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On Definition of Water Spray Spectrum of LRE Injector Head in Firefighting

The paper discusses the possibilities of the conversion applying the injector heads taken from salvageable liquid-propellant rocket engines, in
the firefighting systems. The paper shows the possibility of approximating the drop spray spectrum by polynomial models.
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NCCIEJOBAHME I'A30KHIKOCTHOI'O CMECHUTEJIA

Hpu(?Ob}ZmC}l pe3yibmamaol UCCIeO0B8AHULL 2A30HCUOKOCIHO20 cmecumens, 6AUARUS KOHCMPYKYUU IHCeKmMopa Ha napamempobl CMEeUulerusl.

KiwueBsble cioBa: CMECUTEIb, MOACIINPOBAHUE, KOHIEHTPAIUS, D3KEKTOP.

0 MHOTHX OTPAaCiIAX, B TOM YHCIIE TIPH J00BIUE
He(TH, TpeOyeTcs co3JaHMe MEIKOIUCIIepC-
HOH ra3oKUIAKOCTHOM cMmecu. Hampumep, npu
HM3MEPEHUHN KOJIMYECTBA WIK pacxoja AeOUTa CKBaKU-
HBI 171 00ecHeyeHus] TOYHOCTH U3MepeHus Tpebyercs
co3JaHue MeJkojucnepcHoil cmecu. Kpome toro, ana-
JIOTWYHAs 3a/laya BO3HUKAeT IPU CO3JaHHM KanuOpo-
BOYHBIX M TAPUPOBOYHBIX yCTpoiicTB. OmHako co3na-

HUE ¥ HCCIENOBaHHE PabOTOCIIOCOOHOCTH Pa3IMIHBIX
KOHCTPYKLIMM CMECHUTENIEH ¢ HUCIOJIb30BAaHUEM HATYp-
HBIX 00pa3oB TpeOyeT 04eHb OOIBIINX MaTePHATbHBIX
U BpeMeHHbIX 3aTpaT. OJHUM U3 COBPEMEHHBIX METO-
JIOB HCCIENOBAHUS THIPOAMHAMHUYECKUX IPOIECCOB
SIBNISIETCA IPUMEHEHHE NTPOTrPAMMHBIX CUCTEM KOHEUHO-
aneMeHTHOro  aHanm3a (Hanpumep, ANSYSCFX
u FlowVision).

© HlensnsixoB A. H., Muxanes K. A., Kyumos B. b., 3akupos P. 3., 2013
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Hwxe npencTaBieHs! pe3ynbTaThl HCCIICIOBAHUS KOH-
CTPYKLHUH Ta30)KUIKOCTHOIO CMECHUTENSI C MPUMEHEHHEM
KOHEYHO-3JIEMEHTHBIX ITPOTPAMMHBIX KOMIIIEKCOB.

Ilenpro uccaenOBaHMI SABIAETCS U3YUEHHUE IPOLEC-
COB, MPOUCXOJIAIINX B CMECHTENAX, U ONpeAesieHHe UX
MapaMeTpoB, OOCCICUMBAIONINX MAaKCUMAIBHYIO 3(¢-
(heKTHBHOCTh TEpEeMEIINBAHMS ISl pa3pabOTKU yCT-
pOMCTBa MOJYYEHHS] MEITKOJUCIIEPCHON Ta30KUAKOCT-
HOU CMECH.

AHanu3 CyLIECTBYIOIIMX YCTPOMCTB HJsi CMEIIWBa-
HUS KHUIKOCTEH MO3BOJIIET BBHIIEIUTh OCHOBHBIC IPHH-
UTBI UX OCWCTBUS: KEKTOp, BUXpeBas KaMepa, KOHH-
yeckne auddy30psl, BCTpeyHble MTOTOKH. AHanmn3 Gu3n-

YEeCKHX MPOLECCOB, INPOHCXOAAMIMX B YCTPOWCTBAX,
HCIIOJIB3YIONINX TepPEeUHCIICHHbIe IPHHIUIIBI, TI0Ka3bIBa-
eT, 4yTo Haubosee d3(PPEKTUBHBIM, BEPOSTHO, OyIeT Hc-
II0JTb30BaHKE HKEKTOPA M BCTPEUHBIX TOTOKOB.

s co3paHus cMecHTells IepBOHAYATIEHO IPOBEICHBI
CpaBHUTENBHBIC UCCIICNOBAHUS PA3NYHBIX KOHCTPYKIIMH
PKEKTOPOB. B KkadyecTBe MCXOIHBIX MOJENEH paccMoTpe-
HBI OOBIYHBII KEKTOP € KPYIJBIM OCEBBIM AKTHBHBIM
KaHaJoM (puc. 1, @) c momadeli macCUBHOH (BcackIBaEMOi)
CPEeZBI U3 HAapYKHOTO KOJIBIICBOTO KaHAJa, a TAKkKe 3KeK-
TOp C KOJIBLIEBBIM aKTUBHBIM KaHaJIOM (puc. 1, 6) u mona-
4yel MaCCUBHOM Cpelbl M3HYTPH 4Yepe3 LEHTPANIbHBIA Ka-
HaJI ¥ CHAPY>KH Yepe3 KOJIbLEBOH KaHaJl.

0

Puc. 1. KoHCTPYKITHH 9)KEKTOPOB ¥ Pe3yIbTaThl MOJISIHPOBAHUS MPOILECCOB CMEIIMBAHNS:
@ — KITaCCHUYECKUH 3)KEKTOP; 6 — KOJBIIEBOH 3XKEKTOP

Jlisi JaHHBIX KOHCTPYKIMH pa3paboTaHbl MOJENN
MPOTOYHBIX YacTed M MPOBEAECHO MOJEIUPOBAHUE MPO-
LIECCOB CMEIIMBAHUS BO3AyXa U BOJBI IPH OIpPEIEIICH-

HBIX THUIPOJMHAMHYECKUX IapaMerpax. [lis OLEeHKH
Pe3yJIbTaTOB PabOTHI KEKTOPOB UCIIOIB30BAJICS KPHTE-
puii Hanboiee PaBHOMEPHOTO PACIpPEneNeHNs] KOHLEH-
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Tpamuyd KOMIIOHEHTa (BOIBI) MO PA3NWYHBIM CEUCHHSIM
BIIONTb BEIXOMHOTO KaHaia. Ha puc. 1 mpencraBieHBI
rpauKy KOHIIEHTPALUH JKUIKOCTH B 00IIel Macce cMme-
CH M KapTHHBI €€ paclpeleNeHus] 0 pa3IuYHbIM ceue-
HUSAM BJIOJTb KaMEPHl CMEIINBAHUS U OOBIYHOTO MKEK-
Topa (a) u JUIS MKEKTOpa C KOJBICBHIM MUTAOIINM Ka-
HasoM (0).

Kak BHIHO W3 MOJYYCHHBIX KapTHH TeueHHs, Oojiee
paBHOMEpPHOE pacmhpesielicHHe KOHIICHTPAIMKA BOJBI Ha-
OmonaeTcss y MKEKTopa ¢ KOJBIEBBIM KaHaaoM. Kpome
TOT0, KEKTOP C KOJBIIEBEIM KaHAIOM 00namaer Ooiee
BBICOKO#1 BcackIBatomiet ciocodHocThio K, = O,/ O,, T1Ie
0, — pacxoq aKTHBHOM u (O, — MACCHBHOH CpeIbl COOT-
BETCTBEHHO.

Tak, y obpranoro 3%ekropa K, = 0,889, a y kosnble-
Boro — K,= 3,374.

JanbHelimue uccnenoBaHus MPOBOAWINCE JUISL CMe-
CUTEIHbHON YCTaHOBKH C WCIIOJIb30BaHUEM KOHCTPYKIIUU
KEKTOpa C KOJIBIICBBIM MHUTAIONIMM KaHaioM. Cxema
YCTaHOBKH IMPEJICTABJICHA Ha PHUC. 2.

~-

4

Y.

6

@/

Puc. 2. Cxema cMeCUTEIBHON YCTAaHOBKH

YcTaHOBKa COAEPKUAT €MKOCTh [/ ¢ KOHHYECKHM
JTHOM U BepXoM. B BepXHel YacT pacroiokeH maTpy-
0OK 2 s OTBOJA ra30BOM COCTABIISIIOIICH, a HIKHSIS
4acTh COENWHEHAa C KaMepoWl cMemmBaHUS 3, KOTopas
C OOHON CTOpPOHBI WMEET BBIXOAHON TAaTpPyOOK 4,
a C Ipyroi — KEKTOp 5 ¢ IMIIHHIPUICCKIM BBIXOTHBIM
KkaHaioM. Bepxumil (ra3zoBblif) maTpyOoK 2 COEIMHEH
C IaCCUBHBIM BCAaCBIBAIOIIKMM BXOJOM »KekTopa 5. g
MepeKaYNBAHNS CMEIINBAEMbIX KOMIIOHEHTOB YCTaHOBKA
COJIEP’KUT HACOC 6, COETMHEHHBINA C BXOJIOM 3KEKTOpa 5
U BBIXOJIHBIM MATPyOKOM 4.

[TepBoHauanpHO B Tpolecce padoTHI kuakas Qasa
HAaXOMUTCS B HIDKHEM 4YacTH €MKOCTH /, a rasoBas —
B BepxHe#. 3areM mpu paboTe Hacoca xuakas (asa mo-
JacTCs Ha aKTUBHBIN BXOJl 3KEKTOpA U, MIPOTEKas yepes
HEro, OCYIIECTBIISIET 3aXBaT T[a30BOM COCTaBJISIOLIEH.
[IpoucxonuT mepemenInBaHie KOMIIOHEHTOB M BBIOPOC
WX B KaMepy CMeInBaHUS. B TeueHmWe ompeneneHHOro
BpEMEHH OO0pa3zyeTcs OIHOPOAHAs Ta30KUIKOCTHAs
CMECh BO BCEM 00BEME CMECHUTEIIS.

O¢ddexTnBHOCTS TIEpEeMEITUBAHUSI MOXKET OBITH OIle-
HEHa [0 PABHOMEPHOCTH I'a30)KUAKOCTHON CMECH B 00b-
eMe yCTPOWCTBa, KOTOpas OIpEAessieTcsl KaKk MpOLEHT-
HOE CO/IepKaHUE KOMIIOHEHTOB B CMECH, IIPH 3TOM OHO
JIOJDKHO OBITh PaBHBIM COOTHOIICHHIO NEPBOHAYAIBHO
3anpaBlIeHHbIX B €MKOCTh JKUAKOH M Ta30BOH COCTaB-
nsrorux. Kpome Toro, adekTHBHOCTS TIepeMeIInBanus
MOXeT OBITh OLIEHEHA 10 BPEMEHH IPHUTOTOBJIEHUS CMe-
cH (IOCTIKEHUS 33JaHHOIM KOHIIEHTPAIMU B IIOJHOM
o0Beme).

Jus onpenencans 3Q(QEKTUBHOCTH TEpEMEITUBAHUS
KOMITOHEHTOB TPOBEICHO MMHUTALMOHHOE MOJIEIUPOBa-
HUE IpOoLECCOB. B KauecTBe 3KCEpUMEHTAILHON MOJe-
JIM CO31aHa O0BEMHASI MOJICTIb TIPOTOYHON YaCTH CMECH-
TeJisl, IPeICTaBlIeHHas Ha pHC. 3.

a o

Puc. 3. Moaenb IpOTOYHOH YaCTH CMECUTENS: a — MPOTOYHAs
YacTb 3KEKTOpAa U CMECUTEIIBHOIO yCTpOfICTBa; 6 — KaHaJlbl TEYEHHUS
AKTHBHOTI'O U ITACCUBHOT'O ITOTOKOB

CedeHre HIDKHETO TAaTpyOKa SIBISUIOCH BBIXO/IOM,
a CeYeHHe aKTUBHOTO YKEKTOPHOTO IMAaTPyOKa — BXOJOM.
B mporecce MoaenupoBaHHMS HCHOIB30Bajach Cepus
MTOCTIEIOBATEIbHBIX PAaCUYeTOB C MEPEMEHHBIMU Hayalb-
HBIMU YCIIOBHSIMH, M3MEHSIOIIMMUCS depe3 OmpeesieH-
HBIA HEOOJIBIIOW MPOMEXYTOK BpeMeHH (muckpera Af).
3amyck Iporecca OCYIIECTBISUICS MPH Ha3HAUYSHUU OIl-
pEleNIeHHOT0 PaBHOTO pPAacxola 4epe3 BBIXOJ M BXO[
MOJIETIN ¥ pa3ZieleHHBIX ra30BoH M kunkoi ¢as. Pacuer
OCTaHaBJIMBAJICS Yepe3 BpeMs Af, 3aTeM IPOU3BOIMIOCH
oTpejieNieHne KOHIIEHTPAIK Ha BBIXO/IE U 33/1aHKE ee Ha
Bxon Mozenu. [locime dWero pacder 3amyckajics BHOBb
MIPA HOBBIX HAYAIBHBIX YCIOBHSX. JTOT MPOILECC IPO-
OJDKAJICST IO MOMEHTa CTAaOWIM3alydy KOHICHTPAIUN
KOMIIOHEHTOB Ha BBIXO/IE.

B kadecTBe HauaJIbHBIX YCIOBHUH I IpoLecca Mo-
JeTNpPOBaHUS MPUMEHEHB! clenyromue 3HadeHus. Mc-
MoJIb3yeMasl JKUAKOCTh — ChIpas HedTh, ra3 — BO3IYX.
Pacxon Ha Bxome — 2 j/c, pacxon Ha BbIXoje — 2 Ji/c,
HayaJIbHOE COOTHOLIEHUE KOMIIOHEHTOB: T'a3/)KHKOCTh —
2/1, naBnenue B emkoctu 2 MIla. IIpu sTom B HOp-
MaJIBHBIX YCIIOBHUSX COOTHOIIEHHWE TI'a3/’HIKOCTHb CO-
craBut 40 M*/M® (Tak Ha3BIBaeMBI Ta30BBIH (akKTOp
paseH 40).

Ha puc. 4 mpeacraBieHsl OCIeI0BAaTENEHBIE KapTH-
HBI [IpoIiecca MepeMEeIMBaHus.

AHanmm3 KapTHH TIpoliecca MepeMeIInBaHusl MOKa3bl-
BaeT, YTO TIIOCJIE €ro 3aBepIIeHHs HEePaBHOMEPHOCTH
KOHILIEHTPALIMH CMECH BO BCEM 00BbEMeE NMPOTOYHON YacTh
He npeBbiIaeT 2 % OT UCXOIHOI.
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Puc. 4. Kaptuna mporiecca NepeIinBaHus: a — BHayale IPOLEcca;
0, 8, 2 — B CepeIMHe Ipoliecca; 0 — B KOHIIE polecca

Ha puc. 5 mpezacraBneHa 3aBUCHMOCTh HM3MEHEHHUS
KOHIICHTPAIUH KOMIIOHEHTOB Ha BBIXOJIC BO BPEMCHH.

Kak BumHO W3 Tpaduka, MpH 33aJaHHBIX YCIOBHUSIX
BpeMsI TIEpEMEIITUBAHUS JKUIKOCTEH U Ta3a OT pa3/ielicH-
HOTO COCTOSTHHS 10 00pa30BaHUs PAaBHOMEPHOU KOHIICH-
TpaIi CMECH BO BCEM 00BEME YCTPOWCTBA COCTABISIET
45 c.
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70
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Puc. 5. BpemenHas 3aBUCUMOCTb U3MEHEHHsI KOHLIEHTPAIHi
HedTH U Bo3IyXxa

TakuM 00pa3oM, C HCIOIB30BAaHWEM COBPEMEHHBIX
METOJIOB MaTE€MaTHYECKOTO MOAEIMPOBAHUS UCCIIEI0Ba-
Ha U pa3paboTaHa KOHCTPYKLUS Ta30KUIKOCTHOTO CMe-
CHUTeJIs; pe3yJIbTaThl UCCIECIOBAaHMS HCIOIb30BaHbl IPU
COCTaBJICHUHM METOJMKH MPOBEIEHUSI UCIIBITAHUH pacxo-
JIOMEPHBIX YCTPOHCTB.

A. N. Shelpyakov, PhD in Engineering, Kalashnikov Izhevsk State Technical University
K. A. Mikhalev, Post-graduate, Kalashnikov Izhevsk State Technical University

V. B. Kuimov, Oil and Gas Equipment LLC “Technovek”, Votkinsk
R. Z. Zakirov Oil and Gas Equipment LLC “Technovek”, Votkinsk

Investigation of Gas-Liquid Mixer

The paper presents the results of investigating the gas-liquid mixer and influence of the ejector layout on mixing parameters.

Key words: mixer, modeling, concentration, ejector.
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OIIPEJEJIEHUE JOITYCTUMBIX 3HAUYEHUI PAJINYCA TEJIA KAYEHUSA
ITPH TIPOEKTHPOBAHUH NEPEJAYH C IIPOMEXKYTOYHBIMH
TEJAMM KAYEHHUSI 1 CBOBOJTHOM OBOMMON *

Buisedeno svipadicenue 05 onpedenenus OONYCMUMbIX 3HAYEHUI paouyca meia KaveHus no yciosusam coceocmea u coopku. Bummonnen ananus
UBMEHeHUs OUANA30HA OONYCMUMbIX 3HAYEeHUl OM UCXOOHbIX napamempog nepedauu ¢ IITK u ceo600nou oboiimou. Ha ocnosanuu ananusa noo-
MBEPIHCOCHO USMEHEHUe PAOUyCa meid KaueHus U e20 OUAna3oHa 6 60ibuiell CImeneHu om SKCYESHMPUCUMemd, Yem On Yucid mei KaueHus.

KiroueBbie ciioBa: pagnyc Te€jia Ka4€HUs, JOIyCTUMBIC 3HAUCHUA, MEXaHUYICCKas epeaaya.

a CeTONHAIIHWN IEeHb Hambollee MEepCHEeKTHB-
HBIMHA MEXaHUIECKUMH TIepeadaMi ABIKCHUS
W MOITHOCTH, OJaromaps BBEICOKAM TEXHHYE-
CKHUM XapaKTepUCTHKaM, SBIAIOTCS Iepeladyd ¢ IMpoMe-
xyrounsiMu Tenamu kaueHus (I1TK). [lannbni Bun me-
penad obecrneyrBaeT KOMIUIEKC TAKHX XapaKTCPUCTHK,
KaK BBICOKas TOYHOCTb, HAJIC)KHOCTb, KOMIIAKTHOCTb,
CIOCOOHOCTh TIEpE/IaBaTh BBICOKHE KPYTSIIHE MOMECH-
ThI [1]. VI3 mamHOTO BMAa meperad HawOoJee IMOIHO

obecrieunBaeT TpeOyeMble UII COBPEMEHHOTO MAIlliHO-
cTpoeHus xapakrepuctuku nepenada ¢ [ITK u cBobox-
HOM 000iiMoit (puc. 1).

HcxogupMu mapaMeTpaMH MpU  NIPOEKTHPOBAHUU
nepenauu ¢ [1TK u cBoGoaHOM 060iiMoi siBIsiIOTCS [2]:
7, — paguyc MPOM3BOJAIIEH OKPYKHOCTH; 7, — PaIHyc
MPOMEXYTOYHBIX TEJl Ka4eHUs; Z, — YUCIO NPOMEXKY-
TOYHBIX TEJ KaueHHsT; Y — KOI(Q(PHUINESHT CMEIEHHSI.

© EdpemenkoB E. A., 2013
[omygeno 01.08.13
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Pabora BeImomHeHa mpu (UHAHCOBOW mMmoaaepkke MuHHcTepcTBa 0oOpa3oBanus W Hayku Poccuiickoit ®enepammu (I'K

Ne 14.B37.21.1143 ot 14.09.2012).
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Puc. 1. IlpuHnunuansHas cxeMa nepeaadyu
C IPOMEXXYTOYHBIMH TEJIaMH KaueHUs 1 CBOOOIHOIT 06oiiMoit

OTH mapaMeTphl Ha3HAYAIOTCSl HE3aBUCHMO JIPYT OT
Jpyra, HO NpPH NPOEKTUPOBAaHHU IepeJayll BO3MOXKHA
cuTyays, koraa (Ipy HE3aBUCHMO 3afaHHbIX 4 mapa-
MeTpax) BO3HHMKaeT HaJoXeHHe mnpoduiel Koiec
(puc. 2, a) WM HAJIOXKEHNE TeJI KaueHHs APYT Ha Jpyra
(puc. 2, 6). B aTux ciyyasx mepemada CTaHOBUTCS He
paboTtocniocoOHOM. HeTpyaHO 3aMeTHTh, UTO B OIHCAH-
HBIX CHTYalWsX TJIABHYIO POIb UTPAET paimyc Teia Ka-
YEHHUS 7, T. €. HAJIOKEHHE TeJl KaYeHHs] BO3HUKAET U3-3a
Ype3MEpPHOTO YBENIWYCHUS UX pajmyca, a MHTepepeH-
ust IpoQuiiel — NPy 3HAYUTEFHOM YMEHBILIEHUH 3TOTO
napaMeTpa. B cBs3u ¢ 3THM ompenereHne JAO0MyCTHMBIX
3HAa4YeHUH pajuyca Tella KadeHHs Ha CTaJuU MPOEKTHPO-
Banus nepenayn ¢ [ITK u cBobGoaHOM 0Ooiimol sBIsIET-
Csl aKTyaJIbHOM.

Puc. 2. Bapuantsl HapyleHUs: pabOTOCIIOCOOHOCTH Tepeiadn
¢ IITK u cBoOGoaHON 00OMMOM: a — HanoxkeHue Npoduieh; 6 —
HaJIO)KEHHE TeJl KaueHUH

Llenpto pabOTHI SABISIETCS ONpEAEICHHE BBIPAKEHUS
JUISl JIMara3oHa JIONMyCTHUMBIX 3HAYEHUH pajuyca Tela
Ka4deHUs] W aHAIM3 3aBHCHMOCTH 3TOTO JHana3oHa OT
ncxoaHeIx nmapamerpos nepenauu ¢ IITK u cBobomHOM
000HMO11.

OmnpenenuM TpaHUIB! TUaNa3oHa JOMYCTHMBIX 3HA-
YEHUH paJuyca 7.

s ompeneneHusi MakCHUMallbHO JOIIYCTHMOTO 3Ha-
YeHHUs Pajuyca Tejla KaueHus 1y, PACCMOTPHM PAaCYETHYIO
cxemy (puc. 3). U3 cxembl BUAHO, YTO YBEJIMYECHHUE pPa-
JMyca 7, ONPEJEAeTCs HAMMEHBIIUM PAacCTOSHUEM Me-
KAy LEHTpaMH Tell KaueHMs, pacloyIOKeHHBIMH Ha pa-
JYCE Fe.

Hanee u Bupens OyneM ONIpenensiTh HEHAJIOXKEHHUE
TEJl KadeHUs] KaK YCJIOBHE COCEJCTBA TNl KaYCHUS WU
IIPOCTO yCJIOBHE COCEICTBA.

Jns onpeneneHusl HANMEHBIIIETO PACCTOSHUSI MEXKTY
LEHTPaMH TeJl KaueHHsI MOCTPOMM W PacCMOTPUM Tpe-
yroneHUK DOE, 0CHOBaHWE KOTOPOTO SIBIISETCS XOPIOU
OKPYXHOCTH 7, U OIpEAEIsIeT HaIWIHe MaKCUMAaJIbHO

JIOTTyCTAMOTO TIPOCTPAHCTBA MEXKIy LIEHTpaMH Tel Ka-
YEHUS PU ONPEACICHHOM YHUCIIE TEN KaueHus Z,. Toraa,
OUYEBUHO, PACCTOSIHHE MEXIY LEHTPaAMH COCETHHX Tell
Ka4yeHHs JOJDKHO OBITH OOJIBINIE TUAMETpa Tela KaueHUs
d = 2r., 4TOOBI O0EcHeYrBaiCs 3a30p MEXIYy HHMH,
a ClleIoBaTeNIbHO, 00ECIICUUTh YCIIOBHE COCECTRA.

Puc. 3. PacueTnas cxema K OIPEACIICHUIO YCIIOBUS COCEACTBA

Takum 00pa3zoM, orpaHUYEHHE MAKCHMAaJIbHOTO 3HAa-
YeHHs paauyca Tela KaueHHs (YCIOBHE COCEICTBa) 3a-
MIUCBHIBAETCA CIIEIYIOUIUM BBIPA)KEHUEM:

DE
r, < - (1)

Bennuuna xopasl DE onpenensercss U3 TpeyrojbHU-
ka DOE (puc. 3) uepe3 paauyc (OD) pacmoioxeHus
LEHTPOB TEJl KAueHUs, U Yol HX DPacIpeleNiCHUusl 10
OKPY>KHOCTH LIEHTPOB

DE:OD-sin%.

Torma, BbIpa3suB uepe3 OCTABIIMECS TPH HCXOHBIX
napameTpa nepenaun ¢ IITK u cBOOOMHON 000WMOIA,
ycioBHe cocezcta (1) 3amumieM B CIeAyIONEM BHIE:

o]

1, <y -sin

)

2

3a nonoBuHy 000pPOTa BXOJHOI'O 3BE€HA Mepeadn Te-
JIO Ka4yeHus MepeMentaeTcs U3 HeHTpa BIaJAuHbI Ipodu-
JIs1 Ha IEHTP BBICTYNA Npoduiis, T. €. HEeHTp Tela Kade-
HUS TIPOXOIHT ITyTh, PABHBIA MOJHOMY SKCIEHTPUCHTE-
Ty mepenadn [2]. Takum oOpa3oM, ecim paimyc Tena
KaueHHsl OyleT MEHbLIe SKCIEHTPUCHTETa Iepenadd e,
TO BO3HHUKHET HaJlokeHHe npoduieil mpu cOopke, He-
CMOTpS Ha TO, YTO BHYTPEHHEE KOJECO MOXKET IPOXO-
IUTh BHYTPH HApyXHOTO, He Kacaich mpodmisiMu, Oe3
TeJ KaueHHsI.

Hanee u Bmpenab OyneM ONpeAessTh HAJIOKEHHE
npo¢unel NIUKIOUAAIBHBIX KOJIeC KaK YCIOBHE COOPKH.

Torma orpaHnveHre MHUHMMAJIBHOTO 3HA4YeHUS pa-
Jyca Tena KaueHus (ycioBue cOOpKN) 3aluiieM Kak

r>e,

1, BbIpa3uB 4€PE3 UCXOAHBIC MApaMETPhI, MOJYYHUM:

r> ? 3)
2

O6venuauB BeIpakeHUs (2) u (3), MOIXyInM BEIpa-
KEHHE JUIS ONpeNeNICHUs Aualia3oHa JOMYCTUMBIX 3Ha-
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YeHWI pamuyca Tel KadeHHs, 00ecIeUMBAONINX YCIIO-
BHE COCE/ICTBA U yCIOBUE COOPKH:

7 . [ 180°
Z—2<rp<rz~x-sm( > ] 4

2 2

Ha ocHOBe momy4eHHOrO BBIpaKeHHs (4) TpoBemeM
AHAIU3 M3MEHEHHS JIOMYCTUMBIX 3HAUEHUH pajuyca 7, A7
00OCHOBaHHOTO BBIOOpA MCXOIHBIX MTAPAMETPOB TPH MIPO-
extupoBannn nepenaun ¢ IITK u cBobomHO# 000iMOiH.

[Ipu poeKTHPOBaHNH peabHBIX MEPEeaaTOUYHBIX Me-
xaHm3MOB Ha 6a3e nmepexaun ¢ IITK u cBobomHON 000ii-
MOH 4acTO BBITOJHEE, C KOHCTPYKTOPCKOM TOUYKH 3pe-
HUS, ONPEAETTh YHUCIO TeN KaueHWs Z, W BEIMYHHY

JKCLEHTPHUCUTETA € :r—z, a He paauyc MPOU3BOAALIEH
2

OKpYXHOCTH 7. C 3TOH TOYKH 3peHHs BbIpaxxeHue (4)

JUIsL TMana3oHa JOITyCTUMBIX 3HAYE€HHUHI paauyca 7, MOX-

HO IepenucaTh CIeIyONHM 00pa3oM:

(e}
e<rp<e~Z2~X-sin[1;0 j ®)
2

Kak BunHO U3 BeIpakeHus (5), Ha paanyc Tela Kade-
Hus nepenaun ¢ IITK u cBoGomHo#t 000¥MO# 3HAYM-
TEJIbHOE BIIMSIHUE OKa3bIBAET AKCIEHTPHUCHUTET MEpEaadH.
PaccMoTpuM HM3MeHEHHWE IOIMyCTUMOro Juara3oHa 3Ha-
YyeHui paguyca Tena kadeHus (Tadi. 1) oT sKkcieHTpucH-
teta nepenaun ¢ [ITK u cBoOomHON 000HMOM, JaHHBIC
TaOIMIIBI IPEICTaBUM B BHJIE rpaduka (puc. 4).

N3meHsist BMecTe ¢ 9KCIIEHTPHUCUTETOM YHCIIO TeJT Ka-
YEeHUs,, TONyYUM CIEAYIONINE 3HAYCHUS IapaMeTpoB
(tabn. 2 u 3), wumocTpupyemsbie rpadukamu (puc. 5).

U3 rpadukoB Ha puc. 4 u 5, a BUJHO, YTO yBeJHue-
HHUE YUCJIa TeJI KaUeHUs NPH OJHOBPEMEHHOM yBeIHUe-
HUH SKCLIEHTPUCHUTETA HE BIIMSIET HA U3MEHEHUE AHara-
30Ha JOMYCTUMBIX 3HAYEHUH paguyca Tel KadyeHUs.
YMeHblIeHHE YKcia Tell KauyeHHWs C OJHOBPEMEHHBIM
YBEJIMYEHNUEM DSKCIEHTPUCHTETa NPUBOIUT K IOCTe-
NICHHOMY YMEHBIICHUIO IHala30Ha JIOMyCTUMBIX 3Ha-
YEeHUH pajauyca rp, a IPH JOCTHXXECHUM Z, 3HAYEHHS 3
(Tabm. 3) — K pe3KOMy COKpAIlEeHUIO AuanasoHa Ar,
(puc. 5, 0).

PaccMoTpruM yBenW4eHHE SKCIEHTPUCHTETA e TIpH
MIOCTOSTHHOM YHCJIE T€J KadeHUs Z;, ¢ OJHOBPEMEHHBIM
u3MeHeHneM Kod(duleHTa CMENeHus j — yBEeJIHYCHH-
eM (Tabm. 4) u ymenblieHueM (Tabi. 5).

Jlst HarISIqHOCTH TIPEACTaBMM JaHHBIE TaONMI] Ha
rpadukax (puc. 6).

U3 rpadukoB Ha puc. 6 BUIHO, YTO U3MEHEHHUE JHa-
na3oHa Ar, HENUHEWHO B CPAaBHEHUM C NPEABIAYIIUMU
ciygasiMu. Ilpn OmZHOBpEeMEHHOM YBENMYEHHH € W
MIPOMICXOANT HENMHEHHOE BO3pacTaHWE IWana3oHa J0-
ITyCTUMBIX 3HAYEHUM pajuyca rp, HO QMama3oH Ar, CTa-
HOBHTCA B 2-2,5 pa3a MEHbIIIE IO CPABHEHHIO C U3MEHE-
HUEM 4YucCla Tel KadeHus Z,. llpu yBenuueHuun e
U yMEHBLICHUH ¥, Iana3oH Az, eme 0oJblIe COKpalia-
eTcsl U HabmogaeTcs dKCTpeMyM (puc. 6, 6). ITOT 3KC-
TPEMYM COOTBETCTBYET YpPaBHOBEIIMBAHHIO yMEHbIIIE-
HUS ) YBEITMUCHUEM e.

Tabnuya 1. JInana3on 3HAYEHUI pajauyca ry B 3aBUCUMOCTH OT H3MEHEHHs JKCHEHTPHCUTETA e

Tlapametp 3HaueHue
e, MM 0,25 | 0,50 | 1,00 | 1,50 | 2,00 | 2,50 3,00 3,50 4,00 4,50 5,00 5,50 6,00
Arp, MM 0,80 | 1,70 | 3,40 | 5,10 | 6,80 | 8,50 10,10 11,80 13,50 15,20 16,90 18,60 | 20,30
Z, 20 20 20 20 20 20 20 20 20 20 20 20 20
Arp, MM
25
; /
15
10
5
0,5 1 1,5 2 25 335 4 45 5 5,5 6 e, MM
Puc. 4. I'paduk 3aBUCUMOCTH BEITHYUHBI (A7, = Fymax — 'pmin) AMANA30HA JOIYCTUMBIX 3HAYECHUH
panuyca Tena KadeHwus oT SKkcueHTpucurera nepenaun ¢ [ITK u cBoboanol 060iMoit
Tabnuya 2. JInana3on 3HAYEeHHI paguyca r, B 3aBHCHMOCTH OT H3MEHEHUSs1 e U Z, (YBeJaudenne)
Ilapametp 3HadeHne
e, MM 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5 6,0
Z, 2,0 3.0 4,0 5,0 6 7 8 9 10 11 12 13
Arp, MM 0,9 2,6 4,4 6,2 8,0 9,8 11,5 13,2 15,0 16,7 18,4 20,1
Tabruya 3. JInana3on 3HAYEHUH pajauyca 1y B 3aBHCUMOCTH OT H3MeHEHHs! ¢ U Z, (yMeHbLIeHHe)
[Tapamerp 3HaueHue
e, MM 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00 4,50 5,00 5,50 6,00
Z, 13 12 11 10 9 8 7 6 5 4 3 2
Arp, MM 1,7 3,3 5,0 6,7 8,3 9,9 11,4 12,8 14,0 14,8 14,5 10,8
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Ar » MM

25
20
15

10

o5 1 2 3 4 5 6 e mm

Arp, MM
16
14
12

(=3 e

0,5 1 2 3 4 5 6 e, MM
6

Puc. 5. T'paQuxu 3aBUCUMOCTH BEJIUYUHBI A7, JHana3’oHa JOMYCTUMBIX 3HAYEHUH pajdyca Tella Ka4eHHs OT DKCLIEHTPHUCHTETA
¥ uncna ten kadenus nepenaur ¢ [ITK u cBoO6oaHON 000HMOIL: @ — 3KCUEHTPUCUTET M 9KCIIO TEN KAUEHHs YBEINIMBAIOTCS; 6 — IKCIEHTPH-
CHTET YBEIMYMBAETCSA, & YUCIIO TeJl KAUEHUs yMEHBLIAETCS

Tabauya 4. lnana3oH 3HAYEHMI paauyca rp, B 3aBUCHMOCTH OT H3MeHeHHs e 1 Y, (yBeJuieHHue)

[Tapamerp 3HaueHue

e, MM 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00 4,50 5,00 5,50 6,00
X 1,3 1,33 1,36 1,4 1,43 1,46 1,49 1,52 1,55 1,59 1,62 1,65
Ary,, MM 0,1 0,3 0,6 1 1,5 2,1 2,8 3,5 4,3 5,2 6,1 7,1

Tabnuya 5. /lnana3on 3Ha4eHHii paguyca ¥, B 3aBHCHMOCTH OT H3MEHEHHs1 ¢ H ) (YMeHbIIeHMe)

ITapamerp 3HayeHHe

e, MM 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00 4,50 5,00 5,50 6,00
X 1,65 1,62 1,59 1,55 1,52 1,49 1,46 1,43 1,40 1,36 1,33 1,30
Ary, MM 0,60 1,10 1,60 1,90 2,20 2,40 2,47 2,46 2,30 2,10 1,70 1,20

Arp, MM

S = D W kA L N 0 0

0,5 1 1,5 2 2,5 3 35 4 4,5 5 5,5 6 e, MM

Puc. 6. T'paduku 3aBUCUMOCTH BEIMYUHBI A7, AMANa30Ha JOIYCTHMbIX 3HAYECHMH pajuyca Tejla KauyeHUs OT 3KCLEHTPUCHTETA €

" ko3 punuenra cmenienus y, nepeaaun ¢ [ITK u cBo6ogHON 000UMOM: a — e n  yBenMYMBAIOTCS; 6 — ¢ YBENMIMBAETCS, a Kodhduiment
X, YMEHBIIAETCS
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Ar » MM

2,5

1,5

0,5

35 4 4,5 5 5,5 6 e, MM

Puc. 6 (oxonuanue). I'padyku 3aBUCUMOCTHU BEIMYUHBI A7, AUaNa3oHa JOIyCTUMbIX 3HAYEHUH paJuyca Tela KauyeHUs OT SKCLEH-
TpucuTeTa e U koddduimenrta cMemenus x nepenadu ¢ I[ITK u cBoboaHONH 000MMOM: @ — e 1 j yBeIMUUBAIOTCS; 6 — € yBEIMIUBAETCs,

a K09 (QULIUEHT ¥ yMeHbIIaeTcs

Boobmie moboe yBennmueHHe MapamMeTpoB Iepenadn
cIITK u cBoGomHON 000iiMOII BeAeT K yBETUUYECHHUIO
rabapuTHBIX pa3MEpoB caMoil mepegaud M BCETO MeXa-
HU3Ma B nenoM. Ho ObIBaroT cuTyanuu, Korja KOHTPO-
JMpyeMOe peryJnpoBaHue rabapuTHBIX pa3MepoB Iepe-
Jlauu HeoOX0MMO, HarlpuMep, TIpH 0A00pe OIop Kade-
Hus. Torma Juis 3aMeTHOTO YBENWYEHHs TIadaphTOB
JleTaneil Tepenadd MOXKHO H3MEHSTHh (YBEINYMBATh)
SKCIEHTPHUCHUTET e, a JJIsl KTOYHON MOATOHKM» — BapbH-
poBaTh K03 PHUINEHT CMEIIEHHUS .

