX MO 3HAYMMOCTM TEXHO/O0-
T,

- COCTaBOM COEfIMHSAEMbIX B KOMMO3ULMIO Pa3fINYHbIX MO 3HAYUMOCTU TEXHOMOT WA,

- CTPYKTYpPOI TEXHOMIOMMIA B KOMNO3NLWK,

- 0CO6EHHOCTAIMM 06ecreyeHns CBOMCTB U3LENWIA.

KOMMNo3u1LMOHHbIE TEXHOMOT MK 06eCreynBatoT BO3MOXKHOCTb U3TOTOBNEHNS U3AENNIA
C HeTPaAMLMOHHBIMI CBONCTBaMU, @ UMEHHO:

- U3MEHSIIOLLMMICA CBOWCTBAMM M3eN1a B MPOCTPAHCTBE U / NN BPEMEHMY;

- U3MEHAOLLMMUCS CBOMCTBaMM U3L4eNNA N0 HEOOXOAMMBIM 3aKOHaM;

- NOSAB/AETCA BOSMOXHOCTbL 06eCneumBaTh CBOMCTBA HA MaKpO-, MKPO- 1 HAHOYPOB-
HSX;

- NOSAB/AETCA BOSMOXHOCTb YNpaB/ieHWs CBONCTBaMU U3Lenns Ha 6ase NPUHLMNOB
(hYHKLMOHa/IbHO-OPUEHTUPOBAHHBIX TEXHO/OIWIA;

- CBOICTBAMU, N3MEHSIIOLLMICA B 3aBUCUMOCTY OT 3afjaHHbIX, TPebyeMbIX 1aun npe-
AeNbHbIX CBONCTB U3AENWIA.

Takum 06pa3om, PYHKLMOHaNbHO-0PUEHTUPOBAHHbIE KOMMO3ULIMOHHbIE TEXHOIOMMM
npeAHasHayeHbl 419 U3rOTOBMIEHWS U3AENNIA C HETPALULMOHHBIMUW CBOCTBaMM, & CleaoBa-
Te/IbHO, MOrYT 6bITb NPUMEHEHbI A1 MPOEKTUPOBAHMS MaLLWH 1N TEXHOMOTMYECKMX CUCTEM
HOBOrO NOKONeHNs. B aaHHO paboTe NpmBeseHO onucaHye 0CO6eHHOCTEN CUHTE3a 3TUX
TEXHONOMMI Ha 6a3e NPUHLMNOB KOMNO3ULMN.

Cnucok nutepatypbl: 1. PUNKO-TEXHOONMYECKIE OCHOBbI METOA0B 06paboTKu /
Mopa pea. A.lN. babuuesa. — PocToB H/[: ®eHuke, 2006. — 409 c. ISBN 5-222-09330-1. 2.
NyceB A.N. HaHoMaTepuabl, HAHOCTPYKTYpPbI, HaHOTexHonorum. — M.: ®USMATJINT,
20009. - 416 c. ISBN 978-59221-0582-8. 3. Cycnos A.[". TexHoNnornsg MalmHOCTPOEHUS:
YUebHUK A1 CTYAeHTOB MalLMHOCTPOUTESNbHLIX CnelmanbHOCTeN By30B. — M.: MalnHo-
cTpoeHue, 2004. — 400 c. ISBN 5-217-03223-5. 4. ba3pos 5.M. MopaynbHble TEXHONOTUK. —
M.: MawwuHocTpoeHue, 2001. — 368 ¢. ISBN 5-217-03061-5. 5. Muxaitnos A.H. OCHOBbI
CUHTE3a (PYHKLUMOHAbHO-0PUEHTUPOBAHHbIX TEXHONOIWiA. — JoHeuk: JoHHTY, 2009. — 346
c. ISBN 966-7907-24-4. 6. Muxaiinos A.H., Muxaiinosa E.A., Muxaiinos [.A. OCHOBbI
CUHTE3a KOMMO3ULIMOHHbIX TEXHOMOMMIA MalLMHOCTPOeHMS // OnTuMi3alis BUPOOHNUMX
MPOLECIB | TEXHIYHWIA KOHTPO/b Y MalMHO6YAyBaHHI Ta NpunagobyayBaHHi / BicHMK
HauioHanbHOro yHisepcuTeTy «/1bBiBCbKa NoniTexHika». Ne 713 — J1bBiB: HY «/1bBiBCbKa
MoniTexHika», 2011. C. 23 - 31. ISSN 0321-0499.

YK 629.78 .
CUHEPIETNYECKUN CUMHTE3 CUCTEMBbI ¥TIPABJIEHWA
CKAHVPYROLWEW NMJTAT®OPMbl KOCMWYECKOI O ATMAPATA

KannyHoBckasa A.A., PbiobnHckas T.A.
(kadp. Cully, ka. MexaHnkn TK FO®Y, r. TaraHpor, Poccus)

CVHepreTMYecknini Noaxof, WM3noXeHHbIli B [1], NO3BOMM OCYLIECTBUTL CBOEr0 poja
MPOpbIB B 0611aCTU CUHTE3a U NPOEKTUPOBAHMS MHOTOMEPHBIX M B3aMMOCBSI3aHHbIX CUCTEM
yNpaBneHUs LIKPOKMM KNACCOM CNOXHbIX HEMMHENHbIX AMHAMUYECKMX 06bEKTOB PasnnyYHOI
(hm3nyecKoii NpMpoAbl. ATOT MOAXOM HalleN KOHKPETHOE MPUMEHEHNE B OCHOBHOM AN pe-
LLIEHWS1 NPOGNEMbI YNPaBNEHNS HENMHENHBIMM TEXHUYECKMM 06beKkTamn (poboTamu, Moj-
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BVDKHbIMY arnaparamu, TEXHOMIOTMYECKMKN arperatamm n T.4.), KOTOpPble OXBaTblBAOT 06-
LUMPHYHO 0611aCTb KOHCTPYKTUBHOW AeATENIbHOCTY YesioBeka.

MpyHUMNUaNbHOE OT/IMYME CUHEPreTUYecKoro noaxofa OT K/acCUMYecKMX MeTOLOB
HayKW, Ha KOTOPbIX OCHOBAaHO CYLLECTBYIOLLEe eCTECTBEHHOHAYYHOE W1, CNefoBaTe/bHO, WH-
YKeHepHOe 06pa3oBaHMe, COCTOUT B BbISBNEHUN (DyHAAMEHTa/IbHON po/n CBOCTBa CamMoop-
raHu3auumn B HeIMHEMHbIX AMHAMUYECKMX CUCTeMaX. Takxke Heo6X0AMMO NOAYEPKHYTh, YTO
B OT/IMYME OT KNaCCUYEeCKOro noaxoaa MexaHnKu, Koraa MHBapuaHTHbIe MHOroobpasus oTbl-
CKMBAIOTCH, B CUHEPreTUYECKOW TeOPUN 1N METOAax CUHTe3a OHU 3a[alTCs Kak XKenaemble v
MMEKT HernoCpeACTBEHHbIV (DU3NYECKMIA CMbIC/, CBA3aHHBIA C NPUPOAOIA NCXOLHOIO Henu-
HeNHOro 06bekTa 1 TPeboBaHMAMY TEXHONIOMMYECKOI 3a4auu, A1 PELLEHNS KOTOPOM U CUH-
TesnpyeTcs cuctemMa ynpasneHus oobekTa [1].

B HacTosLLel paboTe NOKa3aHO peLleHne 3aaum CUHTEe3a alropuTMOB aBTOMaTUYeCKO-
ro ynpaeneHus opouTaibHbIM CErMEHTOM CUCTEMbI AUCTaHLMOHHOIO 30HAMPOBaHUSA 3eMu
(A33), obecrieumBaroLLMin 3aaHHOE ABVKEHME CKaHUPYHOLLE NnaT(opMbl C LeMb pacLum-
PEHUs NONOCLI 30HAMPOBaHNSA, C NoMoLLblo MeToaa AKAP, n3noXeHHOro B [1], a Takxe nog-
X0Aa, U3N0XEHHOro B [2].

CuHTe3 cucTeMbl ynpasieHUs NosoXeHNWeM CKaHepa. byaem cuntatb, YTO CKaHU-
pyloLLiee YCTPOMCTBO MOXET COBEpLUATb YI/10BOe NnepemMeLleHne B 60KOBOM HamnpasneHuu oT
NNHUW ABUXKEHNA KOCMUYECKOro annapara. Torga AvHammnka yrnioBoro nepemMeLLeHns ckaHe-
pa OnuncbIBAETCA YPaBHEHUAMU:

o@t) = w; )
Ja(t) =M, — Ky,
roe 6 v @ — yron noBopoTa ckaHepa OTHOCUTENbHO BEPTMKA/IbHOW OCY M ero yrnoBas CKo-
pOCTb, Mynp — MOMEHT YNpaBieHnsa, Kmp - KOIMPULVEHT TPEHMSA, J — MOMEHT MHEpLK CKaHe-
pa.

MocTaBM 3afavyy CUHTE3a YNpaBnAtoLEro MOMeHTa, 06ecrneymBatoLLero rapMoHmye-
CKue KonebaHus yrnoBoro nosioXKeHUs ckaHepa ¢ 3afiaHHbIMU aMnANTYLOA Amax U 4ACTOTOM
@ .

[na pelueHWs [aHHOW 3ajayy UCMONb3YeTcA NOAXOA, M3NOXEHHbIW B [2]. CornacHo
3TOMY MOAXOAY MPU CUHTE3e airOpUTMOB YNpaBieHUs UCMob3yeTca MaTtemaTmMyeckas mMo-
[e/Nb PacLUMPEHHOW CUCTEMBbI, COCTOALLAA U3 YpaBHEHMIN CamMOro 06beKTa U ypaBHEHWI 3Ta-
NOHHOrO ocumnnsTopa. B kayecTse MOAeNN 3TAIOHHOIO OCLUANATOPA UCMO/b3YHOTCA MOLENN
M3BECTHbIX aBTOKo/ebaTenbHbIX cuctem (MyaHkape, BaH gep Mons, Penes u ap.). CyTb nog-
X0/a 3aK/04aeTca B CNnefytoLemM: ofHa U3 nepeMeHHbIX MOZENU 3TaAIOHHOro oCLmMNnsTopa

PacCMaTPUBAETCs Kak 3Ta/loHHas nepemeHHas — y®, KoTopas U3MEHSETCA BO BPEMEHN Ke-
NlaeMbIM 06pa3oM. B TO e Bpema 0fHa U3 nepeMeHHbIX Mofenn obbekta — x(© asnaetca
YNpaBsieMoi C TOUKWN 3peHMst peLlaeMon 3afjaum — reHepauumn perynspHbix KonebaHuin. To-

rga 3agaya CUHTe3a MOXET ObITb CHOPMYNMPOBaHa CNeAyHoLWMM 06pa3om: TpebyeTcst HaliTK
3aKOH YNpaBfeHUs Kak (yHKLIMI0 KOOPAMHAT COCTOSHIS PaCLLMPEHHON cUCTeMbl, obecrneyu-

BAIOLLIA aCUMMTOTUYECKOE CXOX/EHE YNIPaBNAEMOii N 3Ta/IOHHOI nepeMeHHbIx: x(&  y©
[2].
B KauecTBe MO/ENN 3TA/IOHHOMO OCLMNIATOPA UCMOMb3YeTCs U3BECTHas cuctema My-
aHKape:
. — 2 2 2
Y1(t) = (Anax = Y1 —¥2) Y1t @gYo,

. 2 2 _ .2 2)
Y2(1) = (Anax = Y1 —Y2)Y2 —@pYs.
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Takum 06pa3om, Moaenb CUHTe3a OyfeT cogepxxatb ypaBHeHUs (1) u (2). MNepemeHHble
M napameTpbl (2) MOXHO paccMaTpuBaTb KakK «BHYTPEHHME» MepeMeHHbIE M MapameTpbl
3aMKHYTO CUCTEMBI.
Beegem nputarnearoLLee MHBapMaHTHOE MHOroobpasme
y1 =w=b(0-y;)=0. ()
OHO NPUBOANT K AUHAMUYECKON [EKOMMO3ULMM PacLUIMPEHHON CUCTEMbI:

o(t) =b(0-v,);
V() = (A2ex = VL = Y2) Y1 + @ Ys,

V2 () = (Amax = Y1 = ¥2)¥2 ~ @Y1
OueBnaHO, YTO Npn b<0 ynpasnsiemMas nepeMeHHast @ OyaeT aCMNTOTUYECKM CTPEMUTLCA K
3Ta/IOHHOW NepeMeHHON Y1, KOTOpas B CBOK Ovepedb Konebnetcs ¢ aMnanTyaon Amax U yr-
NOBOWA 4aCTOTOW @, .

ACKOMBIiA 3aKOH yrpaBieHns SBSETCA peLleHreM (YHKLMOHAIbHOIO YpaBHeHUA
Ty () +y, =0
B CU/y ypaBHeHWiA Mogenn (1) u (2), UMeeT crnefyowmii BUA:

J
M ynp = Kmp@ + I0(@ = (AZex = V5 = ¥3)Y1 — @pY5) - (@=b(O0-yy)). (4)
1

Pe3ynbTaTbl KOMMbLIOTEPHOr0 MOAENNPOBAHUA 3aMKHYTOIR cuctemsl (1), (2), (4), npea-
CTaB/ieHHble Ha puc. 1-3, NOKa3bIBatOT, YTO 33a4a reHepaLmm 3ajaHHbIX KonebaHuii cKaHepa
BbINO/HAETCS.

MpeacTaBneHHble B fOKNafe pe3y/bTaTbl AEMOHCTPUPYIOT 3((eKTUBHOCTL NPUMEHe-
HUS METOLOB CUHEPreT1YeCcKoi Teopun yrnpaBneHus 4S5 CUHTe3a aBTOMATUYECKUX peryns-
TOPOB, MO3BONAOLMX YNYYLIUTL KAYECTBO cucTeM [133, Takxe crefyeT OTMeTUTb, YTO 0630p
NNTEPaTypbl NOKasas, YTO OpraHn3aumns AMHaMUYeCKOro ABMXeHUs CKaHepa AB/AeTCA BeCbMa
nepcneKTUBHOM.

o, pa/c
0.6
0.4
' 0,2
. - 0 1. ¢
| =N
20 30 40 50
] -0.4
-0,2
£ -0.6
Puc. 1. 'ameHeHMe yrnoBoro nonoXeHns Puc. 2. MIaMmeHeHWe YrnoBoi CKOPOCTH CKa-
CKaHepa BO BpeMeHU Hepa BO BpeMEHU
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Puc.3. /3MeHeHVe yrnpaBsitoLLEro MOMEHTA BO BPEMEHM

Cnucok nutepatypbl: 1. KonecHukos A.A. CuHepretTnyeckas Teopus ynpasneHUs—
M.: SHeproatommsgat, 1994. 2. MonoB A.H. CuHepreTnyecKnii CUHTE3 PerynsaTopos Ans 3a-
[lay reHepaummn KonebaTenbHbIX PEXMMOB B TEXHUYECKUX cuctemax/ N3sectus KOPY. Tex-
HMYECKMe HayKn. TeMaTUYeCKnin BbiMycK «KoMniekcHas 6e30MacHOCTb CNIOXHbIX CUCTEM». —
TaraHpor: M3a-80 TTU HO®Y, 2012. — Ne 4 (129). —C. 156-162. 3. Nap6yk C.B., 'epLueH30H
B.E. KocMunyeckue cuctembl AUCTaHLMOHHOMO 30HAMPOBaHUA 3emnun. — M.: 3naTenscTso A
n b, 1997. 4. Mo3srosoin [.K. ¥npaBneHne opveHTaumein KA [133 BbICOKOI pa3peLuatoLLel
CnocobHocTn. — M.: BeCTHWK [lHenponeTpoBCKOro YHMBepcuTeTa, cepus «PakeTHO-
KOoCMUnyeckasa TexHuKa», 2009. Ne 4. Boin. 13, Tom 1.

