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ABTOMATUSALNA B MALUMHOCTPOEHUI

YAK 621. 923
MATEMATUYECKOE MOAETMPOBAHWE N1 CUHTE3 TEXHO/TOI MYECKKNX
NMPOLLECCOB CBOPKW HA MNMPEAMET ONTUMU3ALNN C YHETOM
MOBbLIWEHNA YPOBHA ABTOMATU3ALIN NMPON3BOACTBA

MNMoHamapésa E.A., NweHko A.J1. (kadegpa TM, JoHHTY, r. [JoHeuK, YKpaunHa)

AHHOTauuA. B cTaTbe paccMOTpeHa LienecoobpasHoCTb M aKTyalbHOCTb NpPUMEHe-
HUS 371EMEHTOB Teopun rpadoB NpuM mMaTeMaTUYECKOM MOAEIMPOBaHUM TEXHONOMMYECKMX
npoLeccoB CO0PKM A1 YCNOBUIN aBTOMaTU3aUNUU COBPEMEHHbIX MALUMHOCTPOUTE/bHBIX NPO-
W3BOLCTB, YTO JaeT BO3MOXKHOCTb aHa/M3npoBaTh MaTeMaTUYeCKy0 MOZeNb rpada Tex-
HO/IOrMYECKOrO MpoLecca CO0PKM Ha NPeaMeT MoKUcKa ONTYMaIbHOrO MapLLpyTa CoopKu.

Kntouesble crioBa: cbopka, MaTeMaTunyeckas MoLe/b, Teopus rpados, ONTUMU3aLMA.

MartemaTnyeckoe MOAENMpPOBaHNe TEXHOMOMMYECKMX MNPOLIECCOB B MalUMHOCTPOEHMM
HEOLHOKPATHO OTPaXKasloCh B Pa3HOOOPA3HbIX HaYYHbIX TpyAax, NMpy 3TOM - HEe Hallsio Heno-
CPeLCTBEHHOr0 pacnpocTpaHeHUs B NpakTuke. OTYaCTN BUHOW 3TOMY - C/IOKHOCTb U Hepas-
HOMEPHOCTb UX MPUMEHEHUSA Ha POHE BAPMATMBHOCTY NPaKTUYECKMX 3ajau.

Teopus rpagoB akTyasibHa AJ19 MHOTUX Chep U OTpacnen CoOBpeMeHHOW MPOMBbILLIEH-
HOCTW. OCHOBHbIM [OCTOMHCTBOM rpafa Kak WH(OPMaLMOHHOM MOAeNN U3Lenuns ABnseTcs
ero HarnsgHoCTb, a TaKXXe rmMbKoCTb, KOTopas Nno3BoNseT NPUHUMAaTb BO BHUMaHME Kak nps-
Mble, TaK U 06paTHble CBA3M MeXAY KOMMNOHeHTaMu, OnpeaensTh AeiCcTBME NOMeX U Nogsep-
ratb OLEeHKe BNNSHWe O4HON NepeMeHHONM Ha ApYryto B 0601 TOUKE CUCTEMBI.

MeToauKy COCTaB/eHNs MaTeMaTUyeckKoin Mogenu cOOpOYHOro npouecca OTAeNbHOM
paccmaTpuBaeMoin cucTeMbl (U3genns) B BUAe UHHOPMALMOHHOIO rpaga MOXHO BblpasuTb
CrefyroLmMm HabopoM YCIOBUIA:

1. KopeHb rpaca xapakrtepusyet 06006LIeHHOe CBOWCTBO COOPaHHOI0 U3AENNS.
2. BepLumnHbl rpaa XxapakTepusytoT CBOMCTBA OTAE/IbHbIX KOMMOHEHTOB CUCTEMbI (Y3-
Nbl, COOPOYHbIE eANHNLIbI AETASIN, KOMI/IEKTYIOLLNE).
3. [Oyru rpada xapakTepu3yoT B3aMMOCBSA3M BCeX KOMMOHEHTOB COOPKY MeXay Co60i
C Y4eTOM (haKTOpa BPEMEHU 1 MOC/Ne0BaTENIbHOCTU COOPKMU.
4. Wepapxus fepeBa XapakTepusyeT vepapxuio NnopsakKa OTHOLLEHWIA MeXAy CTPYK-
TYPHbIMW KOMIMOHEHTaMU.
MapameTpbl 60Mee BLICOKOro MepapXmMyeckoro YpoBHS ABNAKOTCA 0000LLEHVEM Ma-
pameTpoB 60/1ee HA3KOrO.

Takum 06pa3oM, Mbl MONyYaeM YETKO CTPYKTYPUPOBaHHYIO MaTeMaTUyeCcKyto MOLeNb B
BUe OLHOHaNPaB/IeHHOro AepeBa rpada. PopMupoBaHne CTPYKTYpbl 3TOr0 rpaga HasbiBaeT-
CS BbIBOZOM CTPYKTYPHON KOMMOHEHTbI MaTeMaTUYeCcKon Mogesnn.

PaccMOTpuM npocTenwnii npuMep c60pKn n3genus rmgpoannapatypsl. 'pad cbopou-
HOro npovecca N9 Takoro usgenns 6y-
[eT VMeTb fBa BapumaHTa cbopku (pwc.
2).
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Puc. 2. 'pad c6opoyHOro npovecca

MatemaTnyeckoe MOLeNNPOBaHMe ABNSETCA MOLHBIM HayYHO-NPUKAALHbIM CPeACTBOM
AN151 peLLeHns psaga 3a4ad ¢ Lenbio onTrMM3aumm Npon3BOACTBEHHbIX U MHbIX NPOLIECCOB.

[na ynobeTea aHasmM3a maTeMaTMYeckoin MoLen TEXHONOrMYecKoro npotecca coopku
M MOMCKA ONTUMA/IbHbIX PELLEHUI NO Pa3/IYHbIM KPUTEPUAM MOXKHO MCMO/b30BaTb MaTeMa-
TUYECKMIA annapat TEOPUM MHOXECTB 1 a/ITOPUTMbI Ha €ro OCHOBe.

Anroputm [enKCTpbl pewaeT 3ajady 0 KpaTyallumx nyTsaxX U3 OfHOM BepLUMHbI (MC-
TOYHMKA) AN5 B3BELLEHHOro opmeHTMpoBaHHOro rpada G (X,U), B KOTOpOM Beca Bcex pébep
HeoTpPULaTENbHbI.

MpeAnonoXUM, YTO Mbl MeeM NPOCTEALLNIA rpad COOPKM TPEXINEMEHTHOO Y313, rae
1..6 - HOMepa KOMMOHEHTOB COBUPAEMOro Yy3/a, a Ayru, UX CoeauHSIoLLIE, UMEIT Hanpas/ie-
HWe 1 Bec.

B kayecTBe Beca NpuHMMaeM Ce6eCTOMMOCTb Onepauun COeaMHEHNS ABYX CMEXHbIX
KOMMOHEHTOB (puc. 3).
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Puc. 3. 'pac c60pku y3na Puc. 4. HaxoxxaeHve nyTeli NepBoro ypoBHS
Monb3yscb OCHOBHLIM CBOWCTBOM rpafa - HarnsiAHOCTHIO - MOXKHO Cpasy XXe ornpeje-
NNTb ABa KOHKYPEHTHbIX MapLUpyTa. 3aja4a UCnonb3oBaHus anroputMa [eikcTpsbl - onpeae-
NTb, KaKOW M3 MapLUPYTOB NPeAnoYTUTENbHEN N0 MAHUMaNbHOMY BECY AYTU.
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Arnoputm [eiikcTpbl NOLIaroBo nepebrpaeT BCe BepLUMHbI rpada M Ha3HauyaeT UM

METKW, KOTOPbIE ABMAKOTCA N3BECTHLIM BECOM AYrM OT NCTOYHMKa A0 KOHKpETHOVI BEPLLUWHBI.

[EEN

MEeTOAMKA BbIUNCEHWIA:

. NctouHnkom sBnsetca BeplumnHa 1 (V). Ei npuceamBaeTcs 3HadeHue 0.
. OnpegenatoTcsa BepLUMHbI NepBoro ypoBHa W1, MHUMAEHTHbIE NCXOAALLMM AyraM UCTOY-

HUKa V.

BepwnHam W1 npucsavBaloTca 3Ha4eHWs, paBHble Becam Ayr, COeAUHAIOLLNX UCTOYHUK
C paccmartpuBaembimMy BepLuvHamu (puc. 4).

MpegnoyTeHne oThaeTcs Tol BeplunHe W1, 3HaueHne KOTOPOi MUHUMA/IBHO.