V3meHeHne KoaMdyecTBa TNl KaueHHs Ha Pagnyc Tela
Ka4yeHHs BIISHUS HE OKa3bIBACT, a BJIMSET TOJHKO Ha
nepengarogHoe uncio. Ocoboe BIUSHHUE IKCIEHTPUCHUTE-
Ta Mepefady Ha paguyc Tella KauyeHUs] OTMEYanoch eIle
B pabotax npogeccopa bensera A. E. [3] st nepenauun
¢ IITK (BMIIT).

Takum 00pa3oM, MOJIydyeHO BBIpAXKEHHE JJISI OTpe-
JICJIEHUsI TOTTyCTUMBIX 3HAYSHUH pajnyca Tesa KaueHus
IO YCIIOBHSIM COCEJCTBa M cOOpkH. Takxke Ha OCHOBa-
HUU aHaNKu3a MOATBEPKAeHO, yTo Ay nepenauu ¢ [ITK
u cBoOOHOM 0OoiMoOH, kak u anst BMIIT, paguyc Tena

KadeHWs W JUara3oH ero M3MEHEHHs B OosbmIel cre-
MICHU 3aBHCAT OT SKCLEHTPUCHUTETA, YEM OT YHCIA Tell
kaueHus. Ilokasana HenmHelHas 3aBHCHMOCTb JHala-
30Ha JONYCTUMBIX 3Ha4€HUH paguyca r, OT Kodbduuu-
eHTa cmemieHus . IlosydeHHble pe3ynbTaThl MOTYT
OBITh HCIIOJIB30BaHBI IMPH IMOAOOpPE HCXOIHBIX TMapa-
MeTpoB U npoektupoBanuu nepepauu ¢ IITK u cBo-
6oxHOI 000¥MOM I TIepeaTOYHBIX MEXaHU3MOB Ha
€€ OCHOBE.
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E. A. Efremenkov, PhD in Engineering, Tomsk National Research Polytechnic University

Determining the Allowable Range of Rolling Body Radius in Design of Transmission with Intermediate Rolling Bodies and

Free Iron Ring

The equation was obtained to determine the allowable range of rolling body radius with account of adjacency and assembly. The paper pre-
sents the analysis of changing the allowable range according to initial parameters of a transmission with intermediate rolling bodies and free iron
ring. On the base of this analysis the variation of the rolling body radius and its range is confirmed to be dependent on the eccentricity rather than

the number of rolling bodies.

Key words: radius of rolling body, allowable values, mechanical transmission.
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TFEOMETPUSA HETPAAJUIIMOHHOTI'O BHYTPEHHEI'O 3ALEIIVIEHUSA
KOJIEC INTAHETAPHOMU IIEPEJIAYU TUIIA K-H-V

IIpeonooiceno 3ayenienue ¢ usMeHAIOWeENCA GbICOMOl 3y0bes Koec, npugedenvl ypasHenus 0 onpeoeieHus 2ayounbl ux 3axo0d u pe3yibmu-
pyioujezo Ko3ghuyuenma nepekpoimus, a maxice epaguyecKue 3a6UCUMOCU SMUX NoKazameneti Om Yucia 3y0bee cameiuma u pasHuybl Yucesn

3y6bes cameniuma u Koneca nianemaphoil nepeoayu muna K-H-V.

Ki1ioueBble ciioBa: mianeTapHsie nepenaun, K-H-V, reoMeTpus, HETPaAUIIMOHHOE 3aleTICHHE.

JIaHeTapHble MepeAadn C OJHUM BHYTPEHHHM

3alleTUIeHNEM caTeJuITa W Majlol pasHHLeH

gucen 3yOseB konec (mepemaunm tuma K-H-V
o knaccudukanuu npod. B. H. Kynpssuesa) BeirogHo
OTIIMYAIOTCS OT MHOTUX JPYTUX THUIOB 3y0UaTHIX MeXa-
HU3MOB XOPOIIUMH MacCOTa0apUTHBIMH MTOKa3aTeIIMH,
MaJbIMH TOTEPSMH MOITHOCTH HA TPEHHE, OOJBIINM
HepeaTOYHbIM OTHOIIEHHEM B OJTHOM CTYIEHH, BBICO-
KON Harpy3o4Hoil crocoOHocThi0 [1]. OcobeHHO 3¢-
(DEeKTHBHBI TaKUe MepeAay C POJUKOBBIM MEXaHH3MOM
CHATHSI MBWKCHUS ¢ catemutoB (puc. 1) [2]. OmgHako

JUTSL TIPEIOTBPAIICHUST 3aKIIMHUBAHUS TEpelayn H3-3a
UHTep(EpEeHIH MPOAOIBPHON KPOMKH BHEIIHEro 3y0a
C TJIaBHOW TOBEPXHOCTHIO BHYTPEHHETO 3allCILICHHS
MpUHUMAeTCs OOJNBIIOW Yroj 3alelUIeHUs KoJieca
(o, = 40° mpu pasHune umcen 3yoseB Az < 3), a ry-
OmHa 3axo/a 3yObeB OINpeAensIeTcs UCXOIs u3 obece-
YeHHs MHHUMAJIbHO HeoOxoaumoro Koddduunenta
nepekpsitus (¢ = 1,05) [3]. Ilocnegaee 0OCTOSITENBCT-
BO NMPHUBOJUT K CHWKCHHUIO ILUIAaBHOCTH pabOTHI Mexa-
HU3Ma, OCOOCHHO TNpPH HEOOJIBIIOM MOMEHTE Ha BbI-

XOJIHOM BaJy.
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Puc. 1. Ilnanerapnas nepenaua tuna K-H-V (nar. 2445529 Pd: MIIK F16H1/32)

Jnst yctpaHeHUs yKa3aHHOTO HEAOCTaTKa IUIaHeTap-
HOHN mepenauu tuna K-H-V aBTopamu CTaTbu NpEAJIO-
KEHO BBIIOIHATH 3yObsl 3aLCTUIIOIINXCS KOJIEC pa3HBI-
MU TI0 BBICOTE B PAa3HBIX MOIMEPEYHBIX CEUEHMX (pucC. 2).
3T0 MO3BOIUT MPH MaJIoN TITyOHHE 3ax0/a 3yOseB KoJieC
B OTJACNBHBIX MX CEYCHUSX h,, 00ECMEUNTh MaKCHMAb-
HYIO ITyOMHY 3axo/ia 3yObeB B 1eioM H,, 1 MaKCHMallb-
HBIN pe3ybTUPYIONINI KO3 OUIIMEHT NepeKPBITHS Es.

Paguycel okpyXHOCTell BepmMH 3yObeB KoJiec
U TOPIIOBas TITyOWHa 3axoja A, h,, ONPEISISIOTCS U3
ycnoBus obecrieueHust Kodddummenta mepeKphITHs
€= 1,05 (puc. 3):

—_ — 2 — 2 1 —
L=enmcoso = /(7 )in — T +a,sin0,

2 2 2 2
- \/(rab )min - r}zb = \/(’/Zzg )max - ’?)g +

. | 2 2
+ aw sSin aw - (rab )max - rbb s (1)

TJIe 71 — MOJYJIb 3yObeB; O — YroJl PO HCXOIHOTO
KOHTYpA; 0, — YIoJ 3allelUICHUS; d,, — MEXKOCEBOe pac-
CTOSIHHE; Fpp U Fpe — PATUYCHl OCHOBHBIX OKPY)KHOCTEH
Kojieca b M CaTeNInTa g; ¥y U Vyg — PAJUYCHI BEPIIUH HX
3yObeB.

© IInexanos @. U., Monakos A. B., 2013
ITonyueno 19.08.13
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(rag)min
(rab)max
(rab)min

ag)max

Puc. 2. HerpaaunioHHOe BHYTpEHHEE 3alleIICHUE
KOJIEC MJIaHETapHOM Nepenadn

Puc. 3. Cxema 3anemieHus konec nepegayn tuna K-H-V

Bxonsmue B 310 YpaBHCHUC paanyChbl BBIPAXKAIOTCA
qgepe3 napaMeTphl nepeaayu U CTAHOYHOT'O 3allCTIICHUA:

") i I(O,SZg —1,25+xg)m+aw +c; )

(rab )max =

2
2
- 2 2 ; .
=% +( (rag) o et smocw—nscosocJ ; (3)

(rag )min =

2
- 2 2 2 ; .
—\/”bg +( (rp) .. =1 —a, smocw+nscosa) ; (4)

(rag )max = (xo + 05 SZO + 1, 25)m —

Z,—Z )JmCoSQ
—a —C2+%.

w

2 (5)
cosa.,,

30eck z,, 2p, Z, — YNCIA 3yObEB CaTelIMTa, Kojeca
U 107051Ka, KOTOPEIM Hape3aeTcs KOJeco; X, U X, — KO-
3¢ GUIMEHTHI CMEIICHUST UCXOHOTO KOHTYpa CaTeIUIUTa
U JonbsKa; c,,c,— paguanbHble 3a30pbl B 3alEIUICHUU
koxec (¢ >0,25m); o, — yroJ CTAHOYHOTO 3aIleTICHNUS,
OTIpeIeIsIeMbIii TT0 00IIEN3BECTHON 3aBUCHMOCTH

xb - 'xa

mva,, =inva+2——=>tga,
Zb - Zo

rae x, — KO3(Q(QUIMEHT CMEIIEHUS UCXOMHOTO KOHTypa
KoJeca.

VuuThIBasg, YTO BBICOTAa 3yObeB KoOJieC, Hape3aeMbIX
CTaHJApTHBIM HHCTPYMEHTOM, HE MpeBbILaeT 2,25m,
YKa3aHHBIC PaJHyChl BEpPIIMH JOJDKHBI YJOBJIETBOPSTH
CIEYIOLINM PABEHCTBAM:

(z,—z,)mcosa.

(x, +0,5z, +1,25)m + (7 )min <2,25m,

2cosa,,
(7 D — (%, 0,52, =1,25)m < 2,25m.

[MoncranoBka BeipaxkeHuid (2)—(5) B ypasuenue (1)
MI03BOJISIET HAWTH pafiyChl OKPY>KHOCTEH BEpIINH 3yOb-
eB kousiec. Torzma TopuoBas M moyiHas TITyOMHBI 3aX0/1a,
COOTBETCTBEHHO, PAaBHBI:

hwl = (rag )min + aw - (rab )min; (6)
hw2 = (rag )max + aw - (rab )max 5 (7)
Hw = (rag )max + aw - (rub )min ° (8)

B Tabn. 1-3 mpuBemeHB 3aBHCHMOCTH yKa3aHHBIX
MIapaMeTPOB OT YHCIIa 3yObEB CaTeIUIUTA P Pa3HBIX 3Ha-
YeHusX Az = zj, — z,, TIOJy4eHHBIE TI0 YpaBHEHUAM (6-8).
VIl 3anemieHuss ONpenessuINCh HUCXOAS M3 YCIOBHS
orcyTcTBUSL mMHTephepeHn npoduneii 3yopeB (mpu
Az=1 a,, = 59°, ipu Az = 2 a,, = 48°, mpu Az = 3
o, = 42°).

B cooTBeTcTBHU C 3TUM pe3yIbTHPYIOMUi K03 hu-
LIUEHT MEPEKPBITUSA

1

g, =——X
TM COS oL

2 2 . 2 2
X( (rag )max - r})g + aw sm (X’w - (rab)min - rbb ) (9)

Ha puc. 4 moxasaHa 3aBUCHMOCTb €5 OT Zg U Az.

3HauyeHus napameTpoB f,, h , ¥ IOKa3aTens Kade-
CTBa &;, IpHUBeleHHbIE B Tabn1. 1-3 u Ha puc. 4, coor-
BETCTBYIOT KOJIECaM, HApe3aHHbIM CTaHAAPTHBIM HMHCT-
pyMeHTOM IIpu Zz, —z, =21 (U1 TIpeAOTBpalLEHU

nHTepPEepeHIIMN B CTAHOYHOM 3alleTUIEHUH) W MAaKCH-
MaJlbHO BO3MOXKHOH BBICOTE 3yObEeB CaTE/UIUTa U IICH-
TPaJIbHOTO KOJIeca IIaHEeTapHOH repeiaun.

Tabnuya 1. Tnyouna 3axona 3y0bes koiec h,,,

Zy

Az 50 60 70 80 90 100

1 1,3 1,3 1,3 1,29 1,29 1,29

2 1,23 1,23 1,23 1,23 1,23 1,23

3 1,18 1,19 1,19 1,19 1,20 1,20

Tabnuya 2. TnyouHa 3axona 3y0beB Kojec h,,

zZ
50 60 70 80 90 100

1 1,38 1,36 1,35 1,34 1,33 1,33

1,34 1,32 1,31 1,30 1,29 1,29

3 1,31 1,29 1,28 1,27 1,27 1,26
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Tabauya 3. CymmapHas riryouHa 3axoja 3y0beB koaec H,,

Zg

Az

50 60 70 80 90 100

1 | 1,69 | 1,66 | 1,65 | 1,64 | 1,63 | 1,62

2 1,79 1,77 1,76 1,75 1,74 1,74

3 1,84 1,83 1,82 1,81 1,80 1,80

&y Az=3
1,6
Az=2
1,5
14
| Az=1
1,3

50 60 70 80 90 z

g

Puc. 4. 3aBUCUMOCTbD pe3yJIbTHPYIONIEro KO3 dHLIrueHTa
MEPEKPBITUS OT Az ¥ uncia 3yObeB caTeIuTa

Takum 00pa3oM, BHIITOTHEHHE 3yOhEB KOJIEC TUTaHE-
tapHoi mnepenaun tuna K-H-V pasHbiMM 10 BbICOTE
B Pa3HBIX MX HOIEPEUHBIX CCUCHUAX MO3BOJIAET CYIIECT-
BEHHO MOBBICUTH KOI(GGHULIUEHT MEPEKPhITUS 3allerie-
HUsL M IUIABHOCTh PabOTHI MEXaHWU3Ma, HE HapyIas
YCIOBUSL OTCYTCTBUSI MHTep(EpeHLIUH MPOIOIEHON
KPOMKH BHEIIIHETO 3y0a C IJIaBHOM ITOBEPXHOCTHIO BHYT-
PEHHEro.
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ROBOT ARM CONTROL BASED ON INS

WITH THE SUPPORT OF SIMULATION IN MATLAB / SIMULINK

This paper describes the activity system and the importance of INS with the possibility of implementation to the robot control. The contribution
also introduces the execution of DC motor regulation utilized for the positioning of a rotary positioned arm. The motor control comprises the cur-
rent regulation, angular velocity and the rotation of the motor shaft fixed to the arm regarding the required angular change course of the arm rota-
tion. The regulation structure of the DC motor is carried out in MATLAB/Simulink program. The arm movement is investigated via the mathemati-

cal model and virtual dynamic model formed in MSC.ADAMS program.

Key words: INS, gyroscope, accelerometer, dynamic model, PID controller, MATLAB/Simulink.

he integration of navigational information repre-
sents the actual issue of reaching higher accu-
racy of required navigational parameters by us-
ing more, less accurate navigation systems. The inertial
navigation is the navigation based on uninterrupted
evaluating of the position of a navigated object with util-
izing the sensors which are sensitive to motion, i.e. gyro-
scopes and accelerometers, which are regarded as pri-

mary inertial sensors or other sensors located on the
navigated object. The position, orientation, direction and
velocity of motion without external sources of informa-
tion about the motion are constantly determined by
means of the navigation computer and data from sensors.
The actual position of the object is evaluated on the basis
of knowledge of the initial position and subsequent con-
tinual measuring the acceleration and direction of motion
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in a reference system.. The principle of inertial naviga-
tion obeys the laws of classical mechanics defined by
Newton. The INS includes at least one navigation com-
puter and a platform or a module containing accelerome-
ters and gyroscopes. From the constructional point of
view inertial navigation systems are divided into plat-
form so-called gimballed systems and non-platform so-
called strapdown systems. In the platform system inertial
sensors are attached to the platform which is installed in
a gimbals suspension with three degrees of freedom with
the aim of remaining the constant space orientation in
defined directions (north — south, east — west and verti-
cally on performing the gravitational attraction), while
the gimbals suspension is firmly connected to the con-
struction of the navigated object. The moving mechani-
cal parts of the systems cause relatively low reliability
towards the non-platform systems. The inertial sensors
of non-platform systems are firmly connected to the con-
struction of the object (usually in the centre), for whose
navigation they are determined. Both types of the inertial
navigation systems consist of an inertial measurement
unit and a navigation computer.

The aim of the research is to investigate and develop
anew combined inertial navigation system based on elec-
tronic gyroscopes, magnetic and barometric sensors. The
mentioned system will ensure the accuracy which is nec-
essary for example for the calibration of robotic work-
places and thereby the necessities of utilizing the calibra-
tion agents will be limited. A big advantage of the INS is
also its autonomy in comparison with methods used
nowadays. This leads to the essential simplification of
calibration and it even carries big possibilities with it in
the field of control and measuring, for example, avoiding
the accidental collisions of robots etc. To solve a problem
of ensuring the required accuracy is a basic problem. The
integration of more measuring devices (INS) is one of the
possibilities [11]. The integration of navigation informa-
tion represents the topical issue of achieving greater accu-
racy of required navigation parameters. The crucial activ-
ity is focused on three basic fields:

— The first goal is to analyze accelerometer and gyro-
scopic sensors and their possibilities of utilization for
inertial navigation. The simulation of the effect of sen-
sors with different metrological parameters and their
effect on the properties of the proposed combined navi-
gation system.

— The second goal is to optimize a specialized proces-
sor system for processing the data from the defined sen-
sors in connection with controlling items of an industrial
robot [10]. The proposal of an algorithm of combined
navigation with respect to the used processor system.

— The third goal is to verify experimentally the pro-
posed inertial navigation system in real conditions of the
industrial robot operation.

Characteristic of issue

The demand of navigation autonomy, i.e. the inde-
pendence of the external sources of navigation informa-
tion became the reason for implementing the inertial
navigation systems. The principle of inertial navigation
is based on Newton’s laws which express a change of
motion under the action of external forces and accelera-

tion which is directionally and by size proportional to the
acting external force. The inertial navigation system con-
sists of a measurement unit containing accelerometers
and gyroscopes and from a navigation computer which
evaluates the data from measuring devices. In contrast to
all the other navigation systems inertial navigation is
completely autonomous, self-sustaining and independent
of the surrounding environment, i.e. the system is resis-
tant to outside influences such as magnetic disturbances,
electronic interference and signal distortion. Computing
operations in the inertial navigation system are based on
Newton’s law of motion.

For the purpose of navigation in a coordinate system
it is necessary to keep the direction of motion in the di-
rection of acceleration. This is not practically possible,
and therefore sensors — gyroscopes are used for detecting
the rotary motion. Seeing that each free object in space
has six degrees of freedom (internally mutually inde-
pendent variables) the inertial navigation system usually
consists of three gyroscopes and three accelerometers
where each pair (gyroscope, accelerometer) is able to
record the rotation or acceleration in the direction of one
axis which is perpendicular to the others. Of the six de-
grees it is three linear degrees of freedom “Fig. 17, the
translation in the X-axis, Y-axis and Z-axis which indi-
cate the position of the object and three degrees of free-
dom of rotation which indicate rotating around the X-
axis, Y-axis, and Z-axis. The position of the object is
also known if we know the six variables. If this data is
observed for a certain period of time, it is possible to
determine the trajectory and speed of an object’s motion
from it. The electronic gyroscope is one of the most
modern gyroscopic sensors. The mentioned sensors use
the Coriolis force which acts on the particle moving with
certain speed in a rotating non-inertial reference system
and which is directly proportional to the absolute value
of the angular velocity vector of this system. The Corio-
lis force acts on the resonating mass, which is flexibly
embedded in the frame and when the frame turns, in the
direction perpendicular to the axis of rotation (perpen-
dicularly to the plane of the frame) and perpendicular to
the direction of motion of resonating mass. The Coriolis
force also alternates its orientation in the direction per-
pendicular to the direction of motion because the reso-
nating mass oscillates in one direction. The amplitude of
this force is measured by means of a change of electric
capacity of a condenser whose electrodes are connected
to the stable and movable frame.

The inertial measurement unit (IMU) is an essential
item of each INS. Sensors, whose output is influenced by
the motion of the object on which the IMU is placed, are
regarded as primary sensors of the IMU. Primary sensors
in inertial navigation are sensors of angular velocity,
whose output signals after integration are used for de-
termining the orientation in space, and accelerometers
whose output signals after precise compensation of
gravitational acceleration and the Coriolis force can be
integrated onto the speed and position. Such an inertial
measurement unit has six degrees of freedom. This
means it enables to measure translational and rotary mo-
tion in three orthogonal axes. The accuracy of inertial
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sensors plays a key role in autonomous navigation. Er-
rors of current inertial sensors have the approximate
value of 0.01°/hour for gyroscopes and 100 pg for accel-
erometers. The mentioned errors are integrated in time
and cause the error of determining the position which is
expressed by the non-accuracy of measuring per hour,
which is, however, minimal. Such high-power IMU are
implemented only into the inertial navigation systems for
special use. The mutual integration of accelerometers,
gyroscopes, magnetometers, barometric sensors and mi-
croprocessor items into a compact unit, whose output
values is the data about position, rotation, height and the
like, is a current trend in the development and production
of inertial units. Basic inertial sensors are supplemented
with a GPS module or magnetic sensor to compensate
the errors of inertial sensors.

7 A ) X
— ——
(24
/ 4_%/’ / —
(R
‘*
A

Fig. 1. Basic principle of INS activity

In the following part there is an example of solving
robot arm movement in one axis. Also the possibilities
for extending the arm movement simulation result solved
by a mathematical model in a virtual environment, and
the program MATLAB / Simulink.

) Mo Mathematical model

qo = @

M, = Jp+mglsing

Trigonometric
Function

Action of gravity

Rotation arm dynamics

By the arm rotation “Fig. 2” round the horizontal
axis 0, neglecting the friction of the positioning, the arm
is subject to M,, torque, Mp moment of inertia and the
moment of the related gravitational force component M.
The equation of the motion describing the arm move-
ment is as follows:

M, =M ,+M,=>M, =J,p+mgLsing, )

where J; is the arm moment of inertia to the rotation
axis 0, m is the arm mass, L is the distance between the
rotation axis and the arm centre, g is the gravimetric ac-
celeration, ¢ ¢ is the angle of the rotation and @ is the

angular acceleration of the solid.

Equation (1) is the mathematical arm model and its
solution MATLAB/Simulink program is shown in “Fig
2”7, left. The driving motor moment illustrated by the
block of the constant value will be substituted by the
block scheme of an electromotor control [1,2]. This solu-
tion is qualified by knowing the mass, moment of inertia
and arm centre regarding the rotation axis as well. These
parameters can be calculated via geometry, dimensions
and the density of the arm material.

Virtual dynamic arm model developed in MSC.
ADAMS program is advantageous as it is not necessary to
constitute the mathematical system description, which can
be quite complicated for the complex sets of fixed solids
[3, 5]. The system, in our case the arm, represents a 3D
geometric built in a random CAD program and imported
to MSC.ADAMS program “Fig. 2”. The geometric model
is appropriately positioned, the numeric value of the arm
material density is assigned (subsequently the program
automatically calculates the position of the centre, the
weight and moments of inertia to the centre axes), then by
the rotation geometric bond it is fixed to the stable space
and the place of driving moment is prescribed. In addition,
for the needs of the control, it is essential to develop the
sensors of the angle rotation and the angular arm velocity.
The prepared virtual model can be imported to MAT-
LAB/Simulink program, to which the block scheme of the
electromotor control is applied “Fig. 2”, right).

Torque

ROTATION
(=]

Cwiding by Infagrator
Torque moment of inertia of angular
acceleration

of anguiar velocity

Angular Angular
acceleration velocity

Rotation

TORQUE ANGULAR_VELOCITY

ANGULAR_ACCELERATION

ADAMS
dynamic model

Fig. 2. Mathematical (left) and virtual dynamic (right) arm models
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The manipulation arm parameters: mass m = 0.798 kg, do
moment of inertia to the rotation axis J, = 0.013655 kg.m’, M,-M,=J, ar’ @)
distance between the rotation axis and the centre L = 0.096
m. The prescribed arm rotation is shown in “Fig. 27, left.
Via the inverse dynamic analysis in MSC.ADAMS pro-
gram we can obtain the corresponding rotation moment for
the motion required, “Fig. 3”, right. The maximum value ~ where M,, is the motor torque, M, is the moment load of
of the rotation moment is 0.7514 Nm. the motor power, J,, is the moment of inertia of the rotor,
o is the motor speed, u is the power voltage, R, is the

u=Rmi+Lm£+ui, 3)
dt

Model of DC motor with regulation 3 . .
As the main control drive the Parvex RS110M DC motor anchor resistance, L,, is the motor anchor’s wind-
motor [7] with the gear (gear ratio 1:50) was used ensur- ng 11'1ductan.ce, i1s Fhe current ﬂowmg through the motor
ing the decrease of the required rotation moment and windings, £ is the time and u; is the induced voltage on

. . . the motor anchor’s winding. The relation of the me-
increase of working motor revolutions. Motor parame- . . :
ters are shown in Tab. 1 chanical and electrical parts is expressed as follows:

DC linear motor model with permanent magnet in u =C, 0, M, =C, i, 4)
MATLAB/Simulink program was developed on the basis
of the mathematical models of mechanical (2) and elec-  where C,, is the torque constant of the motor and C,,, is
trical (3) motor parts [1, 2]: the voltage constant of the motor.
50.0 o8
7 £
100.0 10

00 10 20 30 4.0 50 80 7o 80 20 10 oo 10 20 30 40 50 6.0 7.0 80 90 100
Time (sec) Time (sec)

Fig. 3. Prescribed arm rotation (left), course of torque (right)

Table 1. Parameters of DC servomotor Parvex RS110M [7]

Rotor Winding Winding Torque Voltage Torque Maximum Peak Nominal Maximum speed
inertia inductance resistance constant constant supply voltage current current
Jm Lm Rm Cum CM » Mn Umax [max [nam Wmax
[kg.m’] [H] 2] [N.oVA] | [N.m/A] | [Nm] [V] [A] [A] [rpm]
2.4.10° 0.0016 4.5 0.037 0.037 0.05 33 4 1.5 8300

For the motor modeling we used the model, in which  locity regulation of the motor PI regulator is used, and
the losses in iron are not considered. We used the cas-  the positioning loop is controlled by P regulator.
cade regulation to control the manipulation arm position- Individual constants of regulators were obtained via
ing “Fig. 3”. The innermost loop represents the current  the auto-tuning in MATLAB/Simulink program and are
control, or DC motor torque control. The control of the = shown in Tab. 3. In the overall model the limitations
angular velocity is the loop which is given precedence,  arising from the motor used, as shown are in Tab. 1,
and the arm rotation control is the highest loop. For the  were utilized. In the model the dynamics of sensors and
current loop, P regulator is utilized, for the angular ve-  dry friction is not considered.

Derivative
Desired current
> -
Dertatie L
Current Torque Angular
velacity
1 1
b
Y Lm.s+Rm &
Desired PID controller Angular velocity PID controller Current PID controller Voltage Transfor Fon Torque constant Dividing by~ Integrator Integrator Actual
rotation Rotation saturation Angular velocity ~ Saturation Current  Saturation of DC motor maoment of inertia  of angular of angular rotation
acceleration velacity
Vottage constant Load
Voltage Uﬁfiﬂjlf torque
\%‘

Fig. 4. Regulation scheme of JM motor



24 ISSN 1813-7903. Becruux M:xI'TY. 2013. Ne 4(60)

Table 2. Terms of the individual controllers

Controller Current Angular velocity Rotation
P 9.184 1.342 2.398
1 — 2.629 —

Arm regulation
The schemes of arm position control for the mathe-
matical model and virtual dynamic models are illus-

WOMENT
oF HERTIA

=)
L= DEGREE1

DG MOTOR
CONTROL SYSTEM

el =
]

ACTION F
GRAVITY

Dt DESRED ATD ACTUAL
TATIGH

trated in “Figs. 5 and 6”. In both cases the same motor
regulators set ups were used. In case of the virtual
model, the input of the load velocity effect to the arm
movement to the control motor block is missing. The
data together with the arm inertia effects are automati-
cally generated in the block of the dynamic model de-
veloped in ADAMS program.

DC motor
control system

Fig. 5. Mathematical arm model control
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TATIO!

DESIRE
ROTATION

DC motor
control system

DEGREE ROTATION
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= Desred
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ROTATION
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ANGULAR
VELOCITY

P controller Angular velocity.
Rotation  saturation

Current
saturation

P controller _Voltage

Pl controler Torque constant
Angular velocity Curent saturation Transfer Fen of DC motor

Voltage constant
of DC motor

3

Actuall
angular
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Fig. 6. Virtual dynamic arm model control
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Fig. 7. Course of arm rotation and motor torque for mathematical model (Math.) and virtual dynamic model (Adams)

Conclusion

The results of the controlled position are illustrated in
“Fig. 7”. Regarding the rotation required; the course of
the arm rotation from the mathematical model is very
precise. For the virtual dynamic model the deviations are
more significant “Fig. 8”, therefore, it would be neces-
sary to modify the values of regulators for this model.

All in all, we present the solution of the dynamic sys-
tem regulation on a dynamic model incorporating the in-
fluences of the forces of inertia emerging in the movement
of the system as well as all the external forces influencing
the system. The significance of these models utilization is
much higher for the complex systems of fixed solids,
where the mathematical description is more demanding.
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Variation of rotation [°]

Time [s]

Fig. 8. Deviation of arm rotation regarding the value required
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Braoumup I'oea, CnoBaukuit TexHonornueckuit YHuBepcutet, bpartuciasa
A. U. Kopuiynog, TOKTOp TEXHUYECKUX HAYK, mpodeccop, VKeBCKHiA TOCY1apCTBCHHBINA TEXHUUCCKUIH YHUBEPCUTET

umenn M. T. Kanamnukosa

KonTpoaep pyku podora na ocnoe UHC ¢ npumenennem moaeauposanusit MATLAB / SIMULINK

B cmamve onucanvl npunyunsl pabomsl U 803MOHCHOCHU NPUMEHEHUS UHEPYUOHHOU HagueayuonHol cucmemsl (INS) Ons ynpasnenus po6o-
mamu. Taxowce dano onucanue HACMPOUKY 08U2AMENs. NOCMOAHHO20 MOKA, NPUMEHAEMO20 05l NOZUYUOHUPOBAHUS BPAWAIOWe20Cs MAHUNYIAMOPA.
Cucmema ynpaenenusi 0susamesnem KuoYaem 8 ceosi HacCMpOUKY CUbl MOKA, Y2080l CKOPOCMU U CO2NACO8AHUEe BPAUeHUs 8aNd O8USAMENS, CO-
COUHEHHO20 ¢ PYKOU poboma, ¢ yuemom mpedyemozo yeno8020 usmenenus nosopoma pyku. Hacmpoiika osueamens nocmosnno2o moka 6blnounsi-
emcsi 6 npoepammuol cpede MATLAB/Simulink. J{eusicenust pyKu onucambl ¢ noMowbio MamemMamuieckoi MoOeau U UPMyaibHOU OUHAMUYECKOU
Mooenu, nonyueHHol ¢ nomowjpio npozpammol MSC.ADAMS.

Kuouessle cioBa: INS, rupockor, akcenepomerp, JuHaMH4eckast Mozeins, PID-xontpomnep, MATLAB/Simulink.
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M. E. IparyHoB, KaHI11aT TEXHUUECKUX HAYK, JOLUEHT, VXEeBCKHUI1 rOCy 1apCTBEHHbIM TEXHUYECKUH YHUBEPCUTET

nmenn M. T. KanamaukoBa

M. M. YepHbIX, TOKTOP TEXHHUYECKHUX HAYK, Ipodeccop, MkeBckuil rocy1apCTBEHHBII TEXHUUECKUI YHUBEPCUTET

nmenn M. T. KanamaukoBa

I'. P. CagbikoBa, acnupanr, MxeBckuil rocyjapcTBeHHbII TexHuyeckuil yHuBepcureT umeHu M. T. Kanamnukosa

KOHKYPEHTHBIN AHAJIN3 CHOPTUBHBIX TIHEBMATHYECKHAX MUCTOJIETOB

Tlposeden ananuz mooeneti CHOPMUBHBIX NHEGMAMUYECKUX NUCHONEMO8, NPOUBOOUMBIX 6E0VUUMU 3apYOelCcHbIMU pupmamu, u modeau MP-46M
omeuecmeenno2o npouzsoocmea. Ilokasana neo6xo00UMOCmb OCHAWEHUsT OMEYeCmBEeHH020 00PA3ya A0AnMUPOSAHHOU NOO KUCHb CHOPMCMEHA

9P2OHOMUUECKOUL PYKOSIMKO.

Ki1roueBblie cj10Ba: CIOPTUBHBIN ITHEBMATHYECKUH IUCTOJIET, OpTOIIEAUYECKas pyKosTka, MP-46M.

MIOCJIEIHEE BPEMsI PAcTET HOMYISIPHOCTh CIOP-
THUBHOM CTpENbOBI N3 MHEBMATHYECKOTO MHCTO-
nera. JloctymHOCTh opyxwus (corimacHo Dene-

pampHOMY 3akoHy «OO opyxum» s TPHOOpETeHUs

CTIIOPTHBHOTO NMMHEBMATHYECKOTO IHCTOJIETa HET HEOOXO-

JUMOCTH B HAJMYUH JIMLEH3UH), HEJOpOroe obopynosa-

HHE JUIsl THpa — 3TU U JApyrue (QakTopbl CIOCOOCTBYIOT

pacUIMpPEHUI0 PBIHOYHOW HMILIM ITHEBMATUYECKUX CIIOP-

THUBHBbIX IIHUCTOJICTOB.

[THeBMaTHYECKHE THCTOJICTHI JJIsI CIIOPTCMEHOB BbI-
COKOT'0 YPOBHSI BBIITYCKAIOT CIIEAYIONINE (hHPMBI:

o «Bansrep», TECPO, «DaiinBepkbay» (I'epmanns);

o «Illtatip [lnoprBadpden» (ABcTpus);

o «Mopunam» (IlBetiapus);

o «benemm», «Matu I'anz» (Mramus).

M3 oTedyecTBEHHBIX NPEANPUATHN  CHOPTHUBHBIC
ITHEBMAaTHYIECKUE IMCTONETHl MPOMU3BOAUT VKeBckuit
MEXaHUYECKU 3aBO/I.

CHOpTI/IBHI)Ie IMHEBMATUYCCKUE ITHCTOJICTHI JOJIXKHBI
YIIOBJIIETBOPSATH TpaBHjaM COPEBHOBAHMH IO CTPEIKO-
BoMy criopTy. OCHOBHBIE TPeOOBaHMS K OpPYXKHIO cie-
JyIoIue:

— xaimop — 4,5 MM;

— OyJbHAs YHEPTus myiu — He 6omnee 7,5 JIx (41O co-
OTBETCTBYET Ha4aJIbHOH ckopocTH He Oomee 170 m/c);

— IIACTOJIET JOJDKEH BMEIIATHCA B SIIUK C pa3sMepaMu
420%200%50 Mm;

— Macca MHUCToJIeTa He ToJpKHA mpeBbimath 1500 T

— ycunme cIrycka JOoJbKHO ObITh He Meree 4,9 H (500 1);

— HU O0JIHA 4aCTb PYKOATKH HC JOJDKHA O6XBaTI)IBaTb
KUCTh PYKH, YIOP KHUCTH JIOJDKEH COCTaBISITH C OCHIO
PpYKOATKHU yroi He MeHee 90 rpaaycos.

[Nonapnsromee OOJIBIIMHCTBO COBPEMEHHBIX CIIOP-
THUBHBIX IUCTOJIETOB JIEHCTBYIOT Ha NPHUHIMUIIE HCIOJb-
30BaHMSl JHEPIUM CHXKATOrO BO3AYXa, HaXOJIIETOCs
B MIPEIBAPUTEIIFHO HaKadYaHHOM OaJloHe — ITHEeBMOOa-
JIOHHAs cXeMa (3a4acTyIo Takoe opyxue HazpBatoT PCP —
Pre-Charged Pneumatic, «mnpeaBapuTenbHO 3apspKeHHAsS
MMHEBMAaTHKa»). B MogensHOM psiny MokeBckoro MexaHu-
YECKOr0 3aBO/a MIPOJIOKAET OCTABATHCS IMHCTONIET KOM-
npeccuoHHoro tuna MP-46M, Henoporoit oTHOCHUTEINb-
HO 3apyOeXHBIX aHAJIOTOB U TO3TOMY IOCTYITHBIA IS
HavYMHaoIMXx CTPEJIKOB, HO HO3BOHH}O[U,I/II>1 Ipu 3TOM
J0OMBAaTHCS BBICOKUX PE3yJIbTATOB.

B ocnamieHnn cOBpeMEHHBIX CIOPTHBHBIX IMHCTOJIE-
TOB OCHOBHOE BHHMAaHHE YAEIAETCS 00ECIEUCHNIO MaK-
CHUMaJBbHOTO KOM(OpTa I CTpEKa, SIPrOHOMHIHOCTH
3JIEMEHTOB YAEPKaHUSL.

Hemenkue skcmeptsr Yibpux Afixmraar (Ulrich
Eichstddt) u Bonbdranr Mrosiep (Wolfgang Miiller)
OTMEUAKOT, 4YTO COBPEMEHHBIH ITHEBMATHYECKUM
(THEeBMOOAJUIOHHBII) TTHCTOJIET JOJDKEH UMETh OaJlsIoOH
C MaHOMETPOM (JIJIsl TOCTOSIHHOTO KOHTPOJISl 32 HAIOJI-
HEHHEM OaJuIoHa), PeryJIMpYeMyI0 JUIMHY IPULEIbHOM
JUHUH, PETyNHPYEMYI0 IIHPHHY HpPOpPE3H IpuIena,
CMEHHYIO PYKOSTKY Pa3iIMYHBIX pa3MepoB M BO3MOXK-
HOCTh M3MCHEHHUS YTJIOBOTO TOJOXCHHUS PYKOSTKH
OTHOCHUTEIBHO TpeX oceil (Tak Ha3piBaemas 3D-pyko-
sTka) [1].

