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MATEPUATIOB

B pa6ore npeacTaBiieHbl pe3ynbTaTbl SKCNEePUMEHTa No onpeaeneHMIo KOHLI.eHTpaI.IMOHHOFi
3aBMCUMOCTH YNPYIUX MOAYﬂeﬁ ABYX CUCTEM NOJIMMEPHDbIX KOMMO3UTOB OT ob6beMHOM AOMM
HanoJIHMTENA, a TaK)Xe pe3yJbTaTbl MOAENIbBHOIO 3KCNePpUMEHTa ANA 3TUX Ke CUCTeM U UX

CpaBHMTel'II:HI:Iﬁ AHanM3.

KnioueBbie cnoBa: nonMmepHble KOMNO3ULMOHHBbIE MaTepHalbl, MOAYNb CABUIa, NPOrHO3MK-

poBaH1e, MoeNpoBaHue.

Bompochl TporHO3upOBaHMsI CBOMCTB ITOAMMEPHBIX
KOMIIO3UIIMOHHEIX MaTepuanros ([TKM) 3zarumaror
CyllleCTBEHHOE MeCTO B MaTepUarOBeACHUN. DTO 06YCAO-
BAEHO TeM, UTO BA3KOYIPYIHue CPeAbl 00AaAQIOT PSAOM
CBOMCTB, KOTOpPbIe MOT'YyT 3HAUUTEABHO BAUSATH Ha
dusuko-MexaHnueckue corctBa [TKM. TexHuko-3Ko0-
HOMITYeCKast 9(pPeKTUBHOCTb IPUMEHEHU ST HOBBEIX MaTe-
PHanO0B B 3HQUUTEABHOM Mepe 3aBHUCHUT OT BO3MOKHOCTEH
NIPOTHO3UPOBAHMUS UX 3KCIAyaTallMOHHBIX CBOMCTB.
BcaeacTBre aTOTO Tpo6AE€Ma IPOTHO3UPOBAHMSI CBOMCTB
TIOAMMEPHBIX KOMIIO3UTOB SIBASIETCSI OAHOM 13 Hauboaee
Ba’KHBIX 38784 MaTePUANOBEACHUS.

B pamkax pAaHHOM pPabOTHL OBIA IPOBEAEH HATYPHBIN

m OKCIICEPUMEHT IIO OIIPpEACACHUIO KOHHeHTpaL[HOHHOIZ

3aBUCUMOCTH MOAYAS CABUTA ABYX CHUCTEM, & TaKXke
BepudUKalusgd pa3zpaboTaHHONW aBTOpPaMU KOMIIbIO-
TEPHOU MOAEAHU II0 IPOTHO3UPOBAHUIO MeXaHUUYeCKUX
CBOMCTB HOAVMEPHBIX AMCIIEPCHBIX KOMIIO3UITMOHHBIX
MaTepHaAOB IIyTeM CpaBHEHUS Pe3yAbTATOB, IOAYUEH-
HBIX B XOAE HAaTYPHOT'O ¥ MOAEABHOTO DKCIIEPUMEHTA.

B KauecTBe OOBEKTOB HCCAEAOBAHUS OBIAY BEIOPAHBI
noAanTeTpadTopaTuaeH (ITTD3) mapku « O TOPOTIAACT-4»
(TOCT 10007-80), HartoAHEHHBIN OPOH30BBIM MEAKOAHC-
IIepCHBIM opoIIkoM Mapku OC-15-5 (B poaabHeNUIIeM —
BIl), a Tak>)Ke AMHEWHBIN apOMAaTUYECKUN ITIOAUUMHUA,
Mapku [IM-69 (moAUMMEIA Ha OCHOBE AMAHTUAPHUAQ O€H30-
dpeHOHTETPAKAaPOOHOBOM KUCAOTHI U AUAMUHOAU-
deHnAOBOTO 3UpPa), HAIOAHEHHBIN yrA€POAHBIM
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Puc. 1. 3aBHCUMOCTb IPUBEAEHHOIO MOAYASI CABUTA
OT 00 bEMHOTO COAEP)KaHUSI HATIOAHUTEAS:
1 — cucrema IIT®I-BII, 2 — cucrema [IM69-I'P

HAIIOAHUTEAEM B BUAE AMICIIEPCHOTO rpaduTa (MOAEAbHAs
cucteMa [IM — I'P). BpoH30BBIN TOPOIIIOK TOTOBUACS B
cooTBeTcTBUU ¢ TY 48-08-09-22-81. Pazmepnl 4acTHI]
IIOPOIIIKA He IIPEBHIIIAAT 71 MKM.

Bribop cucremel [IM — I'P, HapgAy ¢ cucTeMoi
[IT®S — BII 06ycAOBAEH TEM, YTO CTeIleHb KPUCTAA-
angyHocTu [IM-69 c m3aMmeHeHueM copepskanusa ['P, Bepo-
SITHO, U3MeHsIeTCsI He3HAaUUTEABHO, O UYeM CBUAETEAb-
CTByeT MOHOTOHHBLIYM XapakTep KOHI[eHTPaIMOHHOM’
3aBUCUMOCTH MOAYAEH YIIPYTOCTH.

BBeaeHMe HaTOAHUTEAS B IOPOLIKOOOPa3HYIO MaTpH-
Iy BBITTOAHSIAY T10 TEXHOAOTHY CYyXOT'O CMEIIIMBAHYISI B MEAD-
Huie MPTI-1 npu yacToTe BpamjeHus Hoxkei 7800 mun .
O6pa3usl AT HCCAEAOBAHUSA (DHU3UKO-MeXaHudeCKUX
CBOMCTB M3TOTABAMBAAU II0 TEXHOAOTHU XOAOAHOTO
npeccoBanud npu AaBaeHuu 70 —80 MIla ¢ nocaepy-
IOIIMM CBOOOAHBIM CIIeKaHKEM IIpU TeMiiepaType 360+3°
C.TTo yka3aHHOM TEXHOAOIMHU OBIAY CUHTE3UPOBAHEL ABE
ABYXKOMIIOHEHTHBIE MOAEAbHBIE cucTeMbl [ITTOS-BIT
u I[TM69-T'P.

OnpepenreHre AMHAMUUECKOTO MOAYASI CABUTA OCYy-
I[ECTBASIAOCH OOPATHBIM BEPTUKAABLHBIM KPYTUABHBIM
MasITHUKOM CBOOOAHBIX KOAeOaHum [1]. Usmepenus
npoBopuAuCh coraacHo 'OCT 20812-75 B pAmamnazone
gacToT oT 0,02 Ao 1 I'i. OcHOBHAS HAESI METOAA 3aKAIO-
yaeTcs B caepytomieM. O6pa3sel] BMecTe C KoaeOaTeAbHON
CHCTeMOU BLIBOAUTCS 3 IOAOKEHUs paBHOBecHUs. Aaree
MasITHUK BMeCTe ¢ 00pa3IioM COBepIIaeT 3aTyXalolrue
KPYTHABHEIE KOAeOaHMs, 4aCTOTa KOTOPBIX 3aBUCUT OT
MOAYASI CABUTA MaTeprasa o6pasra ¥ MHEePIMOHHBIX

CBOMCTB MadTHHUKA. A TpeoOpa3oBaHusa MEXaHUUeCKUX
KoAeOaHUM B dAeKTpUUeCcKUe KOAeOaHUsI CAYKHUT OIl-
THUYeCKast CUCTeMa, COCTOSIIIAsI 13 MICTOUHMKA CBETa, ABYX
cobuparomux AuH3, Paa’kka 1 poropnopa. [1pu kpyTu-
ABHBIX KOAeOAHUAX CUCTEMAa AUH3 C (pAa’KKOM IIPeod-
pa3yeT NOCTOSSHHBIM CBETOBOM IIOTOK B IlepeMeHHBIN
TOTOK 3a CUET M3MEeHEHMs IIAOIIAaAU CeUYeHHs IOTOKA
MeXXKAY AMH3aMU HelpOo3pauyHbIM (haa’kKoM. HacTtoTa
IepeMeHHOI'0 CBeTOBOI'O IIOTOKQ, apalolero Ha hoTo-
AHOA, COBIIAAAET C YaCTOTOM MeXaHUUYeCKUX KoAeOaHUH.
DoTopnop TO3BOASET IPe0OPa30BaTh CBETOBOM CUTHAA
B SAEKTPUYECKHUY, KOTOPHIYU B AQABHEUIIIEM aHAAW3U-
pyeTtcs. ITo 3TUM AQHHEBEIM OIIPEAEATIOTCA TaKue Iapa-
MeTPBI CUCTEeMBI, KaK YaCTOTa KOAeOaHUM, aMIIAUTYAQ,
AOTapU(pPMUYECKUN AeKPEMEHT 3aTyXaHul. Microab3ys
reoMeTpUUeCcKHe pa3Mephl CUCTeMBI U ee MOMEeHT UHep-
YUY IPOU3BOAUTCSA pacueT AUHAMHUYECKOTO MOAYASL
caBura. Mcnoab3yeMast yCTaHOBKA MO3BOASIET MEHSATH
TeMIepaTypy CUCTEMEI. B Xoae sKcIiepuMeHTa IoAAED-
>xuBanrachk TeMiepaTrypa 300 K. OcHOBHBIe TOTPEITHOCTHI
U3MepeHUs, OIpeAeAeHHBIe 3KCIIepPUMeHTaAbHO, COC-
TaBUAU AT AUHAMUUECKOTO MOAYASI CABUTA He 6oaee 3 %.
AAd yMeHBIIeHUI IPUOOPHOU IOIPEITHOCTH U AAST UCK-
AIOYEHHSI BO3MOJKHOCTH KOHACHCAITUY BOASHLIX ITapOB
Ha oOpa3slle ¥ Ha SAeMeHTaX KOAEOAIOIENCs CUCTEMBL
AaBAeHUe BHYTPU YCTAHOBKM IIOAAEPIKUBAAOCE OKOAO
0,1 MM pT. CT.

INoaydeHHBIe KCIIepUMEHTAAbHBIE PE3YABTATHI AAS
HCCAEAYEMEBIX CUCTEM IIPUBEAEHEI Ha rpaduke (puc. 1).
OTU AQHHBIE XOPOIIIO COTAACYIOTCS CO 3HAUEHUIMU MO-
AYAS CABUTQ, IOAYYE€HHBIMYU ADYTUMU aBTOPaMH [1], 94To
CBUAETEABCTBYET O AOCTOBEPHOCTU PE3YABTATOB.

B paboTte [2— 3] AeTaAbHO paccMaTpUBAaeTCsl MaTe-
MaTHdecKas MOAeAb OLleHKH MOAyAs IOHTa u MoAyAs
CABUTa KOMIIO3UITMOHHEIX MaTepraroB. OCHOBHAST MAes
3aKAIOYAEeTCS B CAeAyIoleM. B kauecTBe Mopenr oOpasna
BBIOMPAETCSI TpeXMepHOe KAeTOUHOe oAe. VcxopHBIMI
mapaMeTpaMu SBASIOTCS AAMHA 00pasna I, MOAYAb
YIPYTOCTH NPHU PACTSKEHUU MATpuLbl E, , cpepHee
3HaUeHNUe MOAYAS YIPYTOCTH KAETKU IOASI C HAalIOAHU-
TEeAEM Ecp., MOAYAB CABUTa MaTpullel G . Aaree pacCUnTEI-
BAeTCS CUAQ, IPUKAAABIBAeMasi K KaKAOU KAETKE, ITOAST
U PACCUYUTHEIBAETCSI MAaCCUB YAAUHEHUUN KAETOK KaKAOI'0O
crost. [Tocae yero HaxoAUTCs 3 PeKTUBHOE YAAUHEHHEe
Al BCEro KA€TOYHOTO IIOASI M HA OCHOBAHUH IIOAYYCHHBIX
MAHHBIX HAXOAATCS 3PP EeKTUBHBIE MOAYAU KOMIIO3UTA.

JAaHHas MaTeMaTUYeCKast MOAEAb ObIAA PeaA30BaHa
B BUAE KOMITBIOTEPHOM IIPOTPAMMEL.
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Puc. 2. 3aBUCUMOCTb IPUBEAEHHOTO MOAYAS cABura IIM-69 ot o6 seMHOro copepskanus I'P:
1—MOAEABHBIN pacyueT, 2—HIKHSS rpaHnna JKukopa, 3—3KCrepuMeHT
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Puc. 3. 3aBHCHUMOCTH NPUBEAEHHOr0 MOAYAS cABura [IT®I ot 06peMHOr0 copeprkanus BIT:
1-3KCIepuMeHT, 2 —MOAEAbHBIN pacyeT, 3—HUKHsIS rpaHuna JKukosa

INpu pacueTax B KaueCTBe BXOAHBIX AQHHBIX BBEIOU-
paAm 3HauUeHUsI MOAYAeH YIIPYTOCTH IOAUMEPHBIX MaT-
pun E' ju G, mnoAy4eHHBIe 5KCIIePUMEHTAABHO. B Kave-
CTBe 3HaUYEeHUM MOAYAEH YIIPYTOCTA OPOH30BOTO HAIIOA-
HUTeAS BEIOUpPaAU TAOAUYHBIE 3HAUEHNUA MOAYAEM OpOH-
3Bl MapOK, OAU3KHUX 110 coCcTaBy K Mapke OC-15-5, a paa
rpaduTa — B COOTBETCTBUU C TEXHUUYECKUMU YCAOBUSIMU;
3HaueHUs KoadduruenTa [Tyaccona v coctaBasiau 0,34
(A TIT®), 0,30 (arst TTM-69) u 0,25 AAST HATIOAHUTEAET.

OneHKa MOAYAS caBura cucreMel [IM69-I'P npoxo-
AWIAQ B ABa 3Tana. Ha mepBoM aTare MOAEAMPOBaAaCh 00b-
eMHasl CTpyKTypa obpasia MeTOAOM, OIMCAHHOM B pa-
oote [2]. Aaree IO yKa3aHHOM BHIIIIe MOAEAM PacCUu-
ThIBAAACh KOHIeHTPAIJMOHHAs 3aBUCHUMOCTDL MOAYAS
IOnra u MoayAsa cpBura oOpasia Kak AAI ABYXKOMIIO-
HEHTHOU CHCTEeMEI MaTPUIla-HATIOAHUTEAD. [IoaydeHHbIe
Pe3yALTaTHI IPEACTaBACHEL Ha PUC. 2.

Ornenka MopyAst caura cucteMel [ITOS-BITnpoxo-
AUAA B TpHU 3Tama. Ha mepBoM aTalne, Kak U AAS IPEABI-
AyIlei CCTeMBl, MOAGANPOBaAACh OObeMHAas CTPYKTypa
obpasna. Ha BTopoM sTane € 1jeAbl0 yueTa HaAuuus
Me>X(a3HOro CAOSI IIPOUCXOAUT YCPEAHEHUE MOAYAS
cABUTA U MOAYAA HOHra KAeTKU C HAallOAHUTEAEM COT-
AacHoO MopeAr AyabHeBa — HoBuKoBa [4] «Ky0 B KybOe»,
Ha 3aKAIOUYUTEABHOM 3Talle PaCCUUTHIBAETCSI 3(PPEKTUB-
HBIM MOAYAB CABUTA U MOAYAL FOHTa 00pa3Iia, Ipu 3TOM
3HaYeHUe yupyrux MopyAel [TTMD 6parocs AN KpHC-
TaAAUYeCKOHN a3kl [IoaydeHHEBIE pe3yABTAThI IPEACTAB-
A€HBI Ha puc. 3.

AAST IPOBEPKU AOCTOBEPHOCTHU MOAYUEHHBIX pe3y-
ABTAQTOB UCIIOAB30BaAACh METOAUKA OIeHKU TPAHUYHBIX
AOIIyCTHUMBIX 3HaUeHUM MoAyAel caBura JKukosa [5]. 3
TIOAYYEHHEIX 3aBUCUMOCTEN CAEAYeT, BO-IIEePBHIX, Pas-
paboTaHHag MOAEAB AOCTATOUYHO XOPOIIO OIKUCHIBAET
SKCIepUMeHTaAbHbIe 3aBUCHUMOCTH, BO-BTOPLIX, HE
CMOTPs Ha TO, YTO BCe pacueTHbIe KPUBLIE AeJKAT HeM-
HOTO HUJKe HUJKHel rpaHuIlbl 2KMKOBa, YNCAeHHas pas-
HHIIa pe3yAbBTATOB HeOOAbIIIas, @ BUA KPUBLIX COBIIAAAET.

Takum oOpa3oM, pazpaboTaHHas MaTeMaTU4YeCcKas
MOAEAB UMeET PSIA IIPEUMYIIEeCTB U HeAOCTAaTKOB. K pe-

nMymecTBaM CAepAyeT OTHECTU IIPOCTOTY MOAEAU, COr-
AdCHe Pe3yAbTAaTOB C TEOPETUYeCKUMU AAGHHBIMU, BO3-
MOJXHOCTh y4eTa Me)K(baL’)HOI'O crost. OCHOBHBIMUY JKe HepO-
CTATKAMM ABAAIOTCA OTPAHUYECHHOCTE MOACAN OTHOCH-
TEABHO YMCAd KOMIIOHEHT CHUCTEMBI, d TaK>Xe TO, 4TO
MOAEADB IIpUMEeHUMA TOABKO AAST AUICTIEPCHBIX CUCTEM.
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PA3PABOTKA U AHAJIM3 HANMPSYXEHHO-
NEDOPMMHUPOBAHHOIO COCTOSIHUS
SJIEMEHTOB FrEPMETU3UPYHOLLIMX
YCTPOMCTB C UCMOJIb3OBAHUEM
METOA KOHEYHbIX 3JIEMEHTOB

PaccMaTpMBalOTCS pe3ynbTaThl aHanM3a HanpshkeHHo-AedopMUpoBaHHOro coctosHus (HAC)
YNNOTHSIOLWMX M CHITOBbIX 3/Ie MEHTOB PaAManbHOro repmeTusmpylollero ycrposcrea (I'Y), c
UCMONb30BaHMEM METOAA KOHeUYHbIX 3neMeHToB. MoKa3aHo, YTo pa3paboTKka KOHEYHO-
3NIeMEHTHbIX MojerneMn M aHanus nonyyaembix snop HAC m pacyeTHbIX 3aBUCMMOCTEN
HanpshKeHnH M aecopMaLMi OT XapaKTEPHCTUK M€ XaHM4YEeCKMX CBOMCTB I5IEMEHTOB M YCJIOBMM
akcnnyataummn I'Y nossonsior paspabartbiBaTh 60nee HafieXHYI0 KOHCTPYKUMIO I'Y € y4eTOM
hH3MKO- MeXaHMYECKMX CBOHCTB MaTepHanos.

KnioueBble cnoBa: repMeTMsMpyiolee yCTPOMCTBO, METOA KOHEYHBIX 351 MEHTOB,
AecdopMaums, HANPSYKEHME, KOHTAKTHOE AABNEHHE, NONMMEPHBIM KOMMNO3MLMOHHbIN MaTepHan.

PazpaboTka TpubocuCTEM PA3AMYHOIO TUIIQ, BKAIO-
4yasg MeTaaroOIloAuMepHble ['Y, Bceraa cBs3aHa C aHAAM30M
HaIpsKeHHO-Ae(OPMUPOBAHHOTO COCTOSTHUS SA€MEHTOB
KoHcTpyKnuu. [Ipu pa6ote I'Y paBreHUe pabouelt
cpeabl, AedbopMaIus CUAOBBIX U YIIAOTHSIOUIUX dAeMe-
HTOB BBI3BIBAIOT BHYTPEHHUE HAIPSIKEHUSA U CO3AAET
KOHTAKTHOE A@BA€HUE Ha COIPSKEHHBIX IOBEPXHOCTAX
[1 —2]. BeAmunHa BHYTPEHHUX HAIPSKEHUM ¥ KOHTAKT-
HOTO A@BA€HUS HEIOCPEACTBEHHO BAUSIOT Ha paboTo-
CIIOCOOHOCTD U CPOK CAY>KOBI ['Y, TIO3TOMY apeKBaTHas
oleHKa 3Tux napamerpos HAC Ha 3Tamne NpoeKTHpO-
BaHUA U3AEAUST UMEIOT BeChbMa aKTyaAbHOE 3HaUeHUe AN
IIOBBIIIEHUSA HAAEKHOCTH U Pecypca MallliH, B KOTOPBIX
IIPUMEHSIOTCS TepPMEeTU3UPYIOINe YCTPOUCTBA.

ObecneueHue AAUTEABHOU paboOTOCIOCOOHOCTHU
MeTaAAOIIOAUMEDPHBIX ['Y BO3MOJKHO IIyTeM pacIpeae-
AeHUSI HeOOXOAMMOTO KOHTAKTHOI'O AQBA€HUS U BHYT-
PEeHHUX HAIpS>KeHUM B 0O0beMe YIAOTHSAIOIIUX U CUAO-
BBIX 9AEMEHTOB B MHTEPBaAe, He IIPEBBIIIAIOIIEM IIDEASA
IIPOYHOCTH IIOAMMEPHOI'0 KOMIIO3UITMOHHOTO MaTepHana
(IMKM), BUCcoAB3yeMOTO AASL U3TOTOBACHUS YIIAOTHS-
IOIIUX SA€MEHTOB.

W3BecTHBIE METOAUKH OIpeAeAeHUsT KOHTAaKTHOTO
A@BAEHUS ITO3BOASIOT OLIEHUTD CPeAHee 3HaUYeHUE AAB-
A€HUS, 4aCTh METOAUK II03BOASET PACCUUTATh AABACHUE
B OTAEABHBIX TOYKaX YIIAOTHSIEMOH IOBEPXHOCTHU IPUO-
AMKeHHO [1 —2] 6e3 yueTa HaUpsKeHHO-AeDOPMHU-
POBAHHOI'O COCTOSTHUS YIIAOTHSIIOLIIETO SAeMeHTa, a Tak-
Ke 0e3 yueTa CUA TPEHUSI MeKAY YIAOTHSIOMIUM dAe-
MEHTOM U YIIAOTHSI€MOU IIOBEPXHOCTHIO.

AAS pelleHUS 3TOM 33pa4yU BecbMa 3(pPeKTUBHBIM
SIBASIETCS UCIIOAB30BaHUE METOAQ KOHEUHBIX IA€MEHTOB
(MK?3) [3—25]. HecMoTpsa Ha TO, YTO 3TOT YUCAEHHBIN

METOP SIBASIETCSI TPUOAMKEHHBIM, BLIOPaB ONITUMAABLHBIE
pasMepsl 4 pa3MellleHre KOHEUHBIX 9AeMEeHTOB, MOJKHO
obecrneuuTh HEOOXOAUMYIO AeTaAU3allUIi0 pacuieTHOM
MOAEAU U IpHUeMAeMble IO TOUYHOCTU Pe3yAbTATH
BBIYMCACHUH.

B pannoM pabore MKDO uCIIoAb30BaAU AAS aHaAK3a
HaMPSKEHHO-AeOPMUPOBAHHOTO COCTOSTHUS SAEMEHTOB
'Y 1 0OAHOBPEMEHHO AAS OIIPEAESAEHUS PaCIIpeACACHUS
KOHTAKTHOTO A@BAEHHS 10 YIIAOTHSIEMOU IOBEPXHOCTH.
IMopoOHBIM TOAXOA 0OecTIeYnBaeT HAnOOABIITYIO HH(OP-
MAaTUBHOCTL UCCAEAOBAHUS ¥ KOMIIAEKCHOE pelleHne
TIOCTAaBACHHBIX 3aAa4.

MKD3 A0CTAaTOUYHO NOAPOOHO ONMCAH B AUTEPATypE
u 6a3upyeTcsi Ha TOM, YTO HelIpePLIBHO U3MeHS IO AsACs
BEAWUYMHA MOJKET OBITh AIIIPOKCUMIPOBaHa AUCKPETHOM
MOAEABIO, IOCTPOEHHOM Ha MHOJKeCTBe KyCOUHO-
HeIpepLIBHLIX (PYHKIINH, KOTOPBIE OIPEAEAEHEl Ha
KOHEYHOM YHCAE IOAOOAACTE SAEeMEeHTOB.

Pacuer HAC uacTun — 5AeMeHTOB C YyUeTOM HeAU-
HEMHOCTeY OCHOBBIBAETCS Ha IAaTOBBIX ¥ UTEPALIOHHBIX
MeTOAAX. DTU METOABI B OCHOBHOM CBOASITCSI K IIPEA-
CTaBAEHUIO ITpoliecca Ae(POPMUPOBAHUS B BUAE ITOCAE-
AOBATEABHOCTH PABHOBECHBIX COCTOSTHUM, AAS KA’KAOTO
13 KOTOPBIX IIPOBOAUTCS pacueT. [ Ipu pelre Uy OCTaB-
A€HHOM 3aAaYU METOAOM KOHEUHBIX SA€MEHTOB UCIIOAb-
30BaAM IIporpaMMHBIN KoMiaekc ANSYS.

B oTcyTcTBUe TpeHHUs Harpy’>kKeHue SAeMeHTOB pas-
pabarsiBaeMoro I['Y sBAsieTCS OCECUMMETPUUHEIM.
[MTosToMy, pAerad ponylieHHe 00 OTCYTCTBUM TPEHUS,
1eAecooOpa3Ho MepPeuT OT TPeXMEPHOM 3aAauM K oce-
CUMMETPUYHOMN.

B KauecTBe BXOAHBIX IAapaMeTPOB AAS pacueTHOU
MOAEAU CAY>KUAHU:
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OMCKWM HAYYHbBIA BECTHUK N

MALUMHOCTPOEHUE N MALULMHOBEAEHUE

Puc. 1. ®parmeHT reomeTpuyeckoit mopeau I'Y
(a — reomeTpuYecKast MOAEAB, 6 — CETKa KOHEYHBIX SIA€MEHTOB
OCA€ Harpy’kxeHusi): 1 —ynaoTHseMasl IOBEPXHOCTH;
2—CHAOBOM dA€MEHT; 3—0NOPHOE KOABILO; 4—BHYTPEHHSISI
MOBEPXHOCTBb Kopnyca I'Y; 5—ynAOTHSIOIIUM SA€MEeHT;
6—noBepxXHOCTh KPbIMKHY I'Y; 7—-MOBEPXHOCTh KOHTAKTHOM
MAOIAAKH

1) reomeTpryecKas MOAEAb KOMOUMHUPOBAHHOTO rep-
MeTU3UPYIOUero yCTpoucTaa [6];

2) MexaHNYeCKUe CBOMCTBA MaTEPUAAOB, 13 KOTOPBIX
BBIITOAHEHBI 9AeMeHTRI ['Y;

3) rpaHUYHEBIE YCAOBUSA A PACUETHOU MOAEAH.

DparMeHT reOMeTPUIECKON MOAEAU PAAMAABHOTO
repMeTHU3UPYIOIero ycTpolcTsa [6] mokasaH Ha puc. 1.
[Mpunumas, uto I'Y paboTaeT nIpu 0CECUMMETPUYHOM
Harpy’>keHHuU, TeOMeTPUUEeCKYI0O MOAEAb CTPOUAU AAS
TTOAOBUHEI OCEBOTO ceueHUs ['Y.

[Tpu MOAEAMPOBAHUY HATPSIPKEHHO-AePOPMUPOBAH-
HOTO COCTOSTHUSI CHAOBOTO SA€MEHTa - PE3UHOBOTO KOAB-
11a B KQUeCTBE PEOAOTNUEeCKON NCIIOAB30BaAaCh MOAEAD
Mynn-Pusanna. CHAOBOM 9A€MEHT U3TOTOBAEH U3 Pe3U-HbI
Ha ocHoBe CKH-18, umetomeit Moayab FOura E = 10 MIla
u koapdunueHT [Tyaccona y= 0,495.

IMpu ™mopeaupoBanuu HAC ynaoTHAMOIEro
3AeMeHTa, u3roroBAeHHoro u3 ['1KM na ocaose I[TTOD,
umeroliero MoayAb fOura: E = 380 MIa; koadduieHT
IMyaccona: y= 0,33.

Tak kak B mpornecce skcnayarauuu ['Y yImaoTHs-
FOTITUY DAEMEHT UCILITHIBAeT He3HaUYUTEeAbHBIE Aehop-
MaIruy, 9TU AePOPMaIuy CIUTAAN YIPYTUMH.
[ToBepXHOCTH OIIOPHOTO M YIAOTHSIIOWIETO KOAEI], KOP-
nycau KpBIIKU ['Y oIpeAeAsIAUCH B pACUETHON MOAGAH
KakK abCOAIOTHO >KeCTKHeE.

B KauecTBe BEIXOAHBIX UCIIOAB30BAAUCH CAEAYIOIINIE
mapaMeTpHhl:

— 0,, 0, O, — TAABHEIe HANPSDKEHUs (0, IBASIETCS
HaMOOABIIMM ITOAOKUTEABHBEIM HANpsKeHUEM, G, —
HaNOOABIIIUM OTPUIIATEeALHBIM HaAlIPSsKeHUEeM);

— OCEeBEIe HAIIPSDKEHUS Oy, O, O,

— HAMPSDKEHUSI CABUTA O, , 0,0, i

— SKBUBAAEHTHBIE HATIPSKEHUs (HATPSIKEHUS 1O
Musecy):

Ge:\/;[(01_02)2+(62_03)2+(03_61)2]; (1)

— KOHTAKTHOE AaBA€HHE P, — HOpMaAbHOE K
TIOBEPXHOCTHU HANIPsIKEHUE.

AASl aHaAM3a HAIPAKeHHO-AePOPMHUPOBAHHOI'O
COCTOSTHUS YIIAOTHSIOIIETO IA€MEHTa B YCAOBUSIX TPEHUS
HUCIOAB30BAAU CAEAVIONIYIO MeTOAUKY. Paccuuras
HaIpsOKeHHO-Ae(OPMUPOBAHHOE COCTOSTHUE IA€MEeHTOB
I'Y B OoTCyTCTBUE TPEHUS, OIPEACASIAU CMeI[eHUs Y3A0B
UX 1 Uy Ha y9aCTKaX KOHTAKTa YIAOTHSIOIIETO JA€MEeHTa
C APYTHMMU 3A€MeHTaMMU KOHCTPYKIUU. PaccumTaHHEBIe
CMeIleHHUs y3A0B 3aAABAAU KaK TPAHUYHEBIE YCAOBUS AAS
ADPYTOM KOHEUHO-9AeMEeHTHOM MOAeAH (puc. 2), KoTopast

Puc. 2. KoHeYHO-3AeMeHTHast MOAEAb YIAOTHSIOMIET0 IA€MEeHTa
I'Y crapmonnyecknmu snementamu PLANE 25
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Puc. 3. Dnopa 5KBUBaA€HTHBIX HaNPSI)KeHUM AASI SA€eMeHTOB
paccMaTpuBaeMoro yCTpoucTsa
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Puc. 4. PacnpepereHre KOHTaAKTHOTO AaBA€HU S
MO0 YIAOTHSI€MO¥ IIOBEPXHOCTH: a—3MI0pa KOHTaKTHBIX
A@BAEHU, 6—3aBHCUMOCTh KOHTAKTHOTO AaBA€HHUS
OT KOOPAMHATHI



NIPEACTABASIAA COOOU IOAOBUHY CE€UEeHUS YIIAOTHSIONIETO
3AeMeHTa C CeTKOM KOHeUHBIX 9AeMeHTOB, MAeHTUUHOM!
CceTKe, TpeACTaBAeHHOM Ha puc. 16.

Haamune TpeHHUS yUUTBIBAAU, IPUKAGABIBAS K Y3AaM
YIAOTHsIIOIIEeM TyOKu CUAY TpeHus F,, HanpaBaeHHyIO
NIEePIEeHAUKYAIPHO IAOCKOCTHU Ce4YeHUsd, T.e. CUA,
KaCaTeAbHBIX K YIAOTHAEeMOM NoBepXHOCTU. CHuAY
TPEHHUsI PACCUUTHIBAAU 110 3aKOHY Kyaona. Koaddu-
LIMEeHT TPeHMs Ha YIAOTHSIeMOM TOBEPXHOCTU 3aAaBarll
paBHBIM 0,05. Ha yyacTkax KOHTaKTa YIAOTHSIOIIETO
3AEMEHTAa C ADYTUMU 3A€MeHTaMU KOHCTPYKIJUYU B OIIU-
CBIBAEMOM MOAEAU IIOAATAAU CMEIeHUd II0 OCU Z HyAe-
BBIMHU (uz = 0), T.K. pacyeThl IOKA3aAH, YTO CUAA TPEHUS,
AEHCTBYIOIIAs Ha 3TUX y4acTKaX, MHOTO OOABIIIE CUABI
TPeHHUs Ha YIIAOTHSIeMOM IOBEPXHOCTH.

C ucnoab3oBaHUEM pacueTHOM KOHEUHO-IAEMeHT-
HOM MOAeAHU OBIAQ TIOAYUYEeHa He0OX0oAMMasa HMOPMAaIusa
B BHAE DITIOP SKBUBAACHTHBIX HAIIPSKEHUH B Ae(POPMUPY-
eMbIX aaeMeHTax [Y (puc. 3) ¥ 3Iop KOHTaKTHBIX AQBACHUM
Ha YIAOTHSIEMOM MeTaAANUeCKOM IIOBEePXHOCTH (PUC. 4)
AAST @aHAAW3a HaAIPSPKeHHO-Ae(DOPMUPOBAHHOI'O COCTO-
STHUSI SA€MeHTOB repMeTH3U-PYIOIIero yCTPOUCTBa.

Kak caepyet u3 puc. 3 u 4, Haups>KeHHO-pAedop-
MHUPOBAHHOE COCTOSHUE YIAOTHSIOIIETrO0 3AeMeHTa
XapaKTePU3YyeTCs HaAMYUEM y4aCTKOB, KOTOPBIE MOSKHO
XapaKTepHU30BaTh KaK KOHIEHTPATOPHI HANPSI)KeHUH,
nIpuyeM 3HaueHUe 3KBUBAAEHTHBIX HANPS)KeHUHU
pocTturaeT BeAnuuHsl 39,8 MIa, 4To MOSKeT IPUBECTH K
PAa3pYILIEHNUIO MAaTEPHAA], IOCKOABKY IPEAEA IPOYHOCTH
npu Ars GoapmumHcTBa [TKM Ha ocuoBe TITO3
cocraBaseT 17+25 MIla. Kpome TOTO, Kak caepyeT U3
pHuc. 4, BepXHsig 4aCTh KOHTAKTHOM TIOBEPXHOCTH YIIAOT-
HsIIOlIeN I'yOKM He CO3AaeT AABA€HUS Ha YIAOTHsIEeMOM
NMOBEPXHOCTU. DTO NIPUBEAET K HepaBHOMEPHOMY
HU3HOCY B IIpOIlecce TPEHM, a TAK)XKe K 3HAUUTEABHOMY
U3MEHEHMIO paclIpepAeAeHNsI KOHTAKTHOI'O AQBA€HUS U
IapaMeTpOB HaIpPSKeHHO-Ae(POPMUPOBAHHOTO COCTO-
siHMs. [To3TOMY IleAecO00pa3HbIM IBAIETCS U3MeHeHHe
HEKOTOPBIX KOHCTPYKTUBHBIX ITapaMeTPOB 3A€MeHTOB
I'Y c neabio oOecniedeHNsT KOHTAKTHOTO AQBA€HUS Ha BCel
CONIPSIKEHHOM MOBEPXHOCTU YIAOTHSIIOWLEN I'yOKUA U
CHUJKEHUS COOTHOUIEHUS MeXXAYy MaKCHUMAaAbHBEIM U
MUHUMAaABHBIM KOHTaKTHBIM AQBACHUEM.

C 5Tol eAblo ObIAA YBeANUYeHa TOAIIIHA OIIOPHOTO
MeTaAAnmdecKoro Koabla 3 (puc. 1) Ha 0,2 Mmm. B pesy-
ABbTaTe 3TOTO U3MeHeHUs IeHTP CedeHUS CHUAOBOTO
3AeMeHTa 2 cMecTuTcs Ha 0,2 MM BAOAB OCH Y, IIPU 3TOM
U3MEHUTCS paclIpepeAreHre KOHTAaKTHOTO AABAE€HUI Ha
COIIPSI’)KeHHOM NoBepxXHOCTH. COOTBETCTBEHHO, OBIAQ
yTOUYHeHa KOHEeUHO-3A€MeHTHasi MOAEAb ¥ PACCUUTAHEI
HAC ynaoTHsomero saeMenTa ['Y U pacupepeAreHne
KOHTaKTHOTO AaBAeHUs. Pe3yAbTaThl pacueToB IOKa-
3BIBAIOT, YTO 3HAUYEHMEe YKBUBAACHTHBIX HAIPSKeHUN
MMOHU3UAOCH A0 BeanmunHb! 30,6 MI1a, HO OHO elrfe mpe-
BRIIIAET IIpepeA npourocTy [TKM. B To ke BpeMs yMeHb-
1IaeTcs AOAS IOBEPXHOCTH YHAOTHSIOLIEN I'yOKH, He
co3parollell KOHTAKTHOe AABA€HUe Ha YIAOTHSIeMOM
noBepxHOCTH (puc. 5). C 1leAblo yCTPaHeHUs 3TUX HeAO-
CTaTKOB NOTPeOOBAAOCEH U3MEHEHUE TOAIIUHB]l YIIAOT-
HAIOIEeN T'yOKU 3a CUeT YMeHBIIeHU BBICOTEl h KOH-
TaKTHOM nAoIIaAKu € 0,4 MM A0 0,2 MM (puc. 1). C UCTIOAD-
30BaHMeM yTOUHeHHOM, TaKUM 00pa3oM, KOHeUHO-
3A€MeHTHOM! MOAEAH, OBIAY PACCUUTAHBI HAIIPSI’KeHHO-
Ae(opMUPOBAHHOE COCTOSIHHWE dAeMeHTOB 'Y u KoH-
TaKTHBIE AQBAeHUSA. Pe3yAbTaTel pacueToB ITOKa3aAH, 94TO
HAC ynaoTH4OLIEro 35AeMeHTa C HOBBIMHM KOHCTPYK-
THBHBIMHU IIapaMeTPaMM dIAeMeHTOB [Y xapaKTepusyeTcsa
yMepeHHBIMU 3HaUeHUSIMY UHT€HCUBHOCTH HAaNIPSDKeHUN
(a0 7,1 MTIla) u HaAWYUEM 3HAQUYMMOTO KOHTAKTHOTO
AaBAEHUS Ha BCel MOBEPXHOCTU YIAOTHSIOUIEH IyOKu
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Puc. 5. PacipepereHue KOHTaKTHOTO AaBA€HUS
10 YIIAOTHSIEMO¥ ITIOBEPXHOCTHU C HOBBIMHU KOHCTPYKTUBHBIMU
napaMeTpaMu: a—3MI0pa KOHTAKTHBIX AaBA€HUM,
06—3aBHCHMOCTh KOHTaKTHOTO A@BAE€HNS OT KOOPAWHATHI
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Puc. 6. PacnpepereHre KOHTAKTHOTO AaBA€HHUS IO
YHNAOTHSIEMOM MOBEPXHOCTH C YMEHbIIEHHON TOAIMHOM
YHOAOTHSIOMIEN I'YyOKH: a—3Miopa KOHTAKTHBIX AaBA€HUH,
06—3aBHMCHMOCTh KOHTAaKTHOTO A@BAE€HHS OT KOOPAWHAThI
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Puc. 7. ®parMeHT reoOMeTPUYECKOI MOAEAH YIIAOTHSIIOIIETO
3A€MEeHTa C KOHNYEeCKOM KOHTAaKTHOM NAOMIAAKOM
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Puc. 8. PacipepereHre€ KOHTAKTHOT'O AaBAEHUS
0 YIAOTHSIEMO¥I IOBEPXHOCTH Ha: @ — 3IMI0Pa KOHTaKTHBIX
AaBA€HHH, 6 — 3aBUCHMOCTh KOHTAKTHOTO AaBA€HHS
OT KOOPAMHATBI

(puc. 6). CooTHOIIIEHHE MAKCUMAABHOTO 1 MUHMMAABHOTO
KOHTaKTHBIX AQBACHHUH COCTaBASIET IPUMEPHO 2, IpHYeM
3MI0pa AaBAeHMS OAM3KAa K AUHEWHOU. OTO IIO3BOASET
TIPEAIIOAOJKUTD, UTO B IIpoliecce IpUpaboTKYU Ha YIIAOT-
HAIOIel TyOKe OyAeT chopMupoBaHa MOBEPXHOCTD
TpeHUsl C NpaKTUIeCKU AMHeHHOM obpasylomei. Kak
TIOKa3aAM pacyeThl, Haanume AaBAeHUs cpeabl A0 0,1 MITa
3aMeTHBLIM 00pa3oM He BAHMSIET Ha HAUPSIKEHHO-
AeOpMUPOBAHHOE COCTOIHUE 3AeMeHTOB I'Y. [ToaTomy
B AAABHEMIINX pacyeTax AABACHUE CPeABl He YIUTBIBAAU.

INoAydueHHOe IO yTOUHEHHON MOAEAY PaclIpeAeAeHIe
KOHTAKTHOT'O AABAEHUS Ha YIIAOTHSIEMOM TOBEPXHOCTHU
TIO3BOASIET IIPOTHO3MPOBATh, YTO B IIpOIlecce Ipupa-
GOTKY U3HOC IO AAMHE B PAAMAABHOM HAIPaBACHUU
VIAOTHSAIOIMEN r'yOKH OyAeT NpaKTUUYeCKU AUHEWHO
U3MeHAThCS NpUMepHO B 2 pasa. [ToaTomy meaeco-
00pa3HO U3MEeHUTh TeOMEeTPUIO YIIAOTHSIOM e IryOoKy,
3aAaB KOHYCHOCTb KOABII€BOM KOHTAKTHOM NOBEpPX-
HOCTY C BePIINHOM KOHYCa Ha OCH BpallleHUs SAeMeHTa
(puc. 7). OnOpHl 3KBUBAACHTHBIX HAIPSI)KEHUH B yII-
AOTHAIOLIEN I'yOKe C YTOUHEHHOU reoMeTpuel U KOH-

TAKTHOI'O AABA€HHS HA YHAOTHHeMOfI IIOBEPXHOCTH, a

TaK’)Ke 3aBUCHMOCTb KOHTAKTHOTO AQBAEHHUS OT KOOp-
AMHATHI Ha YIAOTHSIEeMON ITIOBEPXHOCTH (pHC. 8) moKa-
3BIBAIOT CAeAyIollee. HanpsskeHHO-AeDOpPMUPOBaHHOE
COCTOSHUE YHAOTHSIOUIEro 3AeMeHTa C U3MeHHOH
reoMeTpuYeCcKON (hOpMOI XapaKTepU3yeTCcs yMEPEHHBIMU
3HAUYeHUSMYU UHTEeHCUBHOCTU HAIIpsUKeHU (A0 7,3 MITa)
¥ HaAWYeM HeOOXOAMMOTO KOHTAKTHOI'O AQBACHUS Ha
BCel IOBePXHOCTH YIAOTHSIOII el ryoku. CooTHOIIEHUe
MaKCHMaAbHOTO X MUHMMAaAbHOTO KOHTAKTHBIX AQBA€HUHN
COCTaBASIET IPUMEPHO 1,3. DTO IO3BOASIET CAEAATE BHIBOA,
0 TOM, UTO pa3paboTaHHast KOHCTPYKIIHS YIIAOTHSIIONIETO
9AeMeHTa 06ecreurBaeT OIpeAeAeHHOe BEIpaBHUBAHNE
SIIOPHEL U PaclpeAereHrne KOHTAaKTHOTO AABAEHUS Ha
VIAOTHSIE€MOM IMOBEPXHOCTH U AOIYCTUMBIN YPOBEHb
BHYTpPeHHUX HanpsokeHut (ot 3,7 Mlla po 4,9 MIla), a
TaK’Ke AOCTATOUHBINM YPOBeHb KOHTAKTHOTO AABA€HUS
Ha BCeU YIIAOTHSIEMOM IOBEPXHOCTH.

C 1IeABIO POTHO3UPOBAHMS TAPaMeTPOB HaIIPSDKEHHO-
Ae(POPMIPOBAHHOTO COCTOSTHUS YIIAOTHSIIOIIIETO SIAEMEH-
Ta B YCAOBMSAX 3KcIAyaTanuu ['Y paccMoTpeHa pa3pabo-
TaHHAas KOHEeYHO-2AeMeHTHast MOAEAD C YIeTOM CHA Tpe-
HHs, 3apaBaeMEIX B BUAe F . PesyabTaThl pacyeTa Hanps-
KeHHO-Ae(pOpMUPOBAHHOTO COCTOSTHUS YIIAOTHSIOIIeH
ryoku ¢ yuetoMm F, mpu kosddunuente tpenns 0,05-0,1
IIOKa3aAM, 9TO HAIIPSIKEeHHO-Ae(DOPMUPOBAHHOE COCTO-
sIHMe YIIAOTHSIONIero 3AeMeHTa XapakKTepu3yeTcs yMe-
PEeHHBIMU 3HaUeHUSIMU UHTeHCUBHOCTH HaNIPSIKEHUH (AO
7,2 MTIla) 1 HU3KUMM HaIIPSIKEHUSIMU CABUTA B IIAOCKO-
CTSIX, IEPIIEHAVKYASIPHBIX CeueHmIo oneMenTa. CaepoBaTe-
ABHO, HAAWYIHIE CUABI TPEHUSI He M3MeHsIeT 3aMeTHBIM oOpa-
30M HaNpsKeHHO-Ae(POPMUPOBAHHOE COCTOSTHHUE YIIAO-
THSIOIIETro SAeMeHTa IIPU 3HaueHUsIX KoddduineHTta
TpeHus p00,1.

3akaoueHHne

Pa3paboTan psip KOHEYHO-IAEMEeHTHBIX MopeAet [Y,
IIO3BOAMBIINX IIPOAHAAW3UPOBATh BAUSHHUE YCAOBUHU
Harpy>keHHusI Ha XapaKTePHUCTUKU HANPSIKEHHO-
AeOopPMUPOBAHHOTO COCTOSTHUS 9A€MEHTOB FepMeTU3H-
pyIOIIero yCTpoMtcTBa U 3aAaTh TeOMEeTPHUIO U ITapaMeTPhI
AeTanrel ero KOHCTPYKIUY, 0OeclieynBalolie AAUTEAD-
HYIO0 pabOTOCIIOCOOHOCTE ¥ TepMEeTHUYHOCTE ['Y.

Koncrpyknusa I'Y, pa3dpaboTaHHasg C y4eToM pe3sy-
ABTATOB pacueTa ¥ aHaAM3a HaNPsSKeHHO-Aedopmu-
POBAHHOTO COCTOSTHUS YIIAOTHSIIOIIET0 SAeMeHTa, 0becIie-
YUBaeT AOITYCTUMBIM YypPOBeHb 3HaUeHUM BHYTPEHHUX
HANpPsDKeHUN B YCAOBUSX XpaHEHUS M 9KCIIAyaTalluu IpU
AOCTaTOYHOM AASI HAACKHOM repMeTH3aIliy YPOBHE KOH-
TAKTHOTO AAQBAE€HUS Ha BCe¥ KOHTAKTHOU TOBEPXHOCTHU
YIAOTHSIOIEM I'yOKH.
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NMPU TBEPLOMA3HOMN AKTUBALLIMM
MO ANDULLUPYIOLLIMX KOMMIIEKCOB

MUccnepoBaHbl npouecchl AecopbLUMM ra3oB € YaCTHL, YNbTPAAMCNIEPCHBIX MOPOLUKOB MOAM-
HMUMPYIOLMX KOMMNNIEKCOB NPH TEP MOBaKYYMHOM 06paboTke. MpeacTaBneHbl 3aBUCMMOCTH
Temna M o6bema razoBbigeneHmMin 13 MOAUMULMPYIOMX KOMMNEKCOB NPH MX TePMO-
BaKYyMHOM 06paboTKe OT COOTHOLIEHMS MCXOAHBIX KOMMOHEHTOB M YCIIOBMI MX CMHTE3a.
YCTaHOBNEHbI PeXXMMbl TBepAOoda3HOM aKTMBALMM YNbTPAAMCNEPCHbIX NOPOLIKOB,
obecneymBaloLMX MX MONHYIO Aera3auMio.

KnioueBble CNoBa: ynbTpag1cnepcHbie NOPOLIKH, MOAMMHMUMPYIOLLMIA KOMINEKC, ecopbums,

TBepaodasHas aKTMBaLMS.

YABTpapucIepCcHbIe IOPOIIKY TyTOIAABKUX COEAN-
HeHUY, 00AaAQ0IITHE OOABIION YASABHOM IIOBEPXHOCTEIO,
XapaKTepHu3yIOTCS IMOBHIIIEHHBIM COAEpRKaHUEeM
aACOpOMPOBAHHEIX T'a30B, BAUSIONINX HA WHOKYAUDPY-
IOIYIO CIOCOOHOCTh MOAUMUIMPYIOUIUX KOMIIAEKCOB
[1—2]. YaarneHUe apCcOpOHMPOBAHHBIX ra30B U CO3AaHUE
IIAGKUPYIOLIero cAos Ha dactuiax YAIT nmos3soasor
PelIuTh 38Ty YCIIEIITHOTO BBOAA YaCTHIL B PACIIAAB U I10-
BEIIIeHUS 3O (PEKTUBHOCTU UX MOAUDUIUPYIOIIErO
pericTBus. M3 MIMpPoOKOTO KAacca METOAOB aKTUBAIUH
vactul] YAIT MO>XHO BBIAEAUTE, Kak Harboaee 3peKTuB-
HBIM, MeTOA TBepAO(da3HOM aKTUBAIIUY IIPU TEPMOBAKY-
YMHOM 00paboTKe MOAUMDULIUPYIOIIUX KOMIIAEKCOB [3].
AAs pa3pabOTKHU ONTUMAABHBIX PEKHUMOB TBepAO(das-
HOM aKTHUBAIUU HeOOXOAUMO U3YUYUTh IIPOIEeCCHI AECOP-
Onuu ra3oB ¢ yactul YAIT 0pu ux TepMOBaKyyMHOM
obpaboTke.

B paHHOM paboTe AAS M3YUeHUs IPOIeCCOB AeCOP-
OLUM NPHUMEeHsIAACh TePMOAECOPOIINOHHAS CIIEeKTPO-
ckonus (TAC). 3ToT MeTop ciocoOeH AQTh UH(OPMAITUIO
06 SHEePTUY U XapaKTepe CBSI3U MOAEKYA, RACOPOUPOBaH-
HBIX Ha IOBEPXHOCTH TBEPAOTO TEA], @ TAKIKE IT03BOASIET
U3y4yaTh KUHEeTUKY IMOBEPXHOCTHBIX XUMHUYECKUX
peakuui, IPOAYKTaMM KOTOPBIX SIBASIOTCS Ta3bl UAU
napsl BemecTB. CyTh MeTOAA 3aKAIOUAeTCs B U3MepeHU!n

KOAMYECTBa BeIleCTBa AeCOPOUPYIOIIETOCs C IOBEPX-
HOCTH TBEPAOI'O TEAQ B IIPOIIECCE YBEAUYEHUST €TI0 TeM-
nepaTrypsl. [1pu 5TOM 3a CcUeT yCKOPEHUsST MEeANEHHBIX
peaxIuii MO>KHO HaOAIOAQTh BBIXOA UX IIPOAYKTOB C He-
KOTOPBIM 3alla3AbIBaHUEM II0 OTHOIIEHMIO K BHIXOAY
NPOAYKTOB OBICTPBIX peaKIUuM, YTO IPaKTUUYeCKHU
HEOCYIIIeCTBUMO B U30TE€PMUYECKOM PEKUME.

AAs aHaAM3a BEIeCTB, AeCOPOUPYIOIINXCS C TOBEP-
XHOCTH 00pa3IoB , ObIA UCIIOAB30BAH CTATUIECKUN Macc-
cunexkTpomeTp MU 1201, paboTaroruii B pexkume PUK-
CHUPOBAHHON HACTPOMKU Ha UCCAEAYyEeMYIO MacCOBYIO
AnHMI0. OTOOP IPOOEI AAS @HAAW3A IIPOU3BOAUACS U3
KBapLeBOM aMITyABI C 00Pa3IloM HEIIPEPBIBHO B TeUeHUE
BCETrO OIIBITA, Yepe3 HaTeKaTeAb. ['a3bl, BEIAeAIEeMbIe
00pasIoM IIPU Harpese co CKopocThio 60 — 80 °C/muH,
TMOCTOSTHHO OTKAUMBaAMCh (DOPBAKYYMHBEIM HacoOCOM
(AaBAEHMe OTKauUBaeMBbIX Ta30B IPU XOAOAHOM oOpasije
cocTaBAsira 1x10 — 2 MMm. pT. cT.). TeMnepaTypy obpasiia
KOHTPOAUPOBAAU TEPMOIIAPOH C 3alIMCHIO Ha TP POBOM
BOABTMETPE, & 3alUCh UHTEHCUBHOCTU BLIOpPaHHOU
MacCOBOW AMHUY IIPOU3BOAUAACEH ITIOTEHIMOMETPOM
KCIT-4.

OO0pa3ubl IPeACTaBASIAN COO0M TaDAETKY U3 ANCTIED-
CHBIX METAAMMUIECKUX U YABTPAAUCIIEPCHBIX HEMeTaAMIue-
CKHUX NOPOMKOB [4]. ONBITHEIM yTeM OBIAO yCTa-
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Puc. 1. Aecop6iust Boab! ipu TOA MOANGDUIUPYIOMIX
KOMIIAEKCOB

HOBAEHO, UYTO AAS IIPOBEAEHUS OAHOTO 3KCIIepUMeHTa
MO OTIMCAaHHOW METOAWKE AOCTATOYHO | T MaTepwuana.
BreiAu HCCAepOBAHBI MOAUMUIIUPYIOIIHE KOMIAEKCEHL,
COCTOSIIIIMIE U3 TIOPOIIKOB TUTAHA UAY HUKEAS U YABTP-
aAUCIIePCHBIX IIOPOIIKOB TYTOIAABKUX COEANHEHUH.

M3BecTHO, UTO YABTPaAHUCIIEPCHBIE TIOPOIIKY XapakK-
TepPU3YIOTCS MOBLIIIEHHOMN IOBEPXHOCTHOU SHEeprHeH,
NPUBOAAILEH K CYI[ECTBEHHOMY YBEAMUYEHUIO UX
aACOPOIIMOHHOM cIOCOOHOCTU. KOAMUECTBO U COCTaB
apACOpOUPOBAHHLIX Ta30B 3aBUCST OT YCAOBUM UX CHH-
Te3a U XpaHeHusg [5].

N3BecTHBIe OCHOBHBIE TEXHOAOTHU IO CUHTE3Yy
YABTPAAUCIIEPCHBIX TYTOIIAABKUX COEAMHEHUN MO>KHO
OO BEAVHUTD B CACAYIOIINE TPYIIITEL.

1. MexaHUYeCKOe ANCIIEPTUPOBaHUE IPyOoAUCIIeD-
CHEIX MAW KOMIAKTHBEIX MaTepHaAoB. DTa Ipymnia
BKAIOYAET BCE BUABI MEXaHHUYECKOTO BO3AEMCTBUS Ha
MaTepHai, B TOM YHCAe U IAeKTPO3PO3UOHHOE U YABTPA-
3BYKOBOE AUCIIeprupOBaHUe.

2. ®opMUpPOBaHUE YABTPAAUCIIEPCHEIX TYTOIIA@BKUX
YaCTUl, U3 Tapora3osoi dassl. K aToMy criocoOy OTHO-
CSITCS1 BCe BapUAHTHI KaK XMMUYECKOU, TakK U Pu3ude-
CKOU ra3oBoi dassl. Ilpu popMupoBaHUU YABTPAAU-
CIEPCHBIX IOPOIIKOB U3 XUMHUUECKOU ra30BoM (pasbl
YaCTUIBI IOPOIINHOK (pOPMUPYIOTCS B pe3yAbTaTe Xu-
MMYECKOY PeaKINH MEKAY KOMITOHEHTaMM NCXOAHOM IITHX-
THI, AOBEACHHOM AO ra3000pPa3HOIo COCTOIHUSA. B cay-
4Jae (pu3udecKoM ra3oBou has3bl UMeeTCs B BUAY TOABKO
Ipollecc ucnapeHus U KoOHAeHcanuu. K oaHHOM rpynne
MO>KHO OTHECTH IIOPOIIKY, IOAYIEeHHbIe METOAOM IIAA3-
MOXUMMUH.

MexaHUYECKOE AWUCIEepPTUPOBaHUE MOPOIIKOB
OCYIIECTBASIIOT B CTPYHUHBIX MEABHUIIAX, aTTPUTOPAX.
[MTpu pazMoae KapOUAOB KOAMYECTBO KMCAOPOAA B KOHE-
YHOM IIPOAYKTe AocTuraet 2 — 3%. [Ipoliecc okuc-AreHUs
TYTOIIAGBKUX COEAUMHEHUN NMPOXOAUT Ha MOBEPXHOCTU
YaCTHI U TOAIITMHA OKUCAEHHOT'O CAOSI cocTaBAasieT 10 —
20 A [5].TToBepXHOCTb KapOUAHBIX YaCTHI] IPEACTABASIET
coboM AUO0 OKCUKApOHup, OAU3KUM IO COCTaBY MOHO-
OKCHAY, A0O A@Ke HU3IINM OKCUA MeTaArd. AACOPOIUS
KHUCAOPOAA U IOCAEAYIOIIlee ero B3auMOAENCTBHE C IIPO-
AYKTOM CHUHTe3a IPUBOAUT K CHUKEHHUIO TOBEPXHO-
CTHOM 3HePruu YacCTHUI] U, COOTBETCTBEHHO, K YXYAIIe-
HUIO UX aACOPOITMOHHON CIIOCOOHOCTH.

B 3aBUCHMOCTH OT MaTeprard UCXOAHOM IITUXTHI U (PU-
3MKO-XUMHYECKUX Pe’XKUMOB cuHTe3a YAIT B ocobeH-
HOCTU IPU UCIOAB30BAHUU METOAA NMAA3MOXUMUH,
KOHEUHBIN IMPOAYKT MOJKEeT IIPEACTaBASITL COOOM Kak
KapOOHUTPUA, OKCUKapOOHUTPUA, TaK U TBEPABIH pacT-
BOP OKCHUAOB B AQHHBIX COEAMHEHUSX. [ [pyyeM u3BeCTHO,
YTO B 3aBUCHUMOCTH OT YCAOBUM CHHTe3a KOHEUYHBIN
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Puc. 2. AecopOuust MOAEKYASIDHOTO azora npu TOA
MOAMGDUIMPYIOINX KOMIAEKCOB

IIPOAYKT MOJKeT UMeTh B CBOeM cOCTaBe oT 2 — 50 20 —
30% Kucaopoaa [5]. [Ipu 3ToM MOKET UATH PeYb AasKe O
CHUHTEe3e OKCUKAapOMAOB, OKCHUHUTPHUAOB, OKCUKaApOO-
HUTPUAOB, IPEACTABASIIONIUX IPOAYKT YaCTUIHOTO
BOCCTAHOBAEHUS OKCUAOB AQHHEBIX METAAAOB.

W3BecTHO, YTO IIpU IIA@BKe CTaAel 1 CIIAABOB MapIiu-
aAnbHOe AaBAEHME KMCAOPOAA B pacliaaBax obecreunuBaeT
MaKCHMAABHYIO JKUBYYeCTh OKCHAOB, OKCHUKapOo-
HUTPHUAOB, BOBMOKHBIX 9(P(PEKTUBHBIX HTHOKYASITOPOB.
B cBs3M € 3TUM IpU U3YyIEHUU IIPOIECCOB, IIPOUCXO-
MAIIUX IPU TEPMOBAKyyMHOM 00paboTKe MoAupUIIpy-
IOIUX KOMIIAEKCOB, copepskaiux YAIT paccmaTpuBaru
YAIT okcupa KpeMHUs, IOAYYEHHOI'0O MeXaHU4eCKUM
AUCIIEPTrUPOBaHNEeM U KapOOHUTPHUAA TUTAHA, ITIOAYIEH-
HOTO METOAOM IIAa3MOXWMHUYECKOTO CHMHTEe3a B CTpye
a@30THOM MAA3MBI M3 CMECH IIOPOIIKOB THUTaHA U yTAe-
poaa, YAIT okcuKapOOHUTPUAA TAAOAUHUS U3 TIOPOIIIKA
OKHCH TAAOAMHUS B CTPye a30THOM ITAa3MBI, 0OoralleH-
HOM YyTA€BOAOPOAOM.

AHaAU3 TOAUTEPM AeCOPOIIUY ra30B U3 MOAUUIIH-
PYIOIINX KOMIIAEKCOB, copeprKamux YAIT mokasaa, 4To
110 06'bEMY U TEMITy Ta30BBEIAEACHUS AeCOpOupyeMble
ra3bl MOJKHO PACIIOAOJKUTBH B CAeAYIOIel IMOCAeAOBa-
teapHOocTH: H,O, N, N,O, O,, N, CO,, O,u ap.

YaaneHure BOABI AT BCeX KOMIIAEKCOB IIPOAOATKAETCSI
AO TeMIIepaTyphl Hauana CIIEKaHUST MOAU(DUITUPYIOMIIX
OpukeToB. [IpyueM OCHOBHOM MUK Tra30BBIACACHUS
npuxoputca B uHTepBaa 200 —600°C. [Tpu aToM BEIAe-
AsieTcss 6oaee 75% apcopOUpPOBaHHOM BOABL. KoAnuecTBO
Y KMHeTHKAa BeipeAeHus H,O (puc. 1) 3aBUCAT OT COOTHO-
menus YAIT u AucnepcHOro mopollika B OpHUKeTe.
OnpepeastroliuM B ob1ieM 00beMe U TeMIle ra30BhI-
AEAEHUST SIBASIIOTCS AOAS U BUA YAIT B mopmcunu-
PYIOLeM KOMIIAEKCE. YBeANUEeHNEe TeMIla Fa30BBIASACHUSA
B HaUYaAbHOM CTaAUM TePMOBaKyyMHOM 0OpabOTKH IIO
cpaBHeHUIo ¢ YAIT o6 baCcHSIeTCS yAyUIlleHueM yCAOBUHM
duAbTpaIUY B 6pUKeTe U YBeAnUeHHeM TEIIAOIIPOBOA-
HOCTHU KOMIIAEKCA 3a CUeT AMCIEPCHOTO IIOPOIIKQ,
TIPUBOASAIIIETO K PABHOMEPHOMY ITIPOTPEBY BCEro o6 beMa
MOAUPULIMPYIOULETr0 OpUKETaA.

AHaAU3 KMHETUKHU AeCOPOIINY MOAEKYASIPHOTO a30Ta
1 OKUCH YTAEPOAA ITOKa3aA (PUC. 2, 3), UTO B OTAUUME OT Ae-
coopbruu YAIT yaareHHe AQHHBIX Fa30B IPAKTUUYECKU
TIOAHOCTBIO ITpeKpaliaeTcs y>ke npu 750 — 800°C. OcHoB-
HOM ITUK I'a30BLIACACHUS HaXOAUTCS B TEMIIEPAaTyPHOM
uarepBare 550 — 600°C AT KOMIIAEKCOB, COAEPIKAIUX
YATI cuHTe3UpPOBaHHBIX METOAOM IIAA3MOXUMHUYECKOTO
cuHTe3a u 400°C past YAIL noaydeHHOTO METOAOM Me-
XaHMYIECKOTO BO3AENCTBYA. CHUPKEHNE KOAMUECTBA AeCOP-
6upyemoro N, u CO npu Harpese Boitie 600°C apikoMm-
mrekcoB Ni-TiCN |, Ti-TiCN u Ni-GdCNO o6bsacHsgeTcs
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Puc. 3. Aecop6uust CO? npu TOA MopupuIMpyOIMUX
KOMIAEKCOB

B3aUMOAENCTBHEM AQHHBIX Fa30B KakK C IIOPOIIKaMU TH-
TaHa ¥ HUKeAs TakK U ¢ yactunamMu YALT c mocaepyromum
o0pa3oBaHUeM OKCUKAapOOHUTPUAOB BOKPYT YaCTHUI]
YATIT W3 noautepm aecopbumu N, u CO BUAHO, UTO
Oonee 75% AQHHBIX ra30B ypardeTcs B uHTepBane 400 —
700 °C. I'lpuueM CpaBHUTEALHBIN aHAAU3 IIOAUTEPM
pecopbnun CO u CO, NOKa3bIBAET, YTO IIPH HU3KUX
TeMIlepaTypax TepMOBaKyyMHON 06paboTKU IIPOUCXO-
aut ypanenne CO,u N, c vactun YAIT u AT, a pAanb-
Helilllee MOBBIIIIEHUE TEMIIEPATYPhl 0OpabOTKU IPUBO-
AUT K 06pa30BaHUIO OKVCHU YTAEPOAA 3a CUET B3amMO-
AEMNCTBUS Me>KAY CBOOOAHBIM YTA€POAOM B cocTaBe YATT
C aACOpOUPOBaHHLIMU razamu. CHUDKEeHNe TeMIla 1 00b-
eMa ra3oBBIAeAeHUS IIpU 60Aee BEICOKUX TeMIIepaTypax
TEPMOBAKYyMHON 0OpabOTKU OO'BSCHAETCA KaK CHU-
SKeHUEM KOAMYEeCTBa aACOPOMPOBAHHLIX 'a30B, TaK 1 B3a-
UMOAEMNCTBHEM KOMIIOHEHTOB aACOPOUPOBAHHBIX ra30B,
B OCHOBHOM KHUCAODPOAA U YTAEPOAR, € yacTunaMu YATIL
u ALl

KuneTrnka pAecopbIiuy aToMapHOI'O KMCAOPOAA U3
MOAU(DUIUPYIOMUX KOMIAEKCOB TaK K€ 3aBUCUT OT
cocTaBa MOAMMUKATOPA U yCAOBUM cuHTe3a YAIL Arg
komnrekca Ti-TiCN yBeAandeHUe TeMIIepaTyphl TEPMO-
BaKyyMHOM 00pabOTKU IPUBOAUT K CHUKEHUIO TeMIla
1 KOAMYEeCTBAa YAAASIEeMOTO aTOMapHOT'0 KUCAOPOAQ, UTO
CBSI3@HO C €0 B3aUMOAEHCTBUEM C KOMIIOHEHTaMU MOAU-
¢dukartopa. [Tpuuem Harpes ¢ 200°C a0 800°C mpuBOAUT
K ABYKPaTHOMY CHU>KEHHIO 06'beMa BEIASASIEMOTO ra3a.

AAST KOMIIAEKCOB Ha OCHOBe HUKeAs XapaKTepHO
yBeAnUeHUe U TeMIla 1 00beMa AeCOpOUupyeMOoro aroMap-
HOTO KMCAOPOAA IIpu Harpese A0 400 —600°C u yMeHB-
IIIeHYe IIapaMeTPOB Ia30BBIACACHUS IIPU AQAbHEHIIIeM
Harpese.

ITo pAaHHEIM [6] ”HTEHCUBHOE OKHACACHHE KapOUAOB,
KapOOHUTPUAOB, OKCHKAPOUAOB OKCUKAapOOHUTPUAOB
THUTaHa HaunHaeTcsd B uHTepBane 400 — 680°C u 3aBUCUT
OT cocTaBa coepAWHeHUs. [IpuueM oT copeprkKaHUS
YTAEpPOAA B COCTaBe COEAMHEHUS TeMIlepaTypa Hadano
B3aMMOAEMCTBUS CMEIaeTCsl B Ty UAU UHYIO CTOPOHY.
ITpu TepmoBakyyMHOM 00paboTke KoMmuaekca Ti-TiCN
IIpM HU3KUX TeMIlepaTypaxX HMAET B3aUMOAEMNCTBUe
aTOMapHOI'0 KMCAOPOAQA (PHUC. 4) C OCHOBOM KOMIIAEKCE,
a B AaAbHeMINeM HaKAaABIBAeTCs IIPOIleCC OKUCAEHHUS
TiCN. AA KOMIIAEKCOB Ha OCHOBE HUKEAS, B pe3yAbTaTe
€r0 HeBBICOKOY TEPMOAMHAMUIECKON aKTUBHOCTH IIPU
HU3KHUX TeMIIepaTypax, B HaYaAbHOU CTaAUM IIpoliecca
He HaDAIOAQeTCs B3aUMOAENCTBUS @TOMapHOTI0 KUCAODPO-
Ad C KOMIIOHEHTaMu MopAudpuKaTopa. AarbHENIINNT
HarpeB KOMIIAeKCa IPUBOAUT K Ha4aAy UHTEHCUBHOTO
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Puc. 4. Aecop6uus aToMapHOro Kucaopoapa npu TOA
MOAMPHUIMPYIOIUX KOMIIAEKCOB

B3aumopeucteusg YAIT co cBOOOAHBIM aTOMapHBIM
KHCAODPOAOM. B pe3yabTaTe AaHHOM peaKIUU IIPOUC-
XOAUT HaCHIleHNe KOMIIAEKCA KUCAOPOAOM B 00pas3o-
BaHue BOKPYT vacTtul YAIT o060A09KH 13 OKCHKapOo-
HUTPYAA TUTaHA. VI3BeCTHO, YTO MPUCYTCTBHE B KOM-
TAeKCe HUKeAs MOJKeT IPUBECTU K OoAree TAyOOKOMY
OKHMCAEHUIO KapOOHUTPUAA TUTAHA 3@ CUET ITOBLIIIeHUS
€ro TepMOAUHAMUYECKON aKTUBHOCTHU. AQHHBIN BHIBOA,
TIOATBEPIKAAETCS CHU)KEeHEeM 00'beMa ra30BBIACASHUS,
AT KOMIIAEKCA Ha OCHOBE HUKEAS, ITI0 CDAaBHEHUIO C KOM-
TIAEKCOM Ha OCHOBE THUTaHa IIPY TeMIlepaTypax HarpeBa
BrItIe 800°C.

AHaAU3 TOAUTEPM AeCOpPOIUU MOAEKYASIPHOTO
KHCAOPOAQ (pPHUC. 5) U aTOMapHOT0 a30Ta (PUC. 6) AAST KOM-
TIAEKCOB, copepkamux YAIL mokasaa, 4To TeMII ¥ 00b-
€M YAAASIeMOro ra3a 3aBUCHUT OT YCAOBUH CHHTE3a U Xpa-
HeHus YAIL Aaa YALL NOAy4eHHOrO METOAOM OCaXK-
AEHUS 113 KOAMOUAHOTO PAaCTBOPa C IOCACAYIOIIUM MeXa-
HHUYECKUM Pa3MOAOM XapaKTepPHO HIU3KOE COAep KaHue
MOAEKYASIPHOTO KMCAOPOAA Y ADYTHUX aKTHUBHEIX Ta30B.
[MTpruyeM KOMIOHEHTHEI KOMIIA€KCAa HUKEAb — OKHUCH
KPEeMHUSI MHEPTHHI 110 OTHOIIEHUIO K MOAEKYASPHOMY
KHCAODPOAY U B pe3yAbTaTe 3TOro IPaKTUYeCKU BecCh
MOAEKYASIPHBIY KECAOPOA AeCOPOUpPYyeTCs yoKe IPU TeM-
nepatypax Ao 600 —700°C.

YAITGACNO, cuHTe3MPOBaHHBIN U3 OKMCAOB, IIPEA-
CTaBASIET IIPOAYKT HEIIOAHOT'O BOCCTAHOBACHUS U B pe-
3yABTaTe 3TOro 0O6AaAQET TOYKEe IMOHV>KEHHEBIM CPOACT-
BOM K aTOMapHOMY KHCAOPOAY IO CpaBHEHUIO C Kap6o-
HUTPUAOM TUTaHa. MOAEKYASIPHBIM KUCAOPOA U3 AQH-
HOTO KOMIIA€KCa IPaKTUUEeCKU IIOAHOCTBIO YAAASETCS
y>ke mpu Harpese A0 200°C. AaAbHelilllee yBeAndeHUE
TeMIlepaTyphl TEPMOBAKYYMHOM 0OpabOTKYU He IIPUBO-
AVT K YBEAWIEHHIO HY TEMIIQ, HU 00'beMa Ira30BBIASASHUS.

Anrst YAIT CMHTE3UPOBAHHOTO ITAA3MOXUMUYECKUM
MEeTOAOM He3aBUCUMO OT BUAA UCXOAHBIX KOMIIOHEHTOB
u pucnepcHoctu YAIT aperasanus aToMapHOTroO a3oTa
MPAKTUYECKU MOAHOCTBIO MMpeKpallaeTcs IPU TeM-
neparypax Beile 850°C (puc. 7). [Ipu atom 1o Mepe
YBeAMYEeHHUs TeMIIePaTypPhl TEPMOBAKYyMHOM 00pPabOoTKHA
MIPOUCXOAUT CHUXKeHUe TeMIla U 00'beMa BHIAEACHUS
aTOMApPHOTO a30Ta 3a CUeT ero B3auMopenctsusa ¢ YAIT
u obpazoBanueM YAIT 6Goree HACHIIIIEHHOTO a30TOM.
WNsyuenue noautepM pecopouum u3 YAIT yraeBopopo-
AOB, BOAODPOAA M OKHCH @30Ta IIOKa3aA0, YTO BHIIIIeIIepe-
YUCAEHHBIE Ta3bl IOAHOCTBIO YAQASIIOTCS YJKe IIpY Harpe-
Be A0 600 —700° C (puc. 7). Buntepare remnepatyp 250 —
450°C HabAIOA@ETCSI HaAMUKE BCIIAECKA Ta30BBEIACACHUS,
TIPU 3TOM yAaAsieTcst A0 75 — 80% AQHHBIX Ta30B.
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Puc. 5. AecopOIusi MOAEKYASIPHOTO KHCAOpoAa npu TOA
MOAUMUIHMPYIOIAX KOMIAEKCOB

Ha ocHOBe BBIIIEU3A0KEHHOTO MOJKHO CAEAATh
CAEAYIOIIYE BEIBOABI:

1. Ilpu TepMOBakKyyMHON 06paboTKe MOAUDUIIN-
PYIOIIUX KOMIIA€KCOB IIPOUCXOAUT B3aUMOAEMNCTBHE
KOMIIOHEHTOB MOAUMUIUPYIOMINUX KOMAIIEKCOB C aA-
COpOMPOBAHHBIMU ra3aMy, IPUBOAAIIee K 0OOrallleHUIO
KOMIIAEKCA @30TOM U KMCAOPOAOM.

2. Temnn 1 06'beM T'a30BBIAEACHUS U3 MOAUPUIIUPY-
IO UX KOMIAEKCOB IIPU UX TepPMOBAKYyMHOM 00-
paboTKe 3aBUCST OT UCXOAHBIX KOMIIOHEHTOB U YCAOBUH
cuHTre3a YAIT coctaBa MOAUDUITUPYIOIIUX KOMIIAEKCOB,
COOTHOIIIEHUS B OpUKeTe KOAMYECTBA YABTPAAUCIIED-
CHBIX ¥ AUCIIEPCHBIX IIOPOIIKOB.

3. Harpes Mopudunupyoomux 6pUKETOB A0 TEMIIEe-
paTypst 800 — 850°C obecrnieunBaeT IPAaKTUUECKU UX ITOA-
HYIO Aera3aljuio.

4. I'lpu TepMOBaKyyMHOMN 00paboTKe MOAUMDUIU-
PYIOIINX KOMIIAEKCOB IIPOUCXOAUT 0Opa3oBaHue BOKPYT
vactul YAITIpoayKTa B3auMOAENCTBHUS, 000TallleHHOTO
KHCAOPOAOM U a30TOM.

5. Ilpu onpepeAeHHBIX peXuMaxX TBepAodaszHou
aKTHUBAIIUU BO3MOJKEH CHHTEe3 IIPOAYKTAa B3auMOAEH-
cTBUs BOKPYT dactul, YAII, cocTodglui U3 OKCUKap-
OOHUTPHUAQA.
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O.T. AAHAJIOBA

OMCKHMH roCyAapCTBEHHbIM
TeXHHYECKMM YHMBEepCHTET

NMNOCTPOEHHME MOAEJIU NMNA3MEHHOIO
NMPOLLECCA MNOJIYYEHHA
YIIbTPAAMUCIEPCHbIX NMOPOLUKOB

HA OCHOBE OKCHMAOB METAJJIOB

N3 MUHEPAJIbBHOT O CbIPb4

DaHHas pa601a npoeoaMnacsh C Lenbio pa3pa6on¢n OCHOB NNa3MeHHOMN TeXHonorm u o6o-
PYAOBaHUA Ans Nnony4yeHUsa NOPOLUKOB OKCHMAOB MeTaJlJIOB U3 CbIPbS CIIOXXHOro COCTaBa B nia3-
Me BbICOKOYaCTOTHOIO MHAYKLMOHHOTO pa3psaa. MpumeHeHne nnasmbl B MeTannyprum
Nno3BOJsISeT 3HAUYMTENIbHO YNPOCTUTb PAA CNOXKHbIX MHOTOCTafMMHbIX npoLeccos, He npo-
TeKalowmMx B 06bI4HbIX YCNIOBMAX; NOoNy4aTb MaTepHalbi C 0co6bIMU CBONCTBaAMM; COXpPaHATb
BbICOKME T€XHMKO-3KOHOMMUUYECKHME MOKa3aTeNnu NpoLeccoB B Cliy4yae BOBJieYeHMs B NPO-
U3BOACTBO 6enHoro CbIpb4, a TaKYXKe OpraHM30BbIBaTh 3aMKHyTin’i LMK NPOU3BOACTBA, YTO
no3ponger caenatb NpoLecc 3KONMOrM4eCKM YMCTbIM. Ocobbii UHTEepecC npeancTasngdior
nJjia3mMeHHble npoueccsl ﬂp’lMOﬁ nepepa6o1'|<n PYA 1 KOHLEHTPATOB LIBETHbIX U PpeaKuXx
MeTannoes.

KnioueBble cnoBa: nna3ma, peaktop, nnasmeHHbIH NOTOK, npouecc renno- 1 MaccoobmeHa,

Nna3MeHHbIH PeaKTop, BbICOKOYACTOTHbIN FeHepaTop.

YUYUTBEIBast CAOKHOCTD IIPOTEKAIOIIUX B IAa3MeHHOM
peakKTope IPOILLeCCOB ¥ TPYAHOCTh COCTABACHUS aAeK-
BaTHOU (pU3UKO-MaTeMaTUUYECKON MOAEAY TEXHOAOTUH,
ee ONTHMU3AINIO IPOBOAAT IOJTAITHO, PEIast OTAEAb-
HBIe YIIpOllleHHbIe 3aAa4U. B HacTosIel paboTe caAeraHa
MIOINBITKA OO beAMHEHMS OTAeABHBIX 3TAIlOB IIpoliecca 1o
BBIIBA€HHBIM IIapaMeTpaM. B kauecTBe oOpabaThIBa-
€MOT0 MaTepHana UCIIOAB30BAAOCh CBIpbe TapcKoro Mmec-
TOPOKAEHUS U METAAACOAEPIKAIle OTXOABI IIPOMEI-
IIAEHHBIX IPOU3BOACTB. Hu’ke npeacTaBAeHaA cxeMa
3TAIOB.

INepBBI 3TAll 3aKAIOUAETCSI B UACHTU(DUKAIINY CBEIPbS
C IIeABIO TOAYUeHUS HauboAee IIOAHOM NH(opMaluu 0o
€ro UCIIOAB30BaHUU. CBepAeHUS 0 PU3UKO-XUMUUECKUX
CBOMCTBAX MCXOAHOTO MaTepuaAa TPeOYIOTCS AAS
ONpeAeNeHNs TEPMOAMHAMUYECKUX U KMHETUYeCKUX
XapaKTePUCTHUK IIPoIjecca IPU COOTBETCTBYIOUIUX TEM-
nepaTypax; A pa3pad0TKU KOHCTPYKITUY TAA3MOXUMU-
YeCcKOTro PeaKkTopa, a TaKKe INOBBIIIeHNN UH(pOpMaTH-
BHOCTH PEHTIeHO(A30BOT0, PAYOPOMETPUUECKOTO U XU-
MHYeCKOTO aHAAU3O0B.

Bropoit s3Tan — 3TO @aHAaAM3 IPOILECCOB, KOTOPHIE
MOTyT IPOTEKAaTh B 00beMe HarpeToM UAU PACIIAaBACHHOM!
yacTUnbl. Ha 3TOM 3Tane NCIoAb3yeTCsI TepMOANHAMU-
YeCKHM IIOAXOA K TBeppO(a3HBIM peaknusaM. [Ipu npo-
BEACHUU TEPMOAMHAMUYECKOI0 aHaAM3a CBOMCTB Be-
1IeCTB HeOOXOAMMO YUUTHIBATE, YTO TAKUE XapaKTepu-
CTHUKHU, Kak 3HTponug (S) u sHTarenuda (H) aBagroTca
(YHKIIUAMU OT TeMIIePaTyphl U TEIIAOEMKOCTH (C). AAs
OOABIIMHCTBA TBEPABIX BEIlleCTB U Ta30B TEIIAOEMKOCTD
BEIpa’kaeTcs dMINPHUUYECKUM ypaBHeHUeM B opMe
CTeIlIeHHBIX PAAOB, KO3(MMUIUEHTE KOTOPOTO IIOAOHU-
paroT Tak, 4TOOBl ypaBHEHUE COOTBETCTBOBAAO OIIBIT-
HBIM AQHHBIM.

Cp=a+b*T+c*T?.

BBIBOA, 3TOr0 ypaBHEHUA IPOU3BOAUTCS AMOO 110 TPEM
BBEIOpPAQHHBIM 3HQUEeHUIM 3HTAABIIUM IIPU TPEX TeMIle-

paTtypax, Au0o 10 3HaYeHUIO TEIIAOEMKOCTH Ha HIDKHEN
rpaHulle pacCMaTPUBAEMOr0o HHTEPBaAa TeMIIepaTyp
(o6rrarO pu 298,15 K) 1 AByM BEIOPAHHBIM 3KCIIEPU-
MEHTAAbHEIM 3HAUEHUSAM JSHTAABINUU IIPU BEICOKUX
TeMIlepaTypax, a 3HaueHUs 3TUX KOIMDDUITUEHTOB AAST
OOABIIMHCTBA PA3AUYHBIX BEIIIECTB IIPUBOAITCS B CIIpa-
BOYHBIX AQHHBIX. Me>KAY TEM NMEIOIUHCS B AUTEpaType
9KCIIEPUMEHTAABHBIM MaTepraA OXBAaThIBAET HEOOABIIIOE
KOAMUYECTBO COEAWHEHUH, @ CYIEeCTBYIOIIE METOABL
pacueTa AQIOT 3HAQUUTEALHBIE PACXOJKAEHUS C dKCIIe-
PHUMEHTAABHBIMY AQHHBIMU Aa’Ke AAS MHOTUX IIPOCTBIX
BelecTB. Peaan3arius 3Tama ocHOBaHa Ha SHTPOIMUHOM
MeToAe AaHAWS, IIPU KOTOPOM PACXO’KAEHUS C SKCIIePU-
MEHTaABHBIMU AQHHBIMU IIPUXOAATCSI Ha UHTEepBaA oT 298 K
A0 473 K, 3a mpepeAraMy KOTOPOTO OHU He MPEeBBIIIAI0OT
8% [1].
CxeMa U COOTHOIIEHUSI SHTPOIIUNHOTO METOAA:

C,=(Cur +O‘ATT3/2)”.
Cyyr =6.6—da /(b +K(T b))’
o =(.24/T,,)-(CZEF 107,

rae T —Temmeparypa HDAABACHUS WAM IIOAHOM
AVICCOITMAITUY BEIIeCTBa; N — YMCAO @aTOMOB COEAMHEHUS;
a, b, K —KoadurimeHTs!, 3aBUCAIIe OT TUIIA BEIleCTBA.

