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Bseoenue. 3epHOyOOpOUHBIN KOMOAiH B TEUCHHE rofa MCIONB3YIOT HEe Oosiee IBYX Me-
csneB. OH TOJDKEH 00TanaTh MaKCHMATbHOW AKCIUTYaTallHOHHOW HAJIC)KHOCTBIO, TaK KaK
JTayKe HEeTIPOJOJDKUTENBHBIC IIPOCTOU B MEPUOJ YOOPOUHBIX PabOT BEAyT K OOJIBIINM I10-
TepsM ypoxkast. L{eipro HacTOsIIEero NCcCIeI0BaHus SBISICTCS BEISIBIICHUE IPUYHH OTKAa30B
KOMOAHOB NPY rapaHTUIHON KCILTyaTalHH.

Mamepuanvt u memoovi. BeIsiBIeHHE TIOCIENCTBUIT cO0EB 1 00ecIieYeHNE HETTPEPBIBHOM
paboThl KOMOAITHOB OCHOBBIBACTCSI HA YCOBEPIICHCTBOBAHHOM KilacCU(UKALIMKN OTKA30B.
B mporiecce uccnenoBanus MpeAoKeHbI IyTH PEMICHUS TPOOJIEMBI IPOCTOS KOMOAHOB
Ha OCHOBAHMH aHAJIM3a BPEMEHH HA YCTPAHCHUE HEHCIPABHOCTH. YUHTHIBAJIACH KATErO-
pYs TSDKECTH TOCIIEACTBUI OTKA30B.

Pezynomamot uccnedosanus. B pesynsrare nadmonenuii B nepuoa ¢ 2018 mo 2020 rr. BbI-
SIBIICHBI OTKA3bI y3JIOB U CUCTEM KOMOAHOB, MIMCIOIINX HU3KUE MTOKa3aTeIH HaIe)KHOCTH
B rapaHTUIHbIN nepuoj. bombias yacth 0TkazoB (59,2 %) — y KoMOalHOB POCCHIICKOTO
MIPOM3BOACTBA. M3 HHUX JKCIUTyaTallMOHHBIC OTKA3bl COCTABIIIOT 55,9 %, KOHCTPYKTHUB-
Hble — 26,7 % u npousBoacTBeHHbIe — 17,4 %. OnpeneneHsl 001IMe 3aKOHOMEPHOCTH
M3MEHEHUsI CPETHETO BPEMEHH Ha YCTpaHEHHE 0TKa30B KombaitHoB. Co3aHa reoMeTpu-
yeckasi MOJIeNIb JIeTalld, o0eceunBaloiieii 6e30Tka3Hy0 paboty KoMOaiiHOB (Baj LiHe-
Ka jkarku). Mcmonp3oBascsi KOHEUHO-ineMeHTHBIH aHanu3 (ANSYS), mo3BonmBIImii
BBISIBUTh YYaCTKH, MMOJBEPracMblc MaKCUMaIbHOW paboueii Harpyske. BBISBICHBI y3IIbl
U JICTaJIM, BBIXOJSIINE U3 CTPOSl B IIEPHOJ TAPAHTHHHOW SKCILTyaTallMy IO MPHYHHAM,
CBA3aHHBIM C KOHCTPYKTUBHO-TEXHOJIOTUYECKUMU HeﬂOpa60TKaMH.

Obcyacoenue u 3axarouerue. C UENBIO COKPAILICHNUST BPEMEHH Ha YCTPAHEHHE MOCIIEICT-
BUH OTKAa30B HEOOXOIUMO co3laHue 0ojiee Pa3BETBICHHON CETH MPEANPUSITHHA, OKa3bl-
BaIOMINX MIMPOKYIO HOMECHKJIATYPY CEPBHUCHBIX YCIIYT, COBEPILICHCTBOBAHHE OPTraHU3AIIH
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Introduction. Grain harvesters are used for no more than two months within a year. They
must have maximum operating reliability, since even short downtime during the harvest-
ing period result in large crop losses. The purpose of the study is to identify the causes of
combine harvester failures within the warranty period.

Materials and Methods. 1dentifying consequences of failures and ensuring the reliability
of grain harvesters are based on an improved classification of failures. In the process of
studying, there have been proposed the ways to solve the problem of combine harvester
downtime based on the analysis of the time for grain harvester troubleshooting. The cate-
gory of severity of failure consequences was taken into account.

Results. Through monitoring in the period from 2018 to 2020, there were found failures
of units and systems of grain harvesters with low reliability indexes within the warranty
period. Most of the failures (59.2%) were found in Russian-manufactured combines, of
which operational failures are 55.9%, structural failures — 26.7%, and production fail-
ures — 17.4%. The general patterns of changes in the average time for combine trouble-
shooting have been determined. A geometric model of a detail for the trouble-free opera-
tion of combines (header auger shaft) was created. The finite element analysis (ANSYS)
was used to identify parts, which are subject to maximum workload. There have been
identified units and parts, which fail to function within the warranty period, because of
design and technological defects.

Discussion and Conclusion. In order to reduce the time to find the consequences of fail-
ures, it is necessary to create a more extensive network of enterprises providing a wide
range of services, improve the organization of technical service and expand direct links
with the manufacturers of equipment in order to respond quickly and make the necessary
design and technological decisions.

Keywords: grain harvester, operation, warranty period, structural and technological defect,
failure, time for troubleshooting
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Beenenue

BaxHeluM 3B€HOM B TEXHOJIOTHYE-
CKOM IIeTOYKe MPOU3BOJICTBA 3E€PHOBBIX
KyJIbTyp U HanOoJee HaIlpsDKEHHOW ore-
pauueil siBrsieTcs yOOpOYHBIN Ipolecc.
OT ero mpoAOIKUTEILHOCTH BO MHOIOM
3aBHCHT YPOBEHb KaueCTBa U KOJIHMYECTBO
MoJIy4eHHoro ypoxas [1-3].

MHOXXECTBO BHJIOB  CEIbCKOXO35M-
CTBEHHBIX KYIBTYp, pa3HOOOpa3He Moro-
HBIX YCJIOBUH B pernoHax Poccuiickoit
Oeneparnuu TpeOYIOT OT IPOU3BOAUTENICH
TEXHUKH pa3pabOTKH U CO3TJaHNS BBICOKO-
MIPOU3BOUTEIBHBIX U HANCKHBIX 3€pPHO-
yOopouHbIX KOMOaiiHoB [1; 4; 5].

IIpu sTOM B mpolecce dKCITyaTaluu
KOMOaiHOB HEOOXOAUMO 00€ECIIEUEHUE BbI-
COKOT0 YPOBHsSI 0€30TKa3HOCTH (DYHKLIHO-
HupoBaHus [6—8]. OTka3 KakoH-100 1Mo/I-
CUCTEMBI TIPUBOJIUT K HAPYIICHHIO BCETO
KOMIIJIEKCA TEXHOJIOTHYECKHX OIIePAIHil.
DTO MOXET CTarh MPUIMHOW CHWKEHHS
YpOBHSI PabOTOCTIOCOOHOCTH KOMOAtHOB
KaK B FapaHTUIHBIN NEPUOJ, TAK U B T€UE-
HHUE BCETo CpoKa cirykObi [9—11].