Ocoboe 3HadueHHe UMEEeT IPrOHOMHKA pyKosTKu. Ha
caiite xommaunnu Match Guns oTMedaercs, 4To yaoOHas
pykosiTka obecnieunBaet 40 % ycnexa B cTpeiboe.

Jnsi TOBBIIEHHUsT KYYHOCTH CTPENbObI B KOHCTPYK-
U0 TUCTOJICTa BBOJAT TAKKE KOMIICHCATOPbLI OTJAa4un
(abcopbepbl), KOMIIEHCHPYIOIIME OTBEPCTUSI B JIyJILHOM
4acTH cTBOJA. PerynupoBky OasaHca U MOMEHTa MHEp-
LM TMCTOJIETa 00ECIIEeYNBAIOT 32 CUET CMEHHBIX OajaH-
CHPOBOYHBIX TPY30B.

Pazymeercs, uto mr000# KOHCTPYKTHBHBIA 3JIEMEHT,
YIIUIIAIOIUH 3PrOHOMUKY OpPYXKHS W KOMGOPT s
CTpelKa, BeeT K yIopoxaHuio opyxwus. IIponsBonure-
I 00eCHeunBalOT KOHKYPEHTOCIIOCOOHOCTH  CBOHMX
n3genuid aub0 3a CYeT MAKCHMAIbHOTO HACBIIICHUS
9JICMCHTAMH, IOBBINIAOUIUMH y)lO6CTBO IHUCTOJICTA JJIA
cTpelika (U ATOM BBICOKAsl II€Ha 3a4acTyl0 KOMIIEHCHU-
pyeTcs MOIyJISPHOCTBIO (PUPMEHHOT0 OpeH/a y MoJb30-
BaTeseil), 00 3a CUeT BBEICHHS MUHUMAIILHO HEOOXO-
JIMMBIX M CaMbIX CYIIECTBEHHBIX OIIHH, YTO ITO3BOJISIET
Y/IePXKHUBATh LICHY Ha IPUEMIIEMOM ypPOBHE.

B Tabnuiie mpuBeneH pe3ynpTaT aHann3a WHGOpMa-
LMOHHBIX MAaTEPHAJIOB BEIYIINX KOMIAHWH — MPOHM3BO-
JUTENEel CHOPTUBHBIX MTHEBMATHUECKHUX MHCTOJIETOB.

OteuectBenHblt mucTONeT MP-46M (CM. pHCYHOK)
IIPU CYLIECTBEHHO MEHBIIECH IEeHE (B CPEIHEM MEHbILE
B ILIECTh pa3) CONEPKUT TE )K€ OCHOBHBIE OILUH — PEry-
JIMPOBKY MJIMHBI HpHHeﬂbHOﬁ JIMHUHU, CMCHHBIC LICJIMKH,
CMEHHBIE MYIIKHA — U COOTBETCTBYET IIPAaBUJIAM COPEB-
HOBaHU.

© Hparyno M. E., Uepnbix M. M., Cagpixosa I'. P., 2013
TTonyueno 02.09.13



MaimmHoCTpOeHUe 27

AHanau3 XaPaKTEPUCTUK CHOPTUBHBIX MHEBMATHYECCKUX ITUCTOJIETOB

Onuun
> Peryimposia | - Perynmpyembie Kommnnexranus PerynupoBka
rpMa Ipou3BOJUTEIIb, MOAECIIb JUTAHBI JJIEMCHTBI
. CMEHHBIMHU MOJIOKEHHUS [Ipouee
TIpULICIIBHOU TPULICIBHOTO
PYKOSATKaMu PYKOSITKH
JIMHUH MIPUCTIOCOOICHUS
Feinwerkbau, P44 [2]
Iupuna npo- [Iate THIIOpa3Me- Abcopbep, cenapatop,
Ectp pe3u, CMEHHasl | poB; IIOA JIEBYIO U 3-D 0ayaHCHPOBOYHEIE TPY-
MyIIKa MpaByIo PyKy 3bI
Morini, CM 162 MI/ EI [3] 3D
3 [Hupuna npo- CeMb THIIOpA3ME- Her J'ISI’MO- Mopundukarms EI
Ectp pe3u, CMEHHasi | pOB; IO JIEBYIO H " (bika | € PTIEKTPOHHBIM CITyCKO-
MyIIKa MIPaBYIO PyKy a EI . BBIM MEXaHN3MOM
Match Guns, MG H1 [4]
PykosiTka usroras-
Ects [Iupuna npo- | AMBaeTCs MO UHAU- 3D Kommnencarop, 6anan-
pesn BHIyaJTbHOMY OTIIE- CHPOBOYHBIE IPY3bI
YaTKy KUCTH
Steyr Sportwaffen, LP 10 [5] [lupuna u
i Bocems Tunopas- CrabuiumzaTop, KOM-
riryOuHa Ipope- .
Ectp MEPOB; MO JIEBYIO U 3-D neHcaTop, 6amaHcupo-
3H, CMEHHAA MpaByIo PyK BOYHBIE IPY3bI
My1IKa PaByIo pyKy Py
Walther, LP 400 [6
Abcopbep, KomIeHca-
lects THIOpa3Me- TOp, 6aJIlaHCHPOBOYHBIE
Mupuna mym- )
Ectp - POB; MO JIEBYIO U 3-D Ipy3bl, PEryJIUpPOBKa
MpaByIo PyKy MOJIOKEHUSI CITyCKOBOTO
KpIOUKa
TESRO, PA 10 [7]
Ulupuua npo- Tpu Tunopasmepa;
Ectp - O] IPaBYIO U JIEBYIO 3-D Komnencarop
p PYKy (oOuH pazmep)

CrnopTuBHBIN MHeBMaTHUecKui nucroser MP-46M [8]

OnHaKo NPOM3BOAUTENb MpeIJIaraeT TOJbKO CTaH-
JApTHYIO DPYKOSATKY EAMHCTBEHHOIO THUIOpasMepa (1of
«0OomBLIYIO» PYKY), HE aJalTUPOBAHHYIO IOJ CTpEJKa.
AnanTanusi BBIIONHACTCS BPYUHYIO CIOPTCMEHAMU CaMo-
CTOSITENIFHO JMOO0 C mpuBiedeHreM macrepa. C ydeTtom
3HAYMMOCTH SPTOHOMHKH PYKOSITKM MMEHHO B 4acTH BO3-
MOXXHOCTH aJIalTalliil K aHATOMHYECKHUM OCOOCHHOCTSIM
cTpenka mucroner MP-46M Hamboiee cepbe3HO IpOWT-
pbIBacT 3apyOCKHBIM aHAJIOTaM, IO3TOMY aKTyalbHO
NPOEKTUPOBAHNE M TPOMBIILUICHHOE IPOU3BOJICTBO a/1all-
THPOBAHHBIX PYKOSTOK.
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Sport Air Pistols Competitive Analysis

The analysis of sport air pistols manufactured by leading foreign companies and home-produced MP-46M is done in this paper. The need of
home-produced sample equipping with anatomical grip adapted to athletes palm is shown.

Key words: sport air pistol, anatomical grip, MP-46M.
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AHAJIN3 TOYHOCTHU KOHUYECKHUX OTBEPCTHMA, TOJTYYAEMBIX
METOAOM YIIPYT'OIIVIACTHYECKOTI'O IE®@OPMHUPOBAHMUSA

B PEKUME )KNJIKOCTHOI'O TPEHUA

IIpedcmagnen ananuz moyHOCmMu 2eoMempuy KOHYCHO20 OMEEPCMuUsl, NOIYYAEMO20 MEMOOOM YNPYy2ONIaAcmu4eckozo 0epopmuposanus (ka-
MUOPOBKU) 3a20MOBKU C YePHOBLIM OMEEPCMUeM, NPed8apumenIbHo CMA3AHHbIM HCECIMKUM NYAHCOHOM. AHANU3 Nposeder ¢ NOMOWbIO KPUBbIX PAC-
npeoeneHus NPUMEHUMENbHO K 6a30pacCmMOoSHUAM KOHUYECKUX OMeepcmuti, pacnpeoeneHie Komopbix npeonoio#CumenbHo NOOYUHACMCS HOPMAlb-

HOMY 3GKOHY.

KiroueBble €J10Ba: KOHNYECKHE OTBEPCTHS, TOYHOCTb, KAJIMOPOBKA, HOPMAJIBHOE pacipejeneHue, kputepuii ITupcona.

PaIUIIIOHHO KOHHYECKHE OTBEPCTHS IOIyYaioT

METOJaMH  pAacTauWBaHUS,  pa3BEPTHIBAHUSA

U 3JICKTPOXUMHYECKOU 00paboTku. s mare-
pHasoB, 00JIQAIOIIUX CHOCOOHOCTBIO IUIACTUYECKOTO
nedopmupoBaHus, ObLI MPEUIOKEH METON YIpyrorwia-
CTHYECKOTrO JIepOpMHUpOBaHUs (KaIMOPOBKH) 3arOTOBKH
C YEPHOBBIM OTBEPCTHEM, IIPEABAPUTEIILHO CMa3aHHBIM
JKECTKUM ITyaHcoHoM [1]. B ocHOBe aToro meroza Jexut
THIPOIMHAMUYECKUH >(PGEKT, BOHHUKAIOIINN B cIOe
CMa3KH, CHABIUBACMOH IMapajlIeNbHO COMIKAIOIIMMUCS
MMOBEpXHOCTAMHU. B pesyinprate storo 3¢ddekra B cioe
CMa3K{ BO3HMKAET JaBJICHHE, BBI3BIBAIOIIEE YIIPYTOILIa-
cTudeckue aedopmaluu Marepuaia 3aroToBku. Jpyrum
MTOJIOKUTETFHBIM CBOWCTBOM TAaHHOTO METOJAA Ui YII-
POYHSIOIIUXCS MaTEPUAIOB sABJsieTCs 3G ekt aBTodhpe-
TUPOBaHUS, XapaKTEPU3YIOLIMHCS CO3aHUEeM OJIaronpu-
STHBIX OCTaTOYHBIX HAMPSDKEHUH, YTO, B CBOIO OYepe/lb,
MI03BOJISICT TIOBBICUTH HECYIIYIO CIIOCOOHOCTH TaKHX
u3nenuii B 1,6...2,0 paza [1, 2].

B Tabmuue npencrasieHsl [Be BBIOOPKU C pe3yiibTa-
TaMH W3MEpeHuil 0a30pacCTOSHUN KOHUYECKHUX OTBEp-
cTuii mecrepeH (puc. 1), UCTONB3yeMBIX B 3y0YaTBIX
MIPUBOAAX CYNIMJIBHBIX HWIMHAPOB OyMaroenaTelbHON
mamuHbl b-15, mo u mocne kamuOpoBKH. 3aroToBKa

LIECTEPHU TpeCTaBisiia co00i MokoBKy u3 cramu 40X
I'OCT 4543-71, npeasapurenbHOEe OTBEPCTHE B KOTO-
pO¥ MOJTYyUYEHO OonepausiMUA CBEPJICHHUS U pacTauyMBaHUs.
[[IepoxoBaTOCTh CTEHOK OTBEPCTUS IOCIE UYEPHOBOMH
00paboTku Kosiebanach B mpeaenax Rz = 15...30 Mxm.

[ocne craructryeckoit 00pabOTKH MEPBOro MacCcHUBa
9KCICPUMCHTANBHBIX JAaHHBIX IMOCTPOCH IIOJIMTOH Ha-
OJI0JaeMBIX YacTOT M THIIOTETHYCCKAsT KPUBAs TEOPETU-
YEeCKOTr0o pacIpeneneHust 0a30pacCTOSHUA KOHYCOB 0
KamnOpoBKH (puc. 2).

Pacnipenenenne 3HaueHHi 0a30paccTOSHUIA 10 KauO-
POBKHM HaxoIwJIoCh B mpeaenax 7...13,5 mm. B atom nua-
na3zoHe BeIOpaHo 8 nHTepBaIOB ¢ mmaroM 0,8125 MM, ms
KaXIIOTO W3 KOTOPBIX MOJCYUTHIBAINCH SMIHPHYECKHE
YaCTOTHI — KOJIMYECTBO 3arOTOBOK C 0a30pacCcTOSHUEM M3
cooTBeTcTBYIOIIero uHTepBaia. CpernHeapudmernueckas
BEIMYMHA  MHTEPBAIBHOIO  psgAa  pacnpelaeiacHus

X, =10,25 MM, cpemHEKBaIpaTHYECKOE OTKIOHEHHE
pa3mepoB 6, =1,93 Mm.

Jlnisi HOpMaJIBHOTO 3aKOHA HMCIOJIB30BAIMCH CPE/IHEES
apu(MeTHIeCKoe U CPEeIHEKBAAPATHYCCKOE OTKIOHCHUS
SMIIUpPHUUECKOro psina pacnpenenenus [3]. IIpoBepka mo

kpurepuio ITupcona (%) mokasana, 4To SMIHPHUECKOE

© Aobpamos A. U., Abpamos U. B., Jlekomnes I1. B., 2013
TTonyueno 12.09.13
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pacmpezneneHie 0a30pacCTOSHAN KOHYCOB IOCIIE YE€PHO-
Boil 00paboTKHM (IO KAMHOPOBKH) HE COOTBETCTBYET
HOpMalbHOMY 3akoHy. [Ipu4mHO# 3TOrO0 MOXET OBITH
KaK HEJOCTAaTOYHBIM 00BEM BBIOOPKH TSI TTOCTPOCHUS

Pe3yabTaThl n3mMepenuii 6azopaccrossHuii kKoHycos [1]

psiia pacupeneieHHs U3MepsIeMoro napaMmerpa npH JaH-
HOM BHJe 00paOOTKH, TaK M KOJeOaHWs MPHUITYCKOB 00-
PabOTKU IIPU pacTauMBaHUU KOHHYECKOI'O OTBEPCTHS M3
[MJIMHIPUYECKOTO.

Pasmep nocne Pasmep nocne Pasmep nocne Pasmep nocne
Ne sarotoskn YEepPHOBOI 00pabOTKH, MM KaJIHNOPOBKH, MM Ne sarotoskn YEepHOBO 00pabOTKH, MM KIHOPOBKH, MM
1 10,0 -0,3 27 7,5 0,1
2 11,5 —0,2 28 8,7 0,8
3 7,2 —0,4 29 9,2 0,3
4 8,1 -0,9 30 13,0 0,6
5 9,3 0,1 31 11,3 0,1
6 12,3 —0,2 32 10,5 0,7
7 13,5 0,3 33 7,0 0,4
8 7,9 0,5 34 12,3 0,8
9 9,6 0,0 35 10,8 0,4
10 12,3 -0,3 36 8,3 1,0
11 8,8 0,1 37 9,1 0,5
12 9,5 —0,4 38 8,7 0,3
13 11,5 0,6 39 11,8 0,2
14 7,7 —0,2 40 9,2 -0,9
15 8,3 —0,8 41 11,5 1,2
16 12,8 1,0 42 10,2 -1,3
17 13,0 —0,8 43 13,3 1,4
18 7,1 1,2 44 8,2 —-0,6
19 9,7 —0,2 45 9,3 —0,2
20 13,1 -1,0 46 11,2 -0,9
21 12,0 —0,8 47 11,8 -1,5
22 13,4 -0,9 48 7,0 —0,8
23 7,0 0,3 49 12,0 —0,2
24 10,1 0,4 50 9,3 -0,9
25 12,3 0,1 51 8,7 -1,4
26 7,5 0,6 52 10,1 1,2
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Puc. 1. Dcxuz mectepau (6e3 3yObeB)

Ha puc. 3 npencraBieHBl MOJUTOH YacTOT U KpUBAs
TEOPETHUECKOTO pPacIpeeNicHnss 0a30pacCTOSIHUN KOHY-
COB TIOCIIE KaJIHOpPOBKH, MOJTYYEHHBIE aHAJOTUYHBIM 00-
pasom. Pacmipenenenue 3HaueHH 0a30pacCTOSHUM MOCTe
KamuOpOBKH JIGKHUT B mpeaenax —1,5...1,4 mwm, miar uH-
TepBajibHOTO psiga 0,3625 mm. CpenHeapudmernyueckas
BeJIMYMHA MHTEpBaJIbHOrO paga X, =-0,05 MM, cpen-
HEKBaIpaTHIECKOE OTKJIIOHEHUE pa3MepoB o, = 0,72 mm.

[lo xpurepmio Iupcona (y’) SMIUpHUecKoe pac-

npeeseHre 0a30pacCTOSHUI KOHYCOB MOCIIE KaTuOpOB-

KA COOTBETCTBYET HOPMAJIBbHOMY 3aKOHy. BennunHa
HOJISL pacCestHus], KOTOpasi XapakTepu3yeT TOYHOCTD OTle-
pamm KanuOpoBKH, paBHA 4,32 MM, 9TO COOTBETCTBYET
7-i CTENEHH TOYHOCTHU JAOIYCKOB YIJIOB KOHYCOB IIO
I'OCT 8908-81.
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Puc. 2. Tlonuron 9acToT (OTMEYEHB! KPECTHKAMHU) U THIIOTETH-
Yyeckas KpHBas TEOPETHYECKOr0 paclpesieieHHs 06a3opaccros-
HUH KOHYCOB JI0 KaJTHOPOBKHI

J1st HarnsagHOCTH HA puC. 4 MPEeACTaBJICHbI OLIEHKH
IUIOTHOCTH HOPMAJILHOTO pacrpeiecHus 0a30paccTosi-
HHUH KOHYCOB I0CJIe KaJIMOPOBKH (CJIeBa) U TMIIOTETHYE-
CKO¥1 (IIpX yCTIOBUM NPUHSTHS Psijia MEP O MOBBIIIICHUIO
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KadecTBa YEPHOBOW 0OpaOOTKM KOHIMYECKUX OTBEPCTHI)
KpHUBOM pacripenereHus 0a30pacCTOsSHII KOHYCOB TIOCIIe
YepHOBOI 00pPabOTKH.
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Puc. 3. TIonurox 4acToT U KpuBasi TCOPETUUECKOI0
pacrpezieneHust 6a30pacCTOSHUI KOHYCOB HOC/IE KAJIHOPOBKH
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Puc. 4. IInoTHOCTH HOPMAJILHOTO paclpeneNeHus
0a30pacCTOsTHUN KOHYCOB

W3 mpezncraBineHHBIX TpadUKOB BHIHO, YTO pacripe-
JieJIeHne 3Ha4eHUH 0a30paccTOSIHUA KOHYCOB IIOCIIE Ka-
JUOPOBKM € JOCTaTOYHOW TOYHOCTBHIO IIEHTPHPOBAHO
OKOJIO HyJIsI, UMEET B 2,68 pa3 MEHBIIYI0 BETUYUHY MO
paccesHus 10 CPaBHEHHIO C YePHOBOU 00paboTKOi. D10

03HAYaeT, YTO NPOLECC NMPaBHIBHO LEHTPHPOBAH, CTa-
OuneH m craThcTUdecku ympaBisieM [4]. Tem cambiM
CO3IAI0TCS ONAarONPHATHBIE YCIOBUS IS €TO aBTOMATH-
3allMd, CyTb KOTOPOHM CBOXUTCS K ABTOMAaTHYECKOMY
VIPABICHUIO DPEXUMOM JHKUAKOCTHOIO TPEHUS M IIPO-
rPaMMHOMY YIIPaBJICHUIO BEJIMYMHOM HATsIra mpu Ka-
JMOPOBKE JUISl KaXKI0M KOHKPETHOW 3ar0TOBKU C LIENIBIO
MOBBIMICHUA TOYHOCTU MOJTYHYa€MbIX KOHUYECKHUX OTBECP-
CTHH.

BriBoabI

OO0paboTKa IKCIIEPUMEHTAIIBHBIX JaHHBIX C PE3yJib-
TaTaMy U3MEepPEeHUl 0a30paCCTOSHUN KOHMYECKUX OTBEP-
CTHH MIeCTEepeH IOKa3ana, YTO MO KPHUTEPHUIO CpPEIHEe-
KBaJIpaTU4YECKOr0 OTKJIOHEHHUS! TOYHOCTh KOHHYECKOTO
OTBEpCTHs TOCIe KaJHMOPOBKH IOBBIIIAETCS Ooliee 4eM
B JIBa pasa, 4TO CBHUICTEILCTBYET 00 3(PQPEKTHBHOCTU
NpeAaraeMoro MeTOAa IIOJNyYEHUs] OKOHYATEIbHBIX
KOHMYECKUX OTBEPCTHH.

JIONOTHUTENBEHBIM TIOJIOKUTEIBHBIM CBOMCTBOM Ka-
JTUOPOBAHHOTO JAaHHBIM CIIOCOOOM OTBEPCTHSA SBISACTCS
3¢ ekt aBTOPpETHPOBAaHUS, TO3BOJIAIONIETO MOBBEICHTH
HECYIIYIO CIIOCOOHOCTh KOHMYECKOTO COeIMHEH s Ooee
4YeM B JBa pasa.

MeTtoz kanmuOpoBKH 001a1aeT HE TOJIBKO TOCTATOYHOM
TOYHOCTBIO TIOJTyYeHHUSI OTBEPCTHI, HO U MPOCTOTON pea-
Jin3alyi B TIPOM3BOACTBCHHBIX YCJIOBHAX, YTO CO34acT
OJIArONPHUATHYIO IEPCIICKTHBY TS €0 aBTOMATH3AIHH.
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Analyzing the Accuracy of Conical Holes, Obtained by Method of Elastic-Plastic Deformation in Fluid Friction Mode

The paper presents the accuracy analysis of the conical holes geometry produced by the elastic-plastic deformation (calibration) of the billet
with a rough hole using pre-oiled hard punch. The analysis was performed with the help of the distribution curves with respect to bases distance of
conical holes, the distribution of which is presumably subject to the normal law.

Key words: conical holes, accuracy, calibration, normal distribution, Pearson’s criteria.
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C. B. Ky3HenoB, kaHau1aT TEXHUYECKUX HAYK, JOUEHT, Huxkeropoackuii rocy1apcTBEHHbIN TEXHUYECKUI YHUBEPCUTET

umenu P. E. AnekceeBa

TEOPETUYECKOE OINPEJAEJEHUE ITIONEPEYHBIX CIJI, BOBHUKAIOIINX
ITPH BBIIIOJIHEHHUU OIIEPALIIMN OBPABOTKH METAJIJIOB JABJIEHUEM

Cmamus nocesaueHa paspaﬁomxe cnoco6os meopemu4eckoco onpedeﬂeyuﬂ nonepevnblx (ZOPMSOHmLZﬂbelX) CUJl, BO3HUKAIOWUX NPU 6blNOJIHE-
HUU MEXHONI02UYEeCKUX onepauuﬁ 06pa60m}<u Memannos 0asienuem 6 3a8UCUMOCU Om yCJlORMl; ux npoee()euwz.

KuaroueBbie ciioBa: 06pa60’r1<a METaJUIOB JaBJICHUEM, YPABHECHUE, PACUcCT, CHJIOBOW aHAJIN3, TOTNIEPEYHBIC CUJIBI.

OBBIIICHHE TOYHOCTH 3arOTOBOK, IMOJIy4aeMbIX

METoAaMH 00pabOTKH METAJUIOB JIABJICHUEM,

CHW)KEHHE TPYIOEMKOCTH, IMOBBIIICHUE HaIEXK-
HOCTH KY3HEYHO-TIPECCOBOTO O0OpYIOBaHHS W LITAMIIO-
BOW OCHACTKH U, KaK CIJIE/ICTBHE, CHI)KEHHE Ce0eCTOMMO-
CTH W3TOTOBJICHUS JIETAIW — OJHHM W3 OCHOBHBIX 3a1ad
TEXHOJIOTUH MAalIMHOCTPOCHHSI.

[Ipu BeIMONHEHWH omepanuii 00paOdOTKH METAIIOB
JTABJICHUEM Ha JII00OM U3 CYIIECTBYIOUINX BUAOB 000py-
JOBaHUS KpOME CHJI, ACHCTBYIOLIMX BIOJNb OCH Aedop-
MHUPOBaHHSA, OTMEUEHO BO3HHKHOBEHHE IIONEPEUHBIX
CHJI, [eHCTBYIOIIMX B IUIOCKOCTH pa3beMa IITaMmIa
W MEPIICHIUKYIISIPHBIX OCH 1e()OPMUPOBAHHUSL.

Borpocsl, cBsi3aHHBIE C ONpEJENICHHEM CHIOBBIX BO3-
JilelicTBUH IpHU BhIMoiHeHNH onepanuit OM/I, uccienosa-
JIMCH PsIOM aBTOPOB (cM., Hanpumep: CropoxeB M. B.,
ITomno E. A. Teopust 06paboTKKM METAIIOB JaBJICHHEM.
M. : Mammnoctpoenue, 1977). B pesynbrare 3Tux uc-
CJIeZIOBaHUi1 OBUIO yCTaHOBIICHO:

1) oTcyrcTBHE €AMHOW METOIUKH OIpEAEIeHUs
1 y9eTa HONEePEYHbIX CUIT;

2) BO3HUKHOBEHHUE TTOTIEPEUYHON CHIIBI CBA3aHO C Ha-
JIMYMEM ABYX OCHOBHBIX (DaKTOPOB, CBS3aHHBIX, C OJHOMN
CTOPOHBI, C TIEPEKOCOM IIOJ3yHa IIpecca BCIEICTBHUE
9KCLIEHTPUYHO IPUIOKEHHOM Harpysku, ¢ JApyro —
C 0COOEHHOCTSIMH BBITIOJIHEHHS] KOHKPETHOW TEXHOJIOTU-
YECKOU onepanuu;

3) co3maHMe KOHCTPYKLUHMH DJIEMEHTOB Ky3HEYHO-
MIPECCOBOTO O0OPYNOBAaHUS M INTaMIIOBOH OCHACTKH
NIPOM3BO/INTCS B OCHOBHOM 0e€3 ydera BO3/EHCTBUS
1 KOJINYECTBEHHON OLIEHKH IIONEPEYHBbIX CHJI BCIEICT-
BHE OTCYTCTBHS COOTBETCTBYIOIIMX METOAWK HX OIIpe-
JIETICHNS], XOTS 3TH CHJIBI MOTYT CYIIECTBEHHO BJIMSTH Ha
paboty y310B 000pyIOBaHMUS, TOYHOCTh B Ka4eCTBO IIO-
JIy4aeMbIX M3JEIUH B IIETOM.

MO>KHO HPEANOI0XKNTb, YTO MOSIBICHNE MONEPEYHBIX
CHJI B OCHOBHOM OTPHIATEJIbHO CKa3bIBACTCSI HA MPECCO-
BOM 00OpYZOBaHUH, IITAMIIOBOM OCHACTKE M KayecTBE
BBIITyCKaeMOM TPOJAYKIMH: HaOJIONAeTCsl CMEIICHUE
BEpPXHEH YacTu IITamma OTHOCUTENIBHO HIDKHEH, d9To
NPUBOJUT K YXY/IEHNUIO TOYHOCTH U3TOTOBJICHHS ITOJTY-
YaeMbIX H3JIEJMH, YBEJIMYEHHIO BEPOSTHOCTH ITOJIOMKH
3JIEMEHTOB Mpecca U ImTamma (B MepByI0 odepelnsb Mart-
PHIl U ITyaHCOHOB), TIPHCYTCTBYET MOBBIMICHHBIH U3HOC
3JIEMEHTOB TPHUBO/A W HAMPABIAIOMNX HOJI3yHA, BO3HH-
KaloT yJlapHbIE Harpy3Ku, IIyM, BUOpaIyu.

O4eBHIHO, YTO OTCYTCTBHE CIIOCOOOB OIpENeTeHHS
MOTIEPEYHBIX CHJI HE AaeT BO3MOXHOCTh IOIYYUTh 0C-
TOBEPHYIO KapTHHY CHWJIOBBIX B3aUMOJCHUCTBUN B 30HE
BBINOJIHEHHSI TEXHOJIOTHUECKOM onepanyu U BHE ee, COo-
OTBETCTBEHHO, TEPSIETCSI BOBMOXKHOCTh ClI€laTh MaTeMa-
THYEeCKA OOOCHOBAHHEIC PACYUCTHI, BHIBOABI M IPOTHO3HI
MOBEJICHUST MHCTPYMEHTA M OOOPYMOBAHHS IOJ JEHCT-
BHEM JTAaHHBIX CHII.

Takum 00pazoM, menbi0 pabOTHI SBIETCS CO3IaHUC
METOAMKH OIPEeSICHISI BEIMIMHBI M HANPABICHUS IO-
MEPEYHBIX CHJI B 3aBUCUMOCTH OT YCJIOBHH IPOBEACHUS
TEXHOJIOTUYECKOW OIepanuu IJIs onepanuii 00beMHOMI
Y JINCTOBOM IITAMIIOBKH.

C nenbio onpeaeseHus CUII IPOU3BOIBHO BBIIEIIAICS
3JIEMEHTAPHBIN y4acTOK dF, Ha MOBEPXHOCTH AB KOH-
takTa (puc. 1). Cuuranock, 4To Ha TaKOW MOBEPXHOCTH
MIPUCYTCTBYIOT paclpeseleHHble HOPMajibHbIE G, U Ka-
caTeJbHbIE T, HAIPSKESHUS.
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Puc. 1. Cxema ompeneneHuss HOPMAJbHBIX M KacaTEIbHBIX
HaNpsHKEHUH JUIST HAXOXKJCHUS e(OpMUPYIOMHX CHI IS
paccmaTrpuBaeMoil  KOHTakTHOM  moBepxHocTH  (Cropo-
xeB M. B., ITonos E. A. Teopust 00paboTKku MeTaIIOB JaBiie-
HueM. M. : Mammnoctpoenue, 1977)

I[J'IH IIPOU3BOJIBHO BBIACICHHOTO y49aCTKa MOXXHO 3a-
IMUCaTh:

dP,. =c, -dF -coso+t -dF, -sina=oc, -dF,+t_-dF;

dP =o, -dF_-sina+t_-dF -cosa=o, -dF. +1_-dF,,

© Kysnenos C. B., 2013
[Momyueno 17.09.13



32 ISSN 1813-7903. Becruux M:xI'TY. 2013. Ne 4(60)

rae dF. u dF, — Tiomand TMPOeKIUd >3JIeMEHTapHOTO
ydacTKa 3arOTOBKH Ha TUIOCKOCTH, TEPIICHINKYIISIPHON
Y COBIIQJAIONICH C HAIpaBICHHWEM [BIDKEHUS WHCTPY-
MeHTa; dP. u dP, — IpOEKIMN 3JIEMEHTApHBIX yCHIIHMA,
JNEHCTBYIOMNX 110 BBIACICHHON MOBEPXHOCTH KOHTAKTA,
Ha TUIOCKOCTH, NEPIEHANKYIIPHOW M COBMAJAroNIeH
C HaIlpaBJICHUEM [IBH)KCHUSI HHCTPYMEHTA; OL — YOIl Me-
)Klly HaHpaBﬂeHI/leM HOpMaJ'I])HOFO HaHpH)KeHI/IH Oy
u HaHpaBHeHl/IeM JOBHUXKCHUA I/IHCprMeHTa.

Penrenue 3amaun, CBA3aHHOW C OMpPEICIICHUEM TIOTIe-
PEYHBIX CHJI, a TAK)KE Pa3IMYHOIrO 110 BPEMECHH BXOXKJIC-
HUS B KOHTAKT C TPaBIOPOH mTtammna JeGopMHUPYEeMOro

z

VA €
X . &y
Y/ €y

a

MaTepHualia, YCIOBHH IMporpeBa oOpasna mepesa BEHITIOI-
HEHHEM Ollepanuy, (GOopMBl 3aTOTOBKU H 3ayCeHIla, O-
TpeOOBayO BBISBICHHS HOPMAJIBHOTO HANPSIKEHUS Oy,
JIEHCTBYIOLIETO CO CTOPOHBI npensarcTBus. [IpensTcreue
B MOMEHT Hadaja KOHTaKTa MPUBOJUT K CMEHE CXEMBI
nehOpMHUPYEMOro COCTOsiHUS (puc. 2), a UMEHHO: 00b-
€MHOE J1Ie()OPMUPOBAHHOE COCTOSIHUE Ha TOBEPXHOCTH
MEPEXOAUT B IJIOCKOE.
JJIsL TAKOTO COCTOSTHUSI CITPABETUBEI BEIPAKCHUS:
Gy = Ox 9 U T, =1, =0

2

/)

Puc. 2. Cxembl HanpsHKEHHO-IEPOPMUPOBAHHOTO COCTOSIHUS 00pasIa:
a — TIPU ero ocajike; O — U KacaHW¥ 00pa3oM NPEIsTCTBUS (TPaBIOpPHI IITaMIIa)

[Ipeanonaranock, 4TO MPOILECCHI, MPOTEKAIOIIUE Ha
TOpLAX 3arOTOBKU M B 30HE KOHTAKTa C MPEISATCTBHUEM,
HOCSAIT CXOXKHH XapakTep, MO3TOMY ONpENeNICHHE Tyz
npoBoawiIock o Metoauke CtopoxkeBa M. B. u Ilomo-
Ba E. A., npumeHseMoii B pacuerax Ha TOpIax 3aroToB-
ku. Ha ocHOBaHMM 3TOro mnosarajaoch, YTO IpHU Kaca-
TEJIPHOM HANpsDKCHUU T, HA KOHTAKTHOH MOBEPXHOCTH
T« < 0,7k HanpspKeHUST OMPENessIOTCS COOTHOIICHHEM
Gy —0, =%Cg, M TOYHOE 3HAUEHUE Gy OIPEAECICHO
Oy
31

Omnpenenenne HanpspKeHHH IPOBOJIMIIOCH Ha OCHO-
BaHUM COOTBETCTBHSI HAIPSHKEHHOTO M Ae(OpMHPOBaH-
HOTO COCTOSIHWH 3aroToBKH n3 KHUTH CTopoxesa M. B.
u [TonoBa E. A. «Teopust 00pabOTKH METAIJIOB JaBie-
HHEM». DTO TI03BOJIMJIO HAHTH HAIpsDKEHHE Gy 0e3 Ha-
XOXKJCHUS KacaTeIbHBIX HANPSHKEHUH Ha MOBEPXHOCTH
3aroToBKU. [Ipy 3TOM BBOAWINCH CIEAYIOIIUE JIOIYIIe-
HUS: @) OTHOCUTEIBbHBIE CIIBUTH Y OTCYTCTBYIOT, U Ha-
NIPaBJICHUs yUIMHEHUH COBMAJAlOT C TJIABHBIMH OCSMHU
nedopmanmit; 6) HampaBiIeHHs HANPSDKEHUI COBMAAAIOT
C I'NTaBHBIMHU OCAMU HOPMAJIbHBIX HaHpﬂ)KeHHﬁ.

B pesynbrarte ObUIO MOTYyY€HO, YTO UCKOMOE HAIpsi-

obiTh HE MOKeT. [Ipu 0,7k <1<k 6, =0, =—

Og
J)KEHHE HaxXxOoJUTCi B JMalla30HE —? <o, <0. Hns

pPAacCMOTPEHHOH  CXeMBl B  IIPEACIIBHOM  Cilydae
GS
G, =0, =—?. Takum 00pa3oM, MakCUMaJbHO BO3-

MOXXHO€ 3HAYCHUEC HAIPSAKCHUA B 30HC KOHTAKTa 3aro-

(¢}
TOBKH C IIPCIISITCTBUEM O ?S .

B pesynbpraTe HamMu Obula MPEIJIOKEHA CIEAYIOLIAS
MIOCJIEA0BATENIbHOCTh pacdeTa MOMEPEYHBbIX CHI Ul 3a-
TOTOBKH ITPOU3BOJIEHON IPOCTPAHCTBEHHON (DOPMBL.

1. KpuBonuHeiiHass KOHTaKTUPYIOIIAsi MMOBEPXHOCTH
miramMiia 1 3aroToOBKH B paCCManHBaeMbIﬁ MOMCHT Bp€-
MEHH pa3fensiack Ha COBOKYIHOCTb 3JIEMEHTAPHBIX
MOBEPXHOCTEH  (IIOCKOCTh, LWIMHID, cdepa U T. 1.),
IIPUYEM IIar pa30MeHHs 3aBUCEN TOJBKO OT CIOXKHOCTH
paccMaTtpuBaeMoi (POPMEL.

2. Inst Kaxa0W BBIIEICHHOM 3JIEMEHTapHOM MOBEPX-
HOCTH ITPOM3BOAMIIOCH ONPENEIICHNUE €€ MOJI0KEHHUs OT-
HOCHUTENNBbHO 0a30BOI MIIOCKOCTH.

3. JIns KakIoW BBIACTICHHOW DJIEMEHTapHOW TMOBEPX-
HOCTH IPOM3BOIMIIOCH OIIPE/IENICHHE IUIOMIAAKH KOHTAKTa.

4. lns xaXxaoi BbIEIEHHON 3JIeMEHTapHO! IOBEpX-
HOCTH TPOM3BOJMIOCH OINpeleNeHHe HOPMAaNIbHBIX Ha-
HPSKCHUN.

5. JIas Kaxa0il BBIIEIEHHON 2J€MEHTapHO! MOBEpPX-
HOCTH TPOW3BOJMIIOCH OIpEJeieHne KacaTeJIbHBIX Ha-
MPSDKEHUH.

6. Ompenensanocs 3HaYCHNE IIEMEHTAPHOHN moIeped-
HOM CHUJIBI ISl K&XKOM BBIAECIEHHOW MOBEPXHOCTH.

7. Onpenensocs pe3yabTUPYIOLIee 3HAUYCHUE TTOTIe-
PEUYHOI CHIIBI ITyTE€M BEKTOPHOTO CIIOXKEHHS COOTBETCT-
BYIOIMX AJIEMEHTAPHBIX CHJ, JEHCTBYIOIIMX BO BCEX
BBIACJICHHBIX Y4aCTKaXx 3aroToOBKU.