OnpepereHnre paBHOBECHOM TeMIlepaTyphl XUMUUe-
CKOM peakIIui BOCCTAHOBAEHUS IIPOU3BOAUTCS Uepes
OIIpeAEeAeHUsI U3BMEeHEeHUMN n300apHO-U30TEPMUYECKOT0
THoTeHIHaAd. AAS eT0 OIIPEAEAEHUS BLITIOAHSIETCS pacueT
M3MEeHEeHUM SHTPOIIUY U SHTAABIINHU BellleCTBa AN AQHHOM
TeMIepaTyphl. Tak Kak U3MeHeHUe CTAaHAApPTHOTO
M300apHO-U30TePMUIECKOro oTeHnrara AZ’ He 3aBu-
CUT OT A@BA€HUS, TO BO3MOKHOCTL IPOTEKaHU IIPoIiec-
COB B AQHHOM CAy4Yae OIPEAEAIeTCS UCKAIOUUTEABHO
TeMIlepaTypoiu. 11300apHO-U30TepMUUECKUM TIOTEHITUAA
peaknuu:

=

0L0Z (€6) €3N MNHLO3E UNIGHRAYH UMIDNO

INHIVIIOHUMVYIN U IUHIOdLOOHMMVIN
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AZ" = AH® —TAS":

TAC
AS®=(S° +8° )-8°

xoneu .1 xoneu .2 ucxoon . '

AH? =(H?

xoneu. 1

+ HI?OHEV 2 ) - HI?CX()()H,

HNcnoab3oBaHUe AQHHBIX O CBOMCTBax BelecTs,
BCTYIAIOIINX B PEaKIUIO, U SBASIOIINXCS Pe3yAbTaTOM
PpeaxIvu IO3BOASIIOT OIJeHUBATh HAallpaBACHNE PeaKIny
¥ PAaBHOBECHYIO TEMIIEPATYPY, IPU KOTOPOIM BO3MOJKHO
CYILLeCTBOBAHUE YYaCTBYIOIIUX B peakuu a3 (AZ=0).

TpeTutt 3Tan 3aKAI04aeTCs B OIIPEACACHUN BBHITIOA-
HeHHUs 6araHca MOITHOCTEHN B 3apAaBaeMOM AHMalla3oHe
TeMIlepaTyp. TeMIepaTypa, Ipu KOTOPOM 3TOT 6araHC
onpepeAsieTcs 1 OyAeT paBHOBECHOM TeMIIepaTypou.

[MTpu pearm3anuy 3TOTO dTalla IIPOBOAUTCS pacyeT
SAEKTPOIPOBOAHOCTH IIAA3MEI, AOTIOAHEHHBIN PacIeToOM
CeYeHUM SIAeKTPOIIPOBOAHOCTH, CTATUCTUUECKUX BECOB
U CyMM AA peaabHoro BUMP, aaa koToporo paccmar-
PUBAANCH ABa IPEAEABHBIX CAyYasi — C MAAOW M OOABIION
rAyOMHaMU IPOHUKHOBEHUS ITOAS [2 — 3]:

aN, 1

T)=452-10""° NIOSeS N IO
o(7) VT N{Q)+EN,(0,)

rae N, N, N, — KOHIIeHTpaIuu SAeKTPOHOB, MIOHOB U HE-
TPAABHBIX ATOMOB (UAU MOAEKYA); Q,, Q, — ceueHus snek-
TPOIIPOBOAHOCTH, OTIPEAEASIEMBIE BEIPAKEeHUSIMU

s oYt
(@) =751 (g] S |

:F 4 ezNi
12 o _
(02) = 20510 Tl e =10 s

[Tpu ponyIleHHsX, YTO pacIpeAeAeHre SAeKTPOHOB
TI0 CKOPOCTSM SIBASIETCSI IPUOAMKEHHO MaKCBEAAOBCKUM
1 B IIAA3Me CYIIeCTBYeT AOKAaABHOE TEPMOAMHAMUYECKOe
PaBHOBECHE, PACYETHBIN AATOPUTM CBOAUTCSI K CACAY-
IOIIeMy:

1. AAT OAHOKOMIIOHEHTHBIX Ta30B BBEIIIOAHSIETCS
pacuer N, u N, mo ypasnenuio Caxa:

N.N._28 (CrmkT) v EZAE )
N, g, /’lj kT

TAe g, — CTaTUCTUYCCKUMN BEC YPOBHS (YMCAO PA3AMYHBIX
COCTOSIHUI C AQHHOM 5Hepruedt); AE, = e?/r, — yMeHb-
llIeHNe SHepTruu MOHM3AallUM aToMa B IIAa3Me IO CpaB-
HEeHHIO C U30AUPOBAHHBIM aTOMOM, 00yCAOBA€HHOE CY-
1IIeCTBOBAHKMEM KYAOHOBCKUX IIOAEH B IIAA3MeE.

2. YpaBHeHue Caxa CIIpaBEAAUBO B TOM CAyYaE, ECAU
HMOHU3AIW ¥ PeKOMOMHAIINS IIPOTEKAIOT 110 OAHOMY U TO-
My JKe IIyTH, UYTO MOJKeT OBITh CIIPAaBEAAUBO AASI aTOMap-
HBIX U MOAEKYASIDHBIX Fa30B, HO B CAydae ra30BOM cMecHt
NpsIMOY M OOpPATHBIM IpPOIEeCcChl COBEPIIAIOTCS IO
Pa3AMYHBIM NYTSIM M CTAllMOHApPHOE COCTOSHHE
MOHM3AlNU He COBIIAAQET C COCTOSIHUEM TEPMOANHAMU-
4eCcKOoro paBHoBecus. [ Ipu opraHu3anum AQHHOTO aATo-
puTMa OBIA IPUMEHEeH MeTOA, OCHOBAHHBIN Ha IIpUMe-
HEeHUHU SIBHBIX aHAAUTUUYECKUX (POPMYA.

3. Anst onpeperenus: Q, TpeOyeTcs AWIIb 3HAHUE
CYyMMapHOM KOHIIeHTPAIIUX NOHOB B IAa3Me. AAd pacueTa
CeueHUU 3AEeKTPOIPOBOAHOCTH HEUTPAABHBIX YACTHUI]
HeOOXOAUMEI AQHHBIE O COOTBETCTBYIOIIUX CEUeHUAX
nepeAauy UMIIyAbCA ( B MHTEepBaAe SHEePTUi 3AeKTpoHa
oT 0,1 o0 10 3B. PesyabTaThl pacieTa 3HaU€HUM IAEKT-
POIIPOBOAHOCTH IO BHIIMIEIIPEAAOKEHHOMY aATOPUTMY

IIOKa3bIBAIOT, YTO PACXOKAEHHE IT0AyYaeMBIX AQHHBIX
C AUTepPaTyPHBIMU COCTABASIET: @) AAS KOHIIEHTPAIUuN —
1+2 %; 6) AASL CeUeHUM dAeKTPOIPOBOAHOCTH — 3+5 %;
B) AASI DAEKTPOIIPOBOAHOCTU — 8+10 %.

Ha yeTBepTOM 3Talle IPOBOAUTCS aHAAU3 YCTOWYNU-
BOCTH CYIIIEeCTBOBAHUA Pa3pPsIAQ, OIIPEAeAeHHEe MOIITHOCTH
IIOTEPh, OIpPeAEeAeHHEe PAAUyCa Pa3psSAHOTO IPOCT-
paHCTBa.

Pa3zpaboTKa KOHCTPYKIIUU peaKTopa SIBASIETCS
pe3yAbTaTOM ISITOTO 3Talla, BXOAHBIMU IIapaMeTpaMu
KOTOPOTO ABASIIOTCA AAHHBIE TEPMOAWHAMUYIECKOTO
QHAAM3a U [IPOIIeCCOB TEIIAO- ¥ MaCcCOoIllepeHOoCca reTepo-
TeHHOU TYTOIIA@BKOM YaCTUITHI B 3aBUCUMOCTH OT POCTA
TeMIlepaTyphl. B Xoae BEITOAHEHNS AQHHOM paboThHI OBIAO
IIPUHSTO BO BHUMAaHUe, UTO B 00IIleM CAydae MHTeHCUB-
HOCTB lIepeMeIlINBaHus CTPYH B IAa3MeHHOM peaKTope
3aBHUCHUT OT CAEAYIOIIUX PAKTOPOB [4]:

— XapaKTepHOTO AMHENHOro padMepa u (popMbl
YCTBSI CTPYH;

— yTAa aTaku CTPYyH;

— XapaKTepPUCTUKU TYPOYA€HTHOCTH CTPYH;

— OTHOCHUTEABLHOTO Il1ara Me>XKAY CTPYSIMU;

— OTHOIIIEHUS CKOPOCTHBIX HAIIOPOB CTPYH U T.A.

AAST THIIMYHBIX BAPUAHTOB OPTaHU3aINY IIpoIecca
IlepeMelINBaHUs UCIOAB3YIOT 3MIIMPUYECKHE COOTHO-
LIIeHNs, IO3BOASIOI[NE OIPEASAUTDh 30HY IIepeMelln-
BaHus L.3Has AAMHY 30HBI IepeMeIINBaHNs, MOJKHO AeTKO
HaAUTU IPOAOAKUTEABHOCT IIpollecca IIepeMelInBaHus

TA€ V— AWHelHas 0CeBasi CKOPOCTh ABUXKEHUS CPEeALI
B peakTope.

[MTpu mepeMenMBaHUY MAA3MEHHOTO TEIIAOHOCUTEAS
CO CIYTHHEIM IIOTOKOM XOAOAHBIX PeareHTOB IIAa3Ma
BBOAUTCSI B IIUANHAPUYECKYIO KaMepy CMeIleHUus
amamerpoM D uepes orBepcrue pnamerpoM d. B aTom cay-
Yyae pacrpeAereHre TEeIIAOHOCUTEAS B PeaKTope MOKHO
CYNUTATH YCTAHOBUBIIKMMCS, KOTAQ BHEIIHHUE I'DAHUIIBI
IIOTOKA ITIePEeCEeKyTCs CO CTeHKaMU [TUAMHAPUIECKOH Ka-
Mephl Ipu ycAoBuy, 9To L > 1. TIpu 9TOM TaHTeHC TOAO-
BUHEI yTAQ PACKPHITHS CTPyY paBeH tg(a/2) = 0,22+0,33.

OTcropa AAVIHA 30HBI IepeMellnBaHUsT 3aTUIIETCS
BBUAE

L=D/(tga/2)=(17+18)D.

WNcxopnon nundopmanment apaa pa3zpaboTKI MOAEAU
TIAa3MEeHHOTO peakTopa IBASIIOTCS AaHHBIe TEpMOAWHA-
MUYEeCKOT'0 aHaAM3a U IPOIeCCOB TEIIAO- U Maccoliepe-
HOCa reTeporeHHOM TyTONAABKOM YaCTUIIB! IITPKOHOBOTO
MHUHepaja B 3aBUCHUMOCTH OT pocTa TeMmueparypsl. Ecan
3a KPUTEPUH ONTHMAABHOCTH IIpollecca BHIOpaTh
YCAOBYE IIOAYYEHUS CTEIIeHU IPEBPAIleHUS IIUPKOHA
B ABYOKHUCH ITUPKOHUSI, 6AU3K0M K 100%, TO 3aTpaTH IpU
9TOU TeMIlepaType OyAyT cOCTaBASTH 2,9 aB/Moa. Ecan
>Ke IIPOIecC Pa3A0KeHUs IPOBOAUTD IIPU TeMIlepaType,
COOTBETCTBYIOIIe MAKCUMAABHOMY COAepkanuio ZrO,
B paBHOBecHOM cocTaBe cMecH (5600 K), To aneprozar-
PaTEL OYAYT COCTABAATE 2 3B Ha MOAeKyAYy. MUHUMaABHO
AOCTHIKUMBIe TeMIlepaTyphl B BHM naaszMe cOCTaBASIOT
6000 K.

Anrs BeIOOpa AmaMeTpa peakTopa HeoOXOAUMO
3aAAThCSI COOTHOLIEHUEM MEeXAY AaMeTPOM pa3psiaa
U TAyOUHOM CKUH-CAOSA. DTO OTHOIIIEeHNE OOBIYHO BEIOU-
patoT paBHEIM 3,5. CAeAOBATEABHO, 38Aa¥a CBOAUTCS K Olle-
HKe TAyOMHBI IPDOHUKHOBEHUS IIOAS B IIAasMy. B xope
IIOCTPOEHUS MOAEAU MAA3MEHHOTO MEeTAaAANdYEeCKOTO
peakTopa OBIA IPpOBeAeH aHaAUu3 3PPEKTUBHOCTHU



nepepauu sHepruu BY noas B naa3My npu 4acTore 5,28
MTI1u pnameTpe KaMepsl 17,5 cM.

OnrtumaabHasg dyactoTa BY moas onmpepeasercs
BRIpa’keHueM [5]:

Fom=(0210°)/(o1?).

Hanpumep, gdacToTra noas 5,28 MI'1 6yaeT cooT-
BeTCTBOBATh ONITUMAALHOMY 3HaUeHUIO IIPU AUaMeTpe
paspsipa 8 cM upoBopuMocTr 6= 0,6 Om ™~ 'cm ™!, Takoe 31Ha-
JeHHe IPoBoAUMOCTH NoAydaeTcsa npu T = 5000 K. T'ay-
OuHa CKUH-CAOS Ipu 3ToM 3 cM. [TpuBeAeHHBIE OIeHKU
IIOKA3bIBAIOT BO3MOJKHOCTb 3 (PEeKTUBHOU IIepepadu
sHepruu BU nsayueHns B maa3My Ipu yactoTe 5,28 MI'g
B CAy4Yae pabOThI TAa3MOTPOHA IIPU TeMIlepaTypax, COOT-
BETCTBYIOIUX HIDKHEN rpaHulle cyllecTsoBanus BUI
paspsaa.

BHyTpeHHUI AUaMeTp peakKTopa IPHUHUMAETCS
paBubIM D, = (2...3)D, 4TO COOTBETCTBYeT AUAMETPY
UHAYKTOpa OT 16 Ao 24 cm. KoaddurineHT nore3Horo
AENCTBUSI UHAYKTOPA OIIPEAEASIeTCSI BEIpaskKeHUueM

1
nN=———F—F—

1+Du/D 2,
Gm

rAe G, — IPOBOAMMOCTE MaTePHAAd HHAYKTOPA.

C y4eTOM OTOTrO COOTHOIIEHUS BHIOWpAETCS
MUHUMaAbHOE 3HaueHWe BHYTPEHHEro AnaMeTrpa
WHAYKTOPA, ONpeAeAsieMOoe IO KOHCTPYKTUBHBIM
COOOPa’KEHUSIM.

B pe3yabTaTe IpepraraeMoro MOAEABHOTO IIPEeACTaB-
A€HUS MOTYT OBITE pellleHbl BOIIPOCHI KOHCTPYKTUBHOTO
XapaKTepa IPU BBHIIIOAHEHUM PEaKTOPOB AAS IIepep-
abO0TKHU BellleCTB CAOJKHOTO COCTaBa C BBICOKOU TeM-
epaTypoy IAaBACHUS.

[TecToM 5Tan 3akKAIO4aeTCs B COTAACOBAHUYU TAKOU
HArpy3KH KaK IIAa3Ma C BLICOKOYaCTOTHBIM FeHepaTopoM
(BUI'). YcroBUEM BO3HUKHOBEHUS r'eHepalluU SIBASIETCS
PaBEHCTBO HYAIO CYMMBI PEAKTUBHBIX COITPOTUBACHUN
CXeM U IIOAOKUTEABHOCTL KO3 uimeHTa odbpaTHOMN
CBA3U. AN IOAYYEHHNS YCTOMYUBOIO pesKUMa reHepaluu
HeCKMHUPOBAHHOTO pa3psipa He06X0AUMO 00eCIeunuTh
MOTAOIIIeHNEe MOABOAMMOM BY MomiHOCTH 06AACTBIO
OTHOCUTEABHO IPO3pauHoi aArg BH moast maa3MEL. A 3TO
BO3MOJKHO AWIIL 3a CUET YBEeAWUYeHUs oO6beMa 3TOU
0o0AacTy, T.e. IpU PUKCUPOBAHHOM PAAUyCe Pa3psSAHON
KaMephl — 3a CUeT YBeAWUYEeHUSI AAMHBI IAa3MEeHHOTO
crtorba. CrepoBaTEABHO, HEOOXOAMMO YBEAUUMBATH
AAUHY UHAYKTOPA, @ 3HAUUT M €0 UHAYKTUBHOCTD.
INosToMy KpuTepHeM, YCTPaHSIIOMUM IPON3BOA B BEIOO-
pPe PEeaKTUBHBIX CONPOTUBAEHUU, SIBASIETCS YCAOBHE
MaKCHMaABHOTO 3HaUYeHUs MHAYKTHUBHOCTHU @HOAHOTO
KOHTypa aBTOreHepaTopa.

Pabora BY reHepaTopa Ha TaKylo Harpy3Ky, Kak
IIAA3Ma, IPEABSIBASIET K YCTPONCTBY PSIA CIeIIN(IIeCKUX
TpeboBaHuM [5]:

— B TeHepaTopax AOAKHA OBITH IPEAYyCMOTpeHa
LINPOKas PeTyAUPOBOYHAS XapaKTEePUCTUKA, O0ecrevn-
BAIOINasi M3MeHeHVe MOITHOCTY OT HOMHUHAABHOM ITOUTH
AO HYAS;

— HeoO6X0AUMO obecleueHUe YCTOMYUBOMU pabOTHI
B pe>XKMMe XOAOCTOI0 X0AQ (T.e. A0 BO30OY>KAeHUS paspsi-
Ad) ¥ aBTOMAaTH4YeCKoe IIOAyYeHUe 3aAaHHOr0 peskuMa
IIOCA€E ero BO30YKAeHUS;

— AAS [IEAOTO PSIAA CAydaeB TpeOyeTcs MoAydeHne
3HAUYUTEABHOM! HANPSI>KeHHOCTU MarHUTHOTO IIOAS B 3a-
AAHHOM AHalla3oHe TeMIIepaTyp;

— reHepaToOpPhbl AOAKHEI YAOBAETBOPSATH TpeboBa-

HUSM CTaOUABHOCTH 9aCTOTHI B IIPEAEAAX Pa3PelIeHHBIX
Y3KUX PAAMOKAHAAOB.

BrinmoAHeHUe ITepeunCcAeHHBIX TpeOoBaHUM obecIie-
YMBaeTCs BLIOOPOM CXeMBI BHICOKOYACTOTHOM YacTU
aBToreHeparopa. B HacTose paboTe BCCAEAOBAAUCH
Pe’XUMEL reHepaToOpPoB, PaboTaromux ¢ CaMOBO36YK-
AeHneM MoITHOCTEIO 40 1 60 KBT 1 pabouyuMu yacToraMu
0,44; 5,28; 13,56 MTI11.

PacueT 4acTOTH reHepallud OCHOBLEIBAeTCS Ha
BBIITOAHEHUU ABYX KPUTEPHEB:

— ycaoBue OaraHca das;

— ycaoBue 6anaHca aMuAuTyA: KB>1, rae K —
KO3 PuUnHeHT ycureHus, B — KoadpuireHT o6paTHon
CBSI3H.

[TepBOe ycAOBHE CBOAUTCS K BBIITOAHEHUIO COOTHO-
IIeHUs

Zak+Zag+ng:O;
TAC Z,,, Zag' ng — COOTBETCTBEHHO KOMIIAEKCHEIE
COIIPOTHUBAEHUNSI, AeﬁCTBY}OHJ;He Ha y4YaCTKaxX aHOA-
KAaToA, aHOA-CEeTKA U CeTKAa-KaToA,.

C y4yeTOM 3TOro yCAOBHe OaraHCa MOJKeT OBITh
3aMMuCcaHo KakK
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AnroputM pacdera BY reHeparopa Ha 3apaHHYIO
pabovyIo YaCTOTy CBOAUTCS K CACAYIONIIEMY:

1) 3apa10TCs peaKTUBHBIE COIIPOTHUBAEHUS SA€MEHTOB
cxeMbl BU reneparopa;

2) paccYUTHIBAIOTCS YaCTOTa reHepaluu U Koaddu-
IUeHT OOpaTHOM CBA3U;

3) KOPPEKTUPYIOTCA 3HAaYeHUS PpPeaKTHUBHBIX
COIIPOTHUBAEHUU AAS IIOAYYeHUS TPeOyeMOM 4aCTOTHI;

4) o pe3yAbTaTaM paciyeTa BHOCATCS U3MeHEeHUs B
KOHCTPYKIINIO TeHepaTopa.

[ToCKOABKY DU KOPPEKTHUPOBKe 3HAUeHUM peak-
THUBHBIX COITPOTVUBAEHUH NMEeTCSI HEKOTOPHIN ITPOM3BOA,
B XOA€ pacyeTa ¥ HaCTPOUKY reHepaTopa YIUTEIBAAUCH
TpeOOBaHMs, BEITEKAIONIIE U3 aHaAM3a PE3YABTATOB
YUCAEHHOTO MopeAupoBanusa BUU paspspa. Aad MOAy-
YeHMs YCTOMUYUBOTO pe’kuMa reHepalluu HeCKUHU-
POBAHHOTIO pa3psira HEOOXOAUMO 0OeCIIeUnTh OTAoIIe-
H1Ee mopABopauMolM BY mMomiHOCTHM 0O6AACTBIO OTHOCH-
TEeABHO NPO3pauHoi pad BY noas naasMel. A 3TO BO3-
MO>KHO AMIIB 3@ CYET YBEAUUEHUA 00beMa 3TOM 00AACTH,
T.e. IpU (PUKCHPOBAHHOM PaANyCe Pa3pSIAHON KaMephl
— 3a CcueT yBeAWYEeHUs AAMHBI IAa3MeHHOro CTOADA.
ChAepoBaTeAbBHO, HEOOXOAMMO YBEAUYUBATH AAMHY
WHAYKTOPAQ, a 3HAUUT, U er0 NHAYKTUBHOCTE. [ToaToMy
KpUTepHeM, YCTPaHSIOUUM IIPOM3BOA B BEHIOOpE
PEaKTUBHBIX COIIPOTUBACHUY, SIBASIETCS YCAOBHIE MaK-
CHMAABHOTO 3HAUEeHUS MHAYKTUBHOCTHU aHOAHOTO
KOHTypa aBToreHepaTopa.

HNccrepoBaHUS PEKUMOB CXeM FeHepaTOpOB IOKa-
3aAM YCTOMYMBOCTD eHepaluy, BO3MOKHOCTb U3Me-
HEHUSI BEIXOAHOW MOIITHOCTU Y HANPSKEHUS Ha UHAY-
KTOpe 3a CUeT peryAupoBaHug KoadduimeHra odpa-
THOM CBSI3U IIyTeM U3MeHeHust eMKocTu C .

AAsT oIpepeAeHUsT TeMIlepaTyphl YaCTUIEI He00XO0-
AUMa KaueCcTBeHHas OlleHKa I10 BCeMy ee CeueHHUIO Irpa-
AMeHTa TeMIlepaTyp. KpureprueMm TakoM OIJeHKU MOJKET
CAYy>KUTH ynucAo buo (Bi), XxapakTepusyrollee npoliecc
TEIIAOIIPOBOAHOCTH.

AAs pacueToB OBIAY IPUHATHI CACAYIOIINE BEAUUNHEL:
NAa3M000pa3yIoInii ra3 — BO3AYX, CKOPOCTh ITAA3MO-
ob6pa3sylolero rasa 25 M/c, TeMneparypa IIAa3MeHHOTO
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OMCKWM HAYYHbBIA BECTHUK N

MALUMHOCTPOEHUE N MALULMHOBEAEHUE

Tenmaonocuteast 5000 K, o6pabaTeiBaeMast yacTuila UMeeT
IIAOTHOCTB 2800 Kr/M°.

B pesyabTaTe CKOPOCTH U3MEHEHUS TeMIIepaTyphl
YaCTUITBI, KOTAQ OHA MOTAAAeT B MAA3MEHHBIM ITOTOK U
ellle UMeeT KOMHATHYIO TeMIIepaTypy, paBHa [6]:

aTs _5385.10% K.
dt

BBIAM M3MepeHBl PAAUYCHl YaCTHUIILI AO U IIOCAE
06paboTKY, B pe3yAbTaTe Yero IMOAYYUAOCH, YTO KOAU-
YeCTBO UCIIaPEeHHOTO BelleCTBa COCTAaBUAO 84,55 %.

Bpemsi moAHOTO MCHIapeHUs YaCTUIBEI MOJKHO
OIIPEACAUTE, UCIIOAB3YSI yPaBHEHUE UCITaPEHUS YaCTUITEL,
€CAM CUUTATh, YTO OHA HAarpera AO TEMIEepaTyphl
KUIIEHUS!

r=25MKM, 1=0.046 c; r=50MKM, T1=0.15¢; 1= 100 MKM,
1=0.4759c.

ABTOp CYMTAET, YTO B A@HHOU paboTe HOBLIMHU
SIBASIFOTCSI CAEAYIOIIVIE TIOAOKEHUS ¥ PE3YABTATEL:

1. PacueT TennoeMKOCTeN, S3HTAABIIUYU U SHTPOIUU
py (pa30BEIX IPEBPAIEHUSIX AAS BCETO pacCcMaTpHUBa-
eMOro Auala3oHa TeMIepaTyp peaAn30BaH Ha
SHTPOIUWHOM MeTOAEe NaHAUS, IPU KOTOPOM PaCcXO0iK-
AEHUSI C 9KCIIEPUMEHTAABHBIMU AQHHBIMY IIPUXOAITCS Ha
uHTepBan 298 — 473 K, 3a mpepeAaMu KOTOPOTO OHU He
npeBbIIAaoT 8%.

2. AHaan3 pe3yAbTaTOB pacyeTa IIapaMeTpPOB Peanb-
HOT'O KOHTPArnpoBaHHOTO BEICOKOYACTOTHOTO pa3psaa
10 MOAEAY METAAMUYECKOTO IIUAMHADA IIO3BOAVA CAEAATh
BBIBOA, UTO Pa3psA MOKET YCTOWUYUBO CYILECTBOBATH
B HECKUHUPOBAHHOM (hopMe IPU 3HAUYEHUSIX PABHOBEC-
HoU TeMIepaTypsl 5500~ 7000 K.

3. IToaryueHHEBIe 00pa31bl HAHOIIOPONIIKOB MacCOM
50+150 r o peayabTaTaM aHaan3a (MeTopamMu BOT u Muk-
POCKOIINN) MMEIOT CPEAHIOI0 AuciepcHOCTH 150+200 HM

KHMXHAS nOAKQ

621.74/T37

U COAEPIKAT AO 78% Macc. AMOKCHAQ IUPKOHUS, IPEUMY-
LIeCTBEHHO B BUAEe a3 MOHOKAMHHOMN U KyOHUeCcKOM
CTPYKTYPHIL.

4. CuHTe3upyeMEble IOPOIIKK Ha OCHOBe ZrO, (mocae
UX XUMHUUECKOM 00PabOTKU AASI OTAEAEHUS IpUMecei)
II0 HAIIIUM OLleHKaM BIIOAHE MOTYT IOAYYUTE IpaKTHYe-
CKO€ UCIIOAB30BaHUe.

BbubanorpaduyecKui CIucoK
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I'epacumos, U. 1. O6opyAoBaHue 1 aBTOMaTH3alus AUTEHHOro Npon3BoAcTBa [TekcT]: KOHCIIEKT AeKuuit /
N. f1.TepacumoB; OMITY.—OmMcK, 2010. - 31, [1] c.: puc.—Bubanorp.: c. 31.

SIBASIETCSI IPOAOAKEHHEM KOHCIIEKTa AeKITui «IcTopust AuTeHOro Ipou3BoAcTBa» (2003 r.). [IpuBeAeHBI TpUMEPHI
KOMITAE€KCHOM MeXaHM3allu1 U aBTOMATHU3aINK TEXHOAOTUYECKHUX IIPOIIECCOB AUTEHHOTO TPOU3BOACTBA.

621.9.02/3-45

3Bsroabckui, FO. C. TexHoAOrns IPOU3BOACTBA pexkyuiero nHcTpymeHTa [TekcT]: yuel. mocodue AASI BY30B IO cIie-
IMaABHOCTH « THCTPyMEHTaAbHbBIE CHCTEMBI MAaIIMHOCTPOUTEABHBIX IIPOU3BOACTB» HanpaBAeHus «kKOHCTPYKTo-
PCKO-T€XHOAOTHYECKOe 00ecIieyeHre MallnHOCTPOUTEABHBIX MPOu3BOACTBY / FO. C. 3Bsroasckutii, B. I'. CoroHeHKO,
A.T.Cxuptaapsze.—M.: Boicur. mK., 2010.—333, [1] c. : puc., TabA.— (AAs BBICIIUX y4eOHBIX 3aBeAeHusT).—bubanorp.:
c.331.—ISBN 978-5-06-006003-4.

M3A0KeHBl OCHOBBI IPOEKTUPOBAHUS TEXHOAOTHYECKHUX IIPOIIECCOB U3TOTOBACHUS PEKYIINX UHCTPYMEHTOB,
TEXHOAOTMYECKHE CBOMCTBA U COCTOSIHUE IIOCTaBKY MHCTPYMEHTAABHBIX MaTepUaroB. [IprBeAeHBI AQHHEIE 110 3a-
TOTOBUTEABHEIM OIIE€PAITUIM, IPUMEHSIEMBIM IIPYU U3TOTOBACHUY PEXKYIINX HHCTPYMEHTOB. PacCMOTpPEHBI BOIIPOCHL
dopMO0OOpPa30BaHUsI OCHOBHBIX IOBEPXHOCTEN UHCTPYMEHTOB MeXaHU4eCKOM 00paboTKOM. AOCTATOYHO ITIOAPOOHEBIE
CBEAEHUS IPUBEAEHEI IT0 06paboTKe TOBEPXHOCTEH MHCTPYMEHTOB IIAN(OBaHNEM U BHIITOAHEHHIO 3aTOYHEIX Olle-
panuii. PaccMOTpeHB! pa3AnYHBIE TEXHOAOTUYECKUE CTIOCOORI TOBHINITEHUS U3HOCOCTOMKOCTH ¥ HAAEKHOCTH UHCT-
PYMEHTOB, a TaKKe BOIIPOCHI MapKUPOBKY, COOPKH, KOHCEPBAIUY U YIIAaKOBKH. [ [pHBEAEHBI TUIIOBBIE TEXHOAOTH-
YeCcKUe IIPOIeCCHl M3TOTOBACHHUS PA3AUYHLIX TUIIOB PEXYIIUX NWHCTPYMEHTOB I OCHOBHBIE HAlIPaBAEHUS COBEP-
LIEHCTBOBAHUS TEXHOAOTHUY ¥ @BTOMATHU3AI[MHM HUHCTPYMEHTAABHOT'O IIPOU3BOACTBA.
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A. H. BEHEOMUKTOB

TIOMEHCKHH FroCcy RapCTBEHHbIN
HedTerasoBbIi yHMBEPCHTET

CTAPEHME U CTABMITM3ALIMA CBOMCTB
rANTbBAHMYECKMX NMOKPbLITUM®

UccnepoBaHbl NPoLLeCCbl CTAPEHUS INEKTPOOCAXACHHbIX METaNNoB. YCTaHOBMNEHbI CTafuH
CTapeHHUA U COOTBETCTBYIOLLME UM UBMEHEHUS CTPYKTYPbI. O60cHOBaH Bbl60p TexHoJnoru4ye-
CKMX NapamMeTpoB TepMM'-IeCKOFi o6pa60ﬂ<u, o6ecne-msa|ou.|.nx cra6m1u3a|.|.mo CBOMCTB ranb-

BaHMUYECKMX ﬂOKprTMﬁ.

KnioueBble cnoBa: ranbBaHM4YeCK1e NOKPbITHS, CTapeHHe, cra6nnn3aunﬂ CBOMCTB.

*PaboTa BhIMOAHEHa IIPU NMOAAEPIKKe rpaHTa TioMeHCKOI1 o6AacTu

OAEKTPOAUTHYECKOE OCAKAEHUE MeTaAANUYeCKUX
TIOKPBLITUH AAST IOBLIIIEHUST KOHCTPYKTUBHOM IIPOYHO-
CTH, U3HOCO- U KOPPO3UOHHOM CTOMKOCTH Y3A0B U A€Ta-
Ael MalllMH IPUMeHsIeTCs AOCTAaTOUHO HINPOoKo. M3BecT-
HO, OAHAKO, 4TO (DU3UKO-MeXaHUueCKUe CBOMCTBA FaAb-
BaHWYECKUX MOKPBITUN MOTYT U3MEHSATHCS C TeUeHUEM
BpeMeHHU JKCIAyaTalWM, OKa3bIiBasi BAUSHHUE Ha
HAAEKHOCTb I AOATOBEUYHOCTH KOHCTPYKIIMH B IJ€AOM.
IMosTOoMy H3y4ueHUe IPOIeCCOB CTAPEHMS SIAEKTPOOCAK-
AEHHBIX METAANOB, @ TaKyKe CIIOCOO0B CTAOMAM3AIUN UX
CTPYKTYPBI U CBOMCTB, IPEACTaBASIeT KaK TeopeTuie-
CKUY, TaK ¥ IPaKTUIECKUH NHTEPEC.

WccaepoBanbl HauboAee pacIpoOCTPaHeHHbIEe B IIPO-
MBIIIIA€HHOCTY TAABBAHUYECKYIE TTOKPHITHS, OCA’KACHHLIE
U3 CTAaHAAPTHBIX SAeKTPOAUTOB IIPU CTAllMOHAPHBIX
pe’krMax 9AeKTpoAn3a (Taba. 1).

MUKpPOTBEPAOCTDb IIOKPBITUM OIpeAeAsiAd Ha Ipu-
o6ope I'IMT-3 npu Harpyske po 5 H meTopoM BoccTa-
HOBAEHHOTO OTIIedYaTKa. VICIIOAB30BaAM CTAHAAPTHYIO
METOAMKY CTAaTHYEeCKOTrOo BAABAWBAHUS aAMa3HOU
YeThIpeXTPaHHOM MUPaMUAOMN C YTAOM IIPU BepIINHe
136 °. [ToBepXHOCTL Iepep U3MepeHUueM IOABEepTraAr
TPaBA€HHIO B 5 % - HOM CIUPTOBOM pAcTBOPEe a30THOMU
KUCAOTBL DAEKTPOCOIPOTUBAEHNE N3MEPSIAN KOMIIEHCa-
IIMOHHBIM (IOTEHIIMOMETPUYECKHUM) CIIOCOOOM, HCIIO-
AB3Ys ABOMHOM MocT P329, ¢ TounocTeio = 0,01 MkOM.
O6pasnsl BEIpe3aru U3 IPeABapPUTEABHO OTAEAEHHOTO
OT OCHOBBI IOKPEITHS. Te MOKPBITHS, OTAEAUTHL KOTOPEIe
OT OCHOBBI He IPEACTABASIAOCH BO3MOJKHBIM, OCaKAAAU
Ha NIPeABAPUTEABHO OTOJX)KEHHYIO IIDOBOAOKY, IIOCAE
Yero OIIPEAEATIAN IAEKTPOCONIPOTUBAeHHE. [Ipenn3uon-
HO€ U3MepeHre TapaMeTPOB KPUCTAAMMUIECKOH PeIIeTKH
IIPOBOAVAU Ha PeHTTreHOBCKOM aAudpakTomMerpe APOH
— 2,0 B 0oTpUABTPOBAHHOM >KE€A€3HOM U3AYyUeHHUU.
OneHKY BHYTPEeHHUX HANPS)KeHUMN NIPOBOAUAM Ha
CIIelIMaAbHO Pa3paboTaHHOM rororpaduyeckom ycra-
HOBKe, IPeAHA3HAaYeHHOHU AAS UCCAEAOBAHUSA PeAak-
CaIMOHHBIX IIPOI[ECCOB B TaAbBAHNYECKNUX IIOKPEITHSIX.

Panee mokaszano [1], 4To u3MeHeHUe CBOUCTB IpU
CcTapeHUU OOYCAOBAEHO IpolleccaMMd MUTpAIUU U
QHHUTUASIIINY TOYEUHBIX Ae(DEKTOB KPUCTAAMNIECKOTO
CTpOEHUs (BaKaHCHUM, MEKy3eAbHBIX U IIPUMECHBIX
aTOMOB), N30BITOUHASI KOHIIEHTPAIUS KOTOPBIX (PUKCH-
pYeTCs IOCAE 3AEKTPOOCAKACHUS. DTHU IPOIIECCHI Tpe-
OytoT MaaoM sHepruu aktususanuu (0,1 —0,5 3B) 1 coBep-
IIAQIOTCSI IPU HU3KUX T'OMOAOTHYECKUX TeMIlepaTypax
(-0,1T_). Oanaro paxke pauTeAbHoe craperne (30001 u 6o-
Aee) He IPUBOAUT K CTAOMAM3AIMU CBOMCTB. B nepByto
o4YepeAb 3TO OTHOCUTCSI K BHYTPEHHUM HaIIPSIKEeHUSIM
(BH), BpepHO BAH4IOMIUM HA 3KCIAyaTaMOHHBIE

XapaKTEPUCTUKH U IPUBOAAIINM K PACTPECKUBAHUIO,
YMEHBIIEHUIO 3aI[UTHOH CIIOCOOHOCTH U K OTCAAUBAHUIO
TIOKPBLITUHM OT OCHOBHI.

Anaamnsupys npupoay BH, Heo6xopUMO OTMETUTB,
YTO BCE IAEKTPOAUTUUECKU OCa’KAaeMble METaAABL (IIpU
CTAIlMOHAPHBIX YCAOBUSIX SIA€KTPOAU3A U IIPU OTCYTCT-
BUM B PACTBOPE OPraHUYeCKUX AOOABOK), ACAITCS Ha TPU
rpynnsl (Taba. 1).

MeTaAABl IePBOM IPYNIB], XapaKTEePU3YIOIUeCT
NPOYHLIMU Me’KaTOMHBIMU CBSI3SIMU U KPUCTAAAU3Y-
IolKecs IPU BLICOKUX IIepeHaNpsI’)KeHUSIX KaTOAQ,
ocakpatoTcs ¢ BH pactskenus. HanipoTus, MeTaAAbL Tpe-
They IPynnbl, 00AaAAOIINEe CAAOBIMU MeKaTOMHBIMU
CBSI3SIMU U KPHUCTAAAMIYIOIINECS IIPY HU3KUX IIepeHa-
OpsIKeHUIX, ocakpatorces: ¢ BH corkaTtus. MeTaanbl BTO-
PO rPyINEl, CKAOHHBI K HAIIPSIPKeHUSIM 000UX 3HAKOB.
OTU MeTaAABI AM0O UMEIOT CUABHBIE Me>KaTOMHEIE CBSI3H,
HO OCa’KAAQIOTCS IPU HU3KUX NepeHalpsKeHUsIX An0o
006AaAAIOT CAAOBIMY MEKaTOMHBIMHY CBSI3SIMH, HO OCaK-
MAAIOTCSI IIPY BEICOKUX IIEPEHAIPSIKEeHUSIX.

Kaxk caepyeT u3 pAaHHBIX TaOA. 1, CyILILeCTBYIOT 3aKO-
HOMEePHOCTH (DOPMUPOBAHUSA CTPYKTYpPHl U CBOMCTB
TMOKPBITUN B 3aBUCHUMOCTU OT YCAOBUM SA€KTPOAU3A
MeTaAAOB PAa3AWYHBIX Ipymni. [Ipeskae Bcero, MOKHO
OTMETHUTH PA3AWYHYIO AMCIEPCHOCTL OCAAKOB IIO
rpynnaM, o0ObsICHIEMYIO TEOpUEN «0apbePoBy.

OcarkpeHrEe METAANOB IIEPBOY I'PYIIILI IPOUCXOAUT
C BBLICOKMM IlepeHalpsi’KeHueM KaToAa B YCAOBUAX
BBIA@AEHUSI BOAOPOAQ, IPUUYEM AOAS €TO MOJKeT OBLITh
OYeHb BeArKa (A0 85 %). Beiaeasttoniuiics BoOAOPOA abcop-
OUpyeTCs Ha 3aPOABIIIaX («0apbep») U IPENITCTBYET UX
HOPMAaABHOMY POCTY, OOYCAOBAVBAS MEAKOKPHUCTAA-
AMYECKYIO CTPYKTYPY IIOKPBITUH.

OcakpeHUe METAAOB TPeThel IPYIIILI IPONUCXOAUT,
HAINPOTUB, C HU3KUM IIepeHalpsyKeHneM KaToAA U B OT-
CYTCTBUU BOAOPOAQ, («OapbepoB» HET), IO3TOMY OHU
UMeIOT KPYITHOKPUCTAAMMIIECKOe CTPOSHHE.

XapaKTepHOU 0COOEHHOCTHIO OCAKACHUSI METAAOB
BTOPOY TPYUIIEI SIBASIETCS TO, YTO B 3aBUCUMOCTH OT
YCAOBHUM DAEKTPOAM3a (IAOTHOCTHU TOKa, cocTaBa u pH
5AeKTPOAUTA) IPOIlecC MOJKET UATHU C BEIAeA€HHEM Ha
KaToA€e BOAOPOAA AU 6e3 Hero. B coOTBeTCTBUU C 3TUM
AVICIIEDCHOCTD IMOKPHITUHM BapbUPYETCS B IINPOKUX
npeapeAax, IpUOANIKasCh B 3aBUCUMOCTH OT YCAOBHUHU
SAEKTPOAN3a K YPOBHSIM AVUCIEPCHOCTH METAAAOB
IIepBOM UAY TPEThEeU IPYIIIL.

I[To paHHBIM MHOTOYMCAEHHBIX HCCAEAOBAHUU
cpepHUM padMep KPHCTAAAUTOB MeTAAAOB IIepPBOM
rpynmel pasHsieTcs 10° — 10, a Tpetbeit 102 cm, T. e. Ha
3 —4 nopsaka Ooablle. Takasg CyllecTBeHHAs pa3HUIa
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MALWWUHOCTPOEHUE U MALUMHOBEAEHUE

Tabaumna 1

CTpyKTypa U CBOMCTBA MCCAEAYEMBIX MOKPBITHIA

TIpeobaaparommi
I'pynna | Metaan T'”" OAEKTPOAUT BH, MITa PAssD TOUCTHAI ASherT
(€ 3epHa, CM KPUCTAAAMIECKOTO
CTpPOEHUst
Cr 1850 CyabdaTHBIN
Fe 1539 CyabdhaTHbIN " 4
INepBas o 050 e — +(100-1100) 10*-10° Bakancuu
Ni 1455 CyabdarHbii
Cu 1083 CyabdarHsiit
— ] . Bakancun uan
Bropas Ag 960 < +(10-200) 10°-10° MEXXY3eAbHEIE
deppaTHBIT ATOMEL
Sb 630 TpUAOHATHEIN
Zn 419 Cyabgatsslit
Bi 327 | Asormormcardt | 5 MeKy3eAbHEIe
Tneres Pb 271 TpUAOHATHBIMN ~-a0) 10710 a'}rrOMhl
Sn 232 CyabdaTusii

OIpeAeAsieT OCOOEHHOCTHA TOHKOM CTPYKTYPHI KDUCTAA-
AWTOB OACKTPOOCAKACHHBIX METAAAOB PA3HBIX IPYIIII.

W3BecTHO, 4TO C yMEHBIIEHUEM pa3Mepa KPHUCTaA-
AMYECKHUX YACTHUIL, MeTaAAd B HUX PE3KO BO3pacTaeT
KOHI[eHTPAIMs BAKaHCUH BCAEACTBUE TPOSBACHUS
Pa3MepHOrO BaKaHCUOHHOTO 3heKkTa. MeTOA aHHUTH-
ASIIIAM IIO3UTPOHOB IIOAHOCTBIO TIOATBEPKAAET AOMUHHU-
pyrolee 3HAYEHKEe 3TOTO TUIa AeDeKTa, PUKCUPYS TOC-
A€ DAEKTPOOCAKACHUS KOHIIEHTPALIMIO BakaHcun ~ 1072,
3HAYMUTEALHO IIPEBHIIIABIIYIO TEPMOAVHAMUYECKU
paBHOBeCcHYI0. O6pa3zoBaHue BaKAHCUH TPUBOAKUT K AO-
KAAbHBIM UCKA’KEHUSAM KPUCTAAMUIECKOU pelIeTKH,
TIOCKOABKY aTOMEI, OKPY>KAIOIIMe BaKaHCHUIO, CMella-
IOTCSI OT CBOUX CTAOMABHBIX TMOAOXKEHUN. BeanmunHa
COAMDKEHHMSI aTOMOB B [IEPBOY KOOPAMHAIIMOHHOM chepe
AMST PA3HBIX METAaANOB KOAeOAeTCs OT 2 — 3 % AASI IIAOT-
HO ymakoBaHHEIX pelreTok (ILIK, I'TTY) poo 6 —7 % anst
O6oaee oTKpHITEIX (OLIK, K); peaakcariust 10 aGCOAIOTHOMR
BeAnYMHe YOBIBAeT MEAAEHHO U 3aXBaTHIBAET HE MEHEe
4 — 6 KOOPAMHAUMOHHBIX cdep. VM XOTsI cMellleHrne aTo-
MOB HOCUT HEMOHOTOHHBIM XapaKTep, B IIeAOM BaKaHCHST
CTPEMUTCS PACTIHYTh PEIIeTKY. Pe3yAbTaThl KOMITBIO-
TEPHOTO MOACAMPOBAHMS CBUAETEABCTBYIOT, UTO IIPH Ta-
KOM AAABHOAEMCTBUM OTACABHOM BaKaHCHUY Y KOHIIEHTPA-
[[UY BAKAHCHH [TOCAE SACKTPOOCaKAeHHd ~102 — 107, Bce
ATOMEL B KDUCTAANYECKOM PEIleTKe OCaAKa HAXOASITCS
B IIOASIX HAIIPSIKEHUM, OOYCAOBAEHHBIX 3TUM TOYEUHBIM
AeDEKTOM.

B MeTarnrax TpeTbeM rpynnbl BCAEACTBHE KPYITHO-
KPUCTAAMYUECKOTO CTPOEHUS OCAAKA IIPEACTABACHHE O
AOMUHUDYIOIEN POAYW BAKaHCUM, Kak npuumHe BH,
AHIIEHO OCHOBaHMU. OAHAKO B 3TUX METAANAX IIPEBAAU-
pyeT addEeKT OT TOUeYHBIX Ae(eKTOB «06paTHOTrO
3HAKa» [0 OTHOLIEHWIO K BAKaHCHUIM — MEJKy3eAbHBIX
aTOMOB, HEPABHOBECHAasI KOHI[EHTPAIIHS KOTOPEIX (DHK-
CUPYETCS MOCAE SAEKTPOOCAKACHMSI.

Mesxy3eAbHBIE ATOMBI, @ TAKXXe TIPUMECHBIE aTOMEI
BHEADEHMS, BCETAAQ IPUCYTCTBYIOIIHE B SAEKTPOAUTAX,
BBI3BIBAIOT AOKAABHBIE UCKAKEHMT KPUCTAAANYECKON
PeLIeTKU 0CaAKa B IIpepenax He MeHee 5 — 6 KOOpAWHa-
TIIMOHHKIX chep, TOCKOABKY aTOMBI, HAaXOAAIINECS B Y3-
AAaX KPUCTAAAUYECKOM PELIETKH, CMEIAI0TCS OT CBOUX
CTAOMABHBIX TOAOKEHUM. B 4aCTHOCTM BEeAMUYUHA CMe-
LIeHUS aTOMOB B IE€PBOM KOOPAMHAIIMOHHOM chepe ArT
Pa3HBEIX MeTaAAOB KoaebaeTcs oT 12 po 20 %. Perakca-
IIMOHHOE CMellJeHVe HOCUT HEMOHOTOHHBIU XapakTep,
HO B IJeAOM MEe’Xy3eAbHBIM aTOM BHI3BIBAET CXKaTHUe
pemuteTky. C y4eTOM AAABHOAEMCTBUST OTAEABHOI'O MEXKY-
3eABHOTO aTOMa W YPOBHA WX KOHIJEHTPALIMU B OCAAKE
~10®, Bce aTOMBI, HAXOAIIIMECS B y3AaX peLIeTKH,
TIONAAAIOT B ITOAS HANPSKEHUH, 00yCAOBAEHHEIE 3TUM
TOYEYHBIM AEPEKTOM.

KoMnpioTepHOE MOAEAMPOBAHIE U KOAMYECTBEHHAS
OIleHKa IMMOKa3aAH, YTO OTBETCTBEHHKIM 3a BH B raanBa-
HUYECKUX IMOKPELITUAX SIBASIIOTCS TOUEUYHBIE ACDEKTEL
KPUCTAaAAMYECKOTO CTPOCHNS, & IPEBAAUDYIOIINI B CTPY-
KType ocapka Tl pAedeKTa 00yCAOBAEH CBOMCTBAMU
METAAAA ¥ YCAOBUSIMM SA€KTPOAU3A U OTTPEAECASIET 3HAK
BH: Bakancuy — BH pacTsDKeHWs B TYTONAABKUX METAA-
AaX, MeXY3eAbHBIE aTOMBI — BH CKaTHst B ACTKOIIAABKIX
MeTaAAax [2].

CpaBHeHHue pe3yAbTaTOB UCCAeAOBaHuM [1] u [2]
CBUAETEABCTBYeT, 4TO BH aBasgioTcst addpekTuBHBIM
MHAMKATOPOM CTaOMAM3AIMY CTPYKTYPHI SAEKTPOOCAIK-
AEHHBIX METaAAO0B. [IprMeHeHNre OT)KUra YCKOPSIET pe-
AQKCAIMOHHBIE IIPOIIECCH B FTAALBAHOTIOKPHITUSIX 1 00e-
CcreYynBaeT CTabMAM3AnUIO CBOUCTB. C yUeTOM 3TOT0
B HACTOsIIeH paboTe MPOaHAAM3UPOBAHO U3MEHCHUE
CTPYKTYPHI IIPX OTKUTe ¥ 000CHOBAH BHIGOP TEXHOAOIH-
YeCKHUX ITapaMeTPOB TEPMUUYECKOM 06paboTKH.

PaccMOTpHM 3KCIIepDUMEHTAABHEIE AQHHEBIE O PeAd-
Kcanuy BH pacTskeHMsT 9AeKTPOOCaKACHHELIX METAAAOB
[IePBOM X BTOPOX I'PYTII, TIOAYYEHHBIE ITPH UCCACAOBAHUN
TMOKPEITHM C TOMOIIBIO roAoTpaduueckoit nHTepdepo-
MeTpPUH.

[ToXpBITHSA, HaHECEHHBIE Ha TUOKHUIA KATOA, IOA-
BEPraAu CTyIeHYaTOMY OTKUIy. TeMrepaTypa KaXKA0MH
CTyIIEHU OT)KHUra Ha3HA4YaAACh C YUETOM YCAOBUM IIPO-
TEKAHUS IIPOLECCOB MUTPATTUY ¥ aHHUTHASIIAYA TOUCUHBIX
AedEeKTOB, IepepacIpPeACASHUs AUCAOKATUHN, (DOPMHU-
POBAHMSI MAAOYTAOBBIX TPAHUI] ¥ T.A. B COOTBETCTBUU
C X 9HEepruen akTuBanuu. Ha Ka>kKAO¥! CTYTIEHH TTOAY-
YaAU ABYXOKCIIO3UIIMOHHEIE MHTep(heporpaMMEbL. Taxk, 13
9KCIIEPUMEHTAALHBIX MHTEP@EpOorpaMM 3A€KTPOOCa-
JKACHHOTO KOOAAbTa CAeAyeT, uto oTxkur mpu 100 °C,
KOTAQ, IO AAHHBIM CTPYKTYPHBIX MCCAEAOBAHUMH,
MPOUCXOAUT, MUTDALUS U @HHUTUASAIUASA U3OBITOYHEIX
BaKaHCHUH, IPUBOAUT K YMEHBIIIEHUIO ITporuba o6pasria-
KAaTOAA BCAEACTBHE CHUKEHWUS pacTAaruBaronux BH
(cornacHo pacuetam oT 150 po 28 MTITa), u, HATTPOTHUB,
obpaser], npomeAmyi oTxxur npu 150 °C, He AeOpMHU-
pyercsau BH He u3aMeHAIOTCSA. AaABHE UMY OTKUT ITPU
TeMieparype Bolle 200 °C, KOTA@ BO3MOXXHEI IPOIECChHI
mepepaciapeAeAeHUsT AUCAOKAIIUYA M MUTPAITUU MaAO-
YTAOBBIX I'DAHUL], IPUBOAUT K PEAAKCAITUH HaPSKeHUHI
U CTaOMAM3AnUU CBOWCTB, O YEM CBUAETEABCTBYET
yMeHbIIeHHe Iporuda obpasna A0 IPaKTUUYECKH
HyAeBOTO 3HaueHHus. Ha puc. 1 nmpeacTaBaeHbr 060011eH-
HEBIE PE3YABTATEL HICCAEAOBAHUY BAUSHUS TEMIIEPATYPHI
OTKHUTra Ha XapakTep udMeHeHus BH pacTsikeHMs B dAeK-
TPOOCAKAECHHEIX METAAAAX ITIePBOM ¥ BTOPOU T'PYIIIL.

B 9AeKTPOOCAKAEHHBIX METaAAaX TPEThel I'DYIIIIHI
BCAEACTBYE HU3KUX TEMITEPATYP WX IAABACHUS ITPOIIECCHI
cTabuMAM3aNuU IPOTEKAIOT YK€ IMPU KOMHATHBIX
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Puc. 1. BAusiHue TeMniepaTypbl OT)KUTa Ha XapaKTep U3MEeHEeHUs
BH pacTsaxeHus: B 3AeKTPOOCak AeHHbIX cepeope (1), meau (2),
KoGanasTte (3), HuKeAe (4), xxeaese (5) u xpome (6)

TeMmneparypax. Oasako BH c>xaTusg AOCTUTraOT MUHU-
MaAbHBIX 3HaUeHUHN 3@ AOCTATOYHO AAUTEAbHOE BpeMst
ecTtecTBeHHOTO cTapeHusa. Cuarue BH B saekTpo-
OCa’XAeHHBIX MeTaAaX TpeThel IPYIIILI B IPAaKTUIeCKU
IIpUeMAeMOe BpeMs AOCTHUTAeTCs], KaK IIOKA3bIBAIOT PEe3y-
ABTaTHI OKCIIepUMeHTa, oT>xkurom mpu 100 — 150 °C mpo-
AONKUTEABHOCTBIO 1,5 —2 4, KOTOPBIM aKTUBU3UPYET
peAaKkcallioHHBIe IPOIecCHl (pUc. 2).

XapaKTepHO, UTO 1 3AeCh, IOAOOHO MeTarAaM IePBOH
U BTOPOMU TPy, HAOAIOAQIOTCS ABE CTAANU PeAaKCcalluu
BH 1 cooTBeTCTByIOImME H3MeHeHNs CBOMCTB. Ha mepsoit
CTaAMU OAHOBPEMEHHO CO 3HQUUTEABHBIM CHUJKEHUEM
BH yMenbIIatoTCs 3A€KTpOCONpoTUBAEHKE (Ha 10 — 14 %)
U IapaMeTphl KPUCTAaAUYeCKOM pelieTku. Ha BTopon
CTAaAUU SA€KTPOCOIPOTUBAEHUE CHUXKAeTCsl He3Hauu-
TeAbHO, 3HaUeHUS ITapaMeTPOB KPUCTAAAUUECKOHU
pelLIeTKU CTaOUAU3UPYIOTCA, BH yMeHBIIAr0TCS A0 HyAS.

Pe3koe cHUIKeHHE SA€KTPOCOIIPOTUBAEHUSI ¥ OAHO-
BpeMeHHOe YMeHBbIIIeHIEe [IapaMeTPOB KPUCTAANIECKON
pellleTKU Ha TIePBOM CTAANH MOSKHO OO'BICHUTE YXOAOM
Me’Ky3eAbHBIX aTOMOB M3 pelleTKU 0capAKoB. CAeACT-
BHEM 3TOTO IIpollecca sIBASeTCs CyllleCTBeHHas peAak-
canus HaNPSKEeHUU U YAyUIlIeHNe 3allUTHRIX CBOMCTB
raAbBAHONOKPEITHM. Ha BTOpPOM CTapuM CTAHOBATCS
BO3MOJKHBIMU IIPOIIECCH], CBSI3aHHEIE C Ilepepaclpe-
AEeAeHUeM AMCAOKAlMM, oOpa3oBaHUEM U MUTrpaiuei
MAaAOYTAOBBIX TPAHULL, IPUBOASIIIUM K IOAHOMY CHSTHIO
BH u cTabuAmn3aiinmy CBONUCTB.

XoTa TeMIlepaTypa oT>kura ooecreunuBaeT HeoOX0-
AVIMYIO S9HEPTUIO aKTUBAIIMU KaK IIPOLIeCCOB MUTPAUN
U QHHUTHUASAIMU TOYEUHBIX Ae(PEeKTOB, TaK U Iepe-
pacupeAeAeHUsT AUCAOKAIIUN UM MUTpAIUU rPaHUI,
OYeBHUAHO, KMHEeTHUYeCKHEe YCAOBHUS TAKOBEBI, UTO 3TU
NIPOIIeCCHl MPOTEKAIOT IOCAEAOBATEABHO IIPHU AQHHBIX
TeMIIepaTypPHO-BPEMEHHEBIX IlapaMeTpax TepMooOpa-
OOTKU.

Takum oOpazoMm, peaakcanuio 6oAbiie vactu BH
B raAbBaHUUECKUX MOKPBITUSIX 00eCleynBaloT Ipoliec-
Chl MUTPAIMU M @HHUTHUASINU TOUYEUHBIX Ae(EKTOB,
IpoTeKalolue NpU HU3KOTeMIepaTypHOM OTKUTe

a, Hm

o b = ¢, HM
(T1K) — 5)2[27 (m)
0,4955 — 0,487
0,4953| 10,2675 -{ 0,486

2

0,4951| 1 3
| | | — — 0,484

0 100 200 t, °C
AR/R, % g, Mlla

80

200 t,°C

Puc. 2. 3aBUCHMOCTH IIepHOAa pemeTok (1-3), 0THOCUTEABHOrO
n3MeHeHus conporuBaeHus (4, 5) u BH cxxarus (6, 7)
IAEKTPOOCa’KA€HHbIX cBUHLA (1, 4, 6) n uyunka (2, 3, 5, 7)

OT TeMIIEPaTypPhl OT)KUTA

(0,20—-0,25) T, moanoe custue BH u craburusanus
CBOUCTB IIPOUCXOAUT Ha CTAAUY IIepepacipeAeAeHUsT
AUCAOKAIIMM W MUTPAIUY MaAOYTAOBBEIX TPAHUI] IIPU
narpese A0 (0,30—0,35) T_ . CKopocTh Harpesa, 1 0Co-
OEHHO OXAAXAEHUS, IPU OTKUTEe AOAKHEBI OBITH He-
OOABIINMU, YTOOBI M30e>KaTh BOSHUKHOBEHUSI BTOPUY-
HBIX (TepMuueckux) BH, BecbMa BepOSITHBIX B TOHKUX
SAEKTPOOCAKACHHBIX IIOKPHITUSX.

Bbu6anorpaguyeckuii CIUCOK

1. KoBenckuit, I.M. OcOGeHHOCTU CTapeHMS IAEKTPOOCAKAEH-
HbIX MeTaAroB / V1.M. KoBenckuit, A.A. KykcrayseH // MeTaAblL —
1998. — Ne 5. — C. 74 —76.

2. Kosenckutii, V1.M. OaekrpoanTraeckyie ctiaaBbl / V.M. KoBeHCKM,
B. B.TToBeTkuH. — M.: iHTepMeT nH>kuHUpUHT, 2003. — 288 c.

KOBEHCKU MAbst MonceeBHY, AOKTOP TEXHIIECKIX
HayK, Ipodeccop, 3aBepAyomuil kKadeppoi «Marepu-
anOBeAeHUE W TeXHOAOTHS KOHCTPYKIMOHHEBIX MaTe-
PHAAOB».

Appec Anst tepenucku: e-mail: imkoven@tsogu.ru.
BEHEAVKTOB Anaroanii HukoaraeBudy, HH>XeHep Ka-
deapsl «MaTepraroBeAeHHIE U TEXHOAOTHSI KOHCTPYK-
IMOHHBIX MaTEPUaAOB».

Appec prsiepenucku: 625000, r. TromeHs, yA. Boroaap-
CKoOro, 38.

CraTtps nocrynuaa B pepaknuio 06.09.2010r.
© WU. M. KoeHckuii, A. H. BeHeAUKTOB

=

0L0Z (€6) €3N MNHLO3E UNIGHRAYH UMIDNO

INHIVIIOHUMVYIN U IUHIOdLOOHMMVIN



mailto:imkoven@tsogu.ru

23 (93) 2010 ’

OMCKWM HAYYHbBIA BECTHUK N

MALUMHOCTPOEHUE N MALULMHOBEAEHUE

YAK 621.735.32

K. H. MAHTFOXOBA
3. H. COKOJIOBCKMH

OMCKMH roCcyAapCTBEHHbIM
TeXHHYECKHHM YHMBEPCHTET

UCCINEAOBAHME NMPOLLECCA
OAHOBPEMEHHOM BbICAKM ABYX

3ATOTOBOK

B aaHHOM paboTe OTpaXkeHbl pe3ynbTaThl MCCEAOBaHMS NPOLIECCa ORHOBPEMEHHOM BbICAAKM
ABYX 3aroTOBOK, MMEIOIMX Pa3nmuHyio hopMy nonepevHoro ceveHus. Mpeanorxexsl
cnocobbl BbICAAKM M METOAMKA pacyeTa NOTepM NPOAONLHOM YCTOHMYMBOCTH. MNMpHBeaeHbI

3KCNepuMeHTanbHble flaHHble.

KnioueBble cnoBa: BbICafiKa, cnocob BbICafKM, NOTepsi NPOAONbLHOM YCTOMYMBOCTM.

Pe3yAbTaThI IPEABIAYIIINX UCCAEAOBAHUN ITOKA3HbI-
BAIOT, UYTO A@JKe TIPU CaMBIX OAATOMPUSITHBIX CITOCO6ax
3aKpenAeHUS ITMAMHAPUIECKUX 3aTOTOBOK B ITITaMITe TIPH
BBICAAKe CO cTemeHbIO pedopmanuu ¢=0.1—-0.2

I}
0
OTHOLIEHHE ;- <25 mpe I, — AAMIHA 3aTOTOBKM ITOA BEICAA-
0

Ky TOAOBKH, d, —AMAMeTp 3arOTOBKH IIOA BHICAAKY
TOAOBKM IIPOUCXOAUT C IOTepeN IPOAOABHOU yCTOU-
YUBOCTHU. AAS YCHEUIHOW BBICAAKHU F'OAOBKH C OTHO-

!
0 o
nieHueM d >2.5 U3 TUANHAPUYECKOU 3arOTOBKU IIPEA-
0

AaraeTcsi paCCMOTPETh CIIOCO0 OAHOBPEMEHHOM BHLICAAKY
ABYX 3aTOTOBOK.

[To mpepraraemMoMy ciocoOy ABe 3aTOTOBKU IIOMe-
IIQIOT II0 OAHOM B Ka’KAYIO M3 YacTe¥ WHCTPYMEHTa
IIapasAeAbHO APYT APYTY ¥ Ha PaCCTOSTHUH, 0OecIieun-
BAIOIIEeM IIPU ITOCAEAYIOIIE COBMECTHOM BBICAAKE KOH-
TAKT 'OAOBOK II0 IIAOCKOCTH, 0Opa3ylollel rpaHb KaxK-
MO U3 TOAOBOK (pucC. 1). Crtoco0 OCyIIIeCTBAIETCS CAEAY-
IOIMUM 00pa3oM. 3aroToBKU 4 YKAAABIBAIOTCS B MarT-
punsl 3 u 6; Hap TOPIAMK MAaTPUI, BEICTYIIAIOT 9aCTH
3arOTOBOK, KOTOPHIE AOAJKHBI OBITh BBICA’KEHHI.

MaTpuiisl IoMeliaoTcsl B 060MMy 5. BEITaAKUBaTeAn 2
1 7 GUKCUPYIOT BBICOTY BEICTyHaroler yactu. KoH-
CTPYKIIUS pacloAaraeTcsa Ha cToae npecca 1. [Tpu pBu-
SKEHUU ITIOABUKHOM MATPHUIIBI 6 ITOA ACMCTBUEM IIOA3YHA
npecca 8 IPOUCXOAUT IIPOIECC COBMECTHOM BBHICAAKU
ABYX 3aroTOBOK. B HauaabHOU cTapum pedopManuu
obpa3yloTcsi 604uKooOpa3Hble TOAOBKH, KOTOPBIE Ka-
CaIOTCSA APYT APyra 00KOBBIMU ITIOBEPXHOCTSAMU CHaYaAd
B OAHOM TOUYKe, a 3aTeM 3Ta MOBEPXHOCTH KOHTAKTa
pacTeT, Tak KaK MMEeHHO IIPX COBMECTHOM BBICAAKE BO3-
HUKaeT IPensaTCTBUe TeUeHUIO MeTaAAa B papUaib-
HOM HaIlpaBA€HUU B MeCTe IePBOHAYAABHOI'O KOHTAKTa.
B cBsA3M ¢ CUMMETPUYHOCTHIO AepopMalluy TOBEPX-
HOCTBb KOHTAKTa ABYX BEICQ’KMBAEMBIX 3aTOTOBOK IIPEA-
CTaBASIET COOOM MAOCKOCTh, KOTOPasi B KOHEUHOU CTaAUN
BBICAAKU TOAOBOK SIBASETCS (QUKCUDPYHOWUMU IPDAHAMU
roaoBoK 60oAmoB. ITocae OKOHUAHMS BBICAAKY MaTpHUIla
6 mepeMelraeTcs B IPOTUBOIIOAOKHOM HAIIPABAECHNH U BEI-
TaAKUBaTeAU 2 U 7 YAAASIOT BbICa’KeHHBIe OOATHI U3
marpul 3 u 6.

AQHHBIN CTTOCOO TO3BOASIET HE TOABKO YBEAWYHUTD BhI-
Ca’KMBAEMYIO AUHY, HO U IIPUBOAUT K YMEHBIIEHUIO
IIOTepb MeTaAAa IPU AAAbHENIIIeM TOAYUeHUHU AeTarel
CO CKOIIIEHHBIMU TOAOBKaMU (pUC. 2).

Puc. 1. CxeMa OAHOBPEMEHHO BBICAAKH ABYX [IUAMHAPHUYECKHUX 3ar0OTOBOK
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Puc. 2. Aetaau, noayyaemble IIPpH OAHOBPEMEHHOM BbICapAKe
ABYX IUAUHAPHYECKUX 3arOTOBOK

. Puc. 5. U3ru6
MpH BbICAAKE

Puc. 4. CxeMa nAacTU4e€CKOro
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A ™

a— s
x—
=—
-
[
-a—
[—— IIIII
= !
I |
e 1
= b
—
[
—

4 s i

Puc. 6. U3rub petaru

Crnoco6 u3roroBAaeHUus [-oO0pa3HBIX AeTarel,
NIPEeACTABAEH Ha PUC. 3, BKAIOYAET YCTAHOBKY AMCTOBOM
3arOTOBKU B MATPUILy U Ae(DOPMUPOBAHUE €€ IIOCPEA-
CTBOM BEPTHUKAABHO OITyCKaeMOro ITyaHCOHa ¢ 00paso-
BanueM ['-00pa3HoM AeTaAU C IOAKOM, PACIIOAOKEHHOMN
NIepIeHAUKYASIPHO 3aAHeM IIAOCKOCTH AeTaAH, OTANYA-
IOIIUMCS OT CYIIeCTBYIOUIMUX CIIOCOO0B TeM, UTO B MaT-
PHULy AOIIOAHUTEABHO YCTA@HABAUBAIOT BTOPYIO AMCTO-
BYIO 3aTOTOBKY, @ B IIPOIleCCe BEPTUKAABHO OITyCKaeMBbIN
IIYaHCOH OCYIIeCTBASIET Ae(POPMUPOBAHUE ABYX AUCTO-
BBIX 3arOTOBOK IIyTe€M UX BBICAAKHU, KOTOPYIO IIPOU3-
BOAAT C OIIOPOM 3aTOTOBOK APYT Ha APYTa MAOCKOCTSIMU.

OTOT CIIOCO0, AaHAAOTUYHO IPEABIAYIIEMY, C HUAMHA-
pPUYECKHMH 3aTOTOBKAMU IIO3BOAIET YBEAMUYUBATH
BBICOTY BBEICA’)KMBAaeMOM 9aCTH /, He 0IlacasiCh IIPU 3TOM
IIPOAOABHOTO U3ruba 3arOTOBKY HAa HAYaAbHOU CTAAUN.

INpoBeaeHHBIE 3KCIIEPUMEHTHI TIOKa3bIBAIOT, UYTO IIPU
NOAOOHOM cXeMe IOTepsl YCTOMYUBOCTH IMPOUCXOAUT

i

IIPU OTHOIIE€HUWU BBLICOTEI K TOAIMWHE IMAACTHUHBI — >3,
N

YCTaHOBAeHO, YUTO BO BCeX CAyUJasAX HA nepBoﬁ CTapAN

Ipoliecca BEICAAKU IPOUCXOAUT ITOACAAKA 3aTOTOBKU
¢ dopMUPOBAHUEM 30H 3aTPYAHEHHOU AedhopMaLiun

Puc. 3. Cnoco0 Bbicapku I'-00pa3HbBIX AeTaren

Py=? A

0,5-udP/(EF)

Puc. 7. PacueTHas cxeMa

y HOBerHOCTeI‘/'I MaTpUIBI U IITyaHCOHA. OcHOBHasa
0COOEeHHOCTh (pOpMOI/ISMeHeHI/IH COCTOHUT B TOM, UTO IIPH

/
—> 3 IPOMCXOANT TOTEPSI IPOAOABHOM YCTOMYMBOCTH C ITe-
N

peMelieHreM YaCTUI] MeTaAAd OT IIOBEPXHOCTH CTHIKA K
nepudepun (UCKAIOUas 30HBI 3aTPYAHEHHOU Aedop-
Manuu), T.K. KpUTHYEeCKas CUAa 3HAUUTEABHO MeHbIIIe
TpebyeMoM AT YCTOMUUBOU pAepopMaruu. O06pa3yroTcs
OAHOCTOPOHHUE CKAAAKM Ha K&JKAOU ITAACTHUHE, HAlIPaB-
A€HHBIE BBIITYKAOU CTOPOHOM OT CcThIKA [1, 2]. [Tponecc
pUKCUPOBaAHUSA U3MeHeHUs (POPMEI 3aTOTOBOK BeChbMa
TPYAOEMOK U 3aTpaTeH. VIcXoas U3 3TOro parjioHaABHO
UCIOAB30BaTh KaKue-Anbo TeopeTuuecKue MeTOABL
IPOTHO3MPOBAHUS IOBEACHUS METAANA AAS YIIPABACHUSA
MIPOIIECCOM BBICAAKH.

Ecam pAOTyCTHUTB, UTO NMOTEPSA YCTOMYUBOCTHU IIPO-
HUCXOAUT B 06AACTH YIPYTUX AepopManuil 1 TOALKO 3a-
TeM IPOIleCcC MEePEeXOAUT B CTAAUIO IAACTUUYECKOT0
AeOpPMUPOBAHUS, AN PEILLIeHUS 3aAaUU O HaXOKASHUN
IPeAEAOB IIPUMEHEeHHs ONKMCAHHBIX BHIIIIE CIIOCOOOB
MOJKHO MCIIOAB30BAaTh TPAAUIIMOHHBEIE METOABI COIIPO-
THUBAEHUS MAaTEPHUAAOB. B IOAB3Yy 3TOTO TOBOPUT TO, 4YTO
UCKPUBAEHUE IPOAOABHON OCH IITAMITyeMOM 3aTOTOBKU
MIPOUCXOAUT Ha IIepBOHAYAABLHOM 3Tane AeOopMUpO-
BaHUs IPU ABUJKEHUU ITyaHCOHA BHU3, KOTAAQ BEICOTA
3arOTOBKU MaKCHMaAbHA. TO eCTh 3aroTOBKa CHadaAa
«CKAQABIBAETCd», @ 3aTeM HaYMHAeTCs Ipoljecc
TIAACTUYECKOTo AeDOPMUPOBAHUS.

[ToTepss yCTOMYUBOCTU IPU BBICAAKE BBICOKOU
3arOTOBKYU 3aKAIOYAEeTCS B UICKPUBAEHUU €€ OCHU TaKUM

=

0L0Z (€6) €3N MNHLO3E UNIGHRAYH UMIDNO

INHIVIIOHUMVYIN U IUHIOdLOOHMMVIN
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e f=() 08
e =() 1

— =0 15

I/d (kpyr)

3,400
3,300 -
3,200
3,100
3,000
2,900
2,800
2,700
2,600
2,500

0,0E+00

I/d

5,0E+05 1,0E+06
P

1,6E+06

/

Puc. 8. T'pauK 3aBUCHUMOCTH —; OT yCHUAUS P AAS Kpyraoro

d TeK
MONEePEYHOro CEeYEeHNs IPU Pa3ANYHBIX KO3 dunueHTax
TpeHust

00pa3oM, UTo CBOOOAHAS TIOBEPXHOCTD B I[eHTPAaAbHOM
YacTU IPUOOpEeTaeT, C OAHOM CTOPOHEL, BEITYKAYIO DOp-
MYy, a C Apyroii —BorHyTy!O [3]. [IprueM BOAOKHA Y BHI-
IIYKAOHM CTOPOHBI Opyca YAAMHSIOTCS, @ Y BOTHYTON —
YKOpPA4MBaOTCS.

PaccMmoTpumM cxeMy hopMO0OOPa30BaHUs, IPEACTaB-
AeHHYyIO Ha puc. 4. Hau6oAbIINI 5KCIIeHTPUCUTET CUABL
PorpannueH BeAmunHoOM e. [Tpu A0CTaTOUHO ManOU BeAU-
YMHe 3KCIEeHTPUCUTETa NIPeOoOAAAAIOIIUM IIPOIleCCOM
sABAsieTCd cKaTue. HavaBmuiicg nu3rub nocTeneHHO
MIpeKpallaeTcs, ¥ IPOUCXOAUT BEICAAKA MAM OCAAKA 3aro-
TOBKHU AO Pa3Mepa, OlIpeAeAsIeMOoro CMellleHueM e. YCu-
AMe, COOTBETCTBYyIOIlee YUCTOMY U3TUOY CTep KHH,
PpaBHO:

p=2r, (1)

rae Wp — MOMEHT COIIPOTUBACHUS I/I3I‘I/I6y;
(S IIpepen TeKy4eCTH.
Ycuane, AOCTATOYHOE AAA IMIAACTHUYECKOI'O CXXATusd
3arOTOBKH, COCTAaBAsIET:

P'=0.F, 2)

raeF — maomjaab IOepevHoro CeUeHUs 3aTOTOBKU.

EcAu p" < p', TO MOKHO IIOAAraTh, YTO C)KaTHE HAY-
HeTCs paHee u3ruba U IPOU30MAET BrIcapKka. M3 ypas-
HeHUi (1) u (2) noAy4aeM yCAOBHE YCTOMUUBOCTH IIPO-
I1ecca BBICAAKH:

W[/
e<—2, (3)
F

B cayyae Kpyraoro CTep’KHsS IPOAOABHBIN U3THO
MOJKeT IIPOUCXOAUTD B PA3ANYIHLIX IINOCKOCTSIX. Y CAOBHE
YCTOMYUBOCTU OCAAKH KPYTAOTO CTEPIKHS 3aKAI0UAeTCSI
B TOM, YTOOBI HallpaBA€HUE 3KCIEeHTPUUYHOMN CHUABL
IIPOXOAMAO BHYTPH KPyTa C PapAHycoM e,. DTOT KpyT
MOJKHO Ha3BaTh IINACTUYECKUM IAPOM ceueHHU [3].

[Tpu nepexope B NAACTUYECKYIO OOAACTh YCTONYU-
BOCTE CTEPIKHS PE3KO YMEHbIIIaeTCsl.

B cayuae nonepeyHoro u3ruba COIpoTUBAEHUE U3-
ru0y 3HAUMTEABHO BO3pacTaeT NIPU IIepeXoAe U3 YIPY-
roro B IIAACTUYECKOe COCTOIHUE (PUC. J).

[Tpu c>xaTuu cTep>kKHA CUAOM P mMeeT MecTo nole-
peuHas pepopManyis ¥, COOTBETCTBEHHO, YBEAWUEHUE
ArameTpa

P
A=k -u-——-d
K E-F '

TA€ 1<k <2 —KO03(PUIUEHT, YUUTHIBAIOI U Ilepepac-
npeaeAeHre oObeMa MPU Pa3AUYHbBIX (paKTUYECKUX 3aK-

!El penAeHusaX TOpPIoB (puc. 6).

Kputuueckue l/d (nnactuHa)
45 |
40+ |Ild < -1.1036Ln(f) + o.9171|
351
301
25 \%
2,0 : : : :
0,00 0,05 0,10 0,15 0,20 0,25 0,30
f

Puc. 9. I'paduk 3aBucuMocTH —; OT KO3 dUIeHTa TpeHus [

d
AAS IIAQCTHHBI — IOKa3aH CNAOIIHON AMHUEN; MyHKTUPHON
n3oOpakeHa AMHUS TPEHAA

W3-3a 0OAHOCTOPOHHEM CTECHEHHOCTH AeopManui
UMeHHO Ha 3Ty BeAUUNHY AOAJKHA IIPOrmbaThecs cepe-
AVHA OCU CTEP>KHSI HEKOTOPOU CUAOU Py. TakuMm 06pazom,
CTep>KeHb CKMMAeTCs CUAOU P 1 m3rudaeTcst CUAOU Py—
TO €CTh HAaXOAUTCSA B COCTOSIHUU IIPOAOABHO-IIOIIEpEeY-
Horo usruba (puc. 7).

HopMaanbHOe TeueHUe IIpoliecca BBICAAKU OyAeT
HUMeTb MeCTO IIPU BEITOAHEHU Y YCAOBHS ([IOIlepedHast CU-
Aa Ha ITyaHCOHe MeHbIIIe CUALI TDEHUS AeTaAHU O IIyaHCOH)

oz P-f, (4)

rae f — Koo HUIUEHT TPEHUST AETAAU II0 ITYaHCOHY.

Cuctema aAuddepeHnuarbHBEX YpaBHEHUHU
IIPOAOABHO-TIOTIEPEYHOTO0 U3Tnba
a__
iz P,
do _M
dz EJ’
M _o_p.o, (5)
dz

dQ _ 0 mpul-6/2<z<1+6/2,

dz  \P/§ npul-§/2>z<1+6/2

B dopmyarax:
V—nporu6;
(p — yTOA IIOBOPOTA;
M — n3rubaroiny MOMEHT;
O —nonepeyvHasi CUA];
8 — IMUpUHA TIAOIITAAKT KOHTAKTa AeTaAeH.
CurcTreMa MHTErpUpYyeTCs YMCACHHO IIPYU TPAaHUYHBIX
YCAOBUSIX
V(0)=0, (0)=0,V(1)=0, o(1)=0
U AOIIOAHUTEABHOM YCAOBUU
v(l)=A.
CooTHOIIeHHEe ITONIEPEYHOTro pa3Mepa d 1 CBOOOAHON
AAUHEL] — é BbIOMpAaeTCcs u3 ycAoBuUd (4). Cura IpuHHT-

MaAacChb deHOfI CUAe TeKy4eCTH, 1 ee BeAUYNHAa, d 3HAYUT,
N IIPpEeAeA TeKYUeCTU ACTAAN, MAAO BAUSIAN Ha KPUTHYECKOe

!
3HAYeHue (puc. 8).
[MoAyueHHBIE 3aBICUMOCTH ITO3BOASTIOT OIIPEASASITH [Tpe-

/
A€ABbHOE COOTHOIIIEHHuEe g AASTKPYTAOTO U IIPAMOYTOAB-



I/d npu P=Prek (kpyr)

T« ]
37 \ i Vid = -0,9869Ln(f) + 0,8542i
32

2,7

22 } |
0,00 0,05 0,10 0,15 0,20 0,25 0,30

Puc. 10. I'paduk 3aBucuMocTH —; OT KO3 dunneHTa TpeHus

d
AASI KPYTAOTO MOIIEPEYHOro Ce4eHMn sl — NOKa3aH TOACTOM
AVHMEN, TOHKON — AUHUS TPeHAa

Kputnyeckoe I/d npm f=0,1

1,0 1.2 14 1.6 1.8

Puc. 12. AeTaru NoAyYEHHBIE B X0A€ SKCIIepUMeHTa

Puc. 14. ITacacTunbl B MaTpune. MicxopHOe COCTOSIHUE

2,0
k
Puc. 11. I'paduk 3aBHCUMOCTU ; oT KoaddunueHTa
HCKPHUBAEHHS K AASI IAQCTHHBI
h
5

Puc. 15. IIpoAOAbHBIN U3rub A€TaAu C OTHOLIEHUEM — —
K

Puc. 16. IlpoMesxyToYHas CTaAusl BBICAAKHU C IIoTepe
NPOAOABHON YCTOMYMUBOCTH

=
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HOTI'O CeUeHUs AeTaAU IPU PA3ANYHBIX KO3 PHUIueHTax
TpeHus. BUAHO, UTO, yMeHbllIas TpeHHe, MOSKHO CYIIecT-
BEHHO YBeAUUHUTH AAMHY A BEICAAKH (pHc. 9, 10).
KosddunrenT ucCKpuBAeHU IOBEPXHOCTH k IIpU
MIPOYUX IOCTOSHHBIX IIOKAa3aTeAdX, U3MEHAACH B IIPU-
HATHIX Ipeperax 1<k <2, OyAeT BAUATh Ha KOHEUHBIN
pe3yAbTaT TaK, KaK IPeACTaBAEHO Ha puc. 11.
PesyAbTaThl IPOBEAEHHBIX 9KCIIEPUMEHTOB IIOATBED-
>KAQIOT CIIPABEAAUBOCTD U3A0KEHHBIX BHIIIE pACUeTOB
(puc. 12). OKcIiepUMeHT IPOBOAUACS Ha THAPABAMTIECKOM
npecce 2ITI-125. 3aroToBKY U3 aAIOMHUHUEBOI'O CIIAABA
AA Hapesaruch Ha (hpe3epHOM cTaHKe. TOAIIIMHA 3aro-
TOBKHU $=[2 MM, OTHOCUTEABHAS BBICOTA IIOA BBICAAKY

v |

h h
—=2, (puc. 13) —=3, —=5,Hapwuc. 14 mpeACTaBACH BUA,
S S
MaTPUIE C YCTAHOBAGHHBIMY B HEM NAACTUHAMH.
h
AeTaab ¢ OTHOIIEHUEM — =5 TepsieT MPOAOABHYIO yC-
N
TOMYHUBOCTL KaK OAMHOUHAS IIAACTUHA, CTU0asCh B OAHY
cTopony (puc. 15). Ha npomeskyTouHOM cTapuu Aedop-
MUPOBAHUSA 3TOU AeTarm HabOAIOAQAeTCsI KapTUHAQ,
npeACTaBAeHHas Ha puc. 16.
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OMCKMIM rocy apCTBEHHbIH
TeXHUYECKMH YHUBEPCHUTET

METOOMKA PACYETA TPANEUMEBUOHBbIX
TOHKOCTEHHbIX MPODUIIEM C YYETOM
MECTHOM NOTEPU YCTOMYMBOCTM

B cTaTbe aHaNM3MPYIOTCA KPUTEPUM NOCNEACTBMS MECTHOM NOTEePH YCTONYMBOCTH
NNAacTMHYaTbIX 3NIEMEHTOB Tpaneu1eBMAHbIX TOHKOCTEHHbIX Npodmnes nNpM NPOJONbLHO-
nonepey4Hom n3rnbe. NMpeanaraetcsa meToaMKa pacyeTa npodHnei No MeToaM AONYCKaeMbIxX
HanNpSYXeHHM M NpefenbHbIX COCTOSHMH C Y4ETOM BO3MOXHOCTM MECTHOM NMoTepH
YCTOMYMBOCTH. MeToaMKa CTPOMTCS Ha 6a3e aHANMTHUECKMX, YMCSIEHHBIX M 3KCNIEPUMEHTaNbHbIX
uccnefoBaHWM AaBTOPOB.

