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BBenenue

B nocnennee Bpemst Poccuiickoii @enepanneii 700bIBaeTCs MOPAIKA 5 MIH. T. PhIOBI, IPHUEM
okoJ10 70 % BbUIOBA IPUXOAUTCS HA TPAyJIEpbl KOPMOBOT'O TPAJICHUS.

Tpaysnepsl KOpMOBOT0O TpaJeHUs IO MPOMBICIOBOMY YCTPONCTBY pa3lelisitoT Ha OECCIUIIOBbIE
U C NPUMEHEHHEM CJIUIa, MPU 3TOM MOAABIAIOIIEEe OOJIBLIIMHCTBO, KaK MAJOTOHHAKHBIX, TaK M
KPYITHOTOHHAXHBIX, PA00TaeT UMEHHO CIMIIOBBIM METOJIOM, C YACTHYHBIM WJIM TOJHBIM BTSATUBAaHHEM
MeIlKa Ha nany0y, ¢ IpUMEHEHHEM PhIOOHACOCHBIX YCTAaHOBOK M MPOYHMX CPEICTB WHTCHCU(DUKALIUH
JI0Ba.

Crioco6 BeeHus MPOMBICIA, IPU KOTOPOM Tpasl OTAAETCS MO CIUIY U OYKCHPYETCS C KOPMBI
cyaHa, o0jasaeT TOCTOMHCTBAMH, TAKUMHU KakK: BO3MOKHOCTb MaHEBPHPOBaTh W HABOJUTH Tpasl Ha
MOJABUKHBIE CKOIUICHHS, TIPOCTOTA BEJACHUS MPOMBICIA (PKCIUTyaTalliu) U BO3pOCIasi 6€30MacHOCTb
9KUNaxxa. IMEHHO 3TH BBIILICONUCAHHBIE JOCTOMHCTBA ONPEAETIHIIN €ro IMPOKOEe IPUMEHEHHE.

Ha coBpemeHHBIX Tpayiepax yaoBbl Moryt pocturate 120 — 150 T, neamkoM NOIHATH
KOTOpBIE Ha MPOMBICIOBYIO Tay0y HEBO3MOXKHO. [loBpexk1aeMoCTh yaoBa B TPAJIOBBIX MEIIKaX Ha
ciune npu ux noaseme npesbimaer 30 — 35 %. Ha npakTike oTMedeHo, 4To pu paboTe CIUIOBBIM
METOJIOM MOABEMA TPAJIOBBIX MELIKOB C YIOBOM BO3HHMKAIOT MUKOBBIC HArpy3KH B BBITSDKHOM KOHIIE
IIPOMBICIIOBOM JIEOEIKHU, KOTOPbIE MPUBOJAT K BHICOKOH aBapUHHOCTH U TpaBMaM HKHUIIaKa, IOPbIBaM
OpyJui, TOJIOMKaM MPOMBICIOBBIX MEXaHU3MOB U TIOTEPH KAaueCTBa YJIOBOB 3a CUET MOBPEKIAEMOCTH
IIPOMBICIIOBBIX OOBEKTOB.

Jis pelieHus BBIMIEU3T0KEHHBIX HEJOCTaTKOB Ipelarajluch pasziuyHble TEXHUYECKUE
pelleHus], peajau3alus KOTOpPbIX B OOJBIIMHCTBE CIIy4aeB HOCWJIA WICHHBIM xapakrtep, ObLia
3aTpy/liHEHa B MPUMEHEHWH W HEJOJroBeyHa. Tak, Hampumep, MPUMEHEHHE POJIIaHTOB, MOKPHITHE
CIIUTIOB aHTHU(PUKIMOHHBIMUA CMOJIAMH, TI€HKAMH, TO3BOJSIIOIIMMH CHU3UTH TPEHHE MEIIKOB O
MOBEPXHOCTH CJIUIIA.

Y4uuteiBas CIOXKHOCTh (PU3NYECKOH CYIIHOCTH Ipolecca IBMKEHUS TPAJOBBIX MEIIKOB IO
cmuny, Kapnenko B.II., Top6anom C.C., omuaeim ['"M., ®puamanom A.Jl., Hopmenko B.B.,
Kparensckuit M.B. Obutn mpoBeneHbl HayudHble MCCIEIOBAaHUS HaIlpaBICHHBIE Ha OIpe/eeHHue
Harpy304HOro peKuMa IPOMBICIOBBIX MAalIMH U NPUYUH (HOPMUPOBAHMS MHUKOBBIX Harpys3ok,
ucclieloBaHne KO PHUIIMEHTa TPEHUS MEIIKa U phIObl O TOBEPXHOCTH CIIUIA.

BonpmmHCTBO  pabor mpoBommiioch 0e3  yu€ra CcOYeTaHWS —BIMSIOMUX  (PaKTOPOB,
XapaKTepU3YIOIIUX CYAHO, IMPOMBICIOBYIO MAIMHY, OpYIHE€ pPBHIOOJOBCTBA, YTO HE IO3BOJIMIO
YCTAHOBUTH 3aBUCUMOCTH YCHUJIHSI BEIOOPKH IIPU OJJHOBPEMEHHOM BIMSIHUU TPYIH (PaKTOPOB.

Taxoke uccienoBaTesIIMU OBIJIO YCTAHOBIIEHO, YTO KOA(PQHUIMEHT TPEeHUs He OJHOPOICH B

nponecce ABUIKCHHUA U HU3MCHACTCA IO MCPC BbIGOpKI/I MCIIKa IO CJIUITY B JOCTATOYHO HIMPOKOM
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nmuanasone (ot 0,3 g0 0,6). 3T0 0OCTOSITEIBCTBO HE MO3BOJISET MPOBOIUTH TOUHBIE PACUETHI YCHITHI
BBIOOPKHU TPAJIOBBIX MEUIKOB C YJIOBOM.

Kak cnexyer W3 BBILIEU3I0KEHHOTO, IPOLECC IMOABEMA TPAIOBBIX MELIKOB CIUIIOBBIM
METOJIOM ONHCaThb Ha YpOBHE (PU3WYECKOM 3aJaud HE MPEACTaBISETCS BO3MOXHBIM BBUIY €ro
CIIO)KHOCTH M OOJIBIIOTO KOJUYECTBAa BIUSIONMX (DAaKTOPOB, a MPOBECTH MOPCKHE KOMIUIEKCHbBIE
HCIIBITAHUSA Ha HATYPHBIX IMPOMBICIIOBBIX Cydax KpaﬁHe 3aTPYAHUTCIIbLHO, ITOCKOJIbBKY OXBAaTUTH
SHAYUTCIBHOC KOJIMYCCTBO IPOMBICIOBBIX CXEM U UX CcoYeTaHWM Ha KOHKPETHOM CYAHC HCBO3MOXKHO,
a Ha Trpynme CylIoB KpalHe IOpOTOCTOAIIE. YUUTHIBas JaHHOE OOCTOSATENbCTBO LIEIECO00pa3HO
MIPOBECTHU HMCCIEAOBAaHUA Mpolecca MoabEMa TPAJIOBBIX MEIIKOB 10 CIUIY Ha JIEHCTBYIOIIEM MaKeTe
IMPOMBICJIOBOTO Cy/IHA BBIIIOJIHCHHOI'O B Macuna6e C BO3MOXHOCTBIO UMHUTAlUU PCAJIbHBIX yCJIOBI/Iﬁ
OKCILTyaTalluu TPaJIOBBIX CUCTCM Ha IIPOMBICIIC.

AKTYaJIbHOCTDH T€MbI THCCEPTAIMOHHOIO HCCIeI0BAHUSA

AKTYanbHOCTh TMPEANPUHATHIX HCCIENOBAHUN OMpenenseTcs HEOOXOTUMOCThIO CO3AaHUS
MCTOAOB OLCHKH YCHIIHA BBI60pKI/I TPAJIOBBIX MCIIKOB C YJIOBOM IIO CJIMIIaM pI)I6OJIOBHI>IX CyaoB,
HANpaBJICHHBIX Ha oOecreyeHrne Oe30MacHOCTH BBITOJIHEHHS TPOMBICIOBBIX ONEpAaIfid, CHUKECHUE
SHEpPro3aTpaT MPOMBICIOBBIX KOMIUJIEKCOB, U3HOCA OPYAUil phIOOJIOBCTBA M MPOMBICIOBBIX MAIIHH,
YMEHBIIIEHUE MOTEPU KauecTBa yJIOBa.

Heabio nuccepranMoHHON PadoThl SBISETCS YCTAHOBICHUE 3aKOHOMEPHOCTEH HM3MEHEHUS
yCWJIMS BBIOOPKM TPAJIOBBIX MEIIKOB C YJIOBOM II0 CIMIYy CyJHAa OT COYEeTaHUl (PaKTopos,
XapaKTEePU3YIOUIUX CHUCTEMY CYIHO-TPAJI-IPOMBICIOBAs MalllMHA, JUIsl CO3JaHUs HMHCTPYMEHTOB
MPOTHO3UPOBAHUS TaHHBIX MPOIIECCOB U BHIPAOOTKH PEKOMEHAAIMi 1Mo oOecreueHno 0e30MacHOCTH
IIPOMBICIIOBBIX PadoT.

Jlnst nocTrKeHUs MOCTaBICHHOM 1€/ B paboTe pelaloTes CIeyIoIINe 3a/1a4u:

- pa3paboTKa METOAMKH TPOBEACHHS SKCIEPUMEHTAIBHBIX HCCIEAOBAHUNA HA MaKEeTHO-
M3MEPUTEIIBHOM KOMILIEKCE U HATYPHBIX TPAJIOBBIX CUCTEMAX;

- KOHCTPYHPOBAHUE U U3TOTOBJIEHUE MaKETHO-U3MEPUTEIHHOIO KOMILJIEKCA 10 UCCIIEI0BAHUIO
BIIMSTHUA (1)aKTOpOB XapaKTEPUIYIOIHUX CHCTEMY CYAHO-TPAJI-IIPOMBICIIOBAA MalllMHAa Ha BCIWMYHUHY
yCUITUSI BBIOOPKH TPATOBBIX MEIIKOB CIUTIOBBIM METOJIOM;

- TMPOBEACHUE SKCIEPUMEHTAIBHBIX MCCIECJOBAaHMNH Ha MAKETHBIX M HATYPHBIX TPaJOBBIX
CHUCTEMAaX B COOTBETCTBHUHU C paBpa6OTaHHBIMI/I METOJHUKAMU,

- TPOBEACHHUE MaTeMaTHYeCKONM o0oO0pabOTKM JaHHBIX, TIOJYYCHHBIX B pe3yabTaTe
AKCIIEPUMEHTATBHBIX padoT;

- MOJIy4€HHE 3aBHCHMOCTEH BEITUYHMHBI YCWIHS BBIOOPKU TPAJOBBIX MEIIKOB OT BIUSIOIINX

(hakTOpOB, XapaKTEPU3YIOIINX CUCTEMY CYAHO-TPaI-NIPOMBICIOBAs MaIINHAa,
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- IPOBEJECHUE IPOBEPKU aJEKBATHOCTH IIOJYYEHHOH 3aBHCHMOCTU BEJIMYMHBl YCUIIMS
BBIOOPKH MEIIKOB C YJIOBOM I10 CITUIIAM ITPOMBICIIOBBIX.

Hay4ynasi HoBu3Ha padoThl

BriepBble ycTaHOBJIEHBI 3aBUCHUMOCTH YCHUJIMSI BBIOOPKM TPAJIOBBIX MELIKOB C YJIOBOM IIO
CIIMIIaM  TPOMBICIOBBIX CyJIOB C IPUMEHEHHEM HMMTALMOHHOIO MeToJa OT (haKToOpoB
XapaKTepU3YIOIUX CHCTEMY CYAHO-TPaJ-TIPOMBICIIOBAs MAIIMHA, KOTOpBIE MO3BOJSIOT BHIOMPATH
COYeTaHUs] 3HAYeHUU (PaKTOPOB OOECreUnBAOIUX OE30MAaCHOCTh BBIMOJHEHHUS POMBICIOBBIX
ornepauui, paboTOCIIOCOOHOCTh ITPOMBICIOBBIX MAIIMH M OPYIUH pbhIOOJIOBCTBA 3a CUET CHUIKCHMS
Harpy3ok, B TOM YHCJI€ U TUKOBBIX.

[Ipenyios)keH MeETOJl OLEHKH YCWIIMS BBIOOPKM TPAJOBBIX MEIIKOB C YJOBOM Ha Hanyly
IIPOMBICJIOBOTO CyIHA.

B nauccepranuu nosy4yeHsl ciae1yrolue HayuyHble Pe3yJIbTaThl:

- JMHaAMOIpaMMbl M3MEHEHHUS YCUJIMs BBIOOPKH TPallOBOIO MeEHIKa C YJIOBOM CIHMIIOBBIM
METOZOM TMPH PA3JIUYHOM COYETaHUH (DAKTOPOB XapPAKTEPU3YIOIIUX CHCTEMY CYAHO-Tpa-
IIPOMBICIIOBAs MAIlIMHA;

- rpauYecKre U aHATMTUYECKHE 3aBUCHUMOCTH YCUJIMSI BBIOOPKH TPAJIOBBIX MEIIKOB C YJIOBOM
IPU BapbUPOBAHUU (HAKTOPOB XAPAKTEPUIYIOIIUX CUCTEMY CYAHO-TPAJI-IIPOMBICIOBAs MallMHA
((popMBI IOBEPXHOCTH CIMIIOBOIO HACTWJIA, YIJIa HAKJIOHA CIUIA, yIila BbIXOAA BBHITSDKHOTO KOHIA,
HAIOJIHEHUS MEIIKa, CKOPOCTH BBIOOPKHU U IUIOIIAIU COPUKOCHOBEHHUS MEIIKA U CIIUIA);

- MpOBE/AEHA OLEHKAa 3HAUYUMOCTH BIIMSHUS HCCIEIyeMbIX (DAKTOpPOB Ha ycHJIHME BbIOOPKU
TPAJIOBBIX MEIIKOB C YJIOBOM IO CJIUIIAM CYZIOB;

- CO3/IaH aJITOPUTM pacyéTa yCUIIUS BHIOOPKU TPAJIOBBIX MEIIKOB IO CIUIY Ha MIPOMBICIOBBIX
CyAax.

- TOJATBEP)KJE€HA BO3MOXXHOCTb NPUMEHEHHMS MMHUTALMOHHOTO METOJA Ul OLEHKH YCWINN
BO3HHUKAIOIINX BO BPEMs BBIOOPKHU TPAJIOBBIX MEIIKOB IO CIUITY /Il HATYPHBIX TPAJIIOBBIX CUCTEM.

LlenHocTh HAY4YHOI PaGoTHI

BrimonnenHast paboTta mo3BoJisieT:

- ONpEAeNUTh YMCICHHBIE 3HAYEHUS YCWINS BBIOOPKM IO MOJYYEHHBIM 3aBHCHUMOCTSM, a
TaKXe COMOCTAaBUTh MX C TATOBBIM YCHIJIMEM MPOMBICIOBBIX MAIIMH 3KCILTyaTHPYEMbIX PbIOOTOBHBIX
CYJIOB, YTO TO3BOJHUT MOBBICUTH MX CPOK CIYXObl M O€30MaCHOCTh OOCITYXUBAaHUS NPU BEIECHUU
MIPOMBICIIA;

- Ha CTaJuM NPOEKTHUPOBAHUS IIPOMBICIIOBOM CXEMBI C TOMOULIBIO MOJTYUYEHHBIX 3aBUCUMOCTEN
MIPOBOJIUTH MPEIBAPUTEIBHYIO TPOPAOOTKY MPOMBICIOBOTO KOMILIEKCA TPajIOBOTO JIOBA;

- BpIpabOTaTh PEKOMEHJAIMU MO CHMKEHUIO YCWINS BBIOOPKM TPAJOBBIX MEIIKOB 3a CUET

coucTaHus q)aKTOpOB, O6GCHG‘II/IB3IOHII/IX MHUHUMH3AOUI0 YCUIIHA BLI60pKH TpaJIOBBIX MCECIIKOB C
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YIIOBOM CIIMIIOBBIM METO/OM Ha HKCIUTYaTHPYEMBIX PBHIOOJIOBHBIX CYy/Aax C yYETOM pEalbHbIX YCIOBUN
JKCIUTyaTalUu.

Teopernueckasi 1 NpaKTHYeCKasi 3HAYUMOCTb padoThI

Teopetnueckas 3HaYMMOCTh. BbimonHeHHass pabora sBisercs 0a30BbIM BapUaHTOM IpU
MPOBEJCHUU TMPOEKTHBIX paboOT Ui HOBBIX CYJIOB C Ienbio oOecrieueHus Oe30MacHOCTU
MIPOMBICIIOBBIX OIEPALUil M CHHKEHHS aBapUMHOCTU MPOBEACHUS PadOT C TPaJIOBBIM KOMIUIEKCOM, 3a
cuéT BBIOOpPa COYETAaHHUS BIUAIOUMX (HAKTOPOB XApaKTEPHU3YIOUIMX CHUCTEMY CYAHO-Tpall-
MIPOMBICIIOBAs MAIlIMHA, MO3BOJISIOLINX CHU3UTh YCUIIHS BBIOOPKH.

[TpakTrueckas IEHHOCTh PaOOThI COCTOMT B BO3MOXXHOCTH MCIIOJIb30BAHUS TOJYYCHHBIX B
JUCCEepTallMi PE3yIbTaTOB JJIsl OLEHKH YMCIEHHBIX 3HAYEHUH YCWIIMSI BBIOOPKU TPaOBBIX MELIKOB
IIPU PA3JIMYHBIX COYETAHUSIX MapaMEeTPOB HATYPHOH CUCTEMBI CYAHO-TPAJI-TIPOMBICIOBAs MAIlIUHA C
1enbl0 o0ecreueHus 0e30MacHOCTH MPOBEICHUS MPOMBICIOBBIX PabOT M COMOCTaBJICHUS YCHIIUS C
BO3MOXXHOCTSIMU TIPOMBICJIOBBIX MAIlIMH, YTO TIO3BOJIUT MOBBICHUTh HUX pPabOTOCMOCOOHOCTh U
0e30macHOCTh 00CITY)KUBaHUS TP BEJCHUH TIPOMBICIIA.

CooTBeTcTBHE JUCCEPTALIMH NACTIOPTY HAYYHOM CHIENHATbHOCTH

Marepuansl auccepranvoHHoi pabotsl CkypatoBa H.A. Ha Temy «OKcnepuMeHTalIbHOE
OTpesieNiecHuEe 3aBUCUMOCTU YCHIIMS BBIOOPKH TPajOBBIX MELIKOB C YJIOBOM IO CIUIY CyAHa OT
XapaKTePUCTUK CHUCTEMBI CYIHO-TPaJI-IPOMBICIIOBAs MAIMHA» COOTBETCTBYIOT NAcCHOPTy Hay4dHOU
cnenuanbHoCTH  4.2.6. PpiOHOE XO35HCTBO, aKBaKyJdbTypa U MPOMBIILIIEHHOE PBHIOOIOBCTBO
(Texuuyeckue Hayku): 1. 8. Pa3paboTka opyauil MPOMBIIUIEHHOTO pBIOOJIOBCTBA, CPEICTB
MEXaHMU3aI1H1, METOIUKH UX UCIIOJIb30BAHHUS.

Metoaos10rusi 1 MeTOAbI MCCIEI0BAHUSA

Jlis nocTrkKeHs MOCTaBICHHOM 1€/ TPUMEHSIIUCH:

- METOJbl TPOBENEHUS HCCIECJOBAaHUM Ha DKCIEPUMEHTAJIbHOW YCTAaHOBKE W HAaTypHOHN
TPaJOBOU CHCTEME;

- OKCHEpPUMEHTaJbHbIE MHCCIENIOBAaHUS IO  OMNpPENEICHHIO  yCHJIMA  BBIOOpDKM  Ha
SKCIEPUMEHTAIBHON YCTAHOBKE M HATYPHOU TPAJIOBOM CUCTEME;

- COBPEMEHHBIE CUCTEMBI U METO/Ibl MaTEMAaTUYECKOI 00paOOTKHU TaHHBIX.

ITos10xeHNs1, BBIHOCHMBbIE HA 3AILMTY:

- DKCIIEpUMEHTaJIbHasl YCTAaHOBKA IO UCCIIEI0BAHUIO Tpolecca MoIbEMa TPAIOBBIX MEIIKOB C
YIIOBOM CITUIIOBBIM METO/IOM;

- METOJIMKa 3KCIEPUMEHTAIIBHOTO OINPEAEIEHUS YCHWIHS B BBITS)KHOM KOHILE IPOMBICIOBOM
ne0&AKN TpH BHIOOPKE TPAJIOBBIX MEIIKOB IO CIHMIY C Y4€TOM (PaKTOPOB, XapaKTEPH3YIOLIUX

CUCTEMY CYJTHO-TpaJI-IIPOMBICIIOBAsI MAILIMHA;
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- 3aBUCHUMOCTH YCHUJIMS BBIOODKM TpaJOBBIX MEIIKOB C YJIOBOM OT (haKTOpOB
XapaKTEepU3YIOIIHUX CUCTEMY CYJHO-TPAJI-IIPOMBICIOBAsI MallIMHAa.

- aJITOPUTM pacuéra yCHJINS BEIOOPKH TPAJOBBIX MEIIKOB I10 CIUIY Ha MPOMBICIOBBIX CY/aX C
Y4ETOM peaJIbHbIX YCIOBUM HKCILUTyaTallUH.

CreneHb 10CTOBEPHOCTH Pe3yJbTATOB U aNPodaAus padoThbl

JloCTOBEpPHOCTh MPOBENEHHBIX MCCIEAOBAaHUN [0 OIPENEICHUIO 3aBUCUMOCTH YCHIIHS
BBIOOPKH TPAJOBBIX MEHIKOB C YJIOBOM IO CJHITY CYy[HA OT XapaKTEPHCTUK CHCTEMBbI CYIHO-Tpa-
IIPOMBICIIOBAs] MAIllMHA, IIOATBEPKIAETCS MOTYYCHHBIMU 3aBUCUMOCTSIMH, OIMCBHIBAOIIMMHU ITPOLIECC
BO3HUKHOBEHUS U U3MEHEHUS YCUJIMS BO BPeMsl BBIOOPKH TPAJIOBBIX MELIKOB C YJIOBOM IO CIIMIIAM
MIPOMBICIIOBBIX CYZOB C BBICOKOW TOYHOCTBIO pacyera, KOTOpbhIe ampoOMpOBaHBI B YCIOBHSIX
IIPOMBICTIA.

OcHOBHBIE DE3yNbTaThl MU IOJIOXKEHHUS JUCCEPTAlUU JOKJIAJbIBAIMCh Ha PACIIMPEHHBIX
3acemaHusaX Kadeapbl MPOMBIINUIEHHOTO pPbIOOTOBCTBA, mpeactaBmsiuch Ha VIII u XI
Mexaynaponnom bantuiickom MopckoM dopyme, «Mopckas TEXHUKA M TEXHOJIOTHH. be3omacHocTh
MOpckoi uaayctpumny, T. Kanuaunrpazn, 2020 u 2024 r. (ouno); X HaunonansHO# (BCEpOCCUICKOMN)
Hay4YHO-TIpaKkTHUecKoi KoHpepeHunu «lIpuponHbie pecypchbl, UX COBPEMEHHOE COCTOSIHME, OXpaHa,
IIPOMBICIIOBOE M TEXHHUYECKOE MCIoJIb30BaHue». I. IlerponasnoBck-Kamuarckuii, 2019 r. (3a04Ho),
nyOimkoBanuch B HaydHbIX JkypHanmax «M3sectust KI'TY» NeS4 m Ne57 B 2019 m 2020 ronmy
COOTBETCTBEHHO, B «Mopckue MHTe/uIeKTyanbHble TexHonorum» 2022 r. Ne 4 gacts 1, B «Hayunbie
Tpyab! Janepsiorysa» 2024 1. T. 69, Ne 3. u B «Bonpocs! peidonosctBa» 2025 r T. 26, Ne 4.

Hcnonb3oBanue pe3yJbTaToB padoThl

Pe3ynbrarhl BBINOJHEHHBIX UCCIIEIOBAHNUN HAUYT IPUMEHEHHE:

- NP TPOBEJCHUM MPOEKTHBIX PabOT ISl HOBBIX CYAOB C LENbI0 OLIEHKHM MOIIHOCTHBIX
apaMeTpoB MPOMBICIOBBIX MEXaHH3MOB, BHIOOpa ONTHMAIBHOTO COYETAHUS BIUSIOMINX (PaKTOPOB,
MO3BOJISIOIINX CHU3UTh YCHIINS BEIOOPKH, B TOM YMCJIE€ U MUKOBBIE, A TAK)KE BRIPAOOTKE TEXHUUYECKUX
MPEIJIOKEHUH 110 COBEPIIIEHCTBOBAHUIO CXEM JKCILTYaTHPYEMBIX PHIOOTIPOMBICIIOBBIX CY/IOB,;

- B yueOHOM MpoIecCce MPH BHITOJHEHUH JTaOOPATOPHBIX U MPAKTUYECKUX pabOT CTyAEHTaMu
¥ MarucTpaMu IO HampaBJIEHUIO MOJAroTOBKH «IIpoMbllIeHHOE PBHIOOIOBCTBOY» (aKT BHEIPEHHUS OT
09.09.2025 1., PI'BOY BO «KI'TY»).

PekoMenpanuu JaHHBIE MO pe3ynbTrataM paboTel Obutm npumeHeHsl Ha HUC CTM
«ATHaHTHIa» W TO3BOJWIM CHU3UTh YCWIME BBIOOPDKM TpajoBOrO MeIIKa 3a cuéT BbIOOpa
ONTUMANILHOTO coueTaHus ¢akTopoB. (akT BHeApeHus ot 06.12.2023 r., CTM «ATJIAHTULA»,
I[IBA).
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yonuxamun

[To Teme muccepranuu omyoaukoBaHo 11 medaTHbIX paboT, B TOM YHCIe 5 — B MU3JaHUSIX U3
nepeuHsi Poccuiickux peneH3upyeMbix HaydHbIX kypHaioB BAK MunoOpnayku Poccun u 1 — B
nepeune Web of Science, mosrydeH naTteHT Ha H300peTeHNE.

JIuyHBbIN BKJIaJ aBTOPA

B 2019 — 2026 rr. aBTOpOM Cc(HOpMYTUPOBAHBI LIEIH M 3a7aydl MCCIEAOBaHMs, pazpaboTaHa
METOAMKA MPOBEJCHUS MHOTO(AKTOPHBIX UCTIBITAHUN, CKOHCTPYUPOBAH M U3TOTOBIICH JCHCTBYIOIIMNA
MakeT »HKCIHEPUMEHTAJIbHON YCTAHOBKH, BBIIIOJHEHA CEpUsl HSKCIHEPUMEHTAJbHBIX paboT Ha
BBICOKOTOYHOM U COBPEMEHHOM O0OpYAOBaHMM, 00pabOTaHbl M MPOAHAIM3UPOBAHBI IOJyYCHHbIE
SKCIIEPUMEHTAJIbHBIE JaHHbIE, IIOATOTOBJIEHBl HAy4yHblE MAaTEpUaibl Uil HAyYHO-TEXHUYECKUX
KOH(epeHIHiA ¥ MyOIMKaIMK B HAYYHBIX JKypHaJIaX.

O0bém u cTpyKTypa padoTsl

Juccepranusi COCTOMT U3 BBEJECHHUS, ISATH IJIaB, 3aKJIIOYEHUS U LIECTU NpuiIokeHui. O6muit
00BéM — 224 crpanunsl (¢ y4€TOM MPWIOKEHHI), B TOM 4wcie 63 pucynka, 61 Ttabnwmia.
bubmmorpaduyeckuii cnucok UTepaTypsl COCTOUT U3 89 HaMMEHOBAHHIA.

B npunoxenun A npuBOIUTCS 3CKU3HAS JOKYMEHTALMsl HAa SKCIEPUMEHTAIBbHYIO YCTAaHOBKY
JUI MOJIETUPOBAHMSI ITpoLiecca BBIOOPKHU TPAIOBBIX MEIIKOB O CIIHUII.

B npunoxenun b npuBomsATCs pe3ysbTaThl A3KCHEPHUMEHTANbHBIX HMCCIEAOBAHUNA Ha
MOJIETIbHOW YCTaHOBKE Ha MIEPBOM 3Tarie padoT.

B nmpunoxennn B mnpuBoasgTCs pe3ynabTaThl  3KCIIEPUMEHTAIBHBIX HMCCIEJOBAHUM Ha
MO/JIEJIbHOM yCTaHOBKE Ha BTOPOM 3Tare pador.

B npunoxenun I mnpuBomasaTcs pe3ysibTaThl 3KCHEPUMEHTANbHBIX HCCIEJOBAHUM Ha
MOJIETIbHOW YCTaHOBKE Ha TPEThEM 3Tare paldoT.

B npunoxennn [l npuBonstcs pe3ynbTarsl 3amMepoB Ha CTM «ATnaHtuay.

B mnpunoxenun E mnpuBoasATCS akThl NPOBENCHUS HAYyYHO-HUCCIENAOBATENBLCKUX pPaboT u
BHEJPEHHUS PE3YJIbTAaTOB HCCIIET0BAHUS.

B npunoxxenun X npencrasien nateHT Ha uzoopetenue Ne 2868074 RU, MIIK B63B 35/16
(2006.01).

buaarogapuocru

ABTOp BBIpaXaeT IIYOOKYI0 OJIaroJJapHOCTh M HCKPEHHIOI IMPHU3HATEIbHOCTh HAYYHOMY
PYKOBOJMUTENO K.T.H., JOLEHTY Kadeapsl npombliiuieHHoro peidonoBctBa ®I'BOY BO «KI'TY»
CykoHHOBY AHaTonuio BragumupoBudy 3a HEOLIEHMMYIO IOMOLIb M NOAJEPKKY Ha BCEX dTamax
MOJITOTOBKH JICCEPTAIMOHHON PaOOTHI.

bonbmas GmaronapHocTh K.T.H., JOLEHTY, 3aBedyloleMy KadeIpbl NPOMBIIUIEHHOTO

pridonoBcTBa Hepoctymy A.A., AoueHTy Kadeapbl MPOMBIIIIEHHOTO pbiOosoBcTBa CYKOHHOBOM
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T.E., x.T.H., goueHTY Kadeapsl TpoMbIIUIeHHOTO pbioosioBcTBa [lonoy C.B. u n.1.H., mpodeccopy
kKadenpsl BOJHBIX OHOpPECYpCOB M aKBakyJIbTypbl ApxunoBy A.I. 3a momomis B MOATOTOBKE
JUCCepTallii Ha pa3MuHBIX €€ JTanax, 3a MOpoecCHOHAIBHBIE COBETHI W KOHCYJIBTAIIWU.
bnaronmapHocth 1.1.H., mpodeccopy kadenpbl TexHOCHEpHOI 0€30MACHOCTH B MPUPOI000YCTPOKCTBA
HaymoBy B.A. 3a momorip B 4acTH MaTeMaTHYeCKOW OOpabOTKH 3KCIIEPHUMEHTAIBHBIX JaHHBIX H

[IEHHBIE 3aMEYaHUs 10 AUCCEPTAIIMOHHON padoTe.
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I'maBa 1 O630p MPOMBICIOBBIX CXEM, YCTPOMCTB, METO/IOB, CIIOCOOOB BBUTUBKH

YJIOBA CYZI0OB KOPMOBOI'O TPAJICHUS

Jns BepeHWs TpPajgoBOro MPOMBICIIA IMPUMEHSIOTCS pPa3jIMUHbBIE KJIAcChl CYJIOB HauuHas OT
MaJOMEpPHBIX CYA0B J0 OOJBIIMX aBTOHOMHBIX TpayjepoB. Bce Tpaynepbsl KOpMOBOTO TpajeHUs IS
BEJICHUs IPOMBICIIA HMMEIOT IPOMBICIOBBIE CXEMBI, ITO3BOJSIOIIME OCYIIECTBIIATh MEXaHU3ALMIO
IIPOMBICIIOBBIX OIIEPALIMMI C OPYIUEM JIOBA.
[IpoMbiciioBasi cxemMa — COBOKYIHOCTb IPOMBICIOBBIX MEXaHHU3MOB 00ecleynBaIONINX
MEXaHU3aI1I0 TPOMBICIOBBIX ONEPALNA B COOTBETCTBUM C TEXHUKON U TAKTUKOU JIOBA.
K mpoMmsICIOBBIM OmepanysM TPajaoBOro JOBA OTHOCATCS CIEAYIOIIME: CIIYCK M ITOCTaHOBKA
Tpajla, OTAaya M MNpUEM TPAJIOBBIX JOCOK, TpaBIEHHE U BbIOOpKa Kaleiell M BaepoB, MOABEM
TPaJOBOr0 MEIlIKa, BbUIMBKA yJIOBA.
[IpombIcIOBBIE CXEMBI TPaAJOBOrO JIOBA B 3aBUCUMOCTH OT IIPOMBICIOBOIO KOMIUIEKCA
TpayJiepa AeJAT I10:
1) KOHCTPYKIIMH KOPMOBOI OKOHEYHOCTH CYJIHA — CIIHMIIOBBIC, TIOYCIHUIIOBBIC, OSCCIUIIOBBIC,
2) crmocoby mpuéMa ¥ OTAa4d TPAIOBBIX JOCOK — C IMOJHBIM OTCOCTHHEHHEM
(mpucoenquHeHWMEM) OT JIMHUU  Baep-Kabelb, C  YaCTUYHBIM  OTCOCIUMHEHHEM
(mpucoenuHEHUEM);

3) cmocoOy BHIOOPKHM KaHATHO-CETHOM YacTH Tpaja — C TOJIHOW BBIOOPKOW, ¢ YaCTUYHOMN
BBIOOPKOIf;

4) crnocoby moabéMa KyTKa Tpaja C YJIOBOM Ha many0y CyqHa — C TOJIHBIM TOJABEMOM, C
MOPLUUOHHBIM OABEMOM, 0€3 nogbEéMa Ha nanyoy;

5) cnoco0Oy BBUIMBKH yJOBa W3 KyTKa — C IOPIMOHHOW BBUIMBKOHM, C HEMPEPBIBHOM
BBUJIMBKOM.

J{71s1 BBINOJIHEHUS IIPOMBICIIOBBIX ONEPAlMi Ha Cy1aX KOPMOBOI'O TPAJIICHUS ITPUMEHSIOTCS TPU
TUTIOBBIE TIPOMBICIIOBBIX CXEMBI: C TPaJOBOM, C BAaepHBIMU M C KOMOWHHMPOBAHHOMW JI€OETKAMH.
JlanpHeWIre MONbITKY MOBBIIICHUS! YPOBHS MEXAHU3AIMU MPUBEIU K MOABICHUIO CXEM, UMEIOLIUX
Pa3IMYHBIN KOMIUIEKC ITPOMBICIIOBBIX MEXaHU3MOB.

B 3aBucumocTu ot crnocoba moapéMa ynoBa Ha manyOy CyAHA MPOMBICIOBBIE CXEMBI JETSTCS

Ha CXEMBI C MTOJIHBIM U YaCTUYHBIM MOJHIATHEM Tpajia U yJIoBa Mo ciuiy (pucyHok 1.1).
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Pucynoxk 1.1 — Knaccudukanus no cnoco6am noabEma yinoBa Ha naixyOy CyAHa U IPOMBICIOBBIX
CXEM Il TpayJIEpOB KOPMOBOI'O TPAJICHUS

Kak BumHO u3 mnpuBeAEHHOW KiIacCH(PHUKAIMH Ha TPOMBICIOBBIX CyJax

IpUMeHsieTca OO0JIbIIOE Pa3HOOOpa3He MPOMBICIOBBIX CXEM, CO3JAaHHBIX Ha 0ase

TpaJIOBOI'0 JIOBa

TUIOBBIX. [lanee

MpoBeAEM KpaTKHUI aHAJIU3 BHIIIIEYKa3aHHBIX CIIOCOOOB MOAbEMA TPATOBBIX MEIIIKOB Ha MAIy0y CyaHa

n HOCJICI[YIOIHeﬁ BBUJIMBKH YJIOBA.

1.1 Ilpomvicnogvle ycmpoiicmea ¢ NOJHbIM 8bIMACUBAHUEM (HOOBEMOM) MPANA HA CYOHO

BoITAruBanue no ciumy M pacTsHKKY Tpajla Ha najgy0e OCYIIECTBISIOT Ha CyAaxX C JJIUHHOU

MIPOMBICTIOBOM TUIOIIAIKOM, HAMpUMep, Ha MISNbTEPACUYHBIX Tpayniepax, mimHou Oonee 50 — 60 M,

00paboTKa yJ0Ba Ha KOTOPBIX MMPOUCXOAUT B MEXKYNaTyOHOM MPOCTpaHCTBE [5].

N3-3a HEOZOCTAaTOYHOM JJIMHBI KOpMOBOfI HpOMBICJIOBOﬁ IIomaakKu HJIn XKE C ICJIbIO

MOBBINICHHUST yI0OCTBA W MHTCHCU(UKAIIMKU JIOBA, YacTh Tpaja, BTATHBAEMOTO TaKXke Mo ciuiy (y

BBICOKOOOPTHBIX CYZIOB) WJIM 10 TIOJYCIIHITY, HAMATBIBAIOT HA ceTeBOi OapabaH, ycTaHaBIMBaEMbIi Ha

nany0e B cpeaHell yactu cynoB. IIpu KOpOTKOH MPOMBICIOBON IIIONIA/IKE MOABEM BCEro Tpaja Ha

CYIHO OCYIIECTBISIETCS B BEPTUKATBLHOW (WM ONMM3KOH K BEPTUKAIBHOW) IUIOCKOCTH (Takoe

pacIoyioKeHNe MEXaHU3MOB PaclpOCTPaHEHO Ha MANbIX M CPEIHUX 3apyO0eXKHBIX Tpaysiepax) 3a CUET

noabéMa Ha 6apabaH, pa3MelIEHHBIM Ha BBICOKOM MopTane. Takas cxeMa MPOMBICIIOBOTO yCTPOKUCTBA

UCIOJIb3YEeTCsl OOBIYHO HA MambIX cynax HON 10 30 — 40 M ¢ mPOMBICTIOBOM TIOIIAIKOMN JITMHHOM

6—-8m.
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[TpOoMBICTIOBBI KOMITJIEKC JUIS CXEMBl C TMOJHBIM BTATMBAHUEM Tpaja MO CIUNY U
MOCTIeTYIONIEH PAaCTHKKON ero Ha majny0e JOCTaTOYHO PACHpPOCTPAHEH M IO Ced JIeHb, M BKIIOYAET B
ce0st TAaKOW OCHOBHOM 3JIEMEHT, KaK TPaJIOBYIO HJIM MHOTOOapabaHHyIo TeOEIKY.

[IpombiciioBasi cxema, BKJOUaromas B ce0s TpajaoByr JuOO0 MHOrobapabaHHyO IeOENKY
BBINIOJTHEHA Ha OOJBIIMHCTBE OTEYECTBEHHBIX TpayiepoB, Takux kak BMPT tuma «JleckoBy,
«[Tymkuny, «MaskoBckuit», «[Inonep JlarBun», «I'pymanty, «PemOpanar», PTM tuna «Tponuk» u
«ATIIaHTHK», Ha KOHCEpBHBIX Tpayiepax tuna «Haramnesa KoBmosa», Ha cpenHUX Tpaylepax TUIa
«KenesnsikoB» u «lIpodeccop Maptu», Ha celiHepax-Tpaynepax tuma Anbrmauct, MPTK Tuna
«bantuka.

Bo Bcex pa3sHOBHIHOCTAX IIPOMBICIOBOTO YCTPOMCTBA MCHOJNB3YIOTCS CIMI, JyTH-
KPOHIITEHHBI JUIsI TPAJIOBBIX JOCOK, KOPMOBAsi MPOMBICIIOBAs IUIONIA/IKA, MPOMBICIOBBIN MEXaHU3M
(arperaTUpoBaHHBI), TPY30BbIE CPEACTBA JUIS BBUIMBKU yiaoBa. PaboTa ¢ Tpamom ocCyIiecTBIsSETCs
cienyomuM obpazom. [lpu moaxoae TpanoBbIX TOCOK K KPOHIITEHHAM (JIyraM), UX OTKIIOYArOT (WU
VACP)KUBAIOT HA BACPHBIX JICOENKAX), 3aTEM IMEPEBOIAT Baephl (KaOeln) Ha CIUI W BBIOMPAIOT UX
BIUIOTH JI0 MOAXOJa KISTYEBOK K TPajOBOM (WM BBITSKHOM) Je0€nke. Ecnu yacte Tpana ocraércs B
BOJIE, TO MPOM3BOAAT OCTPONKY Tpaja B pailoHE CIUMOBOM KaHaBkU. Jlamee rpy30moabEMHBIMU
CpeICTBaMH MOJHUMAIOT U BBUIMBAIOT YJIOB B OOPTOBBIC PHIOHBIC SIIMKU WM MONATYyOHbIE OYHKEPHI.
[TonHoe BTSITMBaHUE Tpajia UCKIIOUYAET BO3MOXKHOCTH JCJICHUs yioBa [2].

JlaHHBII TPOMBICTIOBBIM KOMIUIEKC 1O CHX IOpP JOCTaTOYHO IHPOKO MPUMEHSIEM, HUMEET
OTJINYUTENbHBIE YEPTHI B 3aBUCUMOCTH OT:

- croco0a BKITIOYEHHS U OTKITFOYEHHS TPAIOBBIX JOCOK, HATUYHSI THOO OTCYTCTBUSI OTAETBHBIX
TPaAJOBBIX JEOENOK, TIEPEBO/Ia BaepoB (Kabeeil) Ha CIIUI MPHU MOobEME Tpaia U HaJTUYHS 3aBOJIKH UX
B MOJIBECHBIE OJIOKHU TIPH CITYCKE;

- MepexBaToOB Tpaja MpPU BTATUBAHUU (3aBUCAIIMX HEMOCPEACTBEHHO OT pPa3MEpoB Tpaja U
IIPOMBICIIOBOM NaTyOBl);

- TUMa YCTaHABIMBAeMBIX JIeOENOK (OAHOU TpanoBoW JebEnku (pucyHok 1.2) nubo xe
HECKOJIBKUX pa3ieibHbIX (pucyHok 1.3) — BaepHbIX, MHOro0apaOaHHBIX, OJIHOOIMEPAIIMOHHBIX-
BBITSDKHBIX U JIp.);

- KOJIMYCCTBA UCITIOJIB3YCMbIX TpaJlOB (O,Z[HOI‘O HJIN IBYX HOHepeMCHHO).

1.1.1 TlpomsbIciioBBIE YCTpPOMCTBAa C TOJHBIM BTATMBaHHEM (IOJBEMOM) Tpajia Ha CYIHO

MHOr00apabaHHOH U TpaloBOM 1e6EMKaMuU ¢ TIOCIESIYIONICH PaCTSKKON ero Ha manyoe

[IpompbiciOBOE yCTpOWCTBAa C TIONHBIM BTSATUBaHUEM (MOABEMOM) Tpajda Ha CYAHO

MHOro06apabaHHOW M TpanoBoi JeO&aKamMM C TOCIEAYIOIIeH pacTsKKOM ero Ha manyOe siBiseTcs
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nepBoi B CBOEM Kiacce, MOATOMY JOCTOMHCTBA OTHOCUTENIBHO JPYTUX paHee UCHOJIb3YEMBIX CXEM

BBIACJIIMTD 3aTPYAHUTCIILHO.
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Pucynok 1.2 — Cxema mpoMBICIIOBOTO YCTPOMCTBA It KOPMOBOT'O TPAJICHUS C arperaTHPOBAHHOM
TpanioBoi j1e6énkoit Ha BMPT Tuna Jleckos:

1 — KOpOTKHE OTTSKKH; 2 — [MOAbEMHBIE KOHLIbI; 3 — HAIIPABJIAIOIINE POIUKH; 4 — CETHBIE TPIOMBL; 5 —
CTOIIOPHBIE OTTSIKKU, 6 — KOPMOBBIE CTPEIbl; 7 — POJIMKH JUIsl TpOMepa BaepoB; 8§ — OOpTOBbIE
BCIIOMOTaTeJIbHbIE OTTSKKH; 9 — BBITSDKHBIE KOHIIBI; 10 — 3amacHble TpajloBble pacrnopHble 1ocku; 11
— CTOTOPBI KJITYOBOUHBIX 000MHIIOB; 12 — ceTeBast MacTepckas;

13 — tpanoBas nebenka; 14 — nenHbIE CTOMOPHI TPAJIOBBIX JOCOK; 15 — MoIBECHBIE BaepHBIE OJIOKH
(ponukn); 16 — TpaHueBslit nopTai; 17 — moxBecHoO! KaHU(ac-06J0K CO CITyCKOBBIM TpocoM; 18 — ciun

Ho MoXHO BbLAETUTH ClleAyIolue TOCTONHCTBA!

- BO3MOHOCTb TIOJTHATHUS OOJBIINX YJIOBOB Ha Many0y CyaHa;

- CIOCOOHOCTh HABOAMTH TPaJl Ha CKOIUIEHHUE, YTO YBEIUYMBAET OTECHIIMAIbHbIE YIIOBBI;

- OTHOCHUTEJIbHAs IPOCTOTA NPOEKTUPOBAHHUSA, NEPECTPOUKH CTapbIX M IMOCTPOMKH HOBBIX

CyaoOB C JaHHBIM ITPOMBICJIOBBIM YCTpOI\/JICTBOM.

JlanHast mpoMbICIIOBasi cxema 00a1aeT PsIoM XapaKTEPHBIX HEAOCTATKOB:

1. Beicokasi CcTemeHb TPaBMOOMACHOCTH M PHUCKA JJII MaTPOCOB HAXOMSIIUXCA B TATyOHOU
KOMaHzie 00ycCJOBJieHAa HE TOJbKO HAaXOXKIEHUEM HX BOJIM3M OJIOKOB, KaHATOB U TPOCOB,
HAaXOJAIIMXCA IOJ HATSHKEHHUEM, U BO3MOXKHOCTBIO HMX IIOJIOMKM M IOpBIBA, HO U CaMHUM
MOPSIKOM TIPOBECHUS IPOMBICIOBBIX OTEpalnii BO BpeMs BEIOOPKH, KOTJa TIPH MEPECTPOTIKE
HEOOXOMMO 3aBOJUTH CTPOI B pallOHE CIWIMOBOW KaHABKH, MOJOOHOE JCHCTBUE TOBBIIIACT
IIaHCHI MOPSIKOB OKa3aThCs 32 OOPTOM CyJIHA.

2. TIOBBINIEHHBIM HW3HOCOM MEXAaHU3MOB, OJIOKOB W HAIPABISIOMIUX W TPYOHOCTBIO WX

O6CJ'Iy>KI/IBaHI/I${, PEMOHTA U 3aMCHBI.
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3. TloBbIIEHHBIM BpeMEHEM, HEOOXOAMMBIM Ha BBIOOPKY Tpaja, MOBBIIIEHHE KOTOPOTO
OCYILIECTBIISIETCS 3a CUET HAINYUS IIEPECTPONIKUA BO BPEMSI BHIOOPKHU.
4. Hu3kuM KauecTBOM JT0OOBIBAEMBIX THAPOOMOHTOB 3a CUET MOAHSITHS YIOBOB 110 CIUILY.
5. bBonbiias npombIciioBas riionaka.

[IpoMbICTIOBOMY YCTPOWCTBY C TMOJHBIM BTATMBaHUEM (MOABEMOM) Tpajla Ha CYTHO C
MOCIIEAYIOMEH pACTSHKKOM ero Ha mamyOe, B COCTaB KOTOPOrO BXOJUT MHOroOapabaHHas WiIH
TpanoBas je0&aka, MPHUCYIIM TaKhUe HEJOCTaTKH, KaK BBICOKAs TPAaBMOONACHOCTb M 3HAYUTEIbHAS
CTEIEeHb U3HOCA MPOMBICIOBBIX MEXaHM3MOB. TeM HU MEHee cxema SBIISETCS TIOBOJBHO IMPOCTON B
MIPOU3BO/JICTBE.

Crnenyromasi cxema, B COCTaB KOTOPOW BXOAHMT KaOembHO-CETHOW OapabaH, IO3BOJSET

YMCHBIINUTD BJIIMAHUC JAHHBIX HCJOCTATKU.

1.1.2 TlpoMbICTIOBBIE YCTPOWCTBA C IOJIHBIM BTSTUBAaHHEM (ITOIXBEMOM) Tpajia Ha CYAHO C

pa3zenbHbIMU J1e0EIKaMu

[TpombICIIOBBIE YCTPOWCTBA C TIOJNHBIM BTSATHBAaHUEM (MOABEMOM) Tpaja Ha CYIHO C
pa3AeIbHBIME JIEOEIKAMU, CXOKHU C BBHIIICONMCAHHBIM BapUAaHTOM, HO UMEET U HEKOTOPBIE PA3ITUIHS.
3/1ech TaK)Ke MHCIHOJb3YETCs CIMI, KOPMOBas IPOMBICIIOBAs IUIOLIA/IKA, I'PY30BbIE CPEACTBA JUIS
BBUIMBKH YJIOBa, HO DPOJIb OYTI-KPOHIUTEWHOB JUIS TPAJOBBIX JOCOK BBIMOJIHSCT TPaJIMEHCTepPCKUN
MOCTHK, TPOMBICIIOBBII MEXaHM3M pa3ieibHbIH. PaboTa ¢ TpajgoM OCYIIECTBISETCS CIETYIOIIUM
obpaszom. [Ipu momaxome TPaNoOBBIX OCOK K OJOKY Ha TPAJIMEHCTEPCKOM MOCTHKE HMX OTKIIOYAIOT,
CTaBAT Ha CTOMOp (WM YIEpKUBAIOT Ha BaepHBIX JIeOEIKaxX), 3aTeM MepeBOAAT (cOpachIBaIOT)
NEepeXOHOI KOHEI| Ha CIIMIT U BBIOMPAIOT UX BIUIOTH JI0 MOJX0/1a KPBLIbEB Tpajia K MHOrobapabaHHOH
ne6énke (Mmu KabeIbHO-BRITSKHBIM Oapabanam). Ecnu vacTe Tpana octaércsi B BOJie, TO MPOU3BOIST
OCTpPOTIKY TpaJia B paiilOHE CIUIOBOI KaHaBKHU. [lasee Trpy30MmoIbEMHBIMHA CPEICTBAMH MOTHUMAIOT H
BBUTMBAIOT YJIOB B OOPTOBbIE PHIOHBIE ALUIMKHU U MoAnanyOHbsle OyHKepbl. [lonHOE BTsrMBaHue Tpajia

TAKIKE UCKITIOYACT BO3MOXKHOCTD ACJICHUSA YJIOBa (pI/ICYHOK 13)
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Pucynok 1.3 — Cxema mpOMBICTIOBOTO YCTPOMCTBA JJIsl KOPMOBOTO TPAJICHUS C pa3eIbHBIMU
nebeaKamu:
1 — Baepnas yiebenka; 2 — Baep; 3 — BaepHBIN POJIHUK; 4 — TpaIMEHCTEPCKUN MOCTHK;
5 — TpasioBas Jocka; 6 — kabenp; 7 — noptai; 8, 9 — rpy3oBas crpeina; 10 — rpy3zoBas nebeaka; 11 —
BBITSDKHOM KOHeIl;, 12 — kabenbHast BRITSDKHAS Je0enKa

JlocTronHCTBaMM MPEACTABICHHON CXEMBI (110 CPAaBHEHUIO C MIPEBbIYILEH CXEMOIT) ABIISIOTCS:

- BO3MOXHOCTb IIOJIbEMA KPYITHBIX MEILLIKOB C YJIOBOM;

- yOpomi€HHas CUCTEMa TMOJKIIOYEHHUS M OTKJIIOYEHHs] JIOCOK (OTCYTCTBHE CTOMOPHBIX
OTTSIXKEK);

- MEHbIasi TPAaBMOOIIACHOCTD ISl WICHOB IKUIIAXKA;

- pacrpenereHHe Harpy3kd Ha HECKOJIBKO MEXaHHW3MOB U CIEAYIOUIee 3a 3THUM CHUXKEHHE
BEPOSITHOCTH MOJIOMKH;

- YOPOILUEHHBIN PEMOHT ITPOMBICIIOBBIX MEXaHU3MOB.

VY NpOMBICIOBBIX CXE€M € MOJHATHEM Tpaja C YJIOBOM IO CIMIYy CyAHA M JalibHEHIIen
PacTSKKOM ero Ha naimy0e uMeeTcst psiJl HEIOCTaTKOB, KOTOPbIE CHUKAIOT UX 3(P(EKTUBHOCTD:

- BBICOKAsi BEPOATHOCTH BBIXOJIa U3 CTPOS MPOMBICIOBBIX MEXaHM3MOB (3a CU€T MX HU3HOCA U
MOJIOMKH ), a TAKXKe TPYTOEMKOCTh B UX OOCITYy:KUBaHHH;

- HEOOXOIMMOCTh YCTAHOBKH JJAHHOW CXEMBI Ha CyJIaX ¢ OOJIBIION TPOMBICTIOBOM ILJIOIIAIKOM;

- BBICOKasi TPAaBMOOIIAaCHOCTb, OOYCIIOBJI€HHAsE HEOOXOJUMOCTBIO JIBHKEHUS MOPSKOB BJIOJIb
BACPHO-BBITSDKHBIX JIMHUM, HAXOASIIMXCA MOJ HArpy3KoW, Mg TMOAKIIOYEHUS WU OTKIIOYEHHS
AJIIEMEHTOB OPYIUS U JadbHEHIIel ero BBIOOPKH;

- TMPOJIOJDKUTENIBHOCTh BPEMEHHU 3aTpauyrMBaeMoe NalyOHONH KOMaHIONH Ha IOCTaHOBKY U
BBIOOPKY Tpaja, 3a C4ET OOJBIIOrO KOJMYECTBA MEPEKIIOUEHUH M MEPECTPOIOK, C COXPaHEHHEM

AOCTATOYHOI'O HU3KOI'O Ka4CCTBA YJIOBA, XapaKTCPHOT'0O JIs1 TPAJIOB, BBIGI/IpaCMLIX o ¢jinmaM CyaoB.
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1.1.3 TIpombICIOBOE YCTPOHCTBO C TOJHBIM BTSATHBAHUEM 110 CIAUMNY (WA TOJIYCIUIY) H

HaMOTKE TpaJia Ha KaOelbHO-CeTHOM Oapaban

Cxema, B COCTaB KOTOPOH BXOJIUT KaOEIbHO-CETHOW OapabaH, MO3BOJSET COKPATHTh HIH
HCKJIIOYUTh HEJOCTATKH, TAKUE KAK: BHICOKOE BpeMs BEIOOPKH, BHICOKYIO TPABMOOIIACHOCTh, CHU3UTh
M3HOC MEXaHU3MOB, OJHAKO MEIIKH IO-TIPeKHEMY BBIOMPAIOTCS IO CIUMY, a MO3TOMY JaHHAS
MIPOMBICIIOBAs CXeMa BCE Tak ke 00J1aaeT CBA3AaHHBIMY C 3TUMH HEJIOCTATKAMH.

Takoe MpoMBICIOBOE YCTpOHCTBO (puUCYyHOK 1.4) BHepBbie NPUMEHEHO HAa aMEPUKAHCKOM
Tpaynepe «Happarancatr», a mo3anee Ha «KenboullpuHc», B Hacrosiiiee BpeMs NPUMEHSETCS Ha
cynax or MPTKwm, no PTMK-C.

KabenbHo-ceTHol Gapaban yctanosieH B Il (quamerpaibHas MIOCKOCTh CY/AHA) COOCHO C
paslieTbHBIMU BaepHBIMH JICOEIKaMH B HOCOBOM YacTH MPOMBICIIOBOH TIomanku. [locie oTkmoueHus
TPAJIOBBIX JIOCOK W BBIOOpPKHM Kabeyield Tpasl MOAHUMAIOT IO CIHITY J0 TeX IMOp, MOKa KYTOK He
OKaXXeTCsi Ha manyle, 3aTeM NPOU3BOAAT €ro OCTPONKY IS TOCHEAYIOIIeH BBUIMBKU YJIOBA

TPY30BBIMU CPEJICTBAMU U (UJIH) IOPTATIOM.

000 00 0000
000 OO 0000000000

Pucynok 1.4 — OcHOBHBIE 371€MEHTHI IPOMBICIIOBOTO YCTPONUCTBA AJI1 KOPMOBOT'O TPaJICHHS
C MOJIHBIM BTSATUBAHUEM 10 CIIMITY C YACTUYHOM MJIM MOJTHONW HAMOTKOM Tpasa Ha ceTeBoi OapalaH:
1 — BaepHubIie 1e6EnKH; 2 — ceTeBOi Oapaban; 3 — ciun (moaycnui); 4 — TpajioBas ayra
C TIOJIBECHBIM BaepHBIM OJIOKOM; 5 — cTperna
KabGenbHo-ceTHOI GapabaH MOXeET OBITh CMEIIEH K J1I000MY OOpTY, a CIHUIT PACHOIOKEH MO
HekoTopbsiM yrioMm K JIII. DTo mo3BoisieT 0CBOOOAUTH CepeHy M OJWH Kpal KOpPMOBOM pabodeit
IUIOUIAIKK JUIsl pa3MeEIIeHUs] TPy30BOrO JIIOKA, PHIOHBIX SIIMKOB, pabO4MX MECT AJisi BBUIMBKH U

COPTUPOBKHU YJIOBA, WX KC JIA YCTAHOBKHU JOIOJHUTCIIBHOT'O HPOMBICIIOBOIO 06opy)1013aHH;1 JJIs

paboThl cxemoil «lyOmb».
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Cxema sBisIeTCs IPOCTOM B OKCILTyaTalluu, €€ JOCTOMHCTBA CIEAYIOLIHE:

- Tpajl TOJHMMAIOT Ha mnaixyOy 3a OIuH NpuéM, 0e3 OCTAaHOBOK, HEOOXOIUMBIX JUIS
MIEPECTPOIIOK;

- HE HY)KHBI CIIe[UaNbHbIe JIEOENKHN 1 6apabaHbl 17151 BBIOOPKH BBITSKHBIX TPOCOB;

- TpaJl JIETKO cMaThIBaeTcs ¢ OapadaHa s OCMOTpa U OYUHKU;

- pabora C TpajloOM JOCTATOYHO MEXaHHM3MPOBAHA, IO3TOMY TpPeOYyIOTCS MHHHMAJbHbIC
3aTpatsl TPYIa,

- TOBBILIIEH YpOBEHb O€30MacHOCTH MpHU IMPOBEIECHUU IMPOMBICIOBBIX OIepaluii, 3a cuér
COKpaIIeHHs] BpEMEHH NPeObIBAHUS JIIOICH OKOJIO JIBIKYIIUXCS MEXaHU3MOB U KaOeIbHO-BBITSHKHBIX
JINHUM TIOJ1 HATSIKEHUEM.

JlaHHO# TMPOMBICIOBOM CXeMe, B COCTaB KOTOPOM BXOJIUT KaOeIbHO-CETHOM OapabaH,
MPHUCYIIN TaKUue HEJOCTATKH, KaK HU3KOE KA4eCTBO YJIOBA M €ro morepsi. 3To 00yCIOBICHO METOI0M
noabéMa ylnoBa Ha MNany0y CyqHa IO CIMIY 3a OJIMH pa3, Takke, KaKk U y JPYTUX CXeM,

MOJHUMAIOIIUX YJIOB MO CIIHIY.

1.1.4 TIpombIcTIOBOE YCTPOMCTBO C MOJHBIM MOJABEMOM Tpajia Ha kabenbHO-ceTHOU OapabaH,

paCHOJ'IO)KeHHHﬁ Ha BBICOKOM IIOPTAJIC

Takoil mpombICIOBBIN KOMILIEKC (prCcYHOK 1.5) MMmeeT B KOPMOBOW 4acTH Cy/HA Ha IMoOpTaie
MOJIBEIIEHHBIH KabeIbHO-CeTHOW OapabaH M psj MOABECHBIX OJOKOB JJIS MOABOIKHU BBITSDKHBIX WU
MoABEMHBIX TPOCOB. B cBoro ouepenp Ha Oake pa3MemiaeTcsi ojJHa MHorobOapabaHHas yeO&mka c
TypadkaMu WIH KaOelbHO-CEeTHOMN OapabaH.

OcobeHHOCTH paboOTHl TaHHOW CXeMbl COCTOAT B cienyromem. Ilociae moaxoma TpanoBbIX
JOCOK K TpaJOBBIM KpOHIITEHHAM UM TIOABECHBIM OJIOKaM IpPOU3BOJAAT BBIOOPKY Kabeneil
BCIIOMOTaTeNIbHBIMU JIEOEMKamMu, OapabaHnaMu TpaioBOM JIEOEIKH MM KabEJIbHO CETHBIM OapabaHoM.
3areM B OJHOM CiIy4ae MPH OTCYTCTBHUH CIMIIOBOTO YCTPOMCTBA MOJHUMAIOT 3a KBApTPOIBI U
3aBaJMBAIOT Ha ManxyOy uepe3 TpaHUEBBIH (anplmIOOpT MoaOOpH! Tpaja, B APYroM — MPH HAIWYUU
cliuma, BBIOMpAIOT MX MO caumy (monycnuny) cyaHa. OCTpOIJICHHYIO CETHYI 4YacTh Tpaia
MOJIHMMAIOT Ha ceTeBOil OapabaH-KaTyIIKy C TOMOIIBIO BBITSDKHOTO TpPOCa, BTOPBIM BBITSKHBIM
TPOCOM TMOJHUMAIOT KYTOK C yJIOBOM /ISl BEUTUBKH. JleTieHne yiioBa HE MPOU3BOIHUTCS, IOITOMY CETh
yrnpounsiercsi. CiieayeT OTMETUTb, YTO BBITSDKHBIE TPOCHI MPOBOIST BBICOKO, YTOOBI OHHM HeE

3arpoOMOKJINIK Nany0y U co3aBalid, TaKUM 00pa3oM, Oe30macHoe st paboThl MECTO.
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Pucynok 1.5 — OcHOBHBIE IEMEHTHI OECCIUIIOBOTO MPOMBICIOBOTO YCTPOMCTBA KOPMOBOTO TPAJICHHS

C TIOJTHBIM TTOTEEMOM TpaJia Ha ceTeBOM OapabaH, pacoI0KeHHBIN Ha BEICOKOM IOpTae:

1 — tpanoBas ne6&nka; 2 — HaMpaBJISIONINe POTUKU; 3 — Baepbl; 4 — phIOHBIC ALIUKH;
5 — KPOHIITEHHEI C IMOABECHBIMHU BaCpHBIME OJ10KaMmu; 6 — moprtai; 7 — ceTeBoi OapabaH-KaTymka; 8§ —
BBITSIKHOM TPOC

JlocTonMHCTBA U HEJIOCTATKH.

W3 MOCTOMHCTB CTOUT OTHEIBHO BBIAEIMTH OOJiee BBICOKMI IOKAa3aTeNlb KadecTBa TOOBITBIX
OOBEKTOB MPOMBICIA MO CPABHEHHUIO CO CXEMOM BHIOOPKH MeIIKa MO CIUIY CyJHa Ha KabOerabHO-
ceTHOM OapabaH. OmHAKO M3 YCTPOWCTBA M PACIOJOKEHUS MEXaHM3MOB BBITEKA€T U HEIOCTATOK,
OTHOCSIIIMNCA K HE3HAUUTEIbHOMY YXYALICHHUI0 MOPEXOJHBIX KAaueCTB CyJHAa 3a CUET M3MEHEHHS
LIEHTpa Macc, 00YCJIOBIEHHOro 0o0jee BBICOKUM PpACHOJIOKEHHEM IPOMBICIOBBIX MEXaHU3MOB, a
TaKKe 3a CUET MOIHATHUS YIIOBOB BO BPEMsI BBIOOPKH.

