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AHOTAIIA

Bicank XapkiBChKOTO HAIIOHATBHOTO TEXHIYHOTO YHIBEPCUTETY CLIHCHKOTO
rocrnoapctba imeHi [lerpa Bacunenka (XHTYCT') Bkitodae cTaTTi, B SIKUX MPUBEACHI
pe3yJabTaTh HaYKOBO-JIOCIITHUX POOIT, TPOBEJCHUX B YHIBEPCUTETI, & TAKOXK B 1HIIINX
HaBYAJIBHUX  3aKjafax  YKpaiHM, Ha  MIANPUEMCTBAX, IO  MAaloTh
CLITBCBKOTOCIIOIAPCHKUH TTPOPiIb.

VY BICHUK BKJIIFOUEHI CTATTI 32 HAIIPSIMKAMK: MEXaHOTPOHIKA TEXHIYHUX CUCTEM;
TpaKkTOpHa CHEPreTUKa; eKCILTyaTallis MaIlIMHHO-TPAKTOPHOTO napKy;
CUIbCHKOTOCTIONAPChKI ~ MAaIllMHU;  SIKICTh, CTaHAApTHU3allisl Ta cepTUudIKalisi;
MeXaHl3alisl TBAPUHHULBKUX (GepM 1 Oe3neka KUTTEASUIBHOCTI.  BicHuk
pO3paxoBaHU Ha HAYKOBHUX CIIBPOOITHHMKIB, BHUKJIAJayiB, acIipaHTIB, MaricTpis,
CTYJEHTIB 1H)XEHEPHO-TEXHIYHUX (DaKyJbTETIB BY3IB CUIbCHKOIOCIOIaPCHKOIO

npoduto, paxiBUIB CUTLCHKOTOCHIOIaPCHKOr0 BUPOOHUIITBA.

AHHOTALIUA

BectHuk  XapbKOBCKOTO  HAllMOHAJIBHOTO TEXHUYECKOTO  YHUBEPCHUTETA
cenbckoro xossiictBa umenu Ilerpa Bacunenko (XHTYCX) Bxitouaer crtaThi, B
KOTOPBIX MPHUBEJIEHBI Pe3yIbTaThl HAYYHO-UCCIEA0BATEIbCKUX PAa00T, IPOBEICHHBIX
B YHUBEPCHUTETE, & TAKXKE B IPYTUX YUCOHBIX 3aBEACHUAX Y KpauHbl, HA PEITPUATHSX,
KOTOPbIE UMEIOT CEITLCKOX035UCTBEHHBIN TTPODUIIB.

BecTHUK COIEpKUT CTaThU 3a HAIPABJICHUSIMU: MEXaHOTPOHUKA TEXHUYECKUX
CHUCTEM; TPAKTOPHAs SHEPreTHKA; SKCIUIyaTalus MAlIMHHO-TPAKTOPHOIO IIApKa;
CEJILCKOXO3SIMCTBEHHBIC MAIIMHBI; KaueCTBO, CTaHAApTU3alUs W cepTUdUKAIKS,
MEXaHM3alusl >KMBOTHOBOTYECKUX (epM U 0Oe30MacCHOCTh KU3HEACSITEILHOCTH.
BectHuk paccuuTaH Ha HAy4YHBIX COTPYAHUKOB, NPENOAABATENICH, aCIUPaHTOB,
MAarucTpOB, CTYAEHTOB WHXEHEPHO-TEXHUYECKHUX (bakyIbTeTOB BY30B
CEJIbCKOXO3SIUCTBEHHOTO  MpOQuIIs,  CNEHHAIMCTOB  CEIbCKOXO035SHCTBEHHOIO

MIPOU3BO/ICTBA.



ABSTRACT

The bulletin of the Petro Vasilenko Kharkiv national technical university of
agriculture (KHNTUA) includes the articles, in that the brought results over of the
research works conducted in an university, and also in other educational establishments
of Ukraine, on enterprises that have an agricultural profile.

In announcer the included articles after directions: mechanotronics engineering
systems; tractor energy; exploitation of machine tractor park; agricultural machines;
quality, standardization and certification; mechanization of stock-raising farms and
safety of vital functions. An announcer is counted on research workers, teachers,
graduate students, master's degrees, students of technical faculties of institutions of
higher learning of agricultural profile, specialists of agricultural production.
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BATATOKPUTEPIAJIbHAM BUBIP CYYACHHMX 3EPHO3EUPAJIBHUX
KOMBAMWHIB. AHAJITUYHI ACIIEKTH

Bypaaka O.A., nouenr, Sxin C.B., nouent, lynnuk B.B., 1ouenr,
IBankoBa O.B., nouent, /Ipoxkuana O.Y., cT. BUKIaga4

(Ilonmascoka deparcasna azpapua akademis)

Ilposeoeno  amanimuumi  OocniodceHHss  Nno  OA2amMo-KpUmMepiaibHOM)
0OIpYHMYBAHHIO BUOODPY  CYUACHUX 3epHO30UpanbHUX Kombatinie. Bpaxosamo
0CcoOIUBOCII KOHCMPYKYIT MOJOMUILHO-CENAPYBAIbHUX NPUCMPOI8 KoMOatiHie ma
0CcoOIUBOCI 30UPAHHSL PIZHOMAHIMHUX CILIbCbKO20CN0O0APCLKUX Kyabmyp. IIposedero
NOPIBHSHHS MEXHOJLOCTYHUX ACNEeKMI8 BUKOPUCMAHHSA 3ePHO30UPATIbHUX KOMOAUHIB 3
KAACUYHUMU, POMOPHUMU A KOMOIHOGaHUMU ~Mmonomapkamu. B cmammi
BUKOPUCMAHO ~AHATIMUYHULL MemoO 0a2amoKpumepiaibHo20 6Uubopy CYYACHUX
3epHO30UPAILHUX KOMOAUHIE «3a 8I0CMAHHIO 00 YLNiY.

OCHOBHUMU  NOPIGHIOBANGHUMU — Kpumepiamu Oyi0 00paHo: HOMIHANbHY
nomyscnicmob O0sueyna, kKBm; niowy cenapayii monomapku, M niow)y peuiim
ouucmxu, M*; micmkicme 6yHKepa, M3; macy kombaiina, K2; OpicHMOGHY YiHy, €6po;
sumpamy naiusa g, ko/m 3epua, koegiyicnm naoditinocmi, Kn.

Tlopigniosani 3epHo30upanbHi KOMOAUHU YMOBHO NOOLIEHT BIOHOCHO BUPOOHUKIG
ma ocobausocmeti KOHCMPYKYIi MOIOMUNbHO-CENAPYBAILHO20 NPUCMPOIO HA 2PYNU
Mawun eupoonuymea Ykpainu, Binopycii ma Pocii 3 kiacuunoo moiomapkon —
3eprosoupanvii komoatnu «Crigpy ma K3C-9-1 «Crnasymuuy, «llanecce» GS 12,
ACROS — 580, zeprozbupanvhi Kombaunu 3 KIACUYHOIO MOJAOMAPKOWO NPOGIOHUX
saxopoonnux ¢ipm — CLAAS LEXION 540, JOHN DEERE T-670, NEW HOLLAND
CX 8080, MASSEV FERGUSON MF 7280; 3epro30upanvui KomMoOatiHu 3 pOMOPHOIO
cxemoro oomonomy nposionux 3axopoonnux ¢ipm — JOHN DEERE S 690, NEW
HOLLAND CR 9080, MASSEV FERGUSON MF 9895, CHALLENGER 680B,
Pocmcinomaws TORUM 740; 3epHo30upanvhi KoMOAUHU 3 NPOBIOHUX 3AKOPOOHHUX
Gipm 3 kombinosanor cucmemoro oomoromy — CLAAS LEXION 570/570 TERRA
TRAC, CLAAS LEXION 600/600 TERRA TRAC , CLAAS LEXION 770, JOHN
DEERE C 670.