KnioueBble CNIOBa: TOHKOCTEHHbIM TPaneuMeBMAHbIM NPOMb, HECYLLLasi CNOCOBHOCTbL, MeCTHas

noreps yCTOMYMBOCTH, AONYCTUMbIE HANPSHKEHKS, NPpeAeNbHbIe HarPy3KM.

B HeCymMX KOHCTPYKIUSX U3 BEICOKOTEXHOAOTHY-
HBIX TOHKOCTEHHBIX TPAITeI[MeBUAHBIX TPOPUAEH pac-
YeT BEAETCSI ITO METOAAM AOITYCKAeMbIX HATIPSKEHUN UAU
MPEASABHBIX COCTOSTHUH, [TIe BB IPUMEHSIETCSI AAST Ma-
TEPHAAOB C HeBIPAKEHHOW IIAOIAAKOH TEKYUECTH U IIPU
AVMHAMUYECKOM Harpy>keHud. [Ipu cTaTUueCKOM Harpy-
SKEHUU AN TIAQCTUYHBIX MaTE€PUAAOB AOITYCKAETCs Pac-
YeT 0 MPEASABHBIM COCTOSIHUSIM, YTO OCOOEHHO aKTy-
AABHO AASI THYTBIX @POYHBIX KOHCTPYKIIMEH CO 3HAUUTEAD-
HBIMU OCTaTOUYHLIMU HATIPSIKEHUSIMU.,

MeToarKa cTpoUTCst Ha 6a3e UCCACAOBAHUI aBTOPOB
¥ IOAYYEHHBIX aHAAUTUUYECKUX 3aBUCHUMOCTEH AAS
pacueTa KpUTUYECKUX HANPSPKEHUM IOTepU MEeCTHOU

m YCTOfIqHBOCTI/I IINACTHUHYATHEIX OA€MEHTOB TOHKOCTEH-

HOT'O TpalelueBUAHOTO PO UAS. 3apada Pa3pAeAsIeTCs
Ha TPU COCTaBASIOINIUE:

— ONpeAeAeHHUe TOAIMHEL TPOUAS (IPeAeABHOM E, ),
IIpY KOTOPOU HeT HeOOXOAUMOCTH YIUTHEIBATH MECTHYIO
IIOTEePIO YCTOMUYUBOCTHU B AQHHOM THUIIE pPacyeTa;

— omnpepeAeHNe 0OAACTH AOTYCTUMBIX Harpy30K
TOHKOCTEHHOTO TPAIeIIMEeBUAHOTO IIPO(YASL, BHYTPHU KO-
TOPOM 00ecreuynBaeTC s HeCylas ClIoCOOHOCTh Oe3 Me-
CTHOM IIOT€PU YCTOMYUBOCTY;

— oIpepAeAeHre 00AACTU AOITYCTUMBIX 3HaUueHU! N
u M, BHyTPU KOTOPOM o6ecrneunBaeTCs HeCylasi CIioco-
OHOCTB TP MECTHOM IIOTEPE YCTOMIUBOCTH OAHOTO UAY
HECKOABKHUX IIAACTUHYATBIX 9AE€MEHTOB TOHKOCTEHHOT'O
TpanernueBUAHOTO TPOMUASL.



Puc. 1. Cxema pa3oueHus
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Puc. 3. O6AaCTh AOIYCTUMBIX Harpy30K I10 AOIIyCKaeMbIM
HanpspKeHUsIM C y4eTOM MeCTHOM IOTePH yCTOMYUBOCTU

[Tpu 5TOM CUUTAETCS, YTO METOAAMY COIIPOTHUBAEHUS
MaTepHaAOB AU CTPOUTEABHOM MEXaHUKU IIOAyYeHa
3aBUCHMOCTD U3TUOAIOIEero MOMeHTa OT IPOAOABHOM
cuAbpl M=f(N) AAsl pacCUMTBIBAaeMONW KOHCTPYKIUH.
W3BecTHEI pAOTyCcKaeMble HaNpSIKeHUs [C] U Ipepea
TEKy4eCTH MaTepPHUAaAa G, a TAKXKe OCTATOYHBIe HAIPs-
JKeHWsl O, ;B IAACTUHYATHIX 9AeMeHTax. B pacuerax
IIOCAE MECTHOH ITOTEePU YCTONYMBOCTH IPUMEHEH METOA,
«pepynupoBaHus» [1]. [1pu noTepe yCTOMUYUBOCTHU
HUCKAIOYAeTCs YaCTh IIMPUHBI COOTBETCTBYIOIErO MAAC-
THUHYATOTO SA€MeHTa.

BeluncaeHne KPpUTHYECKUX HAaNPS)KeHUI MEeCTHOM
MOTEePHU yCTONYNBOCTU NAACTUHYATHIX SAEMEHTOB

ToHKOCTeHHEIN TpallellneBUAHBIN IPOPUAL Pa30u-
BaeTCsl Ha COBOKYIIHOCTh TAACTUHYATHIX JA€MEHTOB, KaK
mokasano Ha puc. 1. [Ipu atom [2 — 3], yroA B3aUMHOTO
PacIOAOJKEeHUSI COCEAHUX 3AeMeHTOB He BAUSEeT Ha
BEAWYNHY KPUTUIECKOTO HAIIPSIKEHUSI MECTHOH ITOTEPU
YCTOMYUBOCTH. AOIIyCKAeTCA 3aMeHa KPUBOANMHENHBIX
ro(ppOB IPIMOAMHEWHEIMU dAeMeHTaMu. Kputnueckue
CcOKUMalolye HalpsyKeHHUs MeCTHON IOTepHU YCTONYN-
BOCTHU II0 DHAEPY AASI OTA@ABHOM i-TOM IMAACTUHEI TOH-
KOCTEHHOTO TPAINEIMeBUAHOTO IIPOMUAS IMUPUHOM b, IIpn
TOAIIUHE {, MOAYAE YIPYTOCTH MaTepuasa E u Koad-
dunmenTe [TyaccoHa | B yIpyTo¥ CTaAWH HArPy>KeHUST
OIIPEAEASIOTCS IO (hopMyAe

O i = k(ﬁi*l’ﬁ#l)k(vi)ﬁ[éj . (1)

Kosddumuentst k(8, ,, f,.,), k(v,) yIATBIBAIOT COOTBET-
CTBEHHO BAUSHUE KECTKOCTHU IIPUAETAIOIIUX TAACTHH-
YaTBhIX 9A€MEHTOB U XapaKTep paclpeAeAeHts CKUMa-
IOIIUX HaNpsKeHUH MO HIUPUHE IAACTUHYATOTO dAe-
MeHTa.

3HaueHue k(P, ,,P;,,) BEIUUCASIETCS IO POPMyAe

k(B B) =[-2.3967B, +3,5532p7, —
~2,63188,,,+6,6015)x (-2,05176;, + )

+3,0447B7, —2,3564B, , +6,1012]/587 .
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—
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Puc. 2. O6AaCTb AOIYCTUMBIX Harpy30K IO AOITyCKaeMbIM
HaNpsDKeHUSIM 6e3 MeCTHOM I0TepH yCTOMYNBOCTH

M

oW N

1w

[c]F ila

Puc. 4. O6AacTh AONYCTUMBIX Harpy30K I10 AOIIyCKaeMbIM
HaIPSHKEHUSIM C y4eTOM MeCTHOH IIoTepu
YCTOMYMBOCTHU M PEAYLPOBAHUS

b.
rae B, = ; npub, 2b_ u B, =1npub <b_,,

A

b,
B = gl npub, 2b,, n B =1npub <b,,.

3uavenue k(v,) BLIUCASICTCS KaK
k(v;)=e"vi, (3)

TAe

v = mino;(y)—maxo,(y)

i

- npu mino,(y)<0

min, () R @
IMpu min c,(y)>0 MecTHas IOTEepPs YyCTOMYUBOCTH

HEeBO3MOJKHA M, YCAOBHO, MOJXHO IIPUHATH V—>0.

Beanmumna tnp OIIpeAeAdeTCd U3 paBeHCTBA

[6]1=00 - ()

KosddunueHT pepAynupoBaHus

[ToTeps MeCcTHOM yCTOMYMBOCTU OAHOM U3 IIOAOK
TIPUBOAUT K €€ YaCTUYHOMY UCKAIOUEHUIO U3 BOCIIPUATHUSA
pabounx Harpy30K — PEAYIIUPOBAHUIO. YUTeM CTelleHb
peAyLUpPOBaHUs KO3 HUITUEeHTOM

b
_ _pao
K, =22, (6)
b
TAE bpaa_ YacTh HIUPUHBI IIOAKH, BOCIPUHUMAIONIIAsS

HapPsDUKeHUS C’KATHS II0CA€ MECTHOM ITOTePU yCTOMYUBO-
CTHU dA€MeHTa TOHKOCTEHHOTro TpalellieBUAHOTO
IpouAs.
3HaueHUe erg OIIpEeAEeAE€HO BHIIIEe 3KCIepUMEeH-
TAABHO U B I€PBOM NPUOAMIKEHUU CUNTAETCS He 3aBU-
CSIIITUM OT IIMPUHBI MAACTUH 1 3aKOHa X ckatus. [Tocae

MEeCTHOM IIOTePU YCTOMUYUBOCTHU 3(pheKTHUBHAA AOIIAAD

=
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Puc. 5. IIpuMep 06AaCTU AONTYCTHUMBIX Harpy3o0K I10 AOITyCKaeMbIM HaIlPSHKeHUSIM
C y4eTOM OCTaTOYHbIX HaIPSKeHHI

ceueHNtsd 1 MOMEHT COIIPOTUBACHNSA YMEHBIIAIOTCA, U UX
BeAUYUHA MOKET OBITh paccuuTaHa. Haan/IMep,

(7

p

n
F ed F - [Zer(),ibi )
i=1
rae K, =0 AAS BCeX MTAQCTHHYATHIX 9AEMEHTOB, ¥ KO-
TOPBIX HET MeCTHOM II0OTePU YCTOMYUBOCTU. PacueT Wpeg
BEAETCSA QHAAOTMYHO, IPUHSB IIUPUHY IAACTUH PABHOU
(1=K, )b:
PacyeThl MO METOAY AONTyCKaeMbIX HaIlPSI>)KeHUN.
OO0AacTh AONIYCTHUMBIX Harpy3oK 6e3 MeCTHOH
NOTEPH yCTOMYNBOCTHU
HopMaabHBIe HAaIPS)KeHUS B IAQCTHHYATOM dAeMe-
HTe OIIPEAEATIIOTCS B IIeHTPAABHBIX OCSIX U3BECTHOU (hOP-
MYAOU CONPOTHUBAEHMS MaTepruaroB. ' paHuIia obaacTu
AOIYCTUMBIX HArpy30K IIO METOAY AOIyCKaeMBIX
HaNOps>XeHUN 6e3 MeCTHOW NOTePH YCTOWUYUBOCTHU
BBITASIAUT CA€AYIOIIUM 00pa3oM

[c]= E+M

AR (®)

I'pacbrrueckas UHTepIpeTalys IpeACTaBAeHA Ha PUC. 2.

[NonmapaHue Harpy3o4yHoU xapakTtepuctuku M(N)
B 3alITPUXOBAHHYIO 00AACTh O3HAYaeT paboTy B 00AACTH
AOITyCKaeMBIX HalIPSI)KEeHU M.

YdeT MeCTHON NMOTEPH YCTOMYHUBOCTH 0e3 pepy-
IMpOBaHMS

EcAu npuHSTO, YTO MeCTHAs TOTePsl yCTOMUUBOCTU —
3TO NpeAeAbHOe COCTOSIHUEe, CAeAOBATEeAbHO, OOAACTD
AOITyCTUMBIX HarPY30K AOTIOAHUTEABHO OTPAHUYUBAETCS
AMHUEU MeCTHOM! TOTePU YCTOMYUBOCTH SAEMEHTOM C Ha-
UMEHBIINM KPUTHYECKUM HallpsoKeHUeM 110 (1)

N M

_pr.,wuﬁ - F + W

9)
I'pachraeckas MHTepHIpeTanys MPeACTaBACHA Ha PUC. 3.
YdeT MeCTHOM NMOTEPH YCTOMYUBOCTU M PEeAyIH-

poBaHug
O06AaCTb AOITYCTUMBIX HAarpy3o0K II0 AOIIyCKaeMbIM

HAIPSDKEHUSIM IIOCAE PEAYIIIPOBAHUS OIIPEACASIETCS KaK

o]z X+ M (10)
F‘ped Wped

I'padhuuecku 06AACTb AOIIYCTUMBIX HAarPY30K IIPEA-
CcTaBAsIeT COO0M pOMO, CTOPOHBI KOTOPOTO B OOIIEM CAY-
4Jae He MapasreAbHBl OCHOBHOM OOAAQCTH AOIYCTHUMBIX
Harpy3o0K, TaK KaK IIAOIIaAb ¥ MOMEHT COITPOTUBAEHUS
U3MEeHJI0TCS He NPONOPIMOHAABHO (pHUC. 4). Peaynu-
poBaHMe He pacuInpsieT 06AaCTb AOIIYCTUMBIX HaTPYy30K
IO AOTITYCKaeMBIM HaIPS)KeHUSIM, €CAU BBIITOAHSIOTCS
YCAOBUS
>[c]F

pea 1 Wz[a]Wped . (11)

O-I\‘p,,‘(lw O-Kp‘,mw

B mIpoTHBHOM CAydae peAyIMpoBaHUe HeCKOABKO
pacuupseT 00AaCTh AOITYCTUMBIX Harpy30K.

YueT ocTaTOYHBIX HANIPS>KEHUN

Ecam nsBecTHa 3aBuUCHMOCTE G, (v) (pHC. 1), TO
nMeeM

[a]z{L%wm,(y)] (12)

=G+ O (= (13)
M

[c]> £+7+Gom,,(y) . (14)

peod ped

ABTOpaMu pa3paboTaHbl AATOPUTM U IIPOTPAMMa AAST
pacueTa 3aBUCHUMOCTH G, (v) IOCTPOEHUST 0GAACTH
AOITyCTUMBIX HarPY30K 10 AOITyCKaeMbIM HAIIPSI’KEeHUSM
AAST @POYHBIX MMOKPHITUM M3 TOHKOCTEHHBIX Tpalenue-
BUAHBIX ITpodunei. [IpuMep 06AaCTH AOITyCTUMBIX Har-
PY30K IIO AOIIYCKAeMBIM HANPSKeHUIM AA Tpoduas
H60-845 CURVED c yyeTOM OCTATOUHBIX HANIPS>KEHUN
IIpU 3arr0e Ha OCTATOYHBIN Papryc 12 M IpUBEACH Ha PUC. 5.

PacyeT Mo MeToAYy NpeAeAbHBIX COCTOSIHUI.

O0AacTp AOIIYCTHMBIX Harpy3okK II0 MeTOAY IIpe-
AEABHBIX COCTOSIHUI 0e3 peAyIupOBaHMSI

B cooTBeTcTBUH C [1] TOA IPEAEABHBIM COCTOSTHUEM
(N=N*, M=M") noHUMaeTCd yCAOBUe 00pa30BaHUA
IIAAQCTUYECKOro mapHUpa. O0AACTb AOITYCTUMBIX HArpy-
30K II0 METOAY IPEAEABHBIX COCTOSIHUM, T.e. 3aBUCHU-
MoCTb M*(N*) MO>keT OBITH BEIUMCAEHA B IlapaMeTpu-
YeCKOM BUA€ (IapaMeTp o) Kak

h
N*(@) = [ sign(y-a)o,S()dy (15)



dy
(1 W

o
/= \

o ) \

OoT S (Y)

Puc. 6. K nocTpoeHuo 06AacTu AONyCTUMBIX Harpy3o0K
110 METOAY NMPEAEAbBHBIX COCTOSIHU

M

pr,,wu»« w J

SN—_]

O_I(p S MuH

o, F

[ 1

Puc. 7. O6AacTh AONNYCTUMBIX Harpy3o0K I10 IPeAEAbBHOMY
COCTOSIHHMIO C Y4€TOM MECTHOI NOTepH YCTONYNBOCTH

M*(a) = [ sign(y -a)o,(y-y)SWdy . (16)
0

PacyeTHas cxeMa IpeACTaBAeHA Ha puc. 6 u pe-
AAM30BaHA B AATOPUTME AASL AIOOOTO TOHKOCTEHHOTO
TpalnenueBUAHOTO IPOodUAsL. Bua 06AaCTH AOITyCTHUMBIX
Harpy3oK II0 IPeAeABHBIM COCTOSTHUSIM IIDEACTaBAEH Ha
puc. 6. B o611eM caydae KpuBast HeCUMMeTPUUIHA OTHO-
CUTEABHO OCH MOMeHTOB. OAHAKO B IEPBOM IIPUOAMIKE-
HHU OHa MOJKeT OBITh AIIIPOKCUMHUPOBAHA IAAUATICOM [1]
(puc. 7).

N? M’

For) "Wy (17)

B dpopmyae o6osznaveno: W, cymma cTaTU4E€CKUAX MO-
MEHTOB CeYeHHs OTHOCUTEABHO AHHHUHU J=y, ,
OTHOCUTEALHO KOTOPOM B IPEAEABHOM COCTOSTHUU
TekydecTu N=0. OTa BeAUUNHAa A OIIPeAeAeHHOTO cede-
HU4 IponopiinoHarbHa W 1 MO>KeT OBITh BEIUYHCAEHA
aHAAUTHYECKU (HaIlpUMep, A IPSIMOYTOABHOTO cede-
HI/IFIkw= 1,5; aprst mpoduast H60-845 CURVED k = 1,38).

LA
w w e

OnpepeAnM 3HaueHNe KPUTUUEeCKOTO HANIPSIKeHUS
MeCTHOU IOTePHU YCTOMUYUBOCTH, IPU KOTOPOM He HYK-
HO YYUTBIBATH 3TO SIBA€HUE B PacyeTe II0 IPEASABHBIM
coctogHuAM. Pemaem cucreMy ypasHeHui (9), (17) unpu-
paBHHUBaeM AVCKPUMHHAHT ITIOAYYEHHOTO KBAAPATHOTO
ypaB-HeHUS K HYAIO, YTO SIBASIETCSI YCAOBHEM KaCaHUs
saamnca (17) unpsmotii (9). ITocae mpeobpa3oBaHuii € yue-
ToM (18) moayuaem

(18)

o >0+ k (19)

Kp,Mun

ne

ToamuHa ¢, , IPU KOTOPOU AAST TPOUAS MOJKHO He
VUHUTBIBATh MECTHYIO IIOTEPIO YCTOMYUBOCTU B pacueTe
II0 IPeAeABHOMY COCTOSIHUIO, OlIpeAeAsieTcs u3 (19).

c
xp.uin
oW

52 ped

T or

O o yun 1 peo

Puc. 8. O6AaCTh AOIIYCTUMBIX Harpy3oK I10 IPeAEeAbHOMY
COCTOSTHHUIO C MECTHOM NOTepel yCTOMYNBOCTU
¥ peAyLpOBaHUuEM

OO6AacTh AONIYCTHMBIX Harpy3oK II0 METOAY IIpe-
AEABHBIX COCTOSIHIH C peAyIlUpOBaHuEeM

ITocae MeCTHOM TOTEPH YCTOMYUBOCTH U IIepecdeTa
reOMeTPUYECKUX XaPaKTEPUCTUK NIPO(UAS IOCAE
PeAyLIUPOBAaHUSA MOXKeT OBITh IIOCTPOEHA 0OAACTh AO-
IIyCTUMBIX Harpy30K (puc. 8).

PeapynupoBaHue pacuupseT 00AaCTb AOIYCTUMBIX

HArpy3o0K IO IIpeA€ABHBIM COCTOSHHUAM, €CAN
BBITIOAHAETCA YCAOBHE
2
O posun Z 07 1+ kW.ped . (20)

Y4yeT 0CTaTOYHBIX HAIIPSIPKEHUMN

OcTaTouHble HaPSKeHUS YUUTHIBAIOTCS TOABKO IIPU
OIIPEAEAeHUN MUHUMAABHOTO KPUTUYECKOTO HAIps-
>xkeHUusA. OOAACTb AOITYCTUMBIX HAarpy30K He 3aBUCHUT OT
OCTQTOYHLIX HAIIPSI’KEHUH, TaK KaK B IIPEASABHOM COC-
TOSIHMHU T€Ky4eCTH HalIPS’KeHUs 10 BCEM CeUeHUSIM BhI-
PaBHUBAIOTCS ¥ PABHBI IPEAEAY TEKyUeCTH.

YcaoBue (19) mpuHUMAET BUA

2
(pr,f G pemi o 2Oy 1+ Ky -

BubAnorpadmuyecKui CIuCoK

(21)
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FO. U. HEKPACOB

TIOMEHCKHHM FOCy JapCTBEHHbIN
HedTerasoBbIi YHMBEPCHTET

NEDOPMHUPOBAHUE CPESAEMOTIO CJIO1
B YCJNTOBUSAX NEPEXOQA OT CIIMBHOMU

K OBPA30OBAHUIO CYCTABYATOM
CTPYXKMU NMPU TOYEHMU YKAPOMPOYHbIX
CTAJIEM 1 CIINTABOB

Moka3aHo, YTO B NpoLLecce TOYEHHMS XPOMOHMKENEBbIX }KAPOMNPOUHbIX CTaNiei M CMABOB NPH
AOCTMXEHMM NPOBana NIAaCTMYHOCTH 06pabaTbiIBaeMOro MaTepmasna NPOMCXOAUT Nepexoq ot
CNMBHBIX K O6Pa30BaHMIO CYCTaBYaTbIX CTPYXeK. C MCMONb30BaHMEM MONOXKEHMA TEOPMM
KOHEYHBIX NnacTMyeckmx AedopMaLmit yCTaHOBIIEHbI YCIIOBHS 3TOro nepexopa. NMpeanoxexa
KMHeMaTHYecKas Moaenb (hOpMMPOBAHMSA CYCTaBYaTbIX CTPYIKEK M MOAENM reoOMeTpUM
chopMHpYyeMbIX 3Ne MEHTOB BO B3aMMOCBSI3M C NapamMeTpamM Aeop MMPOBaHMS CPe3aeMoro

canos.

KnioueBble cnoBa: KOHeYHble NnacTHYeckMe aedopMaLMM, CYCTaBYaTas CTPYKKaA, TEKCTYPaA,
3MeMEHTHOCTb, CTEeNeHb NNacTH4YeCKOM AeOpPMaLMH, KHHEMATHHYECKMI CABMI NPM PE3aHUM.

INpu ToueHNH XPOMOHUKEAEBBIX JKapOIPOUHBIX CTa-
A€l U CTIAQBOB ITIEPEXO0A OT 060pa30BaHUsI CAUBHOM K 0Opa-
30BaHUIO CyCTaBUYaTOM CTPY’KKH 4aCTO CBSI3BIBAIOT C IIepe-
XOAOM OT BHYTPU3EPEHHOTO K MEK3ePEeHHOMY CKOABIKE-
HUIO B CPe3aeMOoM CAO€, Ae(pOpPMHUPYyeMOM IIPU IIPOXOFK-
AEHUU uepe3 30Hy pe3aHus. [To paHHBIM A.A. MakapoBa,
C.C. CuauHa U AD., C yBeAUUeHUeM KOHTAKTHBIX Hallpsi-
SKeHUU U TeMIIepaTyp TaKoU Iepexop IeAaecoo0pa3Ho
CBSI3BIBATH C IPOBAAOM ITAAQCTUYHOCTH B CPE3aeMOM CAOe
ob6pabaThIBaeMOTO MaTepHuana, IpeBpaliaeMoro Ipu
pe3aHuu B CTPYKKY. B pe3yAbTaTe Ha IpaKTUKe MOAY-
YaroT CYCTaBUYaTYIO CTPYIKKY, «CIIAOIIHOCTL» KOTOPOH
10 Mepe YBeAUUeHUs CKOPOCTeM pe3aHus M TOAIUH
cpesa IIOCTEeNeHHO YMEeHBIIaeTC s, YTO OTPa’keHo B HC-
caepoBanugx M.O@. Toaetuky, FO.A. Pozenbepra [1 —2]
" Ap.

AKTyaAbBHOCTH pellleHUs KOMIIAeKCa BOIIPOCOB,
CBSI3aHHBIX C TOUeHHEM BBICOKOIIPOUHBIX TPYAHO oOpa-
OaThIBa€MBIX MaTepPHUAAOB B YCAOBUSAX (DOPMUPOBAHUS
CYCTaBUYaTHIX CTPY’KEK, OOYCAOBAEHA TEM, UYTO ITUKAU-
YecKoe Harpy’KeHue NHCTPYMeHTa COITPOBOKAAETCS ITPY
3TOM M3MeHEeHHMEeM XapaKTepa IIOBPEeRACHUH PEKYIITUX
Ae3Butt. C uHTeHCU(pUKAIIUEN PeXUMOB 00paboTKU
XPOMOHUKEAEBBIX JKapOIIPOUHBIX CTaAel U CIIAGBOB BMe-
CcTO 00pa3oBaHUus PacKU M3HOCA IPeobAAAQIOIIUMU
CTAQHOBSTCSI Pa3pPYIIEHUS PEJKYIIUX AE3BHUHU, a CTOXa-
CTUYECKUY XapaKTep WX IPOSBACHUU B YCAOBUSIX
HeCTaIOHAPHOTO Pe3aHus 3aTPYAHSIET IIPOTrHO3UPO-
BaHNe pab0OTOCIOCOOHOCTH UHCTPYMEHTa U BHIXOAHBIX
rapaMeTpOB TEXHOAOTHUUYECKUX IIPOIIeCCOB.

AedopMupoBaHHOe COCTOsIHHE 00pabaThIBaeMOTo
Marepriana IIpy pe3aHuH Jallie BCero IIPEeACTaBASIIOT KaK CO-
yeTaHme AehOPMAIlNH IIPOCTOTO CABUTA C AehopMaren
C>KaTusi. B COOTBETCTBUY C TOAOKEHUSIMY TEOPUY KOHE-
YHBIX IAACTUUeCKUX pedopManuii (o B. I Ocunosy)
BeAMYMHEI 'NAABHBIX MICTUHHEIX YAAMHEHUN €, ¥ €, [IPH [TPO-
CTOM CABHUTE OIIPEAEASIOT 3aBUCUMOCTAMU e, = + (¢/ 2)
u e,=—(&/ 2), TAe £€—TIPOCTON CABUT (IIPU Pe3aHUU —
OTHOCUTEABHBIM CABUT).

Koneunyto crenets pAepopMariuy cpe3aeMoro CAOS
NIpU pe3aHuM NPUHATO XapaKTepu30BaTh BEAUUNHOMN

OTHOCUTEABHOTO CABUTA &, @ AOKAABHYIO 30HY IAACTUUe-
CcKUX AebopMaluii Ipu IpeBpalleHUHU Cpe3aeMOoro CAOST
B CTPY’KKY dallle BCero OIIPEAEASIIOT C YIeTOM IIOAOJKe-
HUS «yCAOBHOM IIAOCKOCTH CABUTA», OPUEHTUPOBAHHOMN
oA, yraom casura @ K BEKTOPY CKOPOCTH pe3aHus V.
[MpuHATEIE B pSIAE UCCACAOBAHUM GOAEE CAOKHEIE U Ae-
TaAU3UPOBaHHBIE CXeMBI Ae(DOPMAIIMOHHBIX U TEIIAOBBIX
IIPOIIeCCOB B 30HE Pe3aHUs UCIIOAB3YIOT, KaK IPABUAO,
IIpU @HaAU3e IPOoIlecCOB (POPMUPOBAHUS CAMBHBIX CTPY-
JKeK [3]. AAd 9KCIIEPUMEHTAABHOTO OIIPEACACHNS KOHEeY-
HBIX AepopMaIuii cpe3aeMoro CAOSI Ha IPaKTHUKe IIPO-
BOASIT U3MEPEHUS AAVHEI / ¥ TOAIIVMHEL a Cpe3a, AAWHEL
[, ¥ TOMNIIUHEI @, CTPY’KKH, YTO IIO3BOASIET YCTAHOBUTH
YCaAKY CTPYJKKHU & C yIeTOM U3BECTHBIX COOTHOIIEHUN
E=a,/a=l1/1,.Tlo BeAnurHe ycapKu Epanee OIIPEACASTIOT
OTHOCHUTEABHEBIN CABUT € = [(£E+ 1/&) — 2 Siny | / Cosy.

B HacTod1eil paboTe onlpepeAeHHe YCAAKU CTPYKKU
M TreoMeTpUYeCKUX ITapaMeTPOB ee KOHTAKTa C IOBEpPX-
HOCTSIMU WHCTPYMeHTa IIPOBOAHUAOCH Ha dKCIIepuMe-
HTaAbHOU YCTAHOBKe, CMOHTHUPOBAHHOM Ha 6a3e cTaHKa
mop. TTIK 125 BPM, ocHamlensoro cucremon YITY
kracca PCNC. YcTanoBKa, lepeocHalleHHas Crieliianb-
HBIM IIPUBOAOM, BKAIOUAET ONTUYECKYIO CUCTEMY AAS
MaKpPOCHEMKH U IIUPPOBON BHAEO3AINCH IIpoliecca
AedOPMUPOBAHUS CPe3aeMOro CAOSI, AMHAMOMETPH-
YeCKyIO CUCTeMY, IPEeIIU3NOHHYIO CUCTEMY U3MePeHUs
TeMIepaTyphl pe3aHusa [4], a TakKe CIeIHaAbHYIO
BHAEOCEHCOPHYIO CUCTEeMY OIPEAEAeHUS YCAAKU
CTPY’KKH HEIIOCPEACTBEHHO B IIpOIjecce pe3aHus [5].

Ha puc. 1 npeacTaBaeHEl (DparMeHTHl ITU(PPOBBIX
BUAeO3aMucel npolecca Ae(popMIPOBaHUS Cpe3aeMOro
CAOS1 M IpeBPallleHUs eT0 B CAMBHYIO CTPYIKKY, IIO3BOASI-
IOII[1e OIIPEAEASITh FeOMeTpHUUeCKHUe XapaKTePUCTUKU:
yroa casura @, TOAIIMHY CPe3a a ¥ CTPYKKH d , @ TAKKE
AAMHBI KOHTAKTa I10 TIePEAHEH ¢ U 3aAHeH C, TIOBePXHO-
CTH WHCTPYMEHTa B YCAOBHSIX CBOOOAHOTO IIPSIMOYTO-
ABbHOTO pe3aHus. [IpoBepeHHBIE 5KCIIepUMEHTAAbHBIE
HUCCAEAOBAHMS U aHaAU3 IIPOlleccoB AepOopMUPOBAHUS
Ccpe3aeMoro CAOS IPU Pe3aHUU >KapOIIPOYHLIX CTarel
U CIIA@BOB IIOATBEPAUAY aA€KBAaTHOCTb CXeMaTHU3aI[uu
H. H. 3opeBsIM dhopMUPOBaHUA TEKCTYPHL Cpe3aeMoM



B)

Puc. 1. ®parMeHThI [U(MPOBBIX BUA€O3anucei GOPMUPOBaHUS CAMBHOM CTPY)KKH B IIPOLECCE Pe3aHUs )KapoIPOYHOro CliAaBa
XH56BMTIO-BA — [BK8] (y =6°; 0=8°) c ToAmnHaMu cpe3a:
a) o= 0,11 mm— [E=2,2]; 6) o=0,14 MM — [E=3,1]; B) o= 0,4 mm — [E=2,0]
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Puc. 2. Cxembl (pOPMUPOBAHUS TEKCTYPHI U ONIPEAEAEeHUST KOHEYHBIX NAACTUYEeCKHUX AedopManuin €,, YAAMHEHHs MaTrepuasa
Cpe3aeMoro CAOS: a) Ipu ycapKe CTPYKKU E=4; 6) Ipu ycapKe CTPYIKKH £= 2; B) IpHU ycapKe CTPYKKu = 1,5

CTPY’KKU B BUAE CHCTEMBI DAAUTICOB, HAIIPaBAEHHE KOTO-
PBIX COOTBETCTBYET AePOPMAIUIM KOHEUHEIX (IPEAEAD-
HBIX) YAAMHEHHUH €, [INACTHIeCKU AePOPMUPYEMOT0 IPH
pe3aHuu o6pabaThIBa€MOTro MaTepuaAa.

Ha pwuc. 2 npeacTaBAeHBI cXeMbl (POPMUPOBaHUS
TEKCTYPHI CTPY>KKU U OIIPeACACHU I IapaMeTPOB Aedop-
MUPOBAHMsI CPE3aeMOT0 CAOSI (€, , & &) 10 AQHHBIM IIPO-
BEACHHEIX DKCIEPUMEHTAABHBIX UCCAEAOBAHUN IIPU
Pa3AMYHBIX YCapKax & U M3MeHeHUSIX OPUeHTAllUuU TeKC-
TYPHI CTPY’KKU. Ha IpeACTaBAeHHBIX CXeMaX OTCUUTHI-
BaeMBIH OT YCAOBHOM IIAOCKOCTH CABHTA yTOA HAKAOHA TeK-
CTYPBI CTPY’KKHU ) onpeAeadeTcs (1o A. M. Po3enbGepry
u A. H. EpéMuHY) 3aBUCUMOCTBIO

ctg y = 1+e =1+ ctg O+tg (O—y). (1)

AHaAN3 TOAYYeHHBIX 9KCIIePUMEeHTAABHBIX AQHHBIX

¥ Pe3yAbTaThl PACYeTOB C MCIIOAB30BaHHWEM 3aBUCH-
MoOCTH (1) moKa3aam, YTO OTHOCUTEABHOE YAAUHEHUE
AedOpMUPYEMOro MaTepuana e, , OllpeAeAsieMOoe B Hall-
paBAeHUU (DOPMUPYIOLIENCs, TEKCTYPhl, ODUEeHTUPOBAaH-
HOM ITOA YTAOM ) K IIAOCKOCTHU CABUTA, IPU U3MeHEeHUSIX
yCcapKM CTPY’KKU B puamnasoHe & > 2,5, He AOCTUTaeT
KOHEUHEIX e, = &/ 2 (IpepeAbHBIX) BEAWYNH, T.€. es<e,.
YCTaHOBAEHO, YTO IINACTUUECKUE AeDOpMALUM YAAUHE-
HHUS €, AOCTUTAIOT KOHEUHBIX (IPEACABHBIX) 3HAYeHUN
(Arst mHCTpYMeHTa ¢ Y= 0°) IpU OTHOCUTEABHOM CABHUTE
£~2,5. DopMHPOBaHNE CAUBHOU CTPYKKHU IIPY OTHOCHU-
TEeABHOM CABUTe £<2,5 (y=0°), Kak moKa3aHo Ha puc. 2B,
CTAQHOBUTCSI HEBO3MOKHEIM BBUAY TOTO, UYTO IIAACTHYE-
cKas pedopmManus yAAMHEHUs €, B HallpaBACHUHU
dopmMupyeMoOli OpPU AAHHOM yTAe ), TEeKCTypHI

OTPAaHUYUBAETCS BeAUIHHOU e, =&/ 2=0B, TOTAQ KaK AAS
00pa30BaHMUs CAUBHOM CTPYKKU HEOOXOAUMO YAAU-
HeHKe A0 BeanunHEBl OF . B pesyabTaTe Ha PaCCTOTHUM
oT pexxyiei KpoMku OB=e xOA 06pa3yeTcst « CIIUHKAa»
SAeMeHTa (DOPMUPYIOLIENCSA CYyCTaBYaTOU CTPY KKHU.
[Tpu 5TOM ITOAOKEHNE YCAOBHOM IIAOCKOCTH CABUTA (TIOA,
yraom @), oTBedaroniee yCAOBUAIO BOSHUKHOBEHHS «IIPO-
BaAad MNAACTUYHOCTU», COOTBETCTBYeT KOHEUHOMH (IIOCAEA-
Hel) CTaAuy 00pa30BaHMsI CAUBHOM CTPY KKH (IIPH &y, &),
UMelollel KOHEUHYIO (IPeAeAbHYI0) NAACTUUYeCKYIO
AedopManuio yamunenus (e,= e, =e = OB/OA=¢,/2)
BAOAB TEKCTYPEL CTPY’KKY, (POPMUPYIOIIEHCS II0A YTAOM
%o K YCAOBHOM IIAOCKOCTH CABMTA.

TaxuM 00pa3oM, yCAOBUE ITIEPEXOAA OT CAUBHOU K 00-
pPa30BaHMUIO CyCTaBYaTOM CTPYXKU (POpPMYyAHpYyeTCs
HUCXOAS U3 AOCTUKeHHUSI KOHEUHBIX (IIPEAEABHBIX) IIAAC-
THYECKUX AePOpMaIii e, yAA\MHECHYsI MeTaAAA B HATIPAB-
AEHUU TEKCTYPHL CTPY’KKH. YCAOBHEM CYII[eCTBOBAHUS
NIPEeACTAaBACHHOM Ha PUC. 20 KOHEYHOM CTaAUU (DOPMU-
POBaHMSI CAUBHOM CTPY>KKH (Ipu = Q) siBAseTcs obec-
meyeHre paBeHcTBa d,= AF=BK nipu e,=OB/OA=¢ /2.
3pech @y, a, — yTOA CABUTA U TOAIIMHA (DOPMUPYeMOM
CAUBHOM CTPY’KKHU IIPU AOCTM)KEHUU KOHEUHBIX IIAAC-
THYECKUX AedopMaluil B cpe3daeMoM caoe. C yueTom
&, = a/a, MOAeAb IIePeX0Ad OT CAUBHOM CTPY KKH K CyC-
TaBYaTOM NPY OTHOCUTEALHOM YAVHEHNHN ;= e, = e
TIPEACTaBASIETCS B BUAE

e < cos (Dy—y)
*" 2cos [@O—y +arcctg (£0+1)J'

(2)

=
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OTHOCUTEABHBIN CABUT

Puc. 3. MoaeAH onpeAeAeHus] OTHOCHTEABHOTO CABHTA & [TPU MepexoAe
OT CAMBHOM K 00pa30BaHUIO CyCTaBYaToOM CTPY)KKHU P pe3aHuu

®,=2DOA;; ou=2DOA; x,=2 AOL; 3,,=2 AOB

Puc. 4. Cxema (¢)opMUPOBaHUS «3AE€MEHTOB» CyCTaB4aTOM CTPYXKKH

MoaeAr OTHOCUTEABHOTO YAAMHEHUS e AePOPMUPY-
eMOTO B HallpaBAE€HUU TeKCTyphl 0OpabaTbiBaeMoro
MaTepHaia B IIpoliecce pe3aHus UHCTPYMEHTOM C pas-
AWYHBIMY IEPEAHNUMHU YTAAMU Y IIPU BEIIIOAHEHUU YCAOBUS
(2) moAyYeHBl C HCIIOAB30BAHUEM AINPOKCUMAILIUK
TIOAMHOMAaMHU BUAQ

6520,064&‘2—0,58584‘ 2,45; mpu y =0° [R* =0,96], (3)
e€=0,06182—0,534.9+ 2,28; mpu y = 10°% [R* =0,95], (4)
e,=0,059¢°—0,481¢+2,22; mpu y =20° [R*> =0,97], (5)
e,=0,056£°—0,445¢ + 1,96; mpu y=30°% [R*=0,96], (6)
e€=0,07582—0,7218+ 2,84; ipu y =—10% [R2 =0,96], (7)
e =0,03362—0,373&+2,20; rpm y=—20°; [R? =0,99]. (8)

3aech RP—Ko3(HUIMEeHT AOCTOBEPHOCTH AIIpPOK-
CUMaluu.

3aBUCHUMOCTH, XapaKTePU3YIOIIHe OIIPEASAEHHE OT-
HOCHUTEABHOI'O CABUIA &, TIPY TIEPEXOAE OT CAUBHOM K 00-
Pa30BaHUIO CyCTaBUaTOM CTPY>KKHU B IIpoliecce pe3aHust
UHCTPYMEHTOM C Pa3sAUYHBIMU IePEeAHUMU YTAAMHU ¥,
TIpeACTaBAeHBI Ha puc. 3. Vicmoab3oBaHUe MOAEAeH ITepexo-
A3, IPEACTABAECHHBIX Ha PUC. 3, IO3BOASIET OIIPEAECASITh
ITOAOKEeHHE YCAOBHOM IIAOCKOCTH CABUTA (yTOA caBura @)
Y yTOA HAKAOHA TEKCTYPEI CTPYKKH Y, @ TAK)KE COOTBET-
CTBYIOIIYIO YCAAKY CTPYKKH &) IPY PA3AUYHEIX IIEPEA-
HUX yTAAX y Pe’Kyllero MHCTPyMeHTa.

INpu nepexoae K 00pa30BaHUIO CyCTaBUYaTOM CTPYIK-
K# GOPMUPOBAHME Ka’KAOTO OTAEABHOTO 3AeMeHTa (Cyc-
TaBa), CXeMa KOTOPOIo IPeACTaBAE€HA Ha PUC. 4, COIIPOBO-

SKAQETCS CRaTHeM Ae(OPMUPYEMOTO IPU Pe3aHUM MaTe-
pHaira B HAalIpaBAEHUU ITIEPIIEHAUKYASIPHOM K IIepepHel
MIOBEPXHOCTU UHCTPYMEHTQ, YTO IPUBOAUT K COOTBET-
CTBYIOIEMY «yAAWHEHHUIO» 9AeMeHTa oT M, A0 M, =B Har-
PaBAEHUU CXOAQ CTPYKKHU IO IlepepAHell II0OBEPXHOCTHU
pesKylIlero nHCTpyMeHTa. TakuM o6pa3oM, Ipu o6pa3o-
BAHMU CYCTABYATOU CTPY’KKU €€ reoMeTpHUUeCKHUe
IIapaMeTpPhl XapaKTEPU3YIOT CAEAYIOLIUMU BEAUYNHAMU:

a,— TOALAHA CYyCTABYaTOW CTPY’KKHU, U3MEeDEeHHast
II0 BepILIXHaM C(DOPMUPOBAHHBIX JA€MEHTOB;

a,,,— MUHUMAaAbHAasl TOAIIIUHA CyCTaBYaTOU CTPYK-
KU, ©U3MePEeHHas 10 BIIaAMHAM MeXKAY dAeMeHTaMy;

a,,,— KHHeMaTu4ecKast (JKBUBAACHTHAS d,) TOAIIIMHA
CyCTaBUYATOU CTPY’KKH, ONIPEAEAsieMasi U3 COOTHOLIEHUS
aKllH =( aO + amin} / 2' aKuH = as;

@D, —yTOA CABUTA B 30He Pe3aHMsI, COOTBETCTBYIOMIMIH
BEAMYHHE OTHOCUTEABHOTO CABUIA IIPU AOCTU KEHUU
KOHEYHBIX (IIPeAEABbHBIX) IAACTUUEeCKUX AeopMariui;

@, ,,— KUHEeMaTH4eCKUH (3KBUBAaACHTHBIN D) yTOA
CABUTa B 30HE pe3aHus, COOTBETCTBYIOIINM (hopMUpOBa-
HHIO CyCTaB4aTOU CTPYKKHU TOAIIMHOM d,  =~a TIPU Be-
AMYMHE KHHEMATU4eCKOI'0O OTHOCUTEABHOI'O CABUTA &,

;
M, ., — KUHEMaTUYECKHUH II1aT CyCTaBYaToOn Cpr>KIl§;;;
M, — ar yCAOBHOT'O « CAUBHOT'O» @HAAOTA CTPYIKKH.
Kaxk ormeuaet IO.A. Po3eHbOepr, Ipu 00pa3oBaHUU
CYCTaBYaTOU CTPY’KKH OTHOCUTEABHBIM CABUT & UMEET
KHMHEeMaTH4eCKuH Xapakrep, T.e. &, = ¢, ., @, =D, _  ape-

dopMupOBaHUE CPE3aeMOro CAOS IIPU 06Pa30BaHUHU CyC-
TABYATOM CTPY’KKH C yIeTOM BeAWYHH a, 1 d, OIIPeAeAIeTCs



a)

B)

Puc. 5. dparMeHThI CyCTaB4aTOM CTPYIKKH C Pa3ANYHOI «IAeMEHTHOCTBIO» I, B YCAOBHSIX Pe3aHMUsI KapOMPOYHOro ClAaBa
XH56BMTIO-BA nucrpymentoMBK8 (y=0°) ¢ ToAmmHoi cpesa 0=0,21 mpr:

a3,,,=049.&,,

=1,48;6) 3,

H

=0,29, §,.=1,71;B) 3,

- .= 0,128, &, =1,96

Puc. 6. Cxema K CpaBHEHHUIO reOMETPUYECKHUX ITapaMeTPOB ()ParMeHTOB CyCTaBYaTONM CTPYIKKHU IIPH Pe3aHUN CIIAABa
XH56BMTIO-BA nncrpymenrom BK8 (y=0°) ¢ roamuHoii cpesa o= 0,21 mm:

a)3,,

H

=0,49, £

KHH

yepe3 KHHEeMAaTHIeCKyIo & (9KBUBAACHTHYIO £ ) yCaAKy
CTPY’KKH, COOTBETCTByIomyo & . T.e.§ =& =a,  /a.

[Mpu sTOM QPOpMHUPYETCH «IAEMEHTHOCTb» I, .
CTPY’KKH [6], @ ee BeAWUNHA Yepe3 ITapaMeTPhI TOAIUHEL
CTPY’KKH U AeDOpMAIUU CPEe3aeMOT0 CAOS BBIPAyKaeTCs

BBHUAE

5 = 2a,

Kun
aO + amin gl

rAe &, —ycapKa CTPYKKHU IO TOAIIMHE; & — yCaaKa CTpy-
JKKHU 10 AAMHE; &, —YCaAKa CTPY’KKH IO MIUpUHE; § —
YCaAKa CTPY>KKH, COOTBETCTBYIOWas &, (pu &, = a,/a).

W3 aHaam3a cxeMbl, IPeACTaBAEHHOM Ha PUC. 4, IPX OT-
CYTCTBMH «YUIMPEHUsI» CTPYKKH, T.e. IpH (B, ,/ B,= 1)
KHHEeMaTH4YeCKast MOAGAD Iara M, CyCTaBYaTOU CTPy-
JKKH IPEACTABASIETCS B BUAE

_a-(9u,+1)

KuH cosy . (10)

M

Ha puc. 5 npeacTaBAeHBl PparMeHTEl CyCTaBYaTON
CTPY’XKH, 06pa3yIolielcs B IpoIlecce pe3aHus Ka-
ponpouHoro cniaBa XHS56BMTIO-BA nncTpyMeHTOM
BKS8 (y=0°), xapakTepHu3ylolljue ee TeOMeTpHUUECKUe
IapaMeTpHhl IPY U3MeHEeHUSIX YCAOBUH Ae(DOPMUPOBaHUS
Cpe3aeMOoro CAOSI U BAEMEHTHOCTH 3.

Pe3yAbTaThl IPOBEAEHHEBIX DKCIEPUMEHTAABHBIX
WCCAEAOBAHUM ITPU TOYEHUU XPOMOHUKEAEBHIX Kapo-
TIPOYHBIX CTared U ciiaaBoB X 12H22T3MP, XH56BMTHO-
BA, 35XHMA, X16H25T7AP TBepAOCIIA@BHBIM HHCTPY-
MEHTOM 13 MeTaaoKepaMuueckux criaaBoB T15K6, BK6,
BK8 nmoaTBEpAVAY aAEKBATHOCTH ITPEACTAaBACHHBIX BEIIIIE
MoAeAer Ae(POPMUPOBAHUS CPE3aeMOTO CAOS B ITPOIlecce
pesanwus. C UCIIOAB30BaHUEM CIIEITMAABHOI'O YCTPONCTBA
MM OIIpeAeNeHUs TeMIlepaTyphl pe3aHusd [4] 1 u3MepeHu-
€M MUKPOTBEPAOCTU Ae(DOPMUPYEMBIX B 30He pe3a-HUs
MaTepHaAOB HallIAU IOATBEP>KAeHUe AaHHEBIe AL A Maka-
poBa, C.C. CuamHa 1 ApP. O IPOBaAE ITAACTUYHOCTHU AePOp-
MHUPYEeMOTo MaTeprana IIPU AOCTVKEHUY OITUMaABHBIX

=1,48;6) 3,,,=0,29, £

=1,71; 8) 3,,,=0,128, £, =1,96

KHH

ckopocrei pesanus (V> V) u mepexope Kk o6pasosa-
HUIO CyCTaBYaTOM CTPY’KKU B IIpoljecce TOUeHUs Ilepe-
YHCAEHHBIX BBIIIIe XPOMOHUKEAEBBIX JKapOIPOYHLIX CTa-
A€l U CIIAQBOB.

[MoaTBepsRAEHVIE AACKBATHOCTH IIOAYIEHHBIX MOAE-
A€l IIpeACTaBAEHO Ha puC. 6 B BUAE HAAOKeHHUS pa-
TMEeHTOB CyCTaB4aTON CTPY’KKH, IOAy4eHHOM IIPU pe3a-
HUU XPOMOHUKEAEBOr'0 JKapouyHoro crnasa XH56BMTHO-
BA, Ha KOHTYPHI 9A€M€eHTOB, IOCTPOEHHBIX 110 AQHHBIM
pacueToB TeOMeTPUYECKHUX IIapaMeTpoB AeOpPMHUpPO-
BaHMU CPe3aeMoro CAod. VIcIioab30BaHUe IIPEACTABAEH-
HBIX MOAEAEH AAST OIIPEACASHUS IapaMeTPOB IIUKANYe-
CKOTO Harpy’>keHUus Ae3BUU peXXyIlero UHCTpyMeHTa
TIO3BOASIET OLleHUBATh IIUKAUUECKYIO IIPOYHOCTb UH-
CTpyMeHTa 1 IPOrHO3UPOBATh €0 IIPOYHOCTHOM pecypc
B YCAOBHUSIX HECTAIIMOHAPHOTO PE3aHUs NIPU TOUYEHUHU
BBLICOKOIIPOYHBIX TPYAHOOOPabaTEIBaeMbIX MaTEPUAAOB.

3akAlYeHHe

YcTaHOBAEHO, UTO TOUeHHEe XPOMOHUKEAEBBIX JKapo-
TIPOYHBIX CTaAeH U CIIAABOB IIPU AOCTUIKEHUU TeMIlepa-
TYPBI, COOTBETCTBYIOIeN IPOBAaAY IAACTUYHOCTU 0Opa-
6GaTEIBAEMOT0 MaTepHuana, COIIPOBOIKAAETCS IIEPEXOAOM
OT CAMBHOM K OOpa30BaHUIO CyCTAaBYATOU CTPYKKHU.
[Toryuymaa 3KCIEepUMEHTAABHOE IOATBEpPI>KAEHUEe
TUIIOTe3a IIepexXoAa OT CAUBHOM K 00pa30BaHUIO CyCTaB-
4aTOM CTPY’KKHU, OIIPEeAeAsIolas yCAOBHe 3TOTro Iiepe-
X0AQ, KaK AOCTII)KeHHe KOHEUHBIX (IPeAeABbHBIX) IIAa-
CTHYECKUX AepOopManuii yAUHEeHUS AeDOPMUPYEMOTO
Ipu pe3aHuu oOpabaTEIBaeMOro MaTeprasa B HAlIpaB-
AeHUM (pOpMUPYIOIIeca TEKCTYPHI CTPY’KKU. [ Toka3aHo,
4TO (OPMUPOBaAHUE «CIIMHKU» Ka*KAOTO SA€MeHTa CycC-
TaBYaTOM CTPY’KKU 00yCAABAMBAETCSI KOHEUHOMH (IIPeAEeAD-
HOU) AedpopMalieil yYAAMHEHUs B HAIIPABA€HUY TEKCTY-
PBI GOPMUPYIOMIENCS CTPY>KKHU IIPOIOPIIMOHAABHO IIOAO-
BUHE BeANIMHE] KHHEMaTHIeCKOI'0 OTHOCUTEABHOTO CABH-
ranpu pe3aHuu. [IpearoskeHa KWHEMaTUIeCKas MOAEAD
00pa3oBaHus CyCTaBUaTON CTPY’KKH, TIO3BOASIIOINIA ITO
AAHHBIM O Ae(POPMUPOBAHUYU CPE3aeMOT0 CAOSI OIIpeAe-
ASITh FeOMeTpUYecKYe IapaMeTphl GOPMUPYeMbIX SAeMeH-
TOB CyCTaBUYaTOM CTPYIKKU U TapaMeTPHI IIMKANIECKOTO
Harpy’KeHUs Ae3BUH MHCTPYMEHTa B IIPOTIeCCe Pe3aHusl.
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FO. U. HEKPACOB

TIOMEHCKMM rocy ap CTBEHHbIM
HedbTerasoBbIi YHMBEpCUTET

OLLEHKA PA3PYLUEHMMA MHCTPYMEHTA
NMPU TOYEHMM YK APOIPO4HbIX CTAJIEM
U CIIJIABOB HA CTAHKAX C Ylly

Moka3aHo, YTO HaKoMneHue NOBPEAEHUH TBEPAOCNNABHOIO MHCTPYMEHTA NMPH TOYEeHMM
YKapOMNPOYHbIX CTaNei M CNNABOB C 06pa3oBaHMEM CYCTABYATLIX CTPYXKEK XapaKTepu3yeTcs
MHO)X€CTBEHHbIMM YCTANOCTHBIMM M CMELLAHHBIMM Pa3pPYLUEHUSIMH PEXYLLMX ne3Bui. C uc-
nonb30BaHMEM METOAA NIa3ePHOro CKAHMPOBAHUS YCTAHOBMEHbI 06beM M NNOLLAAL NOBPEXK-
A€HMM Ne3BMH TBEPAOCNNABHOro MHCTPyMeHTa. NMonyyeHHble moAeny paspyLueHHi NO3BO-
NS0T NPOrHO3MPOBaTh HAKOMJIEHHE MOBPEXAEHHH M onpeeNsaTb MHTEHCMBHOCTb Pa3pYLUEHMS
nesBui NPM HECTALMOHAPHOM Pe3aHHH BbICOKOMPOY4HbIX TPYAHOOOpabaTbiBaeMbIX MaTe-
puanos.

KniouyeBble CnoBa: HeCTaUMOHAPHOE pe3aHne, CyCTaByYaTas CTPY)KKA, HaKONNeHWe nospe-

YKAEHMH, Na3epHOoe CKAHMPOBAHME, Pa3PYLLEHHE NIe3BMS PEXKYLLLEro MHCTPYMEHTA.

B BBEICOKOTEXHOAOTHYHEIX OTPACASIX METAAA000O-
pabOTKU aHAAU3 CTPYKTYPHI 3aTPaT U COIOCTaBAEHUE
3HAUUMOCTH (PYHKIUMN UHCTPYMEHTa CO CTOMMOCTBIO
CTAHKOMUHYTHI 9KCIIAyaTAIlMOHHBIX PACXOAOB ITIOKA3bI-
BAIOT, YTO HA OCHOBHOU 3A€MEHT TeXHOAOTHUYECKOU
cucteMsl (TC) IpUXOAATCS AUIIL AOAM IPOLIEHTA OT 00-
el CTOUMOCTH COBPeMeHHOro cTaHKa ¢ UI1Y, uro npe-
AOTIpeAeAsieT MHTeHCU(UKAIIUIO PeKUMOB pe3aHus, 00yc-
AOBAEHHYIO 5KOHOMUKOMW IIPOU3BOACTBA. Ha npeanpu-
SITUSIX aBUACTPOEHU S, SHepreTHIeCcKoro, HepTera3oBoro
MaIIMHOCTPOEHUS U AP. TOUeHUE XPOMOHUKEAEBBIX
SKapOIPOYHBLIX CTAAEH 1 CIIA@BOB B DKOHOMUYECKY IleAe-
cooOpa3HOM Avalna3oHe PEeKUMOB pe3aHus, IpeA-
CTaBASIEMOM M3BECTHOM 3aBUCUMOCTBIO Vpea =C,/T",
COIIPOBOJKAQETCS, KaK IIPABUAO, IePEXOAOM OT CAUBHOM
K 00pa30BaHMIO CyCcTaBuaToOM cTpykKHU [1]. O6pazosa-
HYe CyCTaBUYaTON CTPY’KKY, CHUKEHUE ee CIIAOIITHOCTHU
U IVKAWYECKOe Harpy>KeHre HHCTPYMEeHTa IIpY pe3aHul
TIPUBOAST K U3MEHEHUIO XapaKTepa HaKOIAEHUS IIOB-
pe>KAeHUM U BMecTo 0O0pa3oBaHusd hackKu U3HOCA IIpe-
00AaAQIONIVMY CTAHOBSITCSI OTKA3hl, CBSI3aHHEBIE C Pa3py-
LIeHUSMHU, IPOSIBASIONIUMUCS B BUAE BEIKPAIIUBAHUY,
a TakyKe MUKPO- U MAKPOCKOAOB PEXYIIUX A€3BUH [2].

TakmM 06pa3oM, MPU TOUYEHUU BHICOKOIPOYHBIX
TpyAHOOOpabaThIBaeMbIX MaTEPUAAOB Ha cTaHKax ¢ UITY
B YCAOBUSIX HeCTAIIMOHAPHOTO pe3aHusl HeOOXOAUMOCTD
HauboAee MOAHOTO UCIOAB30BAHMUS IPOYHOCTHOTO
pecypca WHCTpyMeHTa Hen36e>KHO AOAKHA OCHOBEHI-
BaTHCSI Ha OIleHKE HAaKOIAEHUSI ITIOBPEKACHUH PEsKYIITUX
Ae3Buii. OLleHKa pa3pylleHUN peXXyllero MHCTPyMeHTa
IIpY TOYEeHUM JKaPOIPOUYHLIX CTaAeH U CIIAABOB C IIeAbIO
obecnedyeHUs HaAEXKHOCTHU IPOTHO3UPOBAHUS €T0
paboTOCIIOCOOHOCTH U CO3AaHNe MOAeAel HaKONIAeHUS
MIOBPESKAECHUN PEXXYIIUX Ae3BUM ITI03BOASIOT pa3paba-
TBEIBATH 9P (PEeKTUBHEIE AATOPUTMEI YIIPABAECHUS IIPOIIEC-
camMu 0O6pPabOTKU IIPU UCIIOAB30BAHUU B COBPEMEHHOM
IIPOU3BOACTBE CTAHKOB, OCHAIIleHHBIX HMHTEAAEKTYaAb-
HBIMU cucTeMaMu UITY kaacca PCNC [3].

IMpoBepeHHEBIE C UCIIOAB30BaHUEM MeTOAA (ppaKTo-
rpaduy UCCAEAOBAHUS ¥ aHAAW3 IOBPEKACHUN Ae3BUHN
TBEPAOCIIA@BHOTO PEJKYIero HHCTPYMEHTa ITOKa3aAH,
YTO B YCAOBUSIX HECTAIIMOHAPHOTO PE3aHUs IPEeACTaB-
AeHHOe Ha pucC. 1 HaKOIIAeHNe IOBPe>KACHUM NHCTPyMeH-
Ta XapaKTepu3yeTcss MHOKeCTBEHHBIMU YCTAaAOCTHLIMU
U CMeIIaHHBIMU pa3pyLIeHUsIMU Ae3BUHN, a TakKxKe
CAO>KHOM reoOMeTpuel uX POPMUPOBAHU.



r) A) e)
Puc. 1. [ToBpexAeHNs B BUA€ MHOJK€CTBEHHBIX YCTAaAOCTHBIX U CMeIIaHHbIX
pa3pylIeHmii Ae3BUil TBEPAOCIIAABHOIO pexxyujero uncrpymenra BK6 (a, r), BK8
(6, A), T15K6 (a, e), B ipoyjecce ToOYeHHUsI JKapOMPOYHBIX cTaAen u cnaaBoB XH56BMTHO-BA (a, A);
XH77TIOP (6, r); 35XHMA (e, B) c 06pa3oBaHNEM HUKANYECKUX CTPYIKEK.X 25
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ol Ll
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Puc. 2. CxeMbl CKAHNPOBAHMUS IPSIMOAMHENHBIX A€3BUl (a), KPMBOAMHENMHBIX Ae3BUI (6) 1 (POPMUPOBAHUS U300 PaXkeHU I
«A@3epPHBIX CBETOBBIX CEYEHHIT» Ae3BUIl HHCTPYMEHTa (B), PErHCTPUPYEMBIX C HCIIOAB30BaHUEM IH(PPOBOI1 BUAECO3AIINCH:
1-OKT (ra3ep); 2—cucreMa CKaHUPOBAHMUS; 3—PEXXYILINI SAeMeHT; 4—OBPEXXAeHue Ae3BusT; 5—00beKTuB; 6—1udposoi
KaMKopAep; 7—3KpaH; 8—un3o0pakeHue «Aa3epHOro CBeToBoro ceyeHus »; 9—ay4d OKI; 10-pa3BepTKka Ayya OKI; 11-Ay4 «razepHOro
CBETOBOIO CEYEHHUsI», OTPAKEHHBIN OT A€3BUS

[TporuosupoBanue pabOTOCIOCOOHOCTU UHCTPY-
MeHTa B COOTBETCTBUM C COBPEMEHHBIMU IIPEACTAaB-
A€HUSIMU OCHOBBIBAeTCS Ha OIleHKe 3HepPruu paspy-
LIeHUN peXyUIUX Ae3BUN, KOTOpas ONpeAeAsIeTCs
napaMeTpaMu o6beMa pa3pyUIeHHOTO UHCTpyMe-
HTaABHOTO MaTepmaira U u maomiapam moBepxHocTH F,
oOpa3oBaBlIeNCsa B pe3yAbTaTe paspylieHud. [Ipu
BBIIIOAHEHUY MCCAEAOBAHNY Pa3pyIIeHUN HHCTPYMEHTa
pa3paboTaHbl CIIOCO0 U CUCTeMa Aa3ePHOTO CKaHUPO-
BaHUS Ae3BUU IO METOAY «HAaKAOHHBIX CBETOBBIX cede-
Hui» [4]. B cooTBeTCTBUU CO CXeMOM, IPEACTaBACHHON
Ha pPUC. 2, IPXU CKAHUPOBAHUHU PA3BEPHYTHIN «B AWHUIO»
Ay4 He-Ne onTrueckoro KBaHTOBOro reHeparopa (OKI)
AOKAAU3YyeTCd Ha UCCAEAYEMOM pa3pyLIeHHOMN I0BePX-
HOCTHU A€3BUSI, UMeIOIero MaKPOCKOABI U HHEIE IIOBPe-
SKASHUS, IOAyUeHHbIe IpH pe3aHuu. CHOKyCUPOBaHHBIM
aya OKT (ra3epa) B mpollecce CKaHUPOBAHUS IPOPU-
COBBIBAET B INOCKOCTH, IEPIIEHAUKYAIPHOM ONTUYECKOMN
ocu OO'BEKTHUBA, «Ad3ePHOE CBETOBOE CedyeHUe» (Ipo-
(bUAB) Ha HIOBEPXHOCTH A€3BHUS, 00Pa30BaHHOU IIOBPEXK-

Puc. 3. AazepHasi CKaHUpYIOLIasi yCTaHOBKa AAS HU(POBOH
BHAE03alNCHU MPO(HUAOTPAMM pa3pylleHN N Ae3BUM peKyIiero

HHCTPYMEHTa:
l—KaMKopAep;2—3KpaH;3p—};1ane]mannapa'mas[;4—0Kr AeHueM (Makpockoaom). [Toayuaemoe uszobpaxenue
(razep); 5~PCNC; 6—00beKTHB; 7—Pe)KYLIMIT IA€MEHT; «AazepHoro csetoBoro ceueHus1» (ACC) moBpeRAeHUS

8—mI1aroBsIil IPUEOA MOAAYY; 9—TPEXKOOPAUHATHBIH CTOAUK; IIOCPEACTBOM BHAEO3AIKUCH PETUCTPUPYETCS KaMKOp-

10—-maroBbIii IPUBOA CTOAQ; 11—-CTOAUK KPYTrOBOI IIOAQYH; AEpOM (1 POBOI BUACOKaMepOii), 06 LEKTHUB KOTOPO

12—-cucremMa CKaHNpPOBaHMS
OPUEHTHUPOBAH IIOA YTAOM T/2 K IAOCKOCTH CKaHU-
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Tepepsis
T10BEPXHOCTb.

BenomorarebHast
3aAHsS I0BEPXHOCT

ThaBHas 3apHAS
TIOBEPXHOCTh

Puc. 4. CxeMa pa3peaeHust Ha hparMeHThl CKAHIPYeMOro
KPHUBOAMHEHHOTO A€3BUSI HHCTPYMEHTa IPU AMarHOCTHKeE ero
IOBPeXAEHUNn

poBaHug. [ToryueHHBEIe TUPPOBBEIE BUAEO3AIUCU
AQ3E€PHBIX IPOMPUAOTPAMM IO3BOAFIOT IIOCAE UX pac-
(P POBKU OCYIIECTBASITH KOMIIBIOTEPHYIO 06paboTKy
npodgurett ACC ¢ 3aIMChI0 CUCTEMBI PETUCTPUPYEMBIX
nmapaMeTpoB Ha >XKecTKul Auck [IOBM. Ha ocuHose
IPEANOKEHHBIX CXeM CKaHMPOBAHUA Pa3pyLIeHUN Ae3-
BUM pesXyliero THCTPyYMeHTa pa3paboTaHa IPEACTAaBAEH-
Has Ha puc. 3 Aa3epHasd YyCTaHOBKA, 00eCeYnBaronas
BO3MO>KHOCTb AMAaTHOCTUKU IIOBPEXKAEHUM KaK MPsIMO-
AUHENHBIX, TaK ¥ KPUBOAMHEWHBIX A€3BUN PEsKYIIero
UHCTpyMeHTa. Heo6x0ANMOCTE CKAHUPOBAHUSI KPUBO-
AMHENHBIX A€3BUU O0yCAOBAEHA CIIeIU(MPUKON «yCAOB-
HOI'O 3HQUeHUA» reOMETPUU UHCTPYMEHTA C «PAAUYC-
HBIM» COIPS’Xe€HUEM ero «TAaBHOM» U «BCIIOMOTa-
TeABHOM» PeXKyIINX KPOMOK, HaKOIIAeHHe IIOBPesKASHUM
KOTOPHIX B IIpollecce HeCTallMOHAPHOTO pe3aHus, Kak
TIOKa3bIBaeT IPaKTHUKa 00pab0TKH, 3a4acTyIO OKa3bIBaeT
pellaroliee BAUSHNUE Ha TOUHOCTh (hopMOOOPa30BaHUA
CAO’KHBIX (DaCOHHBIX [IOBEPXHOCTEN AeTaAeH B IIpoliecce
TO4YeHM Ha CTaHKax ¢ UITY.

[lpu ompepeAreHUM FeOMeTPUUYECKHUX ITapaMeTpoB
NOBPE’KAEHHBIX Ae3BUN MHCTPYMEHTa YCTPOUCTBO
006eCIIeunBaeT «PyIHOE» B «IIPOTPAMMHOE» YIIPaBACHHE
nepeMelleHUSIMU UCIIOAHUTEABHBIX PA00YUX OPraHOB
(MPO) ra3epHOM YCTAHOBKY, KOTOPBIE OCYILLECTBASIIOTCS
C UCIOAB30BaHMEM MIATOBBEIX 3AEKTPOABHUTATEAEN
TIPUBOAOB AMHEMHBIX U YTAOBBIX IlepeMelrieHnti FIPO B pe-
KapTOBOU U IMAMHAPHUUYECKOM CUCTEMaxX KOOpAUHAT. [Tpu
5TOM C UCIOAB30BaHHEM CUCTEeMBl MUKPOBUHTOB
o0ecne4nBaeTCsd BO3MOKHOCTE BEIBEPKHY B BEHIOPAHHOM
CHCTeMe KOOPAWHAT PACIOAOKEHUs Pe’XKylel MAAC-
TUHBI, @ TaK)Ke AMHeMHBIX cMetenuit PO no koopau-
HATHBIM OCSIM C TOYHOCTBHIO A0 0,01 MM U IO YyTAOBOMY
PacIOAOKEHUIO SAeMEHTOB C TOUHOCTBIO AO 4-X YTAOBBIX
MuHYT. [IporpaMMHOe ylIpaBAeHHe IlepeMelleHUsIMU
U NIPOIIECCOM CKaHUPOBAHUSA IIOBPEKAEHHBIX A€3BUU
UHCTPYMEHTQ, @ TakyKe 00pabOoTKa 3KCIIePUMEHTAABHBIX
MAHHEIX OCYIIIeCTBAsAETCS ¢ Ucloab3oBaHueM PCNC (Per-
sonal Computer Numerical Control). Vlcnmoab3oBaHUe
PCNC obecneuriBaeT BO3MOKHOCTb CHHXPOHU3AITUY pe-
TACTPUPYEMBIX IIepeMellleHU ¢ U(pPOBONA BUAEO3a-
nuckio npodurorpamMm ACC Ae3BUY UHCTPYMEHTA.

PaszpeneHme CKaHMPYEMOIo KDUBOAWHENHOTO A€3BUSA
MHCTPYMEHTA Ha (pparMeHTHI B IPOIlecCe CKAHUPOBAHUSA
TMOBPEXKAEHUN PEeXXYyIIUX 3A€MeHTOB HHCTPYMeHTa

m OCyHImIeCTBASIETCSI B COOTBETCTBUU CO CcXeMoH, opeaA-

Puc. 5. CxeMa K OIpeAeAeHUI0 reOMeTPUYECKUX TapaMeTPoB
BBIA€AEHHOT0 IIPY CKAHNPOBaHUM (pparMeHTa Ae3BUs
PEe’XyIero HHCTPyMeHTa

CcTaBAeHHOU Ha puc. 4. KaXxAbI¥ BHIAEA€HHBIW HPU
CKaHUPOBAHUM (PparMeHT Ae3BUSI XapaKTepu3yeTcs
CHCTEeMOM reoMeTpHUUECKHUX ITapaMeTPOB B COOTBETCT-
BUU CO CXeMOMU, IIpeACTaBAeHHOM Ha puc. S. I'Iporpam-
MHOe€ yIIpaBA€HUeE IIarOBBIMU IIPUBOAAMHU U 3aIITyCKOM
BUAEO03aINCU U3MEHIIONINXCA B IIPOIlecce CKAaHUPOBAHUSA
ACC ocymecTBasiercsa oT PCNC, uto obecrieunBaeT yII-
paBAeHUe CUCTEeMOH, a TaKKe KOHTPOAB U PeTUCTPAIUIO
BCeX IlapaMeTPOB CKaHUpOBaHUs. [ToaydeHHbIe IPU 3TOM
BHUAeousobpakeHusa npodurorpamm ACC, mpepcTas-
AeHHBIE Ha puc. 6a,6, TOCAe TpeABapUTEABHOU o0Opa-
OOTKU C UCIIOAB30BAHHUEM CPEACTB KOMIIBIOTEPHOM I'pa-
dUKY, IpEeACTaBAEHHBIX Ha PUC. 6B, I, IIOABEPTAIOTCS
«oU(MPOBKE» C IIEABIO IIOCAEAYIOIIETO OTIPeAACHMU S ITapa-
MeTpOB 00beMa U IAOIIaAU MOBPEKACHUY CKaHUPYEeMBIX
PEeXXYIIUX Ae3BUN.

B cBs131 ¢ OOABIITMM 00EMOM BEIUMCACHUY TPU 00pa-
60TKe 9KCIepPUMEeHTAAbHBIX AQHHBIX IIOCAE UX «OIm-
poBku» B PCNC ncnoap3oBaHa cUCTeMa aBTOMa-
THUYEeCKOTro MaTeMaTU4eCKOoro nporpaMmMuposanus. [1pu
pacueTax B IporpaMMHOM cpepe « MathCad» mAoOIIaAb
nosepxHocTU F 1 06beM paspyleHuti U Ae3BUM pPesKy-
1IIero UHCTPYMEeHTa IPEACTABASIOTCI B BUAE 3aBUCHU-
MocCTel
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Puc. 6. AazepHble CBETOBbIE cedyeHus (a,6) u cxeMsl «Ouu(pPOBKU»
npodurorpamum (B,r) pa3pyuieHuit A€3BHUi PEXXYIUIero HHCTPYMeHTa

. 'ﬁ R—-R; ,-cosg,
-sing; + . =
i=0 R(k,/) - COSQy —R(,.’j.) - COSQ;

w2 - R-R. .-
x ¥ (R, -sing, )x IT ﬂ +
Ry cosp, — Ry, ) -cosg,

=y i=k+1

X

"2 R _R(,,,‘) - COSQ;
=0 R(nij) - COSQ; 7R(i4j) - COSQ;

:IXR(VHYM) 'Sin(p(nfl) ) }dR(d’) % , (2]

rae F—nnomaab noBepxHOCTH TOBpekAeHNUS; U — 00BEM
noBpeskpeHUsT; W— paccTosiHre MesKAy CBETOBBIMU cede-
HUSIMHY; L, — AAWHA [-l AWHUU CBETOBOT'O CEUEHUST; [ — AAU-
Ha CKaHWPYEeMOT'O PeKYILEero Ae3sBust; f, . (I, ¢ )—pyHKIns
J-O¥i AMHUH; 1, ;) - COS®; — KOOPAMHATA [-O¥ TOYKH j-OU — AU~
HuK 110 ocu OX; 7{;, ;) - $ing, — KOOPAMHATA i-O TOUKH j-OH
AanHuu 1o ocu OY; i=0...n—1— HOMep TOUYKU; N—KOAU-
YeCTBO pacyeTHBIX TOUeK Ha AMHUAX; j=0...m—] —HOMep
AMHUY; M—KOANYECTBO PAaCUETHLIX CeUEeHUM CBETOBRIX
AMHUY; ] —HOMep AuHUM (0 < j < (m—1)—491UCAO KPUBBIX);
Ry, ) cos@, — KOOpAMHATA [-O¥ TOUKH j-OU — AMHUU 10 OCH
OX UCXOAHOTO KOHTYPa PeKYIIero Ae3Bust; R ) -sing;, —
KOOpAWHATA i-0M TOUYKU j-O0M — AUHUM 1o ocu OY ucxo-
AHOTO KOHTYpa peXylero Ae3Busl.

B xoae mpoBeAeHNS 9KCIIePUMEHTAABHBIX UCCAEAO-
BaHUM C UCIIOAB30BaHMEM BUAEO3AIIUCU IIPOPUAOTPAMM
CKAHUPOBAHUEM IIOAYYEHBl U300pa keHUsA «Aa3€PHBIX
CBETOBBLIX CEUEeHUMU», OIIpPEeAEeAeHbl TIAOIIaAb ITOBEPX-
HocTU F 1 06beM U OBpeskAeHUM, TOAYIeHHBIX A€3BHU-
SIMHA UHCTPYMEeHTa HellOCPEACTBEHHO IIPHU Pe3aHUU.
AHaAN3 TOAYUYEeHHBIX 3KCIIepUMEeHTaABHBIX AQHHBIX U UX
CTaTUCTHYeCKasd 0OpaboTKa ITI0KAa3aAHy, YTO IOAyYaeMble
MaTeMaTUYeCKUe MOAEAU TIAOIIIaAY TOBEPXHOCTU F 11 00b-
eMma Uc95% -1 BepOSATHOCTBIO aA€KBaTHHI.

B pe3yAbTaTe NPOBEAEHHBIX 3KCII€PUMEHTAABHBIX
UCCAEAOBaHUM 00pabaThIBaeMOCTU JKapOIIPOUYHEIX CTa-

A€M U CIIAABOB IIPY PEaAU3aIiy KOMIIAEKCa ITOAHBIX (PaK-
TOPHBIX 3KCIepuMeHTOB N=2 ‘1 06paGoTKU AGHHBIX
AA3epHOTr0 CKAaHWPOBAHUS A€3BUH WHCTPYMEHTA IIOAY-
YeHBI MaTeMaTUUeCKUe MOAEAU YAEABHOM ITAOIIIaAY ITO-
BepxHOCTH F 11 yA@ABHOTO o0neMa U,, HAKOIIACHHEIX
TIOBPESKACHUM (OTHECEHHBIX K EAUHUIIE AAUHEI aKTUBHOM
4aCTU peXXyllell KpOMKU HHCTPpyMeHTa). Moaeau napa-
MEeTpPOB Fyg u Uyg aAeKBaTHO (¢ 95% BepOSITHOCTHIO) OTIHU-
CBIBAIOT 3aBUCHMOCTH ITOBPERACHUU A€3BUS OT HOpMa-
ABHBIX U KacaTeAbHBIX KOHTAKTHBIX HANPS>KeHUY Ha
nepeaHel q,, q, 4 3apHei 'y, ', HOBepXHOCTSIX
pe’Kyliero KAUHA U TeMIlepaTyphl § IpUMeHUTEABHO
K TOYEHUIO XPOMOHUKEAEBHIX KapOIPOYHLIX CTarel U
CIIA@BOB MHCTPYMEHTOM M3 METaAAOKepaMUIeCKUX
TBEPABIX CIIAGBOB.

B o6111eM BHAe ypaBHeHUEe perpecCuu AN IOAYIeH-
HBIX MOAEAEH YAEABHOTO 00beMa TOBPesKAeHUM Ae3BUH
TBEPAOCIIAABHOTO HHCTPyMeHTa U, [IPEACTABACHO HIKeE!

U,=A+B-qy(@)+C-0 (B)+D-q,(5)+
+E-qy(@)-0 (B)+F-qy(@)xqy(8)+
+G-qy(@)-0 (B)-qy(8)+H qy(a)- @)
4y () qr()+K-0 (B)-qy(8)-qr(r),

rae o,f3,8,y—apaMeTpsl ypOBHelN BapbUpOBaHUS (ak-
TOPOB qy, 40, A B, C,..,K—K03(p(HHUIMEHTE alIpoK-
CUMUPYVIOIIETro ITOANHOMA.

Pe3yAbTaThl IPOBEAEHHBIX 3KCIePUMEHTAABHBIX
uccaepoBaHui B Bupe 3D - Mopenel pa3pylileHu Ae3BUH
UHCTPYMEHTOB U3 MeTaAOKepaMIUIeCKUX TBEPABIX CIIAA-
BoB T15K6, BK6, BK8 npu ToueHnM >KapOpOYHLIX CTa-
Aettu craaBoB X 12H22T3MP, XH56BMTHO-BA, 35 XHMA,
X16H25T7AP npepcTaBAe€HBI Ha PUC. 7. AHaAU3 IIOAYYEH-
HBIX Mopenert U u 000011IeHe A@HHBIX 3KCIIepUMeH-
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B)F=4,311MM%; U=0,192 Mp®

L] "'L-_x

6)F=7,632Mm*; U=0,358 mm®

r)F=4,308 m»?*; U=0,396 M’

F-naromaAb NOBEPXHOCTHU pa3pyineHus Ae3sus; U—o6beM OBPEKAEHUI Ae3BUil HHCTPYMeHTa

Puc. 7. 3D-MoAeAH pa3pyLIeHN Ae3BHIl Pe)KYIUX NHCTPYMEHTOB IIPH TOYEHNH JKaPOMPOYHBIX CTaA€ll U CIAABOB:
a) XH56BMTIO-BA-[BK6M]; 6) X12H22T3MP-[BK8];
B) 35XHMA -[BK6M]; r) X16H25T'7AP-[T15K6] (110 A@aHHBIM Aa3€pPHOr0 CKAaHUPOBAHMUSI)

TaABHBIX NCCA€AOBAHUMN ITOKa3aAH, UTO IIPH TOUEHUM TBeP-
AOCIIA@BHBIM MHCTPYMEHTOM XPOMOHUKEAEBBIX >Kapo-
TIPOYHEBIX CTAAEH U CIIAABOB B AMaria30He Pe’KMOB pe3a-
HUSI, COOTBETCTBYIOLIEM OOPAa30BaHMUIO CYyCTaBUYaTOM CTPY K-
KU, BBIIOAHSETCS COOTHOIIeHue: E>(B+C)> [F+G+H+K].
Takum o6pa3oM, HauboAee 3HAUUMBIMU (PaKTOpaMU,
OIIPEAEATIONMMHU UHTeHCUBHOCTb pPa3pylleHUN Ipu
HaKOIIAEeHUU IOBPEeXKACHUHN PesKYIIUX A€3BUH, IBASIOTCS
HOPMAaAbHEIE KOHTAKTHEIE HANIPSKEHU §, Ha IepeAHen
IIOBEPXHOCTU M TeMIlepaTypa pe3aHus 0, coueTaHUe
KOTOPHBIX OKa3bIBaeT pemialnee BAUSHIE Ha WHTEH-
CHUBHOCTB pa3pyllIeHNH 1 HaKOIIAeHHe IOBPe>KASHUM TBep-
AOCIIAQBHOTO MHCTPYMeHTA IPY TOUeHUM ’KapOIIPOYHBIX
CcTanrel U CIIAABOB [5].

[ToAayueHHEBEIE MOAEAM HAKOIAEHUS ITOBPERACHUY
TBEPAOCIAABHOTO MHCTPYMEHTa NPUHIIUIINAABHO T103-
BOASIIOT AQTH OLIEHKY SHEPTHUH Pa3pyILIeHUN PesKyIuX
A€3BHUH, YTO HEOOXOANMO AASI IPOTHO3UPOBAHUS IIPOY-
HOCTH, pabOTOCIIOCOOHOCTY HHCTPYyMEeHTa U pa3paboT-
KU 3(p(PeKTUBHBIX aATOPUTMOB YIIPaBAeHMsI 00pabOTKOM
B YCAOBHUSIX HECTAI[MOHAPHOTO PEe3aHUs NIPU TOUYEHUHU
>KapONPOYHBIX CTAaAEM U CIIAQBOB Ha cTaHKax ¢ HUITY.