Ha npoTspkeHuu A0ATOrO BpeMEHHU il yYCTPaHEHHs] HEJOCTATKOB TMEPCHEKTUBHBIX CXEM
npeajaraiich pa3jindHble METOJbl, CIIOCOOBI U yCTpoicTBa. B yacTHOCTH, TE, KOTOpPBIE PACCMOTPUM

nanee.
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1.1.5 YcerpoiictBo 115 morbEMa ylioBa peIObI Ha CYJHO KOpMOBOTO TpaieHus (1964 r.)

HepBI)IM U3 IMpeanaracMbIX pemeHI/Iﬁ, opeanojararomux CHHMXKCHUC ITHKOBBIX YCHHHﬁ,

BO3HHUKAOIMUX IIPH BBIXOJC MCIIKAa Ha IIOPOI CiIMIida, paCCMOTPHUM YCTpOfICTBO I moabEéMa yJioBa

PBIOBI HAa CYyJTHO KOPMOBOT'O TPAJICHUS MpEICTaBIeHHOE Ha prcyHKke 1.6.

’_;_“__,' ,’;' w—-
——8 s

Pucynok 1.6 — YcrpoiicTBo /1 nogbéMa yinoBa pblObl Ha CYIHO KOPMOBOT'O TPAJICHUS . CIeBa —
NOTbEM MAJIBIX YJIIOBOB IO CIHITY (IUTUTE); CIIPaBa — MOABEM OOJBIINX YIOBOB MO (anbmoOopTy Ha

mwiargopmy

YCeTpoicTBO TSl MOABEMA yIIOBa PHIOBI HA CYTHO KOPMOBOTO TpayieHus (pucyHok 1.6) cocrout

M3 CICAYIOIUX Y3JI0B U JIeTaleii:

1.

o U A W N

[Inmuta 1

IInuTa 2

[Mogpémuas marpopma

Humra

danpmdopT

TpocoBas cuctema, rupaBIUvecKasi LU Apyras nepeaayda

YeTpolcTBO mpeqHazHaueHO AJis MoAbEMA MajblX YJIOBOB MO CIAUMY (IUIMTE) W MO3BOJISET

COKpaTUTh JEUCTBYIOIIME B 3TOT MOMEHT Ha He€ Harpy3ku Onarogaps ¢anbliOopTy, KOTOPbIN

MMOAXBAaThIBA€T MEIIOK €Iié¢ B BojAe. boapimme xe YJIOBBI IMOAHUMAKOT IO (banbm6opTy, HO CJIUII

OIMyCKAarOT U YJIOB PAasMCIIArOT Ha HJ'IaT(I)OpMe, IJIUTY y61/1pa10T B HHUIIY. Memok nogHUMAarT

m1aTGOpMOH.

,HaHHOG yCTpOfICTBO MMO3BOJIACT CHU3UTH IIOTEPHU Ka4Y€CTBaA yYJI0Ba, HO CUCTEMA OYCHBb A0poras

M UMECT psiJl HEAOCTATKOB.

1.

2
3.
4

OrpaHuyeHue 1o yJI0BaM, B YaCTHOCTH 110 pa3MepaM MeIKa U ero Becy.
JloporoBu3Ha MexaHHW3MOB, OOJIbIIIast MPOMBICIIOBAs TTaTy0a.
N3meHeHnne KOHCTPYKIUY.

boapmioe koIU4ecTBO AeTaie u BCPOATHOCTH BbIXOJIda UX U3 CTPOA.
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5. KauecTtBo ynoBa 3HaYMTENHHO BO3PACTET, KaK U €T0 II€HA, U3-3a JOPOTOBU3HBI ITOM CHCTEMBI
U HEBO3MOXXHOCTH TMOJHATHS CBEPX YJIOBOB U3-32 TEXHUYECKOTO HECOBEPILICHCTBA

COBPCMCHHBIX TEXHOJIOTHH.

JlocTonHcTRA!

1. HeBbicokasi HOBPEX/1a€MOCTb YJIOBA.

1.1.6 VYcrpoiictBo mis nmoabEma Tpaja Ha CyJa KOPMOBOIO TpaJieHUS M BBUIMBKA W3 HETO

ynoBa (1988 r.)

JlanHoe ycTpOHCTBO TpeOyeT MEHBIIMX SKOHOMMYECKHX 3aTpaT HEXeIW MpeAblayliee u

HAIpaBJICHO HA COXPaHCHUE KayecTBa yioBoB (pucynku 1.7, 1.8).
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Pucynok 1.7 — YerpoiicTBo [u1s mogbEéMa Tpajia Ha Cy/la KOPMOBOT'O TpajeHHs U BbUIMBKA U3 HETO
yJ0Ba (BUJ COOKY)
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Pucynok 1.8 — YcrpoiicTBo /1 mogpéMa Tpasia Ha CyJa KOPMOBOT'O TPAJICHHsI U BBIJIMBKA U3 HErO
yJioBa (B CBEPXY)
YcTpoiicTBo Ut oabEMa Tpajla Ha cy/la KOPMOBOI'O TPAJICHUS COCTOMUT U3 CIEIYIOLINX Y3JI0B
u aeraneit: 1 — Oynkep; 2 — mok OyHKepa; 3 — TpayoBble 1e0Enku; 4 — Baepa; 5 — Tpai; 6 — Tpyda; 7 —
MEXaHH3M JIJIS IPOTATUBAHUS TOTICHAHTOB; 8 — ciutl; 9 — kabenu; 10 — 3aMoK (CKOOBI HITH TaKH).
[Tocne HamoOJMHEHWsT MeEIIKa Tpald BBEIOMPAOT 10 TOAX0/Ja 3aMKOB pACCOSAWHEHHS K

OT60pTOBKC TPY6BI, HX PACCOCAUHAIOT, @ TOIICHAHTHI 3aBOJAAT B MCXAaHHU3MbI HA POJIUKH. HepeMemaIOT
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YCThE Tpajla M MEMIOK C MOMOIIBI0 MPUBOAA Ha poiukax. KyTok Tpama ¢ yaoBOM mIepemermaercs
BHYTpH TPYOBI U BBIBOPAYUBACTCS, TAKUM 00pa3oM OCBOOOXKAAACH OT YJIOBA, IMAJAlOIIEro B OyHKep
qutst peiObl. CrycKaroT k€ Tpajl OOpaTHbIM BBIBOPAUYMBAHUEM C MPUKPEIUVIEHHBIM K HEMY IJIaBY4YHM
SIKOPEM Ha Hapy>KHOM KOHIIE KyTKa.
Cxema o0nagaeT TOCTOMHCTBAMU, TEM HU MEHee el PUCYILU HEeAOCTaTKU:
1. VBenuyeHue BpeMEHHU Ha BBUIMBKY YJIOBA, 3a CUET MEPETOAKIIOUCHHS ¢ JeOEI0K HA POJIUKU U
CHelUaIbHbIE MEXAaHU3MBI.
2. HeB0O3MOXHOCTb UCIOJB30BAaHUS B CBSI3U C HATMYMEM B MEIIKE Tpaya ACNEXHBIX CTPOIOB, Y
KOTOPBIX pajinyc JOHKEH ObITh MEHBIIIE YeM B TpyOe, HHaue MEIIOK B He€ MPOCTO HE MPOUAET,
HO IOCKOJBbKY pPaguyc JEIEKHBIX CTPOIOB MEHBLIE, TO HE IPEACTABISAETCS BO3MOKHBIM
BBIBEPHYTH MEIIOK, HE TIOBPEUB €0 U YIIOB.

3. OrpanuueHus 1o pazMepam Tpana.

JlocTonHcTRA:

1. Ha naHHOM TEXHHMYECKOM YPOBHE O5Ta CHCTEMa HE MXHW3HECNOCOOHa W He JaéT HHUYEro
JOCTOMHOT0 BHUMAaHHUS B 00JIACTH COXPaHEHUs yIOBa, €ro KauecTBa. EAMHCTBEHHO YTO MOXKET
eil MOMOYb — 3TO HAIMYHE OTKIIOYAIOIIUXCS CTPOMOB, KOTOPBIE TO3BOJIST BHIBEPHYTH Tpall, U

HAJIN4YHUEC PACITYCKHOI'O LIBA.

1.2 IIpomvicnosoe ycmpoiicmeo ¢ 4acmuyHblM 6macusanuem (no0vemom) mpana Ha CyoHo

YactuyHoe BTArMBaHUE (MOABEM) Tpajla OCYIIECTBISETCS OOBIYHO Ha MaJbIX CyAax C
KOPOTKOM TPOMBICIIOBOMl KOPMOBOM  IJIOIIAAKOM. OTO XapakTepHO /sl OecCIMNOBBIX H
IIOJIYCJIUIIOBBIX METOJIOB, IIPY 3TOM B BOJIE€ IIOCTOSIHHO OCTAETCS €ro CPeAHssl 4acTb. B oqHOM ciyuae
MOJTHUMAIOT TOJIBKO KPbUIbS, B JPYrOM — MOAOOPBI, B TPEThbeM — M TO, U Jpyroe. Bo Bcex cimydasx
M3BJIEKAIOT U3 BOJIbI KYTOK JUIs ITOCJIEAYIONIEH BBUIMBKH PhIObI ¢ KOpMBI WK ¢ 6oprta. [locie nogpéma
KaHaTHO-CETHOW 4aCTH OCYILECTBIISIETCS JI€IICHUE YIIOBa.

B npennaraeMbIx MpOMBICIOBBIX CXEMaX C LIEJIBIO CHUKEHMSI HArPy30K U COXPAHHOCTH YJIOBa
IIPUMEHSIIOT CbEMHBIE UJIH TTOJIOTHE MTOJIYCIIUIIBI.

YToOb! YCKOPUTH U OOJETYUTh MPOIECC TOCTAHOBKU U BHIOOPKH MYTEM COEIMHEHHUS BBIOOPKU
kaleneil W moabema MoAOOp B OJHY HENPEPHIBHYIO OMNEpallMi0, WHOTJAa Ha MaiblX Tpayjepax
KOPMOBOI'O TpaJICHUS BBIMOJHAIOTCSA MOJOTHE MM KpyThle moxycaunbl. OOBIMHO MX CMEIIAT K
KaKoMy-JI100 OOpTY, YTO MO3BOJISET, BO-NIEPBBIX, YIAYUIIUTh YCIOBUS JICIEHUS OOJBIIUX YJIOBOB, BO-
BTOPBIX, DPAa3AEIUTh KOPMOBYIO IPOMBICIIOBYIO IUIOIIAAKY Ha JBe 4acTu. Ha omHOM H3 HHX

OCYIIECTBJISIIOT paboTy C TpajoMm, a Ha JAPYTrod — MEPBHUYHYI0 00pabOTKY yioBa (COPTHPOBKY U Ap.).
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V0B MOXHO HOJHMMATh TaKUMH K€ TPY30BBIMH CPEICTBAMH, KaK U B OSCCIUIIOBBIX MPOMBICIOBBIX
YCTPOMCTBAX: CTPEJIAMH, Ka4alOIMMHUCA AyraMy, KpaHaMH, CTAllMOHAPHBIMM NOpTAJIaMu U 1p. s
YaCTUYHOM HAMOTKHU Tpajia MOTYT TaK)Ke MPUMEHSThCS KaOeIbHO-CETHbIE OapabaHbl.

VY BceX JaHHBIX CXEM MPOLECC MOCTAaHOBKU IPOMCXOAUT IO KIACCHYECKOW OTpabOTaHHON
CXeMe, TaKo# ke, KaK ¥ [IPU IIOCTAaHOBKE U BHIOOPKE TpaJia 10 CIIMIIOBOMY HACTUILY, 33 HCKIIOYCHHEM
CXEM, B KOTOPBIX IIPUMEHSIETCSI Kauarolasics Ayra.

Omnepanyu MPOU3BOAATCS CleAyomuM oOpa3om. CHayajga CIYCKalOT KPaHOM HIJIM CTpellaMu
KyTOK. 3a CYeT CONpPOTHUBICHHUS BOJBI Tpall 4epe3 KOPMOBOW pOJI CTATUBAETCS 32 KOpMY. 3aTeM
CTPaBJIMBAIOT TOJHOCTHIO KaOelH, CTOMOPST JICOCAKH, IPUCOSANHSIOT K BaepaM TPAaIOBbIC TOCKU H
OTZIAIOT MX CO CTOIIOPOB, [IOCJIC YETO BHITPABINBAIOT Baepa HA HEOOXOAUMYIO JUTHHY, 3aTOPMaKUBAIOT
71e0eKH U IPUCTYNAIOT K TPAJICHHIO.

Cpenu pa3sHOBUIHOCTEH NHPOMBICIOBBIX CXEM IO HAJMYHIO IPOMBICIOBBIX YCTPOWCTB H
MEXaHU3MOB, HEOOXOIMMBIX ISl YACTUYHOW WJIM TOJIHOM BBUIMBKU YIIOBa Ha CYJHO, OTMEYAIOTCS
CIIEYIOIIE TIPOMBICIIOBBIC YCTPONCTBA!

1) ¢ npuMeHEHHEM CTpe;
2) C IpHUMEHEHHEM KPaHOB;
3) ¢ npuMeHEeHHEeM Kavarolieics Tyru;

4) ¢ npuMeHeHHneM ceTHOro 6apabaHa (kabeabHO-CeTHOTO OapabaHa).
1.2.1 BeccnumnoBoe MPOMBICIIOBOE YCTPOMCTBO C MOHEMOM YaCcTH Tpajia M yJIOBa CTpeIaMu

B OeccnunoBoM MPOMBICIOBOM YCTPOMCTBE KOPMOBOTO TpayJiepa ¢ MOAbEMOM YaCTH Tpajia U
ynoBa crpenamu (pucyHok 1.9), mogbem noadop Tpana, MX YKJIAJIKy OCYLIECTBISIOT CTPEIaMu Mocie
MO/X0Jla M KpeIUIeHHWs K JAyraM TpajoBbIX JOCOK M BbIOOpkM kabened. Kyrok ¢ ymoBom
MOATATUBAETCS JIMHEM YJJaBHOTO CTPOIIa U NIEPEBOAUTCS OOBIYHO K OOPTY Ui JaJIbHEHIIET0 MOgbeMa.
OCHOBHBIM  OTJIMYUTENIBHBIM  IMPU3HAKOM €ro SBISIETCS HAJIWYUE POJa, YCTAHOBJIEHHOI'O
HEMOCPEJCTBEHHO Ha TpaHLEBOM (anbbopTe, M HAKIOHHBIX JIOTKOB, HMMEIOLIMX MOJABEM B
HalpaBJIEHUU OT TpaHIAa K HOCY Cy/JHa U TNpeAHA3HAUYEHHBIX U YKIAJKM Ha HUX mojbop daa,
BBITSIHYTBIX C MOMOIIBIO pa3/ieibHbIX Je0eaoK. [IogHAThIN cTpenoil KyTOK C yJIOBOM BBUIMBAETCS B
PBIOHBIE SIIUKH, PACTIOJIOKEHHBIE 110 TIPaBOMY OOpTY, B KOPMY 3a HaJICTPOiiKoil. B ocTansHOM OHO 1O
IpUMEHSEMOMY OOOpYOBaHMIO, €ro pPa3MELICHUI0 W TpueMaM paboThl C TpajJoM aHAJIOTUYHO

OOBIYHBIM OECCITUTIOBBIM OOPTOBBIM ITPOMBICIIOBBIM YCTPOUCTBAM CO CTPEIaMH.
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Pucynok 1.9 — [Ipumep paccTaHOBKU IMTPOMBICIIOBBIX MEXAHU3MOB C YACTUYHBIM MOILEMOM Tpajia
CTpENON:
1 — pa3nenbHbIe TpanoBble Je0eaKn; 2 — PHIOHBIC SIMIUKH; 3 — TpaJloBasi Ayra ¢ OJIBECHBIM Ba€pHBIM
0s10kOM; 4 — Baep; 5 — HaKJIOHHBIE JIOTKH JJIs YKJIaJAKU 11oa00p; 6 — cTpena

CJ'IGI[YGT OTMCTHUTB, 4YTO OeccIunoBoe IIPOMBICIIOBOC YCTpOﬁCTBO CO CTpCliaMu SABHUJIIOCH
OCHOBOﬁ, Ha KOTOpOﬁ 6aSI/IpOBa.]'IOCL COBCPHICHCTBOBAHUEC 0eCCIIMITOBBIX IMIPOMBICJIIOBBIX YCTpOﬁCTB

JUTSI MAJIBIX TPAyJIEpOB KOPMOBOTO TPAJICHUSI.

1.2.2 BecciumnoBoe IIPOMBICJIIOBOC YCTPOﬁCTBO C IIOABEMOM YaCTHU TpaJia U yJIOBa KpaHaMU

Oco0eHHOCTH CXEMBI ¢ OECCIIUIIOBBIM TPOMBICIIOBBIM YCTPOHCTBOM € MOJBEMOM YacTU Tpajia
u ynoBa KpaHamu (pucyHok 1.10) coctout B ciiedyromieM: yroa COeAMHEHUs NaiyObl ¢ TpaHIEM B
CpeAHel 4YacTH 3aKkpyrjieH; Onuxe K OOopTaM HMEIOTCS HUIIM JUIl KPelJIeHHs TPajoBbIX JOCOK;
OTCYTCTBHUEC TPAJTOBBIX AYI', IMOABECHBIX 0JI0KOB U HaIpaBJIAOIINX l'[aJ'IY6HI)IX POJIMKOB, pasaciibHas

TpasoBas JieOeka 00eCTIeunBaloT MPSIMYIO ITPOBOJIKY Ba€pOB U O€30MacHYI0 paboTy C TPajIoM.

Pucynok 1.10 — OcHOBHBIE 3JIeMEHTBI OECCIUTIOBOTO MTPOMBICIIOBOTO YCTPOHCTBA JIJIST KOPMOBOTO
TpaJIEeHUs C MOJBEMOM YaCTH Tpaja U KyTKa C YJIOBOM KpaHaMH:
1 — tpasioBas n0cKka; 2 — KOPMOBOH poit; 3 — MOIBEMHBIN KpaH; 4 — OJIOK CalMHTa; 5 — pa3/iebHbIe
TpasoBble JedeakH; 6 — MauTa-mopTai; 7 — peIOHBIN ALITUK
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[Tpu moabeMe Tpana BHIOMpAIOT Baepa J0 MOAXOa TPaloBBIX Aocok. [locneanue cronopsT u
OTCOCIUHSIOT. 3aTeM BBIOUPAIOT KaOemu 10 MoAxoja KIS4eBOK. KpbUIbsi BHITATMBAIOT KpaHAMU U
OJTHOBPEMEHHO BBIOMPAIOT KBAPTPOIMBI JUIS MOABEMA M YKIAAKKW Ha mamxyoe moaoop. C momomipo
YIaBHOTO U JENEKHOr0 CTPONOB MOATSITUBAIOT U MOJAHUMAIOT KYTOK JJIsi MOCIEAYIOUIEH BBUIMBKU
yJIOBa B pHIOHBIE SIIIMKH WK Yepe3 JIFOKH B OTIelIeHHEe ppl0000paboTk. boubioil yinoB nogHUMaoT
4acTsMU (JIeJIEHUE yJIOBa OCYILIECTBIISICTCS Ha BOJIE).
JlocTouHcTRA:

- IPOMBICJIOBAsA nany6a Oonee CBO6OI[Ha OT IIPOMBICJIOBBIX MCXaHU3MOB.

Henocrarku:

- JUTMTEIILHOCTh BBEIOOPKH Tpayia Ha maryOy CyaHa,

- OTpaHUYECHUS 10 BECY YJIOBa, 3a CYET UCIIOJIb30BAHMSI CTPEIL;

- MaJIblii Pa30BBIi TOMYCTUMBINA pa3Mep YJIOBa, OTPAaHUUYEHHBIH HE TOJIBKO pa3MepaMu Manyosl,

HO Y BBICOTOM CTpEIL.

1.2.3 beccinnoBoe IIPOMBICJIIOBOC YCTpOﬁCTBO C IIOAbEMOM HaCTHU TpaJia U yJIOBa Kayvaromieuncs

JyTOU

B cocraB mpompbiciioBoro ycrpoiictBa (pucyHok 1.11) BxoauT kadaromiascs ayra (Ioprta)
TUMAa «YHHUTaH». YToll COeAMHEHHS TalyObl C TpaHIeM CKpYIJISIeTCs, YCTaHaBIIMBAETCS
TOPU30HTANBHBIA POJ W 3aKphIBACTCA NPOEM B TpaHIEBOM GanbiiOopTe. YCTPOHCTBO MOKET
00CITy’)KMBAThCSl OJTHOM arperaTUpOBaHHON TPAJIOBOH JieOeKON WM pa3/ieIbHBIMH, Pa3HECEHHBIMH K
00pTaM y KOpPMOBOW CTEHKU HAJACTPOUKH (PyOKN).

[Tpu cnycke, ¢ IOMOIIBIO CHENMAIBHOIO TPOCA, MPOBEIEHHOIO Yepe3 MOJBECHON OJIOK Ha
Iyre, CeTHas 4YacTb TpaJla BBIBAIMBAETCS 3a KOPMY, YBIEKAETCS KWUJIbBATEPHOM CTpyed H
BbITSITMBaeTcsa. Onepanuio OCYIIECTBISIOT 3a CUET KadaHMsl OyrHM B KpallHME HOCOBOE M KOPMOBOE
nosiokeHusd. Jlexamue Ha many0e TpasloBble JOCKHM IMOJHHMMAIOT K BaepHbIM OJIOKaMm, BKIIIOYAIOT B

Bacpbl, 3aTCM AYyTr'y IOBOpPAYUBAIOT B KOPMY U CITYCKArOT JOCKHU B BOAY.
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Pucynoxk 1.11 — OcHOBHBIE 37I€EMEHTHI 0€CCIUTIOBOTO TPOMBICIIOBOTO YCTPOMCTBA AJIs1 KOPMOBOTO
TpaJIeHUs C YaCTUYHBIM TMOIHEMOM Tpajia Kadarolencs Jyrou:
a — C arperaTipoBaHHOM TPaJoBOM JIeOeIKOI; O — ¢ pa3AeIbHBIMU JIeOeAKaMU
1 — neGenka; 2 — Baepsl; 3 — BHITSDKHBIE, IEPEXOAHBIE KOHIIBI 1 KaOenu;
4 — GopTOBBIE TYpaAuKH; 5 — YHOpP MO/ KAYArOIIYIOCs AYTY; 6 — THAPONPUBO/J] Kadaromencs 1yru; 7 —
BaepHbIN OJI0K; 8 — TpoC [Tl MOAbEeMa yIoBa; 9 — Kadaromascs ayra;
10 — xopmoBoii pou; 11 — Tpoc i nepemereHus yeTbs Tpaia; 12 — namyOHbIe peIOHbIE SIHKH; 13 —
paszienbHbIe TPaJIOBbIe JIEOEIKU

[Ipu mogbeMe Tpana JOCKH BEIOMPAIOT /10 MOAXO0/a K Ba€pHBIM OJIOKaM, IyTy TOBOPAUMBAIOT B
CTOPOHY HOCA, IOCKH OTKJIIOYAIOT M OIycKaroT Ha nany0y. Jlanee BeiOuparot kabenu. ITocne nmoaxona
K OJOKaM KJITYEeBOYHBIX OOOMHIIEB 3a KBAPTPOIIbI MOJHUMAIOT U 3aBAJMBAIOT Ha Maly0y MoaOOpHI.
[loararuBanue KyTka K KOpMe, MOABEM M BBUIMBKY YJIOBA OCYHIECTBIISIOT C IMOMOIIbIO YJIaBHOTO U
nenéxHoro ctponoB. KyTok mogHuMaeTcss U MPOHOCHUTCS Kayaromieics Ayrol K pbIOHBIM SIIUKaM,
TaM €ro OCBOOOXKJAIOT OT yioBa. Tak Kak Ha mnanyOy BBIOMPAIOT TOJBKO MOAOOpPHI M Ha HEH
pasMemalTcsl TOJIBKO pbHIOHBIE SIMMKH, JUIMHA padouyeil KOPMOBOW IJIOLIAJKU MOXET OBITh
yMeHbIIIeHa 10 6 — 8§ M HE3aBUCHUMO OT JUIMHBI Tpajia. DTO MO3BOJsET Hanbosee yaIo0HO pa3MeCTUTh
BECh KOMILJIEKC O0OpYyAOBaHUS Tpayjiepa U YIydIIUTh oOuWTaeMocTh 3kunaxka. IIpu 3Toil cxeme

IMPOMBICJIOBOT'O yCTpOfICTBa BO3MOXHO  ACJIICHUC  YJIOBA. Or HEAOCTAaTKa, CBA3aHHOIoO C
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HEBO3MOXXKHOCTBIO OCMOTpPa M PEMOHTa Tpajaa, MOXKHO H30aBUThCA, IIOJBECHB IO/ BEPXOM
Kayaromeiicst 1yru (moprana) kaOenbHO-ceTHON OapabaH-KaTyIIKy, yepe3 KOTOPBIH MpPOTATHBACTCS
TpaJl.

OCO0EeHHOCTh TaHHOM CXEMBI COCTOMT B CIEAYIOLIEM: YIOJI COEIMHEHMs MaayObl ¢ TpaHLEM
CKPYIJIEH; YCTAQHOBJCH TOPU3OHTAJIBHBIA pPOJI M 3aKpbIT IPOEM B TpaHUEBOM (aibuiOopTe;
OTCYTCTBYET TPAIIMEUCTEPCKUIM MOCTHUK U TPAJIOBBIC JyTH.

JlocTouHcTRA:

- IPOMBICJIOBAsA nany6a Oonee CBO6OI[Ha OT IIPOMBICJIOBBIX MCXaHU3MOB.

Henocrarku:

- JUTMTEIILHOCTh BBEIOOPKH Tpayia Ha maryOy CyaHa,
- IOBBILLIEHHBINH U3HOC 00OPYIOBaHUS;

- HEBO3MOXKHOCTBIO OCMOTpPA U PEMOHTA TpaJia;

- MaJIblii JOMYCTUMBII pa3Mep yJ0Ba, OrpaHUUYEHHBIN pa3MepaMy ManyObl, BICOTON JyTH.

1.2.4 TIpombicOBOE YCTPOHCTBO C BTSITMBAHHEM KPBUIEB M MOAOOpP MO TMOJYCIUIY U

MOABEMOM YJIOBA KauyaroUIeics Ayrou

OTaenpHO CTOUT YHOMSIHYTh O MPOMBICIIOBOM YCTPOMCTBE C BTATMBAHUEM KPbUIbEB U 110A00D
10 TOJTYCITHITY ¥ MTOJbEMOM YJIOBa Kadarouencs ayroi (pucyHok 1.12)

Takast cxema MPOMBICIIOBOIO YCTPOICTBa 3amaTeHTOBaHa (paHIly3CKOW (upMoil «AMHO» U
ocylecTBiIeHa Ha Tpayjepe OkeaH. Y3Kuil moiayciaun cMmeiieH K 0oprty. Tak kak cyna, Ha KOTOPBIX
OCYILIECTBIISIETCS JIOB MO TaKOW cxeMme, KaK MpaBUJI0, HU3KOOOPTHBIE, CIUII CHA0XKAETCS 3aKPBITUEM
3aI0JUIMIIO ¢ TaTyOOH, a MPOeM B TPAHLIEBOM (halbIIOOPTE OrpakIaeTcs.

OcHOBHasi 0COOEHHOCTb 3TOTO MPOMBICIOBOIO YCTPOWCTBA 3aKJIKOYaeTCsl B TOM, YTO MOCHe
IepeBojia MEePEeXOJHbIX KOHILOB Ha TMOJYCIUI MpPEICTaBIseTCS BO3MOMKHBIM  OCYIIECTBUTH
HENpPEepBIBHYIO BBIOOPKY Kabenel, KpbUIbeB U MOAOOp A0 MOAXoAa KIS4YEeBOK K jedeaxe. Memniok c
YJIOBOM MOATATUBAETCS K KOPME JIMHEM YAABHOI'O CTPOIA M MOJHUMAETCS C MOMOUIbIO Kadarolencs

AyTru «YHUTaH».
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TIOJIYCITUTIOM JIJISl YACTUYHOTO BTSATHBAHUS Tpaa:
a — CXeMa KOMITOHOBKH OCHOBHBIX 3JIEMEHTOB; 0 — ITOIbEM yJIOBa
1 — xavaromasicst Ayra Tumna «YHUran»; 2 — MoJaycaun; 3 — pelOHBIC AUUKY; 4 — pa3/ielbHbIe
TpajoBbIe JeOEIKN

JlocTonHCTRBA:
- IPOMBICIIOBAs Nanyba 6ojee cBOOOIHA OT TPOMBICIIOBBIX MEXAHU3MOB;

- Ha6J'IIOI[aJ'IaCB SHAYUTCIIbHAA COXPAaHHOCTh Ka4€CTBa YJIOBOB.

HenocraTtku:

- ITUTEIHFHOCTh BBIOOPKH Tpajia Ha MaIy0y Cy/IHa;
- TIOBBITIICHHBIA U3HOC 00OPYI0OBAHHS;

- HEBO3MOXXHOCTbIO OCMOTpa U PEMOHTA TpaJia;

- MaJIBIH JIOMYCTUMBIN pa3Mep yJoBa, OTpaHUYEHHBINH pa3MepaMu HanyObl, BBICOTOM TyTH.

1.2.5 BeccaumnoBoe ITPOMBICIIOBOC yCTpOfICTBO C MMOABEMOM YacCTH TpaJia Ha KaOEJIbHO-CETHOM

6apa6aH, a yJIOBa — BCIIOMOT'aTCJIIbHBIMU I'PY30BBIMU CPEACTBAMU

B coctaB mpomsbicioBoro ycrpoiictBa (pucynok 1.13), kpome ceTHOro OapabaHa, BXOIST

TpajJoBasg arpe€raTupoBaHHas WJIHW pa3JaCJIbHBIC J'IC6G)IKI/I, Ayru wWjin KpOHIHTGfIHI:I JUIA ITOABECKU
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BAacpHBIX OJIOKOB M KPEIJICHUS TPAJIOBBIX JOCOK, MANyOHBIE POJHMKH JUIS TPOBOJIKM BacpoB Ha
BacpHbIC OJIOKH, I'PY30BBIC CPEJCTBA Ul CIIyCKa Tpaja W MOJbeMa YJIOBa, HHOTA FOPU30HTAIbHBIN
pOJI Ha HECKOJBKO CKPYIJIEHHOM YIJy COEIMHECHHUS MadyObl C TpaHIEM, 3aKpbITHE NpoeMa B
TpaHIeBOM (hasbIoopTe u Aap.

[Togbem Tpana IpOUCXOIUT CleAyromuM 00pazom. BeiOuparot Baepa 0 moaxo/a K Ayram Win
KPOHILUTEHHAM TpPAJOBBIX JIOCOK, MOCIEIHUE 3aTeM CTomopsT. [lepexomHble KOHIBI KpemsT Ha
Ka0enpHO-CeTHOH O6apabaH M HAUMHAIOT BBHIOOPKY Kabeneil, KpbuibeB U moadop Tpana. CeTHyro 4acTh
Tpana BbIOMparoT O0apabaHOM HACTOJIBKO, YTOOBI MOXKHO OBLIO C IOMOIIBIO YJAaBHOTO M JENICKHOTO
CTPOIOB MOATSHYTh MEIIOK C PBIOOIT K KopMe WM K OopTy. B mepBoM cirydae yinoB mogHUMaeTCs C
MOMOIIBIO MOJBEMHOI0 TpPOCa, MPOBEICHHOTO 4Yepe3 IOJBECHOW TIPy30BOM OJOK Ha KOPMOBOM
CTaI[MOHAPHOM TIOpTaJie MJIM MayTe, BO BTOPOM Cilydae — CTpeioil. BeuinBKa yjaoBa BO3MOXKHA U C
MIOMOUIBI0O NMPUMEHEHHS PHIOOHACOCHBIX YCTAHOBOK. TpasioBble JOCKH OTKIOYAIOT OT CHCTEMBI
TPOCOB Baep — Kabeab 0OOBIYHO YaCTUYHO U OCTABIISIOT Ha Baepax. MOXKeT MPOU3BOJUTHCS M MOJHOE

WX OTKJIIOUYEeHHE. /{151 ocMOTpa ¥ peMOHTa TpaJl MO>KHO BHIOMPATH MOJTHOCTHIO.
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Pucynok 1.13 — BeccnumoBbie IpOMBICIIOBBIE YCTPOMCTBA IJIs1 KOPMOBOTO TPAJICHHSI ¢ YaCTHYHBIM
HOIbEMOM Tpajia Ha CeTeBOM OapabaH:
a — cxeMa KOMIIOHOBKH OCHOBHBIX 3JIEMEHTOB ITPOMBICIIOBOTO YCTPOHCTBA; O — CXeMa pacroIoKeHUs
IIPOMBICIIOBOTO 000pYIOBaHUsI HA KOPMOBOM 4acTH nainyOb! celiHep-Tpaynep biato Yotepc;
1 — cTpena nns BBUIMBKH YJIOBa; 2 — BaepHas jebeka; 3 — najsyOHbIe POJIMKH JIJIsl IPOBOJIKH
BaepoB; 4 — Baep; 5 — cereBoii 6apabaH; 6 — TpasjoBas ayra ¢ BA€pHbIM OJIOKOM;
7 — KOpEHHOM POJHK; 8 — TpajoBas JocKa

OpuruHajabHOE pelIeHre OecCIUIIOBOrO0 IMPOMBICIOBOTO YCTPOMCTBA € HCIOJIB30BAaHUEM
ka0enbHO-ceTHOro O6apabana (pucyHok 1.14) HaiineHo mpu nepeodopyIOBaHUM aHTJIUHCKOTO Majioro
Ttpaynepa Pocc ppunr. CereBoii 6apabaH yCTaHOBJIEH Ha PACCTOSHUHM HECKOJbKO Oojiee 3,5 M oT
TpaHLa U CMelleH K mpaBoMmy Oopty. [lo neBomy OopTy pa3memnieHbl pbIOHBIE sAMKH. Takoe
pacrioyio)keHue,  OOyCJIOBJIEHHOE  KOPMOBBIM  IOJIOKEHHMEM  MOTOPHOIO  OTHENEHHs U

MCCTOIIOJIO’)KCHHUEM KOXYyXa BBIXJIOITHOM Tp}I6I)I, Jac€T BO3MOKHOCTh CO3JaHUs OTACIBHBIX IIIIOIIAaJ0K

U1 paboThI C TPAJIOM U MEPBUYHON 00pabOTKHU yIIOBa.
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Pucynoxk 1.14 — IIpomMbiciioBoe ycTpoiicTBO aHrnuiickoro Tpayiepa Pocc J[apunr:

a — cxemMa KOMIIOHOBKH OCHOBHBIX 2JIEMEHTOB; O — BEIOOpPKA Ba€pOB, CTONOPEHHUE TPATOBBIX
JIOCOK, OTKJIFOUEHHE U IIBE/IKA EPEXOIHBIX KOHIIOB B KOHLIEBBIE TPOCOBBIE OapabaHbl, B — BEIOOpKa

MePEeXOHBIX KOHIIOB M Ka0elnel /10 moaxo/ia KISTYeBOK; T — HAMOTKA Tparia Ha CeTeBoi OapabaH,

HOIbEM YJIOBa,
1 — aByHoTras crpena s cOpachIBaHUS B BOAY KyTKa Ipajia; 2 — 4YeThIpeX Haras Maura-
nopTtai; 3 — 6JI0K JUIs oIbeMa KyTKa; 4 — pbIOHBIE SIIUKH; 5 — BCIIOMOraTelnbHask IPOMBICIIOBAs
nebenka; 6 — peIyKTOPHBIN TUIPONPUBOJ] KabeabHO-CeTHOTO OapabaHna;
7 — kabenbHO-ceTHOI OapabaH; 8 — BaepHbIil MoiBecHON OJ10K; 9 — BepTUKAIbHBIN o,
10 — KpoHIITEHH A1 TOABECHOTO 0110Ka; 11 — ropu3oHTaNBHEIHA poit; 12 — 3aKpBITHE KOPMEI,
13 — BaepHbIe nebOenKn

JanbHenniee pa3BUTHE PACCMOTPEHHBIX BBIINIE BapUAHTOB IIPOMBICIOBOTO YCTPONCTBA
MIPUBEJIO K OCHAIICHUIO CyJIHA MOJYCIIMIIOM JJISl BTATMBAHUS KPbUIBEB U MOAOOP U OMOIHUTEIBHBIM

nonyciunoM (pucynok 1.15) B I myis BTArMBaHUS KyTKa ¢ yJIOBOM. BbulMBKa yi0Ba MpOU3BOAUTCS

BCIIOMOTr'aTC€JIbHBIMU I'PY30BbIMH CPEACTBAMMH.
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Pucynok 1.15 — OcHOBHBIE 371€MEHTBI IPOMBICIIOBOI'O YCTPOMCTBA AJIs1 KOPMOBOT'O TPAJICHUS C ABYMSI
MIOJIyCJIMIIaMU JIJIsl YACTUYHOI'O BTATMBAHUS Tpaja:
1 — paznenbHas TpanoBas gedezka; 2 — pasjiesbHas TpajoBas jJe0eaKa co BCIIOMOIaTelIbHbIM
O0apabaHOM JTHS HAMOTKH Tpajia 110 OKOHYAHHH JIOBA; 3 — PHIOHBIC SIIHUKHY;

4 — kpyTOM MoJTycu Jyis o0JIeryeHus noAbeMa yjoBa; 5 — MOJOrui MOJTYCIIHUIT SIS BTSTUBAHUS
KPBUIEB U NIOJ00P Tpana; 6 — BcrioMorareabHas Ayra moprai ¢ Ipy30BbIMU OJI0KaMu 11 00JeryeHust
[0JIbeMa KyTKa C YJIOBOM; 7 — TpajioBasi {yra ¢ OJJBECHbIMH BaepHbIMM OJIOKaMH; § — cTpesia s
BBUIMBKH YJIOBa

OObIYHO A YNPOLIEHHs IPOBOJAKM BaepoB, KalOened M BBITSKHBIX TPOCOB TaKoe
IIPOMBICIIOBOE YCTPOMCTBO OOCITYKMBAETCS pa3/elbHBIMU JieOeIKaMH, KOTOpbIE YCTaHABJIMBAIOT B
HOCOBOH YacTH TPOMBICIOBOM riomanaku. OnaHy u3 jie0eoK CHaOXKaloT ceTeBhIM OapabaHOM, Ha
KOTOPBIM MOCJIE€ OKOHYAaHMS JIOBA IOJHOCTBIO HaMaThIBAIOT Tpaji. IloaTsaruBanue KyTka C yJIOBOM K
KOpMe TpayJjiepa OCYILIECTBISETCA ¢ MOMOIIbIO JIMHS YAaBHOTO CTPOINa, a BbUIMBKA YJIOBA B PHIOHBIE
SIUKH, PACIOJIOXKEHHbIE B KOPMOBOM 4YacTH NaynyObl — Ipy30BoM cTpenoi. Tak Kak BBIIOJHEHHE
IIOJIOTOr0  TOJIYCIIMIIA JOCTATOYHOM JUIMHBI Ha CyJaXx C KOPOTKOW IPOMBICIOBOM IUIOLIAAKON
MPAKTUYECKH HEOCYLIECTBUMO, TO JAJSI OOJErdeHusl BBITATHBAHUS KYTKa C YJIOBOM JOIMOJHHUTEIHHO
MOKHO YCTAaHAaBJIMBATh JIETKYI0 KauyarollyloCs Iyry WIM CTallMOHapHbIM mnoprtai. KoMmIiuleKCHbIM
HCIOJIb30BAaHUEM KPYTOTO MOJIyCIUIIA U KayarolleWcs AYTM yCTpaHSeTCsl HEJOCTAaTOK IOCIEIHEH:
OTrpaHMYEHUE BEIMYMHBI PA30BOI0 MOIbEMA YJIOBA.

HemHoro otnuuarommiicss BapuaHT ObLT pa3padOTaH W peanu3oBaH Ha Tpaynepe «lris»

(pucynok 1.16).
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Pucynok 1.16 — O6mwmii Buj tpaysepa OPI «lrisy c ﬁpOMLICJIOBoﬁ CXeMOo Tnné «Dirk-Dirky»:
1 — BRITSDKHOM KOHel;, 2 — 0J10K; 3 — rpy30Bo# noptai; 4 — posut; 5 — TpasoBas Jie0&nka; 6 — OyHKepbI

B nannoli cxeme ABoiiHbIE kKabenbHO-CETHBIE OapabaHbl CMEIIEHBI OJIKe K CepelluHe CyIHa,
YTO TIO3BOJISIET OCMATPHUBATh IIEJIOCTHOCTH OPYAHUS JIOBAa M OBICTPO MEHATH Tpalibl 3a CYET
NepeKIoueHns OapabaHoB.

[IpoMbICTOBBII KOMILJIEKC (pucyHok 1.16) BKJIIOYAET arperaTupoBaHHYIO
(kOMOMHHPOBAHHYIO) TPAJIOBYIO JIEOEAKY 5 ¢ BaepHbIMU OapabaHamu, ABYMs KaOelbHO-CETHBIMU U
HECKOJIbKUMHU TPy30BbIMU Oapabanamu. BOim3u KOPMOBOH OKOHEUYHOCTH YCTAHOBIIEH T'PY30BOM
noptan 3 ¢ GyokamMu 2 JyIsi IPOBOJIKH BBITSDKHBIX KOHIIOB 1, ¢ TTOMOIIBI0O KOTOPBIX OCYIIECTBIISIOT
MOPLMOHHYIO BEIOOPKU ¥ BBUIMBKY YJIOBa B pabomnpuéMHbIe OyHKEPHI 6.

Bribopka Tpana ocymiecTBisieTcs cieayromuM oopazom. [locrne BEIOOpKH BaepoB BaepHBIMU
OapabaHaMy M TpuéMa TPAJIOBBIX JIOCOK Ha KOpPMOBBIE OOpTOBbIE KpOHIUTEIHBI 4 OapabaHa.
[Tocnennumu BeIOMparoT kabenu, KPhUIbs, KAHATHYIO U KPYIMTHOSYEHHYIO YacTh Tpaia g0 Mmemka. Ha
ATOM BBIOOpKA CETHOM YacTH 3aKaHYMBAETCs. 3aTeM MENEKHBIA JTMHb, COCIUHEHHBIN C AeNEKHBIM
CTPOIIOM KYTKa, OTCOEIUHSAIOT OT MEUIKAa Tpajla U COCAMUHSIOT C BBITSDKHBIM KOHIIOM OJHOIO W3
Ipy30BBIX OapabaHOB TpanoBOH J€OEAKU 5, C MOMOIIBIO KOTOPOrO BBIOMPAIOT U MOAHMMAIOT HaJl
OyHkepoM 6 TmiepByl0 mopmuio yioBa. [locie BBUIMBKM TEPBOM MOPIMH KYTOK CTPaBIMBAIOT,
HAOWBAIOT OYEPETHOW MOpIHel, MOoJHMMAai e€, Jajee MPOIecCC MHOTOKPATHO MOBTOPSIETCS O
MOJIHOTO OCBOOOXICHUS KyTKa Tpaja OT yJoBa. BbUIMBKA OCYIIECTBISETCS HEOOMBITUMH MOPIHUSIMH
TaK, 9TOOBI MOBPEXKJACHUE PHIOBI ObLII0 MUHUMATHHBIM. CyIHO JBHMIKETCS MPU BBUTUBKE HEOOJIBITUM
X0JIOM, 4TO 00€eCreunBaeT OBICTPOE 3aMOTHEHUE KaXKIOW OYEpEeITHON MOPIUU MOAMUPAEMON YacTH
KyTKa.

V naHHBIX CXEM €CTh KaK JIOCTOMHCTBA, TaK U HEJJOCTATKHU.

JlocTouHCTBA:
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- BO3MOKHO TTPUMEHEHNE Ha MaJIbIX TTPOMBICIIOBBIX TATy0ax;
- XOpolIasi COXpaHHOCTh YJIOBa.
Henocratku:
- HEBO3MOXXHOCTh HOPMAJIBHOTO OCMOTpPa U PEMOHTA Tpajia Ha CyJHE;

- 00JIBIIIOE BPEMs BBUTUBKH YJI0Ba TIPU pabOTE METOIOM JCIICHHS YJIOBA.
1.2.6 YcrpoiicTBo A5t BBUTUBKH YJIOBa U3 Merika Tpana (1976 r.)

C uenpl0 COXpaHEHHs KauecTBa YJIOBOB M O€30MAaCHOCTH IPOMBICIOBBIX OINEpaluid IMpu
OeccaumnoBoM croco0e BBIOOPKM Tpajia MpPeIarajioch CHEIHATbHOE YCTPOHCTBO IS TOABEMA U

BBIJIMBKH yJI0Ba M3 Mellka Tpaia (pucyHok 1.17).

Y e T
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Pucynok 1.17 — YcTpoilcTBO 1J14 BBUIMBKY YJI0Ba U3 MEIIKa Tpaja:
1 — xopMOBast OKOHEYHOCTh CYAHA; 2 — TATOBBI MEXaHU3M; 3 — HOCOBAas YacTh EMKOCTH,
4 — ipoém; 5 — ckBO3HAs 1MIeNh; 6 — MPOMBICIIOBas TATY0a; 7 — anmapesb Il OTKPBITHS U 3aKPBITHS
npoéma; 8 — 3aaBmxkka; 9 — memok; 10 — curHanbHbIN KaHaT, 11 — rmaromns rak;
12 — smactuaHas neperopoka; 13 — amacTuaHbIi KryT; 14 — konbIa; 15 — ceTHOe MOI0THO
VYcerpoiicTBO npeacTaBiser u3 cedst EMKOCTH (3), 3aMOTHEHHYIO BOJIOM, TPOEM B KOpME Cy/IHA,
HamoJIHEHHbIH BOJOW. Bo Bpemsi BBIOOpKM Tpaja C yJOBOM KaHATHO-CETHYIO 4acTbh 3aBOJAST Ha
TATOBBIN MeXaHu3M. B mporiecce HaMOTKH MEIIOK 3aBOJAT depe3 Mpoém (4), mpu 3TOM MO BECOM
yJIOBa MEMIOK OTTATHUBAET AMacTU4HBIA KryT (13), BXoAAmuii B COCTaB 3JIaCTHYHOW MEPErOPOIKU
(12), B coctaB KOoTOpO¥ BXOIAT Takxke Kojibla (14) u cetHoe monotHo (15), mpemoxpaHstomiee OT
BBIXO/Ia pbIOBI M3 mpoéMma. [locime MpoXoXAeHUs MeIIKa MEepPeropojika BO3BPAIIAETCS B HCXOIHOE
MOJIOXKEHHUE, TIOCJIC YETO YJIOB BEUITMBAETCS M BHIKAUMBACTCS U3 TTPOEMA.
Henocratku cxemsr:
1. Harpy3ku mpu mpoX0oXISHUH Tpaja Mo AIACTUYHON MEePEropoaKe, KOTopas MOCTOSTHHO JTaBUT
U MEIIAET IMPOXOAY MEIIKA B IIPOEM.
2. Tlpu BBUTMBKE yJIOBa PHIOOHACOCOM, phIOa TOBPEXKTACTCS M HET BO3MOYKHOCTH BBIKAYMBATH

KPYITHBIX 0COOEH.
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JlocTonHcTBa:

1. TloBbimaeTcs Ka4ecTBO yJIOBa 3a CUET BBUTUBAHUS OOBEKTA JIOBA U3 BOJAHOU Cpeibl B BOJIHYIO.

1.2.7 CnocoOsl niepeaun yjioBa M3 Tpajia Ha CYAHO U YCTPOMCTBO JAJiSi €r0 OCYILECTBICHHS

(1982 1)

Taxke npeajarajimucb YCTpOﬁCTBa, HaIIpaBJICHHBIC Ha COKpAlICHUC HCEIIPOHU3BOIUTCIIBHBIX

3aTpar Ha BBUIMBKY YJIOBA M3 TPAJIIOBOTO MEIIKA, C COXpaHEHHEM ero kadecTBa (pucyHok 1.18, 1.19).

Pucynok 1.18 — Crioco0OsI mepeiayun yiioBa U3 Tpajia Ha CYJHO U YCTPOHCTBO ISl €T0 OCYIISCTBICHUS
(oOmuit BU)
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Pucynok 1.19 — CriocoOsI repeiayn yiioBa U3 Tpajia Ha CYJHO U YCTPOHCTBO ISl €T0 OCYIIECTBICHUS
(BBIOOpKA):
1 — Hacoc; 2 — tpai; 3 — TpybonpoBo; 4 — CpeACTBO ISl TOAAYN YHEPTHH; 5 — PpIOOCOOPHUK 6 —
KapMma cyaHa

B nanHOM M300peTeHMM BBUIMBKA W3 Tpalla OCYMIECTBISICTCS C ITOMOIIBI0 PHIOOHACOCHBIX
YCTaHOBOK.

[Tepen cmyckoM Tpania B KyTKE KpemsiT TPyOOMpPOBOIBI U CPENCTBA AJS MOJAYM DHEPTHH K
peiboHacocy u caM peiboHacoc. PeIOOHAacOC UMEeT MOJIOKHUTENbHYIO TUTaBy4YecThb. [loce HarmoTHeHus
MCHIKa Tpall BI)I6I/IpaIOT 0 1rmoaxonaa Tp}I6, KOTOPBIC IMMOAKIOYAOT U HAYWHAIOT BEIJIMBKY.

Henocrarku:

1. OTCYTCTBI/IC BO3MOXHOCTH BBIKAYKH KPYITHBIX oco0ei.
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2. BpIcOoKue sHEpro3arparhl.

JlocTouHCTRA:

1. 3HauuTenBLHOE COKpAICHHWE BPEMEHHM Ha HE TNPOW3BOJMTEIBHBIC 3aTpaThl, CBS3aHHBIE C
MoAbEMOM MEIIIKA Ha Maryo0y, 3a CYET HEMPEPHIBHOT'O BHIKAYUBAHUS PHIOBI,

2. BBICOKOE COXpaHEHHUE KaueCTBa YIIOBOB;

3. Her HeoOX0aMMOCTH B HATMYMHU OOJIBIION POMBICTIOBO MaTyObI.

1.2.8 YctpoiicTBo misi moagbéMa Tpaia Ha TPOMBICIOBOE CYAHO KOPMOBOTO TpAJCHHS U

BBUIMBKA 13 Hero yiosa (1988 r.)

VYerpoicTBO Ais moabEMa Tpajia Ha MIPOMBICIIOBOE CYJJTHO KOPMOBOT'O TPAJ€HMs U BbUIMBKA U3

HETO YJIOBa MyTEM IPUMEHEHHS yJaBHOTO CTpOIIa IpeacTaBieHa Ha pucynke 1.20.

n

Pucynok 1.20 — YcTpoiicTBo g moabEMa Tpaia Ha TPOMBICTIOBOE CYTHO KOPMOBOTO TpalleHUs U
BBUIMBKA M3 HETO YJIOBA!
1 — mopran; 2 — HampaBIAIUN poi; 3 — Tpal, 4 — TpanoBas j1ed&aka c 6apabaHom;
5 — nebénka It MoAbEMa M BBUTMBKH YIIOBA; 6 — IIKEHTENh; 7/ — pa3bEMHBIN JICMEHT,
8 — moaTspkHOM MuHB; 9 — ynaBHoi crpor; 10 — kyTok Tpana; 11 — Tpaner;
12 — HanpaBISAIONTUHN 2JIEMEHT
Tpan moATIATMBAIOT C TOMOIIBIO TPAIOBOM JEOEIKM Yepe3 HAMpaBJSIONINI POl Ha TopTalie K
Tpaniy. [locne 3TOro MOATSHKHBIM JTMHEM MOATATUBAIOT KYTOK Tpajia ¢ KECTKOM paMoil K BEpXHHUM
9acTsSIM HAIPABIIAIOMINX 3JIEMEHTOB U OITYCKAIOT TPaj K OrpaHUYHMTENSAM mepemenieHus. [logouparor
TpaJI, peida BcE OoJiee KOHIEHTPUPYETCS B KyTKe Tpaja. YacTh yjaoBa B KyTKE OTACISAIOT YIaBHBIM
CTPOTIOM ¥ TOJKATEIH MOJHUMAIOT YacTh yJIOBa, a CeTUaTasi KPbIIIKa OTKPBIBAETCS MO BECOM PHIO U
BBUIMBAET YJIOB. DTa ONEepaIus MOBTOPSETCS.
HenocraTtkn:
1. TloBpexmaeMocTh PBIOBI 32 CYET NMPUMEHEHHS IEPECTPONKH (C)KATHE MEIIKA YIaBHBIMHU

CTpONaMH).

2. Uewm Ooiblire YJIOB, TEM OoJIbIIIE TIPOLCHT NOBPCIKIAACMOCTHU.



37

3. CymecTByolue cyia A0HKHbBI ObITh epeo00pyI0BaHbI 0] COOTBETCTBYIOIINE CXEMBI.

JlocTronHcTBa:
1. CHwxeHbI HArpy3KH HA MPOMBICIIOBBIE MEXAHU3MBI.

2. KadecTBo yJI0BOB BHIIIIE, YEM IIPH ITOJTHOM BHITSTUBAHUHU TPAJIOBOTO MEIIKA HA Manyoy.
1.2.9 YcrpoiicTBo 115 moabEéMa Tpalia Ha cyax KopmoBoro Tpaienus (1970 r.)

JlocTaTouHO HEOOBIYHBIM CIIOCO0 BHIOOPKH TPAJIOBOTO MEIIKa Ha Nanyly CyqHa MpelcTaBieH

Ha pucyHke 1.21.

Pucynok 1.21 — YerpoiicTBo 11 moaséMa Tpaja Ha Cy/1ax KOPMOBOTO TPAJICHHUS
1 — yerpoiicTBo 11 moabEMa Tpaia; 2 — TpasioBas 1e6éaka; 3 — NoabEMHBIN KaHaT; 4 —
BpaIaoIrecs Mapsl; 5 — monepednsle (1enéxHbIe) CTPOIIB; 6 — cekiuu; 7 — Hanpasisromue; 8,9 —
ponuky; 10 — 6apaban; 11 — normiaBku

3TO YCTPOWCTBO COOOM MPENCTABISET TPal, OCHAMEHHBIH KaHATOM, IPOXOISIINM T10 LEHTPY,
K KOTOPOMY KpemsTCs mapbl (IIOJible HIAPOBbIE YaIllM), CBSI3aHHBIE C JENEXHBIMU CTpONaMH. OTH
HIapbl 3aBOJAT B HANpaBIISIONIME, PACIONOKEHHbIE HAa KOPME CYIHA, BAOJIb €ro JuaMeTpabHOMN
TUTOCKOCTH, U UMEFOIIINE KIIMHOBHUIHBIN MPO(UITH.

[Toce TpaneHust Tpall ¢ yJI0BOM BBIOHPAIOT, 10 TIOAX0/1a K KOPME Tpayliepa, MEPEaHIO0 YacTh
Tpaja MOJHUMAIOT Ha CYJHO C MTOMOIIBIO TPaOBOH J1€OENKH, 3aTeM KaHAT C IIapaMH BTATHUBACTCS 110
HanpasJsIoneil 1 kpenurcs kK 0apabaHy TpanoBoi JI€OEIKH, Tpasl HOAHUMAETCH.

[Tpn moxxome CeKIUHM MeIlIka K TOpJIOBHHE OyHKepa OHa OTKPHIBACTCS M YJIOB BBUIMBAETCS,
3aTeM MEIIOK MEePEBUTAI0T Jajiee A0 TeX TMOpP KOT/a BTOpasi CEKIUs He OKAKETCs HaJl TOPIIOBUHON U
TO’Ke BhUIMBAETCs. JlaHHBIN Mporiecca NOBTOPSETCS ITOKA HE OIYCTEeT BECh TPall.

Henocrarku:

1. TpyaHocTb B 3aBeJIEHUU Tpaja B HaMlPaBIISIOIINE.
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2. YBenWyeHHWE COMPOTHBICHHS IPH TPAJCHUHW, 32 CYET TPUMEHCHHUS JOTIOTHHUTEIBHBIX
BPAIIAIOIINXCS MAPOB U TOIJIABKOB.

3. Jlns moAroTOBKM Tpasia K MOBTOPHOMY CITYCKY HEOOXOIMMO pa3MOTaTh HAMOTAHHBIA Tpa
Y COCTMHMTD (3alIUTh) MEIIOK, KOTOPBIN MPH BBUIMBKE yJIOBa pa3beIUHSUIN (ITOCKOIBKY B
CXeMe He yKa3aH Croco0 pa3beIUHEHUS, TO MOXKHO TPEAINOJIOKUTh, YTO HMEETCS B BHILY
pacmyCcKHas IIBOPKA WM TPaJI IPOCTO pa3pe3aror).

JlocTouHcTRA:

1. CoxpaHeHue KauecTBa yJIoBa 3a CUET YMEHBIIICHHUS HArPy30K.

2. YMeHbllIeHWe BpEMEHHU BBIOOPKH TpaJa.

3. YMeHbIlIeHUE Harpy30K Ha Tpal.

1.2.10 TpanoBoe CyIHO €O ILTIO30BOM KaMepoi

N300peTeHne OTHOCHUTCS K CHOCOOY BBUIMBKH yJIOBa M3 TPaJOBOro Memika (puUCyHOK 1.22,
1.23), npu 3TOM 3a CUET TOTO, YTO MEUIOK M YJIOB MOMAIAI0T Ha OOPT Tpaynepa, HaXOIsICh ellé B BOJE,
Y BBUIMBKA YJIOBOB OCYIIECTBIISIETCS TaK)X€ B BOJIC, TO U YCHUJIUSA, OKa3blBaeMble HAa MEXaHU3MBbI

JOJIZKHBI OBITH HE3HAYNTEIIHHEL.

Pucynok 1.22 — TpanoBoe cyaHO co UTI030BOM KamMepo# (10AX0/] MEIIKa U OJHATHE JOCOK)
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Pucynok 1.23 — TpanoBoe CyIHO €O IUTFO30BOM KaMepOii:
1 — KOpMOBOW OKOHEYHOCTH CY/IHA; 2 — IUTF030BOM KaMephl; 3 — IAXTHOTO KaHaja; 4 — TpajoBOro
Oapabana; 5 — BaepHBIX JIEOEIOK; 6 — TPATOBBIX OCOK; 7 — TPAJIOBOTO MEIIKa

[Tocie BBIOOPKH TPAJIOBBIX JOCOK MOIKIIOUYAIOT TATOBBIA TPOC, KOTOPBIMA MpeaHA3HAUCH IS
HANpaBJICHUS MEIIKa B INUTIO30BYI0 Kamepy. COrjlacHO BapHaHTy OCYIIECTBIICHHS KOHCTPYKIIUU
YCTaHOBJICHA TPAHCIIOPTEPHAs JICHTA JUIsl TATOBOT'O TPOCA, MPOXOAAIIAst BIOIb YriTyOJIeHHOTO peibca
MEXJy BEPXHEH TOPJIOBHHOHM IMEpeaHEero MIaXTHOTO KaHajla M 4epe3 IUIF030BYI Kamepy, 4TOOBI
HAMpaBJISATh €r0 OT KOPMBI JIJISl KpPEIUICHUS K Tpajly Mepel MOJABEMOM Tpajia uepe3 MpOXOia s
[UTIO30BaHMsI. DTa TpPAHCIOPTEpHAs JIEHTa MOKET 3aKaHYMBAThCS BOJHM3U OT COOTBETCTBYIOIICH
BEPTUKAJIHHON TPAHCIOPTEPHOH JIEHTHI JUISI TSATOBOTO TpOca Ha KOpMeE, YTOOBI TOJBOJUTH TSTOBBIM
TPOC BBEPX K YPOBHIO MaTyObl ISl KPEIUIEHUS K Tpaly nepes] MoAbEMOM.

Bo BpeMmsi mpoxoja Melika, MpeAcTaBIeHHOro Ha pucyHke 1.23, moka3aHo, 4TO TpaslOBBIH
MEIIOK PAaCCTETHYT U PACKPBIT, IPHUYEM B JJAHHOM CIIydae OH IOKa3aH PAaCKPBITHIM BJIOJIb 3aCTEKEK-
MOJIHMH B €ro OOKOBBIX CTOPOHAX, MPH ATOM YIUIMHEHHE TPaJOBOTO MEIKa TMOAHATO BBEPX Uepes3
NEepeHIO IaxTy. B 3agHeM KOHIlEe TPalloBOrO MeIKa TaKKe MOXKET OBITh PACIOJIOKEHA 3a/Hss
3aCTe)KKAa-MOJHMS. PpIOy HarHeTtaroT M3 NUII030BOM KaMmephbl IOCPEICTBOM pPBIOHOTO Hacoca,
HarpuMep, K MOMEIICHHIO Il XpaHEeHUs WK Ul OYMCTKHA Ha 0opTy cynmHa. OTAENEHHYIO OT ylioBa
KaHAaTHO-CETHYIO YacTh Tpaja HaMaThIBaIOT HA TPAJIOBBINA OapabaH.

Henocrarku:

1. Heo6xonmMocTh BHECEHUS CEPbE3HBIX KOPITYCHBIX U3MEHEHUH.

2. Tpymo€MKOCTh oneparyii 1 HeBO3MOKHOCTh BU3YaJbHO CIIEIUTH 32 IPOIIECCOM.

3. HeymoOcTBO 3KcIUTyaTanuu, CBs3aHHOE C TPYIHOCTSMH MOJKIFOYEHUS TATOBOTO TPOca M

JPYTUX 3JIEMEHTOB, B TOM YHCJIE PACKPBITHE 3aCTEKEK-MOTHUMA.

JlocTouHCTRBA:
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1. CoxpaHeHue BBICOKOTO KaueCcTBa yJIOBa.

2. TlouTu Bce omnepanuy MEXaHU3UPOBAHBI.

1.2.11 TpanoBoe cyaHO, 000PYIOBAHHOE TPUEMHBIM THIPOKAHATIOM

Takoke ObUIO MPEIOKESHO YCTPOMCTBO MOA00HOE OMMCAHHOMY BbIlIe (pUCYHOK 1.24).

bt

—;‘31.—42- -

Pucynok 1.24 — TpanoBoe cyHO, 000pyZAOBaHHOE PUEMHBIM I'MIPOKAHAIOM
(cHM3y HaxoAsATCs OOK U BEPX)

Tpaynep comepxut kopryc (1), OCHalleHHBIA HBYMS IBWXKUTEISIMU (2), 0OIIeCcyaoBbIe
HazacTpoiiku (3), Tpan (4), Tpockl uig OyKCUpOBaHUS U Moabema Tpajia (5), TpanoBble OapabaHbl AJs
1oJ’beMa CeTHOM JacTu Tpaina (6), ycrpoiicTBa a1 00pabOTKH yJI0Ba U PEMOHTA CETHOM 4acTH Tpaa,
npucrnocobnenue s npuema tpana (7). Ilpucnocobnenue s nmpuema Tpajia BBIIOJHEHO B BHJIE
ruapokanana (8), mpoxonsIero 1Mo ocu CUMMETpuu kopryca (9) oT BbIpe3a B KOPMOBOM Cpe3e
KOpIyca /10 BEpTHUKaJIbHOM cTeHKM Kopmyca. ['mapokanan orpaHuueH OokoBbIMHM cTeHKamu (10),
HIDKHASA 9acTh TUApPOKaHaja COBMAJaeT ¢ JHUIIEBON yacThio kopmyca (11), a cBepXy OH orpaHuueH
rnaBHoU nany6oit (12). ITo Bcel mMHe ruapokaHana riiaBHas nany0Oa BHIIOJIHEHA B BHJIE CTBOPOK
(13), packpbIBaroluxcst BBEpX OT LIEHTPaJIbHOM ocu ruapokaHaina. TpanoBbie OapabaHbl A MoaAbEMa
CETHOM YacTH TpaJja pa3MelIeHbl Ha IIIaBHOW maityoe.