Oco0eHHO BayKHO B MPOIIECCE DKCILTya-
TaIM1 KOMOAHHOB 00ECIICUUTh U COXPAHUTh
3aJI0KEHHBIC HA ATaraxX KOHCTPYUPOBAHUS
U TPOU3BOACTBA TApaMeTpbl HaJCKHO-
ctu [12; 13]. HambGonee OTBETCTBEHHBIM
C ATOW TOYKHU 3PEHUsI SABISETCS] HaUaIIbHBIHI
TIepHO/T UCTIONB30BaHms komOaitHoB. Hapy-
IIIEHHEe TPaBUIT AKCIUTyaTallid H OOCITYKH-
BaHMs KOMOAHHOB B TapaHTHHUHBINA TIEPHOI
MOXKET TIPUBECTH K BO3HHKHOBEHHIO TIpe-
JK/IeBPEMEHHBIX 0TKa30B [14—-16].

Ilenpro HaACTOSIIETO MCCIEAOBAHUS
SIBIIICTCSI BBISIBICHUE KOHCTPYKTHUBHBIX,
MPOU3BOJCTBEHHBIX M DKCIUTyaTallu-
OHHBIX OTKa30B, MPUYUH BO3SHUKHOBEHUS
U BPEMCHU Ha MX YCTPAHEHHE NJISl arpe-
ratoB 3epHOYOOpPOUYHBIX KOMOAWHOB pas-
JUYHBIX TPOW3BOJUTENEH B TIEPHUOI Ta-
PAHTUIHOM AKCIITyaTaluu.

0030p JauTEpaTypHI

Crparerust pa3BUTHSL  arpOIPOMBIIII-
JICHHOTO W PbIOOXO3SIMICTBEHHOTO KOM-
wiekcoB PO na nepuon 1o 2030 rona ctu-
MYJIAPYET TPUOOPETEHUE 3HAYUTEIHHOTO
0o0beMa HOBOU TEXHUKH, B TOM YHCIIE KOM-
6aiiHoB'. /Ins1 2h(heKTHBHOTO UCTOIB30BA-
HUS HOBBIX KOMOQIfHOB HEOOXOIMM aHAIIH3
MIPOM3BOJICTBEHHOTO YPOBHS IapaMeTpPOB
0€e30TKa3HOCTH, JIONTOBEYHOCTH H pe-
MOHTOIPUTOTHOCTH. Takue 3KCIepUMEH-
TaJIbHBIE HUCCIICJIOBAHUSI MTO3BOJISIIOT yCTa-
HOBUTH OOIIME 3aBUCUMOCTH W3MECHCHUSI
[OKa3aTeae HAJEeKHOCTH B pa3iMuHbIC
MepHoIbl CpoKa Ciy:KObl. OCOOEHHO 3TO
B2KHO BO BpeMsl JCUCTBHS TapaHTUU IS
BBISIBIICHHUSI KOHCTPYKTHBHBIX M TEXHOJO-
THYECKUX HE0Pa0OTOK M CO3JIaHUS PEKO-
MEHJalui 1o ux ycrpanenuto [17-19].

[TponomKNTEeTEHOCTh  MCTIONB30BAHMS
KOMOaifHOB B TEXHOJIOTUYECKHX OTTEpPaIInsiX
B TEUEHHWE TO/la He TPEBBIIIAET ABYX Mecs-
rieB [20; 21]. [ToaToMy KOMOAWHBI TOTKHBI
HMMETh MaKCUMAJIbHBIC SKCILTyaTalldOHHbIC
roKazareli 0e30TKa3HOCTH U JIOJITOBEYHO-
ctu. Bo3HUKHOBEHUE B Mporiecce yoopou-
HBIX pabOT HEMPOJIOKUTEILHBIX IIPOCTOCB
BEJIET K CHW)KCHHIO YPOXKAWHOCTH U 0OJIb-
IIUM TTOTepsM 3epHa [8; 22; 23].

CornacHO JTaHHBIM HKCCIIe/loBaTes el
3a(hMKCHpPOBaHHBIE IPOCTOM MAalldH Ha
yOOpoYHBIX paboTax coctaBisitoT oT 10 10
50 % oT 001IeT0 BpeMEeHH HCIOTb30BaHUS
koMOaitHOB [3; 9]. OgHAaKO OONBITHHCTBO
uccieaoBareseil py ONpeAeIeHIN Cpejl-
HEr0 BPEMEHH YCTPaHEHHs IOCIICIACTBHUI
OTKAa30B YYUTHIBAIOT TOJILKO OIEPATHBHOE
Y TIOJITOTOBUTEIILHO-3aKITFOYUTETILHOE BpE-
Ms (0,5-9 4) [3; 7; 21]. B nefictBuTensHOC-
TH 3aTpaThl BDEMEHU Ha OPTaHU3AIHIO BOC-
CTaHOBIICHHS arPETaToB COCTABIISIOT OoJiee
50 % ot o0Iero BpeMeHU WU JOCTHTAIOT
70 4 [14; 15]. nurenbHble NPOCTOU CBSI-
3aHBI C HECBOEBPEMEHHBIM 00eCTIeYeHUEM

' 06 yrBepxkaeHnn CTpaTeriuy pa3BUTHs arpOIPOMBILIICHHOTO H PhIOOX03sIHCTBEHHOT'O KOMILJIEKCOB
Poccuiickoii denepamnu Ha nepuox 10 2030 roma [Dnexrponnslii pecypce] // IlpaBurensctBo POD. Pac-
nopsokenue ot 12 anpens 2020 roga Ne 993-p. URL: http://docs.cntd.ru/document/564654448 (nara

oOpamenus: 14.02.2021).
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TEXHUKH 3aIaCHBIMH YaCTSIMU BCJIEJICTBHE
OTCYTCTBHS PA3BUTOU CTPYKTYphI TEXHH-
yeckoro cepsuca [19; 24].

ITosToMy psig uccnenoBaHU MOCBS-
IIeH BOMpOocaM OOOCHOBAaHUS ONTHMAallhb-
HOTO BPEMEHH IMPOCTO KOMOAWHOB M3-3a
YCTpaHEHMs MOCHEACTBUM 0TKa30B. [Ipu
9TOM YYHWTBHIBACTCS CE30HHAS Harpys3ka
Ha OWH KOMOAiH M BECOMBIC IMPOU3BOI-
CTBEHHBIE ¥ TPUPOTHO-KINMATHIECCKUE
¢axropsr [1; 9; 22].

B uenom ananu3 BUIOB W MOCHEN-
CTBUU OTKA30B OCYIIECTBIISIIOT C LEIbIO
000CHOBaHUSI TOCTATOUYHOCTH U 3 dek-
TUBHOCTH NMPUHUMAaeMbIX pemeHuid. [Ipu
3TOM 00eCIIeunBaeTCsl CHWKEHHE BEpO-
STHOCTH BO3HHUKHOBEHHS W TSKECTU TIO-
CJIEJICTBHH OTKAa30B 3a HCKIIOYEHUEM TEX,
KOTOpBIE MOTYT TPWUBECTH K 3HAYUTEIh-
HOMY ymiepOy 00beKTa WIH OKPY KaoIIeh
cpenbl, THOCNN WM TSDKEIBIM TpaBMaM
MEXaHHU3aTOPOB, CPHIBY BBIIIOJIHEHUS TI0-
cTaBleHHOM 3amaun [4; 11].