3akAlYeHHe

[Toka3aHo, 4TO B Ipollecce TOYeHUs XPOMOHUKe-
AEBBIX JKapONIPOYHLIX CTaAel U CIIAABOB IIPU IIepeX0oAe
OT CAMBHOM K 06pa30BaHMIO CyCTaBUaTON CTPY KKU U3Me-
HSIEeTCSI XapaKTep IIOBPEeRKACHUH Ae3BUH TBEPAOCIIAGB-
HOTO PEJKYIIero MHCTPYMEHTa.

YCTaHOBAEHO, UTO IPE0OAAAQIOIIUM BUAOM OTKAa30B
TBEPAOCIAABHOTO HHCTPYMEHTa IIPU TOUeHUU BBICOKO-
TIPOYHBIX TPYAHOOOpPabaThIBaeMBIX MaTEPUAAOB C 00pa-
30BaHMEM CyCTaB4aTON CTPY>KKU BMEeCTO U3HAITNBAHUS

CTAHOBUTCS HaKOIIAEHIE IOBPESKACHUM B BUAE MHOJKe-
CTBEHHBIX YCTAAOCTHBIX U CMeIIaHHBIX pa3pylleHUN
PEeXXYIIUX Ae3BUU.

[MTpu oneHKe MOBPERACHUH HHCTPYMEHTa Aa3epHoe
CKaHMpPOBaHUe 06eCIIeYnBaET OITPeAeAeHNEe KOMIIAEKCa
reoMeTpUYECKUX NapaMeTPOB U IOAyUeHHe MOAeAel
oObeMa pa3pylIeHHOTO UHCTPYMEHTAABHOTO MaTeprana
U TAOIIaAM IIOBEPXHOCTH, 0Opa3oBaBIIeNcs IIpU pas-
PYLIEHUSIX PEKYIIUX Ae3BUH.

[MoAy4ueHHBIE MOAEAY TIO3BOASIIOT AQTE OIEHKY NHTEH-
CUBHOCTHY HaKOIIAEHUS IOBPERACHUH, UTO HEOOXOAUMO
AT OIIpeAeAeHUsI SHePrUM pa3pylleHuN Ae3BUM TBep-
AOCIIAGBHOTO MHCTPYMeHTa 1 ITPOrHO3UPOBAHMS €T0 paboTo-
CIIOCOOHOCTU B YCAOBUSX HeCTAallMOHApPHOTO pe3aHus
TIPU TOYEHUH >KaPOIMPOYHBIX CTaAEH U CIIAABOB Ha CTaH-
Kax, ocHalmeHHbIX cuctremamu YITY kaacca PCNC.
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OMCKHMH roCyAapCTBEHHbIM
TeXHHM4YECKMH YHUBEPCHTET

OMCKHMH roCyAapCTBEHHbIM
MHCTUTYT CEpBMCa

NMPUMEHEHME BBICOKOCKOPOCTHOIO
hPE3EPOBAHMSA TOYHbIX OTBEPCTMM
ANa COBEPLUEHCTBOBAHMA
TEXHOJNOIrmm nPOU3BOACTBA
KOPMYCHbIX U3OEJIMA U3 AJTFOMMHUS

PacCMOTPEHO NPMMEHEHHEe BbICOKOCKOPOCTHOM 06paboTku (BCO) TOUHBIX OTBEPCTMI NPH

NPOM3BOACTBE KOPNYCHbIX M3AENMN U3 anioMMHMS, MOBbILLAIOLLEe Ka4eCTBO M CKOPOCTb MX
nsrotoenenns. O6ocHoBbIBaeTCcs 3¢h(PEeKTMBHOCTD NPUMEHEHUA [AHHOTO METOAA NpH
M3roToBNeHuu HebonbLUMX NAPTHI M3Aenmi. IPOBOAMTCS 3KCNEePUMMEHTaNbHOE HCCRefOBaHMe
reoMeTpMM M LLIePOXOBATOCTH TOUYHbIX OTBEPCTHH, MonyyaeMbix meTogom BCO cdpesepo-
BaHMEM, a TaK)XKe U3MEePEHHS U3HOCA PEXYLIMX KPOMOK hpe3 B 3aBUCMMOCTH OT BPEMEHM MX
paborbl.

KnioyeBble cnoBa: BbICOKOCKOPOCTHas o6pa60ﬂ<a pe3aHueMm, (ppesepoBaHme, TOYHbIE

oTBepCTUS.

KopnycHble u3peAnuss aBUAIMOHHOTO Ha3HAYEHUS,
BeITyckaeMble OAO «BrICOKHE TEXHOAOTHH», HAIPUMED,
KOpIIyca peryAsSTOopa TOINANBA, MAaCASTHOTO Hacoca AAS
camoaeToB Cy-27, Cy-33, Mur-29 uMeioT 60ABIIIOE KOAU-
YeCTBO OTBEPCTHUH W PA3AWYHBIX AMAMETPOB, AOCTHU-
ratoitee 200 1IT., K KOTOPBIM TPEABSIBASIIOT BHICOKME
TpeOOBaHMUS IO TOYHOCTHU U reOMEeTPUIEeCKON opMe.
O6paboTka OTBepPCTUM 3aHUMaeT A0 95% IIPOILIeHTOB Bpe-
MeHU 0OpaboTKU BCero KOpIyca.

Pe3epBoM K coKkpallleHHUIO BpeMeHU 06paboTKU
MOJKET OBITh IIPUMeHeHNe BEICOKOCKOPOCTHOM 00paboT-
KU ppesepoBanuem (BCO) [1 —2].

®pesepoBaHmne nMeeT psIA AOCTOMHCTB IO CPaB-
HEHUIO C TPAAUIIMOHHBIMU METOAAMHU, IPUMEHSIeMBIMU
B HaCTOsIIIee BpeMs, OCHOBHBIMU U3 KOTOPHIX SIBASIOTCS:

— COKpalllaeT KOAMYeCTBO TpeOyeMOoro HHCTpyMeHTa
AAS00pPabOTKY, UTO Pasrpy’KaeT MHCTPYMEHTAABHBIN Mara-
3WH CTaHKa OT GOABIIIOTO KOANYECTBA PACTOYHEBIX TOAO-
BOK, ITO3BOASISI OO'BEAVHUTE 3HAUYUTEALHOE KOANIECTBO
oIepalui MexaHn4eCcKo 00paboTKU B OAHOM YCTAHOBE;

— IIpU IPUMEHEHUU CUCTEeM aKTUBHOTO KOHTPOAS
CTaHKa (KOHTAKTHBIX AQTUYMKOB Tuna Renishaw) ¢ mmoc-
AeAyIOLIel KOPPEKIUEN HHCTPYMEHTa IT03BOASeT Oe3 IIpe-
ABapUTEABHOM IPOBEPKU CHUMATD U3AEANE 10 OKOHYA-
HUU OUKAA 06paboOTKY, YTO CYIIECTBEHHO COKpAIaeT
BpeMsI U3TOTOBACHUS;

— cTouMoCTh ppe3 Arsd BCO B pa3nl HUKe, UeM CTO-
UMOCTE PACTOUYHBIX TOAOBOK, @ IPX TPUOOpETEeHUHN COB-
pPeMeHHOro 3aTOYHOT0 000PYAOBAHUs ellle O0Aee CHU-
’KaeT 3aTpaThl Ha IePeTOYKY U M3TOTOBAEHUE UHCTPY-
MeHTa.

Opnako y BCO cymecTBYIOT 1 HEAOCTATKHU, CAEPIKU-
BaloIll[ie BO3MOXHOCTH €r0 MacCOBOTO IIpUMeHeHUs,
KOTOpPBbIe TaK’Ke HeOOXOAVUMO YUUTHIBATh AAS IIPABU-
ABHOTO BBIOOPA Me>KAY AQHHBIMU METOAAMU:

— W3HOC MHCTPYMEHTA BAUSIET Ha OTKAOHEHUS (pop-
MBI OTBEPCTHS, TPU HECBOEBPEMEHHOU 3aMeHe KOHITEBBIX
dpe3 HaUMHAOT MPOSBASITHLCSI OTKAOHEHUS B TeOMETPUH
00paboTaHHBIX OTBEPCTUH (Uallle BCero KOHYCHOCTD);

— 00paboTKa TOYHBIX OTBEPCTUM CKOPOCTHEIM hpe-
epoBaHHeM TpebyeT HaAMUMs IPOrpaMMHOro obecrie-
yeHusa A BCO u COOTBETCTBYIOIIETO AOPOIOCTOSIIETO
oOpabaTeIBaroIero 000pyAOBaHUA C BEICOKOM TOYHO-
CTBIO IO3UIJMOHUPOBAHUA (B IpepeAax 2 — 4 MKM);

— caoskHOCTB TpuMeHeHus BCO TOYHBIX 9AeMeHTOB
MASI CTaAel U ADYTHX, CAOSKHO 0OpabaThIBaeMbIX MaTe-
PHAAOB U3-3a HU3KOM CTOMKOCTH UHCTPYMeHTa M CAOJK-
HOCTY IIOAYYEHUS 3aAaHHOU IIIEPOX0BATOCTH;

— CAO’KHOCTB 0OpabOTKU TAyOOKUX OTBEPCTUH (hppe-
3epoBaHUEM (TAyOMHOM >5d MM 1 OoAee).

YUuThIBast BO3MOKHOCTH COBPEMEHHOTO, CBEPXTOUHO-
ro oOpabaTsiBarolero ooopyaposanug Ha OAO «Beicokue
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Puc. 1. TUNOBO# 3A€MEHT aBUALIOHHOT0 KOPITYCa PEryANPYIOIIel annapaTypsl
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Puc. 2. Konuesas ¢ppesza J12 STOCK (I'epmanus)
(DIN6527 K,Ne 74520)

TEXHOAOTHUY», XOPOIIYI0 00pabaTeIBaeMOCTh KOPITYC-
HBIX U3AEAUM U3 aAIOMUHUEBBIX CIIA@BOB, HEOOABIIION pas-
Mep IapTUH BHITYCKAaeMBIX U3AEANH B aBUaluM (5 — 20 miT.),
yKa3zaHHBIe HEAOCTATKU AeAdeT HeCylleCT-BeHHBIMMU.

PaccmoTpuM adppekTuBHOCTL npuMeHeHUss BCO
Ha MpUMepe COCTaBAEHUS IIePEXOAOB IIpU 06paboTKe
OAHOTO U3 SA€MEHTOB aBUAIJMOHHOI0 KopIryca (puc. 1).

[Tpu cTaHAQPTHOM IIOAXOAE C PacTauMBaHUEM TOY-
HBIX AUAMETPOB II€PEXOABI OYAYT BBITASAETE IPUMEPHO
CAEAYIOIIUM 00pa30oM:

— cBepAeHHe 4, CBepAOo crupasbHoe 15,8 Ha ray-
ouny 45 MM;

— IIpeABapuTeAbHOe (ppesepoBaHue 2,3,5,4, uyep-
HOBas KoHIIeBast ppesa J14;

— pacrauuBaHue 1, pacTouHas TOAOBKa Ha J22.5,
pesers x45°%;

— (ppe3epoBaHUe KaHABOK 6,7, TpubKoOBas ppesa
16, 3a HECKOABKO TIPOXOAOB;

— (pesepoBaHUe pacok BUA A, crel ppesa & 13;

— Hape3Ka pe3b0bl, MeTuyuK 22x1,5;

— pactaumBaHUe 4, pacTOYHasi TOAOBKa Ha (J16, peserr;

— pacTauuMBaHUe 5, pacTOYHasi TOAOBKa Ha J19, peserr;

— pacrauuBaHue 3, paCTOYHas ToAOBKa Ha 20, peserr.

Arst BCO dbpesepoBaHueM CYILIECTBYIOT ABE Pa3ANY-
Hble CTpaTeruu mo o6paboTke MOAOOHOIO OTBEPCTUS:

¢dpe3epoBaHUEe HA OCHOBE BUHTOBOU UHTEPIOASIIIUU
UHCTPYMEHTA («TOPHAAO») BAOAB OOPa3yIollel U Kpy-
roBasi UHTePIOASIINS Ha OIIPeASACHHYIO TAYOUHY.

Crpaterus BCO ¢ppesepoBaHusi AMaMeTPOB METOAOM
KPYTOBOM MHTEPIOASIIUY Ha BCIO TAYOUHY IIO3BOASIET
3HQUUTEABHO OBICTpee MPOU3BOAUTE 0OPAbOTKY, 4eM
npu ppe3epoBaHUU IO «TOPHAAO» U Aa’Ke pacTadyuBa-
Huu. OAHAKO AQHHAS CTPATerus CUABHO 3aBUCHUT OT OTHO-
LIeHUS TAYOUHBI 06pab0TKY, BEIA€Ta HHCTPYMEHTA K €T0
auamerpy. BCO o cTpaTeruu «TOpHap0» IIO3BOASIET 00-
pabaTeIBaTh TOUHBEIE OTBEPCTUS Ha OOABIIIEN TAyOuHe
U ¢ OOABIIIUM BEIAETOM HHCTPYMEHTA 3a CYeT YMeHbIIIe-
HUS CEUEeHU S CPe3aeMOTo CAO4.

Ha ocHOBe paccMOTpeHHBIX OCOOEHHOCTEM CTpa-
Terui ppe3epoBaHUs OTBEPCTUM OBIA COCTaBAEH TEXHO-
aorudecku nporecc (TI1) arst 06pabOTKY SAEMEHT],
TIOKa3aHHOro Ha puc. 1. TeXHOAOTHYeCKUE IIePEXOABI IIPU
3TOM OYAYT BBITAIAETH CAEAYIOIIUM 00pa3oM:

— cBepAeHUe 4, cBepAO criuparbHoe 15,8 Ha
rAyOouny 45 MM;

— IpeABapuUTeAbHOe (hpe3epoBaHue 0 «KTOPHAAO»
1,2,3,5,4, okoHuaTeAbHO 0O0paboTKa acok A, (pacKu 1moa,
pe3b0y x45°, uepHOBas KOHIeBas dpesa J14;

— (dpe3epoBaHUe KaHABOK 6,7, rpubKoBas dpesa
16, 3a HECKOABKO ITIPOXOAOB;

— Hape3Ka pe3b0bl, MeTYUK 22x1,5;

— OpsMoe OKOHUaTeAbHOe (ppe3epoBaHUe Auame-
TpoB 3,5, uncroBas ppesa J14;

— OKOHYaTeAbHOe (hpe3epoBaHue II0 KTOPHAAO» AU-
ameTpa 4, unctoBas ppesa J14.

B Tabauie 1 npuBOAUTCS CpaBHeHUEe BpeMeHH,
3aTPaveHHOro Ha 00pabOTKy KOPITYCHOI'O SA€MEHTA IIPU
pacrauuBanuu u BCO ¢peszamu. AaHHOe BpeMs CHUMa-
AOCH Ha cTaHKe Variaxis-500 ¢pupmbr Mazak (Snonus).
W3 Tabaniisl BUAHO, uTo aKoHOMUS IIpu BCO o6paboTke
TOABKO OAHOT'O OTBEPCTUU COCTaBAsgIeT 33 ceK. (14,6% 00-
11ero BpeMeHH). Tak Kak aBualjMOHHBIE KOPITyCca COCTOSAT
13 MHO>XKeCTBa IOAOOHBIX SA€MEHTOB MOJKHO YTBEPIKA-
aTh, uTo npuMeHeHre BCO TOUHBIX OTBEPCTUN IO3BOAUT
3HAUYUTEABHO COKPATUTh KOAMIECTBO TpeOyeMOoro MHCTPY-
MeHTa M BpeMeHU oO0paboOTKH 3a CueT yMeHb-IIeHUs
KOAMYECTBA XOAOB U CMeH nHcTpyMeHTa. Hauboaee 3Ha-
YUTEABHBIM OyAeT COKpallleHHe IIOATOTOBUTEABHOTO Bpe-
MeHH, 3HAUUTEAbHAs 4aCTh KOTOPOr'O TPATUAACh Ha
HACTPOUKY PACTOUYHBIX TOAOBOK.
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Puc. 3. Pe3yabTaTsi nposepku Ha Talyrond-365 reomeTpuu u IIepOX0BaTOCTH OTBEPCTHI,
obpaboTanubix BCO hpeseposaHueM u pacTaunBaHuEM

OneHNM HIEPOXOBATOCTD ¥ T€OMETPHIO IIOAYIAEMBIX
noBepxHocTel npu npuMeHeHnr BCO. C AQHHOU [EABIO
OBIA TPOBEAEH OKCIIEPUMEHT I10 OIPEACACHUIO Ka4eCTBa
IIOAYYaeMOM I'eOMETPHU NOBEPXHOCTU U €€ LIePO-
XOBATOCTH B 3aBUCHUMOCTH OT cTpaternu BCO, a Takxe
00pabOTKM METOAOM PaCTaYUBaHUS.

B aAIOMUHEEBOM 3aTOTOBKE OBIAY OT(PE3epPOBaHEI 2
oTBepcTys Ha P16 MM, TPAMEBEIM pe3epoBaHUEeM U IO
«TOPHAA0» IIPU OAMHAKOBBIX CKOPOCTSIX 1 ITOAQYe Ha 3y0
dpessl, rayOuHOM 15 MM, OAHO OTBepcTHE 16 MM OBIAO
pacToueHo OOBIUYHBIM pe3noM. OO0paboTKa OTBEPCTUH
mpou3BoamuAach ppesont P12 aas BCO arroMuHUA
dupmer P12 STOCK (Tepmanwms) (DING6527 K,Ne 74520),
KOAWMYECTBO 3yObeB 2 (puc. 2). VI3MepeHUs reoMer-
PHUYECKUX OTKAOHEHUWM U IMIePOXOBATOCTH OTBEPCTHUH
TMPOBOAMAHUCEH C IOMOIIIBIO KPyrAoMepa (pupMsL « Taylor-
hobson» Talyrond-365.

IMepep 9rCcTOBOM 06PabOTKOM BCEe OTBEPCTUSA OBIAK
pacdpesepoBaHsl Ha pAraMeTp 15,9 MMm. MamepeHus

TeOMeTPUHX OTBEPCTUM IPOU3BOAVAUCE B 3-X CEUEHUIX
Ha IPOTSIKEHUHU BCEU 'AyOMHBEI METOAOM IIOCTOSTHHOTO
ckarmposaHms. Ha puc. 3 rpauuecku nokasana popma
TeOMEeTPHUH B CEUeHUSIX, HIDKE IPUBEACHEI MX Pa3BEPTKU
C YMCAOBBLIM 3HaYE€HUEM OTKAOHEHWH. Pe3yAbTaTHI IPO-
BEACHHBIX U3MePeHUY, IPeACTaBACHHBIE Ha PUC. 3, IIOKa-
3aay, yTo oba crtocoba BCO o6paboTku (hpe3aMu yaO-
SKUAWCH B 3aAQHHYIO IIIEPOXOBATOCTb ¥ OTKAOHEHUsSI POP-
MBI OTBEPCTHUSI, OAHAKO MOAYYEHHBIU (haKTU4eCKUH
AVaMeTp OTBEPCTHS IPY IPSIMOM (Dpe3epOBaHUN U [TUKAE
«TOPHAAO» OBIA Pa3AMYEH (CpeAHee 3HaUeHne AMaMeTpa
OTBEPCTHS NIPU NPSIMOM (Dpe3epOBaHUM COCTABUAO
D=15,996 MM, a npu «TopHapo» D= 16,001 mm) (puc. 3).

[TpoBepKa reOMeTPUU IOAYUEHHEIX OTBEPCTUM
TIOKa3aAa IOAHYI0 0O0CHOBAaHHOCTh IPUMEHEHU METOAQ
BCO aAAsi TOAYYEHHS TOUHBIX AMAMETPOB X BO3MOKHOCTh
3aMeHbI UM pacTauuBaHUsL.

OAHUM U3 TPENATCTBUM A TPOABYKeRUd BCO npu
U3TOTOBACHUM TOUHBIX SA€MEHTOB BCETAA ABASIACSI U3HOC
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Puc. 5. 3aBUCUMOCTb N3HOCA TBEPAOCIAABHBIX (ppe3 Anst BCO oT BpeMeHHU pe3aHus

peXXyIuxX KPpOMOK MHCTPYMEHTQ, YTO B OTAWYHE OT
pacTaumBaHUA IPUBOAUT K OTKAOHEHHUSIM B TeOMETPUN
TIOAy4YaeMOM MIOBEPXHOCTH.

AAsT onpepeAreHUsT 3aBUCHMOCTU U3HOCA UHCTPY-
MEeHTa OT BpeMeHHU ero paboThl OBIAU IPOU3BEAEHBL
n3MepeHus TPEX TBePAOCIIAaGBHBIX ppe3 pupmbl STOCK
(Tepmanwus) J12. Bce uaMmepeHUst ©3HOCA UHCTPYMEHTa
IPOBOAUAUCE Ha mpubope pupmbl Zoller (l'epmanus)
TIO3BOASIIONEM OTCAEKMBAThL U3MEHEHUS B TeOMeTpUU
UHCTPyYMeHTa C TOYHOCTBhIO A0 1 MKM (puc. 4). PaboTa
dpe3 pUKCcUpoBarach Ha OCHOBAHUU AQHHBIX CTAHKQ,
TIO3BOASIIOIETO OTCAEKUBATH BPEeMS pPe3aHUI AT KajK-
AOTO UHCTPYMEHTA.

Bce dpes3nl uCIOAB30BAAMCH B OCHOBHOM AASI YU CTO-
BOM 00pabOTKU TOUHBIX AUAMETPOB, KOPITYCHBIX HU3Ae-
AU U3 aAIOMUHUS, TI0 CTPATEeTUU «TOPHAAO0». PeXKUMEBI
pe3aHus COOTBETCTBOBAAU PEKOMEHAYEMBLIM IIPOU3-

BOAUTEAEM AASI AQHHOTO THIIA (Dpe3: CKOPOCTH Pe3aHus
V_=400 m/muH, u nopade F, = 0,03 mm/3y0 [3]. [Tpume-
HsIeMOe OXA&KAeHHEe —IMYABCHSA Ha BOAHOU OCHOBE.
W3MepeHna u3HoOCa peXXyInX KPOMOK Ppe3bl IPOu3-
BOAUAMCE Yepe3 KaKAble 20 MUHYT pe3aHus. HauaarbHBIN
3aMepeHHBIN AaMeTp BCeX HOBBIX (ppe3 Irepep HauaroM
ob6paborku cocrtaBua 11,97 (puc. 4). Pesyabrar
3aBUCHUMOCTH BpEMEHHU Pe3aHUs U M3HOCA NHCTPYMEHTa
NIpeACTaBAEH B BUAe rpaduka Ha pUCYHKe 5. Kak BUAHO
U3 PUCYHKAQ, U3HOC dpe3 B TeueHUe 160 MuH obecne-
4uBaeT 00pPaboOTKy OTBEPCTUHN C AOIIyCKaMM OT 15 MKM,
YTO ITO3BOASIET 0OpaboTaTh B cpepHeM 6onee 320 pa3and-
HBIX AUaMEeTPOB 6e3 ITepeHarap0K.

Anaans spdexruBHoctu npumenenus BCO dpe-
3aMU IIPOBEAEH Ha Koprryce, uMerolieM 103 pa3AnuHBIX
oTBepcTus, 95 13 HUX OBIAM 00pPaboTaHbI Ppe3epoBaHM-
eM, UTO COKPATHUAO BpeMsi 06paboTKu ¢ 69 A0 54 MUHYT



Tabauna 1

CpaBHeHnue BpeMeHN 06paGOTKH OTBEPCTHI METOAOM
pactayusanusa u BCO ¢ pesepoBanunem

BCO
Pacra- dpesepo
YUBaHHE p
BaHUEM
OGmuiee KOAMYECTBO HCHOAB3YEMOTO 9 5

WHCTPYMEHTA, LIT.

O61iee KOAMYECTBO UCIIOAB3YEMOTO
BCIIOMOTaTEABHOT'O 9 5
MHCTPYMEHTa (KOMIIAEKT).

Koa-Bo cMeH HHCTPyMEHTa - 9 4

DakTHyecKoe BpeMsi CMEHBI

8 8
HHCTPYMEHTa, CeK.
®DaxTHYeCKOe BpeMs: 06pabOTKH, 123 130
CeK.
O6mee Bpems 06paboTKH, CEK. 195 162

(22% ot Bpemenu 06paboTKU BCeX OTBepCTHii). Bee
reomerpuvyeckue OTKAOHeHus npu BCO yapepRuBaAruch
B AOIIYCKE OT 2 AO 5 MKM,

YK 621.9.08

IonyueHHbIe AQHHBIE IOKA3BIBAIOT IEPCIEKTUBHOCTS
3ameHrl pactaunBanusa BCO dpesepoBanmeM, uTo BepeT
K IIOBBIMIEHUIO 5PMEKTUBHOCTH IIPOU3BOACTBA.
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OMCKHI rocy apCTBEHHbIM
TeXHMYECKHIA YHUBEPCHTET

OLLEHKA BO3MOXHOCTM
KOMIMEHCALLMM NMOTPELLUHOCTEMA
MEXAHMYECKOM OBPABOTKMU

NMPU OPE3EPOBAHMM IFPAHU OETAIM
HA CTAHKE C 4ny

PaccMoTpeHa BO3MOMXHOCTL obecneyeHus crabunbHOro Kavectsa (hpesepoBaHms rpaHei
AeTaneji B ycnoeuax rubKoro npoussoAcTeeHHOro moayns. MpueefeHa martemaTMyecKas
Mmopenb Ans onpe/eNeHHs COCTaBMSIOLMX NOrPELIHOCTe 06PaboTKH Ha OCHOBE Pe3yNbTaToR
KOOPAMHATHbIX M3MEPEHHIH C MOMOLLbIO M3MEPHUTENLHOM rONOBKK. PaccMoTpeHbl
BO3MOHOCTH KOMMEHCaLM1 NOrPeLLHOCTeH, BO3HUKAIOLWMX B npouecce o6paboTKH, U
YCNOBMS ANS MX peanu3aLyy.

Kniouesnie cnoea: TOUHOCTh, MexaHuYeCKasi 06paboTka, norpeluHocT 06paboTiH, ruGKMit

NPOU3BOACTBEHHbIN MOJYIb, ABTOMATHYE CKMM KOHTPONb.

[Tpu pearm3aiyy IpUHIIIIE GE3AIOAHON TEXHOAOTUHA
B IrIOKHX MeXaHOOOPabaThIBAIOIINX IPOU3BOACTBEHHEIX
CcrCTeMaX HeOOXOAMMO pellaTh 3aAa9y aBTOMATHU3aIuN
KOHTPOASI PE3YABLTATOB 0OPabOTKH C ITEABIO CTAOHMAM3a-
MY KaYeCTBA TEXHOAOTMYECKOTO Iporiecca. OCHOBHELIM
CPEeACTBOM U3MEPEHUSI Pe3yABTAaTOB 00PabOTKU AeTare
Ha cTaHKax ¢ YITY ABASIOTCA CUCTEMEI C U3MEPUTEALHEI-
MU TOAOBKaMu. OpAHAKO 3(DHEKTUBHOCTH UCIIOAL30BAHMS
TaKHUX CHCTEM B 3HAYUTEABHOM Mepe OIPEAECASIETCS

AATOPUTMAaMHU YIIPABACHUSA IIPOIleccOM 00pabGoOTKMU Ha
OCHOBE IIOAYYEHHBIX Pe3YALTATOB U3MepeHu [1].
PaccMOTpuM BO3MOXXHOCTH COBEPIIEHCTBOBAHUS
AATOPUTMOB YIIPABACHHS IIPOLeCCOM 06paboTKu B rub-
KOM IIPOM3BOACTBEHHOM MOAYA€ B CAydYae (pesepo-
BAHUS IAOCKOU TPAHU AeTaAK Ha MHOTOOTIEPAI[HOHHOM
cranke ¢ UITY. Hauboaee pacmpocTpaHeHHass cxeMa
(bpesepoBanms npeAcTaBAeHa Ha puc. 1. ['pass 1 peTaru
obpabarsiBaeTcs TOPLeBO# hpesoit 2. Aasd popMarn-

.
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Puc. 1. Cxema (ppe3zepoBaHus rpaHu

3aIMY OIIMCAHUSI CBSIKEM C AETAABIO CUCTEMY KOOPAWHAT
OXYZ (cucrteMa KOOpAUHAT AeTaam). PazamepHas mopada
dpe3skl ocyuecTBAsIeTCS BAOAL ocu OZ. IIpu dpesepo-
BaHUU I'PaHU ppesa iepeMelaeTcs BAOAb KooparHaT OX
u OY (pabouasi mopada UHCTPYMEHTa).

B mponecce 06paboTKU BO3HUKAIOT CAeAyIOIHe
OCHOBHBIE IIOI'PEILIHOCTU 00paboTKu [2]:

— cMeljeHUe 00pabaTEIBaeMOM I'PAaHU B HAIIPABACHUN
ocu OZ, 4TO BA€UET IOTPEITHOCTE Pa3dMepa ACTaAHd OT
0a30BO IOBEPXHOCTHU B HanlpaBAeHUU OZ;

— IOBOPOT rpaHu BOKPyT ocu OY Ha yroa ¢ 3a cueT
HellapaAAeAbHOCTH ABUKeHUsI MHCTpyMeHTa ocu OX;

— MOBOPOT I'paHu BOKPYT ocu OX Ha yIOA Y 3a C4eT
HeTlapaAeAbHOCTH ABUJKeHUSA HHCTpyMeHTa ocu OY.

[MorpemnaocTy 06PabOTKM MOI'YT IIPUBECTH U K IIO-
BOPOTY 00paboTaHHOM rpaHu BOKPYT ocu OZ. OpHAKO
BAUSIHUE 3THX IIOIPEITHOCTe ! IPAaKTUUeCKU He CKayKeTCsI
Ha reoMeTpuu o6paboTaHHOM IrpaHu. [1o3TOMy B AaAb-
He’IeM AQHHYIO COCTaBASIONIYIO MBI YUUTHIBATEH He
OyaeM.

Ecaunocae npepBapuTEABHOM 0OPabOTKY rPaHu Ha
OCHOBE Pe3yABbTAaTOB U3MePeHUsI ee IOAOKEeHUsI Ollpe-
AEAUTDH NlepeurcAeHHbIe TOTPEIIHOCTH, TO UX MOXKHO
KOMIIEHCUPOBATh B XOAe OKOHUATEeAbHOW 00paboTKH,
obecnedyuB CTaOUABHYIO TOYHOCTb 00pabOTaHHBIX
AeTanel. KoMmmreHcaust AMHEMHBIX CMEITeHUN BAOAB OCH
OZ BO3MOJXHA IIyTeM KOPPEKIHUU YIPABALIOLIEN
NporpaMMEl CTaHKa. AAs KOMIeHCAIlUd IOBOPOTOB
HY>KHBI IOBOPOTHBIE CTOABI UAU CIIeIIMaAbHbIe yIIpaB-
AseMble IPUCIIOCOOAEHUS, YCTaHaBAMBAeMEbIe Ha CTOAE
CTaHKa.

AASL oIlpepeAeHUs aATOPUTMA yIpaBAeHUs oOpa-
GOTKOY Ha CTAHKE COCTAaBUM MaTeMaTUIECKYIO MOAECAD
AASI paccMaTpuBaeMoro caydas (puc. 2). [1pu npoekTu-
poBaHUU Ipoliecca 00paboTKU (pa3paboTKe yIIpaBAs-
I0lllel MPOTrPaMMbI CTaHKa) CUCTeMa KOOPAUHAT AeTarl
OXYZ 00BIYHO BBEIOMpPAETCS MapaAAEABHOU CUCTeMe
KOOPAMHAT CTaHKa. I3MeHeHUe TOAOKeHNT 06paboTaH-
HOM I'PaHU MOJKHO OIIMCATh Yepe3 CMEeIeHHYIO CUCTEMY
KoopauHaT O'X'Y'Z'".

PaccMoTpeHHBIe BhINIE MOTPEUTHOCTH 00paboTKU
NPUBEAYT K TOMY, 4YTO CUCTeMa KOOpAMHAT o6pabo-
TaHHOM rpa"u O'X'Y'Z' 3aliMeT HOBOe IIOAOJKEHUE
3a CYeT CMeIneHus BAOAL ocu OZ m IOBOPOTOB BOK-
pyr ocert OY m OX MCXOAHOM CHCTEMEBI KOODAUHAT
OXYZ.

KoHTpoAb oAoKeHUsT 06paboTaHHOM I'PaHU B KO-
OPAMHATHOM CHCTeMe CTaHKa BO3MOJKeH ITyTeM H3Me-
peHmsT KOOPAMHAT OTAEABHBIX KOHTPOABHBIX TOUEK,
AeJKallyX Ha MOBEPXHOCTU KOHTPOAUPYEMOH I'PaHU.
CAepOBaTEABHO, 3aAa49a ONIMCAHUSI MOAEAN CBOAUTCS
K YCTAHOBAEHUIO CBSI3U MeKAY KOOpAUHATaMU KOHTPO-
ABHBEIX TOUEK Ha MOBEPXHOCTH I'PaHU M BeAMUWHAMU
ANHENHOTO CMellleHUs a U IOBOPOTOB Q U .

OTU CMele s MOKHO OIIMCATh MaTPUIIe:

Puc. 2. CMenjeHHast cucreMa KOOpAUHAT

Coso 0 Sing 0]

_| Sing*Siny  Cosy —Cosp*Siny 0
X \-Sing*Cosy  Siny  Cos@*Cosy al. (1)

1

0 0 0

Marpuiia M cocTaBAeHa AAsIIOBOPOTOB BOKPYT OCH
OY zarteM Bokpyr OX. Bribop nocaep0BaTEeABHOCTU
IIOBOPOTOB IIPHU OITUCAHUY MOAEAU OIIPEAEASIET B AAAB-
HeMireM TpeOyeMyIO IOCAEAOBATEABHOCTE KOPPEK-
TUPYIOIINX IOBOPOTOB AASI IPUBEAEHUS CMEIeHHON
CHCTeMBI KOOPAMHAT B UCXOAHOE ITIOAOKEHHE.

Ecam 3apaTh KOHTPOABHYIO TOUYKY B MCXOAHOU
CHCTEME KOOPAMHAT ACTAAU!

; (2)

TO Ha CMeH.IeHHOI;I T'paHU OHA 3arMeT HOBOEe TTIOAOJKEeHUe:!

x*Cosp+z*Sinp

K, =M, *K=| x*Sinp*Simy +y*Cosy —z*Cosp* Siny

.(3)
—x*Sinp* Cosy + y*Siny +z*Cosp* Cosy +d

[Tpm m3MepeHUN KOOPAMHAT C UCIIOAB30BaHUEM
U3MEPUTEAbHOUN F'OAOBKHU MBI IIOAYYAEM 3HAYEHHUE
KOOPAWHATHI Z KOHTPOABHOM TOYKY Ha CMEIIeHHOM! rpa-
HU. B pe3yabTaTe MOKHO COCTaBUThH YPaBHEHUE BUAQ!

2, =—x, *Sinp * Cosy +y, *Siny +z, +a , (4)
TA€ X, ¥, Z, — KOODAMHATHEI KOHTPOABHOM TOUKH B MC-
XOAHOM CHCTeMe KOOPDAMHAT AeTaAH, Z,, — U3MepeHHas
KoopauHaTta o ocu OZ KOHTPOABHOM TOUYKHU.

CTporo rosops, IpUBeAeHHAas BHIIIE (popMyAa He
VIUTHIBAET N3MEeHEeHVe KOOPAVHAT X U Y IIPU CMeIleHUN
KOHTpoAupyeMol rpasu. OpHAKO B paboTe [3] moKa3aHo,
YTO TAKOE YIIPOIIleHUEe BIIOAHE AOITYCTHUMO.

Vi3Mepsiss KOOPDAMHATHL Z, AAST TPEX KOHTPOABHBIX
TOYEK Ha CMEeIleHHOM I'PaHU MOKHO COCTAaBUTh CUCTEMY
13 TpeX YpaBHEHUU C TPeMs HeU3BeCTHEIMHU. PenteHue
9TOM CUCTEMBI IIO3BOASIET YCTAHOBUTE CBSI3b MEJKAY ITapa-
MeTpaM¥ d, Y, @ CMeIleHUs TPaHu U Pe3yAbTaTaMU U3Me-
PeHUs KOOPAWHAT KOHTPOABHBIX TOUEK.

IMoAyyaeMasi cCTeMa COAEPIKUT TPAHCIIEHACHTHEIE
YPaBHEHHUS U ee aHAAUTHYECKOE PellleHre HEBO3MOKHO.
IToCKOABKY MBI pACCMaTPUBAEM TEXHUYECKYIO 3aAa4y,
TO AOITYCTUMO PeIlIeHNe UCKATh YNCACHHBIM METOAOM
B KaXAOM KOHKPETHOM cAydYae. [IpoBepeHHEBEIE HAMU
BBIYMCAEHUS ITOKA3aAH, YTO YICAEHHEIM METOAOM CHC-
TeMa ypaBHEHUU pellaeTcss BO BCEM AHMala3oHe



Tabaumna 1

PeSyALTaTLl MOAEAUPOBAaHUS

HcxopHbIE XapakTrep KooparHara Z, KOHTPOABHOU TOUKM
CMelleHus AAQHHBIX, MM 1 2 3 4
a=0,3 MM Cmemnienue -0,704303852 -5,689980882 1,304303852 6,289980882
1.  y=005 Koppeknus 0,0043074000 -0,0100155628 -0,0043073998 0,0100155632
2. =007 Omubka -0,004 0,010 0,004 -0,010
a=0,3 MM CmemeHne -0,693813386 -5,691730314 1,293813386 6,291730314
1. y=0,07 Koppekuus -0,0166422067 -0,0065510873 0,0166422067 0,0065510867
2. 9=0,05 Omubra -0,017 0,007 -0,017 -0,007
a=0,3 MM Cmenienue -0,704303852 -5,689980882 1,304303852 6,289980882
1. y=0,05 Koppeknus -0,175517935 0,0175569062 0,1755179352 -0,0175569058
2. ¢=0,07 Omrnbkra 0,176 -0,018 -0,176 0,018
3. a=0,03
PesyabraT Cmemenne -0,175517935 0,0175569062 01755179352 -0,0175569058
IPEABIAYIIEH Koppekuust 0,000446019 0,00525254188 -0,000446019 -0,00525254168
KOPPEeKIH Ommbka 0,0005 0,005 -0,0005 -0,005
BO3MOXHBIX UCXOAHBIX AGHHBIX. Her CTAQTKOM UM CAEH-
HOTO PEeLIeHUs SIBASIETCH CAOKHBIM aATOPUTM U POCT Ui 50 50 —30
50

TpeOOBAHUU K BHIUAUCAUTEABHBIM PECypCaM CHUCTEMEL
YIIDaBACHHUS.

HccrepyeM BO3MOXKXHOCTE IIOAYYEHUS TPUOAVKEH-
HOT'O @HAAUTHYECKOTO PellIeHUSI TIOCTaBACHHOU 3aAauu.
[TOCKOABKY IIpY peaAM3aluud MOAEAU IPUMEHUTEABHO
K 06pabOTKe Ha CTaHKe MBI OyAeM UMETh AGAO C MAABIMU
BEAMUMHAMU a, @, Y (3TO HOTPENTHOCTH, KOTOPHIE B IPWH-
LUIIe AOAKHBI OBITH MaABI), TO BO3MOKHO YIIPOIIeHue
UCXOAHBIX yPaBHEHUH.

BBITTOAHEHHBIE HAMY UCCAEAOBAHUS TTOKA3aAU, UTO
IIpU 3aMeHe TPUTOHOMETPUUYECKUX (PDYHKIUU KX
aprymMeHTaMMu:

Sing = @,Siny =y;Cosp=1,Cosy =1 (5)
BO3HMKAIONas IIOIPELIHOCTD B IpeAeaax yraa <0, 1 paa,
y<0,1 pap He nnpeBocxoAUT 0,5%, 9YTO MOXKHO CUUTATH
IIPYEMAEMBIM A UHXKEeHEPHEBIX PacYeTOB.

[Npy NCIOAB30OBAHUM IIPEAAATAE MO 3aMEHEBI ICXOA-
HBle YPaBHEHUS A U3MEPEHHBIX KOOPAMHAT CYIIECT-
BEHHO YIIPOIIAIOTCS:

Zy=—x,*p+y,*w+z,+a (6)

HoBast cucteMa ypaBHeHHUMN MO3BOASET IIOAYUYUTH

aHAAUTHYECKOE pellleHue:

1
» Ko %, * oy % P
a——F(y3 Xg "B T3 Xy Tt Yy T2y T X

* oy, * oy, % * o, %
TN T XN I TV T Xy T2y T T Xt @

oy * *, % %o %
TN XYy T2y X Ty T2 T X

B LRI PP A S A PO
‘ 1
(ﬂ:_;(zl B SR PR - A
(8)

* * * - * o
T2 N5 VY En T Vs T Dy

* * * * %,
SR IRETE PR T T AR S P P PO §

1
_ * * * *,
W'_F(xl Zy"Ziy X tE T XX g

* * ¥, _, %
T Zpy Xy T X3 T Zy Xy T Zpy — 2 T X3t

(9)

* * * * 5 -
FX T Z m X T 23X T 2y T 23T Xy

TAE P=y*x, -y ¥ x, - %, %y, +x, ¥y, —x, * v, + ¥, %%,

[TpoBepUM IOAYYEHHBIM PE3YABTAT C UCIIOAB30Ba-
HUEM YUCAEHHOTO 3KCIEPUMEHTA. AASA BHIIIOAHEHUS
MaTeMaTU4YeCKOTO SKCIIePUMEHTA UCTIOAB30BaHa MaTe-
MaThdeckas cucreMa Maple. B kauecTBe 00beKTa 3KCIIe-
puMeHTa BeIOpaHa rpaHb HapaAAeAelIuIIeAd, 3apAaHHas
KOHTPOABHBIMU TOYKaMU:

50 -50 -50
o 0o 0 0
1 1 1 1

K (10)

3apaanM cvernenre rpanu a =0; ¢ = 0,005; y = 0,008
¥, KCIIOAL3YSI MATPULY CMEIIEeHUMN, CMOASAUPYEM HOBEIE
3HAYEeHUsI KOOPAWHAT BLIOPAHHBIX TOUEK Ha ITOBEPXHO-
CTHUTpaHMU:

50.00137497 49.99737503  —50.00137497 —49.99737503

49.99840001 —49.99840001 —49.99840001 49.99840001

£ 710.1499917750 —0.6499896918 —0.1499917750 0.6499896918
1 1 1 1

(11)

3a pe3yABbTaTHl U3MEePEeHUH TPUMEM CMEIleHUe TPeX
TOYEK BAOABL KOOpAMHATHOMN ocu OZ:

Z,,=0,149991775;
Z,,= —0,6499896918;
Z,,= —0,149991775;

(12)

Paccuutaem IIapaMeTphl CMeIleHusd, UCITOAB3YA
IIpepAaraeMyro MOACAD.
HOAY‘-IQHBI CAeAYyIOIYie PE3YABTATHI pacueTa:

a=0;
¢ =0,00499998;
v =0,007999815.

Pe3yAbTaT XOPOIIO COBIAAAET C YCAOBUAMU 3KC-
IEePUMEHTa, IIOTPENIHOCTE He IpeskimaeT 107, C ucmo-
AB30BaHUEM ONMCAHHOI'O IOAXOAA OBIAO BHIIIOAHEHO
pacIIIpeHHOe MOAEAUPOBAHUE AASL CAyYasi KOPPEKIUU
OAOKeHUsI oOpabaTeiBaeMOM rpaHu. [Ipu MOAeAUpO-
BaHWU HNOAOKEHUSI CMEINIeHHON I'PaHu U KOOPAUHAT
KOHTPOABHEIX TOUEK Ha HeM paCCMOTPEHHI TPU CAyYasi:

— TPaHb CMENIAETCS Ha BEAMYMHY d BAOAB KOODAH-
HaTHOM ocu OZ 1 IOBOPAYUBAETCS Ha YIABL Q U Y BOKPYT
ocett OY u OX, COOTBETCTBEHHO;

— IpaHb CMEeIaeTCsl Ha BEAMYUHY d BAOAb KOODAW-
HaTHOM ocu OZ M moBOpauymBaeTcsd BOKPYT oceit OX
u OY BIIOCAEAOBATEABHOCTH, 0OPATHOM IIPEABIAYIIEMY
CAyYaro;

— I'PaHb CMENIAEeTCS Ha BEAUUUHY d BAOAD KOOPAH-
HaTHOM ocu OZ ¥ IOBOPAYMBAETCSA HA YIABL Y, ¢, @ BOKPYT
ocett OX, OY, OZ coOOTBETCTBEHHO.

[MTocrepHUM CAy4YaM MO3BOAAET OLIEHUTH BAUSHUE
IOBOpPOTa BOKPYT ocu OZ Ha pe3yAbTAT KOPPEKIIAH.
V3HaYyaAbHO yUE€TOM BAUSIHUS 3TOTO IIOBOPOTA MBI

0L0Z (£6) €N JNHLO3E UIGHhAVH UMIDWO

INHIVIGOHUMYIN U IUHIOJLOOHUMVIN
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IpeHeOPEeTAU A YIIPOIIeHU S MaTEMAaTUIEeCKOM MOAEAH.

HNcxopHBIE KOHTPOABHBIE TOUKY IPUHSATHL TE JKe, 4YTO
u BhIlIe. [ToaoKeHMe KOHTPOABHBIX TOUEeK Ha CMellleH-
HOM I'PaHM OIIPEAEASIAOCE KaK:

K, =M, *K, (13)
rae M, — mMarpuria 4x4 CMelieHUuH| AAs PaCCMaTpUBaeMOro
cAydas. B kauecTBe pe3yAbTaTOB M3MePEeHUs C IOMOIIBI0
M3MEPUTEALHOU T'OAOBKY IPUHATHE KOOPAWHATHI Z,,
MaTPUIE K, AAsI KOOPAMHAT CMellleHHBIX Todek. C ucIo-
AB30BaHHEM 3TUX KOOPAUHAT COCTABASIAUCE U PEIIaAUCH
YPaBHEHUS BUAA:

Z, =X, *Q+y,*y +z, +a, (14)
C IEABIO OIIPEAEAEHUS HEU3BECTHRIX q, Y, .

Ard MOAEAMPOBAHHMSA IIpollecca KOPpPeKIUu
TIOAOKEHUS TPAHU ITyTEM €€ IIOCAEAOBATEABHOI'O CABUTA
Ha BEAMUUHY @ BAOAb oc OZ 11 TOBOPOTOB Ha YTABI 1T U
11 BOKpyT ocet OX u OY (mocrep0BaTEABHOCTH IIOBO-
POTOB OAHO3HAUHO ONIPEAEASIeTCsI pPACIeTHON MOAEABIO)
oIpepeAeHa MaTpUIla KOPPEKIUU:

Cosep  Siny *Singp  Cosy *Sinp 0

T, - [MW],, _ 0 Cosy —Siny 0
? ? ~Sing Siny *Cosp Cosy *Cosp a|.(15)

0 0 0 1

C HUCIIOAB30BaHMEM MaTPHUIIBI KOPPEKIUU OIIpeAe-
AEHBI PE3YABTATH KOPPEKINY — KOOPAUHATHI KOHTPOAD-
HBIX TOYE€K B CKOPPEKTHUPOBAHHOM IMOAOKEHUH.
KoopaAnHATBEI KOHTPOABHEIX TOUEK Ha IPaHU MOCAe ee
KOP-PEKTUPYIOHIUX CMeIeHUH:

K =T *K

p Ao T By

(16)

ITpyu MOAHOM KOPPEKIIUY 3TU KOOPAUHATHI AOASKHBI
COBIIAAATH C UCXOAHBIMHM KOOPAMHATAMHU KOHTPOABHBIX
TOYeK. [ToTpenHOCTh KOPPEKIHUH OIIPEACANTCS PA3HO-
CTBIO KOOPAMHAT UCXOAHBIX KOHTPOABHBIX TOYEK 1 aHAAO-
THYHBIX TOYEK Ha I'PAHMU, TOAOKEHHE KOTOPOU CKOP-
PEKTHPOBAHO:

R=K-K

pt

(17)

rae R—wmaTtpuna omubok, K— MaTpuila UCXOAHBIX
KOOpPAUHAT 6a30BBIX TOUEK, Kp—ManI/IHa KOOpPAUHAT
KOHTPOABHBIX TOUEK Ha CMeIl[eHHOM I'paHu.

[Ipu oleHKe pe3yAbTATOB KOPPEKIIMU HAaC UHTe-
pecyloT IOTPeNIHOCTHU B HAallpaBA€HUHU pa3MepHOHU
IOAQYY UHCTPYMEHTQ, T. €. B HanpaBAaeHuu ocu OZ, Ko-
TOPYIO MBI M1 OYAEM YUUTHIBATh B AAABHEHIIIeM.

Pe3yabpTaThl MOAEAMPOBAHUS IPUBEAEHEI B TaOA. 1.
BeanunHa omMOKU OKPYTA€HA C TOYHOCTBIO AO OAHOTO

KHUWU)XHOS NnOAKQ

BBEK 72/5147

MuKpomeTpa. VM3 TabAUIIEI CAeAyeT, UTO AdsKe IIPU Ha-
YAABHBIX CMEIIeHUSIX OTAEABHBIX TOUEK I'PAHU BCAEA-
CTBUE MOT'PEUIHOCTeN A0 6 MM, IOTPEITHOCTE IIOCAE
Koppeknuu He npesbimaeT 0,02 MM, eCAU OTCYTCTBOBAA
IOBOPOT BOKPYT ocu OZ, TapasreABHOMN OCH HINUHAEAST
CTaHKa.

B ToM caydae, Korpa BO3HUKAaET IIOBOPOT IPaHU
BOKPYT ocu OZ MOJKHO NPOBECTH MOBTOPHYIO KOP-
pekIuio. B aToM cAaydae pe3yAbTHpYIOIIAs HOrpell-
HOCTB He IIpeBLIIaeT 6 MKM.

Takum oOpa3oMm, IpepraraeMbIN ITOAXOA ITI03BOASIET
OCYIIeCTBUTH KOPPEKIIHIO TOAOKEHUST 06pabaThIBaeMOM
rpaHu AeTaAu Ha ctaHke ¢ HUITY ¢ 1ieAblo KOMIeHcalluu
BO3HUKAIOIIUX IOTPEINIHOCTer 06paboTKy, UTO, B KO-
HEUYHOM cueTe, IO3BOAUT CTaOUAM3UPOBATL KaueCTBO
aBTOMAaTUUYECKOTO IIpollecca MeXaHNUeCKOM 00paboTKuU
B ycaoBuax I'TIM. Peaansanus AMHENHBIX KOPPEKTHU-
PYIOLINX IIepeMelleHUH BO3MOJKHA IIyTeM KOPPEeKIUU
YIPaBASIONIeN TPOrpaMMBI CTaHKa. AAS pearn3anuu
YTAOBBIX KOPPEKTHUPYIOUINX IlepeMellle HUM HeOOXOAUMEL
AOTIOAHUTEABHBIE CPEACTBA: TOUHBIE IOBOPOTHBIE CTOABI
HUAU AOIIOAHUTEABHBIE YIIPaBAsieMble IPHUCIIOCOOAEHUS
AASI KOPPEKTHUPYIOIIUX IOBOPOTOB AeTaAu. Takue Ipu-
CIIOCOOAEHUST MOTYT CTaTh YaCTBHIO CUCTEMEI aBTOMa-
THUYECKOTO KOHTPOAS Ha cTaHke ¢ HITY, mopo06HO mpubo-
paM aKTUBHOTO KOHTPOAS, IOAYUYMBIINUM IINPOKOE Pac-
IIPOCTPaHeHNUe B MaCCOBOM MAIIMHOCTPOEHUU U IIpU-
OOpOCTpPOEHUN.
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OMCKMH roCcyAapCTBEHHbIM
TeXHHYECKMM YHMBEepCHTET

HoBoCHMOHMPCKMI rocy AapCTBEHHbIN
arpapHbIi YHMBEpCUTET

CHUHTE3 MEXAHU3MA

C LUECTU3BEHHOM
YETBIPEXMOBOAKOBOM CTPYKTYPHOM
rPynnou Cc 3A4AHHOM
ATMUTENBHOCTBIO BbICTOS
BbIXOAHOIO 3BEHA

Pa3paboTaH meTof CMHTE3a MeXaHM3Ma C LUeCTM3BEHHOM YeThbIPEXNOBOAKOBOM CTPYKTYPHOM
rpynnos, o6ecney1BaloLLMi1 BbICTOM BbIXOJHOIO 3B€Ha NO 3aAaHHOM UMKNorpamme. Monyyenme
BbICTOS 06ecneyeHO COBMECTHbIM UCMOMNb30OBAaHMEM METO/A NPeAe bHbIX MONIOXEHMI 3BEHbER
M MeTOofa CMHTE3a HANPABASIOWMX MEXAHM3MOB. MeToA MOXKeT 6bITb MCNONbL3OBaH NpPH
NPOEKTMPOBaHNM LIMKNOBBIX MAaLLMH-aBTOMATOB C OCTAHOBKOM pabouero opraHa.

KnioyeBble CNoOBa: NAOCKMH PbIYaXKHbIM MEXAHM3M, LUIECTU3BEHHas1 YeTbIPEXNOBOAKOBas
CTPYKTYpPHas FPYyNna, CHHTE3, BbICTOM, LIMKNOrPaMMa, LIATYHHast KpMBas.

AAST CO3pAaHUS TUKAOBBIX MallliH-aBTOMATOB, BHIIIO-
AHSAIOIUX HellpePBIBHBIY IPOIEeCC B IOTOYHBIX IIPOU3-
BOACTBEHHBIX AWHUSAX, HEOOXOAMMO UCIIOAB30BaTh MeXa-
HHM3MEBI, 0O0ecliednBalole OCTaHOBKY pabouero opraHa
TEeXHOAOTMYeCKOM MAlllMHBI B TeUeHHe ONIPeAeAEHHOU
YacTH LIUKAA. [IpuMeHseMble AAS 3TOTO KyAQuKOBHIE
MeXaHU3MBI 00AAAQIOT PIAOM HEAOCTATKOB, IO3TOMY
BBICOK MHTEpPEC K IPOEKTUPOBAHUIO PEIUa’)KHBIX MeXa-
HHU3MOB C IPUOAMIKEHHBIM BEICTOEM BBIXOAHOTO 3BEHA.
MHorue 3apaui CUHTe3a IAOCKUX PBIYa’KHBIX MeXaHU-
3MOB BTOPOTO KA&cca C BEICTOeM pellleHbl. OAHAKO BOII-
POCHI UCTIOAB30BaHUSA MEXaHNU3MOB, COAEPIKAIIUX CTPYK-
TYPHYIO IPYIIy TPETHETO KAACCA YETBEPTOTO IIOPSIAKA,
AAS TIOAYYEHUS BBICTOS BEIXOAHOTO 3BeHA He PacCMOT-
peHEL [IpUYMHON TOMY CAOKHOCTH KHHEMATHUYECKOTO
aHaAM3a U CUHTe3a MeXaHM3MOB BLICOKHUX KAACCOB.

MexaHu3M C HIeCTU3BEHHON YeTBIPEXIIOBOAKOBOU
CTPYKTYPHOM I'PYIIION (PUC. 1) COAePIKUT ABA TPEXIIAP-

Puc. 1. MexaHU3M C IIE€CTU3BEHHOMN YeTHIPEXMTOBOAKOBOM
CTPYKTYPHOM IPyNIoi OCHOBHOIO BHAA

HBIX 3BeHa, 00pa3yIoIIuX MeKAy cO00M KUHeMaThde-
CKYIO IIapy, 1 YeThIpe IOBOAKA, OAUH 13 KOTOPHIX (IIOBO-
AOK 4) IPUHSAT B AQHHOM paboTe B KaueCTBe BEIXOAHOTO
3BeHa. Takue MeXaHUu3Mbl 0OAAAQIOT IIMPOKUMU KUHE-
MaTUYECKUMU BO3MOKHOCTIMU AT OOeCIIeueHUs pas-
AMYHBIX 3aKOHOB ABUJKEHUS 3BE€HBEB, B TOM UHCAE U ABU-
>KeHUs C BBICTOeM BBIXOAHOTO 3BeHa. [ToaTomy paspa-
0OTKAa METOAVKM CHUHTEe3a MeXaHM3MOB, COAEPIKAIINX
IECTU3BEHHYIO YeTHIPEXIIOBOAKOBYIO CTPYKTYPHYIO
TPYIILY, ABASIETCSI aKTYaAbBHOU 3aAa4el.

AASI cUHTe3a pPBIYa’kKHOTO MeXaHM3Ma C BBICTOeM
BEIXOAHOTO 3BeHA 3aAaHHOM IPOAOAKUTEABHOCTU UCTIO-
Ab3YeTCsI COBMECTHO IIPSIMOM (OT BXOAHOTO 3BeHa K BHI-
XOAHOMY) METOA IIPeAEAbHBIX IIOAOKEHUN, HCCAEAOBaH-
HBIY ¥ U3AOKeHHBIN B padoTax B.I'. XomueHnko [1] u me-
TOA, CMHTEe3a HAlPABAJIONIINX MeXaHu3MoB [2]. Llearro
CHHTe3a MeXaHU3Ma ABAIETCS IOAYUYEeHUE IPUOANIKEH-
HOTO BEICTOSI BEIXOAHOTO 3B€HA HAa 3aAAHHOM YTAe @,
IIOBOPOTa HauaAbHOI'O 3BeHa. O003HauUM pa3Mephl KpU-
Bowmunal,, pAuHy 3seHa 2 — I, [IpepeAbHOE MOAOKeHHe
BXOAHOM AMAABI A B, COBMECTHM C CEPEAMHOM YTAQ BBIC-
TOS, HAIIPABUB I10 3TOU NPAMOM KOOPAUHATHYIO OCh X, &
OCBh Y IPOBEAEM IIEePIEHAUKYAIPHO el U3 [JeHTpa LIap-
uupa O (puc. 2).

AbGc1ucca TOUKH B, B IPEACABLHOM IMOAOKEHUY MeXa-
HU3Ma

Xp, = L-1.

[Tpu yCAOBAM CUMMETPUYHOCTH IOAOKeHHUsI A B,
u A,B, 3BeHa 2 B HayaAe U B KOHIIe a3kl BEICTOSI Xapa-
KTepU3YIOTCS U3MeHeHHeM yrAa HaKAOHa K OCH X

[, -sin Ps
Ag@, = tarcsin

=
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Puc. 2. CuHTe3 MexaHu3Ma C IIeCTU3BeHHO 4YeThIPEXTIOBOAKOBO CTPYKTYPHOI TPYIIOH
C BBICTOEM BBIXOAHOI'O 3B€Ha 4

Abcnuccel Touek B, 1 B, OAMHAKOBBI 1 OIIPEAEASIOTCS
paBeHCTBOM

Xg =1, cosAp, -1, -cos (ng

AAMHA XOPABL
BB, = ll(l—cos%)—l2 ‘(I-cosAg,) .

Hasnauus pauny b, cropons! BC TpéxnapHOro 3BeHa
3, oIIpepeArM pas3Max 3TOro 3BeHa Ha (pase BBICTOS

. BB
A@, =2-arcsin——2

3

B cucteme xkooppuHaT xOy nnoaokeHue Touku C Me-
XaHM3Ma B HaUaAe U B KOHIIE a3kl BBICTOS OITPEACASIETCS
KOMIIA@KCHBIM YKCAOM

. Apy
o (23
t 1(2 D ) )

R.=l,—1 +b,-e
3aech k; — KO3 UIUEHT, KOTOPLIX MOKeT IIPUHU-
MaThb 3HauUeHus 1 uAm — 1 B 3aBUCUMOCTHU OT TpeOOBaHUM
KOMIIOHOBKHY MeXaHH3Ma.
[MTocae 3apaHUg pa3MepoB TPEXIApPHOTro 3BeHa 3
CE= I, BE=a,;u yraa o, IOAOKeHUe TOUKH E B cepepnte
¢ra3bl BLICTOS BHIPA3UM KOMIIAEKCHBIM YUCAOM

ik (a3 _E)

R.=R.+I-e 2

AarbHeNIIN CUHTe3 MeXaHu3Ma CBOAUTCS K IIOAGOPY
U3 KOHCTPYKTUBHBIX COOOPa’KEHUN U IPUCOEANHEHUTO
K 3BeHYy 3 KUHeMaTU4YeCKOU [eIy C IlapaMeTpaMu, obe-
CIIEYMBAIOIIMMHU IPUOAUIKEHNE IIaTyHHOU KPUBOU TOYKHU
E Ha HEKOTOPOM y4acTKe K Ayre OKPY>KHOCTHU C IIeHT-
PAABHBIM YTAOM, PABHEIM AQ,.

Bri6epeM KuHeMaTHuecKyto nenb HFGK B Buae m1ap-
HMPHOTIO YeTLIPEX3BEHHUKA € paszMepamu FG =1, EG=b,
U YTAOM O, TDEXIIaPHOIo 3BeHa 5. AAst CO3paHust OAaro-
NPUATHBIX YCAOBHU NepepadYU ABUIKEHUS HAIIPAaBUM
cTopo-Hy EG TpEXNapHOTOo 3BeHa S MOA IPSMBIM YTAOM
K 3BeHy CE B cpepHel 4acTH ero BHICTOS. M3 Tex ke
cooOpaykennii 3BeHO0 GK AAMHOM I; PACITOAOKUM ITep-
neHpAUKYyAIpHO EG. Toro>KeHUe IleHTpa MIaPHUPHOU
onopsl K 3apaAUM KOMIAEKCHBIM YHMCAOM

i-(oy+hy L)

R, =R, +bg-e" @™ 1] e 2

rae k,, k; — KO3(p(pUMeHTH KOMIIOHOBKY MEXaHU3Ma,
KOTOpEIE MOI'YT IPUHUMAThL 3HaueHusa k,=0 uan k,=1,
k,=1lwamk,=—1.

Anst obecrieueHrs1 HauOOAEe TOUHOTO ITO3UIMOHM-
poBaHug Ha ha3e BBICTOSI KOPOMBICAA 4 IPUMEHUM METOA,
CUHTe3a HallpaBASOMINX MexaHusMoB [2]. Hlapuup C
YCAOBHUMCS CUHUTATh HEIOABUJKHEBIM. [1pu M3MeHeHUU
YCAOBHO-0000IEHHON KOOPAUHATEL (), Ha BEAUYNHY AQ,
TOYKU B u E OyAyT ABUTATBCS 11O AyTaM OKPY’KHOCTEH,
4TO O0eCIIeYUT BEICTOM BEIXOAHOTO 3BEHA (KOPOMBICAA 4)
Ha 3aA@HHOM UHTEPBaAe U3MEHEHU yTAA IOBOPOTa KPU-
Boluna. Pa3oMKHyB KuHeMaTudecKyo Ileltb HFGK B 11ap-
Hupe F u cumutas orpe3ok CE BXOAHBIM 3BEHOM, IIOCT-
pOUM HIaTYHHYIO KPUBYIO A, KOTOPYIO OIIUCHIBAET TOUKA
F npu u3MeHeHUU yCAOBHO-0000IIEHHON KOOPANHATEL
¢, Ha BeAnunHy AQ,. AAsI TOCTPOEHMS HIaTYHHOU KPUBOM
A HCIIOAB3YyeM IlapaMeTpuiecKue ypaBHeHHUd [3].

B BBEIOpaHHOM cUCTeMe KOOPAMHAT TOAOKeHe TOUKHU
E ipy ©3MeHSIIOLIENCsT YTAOBOUM KOOPAUHATE (b, OTIPEAEAST-
€TCsI KOMIIA€KCHBIM YACAOM

— | ol +as)
R, =R .+ -e :
d OTHOCHUTEABHO OIIOPEL K PAa3HOCTBIO BEKTOPOB
L olPkE — _
R € =R, —R,.

TAe RKE — MOAYAB, a Q) — apPTyMEHT KOMIIACKCHOT'O YHCAAQ.
Yroa MeJXAY 9TUM BEKTOPOM U 3B€HOM 6

2 2

2
Ry, +1l —b
8 =k, -arccos—E—6—3
Ry -1
KoopauHaTH TOUKY G OIPEAEASTIOTCST KOMIIAEKCHEBIM
YHCAOM

— (P +6)
R; =Ry +1; -7

IMTorosxenue orpesdka GE TpéxmapHOTro 3BeHa S Hali-
AETCSI KaK Pa3HOCTb BEKTOPOB

PGy _
Rop-e™ =R, —R;,

TAe RGE — MOAYAB, a @, —apryMeHT KOMIIACKCHOTI'O YUCAd.
KOOpAI/IHaTLI TOuKY F OIIPEACAAIOTCA KOMIIACKCHBIM
YUCAOM

— i(pgp—0s)
R, =R;+I[ - ™.

deBI/Ipyﬂ pasMephl 3BBEHLEB KMHEMaTUIeCKOU nelu,
MO>KHO HaWTU TaKue, IIPKY KOTOPHIX IMIATYyHHAsSI KPUBAs
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Puc. 3. Auarpamma nepemenieHui BBIXOAHOTO 3B€Ha

ToYKHu F OypAeT NpuOAMIKEeHA HA y49acTKe MU3MeHeHUsd
YTAOBOM KOOPAWHATEI AQ, K AyTe OKPY>KHOCTH C I[EHT-
PaABHBEIM YTAOM A@,. OIIpeAeAUB IEeHTD U PAAUYC KpH-
BU3HBI AYT'H 3TOM OKPY>KHOCTH, IOMECTUM B Hero LeHTP
LapHUPHOU onopsl H. [1pu noBopoTe 3BeHa 7 Ha yTOA
A@,Touka E GyAeT ABUTAThCS 110 AyTe OKPY>KHOCTH, I11ap-
HUp C OypeT IPAKTUYECKU OCTAaBAaThHCA HAa MECTe, & 3BE€HO
4 OypeT UMeTb NPUOAVIKEHHBIN BBICTOM Ha 3aAaHHOM
M3MeHEeHMH YIAd IIOBOPOTA ¢, KpUBOLIMIIA 1.

[MopGopoM pazMepoB YeTHIPEX3BEHHOY KUHEeMaTHU-
YeCKOMU Ilel MOJKHO AOOUTHCS TpeOyeMOM TOUHOCTH
MO3UIIMOHUPOBAHUS BEIXOAHOTO 3BeHa. TakuM 06pas3om,
CHUHTE3MPOBaH MEXaHN3M C IIeCTU3BEHHOHU YeTHIPEX-
IIOBOAKOBOM CTPYKTYPHOM TPYIION, B KOTOPOM BBIXOA-
HOEe 3B€HO MMeeT BLICTOM Ha 3aAAHHOM 3HAUeHUH @ YTAQ
IIOBOPOTa KpuBouuna 1.

AAsT oTIpeAeAeHM s TIOAOKEHU M CUHTe3UPOBAHHOTO
MeXaHM3Ma U IOAYYEHHUS 3aKOHA ABUJKEHUS BEIXOAHOTO
KOPOMBICAA CAEAYeT PA30MKHYTh KHUHEMATUIeCKYIO I1a-
Py B u, n3MeHsI yCAOBHO-0000IIEHHYIO0 KOOPAUHATY @,
IIOCTPOUTD MIATYHHYIO KPUBYIO TOYKU B TPEXIapHOTO
3BeHa 3, NCTIOAb3Ys [lapaMeTPUIeCKUe ypaBHeHust R (¢,)[3].
AAst ATOGOTO 3HAYEHUST YTAQ [TOBOPOTA KPUBOIIUIIA ¢,
3ajpa4a O IOAOJKEHUIX 3BE€HbEB MeXaHU3Ma CBOAUTCS
K pellleHUI0 YpaBHEeHUS

R,-1,=0, (1)
rae R, — paccrognue MeXAy TouKaMu A u B, onpeaens-
eMoe KaK pa3HuIla BEKTOPOB

Ry =Ry(9;)— Ry (o).
3aeck R, (¢,) — paprycC-BEKTOP LieHTpa IIapHupa A
KPMBOIIINIIA, BEIPayKaeMBI¥ KOMIAEKCHBIM YCAOM

R,(p) = e

YpaBHeHUe (1) MOKHO pelIUTh UTE€PATUBHBIMUA
MeTOAaMHU, YUUTHIBas BEICOKUM MOPSIAOK MIATyHHOU
KPHUBOM TOUKM B Kak arreOpandeCKoN AMHUU.

[Mpumep. AAs CHHTe3a MeXaHMW3Ma C BBICTOEM
BLIXOAHOTO 3BeHa Ha ¢daze ¢,= 160° mpumem
OTHOCHUTEABHEIE pa3MepHl 3BeHbeB I, =1,1,=1,06, b,= 2,
I,=1,0,=0,1,=2,b,=3,1;=2, o,=n/4. Tlpu 3HaUueHUN
Kod(ppunuenrtos k=1, k,=0, k,=1 onpepereHsl
IIOAOJKEHHMe IAPHUPHOU onope! K (x,=3,844, y,=2,985),
AAVHA 3Be€Ha 7, paBHAsI papANyCy KPUBU3HHEI IIATYHHOMU
Kpusou I,= 1,358 u monrokeHUe eHTPa MaPHUPHOM

omopel H (x,=2,428, y,,=0,929). 3aKOH ABUIKEHHUS
KOpOMEICAA 4 panHOM 1, = 0,3 npeacTaBAeH Ha rpaduke
(puc. 3), TAe yTAOBEIe KOODAMHATEL ¢, X @, YKA3aHEl B
papavaHHOU Mepe. B pe3yabTaTe cHHTE3a IOAYYEH
MeXaHW3M C BEICTOEM BBIXOAHOTO 3BeHa Ha 3aAaHHOM
3HaYeHUM Pa3bl BEICTOS.

K nmpeumyniecTBaM NPeAAOKEeHHOM MeTOAUKU
CHHTe3a MeXaHM3MOB OTHOCHUTCS BO3MOJKHOCTH
TIOAyYaTh MeXaHU3MBI C OCTAHOBKOM BEIXOAHOIO 3BeHa
Ha IIPeABApPUTEABHO 3aAaHHOM (hase BEICTOSL. CocTaBAeHA
nporpaMma B cpepe Mathcad, ¢ moMoIe0 KOTOPOK
MOJKHO B MHTEPAKTUBHOM pe’XKUMe CHHTEe3WpPOBATH
MeXaHN3Mbl, CoAeprKalllye IeCTU3BeHHYIO UeTHIPEXTIO-
BOAKOBYIO CTPYKTYPHYIO IT'PYIIIIy OCHOBHOTO BHAA C Pas-
AMYHBIMU ITapaMeTpaMU 3BeHbeB U Pa3AUUYHOMN KOM-
TIOHOBKOM C IPUOAMIKEHHOU OCTAHOBKOU BBIXOAHOTO
3BeHa Ha TpeOyeMoHt da3e BBEICTOS. AaHHAS METOAUKA
CUHTe3a MOYXeT OBITh NCIIOAB30BaHa IIPU IPOEKTH-
POBaHUU ITUKAOBBIX MalllMH-aBTOMATOB C OCTAHOBKOM
pabouero oprasa.

Bu6anorpaguyeckuii CIUCOK

1. Xomuenko, B.I'. TIpoekTrpoBaHue NNAOCKUX PbIYa’KHBIX MEXaHU-
3MOB IIMKAOBBIX MaIlIMH-aBTOMAaTOB ¥ MaHUIYAITOPOB / B.T'. Xomue-
HKO. — OmMCK, 1995. — 152c.

2. Apro6oaeBckuit, V.W. CuHTe3 IAOCKHX MeXaHu3MoB/ V1.1, Apro-
G6oaeBckuit, H.M. AeBurckuii, C.A. YepkyauHOB. — M.: Du3MaTU3AAT,
1959. — 1084 c.

3. EBpokumos, 10.M. TlapamMeTpudeckue ypaBHeHHUs HIAaTyHHOU
kpusoii / FO.W. EBpokumoB // CoBeplIeHCTBOBaHUE CEABCKOXO3S5TH-
CTBEHHOU TEXHUKU A PAaOOTHI B ycAoBusAx Cubupu. — HoBocubupcek,
1980. — C. 126 —131.

XOMYEHKO Bacuanii I'epacuMoBUY, AOKTOP TEXHU-
YeCKUX HayK, Ipodeccop, 3aBeAyIolnui KadeApol aBTo-
MaTu3aluu U poboToTexHUKU OMCKOIO FOCyAapPCTBEH-
HOI'0 TEXHUYECKOTO YHUBEPCUTETA.

OCHUIIOBA Oabra IBaHoBHAa, AOIIEHT KadpeAphl Teope-
TUYECKOU U NPUKAAAHOM MexaHUuKu HoBocubupckoro
TOCyAQPCTBEHHOTO arpapHoOro YyHUBEpCUTETaA.

Appec arg nepenucku: 644050, r. OMck, ip. Mupa, 11.

CraTbs nocrynuaa B pepakuuio 02.06.2010 .
© B.T.XomueHko, O. 1. Ocumnosa

=

0L0Z (€6) €3N MNHLO3E UNIGHRAYH UMIDNO

INHIVIIOHUMVYIN U IUHIOdLOOHMMVIN

N



23 (93) 2010 ’

OMCKWM HAYYHbBIA BECTHUK N

MALUMHOCTPOEHUE N MALULMHOBEAEHUE

N
!

YK 621.01

r.y. YAJMEB

b. X{XYPCEHBAEB
A. CAPBACOB
E. C.TEBEJIb
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ATbIpayCK1i HHYK€HEPHO-TI'y MAHMTAPHbIH
MHCTMTYT, I. ATbipay, Ka3saxcraH

OMCKMH roCcyAapCTBEHHbIM
TeXHMYECKMM YHMBEPCHTET

OUHAMMYECKMHA AHATIM3
NOABEMHbBIX MALLMH

Ang TeopeTM4eCcKOro MccnefoBaHMsl AMHAMMKM NOAbEMHbIX MALUMH, onNpeAeneHus
KOHCTPYKTHBHbIX NAPaMeTPOB He06X0AMMO MMETb pacyeTHbIe MeXxaHu4yeckre mogenu. 1ot
BbI6OP pacyeTHOM MOJENM NOAbEMHOM MaLLMHbI B KAXKAOM KOHKPETHOM Cryyae onpegensiercs
KMHEMATHM4YeCKOM CXe MOM NOAbe MHOTO ME@XaHM3Ma M MeXaHMYEeCKMMM CBOMCTBAMM ero ieTanem
M y3noB. B gaHHOM cTaTbe ANA AMHAMMYECKOro MCCNeflOBaHMS MeXaHM3Ma NoJbeMHMKA
Mcnonb3oBaHbl YypaBHeHMs JlarpaHika BTOporo poga.

KnioueBblie cnoBa: nogbe MHble MalLMHbI, AMHAMMKA, YPaBHeHHs JlarpaHika.

AAd M3y4eHUd AMHAMUKU IIOABEMHBIX MAIIUH He-
00XOAUMO UMETh pacueTHbIe MeXaHUYeCKUe MOAEAH,
C AOCTAaTOYHOMW TOYHOCTBHIO OITMCHIBAIOIIIE CBOMCTBA
PearbHBIX MallliH. BEIOOD pacueTHOM MOAEAH B KAXKAOM
KOHKPETHOM CAyUae OIpeAeAseTCs KUWHeMaTHuYeCKOon
CXeMOM MOABeMHOM MallIMHBI 1 MeXaHN4eCKUMU CBOM-
CTBaMH (MHEPIIMOHHBIMY, YIPYTUMU, AUCCUTIATUBHBIMUI
WU T.IL.) €ro AeTaAel, Y3A0B, TUIIOM M XapaKTe PUCTUKAMU
IPUBOAOB, @ TakKKe HeOOXOAMMOM TOUHOCTBHIO IIPOBO-
AUMEBIX Pac4eToB.

B HanboAee TPOCTHIX MOAEASIX CIUTAETCS, UTO BCE Ae-
TaAM MeXaHM3Ma IOABEMHUKA aOCOAIOTHO TBEPABIE TeAA.
KunemaTuyeckue napbl IPEATIOAATalOTCS UACAABHBIMY,
TPEeHNEM B HUX ITpeHebperaeTcs. OTU MOAEAM C IIpUEMAe-
MOM CTeINEeHbIO TOUHOCTU OTPa’kaloT CBOMCTBA PearbHBIX
MamuH [1 —2].

B nccaepoBaHUY AMHAMUKY Me@XaHUYECKUX CUCTEM
OAHHM M3 BO3MOJKHBIX METOAOB OIMCAHUSI AMHAMUUYe-
CKOU MOAEAH SIBASIETCSI METOA, OCHOBAHHLIM Ha UCIIOAB-
30BaHUU YPaBHEHUM AarpaH>ka BTOPOro popa. OTOT Me-

Puc. 1. KuHeMaTnuyeckasi cxeMa IoA’b€eMHUKa

TOA IIPUMEHUM AAS AFOOBIX TOAOHOMHBIX MeXaHUIeCKUX
CHCTEeM C KOHeUHBIM YHUCAOM CTelleHel CBOOOADBI, B TOM
YHCAE U AMSI CHCTEM, COAEPIKAIINX Ae(pOpMUpPYeEeMEBIe dAe-
MEHTEHI (IPYKUHBI, YIIPYTHE CTEPIKHU U T.11.), ECAU MOK-
HO TpeHebpeus UX NHEePIIMOHHOCTHIO.

B KauecTBe ypaBHEeHHUS ABIKEHUS MeXaHU3Ma IOAD-
eMHUKQ, KHHeMaThuieckasl cxeMa KOTOPOro IToKa3aHa Ha
puc. 1, MOTyT IPUMEHATHCA APyTrue (DOPMBI YPaBHEHUMN
AMHAMUKU: ypaBHeHUs ['aMuabTOHa, ypaBHeHMe Paycca,
ypaBHeHHue Olirepa-Aarpaska uap. [3—4]. YpaBHeHus
ABIVKEHUSI MOTYT OBITH COCTaBAEHBI TaKyKe IIyTeM IIPH-
MeHeHUs K OTAGABHBIM AeMeHTaM MeXaHu3Ma TeopeM
MeXaHWKM 00 U3MeHeHUH KOANYeCTBa ABU>KEeHUS U MO-
MeHTa KOAMYeCTBa ABIKeHUsI. CyIIeCTBYIOT TAaKJKe ITOA-
XOABI K OIIMCAHUIO ANHAMUKY IIOABEMHUKOB, He TpeOy-
IOllIMe COCTaBA€HUS AU depeHUaAbHBIX YPaBHEHUN
ABIDKEHUSI, @ OCHOBAHHBIE Ha HEIIOCPEACTBEHHOM HCIIOAB-
30BaHUU BapUallMOHHBIX IPUHIIUIIOB MEXaHUKU [2, 5].

B cAyuae MHOTO3BEHHBIX TIOABEMHBIX MAllIMH Peann-
3anms AI060r0 M3 METOAOB COCTaBAEHUS YPaBHEHUH
ABVREHUS IPUBOAUT K HEOOXOAMMOCTY BBITIOAHSITH CAOXK-
Hble aHAAWTHYECKUe BBIKAAAKK. CaMu ke ypaBHEHUS
MIOAYYAIOTCSI O4eHb TPOMO3AKUMU. B CBsI3U € 3TUM Ilepc-
NIeKTUBHBLIM IPEACTaBAIETCS UCIIOAb30BaHNe OBM aasa
NIpOBeAEeHUsI aHAAUTHYECKUX IIpeoOpa3oBaHUM Ipu
COCTaBACHUY YPaBHEHUY ABUIKEHUSI.

BrIBOA ypaBHEHUN AMHAMUKU ABUKEHUSI METOAOM
AarpaHyka-2OuAepa OTAMYAEeTCs IIPOCTOTOU 1 eAUHCTBOM
IIOAXOAQ. DTOT IIOAXOA IIPUBOAUT K CHCTEMe HeAUuHel-
HBIX AU(bepeHITnarbHBIX ypPaBHEHUN BTOPOTO MIOPSIAKA,
KOTOpPBIe OTpa’kaloT 3(pEKTHI, CBSI3aHHbIE C AeHCTBHUEM
CHUA MHEPIINH, OOYCAOBAEHHEBIX YCKOPEHHBIM ABVKEHUEM
3BEHbLEB, ACUCTBYEM KOPHOAVCOBEIX U IIEHTPOOEKHBIX
CHIA, @ TAKJKe AeHCTBUEM CHA TSKECTU. DT YPaBHEHUS
00ecIeYnBaloT CTPOTOe OIIMCaHNe AUVHAMUKU COCTOSTHUS
MeXaHH3Ma M UCIOAB3YIOTCS A pa3paboTKU yCOBep-
1IIeHCTBOBAHHBIX 3aKOHOB yIIPAaBAEHHUS B IPOCTPAHCTBE
TIPUCOEAVHEHHEIX TepeMeHHBLIX. COBMECTHOE UCIIOAB30-
BaHUWe MaTpPUUYHOTO Ipeobpa3oBaHus AeHaBUTa-Xap-



TeHOepra U MeToAa /AarpaH’ka MPUBOAUT K KOMIIaKTHOM
BEKTOPHO-MAaTPUYHON (DOpMe YpPaBHEHUU ABUIKEHUS,
YAOOHOM AAST aHAAUTHYECKOT'O HICCAEAOBAHUS 1 AOITyCKa-
oled peaansanuio Ha O9BM. Ecau n3BeCcTHEI pellleHUS
00paTHOM 33AaUU KUHEMATHUKY, TO U3BECTHEI M 0000111eH-
Hble KOOPAWHATHI, TO3BOASIONINE IPUAATL paboueint
TOYKe ITIOAOKEHYE ¥ OPUEHTAIINI0 OTHOCUTEABHO 0a30-
BOM CHCTeMBI KOOPAUHAT.

YpaBHeHHs AMHAMUKHU ABUKEHUS MeXaHU4eCKou
CHCTeMBI MeTOAOM /AarpaHska-OlAepa OCHOBAHEI Ha MIC-
IIOAB30BAHUU YPABHEHUSA

afaya_,
ai\oq, ) a2 ()

rpei =1,...,5 L — pyHKIUg Aarpasixa, KoTopad paBHa
L=K—II,

rae K — kuHeTryeckast 3Heprusi MeXaH4eCKOM CUCTEMBL;
IT— noTeHIIUaAbHAS SHEPIUS MeXaHUIeCKOM CUCTEMBI;
q,— 06001IeHHbIe KOOPAMHATEI MEXaHUYECKOW CUCTEME;
g;,—IepBas IPOM3BOAHAS II0 BpeMeHHU 000OGIeHHBIX
KOOpAMHAT; Q; —0000LUIeHHbIe CUABI (MAM MOMEHTEL),
CO3AaBaeMble B i-TOM COYACHEHUU AAS peaAn3aluu
3aA@HHOTO ABVDKEHU i-TO 3BeHa.

AAsT TOTO, YTOOBI BOCIIOAB30BAThCS yPaBHEHUSIMU
Aarpanxka-2Omnuaepa, HeOOXOAUMO OIIPEAEAUTH KUHETH-
YeCKyIO DHEPTHUIO paccMaTpuBaeMoO¥ (PU3NIECKOU
CHCTEMBI, & CAEAOBATEABHO, ¥ CKOPOCTH BCEX ee TOUEK C yue-
TOM ABUJKEHUSI BCeX COUAEHEHUU MeXaHU3Ma HOAL-
eMHUKa.