Ha ocnoei nepepaxosanux kpumepiie ma aHaiimuyHux po3paxyHKie OmpumaHo
peumuHne 3epHO30UpaIbHUX KOMOAUHIE 3 YPAXYBAHHAM KOHCMPYKYIU MOJOMULLHO-
cenapysaibHux CUCmeM.

Knwuoei cnosa: 3epnozoupanvruti komoaiH, OGazamoxpumepiaibHull euoip,
MEXHON02IA, CLIbCLKO2OCNOO0APCHKI KYIbmypu, Memoo, OOIPYHMYBAHHSA, Kpumepil,
MOJIOMUNLHO-CENApPY8aAlbHA CUCTEMA.

ITocTanoBKka NpodJeMH y 3arajJibHOMY BHIJISILI TA Ti 3B A30K i3 BaXKJINBUMH
HAYKOBMMU YM MPAKTUYHUMM 3aBJIaHHAMM. B Ha1l yac mpomno3uiiisi TeXHOJIOTTYHUX



CHUCTEM Ha PUHKY 3€pHO30MpabHOI TEXHIKM JIOCUTh PI3HOMAaHITHA 1 MpeJCTaBjcHa
3epHO30MpATIbHUMHU  MAIlllMHAMK Ta KOMIUIEKCAaMHU BHUPOOHMIITBA MPOBITHUX
3aKOPJIOHHUX KOMITaHii Ta BITYM3HSIHUMU MOJIEIISIMHU.

OCHOBHUM BHUPOOHUKOM 3€pHO30MpaJIbHMX KOMOAilHIB B Halliil KpaiHi
npeAcTaBieHU XepCOHCHKUM MaIIuHOOYIIBHUN 3aBoj. Ha MOTY>XHOCTSIX JaHOTO
HiANPUEMCTBA BHITYCKaIOThCSl 3epHO30upanbHi kombaiinn «Ckig» Ta K3C-9-1
«CmaBytuay» [1].

B ocranHiii mepiog B YKpaiHi 3pocTae TEHIEHINS MO 3aKyMiBIi arpapisiMu
3HAYHOI KIJTKOCTI PI3HOMAHITHUX IMIIOPTHUX KOMOAiHIB, SIK HOBHX, TaK 1 OyBIIUX Y
BUKOpHUCTaHHI. OCHOBHI OpeHIU Ta BUPOOHMKHM Takux MamuH HacTymHi: Case, New
Holland, John Deere, CLAAS, Challenger, Laverda. 3akopmonHi ¢ipMu pOMOHYIOTH
BUPOOHUKAM 36pHOBHX KYJBTYp IIUPOKUN CIEKTp MOJENIe 1 BapiaHTIB
HOMEHKJIaTypy 3€pHO30MpaNbHOI TEXHIKH, ajie MpPU I[bOMY BUHHUKAIOTH 3HAUHI
MpoOJIEMHU 3 OpraHi3aIli€lo 1 MPOBEACHHIM TEXHIYHOTO CEPBICY TaKuX MamuH. [Homi
BUHUKAIOTh TPYIHOIII 1 3 KBaTI()IKOBAHOIO MEPEIIArOTOBKOIO MEXaH13aTOPIB.

Sk HACHIJIOK, Y CY4aCHOMY CLIBCHKOTOCIIOIAPCHKOMY MIAMPUEMCTBI MpodieMa
paIioHaJILHOTO BUOOpY 3€pHO30MPATIBHOTO KoMOaliHa e CKJIaJIHE
OararokpuTepiaiibHe rocroiapchke iHxeHepHe pimenHs. Crovyarky Tpeda BpaxyBaTu
BUPOOHMYI MOTPeOM MiANpHEMCTBA MO 00cAry 30uMpanbHUX pOOIT 3E€pHOBUX,
3epHOOO0OBUX Ta TEXHIYHUX KYJbTYp, IO MIATal0Tb OOMOJIOTY, HPH IBOMY
BAKJIMBUM €JIEMEHTOM TaKOX € arpoT€XHIYHI BUMOTHM Ta arpoTE€XHIYHI OCOOIMBOCTI
MOCIBHUX IUIONI KOHKPETHOTO CUIBCHKOTOCIOAAPCHKOro mianpuemMcTBa. HactynHum
€TanoM HeoOXITHO BH3HAYUTH OCHOBHI JIOMIHYIOUl MapaMeTpu KOMILIEKCY
30Mpa’ibHUX MAIMH Ta YpaxyBaTH BaroMiCTb BU3HAYEHUX MMOKA3HUKIB.

Jlo1aTKOB1 JOCIIIXKEHHS CII1JT HAJIATH MIPH PO3TIISAIl albTePHATHUB 10 MPOESKTHIN
MPOIYCKHIN  3AaTHOCTI MOJIOTAPKK 3€pHO30MpaIbHOTO KOMOaitHa (Kr/c) Ta
HOMIHAJIBHIN MPOAYKTUBHOCTI MOJIOTAPKH 10 3epHY (T/T01). OCTaHHI XapaKTePUCTUKH
TaAyTh 3MOTY OIIIHUTH TEXHOJOTIYHICTh Ta CTYIIHb MPUCTOCOBAHOCTI MAIIWH [0
KOHKPETHUX BUPOOHUYUX YMOB.

KinmneBuit eran mo oOOIpyHTYBaHHIO NpuUIO0aHHS Ti€l UM 1HIIOT MOJEi
3epHO30MpaANbHOrO  KOMOaliHa  NPONOHYETbCS  pO3MIAAaTH  AK  pe3ysbTar
OaraTokpuTepiaIbHOTO BUOOPY 3 BUKOPUCTAHHSIM METOY «3a BIJICTAHHIO JI0 IILJT1Y.

AHaJII3 OCTaHHIX [IOCJHiMKeHb 1 mnyOaikauiii, B SIKMX 3al104YaTKOBAaHO
PO3B’sI3aHHA JaHOI npolJjeMHu i Ha fAKi NMocuIawTbes aBTopu. [IpoGnemam
palioOHAIbHOTO BUOOPY 3€pHO30MpabHOTO KOMOalHa It KOHKPETHHX YMOB
30MpaHHs BpPOXKAID a TaKOX JOCHIKCHHSIM IO YJOCKOHAJICHHIO MOJOTHIIBHO-
cernapyBajJbHUX MPUCTPOIB 36pHO30UPATILHOrO KOMOaliHa, criocodam oOrpyHTYBaHHS
TEXHOJIOTIYHUX OTepalliii BUPOOHHUIITBA 3E€PHOBUX, 3E€PHOO0OOBHX Ta TEXHIUYHUX
KyJIbTYp TPHUCBAYCHO Psii HAayKoBHX poOIT Bimomux BueHux: l[loropimoro JI. B.,
Haripuoro FO.II., Illeituenka B.O., Amamuyka B.B., HenosecoBa B.I,
Anenska M.M., Ky3smuua A 4. Ta iu. [3, 4, 5, 6, 9].