MarepuaJibl U METOAbI

Ilpu BeIUMCIIEHMM TIOKa3aTese Ha-
JIS)KHOCTH KOMOAWHOB (cpelnHee BpeMs
BOCCTAHOBJICHHUSI), COIIACHO PEKOMEH]IY-
€MBIM ITOJIOKEHHSIM PYKOBOJISIIETO JOKY-
MEHTa, TPeyCMaTPUBAIOTCS CIIEAYIOIIHE
STAIbl: OTpeieTICHIE TUIaHa HAOIOIEHUH,
cOOp JaHHBIX O MapaMeTpax Haae)KHOCTH,
CTaTucTUYecKass 00paboTKa JaHHBIX .
Hns  w3nenuit  cepuiHOrO  IPOM3BOJ-
CTBa JOBEpUTEIbHAS BEPOATHOCTh ¢ =
0,9, otHocuTenbHas ommoOka € = 0,1. J{ns
00BEKTOB, BKJIFOUAIOIINX KaK BOCCTaHaB-
JUBaeMbIe, TaK U HEBOCCTAHABIMBACMBIC
CHUCTEMBbI TpHU ONPEACICHUU CPEIHErO
BPEMEHU BOCCTAHOBIICHHUSI, PEKOMEHTYET-
cs mnad HaOmroneHwit [NUN], [NMT] nim
[NMr]. Ilpn rurane Habmogennii [NUN],
C YYETOM JOBEPUTEIHHON BEPOSITHOCTH ¢,
MIPENeTLHON OTHOCHTEIHLHOW OIMOKH &,

kod¢ppunnenra Bapuanuu V (menee 0,4),
BUJIa 3aKOHA pacnpesaeieHus (3akoH Beii-
Oy/uta) CIIy4ailHBIX BEJUYHH (CpeaHee
BpEeMsl BOCCTAHOBJICHHUSI) Ha OCHOBaHUHU
IpyII 0ObEKTOB-aHAIOTOB U OIPAaHHYCH-
HOro oObeMa coBOoKymHOCTH (M = 50),
MHUHHMAaJIBHOE KOJIHYECTBO HAOIIONEHUH
KOMOAHOB KaXIOW MapKh COCTaBUT
N = 11. s nranoB HaOmonernii [NMT]
u [NMr] cymMmmapHO€ MHHHMAaJbHOE KO-
JIMYECTBO O0TKa30B OyneT paBHO 130-250,
a o0mas HapaboTKa — CyMMapHOW BeH-
YHMHE rapaHTUHHON HapaOOTKU KOHTPOJIb-
HOU TpyNIIbl KOMOAHHOB.

JlocTOBEpHOCTh yCTAHOBJIECHUS I1O-
CIICICTBUM OTKa30B M pa3paboTka myTer
NOBBIICHNUS OE30TKa3HOCTH KOMOaiHOB
OCHOBBIBAIOTCA Ha HCCIeIyeMOH Kiac-
cu(UKAIM OTKAa30B B TapaHTHHHBIN ITe-
puon (puc. 1). Ona pa3paborana Ha 0ase
nosnoxernit [OCTa 27.310-95°.

Pacnipenenenue oTkazoB Ha KOHCTPYK-
TUBHEBIC, TPOM3BOICTBEHHBIE U DKCILTyaTa-
MOHHBIE TIPOU3BOJMIOCH HA OCHOBaHUHU
KOMITJIEKCA MEKIYHApOAHBIX, MEKIOCy-
JApCTBEHHBIX, HALMOHAJIBHBIX CTAaHAAP-
TOB, CTAHIAPTOB 3aBOJOB-M3TOTOBUTENEH
U OCHOBHBIX JIOKYMEHTOB B JQHHOH 00-
nacty. [Ipu 3TOM HCnoNb30BaJICs MO3TAI-
HBI IPUHLMII YCTAHOBJIEHHUSI HPUYMHbBI
OTKa3a C CO3aHHEM HKCIIEPTHBIX KOMHC-
CUHl M HCIOJIb30BAHUEM COBPEMEHHOIO
UCIIBITATEIBHOTO MITH HCCIIEI0BATEIbCKO-
ro obopynoBaHusi, a ©IMeHHO: | Tam — Ha
0aze monpazieneHuit O(UIMATBHBIX H-
JIEpOB, OCYIIECTBIAIOUIMX TapaHTHHHOE
o0cnyXKMBaHHE KOMOailHOB B PETHOHE;
II sTan — B naboparopusx y4yeOHO-HayU-
HO-UHHOBaIMoHHOro 1eHTpa ®I'bOY BO
«MI'Y nm. H. I1. Orapésay; 11l atan — Ha
MPOU3BOJACTBEHHBIX IUIOIMAAKAX M HCIIBI-
TaTeNbHBIX LIEHTPaX 3aBOAOB-U3IOTOBUTE-
TIelt U X QUInaioB.

2 PIT 50-690-89. Meronnueckue yka3anus. Haie:)kHOCTh B TeXHUKE. METO/bI OIIEHKH TTOKa3aTeleit
HAJIEKHOCTH 110 JKCIIEPHMEHTAIBHBIM JaHHbIM [Dnektponnbiii pecype]. URL: http://docs.cntd.ru/
document/1200035567 (nara oGparmenus: 16.02.2021).

3TOCT 27.310-95. Hanexuocts B Texuuke (CCHT). AHann3 BHIOB, OCICACTBHNA ¥ KPUTHYHOCTH

oTkazoB. M., 2002.
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Puc. 1. Uccnenyemas xiaccudukanust 0Tka30B KOMOatHOB B TapaHTHHHBIA IEPHOX
Fig. 1. Researched classification of combine failures within the warranty period

B rapanTuiinblii mepuoj sKCIuTyara-
UM 3€pHOYOOPOUHBIX KOMOAITHOB He pac-
CMaTpUBAINCh KaTacTpo(UUECKUE OTKa-
361 (IV kareropus TsKECTH TOCIENCTBUI
OTKAa30B) BCJIEICTBHE TOTO, YTO BEPOST-
HOCTh MX BO3HUKHOBEHUS IIPU JAHHBIX
BEJIMYMHAX HAPAOOTKH paBHA HYJIIO.