O6osnauum yepes K; KHHETUIECKYIO SQHEPTHUIO dAe-
MeHTa MacChl dm i-T'o 3B€HQ, TOTAQ BEIp@yKeHUEe IPUMeET
BUA:

dK,:1/2(x2+y2+zz)dm:1/2~Tr[7.",Ji7;Tjdm' )

rae T,— onucanue KOHEYHOTO 3BeHa IIOABEMHOTO MeXa-
HHM3Ma II0 OTHOILIIEHUIO K CUCTeMe KOOPAWHAT [-TO 3BeHa
yepes3 OAHOPOAHEIE IPe0Opa3oBaHusa AeHaBUTA-XapTeH-
Oepra.

CransipHOe IPOU3BeAeHHe KOOPAUHAT 3aMeHUM Olle-
patopoM Tt (CAep MaTpPUIIBI), UTO B AAAbHEHNIIIeM II03BO-
AUT IEPEUTH K MaTpulle uHepiuu J; i-ro 3seHa. [lopcTas-
Asisl B BRIpaKeHUE (2) 3HaYeHMe CKOPOCTH V, ToAydaeM:

K=K =1/2) Tr(z U, JULg, q) -
=1/2>2%" Z{Tr[UipJ,.U[Tr q'p q.r ﬂ ) 3)

KuneTtmyeckasi JHEPTHUS MeXaHU3Ma ITOABEMHUKA
paBHa apu(MEeTHIECKON CyMMe KHHETUYeCKOH SHEPTUuU
BCEX €T0 3BEHBLEB U MOJKET OBITh 3aIIMCaHa B BUAE!

. .T

K:1/2~ZTr(]}J[]; J (4)

JO J0 JY mx;

(i) (i) (i) *

o Jy'g( Jy'_y Jy% m;y;
rae " U Jy Jh omz )

. . .
mpx;  my; mz m;

— MaTpHIja HHEPLHUH i-r0 3BeHa; m,— Macca i-ro 3BeHa;

X , ¥ 4 Z ,— KOOPAMHATHI IJeHTPa TSKECTH i-To 3BeHa B c06-

CTBEeHHOUM cucreMe Koopauuar; JV , JV ~Ji —— spe-
xx/ yy' zz

MEHTHI TeH30Ppa MHEPIINHU i-T0 3BeHa OTHOCUTEABHO CO0-
CTBEHHBIX OCeH.

BeAnunHb! J; 3aBUCST TOABKO OT PACIIPEACACHUS MaC-
CHI I-TO 3BeHa IOALEMHUKA B [-TOY CUCTEME KOOPAUHAT
¥ He 3aBUCST OT IIOAOJKEHUSI U OT CKOPOCTU 3BEHBLEB.
OTO MO3BOASIET, BEIYMCAMB MATPUILL J, KCIIOAB30BATh
X AASI BBIYUCAEHUS KUHETUYEeCKOM 9HEePTUU MeXaHu3Ma
mopAbeMHUKa. 3anullieM BhIpa’keHHue AN pacueTa Ku-
HEeTUYeCKOU SHEePrUM AAS IIepBOTO 3BeHa:!

KFUZZH@Aﬁ) (6)
=Sy -G, 0 —q,8,
° ° w —Sy 0 a,C,
ae T =U,-q,=¢, 0 0 0 0
0 0 0 0
Takum o6paszomM,
-Sugr —Cugy 0 —a;S,q,
K]:1/2Tr _qul _Sllql 0 _allcllql
0 0 0 0
0 0 0 0
[(Jty 0 0 0
N 0 J}',Y 0 mlyl* o
0 0 J;Z 0
| 0 0 my, m
[ -84, Ciq, 00 .
~Cugy ~Sug 0 0|_(2J} +mad)a?
0 0 00 2 ’
__aIISIIqI _allcllq 0 0
ChAepOBaTEABHO,
K, =052, +ma?)q?. (7)

IMpraemJ' morydeno cyaetom J1, +J!, = J3 Ae J —
0CeBOI MOMEHT NHEePINH 3BeHa 1 OTHOCUTEABHO OCH Z,.
AHaAAOTUYIHO AASI BTOPOTO, TPETHETO, Y€TBEPTOTO U IIsi-
TOTO 3BEHbEB MeXaHN3Ma 3aBUCUMOCTH OYAYT UMETD BUA;

K, =05(27% +myal )g. (8)

K, = O.S(ZJ; + m3a32)q,2 ' TAC g, =a, +a,,. 9
K, =0.5027% +meal)g?. M K, =0.50275 +meal g
[TOAHYIO KHUHETUYECKYIO DHEPTUI0 MeXaHu3Ma

TOABEMHUKA ITOAYYHUM, CAOKHUB BhIpakeHus apps K, K,
K, K, uK;

2
ma m,a m,a
K, =|J'+220 4242202 g3 055
2 2 2
mzazz 4 m4a42 5 Msdsy 6 m6a62 7] "2 (10)
+ ‘2- +J, + 5 +J. 7+ 2‘ +J. + 5 +J." |q,

[Moanas IIOTEeHIIYMAAbHAs SOHEPTIHsd, CBsA3daHHAs C BeCOM
MeXaHHU3Ma IIOABEMHUKA, OIIPpEACATIeTCd KaK CyMMa BCeX
IIOTEeHIITNAABHBIX 3HepFI/II>’I OTAEABHBIX €TI0 3BE€HLEB. ITo-
TEHIIWUAAbHAA SHEPTUid i-TO 3BeHa MeXaHM3Ma B ITOAE CHUA
TSAXKEeCTU paBHA:

Hi=8'y;' (11)
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rae P,— cuaa TSOKeCTH [-TO 3BeHQ; y;, — KOOPAMHATA I10
OCH Y IIEHTPA TSPKECTH i-TO 3BeHa.

AAs IepBOTo 3BeHa BEIpa’KeHUe AAST pacueTa MOTeH-
IMAABLHOM DHEPrUU IPUMET BUA;

I =m, '[_g(yl*cll _allsll)]:Pl '(yl*cll +a11511)'

AN BEIYUCAEHUS TOTEHIIMAABHBIX 9HEPTUN OCTAAD-
HBIX 3BEHBEB BOCIIOAb3yeMcsi MaTputiamu T,, T, T, u T,
TOTAQ IOTEHIIMAAbHBIE SHEPTUU BTOPOTO, TPEThEro, UeT-
BEPTOTrO U ISATOTO 3BEHEEB OYAYT:

I, =P, '[y;(_ S8, + C11C22)+ azz(Snsz +SzzC11)+a11511];

11, = P, '[(azlczl _S3I)(SIISIZ + CIISZI)_
_(a3IS3I +C3I)(SIISZI _CIICZI)+(aII +az|)Sn +a21CIISZI];

1, =P, ‘[(“ucn _Sll)(SllCZZ +C11S22)+
+(a4S4 + C4X_ S8, +C11C21)+(“11 +“22)S11 +a,C, [;

”53(S53 + C53)[C4(S11C22 +C,8y, ) +S, (_ 818y +C,Cyy )] _:|

es
_SA(_ 818 +C||C22)+azz(S11sz +Cn)+anS21

CyMMupys NOAyYEeHHBIE BEIPA)KEHUS, PACCUUTAEM
NMOAHYIO IOTeHIMaAbHYIO 3HepTrui0 MeXaHU3Ma
TIOABEMHUKA:

i, = (I, + I, + I, + 11, + I1,)6, : (12)
rAe 0, — yTroA, 3aAQI0I UM OPUEHTAINIO OCH X, -0 3BeHa
OTHOCHUTEABHO OCHU X, , (i + 1)-ro 3BeHa MexaHu3Ma.

INoAyueHHBIe BEIp@)KeHUSI KUHETHYeCKON 1 TOTeHIT!-
aAbHOM DHePTUM AN IOABEMHOTO MeXaHN3Ma, IIOACTaB-
A4 B GOPMYAY (1), IoOAyYaeM ypaBHEHUSA ABUKEHUS €T0
MeXaHUIeCKOU CUCTEMEI.

AarbHelre npeobpa3oBaHus HalleAeHbl Ha TO, YTO-
OBl 3aIIcaTh ypaBHeHUe (1) B MaTpUYHOM BUAE, YAOOHOM
AAS TIPOIPAMMUPOBAHUS. Y paBHEHUS ABMKEHMS MeXaHU-
3Ma IIPEACTaBASIIOT COO0M CUCTeMY HeAMHEMHBIX OObIK-
HOBEHHBIX AP hepeHIarbHBIX YPaBHEeHUY BTOPOT'O I10-
pPsiAKa. OTH YPaBHEHUS YIUTHIBAIOT BCE ACHUCTBYIOIINE
Ha 3BeHbsI MeXaHN3Ma TOABEeMHIKA CHABI 1 MOMEHTHL: THEeP-
LMaAbHEIe, IIeHTPOOesKHbIe, KOPHUOAMCOBEI U 'PaBUTAIIN-
OHHBIE. AASI aHAAK3a CBOOOAHBIX KOAeOaHUM MeXaHnde-
CKOM CUCTeMBbI MeXaHU3Ma OTHOCUTEABHO HEKOTOPOM KOH-
durypanuy Ipu MOAHOCTBIO OCTAHOBAEHHOM IIPUBOAE,
T.e. IPEPaBHUBASA CUABI (MOMEHTHI) K HyAIO, IOCAE HEKO-
TOPBIX MPe0Opa30BaHM IIOAYIEHHEBIE 3aBUCHMOCTHY MOJK-
HO IIPUBECTHU B 00111eM BUAE K OAHOPOAHBIM YPaBHEHUSIM
BTOPOTO TOPSIAKA C IOCTOSITHHBIMU KO3 pUITHeHTaMu:

Ag+Cq=0 (13)

rAe A — MaTpUIla MHEPIMOHHEIX KodddurmenTos; C — MaT-
pHlia JKeCTKOCTHBIX KO3(DPUIINEeHTOB.

OO1ee pelleHue CUCTeMBI AU depeHIuaAbHBIX
ypaBHeHuH (13) 3anmceIBaeTCsl B BUAE CYMMBI YaCTHBIX
pelIeHUN CAEAYIOIIUM 00pa3oM:

5
q(t)=> ab'sin(wg+5,),

i=1

(14)

rae b’ — AMIIAMTYAHBIN BEKTOD; 0, — 4acTOTa KOAeOaHUMH;
6,— HavanbHasd da3a KoreOaHuH.

®opmyaa (14) onnceiBaeT cBOGOAHBIE KOAeOaHMS 3Be-
HBEB MEeXaHU3Ma MIOALeMHHUKA. [lapaMeTpE a, 6,— IpOu3-
BOABHBIE IIOCTOSTHHBIE, OIIpeAeAsieMble M3 HaYaAbHBIX YCAO-
BuM. HauaarbHEBIE yCAOBUS IPU CBOOOAHBIX KOAEOAHUSIX
B 00IIIeM CAydae HeU3BeCTHBI, 110 3TOM IpUYMHE B Kade-

CTBe HaYaAbHBIX YCAOBUM IPUMEM PABEHCTBO HYAIO 00-
0O1IeHHOM KOOPAUHATEL U ee IepPBOM IIPOM3BOAHOM!:

q0=0, go=0"

TA€ q,— OIIPEACASIIOT U3 YCAOBHUSI CTATUYECKOI0 PABHO-
BeCUs AT 3aAaHHOU KOH(UTYPaIUH.

Penlenue nmocrtaBAeHHOM 3apa4U AMHAMHUECKOTO
aHaAM3a IOABEMHBIX MalllMH IIPOBOAUAOCH YUCAEHHO 10
MeTOAyY PyHre-KyTTe c aBToMaTU4eCKUM BEIOOPOM IIara
¥ KOHTPOAEM TOYHOCTH II0 CTAHAAPTHOM IIpOTpaMMme,
HAIIMCAHHOW Ha YHUBepPCcarbHOM s13kike BASIC ¢ moMo-
e [TOBM. Ilar uncAeHHOTO UHTErPUPOBAHMS BEIOU-
paAcs 3HaUUTEABHO MeHbIIIe, Y4eM ITePHUOA CBOOOAHBIX KO-
AebaHUM KOHCTPYKIIUU IOABEMHOTO MeXaHu3Ma.

IMoactaBus (14) B (13), TOAYIUM CUCTEMY AMHEWHBIX
YPaBHEHUH B MAaTPUIHOM BUAE OTHOCUTEABLHO KOMIIOHE-
HTa BeKTopa b:

(C-40*p=0. (15)

[MpupaBHUBAas K HyAIO OIPEAEAUTEAD 3TOM CUCTEMHI,
IIOAYYUM XapaKTepHUCTUIeCKOe YpaBHEeHE:!

det(C - 40?)=0. (16)

B cuAy OAOKUTEABHOM ONIpeAeA€HHOCTH MaTpuIl A
u C KOpHHA o, tAei=1,...,5, ypaBHeHnus (15) BellleCTBEHHBI
U TIOAOKUTEABHEL. BEeAMUMHEI @, ABASIOTCSI COOCTBEH-
HBEIMU YaCTOTaMu KoAeGanui cucteMbl. OIIPEACAUB @,
IIOACTaBUM X B ypaBHeHUe (14), U3 KOTOPOro HalAeM
aMIIAUTYAHBIE BEKTODPHI b',

B IpMBOAUMBIX pe3yAbTaTax BEIYMCAEHUM TapaMeT-
pBLl m, I (rae m 1 I —3TO Macca U AAUHBI 3B€HbBEB ITOAD-
€MHMKA) [TIOAATaAuCh DABHLIMU €AUHUIE, a TakxKe E, [=
=1/3. OTo He OrpaHUYMBAET OOIIHOCTH U COOTBET-
CTBYET IIePEeX0AY B YPaBHEHHUSX K 6e3pa3MepHEIM Ilepe-
MeHHBIM U IapaMeTpaM. [IpoBepeHHBIE pacuyeThl II0Ka-
3aAH, YTO HU3IINE (OCHOBHBIE) YaCTOTHI KOAeOaHUM OAU3-
KU AASI BCeX 3BeHbeB. OTO TOBOPHUT O TOM, UTO HU3IIKE
YaCTOTHI KOAeOAHUM B OCHOBHOM OIIPEAEASIOTCS IlepeMe-
IMeHUSIMU Ha OAHOU IIAOCKOCTH.

Co6CTBEeHHEBIE YaCTOTH 3BEHLEB COCTABASIOT, COTAQ-
cHo pacueraMm, o, ~13T'n, w,~21 T, 0,26 'y, w,~15T1
u o, ~19 I'u. TToacTaBAsIS TIOAYYEHHEBIE AQHHEBIE B (6),
onpeAeAeHBl aMIIAUTYABI CBOOOAHOTO KOAeOaHUS.

Ha onerTHOM 06pasiie noAbeMHUKA OBIAY ITPOBEACHLI
CTaTHYeCKWe U AWHAMUYECKHe HCIBLITAHUS AAS
OIIpeAeNeHN S JKeCTKOCTHBIX XapaKTEPUCTHK, a TaKKe hop-
MBI KOAeOaHUs. Pe3yAbTaTel AUHAMUYeCKUX 9KCIepHU-
MEeHTOB IIOKa3bIBAlOT, YTO HU3IINE Pe30HaHCHBIe Jac-
TOTBI CBOOOAHOTO KOAeOaHUs MeXaHNU3Ma IOABeMHIKa
PaBHBI C TOUHOCTBIO A0 (10+13)% pacueTHBEIM 4aCTOTaM.

W3 aTOTO CAEAYET, UTO KOAEOAHUSA CUCTEMEI OAU3KU
K OAHOYaCTOTHBIM ¥ MOJKHO OII€HUTDH aMIIAUTYAY KOAe-
OaHUM MeXaHWIeCKOU CUCTEeMBI C Y4eTOM TOALKO Iiep-
BOM (popMEI KoAebaHus 3BeHa. Koraa moAbe MHUK Hauu-
HaeT MOABeM pabouell MAOIIAAKY, aMIIAUTyAd KoaeOa-
HUY pabode IAOIIaAKY COCTaBASIET BEAWYNHY IIOPSIAKA
(2+4)107]. CpaBHUTEABHO BEICOKHE 9aCTOTH HEKOTOPHIX
3BEHbEB YKa3bhIBAIOT Ha GOABIIIYIO JKECTKOCTD, YTO Xapa-
KTepu3yeTcs ObICTPO3aTyXalolUM IIPolleccoM Koaeba-
HuM. B caydae, Korpa maoIjapKa 3arpy>keHa, aMIAUTYAA
KOAeOaHUY e€ MeHbIIIe U COCTaBASIET BEAUUNHY IIOPSIAKA
(0,5+2)-10°L

[MocTpoeHHas AMHaMIUYIECKasi MOAEAb MeXaHNIeCKOU
CHCTEMBI IOABEMHOTO MeXaHU3Ma C IOMOIIILIO0 ypaBHe-
HHM /\arpaH>ka BTOPOro poA@ MAaTPUYHBIM METOAOM I103-
BOASIET UICCAEAOBATh AUHAMUYEeCKlUe CBOMCTBA MeXaHuU-
3Ma IOABEMHUKA.
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OMCKMH rocy lapCTBEHHbIM
TeXHHYECKHH YHMBEPCHTET

MATEMATHUYECKOE MOAEJNIMPOBAHMUE
PABOYMX NPOLLECCOB HACOCA
OBbEMHOIO AIEMCTBUA

B pa601’e PAaCcCMOTPEHbI BOMPOCblI MaTeéMaTUYECKOro moenMpoBaH1s NPoLeCCOB LMKa
Hacoca 06beMHOro AencTeus. B OCHOBY MaTeMaTH4YeCKHUX mopaenen NnpoLeccoB NOJNIOYXKEeHbI
3aKOHbl COXPaHEeHMSI MaccCbl, JHEPrMM M AMHaAMHMKK ABMXKeHMSA. B kayecTBe npumepa
PAacCMOTPEHO MOAeNMPOBaHME LIMKIIa NOPLUHEBOro Hacoca OAMHapHOro AENCTBMS.

KniouyeBble cnoea: Hacoc o6be MHOro AEMCTBMS, pa60lme npoueccbl, MaTemaTuyeckoe

MmojaenmMpoBaHHue.

Hacocbl 06'beMHOT'0 AU CTBUS IBASIIOTCSI OCHOBHBIMHU
3AeMeHTaMU TMAPABANYECKUX IPUBOAOB, THAPaBANYE-
CKMX U TOIIAUBHBIX CUCTEM aBTOMATHUIeCKOTO PETyAUPO-
BaHMUS, HAIIEAIINX IINPOKOe IpUMeHeHNe B Pa3ANYHbBIX
OTPACASIX TeXHHUKM: aBUall¥isl, aBTOTPAHCIIOPT, MaIlINHO-
CTPOeHUE UT.A, [1].

B oTAnuMe OT KOMIIPECCOPHBIX MAIINH 00 BEMHOTO
AENCTBUA [2], “CCAeAOBAHUIO PAOOUYHNX IIPOLLECCOB 00B-
€MHBIX HaCOCOB ITOCBSIIeHO BeChbMa MaAo PaboT ¥ METOA,
MaTeMaTu4eCKOTO MOAEAMPOBAHUS A pacueTa pabo-
YUX IPOIeCCOB NIPAaKTUUYEeCKU He IpuMeHsaAcs. OCHOB-
HOM IIeABIO pacyeTa HaCOCOB OO'beMHOTO ACHCTBUS IBAS-
eTcs pacyeT KHHEMATUKH, AWHAMUKH, CPeAHEN ¥ MI'HO-
BEHHOU ITOAQUH, a TAK)Ke ee HepaBHOMepHOCTH. OTCyT-
CTBUe UHTepeca K pacueTy pabo4ux IPoIlecCOB HACOCOB
00BEMHOTO AEHMCTBUSI MOSKHO OOBSICHUTE B IEPBYIO OUe-
PeAb MaAOM CKUMaeMOCTbIO JKUAKOCTH U IpUMeHeHueM
B OOABIIMHCTBE CAYYaeB 30A0THUKOBOTO PaCIIPEAEAEHNU .
OAHAKO C HIMPOKUM BHEADEHUEM BBIYMCAUTEABHOHU
TeXHUKH, Pa3BUTHEM METOAOB MaTEMAaTHYECKOI'O MOAE-
AUPOBAHUS U pa3paboTKOM HOBBIX KOHCTPYKITUM HacoC-
KOMIIPECCOPOB, 3apada MOAEANPOBAHUS paboumnx Ipo-
11eCCOB HAaCOCOB 0OBEMHOTO ACYCTBUSA SIBASIETCSI BeChbMa
AKTyaAbHOM.

[Mpu npoBeAeHUH MaTeMaTUU4eCKOTO MOASANPOBAHUSA
paboumnx mpoIeccoB Hacoca OO LEMHOTO ACUCTBUS ITPHU-
MeM CAEAYIOIIVIe OCHOBHBIE AOTIYIIIEHUST:

1. PaGouyee TeAo IpeACTaBAIET COOOM KAlIEABHYIO JKUA-
KOCTb, TIOAUMHSIONIYIOCS 3aKOHY TpeHUs HbioToHa.

2. PactipepeneHne AaBAeHUd B paboueM o6beMe Haco-
ca OAHOPOAHO.

3. AaBAeHUe B ITIOAOCTSIX BCACBIBAHUS U HATHETaHUST
MTPUHUMAEM MOCTOSTHHBIM.

4. Kunetuueckoy sHepruel paboyero oprata B IIpo-
1eccax C>KaTus U paclIvpeHus IpeHebperaeM.

ANST OTIpeAeA€HHOCTH PaCCMOTPHUM IIPOLiecc MaTeMa-
THUYECKOT'O MOAEAUPOBAHUS pabOUMUX IIPOILeCCOB IOPIII-
HEBOTO HacOCa IIPOCTOr0 AUCTBUS (puUC. 1). YIIAOTHEHIE
TIOPIITHS OCYIIECTBASIETCS C IOMOIIIBIO KOHIIEHTPUYHOMN
TAAAKOWU IIIEAM C TMIOABUKHBIMU CTeHKaMu. [IpoBeaeMm
IIOCAEAOBATEeAbHOE PAaCCMOTpPEeHNe MPOIeCCOB ITUKAA
Hacoca 06'bEMHOT'0 ACUCTBUS.

ITpouecc cxaTus.

W3meHeHMe 00beMa paboyeli KaMephbl HacoCa 00yCAOB-
AEHO TpeMs OCHOBHBIMH TPUUYNHAMU: KWHEMATUKOM KPHU-
BOUIUITHO-IIATYHHOTO MexaHnusma (AV, ), yredkamu pa-

N, Ny

0ouero Tenra (ZAVO, ) ¥ ero IpATeYKaMu (ZAVm ). Cym-

i=1 i=1

=
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Puc. 1. CxeMa CTylIeHHU IIOPIIHEBOT0 Hacoca ¢ 0003HaYeHueM
OCHOBHBIX MacCOBBIX OTOKOB

MapHOe u3MeHeHue o0beMa pabouero Teaa B paboueint
Kamepe Hacoca MOKeT OBITE OIIPEASAEHO KakK

N, N,
AI/L‘.?I(.'i = AVKuHi - Z AI/Oi + ZAVni h
i=1 i

1

(1)

rae N, N,—COOTBETCTBEHHO YMCAO CTOKOB W MCTOY-
HUKOB pabouero Teaa.

ITpoBepeM Goree TOAPOOHOE pacCMOTPEHUE YAEHOB
ypaBHeHu4 (1). IaMeHeHne o6beMa pabouero Teaq, ooyc-
AOBA€HHOe IlepeMellleHHeM ITOPIIHA B pabouel Kamepe
HACcoca, MOJKeT OBITH OIPEeAEAEHO KaK

Sh{ . A

AV, .. = 5 sing, + 5 sin 2¢, |wF,At . 2)
rae Sh— IOAHBIM XOA MOPIIHS; ®— YI'AOBas CKOPOCTD
KOAGHYATOTO Bara; F = ndn2/4 — IAOIIaAb MOPIIHS;
A= Sh/2]— oTHOIIEHVE XOAQ TIOPIIHS K YABOCHHO! AAVHE
maryHa; AT=A@/®—3reMeHTapHBIN IPOMEXYTOK
BpEMeHMU.

YMmeHblieHne 06 -eMa pabouero Teaa 3a CUeT yreuek

us3 pa6ot{eﬁ IIOAOCTHU MOJXHO OIIPEACAUTH KaK

S < AM, +AM
ZI:AVOi:Z]:AVOi:(ZS); (3)

w

rae AM, —areMeHTapHasi Macca pabouero TeAa Ipore-
Alllasi yepes3 HEeIAOTHOCTDH BCACHIBAIOIIETO KAalaHa;
AM, — s eMeHTapHasI Macca paboyero TeAd IPOIIeAIIast
yepe3 HeAOTHOCT IIOPUTHEBOTO YIAOTHEHUS,; p,,, — IAOT-
HOCTBb Pabouero Teaa.

YBeandeHHe 06beMa pabodero Tead 3a CUeT IPUTEYeK
ero B paboYyIo IOAOCTb OIIPEAEAUTCS KaK

N,

Y,
i=1

rae AM, — saeMeHTapHasi Macca pabo4ero Teaq, HaTeKa-
eMasl B pabouylo KaMepy depe3 HeNAOTHOCTL HarHe-
TaTeAbHOTO KAAIlaHa.

KoaddpuiineHT 00beMHOr0 cRaTus pabodyero Teaa
OIIPEAECAUTCS KaK

1
=Yar, =2 (4)
i=1 P

w

L1 AV,

ﬁpi.fl_ v, Ap,

(5)

W3 BEIpa@yKeHUs (5) MOSKHO OIIPEAECAUTE IIpUpalleHue
MABAeHUA B paboyeli Kamepe

EAV, .,
A = 1 corci
D, v (6)

Kaxymuics MOAYABb yIPYTrocTy E,, IpUHAMAs 11~
AMHAD KaK y4aCTOK TPYOBI, MOJKeT OBITh OIIPEACACH KaK

(7

rae E,,—MOAYAB YIPYTOCTH JKMAKOCTH; 6 — TOAIIMHA
CTEeHKH IUAUHADA; E — MOAYAB yIPYyTroCTH Marepuasa
HUAUHAPA.

B ToM cayuae, KorAa AepopManielt IMAKHAPA MOKHO
npeHeOpeys, 3HavyeHue £, = E,,.

OAeMeHTapHbIe MacChl JKUAKOCTH AM 1 AM, omipe-
AEASIONIVE YTEUKU U IIPUTEUKY JKUAKOCTHU 4Yepe3 KOHIIEH-
TPUYHYIO KOABIIEBYIO IIIEAb C IOABU)KHBIMU CTEHKAMY,
MOTYT OBITh OIIpEAEAEHBI KaK

1 nd b’
AMS,G =py| =
12 :qun

1
Ap+—v 7d b |AT .
\p 5 UnTn ; (8)

rae d — AuaMeTp IOPINHS; I — AAMHA MOPIIHS; b — paau-
AABHBIM 3a30D MEXKAY IOPIIHEM U HMAUHAPOM; Ap —Ile-
pelaa AABA€HHs Ha IOPIIHE; U — CKOPOCTh MOPILIHS;
Ly, — AMHAMIYECKast BI3KOCTE KUAKOCTH; AT=A¢/ 0 — dae-
MeHTapHBIN IPOME’KYTOK BPEMEHU.

OAeMeHTapHBIe MaCCHI JKUAKOCTH, IIPOIIIEALIINe Yepes
HarHeTaTeAbHBIE U BCachIBalollyie KAQIIaHbl, MOT'YT OBITh
OIlpeAeAeHEBl KaK

AM, = i, 0,+/2Ap - pwAT ; (9)
rAe U, —KO3((pUIMeHT pacxoaa, SBASIOUUNACST QPyHK-
nuen uyncaa PetHOABACE; Ap — Iepenap AABACHUS Ha KAa-
nane; o, = nd,h—IAOIIaAL IPOXOAA B LIEAM KAAIlaHa
(AASI 3aKPBITOTO KAAllaHa 3HaueHue k paBHO YCAOBHOMY
3a30py).

[Tocae onpeperenus Ap,, 3HaYCHHUE AABACHUST PaGO-
4ero TeAd B CAEAYIOIeM Touke i + 1 oIpepeAnTCcsa Kak

D = P; +Ap;. (10)

ITpouecc HarHeTaHUS.

YTeukamMu C’KUMaeMOM )KUAKOCTH Yepe3 IOPIIHEBOe
YIIAOTHEHWE ¥ HEIAOTHOCTH BCACHIBAOIIET0 KAAIIaHa B ITPO-
Ilecce HarHeTaHUs IpeHeOperaeM. B aToM cayuae pacue-
THasi CXxeMa AAS IIpoliecca BCachbIBaHUS N300pa’keHa Ha
puc. 2. Ceuenue I-1 coBMeCcTUM ¢ AHUIIIEM ABUJKYILIETOCS
nopiuH4, a ceuenue [I-II npoBepeM yepes HarHeTaTEAD-
HBIN TPyOOIIPpOBOA,. 3anuiieM A ceuenutt [-1 u II-11 ypas-
HeHue bepHYyAAH, cuuTag pabodee TeAO HECIKUMAEMOM
SKUAKOCTBIO

2 2
oL o,L
ﬂ+z1 +#:&+z2 +—=2 4 Ah + AR+ AL, (11)
pg 2g g 2g
TAe p,, Z,U,—AABACHHE, FeOMeTpHUYeCKas BLICOTA IIeH-
TPOB TSIKECTH U CKOPOCTh JKUAKOCTHU B cedenud I-I; p,,
Z,,0,—MaBAEHHE, TeOMeTPUYeCKasl BEICOTA IIeHTPOB Tsi-
JKeCTH X CKOPOCTE JKUAKOCTH B cevenuu II-1I; o, o, — coort-
BeTCcTByIomKe Kosgdunuentsl Kopuoanca; Ah, Ah,,
Ah, —TOTEepU HAIIOPa 10 AAMHE; IIOTEPU HAIIOPa, 00yC-
AOBAEHHBIE MECTHBIMU COIIPOTUBACHUSIMU; UHEPIIUOH-
Hble IOTepU Hallopa COOTBETCTBEHHO.

IMpumeM, YTO KOOPAMHATHI IIeHTPOB TSXKECTH ceue-
Huti [-1 n II-II BecbMa 6AM3KU MesKAY COOOM U UX pa3HUIla
(z, — z,) IPAKTUYECKU PABHA HYAIO.

3nauenue kospdunuentos Kopuoanca a,, a., Ipu-
HUMas HeCTallMOHAPHBIY XapaKTep U TYPOYyA€HTHEIN pe-
SKUM eT0 TeUeHUs, OIIPEeAEAUM KakK

(12)
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Puc. 2. CxeMa AAS pacyeTa Ipoiecca HarHeTaHus

3HavyeHUe IOTePhb HAopa 0 AAMHE A/, MOKeT ObITh
OIIPpEAEAEHO Ha OCHOBAHUU ypaBHeHUs AupeK-Belicbaxa
CAEAYIOIIUM 06pa3zoM

A =2 LY

d2g' (13)

[Npuuumas Bo BHUMaHue, uTo ceuenue lI-II moxxet
OBLITH PACIIOAOKEHO BecbMa OAM3KO K CaMOAEHCTBYIOIIe-
MYy KAallaHy, TO B popMyae (13) MOJKHO IPUHSTD, YTO

(=S+S, nv=uv; (14)

3HaueHne KO3 PUIMEHTa TPEeHUS 110 AANHE A B 06-
LIIeM CAyYae IBAseTCsT PyHKIen 4ucAa PeHHOABACA 1 OT-
HOCHUTEABHOM IIIePOXOBATOCTH U OIIPEAEASIETCSI COTAACHO
U3BECTHBIM PeKOMeHAAuaM [3].

Torpa

d 2g'

[MoTepwm Hamopa Ipu BHE3AITHOM CY’KEHUU MOTYT
OBITBH OIIPEAEAEHE! IO opMyAe Aapcu

2

-1

2
Y,

Zg;

()

2
Ah, =E2—=

2g \wse (16)

1)
rae €= ﬁ £= 0, /0,—KOdPPUIUEHT CKATUS CTPYH;
®,, 0, ©,— TAOIAAN CeYCHUH; @, — IAOIIAAL CJKATOTO
CedeHMs CTPYH; L, = U,0,/®,— CKOPOCTb ABUKEHHUS
JKUAKOCTH B ceueHun [1-11.

YuuTheIBad, 4To (popMa OTBEPCTUS OKa3bIBaeT craboe
BAUSHUE Ha BEAUUNHY KO3(dUIMeHTa CKaTUs CTPYH,
BOCIIOAB3YyeMCs IPUOAMKeHHBIM BEIpa’KeHueM

£=0,57+ 9,043

Ll-n" (17)

rAen = ©,/®, — CTeIeHb CKATH IOTOKA.

[Tromapb IPOX0OAA JKUAKOCTH @, B PaClpeAeAn-
TEABHOM YCTPOHCTBE OIIPEAEASIETCS €T0 TUIIOM M KOHCT-
PYKTUBHBIMH OCOOEHHOCTSIMU. AAST OIPEASAEHHOCTH B Ka-

AN

<+

f

Puc. 3. CxeMma AAS pacyeTa AMHaMHUKY 3alI0PHOro OpraHa Hacoca

Pi

YeCTBe PACIPEAEAUTEABHOTO YCTPOMCTBA BEIOEepeM
CaMOAEUCTBYIOIIUM KAQIIAH C 3aIIOPHBEIM OPTaHOM B BUAE
TIAOCKOM TapeAKu (puc.3). [IpuHMMasa BIIOAHE CIIpaBeA-
AUBOe AOIIyllleHHe 06 OAHOMAaCcCOBOM IIOCTAHOBKE, yPaB-
HeHUe AUHaMUKU 3alIOPHOT0 OpraHa 3alluIIeTcs B BUAE

2

" dr?

i=4

=215, (18)

i=l

U
>

m

raem, = m, +1/3 m_ —IIpPUBEAEHHAs Macca 3arop-
HOTO OPraHa; m, — MacCca 3allOpHOTO OPraHa; h — Tekyias
BBICOTA ITOABEMA 3alIOPHOTO OpTraHa.

CyMMa AeUCTBYIOIIUX Ha 3alIOPHBIN OpPraH MOXKeT
OBITH OIpepeAeHa Kak

W
i

. F;':FW_an_FC_FG. (19)

i

Cuaa JKUAKOCTH, AeHMCTBYIOIIAsd Ha 3alIOPHBIN OpPraH,
MOJKeT OBITH OIIPEAEAEHA KaK

2

nd
— K .
By == (p = p.)pg;
TAe p, — KO3 DHUIMEHT AGBACHHSI IOTOKA OTIPEAESATETCSI
9KCIIEPHIMEHTAABHBIM IIyTEM U IBASETCS (DYHKIIUEH YuC-

Aa Pettroapaca [4].

Cura yIpyrocTu Ipy>KUHEL F, IPU AMHEeHHON Xxapa-

KTePUCTHKE MOJKeT OLITE OlIpeAeAeHa KaK

(20)

F,=C,(h+h,);

np

(21)

=
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Puc. 4. CxeMa AASI pacyeTa Ipoijecca BcaChIBaHHS

TE UL
1420000 —— —— e e
120000
1030000
820000
BI0000
470000 — |—
200000
p LR

daenavae, [a |

—— Oaenouue, Ma

';|'-'~'|Ji;i.-'l.

o

Puc. 5. I/IHAPIKHTOPHHSI AHlarpaMMa NopumHeBOoro Hacoca

rae h,— BeAMYrHA IPEABAPUTEABHOTO HATATa IPYKUHEI;
C,, — IOCTOSIHHAS [IPY KUHEL

3HavueHUe CUABI Beca 3alI0PHOT0 OpTaHa OIIPEAEAUTCS
Kak

F,=m,_.g, (22)

Cuaa conpoTuBAeHUs F, OopepeAseTcs TpeHueM
pabouero Teaa 0 3aIIOPHBIN OpraH U MeEXaHUYeCKUM Tpe-
HHUEeM 3aIIOPHOTO OpraHa O HampaBAsioiye. Heo6xoanMo
OTMETHTD, YTO BeAUUYMHA I, He3HAaUUTeAbHA U €10 B Ilep-
BOM IIPUOAMIKEHUU MOKHO IpeHeOpeyb.

MuepruonHBle MOTepH HAopa Ah,, yYATEIBAs IPU-
HSITOE BBIIIIE AOITYIIIeHNe, MOTYT OLITh OIIPEASACHBI KaK

Ah,, = (S+8,)%

P (23)

Sh
TAC @ =0 (cosg + 2, c0s2¢) — ycKOpeHMe HOPIIHS; g —
yCKOpeH¥e CBOOOAHOTO IaACHUS; @ — TeKYIIUN YTOA
TIOBOPOTa KOAEHYATOTO BaAd; ® — €TI0 YITAOBAsI CKOPOCTh;
A=S /2] — OTHOIIEeHHWEe IOAHOTO XOAA IOPIIHSA K
YABOEHHOM AAMHE IIATYHQ; S, S| — TeKYIIUI XOA IOPIIHS
U AMHEWHBIN MepPTBEIY 00beM.

Takum 0Opa3oMm, pAaBAeHHE B paboyeli TOAOCTHU B IIPO-
Iecce HarHETaHUsI MOJKeT OLITH OITPEAEAEHO Kak

av!  au!
P =D +(Zl —Zz)pg+p[%—%]+
(24)

+ pg(Ah/ + Ahé + Ahw,) .

I/IAI/I, C y4eTOM IIPUHSATBIX AOHyLL[eHHfI,

v V!
2 1
Di=D,+p 5y +

(25)
+ pg(Ah/ +Ah, + Ahw) .

ITpouecc 0OpaTHOro paclINpeHns.
PacueT mporiecca 06paTHOTrO paclIMpeHUsI aHaAOTU-

YeH pacueTy Ipollecca C’KaTHsI, KOTOPBIM IIOAPOGHO pac-
CMOTpeH BEIIe. BcAepCTBHE 3TOTO, IPEACTaBASIETCS ITe-
AeCco00pa3HbIM MPEACTaBUTh CUCTEMY PACYETHBIX YPaB-
HEHUH AN TIPoIiecca 00paTHOTO PACIIUPEHUS.

N, N,
A me =AY .+ z AV, — z AV,
i=1 i=1
N, M M
ZAVOi — (A , tA 5)
i1 pw
N,
z AV, = AM
i=1 pw (26)
EyAV .
Ap, = Yy
Pin =P —Op;,

ITpouecc BcacblBaHMS.
PacueTHas cxema Iporiecca BCaChbIBaHUS ITPEACTaBAE-

Ha Ha (puc. 4). [[peHebperas npuTeuKaMu pabodyero Teaa
Jepe3 HeIIAOTHOCTU HarHeTaTeAbLHOT'0 KAallaHa U IOPIIIHe-
BOTO YIIAOTHEHUS 3aluIlieM ypaBHeHne BepHyaAn Arst
ceuenus [-I u II-11.

2
Pry, B Py
Pg 2 rg
av} (27)

+i+Ahé +Ah, +Ah,,
2g '



HpI/IHI/IMaﬂ BO BHUMaHV e CAeAAHHBIE BBIIIIE AOITYIIe-
HUA IIPpY pacyeTe IIpoijecca HaroeTauusd, 3HaUeHue AaB-
AC€HUs B pa60qe171 IIOAOCTH HACOCA OIIPEAEAUTCA KakK

v; Y}
D=D, P8l |t
2g 2g
(28)
+ pg(Ahf +Ah, +Ah,, )

3HaueHue BeAWYrH Ah, Ah_n Ah,, onipeAeAsieTcs 1o
paHee N3A0KEeHHOU METOAUKE.

C 1eAblo anpobaIum MPepAOKeHHOM METOAUKY ITPO-
BeAEM pacueT pabovrX IIPOIeCCOB IMOPITHEBOTO HACOCA,
HMEIOIIET0 CACAYIOIINE OCHOBHEIe TapaMeTpsl: d =0,155 M,
Sh=0,09M, p,_=0,1 MIla; p.=1MIla, p_ =0,1 MIla,

BC H K
1 =0,15M; n .=300 06/Mus; h =h =0,01;
n , “T0o6 max H max BC
h =0,01m;d =0,2;,d _=d__=0,1MDb=0,0001m.
max BC H KABC KAH

AAs IpOBeAeHUsT pacueTa Oblaa pazpaboTaHa IIpo-
rpaMMa, PeaArn3yIomast pacueT IIUKAA ITIOPIITHEBOrO Haco-
ca ¥ onpepeAeHre OCHOBHBIX €T0 XapaKTePUCTUK (00b-
€MHOT0 K.II. ., THAUKAQTOPHOM MOIITHOCTH U paboTHL, KO-
puneHTa HEPaBHOMEPHOCTHU IOAQUU U T.A,.).

PaccunranHas HHAMKATOPHAs AarpaMMa IIpeACTaB-
AeHa Ha puc. 5. ConocraBAeHHE TPEACTaBACHHON UHAU-
KaTOPHOM AMarpaMMbI C MTHAUKATOPHBIMU AMaTPaMMaMU,
TIOAYYEHHBLIMH JKCIIEPUMEHTAABHBEIM IIyTeM APYTUMU
WCCAEAOBATEASIMU, TTO3BOAUAO BBISIBUTH UX KQUEeCTBEHHOE
COBHIIAAEHHE.

YK 621.65
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A. . BOJIWUTIHCKMM

OMCKHMH roCyAapCTBEHHbIM
TeXHHYECKMM YHMBEpCHTET

NMPOEKTUPOBAHME NMPAMO3YBOIO
POTOPHOIO HACOCA

PaccmatpMBaeTcsl HOBasi KOHCTPYKUHMSA npﬂM03y6oro Hacoca o6beMHoro AEMNCTBHUS,
cocToqlero M3 poTopa cnpssmbiMm 3Y60M, LWMIMHAPA U 3aMbiKaloLero AMCKa, Bpallalouierocsa
CMHXPOHHO c poTtopoM. NMpuBoanTCca MeToaMKa onpeaeneHus nNpodunsa oTBepCcTUs B
3aMbIKaloLeM AMCKe AaHHOro Hacoca. YCTaHaBNnMBaeTCs 3aBUCMMOCTDb NIOLLaAHM OTBEPCTUS

OT yrjia noBopoTa poTopa.

KniouyeBble cnoBa: ruapaBnMyecKas MallMHa, MallMHa ob6bemHOro AEMCTBHS, YKMAKOCTHbIN

Hacoc.

B HacTosimiee BpeMs B TEXHUKE IIPUMEHSIETCSI OOAD-
11oe pa3HooOpa3nue HAaCOCOB OOBEMHOTO AeUCTBUL.
Hacochl AaHHOTO TUIIA UCIIOAB3YIOTCS B CUCTEMax IIUTa-
HUS paKeTHEBIX ABUrateaei, cma3ku ABC u kommpecco-
POB, B METAAAOPESKYILINX CTAHKAX U T.A,. [1]. OTu Hacock
110 BUAY ABM)KeHU I pabo4yero opraHa KAaCCU(pUIIUPYIOT
Ha BO3BPATHO-IIOCTYIIaTEeABHEIE, POTOPHO-IIOCTYIIaTeAD-
HBIe M POTOPHO-BpamareAbHsle [2]. KOECTPpYKTUBHOM
0COOEHHOCTbIO TIOCACAHUX SIBASIETCS HAAMUUE AUITEL BPa-
1JaTeABHOTO ABIJKEHMS AeTaneli pabouero opraHa. BBuay
3TOTO B HaCOCaX AQHHOTO THUIIA IOAHOCTBIO YCTPaHEeHO
OrpaHUYUTEABHOE BAUSHUE Ha PaboTy MHEPIIMOHHBIX
CHA Y3A0B HacOCa (MCKAIOYAst OTPAHUIUTEABHOE BAUSTHYIE
WHEPIMOHHBIX CUA JKUAKOCTH).

CymecTByeT HECKOABKO OCHOBHBIX BUAOB POTOPHO-
BpalllaTeAbHBIX HACOCOB: 3yOUaThle, BUHTOBBIE, KyAQUKO-
BBI€, @ TAK’Ke HaCOCHI C 9KCIIEeHTPUYHBLIM BHITECHUTEAEM.

Hawnboaee mpocThIMY, HAAEKHEIMU U ACTIIEBEIMU B U3T0-
TOBAEHUM SBASIOTCSI 3y04aThle HACOCH], B CBSI3U C 4YeM
OHM HaXOAST HanuboAee IIMPOKOeE pacipocTpaHeHue [3].
PaccmaTpuBaeMbIli B A@HHOM paboTe pOTOPHBIN HacoC
C IPSMBIM 3yOOM IO OTHOIIEHUIO K ADYTUM 3yOUaThIM
HacocaM 0OAAAQeT CACAYIOIIUMHA IPEUMYILIIEeCTBAMU: OH
OOAee IPOCT B U3TOTOBACHHUH; 00AAAAET OOABIINM peCy-
pcoM, 6AAropapsi TOMy, YTO He UMeeT TPYIUXCS IIOBEp-
XHOCTel B pabouel Kamepe; a TaKKe IIPU OAHAKOBBIX
C APYTUMU THUIIaMU 3yO4YaThIX HACOCOB MaccorabapurT-
HBIX IapaMeTpax uMeeT 60Aee BEICOKYIO IPOU3BOAUTE-
ABHOCTE [4]. [IpuHIMINaABHASA CXeMa AGHHOTO Hacoca
npeACTaBAeHa Ha puc. 1, 2.

Hacoc cocTouT 13 nAacTUHHI 1 C IMAUHAPOM 2, B KO-
TOPOM KOHIIEeHTPUYHO pa3MellleH OCHOBHOM POTOP 3 C BHIC-
TynoM 4. Hapys>KHas IOBepXHOCTb BEICTYIIA 4 ©UMeeT pa-
AUYC, PaBHBIM papuycy nuAnHAPa 2. OcHOBHOM poTop 3
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Puc. 2. CeueHne o ocui OCHOBHOTO poTopa

YCTaHOBAEH HEIIOABUIKHO Ha IIPMBOAHOM BaAy 5, HAIIpU-
Mep, C IIOMOUILIO IIIIOHOYHOTO COepAmHeHus. Luann-
Apudeckas IOBepPXHOCTb OCHOBHOTO poTopa 3 oOpa3yeT
C TOPLIeBOM TOBEPXHOCTBIO BCIIOMOTaTeABHOI'O pOTOpa
6 repMeTUYHbIN 6€CKOHTAKTHBIM CTHIK. OCHOBHOM U BCIIO-
MOTATEABHBIN POTOPHI 3 ¥ 6 pa3MellleHbl TAKUM 00pa3oM,
YTO MX OCHU CKPEIIMBAIOTCS, ¥ IMAOCKOCTH BPalleHUs
BCIIOMOTAQTEABHOI'O POTOPa 6 HaXOAUTCS oA yraoM 90°
K IIAOCKOCTH BpallleHUsI OCHOBHOTO poTopa 3. Top1eBas
TIOBEPXHOCTH poTopa 6 ob6pallleHa B CTOPOHY ITUANHAPA
2 11 pacnoAo>KeHa OTHOCUTEABHO OCH BpallleHUs poTopa
3 Ha paccTOSHUY, PaBHOM ero papuycy. Potop 6 nmeer
BIIQAMIHY 7 AAST pa3MelleHus B Hel BeICcTya 4 poTopa 3
U JKeCTKO CBA3aH ¢ BaroM 8. C pOHTAABHON CTOPOHBL
IUAUHAD 2 CHaO>KeH KPBIIIKOHY 9, B KOTOPOM pacIioAo-
>KeHO BcackIBalollee okHO 10 1 HarHeTaTeAbHBIN KAa-
naH 11. 3y6uaToe 3anenrenue 13 — 14 CAY>KUT AT CUHX-
POHM3AIMU BpallleHus IPUBOAHOTO BaAa 5 poTopa 3 1 Ba-
Aa 8 poropa 7. Bce aneMeHTHI Hacoca KpensaTcs K KOp-
nycy 12.

Hacoc paboTaeT caepytomuM o6pasoM. [1pu Bpaiie-
HUU poTopa 3 10 YaCOBOY CTPeAKe (pHUC. 1) mepea BEICTY-
oM 4 o6pa3yeTcst 00AACTh CoKaTUsI-HarHeTaHUs, a [103a-
AM BHICTYyIIa 4 — 00AACTh PaCUIUPEHUA-BCACEIBAHUA.
B To >xe BpeMst HMIKHSIS TOpIieBasi IOBEPXHOCTE POTOpa
6 oOpa3yeT repMeTHUYHBIN CTHIK C JUANHAPUUYECKOU
TIOBEPXHOCTBIO OCHOBHOTO POTOPAa 3 ¥ OTCEKaeT IIOAOCTh
pacIINpeHNsI-BCaChIBAHMS OT IOAOCTH CKaTUsg-HarHeTa-
Hus1. OOBbeM IOAOCTH CoKaTHsI-HarHeTaHUs IIPYU BpallleHu!
poTopa 3 YMeHBIIIaeTCsI, HaXOASIIAsICS B 9TOU IIOAOCTH
KUAKOCTE C’KMMAaeTCsI ¥ BEITECHSIETCSI Yepe3 HarHeTaTe-
ABHBIM KAAlaH 11 moTpebuTeAto, a M03aAX BEICTYTIA 4, IO
Mepe BpallleHUsl poTopa 3, IPOUCXOAUT YBeAUUeHHe

m IIOAOCTHU pAaCIIUPEeHUsi-BCACbIBAHNA.
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Puc. 3a. [IpopurnpoBaHue 0oTBEpCTUS BO BCIIOMOTaTEABHOM
poTope ¢ = 0°: a)BUA criepeAr; 6)BUA CBEPXY

a)

Puc. 36. IIpopurnpoBaHue 0OTBEPCTHUS BO BCIIOMOTaTEAbHOM
potope ¢ =20°

i)

Puc. 3B. IIpohurnpoBaHne OTBEPCTUSI BO BCIIOMOTaTEABHOM
porope ¢ =40°

INpu parbHeMNIIEM BpallleHUU POTOpa 3 BEICTYI 4
IIepeKPHIBAET OKHO HarHETAaTeABHOTO KAaNaHa 11, 1 ox
3aKPEIBAETCS B CBS3U C TEM, YTO IMOCTYIIACHHE K HEMY
SKUAKOCTHU IIOA AQBACHUEM IIpeKpalllaeTcsl. 3aTeM BBICTYTI
4 BXOAWUT BO BIIAAWHY 7 BCIIOMOTATEABHOTO pOTOpa 6.



Puc. 4. IIpodunrs orBepcTus
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Puc. 6. 3aBUCHUMOCTH NAOIIAAY OTBEPCTHS OKPYIXK. 3y0 OT yraa nopopora:
AHaMeTp OCHOBHOro poropa 134 MM, mupuHa poropa 16 MM, BeicoTa 3y06a 17 My,
paccTosiHue OT OCH BCIIOMOTaTeABHOIO POTOPa A0 OCHOBHOIO poTopa 67 Mm

I[Tocare IPOXOXAEHUS BBICTYIIOM 4 BIIAAUHEBL 7 3TOT
BBICTYII IepeKpPBIBAET BCcacklBarolee oKHO 10, mpomecc
BCACBIBAHUS IIPY 9TOM Ha BpeMsI IPeKpallaeTcs, a JKUA-
KOCTB IIepeA BEICTYIIOM 4 HaUMHAaeT CKUMAThCS. Aanree
IIUKA pabOTHI IOBTOPSIETCH.

[MpobaeMo cO3AAHNS TAKOT'O HACOCA IBASIETCS OIIpe-
AeAeHHe ONITUMaAbHOM (hOPMEBI OTBEPCTHS BO BCIIOMOTa-
TeAbHOM poTope. [Tromaab 3TOro OTBEepCTHS (BIIAANHEI)
AOASKHA OBITb MUHUMAaAbHOU, YTOOBI IPU IIPOXOKACHUN
yepes Hero 3y0a poTopa 3 3a30pEI MesKAY 3yOoM 4 1 BIla-
AWHOM 7 TaK)XKe OBLIAM MUHUMAABHBI. DTO HEOOXOAMMO
A yBeAarmdeHust oobeMHoro KIA Hacoca, Gaaropapst yMeHb-
LIIeHUIO IlepeTeueK pabodyel JKUAKOCTU MeKAY IIOAOC-
TSIMU ITUAWHADA.

AN IPO(PUAUPOBAHYS BIIAAVHEI 7 IPUMEHSeTCS CAe-
AyIolllas METOAMKA IOCTPOoeHu (puc. 3, 6, B). Ha 3apan-
HBIX PACCTOSTHUSX APYT OT APyTa B ABYX IIAOCKOCTSIX (BUA,
«a» U BUA «0O») CTPOATCS OCHOBHOM U BCIIOMOT'aTEeABHBIN
POTOPBHIL. 3a HauaAbHOe ITOAOKeHNe 6epeTcsi MOMEHT Bpe-
MeHH, KOrAa 3y0 OCHOBHOI'O pOTOPa HAXOAUTCS B Kpau-
HeM BepxHeM ITOAO’KeHUM. Ha Buae «a» onpepeasieTcs
MWHUMAaABHOE OTBEPCTHE IIOA BBEICTYII OCHOBHOTO PO-
Topa. DTO OTBePCTHE IpoelupyeTcs Ha BUA «6». [Tocae
3TOTO OCYIIECTBASIETCS IIOBOPOT OCHOBHOT'O POTOpPa Ha

1 rpaapyc B CTOPOHY BpallleHUsI OCHOBHOT'O poTopa (IIo
YacOBOM CTpeAKe). Aaree Tak >Ke B HallpaBAEHUU ABU-
SKEeHUsI OCHOBHOTO POTOPA BPAI[aeTCs ¥ BCIIOMOTaTeAb-
HBIM POTOP, IPUYEM OTBepCTHe, 0Opa3oBaHHOE IIpe-
ABIAYIINM IIOAOJKEeHHeM 3y0a, TI0BOpPauyUBaeTCsI BMeCTe
CO BCIIOMOTATeABHBIM POTOPOM Ha 1 rpaayc. B panHOM
TIOAO’KEHUU CTPOUTCSI OTBEPCTHE II0A 3Y0 Ha BUAE «a»
cliepeAr TaKUM >XKe 00pa3oM, Kak U B IEPBOM ITOAOKeE-
HUY, ¥ IPOePyeTCd Ha BUA «O». Aaree OCYIIeCTBASIOTCS
aHAAOTHYHEIE IIOCTPOEHMS IIPY BPAIlleHUY POTOPOB C IT1a-
TOM B OAMH I'PAAYC, TOKa 3y0 He BBIMAET U3 BCIIOMOTaTeAb-
Horo poropa. Ha (puc. 3a, 6, B) mpoeknuu 3y6a Ha BUA
«6» CTPOUAUCH Yepe3 Ka’kAble 5 TPapyCcoB IIOBOPOTA
POTOpPOB.

Aanree oba poTopa co BCeMH IIOCTPOEHUSIMU BO3BPa-
IIAIOT B HaYaAbHOE IOAOJKEHUE U, IIOAB3YSIChH BEHIIIe-
TIpUBEeAEHHON METOAUKOM, IPOM3BOAAT IOCTPOEHMS B Ha-
TIpaBA€HUHU IPOTUB YaCOBOM CTpeAKH. B urore nmoayua-
eTCsI HeOOXOAUMBIY IIPO(PUAL OTBEPCTUS (PHUC. 4).

B meaax npoBepKu IPAaBUABHOCTHU IIOCTPOEHUM OBIA
CKOHCTPYHMPOBAaH MaKeT Hacoca. Bo BcnoMoraTeabHOM po-
TOpe OBINO BEITTOAHEHO OTBEPCTHE C TPOPUAEM, TOAYIEH-
HBIM B Pe3yAbTaTe IIOCTPOEHUM U C TeMU JKe pa3zMepaMy,
KOTOpEle OBIAM UCIOAB30BAHBI IPU NIOCTPOEHUU. AAS
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TOTO 9YTOOBI HAOAIOAATH 3@ IPABUABHOCTEIO OIIPEASAEHUS
IPoUASI OTBEPCTHSI, BO BCIIOMOTaTeABHOM POTOPE OBIAO
BBITIOAHEHO CKBO3HOE OTBEpPCTHE, B AeMICTBUTEABHOM
Hacoce OTBepCTHe OYAeT TAYXUM. MoAEeAb MaKeTa IIpeA-
CTaBA€HA Ha PHUC. 5.

MaxkeT cocTouT u3 Kopuyca 1, DTuAMHApaA 2, IpHU-
KPEIAEeHHOI'0 K KOPITYCY BEAYIIIeTO BaAd 3, HA KOTOPBIN
C IIOMOIIIBIO IIITIOHOYHOT'O COEAMHEHUS YCTaHaBANBAETCS
BCIIOMOTATEeABHBIN POTOP 4, BEAOMOT0 BaAa (Ha pUCYHKe
He ITOKa3aH) Ha KOTOPBIM yCTaHAaBAUBAETCSI OCHOBHOMU
poTop ¢ IpsAMBIM 3yOoM. BpallleHue ¢ Bepyllero Ha
BEAOMBIN BaA IIepepaeTcs IIOCPEACTBOM KOHUYECKOU
3y0uaToy Nepepayu (Ha pUCYHKe He II0Ka3aHa) C Iepe-
AATOYHBIM OTHoOLIeHHeM 1:1. Bo BcmoMorareAbHOM
poTope 4 OLIAO BBHIIOAHEHO OTBEPCTHE HeOOXOAUMOM
OpMBI, TOAYUEHHOM NPHU BHIIIENIPUBEAEHHBIX IIOCT-
poeHUAX. B pe3yabpTaTe MaKeTHPOBAaHUS OBIAO yCTa-
HOBAEHO, UTO ITIOAYYEHHOE OTBEPCTHE OIITUMAABHO, ¥ IIPH
MIPOXO>KAEHUHU Yepe3 Hero 3yda OCHOBHOI'O pOTOpa MUHU-
MaABHEI pa3Mephl OTBEPCTHUS OKPY’KaloIero 3y0.

BBuAY TOrO, 9TO B AQHHOM HacoCe B MOMEHT BXOJKAe-
HUs 3y6a OCHOBHOI'O POTOPa BO BIAANHY BCIIOMOTATEAb-
HOI'0 POTOpPAa U Ha IIPOTSAKEHUHU BCEro IIyTU 3y0a B 3TOU
BIIAMHE UMEIOT MEeCTO IIOAOCTH, OKPY KaroIllxe B AQHHBIN
MOMEHT BpeMeHHU 3y0, He0OOXOAMMO OBIAO IIOAYUYUTE 3a-
BHUCHUMOCTDb U3MeHEeHHUsI TAOIIaAY IPOXOAHOTO CeUeHUs
OKpYy’Karollero 3y0, OT yraa IOBOPOTa OCHOBHOTO PO-
Topa S=f(¢p).

3aBUCUMOCTE OIIPEAEAINACEH CAEAYIOIINM 00Pa30oM:
Ha BUAE «a» (pHUC. 3a) OBIAM IOCTPOEHEI ABa POTOP&, TAKUM
>Ke 00pa3oM, KaK U Ipu NPOPUANPOBAHUU OTBEPCTHS.
Ha Bupe «6» 6BIA IOCTPOEH BCIIOMOTATEABHBIN POTOP
C IOAY4YeHHBIM paHee OTBepCcTHeM. Aaree 10 XOAY ABU-
>KeHUsI pOTOpa OBbIAY OTIpeAEAEHBI IPOEKINHK 3y0a OCHOB-
HOTO pOoTOpa Ha BrAe «6» B 3aBUCUMOCTH OT yTAd ITIOBO-
poTa poTOpPa; IOCAEe Yero OBIAM IIOCUYUTAHBI IIAOIIAAN

KHUW)XHOS NnOAKQ

621.91/C77

OTBEPCTUM BOKPYT IIPOEKIMHU 3y0a Ha BUAE «O» B 3aBUCH-
MOCTH OT yTAa IOBOPOTa POTOpA U yCTAaHOBAEHA 3aBU-
CUMOCTB, TpadpMK KOTOPOM IPEACTaBAEH Ha puUc. 6.

Ha rpaduke noka3aHo, KaK MeHSeTCSI MAOUIIAAb
CedeHmMs1, OKPYIKAIOIero 3y0, B 3aBUCUMOCTH OT YIAQ ITOBO-
pota poropa ot 0 po 360°. 3a HauaAbHYIO TOUKY ¢ =0,
IIPUHST MOMEHT, B KOTOPOM 3y0 OCHOBHOT'O pOTOpa
HaXOAUTCS B KpaliHeM BepXHeM IIOAOKEeHUU.
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ITo pe3yAbTaTaM AUCAOKAIIMOHHOTO aHAAN3a Ha CYOCTPYKTYPHOM YPOBHE IIPEAAOKEHA HOBAsT (PU3UIECKasi TPAKTOB-
Ka [Tpoliecca pe3aHus MaTepUarOB KaK UX YIIPABASIEMOTO Pa3PYIIEHHUs C IPEAIIECTBYIOIIEH TAACTUIECKOM Aedop-
Manuen. C eAMHBIX QU3NYECKUX TO3UITUY PACCMOTPEHEI OCHOBHEBIE BOIIPOCHI TEOPHUY PE3aHUs: peakIiius oopaba-
TBIBAEMOT'O ¥ ”HCTPYMEHTAABHOT'O MaTepHaroB, GOPMUPOBAHNE CBOMCTB IIOBEPXHOCTHOI'O CAOS A€TaAl, 00pabaThI-
BaeMOCTb Pe3aHUEeM, METOABI MHTEHCU(PUKAIINY, & TAKKE AeTEPMUHUPOBAHHON U CTOXaCTUYECKOM OIITUMU3AIUH.
COAEPIKUTCS MHOTO IIPUMEPOB IIPAKTUIECKOM Pearr3aliuy TeOPETHIECKUX IIOAOKEHUH U Pa3paboTaHHBIX METOAUK
ONTUMH3AINK 00PaGOTKHU pe3aHueM AeTarel U3 TpyAHOOOpabaTEIBaeMbIX MaTEPHAAOB.
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TepMopeaKTHBHbIE IOANMePHbIe KOMIIO3UTHI B MalIMHOCTPpoeHuM [TekcT|: MoHOorpadusa / A. H. BoOpsrles [1Ap.];
nop pea. A. H. BoopsimeBa. — Crapsiit Ockoa: THT, 2008. — 149 c.: puc., Taba. — (ToHKUEe HayKOeMKUe TeXHOAOTUH). —
Bubaunorp.: c. 145-149. —ISBN 978-5-94178-170-6 .

B MOHOFpaq)I/II/I paccMaTpUuBaeTCA KOMIIANEKC I/ICCAeAOBdHI/Iﬁ IIOAMMEPHBIX U METAANWYECKUX KOMIIO3UTOB, BKAIOYA-
IOH.H/II;I Pa3ANYHBIE METOABI dHAAK3A COCTaBa U CTPYKTYPBI, METOABI UCTBITAHUU TEXHOAOTMYECKUX CBOUCTB U KOHTPOAA
IIponeccoB Hepepa60TKH KOMIIO3HUTOB B U3AEAHA. AHdAI/ISI/IpYIOTCH AeMHq)I/IpyIOLHI/Ie q)I/IBI/IKO-MeXaHI/I‘IeCKI/Ie CBOMU-
CTBA IIOAMMEPHBIX KOMIIO3UTOB C IIO3UIIUHU HOBOU Hay‘-IHOfI AVUCHOUIIANHEBI — CUHEPreTUuKU.

,A/\}I HAYYHBIX 1 UTHXKEHEPHO-TeXHUUIECKUX pa6OTHI/IKOB, 3aHUMAIOMINXCSI U3ydeHneM 1 pa3pa6OTKOI>II KOMITIO3UTHEIX
MaTepHaAOB, ACIMPAHTOB U CTYACHTOB BYy30B MAITMHOCTPOUTEABHBIX 1 CTPOUTEABHBIX CHeHHaALHOCTefI.
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T. A. BAXHEHKO

OMCKHMH roCyAapCTBEHHbIM
TeXHHYECKMM YHMBEepCHTET

SKCMNMEPUMEHTAIJIbHOE ONNPEAEJIEHME
UCTEYEHUSA TA3A B NCEBAOMNOPUCTDLIX
NMATATENAX TA3BOCTATUHECKOIO
NMOABECA MNOPLLUHA

B cTaTbe pacCMaTPMBAETCSsl TeYEeHHe ra3a B MAOCKMX NCEBJONOPHCTLIX MMTATENsIX Fa30BOro
nopaeeca NoplLuHs, 06pa3oBaHHbIX NPM KOHTAKTE pearbHbIX LePOXOBATbIX MOBEPXHOCTEN.
Moka3aHo, YTO NyuLIMe XapaKTePHMCTHMKM MO PABHOMEPHOCTH MCTEHEHHSI MMEIOT NOBEPXHOCTH,
LWEepPOXOBATOCTH KOTOPbIX NONyYeHbl Na3epHbIM obnyyeHuem. NMpueeaeHbl NPocTble
3aBUCMMOCTH, NO3BONSIIOME B NEPBOM NPUONMIKEHMM OLLEHUTb CPEeHMIH 3a30p Mexay
CXKaTbIMM LUIEPOXOBATbIMM MOBEPXHOCTSIMM.

KniouyeBble cnoBa: ra3ocratMyeckmMi noaBec, nopmHeBoﬁ KoMnpeccop, ra3oeas CMa3Ka.

OpHUM U3 HauboAee MepPCIeKTUBHBIX BapUAHTOB
CO3AaHUs HEeCyIIero ra30BOr0 CAOS B Fa30CTaTUYeCKUX
TIOABECAX SIBASIETCSI UCIIOAB30BAHMUE II[eAEBBIX TUTaTeASH
B KQUeCTBe OrpaHNYNTEeAeH pacxopa pabodero Teaa [1],
KOTOpPBIE MOTYT OBITH BBIIIOAHEHBI B BHUAE IIEAEH,
00pa30BaHHLIX IPU KOHTAKTe IMAOCKUX IIEePOXOBATHIX
IIOBEPXHOCTEN (ICEeBAOIIOPUCTEHIE TUTaTeAu) [2]. Pacuer
PacXOAHBIX XapaKTePUCTUK TaKUX OrpaHUUYMUTeAel
CAOJKEH B CBSI3H C TEM, UYTO B AUTEPATYpPE HET AQHHBIX 110
ONIPEAEAEHUIO CPEAHUX 3a30POB MEXKAY PEarbHBEIMU
KOHTAKTUPYIOIIUMY IIOBEPXHOCTSIMU (METOA CO3AQHHUS
IIOBEPXHOCTH, TapaMeTPHI IIePOXOBATOCTU U T.A.).

TakuM oOpa3oM, NCCAEAOBAHHE peaAbHBIX PACXOA-
HBIX XapaKTePUCTHUK IICeBAOIIOPUCTHIX IUTaTeAEeH, 1 0CO-
6eHHO HepPaBHOMEPHOCThL UCTEYEHUS ra3a 110 OKPYK-
HOCTH IIleAel, IBAIeTCS aKTyaAbHOU 3apauel.

HccaepoBanme pacXOAHBIX XapaKTEPUCTHK, IIPEKAL
BCero, Tpe0yeT u3MepeHUs PaCX0AA ra3a, HCIIOAb3yeMOro
B onbITax. O4ueBUAHO, UTO IPU TeUEHUU ra3a ero CeKyH-
AHBIN PACXOA AOAJKEH OBITh AOCTATOYHO OOABIINM, YTO-
OBl eT0 MOJKHO 3a(DMKCHPOBATH, T.K. AOCTATOYHO TOUHOE
U3MepeHMe O4eHb MAABIX PACXOAOB rasa (Meree 0,1 cm®/c)
IIPEeACTaBASIET U3BECTHEIE TPYAHOCTH. B TO JKe Bpems 5ke-
AaTeAbHO, YTOOBI AMAIla30H pacxopa rasa OBIA AOCTa-
TOYHO Y3KUM, YTOOBI €T0 MOKHO OBIAO U3MEPSITh OAHUM
BBIOPAHHBIM CIIOCOOOM U MCIIOAB30BATh AAS 9TOTO OAUH
METOA. AAST 3TOTO, IIPESKAE BCEro, He0OOXOAUMO BEIOPATH
AMAIa30H IIepelajz0B AABAEHUS M IAOTHOCTH I'a3a, a Tak-
>Ke HamboAee BePOSITHELIE Pa3MepHI I[eAN ITUTATEeA .

W3BecTHO, YTO PacxoA rasa uepes IjeAb IMUTATEeAS
IIpOINOPIIMOHaAeH KyOy 3a30pa IIeAr, AhaMeTPY AUCKOB,
00pa3yIoniux IieAb, Pa3HOCTH KBAAPATOB AABA€HUM Ha
BXOAE ¥ BEIXOAE U3 IIIeAV, ¥ 00PaTHO IPOIIOPIIMOHAABHA
AAVHE IIIeAH, T.e. PA3HOCTH MeKAY HapY>KHBIM 1 BHYT-
PEeHHUM AaMeTPOM AVCKA ITUTATEAS.

B nepBoM IpUOAUIKEHUN MOJKHO CUUTATh, YTO 3a30D
1jeAr, 06pa30BaHHOM MMapOM IIePOXOBATHIX TOPIIOBLIX
IIOBEPXHOCTEeM NPU UX KOHTAKTe paBeH YABOEHHOU
BeanumHe Rz. Ha BEIXOAE U3 IITeAr MOKHO UCIIOAB30BaTh
aTMocdepHOe A@BAEHHE, YTO N36aBUT OT HEOOXOAMMO-
CTH €T0 TOYHOTO U3MEePEeHNs], @ Ha BXOAE B IT[eAb — A@BAe-
HHe OT MUHUMaABHO IIPEBHIIIAIOIeTro aTMochepHoe A0
A@BAEHUS NOpsipAKa 3 —4 6ap, YTOOBI He OBITH CBSI3aH-
HBIMU C U3TOTOBAEHHEM CAOKHBIX YIIAOTHUTEABHBIX y3-
AOB. AASI I3MEPEHUs PacX0Aa ra3za yA0OHO MCIIOABL30BaTh

MEepPHBIY CIOCO0, KOTOPBIM AETKO OPTaHU3YeTCs ITyTeM
BBITECHEHUS BEIXOAAIITVM U3 IIIEAU BO3AYXOM JKUAKOCTH,
HAXOAAIIENCS B TEPMETUYHOM COCYAE, U U3MEPEHUEeM
PacxXoAa 9TOM >KUAKOCTHU B MEPHYIO EMKOCTE. B 3TOM CAY-
4Jae KPUTUYHBIM, C TOYKY 3PEHUS IOIPEITHOCTH METOAQ,
SIBASIETCSI BEAWYMHA MEPHON eMKOCTH, IleHa ee AeAeHUS U
TOYHOCTb YCTPOMCTBA A U3MEPEHNS BpEMEHMU.

[Toaaras IieHY AGAEHUSI eMKOCTH 1 MA U ee 06beM
300 — 500 M, 11eHy AeAeHUSI OOBIYHOTO CEPUMHOIO CEKYH-
poMepa 0,2 c 1 cyMMapHYyI0 IOTPeIHOCTL MeTOAQ He 6oaee
5 % pu MaKCUMaAbHOM PacXOA€ ra3za (MaKCMMaAbHBIHN
repernajp AABA€HUS, 3a30p MeXAy Auckamu 20 MKM,
TeMIleparypa Bo3ayxa 293K), uCnoab3ysa QOPMyAY AAT
TEYEHUS Yepe3 rAaAKYIO IIEAD B BUAE

:ﬂ(Dn+d,-,)~5,3”(P,27—Pj) 1
Ill 24u'R.TCT(Dﬂ7d17) ' (1)

TAE MLu — MAaCCOBBIM PACX0A rasa yepes meab, Dynd —
COOTBETCTBEHHO OOABIINM ¥ MEHBIINN AUaMeTP UCIbI-
TBIBA€MBIX AMCKOB C II€POXOBATBIMHU TOPIIOBLIMU
[IOBEPXHOCTSIMH, 6, — 3a30p MEXKAY AUCKaMu, 00yCAOB-
AeHHBIMH HX IIepOX0BAaToCThIO, P, u P, — cooTser-
CTBEHHO A@BAEHUE Ha BXOAE B IIJeAb 1 Ha BLIXOAE U3 Hee,
U — AMHaMHu4ecKas BSI3KOCTb, R —ra3oBast mocTossHHAs,
T, — TeMIlepaTypa MOBEPXHOCTEH AN, IIOAYIHUM, YTO
MO>KHO HCHBITHIBATH KOHTAKTUPYIOIIHe IO TOPI[OBOM
ITOBEPXHOCTH AUCKH C BHYTPeHHUM Auamerpom d ;= 30
MM 1 Hapy>KHBIM AnameTpom D, =60 M. B 3TOM cayuae
HOMUHAABHAS MAOIIAAb KOHTAKTa MEXAY TOpIjaMu
AHMCKOB COCTaBUT A, = 21,195 cmz

JaHHOe ypaBHeHIe PacX0Aa depe3 ICeBAOIIOPUCTHIN
nutateAb 'CIT moaaraeT pomyljeHne o6 M30TepMude-
CKOM 1 6e3UHePIIMOHHM XapaKTepe AaMIHapHOTO Tede-
HUS ra3a uepes [IeAb, B CBSI3U C YeM BCTaeT BOIIPOC O IIpe-
AEABLHOU BBEICOTE IJeAM NIPU MPUHSITON BEAWYNHE IIe-
pemnaaa AaBAEHHM, KOTOpast MOJKeT y4acTBOBATh B 3KC-
nepuMeHTax, obecreunBas IPUMEHUMOCTD YIIOMSIHYTBIX
ponymeHnuit. Tak, HanpuMep, aBTOPHI [3] AalOT peKOMeH-
DAY, B COOTBETCTBUY C KOTOPBLIMY ITPY HU3KUX U CPEA-
HUX AABAEHUSIX TaPaHTUPOBAHHO TAKOW PE’KUM HCTeUe-
HUST AOAJKEeH HAOAIOAAQTHCS IPU OTHOUIIEHUYW BBICOTEHL
1IeAH K ee pAArHe He MeHee 500. OTOT pe3yAbTaT MOAY-
YeH UMM SKCIIepUMEeHTaAbHO. ABTOD [4] aHaAUTUYEeCKHT

=
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pacrpezeneHus
JIaBJICHHS B 3a30pe
nUTaTens

LIEPOXOBATHIX |
MOBEPXHOCTEH |

Puc. 1. CxeMa KOHTaKTa HMIEPOXOBAThIX IOBEPXHOCTEN AUCKOB,

0o0pa3youmux IICeBAONOPUCTHIN MUTAaTEAb, U BOSHUKHOBEHUS

Hecyei crioco6HocTH (peaknuu ra3oBoro caos) W, NA0CKoi
KPYTAO¥ ra30Bo¥ onope, 06pa30BaHHOM B 30He KOHTaKTa

TIOKAa3bIBAET, YTO AAMUHAPHEIN PEKUM UCTEUeHUS Yepes
IIeAb FapaHTUPOBAH, ECAY COOAIOAAETCSI CACAYIOIIEee yC-
AOBUE (B00OO3HAUEHUSAX AQHHOU PabOTHhI):

Py 1+12-y~0,5(Dn —d,)Nk-R-T

£, P8y '

(2)

rae k — mokasaTeab apAuabaTHL.

PacueTsl, cAeraHHEBIE C UCIOAB30BaHUEM AQHHOTO
YPaBHEHMUS, AAAU BO3MOJKHOCTb CAEAATh BBIBOA O TOM,
YTO BO BCEX CAyUasX B ICEBAOIOPHUCTOM LIeAU OyAeT
HaOAIOAATHCS AAMUHAPHBIN peKUM TeueHUs BO3AYXaA.

OueBHAHO, UTO AAST CJKATHS II€POXOBATHIX TOBEPX-
HOCTeH AMCKOB C ITeABI0 00pa30BaHUsSA ICEBAOIIOPUCTON
I[eAr HeOOXOAUMO NPHUAOKEHHE HEKOTOPOTO YCHUAUSA
AASI CO3AAHUS KOHTYPHOTO AaBA€HHEM P, KOTOpoe oIIpe-
AeAsieT BeAMYUHY COAMKeHUS IOBEePXHOCTEH, T.e. 3a30p
B IICEBAOIIOPHCTOM IIUTATEAE 5y .

Y4uTeIBas, 4TO, UCXOASA U3 OCOOEHHOCTEN KOHCTPY-
KIIMU IICEBAOIIOPUCTOTO MUTATEAS, TPEOYIOIIETO BLICO-
KOM TOYHOCTH IIPU M3TOTOBAEHUHU, HEIIAOCKOCTHOCTD
AUCKOB, 00pa3ylolnuxX NUTaTeAb, AOAKHA OBITh OUeHb
Manaa 4 He OyAeT IpeBLIIIaTh AOAeH MUKpoMeTpa. B aToM
cAydae MOJKHO IIOAaraTh, YTO HOMHHAABHAS IAOLIAAbL
KOHTaKTa paBHa KOHTYPHOM, M HOpMaAbHas cuaa N, € Ko-
TOPOY TOPIIOBEIE TIOBEPXHOCTH AUCKOB OYAYT IIPH>KaTh
APYT K APYTY, PABHOMEPHO PacIpeAeAeHa II0 IOBEPXHO-
CTH KOHTAKTa. [ Ipy UCIIOAB30BaHUM 3a30Pa MeJKAY KOH-
TAaKTUPYIOIIMMY IOBEPXHOCTSIMU B KQUeCTBe IIUTATeAs,
yepe3 KOTOPHIN TOAQETCs ra3 oA AABAEHUEM, AAS OIIpe-
AEAeHUS KOHTYPHOTO AQBACHUSI HEOOXOAMMO YUUTHIBATH
pacIpeAeAeHUe AABACHNUS ra3a B 3a30P€, T.K. IIJeAb TN Ta-
TeAsI BEITIOAHSIET B AQHHOM CAy4ae ABe (DYHKITUHM — IIUTa-
IOII[eT0 yCTPOMCTBA U 3a30pa MAOCKOM KPYTAOM ra3ocTa-
Tudeckoi onopksl ('CO). 3ToT cayuail n3obpakeH Ha
puc. 1.

[TpenebOperasg KPUBU3HOM IIOBEPXHOCTU KOHTAKTQ,
Hecyuryo crtoco6HOCTE 'CO W) MOKHO ONIDEACAUTD U3
BBIP@KEHUS, 3alIMCAHHOTO B COOTBETCTBUU C [2, 5], Kak

W= (0 -3 e

PP} 3

Taxum 06pa3oM, AAS BEIUMCAEHUSI KOHTYPHOI'O A@B-
Aenust P. B AQHHOM CAydYae HeOOXOAUMO MCIIOAB30BaTh
He CUAY CKaTHsI AUCKOB N, @ pa3HOCTb MEJKAY 3TOM CHU-
AOW M peakIuen ra3oBoro crost Wi

AAst IpUAaHUs BeAnurHe P, pasHbIX 3HAaUYEHUU He-
00XOAMMO YCTPOMCTBO AN BAPbUPOBAHUSA BEAMYUHEI N.
O4YeBHAHO, YTO CaMBIM YAOOHBIM TaKUM YCTPOWCTBOM

10

Puc. 2. CxeMa yCTaHOBKH AASI IPOAYBKH ICEBAOMOPHUCTBIX
nurarteaei I'CII: 1-6aAA0H CO CKaThIM BO3AYXOM,
2—-BEeHTHUAb 0aAAOHA, 3—rpyObIil MAHOMETP BBICOKOTO
AaBAeHHS, 4—PeAYKTOp AaBA€HUS, 5—IpyObIii MaHOMeETP
AaBaeHust P, mopayuu, 6—AONOAHUTEABHBIN PETyASITOD
AQBAEHUS I0AQ4YY, 7—TOYHBI MAaHOMETP AaBA€HUS ITOAAYH,
8—peryaarop AaBreHus P, ucredeHnus;, 9—eMKOCTb
C JKUAKOCTBIO, 10—MepHas eMKOCTb, 11—TOYHBINI MAHOMETP AAS
Hn3MepeHUs AaBAeHHs UCTedeHus, 12—npucnocodbareHue
AASI KPENAEHHUSI SA€eMEeHTOB IeAn

SIBASIETCSI IIPYJKWHA CKATUSI AU KOMIIAEKT TaKUX IIPY-
KUH, AepOpMUPYST KOTOPEIEe MOJKHO BapbUpPOBAaTh Be-
AMYMHOM N B AOCTATOYHO OOABIIIOM AMAIla30He.

3AeChb CAepyeT TaKKe OTMETUTD, UTO B PeaAbHOM KOH-
CTPYKIIUU He AOAJKHBI CO3AABaThCsl KOHTYPHBIE AQB-
AeHUs, OAM3KUE K AQBAEHUIO, TPU KOTOPOM B KOHTAKTe
HaCTyIaeT NAacTUYecKas Aoepopmanust. ITo o6CcTosITe-
ABCTBO CBSI3aHO C TE€M, UTO ITPU COOPKE BHICOKOTOUHBIX
U3AeAUN He CAepyeT UCIIOAB30BaTh OOABIIINE YCUANS, T.K.
3TO IPUBOAUT K UCKa KeHUI0 (POPMEL udpeaus. B To xe
BpeMs, Kak OTMedaeT OOABIINHCTBO UCCAEAOBATEAEH, TTO-
TPEITHOCTY (DOPMEI Ta30BOM OTIOPHI HE AOAKHEI TPEBhI-
maTh 1 — 2 MKM AAST 0OecTieueHus 3aAaHHBIX TapaMeTpPOB
IO PACXOAY ra3a, JKeCTKOCTU U YCTOUIMBOCTH.

Kpome Toro, Kak OBIAO YKa3aHO BhIIIIe, 3HAUUTEABHBIHM
UHTepecC IPeACTaBAsIeT IOAYUeHe BO3MOKHOCTH Hab-
AIOAQTH 3a HallpaBAeHUEM TeUeHUs Ia3a B 3a30Pe U BhI-
60p MeToAa IOAYUIEHHUSI IePOXOBATOCTH, OOecreurnBa-
IONIEer0 paBHOMEpHOe TedeHUe Ta30BOU CPEABl B OK-
PY’KHOM HaIlpaBACHUMU.

OueBUAHBIM CIIOCOO0M, KOTOPBLIY ITO3BOASIET 3TO
CAEAATh, IBASIETCS HaHeCceHUe Ha 1IepOX0OBaThIe ITI0BepX-
HOCTH, BCTyTIaIOII1ie B KOHTAKT, HEKOTOPOI'O OYeHb MeA-
KOAVCIIEPCHOTO BEIeCTBa, XOPOIIIO YASP;KUBAEMOTO BO
BITAAMHAX IIEPOXOBATOCTEU AN OOecIlieueHUs MaHU-
IyASIIUY IPK COOPKe U pa3bopKe U KOTOPOeE IIPU IIPOTe-
KaHUM Taza 6yAeT YaCTUYHO YHOCHUTLCS IMOTOKOM. [To-
CKOABKY IIPOBeAeHMe IOAOOHBIX OIIBITOB Ha HACTOSIIITUHN
MOMEHT U3 TeXHNIeCKOM AUTepaTyphl HEU3BECTHO, ITOC-
TOABKY pa3paboTKa TaKoro clioco0a HaOAIOAEHUS BBIAU-
BAETCSI B CAMOCTOSITEABHYIO 3aAQ9Y, BEIXOASIIIYIO 3@ PaM-
KU HaCTOSIIIIerO UCCAEAOBAHMUSI.