Tpaynep pabotaer ciemyroumM oOpasoM. [Ipu 3amonHeHun Tpaiga 5 pelOOH HAUYMHAIOT €ro
MOJIbEM TIOCPEICTBOM TPAJIOBBIX OapabaHOB 6, NMpH HAMOTKE CETHOM YacTh Tpaja S5 MEIIOK,
coJiep Kalliii yJI0B, IMOCTYMAaeT dyepe3 BhIpe3 § B THApPOKaHal 7, 00pa3oBaHHBIA THOM 11, GOKOBBIMU
10 crenkamu U raBHOM 12 mamy0Oo#, mocye yero HauyMHaIT BBUIMBKY yioBa. JlJisf TOTO OTKPBHIBAIOT

PACKPBIBAOIIUECCA BBEPX CTBOPKU 13 ¢ INOMOLIBIO IIAapHUPOB MU UYCPE3 O6pa3OBaBI_HI/II\/'IC$I nmpoeM
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OITYCKaloT B THAPOKaHAN 7 BCAChIBAIOILIYIO0 YacTh PhIOOHACOCA, YCTAHOBJIEHHOTO BHYTPU aHrapa Ha
rnaBHoM 12 mamyGe, u Brimro4arT ero. C peiboHacoca peida IMOCTYMAeT B TEXHOJIOTUYECKUE
noMenieHus: (Ha yepTeke He 0003HAYEHBI), PACIOIOKEHHbIE B Kopiyce 1 cyaHa BHe aHrapa 15 u
obmecynoBbix Hajactpoek 3. Ilo mepe ocBOOOXKIEHHUS TPAJIOBOTO MeEIIKa OT BOJO-PHIOHON cMecu
(mynbIbl) HUTAHT pbIOOHACOCA 3a[BUTAETCA Jajiee B MEIIOK Tpasia 5, IpU 3TOM CeTHasl 4yacTh MellKa
HaMaTbhIBae€TCs Ha TpPaJoBbIi Oapaban 6, pa3MemieHHBI Ha mMIaBHOM 12 mamybe. Omeparuio
0CBOOOXKICHHS OT PHIOBI BEAYT /10 €r0 TMOJIHOTO OMOPOXKHEHUS, ITOCIIE Yero TPAJOBbI MEIIOK Yepes3
mpoeM riaBHOM 12 mamyObl MEXIy OTKPBITBIMU PACKPBIBAIOUIMMUCS CTBOpPKaMU 13 ¢ mOMOIIbIO
Tenbdepa BEIOMparOT Ha TNaBHYIO 12 many0y, a pacKpbIBAIOLIUECS CTBOPKU 3aKpPHIBAIOT U HAUMHAIOT
IIOArOTOBKY Tpaja 5 K ClIeyolliel NocTaHOBKeE [8].

JlocTonHcTRA:

1. YMeHblieHHe Harpy3kd Ha [POMBICIIOBBIE MEXaHU3MbI, YBEIUYCHHE CpPOKa UX

JKCILTyaTaIuu.

2. CHmXeHue Hepro3arpar rJlaBHOW YHEPTEeTHUECKON YCTAaHOBKH Cy/THA.

3. TloBbllIeHne KauecTBa yJIoBa 110 CPABHEHHUIO C TIOABEMOM YJIOBA IO CIUITY CyTHA.

HenocraTtku:

1. HeoOxomuMo TMpOBECTH  CEpPhE3HYID  MOJEPHMU3AIMIO  KOpPIyca M yCTaHOBKY

JIOTIOJTHUTEIILHOTO 000PYIOBAHHS.
2. He ykasan crioco0 moaKIFoueHus ppIOOHacoca 0e3 prcKa JIIs )KU3HU paOOTHUKA.

3. CYH_IGCTByeT IMMOBPEKAACMOCTD OT UCITOJIb30BAHUSA pLI6OHaCOCEL

1.3 Ananusz npomwsiciogbix cxem no cnocooam 8blOOPKU U NOOBEMA Y106a

beccaunoBble M MOJIYCIMIIOBBIE CXEMBl TPUMEHSIOTCA B OCHOBHOM Ha MAaJOMEpPHBIX,
MQJIOTOHH@KHBIX U CPEIHETOHHAXKHBIX Tpayiepax. JlaHHOe 00cToATeNbCTBO O00YCIOBICHO
OTPaHUYEHHBIMU pa3MepamMH CyJHAa W IPOMBICIOBOM NanyObl, 4TO NPHUBOJUT K HEBO3MOXKHOCTHU
pacmonoKeHus MOJHOUEHHOTO CIUIOBOro ycrporcrBa. Ha Hekotopeix cyaax, Takux kak MCTD,
NPUMEHSIOTCSL «KPUHOJIMHBDY (ChEMHBIE CIHIBI), TO3BOJIIOLINE CHU3UTh YCHIIME BBIOOPKH U
COXpaHUTh KadecTBo yiosa [70].

J{ns BeIMONIHEHHUS mponecca NoAbEMA Tpajda U MENIKOB C YJIOBOM Ha CyJax C IOJIYCIMIIOM U
0e3 caMma TMPUMEHSIOTCS CTpeNbl, Kadarolluecs Jyrd, KpaHbl, CTallMOHApHbIE MOPTAaJbl,
MO3BOJISAIONINE TPUMIOJHUMATh MEIIOK HaJ OOPTOM C IENbI0 UCKIIOUEHUS TPEHHUSI MEXAY CYAHOM H
OpYAMEM JIOBA, YTO B KOHEUHOM HUTOI€ COXPAHAET KAYECTBO YJIOBA U CHUXKACT U3HOC IIPOMBICIOBBIX
MEXaHU3MOB U Opyauid pbiooioBcTBa. [IprMeHeHne ceTHoro 6apabaHa B JaHHBIX CXE€Max IO3BOJISIET

YaCTHUYHO YKJIAAbIBAaTh KAHATHO-CCTHYIO 4YaCThb Tpaja, 4YTO HCKIHOYACT BI)I60pKy Tpaja METOAOM
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nepecTpornok. Peanmzarust 1aHHON MEphI CHIDKAET M3HOC OPYAHS JIOBA, MOBPEXKACHUE PHIOBI ChIPIIA, a
TaK)K€ IMOBBIIIAET 0€30I1aCHOCTh MPOMBICIIOBBIX OIEpaluii U YCKOPSIET MpOLECcC BbIOOPKU. BbUIMBKY
yIIOBa U3 TPAJIOBOTO MEIIKA Ha CyJaX C MOJIYCIUIIOM U 0e3 CIIIa OCYIISCTBISIOT 10 YacTsIM, JIN0O C
MIPUMEHEHHUEM PHIOOHACOCOB.

BOJBIMHCTBY M3 ATUX MPOMBICIOBBIX CXEM MPHUCYIIHU CISAYIOMNUE TOCTOUHCTBAM:

- HEBBICOKAsI MMOBPEXK1aeMOCTh yiioBa (okoJio 15 %);

- OoJiee BBICOKUN YPOBEHBb OE30MACHOCTH MPOMBICIIOBBIX OTEpAIUil 3a CUET MAJIBIX HArpy30K
Ha IIPOMBICJIOBBIC MEXaHHU3MBI;

- He3HAYMTEILHBIA H3HOC MEXaHU3MOB.

[Tpu BhITIIETIEPEUYHUCTICHHBIX KQY€CTBAX 3TH CXEMBI O0JIAIAI0OT PSIIOM HEJIOCTATKOB, 8 HMEHHO:

- TpaJOBbII MEIIOK C YJIOBOM BO BpeMs BBIOOPKHM YaCTMUHO OCTAa€Tcs IjIaBaTh 3a KOPMOM, B
pe3ynbTaTe BO3MOKHO €r0 CKpy4HMBaHHE, a TIPU TPAJICHUU B CBEXKYIO MOTOAY — MOBPEXKIECHUE Tpaja
CYJHOM;

- JUIsL OCMOTpa U MOYUHKH HEOOXO0IMMO MOJHUMATh TpaJsl Ha OOPT U MpepbIBaTh IPOMBICET;

- OABEM TPAIOBOTO MEIIKA C YJIOBOM OCYIIECTBISICTCS YEpe3 CETHYIO 4YacTh Tpajia, 4To
3aTpyaHSET MPOIIECC BEIOOPKU;

- 3a cu€T JIeJIeHHs YJIOBa CYIIECTBYET OTpaHUYEHUE Ha BEIMYMHY Pa30BOro MOABEMA PHIOHI,
qTo Tpe6yeT JOITOJIHUTCIIBHBIX HGHpOH?;BOI[HTGJII:HI:IX 3anaT BpCMCHI/I.

[TpuMeHeHHEe CIMIIOBOTO METOJa MoJAbEMA YJIOBAa Ha MAXyOy CyJHA XapaKTepHO IS BCEX
TUIIOB TPAyJIepOB, HO HauOOJee PacIpOCTPaHeHa Ha KPYMHOTOHHAKHBIX MPOMBICIOBBIX CyAax. JTO
O00yCIIOBJIIEHO pa3MepaMH MPOMBICIOBOM MalyObl, MOIIHOCTHIO IPOMBICIOBOTO 00OpYAOBaHUSA,
MO3BOJISIIOIIETO BHIOMPATh TPajibl M MELIKU C YJIOBOM Ha NaiyOy cyaHa.

K nocronHCcTBaM 3TOM CXEMBI MOYKHO OTHECTH CIIETYIOIIEE:

- ONIEPAaTUBHOCTD BBITIOJIHEHUS TIPOMBICIOBBIX OMEpaIluii C TpaIoMm,

- y100CTBO TIPU BHITIOTHEHUH padOT MO0 PEMOHTY Tpaa,

- POCTOTA IKCILTyaTaI[UU IPOMBICTIOBOT'O KOMITJICKCA.

OCHOBHBIM HEIOCTAaTKOM }IaHHOI\/’I CXEMBI ABIACTCA TO, UYTO HpI/I BI)I60pKe TpaJ'IOBBIX MCIIIKOB
[0 CJIWIY BO3HHUKAIOIIEE YCWIME 3a4acTyl0 MPEBBIIIAET TATOBBIE CIIOCOOHOCTH TMPOMBICIOBBIX
MEXaHH3MOB, OCYIIECTBIISIOIINUX JaHHBIA MOABEM, 3TO B KOHEUHOM UTOTE CKa3bIBACTCS HA!

- CHIKCHHH KadecTBa yioBa 10 30 %;

- TpaBMI/IPOBaHI/II/I JKHUIIaXa HpI/I HpOBeJIeHI/II/I HpOMBICJ'IOBI)IX onepaunﬁ;

- MIOBPCIKACHUN Op}/IlI/Iﬁ JIOBA U IPOMBICJIOBBIX MCXaHHU3MOB.
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HecmoTpss Ha omnucaHHble BbIIIE HEAOCTAaTKHU, B CHIY apXUTEKTYPHBIX OCOOEHHOCTEM
PBHIOOTOBHBIX CYJOB, HAa JOJIIO CIUIIOBOTO METOJIa MPUXOAUTCS CBBILIE 85 % MPOMBICIOBBIX CYJIOB
KOPMOBOTO TPaJICHUS.

C yuéroMm BBIIIEU3I0KEHHOTO CIENYET, 4YTO HMMEIOUIMECS TEXHUYECKUE pEeLIEHUs [0
o0ecrnieueHnto 6e30MacHOro MoabEMa yJI0BOB Ha MalyOy CyJHA CIUIOBBIM METOAOM B OOJBIINHCTBE
CIIy4aeB MPEJCTaBICHBI B BHJIE NPEIOKCHHUI, KOTOPhIe B OOJIBIIUHCTBE CIydaeB HOCST WUICHHBIN
XapakTep, peamu3anmus KOTOpPOro TpeOyeT 3HAYMTENBHOTO IepeoOOpynoBaHUsS CYIOB U
MIPOEKTUPOBAHUSI TOTIOJTHUTEIHLHOTO 000PYAOBAHUS.

Tem HM MeHee HEOOXOJUMOCTh pEIICHUS BOMPOCOB CHUKEHHS YCWJIMHA MpH BBIOOpKE
TPAJIOBBIX MEIIKOB C YJOBOM akKTyallbHO, BBUJY TOTO, YTO OTEYECTBEHHBIH (ioT paboTaect B
OCHOBHOM CITUTIOBBIM METOJIOM.

[lo cBoeil apXWUTEKTYpHOH CTPYKType Kak MaJOTOHHaXHbIE, TaK M KPYINHOTOHHAa)XHbIE
Tpaysiepbl 00JagaoT pa3inyHOl KoHpuUrypanuen ciauna. [IpakTuka mokasbIBaeT, YTO BO3HHUKAIOIIHE
P ITOM TMHKOBBIE HArpy3KH HEOJHOPOIHBI M 3aBHUCIT OT IAapaMETPOB CIIUIOBBIX YCTPOMCTB U

PAaCIIOJIOKCHH A ITPOMBICJIOBOI'O KOMILJICKCA Ha na.ny6e CyaHa.

1.4 Ananus ciunosvix ycmpoucme npomviCl08blX Y008

Jns onpenesieHus OCHOBHBIX XAapaKTEPHUCTHUK CIUIIOBBIX YCTPOMCTB TpayJepOB KOPMOBOTO
TpaJeHUus] U JAMANa30HOB MX H3MEHEHUs MPOBEAEM AHAIN3 CIUIOBBIX YCTPOWCTB MPOMBICIOBBIX
CYyJIOB.

CnunoBoe MOabEMHOE YCTPOUCTBO (CIIMIT) TPEACTABIIACT M3 CeOs HAKJIOHHBIN CKAaT MayObl
IMPOMEICJIIOBOTO CyAaHA, BBIMIOTHEHHBIM W3 CTaJIbHOTO JIUCTa, HpeI[Ha?;Ha‘-ICHHI)II\/'I JIs1 CHUXKXCHUA
JEHCTBYIONUX HArpy30K Ha MPOMBICIOBBIE MEXaHM3MBI MPH MOABEME TpajoB Ha Manyly CyaHa,
COXpaHEHHUs KadecTBa YyJOBAa M CHUXXKEHUS TPYAOEMKOCTH IMPOMBICIOBBIX omnepanuil. ®opma cnuna
YBS3aHA C apXUTEKTYPOU CYJOBBIX KOHCTPYKIMI W HAYMHAECTCS OT YPOBHs BaTEPIWHHUHA B KOPMOBOH
OKOHEYHOCTH CyJIHa, C TEPexoJ0M Ha TNanyOHbI HacTwi. KopmoBasi dYacTh ciuma Ha3bIBaeTCSA
MOPOTOM, a BBIXOJ] Ha MAIYy0y Cy/HA 3aKaHYMBAETCS CIUIIOBOM KAaHABKOM.

[lopor ciuma ciy>kKUT OKOHYaHHEM KOPMOBOW YacTH CyJHA W MPENATCTBYET 3a/IeBy Tpaja.
Hactnn cimmna n3rotaBiMBaeTcs U3 CTAIH U KpE€IUTCA K KOPMOBBIM OKOHCYHOCTAM CyaHA C IOMOLIBIO
CBapOYHbIX IIBOB. J[is mimaBHOro mepexoda ciuma Ha Nany0y IUIOCKOCTh 3aKpyrisiercss |
3aKaHYMBAETCS CIIMIOBOM KaHABKOH, B KOTOPOW MPOBOAATCS pPabOTHI, CBS3aHHBIE C OCTPOIKOM
(cTporieHHEM) Tpaja U OTKIIOYEHHEM MEPEXOJHBIX KOHIIOB, B KAHABKE CTOWUT POJI, TO3BOJISIOIIUI

CHU3UTH TPCHUEC U NEPCTIOM MCIIKA.



44

IIpakTKa MOKa3bIBA€T, YTO OCHOBHBIMH XapaKTEPUCTHKAaMH CIHIOBBIX yCTPOWCTB
PBHIOOJIOBHBIX TpayliepoB SBISAIOTCS ¢opma, rabapuTel W yribl HakjgoHa. C IeNpl0 MOTy4YEeHHUs
Jyana3oHa U3MEHEHUS 3HAYEHU, XapaKTepU3YIOIIHUX CYI0OBbIE CIHUIIOBbIE KOHCTPYKIUH, BBIIIOJHEH

0030p U aHalIM3 CIMIOBBIX YCTPOHCTB PHIOOJIOBHBIX CYIOB TpasioBoro JjioBa. B tabmumax 1.1 — 1.3

MIpeJICTaBJICHbI CIIMIIOBBIE YCTPOicTBa 16 TUTIOB Cy/OB.

Tabnuma 1.1 — ManoToHHaXHBIE Cy/a phIOOITPOMBICIIOBOTO (hjI0Ta

Tun cygna

Bup cnunosoro ycrpoiictsa

®opmMma cnuna

VYroi HakJIoOHA
cimIa

CaunoBoe
YCTPOMCTBO
MIICPT tumna
«ITamanray

o

= Npobus.
- #xaadobas| 8

Cdepuueckuit

32

CnurmoBoe
YCTPOUCTBO
MPT Ttnna
«banTtukay»

[ fi=

Cnumnosoe
yctpoiicteo MT
«Pocmuny»

IIpsmoii

25

[Ipsmont

25
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Tabnuna 1.2 — CpegHEeTOHHAXKHBIE Cy/1a PHIOOTPOMBICIIOBOTO (hi1oTa

Tun cynna

Bup cnmunosoro yCTpoﬁCTBa

dopmMma
cuna

Yron HakJIoOHa
clina

CrnuroBoe
YCTPOMCTBO
IICT tuna
«bapeHiieBo
MOpe»

ﬁ N T/ --4 J

IIpssmon

40

CaunoBoe
YCTPOMCTBO
CPTM Tuna
«Kene3uprit

ITOTOKY

CaunoBoe
YCTPOMCTBO
CPTM Tuna

«Bacummi
SIKOBEHKO»

Cdepuueck
15071

30

[Ipsmon

32

CnunoBoe
ycrpoiictBo PC
TUTIA
«IIpoceccop C.
Hopodeen»

'=-"u;1'l|

III—;!:

Cnunosoe
YCTPOMCTBO
«Ranger Ajax»

[Ipssmont

30

Cdepuueck
15078

28

Cnumnosoe
YCTPOHCTBO
TKT «Pérren»

[Tpssmoint

30
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Tabnuma 1.3 — KpymHOTOHHaXHBIE CyAa phIOOITPOMBICIIOBOTO (hjIoTa

VYroi HakJIoOHA

Tun cynna Bup cniunoBoro ycrpoiictsa ®dopwma cnuna .

Cdepuueckuit 30

CrnumoBoe
YCTPOMCTBO
BMPT tuna

«JleckoBy»

oy
EhiN'p, 7 a1
.8 §

Cdepuueckuit 30

Cnunosoe
YCTPOUCTBO
MCPT Tuna

«Ceep»

[Tpsimoii 25

Cnumnosoe
YCTPOUCTBO
«Ross Valiant»

ITpsimoit 25

Cnumnosoe

o —— o ——

YCTPOMCTBO e A
«Wumme»

Cdepuueckuit 32
CaunoBoe

YCTPOMCTBO
PTM Tuna
«Tpomuk»
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OxoHuanue Tadmue! 1.3

®dopma VYron HaksioHa
crurna ciirna
Cumnoroe 11 R T *ﬂTr' ~ [Ipsimoit 30
YCTPOHCTBO g B i
PTM tuna Ath
CATIaHTHK : {

Tun cynna Bup cniunoBoro yctpoiictBa

[Ipsimoit 40

Cnunosoe
YCTPOMCTBO
BMPT tuna

«TynkoBckuit
Mepuaunan»

Ha ocHoBe npoBenéHHOro 0030pa 1 aHAIKM3a MOYKHO C/IENATh CIEAYIOIINE BHIBOIBI:

- HanboJee MUPOKO MPUMEHSIOMUMUCS (HOpMaMH CIUIOBBIX YCTPOMCTB SIBIISIOTCS: MpsMast
(60 % paccmotpennbix cxem), chepudeckas (40 % paccMoTpeHHBIX cxeM). JIis BCeX THIOB CYIIOB
XapakTepHO INpeoliajaHue MNPSAMBIX HNOBEPXHOCTEH CIMIIOBBIX HACTWIOB, TaK, HalpuUMep, s
CpeIHUX U OOJBIINX TPAYJIEPOB ITa OJIsA cocTaBisieT 58%, a isi MaTOTOHHAXKHBIX CyI0B 66 %;

- YroJl HaKJIOHA CJIHIIA Ha OOJBIIMHCTBE MMPOMBICIOBBIX CYZOB U3MEHSETCS B AMANa3oHe OT 25°
1o 45°. Ha manbIx Tpaynepax NPUMEHSIOTCS Mayble Yribl HakioHa B 25°-30°. Jlng cpenHuX u
OONBIINX PBIOOJOBHBIX TpPAyJepoB TaKKe XapaKTEepHbI yIIbl HakioHa B 25°-30°, onHaKo Ha HHMX
MIPUMEHSIIOT YK€ U OOoJIbIIMe yriibl HakiaoHa B 40°-45°;

- B OCHOBHOM pa3JMuHble (OpMBI M HapaMeTpbl (yrojl HakJIOHa MOBEPXHOCTH, (opMma
MOBEPXHOCTHU) CJIMIMOBBIX MOBEPXHOCTEH 3aBUCAT OT 3aBOJA NMPOU3BOAMTEINS, €r0 TPATULMNA, JUIMHBI
JOMyCTUMOM IPOMBICIIOBOH NalTyObl pa3pabaThiBa€MOro cyiHa (KOHCTPYKIUEH Cy/10B U UX TOHHaXa),
PAacIIoNIOKEHUS POMBICTIOBBIX MEXaHM3MOB, a TAKXKE OT MPEIIOoJIaraeMoro paiioHa mpoMBICIIA.

Tak, Hampumep, [UIS CyIOB, PAaCCUYUTAHHBIX Ha OKCIUIyaTallMI0O B CEBEPHBIX IMTHUPOTAX
XapaKTepHO NPUMEHEHHE BBICOKOTo OopTa W KkpyToro ciuma B 40°-45°. Jlns 3KBaTOpUalbHBIX 30H
TpayJiepbl BBITYCKAJIUCh C HU3KUM PACIIONIOKEHUEM MaTyObl M C MaJbIMU YIJIAMU HAKJIOHA CIIMIOBBIX
noBepxHocTed. JlaHHOe 0OCTOSTENHCTBO OOYCIIOBICHO IUIOXMMH TOTOJHBIMHM YCIOBUSIMH TMpU

IIPOMBICJIE B PAOHE CEBEPHBIX MIUPOT U TUXUMHU B PallOHE 3KBATOPA.

1.5 Ananus npoeedénnvix no OaHHOU meme UCcied08anull

Kak paHee OTMCHAIIOCh, IIPU BBI60pKC TPAJIOBBIX MCIIKOB C YJIOBOM BO3HHUKAKOT ITUKOBBIC

Harpy3kH, KOTOpbIe HEPEAKO PaBHO3HAYHBI TATOBBIM YCHJIMSM MPOMBICIOBBIX BBITSDKHBIX JI€OEI0K.
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JlaHHble Harpy3ku HOPUBOAAT K TpaBMaM JKMIIAXKa, MOPbIBAM OpPYAUH, MOJOMKAaM IPOMBICIOBBIX
MEXaHU3MOB U MOTEPE KA4YeCTBa YJIOBOB 3a CUET MOBPEKIAEMOCTH POMBICIOBBIX OOBEKTOB, TAK KaK
MoJl JCHCTBMEM CHJI BO3HHMKAIOIIMX BO BPEeMs BBIOOPKM MPOUCXOIUT CHABIMBAaHHE YJIOBA
Haxomsmerocss B TpasoBoM Mmemke. Kak ormeuan A.JI. ®dpunman B muccepranuu: «Pabouune
MIPOLIECChl Ha KOPMOBBIX Tpayliepax OTJIMYAIOTCS 3HAYUTENbHO 0ojiee BBICOKMMHU Harpy3Kamu s
OpyIuil JIoBa U IPOMBICIOBOrO 00OpynoBaHUs cyaHa. llpu 3TOM 3amachl MPOYHOCTH PA3TUUHBIX
JeTalieil MHOT 1A TMOJTHOCTBIO UcuepbiBatroTcs» [83].

Ha mpakTuke ¢ LEIbl0 CHIKEHHUS YCHUJIUS BBIOOPKM TpPAJOBBIX MEIIKOB C YJIOBOM
npeaarajiich TEXHUYECKHE PElICHUsl B BUAE YCTAHOBOK, POJIbTAHTOB, aHTU(PPUKIIMOHHBIX CMOJ U
KHUJIKOCTEH, OHAKO PAaCHpPOCTPAHEHUS OHU HE TOIYYMJIH, a Yalle BPEIHJIM M 3aTPyAHSUIH padoTy
IIPOMBICIIOBOM KOMaHIbl. VI3710/KEHHBIE BbIIIE TEXHUUYECKHE PELICHMs], HAllPaBJICHHbIE HA CHU)KEHUE
yCUITUN BBIOOPKH, HE MO3BOJISIIOT UX MPUMEHATh HA MPOMBICIE. B CBSI3U € 3TUM U CO CIOXKHOCTBHIO
mpolecca HMcciaeAoBaTel Havanu ero uszydenue. OHM MeToioM mepedopa mapaMeTpoB CHUCTEMBI
MBITAIACH HAWTH PEIICHUE W OMKCATh JaHHBINA mporecc. PazHooOpa3ue MpoMBICIOBBIX CXEM H CIUIIOB
3aTPYAHSIIO MCCIENOBAHUSA M TPUBOJIMIO K PA3IMYHBIM YHCICHHBIM BEJIMYMHAM YCHUJIHS BBIOODKH,
XapakTep M3MEHEHMs] KOTOPhIX HE H3BECTEH, M yU€HbIE B CBOMX paboTax H3ydalld €ro C IeJbIo
BO3MOXXHOCTH BIIMSIHUSL HA YyCUJIME BBIOOPKH, (DaKTOPOB M MapaMeTpoB CHUCTEMBI CYAHO-Tpa-
IIPOMBICIIOBAs MAIllMHA U IPUHATUS PELIEHUH, HallpaBJIEHHbBIX HA €€ CHUKECHHUE.

W3ydeHneM nporiecca IBHKEHHUS TPAIOBBIX MEIIKOB C YJIOBOM IO CIUIIAM CY/I0B 3aHUMAJINCh
COBETCKHE Y4EHBIE M HMHXEHEpbI-KOHCTPYKTOpHI, Takue kak Kapmnenko B.II., Top6an C.C., lonun
I'M., ®puaman A.JI., [lopmenko B.B., Kparensckuii 11.B.

B wactaoctu, Jonmun .M. npoBoawmi uccienoBanus, Kacawmuecs: (GOpMbl MEIIKa, C IEJIbI0
YMEHBILEHUS TPEHUS, Ui 3TOT0 Mpelaraiich MEIIKH CHEelHalbHON KOHCTPYKIIMH, OJJHAKO BIUSHHUE
JAHHOTO (PaKTOpa Ha TATOBOE YCUJIME HE pacCMaTPUBAJIOCh.

B.I1. Kapnenko u C.C. Top6an onpenensii Harpy304HbI peXUM MpPU BBIOOPKE U MOABEME
TPAJIOBOTO MEIIKA, HMCCIEJOBAIM BJIMSHHE BBICOTHI MOJHATHS IOpora ciuna Ha cuiy Tiard. B
MpOLIECCe UCCIEOBAaHMM ObUIM TOJYYEeHbl JUHAMOIPAaMMBbl Harpy3kd, KOTOpbIE IO3BOJIMIH
OIIPENICIUTh M3MEHEHUS! YCUJIMS BBIOOPKHM MpPHU JABWKEHMM TPAJIOBOTO MEIIKa MO CIHUIY CyAHa U
YCTAHOBUTH MHKOOOpa3HbIN XapaKTep Harpy3Kd BO BpeMs BbIOOpKH. MakCUMyM TATOBOTO YCHIIHS
HACTYIaeT B MOMEHT BbIX0/1a KOHIIA KyTKa U3 BOJIbl HA HUYKHHUM MTOPOT CIIMIIA.

Takxke Ha OCHOBE BBINOJHEHHBIX JKCIHEPUMEHTAIbHBIX MCCIIEIOBAaHUN OblIa YCTaHOBIIEHA
3aBUCHMOCTh (1.2) cuibl TATM KyTKa Tpaja A MPSMOTO HAaKJIOHHOTO CIUIMA OT JJIHHBI TPajJOBOTO
memka loy, paBHON mmuHe cnuna |, u yria Hakimona ciaumna a (pucyHok 1.25). 3aBUCMMOCTh MMeeT
BU[I:

T. = qyrl.(u. cos a + sin a), (1.2
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I71€ (ur — CHJIA TSHKECTH €IMHMIBI JJIMHBI KyTKa C YJIOBOM NIpPU YCJIOBHUH, YTO YJIOB PaBHOMEPHO
pacrmoyiokeH mo Bced mnuHe KyTka, KH/m; [, — mnuHa cnuma; g, — KodhPUIUEHT TpeHus Mexmy
KYTKOM C YJIOBOM U ITIOBEPXHOCTbIO CJIMIA; & — YroJl HAKJIOHA CIIUIIA, °.

Opnaxo, MmoJiydeHHasi aBTOPOM aHAJTUTHUECKasi 3aBUCUMOCTD Juist pacuéra T, AaéT 3aHMKEHHOE
3HAYEHHE Harpy3ku. Tak, A KyTKOB Majioro HamosiHeHws, T.e. lkm/lc<l, ommOku cocTaBisioT OT
50% 10 100%. JI7st KyTKOB OOJIBIIOrO HAmoJHeHus, T.¢. lkm/lc> 1, ommbku He npepbimaroT 30%. [Tpu
3TOM CaMHM Pe3yJIbTaThl SKCIIEPUMEHTA U3-3a OTCYTCTBHSI HEOOXOIUMOM U3MEPUTEIHHON anmapaTypbl
umenu norpemHocts. Tabmuna Kapnenko B.IT., npuBenéunas s pacuéroB ycunus [21], obmamgaer
JOCTaTOYHO BBICOKMM JMANa3oHOM H3MeHeHui koddduuuenta tperus ot 0,3 no 0,6. [Ipumenenue
e (OpMyNbl Ha TPAKTUKE YMHPACTCSs B HEBO3MOXKHOCTb ONPEACICHHS TOYHOTO HETAOIMYHOTO
3HaueHUs: KOod(PQuIMeHTa TpeHus? BO3HUKAIOIIEIO Ha CyAHE NpU BHIOOPKE TPAIOBBIX MEIIKOB C
ynoBoM. J[aHHOE 0OCTOSATENBCTBO OOYCIOBIEHO HE TOJNBKO PAa3IMYHBIM COCTOSTHUEM IMOBEPXHOCTEU
KaK CJHIA, TaK M MaxyObl, pa3HAIMIMUXCS MEXIy coOOil B Hayaje W KOHIE peiica, HO U OOBEKTOM
npombicia. HeomHopomHocTs m3MeHEeHUS KOd((GUIMEHTa TPEHHS 1O JJIMHE CIIMNAa HE TO3BOJISET
MPOBOAUTHh pAcu€Thl YCWIHS TMPOMBICIOBOIO OOOpYAOBaHUS U YCTPOMCTB, OOECIIEUUBAIOLINX

0€3011aCHOCTD BBIITOJIHEHHUS IIPOMBICJIIOBBIX onepaquI.

Pucynok 1.25 — Cxema noaséma kyTKa C lin<lc 10 mockoMy HakJIIOHHOMY CIIUTY:

Qxr — CUJIA TSYKECTH €IMHUILBI JUIMHBI KyTKA C YJIOBOM IIPH YCJIIOBUH, YTO YJIOB PABHOMEPHO
pacrnosoXeH 1o Beell nnuHe Kytka, KH/M; x4, Xp — KoopauHAaThI (a0CIIUCChl) HUPKHETO U BEPXHETO
MOPOToOB ciuma, M; a(x) — GyHKIMS U3MEHEHHUS yIJla HAKJIOHA CIIUMA (U1 TUIOCKOTO HAKIIOHHOTO

cimna @ = const), rpaxg; y(x) — GyHKINS N3MEHEHHUS BBICOTHI HAaKJIOHA CITUTIA, M; [, — KOO(PDUIIHMESHT
TPEHUS MEKIY KYTKOM C YJIOBOM M ITOBEPXHOCTBIO CIIUIIA

B.B. JlopMeHKko 3aHUMalICsl U3y4eHHEM KO3(PPUIIMEHTOB TPEHUS MpPH ABMXKEHUU Pa3IUYHbIX
BUJIOB pbIO MO CTamM, OAHAKO MAaTepHalibl, XapaKTepPU3YyIOIHME CTENEeHb BIMSHHS Pa3IUYHbBIX

(baI(TOpOB Ha YyCHIIHMC BBI60pKI/I TPAJIOBOTO MCIIKA, WM IOJYYCHLI HC OBLIH. O,[[HaKO BCC€ JOTH
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UCCIICIOBAaHUS MNPOBOAWINCH 03 yd€ra BIMAHUS CpeObl M OJHOBPEMEHHOTO BIWSHHS TPYIII
¢bakxTopoB, a Takke 0e3 BO3SMOKHOCTH COCTABJICHHS TOYHBIX AWHAMOIPAMM M3MEHEHHS YCHIINS H3-3a
HECOBEPIICHCTBA M3MEPUTEIBHON U 3alMCHIBAIOIICH anmapaTypsl, 1 0€3 BO3MOKHOCTH HaOII0IeHUS

TOTO, KaK M OT Yero 3aBUCUT TO WM HHOE KoJieOaHwHe.
AJl. ®punmaH mpoOBOMWII HCCIIENOBAHUS IO HM3YYEHHIO BIMSHHUA Kaukd, KoddduimeHta
TpEeHUs1 PpPBHIOOJIOBHBIX MAaTepHajoB M BIUAHUS (OpPM CIMIOBOH IOBEPXHOCTH Ha YCHIIHE,
BO3HUKAIOIIEEe BO BpeMsi BbIOOpKU. MM Obuto momydeHo nuddepeHnuanbHoe YpaBHEHUE YCHIIUS B

BBITSDKHOM KOHIIE OOIIMI HHTErpaJl KOTOPOro uMeeT cienyromnuii Buj (1.2):
— oo ; £ fe wr _ IV ,-fo (1.2)
F=e [qu(Alsm(p+Blcos<p+gd1+gd2+g gp)e d<p+C],

rue:

F — TsroBOC ycuiue;

(0 — yII0Basi KOOpIMHATA HIIEMEHTA,

f — koadduiueHT TpeHus,

q — BEC SAMHMIIBI JUTUHBI CETHOT'O MEIIKA TPaJa;

P — paznyc KPUBU3HBI HAIIPABJISIONICH KPUBOM CIIMIIA,

d, u d, — IPOEKIIUHN PACCTOSIHUS DIIEMEHTA JIO IICHTPA TSDKECTH CY/THA;

U — CKOPOCTh TSATH Tpaia,

€ — YIJIOBOE YCKOPEHUE MPH KUIICBOM KauyKe TpayJiepa;

J — YCKOpPEHUE CHIIbI TSHKECTH,

A, n B; — He3aBUCUMBIC KOXPDUITUCHTHI.

Kak BUIHO U3 TTOJTy4EHHOU 3aBUCUMOCTH, TIOMHMO YCJIOBHO U3BECTHBIX MTAPAMETPOB CHCTEMEI,
TaKMX KaK BEC CJMHHIIBI JUTHHBI YJIOBA, YTJIOBOW KOOPAHMHATHI JJIEMEHTa, HEOOXOIUMO TaK JKe
BBISICHUTH KOO(D(PUIIMEHT TpeHUus, MPOEKIUU PACCTOSHHUS DJIEMEHTa 10 ILIEHTpa TKECTH CY/AHA,
paanyc KpUBH3HBI HANpAaBISIONIEH KPUBOW CIUIA, YCKOPEHHE IO HAMPABICHHUIO TATH, YIIIOBOE
YCKOpEHHUE TpU KHJIEBOW Kauke Tpaysiepa u mp. [logoOHbIe pacu€Thl JOCTATOYHO MPOOIEMATHIHBI
IpU UX pealn3alil U MPH pacu€Te B PEATbHBIX YCIOBHSX, IMOTOMY YTO KaK TOBOPWJIOCH paHEe,
KO3 (UIIMEHT TPEHHsI MEHSETCSl 3HAUUTEIHbHO HE TOJIBKO OT THIA CyJHA U O0BEKTa JIOBa, HO U Jaxe
OT MPONAEHHOTO MO CIUMY TPAJIOBBIM MEIIKOM IYyTH, YTO MPEMSATCTBYET €r0 TOUHOMY OIpENeICHHUIO
Jake B JTAOOPATOPHBIX W MAKETHBIX YCIIOBHUSX, HE TOBOPS YK€ NP0 HATypHble Mopckue. [lpu
BBIBEJICHHHM YpaBHCHHUS OBLIM TPHHATHl CEPhE3HBIC JIONMYIICHUS, TaKWe KakK IMPUHATHE Ipoliecca
BBIOOPKHU MEIIIKA C YJIOBOM, MEPETITMBaHUE TsHKEMOM THOKON HepacTsSHKHUMOW HHUTU IO MIEPOXOBATOU
[WIMHIPUYECKON MTOBEPXHOCTH C MPOU3BOILHON HampaBJsioliei. B ypaBHeHUU He paccMaTpUBaETCs
BIIUSTHUE TIPIOKUMHOM CHJIBI BBITSDKHOTO KOHIA, TIOCKOJBKY TPHHSIIH, YTO YCHJIUE BBIOOPKH
JCHCTBYET IO KacaTeJIbHOW K TIOBEPXHOCTH IHJIUHAPA, YTO MOXKET NPHBECTH K 3aHIKECHUIO
pacuéTHOro 3HaveHus ycuiaus. Tak ke ObUTIO MPUHSATO, YTO YJIOB Ha BCEM MPOTSHKEHUH MEIIKa

pacnpeneﬂéH pPaBHOMCPpHO, IMpHU IOTOM paCcCMaTpUBACMBIC CCUCHUSA MCIHIKA PACIOJIararoTcCs

NEPONCHAUKYIIAPHO TMMOBEPXHOCTHU, XOTA Ha TMPAKTHKE CCUCHHUA MCIIKa 6y,HYT HaXoauTCsA
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MEPIEeHIUKYIAPHO OTHOCUTENbHO Topu30HTa. [logoOHOE momylieHHe TakXke MOXKET 3aHU3UTh
pac4€THOE 3HAYCHHUE YCUIIUA.

[TpoBepka pe3ynbTaToB pabOTHI B MOPCKUX YCJIOBUSAX HE NMPOBOAMIIACH, a MPHU HPOBEICHUH
MIPOBEPOYHBIX dKCIEpUMEHTOB B pabotax dpuamana A.Jl. xapaktep pacrnpeaencHuss MEUIKa B YIOBE
HE MEHSJICS, MOCKOJBKY YJIOB CMOJENUPOBAaH HE ObUL, a MOJENbI0 TPaJIOBOTO MEIIKa U €ro
HAINOJIHEHUEM SBJISIACh CTalbHAsl 1eMb, MMOMENICHHAs B XJIOMYaTOOYMaXHBI MEIIOK. MOJIENb
BbIOMpajach B CyXOM BHJE, YTO JaJleKO HE B IOJHOH Mepe COOTBETCTBYET MEXaHMKE Ipoliecca
BBIOOPKHU MEIIKOB C yJIOBOM Ha naiyoy.

[TonobHoe mManoe KOJIM4ecTBO paboOT B OTKPHITOM JIOCTYIIE M Majblii MHTEpEC K JaHHOU TeMe
MOXXHO OOBSICHUTH B OCHOBHOM CJCIYIOIIMMH TPUYMHAMHU: HECOBEPIICHCTBOM HM3MEPUTEIHLHOTO
000pyIOBaHUs, OTCYTCTBHEM CBOOOJBI JCHCTBHM, yBEITMYEHHE TATOBBIX BO3MOXHOCTEW JEOENOK,
HEBO3MOXKHOCTBIO IMPOBEICHUS MOPCKUX KOMIUIEKCHBIX HCIBITAHUN HAa HATYPHBIX MPOMBICIOBBIX
cynax.

Hcnonp3yemoe paHee u3MepuTesibHOE 000py0BaHUE 001110 HEAOCTATOYHOM TOUHOCTBIO U
HEeyJ100CTBOM MPOBEACHUS 3aMEPOB.

[Ton orcyrctBueM CBOOOABI JEHUCTBUN (BO3MOXKHOCTH BBIOOpa MeCTa pacCHOJIOKEHUs
MIPOMBICIIOBBIX MEXaHU3MOB) IOJIPa3yMEBAETCS PACIIOJNIOKEHHE IPOMBICIOBBIX MEXaHM3MOB HE C
TOYKH 3pCHUS UX yI00CTBa U 3 (HEKTHBHOCTH, & BEIICTICHHOM ISl 3TOTO MPOMBICIIOBOM MaTyOBl.

VYBenuueHne  TATOBBIX  BO3MOXKHOCTEH  JI€OEMOK  OCYIIECTBISIOCH  HE  Osaromaps
paloHaIbHOMY WX pPa3MEIICHHI0, a 3a CU€T YBEIMYEHUS MX MOIIHOCTH, OJIHAKO, 3a4acTylo,
yBEJIIMYEHHE MOIIHOCTH MPOMBICIOBBIX MEXaHMU3MOB KaK MPU MOJEPHU3ALNU, TaK U TMPU CO3JIaHUU
HOBBIX MPOMBICIIOBBIX CY/IOB MPUBOAMIO K YBEIMYCHHIO MX rabapuTOB W BeCa, YTO OTPHUIATEIHHO
CKa3blBAJIOCh Ha pa3Mmepe pabouero MecTa Ha IMPOMBICIOBOM mMamy0e, Ha OCTOMYMBOCTH U
BMECTUMOCTH CyJTHA.

Cno)XHOCTB k€ Ipoliecca, KaKk YXKe€ TOBOPWIOCH PaHEE, HE IO3BOJSET MPOBECTH MOPCKHE
KOMIUICKCHBIC WCIIBITAaHUS Ha TPOMBICIOBBIX Cy/laX B HATYPHBIX YCJIOBHSX, IMOCKOJBKY OXBaTHTh
3HAYUTENILHOE KOJIMYECTBO MPOMBICIIOBBIX CXEM M MX COYETaHHI Ha KOHKPETHOM CYJHE HEBO3MOXKHO.
U Tak kak OTAETBHO B3ATOE CYAHO 00JIaJaeT psaoM 3apaHee 3a/laHHbIX MMapaMeTpoB, 00YCIOBICHHBIX
CYJOBBIMH KOHCTPYKIIMSIMH, 0€3 BO3MOXXKHOCTH WX HM3MEHEHHUS B XOje MpoBeaeHus pador (dhopma
CJIMIIA, YTOJ HAaKJIOHA CJIIMIIOBOM MOBEPXHOCTH, JIMHEHHBIE pa3Mephl, PACIONIOKEHHE MPOMBICIOBBIX
MEXaHHU3MOB), TO YTOOBI PACCMOTPETh JJAHHBIA Tpolecc, HEOOXOAMMO HMETh YHHBEPCAIHHYIO
MOJIeTIb, KOTOpasi C JOCTATOYHBIM YPOBHEM TOYHOCTH IMO3BOJHT MPOAHATU3UPOBATH U PACCUUTATH

ycuime BBIGOpKI/I, BO3HHUKAIOMOICC IMPU COUCTAHNUU PA3JINYHLBIX I'PYIIIT (I)aKTOpOB.



52
VYuuTtbiBas BBIIIEH3I0KEHHOE, OMPENEIUTh yCUINEe BHIOOPKH TPaIOBBIX MEHIKOB PacuETHBIM
nyTéM TIO BBIBEJCHHBIM 3aBHCHUMOCTSIM HE [MPEACTABISACTCS BO3MOXHBIM BBHUIY OOJBIIOTO

KOJIMYCCTBA I[OHYH_IGHI/Iﬁ M 3HAYUTCIIBHOT'O pa36p0ca HNCXOAHBIX JAaHHBIX.

1.6 [locmanoska 3a0auu ucciedo8anus

B Hacrosimee Bpems OOJIBLIIMHCTBO CYIOB KOPMOBOIO TpajieHHs pabOTaloT CIUIOBBIM
METOJIOM C YaCTUYHBIM WJIM IOJHBIM BTATMBAHUEM TPAJOBOI0O MEIIKA C YJIOBOM Ha nanyOy cynHa. B
CBOIO OYepe/lb PhIOOJIOBHBIE Cy/la TPAJIOBOI'O JIOBA UMEIOT Pa3IUYHbIe (POPMBI CIIUIIOB, IPOMBICIOBBIE
KOMIUICKCBI, YTO OOBSCHIETCS HMX KOHCTPYKTHBHBIMH OCOOCHHOCTSMH, TAaKTUKOH M TEXHUKOU
npombicia. Bo BpeMsi BBIOOPKM TpaslOBBIX MEIIKOB C YJIOBOM IO CIHITy CyJHA IOJ BO3JAEHCTBHEM
(bakTOpOB, XapaKTEPU3YIOLIUX CUCTEMY CYTHO-TPAI-IPOMBICIOBAasl MallMHA, BO3HMKAIOT IHUKOBbIE
Harpy3Ku, KOTOpble COU3MEPUMBI C MAKCUMAaJIbHBIMU TATOBBIMU YCUJIUSIMU BBITSDKHBIX IIPOMBICIIOBBIX
7e0EMoK, a 3a4acTyl0 IPEBBINAIOT HX, YTO INPUBOAUT K HApPYHIEHUIO paboTocriocoOHOCTH
MEXaHU3MOB, IOPBIBY OpYJIHIl PHIOOIIOBCTBA, IIOBPEKIAEMOCTH O0JIABIMBAEMBIX TMAPOOHMOHTOB. JTO
CTaBUT TOJ YIpo3y >KU3Hb M 3/I0pOBbE HKUIAKA, CHU)KAET KAauyeCTBO YJIOBA U ONEPATUBHOCTD

npomebicia. JJanHyro mpo0ieMy MOXHO MPEJCTaBUTh B BUJIE CIICAYIOIICH cxeMbl (pucyHok 1.26).

N
DaKkTOpHI, XapaKTePU3YIOIINE TPAJIOBYIO ®DaKkTOpHl, XapaKTepU3YIOIIHUE CYTHO
cucTeMy

J
4 3\

[ 3arpyska TpajoBOTO MEIIKa ] ®dopma U MOBEPXHOCTH CIIMIIA
; 3

[ OOBEKT IPOMEICITA ] VYTr01 BeIX0/1a BEITSHKHOTIO KOHIIA
| J
4 3\
VYToJ HaKJIOHA CIIHIa
[ ITukoBas Harpy3ka ]

[ IIpomsIcioBas MalIMHA ]
Hapymenune [ToBpexnenue ITopb1BBI [ToBpexnenue TpaBMmbl YJICHOB
paborocnocobHOCTH 00BEKTOB TPOCOBBIX 3JIEMEHTOB U naryOHOH
MIPOMBICIIOBBIX MpOMBICTIa COEIMHEHUH 1 opynui JoBa KOMaH/Ibl
MEXaHU3MOB KperuieHu i

Pucynok 1.26 — Bo3neiicTBre (hakToOpoB Ha TMKOBBIE HATPY3KH
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BeinonHeHHbli 0030p M aHanM3 MO JAHHOMY BOIPOCY IOKa3al, YTO Ha MPOTSKEHUU
HECKOJIBKUX JICCSITKOB JIET BEIYTCSl PA0OTHI 110 CHIKEHHUIO YCHIIUN BBIOOPKH, IPU MOIBEME TPAJIOBBIX
MEIIKOB C YJIOBOM Ha many0y CyaHa CIMIIOBBIM METOJOM. MIMeeTcsi MHOXKECTBO M300peTeHU U
[IaTEHTOB IO YCTPOMCTBAM M CIOCOOAM BBUIMBKHM YJIOBOB Ha TpayjepaXx KOPMOBOI'O TpaJeHHS,
HaIpaBJICHHBIX HAa CHW)KEHUE CWJI TPEHHs TPaJOBOrO0 MEIIKa C IMOBEPXHOCThIO ciuna. OpHako B
OONBIIMHCTBE CBOEM OHM IIPEACTABISIOT M3 ceOsf MICI0 peanu3anus KOTOpOH Ha IPOMBICIE
HEBO3MOJKHA.

Cpenu HUX MOXKHO OTMETUTh TaKME€ TEXHUUYECKHE IPEIJIOKEHHs] KaK YCTaHOBKA POJIbIAHIOB
[0 TOBEPXHOCTH CIMIIOBOTO HAacTWIa, BbIOOp palMOHAIBHOM (OPMBI  CIMIA, IOKPHITHE
aHTU()PUKIIMOHHBIMU COCTaBAMU HACTHJIA CIIMMA (TIEHKH, CMOJBI U T.J.) C LEIbI0 CHIKEHHUS TTHKOBBIX
Harpy3oK IpH BBIOOPKE TPAJIOBBIX MEMIKOB C yiaoBoM. OIHAKO pe3ylbTaTOB 10 JaHHBIM
MEPONPUATHIM HE MOITYYEHO B CHIIY Pa3IMUHBIX OOCTOATENbCTB, HAIIPUMEDP, CMOJIbI OTKAJIBIBAIUCH U
NOBPEXJAJIM OpyAHUE JIOBAa, POJIBIAHTM 3allyThIBAJM CETHOE IIOJIOTHO IIpU CIyCKe Tpaja, a
MCI0JIb30BaHUE NIEHOK IPUBOAUT K MaTepUaIbHbIM 3aTpaTaM, CBA3aHHBIM C IIOKYIIKON U OOJIBIINM UX
pacxonoM. K ToMy xe OOJIBIIMHCTBO Mpe/UlaraéMblX TEXHUYECKUX PELIEHUH TPeOYIOT 3HAUUTEIbHbBIX
HEPECTPOEK PHIOOJIOBHOIO CyIHA, YTO JUIs SKCIUTYaTUPYEMBIX CY/10B MPAKTUUYECKU HEBO3MOXKHO.

B Hacrosimee Bpemsi HE CyHIECTBYET JOCTaTOYHO TOYHBIX METOJIOB ONPEAETCHUS YCUIHA
BBIOOPKM TpPajJOBOTO MeEIIKa C YJIOBOM IO CIUIY, TO3BOJISIONIMX OIEHUTh €r0 3HA4YCHUE TIPU
OJIHOBPEMEHHOM BO3/I€UCTBUHU (PaKTOPOB CUCTEMBI CYTHO-TPAJI-IPOMBICIIOBAs] MAllIMHA.

BeinonHeHHble paHee HaydHble MCCIEJOBAHUS IO M3YYEHUIO (PU3MUECKONW CYLIHOCTH
nporiecca noabEMa TpaloBbIX MEIIKOB C YJIOBOM IO CIIMIIAM CYJIOB, ObUIM HalpaBlIeHbl HA U3yUeHHE
ko3¢ duLMeHTa TPEeHHS Ha TMOBEPXHOCTH ciuma. bbulo ycTaHoBieHO, 4YTO KO3(D(PUIMEHT TpeHus
TPAJIOBOTO MEIIKAa C TIOBEPXHOCTBIO CIIMIIA HE OJHOPOJAEH U 3aBUCUT OT THUNA TPYLIUXCS
MIOBEPXHOCTEH, NPU JIBUYKEHUU MEILIKOB C YJIOBOM IO CIMILY, IMANa30H €r0 U3MEHEHUs Ha MPAKTUKE
coctaBiser oT 0,3 no 0,6. ITosTOMy 1OCTOBEpHOCTh YMCIEHHBIX 3HAUYEHUIH YCWIIHS BBIOOPKH,
PacCUMTaHHBIX C MOMOIIBIO MOJIYUEHHBIX 3aBHCUMOCTEH, He BbICOKas. J[OCTOBEpHO ompenenéHHbIe
3HAYEHUS TATOBOE YCHIIMS BHIOOPKH MO3BOJISAT HAM ONEPUPOBATh ITUMH JJAHHBIMU U COTIOCTABIIATh X
C TSATOBBIMH BO3MOXXHOCTSIMH IPOMBICIOBBIX MAIlMH C IEJbI0 MX 0€30MacHOM 3KCIUTyaTalluH,
CHIDKEHHS DHEprosarpar, a Tak)Ke BBIIOJHATh COOTBETCTBYIOIIME CHJIOBBIE pPAacu€Thl IO
COECUHUTENIbHBIM M KPEM&XHBIM U3JENUSIM, O00eCreynBaouMX HaAE&KHOCTh M 0€30MacHOCTh
BBITIOJTHEHUS! IPOMBICIIOBBIX OMEpaluii C TPaJIOBBIM KOMILJIEKCOM.

ITpakTHKa MOKAa3bIBAET, YTO B MPOLECCE DKCIUTyaTallUM IPOMBICIOBOM CHUCTEMBI CYIHO-Tpa-
MIPOMBICJIOBAs] MaIllMHA BO3MOKHO JOOUTHCS CHIXKEHUS YCUJIHSI BBIOOPKU TPAJIOBBIX MEIIKOB 3a CUET
BBIOOpA paIlMOHATILHOTO coueTaHusl (PaKTOPOB XapaKTEPU3YIOIIMX MTPOMBICIOBYIO cucTeMy. [IpoBecTu

TAaKOro poaa OKCICPHUMCHTAJIBHBIC HCCICAOBAHUA B MOPCKHX YCIOBHAX HE MNPEACTABIIACTCA
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BO3MOXXHBIM H3-32 MPOAOKUTEIBHOCTH 3KCIEPUMEHTAIBHBIX PAa0OT, OTCYTCTBHSI HU3MEPUTEIHHO
000pyIOBaHUs U MPOU3BOJACTBEHHON HEOOXOAMMOCTH.
C y4éroM BBIIIEH3JIOKEHHOTO TIOCTaBlIEHA IENb pa3paboTaTh METOJOJOTHI0 HPOBEACHUS
UCCIIEIOBAaHU Ha MAaKETHOH yCTaHOBKE, BBIIIOJIHEHHOW B MacmTabe, ¢ HMHTAlMEHd peanbHbIX
YCIIOBUH 3KCIUTyaTalldd CHCTEMBI CYIHO-TPAI-IIPOMBICIIOBAs MalllHA, MO3BOJISIONIYI0 YCTAaHOBHTD

3aBUCUMOCTD YCUJINA BBIGOpKI/I TPAJIOBBIX MCIHIKOB C YJIOBOM OT XapaKTCPHUCTUK IIaHHOfI CUCTCMBEI.

JUis 1OCTHXKEHM S TOCTABIEHHON e/ HEOOXOJMMO BBIIIOJHUTD CIEAYIOIIME 3a]auu:

1) pa3paboTarh METOAMKH NPOBEJICHUS MAKETHBIX M HATYPHBIX UCIIBITAHUN;

2) pa3paboTaTh WM HM3TOTOBUTH JCHCTBYIOIIMH MakKeT MPOMBICIOBOM CXEMbl M OCHACTUThH €r0
KOHTPOJIbHO-U3MEPUTEIBHON annaparypoi;

3) paspaborarh ¥ U3TOTOBUTH (HPU3MICCKHE MOJIEIH TPATOBBIX MEIIKOB,;

4) 000CHOBaTh BBIOOP HCCIEIyeMbIX (DaKTOPOB;

5) mpoBecTH IIIAHUPOBAHKE IKCIIEPUMECHTAIBHBIX padoT;

6) mpoBecTH 00pabOTKY pe3y/IbTaTOB HCIBITAHUI C ILIENBI0 MOJYYCHHs 3aBHCUMOCTEH YCHIIHS
BBIOOPKU OT MCCIEyeMbIX (aKTOPOB;

7) TPOBECTH MPOBEPKY aJCKBATHOCTH IOJIyYCHHBIX 3aBUCHMOCTCH YCHIIMSI BBIOOPKH TPaJIOBBIX

MCIIKOB CJIMIIOBBIM METOJOM HA HATYPHBIX TPAJIOBBIX CUCTEMAX.
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['maBa 2 Meroauka TMpPOBENEHUSI HSKCIEPUMEHTAIBHBIX HCCIEIOBAHUNA Ha

JCHCTBYIOIIEM MaKeTe MPOMBICTIOBON MaTyObI CYZ0B KOPMOBOTO TPaJICHUS

Jis  mpoBeAeHHUS ~ WCCIEAOBAHWW IO  OIEHKE  BIMSHHUS  COYCTaHWU  (PaKTOpOB,
XapaKTepU3YIOIIUX CHCTEMY CYAHO-TPaJ-IPOMBICIOBAas MalllMHAa Ha YCWJIHE BBIOOPKM TPajOBbIX
MEIIKOB C yJIOBOM, ObUTa pa3zpaboTaHa METOJWKa MPOBEICHHS SKCIEPUMEHTAIBHBIX HCCIEIOBAHUN
[73, 75], koTopas BKitOUacT B ceOs:

1) sKCHepUMEHTAIbHYIO YCTAHOBKY;

2) MOJEH TPAIOBBIX MEIIKOB;

3) KOHTPOJILHO-M3MEPUTEIILHYIO aIlaparypy;

4) wuccnenyemblie GaKToOpbI;

5) mopsAI0K MPOBEACHUS IKCIIEPUMEHTAIBHBIX PadoT;

6) MaTemaruueckyro 0OpabOTKy pe3ysIbTaTOB UCIIBITAHUIA.

2.1 Dxcnepumenmanvhas ycmanosKka

Jlis mpoBesieHHs MCTIBITaHUI MO MCCIEOBAHUIO MpoLiecca MOAHIATHS MELIKOB C YJIOBOM IO
cluraM CcyaoB Obuia pa3paboTaHa MakeTHas YCTAaHOBKA C MMMTALMEd IPOMBICIOBBIX CXEM
PBIOOJIOBHBIX CY/IOB, pabOTAIONIUX IO CIUIIOBOMY MeToay [57, 67].

B kauectBe 0a30BOi MPOMBICIOBOM CXeMbl Oblja MPUHATA MPOMBICIOBAs CXeMa Cy/AHa TUIa
PTMK-C, kak HauOoyiee COBpeMEHHass M IIUPOKO MPUMEHSIOIIASACS Ha IMpOMBbICIe. YUHUThIBas
pa3Mepbl MOMEIIEHUH, B KOTOpO OyneT HaXOJUThCS YCTaHOBKA, pa3Mepbl 0a30BOW CXeMbl ObUIM
BBITIOJTHEHBI B Maciitade 1:25. C y4ETOM MacITaOHOTO kod(purmenta
C; MaKkeTHasi yCTaHOBKa UMeeT clieaytolne rabaputhsle pazmepsl: 4,0x1,0x1,5 m.

[Tpu pa3paboTke MakeTHOW YCTAaHOBKM M MOJEJIEH HCIONb30BaJICd METOA MacIiTabHOro
MOJIETTMPOBAHUS AJIsl ATOrO ObLT MPOBENEH PACUET MACIITAOHBIX KOA(P(HULIUEHTOB.

Jluneinplit MacmTad AMuHBL C; onpenensieTcs Kak OTHOIIEHUE JMUHBI CIUMa Ha MOJeNu [, K

JUTMHE CITUIIAa Ha HATYPHOM cyaHe [, u paBeH: C; = T

Ly
H

Macmra0bl  (yriosod macmrab C, , macmrad BpemeHu Cp, MacmTab mioTHoctH C, )

IIPUHMMAEM C YYETOM pEAJIbHBIX YCIOBUM DKCITyaTallud U MOJAEIUPYEM MAaKETHYIO YCTaHOBKY M

00BEKT HucciacaoBand B COOTBCTCTBUU C YCIIOBUSAMH HA MPOMBICJIOBOM CYJHC (,Z[aHHLIe MacIITaObl

OyayT paBHHI 1).
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Ha ocHOBaHMHM TEOpPHH pPa3MEPHOCTH, MacIITaObl MOAOOWS MOIEIBHON YCTAHOBKH H
3JICMEHTOB OPYIHs JIOBA BO3MOXKHO BBIPa3UTh Yepe3 MAcIITad TeOMETPHYECKHX XapaKTePHCTHK ()
[45]. Takum oOpa3oM MOIYYIMM CIICAYIONIME 3HAYCHUS MAcIITa0OB:
- macmita6 mwiomam Cs = CF;
- MmacmiTab 06béma C, = C7;

- Mmacmtad Maccel Cyy = Cpg;

c
- MacmTab ckopoctu C, = C—l
t

CunoBoit macmtab Cr ONpenenstoTcss UCXOs W3 YCIOBUN TPEHHS MEIIKa O MOBEPXHOCTD
ciuna ¢ y4éTOM COOOTBETCTBHS KpPUTEPHUIO MOM00Msi mporecca TpeHus. Takum oOpazom mpu

MOJICTTUPOBAHIH COOJTIOMAIOTCS KPUTEPUH 1O100HsI, OMTUCaHHbIE B TeOpUH TpeHus [43]:

C,Cp
Txk. Cp = % TOT/A;
l
wi_, CvCuCzZ _q (2.2)
G, Cr

W3 nostyueHHOr0 ypaBHEeHUsI Bbipa3zuM Cr.
Cr = C,C,C (2.3)
Taxkum 06pa3om mocse MoACTaHOBKM MacmTaboB Koddduuunenra tpenus C, = 1 u ckopocTy,
BBIPDOKECHHOW uepe3 JIMHEWHbI macmtad C;,cuinoBoil macmtad Cp JHOHKEH OTBEYATh CIEMYIOIIEMY
pPaBEHCTBY:
Cgr = CF (2.4)
Macimtab Beca COOTBETCTBYET CHIOBOMY MaciuTady, To Cy = Cg = C7
JleiicTByromuii MakeT W MOJENIH TPaJOBOIO MEIIKa ObUIM pPAacCUYUTAHbl U BBHINOJIHEHBI B

COOTBETCTBHH € MaclITaOHBIMU K03 uimentamu, cBeAEHHbIMU B Tabnuiy 2.1 (Ilpunoxenue A).

Tabmuma 2.1 — HauveHoBaHWe ¥ 3HaYeHHWS MAacIITaOHBIX KOY(D(PUIIMEHTOB TpH MaKETHBIX
UCTIBITAHHSX
Macmtads! puznueckux N
PacuérHbie
XapaKTePUCTHK [TpeoOpa3oBanue
3HAYCHUS
busnueckue yepe3 mMaciTab C
0003HaueHHe MacmTaboB
XapaKTEPUCTUKU
JnuHa C G 0,04
[lnomaas Cy Ct 0,0016
O0Bém Cy ct 0,000064
Bec Cp Ct 0,0016
Bpewms Ce 1 1
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OxoHuanue Tadmums! 2.1

Macmtabsl puznyeckux N
Pacuérnbie
XapaKTEPUCTHK [TpeoOpaszoBanue SHAYCHIS
dbuznveckue yepe3 mactad Cj
o0o3HaUYeHHE MacIITaboB
XapaKTePUCTUKU
CKOpOCTh C, C, 0,04
Cuna Cr CiC, 0,0016
Yckopenue Cy G 0,04
[TnoTHOCTD C, 1 1
VYron C, 1 1
Koadduruent Cu 1 1
TpEHHUS

Cxema HeﬁCTBYIOHIeﬁ MaKETHOU YCTaHOBKH 110 MCCJII€EAOBAHUIO ITpOLECCa noabéma TPAJIOBBIX

MEIIKOB TI0 CJIMITY PEACTaBIeHa Ha pUCYHOK 2.1.