OnauM U3 BaXKHEWUIIMX ITOKa3areliei
IIpY YCTPaHEHHUU IIOCIEJICTBUM OTKAa30B
ABJISIETCS BPEMsl TTOMCKA MPUYMHBI OTKa3a
1 BOCCTAHOBJIEHHUS y371a. [JIMTETBHOCTD
peMoHTa KOMOAHOB B pe3ysibTare ycrpa-
HEHUS TOCIEICTBUI OTKa3a B 3HAYUTEIb-
HOHM CTeTeHH 3aBHCUT OT METOza Ompese-
JICHUSI MECTOHAXOXKIeH!s 0TKaza [7; 9; 20].
Pe3ynbrarsl paHee IpOBEICHHBIX UCCIIEI0-
BaHWIA SKCIUTyaTalliy KOMOAHOB TOKa3a-
mm, uto 6ornee 50 % BpemeHU B mporiecce
pPEMOHTa 3aTpauyMBacTCsl Ha OOHApYyKEHUE
orkas3a u MeHee 50 % Ha ycTpaHeHUe I0-
ciencTBuii otkaza [12; 14; 15].

192

g cokpaiieHus BpeMEHU IOHMCKa
MECTOHAXOXKACHUSI OTKa3a HEOOXOIMMO,
NpeXae BCEro, 3HaHUE OCOOCHHOCTEH
YCTpOMCTBA W MpaBWI OOCITYKUBaHUS
1 JKcIuTyaranuu koMmOaiHoB [25]. Tlpo-
BEJICHHBIA aHanM3 OajlaHca UCIIOJIb30Ba-
HUSI BPEMEHH CMEHBI MPH JKCILTyaTaluu
KOMOaWHOB TIOKa3aJ, YTO OCHOBHBIMH
MyTAMHU YMCHBLUIICHUA SABJIAIOTCA CICAY-
IOLIMEe: 3HAYUTENILHOE YBEJIWYECHUE KO-
3 PUICHTa TEXHUYECKOTO HCII0JIb30Ba-
HUSI; yMEHBILICHHE BPEMEHHBIX 3aTpaT Ha
LUKJIOBBIE TEXHOJIOTHYECKHE OOCITYKIBA-
HUSI; COKpAlllCHHE BPEMEHU Ha yCTpaHe-
HUE TOCJIEeCTBUI 0TKa30B [1; 10; 23].

CpenHee BpeMsl yCTpaHEHHS MTOCIIE]-
CTBUI OTKa30B, C YYETOM KaTeTOPUH
TSOKECTH JUIsl KoMOaiiHOB, OymeT ompe-
JENATHCS CYMMOH COCTaBJISIOIIUX Bpe-
MEHH Ha ero oOHapyxeHHe, pazbopky
arperatoB, BOCCTAHOBJICHHE JeTalleH,
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JIOCTaBKY 3allacHbIX 4YacTeil, cOOopky ar-
peraroB u T. . OTclofa cpeaHee BpeMs
YCTpaHEHUs TOCIEICTBUI OTKAa30B IS
Ka)X/I0M KaTeropuu ONpeIersieTcs 1o clie-
JIytouieit 3aBucuMoctu [7; 24]:

j=1

m n
thI, 1, 11 = (Z£Zl:t00’ + trmol + tc/ + tﬂj + tﬂpMJ +
J=1 \i=

oy, T L, T )) /N, (1)

e f,, — BPeMs OOHApYKEHHs MOCIE]-
CTBHUH i-r0 OTKas3a, 4; 7, — BPeMs mepe-
a4l ONEpaTHMBHOM MH(OpPMALMKA O Me-
CTOHAXOXK/ICHHH [-I0 OTKA3a, 9; I, — BPeMs
JEMOHTaXa j-r0 HEUCIIPaBHOIO arpera-
Ta, 4; £, — BPEMS JIOCTABKH 3aIlACHBIX Ya-
CTEH ¥ MaTepuasoB JUIs j-T0 HEUCIPABHO-
rO arperara, 4; £,,, — BPEMs J0CTaBKHU Ha
MPEINpPUATHE TEXHUIECKOTO CepBHUCa j-TO
HEHUCIPABHOTO arperara (BTopasi ¥ TPeThs
KaTeropuy TSKECTU TOCIEICTBUN OTKa-
3a), 4; Ly, — BPEMs BOCCTAHOBIICHUS Jie-
Tanel (mocje oTKasa) U peMOHTa arpera-
Ta (BTOpas U TPEThbsI KATETOPUHU TSKECTH
TMOCTIC/ICTBUIA OTKa3a), 4; £, — BPEMsI yCTa-
HOBKM j-TO HEHCIIPaBHOTO arperara, 4,
1, — BPEMsI PEryTHPOBKH ¥ TPOBEPKH pa-
00TOCIIOCOOHOTO COCTOSTHHUS j-TO arperara
TMOC/Ie PEMOHTA, 4 f, — BPEMs JOCTABKH
Jj-TO arperara K MECTy MCIIOJIb30BaHUsI 110
HA3HAUEHUIO TOCIIe YCTPaHEHUS TMOCHE-
CTBHI OTKa3a, 4.

MeTonrka CTaTUCTUYECKOH 00padoT-
KM OIIEHOYHBIX MOKa3areseil HaJe)KHOCTH
KOMOaiHHOB MO3BOJISIET MOMYYHTh OCHOB-
HBbIE XapaKTEPHCTUKU paccMaTpuBacMOn
BBIOOPKH A(N) ¢ y4eToM Tpex KaTeropui
TSOKECTH TIOCIEACTBUN 0TKa30B [17].

Hexoropast 4actb OTKa30B OOBEKTOB
WCCJIEIOBaHUsl B TIPOLIECCe TapaHTUHHON
IKCIUTyaTald MOXET OBbITh CBSI3aHa C KOH-
CTPYKTUBHBIMU HefjopaboTkamu. [loatomy
JUTSL CO3/IaHUSI TOYHOTO M COBPEMEHHOTO
WHCTPYMEHTa pelIeHUs] KOHCTPYKTOp-

4 TaM xe.
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CKHUX 3aJ1a4 B padOTe UCTIOJIB3YETCs cpeaa
«KOMITAC-3D». OHa mo3BoJisieT co3aTh
MIPOCTPAHCTBEHHBIE T€OMETPHUYSCKUE MO-
Qe JIeTajeil CIOXKHBIX KOH(UTypaIuii
C TIOCIIEMYFOIUM KOMITBIOTEPHBIM peliie-
HUEM Ha OCHOBE MPOTPaMMHOTO obecrie-
YeHHsI CHCTEMBI aBTOMATH3HPOBAHHOTO
npoeKTupoBanus [26; 27].

OnHUM H3 MOIIHBIX ITaKETOB TPO-
rpaMM 10 ONpEACICHUIO HaIpsHKEeHHO-
JIe(OPMUPOBAHHOTO COCTOSIHUSI JeTanel
u ysnoB seisercsi ANSYS. B pabore
MPOBOAUTCSI HUCCIENOBAaHUE HEKOTOPBIX
Jerasneid, 00eceunBalomnX HaJeKHOCTh
arperaroB, ¢ WCIOJb30BAHWEM KOHEYHO-
AIIEMEHTHOTO aHalIN3a OIACHBIX CEUSHHM
B Omoke mporpamm ANSYS 14.5 [26; 27].

Pe3yabrarhl Hccie10BaHus

B xoszsiictBax [IpuBomkckoro ¢e-
JiepaibHOTO OKpyra B mepuon ¢ 2018 mo
2020 rT. OBLTH TTPOBENEHEI UCCIICIOBAHUS
0 BBISIBJICHUIO OTKa30B KOMOAIHOB 3apy-
0CKHOTO M POCCHUICKOTO IMPOM3BOACTBA
B FrapaHTUUHBIN MIEPUOJI.