PaccmoTrpuM crioco0 ompeieneHuss JaHHBIX CHIT IS
omnepanui JUCTOBOW mTamMmnoBKu. C 3TOH wHenbio (CM.
puc. 3) ObIIM COCTaBJIEHBI OCHOBHBIE YPaBHEHUSI PaBHO-
BECHS BBIJCJICHHOTO 3JIEMEHTA:

a) TP [TPOELMPOBAHNH HA HOPMAJIb K IOBEPXHOCTH

. _do |
0, fi-20, /520, 1, X =0, (1)
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0) TmpHu IPOCUHNPOBAHIH HA KACATEIBHYIO K IOBEpPX-
HOCTH 3arOTOBKH B MEPHANOHAIBHOM CCYCHHUH

s, /i +d(cp-ﬁ)—cl,-ﬁ—200~fz?—p-cﬂ-f3 =0. (2)

Ha ocnoBe ypaBuenuii (1), (2) paccmarpuBaiuch
pa3iaryuHble BapUaHTHI OINPE/IEeJICHHS OIEPEUHBIX CHIL.
B kauecTBe Hambosiee MPUEMIIEMOTO C TOYKH 3PEHHUS
JIATbHEWIIETr0 MCIO0JIb30BaHMs, NPUHUMAeM ypaBHe-
HUE

dF, =s-dy-dp (cp—oe)+dcp.d£ : 3)
P

rne dFy; — NOBEpXHOCTHAsI CHJIa TPEHUS, JIEHCTBYIOIIAs
B BBIJICJIEHHOM i-M JJIEMEHTApHOM ydacTke; [} — mepe-
MEHHBIH KOA((QUIHUCHT, SABISIOMMNACT (QyHKIHEH rias-
HBIX HOPMAJBbHBIX HAaIPsDKEHUIT; § — TOJIIMHA 3arOTOB-
Kd; dy — yron; p — mapaMmerTp, ONpeelsIomi MoIoxKe-
HHE BBIICICHHOIO DJIEMEHTa 3arOTOBKH OTHOCHTEIIBHO

OCH CUMMETPHH.

Puc. 3. Cxema 1s onpeeneHns 37IeMEHTapHON CHITBI TPEHHS Ha TOBEPXHOCTH UCXOJHOM 3aTOTOBKHI

Bennuuna nonepeuHoN cuibl, IEHCTBYIOIIEN B BbI-
JICJICHHOM CETrMEHTE, B KOHEYHOM CYETe OIpelessiach
10 3aBUCHMOCTH

noy
Fn_[ I (iB-0S~dp+dcp~p)-s-dv, 4)

nn
FTI.=(0piB-GS-1np)-s-p-y+C, 5)

TJIE ¥'| U I, — COOTBETCTBEHHO, BHYTPEHHUI 1 HAPy KHBIH
panuychl paccMaTpUBaeMOIO CErMEHTa OTHOCHTEIIBHO
OCH CUMMETPHH 3aroTOBKH; Y; U Y, — Ha4aJIbHOE M KO-
HEYHOE 3HA4YEHUs yIia, B MpeJesax KOTOPOro paccMmar-
pHuBaeTCsA BbIICICHHBIN cerMeHT; C — IMOCTOSHHAsA HWH-
TErpUpPOBAHUS.

OOmee ypaBHeHHE Ul ONpENETeHHs IIONEPeuHbIX
CHJI B ITPUOJIMDKEHHOM BHUJIE, TIOJIyYEHHOE C UCII0JIb30Ba-
HHMEM HEPABEHCTBA G, = Gg— | Gp | < G, NPEJCTABIEHHOE
B pabote CropokeBa M. B. u Ilonosa E. A., moxxer pac-
CMaTpUBAThCA KaK ClTydail ¢ IpeienbHBIMY 110 BEJINYHHE
nonepeuHsIMU cuitaMu. OHO UMEET BUJ

F, =(o,£B-c, Inp)-s-p-y+C. 6)

B pesymnpraTte MOTyT OBITH MONYYEHBI OOIIHE ypaB-
HEHUS ONpPEAENICHUS MCCIeNYeMbIX CHII A Ollepauui
JUCTOBOW IITAaMIIOBKK HAa OCHOBE TOYHOTO (5) BHIA, yC-
TaHOBJIEHBI CIIOCOOBI HAXOXKICHUS BXOIAIIMX B (HOpMy-

JIy BEJIMYMH U3 YCIIOBHS CBSI3U HaNpsDKEHUH u nedopma-
A paccMaTpuBaeMOro 3JIEMEHTa B 3aBUCHMOCTH OT
KOHCTPYKTHUBHBIX OCOOCHHOCTEH M TE€OMETPHH IIpHMe-
HSIEMOTO MHCTPYMEHTA.

TakuM 00pazoM, pacdeT MONEepPEeyHBIX CHII VIS OIle-
panuii JINCTOBOW IITAMIIOBKH MOXET UMETh CIIEIYIOLIYIO
MIOCJIEI0BATENLHOCTb.

1. OnpenenuTh OCh CAMMETPHH 3aTOTOBKH.

2. TloBepXHOCTb 3aroTOBKM pa30OWUTb Ha YYaCTKH
(cerMeHTbI), OrpaHUYEHHBIE paJiyCcaMu #'| U ¥, U YIJIOM
B INANAa30HE Y;...Y>.

3. Jlns Kakaoro U3 BBIICICHHBIX CETMEHTOB JKCIIe-
PUMEHTAJIBHO ONPCAUTL 3HAYCHHA BEJIMYHH S, P, Y, HA
OCHOBE CIIPaBOYHBIX JJAHHBIX ONPEIEIHUTH Gy.

4. Haiitn BenuuuHbl geopManuii &,, g, &7 A1 Kax-
JIOTO paccMaTpruBaeMOro y4acTKa 3aroTOBKH.

[Tpu ampobarmy npencTaBieHHON padoOTHI (Beayast
opraumzaiust OAO «I'pyrmmna «I"’A3») npuMeHsIocs nBa
crioco0a orpeaeeHus JaHHBIX BEIMYMH: a) I JeTaleit
HECJIOKHBIX OCECHMMETPHYHBIX T€OMETPHYECKIX (HOpM —
9KCIEPUMEHTAIBHBIH (TTPH MTOMOIIY METOJIa KOOPAUHAT-
HBIX CETOK); 0) U CIOXKHBIX HEOCECHMMETPUYHBIX Je-
Tanel — pacueTHeI crocod (Ha ocHoBe MKD ¢ ncmnoss-
3oBanreM CAE-cuctemsr ANSYS).

5. IMonyueHHsle 3HaueHus: AeHOpMaLUii TOCTABUTH
—(e,+2-g,)

B ypaBHEHHE G, = Oy -
e, +2-¢,



34 ISSN 1813-7903. Becruux M:xI'TY. 2013. Ne 4(60)

6. IlonydeHHOE 3HAUYEHHWE HANPSDKEHUS TOJICTABUTH
B ypaBHEHHE [IUIACTUYHOCTH G, —G, =1f-0,, OTKyza

HAWTH G,,.

7. Ha ocHoBe ypaBHeHHA (5) B 3aBUCHMOCTH OT pac-
CMaTpHUBaeMON TEXHOJIOTMUYECKOM OTnepaluu, yCIoBUil ee
MpOBEACHUA U I'PaAaHUYIHBIX yCﬂOBI/lﬁ OIpCACIIUTL MTOCTO-
SHHYIO UHTerpupoBaHus C.

8. Ha ocHOBe moJIy4eHHOTO ypaBHEHHS! YCTAaHOBHUTH
BEJIMYMHY TONEPEYHON CHIIBI B Npeeiax BbIAEIEHHOTO
CeKTopa.

9. AHAIIOTUYHO ONPEANTH TOMEPETHBIE CHITBI BO BCEX
BBIJICTICHHBIX CEKTOPaX 3arOTOBKH.

10. Haiitu pe3ynbTupyloliee 3HAUEHUE MONEPEYHOM
CHJIBI ITyTE€M BEKTOPHOTO CIIOXKEHHS CHII, IEHCTBYIOIINX
B Ka)XIOM BBIJEJICHHOM CETMEHTE, 110 BCEH MOBEPXHOCTU
3arOTOBKH.

BoiBoabI

1. [onTBepxneH (GakT BOSHUKHOBEHUS MOMIEPEUHBIX
CHJI TIPY BBIITOJTHEHUH TEXHOJOTWYECKUX OINEeparuid 00-
pabOTKM METAIIIOB AABICHHEM.

2. IIpeaioskeH crmocod TEOPETUIECKOTO OINpeaeTICHIS
MOTIEPEYHBIX CHIL.

3. INopTrBeprkaeH (GakT BIMAHMA MONEPEYHBIX CHII Ha
LITAMIIOBYIO OCHACTKy, CJEIOBAaTENbHO, M IPECCOBOE
obopynoBanue. BeiencrBue 3Toro mnornepeuHble CHIIBI
JIOJKHBI YYUTBIBATHECS MPU IIPOEKTUPOBAHUH U DKCILTya-
TaMu 000pyJ0BAaHMS M IITAMIIOBOI OCHACTKH.

4. TpennoxeHHbIH HOBBIH CIIOCOO OIpeneIeHus Hc-
CIIEyeMBIX CHJ MOXKET OBIThb HMCIHOJIB30BaH Ha CTaJNU
MIPOEKTUPOBAHUS 00OPYIOBAHHS M OCHACTKH B KauecTBE
YTOUHSIOIIETO K CYIIECTBYOIIHM.

S. V. Kuznetsov, PhD in Engineering, Associate Professor, Nizhny Novgorod State Technical University named after R. E. Alekseev

Theoretical Definition of Cross-Section Forces Arising at Performance of Metal Pressure Processing

The paper is devoted to working out of ways of theoretical definition of the cross-section (horizontal) forces arising at performance of techno-
logical operations of processing the metals by pressure depending on conditions of their carrying out.
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MECHATRONIC SYSTEM CONTROL PROPOSAL USING
MATHEMATICAL EXPRESSION OF RELIABILITY VERIFICATION METHOD

Submission is concerned to complete information system about quality, operation, automatic testing and new evaluating method of vehicle sub-
system. Presentation of statistic significant group of tracing commercial cars is used. Data about operational parameters were taken from this
group. Numeric analysis is realised on the base of automatic collection and systematic recording of commercial car operation. Proposed new in-
formation system about operation and trial process allows verification according to proposed method. Critical components verified in laboratory
conditions are detected by numeric analysis of reliability. Trial method is described and also numerically compared in three levels. Quality level
increasing not only for final product, but also related automatic test laboratory for cars is the result of these principles respecting.

Key words: measuring information, trial automation, new methodology.

endency to ensure car’s high technical and op-

erational parameters, and consequently success-

ful realisation of any difficult technical system
and mechanism comes out from perfect knowledge of
operational conditions, knowledge of operation - techni-
cal characteristics and parameters of own system. This
fact conditions to increase requests for technical level of
measurement, actual time of measure results, precision
of measurement results, possibility of measurement re-
sults processing, level of measurement automation i.e.
measurement as method of objective quantification of
physical values, or about relation between two or higher
number of physical values. Analysis of achieved results
from solving and car security area in whole scale of con-
nectivity and relations confirms, that the role of labora-
tory verification is not replaceable in new quality man-

agement system. Complete access problematic to the test
questions in new quality management system, continu-
ally to car production concept is getting necessary and
logic part of car production process and, as analysis of
development trends in car industry shows, effect of solu-
tion in testing automation has objective need [8].

It is necessary to concern about automation data
gathering about component operation mode in real con-
ditions. It is possible to define their reliability based on
gathered data about operating and component failure
accepting. It is possible to design device for test tracing
of components and test method after defining critical
elements.

This way to gather data about component operation,
as a difficult system is in accordance with science and
developing principles; by this we prevent un-controlled

© Bozek Pavol, Korshunov A. 1., 2013
ITonyueno 17.09.13
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production of non-verified elements in industrial produc-
tion. Based on gathered data, it is possible to increase
component reliability and to reach higher level in
planned car production [1].

GEARBOX QUALITY PROBLEM

Current dynamic development of car industry, con-
tinuous increasing level of their technical parameters and
characteristics confirms continually whole process
speeding competition in the world.

Using the gearbox as a car decisive component is
limited also by complex access level to quality assur-
ance. Gearbox general function model and its accuracy
analysis is possible to realise based on present ways of
functional unit and devices accuracy. General accuracy
of function units is understood as quality of approach
function and operational dependencies, acted in mecha-
nisms to requested dependencies, for which these func-
tion units were constructed and are chosen [2].

From point view of gearbox utility, i.e. gearbox using
and ability, general criteria is its quality and its basic
intention, divided into:

— manipulation ability, if we evaluate it in aspect of
control and manipulation with gearbox within speed
striking,

— technologic ability, if gearbox is evaluated in as-
pect of use in car as mean of realisation of chosen drive
kind.

Problems with quality management

Today brings significant changes in product area, in
all industry forwarded countries. Understanding of
changes in quality is possible to characterise as a move-
ment from clearly technical soundness to integral prod-
uct quality. Product quality became significant criteria of
science and research effect and big productivity reserve
of common work.

This general definition of development in quality
field and objective need to continually increase quality in
application for cars, which reports to increasing require-
ments for high technical and operating parameters, re-
quires:

— to direct systematically all related actions, i.e. ar-
range questions of quality management to whole creating
process of gearbox

— to complex evaluate quality, which requires to use
quantitative evaluation

— to identify quality, i.e. to evaluate reached quality
level, which has basic importance to control whole creat-
ing process and innovation gearbox process

— to compare objective gearbox parameters with
comparable world level types directly by measuring of
chosen parameters, or indirectly by data from progres-
sive technical information.

Quality management is concerned as complex, if it is
expanded to all fields, which can have influence the final
gearbox quality, including user’s operation. This system,
which dominate today in all industry forwarded coun-
tries, leads to create conditions in flow pre-production,
production and after production activities by using ob-
jective methods for apply testing [6].

Analyse of reliability influence to profitability

and economic effect

Before analysis of gearbox reliability influence to
economic effect, it is important to realise basic ideas of
reliability theory and to check relation of coefficients
quantitative reliability to economic coefficient and effi-
ciency coefficient. Related basic ideas:

Quality of product is properties summary, expressing
ability to fulfil functions, for which it is dedicated. We
take into account also product economic coefficients, its
outfit by accessories, spare parts etc., as well as prem-
ises, which producer creates to provide services con-
nected to product use.

Reliability is general object attribute, reposing in
ability to fulfil requested functions with keeping of val-
ues for specified operational coefficients in specified
limits and in time according to technical conditions. Re-
liability is one of the most important groups of product
quality marks [7].

METROLOGICAL ASSURANCE

OF AUTOMATION TESTING

From point view of measuring accuracy technics for
test managing mechanism, it is necessary to look, that
measuring technical assurance is realised mostly on prin-
ciples of electrical measuring of non-electrical values
with appropriate automation measuring process level and
evaluating process. This concept of automatic measuring
systems creation is not secured very well in the metro-
logical way yet [3,4]. This field significantly documents
the current status, advance of technical practice before
readiness of metrological assurance. That is why it is
possible to define requirements needed to metrological
assurance at least of individual parts of automation
measuring system i.e. individual measuring strings used
in measuring and tests.

Measuring string structures

Measuring string — devices set intended to measur-
ing, transport and data processing about measured value
in general form represent sensor set, measures, measur-
ing instrument, converters, measuring channels, ana-
logue and numeric technical devices, computing devices,
sensors and registered devices attached to one function
unit in order to requested measuring, processing of data
about measured parameters. Measuring string block
schema is generally showed on fig. 1.

It is possible to characterise measuring string indi-
vidual blocks in the way of functions by this description:

1. input block — is created by sensors set, which scan
required measured parameters, ensure data entrance to
measuring string.

2. block of converters — ensure data processing from
entrance block to suitable form for following processing,
mostly to the numeric form.

3. pre-processing block — is used to data pre-
processing (check, filtration etc.)

4. processing block — ensure data processing by
specified algorithm, it is composed with suitable com-
puting devices including particular software.

5. Output block — ensure data output in required
form. Printers, recorders, control panels etc belongs here.
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Following memory device, where it is possible to store
reached data for following processing.

MUX | P,

J\ OUTPUT
-l/ DEVICE

PNt

ASS o P |

DATA PREPROCESSING
DATA PROCESSING

J\ MEMORY
-l/ DEVICE

OT
I

¥

USER'S
REQUIREMENTS

Fig. 1: Measuring string block schema: S;...Ss - sensors; MUX —
measuring switchers, multiplexer; P;...P; — analog-numeric convent-
ers; ASS — analog exekuting system

Measuring string does not have to contain all in-
volved parts, it is possible to drop some of them, or to
expire some parts and to complete according to require-
ments of concrete application [9].

Follow component results in running

Numbers of several speed degree exploitations are
written in table 1. After mathematic counting of individual
speed strikes, coefficient of exploitation has been stated
for individual speed as well as for all gear system. To em-
phasize difference, measuring results of both modes are
drawn to one graph 1. This result proves arguments of
earlier car abrasion in city traffic. Values are concreted.
After measuring results summary, it is possible to express
also gear mechanism use in percents. Result is in graph 1.

Table. 1. Control mechanism and speed degrees of 5 speed
degrees gerbox use

Geared speed Number of gear use coefficient f;

degree n [%] [%]
1 97555 20,4 8,49

2 114100 23,8 12,44

3 154050 32,1 26,06

4 91300 19,1 36,70

5 18805 3.9 15,80
R 3350 0,7 0,47

TOTAL 479160 100,0 100,00

Graph 1 analysis provide following data perfect
overview and is used as a base for development design-
ers team.

TECHNICAL MEANS OF AUTOMATION

TEST SYSTEM

The role of technical devices is getting important
meaning in accordance with increasing technical level of
developed devices and with motoring research trends, as
well as with high requirements and method severity of
their testing and evaluation [5].

Technical assurance of car components measuring, i.e.
difficult devices must fulfil these limits and conditions:

— tests technical severity on moving car with big lack
of place to install measuring and testing equipments to
the car require to apply measure signal remote transmis-
sion on analogue or discrete signal level,

— it is necessary to measure mechanical values by
transformation of physical parameter to electrical signal,
i.e. with measuring method of no electrical values by
electrical way. It is necessary to correct signal from sen-
sor and store it so that it will be available for direct proc-
essing, or for analyse,

— test system must be able to automatic function, i.e.
automatic scanning of measured values, their processing,
storing and editing in suitable form for next using,

— in tests realisation, there must be connectivity be-
tween gear mechanism movement and measuring system
control, that means test system must be automatic and
connected to test cycle managing via control inputs of
gear mechanism.

40,00

36,70
35,00 4

use [%]

30,00 -
O coefficient
25,00 -
20,00
15,00
10,00

5,00

0,00

speed degree [—]

Graph 1: Control mechanism total use

Technical assurance and realisation of automatic test
system has a lot of technical and methodical problems
according to previous one. [11] We can mention these
problems:

— accessories to follow and check of classic parame-
ters is completely available from serial produced devices
and measuring technical,

— accessories to follow mechanical (non-electrical)
values, which are critical in term of utility attributes,

Presented one is considered and, for technical assur-
ance testing of control mechanism field, these directions
and goals were specified:

— to propose automatic test technics for mechanical
values group,

— to propose automatic test system to follow-up func-
tionality and reliability of gear mechanism

— to apply and propose computing technic hardware
accessories for its connection to automatic test systems
and propose idea of related software

— to specify testing methodology
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Configuration of automatic test system devices

and their connection

As a result from present possibilities and the most
necessary needs, configuration for ATS, which is drawn
in fig. 2 was proposed.

Contral Maonitar Contral
system "l system | »| mechanism
Sensorial Sensorial
system system

System bus l l

Fig. 2. Block schema devices ASS

Individual measuring equipments and control devices
are connected to control system by system bus, which
fulfil requirements for adaptability of devices configura-
tion for individual measuring and testing tasks and for
eventual configuration expansion [10].

Automatic test system project

It is possible to create concrete project solution of
automated test system accepting results reached by now,
according to fig. 3.

o

electro.pneumatic
elements

control system

Sy

sensors

pneumac
elektromotor distibution
evolves s
controller 3
gear box
-
!
] —
Lo
control sensors
of clutch of torque
flyers flyers set

Fig. 3. Insertion ASS schema

As it comes out from gear mechanism test conditions,
flyer system, evolve controller and starting clutch con-
nection is not needed.

These parameters are necessary to take into account
in speed degree gear (related to handle gear arm). This is
test condition in laboratory conditions:

1) control power of default F,, = 50N

2) control power of gear F, = 70N

3) path length by default ;, = 30mm

4) path length by operation I = 55mm

5) time of default sp = 1sec

6) operate of gear sy = 1 sec

Pneumatic rollers S| and S, do speed gearing process.
Double acting pneumatic roller S; assure pre-selection of
speed degrees directly at gear arm and double acting
pneumatic roller S, assure speed degrees gearing.

Motive system acts description

Algorithm of charging whole gear control mecha-
nism is specified by pneumatic rollers synchronisation.
One trial cycle is in table 2. It result speed degrees gear
process-graph 2. This material is base for control system
programming.

Gear mechanism trial process depends on its used
level. The base of test is to repeat speed degree gear
process. From 1 speed degree to 5 speed degree and in-
side out from 5 speed degree to 1 speed degree. Concrete
algorithm of test pass includes methodology part.

Table. 2. Pneumatic rollers synchronisation

Number Description Roler | Roler
of step M S
ACCELERATION
M ODE
1 Roler /. defaul 1. speed degree v’
2 Roler 2. gear 1. speed degree v’
3 Roler 2. moves gearbox to neutral v
position
4 Roler 2. gear 2 speed v
5 Roler 2. moves gearbox to neutral v
osition
6 Roler 1. moves gearbox to neutral| v
position
7 Roler 2. gear 3 speed degree v
8 Roler 2. moves gearbox to neutral v
osition
Roler 2. gear 4 speed degree v’
10 Roler 2. moves gearbox to neutral v
position
11 Roler [. defaults 5 speed v’
12 Roler 2. gear 5 speed degree v’
DECELERATION
M ODE
13 Roler 2. moves gearbox to neutral v
osition
14 Roler 1. moves gearbox to neutral| v
osition
15 Roler 2. gear 4 speed degree v’
16 Roler 2. moves gearbox to neutral v
osition
17 Roler 2. gear 3 speed degree v’
18 Roler 2. moves gearbox to neutral v
position
19 Roler /. defaul 2 speed degree v’
20 Roler 2. gear 2 speed degree v
21 Roler 2. moves gearbox to neutral v
position
22 Roler 2. gear 1 speed degree v
23 Roler 2. moves gearbox to neutral v
osition
24 Roler I. moves gearbox to neutral| v
position
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Graph 2. Speed degrees gear procces

RELIABILITY TRIALS METHODICS

PROPOSE

Automated reliability verifying and gear mechanism
life cycle is the goal of test.

It is necessary to change dimensions, eventually con-
struction nodes of least reliable elements before test. Test
methodology is deduced from the way of speed degree
gearing during car running. Speed degrees gearing flow
is introduced in previous part. The flow repeats always
the same way with aspect to chosen speed degree.

It is necessary to assure handle control power, path
length of default and path length of speed degree gear.
Gear mechanism lines effort by power intensity, which is
prescript in tolerances during car running and followed
construction nodes, ensure fulfil these conditions.

Whole system is specified to follow up gear mecha-
nism in aspect of car reliability during car running. From
table 1 is deduced that in aspect of number speed degrees
gears the most used is 3 speed degree (32,1 %), and
(26,06 %) in short path. 4 speed degree is geared in
small number (19,1%), but it is geared on longer path
(36,70 %). It is not possible to follow this reality in one
aspect, because:

a) if we want to follow results in aspect of number of
gears, than it is in gear mechanism field

b) if we want to look and follow the parameters
change in aspect of gear length, than problem elements
are gear-wheel, winches and their installing in gear box.

Test commerce car measuring results are base to pro-
pose the test method about control mechanism use in
aspect of number of individual speed gear. Graphl de-
ducing from table 1 shows the ratio of gear mechanism
use. This ratio must be keep during test and gear mecha-
nism test in number, what is used and record in tables.
Proposed ratio method seems to be the most suitable.

Ratio method

Ratio method comes from distribution of percentage
ratio elements use of gear mechanism during speed de-
grees gearing. Values of use from table 1 are the base of
distribution. Maximum level is reached when each com-
ponent of gear mechanism will be running by distribu-
tion in table one during follow-up. Mathematic interpre-
tation of number of gear z, in one level and trial process
is:

1 n n n n n
z,=—X ani+zn2i+zn3[+zn4[+2n5i >
u i=1 i=1 i=1 i=1 i=1

where: n;—ns — number of gear in u-level

u — dividing level of max. number of gear

z1~2zs; — number of gear of individual speed degrees

n — maximum number of speed degrees gear of re-
lated speed

Example: if we want to follow-up gear mechanism
element reliability in speed degree 5, then number of
individual speed degrees gears will be:

n;=97555/5=19511 times

ny =114100/ 5 = 22820 time

n3 =154050 /5 = 30810 time

ny=91300 /5 = 18260 time

ns=18805/5=13761 time

Ratio method data are in graph 3.

o 180000 as. level
©
S, 160000 + 154050 o4. level
G 140000 1 m 3. level
QL 123240 02. level
g 120000 ¢ 1 m1. level
[
< 100000 —_*% | gz [ eam | o130
§ 78044
80000 - T 73040
58533
60000 + 54780
18805
40000 30810 %‘;;é
20000 19511 22520 18260 3761
. E
1 2 3 4 5

speed degree [-]
Graph 3. Testing according to ratio method by 5 levels

Use coefficient estimate exactness or gear mecha-
nism element reliability is higher, when dividing level is
higher. It is important to know, same number of gears
ratio in every level is kept in ratio method.

We can see on graph 3, that there is an area in the
bottom, which is showing ratio number of gears of speed
degrees of one level. Level 5 has 5 times smaller number
of gears in same ratio as a basic level. It is possible to fill
this area by trial in 2 ways:

1) vertical classification

2) horizontal classification

Vertical classification

The level of test according to vertical classification is
divided in sequence according to speed percentage use. It
means, that control program give command to gear speed
degree 5 and then 4, 1, 2, and 3 as the last one. It is be-
cause all gear mechanism elements would be follow-up
from the speed degree which use is the smallest.

We have the biggest chance, that we verify biggest
number of gear mechanism elements. We can see logical
flow of gear mechanism test in graph.

Mathematic total number of gear z,y in vertical clas-
sification, is expressed by relation:

ns ny n 1, ny
Zap SUX| D2+ D R DA D B D |,
= = =

J=1 J=1
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where: n;—ns5 — number of gear in u-level

u — dividing level of max. number of gear

z1~zs; — number of gear of individual speed degrees

Vertical classification is risky, because rest parts of
gear mechanism will stay untested for example by test-
ing 4 speed degree by failure.

This negative solves trial according horizontal classi-
fication.

180000 -
160000 +
140000 +
120000 +
100000

80000 -+

60000 +

40000 + .
20000

19511 18260
il
0

1 2 3 4 5
speed degree [-]

total number of gears [-]

Graph 4. Level of test according to vertical classification

Horizontal classification

The test of gear mechanism elements by horizontal
classification is equable according to graph 5. All speed
degrees gearing are in phase one. After that, control sys-
tem gives command to test control mechanism from 4
speed degree. Test till 3 speed degree is done the same
way. It is gear separately from neutral position. We can
mathematically interpret the number of gears Z,y by
horizontal classification test like this:

ns ny m n

ny
A D EAED INED AP IENED LN
= i = = =

=

where: n;—ns — number of gear in u-level

u — dividing level of max. number of gear

z1~zs; — number of gear of individual speed degrees

Cycle is repeating after one level of test is finished
according to proposed method.

Slovak technical norms do not contain gear mecha-
nism test method of car. That’s why a space is given to
this part, which will be needed to improve according to
reached knowledge by test realisation.

CONCLUSION

The base for evaluation, formulate and parameters
assurance of technical level, running quality and car reli-
ability or its components, is knowledge of their technical
and running parameters and running conditions. It is
important knowing in operating mode, dynamic stress,
the way of operating and use during running.

Quality requirements are increasing also require-
ments to function models laboratory testing, their parts,
prototypes and their new components. This comes out of
facts.

Practise in foreign countries showed, and it should be
advise for us, that it is profitable to apply car problem
parts to development and research. This submission is
specified to increase quality level not only of final prod-
uct, but also to developing time by car automation test
and its technical accessories.
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Graph 5. Level of test according to horizontal classification
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YcoBepiieHCTBOBaHHE YIPABJIeHHSI MEXaTPOHHBIMH CHCTEMAaMH € IPHMEHEeHHeM MAaTeMaTHYeCKOI0 aNnapaTa Teopuu
NPOBEPKH HAEKHOCTH

B cmamve onucana co30annas uHGopMayuonas CUucmema, cooepircaujds OaHnvle no Kawecmay, QYHKYUOHUpo8anuio, AsmomMamusupo8aHHbiM
UCNBIMAHUAM U HOBOMY MemOoOy OYeHKU MpaHcnopmuoli noocucmemsi. Cucmema npomecmuposana Ha CMamucmu4ecku 8adcHol epynne Kommep-
YeCKUX 2py306uKos. B oanHom ciyuae Oblia UCNONb308aAHA UHGOPMAYUs 00 IKCIIYAMAYUOHHBIX NAPAMEmMpax npeocmasumeineti Mo cpynnoi.
Yucnennviil ananu3s @oinoIHeH HA OCHOBE ABMOMAMUUPOBAHHO20 COOPA U CUCMEMAMUYECKOU 3anUc UHGOPMayuu o pabome KOMMEPUECKUX epy-
306uK08. [Ipednodcennas Ho8aAsL UHPOPMAYUOHHASL CUCEMA OAHHBIX NO (DYHKYUOHUPOBAHUIO U UCHBIMAHUAM NO360J5em NPOo8epsmb HA0eHCHOCMb
6 coomeemcmeuu ¢ pazpabomanHol MemoouKoll. Jfemanu Mauu, Haxo0swuecs 8 KpUMmuieckoM COCMOosIHUU, BbISIGIEHHbIE 8 IADOPAMOPHBIX YCIO-
BUSIX, PACNO3ZHAIOMCA YUCTEHHLIM AHATU30M Hadexcnocmu. Onucana mMemoouKa UCnbImanull U ee YUcieHnoe Mooenuposane Ha mpex ypOGHsIX.
Pesynomamom pabomel A615emcsi He MOAbKO NOBbIUEHUE KAYeCmed 20MOo6oL NPOOYKYUU, HO U CO30AHHAS ABMOMAMU3UPOBAHHAS UCHbIMAMENbHAS

nabopamopusi 015 A8MomMoouIel.
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A. I1. Ky3HenoB, KaHAUIAT TEXHUYECKUX HAYK, JOLEHT, VXKeBCKUI roCcyJapCTBEHHbIN TEXHUYECKUH YHUBEPCUTET

umenn M. T. KanamnaukoBa

K. U. 3aMaTHH, KaHAUIAT TEXHUIECKUX HayK, V)kKeBCKUil rocyJapCTBEHHBIH TEXHMYECKHI YHUBEPCUTET

nmenn M. T. KanamaukoBa

YCOBEPIIEHCTBOBAHHAS MOJEJIb CHHTE3A BAPUAHTOB
TEXHOJIO'HYECKOI'O OBECIHHEYEHUA CTPYKTYP-CTPATEI'NU
MNPOU3BOJACTBEHHbBIX CUCTEM MAIINHOCTPOEHUA

Pacawampu@aemc;z ycosepuiencmeosanHas Modenb cunmesa 8ApPpUAHMO6 MEXHONI02UYECKO20 obecneuenus cmpmeyp—cmpameemZ npoussod—
CMEBEHHbIX cucmem MautuHoCmpoeHusl. Paspa60maHHaﬂ MOOeb Modcem Oblmb UCNONIb308AHA npu Moz)epnua’auuu npOuSSO()Cm6€HHbZ)C cucmem,

a maxoice npu cmene HOMEHKIANYPHOU MOOeTU NPeOnPUAIUS.

KiawueBble cioBa: TIPOMBINUIEHHASA CUCTEMA, BapHUAHTBI CprKTyp-CTpaTCFPII\/'I, MOJECJIb CHHTE3A.

AIIMHOCTPOUTENBHOE TPEINPUATHE, OCYIIe-
CTBIISIIONICE XO3IHCTBEHHYIO ESTEIHHOCTD
B YCJIOBUSAX PBIHOYHOM KOHKYpPEHIMH, CTpe-
MUTCA MHUHUMU3ZUPOBATL 3aTparbl Ha IMPOU3BOJACTBO,
a TaKkke MaKCHMHU3UPOBaTh CBOIO IpuObUIL. BMmecte
C TeM, MO JaHHBIM acconuanuy «CTaHKOMHCTPYMEHT»,
MapK MexaHooOpaOaThIBAIOIET0 00OpYJOBaHMS, CO-
CTOSIIIMI TPEUMYIIECTBEHHO W3 OTEYECTBEHHBIX CTaH-
KOB, 32 TOCJIEAHNE 15 NeT mpakTHIecK:u He OOHOBISIICA,
COKpaTwicsS Ha | MJIH €IWHUII U COCTaBISET CETOTHS
OKOJIO TOJyTOpa MMWUIHOHa enuHHI. bomee 70 % cra-
HOYHOTO TIapKa JKCIUTyaTtupyercs cBbime 15-20 et
Y HAXOJUTCA Ha TPaHU MOJHOTO (PU3MYECKOTO H3HOCA,
a Gonpias gacTh u3 6onee yem 300 npennpustuii Poccun
HYXKJIAeTCs B MOJICPHU3AIMHU U auBepcudukarmu [ 1, 2].
[To MHEHHIO POCCHIICKHX U 3apYOEKHBIX SKCIEPTOB,
m00asi MOJIEpHU3ALMSI MAITMHOCTPOUTEIILHBIX MTPEATPH-
SITHH NTOJDKHA codeTath B cebe 3ddekTuBHYO 3aMeHy
CTaporo 0OOpYZOBaHHSI C BHEIPEHHUEM COBPEMEHHBIX

MPUHIOXIOB U MOAXOJ0B B OPraHU3aLUH M YIPaBICHUU
npousBoncTBOM [1, 2]. OmHako pemieHne 3TOH MHOTO-
KpPUTEpUAIIbHOM 3a/1aud HEBO3MOXKHO 0€3 HCII0JIb30Ba-
HUst 9 (PEKTUBHBIX AITOPUTMOB OLEHKH W TOA00pa HO-
BBIX 3JIEMEHTOB CTPYKTYP-CTPaTeruil MpPOU3BOJCTBEH-
HBIX CHCTEM, a TaKXKe I10JIpa3yMeBaeT HCIOJIb30BaHNE
COBPEMEHHBIX aBTOMAaTH3UPOBAHHBIX CHCTEM IOAJEPK-
KU TIPUHATHS PEIICHUH.

OCHOBOW IJIs1 YCOBEPIICHCTBOBAHHONW MOJICIIH CHH-
Te3a BapPUAHTOB TEXHOJOTUYECKOTO 00ECIeUCHUS CTPYK-
Typ-cTpareruii mpou3BoacTBeHHBIX cucteM (I1C) mammm-
HOCTpOCHHsI sBJsieTcss 06a30Bas MOJENb BHIOOpA TEXHO-
JIOTHYECKOro 06opymoBaHuA [3], HE YUUTHIBAIOIIAS PSIT
MOTpeOHOCTeH NPEANPUSITHH, TAKMX KaK YacTHYHAs MO-
J€pHU3ALHUS IPOU3BOICTB.

[Ipeanaraemast Mozenp MOCTPOEHA HAa OCHOBE KOM-
OMHATOPHOTO aJrOPUTMa CHHTE3a TEXHOJIOTHYECKOTO
obecrieueHHs CTPYKTYP-CTpaTeruii IPOU3BOJCTBEHHBIX
cucrem (IIC) MammHOCTPOEHHSI M SIBISIETCS COCTABHOM

© Kysnenos A. I1., 3amsarun K. U., 2013
ITonyueno 17.09.13
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YacThI0 ABTOMATU3UPOBAHHON CHUCTEMBI MOIICPIKKH
NPUHSTUS PEUICHUN MPU MOJCPHHU3ALUH TPOU3BO/ICT-
BEHHBIX CUCTEM MAaIIMHOCTpOeHUs [3, 4].

Mozesnp MOXeT ObITh HCIIOJIb30BaHA MPH MOJCPHHU-
3alUl  MPOU3BOJCTBEHHBIX CHCTEM MAIIHHOCTPOCHUS
B YCJIOBHAX IITYYHOI'O M MEJIKOCEPUITHOTO MPOU3BOICT-
Ba, a TAKXKE MPH CMCHE HOMCHKJIATYPHON MOJENHU Tpe-
MpuiATUd 1 OGCCHe‘II/IBaeT CHHTE3 BaApUAHTOB TEXHOJIOT'H-
YEeCKOro M MH(POPMAIMOHHOTO O0ECIICYeHUsS MMPOU3BOJI-
CTBCHHBIX CHCTEM B aBTOMAaTH3UPOBAHHOM PEIKUME.

