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OBHIAS XAPAKTEPUCTUKA PABOTbBI

AKTYaJIbHOCTh TeMbl HcciaeAoBaHusA. [Ipu noabéMme TpamoBBIX MEMIKOB C
YJIOBOM TIO CJIUIY HAOII0JAaeTCsi BOBHHUKHOBEHHE MUKOBBIX HArpy30K B BBITSHKHBIX
KOHIIaX JeOEnok. JlaHHBIE HArpy3kd HEPEAKO IMPEBBIIIAIOT TATOBBIE YCHIIMS
IIPOMBICJIOBBIX BBITSKHBIX JICOEIOK, YTO MPUBOJUT K TpaBMaM JKHUIIaXKa, MOPbIBAM
OpyJui, MOJOMKaM IPOMBICIOBBIX MEXaHMU3MOB U MOTEPE KAYECTBA YJIOBOB 3a CUET
MTOBPEKIAEMOCTH MPOMBICIIOBBIX 0OBEKTOB.

Onucate mporecc MNOAbEMA TPAJOBBIX MEIIKOB IO CIHIY Ha YPOBHE
¢bu3MUecKol 3a7auu HE MPEACTaBISAETCS BO3MOXHBIM BBHUJLy €r0 CIOXKHOCTU U
0OJBIIIOr0 KOJMYecTBa BiMstOmUX (akTopoB. [IpoBecT MOpCKHE KOMILIEKCHBIE
WCTIBITAHUSI Ha HATYPHBIX MPOMBICTIOBBIX Cy/IaX KpalHe 3aTPyAHUTEIBHO, TOCKOIbKY
OXBATUTh 3HAUUTEIIBHOE KOJUYECTBO MPOMBICIOBBIX CXE€M M HX COUYETaHUN Ha
KOHKPETHOM CyJHE HEBO3MOXXHO, a Ha T[pyHne CyAOB KpalHE JIOPOTrOCTOSIIE.
VYuuThiBas BBIIEU3I0KEHHOE, 1E€JECO00pa3HO MPOBECTU MCCIEOBAHUS Ipoliecca
noAbEMa TPAJOBBIX MENIKOB IO CIUIY Ha JCHCTBYIOIIEM MAaKeTe MPOMBICIOBOTO
Cy/lHa C BO3MOXKHOCTHIO HMMHTAIlMU PEaJbHBIX YCIOBUM JKCILTyaTalldd TPaJOBBIX
CHUCTEM Ha MPOMBICIIE.

AKTYaJIbHOCTh MPEINPUHATHIX UCCIEAOBAHUM ONpeeNIeTcss HE0OXOAMMOCThIO
CO3/IaHUSI METOJIOB OLICHKU YCHUJIMS BHIOOPKH TPATOBBIX MEIIKOB C YJIOBOM IO CIIMIIAM
PBIOOJIOBHBIX CYJIOB, HAMpAaBJICHHBIX Ha OOecrieueHHe O0e30MacHOCTH BBITTOJHEHUS
MIPOMBICJIOBBIX OTMEpaIuii, CHUXKEHUE SHEPro3arpar MPOMBICIOBBIX KOMILIEKCOB,
M3HOCAa OpYIUW pHIOOJOBCTBA M TPOMBICIOBBIX MAIIUH, YMEHBIICHUE IOTEPH
KauecTBa yJoBa.

Crenenb pa3padlOTaHHOCTH TeMbI MCCJIET0OBAHUS

N3yuennem nporecca IBUKEHUS TPAIOBBIX MEIIKOB € YJIOBOM I10 CJIUIAaM CY0B
3aHUMAJIMUCh COBETCKUE YUEHBIC U MHXKEHEPBI-KOHCTPYKTOpPHI, Takue kKak KapreHko
B.I1., Top6an C.C., Homun I'.M., ®punman A.JI., Jlopmenko B.B., Kparensckmii 1.B.
VYkazannble pabOThl ObUTM HANpPaBJICHBl HA W3y4deHUE KOIPUIIMEHTA TPEHUS TPH
JBIDKCHUU Pa3JIMYHBIX BUJOB PHIO MO CTaIM, BIUSHUS Kaukd, KO3 dUIIMEHTA TPEHUS
pPHIOOJIOBHBIX ~ MaTepUaioB M CIUIMOBBIX MOBEPXHOCTEH, (oOpM  CIMMOBBIX
MOBEPXHOCTEN U UX BIIUSIHUS HA YCUJIME, BO3HUKAIOIIEE BO BpeMs BhIOOpKH. Takke
ObL1a BHIBE/ICHBI 3aBUCUMOCTH YCUJIHMS B BBITSKHOM KOHIIE OT YKa3aHHBIX ()aKTOPOB.
Opnako mpuUMeHEHUe JaHHBIX (OpPMYINl HA MPAKTHKE 3aTPYAHUTENBHO, MOCKOJBKY,
KO3(pGULIMEHT TpeHUsT U3MEHUYHMB, a MHOTHE IMapaMeTpbl, TaKhe€ KaK MPOCKIIUU
PacCTOSIHMS DJIEMEHTA JI0 IIEHTpa TSKECTH CyAHA, PaAuyC KPUBU3HBI HAIMPaBIISIONIEH
KPUBOI1 CIIWIIA, YCKOPEHUE MO HAIMPABIICHUIO TSTH, YTIIOBOE YCKOPEHUE MPU KUIIEBOU
KauKe TpayJiepa CHATh KpaiiHe 3aTPyAHUTEIbHO. Pe3yIbTaThl MOJETHHBIX UCTTBITAHHMA
He OBLITU TIPOBEPEHBI B MOPCKUX YCIOBUSX.

Heabro AUCCEPTAIMOHHOM padoThI ABJISICTCS YCTaHOBJIEHUE
3aKOHOMEPHOCTEH W3MEHEHUsI YCUJIMS BBIOOPKU TPAJIOBBIX MEIIKOB C YJIOBOM IIO
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CIIUITy CyAHA OT COYETaHHM (PAKTOPOB, XaPaKTEPUIYIOMIMX CUCTEMY CYyIHO-Tpaj-
MPOMBICIIOBAsT MallMHA, ISl CO3/IaHWS MHCTPYMEHTOB NPOTHO3MPOBAHMS JTaHHBIX
MPOIIECCOB M BBIPAOOTKH PEKOMEHIANMII 1O oO0ecleueHur0 0e30MacHOCTH
IPOMBICIIOBBIX paboT.

JI1s 1OCTH>KEHNS TIOCTAaBICHHOM LIETU B pab0Te peLIatoTCs CIASAYIONINE 3aJaut:

- pa3paboTKa METOJUKH IMPOBEACHMS SKCIEPUMEHTAIBHBIX HCCIEAOBAHUI Ha
MaKETHO-U3MEPUTEILHOM KOMIUIEKCE U HATYPHBIX TPAJIOBBIX CHCTEMAX;

- KOHCTPYMPOBAHUE U U3TOTOBJIEHUE MAKETHO-U3MEPUTEIBLHOIO KOMILUIEKCA TI0
UCCIIEIOBAaHUIO BIIMSAHUSA (DAKTOPOB, XapaKTEpPU3YIOIIHUX CHCTEMY CYAHO-Tpaj-
IPOMBICIIOBAs] MalllMHA HA BEJIMUYMHY YCHIINS BIOOPKU TPAJIOBBIX MEIIKOB CIUIOBBIM
METO/I0M;

- MIPOBEJICHNE IKCIEPUMEHTAIBHBIX MCCIEIOBAaHNN HAa MAKETHBIX M HAaTypHBIX
TPaJIOBBIX CUCTEMAX B COOTBETCTBUHU C pa3pabOTaHHBIMU METOAMKAMU;

- IPOBEJICHUE MaTeMaTHUeCKON 00pabOTKH JaHHBIX, TOJyYEHHBIX B pE3yJIbTaTe
AKCIIEPUMEHTAIIBHBIX PadoT;

- IOJTyYEHUE 3aBUCUMOCTEN BEJIMUMHBI YCUIIUS BBIOOPKH TPAJIOBBIX MEIIKOB OT
BIMAIOIMX (AKTOPOB, XapaKTEPU3YIOLIUX CHCTEMY CYJIHO-TPAJI-IIPOMBICIOBAS
MaIINHa;

- TIPOBEACHHUE MPOBEPKU aJCKBATHOCTHU MOJYYECHHOW 3aBUCUMOCTU BEIMYUHBI
yCHIIHS BBIOOPKH MEIIKOB C YJIOBOM IO CIUIaM IPOMBICIOBBIX.

Hay4ynasi HoBU3Ha padoThbI

BriepBbie ycTaHOBIIEHBI 3aBUCUMOCTH YCUJIMSI BBIOOPKH TPajOBBIX MEIIKOB C
YJIOBOM TIO CJIMIIaM [TPOMBICIIOBBIX CY/1I0B C IPUMEHEHUEM UMUTAIIMIOHHOTO METO1a OT
(GakTOpoB, XapaKTEPU3YIOUIMX CHCTEMY CYIHO-TPaJ-IPOMBICIOBAs  MalllMHa,
KOTOpbIE MO3BOJISIOT BBIOUPATh COUYETAHUS 3HaYEHUN (PaKTOPOB, 0OECHEUNBAOIINX
0e30MacHOCTh ~ BBINOJHEHUS MPOMBICIOBBIX  OMEpalHii, PadoTOCIOCOOHOCTH
IIPOMBICIIOBBIX MAIllMH M OPYAHUIl ppIOOJIOBCTBA 3a CUET CHUIKEHUSI Harpy3oK, B TOM
YHCIIEe U TUKOBBIX.

[IpensioskeH MeTo/ OLIEHKU YCUJIUSL BBIOOPKM TPAJOBBIX MEIIKOB C YJIOBOM Ha
najgyOy MpOMBICIIOBOTO CYJIHA.

B nuccepTanuu noy4deHsl Cleyoue HayYyHble pe3ybTaThl:

- IMHaMOTpaMMbl U3MEHEHUS! YCUJIMsl BBIOOPKH TPajJOBOr0 MELIKA C YJIOBOM
CIIUIIOBBIM METOJIOM NpPHU PA3NIUYHOM COYETaHUHM (PAKTOPOB XapaKTEPU3YIOLIUX
CUCTEMY CYAHO-TPaI-MPOMBICIIOBAsI MAlIMHA;

- rpadMYECKUe U AHATUTUYECKUE 3aBUCUMOCTH YCUJIUSL BBIOOPKH TPAJIOBBIX
MEIIKOB C yJIOBOM IPU BapbUPOBAHUU (PAKTOPOB, XapAKTEPU3YIOIIUX CUCTEMY CYIHO-
TpaJI-IpOMBICTIOBast MaminHa ((HOpMbI MOBEPXHOCTU CIMIIOBOIO HACTHIA, yTia
HAKJIOHA CIIUIAa, YIJIa BBIXOJIa BBITSHKHOTO KOHIIA, HANOJHEHHUS MEIIKa, CKOPOCTH
BBIOOPKH U IJIOIIAY COMPUKOCHOBEHHUS MEILIKA U CIIUIIA);

- MPOBEJIEHA OLIEHKA 3HAYMMOCTH BJIMSIHUS HCCIEyeMbIX (DaKTOPOB Ha YCUITUE
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BBIOOPKH TPAJIOBBIX MEIIKOB C YJIOBOM I10 CJIUIIAM CYJIOB;

- CO3JIaH aJIrOPUTM pacuéTa yCUIIUsl BHIOOPKHU TPAJOBBIX MEIIKOB MO CIHITY Ha
MIPOMBICIIOBBIX CYJIaX;

- TMOJTBEPKICHA BO3MOXHOCTh NPHUMEHEHHS MUMUTALMOHHOTO METOAA IS
OILICHKU YCUJINH, BOSHUKAIOIIMX BO BpEMsI BBIOOPKH TPAJIOBBIX MEIIKOB MO CIUMY IS
HATypPHBIX TPAJIOBBIX CUCTEM.