Bcero nox HabmoneHneM HaxXoIMINCh
66 xoMOaliHOB Tpex 3apyOexHbIX («/lec-
Ha-ITonecre GS12», Claas Lexion 770
u John Deere W650) u Tpex oredecTBeH-
HBIX (Acros-585, Acros-595 Plus m RSM-
161) mapok (mo 11 kaxmod Momemn).
Nuadopmanms o0 ycTpaHEHWH TOCIHE-
CTBUI OTKa30B ObLTA TONydeHa Oyaroma-
psl HETIPEpPHIBHOMY HAOJIONEHUIO 32 JKC-
TuTyaTtanueil KoMOAifHOB U U3 TOKYMEHTOB
Oyxrantepckoid otueTHOoCcTU. (OCHOBHBIC
BHEITHUE MPOSIBICHUSI OTKAa30B KoMOaii-
HOB, OOHAPYKEHHbBIC B TICPUOJ] TaAPAHTU-
HOW IKCIUTyaTallny, MPEJICTaBICHBI Ha PU-

CyHKax 2-5.
B rtabmumax 1 w 2 mpencraBieHsI
OCHOBHBIE  XapaKTEPUCTUKH  OTKa30B

KOMOAHHOB 10 KaTeropusiM TSKECTH IO-
ciencTBuid (kareropus I — oTkas ¢ mpeHe-
OpeXHUTETHHO MAJBIMHU TIOCIEICTBUIMM,
kareropust Il — HEKpuUTHUECKUH OTKa3,
kareropusi III — kpuTHyeckuii orka3z)*.
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P u c. 2. BHenrHue nmposiBieHUs 0TKa30B kKoMOaiiHOB Claas: a) 0OpbIB IIETIOYHO-ITAHYATOTO
TpaHcmopTepa; b) CBOpauyMBaHUe BAJIOB B IIHIEBBIX COEANHEHHSIX

F i g. 2. External manifestations of failures of the Claas combine: a) breakage of the chain-slat conveyor;
b) collapse of the shafts in the spline joints

P u c. 3. Baemnne nposiBneHust 0TKa30B kombaiiHoB John Deere: a) paspymieHne mKuBa IpUBOJIa
pexyiero Mexanusma; b) uzinom kpeitiku KII; ¢) BEIxoa U3 CTpost MOALIMITHUKOB U U3JIOM LIIHEKA )KaTKH;
d) BBIXOJ M3 CTPOS MAIBIIEBOTO MEXaHU3Ma U IIHEKa

F i g. 3. External manifestations of failures of the John Deere combine: a) destruction of the cutter drive
pulley; b) break in the gearbox cover; c) failure of the bearings and the screw of the header;
d) failure of the finger mechanism and the screw
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P u c. 4. BHemHue nposiBICHUS] 0TKa30B KoMOaitHOB Acros-595 Plus: a) paspyliieHue IKuBa MpuBoIa
PEeKyIIETo MeXaHu3Ma; b) N37I0M rpabIuHBI MOTOBHJIA; C) BBIXOJ U3 CTPOS MAJIbIIEBOTO MEXaHH3Ma
IIHEeKa JKaTKH U Pa3pbIB IIHEeKa; d) U3JI0M IIKWBOB IIPHUBOJIA 3ePHOBOM IPYIIIIbI;

e), f) u3110M Basa IIHEKa YKATKHU B JIByX NPOCKLHAXK; g) U3JIOM pblYara peryJMpoBKHU LIHEKa KaTKH;
h) BBIXOZ M3 CTPOS MOJIIMITHUKOB [IKHMBA JIEHHKCA

F i g. 4. External manifestations of failures of the Acros-595 Plus combine a) destruction of the cutter
drive pulley; b) fracture tines of the reel; c) the failure of the finger mechanism of the auger of the
header, the gap of the screw; d) fracture of the pulleys of the drive grain group;

e), f) fracture of the shaft of the screw headers in two projections; g) a jog lever adjustment screw
headers; h) the failure of the bearings of the pulley leniks

P u c. 5. BHemnue nposiBiienus 0Tka3oB komOaitHoB «/lecHa-TTonecke GS12»: a) M3110M HIKHETO Basla
TpaHCIOPTEpa HAKJIOHHON KaMephl; b) TpelIHa JIEBOI CTOPOHBI PaMbl MOJIOTHIIKH (IO CTPENKE HAJIOXKEHHAS
YCHJIMBAIOLIAsA INIACTHHA); C) BBIXOJL U3 CTPOSI PELYKTOPa BBI'PY3HOTO IIHEKa; d) BBIXO U3 CTPOst
TIOAIIMITHUKOB MPEOXPaHUTEIbHOI My(DTHI; €) M3JI0M BaJla MOTOBHJIA; f) M37I0M IOBOPOTHOTO phlyara

Fig. 5. External manifestations of failures of combine Desna-Polesie GS12: a) break of the lower shaft
of the inclined chamber conveyor; b) crack on the left side of the thresher frame (in the direction of the
arrow, a reinforcing plate applied); c) failure of the discharge screw reducer; d) failure of the bearings of
the pre-storage clutch; e) break of the reel shaft; f) break of the rotary lever
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Tabonuma 1

OcCHOBHBIE XapaKTEePUCTUKHU 0TKA30B KOMOAiiHOB 3apy0e:;KHOI0 NPOU3BOACTBA
The main characteristics of failures of foreign-made combines

Table 1

Pacnpenenenne 0TKa30B 10 TSHKECTH
rnocieacTuii, % /
Distribution of failures by severity of

IMpusHaK KnaccupUKaLUI KOJ‘II/EI:‘«IC?TBO, consequences, % Jons., % /
oTKaza / A A, 7o
. . . . Amount, Share, %
Failure classification sign .
units kareropus | /| kareropus 11 / |kareropust 111/
category I category II category I1I
IMpuurHa BO3HUKHOBEHHUS /
Causes of failures
Koncrpykrusaas / Constructive 52 57,7 25,0 17,3 28,0
[pomsBoncTenHas / Production 28 28,6 53,6 17,8 15,0
OkcrmtyatanonHas / Operational 106 53,8 29,2 17,0 57,0
XapakTep nposiBICHHS /
The nature of the manifestation
Buesanueiii / Sudden 158 42,4 373 20,3 84,9
TTocrenennsriii / Gradual - - - - -
[Nepemexarommiics / Intermittent 28 100,0 - - 15,1
B3anmocss3p / Interconnection
HeszaBucumsrii / Independent 116 534 30,2 16,4 62,4
3asucumslii / Dependent 70 47,1 34,3 18,6 37,6
Bcero 186 51,1 31,7 17,2 100,0