ApyTroi BO3MOKHOCTBIO KOCBEHHOTIO HaOAIOACHHUS 3a
HaIlpaBA€HHEM IIOTOKA ra3a B 3a30pe SIBASIETCS (PUKCAIUs
SHEePIuHU BEIXOAAIETO U3 3a30pa IIOToKa. B 3ToM caydae
OAWH U3 AUCKOB AOAKEH UMETh OOABIITNHI AMaMeTp, a Ha
BBICTYTIAIOITYIO €I'0 YaCTh MOJKHO HaHECTH AToboe cyxoe
¥ AOCTATOYHO AMIIKOE» BEI[eCTBO, KOTOPOe OYAeT CpaB-
HUTEABHO A€TKO YHOCHUTBCS IOTOM BBIXOASIIIUM U3 IIeAN
ra3oM.

[MpeapBapuUTeAbHBIE YKCIEPUMEHTHI TOKA3aAl, UTO
TaKKUM BEeIIIeCTBOM MOJKET SIBASITHLCSI Ca’ka, HaHeCeHHas
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Puc. 3. [Ipucnoco6aeHNe AN KPETIACHHUS DIAEMEHTOB IIEAU:
1-Kopnyc, 2—IPU>KUMHOM AUCK, 3—HUJKHUI CTaKaH NpPY>XUHBI,
4-TapupoBaHHas MPY>XUHa C)KaTH, S—HaTSI)KHbIE IUIITUABKH,
6—BepXHUI1 CTaKaH HPYXUHBI, 7—00ATHI KPENIA€HUS KPBILIKH,
9-3araymka, 10—3AacTHYHbIE YIAOTHUTEABHBIE KOABIIA,
11-mTynep noapBojpa AaBaeHus, 12—mTynep oTBoAa rasa,
13—-KpbImKa, 14-npokaaAKa, 15—60Ab1ION ANCK, 16—MaAbIi
AHCK, 17—MaHOMETP AAS U3MEPeHNs AaBAeHus P,

18 1 19—ra¥ika u mai6a KpenAeHus AMcka 15, A — ceo6oAHas
MOBEPXHOCTh AASI KOHTPOASI HalIpaBA€HUS IOTOKa

Ha MOBEPXHOCTH KONTAIIUM IIAaMeHeM, B CBSI3U C YeM
AAHHBIM MeTOA MOXKeT OBITh PeKOMEHAOBaH AAS IIPO-
BEAEHHUS TAKOTO POAA MCCAEAOBAHUH.

B coorBeTcTBHU C BHINIE M3AOKEHHBIMU TpeboBa-
HUSMY, OBIAA U3TOTOBAEHA YCTAHOBKA AAST TPOAYBKU
nceponopucTteix nutateseit ['CIT (puc. 2 u 3).

YcTaHoBKa paboTaeT CAeAyIomUM 06pa3zoM. CrRaThIM
ra3 (Bo3ayx) u3 6annoHa 1 uepes peAyKTOp 4 U peTyASITOD
6 IOAQETCS K IPUCIIOCOOAEHUIO 12, IPOXOAUT Uepe3 Hero
¥ CTPaABAMBAETCS Yepe3 PEryAsiTOP AABACHUS NCTEUSHUS
8 B repMeTHUUYHYIO0 €MKOCTb C JKUAKOCTEIO 9. [Ipenebperas
AaBAeHUEM BOASHOTO CTOAOA KUAKOCTH B €MKOCTH 9,
MO>KHO CUMTATh, UTO B Hell BO3AYX HaXOAUTCS ITOA @TMO-
chepHBIM AaBAeHHEM. Aaree BO3AYX BLITECHSIET JKHA-
KOCTB B MEPHYI0 eMKOCTb 10. MI3Mepss 00beM 5KUAKOCTHU
¥ BpeMsl, B Te4eHNEe KOTOPOTO 3TOT 06'beM HAallOAHUACS,
MOJKHO OIIPEAEAUTH PACXOA BO3AyXa depes3 IMPUCIOo-
cobaeHne 12.

B camoM npucniocobAeHUM BO3AYX IIOA A@BA€HUEM
P, IpOXOAMT 4epes OTBepCTHE B GOABIIOM AMCKE 15 1 Ad-
Aee ABIIKETCS [I0 MUKPO3a30DPY 8 MEXXAY TOPLIOBEIMU
TIOBEPXHOCTSIMYU OOABIIIOTO ¥ MAAOTO AUCKOB B IIPEAEAAX
UX IePEeKPBITHUS. 3aTeM BO3AYX BEIXOAUT B IOAOCTDH KO-
myca 1, rae MoAAePKUBACTCS AdBACHHUE P, 1 panee yepes
uITynep 12 ucrekaeT U3 IPUCIIOCOOAEHUS.

Ycuave, Cc KOTOPBIM IPY’KUHA 4 CKUMaeT KOHTaKTH-
pyIolue MOBEPXHOCTH, CO3AaBas KOHTYPHOE AaBAe-
Hue P, peryAupyeTcs BeAMYMHON ee HaTsDKeHH 3@ C4eT
U3MeHeHUs pacCTOSHUs L.

[Npenebperas cuAOM Beca AUCKOB 16 u 15, a Takke
BECOM CTaKaHa 6 B CBSI3U C UX OUYeBUAHO HEOOABIIIOHN Be-
AMYUHOM II0 CPAaBHEHUIO C YCUAMEM IIPY>KUHEIL 4, MOXK-
HO OIIPEAEAUTH KOHTAKTHOE AABACHUE B IEAU MEJKAY
AHCKaMU CAEAYIOIINM 00pa3oM:

P =[Cpp -y =Py =Fy) [y =W 1/ Fye s (4)

rae C,, —KeCTKOCTh IPYKUHEL h, — ee HaTsKeHHe,
f, — TIAOIIAAb BHYTPEHHETO AlaMeTPa OOABIIIETro ANCKA

(paBHA IAOIIAAM BHYTPEHHEN BEITOUKY MAAOTO AUCKA),
F, — HOMWHAALHAs TAOIIAAL KOHTAKTa, W), — peakius
Ta30BOTO CAOSI B KPYTOBOH IIeAr, 00pa30BaHHOM IIPH KOH-
TaKTe ABYX AUCKOB, OIIpeAeAsIeTCsI B COOTBETCTBUM C (3).

W3 ypaBHeHN (1) MO’KHO HOAYUUTH BEIPAKEHUE AT
OIpeAEAeHHs] BEAMYUHBL 5 [I0 U3BECTHBIM T€OMETPHU-
YeCKHUM IapaMeTpaM AUCKOB, OOPa3yIoIMuX 3TOT MUK-
poO3a30p, U peKUMY IPOAYBKU:

M'.“‘R'T(Dn_dn). (5)
DCP(P;_P[JZ)

S = 1,563~3\/

[Mepea mpoBeAeHTEM OIIBITOB U3TOTOBAEHHEIE 20 I1ap
AUCKOB C IPUTEePTHIMU PaOOUYUMU IOBEPXHOCTIMH (BBI-
coTa MUKpOHepoBHOCTed Rz MeHee 0,1 MKM, HEIIAO-
CKOCTHOCTE MeHee 0,2 MKM IT0 AQHHBIM 3aBOACKOM Aab0-
paTopuy) OLIAY IPOBEPEHEI Ha TePMETHIHOCTE CTHIKA.

OTpaboTKa 3KCIIePUMEHTOB IIPOBEAEHA HA ABYX I1a-
pax aAuckoB. [Tpu 3TOM mM3y4arach BO3MOJKHOCTE Hab-
AIOAEHUS 3@ paclpepeAeHreM IIOTOKA BEIXOASILEro 13
LIeAN C IIOMOIIBIO IPEAAOKEHHOTO MeTOAA OKPHITUS
cBOOOAHOM ITOBepXHOCTHU A (puc. 3) caxkel. CAo caXku
HAHOCUACS IOCAe COOPKU AUCKOB C IIPY>KUHOU 4 U IpU-
SKVIMHBIM AVICKOM 2 C TIOMOIIBIO KOTITSIIEro IAAMeHH.

Ha pArcky HaHOCHAMICE OAHOHAIIPABACHHEIE IIIEPOXO0-
BATOCTH MEAKON HaKAQUHOM OyMaroi, i3MepeHus napa-
MeTPOB IIepOXOBATOCTH KaK B 3TOM, Tak 1 BO BCEX APY-
TUX CAy4YasX HaHeCeHUs IIepOXOBaTOCTU, IPOU3BO-
AUAOCE IIpouAorpadoM-IpoPUAOMETPOM THUIIA «AD-
puc-I'IM7.4».

[Mocae HaHECEHNS IIIEPOXOBATOCTH, AUCK IIPOTHUPANCST
areTOHOM, YCTaHaBAUBAACS B IIPUCIIOCOOAEHNE CO CBOUM
TIapHBIM AUCKOM, 3@’KUMaACS IPY>KUHOM ¢ U3MepeHneM
CTelleHU ee NPeABapUTEABHOTO HATSIKeHUs, U Ha Io-
BEPXHOCTb A HaHOCHUACS OTHOCUTEABHO PaBHOMEPHBIH
CAOM Cca’kKu. PAaBHOMEPHOCTb CAOSI KOHTPOAUPOBAAACH
BH3YaABHO II0 CTEIIeHU TOYEePHEHUS IOBEPXHOCTH.

Aanee mprcrnocobAeHre COOGUParOCh TOAHOCTBIO U ITOA-
KAIOYAAOCH K THeBMATHUEeCKOM cxeMe. 3aTeM IIPOU3BO-
AMAOCE CTYIIEHYATOe YBeAnYeHHe AABAeHUsI P DK AaB-
Aennu P, paBHOM aTMocdepHoMy. [Tpr KaXkKAOM 3apuK-
CHUPOBAHHOM AABAEHUM ITOAKAIOUAAACH CHCTEMA M3Me-
PEeHUs pacxopa.

YcTaHOBAEHO, UTO CIIOCO0 MCCA€AOBAHUSI paBHOMEP-
HOCTHU HallpaBA€HUS IIOTOKA Yepes IeAeBOM IUTAaTeAD,
OCHOBAHHBIN Ha HAOAIOAEHUY 3@ CHOCOM Ca’KeBOTO CAOS,
DAeT YAOBAETBOPUTEABHEIE Pe3yALTaTEL. OIeHKY HepaB-
HOMEPHOCTH UCTEUYEeHUS IIOTOKA Ia3a MPEAAOKEHO IIPO-
U3BOAUTDH IAQHUMETPUUYECKUM METOAOM, AASL 9ero
Ha N300pa’keHUU AUCKA HY’KHO BBHIAEAUTH KOHIIEH-
TPHUUYHYIO €r0 OTBEPCTUIO 30HY U 30HY, BBHIIIEAIIVIO 3a
peAeAbl KOHIEHTPUYHON OKpY>KHOCTH. OTHOIIeHUe
TIAOIIaAEY 3TUX 30H M MOJKHO CYUTATh MEpPOM Hepas-
HOMepHOCTHU (pHc. 4). B mocaepyromieM nsoOpakeHue
YBEAWYWBAAOCH B O pa3, Ha HEero HaHOCUAACh ITAAHU-
MeTpUuecKasi paBHOMepHas CeTKa 1 IPOU3BOAUACS ITOA-
CUeT «KBAAPATUKOB», HAXOAUBIIUXCS B OAHOY 30He II0-
dyepHeHUs. [IorpelIHOCTh TAKOTO MeTOAA MOJKHO
OIIeHUTHL B 2 — 3%.

B cooTBeTcTBUM C paHee ONMCAHHON METOAUKOM
OLIAM TPOBEPEHEI BCE M3TOTOBAEHHBIE ITaphl IePOX0-
BaTBIX AUCKOB, T.€. [Iaphl, B KOTOPHIX 00€e MOBEPXHOCTHU
OBIAM TOKPBITHI IEPOXOBATOCTIMU U Ka’KABIM 13 IIePO-
XOBATBIX AMCKOB C TAQAKUM AUCKOM. B meaom ycra-
HOBAEHO CAEAYIOLIee:

1. HepaBHOMEPHOCTDH UCTEUEHUS IIPU II€PBOM KOH-
TaKTe ABYX IIOBEPXHOCTeN, 00pabOTaHHBIX OOBIYHOM
mAUMOBKOM pocTuraeT 25—30% B TOM cAydae, KOTAA
00e NMOBEPXHOCTHU OTIMIAMMOBAHE], U HallPaBA€HUS
MUKPOHEpPOBHOCTe!N cOBHIapaoT. [Ipu MOBTOPHBIX
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Puc. 4. Cxema MeTOAQ ONIpeAeAeHHsI HePaBHOMEPHOCTH UCTe4YeHHsI IOTOKAa rasza yepe3s IieAb IUTaTeAs:: a—M3HavyaAbHas yCTaHOBKa
AMCKOB; 6—AHCKH B cOOpe IIoCAe IPOBEeAEHNS SKCIIePUMEeHTa; B—U3MepeHne HepaBHOMEPHOCTH 10 OTIeYaTKy:
1, 2—aAuCKH, 3—NIOBEPXHOCTH A, 4—30Ha CHOCA Ca’kKH, S—AuaMeTpP MAaAOro AMCKa, 6—0Kpy’>KHOCTh, KOHIIEHTPUYHas OKPY’>KHOCTH
MaAOro AMCKa, 7—NAOIAAKH, XapaKTepHu3yloljue HepaBHOMEPHOCTh IMOTOKa

Harpy’>KeHUsX 3TOT TOKa3aTeAb yAyUIIaeTCs U AOCTUTaeT
12—-15% npu 3-M —4-M Harpy>xeHUH, IMOoCAe 4ero
YAyullleHHe IpeKpalllaeTcs.

[Tpu KoHTaKTe ABYX HIAU(OBAHHBIX IOBEPXHOCTEN
C IEPIEHAVKYASIPHO PACIOAOKEHHBIMU MUKPOHEPOB-
HOCTSIMU IIPOUCXOAUT aHAAOTHYHAas, HO Ooaee Oaaro-
NpUsSTHas KapTUHA, OAHAKO IpU 3-M — 4-M Harpy’>KeHUu
HepaBHOMEPHOCTL IIOTOKA He CHI)KaeTcst MeHee 10%.

YcTaHOBAEHO, UTO MaKCUMaAbHasi HepaBHOMEPHOCTD
NIposABASieTCSA IIpU HamboAee TPyOBIX 0OpabOTaHHBIX
MOBEPXHOCTAX ¢ Rz = 6 MKM u Oonee. [Ipu Rz = 24 MKM
(HamMeHbIINe TOAYYEeHHBIE HCITIOAB30BAHHBIM CIIOCOO0M
1IAM(OBaHUST MUKPOHEPOBHOCTH) U IEPIIEHAUKYASIPHOM
TIOAO>KEHUU CAEAOB HIAU(OBKY MUHMMaAbHAsI HEpaBHO-
MepHOCTE IIPX NOBTOPHBIX Harpy’>KeHUSIX MOJKeT COCTa-
BASITH 6 — 8%. [ IpOM3BOABHOE ITOAOSKEHUE HAIIPABACHUN
MUKPOHEPOBHOCTEH IIPAKTUIECKHU HEe CKa3bIBaeTCs Ha
ONMCAHHEBIX BHIIIE pe3yAbTaTaX. [IOmbITKa YAYUIIUTD
MAHHBIM ITOKa3aTeAb AeTKOU IPUTUPKOMN IIIePOXOBATHIX
[IOBEPXHOCTEN «HyA€BOW» IACTON HE IPUBOAUT K YAYY-
IIeHUIO Pe3yAbTaTa, @ B OTAEABHBIX CAyUYadX Aake
yXyAlIaeT ero Ha 2 — 3%.

2. HepaBHOMEpPHOCTh UCTEUYEHUS IIPU IEePBOM
KOHTAKTe IIOBEPXHOCTEH, IOAYYeHHBIX IeCKOCTPYUHON
00paboTKoM cocTaBAgeT He 6oaee 10 — 12% npu Ato6oM
OTHOCUTEABHOM OKPY’KHOM ITIOAOJKE€HUU IOBEPXHOCTEH
U IPHU AIOOBIX Rz. YBeAUUueHNe KOAWYeCTBa Harpy >KeHun
HECKOABKO YAYYIIAaeT 3TOT ITI0Ka3aTeAb, AOBOAS €T0 AO
3 —4%. ITpu 5TOM, eCcAu elre A0 UCIIBLITaHUM IPOU3BECTU
AETKYIO IDUTHUPKY IIOBEPXHOCTEM «HYAE€BOU» IAaCTOH,
5TOT MOKa3aTeAb IPU NOBTOPHBIX HAarpy’>KeHUSIX
CHUIKAeTCsI A0 2 — 3%, UTO ABASIETCS, 11O CYILIeCTBY, IIpe-
AEAOM TOUHOCTH OIJeHKM HePaBHOMEPHOCTH UCTeUeHUs.

3. I'lpu uCHOBITaHUSAX IOBEPXHOCTEH, MOAYYEHHBIX
AazepHOM 00pabOTKOM M IPU AIOOOM OTHOCUTEABHOM
OKPY’KHOM IIOAOKEHUH IIIePOXOBATHIX AUCKOB, YCTaHO-
BAEHO, UTO KOAMYECTBO Harpy’KeHuUU NpaKTUUeCKU He
BAMSIET Ha Pe3yAbTaT, @ HepaBHOMEPHOCTh PACcX0AA IO OK-
PY’KHOCTH HaXOAMTCS B IIpeAeAax IMOIPEeUIHOCTH M3-
MepeHud 2 — 3%.

AN aIIIPOKCUMAITNY Pe3YABTATOB UCIIBITAHWH B AVaTia-
30He KOHTYPHBIX AaBAeHUN 20 — 200 Oap IpeprosKeHO
HUCIIOAB30BaTh ypaBHEeHUE BUAQ

5111 = A'(RZI +Rzz)M ' (6)

rae Rz, u Rz, COOTBETCTBEHHO BBICOTa MUKPOHEPOBHO-
CTeH «IIePBOM» U «BTOPOM» KOHTAKTUPYIOLIEH IIOBEPXHOCTHU.

[Tpu 3TOM TOAYYEHBI CAEAYIOLIVIE YPABHEHUS:
— AAS IIAU(DOBAHHBIX IIOBEPXHOCTEN:
h, ~0,9(Rz,+Rz,)*";

— AASI OTIECKOCTPYEHHBIX IOBEPXHOCTEM!:
h,~0,95(Rz +Rz,)"%;

— AAS TIOBepXHOCTeM, 00paboTaHHBIX Aa3€POM:

h, ~12(Rz+Rz,)"°

OCHOBHBIE BEIBOABL:

1. C Touku 3peHusa obecneueHus1 Hauboaee paBHO-
MepHOTO UCTeUeHUsI ra3a Yepe3 ICeBAOIIOPUCTEIE IeAr
IpeAllouTeHUEe CAeAyeT OTAATh Aa3epHON o6paboTke
MIOBEPXHOCTU IIPU CO3AaHUN MUKPOHEPOBHOCTEHN. Kpome
TOTO, Aa3epHast 06paboTKa ITO3BOASIET IIOAYIUTE OOoAee
cTabUABHEIE MUKPO3a30pPHhl, BEICOTa KOTOPLIX MaAo 3a-
BUCUT OT CHABI CJKaTUsI IOBEPXHOCTEH.

2. [ToAryueHHBIE 3aBUCUMOCTH IIO3BOASIIOT B IIePBOM
NPpUOAVIKEeHNH OIIeHUTh 3aBUCUMOCTD BEICOTHI IITeAU IIce-
BAOIIOPHICTOTO ITUTATEASI OT BBICOTHI MUKPOHEPOBHOCTEHN
CO3AAIOIINX ero IIOBEPXHOCTEH.
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T. A. MBAXHEHKO

OMCKMH roCcyAapCTBEHHbIM
TeXHHYECKMM YHMBEepCHTET

NMAPAMETPUYECKUMA AHATIM3
XAPAKTEPMCTUK KOMIMPECCOPA

C FA3OCTATMYECKMM LLEHTPMPOBAHMEM
NOPLLUHSA Y NCEBAOMNOPUCTbIMM
MUTATENSIMMU

B cTaTbe paccCMaTPHBAIOTCS OCHOBHbIE XapPaKTePMCTMKM KOMMPECCcopa € rasocraTM4ecKum
LLeHTPMPOBaHMEM MOPILLUHS U NCEBAONOPHCTBIMM NUTATENSIMM ra30BOro nofeeca. flaercs
CpaBHeHMe NoKa3aTeneM TaKoro KoMnpeccopa M KoMnpeccopa, ra3ocraTMyeckoe
LLleHTPMPOBaH1Ee NOPLIHS KOTOPOro NPOM3BOAMTCH Yepe3 NMTaTenM TuNna «npocras
Amadparmanr. MokasaHo, YTO NpPM ManbiX AMaMeTpax MOpLUHeH nyyline pe3ynbTaTbl faeT
U3roTOBNEHMe NMTaTeneN ra3oBoro NoABseca B BMAE KOHTAKTMPYIOLMX LIEPOXOBAThIX
NOBEPXHOCTEM.

KnioyeBble cnoBa: NOpLIHEBOM KOMNPECCOpP, ra30Bbii NOABEC.

[TapaMeTpuyecKu aHaAU3 —3TO IpOIlepypa
MCCAEAOBaHUS pab04uero COCTOSTHUS U3AEANS, KOTOpast
IIpU3BaHa YCTAHOBUTH B3aNMHOE BAUSTHIE OTAEABHBIX I1a-
paMeTpOoB Ha HEKOTOPHIE BLIOPaHHEBIE XapaKTePUCTUKHI
00BEKTa U, HOAB3YSICh OIlpepereHreM AXK. K. AskoHca [1],
OOBIYHO NPEACTABASIETCSI KaK YIOPSIAOUEHHBINM IOUCK,
T.e. CIAQHUPOBAHHAS IIOCA€AOBATEABHOCTb AeHCTBUH.
Yarre BCEro reAbio IapaMeTPIIecKOTo aHAAN3a STBASIETCS
TIOAYYEeHUEe AOTTOAHUTEABHBIX 3HAHUH 00 y7Ke UMeIOIeM-
¢4 (B KAKOM-TO CTENIeHU OCBOEHHOM) OOBEKTe, HE00XO-
AHMBIX AAST €TO MOACPHU3AIINY, PEKOHCTPYKIIUY, B IEeASTX
00yueHUs OYAYIIUX U ACTBYIOIINX IPOEKTUPOBIINKOB
uT.A. C pa3BUTHEM METOAOB OIITUMHU3AIINHY U IOSIBACHUEM
OBICTPOAENCTBYIOMKUX OBM aKTyaAbHOCTE IPOBEAECHUS
TaKOTO aHaAW3a HECKOABKO YMeHbITMAACh. OAHAKO IIpU
IIPOEKTUPOBAHNY CAAOON3YUIEHHBIX OO'BEKTOB, K KOTO-
PBEIM, HECOMHEHHO, OTHOCUTCSI KOMIIPECCOP € Fa30CTaTHU-
YeCKUM IeHTPUPpOBaHueM IOPIIHS, TaK1e 3HaHUs HeoO-
XOAUMEBI, IOCKOABKY B IIDOTUBHOM CAydae HadaAbHBIE
CTaAUH IPOEKTUPOBAHUS OYAYT MPOUCXOAUTE B yC-
AOBUSIX IIOAHOW HEOIIPEAEASHHOCTH C BBICOKOU BEpO-
SITHOCTBIO ITOSTBACHUS TSIKEABIX IIOCAEACTBUH.

Oco6eHHOCThIO TapaMeTPUIeCKOro aHaAu3a B AQH-
HOM CAyUae SIBASIETCS OTCYTCTBHe (PU3UIEeCKOro OObeKTa
(xOTs1 OBI ONIBITHO-IIPOMBIIIIA€HHOTO 06pasija KoMIpec-
copa C ra3oCTaTUYeCKUM IJeHTPUPOBAHUEM IIOPIITHS),
06AaAaIo0IIero KOHKPETHEIMYU CBOMCTBAMHU M UMEIOIIEeT0
WCXOAHBIE YMCAOBBIE 3HAUEHUSI IePEMEeHHEBIX ¥ KOHCTaHT.
HMeroTcst TOABKO AQHHBIE YHCA€HHOTO U HaTyPHOT'O 9KC-
IIepUMEHTOB, AOCTATOUHO ITIOAPOOHO U3A0KEHHEIX B [2],
IIPOBEAECHHBIX C MOAGABHBIM 06pa31oM KOMIIPECcopa, B KO-
TOPBIX Fa30BLIF ITOABEC IIOPIIHS ITUTAACS YepPe3 APOCCEAN
B BHA€E KPYTABIX KOPOTKUX OTBEPCTUH (Aradparm).

CAeAyeT OTMETHUTD, UTO XapaKTePUCTUKY COOCTBEH-
HO ra30BOTO NOABeCA MOPIIHSA C MUTATEASIMU B BUAE
AuadparM TeopeTHUYeCKU U Ha MOAEABHBIX oOpaslax
U3y4YeHBI AOBOABHO IIOAHO, B TOM YHCAE U AAST PA3AUYHBIX
YCAOBUY pPabOTHL. B AGHHOM cAyYae, KOTAQ MUTATEAUR
TIPEACTABASIIOT COOOM IeAY, TOAYIEHHEIE IPU KOHTAKTe
IIIePOXOBATHIX IOBEPXHOCTEHN (IICEBAOIIOPHUCTEIE ITUTA-
TeAn), HauboAee HHTEePECHBIM (C TOUKU 3peHUs HauaAb-
HOM CTaAUY U3YUeHUs) IBASIOTCSI COOTHOIIEHUSI MEKAY

XapaKTepUCTUKaMU KOMIIpeccopa (AuaMeTp B XOA IIOp-
LITHSI, eT0 Macca, AABACHME BCACBIBAHUS U HarHETAHUS,
yAeAbHas paboTa IUKAA U T.A.) ¥ XapaKTePUCTUKAMU
TICEBAOTIOPUCTHIX IUTATEACH (CPEAHUM 3a30p U IPOTSI-
SKeHHOCTE IIIeAH, UX KOAMYECTBO).

Ans BEIOOpa OCHOBHBIX ITaPaMETPOB, IIOAAEIKAIIINX
KCCAEAOBAHUIO, PACCMOTPHUM CXEMY IOPIITHS KOMIIPEC-
copa (puc. 1).

C TOYKM 3peHHs 3aKa34uKa, Hanboaee Ba)KHBIM Ia-
PaMeTpPOM SIBASIETCSA IPOU3BOAUTEABHOCTS KOMIIPECCOPA,
yAeAbHas paboTa Ha C)KaTHe U IlepeMelleHUe Tas3a
¥ A@BAE€HHME HarHETaeMOoro rasa, B CBS3H C YeM ero rapa-
MEeTpBHI (TeEMIIepaTypa 1 AABACHUE BCAChIBAHUS, CTEIIEHb
MOBBIIIEHUS AaBAeHUS, pabouui o6beM, 4acToTa
BpallleHus — IIOCA€AHYE ABA lTapaMeTpa B COBOKYITHOCTH

7

NN

Puc. 1. OAUH 13 BO3MOJKHBIX BAPHAHTOB KOHCTPYKI[UH IIOPIIHS
C ra30BbIM IIOABECOM U ABYMSI PSIA@MH IICE€BAOMOPUCTHIX
nuTaTeAel NpyU KPEeNIKOI(pHOM HCIIOAHEHNH KOMIIpeccopa:
1-mTOK, 2—HMXHSA padouas 3oHa I'CII, 3—cpepHss pabGoyast
30Ha I'CII, 4—neHTpupyoomye IMTAPTHI C KAHAAOM AASI OTBOAA
yTeueK yepe3 YNAOTHSIONLYIO 30Hy B KapTep, 5—BepXHss
pa6ouas 30Ha I'CII, 6—ynaoTHsIOmMas 30Ha MOPILIHS,
7—CTSHOKHOM BUHT, 8—caMoAelCTBYIOINi 00paTHBIN KAaMaH,
9—BHYTPEHHSIS OAOCTH nopuHs (morocts nuranus I'CII),
10—11ceBAOMOPUCTHIE LEAHN
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DAIOT CEKYHAHBIN 06'beM BEITECHSIEMOT'O KOMIIPECCOPOM
rasa) IBASIIOTCSI BeAUUYNHAMU He3aBUCUMBIMU.

B cooTBeTCTBUU C UMEIOIIUMUCS PeKOMEeHAAIIUIMU
110 IPOEKTUPOBAHMNIO KOMIIPECCOPOB BOOOIIe U MOPIII-
HEeBBIX B YaCTHOCTHU (Hauboaee MOAHBIM U IIOCAEAHUN
HUCTOYHUK — [3]), a TAaK)Ke C y4eTOM peKOMeHAAnui [2]
UMeeTCs IOAHAS BO3MOKHOCTh Ha OCHOBE OTUX AQHHBIX
copMHUPOBaTh KOHCTPYKTHUBHBIE U Pe’KUMHEIE IIapa-
MeTphI KOMIIPeccopa, B TOM YUCAe U pa3Mephl ero ra3o-
pacIpeAeAUuTeAbBHBIX OPTaHOB.

K He3aBuCHMBIM TapaMeTpaM BEIHYKACHHO CAEAyeT
OTHECTHU IIapaMeTpHl NIEPOXOBATOCTU ¥ KOAUUYECTBO
TIOSICOB HAAAYBa rasa B 3a30p MEeKAY ITOPIITHEM U ITUAWH-
APOM, T.K. Ha HACTOsIleM yPOBHe 3HaHUM HeT BO3MO-
SKHOCTU AOCTATOYHO HAaAE’KHO BBIUYMCAUTEH TpeOyeMble
napaMeTphl ICEeBAOIIOPUCTHIX IOBEPXHOCTEH (BBICOTA U
XapakTep MUKPOHEPOBHOCTEN), UCXOAS U3 Hauboaee
ONTUMAABHOTO COOTHOIIEHWS: yAeAbHas pabora
KOMIIPeCcopa — AOIYCTUMBIY SKCIIEHTPUCUTET ITIOAOKE-
HUS IOPIIHA B ITUAWHADE.

K He3aBucuMBIM IapaMeTpaM CAeAyeT OTHECTH U BHe-
LIIHUEe CUABL, AeHCTBYIOIIHE Ha IToABeC. B mepBoM npub-
AVWPKEHUH MOJKHO CUUTATh, UTO Fa30Bast CUAA HE CO3AAEeT
3HAYUMOMN OOKOBOM peaKIUU NPU KpeUIKonPHOM
HUCIIOAHEHNHU KoMIIpeccopa. B wacTHOCTH, B pabore [2]
MMOKAa3aHoO, YTO 3HAUUTEAbHbIe OOKOBBIE CHABI U3-3a
nepenajpa AQBA€HUS Ha IIOPIITHEe BOZHUKAIOT TOABKO IIPHU
YTPUPOBAHHO OOABIINX OTKAOHEHUSIX OCU KpeHIKoIda
OT OCH ITMAMHAPA IIPY O9eHb KOPOTKUX IIITOKAX.

Kpowme Toro, B HacTosIiee BpeMst BEASTCSI aKTUBHAST
pa3paboTKa CpPaBHUTEABHO IIPOCTOI'0 MeXaHu3Ma IIpHU-
BOAQ [TOPIITHS KOMIIPECCOPa, IPU KOTOPOM OOKOBBIE YCU-
AUSI IPAKTUUECKU AOAKHBI OTCYTCTBOBATS [4]. B TakoMm
CcAydae He3aBUCHMOM IlepeMeHHOH, XxapaKTepu3yloen
BHEIITHNE CUABI, AOAKHEI OBITH IPUHSATH CUABI MHEPIIIH,
BO3HUKAIOIIINE U3-3a KOAeOaHHA KOMIIPECCOPa, IIPU 3TOM
He3aBUCHUMBIMU ITIapaMeTpaMy SIBASIOTCS 9aCTOTa,
aMIAUTyAa KoaeOGaHUM U Macca NoplHs. B uacTHOCTH,
B pabore [2] moka3aHo, YTo OOKOBBIE YCUAUS, ACUCTBY-
1olne Ha nopiteHs ¢ ['CIT B cBg3U ¢ ero KoareOGaHUAMY,
COIIOCTAaBUMBI Ad’Ke C OOKOBBIMU CHAAMU, KOTOPHIE
BO3HUKAIOT IIPU UCIOAB30BAHUYU KPHUBOIIUIIHO-
IATYHHOTO MeXaHM3Ma IPUBOAA B O€CKPEeNIIKOI(PHOM
HUCIIOAHEHUU.

B cBs3u ¢ TeM, uTO 3(p(PeKTUBHOCTL TPUMEHEHUST
nuTaTeAred B BUAe ICEBAOIOPUCTHIX LleAred OyAeT
CPaBHUBATLCS C pa6OTOM ITIOABECA, B KOTOPOM ITUTATEAN
BBLIITOAHEHBI B BUAE APOCCEABHBIX KOPOTKUX OTBEPCTHH,
OYeBUAHO, YTO OCHOBHOM 3apaueli aHaAu3a OyAeT CpaB-
HeHHe OCHOBHBIX XapaKTePUCTUK OOOUX TUIIOB IIOA-
BECOB — 3TO HeCyllasi CIOCOOHOCTD U JKeCTKOCTb, a Tak-
>Ke pacxoA rasza Ha MUTaHUe.

HauboABIIYIO CAOKHOCTD IPEACTABASIET IIPOTHO3
rapamMeTpoB KOAeOaTEeABHOIO IIPOIlecca, B KOTOPOM y4da-
cTByeT KoMIpeccop. Tak, HalpuMep, IpU UCIIOAB30Ba-
HUU eT0 B COCTaBe TPAHCIOPTHHIX YCTPOUCTB aMIIAUTY-
Aa KoreOaHUM Ha HU3KUX YaCTOTaX MepUOAUUYECKHU MO-
>KeT COCTaBASITb AeCSITKH CAaHTUMETPOB U OoAee. B cBa3u
C 3THM Ilereco0Opa3Ho UCKATh ONTUMAaAbHEIE ITapa-
MeTpPBI KOMIIpeccopa Ipu paboTe B OOBIYHBIX YCAOBUSX,
KOTA@ MaKCHMaAbHAsI aMIAUTYAQ KOAeOaHUM He IIpe-
BolmaeT 0,2 MM [5] IpU YacTOTe, COOTBETCTBYIOIIEHN
YacTOTe BO3BPATHO-NMOCTYIAaTeABHOIO ABUJKEHUS
TIOPIIHS UAY 9aCTOTe BpallleHUs IPUBOAHOIO ABUTATEAS.

B KauecTBe rpaHUYHLIX IPUMEM YCAOBHSI, 0OecIieun-
Baroljue Hauboaree AAUTEABHYIO 0e30TKa3Hy paboTy
KOMIIPECCOpa M TeXHOAOTHIECKYIO BO3MOJKHOCTb €T0
PEearbHOro U3TOTOBAECHUS (CM. TaKXKe [2]):

1. MakcuMaAbHBIA OTHOCUTEABHBIN SKCIIEHTPUCUTET

= 0,2. OTHOCUTEABHO BEAMYUHEI &, | CAGAYeT OT-

Ermax; TI(MAX]

Ta6auna 1
OCHOBHbIE YMCAOBbIE 3HAaYEHUSI BHIOPAHHOTO PsSIAa
KOMIIPECCOPOB C APOCCEASIMH ra3oBOTroO IoABeca
B BUAe Auadparm

Dy, Mmm 20 40 60 100

8 o MKM 10 12 13 15
Q M*/MuH 0,007 | 0,06 | 0,19 | 0,75
Ly/\'10’5, AJK/KT 1,40 1,3 1,22 1,2

METHTD, YTO GOABIITMHCTBO @BTOPOB CYUTAIOT, YTO B CTa-
TuueckoMm noroxenum ['CIT pabotocnocobeH npu
£,<0,5. B cBs131 € TeM, YTO IPU IIPOCKTUPOBAHUY AUHA-
MHUYeCKU Harpy>KeHHBIX Y3A0B KO3 (UITIEeHT 3araca 1o
paboueMy napaMeTpy IPUHUMAIOT PaBHBIM 2,5, CA€AYeT
OIPaHUYUTL OTHOCUTEABHBIN 9KCIeHTPUCUTET BeAUUH-
HoM 0,2. DTO 03HAUAET, YTO €CAU IPU pacueTe MOAyYa-
ercst €;>0,2, TO TakoO¥ BapMaHT NPUHUMAETCS Hepa-
00TOCIIOCOOHBIM.

2. MUHUMaABHBIN ATaMEeTP APOCCEABLHBIX OTBEPCTUM
d(mm) =0,1 MM.

3. AAMHA YOAOTHSIONIEN YacTU MOPIIHS U ero XOA
PaBHBL AVAMETPY LUAMHAPA AAWHA Fa30BOrO IOABECA
paBHA TpeM AraMeTpaM.

4. KoAnuecTBO APOCCEABHBIX OTBEPCTUHM B OAHOM TIO-
sice HaAAyBa B COOTBETCTBUU C peKOMeHAAIUusIMHU [6]
n, > nD/50 ¢ oKpyraeHHeM A0 Ijeaoro uucaa (D —aua-
MeTp B MUAAMMETpax), npudeM n, >3. [lpumem, 4T0
MHUHUMaAbHOE KOANYECTBO MUTAaTeAEH B BUAE AradparMm
PaBHO YeTEIpeM (1, . =4).

5. HomunaabHOe paBAeHMe BcackiBanus — Py = 1 6ap,
HOMHHAABHOE AABA€HMe HarHeTaHust — P, =3 — 6 6ap.

6. AMIIAUTYAA KOoAeOaHUM nuamHApa A=0,2 MM,
4acToTa Korebanuit = n.;/60 (n,; —41ucAr0 0GOPOTOB
B MUHYTY KPUBOIIINIIA KOMIIPECCOPA), €CAY He YUUTHIBA-
IOTCsI KOAeOaHUs OOBEKTa, Ha KOTOPOM UAHU PSIAOM C KO-
TOPBLIM YCTAHOBAEH KoMITpeccop, 1 A =1 MM, ecAn yuu-
TBIBAIOTCS 3TH KoAebaHus. B uacTHOCTH, 1| MM — 3TO Ha-
nboree xapaKTepHas aMIAUTyAda KoreOaHUM cOBpe-
MeHHOTI'0 XOpOoIIo ypaBHoBeleHHOro ABC.

7. MuHMMaAbHAs BHICOTA MUKPO3asopa h , moay-
YeHHasl IPYU KOHTAKTe IIePOXOBATHIX ITOBEPXHOCTEH,
paBHa 0,2 MKM.

8. AAuHa IeAn L ICeBAOIIOPUCTOrO TUTATEAS OIIpe-
ACASIETCS C yI€TOM BeAMYUHEL K, 13 BEIPA)KeHUS

L=05D,(1-K,). (1)

3aech BeandyrHa K, (KOO PUIUEHT 3aIIOAHEHUS
KOHCTPYKIIMH) — OTHOIIIeHIe 00'beMa IOAOCTH TUTAaHUS
(moaocTH HOPHIHSA) K 00bEMY CaMOTO MOPIIHA. DTOT
Ko3(ddunueHT ypo0eH AASL BapbUPOBAHUS Maccol
(Becom) nopiHs. Hem Goablie BeanunHa K, TeM GoAbIIe
006beM ITOAOCTH ITOPIITHST, MEHBIIIEe eI'0 Macca ¥ TeM MeHb-
1IIe TPOTSPKEHHOCTE ITEAN IICEBAOTIOPHUCTOTO ITIUTATEAS.

B kauecTBe MYHKIINYM, MUHUMYM KOTOPOM obecriedn-
BaeT ONTHMMaAbHOe COueTaHHe He3aBUCHUMBIX TapaMeT-
POB, BEIOUpaeM yAEAbHYIO HHAUKATOPHYIO PaboTy, T.e.
OTHOIIIEeHNEe MHAMKATOPHOM PabOTHI ITMKAA K Macce rasa,
TIpOIIEAITIe YUepe3 HarHeTaTEeABHBIHM KAAIIaH 3@ OAMH XOA,
TTOPIIHS.

OnTuMu3anus IPOU3BOAUAACH C UCIIOAB30BaHHUEM
nporpamMmMel COMPR32 [2], B KOTOPOM pacCUUTHIBAIOTCS
xapakTepuctuku [TKI'LIT c popocceasiMu B Bupe puad-
parm (Taba. 1). 3aecs D, — ApaMeTp IUAMHADA, 6,— paau-
aABHBIN 3a30p, Qi —00beMHasi MPOU3BOAUTEABHOCTD,
Ly, —yAeabHas paboTa LUKAQ.
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Puc. 2. 3aBUCUMOCTh MaKCHMaAbHOTO KCIEHTPUCHUTETA U
OTHOCHTEABHOTO AaBA€HHUSI HAAAYBa OT CpeAHel BhICOTHI
ICEBAOIIOPUCTOMN WeAr npu n, = 1500 MuH", 60= 10 MKM,
@=50Tu, A=1mm, P,=106ap, P,=3 6ap, K,=0,3. Toukamu
00603Ha4YeHbI IapaMeTPhI MOABECA C APOCCEASIMH B BUAE
oTBepcTuii c Amamerpom 0,1 mm (4 oTB.), D= 20 MM

Cn, H/Mkm A, Tx:10?
6 - 5.0
T / B
; >4
4 /] \\ C 4,0
5 Aﬂ \ﬂ\ o5
/ —
2 3,0
0,0 1,0 2,0 h,, MKkM

Puc. 3. 3aBUCUMOCTBD KECTKOCTH IIOABeca U paboThI,
3aTpavyeHHOM Ha MU TaHUE ra30BOT0 IIOABECA OT CPEAHEH BBICOTHI
ICEeBAOIIOPUCTOMN WeAr npu n, = 1500 MHUH, 60= 10 MKM,
@=50Tu, A=1mm, P,=106ap, P,=3 6ap, K,=0,3. Toukamu
00603Ha4YeHbI IapaMeTPhI MOABECA C APOCCEASIMH B BUAE
oTBepcTuii c Amamerpom 0,1 mm (4 oTB.). D =20 mm

My 10*, kr/mus

An/AyT
6,0 / 1,15
5.5
o 1,10
Nawa
1,05
50 ////
4,5 //// 1,0
4,0 L=
0,0 1,0 2,0 h,,, MKM

Puc. 4. 3aBUCUMOCTb YT€UYeK M OTHOIIEHHS paGoT, MOTPpaYeHHBIX
Ha MOABEC M MOTEPSIHHBIX C yTeYKaMHU Yepe3 YIAOTHSIONLYIO
Y4acTh IIOPUIHS OT CPEAHEN BbICOTHI ICEBAONIOPUCTOM €A IIPU
n,=1500 MHUH, 60= 10 MM, ©=50 T, A=1 MM, P, =106ap,
P,=3 6ap, K,=0,3. ToukamMu 0603Ha4eHbI IAPAMETPbI
MOABECa C APOCCEASIMU B BUAE OTBEPCTUIL
c puamerpom 0,1 MM (4 oTB.). D= 20 MM

A yflenl.ll"lo >5;
JIk/xr

1,40

/
1,35 /'/
//
1,30
0,0 1,0 2,0 h,,, MKM

Puc. 5. 3aBUCMMOCTH YA€ABHONM NHAMKATOPHOII paboThI OT
CpeAHel BbICOTHI IICEBAOMOPHUCTON meAr pu n, .= 1500 MuH",
60= 10 MM, ©=50 'y, A =1 mm, P, =1 6ap, P, =3 6ap, K,=0,3.
Toukoit o603HaYeHa A sacnsn IPH HCTIOAB30B

aHUM ITOABECA C APOCCEASIMH B BUAE OTBEPCTUI
c pouamerpom 0,1 MM (4 0oTB.). D= 20 MM

Komnpeccop ¢ AonameTpoM HUANHAPa 20 MM

Pe3yAbTaTBI YMICAE€HHOTO MOASAUPOBAHUS IPUBEAECHBI
Ha puc. 2 — 9.

Ha puc. 2. npuBepeH aHaan3 paboTOCIIOCOOHOCTU
razoBoro noaseca. M3 rpadpukos BUAHO, 4TO 0a30Basg
KOHCTPYKIMSI MOPIIHS HEPA6OTOCIOCO6HA (& yax,
ooasbire 0,2), T.K. IIEHTPUPYIOUIUN IIOTOK r'a3a CO3AaeT
CAMIIIKOM BEICOKOE A@BA€HUE B HeCyllleM ra30BOM CAOe
U OTHOCUTEAbHOE A@BA€HMe HapAyBa HaXOAUTCSI AAAEKO
OT OIITUMYMa (OIITHUMaAbHOEe OTHOIIIeHH e AABAEHHUS B ra-
30BOM CAO€ K AQBACHHIO HapAYBa KOAEOAETCS B IIpeAeAax
0,8—0,85[6]).

B parHOM CcAydae BICOKas paborocnoco6HoCTh ['CIT
MO>KeT OBITb AOCTUTHYTa B KOHCTPYKIIMHU C IICEBAOIIO-
PUCTBIMU IUTATEASIMHU IIeA€BOI'0 THIIA IPU CpepAHeM
3a3ope h, MEeXAY KOHTAKTUPYIOLUIUMU IIOBEPXHOCTIAMU
MeHee | MKM.

Ha puc. 3. nokasauni rpacpuku >xectkoctu I'CITu pa-
OOTHI, 3aTpayeHHOM Ha NUTaHUE IMoABeca. AHAAU3
rpadUKOB MO3BOASIET CAEAATh BEIBOA O TOM, UTO HAUBHI-
CIIIas1 5)KECTKOCTDb AOCTUTAETCS IPHU OTHOCUTEABLHOM A@BA-
eHUU HapAyBa okoao 0,9 (cM. Takske puc 2), a pabora
C’KAQTOTO rasa, 3aTpadyvBaeMasl Ha MUTAHUE IIOABECA,
AOBOABLHO Pe3KO YOBIBAeT C YMEHBIIEHHEeM CeUeHUs
nUTaTeAel, BAQHHOM CAydae — CPEAHETO 3a30pa B IIeAH,
CO3AQHHOM IIPY KOHTAKTe IePOXOBATHIX IOBEPXHOCTEN.

Ha puc. 4. npuBepeHBl pe3yAbTaThEl pacyeToB Mac-
COBBIX yTedeK Yepe3 YIAOTHSIONIYIO IfeAb BepXHel
YaCTH MOPIITHS ¥ COOTHOIIEHUs paboT, TOTPaYeHHBIX Ha
padoty I'CIT u nOTepsAHHBIX C yTeUKaMu.

Ananu3a rpauKOB ITIO3BOASIET CAEAATH BEIBOA O TOM,
4TO IpHUMeHEeHUeE II[eAEBBIX IICEBAOIIOPUCTHIX TUTaTeAe
TMO3BOASIET 3a CUeT YMeHbIIeHUsI 3KCIeHTPUCUTeTa
TIOAOJKEHUS MOPUIHS B IIUAUHAPE CHU3UTL MacCOBBIE
yTeuku Ha 15%, IprudeM, HeCMOTPs Ha SBHOE CHUJKEHHE
yTedueK, CHU)KaeTCsI ¥ OTHOIIIeHHe paboThl, 3aTpadeHHOU
Ha IIUTaHYe I0ABeca K paboTe, IOTePSTHHOM C yTeUYKaMU
TIOYTHU B IIOATOPA pasa.

Ha puc. 5. nokazaHno u3aMeHeHHe YAeAbHON HHAUKA-
TOPHOM pabOoTHI KOMIIpeCccopa C yMeHbIlIeHHeM BEICOTEI
nuratoiiel mean I'CIT. Kak caepyeT u3 rpaduka, sTa
paboTa cCHU)KaeTCs MoYTH Ha 6%.

[pu yBeANYeHNY AQBACHS HAaTHETAHUSI C 3-X A0 6-T1
0ap OTHOCHUTEABHOE A@BACHHE B 3a30pe II0ABECa CyIIecT-
BEHHO YMEHBIIAeTCsI U HAXOAUTCSI OAU3KO K OIITUMYMY yoKe
B KOHCTPYKIIUU C ADOCCEAIMU B BUAE Auadparm (puc. 6).

[Tpu 3TOM MaKCUMaABHBIM 3KCIIeHTPUCUTET HAXO-
AUTCS B IIpeAeAax HOPMEL. [IpuMeHeHUMe ICceBAOIO-
PUCTBIX TUTAaTeAEH IIO3BOASIET CHU3UTE 9KCIIEHTPUCUTET
3a CUeT MOBLIIIEeHUS JKeCTKOCTH IIeHTPUPOBaHUs (pHUC. 7)
IpU OAHOBPEMEHHOM CHUXXeHUM 3aTpaT paboTH Ha ITH-
tanue ['CIT.

[TpuMeHeHMEe ICEBAOTIOPUCTHIX MUTATEAEH TaKKe
O3BOAsieT Ipu P, = 6 6ap CHU3UTL yTEYKH Yepes yII-
AOTHUTEABHYIO YaCTh TOPIIHSA Ha 15% (3a cueT CHU)KeHUS
SKCIeHTpUCHUTeTa (puc. 6 1 8) U yMeHBUIUTbL PaboTy,
3aTpadyeHHYIO Ha IUTaHUe ra30BOro IoaBeca B 2 pasa.

Ha puc. 9 nokasano usMeHeHUe YAGABHOM UHAWKA-
TOPHOU PaOOTHI C YMEHBIIIeHUEM IICEBAOIIOPUCTOH LIIEAT.

Kaxk caepyeT u3 rpauka, npuMeHeHUe ICEBAOIO-
pucTOM mean U npu P, =6 6ap MO3BOASIET CHU3UTH
YAEAbHYIO MHAUKATOPHYIO PaboTy, T.e. IOBBICUTH KO-
HOMHYHOCTEL KOMIIPECCopa.

Komnpeccop ¢ AnaMeTpoM nuAnHApa 40 MM

Paborocnoco6rocTs ITKI'TIIT ¢ AMaMeTpoOM ITUAWH-
Apa 40 MM Ipu AaBAEHUM HarHeTaHus 3 O0ap Xapak-
TepU3yeTcst KpUBLIMU rpapukoB Ha puc. 10.

Ananuis rpadukoB Ha puc. 10 T03BOASIET CAEAQTE BI-
BOA 0 TOM, UTO, KaK U B CAydae C AlaMeTpoM HUAMHAPa 20 MM,
NIpY HU3KOM A@BAEHUM HarHeTaHUs KOHCTpyKuusa ['CIT

=
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Puc. 6. 3aBHCUMOCTh MaKCUMaABHOTO SKCIIEHTPUCUTETA
M OTHOCUTEABHOIO AABAE€HMSI HAAAYBa OT CPEAHEi BBICOTHI
IICEBAOIIOPUCTOM eAn pu 1= 1500 mun, §,= 10 MKM,
©=50 Ty, A=1mm, P, =16ap, P,,=6 6ap, K,=0,3. Toukamu
0003HaY€eHBbI IapaMeTPbl IOABECA C APOCCEASIMU B BUAE
orBepcTuii ¢ Auamerpom 0,1 mm (4 oTB.). D]_I =20 MM

Cp, H/mxm A, JUx

16,0 N

0,24

/
15,0 % \ 021
/ N 0,18

140 —/-, \

13,0 Cn 0,15
/ NP

12,0 / 0,12
0,0 1,0 2,0 h,, MM

Puc. 7. 3aBucumocts xectkoctu I'CIT u paboThl, 3aTpayeHHOH
Ha MUTaHUe ra30BOro MojABeca OT CPeAHeH BBICOTHI
ICEeBAOIIOPUCTOMN eAn npu n, .= 1500 MHUH, 60= 10 MKM,
®=50Tuy, A=1mwm, P,=106ap, P,,=6 6ap, K, =0,3. Toukamun
0003Ha4YeHbI MapaMeTpPhI MOABECA C APOCCEASIMH B BUAE
otrBepcTuii c Auamerpom 0,1 mm (4 oTB.). D= 20 MM

A"/Ay

/‘ My-1 04, KI/MUH

6,0 5 3,80

5,0 s
. / 3,70

4,0 3,60
/ /A/n/Ay
/
3,0 / 3,50
20 L=
0,0 1,0 2,0 R, MKM

Puc. 8. 3aBUCUMOCTb OTHOLIEHUS paboT, MOTPaYE€HHBIX Ha
MOABEC U MOTEPSIHHBIX C yTeYKaMHU Yepe3 YIAOTHSIOUIYIO YacCTh
HOPUIHS OT CPEeAHEN BbICOTHI ICEBAOMOPUCTOM LIEAU IIPU
n,=1500 MuH", 8,=10 MM, ©=50 I'y;, A=1 MM, P, =106ap,
P,,=6 6ap, K,=0,3. ToukamMu 0603HaYeHbI IapaMeTPHI MOABECA
C APOCCEASIMU B BUAE OTBEPCTHIL
c pamamerpoM 0,1 MM (4 oTB.). D= 20 MM

A yaeabus 10 -Sa
JIK/KT
2,40 _—

2,20

2,00
0,0 1,0 2,0 h,,, MKM
Puc. 9. 3aBHCHMOCTBh YA€ABHOI HHAUKATOPHOI PaboThI
OT BBICOTHI IICEBAOTIOPUCTOM 1eAr 1P n .= 1500 Mun’,
8,=10 MrM, =50 'y, A=1mmMm, P, =1 6ap, P, =6 6ap, K,=0,3.
Toukoi o603HavYeHa A saersn TIPM HCTIOAB30BaHHUM IOABECA
C APOCCEASIMU B BUA€E OTBEPCTUM
c pomamerpom 0,1 mm (4 oTB.). DLl =20 MM

gﬂmax Pd
gl
0,4 — 0,90
Py///

0,3 7 v 0,80
/ Enmax 0.70

0,2 :/ 4

0.1 T4 0,60

0.0 1,0 2,0 3,0 T, MEM

Puc. 10. 3aBUCHUMOCTh MAKCUMaABHOT0 SKCLIeHTPUCHTETa
M OTHOCUTEABHOTO A@BA€HHS HajAYyBa OT CPeAHEeN BBICOTHI
ICEeBAOIIOPUCTOMN eAn pu n, .= 1500 MHUH, 60= 10 MKM,
®=50Tuy, A=1mm, P,=106ap, P,,=3 6ap, K,=0,3. Toukamun
0003Ha4YeHbI MapaMeTPhI MOABECA C APOCCEASIMH B BUAE
oTBepcTuii c Auamerpom 0,1 mm (6 oTB.). D]_l =40 Mmm

Cy, H/Mim Anq, x-10

An
30 ]

1,00
25 /7\\ 0,75
20 // \C‘ 0,50
sl "N

/ N0,25

10 0,0
1,0 2,0 30  h,, MM

Puc. 11. 3aBHUCHUMOCTB J)K€CTKOCTHU MOABeca U paboThl,
3aTpavyeHHOM Ha MUTaHUE ra30BOro IMOABECa OT CPEeAHE BHICOTHI
IICEeBAOIOPHUCTOM IeAn pu n, .= 1500 MuH", 60= 10 MKM,
®=50Tuy, A=1mm, P,=106ap, P,,=3 6ap, K,=0,3. Toukamun
00603Ha4YeHbI MapaMeTpPhI MOABECA C APOCCEASIMH B BUAE
oTBepcTuii c Amamerpom 0,1 mm (6 oTB.). D]_l =40 Mmm

An/Ayr M. My10*, kr/mun
— vy I
8,0 6,50
6,0 6,00
4,0 ] 5.50
N Ag/Al,
20— 5,00
0,0
0 20 30 p o

Puc. 12. 3aBUCHMOCTD yTe4YeK U OTHOIIeHHs padoT,
NmoTpavyeHHBIX Ha paboTy MOABECa U IOTEPSIHHBIX C YTeYKaMu
yepe3 YIAOTHSIOMIYIO YaCTh MOPIIHS OT CPeAHEH BBICOTHI
[ICEeBAOIIOPUCTOM WeAn npu n, = 1500 MHUH, 60= 12 MKM,
®=50Tuy, A=1wmm, P,=16ap, P,=6 6ap, K,=0,3. Toukamu
0003Ha4YeHbI MapaMeTpPhI MOABECA C APOCCEASIMH B BUAE
oTBepcTuii c Aauamerpom 0,1 mm (6 oTB.). D]_I =40 Mmm

A yﬂenl.ll"lo >5;
JIx/xr 25
/‘
2,2
2,0
1,0 2,0 3,0 hy, MKM

Puc. 13. 3aBUCUMOCTb YAEABHOI NHAUKATOPHOI paboThI
OT CpPeAHEN BbICOTHI IICEBAOIIOPUCTOM IIEAH ITPH
n,=1500 mun™, §,=12 Mmxm, =50 Ty, A=1mm, P,=10ap,
P, =3 6ap, K,;=0,3. Toukoit 0Go3HaveHa A npu
HMICIIOAB30BaHUM IIOABECA C APOCCEASIMHA B BUAE€ OTBEPCTHI
c pomamerpom 0,1 mm (6 oTB.). Du= 40 MM



C APOCCEASIMU B BUAE AaparMel OKa3blBaeTcs Hepabo-
TOCIIOCOOHOM (OTHOCUTEABHBIN 3KCIIEHTPUCUTET OOAB-
e 0,2) IpU 3aA@HHBIX YCAOBUSIX.

[NpuMeHeHMe ICEBAOTIOPUCTHIX IUTATEAEH TIO3BOASIET
IIPH BBEICOTE IeAr h MeHee 2-X MKM CACAATh KOHCTPY-
KIIUIO0 pabOTOCIIOCOOHOM.

W3 rpadukos Ha puc. 11 Xopo1Io BUAHO, UTO MaKCH-
MarbHas KecTKocTs 'CITpocTuraercanpu h < 2,2 MKM,
KOT'A@ U AOCTHUTraeTcsl BEICOKas paboTocnocobHOCTh
ToABeca.

Kpome Toro, u3 rpadpmka 3aBUCUMOCTHU ITOTEePL pabo-
ThI A, Ha IUTaHKE II0ABECA XOPOILIO BUAHO, UTO C yMEHb-
LIIeHUEeM 3a30pa IICeBAOIIOPUCTOrO MUTATeAd 3Ta paboTa
TaK’Ke yMeHbIlaeTcsl. Bup KpuBoil 00yCAOBAE€H KyOHUe-
CKOM 3aBHCUMOCTBIO PACXOAA Uepes IIeAb OT BBICOTHL
LIEeAN.

Bbaaropaps CHU)KeHUIO pacxoja ra3a Ha MUTaHUue
C YMeHBIIEeHUEeM BLICOTHI IIEAV NTUTATeAeH M YMeHb-
LIIEHUIO IIPY 3TOM SKCIIEHTPUCHUTETA ITOAOKEHUSI IIOPIITHS
B IIUAWHADE, IPOUCXOAUT yMeHbIIeHHe yTeueK uepe3
TAAAKYIO YIIAOTHSIIOITYIO YaCTh IOPIIHS, ¥ IIPU 3TOM CHU-
SKEHUIO paboTh, TOTpaueHHOY Ha MUTaHMe IIOABEeCa OTHO-
CUTEABHO YMEHBIIAIOIIUXCI JKe yTeueK. Kak 1 B cayuae
C KOMIIPECCOPOM, UMEIOLINM AuaMeTp ITUAMHAPA 20 MM,
YMeHBIIeHNe PACX0AA T'a3a Ha [eHTPUPOBAHUE ITOPIITHS
BMeCTe C yMeHbIlIeHHeM 3KCI[eHTPUCUTEeTa U yTeuekK
IIPUBOAUT K CHU>KEHUIO YAEABHOM PaOOTHI IIUKAQ.

INpu yBeAnueHUM A@BA€HUS HarHeTaHUsI ¢ 3-X A0 6-Tu
6ap, KaK U B cAydae ¢ KoMmipeccopom mpu D) = 20 M,
TIPOVICXOAMUT CYITIECTBEHHOE YAYYIIeHNEe [IeHTPUPOBAHUS
TTOPIIHS.

OTO 0OCTOSITEABCTBO 1 00YCAABAMBAET IPAKTUUECKU
TIOCTOSTHHBIN 9KCIIEHTPUCUTET IPU U3MEHEeHUN CeUeHU s
MUTAIOIero ycTpoicTBa. Kak 1 B IPEeABIAYIINX CAyYasx
YMEeHBIIIeHVEe BLICOTHI IT[eAN IICEBAOTIOPUCTLIX TUTATEAEH
IIPUBOAUT K CHMJKEHHIO 3aTpaT paboThl Ha NMUTAHUE
ra3oBOTO IIOABECA.

[MpakTHYeCcKy NOCTOSHHBIN OKCIIEHTPUCUTET IIPUBO-
AUT K TOMY, YTO BeAUYUHA yTeueK OCTaeTCs IpakK-
TUYeCKU HeM3MeHHOM (puc. 12) npu CHU>KeHUU OTHOIIIe-
HUS paboT, HOTPAYeHHbIX Ha ITOABEC U IIOTEPSIHHEIX C yTeU-
KaMU 3a CYeT YMEeHBIIeHUs PacxoAd ra3a Ha I[eHTPHU-
poBaHue.

B AaHHOM BapuaHTe IIPU BBICOTE II[eAN OKOAO 1,5 MKM
norepu paboThl Ha YTeUKU U MUTaHUe IIOABeca CTaHO-
BATCS MpaKTUYecKu paBHBIMU. Ha pric. 13 mokasaHo us-
MeHeHUe YAeAbHOU NHAMKATOPHOM pabOTHI OT pazMepa
IUTAIOIIEH IITeAH.

W3 rpacdukra BUAHO, 4YTO pa3Mep IUTAIOUIEN IIeAUn
IICEBAOIIOPUCTEIX MUTATEAEYH IPAKTUUECKU He OKa3bl-
BaeT BAUSHUS Ha 9KOHOMUYHOCTL KOMIIPECCOPa.

KHMXHAS nOAKQ

629.7/A19

[TpoBepeHHEBIE @HAAOTHYHEIE YMCAEHHBIE PACUEThI
AASI KOMIIpeccopa C AramMeTpaMu HUAUHAPOB 60 1 100 MM
TOKa3aAH, YTO C AAAbHENIINM YBeAnYeHeM AaMeTpa
LMAMHApPA IPUMeHeHNe IUTAIOUINX lleAel B BUAE IICEeB-
AOIIOPUCTHIX NUTATEAEN He AaeT NIPeUMYILIeCTB II0
CPaBHEHUIO C ADOCCEASIMU B BUAe AUadpParMel AasKe pu
HU3KOM AABA€HUM HaTrHETaHU.

OCHOBHbBI€E BEIBOABI

1. PaccmoTpenHas B pabote KoHcTpyknusa [TKITITT
c nceBponopucteiMu nutateasmu ['CIT no3BoaszeT cos-
AAaBaTh pabOTOCIOCOOHEIE M 3KOHOMUUYHBIE KOHCTPY-
KIJUY MaAO- U MUKPOPACXOAHBIX KOMIIPECCOPOB C Ta-
30BBIM IIOABECOM IIOPIIHS.

2. Hauboabmmut 3ppeKT AaeT IpuMeHeHNue IICeB-
AOIIOPUCTHIX IUTaTeAeH B KOMIIpeccopax ¢ AhaMeTpOM
nopurHg 40 MM 1 MeHee, IpUYeM YeM HU)Ke AaBAeHUe
HarHeTaHUs, TeM BBIIIE [1eAeCOO0OPa3HOCTh 3aMeHBI
OOBIYHBIX APOCCeAel THUIIa TPOCTast Auacpparma Ha IICeB-
AOIIOPUCTHIE MUTATEAU B TOM CAy4Yae, ECAU UMEETCS TeX-
-HOAOTHYECKasi BO3MO>KHOCTb U3TOTOBAEHUS KaANOpO-
BaHHBIX OTBepCTUM AaMeTpoM 0,1 MM 1 MeHee.
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TPAHCIOPTHBIX MAIINH.
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YOK 621.83

A. A. OETTSPEB
C.H. KAPBAMHOBA
. B. PEAPEEB

OMCKMH roCcyAapCTBEHHbIM
arpapHbIi YHMBEPCHTET

PACYHET KOHCTPYKTMUBHbIX NMAPAMETPOB
YroflbHUKOBOM OBBEMHOM
TMAPOMALLUHDI

PaccmoTpeHa opMruHanbHasi KOHCTPYKUMS erl'II:HMKOBOi’i 06beMHOM rTMAPOMALUMUHDI.
BbisiBneHa B3aMMOCBSI3b KOHCTPYKTHBHbIX NapaMeTPOB OCHOBHbIX 31 MEHTOB M'MAP OMALUMHbI.
OnpepeneHa BenMyMHa yTeyekK yepes 3a30pbl.

KnioueBble cnoBa: yronbHMKOBasi FrMAPOMaLLMHA, MapaMeTpbl, pacyeT, NPOU3BOAUTENbHOCTD.

B oTeuecTBeHHOM MAIIMHOCTPOEHNH BCe Yallle 1 Ja-
11Ie HaXOASIT MECTO CUAOBBIE IIEPEARYH, B KOTOPHIX AASI TIEpe-
HOCA YHEePTrUU UCIIOAB3YeTCS JKUAKasI pabodasi cpeaa.

Hanboaee CAOKHBIN TUII MAITUH, C IEPEMEeHHOM ITPo-
U3BOAUTEABHOCTBIO, PAOOTAIOMIUX B THAPABANUYECKUX
nepeapaydax, — 3TO aKCUAABHO- ITOPIIHEBbIe HACOCHI C KO-
coii manbou.

OCHOBHBIMH HEAOCTATKaMHU CYIECTBYIOIINX aKCH-
AABHO-TIOPIITHEBEIX HACOCOB SIBASIFOTCSI:

— CAO>KHOCTDB U3TOTOBACHUS KOCOM ITTatObI;

— CAOJKHOEe COepMHeHMe KOCOU IMaubbl ¢ IAYHIKe-
pamu (YIIOPHBIN MOAIINITHUK KaUeHUS AU CKOABKEHUS);

— Kocad 111aiiba IpeACTaBAsIeT cOOO0M (BMeCTe C IIpH-
COEAWHSIEMBIMU AETaASIMU) AMHAMUUEeCKV HeypaBHO-
BEIIIeHHYIO CUCTEMY (PHC. 1), IOPOKAQIONIYIO AUHAMU-
YeCKUH MHEePIMOHHBIM MOMEHT, KOTOPEIH PeaKI[UY OTIOP
AO/SKHBI KOMIIEHCUPOBATH [1].

AAst ocrabAeHUS HEAOCTATKOB CYIeCTBYIOMIUX
aKCHaAbHO-TIAYH)KEePHBIX MalllMH HaMU pa3paboTaHa
YTOABHUKOBasI 00beMHasi THAPOMAIIMHA C ABYMs pa-
60YnMU 30HAMY, 3HQUUTEABHO OTAMYAIOINASICS OT CY-
MIEeCTBYIONINX, HOBU3HA KOHCTPYKIIUY KOTOPOM IIOA-
TBep>KAeHa IIaTeHTOM [2]. YKazaHHas yTOABHUKOBAsI TUA-
poMalirHa OTHOCHUTCS K TUITY MallIMH C MaABIM PACXOAOM
U HU3KUM pabouuM paBaeHUeM. [ToTeHIIMaABHO cxeMa
YTOABHUKOBOU TMAPOMAIIMHEI (PUC. 2) AOTyCKaeT BO3-
MO>KHOCTD PEr'yAUPOBaHMUS IPOU3BOAUTEABHOCTH.

AOCTOMHCTBOM YIOABHUKOBOM CXEeMHBI B I'MApPOMa-
LIKHe SIBASIeTCS IPOCTOTa KOHCTPYKIUM, BCe AeTaAu
SIBASIIOTCSI, IIO CyTH, TEAAMU BpallleHus.

OpHaKo HapsIAy € AOCTOMHCTBOM YTOABHUKOBOM ITepe-
AAUU CAEAYeT OTMETUTh HEAOCTATKH, N3-3a KOTOPBIX OHA
He HalllAa CBOET0 TPUMEHEeHN s Kak ITepepaya:

— IIOBTOPSIIOIINECS CBS3H;

— 3HAUUTEAbHOE CKOALKeHUe 1 TPeHHe B OCHOBHOM
y3Ae;

— JKeCTKUe OTPaHUYeHUsI 10 OTKAOHEHUSAM yTAQ U3-
ruba IAYH>XepOB (B JKeCTKOM KOPIIyCe) U Ap.
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Puc. 1. Cxema AMHaMHU4Y€CKOM CUCTEMBI

Ho npu aHaAmu3se pabOTHl yTOALHUKOBOM Ilepepaun
06GHapy>KeHbI AOTIOAHUTEABHEIE ee CBOMCTBa. OTHOCHTe-
ABHOE ABVJKEHIE IIPOME’KYTOUHBLIX 3BEHLEB B OTBEP-
CTUSX (DAQHIIEB BAaAOB ITOAOOHO ABUIKEHUIO IIAYHIKEPOB
B IIMAWHApPaX. OTUM MBI U BOCIIOAB30BAAUCH IIPU IIPO-
eKTHPOBa-UM TUAPOMAIINHEL C IPUMeHeHUeM YOAbHU-
KOBOU IIepeAaun.

Hcnoab30BaHME YTOABHUKOBOM IIepepauy B 00beM-
HOM TUAPOMAIITUHE C TOCTOSTHHBIM PACXOAOM KUAKOCTHU
MIPEeACTaBAEHO Ha puc. 2.

YroABHUKOBAsSI THAPOMAIIHA paboTaeT CAEAYIOIINM
o6pa3oM: BpallleHHe OT BeAYIIero OAOKa ITMANHAPOB 2 IIPO-
MesKyTOUHBIMU 3BeHBSIMU 4 IIepeAaeTCsI BEAOMOMY OAOKY ITH-
AHAPOB 3. [TayH>Kepa IlepeMelratoTCsa BO3BPAaTHO IIOCTYTIa-
TeABHO BAOAL IIMAMHAPOB, oOecIieurBast pabouuii IIpoliecc.

OCHOBHBLIMU ITapaMeTpaMu 0O LEMHOM TMAPOMAIITH-
HBI SIBASTIOTCST:

— IPON3BOAUTEABHOCTD (TEeOpeTUYecKas)

2
0, =2™1 .. p.g®.p, (1)
4 2

d_ —AuaMeTp IAYHXXepa;

Z — KOAUYECTBO NIAYH)KePOB;

D — AnaMeTp OKPY>KHOCTH PaCIIOAOKEHHUS OCeH AYH-
SKEepOB;

o —YTOA m3ruba NAYHKepa;

N —YacTOTa BpalleHUs OAOKOB ITUAUHAPOB;

— AdBAEHHE

pP=pP, —Pn (2)
P, — A@BAEHHE Ha BEIXOAE;
p2 — AABAEHUE HAa BXOAE,

— 3aTpa4yeHHasi MOITHOCTE IIPUBOAQ TMAPOMAIIINHBI

N=p-0, 1, @)
n—Mexanudeckutt KITA rupApoManinybl.

Kaxk mpasuaro, Q, BxoauT B T3 Ha IPOEKTUPOBaHUE
rMAPOMAIIMHEL. V3 ypaBHeHus (1) MBI BUAMM, 4TO Q.
3aBMCHUT OT KOHCTPYKTHUBHEIX IIaPAMeTPOB MAIIKHEL: d
z, D, o, n, U3MeHss KOTOpbIe MBI MOJKeM IIOAYUUTh He0O-
XOAMMYIO IIPOM3BOAUTEABHOCTE Pa3pabaTeiBaeMoro Me-
XaHWU3Ma.

OaHaKO MPOM3BOAUTEABHOCTE PearbHast Q, OTAU-
4aeTcs OT IPOU3BOAUTEABHOCTH TeopeTndeckor Q, Ha
BeAMUMHY yTedek Q
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Puc. 2. YroAbHUKOBasi 00'’beMHas rTHApOMalInHa
1-Kopmyc ¢ KpbIIIKaMy; 2—BeAyHUi OAOK HUAUHAPOB C BaAOM; 3—BEAOMBII OAOK IIUAMHAPOB;
4-npoMe’KyTOYHbIe 3BeHbs (IAYH)Kepa); 5—30A0THHK; 6—omopa; 7—yInAOTHEHHS

a)KOHILEHTPHUYECKOoe
Puc. 3. PacnonroskeHue NAYH)Kepa OTHOCUTEABHO IIMAMHAPA.

0) SKCLeHTpUYeCcKoe

e—3KCIeHTPUCATET, O—KOABIEBOI 3a30p

QP ZQT_QY' (4)

OnpepereHHe yTeueK KUAKOCTU dYepe3 3a30PHI,
00pa30BaHHbBIE CONIPATAEMBIMU ACTANIMHU, IBAIETCS BaJK-
HOM 3apaveill B TeOpUM ruppolepeaad. Bo MHOrUx cay-
4YasiX BO3MOKHOCTb YCTPaHEeHUS UAU YMEHbIIIeHUS yTe-
4YeK IIpeAONIpeAeAseT IPUTOAHOCTE TOTO MAY NHOTO THA-
PaBAMYECKOTO MEXaHM3Ma.

Kaxk nokazano B [3], yTeUKH >KUAKOCTH 3aBUCAT OT
BeAWUYNHEI 3a30P4, OT BI3KOCTU JKUAKOCTH, OT IIepelapa
AABAEHUS ¥ OT CKOPOCTU OTHOCUTEABHOTO IlepeMellleHUs
AeTanel.

B 0CHOBHOM yTeUKM 3aBUCSIT OT BEAWUUHBI 3a30pa.
[Mpu yMeHBIIEHNY 3a30Pa YTEUKU KUAKOCTH CHUIKA-
rorcst. OAHAKO IIPU OYeHBb MAABIX 3a30Pax, BCAEACTBUE
TeMIIepaTyPHLIX AepopManyi, BO3MOKHEI 3aKANHUBA-
HUS COIpATaeMbIX AeTarel U HapyllleHrue HOpMaAbHOM
paboTel rupponepepaun. OnpepereHrne MUHUMAABHO
AOIIYCTHUMOTO 3a30pa — CAOJKHas 3aAa4a, Tak KakK COII-
psraeMble AeTaAu paboTaloT B PAa3AMYHEBIX TeMIlepa-
TYPHBIX PEXKMMaX, YCTAHOBUTH KOTOPHIE PACUYETHLIM
IIyTeM BO MHOTHX CAy4asX He IIPEACTaBASETCS BO3MOXK-
HBIM. [ToaTOoMy npu BEIGOpE 3a30pa HEOOXOAUMO PYKO-
BOACTBOBATLCSI TAABHBIM 00Pa30M OIIBLITHBIMU AQHHBIMU,
IIpU KOTOPBIX BeAMUYNHA 3a30pa NPUHUMAETCS C HEKO-
TOPBIM 3aI1aCOM, TaPaHTUPYIOIINM HOPMAABHYIO paboTy
TUAPOIIPUBOAA.

[NpuHSTO paccMaTPUBATH ABA CAydasi B3aMMHOTO Pac-
MIOAOJKEHUSI UUAWHAPA U IepeMellaiollerocss BHyTpU
HeTo NopIIHS (pHUc. 3).

KoHIleHTpHUUueCcKoe PacloAOsKeHNe IAYHKepa OTHO-
CUTEABHO ITUAMHAPA BO3MOJKHO AUITL KaK AONYIeHUe
Ipu paboTe NALAABHOTO MEXaHU3Ma.

PaccmarpuBas paboTy yTOABHUKOBOM 0O beMHOM TUA-
pOMalINHE], IPUHUMAaeM BO BHUMAHUE TO, YTO ITpH pabo-
Te HacoCa JKUAKOCTB, HAXOAAIIASICS B pabodyell Kamepe,
B (pa3e HarHeTaHUSA IPOTUBOAENCTBYET CXKATHUIO ee IIAYH-
>KepoM U OKa3bIBaeT Ha IAYH)Kep AaBA€HHe, BEIpaskaeMoe
cunol P (puc. 4).

[TepeneceM cuabl P BAOAL AUHUU A€HICTBUS B TOUKY
repecedyeHud 3TUX AMHUN. HaxoAUM pe3yAbBTUPYIOITYIO
cuny P

P = 2P~sin%, (5)

PaccMoTpuM IAYHIRepP, Kak )KeCcTKoe Hepedop-
MHPOBAHHOE TeAO (puc. 4). PesyabTupyromas cuna P,
OyAEeT CABUTATH IIAYHIKEP IapasAeAbHO Ha BEAWYUHY
3a30pa ¥ IPUKUMATh ero K CTEHKe IUANHADA, BBI3bIBAs
TeM CaMbIM SKCI[EHTPUYECKOE IIOAOKEHIE IIAYHKepa OT-
HOCHUTEABHO IAYH)KE€PHOTO OTBEPCTHS B IIUAMHADE.

BeAnunHa yTedek >KHUAKOCTU 4epe3 3a30p IpPHU
9KCIEHTPUYECKU PACHOAOKEHHOM IAYHJKepe IO
OTHOIIIEHUIO K IMAUHADPY OollpepeaseTcs [3]:

0, = (pl _Pz)
V12 u - tpa6

v, -6
2.58° + ”2 }md”' (6)

TAe P, P,— AQBACHHS B PA3HBIX IOAOCTSIX IUAMHADA,

L, — CKOPOCTE TIePEMEIeHus IAYHKEePa B IIUAUHADE,

8 — BeAMUMHA 3a30pa MeJKAY IAYHKePOM U IIUAMHAPOM,

H— KO3 (PUITUEeHT ANHAMUYECKON BSI3KOCTH JKUAKO-
CTH,

I s—pabouas pAanHa 00pasyrouler IAYHKepa (AAUHA
3a30pa),

d, —AMaMeTp NAyH)Xepa (HOMUHAABHBIM AUAMeTp CO-
epnHeHus) [3].

3ameTnM, 4TO IIpH v, = 0 BeAnuynHa yTeuek Q, OyaeT
OIIPEAEAThCS IIePellapOM AABAeHUS (P, —P,), a TaKXKe
3aBHCeTh OT KOHCTPYKTUBHBIX ITapaMeTpOB Hacoca:
BEAWYUHBI 3a30Pa 0, BA3KOCTHU JKUAKOCTH, AAMHEI 00pa3y-
1onren Ipaﬁ, a Takxke puaMeTpa nayHxepa d . Ocob6enno
CyIIeCTBEHHO BeAWYHMHA yTe4eK 3aBUCHUT OT 3a30pa o,
TaK KaK OH BXOAUT B ypaBHeHUeE B TPeThbel CTeIleHH.

3aAaBasich AOIYCTUMBLIM 3Ha4eHHEeM yTedek QA
BBIPa3UM O M3 ypaBHeHUs (6):

(7
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< pad

Puc. 4.Cxema Harpy>keHusl YTOAbHUKOBOI 00'b€MHOM Ir'MAPOMAaIINHBI.

k=EM-paccTosiHue OT TOYKH lepece4eHusI 0cell TUANHAPOB A0 BHYTPEHHEro TOplia IMAHHAPA;
r=BM=MK-paapnyc OKpy>KHOCTH PacCIIOAOJKeHHNS LIeHTPOB IIAYH)KePOB B IUAUHADE;

max

4 —3a30p; a.—yroa u3ru6a nAyHxepa; I-AAuHA NAYHKepa; 1, ™ ~MaKcnMaAbHas AAMHa paboyeil YacTu NAYHXKepa;

pa

AAs onipepeAeHUus Ipaﬁ—pa6oqe171 MAMHEI 00pasy-
IolIel IAYH)Kepa IPY Pa3AMYHBIX yTAaX U3ruba IAyH-
>Kepa, BEIBEAEM 3aBUCHUMOCTb MEJKAY AAMHOM U YTAOM
usruba DAyH>Kepa.

PaccmoTrpum nopo6HbIe TpeyroabHUKN AEMC, ADCK,
AACB (puc. 4).

N3 mopo6ust 5TUX TPEYTOABHUKOB MBI OITPEASAVM
MaKCHMaAbHOE U MUHUMAaABHOE 3HaUeHU I AAUHEBL pabo-
4el 4acTH NAYH)Kepa, B 3aBUCUMOCTH OT yTraa u3ruba
TIAYHIKepa.

| (8)

© pac

[0
g ksrog®
€5

g min

C pac

=l—k-rigZ (9)
2
Ncxopsa us ypaBHeHUI 7, 8, 9, BEIBeAeM 3aBUCUMOCTh
MEe>KAY OCHOBHLIMHM KOHCTPYKTHBHBIMU ITapaMeTpaMyu
YTOABHUKOBOU OO'BEMHOU TUAPOMAIIINHE], IIPU U3BECT-
HOU BeANYHHE yTeueK OHa OyAeT TaKOM:

wa(f—kir-tg%j

Ap-m-D

5=148 (10)

Ha ocHoBaHmMU noAydeHHOTO ypaBHeHUs (10) MBI
MO>KeM 060CHOBAHHO 3aAaBaTh TPeOOBAHMSA K TOUHOCTHU
U3TOTOBAEHUS U 00pabOTKM OCHOBHBIX AeTarell IIpepAa-
raeMoM THAPOMAIINHE], TEM CAMBIM OIIPEAEAUTH TEXHO-

I ™" _MuHMMaAbHasi \AMHa paGoyeil 4aCTH AYH)Kepa; P—cuAa AaBAeHHUS

AOT'MIO N3TOTOBAEHUSI OCHOBHBIX Y3A0B U U3AECAUS B IIe-
AOM.

BubaunorpadguyecKknii CIHCOK

1. TuapaBAMKa, THAPOMAIIWHEI M THAPONIHeBMoIprBoa, / T.B. Ap-
TeMbeBa U [Ap.] — 2-e u3a., crep. — M.: M3paTeAabcKUi IIeHTP «AKape-
musi», 2006. — 336 c.

2. TMaT. RU Ne 81268 U1, MIIK F04B 1/10/Baaakusn IT.A,.,
Aertsapés A.A., Kap6annosa C.H., IIImuaT A.B.; 3a9BUTEAb ¥ IATEHTO-
oGrapatear OI'OY BITO OMIAY.—Ne 2008140488 /22, 3asBA.
13.10.2008; ormry6:. 10.03.2009; Broa. Ne 3.

3.T'ypees, B.IT. TuapaBandeckue oobeMHbIe tepepaun / B.IT. T'ypbes,
B.U. IToropeaoB. — M.: Mamrus, 1964. — 344 c.

AEI"TSIPEB AHaToANi AHTOHOBUY, KAHAUAAT TeXHUYE-
CKHUX HayK, AolleHT(Poccus), poonieHT KadeApHI AeTarel
MAallIWH 1 UH)KeHepHOU IrpauKuU.

KAPBAVTHOBA CsetraHa HukonaaeBHa, acnyupaHTKa
KadpeApHl AeTarel MAlIUH ¥ NH)KeHePHOM rpadUKU.
PEAPEEB I'puropuit BacuabeBud, KaHAUAQT TeXHUYE-
CKUX HayK, 3aBEAYIOLINY KaheApO AeTarel MAIlTiH U MH-
>KeHepHOM rpauKU.

Apapec pasniepenucku: 644008, r. OMcK, yA. OUKYABTYD-
Had, 1.