3a panumu BunpoOyBanb YkpHJIIIIBT im. JI. ITloropimoro HapoOiTOK Ha
BIZIMOBY  3epHO30MpanbHOTO BiT4M3HAHOTO KomOaiiHa K3C-9-1 «CrnaBytuu»



CTaHOBUTH O0Jn3bko 10 roguH, HApoOITOK HA BIJIMOBY 3€pHO30MpaIbHOr0 KoMOaiiHa
Hon-1500b pocifickkoro BUPOOHUIITBA CTaHOBUTH MpuOIuM3HO 18-20 Tomuu. [lns
nopiBHsHHS — KoMmOaiiHu Gipmu CLAAS cepii «lomiHaTop» HapoOITOK Ha BIAMOBY
ckimamae 150 romamu [1]. 3a pe3ynpraTaMu CTaTUCTUYHHMX CIIOCTEPEKEHb dYepe3
MEePEBUINICHHS  TEPMIiHIB NpOBEeNCHHS  30upaibHUX poOIT Ha  YKpaiHi
CLIbCHKOTOCTIOAAPCHKMMH  BUPOOHUKAMH IIOPOKY BTpaydaeThCcsi OJMU3BKO IIECTU
MUJTBEHOHIB TOH 3€pHA.

[TpoBimnumu HaykoBisimu YikpH/IITIBT im. JI. Ioropimoro moseneHo, IO
HABAaHTA)XCHHA Ha KOMOAH MPOIMYCKHOK CIPOMOXHICTIO JECSITh-ABaHAALSThH
KUJIOTpaMm 3a CeKyHAy XJ1IOHOT MacH, MOXHa 30UIBIIUTH J0 TBOXCOT COPOKAa TEKTapiB
Ha 30MpaJbHUN CE30H, 32 YMOBH MiJBHUILIEHHS PIBHS TEXHIYHOTO OOCIYrOBYBaHHS
30MpallbHUX MaIllMH Ta TEXHIYHOI KynbTypH MexaHizatopiB [1]. Buxomsuu 3
BUIIECKA3AHOTO, JIJIsl YKpaiHu Oa)KaHO MaTU OPIEHTOBHO I’ATIECAT YOTUPHU THUCSUI
TEXHIYHO CIpPaBHUX KOMOAWHIB TaKOro KJacy IO MPOMYCKHIA CHPOMOXKHOCTI, a
peanbHa nudpa, HaXxKaab, HabaraTo MeHIIa.

Tomy npobiiema sik 1eiruTy 30MpaibHOT TEXHIKH, TaK 1 ONTUMAJIBHOTO BUOOPY
Cy4yaCHOTO  3€pHO30MpalbHOrO  KOMOalHa  3aJMIIAETHCS  AKTyalbHOKO  JJIs
3€pHOTEXHIYHOTO MiIKOMILIEKCY Y KpaiHu.

HeBupimeni panime 4acTUHH NPo0JieMH, SIKUM NPHUCBAYYETHCH CTATTH.
binbmiicte KepiBHHUKIB Ta (DaxiBLIB CUIbCHKOTOCHOJAPCHKUX MIANPUEMCTB MAalOTh
BEJIMKI TPYJIHOII Mpu BUOOP1 3epHO30MpaibHOr0 KomOaitHa. OCHOBHI HEJOIIKU TIPU
OOTpYHTYBaHHI TAaKOTO PIIICHHS MO>KJIMBO BU3SHAUWTH SIK HAJIAHHS CYTTEBOI IepeBaru
TOMY YH IHIIOMY KpUTEpito KoMOaiiHa 0e3 OaraTo)akTOpPHOIO MOPIBHSHHS IHILIUX
XapaKTEpPUCTHK; OOMeXeH1 (IHAHCOBI ~ MOKJIMBOCTI  arpapiis, 4aCTKOBA
HEBIJIMOBIJIHICTh PIYHOTO PEKOMEHOBAHOTO 3aBaHTAXXEHHSI KOMOaiiHa Ta MIaHOBOTO
o0cary 30upanbHUX POOIT B CLILCHKOTOCIIONAPCHKOMY MiIMPUEMCTBI; HEJOCTATHHO
BHUCOKHM TEXHIYHUIA PIBEHb Ta KYJbTYypa 1HKEHEPHOI CIIY»KOM Ta HEIOCTaTHIN PiBEHb
TEXHIYHOT'O CEPBICY.

Merta crarTi (mMOCTaHOBKA 3aBAaHHsSI)) — HAa OCHOBI TEXHIYHMX Ta
TEXHOJIOTITYHUX XapPaKTePUCTUK CY4YaCHUX 3E€pHO30MpaTbHUX KOMOAWHIB HaMH
3aMpONOHOBAaHO 0OpaTu OUIbII BaroMmi KpUTepli 3 ypaxyBaHHAM JOCBIIY
BUKOPUCTAaHHA TaKUX MAIlIMH arpapHUMH MiANPUEMCTBAMH Ta 3a JIOMOMOTOIO
0araToKpuTepiabHOIO METOAY «3a BIJICTaHHIO N0 LUI»; OOIPYHTYBaTH Kpalliui
BapiaHT PillIEHHS 10 BUOOPY 3€pHO30UPAIBHOTO KOMOaiTHa 3 ypaXyBaHHSIM CIIeU(IKI
O0OMOJIOTY PI3HHX CLIBCHKOTOCHOJAPCHKUX KYIBTYp Ta KOHCTPYKIIM MOJOTHUIBHO-
celnapyBaJbHUX IPUCTPOIB.

Bukiaa ocHOBHOro Marepiajdy aociailzkeHHs. BpaxoByrouun BHpPOOHHYI
HamnpsSIMKA ~ Ta  TOTYXHOCTI  CUIbCBKOTOCHIOJAPCHKUX — TANPHUEMCTB, BUPOOHUKH
3epHO30MPATIbHOT TEXHIKM TPOMOHYIOTh MAIllMHU PI3HUX KIAaciB MO TMOTYXHOCTI
MOTOPHO-CHJIOBOT YCTAaHOBKH, TIPOAYKTUBHOCTI MOJIOTAPKHU, KOHCTPYKIIT MOJIOTHIIHHO-
CeMmapyBaJbHOTO MPHUCTPOIO Ta IHIIMX TEXHIYHMUX Ta TEXHOJIOTIYHUX XapaKTEPUCTUK
3epHO30UpaTbHUX KOMOaiHiB. TakuM 4YHMHOM OOIPYHTOBYETbCS 3HAYHHMNA CIIEKTP
BapiaHTIB BUKOHAHHS MO/IENIEeH POTIOHOBAHOT 36pHO30MPATTEHOT TEXHIKH.



OnHuM 13 BOXJIMBUX MOMEHTIB IIPU BHOOpP1 30HMPaIbHOIO0 KOMIUIEKCY MAaIlluH
JUTSI KOHKPETHOTO CUTBCHKOTOCIIOIAPCHKOTO MIAMPUEMCTBA € BUCOKA MPOIYKTUBHICTD
3epHO30MpanibHOrO  KoMOaitHa.  Crtpareris  BuOOpy  KOMOaWHIB  BHCOKOIi
NPOJYKTUBHOCTI HAalpaBlieHa Ha MOXJIMBICTh 3a0€3MeuyBaTH ONTHUMAabHI CTHUCII
TEepMiHU 30MpaHHs BPOXKaro. AJie MpU [bOMY TaKOK BEJMKA POJIb HAAEThCSI BAPTOCTI
BUKOPHCTAHHS MAaIlIMH 30MPaThHOTO KOMILUIEKCY, a CaMe eKCILTyaTalliiHIM BUTpaTaM.
Taxki BUTpaTH BKIIOYAIOTh BAPTICTh PEMOHTY Ta TEXHIYHOTO OOCIYyTOBYBaHHS, B TOMY
YHCIi 1 BapTIiCTh 3allaCHUX YacTHH; 3apoOiTHY IJaTy 3 HapaxyBaHHSIMH; BapTICTh
MaJIMBO-MACTHJIBHUX MaTepiaiiB, aMOPTU3alliliHI BiApaxyBaHHs; BApTICTh 30epiraHHsl.