Teopernyeckasi 1 NPAKTH4YECKAsA 3HAYMMOCTb PadoThI

Teopernueckass 3Ha4MMOCTb. BbIMoNHEHHass paboTa sBiIsAEeTCS 0a30BBIM
BapUAHTOM TpPU TPOBEACHUU MPOEKTHBIX pabOT Il HOBBIX CYAOB C IIEJIBIO
oOecrieueHrss O€30MaCHOCTH TMPOMBICIOBBIX OMEpPAlMid U CHUXKEHUS aBapUHHOCTH
MPOBEJCHUS pabOT C TPATOBBIM KOMILIEKCOM, 3a CUET BBIOOpA COUCTAHMSI BIUSIONINX
(GakTOpoB, XapaKTEPU3YIOUIMX CHCTEMY CYyIHO-TPal-IIPOMBICIOBAs  MalllMHa,
MO3BOJIAIOIINX CHU3UTh YCUIINS BEIOOPKHU.

[TpakTHueckasi LEHHOCTh PabOTBI COCTOUT B BO3MOKHOCTH HCIIOJIb30BAHUS
MOJIYYEHHBIX B AUCCEPTALIUU PE3YJIBTATOB VISl OLIEHKU YUCIICHHBIX 3HAYEHUI YCUITHS
BBIOOPKH TPAJIOBBIX MEIIKOB IPHU PA3IMYHBIX COUYETAHHUSIX NapamMeTpOB HATYpPHOM
CUCTEMBI CYIHO-TPAJ-IIPOMBICIIOBAsI MAalllMHA C LEJIbI0 OOECIIeYeHHs] O€30IaCHOCTH
IPOBEJEHUS MPOMBICIIOBBIX pPAaOOT M CONOCTABJIEHHUS YCHIIUSA C BO3MOKHOCTSIMH
IPOMBICIIOBBIX MAallIMH, YTO TIO3BOJMUT TOBBICUTH HX pabOTOCIOCOOHOCTh H
0€301acHOCTh OOCITYKUBAHUS NIPU BEICHUU ITPOMBICIIA.

CooTBeTcTBHE JUCCEPTALMH NACHOPTY HAYYHOH CHENUATBHOCTH

Marepuansl  aucceprauuoHHoil  paborel  CkypatoBa H.A. Ha Temy
«OKCIEPUMEHTAJIbHOE OINpPEACICHUE 3aBUCUMOCTH YCHUJIUS BBIOOPKH TpalOBBIX
MEIIKOB C YJIOBOM II0 CIUIy CyJHa OT XapaKTEPUCTHUK CHUCTEMBI CYIHO-TPAJI-
MPOMBICIIOBAasT MAIIMHA» COOTBETCTBYIOT MACIOPTY HAy4YHOW cHenuaIbHOCTU 4.2.6.
Pb10HOE XO03SICTBO, aKBAKYJbTypa M MPOMBIIUIEHHOE PHIOOJIOBCTBO (TEXHUYECKHE
Hayku): 1. 8. PaspaboTka opyauil MNPOMBIIUIEHHOTO PHIOOJOBCTBA, CPEICTB
MEXaHU3aLNH, METOANKHN UX MCIIOJIb30BAHMUS.

Metoaosiorust 1 MeToabl HUCCaeA0BaHMA. /(11 NOCTHKEHUS MOCTABIEHHON
LEJIU MPUMEHSIINUCH:

- METOJIbl MPOBEICHUSI MCCIEAOBAHMI HA SKCIEPUMEHTAILHONM YCTaHOBKE U
HAaTYPHOU TPAJIOBOU CUCTEME;

- JKCHEPUMEHTAIbHbIE HCCIENIOBAHUS 10 OMNpPEJIEICHUIO YCHJIMS BBIOOPKHM Ha
AKCIIEPUMEHTAIBHONW YCTAHOBKE U HATYPHOU TPAJIIOBOM CUCTEME;

- COBPEMEHHBIE CUCTEMbI U METO/Ibl MaTEMaTUYECKON 00pabOTKU JTaHHBIX.

ITos10:keHHs, BBIHOCMMBIE HA 3AIIUTY:

- DKCIIEpUMEHTaJbHAsl YCTAaHOBKA II0 HCCIEAOBAHHMIO IpoLEecca MoAabEMa
TPAJIOBBIX MEIIKOB C YJIOBOM CIIMIIOBBIM METOJIOM;

- METOJUKA 3KCIEPUMEHTAIBHOTO ONpPENETCHUsl YCHINS B BBITSKHOM KOHIE
MPOMBICTIOBOM JIEOEAKM TMPHU BBHIOOPKE TPAJTOBBIX MEIIKOB IO CIHUIY C Y4E€TOM
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(bakTOpOB, XapaKTEPU3YIOLIUX CUCTEMY CYAHO-TPaI-MPOMBICIOBAs MaIINHA,

- 3aBUCUMOCTH yCHJIAS BBIOOPKH TPAJOBBIX MEIIKOB C YJIOBOM OT (DaKTOPOB,
XapaKTEPU3YIOMINX CUCTEMY CYTHO-TPAJI-IIPOMBICIOBAS] MAILIAHA.

- QIropuTM pacu€ra YCWUJIUS BBIOOPKM TPAJIOBBIX MEIIKOB IO CIHUIY Ha
IPOMBICIIOBBIX CYyJIaX C YUETOM PEAJIbHBIX YCIOBHI KCILTyaTalllH.

CreneHb J0CTOBEPHOCTH Pe3yJbTATOB M anpodanusi padoTbl

JIOCTOBEpHOCTh MPOBEACHHBIX HCCIEAOBAHUI MO ONPEIEICHUI0 3aBUCUMOCTH
yCHJIUSI BEIOOPKU TPAJOBBIX MEIIKOB C YJIOBOM IO CIHUITY CyJHAa OT XapaKTePUCTHUK
CUCTEMBl CYAHO-TPAJ-IIPOMBICIIOBAs] MAallWHA, MOATBEPKIACTCA IOTYyYCHHBIMU
3aBUCHMOCTSIMH, ONKCHIBAIOIINMHU MPOLECC BOZBHUKHOBEHUSI U U3MEHEHHUS YCUIIUS BO
BpeMs BBIOOPKH TPAJIOBBIX MEIIKOB C YJIOBOM IO CIUIIAM IPOMBICIIOBBIX CYJIOB C
BBICOKOI TOYHOCTBIO pacuera, KOTOpbIE alpOOMPOBAHBI B YCIOBUAX IIPOMBICIIA.

OCHOBHbBIE pE3yJIbTaThl M TOJIOKEHUS [IHCCEPTALMU JOKJIAIAbIBAIUCh HA
pacCIIMPEHHBIX 3aceqaHusaX Kadenpsl IPOMBIIIJIEHHOTO pPBHIOOJIOBCTBA,
npenctapmsuiuch Ha VIII u XI Mexaynapoanom bantuiickoM MopckoM (opyme,
«Mopckass TE€XHHKAa W TEXHOJIOTMU. be30MmacHOCTh MOpPCKOM WHAYCTPpUW», T.
Kanununrpan, 2020 u 2024 r. (ouno); X HarmonansHo# (BcepOCCUICKON) HAYUHO-
npaktuyeckor koHpepenuuu «I[IpupogHbie pecypchl, UX COBPEMEHHOE COCTOSHUE,
OXpaHa, IMPOMBICIIOBOE M TEXHUYECKOE HCMOJb30BaHue». T. lleTpomaBioBcK-
Kamuarckuii, 2019 r. (3a04H0), MyONIMKOBAIKCh B HAay4HbIX KypHanax «l3BecTus
KI'TY» NeS4 m No57 B 2019 wm 2020 romy cCOOTBETCTBEHHO, B «Mopckue
MHTEIJIEKTyallbHble TexHosorum» 2022 1. Ne 4 wyacte 1, B «HayuHble Tpynsl
HanbpeioBty3za» 2024 r. T. 69, Ne 3. u B 2025 1. T. 74, Ne 4., a tak xe B «Bonpocsr
peidoioBcTBay 2025 1 T. 26, Ne 4.

Hyoankanuu. [1o Teme nuccepranuu onyoarnkoBaHo 11 neyaTHsix paboT, B TOM
qucie 5 — B U3JIaHUsIX U3 nepedHs POCCUMCKUX pelieH3UPYEMBbIX HAyUHBIX JKYPHAJIOB
BAK Muno6pnayku Poccun u 1 — B nepeune Web of Science, moiydeH nmaTeHT Ha
M300peTeHHE.

JIM4HBINA BKJIAJ aBTOPA.

B 2019 — 2025 rr. aBTOpOM CPOpMYIHUPOBAHBI 1IETU U 3aJ]a4d UCCIEIOBAHUSI,
pa3paboTaHa METOJMKA MPOBEACHUS MHOTO()AKTOPHBIX UCIIBITAHUI, CKOHCTPYUPOBAH
YW W3TFOTOBJICH JEHUCTBYIOIIUM MAKET 3KCIEPUMEHTAJIbHOW YCTAaHOBKH, BBIIIOJIHEHA
CepHsl SKCIIEPUMEHTAILHBIX pa0OT Ha BLICOKOTOYHOM U COBPEMEHHOM 000pY/I0BaHHH,
0o0paboTaHbl MW TPOAHATU3UPOBAHBI MOJYYEHHBIE HKCIIEPUMEHTAJIbHBIE JIaHHBIE,
MOATOTOBJICHBl HAay4YHbIE MaTe€pUalibl ISl HAayYHO-TEXHUYECKUX KOH(MEpEeHIMH u
myOJMKAIMY B HAYYHBIX KypHaJax.

Ctpykrypa u o0beM padoThl. [luccepraiivsi COCTOUT U3 BBEIACHUSI, YETHIPEX
TJIaB, 3aKJIFOUCHUS U IMIEeCTH NpuiiokeHud. OO0t 00bEM — 224 ctpaHuilsl (¢ yuéTom
MPWIOKEHUH), B TOM uuciie 63 pucyHok, 61 tabmuu. bubnuorpaduueckuii crnucok
JUTEPATYPBI COCTOUT U3 89 HAMMEHOBAHUH.
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OCHOBHOE COAEPXAHUE PABOTHBI

Bo BBeleHMH OOOCHOBBIBACTCA AaKTyaJIbHOCTh TEMbl JHCCEPTAIMH,
chopMynupoBaHa IIefb HCCIENOBAaHUS, Hay4yHash HOBH3HA, MPHUBEACHA CTEIEHb
JIOCTOBEPHOCTH M ampoOaluu pe3yJibTaTOB HCCIEAOBaHUS, TeOpeTUYecKas u
pakTUYecKas 3HAYUMOCTh pPabOThl, a TakXKe YyKa3aHbl METOJbl MCCIEIOBAHMS.
Bomnpocamu o1ieHk# ycuinsi BBIOOPKH YJIOBOB I10 CIIMIIaM CYAO0B 3aHUMAJIUCh YUEHBIC
takue kak Kapnenko B.II., Top6an C.C., Homun I''M., ®punman A.JlL., Jlopmenko
B.B., Kparenbckuit U.B. YuurtbiBas cloxHOCTh (PU3MYECKON CYIIHOCTH Ipoliecca
JBUKEHUS TPaoBbIX MenKkoB 1o cauny, Kapnenko B.I1., Top6anom C.C., JloauHbiM
I'M., ®puamanom A.JL., Jlopmenko B.B., Kpareasckuiti M.B. Obutn mpoBeneHbI
HAay4YHbIC HCCIICIOBAaHMs, HANPABJICHHBIE HA OIPEACICHUE HArpy304HOIO pPEXUMA
MIPOMBICIIOBBIX MAIIIMH ¥ MIPUYHH (HOPMHUPOBAHUS TUKOBBIX HATPY30K, MCCICIOBAHUEC
Koa(duIeHTa TpeHus MeIKa U PrIObl O TOBEPXHOCTH CJIMIIA.