CraTtbs nocrynuaa B pepaknuio 05.04.2010 r.
© A.A. Aertapés, C. H. Kap6aunnoBga, I'. B. Peapees
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OMCKHMH roCyAapCTBEHHbIM
TeXHHYECKMM YHMBEepCHTET

NMPUMEHEHME METOA AHAJIMTUYECKOM
UEPAPXWN A1 BbIBOPA
DOTOIJIEKTPHYECKUX
NMPEOBPA3OBATEJIEM

NMPU NMPOEKTUPOBAHUA
MHUKPOCITYTHMKOB

B npeAcCTaBNeHHOM CTaTbe PacCMaTPHMBAETCS BbIGop (hoToaneKTMpuuecknx npeobpasoeatenei
Ha NpefBapMTENbHOM 3Tarne NPOEKTUPOBAHUS C MCMONb3OBAHMEM METOAA AHaNMTHYECKOM

HepapxmM.

Kniouesbie cnoBa: hoToaneKTpuyeckme npeobpasoBaTeny, METO/ aHaNMTHYECKON HEPAPXHH.

OAHOM U3 Ba’KHBIX 33Aa4 ITPU MPOEKTUPOBAHUY CAOIK-
HBIX TexHudeckux cucteM (CTC), K KOTOPBIM OTHOCSITCS
MUKPOCIIYTHUKY, SIBASIETCS BEIOOD HaboAee OITUMAaAb-
HBIX IPOEKTHEIX pelleHutt npu pazpadborke CTC. B Hac-
Tosillee BpeMs olleHKa TexHUuecKoro ypoBHs CTC saB-
AdeTCS aKTYaAbHOM 3apadell.

B cooTBeTCTBMY C OCHOBHEIMY IIPOIIEAYPaMU IIPOEK-
TUPOBaHUA [ 1], IpeACTaBA€HHBIMU Ha PHC. 1, OIleHKa TeX-
Hudeckoro ypoHs CTC HeoOxoaMMa Ha Ka’KAOM 3Talle
npu paszpabotke CTC.

| ¢dopmynuposka T3 |

[TpoexTrpoBaHUe CHCTEMBI HAUMHAETCS C CUHTE3a
HUCXOAHOI'O BapHUaHTa ee CTPYKTYPHL. AAST OIIEHKY 3TOTO
BapMaHTa CO3Aa€TCSI MATEMAaTUIECKasI MOAEAD.

IMocae BBEIGOpa MCXOAHBIX 3HAUYEHUM MTapaMeTpoB
9AEMEHTOB BHITIOAHSIETCS aHAAM3 BAPHAHTA, 110 PE3YABbTa-
TaM KOTOPOTO CTAHOBUTCSI BOBMOJKHOM €T0 OIIeHKQ, IIPO-
BOAMMAS IO IPOBEPKE BBHIIIOAHEHUS YCAOBUM paboTo-
cnocoOHOCTH, chopMyAupoBaHHOM B T3. Ecan ycaoBus
paboToCTIOCOGHOCTY BEITIOAHSIIOTCS B AOAJKHOM Mepe, TO
IIOAyYEHHOEe NIPOEKTHOE pelleHHe MPUHUMAETCH,

KoppekTuposka T3

yposens K

| CHHTE3 CTPYKTYPBI |

CHHTE3

| CO3IaHHUEC MOJICIIH

|4_| HM3MEHCHHE CTPYKTYpPBI ¢

v

PacyeT UCXOIHBIX
BHYTPEHHHX IIaPaMETPOB

ONTHUMH3ALU
YIPaBIAIOMINX
apaMeTpoB

BBINOJIHSIETCS
ycIoBHe
paboTocnocobHoCcTH ?

|o¢opmneﬂue T3 Ha 3J‘IeMCHTLI|

BBIOOD
crocoba ymydiieHus
o0ObexTa

yposenb K+1

Puc. 1. TunnyHas IMOCAEAOBATEABHOCTD IIPOEKTHBIX IIPOLIEAYD
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0L0Z (€6) €3N MNHLO3E UNIGHRAYH UMIDNO

INHIVIIOHUMVYIN U IUHIOdLOOHMMVIN
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MALWLWHOCTPOEHUE U MALLVNHOBEAEHUE

Ta6auna 1

XapaKTepuCTHKH (OTOIAEKTPUYECKUX IAEMEHTOB

Tun MOHOKpHCTAaAAMYECKHE AMopdhHEIE T'erepocTpyKTypHEIE
XapaKTEPUCTUKU KPEMHUEBBIE KpEeMHUEBEIe GaAs-GaAIAs
Croumocrs (py6/BT) 200 100 350
YaearHas momuocTs CB npu AMO, 25°C
B ONTUMAABHOM TOuke BAX, Br/M* 200 90-100 -
YaeabHas momaocTs CB npu AMO, 60°C,
B ONITHMAABHOM TOuke BAX, Br/M* 165-170 4050 ~320
VYaeabHasi macca (o ¢oToobpasyroieit
wacty Ge3 yuéra Kapkaca), Kr/m>:
—CeTyaTas MOAAOIKKA 1,7-1,85 L8
1,4-1,5 0ad 1,6
—COTOBAsI MIOAAOJKKA
Aerpapanus pabouero Toka 3a CAC, % .
Papuanuon-
—-10 aer GEO 20 Has 15
Aerpapanus
—10 AeT LEO 20 15
—-10 AeT HA SAAMOTHYECKOM M IPOMEXKY- 30 ~7% 25
TOYHON OpbHuTax
KITA, % ~15 ~12 ~30
SJ'
045
0.4 e
e
& T —
0,35 Bl
0,3
0.25 [T At B R e —e— VIOHOKpUCTaIAM e CK e
: o KpemHueBble
0.2 —&— AMOPHbIE KpeMHNEEble
0,15 —s— leTepoCcTPYKTYpHbIe
GaAs-GaAlAs
0.1
0,05
0 T T T T 1 N BT
0 20 40 60 80 100

Puc. 2. i3MeHeHHe ITOKa3aTeAs KauyeCTBa B 3aBMCUMOCTH OT MOIIIHOCTA COAHEYHOM DaTapeu

Tab6auna 2
[ITxana OTHOCUTEABHOM Ba>KHOCTH

KoanuectBeHHOe
3HAUEHHE

YpOBeHB Ba)KHOCTH

PaBHast B&)KHOCTh
. YMepeHHOe IPEBOCXOACTBO
Cy1ecTBEHHOE HAM CHABHOE IIPEBOCXOACTBO
3HauuTeAbHOE (OOABIIEE) IPEBOCXOACTBO
OueHb OOABIIOE TPEBOCXOACTBO

G W N =

CHCTeMa 2-TO YPOBHS ONIMCEIBAETCS B IPUHATOMN hopme
u dopmyaupyeTcs T3 Ha IPOEKTHPOBAHUE DAEMEHTOB
AAQHHOT'O YPOBHS, TO €CTh CUCTEM CAEAYIOIETO YPOBHS.
EcAm moAydeHHOE IPOEKTHOE PelIeHre HEYAOBACTBOPH-
TEALHO, BEIOMPAETCsI OAWH U3 BO3MOJKHBIX ITyTEH YAyY-
LIeHud IpoekTa [1].

Ha npepBapmTeAbLHOM 3Talle IPOeKTUPOBaHUS He00-
XOAHMMO BEIODATh HAWAYYIIYIO AABTEPHATUBY (POTOSAECK-
TPUYECKUX IpeoOpa3oBaTeAei AAT MUKPOCITYTHHKA.

B HacTosmee BpeMsi IPUMEHSIOTCS IIPU IPOEKTUPO-
BAHWUU MUKPOCITYTHUKOB IPUMeHSIOTCs Tpy Tuna O 3T,

m XapPaKTePUCTHUKU KOTOPHIX IIPEACTABACHEI B Taba. 1.

[ToCKOABKY Ha IIPeABapUTEABHOM 3Talle IPOEeKTH-
POBAHMS CyHeCTByeT HEOIIPEASAEHHOCTD, CBSI3aHHas
C BLIOOPOM M KOMIIOHOBKOM CHCTEM MUKPOCITYTHUKA, TO
aHAAM3 II0 KOHKPETHBIM XapaKTePHUCTUKAM MAKPOCITYT-
HUKa He IIPEACTaBASIETCSI BO3MOXKHEIM. B cBsI3U € aTUM
A OLIEHKU Ay YIlIeN aAbTePHATHUBHI IIeAeCO00Pa3HO IPH-
MEHSITh METOA aHAAUTUUECKOM nepapxuu. [Ipu BEIOOpe
HaWAy4Illel aAbTepHATUBEL HEOIIPEASASHHEBIM TapaMeTp
MOXKeT OBITh 3aAaH AMANa30HOM, HallpuMep, MOIITHOCTh
TIPOEKTUPYEMOTO CIIYTHUKA HAXOAWUTCS B AMaTla30He OT
20 p0 90 BT [2].

ITpeAllOAOKUM, UTO PAacCMaTPUBAIOTCS YCTAHOBKA
TPeX TUIIOB POTOIAEKTPUUECKHUX IIpeoOpa3oBaTeAe:

A — MOHOKPHCTaAANUECKNE KPEeMHUEBEIE

B —aMopHEIe KpeMHUEBEIE

C —retepocTpykrypHEIe GaAs-GaAlAs.

[Npu nonapHEIX CPAaBHEHUSIX B PACTIOPSIKEHUE AWTIA,
npuHuMaroiero pemenus (AIP), AaeTcs miKaaa CAOBe-
CHEIX OIIPEAEACHUY YPOBHS Ba)KHOCTH KPUTEPUEB, IIPU-
4yeM KaKAOMY OIIPEAEAEHUIO CTABUTCS B COOTBETCTBHE
9mcAo (Taba. 2).

[Npu cpaBHEHUU SA€MEHTOB, IPUHAAAEIKAIIINX OAHO-
My ypOBHIO uepapxuu, AP BEIpakaeT cBoe MHEHHE,



Tabanna 3

Marpuia CpaBHeHHH AAS1 KDUTEPHEB

— o o
= | 8 ] £E2Q S
S |gEE%| & TENN
2. SIS © & EY @
B |§EREI B2 | = |Bosd| =
2 | 2885 wU ESEa@| 2 3
£ |3897|E8| B (5225 | 2
(=] 3]
e |ggF%| e S 3
o > 5 »0 o 5
CroumocTs, py6 1 4 3 1 1 1,00 | 0,33
Macca OITI, kr 0,25 1 2 1 { 0,50 | 0,17
Aerpapauus pabouero Toka 3a CAC, % 0,33 0,5 1 1 1 0,40 | 0,13
KIIA, % 1 1 1 1 1 0,57 | 0,19
YaeabHas momHocTs CB npu AMO, 25°C B
ONTUMAABHOI Touke BAX, Br/m’ ! ! 1 1 1 Gof | G
Tabauna4  UCIOAB3YSI OAHO M3 IIPUBEACHHBIX B TAOA. 2 OIIPEASASHUH.
Marpuiia cpaBHeHUY KpUTEPHUEB BEIOOPA POTOIACKTPU-
CpasHeHue 110 KPUTEPHIO ACTPAAAILMS PaGOIero ToKa 4JecKux IpeobpasoBateaeit (DII1) mpeacTaBAeHa B TaOA. 3.
Assrepmarnza | A B c COSZzEHHHP“I Bec CHauana CDaBHUBAIOTCSI 38 AAHHBIE aABTEPHATHBEI AAST
= T E e ; oop 5T MotrHocTH 20 BT 110 KaXKAOMY KPUTEPUIO OTASABHO, DTHU
B 357 | 1.00 | 2.86 3.57 0.61 TIOIIapHBIE CPABHEHUS [IPEACTABACHBI B TaOA. 4 — 8.
@] 1,25 0,35 1,00 1,25 0,21 OHeHKa II0 CTOMMOCTH B 3aBUCUMOCTH OT 3aAaHHOI7I
MOLIHOCTH OIIPEAEASIETCS IO (OPMYAE:
Tabauna 5 C= i.c N
N 7o
CpasHeHnue no Kputepuio KITA, »
CoO6CTBeHHEIN
AjbTEpHaTHBa A B (o Bec
I BEKTOP C —o6mas croumocts D3I, py6
A 1,00 | 1,25 | 050 1,00 026 N — o6mas moraoCcTs OII1, BT
B 0,80 | 1,00 | 0,40 0,80 0,21 N — 1 5% Birfadd
= 200 250 T 1.00 2,00 0.53 ya— MOIITHOCTB, CHI;IMaeMaSI c1wm* Br/™m
CW\—CTOI/IMOCTB 1 m° OIIT.
O11eHKa 10 Macce B 3aBUCHUMOCTH OT 3aAAHHOM MOII]-
HOCTH OIIPEAEASETCS 10 GOPMYyAe:
Tabauuna 6
_ N
CpaBHeHUMe II0 KDUTEPHUIO YAeABHass MOIIHOCTh OITI m= N My, '
»o
AAbTEpDHATHBA A B e SonemmeRm Bec
BEKTOD
A 1,00 | 2,00 | 0,57 1,00 031 rae m — obuias macca OIIT, kr
B 050 | 1,00 | 0.29 0.50 015 N — o6mas momuocts ®3I1, Bt
e 1,75 | 3,50 | 1,00 1,75 0,54 2 2
NYA— MOIITHOCTE, CHUMaeMas ¢ 1 Mm%, Br/m
m,, — Macca 1 m* Q3T
IMo aHaroruu CpaBHUBAIOTCSI arbTepHATUBE O OI1
Tabamma?  Aaqg MOIHOCTH COAHEUHBIX HaTapei B Anama3oHe oT 20
CpaBHel-me 0 KPUTEPHUIO CTONMOCTh AO 90 BT'
ConeeT Taba. 3— 8 MO3BOASAIOT pacCUnTaTh KOSMPUITMEHTH
Anpreprarua | A B C BEKTOP Bec B&XHOCTY COOTBETCTBYIOUTUX HIAEMEHTOB MepapXuyde-
A 1 1 0,20 1,00 0,18 cKoro ypoBHs. CHMHTe3 IIOAYYEeHHEBEIX KO3 (UIUEHTOB
B 1 1 | 204 2,15 0,40 Ba@XHOCTH OCYIIECTBASIETCS 10 (DOPMYAE:
C 4,91 | 0,49 1 2,28 0,42
Sj = Zwl Vﬂ '
TaGauna 8 /=l
- A€ S, — MOKa3aTeAb KaueCTBa j-i aAbTEPHATHUBBL W, — BEC
Cpasnenne 1o kpuTepmio Macca _ i-ro Kputepwusi; V, — BaXKHOCT j-if AAbTEPHATUBHI 110 i-My
An A B c Cob6CcTBeHHBIN Bec 3 -
TePHaTHBa BEKTOD KpUTEPUrO [ ]
A 1,00 | 0,40 | 0,61 1,00 0,19 Aas Tpex BapuaHToB O OI1 npousBepeHHBIE BHI-
B 2,50 | 1,00 | 1,52 2,50 0,49 YUCAEHUS IIO3BOASIIOT OIIPEASAUTE TOKA3aTeAr KaueCcTBa
c 164 | 066 | 1,00 1,64 0,32 aAbTEpPHATHB B pAmanasone momuocta ot 20 Ao 90 Br,

IpeACTaBAEHHEIE Ha PHUC. 2.

WTak, B pmarniazore MmourHocTy oT 20 A0 90 BT, B cooT-
BeTCTBUU C mpepnourenusmu ATIP mo Ttaba. 3, Hau-
Aydlllel aAbTEeDHATUBOM IBASIIOTCSI TE€TePOCTPYKTYPHEIE
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OMCKWM HAYYHbBIA BECTHUK N

MALUMHOCTPOEHUE N MALULMHOBEAEHUE

GaAs-GaAlAs poTosreKTpruuecKre IpeoOpa3oBaTEeAU.
B cooTBeTCTBUM C TeXHMUYECKHUM 3aApaHUeM Ha
NPOEKTUPYEMBIH MHUKPOCIHYTHUK OIIPEAEASIOTCS
BeCOBBIe KOA(P(UITUEHTH TPEATIOUTEHUSI KPUTEPUEB,
peACTaBAEHHEIE B TabA. 3, Ha OCHOBAHUY KOTOPBIX IIPH
HUCIIOAB30BaHUM METOAA aHAAUTUUECKOM NepapXuy Ha
IpeABAPUTEABHOM 3Talle IPOEKTUPOBAHUS MOKHO
MIOAYYHUTDH HAMAYUIINE aAbTEPHATUBEL 0OGOPYAOBAHUS,
YCTaHaBAMBAEeMOI'0O Ha MUKPOCIYTHUKHU. Pe3yAbTaTHI,
IIOAYYEHHEIE METOAOM aHAAUTHYECKOU MepapXuy Ha
TIpeABapUTEABHOM dTalle IPOeKTUPOBAHMS, COTAACYIOTCS
C APYTHUMU MHOTOKPUTEPHUAABHLIMU METOAAMU BEIOOpa
HaWAyYIIer aAbTePHATUBEL, IPUMEHsIeMbIMU Ha 6oAaee
MO3AHUX CTaAUSIX IPOEKTHUPOBAHUSI, a TaKXKe
CYIIeCTBYIOIIUX MUKPOCIIYTHUKOB [2].

BubaunorpadguyecKui CIHCOK

1. BeapkoB, B.H. PakeTHBIe KOMIIAEKCHI: CIIEKTHI aBTOMATH-
3MPOBAHHOTO IIPOEKTUPOBaHUs: yueb. mocobue / B.H. BeAbKOB,
B.A. AanmrakoB. — Omck: U3a-Bo OMI'TY, 2002. — 120 c.

2. MaAable KOCMUYECKHe alllapaThl: CIIpaBoOYHoOe rnocodue /
B. H. Baunos [uap.] — OmMck: M3a-Bo OMITY, 2010. —Kuura 2. — 240 c.

3. Caary, T. A. TIpunsTHe pemeHni. MeToA aHaAn3a nepapxut /
T.A. Caatu. — M.: Papno u cBsizb, 1989. — 316 c.

MBAHOB Pycaan HukonaaeBHY, KaHAUAAT TEXHUYECKUX
HAayK, AOLIeHT KadeApHl « TpaHCcIoOpT U XpaHeHne HeDTU
U ra3a, CTAaHAAPTU3AlNA U CePTUDUKALUIY.

IITAAAY BukTop BAQANMHUPOBHY, AOKTOP TEXHIIECKUX
HayK, Ipodeccop, 3aBepyronini kKadgeppol « Tpancnopt
U XpaHeHUe He(PTU U Ta3a, CTAHAAPTU3AIUSI U CePTHU-
duKkanusa», peKrop OMCKOro rocyA@pCTBEHHOTO TeXHU-
YeCKOro YyHUBEPCUTETaA.

XOAOPEBA EnaeHa BukTopoBHa, KaHAMAQT TeXHUUE-
CKUX HaAyK, CTaplIn{ IpernopaBaTeAb KadepAps! « TpaH-
CHOPT ¥ XpaHeHUe HePTU U I'a3a, CTaHAAPTU3ALINA U cep-
TU(UKAIUSY.

KYYEPEHKO Maxkcum BaarepbeBuyY, aciupaHT, aCCUC-
TeHT KadpeAps! « TpaHCIIOPT U XpaHeHUe HePTHU U Tasa,
CTAHAAPTHU3AIUA U CEPTUPUKALIUAY.

I'PUHEBIMNY BaareHTnHa AAeKCaHAPOBHA, CTapIIInii IIpe-
IoAA@BaTeAb KadeApH!l « TpaHCIOPT U XpaHeHUe He(PTU
U Ta3@, CTaHAAPTU3AIUs U CepTUMOUKAIIUI».

Appec panst iepemnucku: e-mail: idpo-omgtu@rambler.ru
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NHdopmauus

CruneHpmanbHas nporpamMma Komnauuu Airbus

CaMOAeTHI eBPOIIEeMICKOM aBUAaCTPOUTEABHOM KOMIIAHUM Airbus KypcupyIOT B He0Oe, a CTyA€HTEI, IOAy4YUBIINE CTH-
TIEeHAUIO, IIOKOPSIOT IpodecCuoHaAbHBIE BEICOTHL Ha npoTsykennnu nocaepHnx 20 AeT eBpOIeCKUM aBUaCTPOUTEAD
OKa3bIBaeT NOAAEPIKKY TAAGHTAUBBIM CTyA€HTAM TEXHUUECKHUX CIIeIIMaAbHOCTEH ¥ 9KOHOMHUCTAM. A KOMIIAHNHY,
ocuce 1 cOOpOYHEBIe IleXa KOTOPOM HaXOAATCS B PA3HBIX CTPaHaxX EBPOIBI, MeKAYHaPOAHBIH OIIBIT CTUIIEHAUATOB
SIBASIETCSI B&JKHBIM KpuTepueM. [To3TOMy y CTyA€HTOB-MHOCTPAHIIEB, 00yJaloIUXCs B HEMEIIKUX By3aX, IIaHCHI
TIOAYYHUTH CTUIIEHAUIO AOBOABHO BEICOKHE.

KTo MoXeT IMOAYYHUTH CTUIIEHANIO

CruneHpmanrbHas IporpaMMa KoMnanuu Airbus npepHasHadueHa AAS CTYA€HTOB, U3YYAIOIINX MAITHHOCTPOEHHUE,
aBHAIMOHHYIO M KOCMUYECKYIO TeXHUKY, MEXaTPOHUKY, IAEKTPOTEXHUKY, TH(POPMATHKY, SKOHOMUYECKUE HAaYKH
¥ OPraHm3aIuIo MPOU3BOACTBA, @ TAKKE CMEeKHBIE AUCITUTIAMHEL. BeAb 9TH crierinaAm3aIiuy BOCTpeOOBaHbl 1 B CAMOM
KoHrepHe. [Tocae 3aBepiieHUst CBOEro 0OYIeHUs CTUIIEHANAT He CBSI3aH KOHTPAKTHBIMU 00513aTEABCTBAMU U MOJKET
NIPUHATDH UAU OTKAOHUTD IIPEANOIKEHUE 0 paboTe, ECAU OHO IIOCAEAYET OT KOMIIaHUH.

AAd ygacTus B mporpaMMe HeOGXOAMMO OKOHUYHUTL TPU ceMecTpa OakaraBpuaTa. Kak MOATBEPAUAY B KOMIIAHUH
Airbus, II1aHC TOAYYNUTD CTUIIEHAWIO €CTh B Y T€X, KTO IIOAYUYHA CTeIIeHb 6akaraBpa B Poccuy 1 yauTcst B MarucTparype
HEMeIIKOT'0 By3a. XOpoIast yCIIeBaeMOCTh ¥ ANYHAsI MOTUBAITHS IIOMOTYT CTYASHTY IIOAYUUTE 3@BETHYIO CTUTIEHAUIO.
Kommanus oTéupaeT «IjeAeyCTPEeMAEHHBIX MOAOABIX AIOAEH, CTaBSIINX ITepea COO0M BHICOKHUE IEeAN U 3aAaUM».
Pazmep cTunespuu coctaBasieT 255 eBpo B MecdI]. ECAU CTypAeHT HoeAeT B 3apyOe>KHBIN By3 Ha CEMECTp 10 OOMEeHY,
TO CyMMa YBEAHYHUTCS Ha 155 eBpo Ha 3TOT nepuop. BoAbIIoe BHUMaHUE YASASIETCS M Pa3BUTHIO AMYHBIX KaYeCTB.
CTHUNeHAMATH y9aCTBYIOT B CIIEIIMAABHOM ITporpaMmMe Airbus, KoTopast BKAIOYAeT KyPChl PUTOPUKY, IPE3eHTalluN
¥ YIIPABAEHUS. 3@ K&KABIM YYaCTHUKOM 3aKPEINASETCS KypaTop, KOTOPEIH IOMOraeT C IOMCKOM CTa)KMPOBOK U Ha-
MMMCaHUeM AUTIAOMHOM PabOTEHI.

Kaxk nmopaTts 3asiBAeHHue

AAs yaacTus B mporpaMme Airbus Hy>KHO IPUCAATh pe3ioMe, MOTUBAIlMOHHOe MMUCHMO, KOIIMIO aTTeCTaTa O CpepAHEM
006pa3oBaHUM ¥ CBUAETEALCTBO 00 OKOHYaHUU TPeX CeMeCTPOB 6aKaraBpuaTa. AOKYMeHThI IPUHUMAIOTCS II0 aApecy:
AIRBUS Operations GmbH

Studienfrirderung, HDA2

Frau Nicole Friedrich

Kreetslag 10

21129 Hamburg

Germany

OTOOPp CTUIIEHAUATOB IPOBOAUTCS ABA Pa3a B I'Op — OCEHBIO M BeCHOU. AAd yuacTusd B BeceHHeM oTOope 2011 ropa
MOKYMEHTBI HAAO OTIIPABUTE AO 28 heBpansi 2011 ropa, B ocerHeM — A0 31 nroast 2011 ropa. CouckaTeAy, IpoIIeAlIe
TIEPBBIY TYP, IPUTAAIIAIOTCS Ha COOeCcepOBaHNe, KOTOPOE MOJKET OTKPHITH AAST HUX HOBBIE TOPU30HTHI.
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B. H. KJIMMOB

OMCKMH roCyAapCTBEHHbIM
TeXHHYECKMM YHMBEepCHTET

UCTOYHMKU DHEPTUA HA NPUBOL
KOMIPECCOPA ITA3OTYPBMHHOIO
OABUI ATEJIA HA PA3JIMYHBIX PEXKMMAX

Er'O PABOTbI

B AaHHOM CTaTbe AaBTOP aHaNM3MpPYyeT HepacuyeTHble PeXXMMbl PaboThl KOoMNpeccopa
ras’otyp6mMHHOro aBuratensi M NPMXOAMT K BbIBOAY, YTO B 06nacTM ycToM4YMBOM PaboThbl
KOMMPEeCCopa B LIeSIOM CYLLECTBYIOT PEXMMbI, P KOTOPbIX 3HEPr1s K HEMY NOABOAMTCS He
TOMNLKO OT TYPOMHbI, HO M OT Haberalowero NOTOKa BO3yXa.

KnioueBble cnoea: ra3oTyp61HHbIM ABMraTenb, MaTe MaTHYecKasi Mofienb pabouyero npouecca
I'T[1, HepacyeTHbIM PeXXMM paboTbl KOMNpeccopa.

Hcnoab3yeMast B HaCTosAIIee BpeMsl MaTeMaTudecKas
MOAEAB ra3oTypouHHOro pABurareas (I'TA) ocHoBaHa Ha
YPaBHEHUH YaCTHOTO 6araHCca MOITHOCTH KOMIIpeccopa
u TypOuHSL. [Ipu 3TOM IpUHUMAaETCS, 9YTO PabOTa, UAY-
111as Ha IIPUBOA KOMIIPeCcopa, paBHa paboTe, CHUMaeMoH
c Bara TypOuHEHI [1], To ecTh

L =Ly (1)

rae L, — pabora, morpebasieMasi KOMIIPECCopoM;

L,—paboTa, cHIMaeMas C Bara TyPOUHEL;

n,— KIIA TypOuHebL

B pa6orte [2] noka3aHo, UTO B IOAETE SHEPIH K KOMII-
PECCOpPY MOJKET IIOABOAUTHCS HE TOABKO OT TYPOUHBI, HO
7 oT Haberarolero MoToKa BO3AyXa:

Ly =Ly, +xL, 2)

rae L,— sHeprus Haberaromero I0TOKa BO3AYXa; X—AOAS
3Hepruu Haberarollero MoToKa BO3AYyXa, HAyIIas Ha
IIPUBOA KOMIIPECCOopa.

B paHHO¥ CTaThe PacCMaTPUBAIOTCS PESKUMEL PAOOTHI
koMupeccopa I'TA, Ipu KOTOPBIX SHEPTrUd K HeMY IIOABO-
AUTCS He TOABKO OT TyPOUHEL, HO U OT Haberarolero Io-
TOKa BO3AyXa.

B KauecTBe pacueTHOTO pe’kKuUMa AASL BBIOOpa pas-
MepOB IPOTOYHOM YaCTU ABUTATEAS M COTAACOBAHUS
KoMmIpeccopa u Typoussl 'TA A03ByKOBOTO cCaMOAEeTa
TIPMHUMAETCS B3ACTHBIM PEKUM C MaKCUMAaABHOM TATOMN
(H=0, M=0, P,,). OTO CBA3aHO C TeM, YTO Ha 3TOM
pe’KuMe JacToTa BpallleHUs POTOPOB U TeMIlepaTypa
rasoB IepeA TypOHUHOM UMeIOT MaKCUMaAbHOe 3Haue-
HUE U ONPEAEASIOT OTPAHUYEHUS 10 IPOYHOCTHU Typ-
OuHEBL. BBICOTa, CKOPOCTH ITOAETA ¥ YaCTOTAa BpallleHUs
poTOpa IpY 3KCIAyaTaIluy U3MEHSIIOTCS B IMTUPOKUX
npepeaax. [1pu 5ToM cTenleHb NOBLINIEHUS AABACHUS,
pacxopa BO3AyXa, OKPY’KHBIE CKOPOCTH, & CA€AOBa-
TeAbHO, UMcAa M U YTABI @TaKU Ha AOINATKaxX pa3And-
HBIX CTyIIeHel KOMIIpeCcCcopa TaKyKe U3MEeHSIOTCS ¥ MO-
TyT CYIIeCTBEHHO OTAMYATHCS OT PACUETHBIX 3HAUe-
HUM.

YcAoBUSI COBMECTHOM pabOTHI CTyIIeHel B HepeTyAU-
pyeMOM KOMIIpeCCOpe OIIPEAEASIIOTCS PaBeHCTBOM pac-
XOAQ BO3AyXa U PaBEHCTBOM YaCTOT BpallleHUs AT BCeX
€ro CTyleHeln.

ComPuty =CuP Fy (3)
Uim _ Y (4)
D D,

Kkm Kl

TA€ M OTHOCHUTCSI K IPOU3BOABHOM CTyIIeHH.
N3 dopMyAaBl (3) MOKHO HOAYUYUTH COOTHOIIIEHUE
Me>XXAY KoadpuIiimeHTaMu pacxoAd IEPBOM U M CTYIIEHU:

Cam _p | P (5)
cal pm

rAe B — IIOCTOSIHHBIN AAST AQHHOM CTyIIeHW Kod(pdu-
LIUEHT;

n —IIOKa3aTeAb IOAUTPOIIBI CJKATHS.

Takum 00pa3oM NPU ONTUMAAbHOM 3HAUYeHUM C,,
ONITUMAABHBLIM 3HQUEHUSM C,, COOTBETCTBYIOT BIIOAHE
OIpepAeAeHHEBIe 3HAYeHHs p, /P, T. €. OIpeAeAeHHEIe
3HAQUYEeHUS CTelleHU MOBHIIIEHUS AABACHUSA B KaKAOU
CTyIIeHH 7T, KOTOPOE, B CBOIO OYepeAb, MOXKET OBITh
TIOAYYE€HO TOABKO IIPU OAHOM 3HaUeHUU NIPUBEACHHOMU
OKPY’KHOM CKOPOCTH. B IpoTUBHOM CcAydae paboTa CTy-
neHel KoMIIpeccopa 6yAeT pacCoraacoBaHa, YTO MOJKET
CYILIeCTBEHHO BAMATH Ha XapaKTEPUCTUKU OTAEABHBIX
CTyIIeHeU 1 BCero KOMIIpeccopa B IIeAOM.

PaccMoTpuM paboTy CTylleHU MHOIOCTYIIEHYATOI'O
KOMIIpeccopa Ha HepacueTHOM peskuMme paboTsl. [1pu
HeHM3MEeHHOM 3HaUeHUH OKPYKHOU CKOPOCTH U, =const

“3MeHeHue ¢, MOKHO 3aMEHUTh U3MEHEHHUEM C, , a BMe-
cTo H' paccMarpuBarhU3MeHeHue L, .

HM3MeHeHMe 0CeBOM CKOPOCTH HEIIOCPEACTBEHHO
CKA3BIBAETCSI HA BeAMYMHE YTAQ aTaKU | HA AOIIATKHA pabo-
4Jero KoAeca U Ha BeAWUHMHe 3aKPYTKU BO3AyXa B KoAece
Aw, (puc. 1). ITpu yBeAueHUH ¢, 3aKPYTKa BO3AYXa B KO-
Aece Aw, YMEHBIIIAeTCs, & CACAOBATEABHO YMEHBIAETCs
L.,., v paboTa BpallleHus CTyneHu L_ (puc. 2). YMeHb-
LIIeHNe OCeBOM CKOPOCTH, HA0OOPOT, BEAET K yBeAnYe-
HUIO yTAQ ATAKH L ¥ K YBEANYECHHIO 3aKPYTKHU BO3AYXa
B paboueM Koaece. ApuabaTuueckasl paboTa CTyleHHU
L. 7 3bdexTusHas paboTa CTymeHu L IpU 3TOM
yBeAUUUBaroTcs [3].

[ToaesubIi (pabounii) AMaNIa30H U3MEHEHMs C,, Orpa-
HWYEH CAeBA IPAHUIIEH CPBIBA C,, . aCIIpABa — 3HAYe-

HHUEeM C,, -, TIPA KOTOPOM 13-3a HaAeHUS L ¥ OAHOBPe-
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Puc. 1. TpeyroAbHMKH CKOPOCTeH H cCXeMa 06TeKaHHU s AOMATOK
paGoyero Koareca CTyneHH 0CEeBOro KOMIpeccopa npxu
MOCTOSTHHOW OKPY>KHOM CKOPOCTH H Pa3sAMYHBIX 3HaYeHHUAX
Cc,,:a) mpuc =c, ; 6) npuc, >c,,; B) npuc ,<c,,

MEHHOTO BO3pacTaHUs TMAPABAHMYECKHUX IIOTEPh apU-
abaTtuwyeckuy Hamnop, a BMecrte ¢ HUM U KITA cTryneHn
obpaiaeTcs B HyAb. [Tpy 3TOM IIPH OCEBBIX CKOPOCTSX,
OAM3KHX K C,, .., CTYIEHb MOXeT pPaboTaTh Ha He-
CKOABKUX TPUHIUITHAABHO PAa3AWYHBIX Pe)KUMax (pUc. 3).

Ip# ¢,, < €, nax CTYTIEHB IOTPEOASIET MOIIHOCTD M CO3-
AdeT Hanop. Mexay ¢, ... ¥ ¢|, AeXXHUT 00AACTh PEJKUMOB,
B KOTOPOM KOMIIPECCOPHasi CTyNeHb NOTpebAsieT MOII]-
HOCTb, HO He CO3AaeT Hanopa (n,,<0). [1pu cymecTseH-
HOM YBEAWYEHHH KO3(pHIeHTa PaCX0Aa AO 3HaUYEHUH,
COOTBETCTBYIOLIMX ¢, >C;, HE TOABKO L, ,HOHU L
CTa@HOBSITCS OTPUIIAaTEABHBIMU. TO €CThb CTYTIEHB HE NIOT-
pebAsieT, a CO3AaeT MOLIJHOCTD Ha BaAy KOA€Ca 3a CYeT pa-
60THI paciIpeHus Bo3ayxa. [ToAHOe AaBA€HME 3@ KOM-
[IPeCcCopOM IIPHM 3TOM PaBHO:

Pic = Puty % = Bpic (6)
TAe Ap, — CHIDKEHME IIOAHOTO AABAEHsI BO3AYXa 38 KOM-
IIPEeCCOPOM U3-3a OTBEAEHUS YaCTHU SHEPIrUM BO3AyXa
K KOMIIpeccopy.

CAeAOBaTEABHO, Ha AAHHEIX PeXXMMax paboThl, KOTAQ
OAHa MAM HeCKOABKO CTyIIeHeM KOMIIpeccopa paboTaroT
B TypOMHHOM pe’XHMe, 3HEPTHUsi K KOMIIPECCOPY IOA-
BOAHUTCS HE TOABKO OT TypOMHEI, HO ¥ OT HabGerarouiero
IIOTOKA BO3AyXa.

CAeAyeT OTMETHUTD, YTO IIPH BLICOKHX OKPYXHEIX
CKOPOCTAX yBeAWUeHUe f, BeAeT K OLRICTPOMY POCTY
CKOPOCTEH B TOPAOBMHAX ME)XAOIIATOYHHIX KaHAAOB.
B pe3yabTaTe y)Xe IpH HEOOABIIOM YBEAHUEHHH C,, IO
CPaBHEHMIO C C,, .. B TODAOBUHAX MOXET OBITh AOCTH-
FHYTa CKOPOCTb 3BYKQ, T. €. IPOM30MAET «3allMPAHUE»
pemietku PK uau HA cTynienu. AaAbHeIee yBeAndeHue
€,, OKA3bIBAETCsI HEBO3MOXKHHIM. SIBACHHME 3alIMPaHuUs
IpY BHICOKUX #, HACTyNaeT OGLIYHO PaHbIlle, 4YeM CTY-
TIeHb IePeCTaeT CO3AaBaTh HANIOP, U IPUTOM TeM paHbIIIe,
yeM Bhillle YyucAa M Haberarnjero Ha AONATKH [MOTOKaA.

Lo mn [Iaaﬂm Clo max G

Puc. 2. U3meHenne 3¢ eKTHBHOM paboThl, apAuabaTUYECKOro
Hanopa u KITA oceBo#i CTyneHn npyu H3MEeHEeHHH CKOPOCTH BO3AYXa

U =const)
[L'/”‘ Za;
" Zcm
[udcm \<
a ;
[lamax\ [fa\ [la

Puc. 3. Pa6oTa cryneHn BGAM3H peXKMMa HYyA€BOro Hamopa

IToaTOMY NpH BEICOKMX OKPYXHBIX CKOPOCTSIX TYP-
OMHHEBIE PE)XUMEI CTyIIeHeH He peaAn3yIoTCs.

AAst BLIOOpa HaUBHITOAHEHIINX YCAOBHI PaGOTH
KOMIIpeccopa B CUCTEME ABUTATEAs], OITUMAALHOI'O €r0
PpEryAMpOBaHUS U AAS OIIPEACACHU S BAUSTHUS Pa3ANYHBIX
YCAOBHI 3KCIAyaTallUM Ha OCHOBHEIE IIapaMeTpPHl pa-
60TBEI KOMIIPECCOPa HEOOXOAMMO PaCIIOAAraTh AAHHBIMH
O BCE¥M COBOKYITHOCTH HEPACUYETHHIX PEXHUMOB pabOTHI
KOMIIPECCOpPa, KOTOPhI€ MOI'YT BCTPETUTHCS IIPU €ro
9KCIIAYaTaluH.

B obaacTu ycToiunBOM paboTh KOMIIpECcopa B Iie-
AOM BO3MOJKHBI PEXUMEI (IIPU HEBLICOKUX 3HAUECHUSIX
u,,), IPX KOTOPHIX 9HEPIHUsi K KOMIIPECCOPY OABOAUTCS
He TOABKO OT TypOMHHEI, HO ¥ OT Haberarouiero moToka
BO3AyXa. OTO HEOOXOAMMO YYUTHIBATE IPU TOCTPOEHUH
MaTeMaTH4YeCKOM MOAeAH paboyero npolecca ra3oTyp-
OMHHOTO ABUTaTeAs. AaHHasi MaTeMaTU4eCKasi MOAEAD,
YYUTHIBAIOLAsi IOABOA HEPTHUH K KOMIIPDECCOPY OT Ha-
Geraroniero MOToKa BO3AyXa Ha ONMCAHHKIX HepacyeT-
HBIX PEXXUMaX PabOoThl, HO3BOAUT OCYLIECTBASTh U BHI-
OUPATh CIIOCOOH! AASI OTTUMAABHOT'O PETyAUPOBAHMS ABU-
raTreAsi Ha BCeX YCTOMYUBERIX peXXMMax ero paboTsl, 4TO
TIPUBEAET K CO3AQHHUIO 60A€€e COBEPIIIEHHEIX ABUTATEAEH.

YcaoBHBIE 0003HAYEHHS

L —pab6ora, AX; n—KIIA; P—Tara, H; M —uucao
Maxa; n — OKa3aTeAb IOAUTPOIILL; C, — OCEBasi CKOPOCTh,
M/C; P — IAOTHOCTB, KI/M 3 ; p — pAaBAeHMe, [1g; T, —K0oad-
GduUIMeHT pacxoAd; F* —KoaddunueHTt apuabaruye-
CKOTO HAIlopa; ® — OTHOCUTEABHAsi CKOPOCTh BO3AYyXa,
M/C; T— CTEIIeHb IOBHIIIEHUS AQBACHUSI.

HHAEKCHBI

K —xomMmnpeccop; T—TypbuHa; V— Haberarouuii no-
TOK BO3AyXQ; | — nepBasi CTyIleHb; min — MUHUMAAbHBIH;
Mmax — MaKCUMaAbHBIM; ag— apuabaTudecKui; cm — CTy-
neHb; | — mapaMeTphl Ha BXOAE B pabouee KOAeco; 2 —ma-
paMeTpHl Ha BBIXOAE U3 pabouero Koaeca; * — 3aTOpMO-
JK€HHBIE [TapaMeTPH; NP — IPUBEACHHBIE TapaMeTPHL.
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OMCKHMH roCyAapCTBEHHbIM
TeXHHYECKMM YHMBEepCHTET

PACYHETHO-3KCIMNEPUMEHTAJIbHOE
OBOCHOBAHME NMPOAJIEHHA
HA3HAYEHHOTIO CPOKA CIYXbbl
BUBPOU3OJIUPYIOLLIMX MATPYBKOB

TPYBOIMPOBOAHbIX CUCTEM

PaccMoTpeHa meTofonorus 060CHOBaHMS NPOANEHMSI HA3HAYEHHOT O CPOKa cny»«6b1 BU6PO-
M3onMpylowmx naTpy6KoB Tpy6onpoBoaHbIX cucTem. CaenaH BbIBOJ, YTO OCHOBHbIe paboune
XapaKTePUCTHKM BUGPOM3ONMPYIOLMX NAaTPYBOKOB HaXOASTCS B Npefenax Tpe6oBaHmi TEXHMU-
YeCKOM JOKY MEHTaLIMM Ha KOHeL, MX CPOKa CITyMO6bl.

KnioueBble cnosa: BU6pon3onmpyiowwmii NaTpy6 oK, HasHaueHHbIM CPOK Ny 6bl, Tpy6onpo-
BOAHbIE CUCTEMBI, PabouMe XapaKTEPUCTHKH, YCKOPEHHbIE UCMbITAHMS, MOAESTb IKCTIyaTaLMM.

[NpopreHME HA3HAYEHHOTO CPOKA CAY KOBI IBASIETCS
OAHOU M3 Ba)KHEUIINX TPOOAEM COBPEMEHHOM TEXHUKH,
aKTYaAbHOCTb KOTOPOM OOYCAOBAEHAQ, IIPEJKAE BCETO,
HEYKAOHHBIM POCTOM AOAU KOHCTPYKIIWM, oTpaboTaB-
LINX CBOM CPOK CAY’KOHI.

Bubpoun3zoaupylouine NaTpyoKH, UCIIOAB3YIOTCS B Ka-
YecTBe aMOPTU3UPYIOIIUX «Pa3BsI30K» 110 HEOIIOPHBIM
CBSI35IM B TPYOOIIDOBOAHBIX CUCTEMAX C ITeABIO KOMIIEH-
canuu AepopMarniuii, BO3HUKAKOIINX B TPYOOIIPOBOAAX,
U yMeHBbIIeHUs BUOpanui, mepepaBaeMbIX 110 HUM.
PacTtymine TpeboBaHUs K HAAEKHOCTU He(pTerazoBoro
000pyAOBaHUS (BKAIOUASI U BUOPOM30AUPYIOUITEe KOH-
CTPyKIUH, oOeclieynBaroliye paboTy pa3sAMYHBIX CHUC-
TeM OOCAY>KMBaHUA) 00yCAABAUBAIOT HEOOXOAUMOCTD
IIPOBEAEHUSA UCCAEAOBAHUM 10 IPOAAEHUIO Ha3HAYeH-
HOTO CpOKa 3KcIAyaTanuu. [IpoBepeHNe TaKUX UCCAE-
AOBAHMU O3BOAUT C AOCTATOUHOM TOYHOCTBIO yCTaHaB-
AWBATB IOBBIIIEHHBIN peCypc KOHCTPYKIIUN, CPaBHUMBIM
C YPOBHEM pecypca dKCIAyaTalluKl caMoro HedTera-
30BOro 060PYAOBaHUS.

AN TIOATBEPIKAESHUS BO3MOKHOCTH IIPOAAEHHUS CPO-
Ka CAY’KOBI BUOPOU30AUPYIONIUX TaTPYOKOB Ha OCHOBE
pacyeTHO-3KCIePUMEHTAABHOTO METOAA OIIPEACASIAUCH
U IIPOBEPSIANCH CACAYIOIIHe paboune XapaKTePUCTUKU!

— IIPOYHOCTDH ¥ TePMETUYHOCTb;

— BEAWYVHBI PACIIOPHBIX YCUAWH;

— CTaTHYeCKUe )KeCTKOCTH B OCEBOM U IIOIIEPEYHOM
HaIpaBAEHUX;

— KO3 PUIUEHT 3alaca IPOYHOCTH;

— paboToCIOCOOHOCTL NAaTPYOKOB IIPYU MOBTOPHO-
CTaTU4eCKUX IepeMellleHUsAX;

— paboToCnOCOOHOCTh NAaTPYOKOB IIPU IIUKANYE-
CKUX [IepeMelleHusX;

— AMHaMU4ecKue (BUOpalMOHHbIE) XapaKTePUCTUKN
aTpyOKOB;

— (PU3UKO-MeXaHWueCcKHe IoKa3aTeAu 000AOUKH
naTpyoxa.

C meaAbro COKpallleHUS BpeMeHU HCCAEAOBAHUH
NaTpPyOKHU TOABEPTAIOTCA YCKOPEHHOMY TEPMUYECKOMY
CTapeHUI0, UMUTHUPYIOIIEMY CPOK UX CAY’KOBI C y4eTOM
NIpOAAEBAEeMOro Iepuoja dKCIAyaTanuu. [Ipu npo-
BeACHUH YCKOPEHHOTO CTapeHUs NaTpyOoKoB HeobXo-
AUMO YUUTHIBATh CTapeHHe, IpoTeKalollee B XOAe pe-
CYPCHBIX UCIIBITaHUH TPV SKBUBAAECHTHOM TeMITepaType.
[TpOAOAKUTEABHOCTH PECYPCHBIX HCIBITAHUY IIaTPY-
OKOB IIpY SKBUBAACHTHOM TeMniepaType T, onpeaeasieTcst
1o popmyae:

n3
T = (1)
24-3600-v

TA€ T,— IPOAOAKUTEABHOCTb PECYPCHEIX MCIIBITAHUH,
CYT.; n,— 5KBUBAaA€HTHOE YHCAO IIMKAOB Harpy’kKeHHs

naTpyoOKOB, €A.; V—4YacToTa HarpyskeHus, [,
3a BpeMsI peCypCHBIX UCIBITAHUN NAaTPyOKOB NP
SKBUBAAEHTHOM TeMIlepaType Hanboaee XapaKTePHEBIHN
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Pe>XHMMBl YCKOPEHHOI0 CTapeHHs NaTPyGKoB

Tabauna 1

O6o3HaueHue

narpyoka

TIpOAOAKUTEABHOCTH

crapeHus (CyT.)

OKBUBAAECHTHEIN PESKUM

PeCYPCHBIX HUC

naTpyoKOB

TIBITAHUH

TTPH 125-4,0-100

36,6

n, = 9,53-10"

F,=15
v=10,5
T, = 60

MM
I'm
C

/)

Tabauna 2
PecypcHsle HCHIBITaHUS NATPYOKOB
TemnepaTypa KoanuecTBo BuyTpenHee
O6o3HaueHue
paboueit LHKAOB A@BAEHUE, Yacrora, I'g
naTpyoka
cpeasrl, °C nepeMenieHui MIla
ITPH 125-4,0-100 62 1,68-10° 4,2 0.5
Tabauna 3
Pe3yAbpTaTel HCHBITAHUE MAaTPYOKOB Ha IPOYHOCTH 1 FEPMETUYHOCTH
Bpemsa Bpems
O6o3HaueHue AaBreHue AaBaeHne
BBIAEDIKKH, BBIAEDIKKH,
narpyoka P, MIa P,y MIa
MUH. MUH.
TTPH 125-4,0-100 6,2 20 1,0 1
Ta6auna 4
Pe3yaAbTaThl HCIIBITAHUI NAaTPYOKOB Ha 3a1ac NPOYHOCTH
PabBouee AaBaeHue
O6o3naueHue Koaddumuenr Xapaxkrep
" AaBAECHHE paspylleHus,
narpy6ka 3amaca a3 eHHS
4 P,n MITa MITa paspyit
TlarpyGok ne
TTPH 125-4,0-100 4,0 8,5 2,1
PpaspyIIHIACS

TIOKa3aTeAb PE3UHBl — OTHOCHUTEABHOE YAAMHEHHEe —
OIIPEAEASIETCS ITO 3aBUCUMOCTH [1]:

L:; = eXP[JnLg_EXP(C"‘ aln fa_D/T«’)]' (2)

TA€ L —OTHOCHTEABHOE YAAMHEHHE PE3UHEL IIOCAE CTa-
peHus NPy SKBUBAACHTHOM TeMIepaType; L,—OTHO-
CUTEABHOE YAMHEHVE PE3UHBI AO CTapEHNs; o, ¢, D — K03d-
(PULIVIEHTHL.

AASI pe3UHBI TOKPOBHOTO CAOSI TATPyOKa 3HaUEHUS
K03 PUIUEHTOB B POPMYAE (2) IMEIOT CAEAYIOIITe
3Havenwms: L, =6,429; a= 0,759; ¢ =16,190; D=7200,0;
T, =60°C.

ITPOAOAKUTEABHOCTh YCKOPEHHOT'O TEPMUYECKOTO
CTapeHus NaTPyOKOB, 9KBUBAACHTHAS CTAPEHUIO B XOAL
PECYPCHBIX UCIILITAHUH 7, OIIPEACASICTCS 10 QOPMyAe:

In(lnL, —lnLo)+TB—c

u

: (3)

T, =exp
a

rae T, — TeMIepaTypa UCILITaHUM.

Toraa IPOAOAKUTEABHOCTD YCKOPEHHOT'O CTapeHN
NaTPyOKOB C y4eTOM CTaPEHUS B XOAE PECYPCHBIX MCIIBI-
TaHUAN ONIPEACAUTCS 10 (POPMYyAE:

7= Tu - Ts' (4)

CoraacHO pe3yabTaTaM PacyeTOB, BHIIIOAHEHHBIM
10 3aBUCAMOCTSAM (1)...(4), BeAMYrHA IIPOAOAKUTEABHO-
CTH YCKOPEHHOT'O CTaPeHUs MAaTPYOKOB COCTABUT 7,=36,6
CYTOK. Pe>XXMMEBI YCKOPEHHOTIO CTapeHUs NaTpyoOKoOB
TIpU 9KBUBAAECHTHOM Temmeparype T,=60°C npuseae-
HBL B TaOA. 1.

IMo okOHYaHUM YCKOPEHHOTO CTapeHUs NaTpyOKOB
NIPOBOAMAUCH PECYDPCHEIE MCIIBITAHNS Ha PEXKYIMaX, 9KBU-
BaAeHTHBIX CPOKY CAY’KOBI C y4€TOM IIPOAAEBAEMOTO TIe-
PHOAA DKCIAyaTanuu. Pe3yAbTaThl HCIILITAHUM IaTpyOo-
KOB IIPUBEAEHHI B TaOAUTIE 2,

IMocae peCcypCHBIX MCIBITAHUAM HATPYyOKU OBIAM OC-
MOTPEHBI, BHEIITHEBUAOBBIX U3MEeHEeHUY U Ae(DEKTOB He
BBISIBACHO, U OHM OBIAM AOIYILIEHBI AASL AAABHEMIINX
HUCCAEAOBAHUH, B XOA€ KOTOPHIX OCYIIECTBASIAACE IIPO-
BepKa IPOYHOCTHU ¥ TePMETUYHOCTH, & TAK)Ke UCITBITAHUS
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Puc. 3. Aunamuyeckas xectkocts ITPH-125-1.0-1000
B HanpasAeHuu Z

Ha oIlpepeAeHHe Ko3(dHUIlMeHTa 3anaca IPOYHOCTH.
Pe3yAbTaThl HCILITAHNY IPUBEACHEI B TaOA. 3.

B TabA. 4 npuBeAEHBI PE3YABTATHL UCIIBITAHUH 110 OIT-
peAereHHI0 KO3 pUIlMeHTa 3araca IPOYHOCTH NIaTpyo-
KOB IIpM Pa3pyLIeHUN TUAPABANYECKUM AGBACHUEM.

Harpy3ouHble XapaKTepPUCTUKU U CTaTUUYECKUE
>KeCTKOCTH B IIOIIepeYHOM HalpaBA€HUU NAaTPyOKOB
MIpUBEAEHEI Ha puc. 1, 2. AuHaMu4yeckas (BUbparioHHas)
KEeCTKOCTh OIIPpeAEeAsdIAaCh KaK OTHOIIeHHWe AUHAMU-
YeCKOM CUABI Ha BEIXOAE IIAaTPyOKa K COOTBETCTBYIOIIE-
My [lepeMelleHUIO BXOAHOTO (DAQHIIA IPU IepeMellleHuN
o ocu Z (X) [2]:

2 )
LI}
1.8 ® Bopa P=0
1,6
14

1,2 1

0,8 ?:ﬂ
0,6
04
0,2

A Bopa P=0.5 MMNa

C,krc/cm

0 5 10 15 20
X, MM

Puc. 2. Cratruueckas xectkoctb ITPH-125-1,0-1000
B IIONI€PEeYHOM HampaBAeHHn X

0..(f)

N NTRTE (5)

rpe C,, —AMHaAMHUYECKAas JKECTKOCTD [1aTPyOKa B HAll-
paBAaeHuu oceit Z, X; OZ’X — AMHaMHUeCcKas CHAA Ha BHIXO-
Ae IIaTpyOKa B COOTBETCTBYIOIEM HalIpaBAeHUHU (Zuau X);
F, ,—TepeMeljeHne Ha BXOAE B COOTBETCTBYIOLIEM
HalpaBAEHUH; f—4aCTOTa.

Pe3yAbTaTHI HCHOBITAHUN IO OIIPeAeAeHUI0 BUOpa-
IMOHHOU >KeCcTKoCTU NaTpyokos [TPH 125-4,0-1000 B Ha-
IpaBAeHuHU ocel Z u X IPUBEAEHHI Ha puUcC. 3,4, IpeBHI-
1IeHUs Hap TPeOOBaHMSIMU 110 BEAUUYMHE BUOPAIIMOHHOMN
>KECTKOCTU B 0CEBOM HallpaBA€HUU Z He HaOAIOAAAOCh.
B nonepeunoM HanpaBAeHUH X B AUANIa30He 4aCTOT 5 —
10 'y, mpeBELIlIIeHUS Hap TPEeOOBaHUAMU He HaOAIOAQETCS,
M HEKOTOPOeE IIpeBHIIEHNEe UMEeeT MeCTO B Aualla3oHe
gacToT oT 10 po 15 'y B patione 25 ', Pe3yapTaTsl npo-
BEAEHHBIX NUCIIBITAHUH IIOKA3EIBAIOT, YTO IATPyOKHU UC-
TIBITAHMS BHIAEP>KAAU U COOTBETCTBYIOT TPeOOBaHUSIM
HOPMaTUBHOM AOKyMeHTallNH.

TaxkuM o6pa3zoM, pacCMOTPEHHBINM KOMIIAEKC pac-
YeTHO-3KCIIePUMEHTAABHBIX UCCAEAOBAHUMN OCHOBHBIX
pabounx XapaKTePUCTUK BUOPOU30AUPYIONIUX IaTPYyO-
KOB ITIOKa3aA, 4YTO IaTPyOKY, IOABEPTHYTHIE YCKOPEHHO-
My TEpPMUUECKOMY CTapeHUI0, UMUTHUPYIOIIeMY ITOBHIIIIe-
HUe UX CPOKa CAY’KOBI C y4eTOM IIPOAAEBAEMOro Ie-
PHOAA SKCIIAyaTaluy, 00eCeunBaloT CTaAOUABHOCTD U CO-
OTBETCTBUE XapaKTEePUCTUK TPEOOBAaHUAM TEXHUUYECKOU
AOKYMeHTAllMU. YUUTBIBAA 3TO 0OCTOATEABCTBO, BO3MO-
SKHO yBeAHMYEeHUE AT UCCAEAOBAHHBIX BUOPOU3OAUDY-
IOIUX NaTPpyOKOB Ha3HAUYEHHOTO CPOK CAY’KOBI Ha
IpOAAEBaeMBbIN IePUOA UX 9KCIIAYATallUuHU.

100,000

Ecas P=0
== poaa P=06 MMa

eoga P=1 MMa

Cx, Tcicm

Puc. 4. AuHaMuueckas >xecrkoctb ITPH-125-1.0-1000 B HannpaBAeHUN X
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ONPELAEJIEHUE COMNPOTUBJIIEHMA
NEPEMELLLEHMIO PE3LLOB
NMOAKANNbIBAFOLLLEA MALLMHbI
NMPUPA3PABOTKE TPYHTA

B cTaTbe paccmMoTpeH BONpoc onpeeneHus paLMoHanbHOr O PacnosioXeHHs pe3LL0B Ha NoBep-
XHOCTH pa60=mx POTOpPOB NOAKaNbIBalOWEN MaLUMHbI npu B3aMMOAEHCTBMM C pa3pa6a-

TbIBA€MbIM FTPYHTOM.

KnioyeBble cnoBa: nogkanbiBaioLlas MalUMHa, pa6o~me OpraHbl, pe3ubl, Yribl NTOBOpPOTa pe3ua.

MamnHa nopKalblBaollas IpepAHa3HaueHa AAS
pa3pabOoTKU U YAaAeHUs rpyHTa I...V KaTeropuu BKAIO-
YUTEABHO, U3-TIOA TPYOOIIPOBOAR, ITPEABAPUTEABHO BCKPHI-
TOr'O CBEpPXYy M ¢ OOKOB, HU)Ke HUJKHeM oOpasyrollen
TPpyOOIIPOBOAQ Ha TAYOMHY He MeHee OAHOIO MeTpa [1].

OueBUAHO, UTO KOAUUECTBO Pe3II0B Ha IOBEPXHOCTU
pabouero poTopa AOAKHO OBITE MUHUMAABHBIM, HO AOC-
TATOYHBIM AAS oOecliedeHUsI TEXHOAOTHUECKOTO IIPo-
Imecca pa3paboTKy I'PyHTa. Pe311bI AOAKHEBI OBITE PABHO-
MEePHO PaCIIOAOKEHBI Ha IOBEPXHOCTH POTOPOB IIOAKA-
MBIBaIOIeN MalInHbl. HeoO0X0AUMO CTPEMUTHCS K TOMY,
4TOOBI KOAMYECTBO Pe3I[0B, OAHOBPEMEHHO B3aMOAEeH-
CTBYIOIIUX C TPYHTOM, IIPU BPallleHUU POTOPa OBIAO OAH-
HaAKOBBIM AAST 0OecIledeHUs paBHOMEPHOCTH IIpoliecca
pa3paboTKu IPyHTA.

KoamuecTBO pe3IjoB Ha OAHOM PSIAY OIIPEAEASIETCS
U3 YCAOBUSI, UTO XOTSI OBI OAMH pe3el] PsIAQ HAXOAUTCS B 30-
He B3aMMOAEMUCTBUS C TPYHTOM [2].

2r
] 1)

n=og _§DH|:(p o
k ~Pu

TA€ @, ¢, —Ha4aAbHBIM 1 KOHEUHBIHN yTAA IOBOPOTA pe3-

11a OT ocu X (puc. 1).
W3 puc. 1 oueBUAHO, YTO

¢ =arcsin (0_7’6) '
et g

TA€ a — PaccTosHUe OT IleHTPa POTOpa AO OCU TPaHIIIen ,
b — mMpuHA TPYHTOBOM IIOAOCHEL, R — papAruyC BpallleHus
pesna.

YroaMeXAy COCEAHMMH pe3LiaMy OAHOTO PSAQ (PUC. 2)

2
Py = . (4)
n

Yroa (HauMeHBbIINN) Me>XAY OAMIKANUIIINMU pe3laMu
COCEeAHHUX PSIAOB

o =22, (5)
rae K—KOAWYeCTBO PIAOB PE3IIOB.

Ecam monroxxuth K=4, n=4, To B MOMEHT BBEIXOAA
pe3I10B HUKHETO PSIAQ U3 30HBI B3aUMOAENUCTBUS C TPYH-
TOM BUAUM CAEAYIONTYIO KapTHUHY PACIOAOKeHUs pes-
1IOB (puc. J).

Ha puc. 3 BUAHBI KapTUHBL PACIIOAOKEHUS PE3I0B,
KOTAQ IIOCAE IOBOPOTA POTOPA Ha YTOA () BEIXOAAT U3 3a-
0051 COOTBETCTBEHHO pe3IIbl POTOPA TPETHETO U YETBEP-
TOTO PSAOB. V13 PUCYHKOB BUAHO, UTO BO BCEX CAyUasAX
B 30HE KOHTAKTa C TPYHTOM HaXOAUTCSI OAMHAKOBOE KO-
AndecTBO pe3ioB. CAepoBaTeAbHO, Harpy3Ka Ha poTop
pacIpeaeAsieTcs PaBHOMEPHO. DTO CBUAETEABCTBYET O Pa-
IIMOHAABHOM paclpeAeAeHUH Pe31]0B Ha IOBEPXHOCTh
u potop [3].

AN IOAOJKEHU, KOTAQ pe3el] 1- ro (HUKHero) psipa
BBIXOAUT U3 320051, UMeeM CAeAylolllee BEIpaKeHUe AAST
OIlpeAeAeHMsI CYMMBI IIPOEKITNM CUA CO CTOPOHBI TPYHTA
Ha pe3usl (puc. J):

R*sin 27 + R? sin 2(7 — +
le_ll[l 2 sin2(n —¢,) }:

+ R32 sin2( —2¢.) + Rf sin 2( —3¢.)
=1,(R} sin2¢. + RY sindg. + R} sin 6¢,.) =

_ 2 . s 2 . 4 2 . (Y3 _
=1.(R, sm(2-§)+ R, sm(?)+ Ry sm(?) = (6)

. 3n
=1.(R?sin r +RZsin T + R?sin| —
w2 =) s 32
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bf2

rpaHHLua rpyHTa

OCb TPaHLUEH

=

Puc. 1. Cxema AA4 OTIPEAEAEHUS YTAOB @ U @,

\?

Puc. 2. CxeMa pacnoaAo>XeHuUs pe3noB
Ha 60KOBO¥ IMOBEPXHOCTH PoTopa

_Vbo@ovow )

r -5
R=R,, (8)
R,=R, — AR, (9)
R,=R,—2AR, (10)
R,=R,—3AR, (11)
AR=(R,—R,)/3. (12)

AN TTOAOSKEHUST, KOTAQ pe3el] 2-T0 PSIAQ BBIXOAUT U3
3ab04 (puc. 3),

Rz2 sin 27 + R32 sin2(w —¢@,)+
T,=-1I, 5 . . =
+R; sin 2(m —2¢,)+ R, sin2(x —3¢,)
=1, (R32 sin 2. + Rf sin4p. + R, sin6¢p.) = (13)

T T 3r
=1 (R}sin—+ R?sin =+ R*sin=—).
T( 3 4 4 2 1 4)

=

Puc. 3. MoMeHT BbIX0OAQ pe3lja HI)KHEro psiAa U3 30HbI
B3aUMOAENCTBHUS C TPYHTOM

0L0Z (€6) €3N MNHLO3E UNIGHRAYH UMIDNO

AN TIOAOSKEHUS, KOTAQ Pe3ell 3- I'o PSIAQ BEIXOAUT U3
3a604 (puc. 3),

T, = —I|R? sin 27 + R? sin 2(7 — p.) + R sin 2w — 3¢.)| =

=1I,(R} sin2¢. + R} sin 4. + R} sin 6¢.) =
(14

T T 3r
=1, (R?sin— = R*sin =+ R? sin ).
T( 4 4 1 2 2 4)

AN TIOAOSKEHHUS, KOTAQ Pe3el] BEPXHETO PSIAA BBIXO-
AUT 13 3a604 (puc. 3),

T / R,sin27 + R sin2(% —Qc)+
! +R2sin2/ 7 —2¢,)+ R’ sin 2( —3¢,)

=[T[R|2 sin 2(0(,' + R22 sin 4(0(7 + R32 sin 6(0(7]: (15)

. T . T . 3w
= I, (R} sin—+ R} sin —+ R} sin —.
4

AN TIOAOKEeHUY, KOTAQ IIEPBBII, BTOPOY, TPETUM U UeT-
BEPTHIH Pe3IIbl 3aX0AAT B 3a00H, UMeeM

T =—I;[R sin2¢,, + R, sin2(p;, +¢.) +

+ Ry sin 2(@,,, + 20, )+ R, sin 2(¢,;, +3¢.)]' (16)

T, =—1,[R,sin2¢,, + R, sin 2(@,,, +¢.)+

R, sin2(g,, +20,)+ R, sin 2y, 300 1P

T, ==1,[Rysin2¢,,; + R, sin 2(¢,;; + @) +

+ R sin2(@,5 +2¢.)+ R, sin 2(@ ;5 +3¢.)]" (18)

T, =—1,[R,sin2¢,, + R,sin2(p,,, +¢.)+

R sin2(gy, +20,)+ R sin2(g,, +30) 19
rae Pui =arcsin(0’51bei_a)_ (20)

i

[MpeaprosReHHAsT METOAUKA ITO3BOASIET OIPEAEAUTH
BEAUUMHY peaKIIUM CUA, AeHMCTBYIOIIUX Ha pe3llbl IPU
nepeMelleHUN paboOuynUX OpraHOB MOAKAILIBAIOIEHN
MallIMHEI B ITPyHTe. TakuM 00pa3oM, pelaloTCsa 3apa4n
0 MECTOIIOAOJKEHUHU Pe3I0B Ha IOBEPXHOCTU POTOPOB
U HaXO>KAEHUS BEIPKEHUN AN pacdeTa CUA BHEAPEHUS
pes31oB B 3a00¥ B 3aBUCUMOCTH OT KOHCTPYKTUBHBIX
napaMeTpoB pabouuxX OpraHoB IMOAKAIbIBaloIlel
MallIMHHI.
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NOBbLILLEHUE KOHCTPYKTUBHOMU
NMPOYHOCTU MALLMH HA OCHOBE
CO34AHMUA ONTUMAIJIIBHOIO
CTPYKTYPHOIO COCTOSIHUS CIJIABA

PaccmaTtpHBaloTcs BONPOChI NOBbILLEHMS IKCNNYaTaLMOHHbIX XapaKTePHCTUMK nuToM cTann 110
I'13J1 nyTé M KOMNNEKCHOr O NerMpoBaHMs.

Kniouessble cnosa: ctanb 110 I 13J1, npOYHOCTDb, BA3KOCTb, XPYNKOCTb.

B cBsI31 C COBEPIIIEHCTBOBAHUEM KOHCTPYKIIMH U II0-
BHINIIEHNEM TEXHUKO-TaKTUUYECKUX XapaKTEPUCTUK MHO-
TOIIEeAEBBIX I'YCEHWUYHBIX MAIIWH, AT KOTOPHIX Xapak-
TEPHO IPUMEHEeHNe CAOKHBIX KOHCTPYKIMY, BLICOKUX
HANPSKEeHUM U CKOPOCTel, KOMOUHUPOBAHHELIX CXeM
Harpy’>KeHUus IIPU COXPAaHEHUU BLICOKOH YAEABHOU
MIPOYHOCTH, BCTaAd 3aAa4a CO3AQHUS BLICOKOIIPOYHOTO
CTPYKTYPHOTO COCTOSTHUSI METAAANIECKUX CIIAQBOB.

OCHOBHBIM KOHCTPYKIIMOHHBLIM MaTepuaroM B Ma-
IMIAHOCTPOEHUU SIBASIOTCSI MEeTaAAMYEeCKHUe CIAABHI,
HauboAee I[eHHBIM CBOMCTBOM KOTOPBIX SIBASIETCSI CIIO-
COGHOCTB BEIAEPKUBATH OOABIIIYIO HAarpy3Ky 0e3 pa3py-
meHus1. AOAsI IPOU3BOACTBA UX B 001IeM OaraHce Ccoc-
TaBASIET OKOAO 90 % U TEHAEHITHS Pa3BUTUS B OAVKAMIIINE
MECSITUAETHS CBUAETEABCTBYET O TOM, UTO IIPOU3BOACTBO
U IpUMeHeHne HEMeTaAWIeCKUX U APYTTIX MaTepHUarOB
He peBbIicUuT 10 %.

BaxHol 0COGEHHOCTHIO CTAaAM B BEICOKOIIPOYHOM
COCTOSTHUH SIBASIETCSI IOBBIIIEHHAS CKAOHHOCTD K XPYII-
KOMY Pa3pyIIeHUI0. DTO ONIPEAEAsIeT TOHMKEHHYIO KOH-
CTPYKTHUBHYIO IPOYHOCTH, HEAOCTATOIHYIO HAAEIKHOCTD
paboTHI I'YCEeHUYHBIX MAIIH B CAOSKHBIX YCAOBHUSIX DKC-
TIAyaTallH 1 HAKAGABIBAET OIIPEACA€HHOE OrpaHUYeHue
NIPpY UCTIOAB30BaHUeE BLICOKOIPOYHBIX cTarel. MHorAa

NIPUXOAUTCS MOCTYNUTHCSI BEICOKUMU aOCOAIOTHBIMU
3HaAUeHUSIMHU IPOYHOCTHU B XapaKTePHOM CTPYKTYPHOM
COCTOSIHUU U OTPAHUUUTLCS ee 3HAUEHUSIMU AAS
IIPeAOTBPAIleHUS BO3MOKHOTO XPYIIKOTO Pa3PYLIeHUS.
OAHAKO BCe y)XKeCTO4YaloIuecs YCAOBUSA CAYKOBI
00'BEKTOB HOBOY TEXHUKU HAaCTOUYHUBO TPEOYIOT, YTOOBI
MeTaAAOBEABI 1 KOHCTPYKTOPHI BCE JKe BePHYAUCH K BEI-
COKOIIPOYHBIM CTaAsIM. [Ipu 3TOM CAE€A0BAAO PEIIUTh
3aAauy: IPU BBEICOKHUX ITOKa3aTeAsIX CONIPOTUBAEHUS
IIAACTUYECKOUN AedpopMalum 00eCIeYuTh U BEICOKOE
COIIPOTHUBAEHUS XPYIKOMY Pa3pyIIeHUIO.

MHueHue 0 TOM, 9TO CYIeCTBYIOIINE METOAE! OIIpe-
AEAeHUSI MeXaHUYeCKUX CBOMWCTB BBICOKOIPOUYHBIX
CTarel AOAJKHEI OBITH 3aMeHeHBI HCIIBITAaHUSIMU 00pa3s-
1IOB C TPEIMHAaMHU TaK >Ke HelIpaBOMEPHO, KaK 1 B3TASIABL
MIPOIIABIX AET, B COOTBETCTBHUH C KOTOPBIMU TPAAUIIH-
OHHBIE METOABI UCIIBITAHUS MeXaHNUYECKUX CBOUCTB
AOASKHEI UCIIOAB30BATBCS AAS XapaKTEePUCTUKH MeXa-
HUYEeCKOTO IIOBEAEHUsS CTaAM, HaXOAAIIeNCs B BHICO-
KOIIPOYHOM COCTOSIHMU. TOABKO KOMIIA€KCHBIN ITIOAXOA,
K 9TOY CAOKHOU ITpobAeMe — OlleHKe PaboTOCIIOCOBGHO-
CTH CTaAM B MHOTOOOPA3HBIX YCAOBUSIX OKCIIAYATAIIH —
MO>KET CIIOCOOCTBOBATE PELIEHUIO 3aAa49U O IIPOTHO3H-
pOBaHVM NMOBEAEHUS MaTePUAAOB, IMOBHIIIEHNE Ha-
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Tabauna 1

CTaTHCTUYECKUE M YCTAAOCTHBIE UCIIBITAHUS
ctaau 110T13A ¢ pasAuYHBIMU AOGAaBKaMu

Ne K AOIOAHHTEABHOE
naaBkY | H/MMY? L, MM | 3, pne AETUPOBAHUE
0,1 % KoMIAeKca
1 1680 716 0,12 P3M
1,03 % Ni,
2 2150 236 0,11 0.8 % Mo
3 2750 497 0,31 —

AEXHOCTH U AOATOBEYHOCTH UX NpU paboTe B MaIlIMHAX
U MeXaHM3MaX. ]

[Tpo6aeMa IOAYUE€HUS BEICOKOIIPOYHBIX MATCPHUAAOB
3aKAIOYAETCS B CO3AAHUHN 9(P(DEKTUBHBIX TPEISITCTBHUM,
TOPMO3SIIUX ABIKYIIIUECS AUCAOKAIINHY, U B 00ecIeye-
HUU AMO0 9aCTOrO UX PacIpeAeAeHUs B O0beMe (UTOOLI
MeXAy HUMH He MOTAM Pa3MECTUThCS OIMAaCHLIE CKOII-
AEHHS AUCAOKAIINL), AMOO CO3AAHUS OTTPEACACHHOM ITOA-
BIDKHOCTH CKAIIAMBAIOLINXCS Y 9TUX GaphepoB AUCAO-
Kaluii, KOTOpBle 06eCIeuYnBalOT PEAAKCAIIUY OIIACHEIX
TIUKOBBIX HATPSIKEHUIM,

Takas CTPYKTypa B METAaAAMYECKHUX CIIAABAX, HaXO-
ASIIIIUXCSI B BBICOKOIIPOYHOM COCTOSIHHM, CO3AAETCS
AMIIE IIPU UCTIIOAB30BaHUK KOMOMHUPOBAHHEBIX CIIOCOBOB
06paboTKH.

[NepCIeKTUBHBIM AAS IIOAYYEHHUS BEICOKIUX MEXaHU-
YECKHUX CBOMCTB IBAIETCS UX PAllMOHAABLHOE ACTUPOBA-
H1e. OHO AOAJKHO OTIPEACAUTE ONITUMAALHOE COUETaHUe
CTPYKTYPHEIX ¥ KOHIIEHTPAIMOHHEIX HEOAHOPOAHOCTEH,
obecnednBaromux 3PHEKTUBHOE TOPMOKEHUE AUCAO-
Karujii.

V3peAust 13 BEICOKOMAaPIraHIIOBUCTEIX CTAASH, B 4aCT-
HOCTH, TPAKH, BEIXOAAT U3 CTPOS M3-3a PA3BUTHS B HUX
TpeluH. AeripOBaHUE 3TUX CTaAel U UCCACAOBAHME UX
MPOYHOCTH Ha OCHOBE MEXaHUKY Pa3PYIIeHUs U aHaAU3a
MUKPOCTPYKTYPHI IOKA3hIBAET Ha BO3MOXHOCTD ITIOBEI-
IIEeHUsT 9KCIAYaTallMOHHBIX XapPaKTePHUCTHUK U CPOKa
CAYXOBI AeTarel U3 AQHHOU cTanu [1].

HcecnaepoBaHUS TPOBOAMAUCE Ha 06pa3iiax U3 BEICO-
KOMAPraHI[OBUCTOM CTaAW 0e3 AeTHPYIOIUX A0OaBOK
(ctanp 110 T'13A o TOCT 2176-77) u oOpasiiax CTarn
110 T13A ¢ BBepeHHEM AeTHPYIOIMIUX 9AeMeHTOB Ni, Cr,
Ti, Nb, Mo 1 pepKO3eMeAbHBIX MeTaAAOB. CTAaAM BLITIAAB-
ASIAYL 9AKTPOAYTOBBIM crioco6om B meun ACIT 1,5— 12,
OTAMBKH IOABEPTaAK 3aKaAKe B BOAE IIPU TEMIIEPATYPE
1050 °C. MexaHMYeCKHE XapaKTePUCTHUKY CTaALH Olpe-
ACASIAMICH Ha CTAHAAPTHBIX 0Opa3nax 1o 'OCT 1497-77.
BsiskocTh paspyinenust K, onpeaeAsAr Ha 00pasiax AAST
BHENEHTPEHHOT'O PACTKEeHUS TOAIMHOM 25 MM. 3aluch
AMarpamu, 1o KOTOPBIM PACCUATHIBAAUCH BEAMYMHEL K,
Y KPUTHYECKOE PACKPHITUE TPEIUHEL §, TPOBOARAOCD
Ha ABYXKOOpPAMHATHOM noTeHnmomerpe [TAC-021M,
COCTOSIIEM M3 AQTYMKOB COIIPOTUBAEHUS. Y CTAAOCTHOE
paspywmenue o6pasnos (TOCT 23026-78) npu myAbCH-
PYIOILIEM [IUKAE B OOAACTH PACTSIKEHUS MCCACAOBAAM Ha
mpecc-IyAbcaTope. POCT TpeluHb B IpoIjecce Harpy-
JKEeHUsI KOHTPOAMPOBAAM C IIOMOIIBIO ONTHYECKOTO MUK-
pockona ¢ nenoi peaenus 0,05 mm. Harpysky nukaa pac-
CUMTBIBAAU TAKUM 00pa3oM, 4TOORI HATIPS)KEHVE B Ce-
YEHWUU — HETTO He peBbInano 0,2 —0,3 oy,

MUKPOCTPYKTYpa CTarel MCCACAOBAAACE IIOCAE MHO-
TOKPATHOM IIOAMPOBKY C EABIO CHITHS HaKAeIa, BO3-
HUKAIOIEro B Pe3yAbTaTe MEXaHUYECKOM 06paboTKy
U IIOCAEAYIONTETO TPABACHHUST. DAEKTPOAUTUYECKOE TPAB-
A€HUE BBITIOAHSIAOCH B 10 % BOAHOM pacTBOpPE XPOMOBO-
T'O @HTUAPUAA 1Y HANpsKeHuu 12 B, cuaeToka 1 — 1,5A
U BpeMeHU BHIACPKKY 100 ¢ AASI BEISTBACHUSI TPAHMNLL 3ePeH
7 150 ¢ AAST BHISBA@HUS A€HADUTHOW CTPYKTYPBL AAd
nAeHTU(UKALME KapOUAOB, KDOME OKPAIIMBAHMS Pa3-
AUYHBIMU PEaKTUBAMU, UCIIOAB30BAAOCH TEPMUYECKOE
TpaBAEHUE,

JAaHHBIE YCTAAOCTHBIX, METAAAOTPaUIECKIX U (DPaK-
Torpaduyeckux uccaepoBanmit ctaau 110 T'13A ¢ po-
0aBKaMU IPUBEAEHEL B TaOA. 1.

AaHHBIE CTATUYECKUX U YCTAAOCTHBIX MCHEITAHUN
TIOKAa3aAH, YTO AYUIIMMH CBOWCTBAMY, C TOUKU 3PCHUS
CONPOTHUBACHMSI PACIIPOCTPAHEHUIO TPEIINHEL, OOA3AAET
CTaAb C AOGaBKaMM MOAMOAEHA 1 HUKeAsL. HabaropaeTcs
IIOBBINIEHNE CTOMKOCTH XPYNIKOMY PaspyUICHUIO K,.
M3ydyeHue MUKDPOCTPYKTYPH B HEIIOCPEACTBEHHOI
GAUBOCTH OT 30HBI PA3PYIIEHUs MOKA3EIBAET, YTO 3aPO-
KASHUE MUKPOTPEIINH IPOUCXOAUT Y TPAHWUI] 3epeH
BOAM3Y KapOMAHEIX BKAIOUEHUH IIyTeM pacmpocTpa-
HEHWUSI TOAOC CKOABXKEHUS. AOKAAM3ALMS CKOALKEHUS B
OTAEABHBIX IIOAOCAX BBI3BIBAET AOKAALHOE IIOBLIIICHUE
AeopMaryy y rpaHiI] 3ePeH, YTO MOYKET IIPUBOANTE K BHE-
3alTHOMY XPYTIKOMY Pa3pyIIEeHUIO m3AeArs. KoMIaek-
CHOE ACTHPOBAHUE (IIAABKA 2) IPUBOAUT K U3MEABUEHHUIO
3epHa aycrenuTa (I,) ¥ K yMeHbILIe HUIO AOAU HEPACTBO-
PEHHEBEIX KapOUAOB, @ 3TO OAATOMPUSTHO CKA3BEIBAETCS
Ha YCTAaAOCTHOM IPOYHOCTH CTaAH, IPU 3TOM KPUTHU-
HJeCKOe PACKPHITUE TPEIUHEl 0, COXPaHseTCs MOYTH
OAMHAKOBBIM,

BubauorpaduyecKkuit Cnucox

1. TpyxoB, A.TT. AuTeifHEIE CIIAGBHI U [IAQBKA: YICOHHUK AAS CTYA.
BBICIL y4e0. 3aBepeHuit / AIL. Tpyxos, A.U. Mansipos. — M.: U3pa-
TEABCKUH IIeHTP «AKapeMusi», 2004, — 336 ¢. — ISBN 5-7695-1276-8.

TAPUBSH l'aperun CepeskOBUY, KAHAWAAT TEXHIUECKUX
HAyK, AOLIEHT, 3aBEAYIOIHHM KadeApou « MallIMHEL X TeX-
HOAOTHSI AMUTEHHOIO IMPOU3BOACTBA OMCKOTO TOCYAAD-
CTBEHHOTO TEXHUYECKOTO yHuBepcureTa (OMI'TY).
KOP3VHUH IOpuit KoOHCTaHTHHOBUY, KAHAUAAT TeX-
HUYECKUX HAYK, AOLIeHT Kadeapsl «MaTtepruaroBepeHTe
U TEXHOAOTHSI KOHCTPYKIJMOHHBIX MaTepraroB» OMI'TY.
PACHIVIIKVH Banaepwuii [TaBroBHY, KAHAUMAAT TEX-
HUYECKUX HAYK, AOLIEHT KadeApPH! « KOHCTPYKIIMOHHEIE
MaTepUaAbl U CHelMaAbHBIE TeXHOAOTUN» CUOUPCKOU
TOCYAAPCTBEHHOM aTOMOOUABHO-AOPOKHOM aKapeMUH
(CubAAN).

TPOMOBHK Anatoauit IBaHOBUY, KAHAUAAT TEX-
HUYEeCKUX HaYK, AOLIEHT KadeAPH « KOHCTPYKIIMOHHEIE
MaTepHaABL U CIelMaAbHBIE TeXHOAOTHU» CubAAM.