[lepeBaroro  GaratboX  3epHO30MpATBLHUX  KOMIUICKCIB  3aKOPAOHHOTO
BUPOOHMIITBA B HAIll Yac € IIHPOKE 3aCTOCYBAHHS CYYaCHHX KOMIT IOTEPHUX
TEXHOJIOT1M, TaKkuX SIK CHUCTEMH aBTOMATHUYHOTO KOHTPOIIO Ta YIPABIIHHS
TEXHOJIOTTYHUMH TPOIECAaMHU, CUCTEMH MOHITOPUHIY IIOJIB Ta Mepeaadl JaHuX,
JIarHOCTUYHI CHCTEMHM CKJAJHUX BY3JIiB 1 arperariB kombOaitHa [7, 8, 9]. Taki
3epHO30MpalIbHI MAaIIMHU CKJIaJHI HE TUIBKKM Yy BUKOPUCTaHHI, ajie W MOTPeOyIOTh
JIOPOTOBAPTICTHOTO BHCOKOKBaJi(hiKOBAHOTO OOCIIYyTOBYBAaHHS Ta CEPBICHHX POOIT,
10 B MalOyTHROMY CIIPUYMHUTH JOJATKOBI CYTTEB1 BUTPATH.

binbm PO3IMOBCIOJKEHOIO Ta 3arajbHOBIJIOMOIO KOHCTPYKIIIEIO
3epHO30MpaAIbHOI TEXHIKM € KOMOaiHU, 110 MalTh MOJOTApPKy KIACHYHOIO THUIY 3
TaHIe€HI1MHUM MOJIOTHJIBHUM OMJIbBHUM OapabaHoM. OCHOBHOIO YaCTHUHOIO MOJIOTApKU
TaKuX KOMOAailHIB € TaHTCeHIINWHUN OWJIBHUN MOJIOTUJIBLHUNM OapabaH abo JeKiJIbKa
Takux OapabaHiB Ta cemapaTopiB. Pyx XiOHOI Macu NOpOXOJIUTh MOIEpPEK Oci
obeptanHs Oapabany (OapabaniB). OOMOJIOT 3epHa BiAOYBAETHCS 3a PaXyHOK ynapy
OM4iB TaHTeHLIMHOro OapabaHa 1Mo KojaocKam. SKIo 3aMicTh OUYiB BCTAHOBIIIOKOTHCS
i1 poOoyl opraHu, Hanpukian mwtudTu un GirypHi pedpa, TO TaKUl MPUCTPIi
BUKOHY€ (YHKIIIO cTabuli3aTopa MOTOKY Ta cemaparopa, IO BIJIUISE 3HAYHY
gactuHy (1m0 60%) npiOHoro Bopoxy Bia cosomu. KOHCTpyKIii TaHTEHIIaIbHUX
OapabaHiB B OCHOBHOMY BIJIMiHHI TIO JiaMETPy Ta MO OCOOJIMBOCTSIM BUTOTOBJICHHS
nigoapadanHs (0HO, IBOX pajilyCHE Ta 1H.)

Takox B OCTaHHI POKHM CIOCTEpITAETbCS TEHACHINS JO IIUPOKOTO
PO3IOBCIOKEHHSI 36pHO30MPAIbHIX KOMOAMHIB 3 aKC1aIbHO-POTOPHOIO MOJIOTHIIHHO-
CenapyBajJbHOIO CXeMOI0 00MO0i0Ty. OCHOBHOIO BIAMIHHICTIO TaKHX MaIllMH B
MOPIBHSAHHI 3 KOMOaitHaMu, SIKi MO0y T0BaHi 3a KJIACUYHOKO CXEMOI0, € T€, [0 B TAKUX
KOHCTPYKIIISIX ~TaHTEHUIMHUNW  MOJOTWIbHO-ceNapyBaJibHUM Oapaban abo ix
KOMOIHAIIiSl 3 TAHTEHIIIMHUMH CeTapaTopaMy Ta KJIABIITHI COJIOMOTPSCH KacKaIHOTO
TUITY 3aMIHEHO Ha pO3TalllOBaHUM aKClaibHO (TTO3/I0BXKHBO BIAMOBITHO MTPOXOIKEHHS
XJIIOHOT MAacHu) MOJIOTHJIbHO-CENapyBaIbHUM POTOP 3 TBUHTOBUMH HANPSIMHUMH
XJIIOHOT MacH, SIKH 00epTaeThCS B MIIIHAPUYHUX Jekax. OOMOIIOT 1 cemapaitis 3epHa
BUKOHYETHCS B MIpy MEpPEMIIICHHS 310paHOi Macu BPOXKalo MO HAMpsMY MapaieabHO
MOB3JIOBXKHIN BICl POTOpA 32 paXyHOK TEPTS MK poOOYOI0 TTOBEPXHEIO pedbep poTopa
1 HamiBOHWIIHApaMH JeK poropa. ToOro mpomec ymapy Owuya OWIBHOTO
TaHTeHIIaJIbHOTO OapabaHy 3aMiHEHO Ha MPOIEC BUTUPAHHS POCIMHHOI MAacH MiX
ITOBEpXHEI0 pedep poTopa 1 JCKH.



Taka cucrema cemapaiii 3a JOMOMOIOI0 aKCiadbHO-POTOPHUX MOJOTAPOK
HabaraTo meHie (3-5pasiB) TpaBmye 3epHoO. [Ipu 11bOMy CI1i71 BpaxoBYyBaTU HE TIILKU
BUJIUMY PYHHAIIIIO 3€pHA, ajle i KOMIPECIHI MOMKOMKEeHHsI. OJHUMU 3 OCHOBHUX
HEJI0JTIKIB pOOOTH TaKOi CUCTEMH SIBJISIFOTHCS IMABUIIIEHT TUTOM1 €HEPTETUYHI BUTPATH
poIieCcy BUJIJICHHS 3epHa, 1 IK HACI0K, Y TAKUX KOMOalH1B OijIbIIa BUTpaTa MajvBa.
Ha 20-40% nHa 1 T HamoJtoueHoro 3epHa [1].

3HAYHOTO TOUIKOKEHHS aKC1albHO-POTOPHI cenapatopu 36pH0361/IpaJII>HI/IX
KOMOAaHIB OTPUMYIOTh Y BUTIQJAKY TOTPATUISTHHS B HUX CTOpOHHlX TBEPANX npez[MeTus
HezanoBinbHi pe3ynabTaTH pO6OTI/I TaKUX CHCTEM CIIOCTEpIraloThesl 1 MiJ Yac

30upanHs 3a0yp’THEHUX TMOCIBIB CIIBCHKOTOCTIOAAPCHKUX KYJIBTYpP, IO € HACTIAKOM
MiBUIICHHS BOJIOTOCTI TEXHOJIOTiUHOrOo Martepiany. [IpomyKTHUBHICTE pPOTOPHHUX
KOMOalHIB y TakOMy BHNAaAKy CYTTEBO 3MEHIIYEThCS, a BTpPaTH BPOXKAIO
nepeBuInyoTh 5-10%.