[ MapameTpbi \I [ MapameTpebi \|
| TexXHoONoruuyeckoro |  NPOW3BOACTBEHHOM

I oBecnedeHus : | HOMEHKNaTypbl :
I o npeanpuATUs ;

Bbibop
TEXHONOrNYecKoro
obecneveHns
OueHka uaHoca
OCHOBHbIX
thoHgoB
npeanpuaTUA

ConocrasneHne
napameTpos KT3
napameTpam
TEXHONOTMYECKOro
obecneveHus

CuHTes BapuaHTOB cTpyKTyp-cTpaTterun NC mawmnHocTpoeHun

K nambornee 3HaAYNMBIM H3MEHEHHSIM 0a30BOil MoIe-
JI OTHOCUTCSI BOBMOXHOCTh aHAJIM3a U OLICHKHU CYIIECT-
BYIOIIETO TapKa MeTayuiooOpabaThIBAIOMIET0 000PYI0-
BaHMsI, YTO IIO3BOJISIET MPEANPUATHSAM Haubojee ruOKo
1 3¢ GEeKTUBHO MPONTH NPOLEAYpPY MOJEPHHU3ALMH Me-
XaH000padaThIBAIOIINX TIPOU3BOJICTB.

CHHTE3 BapHaHTOB TEXHOJIOTMYECKOrO OOeCreueHuUs
CTPYKTYP-CTPATETHil OCYIIECTBIISICTCS B HECKOJIBKO 3Ta-
noB (puc. 1).

N\
(Cunres BapuaHToB Bnibop N
CTPYKTYp- paLMoHanbHoro
cTpartervi BapvaHTa

KoMBUHaTOPHBbIIA
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CrpykTypa-cTpaTervns
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CTpykTypa-cTparerus
MNC mawunHOCTpOEHUA
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CTpykTypa-cTpaTterus
MNC mMawMHOCTPOEHUSA

Puc. 1. Dtansl cuHTE3a BApHAHTOB TEXHOJIOTHYECKOr0 obecneueHus cTpykryp-crpareruii [1C

Ha nepBom 3Tamne cuHTe3a OCYIIECTBISETCS OLIEHKA
COCTOSIHHMSI OCHOBHBIX (DOHJIOB MAIIHHOCTPOUTEIHLHOTO
npennpusaTist. CTeneHs GU3NIECKOT0 N3HOCA OCHOBHBIX
(hOHIOB XapaKTepu3yeTcs BEIUYUHONW YMEHBUICHHUS HX
CTOMMOCTH, a TAK)KE MOXKET ObITh BBISIBJICHA 10 BPEMEHHU
SKCIUTyaTaluu, 00beMaM BBITIOIHSIEMbIX PaboOT U TEXHHU-
YEeCKOMY COCTOSHHIO [5].

Koaddunuent dhusnveckoro u3Hoca OCHOBHBIX (POH-
JTOB MOJKET OBITh OIpEICIICH CIeIyonuM o0pa3om [5]:

Q)

rie A — cyMMa n3HOca OCHOBHBIX (poHIOB, py0.; @ —
HepBOHAYAIIbHAS CTOMMOCTH OCHOBHBIX (POHIOB, PYO.

JaHHbII KOX(QQHUIHEHT MOXKEeT OBITH OmpeneneH
TakXKe CIeIyromuM obpasoM [5]:

Kﬂ.cb:ch/TH’ (2)
rae Ty u T,y — bakTHUeCKuii 1 HOPMATUBHBIH CPOK CITyk-
OBbI OCHOBHBIX (DOHJZIOB COOTBETCTBEHHO.

BenmnunHa yMeHBIIEHNS! CTONMOCTH OCHOBHBIX (DOH-
JIOB 10 TEXHUYECKOMY COCTOSIHHIO YCTA@HABIIMBAETCS Ha
OCHOBaHMH HKCIIEPTHON OLEHKH CHENUATNCTAMH ITyTeM
OLIEHKH COCTOSIHUSI OTAENBHBIX Y3JI0B 00OPYHOBAaHUS
Y MCYUCIICHUS CPEAHEB3BEIICHHOIO MPOLIEHTHOIO H3HO-
ca 5, 6].

Koa¢¢puunent n3noca 0CHOBHBIX (POHIOB HCIIOJb3Y-
eTCsI Ha MOCTIeTHEM 3Talle CHUHTe3a BAPHAHTOB CTPYKTYp-
CTpaTeruii, mpu 3TOM IJisi HOBOTO 00OpYyIOBaHMs JIaH-
HBII K03 uimeHT npuHrMaercst paBHbIM 0.

Ha BTOpOM »3Tame cuHTE3a OCyILIECTBISIETCS BHIOOD
TEXHOJIOTUYECKOTO O00ECIEeUYEHUs, NPU ATOM YUHUTHIBA-
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FOTCS TIapaMeTphl HE TOJIBKO HOBOTO, HO W HapaMeTphl
paboTaromero Ha IpeANPUATHNH 000PYIOBaHUS C YIETOM
CYMMBI €r0 OCTATOYHOW CTOMMOCTH.

B kauecTBe BXOIHBIX JAHHBIX AJITOPUTM BEIOOpA
TEXHOJOTHYECKOT0 00eCIeYeHHsI HMCIIONb3yeT MHOXKe-
cTBO A', comepxaiiee HabOp mapamMeTpoB 00OpyIOBa-
HU, o6ecneqMBa}0u1ero BBIIIOJIHEHHUE TCEXHOJOI'H4Ye-
CKHUX Ollepalnuil 1 MpOU3BOACTBA 3aJaHHOW HOMEHK-
natypsl [7, 8, 9]:

4
A':[al,az,...,an |a,.eA HpI/I_/\]fj(X)le|, 3)
J=

a[=<pfl,pf,p,:,pfi,,p;,pff,ps% “4)

rae p, — KOHEYHOE MHOXECTBO TUIIOB 00OPYHOBaHMS;

a

py — npusHak Hanuuus YIIY; p! — MakcuMambHBIHA
. a . a

pasMmep 3aroToBKH; p, — BEC CTaHKa; p, — KIacC TO4Y-

HOCTH 00OpYIOBaHHUS; p, — MHOXECTBO TEXHOJIOTHYE-

CKHX OTepaluii, BBITIOIHAEMBIX Ha 000PYI0BAHUH; pf —

CTOMMOCTh 000pyZOBaHus, X — MOAMHOXXECTBO Mapa-
METPOB TEXHOJOTHYECKOT'0 000pYyIOBaHMUsS, HA KOTOPHIX
(yHKIHS MOXET NMPUHAMATh CIUHUYHOE WM HYJIEBOE
3HAYCHUE; f; — QYHKIUSA MPUHAIICIKHOCTH JJIS DIICMCH-
TOB MOAMHOXeCTB, A’ — moruueckas GyHKIHS, Ompee-
JIEHHAs B TEPMUHAX aJreOpbl JIOTUKH:

](,' =V ¢,‘(xi)’ (5)

Jj=1

rae ¢, — IU3BIOHKTUBHBIN TepM, HMPUHUMAIOIMN eau-
HUYHOE 3HAYCHHE Ha Ha0OpE BBICKA3bIBAHUY X; B CIydae,
€CITH KaXKJJ0€ BBICKA3bIBAHHUE MPUHUMACT UCTHHHOE 3HA-
YCHHE.

MHO)ecTBO A’ MOJyYeHO MyTeM MOCIIEeI0BATEIBHO-
ro YTOYHEHHS MHOXECTBa A MapaMeTpoB TEXHOJOIrnu4e-
CKOro oOecreyeHus B 3aBUCHMOCTH OT MHO)KecTBa D
napaMeTpoB 00OpPYNOBaHMS, IOJIYYEHHOrO IyTEM Jie-
KOMIIO3HUIUH JIETATU 10 KOHCTPYKTHBHO-TEXHOJIOTHYEC-
KHUX 3JIEMEHTOB [7].

Ha Tpetbem 3Tame OCyIIECTBISETCS KOMOMHATOPHBIH
CHHTE3 BAPHAHTOB TEXHOJIOTMYECKOTO0 O0ECIICUeHHsI.
B 3aBHCHMOCTH OT THMa OOOPYAOBaHHsS BCE DIEMEHTHI
MHOXecTBa A’ TOIekKAT TPYIITUPOBKE B /1 YIOPSIO-
YEHHBIX MHOXECTB f, € T', TIPH 3TOM Ka)KJ0€ TaKOE MHO-

JKECTBO COJEPIKUT CTAHKH, OTHOCSILMECS K OJHOW U TOM
e TPYIIE TEXHOJIOTWYECKOTo 00opyaoBaHUs. B 3TOoM
Cllydae KOJMYECTBO BapHaHTOB CTPYKTyp-cTpatermid [1C
MAalIMHOCTPOSHHUS OyleT paBHO CyMMe KOMOMHATOPHBIX
KOH(HUTypaluid, NOMYYSHHBIX COYETaHHEM BCEX DJIEMEH-
TOB paHee chOPMUPOBAHHBIX MHOXKECTB (pHC. 2).
VYuuthiBasg, 4ro B C(HOPMUPOBAHHBIE BAPHAHTEHI
cTpykTyp-cTpateruit IIC mammuHocTpoeHus BoaeT 060-
pylOBaHHE pa3HOW IIEHOBOM KaTEropuu, HEOOXOIUMO
OCYILIECTBUTb OTCEUEHHUE BapHaHTOB, HE YJOBIETBO-
psromux  (UHAHCOBO-3KOHOMHYECKUM IOTPEOHOCTSAM
npennpusatus. Takoe oTcedeHue NPOU3BOAUTCA B 3aBH-
CUMOCTH OT CyMMapHO#l CTOMMOCTH Ka)KJOrO BapHaHTa

TEXHOJIOTHYECKOro oOecreyeH s, BOLICANIEro B CHHTe-
3upyemoe MHOkecTBo [10].

MHOX€ECTBO TEXHOJIOIHYECKOTO
obecrieueHus
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Puc. 2. CuHTE3 BapHaHTOB CTPYKTYP-CTpaTEruit
[1C mammHOCTpOCHUS

Ha nocnennem srane cuHTE3a OCYILIECTBISETCS BbI-
00p palMOHAIBHBIX BAPUAHTOB, KOTOpPbIE BOWAYT B (hu-
HaJIbHOE MHOKECTBO M OYAYT NpPEIUIOKEHBI JIUILY, MPHU-
HuUMaromeMy pemenns. OueHka 1 BRIOOp palllOHATBHBIX
BapUaHTOB OCYIIECTBIISCTCS C UCIOJIb30BAHHEM KpHUTe-
pusi 6. B KaduecTBe OCHOBBI MPEIIOKEHHOTO KPUTEPHUs
OblTa HCIOJIB30BaHA €ro oOpaTHas 3aBUCHMOCTH OT
CTOMMOCTH U HpsMasi — OT NPOU3BOAUTENFHOCTH CHHTE-
3UPOBAHHBIX BapuaHTOB. Takas 3aBUCHMOCTbH HO3BOJISET
MPOU3BECTH KAYECTBECHHYIO OICHKY 3(deKkTuBHOCTH
CHUHTE3UPOBAaHHBIX BApHAHTOB M HEOOXOJMMa /sl aBTO-
MaTH3alMyd CHHTE3a BAapUAaHTOB CTPYKTYp-CTpaTeryu.
JLJIst OLIEHKM BapHaHTOB, COJIEpIKAIINX YK€ paboTaroriee
Ha TIpeNupUsITHH O00OpYyINOBaHWE, JAHHBIH KpHUTEpUil
YUUTHIBAET Takke KOI(D(UIMEHT (PHU3NYECKOro HM3HOCA
OCHOBHBIX (QOHI0B K, ¢:

C P
o, =q, 1—C—' +a2?+a3(1—1<,.w), (6)

M M

rne C; — CTOUMOCTh i-Ir0 BapHaHTa CTPYKTYPbI-
cTparerud; P; — TPOW3BOAMTENHHOCTH [-TO BapUaHTa
cTpyktypbi-ctpareruu; Cy 1 Py, — COOTBETCTBEHHO, MaK-
CHUMaJIbHasi CTOUMOCTD M ITPOM3BOANUTEIBHOCTh TEXHOJIO-
ruyeckoro odecrnedeHus; K;, . — CpeJHUH U3HOC 000-
PYZOBaHUS 0 KAXKIOMY BapUAHTY; O], O, Ol — BECOBBIC
KO3 PHUIMEHTHI, OMpPEae/IIEMbIE METOIOM SKCIEPTHON
OIIEHKH, TIPH 3TOM o1 + o + o3 = 1 [3].

OmnpenenuM MPOU3BOAUTENBHOCTh TEXHOJIOTHYECKO-
ro obecnieyenus [11], BXonsiuero B j-ii BapuaHT CTPYK-
TYpBI-CTpaTEruu, KaKk

N, T,
P=2 = (7

rae N; — KOIN4ecTBo Jetaneii, o0padbaThiBaeMbIX Ha i-M
TEXHOJOTUYECKOM 000pyaoBaHuu; 1; — TPYAOEMKOCTh
M3rOTOBJICHUS JETallel i-H JeTainu, omnpeiensseMas Ha
OCHOBE CTAaTHCTHYECKOTO aHalinW3a MapIIPYTHBIX KapT;
F — donx paboyero BpeMeHH B rol.
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YuuteiBasg, 9T0 3PPEKTUBHOCTE BapHaHTa CTPYKTY-
PBI-CTPAaTETHH CTPEMHUTCS K MaKCHMyMy, MOTYT OBITh
0TOOpaHbl BapuaHThl, 3()GEKTUBHOCTE KOTOPBIX BBILIE
3¢ deKTHBHOCTH 0a30BOTO BapHaHTa CTPYKTYpBI-CTpaTe-
run [1C, QyHKIIMOHUPYIOIIEro Ha IpeANPHUsITHN.

YcoBepieHCTBOBaHHAs! MOJIENIb CHHTE3a BapUaHTOB
cTpykTyp-cTpateruii IIC MammHOCTpOSHUS OPUEHTHPO-
BaHa Ha MWCIOJI30BAHUE OINPENENICHHBIM KPYroM cIie-
[IMAJMCTOB U ITO3BOJIIET MAaKCUMaJbHO TMOKO Ipou3Be-
CTH MOJICpPHH3ALUIO CYILECTBYIOLIEH MPOU3BOICTBEHHOM
CHCTEMBI C YYETOM KaK CYIIECTBYIOLIETO, TaK U HOBOTO
TEXHOJIOTHYECKOT0 000pyAOBaHNSI.

B menom pa3paboTaHHBIN aITOPUTM B COCTaBE aBTO-
MaTU3MPOBAHHOW CHCTEMBl PEIIaeT aKTyaJbHYIO Hayd-
HyI0 Tpo0JeMy, MMEIOUIYI0 CYyLIECTBEHHOE TEOpeTHde-
CKO€ ¥ IPHKJIAIHOE 3HAYCHHE, 3aKIII0YAoLIeecs B BEIOOpe
TEXHOJIOTHYECKOTO W HMH(OPMALHMOHHOTO 00ecIeYeHNs
COBPEMCHHBIX TTPOU3BOACTBCHHBIX CHCTEM  MalllMHO-
CTPOCHUS Ha JTanax NPHHATUS peleHus 00 UX MOJIepHHU-
3aluyu U [laﬂ]:HeﬁLlIeM TCXHUYCCKOM PAa3BUTHUH.
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Advanced Model of Variants Synthesis of Industrial System Structures-Strategies

The article provides the advanced model of variants synthesis of industrial system structures-strategies. The developed algorithm can be used
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®@. A. Ypa3zbaxTuH, JOKTOpP TEXHUUECKIX HAayK, BoTkuHCKMiA (pumuan MeBcKoro rocyJapcTBEHHOTO TEXHIHYECKOTO
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ITPOI'PAMMHAJS PEAJIM3ALIAA MATEMATHYECKHUX MOJIEJEN .
MPEJEJBHBIX CUTYALIMMI, BOSHAUKAIOIIUX ITPA CBOPKE KJIEITKOM *

Pacawampuea/omc;z I‘lpeaeﬂbllbl@ cumyayuu, Komopbsle Mo2yn 603HUKHYMb NPU C60pK€ K1enkou Kopnycoe paxkem u3 ajliOMUHUEB80-MACHUEBbLX
Chnjlliaeoe no npoYHocmu, cmotikocmu K Koppo3uu, mexHojio2uvHocmu u cebecmoumocmu 6bINOJHEHUS! ueoes, no xapakmepucmuKkam 3aKienok, 0bo-
pydo&mwl u npucnocoGﬂe%tuzi. Hpe@eﬂbnble cumyayuu OYyeHusaromces CneyuaibHblMu noKazamenimu ¢ nomouvbro M(}()e/lup(}(f(lHu}l 8 cpe()e

MathCAD.

KiawueBsble cioBa: NIPEACIBHBIE CUTyalluu, MaTEMaTUYECKass MOJEJIb, KOPITYC JIETAaTCJIbHOT'O arrmapara, KIICTIKa JleTanei U3 alfOMHHUEBO-

MarHue€BBIX CIIJIaBOB.

JTHUM W3 HaJISKHBIX U PACIPOCTPAHECHHBIX CITO-
co00B COeNMHEHNUS AeTanel KOPITyCOB paKeT u3
ATFOMHHHEBO-MAarHMUEBBIX CIUTABOB IO CHX TOpP

ocraeTca cOopka kienkod. Kiemanele coennHeHHs 00-

JIAAl0T JOCTaTOYHOW MPOYHOCTHIO, YCIEIIHO COMPO-

TUBJISIOTCS 3HAYUTEIHHBIM BHOPAIMOHHBIM U TEpEMEH-

HbIM Harpy3kam. lIponeccsl KIENKH TOHKOCTEHHBIX

KOpHyCOB 13 aAJIOMHUHHUCBO-MAarHuCBLIX CIIJIAaBOB B Ha-

CTOsIIIIEE BPEMsl YCIICIIIHO OCBOCHBI B MPOU3BOJICTBE JIe-

Tajei paker [1].

Huzkue xavecTBO M 3pGEKTUBHOCTH KIICIIKH SBIIS-
FOTCS pe3yJIbTaTaMU IPEJICIBHBIX CUTYalllid B IMpoIecce
BBITIOTHEHUS 3TOTO TEXHOJIOTHYECKOro mpomecca [1].
OT0 00CTOATENBCTBO JAeNaeT HEOOXOIMMBIM IpOBee-
HUE MOJETHPOBAHUS TpoIecca KIETKH. MaremaTude-
CKasg MOJENb Ipolecca KIETKH MpEeACTaBlieHa B BUIE
KOHEYHOI'0 MHOKECTBAa KOJMYECTBEHHBIX ITOKa3aTesei

¥;, KaXIbIi U3 KOTOPBIX OLEHUBAET CTENEHb MPHUOIIN-

JKEHUs K OTAeNbHOM mpenenbHOll cutyanuu. Hemo-
CPEACTBEHHO HAa BO3HMKHOBEHHE i-U IPEIEIbHON CH-
Tyallud YyKasblBaeT 3HAYEHHUE II0Ka3aTels, OoJbIee
eanHunpl. O6mas 3((HeKTUBHOCTh TEXHOJIOTHYECKOH
CHCTEMBI KIICIIKH ONpEAEeNsIeTcs 1Mo IeaeBor (GyHKINH
u3 [2]:

m. __
Y= lz ¥y, — min,
m

rae m — o0llee KOJINYECTBO [I0Ka3aTellell B MaTeMaTH4e-
CKOH MOJIEIIH.

Kaknoe cocTossHHE TEXHOIOTHYECKOM CHCTEMBI OIle-
HUBAeTCAd 3HAYCHHAMH MapaMeTpPOB, CPEeOu KOTOPBIX
XapaKTePUCTHKH (DOPMBI U KJICMAIEHOTO WHCTPYMEHTA,

Tabnuya 1. Ynpapiasiionie mapaMeTpsl U mejieBast pyHKus

IUuaMeTp, IJUHA 3aKICNKH, AnaMeTp OTBepcTus. Bce
mapaMeTpel B MaTeMaTHYECKOW MOJETH pa3esicHbl Ha
KOHCTaHTHI M YIIPABISIONINE ITepeMeHHbIe. B MaTemaTn-
YeCKOH MOJENH WCIONB3yeTCs CHelHaNbHas CHCTeMa
KOAMPOBAaHUS TEXHOJOTHMYECKUX MapaMeTpoB. Ha ocHo-
B€ MMOCTPOCHHON MaTeMaTHYeCKOW MOJAENH pa3paboTaHO
nporpaMmmHoe o0ecrieueHne, KOTopoe (yHKUHOHHPYET
B cpene MathCAD.

K ympaBmsromum napamerpaM TEXHOJIOTHUECKOM
CHUCTEMBI KJICTIKHA KOPITYCOB U3 aJIFOMUHHEBO-MAaTrHACBBIX
CIUTABOB OTHOCSTCS: WH(QOPMAIMOHHBIC KOIBI (HOPMBI
TUIA 3aKJIENKU — zaa (IPUHATO, YTO 5 — C TMOIYKPYTIIOi
TFOJIOBKOM, 6 — C IIOTAaiHOM, 7/ — COCTaBHBIC, C IIJIOCKUM
OypTHKOM); Marepuaiia Kopryca — mksl u cTepxHs 3a-
kienku — mks2 (10 — X18H9; 16 — AIMg5); Buna ycu-
it kkz (I — ynapHas win 2 — mpeccoBas Kierka); 000-
pyIOBaHUS U1 YCTaHOBKH 3aKjemok io (/ — aBromar
AK-5,5-2,4; 6 — 3aknenoyHuk 1aurus?); mpucmocobe-
Hus — llo (I — IPWKUMBI, OTPAHUYUTENN; 3 — TPHUCIIO-
cobiierne); 000pyIOBaHMS ISl BRIIOIHEHHS OTBEPCTHH —
ouo (I — npenb; 2 — paauaIbHO-CBEPIIMILHBIA CTAHOK).
VYHpaBisMomyuMy TapaMeTpaMu TakkKe SBISIOTCS: KiIacc
ToyHOCTH 3akienku — K77 (B wm C); auametp — d;
U ITIHA 3aKJIENKHA — lgx7; pAacCTOSHHE OT OCH 3aKJICIIKU
1o kpas netanu — Cs.

PaccmoTrpuM mporiecc MOAETHPOBAHUS KIIEHKH HpHU-
OOpHOHM IUIaTHl K INNAHTOYTY KoOpIyca pakersl 18 3a-
KJICIIKaMH (TOJ'IU.[I/lHa mrmaHroyra B MECTC KICIKU —
15 mm; npubopnoii matel — 10 mm). IpeacraBum wuc-
XOIHBIC JaHHbIC I 4 pa3pabOTaHHBIX BapUAHTOB
(tabn. 1). Xon MoxennpoBaHus OKKEM Ha JIMCTHHIAX,
a pe3yJIbTaThl CBElIEM B Ta0I. 2.

3HaueHHs yIPaBIAIOMIX IapaMeTPOB
VYupasistrolye napaMeTpsl U neseBast GyHKIHs U 10Ka3aTesned KpUTUYHOCTH
Bapuasr 1 BapuanT 2 Bapuanr 3 Bapuant 4
HudopmanmoHHbIi Ko (OpMBI TOJIOBKH M THIIA 3AKJICTIKH zad 5 6 9 7
WudopmanroHHble KOOl MaTepuaia KOpIlyca M CTEPXKHS 3aKJICTKH 16 16 16 15
mks1 v mks2 16 16 16 10
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Oxkonuanue maoban. 1

3HayeHMs yIpaBsIOIUX HapaMeTpoB
VYnpapisonuye napamMmeTpsl u 1esieBast QyHKIHs U 1I0Ka3aTesieil KpUTUYHOCTH
Bapuasnr | Bapuanr 2 BapuanT 3 Bapuanr 4
Knacce Tounoctu 3aknenku K77 B B C C
JlnuHa (Kopiyca) 3aKJIenKH [y, 60 50 38 30
MupopMaoHHbIH KOJI METOJa YCTAHOBKH 3aKJICTIKH kkz 1 1 2 1
PaccrosiHue OT ocu 3aKJIenKU 10 MecTa cKpyraeHus neranu C; 18 10 3 3
WudopmarroHHbIi Ko 000py10BaHUS 11l KICHKH [0 16 14 22 8
WudopmarmonHslii koa npucnocobienus llo 1 6 1 4
MudopmarmonHslii ko1 000pyJOBaHMS VIS BRIIOJHEHHS OTBEPCTHH 0U0 1 2 5 4
JuameTp d; 3aKiIenKu, MM 24 24 10 5
Leneas pynkuus Y 7,07 5,51 5,239 5,18
Tabauya 2. Pe3yabTaThl MOJETUPOBAHUS

0603Haqe}mvs[ Bapuanr 1 | Bapuanr 2 | Bapuaur 3 | Bapuanr 4 O6o3Haquuf[ Bapuant 1 | Bapuanr 2 | Bapuant 3 | Bapuant 4
HokasaTesei ToKa3aTeseit

;1 ) 0,000 0,000 0,000 0,36 ;9 0,002 0,002 0,009 0,035

;2 0,510 0,510 0,000 0,000 ;m 0,009 0,009 0,023 0,044

;3 0,761 0,522 0,501 0,500 ;“ 0,001 0,001 0,006 0,022

v 0555 | 0555 | 0993 | 0,993 i 0960 | 0,750 | 0789 | 0,797

;5 0,660 0,66 0,592 0,625 ;13 0,579 0,000 0,220 0,000

;6 0,505 0,505 0,609 0,551 ;14 0,300 0,200 0,300 0,100

;7 0,873 0,873 0,364 0,185 ;15 0,063 0,048 0,120 0,015

;8 0,973 0,556 0,333 0,632 ;m 0,320 0,320 0,400 0,320

1. BBoa gaHHBIX:
mksl := 16 mks2:=16 | HudopmargioHHbIc KOl MATEPHANA KOPITYEa H CTEPHKHA 3aKITCIIKH
zaa:= 5 HudopmarpoHHbIi ko (o PMBI I0I0BKH H THIIA 3AKISIIKH
KTZ :="B" Knmace TouHoeTH 3aKIeTIKH
. HudopMalpioHHEI Ko METOJa VCTAHOBKH 3ZaKNeNKM (Ama vAaapHoi [ mm
=1
MPECCOB 0 KICIEH 2 ).
C3:= 18mm @ PaccroAHMe 0T 0CH 3aKIECIIKH A0 MECTA CKPYTICHMA AETATH
2. CuuTaeM, 4TO MaTepuall 3aKJIENKH JOJKEH COOT- y, =1—k,,, (1)

BETCTBOBATH MaTe€praily COCANHAEMBIX JIeTaJIell C TOYKHU

3peHUsl 3HAYEHUN SJIEKTPOJHBIX MOTeHIMaIoB. B mpo-
TUBHOM CJlyyae BO3HHKaeT IpeaenbHas curyauus. OHa
CBA3aHAa C BO3HUKHOBEHHEM B3aUMOJEHCTBHA MEXKIY
MaTepUalioM U3AENIUs U KOPIyCOM 3aKJIENKH U BO3MOX-
HBIM TI0siBJIeHHEM KopposuH [3]. CteneHs npuOImKeHus
K [IpeJeNIbHON CUTyaluu ONpeAeseTcs IoKa3aTeIeM

(0,5 B),
(+0,46 B) [3].

rae kpr — KOO(QQUIUEHT COOTBETCTBUS 3HAUCHUHA U 3HA-
KOB 3JIEKTPOJHBIX MOTEHIMAJIOB MAaTCPHATIOB 3aKJICIKH
U coeuHsAeMBbIX netaneid. Hanpumep, 1is antoMuHUEBO-
ro cmwiaBa AMr6 cranyoHapHbBIH MOTEHIMAl pPaBeH
a s Hepxkasetomed cram X18H9 —

kIPT :=

k2PT :

Cp21 1= CPpy1,1 = —0.5V Cp22:= CPyyep 1 = ~0.5V

Cp2l
Cp2.
Cp2
Cp21
Cp22
Cp2.
Cp2
Cp22

CramoHapHbI] ITOTEHIIHAT MaTepHATOE KOpPITyca
M CTEPIKHA 3AKIEIIKH

if |Cp2| e |Cp21| =1 KosdiprigieHTsl c00TBETCTENA 3HAYCHHI H SHAKOE
JNEKTPOAHBIX ITOTEHIPATOE MATEPHANOE KOPITYea 11
otherwise CTCPHRIIA 3AKICTIKH MATePpHany COo¢ QHITACMBIX ﬂeTaJ‘Ieﬁ
Cp22
if |cp2| > |cp22| =1 I3PT := ol if |Cp21] = |Cp22| =1
Cp21l
otherwise Cp22 otherwise

y1 == max[(1 - KIPT) (1 - K2PT) (1 - K3PT)] = 0
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3. ImameTp 3aKJIENKH d; Ha3HA4YaeTCs MO TONIIHHE
CKIICTIBIBAEMBIX KpaeB AeTaneil. Ecnu Ha mpeanpusaTun
TaKue 3aKJIENKH OTCYTCTBYIOT, TO CYHTAeM, YTO BO3-
HUKIIa TIpefieNnbHasl CUTyalHs 1O OTCYTCTBHIO MaTe-
pHanoB, HEOOXOAMMBIX IJIS BBIMOJHEHHUS TEXHOJIOTH-

rae Kod(UIHEHTH! Ayg, Bag, Cyg OTIPEOCISIOTCS U3 CHC-
TEeMbI YpaBHEHUIT

Ay +dl By +d17Cp =1

2 p—
YecKOro mpouecca. BO3MOXKHOCTH OIEHKH 3TOH mpe- Ay +d2, By +d2, Cy =1 C)
JETbHOW CHUTyaluu OyJeM ONpenessaTh M0 3HAYCHHIO (dl, +d2,) (d1, + d;_%)z
HoKa3arens Ay + By — 2 +Cy = =05
- 2
Yy = Ay + By dy+Cp dy7, @) rae dls, d2; — mpenenbHbIe 3HAYCHHS JOMYCKAeMbIX
JIUAMETPOB 3aKJICTIKH, MM.
[ d13 a3 | ,
1 2 st} = |Glig 1 if zaa=5Svzaa=6vzaa=7 =0.024m
mm min 1 .
Gdig 1 if zaa=9 v zaa=10v zaa= 11
2 Yi=| 1 ’
d23 d23 .
X=11 — (—] 0.5 G5jq 1 if zaa=7
mm mm g ’
5 Omm otherwise
i d13 + d23 d13 + 423 &8 &8 2
L 2mm 2mm ) | D48 :=lsolve(X.Y)|| yy:= |A48 + B48-— + C48-[—] if zaa=5vzaa=6 =0.51
mim mm

0 otherwise

4. Heynauno nogoOpaHHast TeOMETpHsI 3aKJICTIKU U e¢
yacTell NpUBEAET K MOSBICHUIO NPEIENbHON CUTyalMU.
Hanpumep, ecnu xopnyc 3aKJI€NKU CIUIIKOM KOPOTKHM,
TO BO3HHMKHET IPEACTbHAs CHUTyallWs, CBSA3aHHAs C He-
XBaTKOW MaTepuana i (GOpMUPOBAHHS 3aMBIKAIOMICH
ronoBkd. OLEHNM 3Ty MPEAENbHYI0 CHUTYyaluio MOKa3a-
TeneM

2
7= Ay +330’L.Z+Cm( ke j —076l, )
min min
riae lg; — IMHA 3aKIIenKd, MM; K03 puueHTsr Az, Bj,
C3p HaxomsaTCs W3 CHUCTEMBI YpaBHEHHUH, aHAJIOTHWY-
HOM (3), HO B KOTOpPOIl y4acTBYIOT IpeAeIbHBIC 3HaYe-
HUS IJIFH KOpITyca 3aKIenKu u3 [5] — Iy, Lzn-

5. IIpu U3roTOBIEHNHN COOPOK KIIETKOW HEOOXOIUMO
obecrieunTh TpeOyemble 3a30pBl MEXKAY CTEpKHEM 3a-
KJIETIKW M CTEHKOW OoTBepcTHss. B mpoTMBHOM ciyuae
BO3HUKACT MPCAC/IbHAA CUTYyallld, KOTOpas OLCHUBACTCA
nokasaresieM

2
ASZ ASZ
V, =4, + B, S. © + C63( S. Oj =0,555, (5)
min min

rae Ko3pPUIueHTs! Ags, Bg3, Cs3 HAXOIATCS U3 CHCTEMBI
ypaBHeHuii aHanornunoi (3). Ilpm stom 3az0p mexmy
CTep)KHEM 3aKJeNKH M CTeHKoil oTrBepctus ASZO co-
crasisieT ot 0,1 1o 0,4 MM, 9TO OOECIeUnBaACT XOpoIIee
3arnojgHeHue oTeeperus [6].

6. dakTHyeckrne OTKJIOHEHHSI JIHaMeTpa CTEpKH
0DZA n nnuHbl (cTepXkHs) 3akienku OLZA coriiacHO
CTaH/apTy He JOJDKHBI MPEBBIIIATH ONpPEIeNICHHBIX 3Ha-
YeHU. B TPOTHBHOM cCilydae HACTYIST HpEAEIbHbIC
CHUTYaIll, CTEICHb NPHONMKEHHS KOTOPBIX OMpEIels-
IOTCSI IBYMsI TOKa3aTEISIMU:

2
+Cy [%J =0,66;
micron

dDZA

Vs = A+ By —
micron

OLZA

Vg = Asg + By —
micron

c ( S'LZA
micron

j =0,505, (6)

rae K03OOUIUEHT Agg, By, Cug, Asg, Bso, Csg, OTIPEIC-
JISIFOTCSL U3 JIBYX CHUCTEM YpaBHEHWi, aHalorH4HbX (3),
C YYETOM TpEeJCIbHBIX 3HAYCHUIH OTKIOHCHUH JuamMeTpa
CTepXHS Opyz, Opjz Y JJIMHBI 3aKJICTIKUA O 47, Or77 (MKM).

7. IlpeaenbHble cUTYyalllH, CBSI3aHHBIE C TPOYHOCTHIO
KJICTIAHOTO IITBA, OIICHUM ITOKA3aTeIIIMU:

2d
v, =—=0,873;
C3
_ C,
=——=0,973, 7
%= 0 D, (7)

rne Ds; — quaMeTp TOJIOBKU 3aKJIETIKU, MM; d3 — THaMeTp
3akJenku, MM; C; — pacCTOsSIHHE OT OCH KJICIIAHOTO IIBa
JI0 Kpas npoQuiIs JeTallu, MM; C3 — PAaCCTOSIHHE OT OCH
KJIETIAaHOTO IIBa JI0 MIOBEPXHOCTEH, MEIIAIOIINX MOBOIY
HHCTpYMEHTa, MM [7, 8].

8. KauecTBo coeanHeHHs1 NPH KIETIKE CYLIECTBEHHO
3aBHCHUT OT IPOYHOCTH 3aKienok [5, 6, 7]. [Ipu mosBie-
HHUW HaNPsDKCHUH B IIBE BO3HUKAIOT HpEebHBIC CUTYa-
LMK cpe3a WM Pa3pbiBa 3aKJIENOK, KOTOPBIE MOXKHO OIl-
penenTh 10 3HAUSHUSIM CIIEAYIOLINX ITOKa3aTeneil:

__P _ P,
Py = 5 =0,002; y,, = ———>—=0,00099;
wr 0,456tnn—-
4 ()
oCM
¥,y .=——=10,009,
Yio oCM

pr

rae P;, P, — dakTudeckue MpoNOIbHBIE U PACTATHBAIO-
HmIMe Harpy3ku Ha 3aknenku, H; P, — momyckaemble
Harpysku Ha 3aknenky, H; cCM, cCM,, — Gaktnueckoe
U JOIyCKaeMoe HampspkeHus cMsrtus, [la; n — konude-
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CTBO 3aKJIENOK; G! — MpeJe TeKY4YeCTH CKIIETIBIBAEMOT0
Marepuana, [la.

9. B cnywyae HempaBWIBHOTO BBIOOpa 000pyIOBaHUSA
JUISl YCTAHOBKH 3aKJICTIKM BO3HUKAET MpEebHAs CUTya-
ust. Ee onieHnBaeM nokasaresnem

_ d,

, =, 9
» [.] 9

rne d; — IuaMmerp 3aKiIeNKH, MM; i0 — HOMEpP CTPOKHU
B pessiionHoi 6a3e manubix (B «BO») obopymosa-
HUs; [d3;] — HamOONBIIMI JUaMeTp pacKienblBaeMoil
3aKJICNIKH, MM, yKa3aHHBI B Macrmopte 00OpyIOBaHHUS
W 3aHECEHHBIN B 1-i cTonOer 0a3bl JaHHBIX.

d3

)-IMM

= ( =0,96.

BO,

io,l

"4BTOMAT CEEpMMNEHO-KNENANEHBIA AK-3,5-2,4"
"MonoTor Maccoi 200...300 "

"MonoTor Maccoi 350.. 400 "

"MonoT oK MaccoiE 400,450

"MonoTok Maccoid 450...500 "

"JaknenouHuk; Taurus 2"

"JaknenouHmk PH 2-Ka"

"JaknenouHmK Sk 2"

Ly i I N ) I SN TR0 Y

"JaknenouHu Hy 2"

[
o

"JaknencouHme AccuBinrd”

"MHEBMATHMYECKIAN KNENANEHEIA MonoToK KR-14-0,25"

oW _ it

10. Beibop 000pyHOBaHUS JUTSL BRINOJTHEHUS KICTIKH
3aBHCUT HE TOJBKO OT JUAMETpPa 3aKJCNKH, HO U OT Ta-
0apuTOB KJEMaHBIX y3710B [6, 7]. B mocTpoeHHOW Mate-
MaTHYECKOW MOJIEITH 3TO YUTCHO MOKa3aTeNIeM

V=l if 0% (BO,,)=0,57895,  (10)
(BOW )IMM '

TZIe c3 — PACcCTOSIHUE OT OCH KIIEMIAHOTO IIBa J0 IOBEPX-
HOCTEH, MEIIAIUX NOABOAY UHCTpyMeHTa, MM; BO,, 7 —
HanOOINBIINN pa3Mep CKIEIBIBAEMOTO y3JIa, JOITyCTHMO-
TO A7 TaHHOM Mojenn o0opyIoBaHUS (HampuMep, pas-
MaXxX CKOOBI, 3aIIICAHHBI B COOTBETCTBYIOIIEM CTOJOIE
0a3bl TaHHBIX).