BoapmmHCTBO paboT MpoBOAMIOCH O6€3 YUéTa COUeTaHUs BIUSIONTUX (DAKTOPOB,
XapaKTEPU3YIOMINX CYAHO, MPOMBICIOBYI0 MAIlMHYy, OPYJIHU€ PhIOOJOBCTBA, YTO HE
MO3BOJIMJIO YCTAHOBUTH 3aBUCUMOCTH YCHUJIHSI BHIOOPKU MPY OJTHOBPEMEHHOM BIIUSTHUHI
rpynn ¢aktopoB. Takxke uccienoBareiasiMu ObUIO YCTaHOBIEHO, YTO KO3 UIIMEHT
TPEHMSI HE OJJTHOPOJIEH B MPOIECCE JBUKEHUSI U U3MEHSETCS TI0 MEpE BEIOOPKHU MEIIKa
IO CIIMITY B JIOCTATOYHO MmUpoKoMm juamnazone (ot 0,3 10 0,6). 910 06CTOATETHCTBO HE
MO3BOJISIET MPOBOJUTH TOYHBIE PACUETHl YCUJIMM BBIOOPKU TPAJIOBBIX MEIIKOB C
ynoBoM. Kak cieayeTr u3 BBILIEU3I0KEHHOTO, IIPOLIECC MOABEMA TPATIOBBIX MEIIKOB
CJIMTIOBBIM METOJIOM OIHUCATh Ha ypOBHE (M3MUECKOW 3aJadll HE MPEICTaABIISICTCS
BO3MOYKHBIM BBH]IY €T0 CJIOKHOCTH M OOJIBIIIOTO KOJUYECTBA BIAUSIOMUX (HAaKTOPOB, a
MPOBECTU MOPCKHUE KOMILUIEKCHBIE MCHBITAHUS HA HATYPHBIX IMPOMBICIOBBIX CYJax
KpaliHE 3aTPYJHUTEIBHO, IIOCKOJIBKY OXBATUTh 3HAYUTEIBHOE  KOJIMYECTBO
MIPOMBICIIOBBIX CXEM U MX COUYETAaHUI Ha KOHKPETHOM CYJHE HEBO3MOKHO, a Ha TPYIIe
CyJIOB KpaiiHe JIOPOTOCTOSIIE. YUHTBIBAs JaHHOE OOCTOSITEIBCTBO, IEJIECO00pa3HO
MPOBECTU HCCIIEIOBAHUSI TIpoIllecCa MOAbEMA TPAJIOBBIX MENIKOB IO CIUIy Ha
JNEUCTBYIOUIEM MAaKeTe MPOMBICIOBOTO CYy/HA, BBIMOJHEHHOrO B MaclTabe c
BO3MOKHOCTBIO MMHUTAIIMU PEATbHBIX YCIOBUN 3KCIUTyaTalldy TPAJOBBIX CUCTEM Ha
IIPOMBICIIE.

B mnepBoii rnaBe «(0030p MNPOMBICIOBBIX CXe€M, YCTPOMCTB, METOJ0B,
C1oco00B BBUIMBKHM YJIOBA CyJ0B KOPMOBOIO TpAaJeHHMs» NpPEJICTaBiIeH 0030p
HAay4YHOM, TEXHUYECKOM JUTepaTypbl W MATEHTHOM HHPOpMALMU 1O TeMe
nucceptranuu. [IpoBegeHa knaccuduKalus MPOMBICIOBBIX CXeM MO crnocodaMm u
METO/1aM BBIOOPKH TPAJIOBBIX MEIIKOB U BHUIMBKHU yjoBa. [IpoBenen 0630p u aHamms
CJIMTIOBBIX YCTPOWCTB MPOMBICIOBBIX CYJIOB TPaJOBOTO JIOBAa. BhImosHEH 0030p
Hay4YHBIX UCCIIEIOBaHUM 1O TeMe AuccepTanuu. Ha oCHOBaHMM BBIMIOJIHEHHBIX 3TANOB
paboT ObLIM CHOPMYITMPOBAHBI IIEJIH U 33]]a4U UCCIIEOBAHUS.

Bo Broponn 1iaBe «MeToaMKa MPOBEACHHMA JIKCIEPHUMEHTAJIBHBIX
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HCCJIeIOBAHMI HAa [JelCTBYKOIIEM MaKeTe MPOMBICJIOBOH MNagdy0bl Cy/AOB
KOPMOBOIO  TpPAJEHUsD» TMPUBOJUTCS  METOJAMKAa MPOBEJACHUS  MAaKETHBIX
AKCIIEPUMEHTAJBHBIX HUcCCienoBaHUd. JInsi mpoBeAeHUs HCCIEJOBaHUN  ObLia
pa3zpaboTaHa METOAMKA, KOTOpas BKIIOYAET B ceOsl ONMHUCAHUE:

1) SKCIepUMEHTAIbHOM YCTAaHOBKH,

2) 00BbEeKTa UCCIICIOBAHUSL;

3) mpuUMeHSIOIIENCsT KOHTPOJIbHO-H3MEPUTEIFHON amiaparyphl;

4) wuccaenyeMbIx (paKTOpOB,;

5) npoBeneHus 3KCIIEPUMEHTAILHBIX padoT;

6) mMareMaTHUeCKOi 00pabOTKH PEe3yIbTATOB MCIIBITAHUI.

JI1st mpoBeeHUsT UCIIBITAHUI 110 UCCIIETOBAHUIO MpOIiecca MOJHATUS MEIIKOB C
YJIOBOM IO CJIMIIaM CYZOB Obla pa3padOoTaHa MAaKETHAs] YCTAHOBKA C BO3MOKHOCTBIO
MMUTALMEH Tpoliecca BBIOOPKHU TPAJIOBBIX MEIITKOB C YJIOBOM Ha IIPOMBICIIOBBIX Cy/1aX,
paboTaMIUX CIUTOBBIM MeTO10M. [Ipo1iecc BEIOOPKU MPUHAT KaK KBa3UCTATUYECKUH.

B xauectBe 6a30BOI MPOMBICIIOBOM CXEMBI ObLlIa MPUHSTA IPOMBICTIOBAs CXeMa
CyJIHa TUTIA «PBIOOJIOBHBIN TpayJiep MOPO3WIbHBIN KOHCEpBHEIH— cyniep» (PTMK-C),
KaKk HanbOosee COBpEMEHHAas M IIMPOKO MPUMEHSIOIIAACS HA MPOMBICIE. YUHUTHIBAS
pa3Mepbl TOMENICHHM, B KOTOPOil OyJeT HaXOJIUThCA YCTAHOBKA, pa3Mephbl 0a30BOM
CXEeMbI OBLITH BBHITIOTHEHBI B MaciTade 1:25. C yuéroMm macimTabHbIX KO3()PUIIMEHTOB
MaKeTHasl yCTaHOBKa UMEET cieayrolue rabaputusie pasmepst: 4,0x1,0x1,5 m.

[Ipu pa3paboTke MakeTHOH YCTAHOBKM M MOJENEH TpaJOBBIX MEIIKOB
MCIIOJIB30BAJICSI METOJT MACIITAOHOTO MOJEIUPOBAHUS, ISl 3TOTO OBLIM PaCCUUTAHBI
MmaciutaOHbie Kod(duimeHTsl (Tabnuua 1) ¥ ompeneieHbl UX TeOMETPHUYCCKHUE
pasMepshl.

Tabmuua 1 — HaumMeHoBaHME W 3HAYEHHUS MACIITAOHBIX KOA((PHUIIMEHTOB,
MPUHUMAEMBIX B paboTe
Macmmtabsl puzndeckux xapakrepuctuk | [IpeobpazoBanne | PacuérHbie
dusznyecKue yepes Macirad 3HAYCHUS
O603HaueHue
XapaKTePUCTHKHU Ci MacITaboB
JlniHa C, C; 0,04
[Tnomans Cy Ct 0,0016
O0BEM Cy ct 0,000064
Macca Cpn C} 0,000064
Bpewms Ce 1 1
CkopocTb C, G 0,04
Cuna Cr o5 0,000064
Yckopenue Cy G 0,04
[ImoTHOCTH Cp 1 1
Yron C, 1 1
Koaddumuent tpenus Cua 1 1




CxeMa [EWCTBYIOIIEH MaKETHOW YCTAaHOBKM IO MCCIEIOBAaHUIO Ipolecca
oJAbEMA TPAIOBBIX MEIIKOB MO CIUIY MPEACTaBIeHa Ha pucyHke 1.

Pucynok 1 — CxeMa MakeTHOM yCTaHOBKHU:

1 — kapkac, 2 — nany0a, 3 — CIMIIOBOC YCTPOMCTBO, 4 — HaIIpaBJIAIOMIAs
ciMma, 5 — HacTUJ MaTyObl, 6 — MEIOK, 7 — CTOWKa KperuieHus, 8 — 6710k, 9
— anekTpoaBurarens, 10 — pexykrop, 11 — 6ok ynpaBienus (4acToTomep),

12 — xaGenpHO-ceTHOM Oapabdan, 13 —muHamMomeTp, 14 — BaHHA

Jlis mpoBeneHUs SKCIEPUMEHTOB OBbUTM W3TOTOBJIEHBI CTAJIbHBIE CIIUIIOBBIE
MOBEPXHOCTU C TpsMON W cdepuueckoit ¢opmamu. [l umMuTanmuum mporecca
JBWKEHUS Tpajia B BOJI€ IPU BHIOOPKE MEIIKOB C YJIOBOM YCTAHOBKA MMEET BaHHY C
BO3MO>KHOCTBIO PErYJIMPOBAHUS BBICOTHI TOABEMA, B KOTOPYIO HabHpaeTcst Boja uis
NPOBEIEHUS  OMbITa. YTOJ  BbIXOJAa BBITSDKHOTO KOHIIA  oOecreduBaeTcs
HaIpaBJISIOMUM OJIOKOM, YCTAHOBJICHHBIM Ha CTOMKE.

Taxxe OBUTO CMOHTHPOBAaHO YCTPOWMCTBO, TMO3BOJSIONIEE W3MEHITh U
(buKCUpPOBAaTh CIHIMOBBIE MOBEPXHOCTH W YIUIbI UX HakioHA. C ILEIbl0 UMHUTAINU
MOBEPXHOCTU MPOMBICIOBOM MayObl pHIOOJIOBHOTO Cy/JHAa HACTHJI Ha MakeTe Obl
BBIIIOJIHEH U3 JIEpPEBA.

Beibopka Mopenell TpaJoBBIX MEHIKOB HAa YCTAHOBKE OCYLIECTBIIAETCA
AJIEKTPUUYECKON JIeOEMKOM ¢ HaBUBHBIM OapabaHOM, pAacCMOJIOKEHHOW Ha MecCTe
BBITSDKHOHM J1€0&Kku. PerynupoBka CKOpOCTH BBIOOPKH MOJEJEH TpajOBBIX MEIIKOB
oOecnieunBagach 3a CYET MPUMEHEHMS YIPABIAIOIIETO OJIOKa ¢ 4acTOTOMEPOM U
KOMMYTaTOpPOM.

[Ipy 1DpoBENEHMM HCNBITAHUM MPUMEHATIACh CIEAYIOIAs KOHTPOJIBHO-
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W3MEpUTEIbHAS alllapaTypa:

1) CumomsmeputenbHblii Komiuiekca «Mic 200» mms  3amepa  ycuiws,
BO3ZHHKAIOILIETO B BBITSHKHOM KOHIIE ITPU MOABEME MOJENIH TPAJIOBOTO MEIIIKa
¢ ys10BOM. COCTOHUT M3 CHIIOM3MEPUTEIBHOTO AATYMKA TEH30METPUUECKOTO
TUIA U 00pabaThIBAIOIIETO YCTPOUCTBA (HOYTOYK);

2) Bechl 11s poBeACHHS U3MEPEHUH 3arpy3KH TPAJIOBBIX MEIIKOB;

3) Cekynmomep IUIsl ©I3MEPEHHS BPEMEHHOTO TTapaMeTpa;

4) JluHeKa 1y U3MEPEHHS TUHCHHBIX [TapaMeTPOB.