. BbibpaHHaa BepivHa W1* npoBepsieTcs Ha Haimume UCXogawwmx ayr. Ecnv takosbIx He

MMeeTCs - NpeanoyYTeHne OTAAETCS CAeayHoLLEei Mo BO3pacTaHMIO BEPLLMHE.,

. OnpeaensitoTcs BepLUVHbI BTOPOro YpoBHS W2, UHUMAEHTHbIE UCXOASALLMM Ayram Bbl-

GpaHHOI BepLLMHbI NEPBOro YpoBHA W1*.

. BepLumHe BTOPOro ypoBHs NPUCBANBAIOTCS 3HAUEHUA, PaBHbIE W, =W,  + § I, (puC. 5).
. Mounck npogonkaeTcs Ao Tex nop, Noka He GyAeT AOCTUrHYT KOHEUHbIi pe3ynbTaT c6op-

K1 (NPUMYT yyacTue BCe Hauya/lbHble KOMMOHEHTBI).

. MpopabatbiBaeTcs BTOPO BapmaHT (puc. 6).

g2
\\ //

Wir=501 4 ;

1 n\\ / 10
1

Wa-9u

Puc. 5. HaxoxaeHue nyTei BTOPOro ypoBHA  Puc. 6. HaxoxaeHune nyTeli NepBoro ypoBHs

7 (2 S 10. CpaBHMBAKOTCA  3Ha4yeHUss  CTOMMOCTHU
" UL C60pPKU.

W4 90 <120
50 = COOTBETCTBEHHO, NpeanouTUTENeH 6yaeT
ﬁ“ MapLLpPYT, COrlacHO KOTOpPOMY 3BeHO 1 cHayana
~ f BXOAMT B y3en 4 (CoefuHeHne co 3BEHOM 2), a Mo-

Wi—120 TOM - B FOTOBOE U3/enve.

Puc. 7. HaxoxaeHne nyTeli BTOPOro B otanumm ot anroputMa [eiikcTpbl, KOTO-
YPOBHS Pbli NO3BONSET NPU LOBEAEHMN [0 KOHLA MOCTPO-

WTb OPUEHTMPOBAHHOE [1EPEBO KpaTyaiiLumx nyTei

OT HEKOTOPOW BepLUNHBI, MeTo Pnoiaa No3BONSET HANTU A/IMHBI BCEX KpaTyalLLMX MyTei B
rpade.

KOHeYHO 3Ta 3agaya MOXeT ObITb peLeHa 1 MHOroKpatHbIM NpMMEHEHUEM aslTOpUTMa

[enkcTpbl (KaXaplid pa3 nocneoBaTelbHO BblGMpas BEPLUMHY OT MEPBON A0 N-HOMI, NOKa He
NoMy4yMM KpaTyailume nyTu OT BCEX BEPLUUH rpada), OAHaKO peann3aums nogobHon npoue-
Aypbl NOTPe6oBana 6bl 3HAUNTENbHBIX BbIMUCANTE/bHbIX 3aTpaT.

MeToayKa BbIUNC/IEHNIA:
1. BepwmHbl rpaca HyMepytoTcs 0T 1 10 N LieNbIMU YiCIamMm.
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2. Onpepgensietca matpuua MLO, Kaxablii anemeHT lij KOTOpPOIA eCTb BEC KpaTyaliLuel
ayrn mexay sepwmHamu Xi n Xj. Ecnm gyrn, MHUWMAEHTHOW AaHHbIM BepLUMHAM,
HeT, TO 3/1eMEeHT MPUHUMAET 3HaYeHVe, PaBHOE oo,
3HaueHusa auaroHanbHOro anemeHTa lii npuHumaroTcs pasHbiMm 0.
4. [ins uenoro m, nocnefosatenbHO MPUHMMAKOLLIErO 3HaYeHus oT 1 [0 n, No 3n1emMeH-
TaMm MaTpuubl MLm-1 onpegenatoTca anemeHTsl MLm.
5. Anroputm 3aBepLuaeTca NnosyvyeHneM MaTpuubl BCeX KpaTyailmx nyteir MLn, rae
N - YNC/IO BEPLUMH rpaga.
MpeAnonoXUM, YTO Mbl UMEEM MPOCTeLNIA rpag COOPKM NATUINEMEHTHOIO Y3/a, rae
1..6 - HOMepa KOMIMOHEHTOB COBMPaeMOro y3na, a Ayru, Ux CoefMHsAOLMe, UMEHT Hanpas-
NeHue Bec.

w

B kauecTBe Beca MPUHMMaeM 3aTpaTbl MO BPEMEHM Ha
onepauuy COeAMHEHNs [BYX CMEXHbIX KOMMOHEHTOB (pucC.
8).

MaTpuLa CMeXHOCTU /151 Takoro rpada 6yAeT UMeTb BUA;

_ : 000101
000110
6 M 000011

.=
Puc. 8. 'path npouecca 110001
cbopku y3na 011001
101010

Mpy NOMOLLM MATPULbI CMEXXHOCTU CTPOMM HauasibHble MaTpuLy PacCTOSHWIA U MaT-
pyLy NOCNeLOBaTENbHOCTH:

— oo o 20 o 50 - - - - 2
o — o 30 20 o - - - 2 -
M = 0 o — o 10 30 M= T T~ 2 1
oo 0 0 - o 10 SO - - - -1
o o o o — 40 - - - = = 2
0 0 0 0 0 — - - = = = -
Mcnonb3yem mapipyT Ne 1.
amensiem; 116 = he +lig =20+10=30
Monyymm maTpubl:
- oo o 20 o 50 - - - - 2
©w - o 30 20 o - - - 2 -
o o - o 10 30 - - - -21
M, = 0 o o — o 10 Ms = - - - - -1
0 o o o - 40 - - - - - 2
30 © 0 o oo - 1 - - - - -
le =1,, +1,, =30+10 =40
- oo o 20 o 50 - - - - 2
o - o 30 20 o - - - 2 -
o o — o 1 - - - -21
Ml o o - ooO ig Me=ll - - Z 4
© o o o — 40 - - - - =2
30 40 © o o - 11 - - - -
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Monyyaem CyMMY KOHEUHbIX NMYTei ¢ U3BfieYeHnem Jy6MpoBaHHbIX NyTel (40 eauHo-
KpaTHOro nonagaHus):
Ll = |16 + |26 + |36 = (I14 + |46)+ (|24 + |46)+ |36 = I14 + |46 + |24 + |36
L, =20+10+30+30=90
cnonb3yem mapLupyT Ne 2.

3ameHseMm:
s = s +1e; =20 +40 = 60
— o o 20 o 50 - - -1 -2
o - o 30 20 60 - - - 2 2
oo o — o 10 30 - - - - 21
= M. =
M L © o o - o 10 s - - - - -1
© o o o — 40 - - = = =2
30 40 o0 o o - 11 - - - 4
l,, =y +1, =10+40 =50
- o o 20 o 50 - - - - 2
o - o 30 20 60 - - - 2 2
| o = o 10 30 --=-=-21
M. = © o o - o 10 M = - - - - -1
© o o o — 40 - - - - - 2
30 40 50 o o - 11 2 - — -

Monyyaem CyMMY KOHEYHbIX NyTeli ¢ U3BeYeHneM ay6nsxa:
L2 = IlG + |26 + |36 = |16 + (I25 + |56)+ (I36 + |56) = |16 + |25 + |56 + |36
L, =50+20+40+10=120
CpaBHMBaeM MosyYeHHble Pe3y/bTaThbl:
90< 120

MpyMeHss MaTeMaTUYECKMiA annapaT BbilleyKa3aHHbIX aflrOPUTMOB, MOXKHO aHann3u-
poBaTb MaTeMaTUYecKyto Mofenb rpada TEXHOMOMMYECKOro npouecca CO0pKM Ha NpeameT
MoMcKa ONTUMaibHOr0 MapLLpyTa CO0PKK.

Mbl MOXeM CAenaTb 3aK/HUEHVE O LieNecoobpasHOCTM M aKTyaslbHOCTU NPUMEHEHMS
371EMEHTOB Teopuu rpadioB NPU MaTeEMATUYECKOM MOAENMPOBaHMM TEXHOMOTMYECKMX MPOo-
LLeccoB COOPKM [151 YCNOBWIA aBTOMATM3aLMM COBPEMEHHBIX MaLUMHOCTPOUTENbHBIX MPOK3-
BO/CTB.