YK 621. 923
CMOCOB CBOPKU MALKNX LITNHAPUYECKIX
COEAVHEHU C 3A30POM

Kynbbuga O.O., NweHko A.J1., PeHunK J1.H., NMoHamapésa E.A.
([loHeLKwWiA HauMOHaNbHbIV TEXHUYECKUIA YHUBEPCUTET, YKpaunHa)
Ten./®akc: +38(062) 3010804; E-mail: olga_kulbida@mail.ru

AHHOTauma. B cTaTbe npuBefeHbl pes3ynbTaTbl WUCCNELOBaHUS BO3MOXKHOCTU COOPKM
rNafKNX LUMNVHAPUYECKUX COEAMHEHWIA C MCMONb30BaHWEM BMOpaLMiA, MPUNOXKEHHbIX BAO/Mb
ocy coopku. Mpeano>KeHHbIn cnocob OTAMYaeTCsa OTCYyTCTBUMEM MPUHYANTENLHON OPUEH-
Tauun cobupaemoin aeTanum, NPUNo>KeHneM KonebaHwii TONbKO K 6a30BON ageTanun, OTCyT-
CTBMEM CWIOBOrO AOCbINAHWS AeTaanm B COeAMHEHME, BO3MO>XKHOCTbLIO COOPKM feTaneii C
pasnMyYHbIMK N0 hOpMe 3aX0AHbIMU YaCTAMM.
KnoueBble cnosa: coeiuHeHne, cOopKa, B1UbpaLms, aKCnepuMeHT, Cnocoo, 3a3op.

1. BBefeHue

COBpPEMEHHbI YPOBEHb Pa3BUTUSA MaLLMHOCTPOEHWUS NpeanonaraeT yMeHbLUEHNE KO-
NYECTBa PYYHOrO TPyAa U yBENNYEHME KOMMYECTBa aBTOMATM3MPOBaHHbIX NPOV3BOACTBEH-
HbIX NpoLEeccoB. Ha CerofgHAWHMIN feHb NPOLEecChl MeXaHN4ecKoin o6paboTkM aBToMaTU3u-
POBaHbl AOCTaTOMHO LLUMPOKO, NPOLIECCHI COOPKMX B CUMY CNOXHOCTY peanin3aumm 1 MHOFOHO-
MEHKNaTYPHOCTW COeAMHEHWNIA Cnabo O0XBayeHbl 3TOM npoLieccoM. MexaHu3aums B CO0pKe
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coctasnseT 40%, a aBToMaTum3auuns Bcero 5...6%. 3T0 OCTPO CTaBUT 3afayy CO3[aHWNs aBTo-
MaTUYeCKMX COOPOYHbLIX CUCTEM 06/1afatoLMX AOCTaTOMHON MMOKOCTHLIO MpY nepexoge Ha
APYryt0 HOMEHKNATypy cobupaeMbiX M3Aenuin n 061afarowmx BbICOKON NPON3BOAUTENBHO-
CTbO N8 YMEHbLLEHNS Ce6ecToMMocTn n3genus. MoaToMy npeacTaBnseT UHTepec obecne-
YeHMe BO3MOXXHOCTU MCMONb30BaHMA O4HOr0 060pyA0BaHMA AN1S AeTaneli C pasfIMyHON reo-
MeTpueii cobrpaeMbiX COeAMHEHWA.

MpeanoXeHHbln npod. Bo3poBbiM .M. MoaynbHbIA NpUHUMN [1] AaeT BO3MOXHOCTb
yAO6HOro MaTeMaTM4ecKOro OrnucaHus COoYeTaHWs MOBEPXHOCTe. [Mocne npoBeAeHHOro
aHanm3a [2, 3] MOXHO cAenatb BbIBOL O BO3MOXHOCTM COOPKM pasHbIX MO TUMY Y FeOMeTpUm
MoZynel coefMHEHNIA Ha OJHOM 060PYL0BaHUM MPY UCMO/b30BaHUN BbIENEHHBIX B NPOLEC-
Ce aHa/In3a MAEHTUYHbIX CXeM. OTO 4aeT BO3MOXHOCTb 00beMHATb Pa3HOPOAHbIe U3LeNNs B
rpynnbl, Nepexo4nTb K 60/bLLEA CEPUAHOCTYU BbIMyCKa U UCNO/Mb30BaTh A1 COOPKM aBTOMa-
TUYeCcKoe 060pya0BaHNe, paboTaroLLee No NAEHTUYHbLIM KUHEMATUYECKM CXeMaM.

Llenbto mnccnefoBaHus ABNSETCA NPeLoXeHWe cnocoba CO0pKM pasinyHbIX MoAy/ein
COejUHEHNI NO OAHON KMHEMATUYECKONM CXeme, KOTOPYHO MOXHO peasv3oBaTb B O4HOM c60-
POYHOM aBTOMaTe. B COOTBETCTBUM C Lie/Ibl0 MOXHO NOCTaBUTL CleaytoLme 3agayumn: npea-
NOXUTb CNOCO6 COOPKM, KOTOPbIV NO3BONUT COOMPaTh Pas/inyHbIe NO TUMY U FTEOMETPUM MO-
AYyNW, YMelowme NAEHTUYHbIE KMHEMATUYECKME CXeMbl COOPKW; MpPOBEpUTb 3KCMEpUMEH-
Ta/IbHO BO3MOXXHOCTb peasin3auum npeLioxXeHHoro cnocoba.

2. OCHOBHOE cofepyXaHue paboThbl.

AHanun3 CyLLECTBYIOLLMX CXeM COOPKM [4] nokasas, YTo pacnpoCcTpaHeHHbIM 1 [OCTa-
TOYHO YHMBEPCa/IbHLIM CNOCO60M ABNSiETCS cOOpKa C UCNO/b30BaHeM BUbpaunii. Hanbonee
pacnpocTpaHeHHOW CXeMOW ABNAETCS CXeMa C NPUIOXKEHNEM BUOpaLMiA nonepek ocu cObopKu
K 6a30BOM M K COOMpaemoi aetansim, C UCMO/b30BaHWEM CPeACTB aganTtaumn u npuHyaun-
TeNbHbIM AOCbINaHNEM COOMpaeMoii feTann B coefnHeHMe. Mofo6HbIe CXeMbl 6€3 COMHEHWS
06/1a4al0T pAAOM NPEUMYLLLECTB — BO3MOXHOCTb COOPKU NPU 3HAYMTENbHLIX Yriax nepekoca
oceil aeTaneii B Ha4ya/lbHOM NONOXEHUW, CO0PKa COEANHEHWIA C Pa3NIMYHOM BENNUNHON 3a30-
pa, cbopka NPOUIbHbIX COEANHEHUIA N Ap. HegocTaTKaMu pacCMOTPEHHBIX COCO60B ABNS-
t0TCA He06XOAMMOCTb 0becneyeHns NPUHYAUTENBHOMO ABUXKEHUS aBTOMOMCKA CO6Vpaemoii
Aetanu, NPUNOXeHMs BUOpaunii K 06enm aetansim, MCNOMb30BaHME YCTPOMCTB agantauumn u
CWI0BOr0 AOCbINaHNA CObMpaemont feTanu.

Mo pesynbTaTaM aHaIM3a CYLLECTBYIOLMX CXeM COOPKU M PacCCMOTPEHHBIX paHee Ku-
HemMaTnyecKMx cxemMam Oblnia NpesnoXKeHa cxema c60pKM — K 6a30BOI LeTanun NPUKIaAbIBaIOT
B1GpaLmn BAOMb OCK COOPKK, MPUHYANUTENIbHOTO ABMXXEHUS aBTOMOMCKA Y CObMpaeMoi feTa-
NI HeT, COBMELLEeHMe OCeil feTasneil MPOMCXOAUT 3a CUYeT caMOyCTaHaB/IMBaHUA AeTain Mog,
[elicTBrEM BUBpaLnA.

[na nNoATBepXKAeHNS BO3MOXHOCTU peanunsauuy NpeanoxXeHHOMW CXembl Obinv NpoBe-
[eHbl 3KCrepuMeHTaNbHble UccnefoBaHns. Lienbio NnpoBeAeHNs aKCrnepuMeHTa SBASN0CH On-
pefenieHne BOSMOXHOCTU 1 BpeMeHU COOPKM AeTaneid Tuna Bai-BTyNKa Npu passiMyHon reo-
METPUK 3aX0HOIN YacTW KOHLA Basia NOJ BO3AENCTBMEM KonebaHWin, nepefaBaeMbix 6a30B0M
[ieTann BLONb OCY COOPKU

[ns peannsayun npouecca c60pkun 6bl1a CKOHCTPYMPOBaHa U M3rOTOB/IEHA KCMEPU-
MeHTa/lbHasA yCTaHOBKa. MpuHUMN LeiACTBUSA YCTaHOBKM 0TOBPpaXkeH Ha puc. 1: cbopka npo-
NCXOAMT MOA AeiCTBMEM BMOpaLMiA, KOTOpble MPUKNaAbIBAKOTCA TONKaTeneM 6 K ynpyromy
3N1eMEHTY — CTONY Masiol TOMWMHBI 1, HA KOTOPOM 3aMKCMpoBaHa OT CABUIOB Ha ornope 2
6a3oBast feTasb «BTY/Ka» 4. Uepes )eCTKO 3aKpernieHHYH Hanpas/istoLLyo BTY/IKY 3 B 30HY
cO0pKM nofaetcsa cobupaemas getanib «0Cb» 5.
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Puc. 1. MpuHUMN AENCTBUSA 3KCMepu- Puc. 2. 30Ha COOpPKM 3KCreprMeH-
MEHTa/IbHOIN YCTaHOBKM Ta/lbHOW YCTaHOBKM

B 13roToBNEHHOI YCTaHOBKE OMMWUCaHHbIVA NPUHLMN COOPKM peasm30BbIBa/ICA 3a CHET
TOro, Yto 6asoBasd feTa/lb «BTy/IKa» YCTaHaB/MBaNaCb Ha CTO/T Masiol TO/LMHBI, KOTOPLIN
BbIMOHAN (PYHKUMIO YNPYroro 3feMeHTa, CTON (PUKCUPOBA/ICA Ha Hanpasnsalolwmx 6e3 fo-
MOSTHUTENIbHOW OpUEHTaLUN OTHOCUTENBHO FOPU3oHTaIN. Brbpauumn npuknagsiBasmch K CTo-
ny TonKaTenem, KOTOpbIA COeAMHEH C ABUraTesieM MOCTOSHHOrO TOKa. YacToTa yaapoB no
pesynbTaTam npeaBapuTeNbHbIX UCCNeA0BaHMi Oblna NpuHaTa 24 Iy,

B kauecTBe (hakTOpOB NpuW MPOBEAEHUN UCCNefoBaHUA Gbiny BbIGPaHbI reomeTpus 3a-
XOAHOW 4acTy KOHLOB Bala U OTBEPCTUSA BTY/IKW. B KayecTBe orpaHuyeHunsi BblopaH 3a30p B
coefiHeHUN. TpUHATBI CiefytoLne BapUaHTbI:

- cobumpanuck coeanHeHms @10H9/f9, @10 HO/d9, @10 H9/e9;

- BTY/IKa MMena CneayroLLmin pasmep 3axogHbIx dacok: 1,6x45°, 1,6x30°;

- Ba/1 UMEN CNeaytoLLyto reoOMeTpmio 3axX04HOM YacTy KOHLL0B Basa: (hacka 1,6x45°, ran-
Tenb R1,6, hacka 1,6x30°, 6e3 3aX0HOI YacTu

B pe3ynbTaTe NpoBeAeHUS 3KCMEPUMEHTA MOMTyYeHbl pPe3ynbTaTbl, NPeLCcTaB/eHHble
Ha puc. 3a u puc. 36.

Habntofaemblii npoLecc cO0pKM ABNSNCSA CNOXHbLIM 1 BKAKOYaN B cebs ABa aTtana:

1) aTan opueHTauuMK, Korga cobmpaemas AeTanb «Ban» COBEPLUAET ABMXKEHWUS aBTOMO-
MCKa OTHOCUTENIbHO OTBEPCTUS B 6a30BOW AeTa/IN «BTY/IKa» [0 COBMELLEHWNS OCEe;

2) aTan CoBMeLLeHUs AeTanen.

Mpyn NpoBeAeHUN 3KCMepUMeHTa BO BPeMs MepBOro aTtana Habnoganucb SABEHUS
nofbpackiBaHMA Basia Ha TopLe BTY/IKM Npu (hopme KOHLa Bana «6e3 3aX04HOM 4acTu» U «3a-
XOAHas YacTb - (hacka» 1 SBMEHNA KavyeHWs KOHLa Bana No Topuy BTY/IKM Npu (hopMe KOoHLa
Ba/la «3aX0/[lHas YacCTb - ra/Te/lb», MNOC/Ee 3TOr0 CKOMbXEHWE Bana no hacke 0TBEPCTUS BTYN-
K. Bo Bpems BTOPOro atana Nnponcxo4uno najeHue Bana BAO/b OCU OTBEPCTUSA BTY/KU, Bpe-
M$l KOTOPOrO U3MEeHS/1acb B 3aBMCUMOCTU OT 3a30pa B COEAVHEHMMN.

B o6LueM, ABMXEHMS NPU COOPKe NO AaHHOW CXeme OTBEYatoT CeAyHoLLEen nocnemo-
BaTe/IbHOCTW:

- nocne yaapa obe getanm noabpackiBaeT Ha CTO/E, BO BPeMs ABUKEHUS OCb [OBOpa-
4MBaeTCA, NMPUHMMAA BEPTUKa/IbHOE MOJIOXKEHWE, MOCNe NMPU3EMIEHUs OHa NPOCKa/1b3bIBaeT
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MO HaK/OHHOI MOBEPXHOCTM TOpLIA BTYNKM. MpocKarnb3biBaHWe ANUTCS [0 CReaytoLero yia-
pa TONKaTeNs, NoC/e 3TOro LMK ABUXKEHWIA MOBTOPSIETCS.

- MOCNe [JOCTVXKEHWS OCbO 3aXOfAHON (hacku BTYNKM, OCb CKOMb3WUT MO HEil 1 nocne
nonagaHus B OTBEPCTVE NafaeT Mo AelicTBrEM COGCTBEHHOIO Beca BAO/b OTBEPCTMS BHM3
Ha rNy6uHyY, PaBHYH PasHOCTY FNY6KHbLI OTBEPCTUS 1 BbICOTbI PUKCUPYHOLLIEV OMOpbI.
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Puc. 3. OkcnepnmeHTaIbHbIE AaHHbIe

3. AHanm3 nonyyeHHbIX pe3yNnbTaToB AaeT CnefytoLne BbIBOAbI:

1. [Npn oTpuuaTeNlbHOM 3HAYEHUN YINa « HaK/I0HAa OCU Basia OTHOCUTE/IbHO OCU
COOPKM Bpems COOPKU MMEET HaUMeHbLLINE 3HaYEeHNS.
2. Mpun NONOXNTENBHOM 3HaYeHUW yrna o 67M3KOM K HY/KO, B npoLiecce c6opKu

MPOUCXOANUT BbICTPasi OPMEHTALMS OCW Basia OTHOCUTENbHO BEPTUKanM, Yron npuobpeTaeT
3HauyeHve « =0 1 npouecc C60PKM NGO He NPOUCXOANT, TGO 3aTArMBaeTCs.

3. BosnbLuee 3Ha4YeHNe UMeeT BeIMUMHA 3aX04HON acku BTY/IKW, YEM reOMeTpus
KOHUa Bana. Mpwv BennYMHe 3axoAHoN (ackm 1,6x45° cbopka npomcxoanT GbICTpee.
4. He npocnexusaeTcs 3aBUCUMOCTb MEX[Y BPeEMeHeM COOPKW U BeIMUYMHOM

CMELLEHNs OCY Bana BAO/b FOPU3OHTA/IbHOM OCK UM M3MEHEHMEM yr/a Hak/loHa OCU Basia
OTHOCUTENIBHO OCU COOPKYM (MPU MONOXKUTENbHBIX 3HAYeHMsSIX &). DTO roBOPUT O TOM, YTO
HET He0OXO0AMMOCTM B TOYHOI OpPMEHTALMIN OCK Bana OTHOCUTENbHO OCK COOPKK, YTO MO3BO-
NAeT UCK/IKYNTL NMEPEXOA MO OPUEHTALMMN Bana U3 TEXHOOMMYECKO onepauym cbopkm, co-
KpaTuB TakuM 06pa3om onepauyoHHOE BpeMsi COOPKM M AaeT BO3MOXHOCTb YMpOCTUTbL COO0-
pOYHOe 060pyA0BaHNE.