ToOT0, epeKTUBHY, TEXHOJIOTTYHO OOTPYHTOBAHY, SIKICHY POOOTY TaKMX MallluH
MO>KJIMBO OTPUMATH Ha 30MpaHH1 BITHOCHO KPYITHOTO 3€PHA 3 CYXOI0 TEXHOJIOTTYHOIO
Macoro. TakuM BuUMOraMm BIIOBIAAIOTH 3 OCHOBHUX KYJIBTYp 3€pHOBa KYKypy/3a,
rOpOX, COHSIIIHUK Ta COSl.

[lepeBaroro poTOpPHOro cemapaTopa B TMOPIBHSHHI 3 KJIABIIIHUM KacKaJHUM
COJIOMOTPSICOM € OLIbIII IHTEHCUBHE PO3/IIJIEHHS IPIOHOrO Ta IpyO0ro BOpoOXy, a TAKOK
OJIHAKOBa SIKICTb pOOOTHM Ha PIBHUX Ta MOXWIMX JUISHKAX 1oy (y KIABIIIHOTO
KACKaJHOTO COJIOMOTpsICa CIIOCTEPIraeTbcs HE3a[OBUIbHA cemapaiiss Ipu poOoTi
3€pHO30MpPAILHOTO KOMOaiiHa Ha CXHJIAX.

[HHOBAIIHHUM ~ HaIpPsMOM Cy4acHOTO KOMOalHOOYAyBaHHS CTaB
aNbTEPHATUBHUM LUISX, € BUKOPHCTOBYIOTHCS KOMOIHOBaHI CHCTEMH OOMOJIOTY. Y
TaKOMY BHUMaJKy OOMOJIOT 3€pHa 1 OCHOBHA cemapallis XJ10HOT Macu 31HCHIOEThCS
KJIACMYHUM TaHTeHIIAJIbHUM OapabaHoM abo ix KoMOiHaIli€0, a cenaparllis rpyooro
BOPOXY — POTOPHUMH CemapaTopamMH 3 aKClaJbHUM HAMPSAMOM PYXy XJ1OHOT MacH.
Taxki 3epHo30upasibHi KoMOaliHu BUIyckalTh pipmu «Kmaac» (mapku Lexion 570,
Lexion 580 I Lexion 600, Lexion 770, Lexion 780, Tucano 470 I Tucano 480), «/>xox
Hip» (C 670) I «Hpro Xomaua» (CS 6090 I CSX 7080).

Ocranni 3epHO30upasibHi KomOaitHu Qipmu  «Kiaac» 3 komOiHOBaHUMH
MOJIOTUJIBHO - CEMapyBaJIbHUMH MPUCTPOSIMU CHPOEKTOBAHI K KOMOIHAIlA MOJIO-
TUIBHOI cucTeMu APS TaHreHUiaabHOrO TUNY 3 KJIACUYHMM OWJIBHUM OapabaHoM
nocepeinHI — MpUCKOpIoBad (cTabinizaTop) xiai0HOI Macu, MOJIOTUJIIbHUI OapabaH 1
BiJ01iiHU OiTep 3 KoMOiHaIier poTopHUX cenaparopiB Roto Plus. Taka rexHonoriuna
KOMOIHalllsl TPhOX TaHreHLlaJbHUX OapabaHiB HaJa€ 3HAYHE MPUCKOPEHHS MOTOKY
xJ110HO1 Macu Bif 3 M/c 10 20 M/c. OcTaHHE cipusie 301IBIIIEHHIO PIBHOMIPHOCTI MOJ1a41
TEXHOJIOT1YHO1 XJII0HOT Macu 70 6apabaHa i MmiJICUIIEHHS JJOJIaTKOBOI cermapariii 3epHa
3a PaxyHOK Jiii BiflleHTpoBuX cui [1].

[Ticns mpoxomkeHHs 310paHoi xiOHOI Macu uepe3 cuctemy APS 3epHo
BHJIUISIETBCS POTOPHOIO cHucTeMoro cemaparii Roto Plus, mo 3MoHTOBaHa K
JIBOPOTOPHA KOHCTPYKITiSI 3 MOXKJIUBICTIO aBTOMAaTHYHOTO PETYIIOBAHHS 3a30PIB MK
poTtopamu Ta ixHimu aexkamu. KomOaiinu cepii Lexion obmagHaHO TBOMa pOTOPHUMHU



cenaparopamu, ki 00epTalThCs y MPOTHIICKHUX HanpsaMKax. [IpomyckHa 31aTHICT
TakuxX KoMmOaiiHiB, 3a pe3yiabraramu BunpoOyBanb YkpH/IIIIBT im. JI. IToropinoro,
csirae moHan 20 kr/c.

Slke pillleHHs € OBl JAOLUIbHE TpU 0OMpaHHI 3epHO30UPATILHOI0 KoMbaitHa
JUISI KOHKPETHOTO TOCIOJApPCTBAa 32 KOHCTPYKIEID MOJIOTHIBHO-CeNapyBajJbHUX
arperariB 1 MPOIMYCKHOIO TMOTYXHICTIO? BiAmoBigp Ha Take NUTaHHSI HE €
OJIHO3HAYHOIO. B TakoMy BHIaJKy € TUTbKHM 3arajibHi pekoMmeHpaiii. Tomy Ha Harmry
AYMKY Taki pEeKOMEHJallii JOLUUIbHO JOMOBHUTH 1 METOAUKaMu Oararo-
KPUTEPIaTbHOTO OOTPYHTYBaHHI 1H)KEHEPHO-TEXHOJIOTTYHUX PIIICHb.

AnamiTuuyHUN  MeToj OaraToKpuTepiaJbHOro BHOOPY IO BiACTaHl A0 I
IPYHTY€ETHCS Ha BU3HAYEHHI 1HTErpasibHOTO Kputepito. CyTh aHANITUYHOTO METOTY
noJisirae B OOTPYHTYBaHHI BIPTyaJbHOI'O 1JICAJIbHOTO BapiaHTy 3a BU3HAYEHUMH
KpUTEpisMu [2], HanpuKIaa 3epHO30MpaNIbHUNA KOMOAH 32 MIHIMAJIbHO MOKIHBOIO
I[IHOI0O Ta MaKCHUMaJbHO MOXJIMBOIO MPOJYKTUBHICTIO POOOTH, Ta OIHII MipU
HaOMKEHHST TIOPIBHIOBAHMX MapaMeTPIB pPEAIbHUX 3€PHO30UpaIbHUX MAaIIUuH J0
ieanbHOrO0 BapiaHTy. [loka3HWKHM BCiX BaplaHTIB MOPIBHIOIOTHCSA 3 17€albHUM 1
BU3HAYAETHCS BIACTaHb J0 1Tl W. BapiaHT 3 pmin BBaXKaeThcsd HaWKpaIiuMm.
Ineanbunii — w = 0, npu NOKpanieHH1 KPUTEPIiB B CTOPOHY 3MEHIICHHS:

BiacTanp 10 1111, 32 YMOBH MOKPAIIICHHS KPUTEPIIO B CTOPOHY 3MEHINCHHS [2]:

N U, )
ne: N —xkuibkicTs kpuTepiiB; U; — 3HaueHHs BapiaHTy i-ro Kputepito; U, — 3HaueHHs
11ea1i30BaHOTO BapiaHTy (3 HAHKpaIUM 3HAYCHHSIM KPUTEPIIO 7).