MpeacTaBneHve CO0POYHbLIX paboT B BUAE rpadoB MO3BOMSET CMCTEMATM3NPOBATL Ba-
PUaHTbI MapLLIPYTOB CO0PKM, aHaIM3MPOBAaTh 1 NMPOrHO3MPOBATb MHOFOBapUaHTHOE PasBUTME
TEXHO/IOrMYeCcKoro npoLecca c60poYHbIX paboT.

Cnucok nutepatypbl: 1. Jlebeposckunii M.C. Hay4Hble OCHOBbI aBTOMAaTMYECKOM
coopkm / Jlebeposckuini M.C., Beiiy, B.J1., degotoB A.W. — J1.: MawmHocTpoeHue, 1985. —
316 c. 2. Ope O. Teopus rpacos. 2-e n3g. - M.: Hayka. naBHad pefakums (un3mKo-
maTemaTunyeckoin nutepatypsbl, 1980. - 336 c. 3. bepx K. Teopus rpaos 1 ee NpUMeHeHUS. -
M.: N3paTenbCTBO MHOCTPaHHOW nuTepaTypsbl, 1962. - 326 c. 4. AuccepTaums Ha COUCKaHme
YUeHOIA cTeneHn K.T.H. XXuranesa H.H. MogenuposaHue Npon3BOACTBEHHbIX CUCTEM COOPKM
TEXHOMOMMYECKMX 3/1EMEHTOB 3aMeHbl Ha OCHOBE JIOMMKO-AUHAMUYECKUX rpadoB. - CaHKT-
MeTepbypr, 2003.
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YAK 621.9.02
TEHAEHUNW COBEPLUEHCTBOBAHNA KOHCTPY KU
BCMNOMOI'ATE/IbHOIO MHCTPYMEHTA AJTA ®PE3EPHbIX
OBPABATBLIBAKOW X LEHTPOB

Tumodpee O.U., Tony6os H.B. (JoHHTY, r. loHeuUK, YKpanHa)

AHHOTauus. B cTaTbe NpeAcTasneH aHan3 KOHCTPYKTVBHbLIX 0COOEHHOC T el
BCMOMOraTe/lbHOro MHCTPYMeHTa 4N19 (ppe3epHbix 06pabaTbiBalOLWMX LLEHTPOB, AaHbl pe-
KOMeHZauum no 1cnonb30BaHunIo 1 BbIGOPY Twna naTpoHa.

KntoueBble c/ioBa: BCNOMOraTe/NbHbIi UHCTPYMEHT, MaTPOH, XBOCTOBMK, Aemndep.

SheKTUBHOCTL pPaboTbl CTaHKOB ¢ UIY, NoBbILEeHWE UX NPOU3BOAWUTENILHOCTU B
3HAUNTENIbHOW Mepe 3aBUCAT OT TEXHWYECKOro YPOBHS BCMOMOraTe/lbHOr0 WMHCTPYMEHTA,
obecrneymBatoLLero  BO3MOXHOCTb  COKpalleHWs  BCEX  COCTaBMAOWMX  LUTYYHO-
Ka/IbKYyNALMOHHOIO BPEMEHMW.

CoKpalleH/ie OCHOBHOIO BPeMeHMW, AOCTUraeMoe MHTEHCUUKaLMEN PeXXUMOB pe3a-
HUSA, MOXET ObITb 06eCreyeHo B pe3ynbTare MoBbILLEHNS XECTKOCTN BCMIOMOraTe/lbHOro MH-
CTPYMEHTa, YBENNYEHUS CU/bl 3aKPEMNIEHNSA PEXYLLETr0 MHCTPYMEHTA, 0COOEHHO OCHALLLEHHO-
ro TBEPLOCMNaBHbIMW HeNnepeTayMBaemMbIMN MNNACTUHAMW U U3FOTOBNEHHBLIMU U3 CBEPXTBEp-
AbIX MaTepuaioB, A Takke 3a CYHET MPUMEHEHUS KOHCTPYKLMIA MaTPOHOB, MCKIHOYAOLLMX
B/IMSIHVE LLEHTPOGEXHBIX CWM HA TOYHOCTb 06PaboTKM.

PelwnTb 3TK 3a4a4Mm BO3MOXKHO 3a CYET UCMO/b30BaHMUA MOAY/NLHOIO BCrOMOrarte/ib-
HOr0 UHCTPYMEHTA.

B KOMNneKT MoAy/bHOM OCHACTKM ANa (ppe3epHbIX 06pabaTbiBatOLMX LIEHTPOB BXO-
[AT: 6a30Bble fepXxaTenn (XBOCTOBUKM); NepexoHUKW; MaTpPOoHbI.

Bonee pacnpocTpaHeHbl BO BCeM Mupe (B CBA3WN C KOIMYECTBOM BbIMYCKaeMbIX CTaH-
KOB) XBOCTOBUKM C KOHYCHOCTbIO 7:24 no FOCT 25827-93, ncnosHeHne 2, COOTBETCTBYHO-
e Hemeukomy ctaHgapTy DIN 69871/A+AD wn ctaHgapty 1SO 7388/1, n no AnoHCKOMY
ctaHaapty MAS 403 BT . OgHaKo MX KOHCTPYKLMS He N03BOMsSieT 06ecneunTb Tpebyemyto
YKECTKOCTb COeIMHEHUSA NPU YCTaHOBKE B LUMUHAENe CTaHKa. A/lbTepHaTNBOW XBOCTOBUKAM C
KOHYCHOCTbIO 7:24 ABNSKOTCS XBOCTOBUMKM HSK, 4To ABNseTca ab6peBmaTypoil HEMELIKOro
HasaHuA Hohlschafte Kegel (Monblii KOHNMYECKMIA XBOCTOBMK). MOTPEBHOCTb B HOBbIX XBO-
CTOBMKAaX BO3HWKNA, B YaCTHOCTU, B CBA3U C MPUMEHEHNEM BbICOKOCKOPOCTHbLIX CTAHKOB C
4acTOTOW BpalleHus wnuHaens 6onee 15 000 MUH ™. OCHOBHbIMW 06MACTAMM NpYMeHeHNs
TaKoW OCHACTKM SIBMISIKOTCA: YMCTOBOE (hpe3epoBaHue; M3roTOB/IEHNE Npecc-popM U LTaMm-
MOB; BHYTPEHHee LNUOBaHNe; CBEP/IEHNE N BbICOKOTOYHOE pa3BepTbiBaHME.

OcHoBHbIe anemeHTbI xBocToBMKa HSK (puc. 1) [1]:

- KO/bLIEBasA KaHaBKa nog asToonepartop - 1,

- UHLEKCUPYIOLLAas KaHaBKa s OpveHTaL MM MHCTPYMeHTa B aBToonepatope - 2;

- LUMOHOYHbIE KaHaBKW A4/15 LLINOHOK NHCTPYMEHTa/IbHOro mMarasuHa -3;

- MeCTO A1 Pacrno/ioXKeHNSA KOA0BOr0 3/IEMEHTA - 4;

- pe3bba nog BTYynKy ansa COX - 5;

- LUNOHOYHbIE KaHABKW ANA LUNOHOK BHYTPU LWNWUHAENS - 6;

- pagnanbHOe 0TBEPCTUE A5 3AKUMHbIX YCTPONCTB PYYHOro 3aKpensieHns - 7;

- KO/lbLieBast KOHMYECKas pacToyKa A/1st Ky/aukoB 3aKMMHOr0 YCTPOICTBa - 8.

Vcnonb3oBaHve coefuHeHuss Ha 6a3e XBOCTOBMKOB HSK M03BONSET WCKIHOUUTH
(DPETTUHI-U3HOC KOHYCOB LUNUHAENEA Y YMEHbLUNTL BUOPaLUM PeXXyLLEen YacTu, YTO NPUBO-
ANT K CYLLLECTBEHHOMY MOBbILLUEHMIO PEXNMOB pe3aHus.
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Mpn pacTaumBaHUKM cTanu pesLamu, OCHaleHHbIMU KepMETOM, 3amMeHa 3aKpenseHus
pacTOYHOM OMpaBKK C KOHYCOM 7:24 Ha 3akpenneHue ¢ KoHycom HSK npuBoAMT K BO3MOX-
HOCTW MOBbILLEHMA CKOPOCTb pe3aHuna B 4 pasa.

BbICOKMe 4acTOTbl BpaweHNs U Hebo/bLUME KPYTALLME MOMEHTbI LUNUHAENENA BbICO-
KOCKOPOCTHbIX CTaHKOB MpefonpesenstoT UCnoib3oBaHNe NHCTPYMEHTOB AnameTpoMm 2... 10
MM C UWINHAPUYECKUM XBOCTOBUKOM. TpebyeMast TOUHOCTb YCTAHOBKWN TaKMX MHCTPYMEHTOB
00bI4HO NeXnT B Npegenax 1.. .3 MKM Ha Bblnetax 50... 150 Mm.