5. Cnocob c60pKM 3aLMLLEH NATEHTOM Ha MOJe3HYH0 Mogesb [5].
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Cnucok nutepatypsbl: 1. ba3pos b.M. TexHonorus cbopky malunH: y4ye6. MNocobue
/B.M. Baspos, O.B. TapaTtbiHoB, B.B. Knenpwkos // nog ob6uiei pea. .M. basposa. — M.: U3-
Aatenbckuin gom «CnekTtp», 2011. — 368 c. 2. cnonb3oBaHWe MOAYNbHOrO NPUHLMMNA NpW
MOZENMPOBaHUN ABVKEHWIA B npoLecce CO0pPKM B aBTOMaTUYeCKOM CH60poYHOM poTope /
0O.0.Kynbbuga, A.J1./weHKo, J1.H.®eHuk, E.A. MNMoHamapesa // TporpecuBHi  TeXHONONIT |
cCUCTEMM MalLUMHOOYAyBaHHA:  MiXHapoaHWin 36. HayKoBuX npaub. — [oHeubk: JOHHTY,
2012. Bun. 43. — 180-187 c. 3. Kynbbumaa O.0.AHaNN3 KNHEMATUYECKMX CXEM COOPKM Ha OC-
HoBe mopynbHoro npuHumna. / O.0. Kynebuga, HO.B. CeatHasa / Ussectua TTU HODY —
JoHHTY. Matepunanbl ognHHaguaToro MexxayHapoaHoro HayyHo-npakTMyeckoro ceMmHapa
«[pakTuKa 1 nepcneKkTyBbl Pa3BUTUS NapTHEPCTBA B C(pepe BbICLUEN LUKOMbI». B 3-X KH. —
TaraHpor. 3a-80 TTU FO®Y. KH. 3. 2010. Ne 10. — 193-196 c. 4. ABTOMaTMYecKasa 3arpyska
TexHonornyecknx MawnH: CnpasouHuk / V.C. bnaxepos, .M. Bapbaw, A.A. VIBaHOB 1 ap.;
Mopa o6buw. Pea. M.A. Knycosa. — M.: MawuTHocTpoeHure, 1990. — 400 c. 5. IMaTeHT Ha KOpUCHY
mogenb Ne UA (11) 79689 U. Cnocib cknagaHHa getaneit Tuny Ban-sTynka / Kynsouga O.0.,
®eHik /1.M., lweHko O.J1., Muxainos O.M.; 3asBuTeNb U NaTeHTo06NaaaTeNb: JepXXaBHWi
BULLMIA HaBYaNbHWI 3aKknag "AoHHTY ". — ony6.. 25.04.2013. Bron. Ne 8.

YK 621.9.025
TEXHOJTOI' MYECKOE OBECITEHEHUE MNMPOUN3BOACTBA
3YBUATbIX KOJIEC HA BA3E
PYHKUMNOHAJIBHO-OPNEHTUPOBAHHOIO MNMOAXO4A

NaxnH A.M., TapxoB H.C. (JoHHTY, r. [loHeuK, YKpanHa)

AHHOTauusa. B paboTe pacCMOTPEHbI OCOOEHHOCTU MPUMEHEHNS (DYHKLIMOHANBHO-
OPUEHTMPOBAHHOI0 NoAxoAa Npu NPOM3BOACTBe 3ybuaThiX Konec. MNMpeano>KeHbl BapuaHTbl
obecrneyeHnsi nepemMeHHbIX CBOMCTB paboyero npodnns 3yobeB B 3aBUCMMOCTU OT XapakTe-
pa AencTBKA aKCnayaTaUMOHHbIX (PYHKLMIA.

Knouesble cnosa: 3ybuaTble Koneca, (hyHKLMOHaNbHO-OPUEHTUPOBAHHbLIA MOAX0A,
30HbI UCMONHATE/NbHbIX Pabounx 3N1eMEHTOB Konec, (DYHKLUMOHAIbHOE Ha3HaYeHNe.

3ybuaTble nepedayn nofyvynnn Hambosnbllee NPUMEHEHME U3 BCEX BUAOB CU/OBbIX
nepefay 4To 06YCNOBNEHO MX OCHOBHbLIMW MPEUMYLLLECTBAMW Haf, OCTa/lbHbIMW BUAaMK Me-
peday, cpeam KOTOPbIX: BbICOKas HaAeXHOCTb M [0MrOBEYHOCTb, BO3MOXHOCTb Mepeaaym
Hambo/ee BbICOKMX KPYTSALLMX MOMEHTOB M CKOPOCTEN Npu ManbIxX rabaputax. Bmecte ¢ Tem
AaHHble NPEUMYLLIECTBA AOCTUraKOTCS BbICOKMMU TPe6OBaHUSIMU K TOYHOCTM, LLEPOXOBATO-
CTVW MOBEPXHOCTU N (DM3MKO-MeXaHMYEeCKMM CBOMCTBaM MaTepuana 3ybuaTbiX KOMec, 4To
06ycnaBnMBaeT A0BO/IbHO BbICOKYH) TPYAOEMKOCTb WM3rOTOB/IEHUS U MPUMEHEHWNE AOPOrUX
MaTepranioB 3aroTOBOK.

AHanM3 NPUUNH BbIXOAA U3 CTPOS U CHUXKEHUA 3KCMyaTaUMOHHbLIX (YHKLUMIA 3y64a-
TbIX nepeday, NO3BOMN/ 3aMETUTb, JaHHbIA NPOLECC NPOMCXOAUT BCMEACTBUE M3HOCA HEKO-
TOPOW HE3HAUNUTE/bHON YacTW 3/1EMEHTOB 3y64aTbIX KO/EC, TOrAa Kak Ha OCTa/lbHbIX - U3HOC
He3HaunTeNeH UNN OTCYTCTBYET BOBCE. HeMasioBaXXHbIM (PaKTOPOM TakXKe AB/ISETCA Hepas-
HOMEpHbIN XapaKTep M3HOCa ObICTPO M3HALLMBAEMbIX MOBEPXHOCTEN, UTO BbI3BaHO pas/ny-
HbIM XapaKTepoM [eNCTBUS 3NEMEHTOB COMPSHXKEHHON AeTann Npu MOCTOSHHbLIX CBOMCTBAaX
M3HALLMBAEMOro y4yacTka. [103TOMy OfHOW M3 3aday COBPEMEHHOr0 MaLUMHOCTPOEHUS Mpwu
NMPOM3BOACTBE 3y6uaTblX KOMec, 06ecrneymTb CBOWCTBA Pa3/IMYHbIX 31EMEHTOB COr/laCHO YcC-
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NOBMAM 3KCryaTaumm Ans Haubonee NoAHOMO UCMO/b30BaHUSA pecypca M3genus ¢ 3ybyaroin
nepegayen.

OfHUM U3 HarpasfieHUii NMO3BO/AIOLMX PeLINTb AaHHble 3afauun, SBASKOTCH (YHK-
LMOHA/IbHO-OPUEHTMPOBAHHbIE TeXHOMOrMK [1], Uenbo KOTOPbIX fABNAETCA 0becrneveHue
CBOWCTB 3/IEMEHTOB U3LeNns COOTBETCTBYIOLLMX YCMIOBUAM MX 3KCMJyaTaummn B MallvHe Um
TEXHO/IOMMYECKON CUCTEME.

3ybuatble Kofeca MpeAcTaBnAlOT CO60/ COBOKYMHOCTb WCMONHUTENbHBIX, CBA3YHO-
LMX, BCNOMOraTe/ibHbIX Y AOMOMHUTENbHLIX 3/1EMEHTOB [2]. Kaxgas rpynna 3nemMeHToB Co-
CTOMT YacTell U COCTaBMIAIOLLMX, 419 KOTOPbIX XapakTepHbl 0cobble (yHKLMM B npoLiecce
aKcnayarauuu.

BmecTe Kakxgoe n3genvm MoXH pasfeninTb Nno YPOBHAM ryOuHbI TexHonorum [1].

CocTaBnAoLLan Kax 0 YacTy UCMONHUTENbHBIX PaboUmX 3/1EMEHTOB pas3fensercs no
30HaM, MpeACTaBIoOWMX COBOIN 3neMeHTapHbIe FeOMETPUYECKUE 3M1EMEHTbI (TOUKM, NIMHUN,
MOBEPXHOCTW, MOBPEXHOCTHbIE CNOM U 06bLEMHbIE 30HLI). [Mpy 3TOM JaHHOe AeneHuwe ANns
OTLeNbHOro 3y6a nepeknoYaemMoro Kosieca MOXHO MpesAcTaBuTb CXeMoi. (puc. 2)
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Puc. 1. 30HbI UCNOMHUTENBHBIX PaboUnX 3/1EMEHTOB 3yBUaTbIX KOJEC

HapyLueHuno 6e30TKasHON M nniaBHOW paboThbl
Jou ”3”6_?“0“1“-“ 3y6uaToil mepeauns MOryT Croco6CTBOBATh Crefyto-
™, o I LUMe NPU3HAKW, Bbi3bIBAIOLLME pa3pyLUeHMe paboumx
s | ﬁ«_ 3/1EMEHTOB: KOHLEHTPaUma KOHTAKTHbIX HanpshKeHU B
J MOBEPXHOCTHOM C/l0e 3y6a, BbI3blBaOLLMX YCTa/IOCTHBIA
M3HOC W BblKpallVBaHWe C MOBEPXHOCTEN 3yObeB; Tpe-
HWe CKONbXXEHUSA C CONPSHKEHHBIM 3y60M, Bbi3bIBatoLLee
MeXaHUYeCKNiA N3HOC COMPSHXKEHHON Napbl 3yObeB; Aeli-
CTBME Hanps>KeHWn n3rnba B 06 bEMHON 30He y OCHOBa-
HMA 3y0a, , BbI3blBaKOLLME NMACTUYECKYHO AedopmaLmio
WK NOMOMKY OTAeNbHbIX 3yObeB; KPOMOYHbIN KOHTaKT,
BO3HMKAIOLWMIA B pe3y/ibTaTe KOHTaKTa 00bEMHbIX /-
HWIA BEPLUMHHBLIX U BOKOBBLIX KPOMOK C paboymm npo-
(hunem 3yba 1 NPUBOAMT K M3HOCY U Aethopmaummn ca-
MUX KPOMOK, TaK >Ke KOHLEHTpaLWMM KOHTaKTHbIX Ha-

nps>keHWi paboyero npoduns (puc. 2).
O6ecneyeHne hyHKUMIA TpebyembiX N0 YCI0BK-
AM 3KCnJyaTaummn, BO3MOXHO pean3aumein CBOMCTB:
HenpepbIBHbIX, NPEPLIBUCTLIX Y eAUHOBPEMEHHbLIX @ TakKe UX KOMOUHALUMA B pasfMyHbIX

HarnpasneHunax (puc. 3).

30111 KPOMOUYIIONO KONTAKTA

[

kY _3L1H'BL KOHTAKTHBIX
-HaJI]]}I)I{BHHﬁ W TPeHuA
Puc. 2. Ycnosus paboTbl 3ybya-
TOl Nepegayn
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MPOIPECCUBHBIE, CIEUNAJIbHBIE N HETPAAVNLUMNOHHBLIE
TEXHOJIOIM'MI

[eicTBue akcnnyaTauMoHHbIX (PYHKUUIA B MOBEPXHOCTHOM c/fioe 3y6a, BbI3BaHHOE
[eCTBMEM B3aMMHOI0 CKOMbXEHUS Npoduneid, NpeAcTaBneHbl Ha puc. 4, a. YCnoBus aKc-
nayataumn npeanonaraloT U3MeHeHMe CKOPOCTU B3aUMHOIO CKOMbXeHUS npoduieid no Bbl-
coTe 3y6a OT rosioBKM 3y6a K Nositocy 3aLensieHns, 1 OT Nostoca 3aueneHns K HOXKe 3yba.
Mpn 3TOM MakCUMasbHOE CKOMIbXEHWE W, KaK CNefcTBME MaKCUMaibHbIA U3HOC MU Of4HO-
POAHbIX CBOMCTBaxX Matepuasia 3y64aToro Koneca, BO3HMKaeT Ha HOXKe 3y6a, a B Mostoce 3a-
LenneHns oH paseH 0. OCHOBHOIM TEXHONIOrMYECKO 3adadein Npu aTom sBnseTcs obecneye-
HWe CBOMCTB Y4aCTKOB MOBEPXHOCTHOrO €105 3y64aToro nNpouis B 3aBUCUMOCTU OT YCIIO0-
BUIA 3KCNyaTaumm, YTo MOXET ObITb JOCTUIHYTO NPU U3MEHEHWMW CBOWCTB COMpsAraemMbIX Mno-
BEPXHOCTEN B COOTBETCTBME CO CKOPOCTHHO B3aMHOIO CKOJIbYKEHMS.
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Puc.3. CxeMbl peanm3aiym TEXHONOrMYECKMX BO3AENCTBNIA MOBEPXHOCTHOIO C/I0S
3y6uaTbIX KOnec A1 06ecneyeHmns CBOMCTB: a) — NPEPLIBUCTLIX B ABYX HanpaBneHmsx; 6) —
HEeMpPepbIBHbIX B [IBYX HaNpaBieHUsX; B) — eAVHOBPEMEHHBIX B [IBYX HaNpaBfeHUsX; r) — He-
MPEePbIBHO-NPEPbIBUCTBIX; f) — €AMHOBPEMEHHO-NPEPLIBUCTLIX; €) —eAVHOBPEMEHHO-
HenpepbIBHbIX

HHICGL I HA HCPSMEHHY R
vy GuHY

LI I HE IO LI L1
C NEPEMEHH B CHROTCTRAMN
P L HE 2yiE

OOKATIKA C NEPCMCHHRIM
WO CM OGIHTH

- 6)
Puc. 4. XapakTep 4e/CTBUA CKOPOCTY B3aMMHOIO CKOJIbXXEHWE B KOHTaKTe 3yObeB
(a), BapnaHTbI peann3aumm nepeMeHHbIX CBOWCTB Mo BbicoTe 3y6a (6)
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MPOIrPECCUMBHBbIE, CMEUMNAJIBHBIE N HETPAOVNLIMOHHbBLIE
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B0O3MOXHbIM BapvaHTOM ABMSETCH YMEHbLUeHMe KO3((ULMeHTa TPEeHUS U N3HOCO-
CTOMKOCTW NOBEPXHOCTHOrO C/108 B COOTBETCTBUM C FPakoM CKOPOCTW B3aWMHOI0 CKOJlb-
XeHus. Tpyn 3TOM BO3MOXKHbI ClieAytoLLve BapraHTbl TEXHOMIOMMYECKUX BO3AeNCTBUiA 0bec-
MeymBaroLLIMX 3alaHHOM M3MEHEHVE CBOWCTB MaTepuana (puc.4, 6) :

- TepMmnyeckas 06paboTKa Ha NepeMeHHYH0 r1y6uHY Mo BbiCOTe 3yba 3a CHET M3MEHEHUS CKO-
POCTV NPOrpeBa U OXNaX4eHUs B OTAE/bHbIX Y4aCTKOB Npouns 3y6a;

- 0bKaTKa paboumx NoBEPXHOCTEN 3yObeB C pasIMYHbIM YCUIneM 06KaTa;

- HaHeCeHVe NOKPbITUIA C NepeMeHHOM TOSLLMHBI U C U3MEHAIOLLMMINCSA CBOMCTBaMM MO BbICO-
Te 3yba.

Takum o6pa3om, B paboTe BbINOMHEHA KiacCU(uKauma U aHanm3 3/1eMeHToB 3ybua-
TbIX KOMEC No (PYHKLUMOHAIbHOMY Ha3HayeHuto. PacCMOTPEHbI OCHOBHbIE MPUYUHbBI CHUXE-
HUS 3KCMNyaTaLMOHHBIX XapaKTepUCTMK 3y6UaTbiX KOMIEC, HA OCHOBAHMMN KOTOPbIX BO3MOXHO
onpeseneHne CTPYKTYpbl TEXHOMOMMYECKMX BO3AENCTBUIA 41 KaXKLOrO anemMeHTa. Pa3pabo-
TaHbl CXEMbl TEXHO/IOrMYECKOr0 BO3LENCTBUSA, a TaKXKe BapuaHTbl pean3aunm pasimyHbIX no
CTPYKTYpe CBOMCTB. [ BO3MOXHOCTW peann3auuy nepemMeHHbIX CBOMCTB MO paboyemy
npoguto 3yba B 3aBUCMMOCTH OT CKOPOCTM B3aUMHOTO CKOJIbXXEeHWS, MPeA/IOXeHbl BApUaHThbI
TEXHO/MIOrMYECKNX BO3AEWCTBUIA. Vicnonb3oBaHne PYHKLUOHaNbHO-OPUEHTUPOBAHHOIO NOA-
X0[a B NMPOW3BOACTBE 3yByaTbiX KOMEC, NO3BO/IAET peLlaTh KOMIMIEKCHbIE 3aa4n NOBbILLEHNS
KayecTBa 3y0uaTbIX KOJIEC, a TaKkXe CroCOOCTBYIOT MOBbILEHNIO 3PMEKTUBHOCTU U3 U3rO-
TOB/IEHWA.