BiacTasb 10 11iJ1i, 32 YMOBH MOKpPAIECHHS KPUTEPIiIO B CTOPOHY 301IbIIeHHS [2]:

y:%-i[%j—l, u—0 (2)

Ckoperyemo BuximHi nani [1] i po3paxyHKiB ONTHMAajbHOTO BapiaHTy
3epHO30MpanbHOr0 KoMmOaiiHa BHUpOOHUITBA YKpaiHnu, binopycii, Pocii B cTopony
3MEHILECHHS, SIK MOKpAIllEHHs MOKa3HUKIB yepe3 oOepHeHi 3HaueHHs. CKoperoBaHi
MOPIBHIOBaH1 MOKa3HUKU Ta pe3yJbTaTH PO3PAXYHKIB MOAAHO B Tad. 1.

TakuM 4YMHOM, 3 YHOTUPHOX MOPIBHIOBAHMX BapiaHTIB (Tabi1. 1) 3epHO30upanbHui
koMOaiiH [Tanecce GS 12 no mocniaKyBaHUX I’ SITU KPUTEPISX BUSBHUBCS KpaluM, 00
BiIcTaHb A0 Hm B Hboro: W = 0,14142 wnaitmenma. Jpyry mno3uiito 3aiiHAB
3epHo3oupanbpauil KomOaitH ACROS — 580. Tpetio mo3wuiiito Mae 3epHO30HpaTHHHIA
komOaiin K3C-9-1 «CnaBytnuy. UeTBepTHM BUSBHBCS 3€pHO30MPATBHUI KOMOAMH
Ckip 350. Ane mnepemictutu komOaiiH K3C-9-1 «CmaByrnu» Tta Ckid 350
BUPOOHUIITBA XEPCOHCHKOTO MAIIMHOOYAIBHOTO 3aBOJAY Ha MeEpLIl MICHI MOXKe
JIBAJICSITUBIICOTKOBA JIep KaBHA KOMITCHCAIIIsl BAPTOCTI HOBOI CUTBCHKOTOCIIOIAPCHKOT
TEXHIKHA BITYM3HSHOTO BUPOOHUIITBA.

3a BUIE HABEJACHOIO METOJUKOIO MMPOBOAUMO TOPIBHSAHHS  O1JIBII
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PO3MOBCIO/DKEHUX  3€pHO30MpaIbHUX KOMOAWHIB 3 KIACUYHOIO MOJIOTHIIBHO-
CenapyBaJIbHOIO CXEMOIO OOMOJIOTY BIOMHX CBITOBMX BUPOOHHUKIB. CKOperyemo
BUXIJIHI AaH1 JIJIs1 pO3paxyHKIB ONTUMAJILHOTO BapiaHTy 3¢pHO30MpaIbHOT0 KoMOaiiHa,
MPOBITHUX CBITOBUX KOMIIAHiH, III0 BUKOPUCTOBYIOTh KJIIACHYHY CXEMOIO OOMOJIOTY
3€pHa B CTOPOHY 301IBIIICHHS, SIK MOKPAIICHHS MTOKa3HUKIB uepe3 o0epHeH1 3HAaUCHHS.
3a BU3HAYEHOIO METOAUKOIO IPOBOJUMO aHaJIOT1YH1 pPO3paxyHKH
0araToKpuTEpiaIbHOTO pIMIEHHS 3a BIJICTAHHIO JO I, aje B IbOMY BapiaHTi
MOKpAIlIEHHsI KpUTEpiiB BiAOyBaeTbcsi B CTOpOHY 30unblieHHS. PesynbraTtn
PO3paxyHKIB Ta MOPIBHIOBAHI MMOKa3HUKHA TIOJAaHO B Ta0I. 2.

Tabmuus 1 — Buxiani gani Ta pe3yabTaTi po3paxyHKiB ONITHUMAIIBHOTO BapiaHTy 3epHO30MPATBHOTO
KoMOaiiHa BUpoOHHIITBA YKpainu, bimopycii, Pocii, mo ckopekToBaHi uepe3 00epHEHI MOKa3HUKH
B CTOPOHY 3MEHIIICHHS K BifICTaHb 10 111, (Ikepeno:[1], onpamboBaHo Ta po3paxoBaHO

aBTOpaMH)
[TopiBHIOBaNBHI KpUTEPIT
Obepuemmii Ob6epHenuit .
ITOKAa3HHUK - Burpara . Biacrans
Mapka . MMOKAa3HUK - Maca ina .
N HOMIHAJIbHA .. [Tanuga g N N 0 IIi,

KoMmOaiiHa ) KoedirieHT KoMmOaliHa | koMOaiiHa,

HOTY>XHICTb o . LKT/T u

HAJIMHOCTI, m,T Cwm,rpH.
nBUTYHA,1/PH, LK 3epHa
1/xkBt H

K3C-9-1 0,00578 1,66666 3,7 14 2631000 0,17988
Ckid-350 0,00387 1,42857 3,6 17,7 4520000 0,23752
Hggelc;e 0,00411 1,25000 3,6 16,6 3700000 | 0,14142
ACOS | 0,00452 1,25000 37 13,4 | 4450000 | 0,17742

Tabmuus 2 — Buxiasi gaHi 11s 3epHO30MpabHUX KOMOAIHIB MPOBITHMX CBITOBUX KOMIAHIH, SIKi
BUKOPHUCTOBYIOTh KJIACHUHY CXEMOIO 0OMOJIOTY 3€pHa 1110 CKOPEKTOBaHI yepe3 o0epHeH1 MOKa3HUKU
B CTOpPOHY 301IbILIEHHS, SIK BIACTaHb JI0 LILJII Ta pe3yabTaTH po3paxyHkis ([>xepeno:[1],
OIpallbOBaHO Ta PO3PaXOBAHO ABTOPAMM)

®dipma-BUPOOHUK, MOJIENb
TopisHtosani CLAAS JOHN NEW MASSEV
kputepii LEXION | DEERE |HOLLAND | FERGUSON
540 T-670 CX 8080 | MF 7280
HoMiHanbHa NOTYKHICTh IBUT'YHA, 230 299 260 278
Pu, kBT
3aranpHa mroma cenapartii MCIT,S m? 2,17 3,36 2,54 2,16
Obeprenii MOKasHHK 10 MacH 0,055035 | 0,06540 0,07299 | 0,0612745
KoMmbOaiina, 1/m, 1/t
OGepenHuii MOKaSHHK 110 OPIEHTOBHOT | ¢ no34489 | (0041666 | 0,0056179 | 0,0037037
1inu kombaiina, 1/C, 1/1.€Bpo
Hnoma CCHapSa;_II;/ISOHOMOTpﬂCEl, 7,48 5,40 5,93 10,47
Bincrans mo mimi, u 0,444 0,2740 0,2471 0,2652

11



B Takomy Bumagky (1a0n.2) pEeUTHHT 3€pHO30MpAIbHUX KOMOaHHIB
3aKOPJIOHHOTO BUPOOHMIITBA 3 KJIACHYHOIO MOJIOTHUIILHO-CENapyBajIbHOK CUCTEMOIO
HACTYITHUU:

1. 3epuozoupanbanii kom6arin NEW HOLLAND CX 8080;

2. 3epuo3oupanbauii kom6aitH MASSEV FERGUSON MF 7280;

3. 3epHo30upanbuuit kom6aitn JOHN DEERE T-670;

4. 3epuozoupanbunii komOaiin CLAAS LEXION 540.