11. TIpu BbIOOpe BapuaHTa NPOBEACHHs Ipoliecca
KJICTIKW TIPEANOYTEHUE OTAAETCS CTallMOHAPHOMY aBTO-
MaTHYeCKOMY 000PYJOBAHHUIO U B MIOCIEIHIO O4Yepe/ib —
PYYHOMY MEXaHU3UPOBAHHOMY MHCTPYMEHTY. Y4TeM
3TO MOKa3areyneM KpUTHYHOCTH

Yy =1-BO,

i0,5

=0,3, (11)

rne BO;,s — x03hdUIMEHT NPeAnoYTUTEIBHOCTH TIPH-
MEHSIEMON MOJIeNTd 000PYIOBaHMS JUIS BBIOJIHEHHS OT-
Bepcruit u kienku (0,1).

12. TeXHOJOrMYHOCTh COOPKH OIIGHHUBACTCS KO-
¢dumenToM TouHOCTH cOopku KtOc [1], KoTOpBIH TIpH-
MEM 3a I10Ka3aTellb KPUTHIHOCTH

3,5 = KtOc = 0,063. (12)

13. DKOHOMHUYHOCTH COEAUHEHUS JIEMEHTOB KOHCT-
PYKIHH KIIETIKOW OIIEHWBAECTCS OTHOCHTEIBHOUN cebe-

cTouMocTeio cOopku KoSS B pacdere Ha YCTaHOBKY
1000 cuioBeIX Todek coeamHeHuid [1]. OueBHIHO, YTO
yeM Oimxe 3HaueHne KoSS k 100 %, Tem Oimke IMosB-
JICHUE NpE/IENbHON CUTYalMU 10 SKOHOMHYHOCTH COOp-
ku. OleHUM ee MPUOIMKEeHNEe TToKa3aTeneM

_ KoSS

=——=0,32. 13
100,1 (13)

Vig ©

TakoBa MaTeMaTH4YeCKasi MOJENb, OICHUBAOIIAS
KPUTHYHOCTH TEXHOJOTHYECKOTO MPOIIecca KIICITKH.

C HCronp30BaHUEM 3TOM Mojenu ObLIO MPOBEACHO
MOJICIUPOBAaHNE 4 BapUAHTOB BBIIONHCHUS IpoIecca
KJIeTKH. Pe3ynpTaThl npencTaBieHsl B Ta0II. 2.

AHanmm3 pe3yNbTaToB MOAEIHPOBAHUS ITO3BOJIIET yT-
BepXKIaTh cienyromee. M3 mpencTaBIeHHBIX BapHaHTOB
HanOotee 3(h(HEKTHBHBIM SIBIIICTCSA YETBEPTHIA C Iapa-
METpaMu: 3aKJIeNKa — aATIOMUHHN/HEPK. CTANb C TUIOCKUM
OypTHKOM; IHaMeTp 3aKJIENKH d3 = 5 MM; JFHA 3aKJIETKN
Ixz= 30 mm; oOopyzmoBaHMe — 3aKJIETIOYHUK SN2; criernm-
albHOE COOPOYHOE MPHUCIIOCOOJICHHE; CBEPIIMIBHBINA CTa-
HOK JyIi BBIIIOJIHEHUsI OTBEpCTUN. B 3TOM BapuaHre 3Ha-
YeHHe LeJeBol pyHKIMN HauMeHblee — Yy = 5,18.

ITogBeneM uToru.

1. Pa3paborana marematmdeckas MOICTb W IPO-
rpamMMmHoOe obecrieuenne B cpene MathCAD, no3Bosio-
mue OmeHuBaTh A((EKTUBHOCTh TEXHOJIOTHIECKOTO
mporiecca KIETKH KOPIyCHBIX AeTalel pakeT MO CTere-
HU NPUOTIKEHAS TPEICITFHBIX CUTYaIHHA.

2. B mocTpoenHol MateMaTHYeCKOl Moaean d(Qek-
TUBHOCTH TIPOIIECCa KIIETIKH OMPEAEIIeTCS C TOUKU 3pe-
HUs oOecriedeHns Ka4ecTBa IIBa M PAllMOHAIBHOTO MPHU-
MEHEHHs PECYPCOB IIPEANIPUATHS.
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Program Realization of Mathematical Models of Ultimate Situations Arising at Riveting Assembly

The paper considers the ultimate situations which can arise at riveting assembly of rockets cases made of aluminum-magnesium alloys with ac-
count of their durability, resistance to corrosion, technological effectiveness and cost of performance of seams and according to characteristics of
rivets, equipment and adjustment devices. Ultimate situations are estimated by special characteristics when modeling within MathCAD system.
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A. B. UyBakoB, kaHIuaT TeXHUYECKUX HayK, [laBnoBckuii prman Hmxeropoackoro rocysapcTBeHHOIO

TEXHUYCCKOTO YHUBEPCUTETA

HOBBIIIEHUE Y®PEKTUBHOCTH OGPABOTKM JIETAJIEN

HA MHOT'OLHEJIEBBIX CTAHKAX C YIlY

IIpeonooicena memoouka peuienuss 3a0a4 nogvluienus IPGexmusnocmu pabonvl KOMNIEKMA UHCMPYMEHMO8 Nymem HA3HAYeHUs ONMUMAlb-
HLIX PedCcUMo8 0OpabomKu u payuoHatbHo20 6b100pa UHCMPYMEHMA NOO0 KOHKPEMHYIO Npou3soocmeentylo cumyayuio. Paccmompenvt xouxpem-
Hble npuMepbl NosbleHus dhgekmusnocmu obpabomku demanei Ha MHozoyenesblx cmankax ¢ ITY.

Kirouesble ci1oBa: 53 peKTHBHOCTb, ONTHMU3ALNS, IPOU3BOIUTEIBHOCTD, HAJIEKHOCTD.

OBpEMEHHBIC TEXHOJOTHHA OPHEHTHPOBAHBI HA
00paboOTKy JeTaau MO0 BO3MOYKHOCTH Ha OJHOM
MHorouesnesoM craike ¢ YIIY. B cBsa3u ¢ atum

npruodpeTarnT 0coOyI0 aKTyalbHOCTh 3a/Jadd, CBs3aH-

HbIE C MOBBIMICHHEM 3(P(GEKTUBHOCTH PabOTBHI KOM-

iekta o0padaThIBaOIMX WHCTPYMEHTOB. PeieHue

9THX 3aJa4 MOXET AOCTHraThCsl MOCPEICTBOM Ha3Ha-

YEHUS ONTHUMAJIbHBIX METOJOB U PEKHUMOB 00pabOTKH,

W3MCHEHHS CTPYKTYpHl pabOThl MHCTPYMECHTOB B Ha-

nazake, mnoxdopa Hambosaee 3((deKTUBHBIX 00padaThI-

BAIOIINX WHCTPYMEHTOB, MOCPEICTBOM OINTHMAIBHOTO

MIPOTPAMMHUPOBAHUS U JIP.

B nacrosmiee Bpems pH Ha3HAUYEHUH PEXHUMOB 00-
paboTKu Aeraneil Ha MHoOromeneBbix cTankax ¢ YITY wHe
YYUTBHIBAIOTCSI MHOTHE aKTyallbHBIE B TEKYIIHH MOMEHT
BpEMEHH TpeOOBaHUS M YCIOBHUS IPOWU3BOICTBA, OIpE-
JISTSIOLME BHIOOP COOTBETCTBYIOLIETO KPUTEPHs OMNTH-
mu3auuu. [IpuMepbl BbIOOpa KpUTEpHs ONTUMH3ALUH
B 3aBUCHUMOCTHU OT TpeGOBaHI/Iﬂ " yCJIOBHs MPOMU3BOJCTBA
MIpUBE/ICHBI B Ta0I. 1.

Tabauya 2. JlaHHbIe 10 HHCTPYMEHTAJIbLHOI HaaAKe

Tabauya 1. Ilpumepbl BbIOOPA KPUTEPUS] ONTUMHU3ALUU

TpeGoBaHus U yCIOBUS
TIPOU3BOJICTBA
CpouHOE BBHITIOTHEHHE 3a- MakcuManbsHas IPOU3BOIH-
Kas3a TEJIbHOCTh
OKoHOMHUS 3aTpaT MuHHMYM ce0eCTOMMOCTH
[Tpumenenne 6e3M0AHBIX MakcumanbHas HaIeXHOCTh

Kpurepwuii ontumuzanuun

TEXHOJIOT M npouecca

B mpencraBiieHHOl pa0oTe MPHBEAIEHO pelIeHHE 3a-
Jlad ToBbILEHNsT 3()(EKTUBHOCTH OIEpalMy IMPH HC-
MOJIb30BaHWUH OJHOT'O KOMIIJIEKTAa MHCTPYMCHTOB C Yy4C-
TOM Pa3JIMYHBIX TPEOOBAHWH W YCIOBHH MPOM3BOJICTBA.
PaccMoTpum myTH moBbleHHsT 3¢ PEKTUBHOCTH OIepa-
LIUU HA KOHKPETHOM MpUMEpE H3TOTOBIEHUS MapTUU
JleTaei Thma Kopiryc. 3aroropka — OTJIMBKa. Marepuai —
CU-20. ITapTus 3amycka — 40 mt. O6opynoBanue — gppe-
3€pHO-CBEPIMIIBHO-PACTOYHOW MHOTOLIEJIEBOM  CTaHOK
c yIly.

JlaHHBIE 10 MHCTPYMEHTAIbHOM HaJaJKe IIPUBEICHBI
B TaOuI. 2.

Ne HaumenoBanune Martepuan
HHCT. HHCTpyMenHTa Howmep 1 HaumeHOBaHue nepexona pexyteii uacti Loes | Lpx
1 ®pesa Toprosas @ 125 | Ne 1. dpesepoBanne 4epHOBOE TUIOCKUX HAPYKHBIX TI0- BK8 1420 | 1590
BEpPXHOCTEH.
Ne 2. dpezepoBaHue MOJYUYHUCTOBOE TEX XKE MOBEPXHOCTEH 1420 | 1590
2 Caepio 010 Ne 3. CepieHue gecaTy CKBO3HBIX OTBEPCTUH P6MS 500 | 540
3 Pesen pactouHoit Ne 4. PactaunBaHue OTBEpCTUS BK8 300 | 304
4 ®pesa koHUEBas K20 Ne 5 dpeseposanue 1ByX JIbICOK 20x10 BKS8 60 | 136
5 3enkoBka 20 Ne 6. 3enkoBanue pacok 1x45° B mecATH OTBEPCTUSIX C P6M5 20 | 100
JBYX CTOPOH
Obosnauenus: Ly, — nnuHa pe3anus; L, — 1J1MHa paboyero xona.

© IMaxomos J. C., Uysakos A. b., 2013
ITonyueno 01.10.13
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3anaua 1. IloBeicuTh 3(peKTUBHOCTL 00PA0OTKM  PACTaHMIO 3HAYEHHH CKOPOCTEH pe3aHus (CM. pHC.), 4TO
€ TOYKH 3peHHsI IKOHOMHUH 3aTpaT SBUJIOCH OJHOM W3 MPHUYHMH IINPOKOTO NMPUMEHEHHS BbI-
PaccmoTpuM HazHaueHHE pPEXUMOB OOpaOOTKH IS COKOCKOPOCTHOH 00pabOTKH.

KOMIUIEKTa MHCTPYMEHTOB C HCIIOJIb30BAaHUEM IIPH Ha-

3HAYECHNHM CTOMKOCTH HMHCTPYMEHTAa B KadeCTBE KPHUTE- V, M/MuH
pus «(MHHEMYM cebectonmoctmy. LleneBas QpyHKuus mms v
OIIpeieNIeHns IIEPEMEHHOM YacTH ce6ecTOMMOCTH, 3aBU- :
csias OT peXXUMoB 00pabOTKH: v
1
Crep = toE T+ 1en EIZ + S1/Z, (1)
r1e {, — OCHOBHOE BpeMs; £ — CTOUMOCTh MUHYTHI pabo- T, T, T, mun

THI CTaHKa; T, — BpPEMs, 3aTpaurBacMOe Ha CMEHY UHCT-
pyMeHTa; S7 — 3aTpaThl HA HHCTPYMEHT 32 MEePHOJ CTOM-
KOCTH; Z — KOJMYECTBO JeTaineil, oOpadaThiBaeMbIX 3a
[IEpPHOJ CTOMKOCTH.

Hcxons w3 TpuWBEOSHHOI BBIIIE IMeNeBOW (PyHK-
mun (1) MOXHO OIpenenuTh ONTHMANBHOE 3HAYCHUE
CTOWKOCTH IS KaXKI0TO HHCTPYMEHTa, KOTOPOE PacCUH-
TBIBAETCS 110 CIIEAYIOIIEH 3aBUCUMOCTH:

3aBHCHMOCTh CTOMKOCTH HUHCTPYMEHTA OT CKOPOCTH PE3aHUA

Jnga paccmaTpuBaeMoro npumepa 3HA4€HUs CTOM-
KOCTH Ka)KJIOTO MHCTPYMEHTa NpUHUMaIUCh 1o OO1e-
MaIllMHOCTPOUTEILHBIM HOPMaTUBaM PEXXUMOB pE3aHUs
JUIS MHOTOIIEJIEBBIX CTAaHKOB (ppe3epHO-CBEPIHIBHO-
pacTo4HOM Tpynmsl (C y4eTOM OrpaHMYeHHH Ha CTOMW-
KOCTh CHH3Y), YTO COOTBETCTBYET 00pabOTKe aeTamu

Temin = M1 = m))( Toy + SHE), (2) ~ © HAaMMCHBIUNMH 3aTpaTamu. Pacuer pexuMoB pesanus
MPOM3BOIWICA TPHU YCIOBHH OOCITy>)KHBaHHS CTaHKa
re A — OTHOLICHWE [UIMHBI Pe3aHHs K JIHHE pabouero  OmepaTopoM W 3aMEHBI HHCTPYMEHTA M0 (aKTHIECKOMY

xo/a; m; — Ko3(O(OUIKEHT, YYUTHIBAIOIINI BIUSHHE CKO-  COCTOSIHHIO B COOTBETCTBHHM C METOJMKO, NpPUBEICH-
POCTH Ha CTOMKOCTh A ONPENENEHHOrO0 COYeTaHWs  HOW B crpaBouHMKEe «OOLIeMalIMHOCTPOUTEIILHBIE
00pabaThIBaEMOr0 M MHCTPYMEHTAIBHOTO MaTepHaa. HOPMAaTHBBl PEXKHMOB pE3aHMs Ui MHOTOLEIEBBIX
JIJIs1 MHOTOILIENIEBBIX CTAHKOB BPEMsI HA CMEHY MHCT-  CTaHKOB ()pE3epHO-CBEPJIMIIbHO-PACTOYHON TPYMIIBD)
pyMeHTa B OOJBLIMHCTBE ClIydaeB cocTaBisieT Heckonb- (M. : BHUUTOMP, 1986. 159 c.).
KO CEKyH]l, CTONMOCTh MUHYTHI pabOThl TaKUX CTaHKOB JlaHHble ansi pacueTa PEeKUMOB pe3aHusl U TOIy-
(B cBsI3M ¢ MX OOJBIIONH CTOMMOCTBIO) COCTABIISIET JIECAT-  UYEHHBIE pe3yJIbTaThl cBeJieHb! B Tabi. 3. I1o 3HaueHusIM
Kn pyOsiel, 3aTpaTbl HA MHCTPYMEHT HE3HAUUTENbHBIE,  OCHOBHOT'O BPEMEHHM BUIHO, YTO WHCTPYMEHTHI [ (pe-
MO3TOMY 3HA4YEHHsI MUHUMAaJbHBIX CTOHKOCTEH, paccun-  3em) ¥ 2 (CBepJso) SBISIOTCS JMMUTHPYIOUIUMHU (OIS
TaHHbBIE 110 3aBUCUMOCTH (2) JUIi MHCTPYMEHTOB, BKC-  OCHOBHOI'O BPEMEHH JAaHHBIX HHCTPYMEHTOB 3aHUMACT
IUIyaTHPYEMbIX Ha MHOTOLEJIEBBIX CTAHKAX, CMECTHJIMCh  OOJIBIIYI0 YacTh OT OCHOBHOIO BpEMEHH OOpa0OTKH
B CTOPOHY HEOOJBLINX 3HAYCHWHA. DTO MPHUBEIO K BO3-  JETAH).

Tabnuya 3. JaHHbIe JJISI pacyeTa PesKHMOB Pe3aHMsI M MOJIy4eHHbIe Pe3yJIbTaThl K 3agade 1

Nepepex Ne m; T; Sos V n Su t t, Z;
1 2,45 83 213 521 2,72 3,05
2 ! 0,25 45 1,44 114 290 417 3,4 3,81 73
3 2 0,25 15 0,16 36 1150 184 2,71 2,93 5,5
4 3 0,25 15 0,2 172 1100 220 1,36 1,38 11
5 4 0,25 30 0,1 84 1350 135 0,44 1,0 68
6 5 0,25 15 0,1 45 1430 143 0,13 0,69 115

HTtoro 10,76 12,86

Ob6o3nayenus: m; — KO3(QOHULIUECHT, YYUTHIBAIOLINI BIMSIHIE CKOPOCTH Ha CTOMKOCTB JUIsl ONPEJICNICHHOTO COYeTaHusi 00pabaThIBAEMOro U HH-
CTPYMEHTAIBHOTO MaTepuana; 7; — CTOMKOCTh HHCTPYMEHTa, MHH.; S, — II0Jjada Ha 000poT, MM/00; V' — CKOpPOCTb pe3aHus, M/MUH.; 1 — 4acTOTa
BpalleHHs, 00/MUH.; S,, — MHHYTHas I0Jja4ya, MM/MHUH.; #, — BPEMs pe3aHHs, MUH.; Z; — KOJMYECTBO JIeTaleH, 00pabaThiBaeMbIX 3a IIEPHOJL CTOM-
KOCTH (C y4eTOM BEpPOSATHOCTU O€30TKa3HOU paboThl HHCTPYMEHTOB p = 0,7), IIT.; #, — OCHOBHOE BpeMs, MUH.; Z,, — IPHHITOE KOJIMIECTBO JeTa-
JIei 3a mepuoj] CTOMKOCTH, IIT.

PaccuntaeM HOpMYy IITyYHOTO BPEMEHH C y4YETOM B pesynbrare HOpMa IITYYHOTO BPEMEHH Ha OIepa-
HNPUHSATBIX PEXUMOB 00paOOTKM Ha AAHHYIO ONEPAlMI0  LUIO COCTaBHT:
YKPYIHEHHO MO 3aBHCUMOCTH

T = to(1 + a/100) = 12,86-(1 + 30/100) =16,72 [mun.].
Ton = to(1 + a/100), 3)
[Tpon3BOANTENFHOCTE 32 CMEHY ONpeAenM 1o ¢op-

TZle a — IPOICHT MOTePh BPEMEHH, BKIFOYAOIINHA BCIO- wyse

MorarelibHble BpeMsi, BpeMsi Ha O0CIIy)KMBaHUE, Ha OT-
JIBIX W JINYHbIE NMOTPEOHOCTH, NOATOTOBUTEIBHO-3aKIII0- 0=8"60K/T [wr.] (4)
guTenbHOe Bpemst; mpumMeM a = 30 %.
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[Ipon3BOANTENBHOCTE 32 CMEHY COCTABUT:
0=8-60K/Ty,=8-60-0,9/16,72 =25 [neraneii],

rae K — ko3 GUIUEHT, YYUTHIBAIOLIUN TOTEPU BPEMEHU
B TEYEHHE CMEHbI (IUIAHOBbIE M BHEIUIAHOBBIE), IPUHH-
maeMm K =0,9.

3anaua 2. [loBbIcHTE 3¢ (PeKTHBHOCTE 00padOTKH

€ TOYKH 3peHHUs MOBBIIIEHUS MPOU3BOAUTEIHHO-

CTH OTIepalliyi M IKOHOMUH 3aTpaT

Tak xak mocie 00pabOTKU MapTHH AeTalei 3aMeHseT-
sl BECh KOMITJICKT HHCTPYMEHTOB, TO MIPOHU3BEIEM pacdeT
PESKIMOB pPE3aHMA [UIA BCEX HHCTPYMEHTOB C YYETOM
nmapTax 3amycka (40 mT.) ¥ IPUHATOTO KOJMYecTBa AeTa-
JIEN 10 3aMEHBI Z;,, KOTOPOE NMPUHUMAEM KPATHBIM 9HC-
JIOM OTHOCHUTEJILHO MApTHH 3aIrycka (CM. TaolI. 4).

Tabnuya 4. JlaHHbIe AJIs1 pacuyeTa PesKNMOB Pe3aHus
U NoJIyYeHHbIe pe3yJIbTaThl K 3a1aue 2

| Nowepex [ Ne| my; | T; | Ses n S t to Zp |

1 2,45 | 240 | 588 241 | 2,7

2 10,2545 1,44 | 377 | 542 12,61 | 2,93 >
3 21025[15]0,16 1180|188 |2,65] 2,87 | 5
4 31025]15]0,2 |1130[226(1,32| 1,34 |10
5 410,25130]0,1 |1600|160]0,37| 0,85 |40
6 510,25(15]0,1 ]2020|202|0,09| 0,49 |40

HToro 9,45 | 11,18

W3menenne kommdecTBa 0OpabaThIBaeMBIX 3a PUHS-
TBII NEPHOJ CTOMKOCTH AETajeil MOBIUSIET HA U3MEHe-
HHUE CKOPOCTH PE3aHUS.

JlaHHOE BNUSHHME CKOPOCTH pe3aHHsd Ha CTOHMKOCTb
WHCTPYMEHTa OBUIO TOJIOKEHO B OCHOBY pa3paboTKu
BCE€X OTCUCCTBCHHBIX CIIPABOYHBLIX WU HOPMATHBHBLIX Ma-
TEpUaJIOB, UCIIOJIb3YEMbIX JJIsI PACUETOB PEKHUMOB pe3a-
HUS (CM. puc.).

YacToTy BpamieHHs MIUHICIS MMEPSCUYNTHIBACM IO
MIPUHATOE YHCIIO eTalei mo Gopmyie

nnp = (Zi/Zrlpm/(1 - m)n, (5)

T7ie m — CTENCeHb BIMSHUSA CKOPOCTH PE3aHMs Ha CTOM-
KOCTh MHCTPYMEHTA JJISI COOTBETCTBYIOIIETO COYETAHUS
HWHCTPYMEHTAJIBFHOTO M 00pabaThIBAEMOT0 MaTEpHANIOB.

®opmyna (5) 6pu1a BeIBeieHa Ha 6a3e 00Ien3BECTHOM
3aBUCHMOCTH (CM. PHC.), YUHTHIBAIOIIEH BIMSHUSI CKOPO-
CTH pE3aHMsi Ha CTOWKOCTb JUIsl ONPEAENIEHHOTO COYeTa-
HUs 00pabaThIBACMOr0 W HMHCTPYMEHTAILHOIO MaTepHa-
jgoB  (cMm.:  OOLIEeMalIMHOCTPOUTENbHbIE  HOPMATHUBBI
PEeXMMOB pe3aHMs [UIsi MHOTOLIETIEBBIX CTAaHKOB (pesep-
HO-CBEpIIIbHO-pacToYHON rpynnsl. M. : BHUUTOMP,
1986. 159 c.).

JanHbBIe A pacdeTa M pe3ybTaThl pacdera PeKu-
MOB pe€3aHMs, a TaKXKe KOJMYECTBO MPHUHATHIX IeTanen
MIPUBEICHBI B Ta0I. 4.

B pesynprate HOpMa IITYYHOTO BPEMEHH Ha Omepa-
LIUI0 COCTABHT:

Tun = t(1 +a/100) = 11,18 (1 +30/100) = 14,53 [mun.].

HpOI/I3B0,III/ITCJILHOCTL 3a CMCHY COCTaBHUT:

0 =8 60 K/Tyy = 860-0,9 / 14,53 = 29 [neTaneii].

OTHOCHTEIBHOE YBEIMYEHHE HPOU3BOAUTEIBLHOCTH
3a CMEHy cocTaBmwio 16 % c y4eToM MHHMMaJIBHOH ce-
0eCTONMOCTH BBIIIOJIHEHHS OTIEPALIUH.

Co0TBETCTBEHHO, TPH OOJBIIEM KOJIMYECTBE HHCT-
PYMEHTOB B HajJaiKe M YMEHbLICHHH KOJIMYECTBA AETa-
el B MnapTuM 3anyCcka HOPOU3BOAUTCIBHOCTL MOXKET
ObITh yBeNIMueHa B OOJIbLICH CTEIIEHH.

3agauya 3. IloBbicHTh 3¢ (PeKTUBHOCTL 00padOTKH

omepanuy TpPH YyBeIWYeHUH MNAPTHH 3amMycKa

(1o 50 mrt.)

Jnsi yBenmuueHusi MPOU3BOJUTENLHOCTH B JIAHHOM
cllyyae MOYKHO, HAIpUMep, 3aMEHUTh OJIUH M3 JTUMHUTH-
PYIOLIMX HHCTPYMEHTOB — OBICTpOpexyIee cBepio K10
(Ne 2 B Tabiu. 2) Ha CBEpJIO C IUIACTUHAMM M3 TBEPIOTO
crutaBa BKS. [lanHble ans pacuera peXHMOB pe3aHUA
1 MOJYUCHHBIC PE3YyJIbTaTbhbl, 4 TAKKE KOJHNYCCTBO IpH-
HATBIX JAeTajieldl 10 3aMEHbl MHCTPYMEHTOB IpPUBEICHBI
B TaO. 5.

Tabauya 5. JlaHHbIe 1J15 pacyeTa pesKUMOB pe3aHus
M NOJy4YeHHbIe pe3yJIbTaThl K 3afa4e 3

[ Newgpes [Ne]| i [T | S | 7 | S| 8 lo | Zu]

1 2,45| 240 | 588 | 2,41 | 2,7

2 1025145 1,441 377 | 542 |2,61| 293 >
3 2104 [15]0,12]|2740 (328 | 1,52| 1,64 |10
4 31025|15]0,2 [1100]|220| 1,36| 1,38 |10
5 4102530 0,1 |1490|149] 0,4 0,91 |50
6 51025|15|0,1 |1880|188] 0,1 0,53 |50

Hroro 8,4 (10,09

B pesynprate HOpMa IITYYHOTO BPEMEHHU Ha omepa-
LUI0 COCTABHUT:

T = to(1 + @/100) = 10,09-(1 + 30/100) = 13,11 [muL.].
HpOI/I3BOZ[I/ITeJ'IBHOCTB 34 CMCHY COCTABUT:
0 = 860K/ Ty, = 8:60-0.9/ 13.11 = 33 [neTaneii].

OTHOCUTENBHOE YBEIMYEHNUE NPOU3BOIUTEIEHOCTH
3a cMeHy cocTaBuT 32 %.

AHaNOrMYHBIMU JICHCTBUSIMHU B OTHOIICHHH APYTUX
HHCTPYMEHTOB (Hampumep, IyTeM HCIOJb30BaAHUS HH-
CTPYMEHTOB C TOKPBITHEM H T. 1.), MOKHO IOOHTBHCS
elie OOJIBIIEro yBeJIMUSHHUS IPOU3BOAUTELHOCTH.

3anaua 4. [IoBbICUTH HAJIEKHOCTH 00PadOTKH MPHU

yCJIOBHM paGoThl cTaHKa 0e3 yJyacTHsi onepaTopa

NPH TO ke MapTHH 3amycka getaneif (50 m.)

B mpuBeneHHBIX BHINIE NMpUMEpax PEKUMBI Pe3aHUS
pacCUMTHIBAIICE C YYETOM BEPOSTHOCTH Oe30TKa3HOU
paboTsl HHCTPYMEHTOB: p = 0,7. DT0 03HaYaNo, YTO MPH-
HSTOE KOJMYECTBO JeTaineil, oOpabarhiBaeMOe OIHHM
HHCTPYMEHTOM, TapaHTUPOBAIOCH TONBKO Ha 70 %, a uH-
CTPYMEHT MOT OTKa3aTh PaHbIIIe, YeM IPEII0oIaraioch.

[Ipu pabote cranka Ge3 ydacTHst oreparopa 3ameHa
WHCTPYMEHTa OCYILECTBIISIETCSI COTJIACHO IPHHSATOMY
periaMeHTy, aBTOMaTH4ecKH II0cie OTpabOTaHHOTO
3aJlaHHOTO KOJMYecTBa jaeTanedl Zy, Bo nsbexanue
HEIITaTHBIX CHTyaluil TpeOdyeTcst obecriedyeHne HaJex-
HOCTH pabOTHI KaXJOTO MHCTPYMEHTa C OOJBIION cTe-
neHsto BeposTHOCTH (p = 0,99). B cBs3u ¢ BBIIIEU3I0-
JKEHHBIM 3HAYEHHs YacTOT BPAIUEHUS IUNMHIAENS 71,
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(¥ COOTBETCTBYIOIINX WM CKOpPOCTEH pe3aHHsd) OBLTH
CKOPPEKTHPOBAHBI C Y4E€TOM IIOMPAaBOYHOrO KO3 hu-
nuenra (K, = 0,75, cm.: OO1meMalIMHOCTPOUTEBHBIE
HOPMAaTHBEl PEXUMOB pE3aHHs Ui MHOI'OLIEIEBBIX
CTaHKOB (hpe3epHO-CBEPIMIBHO-PACTOYHOM TPYIIIIBL.
M. : BHUUTOMP, 1986. 159 c.) ans obecneueHus
3a1aHHON HazexHOCTH (p = 0,99):

n, =n- K, (6)

JlaHHBIC U pacdera pe)XKHMOB PE3aHHS U ITOJyYCH-
HBIC PE3YJBTaThl, & TAKKE KOJHMYSCTBO MPUHATHIX JETa-
JeH 10 periaMeHTUPOBAHHON 3aMEHBI WHCTPYMEHTOB
MIpUBEICHEI B Ta0I. 6.

Tabnuya 6. JlaHHbIe JJIS pacyeTa Pe;KUMOB Pe3aHus
U MOJIy4eHHbIe Pe3yJIbTaThl K 3a1a4e 4

Nepepes |MNe] mi [T | S | 7| Su 4 lo | Zu|

1 2,45] 180 |441| 3,21 | 3,6

2 102545 1,44 | 282 406 | 3,49 | 3,91 >
3 2104 [15]0,12]2050|246| 2,03 | 2,19 |10
4 31025(15]0,2 | 820 [164| 1,82 | 1,85 |10
5 41025(30(0,1 |[1120]112| 0,53 | 1,21 |50
6 51025(15]0,1 |1410|141| 0,14 | 0,71 |50

Hroro 11,22 | 13,47

B pesynbpraTe HOpMa IITYy4YHOIO BPEMEHU Ha olepa-
LUI0 COCTABHT:

T e = to(1 +a/100) = 13,47-(1 + 30/100) =17,51 [mum.].

ITpon3BONTEIBHOCTH 32 CMEHY COCTaBHT:
0 =8-60K/T,, = 8:60-0,95/ 17,51 =26 [neraneii],

rae K — ko3 GULIUEeHT, YUUTHIBAIOLIMNA TOTEPU BPEMEHU
(mpumem K = 0,95 ¢ y4eToM MOBBIIICHUS HAJEKHOCTH
paboThl KOMIUIEKTa HHCTPYMEHTOB 32 CYET YMEHbBILCHNUS
BEPOSITHOCTH CITy4allHBIX OTKa30B UHCTPYMEHTA).

B pesynbrare pacyera npou3oWAET CHUKEHHE CKO-
pocTell pe3aHusi ¥ NPOU3BOIUTENBHOCTH (32 CMEHY OT-
HOCHTEJIFHO MPEIbIIyIIero BapuaHTa pacuera Ha 26 %),
HO TIPH 3TOM YBEJIMYHUTCS] HAIE)KHOCTh PaOOTHI KaXKI0TO
MHCTPYMEHTa U KOMIUIEKTa HHCTPYMEHTOB B LIEJIOM, 4YTO
HEOOXOIUMO TIPH YCIIOBHH paboTHI cTaHKa 0e3 yJacTus
orepaTopa u Jyisi OOECIEYeHHs pPEeriaMeHTUPOBAHHOMN
3aMEHbI HHCTPYMEHTOB.

[Tpu HEOOXOIMMOCTH JIJIsl COKPAILEHHUS 3aTpaT BCIO-
MOraTeJIbHOr0 BPEeMEHH Ha OMepaluio BO3MOXHO J1y0-
JMPOBaHKE JIMMUTUPYIOUIUX WHCTPYMEHTOB B Mara3uHe
CTaHKa, UCITI0JIb30BaAaHHUC CMCHHBIX CTOJIOB U T. 1.

Taxoke JaHHBIA pacyeTr Mo3BoJIsIeT OoJiee TOUHO MPo-
THO3UPOBATh PACXOJ HMHCTPYMEHTa M, COOTBETCTBEHHO,
NPOMU3BOIUTH O0Jiee 00OCHOBAHHBIN €0 3aKas.

PaccMoTrpeHHbIE ITpUMeEpHI pacueTa pexuMoB o0pa-
OOTKHM ISl Pa3IMYHBIX MPOU3BOJCTBEHHBIX CHUTYyalUit
Y YCIIOBUIl MPOU3BOJICTBA MOATBEPXKIAIOT BO3MOXKHOCTh
MOBBIMIEHUS S(P(PEKTUBHOCTH PAOOTHI KOMITICKTa MHCT-
PYMEHTOB TMOCPEACTBOM ONTUMH3ALUH PEKHUMOB 00pa-
OOTKHM M palMOHAIBHOTO BEIOOPA HHCTPYMEHTA.

D. S. Pahomov, PhD in Engineering, Nizhniy Novgorod State Technical University
A. B. Chuvakov, PhD in Engineering, Pavlovo branch of Nizhniy Novgorod State Technical University

Increasing the Efficiency of CNC Machining

Method of increasing the efficiency of CNC machining was proposed. The method is based on competent set of tools selection and optimum cut-

ting conditions choice.
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3KCHEPUMEHTAJILHOE UCCJEJOBAHUE HATPY30YHOM CIIOCOBHOCTH
ITOJIMKOHTAKTHOI'O HEPABHOXECTKOTI'O COEAUHEHUSA C HATAT'OM

DKCnepumMeHmanbHo onpeoeiend HAZpy304HAs CNOCOOHOCMb NOJUKOHMAKMHbIX HepagHodcecmKkux coedunenutl ¢ Hamseom (IIKHC). Pac-
cmompenvl paxmopbl, grusiowue Ha seauyuny naepysounou cnocoonocmu IKHC. Ilonyyena epaguueckas 3a8ucumocmy Genudutbl HA2Py304HOU

cnocobrocmu om omuocumenvno2o noaodicenus oemanei IIKHC.

KiroueBbie ciioBa: COCIUHEHUS C HATATOM, Harpy3so4Has CHOCO6HOCTL, TIOJIMKOHTAKTHBIC HEPABHOKECTKUE COCTMHEHUS C HATATOM.

BE CEpPHUU 3KCIEPHMEHTOB ITO3BOJISIOT OLICHUTH
BJIMSIHME KOHCTPYKTHUBHBIX ITapaMeTpoOB Ha Ha-
IPY304YHYIO CIIOCOOHOCTH (COIPOTHBIEHHE OCe-

Bomy casury) I[IKHC. TIpoyHOCTh cOeMHEHHS B paMKax

HATYPHOT'O DKCIIEPHUMEHTA ONpPENENIeTcsl MyTeM U3Mepe-
HUS CHWJIBI TIPH DAaCIIPEcCOBKE B Iocajake / (BHEIIHSS
JIeTaJlb — IIPOMEXXYTOYHAs IeTajb) U B mocajke 2 (Ipo-
MEKYTOYHas! JIeTaldb — BHYTPEHHSS [ETalb), a TaKXKe

© Wensarckuii A. B., Uyxnannes E. C., 2013
[onyueno 03.07.13
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BBIUHMCIICHUS] KOHTAaKTHBIX JaBiieHHH. B 3akiroueHne
MIPOBOANTCS CPAaBHEHWE JAHHBIX BBIYUCIUTEIHEHOTO
1 HaTYPHOTO SKCIIEPUMEHTOB MO HCCIECJOBAHMIO MOJH-
KOHTaKTHBIX HEPaBHO)KECTKMX COEAWHEHHUI C HaTArOM
(puc. 1).

B 3aBHCHUMOCTH OT CXEMBbI KOHCTPYKTHUBHOI'O MCIIOJI-
Henusi [IKHC moxer ObITh COOpaHO C HATATOM HJIH IO
NEepexoAHON Mocajake, IPU ITOM HATAT U3MEHSAETCS OT
Nmin = 0 (mepexofHas mocaaka) 10 MpeaesbHOro 3Haye-
HUSL  Npax, OTPAaHMYECHHOTO (DU3UKO-MEXaHUUECKHMHU
CBOMCTBaMM MaTepuana aeTaineil 6; = or.

OKcrutyaTanusi COIMHEHUS B MEXaHHW3Max IEpeKo-
ca[l] tpebyer moBopoTa nerajeil 1O aOCONIOTHOMY
1 OTHOCHTEILHOMY 3HAUCHHSAM, M3MEHSIONIMMCS B IIpe-
nenax 0...360° u Oonee.