Cnucok nutepatypbl: 1. MwuxaiinoB A.H. OCHOBbl CUHTE3a (YHKLMOHA/IbHO-
OPWEHTUPOBAHHBIX TEXHOMNOIMIA MaLIMHOCTPOeHNs. — [doHeuk: AoHHTY, 2009. - 346 c. 2.
NaxvH A.M., Muxaiinos A.H., 3aHTyp Cax6u, Tapatha Anb-CygaHn CMHTE3 CXeM TEXHO/O-
rMYecKoro BO3AencTBusa And PYHKLNOHaIbHO-OPUEHTUPOBAHHbLIX TEXHOMOMMYECKMX MpoLiec-
COB Npou3BoAcTBa 3ybuatbix Konec // MNporpeccrBHble TEXHONOTMM U CUCTEMbl MaLUMHO-
CTpoeHus: MexXayHapoHbIin ¢6. Hay4HbIX Tpyaos. — JoHeuk: JoHHTY, 2009. Bbin. 38. C.
127-132. 3. Kyapssues B.H. 3ybuaTtble nepegaun. - M.: «Mawruc», 1957. — 263 c.

YK 631.363.21
NCCNEAOBAHUE BJINAHNA TEOMETPUYECKINX NMAPAMETPOB
HOXXA N TEXHOJ/TOMMYECKIKX CBONCTB 3EPEH COU HA
SHEPIFOEMKOCTb MNPOLIECCA PE3AHNA

NnmapeHko H.B. (4AI'TY, r.PocToB-Ha—[oHy, Poccus)

AHHOTauus. MNpoBefeHbl IKCNEPUMEHTbI MO ONpeseneHno (hak TOPOB AENCTBYHOLLMX
Ha 3HepProéMKOCTb NpoLecca pe3aHns CoeBblx 6000B, a MMEHHO BNUAHWE yrna 3aTOUYKM fes-
BMA HO>KA W TemnepaTypbl OKpy>KatoLell cpedbl B KOTOPOI NPOBOAUINCL UCCNE0BaHNS B
ycnosuax 6e3ygapHoro (CTaTWYecKoro) pesaHus, Ans BbiSBNEHUS Haubonee onTuUMabHbIX
napameTpoB paboyero opraHa (Ho>Ka) U TeXHONOTNYECKUX CBOMCTB U3MeNb4yaemMoro maTe-
puana (coesble 600bl), B X0 NPOBEAEHNS IKCMEPUMEHTOB YCNOBUSX YAAPHOIO (auHamuye-
CKOro0) pe3aHus.

KntoueBble €ioBa: yron 3aTO4KW, COeBble 606bI, TEXHONOrMYeCKne CBOMCTBA, 3Hep-
rOEMKOCTb NpoLecca pes3aHus.

B HacTtosLee Bpems 04HOW 13 NpobnemM B 061aCTV NMUTaHUA Yy HAaC B CTpaHe W 3a py-
6exxoM ABnseTcs AenumT 6enKa, 06yCNOBMEHHbIN HELOCTAaTKOM TakKMX GenoKcogepXallmx
NPOAYKTOB Kak MOJIOKO, MSICO, pblba 1 T.M. YT06bl BOCMOMHNTL HEAOCTATOK 3TUX NPOAYKTOB
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B KQuecTBe [OMO/HUTENbHOIO UCTOYHMKA GENKa MCMOoMb3yT KOMOGVMHMPOBaHHbIE NMPOAYKTbI
B BU/IE COUETAHUS XKMBOTHbIX U PaCTUTENbHbIX GENKOB.

N3 pacTuTenbHbIX 6EKOB MPUMEHSIEMbIX B MPOM3BOACTBE KOMOGUHMPOBAHHbLIX MPO-
[YKTOB, LUMPOKOE PacnpocTpaHeHne Nonyynnu 6enkn Cou.

370 06bACHSIETCA CReayoLLMN (haKTOPaMMu:

1. COfA NpounspacTaeT BO MHOTUX PermoHax He To/IbKO Poccuu, HO 1 MUpa;
2. C O[IHOrO rekTapa NOCeBHOI NNOLLAAM MOXHO nony4yaTb Ao 700 Kr. 6enka;
3. cemeHa cou cofepxar 40% 6Genka u 20% nunugos, 4to 06ecrneynBaeTt

LLeN1ecoobpasHOCTb NPOMbILLIEHHONM NepepaboTKuM Cou.

Kpome TOro, cos vmMeet [OCTATOYHO 60/bLUYIO GMOMOTMYECKYHO W MULLEBYHO LIEH-
HOCTb, NOAKPENIEHHYIO B0NbLUIMM UCTOPUYECKMM OMbITOM MCMNO/b30BaHNA CON U NMPOLYKTOB
eé nepepaboTky (MyKa, Kpyna, MOJIOKO U T.4.) B MUTAHUN.

CoeBble NPOAYKTbI HALLIW LLUMPOKOE NPUMEHEHWE BO MHOIMX OTPACNAX MPOMbILLIEH-
HOCTM, OHM MCMO/Mb3YIOTCS B KAYECTBE KOPMOB B CE/IbCKOM XO35IMCTBE, B Ka4eCTBE MHIpeau-
€HTOB B KOCMETUYECKOW (Kpembl U Npoyve CpeacTsa), erkon (TkaHu), hapmaleBTUYecKoi
(nekapcTBa) M XMMUYECKOIN 0TpacnsaX, B Ka4eCTBe Cbipbs Y 06aBOK B MULLEBOM NPOMbILL/IEH-
HOCTK, OCOBEHHO CrefyeT OTMeTUTb MsconepepadaTbiBatOLLy0, MOIOYHYIO U Mac/oXmMpo-
BYHO OTpacnu.

CerofjHa Ha NOTPeOUTENbCKOM PbIHKE MOXHO BCTPETUTb TakKme MOJIOYHbIE COEBble
MPOAYKTbI, KaK COEBOE MOJIOKO, TOY (COEBbLIA TBOPOT), CyX0e COEBOE MOJIOKO, COEBOE Mac/o,
COeBble OPELLKM, COeBbIVi MaiOHE3 U COYCbI, COEBble Kethup M NOrypT, OKapa, a Takxke rynsi,
(hapLu, WHULENb 1 a3y 13 60608 COMN 1 3TO JaNeKO He MOJHBbIA CNCOK MPOAYKTOB U3roTaBn-
BaeMbIX C MCMNONb30BaHEM COM.

TexHonorna nNpon3BoACTBa MPOAYKTOB U3 COM NpPeaycMaTpUBAeT e€ n3mesibyYeHue Ha
(hpakymm pasnnyHoro pasmepa. CyLecTBYIOT pas3/iMyHble Crocobbl M3MeIbYEHUS TaKue Kak:
cxartue, CABUM, UCTMPaHKWe, yaap, CKabiBaHWe U pe3aHue. CreayeT 0TMETUTb, YTO pasHuLa
MeXay NoCnefHUMU ABYMSA MOHATUAMMU CKa/lbiBAHUA N pe3aHns ABNSAETCA A0BOJILHO YC/OB-
HOW N HabMOAAeTCA UL B KMHEMATUYECKOM PEXUME U B pasMepe MOYyYeHHbIX YacTULl,.
3MenbyeHne 3epHa pe3aHVeM MO3BOMAET MOMYUYNTb G0Jiee KPyMHble (pakumMn 3epHa, 4To
ABNAETCA MPUHUMNMANbHBIM TPeboBaHNEM ANA BeeHUS HEKOTOPbIX TEXHOIOMMYECKUX MPO-
LIeCCOB, B Ka4eCTBe Npumepa MOXXHO MPUBECTM NPOLLECC NPOM3BOACTBA COEBOr0 MOJIOKA.

Kak no60i1 npoLecc n3MenbyeHuns, pesaHue SBSeTca O4HUM U3 Hanbosee IHeproém-
KNX NPON3BOACTBEHHBIX NMPOLIECCOB. DHEProéMKOCTb MpoLecca 3aBUCUT HE TOMbKO OT (hun3m-
KO-MeXaHUYeCKMX XapakKTepuUCTUK U3MeNb4aemMoro npoAyKra, Takux Kak pasMepbl 38peH, nx
B/TXKHOCTb W TEMMepaTypa, HO U OT KOHCTPYKUMM paboyero opraHa 1 CKOPOCTU ero rnepeme-
LLeHuS.

C Lefblo U3yyeHns aTUX (hakTopoBs B JOHCKOM rocyfapCTBEHHOM TEXHUYECKOM YHU-
BepcuTeTe, Ha Kageape «MallmnHbl 1 annapatbl MULLEBbIX MPOU3BOACTB» Obl MPOBEAEHbI
nccnefoBaHWs Mo ONpesesieHNo BENIMUMHBI YCUIna paspyLleHns 60608 COM B 3aBMCUMOCTM
OT yrna 3aTo4KK Ne3Bus paboyero opraHa npy M3MeHSHOLLENCA BNaXKHOCTM 1 TemMrnepaType.

SKCMepuUMeHTbI NPOBOAUANCL /19 COM MapKu «BunaHa» npu TEXHOMOrNYECKOW
BnaxxHoctn W, = 12,5 % (rae W; 0603Ha4aeT BIaXXHOCTb) B TEMNEPaTypHOM Anana3oHe OT —
10 °C po + 30 °C, Ha creyuanbHO CKOHCTPYMPOBAHHOM /15 9TOI LieNM 3KCMePUMEHTa/IbHOI
YCTaHOBKe, MNpeACTaBNeHHOW Ha pUCYHKe 1, B XOfe MpoBefeHNs ONbITOB Gblna nprMeHeHa
MEeTOAMKA M1aHNPOBaHUA MHOTOMaKTOPHOr0 3KCMEepUMEHTa, re B KayeCTBe OTK/MKA OblIo
MPUHATO YCUNe pa3pyLLEHNs, a B Ka4eCTBe BapbMpyeMbiX (haKTOPOB Yron 3aTOYKM HOXa (C
ocTpuém 3atoukum 0,25 — 0,30 MM), BNaXKHOCTb 3epHa (419 4OCTOBEPHOro NpeAcTaB/eHNs MO-
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A€V BapbMpOBaHNE BEPXHErO U HUXXHErO YPOBHEN AaHHOro (hakTopa 6b110 NpuHATO B 1,5 %)
W ero Temnepatypa.

MpVHUMN SeCTBMS YCTAHOBKM 3aK/OYaeTCs B CNeAyHOLWEeM: NPUBOL OCYLLECTBAETCS

BPYYHYIO OT PYKOATKM C BUHTOM 1, B CNIeACTBMM Yero Npov3BOAUTCA nepemeLleHre paboyero
opraHa (ne3sus) 4O MOMEHTa KOHTaKTa C 3epHOM, MOMEHT KOHTaKTa paboyero opraHa c 3ep
HOM (hMKCUpyeTcs HebOo/bLLIMM OT-
K/IOHEHVEM CTPeNKM Ha BEPXHEM
NHAMKATOpe 4acoBoro tuna (nepe-
MeLLeHKe), nocne Yero oba UHAW-
KaTopa BbICTaBNAOTCA B HY/EBOe
MOJIOXKEHMeE.
[anee npou3BoaMTCA AasbHeiLlee
nepemMeLleHvie paboyero opraHa c
OAHOBPEMEHHbIM CHATMEM MOKa3a-
HUIA C HUXXHETO (YCunmne) 1 BepxHe-
ro (nepemeLieHne) MWHAMKATOPOB,
BMNIOTb [0 paspyLleHus 3epHa.
MOMEHT paspyLLeHNs (hMKCUpyeTCcs
no cbpocy MokKazaHWi Ha HWKHEM
nHaukartope. Mogrotoska npuoopa
K paboTe 3aKIH4aeTcsd B BbICTaB-
NEeHMU 1O BbICOTE MHAMKaTopa 5 (B
3aBMCUMOCTU OT MaKCUMa/lbHOr0
pasmepa uccneLyemoro o6bekTa) u
nHavkatopa 8 (B HeHarpy>eHHoOMm
COCTOSIHWAM €ro MnokasaHus LO/MKHbI
ObITb paBHbl 2 — 3 AeNeHUAM LLKa-
Nbl, KOTOpble MOTOM KOPPeKTMpY-
OTCA NYTEM YCTAHOBKM Ha HOJb).
Heo6xo4MmMo OTMeTUTb, UTO AaH-
Hasf ycTaHOBKa 06ecreynBaeTt npo-
BeJeHWe MccnefoBaHNn B ycnoBuax 6esyaapHoro pesaHusi. OCHOBHOI Lie/iblo NPoBeAeHUs
3KCMeprMeHTa B YCNoBUAX Ge3yaapHOro pesaHus SBMSETCA BbISB/EHWUS BaXXHOCTW BAUAHUA
yrna 3aTO4KM HOXa Ha 3HeproéMKOoCTb npoLecca.

Huxe Ha rpavke pUCyHKa 2 NpefcTaB/ieHbl XapaKTepucTukn F(t°)/W = const, npw
TEXHONOINYECKON BnaxHOCT W = 12,5% 1 nameHeHum t° B ainanasoHe ot — 10°C go + 30 °C,
a B Tabnmue 1 npefcTaBneHbl 3HAYEHUS BEIMUYUHBI YCUNNA paspyLUEeHNs BCEX 3KCMEPUMEH-
Ta/lbHbIX TeMnepaTtyp.

Nesgue

Cema comn

TeH30NNacTuHa

Puc. 1. 3KcnepMeHTa/lbHaa yCTaHOBKa U CXe-
Ma Harpy>eHus 3epHa cou
1 — PyKoATKa C BUHTOM,
2 — CTtynuua c KpenéxkHbIMy anemeHTamu; 3 — CTaHu-
Ha;
4 — Pabounii opraH (nessue);
5 — BepxHWUiAi MHAMKATOP YacOBOrO TUMA ANS CHATUS
nokasaHuin BennunHbl nepemeleHns (MNY-10; ueHa
aeneHns 0,01mm; npegen nsmepeHus 0-10mm);
6 — MpeaMEeTHbI CTONNUK;
7 — TeH3onnacTuHa; 8 — HWKHWUIA NHAMKATOP 4acoBO-
ro TMNa Ans CHATUA MNOKasaHWA BeNMYMHbI YCUNS
paspyweHus (LY-10)

Tabnumua 1. Pe3ynbTaTbl 3KCNEPUMEHTOB MO ONPeAe/eHNI0 BENMUNHBI YCUNA Pa3pyLLIEHNS
COV NPV Pas/INYHbIX Yriax 3aTOYKM HOXA M PasMyYHbIX TemMnepaTypax

a° Ycunue paspyleHns, H
t°C 15° 30° 45° 90° 120°
-10 6,5 9,0 11,5 13,0 14,0
0 8,0 10,0 13,0 15,0 16,0
10 10,0 14 15,5 17,0 20,0
20 9,0 10,0 12,5 13,0 14,0
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\ 30 \ 8 \ 9,5 \ 11 \ 12,5 \ 138 |
* 0 ° - yros 3aT04KM NIE3BMS PEXKYLLIEr0 MHCTPYMEHTA (HOXKa).