12 7 6
3 LA
T

\ -,
S 8

Puc. 1. OCHOBHbIe 3/1eMeHTbI XBOCTO- PUC. 2. OCHOBHbIE IETANN AEMNDEpa
BMKa HSK T

PagunanbHas 1 0ceBas XXECTKOCTU ABNAKOTCA Hambosiee BaXKHbIMU TEXHUYECKUMM Xa-
paKkTepUCTMKamy XBOCTOBMKA MHCTPYMEHTa, TakK Kak OHW onpefenstoT npegen 6essmbpam-
OHHOI paboTbl. VccnegoBaHus, BbIMONHEHHbIE B AaxXeHCKOM TEXHUYECKOM YHMBEpPCUTETE
(CepmaHms), No cpaBHEHUIO KOHYCOB 7:24 n HSK, nokasanu, 4To paauanbHas XecTKOCTb CO-
eanHeHna HSK B 5 pa3s Bbille, YeM Y NHCTPYMEHTa C XBOCTOBMKOM C KOHYCOM 7:24 npwu co-
MOCTaBUMbIX pasmepax.

CpaBHuBas xBocToBUMKM HSK ¢ KOHycOM 7:24, HEO6XOAMMO YUYMUTbIBaTb, YTO MEHb-
LKA Bec xBocToBMKa HSK He ABNseTca npenumyLiecTBoM npu 6anaHcMpoBKe, 0CO6EHHO ANns
HeCcMMMETPUYHbLIX Tnos A n C.

BHYTpeHHWIA NOA4BOA, OXNXKAAOLLEN XKUAKOCTMN MOXET ObITb 06ecneyeH B 060MX Cny-
Yaax, Kak B XBOCTOBMKe HSK, Tak 1 B XBOCTOBWMKE C KOHYCcOM 7:24. B nocnefHeMm BapuaHTe
NCMOMb3YIOT "3aKMMHOI FPMOOK" C OTBEPCTUEM ANS XUAKOCTWU. BHbIM 06pa3oM A1 AepeBo-
06paboTKu, rae He BO3HVKaET HEOOXOANUMOCTb B OX/TXKAEHNN.

Ha vacTtoTax BpauwjeHus, npesblwarowmx 20 000 MuH 13-3a aCMMMETPUM KaHanoB
noABoda OXNaKAatoWwen XMUAKOCTU U U3-3a HAMUNSA XUAKOCTU BO BHYTPEHHUX KaHanax,
MOXET HapyLlmMTbCA 6anaHCMpoBKa COOPKU LLNUHAENb-AepXXaBka. B Takux ycnoBusx peko-
MEHZAYeTCS MepexoanTb Ha BHELUHWI NOABOL OXNXKAAOLLIEN XMUAKOCTK,

CTOMMOCTb MHCTPYMEHTOB C XBOCTOBMKaMM HSK Bebille, YeM MHCTPYMEHTOB C KOHY-
COM 7:24, NOCKO/bKY NepBble U3roTOBNAIOTCA C 60/1ee XKECTKMMU fonyckaMn. 3MepuTenb-
Hble CpefCTBa, NPUMeHsemMble MPU U3roTOBNIEHUN XBOCTOBMKOB HSK, Kak npasunio, CTOAT Ha
nopsaLoK JOPOXKe, YeM CPeAcTBa A4/ KOHTPONA KOHYCOB 7:24.

BOMLLWMHCTBO (MPM-MPON3BOANTENEN NpefaratoT MHCTPYMEHT C XBOCTOBMKOM HSK
B MOZY/IbHOM WCMO/IHEHUN, BK/HOYAKOLLEM B Ce6s Y3/1bl, KOTOPble NO3BOMAT UCNO/b30BaTh
06bIYHbIV PEXYLLMIA NHCTPYMEHT. 10 Mepe cTaHAapTM3aumnmM MHCTPYMEHTOB C XBOCTOBMKaMU
HSK 6yaeT npomcxoauTb COKpaLleHne NpUMeHeHNs 06bIYHOTO MHCTPYMEHTA.

O6paboTKa 0TBEPCTMIA BOMLLLIOrO ANaMeTpa NN OTBEPCTUIA BOMbLUON FNYBUHbI, 0CO-
GeHHO B COYeTaHUN 3TUX ABYX (haKTOPOB, TPeOYeT crneLmasibHbIX UHCTPYMEHTA/IbHbIX peLue-
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HWIA N KOMNIIEKCHOTO NOAX0AA K MOBbLILLEHWNIO XECTKOCTU cuctembl CM/L,. B gononHeHue K
06bI4YHbIM TpeboBaHMAM, TaKMM Kak MaKCUMa/lbHO BO3MOXHbI AMamMeTp pacTOYHOM onpas-
Kn, 06ecneyeHne HafeXXHOM 3BaKyaLnm CTPYXKKI, NePEXOAHNKIN LO/MKHbI 06naaaTth Aemngu-
PYIOLMMM CBOWCTBaMM, UYTOObI MPENATCTBOBaTb BO3MOXXHOMY BO3HMKHOBEHWIO BUOpaLumii
HE3aBMCUMO OT BMAA MCNOMb3YEMbIX PEXYLUMX MHCTPYMEHTOB. TO CBOWCTBO MpuobpeTaeT
0CO0YH0 BXKHOCTb, KOrla Heo6Xx04Mma BbICOKas TOYHOCTb M KaYeCTBO MOBEPXHOCTU.

O6blyHO BMOpaummn npy 06paboTKe pe3aHUM BO3HUKAKOT B pe3y/ibTaTte AUHAMUYECKO-
ro B3aUMOLENCTBMS MHCTPYMeHTa U MaTepuana obpabaTbiBaeMoi 3aroToBKU. VICTOUHMKOM
3HEPrMmn KonebaHWin CNYyXXMUT NepeMeHHas COCTaBMAOWAA CUM pe3aHns BOZHMKAKOLWMX Mpu
B3aVMOLENCTBUN UHCTPYMEHTA C 3aroTOBKOM. CUnbl pe3aHns ABASKOTCA CNeacTBMEM MacT -
4ecKoro AetopMMPOBaHNA CTPYKTYPbI MaTepuana 3arotToBKU 1 NMPUBOAAT K OTXKUMY UHCTPY-
MeHTa. MpepbIBUCTBIN XapakTep camMoro npoLecca pe3aHus, a Takxke camoro npowecca pesa-
HUWS, a TaKkXKe cyyaliHble (hakTopbl, TaKMe Kak TBepAble BK/IHOYEHNS B 3ar0TOBKE, MPUBOAAT K
M3MEHEHMNIO OTXXMMa pe3Lia 1 ero NepuoLnMyeckomy Bpe3aHuio B 3aroToBKy. B onpefeneHHbIX
YCNOBUSAX 3TN KOnebaHWs CTAHOBATCA He3aTyXaloWumm 1 NPUBOASAT K Pe30HaHcy BCeld cuc-
Tembl CIMA/L Ha 04HON 13 COBCTBEHHbIX YacTOT. PacToyHas onpaska ¢ 60/bLWNM BbIIETOM
Hambosiee 4acTo OKa3blBaeTca clabbiM 3BeHOM B cucteme CIMV/ 1, COOTBETCTBEHHO, UCTOY-
HWKOM BUbpaLuii [2].

YUTo06bl 06ecneunTb TpebyeMyto CTabuIbHOCTb MnpoLiecca 06paboTKM NpuxoamTCs
CHWKATb PeXXUMbI pPe3aHns UM yMeHbLUATb ceyeHue cpesa. Ho OT aToro ctpafjaeT npounsso-
ANUTENbHOCTL 06paboTKKM, KOTOpas ABnseTcA npuoputeToM. CrefoBaTtenbHO, 3TO HEBEPHBIi
nyTb 60pbOLI C BUBPaUMsMU. Heo6XoaMmo Hail Ty peLleHne No3BostoLLLee YCTpaHUTL BU6pa-
LMW Ha BbICOKUX peXxmmax 6e3 CHMXeHUs ahheKTUBHOCTM 06paboTKK. VIcrnosib3oBaHMe aH-
TUBMOPALMOHHBIX PaCTOYHbIX OMpPaBOK CO BCTPOEHHbLIM AeMM(EPOM MO3BOSSET U3MEHWUTb
AMHAMWYECKY0 NofaTamneocTb cuctembl CIINL, v chenaTb NPOoLEecc pe3aHns CTabu/bHbIM.