Jlnst cepun 3KCIEPUMEHTOB 0 ONPEENICHUIO HArpy-
304HON CIIOCOOHOCTH B 3aBUCUMOCTH OT OTHOCHTEJIBHO-
TO MOJIOKCHHUS CONPATACMbBIX [leTaJ'lefl COCIMHCHUS TTpU-
HATO JIBa BapbUPYEMBIX (akTopa: BEIWYMHBI HATSITOB
30H nocajgok ITIKHC u BeIMuuHBI OTHOCHTEIBHOTO IO-
BOpPOTa AeTanel coequHeHus. GakTopsl peryIupoBaluch
MHUHHUMAaJIbHBIMUA U MaKCHMaJIbHBIMHU JIOILYCTHMBIMH 3Ha-
YeHWAMHU YIPYTUX AeGopManuii Uis KaxIou W3 KOH-
TaKTHBIX 30H. Takue mapamMeTpbl COEAUHEHUN, KaK JJIH-
HBI JeTalled, JUaMeTp BHYTPEHHEU NeTalu, OCTaBaJIMCh
JETEPMUHUPOBAHHBIMH.

el e’

~

nocagka 2

nocagka 1

)
S/
da2

#d7

=

A4
A7

Puc. 1. TIonTMKOHTaKTHOE HEPaBHOXKECTKOE COEAUHEHUE C Ha-
TACOM: dl — nuaMeTp BHYTPEHHErO SKCLEHTpHKa (Baya); d2 — Iua-
METp MPOMEXYTOYHOTO IKCLUEHTPUKA (IPOMEKYTOUHAs BTYJKa); d3 —
JHaMeTp HapyKHOTO JKCIEHTPHKaA (BTYJIKa); d4 — IUaMeTp OTBEpPCTHS
BHYTPEHHETO 3KCLEHTPHKA (BTYJIKH); el # e2 — BeIMYMHA SKCLEHTPHU-
CHTETa BHYTPEHHETO U IIPOMEKXYTOYHOTO IKCIICHTPUKOB

Hcnonb3oBanue MaTeMaTHYECKUX METOIOB ILIAHH-
POBaHHUA U CTaTUCTUICCKOH OOpAOOTKU MX PE3yJIbTaTOB
MPEANOaraeTcsl Ha BCEX dTarax HCCICAOBAHUS JUIS pa-
LUOHAJILHOW OpraHu3aliu SKCIEPUMEHTa, COKPAICHUS
BpeMeHH U 3artpar. [l MonydeHusl NpeCTaBICHUS
0 MMOBEPXHOCTH OTKJIHKA (haKTOPOB CEPUil IKCIIEPUMEHTA
3anuiieM (DyHKIWIO B aHaNMWTHIecKoM Buje. KoHTakT-
HOE IaBJICHHE, KOTOPOE B MIEPBOM MPHOIMKEHUH MOYKHO
onpenenuth o ¢opmyne Jlame — [agonuna [2], npen-
CTaBUM B BUJIC

R{zf(r})eiaNiali)a (l)

rae r, — paauyc aeraneit IIKHC B i-if MOMeHT BpeMeHU
paboThl coequHEHUs; 0, — yrol OTHOCHTEIBHOIO HOBO-

poTa comnpsraeMbIX NeTalieil; N; — BelnndnHa HaTATa; [; —
JUTMHA COIPATaeMBIX JIeTaleil.

BenmnunHa u COOTHOIIEHHS pa3MepoB 0OpasmoB
6])1.]'11/1 IMPUHATHI HA OCHOBE aHalin3da MPaKTUKU IMMpuUMe-
HCHUs CoeLlI/IHeHI/Iﬁ C HaTIAroM B MNPOMBIIIJICHHOCTH
[3-7], a Takxke ¢ yueroMm TpeOOBaHHA, NpeabsBIsie-
mbix Kk [TKHC B mpouecce skcminyaranuu. C yuyeToMm
IuaMeTpa JWHA BHYTPCHHEHW JeTanu MpUHATA Ha
yposHe 60 MM. J/luameTp oTBepCcTUA B AeTalu / paBeH
20 MM # HEOOXOAWM ISl pa3MEIIeHUsT TEeXHOJIOTHYe-
CKOW ocHacTKU (mpuBoAoB). st obecrnedeHns KecT-
KOCTH JeTanu [/ ee BHEIIHWH AWaMeTp IPHUHUMAeM
paBHBIM 60 MM. B COOTBETCTBHHU C pEeKOMEHIAIMSIMHU
001ero MamMHOCTPOSHHUS UIMHA MOCAAKHW MpHUHUMA-
ercsa L =0,9d.

B coorBercTBUM C JadbHEHIIMMHU 3KCIUIYaTAallMOH-
HBIMU XapaKTCPUCTUKAMU COCAHMHCHHUA YCTaHaBJIMBAcC-
Masd Ha BHYTPCHHIOIO JC€TaJIb IMPOMECKYTOYHAsA JACTaIb
HUMEET JUIMHY MCHBIIE, II03TOMY [UIMHA IPOMEKYTOYHON
JleTany NpHUHATAa Ha ypoBHe 47 mMm. [lninHa BHeniHen
JIETalli, YCTAHABIMBAEMOW HA MPOMEKYTOUYHYIO JCTalb,
TakKe MMEET MEHBINYI JINHY, NMPUHIATYI0 Ha YpPOBHE
30 MM.

Marepuanom pAetaneil NpUHATA KOHCTPYKLIMOHHAS
crainb 40 ¢ nmocnenyroiiei TepMoodpaboTKON — yiIy4Iie-
nuem HB 280-320. KauecTBO Hapy>XHBIX IMOBEpXHOCTEH
JeTaiedl Jisi HaTypHOTO OKCIIEPUMEHTa IIPHHATO Ha
YpOBHE BBICOTHI MUKpOHEpoBHOcTeH Rz = 0,4...0,8 MKkM
(cenpMoii kBanuTeT). KauecTBO BHYTPEHHMX ITOBEPXHO-
CTeH JieTaned Ui HaTypPHOTO SKCIIEPUMEHTA MPHUHATO HA
YPOBHE BBICOTHI MUKpOHEpOBHOCTEN Rz = 2,6...2,8 MKM
(BOCHMOI KBAJIUTET).

Jnst 3agaHHbIX pa3MepoB AETajell pacCUUTHIBAIUCH
BEJIMYUHBI HATSATOB C TIOMOIIBIO aHAJIHTHYECKOH MeTo-
JIMKH pacyeTa ¢ UCHOJb30BaHuEM 3aBUcuMocTel Jlsime —
lagonmmua s yenoBus Py < [o7]. Jns MUHMMaIbHBIX
HATSTOB HEOOXOIMMO BBITIOJHEHHE YCIIOBHS HEMOIBIK-
HOCTH coenuHeHus. KputeprueM BbIOOpa MaKCUMaJIbHBIX
HaTSTOB SIBWIOCH YIOBJIETBOPEHHE YCIIOBHIO HaXOX7Ae-
HUSI KOHTAKTHBIX HalpsyKEHUW B 30HE ynpyroctu. Pac-
YyeTHble 3HaueHWs HaTsra N1 (BHyTpeHHsSS OeTanb —
MIPOMEXKYTOYHAS JIETaNIb) BapbUPYIOTCS HIKHUM TIpeie-
JIOM B 4 MKM U BEpXHHUM IpenenoMm B 25 mkm. s N2
(mpoMexXyTOYHAs IeTallb — BHEITHSASA AETANb) STH 3HAaUe-
HUS, COOTBETCTBEHHO, 12 MkM u 51 mxM. OOpa3nsl ge-
Tajged Uil SKCIEPUMEHTAIBHOTO WCCICIOBAHUS TpE-
CTaBJIeHBI Ha pUC. 2.

Hetamn mo pa3pabOTaHHBIM 3CKH3aM H3TOTOBJIECHBI
COBMECTHO C OTZAEJIOM BBICOKHX TEXHOJIOIMH I>KeBCcKOro
TrocyJapCTBEHHOI'0 TCXHHUYCCKOT'O YHHUBEPCUTETA UMCHU
M. T. Kanamnukosa. B coorserctBuu ¢ 'OCT 3328-95
JIETaJIl BBIMOJHEHBI C TpeOyeMO TBEpJOCThIO, IIEPOX0-
BaTOCTBI0O M TOYHOCTHIO. TOYHOCTH MOIOOpa HATATOB
B WIMHAPUYECKUX COCAMHEHUSIX O0eCIeunBatach ce-
JISKTUBHOHM MOIOOPKOW B MpeeiaX JTOMYCTHMBIX OTKIIO-
HEHUH.
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Puc. 2. Kommekr geraneit [IKHC
JUTST OKCTIEPUMEHTAILHOTO HCCIICIOBAHUS

Onpepnenenne TBEPAOCTH 00pa3IOB BHINOIHEHO ITOp-
TaTUBHBIM TBeproMepoM TDM-3.

BeImonHeHo Takke H3MepeHre MUKpOreoMeTpHy (1e-
POXOBATOCTH U MpOQHIOrpaMMBbl) Aeranei. M3MepeHue
BBITIOJIHSJIOCH 710 COOPKH TMOJIMCOEIMHEHNH Ha TpeaMeT
YZIOBJIETBOPEHUS TPEOOBAHMAM IKCIICPHIMEHTA 110 IIepo-
xoBarocTd. C IeNbIo MOoTy4YeHHs JOCTOBEPHOH HMH(popMa-
MM U3MEPEHNE IIEPOXOBATOCTH 10 COOPKH IPOBOANIIOCH
JBaXbl: B THCTUTYTE MEXaHUKU YPalnbCKOIO OTIAEIICHUS
PAH na npubope st koHTpouis 1iepoxoBaroctu «IIpo-
¢dunomerp uexoBoit 296» Qupmbl  «ACMA-IIpudop»
(puc. 3). M3amepenune 00pa3ioB NPOU3BOAMIOCH ITYTOBBIM
METOJIOM C BOCEMBIO TOYKaMH TPACCUPOBAHMS C JUTMHHOM
Tpaccel 1,5 Mm; ctanmapt usmepenus [SO.

Puc. 3. TIpodpunomeTp exoBoit 296
¢bupmbr KACMA-ITpuGop» Asist KOHTPOJIS ILEPOXOBATOCTH

B cootBercTBHME ¢ Teopuell m3MepeHHH OBLTH BHI-
TIOJTHEHBI 0OMEpHI MMOCAJOYHBIX MOBEPXHOCTEH JeTayeit
Ha 3D KoopanHATHO-W3MEpHUTENbHON MamHe DuraMax
¢bupmbl Carl Zeiss.

HartypHblil 5KCEpUMEHT IIPOBOAWICS B CIEAYIOLIEH
MOCJIEZIOBATEILHOCTH.

1. B HarpeBarenbHOM YCTaHOBKE MpU TEMIIEpaType
300 °C B TeueHne 8 MMH. OCYIIECTBIISIETCS HarpeB KOM-
IUICKTa TOJTOTOBJICHHBIX 00pa3IoB IPOMEKYTOYHOH
JICTATN COCTUHCHUSI.

2. BroblnonHsieTcsi ycTaHOBKa BHYTPEHHEW JeTanu
B OTBEPCTHE HATPETOH MPOMEKYTOUYHOHW JeTand ¢ HeoO-
XOJUMBIM 0a3upOBaHHUEM.

3. CoOpaHHOEe COeIWHEHWE BBIACPKUBACTCSI HE Me-
Hee 120 muH.

4. B HarpeBaTeNbHYI0 YCTAHOBKY IOMEIIAETCS KOM-
IUIEKT TOATOTOBJICHHBIX 00Opa3lloB BHEIIHEW JETaau CO-
SJIMHCHSI M BBIJICP)KABACTCS B TCUCHUE 8 MUH. TIPU TEM-
neparype 300 °C.

5. BbINonHsSETCS YCTAaHOBKAa COOPAHHOTO paHee Co-
CJIMHCHUSI «BHYTPCHHSS JETalbh — MPOMEKYTOUHAS Je-
TaJb» B OTBEPCTHE HATPETOW BHENIHEH JeTaim ¢ HeoO-
XOJUMBIM 0a3HpOBaHHUEM.

6. CoOpaHHOE COeIMHEHHE BBIACPKUBACTCS HE Me-
Hee 120 muH.

7. IlpousBonuTCS paclpeccoBKa IeTallell COeqUHE-
HUS C YYETOM YCWIMHA PacCHpEcCOBKH M COOTBETCTBYIO-
mwx eMy nepemeniernii. CHa4ajga U3 COEIUHEHUS depes
CHCIHATBHOE  MPHUCIOCOOJICHHE  BBIIPECCOBBIBACTCS
BHEIIIHSS JIeTalb. BeInunHa yCHIIHs pacipeccoBKU (QUK-
CUPYETCs, CHTHAJIBI BBIBOJATCS HAa IBYXKOOPIMHATHBIN
camonucen. [lo onHOM OCHM OTKJIAABIBAIOCH 3HAYEHHE
CHWIIBL, TI0 JPYTOi OcH — mepemenneHue. [1o okoHYaHUU
COOPKH CTPOUTCS AUArPaMMa PACIIPECCOBKH.

8. OcymiecTBisieTCs] BBIIPECCOBKA MPOMEKYTOTHOM
JIETaJH 9epe3 CIennaibHoe Tprcrocodierne. Bennanaa
YCHITUS PaCIPECCOBKH (PHKCHPYETCS, CUTHAIBI BEIBOIST-
Cs Ha JBYXKOOpAMHATHBIM camonucen. ITo onHoil ocu
OTKJIQJBIBAJIOCH 3HAYCHHUE CHJIBI, IO IPYTO OCH — Iepe-
memienue. [1o okoHUYaHUM COOPKM CTPOUTCS TUarpaMma
pacIpeccoBKH.

9. Bce monydyeHHblE B XOJI€ 9KCIIEPUMEHTA JIaHHBIE
JIOKYMEHTHPYIOTCSL.

ITo naHHBIM HATYPHOTO SKCHEPUMEHTA IO OIpeelie-
HUIO HArpy304HOW CIOCOOHOCTH IMOJUKOHTAKTHOTO HE-
PaBHOXECTKOTO COEAWHEHHS IMOCTPOCHBI TpaduKd Io-
BepxHocTeil (puc. 4, 5).

Puc. 4. Harpy3zounast cnoco6rocts [IKHC B 3aBUCHMOCTH OT BEIOPaHHOTO yTJIa OTHOCHTEIILHEIX TOBOPOTOB AeTaei
0 BHEIIHEH MOBEPXHOCTH
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Puc. 5. Harpyzounas cnocoonocts [IKHC B 3aBHCHMOCTH OT BBIOPAaHHOTO YIJIa OTHOCHTEIBHBIX TIOBOPOTOB JIETajeH
0 BHYTPEHHEH MOBEPXHOCTH

C TOUKHM 3peHHs IKCIUTyaTalluy ¢ TeYeHHEM BPEMEHU
pexumel HarpyxkeHus [IKHC moryt mensarescs. Cneno-
BaTEJIbHO, IPU HCHOIb30BAHUU IOJNyUYEHHOTO paHee
rpaduka Harpy3ouHoi cnocobnoctu [IKHC B 3aBucu-
MOCTH OT BBIOPAHHOTO yIJla OTHOCHTENBHBIX TIOBOPOTOB
nmeraneit (puc. 4, 5) MOXHO BEIOMPATh ONTHMAIIEHBIC
PSKUMBI Harpyk€HHs COCIWHEHHS B IMIPOLECCE €ro
JlabHENIIEN 3KCIUlyaTalluy, YTO MO3BOJISIET, HAIIPUMED,
Oosiee TOYHO HA3HAYUTH MAapaMETPBl MPOXOAKU OypUIlb-
HOU KOJIOHHBI.
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Experimental Study the Load Capacity of Multiple-Contact Uneven Stiffness Interference Joints

The load capacity of multiple-contact uneven stiffness interference joints (MCUSJ) is determined experimentally. The factors influencing the
load capacity of MCUSJ are considered. The diagram of load capacity versus the relative position of MCUSJ parts is obtained.

Key words: interference joint, load capacity, multiple-contact uneven stiffness interference joints.
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E. C. Kypasaes, aciupanrt, I>xeBckas rocyAapcTBEHHAs CEIbCKOXO3SIMCTBEHHAs aKaIeMuUsl

PA3BBUTHUE ®UHAHCOBBIX MEXAHNU3MOB PELHIEHUA ITPOBJIEM

AKNJINIHOI'O CEKTOPA DKOHOMMUHKH

CucmeMamua’upoeaubt UCMOYHUKU qbuuaucupoeauuﬂ HCUTTUWHBLX YCIIY2 Ha npumepe munosoco MHO2OKeapmupHo20 doma C y4emom 6eposimHo-
Cmu nOJIy4eHusl OeHeIICHBIX cpe()cme. Hpou3ee()ennbzﬁ pacuem cmoumocmu er()uma HA KAnUMAaibHsll pemonm 0J151 MUROBO2O DOMA NOKA3bIBAC
HecocmosmenbHoCmy pasmepa (i)e()epaﬂbnozo cmaHOapma Ha KAnumanbHulil pemonm. B cmamve npe()npuH}lma NONBIMKA CO30AHUSL CUCTEMbL
d)ullallC06020 obecnedenus KAaNUMAaibHO20 pemMonma MHO2OKeapmupHo20 doma u3 PA3HbLX UCMOYHUKO8 d)uua/zcupoeauu}z.

KiioueBble c/10Ba: KanuTaIbHBI PEMOHT, KPEAUT, HCTOYHHKY (HHHAHCHPOBAHUA, (eJepanbHblil CTAHAAPT, BEPOATHOCTD MOTYYCHHS TEHEXK-

HBIX CPEICTB.

JAHa U3 CaMbIX HACyHIHbIX np06neM JKHUJIMIITHO-

KOMMYHAJIbHOIO KomiIulekca Poccunm — 310

KPUTHUYECKH H3HOUIEHHBIE OCHOBHBIE (DOHJIBI
U XPOHUYECKUH Ne(UUUT (UHAHCOBBIX pecypcoB. Jlis
ee pemeHust cosnaercsd (POHI KanuTaIbHOTO PEMOHTa
Y BBOAUTCS IMOHATHE MUHHUMAJIBHOTO B3HOCA, pacipene-
JSIEMOTO MEXKIY BCEMH COOCTBEHHHKAMH JKMIIBIX IOMe-
LIEHUH COpa3MepHO UX JAOJ€, U3MEPSIEMOM, HalpuMmep,
B KBa/IpaTHBIX METpax.

Ilo npenBapuTenbHON OLIGHKE 3aTpaT CyMMBbI Kallu-
TaJIbHBIX PEMOHTOB B MHOTOKBapTHPHBIX JJIOMaxX COCTaB-
JSIFOT  AGCSITKM MHJUIMOHOB pyOJieH, OmiaTuTh KOTOpbIE
CO6CTB€HHI/IKI/I KHIIbIX HOMeﬂleHl/Iﬁ CMOI'YT C MCIIOJIB30-
BaHHEM 3a€MHBIX CPEJICTB.

Cnenaem pacyer nMoTpeOHOCTH B KpemuTe VIS IIPOU3-
BOJICTBa padOT 110 KalMTaJIbHOMY PEMOHTY OOIIIeIOMOBO-
ro nmyiecrsa. [Ipu kpemure B 10 muH py0. mox 20,1 %
rogoBeix Ha 10 yeT, oOCIy>)KMBacMOW IUIOMIAIM JKUIIBS
B 5000 M, o6cmyxuBaeMoM (onae B 100 KBapTHp exe-
MECSIYHBIA IUIATEXX C  OAHOM KBApTHPBI COCTABUT
1834,17 py6., wm 36,68 py6./m>.

ITpn ycraHOBIEHHBIX (enepanbHBIX CTaHAApTaX 3a-
TpaT Ha KanpeMoHT B cpeaHeM no Poccun Ha 2013 rog —
6,4 py6., vHa 2014 rog — 6,9 py0., a Ha 2015 rog —
7,4 py0. peanu3aiius JaHHOTO KpeauTa HeBo3MoxkHa [1].
HeBosmoxen u nprotueiit kpeaut non 10,5 % roaosbix,
TaK KaK €KEMECSYHBIN IUIaTeX 3a KalpPEeMOHT COCTaBHUT
¢ oz1HO# kBapTHPHI 1321,51 py6., mm 26,43 py6./m°.

OcymiecTBUM 0OpaTHBIA pacyeT MOTPeOHOCTH B Kpe-
JIUTE TIPU CYHIECTBYIOIIEM (eAepabHOM CTaHAapTe Ha
KaIllpEMOHT U OLIEHOYHO PacIpEAeIUM BEINYNHY KpeIuTa
10 BO3MOKHBIM HCTOYHHMKAM (prHAHCHpOBaHus (Tadi. 1).

Henocraromass opueHTHPOBOYHAsA CyMMa Ha BCE pa-
60THI 110 TOMY B cpegHecpodroM nepuoze 10 met cocra-
But 10000000 — 1745000 = 8255000 py6. Pacnpenenum
3Ty CYMMY Ha pa3JInYHbIC HCTOYHUKU (DUHAHCUPOBAHUS.

Agstops! E. B. ApcenoBa, A. H. Kupuuiosa, C. E. Ko-
BaH, O. I Kprokosa, A. H. PsaxoBckas npuBomsT BoO3-
MO)KHBIE MCTOYHHKHM (pUHAHCHpOBaHMs: cpencTBa PoHa
conerictBus pedopmupoBanuio KKX; cpencrsa LlenTpa

M0 MOJCPHH3AIMH KOMMYHAIBHOH HHOPACTPYKTYPHI
BOBb; OropkeTHBIE CpeacTBa ropojia; CPEICTBA pa3iivy-
HBIX HHCTUTYIIMOHAIBHBIX HHBECTOPOB; KPEIUTHI OAHKOB;
COOCTBEHHBIC CPEICTBA MPEIIPUATUH; CpercTBa coOCT-
BEHHHUKOB YXWJIBIX U HEXXWIBIX TTOMeIeHui [2, ¢. 132].

Tabauya 1. OnpeeneHue CyMMbl KpeAUTa B 3aBUCHMOCTH
0T pa3Mepa YCTAHOBJIEHHBIX (pe/iepajibHBIX CTAHIAPTOB
3aTpaT Ha KalPeMOHT THIIOBOI'0 MHOTOKBAPTHPHOIO 10Ma
o6ureii nomaapio 5000 m’

2013 rox | 2014 rox | 2015 rox

Pa3mep ycraHoBIeHHEIX (e-

JlepaJIbHBIX CTaHAAPTOB 3a-

TpaT Ha KAIPEMOHT, py6./m’ 6,4 6,9 7.4
CymMMma exeMecsqHOro c0o-

pa, pyo. 32000 | 34500 | 37000
Cpok KpeauTa, JeT 10 10 10
[IpouenTHas craBka, % 20,1 20,1 20,1
CyMma KpeaunTa, pyo. 1745000 | 1881000 | 2017000

Opmnako OIOKETHBIE CPENICTBA MOTYT OBITH KaK BO3-
BpaTHbIE, IPEIOCTABISIEMBIE YEpe3 TIOCYNapCTBEHHBIC
(OHIBI MOAJEPKKM IO ONPENENEHHbIH IPOIEHT, TaKk
Y HEBO3BpaTHbIE B BHJE CyOcuami, norauuit mo dene-
pajIbHBIM, PETMOHAIBHBIM, MYHULHINAIBHBIM IIPOrpaMm-
MaM. HeoOXxommmo BHECTH JOMOJHHUTENBHBIN (akTop
B BHJIE BEPOSTHOCTH IIOJYyYEHHs MAEHEKHBIX CPE/ICTB
C LIENBI0 JaJbHEHIIEero IUIAaHWPOBaHUS OOKeTa OT-
JETBbHOTO JIOMa M BCEX JOMOB, HAaXOAAMIMXCSA MOI
YIpaBJICHHUEM YIIPABIAIONIEH opraHu3anun (Taom. 2).

CoOCTBEHHBIMH CPEICTBAMH IOMa MOYXHO ITOKPBHITH
eKEeMEeCSYHBIA IIaTexx Ha cymmy 76350 py6. Obmas
CyMMa 3aeMHBIX cpencTB coctaBuT 3745000 py6. UtoO61
npousBectn pabotel Ha 10 MiH py0., cOOCTBEHHHKaM
MOMEIIeHnIT HeoOXoauMo OyJeT JOMOIHHUTENbHO (u-
HaHCHUPOBATh KalUTAJIbHBINH PEMOHT.

Takum 00pa3oM, y4YMTHIBas COIMAJIBHYIO 3HAYH-
MOCTb, NMOTPEOHOCTh B 3HAYUTENBHBIX (PUHAHCOBBIX pe-
cypcax, SKOHOMHYECKYIO LIEJIeCO00pa3HOCTh KalHTallb-
HOTO PEMOHTA M CPOKH €ro IPOBEACHHS, 1IeJIeCO00pa3HO
CO3JJaHNE CHCTEMBI, B KOTOPOW BO3MOXXHBIMH HCTOYHH-

© Kypasnes E. C., 2013
Iomygeno 17.04.13
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KaMH (MHAHCHPOBAHUS MOTYT ObITh: cpenctBa POHIA  HAIbHBIX HMHBECTOPOB, KPEIUTHI OAaHKOB, COOCTBEHHBIC
comeiictBusi  pedopmupoBanuto JKKX, OmomkeTHple — CpencTBa MPEANPHATHH, CPEACTBA COOCTBEHHUKOB YKH-
CPeACTBa TOpOJa, CPEACTBA PA3IMYHBIX HMHCTUTYLMO-  JIBIX TIOMELICHHH.

Tabnuya 2. UcToMHUKN (MHAHCHPOBAHMS B FOl THIIOBOTO MHOTOKBAPTHPHOTO 0Ma o6imeii miiomaapio 5000 v

Cymma BepostHocTh
Cymma, y MOJIyYeHUs
Hcrounnk GpuHaHCHPOBaHUS €XKEMECSYHOTO [pumeuanue
pyo. C Y4ETOM HaJIU4Hs
mIatexa, pyo. o
HCILIATCIILIIIUKOB, %
CoOCTBEHHBIE Cpe/ICTBA
[Inarexu glacenem/m (Tekymuii peMoHT 112200 9350 959 <
1,87 py6./m°)
[MnaTexn HacegeHI/m (KanmuTaIbHBIA 384000 32000 959 .
pemoHT 6,4 py6./M°)
II
C60J113211;e>1<1/1 HACCIHCHIBL - HOAL HEACBEIE |1 50000 8333 30 % JlononHuTENbHEIE YCIyTH

Ot apenzap! 001LIEIOMOBOTO UMYLIECT-
IMpu6sLTH 120000 10000 95 % Ba (IIOABAJIOB, CTEH JOMOB JUIsl peKJa-
MBI, IPOBAIIEPOB)

[IpoBeneHre KOHKYpCOB Ha TMOAPSI-
CHIKEHHE U3JIEPKEK 50000 4166 95 % HbIe PabOTHl U HA YCIyTH, dHeprocOe-
peKeHue

JloroBopsl LilecCMM C  PECypCcOCHa0-

PeCprKTypI/I?flL[I/ISI JneOUTOpCKON 150000 12500 70 % KAIOLUIMMU OpraHMU3alMsIMH, KOJIJIEK-
U KPEeIUTOPCKOH 3aJ0JDKEHHOCTH TOPCKHE areHTCTBA, OTKIIOYEHUS TOIDK-
HHUKOB
HUTOI'o 916200 76350 X X
3aeMHBIC Cpe/ICTBA

Jnst mpousBoacTBa paboT MO KalM-

bankoBckue KpeanuTsl 1745000 32000 30 % TaJlbHOMY PEMOHTY IIOJ TapaHTHIO
(oH/1a KAMUTAIBHOTO PEMOHTA
CpencTBa pa3nu4HbIX (PMHAHCOBBIX Y- VYcranoBka 000pyIOBaHHS B paccpod-
pexnennit (meHcnoHHbIe (OHABI, cTpa- | 1755000 32190 1% Ky, IPON3BOJCTBO PaboT ¢ OILIATOH MO
XOBBIE Y HHBECTUIIMOHHbIE KOMITAHHH) rpaduky B TeueHue 1-3 yet, Iu3uHT
Jnst mpousBoicTBa paboT MO KamM-
DenepanbHblii Ol01KET 4000000 73367 1% TaJIbHOMY PEMOHTY IIOJ TapaHTHIO

(hoH/1a KAMUTATBHOIO PEMOHTA
Jns mpousBoiacTBa paboOT MO Kamu-
PernonanbHbIH OI0mKET 2000000 36683 10 % TaJIbHOMY PpEMOHTY IOJ TapaHTHIO
(hoHIa KATUTATBHOTO PEMOHTA
Jnst mpousBoacTBa paboT IO KamM-

MyHUIMOATBHBIA OFOKET 500000 9170 10 % TAJIBHOMY PEMOHTY TIOJ] TapaHTHIO
(hOH/Ia KAITUTAJIBHOTO PEMOHTA
HUTOro 10000000 183410 X X

B TOM uncne npuBICIEHHBIE CPEACTBA

B cootBerctBun ¢ @3 Ne 185 (ponmst

DenepaibHBIN OIOIKET 4000000 X 0,01 % MIOJICPXKKH, JOTAllMH, CyOCHINH, Mpo-
rpaMMBbl)

B coorBerctBun ¢ @3 Ne 185 (ponmsr

PervoHanbHbli O1OKET 2000000 X 0,01 % MOAJEPKKH, JOTalUU, CyOCHANH, Mpo-
IpaMMbl)

B cootBerctBum ¢ @3 No 185 (donast

MyHuIHnaEHbIH OI0IKET 500000 X 0,10 % MOJICPXKKH, JOTAllMH, CyOCHINH, Mpo-
TpaMMBbl)

Jpyrue uCTOuHUKH

VYuacTBOBaTh B KOHKYpCaxX Ha BBIE-

Haorosble JIBroThI 50000 X 1%
JICHHWE HAJIOTOBBIX JIbI'OT
V4acTtue B HAy4YHOH OEATEIBHOCTH
TpanThi 100000 X 1% YHHOH &
U JIp.
Bubaunorpadguyeckue ccbUIKH 2. OUHAHCUPOBAHUE KHIJIUITHO-KOMMYHAJIBHOTO KOMILICK-

Ca: COBPEMCHHBIC TCHACHINUU U NEPCICKTUBLI : MOHOl"pa(bPIH /

1. O QenepabHbIX CTaHAApTaX OILIATBI KUIOTO MOMElle-  p j Apcetosa, A. H. Kupuiosa, C. E. Kosas, O. T. Kpioko-
HUS 1 KOMMYHAIBHBIX yeuyr Ha 2013-2015 roxsr : Tloctanos- BE;’ A H Pﬂx0;301<.a;1.[14 ] — l\;[ . CI:;HHaKa,HyeM;/ISI. 2008, —
nenue Ipasutenscrea PO ot 21 despans 2013 roga Ne 146. — 19’2 c. ’ - o ’ '

URL: http://www.rg.ru/2013/02/25/standarti-dok.html  (mata
obpamenus: 31.03.2013 r.).
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E. S. Zhuravlev, Post-graduate, Izhevsk State Agricultural Academy

Development of Financial Mechanisms for Problem Solution in the Housing Sector

Funding sources of housing services have been systematized by the example of standard apartment building, with allowance for probability of
funds receipt. Calculation of credit cost for capital repair of typical apartment building reveals insufficiency of approved federal norm for capital
repair. An attempt is made to develop a system for financial funding of capital repair of apartment building using various funding sources.

Key words: capital repair, funding sources, housing sector, housing and communal services.
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KOMILIEKCHA# OHEHKA 3®®EKTUBHOCTH
NHTEHCUDPUKALIMU CEJbBCKOI'O XO3AUCTBA

Cmamus nocesaujena unmezparbHOMy no0Xo0y K OyeHKe dQPekmusHoCmY UHMEHCUDUKAYUU CeNbCKO2O XO03AUCMEd.

KuroueBbie cjioBa: I/IHTeHCI/I(bI/IKaHI/Iﬂ, IoKa3aTeiin 3(1)(1)CKTI/IBHOCTI/I PIHTCHCI/IQJI/IKB.I_II/II/I CEIIBCKOTO XO3HﬁCTBa, 3(1)(1)6KTI/IBHOCTB, CEIIBCKOE XO-

3SUCTBO.

€JIbCKOE XO3SIMCTBO SIBJIAETCA OQHOW M3 KpyII-
HEHIIUX 0Tpacieii IKOHOMHUKH, 3HAUYCHHE KOTO-
poii ompesensieTcss TeM, YTO B HEW CO37aeTcs
B IpeJiesiaX OJHON YETBEPTH BaJOBOTO OOIIECTBEHHOI'O
MPOAYKTA, IBE TPETU U3 KOTOPOU COCTABIISIET MMPOU3BOJI-
CTBO TPOAYKTOB IUTAHWUS, MOJB3YIOMIMXCS TTEPBUYHBIM
CIIPOCOM y HACEJICHUS, TO €CTh POJIb CEIBCKOTO XO3sIii-
CTBa COCTOMT IIPEXJIE BCETO B PEIICHUH OTHOW M3 BaXK-
HeHmux 00IIerocy1apCTBEHHBIX U OOIIEMHUPOBBIX (TIIO-
OaIbHBIX) TPOOIEM — MPOTOBOILCTBEHHOW MPOOJIEMEI.
Kpome Toro, Cenmpckoe XO3MHCTBO HIPaeT KIFOYEBYIO
pons B obOecrieueHNH HAaCEJeHHS CTpPaHBl MPOTyKIHEH
HEMIPOAOBOJILCTBEHHOI'O HAa3HAYCHUS. CTOI/IT TaK»X€E OT-
METHTh HHTETPUPYIOIIYI0 POJIb CEILCKOTO XO3SHCTBA
B CHCTEME, TJ¢ €ro mpeHa3HaYCHUE 3aKIIF0YaeTCs
B o0ecrieyeHn HEeoOXOAMMOW INpoayKIHel mepepada-
THIBAIOIIUX OTPACICH, OTpacied TOPTOBIM M MUTAHUS
U JIOXOJIaMH OTpaciield, CO3MAI0IIUX ISl HEro TpeOyro-
mmecss cpencTBa MpousBoiacTBa. IlosToMy pasButhe
CEJIbCKOTO XO3SHCTBA JOJDKHO OBITH OMHUM W3 TPHOPH-
TETHBIX HANpaBICHUH B pealm3alid dKOHOMHYECKOTO
MOTEHI[MAaJIa CTPAHbI M COCTABIISIOMINX €€ PETHOHOB.
Pa3BuTHe cenbcKOro Xo03sHCTBa Hapsiay € IPYTMMH
OTpacIsiMH SKOHOMHKH HEBO3MOXKHO 0€3 3¢ (eKTHBHOIO
UCIIOJIb30BaHHUA 3aHATBIMU B HEM XOSXﬂCTByIOLHHMH
CyOBEKTaMHU PA3IUYHBIX (PAKTOPOB, OCOOCHHO MMEIOIIHX
OTHOIIICHHE K €ro BHYTPEHHEH cpele, K KOTOPOiH OTHO-
CATCS PECypChl, TEXHOJIOTHUH, OPTraHU3AIMOHHO-YIIPaB-
JICHYECKUI MexaHu3M. [lpudeM B HacrosIee BpeMms,
B MIEPUOJT HAYYHO-TEXHUICCKUX JOCTIKCHHH, OONbIIOe
3HaYeHHne uMeeT d(P()EeKTUBHOE HCIOIB30BAHUE TaHHBIX
(akTOpPOB HA MHTEHCHBHON OCHOBE, TO €CTh 32 CUET HX
KayeCTBEHHOTO  COBEPIICHCTBOBAHUS, O3HAYAIOIIETO
MOBBIIICHUE MTPOU3BOIUTEIHFHOCTH KUBOTO M OBEIIECTB-

JEHHOTO TpyJAa TNpH HauMEHbUIMX 3arpaTax. Baumy
KJIFOUEBOM pOJIM KAa4YeCTBEHHBIX XapaKTEePHCTHK B (-
(eKTMBHOM (QYHKIMOHUPOBAHHH CEIBCKOTO XO3SIHCTBA
JlanibHelIlee Hallle BHUMaHKue OylIeT cOCpeJoTOYEHO Ha
nokazaTessix 3((GEeKTUBHOCTH MHTEHCU(PHUKALINK JTaHHOM
0Tpaciii 5KOHOMHUKH.

K mnoxkazarenssMm 3¢¢exTHBHOCTH WHTEHCHU(DHUKALNH
CENIbCKOTO  XO35CTBAa yUYCHBIE-3KOHOMHCTBI OTHOCST
CJICTYOIIIHIE.

1. O6peM MPOAYKIIMHN U MPUOBUTH OT €€ pearn3aIiiu
(B py0.) Ha 1 py0. NpOU3BOJACTBEHHBIX 3aTpaT B LIEJIOM
U 110 OTAEBHBIM 3JIEMEHTAM U CTaThsIM.

2. O0beM MPOAYKIIUMH U MPUOBLTH OT €€ peallu3aliuu
(B py0.) Ha 1 py0. MPOM3BOJACTBEHHBIX PECYPCOB B IIe-
JIOM U 110 OTACJIbHBIM I'pyHIiaM U BUIaM.

3. O0beM MPOLYKIUH U MPUOBUTH OT €€ peali3aliuu
(B py6.) Ha 1 yen.-yac uiu 1 Yes.-eHs.

4. O0beM MPOAYKIMHU U NMPUOBUTH OT €€ peati3aluu
(B py6.) Ha 1 ra wmm 100 ra 3eMeNBEHBIX PecypcoB (Celb-
CKOXO3SIICTBEHHBIX YTOIWH, TAIIHHU, TOCEBOB).