Monenbs TpalloBOTO MeEIIKa U3rOTaBiIMBadach C Y4ETOM MAacCIITAOHBIX
ko3¢ uIeHToB. 3a MPOTOTHUIT B3AT TpanoBblii Memok B-408 nemarnyeckoro Tpana
s cynos tuna BMPT, BATM, PTMK-C u mip.

Mopnenpb TpaJIoBOro MENIKa 3arnojaHsIach NOJUaMUIHBIMU IPaHyJaMu, KOTOPBIE
MMUTHPOBAJIH YJIOB ¢ YYETOM MacIITaOHBIX KOG (OUIIMEHTOB.

HccnenoBanusi 1Mo ONPEAEICHUIO 3aBUCUMOCTH YCUJIUS MOJIBEMA TPATOBBIX
MEIIKOB OT (aKTOpOB, XapaKTEPU3YIOLIUX CHUCTEMY CYIHO-TPAJI-IIPOMBICIOBAS
MallyHa MPOBOJMIMCH B TpW 3Tana. Ha kaxaom sTame OblIM OTOOpaHBI CEpHUH
BIIUSIIOIIUX (DAKTOPOB.

C 1uenpio MOJIHOTO OXBaTa coyeTaHusi (HaKTOPOB MPU U3yUEHUU (HU3UUECKOM
CYIIIHOCTH TIpollecca MOAbEMA TPAJIOBBIX MEIIKOB MPUMEHSIICS MHOTO(MaKTOPHBIM
METOJi IUJIAHUPOBAHMS SKCIEPHUMEHTA, B YACTHOCTH OblIa COCTABJIEHA MaTpula
TPEX(PAKTOPHOrO SIKCHEPUMEHTA HA 2 YPOBHSX.

[Topsimok MpOBEECHUS UCIIBITAHUN HA BCEX ATAIax CICTYIOLINN:

- YcTaHaBIMBAETCSl CMEHHBIN CIUTIOBBIN HACTUIT OnpeIeIEHHOM (POPMBI

- YcraHaBiuBaeTcs yroj HakjoHa ciumna (0°) B MHTepBalie u3MeHeHus. [l
ATOr0 Ha YCTAaHOBKE UMEETCS COOTBETCTBYIOIIME OTIPAAyUPOBAHHBIE OTBEPCTHUS IS
CTOIIOPOB, YEPE3 KAKIbIC 5°.

- YCcTaHaBIMBAETCS YIroJl BBIXO/1A BRITSIKHOTO KOHIIA.

- YcraHaBIMBAaeTCS CKOPOCTh BHIOOPKH C TIOMOIIBIO PEryJsiTOpa YacTOTHI
BpalEHUs Bajia 3JIEKTPOABUTATENS B UHTEPBAJIC U3MEHEHHMS.

- 3anoJiHseTCsl BaHHA BOJIOM JI0 YPOBHSI, COOTBETCTBYIOIIETO MOPOTY CIIMIIA.

- 3anoJHAIOTCS MENIKU MOJUAMHUAHBIMU TPaHYyJaMU, COOTBETCTBYIOIIUMU
MJIOTHOCTH PHIOBI, U BBIICP)KUBAIOTCS B TeUeHUE 12 4acoB B BOJIE.

- IlogkirovaeTcss CUIOM3MEPUTENbHBIA AATYMK B JIMHUIO BBITSKHOIO KOHIIA
MIPOMBICJIOBOM JIEOEKH, a 3aTeM OH MoAkItouaeTcs k craniuu MIC 200.

- Bruitouaercst 1e0€aka Ha BHIOOPKY, (GPUKCUPYETCS PU 3TOM U3MEHEHUE YCUITUS
B BBITSDKHOM KOHIIE JIEOEIKH.

- Pe3ynbrarel 0TOOpakaroTCs B BUJIE JMHAMOTPAMM W YMCJICHHBIX 3HAYCHUI Ha
MOHHUTOPE TEH30CTAHIIMU U 3aMUCHIBAIOTCSI.

- Kaxxap1il sxcriepuMeHT noBTopsieTcss He MeHee 10 pas;

- O1LIeHMBAETCSl TOUHOCTh MOJIYYEHHBIX PE3YJIbTaTOB.
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JI7is OLIEHKH TOYHOCTH IOJIyYEHHBIX PE3YJIbTaTOB OMPEACTHIN MOTPEIIHOCTh
U3MEPEHUS.

[TorpenHocTh M3MEPEHHsI MPH MHOTOKPATHBIX HAOIIOACHUSIX OMPEICIIUIN 110
dbopmyite (1):

8Xsmbt = tSx,mbt 1)
T€ Sy mpt — CPEAHSA KBaipaTUUHas IOIPEIIHOCTh N3MEPEHHUS;
t — K03 GUITUEHT JOBEPUTETHLHON BEPOATHOCTH.

OTHOCHTEIbHOE OTKIOHEHHE PE3YIbTaTOB IPOBEAEHHBIX 3KCIIEPUMEHTOB

Haxoauau 1o Gopmyie (2):

ox 2
C = —SMbt L 100%, 2)

Xep
TJIE X, — CPEIHEE 3HAYCHHE YCHIIUS BBIOOPKH MAKETOB TPAIOBBIX MEIIKOB, H.
CucTeMaTH4ecKylo MorperHoCcTh U3MepeHHui (mprdopa) onpenensieM B COOTBETCTBHU
¢ popmyioii (3):
_ Enpxmax (3)

" 100%

[lonHasi MOTPENIHOCTh MPSAMOTO W3MEPEHUS] HAXOJUM B COOTBETCTBHU C
dbopmyroit (4):

Ax

(4)

Ax = J&xf,mbt + Ax2,

Tocie 06pabOTKH MOMYIEHHBIX SKCIEPHMMEHTATBHBIX JIAHHBIX, B COOTBETCTBUH
C IUIAHUPOBAHUEM JKCIIEPHMEHTOB B MPOMBIILIEHHOM pbibonoBcte onuna .M.
TOJTy4aeM 3aBHCUMOCTH YCHIIUS BBIOOPKH TPATIOBBIX MENIKOB.

Jlnsi TMOHWMMAaHWS, HACKOJILKO TOYHO 3aBHCHUMOCTH OINMCHIBAET —BIIMSHHE
HE3aBUCHMBIX (haKTOPOB, ONIPEIENsieM HHIEKe neTepmunamuu R? (5):
i=1 (g — %)? (5)
?:1(xi - f)z

rae X; — GakTU4ecKue 3HauYeHUsl yCHIIUS BBIOOPKH MpU N-OM cOYeTaHUH (aKTOPOB;

R*=1-

X — pacu€THbIC 3HAUCHUS YCUITUS BRIOOPKH MPH N-OM COYETaHUU (PaKTOPOB;
X — cpeiHee 3HaUEHUE YCUIIHUS BBIOOPKH, COOTBETCTBYIOIIEE YCIOBHIO.
Jns ynobctBa pacu€ra mNpeIBapUTENIbHO CBOAUM 3HA4YCHUS (PAKTOPOB H
MOJTy4YEHHBIE PE3yIbTaThl B TAOIUILY.
[Tocme dero paccuuThiBaéM WHIAEKC JACTEPMUHAIMHM ISl TOJTYYCHHON
3aBHCHMOCTH.
B cBs3u ¢ HEOONBIIUM YUCIOM CTPOK, HEOOXOIMMO CKOPPEKTUPOBATh MHICKC
JIeTePMHHAIINH, KOTOPBIi onpezenseTcs mo Gopmyie (6):
2 _ -1 (6)
RKOp - (1 (1 R )m
IJle N — KOJIMYECTBO HAOIIOIEHUI B HAOOpE AAHHBIX;
k — xonu4ecTBO MapaMeTpoOB MOJIEIH.
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Tperbsa rnaBa «Pe3yabrarbl J3KCHEPUMEHTAJIBHBIX MCCICI0BAHUM 110
ONnpefe/IeHUI0 YCHJIUS BBIOOPKH TPAJOBBIX MEMIKOB IO CJIMILY CYAOB OT
XaPaKTePUCTUK CHCTEMBbI CYIHO-TPAJ-NIPOMBICI0OBAsE MAIUIMHA» ONUCHIBAET
IPOBEJICHUE SKCIEPUMEHTAIBHBIX HCCIIEIOBAHUN M TIOJYYEHHBIE C HUX IOMOIIBIO
PE3YNbTATHI.

Ha mnepBoM »3Tame NpoBOAMIOCH 3KCIEPUMEHTATBHOE HMCCIECIOBAHUE II0
ONPENEICHUIO 3aBUCUMOCTH YCWIHS NPU MOJBEME TPAIOBBIX MEIIKOB C YJIOBOM I10
CJIMIY OT YIJIa HakJiOHa CJIMIAa, yria BbIX0Jla BBITSDKHOIO KOHIIA U BEca TPajJoOBOTO
MEIIKa.

Ha ocHoBe aHanu3a MPOMBICIOBBIX CXEM, TATOBO-CKOPOCTHBIX BO3MOKHOCTEH
IIPOMBICJIOBBIX JIEOEA0K U KOPITYCHBIX KOHCTPYKLMI POMBICIIOBBIX CYy/10B KOPMOBOI'O
TpaJieHus1 ObLTH BHIOpAHBI 3HAUCHUS M JUANAa30HbI U3MEHEHUS BIUAIOMUX (hAaKTOPOB,
B YACTHOCTH:

3HaYEeHUSA:

1. ®opma cauImoBOro HaCTWIIA: HpsIMas;
2. CkopocTh BBIOOPKH MOJIENH TPaJoBOro Memka cocrasiget: 0,045 m/c;

Jlnara3oHsbl:

1. Yrou Hakiona ciuma 30°-45°;
2. Y101 BBIX0O/1a BEITSDKHOIO KoHIa: 5°-20°;
3. Bec memika 1,25-2,0 kr, 94T0 COOTBETCTBYET 3amoiHeHuto rpanyiaamu 0,68 u 1,0.

Jlnst jaHHOrO 3Tana SKCHEPUMEHTANBHBIX pa0OT OblLIa COCTaBlIEHa MaTpHLa
TPEX(PAKTOPHOTO IKCIIEPUMEHTA Ha JIBYX YPOBHSX, H DKCIIEPUMEHTHI BHITIOJIHSIUCH B
COOTBETCTBHUHM CO CTPOKaMH M CTOJIOIIaMM MaTpHllbl, B COOTBETCTBUU C IJIAHOM
IIPOBE/ICHMS SKCIEPUMEHTOB M0 JIECATHh pa3 MO KaXKJIO0H CTPOKE MATPHIBI C LIEJBIO
WCKIIFOUEHHSI CIy4yalHO TMOJYYEHHBIX BEJIUYHMH, PACCUUTHIBAICA KOAP(DULIMEHT
BapHUalUU.

OTHOCHUTENIBHOE OTKIIOHEHUE ITPU UCTIBITAHUSAX HE MpeBbIaia 5%, 4TO TOBOPUT
00 JI0CTOBEPHOCTH IMOJIyYE€HHBIX JAHHBIX.

B pe3ynbrare SKCHEpUMEHTANbHBIX padOT ObUIM MOJYYEHBI: CHIIOBBIE
auarpaMMbl U3MEHEHHsI YCUJIMI B BBITSDKHOM KOHIE BO BpEMsI BBIOOPKH, KOTOpBIE
MIOJITBEP/IMIIN HAJTMYWE TTMKOBBIX HArpy30K (PUCYHOK 2).