Appec pasgnepenmcku: 644050, r. Omck, mp. Mupa, 11.
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OMCKMH roCcyAapCTBEHHbIM
TeXHMYECKMM YHMBEPCHTET

NCCJIEAOBAHME NMPOLLECCA
N3HALUMBAHUSA MITYHXKEPHbBIX NAP
TOMJIMBHOM AMMAPATYPbI

U PEAJIUSALIMA METOLA
BE3PA3BOPHOIO BOCCTAHOBIJIEHUA

CraThsi NOCBSLLEHa aKTYaNbHOM Npobsie Me —yBenMueHMIo CPOKa ciy»K6bl arperaTos (Tonnme-
Hble HACOChI BbICOKOIO AABNEHMS) AM3ENbHbIX ABMraTeneH, B TOM YMciie 6pOHEeTaHKOBOM Tex-
H1KK. [N BOCCTaHOBAEHMSl PabOTOCNOCOBHOCTH NAYHIKEPHBIX NApP NPMMEHSIIOTCS Pa3fiMyHbie
cnoco6bl. ABTOpamu 6bin peanMsoBaH cnocob 3NeKTPO-XMMHMKOMEXaHu4YeCKM 06paboTKK
nnyHXepHbIX Nap. Kak NoKa3bIBalOT NPOBeAeHHble UCCNEeAOBaHMS, ITOT CNOCO6 MOKET nony-
YMTb LUMPOKOE PaCNPOCTPaHeHHe B PEMOHTHOM NPOM3BOACTBE.

KnioyeBble CNOBa: TONAMBHBIN HACOC, TAYHKEP, INEKTPO-XMMHMKOMEXaHH4YecKas o6paboTka.

H3HoC peTarelt TPYILIUXCS CONPSIPKEHUU SABASIETCS
OAHOM U3 OCHOBHBIX IPUYMH CHUJKEHUS pecypca MallliH.
[MoBrIIIeHMEe HAASKHOCTU U CHHJKEHUME 3aTpaT Ha pe-
MOHT MAaIlIMH ¥ MeXaHU3MOB SIBASIETCSI OAHOM 13 OCHOB-
HBIX IIPOOAEM, OOIIEM ANST BCeX 0OAACTeN TEXHUKU.

TomnAuBHas annapaTypa — HauboAee CAOKHAs U AO-
porocTosiias 4aCcTh COBPEMEHHOTO AU3€EAST (COCTaBAS-
to11as A0 30% ero CTOMMOCTH), OKa3bIBaeT CyIleCTBeHHOe
BAMSHME Ha HAA€KHOCTb M 9KOHOMUYHOCTEL ABUTATEAS
B 11eA0M. CAOKHOCTB TOIIAMBHOM allllapaTyphl IPEAbSIB-
AseT BBICOKHE TpeOOBaHMA K €e U3TOTOBAEHUIO, PEMOHTY
U1 0OCAYKHUBAHUIO B IIpoIlecce sKCIAyaTanuu. [Ipexae
BCero, 3T0 00yCAOBA€HO HaAMYNEM B ee KOHCTPYKIIUU
MIPEIU3UOHHEBIX 9AEMEHTOB, U3TOTOBAEHHBIX C BLICOKOM
TOYHOCTEIO. HapyllleHre paBHOMEPHOCTH TOIAMBOIIO-
AQuU II0 ITUAWHADPAM ABUTATEAS B YCAOBUAX PIAOBOU IKC-
TIAyaTalluy MOJKeT ITOBBIIIATh pacxop Torausa Ha 10...15%
U CHUJKATh PeCypc ABUTaTeAel B cpepaHeM Ha 20%.

B HacTos11Iee BpeMs Hepea MalllMHOCTPOUTEABHBIMU
3aBOAAMHU ITOCTaBA€HA 3ajAada — YBEAUUUTH pecypc
TONAMBHOM anmnaparypsl A0 10... 12 TeIC. MOTOUYACOB.
EcTecTBEHHO, YTO IOCAEPEMOHTHEBIN PECYPC AOAKEH
ObITE He HUKe 8...10 ThIC. MOTOUACOB. Takoe yBeAndeHHe
pecypca AOAKHO IIPUBECTU K COKPAIleHUIO Pacxopa
3aracHbIX YacTel U yMeHbIIeHUIO 3aTpaT Ha TeXHUYe-
cKoe 0OCAy’>KUBaHUe TONAMBHOM annapaTypsl. OAHaKO
pelileHue AQHHOTO BOTIPOCA, KaK ITOKA3bIBAIOT UCCAEAO-
BaHUs, CAEPKUBAETCS HU3KOM N3HOCOCTOMKOCTBIO AeTa-
Aell U MOABUKHBIX CONPSIKEHUM TOIAMBHOM alllapa-
TYPHI.

YBeAnueHUe AOATOBEYHOCTU IPEIU3MOHHEIX AeTa-
Aeli 3a cUeT IpUMeHEeHUs HOBBIX U3HOCOCTOMKUX MaTe-
PHaroOB HeEpeaAbHO, TaK KaK 9TH AETaAl B HACTOSIIee Bpe-
M U TaK U3rOTaBAUBAIOT U3 AOCTATOYHO AOPOTOCTOSIIINX
u AepunuTHbIX cTtased (LLIX15; XBI'; 18X2H4BA; P18;
25X5MA). ITpeapcTaBAsieTCS BOBMOSKHEIM IIpUMEHeHNe
Pa3sAMYHBIX BOCCTAHABAUBAIOIINX TEXHOAOTUN AASI BOC-
CTAaHOBAEHMUS pecypca U3HOIIeHHBIX IAYH KePHBIX 11ap,
a Tak’Ke TeXHOAOTUH 110 HaHEeCEHUIO ITOBEPXHOCTHOTO

CAOS C 3aA@HHBIMU CBOMCTBAMHU Ha BHOBb U3TOTOBAEHHBIE
NIAYH>KEePHBIE IIaphl.

B HacTog111ee BpeMs IIpU BOCCTAHOBAEHUY IIAYHKEP-
HBIX I1ap UCIIOAB3YIOTCS Pa3AUYHBIE CIIOCOOBI, KaJKABIN
13 KOTOPHIX UMeeT KaK IIPeUMyIeCcTBa, TaK U CYIecT-
BeHHbIe HEAOCTATKHU, IPUBOASAIINE K BHICOKOM CTOMMO-
CTH U He BCeraa XopollieMy KaueCTBY BOCCTaHOBAEHHBIX
NAYH>KepHEIX ap. [IJpuMeHseMble ClIOCOOBI BOCCTAHOB-
A€HU4 NAYH>KEPHBIX IIap IPeACTaBAEHEI Ha puc. 1.

Kaxk n3BecTHO, BOCCTaHOBAEHHE ITeACO0OPA3HO IIPO-
U3BOAUTH IpU BeAuuuHe uszHoca 50 —60% ot mpe-
AeABHOTO [ 1]. BcaepcTBUE 3TOTO Ha TePBBIM IAGH BEIXOAUT
HeOOXOAMMOCTD ITIOAYUYeHUsI CBOEBPEMEeHHOMN U AOCTO-
BepHOU HHPOPMAIUKU O COCTOSHUY MAYHKePHOU ITapkl
0e3 AeMOHTa’ka TOIIAMBHOT'O HACOCA BEICOKOTO AABACHUS
U IpUMeHEeHU AMAarHOCTUYECKUX CPeACTB. KOHCTpYK-
TUBHO 3TO BO3MOJKHO PeaAn30BaTh, yCTaHOBUB YCTPOM-
CTBO perucTpaluy KOAMYecTBa IlepeTeKIIero ToIAuBa
Ha HITyIlep OTBOAA TOIIAMBA U3 TIOAOCTH HU3KOTO AaBAe-
HUA. YCTAaHOBUB 3aBUCHUMOCTDb U3HOCA, MAKCUMAABHOTO
AABAEHHS, CO3AABAEMOI0 IINYH)KePHOM IIapOH, ¥ KOAnYe-
CTBa IIepeTeKIIIero TOIANBA, MbI CMOJKEM CBOEBPEMEHHO
HavaTb BOCCTAHOBAEHUS IINYHKePHOM IapHhl.

Ans ollpepeAeHUsT 3aBUCUMOCTH MaKCUMaABHOTO A@B-
A€HUs C03)aBaeMOro IAYHJKepHOM Imapoi oT o6beMa
TOIIAMBA IIePETEKIIEro B 3alIAYH)XEPHOE IIPOCTPAHCTBO
ObIra pa3paboTaHa ¥ U3TOTOBAEHA SKCIIEpUMEHTAABHASA
YCTaHOBKA, UMUTHUPYIOIas paboTy OAHOU CeKIUuu
TOIIAUBHOTO Hacoca BeIcOKOro pAaBaeHus HK-10 B ipo-
Ilecce MITaTHOM 3KcnAyaTanuu. CxeMaTUYHO YCTaHOBKA
IIpeACTaBAeHa Ha pUC. 2.

HoBrle nAyH>KepHBIE Iaph IOABEPTAAUCHE MUKPOOO-
Mepy COTAACHO MUKPOMETPA KHBIM KapTaM 3aBOAA-U3T0-
TOBUTEAS, CXeMAaTHUYHO IIPEACTABAEHEI Ha PHUC. 3.

Bce mAyH>KepHBIe Taphl OTBeUYaloT TpeboBaHuaM TY.
BeAnunHbI 3a30pa BTyAKA-TIAYH KD IPUBEAEHEI B TaOA. 1.

Aaree IAyH)KepHBIe Iaphbl yCTaHaBANBAAUCH B 9KCIIe-
PUMEHTAABHYIO YCTAHOBKY M OBIAM IIOABEPIKEHEI YCKO-
PEHHBIM UCIIBITAHUSIM Ha PEASABHBIHN n3HOC. O BeAnunHe



METOJH BOCCTAEOBJIERHS NPENAIHOHNHEIX JETANENR

XPOMHPOBAHUE .
T

HOBTOPHOE A3CTHPO-

TUIACTHYECKOE [EGOP-
MHPOBAHHUE

TEPMOOBPAECTKA

Mecto
Puc. 2. CxeMa yCTaHOBKH AASI HCCA€AOBAHMUS M3HOCOCTOMKOCTH DACHOACIKEHUA 3 Cpenmmit
¥ BOCCTaHOBA€HHUS NAyHKepHbIx nap THBA HK- 10: MHK:C?:;;/Iepa S0P, MEM 3a30D, MKM
1—MCTOYHUK MOCTOSIHHOTO TOKA, 2—aHoA, 3—pe3epByap AAd
paboyei JKUAKOCTH, 4—TpyOOIIPOBOABI HU3KOrO AaBAEHMS,
5—Tpy6ONpPOBOABI BBICOKOIO A@BAEHHS, 1 3-8 6,33
6-—npepOXpaHUTEAbHBIN KAaNlaH, 7—yCTPOMCTBO PEruCTpanun
AaBAeHHS, 8—yCTPONCTBO PeruCTpanuy TeMIepaTypsi, 2 48 6.25
9-nAyH)KepHad napa, 10—ycTpoicTBO AASI NPUAAHHS
BpalaTeABHOr0 ABMJKEHHUS NAYHKepY, 11 -KyArauKoBbBIA BaA 3 410 633
4 513 8,08

U3HOCA CYAUAU IO MAKCUMAABHOMY AABACHUIO, CO3AABA-
eMOMY IAYHKePHOM Tapo NPH ITyCKOBHIX 00opoTax 100
000poTOB B MUHYTY. Ha BCceM IPOTSI’KEeHUN UCIILITaHUS
pPerucTpupoBasy 00beM HepeTeKIIer >XUAKOCTH B 3all-
AVHKepPHOE IPOCTPAHCTBO. XapaKTep N3MeHeHUsI KOH-
TPOAMPYEMBIX BEAMYMH ITIOKa3aH Ha PHUC. 4.

[Tocae IpUBEAEHUS IAYH)XEPHBIX I1Iap B aBapPUMHOE
COCTOSTHYE OHU OBIAU TIOABEPIKEHBI TOBTOPHOMY MUKDO-
o6Mmepy. Ero pe3yAbTaTs IPUBEAEHEL B TaOA. 2.

BBUAy TOTO, YTO BEAMYMHA U3HOCA IIAYHKEPHBIX I1ap
cocTaBasieT 1 — 7 MKM, aBTOPaMU OBIAO IPEAAOIKEHO HC-

OCTANUBAHVE CYALOUIMPOBAHHE o 3akaiKA TBY
— el
s
> OBPABOTKA,

BYJIATUPOBAHUE,
BOPOXPOMUPOBAHHE
BOPOHUKEHPOBAHVE
BOPOXPOMOHHKETH-

POBAHME
Puc. 1. MeToABI BOCCTAHOBACHUS NPENU3UOHHBIX ACTAACH
Tabauna 1

BeAnunHBI 3a30pa HOBBIX
NAYH)KEPHBIX IIap TONAUBHOLO
Hacoca BeICOKOro Aasaenus HK10

Mecto
PACIOAOKEHUST 30HBL 3asop,
MHUKpooOMepa MKM
1 2-4
2 2-4
3 2-6
4 37
Tabauna 2

BeAuunHBI 3a30pa M3HOIIEHHBIX
nAayHXepHsbix nap THBA HK10

HOAB30BATh AAS BOCCTAHOBACHMST IAYH)XEPHBIX I1ap
METOA 3AEKTPO-XUMHUKOMEXAHUYECKON 00paboTKH
(B3XMO) [1]. CyTs A@HHOTO METOAQ 3aKAIOYaEeTCs B Oe3-
pa3b0O0pPHOM BOCCTAHOBAEHUHU BTYAKH U IINYHKePa OAHO-
BPEMEHHO, YTO UCKAIOYAET IIOCAEAYIOIIHE IOAGOD B AO-
BOAKY.

Ha Bxoa THBA TOAQIOTCS MOHBI METAAAQ, HATIPABAEH-
HBI€ Ha BOCCTAHOBAEHUE M3HAIIMBAIONIUXCS YacTeH.
CKOpOCTb OCaXAeHUSI UOHOB MeTaAAd Ha TPYIIHecs

-
-
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Puc. 3. CeueHnns nayH>xepa AAsI MUKpooOMepa

TIOBEPXHOCTU TPUOOCUCTEMBI 3aBUCUT OT MHOTHUX (hak-
TOPOB: CUABI TOKQ, CBOMCTB >KMAKOCTH, MaTepHrasa aHo-
AA U AeTaAel, TeMIlepaTyphl B 30He TPEeHUsd, AABACHN,
CO3AaBaeMOro IAYH>XepHOU ITapoy, u T.A. Ilpu nnpose-
AEHHUU BOCCTAHOBAEHUS, Ha II€PBBIY IIAAH BEIXOAUT BOII-
POC 0 IOAHON ¥ AOCTOBEPHOM HH(POPMAIUN O COCTOSTHUHU
TIAYH>KePHOM IIaphl, C IIeABIO BEIOOPa IPaBUABHOTO U CBO€-
BPEMEHHOI'0 BO3AEUCTBUSA Ha cucTeMy. MHpopManuio
0 COCTOSTHUM CUCTEMEL IOAYYAIOT C IOMOIIBIO AQTYNKOB
(mosunuu 7, 8 puc. 2).

AQHHEIN MeTOA OBIA YCIIEIITHO OIPOOOBaH Ha 3KCIIe-
PUMeHTaABHOM YCTaHOBKeE U 3allaTeHTOBaH [2].

OcHOBHOU NpoOAEMOM IIPU pearu3aluu AQHHOTO
IOAXOAQ AL BoccTaHOBAeHUS THBA Ha Matinne saBAs-
€TCS TO, 9TO TOIIAMBO OOAGAAET BBICOKHUM SIA€KTPUUYECKUM
conpoTuBAeHUEeM. [To3TOMYy Ha AQHHBIN MOMEHT BO3MOXK-
HO BOCCTQHOBAEHUME IAYH KEPHBIX IIap ¥ TOIIAUBHOTO Ha-
coca BBICOKOTO A@BA€HUS B I[eAOM AUIIIL Ha CTEHAE C UC-
NOAB30BaHUEM BMeCTO TOIAMBA MOHOOOpasylollel
SKUAKOCTH.

B pe3yabTaTe HCCAEAOBAHUIM:

— HU3rOTOBA€HA SKCIIepPUMEeHTAAbHAsA YCTAHOBKA AT
MIPOBEAEHMSA UCIILITAHUM ¥ BOCCTAHOBACHHUS IINYH KEPHBIX
Tlap TOIIAUBHOI'O HACOCa BLICOKOTO AQBACHUSI AU3EABHBIX
ABUTaTEAEH;

— 9KCIIepUMEHTAABHO YCTaHOBAEHA 3aBUCUMOCTD MaK-
CHUMaAbHOT'O AABAEHUSA NAYH)KEPHOM IIapbl OT 00beMa
IepeTeKIIero TOIAUBE;

— paspaboTaH, 3allaTeHTOBaH U peaAn30BaH CIIoco0
0e3pa300pPHOTO BOCCTAHOBACHUS IAYHKEePHBIX I1ap.

BubanorpaduyecKkuii Ciucok
1. Makapenko, H.I'. OaeKkTpoxuMudeckoe yIpouHeHHe U BOC-

cTaHoOBAeHHUe AeTarei TpubocucteM / H.I'. MakapeHnko //. — OMcK:
ML OMmcKuil Hay4YHBIN BeCTHUK, 2004. — 250 c.
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Puc. 4. XapaKkTep n3MeHeHHUsI MAKCUMaABHOIO AaBAEHHUS,
cozpaBaeMoro ITIT oT 06’ b€Ma NPOCOYNBIIENACS JKUAKOCTH
3a BpeMst HapaGoTKH

2. ITat. 2277704 Poccutickas @epeparnus, MITK GO1IN 3/56.
Crroco6 1 yCTPONCTBO BOCCTaHOBACHUS IIAYHIKEPHOM Taphl TOTIAMB-
Horo Hacoca / H.T'. Makapenko H. . 1 [ap.]. — Ne 2005100892; 3asiBA.
17.01. 05 ; ory©6a. 10.06.06, Broa. Ne 16. — 3 c.
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CKOTO TOCYAQPCTBEHHOTO TEXHUUECKOT'O YHUBEPCHUTETA
(OMI'TY).
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OMCKHMH roCyAapCTBEHHbIM
TeXHHYECKMM YHMBEepCHTET

KOMIOHOBKA BbICOKOCKOPOCTHOIO
ObOPYAOBAHMA

O6paboTka TPyAHOO6pabaTbiBae MbIX MATEPHANIOB CO CKOPOCTSMM pe3aHus cebilue 120 M /c
TpebyeT NPOEKTMPOBaHHS M CO3AaHHS BLICOKOCKOPOCTHOro 060pyAOBaHMS, NPefHA3HAYEH-
HOro ANs NPoM3BoAMTENbHON 06PaboTKM M NONYUYEHMS KaUeCTBEHHbIX MOBEPXHOCTEH AeTanen
MaLmMHOCTpoeHus. CyLecTByIOLME KOMMOHOBKM MeTannopexyluero o60pyaoBaHus He cno-
cobHbl 06ecneymBaTb BO3MOMKHOCTL 6H@30MnacHOM BbICOKOCKOPOCTHOM 06paboTku. Mo3tomy
Heo6X0AMMO CO3AaHME NPHHLMNMANLHOM CXE€Mbl KOMMOHOBKM.

KnioueBble CNOBa: KOMNOHOBKA, BLICOKOCKOPOCTHOE 060pyAOBaHHE, BLICOKOCKOPOCTHASs

obpaboTka.

[NoBrimenne Tpe6OBaHUM K KQUECTBY CTAHKOB B CB4-
3U C OOIIMM MOBBIIIEHNEM TOYHOCTH B MAIlTMHOCTPOEHUH,
HU3TOTOBAEHUEM AeTarel U3 TPyAHOOOpabaThIBaeMBbIX
CIIA@BOB, IOSIBA€HHEM HOBBIX MHCTPYMEHTAABHBIX
MaTepHanoB, a TaK’Ke COBEpIIeHCTBOBaHUE IPOTpaM-
MHOT'O YIIPDABAE€HUS 3aCTaBASIET MCKATh ITyTH ITOBBIIIIEHUSA
KauyecTBa KOMIIOHOBOK KakK Ba’kKHOTO CAAraeMoro Ka-
YyecTBa CTAHKOB.

BMmecTe ¢ TeM npuMeHeHUe B CTaHKAX Pa3AEAbHBIX
IIPUBOAOB, B TOM UHCA€ C IPOIPaMMHBIM yIIPaBA€HUEM,
BHEApEHVE HAITPaBASIIOITUX KaueHN s, THAPOCTaTUIEeCKUX
HAIIPABASIOUIUX U APYTHUX 3A€MEHTOB KOHCTPYKIUMI
OTKpPHhIBaAeT IMINPOKHE BO3MOKHOCTU COBEPIIEHCTBO-
BaHUS TPAAUIIMOHHEBIX ¥ CO3AQHMS HOBBIX KOMIIOHOBOK.

B AuTepaType Maao paboT, IOCBAIIeHHBIX BOIIPOCaM
KOMIIOHOBOK CTQHKOB. B HayKe 0 MeTaAAOpesKyLINX
CTaHKaxX UMeeTCs HeAOCTAaTOYHO MCCAeAOBaHHas 00-
AQCTh, Kacarollascsi OAHOM M3 CaMbIX OTBETCTBEHHBIX
CTaAUM IPOEKTUPOBAHUS CTAHKOB — CTAAUM IIOCTPO-
€HUSI KOMIIOHOBKH. OTY CTAAUIO 3CKU3HOTO IIPOEKTUPO-
BaHUS BHIMOAHSIOT Hanmboaee KBaAU(PUIMPOBAHHEBIE
KOHCTPYKTOPHI, KOTOPbIe PYKOBOACTBYIOTCSI B OCHOB-
HOM OIIBITOM M MHTyHUIuel. OTCTaBaHUeE B pa3paboTke
TEOPHUU KOMIIOHOBOK METAAAOPESKYIIUX CTAHKOB UMeeT
CBOM IIPUUYUHLL. [IepBasi mpuumHa — B3TASIA Ha OCHOBHBIE
KOMIIOHOBKY YHUBEPCAAbBHBIX CTAHKOB KaK Ha HeYTO
He3bI0AEMOe, caMo co00M pasyMeroliieecs, He ToAAe Ka-
1lee U3MeHEeHUI0. DTOT B3TASIA OCHOBAH Ha TPAAUIIHSX.
Bropas npuurHa 3aKAIOYAETCSA B OTCYTCTBUU S3BIKA
UCCAEAOBAHUM — criocoba 0003HaUeHUST ATOOBIX KOM-
noHOBOK. CylllecTByIOIas cucTeMa 0O0O3HAUYeHUSA
MoOAeAeN YHUBEPCAABHBIX U CHellMaAbHBIX CTAHKOB
IIpecAeAyeT ApyTHe IleAd U B KauecTBe sI3bIKa HUCCAe-
AOBaHMS KOMIIOHOBOK He MOYKeT OBITh MCIIOAB30BaHa.
TpeThs npuuMHa 3aKAIOYAETCS B CAOKHOCTHU U MHOTO-
rPaHHOCTH BOIIPOCOB, BO3HUKAIOIIUX IIPU 000CHOBaHUU
IIOCTPOEHUS KOMIIOHOBKY, B TPYAHOCTH (DOPMaAU3aIUuU
MHOTUX UHTYUTUBHBIX IIPEACTAaBA€HUMN, KOTOPBIMU
PYKOBOACTBYIOTCSI IIDH 3TOM BeAyllllie KOHCTPYKTOPHI,
PYKOBOAUTEAU OIOPO U TA@BHBIe KOHCTPYKTOpEI CKB 1
3aBOAOB. BMecTe ¢ TeM 3Ta IpuYUHA B OT€YECTBEHHOM
CTAHKOCTPOEHUU AUKTyeT HeOOXOAUMOCTh (popMa-
AW3AIUU NPOEKTUPOBAHHUS C IIOCAEAYIOIIed aBTO-
MaTH3allieln ero ¢ IoMoIb OBM.

Eile opHa mprUYMHA 3aKAIOUAETCs B U3BECTHOU He-
ONIPEAEAEHHOCTU ¥ HEOAHO3HAYHOCTH CAMOTI'0 ITOHATUS
KOMIIOHOBKM CTaHKa. OTO IMOHSATHE YaCTO aCCOIU-

UpyeTcsl ¢ TEXHOAOTHMUYECKOM cXxeMOW NMOCTPOeHUs
CTAHKAa, KUHEeMAaTU4YeCKOU CTPYKTYpPOU, Hecyllen
CHCTEMOMU, HaKOHEI], IIPOCTO C KOHCTPYKIHEeHN CTaHKa.
MeXay TeM KOMIIOHOBKA — KaTeropus, COOTBETCTBY-
IOIast OIPEAEAEHHOU CTAAUY 3CKU3HOTO IIPOEKTUPOBA-
HUS, CAeAYIolel 3a pa3paboTKOM TeXHOAOTUUEeCKOMU
cxeMBbI 1 000CHOBaHMEM TeXHUUECKUX XapaKTePUCTHUK.
OHa npeAllecTByeT pa3dpaboTKe KOHCTPYKIMU Y3A0B.

OTpa’kasgd KHUHEeMaTU4eCKYIO CTPYKTYPY CTaHKQ,
KOMIIOHOBKA He IOAMEHSET IOCAEAHIOIO U TPpeOyeT IpK
TIOCTPOEHUHU peNIeHUs BOIPOCOB, BEIXOAAIIUX 34 IIpe-
AeABbl KHHEeMaTUKH. B 3aBUCHMOCTH OT CAOSKHOCTH U ADPY-
X 0COOeHHOCTel KMHeMaTUKU CTaHKa IIOCTpOoeHUe
KOMIIOHOBKM BBINIOAHSIOT AO UAM IIOCAe pa3paboTKuU
KHMHEeMaTHu4eCKOM CXeMBI.

KoMnoHOBKa — 3TO CHCTeMa PACIOAOKEHUS Y3A0B
U YIPABASIIOIINX CTAHKA, OTAMYAIOIIASICS CTPYKTYyPOH,
nponopuuaMu u cBoricrBaMu. CTaHKU C PA3AUYHBIMU
KOHCTPYKIIMAMH y3A0B (COOPOUHBIX €AWHUI]) MOTYT
UMeTb OAMHAKOBBIe KOMIIOHOBKH, U, HAOO0OPOT, CTAHKU
C OAMHAKOBBIMU KOHCTPYKIMSIMU OCHOBHBIX yY3AO0B
(Hapumep, C arperaTHLIMU CUAOBBIMY ITOAOBKAMM) MOTYT
UMeTh Pa3AMYHBble KOMIOHOBKU. [ToaToMy moHATHSA
KOHCTPYKIIUM U KOMIIOHOBKHU He CAeAyeT OTOXKAECTB-
ATh. BoAee TOTO, B IIeAsIX OBLIIIEHUSI KaueCTBa CTaHKa
Ha BCeX 3TallaxX ero IpoeKTUPOBaHUS HEOOXOAMMO, UTO-
OBl Ha CTaAUU IIOCTPOEHUS KOMIIOHOBKYU OBIAU OBI BEI-
AEAEHBL U IIPOAHAAU3UPOBAHEBL YUCTO KOMIIOHOBOUHEIE
dakTOpHI KauecTBa. AAs 3TOrO DaKTOPBI, OTHOCSAIIAECS
K KOMIIOHOBKE, AOAJKHBI OBITH II0 BO3MOKHOCTU OTAe-
A€HBI OT (paKTOPOB, CBSI3@HHBIX C IIOCAEAYIOIIel pas-
PabOTKOM KOHCTPYKIIUU Y3A0B.

[TocTpoeHne KOMIOHOBKHM CTaHKa UMeeT CBOU
TIOCAEAOBATEABHBIE CTYIIEeHH, UAM 3Talbl. OCHOBOIIOAA-
TQIOIUM 3TAllOM SIBASIeTCS pa3paboTKa TEXHOAOTH-
YeCKOM cXeMBI IOCTPOEHUsI CTaHKa, KOTAA B COOTBET-
CTBHUHU C TEXHOAOTHUUYECKON 3apadel OINPEAEATIOT
HeOOXOAUMBIN COCTaB Pabounx M YCTAHOBOYHBIX ABHU-
SKEeHUU, YNCAO IINUHAEAEH, CTeIleHb YHUBEPCAABHOCTH
CTaHKa, POopMy (IapasreAbHAst UAU IOCAEAOBATEABHASA)
LIeHTPaAU3aIu OOPaObOTKH, YUCAO PAOOUUX U 3aTpy304-
HBIX IO3UIUN U T. A. Pe3yAbTaTOM 3TOTO 3Tana aBAseTCs
cxeMa, KOTopasi MO>KeT ObITh Ha3BaHa TEeXHOAOTUUeCKOMN
KOMIIOHOBKOM.

Teopusg KooppuHATHON, 06A30BOM U KOHCTPYKIIMOH-
HOM KOMIIOHOBOK, TaK JKe KaK TeOpHs pa3MePHBIX IIPO-
TOpIUI KOMIIOHOBKY, IIOKa He pa3paboTaHa. Mimeercs
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Puc. 1. CxeMa KOMIIOHOBKY BBICOKOCKOPOCTHOTO CTaHKa:
1 — craHuHA, 2 — ONIEPEeYHBbII CTOA, 3 — IPOAOABHBIN CTOA, 4 — IOBOPOTHAas NepepHss 6abKa,
5 — 3apHgg 6a0bKa, 6 — MIUHAEABb AeTaAH, 7 — CTAHUHA, 8 — CTOMKA, 9 —KOHCOAB,
10 — mOBOPOTHAsI BHICOKOCKOPOCTHASI TOAOBKA, 11 — MMuHAEAb HIAN(POBaABHOTO HHCTPYMEHTa

CyIIeCTBEHHBIN Pa3phIB MeJKAY HayUHBIMHU 3HAaHUSMU IO
TEOPUM TEXHOAOTMYECKUX KOMIIOHOBOK U HAy4YHO
000CHOBaHHBIMM METOAAMU pPacueTa U IPOEeKTUPOBAHUSI
KMHEeMaTU4YeCKUX I1elel, COOPOUHBIX EAMHUI] U AeTareH
CTaHKOB. BOCIIOAHUTE 3TOT pa3phIB MOTAa OBl TEOpPHUS
KOMIIOHOBOK — KOMIIOHETHKA CTaHKOB.

Teopus KOMIIOHOBOK MOT'Ad ObI OKa3aTh CYILleCTBEH-
HYIO IIOMOIIIbL KOHCTPYKTOPaM Ha CaMOM OTBETCTBEHHOM
CTaAUM TIPOEKTUPOBAHUSA ¥ B KOHEUHOM CUeTe COAEU-
CTBOBATH MOBHIIIEHUIO KaueCTBa CTAHKOB. JTa TeOPUs
CMOTA& OBl OTBETUTH Ha BOIIPOC, IBASIETCS AU (paTaAbHOMU
Hen36eKHOCTHI0O 0ECKOHEUHBIM POCT TUIIaXKa CTaHKOB,
yKa3aTb NIyTU COBEPIIeHCTBOBAHMS KOMIOHOBOK
NIPOEKTUPYEMEBIX CTAHKOB U 0O0AACTU ONTHUMAABHOTO
HUCIIOAB30BaHUS CYIECTBYIOIIUX KOMIIOHOBOK, OTBETUTh
Ha MHOT'He APYyTue BOIPOCH], CBA3aHHBIE C 3aAa4aMU
UHTEeHCU(UKAIIUY IPOU3BOACTBA U IOBLIIIIEHUS Kaye-
crBa u3peAnit. OAHOM 13 KOHEUHBIX IleAel TeOPUHM KOMIIO-
HOBOK MOJKET CTaTh aBTOMAaTHU3aIHs IPOEeKTUPOBAHUS
KOMIIOHOBOK C ITOMOIIBI0 OBM.

Co3paHue Teopur KOMIIOHOBOK METAAAOPEKYITUX
CTAHKOB TpeOyeT YCUAUN MHOT'UX AFOAEM U 3HAQUUTEAD-
HOTO BpeMeHU. [lepBoouepeAHBIMY 3aAa4aMU B CO3AQHIN
TeOPHU KOMIIOHOBOK SIBASIFOTCSI, II0-BUAUMOMY, pa3paboT-
Ka I3bIKa UCCAEAOBAHUM U OIIpeAeAeHIe, KOMIIOHOBOU-
HBIX aKTOPOB KadecTBa. [ lepBas 3apaua npepycMaTpu-
BaeT HaXOKAEHUHEe TaKoro crmocoba 3amucu AI0OBIX
KOMIIOHOBOK CT@HKOB, KOTOPHIY UMeA OB CTPYKTYPHYIO
OCHOBY U HEKOTOpble MaTeMaTHUueCKue CBOMWCTBE, 3TO
TI03BOAUAO OBl UCIIOAB30BATh TAKOT'O POAA I3BIK HE TOAB-
KO AT 0003HaYeHMSI KOMIIOHOBOK, HO U B KQUeCTBE MHCT-
PYMeHTa UCCAeAOBaHUU. be3 3Toro HeAb3s aHAAU3UPO-
BaTh Pa3AUYHBIE CTPYKTYPhl KOMIIOHOBOK, UCCAEAOBATH
COBOKYIIHOCTH y>Ke CYIeCTBYIOIIUX U BO3MOXHOCTH
MOSIBA€HUSI HOBBIX KOMIIOHOBOK. BTopas 3apaua —
BBEIAGAEHUST KOMIIOHOBOUHBIX (paKTOPOB KadecTBa —

CBsI3aHa C HEOOXOAUMOCTBIO CpaBHEHMS KOMIIOHOBOK U ITO-
BEBIIIIEHUS X KauecTBa. OTUYETAMBOE BEIAGAEHUE U KOAU-
YeCTBEHHOE BBhIPa’keHUe KOMIIOHOBOUYHBLIX (PAKTOPOB
HeOOXOAWMBI ITPU pacyeTaX KOMIIOHOBKHU B I[€ASX
aHaAM3a BAUSHUS 3TUX (PAaKTOPOB Ha CTAaTUUYECKUE U AU-
HaMUUeCKUe XapaKTePUCTUKHU KaueCTBa, & TAK)Ke B IIEATX
OIlepUPOBAHUS MU IPU ONITMMU3AIIUY Pa3MepOoB U IIPo-
nop1ui KoMnoHoBKu. MopMarm3ariyss KOMIOHOBOYHBIX
(aKTOPOB MOTAA OBI CTATh CYIIECTBEHHBIM IIIaTOM K aBTO-
MaTH3aIUU TPOEKTUPOBAHUS KOMIIOHOBOK.

HecmoTps Ha CyIecTBeHHOE pa3Amdre, 3TU ABE 3a-
AQu¥ He IBASIIOTCS HECOBMECTUMBIMU. KOMIIOHOBOUHEIE
haKTOPHI KaueCTBa MOTYT COAEPKAThCSI B CAMOM CTPYK-
Type KOMIIOHOBKHY, a IPOSIBA€HUE CTPYKTYPHBIX CBOMCTB
3aBUCHUT, B CBOIO OUE€PEAb, OT peaAr3aliud KOMITIOHOBOY-
HBIX (pakTOpOB. [ToaTOMY pelieHUs 00erX 3aAa4 IPU3-
BaHBI AOIIOAHATH APYT ApyTa [1].

HIAndoBanue IBASIETCS OAHOU U3 KAIOUEBBIX TEXHOAO-
TUY COBPEMEHHOI'0 MAllTTHOCTPOUTEABHOT'O IIPOMU3BOACT-
Ba, KOTOpasi, 6aaropapsi HOBBIM pa3paboTKaM B OOAACTHU
CO3AAQHUS AN OBANBHBEIX MaTEPUAAOB U THCTPYMEHTOB,
a TaK’Ke HOBEMIIIero TEXHOAOTUYECKOTO 000PyAOBaHUS
OCHAIIeHHOTO MHOTOKOOPAVWHATHBEIMU YCTPOMCTBAMU
UITY, B mOCAeAHYE TOABI IOAYUIHAO KaueCTBEeHHOE Pa3BU-
THe. 1A oBaHMIO TIOABEPTAIOT AETAAU U3 MaTEePUAAOB,
KOTOpBIe 9KOHOMUYECKU HelleAecO0Opa3HO UAU HEBO3-
MO>KHO 00pabaTeIBaTh A€3BUMHBIM HHCTPYMEHTOM (CTAAU
MIOCAE 3aKaAUBaHUS UAY XUMUKO-TEePMUYECKOM 00paboT-
KU, HIKEAEBbIe CYIIEPCIIAABEL, TYTOIIAABKIE METAAABI M CIIAQ-
BBI, KepaMUKY, TBEpPALIE CIIAABEL, U Ap.). B mocaepHee Bpe-
M$I CTAAU IIOSIBASITHCSI HOBBIE TBEPABIE CIIAABBI AAST PEJKY-
1I[eT0 UHCTPYMEHTa, II03BOASIOIINe 0OOpabaThIBaTh 3aKa-
AEHHBIE U TPyAHOOOpabaThIBaeMbIe MaTeprankbl. [TosTomy
AAST obecrieueHUsT KOHKYPEHIINY Ae3BUHMHOMY MHCTPY-
MEeHTY, IIAU(POBaAABHBIE OTIEPAITIH AOAKHEI TaK JKe obecrre-
YUBATh BHICOKYIO 3(D(HEKTUBHOCTHL 06PabOTKU.



OddeKkTuBHOCTL Ipollecca MAUPOBAHUS 3HAUM-
TEeABHO YBEAUUMBAETCS C IOBBHIIIEHUEM CKOPOCTH pe-
3a@HUs, TaK KaK MEHSIeTCs MeXaHM3M N3HAIINBaHUS IIAU-
(doBaAbHBEIX 3epeH. [ToBHIIIEHNEe CKOPOCTU Pe3aHus
cBrine 120 M/C TO3BOASIET AOCTUTATH OCTPOTHI IITAU-
(hOBAABHEIX 3€PEH, C PAATYCOM OKPYTAECHUS IIPY BePIIN-
He pexXxylleli rpany, MeHee 0,1 MKM. D¢ peKT NoBBIIIIeHUA
OCTPOTEI 3epeH HaOAIOAQeTCS IIPU MOBHIIIEHHBIX CKO-
POCTSIX pe3aHus, HO AOCTU KeHIe TaKUX CKOPOCTeH BeCh-
Ma mpodAeMaTudHo. [ToBhIIIeHIIE CKOPOCTU pe3aHUs CBLI-
mre 100 M/C TPUBOAUT ¥ K HETATUBHBIM SIBACHUSM, TAKUM
KakK: IIOBBIIIIeHHEIe BUOPAINY, IIPOXO0KACHVE Pe30HaH-
CHBIX 30H TEXHOAOTMYECKON CUCTEMOM, YMEHbIIIEHYE Pe-
cypca MOAITUITHUKOB U ADYTUX TOABUIKHBIX Y3A0B U T.A,.
AaHHBIe IBA€HUS U 0COOEHHOCTH IIpoliecca BHICOKO-
CKOPOCTHOTO HIAU(OBAHUS OUPEAEASIIOT IPUHIIUIIN-
AABHYIO CXeMy KOMIOHOBKH BLICOKOCKOPOCTHOTO
obopyaoBaHu4 (puc. 1).

Ha npuBepeHHOM cxeMe ToOKa3aHa IPUHININaAbHAS
0COOEHHOCTb KOHCTPYKIIUU — 3TO Y3ABI BLICOKOCKOPO-
CTHOU TOAOBKHU M NIPUBOAA AETAaAU YCTAaHOBAEHBI Ha
Pa3HBIX OCHOBAX, HO ABUJKEHUS A€TaAUu U HMIAUGO-
BAABHOT'O KPyTa B3aMOCBSI3aHEL. Y CTAHOBKA 3THX Y3A0B
Ha pa3Hble OCHOBEI II03BOASET AeMI(PUPOBATh BHIO-
poliepeMeIeHusI TEXHOAOTHIECKOY CUCTEMEI U IIPEAOT-

YOK 622.276.7

BpAaTUTh IIOAOMKY Y3AO0B IIPDUBOAA A€TAaAU, B CAydae
BbIXOAQ U3 CTPOA BBICOKOCKOpOCTHOfI TOAOBKU IIpU
OTphBIBE LHAI/I(pOBdABHOI‘O OAEMEeHTa.
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1. Bparos, FO.A. AHaAU3 KOMIIOHOBOK METaANOPEsKYIIUX CTaH-

KOB [ DAeKTPOHHBIN pecypc]. — Peskum poctyna: http://www.autowel-
ding.ru/publ/1/metallorezhushhie_ stanki/1/14-1-0-71.
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OMCKMH rocy LapCTBEHHbIM
TeXHHYECKHH YHMBEPCHTET

TEXHOJIOTMYECKMMUA KOMIMNEKC

NO KOHTPOJIFO, PEMOHTY

U BOCCTAHOBJIEHUIO
HACOCHO-KOMIMPECCOPHbBIX TPYB

M LUTAHI K HACOCAM, MPUMEHSIEMbIX
NPU A OBbLIYE YINEBOAOPOAHOIO

CbiPb4

MpepacTaBneH NPOEKT TEXHONOrMYECKOrO KOMIMJIEKCa N0 Pe MOHTY M BOCCTaHOBAEHHIO HACOCHO-
KOMMNPEeCCOPHbIX pr6 M LUTQHI KHAaCOCaM. OnpeAenéH COCTaB OCHOBHOIo M BCnomorartesibHoro
o6opynosauml. Pa3pa6OTaHa CTPYKTYPHaa cxemMa NOAroTOBKM HACOCHO-KOMMNPECCOPHbIX

TPY6 M LUTaHT K NOBTOPHOMY MCNOJb30BaHHIO.

KniouyeBble cnoBa: HACOCHO-KOMMNpPEeCCOpPHas pr6a, PeMOHT, KOHTPOJIb.

B nacrosiee BpeMs B HepTeAOOBIBAIOIEM CEKTOPE
3KOHOMUKU OOABIIIOE 3HaUeHUe TPpUoOpeTaeT HE0OOXO0AN-
MOCTE ITOBTOPHOTO UCIOAB30BAHUS B MMPOU3BOACTBE
AOOBIUM YTA€BOAOPOAHOTO CHIPbSI HACOCHO-KOMIIpEeC-
copubix TpyO (HKT) 1 mTaHr K HacocaM, 4YTO B KOHEYHOM
UTOTe CHUJKaeT ce0eCTOUMOCTE 3aTpaT Ha AOOBIBAEMYIO
HedTb. Opranu3aiys MPOU3BOACTBA 110 IIOATOTOBKE K TIOB-
TOPHOMY HCIOAB30BAHUIO HACOCHO-KOMIIPECCOPHBIX
TpyO U IITAHT K HACOCaM CHHUMaeT TaK>Ke 4acCTb IKOAO-
TUYEeCKUX IIPOOAEM U, KaK CAEACTBUE, PACXOAOB Ha UX
AMKBHAQITUIO.

AASL pellleHUS AQHHOU NMPOOAEMEBI IpepraraeTcs
TEXHOAOTMYECKHUM KOMIIAEKC IIO IIOATOTOBKE K IIOB-
TOpHOMY UcnoAb3oBanuto HKT u mitasr (puc. 1), KoTo-
PBIM pa3paboTaH C y46TOM UCIIOAB30BAHHUS B IPOU3BOA-
CTBE COBPEMEHHOTO BEICOKOIIPOU3BOAUTEABHOTO 000-
PYAOBAHUS OTeYeCTBEHHOTO U UMIOPTHOTO IIPOU3-
BOACTBQ, HOBEMIIINX CUCTEM KOHTPOAS U YIPABACHUSA
TEeXHOAOTHMYECKHUMU IIpoljeccamu [1].

PemonTHO-BOCCTaHOBUTEABHEIE paO0TEl HKT 1 1irtanr
TIPOBOAATCS B CTAIIMOHAPHBIX II€XOBBIX YCAOBUSIX C HA6O-
POM He0OXOAUMOI'O TEXHOAOTUIECKOTO 000PYAOBAHUS —
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Puc. 1. TeXHOAOrH4eCKHNH KOMIIAEKC 10 KOHTPOAIO, PEMOHTY
Y1 BOCCTAHOBAEHHIO HACOCHO-KOMIIPECCOPHBIX TPYO M IITAHT
1-yyactok npuémMmku u coprupoBku HKT n mrtanr, 2—nex moiku u Auarioctuku HKT u mrranr,
3-y4acToK COPTUPOBKM roToBO NpoAykiuy, 4—nex pemonra HKT, 5-PMM, 6—cKaap roroBoi poAyKIUHN
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Puc. 2. CTpyKTypHas cxema IIOATOTOBKYA HaCOCHO-
KoMmmpeccopHbix Tpy6 (HKT) 1 miTaHr K HOBTOPHOMY
HCMOAB30BaHUIO

OCHOBHOTO, IPEAHA3HAUYEHHOTO AT PEMOHTA M KOHT-
POASL, 1 BCIOMOTATEABHOT'0, IPEAHA3HaUYEHHOT'O AAS TPAH-
CIIOPTUPOBKY U IIO3UIIMOHUPOBAHUS TPYO U LITAHT [2].

B cocTaB 0CHOBHOTO 0GOPYAOBAHUS BXOAAT METaA-
AooOpabaTtwiBarolye ctauky ¢ UITY, KOHTPOABLHO-AMAT-
HOCTHYEeCKOe 060pyAOBaHUE.

Llexu 1 y4acTKH OCHallleHbl TPAHCIIOPTHOM CUCTe-
MOY, IIpepHa3HauUeHHOM AAST MeKOTIePallMOHHOTO Tepe-
MelleHUd TPyO U IITAHT B TEXHOAOTUYECKUX AMHUSX.

B cocTaB TpaHCIIOPTHOM CUCTEMEI BXOAAT MEeXaHU3-
MBI OCEBOM ITOAQUY (POABTAHTH), MEXaHU3MEI Ileperpy-
3KU (ChEMOYKAQAUNKHY), MEXaHU3MBI BPAIlleHNs, TOABEM-
HUKU, PaCIPEAEAUTEeAN KapMaHHble, CTEAAAKH, CKATHI.

[NpuMeHeHUe 3AEKTPOMEXaHUYECKUX ITPUBOAOB
obecrieurBaeT OECITYMHOCTD ¥ INABHOCTE ITIEPEKAAAKY
TPyO U IITAHT, BO3MOXHOCTEL PAOOTHI B YCAOBUSIX HU3KUX
TeMIlepaTyp, BO3MOKHOCTh PeTyAUPOBAHUSA CKOPOCTeHN
paboThHI MEXaHU3MOB.

AAst oOecIiedeHNs CKATBIM BO3AYXOM U YIIDABACHUS
pacrupeapeAeHreM eTo IOTOKOB B IPUBOAAX U CUCTEMax
000pPYAOBAHUS UCIIOAB3YETCSI IHEBMOOOOPYAOBAaHUE
U THEeBMOAIapaThl BELICOKOY HAAE>KHOCTH.

TexHOAOTHMUECKUY KOMIAEKC OCHAIIIEH aBTOMATU3U-
POBAHHOM CHUCTEeMOH yIpaBA€HUSI TeXHOAOTMUEeCKUMU
nporneccamu (ACYTTI) ¢ AOCTaTOYHO BEICOKUM YPOBHEM
OpraHU3aluu TPYAd. /AOKAABHBIE CUCTEMEl (CUCTEMEL
YIIPAaBA€HUS IEPBOTO YPOBHS) BEIIIOAHSAIOT yIIDABACHUE
U peTyAUpOBaHMNe TEXHOAOTMIeCKUX ITapaMeTPOB OTAe-
ABHBIX BUAOB 00OPYAOBAHUS, YIaCTKOB, AMHUM.

[Tpou3BOAUTEABHOCTb OAHOM TE€XHOAOTHMYECKOU
AMHUY (IpU paboTe B ABe CMEeHBI) COCTAaBASET A0 160 THIC.
pyO0. Broa, B IpepraraeMoM BapHUaHTe TAKUX AMHUM TPU.

TexHOAOTMYECKUM KOMIIAEKC COCTOUT U3 CAEAYIOIINX
OCHOBHBIX Y4aCTKOB IIDOU3BOACTBA (PHC. 2):

— y4acTok npuéMku u coprupoBku HKT u mranr;

— 1ex Mo¥Ku u AuarHoctuku HKT u mrraur;

— Y4aCTOK pPeMOHTA IITAHT;

— 11ex pemoHTa HKT;

— Y4aCTOK COPTUPOBKU rOTOBOM IIPOAYKIIUY;

— OUMCTHEIE COOPYKEeHUS;

— KOMIIpeccopHasd;

— PeMOHTHO-MeXaHNu4eCKUM yU4acTOK;

— CKAQA F'OTOBOU IPOAYKIIUU.



BsiBOABI

1. Llenrecoobpa3HocTh opranusanuu pemonta HKT
U LITAHT 00yCAOBA€HA HEOOXOAUMOCTBIO IOBTOPHOTO UX
HUCIIOAB30BaHUS IIPU AOOBIUE YTA€BOAOPOAHOTO CHIPEBS.

2. CTpyKTypa OPEeAIpUATHS — TEXHOAOTHUYECKOI'O
KOMIIAEKCA 10 KOHTPOAIO, PEMOHTY ¥ BOCCTAHOBACHUIO
HACOCHO-KOMIIPECCOPHEIX TPYO U IIITAHT K HacocaM, IIpU-
MeHseMbIX IPU AOObIUe YTA€BOAOPOAHOTO CHIPbs, Chop-
MUpPOBaHa I10 TPAAUIIMOHHOM cXeMe OpraHu3aliu aBTo-
MAaTHU3UPOBAHHOTO IPOU3BOACTBA.

3. PemteHne TeXHOAOTHMYECKHUX 3aAa¥ OCHOBAHO Ha
HCIOAB30BAaHUM COBPEMEHHOTO MEeTaAA000pabaThl-
BaIOLIero, KOHTPOABHO-AUATrHOCTUYECKOI'O ¥ IIOABEMHO-
TPAHCIIOPTHOIO OOOPYAOBAHUS.
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OMCKHMH roCcyAapCTBEHHbIM
TeXHHYECKMM YHMBEepCHTET

CHUHTE3 NEPCMNMEKTUBHOIO MEXAHU3MA
ABMXEHMSA NMOPLUHEBOIO
KOMIPECCOPA

B cTaTbe paccMaTpHBAIOTCH aNrOPMTM MOMCKA NepeyHsi KOHCTPYKTHMBHbIX NPHM3HAKOB
ANS CMHT@3a OKOH4YaTenbHOro BapMaHTa KOHcTpYKumM MKILIM, nognexaliero uccnegoBaHMIoO.
MpH1BOAMTCS CXeMa NOSIHOCTBIO AMHAMMYECKH YPABHOBELLEHHOIO NPMBOAA, He CO3AaloLLEero
60KOBBIX YCMIMI Ha MOPLUHE KOMNPECCOoPa, YTO AaeT BO3MOXHOCTb OTKA3aThCsl OT XMAKOM
CMAa3KM LMAMHAPOMNOPLUHEBOM Mapbl MAM CYLW,ECTBEHHO CHM3MTb pacxoj rasa Ha
rasocraTtMyecKoe LLeHTPMpPOBaHME NOPLLHS.

KniouyeBble cnoBa: nopluHeBas MallMHa, NPMBOA, AMHAMMKA, Fra3oBbIM NOABEC.

Ha paHHBIM MOMEHT ITOPIIHEeBLIe KOMIIPECCOPHI C ra-
30CTaTUueCcKuM IeHTpupoBaHueM nopiuag (ITKILIIT)
SIBASIFOTCSI OO'BEKTOM TEXHUKH, He HAIIEAIINM, 110 PSIAY
00 BEKTUBHBLIX IPUYMH, IITUPOKOTO MpuMeHeHus. Kak
YKa3BIBAIOT aBTOPHI [ 1], U3BECTHO AHUIITL HECKOABKO CAY-
JaeB pearbHOTro IPUMeHeHUs 3Toro KoMipeccopa. [1pu-
yeM B OAHOM U3 3THX CAy4YaeB [2] B KaueCcTBe IPUBOAA
HUCIIOAB30BAACS AMHEWHBIN 9AeKTPOMAarHuT, TeopeTude-
CKU He CO3AAQI0INY OOKOBBIX YCUAWM Ha ITOPIIIHE, T.K. BCe-
raa co3pareau [TKI'TIT T BBIHY>KA€HBI CTPEMUTHCSA K YMEHb-
LIIeHUIO OOKOBBIX YCUAUM, ACUCTBYIOIIUX Ha IOPIIEHb.

Ha puc. 1. u3o6pa>keHbl Hanboaee MIPOCTble KOHCT-
pykruBHble cxeMbl [IKI'LITT c BHyTpeHHel (puc. la) 1 Ha-
PY’KHOM (puc. 16) mopaueli rasa B HeCyIIui CAOM IopBeca
TIOPIIHA. YIIAOTHSIOIIAsA YaCTh [IOPIITHSA MOJKET OBITh TAQA-
KOU UAM COAEPIKaTh AaOUPHUHTHBIE KaHaBKU. [ Ipoiiag yu-
AOTHSIIOITYIO YaCTh, IOTOK ra3a cOpackIBaeTCsI MEMO 30-
HBI AeMCTBUS Fa30BOr0 TIOABECA IIOPIITHS Uepe3 KaHan 11.
OT0 He0H6XOAUMO, UTOOBI OTCEUhb IOCTOPOHHYE Ta30BbIe
IIOTOKH OT HeCYIIlero ra30BOT0 CAOS A OoOeclieueHUsT
HOPMaAbHOM pabOTHI Fa30BOTO IIOABECA.

[Tpu BEyTpeHHEM HapAyBe (puC. 1a) cKATHIM KOMII-
peccopoM ra3 B Ipoliecce CKATUsI-HaTHETaHU II0TIaAAET
B IIOAOCTE 12 IUTaHUS ra3o0BOro MoABeca depes3 obpar-
HBIM KAanaH 10. TIpu atoMm B moaoctu 12 o6pasyeTcs
HeKoTopoe AaBaeHue nutanuda PI1. a3 u3 nmoaoctu 12

yepes ApOCCEAU UCTEKAET B 3a30P 4 ra30BOr0 IOABECQ,
€ro A@BAeHUe MTAaAAET A0 AABAEHUS B HeCyllleM ra30BoM
caoe P, OKpysKarolleM IOpIIeHE, IIPY 3TOM 00pasyeTcst
ra30BBIM CAOM C HeCcyllel cIiocOOHOCThIO W, 1 JKeCT-
kocTeio Cp.

YcaoBue 0eCKOHTAaKTHOM PabOTHI TOPIITHS KOMIIpecC-
copa omnpeaeasieTcs papeHctBoM W, = F_ . 1ipu oTHO-
CATEABHOM JKCIIeHTPHUCHUTEeTe £ = e/8 IOAOKeHUS
TIOPUIHS B IUAMHAPE 3HAQUUTEABHO MEeHbIIIeM eAUHUIIEL,
TAe € — aOCOAIOTHBIN SKCIIeHTPUCUTET (OTKAOHEHUEe OCU
IIOPIIHS OT OCH IIUAUHAPA), ) — HOMUHAABLHLIA PaAH-
AABHBIM 3a30p B IIUAMHAPOIOPIIHEBON Iape. OOBIYHO
MIPUHATO CYUTATH, YTO I'a30BBIM IIOABEC PAbOTOCIIOCO-
OeH, eCAr pacyeTHast BEAMYMHAE £ He npesbimaeT 0,5 [1].

B To >Ke BpeMs XOPOIIIO U3BECTHO, YTO B OOBIYHBIX
CHCTeMaX IUTaHUs Fa30BbIX IOABECOB (IIaCCHUBHBIE U I1O-
3TOMY HaubOoAee NPOCThle CUCTEMBI) BBICOKAs JKeCT-
KOCTb HECYIIIETO Fa30BOI'0 CAOS MOJKET OBITh AOCTUTHYTA
TOABKO 3@ CUeT YBeAHMUYEHUs PacxXoAd ra3a Ha IeHTpH-
posanue [3-7].

B cBsI3u C BBILIE CKAa3aHHBIM, IIOBBIIIEHUE 3 dek-
TuBHOCTHU paboTe! [TKI'LIIT Mo>KeT OBITH AOCTUTHYTO 3a
CcueT CHMU)KeHUsI OOKOBBIX Harpy30K Ha ra30BLIN IIOABEC
TIOPIIHS, KOTOPOE IIPYU IIPOYUX PABHBIX YCAOBUIX MOJKET
00eCIIeyuTh CHUJ)KEHHME PAacxopa ra3a, TpeOyeMoro Ha
[IeHTPUPOBAHHUE ITOPIITHS.
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Puc. 1. KoncrpykTusHbie cxeMmbl cryneHeit ITIKT'LIIT ¢ BHyTpeHHNM (a) 1 Hapy>XHbIM (6) HAAAYBOM ra3a (KpednkongHbIi BapuaHT):
1-UAMHAP, 2—IUTOK, 3—HVKHUI U BEPXHU MOSC (I10SIC HAAAYBa) PABHOMEPHO PACIOAOKEHHBIX 10 OKPY)KHOCTH APOCCEABHBIX
OTBEepPCTHUi, 4—3a30p ra3oBoOro MoABeca, 5—0TAeANTeAbHas KaHaBKa, 6— yNAOTHsIOMas 4acTh MOPIIHS, 7—KaMepa C)KaTus,
8—BcachIBalonuii KAanaH, 9—HarHeTaTeAbHBIN KAanaH, 10—KaalaH NUTaHUS MIOAOCTY TOPIIHSY, 11-KaHaaA cOpoca YIAOTHSIEMOro
MOTOKa ra3a, 12—moaAocTh NUTAaHUS Fa30BOro MoABeca, 13—moaocTs Kaprepa, 14—oTBepcTus AAsI cOpoca YIAOTHSIEMOro II0TOKa rasa,
15—-KaHaA Hapy>XKHOTO HapAyBa

OCHOBHBIE TIPU3HAKHA
KOHCTPYKITUU 1

Basa AAHHBIX Bo3MoxxHOCTH
npusosos  TIKIIL, HUCKJIFOYECHUS
cozepaKalias

OOKOBBIX yCHUIUN
Ha NOpIIHe

KoucTpykunm, B
KOTOPBIX BO3MOYKHO
IIOJIHOE UCKIIIOUEHUE
OGOKOBBIX HArPYy30K

3

I

Bo3M0OXHOCTH
KOMIIEHCAI[UM CHII
WHEPIUU

o0J1a1aro1IMe

Kady€CcTBaMHu

KoucTpykunmu,

HEOOXOIMMBIMU
TEXHOJIOTHYECKUMU

JA Texnomoruueckas
BO3MOKHOCTb
peanM3anuu

5 6

Koncrpyxnun, B
KOTOpBIX BO3MOXHa [ JA
KOMIIEHCAIMs  CHJl [———— >
WHEPLIUHA

7

Ilepeuenn
KOHCTPYKTUBHBIX
IIPU3HAKOB
CHHTE3a
OKOHYATEJILHOT'O
BapHaHTa

1St

8

Puc. 2. CxeMa noncKka nepeyHsi KOHCTPYKTHUBHBIX IPU3HAKOB AASI CHHTe3a OKOHYaTeAbHOro BapuaHTa KoHcTpykuuu ITKTTIIT,
MoAA€e)Kallero HCCAeAOBaHUIO

Kaxk y’Ke yKazaHO paHee, BeAWUNHA OOKOBBIX YCUAUH,
AEVCTBYIOIIUX Ha IOPIIEeHb, 3aBUCUT OT KOHCTPYKIIUH
MeXaHM3Ma IPUBOAG, B CBSI3U C UeM I1eAecO00pa3Ho pac-
CMOTpPEThb UX Ha IPeAMET I[eAeCO00Pa3HOCTH UCIIOAD-
3o0BaHusa B [TKT'LITT.

CuHTEe3 NepCHneKTUBHOM KOHCTPYKIIUNU

npusopa ITKITIIT

B HacTosimmee BpeMst mMeeTCsl AOCTaTOYHO AUTEpa-
TYPHBIX UCTOYHUKOB, B KOTOPBIX OIIMCAHLI ITPOIIEAYPEI
CHUHTe3a TeXHUYECKUX pelleHu#, 00AaAaIoNinX Heob-
XOAUMBIMU ANSI IPOEKTUPOBIIIUKA CBOMcTBaMH [8 — 14].
Bce aBTOpPHI yTBEPIKAQIOT, UTO OCHOBOM CUHTE3a SIBAS-
eTcs BBIAeAeHUe IleAel, KOTOphle IPecAeAyeT IpoeK-
TUPOBIIUK, OIIPEACACHNEe HaKAAABIBAaeMEBIX OrpaHuye-

HUH, co3paHMe 0a3bl AQHHBIX O IPOEKTUPYyeMOM OOBEeKTe
(mpoBepeHUE HHGOPMAITUOHHOTO ITIOUCKA).

Lleanro mCCA€AOBAHNUS IBASIETCS IOUCK U TIOATOTOBKA
K pearn3alluy TeXHUYECKUX PelleHuY, CHUXKAIOLIUX
OOKOBBIEe 1 BUOpAIMOHHEIe HAarPy3KH Ha ra30BLIM IIOABEC
nopiuHg [TKTLITT. Panee Ovira co3paHa HHGOPMAIIUOH-
Has 6a3a, KOTopas MOJKeT CTaTh OCHOBOM AASI AAABHEN-
LIIero MOMCKa YAOBAETBOPSAIONIEH IJeArM KOHCTPYKIUN
KoMIIpeccopa. A ee KODPEKTHOI'O UCIOAB30BAHUS
CAEAYET, IPEKAE BCETO, OIIPEAEAUTE CUCTEMY ITOUCKQ,
KOTOpas MOJKET BBITASIAETh KaK MeTOA IIOCAEAOBATEAD-
HOTO MCKAIOUeHUSI KOHCTPYKLIUY, NPUHIIUIINAABHO He
00AAAQIOIINX HEOOXOAUMEBIMU CBOMCTBAMU (pPUC. 2).
I[TocarepoBaTeAbHOE BBIIOAHEHHE HYMEPOBAHHBIX



Puc. 3. KoHcTpyKTHBHas cxeMma onmno3utHoro ITKITIIT
C ABYXBaAHBIM 9A€KTPOMarHuTHHIM MPUBOAOM:
1-IuAMHAP, 2—-TIOpIIEeHB, 3—00MUI ITOK, 4—KOpNyc,
5—00MoTKa cratopa, 6—sIKops, 7—BbICTYNl, 8—HeNOABU>KHas
0oCh, 9-00MoTKa K0P, 10—BapnHa

npoleayp 1 — 8 nmo3BoaseT BEIOPATh Te KOHCTPYKTHUBHEBIE
NIPHU3HAKU U3 BCEX PACCMOTPEHHEBIX paHee TeXHUYECKUX
pellleHUuMN, KOTOPHBIE MOTYT B AAAbHENIIIEM y4acTBOBATh
B CHHTe3e OKOHYaTeAbHOI'O BapHaHTa KOMIIpeccopa C ra-
30BBIM IIOABECOM IOpPLIHA. [Ipu 3TOM Ipoljecc «UCK-
AIOUeHUSsI» KOHCTPYKIIUU NIPU IIePeX0AEe IPOIeAyPHL OT
HHU3IIEr0 HOMepa K BBICIIEMY COIIPOBOJKAAETCS BBIAE-
A€HUEM 3TUX KOHCTPYKTUBHBIX IPU3HAKOB.

ITpoueaypa 1. Co3panue 6a3bl AQHHBIX.

Co3paHa O0a3a KOHCTPYKIIUHM U UX KOHCTPYKTUBHBIX
NIPU3HAKOB.

ITponeaypa 2. AHaAN3 BO3MOKHOCTH UCKAIOUEHUS
OOKOBBIX YCUAUN Ha IOPIIHE.

HeB03MOXHO IPUHIUIHAABHO HCKAIOUHUTH OOKOBEIE
YCHUAUSA B CAEAYIOUIUX KOHCTPYKIIMAX NIPUBOAA: KPH-
BOIIUITHO-IIATYHHBIN 6€CKPEeUITKON(MHBIN; KPUBOIIUII-
HO-KYAUCHBIN; KPUBOIINIHO-TIOA3YHHBIN; TPAAUIINOH-
HBIA KYAQUKOBBIN.

[NepcneKkTuBHBIE KOHCTPYKTUBHEIE IPU3HAKYU 3TUX
MEeXaHNU3MOB: BO3MOKHOCTE [IOAHOTO YPABHOBEIINBAHUSA
CHUA MHEPIUU B KPUBOUIMIHO-IIOA3YHHOM IIPDUBOAE;
BO3MOJKHOCTb BapbUPOBAHUS 3aKOHOM IlepeMelleHUs
MIOPIITHS B TPAAUIIMOHHO KyAQUKOBOM IIDUBOAE.

ITpounepypa 3. [lepeueHb KOHCTPYKIIUM, B KOTOPBIX
BO3MOJKHO HMCKAIOUeHNe OOKOBBIX YCHUAUN Ha IIOPIIHE:
ABYXBAABHBIH, B T.4. ABYXBAaAbHBIM 9A€KTPOMarHuTHEIN
(puc. 3), Mexaru3M baraHAWHA; MHOTO3BEHHBIN IIAPHUP-
HBIM; KyAQUKOBBIH C BpallalouMCcs IOPIIHEM (pHUC. 4);
SAeKTPOMArHUTHBIN.

ITponepypa 4. AHaAu3 TEXHOAOTMYECKUX CAOKHO-
CTel, BO3HUKAIOIIUX IIPU PeaAn3allui KOHCTPYKIIUH.

HeBo3moskno uzrorosuth [TKI'LITT maroi 1 oco6o
MaAOM IIPOU3BOAUTEABHOCTH CO CAEAYIOIIMMYI MEXaHU 3~
MaMU IPUBOAA: MeXaHu3M baraHANHA; MHOTO3BEeHHBIHN
HIaPHUPHBIN; KYAQUKOBLIM C BpAIaIOIIUMCS IOPIITHEM.

INepcneKTUBHBIE KOHCTPYKTUBHBIE IPU3HAKU 3TUX
MeXaHU3MOB: BO3MOKHOCTB [IOAHOU KOMIIEHCAIIUX CUA
WHEePIUU B KyAQUKOBOM MeXaHMU3Me C BPaljalolIuMCs
poTopoM (puc. 4).

ITponeaypa 5. KoncTpyknuu, obAaapatoie Heooxo-
AMMBIMU TEXHOAOTUYECKUMY CBOMCTBAMU: ABYXBAAbHBIMH,
B T.4. ABYXBaABbHBIM 3A€KTPOMArHUTHEIN (PUC. 3); dAEK-
TPOMArHUTHBIN.

ITponepypsl 6—7. [lepeueHb KOHCTPYKIUH, B KOTO-
PBIX BO3MOJKHA IIOAHAS KOMIIEHCAIlMS CUA WHEPIUN:

1 2 3 4 5 6 10 11

14 15 16 17 11

Puc. 4. KoncrpyktuBHas cxeMma ITKTTIII ¢ KyAauyKOBBIM
IIPUBOAOM, BBIIIOAHEHHBIM B BUA€ KyAa4yKa C CHHYCOMAAABHOM
KaHaBKOM:

1 -OMAMHAP, 2—-NOPHIEHb C Ta30BbIM IOABECOM, 3—BEPXHUH
HmapHUP KpenAeHus NopuHs, 4—MTOK, S—KOpIycC
HamnpasBASOUel, 6 —HU>KHUI apHUP KPenAeHUs MOPIIHS,
7—BepXHMI KyAauyoK, 8, 13—KOMIAEKT apuKoB (cemapaTopsl
YCAOBHO He II0Ka3aHsl), 9—«npsMasi» CHHyCOUAAAbHas
KaHaBKa, 10—KpyroBasi KaHaBKa, 11-mAnneBo Baa,
12—-HUKHUHA KyAQ4YOK CO IIAUILEBBIM OTBEPCTHUEM,
14—«oTBeTHas» CHHyCcOMAaAbHasi KaHaBKa, 15—Kpyrosas
KaHaBKa, 16—KopoTKO3aMKHYThle 0OMOTKH poTopa
aCHUHXPOHHOrO ABUTaTeAs], 17—006MOTKH cTaTopa
ACHHXPOHHOTO ABUTaTEAS

ABYXBAAbHBIM 3A€KTPOMArHUTHBIN (PUC. 3); 3A€KTpOMar-
HUTHBIN C ABYMSI IIOPIITHSMY, ABVIKYIITUMUCS B IIPOTHU-
Bochaze.

OAHAaKoO, Kak y’Ke yKa3bIBaAOCh BEIIIIE, IPUMeHeHNe
S5AeKTPOMaTrHUTHOTO IPUBOAA OCAOSKHEHO He0OOXOAUMO-
CTBIO UCIIOAB30BAHUS AOCTATOYHO CAOSKHBIX IA€KTPOH-
HBIX YCTPOMCTB, 00eclleunBaIOIIUX KaK I1opady pabo-
YUX UMITYABCOB Ha OOMOTKHU SA€KTPOMAarHuTa, TaK ¥ OCTa-
HOBKY HIOPIIHA (MAM IOPIIHEN) B KPAaMHUX MEPTBBIX
TOYKaX.

ITponeaypa 8. BbI60p KOHCTPYKTUBHBIX IPU3HAKOB
U CHHTe3 MeXaHNU3Ma IPUBOAA.

PaccMmaTpuBag pe3yAbTaThl IOUCKA, CAEAYET BEHI-
AEAUTH CAEAYIOIIVE TEXHOAOTUUYECKU BO3MOJKHEBIE AN
IMKTLIIT maro#t u 0co00 MarO¥ NMPOU3BOAUTEABHOCTU
KOHCTPYKTUBHBIE IPU3HAKH, 00eCIIeuynBaloIIHe II0CTaB-
AeHHBIe IIeA’:

— OTCYTCTBHEe OOKOBBIX YCUAUM U IPIMOANHENHOe
ABVIKEHUE MOPITHS 00ecrevYnBaeTCsl BCTPEYHBIM ABH-
SKeHHEM 9A€MeHTOB, IepPeAQIONIUX YCUANE Ha IOPILIEHD;

— IIOAHASA KOMIIEHCAIU CUA UHEPITUH, BBI3BIBAFOIIINX
BHUOpAITMOHHEIE HAaTPY3KY, BO3MOJKHA 3a CUeT OpTraHu3a-
LM ABUJKEHUS 9AeMeHTOB KOHCTPYKIIUU IPUBOAQ B IIPO-
THuBO(a3e, IPHU 3TOM CUABI UHEPIUN BTOPOTO IMOPsSAKA
AOAJKHBI OTCYTCTBOBATb.

[NepBbIii TPHU3HAK IPUCYTCTBYET B ABYXBAaABHOM Me-
XaHU3Me, BTOPOM (YaCTUYHO)—B KPUBOIIUIIHO-
noA3yHHOM. CoepnHeHNUe 3TUX MeXaHU3MOB B e AUHBIN
MO>KeT 00eCIeYUTh IOCTAaBAEHHYIO IIeAb.

Takol MexaHNU3M OBbIA IPEAAOSKEH U 3allaTeHTOBaH
B20081.B OMITY, ero cxema nipuBeAeHa Ha (PucC. 9), TaAe
CXeMaTUYHO M300pa’keHO NIPOAOABHOE CeueHUe Iop-
IIIHEBOTO KOMIIpECCOpa C ABYMS ONIIO3UTHBIMU IIOP-
MIHAMY (OAOKOM IIOPIITHEN), OAMH 13 KOTOPHIX (BepXHUN
110 PUCYHKY) HAaXOAUTCSI B BepXHEU MepTBOU TOUYKe
(B BepxHeM HMAMHApPE 3aKaHUWBAeTCs NIPoIlecC HarHe-
TaHU), @ APYro¥d (HU>KHUM 10 PUCYHKY) HaXOAUTCS
B IIOAOJKEHUHU HUJKHEU MepPTBOM TOUKU (B HUJKHEM ITU-
AMHAPE 3aKaHYUBAETCS IPOIleCC BCACHIBAHUS).

Ha puc. 6 nzobpakeHo nonepedyHoe ceueHue KOM-
nmpeccopa (BUA B HAIIpaBAEHUU CTPEAKU «A» Ha pHUC. 5),
aHa puc. 7 — 3TOT JKe BUA IIPU CpeAHeM (OTHOCUTEABHO
KOpIlyCa MaIlIWHEI) IOAOKEeHUM IIOPIIHEM, KOTrAa OHU 00a
ABUJKYTCS BHU3 (B BEpXHeM IIUAMHAPE HMAET IIPOoILecc
BCACBIBaHUS, B HUJKHEM — IIPOIleCC HaTrHEeTaHuUd).
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Puc. 5 Cxema IIPOAOABHOTO C€YeHMSI KOHCTPYKIUH
OINNO3MTHOr0 KOMIIPeCcopa ¢ COBMeIleHHbIMU
9AEKTPOABUTATEASIMH

Bun A

Puc. 7. CxeMa nonepe4yHoOro ce4eHust KOHCTPYKIUU
OMNIIO3MTHOTO KOMIIpeccopa ¢ COBMeIleHHbIMU
3AEKTPOABUTATEASIMU (ITOAOKEHHE OAOKA MOPLIHEHR
«IIOCepeAHnHEe»)

Kowmmnpeccop (puc. 5— 7) coctout u3 nepsoro 1 u BTo-
poro 2 IMUAWHAPOB, CHaG>XEHHEBIX BCACBIBAIOIIUMY,
COOTBETCTBEHHO 3 1 4, U HarHeTaTeAbLHBIMU, COOTBETCT-
BEHHO 5 1 6 KaanlaHaMu. B nuanHApax 1 1 2 pa3MeIeHbl
COOTBETCTBEHHO IOPIIHU 7 1 8, oOpa3yroliue 6A0K IIOP-
IIHEeM, COEAMHEHHEBIE C OOIIMM MeXaHU3MOM IIPUBOA],
BEIITOAHEHHBIM B BUAe KyAuCH 9 ¢ mazom 10. B mazy 10
YCTAHOBAEHHI NTePBHIY 11 1 BTOpO¥ 12 KPUBOUIIUIIEI,
>KeCTKO COeAMHeHHEbIe ¢ IepBBIM 13 11 BTOPLIM 14 BaroM
TIPUBOAHBIX ABUTATeAEH (B AQHHOM IIpUMepe — 3AEKTPO-
ABHUTraTeael), mpuueM Baa 13 UMeeT CKBO3HOE OTBEpPCTHE
15, uepes3 KOTOpoe MPOXOAUT BaA 14.

O0a 3AeKTPOABUTATEAS (IEPBBIM U BTOPOM) UMEIOT

m o001 Kopmyc 16, craTopHble 0OOMOTKH COOTBETCTBEH-

7

\

Puc. 6. CxeMa nonepeyHoro ce4eHust KOHCTPYKIUU
OMNNO3MTHOr0 KOMIIPeCccopa ¢ COBMelleHHbIMU
3AEKTPOABUTATEASIMU (ITOAOKEHHE OAOKA MOPLIHEH
«BBery»)

HO 171 18, coepAHEeHHbBIE C UCTOYHUKOM HAIIPSI>KeHUS,
u poTopHbIe 0OMOTKY 19 11 20, HanlpuMep, KOPOTKO 3aMK-
HyTOro Tuna (o6a ABUTATeAsl aCHHXPOHHOTO THIIA),
CHUASIIVE HETIOABUKHO, COOTBETCTBEHHO Ha Banrax 13 u 14.
Bansr 13 u 14 ycTaHOBAEHEL B KOpHyce 16 Ha MOAIIUII-
HUKaxX KaueHUsI COOTBeTCTBeHHO 21 1 22. HanipaBaeHue
ABUJKEHUS (BpallleHHUs) MarHUTHOTO IIOASI B CTATOPHBIX
obmoTKax 17 u 18 IpOTUBONIOAOIKHOE, B CBA3U C UeM Ba-
ABL 131 14 coBepIIaloT CHHXPOHHOE IPOTUBOIIOAOKHOE
BpallleHue.

Komnpeccop paboTaeT CAeAyIOIIuM 00pa3oM.

INpunopade nepeMeHHOTO HANIPSKEHUS K CTATOPHBIM
obmoTKaM 17 u 18 B HUX BO3HMKAET Bpalllaolieecs Ipo-
TUBOIIOAOKHO HallpaBA€HHOe MarHUTHOE II0A€, BO30YIK-
Aalolllee MarHUTHBIE TIOAS B COOTBETCTBYIOUINX POTOP-
HBIX oOMoTKax 19 m 20. BammoaelicTBIe MarHUTHBIX
TIOAEM BEI3BIBAET IOSIBACHYE KPYTAIEr0o MOMEHTa, KOTO-
PBIM HaIlpaBA€H IPOTUBOIOAOKHO B 00eHX POTOPHBIX
00MOTKaX, B CBSI3U € 4yeM BaAbl 13 1 14 HaUMHAIOT Bpa-
IleHWe B IPOTUBOIOAOKHBIX HAallPaBACHUSIX C OAWHA-
KOBOM 4aCTOTON U OAMHAKOBBIM KPYTSIIUM MOMEHTOM
OAaropaps MAEHTHUYHOCTHU SA€KTPOMArHUTHBIX Xapak-
TEePUCTUK CTATOPHBIX 171 18 u poroprEIX 191 20 06MO-
TOK. I'lpu 3TOM KpuBomunsl 11 u 12 coBepiiaroT CUHX-
POHHOe IPOTUBOIIOAOSKHOE BpallleHue B I1a3y 10 KyAuCH
9, mpuAaBasi el BO3BPaTHO-NOCTyIaTeAbHOe ABUKeHHe
BAOAB COBMECTHOM OCH IIepBOTro 1 11 BTOPOTO 2 IIMAWHA-
poB. [lepeMemaromnuecs BMeCcTe C KyAUCOM 9 mopiiHy 7
U 8 Tak’)Ke COBEPIIAIOT BO3BPATHO-IIOCTyHATEABHOE
ABUKeHUe, U3MeHss pabounii 00beM TUAMHAPOB 1 1 2.
INpu 3TOM, B CBA3M C HaAWUMEM BcachIBalomux 3 u 4
U HarHeTaTeAbHBIX 5 U 6 KAaallaHOB pabouee TeAO (ras,
CMeChTa30B, HallpUMeP, BO3AYX) BCACHIBAETCS B IIUANH-
APBI, CCKUMAETCSA B HUX U IIOAQETCS IOTPEOUTEALO.

CHHXPOHHOE IIPOTUBOIIOAOKHO HAlIPABAEHHOE U IIPaK-
TUYECKHU IIOAHOCTBIO COOCHOE BpalileHue BaroB 13 u 14,
a Tak>Xe 3aKpelAeHHBIX Ha HUX KpuBomumos 11 u 12
obecneuynBaeT OTCYTCTBUE 3HAUYUTEABHBIX OOKOBBIX
ycuAni Ha 6A0OKe IIOpIIHel 7 1 8.



BelmoAHeHHe OAHOTO OOIero Kopmuyca AAd 000UX
IIPUBOAHBIX ABUTaTeAel NPHU HAAUUUU B BaAY OAHOTO
ABUTATEAS (B AAHHOM IIpuMepe — 13) CKBO3HOTO OTBEeP-
CTHUS, Uepe3 KOTOPOe IIPOXOAUT BaA BTOPOTO ABUTQTEAS
(B AaHHOM IIpUMepe 14) TO3BOASIET UACAABHO COBMECTHUTD
ocu 0o60uX MPUBOAHBIX BaroB 13 u 14, 0oAHOBpEMEHHO
COKPATUTh MacCy U rabapUTEI KOMIIpeccopa IIpu obecIe-
YeHUU MUHNMAAbHBIX O0KOBBIX YCUAUY, AeHCTBYIOIIUX
Ha MOPIIHU.

INMpuMeHeHHe TaKOM¥ KOHCTPYKIIUU II03BOASIET IIPaK-
TUYECKU MMOAHOCTBIO UCKAIOUUTH OOKOBBLIE CUABI AeHi-
CTBYIOIIVE Ha TIOPIIIEHb, YTO IIO3BOAUT 3HAYUTEABLHO CHU-
3UTh 3aTPATHI ra3a Ha IeHTPUPOBAaHNE MOPIITHS U ITOBBI-
CUTbH IPOU3BOAUTEABLHOCTD BCEI'0 KOMIIPECCOPa B IIEAOM.
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IIymuaos, Y. C. CucreMmsl ynipaBAeHUs pyAsiMu caMoAeToB [TekcT]: yuel. mocoOue AASI By30B I10 HalpaBA€HUIO
«CucreMsl YIpaBA€HHUSA ABH)KE€HUEM N HABUTAIUA» CIIEIIUAABHOCTU «CucremMsi YIOpaBA€HUS A€TaTEAbHBIMHU aIllla-
paramu»/ U. C. lllymuaos.—M.: N3p-Bo MI'TY um. H. 3. baymana, 2009.—469 c.: puc.—bu6auorp.: c. 468-469.—
ISBN 978-5-7038-3085-7.

B yue6HOM oCOOHUM pacCMOTPEH KPYT BOIIPOCOB, PellleHre KOTOPEIX OOOCHOBLIBAET CTPYKTYPY OOPTOBBIX CUCTEM
YIIpaBACHUS PYASIMHU CAMOAETOB, UX TapaMeTPhl, IPUHITUAIIB PAOOTHI U KOHCTPYKIIMIO OCHOBHBIX arperaToB U y3A0B.
IMpuBeAeHbI TPeGOBaHMUS K CUCTEMAaM YIIPABASHUS PYASMH COBPEMEHHBIX CAMOAETOB. [ToKa3aHa mepcrneKkTHBa pa3Bu-
THSI CUCTEM YIIPaBAEHUS, & TAK)KEe BO3MOJKHBIE PEIlIeHHUsI 10 MTOBHIIIIEHUO HAAEKHOCTH U 6€30T1aCHOCTH BO3AYIIHBIX

CYAOB.
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Ha3eMHOe TeXHOAOTnYeCcKoe 000pyAOBaHNE AASI IOATOTOBKH M3AEANN PAKEeTHO-KOCMUYeCKoM TexHuKHU [TekcT]:
yu4eb. noco6ue / B. H. bBannoB [u Ap.]; OMITY, ITO «IToaeT»- pua. @®TYII « TKHIIL um. M. B. XpyHudyeBa».—OMCK:
N3a-Bo OMITY, 2010.-247 c.: puc., Tfabr.—bubanorp.: c. 240—247.—ISBN 978-5-8149-0850-6.

B yue6HOM mocoOum peACTaBAEHBI KpaTKHUE CBEACHHUS O COCTaBe U KOHKPETHOM IIPUMEHEHUY Ha3eMHOT'O TEXHO-
AOTHYECKOT'0 060PYAOBAHHS, HCIIOAB3YEMOTO IIPY TPAHCIIOPTUPOBKE U3ASANH PAKETHO-KOCMIYECKOM TEXHUKY C 3aBOAA-
U3TOTOBUTEASI HA KOCMOAPOM, UX IIOCAEAYIOIIEH IIOATOTOBKE Ha TEXHUYECKOM U CTAPTOBOM KOMIIAEKCaX KOCMO-
APOMaQ, @ TAKJKe O CTPOUTEABHBIX COOPYREHUSIX U NHPPACTPYKTypPe KOCMOAPOMA.

Kpowme Toro, poaHa nHGOpManus O CyLeCTBYIOIe HCIIBITATEABHON 0a3e IIPEANIPUATUN PAKETHO-KOCMUYECKOM TeX-
HUKHU U KocMoapoMax Poccun.

[puBeAeHEBI IPUMEpPHl TaTeHTOBAHUS pa3paboTOK B 06AACTH HAa3eMHOM 3KCIIAyaTallU U3ASAUN PAKETHO-KOCMHU-
YeCKOU TEXHUKU U UX UCTIOAB30BAHUS IIPU PEarM3aI[ii KOCMUYECKUX ITPOrpaMM.
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