HacTynmHuM etanoM mpoBeneMO MOPIBHSHHS 3€pHO30MpaNbHUX KOMOAIHIB 3
aKClaJbHO-POTOPHOIO ~ CHCTEMOI0  MOJOTHUJIBHO-CENapyBaJdbHOTO  MPHUCTPOIO.
TpanchopMmyemMo BuXiJHI TOPIBHIOBAJIBbHI  XapaKTEPUCTHKH  3€pHO30MpaTbHUX
KoMOaitHiB (Ta01.3) TakuM 4YuMHOM, 1I00 BCi OOpaHi KpuUTepili MOKpPAIlyBalUCh B
CTOpPOHY 301IbIIICHHS Yyepe3 0OepHeH] MOKa3HUKU. OCHOBHI KpUTEpIi, 32 SIKUMU OYI10
3/11MICHEHO TTOPIBHSHHS Ta MPOBEJICHI PO3paxyHKH, HaBeaeH1 B Ta0. 3.

Tabmuus 3 — Buxiani 1ani 3epHO30MpaTbHUX KOMOAMHIB IMPOBITHUX CBITOBUX KOMIAaHIH, SKi
BUKOPHUCTOBYIOTh aKCiaTbHO-POTOPHY CXEMOKO 0OMOJIOTY 3€pHA, 110 CKOPEKTOBaH1 uepe3 00epHEeHi
MMOKa3HUKH B CTOPOHY 30UIBIIEHHS, SIK BiJICTaHb 10 1iii, (Jxepeno: [1], onpaiboBano Ta
PO3paxoBaHO aBTOPaMH )

dipma-BUPOOHUK, MOJIETh

[TopiBHIOBaTHHI JOHN NEW MASSEV Challenger | Pocrcinbmam
KpuTepii DEERE HOLLAND | FERGUSON 680B TORUM 740
S 690 CR 9080 MF 9895
Howminanena
MOTYXKHICTh JBUTYHA, 395 337 339 317 294
kBt
[Tnoma cenepartii
MCIL v 3,00 3,06 1,55 1,54 1,30
Inoma penrt 4,70 6,50 5,35 5,35 5,20
OYMCTKH, M
MicTkicTh OyHKepa, M 11,0 10,5 12,3 12,3 10,5

OO6epHeHult KpuTepii:
1/maca kombaiina, 1/1
Ob6epHenuit kpurepiit
1/opieHTOBHA IIiHa, 0,0055555 | 0,0071428 | 0,0052631 | 0,0058823 | 0,0083333
1/T eBpO

Bincranp go mini, u 0,1846 0,099 0,3220 0,3416 0,3730

0,0639549 | 0,064935 0,0695894 | 0,0584795 | 0,061162

3a BigomMow MeToAMKOK [l] TpoBOAMMO  HACTYMHI  PO3PaxXyHKH
OaraToKpuTEpiaIbHOTO PIIIEHHS 3a BIACTaHHIO JO MU, B I[bOMY BapiaHTi
MOKPAIICHHS KPUTEPIiB TAKOXK BIJOYBAETHCS B CTOPOHY 30UIBIIECHHS.

TakuM YMHOM, PEUTHHT 3€pHO30MpaTbHUX KOMOAWHIB SIKI BUKOPHUCTOBYIOTh
aKClaJbHO-POTOPHY CXEMOI OOMOJIOTY 3€pHa 3a pe3yJbTaTaMd aHATITHYHHUX
po3paxyHKiB (TabJ1.3) METOOM 3a BIICTAHHIO JI0 11111 MAa€ HACTYITHUIN BUTJIS;

e 3epHo30upanbHuil kom6aitH NEW HOLLAND CR 9080;
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3epHo3oupanbHuit koMOaitH JOHN DEERE S 690;
3epHo30oupanbauil kom6aitH MASSEV FERGUSON MF 9895;
3epHO30upanpHIi KoMOaitH Challenger 680B;
3epHO30MpanbHuii komOaitH Poctcinemam TORUM 740.

[TpuKiHIIEBUM €TanoM JaHO1 YaCTHHHU JIOCIIHKEHb MPOBEIEMO MOPiBHIIBHHNA
aHaji3 3epHO30MpAIbHUX KOMOAWHIB, 110 BHUKOPUCTOBYIOTh KOMOIHOBaHY CHCTEMY
obmosoty. TpaHchopmyeMo Bci oOpaHl KpuUTepii MOKpaIlyBaIUCh B CTOPOHY
30UIBbIICHHST 4Yepe3 oOepHeH! MoKa3HWUKH. [lopiBHSJIBHI KpuUTepii Ta pe3ynbTaTh
PO3paxyHKIB ONpaIlbOBaHO Ta HABEACHO B Ta0. 4.

Tabmuus 4 — Buxinzi gani 3epHO30MpabHUX KOMOAHIB MPOBITHUX CBITOBUX KOMIAaHIiMH, sKi
BHKOPHCTOBYIOTh KOMOIHOBaHY CXE€MOIO 0OMOJIOTY 3€pHa, 10 CKOPEKTOBaHI yepe3 0OepHEHi
NIOKa3HUKY B CTOPOHY 30UIBIICHHS, SIK BIJICTaHb JIO LTI Ta pe3yiabTatu po3paxyHkiB ([xepeno: [1],
OIPAIlbOBAaHO Ta PO3PAXOBAHO ABTOPAMH)

®ipma-BUPOOHHK, MOJIEI
) ) CLAAS CLAAS
Hopimionau LEXION570/ | LEXION 600/ S
PHTEP 570 TERRA 600 TERRA 670
TRAC TRAC
HowminanbHa notyxHicth, KBT 313 390 299
3arajbHa [UIOIIA OYHIIICHHS,M? 51 6,2 455
MictkicTh OyHKEpa, M° 10,5 12,0 10,0
Obeprennii kputepii Maca 0,0724637 0,0704225 0,0653167
xoMOaifna, 1/1
Obepnennii kputepii, 1/ 0,0026315 0,0025 0,0028571
Opi€HTOBHA IiHA, THC.EBPO
Bincrans go mimi, u 0,1332 0,0290 0.1940

3 BukopuctanHsMm ¢opmynmu 1 Ta wmeroauku [2] TPOBOAUMO HACTYIHI
PO3paxyHKU OaraToOKpUTEpiaabHOIO PIIICHHS 3a BIICTAHHIO J0 11111, B IIbOMY BapiaHTI
MOKPAIICHHS KPUTEPIiB TaKOXK B1JIOYBAETHCSA B CTOPOHY 301bIIeHHS. OTXKE, pEUTHHT
3epHO30MpaIbHIX KOMOAWHIB 5IKi BHUKOPHUCTOBYIOTh KOMOIHOBAaHY CXEMYy OOMOJIOTY
3epHa 3a pe3yJibTaTaMH aHAJTITUYHUX PO3PAXyHKIB METOJOM 3a BIJICTaHHIO JIO I
(Tabn.4) Mae HACTYITHHUI BUTIISA;

e 3cpHo30upansHuil kom6aitH CLAAS LEXION 600/600 TERRA TRAC;

e 3epHOo30upanbauii komoOaitn CLAAS LEXION 570/570 TERRA TRAC;

e 3epHo30upansHuii komoOaitn JOHN DEERE C 670.

Ane Taki KOMOalHU JTOCUTH JIOPOTO KOIITYIOTh, TOMY (DiHAHCOBI OOMEKEHHS
arpapHuX MiAMPUEMCTB HE 3aBXKJIU JAI0Th 3MOTY iX MpUAOAaTH.