[Tocne martemaTudeckoil oOpaOOTKH MaHHBIX M Pacu€ToB KOA(DPHUITMEHTOB
perpeccuu, Obula MOJTy4YeHa 3aBUCUMOCTbh YCHJIMS B BBITSDKHOM KOHIIE JJIsi MPSMOIl
MOBEPXHOCTHU CIUIIOBOTO HACTUJIA OT YIJIa HAKJIOHA CJIMIA, yrila BbIX0J1a BBITSHKHOTO
KOHI[A ¥ CTEIICHU HaIroJHeHHs Merka (7):

T = 19,85+ 4,59x; + 2,09x, — 1,63x3 + 0,42x,X, — 0,79%;X3 — (7)

0,01x,x5 + 0,15x;X,X3,
I€ X1, X2, X3 — 3HAUEHMs 3aMOJHEHUS MENIKA, yrjla HaKJIOHA CJWIAa U BBIXOJA
BBITSDKHOTO KOHI]Aa COOTBETCTBEHHO, 3allMCAHHbIE B  KOJMPOBAaHHOM BHJE
(koavpoBaHHbIE 3HAaYeHUE (PAKTOPOB (X1, Xz, X3) M3MeHsOTCa OT -1 go +1, yto
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COOTBETCTBYET MUHUMYMY U MaKCUMYMY).
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Pucynok 2 — JluHamorpamma yCHJIns B BBITSZKHOM KOHIIE JI€OEIKH MPU BEIOOPKE
Melka Maccol 2,0 KT Ha yCTaHOBKE € yIJIOM HakjoHa ciuna 30° v yrie BbIxo/1a
BBITSDKHOT'O KoHIIa 20°

AHan3 pe3yiapTaTOB HUCHIBITAHUN W ITOJYYEHHOW 3aBHCHUMOCTH IOKAa3aj, 4TO
IJIaBHOE 3HaYCHHE Ha YCUJIME B BBITSHKHOM KOHLIE TPAJIOBOM JIEOENKN UMEET CTETIEHb
HAITOJIHEHHE TPAJIOBOIO MEIIKA. MeHblllee BIMSHUE OKAa3bIBAECT YroJI HAKJIOHA CIIMIIA.
W He3HAUYNUTENBHOE — YTOJ BBIXO/A BBITSKHOTO KOHIIA.

HccnepoBanust 11 ciaumoB  co  cepudeckorl  (HopmMoil TOBEPXHOCTH
OPOBOJWINCH C TEM XK€ HAaO0OpOM M JAHana3oHOM HCCIEeayeMbIX (HDaKTOpOB B
JOTIOJTHEHUE K NMPOBEAEHHBIM BBIIIE. DKCIIEPUMEHTBI IIPOBOJIMUIIUCH IO JAECITH Pa3 MO
KKJI0M cTpoke MaTpulbl. C LEIbI0 UCKIOYEHUS CIyYalHO IMOJIYYEHHBIX BEIWYHH
paccuuThIBaJICA KO3(PPUIMEHT Bapraluu.

bbuiM  mody4yeHbl JMHAMOTpPaMMbl W YHCJEHHBIE 3HAYEHUS  YCUIIUA,
BO3HMKAIOILIETO B BBITSKHOM KOHIIE J1€0EIKH.

[Tocne martemaTmdeckoil oOpaOOTKM MaHHBIX M Pacu€ToB KOA(DPHUIIMEHTOB
perpeccu Obla TMOJy4€HAa 3aBUCHUMOCTb YCWIMSI B BBITSDKHOM KOHIE JUIS
chepuiecKoil MOBEPXHOCTHU CIIMIIOBOIO HACTHJIA OT YIJIa HAKJIOHA CJIUIA, yIiia BhIX01a
BBITSDKHOT'O KOHIIA U CTETICHH HANIOJTHEeHUs Metka (8):

T =19,79 + 2,86x; + 1,15x, — 0,67x3 + 0,37x;X, — 0,12x;X3 — (8)

0,16x,x3 + 0,10x;x,X3,
I7€ X1, X2, X3 — 3HAUEHMs 3aMOJHEHUS MENIKA, yrjla HaKJIOHa CJWIAa U BBIXOJA
BBITSDKHOTO  KOHIIAa COOTBETCTBEHHO, 3allMCAHHbIE B  KOJUWPOBAaHHOM  BHJE
(komupoBaHHBIE 3HAaYeHUE (PAKTOPOB (X1, Xz, X3) M3MEHsIOTCS OT -1 go +1, 4To
COOTBETCTBYET MUHUMYMY U MaKCUMYMY).

AHanu3 pe3yJIbTaTOB MCHBITAHUNA U MOJTYYEHHOM 3aBUCUMOCTH IOKa3al, 4To,
KaK 1 Mpu OpsMoi (Gopme ciura, TJI1aBHOE 3HAYEHUE Ha YCUIIME B BBITSXKHOM KOHIIE
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TPaJIOBOM JIEOE KU NMEET CTETICHbh HATIOJIHEHUE TPAJIOBOTO MEITKa. MeHbIee BIUSHIE
OKa3bIBAET YT0JI HAKJIOHA CITUIA U HE3HAYUTEIHHOE — YTOJI BEIXO[a BHITSIKHOTO KOHIIA.
C menpio MOMyYeHUs YHHUBEPCATHLHOW 3aBUCHMOCTH HAa OCHOBE BBITIOJTHCHHBIX
BBIIIIE HKCIIEPUMEHTAIBHBIX pa0OT OblIa COCTaBIIEHa MaTpHIla YETHIPEX(PAKTOPHOTO
JKcIiepuMeHTa ((pakTopamMu SBWINCH: (opMa CIHIA, 3aMOJHEHUE MEIKa, YroJ
HaKJIOHA CJIMIIA ¥ YTOJI BBIXOJIa BEITSDKHOTO KOHIIA). [Tocie pacuéToB Ko PHUIIEeHTOB
perpeccun 3aBUCHMOCTh umeeT BHT (9):
T=19,82—-0,03x; +3,72x, + 1,62x3 — 1,15x, — 0,86x;x, — 0,47x, X3 +
0,48x:x4 + 0,39%,x3 — 0,46x,x, — 0,08x3%, — 0,03x;X,X3 + 9)
0,33x1%X,%4 — 0,07x,X3%X4 + 0,03%,%3X, — 0,13%X;X,X3Xy,
TJI€ X1, X2, X3 X4 — (hOpMa CIUIIA, 3aMI0THEHUE MEIIKA, YToJl HAKJIOHA CJIMIA U YTOJ
BBIXO/Ia BBITSHKHOTO KOHITA COOTBETCTBEHHO, 3aMTMCAHHBIC B KOAMPOBAHHOM BHUIE
(komupoBaHHbIE 3HaUeHUE (AKTOPOB (X1, X2, X3 X4) UBMEHSIOTCS OT -1 710 +1, 4uTO
COOTBETCTBYET MUHUMYMY U MAaKCUMYMY).

AHanu3 MoJy4YeHHON 3aBUCUMOCTH TO3BOJISIET ONPEICIUTh CTECHb BIUSHUS
uccieayeMbix (GakTOpoB Ha YCHIIME B BBITSKHOM KOHIIE MPOMBICTIOBOM JI€OEIKU, B
JaCTHOCTH: TTEPBOCTEIICHHOE 3HAYCHHE MTPU 000MX (popMax CIUMIOBBIX TOBEPXHOCTEH
MMEET HATlOJHEHHE TPAJIOBOTO Melika. MeHbllee BIUSHUE OKa3bIBa€T Yoyl HAKIOHA
cnuna. Yl He3HauuTeNnbHOE — YToJl BBIXO/a BRITSHKHOTO KOHIIA.

[ToaBOI UTOT BBHITIOJIHEHHBIX UCCIIEAOBAHUM IO TIEPBOMY 3TaIly pabOT MOXKHO
CeJIaTh CIAEAYIONINE BHIBOIBI:

1) Ha ciumnax ¢ npsSMoi GopMOi TTOBEPXHOCTH:

- YBEJIWYCHHE Beca Meimka B 1,6 pasza (B amamaszone ¢ 1,25 xr go 2,0 kr),
MPUBOJNUT K YBEIMUCHHUIO YCUJIUS B BBITSXKHOM KOHIIE BO BPEMSI BEIOOPKH MEIIKOB C
YJIOBOM B cpeaHeM B 1,6 pasa;

-yBEJIMYCHHUE yTIiia HakJIOHA ciuma B 1,5 pasza (B muamazone ¢ 30° mo 45°)
YBEJIMYUT YCUIIME B cpeiHeM Ha 23,7%;

-M3MCHCHHE BBIXOJa BBITSDKHOTO KOHIIA B 4 pasa (B amamazone ¢ 5° mo 20°)
CIIOCOOCTBYET CHIDKCHHIO yCUITUs B cpeaHem Ha 14,3%.

2) Ha ciumnax co chepuueckor (opMoi TOBEPXHOCTH:

- yBeJIWYCHHE Beca Melika B 1,6 pasza (B amamasone ¢ 1,25 kr mo 2,0 kr)
MIPUBOJNT K YBEIIMUCHUIO YCUIIUS B BBITSDKHOM KOHIIE BO BpEeMsI BEHIOOPKH MEIIIKOB C
yJI0BOM B cpeaHeM B 1,3 pasa;

- YBEJIMYEHHUE yIJla HakJIoHa ciumna B 1,5 pa3a (B nuamazone ¢ 30° mo 45°)
YBEJIMYHT yCUIIHE B cpeaHeM Ha 12,3%;

- I3MEHEHHE BBIXO/1a BBITSHKHOTO KOHIIa B 4 pa3a (B quamna3one ¢ 5° 1o 20°)
CIOCOOCTBYET CHMKEHUIO YCHIIHS B cpesiHeM Ha 6,5%.

Bropoii 3Tan ObUT TOCBSIIEH HCCICIOBAHUIO BIUSHHUS CKOPOCTH Ha YCUIIUE
BBIOOPKH TPAJIOBBIX MEIIIKOB C YJIOBOM IIPH COYETAaHUU (HPaKTOPOB, XapaKTEPU3YIOIIUX
CUCTEMY CYIHO-TPaJI-TIPOMBICIIOBAs MaITHA.
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HccnenoBanus ObUTH MPOBEJACHBI B COOTBETCTBUU C TTPEIIIOKEHHOM METOTUKOH,
0 pe3yibTaTaM KOTOPBIX ObLIa MOJTy4YeHa 3aBUCHUMOCTh YCHIIUS B BBITSPKHOM KOHIIE
OT BBIIIEYKa3aHHBIX GakTopoBs (10).

T =32,02 —5,00x; + 3,21x, + 1,43x3 + 0,40x;x, + 0,04x;x5 + (10)

0,23x,%3 + +0,70x,X,X3,

TJI€ X1, X2, X3 — KOJIMPOBAaHHBIC 3HaYEHUST (POPMBI TIOBEPXHOCTH CITUIIA, YTJIa HAKJIOHA
CIMMa W CKOPOCTH BBIOOPKH MEIIKa COOTBETCTBEHHO (KOIWPOBAHHBIC 3HAUCHUE
(bakTopoB (X1, X2, X3) U3MEHAIOTCA OT -1 70 +1, 9YTO COOTBETCTBYET MHHHUMYMY MU
MaKCUMYMY).

AHaJIM3 TIOJYYEHHOM 3aBUCMMOCTHA TMO3BOJIMJI  OMNPEACIIUTh MPUOPUTET
UCCIIeMyeMbIX (PAaKTOPOB U CAENIAaTh BHIBOJI:

1. Haubonpinee BAMsHUE HA YCHIIME BBIOOPKH OKa3bIBaeT (hopMa TMOBEPXHOCTH
CJIMIIOBOTO HACTWJIA, a HE3HAYUTEIbHOE BIIMSIHUE M3 PACCMOTPEHHBIX (PaKTOpOB
OKa3bIBAE€T CKOPOCTh BHIOOPKH.

2. Tlpum yBenumyenun ckopoctu BbIOOpKHU B 2 paza (c 0,031 m/c mo 0,064 m/c) Ha
IIPSIMOM CIIMIIE TIPH yIyie HakJoHa ciumna 30° pocT yCWiIMS B BBITSKHOM KOHIIE
coctaBui 8,9%, Ha ciaune co chepudeckoil GopMol MOBEPXHOCTH POCT COCTABHII
15,9%. Ilpu yrie HakjioHa ciuma, paBHOM 45°, poct coctaBiser 5,1%, 17,4% nna
MPSIMOTO U CHEePUUECKOTO CIIUIA COOTBETCTBEHHO.