Kak BMAHO 13 rpagmka rnpeacTaBfieHHOro Ha PUCYHKE 2, TO HaviMeHbLUVE BEINYUHBI
YCWUNS paspyLLeHns HaboJalnTcs B AnanasoHe Temnepatyp ot -10°C go 0°C, ganee c yBe
£ NNYeHne TemnepaTypbl yBenu-

o e prmenet |
P YMBAETCA W YyCWUNMe paspyLue-
HUS, MaKCUMa/lbHble 3HaYeHMs
20 Ha6mo,u,a+9Tc;1 npu Temnepa-
> Type +10°C, panee c yBenuye-
% o 0 WIS HMeM TemnepaTypbl Habnwaa-
— / N paryp A
L J - 145 W% eTCA  CHWXKEHME  BEIMUMHBI
v e WO, Wi paspyLuatolero ycunus. Oue-
I - a-B7 W-15%
BWAHO, YTO TaKoe MNoBeAeHue
' s COeBbIX 6060B MOXHO 00bAC-
- HWTb WX BHYTPEHHMM CTpoOe-
-0 0 i, 20 w T HUEM 7 thr3mnko-

leznémypal MeXaHW4YeCKUMN  CBOWCTBaMU.
OfHako 00bACHeHVe nosefe-
Puc. 2. 3aBUCUMOCTb YCUNNA paspyLLIEHNs OT TEMMEPATY-  nua 6060B B KaKuMX NM60 TeM-
pbl B YCOBUSAX 6e3yfapHOro (CTaTMyecKoro) pesaHus nepaTypHbIX AuWanasoHax He
SIBNAETCSA Hallel 3adadend, Le-
Nbl0 [JAHHOTO 3KCMepuyMeHTa ObIfI0 BbIABUTL AMana3oH Temnepatyp Mpy KOTOPbIX MpoLecc
pe3aHua ABNAETCA HaMMeHee 3HEProémkuMm. lanee paccCMOTPUM BAUAHME Yrna 3aTOUYKK fes-
BWS HOXKa Ha 3HeproéMKOCTb MpoLiecca pe3aHuns, Kak BUAHO U3 pUCYHKa 2, yCunne paspyLue-
HWNA YBENNYMBAETCA NPOMOPLIMOHALHO YBEIMYEHNIO Yra 3aTOUKW. I3 aKCnepnumeHTa cnesy-
€T, YTO HavMeHbLUas 3HeproéMKOCTb MpoLecca pe3aHna Hab/rofaeTcs npy yrie 3aT04KM HO-
xa 15°. W3 rpauka BUAHO, UTO BCE 3aBMCMMOCTY MOJYYEHHbIE 3KCTIEPUMEHTANIBHO SIMHEN-
Hbl, T.e. MOTYT CUMTaTbCA eAUHO0OPA3HbIMU, NMOCKO/bKY 3KCMEPUMEHT NPOBOAWIICA B YCIIO0-
BUAX 6e3yapHOro pesaHus 3epHa, TO €ro LUesblo ABMAOCH BbIABEHUE CTENeHU BaXXHOCTU
(haKTOpOB NPV yAapHOM MpPOLEecce pe3aHns CoeBbIX 60608, YTO ObINO U pean30BaHO B XOMe
nccnegoBaHus.

BbiBOAbI:

— Hanbonee oNTUMabHLIM TeMMNepaTypHbIM AManasoHOM BeAeHMs NpoLiecce pe3aHus
CoeBbIX 6060B, B X0/le IKCMEPUMEHTA 6biN BbISIBNEH AuanasoH oT +18°C go 25°C, T.e. cpef-
HMEe KOMHaTHbIE YCNOBUS, Aanee e NPu MOBbILLEHUM UIN MOHMKEHUW 3HAYEHWI yKa3aHHOro
[inanasoHa BbICOKa BEPOATHOCTb HapyLUEHUSA BHYTPEHHETO CTPOEHUS 3epHa, MOCKO/IbKY OHO
ABNAETCA XMBbIM OMO0/I0rMYECKM aKTUBHbIM OPraHU3MOM;

— B/IMAHWE YTN1a 3aTOYKN PEXYLLEro HOXKa Ha 3HeproéMKOoCTb BefileHNs npoLecca pesa-
HUS B YCNOBMAX 6e3yapHOro NpoLecca yKasblBaeT Ha UCMO/b30BaHNE HOXA C YI/IOM 3aTOUKM
15 °, panee ¢ yBesIMYeHNEM Yra 3aTOUKM BO3PACTaeT M YCU/ne paspyLLeHus.

BblsiBNieHVe BANAHMS AeACTBUSA 3TUX (DaKTOPOB Ha 3HEProéMKOCTb BefeHUs rnpouecca
YAApHOTO (AMHAMWUYECKOr0) pe3aHus, ABNSETCA 3afadveil fasbHewmX nccnefoBaHui.

Cnucok nutepatypsl: 1. H.B. JiumapeHko, A.B. AbpamoB «/iccnegoBaHue Benmyn-
Hbl pa3pyLLatoLLErocs YCUnma 3épeH cou OT Yyria 3aTOYKW Ne3BUA MHCTPYMEHTA U TeMnepa-
TYpbl MPWY MOCTOAHHON BNAXKHOCTU» //AHHOBALUMOHHbIE TEXHOIOMMU U TEXHUYECKUE CPefCTBa
ana AMK tora Poccun: ¢6. Hayd. TP. KOH(. MONOABIX YY€HbIX, NOCBALL. 80-1eTnio Kadeapsbl
«CXM n O» B coctaBe PUUCXM). PocToB H/4: AITY, 2013. 182 c.; 2. H.B. JlumapeHko,
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A.B. AbpamoB «l/ccnefoBaHne BeIMUMHBI paspyLUatoLLEro YCUANA COM B 3aBUCUMOCTU OT
reomeTpuy paboyero opraHa, TeMMepaTypbl U BNaXXHOCTU» // Matepuanbl 6-ii Mexa. Hayu.-
npakT. KoH®. «HTeparpomaw-2013». PoctoB H/A: A TY, 2013. C. 104-106; 3. bereyrnos
M.LL. OcHoBbI nepepaboTku cemsaH cow/ M.LU. Bereynos. — M.: Oe/ln npuHT, 2006. — 181 c.

YK 621.793.7 }
K BOMPOCY HAMbINIEHVA HUTPUA TUTAHOBBIX MOKPbITUN
JNIOMNATOK FA30TYPBUHHbIX ABUFATENEN

Muxannos O.A., Kpusonanos A.W. (Kadegpa TM, JoHHTY, r. JloHeLK, YKpaunHa)

AHHOTauusa. PaboTa nocesiLeHa U3yUYeHN0 BOSMOXKHOC T MOBbILLEHWS NMPOU3BOAY-
TEeNbHOCTU W CHUXKEHUS Ce6eCTOMMOCTU HanblNeHUss BaKyyMHbIX WOHHO-M/JAa3MeHHbIX MO-
KpbITUI Ha nonaTkn M'MA 3a cHeT Aa/ibHelLero noBbIWeHNs X KOHLEH T pauymn B BaKyyMHOIA
Kamepe NyTeMm peanusauuy cneunanbHOn CTPYKTYpbl pabounx MO3vLMiA TEXHONOrMYeCcKOoi
OCHaCTKM, BbINONHEHNA HEOOXOAMMbIX MPOCTPAHCTBEHHbIX CBA3EN MEXKAY ee 3neMeHTaMu u
obecneyeHnss Tpebyemor KMHEMATUKN [BUKEHUI ee 3NeMeHTOB U3 YCNOBUSA 06ecneyeHms
paBHOMEPHOCTM TO/LLMHbI NOKPLITUA Ha NOBEPXHOCTAX NONATKW.

KntoueBble cnoBa: nonaTky rasoTypOMHHbIX ABUraTeneid, KOHUeHTpauus pabounx
no3numii, 06bEM BaKyyMHOI KaMepbl, CTPYKTYpa pabounx nosnuuii.

Hanbonee Harpy>xeHHbIMU AeTansaMu rasoTypouHHbIX gsurateneid (FCTLA), onpege-
NALWMMUN X pecypc, ABAAOTCA nonaTtku [1]. nemMeHTbI 10NaTOK B MPOLECCe UX 3KCMyaTa-
LMW UCNbITLIBAIOT HAMPSHXKEHWUSA PaCTHKEHUA U U3rnba OT LEHTPOOEXHBIX CU/, HAMPSXXKeHUs
n3rmba 1N KpyvyeHWs OT ra3oBoOro MoToKa, NMepPeMeHHbIe HAMNPSHXKEHUA OT BUOPALMOHHbIX Ha-
rpy30K, YactoTa U amnanTyfa KOTOpbIX U3MEHAKOTCA B LLUMPOKUX Npefenax, a Takxke Tenso-
Bble HaMPsHXKEHWA OT TEM/0BbIX Harpy3oK. Temnepatypa Ha fionaTkax nepsoin CTyneHu Typ-
O6VHbI MOXeT gocTuratb 1200 °c [2]. Mpn 3TOM UMKAMYHOCTb 3HAKOMEPEMEHHbIX Harnpse-
HWUIA NPUBOAUT K paspyLLUEHWNO I0NaTOK BCNeACTBME TEPMUYECKON YCTanoCTu M3-3a BO3HM-
KatoLLMX MUKPOTPELLMH 1 M3MEHEHWS CBOWCTB MaTepuana.

A TaKXXe MOXHO OTMETUTb, YTOo flonaTku 'T/] paboTaroT B YCNOBUSAX arpecCUBHOMN ra-
30BOWA cpefpbl MpY BbICOKOIN TeMnepaTtype, YTO B psfe ClyyaeB NMPUBOAUT K BO3HUKHOBEHMIO
ra3oBOi KOppo3uu. MNpu TOM Ha/iMume BAXXHOCTU U NblNW B BO3AYLLUHOM MOTOKE OKa3blBalOT
XMMUKO-abpasvBHOe M3HALLUMBaHWE 3/1EMEHTOB /IONATOK, @ UMEHHO NMOBEPXHOCTEN, BXOAHbIX
W BbIXOAHbLIX KPOMOK nepa.

Oco06eHHO 3HauMTEe/IbHOE M3HALUVMBaHWE 3/IEMEHTOB Mepa /10NaTtoK MPosBAAeTCA Yy
'T/[ BepTonetos, Harnpumep TB3-117, 3KCnnyaTUPYIOLWMUXCS B MYCTbIHAX C NecyaHbIMy Oy-
pAMU, B MECTHOCTSAX, C MblNEBbIMA N CONAHBIMU COCTAaBNAKLLMMA B BO3AYLUHbIX MOTOKaX,
06pasyoLwmxca 13-3a 3po3nm NoYBbl, B6/IN3N AeCTBYHOLLMX BY/IKAHOB C BbIOpocaMu nena un
TOMY NOA06HBLIMM OCOBEHHOCTAMU. 3TO NMPUBOAUT K CHUXXEHWUIO LONTOBEYHOCTU SIOMATOK U
['TA B uenom.

[na nosbiWweHNa Aonrose4yHocTN nonatok ' T/[ NpUMeHATCA pasfinyHbIE TEXHOMO-
rMYecKne MeToAbl U Crocobbl YBEIMUEHNSA UX IKCMyaTaUMOHHbIX CBOWCTB [3, 4, 5]. B yacT-
HOCTU [O/19 CHWXXEHWUA M3HOCA 3/IEMEHTOB Mepa /10MaToK MPUMEHAKOT BaKyyMHOE WOHHO-
nnasmeHHoe (3/1eKTPOAYroBoe) Harbl/ieHVe CreynaibHbIX KOMMO3UUMOHHBIX MOKPbITUIA, 06-
pa3oBaHHbIX HA OCHOBE HUTPWUZ TUTaHa, HUTPWUG LMPKOHWIA TUTaHa N LPYrUX COEAUHEHUIA.
BmecTe ¢ TeM, NPUMEHEHWE 3TUX BULOB Harbl/ieHWs TPebyeT peLleHnst BONPOCOB MOBbILLEHNS
TEXHMKO-9KOHOMMYECKMNX NOKasaTesiei. Mpexae BCEro, NoBbILLEHWS MPOU3BOAUTENBHOCTM U
CHWKeHMsi ce6eCTOMMOCTM Harbl/leHNst BaKYYMHbIX MOHHO-MN1a3MeHHbIX MOKPbITUA. Ha npak-
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TWKE 3TV BOMPOChI PELLaKTCS 3a CYET MOBbILLEHUS KOHLEHTpauun paboumx nosuumii B Baky-
YMHOW Kamepe. OfjHaKo B 3TOM C/y4ae cpa3y BO3HWKAET Liefbli psag, BONPOCoB. MNpexze Bee-
ro, CKO/IbKO /10MaToK MOXHO pacrionaratb B BaKyyMHOW Kamepe? Kakas cTpykTypa paboumnx
nosvuuii GyneT Hambonee pauMoHasIbHON ANA TEX WM UHbIX BULOB nonatok? Kakwe npo-
CTPaHCTBEHHbIE CBA3W B PACMO/IOKEHUWN /IONATOK HEOOXOAMMO peasin3oBaTb? A Takxke, Ka-
Ky KMHEMAaTWKY ABVXXEHWUIA 3/1eMEHTOB NPUCNocobaeHns Heobxoaumo obecneynTb, YTOObI
YMEHbLUNTb B/IMSAHWE TEHEBbLIX 30H Ha Ka4eCTBO HarmblISeMOro MokpbiTUA. Ha atm v apyrve
BOMPOCHI B JaHHOW CTaTbe CAe/1aHa NomnbITKa AaTb OTBETHI.

Lienbto faHHOV paboThbl ABSETCS MOBbILLEHWE MPOU3BOAUTENBHOCTU U CHUXKEHNE Ce-
6eCTOMMOCTM HanbleHUs BaKyyMHbIX MOHHO-MMa3MeHHbIX MOKPbITUIA Ha nonatku T/ 3a
CYeT Aa/ibHeMLLero noBbIWEHNS UX KOHLEHTpauun B BaKyyMHOW KaMmepe nyTeM peanusauum
CcreuvanbHON CTPYKTYPbI paboumx No3nLMIA TEXHOIOMMYECKON OCHACTKM, BbIMOHEHNS He0b-
XO[MMbIX NPOCTPAHCTBEHHbIX CBA3EN MEXAY ee afieMeHTaMu 1 06ecrnedeHns TpebyeMoit Ku-
HEMaTUKW OBVXEHWUIA ee 3/1eMEHTOB 13 YC/I0BUS 06ecneyeHns paBHOMEPHOCTU TOSLLMHBI MO-
KPbITUSA Ha MOBEPXHOCTAX JIONATKMK.

B cOOTBETCTBUM C MOCTaBNEHHOW LieNbio, B faHHOW paboTe onpefeneHbl cnegytoLme
3afja4n uccnefoBaHWiA: ONpefenTb HEOOX0AVMble BapuUaHTbl KOHLEHTpauun U3fenuii B Ba-
KYYMHOW Kamepe MOHHO-MN/Ia3MEHHOW YCTaHOBKM; MPeA/IoXMUTb BO3MOXHbIE BUAbI CTPYKTYP
pacnosioXXeHns paboumx rno3vLMin BakyyMHOM Kamepsbl; UCCnefoBaTb BUAbl MPOCTPAHCTBEH-
HbIX CBS3€i PacronoXxeHnUs paboumx No3uLmMin B BaKyyMHOW Kamepe; BbIMOIHATL aHa/In3 Ku-
HEMATWKW [BVXEHWIN TONaTOK B BaKyYMHOI KaMepe; pa3paboTtatb 06LiMe NpUHLMUIMbI NPOEK-
TUPOBAHWA TEXHONOMMYECKO OCHACTKM U3 YCNIOBUSA 06ecneyeHns paBHOMEPHOCTMW TOJLLMHBI
MOKPbITUA Ha MOBEPXHOCTAX NOMATOK. AT 3a/la4M peLlatoTcs B JaHHOIN paboTe.

"naBHOM 3aila4eil CMHTE3a TEXHOOMMYECKOro 0becrneyeHns BaKyyMHOW Kamepbl AB-
nseTca onpeseneHne Heo6X0AMMONM KOHLEHTpaumMm paboumx no3vLMin BpaLLatoLLIEics OCHa-
CTKM W/ MOLLLHOCTM MHOXECTBa pabounx no3uumii BakyymMHOW Kamepbl. Ipy 3TOM KOHLEH-
Tpauus paboymx NouLmiA UM MOLLLHOCTM MHOXeCTBa paboumx no3uLuin BakyyMHOM KaMepbl
Unn obLLas NNOTHOCTL M3LENNIA BaKYYMHOM KaMepbl ONpesensieTcs no crefytoLleii popmyne:

V
v=r,T, v (1)
rie v - MOLLHOCTb MHOXeCTBa paboumnx No3nLmMii BakyyMHOW Kamepbl;
M, - UMKnoBas NPOU3BOANTENBHOCTb HaMbIIEHNS NOKPbLITUIA HA TONaTKY;

T, - NONHbIV TEXHONOFMUECKNIA LIMKN HAMbLIEHUS NOKPbLITUA Ha nonatku M,
V - 006wWmin 06bem BaKyyMHOW Kamepbl;
V, - YAe/bHbIi 06beM BaKyyMHOI Kamepbl [/15 pacronoXeHns 04HON paboyeit no3uumm (no-

naTkm).