Pucynok 2.1 — Cxema MakeTHOH yCTaHOBKHU
1 — kapkac, 2 — nany6a, 3 — ClIMIIOBOE YCTPOMCTBO, 4 — HAIIPABIAIOLIAs CIIUIIA, 5 — HACTUII NATYOBI, 6
— MEIMIOK, 7 — CTOWKa KperuieHus, 8 — 670k, 9 — anekTpoasuratensb, 10 — pexykrop, 11 — 610k
ympaBieHus (yactoromep), 12 — kabenbHO-ceTHOI OapabaH, 13 —quHamMometp, 14 — BaHHA

MakeTHasi yCTaHOBKa COCTOUT M3: KapKaca, CIUIIOBOIO yCTPOWCTBA, BAHHBI C BOJIOW, HACTHUII
MIPOMBICIIOBOM MaTyObl, BHITSDKHAS DIIEKTpUYecKas 1e0EnKa, CTOMKA C HAIIPABJISIFOIIUM OJIOKOM.

Jlist uMHTanMK TIpoliecca ABMKEHUS TpaJia B BOJE MPHU BEIOOPKE MEIIKOB C YJIOBOM YCTaHOBKA
MMEET BaHHY C BO3MOXXHOCTBIO PETYJIMPOBAHUSI BHICOTHI MOABEMA, B KOTOPYIO HabHpaeTcs Boja s
npoBeneHus onbiTa. CrcreMa Oblia MOAKIOYEHA K BOJOMPOBOIHON CETH JAJI HANlOJHEHUS, a BaHHA

OCHalllCHAa CJIMBHBIM OTBCPCTUCM JIA PCTYIUPOBKU YPOBHS 3aIllOJIHCHUA. Bricota nogréma BaHHEBI
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peryaupyercs CIeNUaIbHBIMA BHHTAaMH, YTO TO3BOJISET OTCIEKHBATH OCAIKy KOPMOBOM YacTH
CyIOB, B TOM 4Hclie U ciumna. C 1elbio BU3yaabHOr0 HAOIIOACHMSI IBI)KEHUST MEIIIKA 9acTh KOPMOBOK
OKOHEYHOCTH BBIPE3aHa U JUIsl MPEOTBPAICHHS CBAIMBAHUS MEIIKA CO CIUIA UMEET OKAHTOBKY IO
CJIUITY, BHIITOJIHEHHYIO U3 OPICTEKJIA.
C menpi0 BOCCO3/IaHUSI HAa YCTAaHOBKE YCIIOBUM, BO3HHMKAIOUIMX Ha Pa3IMYHBIX CyJaxX CO
CIIUTIaMU Pa3JIMYHON (OpPMBI M YIJIa HAKJIOHA, ObUIO CMOHTHPOBAHO YCTPOWMCTBO, IMO3BOJISIONICE

U3MEHATH M (PUKCHPOBATh YIIIbl HAKIIOHA CJIHIA (PUCYHOK 2.2).

Pucynok 2.2 — CnunoBas HarpasJistoiast

Jnist vccriefoBaHus BIMSHUS PA3IMYHBIX (JOPM CiIHITa HA yCUITHE BBIOOPKHU TPAIOBBIX MEIIKOB
C YJIOBOM OBIJIM M3TOTOBJIEHBI CTAJIbHBIE CIIUITOBBIE TTOBEPXHOCTH C MPsMOH U cheprueckoit popmamu

(pucyHok 2.3).



Pucynok 2.3 — CnumnoBbie HACTUIIBL:
1. - «cepuueckuity; 2. - «IpsMoi»

C 1enpl0 TONHOM WMUTALUU TOBEPXHOCTH IPOMBICIOBOM IMadyObl pPBIOOJIOBHOTO CyJHA,
HACTHJI Ha MakeTe ObUI BBIMOJNHEH W3 JCPEBSHHBIX IUIACTUH (PUCYHOK 2.4), MOJ00HO HACTUIIY Ha
IIPOMBICIIOBBIX cyAax. /laHHOe pelleHne NpeJoTBpaliacT MOBPEXKIECHNUE TPAIOBBIX MELIKOB BO BPEMs
MIPOBE/ICHUS] JKCIIEPUMEHTAIBHBIX paboT W NpHOIIKaeT MOJENbHBIA Kod(hduumeHT TpeHus K

HAaTYPHBIM 3HAUCHU M.



Pucynok 2.4 — JlepeBsSHHbBIN HACTHII TATyObl

I[J'IH obecrieueHust H€06XO}IHMOFO yrijia BbIXO/Ja BBITSAXKHOI'O KOHIA ObLIa YCTaHOBJICHA CTOMKa
C OTBCPCTUSAMU HaA PaA3JIMYHOM YPOBHC, HCO6XOI[I/IMBIMI/I AJId KPCIJICHUS HAIIPaBJIAKOIICTO O0Ka B
COOTBCTCTBHUU C 3aJaBaCMbIMH ITapaMETpaMu (pI/ICYHOK 25) Pacnonoxxenue 0oka COOTBETCTBYCT

MCCTY YCTAaHOBKH IIOpTaJia C TMHb-TAJIAMU.



Pucynok 2.5 — Crolika KpeIyIeHHs HAIPaBJISIFOIIETo 0JI0Ka:
1 — HanpaBysroLHiA OJI0K; 2 — OTBEPCTHS s (pukcanuy OJI0Ka BBITSHKHOTO KOHIIA
Jlsist ocyIiiecTBIACHHS BRIOOPKH MOjIEJIeH yCcTaHOBKA (pUCYHOK 2.6) ObuTa ocHaleHa J1e08 Ko
C HaBUBHBIM 0apabaHOM ¢ MPUBOIOM-3JIEKTpoBUTaTesieM (Tabiuima 2.2), KOTOPBIH YCTaHOBIEH Ha

MECTE PACHOJIOKEHUS BBITSXKHON JIEOEKH.



Pucynok 2.6 — JleG&nka MakeTHOW yCTaHOBKH:
1 — snmexTpoaBHraTens, 2 — HAaBUBHOM OapabaH; 3 — KOMMyTaTop; 4 — OJIOK yIpaBJIeHUS C
4acCTOTOMEPOM

Tabnuua 2.2 — Xapakrepuctuku acuHxponHoro 2/ TS7114

XapakTepUCTUKH JIBUTaTeNs 3HaueHus
HanpspbkeHne nutanust 230/400 B AC
YacToTa 1350 06/m
W3omsug xiacca F
Kopnyca nBuraresns BbInosiHEH B aIFOMMHHUEBOM KOpITyCe
CreleHs 3ammThl IP55
MoHTa)XHO€ HCIIOJHEHHUE ¢ (IaHLeM B14 nmu BS
Pabouas Temneparypa -20 °C +~+40 °C

JUnist perynupoBKH CKOPOCTH BBIOOPKH 3JIEKTPOJBUTATENb ObUT OCHAIIEH OJIOKOM yIpaBlIEHUS

C 4aCTOTOMEPOM U KOMMYTAaTOPOM.
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2.2 Uzmepumenvrnas annapamypa

JUis  npoBeneHWs MCIBITAaHUM I[PUMEHSIACh CIEAYIOIas KOHTPOJbHO-U3MEPUTENbHAS
anmaparypa:

1) cunomsmepurenbHbli  Komiuiekca «Mic  200» — TO3BONSIET 3aMepATh  yCHIIHS,
BO3HHKAIOIIEE B BBITSHDKHOM KOHIIE NMPH MOABEME MOJEIN TPAJIOBOTO MEIIKA C YIOBOM,
COCTOUT U3 CUJIOU3MEPUTENIBHOTO JJaTYMKA TEH30METPUUECKOro TUIla U 00padaThIBaIOIIEro
ycTpoiicTBa (HOYTOYK);

2) Bechl JJIS MIPOBEICHHS U3MEPEHUI 3arpy3KH TPAJIOBBIX MEIIKOB (PHCYHOK 2.7). To4HOCTB
U3MEpEHUS 3JIEKTPOHHBIX BECOB Ipu Bece 10 10 Kr cocTaBiser S rp;

3) cekyHmoMep I H3MEPEHHS BPEMEHHOTO ITapamMeTpa;

4) nuHelKa sl U3MEPEHUsI IMHEHHBIX TapaMeTPOB.

pBI0T~0

=
(=)
2
=]
=
w
o

bot
bg

Pucynok 2.7 — DneKTpoHHBIE BECHI

W3mepeHns: ycuinusi B BBITSDKHOM KOHILE JIEOEIKM MpH MOAbEME MEIIKa C YJIOBOM IO CIUILY
CYAHa OCYIIECTBIISUIUCh CHIJIOM3MEPHUTENIbHBIM KoMmIiekcoM «Mic 200» (pucyHok 2.8), KOTOpbIi
MPEJCTaBIsAeT U3 ceOsl CHIIOM3MEPHUTEIBHBIN JaTYMK TEH30METPHUECKOTO THIA U 00padaThIBAIOIIETO

yCcTpoicTBa (HOyTOYK).

Pucynok 2.8 — YHuUBepcanbHBIH MOOWIBHBIN aBTOHOMHBI MHOTOKaHAIBHBIH H3MEPHUTEITBHBIN
komruiekc «MIC 200»
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«MIC 200» — »TO yHUBEpCaIbHBIN MOOWJIBHBI AaBTOHOMHBIH MHOTOKAHAIBHBIN
I/I3MepI/ITeJILHblf/'I KOMIUJICKC IS PETUCTpallu U aHAJIM3a U3MCPACMBIX JaHHBIX. Kommiekc pa60TaeT
napajyieIbHO Kak ¢ OBICTPO MEHSIOUMMHUCSA (BHOpaumus, HIIyMbl M T. 1), TaK U C MEJICHHO
MEHSFOIIMMUCS (TeMIIeparypa, AaBjICHUE U T. I1.) apaMeTpaMH MO3BOJIIET MPOBOIUTh U3MEPCHHUS B
MOJIEBBIX ycIoBUsAX. O0NasaeT CieyroIMMi TEXHHIECKUMHU XapaKTePUCTHKAMHU, TIPECTaBICHHBIMA

B Tabauue 2.3.

Tabnuna 2.3 — Texanueckue xapakrepuctuku «MIC 200y

[TapameTp 3HayeHue
KonngecTBo ¢c10TOB 4
ITpomyckHast crmtocoOHOCTH KpeHT-KOHTposuiepa (cymmapnas yactora | g0 1 000 000
Ompoca MO BCEM 3aJIeHCTBOBAHHBIM M3MEPHUTEIILHBIM KaHaslaM), 111
Bpemsi aBToHOMHOI paOOTBl (3aBUCUT OT cocTaBa Mopayjeil) 6e3 | 4
BHEIIHET0 aKKyMYJISTOpa, 4, HE MEHee

Hucrueit," 15
Macca, kr 7
["aGaputel, MM 215 x 238 x 115

Takxe CTOUT OTMETHTh OCOOEHHOCTh CTAHIIMH:
e HoyrOyk coeanHEH ¢ U3MEPUTENBHBIM KpeToM HU(pOBBIM HHTEPDEicoM.
e [Ipubop ocHam€H aBTOHOMHBIM NHTAHUEM OT BCTPOEHHBIX INTATHBIX AKKYMYJSTOPHBIX
Garapeil.
e  Bo03MOXHOCTH MOAKIIIOUEHUS JONOJHUTEIBHBIX BHEITHUX aKKYMYJIITOPHBIX OaTtapeil.
e [loaxiroyeHne CTaHAAPTHON KOMIBIOTEPHOM Tiepudepun.
e Pabora nox ynpasnenuem [10 Recorder.

L4 CHCI_[I/IaJ'II/BI/IpOBaHHOG ITO WinI1IOC AJI AC€TAJIBHOT'O aHaJIn3a UBMCPUTCIIbHBIX JTdHHBIX.

Monayns «MC-212» (pucynok 2.9, Tabnuua 2.4) npenHazHaueH sl pabOThl ¢ MOCTOBBIMH,
MIOJIYMOCTOBBIMU TE€H30JaTYMKaMU U OJIMHOYHBIMH TeH30pe3ucTopamu conpotusieHuem 100 ... 1000

OmMm IIpH MPOBECACHUHN CTATUYCCKHUX U JUHAMUYCCKUX HSMCpCHHﬁ.
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Pucynok 2.9 — Moayns «MC-212»

OcHOBHBIE 00JIACTH TPHUMEHEHUS:

* lI3MepeHne MeXxaHUYECKUX Harpy3oK.

* smepenue ycunuii (Tsra, Bec).

* BBICOKOTOYHOE U3MEPEHUE JIMHEUHBIX NIEPEMEILICHHMN.

* lI3mepenue naBieHui.

VYnpasneHue MOIyJIsIMH, U3MEPEHUE U PETUCTpAlUsl CUTHAJIOB OCYIIECTBIISIETCS CPEACTBAMU
nporpamMmbl Recorder. s oTtoOpaskeHus, oOpaOOTKH, AETaIbHOTO aHalu3a 3aperuCTPUPOBAHHBIX
CUTHAJIOB Y BBIBOJIA HA ME€YATh PE3YIHTATOB CIYXHUT nmporpamma WinlIOC.

OcoOenHocTH:

* Moaynp ocymiecTBisieT nutanue Aatuuka. Jns monmaBneHus koHTakTHoW TOJIC (BaxkHO
IPU MPOBEACHUN CTATHUECKUX TEH30M3MEPEHMH) MUTaHME JaTYyhKa BEIETCsl B 3HAKONEPEMEHHOM
pexume.
* OcHamén QyHKIUSAMHU OallaHCUPOBKH, CUTHAJIM3ALMU O MEPErpy3Ke U MPOBEPKE BXOJHBIX
Hernel Kaxa10ro KaHajaa Ha OOpbIB U KOPOTKOE 3aMbIKaHUE.
* Bo3MOXHOCTH KaTMOPOBKH BHYTPEHHUM LITYHTOM.
* Berpoennsie anTHanuacHsle ¢uiabTpbl. [lonmoca mpomyckanust ¢uiabTpa aBTOMAaTUYECKU
HaCTpauBaeTCs Ha MOJIOBUHY 3aJJaHHOW YaCTOTHI JUCKPETU3ALNH.
JlBa pexxuma paOoThI:
1) nuHammveckuii. YeThIpeXKaHAIBHBIA PEXKHUM, MPEAHA3HAUYCHHBIH JUTS IPOBEICHHUS H3MEPECHUI

C MaKCHUMaJIbHOM YacTOoTOM cOopa JaHHBIX, HE HUMEIOUIMX BBICOKMX TpeOOoBaHUI Mo

HaIIpsHKEHUIO CMEILIECHHUSI HYJIS;

2) cratnueckuid. YeTbIpeXKaHAIBHBIA PEKUM, NPETHA3HAYCHHBIN Ul MIPOBEICHHS CTaTHUSCKUX

I/I3MCpCHHﬁ C MaKCHMMAaJIbHOI TOYHOCTBIO.
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Tabnuua 2.4 — Texunuyeckue xapakrepuctuku Moayns «MC-212»

[Tapametp 3HavyeHue
KonnuecTBo HE3aBUCHMBIX KaHAJIOB 4
Jlnanaszonsl u3amepenus, MB/B 0...0,5;+0,5;
0...2;£2;
0...4;,+4;
0...8;£8;
0...16; %16
Yacrora quckperu3anuu, [ 150 ... 7680
"nmuHaMuyeckas” 50...1024
"cratnyeckas”
HanpspkeHne nutaHust TEH30aTYMKOB (3HAKOIIEPEMEHHBIN TOK), B 2,5;5
OcratouyHoe cMmelleHre Hyns (Iocie BHyTpeHHeH KanOpoBku), MKB 2
Temneparypuslit npeiid cmemenust Hyns, MkB/°C 0,5
Bpemennoii npeiid cmenienus Hynst, MkB/1000 g 2,5
OcHoBHasl npuBeAeHHAs (K JUana3oHy U3MEPEHHs ) HOTPEeHOCTh, %o +0,05
JlomoytHUTETbHASI IOTPENTHOCTH B pa00OYNX YCIOBUAX 3Kkcmuryaranuu, % | 0,05
Bpemennoii npeiid koappunmenta nepenaun, ppm/1000 u 10
HHTerpasibHass HEJIMHEWHOCTD, Ppm OT IMOJHOM IIKAJIbI 15
ITosioca nponyckanus npu HepasHoMepHoctu 0,1 1b, I'n 0..1000
[TomaBnenue cuH(a3HOM COCTABIISAIONIEH BXOJHOTO CUTHANA, b 100
MeskkaHalbHOE TPOX0oXkIeHHe AuddepeHnnanbHoi cocrapisitomeii, 1b | -100
Hepasnomepnocte AUYX B nosioce 0 ... 1 000 I'u, nb 0,1
JlorotHeHre 10 TOTyMOCTa U3 psijia (ONMIMOHHO), OM 120; 200; 350; 700

B kauectBe natumka ucnonslyem aatuuk mnpousBoactBa HIIO «IIpomMpsibomoBcTBOY», €

MaKCHUMaJbHOM Harpy3koii 10 5 kr u ¢ marom u3mepenust B 0,0001 H (pucynok 2.10).

Pucynok 2.10 — Cunmon3mMepuTeIbHBIA JaTIUK
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2.3 Mooenu mpanoswix meuwkos

Cyna takoro kiacca, kak PTMK-C, paGoTaroT neiarudecKuMu TpajlaMd, KOTOPbIE OCHAIIICHBI
TpanoBbiMu Merikamu B-408 (pucynok 2.11). B cBsi3u ¢ 3TUM OBUT M3TOTOBJIEH YEPTEXK M MAaKET
HATYpHOTO TPAJIOBOTO MEIIKa K pa3sHOrNTyOWHHBIM Tpanam st cynoB tuna bBMPT, BMPT-A, IIIIP,

BAT, BMPT np. B-408. O6meit nmmunoii B 45,4 metpa.

W Mewox ueom 2369-01 x pasHoemyBuHHeM mMposaM s cydol
- muna GMAT, GMOT AN GAT O/ PTrp. 5-405

B P
At -
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) 1
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Pucynok 2.11 — YUepTéx TpanoBoro Memka K pa3HOTITyOMHHBIM Tpajiam Juis cynoB tTuna BMPT,
BMPT-A, IIIIP, BAT, BMPT u mp. B-408
C nomomibto MacmTabHbIX KO3 (UINEHTOB ObUIM OINpEAEIeHbl OCHOBHBIE pa3Mepbl MOJAEIU
TpasioBoro mMemka. OHU cocTaBisIIOT B uHY 1,82 M, o nepumerpy 0,24 m.
[Tocne mpoBeneHust pacdy€roB OBLI COCTABIEH PACKPOECUHBIH 4YEpPTEX MOJAEIH TPajOBOTO

Mmemika (pucyHok 2.12).
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Pucynok 2.12 — PackpoeuHbIii 4epTEX MOJIEIH TPAJIOBOTO MEIIKa
MeIlKa

CornacHo MMPEACTABIICHHOMY YE€PTCKY Obllla HM3rOTOBJICHA MOJECJIb TpajaoBOIo

(pucyHok 2.13).

Pucynok 2.13 — Moaenb TpajioBOro MemIka:
1 — ToneHaHT; 2 — NeN&XHBIN CTpOI; 3 — KapKac Melika; 4— pybarika; 5 —TalTsaH

HOCKOHLKy B JaJbHEUIIEeM IUIaHUPYCTCA TMPOBCIACHUC HUCIBITAaHUN 110 OIIpCACIICHUIO
3aBUCUMOCTH YCHIIMA OT IUIOIaAu COINPUKOCHOBCHUS TPaJOBOro MCIIKa C IMOBCPXHOCTHIO CJIMIIA,

OblTa M3rOTOBJIEHA CepUsl MOJENIeld TPaJlOBBIX MEIIKOB, OTIMYAIOLIASCS MEPUMETPOM PACKPBITUS

(pucyHok 2.14).
MarepuasioM sl MEIIKOB MOCTYKAIH TMOJTHaMHIHBIC Jeiu ¢ mrarom siged ot 0,5 1o 1,0 cm.

[Tepumertp menika konedaics ot 30 10 50 cm.



Pucynok 2.14 — Mopenu TpajgoBbIX MEIIKOB!
a — MOJieJIb MelIKa ¢ 3arpy3koi 2,0 kr; 6 — Moeb MelIKa ¢ 3arpy3koi 1,25 Kr; B — MOJiesIb MeIIKa
OoJbIIeTO ceveHus ¢ 3arpy3Kkoit 2,0 Kkr

C eJIbl0 HMMHUTAOHUKU YyJIOBa MOZCIb TpaJOBOro0 MCIIKa 3alloJHAJIACh MNOJHMaAMUIAHBIMU

rpaHyJiaMH, KOTOPbIE COOTBETCTBYIOT 10 CBOCH IIOTHOCTH IUIOTHOCTH PBIObI (pUCyHOK 2.15).

Pucynok 2.15 — HanonuuTenb (MOJTUaMUIHBIE TPAHYIIHI)

Jnist mpeioTBpaIieHus BBIXOAa U3 TPAIOBOTO MEIIKa HAITOIHUTENS, IMUTHPYIOIIETO BECOBHIE
XapaKTepUCTUKH OO0BEKTa, OblJIa M3TOTOBJIEHA pyOaliKa TpPajdoBOrO MeMIKa moj pasMep rpanyn. C
[eTbI0 OCBOOOXKIEHUS MeEIIKa OT TpaHyl M TPEJOTBpPAlICHHS WX BBIXOJAa B TOpIE MeEIIKa

HCIIOJIB30BaHO YCTpOﬁCTBO 3aKpbITHUA B BUIC ratsHa.
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2.4 Ilopsook nposedenus IKCnepuMeHmanbHblx pabom

2.4.1 Matpunia MHOTO()aKTOPHOTO SKCIIEPUMEHTA

VYuuThiBas T€ 0OCTOSATENBCTBA, YTO HA YCUJIME, BO3HUKAIOLIEE BO BpeMs MOABEMA TPAIOBBIX
MEIIKOB 10 CIIUITY, BIUSET HECKOJBKO (DaKTOPOB, TNIAHUPYETCS MPOBEACHNUE H3yUeHUsT (PU3NIECKOTO
mporiecca MO MPUHLOMIY MHorodakropHoctu. B pabore muiaHupyercs u3ydeHHE OOBEKTOB C
HECKOJIbKUMH (pakTOpaMu, MO3TOMY, COINIACHO NMpHHUUIY MHorogakropHoctu [10], Ham mpexncTout
BapbUpOBaTh BCE (aKTOPBI Cpaszy, B OTIMYMM OT TPAJAULMOHHOIO IOJAXOZA, KOIJa HccieloBaresb
IBITACTCA M3ydaTh JeficTBHE Kaxaoro (akropa mpu moouyep&éaHoM BapbupoBaHMU. OpraHuzanus
HKCIEPUMEHTA C IPUMEHEHUEM MHOTO(AKTOPHBIX CXEM BapbUPOBAHHS ITO3BOJIUT IMOBBICUTh TOYHOCTD
OLIEHOK apaMeTpoB, MOJAOUpaeMbIX MoJeNel A A1eTePMUHUPOBAHHBIX O0OBEKTOB, TOUHEE OLIEHUTh
qyBCTBUTEIBHOCTh BBIXOAHOM 3aBUCHMOI epeMeHHoM (mapameTpa) 00beKTa K BapuallMi N3y4aeMbIX
BXOJIHbIX HE3aBUCHUMBIX IEPEMEHHBIX.

OOBIYHO MOJ IUIAHWPOBAHMEM 3KCIEPUMEHTa NOHMMAIOT IPOLECC OINpEeAENeHUs 4YHucia U
YCJIOBUH MPOBEJEHUS OIBITOB, HEOOXOIUMBIX M JOCTATOUHBIX Ul PEIIEHUs [TOCTABICHHON 3a/1a4M C
TpedyeMoii TouHoCThIO. [IpMeHeHreM npolecca palMoOHaIbHOTO IUIAHUPOBAHMSI SKCIEPUMEHTA Mbl
CTPEMUMCHI:

- MUHUMHU3HPOBATh 00I1I€E YUCIIO OMBITOB;

- OJJHOBPEMEHHO BapbHpPOBaTh BCE IEPEMEHHBIE, ONPEAEISIOIINE MPOLECC MO CIENNUATbHBIM
IIpaBWJIaM-aJITOpPUTMaM;

- IPUMEHSTh MaTeMaTUYeCKU anmapaT JUisi 00pabOTKU U 0O0CHOBaHMS SKCIEPUMEHTAIbHBIX
JAHHBIX U MOJIyY€HUEM B JaJIbHEHIIIEM MaTeMaTH4YE€CKON 3aBUCHMOCTH.

HccnenoBanusi 1O ONPENEICHUIO 3aBUCHUMOCTH YCHUJIMS IMOABEMA TPAJIOBBIX MEIIKOB OT
(bakTOpOB, XapaKTEpU3YIOIIUX CHCTEMY CYIHO-TPaj-IPOMBICIOBAs MalllMHA, MPOBOIAWINCH B TPHU
stana. Ha xaxmom stare 6111 0TOOpaHbl CEpUU BIUSIIOMINX (GAaKTOPOB.

[TepBblii 3Tan ObUT MOCBAILIEH UCCIIEIOBAHUIO OLEHKU BIHUSAHUS (PAKTOPOB, XapaKTEPU3YIOLINX
IIPOMBICIIOBBIE KOHCTPYKIIMH, KOPITYCHbIE OCOOEHHOCTH CyJIHA M OPYAHMs JIOBA: yrja HakJIOHa CJIMIIA,
yrja BbIXOJa BBITSYKHOTO KOHIIA U 3arPy3KH MEIIKA.

Ha BTOpOoMm 3Tame paccMaTpuBaiuch Takue (PaKTOpbl Kak: CKOPOCTh BBIOOPKH, (hopMa U yroi
HaKJIOHA CJIMIIA.

Ha tperbem sTare ucciaenoBaioch BIHUSHHUE IUIOMIAAN CONPUKOCHOBEHHUS TPAJOBBIX MEIIKOB
Ha (pOpMUPOBaHUE YCUIINH, BOZHUKAIOIINUX BO BPEMS BBIOOPKH.

[IpumeHeHHe METOAOM  IUIAHUPOBAHHMS ~ MHOTO(AKTOPHOTO  JKCIIEpUMEHTa  TpeOyer

COCTaBJICHUS] MATPHIIBI TPEX(PAKTOPHOTO IKCIICPHUMEHTA Ha JIBYX YPOBHsX (Tabnumna 2.5).
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Tabnuua 2.5 — Matpuna Tpéx¢pakTOpHOTO KCIIEPUMEHTa Ha 2 YPOBHAX

No X1 X2 X3
1. + + +
2. + + -
3. + - +
4, + - -
3 - - -
6. - - +
7. - + -
8. - + +

[Tpumedanue: X1, X2, X3 — 3Ha4E€HUS (PAKTOPOB, 3aMUCAHHBIE B KOJMPOBAHHOM BHUJIE.

2.4.2 TlopsiioK pOBEICHUS SKCIIEPUMEHTAIBHBIX pabOT HA MAKETHON YCTaHOBKE

ITopsinok nmpoBeeHNs UCIIBITAHUI Ha BCEX ATANax CIEeAYOIINN:
1. YcTanaBnuBaeM CMEHHBIN CIMIOBBIN HACTUI OMPEIEIEHHON (POPMBI.
2. YcranaBnuBaeM yroj HakJioHa ciumna (0°) B UHTEpBalie W3MeHeHus. J{ns sTtoro Ha

YCTAaHOBKE HMMCIOTCA COOTBCTCTBYIOIUC OTrpaayrupOBaHHBIC OTBEPCTUA [JIA CTOIIOPOB 4YECPE3

Ka)kaple 5°.
3. VYcraHaBinuBaeM yroJi BbIX0/1a BBITSKHOTO KOHIIA.
4, YcTaHaBinuBaeM CKOPOCTh BHIOOPKHU C TIOMOIIBIO PETYSATOpPA YACTOTHI BpAIIeHUs Bajia

3JIEKTPOJIBUTATENsl B UHTEPBAJIC M3MEHEHHS.

S. 3anoJyiHsgeM BaHHY BOJIOH, 10 YPOBHS COOTBETCTBYIOIIETO MTOPOTY CIHUTIA.

6. Jng  kaxgoro »dTama BblOMpanack Mojenb (MOJAETH) TpaloBOTO MeEIIKa C
COOTBETCTBYIOIIMMHU Pa3MEPEHUSIMU, MEMIOK (MEIIKH) 3amoNHSUICS MOJUAMUIAHBIMU TpaHyJIaMU,
COOTHOCSIITUMUCS C TUIOTHOCTHIO phIOBI. [lepen Hawamom MCTIBITAHUM 3aMauuBaeM MOJIETH TPAJIOBBIX
MEIIKOB B BOJIE B TeueHue 12 4.

8. [ToaxirouaeM CHIIOM3MEPHUTENBHBIN TaTYMK B JTMHHUIO BBITSHKHOTO KOHIIA MTPOMBICIIOBOM
n1e0€nku, a 3aTeM — K cta"iuu «MIC 200».

9. BxmouaeM 1ne0€nky Ha BBIOOPKY, (QUKCHUPYSs NpU 3TOM H3MEHEHHUs YCUIUS B
BBITSDKHOM KOHIIE JI€0EIKH.

10. Pe3ynbTarhl 3amUCBHIBAIOTCS W OTOOpaXKAlOTCS B BHJIE JAMHAMOTPAMM M UYHCICHHBIX
3HAQUYE€HUI HA MOHUTOPE TEH30CTAHIINH.

11. OKCIepUMEHTAIbHBIE HCCIEAOBaHUS NpoBOIATCA He MeHee 10 pa3 ¢ y4€tom Bcex
BIIMSIOMINX (DAKTOPOB TSl BCEX pacCMaTpPUBaeMbIX ()OPM CIUITOBBIX HACTUJIOB.

Mopenu TpalOBBIX MEIIKOB TMEpe]l HaYaJloM WCIBITAHWN BBIAEPKUBAINCH B BOJE B TEUCHUE

CYTOK B TIOMCHICHUU na6opaTop1/IH JJIA 0oJiee TOYHOTO MOZCIINPOBAHUS COITPOTHUBIICHUA.
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2.4.3 OmnpeneneHre TOYHOCTH MPOBEAEHHBIX padoT

To4HOCTP M3MEPEHMI ONpEEIIIeTCs] B OCHOBHOM TOYHOCTBIK) U3MEPUTEIBHON annaparypsl U
cocrasisiet 0,0001 H, ¢ noBeputenbHON BEpOATHOCTHIO BbIlIe 99%.
st ompeneneHUs aneKBaTHOCTH NPOBEACHHOW HaMu pabOThl HEOOXOIUMO OMPEACIUTh
TOYHOCTb U3MEPEHUIN MyTeM HAXO0KICHUS JICUCTBUTEIHHON MOTPEITHOCTH U3MEPEHUSI.
JleCTBUTENBHYIO MOTPEIIHOCTh U3MEPEHUSI MPU MHOTOKPATHBIX HAONIOICHUSX OMPEICNIIIOT
o hopmysie (2.5):
8Xs,mpt = tSx,mbe; (2.5)

T1€ Sy mpt — CPEAHASA KBaJpaTUUHAs MIOTPEIIHOCTh U3Mepenus; t — kodHULUEHT, TPUHUMAEMBIH 110
Tabimue 2.6.

Tabmuua 2.6 — Tabauma k03 PUIMEeHTOB OT TOBEPUTENHEHON BEPOSITHOCTH

3navenus t mpu M, paBHOM
JloBepHTEIIbHBIE BEPOSTHOCTH
20 10 8 6
0,95 2 2,3 2,4 2,6
0,99 2,5 3,2 3,5 4,0

JloBepuTeNbHYIO BEPOATHOCTh TPpUHUMAaeM paBHOit 0,95.
CpenHior KBaJpaTUYECKYI0 TMOTPEITHOCTh M3MEPEHUsT MPU MHOTOKPATHBIX HAOJIIOJCHHSIX

napameTpa onpeaensioT mo Gpopmye (2.6):

(2.6)

Sxmbt =

T€ Xj — pe3ynbTaT HAOIIOJEHUS, X; — PE3YJIbTaT M3MEPEHHMS, MOIYYEHHBIH II0 MHOTOKPATHBIM
HaOMrOJeHUsIM TapameTpa (cpeanee apedmernueckoe); M — 4YHCIO PaBHOTOYHBIX PE3YJIbTAaTOB
HaOIIO/IEHUH, BBIMONHIAEMBIX ISl MPEIBAPUTEIHHON OICHKH; M — YHCIO HAONIOJCHUN MapaMmerpa,
BBITIOJTHSEMBIX TIPU KOHTPOJIE B JAHHOM CEUEHUU (MECTe).

OTHOCUTEBHOE OTKJIOHEHHUE pPEe3yJbTAaTOB TMPOBEACHHBIX HJKCIEPUMEHTOB HAXOJUM TIO
dopmyne (2.7):
ox
T = 2Zsmbt . 100%, 2.7)

Xcp

rac ch — CPEAHCC 3HAYCHUC YCUIIUA BLI60pKI/I MAaKkCTOB TPAJIOBBIX MCIIKOB, H.

CucreMaTH4eCKyl0 TMOTPEIHOCTh H3MepeHud (mpubopa) ompenenseM B COOTBETCTBUU C
bopmyioii (2.8):

Ax, = ZmYmax (2.8)
up 100% '
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[TosHast MOTPENTHOCTH MPSIMOT0 M3MEPEHHSI AX HAXOUTCS B COOTBETCTBHH ¢ hopmyinoii (2.9):

, 2.
Ax = 6x,25,mbt + AxZp, (2.9)

2.4.4 OneHka TOYHOCTH TIOTYYEHHOW 3aBUCHMOCTH

[Tocnie o0OpabOTKM TMONYYEHHBIX OKCIIEPHUMEHTAIBHBIX JaHHBIX, B COOTBETCTBHH C
IUTAHUPOBAHHEM OJKCIIEPHMEHTOB B TPOMBIIIJICHHOM pbiOonoBcTBe Jlommua [.M. mnomydaem
3aBUCUMOCTH YCUJIUS BBIOOPKH TPAJIOBBIX MEILKOB.

JUis TOHMMaHMsI, HACKOJbKO TOYHO 3aBUCHUMOCTb OIIMCBIBACT BIIMSHUE HE3aBHCHMBIX
daxropos, onpeaensem uHAeKC AetepmuHanuu R? (2.10):

RZ =1— E?=1(xi_5f)2 (210)

Z?zl(-xi_f)z’

rae x; — paKkTu4ecKke 3HaueHUsl yCUIIUS BRIOOPKH MPHU N-OM codeTaHuu (GaKTOpOB;
X — pacuy€THbIC 3HAYCHUS YCWIINS BLIOOPKHU TIPU N-OM COYETaHUH (PAKTOPOB;
X — cpe/iHee 3HaYEHUE YCUIINSI BBIOOPKU COOTBETCTBYIOIEE YCIOBHIO.

Jis ymoOcTBa pacuéra mNpeABapUTEIbHO CBOJUM 3HA4YeHHUS (DAKTOPOB W TOJNyYCHHBIC

pe3ynbTaThl B Tabnuiy 2.7.

Tabmuua 2.7 — CpaBHUTEIbHAS OLIEHKA PACYETHBIX M AKCIIEPUMEHTAIBHBIX TaHHBIX

3HaueHue BeitskHoe | PacuérHoe
Ne 3HaueHue 3HaueHue [TorpemHocTs,
¢dakropa ycuine 3HAUEHUE 0
n/n | dakropa X, ¢dakTopa X3 %0
X2 Tep, H yennust, H

WIN |-

[Tocrne yero paccunThIBaEM HHICKC JCTEPMUHAILIUNH IS TOJTyYEHHON 3aBHCUMOCTH.
B cnyuae HeOONBIIOrO YHMCIa CTPOK, HEOOXOAMMO HAWTH CKOPPEKTUPOBAHHBIA WHIECKC
JeTepMHUHAIINH, KOTOPBIi onpeensiercs no Gopmyne (2.11):
2 _(1_(1_p2ynt 2.11
Ripp = (1= (1= RH) =, (2.11)

r7ie N — KOJWYIECTBO HAOIMIOACHI B HA00pE JaHHBIX;
k — KOJIMYECTBO MapaMeTPOB MOJIEIIH.
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I'maBa 3 Pe3ynpTaThl SKCIEPUMEHTAIBHBIX HCCIEAOBAHUNA MO OMPEIEICHUIO
yCWIHSI BBIOOPKH TPAJIOBBIX MEIIKOB MO CIUIIAM CYAOB OT XapaKTEPUCTHK CUCTEMBI

CYAHO-TPAJI-IIPOMBICIIOBAS MAalllMHA

3.1 Hccneoosanus 3aeucumocmu ycunus 6blOOpKU om HaKmopos, Xapaxmepusyiouux
cucmemy CYOHO-MPAN-NPOMbBICIOBAS MAWUHA, OMHOCAWUXCA K 2e0MempuyecKum napamempam

npomwiciogozo komniekca (llpunoscenue b)
3.1.1 DKCepuMEHTHI 110 MPSIMOJIMHEHHOMY CIIUITY

Ha mnepBoMm »Tame mNpoBOAMIIOCH JKCHEPUMEHTAIBHOE HCCIEIOBAaHUE [0 OMpeAesICHUI0
3aBUCHUMOCTH YCWJIHMS TpHU MOABEME TPAJOBBIX MEIIKOB C YJIOBOM II0 CIHIY OT (DaKTOpOB,
XapaKTEepU3YIOIIUX CUCTEMY CYJHO-TPaJI-IIPOMBICIOBAsI MallIHA.

Ha ocHoBe BBINIOJIHEHHOTO paHee aHajW3a IPOMBICIOBBIX CXEM U KOHCTPYKLHH CIUIOBBIX
YCTPOMCTB MPOMBICIIOBBIX CYAOB KOPMOBOTO TpajeHHs] U MAcCIITa0HOTO MOJEIUPOBAHUS MaKETHOU
YCTaHOBKU U O0BEKTa UCCIEN0BaHMs ObLTM OTOOpaHbl HcclaeayeMble (haKTOPbl, a TAKXKe OMpeIeNICHbI
JUana3oHbl UX U3MEHEHUS:

1. ®opma cnunoBOro HaCTUIIA — MPsAMas;

2. CKkopocTh BEIOOPKH MOJIENIN TPaJIOBOro Memka coctasisieT — 0,045 m/c;

3. Yron HaknoHa ciuna — 30°-45°;

4. Yo BbIX0/1a BBITSHKHOTO KoHIa — 5°-20°;

5. Bec memika — 1,25-2,0 kxr, 94TO COOTBETCTBYET 3aroHeHUto rpanynamu 0,68 u 1,0.

C 1menplo cuCTeMaTH3allMd W COKpalleHHs o0bEéMa SKCIEPUMEHTAJIbHBIX pPaboT Oblia
COCTaBJieHa MaTpula TpEX(PAKTOPHOIO HKCHEPUMEHTAa Ha JBYX YPOBHAX. OKCIEPUMEHTHI
BBIIIOJHSUIUCh [0 CTPOKAaM M CTOJOLIAaM MaTpullbl, B COOTBETCTBUU C IUIAHOM IHPOBEACHUS
SKCIIEPUMEHTOB MO JAECATh pa3 Mo Kaxaoh crpoke. C LEeIbl0 HCKIIOUEHUS CIy4alHO IMOJTY4EHHBIX

BEITMYHH, PaCCUUTHIBANICS K03 duuueHT Bapuanun (tadiuma 3.1).
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Tabmuma 3.1 — Marpuna mnpoBeACHUST HWCIBITAHUN JUIsl CIIANA C TPSIMOJIUMHEHHOW ¢dopmoit
MMOBEPXHOCTHU
No VYron HakioHa VYrois BbIX0OJ1a BHITSHKHOTO
Hanonnenue merika (x1) o o
/11 ciumna o° (X2) KoHIa B° (x3)
1 2 kr (1) 45° (+) 20° (+)
2 2 kr (1) 45° (+) 5°(-)
3 2 kr (1) 30° (-) 20° (+)
4 2 kr (1) 30°(-) 5°(-)
5 1,25 xr (-) 30° (-) 5°(-)
6 1,25 xr (-) 30°(-) 20° (+)
7 1,25 xr (-) 45° (+) 5°(-)
8 1,25 xr (-) 45° (+) 20° (+)

[Tpumedanue: KOIUPOBAHHOE 3HAUYEHUE (PAKTOPOB paBHOE -1 COOTBETCTBYET MUHUMAIBLHOMY

YHUCJIICHHOMY 3HAUCHUTIO (baKTOpOB B Juaria3oHc ux NSMCHCHH, a +1 — MaKCUMAaJIbHOMY.

Jns onpeneneHust JAOCTOBEPHOCTH TPOBEAEHHBIX pabOT W pe3yibTaTOB HKCIEPUMEHTOB
BBIUUCIISUIMCh CPEJIHUE 3HAUEHUS YCUIIMS, BO3HUKAIOLIETO B BBITSKHOM KOHIIE, U OBUIM IPOBEIEHBI

pacyéThl morpemHoct (Tadbauipl 3.2-3.5).

Tabmuua 3.2 — Pe3ynbTaTsl pacuéTOB MOTPEUTHOCTEH HIKCIEPUMEHTATBHBIX JaHHBIX

[Ipsimoit, 30°, Bec memika 1,25 kr

HanmMeHnoBaHue MMOTpCIIHOCTH

Yroxa

BBITSIDKHOT'O KOHIIA

BbIXOJa

5° 20°
Cpennss kBaapatuuHas | 0,01 0,01
MOTPEITHOCTh
JIefiCTBUTENBHYIO OTPEIIHOCTh 0,03 0,02
Hons necreurensHon | 1,92 1,77
MOTPENIHOCTH OT 001ero ycumnus, %

Tabnuua 3.3 — Pe3ynbTaTsl pacuéTOB MOTPEUIHOCTEH HIKCIEPUMEHTATIBHBIX TaHHBIX

[Tpsimoit, 45°, Bec memika 1,25 kr

HaunmeHnoBaHue norpemHocTi

VYron

BBITSKHOI'O KOHIIA

BBIXO0JIa

5° 20°
Cpenusis kBaapatuuHas | 0,02 0,01
MOTPEITHOCTh
JleficTBUTENBHYIO MOTPEIIHOCTh 0,04 0,04
Jomns neiicteurensuon | 2,35 2,54
MOTPEINTHOCTH OT 00111ero ycuius, %
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Tabmuma 3.4 — Pe3ynapTaThl pacy€TOB MOTPEITHOCTEN IKCIIEPUMEHTAIBHBIX TAHHBIX

[Ipsamoii, 30°, Bec memika 2,00 kr
HaumeHoBaHue norpemsocTi VYron BBIXOJa
BBITSDKHOTO KOHIIA
5° 20°
Cpennsist kBagpatuunas | 0,01 0,01
MOTPENTHOCTh
JIeiCTBUTENBHYIO MOTPEITHOCTh 0,04 0,02
Hons nericrsurensHon | 1,48 1,15
MOTPEIIHOCTH OT 001Iero ycuius, %

Tabnuua 3.5 — Pe3ynbraTsl pacuéTOB MOTrPEUTHOCTEH HKCIEPUMEHTATIBHBIX TaHHBIX

[Ipsamoii, 45°, Bec memika 2,00 kr
HanMeHoBaHHE MMOTPEITHOCTH VYron BBIX0J/1a
BBITSDKHOTO KOHIIA
5° 20°
Cpennsis kBaaparuuHas | 0,02 0,02
MTOTPEITHOCTh
JIeCTBUTENBHYIO MOTPEITHOCTh 0,06 0,05
Hons nevicrsurelibHOoN | 2,20 1,97
MOTPEITHOCTH OT 0011ero ycunus, %

CucreMaTH4eCcKyl0 IMOrPEUIHOCTh M3MepeHuil (mpulopa) OmpenesseM B COOTBETCTBUU C
bopmyioii (2.8):
_0,1«50H
P 100%

YuuTeiBas pe3yabTaThl pacuéToB, MPEACTaBICHHBIX B Tabaumax 3.2 — 3.5 ¥ cuCTeMaTHYeCKYIO

Ax = 0,05%

MOTPEUIHOCTh H3MEPEHHUs, MOXKHO 3aKIIOUUTh, YTO IOJHAs MOTPEUIHOCTh IPH HCHBITAHUAX HE
npeBbimaer 5 %. DT0 TOBOPHUT O JOCTOBEPHOCTH IOJYYEHHBIX PE3yJIbTATOB HKCHEPUMEHTAIHHBIX
TaHHBIX.

B mpomecce paboT B COOTBETCTBHU C IUIAHOM 3KCIEPUMEHTAa OBUIM TIOJIyYECHBI: CHIIOBBHIC
JMarpaMMbl YCHJIMH, BO3HHUKAIOIIMX B BBITSDKHOM KOHIIE IPOMBICIOBOM JeO&AKM B Mpolecce
BBIOOPKH MEIIKOB C yJIOBOM, a TaKXe ONpeAeeH YMCICHHBIC 3HAUEHUS MPHU Pa3IMYHOM COYETAHUU
(bakTOpOB B qHMana3oHe MX M3MEHEHHs, a UMEHHO: yIJia HaKJIOHA CITUMA 0.°, yTiia BEIXO/a BBITSHKHOTO
KoHIa B° u 3arpy3ku TpanoBoro Mmemka. Ha pucynkax 3.1 m 3.2 mpencraBineHbl (parMeHTHI
JMHAMOTPaMM M3MEHEHUS YCHJIMS B BBITSUKHOM KOHIIE MPOMBICIOBOM 51eOE€nku mpu o=45°, yrie

BBIX0/1a BBITSDKHOTO KoHIa =20° u npu Bece Memka B 2 U 1,25 KT COOTBETCTBEHHO.
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Pucynok 3.1 — JluramorpaMmMa yCHIIns B BBITSDKHOM KOHIIE JIEOEKU TPU BEIOOPKE MeIika Maccoi 2,0
KI' Ha YyCTAHOBKE C YIJIOM HakjoHa ciauna 45° u yrie BbIX0/a BBITSXKHOT'O
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Bpems, c

Pucynok 3.2 — JlunamorpamMma ycuIivs B BBEITSDKHOM KOHIIE JIEOEIKY MPU BBIOOPKE MEIIKa Maccoi
1,25 xr Ha yCTaHOBKE ¢ yIJIOM HAKJIOHA CiHIa 45° U yTiie BBIX0/IA BBITSHKHOTO
KxoHIia 20°

JluHamorpaMMbl MO3BOJISIIOT BU3YaJU3UpOBaTh (DPU3MUECKYIO CYHIHOCTh IpoIecca BBIOOPKHU

TPaJIOBOTO MEIIKa MO CIUIY, a TAK)Ke U3MEHEHHUS YCUIIUS B IPOIECCE BHIOOPKHU.
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AHaNM3 MOyYeHHBIX TUHAMOTPAMM TTO3BOJIMII OMPEACIUTh XapaKkTep U MECTO BOSHUKHOBEHHS
MMUKOBBIX HArpy30K BO BpeMs BBIOOPKM MeEIIKa C YyJIOBOM. B YacTHOCTH IHKOBBIE HArpy3KH
BO3HHUKAIOT HA MOPOre CJWIA U B MECTE Mepexoja CIUIMOBON KaHABKHU, MPUUYEM C YBEJIMUYECHUEM yTia
BBIXO/Ia BBITSHKHOTO KOHIIA 10 20° B COBOKYITHOCTH C YMEHBILICHUEM yTJIa HakJIoHa ciuna ¢ 45 no 30°
MIPOMCXOAUT CHUKEHUE YCHIIUS BBIOOPKU B cpenHeM Ha 15 %. B To ke Bpems OTMEUEHO, YTO YroJl
BBIXOJIa BBITSDKHOTO KOHIA B 5° mpu OONBIION 3arpy3ke MeIIKa, JJIMHA KOTOPOTro COM3MEpHUMa C
JUIMHOW CJIMIAa W YBEJIMYEHUM YIJia HAKJIOHA CJIMIAa HE OKAa3bIBACT CYIIECTBEHHOTO BIHUSHUS Ha
MMUKOBOE yCHWJIME€ Ha e€ro mopore. B cBoro odepenb HaOJIOMACTCS TOBBIIMICHHE JAHHOTO YCHIIHS
BBIOOpKH Ha 15 % mpu MaibIX 3arpy3kax TPAJIOBBIX MEIIKOB C YBEJIWYEHHUEM yTjla HaKJIOHA CIIUIIA C
30 mo 45°.

[Tomumo nuHamorpamMm OBUIH TOJY4YEHBI YUCICHHBIC 3HAYECHHS YCHJIUS, BO3HHMKAIOIIETO B
BBITSDKHOM KOHIIE JICOEIKH, BO BpeMs IIPOXOXKICHUS MEIIKOM CIUIIOBOM KaHaBKH, KOTOPHIC

MpeACcTaBiICHBI B Ta0uIE 3.6.

Tabmuua 3.6 — Pe3ynbTaTsl 9KCIIEPUMEHTAIBHBIX TAHHBIX JUIS CJIMIA ¢ IPSIMOM (HOpMOii TOBEPXHOCTH

Ne | Hanonunenue memika P | Yrois HakiioHa Bbz;;zlgixigzua BriTskHOE yeunne
/T KT (X1) ciuna o (Xy) B (x3) Tep, H

1 2 kr (+) 45° (+) 20° (+) 24,67

2 2 kr (+) 45° (+) 5°(-) 29,23

3 2 kr (1) 30°(-) 20° (+) 19,37

4 2 kr (1) 30°(-) 5°(-) 24,49

5 1,25 kr (-) 30° () 5°(-) 14,28

6 1,25 xr (-) 30° (=) 20° (+) 12,93

7 1,25 xr (-) 45° (+) 5°(-) 17,94

8 1,25 xr (-) 45° (+) 20° (+) 15,92

[Tocne maremaTnyeckoii 00pabOTKH IKCIIEPUMEHTAIBHBIX JIaHHBIX M pacuéTa K0d(hOUIIUEHTOB
perpeccuu Oblla TOJYYEeHA 3aBUCHMOCTH YCHIJIHMSI B BBITSDKHOM KOHIIE JUISI MPSIMOM MOBEPXHOCTH
CITMIIA OT €ro yIJia HaKJIOHA, yIJia BBIX0/Ia BRITSDKHOTO KOHIIA M CTETIEHH HanojaHeHus memka (3.1):

T =19,85 + 4,59x; + 2,09x, — 1,63x3 + 0,42x;x, — 0,79x,x3 — 0,01x,x5 + (3.2)
+0,15x,X,X3,

rne T — ycwime BBIOOPKH TpajoBOTO Memika, H; Xi, X2, X3 — 3HaUCHHS 3allOJIHEHUS MEIIKa, yria
HaKJIOHA CIIMTA W BBIXOJIa BHITSHKHOTO KOHIIA COOTBETCTBEHHO, 3alMCAaHHBIE B KOAMPOBAHHOM BHJIC
(koaupoBaHHbIE 3HaueHHE (HAKTOPOB (X1, X2, X3) M3MEHsIOTCA OT -1 10 +1, 4TO COOTBETCTBYET
MUHUMYMY U MAaKCUMYMY).

C OCJIIBKO  MPOBCPKU  AACKBATHOCTHU HOJ'Iy‘lCHHOfI 3aBHCUMOCTH  OBLIO MMPOBCACHO

COIOCTABJICHUE PACUETHBIX 3HAYCHHH, MOJy4eHHbIX Mo Qopmyrne (3.1) ¢ sKCrepruMeHTaIbHBIMU
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JAaHHBIMHU, PE3yNbTaThl MpHUBEACHBI B Tabuuue 3.7 OTKIOHEHHE PACUETHBIX U AKCHEPUMEHTATbHBIX

pesynbratoB He npeBbimaeT 0,04 %, 4To roBOpUT 00 aIeKBAaTHOCTH MOJIYYCHHON 3aBUCUMOCTH.

Tabmuma 3.7 — CpaBHHUTEIbHAS OLIEHKA PACUETHBIX M SKCIIEPUMEHTAIbHBIX JAHHBIX

Vron
VYron .
Hammonuenune BBIXO0JIa Breitsoxkaoe | PacuérHoe
No HAKJIOHA [TorpemHocTs,
Meika P, kr BBITSDKHOTO yCcuimne 3HAUECHUE
/11 caurma o %
(x1) o KOHIIa [} Tep, H yewnust, H
a (XZ) (X3)
1 2 kr (1) 45° (+) 20° (+) 24,65 24,67 0,00%
2 2 kr (1) 45° (+) 5°(-) 29,21 29,23 0,00%
3 2 kr (1) 30° (-) 20° (+) 19,36 19,37 0,00%
4 2 xr (+) 30° (-) 5°(-) 24,47 24,49 0,00%
5 1,25 kr (-) 30°(-) 5°(-) 14,27 14,28 0,06%
6 1,25 xr (-) 30°(-) 20° (+) 12,92 12,93 0,13%
7 1,25 kr (-) 45° (+) 5°(-) 17,93 17,94 0,05%
8 1,25 kr (-) 45° (+) 20° (+) 15,91 15,92 -0,08%

[Ipumeuanue. B gannoit Tabnuue (-) u (+) — 3T0 MUHMUMAJIBHOE ¥ MaKCUMaJIbHOE 3HAYEHUS
BIUSIONUX (DAKTOPOB B JUANa30He UX U3MEHEHHUs (B KOAUPOBAHHOM BH/IE):

g (x1) — 3arpy3Ka TpajJoBOr0 MEIIKa, KT;

a (X2) — yroJ HaKJIOHa CIuIa, °;

h (x3) — yroa BbIxoja BBITSKHOTO KOHIIA, °;

T — BeITSKHOE yeunue, H.

[IpoBenéHHast cCpaBHUTENbHAs OLEHKA OKCIEPUMEHTAIBHBIX M  PacdYETHBIX JIaHHBIX
MTOKAa3bIBAET, YTO 3aBHCHUMOCTH aJI€KBATHO OIMCBHIBAET MPOIIECC, MOCKOJIbKY OTKJIOHEHHE PacUETHBIX
3HA4EeHUH OT JIaHHBIX, OJIYUYEHHBIX B pe3yJbTaTe MaKeTHBIX IKCIIEPUMEHTOB, He npeBbiiiaet 0,04 %.

I[To pe3ynbpTatam NpoBeIEHHBIX PACUETOB TAKXKe IMOJIYYUM, UYTO JUIs IOJyY€HHON 3aBUCUMOCTH
XapaKTepU3yIOIle YCWIME BO3HHMKAIOUIEE B BBITSDKHOM KOHIE IpU TNPUMEHEHUH MPSIMOM
MTOBEPXHOCTHU CJIMIIA, a TaKXK€ MPU U3MEHEHUH €ro yIila HAaKJIOHA, yIJia BbIXOJA BBITSHKHOIO KOHIA U

CTEIIEHU HAIIOJIHEHUS MEIIKA, MHAECKC AETEPMUHALIMU R? =0,99.

B cBs13u ¢ HEOOIBIIMM YKCIOM CTPOK, HEOOXOIUMO CKOPPEKTUPOBATH MHAEKC AETEPMUHALINH,

TakKUM 00pazoM MOTYUHM: R,%Op =1-01- 0,99)% = 0,93.

AHanu3 Noay4YeHHON 3aBUCUMOCTH MO3BOJISET CIENATh CIIEYIOIINE BHIBOIBI:

- NIEPBOCTENIEHHOE BIIMSHNE HA YCHJIME B BBITSKHOM KOHIIE IPH BBIOOPKE MEIIKOB C YIOBOM
MMEET CTENeHb HAIlOJIHEHUS TPajJoOBOro MelIka. MeHblllee BIUSHUE OKa3bIBAET Yrojl HAaKJIOHA CIIMIIA,
HE3HAYUTENIbHOE B COYETaHUU (PAKTOPOB — YroJl BHIXO/A BBITSXKHOTO KOHIIA;

- yBenuYeHue yria HakjoHa ciuna ¢ 30° no 45° ¢ npsmoit ¢popMoii TOBEPXHOCTH, MPU yIIie
BBIXOJIa BBITSDKHOTO KOHIIA 5° M 3arpy3ke Memika, paBHOW 2,0 KT, MPUBOJIUT K YBEIUYECHHUIO YCUIIUS

BBIOOpKH B cpenHeM ¢ 24,5 no 29,2 H, uro cocrasiser 19,3 %);
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- yBeIMUYeHHUe yria HakioHa ciuma ¢ 30° mo 45° ¢ npsiMoi (opmMoil MOBEpXHOCTH, MPHU YT
BBIX0/Ia BBITSKHOTO KOHIIA 5° W 3arpy3ke Memika, paBHo# 1,25 Kr, NpUBOJIUT K YBEJIMUYCHUIO YCUIIUS
BBIOOPKH B cpeaHem ¢ 14,3 o 17,9 H, uto cocraBmuser 25,6 %;

- yBeIM4YeHHue yria HakjoHa ciumna ¢ 30° mo 45° ¢ npsiMoi (hopMoil MOBEPXHOCTH, MPHU yIiie
BBIXO/Ia BBITSIKHOTO KOHIA 20° U 3arpy3Kke Mellka, paBHOU 2,0 Kr, MPUBOAUT K YBEIUUYCHUIO YCUIIUS
BEIOOPKH B cpeaHem ¢ 19,4 no 24,7 H, uto cocrasmusiet 27,4 %;

- yBenuueHue yria Hakiona ciuna ¢ 30° mo 45° ¢ npsimoit (opMoil MOBEPXHOCTH, MIPH YTIie
BBIXO/Ia BBITSDKHOTO KOHIA 20° M 3arpy3Ke Menika, paBHOU 1,25 Kr, OpUBOIUT K YBEITUYCHUIO YCUJIUS
BBIOOpKH B cpenHeM ¢ 12,9 no 15,9 H, uro cocrasiser 23,1 %;

- YBEIWYCHHE YTJIa BBIXOJA BBHITSDKHOTO KOHIA ¢ 5° mo 20° Ha cimme ¢ mpsimoit (opmoit
MIOBEPXHOCTU, NpHU yriae HawioHa ciauna 30° u 3arpy3ke Meuika, paBHOW 2,0 Kr, HNPUBOIUT K
YMEHBILIEHUIO yCUITUs BEIOOPKH B cpeanem ¢ 24,5 no 19,4 H, uto cocrasuset 20,9 %;

- YBEIMYEHHE YIJIa BBIXOJA BBITSDKHOTO KOHIA ¢ 5° mo 20° Ha ciume ¢ mpsamoit (opmoit
MIOBEPXHOCTU, IpU yrie HakioHa ciauna 30° u 3arpy3ke Memika, paBHo 1,25 kr, mpuBOIUT K
YMEHBIICHUIO ycrins BeIOOpKH B cpeaneM ¢ 14,3 mo 12,9 H, uro cocrasnsier 9,5 %;

- YBEIMYEHHE YIJIa BBIXOJA BBITSDKHOTO KOHIA ¢ 5° mo 20° Ha ciume ¢ mpsMoil ¢opmoit
MIOBEPXHOCTH, IpPHU yrie HakjoHa ciaumna 45° u 3arpy3ke Memka, paBHOHM 2,0 Kr, NPUBOJUT K
YMEHBIICHUIO YCUIIHS BEIOOPKH B cpeareM ¢ 29,2 no 24,7 H, uto coctasinset 15,6 %;

- YBEJIMUEHHE yTJia BBIXOJIa BBITSDKHOTO KOHIA ¢ 5° mo 20° Ha ciume ¢ mpsiMoi opmoit
MIOBEPXHOCTH, MpHU YIJie HakjIoHa ciuna 45° u 3arpy3ke Melka, paBHOW 1,25 Kr, mpUBOAUT K
YMEHBILIEHUIO yCUIus BEIOOpKH B cpeaneM ¢ 17,9 mo 15,9 H, uro cocrasuset 9,0 %);

- yBenM4eHue 3arpy3ku memka ¢ 1,25 kr go 2,0 xr (B 1,6 pa3a), Ha caune ¢ npsMoit popmoit
MOBEPXHOCTU IMIpPH YIJIe BbIXOAA BBITSHKHOTO KOHLA 5°W yrie HawioHa ciuna 30° mpuseno
yBEJIUYEHHIO ycuius BeiOopku ¢ 14,3 mo 24,5 H, uto cocrasuser 71,5 %;

- yBeNnn4eHue 3arpy3ku memika ¢ 1,25 kr no 2,0 xr (B 1,6 pa3za), Ha caune ¢ npsMoit popmoit
MOBEPXHOCTU MpHU YIJe BBIXOJA BBITSHKHOrO KoHHa 20°u yrie HakioHa ciuna 30° mpusesno
yBenudeHuto ycmus BeIOOpku ¢ 12,9 no 19,4 H, uto cocrasnser 49,8 %;

- yBeJIMueHHe 3arpy3ku Mermka c¢ 1,25 xr g0 2,0 xr (B 1,6 pa3a), Ha ciune ¢ npsiMoit popmoii
MOBEPXHOCTU TMpHU YIJ€ BBIXOJA BBITSHDKHOIO KOHIIA S5°M yrjie HakioHa chuna 45° npuseno
yBenudeHuIo ycmns BeIOOpku ¢ 17,9 no 29,2 H, uto cocrasmuser 62,9 %;

- yBeJIM4YeHHe 3arpy3ku Memika c¢ 1,25 kr no 2,0 xr (B 1,6 pasza), Ha caune ¢ npsMoit popmoit
IIOBEPXHOCTU MpHU YIJIE BBIXOJA BBITSHDKHOIO KoHHA 20°M yriie HakioHa ciauna 45° npuseso
yBEJIWYEHUIO ycuius BeIOOpkH ¢ 15,9 1o 24,6 H, uro cocrauser 55,0 %.

HO}IBITO)KI/IB&SI HpI/IBeJIéHHI)Ie BBIIIC PE3YIIbTATHI, IIOJTYYUM, YTO:
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- YBEeIMYCHHUE yTja HakJoHa ciuma B 1,5 paza ¢ mpsmon (HopmMoil MOBEPXHOCTH, MPHU YT
BBIX0/1a BHITSHDKHOTO KOHIIA 5° IPUBOJUT K YBEJIIMYCHUIO YCUIIHS BEIOOPKH B cpeaneM Ha 21,7 %;

- yBEIMYEHHUE yria HakjoHa ciauma B 1,5 pas3a ¢ npsmoil (GopMoii OBEPXHOCTH, MPH yIJIe
BBIX0/1a BBITSHKHOTO KOHIIA 20° MPUBOUT K YBEIUUYCHHUIO YCHIIHS BRIOOPKHU B cpeaHeM Ha 25,7 %;

- yBEJIMYEHHE yIJa BbIXOJA BBITSDKHOTO KOHIIAa B 4 pasza Ha ciumne ¢ mnpsMoil ¢opmoit
MOBEPXHOCTH TPH yIiie HakjoHa cinuna 30° MpUBOAUT K yMEHBIICHUIO YCHIINS BEIOOpKHU Ha 16,7 %;

- YBEJIHMUYEHHE YIJla BBIXOJa BBITSHDKHOTO KOHIIA B 4 pa3a Ha ciumne ¢ npsamor (opmoit
MTOBEPXHOCTH IPH YyIJIe HAKJIOHA ciuna 45° MpUBOIUT K YMEHBIICHUIO YCuIns BeIOOpkH Ha 14,0 %;

- yBeJIMUYEHUE 3arpy3ku Menika B 1,6 paza, Ha ciure ¢ npsMoil popmoii MOBEPXHOCTHU MIPH yTiIe
HaksIoHa ciumna 30° IpUBOIUT K YBEIMYCHUIO YCUIIHSI BEIOOPKH B cpeaneM Ha 61,2 %;

- YBeITMUEHUE 3arpy3Ku Memka B 1,6 pa3a, Ha ciune ¢ npsMoii (HopMoii TOBEPXHOCTHU TP YIIie
HaKJIOHA ciuma 45° MPUBOAUT K YBEIUYCHHUIO YCUIIUS BRIOOPKH B cpenHeM Ha 59,2 %.