3. MakcuMalibHBIE YCUIIMS BO3HHKAIOT B MECTE TIEPEX0/1a MEIIKOM TOpora CJuma
Y CITUTIOBOM KaHABKH, TaHHOE OOCTOATENIbCTBO CHPABEIUBO AJIsl BceX (hOPM CIIMIIOB.

Tperunii 3Tan ObUT MOCBSIIEH UCCICIOBAHUIO BIMSIHUS CKOPOCTH M IUIOLIATU
CONPUKOCHOBEHHUSI TPAJIOBOTO MEIIKA C TTOBEPXHOCTSIMU CJIMIIA U TATyObl Ha YCUIIHE
BBIOOPKU MOCTETHUX, IPU COUETAaHUU (PAKTOPOB, XaPAKTEPUIYIOIINX CUCTEMY CYJTHO-
Tpaja-poMbIciioBasi MalinHa. VcciaegoBanust ObUTM MPOBENECHBI B COOTBETCTBUU C
MPEI0)KEHHOM METOIMKOM, 10 Pe3yJIbTaTaM KOTOPHIX ObLIN MOTYyUYE€HbI 3aBUCUMOCTh
YCUJIUS B BBITSDKHOM KOHIE OT XapaKTEPHUCTUK CHUCTEMbI CYJHO-TPAJIOBBIA MEIIOK-
npombiciioBas Mamuaa (11).

T =36,122 - 0,481x, + 3,51x, + 0,678x; + 0,73x, — 0,159x,x, + (11)
0,27x,x3 — —1,065x;x, + 0,437x,x3 — 0,516x,x, — 0,576x3%x, —
0,493x,x,X3 — 0,435x;X,%, + 0,383x;X3%x, + 0,862x,X3X, —
0,39%;X,X3Xy,

r€ X1, X2, X3 U X4 — KOJUPOBAHHbIC 3HAYEHUSA (POPMBI MOBEPXHOCTU CJIMIA, YTia
HaKJIOHA CJIMIA, CKOPOCTH BHIOOPKH U IUIOMIAIA TPAJIOBOIO MEIIKA COOTBETCTBEHHO
(konupoBaHHbIE 3Ha4YeHUE (AKTOPOB (X1, X2, X3, X4) U3MEHAIOTCH OT -1 mo +1, uTo
COOTBETCTBYET MUHUMYMY U MAKCUMYyMY).

AHaJIM3 TIOJIYdEHHOM 3aBUCHMOCTU TIO3BOJIMJI  OMNPEACIUTHh MPUOPUTET
ucclieryeMbIX (pakToOpoB U C/ieaTh BBIBO/I:

1. HauGosnpiiee BiusiHME Ha yCHUIME BBIOOPKHM OKAa3bIBAET yrojl HAKIOHA
CHma, MEHbIIee - IUIOMAAh TPAJIOBOTO MeEIIKAa W CKOPOCTh BBIOOPKH, W
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HE3HAYUTENIbHOE BIUSHUE W3 PACCMOTPEHHBIX (DaKTOpPOB oOKasbiBaeT (opma
MTOBEPXHOCTH CJIIMIIOBOI'O HACTUJIA.

2. Jlis MEImKOB ¢ IUIOMAABI0 CONPUKOCHOBEHMS 246 cM% Ha mpAMOM
MOBEPXHOCTH ClUMNa Yycuiue BBHIOOpKHM Ha 2% Oosbliee 4eM Ha cdepruuecKoit
MOBEPXHOCTH CJIUIIA, B TO K€ BpeMs JUIsl MEIIKOB C TJIOMIAbI0 COMPUKOCHOBEHUS 182
cM? JaHHOE yCHIIME MeHbIIE Ha 8%.

3.  VYBenumuenme momamu TpeHus Ha 35% (c 246 cm? go 182 cm?) B
JMaria3oHe MCCaeAoBaHUN ¢ yriamu HakiioHa B 30° mpu ckopocTu BeIOOpKHU 0,3 M/c
OPUBOJUT K CHIDKEHHMIO Yycwiauss Ha 7,9% Ha NOpSIMOJMHEMHBIX CIUIOBBIX
noBepXHOCTAX U Ha 21,8% Ha chepryecKux CIUMOBBIX MOBEPXHOCTAX. AHATOTUYHOE
coueTanue (HakTOpoB, HO C yIJOM HakjoHa B 45°, mpuBOAUT K pocTy Ha 8,6% Ha
MPSIMOM CJIUIIE U CHIKEHUIO Ha 7,0% Ha cepruyecKoM.

4, VYBenuueHue Iiomaan TpeHus Ha 35% B auarna3zoHe UCCIEOOBAHUM C
yriaamu HakiioHa B 30° mpu ckopoctd BbiOOpku 0,5 M/C MPUBOAMUT K YBEITUUYCHUIO
ycuwnus Ha 0,3% Ha DpsSMOJMHENHBIX CJIMWIIOBBIX MOBEPXHOCTSIX M Ha 2,1% Ha
c(hepUUYECKUX CIUIOBBIX MOBEPXHOCTIX. AHAJIOTMYHOE cOYeTaHUE (PAKTOPOB, HO C
YIJIOM HAakjJoHa B 45°, mMpUBOIUT K yBeIW4YeHHIO Ha 4,9% Ha mpsaMoOM ClIMIE U K
CHIDKEHUIO ycuius Ha 9,2% Ha caune co cpepuyecKuM TUIIOM OBEPXHOCTH.

JelicTBuTeNbHAs MOTPENIHOCTh PE3YJIbTATOB WCIBITAHWM Ha BCEX ATalax He
npesbimana 5%, 94To TOBOPUT O JOCTOBEPHOCTH MOJYYEHHBIX 3aBUCUMOCTEN.

Yereépras rmaBa  «Mopckasgs  mpoBepka  IKCIEPUMEHTAIbHBIX
3aBHCHMMOCTEHl THANOBOI0 YCWJIHA MNOABEMA TPAJOBBIX MEHIKOB CJHIIOBBIM
METOAOM OT peaJibHbIX (JAKTOPOB IKCILIyaTALIMU CUCTEMbI CYTHO-TIPOMBICJIOBAs
MAalIMHA-TPAJ» MOCBSIICHA MPOBEPKE aJIEKBATHOCTH 3aBUCUMOCTH YCUJIUS TOAbEMaA
TPaJOBBIX MEIIKOB C YJIOBOM CJIMIIOBBIM METOJIOM, MTOJTY4YEHHON AKCIIEPUMEHTATBHBIM
MyTEM, IPUMEHUTENBHO K PEaJbHBIM YCIOBUSM HKCILUTyaTallMl CUCTEMBI CYAHO-TPAJI-
MIPOMBICIIOBAsI MallIMHA.

Jlnst aToro 6bu1a pazpaboTaHa METOIMKA MPOBEAECHUS MOPCKUX HCTIBITAHUM.

Jlnst mpoBeAeHusl McciieqoBaHUM ObUIO BBIOPAHO HAYYHO-HCCIEIOBATENbCKOE
CYIHO CpenHuil Tpayiep Mopo3wibHbINH «ATiantuaay (CTM «AtinaHTuaa» MpoeKTa
K-1704 Atnantuk-833, Tun [Ipodeccop Maptu) Atnantudeckoro ¢punuana ['HIL[ PO
OI'BHY «BHUPO» («AtnantHUPO»), Bemymiee TpanoBblii MPOMBICET B 30HE
[lenTpanbHO-BOCTOUHON ATIIAHTHKW.

PeanbHble 3HaUeHUS UCCIeNyeMbIX (PAKTOPOB HA JAHHOM CYIHE CIEAYIOLIUE:

- CKOpPOCTh MOIbEMA TpastoBoro merika 0,5 m/c;

- YroJl HaKJIOHA CJIMIOBOrO HAcTUia, paBHbIN 40°;

- (hopma cnumoBoro HacTUiIA — MpsMas;

- YTOJI BBIX0/1a BRITSIKHOTO KOHIIA Ha KaOeJbHO-BBITSKHYIO JIEOEIKY paBHBIN 11°.

B kauectBe mpoTOTHIIA JIJIT U3TOTOBJICHUS] MOJACIHM TPAJIOBOTO MEIIKA MPUHST
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TpanoBbIil Memok HaTypHoro Tpana PT 70/300 — M-45.

Jlnst mpoBeneHus (3amepa) COOTBETCTBYIOIIMX M3MEPEHHI CHUJIOBBIX HArpy3o0kK
(ycunuii), mpuMeHsics snekTpudeckuid tuaamometp 3/-PM 20 kH oTedecTBEeHHOTO
npousBoAcTBa (upmel «OnHa-CeBept», COCTOAIIMN W3 CHUIOU3MEPUTEIBHOTIO
TEH30pPE3UCTOPHOr0 JaTuyuka M TepMuHana. J(namason msmepenus or 0 go 2 T, ¢
TOYHOCTBIO u3Mepenuit 1H.

JluHaMOMETp BKJIIOYAIM B JIMHHIO CKOOaMH, BXOJSIIMMH B CTaHAAPTHYIO
KOMIUIEKTALUIO MPpUOOpa, MpeIHa3HAYEHHbIMU Ul KPEIUIEHUsS K HEMY DPa3JIMYHBIX
aseMeHTOB. C OIHOM CTOPOHBI CKOOOW K MpUOOpY Kpenmwiics HIKEHTENb C OFOHOM,
HEOOXOAUMBIN JUIsl OBICTPOrO HaOpachIBaHUS HA rak KaHaTHOM JOpPOTH, C JIPYyrom
CTOPOHBI KPEMUJICS MIEHTEPTaK Il OBICTPOro KPEIIEHHUs YJaBHOIO CTPOIIA.

PaGoTel mo 3amepy ycuiHs B BBITSDKHOM KOHIIE TPOBOJAMIUCH METOJOM
IIEPECTPOIKH IEPBOI0 KyTLA ¢ NOAKIIOYEHUEM JTHUHAMOMETPA B JIMHUIO BBITSHKHOIO
KOHIIAa U BBHITSTMBaHUs ero Ha nainyOy. [Ipu BeiOOpke Ha mamy0y mpoBOAMIICS 3aMep
yJIOBa B KYTII€ TPAJIOBOI'O MEIIIKA.

[lo pe3ynbraraM UCHBITAHUNA OBUIM MOJYYEHBI JUHAMOTPAMMBbI U YUCJICHHbBIE
3HAYEHUs yCWIMil. Pe3ynbTarel 3aMepoB PeICTaBICHbI B Ta0JIMLE 2 U HA PUCYHKE 3.

Tabmuua 2 — Pesynbrarthl 3amepoB ycwiuid W Beca, mpoBea¢HHbx Ha CTM
«Atnantuga» K-1704
dopma Yron Yron | Ckopocte | Makcu- Yennne Bec
MOBEpX- | HAKJIOHA | BBIXOJA | BBIOOPKH | MaJlbHOE npu MeIlKa
HOCTH | ciuna o° | BBITSIK- Vs, M/C ycwiue | BBIOOpKE | ycuiue
No | cnuma HOT'O Ha MeEIIIKa P, (H)
KoHIIa [3° nopore ycumiue
cimna M, (H)
M,;, (H)
1 | npsimas 40° 12° 0,5 1579 1373 1344
2 | npsmas 40° 12° 0,5 1972 1373 1452
3 | npsmas 40° 12° 0,5 1903 1530 1334
4 | mpsamas 40° 12° 0,5 11703 6798 5798
S5 | mpsmas 40° 12° 0,5 5768 4473 4179
6 | npsmas 40° 12° 0,5 12282 10202 10556
7 | mpsmas 40° 12° 0,5 3178 2708 2894

J11s1 OLIEHKH TIOJTyYEHHBIX HATYPHBIX 3aMEPOB ObLIT MPUMEHEH METO]] TIEpex0/1a
Kk Oe3pa3MepHBIM BeIMYMHAM. B KadecTBe OCHOBHOTO KPHUTEpHUS IJIsi CpaBHEHUS
MIPUHSIIN COOTHOIIEHUE TSATOBOIO YCHIJIMS B BBITS)KHOM KOHIIE K BECY MEIIIKA.