MOXXHO OTMETUTb, YTO MPY NPOEKTUPOBaHUI BaKyyMHOW KaMepbl MPoLecc onpeaene-
HWS MOLLLHOCTM MHOXKeCTBa paboumx No3vuMin 3aBUCUT OT HEO6XOAMMON LMKIO0BOV NPOU3BO-
AUTenbHOCTM T, yCTaHOBKM. Bpems NosHOro TeXHON0rM4Yeckoro umkna T, HamblieHus no-

KpbITUs Ha nonatku T/, 06bI4YHO 33aeTCa NPeABapUTENLHO.
3a7aBaACh KOHKPETHLIMI NapameTpamm LIMK/0BO NPON3BOAMTENbHOCTM [, 1 Bpe-

MeHeM MOJIHOrO TEXHOMOMMYECKOro Uukna T, B BbipaxkeHuu (1) MOXHO OnpeaennTb Heoob-

XOIMMO€ KONMYECTBO HarblNSEMbIX IONATOK V B COOTBETCTBUM C 3aflaHHLIMW Haya/lbHbIMM
ycnosusimu. Korga Heo6xoaymo onpeaennTb 06bEM BaKyyMHOI KaMepbl MOXHO BOCMO/1b30-
BaTbCS CIEAYHOLLMM BbIPaXKEHUEM
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V=M,T,V,.

B cnyuae, Korga Heo6Xo41Mo BECTU NPOLLECC AaNbHELLIEro NOBbILLEHS NPOV3BOAN-
TeNbHOCTW YCTAHOBKMU, C 33faHHbIM 06bEMOM BaKyyMHOI Kamepbl, MOXHO BOCMO/b30BaThCS

cnefyoLWUMI YCNOBUSMMU:

V - max, [J

MpoLecc onpeaeneHns MHOXeCTBa paboumx No3nLnii BakyyMHOW Kamepbl UMeeT crie-

OYIOLLME OFPaHNYEHMS:

- BO3HVKHOBEHMEM 3EKTa «TEHEBbIE 30HbI», 3TOT 3EKT AEACTBYET B C/ly4ae 0CO-
GeHHOCTel NMPOCTPaHCTBEHHOIO PACMO/OXEHNS IONATOK OTHOCUTENLHO ApYr Apyra v B Ciy-
yae 0COHGEHHOCTEN KNHEMATUYECKOTO ABMXKEHWS TONATKN OTHOCUTENbHO KaTOLOB YCTaHOBKM;

- Ha/IMYMeM npesenbHONM yaenbHOW NIOTHOCTY NI0NaTOK B BaKyYMHOM Kamepe, KOTo-
pas onpegenseTcs no cnegyolleii hopmyne P =1/v;

DJjleMeHTapHasi CTPYKTypa

1-ro kiacca
}VI

CTpyKTypa 2-10 Kjacca

Puc. 1. OcobeHHOCTH (hopMUpPOBaHUS
CTPYKTYpbl paboumx NO3MLUIA TEXHONOMMYECKOM
OCHaCTKM BaKyyMHOI Kamepbl
MOHHO-N1a3MEHHOW YCTaHOBKM

Mepbl;

- 0COBGEHHOCTSAIMU CTPYKTYpbI
TEXHO/0rMYecKoro obecneyeHms,
MPOCTPaHCTBEHHbIX CBA3E MEXAY
3N1eMeHTaMmM CTPYKTYpPbI M KUHEMATU-
KW ABVXEHWIA NONaTOK B BaKyyMHOIA
Kamepe.

Korpa onpegeneHa MOLLHOCTb
MHOXXeCTBa paboumx no3nuuii Baky-
YMHO# KaMepbl (KOHLeHTpaLma pabo-
4MX MO3NLMIA) COCTABNAETCS UX
CTpyKTypa. CTpyKTypa paboumx no-
3ULMIA XapaKTepu3yeT BHYTPEHHIOK
OpraHu3auuio, NopsAoK U NOCTPOEHME
TEXHO/IOrMYECKON OCHACTKM 1 npega-
CTaB/nsieT cob0li COBOKYMHOCTb 3/e-
MEHTOB 1 OTHOLLEHWI MEXAY HUMMW.

CTpyKTypa paboumx nosmuuii
TEXHO/IOrMYECKON OCHACTKM BaKyyM-
HOWN Kamepbl NpeAcTaBnseT coboit co-
BOKYMHOCTb  YNOPSAAOYEHHbIX  MHO-
XKECTB Y W a, KOTOpPYHK NpeacTaBns-

eM Crie/ytoLLMM 06pasoM:

str ={y,a},
rae Str - paboumx nosuumii TexHono-
[NYeCKOll OCHAaCTKM BaKyyMHON Ka-

Y - MHOXECTBO paboumx No3nLMiA TEXHOIOrMYECKOM OCHACTKM BaKyyMHOW KaMepbl;
a - MHOXeCTBO OTHOLLIEHWIA HAa MHOXECTBE Y .
3[eCb MHOXECTBA Y 1 a VMEIT BUA:

rAe Y, - 17-1 3NEMEHT MHOXECTBA Y ;

Y ={¥1, Voo

a={a,,a,,..,
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rge a,7 - 17-€ OTHOLWUEHNE MEXAY 3NEMEHTAMN MHOXXECTBA Y .

OfHako ons peanun3auuy CTPYKTYpbl paboumx no3vLMIA TEXHOMOTMYECKO OCHACTKM
BaKyyMHOI KaMepbl HE06X0AMMO ONpefeNnTb NapamMmeTpbl MHOXECTB Y 1 a.

Mpouecc hopMMpoBaHNs CTPYKTYpPbl paboumx MO3ULMIA TEXHOIOrMYECKONM OCHACTKM
BaKyYMHOI KaMepbl MOHHO-M/1a3MEHHOI YCTaHOBKM (pUC. 1) OCHOBbLIBAETCA Ha CNEAYHOLLEM.

CHayvana (hopmupyeTcs afieMeHTapHas CTpyKTypa 1-ro Knacca, 3aTem U3 3TUX 3/1EMeH-
TapHbIX CTPYKTYP COCTaB/ISETCA CTPYKTypa 2-ro Knacca, noToM — CTPYKTypa 3-ro Knacca, v
Tak fanee 40 Co3faHus CTPYKTYPbl pP-ro Knacca. B aTom cny4ae, MOWHOCTb MHOXECTBA pa-
604MX NO3MUMIA ByaeT onpeaensaTbCs Ha OCHOBaHWUM CNeLYHOLLErO BblpaXKeHWs:

p
V=]V
k=1

rge v, - MOLWHOCTb MHOXXECTBA 3/IEMEHTOB MNOLACUCTEMbI k-ro Knacca,;

P — KO/IMYECTBO K/1aCCOB MOACUCTEM Ha MHOXeCTBe paboumx Mo3uLMIA MOHHO-MNa3MEHHON
YCTaHOBKM.

[ns npencTaBnieHHON CTPYKTYpbl (puc. 1), Unknosas Npov3BOANTENbHOCTL BaKyyM-
HOV MOHHO-Na3MEeHHOM YCTaHOBKYM ONpefenseTca No cneaytoLeli popmyrne

p
I8
n, = %
L
CTpyKTypHas Mofenb paboumx No3nLmin 0CHACTKY BaKYYMHOI KaMepbl Mo K/iaccam
MOACUCTEM MOXET ObITb NPeACTaB/eHa CefyHoLLM 06pa3om:
Str = {Strl, Stry, ..., Strp},
rge Str, - CTPYKTypa NoAcucTem K-ro knacca TeXHONOrMYeCKo OCHaCTKN BaKYYMHOI Kame-

Pbl YCTaHOBKM.
O6LLyH0 CTPYKTYPHYH MOAENb COCTaBa Paboumnx NO3nLMIn MOXHO NpeacTaBUTb Crie-
AYHOLLMM BbIpaXKEHNEM

Vp Vo v

Str :UUUyﬂ

Taknum 06pa3oM, paspaboTaHHbIe B 3TOV paboTe OCHOBbI MPOEKTUPOBaHNSA TEXHOMO-
FMYECKOM OCHaCTKM BaKyyMHbIX MOHHO-NNa3MEHHbIX YCTAHOBOK MO3BONAKOT CO3/aBaThb Bbl-
COKOMpPOW3BOAUTENIbHOE 060PYA0BaHME N CHU3UTL Ce6ECTOMMOCTb HamblIEHUS NOKPbITUIA Ha
nonatku MM 3a cUET KOHUEHTpaumm paboumnx nosuumi.

Cnuncok nutepatypbl:1. emuH ®.., MNMpoHnyes H.4., LLntapes N.J1. TexHonorus
M3roTOB/IEHWSI OCHOBHbIX feTasnei ra3oTypouHHbIX Aurateneil. Yueb. nocobue. — M.: Ma-
LUMHOCTpoeHue, 2002. — 328 c¢. ISBN 5-217-03119-0. 2. lNoneTtaes B.A. TexHonorusa asToma-
TU3POBAHHOI0 NPOW3BOACTBA SIONATOK ra3oTypOMHHBIX aurateneit. — M.: MalimHocTpoe-
Hue, 2006. — 256 c. ISBN 5-217-03340-1. 3. borycnaes B.A., KauaH A.A., Jonmatos A.W.,
Mozsrosoii B.®., KopeHeBckuii E.A. TexHONOrns npon3BoAcTBa aBUaLMiOHHbIX ABUraTeNei.
Y. 1. OcHoBbI TexHoMoruu. - 3anopoxse: OAO «Motop Cnu», 2007. — 518 c. ISBN 966-87-
2. 4. borycnaes B.A., AueHko B.K., XXemaHtok .4., MNMyxanbckaa I'.B., NaBneHko A.B., beHb
B.M. OTgenoyHo-ynpoyHsatowas 0bpaboTka getanein ' TA. - 3anopoxbe: OAO «MoTop
Cunu», 2005. — 559 c. ISBN 966-7108-91-0. 5. Abpammos H.B., Enucees FO.C. XuMuko-
TepMmnyeckas 06paboTKa XXapornpoyHbIX CTasiei U crnnaBoB. — M.: IHTEPMET VIHXUHUPUHT,
2001. - 622 c. ISBN 5-89594-066-8.
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YK 621.3:616
BOCCTAHOBJIEHUE YJIbTPAANCIEPCHOI' O CEPEBPA
BEOPINAPNAOM HATPUA B PASNTNYHBbIX CPEOAX

Myraués A 4. (Ar'TY, r.PocToB-Ha-LoHy, Poccus)

AHHOTauusa. TlpednodkeHa W uUcCnefoBaHa 3KCNepUMeHTaNlbHas MeToAuKa
nonyyeHMss HaHovacTul cepebpa B peakuusx C 6GOpruapuaoM. WsyyeHo BausHWe
pacTBOpUTENeN Ha KUHETUKY 06pas3oBaHns U (PU3MKO-XMMUYECKME CBOMCTBA NOAyvaembiX
30nei. HaiigeHbl HekoTOpble — coveTaHuMs (hakTOpPOB U YCnoBuid, obecneynBaroLLye
[JOCTATOYHO Y3KOe pacnpefeneHve yacTuy no pasvepy. CosgaH HayuHblil 3afen Ans
CUHTe3a MeTaN00praHNyeckux KOMMNEKCOB, B COCTaB KOTOPbIX BxogaT HY cepebpa u
MONEKYNbl  CMMPONMPAHOB. HameuyeHbl MepCcrneKTUBHble — HampasneHWs  MpeaMeTHbIX
“ccneaoBaHui.

[na nonyyeHuns 3onein cepebpa C Y3KMM U BOCMPOU3BOAMMBIM pacnpesiesieHemM no
pasmepam 4acTuL, B HaHOAManasoHe HeO6X0AMMO NPOBeAeHNE CneLnanbHbIX UCCNeLOBaHNM.
Oco60e 3HayeHue 370 MMeeT B METPO/IONMN HaHOYaCTUL, A4J1 NPUIrOTOBNEHUS CTaHLAPTHbIX
06pa3LLoB, NPOM3BOLCTBO KOTOPbIX B POCCMM OrpaHnYeHo, a NoCTaBKM UMMOPTHbIX Npenapa-
TOB He MOKPbLIBAKOT MOTPe6HOCTM OTEUECTBEHHBLIX HAHOLEHTPOB M 3KOHOMUYECKU He BCerga
060cHOBaHbI. IMpex/ae BCEro 310 aKkTyasbHO AJ1 CTaHLAPTHbIX NpenapaToB HaHocepebpa C
pasmepamu YacTuL, meHee 20 HM, YMC/I0 KOTOPbIX HA MUPOBOM PbIHKE UCYUCNAETCA eAUHU-
Llamu, a ctabunbHOCTb U BOCMPOW3BOAMMOCTb Pa3MepOB OCTaB/IAET XKeaTb JyyLUero.

B paboTe paccmartpuBaeTcs U M3yvaeTcs 6OpruapuaHbIA METOA MONYyYeHUs HaHOYa-
ctuy, (panee HY) cepebpa B pasnmMyHbIX pacTBOPUTENsX. AKTYa/lbHOCTb PaboTbl CBA3aHa
TaKXKe C pPaspaboTKON HOBbIX «XUMUYECKNX» HOCUTENe MHopMaLMK, rae HaHOYaCcTULbI Cce-
pebpa MOryT 6bITb HOCMTENEM (POTOXPOMHbIX MOJIEKY/T, HANPUMEP, cnMponupaHos [1].

1. 3KcnepumMeHTaNbHbIE MeTOAbI U CpeAcTBa

Mpw NpoBeAeHNN UCCNeA0BaHUA NCMOMb30BA/IUCH CEAYHOLLME PeaKTUBbI: HUTPAT Ce-
pebpa mapku y.g.a. no FOCT 1277-75 ( OO0 «Ypa/ibCKUIl 3aBOJ, XUMUYECKUX PEaKTUBOBY);
XKenaTuH nuuesoi mapku M-11 («HeapeakTne»); N, N-gumetundopmaMmmg Mapku X.4. no
FOCT 20289-79 («3K0C-1»); aTaHON X.4.; Gopruapua Hatpusa X.4.; amynbratop 3646/51;
Na/IbMUTUHOBASA KUCNOTa MapKun X.4. («PeakTuB»).

[Nns XapakTepucTUKM NOMyYeHHbIX HaHOYacTUL, UCMO/b30BASICA CeAUMEHTALMOHHDI
aHan3 — OfMH M3 Hanbosee LMPOKO MPUMEHSAEMbIX HEMPAMbIX METOLOB OMpefeneHns pas-
MEpPOB YacTuL, AUCMEPCHON (ha3bl B KOMNOMAHBIX Y AUCMEPCHBIX CUCTEMAaX M UX pacrpegene-
HWS No pasmepaM. CeJUMEHTaLMOHHbIA aHaN3 BbINOHANCA Ha AUCKOBOW LeHTpugyre CPS
DC 24000. MeToauka cefiMMeHTaLMOHHOI0 aHanm3a noApo6Ho onucaHa B paboTe [2].

MeToanKa 3aKnyaeTcs B BOCCTAHOB/IEHUWM COMM cepebpa GOprugpuaoM HaTpus B
NPUCYTCTBME Pa3/IMYHbIX CTabUNN3aTopoB. 13-3a BbICOKOW CKOPOCTU peakuuu ynpas/eHune
npoLeccom 3aTpyaHeHo. Mpobiema pellaeTcs OXNaXAEHNEM PeakLMOHHOW CMecK, a Takxe
BapbMPOBaHMEM KOHLEHTpaLUWiA NCXOAHbIX KOMMOHEHTOB.

CnekTp CTabUNM3MpPYIOLLMX areHTOB MU PacTBOpPUTENell [OCTaTOYHO WKpoK [3, 4, 5].
Hanpumep, rpynne uccnegosateneid [4] npyu MCNonb30BaHWW XenatuHa yaanocb nonyyvntb
HY, nexawme B gnanasoHe 5-50 HM, npuyemM 60/bLUMHCTBO YacTuL, MMenn pasmep okono 30
HM. Mbl CTabMIM3MPOBAIN 30/1b XKENaTUHOM, 3My/ibraTopom 3646/51 1 NanbMUTUHOBOW KK-
cnoToit. B kayecTBe cpebl anpobuposaHbl N, N-gumeTuadopmammng, aTaHoN 1 Boja.
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PeafibHblii MEXaHW3M peakLMmn JOCTaTOUYHO CI0XKHBIV U BO MHOTOM ONpeaensierTcs nuc-
nosib3yeMbIM pacTBopuTeneM. [1s BOAHOW cpefbl 6pyTTO-peakums BbIrNA4MT Tak:
2AgNOs3 + 2NaBH, + 6H,0 — 2Ag + 7H; + 2NaNO3 + 2H3BO; .
CnepyeT OTMETUTb, YTO BOPHaA KMCOTa ABMSETCA NPOLYKTOM peakLuuu BCNeLCTBUE B3aUMO-
AelcTBMA anbopaHa C BOAOIA:
2B,Hg + 6H,0 - 2H3BOs + 6H; .
B cpefie apyrux pactsoputenieii 6pyTTO-MexaHn3m BbIrAANUT MHaYe:
2AgN03 + 2NaBH; - 2Ag + H, + 2NaNO3 + 2 BoHs .