Takum oOpa3om, Ha ciure ¢ IpsiMoi (hOpMOI TOBEPXHOCTH yBEIMYEHUE Beca Melka ¢ 1,25 kr
1o 2,0 xr (uro cocrasnsieT 60 %) NPUBOIUT K YBEIMYEHUIO YCUJIUS B BBITSDKHOM KOHIIE BO BpeMs
BBIOOPKH MEMIKOB C YJIOBOM B cpeaneM B 1,6 pa3a. M3menenue yria HakioHa ciumna ¢ 30° mo 45°
MPUBEAET K YBEIMUCHHUIO yCUIus B cpenHeM Ha 23,9 %. 3MeHeHue BbIXOa BHITSDKHOTO KOHIIA C 5°

10 20° crocoOCTBYeT CHUKEHHIO YCHIIUA B cpenHeM Ha 14,3 %.
3.1.2 DKcnepuMeHTHI 10 chepUIecKOMy CIUITY

Panee OBUIO YCTaHOBIEHO, YTO Cyla HMMEIOT pa3IUYHbIE (OPMBI CIUIOB, OCHOBHBIMH
SBIISIOTCS TpsiMast M cpeprueckas popmbl. [1oaTOMy penieHo MpoBECTH MOA00HbBIE UCCIIE0OBAHUS IS
CJIUTIOB €O c(hepuyeckoit GopMoii MOBEPXHOCTH B JIOMOJHEHHUE K IPOBEIEHHBIM BBIIIIE.

C yué€TOM BBIMIEU3I0KEHHOTO, (DAKTOPHI, BIUSIOMINE Ha YCHIINE BO BPEMs BBIOOPKH TPATOBBIX
MEIIKOB C YJIOBOM, M TUAITa30HBI UX U3MEHEHHS CIICTYIOMIHE:

1) dopma criumnoBoro HacTHIa — ChepuvecKas;

2) CKOpOCTh BBIOOPKH MOJIEITH TPAJIOBOTO Melka coctapisieT — 0,045 m/c;

3) yron HakiaoHa ciuma — 30°-45°;

4) yroJ BhIX0/Ia BBITSDKHOTO KOHI[a — 5°-20°;

5) Bec memika — 1,25-2,0 Kr, 4TO COOTBETCTBYET 3anoHeHUIO rpanysiamu 0,68 u 1,0.

C 1menpl0 COKpallleHUs] KOJMYECTBA HKCIEPUMEHTANbHBIX pPa0OT, IMOBBIIIEHUS TOYHOCTU
OIICHOK ITapaMeTpoB ObLTa NpUMEHEHa MHOTO(aKTOpHAas CXeMa OpTaHHW3alHud IKCIIEPUMEHTATBHBIX
pabor [8]. HcnbiTanuss NpoOBOMMIMCH IO JAECATh pa3 IO paHee pa3pabOTaHHOW METOJIMKE B
COOTBETCTBUH C IUIAHOM IPOBEICHUS HKCIEPUMEHTOB B COOTBETCTBHM CO CTOJOLAMHU M CTPOKAMHU

matpuiipl (Tadbmuia 3.8).
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DKCHEPUMEHTHl TPOBOJIUINCH IO JECATh pa3 IO KaXIOW CTPOKE MATPHUIBI C IIENIBIO

UCKJIFOUEHUS CIy4aliHO MOJyYSHHBIX BEIMYMH, PACCUUTHIBAICS KOAPPHUIIMEHT BapHAIIUH.

Tabnuna 3.8 — MaTpuia npoBeicHUsT UCIIBITAHUH 11 ciuma co cepuueckoir popmMoit TOBEPXHOCTH

Ne Hanonxenune meika P, kr VYo HakJIoOHA VT0I1 BBIX0/1a BBITSZKHOTO
/1 (%7) ciuma, 0° (X,) KOHIIA, ° (X3)

1 2 xr () 45° (4) 20° (+)

2 2 xr (+) 45° (+) 5°(-)

3 2 xr (+) 30° () 20° (+)

4 2 xr (+) 30° (-) 5°(-)

5 1,25 kr () 30° () 5°(-)

6 1,25 kr () 30° (1) 20° (4)

7 1,25 kr (-) 45° (+) 5°(9)

8 1,25 kr () 45° (+) 20° (+)

[Tpumeuanue. KoaupoBanHoe 3HaueHue (akTopoB -1 COOTBETCTBYET MMHUMAIBHOMY
YHCIICHHOMY 3HaUYeHHUIO (JaKTOPOB B IMaNa30He MX U3MEHEHUs, a +1 — MaKCUMaJIbHOMY.

I[J'ISI onpeaciiCHus AOCTOBCPHOCTH HpOBC,I[éHHLIX pa60T pacCUnuTbIBaIN CPCIAHHUC 3HAYCHUS

yCuiivs, BO3BHUKAOMICTO B BBITAXKHOM KOHIIC, U ITIOCJIC paCLIéTOB MOJIYUHJIN Ta6J'II/II_IBI MOTpCITHOCTH

(tabmuner 3.9 — 3.12).

Tabmuma 3.9 — Pe3ynbTaThl pacy€TOB MOTPEIIHOCTEN SKCIIEPUMEHTATBHBIX JaHHBIX

Cdepuueckuii, 30°, Bec memka 1,25 kr
HaunmeHnoBanue norpemHocTi VYron BBIXOJa
BBITSDKHOTO KOHIIA
5° 20°
Cpennsis kBagparnuHas | 0,01 0,01
MOTPENIHOCTh
JIeHCTBUTENBHYIO IIOTPEITHOCTH 0,03 0,02
Jons neiicreurensuon | 1,74 1,41
MOTPEITHOCTH OT 0011ero ycunus, %

Tabnuua 3.10 — Pe3ynbTarhl pac4€ToB MOTPEIIHOCTEHN SKCIIEPUMEHTATBHBIX JaHHbBIX

Cdepuueckuii, 45°, Bec memka 1,25 kr
HanmeHnoBanne norpenHocTu Yron BBIXOJa
BBITSDKHOTO KOHIIA
5° 20°
Cpennsis kBagparuaHas | 0,02 0,01
MOTPENIHOCTh
JleficTBUTENBHYIO MOTpenTHOCTh, H 0,06 0,04
Jons neiicreurensuon | 3,20 2,08
MOTPENTHOCTH OT o01mero ycwims, %o
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Tabnuma 3.11 — Pe3ynbrarel pacuéToB MOTPENTHOCTEH SKCIIEPUMEHTATBHBIX TAHHBIX

Cdepuueckuit, 30°, Bec memka 2,00 kr

HaumeHoBaHue norpemsocTi

Vron

BbIXOJa

BBITSIDKHOI'O KOHIIA

5° 20°
Cpennsist kBagparuunas | 0,01 0,01
MOTPEITHOCTh
JleiCTBUTENBHYIO MTOTPEITHOCTh 0,03 0,02
Hons nericrsurensHon | 1,27 1,17
MOTPEIIHOCTH OT 00111ero ycmus, %

Tabmuua 3.12 — Pe3ynpTarsl pac4€ToB MOTPEIIHOCTEHN SKCIIEPUMEHTAIBHBIX JAHHBIX

Cdepuueckuit, 45°, pec memka 2,00 kr

HammMeHnoBaHue MMOTpCIIHOCTHU

Yroxa

BbIXOJa

BBITSIDKHOT'O KOHIIA

5° 20°
Cpennsis kBagparuuHas | 0,01 0,01
MOrPEIIHOCTD
JleficTBUTENBHYIO OTpenTHOCTh, H 0,03 0,03
Hons necreurensuon | 1,37 1,33
MOTPEIIHOCTH OT 00IIero ycwims, %

CucreMaTH4eCKyl0 MOrPELIHOCTh HM3MepeHui (mpubopa) ompenenseM B COOTBETCTBUU C

bopmyioii (2.8):
0,1 x 50H
Axy, = oo - 0,05 %
YuuteiBass pe3yabTaThl pacuéToB, TPEACTABJICHHBIX B Tabmmmax 3.9 — 312 u

CHUCTEMATUYECKYI0 MOIPELIHOCTh M3MEPEHUS, MOXHO 3aKJIIOUNTh, YTO IOJIHAS MOrPEUIHOCTh HpHU
UCTBITAaHUAX He npeBblaeT 5 %. DTO TOBOPUT O JOCTOBEPHOCTH IOJYYEHHBIX Ppe3yJIbTaTOB
JKCIIEPUMEHTAIBHBIX JTaHHBIX.

B mnpomnecce skcrniepuMeHTaNbHBIX pabOT B COOTBETCTBHHM C IUJIAHOM S3KCIEpUMEHTa ObUIM
MIOJIyYEHBI: CUJIOBBIE JUArpaMMbl YCHIINN, BOSHUKAIOIIMUX B BBITSKHOM KOHIIE IPOMBICTIOBOM J1€0&IKH
B IIpolecce BEIOOPKH MEIIKOB € YJIIOBOM, @ TAK)KE ONpPeIEICHbl YUCICHHBIE 3HAYSHUS MTPH Pa3IMUYHOM
codyeTaHuM (HakTOpOB B JMANA30HE UX U3MEHEHHUs, a MMEHHO: yIJla HaKJIOHA CiIMIa o°, yriia BhIXOJa
BBITSDKHOTO KOHIA [° | 3arpy3ku TpasoBoro memka. Ha pucynkax 3.3 m 3.4 mpencraBiieHBI
(dbparMeHThl MHAMOTPaMM H3MEHEHHUS YCHUJIMS B BBITSDKHOM KOHIIE IMPOMBICTIOBON JEOENKH Mpu
a=45°, yrie BbIX0/1a BBITSOKHOTO KoHIA $=20° u npu Bece Memka B 2 u 1,25 KT COOTBETCTBEHHO.

JluHaMorpaMMBbl TO3BOJISIIOT BU3YaJIU3UPOBaTh (PU3NYECKYIO CYIIHOCTh IPOLECCa BBIOOPKHU

TPAJIOBOTO MEIIKA I10 CIIUITY, a TAKXKE U3BMCHCHUA YCUIIUA B IPOLCCCE BBI60pKI/I.
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Pucynok 3.4 — JluramMmorpaMMa yCHIIUsI B BBITSDKHOM KOHIIE JIEOEIKU TIPU BRIOOPKE MEIIKa MacCOi
1,25 xr Ha yCTaHOBKE C yIiOM HaKJIOHA ciuMma 45° v yrie BbIX0/1a BRITSHKHOTO KoHIa 20°
AHaIuM3 MOTy4eHHBIX JHHAMOTPaMM TI0Ka3all, 9TO Ha MaJIbIX YTJaX BHIXO0JIA BHITSHDKHOTO KOHIIA
HaOII01aeTCsl HE3HAYMTENbHOE W3MEHEHHE MNHUKOBBIX YCWIMHA, BO3HMKAIOIIMX BO BpeMs BBIXO0Ja
MEIIIKa ¢ yJIOBOM Ha MOpor ciumna (y MEImKoB ¢ O0JbIION 3arpy3koit). BeisiBiaeHo ofIiee cCHUXKEHHE
MMUKOBOTO YCHJIUSI B BBITSDKHOM KOHIIE TIPH MPOXOXKIECHUH MEIIKOM IOpOra CJIWIA C YBEIHYCHHEM
yria HakioHa ciuna ¢ 30 1o 45° Ha 20 %. B cBoto ouepenp mpu OOJIBIINX YIIIax BBIXOAA BBITSKHOTO
KOHIIa B COBOKYMHOCTH C YBEJIMYEHHEM YIJla HakKJIOHa ciuna a0 45° mpouCcXOIUT COKpalleHHe

ycuiMst BBIOOPKH B cpefHeM Ha 5 %.
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ITomumo AWHaMOI'paMM ObLIN IMOJIYUYCHBI YHCJICHHBIC 3HAYCHHA YCHUIIMA, BO3HHUKAIOLICTO B
BBITSDKHOM  KOHIIC HGGéIIKI/I BO BpPEMA NPOXOKIACHHA MCUIKOM CIIUIIOBOM KaHaBKH, KOTOPBIC

npeacrasicHsl B Tabmuie 3.13.

Tabmuua 3.13 — Pe3ynbTaThl SKCHEPUMEHTANBHBIX JNAHHBIX JJIS cidma co cepudeckoil Gopmoii

MMOBEPXHOCTHU
Ne Hamonnenue mMemka | Yrous HakioHa YIOI BHIXOa BeiTsokHOE yeuue
BBITSDKHOTO KOHIIA
/1 P, kr (X1) ciuna o (X;) B (x4) Tep, H
1 2 kr (+) 45° (+) 20° (+) 23,11
2 2 kr (+) 45° (+) 5°(-) 25,22
3 2 kr (+) 30°(-) 20° (+) 20,60
4 2 kr (+) 30°(-) 5°(-) 21,68
5 1,25 xr (-) 30°(-) 5°(-) 16,64
6 1,25 xr (-) 30°(-) 20° (+) 15,66
7 1,25 kr (-) 45° (+) 5°(-) 18,31
8 1,25 xr (-) 45° (+) 20° (+) 17,11

[To pe3ynbraTaM HCHOBITAaHUR TOCIE MaTeMaTHYeCKOM o00paOOTKM JaHHBIX U pPacyéToB
KO3 (QHUIHUEHTOB perpeccuu Obula MOJYYeHa 3aBUCHMOCTb YCUJIMS B BBITSDKHOM KOHIIE JUISL MPSIMOMN
[IOBEPXHOCTU CIMIIOBOIO HAcTWja OT yIJla HAaKJIOHA CIUIA, yIJla BbIXOAA BBITSHXKHONO KOHLIA U
CTENCHU HAIOJHEHUs Merka (3.2):

T =19,79 + 2,86x; + 1,15x, — 0,67x5 + 0,37x;X, — 0,12x;x3 — 0,16X,X5 + (3.2
+0,10x;x,X3,

rae T — ycuine BBIOOPKH TpajoBOro memka, H; Xi, Xz, X3 — 3HaueHMs 3aloJIHEHUs] MeIIKa, yria
HAKJIOHA CJIMIIA U BBIXOJA BBITSDKHOTO KOHIIA COOTBETCTBEHHO, 3aIIMCAHHBIE B KOJWPOBAHHOM BHJIE
(konMpoBaHHbIE 3Ha4YeHHE (PAKTOPOB (X1, X2, X3) M3MEHSIOTCS OT -1 10 +1, 4TO COOTBETCTBYET
MUHUMYMY 1 MaKCUMYyMY).

3areM ObUIM TPOBEAEHBI PACUYETHI MPU PA3IUYHOM COOTHOLIEHUHM (PAKTOPOB U CBEAEHBI B
tabymiy 3.14 ns IpoBEpKHU aJICKBAaTHOCTH M TOYHOCTH.

IIpoBenéHHass CpaBHUTENbHAs OLEHKA OKCIEPUMEHTAIBHBIX M  PAacdYETHBIX JIaHHBIX
IIOKAa3bIBAET, YTO 3aBHCUMOCTb aJ€KBAaTHO OIHUCHIBAET MPOIECC, TOCKOJIbKY OTKJIOHEHHE PacdETHBIX
3HAYEHHUH OT JaHHBIX, OJYYEHHBIX B Pe3y/IbTaTe MAaKETHBIX HKCIIEPUMEHTOB, He npesbimaeT 0,03 %.

[To pe3ynbTaTaM MpoBeNEHHBIX PACUETOB TAKXKE MOITYUHM, YTO JIJISl OJTy4YEHHOW 3aBUCUMOCTHU
XapaKTepu3yollel yCHine BO3HMKAIONIEE B BBITSDKHOM KOHIIE MPHU NPUMEHEHHH CQepUuuecKoil
IIOBEPXHOCTHU CJIAIIA, a TAKXKE IPU U3MEHEHUH €r0 yIJla HAKJIOHA, YIJIa BBIXOJA BBITSYKHOTO KOHIA U

CTEINEHU HAIOJHEHMs MEIIKa, MHIeKC JeTepMuHami R2 = 0,99,
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Tabmuma 3.14 — Jlnanazon u3MeHeHUs (aKTOPOB, PE3yJIbTaThl 3aMEPOB M PaCUETOB IS CIUIA C

cheprueckoit popmoii MOBEPXHOCTU

Yron
VYroxa ..
Hamonuenune BBIXOJa Britsoknoe | PacuérHoe
No HaKJIOHA [TorpemHocTs,
Meltka P, kr BBITSZKHOTO ycuiue 3HAUEeHHE
n/n cimna o %
(x1) o KOHIIa [3 Tep, H yewnusi, H
a (XZ) (X3)
1 2 kr (1) 45° (+) 20° (+) 23,10 23,11 -0,03%
2 2 kr (1) 45° (+) 5°(-) 25,20 25,22 -0,02%
3 2 kr (1) 30° (-) 20° (+) 20,59 20,60 0,01%
4 2 xr (+) 30° (-) 5°(-) 21,66 21,68 0,08%
5 1,25 xr (-) 30° (-) 5°(-) 16,63 16,64 0,01%
6 1,25 xr (-) 30° (-) 20° (+) 15,65 15,66 -0,02%
7 1,25 xr (-) 45° (+) 5°(-) 18,30 18,31 -0,06%
8 1,25 kr (-) 45° (+) 20° (+) 17,10 17,11 0,05%

[Tpumeuanue. B nannoit Tabnuie (-) u (+) — 3T0 MUHUMaJIbHOE U MAaKCHUMaJbHOE 3HAUYEHUS
BIIMSIIOIIUX (DAKTOPOB B JIMaNa30He X U3MEHEHHs (B KOJUPOBAaHHOM BHJIE):

g (x1) — 3arpyska TpajoBOr0 MEIIKa, KT

a (X2) — yroJ HaKJIOHa CIua, °;

h (x3) — yroJ BbIX0/1a BBITSDKHOTO KOHIIA, °;

T — BeITSKHOE yeunue, H.

B cBs131 ¢ HEOOIBIIUM YHCIIOM CTPOK, HEOOXOAUMO CKOPPEKTUPOBATh MHACKC IETepMUHALINY,

TaKUM 00pa3oM MOTYUHM: R}%Op =(1-(01- 0,99)% = 0,93.

AHanu3 Noay4YeHHON 3aBUCUMOCTH TO3BOJISET CAENATh CIIEIYIOIINE BEIBOIBIL:
- NIEPBOCTENIEHHOE BIIMSHUE HA YCUJIME B BBITSXKHOM KOHIIE NPH BBIOOPKE MEIIKOB C YJIOBOM
MMEEeT CTENEHb HANlOJHEHUS TPAJIOBOr0 MelIKa. MeHbllee BIUSIHUE OKa3bIBAeT yrojl HaKJIOHA CJINIA U
HE3HAYUTEJIbHOE B COYETaHUH (DAKTOPOB — YroJl BHIXO/1a BBITSKHOIO KOHIIA,
o o = e
- yBeJIMuYeHHE yrila HakjoHa ciauna c¢ 30° no 45° Ha cinune co cdepuyeckoit (Gopmoii
MOBEPXHOCTHU TPHU YyIJIe BbIXO/A BHITSDKHOTO KOHIIA 5° U 3arpy3ke Melika paBHOH 2,0 KI MPUBOJIUT K
YBEJIMUYEHUIO yCUIUs BBIOOpKH B cpeaneM ¢ 21,7 no 25,2 H, uro cocrasnser 16,3 %;
[e] [e] (%) (%)
- yBeJIMuYeHHE yrila HakjoHa ciaumna c¢ 30° no 45° Ha cinune co cdepuyeckoit (Gopmoit
MIOBEPXHOCTHU IIPH YIJI€ BBIX0J1A BBITSIKHOTO KOHIIA 5° M 3arpy3Ke MeEIIKa, paBHOH 1,25 Kr, NpUBOAUT K
YBEJIMUEHUIO YCUIIUS BRIOOPKH B cpeaHeM ¢ 16,6 1o 18,8 H, uro cocrasnser 12,9 %;
o o e e
- yBeJIMYeHHE yria HakjioHa ciuma ¢ 30° mo 45° Ha cinume co cdepuueckoil (opmoit
IIOBEPXHOCTHU IIPH YIJI€ BBIX0J1A BBITSKHOTO KOHIA 20° 1 3arpy3ke Melka, paBHo! 2,0 KT, IPUBOAUT K
YBEJIIMYEHUIO yCUIHs BBIOOpKH B cpenHeM ¢ 20,6 mo 23,1 H, uto cocrasnsier 12,2 %);
o o b e
- yBenuueHue yria HakioHa ¢ 30° no 45° Ha ciune co chepuueckoir popmMoit MOBEPXHOCTU
IIpU yIie BBIXOAA BBITSDKHOrO KoHHma 20° W 3arpy3ke Memka, paBHOM 1,25 Kr, mpuBOIHT K

YBEJIIMYEHUIO YCUIIHS BBIOOpKH B cpenHeM ¢ 15,7 no 17,1 H, uro cocrasnser 9,3 %;
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- YBEJIMUEHHUE yTJIa BHIX0/1a BBITSDKHOTO KOHITA ¢ 5° 0 20° Ha ciure co cdepudeckoit hopMoi
[IOBEPXHOCTU IpU yrie HawioHa ciauna 30° u 3arpy3ke Memika, paBHOM 2,0 Kr, NpuUBOAMUT K
YMEHBIIICHUIO YCHUIIUS BEIOOPKH B cperaHem ¢ 21,7 mo 20,6 H, uto cocraBusiet 5,0 %;

- YBEJIMUEHHUE yTJIa BBIX0/1a BRITSDKHOTO KOHITA ¢ 5° 0 20° Ha ciure co ceprudeckoit popmoit
MOBEPXHOCTU TMpH yrie HakioHa ciuna 30° u 3arpy3ke Memika, paBHOW 1,25 Kr, mpuUBOIUT K
YMEHBIIICHUIO YCHUIIUS BEIOOPKH B cpefHeM ¢ 16,6 mo 15,7 H, uto cocraBusier 5,9 %;

- YBEJIMUCHHUE yTiia BBIX0JIa BRITSDKHOTO KOHIA ¢ 5° 1o 20° Ha ciumne co cepudeckoii popmoit
MOBEPXHOCTU MpPH yIJie HakjioHa ciuna 45° u 3arpy3ke Memnika, paBHod 2,0 Kr, NPUBOJIUT K
YMEHBILIECHUIO YCUIIUS BEIOOPKH B cpefHeM ¢ 25,2 no 23,1 H, uto cocrasuser 8,3 %;

- YBEJIMYCHHUE yTiia BBIX0JIa BBITSDKHOTO KOHIA ¢ 5° 1o 20° Ha ciumne co cepudeckoii popmoit
[IOBEPXHOCTU MpU yIj€ HakJIoHa ciuna 45° W 3arpy3ke Meulka, paBHOM 1,25 kr, mpuUBOIUT K
YMEHBILIEHUIO ycumus BeIOOpkH B cpeanem ¢ 18,8 1o 17,1 H, uro cocrasmsier 9,0 %;

- yBenuueHue 3arpy3ku memka ¢ 1,25 xr go 2,0 xr (B 1,6 paza) Ha cnumne co cepudeckoi
(bopMOIi TOBEPXHOCTHU TPH YTJIe BBIXOJA BBITSHKHOTO KOHIA 5°W yriie HakjoHa ciuma 30° mpuBeno
YBEJIMUCHUIO yCHITUS BBIOOpKH ¢ 16,6 mo 21,7 H, uto cocraBnsier 30,0 %;

- yBenuueHue 3arpy3ku memka ¢ 1,25 kr go 2,0 xr (B 1,6 paza) Ha ciumne co cepudeckoi
(hopMoil MOBEPXHOCTH IPH YIJie BBIXOJa BHITSDKHOTO KoHIa 20°u yrie HakioHa ciumna 30° npuBeno
YBEJIMUCHUIO ycuiust BeIOOpkH ¢ 15,7 mo 20,6 H, uto cocraBnsier 31,6 %;

- yBeNMueHue 3arpy3ku memka ¢ 1,25 xr go 2,0 xr (B 1,6 pa3a) Ha ciune co chepuyeckoin
(hopMoil TOBEPXHOCTH TMPH YIJI€ BBIXOJIa BBHITSHKHOTO KOHIIA 5°WM yrile HakJIoHa ciuma 45° MpuBenio
yBEJIUYEHHIO ycuius BeiOopku ¢ 18,8 mo 25,2 H, uto cocrasmuser 34,2 %;

- yBelMueHue 3arpy3ku memka ¢ 1,25 xr go 2,0 xr (B 1,6 pa3a) Ha ciune co chepuyeckoin
(hopMoil MOBEPXHOCTH IPH YIJI€ BBIXOJa BHITSDKHOTO KOoHIa 20°u yriie HakjioHa ciumna 45° npuseno
yBeNU4YeHHIo ycuius Beioopku ¢ 17,1 go 23,1 H, uro cocrauser 31,6 %.

[ToabITOXMBAsE TPUBEAEHHBIE BBILLIE PE3YNIbTATHI, OJIYYUM, YTO:

- yBeIMYEHHE YIJla HakjoHa ciauma B 1,5 pasa Ha ciume co cdepuyeckoir (opmoit
MMOBEPXHOCTHU, TIPH YTJIE BBIXOJIa BHITSHKHOTO KOHITA 5° MPUBOIUT K YBEIIMUCHUIO YCUIIUS BHIOOPKH B
cpensem Ha 14,8 %;

- yBeNIMYEHHWE YIlia HaklIoHa ciauma B 1,5 pasa Ha cimme co cdepuyeckoit (opmoit
MMOBEPXHOCTH, MPH YTJIe BBIXO/A BHITSHKHOTO KOHIIA 20° MPUBOIUT K YBEITUYCHHUIO YCUIIUS BHIOOPKH B
cpennem Ha 10,9 %);

- YBEJIMYEHHUE yrila BBIXOJa BBITSHKHOTO KOHIIA B 4 pa3a Ha ciure co chepudeckoi popmoit
MOBEPXHOCTU TIpH yriie HakioHa ciumna 30° MpUBOAUT K YMEHBIICHUIO YCHIIUS BHIOOPKU B CPEIHEM

Ha 5,4 %;
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- YBEJIMUEHHUE YTJIa BBIXOJA BHITSHKHOTO KOHIIA B 4 pasza Ha ciume co chepuueckon Gopmoit
MOBEPXHOCTU TPHU yIiie HAKJIOHA ciuma 45° IpUBOIUT K YMEHBIICHUIO YCHIIUS BHIOOPKH B CPEIHEM
Ha 8,6 %;

- yBeJIMUEHHUE 3arpy3ku Memika B 1,6 pasa, Ha ciurne co cepudeckoir popmoii MOBEPXHOCTU
IpH yriie HakioHa ciauna 30° MpUBOIUT K YBEIUYCHHUIO YCHIIUS BBIOOPKH B cpenneM Ha 30, 9%;

- yBeNIMYEHHUE 3arpy3ku Memka B 1,6 pasa, Ha ciune co chepudeckoil GopMoil MOBEPXHOCTH
IIPU yTJIe HAKJIOHA ciuMia 45° MPUBOIUT K YBETMUYECHUIO YCHIINS BEIOOPKH B cpenHeM Ha 34,6 %.

Takum oOpa3oM, Ha ciumnax co chepruueckoil popMoi MOBEPXHOCTH yBEJIMYEHHE Beca MEIIKa
¢ 1,25 kr 1o 2,0 kr (uro cocrasisger 60 %) NPUBOANUT K YBEIUYECHUIO YCHIUSA B BBITS)KHOM KOHIIC BO
BpeMs BBIOOPKH MEIIKOB C yJI0BOM B cpeaneM B 1,33 paza. 3menenue yria Hakiona ciumna ¢ 30° 1o
45° nmpuBeET K yBEIMUYCHHUIO YCWIHS B cpeaHeM Ha 12,7 %. VI3MeHeHne BbIX0/a BBITSKHOTO KOHIIA C

5° 1o 20° cnocoOCcTBYeT CHIKEHUIO ycunus B cpeaneM Ha 7,0 %.

3.1.3 DkcnepuMeHTaNbHbBIE NCCIIEAOBAHUS 110 YCTAHOBJICHUIO YHUBEPCAIBHOMN 3aBUCUMOCTH

C 1esnbio yCTaHOBJICHUS YHHBEPCATHHON 3aBUCHMOCTH YCHITHSI BBIOOPKH TPAJIOBBIX MEIIKOB OT
(akTOpoB, XapaKTEPU3YIONIUX CHUCTEMY CYAHO-TPaJ-IIPOMBICIIOBAs MalllMHA, ObLIa COCTaBJICHA
MaTpHIa YeThIpEéx(aKTOPHOro 3KcIepuMeHTa ((pakTopaMu SBHUIMCH: (Gopma ciuima, 3aloJHEHHE
MEIIIKa, YToJl HAKJIOHA CITUITA M YToJl BBIX0/Ia BBITSKHOTO KOHIIa) (Tadmuia 3.15).

UucrneHHbIC 3HAYCHHWS BBITSHKHOTO YCHIUS OBUIM  TIPHHSITHI

10 BI)IIHGHpI/IBe)IéHHI)IM

pe3yJibTaTaM 3KCIEPUMEHTOB.

Tabmuua 3.15 — CBoaHas Tabiuia pe3yabTaToOB AKCIEPUMEHTANBHBIX JAHHBIX JUIS CJIIUIIOB C MPSIMOi

u cpepuyueckoit hopmMamMu MOBEPXHOCTH

Yron
Hanonnenue VYrou Beixona | BeITskHOE

Ne HaKJIOHA

dopwma cimna (X;) merka P, kr o BBITSKHOTO YCUITHE
/i cuIa o o

(XZ) (Xs) KOHLa B (X4-) TCP! H

1 [psimoii (-) 2 kr (+) 45° (+) 20° (+) 24,67
2 | Tpsmoii () 2xr (4) 45° (1) 5°(-) 29,23
3 [psimoii (-) 2 kr (1) 30° (-) 20° (+) 19,37
4 [psimoii (-) 2 kr (+) 30°(-) 5°(-) 24,49
5 [psimoii (-) 1,25 kr (-) 30° (-) 5°(-) 14,28
6 [psimoii (-) 1,25 xr (-) 30°(-) 20° (+) 12,93
7 [psimoii (-) 1,25 kr (-) 45° (+) 5°(-) 17,94
8 [psimoii (-) 1,25 xr (-) 45° (+) 20° (+) 15,92
9 Cdepuueckmuii (+) 2 kr (+) 45° (+) 20° (+) 23,11
10 | Cdepuuecknii (+) 2 kr (+) 45° (+) 5°(-) 25,22
11 | Chepuueckwuii (+) 2 kr (+) 30°(-) 20° (+) 20,60
12 | Cdepuuecknii (+) 2 kr (+) 30° (-) 5°(-) 21,68
13 | Chepuueckwuii (+) 1,25 xr (-) 30° (-) 5°(-) 16,64
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OxoHuaHue Tadmume! 3.15

VYron
Hamonuenne Vroxa Beixoga | BeiTsoxHOE

Ne HaKJIOHA

dopma ciuna (X4) memka P, kr o BBITSDKHOTO ycune
/o cluIa o o

(x2) (X3) KoHUa B° (X4) Tep, H

14 | Chepuueckuii (+) 1,25 kr (-) 30°(-) 20° (+) 15,66
15 | Chepuueckwuii (+) 1,25 xr (-) 45° (+) 5°(-) 18,31
16 | Chepuueckuii (+) 1,25 xr (-) 45° (+) 20° (+) 17,11

[Tocie pacuéroB KO((GUIMEHTOB perpeccHM Oblia IOJy4eHA 3aBUCHMOCTh YCHJIMS B
BBITSDKHOM KOHIIE JIJISl CJIUIIOB C MPSAMOM U chepudeckoil popMaMu MOBEPXHOCTEH OT yrijia HaKJIOHA
CIIMIIA, YIJIa BBIX0/Ia BHITSHKHOTO KOHIIA U CTETICHH HamoJHeHus memika (3.3):

T =19,82 —0,03x; + 3,72x, + 1,62x3 — 1,15x, — 0,86x,x, — 0,47x,X3 +
+0,48x;x4 + 0,39x,%x3 — 0,46X,x, — 0,08x3x, — 0,03x;X,X3 + 0,33X;X,X4 — (3.3)
—0,07x1X3X4 + 0,03x,X3%4 — 0,13%X1X,X3Xy,

rae T — ycwime BBIOOpKH TpajoBoro memka, H; X1, X2, X3 X4 — (hopMa cliuma, 3armoTHCHUE MEIIKa,
Yrojd HakJIOHAa CIWIAa W YroJ BbIXOJA BBITSDKHOIO KOHIIA COOTBETCTBEHHO, 3allMCaHHBIC B
KOJMPOBAaHHOM BH/I€ (KOJIMPOBAaHHbIE 3HaUeHUE (HAKTOPOB (X1, X2, X3, X4) U3MEHSIOTCA OT -1 110 +1, uTo
COOTBETCTBYET MUHUMYMY U MaKCUMYMY).

[TpoBeneHHbIE pacuéThl MPU PA3TUYHBIX COOTHOIICHUAX (HAaKTOPOB CBeACHHI B Tabmuiy 3.16

AJI1 IPOBCPKU aICKBATHOCTHU U TOUHOCTH.

Tabmuua 3.16 — /lnanazoH u3MeHeHHs (HaKTOPOB, PE3yJbTaThl 3aMEPOB U PACUETOB JJISI CIUIIOB C

psiIMOi U cepuyeckoil popmamu MoBEpXHOCTEN

Vron Yron
Ne Hanonnenn BBIXOJ1a BeitskHoe | PacuétHoe | Ilorpe-
n/ | ®opma ciuna (X;) | € memka P, HAIIIONA ) o paskroro ycuime 3HAYCHHWE | IIHOCTb,
| KT (X5) cimna KoHI1a [3° Tep, BH yeunus, H %
T | )

1 | Tpsmoii (-) 2 kr (1) 45° (+) | 20°(+) 24,67 24,67 0,00%

2 | Mpsmoii (-) 2 kr (+) 45° (+) 5°(-) 29,23 29,21 0,07%

3 | Ipsmoii (-) 2 kr (+) 30° () 20° (+) 19,37 19,35 0,11%

4 | Mpsmoti (-) 2 kr (+) 30° () 5°(-) 24,49 24,49 0,00%

5 | IIpsmoii (-) 1,25 kr (-) 30° (-) 5°(-) 14,28 14,27 0,06%

6 | psmoii (-) 1,25 kr (-) 30° () 20° (+) 12,93 12,93 -0,02%

7 | lpsmoii (-) 1,25 kr (-) 45° (+) 5°(-) 17,94 17,95 -0,06%

8 | Mpsmoii (-) 1,25 xr (-) 45° (+) 20° (+) 15,92 15,93 -0,08%

9 | Chepuuecknii (+) | 2 kr (+) 45° (+) 20° (+) 23,11 23,11 0,02%
10 | Chepuuecknii (+) | 2 xr (+) 45° (+) 5°(-) 25,22 25,21 0,02%
11 | Chepuueckuii (+) | 2 kr (+) 30°(-) 20° (+) 20,60 20,59 0,06%
12 | Cdepuueckuii (+) | 2 kr (+) 30°(-) 5°(-) 21,68 21,69 -0,06%
13 | Chepuuecknii (+) | 1,25 kr (-) 30° (-) 5°(-) 16,64 16,63 0,07%
14 | Chepuueckuii (+) | 1,25 xr (-) 30°(-) 20° (+) 15,66 15,65 0,04%
15 | Chepuuecknii (+) | 1,25 kr (-) 45° (+) 5°(-) 18,31 18,31 0,00%
16 | Chepuueckmii (+) | 1,25 xr (-) 45° (+) ]20°(+) 17,11 17,13 -0,13%
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[To pe3ynbpraTaM NpoBEAEHHBIX PACUETOB TAKXKE MOTYUYHUM, YTO JJI MOJTYYEHHONU 3aBUCUMOCTH
XapaKkTEPU3YIOLIECH YCUJIME BO3HUKAIOIIEE B BBITS)KHOM KOHIIE INPU NPUMEHEHUU Pa3JIMYHbBIX
MOBEPXHOCTEM CIIUIIA, @ TAKXKE IMPU U3MEHECHHUH €r0 yIJla HaKJIOHA, yIia BbIX0/1a BBITSYKHOTO KOHIA U
CTEIICHU HAITOJTHEHUS MEIIKA, UHAEKC JeTePMUHAIIMU R? = 0,98.
CpaBHUTENbHAS OLIEHKA PACUETHBIX JAHHBIX C SKCHEPUMEHTAIbHBIMH TIOKA3bIBAET, YTO
3aBUCUMOCTbh aJICKBAaTHO OIMCHIBAECT MPOLECC, MOCKOIbKY OTKJIOHEHHE PACUETHBIX 3HAYEHUU OT

JAHHBIX, TOJIYYEHHBIX B Pe3yJbTaTe MaKeTHBIX SKcIiepuMeHToB He npesbiiaer 0,05 %.

BbIBOIBI 110 IEPBOMY 3TAIly 3KCIEPUMEHTANIBHBIX UCCIIEI0BAHUN

[lepBocTeneHHoe 3HaueHHE MpU 0O00UX (OpPMaxX CIUMOBBIX MOBEPXHOCTEH HMMEIOT CTENEHb
HaIlOJIHEHUSI TPaJOBOro Melika. MeHblllee BIMSHUE OKa3blBa€T Yroj HAKJIOHA cluna H
HE3HAYUTEJIbHOE B COYETaHUU (PaKTOPOB — YTOJI BHIXO/IA BBITSKHOTO KOHLIA.

Ha ocHoBe aHanmm30B JaHHBIX MO MPSMOW U C(HEpPUUECKON CIUIOBBIM MOBEPXHOCTAM OBLIO
ompejieneHo, 4ro st chepuueckoro ciuna HabmogaeTcss (popMHpOBAHHME MEHBILIETO YCHIHS B
BBITSDKHOM KOHIIE BO BpEMS BBIOOPKH MEIIIKOB C YJIOBOM IPU OJMHAKOBOM COOTHOIICHHH (DaKTOPOB,
110 CPaBHEHUIO C MPSIMOI (POPMOIl MOBEPXHOCTH, KOTOPOE COCTaBIISIET B cpeaneM 3 %.

YBenuueHue Beca MeIIKa B Auara3oHe ucciegaoBaHuil Ha 60 % mpUBOIUT K POCTY YCHIIHS
BBIOOPKHU Ha Bcex (opMax MOBEPXHOCTH, OJHAKO HA ciumax co chepuueckoit hopMoil MOBEPXHOCTU
naHHbI pocT Ha 30 % MeHbIIe, YeM Ha CIUIax ¢ IpsiMoi POopPMOIt TOBEPXHOCTH.

M3MeHeHne yria HakJIOHA CIMIa B Juana3oHe HcciaegoBaHud B 1,5 pa3za mpuBOOUT K
YBEJIIMYEHHUIO YCHUIIMS BBIOOPKH Ha BceX (popmax MOBEPXHOCTH, OAHAKO HA CIUMaxX co chepudeckoi
dbopMoil moBepxHOCTH HaHHBIK pocT Ha 11 % MeHbIe, yeM Ha cilumax c npsMmoi Qopmoit
MTOBEPXHOCTH.

VBenuueHne yria BbIX0/Ja BBITSHDKHOTO KOHIIA B TMana30He UCCIIEJOBaHUN B 4 paza MpHUBOJIUT
K CHIDKEHHUIO YCHIIHS BEIOOPKHM Ha BceX (popMax MOBEPXHOCTH, OJJHAKO Ha CIHUMax ¢ mpsMoi popmoit
MOBEPXHOCTU JAaHHOE CHIDKEHHEe Ha 7 % Oojblle, yeM Ha ciumax co cpepuyeckoi ¢Gopmoit
MTOBEPXHOCTH.

3arpy3ka Memika, Mpy MPOYMX PaBHBIX YCIOBHIX, HECMOTPS Ha TO, YTO BIUSHUE Ha oOluiee
YCHJIME BEJIUKO, HE OKA3bIBAET OLIYTUMOTO BIMSHUE HA MTUKOBBIE HATPY3KHU Ha MOPOTE CIUIA.

YBenuueHue yriia HakJIOHa CIUMa A7 UCCIeAYEeMbIX ero (hopM MpH MPOYUX PABHBIX YCIOBHIX
B JIMAIIa30HE UCCIEIOBAHUI HA 15° MPUBOJIUT K YBEJIMUECHUIO YCUIIUSI BO BPEMS MPOXOKACHUS MEIIIKa
10 CITUIIOBOM KaHaBKe B cpepHeM Ha 18,3 %.

YBenuueHre yria BbIXOAA BBITSHKHOTO KOHIA ¢ 5 mo 20° mis uccieayeMmbix ¢GopMm ciuma

MPUBEJIO K CHIKEHHUIO YCUIIUS BBIOOPKH B cpeaneM Ha 10,7 %.
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3.2 Uccneoosanus 3asucumocmu ycunus bl00pKu om ¢axkmopos, Xapaxmepusyrouux
cucmemy  CYOHO-MPAL-NPOMBICIO8AS MAUUHA C  YUEMOM CKOPOCHMHbLIX — NAPAMEmpOo8

npoMubLCcn080U 1e6é0Ku (IIpunodxcenue B)

3.2.1 DKCHepuMEHTBl 10 ONpPEICNCHUIO BIUSHUS TATOBO-CKOPOCTHBIX IApaMETPOB

MECXaHHU3MOB

Crnenyromuii 3Tan ObUT MOCBAIIEH YCTAaHOBJICHHIO 3aBUCUMOCTH YCHJIUS BBIOOPKH TpPalOBBIX
MEILIKOB C YJIOBOM CIHMIIOBBIM METOJOM OT (DaKTOPOB, XapaKTEPU3YIOLIMX CHCTEMY CYIHO-Tpa-
MPOMBICIIOBAsI MAIlIMHA C YYETOM CKOPOCTHBIX ITapaMeTPOB MPOMBICIOBOM J1eO&aku [74, 75].

Jlis mpoBeieHust UCCIIEIOBAHUN OBLIN OlpeieeHbl (aKTOPhl U TUaNa30Hbl UX U3MEHEHUS:

1. Bec memika — 2 xr.

2. Yroia BbIX0/1a BBITSHKHOI'O KOHIIa — 5°.

3. ®opmMa CIMIIOBOTO HACTHIIA — TIPSIMOH, chepruaecKuii.

4. Yroia HakJIOHA ciuna, U3MeHseMbli B Auana3one ot 30 1o 45 rpagycos.

5. CkopocTh BBIOOPKH MOJIenH TpasioBoro memika cocrasiset: 0,031, 0,064 m/c.

[Tocne onpenenenust auana3zoHa (akTopoB ObUIa COCTaBICHA MaTpulla MPOBEICHUS
UCCIJIETIOBAHMM, 110 KOTOPOH MPOBEACHA CEPUSI SKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUMA.
VcnipiTaHus OCYIIECTBISIIUCH B COOTBETCTBUU CO CTONOIAMU U CTPOKAMU MATPHIIBI 1O JECSTh

pa3 mo Kaxjou crpoke (tabnuma 3.17).

Tabnuua 3.17 — Marpuna npoBeieHHs] UCIIBITAaHUH

Ne n/nn X1 X5 X3
1 X11 X21 X31
2 X11 X21 X32
3 X12 X21 X32
4 X12 X21 X31
5 X11 X22 X31
6 X11 X22 X32
7 X12 X22 X32
8 X12 X22 X31

[Tpumeuanue. X1, X2, X3 — 3alMCaHHbIC 3HAUEHHS yIJla HAKJIOHA CJIMIA, TOBEPXHOCTH CIIUMA U
CKOPOCTH BBIOOPKH TPAJIOBOTO MEIIKa COOTBETCTBEHHO, TIE X11, X12, X21, X22, X31, X32 — KPUTHUECKHUE
3HA4YEHHUs YKa3aHHBIX (PaKTOPOB.

OKCIIEpPUMEHTHl MPOBOJMIUCH MO JAECATh pa3 IO KaXJOHW CTPOKE IUIaHA THPOBEICHUS
SKCIIEpPUMEHTa ISl Kakaoro cimma (tadmumna 3.18) ¢ menpro MCKIIOYeHHs CITyY4ailHO MOJYyYeHHBIX

BCJIMYHH, PACCUUTBIBAJICA KOB(p(I)I/ILII/ICHT Bapuanuu.
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Tabnuua 3.18 — Marpuna npoBeeHHs UCIBITAHUN JJIs1 CIIMIIOB C Pa3IMYHON (POPMOI TTOBEPXHOCTH

Ne ®opMa OBEPXHOCTH VYroJ HakJIOHA ciMIIa CkopocTb BbIOOPKH
1/ cauna o’ TPaAJIOBOI'O MEIIKA, M/C

1 Cdepuueckwuii (+) 45° (+) 0,064 (+)

2 Cdepuueckwuii (+) 45° (+) 0,031(-)

3 Cdepuueckwuii (+) 30°(-) 0,064 (+)

4 Cdepuueckwuii (+) 30°(-) 0,031 (-)

5 I[psimoii (-) 30° () 0,031 (-)

6 [Mpsimoii (-) 30°(-) 0,064 (+)

7 [psimoii (-) 45° (+) 0,031 (-)

8 [Mpsimoii (-) 45° (+) 0,064 (+)

[Tpumeuanue. KoaumpoBanHoe 3HaueHHE (PAKTOPOB COOTBETCTBYET -1 MHUHUMAILHOMY
YHUCICHHOMY 3HaU€HHIO (PaKTOPOB B IMaNa30HE UX U3MEHEHHUs, a +1 — MaKCUMaJIbHOMY.

s ompeneneHuss AOCTOBEPHOCTH HPOBEAEHHBIX PadOT PACCUUTHIBAIM CPEIHUE 3HAYCHUS

yCuiiuAa, BOSHHUKAIOMICTO B BBITAKHOM KOHIC, U ITOCJIC pvaéTOB MOJIYUHJIN Ta6J'II/IIIBI IMOrpCIHOCTH

(Tabmuer 3.19-3.22).

Tabmuua 3.19 — Pe3ynprarsl pac4€ToB MOTPEITHOCTEHN SKCIIEPUMEHTAIBHBIX JAHHBIX

Cdepuaeckuii, 30°

HaumeHoBaHME MOTPEIIHOCTH CKOpOCTh BEIOOPKH, M/C
0,031 | 0,048 | 0,064

Cpenssisi KBaJpaTU4YHasi MOTPEHTHOCTh 0,10 0,11 0,21

JIeiCTBUTENBHYIO MIOTPENTHOCTh 0,24 0,25 0,56

Honst  nmerictBuTenbHON morpermHocTH | 1,03 0,99 2,11

oT obmero ycumnus, %

Tabnuma 3.20 — Pe3ynbpTaThl pacu€ToB MOTPEIIHOCTEH KCIIEPUMEHTAILHBIX JTAHHBIX

Cdepuuecknuii, 45°

HaumeHoBaHM€e MOTPEIIHOCTH CKopocTh BEIOOPKH, M/C
0,031 | 0,048 | 0,064

CpenHsis KBaJpaTH4HAsI IOTPEIIHOCTh 0,20 0,27 0,15

JleficTBUTENEHYIO TOTpenTHOCTh, H 0,45 0,69 0,39

Honst  peiictButenbHoil morpemHocta | 1,60 2,28 1,19

oT obmiero ycumnus, %

Tabmuua 3.21 — Pe3ynbTarsl pacy€ToB MOTPEIIHOCTEHN SKCIIEPUMEHTATBHBIX JAHHBIX

ITpsamoi, 30°
HaunmeHnoBanue nmorpemHocTi CKOpOCTh BEIOOPKH, M/C
0,031 | 0,048 | 0,064
CpenHsisi KBaJApaTUIHAS TTOTPEITHOCTH 0,23 0,25 0,32
JIeHCTBUTEIHHYIO MTOTPEITHOCTh 0,59 0,90 0,82
Honst nmelicTBUTENBHONW MOTpemHocTu | 2,22 3,19 2,78
oT obmiero ycumnus, %
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Tabmuma 3.22 — Pe3ynbTaThl pacu€TOB MOTPEUTHOCTEH SKCIIEPUMEHTATBHBIX JaHHBIX

CucreMaTu4ecKkyr0 MOTPEHIHOCTh H3MepeHHi (mpubopa) ompeaesnsieM B COOTBETCTBHH C

[Ipsmoii, 45°

HaunmeHoBaHHE MOTPEIIHOCTH CKOpOCTh BEIOOPKH, M/C
0,031 | 0,045 | 0,064

Cpennsis KBaapaTHIHAs MOTPEITHOCTh 0,20 0,16 0,39

JIeHCTBUTENbHYIO TTOTPEITHOCTh 0,52 0,57 1,00

Honst  neiictBuTensHO morpemHoctu | 1,63 1,67 3,03

oT ob6mrero ycumus, %

dopmyioii (2.8):

VYuuteiBas pe3yJbTaThbl

CUCTCMATHUYCCKYIO IMOrpCIIHOCTh U3MCPCHHUA, MOKXHO 3aKJIIIOYWUTHb, YTO IIOJHAA MNOIPCIIHOCTL IIPpH

HUCIBITAHUAX HC IIPCBLIIIACT 5 %. Oto TOBOPUT O JOCTOBCPHOCTU IIOJIYYCHHBIX PC3YJIbTAaTOB

OKCIICPUMCHTAJIbHBIX JaHHbIX.

B npouecce mnposeneHus
IUIaHUPOBAHUSA SKCIICPUMCHTA ObLIH IMOJIYYCHBI YHCJICHHBIC 3HAYCHHA YCHIIMA B BBITSIDKHOM KOHIIC

HpOMBICJ'IOBOﬁ ne6ézu<1/1, a TaK)KXC JHHaAMOI'PaMMBbI CHJIOBOI'O M3MCHCHHA IIPU ABHIKCHHUH TPAJIOBOI'O

Ax

pacyéros,

_ 0,1%50H
100%

npeacTaBieHHbIX B Tabmmmax 3.19 —

np —

MeIIKa ¢ yJI0BOM 10 ciumy (Tabmuia 3.23).

=0,05%

SKCIICPUMCHTAJIbHBIX pa60T B COOTBETCTBHUU C

Tabnuma 3.23 — YncaeHHbIe 3HAYEHUS SKCIIEPUMEHTATbHBIX TaHHBIX

CxopocTb

Ne dopma MOBEPXHOCTH VYrosa HakJIoHa BBIOOPKH BoITsKHOE yeuine

n/m crumna (Xq) ciuna a° (X,) | TpaJoBOro Melika Tep, H
Vv, M/c (X3)

1 Cdepuueckwuii (+) 45° (+) 0,064 (+) 33,56

2 Cdepuueckuii (+) 45° (+) 0,031(-) 28,58

3 Cdepuueckwuii (+) 30° (-) 0,064 (+) 26,88

4 Cdepuueckwuii (+) 30°(-) 0,031 (-) 23,25

5 Ipsimoii (-) 30° (-) 0,031 (-) 27,35

6 Ipsimoii (-) 30° (-) 0,064 (+) 30,53

7 Ipsivoii (-) 45° (+) 0,031 (-) 33,07

8 [psimoii (-) 45° (+) 0,064 (+) 35,13

[Tpumeuanue. B nannoit Tabmuie (-) u (+) — 370 MUHUMaJIbHOE U MAaKCHUMaJbHOE 3HAUECHUS

BIHAIOIINX (I)aKTOpOB B JHAIIa30HE NX U3MCHCHUA (B KOAUPOBAaHHOM BI/I,ZLC)I

X1 — (popMa CIUMOBOM MOBEPXHOCTH;

X2 (@) — yroJ HaKJIOHa ciuna, °;
X3 (V) — CKOPOCTh BBIOOPKH MO/IEJICH HAa MAKETHOW YCTaHOBKE, M/C;
T — BeITSDKHOE yewue, H.

322 u

IIJIaHOM
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[Tocne omeHKW cTeneHW BIUSHUSA (AKTOPOB TIO pe3ysibTaTaM HCIBITaHUH, IOCIE
MaTeMaTHYeCKOH OoOpabOTKM MAaHHBIX U pacu€ToB Kod()PUIMEHTOB perpeccuu, ObUIa MOJIydeHA
3aBHCHMOCTh YCUJIUSI B BBITSDKHOM KOHIIE OT ()OPMBI CIMIIOBOTO HACTHIIA, YIJIa HAKIIOHA CIHMA H
cKopocTH BeIOOPKH (3.4):

T =29,79 —1,73x; + 2,79%x, + 1,73x3 + 0,21x;X, + 0,42x,x3 + 0,03x,x5 +

+0,31x;X,X3,

(3.4)

rac Xq;, Xy, X3 — KOOAUPOBAHHBIC 3HAYCHUSA (bOpMBI IIOBEPXHOCTHU CJIMIIA, yIJIa HaKJIOHa CJiula H
CKOpPOCTH BBI60pKI/I MCIIIKa COOTBETCTBCHHO.

C LOCJIIbKO MNOATBCPIKACHHUA AACKBATHOCTH HOHy‘{eHHOﬁ 3aBHCUMOCTH ObLIa IMpoOBCACHA

CpaBHUTEIbHAS OIICHKA PACYETHBIX M OKCIICPUMEHTAIBHBIX AaHHBIX (Tabauma 3.24).

I[J'IH nocJeAyromero nmpuMEeHCHUA U IIPOBCPKU NAHHBIX HA IPAKTHKE C HaTypHOﬁ CHCTEMOH

CYAHO-TpaJI-IPOMBICTIOBAasA MalllkMHa, IIOJXYYCHHBIC B PE3YJIbTATC MAKCTHBIX I/ICHI)ITaHI/If/'I, ObLIIN

[IPOBEJCHBl JEHCTBUS IO BBEACHMUIO O€3pa3MEpHOIl BEIMYMHBI, PAaBHOM OTHOILEHUIO YCHIUS B

BBITA’KHOM KOHIIC K MaCCC MCIIKa C YJIIOBOM.

Tabmuua 3.24 — CpaBHUTENBHAS OI[EHKA PACUETHBIX U SKCIIEPUMEHTABHBIX JAHHBIX

CxopocTh
Yron .. [Torpem- | CootHomie-
Ne dopma BBIOOPKU BreiTskHoe | PacuérHoe
HAKJIOHA HOCTb HHUC YCI/IJH/DI
l'[/ IMOBCPXHOCTHU o TPpaJIOBOI'O ycuime 3HAUCHHC .
CJIMIIAa O pacucToB K BCCY
1} ciuna (X4) MeIlKa, V Tep, BH yenmust, H
(x2) , % MeEIIKa
m/c (X3)
1 (Cgep“q““““ 45°(+) | 0,064 (+) 33,56 33,53 0,10% |1,7123
2 (Cgep“q““““ 45°(+) | 0,031(-) 28,58 28,67 -0,30% | 1,4583
3 8‘%)ep“quK““ 30°) | 0,064 (+) 26,88 26,87 0,02% | 1,3712
4 8‘%)ep“quK““ 300) 0,031 () 23.25 2333 | -035% |1,1861
5 | Hpsmoit (-) 30°() | 0,031() 27,35 27,33 007% | 1,3954
6 | Ipsmoii () 30°(-) | 0,064 (+) 30,53 30,47 0,19% | 1,5575
7 | TIpsimoii () 45° ()  |0,031() 33,07 33,07 -0,01% | 1,687
8 | Ipsmoii () 45°(+) | 0,064 (+) 35,13 35,13 -0,01% | 1,7922

[TpoBenénHnas cpaBHUTENbHAS OI[EHKA SKCIIEPUMEHTAJIbHBIX U PACUETHBIX JAHHBIX TOBOPUT 00

aJICKBATHOCTH HOJ'Iy‘-ICHHOfI 3aBUCUMOCTH, TaK KaK CpCAHCC OTKIIOHCHHUC HC MPCBLIIIACT 0,13 %.

CpCI[HCC 3HAYCHUEC BO3HUKAIOUICTO B BBITS’)KHOM KOHIIC YCUIIUS BO BPpECMs BBIGOpKI/I MCHIKOB C YJIOBOM

K MX BECy I MPSIMOTO cauna cocrasisier 1,49.

ITo pe3ynbpraTaM NpoBENEHHBIX PACUETOB TAKXKE MOITYUYHUM, YTO JJI OJTYYEHHONU 3aBUCUMOCTH

xapaKTepmonmeﬁ YCUWJIIMC BO3HHUKAIOMICEC B BBITSKHOM KOHIC HIpHW NPHUMCHCHUU PA3JIMYIHBIX
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MIOBEPXHOCTEH CIIMIA, a TaKK€ IPU M3MEHEHHM €ro yrja HakKJIOHa U CKOPOCTH BBIOOPKH, MHIEKC
nerepmuHarmu R? = 0,99.

B cBs131 ¢ HEOOIBIIUM YHCIIOM CTPOK, HEOOXOAUMO CKOPPEKTUPOBATh UHACKC IeTepMUHALINY,
TakuM 06pasoM momyunm: RZ,, = (1— (1 —0,99)2— = 0,93.

AHanu3 TOJNY4EeHHOM 3aBUCHUMOCTU YCWIMSI BBIOOPKM TpaJIOBBIX MEIIKOB I03BOJIMII
OIIPENICNIUTh MPUOPHUTET UCCIETYEMBIX (PAKTOPOB U CAENATh CIIETYIOIIUE BHIBOJIBIL:

- 110 3HAYUMOCTH HauOoJblllee BIMSHUE OKa3bIBaeT (pOpMa MOBEPXHOCTH CIMIIOBOIO HACTHJIA,
a He3HAYMTENIbHOE BIUSHUE U3 PACCMOTPEHHBIX (DAKTOPOB OKa3bIBAET CKOPOCTH BEIOOPKH;

- Ha IPSMOM MOBEPXHOCTU CIIMIIA TPU yIyiaX HakioHa ciuna B 30° HabiromaeTcs ycuiue Ha
13,5 % OGonbIuee, HEXETH 10 CPABHEHUIO €O chepruieckoil popMoil MOBEpXHOCTH, P YIIaxX HAKIOHA
B 45° ycunue B BBITSDKHOM KoHIle Oosbine Ha 7,8 %, yuem y ciuma co cdepudeckoit opmoit
IIOBEPXHOCTH;

- yBenmueHune ckopoctu Beibopku ¢ 0,031 o 0,064 m/c Ha ciune ¢ NpsAMOIHMHEHHON (POpMOit
MMOBEPXHOCTHU TPH 3arpy3Ke MeIka B 2 KI U yriie HakjioHa ciumna 30° mpuBeso K yBEIMUYCHUIO YCHIIHS
BO3HHUKAOIIEro B BEITsSHKHOM KoHIle ¢ 27,4 no 30,5 H, pocr cocraBnser 11,6 %, B To Bpems Kak Ha
ciure co chepuueckoit Gopmoii MoBepxXHOCTU ycuiue yBenuuuBaercs ¢ 23,3 no 27,0 H, poct npu
aToM coctaBiisieT 15,6 %. [lpu yrie HakioHa cinma, paBHOM 45°, Ha MPSMOM CITUIIE YCHUITHE TaKXKe
BO3pacTaeT ¢ yBenmdeHueMm ckopoctu BeiOOpku ¢ 33,1 mo 35,1 H, poct cocraBusier 6,2 %, s
cepuueckoil Gpopmbl MOBEpXHOCTH HaOmonaercs yenuueHnue c¢ 28,6 no 33,6 H, poct npu stom
coctasur 17,4 %;

- Ha yrjax HakJoHa ciuna B 45° B CpaBHEHMHU C yriiamMH HakyioHa B 30° Ha mpsIMOJIMHEHHOU
CJIUTIOBOM MOBEPXHOCTH IPU 3arpy3Ke Mellka B 2 Kr npu ckopocT BeiOopku 0,031 m/c Habmromaercs
Oonbiee ycunue, kotopoe coctasiusieT 19,0 % (27,3 H npu 30° u 32,5 H npu 45°), B TO BpeMst Kak Ha
cepuuecKoil CIUMOBOI MOBEPXHOCTH MPH MPOYUX PaBHBIX YCIOBHsIX ycuiue npu 30° pasHo 23,3 H,
a pu 45° 28,6 H, To ecth HaOmomaercs yBenumaenue Ha 22,9 %. Ipu ckopoctu Bei6opku 0,064 m/c
i npsMoro cnumna, npu 30° ycuine BbIOOpku paBHO 29,7 H, mpu 45° — 34,1 H, nabGmonaercs
yBenuueHue Ha 15,0 %, a ans chepuyeckoro tuna noepxHoctu npu 30° ycusare BBIOOPKH pPaBHO
27,0 H, mpu 45° — 33,6 H, nabmiogaercs yBenuuenue Ha 24,5 %.

VYBenuuenue yria HakiaoHa ciauma oT 30 mo 45° Ha chnume co cdepuyeckoit Gopmoit
MOBEPXHOCTU MIPUBOJUT K YBEIHUEHHUIO YCUITUS BEIOOPKH B cpeaHeM Ha 23,9 %.

VYBenuuenue yrina HakjioHa ciumna ot 30 g0 45° Ha cnune ¢ npsMoil (opMoi MOBEPXHOCTH
MPUBOANT K YBEIMUYCHHUIO YCUIIUS BBIOOPKH B cpeqHeM Ha 18,0 %.

Ha npsimoMm ciune yBennueHnue yria HaxkioHa cauna oT 30 1o 45° ¢ yBenn4eHHeM CKOPOCTH

BBIOODKM B 2 pasa, B JIMAMA30HE WCCIEIOBAaHUS HAOIIOMAETCS YBEIUYCHUE YCUIIUS BBHIOOPKH Ha

28,4 %.
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MakcuManbHBIE YCUJINA BO3HHUKAIOT B MECTC IEPEXOJa MCIIKOM CIINIIOBOM KaHaBKH, JaHHOC

00CTOSATENILCTBO CIIPABEAIMBO JUIS BCEX (POPM CIIUIIOB.

3.2.2 IlpoBeneHue HKCIEPUMEHTAJIbHBIX pabOT IO OLEHKE YCWIHMS BBIOOPKH TPaIOBBIX

MCEUIKOB Ha CJIuIIax C y,I[J'II/IHéHHI)IM Imoporom

Kak moka3pIBaloT MOJy4eHHBIE JUHAMOTPAMMBI, IMMKOBBIC HATrPy3KH BO3HHUKAIOT Ha TIOPOTE
cnumna. ITo OOBSICHIETCS TEM, YTO MPOUCXOJMUT MEPEerud TPAJOBOTO MEIIKa C YJIOBOM Ha IOpOTe
ciumna. C 1enpl0 MUHUMU3ALUW BIUSHUS MUKOBBIX HArpy30K BO BpeMs BBIXOJa MEIIKa Ha MOPOT
CJIAIIA W UCCIICJIOBAHMS BETMUMHBI €T0 BIUSHUS HA OOIIMIA POCT HArpy3KH, ObLIO PEIICHO HA JAaHHOM
JTare MPOBECTU HKCIIEPUMEHTaIbHbIE PA0OTHI C YATUHEHHBIM [TOPOTOM CIIUTIA.

Jlnst aToro ObLIa MOCTaBJICHA 3a/1aya MIPOBECTH UCCIICIOBAHKS BPEMEHHOTO MpoIlecca MoabéMa
TPAJIOBBIX MEIIKOB IO CIIUIAM C YIJIMHEHHBIM MOPOroM. bbula cocTaBieHa MaTpuila TPOBEIACHUS
aKcriepuMenTa (tadnuua 3.25).

C yuérom pe3ysbTaToB, BHIIOJHEHHBIX Ha BTOPOM STale HCCIEAOBAHUN, a TaKKe aHalM3a
MIPOMBICIIOBBIX CXE€M, TATOBO-CKOPOCTHBIX BO3MOXKHOCTEH MPOMBICIOBBIX JIEOEAOK U KOPIYCHBIX
KOHCTPYKIUK TIPOMBICTIOBBIX CYJIOB KOPMOBOTO TPAJCHHS, ISl MPOBEICHUS HWCCICAOBAHUNA OBLIH
BBIOpAHBI TUATa30HBI U3MEHEHUS BIHUSIOMIUX (PAaKTOPOB, B YACTHOCTH:

1. Bec memka — 2 Kr.

2. YroJ1 BBIX0/1a BBITSKHOTO KOHIIA — 5°;

3. ®opma cIUIOBOr0 HACTHIIA — YAJUHEHHBIN.