JOCTOBEPHOCTH U
BBINOJIHEHHBIX UCCIIEIOBAHUN PACCUYUTHIBAIIOCH OTHOCUTEIIBHOE OTKIIOHEHUE.

OIHOBPEMEHHO

TUTST

MOJATBEPKACHUS
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TTopor cnuna

ITopor cnumna

T, Krc

TTany6a 0,2

4 6 8 10 12 14 16 18 20 22

Pucynok 3 — JluHamMorpaMMbl U3MEHEHHS YCHITNS, BO3HUKAIOIIETO B BHITSDKHOM
KOHIIE BO BpeMs BRIOOPKH KyTKa MEIIKa ¢ YJIOBOM Ha Mmany0y CyJHa BO BpeMsI
mpoBejieHus 6-To 3aMepa (cieBa) U pu BeIOOpKe Melika Manoi 3arpy3ku (200 r)
(cipaBa)

B pe3yinbrare BBINOJHEHHBIX HATYPHBIX MCCIECIOBAHUN CPEJHEE COOTHOLIEHUE
ycuinsl BBIOOPKH Ha MOpOre CluIa K BeCy Mellka cocTaBisieT 1,37, a COOTHOLIEHHE
yCWIJIHS BBIOOPKH IPH MTPOXO0KICHUH MEILIKOM CIMIOBOM KaHABKU K Becy Memka 1,04.
DTO CBUETENIBCTBYET O HAIMYUU MUKOBBIX HATPY30K MPU IBHXKEHUH MEIIKA MO CIUITY
CyJHA.

C uenbio OLUEHKHU yCWJIMH BBIOOPKHM TPAJIOBOTO MEIIKA C YJIOBOM CIHMIIOBBIM
METOJIOM Ha OCHOBE 3aBUCHMOCTH IIOJIyY€HHOHM Ha MakeTre HeoO0XOaMMO
BOCIIOJIb30BaThCs (popMyaMu Tepecuéra ¢ y4€TOM MaclITaOHBIX KO3(P(UIIMEHTOB.
(Tabmuna 3).

Tabmuua 3 — HaumeHoBaHue M 3HAYEHUS MAacCHITAOHBIX KOI(PPUIMEHTOB MpHU
MaKeTUPOBAHUH NPOMBICTIOBOM cucteMbl CTM «ATnantuna»

Macutabbl (U3HMYECKUX XapaKTEPUCTHK TpeoGpasoBaue P;Il{c;é;r;;;e

XaCII));d;TI/IeI;;cCKTI/;eKH OGo3HAYCHIE yepe3 macirad Cj MACLITABOR

Jlmuna G G 0,0667
I[romrans Cy Ct 0,0044
O0BEM Cy ct 0,0003
Bec Crm % 0,0044
Bpewms C; 1 1
CkopocTb Cy G 0,0667
Cuna Cr Ct Cy, 0,0044
Yckopenue Cy G 0,0667
[TnoTHOCTH C, 1 1
VYron Cq 1 1
Koadhdumment tpenns Cy 1 1
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[Topsinok pacuéra ycunus BEIOOPKH MO MOTYYEHHON 3aBUCUMOCTH C YYETOM
HATYPHBIX TaHHBIX.

Jly1a KoaupoBaHus MapaMeTpoB MpUMeHsieTcs (hopmyria rnepecuéra Ass
Kaxxaoro u3 akropos (12).
X{ — Xig (12)
rie  X; — KOQUpOBaHHOE 3HaueHUs (akTopa;

X;— HaTypHOE 3Ha4eHue (pakTopoB;

X;o — HyJICBOI yPOBECHb;

Ax; — uHTEpBaAJI BApEUPOBAHUSL.

[MoacraBuB B 3aBUCUMOCTH (1) KOMpOBaHHBIC TApaMETPhI 3HAYCHUS PaKTOPOB,

X =

c yuérom wmacmTabHBIX Kodp¢umentos (C,,, Cr — IaHHBIE MaciITaOHbIC
KOO(QQUIIMEHTHl HEOOXOJAMMBI B CBS3M C HAJMYUEM pPa3MEPHOCTEH), MOIyYUM
CIICAYIONIYIO 3aBUCUMOCTh YCWIIHSI BEIOOPKH Ha HaTypHOM cyane T, (13):

xX1Cm — X7 Xy — X X3 — X3 13
T, =(19,85+ 4,59 —2 10 1 299220 =30 43
Ax; Ax; Axs
x1 G — X1 *XS — X20 x1 G — X1 *xék — X3¢
Ax; Ax; ' Ax; Ax;

* * *
— X10 *xz — X20

+ 0,42

* * *
z_xzo*x3_x3o_|_ x1Cpy
* * * *
Ax; Ax; Ax; Ax;

X
— 0,01

* *
X3 — X3¢
* A * /CR
X3

re: [TapameTpsl, XapaKTepU3yOIIHE HATYPY:

X1 — BEC HATYpPHOTO TpajioBoro Memika ¢ yiaooM, 1000 kr;

X5 — yroJl HAaKJIOHA CJIMIA MTPOMBICIIOBOTO cyaHa, 40°;

X3 — YTOJl BBIXO/1a BBEITSDKHOTO KOHIIA Ha TPOMBICIIOBOM cynHe, 11°;

C,, — MaciTad Macc MOJIEIH K HATypE;

Cr — cuI0BOM MacIiTao;

[TapameTpsl, XapaKTepU3yIOIIHE MOJEINb:

X1o — HYJEBOM ypOBEHb quana3zoHa M3MEHEHHs (aKTopa, XapaKTepU3yIOIIero
3arpy3Ky Melka, paBHbId 1,625;

Ax{ — WHTepBal BapbHpPOBAHH JMAaNa3oHa W3MEHEHUs (akropa,
XapaKTEPU3YIOILIETO 3arpy3Ky Memika, paBubliid 0,375;

X5o — HYJICBOW YpPOBEHb quana3oHa M3MEHEHHs (PaKkTopa, XapaKTepU3YIOIIEro
yroJI HaKJIOHA cluIa, paBHbIi 37,5;

Ax; — WHTepBal BapbUpPOBAHHWS JAWANa3oHa U3MEHEHus (akropa,
XapaKTEPU3YIOLIEr0 yroJl HAKJIOHA CIIUMa, paBHbIN 7,3;

X3o — HYJIEBOW YpOBEHb Uara3oHa U3MEHEHHUs (haKkTopa, XapaKTepPHU3YIOIIETO
YTOJI BBIXO/1a BRITSIKHOTO KOHIIA, paBHBIN 12,5;
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Ax; — uWHTepBaT BapbUpPOBAHWS JHWANa3oHa W3MeHeHHs  (akropa,
XapaKTEePHU3YIOIIEro Yo BEIXOa BBITSHKHOTO KOHIIA, paBHBIH 7,5.

[ToncTaBuB YMCIIEHHBIC 3HA4YCHHUs (DAKTOPOB B 3aBUCHUMOCTH (7) ¢ yd4&ToMm
MacmTaOHBIX KOA(P(UIIMEHTOB, TOJIYIUM YCUJIIUE BBHIOOPKH TPAJIOBOTO MEIIKA JIJIS
peanpHBIX yenmoBui T, = 12,95 kH.

N3meperHoe B IPOMBICIIOBBIX YCIIOBHSIX ycuiHe BeIOOpkH cocTaBiseT 10,2 kH.

Benmnunna ycwins BBIOOPKH TpPAJOBBIX MEIIKOB, IOJy4Y€HHAs PacYETHBIM
nyTém 1o hopmyie (7), Boime Ha 21,2% 1o cpaBHEHHIO C HATYpHOM BeIMYUHON. To
€CTh MPHU OLIEHKE YCHWIIWS JJII HATYPHBIX TPATOBBIX CHCTEM C MOMOIIBI0 Pacu&THOU
dhopMyJIbl, TOTY4YEHHON Ha MaKeTe, He0OX0IUMO BBOAUTH Kodddunuent 0,8.

3AK/IIOYEHUE

Ha ocHOBe BBINOIHEHHOM pabOThl MOXHO 3aKJIIOUYUTh, YTO [TOCTABJICHHAS 1IEIb
JOCTUTHYTA, BBITIOJIHEHBI CIEIYIOIINE 3Tanbl padoT:

- pa3paboTaHa METOJMKa MPOBEAEHUS IKCIIEPUMEHTAIBHBIX UCCIEAOBaHUI Ha
MAaKETHBIX M HATYpPHBIX TPAJOBBIX CHUCTEMax, MO3BOJISIONIAS MPOBOJIUTH OLICHKY
YCWIHSI BBIOOPKM TPAJOBBIX MEIIKOB C YJOBOM CIIMIIOBBIM METOJOM, C YYETOM
peaJIbHBIX YCIOBUH 3KCIUTyaTallul CUCTEMBI CYTHO-TPAJI-IIPOMBICIIOBAs] MAIlIMHA,

- Ha OCHOBE METOAOB (PHU3UUYECKOrO0 MOJEIUPOBAHUSA M PACCUUTAHHBIX
MaclTaOHbBIX KO3(P(PUUUMEHTOB ObUI CKOHCTPYHPOBAaH M U3TOTOBJIIEH MAaKET
MIPOMBICTIOBOM TMaidyObl CYyAOB TPaJOBOIO JIOBA, OCHAUIEHHBIM MPOMBICIOBBIMH
MEXaHU3MAMH U U3MEPUTEIIBHBIM KOMIUIEKCOM, MPEIHA3HAYEHHBIH JUIsl UCCIIEI0BAHUS
mporecca noabEMa TPAJOBBIX MEIIKOB MMHUTAIMOHHBIM METOZOM C BO3MOKHOCTBIO
o0ecrnedeHns peabHbIX YCIOBUN SKCITyaTalluy CUCTEMBI CYyAHO-TPaI-IIPOMBICIOBAs
MallnHa;

- IPOBEJIEHA CepUs SKCIIEPUMEHTAIBHBIX PA0OT 110 YCTAHOBJICHHUIO 3aBUCUMOCTH
YCHUJIUSL BBIOOPKU TPAJIOBBIX MEUIKOB C YJIOBOM OT BIUsOIUX (akTopoB. [1o kaxmoit
CepUH MCTBITAHUM ObUI TPOBENEH pacu€T CPeAHEKBAAPATUYHOIO OTKJIOHEHUS,
KOTOpbIM He npeBbiian 5%. McnbiTaHust MpOBOIMIUCH HA Kapeape MPOMBIIITIEHHOTO
peidonoBctBa  PI'BOY BO «KITY» um nHa CTM «ATnaHTuaa», COIIACHO
pa3pabotanHoM Meroauke. [lo pe3ynpTaTaM BBIITOJHEHHBIX 3KCHEPUMEHTAIbHBIX
paboT MOTYYECHBI:

1) tuHAMOTpaMMbl U3MEHEHHUSI YCHIIUS B BBITSDKHOM KOHIIE ITPOMBICIIOBOM JIEOENKH B
npolecce BEIOOPKU TPAJIOBBIX MEIIKOB MO CIUIY JJI MOJIETU U HaTYphl, KOTOpbIE
NOJATBEPKAAIOT HATMYME MMUKOBBIX HATPY30K HA TOPOTe CIIMIA U HA MECTE Mepexo/ia
cJIMIa Ha nanyOy CcyaHa;

2) rpaduueckre 3aBUCUMOCTH YCHJIMSI B BBITSKHOM KOHIIE TIPOMBICTIOBOM JIEOEAKHU OT
000CHOBaHHO BBHIOPAHHBIX BIUSIONINX (HAaKTOPOB (hopma CIUTIOBOM MOBEPXHOCTH,
yroJj HAaKJIOHA CIUIA, YroJl BbIXOJIa BBITSKHOTO KOHIA, CKOPOCTb BBIOOPKH),
IPOBE/ICHA aNMPOKCUMALIHS.
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Takke TpoBEAEHbI MAaKETHBIE HCCIICIOBAHMS, HAMPABICHHbIE HA CHIKEHUE
MUKOBBIX HATPY30K HA MPSIMOM CJIUIE, C YIJTMHEHHBIM OPOTOM;