MMpYMeHeHWe pa3/fIMyHbIX CTabWUNM3aTOPOB MO3BOJISET YNPaBMATb pPacrnpefefieHVem
nony4daembix HY. Ncnonb3osaHve N, N-gumetundopMammnia 1 3taHoNa B KauecTBe pacTBo-
puUTeNs akTyaslbHO ANS NOJyYeHUs HaHOPa3MepPHbIX MeTaIo0pPraHNYecKUX KOMM/IEKCOB Ce-
pebpa co cnuponupaHamn [6], KOTOpble MOrYT BbICTYMNaTb B Ka4eCTBe XMMUYECKUX HOCUTE-
neii Hopmaumn.

OTmeTuM, YTO B OT/IMUME OT MeToga TypkeBuya[7], ncnonb3oBaHe Gopruapuia Ha-
TpUA NO3BONAET nony4yatb HY pasnmyHoin hopmbl, a TakKe MEHSTb pacrpefeneHve no pas-
Mepy He TO/IbKO COOTHOLUEHNEM KOHLIEHTpaLWiA MCXOAHbIX peareHTOB, HO TakXke 1CNo/b3ye-
MbIM CTabUNN3aTOPOM.

2.1. bopruapuaHbii MeTOZ B BOAHON cpefe

BoprnapuaHbIii METOA OT/INYAETCA OT LUMTPATHOIO TeM, YTO BOCCTaHOBUTESb He ABNSA-
eTCq O4HOBPEMEHHO CTabMNM3MPYIOWMM areHToM. Mo3Tomy, 3afaya onTUMMU3aLUN  3aK/ito-
4aeTcsa He TO/IbKO B NOA60pe ONTUMa/IbHBIX KOHLEHTPaLUMW 1 TeMNepaTypHbIX YCMOBUIA CUH-
Tesa, HO TaKXXe U B OTbICKaHUM Hanboee NoaXoasLLero ctabunmsaropa.

M3HavasibHO B KayecTBe cTabunmsatopa npumeHsnca amynsratop 3646/51. McxopaHble
pacTBopbl KoHUeHTpauuein Cy = 0,001 mons/n oxnaxganuch go 0 OC. CooTHOLLEHME KOH-
ueHTpaumin [AgNOs]/[NaBH,] = 1/20, o6bemMHas gons amynbratopa coctasuna 0,1 %. ®yHk-
Luns pacnpegeneHns nony4vyeHHbix HY no pasmepam npusegeHa Ha puc. 1.
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Puc.1. Pe3ynbTaT ceIMMEHTALMOHHOIO aHanm3a 06pasua, Noy4eHHOro npu

[AgNO3]/[NaBH4] = 1/20 (Cy = 0,001 monb/n) B BOAHOW cpede. O6bemHas 05 My bra-
Topa 3646/51 0,1 %
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Mony4eHHbIli 06paseL, NPOsIBUN OTHOCUTENLHO BbICOKYO CTabULHOCTb, O YeM CBU/E-
TeNbCTBYET pe3y/ibTaT CeAMMEHTALMOHHOIO aHa/IM3a 3TOro e obpaslia cnycTs Mecsil, nocne

nony4veHuns (puc. 2).
["naBHbIM pe3y/nbTaToM /11 3TON Takoro crnocoba cmHTe3 HY cepebpa sBnseTcsa nony-

yeHve CTabuUbLHOrO Konnouaa, KOTOpblii B NEPCMeKTBE MOXHO UCMO/b30BaTh B KauecTBe
CTaHAapTHOro 06pasLia Anst KAMBPOBKM M3MEPUTENILHOMO 060PYA0BaHMA B HAHOAMANA30HE.
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Puc.2. PesynbTaTt ceIMMeHTaLMOHHOI0 aHanm3a obpasLia, Nony4eHHoro npu
[AgNO3]/[NaBH4] = 1/20 (Cy = 0,001 monb/n) B BOAHOW cpefe CrycTs MecsL, Nocne CUHTe-
3a. O6bemHas fons amynbratopa 3646/51 0,1 %

2.2. boprugpuaHblii MeTO4 B 3TaHone
[na 6opruapuaHoro Metoda CMHTe3a, B KOTOPOM B Ka4eCTBE PacTBOPUTENA BbICTYNa-
eT 3TWMOBbIA CNMPT, B KayecTBe cTabuimsatopa MpUMeEHsNach NalibMUTMHOBAs KWCIOTa

(KOHUEHTpaums B peakMoHHoM cmecn Cy = 0,0003 monb/n).
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Puc.3. Pe3ynbTaT CeAMMeHTaLMOHHOI0 aHanmn3a 06pasua, Noy4eHHoro npu

[AgNO3]/[NaBH,4] = 1/20 (Cym = 0,001 monb/n) B cpefe aTaHoNa. KoHueHTpaumsa naibMmnTiu-
HOBOW KMCNOTbI B peakLMoHHoi cmecn Cy, = 0,0003 monb/n
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B onbiTe, nNpofenaHHOM  MNpPU  KOHLEHTPaUMAX  WUCXOAHbIX  PacTBOpPOB
Cwm = 0,001 monb/n 1 nx cootHoweHun [AgNOs]/[NaBH,4] = 1/20, cMHTe3npoBaHHbIe YacTu-
bl UMeNu crefytollee pacnpegeneHve (cm. puc. 3). TMonyunnmncb SOCTATOYHO MeKue Yyac-
TULbI, KaK 1 B NpesblayLLem cnyyae, Ho CTabuibHOCTU TaKo KOMIOWA He NposBusI. 3TO Noj-
TBEPXAETCA CefUMEHTaLMOHHbIM aHa/IM30M, NPOLENaHHbIM CrycTa [Ba MecAua nocne no-
nyyeHuns (puc. 4): cpegHui pasmep HY ysennumnncs npumepHo B 5 pas.

Mo-BuaMMomy, ata MoaudmrKaums 60prapuaHoro MetToga He ABASETCA ONTUMabHOM
AN LOCTUXKEHWSA OCHOBHBbIX Liefieil cCneaoBaTelbCKon paboTbl.
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Puc.4. Pe3ynbTar cefMeHTaLMOHHOI0 aHamn3a obpasya, Nony4eHHoro npu
[AgNOs]/[NaBH,] = 1/20 (Cwm = 0,001 monb/n) B cpefe aTaHOMa CNYCTA fBa MecsALa nocre
cvHTe3a. KoHUeHTpaums naibMUTUHOBOM KUCNOTbI B peakLMOHHON CMecK
Cwm = 0,0003 monb/n

2.3.6oprugpuaHblii meTog B N, N-aume Tuncopmammie

B Takom cnocobe cTabunv3atopoMm BbICTynaa >xenatuH. OTmetum, 4yto N, N-
ANMeTMA(OPMaMmMA, TakKxKe CrocobeH BOCCTaHaBNMBATb CONM cepebpa [8], NO3TOM KOHLEH-
Tpaums UCXOAHBIX pacTBOPOB Oblna CHKeHa Ha nopsgok (Cy = 0,0001 monb/n) ans nydile-
ro KOHTPO/A Haf NPOLECCOM BOCCTaHOB/EHUS.

MpaKTnyeckun, Npu cooTHoweHnn KoHueHTpauuii [AgNOs]/[NaBH,] = 1/4 peareHTOB
1 maccoBoil fone enatuHa 0,0001 % nonyunnm 30/b C AOCTaTOYHO Y3KMM pacnpefeneHu-
eM YacTuL, No pa3mepy, O YeM CBUAETENbCTBYET MHAEKC NOMMANCIEPCHOCTU, PaBHbIA 1,54.
CpepHuia pasmep YacTu, coctaua 10 HM.

Mogudurkauus 6opruapugHoro MeToga no3sosauia nonyymTb cTabuibHbIE 301, CO-
[lep)kalliye AOCTaTOMHO MesiKne yactuubl. Takme HY B cpege N, N-aumetundopmammnia mo-
YT BbICTYNaTb B Ka4ecTBe HOoCUTesel (POTOXPOMHbIX MOJIEKY/T CIIMPONMpaHa.
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Puc.5. Pe3ynbTar cegrMeHTaLMOHHOr0 aHanmnsa obpasya, Nony4eHHoro npu
[AgNOs]/[NaBH,] = 1/4 (Cym =0,0001 monb/n) B N, N-gumeTtunopmamunie cnycrs Tpoe
CYTOK nocne cMHTe3a. MaccoBas 40N XenaTnHa B peakumoHHoi cmecu 0,0001 %

3akKnoyeHne

IKCNEPUMEHTAILHO NOYYeH pAf CTabWbHbIX KOMMO3UUMIA C AOCTaTOMHO Y3KUM
pacnpefeneHVem YacTuL, Mo pasMepy M Co34aH Hay4YHbIin 3agen 41 CUHTe3a MeTaN/loopraHu-
YeCKMX KOMMJIEKCOB, B COCTaB KOTOPbIX BXOAAT HY cepebpa u MosieKybl CNnponvpaHos.
Pa3paboTka NMo3B0O/ISieT COBEPLLEHCTBOBATL XMMUYECKNE HOCUTENM UHOopMaLMK.

MpegnonaraeTcs TakXe OCYLLEeCTBUTb CUMHTE3 KOMIMIEKCOB, B KOTopbiX HY 6ygeT
CNYXXUTb MOAJIOXKKON A1 (POTOXPOMHbIX Monekyn. Kpome Toro, nepcrnekTUBHO NOJyyYeHne
MOHOZMCMNEPCHbIX 30/1e/ U3 CUHTE3UPOBaHHbLIX 06Pa3L0B YbTPaLEHTPU(YrMPOBaHNEM.
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YAK 621.75
COLD PLASTIC DEFORMATION OF THE BEARING RINGS RACEWAY

Pruteanu 0.}, Carausu C.}, Gramescu T.}, Nedelcu D.!
(1 - UT, lasi, Romania, Romania)

Abstract: This paper presents comparative results from cold plastic deformation on
outer ring raceway of the two types of bearings: 6211 and 6309. The experimentation
conditions, the variation diagrams of the shape deviation (circularity) and of the roughness of
the raceway of the outer rings depending on deformation force, deformation feed and rotation
speed of the roller. After the mathematic modeling of the experimental results, the
comparative analysis and the conditions concerning the optimum processing conditions are
presented.

Key words: plastic deformation, circularity, roughness, mathematic modeling.

1. Introduction

The cold plastic deformation is characterized by high precision in terms of dimension
and shape, superior quality of the processed surfaces, roughness and superficial layer, metal
economy, increased productivity, etc.

In literature there are works [2, 3] which present the influence of some technological
factors on the quality parameters of the processed surface. Paper [1] presents calculation rela-
tions established by various researchers depending on the considered criterion: geometry of
the tool and of the piece [Maier, Schneider], the roughness of the run surface [Herold], the
work parameters [Bokoiavlenscki] etc.

2. Experimental conditions

Experimental research was realized at SC Rulmenti SA Bérlad in the following condi-
tions:

- material: 100Cr®6;

- unfinished goods: warm forged and laminated,

- outer rings for the types of bearings 6211 and 6309;

- machine: CRF-120 OR, with the work parameters presented in table 1;

- tools: specific to the machine and to the type of bearing — mandrel and deformation

roller;
- measurement devices: Taylor Hobson Formtalysurf.

Table 1. Work parameters of the machine CRF-120 OR
Parameters Range Experimental values
Deformation force, F [daN] 12100 - |12100; 13200; 14300; 15400; 16500;
17600 (17600
Feed rate, s [mm/min] 30 - 50 [30; 35; 40; 45; 50
Rotation speed of the roller, n [rpom] | 85— 125 §85; 90; 95; 100; 110; 120

3. Experimental findings

Experimental research was conducted on the two types of outer rings from bearings
6211 and 6309 by variation of one parameter at the values mentioned in table 1 and the main-
taining of the other two parameters constant. The results are presented in table 2.
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Table 2. Experimental results

Independent 6211-10 6309-10
parameter | Circularity | Roughness | Circularity | Roughness
um pum pum um
Force Variation of the deformation force, F [daN] /

F [daN] constant : n = [90 rpm] : s = 40 [mm/min]
12100 130 0.28 150 0.24
13200 310 0.35 260 0.32
14300 180 0.33 240 0.34
15400 275 0.29 310 0.27
16500 300 0.28 290 0.30
17600 160 0.30 180 0.32

Feed rate Variation of the feed rate, s [mm/min]
s [mm/min] constant P= 15400[daN], n=90 [rpm]
30 255 0.085 170 0.10
35 195 0.10 185 0.12
40 180 0.15 210 0.22
45 210 0.12 205 0.14
50 220 0.18 200 0.19

ity) depending on the work parameters (deformation force and feed rate).

ters, the Table Curve 2D v5.01 is used.

4. Mathematical modelling of the experiment results
For the deduction of the relations of work parameters influences on quality parame-

The figures 1-2 present the variation of the quality parameters (roughness and circular-

The correlation coefficient R2 was deducted, the estimated error, the significance test

F was applied, and through comparison the most appropriate model was established for the
experiment data [4].
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Fig. 1. Variation of the roughness (a) and circularity (b) with the deformation force, F
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Fig. 2. Variation of the roughness (a) and circularity (b) with the feed, s

The mathematic expression of the models which best describe the factor influences —
deformation force and feed rate - on roughness and circularity are presented in table 3.

The graphical representation of these functions and the experimental values are pre-
sented in figures 3-4.

Table 3. The mathematic expression of the models which describe the factor influences on
roughness and circularity
Parameter|Factor| Ring Mathematical expression R? Slg?;;c;nce
b nrF  d ,
- =a+— — th: a = 22.656;
ool | RemarpreE L WA | 0997 | 23969
';':_ b =-1336876.8; c = 9.8856e+9; d = -8.003e+10
%’ Ra =a+blnF+c NF,9  with: a = -
& L | 6309- FoF 0.832 3.3
g 10 |1187.08; ' '
QL b =102.29; ¢ = 1516398.7; d = -11524812
(@]
> C -
- = S+ —, with:a=0.1752;
& ) 621101 Ra =a+ble"+> 0.835 5.078
g b =7.1357e-24; ¢ =-80.72
e C|Raza+2+cdnS, with: a=-24.908;
631%9 Ramamg” Cd?’ ! 0.514 1.058
b =148.51; c =-164.58
LL 62111- Cir=a+b |]“_'2 +C|:F4, Wlth a= '62385, 0835 5079
& 0 b =7.777e-6; c = 1.674e-14
= S |6309- |cir=a+bF?+cF?, witha=-739.46;
(@) L ' ' 0.514 1.06
= 10 b = 8.888e-6; ¢ = 1.901e-14
= 6211- |cir=a+b¥ +clE, witha=582.204; 0.835 5.079
(‘:J . 10 b =-1177014; c = 3708704.6
5 g . 1 , with: a = 0.4744; 0.514 1.058
$ |6309- [T B, s
10 Ins s
b=-2.77;c=3.055
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Fig. 4. Estimated influences of deformation force (a.), feed rates (b.) on circularity

5. Conclusions

Following the graphic representation of the values of the quality parameters depending
on the work parameters of the machine to be processed by cold plastic deformation, one can

reach the following conclusions:
- the increase of the deformation force, there occurs an increase on the roughness for

both types of bearings, fig. 1-a, with smaller values being registered at the 6309-10 type as a
result of a bigger contact surface between the race and the roller;

- the shape, circularity deviations, fig. 1-b, generally increase by the increase of the
deformation force up to the force of 16500 [daN] with one exception at the force of 14300
[daN], after which one may notice a relatively small increase of deviations. The cause of this

variation can be explained by the vibrations and self-vibrations in the technological system;

- feed rate, the roughness of the processed surfaces also increases, fig. 2-a, with a big-
ger influence on the ring 6309-10, as well as on shape deviations, fig. 2-b, with a reduction
around the value of 35-40 mm/min. This tendency can be explained via the bigger sizes of the

contact surface between the unfinished goods and the roller.
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YK 621.825
MOBbILLEHWE JONTOBEYHOCTW 3YBUATBIX MYDT

MonbyeHko B.B., BoHgapes B.A. (kad. TM, JOHHTY, r. [loHeUK, YKpanHa)

Teopus N MHXeHepHas NPaKTUKa NOBbILLIEHNS N3HOCOCTOMKOCTM N HaAEXHOCTN pabo-
Tbl TPYWMXCA AeTanel pacrnonaraeT 60/bWMM KOMYECTBOM BaXKHbIX KayeCTBEHHbIX 3aBUCK-
MOCTEN, pe3ynbTaToB 3KCMEPUMEHTA/IbHbIX MCCMEeA0BaHNA U HabMOAEHWIA, UCMONb30BaHNE
KOTOPbIX NMO3BOJISIET CYLLECTBEHHO MOBLICUTL CPOKM CMY>KObI MaLLVH.