Taonuma 2

Table 2
OcHOBHBIE XaPAKTEPHCTHKH 0TKA30B KOM0OAiiHOB POCCUIiICKOI0 IIPOU3BOACTBA
Main characteristics of failures of russian-manufactured combines
PacnipenernieHre 0Tka3oB MO TSHKECTH
nocieAcTBui, % /
Komnuectso, Distribution of failures by severity
[pusnak kiaccudukanuu en./ of consequences, % 0
OTKa3a / Amount, Hs(ﬁgfé /00//
Failure classification sign units 70
kareropus | /| kareropust 11 / |kareropus 111/
category [ category 11 category 111
1 2 3 4 5 6
[MpuurHa BO3HUKHOBEHHUS /
Causes of failures
Koncrpykrusnas / Constructive 72 56,9 25,0 18,1 26,7
[pousBonctBenHas / Production 47 29,8 48,9 21,3 17,4
OkcrutyaranuonHas / Operational 151 51,6 30,5 17,9 55,9
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Oxonuanue mabnuywt 2 / End of table 2

1 2 3 4 5 |6
Xapakrep nposiBinenus / The
nature of the manifestation
Buesanueiii / Sudden 235 41,7 37,0 21,3 87,0
IMocrenennsrii / Gradual - - - - -
Iepemesxaromuiics / Intermittent 35 100,0 - - 13,0
B3aumocssi3b / Interconnection
He3zaBucumprii / Independent 181 49,7 32,1 18,2 67,0
3aeucumerii / Dependent 89 48,3 32,6 19,1 33,0
Bcero 270 49,3 32,2 18,5 100,0

U3 tabmun 1 u 2 BUAHO, YTO HAHOOJIb-
1iee KOJMYeCTBO OTKa30B KOMOAHOB Kak
3apy0eXHOro, TaKk U POCCHUICKOrO Mpo-
W3BOJICTBA CBA3AHO C DKCILTyaTallMOHHBI-
MU NpPUYMHAMHU BO3HUKHOBeHMS — 57,0
(55,9) %°. Orka3bl KOMOAWHOB HOCAT
B OCHOBHOM BHE3amHbIM xapakrep — 84,9
(87,0) %. Ilpu aTOM IpUMEPHO NIBE Tpe-
TH OT OOIIEro KOJMYecTBa OTKa30B KOM-
0aliHOB SIBIIIFOTCS HE3aBUCHUMBIMHU, 62,4
(67,0) %, 1 onHa TpeTh CTAHOBUTCS TMPH-
YUHONW BO3HUKHOBEHHUS IIEJION Iernoy-
KM JJPyTHUX OTKa30B arperaros.

HauOonpiiee 4YHCIO KOHCTPYKTHB-
HBIX OTKa30B KOMOAHOB B rapaHTHHHBIN
MEPHOJl OTHOCUTCS K MEPBOH KaTeropuu
msokectn — 57,7 (56,9) %; mpousBoa-
CTBEHHBIX — KO BTOPOH Kareropuu Tsi-
xectn — 53,6 (48,9) %; SKkcruTyaranuoH-
HBIX — K TIEPBOM KaTeropuu TskecTr — 53,8
(51,6) %; BHE3AIMHBIX — K TIEPBOI U BTOPOM
Kareropusm tsokectr — 79,7 (78,7) %; me-
peMexaromuxcss — K INEepBOM KaTeropuu
soxect — 100,0 (100,0) %.

Takum oOpa3om, HauOONIbIIEEe YUCIIO
OTKa30B BCEX BUJOB OTHOCHUTCS K Iep-
BOM U BTOPOM KAaTErOpPUAM TSKECTH —
82,8 (81,5) %.

W3 Tabnumer 3 BUAHO, YTO y KOMOaii-
HOB POCCHICKOTO TIPOHW3BOJCTBA OIS

OTKa30B OT OOIIEro MX YHCjIa COCTaBUIIA
59,2 %, a 'y 3apyoexHbix — 40,8 %. Hau-
Oosee Becomble (IO CTOMMOCTH M TIPO-
JIOJDKUTEIPHOCTH  YCTPAHEHUS) OTKa3bl
TPEThEel KaTerOpuu TSIKECTH COCTABUIIH
17,2 (18,5) % oT 001ero KoIu4ecTna.

IIpu »TOM KaTacTpopUUECKHX OTKa-
30B (IV kareropws TsDKeCTH) 3a TIEPUOI
HaOJIO/IEHNH HE BBIABIICHO.

Jliis ipoBeIeHUS TTOJHOTO CTATHCTH-
YECKOT0 aHaJin3a UCCIICAYEeMON BBIOOPKH
10 KaXKJIOM M3 TpexX KaTeropuil TsKecTu
MOCJICACTBUN  OTKAa30B  HCIIOJIb30BAJICS
nakeT nporpamm®. Pe3ynbTarel CTaTHCTH-
4ecKoil 00pabOTKH IKCTIEPUMEHTAIbHBIX
JIAHHBIX MPEJICTaBIEHBI B TA0IHIIE 4.

[Nomyuensl BemuUUHBI KOAPQHUITHEHTA
BapUalli CPETHETO BPEMEHHU yCTPaHEHUS
MOCIIE/ICTBUI OTKAa30B KOMOAWHOB KaXKIOM
Kareropuu, a uMeHHo: V', =26,88 (27,03) %;
V=28,74 (22,77) %; V= 15,00 (17,75) %.
[oyueHHbIC 3HAUCHHUS YKa3bIBAIOT HA OJI-
HOPOTHOCTh HCCIICYEMON COBOKYITHOCTH,
TaK Kak TMOJyYEeHHbIC BEMYMHBI KOA(DDH-
[IMEHTOB Bapuanuu MeHee 33 %.

BrisiBrieHo, 4Tto OJHOM M3 JeTalei,
UMEIOIINX HU3KYI JIOJITOBEYHOCTb, SIB-
nserca Ban mHeka xarku PCM-081.27
(Power Stream 700) (27 % 0OTKa30B KOM-
0aifHOB POCCHICKOTO  IPOM3BOJICTBA).

5 3nech u nanee uadopmanus 00 OTEYECTBEHHBIX KOMOAWHAX JaeTCsl B CKOOKAX.
¢ Craructuka. Omnaiin kanbkynstop [Dnexrponnsiii pecype]. URL: https://allcalc.ru/node/883

(mara obpamenus: 16.02.2021).
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Tabnumna 3
Table 3
KosmyecTBO 0TKA30B 3¢pHOY0OPOYHBIX KOMOAHOB
Number of failures of grain harvesters
Pacrnipenienenne 0Tka3oB MO TSKECTH
Obmee MOCTICICTBUH, e]I. / Jons
MaPKPIIg;%P;%}I’g(;P/O‘IHHX xomuuectro,|  Distribution of failures by severity of | orkazos, % /
. consequences, units
Grain harvester brands en./ d BO‘“‘OC °
Total, units rate, %
kareropust | /|kareropus 11 /|kareropus 111/
category I | category Il | category III