O6bI4HO 06paboTKa OnNpaBkamu € BbIJIETOM He NPeBbILAKOLLMM 4-X ANaMEeTPOB He Bbl-
3blBaeT NPO6MeM C TOYKM 3peHUs BUOpaLMiA, KOHEYHO MpY YCOBUM MPaBU/IbHOMO BbI6oOpa
MNacTUH W PeXMMOB pe3aHus. [pu BbineTax 6osee 4 AMAaMeTPOB, TEHAEHUMS K NOSBIEHNIO
BUGpaLnii yecunmneaeTca 1 adeKTUBHLIM pelleHneM Npo6siemMbl CTaHOBUTCA Nepexof Ha on-
paBKW CO BCTPOEHHbIM femngepom. C Ux MCMonb30BaHMeM 06paboTka OTBEPCTUIA Ha rny6u-
HY L0 14-Tv AnMaMeTpoB ONpPaBKN MOXET ObITb NPOM3BEAEHA C XOPOLLMM Pe3y/bTaToM.

YBefnmueHve BbleTa onpaBku ¢ OT 4-X g0 10-Tu AnameTpoB NPUBOAMT, NPW TOR Xe
cunie pesaHns, K BO3pacTaHMIO OTXXMMA Onpasku B 16 pa3. Ecnv BbINeT yBennMumBaTh Aasblie
¢ 10 go 12-T» gnameTpoB OMNpaBKKW, TO ee OTXKMM BO3pacTeT elle Ha 70% npu TOi e cune
pe3aHus. Ecnm BbINeT onpaBoK MPUHATb OAMHAKOBbLIM, TO OTXXUM ONPaBKW AMameTpoM 25 MM
OyfeT Ha 62% 6onblue, YeM OTXKMM ONpaBKK AnaMeTpoM 32 MM MPU OAUHAKOBOI Harpyske.
Bo Bcex Cnyyasx CHMXKEHME MAcChbl PEXYLLEN YacTU Ha KOHLIe OMpaBKW BeAET K CHUKEHWIO
CK/IOHHOCTU K BMGpaumsm.

AHTUBUOPALMOHHBIE OMPaBKM CO BCTPOEHHbIM AemndepomM (puc.2), HaCTPOEHHbIE Ha
nofaeneHne KonebaHuin ¢ 4acToTON, 06YC/OBIEHHOW ONpPeAeNeHHbIM BblIETOM MHCTPYMEHTa
TaKXXe 4acTo HasblBatoT GeCLUYMHbIMU. B 60/MbLUMHCTBE CyvaeB C MX MOMOLLbIO PeLlnTb
npobnemy BubpaLuii yaaeTcs cpasy nocse 3aMeHbl 06bI4HbIX CTa/lbHbIX ONpPaBoK.

OCHOBHOW [ieTa/lbl0 KOHCTPYKLMM BCTPOEHHOr0 feMndepa ABASETCS WUHEPUMOHHOE
Teno, BbINOHEHHOe N3 MaTepuana C BbICOKUM yesnibHbIM BeCOM. OHO ynpyro nojseLumnBaeT-
CA B MOMIOCTY ONPaBKM Ha ABYX PE3NHOBbLIX BTY/IKAX B MakKCUMa/lbHOW 6/1M30CTU K ee nepej-
HeMy KOHLyY. Bce cB060HOe NMPOCTPaHCTBO BHYTPY MOIOCTY OMPAaBKW 3aro/IHEHO Creuuab-
HOIN BSI3KOI XXMAKOCTbIO. B cnyyae BO3HMKHOBEHMSI KOMebaHuin npyu 06paboTKe, MHEPLNOH-
HOe Tef0 NPUXOAUT B ABUXKEHME.
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d HacTpoiika uactoT-
"‘l\\ HOWi  XapaKTepUCTUKM CHC-

‘aﬁ \ TeMbl TakoBa, YTO Koneba-
) \ \s HMS  KOHLQ oOnpaBkM WU
VHEpPLMOHHOro Tena Haxo-

: : : L [ATCA B nNpoTuBOgase, U ux

Puc. 3. O61aCTb NPUMEHEHNS NEPEXOAHNKOB (1 - CTasibHble  OHEPTUs  3(EKTUBHO MO-
pacTouHble ONpaBKK; 2 - TBEPAOCNaBHbIE PaCTOYHbIe onpas-  F/owaeTca. Kak pesynbTat
Ku; 3 - CTa/lbHbIe aHTUBMGPALMOHHBIE OMPaBKM KOPOTKOI ce-  BUOpaLun CBOAATCA K MU-

puw; 4 - cTasibHble aHTUBMOPaLNOHHbBIE OMPaBKMX LIMHHOM HUMYMY, 4TO MNO3BOJIAET
cepuu; 5 - ycuneHHble TBEPAOCNIaBHbIe aHTUBUOPALMOHHbIE  MOBLICUTL  MPOU3BOANTENb-

PacTOYHbIEe ONPaBKM) HOCTb 06pPaboTKN.

Ob6nactb NpumeHe-
HWA NePexoHNKOB Pa3/IMYHOro Tuna npueefeHa Ha puc.3. HeoTbemiemas vyactb t060m cuc-
TeMbl MHCTPYMEHTa/IbHOM OCHACTKM - NaTPOHbl. CNOCOBHOCTb HALEXHO U TOYHO 3aKPensisnTb
KOHLIEBOW MHCTPYMEHT BaXKHa HE TOMbKO AN LOCTUXEHWUSA BbICOKOro Kavectsa 06paboTKu v
OONbLUOIA CTOMKOCTU MHCTPYMEHTA, HO U ANA 06ecneyeHns BbICOKOW MPOV3BOAUTENIbHOCTU
Mpy YepHOBbIX Onepauusax. B cnyyasx, Korga cKopocTu BpalleHUs LWNWHAENSA OYeHb BbICOKM
N TpebyeTcs 0b6ecneynTb KayeCTBO 006pabOTKM, KayeCTBO 3aKpernsieHWs LenbHOM gpesbl,
CBepna WM KOpPMycHOMN (hpesbl ABMSETCA ONpeLenstowmnm (HakTopoM Ans pesynbTara obpa-
60TKM.

LlaHroBble NaTpoHbl NPUMEHSIOT A8 KPENJeHUs WHCTPYMEHTa C UMANHAPUYECKUM
XBOCTOBMKOM AMaMeTpoMm 2...40 Mm.

OCHOBHbIM 32XMMHbIM 3/1EMEHTOM TaKUX NaTPOHOB AB/MIAETCA LiaHra, NpefcTaBnsoLLasn
CO0O0I TOYHO M3rOTOB/IEHHYHO 3aKaJleHHYIO BTY/IKY C MPOLO/bHBIMK Npope3smu. LlaHra obna-
[aeT NPYXVHALMMW CBOMCTBaAMM M 06ecneymBaeT TOYHOE LIEHTPUPOBAHUE NHCTPYMEHTA.

B KOHCTPYKUMM T1ApaBInMyeckmx NaTpoHOB A5 3aKPenieHns MHCTPYMeHTa UCMoMb-
3yeTcs AaBfieHne rnapaBanMyeckoi Xuakoctu (puc. 4). B kopnyce 1 naTpoHa BbIMO/HEHbI MO-
noctn 6 M KaHanbl 4, KOTOPble 3arofiHEHbl CreunanbHOW rMApPaBNNYecKOW >KUAKOCTbHO.
MnyHxep 2, ynpaenseMblil BUHTOM 8, cO34aeT rmapasnyeckoe faBneHune, KOTopoe Aedop-
MUPYeT MembpaHy 5, B pe3ynibTaTe Yero NMpPOUCXOAMT 3aKpensieHne LUINHAPUYECKOrO XBO-
CTOBMKA MHCTPYMEHTa, MOJIOXKEHNE KOTOPOro MpefBapuUTelsHO PerynvpyeTcs perynnpoBoy-
HbIM BUHTOM 3, NMepeMeLLaeMbIM OT MOBOPOTa BUHTA 7.

b

= 11T 1.7

LR

I

Puc. 4. T'vapasiMyeckuii NaTpoH Puc. 5. Cxema yCTpONCTBa 411 «TepMO3aXK1Ma»

[MaTpoHbI C "TepMOo3a>KMMOM™ MPUMEHAKOTCA 419 COeAMHEHNA NO "'ropaYven” nocasake.
[eicTBne NaTpoHOB C TEPMO3KUMOM OCHOBAHO Ha TOM, YTO NPWU HarpeBaHWU NocafjouHoe
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0TBEpCTUE YyBeNnunBaeTca B AvameTpe. OLHUM U3 NPaKTUYECKMUX BapnaHTOB MCMO/b30BaHNA
"ropsaunx” nocagok ABNSETCA HarpeB NaTPOHOB TOKaMU BbICOKOW YacToTbl (TBY).