5. O0BpeM TPOAYKIINH U MPHOBLIN OT €€ peai3auu
(B py0.) Ha 1 romn. i | ycm. ron. ckora [1, 2].

Taxke HCCIENOBATENSMH  CEJIbCKOXO3SICTBEHHBIX
BOINPOCOB OOJBIIOE BHUMAHHUE YIEISIETCS MOKa3aTelsIM
WHTCHCUBHOCTH Kak (DakTOpHOMY IMokaszareiaro 3¢ dek-
TUBHOCTHU I/IHTeHCl/Iq)I/IKaLlI/Il/I, IIOKa3aTeCJIsIMHU KOTOpOﬁ
SIBJIIKOTCA

1. IIpousBoacTBEHHBIE 3aTpaThl B IIEJIOM M IO OT-
JIeTIbHBIM DJIEMEHTaM M cTaThsiM (B py0.) Ha | ra wim
100 ra 3eMenBHBIX PecypcoB (CETbCKOXO3IHCTBEHHBIX
YTOJWH, MaIIHU, IIOCEBOB).

2. 3arpatrbl XUBOro Tpyaa (B dYel.-49ac. WM 4Yell.-
masax) Ha 1 ra wm 100 ra 3eMenpHBIX pecypcoB (cemb-
CKOXO3SIIICTBEHHBIX YTOIWH, AIIHHU, TOCEBOB).

© I'amxuxypbanos . M., Unsun C. 10., 2013
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3. CpenneronoBas CTOMMOCTH IIPOU3BOJICTBEHHBIX
PECYPCOB B II€JIOM U IO OTAEIHHBIM TPYIaM U BHAAM
(B py0.) Ha 1 ra mim 100 ra 3eMeNbHBIX PECypcoB (Cenb-
CKOXO3SIIICTBEHHBIX yTOJHii, AIIHHU, TOCEBOB).

4. CpenHETroI0BOE IOTOJIOBBE CKOTA (B YCII. T'OJI.) Ha
1 ra mwnmm 100 ra 3eMeNbHBIX PecypcoB (CEIbCKOXO3SUCT-
BEHHBIX yrOJUM, MaIlHHU, TOCEBOB) [1].

ABTOpr CcorjiaCHbl ¢ TEM, 4YTO I/IHTeHCI/l(l)I/IKaIJ,l/IH 3a-
BHCHUT OT HHTCHCUBHOCTH, TaK KaK pe3yJIbTaTHBHOCTh HE
MOJKET CYIIECTBOBATh 0€3 3aTPaTHOCTH, HO B TO JKE Bpe-
MsI AIMEIOT CBOIO COOCTBEHHYIO TOYKY 3PCHUS Ha ITOHH-
MaHHe Ipoliecca HHTeHCH(PUKALINH, a IMEHHO:

1. NaTeHCcnpUKamst O3HA4aeT HE POCT, a MPUPOCT
pe3ynpTara, MOATOMY SIBIISIETCS JIUIIb COCTaBHBIM 3Je-
MeHTOM 3()(HEeKTUBHOCTH.

2. NHTeHcuuKkanus NOMKHA JOCTHTAThCA TIIaBHBIM
00pa3oM 3a cyeT MHTEHCUBHBIX MTOKa3aTeIeH.

3. MHTeHCcU(UKAIUIO ONPEICIIAIOT MOKa3aTean 3a-
TPAaTHOCTU MOTPEOJICHUS PECYPCOB M BBHITCKAIOIIHE W3
HHUX OOpaTHO NMPONOPLHOHAIBHBIE MOKa3aTeau (IoKa3a-
TENH OTHA4M), a TaKKe APYrHe MOJ00HBIe (PaKTOpHBIC
ITOKa3aTeIH.

W3 naHHBIX paccyXIE€HUH BUAHO, YTO HE CTOMUT CTa-
BHTH 3HAK PABEHCTBA MEKIY dPPEKTHBHOCTHIO H HHTCH-
cudukanmel, a kK ee (pakTopaM OTHOCHUTH JIUIIH HAJTMINE
pecypcoB. CienoBarensHo, TpeOyercs: 0ojiee COBEpIICH-
HBIA IIONXOJ, IO3BOJSIOIIMA OOBEKTUBHO OLIEHHBATH
3¢ (GEKTHBHOCTh HHTEHCH(HMKAIIMN CEITBCKOIO X03sIHCTBA
C YY4E€TOM BCEX JIEMCHTOB CPE[Ibl, HMEIOLIMX HEIOCPe -
CTBEHHOC OTHOLICHUC K JACATCIBHOCTHU 3aHATHIX B HEM
XO3SHCTBYIOLIUX CyOBEKTOB.

ABTtopckuii mogxon K oreHke 3¢dexkTuBHOCTH WH-
TEHCH(DHUKAMU CEBCKOTO XO3SICTBA CBOJAUTCS, BO-
MEPBBIX, K YYETy PECypCoOB, pEalbHO BOBJICYCHHBIX
B IIPOLIECC XO3SIICTBEHHON AESITEIbHOCTH, HHAY€E TOBOPS,
HE IPUMEHECHHBIX, a TIOTPEOJICHHBIX PECYPCOB B TCUCHHE
OTIPENIeIICHHOTO TIEPHOo/Ia BPEMEHH;, BO-BTOPHIX, K yUETy
3aTpaT Ha HCIIONB30BAHWE TEXHOJIOTHH M OpPTaHM3AIUI0
JESITETPHOCTH, OCYIIECTBIISIEMBIX B TE€UYEHHE aHAIOTHY-

HOTO BPEMEHHOr0 MHTepBasia. Takol MOAX0J MMO3BOJISIET
JIaTh KOMILJICKCHYIO OLEHKY 3((EKTHUBHOCTH HHTEHCH-
(UKaLuK, MOCKOJIBKY B 3TOM CIy4ae MOXKHO MOJY4YHTb
KOHEYHYI0 00001IeHHYI0 HH(OpPMALIMIO O TOM, HACKOJIb-
KO WMHTEHCHBHBIC I10KA3aTeNd CIOCOOCTBYIOT YIlyullie-
HUIO pe3yJibTaTa XO3SIMCTBYIOIUX CYOBEKTOB, 3aHSTHIX
B CEJIbCKOM XO3sIHCTBE.

CornacHo aBTOpCKOMY MOAXOJy CHCTEMa IoKazaTelnei
3¢ dexTHBHOCTH MHTEHCH(UKALIMN CEILCKOTO XO3SHCTBa
JIOJDKHA OBITH ITPE/ICTABIICHA B CIIEIYIOIIEM BHJIE.

1. IIpupoct ob6bema npoaykuuu (B py0.) 3a cuer us-
MEHEeHHs TMoKazareie 3(P(PEKTUBHOCTH HCIOIH30BAHUS
PECYpPCOB B PACTCHUEBOJICTBE U IKUBOTHOBOJICTBE.

2. DxoHOMUS 3aTpaT (B py0d.) 3a CHET U3MEHEHHUS I10-
kazateneil 3((EeKTUBHOCTH HCIIOJIB30BAHKS PECYPCOB
B PAaCTEHHEBOJICTBE 1 KHBOTHOBO/ICTBE.

3. Ilpupoct o6peMa mpoayknuu (B py0.) 3a CUeT u3-
MeHEeHHs MokazaTteneld 3(p(EeKTHBHOCTH HCIOIB30BaHUS
TEXHOJIOTUH B PaCTCHUEBOJACTBEC U )KUBOTHOBOJICTBC.

4. DxoHomust 3aTpaT (B py0.) 3a CUET U3MEHECHHUS I10-
Kazatenel 3QpPEeKTUBHOCTH MCIOIB30BaHUS TEXHOJIOTUI
B PaCTEHHEBOJICTBE M )KMBOTHOBOJICTBE.

5. Ipupoct obbpeMa mponyknuu (B pyo.) 3a CUeT m3-
MEHEeHHs ToKa3aTelnell »(PQEKTHBHOCTH OpraHU3alud
JIESITENIbHOCTH B PACTEHUEBO/ICTBE U )KUBOTHOBOJICTBE.

6. DxoHOMHSA 3aTparT (B py0.) 3a CYET U3MEHEHHUS I10-
Kazarenel 3(p(GEeKTHBHOCTH OpraHM3aIllUH ACSITEIBHOCTH
B PaCTEHHEBOJICTBE 1 KHBOTHOBOJICTBE.

IIpennoxkeHHbI aBTOpaMU TMOAXOJl COOTBETCTBYET
00BEKTUBHOMY MOHUMAHHIO MHTCHCU(DUKAIIUN U MTO3BO-
JISIET B KOMILJICKCE OLICHUTH €€ A(PPEKTHBHOCTD B IIEJIOM
10 CEJIbCKOMY XO3SHCTBY, a TaK)Ke B PacTCHHEBOJCTBE
1 )KUBOTHOBOJICTBE.
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Comprehensive Assessment of Agriculture Intensification Effectiveness

The article is devoted to the integral approach to the estimation of the efficiency of agriculture intensification.
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CTPATETHYECKOE INIAHUPOBAHUE B HE®TAHON KOMIIAHUA

(HA TIPUMEPE OAO «TATHE®Tb»)

Paccmompeno cmpamezuueckoe nianuposanue na npumepe nepmanoii komnanuu OAO « Tamnegpmoy, komopas aeasemcsi 00HOU U3 KpynHeti-
WUX OMeYeCmeeHHbIX HeQMAHBIX KOMNAHUL, OCYUECMBIAIOWAs C60I0 OesMeIbHOCb 8 CIAanyce 6epMUKAlbHO UHMeSPUposanHou epynnol. Jlns
popmuposanus cmpamezuu negpmanas komnanus «Tamuedpmoy 6 kauecmse yeneil vloensem ciedyloujue yciosus.: obecnevenue YCmouuueoo
pocma npou3zeo0CMEeHH020 NOMEHYUaNa u ocyuwjecmaienue KOMnieKCHol payuonanusayuu ynpaeienus komnaunueil. Taxoce onpedenenvt npuopu-
memmble HANPABIEHUA: UHEECIUYUOHHAS NOTUMUKA, YRPAGIEHUEe PUCKAMU, YRPAGIeHUe YUHAHCAMU, YNPABTeHIte UHBECMUYUAMY U NePCOHATIOM.

KuroueBbie ciioBa: CTPATEIrUY€CKOC INIAaHUPOBAHUE, MHBECTUIIMOHHAA ITOJIMTUKA, YIIPABJIICHUE PUCKAMH.

AO «TarHedTh» — O1HA M3 KpPYITHEUIINX OTe-

YECTBEHHBIX HE(TSIHBIX KOMIAHUH, OCYIIECTB-

JSTFOLIAst CBOIO JIESITEIEHOCTD B CTaTyce BEpPTH-
KaJIbHO MHTETPUPOBAHHOMN TPyYIIIIHI.

B cocTaB rpynmsl BXOAAT:

— wHedrerazogoopiBaromue npoussoacrea (HI'LY,
3A0 «TatHedTh — Camapa» u 1p.);

— HedTerasonepepadaThIBalOIie  [POU3BOACTBA
(«Tarnedreraznepepaborka», OAO «TAHEKO»);

— He(TeXMMHUYECKHE POU3BOICTRA;

— MPeINpHATHS N0 peanu3auuu HedTH, raza, Hedre-
ra3onpoyKTOB U HEPTEXUMHH;

— OJIOK CEpBUCHBIX CTPYKTYP.

Hapsiny ¢ ykperniennem pecypcHoit 06a3sl 1 HOBBIIIIE-
HHEM 00BEeMOB HOOBIYM K MMPUOPUTETHBIM 3aJadaM KOM-
MTAaHUU OTHOCSTCS:

— pa3BuTHe HedrerasonepepabaThIBAOIINX MOIIHO-
CTeH;

— pacuIMpeHne peIHKOB cObITa HEQTH, raza U HedTe-
XUMHUYECKOU MPOAYKLINH;

— poct cetn A3C noJ1 KOpIOPATUBHBIM OPEHIOM.

3HaunMoOe KOHKypeHTHoe mnpeumymiectso OAO
«TatHeTH» coOCTaBIIIET KOMIUIEKC HEMaTepHaIbHBIX
AKTHBOB, BKIIIOUAIOIIUH B Ce0sl yHUKAIbHBIE TEXHOJIOTUH
1 HOY-Xay B 00J1acTH pa3paboTKu MECTOPOKACHHUH, Hed-
TEra3oqo0bIYr U T. .

MOXXHO BBIAEINTH YETHIPE OCHOBHBIX BHIA YIPaB-
JICHYECKOW JIEATENFHOCTH B PaMKax Ipolecca CTpaTeru-
4ECKOT0 TIIAaHUPOBAHUSL:

— pacmpeneneHue pecypcoB, B OCHOBHOM OIpaHH-
YEHHBIX, TAKHX Kak (POHIBI, YNPABICHIECKUE TAJIAHTHI,
TEXHOJIOTHYECKUH OIIBIT;,

— aJanTanus K BHEIIHeH cpee;

— BHYTPEHHsII KOOpAMHAUMs (KOOpAMHALIUS CTpaTte-
THYECKOH JESATENbHOCTH JUIS OTOOPa)KEHUS! CHIIBHBIX
U c1a0bIX CTOPOH (PUPMBI C LEbI0 AOCTIXKeHHs 3 dek-
TUBHOW MHTETPAIA BHYTPEHHUX OTIepannii);

— OCO3HAHHWE OPraHM3allMOHHBIX CTpareruii (ocy-
IIECTBJICHUE CHCTEMATHYECKOI'O Pa3BUTUSI MBIIUICHUS
MEHEIKEPOB MyTeM (OPMHUPOBAHHUS OpPraHHU3ALNH,
KOTOpasi MOXET YYHUThCS Ha IPOLUIBIX CTpaTerude-
CKHUX OIIMOKaX, T. €. CHOCOOHOCTh YYUTHCS Ha OIIbI-

Te) [1].

[Tpouecc crparernueckoro IIaHUPOBAHHS HA Tpel-
npusitun OAO «TatHedTh» BKIIOYaeT B cedsl ocymecT-
BJIEHHE CIICIYIONINX B3aNMOCBSI3aHHBIX (DYHKIIHH!

1) ompeneneHne MONTOCPOYHOU CTPATETHH, OCHOB-
HBIX IeTIel ¥ 33139 Pa3BUTHS NPEATIPUATHS;

2) co3JaHMe CTPATETMYECKHX XO3SHWCTBEHHBIX TOI-
paszesieHui Ha IPeIPHUTHH;

3) o6ocHOBaHME M YyTOUHEHHE OCHOBHBIX IIEJICH Mpo-
BCICHUS MapKCTUHI'OBBIX I/ICCJ'Ie[lOBaHI/Iﬂ PBIHKA;

4) OCYIIIECTBIICHUE CUTYAIMOHHOTO aHAJIN3a U BHIOOD
HAarpaBJIeHUs] SKOHOMUYECKOTO Pa3BUTHUS MTPEATIPUSTHS;

5) pa3paboTka OCHOBHOW CTpaTeruy MapKETHHIa
Y YKPYITHEHHOE IUIAaHUPOBAaHUE IPOU3BOJICTBA IPOIYK-
L(HH;

6) BBIOOp TAKTHKH W YTOYHEHHOE IUTAHUPOBAHHE
CIOCO0O0B 1 CPEJCTB AOCTIKEHNUS ITOCTaBICHHBIX 3371a4;

7) KOHTPOJIb U OLIEHKAa OCHOBHBIX PE3Y/IbTaTOB, KOP-
PEKTHPOBKa BHIOPAaHHOW CTpAaTEeTHH M CIOCOOOB ee pea-
nu3anuu [2].

Just dopmupoBanust crparerud kommnanusi «Tar-
HedTh» B KayecTBe LieJiel BBLACIACT Cleayromue: obec-
MeYeHNe YCTOMYMBOTO POCTA ITPOM3BOACTBEHHOTO IO-
TEHIMalla ¥ OCYLIECTBJICHNE KOMIUIEKCHON palMoHaIH-
3amuM  ympaBieHus Kommnanuei. K HampaBneHmsm
MOJUTHKH U1l (POPMUPOBAHUSI CTPATETHH MOXHO OTHE-
CTH: POCT NPOW3BOJACTBA M CTPYKTYpPHYIO IIOJUTHKY;
HapalBaHUE PEHTA0EIbHBIX 3aIacoB; MPOTrPaMMy HH-
BECTHIINH; TOBBIIICHHE 3(P(PEKTHBHOCTH TIPOU3BOACT-
BEHHO-COBITOBOM NIESITENIBHOCTH; KOMIUIEKCHYIO PaIfo-
HallM3alUI0 YNpPaBICHUs; pa3BUTHE (DUHAHCOBOIO Me-
HEUKMEHTa M MAapKeTHWHTa; HM3MEHEHHUs B CTHUMYJax
TpyJla U CTWUIA ynpasiieHus. JloarocpodHas CTparerus
HalleJIeHa Ha OIpeJesieHHe COBOKYMHOCTH J€iCTBHUH,
koropele kommanus OAO «TarHedrTs» BbIOMpaeT He
M30JIMPOBAaHHO, a B YCJIOBHSX CHJIBHOTO BHELIHETO
BIIMSIHUS Pa3JIMuHBIX KOHTPAareHTOB. Bo-mepBbIX, 3TO
XO3SIMCTBYIOIINE CYOBEKTHI HE(PTETa30BOTO KOMIDIEKCA,
MMEIOIINE CBOIO KOHKYPEHTHYIO HO3UIMI0O M COOCTBEH-
HBIE CTpaTerMyYecKre IIaHbl. Bo-BTOpPBIX, SHEpromnorpe-
Oourenu HedTH, Traza M HEPTENPOIYKTOB CO CBOUMH
IPOU3BOACTBEHHO-(DMHAHCOBBIMU IPOOJIEMaMH M KOp-
MOPaTUBHBIMU MHTEpecaMu. B-TpeTbux, 310 rocymapcr-
BCHHBIC OpraHbl KOHTPOJIA U YIpaBJICHHA, B YAaCTHOCTH,
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Munsnepro, Munnpupoasl, PenepaibHas 3HepreTuye-
CKast KOMHUCCHUS, AHTUMOHOIIOJIBHBIH KOMHUTET U ApYyTHUE,
KOTOpBIE MIPEACTABISAIOT U OTCTaUBAIOT HHTEPECHI TOCY-
napctsa [3].

Crparernyeckoe mianupoBadue B OAO «TatHedTh»
CTPOMTCS Ha METoJax HKOHOMHYECKOH BEPOSTHOCTH,
B TOM 4YHCJIE YIPaBIEHYECKOW JMArHOCTUKU M OH3Hec-
TJIaHUPOBAHUL.

WHBecTHIMOHHAST AEATEIBHOCTh KOMIIAHWU OCYIIIe-
CTBISIETCSI B COOTBETCTBHM CO CTpaTerHed pa3BUTHS
rpymnsl OAO «TarHedTb» M HampaBiieHa Ha peIICHHE
CIICTYFOIINX 3a7ad:

e MTOBBIMICHNE PEHTA0CTFHOCTH JOOBIYH HEPTH;

e yIy4IIEHHE CTPYKTYpPHI M yBEIHYEHHE 00BEMOB 3a-
1aCOB;

e 100BIYa BHICOKOBSI3KOM He()TH Ha Teppuropuu Pec-
myOmuku Tatapcran;

e BHEJIpEHHE IPOrPECCUBHBIX TEXHOJIOIUH pa3pabor-
KM MECTOpOXkAeHUH 1 HoBelmux meronos ITHIT;

o MBepCU(UKALUS TIPOU3BOJCTBA W  yBEJIMYCHUE
00BEMOB peaJIM3alyy MPOAYKIMHU 32 CUET Pa3BUTHS COO-
CTBEHHOI1 HedTerazonepepaboTKu U HEPTEXUMHUIECKOTO
OI0Ka;

e pa3BuTHE po3HUUHON cetn A3C;

e peanu3amys MPOEKTOB B 0CO00M SKOHOMHYECKOH
30HE «Anabyray;

e o0ccrieueHne BBICOKOTO YPOBHS KOPIIOPATUBHOM
COLIMAJIBHON OTBETCTBEHHOCTH.

BoiBoabI

JlaHHOEe MHcclieioBaHUE MO3BOJIAET CAENATh BBIBOJ
0 TOM, 4TO cTparerudeckoe mranuposanue B OAO «Tat-
HeTh» ompenensieTcss B COOTBETCTBHU C LENISIMU U JIONT-
TOCPOYHOM cTparerueit komnanun. OmpeneneHne crpare-

THYECKUX HAMPABIICHUN NEATEIFHOCTH MOCTOSHHO TpeOy-
€T COOTBETCTBYIOUICH HWHBECTHUIIMOHHOW W (PHMHAHCOBOM
COCTABJISFOIINX, 00ECTICUNBAIOIINX PEAIII3ALIMI0 TOBAPHO-
PBIHOYHOW cTpareruu. [IprHopHTEeTHEIMI HANpaBICHUSIMU
SIBISIFOTCS: NHBECTHIIMOHHASA TIOJINTHKA, YIIPABIICHUE PHUC-
KaMu, yIpaBieHHe (UHAHCAMH, YIPABICHUEC WHBECTH-
muaIMUu U TIEPCOHATIOM. q)OpMyIll/IpOBaHl/Ie MHHOBAIIUOH-
HBIX CTpaTeruii KOMIaHUHM TpPeOyeT OrpOMHBIX YCHIIMH
U COOTBETCTBYIOIIET0 BBICOKONPO(ECCHOHATIBHOTO  Me-
HEKMEHTA JJIsl MPOBEACHUSI POTHO3HO-aHAIMTHUECKUX
HCCIIEZIOBAHUM TEXHUKO-TEXHOJIOTUYECKOTO YPOBHSI BO
BCEX COOCTBEHHBIX IPOW3BOJICTBEHHBIX 3BEHBSX, KOHKY-
pupyrommx (GUpMax, KOMIAHUSIX CMEXHBIX OTpacieH,
a TaKKe MHUPOBBIX TEHICHIMHA pa3BUTHSA (QyHIAMEHTAJb-
HBIX U IIOMCKOBBIX MCCIIEJOBAaHUI, UCCIENOBaHUI OTpac-
JIEBOTO HAYYHO-TEXHWYECKOTO KOMIUIEKCa, MHPOBOTO
pBIHKAa Hay4yHO-TEXHMYECKOH npoaykuuu u T. 1. [Ipose-
nenue Takoi pabotel mo3BosuT OAO «TatHedTh» mpea-
BUACTH PA3IMYHBIC CLCHAPUU PAa3BUTUA, CTaBUTH pCajiv-
CTUYHBIC LCJIN U CTPOUTH COOTBETCTBYIOIUE IJIAHBI TCX-
HOJIOTHYECKOTO PAa3BUTHSI M PaA3BUTHA COOCTBEHHOTO
HAyYHO-TEXHUUYECKOrO MOTEHIIMANA C LEIbl0 JallbHEIe-
ro oOecredYeHus] yCTOHYMBOTO TIPOABIKECHUS BIEpEN
B JJOJTOCPOYHOM MEPCIIEKTUBE.
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Strategic Planning in the Oil Company (by the Example of OJSC “Tatneft”)

This article considers the strategic planning by the example of the oil company OJSC «Tatnefty, which is one of the largest domestic oil com-
panies, operating as a vertically integrated group. For the formation of the strategy of the oil company OJSC «Tatneft» the following conditions are
identified as objectives: ensuring the sustainable growth of the production capacity and implementing the comprehensive rationalization of the
company management. The priority areas are also identified: investment policy, risk management, financial management, investment and staff

management.
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rOCyAapCTBEHHOT 0 TeXHUUYEeCKoro yHuBepcutera umenu M. T. Kanamnukosa

W CCJIEJJOBAHUE TEMIIOPAJIbHON TMHAMUKHA
HA OCHOBE ®YHKIIMHU PABHOOBPA3USA IOTPEBUTEJIBCKOI'O BBIBOPA

N IMPOOECCOPHOTI'O TIOAXOJA

Hccnedosanue memnopanbHou OUHAMUKY 8 IKOHOMUKE OCYWeCMBIIAemcs Pa3iudHbiMu cnocobamu. B cmamove paccmampusaromes eapuarmol
Ha 0CHOBe YYHKYUU Pa3HO0OPA3Us NOMPedUMENbCKO20 8b100PA U NPOYECCOPHO20 NOOX00d.

KuroueBble ci10Ba: TeMHopanbHas JHHAMUKA, POLECCOPHBIA MOAXO0M, (yHKIMA pa3HOOOpa3Hs MOTPEOUTEIBCKOTO BbIOOpA, JUMHAMHYECKHE

HOPMATUBBEIL, dTaJIOHHAasA THHAMHUKa ToKa3aTesei.

€To/l JMHAMHUYECKOr0 HOpMAaTHBa HAaXOIUT
Bce Ooublliee NPUMEHEHHE B Ppa3IMYHBIX
HKOHOMHUYECKHX mpoueccax. /IuHamudeckuii
HOpPMAaTUB ABJIACTCA YaCTHBIM ClIydacM TeMHOpaﬂbHOi/lI
JUHAMHKH, KOTOpasd XapaKTECpU3yEeT HHTCHCUBHOCTDH
Pa3BUTHS KaKUX-JIMOO 3KOHOMHYECKUX OOBEKTOB U IPO-
neccoB. MccnenoBaHne TEMIOpPaNbHOH — JIMHAMHUKH
B 9KOHOMHKE MOXKET OCYIIECTBIISATHCS PA3TUYHBIMU CIIO-
cobamu. PaccMoTpuM BapuaHT Ha OCHOBE (PYHKINH pa3z-
HOOOpa3us MoTpeOUTENHLCKOTO BEIOOpA.
OyHkuusT pa3HOO0pas3usi MOTPEOUTENHLCKOrO BhIOOPa
B DKOHOMHKE OLIEHHBAET pa3Max BbIOOpA, €ro MOTEHIUAI
4yepe3 NpsMOM MOJCUET KOJMYECTBA BapUAHTOB BHIOODA,
JIOITYCKaeMbIX HEKOTOPHIM HAO0OpOM Oar: x = (x, Xy, ...,
Xp)
®OyHkuus pasHoodpasus

H(x)=-AYPInP
i=1

MOXeET OBITh OCTPOEHA HE Ha OCHOBE KOMOWHATOPHOTO
(hopManm3Ma, K KOTOPOMY TIPUBOJUT CXeMa KOJUIEKTHB-
HOTO BBIOOpA, a C MOMOIIBI0 (popMaH3Ma TEOPUH BEPO-
SITHOCTEM.

Tax, eciu BepOsSTHOCTH BBIOOpa eIMHUIIBI OJ1ara i eCTh
P, 10 a14 mociienoBaTeNbHOrO BEIOOPA X, ©JUHMI] CBOM-

1
,X,)

ctBeHHa BepostHocTs P. CocraBy x =(x,,x,, ...

COOTBETCTBYCT BEPOATHOCTDL, paBHAs BEJINYNHE
X ) X- Xy
P'P"..P", (1)

i

rie P =

[Tponorapudmupyem BbIpakeHHE U TOITyIHM:

H*(x)=zn:xl.lnP,=7nZn:PilnP,. 2)
i=1 i=1
3mece

A=) x. 3)

Takum obpasom, H(x)=-H"(x). Bemuuunst P

MOXHO ITOHMMAaTh KaK BEPOATHOCTHBIC ITPUOPUTETHI ITPU

BbIOOpe Ouar u3 cocrasa x. Eciu, Hanpumep, B > P, 1o
9TO O3HAYaeT, YTO BHIOOP €AMHHIIBI I-T0 OJara npeanoy-
TUTENbHEE, YeM BBIOOp eIuHuIBI Onara j. BepositHocTn
P cornmacoBaHbl CO CTPOEHHEM COCTaBa X = (xl,xz, s

X, ), TaK Kak Beinonsiercs ycuosue (1).

Opnako JIIIP (nwmo, mpuHUMAROIIEe PEIICHHsT) MO-
JKeT aIllpHOpHO YCTAaHOBHUTH JPYTHE BEPOSTHOCTHBIC
IPUOPUTETHl T, # P, Hampumep, uepe3 BO3JelCTBUE Ha
nporenypy Beibopa Oar.

Torma BepOSATHOCTH BEIOOpA COCTaBa X CTaHET paB-
HOH BEJIUIHHE

2T 4

Jlorapudmupys (4) u yautsiBas (3), morydaem:

H**(x)zkzn:Pilnri. (5)

i=1

Byner H™ (x)<H (x), W, Clel0BaTeNbHO, BEPOAT-

HOCTb (4) MeHblIIe, 4eM BeposTHOCTH (1).
JleWCTBUTENBHO,

A (x)=H (x)-H" (x) =23 P In=- 20,

i=1 i

YTO OBUIO YCTaHOBIIEHO paHee.

Bemnuuny H (x) MOJKHO Ha3BaTh NE()EKTOM BBIOO-
pa, CBS3aHHBIM C NEPEXOJOM OT BEPOSATHOCTEH F
K BeposTHOCTAM T,. JledekT BbIOOpa mopoxxaaeT peans-
HbIC JOIMOJHUTEIbHBIC U3ACPIKKU, TAK KaK B CUJIy HEpa-
BerctBa H > H~  Heo6X0auMo YBEIUYUTh YUCJIO Ba-
PUAHTOB BO3MOXKHOTO BEIOOpa, 9TOOHI (pakT BEIOOpa OC-
TaBAJICS JOCTOBEPHBIM COOBITHEM.

[lpu 3TOM yMEHBIIEHHE BEPOSTHOCTH peallU3aIliu
OTJENIFHOTO BapHWaHTa BBEIOOpA COCTaBa X KOMIICHCHPY-
eTCsl BO3pacTaHWEM 4HCJa TaKUX BApHAHTOB, B CHITY
4ero oOm@as BEPOSTHOCTH OCYIISCTBICHUS (BBIOOpa
U TIOTpeOJICHNs) COCTaBa Oar x, paBHas CyMMeE BEepOST-
HOCTEH OTAETBHBIX BapHAaHTOB BHIOOpPA, OCTaeTCs MpPH-
Onmu3nTeNnBEHO paBHOW enuHHNE. Ecnn momonHuTENHHBIE
BapUaHThl BHIOOpA IpEANoarath He TOJBKO BUPTYallb-
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HBIMH, HO U (haKTHIECKH BO3MOXKHBIMH, TO CTAHET HEOO-
XOAUMO CO3/aBaTh AJISI STOr0 COOTBETCTBYIOIIME Opra-
HU3ALMOHHBIE U MaTepUalibHbIC YCJOBUS, YTO U BEIET
K pOCTy OOIMIHX 3aTpar.

B cuity cka3aHHOTO XKeJaTellbHO yCTpaHUTh Ae(eKT

BbIOOpa. DTOT edexT ucuesaert, ecnmu H = 0. Unn

Hnage TOBOPS, JOJIKHBI BBITIOJIHATHCA YCIIOBUS:

a-nho Ay (6)

TT, T

[TepemeHHbIi napamMeTp A Jlajiee HE YUYHUTHIBACTCS.

+
i

Wwmesd B BULy, 9TO X, = 21K+, Moo sammcats

Z. .
_’LK: =X = qih[K[+’
A4 Z,

Z, .

rae g, :7’ — HaYajgbHEI YPOBEHb HACBHIIEHHS IIO-
i

. - Z+NAZ

TpebHOCTH B Oiare i; A, :% =——"

i i

— TEMII U3MC-

HEHUs BbINTycKa OJara i.

Macmrabupyromas KoHcranta K, [OJDKHAa pac-

CMaTPHUBATHCS KaK OOUH U3 (PaKTOpPOB, ONpENeISIONINX
MIPHOPUTETHOCT BBIOOpa eAWHUIIBI Oxara i. JlelicTBu-

1
TENIPHO, MOJ0XKUM, Y, = ——. Torga
K+

i

ahK _ah _ ah
S5 3 S 7

T TiYi T

i

3nech T

1
HOCTH BBIOOpA €AMHUIIBI OJara i.
B KOHEYHOM HTOTe UMEEM YCIOBUSI:

=1,y, — 0000LICHHBI} I10Ka3aTeNb IPUOPUTET-

a4,
+ 1 +

y=..=dup (8)
T T

n

OO0mas cxema TeMITOPAITBHOW TUHAMUKHA B COOTBET-
ctBuH ¢ (8) Oyzer Takoi:

. q,
ecau i>—", TO h, <h_;
+ ¢ J

i J

q; q; .

==L 10 h=h; 9)
i J

ﬂ<ﬂ,m h>h.

T+ + i J

€Ci

cCin

i Tj

PaccmoTpeHHBIit TOIX0A K (OPMHPOBAHUIO TEMIIO-
paNbHBIX MOPSIKOB MOKA3bIBACT, YTO MOCIECAHNUE UMEIOT
JOCTaTOYHOE TEOPETUKO-MOAEIBHOE 000CHOBAHME.

OpHako Ha TpaKTHKE IMOJOOHBIC MOAXOIBI IpUME-
HUTH 3aTPyIHUTEIBHO H3-32 BBICOKOTO YPOBHS BepOab-
HOCTH COOTBETCTBYHOLIMX Mozaened. Ilostomy Ha mpak-
TUKE CJIEIyeT HCIOIb30BaTh OoJiee ONeparMoOHaIbHBIC
MOJXO/IbI, HampUMEpP, MPOLECCHBIA MOJAX0J, KOTOPBIN
paccMaTtpuBaeTcs ganee.

Baxmneiimed (yHKune#l 3KOHOMHKH SIBISIETCS «IIpe-
00pazoBaHUE PECYpPCOB M HAKOILICHHBIX B CHCTEME 3Ha-
HUH B y/IOBJICTBOPEHHBIE OOIIECTBEHHBIE MOTPEOHOCTI»
(cM. [1, c. 8]). U3 nuTnpoBaHHOH BBIIEPIKKH BUIHO, YTO
LEHTPAIbHYIO CMBICIIOBYIO Harpy3Kky B 3TOH (pa3e ume-
€T CJOBO «mpeoOpazoBaHme». V NEHCTBHTENBHO, BCE
HApOJHOE XO3SAHCTBO TMPENCTABISET COOOU CeTh Mpeod-
pasoBateseil — MpoIeccopoB, KOTOPBIE Ha CBOMX BXOJax
HUMEIOT OIPEJEIICHHbIE MaTepUallbHbIE PECYpPCHI, TPy
1 MHGOPMAIMIO, @ Ha BBIXOJE — HEKOTOpBIE IOJIE3HBIC
pe3ynbTaThl Pa3HON CTEIIEHU FOTOBHOCTH.

CxeMaTH4HO TPOIECCOP MOXKHO MPEICTaBUTH Clie-
IyromuM oopasoM (puc. 1):

Brixoj — mose3HbIe

pe3yIbTaThl
|

Bxon — pecypcst
W 3HAHUSA

IIpoueccop: TexHONOTUS
—

Puc. 1. IlpuHinnuanpHasi cxeMa SKOHOMUYECKOTro Iporecca

[Ipomieccoper MoryT umeth HesiBHYIO ¢opmy. Ha-
IpUMep, TPU CHHTE3E MPEICTABUTEIBHBIX (PHHAHCOBBIX
XapaKTePUCTHK ACATEITBHOCTH (PUPMBI IIPOUCXOAUT TIpe-
o0pa3oBaHUE eIUHUYHBIX ITOKa3aTelieil B CBOTHBIE. DTO
MOKHO pPaccMaTpHBaTh Kak pe3ynbTaT (QyHKIIMOHHPOBA-
HUSl HESBHOTO TPOIIECCOpa, XOTS KaK OTAEIHHOE 3BEHO
(v 3BeHbBS) B CTPYKType PUPMBI OH HE OYCBHICH.

XapakTepHoil 0COOEHHOCTBIO SIBJIAETCSI TO, YTO YCT-
POWCTBO TIpoOIIECCOpa — TEXHOJIOTHS — OOJIBIIOrO CaMo-
CTOSATENILHOTO 3HAYEHHUs HE uMeeT. JJoCTaTOYHBIM CUH-
TaeTCsl JINIIh HAJTMYUE CBOWCTBA BO3PACTAIOIICH PE3yIib-
TaTUBHOCTH  MpOIlECCOpa, KOTOPOE  OOYCIIOBIICHO
(yHIaMEHTAIEHBIMA OCHOBaMHU SKOHOMHKHU Kak C(hepbl
YeIIOBEUSCKON ICATEIEHOCTH.

B camom o0mem Buae pe3yiabTaTHBHOCTH 3aITUCHIBA-
eTCs KaK OT/Ja4ya HCIIOJb3YeMBIX PECYPCOB, COCTABIIIIO-
IIUX 3aTPaThl, TO €CTh B BUE OTHOIICHHS

=, (10)
\%

TJIe U — Pe3yJIbTaThl 3KOHOMUYECKOH NEeSITeIBHOCTH; V —
HCTIOJIh30BAHHBIC JIJIS TTOTyYSHHS U 3aTPAThl PECYPCOB.
BenuuuHs! ¢ ¥ v He 00s3aTEIHHO MIPUBOIUTH K COM3-
MEPUMOMY BHIY. DKOHOMHUYECKAs TEOpUsi B €€ COBpe-
MEHHOM BapHaHTE HCXOIUT M3 MPEANOCHUIKA O HEeHa-
CBHIIIIAEMOCTH OOIIECTBEHHBIX MOTPEOHOCTEH, YHOBIIE-
TBOPEHHE KOTOPBIX MOYKET OBITh JIMIIb YaCTUYHBIM,
U OrPaHUYEHHOCTH PECypCoB, IMpeodpa3yeMbiX B Cpel-
CTBa YAOBIECTBOPEHHA NOTPEOHOCTEW, TO ecTh Oiara.
B 3TUX yCJ'IOBl/ISIX OIITUMAJIbHAsA CTpaTeFI/lH 3KOHOMUYC-
CKOTO pOCTa JOJ/DKHA UMETh COCTaBHON YacThIO YBEIH-
YEHUE PE3yIbTATUBHOCTH HAPOJHOTO X03siicTBa. JlocTa-
TOYHBIM YCJOBHEM pOCTa HApOIHOXO3SHCTBEHHOU
pe3yJIBTATUBHOCTH, OYCBHUIHO, SIBIICTCS YBEIHUYCHHE