4. Yroia HakJIOHA ciuna, u3MeHseMblil B Auanas3one ot 30 g0 45 rpan;

5. CkopocTh BEIOOPKH MOJIeNH TpanoBoro Memika cocrapiuseT — 0,031, 0,064 m/c;

6. Yrox BbIXoja BBITSKHOTO KOHIIA — 5 Tpajl.

JlnanazoHsl (PaKTOpPOB COBMAJAIOT CO BTOPBIM 3TalloM MaKeTHBIX HccienoBaHuid. [lo Hum
ObuIa IpOBeJIeHa CepUsl IKCIIEPUMEHTAIBHBIX PalOoT.

HcnpiTaHus OCYIIECTBISUIUCh B COOTBETCTBMM CO CTOJOLIAMH M CTPOKAMHU MAaTpUIbl B
COOTBETCTBHH C IJIAHOM IIPOBEJCHUS SKCIIEPUMEHTOB Ha CIIUIE MPSIMOJIMHEMHON (GOPMBI.

OKCHEpUMEHTHI TMPOBOJMWIMCH IO JAECATH pa3 MO KaXI0H CTPOKE IUIaHA TPOBEACHUS
OKCIIEPUMEHTA JUIs KaKAoro ciuna (tadbnuna 3.25), ¢ 1enblo MCKIIOYCHHUS CITyYailHO MOJYYEHHBIX

BEJIMYMH PACCUUTHIBAJICS KOOPPUIIMEHT BapHaIIH.
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Tabmuma 3.25 — Marpuna mnpoBeaeHUs OKCIEpUMEHTa s Cciauna ¢ yIIuHEHHON dopmon
MMOBEPXHOCTHU
Ne VYrona HakioHa dopma CkopocTb BEIOOpKH Ycunue BBIOOPKH

/1 cimmna o° MMOBEPXHOCTH CIIUTNIA | TPaJOBOTO MEIIKa, M/C T,H

1 30° YIJIMHEHHBIN 0,031 -

2 30° YIITMHEHHBIN 0,048 -

3 30° yITUHEHHBIN 0,064 -

4 45° YIITMHEHHBIN 0,048 -

3) 45° YITIMHEHHBIN 0,031 -

6 45° yITUHEHHBIN 0,064 -

I[J'IH onpeacICHNUA JOCTOBEPHOCTHU HpOBeI[éHHBIX pa60T " IOCJIC COOTBETCTBYIOIINX paC‘IéTOB

MOJIYYHIIA TaOIUIBI orpernHocTH (Tabmuibl 3.26 — 3.27).

Tabnuma 3.26 — Pe3ynbrarhl pacuéToB MOTPEUTHOCTH U3MEPEHHIA

V nnmuaénnsii, 30°

HaunmeHnoBanue norpemnsocTa CKopoCTh BEIOOPKH, M/C
0,031 | 0,048 | 0,064

CpenHsis KBaapaTHYHAS IMOTPEITHOCTh 0,20 0,30 0,08

JICHCTBUTEIBHYIO IMTOTPEITHOCTh 0,53 0,78 0,22

Jloniss MeUCTBUTENBHOM MOrpemHocTd ot | 2,35 3,28 0,82

obmiero ycwmas, %

Tabnuma 3.27 — Pe3ynbTaThl pacy€ToB MOTPEIIHOCTH U3MEPEHUI

V nnunénnsii, 45°

HanmeHnoBanue morpemHocTa CKOpOCTh BEIOOPKH, M/C
0,031 |0,048 | 0,064

CpenHsisi KBaApaTUIHAS TTOTPEITHOCTH 0,38 0,20 0,33

JIeCTBUTEIHHYIO MOTPEITHOCTh 0,99 0,51 0,87

Jlonst nedcTBUTENBHON MOrpermHocTd oT | 3,55 1,74 2,78

obmiero ycwms, %

YuuteiBasgs pe3yabTaThl pacy€ToB, MpeICTaBIE€HHBIX B Tabmumax 3.26 — 3.27 wu
CHCTEMAaTUYEeCKYI0 MOTPEHIHOCTh W3MEPEHUs, MOXKHO 3aKIIOUUTh, YTO IOJIHAS TOTPEIIHOCTh IpHU
UCTIBITAHUAX He TpeBbimaer 5 %. DTO TOBOPUT O JOCTOBEPHOCTH IIONYYEHHBIX pE3yIbTaTOB
AKCIIEPUMEHTATBHBIX JAHHBIX.

XapakTepHOl OCOOEHHOCTHIO NMPH JBM)KEHUU TPATOBBIX MEIIKOB IO CIMIIOBOMY HACTHITY
SBJISIIOTCSL NMMKOBBIE HArpy3KH, BO3HMKAIOIIUE HAa IMOpPOre CJIMMA M CIUMOBON KaHaBKU. C IENbIO
CpaBHEHHSI MTOJyYSHHBIX TI0 YNTMHEHHOMY TIOPOTY CJIHIA JAHHBIX W OIEHKH (U3UIECKON CYNTHOCTH
mporecca MmoabéMa TPATOBBIX MENIKOB C YJIOBOM IIO CIHIIAaM CYAOB OBUIO NPOBEIEHO CPaBHEHHE

MOJIYYCHHBIX JUHaAMOTI'paMM C JaHHBIMH BTOPOI'O 3Taria, pu CKOPpOCTU BBI60pKI/I 0,045 M/ C, IJId YTJIOB
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HakioHa 30° um 45° (pucynku 3.5, 3.6), ciumoB ¢ pasnuyHONW (GOpMON MOBEPXHOCTH (MIPSMOM,

cepuueckuil 1 yITMHEHHBIN).

32
30
28
26
24
22
20
18
16
14
12
10

3HaveHue ycmaua, H

OoON B OO

01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Bpems, ¢

e [IpsAAMON, 30° e Chepuyeckuii, 30° e Y I TUHEHHBIN, 30°

Pucynok 3.5 — JluHaMorpaMMsl yCUJIMsI BO BpeMsl BBIOOPKH MELIKOB € YJIOBOM IIpH yrie HakioHa 30°,
nipu ckopoctu Beioopku 0,045 m/c

3Ha4veHune ycmama, H
=
(o]

6
4
2
0
0 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Bpems, c
e [1psAMON, 45° e Chepuyeckmii, 45° e Y I TUHEHHBIN, 45°

Pucynok 3.6 — JlunamorpaMmbl yCHIIHS BO BpeMsi BEBIOOPKH MEIIIKOB C YJIOBOM IpH yTjie HakJIoHa 45°,
npu ckopoctu BeIOopku 0,045 m/c

s chepudeckoro cimina MakCUMalIbHOE YCHIME BBIOOPKH TMPHU MPOXOJE MEIIKOM MecTa

COEIMHEHUS CIIHMA U manyObl pu yrie B 45° Boimre B 1,24 pasza (¢ 25,1 mo 31,1 H) mo cpaBHenwuio ¢

yriiom B 30°.
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Jns mpsiMoro ciuna MaKCUMallbHOE YCHIJIME BBIOOPKM TpU TPOXOAE MEIIKOM MecTa
COCIMHEHUS CITUIA U MayObl IIpH yriie HakioHa B 45° yBennuuBaercs B 1,18 pasa (¢ 29,1 no 34,3 H)
10 CPaBHEHUIO C yriioM B 30°.

Jns yanuHEHHOTO ciuna MakCUMalbHOE YCHIIME BBIOOPKH IpPHU IMPOXOJE MEIIKOM MecTa
COCIMHEHUS CIIMIA U ManyOsl npu yrie B 45° Boimie B 1,22 pasza (¢ 24,5 no 29,7 H) no cpaBHEHHUIO ¢
yriiom B 30°.

MakcumanbHbIe YCWJIMA BO3HUKAKOT B MCCTC IICpexoJa MCIIKOM CIIMIIOBOM KaHaBKH
(moJIO’KEeHUE MEIKa B ’TOT MOMEHT yKa3aHO Ha puUcCyHKe 3.7), JaHHOE OOCTOSITEILCTBO CIIPABEIMBO

JUIs1 BceX (hOpM CITUTIOB.

Pucynok 3.7 — [lonoxeHre Memmka B MOMEHT MaKCUMAJIBHOTO YCHITHS

[To pe3ynbraTam 3KCIEpUMEHTANbHBIX paboT MO OLEHKE YCUJIHs BBIOOPKU TPAIOBBIX MEIIKOB
C YJIOBOM Ha IPSIMOM CIIUTE C YVIMHEHHBIM TOPOTOM OBLTH TOJTYYEHBI CHJIOBBIE TUHAMOTPAMMBI H
MOCTPOEHBI TpapuUecKre 3aBUCUMOCTH YCHIIUSI BBIOOPKH TPAJIOBBIX MEIIKOB C YJIOBOM OT CKOPOCTH

BBIOOPKH yTJla HAKJIOHA ciuna U opma nmoBepxHocTH (prcyHku 3.8, 3.9).
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33,00
3,00 [ o ® Coepuueckuin, 30 rpagycos
2900 | e [ DRI
---------- ® [psamon, 30 rpagycos
27,00 E - P paay
T e
) B WORTTLAL
g 200 Yanunéunbii, 30 rpagycos
S 23,00 o
>
21,00 | e JnHeiiHas (Coepuuecknin, 30
19,00 rpazycos)
17,00 [ e JluHeliHas (Mpsmoi, 30
15,00 rpagycos)
0,025 0,035 0,045 0,055 0,065 0,075 NnneitHas (YanuHEHHbIN, 30
CKOpOCTb, M/C rpasycos)

Pucynok 3.8 — 3aBucuMOCTb ycuius B BBITSKHOM KOHLE IIpH yriie HakjIoHa 30° (B ypaBHEHHSIX
annpokcuManuu T — ycuiue Bo BpeMst BBIOOPKHU, V — CKOPOCTb BEIOOPKH)

40,00
® Codepuueckui, 45 rpagycos
35,00 JUUUTY JPPeTTTTIIE PY
L ® ® pAamoii, 45 rpaaycos
@
T 3000 [ e
) ®:: . o
§ YannHéHHbln, 45 rpaaycos
S 25,00
--------- JNnHeiHasn (Chepuueckuin, 45
20.00 rpagycos)
--------- NnneiiHas (Mpamoit, 45
1500 rpagycos)
0,025 0,035 0,045 0,055 0,065 0,075 NnHeinHas (YONUHEHHDBIR, 45
CKOpOCTb, M/C rpagycos)

Pucynok 3.9 — 3aBrCHMOCTD yCHIIHS B BBITSDKHOM KOHIIE TIPH YTJIe HaKkJIoHa 45 © (B ypaBHEHHSIX
annpokcuManuu T — ycuine Bo BpeMst BHIOOPKH, V — CKOPOCTb BEIOOPKN)
s cpaBHEHMsI BEIMYMHBI BIUSHUS YIJla HAKJIOHA CIUIA HAa YCUJIHE BBIOOPKH TPAJOBBIX
MEIIKOB C yJIOBOM IPEJCTaBIIsIEM JaHHbIE 3KCIEPUMEHTOB B BHJIE Ipa@UuecKON 3aBUCUMOCTU JJIs

Pa3IMYHBIX BUJIOB CIHUIIOB (MIPSIMOM, CHepUIECKHii U ¢ YITHHEHHBIM TIoporoM) (pucyHku 3.10 — 3.12).



101

40,00
200 K . R2=0,7--@
L ® [pamon, 45 rpagycos
IE 30,00 R?2=0,9592--®@
o e o
é o ® [Ipamon, 30 rpagycos
X
S 25,00
--------- NnneiiHas (Mpamoli, 45
rpagycos)
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CKopocTb, M/c

Pucynok 3.10 — 3aBUCHMOCTD YCHIIUS JUTSI IPSIMOTO CIIUIIA MTPH PA3JIMYHBIX YTilaX HaKIOHA

Kak BunHO u3 pucynka 3.10, Ha mpsMOM ciMIle yBeTMUEHHE yrila HaKiIoHa ciuna ot 30° 1o
45° c yBemMYEHHUEM CKOPOCTH BBIOOPKH B 2 pa3za NPUBOIUT K YBEIHMYEHHUIO YCHIIUS BBIOOPKH B

cpenHem Ha 23,8 %.

35,00
33,00 R?=0,9899--@
31,00 e ® Coepuueckuit, 45
........ rpagycos
29,00 .
y=111,05x + 19,959
I\ 27,00 R2=09844-""" ° ® Cdepuyeckuis, 30
)
= 250 @ rpagycos
S et
S 23,00 ¢
......... NInHeliHag
21,00 (Coepunueckuit, 45
19,00 rpapycos)
17100 ......... nV]HeVIHaﬂ
(Cdepuueckuit, 30
15,00 rpagycos)

0,025 0,035 0,045 0,055 0,065

CkopocTb, M/c

Pucynok 3.11 — 3aBUCHMOCTD yCHIHSI UTs CHEPUIECKOTO CITUIA MTPH PA3IMYHBIX yIilaX HaKIOHA

Kak Buano u3 pucynka 3.11, Ha cepuueckoM ciiuIe yBeIUUYeHHUE yrila HakjoHa ciauna ot 30
1o 45° ¢ yBenn4eHHEeM CKOPOCTH BBIOOPKH B 2 pa3a MPHUBOJIUT K YBEJIIMYEHHUIO YCHJIUS BBIOOPKH B

cpennem Ha 18,1 %.
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Pucynok 3.12 — 3aBUCHMOCTD YCHIIHS UTS IPSIMOTO CIIHUIA C YAJTUHEHHBIM TOPOTOM MIPU PA3TUIHBIX
yriax HaKkJIOHa
Kak BumHo m3 pucynka 3.12, Ha y[IMHEHHOM CIHIIE YBEJIMYCHHE €r0 yrila HAKJIOHA B
nuanazone oT 30° mo 45° ¢ yBenMYeHHEM CKOPOCTH BBHIOOPKM B 2 pa3a MPUBOAMUT K YBEIUUYCHUIO

ycunus BeIOOpKH B cpeaHeM Ha 21,6 %.

[TonBoAs UTOT BBIMOJHEHHBIM HCCIIEOBAHUSIM MOXKHO CJAeNaTh OOIKEe BBIBOJBI O BIMSHUU
(opMBI CTUIIOBBIX TOBEPXHOCTEH Ha YCHIINE BO BpeMsl BEIOOPKH:

- BUJI 3aBUCUMOCTH JINHEITHO-BO3PACTAIOIINA;

- Ui c(epruecKoro M yAJUHEHHOTO CIMIIOB HAOIIOJAeTCsl 3HAUUTENBHBIN POCT YCHUIIUS OT
CKOpOCTH TIpu yriie HakjoHa B 30 rpaaycoB, KOTOpbIH cocTaBiseT 16 u 19 % cooTBeTcTBEHHO. A 17
IPSIMOTO CJIMIIA POCT MEHbIIIE U COCTaBIsET 0KoJ0 9 %;

- ISl YTJIOB HAKJIOHA ciuna B 45° y IpsIMOro U yIJIMHEHHOTO CIIHIA POCT YCHIINS OT CKOPOCTH
COXpaHseTCs, HO OKa3bIBAaeT MeHbIlee BiusHUE, yeM npu yriae B 30°, u coctaBusier 10 u 6 %. YV
cepruuecKoro ciumna npy yriie HakjioHa B 45° ¢ yBeIM4eHUEM CKOPOCTH BBIOOPKH MEIIKOB C YJIOBOM
ycumnue Bo3pacraet Ha 17 %;

- yBenudeHue ckopoctu Beibopku ¢ 0,031 mo 0,064 m/c Ha ynIWHEHHOM CIIHMIE MPUBEIO K
YBEJIMUEHUIO YCUIIUSI BEIOOPKH TPajoOBOro MeEIIKa C YJIOBOM MU MEPEX0/ie Co Ccauma Ha nany0y cyaHa
B cpenHeM Ha 14 %;

- Ha CIMIEe C TPSAMOM MOBEPXHOCTHIO HAOMIONAeTCs HE3HAUMTENbHBIH pOCT YCHIUS C
YBEJIMUEHUEM CKOPOCTH U yIJia HaKJIOHA CIUIA, HO MaKCUMaJbHOE 3HAYEHHE BEJTUKO OTHOCUTEIHHO
CIIUIIOB €O CPepUUYECKON MOBEPXHOCTHIO U MPSIMOIO C YAJUHEHHBIM MOPOTOM. YCHIIME BHIOOPKU Ha
IPSIMOM CITUIIE BBIIIE, YeM Ha NPEABLAYIIUX JBYX Clumax (ChepuyeckoM U C YIITMHEHHBIM IIOPOTOM),

B cpeaHeM Ha 1,36 pa3 He3aBUCHMO OT yIJia HAaKJIOHA;
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- HauMeHbl1Iee o011ee ycuire 3aMKCUPOBAHO HA MIPSIMOM CJIHIIE C yTMHEHHBIM TOPOTOM;
- VAJMHEHHE TOopora Cjiauna IMO3BOJIIET CHU3UTH HArpy3Ky Ha MOpPOre CIuMNa U CHU3UTHh

IIMKOBYIO HArpy3Ky IIpHU IPOXO0KIECHUHA MEIIKOM CIUIIOBOM KaHABKHU.

3.3 Uccneoosanus 3asucumocmu ycunusi 6b160pKu om (axmopos, Xapaxmepusyouux
cucmemy CyOHO-MPAN-NPOMbICIO8AS. MAWUHA C YYEMOM KOHCMPYKYUU MPALOB020 MeUuiKd

(IIpunooicenue I')

Kaxk noka3pIBaeT NnpakTHuka, pa3mMepbl TPAJIOB Il COBPEMEHHBIX IIPOMBICIOBBIX CYZOB PacTyT,
€CTECTBEHHO YBEJIMYMBAKOTCA YJIOBBI, @& NPOMBICIIOBbIE MEXAHU3MBl OCTAKOTCS MPEKHUMH C
3a/IaHHBIMU YCHJIMSIMU U CKOPOCTSIMH.

DT0 00CTOATENHCTBO MPUBOAUT K MEPErpy3KaM MPOMBICIOBBIM KOMILJIEKCaM M KaK CJe/ICTBUE
K HapyUICHUIO UX Pab0TOCIIOCOOHOCTH.

C 1enpio0 COKpamieHHs JUJIMHBI TPAJIOBBIX MEIIKOB IPOMBICIOBUKUA H3TOTOBJISIOT HX C
OOJIBIIMM TIEPUMETPOM, YTO B KOHEYHOM HTOTE MPUBOAMT K OOJBIICH TUIOMIAIA CONPUKOCHOBEHUS
MOCJIETHETO C CIUIIOBBIM HACTHIIOM.

B cBsi3u ¢ 3TUM Oblia MOCTaBIIEHA 3a/laya MPOBECTU IKCIEPUMEHTANIbHBIE MCCIEAOBAHUS 110
W3YYECHUIO JIAHHOTO Mpolecca C LEJIbK IMOJY4YeHUS 3aBUCUMOCTH YCHIHMS B BBITS)KHOM KOHIIE
MIPOMBICIIOBOM  JI€OEAKH OT (AaKTOPOB, XapPaKTEPU3YIOUIUX CHCTEMY CYAHO-TPaJ-IPOMBICIOBAS
MalllMHa C YBEJIMUYEHHBIM IEPUMETPOM TPAIOBOI'O MEIIIKA.

Jns mpoBeAeHHS DKCHEPUMEHTOB OBUIM TOJATOTOBICHBI MOJEIH TPAaJOBBIX MEIIKOB
Pa3IMYHOTO JUaMeTpa U KOHCTPYKIINH, 3aMOJHSIINCH TPaHyIaMH, BeC KOTOPhIX cocTaBuia 2,0 Kr. ITo

HCO6XO}II/IMO IJI1 CpaBHCHH PE3YJIBTATOB C PAHEC BBIITOJIHCHHBIMHU SKCIICPUMECHTAMMU.

[Topsimok npoBeneHus padoT MO ONPEAEICHUIO IUIOIAAN COIPUKOCHOBEHNUS

Memok npoMasslBaJICsS IITEMIIEIBHON KPACKOM M yKiaablBaiCsA Ha ciuil. Ilocie ycraHoBku
MEIIKa KpENuiCs BBITSDKHOM KOHel. Jlajee Ha caMOM MaJlod CKOPOCTH BKIJIFOYAJIach BBITSIKHAS
neGéaka W cpa3zy BBIKIIOYANACh, O3TO ObUIO HEOOXOAMMO JUIS OMNpeNeseHHs IUIOIAaAU
CONPHUKOCHOBEHHUSI MEIIKAa W CIUIIOBOM IIOBEPXHOCTH BO BpeMs €ro ABwkeHus. OTIeyaTox,
OCTaBJICHHBIH MENIKOM Ha CJHIE, NMEePEeHOCHWIN Ha OyMmary MmyTéM MpUKIAAbIBaHUs €€ K CIMIOBOM
MOBEPXHOCTHU. Jlanee KOHTyp MelllKa Ha Oymare pacdepurBajIl Ha MEJIKHE KBaJIpaThl U PACCUUTHIBAIN
IIoNiab KakJ0ro KBajpaTa. 3aTeM pe3ylbTaTbl CYMMHUPOBAIU JJs ONPEACIEHUS IUIOIIAIU BCEro
KOHTYypa.

Jns mpoBeneHus wucciaenoBaHUM ObUlM  BbIOpaHbl JIMANa3oOHbl W3MEHEHUS BIMSIOIINX

(akTOpOB, B YACTHOCTH:
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1. Bec memka — 2 KT
2. YT0IJI BBIX0/1a BBITSKHOIO KOHIIA — 5°;
3. ®opmMa CIMIOBOTO HACTHIIA —TIPSIMOH, C(hEePUUECKHIA;
4. Yron HaKI0OHA ClIHIa, U3MEHsAEeMBbIH B nuama3one ot 30 g0 45°;
5. CxopocTh BBIOOPKH MOJICTH TpaJIOBOTO Merika coctasiseT — 0,3, 0,5 M/c;

6. Jluana3zon U3MeHeHHs IIOIIAI1 COMPUKOCHOBEHHUS — OT 182 10 246 cM?.

C 1[enp0 COKpAalIeHHS KOJHMYECTBA SKCIEPHUMEHTAIBHBIX PAOOT, TMOBBIMIEHUS TOYHOCTH
OIICHOK rapamMeTpoB BOCIIOJIb30BAJIMCh MHOTO(aKTOPHBIMH cxXeMaMH OpraHu3alu
AKCIIEPUMEHTAIBHBIX padoT [8].

[Tocne ompenenenus auamna3zoHa (HaKTOPOB ObLIa MPOBEACHA CEpUS SKCIIEPUMEHTATbHBIX
HUCCIJIEIOBAHUII.

VcnpiTaHus OCYIIECTBISUIMCH IO JIECATh Pa3 B COOTBETCTBHHM CO CTOJIOIAMH M CTPOKAMH

MaTPHIIBl B COOTBETCTBHH C TIAHOM IPOBEICHHS SKCIIEPUMEHTOB (Tabiuma 3.28).

Tabmuna 3.28 — Marpuna npoBeeHus] UCITBITAaHUHA

Ne /i X1 X2 X3 X4
1 X11 X21 X31 X41
2 X11 X21 X31 X42
3 X11 X22 X31 X42
4 X11 X22 X31 X41
5 X11 X21 X32 X41
6 X11 X21 X32 X42
7 X11 X22 X32 X42
8 X11 X22 X32 X41
9 X11 X21 X33 X41
10 X11 X21 X33 X42
11 X11 X22 X33 X42
12 X11 X22 X33 X41
13 X21 X21 X31 X41
14 X21 X21 X31 X42
15 X21 X22 X31 X42
16 X21 X22 X31 X41
17 X21 X21 X32 X41
18 X21 X21 X32 X42
19 X21 X22 X32 X42
20 X21 X22 X32 X41
21 X21 X21 X33 X41
22 X21 X21 X33 X42
23 X21 X22 X33 X42
24 X21 X22 X33 X41

[Tpumeuanue. X1, X2, X3 X4— 3allMCaHHbIE 3HAYE€HUS (POPMBI MOBEPXHOCTHU CJIMIA, YTa HaKJIOHA
ClluMa, CKOPOCTH BBHIOOPKM TPAJIOBOI'O MELIKA U IJIOUIAU CONMPUKOCHOBEHHS TPAJIOBOIO MEIIKa CO
CJIUTIOM COOTBETCTBEHHO.
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OKCHepUMEHThl MPOBOJMWINCH IO JECATh pa3 MO KaXJI0H CTpOKe IUlaHA MPOBEICHUS

skcnepuMenTa (tabmuua 3.29) ¢ Heabl0  UCKIIOUEHHS] CIy4YailHO TIOJYYEHHBIX BEIUYMH,
paccuuThIBasICs KOADDUITUEHT BapUaIliu.
Tabmuna 3.29 — Marpuna mnpoBeAEHUS HUCHBITAHUNA [UIs CIWNA C OPSAMOJIMHEHHON (dopmoit
MOBEPXHOCTH
dopma VYron CkopocTtb BEIOOpKH Hnowaze
Ne MIOBEPXHOCTH HaKJIOHA TPaJOBOTO MEIIIKa, COPHKOCHOBEHHA
/i o TPaJIOBOr'0 MEIIIKA CO
CITUIIOBOTO HACTHJIA cimna o m/c 2
CIIUTIOM, CM

1 [Mpsimoii (+) 30 (-) 0,3(-) 246 (-)

2 [Mpsimoii (+) 30 (-) 0,4 (0) 246 (-)

3 [Mpsimoii (+) 30 () 0,5(+) 246 (-)

4 [Mpsimoii (+) 30° 0,3 (-) 182 (+)

5 [Mpsimoii (+) 30° 0,4 (0) 182 (+)

6 [Mpsimoii (+) 30° 0,5(+) 182 (+)

7 [Mpsimoii (+) 45 (+) 0,3 (-) 246 (-)

8 [Mpsimoii (+) 45 (+) 0,4 (0) 246 (-)

9 [Mpsimoii (+) 45 (+) 0,5(+) 246 (-)

10 [Mpsimoii (+) 45 (+) 0,3 (-) 182 (+)

11 [Mpsimoii (+) 45 (+) 0,4 (0) 182 (+)

12 [Mpsimoii (+) 45 (+) 0,5 (+) 182 (+)

13 Cdepuueckwuii (-) 30 (-) 0,3 (-) 246 (-)

14 Coepuueckwuii (-) 30 (-) 0,4 (0) 246 (-)

15 Cdepuueckwuii (-) 30 (-) 0,5(+) 246 (-)

16 Coepuueckwuii (-) 30 (-) 0,3(-) 182 (+)

17 Cdepuueckwuii (-) 30 (-) 0,4 (0) 182 (+)

18 Coepuueckwuii (-) 30 (-) 0,5 (+) 182 (+)

19 Cdepuueckwuii (-) 45 (+) 0,3 (-) 246 (-)

20 Coepuueckwuii (-) 45 (+) 0,4 (0) 246 (-)

21 Cdepuueckwuii (-) 45 (+) 0,5(+) 246 (-)

22 Coepuueckwuii (-) 45 (+) 0,3(-) 182 (+)

23 Cdepuueckwuii (-) 45 (+) 0,4 (0) 182 (+)

24 Cdepuueckwuii (-) 45 (+) 0,5 (+) 182 (+)

[Mpumeuanne. KomupoBaHHOe 3HauyeHHE (HAKTOPOB COOTBETCTBYeT -1 MHHHMAaIbHOMY

YHUCJICHHOMY 3HAUCHUTIO (I)aI(TOpOB B Axana3oHe UX U3MCHCHUA, a +1 — MaKCUMaJIbHOMY.

Jlns onpeneneHust JOCTOBEPHOCTH MPOBEAEHHBIX PadOT U MOCIE COOTBETCTBYIOLINX PacyETOB

MOJTYYHITH CPEJIHUE 3HAUCHHSI YCHUIIHS BBIOOPKH U TaOuiibl morpenrHocty (Tadumb 3.30 — 3.37).
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Ta6muma 3.30 — Pe3ynbTaThl pac4€TOB MOTPEUTHOCTEH YKCIIEPUMEHTATBHBIX JaHHBIX

Chepuueckuii, 30 rpaa, IUIOMIaab CONPUKOCHOBEHUS MeEIIIKa CO
CJTMIIOBOM MOBEPXHOCTHIO 182 cM?

HaumeHoBaHHE MOTPEITHOCTH CKOpOoCTh BEIOOPKH, M/C

0,3 0,4 0,5
Cpenusist KBaJpaTU4HAas OTPEIIHOCTh 0,21 0,22 0,67
JIeHCTBUTENbHYIO MTOTPEITHOCTh 0,53 0,57 1,73
Hons neiictButensHOM mnorpemuoctd ot | 1,47 1,67 5,94
oOmrero ycunus, %

Tabnuma 3.31 — Pe3ynbrarhl pac4éToOB MOTPENTHOCTEN IKCIIEPUMEHTATBHBIX TAHHBIX

Cdepuueckuii, 45 rpan, mIoOmags CONPUKOCHOBEHUS MEMIKA CO
CJIMIIOBO#! TTIOBEPXHOCTHIO 182 cM?

HaunmeHnoBanue norpemnsocTa CKOpOCTh BEIOOPKH, M/C

0,3 0,4 0,5
CpenHsisi KBaApaTUIHAS TOTPEIITHOCTH 0,45 0,34 0,27
JleificTBUTENBHYIO OrPeNIHOCTh, H 1,17 0,87 0,69
JHlonst nmedcTBUTENBHON morpemHocTH oT | 3,09 2,21 1,63
obmiero ycmius, %

Tabnuma 3.32 — Pe3ynbTarhl pacu€ToB MOTPELUTHOCTEN IKCIIEPUMEHTATBHBIX TAHHBIX

[Tpsimoii, 30 rpax, miom@aab CONPUKOCHOBEHUS MEIIKA CO CIUIOBOM
IIOBEPXHOCTHIO 182 cM?
HaunmeHnoBanue norpemnsocTa CKOopOoCTh BEIOOPKH, M/C
0,3 0,4 0,5
CpenHsisi KBaApaTUIHAS TTOTPEITHOCTH 0,31 0,17 0,28
JIeHCTBUTENBHYIO TOTPELIHOCTh 0,81 0,45 0,73
Jlonst nefCTBUTENBHOM MOrpemHocTd ot | 2,62 1,45 2,28
obmiero ycwmms, %

Tabnuua 3.33 — Pe3ynbTarhl pacy€ToB MOTPEIIHOCTEHN SKCIIEPUMEHTATIBHBIX JJAHHBIX

[Ipsimoii, 45 rpan, miIomangs CONMPUKOCHOBEHMSI MEIIKAa CO CIUIOBOM
TIOBEPXHOCTBIO 182 cm?
HaumeHoBaHMe MOTpemHoCTH CKopocTh BEIOOPKH, M/C
0,3 0,4 0,5
Cpennsig KBagpaTHUuHas MOTPEIIHOCTh 0,38 0,12 0,40
JIeHCTBUTEIHHYIO MTOTPEITHOCTh 0,99 0,32 1,03
Hons pelicTBUTENbHONW moOrpemHocTd oT | 2,85 0,90 2,78
obmiero ycwmms, %
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Ta6muma 3.34 — Pe3ynbTaThl pacu€TOB MOTPEUTHOCTEH YKCIIEPUMEHTATBHBIX JaHHBIX

Cdepuueckuit, 30 rpaj, miomaab CONPUKOCHOBEHUS MEIIKA CO CIUIIOBON
TIOBEPXHOCTBIO 246 cM?
HanMeHoBaH#e MOTpenHOCTH CKopocTh BEIOOPKH, M/C
0,3 0,4 0,5
CpenHss KBapaTH4HAsI IOTPEITHOCTh 0,19 0,18 0,26
JIeHCTBUTENbHYIO MTOTPEITHOCTh 0,49 0,47 0,68
Hons neiictBuTensHOM mnorpemnocta ot | 1,77 1,55 2,18
obmrero ycunus, %

Tabmuua 3.35 — Pe3ynbTarsl pac4€ToB MOTPEIIHOCTEHN SKCIIEPUMEHTATBHBIX JAHHBIX

Cdepuueckmuii, 45 rpaj, miIomaas COMPUKOCHOBEHHS MEIIKa CO CIUTIOBON
IOBEPXHOCTBIO 246 cM?

HaumenoBanue norpemHoctu CKopocTh BEIOOPKH, M/C

0,3 0,4 0,5
Cpennsis KBaapaTHIHAs MMOTPEITHOCTh 0,24 0,34 0,27
JleficTBUTENHLHYIO MOTPENTHOCT, H 0,62 0,87 0,69
Hons paecTBUTEIbHON morpemHocTd ot | 1,70 2,21 1,63
obmiero ycwmms, %

Tabnuma 3.36 — Pe3ynbrarhl pacu€ToB MOTPELUIHOCTEN IKCIIEPUMEHTATBHBIX TAHHBIX

[Tpsimoii, 30 rpaja, IMIomAAb CONPHKOCHOBEHHS MEIIKa CO CIIHMIIOBOM
TIOBEPXHOCTBIO 246 cM?
HaumeHoBaHME MOTPEIIHOCTH CKOpOCTh BBIOOPKH, M/C
0,3 0,4 0,5
CpenHsist KBapaTH4HAasI IOTPEIIHOCTh 0,23 0,24 0,52
JIefCTBUTENHHYIO MIOTPENTHOCTH 0,60 0,62 1,36
Honst  neiictBuTensHOM morpemHoctd ot | 2,10 2,17 4,91
obmiero ycwmms, %

Tabnuma 3.37 — Pe3ynbpTaThl pacu€ToB MOTPEITHOCTEH KCIIEPUMEHTAILHBIX JTAHHBIX

[Tpsamoii, 45 rpan, miIomaaAb CONPUKOCHOBEHMS MEIIKa CO CIUIOBOM
TIOBEPXHOCTBIO 246 cM?

HaunmMeHoBaHMe MOrpemHOCTH CKkopocTb BEIOOPKH, M/C

0,3 0,4 0,5
CpenHsist KBapaTU4Hasl MOTPEMIHOCTb 0,25 0,16 0,34
JIeHCTBUTENBHYIO MOTPENTHOCTH 0,65 0,41 0,88
Jonst  peiicTBUTENbHOW TOrpemHOCTH  OT | 1,72 1,08 2,27
obmrero ycunus, %

Pesynpratel pacu€roB, mpexacraBieHHble B Tabmumnax 3.30-3.37, MOKa3bIBAIOT, YTO IMOJHAS
MOTPENTHOCTh TIPH WCTBITAHUAX HE TpeBbimaer 7 %, 9TO TOBOPHT O JOCTOBEPHOCTH MOIYyYSHHBIX
JTAHHBIX ¥ 00 aJIeKBaTHOCTH MOJTYUYEHHBIX SKCIIEPUMEHTATIbHBIX JaHHBIX.

B nmpomecce mpoBeaeHHsT OKCHEPUMEHTAJbHBIX pPAabOT B COOTBETCTBUM C  IUIAHOM

ITAaHUPOBAHUSA SKCIICPUMCHTA ObLIH MOJIYUCHBI YUCJIICHHBIC 3HAUCHUA YCUIIMA B BBITAXXKHOM KOHIIC
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IIPOMBICIIOBOH JIEOEKH, a TAKXKE JAMHAMOIPaMMbl CUJIOBOTO M3MEHEHMs MpU JIBUKEHUU TPATIOBOIO

MEIIIKa C YJIOBOM 110 ciuity (Tabsuima 3.38).

Tabnuma 3.38 — UucnenHble 3HAaYCHUSI SKCIIEPUMEHTAITBHBIX JaHHBIX

CxopocThb IImomane
VYron
dopma BBIOOPKH COIPUKOCHOBEHHSI BritskHOE
Ne HAaKJIOHA .
HOBEPXHOCTH o | TtpamoBoro MEIIIKa CO CIIUTIIOBOM yeunue Tep,
/11 CJIMIIa, o 2
ciuna (X4) (%) MelKa, V MOBEPXHOCTBIO, CM B H
2 M/C (X3) (X4)

1 Ipsimoit (+) 30° (-) 0,3 m/c (-) 246 (-) 30,007
2 Ipsimoit (+) 45° (+) 0,3 m/c (-) 246 (-) 39,666
3 Cdepuueckuii (<) | 45° (+) 0,3 m/c (-) 246 (-) 37,513
4 Cdepuueckwuii (<) | 30° (-) 0,3 m/c (-) 246 (-) 29,368
5 [Mpsimoii (+) 30°(-) 0,5 m/c (+) 246 (-) 33,342
6 | Ipawoii (1) 45° (+) 0,5Mlc (¥) | 246 () 40,89

7 Coepuueckwuii (-) | 45° (+) 0,5 m/c (+) 246 (-) 39,604
8 Coepuueckwuii (-) | 30° (-) 0,5 m/c (+) 246 (-) 32,747
9 Ipsivmoit (+) 30° (-) 0,3 m/c (-) 182 (+) 32,568
10 | Ipsmoii (+) 45° (+) 0,3 m/c (-) 182 (+) 36,534
11 | Chepuuecknii (-) | 45° (+) 0,3 m/c (-) 182 (+) 40,355
12 | Chepuueckwuii (-) | 30° (-) 0,3 m/c (-) 182 (+) 37,54
13 | Ipsmoii (+) 30° (-) 0,5 m/c (+) 182 (+) 33,247
14 | Tpsmoii (+) 45° (+) 0,5 m/c (+) 182 (+) 38,877
15 | Cohepuueckwuii (-) | 45° (+) 0,5 m/c (+) 182 (+) 43,616
16 | Chepuuecknii (-) | 30° (-) 0,5 m/c (+) 182 (+) 32,077

[Tpumeuanue. B nannoit Tabmure (-) u (+) — 570 MUHUMAIbHOE U MaKCHUMalbHOE 3HAYCHUS
BIIUAIOMINX (DAKTOPOB B MAINa30HE UX U3MEHEHHUS (B KOJAMPOBAHHOM BH/IE):
X1 — (hopMa CIUTIOBOM MOBEPXHOCTH;
X2 (@) — yroJ HaKJIOHa cIuIa, °;
x3 (V) — CKOpPOCTh BBIOOPKH MOJIENeif Ha MAKETHOM YCTaHOBKE, M/C;
X4 (S) — TIONIAb COMPUKOCHOBEHMS MENTKA CO CIUMOBOH MTOBEPXHOCTHIO, CM2,
T — BeITSDKHOE yeunue, H.

[To pe3ynbraTaM HCHBITAaHUM, MOCIE MaTeMaTH4YecKol o0OpabOTKM MAHHBIX U PacdyE€ToB
KOO QHUIMEHTOB perpeccuu, OblIa IOJIydeHa 3aBHCHMOCTh YCHJIUS B BBITSDKHOM KOHIIE TpH
Pa3IMYHBIX MOJEISAX TPAJOBBIX MEMIKOB C YJIOBOM IO CIIMIIaM Pa3TUYHON (JOPMBI, X YTJIOB HaKJIOHA
U CKOpOCTH BbIOOpKH (3.5):

T =36,122 — 0,481x; + 3,51x, + 0,678x3 + 0,73x, — 0,159x;x, + 0,27x,x3 — (3.5)
1,065x,x4 + 0,437x,x3 — 0,516%,x, — 0,576x3x, — 0,493%x,X,x3 — 0,435%x,1X,X,4 +
0,383x1x3x4 + 0,862x,x3%X4 — 0,39%,X,X3Xy,

rac Xi, X2, X3 U X4 — KOJAUPOBAHHBIC 3HAYCHUIA CbOpMBI IMOBEPXHOCTHU CJiMIIa, yIJla HAKJIOHA CJIMIIA,
CKOpPOCTH BBIGOpKI/I n mjiomaar MEIKa COOTBETCTBEHHO.
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ﬂJ’IH MOATBCPKACHUA AACKBATHOCTH HOHy‘ICHHOﬁ 3aBUCUMOCTH IIPOBCACHA CpPABHUTCIIbHAA
OIICHKAa paC‘IéTHHX H SKCIICPUMCHTAJIbHBIX JAHHBIX, KOTOpasd IOKasajia, YTO OTKJIOHCHUC B CPCIHCM

He npebiraet 10 % (tabnuna 3.39).

Tabmuua 3.39 — Tabnuma OTKIOHEHUH pacuETHBIX U AKCIIEPUMEHTAIBHBIX TAHHBIX

[Inowane
CxopocTh
VYron COTIPUKOCHOB- i ITorpem-
®dopma BEIOOPKH BriTskHoe | Pacué€tHoe
No HAaKJIOHA €HUS MelIKa HOCTh
MTOBEPXHOCTH TPaJIOBOTO . yCuIue 3HAYCHUE w
/i cnumna, CO CIIUIIOBOM pacuéros,
ciuna (X;) o MeIKa, V Tep, BH YCUIIUS
a® (X3) MOBEPXHOCTH %
M/c (X3) 2
10, CM* (X4)
1 [psimoit (+) 30° () 0,3wm/c(-) | 246 (-) 30,007 30.724 2,334
2 [psimoii (1) 45° (+) 0,3wm/c(-) | 246 (-) 39,666 37,743 -5,094
3 Coepuuecknii (-) | 45° (+) 0,3wm/c(-) | 246 (-) 37,513 38,704 3,078
4 Coepuuecknii (-) | 30° () 0,3m/c(-) | 246 (-) 29,368 31,685 7,311
5 [psmoti (1) 30° () 0,5 m/c (+) | 246 (-) 33,342 32,08 -3,934
6 [psimoit (+) 45° (+) 0,5M/c (+) | 246 (-) 40,89 39,1 -4,58
7 Cohepuuecknii (-) | 45° (+) 0,5 m/c (+) | 246 (-) 39,604 40,061 1,141
8 Coepuuecknii (-) | 30° () 0,5 m/c (+) | 246 (-) 32,747 33,041 0,889
9 [psmoit (+) 30° () 0,3 m/c (-) 182 (+) 32,568 32,183 -1,196
10 [psimoit (+) 45° (+) 0,3 m/c (-) 182 (+) 36,534 39,203 6,808
11 Coepuuecknii (-) | 45° (1) 0,3 m/c (-) 182 (+) 40,355 40,164 -0,475
12 Coepuuecknii (-) | 30° () 0,3 m/c (-) 182 (+) 37,54 33,144 -13,263
13 [psmoit (+) 30° () 0,5wm/c(+) | 182 (+) 33,247 33,54 0,871
14 [Ipsimoit (+) 45° (+) 0,5wm/c(+) | 182 (+) 38,877 40,559 4,148
15 Coepuuecknii (-) | 45° (1) 0,5m/c (+) | 182 (+) 43,616 41,52 -5,047
16 Coepuuecknii (-) | 30° () 0,5 M/c (+) | 182 (+) 32,077 34,501 7,025

[Tpumeuanue. CpaBHUTETbHAS OLIEHKA SKCIIEPUMEHTAIBHBIX U PACYETHBIX TAHHBIX TOBOPUT 00
aJICKBaTHOCTH TOJIYYCHHOW 3aBHCHMOCTH, TIOCKOJIbBKY CpeHEee OTKJIOHEHHE COCTaBJsieT He Oosee
42%. Ilo pesyabTaTaM NOPOBENEHHBIX pACUETOB TakKe IMOJYYHIM, YTO UIS 3aBHCUMOCTHU

9
XapaKTEePU3YIONIEH YCUIINE BO3HUKAIOIIEE B BBITSHKHOM KOHIE MPU MPUMEHEHUHU Pa3IMYHBIX (HOpM
MOBEPXHOCTU CJIMIMA, a TaKKe MPU U3MEHEHWHU €ro yria HakjJIOHa, CKOPOCTH BBHIOOPKWU IIJIOLIAAU
CONPHMKOCHOBEHMS, HHeKC fAeTepMuHamuu R? = 0,89.

Pe3ynbTarhl SKCIIEPUMEHTOB MMOKa3ajiH, YTO BIUSHUE BEIWYUHBI TUIOMIAJN COMTPUKOCHOBEHUS
MEIIKa CO CJIHUIOM KpaiiHe HEOJHOPOAHO U MPHU Pa3IUYHBIX COYETaHUAX (HAKTOPOB, OKa3bIBAET
pa3IMyHOE BIMSHUE.

Ha mnpsmoii moBepxHOCTH cnumna HaOmomaeTcs ycunue Ha 2 % Oomblnee, HEXENH TI0
CpaBHEHHUIO cO chepuyeckor (HOpPMON MOBEPXHOCTH, JJII MEIIKOB C IUJIOMIABI0 COMPUKOCHOBEHUS
246 cM?, B TO BpeMs Kak JJisi MEIIKOB C IJIOIIAIbI0 CONPUKOCHOBEHUs 182 cMm? YCUJIME B BBITS)KHOM
KOHIIe MeHbIIe Ha 8 %, ueM y ciuna co cepudeckoit popmoii MOBEPXHOCTH.

Ha yrmax Hakiona ciuma B 45° B cpaBHEHHH C yriamu HakioHa B 30° Ha MPSIMOTMHEWHBIX
CJIMTIOBBIX TIOBEPXHOCTSAX TPH TUIOMIAJN CONPUKOCHOBEHHUS MEIIKa CO CIWIOBOM MOBEPXHOCTHIO,
paBHOIt 246 cM?, TIpH 3arpy3Ke MelIKka B 2 KT IIpH CKOpocTH BeIGopku 0,3 M/c HabmomaeTcs 6ombiee

yeunue, kotopoe paBao 30,0 H mpu 30° u 39,7 H ipu 45°, uro cocrausiet 32,2 %, B TO BpeMs Kak Ha

cepuvecKrnx CIUMOBBIX MOBEPXHOCTSAX IPH TPOUYUX paBHBIX ycloBHsx ycwime npu 30° paBHO
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29,4 H, a ipu 45° — 37,5 H, nabmonaercs yBenuuenue Ha 27,7 %. [Ipu aHaIOrMYHOM COYETaHUU
(hakTOPOB IS IPSIMOTO CIIHIA, TIPH IJIOMAAN COMPUKOCHOBEHHS MEIIKA CO CITUTIOBON MOBEPXHOCTHIO,
paBHoit 182 cm?, mpu 30° ycumme BBIOGOpkH paBHO 32,6 H mpu 45° — 36,5 H, Habmomaercs
yBenuuenue Ha 12,1 %, a qist chepuueckoro tumna noepxHoctu npu 30° ycuiaue BHIOOPKH paBHO
37,5 H, npu 45° — 40,4 H, nabmonaercs ysenuuenue Ha 7,5 %.

Ha yrnax naxsiona ciumna B 45° B cpaBHEHUM C yriamu HakioHa B 30° Ha MpSIMOTUHEWHBIX
CJIMTIOBBIX TMOBEPXHOCTSAX NPH IUIOMIAJAM COINPUKOCHOBEHHUS MEIIKAa CO CJIMIIOBOW IMOBEPXHOCTHIO,
paBHoOI1 246 cM?, TIpu 3arpy3Ke MeIIKa B 2 KI' IPH CKOPOCTH BeIGOpkH 0,5 M/c HabmomaeTcs Gombliee
ycunue, kotopoe paBHo 33,3 H npu 30° u 40,9 H npu 45°, uto cocrapnsiet 22,6 %, B To BpeMs Kak Ha
chepruecKrX CIUIMOBBIX MOBEPXHOCTSIX MPHU MPOYUX PaBHBIX ycnoBusx ycwiue npu 30° paBao 32,7
H, a npu 45° — 39,6 H, nabmonaercst yBenuuenue Ha 27,7 %. llpu aHaJIOTMYHOM COYCTAHHH
(hakTOpOB I MPSIMOTO CIHMA, MPH MJIOMAAN COMPUKOCHOBEHHS MEIIKA CO CIUIOBON MOBEPXHOCTHIO,
paBro#i 182 cm?, mpm 30° ycunme BeiGopku paBHO 33,2 H mpm 45° — 38,9 H, na6mopmaercs
yBenmueHue Ha 16,9 %, a st chepudeckoro tuma nmoBepxHocTH npu 30° ycuiaue BEIOOPKH PaBHO
32,1 H npu 40° — 43,6 H, mabmrogaercs ysenmuenue ua 36,0 %.

Ha yrnax naksona cnumna B 45° B cpaBHEHUU C yriiaMu HakioHa B 30° Ha ciumax ¢ mpsMoi
(dhopMoil MOBEPXHOCTH HAOIOIAETCSl YBEIMYCHHUE YCUITUS B BBITSDKHOM KOHIIE B cpenHeM Ha 21,0 %.

Ha yrmax nakmona ciuma B 45° B cpaBHeHuMH c yrinamu Hakiona B 30° Ha ciammax co
chepudeckoit GopMoil MOBEPXHOCTH HAONIOJACTCS YBEIWYEHUE YCHJIUS B BBITSDKHOM KOHIIE Ha
23,0 %.

YMeHbIlIeHHE TJI0IIa 1 COTPUKOCHOBEHUS MEIIIKA CO CIUIIOBOM MOBEPXHOCTHIO ¢ 246 0 182
cM? IpH 3arpy3Ke B 2 KT Ha TIPAMOIMHEHHBIX CIIMIIOBBIX MOBEPXHOCTAX C YriIaMu HakioHa B 30° mpn
ckopocTH BbIOOpKU 0,3 M/c mpuBoguT K yBenuueHuto ycuwius ¢ 30,0 mo 32,6 H, poct cocraBisier
8,5 %, B TO BpeMs Kak Ha c(pepUUYECKUX CIUIOBBIX MOBEPXHOCTIX MPU MPOUYUX PABHBIX YCIOBHUAX
ycunue Bospactaer ¢ 29,4 mo 37,5 H, koropoe cocraBusier 27,8 %. AHaJIOIMYHOE COUYETaHHE
(hakTOpOB ISl IPSIMOTO CJIMIA, C YIJIOM HAKJIOHA B 45 rpajycoB, MPUBOIUT K pocTy ycuius ¢ 39,6 mo
36,5 H, u cocraBmsier 7,9 %, a 11t ceprueckoro THUIA MOBEPXHOCTU K yBEIUYeHHUIO ycwius ¢ 37,5
o 40,4 H, poct cocrasusier 7,6 %.

YMeHblIlIeHHE TJI0IIa 1 COTPUKOCHOBEHUSI MEIIIKA CO CIUIOBOM MOBEPXHOCTHIO ¢ 246 o 182
CM? IIpH 3arpy3Ke B 2 KI' Ha TIPAMOJIMHEHHBIX CITMITOBBIX MOBEPXHOCTAX C yrIaMu HakinoHa B 30° mpn
ckopocTH BeIOOpkH 0,5 M/C IPUBOAUT K yMeHbIleHUIo ycrus ¢ 33,3 o 33,2 H, kotopoe cocraBisieT
0,3 %, Ha chepuvecknx CIUMOBBIX MOBEPXHOCTSIX MPU MPOUYUX PABHBIX YCIOBUSAX YCHIIUE TAKKe
cokpamaerca ¢ 32,7 mo 32,1 H, u cocraBnsier 2,0 %. AHamornyHoe coueTaHue (PaKTOPOB s

MPSIMOTO CJIMIIA, C YIJIOM HaKJIOHA B 45 rpaaycoB, IpUBOJUT K CHIDKeHUIO yeuius ¢ 40,9 mo 38,9 H,
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cHIDKeHue cocTtaBisieT 4,9 %, a g chepuyeckoro Tuma MoBEpXHOCTH K YBEIMUEHHUI0 ycumus ¢ 39,6
H 1o 43,6 H, poct cocrausier 10,1 %.

YMeHblIeHHE TUIOIA U COPUKOCHOBEHUS MEIIKA CO CIMIIOBON MOBEPXHOCTBIO ¢ 246 1o 182
CM? IIPUBENO K YMEHBIIECHHIO YCHIIHS Ha TIPSIMOM CIIHIe B cpeaHeM Ha 1,1 %.

YMeHbIIIeHHEe TUIOMAAN COMPUKOCHOBEHHUS MEIIKA CO CIIMIIOBOM MOBEPXHOCTHIO ¢ 246 o 182
cM? IPHBEIIO K YBEIMUEHUIO YCHIIUS Ha CIHUIE cO chepruueckoil GOpMoii MOBEPXHOCTH B CPETHEM HA
10,8 %.

YBenuuenue ckopoctu BeiOOpku MerikoB Ha 40 % (c 0,3 no 0,5 m/c) mpu 3arpy3ke B 2 KT Ha
MPSIMOJIMHEHHBIX CIUIOBBIX MOBEPXHOCTSIX C yriaMH HakiioHa B 45° mpu NpUMEHEHHWU MEIIKOB C
IUIONIAJBI0 CONPHKOCHOBEHHS OBEPXHOCTEH, paBHOM 246 cM?, MPUBOIUT K YBEITHUEHUIO YCHIIHS C
39,7 mo 40,9 H, poct coctaBusier 3,1 %, B To BpeMst Kak Ha C()EPUUECKUX CIMUIOBBIX MOBEPXHOCTIIX
IIpU MPOYUX paBHBIX ycuiaue Bo3pacraer ¢ 37,5 mo 39,6 H, poct cocrasnser 5,6 %. Anaiorudnoe
coueTanue (aKkTOpOB ISl MPSIMOTO cluIma, ¢ yriaoMm HakioHa B 30°, mpuBoaut Kk pocty ycumnus ¢ 30,0
o 33,3 H, poct cocraBnsiet 11,1 %, a st cpeprudeckoro Tuma MOBEPXHOCTH K YBEITUUYCHUIO YCHIIUS C
29,4 o 32,7 H, yBenmuenue cocrasiusiet 11,5 %.

YBenuueHnue ckopoctu BeiOOpku MemkoB Ha 40 % (c 0,3 no 0,5 m/c) mpu 3arpy3ke B 2 Kr Ha
MPSIMOJIMHEHHBIX CIUIOBBIX MOBEPXHOCTSIX C yrilaMH HaklioHa B 45° mpu NMpUMEHEHUU MEIIKOB C
IUIONIAABI0 CONPHKOCHOBEHHS MOBEPXHOCTEH, paBHOM 182 cM?, MPUBOIUT K YBEITHUEHHIO YCHIIHS C
36,5 mo 38,9 H, poct cocrasisier 6,4 %, B TO BpeMsl Kak Ha CPEPUIECKUX CIUTOBBIX MTOBEPXHOCTIX
IIpY IIPOYMX paBHBIX ycmine Bo3dpactaeT ¢ 40,4 nmo 43,6 H, poct cocrasnser 8,1 %. Ananorununoe
coueTanue (GaKTOPOB sl MPSIMOTO CIUIA, ¢ yriaoM HakioHa B 30°, mpUBOAMT K pocTy ycunus ¢ 32,6
o 33,2 H, poct cocrasnser 2,1 %, a nis chepruyeckoro Tumna moBEPXHOCTH K YMEHBIIICHUIO YCHIIHS C
37,5 mo 32,1 H, camxkenune coctasisieT 14,5 %.

Ha crnumnax c mpsimoit ¢opmoii MOBEPXHOCTH YBEIWYEHHE CKOPOCTH BHIOOPKH B JHANa3oHE
uccinenoanus (B 1,7 pa3a) NpUBOAUT K YBEIHUEHHUIO YCUIIHMS BBIOOPKU TPAJOBBIX MEIIKOB C yJIOBOM
Ha 5,7 %, a co chepuueckoit PopMoit MOBEPXHOCTH ITOT POCT cocTasisieT 2,7 %.

[IpumeHneHne TpajgoOBBIX MENIKOB C OOJIBIICH TUIOMIAABI0 COMPHUKOCHOBEHUS HAa MalIbIX
CKOpPOCTSIX BBIOOPKM MPHUBOJUT K (POPMHUPOBAHUIO MEHBIIETO YCUIUS BBIOOPKH Ha CIUMAX CO

cepuueckoit popMoii MOBEpXHOCTH MO CPABHEHHIO CO CIUMAMU MPSIMON (POPMBI TOBEPXHOCTH.

3.4 3axnrouenue

Ananmus PE3YIbTATOB HUCIIBITAHUN 1 HpOBe)IéHHaSI OILICHKA 3HAYMMOCTHU BJIMAHUA UCCICOYCMBIX

q)aKTOpOB IMoKasaji, 4To IO 3HAYUMMOCTH BJIMAHUA HA YCUIIME B BBITAKHOM KOHIIC, BO BPEMA BI)I60pKI/I
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MEIIKOB C YJIOBOM IIpU pa3IMYHOM HUX COYETAaHUM, HccienyeMble (DaKTopbl pacnpenensorcs
CIIeTyIOIUM 00pa3oMm:
1. 3arpyska TpajaoBoro Memika.
VYo HaKJIOHa ciMIa.
CkopocTb BBEIOOPKH.
YT0J1 BBIX0/1a BHITSDKHOTO KOHIIA.

[Tnomane cONpUKOCHOBEHUS TPAJIOBOI'O MEIIIKA U CIUIIOBON TTOBEPXHOCTH.

© g k~ w DN

®dopma CIMIOBOM MTOBEPXHOCTH.
[TonBoass WUTOT BBHIMOJIHEHHBIX HUCCIEJOBAHMM MO MEPBOMY 3Tamy padOT MOKHO CIeNaTh
CJIEYIOIIUE BBIBOJIBL:

1) Ha cnumnax ¢ mpsMoii GopMol TOBEPXHOCTH:

- yBeNnnueHue Beca memka B 1,6 pasa (B quanazone ¢ 1,25 1o 2,0 Kr) mpuUBOIUT K YBEIUYCHHUIO
yCUITUS B BBITSDKHOM KOHIIE BO BpeMsi BHIOOPKH MEIIKOB C YIIOBOM B cpeiHeM B 1,6 pasa;

-yBeJIMUEHHUE yria HakjoHa ciuna B 1,5 pasza (B nuanazone ¢ 30 g0 45°) yBeIU4HUT yCUiIUe B
cpenHem Ha 23,7 %;

-U3MEHEHHE BBIXOJa BBITSHKHOTO KOHIIA B 4 pasa (B auama3oHe ¢ 5 g0 20°) crmocoOcTByeT
CHIDKEHHUIO yCHIUsA B cpenHeM Ha 14,3 %;

2) Ha cnumnax co chepuyeckoi popmMax MOBEPXHOCTH:

- yBeIMUEHHUE Beca Melka B 1,6 pasa (B quanazone ¢ 1,25 10 2,0 Kr) NIpUBOIUT K YBEIUUYEHUIO
YCWJIMS B BBITSKHOM KOHIIE BO BpeMsl BHIOOPKH MEIIKOB C YJIOBOM B cpefiHeM B 1,3 pa3sa;

- YBeJIMUYEHHE Yyriia HakjioHa ciumna B 1,5 pasa (B auanazone ¢ 30 10 45°) yBeIMUYHUT yCUIIKE B
cpennem Ha 12,3 %);

-U3MEHEHHE BBIXOJa BBITSKHOTO KOHIIA B 4 pa3a (B nuama3zoHe ¢ 5 g0 20°) crmocoOcTByeT
CHIDKEHHUIO YCHUIIUSA B cpesiHeM Ha 6,5 %.

[TogBons MTOr BBIMOJHEHHBIX MCCIIEOBAHUI MO BTOPOMY 3Taly pabOT MOXKHO CIenaThb
CJIETYIOIIME BBIBOJIBI:

- HauOoJbllee BIUSHUE Ha yCHJIME BBIOOPKH OKas3bIBaeT (hopMa IMOBEPXHOCTHU CIMIIOBOTO
HACTUJIa, @ HE3HAYUTEIbHOE BIUSHUE U3 PACCMOTPEHHBIX (DAKTOPOB OKa3bIBAET CKOPOCTH BHIOOPKH;

- Ha MpsAMOW MOBEPXHOCTH CIUMAa IMpH yriax HakioHa B 30° ycunue Ha 15,7 % Bbime mo
CpaBHEHHIO cO chepudeckor (HOpMOIl MOBEPXHOCTH, B TO K€ BpeMs MPU HaKJIOHE ciuma B 45° 3T1OT
pocrt cocraBisieT 10,3 %;

- IPH YBEJIIMYEHUU CKOpOCTU BbIOOpKH B 2 paza (¢ 0,031 mo 0,064 m/c), Ha IPSIMOM CIIHIIE MPH
yrie HakioHa ciuma 30° pocT ycuiausi B BBITSDKHOM KoHIle coctaBur 11,6 %, Ha ciume co
chepuueckoit popmoii moepxHoctn — 15,6 %. Ilpum yriie HakioHa cimma, paBHOM 45°, poct

coctaBisieT 6,2 1 17,4 % cOOTBETCTBEHHO.
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- ¢ yBelnW4YeHHEM yriia HakioHa ciuna ¢ 30 mo 45°, mpu ckopoctu BeiOOpku 0,031 m/c Ha
NpSIMOJIMHEHHON CNUMOBOM moBepXHOCTH ycuiaue Bo3pactaer Ha 20,9 %, a Ha chepuueckoit
noBepxHocTH — 22,9 %. B cBOIO 0ouepeny mpu ckopoctu BbIOOpku 0,064 M/C 3TOT pOCT COCTABIISIET
15,1 u 24,9 % cOOTBETCTBEHHO.

- MaKCHUMaJIbHbI€ YCWJIMSI BO3HHKAIOT B MECTE MEPEeXoJia MEIIKOM IOpOra Ciaumna M CIUMOBON
KaHaBKH, JaHHOE OOCTOSTENLCTBO CIPABEAIMBO AJISl BCEX (OPM CIIHIIOB,

- yJUIMHEHHWE CJIMIA TO3BOJIAET CHU3HUTH YCHJIME BBIOOPKH B paiiOHE CIMIIOBOW KaHABKU Ha
25 % B CpaBHEHUU C NPAMBIM ciunoM U Ha 12 % co chepuueckum;

- YAJIMHEHUE CIIMIA MO3BOJIAET CHU3UTH IMUKOBOE YCHJIME BBIOOPKH TPAJOBBIX MEIIKOB C
yJIOBOM B paiioHe mopora ciuma Ha 25 % B CpaBHEHMHM C NPSAMBIM ciaumoMm, U Ha 12 % co
cepuieckum,;

- Ui c(epruuecKoro M yAJWHEHHOTO CIHMIIOB HAOIIOJAeTCsl 3HAYUTEIbHBIA POCT YCHIIUS OT
CKOpocTH Iipu yriie HakiioHa B 30°, koropsiii cocraBisger 16 u 19 % coorBerctBeHHO. B cBOMO
oyepenb I MPSMOTO CIIUIIA OTMEYAEeTCs CHIDKEHUE yCuiust B cpeaHeM Ha 12 %.