- TpOBEJCHA MaTeMaThyeckas 0OpaOOTKH pe3ylbTaTOB 3KCIEPUMEHTAIBHBIX

uccienoBanuii. JloCTOBEpHOCTh pe3yJbTAaTOB, TMOJYYEHHBIX IPU MPOBEJICHUU
AKCIIEPUMEHTAIILHBIX paboT, cocTaBigeT 95%, Tak Kak OTHOCUTEIIbHOE OTKJIOHEHHE
3HAYEHUHN yCWJIMS TIPU IPOBEACHUHU SKCIIEPUMEHTAIIbHBIX paOOT HE mpeBbiaeT 5%.
- TIOJIy4€Hbl 3aBUCUMOCTH YCHJIHS BBIOOPKM TpPaJOBBIX MEIIKOB C YJOBOM OT
BIUSIOMIUX (AKTOPOB, XaPAKTEPU3YIOUIUX CHUCTEMY CYJIHO-TPAJI-IIPOMBICIOBAS
mammHa (8)-(12). Ilo BceM MOAy4YCHHBIM 3aBUCHMOCTSAM IPOBEICHA OICHKA
3HAUYUMOCTH BIIUSHHS UCCIEAyeMbIX ()aKTOPOB HA MU3MEHEHHE YCUJIUSL B BBITSKHOM
KOHIIE BO BpeMsl BBIOODKM MEIIKOB ¢ yJoBOM. Hambosnblliee BIMsSHHUE OKa3bIBaeT
3arpy3ka TpajoBOrO MEIIKAa W Yroj HAaKJIOHA ClHMNa, HE3HAYUTEIbHOE BIIHSHHE
OKa3blBa€T IUIOMIAJb COMPUKOCHOBEHHUSI TpaJOBOrO MEIIKA CO  CJIUIOBOMN
MOBEPXHOCTHIO M (opMa ciuna. AHaiIW3 TOJYYCHHBIX 3aBHUCHUMOCTEH IMO3BOJIHUII
CEJIaTh CIAEAYIOIINE BHIBOIBI:

1) Ha ManmbIX YyIVIaX HaKJIOHA CJMIOBOM IOBEPXHOCTH B JHUAla30HE
uccre10BaHus HaOI01at0TCs MMKOBBIE HATPY3KHU MTPH BBIXOJI€ TPAIOBBIX MEIIKOB C
YJIOBOM Ha MOPOT CJIUIA, C YBEJIMUYEHUEM YyIJla HAKIOHA TUKOBOE YCUJINE HA TPSIMOM
ciurne Bo3pactaeT Ha 15%, Ha cdepuyecKkux MHOBEPXHOCTAX B CPEJHEM pPOCT
cocTaBisgeT 5%;

2) 3aBUCUMOCTH YCUJIUS B BBITSI)KHOM KOHIIE TP MOABEME TPATOBBIX MEIIKOB
C YJOBOM Ha mnanyOy cyaHa oT (DaKTOpOB CHUCTEMBI CYIHO-TPaI—IMPOMBICIOBAs
MaIlIiHa HOCUT JIMHEHHBIN XapaKTep;

3) npu BBIOOPKE MEIIKOB C YJOBOM, COM3MEPUMBIM C JUIMHOW CIIMITA, HA
chepudecKrux MOBEPXHOCTAX MO CPABHEHUIO C MPSIMOI MOBEPXHOCTHIO (B JUANA30HE
MCCJIEI0BAHMI ) yCHIIME BBIOOPKHU MOJIENIE TpajJoBbIX MEIIKOB HUke Ha 9,0%:;

4) yBenuWyeHHME 3arpy3kud TpajoBoro memnika Ha 60% TMOBBIIAET YCHIHE B
BBITSKHOM KOHIIE BO BpeMs BBIOODKM MEIIKa C yJIOBOM B 1,6 paza Ha ciumax c
npsMoil popmoit moBepxHOCTH U B 1,3 pa3a Ha cnunax co chepuyeckoi hopmont
MMOBEPXHOCTH;

5) yBenuueHue yria HakjioHa ciumna ¢ 30° 10 45° npuBOJIUT K POCTY YCHIIUSA B
BBITSI’KHOM KOHIIE TPU BBIXOJI€ TPAJTIOBOTO MEIIKA CO CJIMIA Ha Maiay0y Ha CIIUIIE C
npsimoit hopmoit moBepxHOCTH B 1,24 pasa, u B 1,12 pasa Ha ciurie co chepudeckoit
dbopmMoil MOBEPXHOCTH;

6) yBeIIMUEHHE YIJIa BBIXO/Ia BHITSHDKHOTO KOHIIA B 4 pa3a (B 1uama3oHe ¢ 5° 10
20°) cmocoOcTByeT CHWXEHHIO ycuiaus B cpeaHem Ha 14,3% Ha mnpsMon
MMOBEPXHOCTH CIIMIIOBOTO HacTuja U Ha 6,4% Ha chepudecKoi;

7) yBEIMYEHHE CKOPOCTH BHIOOPKH TPAJIOBBIX MEIIKOB B 2 pa3a MPUBOAUT K
pPOCTY yCHJIMS B BBITSDKHOM KOHIIE Ha 7,0% Ha ciumnax ¢ npsiMoit popmoii u Ha 16,7%
Ha CJIMMax co cepuueckon popmMoil MOBEPXHOCTH;
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8) yBennueHre TUIoNa A COMPUKOCHOBEHUS MEIIKA U CIIUTIOBOM MOBEPXHOCTH
Ha 35%, B Jmama3oHe WCCIENOBAaHUS, MPUBOJUT K YMEHBIICHUIO YCWIHS B
BBITSDKHOM KOHIIE BO BpeMs BBIOOPKHM MEIIKOB C yJioBOM Ha 9,0% Ha ciume co
chepuueckoil popmoit U k yBenuueHuto ycuius Ha 1,5% Ha cinume c mpsiMoit
dbopmMoii TOBEPXHOCTH;

- BIIEpBBIE MPOBEJEHA MPOBEPKA aJEKBATHOCTH IMOJYYCHHON 3aBUCUMOCTHU
yCWIHsSI BBIOOPKM MEIIIKOB C YyJOBOM [IJIsi CIIMIIOB TPSIMOJIMHEWHOH (OpPMBI
noBepXHOCTH Ha mpoMbicioBoM cyaHe CTM «Arnantuna» K-1704 (Atnantux-833,
tun [Ipodeccop Maptu) Atnantudeckoro ¢unuana 'HI[ PO OI'BHY «BHUPO»
(«AtnantHUPO») (akT mposeaenust HUP ot 05.12.2023 1., CTM «ATJIIAHTUIA»,
I[IBA). YcTaHOBIIEHO, YTO XapakTep M3MCHCHHS YCHJIMH BBIOOPKH JIJII HATYPHOTO
CyoIHAa M MAaKETHOW YCTaHOBKE HACHTHYEH. Pa3zpaboTaH anroputMm OmpeesieHus
yCWJIUS BBIOOPKH TPAJOBBIX MENIKOB HAa KOHKPETHOM IPOMBICIOBOM CYIHE
pacy€THBIM MyTEM, IJIs PA3IUYHBIX COYETaHUM (AKTOPOB, C YUETOM pealbHBIX
YCIOBUH JKCIUTYaTallMy HATypPHOU TPAJOBOM CUCTEMBI.

[lonBoast WTOTM HKCIEPUMEHTAJIBHBIX HCCICOBAHMIA, MOXHO CIeNaTh
CJIEIYIOLIME BBIBOJIBI:

- BIIEPBbIE AKCIIEPUMEHTAILHO Oblja MOJyYeHa W anpoOMpoBaHa B HATYPHBIX
YCIIOBUSAX 3aBUCUMOCTH BEJIMYMHBI YCUJIUS, BO3HUKAIONIETO B BBITSKHOM KOHIIE
MIPOMBICIIOBOM JIEOEAKH OT (PaKTOPOB CHCTEMBI CyTHO-TpPAT MPOMBICIOBAs-MaIlINHA,
YTO TIO3BOJIUT:

1) oueHuBaTh YCWUIIMS, BO3HHUKAIOIIME B BBITSXKHOM KOHIIE MPOMBICIOBOM
ne6ENKU IpU MPOSKTUPOBAHUH M BO BPEMS SKCIUTyaTaIlMU MTPOMBICTIOBBIX CXEM.

2) Ha craguu pa3pabOTKU MPOMBICTOBBIX CXEM Ha MAaKETHOW YCTaHOBKE
MPOBOJIUTh  KOMITOHOBOYHBIE  TEXHWYECKHE PEIICHWS 10  PAIMOHATHLHOMY
PaCTOJIOKEHUIO MPOMBICIIOBBIX MEXAaHHW3MOB C IIEJbIO TOBBIMICHUSI O€30MaCHOCTH
BBITIOJIHEHUS TIPOMBICIIOBBIX PAa0OT, CHUKEHHUSI SHEPro3arpar W IMOBBIIMICHHUS CPOKa
CITY’KObI MEXaHHU3MOB.

3) onpenensTh HEOOXOJUMBIE MOIIHOCTH MPOMBICIOBBIX MEXaHU3MOB
MPUMEHSACMBIX IS TOIBhEMA MEIIKOB PA3TMYHON KOHCTPYKIMM IS Pa3IMYHBIX
MIPOMBICIIOBBIX CXEM C YUETOM PACTYILIUX Pa3MEPOB TPAJIOB.

NPAKTUYECKHUE PEKOMEHJALIUA

[Ipemyio)keHHBIE  METOJ ®  DKCIIEPUMEHTaJbHAs YCTAHOBKA  ITO3BOJISAT
000CHOBAHHO:

- MPOBOANTH OIICHKY YCHUJIUH TIPH MOIBEME TPAIOBBIX MEIIKOB C yJIIOBOM LIS
Pa3JIMYHBIX MPOMBICIOBBIX CXEM, C IIEIbI0 OOecreueHus] 0€30IacHOCTH BHITTOJTHCHUS
IIPOMBICIIOBBIX OIIEPAIINi, CHIDKCHUE YHEPro3aTpar, a TAaKyKe MOBBICHUT JOJITOBEYHOCTh
TIPOMBICTIOBBIX KOMITJICKCOB U OPYAMI PHIOOJIOBCTBA,;

- TpeINPUHUMATh METOAOJOTUYECKHUE JIEUCTBUS IO BHIOOPY palMOHAILHOTO
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couetaHus  (GaKTOPOB  CHUCTEMBl  «CYIHO-TPAJI-TIPOMBICIIOBAsl ~ MAaIlUHAY,
00eCIeunBarOIINX CHIKCHUE YCHIIMKM B BBITSDKHOM KOHIIE MMPOMBICIIOBOM JI€OENKH, B
TOM YHUCJI€ ¥ TUKOBBIX, YTO IMOBBICUT O€30MaCHOCTH BBITIOJIHEHUS TIPOMBICIIOBBIX pabOT
U OOCTyXMBaHUS MEXaHW3MOB IPU BEJACHWHM MPOMBICIA. B dacTHOCTH, OBLIO
NPEI0KEHO TEXHUIECKOE PelIeHHe, TT0 M3MEHEHHUIO yTila BEIXO/a BBRITSHKHOTO KOHIIA,
kotopoe Obuio ampobupoBaHo Ha HUC CTM «ATnanTuaa», 4To MO3BOJIUJIO TPU

YBEJIMYEHHUH yTia BbIxoJa Ha 20° CHU3UTH ycuiue BBIOOPKH Ha 15% (akT BHEApEHHUS
ot 06.12.2023 1., CTM «ATJIAHTUJIA», LIBA).
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