PaccmMOTpUM BO3MOXXHOCTM MOBbILLEHWS A0NTOBEYHOCTY [AeTaneli MallnH Ha npumepe
3y6uaTbIX MyqT.

HeuncnpaBHOCTK arperaToB ¥ MallMH 3a4acTyl0 CBSi3aHbl C HapyLleHneM paboTocno-
COB6HOCTK 3y6uaTbiX My(T. IMpK 3TOM 60MLLUIMHCTBO O0TKA30B CBSI3aHO C M3HOCOM 3Y6beB 3Y6-
yaTblX My(T, X MOMOMKOWA UM YBENMYEHMEM Bbllle JOMYCTUMOro npeaena Bubpauuii Ma-
LUNHBI, BbI3BAHHbLIX YBEIMYEHHbIMU 3a30pami B 3aLlenieHU MyqTbl.

BakHellumMm B BONPOCE MOBbILLEHWS A0NTOBEYHOCTIN 3yBuaThbiX My(qT ABISETCS yCTa-
HOB/IEHWE BUAOB paspyLLeHns 3ybbeB. [ns 3TOro no cneumasbHO paspaboTaHHOW MeTOAMKe
1ccnefoBaocb COCTOAHME NOBEPXHOCTHONO CNOS 3yObeB My(ThbI NOC/E U3rOTOB/IEHUS N 3KC-
nayatauum B NPOU3BOACTBEHHbIX M N1a60PATOPHbLIX YCNOBUAX MPU PasIMYHbIX peXumax pa-
60Tbl My(T. 0 M3MEHEHNAM XapaKTepa U BEeMYNHbI LLIEPOXOBATOCTUN, BO/THUCTOCTM MOBEPX-
HOCTM, MeXaHWYeCKNX U (PU3NYECKNX CBOWCTB TPYLLENCS NOBEPXHOCTU, BHELLUHEMY BUAY MO-
BEPXHOCTW Aenancs BbIBOA O BUAE M3HOCA, pa3pyLUEHMst MOBEPXHOCTEN 3y6beB.

Ha ocHoBaHWMW nccnefoBaHUiA BUAOB PaspyLLUEHNS Y YCNOBUIA NX BO3HUKHOBEHWSA pas-
paboTaHa KnaccupuKkaumsa OCHOBHbIX BUAOB M3HOCA 3yObeB 3y64aTbiX My(T, KOTOpas Ha CTa-
AW MPOEKTUPOBaHWSA, NOC/e YCTaHOB/EHWSI OCHOBHbIX MapaMeTpoB 3KCM/yaTaummn onpege-
NAET BeAyLLUMA BUA U3HOCA 1 NpeayCMaTpuBaeT MePONPUATUASA N0 ero MUHUMK3auun [1].

[onroBeyHoCTb 3ybuaTon MydTbl 6yAeT 3aBUCETb OT M3HOCA 3yObeB. [ns 3ybuaTbiX
My(T yA06HEee Nonb30BaTbCsA IMHENHON MHTEHCUBHOCTLIO, NPEACTaBNAIOLLE COO0I ToNLW M-
HY CN0si U3HOLLEHHOro MaTepuana 3yba h Ha egMHUUy NyTn Tpeuus L. [nsa ciydas nnactude-
CKOro KoHTakTa V.B. KparenbCKuM nosy4yeHa 3aBUCUMOCTb A1t IMHEAHOW MHTEHCUBHOCTU
Ha OCHOBE MOJIEKYNAPHO-MEXaHNYeCKO Teopun TpeHus [2].

OpfHako K 3y6yaTbiM My(TaM HenocpeACcTBEHHO MPUMEHUTL YKa3aHHYH 3aBUCUMOCTb
He NpeACTaBNAeTC BO3MOXHbIM, NOTOMY YTO OHa BbIBEAeHa A1 YCN0BUIA OfHOHAMNpPaB/eH-
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HOIO TPEHUS CKOMbXXEHWA, MPM KOTOPOM MHTEHCUBHOCTb M3HOCA HUXeE, YeM NpU BO3BPaTHO-
MOCTYnaTe/bHOM CKO/MIbXXEHWUW, YTO MMEET MeCTO B 3y6uaTbIX MydTax.

YunTbIBas NepeMeHHOCTb Harpy3ku Ha 3y6bsx My(mTbl B Npeaenax KOHTaKTHOM 30Hbl
1 BO3BPATHO-MOCTYNaTe/lbHOE CKOMIbXEHWE, NMHEWHbIN U3HOC 3y6a 3a OAWMH 060pOT MY(TbI
MOXHO OMNpeAennTb Mo 3aBMcUMocTy [2], npeobpasoBaHHOW K BULY

K, bk
h= HBV‘[ ® (:)Li (¢ )do;,

roe Pqi— faBneHue, 3aBUCALLee OT Yyria nosioXxeHns 3yba; HB — TBepAoCcTy matepuana
3y6a; K, — aKcnepnMeHTa/IbHbIl KO3WMULMEHT, YUNTBIBAOLLMIA MUKPOrEOMETPUIO KOHTaKTU-
PYOLLMX TN, YCNOBUA CMa3KW, HaNPsXKEHHOEe COCTOAHME MaTepunana; y - nokasartesib CTeneHu
3aBMCUMOCTW M3HOCA OT AaBNeHUs 1 TBepAoCTU 3y6beB; ¢k - Yron 30HbI KOHTaKTa 3yobeB; ¢
— Yron nonoXeHus 3yoba.

B pesynbTaTte aHanMsa pacrnpegeneHns Harpyskn Mexxay 3yObsiMmn YCTaHOB/IEHO, UTO
AaBNeHne Ha 3y6bsAX B 3HAUUTENbHOM Mepe 3aBUCUT OT AedopMaunii u3rnba, KOHTaKTHOro
oKaTus U nepemeleHns, 06ycnoBeHHOMo yNpyroin aeopmaumein npunerarowein K 3ydy
yacTn oboga [3].

Ha cocTasnstoLme cyMmMapHOro rnepemMelLeHmns, 06ycroB/eHHble AedopmaLsammn ns-
rmba N KOHTaKTHOrO CXKaTusi BO3[ENCTBOBATb, B CMbIC/NE UX YBENMYEHUS, HE NPeACTaBNSeTCS
BO3MOXXHbIM 6€3 CHUXXEHUS U3TMOHOM N KOHTaKTHOM NPOYHOCTU 3yObeB. MMepeMeLleHnsmu,
BbI3BaHHbIMM YMNPYroin aedopmMalenn npuneratoLleli K 3ydy Yact 0604a MOXHO YnpaBsTh
ONTUMa/IbHOM KOHCTPYKLUMEN CTYNULbI, CHKas Npu 3TOM AaBfieHne Ha 3yObsx W MoBbILLas
[AONTOBEYHOCTb MY(Tbl.

SKCMEPUMEHT MO MCCNef0BaHNIO pacrpefeneHns Harpyskm Mexay 3yobammn myqThbl,
NMEIOLMX Pa3/IMYHYI0 KOH(UIypaumio nokasan, Yto M3MEHEHNEM XECTKOCTM 0604a MOXHO
YBENNUYNTbL YACNO 3yObeB, NepefaroLmx HarpyskKy Ha 40%, 6e3 CHUXKEHUS N3rMOHO MPOYHO-
CTW.

BnaronpuaTHOe pacnpefesnieHne Harpysku mexay 3yobamu MyqTbl, MOXET ObITb A0C-
TUTHYTO TaKXXe YMEHbLUEHNEM LUMPUHbI 3y6a BTYNKN N YBENIMYEHMEM PaCCTOSHUA MeXay
3y6yaTbiMi BeHLaMW BTYNOK. Mpy 3TOM HEO6XOAUMO YUUTbIBATL APYrve (hakTopbl, OrpaHn-
ymBaroLme pa3Mepbl Ha3BaHHbIX NapameTpoB. B YaCTHOCTK, yBENMYEHME PAaCCTOAHNUA MeXay
3y6uaTbiM BEHLaMW BTY/IOK NPUBOAUT K YBENMYEHUIO rabapuToB My(Tbl, XOTSA NPU 3TOM
BO3pacTaeT KOMMNEeHCHpPYoLWas crnocobHOCTb My(ThI.

B npoueccax M3HalIMBaHWS BaXXKHYIO POSib UFPaKT COCTOSHWE W CBOMCTBA TOHKOIO
MOBEPXHOCTHOrO C/0s [ieTasneil MalluvH, OT KOTOPbIX 3aBUCUT XapakTep 06pa3oBaHMst 1 pas-
PYLUEHMSI BTOPUYHBLIX CTPYKTYP. MOBEPXHOCTHbIN CNON (hOpMUPYETCH MPU OKOHYATeNbHOW
06paboTKe aeTanei maluvH. B HacTosLee BpeMsi B MalLIMHOCTPOEHMMN NMPUMEHSETCA 60NbLLOE
4yncno crnocobos (hopmMMpPOBaHWSA MOBEPXHOCTHOrO cf1oa fAeTaneil. K OCHOBHbIM MeTOAaM,
o6ecrneymBatoLLM MOBbILLEHME HAAEXHOCTW U AONTOBEYHOCTU [eTaseil MallvH, OTHOCATCS:
YMPOYHEHME NIacTUYeCKUM AehopMmMpoBaHeM, TepMoobpaboTKa, HarmlaBKa U HanblieHne
M3HOCOCTOMKOro Matepuana Ha paboume NOBEPXHOCTW AeTanei, aNeKTPONUTUYECKE U XK-
MUYECKMe MOKPbITUSA, 3/1IEKTPONCKPOBOE YNPOYHEHWNE, NOKPbITUE MOMMMEPHBLIMU MaTepuana-
MU U T.N. 3TN MeTOAbl Aar0T BO3MOXHOCTb MOMy4YaTb NOBEPXHOCTHbIE C/ION C HY)XXHbIMWN 3KC-
nnyaTaunuoHHbIMU CBOMCTBaMW.

3 nepeuncneHHbIX MeTOL0B Hanbosee TeEXHOMOTMYHBLIM A1 3y6beB 3y6yaTbiX My(dT
MOXET ObITb AP06ECTPYMHbIA HaKNEn.
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OKCMEPUMEHT MO WCCNEeLOBaHUIO B/IUAHUSA PEXMMOB 006pabOTKM Ha COCTOSIHWE MO-
BEPXHOCTHOrO C/10s 6bI1M NPOBefeHbl Ha 06pa3uax 3y6yaTbiX My(MT, U3rOTOB/IEHHbLIX U3 CTa-
nn 45. [ipo6ecTpyiHbIiA HAKNEN NOBbILWAET TBEPAOCTL MOBEPXHOCTHOrO C/ost 3y6bbeB Ha 20...
30%. W3meHeHMeM BpemeHU Lpo6ecTpynHO 06pabOoTKM MOXHO YMpaBisTh LUepoXoBaTo-
CTbtO 00pabaTbiBaEMOI NMOBEPXHOCTM N gocTurath Ra 3,2...6,3 MKM. McxofHas LIepoxoBa-
TOCTb MPU 3TOM Ha OKOHYaTE/IbHYHO He B/NSET.

YNpoYHeHne NOBEPXHOCTHOrO €10 3y6beB My(Thl APOGECTPYIHLIM HAKIenom cro-
COGCTBYET MOBLILIEHUIO WM3HOCOCTOMKOCTM paboymMx MNOBEPXHOCTEN, rnaBHbIM 06pa3oM 3a
CYeT Haknena. oBblWweHWe TBEPAOCTW, MPOYHOCTM W aKTUBMU3ALMM NOBEPXHOCTHOMO C/10S
Mpu Haksnene cnocobCTBYeT YCTaHOB/IEHNE UHAMUYECKOro paBHOBECUS paspyLUeHus 1 BOC-
CTaHOB/IEHUS BTOPUYHBIX CTPYKTYP. A 3TO OKasblBaeT CYLLEeCTBEHHOE B/IMAHME Ha pacLumpe-
HMe AuanasoHa Harpysok, Npu KOTOPbIX MPOUCXOANT HOPMa/bHbIA OKUCAUTENbHBIA N3HOC.
Ha o6pa3suax 3ybuaTblX BTY/OK, NpeaBapuTe/lbHO 06paboTaHHbIX APO6bLIO, MpU TPEHUU B
cpege cmasku uHayctpuansHoe 30, fgaxe npu BbICOKUX AasneHusx (4o 890 Mna) He passu-
BaeTCs cxBaTbiBaHMe | pofa 1 cTabuIbHO COXPaHSAeTCAa HOPMabHbIA OKUCAUTENbHBIN U3HOC.

OLHMM M3 OCHOBHbIX 3KCMN/yaTalMOHHbIX MeTOLOB MOBbILLIEHNS LO/ITOBEYHOCTH 3Y0-
yaTbIX MY(MT ABNAETCA NMPUMEHEHME CMa304YHbIX MaTePUaIOB MO PUNYECKAM U XUMUYECKNM
CBOICTBaM COOTBETCTBYHOLMX YCN0BUAM paboTbl 3y6UaTbiX My(T. [MapameTpbl TPEHUS MeX-
Ay 3y6bAMn My(hTbl He 06ecneymBatoT CO34aHNs YCTONUMBOIO MacNsHOro KauHa. Mostomy
[NA CHUXEeHNA M3HOCa B NpoLecce TPeHUA AO/MKHbI HeMnpepbIBHO CO34aBaTbCA pasfennTesb-
Hble BTOPUYHbIE CTPYKTYPbI, 3KpaHMUpYoLLye HenocpeACTBEHHOe B3aMMOLENCTBIE TBEPAbIX
Ten.

MaKcuMa/IbHbIN 3PMEKT PYHKLMOHAILHOTO Ha3HavYeHWsi CMa304HON cpefbl 4OCTUra-
eTCca Npu NPUMEHEHUN macen ¢ npucagkamu. [pn 3TOM BO3HMKaeT BO3MOXHOCTL yrpas/e-
HWS NpoLeccamm TPEHUA M3HOCA, CO3AaHne YCTOWUMBOIO NPOTEKaHNS NMPOLLECCOB.

MpoBeaeHHbIe 3KCNEPUMEHTBI MoKasanu, 4Yto npucytcTene MAB B cMa304HOI cpeae
CHMKAeT M3HOC 3yObeB. XOpOoLLUME NPOTUBOU3HOCHbLIE CBOVCTBA NOKa3an NPUCagKn ¢ Cepoi.
CepHble NpucafKM CO34AH0T Ha TPYLLMXCA NOBEPXHOCTAX METa/II0B MIEHKU CyNb(puUoB, ANs
KOTOPbIX XapaKTepHa BbICOKas TBEPAOCTb, MPOYHOCTbL U TemnepaTypa niasneHns. Cynspuapl
obpasyroTcs npu Temnepatype nopsgka 200°C, NosToMy NPOTUBO3aAUPHbLIA 3GEKT 3TUX
npucagoK MOXeT MPOSABAATLCA TOMLKO MPU BbICOKMX TeMrnepaTtypax. Tak Kak Temrneparypa B
30He TpeHus 3ybbeB He MOoBbIWaeTcs Bbiwe 150°C, TO NONHOCTLIO MPOTUBO3a4MPHbIE CBOWA-
CTBa CEPHbIX NPUCALOK He NPOABNAKOTCA.

Camble XOpoLune npoTMBO3a4UPHbIE Y NPOTMBOM3HOCHbIE CBOWCTBA MOKasain npu-
CaflkKn C X10pPOM. XJIOpHble Npucagkn 00pasyroT Ha TPYLUXCHA MOBEPXHOCTAX METasl/10B
nneHKn xnopuaos. OHM TakxkKe 00pasytoTCA MpPW BbICOKUX Temreparypax, HO HUXe Yem
Cy/Nb(unAbl, @ UMEHHO Npu Temnepatype npumepHo 150°C, 4TO COOTBETCTBYET TeMnepaType
Ha MoLWajKe KOHTaKTa 3yobeB. [IeHKN XI0PUA0B XKene3a XapakTepuayroTes MaacTUHYaToM
CTPYKTYpPOI1, 4TO 06ecneynBaeT Masioe COMPOTMBAEHME CABUIA U HU3KWIA KOIPPULMEHT Tpe-
HUA.
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