B cneuvanbHbIX ycTpoiicTax (puc. 5) NpoM3BOAMUTCA HarpeB NaTpoHa C MOMOLLbIO
WHOYKLUMOHHOW KaTylwKn. OfiHa M Ta Xe UHAYKLUMOHHAA KaTyLLKa UCNOob3yeTCs AN1S UHCTPY-
MeHTa C XBOCTOBMKOM AnameTpom oT 3 Ao 32 mM. Bpemsa pasorpesa 3...5 ¢, oxnaxaeHue - 30
C, ECNIX UCMONb3YeTca CreLnanbHoe OXNaXaeHue. YCTporUcTBa MOryT 6biTb 060pyL0BaHbI
A1 TPYNMOBOIA NOATOTOBKN MHCTPYMEHTA.

AHaIM3 KOHCTPYKTUBHbIX 0CO6EHHOCTEN MaTPOHOB MO3BONSAET AaThb ChefytoLme pe-
KOMeHZauMm no nx UCnosib30BaHMI0 PeKOMeHAaLmMmn no Bbl6opy Tuna natpoHa NpuBeAeHbl B
Tabn. 1.

PekoMeHaL MK rno BbI6GOpY Tuna naTtpoHa
Kputepuu ouegHKu

BCMOMOraTe/ibHoro LlaHroBbIli NaTpoH "'MApaBMYeCKniA NaTpoH TepmonaTpoH
WHCTPYMeHTa

O6Lwas xapakTe- Haunbonee BeposiTHbI ~ XOPOLUWIA BLIGOP 415 Haunnyuywmm o6pasom nog-

pucTnka BbIGOP A1 LEXOB B uexos, rae HSM npume-  xoaut ans HSM. KoHueH-
rpoLecce nepexofa K  HAETCA NepUOAUYECKN, TPUYHOCTb, 6anaHCcUpoBKa
HSM. [Ns OrpaHNYeHHOro 1 NPOCTOTa MUCMoJb30Ba-

ymcna NPUMEHeHWIA. HWA HaMBbICLLIAA.
BueHve He 6onee 5+10 MKMm OK0/10 5 MKM He 6onee 3 MKM

(&na Npeuyn3nNoHHbIX
MaTPOHOB W LiaHr)
XKecTkocTb Xopotuas Bbicokas OueHb BbICOKas: ycuine
3aKpEnIeHNs PexxyLLero
WHCTPYMeHTa NpeBbILLaeT
yCuine 3akpenseHus na-
TPOHa B LUNUHAENE CTaHKa.

Y[o6¢TBO UCMOMb-  HM3KOe: TOYHOCTb Jlyywe: To4HOCTb ycTa-  BbICOKOE: He TpebyeTcs
30BaHVA YCTaHOBKW UHCTPY- HOBKM MHCTPYMeHTa 3a-  BbICOKOW KBa/IM(prKaLmm
MeHTa 3aBUCUT OT BUCUT OT MexaHu3mMa orneparopa.
orneparopa. 3aK1Ma, HO TpebyeT ak-
KypaTHOro obpatLeHus.
LleHa He BbicoKas. bonee BbICOKas. Jepxatenu feLuessl, 04-

Hako TpebytoTca cnewm-
a/lbHble YCTaHOBKW ANs
HarpeBa/oxnaxaeHns on-
paBKW, T.e JONONHUTENb-
Hbl€ VHBECTULIMM.

MprBeAeHHbIe faHHbIe NOKa3bIBaKOT, YTO KOHCTPYKLNA 3/1EMEHTOB BCNOMOraTe/lbHOro
MHCTPYMEHTa npetepnena 3Ha4ynTe/ibHble U3MEHEHUA HampaB/IEHHbIE Ha YBE/IMYEHNE BI/I6pO-
CTOMKOCTW, XXECTKOCTMH, YMEHbLUEHMNE MOrPELLIHOCTN YCTAaHOBKWM PEXYLLET0 MHCTPYMEHTA.

Cnucok nutepatypsbl: 1. Macnos A.P. KOHCTPYKUUX MPOrpeccuBHOro MHCTPYMEHTA
1 ero akcnnyataums. M.: M3patensctBo «MTO», 2006.166 c. 2. puropbes C.H., Koxomckuit
M.B., Macnos A.P. lHCTpymMeHTa/lbHast ocHacTKa CTaHKoB ¢ UIMY: CnpaBoyHuK / Mog ooy,
pea. A.P. Macnosa. -- M.: MatunHocTtpoeHue, 2006. - 544 c.
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YK 621.9.06-52
MOBbLIWEHWE NMPON3IBOANTE/IbHOCT MALLVH POTOPHOI'O TUMA

YokHaauii N.B., YepHbiwes E.A (kad. TM, JoHHTY, r. [loHeLK, YKpauHa)

AHHOTAaumMA. B cTaTbe pacCMOTPEH BONPOC MOBbILLEHNS NMPOU3BOAUTENLHOCTM PO-
TOPHBIX MaLLUVH C y4eTOM TaKoro nokasaTens, Kak KoauuyeHT Npon3sBoANTENbHOCTMW.

KntoyeBble cioBa: Npon3BOANTENLHOCTb, POTOPHAA MalUMHa, NO3ULMS, Luar, KUHe-
MaTWNYECKMNIA LK.

Mpon3BOAUTENBbHOCTL 060PY0BAHMS — OAMH U3 BAXKHEMLLNX TEXHUYECKMX MOKa3aTe-
nei. Ero nosbllleHne obecrieunBaet 60ee NOMHOe U 3P(EKTUBHOE UCNOMb30BaHWE MaTepu-
a/IbHbIX PecypcoB 1 paboyero BpemeHu [2].

Mpon3BoAMTENbHOCTb Paboyeil MallMHbI Ha3biBAETCA KOMMYECTBO 06pabaTbiBaeMoro
NPOAYKTa B efnHULY BpeMeHu [1].

Temn pOTOPHOI MallWHbI, 06paTHasA BEMYMHA MPOU3BOAUTENBHOCTH, ONpeaenseTcs
BPEMEHEeM TPaHCMOPTHOr0 MNepeMeLLeHNs 3aroTOBKM U MHCTPYMEHTA Ha pacCcTosHue h mexay
ABYMS CMEXHbIMY no3uumamu potopa [1]:

TM:—E—
VTp
rae h — war potopa; VTp — TpaHCNOPTHAas CKOPOCTb MHCTPYMEHTA C 3ar0TOBKOWA.
MpPOAOIKUTENBHOCTL NOMIHOMO OMepaLyoHHON0 LMKa 3aroTOBKM onpeaenseTcs Anu-
HOV NyTK LN OT MecTa 3arpy3ky potopa 40 MecTa Bblfauun 13 potopa 06paboTaHHON feTanu 1
TOW >Xe TPaHCMOPTHOM CKOpOCTbHO [1]:

Ln
Tn=——
VTp -
MpOACIKUTENBHOCTL OMEPaLMOHHOI0 LKA UHCTPYMEHTa OnpeaenseTcs AAUHOW ny-
T Lin, paBHOI NONHON OKPY>XHOCTK poTopa [1]:

Tn = i
VT1p -

Takum 06pa3oM, onepaumoHHbIA LUMKN 06paboTKM 3aroTOBKWU, ONepauyOHHbIA LUK
WHCTPYMEHTa U TeMn MalluHbI, onpeensatoLime nNpon3BoANTENbHOCTb, HE 3aBUCAT ApYyr OT
apyra. [leinctBMTeNnbHO, NpK NHO60M 3HaYeHWM Liara poTopa, 06ycnaBIMBaEMOro HeO6X0AN-
MbIMW MoOMnepevyHbIMN pasmMmepaMn MHCTPYMEHTOB U UCMOJIHUTENbHbLIX OPraHoB WU 3aroTtoB-
KW, 060 TeMn MOXKeT ObITb 06ecreyeH COOTBETCTBYHOLNM 3HAYEHNEM TpaHCHOpTHOVI CKO-
pocTu. B To e Bpems ntob6as NpoAoHKUTENbHOCTb OMEPaLMOHHONO LKA 3ar0TOBKN U UH-
CTPyMeHTa npu Nto6ol TPaHCMOPTHOW CKOPOCTU MOXET ObiTb 06ecrneyeHa BbIGOPOM MNpw
MPOEKTUPOBAHNM BEMIMYMH YYaCTKOB LN 1 Lun, KaXAbIA N3 KOTOPbIX MOXET ObITb 3aNpOeKT K-
pOBaH Ha N060e YMCNO LLAroB NPy COOTBETCTBYHOLLIEM YMCe No3nLmMia poTopa [1].