3apyOeKHbIC: BCe MapKH / 186 95 59 30 40.80
Foreign: all brands K

«Jlecna-TTonecse GS12» /

Desna-Polesie GS12 82 39 26 17 17,99

Claas Lexion 770 58 30 18 10 12,72

John Deere W650 46 26 15 5 10,09

Poccuiickoro npon3BoAcTBa: Bce

mapku / Russian-manufactured: 270 133 87 50 59,20

all brands

Acros-595 Plus 94 43 29 22 20,61

Acros-585 112 56 35 21 24,56

RSM-161 64 34 23 7 14,03

0,

Egj;geogt?ﬁuff ("(Ag)) ol 456 (100) (25208) (13426) (21%) 100,00

Tab6nuna 4
Table 4

CraTncTHYecKHii aHAIN3 BPeMeHH YCTPaHeHHsI MOCIeICTBUI 0TKa30B KOMOAHHOB
Statistical analysis of the time for troubleshooting the consequences of combine failures

Kareropuu TsHKeCTH IOCIEACTBHN OTKA30B /
Failure severity categories

1 1I 111
HanmMeHOBaHHEe CTaTUCTHYECKOTO TIapaMeTpa / > > > 3 > >
isti 3 = ) = 3 =
Statistical parameter name £g | S5 £2g | g £g | 25
5 | 22 | §5 | %2 | 5B | %
O = %] O = %] O o @
© o S 3 © o 53 © 5 53
E:LL 1> o~ aﬁ-« S ELL o o~
] o = o 5] o
o A o A o ~
1 2 3 4 5 6 7

CpenHee 3HaueHUE BBIOOPKH A, 4/0TKa3 / Sample

mean 4, , h/refusal

él;dglr;jgf]y:r[i:;ﬁoglefl/arze,fﬁ/sgxas/ 29,41 41,50 139,07 111,14 91,26 145,94

CpenHekBagpaTnieckoe OTKIOHEHHE S, 4/0TKa3 /
Standard deviation S, h/refusal ’ 342 644 11,79 10,54 9,55 12,08

cp?

20,17 23,83 41,04 4629 63,70 68,05
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Oxonuanue mabnuywt 4 / End of table 4

1 2 | 3 | 4| s |6 | 7
Koabdunment Bapuanuu v, % /
The coefficient of variation v, % 26,88 27,03 28,74 2277 15,00 17,75
Omnbka cpenHero 3Ha4eHust Sy, 4/0TKa3 /
Mean error S,,, h/refusal P 0,81 0,93 L1I8 1,24 1,56 1,63
OtHocuTenpHas oIMOKa CpeJHero 3HaueHus €, % /
The relative error of the mean ¢ , % 1,76 1,81 2,36 242 2,91 3,06
Omnbka cperHeKBagpPaTUIECKOTO OTKIOHCHHS
S, u/otka3 / Standard deviation error S, h/refusal 0,38 0,40 1,09 0,80 1,19 1,21
Ommnoka xodddumnmenta Bapuammu S, % /
Coefficient of variation error S,, % 2,02 1,73 2,72 1,77 1,89 1,81
Koopuunent acummerpui Ay / 074 1,17 2,16 113 -147 0,70
Asymmetry coefficient A ? ? > > ’ ’
Koaddunment sxcnecca E /
Kurtosis coefficient , $ -1,88 -1,20 -0,19 -0,19 -0,01 -1,51
Cpennee kBajparHyeckoe 3HadeHue S%, 4/otkas /
Root mean square 82, Wrefusal 20,87 24,66 42,62 47,87 64,19 69,06
CpezHee rapMOHUYECKOE 3HAUCHHUE Sy, 4/0TKa3 /
Harmonic mean value S, h/refusal ! 19,77 22,69 3553 4456 6149 6510
CpenHee TUHENHHOE OTKIIOHEHHE BBIOOPKH
Shum» 9/0TKa3 / Sample linear deviation Sy,;» h/refusal 483 552 880 803 729 1042
Koaddunment Bapuanuu no cpeanemMy JHHEHHOMY
OTKJIOHEHUIO Uy, %0 / Coefficient of variation for 23,94 23,16 21,44 17,35 11,44 1531
the mean linear deviation v, %
Pasmax Bapuaruu R, 4/0TKa3 /
Swipe variation R, h/refusal 2,00 14,00 18,00 22,00 21,00 24,00
MakcuMalbHBIN 21eMEHT BbIOOpKH B, u/oTKa3 /
Maximum sample unit B, h/refusal 24,00 32,00 54,00 56,00 72,00 82,00
MunnmaneHbli anemMenT BeiOopku C, 4/oTKas / 15.00 18.00 36.00 34.00 51.00 60.00

Minimum sample unit C, h/refusal

Jnst uccnenoBanusi HarpshkeHHO-aedop-
MHPOBAHHOTO COCTOSIHHSI BaJia ITHEKa KaT-
KH ObLIa CO3/1aHa TeOMETPUIECKasi MOJICIb
B iporpamme «KOMITAC-3D» (puc. 6).

P u c. 6. ['eomerpuueckast MoJielib Bajia HIHEKA
JKaTKH

Fig. 6. Geometric model of the header auger shaft

Technologies and means of maintenance in agriculture

Hannass mozmens ObUia OObeIMHEHA
M UCIIOJIH30BaHAa B OJI0KE MPOrpaMM KOHeu-
HO->7eMeHTHOTrO aHanmu3za ANSYS 14.5.
Yucnennas mpouegypa CTaTHYECKOro
aHajmM3a MPOBOAMIACH B paMKax IaKeTa
ANSYS WorkBench. nsi pacuera Ha-
MPsKEHHO-/1e(hOPMUPOBAHHOTO  COCTOSI-
HUs Bajla IHeKa >xaTku Power Stream
700 monm nelcTBUEM CTATUYECKUX Ha-
TPY30K HCIOJB30BaJICS MOAYH Static
Structural (puc. 7).

Ha pmannoMm »sTame pacdera ObuIH
OTIpE/IeNICHBl MEXaHHMYECKHUEe CBOWMCTBA
marepuaia Structural steel (myis meTasmno-
npoayKiuu (Kpyr, marepuan — CTajb
40X), Tepmudeckr 00paboTaHHOM (3aKall-
Ka C OTIYCKOM), Mpeaesl TeKyuecTH o, =
= 785 H/mm?, ynaphas Bsizkocte KCV*™
199
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0,000 0,100
[ ee—— S
0050 0,150

P uc. 7. Pacnpenesnenue HanpsHkeHUH 1 teopMaIiii B CEUCHHSIX Bajia ITHEKa KaTKH
Fig. 7. Distribution of stresses and deformations in the sections of the header auger shaft

He menee 111 JIx/cm?, KCV2° e menee anuHa 240 MM, AMaMeTp MEPBOii CTyNeHH
68 Jx/cm?, KCU " ne menee 49 JIx/cm?), 20 MM, THaMeTp NUTHIIEBO# YacTr 35 MM),
pabouas narpyska (M, =660H'M),0c- TpaHHYHbIE U HAYATILHBIE YCIOBHS 3a1a49H1
HOBHBIC ITapaMeTpbl eTainu (Macca 3,5 K, ¥ Tpedyemasi TO4HOCTh pacueTa’.