[TogBOMsT MTOT BBHIMONHEHHBIX HCCIEAOBAHUHI IO TPEThEMY JTaly pabOT, MOXKHO CIeNaTh
CJIETYIOIINE BBIBOJIBI:

- JUIS MENIKOB C IUIOMAAbI0 CONPHKOCHOBEHHA 246 cM? Ha NpAMOIl MOBEPXHOCTH CIIHMIA
ycuiie BeIOOpKH Ha 2 % Ooiblliee 4eM Ha CEpHUYSCKON MOBEPXHOCTH CIHUIMA, B TO KE BpPeMs IS
MEIIIKOB C TUIONIABI0 CONPHKOCHOBEHHs 182 cM? 1aHHOE ycHIIie MeHbIe Ha 8 %0;

- yBeIM4YeHue miomanan TpeHus Ha 35 % (c 246 ngo 182 CM2) B JUAama3oHe HCCICIOBAaHUM C
yriaMmu HakJioHa B 30° npu ckopoctu BeIOOpKH 0,3 M/C MPUBOAMT K CHMXKEHUIO ycuius Ha 7,9 % Ha
MPSIMOJIMHEMHBIX CIUIOBBIX MOBEPXHOCTIX U HA 21,8 % Ha chepruuecKux CIUMOBBIX MOBEPXHOCTSX.
AHanornuHoe couyetanue (HakTOpoB, HO C YIiioM HakJioHa B 45°, mpuBOAUT K pocty Ha 8,6 % Ha
IPSIMOM CJIMIIE ¥ CHUKeHuto Ha 7,0 % Ha chepuieckom;

- YBeJIMUEHHUE IUIOIIAIU TpeHus Ha 35 % B quamna3oHe MCClieJOBaHUM ¢ yriiaMu HakjgoHa B 30°
npu ckopoctu BbIOOpKU 0,5 M/c mpuBOAMT K yBenuueHuto ycuinsd Ha 0,3 % Ha npsSMOIMHEMHBIX
CIIUIIOBBIX TOBEPXHOCTAX W Ha 2,1 % Ha cepuyecKux CIUMOBBIX MOBEPXHOCTAX. AHAJOTUYHOE
coyeTraHue (akToOpoB, HO C YIJIOM HakjoHa B 45°, MpUBOAUT K yBenudeHuto Ha 4,9 % Ha mnpsmMom

CJIMIIC U K CHUKCHUIO YCUJIUSA Ha 9,2 % Ha ciume co C(I)epI/IquKI/IM THUIIOM MTOBCPXHOCTH.
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['maBa 4 Mopckass mpoBepKa SKCIEPUMEHTAIBHBIX 3aBUCUMOCTEH TITOBOTO
yCUJIUs TOAbEMa TPAJIOBBIX MENIKOB CIHMIOBBIM METOJIOM OT PEAbHBIX (PAKTOPOB

OKCILTyaTallu CUCTCMbI CYAHO-IIPOMBICJIOBAA MAallIMHA-TPAJI

Kak yxe ynmomMuHamoch paHee, 4YTO BBIOOPKE TpPaJOBBIX MELIKOB C YJIOBOM IO CIIHIAM
TpayJiepoB KOPMOBOI'O TPaJCHUs, BO3HUKAIOT MUKOBbIE HArPy3KH, MPUBOIAIINE K MOPHIBAM OpPYIUit
JIOBA, BBIXO/Y U3 CTPOS IPOMBICIIOBBIX MEXaHHU3MOB, CHIDKCHHUIO KayecTBa JOOBIBAEMBIX OOBEKTOB, a
TaKKe IOBBIIIAIONINE PUCKH ONACHOCTH YICHOB IPOMBICIOBOM KoMaHibl. C IENbI0 HM3Yy4eHHS
¢u3nvecKoro mporecca ABMKEHUS TPAJIOBOTO MEHIKA C yJIOBOM IO CIHITY CyJHa ObUIM MPOBEACHBI
MaKeTHBIE UCTIBITAHUA Ha MakeTe TmpombiciioBoi maxyosr PTMK-C, BeimonHeHHoi B Maciitade 1:25.
B pesynbrare sKCIIiepUMEHTAIBHBIX UCCIEIOBAHUM OBLIM MOJy4eHBl 3aBUCHMOCTH YCHIIUS BHIOOPKU
MOJIeJIe TPaJOBBIX MEIIKOB C YJIOBOM DAa3JIMYHON CTENEHH HANOJHEHUs, ¢ y4EToM (HaKTOpOB
XapaKTepU3YIOIIUX CUCTEMY CYIHO-TIPOMBICIOBAs MalllMHA-OpyJIue JIoBa. B KadecTBe BIMSAIONINX
¢baxTopoB OBLIM OTOOPAHBI CIENYIOLIME: Yrol HAKIOHA U (OpMa CIUIIOBOTO HACTHIIA, YTOJ BBIXOJA
BBITSDKHOTO KOHIIA X CKOPOCTH BBIOOPKH.

C penpio anpoOanuy MOJYYEHHBIX pPE3yJbTaTOB MPUMEHMUTENBHO K HATYpPHBIM (MOPCKHUM)
YCIOBHSIM W JIaTbHEUIIEr0 NPAaKTUYECKOTO NMPUMEHEHUS NaHHBIX 3aBHCUMOCTEH IS HATYPHBIX
TPAJIOBBIX CHCTEM ObLIA MPOBE/ICHA TPOBEPKA UX B MOPCKUX yCIOBUsIX [69].

Jlnist mpoBeieHs] MOPCKUX MCIBITAHWNA TI0 OLIEHKE YCHIIMSI BBIOOPKH B BBITSDKHOM KOHIIE TIPH

MOHATHUN MEMIKOB IO CIUITY, OblIa MOATOTOBIEHA METOAMKA M MMPOTPaMMa MPOBEICHUS UCTIHITAHHI.
4.1 Memoouxa npoeederuss MOPCKUX UCNbIMAHULL

Mertonuka pazpaboTaHa JUisl BHIITOJHEHUS IKCIIEPUMEHTAIbHBIX pabOT U BKIIIOYAET B ce0s:
- BBIOOp Cy/iHAa C COOTBETCTBYIOIIUMHU XapaKTePUCTHUKAMU;
- OTpe/ieIeHNe BeIMYMH BIHUAIONMX (PaKTOPOB;
- OIIPEJIEICHNE XapaKTEPUCTHUK TPAJIOBOTO MEILIKA;
- 10A00p KOHTPOJIbHO-U3MEPUTEIHLHON anmnaparypsl;
- IOPSIIOK ITPOBEJCHUS UCTIBITAHUI;

- 00paboTKa pe3yabTaTOB MPOBEAEHHBIX UCTIBITAHUH.

Buvibop cyona. OcHOBHBIMU TpeOOBaHUSMU K BBIOOPY CYAHA ABIISIOTCS:

1) HaJIU4uc HpOMLIC.HOBOfI CXEMbI KOPMOBOTO TpaJICHUS pa60TaIOH_[CI71 110 CJIMITIOBOMY MCTOLY,
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2) HaJIW4He MPOMBICIIOBOrO KOMILICKCA, OOECIEUUBAIOIIEI0 MEXaHH3AIMI0 TPAJIOBOTO JIOBA IS
JAHHOW TPOMBICIIOBOM CXEeMBI (B COCTaB KOTOPOTO MOTYT BXOJWTH Pa3IUYHbIE HAOOPHI

MIPOMBICIIOBBIX MEXaHU3MOB, a UMCHHO: MHOTOOapabaHHas Jie0E1ka, TpaioBas JeO&aka u mp.);

Onpeodenenue eenuuun eruaowux gpakmopog. C yud€TOM MaKETHBIX UCIBITAHUN B KauecTBE
BIUSIIONINX (DAKTOPOB B IMIPOMBICIIOBBIX YCIOBHSIX OBLIH OTOOPAHBI CIICAYIOIIHNE:
1) yrous HaKJIOHA CIMIIA,
2) dopma ciuna;
3) yrou BIXOJa BBITSDKHOTO KOHIIA,
4) CcKOPOCTh BHIOOPKH (€CIIH BO3MOYKHO 3aMEPHTB).

Hepen IIPpOBCACHUECM pa60T H606XOI[I/IMO OIIPCACIINTD UX BCIIMYMUHBI.

Bvibop obwexm uccreoosanus. OOBEKTOM HCCIICAOBAaHUS, TaKkKe Kak M B TPOBENEHHBIX

MAaKCTHBIX UCIIBITAHUAX PAHCC, ABJIACTCA TpaHOBBIﬁ MCIIOK.

Iloo6op kKonmponvHo-uzMepumenvHol annapamypul. JlJis N3MEpeHus: yCHIIUS M Beca YJIoBa C
MEIIKOM  HEOOXOIMMO  HPUMEHUTh  CHUJIOU3MEPUTENIbHBIM  KOMIUIEKC, KOTOpPBbIM  JTOJDKEH
COOTBETCTBOBATH CIIEAYIOLUIMM TPEOOBAHUAM:

1) naTyuk 1OJHKEH OBITH B BOJOHEIPOHUIIAEMOM HCIIOTHCHHH;

2) «paboTaTh» MPUOOP JOKEH HA PACTSHKCHHE;

3) TOYHOCTH M3MEPEHUIT JOJKHA COCTABIIATh HE MeHee | KT mpu Bece Melika ¢ yinoBoM 10 200 xr;
4) TOYHOCTH U3MEPEHHI JO0JKHA COCTABIISITh HE MEHEe 5 KI MpH Bece Memika ¢ yaoBoM ot 200 kr

1o 1000 kr;

5) TOYHOCTH U3MEPEHMH JIOJDKHA COCTaBIIATh He MeHee 20 Kr mpH Bece Melka ¢ yioBom ot 1000
kr go 10000 kr;
6) TOYHOCTH M3MEpEHHUil JOJKHA COCTaBIsATh He MeHee 100 Kr mpH Bece MeEIIKa C yJIOBOM OT

10000 xr o 100000 kr.

Tlopsaooxk nposedenus ucnvimanuii. Be1dopka Tpaja OCyIIecTBISETCS TPOMBICIOBON MayOHOM
KOMaHJOM COTJIACHO MPOMBICIIOBOMY PAaCIHMCAHUIO JI0 MOAXO0/a MEIIKa C YJIOBOM K IMOpPOryY CIIHIIA.
Korna memiok ¢ yJa0BoM MOJOMAET K CIUIIOBOMY HAaCTHITY, KPEMUTCS U3MEPUTEIbHOE 000pya0BaHNE
TaK 4TOObI MPUOOP BKIIOUMIICS B JIMHUIO BBITSKHOM KOHEI[-MEIIOK.

Pe3ynomamui npogedénnuvix ucnvimanuu. 3aMepbl yCns GUKCUPYIOTCS CUIIOU3MEPHUTEIbHBIM
KOMIUIEKCOM B IIpOLeCCE BBIOOPKHM TpPajJOBOrO0 Memka M 3aHocsATcs B Tabnumy. [locne wero

B3BCHIMBACTCA MCIIOK C YIIOBOM. Pe3y.]'H)TaTBI B3BCIIMBAHUA TAKXKC 3aHOCATCSA B Ta6J'II/IIIy 4.1.
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Makcuma
Yron Yeunue npu
®dopma JIBHOE Bec
VYron BBIXOJA Cxopoctb BEIOOpKE
Ne | moBepxn yCUJIME HA MeEIIKa
HaKJIOHa BBITSKHO BBIﬁOpKI/I MCEIIKa
n/n ocTu o rnopore ycuime
clIiIa o ro KOHIIa Vs, M/C yeunue My,
ciuma B° cimuna M,,, H P., H
H
1
2
3

4.2 IIpoepamma npoeederuss uCnvimanuii

4.2.1 Beibop cyana.

Hcneiranna nposogwiuce B [IBA B MID3 Mapokko BO BpeMsi Hay4HO-UCCIIENOBATEIBCKOTO

peiica (CbEMKHU MOMOIHEHUS PBIO).

«Atnantuna» K-1704 (pucynok 4.1) (Atnantuk-833, tun IIpodeccop MapTu) ATIaHTHUECKOTO
dumnana ®T'BHY «BHUPOy, obaaaroiiee HeoOX0AuMbIME MapameTpamu (Tabiuia 4.2):

1. IIpomslicioBoit

Jns mpoBeneHHsT MCCIeAOBaHUM OBUIO BBIOpAHO HaydHO-UccieaoBarenbekoe cynHo CTM

cxemoit TpaJIOBOI'O  JIOBa

2. TlomwséMm Tpana OCyIIECTBISIETCS TI0 CIUIY CYIHA.

OCHAILIEHHOT'O

MCXaHHU3MOB, o6ecnqu/IBanmee MCXaHH3aIluIo onepaunﬁ.

Pucynok 4.1 — HUC CTM «Atmaatuga» K-1704

KOMIIJIEKCOM  ITPOMBICIIOBBIX
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Ta6muma 4.2 — OcuoBHble TexHnueckue xapakrepuctuku HUC CTM «Atnantuna» K-1704

[TokazaTenu 3Ha4YeHUS
Basoast BMecTuMOCTb (T) 2062
Uwucrast BMECTUMOCTB (T) 618
Jlensent (1) 617
Bogousmemenue (1) 2665
JlnmuHa raGapuTHas (M) 62,22
JlnvHa pacuetHas (M) 55,00
[Iupuna radbaputHas (M) 13,80
Hlupuna pacuetHas (M) 13,80
BricoTa 6opTa (M) 9,20
Ocanxka cyaHa (M) 5,50
CkopocTs (y3) 12,90
3amacel ToruMBa (T) 460
BopsHoli 6amtact (1) 118
Kareropus sskopHbIX 11eneit IToBbIlIIEHHON TPOYHOCTH
KaymOp skopHBIX 11enei (Mm) 36,00
Oxnaxkaaembie rPY30BBIC MOMEIICHHS (obmee | 1*25
KOJIMYECTBO*CcyMMapHas Kybarypa)
KomnuectBo nany6 2
KomuuecTBo nepebopok 7
Mapka riiaBHOTO JABUTATEIIS MAK 6M20
Tun TorvBa JnszensHoe Masyr
MONIHOCTD TIIaBHOTO JABUTATEIIS 2040 kW
Tun nBvKUTENS 1 - BuHT perynupyemMoro mara
CyMMapHasi MOIITHOCTh T€HEPaTOpPOB 2*568|1*640|1* 325
KonmuecTBo onacreit 4
Pabouas Temneparypa -25
XJagareHThbl R22

Panuo-naBuramnonHoe 060pyaoBaHue

MarauTtHbEIN KOMIIac

I'mpokommnac

Pannonokanmonnas cranmus (tToxe - PJI)

YKB paaunorenedoHHas cTaHIMs

39X0J0T

Jlar (Toxe - JIT'D)

Cuctema ympaBieHUS KypcOM WM TpaeKTopueil cyaHa
(ABTOpynesoii) (Toxe - APJI)

[IpueMonHIMKATOP paJuOHABUTAIIMOHHBIX CUCTEM

YKB pamguoycranoBka (YKB pagmorenedonHas craHuus
¢ IM(PPOBBIM U30HpaTETLHBIM BHI30BOM)

I[IB/KB pamuoyctanoBka (IIB/KB pamuorenedonnas
cTaHIMs ¢ HU(GPOBBIM N30MpaTenbHBIM BbI30BoM 1 Y BITY)

CynoBas 3emHas cranius cucteMbl T MCCh

CnyTHUKOBBIN aBapUIHBIN paanoOyi CUCTEMBI
KOCITAC-CAPCAT

ITpuemnuk ciy>x651 HABTEKC

[IpreMHHK paclIMpeHHOro rpynnoBOro BeI30Ba

Panuonokamumonnsiii orBetuuk, Ilepegatuuk AUC nnsa
[eJIeH IIONCKA U CIIacaHus
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OxoHuanue Tadmuns! 4.2

Ilokazarenu 3HayeHus

YKB anmaparypa IByCTOpOHHEH pannoteneOHHON CBSI3H

Armnmapatypa  aBTOMaTH4YeCKOW  WIACHTU(UKAITMOHHOU
CUCTEMBI

KomaH1HO-TpaHCIsIMOHHOE YCTPOMCTBO

Pagnonokanuonneiii orBetunk, Ilepenatruux AUC nis
eJied MOKNCKA U cIiacaHus

YKB anmnapatypa AByCTOpOHHEH paanoTenedOHHON CBI3H

VKB pagunoycranoBka (YKB panuorenedonnas cranmus
¢ IU(POBBIM U30MPATEITHLHBIM BEI30BOM )

YKB anmapatypa IByCTOpOHHEH pannoTeneOHHON CBSI3H

[Tonorpesarenu IITIIb

CnennepcoHan 12

Mopckue paitonsl [MCCBH Al+A2+A3

XapakTepucTUKa CHaOXKCHHS 555

Cumon kimacca PC KM(*) Ilcel[l] AUT2 fishing
vessel

HUC CTM «Atnaatuma» K-1704 wumeer crenuanbHOE TPOMBICIOBOE 00OpYyIOBaHUE,

yYKa3aHHOE Ha pUCYHKe 4.2.
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Pucynok 4.2 — IIpomeiciioBas cxema cynaa CTM «Atnanatuna» K-1704:
1 — mHOTOOapabanHas nebénka; 2,3 — BaepHbIe TeOEAKN; 4 — CIIUTIOBAs KaHABKA; S — CJIUII;
6 — mpomBbIcITOBas mMaxyda

4.2.2 Onpenenenue BeJIMYMH BIUSIONNX (AaKTOPOB

Jlns ompeneneHus YHCIEHHBIX 3HAYeHUH (DaKTOpPOB OBLIM BBINOJHEHBI 3aMEpbl HAKJIOHA

CIIUTIOBOTO HAacTWja U (POPMBI €ro MOBEPXHOCTU. 3aMepbl MPOBOAMINCH C MPUMEHEHHEM MEpPHOTO
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JIUHS ¢ TPY30M Ha KOHIIe. B THXyI0 MOroay JUiss MUHUMH3AIMKH BO3JACHCTBHS KA4KH IPYy3 OIYCKAJICT U
[0 METKaM Ha JIMHE MOHO ObUIO HAOIIOJaTh PACCTOSHHE OT MOBEPXHOCTH MAaTyObl JO TOYKH Ha
ciure (HadaJlbHOM TOYKOM OTcY€Ta sIBJsUIcA mopor ciauna). Yepes MeTp mporecc 3aMepa paccTOsSHUS

IMOBTOPSJICA, U TaK BILIOTH I0 IIOAXO0Aa K CIIMIIOBOM KaHaBKe. PCSYJ'IBTaT IpEaACTaBJICH B Ta6J'II/II_[C 4.3.

Tabnuma 4.3 — Pe3ynpTaThl 3aMepoB (pOpPMBI CIIUIIOBOTO HACTHIIA

Ne Paccrosinue ot TpaHia Paccrosinue ot maiyOsI 10
n/m CyIHa, M TOYKH Ha CJIUIE, M

1 0 3)

2 1 4,5

3 2 3,5

4 3 2,5

5 4 15

6 5 0

Bun cnuma, mosydeHHBIN IO pe3ysibTaTaM 3aMepoB, 0TOOpa3mwiu rpaduveck Ha pucyHke 4.3.

Iepexon cnena B
mamy iy

].'Iu::-r

CIHOA
e DO PME NOBEEHHOCTH CIMNCEOTO HACTHAR

Pucynok 4.3 — ®opma MOBEpXHOCTH CIUIIOBOI0 HACTHIIA

[To pe3ynbTaraM BBIOJHEHHBIX 3aMEPOB OBbLIO OMPEAETICHO: CIUI MMEET MPSAMOIUHEHHYIO
(bopMy OBEPXHOCTH, YToJl HAKJIOHA CIIMIIOBOIO HacTHIIa paBeH 40°.

®daxTop, XapaKTepU3YIOLUIUI Yroyl BbIXOAA BBITSHDKHOIO KOHIIA, ONMPEAENsICs FeOMEeTPHUYEcKH
13 JTMHEHHBIX pa3MepoB MIPOMBICIIOBOM MaTyObl U BHICOTHI yCTaHOBKU Osioka. OH cocTaBmi 12°.

@dakTop, XapaKTEepPU3YIOIIMHA CKOPOCTb BBIOOPKM TPAJOBOTO MEIIKA, ONpEAeNsuics U3

TCXHUYCCKUX MMapaMECTPOB KaOeIbHO-BBITSHKHOM J'IC6é,Z[KI/I H COCTaBJILICT HaA nepBoﬁ CKOpPOCTH 0,5 M/C.
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4.2.3 OnpeneneHue XapakKTEPUCTHK TPAJTIOBOTO MEITKa

B xone mposenenns HUP ucnonp3oBancs memok tpana 70/300 — M-45. Yeptéx Mmemika

MpeACTaBICH Ha pUCyHKe 4.4.

Pucynok 4.4 — Yepréx menxos tpana 70/300 M-45 u M-60

4.2.4 KoHTpOJIbHO-U3MEpUTENbHAS alapaTypsl

s mpoBesieHus 3aMepa CUJIOBBIX HArpy3oK NMPUMEHSUICS 3JIEKTpUYecKuil auHamometrp D/1-
PM 20 kH oteuyectBeHHOro mnpousBojacTBa (upmbl «OnHa-CeBep+», COCTOALIMM W3 JaTyuKa
CHJIOM3MEPHUTEIBFHOTO TeH30PE3UCTOPHOTo U TepMuHana (pucyHok 4.5). Jlnana3zon u3mepenus ot 0 10
2 Tc, ¢ Tounocteto m3mepenuit 1 H. JlaTunk cOCTOMT W3 ympyroro 3JIEMEHTA, COCAMHEHHOTO C
ACTATIIMA CUJIOBBCIACHUA, KOTOPBIC o0eceunBaoT YCIOBHUA MOHTa)Xa JUHaMOMETpa U MOIAYJIA 321'
PM 20, npeacrasisoniero coooi 610K MUTaHWUS, COBMEUIEHHBIH ¢ TPUEMHO-TIEPEIAIOIINM MOIYJIEM.
Ilepenaya curHana TEpMHHANY OCYIIECTBISETCS 10 paJMOKaHaly. B nuHaMOMETpe HCIOJIb3YyeTCs
BCTPOEHHOE B JJIEKTPOHHBIA OJOK NporpaMmMHOe oOecreueHne, KOTOpOoe IMpeAHa3HaueHOo st
npeoOpa3oBaHus U OOpaOOTKM CHUTHAJIOB C JAaTYUKOB, OTOOpa)KeHHsI pe3yJbTaTOB H3MEpEHUH,

XpaHCHUA U IEpCaavn UX Ha BHCIIHHC yCTpOﬁCTBa.
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Bnox
cornacosamus

cnK

Pucynok 4.5 — lunamomeTp, TepMUHAI U OJIOK COIJIacOBaHUs (C JieBa Ha IIPaBo)

OcCHOBHbBIE XapaKTEPUCTUKU NPUOOPETEHHOIO JMHAMOMETpa IPEACTaBICHbl B TaOJIHULIE.

(tabmauue 4.4).

Tabnuna 4.4 — Mojenb 1 OCHOBHBIE XapaKTEPUCTUKHU IMHAMOMETpa

HauOonpmmii npeaen Hanmensmmii npenen Ilena
Monens
n3Mepenus, kKH n3Mepenus, kKH nenenus, KH
D ]1-20/2-2PM 20 0 0,001

TapupoBka 1MHaMOMeETpa MPOBOANIIACH HA IPEANPHUITHH.

JluHaMoMeTp BKJIIOYAIM B JIMHUIO BBITSOKHOM KOHEIl - CTPOIl TPaJOBOTO MeIKa CKOOamH,
BXOJSIIIMMHU B CTaHIAPTHYIO KOMIUIEKTAIIMIO PUOOpa, MpeIHa3HaueHHBIMH /ISl KPEIJICHUS K HeMy
pa3nuuHbIX 37eMeHTOB. C OJHOM CTOPOHBI, CKOOOW K MPUOOPY KpEemuics OroH, HEOOXOAUMBIN IS
ObIcTporo HaOpachIBaHMS Ha rak KaHaTHOM JOPOTH, C JAPYroil CTOPOHBI — MEHTEp rak A ObICTPOro
KpEIUIEHHs yIaBHOTO CTpOIIa.

@dororpapuss BKIIOUEHHUsS B JIMHUIO, BBITATMBAHMS MeEIIKa KaHATHOM JOpPOro u paboTbl

CHJIOM3MEPHUTEIHLHOTO KOMIUIEKCa TIpeICTaBIeHa Ha prUCcYHKe 4.6.



Pucynok 4.6 — 3amep ycuiusi Bo BpeMsi BEIOOpKH

4.2.5 Tlopsimox IpOBEICHHS UCTTBITAHUH

Pabora mpombIciioBOM KOMaHAbI BEAETCS B COOTBETCTBUU C IPOMBICIOBBIM PACIHCAHUEM,
COCTaBJICHHBIM [JIsl JAHHOW CXEMbl. BBITATMBaHME KaHATHO-CETHOM YacTH Tpasia OCYIIECTBISIETCS C
MOMOUIBI0 KaHATHOW JOpOTH MeTofoM mepectporku. C MOMEHTa MOJayd KOMaHIbl «BHpa Tpay»
HAa4YMHAETCs BHIOOPKA Ba€poOB JI0 MOMEHTA I10/1X0/1a TPAJIOBBIX JOCOK K TpaHIly cylHa. B 3T0T MOMEHT
BaepHbIC JIEOEAKU OTKIIIOYAIOTCSA U MPOMBICIOBAsI KOMaH/a OCYILECTBIISIET MOAKIIOYEHNE KOPEHHOTO
KOHIIa MHOToOapabaHHON neOEMKM K MEepeXOJHOMY KOHILy, MOCJI€ 4Yero OTHAIOT IJarojib rak u
MEPEeBOJAT JIMHUIO KOPEHHOM-TIEPEXOAHON KOHEI B CIIMII, IOCJIE Yero 3amycKaloT KaOenbHbIe
Oapabanbl MHOTOOApabaHHOM TeOE MK Ha «BUPay» JI0 TIEPECEUCHHUS JIAIOK JIOCOK CITUIIOBOW KaHABKH, B
3TOT MOMEHT JeOEIKYy OCTaHaBIMBAIOT M MNalyOHas KOMaHJa OTKJIIYAET «IANKW» OT JUHUM U
yOupaer ux B «kapMaH», HAUMHAIOT BUpaTh Aajee. BeiOopka kabenel MpoMCXOAUT A0 TOTO MOMEHTA,
KOIJla Tpy3a yriIyOUTeNH MepeceKyT CIUIOBYIO0 KaHaBKY M OKaXyTCs Ha nanxyOe B pailoHe BaepHBIX
ne0EN0K, MOCe Yero OHU OTTSTMBAIOTCS B CTOPOHBI M OTKIIFOYAIOTCS JUISl MIPEIOTBPALCHUS 3aJleBa
MIpU JaTbHEHNIIEeH BEIOOPKE KaHATHO-CETHBIX yacTel Tpana. [Iporecc moapéma Tpaia BO30OHOBIISIETCS
BIUIOTh JI0 MOMEHTA MOJX0/la KPbLIbEB Tpasla K MHOrotapabanHoil nedénke. Ilocae storo BeIOOpKa
OCTaHaBIMBAeTCAd W JIEOEMUMK TepeKirouaeTcs Ha paboTy € KaHaTHOM JOporoi, a Marpocsl
IIPOU3BOJIAT OCTPOIIKY KPbUIbEB TpaJia B pailoHe CIMMOBOM KaHaBKkH. CTpomna KpensT Ha rak KaHaTHOM
JIOPOTH, TIOCJIe Yero JeOEMUuK BKIIFOYaeT OapabaHbl JOPOTH, HA «BUpa» JATBHUN «paboduii» Tak ¢
3aKpeIUIEHHBIM Ha HEM CTpOmoM, a OmmKHHUM (mycToit) Ha «MaiftHa». [Ipu moaxone pabodero raka k
0J0KaM KaHATHOM JIOPOTH, HAXOJALIMMCS Yy JIEOEIKH, BBIOOPKY OCTaHABIMBAIOT. MaTpockl B paiioHe
CJIUIIOBOM KaHABKHM CHOBA CTPOIST KAHATHO-CETHYIO 4acTh Tpaja U KPEIsAT CTPOIl Ha rak, a MaTpocChl,
HaxoJsmumecs y 1e0EaKu, cOpachlBalOT CTPON C Taka M OTTACKUBAIOT BHIOPAHHYIO YacTh B CTOPOHBI
Ui nocnexaytouieil e€ packinaaku. [Ipoiecc moBropsercs 10 MOMEHTa, MOKa Tpasl HE OKa)XeTcs Ha
6opTy. Bbibopka ynoBa MpOUCXOAMT MOCPEACTBOM BBITATMBAHUS TPAJOBOIO MEIIKA C YJIOBOM Ha
nany0y cynHa ¢ NPUMEHEHHEM BCeX HEOOXOIMMBIX CPEJICTB MEXaHM3alUuu (KaHATHOM JIOpOTU H

nopTasa).
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[IpumeHeHre KaHATHOM [OpOTrH OOJErdymio MOocHeAyIolee BKIIOUYEHHE TWHAMOMETpa B
BBITSDKHYIO JIMHUIO. 32 CUET 3TOTO JJaHHAs MPOMBICIIOBAs CXeMa M03BOJINIIA MPOBECTU 3aMEPhl YCUITUS
B BBITSDKHOM KOHIIC HAIpPsIMYI0, 32 CUYET HAJIM4YUS U3MEPHUTEILHOTO MPUOOpa B JTUHUHM «BBITSKHOU
KOHeI[ (KaHaTHas JOpora)-yAaBHOU CTPOI-TPATIOBbII MEIIOK.

[Tpu moaxoae MelIka ¢ YJIOBOM K MOPOTY CIUIa MPOU3BOJUM CTPOIUICHHWE MEIIKa B pailoHe
CIIMTIIOBOM KaHAaBKM M BKJIIOYaeM €ro B JIMHUIO KaHaTHas J0pora-inHaMOMETP-CTPOI-MEIIOK.
Brurodaercst 3amuch MOKa3aHWid ¢ MOCHEIYIOIIMM BBITSTHBAHHEM MEIIKA, KOTOPBIH BBIOMPAIOT 0
MOMEHTa €ro IMOJHOTO BBITACKMBAHUS Ha naiay0y cynHa. OTMETKON OKOHYaHHUS 3allCU SIBISIETCS
nepeceyeHne raiTIHOM CIIMIOBON KaHABKH.

[Tocre BBIOOPKM MEMIOK C JMHAMOMETPOM OTKIIOYAICS OT JIMHUW KaHATHOW JIOpOTH U
nepeOpachiBalICs HA IIKEHTENb CYIIMJIKK U 3amepa Beca memka. C moMOmbio Typaykd TPY30BOU
ne6EMKU OCYIIECTBISIICS MOABEM 3aCTPOIUICHHON YacTH MeEIIKa U IpH 3TO (UKCHUPOBAJICS €ro Bec

nuHamoMeTpoM D]1-PM, pe3ynbTaThl 3aHOCHIINCH B KYypHAIL.

4.3 Pe3ynvmamul npo8edEéHnbiX pabom

B nporecce BbINOMHEHUS MCCIIEJOBAHUHN yCUIME BBIOOPKH 3aMepsAIOCh Ha MPOTSHKEHUH BCETO
JBIKEHMs KyTKa MeEIIKa € YJOBOM, HA4WHAas C MOMEHTAa BBIXOJAa B paliOHE mIopora ciaumna Jo0
IepeceyeHusl CIUMNOBOM KaHaBKU. JluHamMorpamMmbl YCWiMsS BBIOOPDKM TpaJloBOrO MeEIIKa Ha
npoMsbiciioBoM cyaHe CTM «Arnantuna» npencrasieHsl B [Ipunoxenun . dparMeHT H3MEHEHHUS

ycuinusa BBI60pKI/I B ITpo1iecce noabeEMa TPAJIOBOTO MCIIKA MPEACTABJIICH Ha PUCYHKC 4.7.

1400
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Pucynok 4.7 — JlunamorpaMMa U3MEHEHHUS YCUITUS, BOSHUKAIOIIETO B BBITSKHOM KOHIIE BO BpeMs
BBIOOPKHM KyTKa MeEIIKa ¢ YJI0BOM Ha Majny0y Cy/JHa MpH NMPOBEJeHUs 6-T0 3amepa
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HcnpiTanus MpOBOAWIM MPH aTMOCHEPHBIX YCIOBUAX. YJIOB C MENIKOM B3BELIMBAIH C
tounocThio 1,0 H mpu temmeparype 18+2 °C. Ilocne mepBUYHON 00paOOTKH pe3yabTaThl 3aMEpPOB

ObUIH CBEJICHBI B CBOAHYIO Tabmuity (Tabnuma 4.5).

Tabnuna 4.5 — Pe3ynbTaThl 3amMepoB ycuiaui u Beca nmpoenéHHbIXx Ha CTM «Atnantuna» K-1704

Makcuma-
Yron Yceunue npu
®dopma JIbHOE
VYron BBIXOJa CxopocThb BEIOOpKE Bec
MOBEPXH ycuiiue Ha
No HAKJIOHA | BBITSDKHO | BBIOOPKH MeIIKa MeIIKa
ocTU o nopore
cimIa o ro KOHLIA Vs, M/C ycunue M, Py, H
ciuna B ciumna 0
M,, H
1 | npsmas 40° 12° 0,5 1579 1373 1344
2 | mpsamas 40° 12° 0,5 1972 1373 1452
3 | npsmas 40° 12° 0,5 1903 1530 1334
4 | mpsimas 40° 12° 0,5 11703 6798 5798
5 | mpsmas 40° 12° 0,5 5768 4473 4179
6 | mpsmas 40° 12° 0,5 12282 10202 10556
7 | mpsimas 40° 12° 0,5 3178 2708 2894

AHanu3 TONMYYEeHHBIX pe3yJbTaTOB, MPEACTABICHHBIX B IMHAMOrpaMMax U TaOnuunax,
MIO3BOJIMJI C/IENATh CIEAYIOIIUE BHIBOJIBL:

- XapakTep BO3HUKHOBEHHS W M3MEHEHHS YCHJIHS BO BpeMs BBHIOOPKH TPAJOBBIX MEUIKOB C
YIIOBOM, BBITIOJTHEHHBIX HAa MaKeTe W IOJYY€HHBIX B MOPCKHX YCIOBHUSX WACHTUYEH, B YACTHOCTH
MIUKOBBIE HAarpy3kM HaOJIOJAl0TCs Ha IOpOre CIIMMa M BO BpeMs Iepexoja MEIIKOM CIHIOBOMH
KaHaBKH;

- IMKOBBIE HArpy3Kd Ha MOpore ciuma mnpeBbimaoT Ha 37% Bec Memka. OgHaKo BO BpeMs
BOJIHEHWH JaHHOE YCHJIME MOXXET B HECKOJbKO pa3 OTIMYaTbcs OT Beca MeIIKa, 4YTO0 W
noJTBepxkaeTcs 3amMmepom Ne 4;

- yCWiIne BO BpeMs JIBHKCHMs MEIIKa C YJIOBOM Yepe3 MECTO Mepexoja CIMIa B Manyly
(paifoH CIMITOBOM KaHaBKM) TaKXe O0JIaZaeT XapaKTePHBIM «ITHKOM», OIHAKO OHO OTHOCHTEIBHO

cTaOWJIbHO (IIOCTOSTHHO) M HEBEJIUKO U B cpeiHeM Ha 3-4% Oosbliie Beca caMoro Melka ¢ yJIOBOM.

4.4 Ilopsook onpedenerus ycunus 8blOOPKU HAMYPHBIX CUCIEM PACHEMHLIM NYMEM

C OCJIBKO OICHKU YCI/IHI/Iﬁ BBI60pKI/I TPAJIOBOTO MCIIKa C YJIOBOM CJIHMIIOBBIM MCTOAOM Ha
OCHOBE€ 3aBHCUMOCTH, HOJ'Iy‘ICHHOfI Ha MakeTe, HCO6XO,Z[I/IMO BOCITIOJIB30BAaTbLCA (I)OpMYJ'IaMI/I nepecqéTa

¢ yu€rom MacmTaOHbIX KodpdunmeHto [68]. [ns atoro ciemxyem anroputmy pacuéra (pucyHok 4.8):
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1) Onpenenuth MacmTabHble KO3()PHUIMEHTHI: JTUHEHHBIN, yriioBo, cunoBoi — Cj, Cp,
Cm, Cq.
2) 3adukcupoBarh  (AKTOPhl, XapaKTEPU3YIOIIHE HATYPHYKD  CHCTEMY  CYAHO-

IIPOMBICIIOBAs MAIlIMHA-TPaJI BEC yJI0BA, YIoJl BBIX0/Ia, yroJl HAKJIOHA U (hopMa CIIUIIA.

3) C nomorpio GpopMybl iepecuéra ¢ y4éToM MacIITa0HBIX KOA(PPHUIMEHTOB MPOBECTU
x; Ci—xjg
KOJMPOBAaHUE BHIIICYKa3aHHBIX (PAaKTOPOB X; = o
i
4) [Io MozenbHOM 3aBUCHMOCTH MPOBOAMM pAaC4YET YHUCICHHOIO 3HAYCHUS YCUIMUSA

BBIOOPKH JIJIs HATYPHOH TPAJIOBOM CUCTEMBI OT (hakTopoB P, a°, B°:

T= 19,85 + 4,59X1 + 2,09X2 - 1,63X3 + O,4‘2X1X2 - O,79X1X3 - 0,01X2X3 + 0,15X1X2X3.

AZITOPHTM OTpe/ie/IeHHA YCHITHA BRIOOPKH TPaTOBBIX
MELLKOB 110 CJIMIY HA IIPOMBICIOBOM CyAHE (IPAMOI CluIn)

Harypubie 3nauenns P (H).

a®. p°.

®opmyna nepecuéra  x; = Macumrabusie Koy dumenTo

l!%'-‘l BECa u yruia HakioHa G, u G,
1

Koauposanueie 3navenns P, Cunoeoit macirabHbli

a®, B°. koa(ppuument Cp.

¥ L 2

3asHcnMOCTh (MOAETbHAS ) YCHIINSA Ha NPAMOM caune oT (aktopos: P(x;), a®(x;). f(x3)

T = 19,85 + 4,59)(1 + 2,09)‘2 T~ 1,63X3 + 0,42)(1){2 s 0,79)(1 X3 —_— 0,01 XZXB + 0,15)(1)(2)(3

¥

Hatyphoe yeunue swbopkn, H

Pucynok 4.8 — Anroputm pacuéra ycuinuid Ha HaTypHOH TpasioBoi cucteme (IpsSMOM CIInI)

JlericTByeM COIIaCHO ONMHCAHHOMY alITOPUTMY:
1) Jns mepeBoja MOJIy4€HHOW MOJEIbHOU 3aBUCHMMOCTH (3.1) Ha HATYpHYIO TPaJIOBYIO
CUCTeMY, Ui KOHKPETHBIX 3HAa4eHHH (aKTOpOB HEOOXOJUMO paccuyuTaTh MaciiTaOHbIC

K03 (HUIIMEHTHI B COOTBETCTBUU C Tadymiei 4.6.
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Tabmuma 4.6 — HammeHoBaHWME M 3HAa4YeHUs MAcIITaOHBIX KOA(D(HUIIMEHTOB MPH MaKETUPOBAHHUH

npombicioBoit cuctembl CTM «ATnanTuma

MacmTalbl (PU3HYECKUX XapaKTEPUCTUK PacudTHbIC
[TpeoOpaszoBanue
usnueckue 6 yepe3 macmrad C SHaICHHS

XapaKTCPUCTUKH 0DO3HAUCHHC MacmrTaboB
Amina C, C, 0,0667
[nowaas Ca Ct 0,0044
O6ném Cy C? 0,0003
Bec Cm C? 0,0044
Bpewms C, 1 1
CxopocTh C, C, 0.0667
Cuna Cr cic, 0,0044
Yckopenune Cy C, 0.0667
IInorHOCTH C, 1 1
VYron C, 1 1
Kosdduument tpenus Cy 1 1

2) [TapameTpsl HATYPHOI TPAIOBOM CUCTEMBI (TIPOMBICIOBOTO Cy/HA):
- ipsiMasi popMa CIUOBOI MOBEPXHOCTH;

- Bec TpajioBoro Meuika ¢ yiaosoM P=1000 kr;

- YIOJ1 HaKJIOHA CJIUIIA IPOMBICIOBOTO cyHa 0=40°;

- YTOJI BBIXOJIa BBITSHKHOTO KOHIIA Ha cyaHe B=11°;

- CKopocTh BbIOOpkH V=0,5 M/c.

3) Jns xoaMpoBaHUs MapamMeTpoB MpUMeHseTcs (opMyna mnepecdéra Uil KakKaOro U3
daxropos (4.1):
4, = M= (4.1)

t Ax}
r7e X; — KOAMPOBAaHHOE 3HAaueHWs (aKTopa; X; - HaTypHOEe 3HayeHHue (HaKkTOpOB; X;, — HYJIEBOH
ypOBeHL, paBeH CpeI[HeMy 3HAUYCHHUIO (I)aKTOpa B I/ICCHeHyeMOM quaras3oHe, Axl* - HHTepBaJI

BapbUPOBaHUS, IIar C KOTOPBIM H3MeHseTcs 3HaueHue (axtopa;C; — MacmTaOHBIA KO3 UIMEHT

¢axTopa.

IIpumep pacuéma KoOUpOBAHHO20 3HAYEHU Y2lA HAKNOHA CIUNG, OISl HAMYPHO20 CYOHA

Juanazon u3meHenus: ¢akropa 30° — 45°, HyneBoll ypoBeHb COCTaBUT 37,5°, MHTEpBaj
BapbUPOBAHUS PAaBEH CPEIHEMY 3HAYEHHUIO PAa3HOCTU 3HAYEHUH yIja HakKJIOHA CIIMIA B JUala3oHe
M3MeHeHus u coctaBut 7,5°. Torna mpu yrie HakjoHa ciuna HaTypHOro cyaHa B 40° u macimtabHOTO
koa¢ppunuenta C, = 1, HeoOXonMMOe AJis MOACTAaHOBKU B 3aBHUCHMOCTh KOJUPOBAaHHOE 3HAUEHUE

yIJla HaKJIOHa HaTYPHOTO Ccy/iHa Oy/eT paBHO:
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_ 4013750 _ (0o (4.2)
7,5°

xa

[Tpu pacuére KOAUPOBAHHBIX 3HAUYCHUH (DAKTOPOB MCITOIH30BAIH, CICAYIOIIUE TTapaMETPhI:

1) [TapameTpsl, XapaKTEPHUIYIOITUE MOJICT:

Xip - HYJIEBOH YypOBEHb [Mana3oHa HM3MEHEHHs (aKTopa, XapaKTepPHU3YIOLIETro 3arpy3Ky
MelIKa. paBHbIi 1,625;

Ax{ - MUHTEpBaJ BapbUPOBAHUS JHANIa30HA U3MEHEHHS (PAKTOPa, XapaKTEPU3YIOIIETro 3arpy3Ky
Menika, paBublit 0,375;

X5, - HYJCBOW YpPOBEHb JHMara3oHa W3MEHCHHs (aKTopa, XapaKTePHU3YIOIIEro yroj HakKJIOHA
cnumna paBHbii 37,5;

Ax3 - WHTEpBaJ BapbHPOBaHMs JHMAaNa3oHa WU3MCHEHHs (aKTOpa, XapaKTEePU3YIOLIErO Yrol
HAaKJIOHA CJIMIA paBHbIN 7,5;

X3o - HYJICBOH YpPOBEHb JMana3oHa W3MEHEeHHs (DakTopa, XapaKTEepPHU3YIOIIErO0 YIoJl BhIXOJIa
BBITSDKHOTO KOHIIA paBHbIN 12,5;

Ax; - WHTEpBaJ BapbHUPOBAHMS JHANla30Ha W3MEHEHHs (aKTOpa, XapaKTEPU3YIOIIETO YroJ
BBIXOJIa BBITS)KHOTO KOHIIA paBHBIN 7,5.

2) [TapameTpsl, XapakTepU3yIOLIUE HATYPY:

X] - BEC HaTYPHOI'O TPAJIIOBOIrO Merika ¢ yioBom, 1000 kr;

X3 - YTOJl HaKJIOHA CJIMIIA TPOMBICIIOBOTO CyaHa, 40°;

X3 - YrOJI BBIXO/Ia BBITSDKHOTO KOHIIA Ha TPOMBICIIOBOM Cy/He, 11°;

C yuy€ToM ONHMCaHHBIX BBIIIE 3HAYEHUN (PaKTOPOB HATYPHOM TPaJOBOIl CHCTEMBI MPOBETH UX

KOJMPOBAaHUE M TOJYIHIIN CIeayrolue 3HaueHus (Tabuma 4.7).

Tabmuua 4.7 — KonupoBaHHble 3HayeHHs (AKTOPOB HAaTypHOM TpanoBoil cucremsl CTM
«ATna"gTumay
[TapameTpsl cUCTEMBI 3HaueHus napaMeTpoB KoaupoBanHbie 3HaueHUs

VYron HakiIOHa ciuma a°. 40° 0,33

CkopocTb BBIOOPKH 0,5 m/c -

Hamoauenue P, xr 1000 xr 7,51

VYron BbIXOJa BBITSHKHOTO KOHIIA o

B 11 -0,2

4) IToxcraBuB B 3aBUCUMOCTS (3.1) popmynsl nepecuéra u macmradHbie K03 purmeHTs! (Cpp,
C4, Cr — maHHBIE MacmITaOHBIE KOA(PGUIMEHTH HEOOXOAMMBI B CBSI3M C HAMYUEM DPa3MEPHOCTEN),
MOJTYYUM CIIEYIOIIYIO 3aBUCUMOCTh YCHIIHSI BRIOOPKH Ha HaTypHOM cyane T, (4.3):

Ty = (19,85 + 4,59xp + 2,09x, — 1,63x5 + 0,42xp * x4 — 0,79xp * x5 — 0,01x, * (4.3)
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xp + 0,15xp * x4 * xﬁ)/CR,

KOOWUPOBAHHOC 3HAYCHHUC YTIJia HAKJIOHAa

CJImIia, .X'ﬁ — KOJUPOBAaHHOC 3HAYCHUE yIJIa BIXOJA BBITAXKHOI'O KOHIIA, Cm — Macmrab Macc MOACIN K

Hatype; Cr — cUI0BO# MacmTad.

[ToncTaBuB KOAMPOBAaHHBIE 3HAYEHUS (PAKTOPOB HATYPHOW CHUCTEMBI B 3aBUCHUMOCTH (4.3) ¢

y4€TOM MacHITaOHBIX KO3(DPHUIIMEHTOB, MOTYYUM YCUIIUE BHIOOPKU TPAJIOBOIO MEIIKA JJIsl peabHbIX

ycnoBuit Ty, = 12,95 kH:

T, = (19,85 + 4,59 % 7,51 + 2,09 * 0,33 — 1,63 * (—0,2) + 0,42 x 7,51 * 0,33 —
—0,79 * 7,51 * (—0,2) — 0,01 % 0,33 * (—=0,2) + 0,15 x 7,51 % 0,33 x (—0,2))/

0,004444444=12,95 xH,

N3mepenHoe B TPOMBICIIOBBIX YCIOBHSIX yCHITUE BBIOOpKH coctapisieT 10,2 kH.

(4.4)

Bennuuna ycnnust BBIOOPKH TPAOBBIX MEIIKOB, MOJyYSHHAs! pacu€THBIM MyTEM 1o (popmyie

(4.1), Beime Ha 21,2 % 1o CpaBHEHHUIO C HATYPHOW BEIMYMHOW. TO €CTh MpPU OICHKE YCHUIMS JUIS

HAaTYpHBIX TPAJIOBBIX CHCTEM C TIOMOIIbIO pacuéTHOW (HOpMyIIHI,

Heo0x01uM0 BBOIUTH K03 dunment 0,8 (pucynok 4.9).

ANTOpHTM pacyEra ¥ CHMIMA Ha HATYpHOH TpancBoi
CHCT ebe (MTpAMOR CIBI)

HatypHele sHavenna P (H),

sy
> 2

%

JDophIyna nepecusta X; =
x CimXig

Macmrabiple Kos dQHIHEHTE Beca ), VINA

HarmcHa L, H OMHHEL £

-

s 2

HOJ'Iy‘ICHHOfI Ha MakceTe,

KomipopanHbe sHadeHHA P,

CHICBOH MaciTabHBI
roaddument Oy

TlonpagowHEE KosdHIHeHT
k=08

o
s 2

s 4

L 4

3aBHCHMOCTE (MONelBHAA) ¥CHITA Ha IpAMOM CITHIe oT darTopos: Px, ), o(x, ), B(,)
T =19,85+ 459x; + 2,09%; — 1,63x3 + 0,42x, %, — 0,79%, %3 — 0,0 1x;x5 + 0,15% 3%:%3

L 2

HatypHoe youmie setbopia, H

Pucynok 4.9 — YTOUHEHHBIH anropuT™ pacdéra yCHIMNA Ha HATYPHOM TpaJioBOil cucteme

(mpsiMoit cium)
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4.5 Ilposepka coomeemcmeus pe3yibmamos MaKemHuvlX UCNbIMAHULL C HAMYPHbIMU 3aMepamu

Bo

HCCICO0OBATCIIBCKOM

BpeMs

MIPOBEICHUS

cynne CTM

3aMepoB

(tabmuna  4.8)

«ATnagTunay

OCYILIECTBIEHHBIX Ha

OBLIO  TOJYYEHO

Hay4HO-

OCpeI[HéHHOG 3HAa4YCHUC

COOTHOHICHUE BE€Ca MCHIKAa C YJIOBOM K YCHIIHMIO BBI60pKI/I IIpru IMPOXOKACHUN MCIIKOM CIIMITOBOM

kaHaBku paBHoe 0,97. To ectb, /uid BBITATMBAHMUS YJIOBa BECOM B OJHY TOHHY, HEOOXOAMMO

npwiokuTh yeunue pasaoe 1040 xre (10198,92 H).

Tabnuma 4.8 — Bec ynoBa u ycwinsi BBIOOPKH 111 HATYpHOU TpaioBoit cucteMbl CTM «ATmanTtumay

Jnsa comocraBieHus yCHIUN

3HAaYEHUE YCUINA CooTHoIeHuE Beca
Bec narypnoro N
Ne /it BBIOOPKU B paiioHe MEUIKA K YCUJIUIO
meimika, H N
CIIMIIOBOM KaHaBKH, H BbIOOpKHU
1 1376,67 1425,72 0,97
2 5797,71 6798,33 0,85
3 4179,06 4473,36 0,93
4 10555,56 10202,4 1,03
5 2893,95 2707,56 1,07
Cp. 3Hau. 0,97

N BCCOBLIX XAapaKTCPHUCTUK TPAJIOBBIX MCIIKOB HaTypHOﬁ

TPaJIOBOW CHCTEMbI C MAKETHBIMHU MCIIBITAaHUSAMHE [71], 3HaUeHMs ObUIM TIepecYUTaHbl IPUMEHUTEIBHO

K MaKETHOM YCTaHOBKE C YUETOM CHIIOBOTO MaciiTabHoro koaddunuenta Cy (Tabmuia 4.9).

Tabnuua 4.9 — PacuérHble 3HaYeHUs Beca yJIoBa M YCHJIUS BBIOOpKHU

CTM «ATnaHTuga» NPpUMEHUTEIbHO K MAKETHON YCTaHOBKE

HaTypHOHN TPaJOBOU CUCTEMBI

Ne i/t

Bec HarypHoro
MEIIKA B IEPECUYETE
Ha Mojens, H

3HauEHUE YCUIINA
BBIOOPKU B paiioHe
CIIMIIOBOY KaHABKU B
nepecyére Ha mojielb, H

CooTHolIIEHNE Beca
MEIIKa K YCHUITHIO
BBIOOpKH

1 6,12 6,34 0,97
2 25,77 30,21 0,85
3 18,57 19,88 0,93
4 46,91 45,34 1,03
5 12,86 12,03 1,07

Cp. 3Hau. 0,97

HpI/I BBIITOJIHEHUM MAKETHBIX UCIBITAHUI B COOTBETCTBUU C MACIITAOHBIMU KO3(1)(1)I/IHI/IGHTaMI/I

ObUTH OOecIiedeHbl 3HAUEHMs BIUSIONMX (DAaKTOPOB M YCJIOBUS SKCIUIyaTallid HATYpPHOH TpanoBOit

CUCTCMBI CYIHO-TPAJI-IIPOMBICIIOBAA MalllMHA JJIA CT™M «ATJ’IaHTI/II[a».

ITocae MMPpOBCACHUA CCpUH SKCIICPUMCHTAJIbHBIX pa60T Ha MaKETHOH YCTAHOBKE C y‘-IéTOM

MOJICTTUPOBaHKsI OBUTH MOJTyYCHBI 3HAUCHHSI YCUITUS BRIOOPKH U Beca Menika (Tabnuna 4.10).
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Ta6mmma 4.10 — Bec ynoBa u ycwinsi BRBIOOPKH JJIsI MAKETHON YCTaHOBKHU

3HaYeHUE YCUIIUA
Bec Mmemika mozaenu, N CooTHollIeHHE Beca MEIIIKa
Ne /i BEIOOPKU B pailoHe
H . K YCWINIO BBIOOPKHU
CIIMIIOBOM KaHaBKH, H

1 5,00 6,41 0,78
2 10,20 11,83 0,86
3 16,28 21,01 0,77
4 24,61 31,41 0,78
5) 38,54 44,64 0,86
Cp. 3Hau. 0,81

I[J'IH IIPOBCACHUA CpaBHHTeHBHOI;'I OLICHKHW OJKCIICPHUMCHTAJIbHBIX OaHHBIX IIOJYYCHHBIX Ha

MaKeTHOM YyCTaHOBKe ¢ pesynbTaTamu ucnbiTaHuii Ha CTM «AtinaHtuna» OBUIM TTOCTPOCHBI

rpadudecKkre 3aBUCHMOCTH, IIpeCTaBIeHHbIe Ha pucyHke 4.10.

1,2

CooTHOWeHne
o o o
H (o)} (o]

o
N}

10

20

30 40 50

Ycunume Bbibopku, H

® CooTHOWeEHMe BeCca MeLKa K
YCUINIO BbIDOPKM B MOZENn

CooTHOLWeEeHMe Beca MelLlKa K
ycnnuto BbI60pKM B HaType

Cpep,Hee 3Ha4YeHune COOTHOoLWeHHUA
BeCa MeLllKa K YCUInKo BbI60pKM

(HaTypa)
CpefiHee 3HaYeHue COOTHOLLEHUA

Beca MelLKa K YCUAUIo BbIBOPKK
(mogpensb)

Pucynok 4.10 — 3aBUCMMOCTb COOTHOIIEHHUS BE€Ca MEIIKA K YCUJIMIO BBIOOPKH OT YCHUJIHSI BHIOOPKH

Amnanus HOHy‘ICHHOfI 3aBUCUMOCTH NO3BOJIACT CACIATH CICAYIOIINE BHIBOBI:

- pouecc BBI60pKI/I Ha MaKeTHOH YCTAaHOBKE B MOJTHOH MEpPE OIMUCHIBACT JaHHBIN mnmponecc

XapaKTEePHBIN [UIs HATYPHOM TPajJOBOU CUCTEMBI.

- XapaKTep U3MEHEHHUS YCHIIMH JJIs1 HATYPHOTO Cy/IHAa M HA MAKETHOW YCTAaHOBKE MJICHTHYECH.

- OTKJIOHCHHUEC PE3YJIbTAaTOB MAKCTHBIX HUCIIBITAHUH OT IMPOMBICJIOBBIX COCTABJIACT B CPCAHEM

19%.

- OTKJIOHCHHUC IOJYYCHHOI'O pvaéTHLIM HYTCM oo BKCHCpHMeHTaHLHOﬁ 3aBUCHUMOCTH (I[J'IH

MPSIMOT0 CJINIA) OT HATYPHOI'O YCHUIUS COCTaBIAET 3% JJIs1 COOTBETCTB J118%D.¢ COOTHOIIICHUM YCHITHS
y

BBIOOPKH K Becy yioBa. (coctaBui 0,94)

- U3MCHCHHUC COOTHOLICHUSA YCHUIIHA BBI60pKI/I K BECy MCIIKa IpHUu HU3MCHCHUH BECa YJIOBa

KoJIeOJIeTCsS B He3HAUUTEIbHBIX npeaciax.
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[TpoBeném mnpoBepky pabOTOCIOCOOHOCTH 3aBUCHUMOCTH, IIOJIyYCHHOH Ha IIEpBOM 3Tale
uccaenaoBanuil, npumeHutesbHo K CTM «ATnantuga»
Hns storo Bocmosbzyemcess (opmynoii (3.1). ITociae HaxoxaeHUs pacuy€THOrO 3HAYCHHE
yCuius R, BBIYUCIIAEM OTKJIOHEHUE PACUETHBIX BEIUYMH OT IKCIEPUMEHTANBHBIX (MOIENBHBIX) MO
dbopmyre:

R 4.
A= (1 - R—p) 100% (4.5)

e R, — 3Ha4€HUE yCuiIus BHIOOPKH, MOMYYEHHOE ¢ noMouibo 3asucumoctu (3.1), H; R, —3nauenune
YCUJIMS, TIOJyYEHHOE B PE3yJIbTaTe HaTYPHBIX 3aMEPOB U MEPECUYMTAHHOE C MTOMOILBIO MacIITaOHOIO
kodpduurenta Cr Ha MAaKETHYIO yCTaHOBKY, H.

Pesynbratel pacuéroB npeactasieHsl B Tabmuie 4.11.

Tabmuua 4.11 — PacuérHble 3HauUeHUs yCWiIMs BbIOOPKH, HOJYYEHHBIE MO pe3yjibTaTaM HaTypHBIX

3aMepoB | 110 3aBrucuMoctH (3.1)

MakeTHOE 3HaUCHHUE PacuéTtHoe 3HaucHUE ..
OTKJIOHEHUE PACUETHBIX
No /1 ycuiusi BBIOOPKH B yCHIIUS BEIOOPKU B eI OT
B paiioHe CIUIIOBOI paiioHe CIUIIOBOI 0
AKCIEPUMEHTANIBHBIX, Y0
kaHaBku, H kanaBku, H

1 6,34 8,08 21%
2 30,21 34,14 11%
3 19,88 24,60 19%
4 45,34 62,17 27%
5 12,03 17,02 29%
Cp. 3Hau. 21%

AHanm3 npuBeACHHBIX MaHHBIX Ha pucyHke 4.10 u B Tabmume 4.11 moka3zan, 4To MpU paBHOM
YCUJIMM BBIOOPKU OTKJIOHEHHME 3HAUEHUs Beca MEIIKa Ha MakKeTe OT HaTyphbl cocTaBiser -19,5%, uto
TOBOPUT O 3aBBIIICHHOM YCWJIHS BBIOOPDKM Ha MaKeTHOW ycTaHoBKe. CpaBHEHHE pe3yJIbTaToB
MOJTyYEHHBIX C MOMOIIBIO 3aBHCHMOCTH TAaK)K€ BBLIaJ] 3aBBIIICHWE YCHJIHsS TpuMepHo B 1,2 pasa.
JlaHHOE 00CTOSTENLCTBO OOYCJIOBIEHO OOBEKTOM HAXOMAAIIMMCS B TPajJOBOM MEIIKE HATYpPHOIO
CyAHa ¥ OTCYTCTBYIOIIMM B MaKETHOM, KOTOpPBIH 3a CY€T BBIIEIEHUS CIM3M U JIPYTHX

(I)I/ISI/IOJ'IOFI/I‘-IGCKI/IX JKUIKOCTEH BBICTYIAOMIUX B KAYCCTBC CMA3KU CHUIKACT KOE)(b(I)I/II_II/ICHT TPCHUA.

Takum 00pasom JeHCTBUTENBHBIM MacmTad Koddduumenra Tpenus Ha Moxenu C,
M

HaxoauTcs 1o popmyite (4.6):

C,, =08C, =08, (4.6)
HcnpaBieHHbIH cUIOBON MaciuTaOHbIi koadduienT Haitném (4.7):
Cr = CyCy G = 0,067 % 0,8 x 0,067 = 0,0036, 4.7
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[TpoBeprM pabOTOCIIOCOOHOCTh METOAA M MPOBEAEHHBIX HCCICAOBAHUHA BOCIIOIH30BABIINCH
kpurepuem Crpyxais (4.8):
0,067+1 _

Sh - &l _ 20671 _ 4 (4.8)

C 0,067

U KpUTEpUEM Moa00us Teopun Tperus (4.6):

2
CoCu CT  0,067+0,8+0,0045

— 1,00, (4.6)
CiCr 0,067+0,0036

l-[Wi N

[TpoBepka moaTBEpAMIIA, YTO XapaKTep MPOLIECCOB BHIOOPKM Ha MAKETHOW YCTAHOBKE M Ha
HaType COBNAJAeT M MBI MOXKEM HCIOJIb30BaTh HMMHTALMOHHYIO MOJENb W 3aBUCUMOCTH IS
IIPOBE/ICHUS MCCIIEIOBAHNHN BIUAHUSA (PAKTOPOB HA MAKETHON YCTAaHOBKE C JOCTATOYHOM TOUHOCTBIO.

Jlnst mpocToThl puMeHeHusl 3aBUCUMOCTH (3.1) ObUIM MOJydYeHbl YTOUHEHHBIC MACIITAOHbIC

K03 (HUIMEHTBI MO3BOJISIFOLIME TIPOBOIUTh MAKETHBIC HCIIBITAHUS U Tiepecyér (Tadmumna 4.12).

Tabnuna 4.12 — YTouHEHHBIC 3HAYCHHS MacIITaOHBIX KO3 PUIIIESHTOB

Macmta0Obl (HU3HYECKIX XapaKTEPUCTUK Pacuérnbie
IIpeoOpasoBanue uepes SHAYCHIS
xa%):zf:;;(fpfm obosHaderye vactrat Ci MacmTabos
JnuHa G G 0,0667
[Tnomanm Cy Ct 0,0044
O0BEM Cy ct 0,0003
Bec Cpn Ct 0,0044
Bpewms Ce 1 1
CkopocTtb Cy, G 0,0667
Cuna Cr CiC, 0,0037
Yckopenue Cyw G 0,0667
[InotHOCTH Cp 1 1
VYron C, 1 1
Koadpdunnent tpenus Cy, 1 1
Koadpurnment Cun 0,8C, 0,8
TpeHUs, C  y4E€TOM
00BeKTa

[IpumeHeHne yTOUHEHHON TaOIUIBI
pacu€THBIX JEHCTBUH MO3BOJAT MOJIYYUTh pe3yiabTaT 0e3 NpUMEHEHHS,

MONPaBOYHOTO KOd(puiinenTa.