TpaHCcnopTHast CKOPOCTb Tak Xe, Kak 1 MPoM3BOAUTENLHOCTb 1, POTOPHOI MaLLVHBbI,
He 3aBUCAT OT TEXHONOIMYeCKunx CbaKTOpOB N MOXET yCTaHaB/1MBaTbCA HE3ABUCAMO OT HUX:

1 _VTp

Mpon3BOANTENBHOCTb MALIMH 3-T0 Knacca OnpeaenseTcs AINTebHOCTbIO BbIMYCKHO-
ro LMK/Ia U He OrpaHNuMBaAETCs TEXHOMOTMYECKO CKOPOCTbIO 06paboTKM VT, NO3TOMY Mpu
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CO3AaHMM MaLLVH 3-T0 Kacca, NOBbILLEHVE UX NPOV3BOANTENBHOCTY TEOPETUYECKM CBS3aHO
TONbKO C YBENIMYEHNEM TPAHCMOPTHOI CKOpocTU VTp.

K3 - VTp VT
VTp £ f(VT)
n=f(Vp)

Tak Xe ons onpefeneHns NPon3BOANTENLHOCTM BaXKHbIM MOKa3aTenem ABNseTca Ko-
apuLMeHT nponsBoanTeNbHOCTU. OH XapakTepu3yeT 3((EKTUBHOCTb WUCMO/b30BaHNUSA Ma-
LUXHBI N0 BpeMeHW. KoahrUMeHT paBeH OTHOLLEHMIO LMK/IOBOI NPOU3BOAUTENBHOCTM Q K
TexHonornyeckon K, n nexuT B npegenax ot 0 go 1[3].

U

Q_Tu
TLI,E&p
2r

rae U — uncno nosvumii potopa; Tu, — BPEMS NOMHOFO KWHEMATMYECKOro LnKna (0aHOro 06o-

poTa poTopa); ap . pabouunin yron noBopoTa poTopa, Ha KOTOPOM NPOUCXOAUT 06paboTKa.
KoathduumeHT npomn3BogMTENbHOCTM XapaKTepu3yeT CTereHb HerpepbiBHOCTU Npo-
Liecca 06paboTKK, YeM 6/MKe OH K 1, TeM MeHbLUe BPeMSi XO/IOCTbIX X0A40B. A4 MawnH 3-ro
Kfacca XapakTepHa OAHOBpeMeHHas 00paboTKa HeCKONbKMX 3ar0TOBOK MpW YC/IOBWWU, YTO
Bpems NoBOpPOTa POTOPa Ha Yr/I0BOM LWar MeHbLUe, YeM Bpems 06paboTKMN OHOI 3aroTOBKW.
KoathduumeHT npon3BoanTeNbHOCTU ONpeaensieTcs OTHOWEHNEM NPOU3BOANTENbHO-
CTM CTaHKa K TeXHO/IOrMYecKoin nponssoauTenibHocTu [3].

n=
K
KoathduumueHT Npon3BoanUTENbHOCTM XapaKTepu3yeT CTereHb HenpepbIBHOCTY Mpo-

Llecca 1 MCnonb30BaHMA MalLHbI N0 BpeMeHW. 3 BbipaxkeHus (1) nonyyaem:

__ap
n= 277 .
U

STO OTHOLLIEHWE MO CMbIC/Y ABMAETCA KOINPULMEHTOM MepPeKpbITUA POTOpPa, KOTOPOoe
MoKasbIBaeT cpeaHee (3a BpeMs LMKIA) YMCN0 OJHOBPEMEHHO 06pabaTbiBaeMbIX 3arOTOBOK.
TakuM 06pa3om KO3PULMEHT NPON3BOANTENBLHOCTM B POTOPHBLIX MalLMHAX, paBeH Koahu-
LMEHTY NepeKpbITUSA, KOTOPbIA MOXET ObITb 60/bLUe 1. A 3TO CBMAETENLCTBYET O TOM, YTO B
cpefHeM 3a Nepuoj, MoXeT obpabaTbiBaTbCA 60/ee YeM OAHa 3aroToBKa.

BbIBOAbI. B 3aK/1H04EHMN MOXKHO CKa3aTb UTO, MOBbILLEHVE KO3((ULIMEHTA NPOU3BO-
OWUTENbHOCTM O3HAYaeT YBe/MYeHWe 4mucna OLHOBPEMEHHO 06pabaTtbiBaeMblX 3aroTOBOK,
YMeHbLLEHME XOMOCTbIX XOA0B U 60/iee MOSIHOE UCMO/b30BaHWE BPEMEHU LMKIA MalUUHBL.
T.e. NOBLICUTL MPON3BOAUTENBHOCTL MALLUMH POTOPHOIO TWUMAa MOXHO 3a CYET YBe/MyeHus
KO3hpuLmeHTa NMPON3BOANTENIbHOCTY.

Cnucok nutepartypbl: 1. KowknH J1.H. KomnsiekcHas asTomaTusauma Ha 6ase po-
TOPHbIX NWMHWA.  M.: MawwnHocTtpoeHne, 1972.-351 c¢. 2. KysHeuoB M.M. wu
Ap.ABTOMaTM3aLMA NPON3BOACTBEHHbIX Mnpoleccos. Mog pes. A, LWaymaHa. YuebHuK ans
BYy30B. M3A. 2-e, nepepab. un gon. M., «Bbicw. wkona», 1978 — 431 c. 3. LLaymsaH I'.A. Kowm-
nneKkcHasa aBToMaTu3aLmsa Npou3BOACTBEHHLIX NpoLeccos. M: MawunHocTpoeHue, 1973.-640
C.
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BbIBOP CTPYKTYPbl ATPEFATHOM POTOPHOM MALLVIHbI

LWypunnosa HO. B., ByneHkos E. A. (kadegpa TM, JoHHTY, r. JoHeuK, YKpanHa)

AHHOTauma. B cTaTbe npegnaraeTcAd OCYWeECTBAATb BblOOpP paunOHabHOM
CTPYKTYpbl arperaTHO/ POTOPHON MallMHbl Ha OCHOBE €e CTPYKTYPHON Hafe>XHOCTW.
PaccmaTpuBaeTCs BEPOSTHOCTL 6e30TKasHOW paboThl ANa [BYX BapuaHTOB CTPYKTYpbI
arperaTHbIX POTOPHbIX MALUUH. YCTaHOBMEHO, YTO MPU HU3KUX 3HAYEHUSX BEPOSATHOCTMU
6e30TKa3HoW paboThbl cMCTeMbI NpuBoga 6onee LenecoobpasHo UCnoNbL30BaThb MNepBbIi Ba-
pUaHT, a BTOPO BapuaHT CTPYKTYpbl 601ee NpeAnoyTUTENEH NPU BbICOKON HALEXKHOCTK
npveoga.

KntoueBble c/ioBa: BepOSTHOCTb 6e30TKa3HOM paboThl, arperaTHas ronoska, po-
TOpHas MalUuHa.

Cobupaemble U3 YHUPULMPOBAHHBIX arperaTHbIX rofioBOK, TEXHOMIOMMYECKNe poTopbl
MO3BO/AT CYLLECTBEHHO YNPOCTUTL MPOLLECC CO34aHUA HOBOM aBTOMATUYECKOW NIMHUNN, CY-
LLLeCTBEHHO CHU3UTb Ce6eCTOMMOCTb €e M3roToBneHus. OAHaKo, Ha CErofHALHWIA AeHb He
CYLLECTBYET METOAMKM MPOEKTUPOBAHUA arperatHbIX POTOPHbIX MallMH, a BO3MOXHOCTb
afanTtaummn M3BECTHLIX METOAMK MPOEKTMPOBaHUA aBTOMATUYECKUX NMHWIA Ha 6ase arperat-
HbIX CTAaHKOB [1-4] Ans co3[aHNA CUCTEM HEMNPepbIBHOMO AENCTBMS B OCTATOYHOM Mepe He
paccMaTpuBanacb. [1oaTomy, paspaboTka MeTOAOB MPOEKTUPOBAHUSA arperaTHbIX POTOPHbIX
MaLLVH ABNSETCS aKTya/lbHOW 3afayeit.