"TOCT 4543-2016. MeTayonpoayKIiys 13 KOHCTPYKIHOHHOMW JISTHPOBaHHOM ctaiu. TeXHu4ecKne
yenoBust. M., 2019. 53 c.; XKarka PCM-081.27. PykoBoncto [Dnekrponnsiii pecypc]. URL: https://zinref.
ru/000_uchebniki/04800selskoe kombaini/003_20 00_zhatka RSM-081 27 manual zapchasti/000.htm
(mara obpamenus: 16.02.2021).
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C nmomomplo Moayneir  Meshing
n ICEM CFD renepupoBaiach ceTka Ko-
HEUHBIX dJieMeHTOB. OHa mpeicTaBisieT
co0oif 1o OomNbIIeld YacTH TeKCadIPHI.
Tam, Te TeKca’ap MOCTPOUTH HEBO3MOXK-
HO, OBLTH UCITOJTE30BaHbI TeTpasaphl. Cet-
Ka FIMEEeT JIBa XapaKTePHBIX MapaMeTpa —
HAauOONBITNA W HaWMEHBIIUN pa3Mepsbl
2JIeMEHTOB. B JaHHOM ciiyyae OHU paBHBI
0,001 u 0,0006 M coorBeTcTBeHHO. CeTKa
KOHEYHBIX 3JIEMEHTOB cocTosia u3 76 191
KOMITOHEHTa. B Xojie mpoBeneHus cepuu
BApUATUBHBIX pACUYETOB  HCCIIECIOBAHO
pacrpeneneHie MPOYHOCTHBIX HAarpy30kK
B LIeJIEBOI 30HE [26; 27].

B pesynerate pacuera B mporpamme
ANSYS 14.5 Obimi IOTy4eHbI pacrpene-
JICHUSI HanpsDKeHUH U nedopManmii Basia
IITHEKA JKAaTKH, BBISBICHBI yYacCTKH, MOJ-
BEpraronifecs: MaKCHMaJIbHOM MTPOYHOCT-
HOH Harpyske. Ha pucynke 7 KpacHbIM
[BETOM TIOKa3aHa OOIacThb MaKCHMallb-
Ho#l nedopmarn (2,8802¢° m). B atux
MECTaX B IEPUOJ FapaHTUMHON IKCILLY-
aTauuy KOMOAiHOB MPOUCXOAMIO Pa3py-
IICHUE Bajia IIHEeKa kaTku Power Stream
700 (puc. 4e, 4f).

O0cy:x1eHue U 3aKJII0YeHne

[IpoBeneHHBIE TpEXJIETHHE HCCIENO-
BaHUS Ha TPEANPHUATHIX CEIbXO3MPOH3-
Bonuteneil [IpuBomkckoro ¢enepaabHO-
O OKpyTa IO3BOJWIN BBISIBUTH JIETaJH
W arperarbl, OKa3bIBAIOIINEe HamMOOIbIIee
BJIMSIHME Ha HaJIeKHOCTh M KauecTBO pa-
00ThI KOMOAHHOB B TApaHTHIHBIN TIEPUOI.
[Tpu >TOM OBLIM BBHISBICHBI JCTAU U y3-
JIbl, BBIXOZSIIME U3 CTPOSI B pe3yibTare
KOHCTPYKTUBHO-TEXHOJIOTHYECKUX HEJNO-
paboTOK 3aBOJIOB-U3TOTOBHUTEIICH.

Bompiias mond OTKa30B KOMOAMHOB
MIPUXOIUTCST Ha arperarbl POCCHHCKOTO
nmpou3BoacTBa — 59,2 %; Ha 3apyOex-
uere — 40,8 %. IIpu sTOM OTKa3bI TPETh-
el KaTeropuy TSHKECTH COCTaBISTIOT 17,2
(18,5) % ot 0011ero KoIMYECTBA OTKA30B.

Technologies and means of maintenance in agriculture

BonbmMHCTBO OTKAa30B KOMOAHOB CBS-
3aHO C OKCIUTyaTallMOHHBIMH TPUYHHA-
mu — 57,0 (55,9) %. [Ipuznak nposiBieHust
OTKa30B KOMOAifHOB HOCHT B OCHOBHOM
BHe3anHbld xapaktep — 84,9 (87,0) %.
[Ipu 5TOM ITPpUMEPHO ABE TPETH OT OOIIIETO
KOJIMYECTBA OTKAa30B KOMOAWHOB SIBIISIOT-
cs1 He3aBUCUMBIME — 62,4 (67,0) %.

[To pe3ynbraraM CTaTUCTHYECKON 00-
pabOTKM OTKa30B, C y4YETOM KaTeropui
TSDKECTH, TIONyYeHBl 3HAYCHUS] CPEIHETO
BpPEMEHH YCTPaHECHHUSI MOCIEACTBUU OT-
Ka30B KOMOaiHOB: f,,; = 20,17 (23,83) u,
Lep 41,04 (46,29) 4, ftem 63,70
(68,05) 4. 3HaunTETHHAS TIPOIOIIKHUTEIh-
HOCTh YCTPaHEHHUS OTKa30B BCEX KaTero-
pUil TSHKECTH CBHJIETEIIECTBYET O HU3KOM
YPOBHE OpraHU3aIlMi TEXHUYECKOTO Cep-
BHCa KOMOAWHOB M OTCYTCTBHHU Pa3BUTON
CETH COBPEMEHHBIX CEPBUCHBIX MPEI-
MIPUATUI.

Bonbmioe xommaectBo oTka30B (27 %
OT o0miero 4mciia OTKa30B KOMOaiHOB
POCCHIICKOTO TPOU3BOACTBA) MO MPUYNHE
u3noMa Bana IHeka >katku PCM-081.27
(Power Stream 700) TpeOyet npoBeneHus
CPOYHBIX  KOHCTPYKTHBHO-TEXHOJIOTHYE-
CKUX MEpOoINpHATHil (TI0 COBEpIIEHCTBO-
BaHHWIO YCTPOWCTBA PETyIMPOBKH MY(THI
ITHEeKa, 10 WM3MEHEHHWIO pa3MepoB Baia
B OITACHBIX CEYCHUSX, TT0 3aMEHE KOHCTPYK-
[MOHHOTO MaTrepralia i COBEPIIEHCTBO-
BaHUIO TEXHOJOTHH HW3TOTOBIICHHUS Baja)
Ha 3aBOJIC-U3TOTOBUTEIIE.

[ToaTomy B JayibHelIieM HEOOXOIU-
MO PacCMOTPETh BOIPOCH ONTUMAILHOTO
pa3MeIIeHUs] CEeTH MPEANPUITHN M0 OKa-
3aHHIO TUPOKOH HOMEHKIIATYPhl CEpBUC-
HBIX ycayT B [IpuBomkckom (henepaibHOM
OKpyTe, COBEpIICHCTBOBAaHUS OpraHM3a-
IIUU TEXHUYECKOTO CepBHUCA W pacCIIupe-
HUS TPAMBIX CBS3€H C 3aBOIaMHU-M3TOTO-
BUTENSAMH TEXHUKH C IEIhI0 OBICTPOTO
pearupoBaHus U MPUHSATHS KOHCTPYKTHB-
HO-TEXHOJIOTHUECKUX PEIICHUH.
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