MaciTaOHBIX KO3()(PUIMEHTOB TpU MpOBEIECHUH

OIIMCAaHHOI'O BBIIIC
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3aKJIrouYeHue

B pesynbrare npoBenéHHOM pabOTHI:

- pa3paboTaHa METOAMKA MPOBEACHUSI SKCIEPUMEHTAIBHBIX HCCIEIOBAHUI HAa MAKETHBIX U
HaTYpHBIX TPAJIOBBIX cucTteMax, B cooTBeTcTBUU ¢ OCT 15-82-79, nmo3Bossronias MpOBOJIUTH OILICHKY
yCHIIMS BBIOOPKH TPAJIOBBIX MEIIKOB C YJIOBOM CJIHMIIOBBIM METOAOM, C YUETOM pEaIbHBIX YCIOBHIA
AKCILTyaTallii CUCTEMBI CYHO-TPaI-MIPOMBICIIOBAs MAIIMHA, BIUSIONINX (PAKTOPOB U UX TUATIA30HOB
(yros HakyioHa caunoBoil moBepxHocTH (30-45 ©), yroi BeIX0/1a BBITSKHOTO KoHIIa (5-20 °©), ckopocTh
BeIOOpkH (0,031-0,064 wm/c), popmMa TOBEPXHOCTH CIMIIOBOrO HacTWia (mpsmas-chepudeckas),
IIOIIA/b COPUKOCHOBEHHS TPAIOBOTro Merka u ciuna (182-246 cm?));

- ¢ y4€ToM (PU3NYIECKOr0 MOJCIMPOBAHMS M PACCUYMTAHHBIX MACIITAOHBIX KOA(PPUIIMCHTOB
ObUI CKOHCTPYMPOBaH M M3TOTOBJICH MAaKeT NpPOMBICIOBOH manyOsl cynoB tuna PTMK-C
OCHAILEHHBIA MPOMBICIOBBIMM MEXaHU3MaMU U U3MEPUTEIBHBIM KOMILJIEKCOM, MpeIHAa3HAYEHHbIN
JUIsL  UCCIIEIOBAaHUSA Ipolecca MOAbEMA TPAJIOBBIX MEIIKOB HMMUTAMOHHBIM METOJOM C
BO3MO>KHOCTBIO 00€CTICUCHHUS PEATTbHBIX YCIOBUN SKCIUTyaTallu CUCTEMBI CYTHO-TPAJI-IIPOMBICTIOBAs
MamuHa. [loAroToBIIEHBI pa3MMYHBIE KOHCTPYKIMKM MOJENICH TPaJOBBIX MEIIKOB. BbpiOpanbsl u
000cHOBaHbI  (haKTOPHl  XapaKTEPHU3YIOIIWE CUCTEMY CYAHO-TPAN-MPOMBICIOBAas MalldHA U
ompejeNieHbl AUana3oHbl UX W3MEHEeHHUs (Yroia HakJIoHa ciumnoBod moBepxHocTu (30-45 °), yron
BBIXOJIa BBHITSDKHOTO KoHIa (5-20 ©), ckopocts BbIOOpKH (0,031-0,064 wm/c), popma moBepXHOCTH
CJIMIIOBOTO HacTUia (MpsMas-cepuueckas), MI0Maab COMPUKOCHOBEHHS TPAJIOBOTO MEIKA U CJIMIA
(182-246 cm?));

- TpOBeJeHa CepUs IKCIEPUMEHTAIbHBIX PabOT MO YCTAHOBJICHUIO 3aBHCHUMOCTH YCHUIUS
BBIOOPKH TPAJIOBBIX MEIIKOB C YJIOBOM OT BIHSIOMUX (PakTopoB. [1o Kakmoil cepuu UCTbITAaHUNA ObLT
MpoBeACH pacy€T CPENHEKBAIPATHYHOTO OTKIOHEHUS, KOTOpbIH He mpeBbiman 5 %. Hcnbrranus
MpPOBOAMINCh, Ha Kadenpe mpomsbiinuieHHOro poidonoBctBa @I'BOY BO «KI'TY» u ma CTM
«ATnantuaa» ¢ ucnojib3oBanueM TeHsogaryrka MIC 200 u quaamomerpa DJ1-20/2-2PM, coriacHo
pa3pabOTaHHOM METOIUKE;

- TIPOBE/ICHA MaTeMaTuyeckas 00pabOTKH Pe3yJIbTaTOB IKCIIEPUMEHTAIBHBIX UCCIICIOBAHUNA 1
ofpejieNieHa 3HAYUMOCTh BIUSIOMUX (aKTOPOB (yriia HAKJIOHA CIMIIOBON MOBEPXHOCTH, yIJia BBIXO/IA
BBITSDKHOTO KOHI[A, CKOPOCTHU BBIOOPKH, (OPMBI TMOBEPXHOCTH CIUIMOBOTO HACTHIIA, TUIOMIAIA
COTMPUKOCHOBEHHUSI TPAJIOBOTO MEIIKAa W CJIWINA) W 3aBUCHMOCTh H3MEHEHUsS OT HHUX YCHIIHS,
BO3HHUKAIOIIETO BO BPEeMsI BELIOOPKU TPAJIOBBIX MEIIKOB;

- HOJIYUCHBI 3aBUCUMOCTH YCHIIUA BBIGOpKI/I TPAJIOBBIX MCIIKOB C YJIOBOM OT HCCICAYCMBIX

daxropos (3.1)-(3.5);
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- IpOBEJIeHa MIPOBEpKa aJeKBaTHOCTH MOJIYYEHHOW 3aBUCUMOCTH YCHUJIMS BBIOOPKH MEIIKOB C
YJIOBOM IO CIIUIAM C MPSMOJIHHEHHON (popMOii MOBEpXHOCTH Ha HaTypHOU TpasnoBoii cucreme (CTM
«ATnanTuaa»). YCTaHOBIIEHO, YTO XapaKTep M3MEHEHUS yCWIMHA BBIOOPKH JJISi HATYPHOTO CYyIHA H

MaKeTHOH YCTAaHOBKE UACHTUYCH.

[To pe3ynbTaTam BHIIOJIHEHHBIX SKCIIEPUMEHTAIBHBIX UCCIICAOBAHHUM MOTyYCHBI:

- IMHAMOI'paMMbl U3MEHEHMsI YCHIIUS B BBITSDKHOM KOHIIE ITPOMBICIOBOM JIeOEIKN B MpoLecce
BbIOOPKH TPaJOBBIX MELIKOB 10 CIMILY JUIsI MOJENM M HATyphl, KOTOPbIE MOATBEPXKIAIOT HAIUYUE
MTUKOBBIX HAIPYy30K Ha MMOpPOTe CIUMa U Ha MECTe Mepexoa CIMIa Ha nany0y cynHa;

- rpaduveckre 3aBUCUMOCTH YCHJHUS B BBITSDKHOM KOHIIE IPOMBICIOBOW JEOEAKH OT
BbIOpPAHHBIX BIMAIOMUX (PakTOpoB (Popma CIMIOBONW MOBEPXHOCTH, Yroj HAKJIOHA CIIHIMA, Yroj
BBIX0/1a BBITSDKHOTO KOHIIA, CKOPOCTh BBIOOPKH), IPOBE/IEHA alIIPOKCUMALINS;

- 3aBHUCHMOCTH YCHJIHMS B BBITSDKHOM KOHIIE IPOMBICTIOBOM JIEOEAKM Ui TPSIMOTO H
cepuvecKkoro Cciuuma IpH COYeTaHWH (HAKTOPOB, XaAPAKTEPUIYIOIIUX CHUCTEMY CYAHO-Tpall-
IIPOMBICJIOBAsl MaIlIMHA: YrOJI HAaKJIOHA CJIMIIA, YTOJI BBIXOJA BBITSDKHOTO KOHIIA, 3aTPY3KH TPajJOBOTO
merka (3.1, 3.2);

- 0000mEHHas 3aBHCHMOCTh YCHJIMSL B BBITSDKHOM KOHIIE IIPOMBICIIOBOM JIEOEAKU IS
pa3nuyHBIX (OPM CIMIIOB TMPH COYETAaHWU (PAKTOPOB, XAPAKTEPUBYIOIIUX CHUCTEMY CYTHO-Tpaj-
IIPOMBICJIOBAs] MaIlIMHA: YIOJI HAaKJIOHA CJIMIIA, YTOJI BBIXOJA BBITSDKHOTO KOHIA, 3aTPY3KH TPajOBOTO
merika (3.3);

- 3aBHCHUMOCTb YCWIMSI B BBITSDKHOM KOHIIE NPOMBICIOBOM J€0EAKH € Y4ETOM CKOPOCTH
BBIOOPKH MeIIKa MPH COYETaHHH (HaKTOPOB, XapaKTEPU3YIOMIUX CHCTEMY CYTHO-TPaI-IPOMBICIOBAs
MamHa: popMa CIUIOBOI MOBEPXHOCTH, YIOJI HAKIOHA ciuIa, (3.4);

- 3aBUCHMOCTb YCHJIUSl B BBITSDKHOM KOHIIE IPOMBICIOBON JEOEAKM ¢ Y4YETOM IUIOIIAIH
CONPUKOCHOBEHHUSI TIOBEPXHOCTH CIHUMA W TPajJOBOTO MEIIKAa TPU COYETaHUH (PAKTOPOB,
XapaKTePU3YIOIUX CUCTEMY CYIHO-TPaJ-IPOMBICIOBAsT MamInHa: (hopMa CIUIOBOH IMOBEPXHOCTH,
YTOJI HAKJIOHA CJIMIIA, CKOPOCTh BBIOOPKH TPATIOBOrO MeIKa, (3.5);

- IPOBEJICHBI MaKETHbIE MCCIIEJOBAHUS [0 CHUKEHUIO MMMKOBBIX HArpy30K Ha MPSMOM CIIUIE C
YITTHHEHHBIM TIOPOTOM;

- C UeNbl0 ampo0anuyd MaKeTHBIX HCHBITAaHWHA MPUMEHUTEIBFHO K HATYpHBIM TPAIOBBIM
cucremMaM ObUTH BBIMOJTHEHBI MOpckue ucnbitanus Ha CTM «Atmantuna» K-1704 (Atnantuk-833,
tun [Ipodeccop Maptu) Arnantuyeckoro ¢pummnana 'HL PO ®I'BHY «BHUPO» («AtnantHUPO)
(axt mposenennss HUP ot 05.12.2023 r., CTM «ATJIAHTUJIA», [IBA).
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ITo BceM mOTy4EeHHBIM 3aBHCUMOCTSIM IPOBECHA OLCHKA 3HAYNMOCTH BIIMSIHUS HCCIIEAYEMBIX
(baKTOpOB Ha YCUJIMC B BBITAKHOM KOHIIC BO BPCM:A BBI60pKI/I MCHIKOB C YJOBOM IIpU COYCTAHHUU
HECKOJBKUX (hakTopoB. OnpeaenéH ux nopsaok:

1. 3arpyska TpaJoBOro Memka.

VYo HakJIOHA CIIUMA.
CKOpoCTh BBIOOPKH.
VYroa BbIXOJa BBITAXHOI'O KOHIIA.

HJ'IOH.[&,I[B COIIPUKOCHOBCHHS TPajlOBOI'o MEIIKa U CIIMITOBOM ITOBEPXHOCTH.

© o~ w DN

®dopma CIMIOBOM MOBEPXHOCTH.

JIOCTOBEpPHOCTh PE3yJIbTAaTOB, IMOJYYCHHBIX MPH IPOBEIECHUH HKCHEPUMEHTAIBHBIX padoT,
cocraBisieT 95 %, Tak Kak OTHOCHUTEIbHOE OTKJIOHEHME 3HAYEHUH yCWIUsS HpU IPOBEIECHUU
HKCHEPUMEHTAIbHBIX PabOT He npeBbimaer 5 %.

CpaBHMTENIbHAS OLIEHKA HATYpPHBIX 3HAYEHUH YCHUIIMI BBIOOPKH TPAJOBOIO MEILIKA Ha Mainy0y
CyJlHa Ha IPSMOM CJIMIIE C pe3yJIbTaTaMU MAaKETHBIX MCIIBITAHUN MTOKa3aJla, 4YTO YHCIECHHbIE 3HAUECHUS
yCWINs, MOJY4YEHHbIE C IOMOUIbIO pacd€THON (OpMysbl NpPU COOTBETCTBYIOLEM COYETaHUU
(akTOpOB HATypHOW HPOMBICIOBOM CHUCTEMbI, 3aBbIlIEHbl Ha 19% OTHOCHUTENBHO JAHHBIX,
IIOJyYEHHBIX HEMOCPEJICTBEHHO B MOpPCKHMX ycioBusX. [lostromy npu pacuére ycwiuid 1o
3aBucuMocTH (3.1) Heo6xoarmo BBoAUTH K03 Puument 0,8.

Jnst ynobcTBa moib30BaHMs 3aBUCHMOCTBIO (3.1) BBomUTCS K03(pPHIIMEHT TPEeHHUS B B 3TOM
cllydae pacué€THbIE JaHHBIE MOJEJIBHBIE U HATypHBIE COBIA/IAOT.

BriepBble sKkcnepuMeHTanbHO Oblla HOJMy4eHa M anpoOUMpoBaHa B HATYPHBIX YCIOBHSAX
3aBUCHMOCTh BEJIMYMHBI YCUJIMS, BO3HHUKAIOIIETO B BBITSDKHOM KOHIIE IPOMBICIIOBOW JIEOEAKH OT
(aKTOpOB CUCTEMBI CYJTHO-TPAJI-TIPOMBICIOBAs MAllIMHA, YTO MO3BOJIUT:

- OLIEHUBAaTh YCWIMSA, BO3HUKAIOUIME B BBITSDKHOM KOHIIE IPOMBICIOBON JeO&AKH IpH
IIPOEKTUPOBAHUH ITPOMBICIIOBBIX CXEM U MEXAHU3MOB;

- Ha cCTaguu pa3pabOTKU TPOMBICIOBBIX CXE€M Ha MaKETHOM YCTaHOBKE IPOBOJIUTH
KOMITOHOBOYHbBIE TEXHHUYECKHE pEIIeHHs MO0 palMOHAJIbHOMY pACIHOJIOKEHUIO IPOMBICIOBBIX
MEXaHU3MOB C IIeJIbI0 CHHKEHHSI SHEPro3aTpaT U MOBBIIIEHUS UX CPOKa CITYKOBI;

- OIpeNeNATh HEOOXOIUMBIE MOIIHOCTH IPOMBICIOBBIX MEXaHU3MOB, NMPUMEHSEMBIX JUIS
MoAbEMA MEIIKOB Pa3IM4YHON KOHCTPYKIIMH JIJIS1 Pa3JINYHBIX MPOMBICIOBBIX CXEM C YYETOM PACTYIIUX

pa3MepoB TPaJoB.

Ha ocHoBannu aHamm3a IMOJIYYCHHBIX 3aBUCHUMOCTEH CIACIaHBI CICAYIOINE BHIBOADbI:
- Ha MaJbIX YyIjaX HaKJIOHa CIIIIOBOM IMOBEPXHOCTU B AHAIIA30HEC MCCICIOBAHUSA

Ha6JIIOI[aIOTC$I IMUKOBBIC HAI'PY3KU IIPU BBIXOAC TPAJIOBLBIX MCHIKOB € YJIOBOM Ha HIOpPOr cCjiviia, €
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YBEIMYEHUEM yTIja HAKJIOHAa IHMKOBOE YCWJIME Ha HpsMOM ciume Bo3pactaeT Ha 15 %, Ha
chepruecKrX MOBEPXHOCTIX B CPETHEM POCT cocTaBisieT 5 %;

- 3aBHCHMOCTH YCWIHS B BBITSDKHOM KOHIIE TIPH MOJBEME TPAJIOBBIX MEIIKOB C yJIOBOM Ha
nany0y cyaHa OT (PakTOpOB CHCTEMBl CYIHO-TPAJ—IpPOMBICIOBAas MAalIMHA HOCHUT JIMHEWHBIH
Xapakrep;

- MpU BBIOOPKE MEIIKOB C YyJIOBOM, COM3MEPHUMBIM C JUIMHOW clumna, Ha CcheprudecKux
MOBEPXHOCTAX TIO CPABHCHHUIO C MPSMOW MOBEPXHOCTHIO (B JHMAIAa30HE WCCIICOBAHMI) YCHUITUE
BBIOOPKH MOJIEJICH TPaJOBBIX MENTKOB HIKe Ha 9,0 %;

- YBEJIMYCHHE 3arpy3KH TpajoBoro memka Ha 60% MOBBIIIAET YCHIIME B BBHITS)KHOM KOHIIE BO
BpeMs BEIOOPKH MeliKa ¢ yoBoM B 1,6 pa3a Ha ciumnax ¢ npsmoi (opmoit moBepxHocTy U B 1,3 paza
Ha CIHMax co cepuueckoii (HopMoii MOBEPXHOCTH;

- yBeJHMUeHue yria HakiioHa ciumna ¢ 30 10 45° mIpuBOAMT K POCTY YCHUITUS B BBITSHKHOM KOHIIE
IIPH BBIXO/JIE TPAJIOBOI'O MEIIKA CO CIHMa Ha many0y Ha ciune ¢ npsMoi (GopmMoii moBepxHocTH B 1,24
pasa, Ha ciurne co cepudeckoit popmoii moBepxHocTH B 1,12 pasa;

- YBEJIMYEHHME yTja BBIXOJA BBHITSDKHOTO KOHIAa B 4 pasza (B amamazoHe ¢ S5 go 20°)
CHOCOOCTBYET CHIKEHUIO YCHIIUA B cpeiHeM Ha 14,3 % Ha npsMoil MOBEpXHOCTH CIUIIOBOIO HACTHIIA
u Ha 6,4 % Ha chepuueckoii;

- YBEIUYCHHUE CKOPOCTH BBIOOPKU TPAJIOBBIX MEIIKOB B 2 pa3a MPUBOJUT K POCTY YCWIHS B
BBITSDKHOM KOHIIE Ha 7,0 % Ha ciaunax ¢ npsmou ¢opmoit u Ha 16,7 % Ha cnunax co chepuueckoin
(dhopMoil MOBEPXHOCTH;

- YBEJIWYEHHE TJIOMAJAN COMPUKOCHOBEHHS MEIIKAa U CIUIOBOW mMoBepxHocTH Ha 35 % B
JMaa30He MCCIIEAOBAHUS MPUBOANT K YMECHBIIICHHUIO YCHIIHS B BBITSDKHOM KOHIIE BO BPEMS BEIOOPKH
MeIIKoB ¢ yioBoM Ha 9,0 % Ha ciune co chepuueckoit GopMoi U K yBennueHuto ycuius Ha 1,5 % Ha

ciune ¢ npsMoi popMoii MOBEPXHOCTH.

3HaYNMOCTDh MPOBEACHUA MOPCKHX HCHbITAHUH

BrinonHeHHbIE ITPOMBICIIOBBIC HUCIIBITAaHUA B MOPCKHUX YCIOBUAX MNOATBCPKIAAIOT
MMPpaBUIIBHOCTL MPCAJIOKCHHOTI'O MCTOAA MMPOBCACHNUA MAaKCTHBIX HUCIILITAHUN ¢ MMHTAIMEH PCAIBbHBIX
YCJ'IOBI/Iﬁ SKCINTyaTallu CUCTEMBI CYAHO-TPAJI-IIPOMBICIIOBAA MalllMHA IJId ONPEACICHUA YHMCICHHBIX
3HAUYCHHI ycuinusa BI)I60pKI/I AJId pas3IMYHbIX TPaJlOBbIX CUCTEM, W IIOKa3aJIk, 4YTO ITOJTYUCHHHBIC
3aBUCUMOCTHU MOTYT OBITh INPUMCHCHBI IS OIIPCACIICHUS YCI/IJ'II/Iﬁ paC‘-IéTHLIM C MPUMCHCHUCM
COOTBCTCTBYIOIIUX MOIIPAaBOYHBIX KOB(I)(I)I/IL[I/ICHTOB, IMOCKOJIBKY YCTaHOBKaA ITOKAa HC MOKCT YUUTLIBATH

BIIMSIHHE 00BEKTA MTPOMBICTIA.
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IIpakTH4eckne peKkoMeHIAMHU

Ha ocHOBe mpOBENEHHBIX HCCIECNOBAaHUM, MOXHO JaTh CIEAYIOIIUME IPAKTHYECKUE
PEKOMEH 1Al u:

- Ha ciaune co chepuueckor GopMoil MOBEPXHOCTH IieNecooOpa3Hel BhIOMpATh TpPajloBbIE
MEMIKHU C OOJIbLICH IIOMAAbI0 COTPUKOCHOBEHNUS;

- PEKOMEH]IyeTCS IPOBOIUTH BRIOOPKY TPATIOBBIX MEIIKOB HA MAJIbIX CKOPOCTSIX;

- IIPU paclpeiesieHud Ipy30B HEOOXOAMMO MPUTONMUTHh KOPMY CYAHA C IIEJIbIO MOTPYXKEHUS
KOPMOBOM 4acTH, YTO MO3BOJUT CHU3UTh IMKOBBIE HAarpy3KHM BO BpEMs BbIXOJla MEIIKAa Ha IOPOT
CIIMIA,

- Ha ciaumax ¢ mpsMoil gopmoil moBepXHOCTH A(PPEKTHUBHEH NPUMEHSTH YIJIbI BBIXO/A
BBITSDKHOT'O KOHIIA paBHbIE WM OOJIbIIE YIJIa HAKJIOHA CJIIUIIOBOM MOBEPXHOCTH.

B wuactHoctu, mpu mnoabéme TtpanmoBeix MemkoB Ha HUC CTM «Atnantuma» ObLIO
MPEJIOKEHO TEXHUYECKOE pEeIlIeHUE, HAIPaBICHHOE Ha CHIDKCHHE YCHUIIUS BBIOOPKH TpPajIOBOIO
MEIIIKa C YJIOBOM 3a CYET M3MEHEHUS 3Ha4eHUH (PaKTOPOB, XapaKTEPU3YIOUINX CUCTEMBI CYIHO-TPa-
MpoMBbICTIOBast JieOEaKa, M3MEHEHUE YIJla BBIXOJA BBITSKHOTO KOHIA Ha 20° MO3BOJWIO CHUBHTH
ycunue BeiOopku Ha 15% (akt BHeapenus ot 06.12.2023 r., CTM «ATJIAHTUZA», [IBA).

Pa3zpaboranHas MeTOAMKa U MaKeTHAsl yCTAaHOBKA MO3BOJISAT:

- TPOBOJIUTH OLIEHKY YCHJIMHA TPHU MOJABEME TPAJIOBBIX MEIIKOB C YJIOBOM JUISl Pa3IUYHBIX
IIPOMBICIIOBBIX CX€M, 4YTO O0ecnedyuT Oe30MacHOCTh BBIMOJIHEHHUS] IPOMBICIOBBIX ONEpALUM,
CHUKEHUE HHEPro3arpaT, a TAKKE MOBBICUT JOJTOBEYHOCTh KaK OTAECIbHBIX MEXaHU3MOB, TaK U
MIPOMBICTIOBBIX KOMILJIEKCOB;

- TpPEANPUHUMATH METOOJIOTUUECKHE JEHCTBUSI MO BBIOOPY pallMOHAIBHOTO COYETAHUS
(haKTOPOB CUCTEMBI «CYIHO-TPaJ-TIPOMBICIIOBAsI MAIlIMHA», 00ECIIEYMBAIOIINX CHUKEHUE YCUIIUH, B

TOM YHUCJIC U ITMKOBBIX.

Ha SKCIICPUMCHTAJIIBHYIO YCTAHOBKY, MNPCAHA3HAYCHHYIO [JIA HCCICOOBAHUA 3aBUCUMOCTU
M3MEHEHMs YCHJIMS, BO3HHUKAIOIIETO B BBITSUKHOM KOHIIE NPH DPA3JIMYHOM BIMSHUU (DAaKTOPOB
XapaKTEepU3yIOIIUX CHUCTEMY CyIHO-Tpas-ipoMbiciioBass MmammnHa, B DUIIC nonaHo 3asBieHHE
Ne2025128921 068244 ot 20.10.2025 Ha roCyAapCTBEHHYIO pEruCTpalio H300peTeHHs
Ne6278499127.
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Hpuiaoxenue b

Pe3ynbTaThl 3KCIEPIMEHTATBHBIX HCCIEI0BAHNI HA MOJIeJILHON YCTAHOBKE HA IIePBOM 3Tamne pador
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Pucynoxk I1.b.1 — Jlunamorpamma ycuinus BbIOOpKH Melka Maccoif 2,0 KT Ha MaKeTHOM yCTaHOBKe 110 cuIy cheprueckoi (opMbl
¢ yriioM HaksioHa 30° u yriie BbIXOJa BBITSKHOTO KOHLA 5°
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Bpems, c

Pucynok I1.5.2 — luramorpamMmma ycriIusl BBIOOPKH MelTka Maccoi 2,0 KT Ha MAaKeTHOH YCTaHOBKE 110 CIIHITY cpeprudaeckoi Hopmbl
¢ yriiom HakioHa 30° u yrie BeIXo/a BRITSDKHOTO KoHIa 20°
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CrnurnoBas KaHaBKa
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Pucynoxk I1.b.3 — JIlunamorpamma ycuinus BEIOOpKH Melika Maccoit 2,0 KT Ha MakeTHOH yCTaHOBKE 110 cIUIy ceprueckoit GopMel
C YIJIOM HakJIOHa 45° 1 yriie BbIXOZa BBITSHKHOIO KOHIA 5°
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CaunoBas KaHaBKa

ITopor cimnma
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Pucynok I1.5.4 — lunamorpamMmma ycriIusl BBIOOPKH MelTka Maccoi 2,0 KT Ha MAaKeTHOHM YCTaHOBKe 10 CJIHITY cpeprudaeckoi Hopmbl
C YIJIOM HakJIOHa 45° 1 yriie BBIX0/a BBITSDKHOTO KoHIa 20°
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Pucynox I1.B.5 — JIlunamorpamma ycumusi BRIOOPKH MeIIKa Maccoit 1,25 KT Ha MakeTHOM YCTaHOBKE 110 CIIUMY cheprudeckoi (GopMbI
¢ yriioM HakjoHa 30° U yriie BbIXO/a BBITS)KHOTO KOHIIA 5°
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CnunoBast KaHaBKa

[Topor cnuna
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Pucynok I[1.5.6 — Jluramorpamma ycriTus BBIOOPKH MelTka Macco 1,25 KT Ha MaKeTHOW yCTaHOBKE IO CIUNY CepruecKoi (OpMBbI
¢ yriiom HakioHa 30° u yrie BeIXo/a BRITSDKHOTO KoHIa 20°
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CaunoBast KaHaBKa

ITopor ciuna

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Bpems, c

Pucynok [1.5.7 — Jlunamorpamma ycuiausi BBIOOpKH Melika Maccoi 1,25 Kr Ha MakeTHOH yCTaHOBKE IO CIUMY chepuyecKoil GopMbl
C YIJIOM HakJIOHa 45° u yriie BbIXOJa BBITSKHOTO KOHLA 5°
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CinunooBast KaHaBKa
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Pucynox I1.6.8 — JIunamorpamma ycumusi BRIOOPKH MeIIKa Maccoit 1,25 KT Ha MakeTHOM YCTaHOBKE IO CIIUMY chepruueckoi (GopMbI
C YIJIOM HaKJIOHA 45° M yrie BBIXO/a BRITSDKHOTO KoHIa 20°

27



3HayeHue ycunusa, H

26

24

22

20

18

16

14

12

10

163

CimnoBast KaHaBKa
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Pucynok I1.5.9 — Jluramorpamma ycuius BBIOOPKH MelTka Maccoi 2,0 KT Ha MAaKeTHOM YCTaHOBKE I10 CIIMITY MPSMOJMHEHHOW (HOPMBI
¢ yriom HakinoHa 30° u yrie BhIXo/a BBITSDKHOTO KOHIA 5°
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Bpems, c

Pucynok I1.5.10 — JlnHamorpamma ycwitdst BRIOOPKH MeIika Maccoi 2,0 KT Ha MaKeTHON YCTaHOBKE TI0 CIIHITY MPSMOJTMHEHHON (HOPMBI
¢ yriioMm HaksioHa 30° 1 yriie BbIXO/a BBITSDKHOTO KoHIa 20°
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Pucynok I1.b.11 — Jlunamorpamma ycuiiusi BBIOOPKH Melika Macco 2,0 Kr Ha MaKeTHON YCTaHOBKE IO CIIUIY NPSMOJIUHEHHOM (popMBI
C YIJIOM HaKJIOHA 45° M yTJjie BBIXOA BRITSDKHOTO KOHIA 5°
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Bpems, c

Pucynok I1.5.12 — JluramorpaMma ycuiiusi BRBIOOPKH Menika Macco 2,0 KT Ha MaKETHON YCTaHOBKE TI0 CIUITY TPSMOJIMHEHHOH (popMBEI
C yIioM HakjaoHa 45° u yrie BbIXxo/a BBITSKHOTO KoHIa 20°
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Bpems, ¢

Pucynoxk I1.b.13 — Jlunamorpamma ycuiusi BBIOOPKHM Melika Maccoit 1,25 Kr Ha MakeTHOM yCTaHOBKE IO CIIHUITY MPSIMOJIMHENHHON (hOpMBbI
¢ yriom HakioHa 30° 1 yrie BbIXo/a BHITSDKHOTO KOHIA 5°
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CimnoBas KaHaBKa
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Pucynok [1.5.14 — JIlunamorpamma ycuiins BBIOOPKHU Melllka Maccoil 1,25 Kr Ha MakeTHOM YCTaHOBKE I10 CJIUITY MPSAMOJIMHEHHON opMbl

¢ yriioMm HaksioHa 30° 1 yriie BBIX0Oa BBITSDKHOIO KoHIa 20°
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CrnurmoBas KaHaBKa
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Pucynok I1.5.15 — JlunamorpamMma ycwtdst BRIOOPKH MeIlKa Maccoi 1,25 KT Ha MaKeTHOHM YCTaHOBKE IT0 CIIITY MPSMOJIMHEHHOW (hOpMBI

C YIJIOM HakJIOHa 45° u yriie BbIXOJa BBITSKHOTO KOHLA 5°
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CrnuroBas KaHaBKa

[Topor ciuna
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Bpems, c

Pucynok I1.b.16 — Jlunamorpamma ycuiusi BBIOOPKH Melika Maccoit 1,25 Kr Ha MakeTHOM yCTaHOBKE I10 CIIHITY NPSIMOJIMHENRHON (OpMBI
C YIJIOM HakJIOHa 45° 1 yriie BBIXO/a BBITSDKHOIO KoHIa 20°
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Hpuaoxenue B
Pe3yabTaThl 3KCIEPUMEHTAIBLHBIX HCCJIEIOBAHUI HA MO/IeJILHOM YCTAHOBKE HA BTOPOM J3Tamne padot

CuroBast KaHaBKa

ITopor cnuna
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Bpems, c

Pucynoxk I1.B.1 — Jlunamorpamma ycuiust BHIOOPKHM MeIlIKa Ha MaKeTHOM yCTaHOBKE IO CIMIY cheprueckoi (opMbl
¢ yriioMm HakyoHa 45° u ckopocTbio Beibopku 0,064 m/c



3HauyeHune ycmnma, H

34

32

30

28

26

24

22

20

18

16

14

12

10

172

CraunoBas KaHaBKa

ITopor cinna
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Pucynoxk I1.B.2 — Jlunamorpamma ycuiust BHIOOPKH MeEIIKa Ha MAaKETHOW yCTaHOBKE IO CIUITY chepuyeckoit hopMbl
C YIJIOM HakJIoHa 45° 1 ckopocThio BeIOOpKH 0,048 m/c
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CrnuroBast KaHaBKa
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Pucynok I1.B.3 — JlunamorpamMmMa ycuiusi BBIOOPKH MEIIKa Ha MaKeTHOW YCTaHOBKE IO cIumy chepruieckoit hopMbl
c yrioM HaksoHa 45° u ckopoctsio BeiOopku 0,031 m/c
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CinnoBast KaHaBKa
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Pucynoxk I1.B.4 — Jlunamorpamma ycuiust BHIOOPKH MEIIKa Ha MAaKETHOW yCTaHOBKE IO CIUITY chepuyeckoit hopMbl
¢ yriaoM HaksoHa 30° u ckopocThio BeIOopku 0,064 m/c
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Crnumnosas KaHaBKa
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Pucynok I1.B.5 — JluramorpaMMa ycHiTusl BBIOOPKH MEITKa Ha MAaKETHOW YCTAHOBKE IO CITUITY Chepruaeckoi (hopMbl
¢ yriom HakyioHa 30° u ckopocThio BeIOOpKH 0,048 m/c
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CinunooBast KaHaBKa
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Pucynok I1.B.6 — JluramorpaMMa yCHITUSI BRBIOOPKH MEITKAa Ha MAaKETHOW YCTAaHOBKE IO CIUITY c(hepruiaeckoi (hopMbI
¢ yriom HakyioHa 30° u ckopocthio BeIOOpkH 0,031 m/c
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CrnunoBas KaHaBKa
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Pucynok I1.B.7 — JluramorpaMma ycuiIusi BRBIOOPKH MEITKa Ha MAKETHOW YCTaHOBKE IO CIUITY IPSIMOJIUHEHHON (OPMBI
¢ yriom HakyioHa 30° u ckopocthio BeIOOpkH 0,031 m/c
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CaunoBast KaHaBKa

[Topor cnuna
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Pucynoxk I1.B.8 — Jlunamorpamma ycuinus BBIOOpKH MEIIKa Ha MAaKETHOW YCTAaHOBKE MO CJIUITY IPSAMOJIMHEHHOMN GopMbI
¢ yriaoM HaksoHa 30° u ckopocThio BeIOopku 0,048 m/c
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CrnuroBas KaHaBKa
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Pucynoxk I1.B.9 — Jlunamorpamma ycuius BIOOPKH MEIIKa Ha MAKETHOW YCTAaHOBKE IO CIUITY IPSIMOJIMHEHHON (OopMBbI
¢ yrioM HaksoHa 30° u ckopocThio BeIOopku 0,064 m/c
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Pucynoxk I1.B.10 — Jlunamorpamma ycuiiusi BBIOOPKH MEIIKa Ha MAaKETHOM YCTaHOBKE I10 CIIUITY MPSAMOJIUHEHHOMU (hOpMBI
¢ yrioM HaksoHa 45° u ckopocthio BeiOopku 0,031 m/c
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CrnuroBast KaHaBKa
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Pucynok I1.B.11 — Jlunamorpamma ycuiinsi BBIOOPKM MEIIKa Ha MaKETHON YCTaHOBKE I10 CIHUITY MPSMOIUHEHHOM (HOopMBbI

C yrioM HaksoHa 45° u ckopocthio BeIOopku 0,048 m/c
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Pucynok I1.B.12 — JlunamorpamMma ycwitisi BRIOOPKH MeIIKa Ha MAaKeTHOM YCTaHOBKE I10 CITUITY MPSMOJIMHEHHOW (HOPMBI
C YIJIOM HakJIoHa 45° 1 ckopocThio BeIOOpKH 0,064 Mm/c



3HaveHue ycuaua, H

34

32

30

28

26

24

22

20

18

16

14

12

10

183

CannoBast KaHaBKa
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Pucynok I1.B.13 — J/lunamorpamMma ycwidst BRIOOPKH MeEIIKa Ha MAaKeTHOHM YCTaHOBKE I10 CIUIY YJTMHEHHOW (hOpPMBI
C YIJIOM HakJIoHa 45° u ckopocThio BeIOOpKH 0,064 m/c
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CimnoBast KaHaBKa
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Pucynok I[1.B.14 — JlunamorpamMma ycridsi BRIOOPKH MEIIIKa Ha MAaKeTHOW YCTAaHOBKE IO CIIUITY YJTMHEHHOW (OPMBI
C YIJIOM HakJIoHa 45° 1 ckopocThio BeIOOpKH 0,048 m/c
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Pucynoxk I1.B.15 — Jlunamorpamma ycuiiusi BRIOOPKH MeIIKa Ha MaKeTHOM yCTaHOBKE 110 CIMITY YATUHEHHON (HOpMBI
c yrioM HaksoHa 45° u ckopoctsio BeiOopku 0,031 m/c
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CrnuroBas KaHaBKa
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Pucynok I1.B.16 — JlnunamorpamMma ycwiiist BRIOOPKH MeIIKa Ha MAKeTHOHM YCTaHOBKE I10 CIIUITY YUTMHEHHOW (GOpMBI
¢ yriom HakyoHa 30° u ckopocThio BeIOOpkH 0,064 m/c
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CrnuroBas KaHaBKa
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Pucynoxk I1.B.17 — Jlunamorpamma ycuiiusi BRIOOPKH MeIIKa Ha MaKeTHOM yCTaHOBKE 110 CIMITY YAJTUHEHHON (HOpMBI
¢ yrioM HaksoHa 30° u ckopocThio BeIOopku 0,048 m/c
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CaunoBast KaHaBKa
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Pucynoxk I1.B.18 — Jlunamorpamma ycuiiusi BRIOOPKH MeIIKa Ha MaKeTHOM yCTaHOBKE 110 CIMITY YATUHEHHON (hOopMBI
¢ yriaoM HaksoHa 30° u ckopocthio BeIOopku 0,031 m/c
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Mpuaoxenue I'

Pe3yabTaThl 3KCNIEPUMEHTAIBHBIX HCCIEI0BAHUI HA MO/IeILHOM YCTAHOBKE HA TPeTheM JTame pador
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Pucynok ILI".1 — Jlunamorpamma ycuius BBIOOPKH MEIIKa Ha MAaKETHOW yCTaHOBKE IO CIUITY IPSIMOI popMbI
¢ yrioMm HakIoHa 30°, cKkopocThio BEIGOpKH 0,3 M/C ¥ TIIONIA/BI0 COPUKOCHOBEHHS MEIIKA U CITMIOBO# TIOBEPXHOCTH 246 cM?
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CaunoBas KaHaBKa
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Bpems, ¢

Pucynok I[1.I'.2 — JlunamorpaMmma ycususi BBIOOPKH MEIIKa Ha MAaKETHOW YCTaHOBKE MO CIUMY NpsIMOi (HOpMBbI
C YI7IOM HakJIoHa 45°, ckopocThio BEIGOpKH 0,3 M/C ¥ TIIONIA/BI0 COPUKOCHOBEHMS MEIIKA U CITMIOBO# TIOBEPXHOCTH 246 cM?

3,8



3HaveHue ycmaua, H
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Pucynox I1.I'.3 — Jlunamorpamma ycuins BRIOOPKH MEIIKa Ha MAaKETHOW YCTAaHOBKE IO CIHUIMY chepruueckor (HopmsI
C YI7IOM HakJIoHa 45°, ckopocThio BEIGOpKH 0,3 M/C ¥ TIIONIA/BI0 COPUKOCHOBEHMS MEIIKA U CITMIOBO# TIOBEPXHOCTH 246 cM?

3,8



3HayeHue ycunama, H
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Pucynoxk I1.I".4 — Jlunamorpamma ycuinus BbIOOPKH MEIIKa Ha MaKeTHOW YCTaHOBKE IO CIUITY cheprudeckoit (opMbl
¢ yriioM HakJIoHa 30°, ckopocTbio BEIGOpKH 0,3 M/C M IUIOIIAIbI0 CONPHKOCHOBEHHS MEIIKA U CIIMIIOBOH MOBEPXHOCTH 246 cM?

3,8
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Pucynok I1.I'.5 — JluramorpaMmma ycriIus BBIOOPKH MEITKa Ha MAKETHOW YCTaHOBKE TIO CITUITY PSIMO (hOPMBI
¢ yrioM HakIoHa 30°, cKopocThIo BEIGOpKH 0,4 M/C ¥ TIIOIIAIBI0 COMPUKOCHOBEHUS MEIIKA U CIUIIOBOH ITOBEPXHOCTH 246 cM?



3HayYeHue ycunus, H
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CnunoBast KaHaBKa
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Pucynoxk IL.I".6 — Jlunamorpamma ycuinus BBIOOPKH MEIIKAa Ha MAaKETHOW yCTaHOBKE IO CIUITY IPSIMOI popMbI
¢ yrIIoM HakIoHa 45°, CkopocThIo BEIGOPKH 0,4 M/C U TIIOMAIBIO CONPUKOCHOBEHHS MEITKA U CIMIIOBOH MOBEPXHOCTH 246 cM?



3HaveHue ycmama, H
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Bpems, c

Pucynok I1.I'.7 — Jlunamorpamma ycuiusi BBIOOPKH MEIIKa Ha MAKETHON YCTaHOBKE IO CIUITY cepruuecKoil popmbl
C YI7IOM HakJIoHa 45°, ckopocThio BEIGOpKH 0,4 M/C ¥ TIIOIIA/BIO COPUKOCHOBEHHS MEIIKA U CIMIOBOI TIOBEPXHOCTH 246 cM?



3HayeHune ycmnma, H
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Bpems, c

Pucynok I1.I'.8 — Jlunamorpamma ycususi BBIOOPKH MEIIKa Ha MAKETHON YCTaHOBKE O CIUITY cepruecKoil popMbl
¢ yrioM HakIoHa 30°, cCKOpocThI0 BEIOOPKH 0,4 M/C ¥ TIIONIA/BIO COPUKOCHOBEHHMS MEIIKA U CITMIOBO# TIOBEPXHOCTH 246 cM?



3Ha4veHune ycmnma, H
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Pucynok I1.I'.9 — Jlunamorpamma ycususi BBIOOPKH MEIIKa Ha MAaKETHOW YCTaHOBKE IO CIUIY NPsIMON (hOpMBbI
¢ yrioM HakIoHa 30°, CKOpOCThIO BEIOOPKH 0,5 M/C ¥ TIIONIA/IBI0 COPUKOCHOBEHMS MEIIKA U CITMIOBO# TIOBEPXHOCTH 246 cM?



3HauyeHune ycmana, H
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Pucynok I1.I".10 — lunamorpamma ycuiusi BBIOOPKH MEIIKa Ha MAaKeTHOM YCTaHOBKE I10 CIMITY NPSMON (OopMBbI
¢ yrIIoM HakIoHa 45°, CKOpoCThIO BRIOOPKH 0,5 M/C U TIIOMABIO CONPUKOCHOBEHHS MEITKA U CIUIOBOH MOBEPXHOCTH 246 cM?
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Pucynok [1.I'.11 — JIlunamorpamma ycuiins BEIOOPKH MeIlIKa Ha MaKeTHOM yCTaHOBKE IO ciuny chepruieckoit hopMbl
C YI7IOM HakJIoHa 45°, cKOpocThIo BEIGOPKH 0,5 M/C ¥ TIIOIIAIBI0 COMPUKOCHOBEHUS MEIIKA U CIUIOBOH ITOBEPXHOCTH 246 cM?



3Ha4veHue ycmaua, H
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Pucynok IL.I".12 — Jlunamorpamma ycuiusi BBIOOPKH MEIIKa Ha MAaKeTHOM yCTaHOBKE 110 CIHITY chepruueckoil (hopMel
¢ yrioM HakoHa 30°, cKopocTbio BEIGOPKH 0,5 M/C M IIOIIAIbI0 COPHKOCHOBEHHS MEIIKa U CIIHIIOBO# MOBEPXHOCTH 246 cM?



3HayeHune ycunusa, H
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Pucynok I1.I'.13 — Jlunamorpamma ycuiusi BRIOOPKH MEIIKa Ha MAKETHOM YCTaHOBKE I10 CIMITY NPSMON (OopMBbI
¢ yrioM HakoHa 30°, ckopocThio BEIGOpKH 0,3 M/C 1 IIOIIAIbI0 COMPHKOCHOBEHHS MEIIKa U CIIMIIOBOM moBepxHOCTH 182 cm?

3,6



3HaveHue ycmama, H
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Pucynoxk I1.I'.14 — Jlunamorpamma ycuiusi BRIOOPKH MEIIKa Ha MAaKeTHOM YCTaHOBKE I10 CIMITY NPSMON (OopMBbI
¢ yrIIoM HakIoHa 45°, CkopocThIo BEIGOPKH 0,3 M/C U TIIOMAIBI0 CONPUKOCHOBEHHS MEITKA U CIUIOBOH MoBepXHOCTH 182 cm?

4,4
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Pucynok ILI.15 — Jlunamorpamma ycuiusi BBIOOPKH MEIIKa Ha MAaKETHON YCTaHOBKE 110 CIUMY cepruueckoil popmel
C YIJIOM HakJIoHa 45°, ckopocThio BEIGOpKH 0,3 M/C M IIOIIAbI0 COPHKOCHOBEHHS MEIIKa 1 CIIMIIOBOH moBepxHOCTH 182 cm?
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Pucynok IL.I".16 — Jlunamorpamma ycuiiusi BBIOOPKH MEIIKa Ha MAaKeTHOM yCTaHOBKE 110 CIHITY chepruueckoit (hopMbl
¢ yrioM HakoHa 30°, ckopocTbio BEIGOpKH 0,3 M/C 1 IIOIIAAbI0 COPHUKOCHOBEHHS MEIIKa U CIIMIIOBOH moBepxHOCTH 182 cm?



3HayeHue ycuaua, H
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Pucynok I1.I'.17 — JIluHamMmorpamMma yCutHsi BRIOOPKH MeEIIKa Ha MAaKeTHOH YCTaHOBKE IT0 CIIUAITY MPSMOH (OPMBI
¢ yrioM HakIoHa 30°, cKopocThIo BEIGOpKH 0,4 M/C U TIIOIIAIBI0 COMPUKOCHOBEHUS MEIIKA U CIMIOBOH ITOBEpXHOCTH 182 cM?

2,8



3HaveHue ycmaua, H
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Pucynok I1.I'.18 — Jlunamorpamma ycunusi BBIOOPKH MeIIKa Ha MAaKETHOM YCTaHOBKE I10 CIIUITY NMPSMOI (pOpMBI
C YI7IOM HakJIoHa 45°, ckopocThio BEIGOPKH 0,4 M/C ¥ TIIONIA/BI0 COTPUKOCHOBEHMS MEIIKA U CITMIOBOH MOBepXHOCTH 182 cMm?



3HadveHue ycmama, H
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Pucynok I1.I'.19 — JIlunamorpamma ycuiinis BEIOOPKHM MeIlIKa Ha MaKETHOM yCTaHOBKE IO ciuny chepruieckoi hopMbl
C YI7IOM HakJIoHa 45°, ckopocThio BEIGOPKH 0,4 M/C ¥ TIIONIA/BIO COIPUKOCHOBEHHMS MEIIKA U CIIMIOBO# TIOBEpXHOCTH 182 cM?



3Ha4veHune ycnnua, H
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Pucynoxk I1.I'.20 — Jluramorpamma ycuitusi BRIOOPKH MEIIIKa Ha MAaKETHOM YCTaHOBKE I10 CIHITY chepraeckoit (hopMBbI
¢ yrioM HakIoHa 30°, cKopocThIo BEIOOpKH 0,4 M/C ¥ TIIONIA/IBI0 COPUKOCHOBEHMS MEIIKA U CIMIOBO# TIOBEpXHOCTH 182 cM?



3HauyeHune ycuama, H
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Pucynok I1.I".21 — Jlunamorpamma ycuiusi BBIOOPKH MeIIKa Ha MaK€THOH YCTaHOBKE I10 CIHITY NPsAMON (OpMBI
¢ yrioM HakaoHa 30°, CKOpOCThIO BEIGOPKH 0,5 M/C ¥ TIIOIIA/IbI0 COPUKOCHOBEHHS MEIIKA U CIMIOBO# TIOBEpXHOCTH 182 cM?



3HauYeHue ycunumsa, H
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Pucynok I1.I'.22 — Jlunamorpamma ycuiusi BBIOOPKH MeIIKa Ha MAaKETHOM YCTaHOBKE I10 CIIUIY MPSMOI (pOopMBI
C YI7IOM HakJI0Ha 45°, cKkopocThIo BEIGOPKH 0,5 M/C ¥ TIIONIA/bI0 COPUKOCHOBEHHMS MEIIKA U CIIMIOBO# TIOBEpXHOCTH 182 cM?



3HayeHue ycunus, H
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Pucynoxk I1.I'.23 — Jlunamorpamma ycuiiusi BRIOOPKH MEIIKa Ha MAaKeTHOM yCTaHOBKE 110 CIHITY cheprueckoit (hopMsl
¢ yrIIoM HakIoHa 45°, CKOpOCTHIO BEIGOPKH 0,5 M/C U TIIOMABI0 CONPUKOCHOBEHHS MEIIKA 1 CIUIOBOH MoBepXHOCTH 182 cm?



3HayveHune ycnnua, H
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Pucynoxk I1.I".24 — Jlunamorpamma ycuiiusi BRIOOPKH MEIIKa Ha MaKeTHOM YyCTaHOBKE 110 CIHITY chepruueckoil (hopMsl
¢ yrioM HakoHa 30°, cKopocTbio BEIGOpKH 0,5 M/C M IIOIIAIbI0 COPHKOCHOBEHHS MENIKa M CIMIMOBO# moBepxHocTH 182 cm?

2,8



213

Hpuiaoxenue /I
PesyabTaTtsl 3amepoB Ha CTM «ATJIaHTHAA»
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Pucynok [1.1.1 — luramorpaMMa U3MeHEHUs yCUITUSI BO3HUKAIOIIETO B BBITSHKHOM KOHIIE BO BpeMsl BRIOOPKHM KyTKa MEIKa ¢ yIOBOM Ha nany0y cyaHa
BO BpeMsi ITpoBeIcHUs 1-ro 3aMepa Ha HaydyHO-HcclenoBaTenbckoM cynae CTM «ATnantuaa»
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Pucynoxk I1./1.2 — JlnunamorpaMma u3MEHEHHS yCUJIIHSI BOSHUKAIOIIETO B BBITSHKHOM KOHIIE BO BPeMsi BRIOOPKH KyTKa MEIIKA C YIIOBOM Ha MMaiay0y CyaHa
BO BpeMs [IPOBEJIEHNUs 2-T0 3aMepa Ha HayuHo-HccienoBatenbekoM cynne CTM «AtnanTtuna»
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Pucynoxk I1./1.3 — JlunamorpamMma u3MEeHEHHS yCUJIIHSI BOSHUKAIOIIETO B BBITSHKHOM KOHIIE BO BPeMsi BRIOOPKH KyTKa MEIIKA C YIIOBOM Ha MMaixy0y CyaHa
BO BpeMsI ITPOBEICHUS 3-T0 3aMepa Ha HaydHO-HcclenoBaTenbckoM cynae CTM «ATtnantuga»
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Pucynoxk I1.1.4 — Jlnunamorpamma U3MEHEHHS YCUIIHSI BOSHUKAIOMIETO B BBITSHKHOM KOHIIE BO BpeMsl BRIOOPKH KyTKa MEIIKA C YIIOBOM Ha IMaiy0y CyaHa
BO BpeMsI ITPOBeICHUS 4-T0 3aMepa Ha HaydHO-HcclienoBaTenbckoM cynae CTM «ATtnantuga»
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Bpems, ¢

PI/ICYHOK HI[S - Z[I/IHaMOFpaMMa HU3MCHCHUA YCUJINA BO3HUKAIOIICTO B BBITAXKHOM KOHIIC BO BPEMsL BBI60pKI/I KyTKa MCIIKa € YJIOBOM Ha nany6y CyJHa
BO BpCMs IPOBCIACHUA 5-ro 3aMCpa Ha HAYUYHO-HUCCICAOBATCIIbCKOM CYIHEC CTM ((ATJ'IaHTI/IIIa»
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PI/ICYHOK HI[6 - Z[I/IHaMOFpaMMa HU3MCHCHUA YCUJIUSA BO3HUKAIOUICTO B BBITSI?KHOM KOHIIC BO BpEMH BLI60pI(I/I KyTKa MCIIKa € YJIOBOM Ha nany6y CyaHa
BO BpCMs IPOBCIACHUA 6-T0 3aMCpa Ha HAYUYHO-HUCCICAOBATCIIbCKOM CYIHEC CTM ((ATJ'IaHTI/IIIa»
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Pucynok I[1./1.7 — lunamorpaMMa U3MEHEHUs yCUIIUSI BO3HUKAIOIETO B BBITSKHOM KOHIIE BO BpeMs BRHIOOPKHM KyTKa MEIKa ¢ yJIOBOM Ha nany0y cyaHa
BO BpeMsI ITPOBEACHUS 7-TO 3aMepa Ha HaydHO-HccienoBaTeabckoM cyaae CTM «AtmaHTuma»
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IMpunoxenue E

AKTBI IPOBeIeHNSI HAYYHO-HCCJIeJ0BaTeIbCKUX PadoT U BHePeHNsl pe3y/JIbTaTOB
HCCIe10BAHNA

®ezepanbHOE areHTCTBO 1O PLIGOIOBCTBY
DeiepanbHOE roCcyIapcTBEHHOE OI0PKETHOE 00pa3oBaTe/IbHOE YUPEKICHHE
BBICIIEr0 0Opa3oBaHHs
«KaMHUHTpaJCKuii rOCy1apCTBEHHBIH TEXHTHYECKHH YHUBEPCHTET)
(®I'bOY BO «KI'TY»)

AKT .
0 BHEJPEHHH Pe3yJIbTATOB
JICCEPTALMOHHOTO HCCIIE0BAHUS
«DKCIIEpUMEHTATIBHOE OIpe/Ie/IeHIe 3aBUCHMOCTH YCHIIHS BEIOOPKH TPAJIOBBIX MEIIKOB C
YJIOBOM IIO CITHITY CYJHA OT XapaKTepPUCTHK CHCTEMBI CYIHO-TPaJI-IIPOMBICIIOBAs MAlIUHA)
CkyparoBa Hukonas AnexcadpoBuda
B y4eOHbIii mpouece

Pesynbrarsl HaydHO-HCcCnenoBaTenbekoi pabotel CxyparoBa Hukonas AnexcanapoBuya
(HayuHBI pYKOBOAMTENb: KAHAMAAT TEXHHUYECKUX Hayk, aoueHT CykoHHOB A.B.) B BHIE
9KCHEPUMEHTATBHON YCTAHOBKH ITPOMBICIIOBOM CXEMBI M METOZA SKCIIEPUMEHTAIBHOH OIEHKH
YCHJIHSI BBIOOPKH TIPH TOABEME MEIIKOB C YJIOBOM OT ()aKTOPOB, XapaKTEPU3YIOLUIHX CHUCTEMY
«CyOHO-TpAJ-IPOMBICIIOBAsl MalllMHa», BHEIpPeHbl B y4eOHBI mpomecc Ha Kadexape
npombinuieHHoro  peibonoBetBa ®I'BOY BO  «KamuuuHrpajackuii  rocyfapCTBEHHBIHM
TEXHHYECKHH YHHBEpCHTET» TIpu mnoArotoBke OaxamaspoB (35.03.09 IIpomsinuienHOe
pb160s10BCTBO) U MarucTpoB (35.04.08 IIpomeIinuieHHOE pLIGOIOBCTBO) MO AUCHUILIHHAM:

- «MexaHH3a1Hsl IPOLECCOB PHIOOIOBCTBAY, NPEIoiaBaTe/b KaHHIaT TEXHHUECKUX
HayK, noueHT CykoHHOB A.B.;

- «KoncTpynpoBanue IpOMBICTIOBBIX MAIIHH U MEXAHH3MOBY, IIPENOaBaTe b KaH H/IaT
TeXHHYECKHUX Hayk, foreHT CykoHHOB A.B.;

- «ITpoexTHpoBaHUE MPOMBICIOBBIX CXEM H MEXaHI3MOBY, IIPENo/iaBaTeNb KaHIuIar
TEXHHYECKHX HayK, JoueHT CykoHHOB A.B.;

- «ITpoMBICIIOBEIE CXEMbI X MEXaHU3MBLY, ITPEIoJanaTellb KaHANAAT TEXHHYECKHX HayK,
noueHt CykoHHOB A.B.;

[IprpMeHeHHe DaHHOTO METOZa M SKCIIEPHMEHTAILHOM YCTAaHOBKH B y4eGHOM Ipoliecce
Kaepbl IPOMBIIUICHHOTO PHIOOIIOBCTBA MO3BOJIMT MOBBICUTH TEOPETHYECKHH U MPAKTHIECKUI
YPOBEHB NOATOTOBKHU OakaaBpOB M MarkCTpPOB MU pealk3alii 00pa3oBaTebHbIX IPOrpaMM.

3aBenyromuii kademapoii
IIPOMBIILIEHHOTO PBIOOJIOBCTBA A.A. Hepoctyn
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AKT

BHEJIPEHHSI PEKOMEH/IAIM 110 CHUKEHUIO YCHUJIHS, BOSHUKAOIIETO B BBITSHKHOM
KOHIIE, MIPU MO IbEME TPAJIOBBIX MEIIKOB C YJIOBOM Ha Nayy0y CyaHa CIHIIOBBIM
METOJIOM

— KOHIIeBas 4yacTh Memka tpajga 70/300 !
(00o3HaueHHe U HAaMMEHOBaHHe 00BEKTa UCCIIeIOBAHMS)

B coorBercTBUM ¢ AKTOM TMpOBEIEHUs] HAyYHO-UCCIIEAOBATEIbCKUX paboT Ha
cyaHe CTM «ATtnaHTuaa» 1o OnpeaeseH|io TAr0OBOro yCHJIMS BOZHUKAIOLIErO IpU
NoAbEME TPAJOBBIX MEIIKOB C YJIOBOM CIIMIIOBBIM METOJOM OT « /45 » giwad e
2022 r. ObUIM BBIABHHYTHI MEPONPUSTHS HAlpaBIeHHble HA CHW)KEHHE JaHHOTO
YCHUJIUS ¥ €r0 BO3AEHCTBHUS Ha MPOMBICIIOBBIE MEXaHU3MBI U OOBEKT IIPOMBICIIA.
BHepeHue naHHBIX MEPONPUATHMA, OTHOCSIIMXCS K ONTHMHU3ALMHN YIIPABIISIFOLIUX
rapamMeTpoOB CUCTEMBI CYIHO-Tpas-MPOMBICIIOBas jie0&nka (MOBBIMIEHHE yrila Bbl-
Xoza BbITsSHKHOro KoHua ¢ 10 1o 30 rpagycoB), MO3BOJIMIIO CHU3HUTH NIOTEPH Kaye-
CTBO YyJIOBa, @ TaK)Ke MOBBICHJIO 0€30MacCHOCTh MPOMBICIOBBIX ONepaluid 3a CUér
YBEIIMYEHHUSI pecypca MeXaHU3MOB 3aJIeHiCTBOBAHHBIX B BBIOOpKe. YCUIUE B BHI-
TSOKHOM KOHIIE MIPH y4éTe peKOMEeHIallui CHU3UJIOCh MpuMepHO Ha 15%, uro nmoj-
TBEPAUJIOCH MOCIEIYIONIMMHU 3aMepPaMH.

KoMuccusi Ha OCHOBaHUM aKTa MPOBEACHUS HAYYHO-UCCIIEI0BATENbCKUX pa-
6ot Ha cynHe CTM «ATiaHTUa@» MO OMPEeICHHIO TATOBOTO YCHIIHSI BO3HHKAKO-
IIEero NpH MoJAbEME TPATOBBIX MEIIKOB C YJIOBOM OT « /.5 » /gm}&' 2027 r. cuyuTaer
PEKOMEHJAuU JeUCTBUTEIbHBIMH.

AKT Hay4HO-HCCIIeIOBATEeNIbCKUX PabOT OT ~ /5 /7. /77 MIPHJIaraeTcsl.
(nara)
[Ipencenarens KOMUCCHUHU: ( % [[Inap B.H.
(nonm i

YJICHBI KOMHUCCHHU!

~
- 3enkuH IO.A.
4 7Y7 Haymenax A.B.
v

il CxkypatoB H.A.
(noanuce)

MecTo cocTaBjieHUs aKTa
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AKT
NPOBE/ICHUS HAyYHO-HCCIe1oBaTeNbCKuX pabot Ha cyaHe CTM «AtnanTtuaay no
OIIpE/ICJIEHUIO TATOBOI'0 YCHJIMS BO3HUKAIOILIETO IIPH NMOABEME TPAJIOBBIX MEILLIKOB
C YJIOBOM CJIMIIOBBIM METO/I0M
OT KI5 » g 2023 r

Hayuno-uccnenoBarensckue paboThl MPOBOAMWINCH B IEPUOJ BBIOJIHEHUS
pabot B UDC Mapokko B nepuop ¢ okTsi0ps no aexadps 2023 roaa.

Komuccus B cocraBe wieHoB skunaxa CTM «ATnaHTvaa» ¥ Hay4HOH IPYIIIbI
OI'bBHY BHUPO «AtnantHUPO»:

[Ipencenarens koMUCCHM: HadalbHUK dkcneauuuu IlInap B.H., 4neHsl ko-
MHCCHH: CT. oM. KanuTaHa 3eHkuH FO.A., moM. kanuTaHa 1o a06ede CTM «ATt-
nantuaa» Haymenak A.B., mactep no no6srde CTM «Atnantuga» Ckyparos H.A.
IpoBeja OINbITHbIE PabOTHl C IMPOMBICIOBEIMH MEXaHM3MaMU U YCTPOMCTBaMH
cynaa CTM «ATnantuna» U ¢ KOHIEBOM dacThio Memka Tpana 70/300, mpenna-
3HA4YeHHOM JUIsl aKKyMYJIMPOBAHUS U y/Iep)KaHHUs YJIOBa Tpaja, C LeJbI0 Onpe/ere-
HHSI OCHOBHBIX XapaKTEPUCTHK MPOMBICIIOBOM CXEeMBl U 3aMEpOB YCUJIHS, BO3HU-
Karollero Bo BpeMsi BbIOOpKH Memika ¢ ynoBoM Ha naimy0y CTM «Atnantuna», B
cootBercTBUH ¢ OCT 15-82-79 «Marepuainbl pplOOIOBHBIE U3 TEKCTHJIBHBIX HHU-
Tel. MeTo/1bl UCTIBITAHUI.

WcnpiTaHus NpOBOAMIU TMpH aTMOC(EpHBIX YCIOBUSX IPH TeMIIeparype
18+2°C ¢ TpanoBbIMH MelIKaMu ¢ yioBoM aquHamomerpom DJI-PM 20 xH ¢ Tou-
HocThiO 10 1 H.

Ha ocHOBaHMYM ITPOBEEHHBIX 3aMEPOB KOMUCCHUS YCTaHOBHUIIA, YTO:

®opma VYron VYron Bel- | CkopocTh Makcen- | Yewnume npu Bec
IOBEPX- | HAKJIOHA | XOJa Bbl- | BBIOOpPKH MaJbHOE BBIOOpKE MeIlKa
N HOCTH | ciuma a® | TSHKHOTO Vs, M/C YCHJIME Ha | MEIIKa yCH- | ycuiIHe
“| cauma KoHIa 3° ropore meM_,(H) | P,, (H)
ciouna M.,
(H)
1 | mpsmas 40° 12° 0,5 1579 1373 1344
2 | mpsimas 40° 12 0,5 1972 1373 1452
3 | mpsmas 40° 12° 0,5 1903 1530 1334
4 | npsmas 40° 12 0,5 11703 6798 5798
5 | npsmas 40° 147 0,5 5768 4473 4179
6 | mpsmas 40° 12° 0,5 12282 10202 10556
7 | npsimas 40° 127 0,5 3178 2708 2894

B pesynbrare onbITHEIX pabOT KOMUCCHUS YCTAaHOBHIIA CIIeAyIOLIEe:
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- 3aMepsl ITpoBeieHb! B oIHOM cootBeTcTBUU ¢ OCT 15-82-79.

- YCTaHOBJIEHBl XapaKTepHble OCOOEHHOCTH POCTa YCHIUSI B MecTax IepejaoMa
CJIWIIA, TAKUX KAaK IOPOT CJIMIIA U paliOH CIUIIOBON KaHABKH.

- IaHbl PEKOMEH/IalliU 110 CHU)KEHUIO YCUIIHSI, BO3HUKAIOILETO B BHITSDKHOM KOHIIE
IpY BEIOOPKE TPaJOBOrO MEIIKa C YJIOBOM Ha naixyOy CyZHA CIMIOBBIM METOJOM,
NyTéM ONTUMM3ALMU YNPABISAIOLMX IAPaMETPOB CHCTEMBI CYJHO-Tpall-
IIPOMBICIIOBas JIeO&aKa.

/

Ilpencenarens komucenu: __— ( / [[Isap B.H.
YJIeHbl KOMUCCHH: T‘, 3enkuH [0.A.
o/
\a@{) y Haymenak A.B.
= : CxypatoB H.A.

= 30uq

«/5» nexabps 2023 r. LIBA
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(57) Petpepar:

HaobpeTenne 0THOCHTCA K 3ECHICPHMEHTAT EHOM
TEXHHES B PROOIOBCTEE A8 ONPEISICHHE TRIOBLIX
YOHAHE OPH NOTLEME VIOBL HA CYIEA CO CIIMIONM.
CTena coaepamT pasMy, PEryIHPYCMoE 10 qopsc |
YINY HAKIIOHA CIMITOBOS YOTPORCTBO © IHECA TOPOM,
CMEHHEI HACTHA NAUTYDRL, BAHHY © PErYIMPORECH
YPOBHA KHAKOCTH H BHETAMMH BRICOTEL M0 BEME J/18
MMHTAUMH OCAAKH KOpMED cyaHa. Crenn chabscH
BEITHAEHON Nebearoil ¢ DapabaHoM W HOCOBOH
crofikofl ¢ BAOKOM AN WIMCHEHMR YVITIE BRIXOIA
BRITE®HOTD  koHus.  Bamwa  nogsmouess

BOAOTPOBOTHON CETH M HMECT CITHBHOC OTBEPCTHE,
& KOPMA PAMEL BEITOIHEHA C0 CMOTPOBBIM BRPEIOM.
Hensrranns NpOBOJAT  © BOSMOKHOCTRID
COBMECTHOTO WIH [IO0OMCPCIHOMG BAPEHPOBAHHA
JEKTOPOE NPOMBCIOROA CHCTEMBL T CXHHMCCERI
PESYIETAT EEIKMACTCE B NOBLIICHHA TOMHOCTH
ONPEIEIEHRE THEAMHHECERX YORITHI BEIDOPEN Y082
TR GeI0NACHON  SECTUIYVATAUMH  TTPOMBICTOREIX
MALMH, CHIGECHHE JHCPIOMTPAT W PacdeTa
CYA0BOTO Kpenesa. 3 mn
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