Llenbto BbINOMHEHWS AaHHON paboTbl ABNAETCA BbIOOP pauyOHa/IbHON CTPYKTYpPbI ar-
peraTHOM POTOPHOIN MaLLUMHbI HA OCHOBE ee CTPYKTYPHOW HaZeXHOCTH.

[na [OCTVXKEHWUA NOCTaBNEHHOW Liein He06X0AMMO OnpefeMTb BO3MOXHbIE BapuaH-
Tbl CTPYKTYpbI arperaTHbIX POTOPHbIX MallKH, pa3paboTaTb METOAMKY OLEHKN UX CTPYKTYp-
HOW HafeXHOCTW W onpeaennTb Hanbonee palMoHabHbIN BapuUaHT CTPYKTYPbl arperaTtHom
POTOPHOM MaLLUHbI.

PaccmMoTpuM fiBa BapuvaHTa CTPYKTYpbl arperatHbIX POTOPHbIX MaluvH. ArperartHble
POTOPHbIE MaLUMHbI 1 BbINOMHAKTCA MO «KIACCUYECKON» CXEME, KOrAa Ha 3NeMeHTbI Kopryca
TEXHONOrMYeCKOro poTopa ycTaHaB/IMBAKTCA MOTHOCTbIO aBTOHOMHbIE arperaTHble ro/IoBKW,
cofiepxalLme B cebe Bce He0OXOAMMbIE A4/15 BbINO/HEHWS CBOUX (DYHKLIMIA 31EMEHTbI.

PoTopHast mawwmHa 2, cpOpMMpOBaHHass Ha OCHOBE CTPYKTYPHON CXeMbl MHOFOHO-
MEHKNaTYpHOW POTOPHOW MallMHbl, UMEET KMACCUYECKYI A1 TEXHONOMMYECKUX POTOPOB
KOMMOHOBKY, BK/IHOYalOLLYH CUCTEMY MPMBOAA, O6LLYHO ANA BCEX arperatHbIX UHCTPYMEH-
TaNbHbIX 6/10KOB. ArperaTHbllii UHCTPYMEHTa/bHbIA 610K COCTOUT U3 YCTPOICTB Npeobpaso-
BaHMS XapaKTepuCTUK CUCTEMbI MPUBOAA N HAKOMUTENEN NHCTPYMEHTOB M NPUCTIOCOBNIEHWIA.

PaccMOTpuM BepoSiTHOCTU 6Ge30TKasHoW paboTbl (BBP) TexHOMOrnyeckux poTopoB
(TP). BepoaTHOCTb 6e30TKa3HOM paboTbl TP MOXET ObITb ONpeaeneHa Kak Cymma BeposTHO-
CTEeN HaXOXAEeHUA MalLVHbI BO BCEX BO3MOXHbIX COCTOSHUSX.

OueHum BBP TP npwu cnesytoLimnx ycnoBusx.

1. TP ocTtaHaBnmBaeTcA NM60 NpU OTKase B Hepa3BETB/IEHHOW cucTeme, M6O B
C/lyyae BbIXofa M3 CTpos 60/iee OAHON arperaTtHOM roMoBKU WM arperatHoro MHCTPYMeH-
Ta/IbHOro 6/10Ka.

2. XapaKTepUCTUKN arperaTHbIX FOMI0BOK W arperatHbIX WHCTPYMEHTa/IbHbIX
6/10K0B ABNIAKOTCA OAVHAKOBbLIMU, T.€. OHU UMEHT COOTBETCTBEHHO OAMHAKOBYH MPOV3BOAU-
TeNbHOCTb U 06/1aaK0T OANHAKOBOW BEPOSTHOCTLIO 6E30TKa3HOM paboThbl.

Torpga BEP TP1 MOXeT 6bITb OnpeenieHa no Takow opmyrne:
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P = Pa™ [(Ppm + Ppm EQZ C;) [ -Pa)Pa"

3aBMCYMOCTb BEPOSITHOCTM Ge30TKasHOM paboTbl TP1 OT BEpOATHOCTU 6€30TKa3HOW paboThl
arperaTHbIX ron0BoK 6bina onpegeneHa npy PpT =1 1 Pa=0,980...1 (puc. 1).

[Na OUeHKM LenecoobpasHOCTM MPUMEHEHNA MNpPeasioKeHHoro TP1 cpaBHUM ero
CTPYKTYpHYtO BBEP co cTpykTypHOin BBEP TexHonornyeckoro potopa (TP2), BbINOAHEHHOIO
Mo CXeMe, KOrfa TEXHO/I0MMYECKMiA pOTOp MMeeT 00LLYI0 CUCTEMY NPUBOAA, a U3fenns obpa-
6aTbIBAtOTCA B arperaTHbIX MHCTPYMEHTa/IbHbIX 6/10Kax.

Torga BeposiTHOCTb 6e30TKa3HOW PaboThl
TP2 MOXeET 6bITb ONpeaenieHa Nno Takoi hopmyne:

P = Ppm[Ppr [Pa® + Ppm[{C;) (L - Pa) (Pa°
Ha pucyHke 2 npefcTas/ieHa 3aBUCUMOCTb

BEPOSTHOCTM 6e30TKasHOl paboTbl TP2 OT Bepo-
ATHOCTM 6€30TKa3HOW paboTbl 3/EMEHTOB CUCTe-

979 986 93 110’ Mbl MPMBOAA N BEPOATHOCTU GE30TKa3HON paboTbl

Pa* 1000 arperaTHoOro MHCTpyMeHTanbHOro 6s10ka. Oue-

BWUAHO, YTO 06a 3TV MokasaTens BAMAIOT Ha BEPO-

Puc. 1. BepoaTHOCTb 6e30TKa3- ATHOCTb 6e30TKa3HOM paboTbl TP2, ofHAaKo Ha-

Hol paboTbl TP1 [EXHOCTb CUCTEMbI MpWBOLA B [aHHOM Clyyae
Oy[eT OKasblBaTb peLuatoLLiee 3HaueHue.

3aK/ioveHne
W3 rpagmkos (puc. 1-2) BUAHO, YTO Mpw
HU3KUX 3HAYEHWsAX BEPOATHOCTW Ge30TKa3HOM pa-
60Tbl CUCTEMbI NPMBOAA POTOPHOW MaLLWHbI Npu-
MEHeHWe MepBoro BapnaHTa CTPYKTypbl 6yaeT 60-
nee paumoHanbHbIM. OfHAKO, B HACTOSLLEe BpeMs
paspaboTaHbl KOHCTPYKLMW NPUBOAOB POTOPHbLIX
MalLWH, UMEKOLLMe [OCTaTOYHO BbICOKYHO HajexX-
HOCTb. B TO e Bpems, rpatmku Ha pucyHke 5 no-
Ka3blBaloT, YTO MpY [OCTATOYHO BbICOKOW Hajex-
HOCTW CUCTEMbI NPUBOJA BTOPOI BapuaHT CTPYK-
Typbl arperaTHoO POTOPHON MaluMHbI NO3BONT
PYC. 2. BepoSTHOCTb GE30TKA3- MONYYNTb BbICOKYHO BEPOATHOCTb ee Ge30TKa3HOA
HOiA paGoTbl TP1 1 TP2 paboTbl Jaxe npu CPaBHMTE/NbHO HM3KIX 3Hae-
HMAX BEPOATHOCTY 6e30TKa3HOW paboTbl OTAefb-

HbIX FO/IOBOK W arperatHbIX UHCTPYMEHTa/IbHbIX B/10KOB.

Cnucok nutepatypbl: 1. Mwuxainnoe A. H. OCHOBbl CWHTE3a MNOTOYHO-
MPOCTPaHCTBEHHbIX TEXHOMOMMYECKNX CUCTEM HenpepbIBHOMO felicTeus / A. H. Muxaiinos -
[oHeuk: JoHHTY, 2002.- 379 c. 2. KowkuH, J1. H. POTOpHbIE 1 pOTOPHO-KOHBEWEPHbIE NN-
Hun / J1.H.KowkuH - M.: MawwnHocTpoeHue, 1986. - 320 ¢. 3. Knycos W. A. MNMpoekTnposa-
HME POTOPHbLIX MALLWH U NIMHWIA: Y4eb. nocobue /it CTyLeHTOB MallMHOCTPOUT. CreL,. By30B
/ . A. Knycos - M.: MawuHocTpoeHue, 1990.- 320 c. 4. ABTOMaTMYeCKME IMHUWN B MaLlK-
HocTpoeHuKn. CrnpaBoyHKK B 3-X ToMax / MMog pes. AaweHko A.W. — M.: MalliMHOCTPOoeHue,
1984.
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