Meton GaraTokpuTepiaibHOTO BHOOPY 3a BIJICTAHHIO JO I JTy>KE€ HATJISTHO
iHTeprperyeThes rpadivno [2]. Jns #oro peanizaiiii HeoOXigHO MOOyayBaTH Tpadik
3 YHCJIOM KOOPJAMHATHHUX OCEH, 110 JOPIBHIOE YUCITY KPUTEPIiB y BUTIISA1 TTETIOCTKOBOT
miarpamu. [lpm 1IbOMYy MOXJIHBO BHKOPHUCTOBYBAaTH TIpOTpaMHE 3a0e3MeUeHHS
Microsoft Excel. ITpu upomy He citin 3a0yBaTH, IO 1 K Y aHATITHYHUX PO3PAXyHKAX
METOAY 3a BIJCTAaHHIO J0 LI, y TpadiuHiil #oro iHTepnpeTarii yci mOpiBHIOBaHI
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KpUTepii MalOTh OyTH Y3TOJKEHI B OJJHOMIPHOCTI — 30UIbIIICHHS a00 3MEHILICHHS Y
OJTHY CTOPOHY.

3’eqHaH1 JIHISIMUA 3HAUECHHSI KPUTEPIiB Ha MEJIFOCTKOBUX JllarpaMax yTBOPIOIOTh
OaratokyTHukH. IDlmomil Takux OaraTOKyTHUKIB TIOPIBHIOIOTBCS MDK CO0OIO.
IneanizoBanuit BapiaHT — BiJMOBIIHO 0araTOKyTHUK 3 HAWMEHIIIOK a00 HAOUIBIIIO
TEOPETHYHO MOJKJIMBOIO TIUIOMICI0 3a TOPIBHIOBAHWMH YHWCIOBUMH 3HAYCHHSIMH
KpuTepiiB. baraTOKyTHWKH, 10 BIATBOPIOIOTh KOMIUIEKCHY XapaKTEPUCTHKY
pealbHOTO 00’€KTa JOCITIIKEHb, B HAIIOMY BHUIAJKYy 3€pHO30HpaIbHOr0 KoMOaiiHa,
TUM Kpalle, 4YuM SKHalOmumkue HaOMDKEHl 10 1/1€aji30BaHOTO TEOPETHYHOTO
BapiaHTy.

VY3aragpHEHUN KPUTEpid BIACTaHI MO IMUTl W, BU3HAYAETHCA SK BIIHOIICHHS
mtomi I1 i-ro BapiaHTy J0 TuIonIl ieanizoBaHoro [2].

11,
u=—, u=x1 3)

IS

[Tnoma GaraToKyTHHKAa BU3HAYAETHCS SK X ILIOINI TPUKYTHHUKIB i3 CTOPOHAMH,
110 BiJIIOBITaf0OTh 3HaUEHHAM KpuTepiiB K [2].

1I=2II,1I =

i i

'Kl'Kz (4)

N |-

OnHMM 3 CYTTEBHX HEJIOJIIKIB TAKOI'O METOAY € T€, 10 aOCOJIOTHI 3HAUYEHHS
KPUTEPIiB BIAPI3HAIOTHCS MiXK CO000 Ha MOPSAOK 1 Bumme. A Beawuunu I 1,
3aJIe’KaTh HABITh BiJl B3AEMHOTO PO3TAllyBaHHS KpUTEPiiB Ha Tpadiky [2].

Bukmounty Takuii HENOJIK MOKJIMBO TMEPEXOJOM Y BIJIHOCHI OJMHHUII
BUMIPIOBAHHS - HOPMYBAHHSIM KPHUTEPIiB: PO3AUIMTH LU(POBE 3HAUECHHS KOKHOTO
peabHOTO KPUTEPII0 HA MOTo Kpaliuil B TaOIHIll MOPIBHAHD 171eaTi30BaHn BapiaHT.
B TakoMy pasi BU3HAYEHHSI KOMIUIEKCHOTO OIIHOYHOTO MapameTpy 3a BiJCTaHHIO J0
it Oyze Oubin TouHuM [2].

Tomy meperBopuMo gaHi 3 Tabm. 1, Ttabm. 2, Tabmn. 3, Tabn. 4 1 3pydHOCTI
MOOYJIOBH TENIOCTKOBUX TpaikiB MIISXOM JIJIEHHS pPEAIbHUX TIMOKa3HUKIB —
MOPIBHIOBAJILHUX KPUTEPIiB HA 1X HAWKpaIIlii 171eali30BaHUI BapiaHT Ta B CEPEIOBUIII
nporpamuoro 3abesnedenns Microsoft Excel 0ymyemo nemtoctkoBy miarpamy (puc.l),
o rpapiyHO IHTEPIPETyE€ BIAHOCHI TOKA3HUKU TMOPIBHIOBAIBHUX KPHUTEPIiB
3epHO30MpabHUX KOMOaitHIB BUpoOHULITBA YKpainu, binopycii, Pocii mo metony 3a
BIJCTAHHIO 10 I{IJII.

3a repeTBOPEHUMHU JaHUMH 3 Ta0JI. 2 B CEpEOBUII MPOrPAMHOTO 3a0€3MEUCHHS
Microsoft Excel 6ynyemo nemtoctkoBy nmiarpamy (puc. 2), mo rpagiqHo iHTepIpeTye
BIJIHOCHI TIOKa3HMKHU TOPIBHIOBAJBHUX KPUTEPIiB 3€pHO30MpPAIbHUX KOMOAaiTHIB
CBITOBUX KOMIIaHI}, SIKI BUKOPUCTOBYIOTh KJIACHYHY CXEMOIO OOMOJOTY 3€pHa IO
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METO/Y 3a BIJICTAHHIO JIO 1.

3a mepeTBOpEHUMH JAHUMH 3 Ta0JI. 3 B CEpPEIOBUIII IPOTPAMHOTO 3a0€3MeUCHHS
Microsoft Excel 6yayemo memrocTkoBy miarpamy (puc. 3) IS 3epHO30HMpaIbHHUX
KOMOAHIB, TPOBITHUX CBITOBUX KOMIIAHIH, SIKI BAKOPUCTOBYIOTh aKC1aJIbHO-POTOPHY
CXEeMOI0 0OMOJIOTY 3epHa.

NOTYXHicTb 1/kBT

OcHoBHOM
0
BapTicTb Cm,rpH.

Maca, m,T nanueo,Kr/T

koed. Haa.1/KHag OK3C-9-1

B Ckicp-350

Puc.1 — I'padiuna inTepnpeTariisi 0araToKpuTepiaabHOr0 BUOOPY M0 METOAY 3a BiJICTAHHIO A0 IIiTi
IUIs 3epHO30MpaIbHUX KOMOaiHIB BUpoOHUITBa YKpainu, binopycii, Pocii.
Kpamuiii BapianT - [lanecce GS 12 Bupo6HuiTa binopycii.

OCLAAS
NOTYXHiCTb ABUryHa, PH, LEXION 540
kBT

@JOHN DEERE
T-670

ONEW
HOLLAND CX
8080

OMASSEV
FERGUSON
MF 7280

Puc. 2 — I'paciuna inTepnperarlisi 0araToKpuTepialbHOr0 BUOOPY MO METOAY 3a BIICTAHHIO JI0 L1
JUTSI 3epHO30MpaIbHIX KOMOaiHIB, MPOBIAHUX CBITOBUX KOMIIaHii, K1 BAKOPUCTOBYIOTh KIIACUYHY

cxemoro oomonoty 3epHa. Kpamtiit Bapiant — NEW HOLLAND CX 8080.
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OJOHN DEERE
NOTYXH. ABUTYHa, S 690

_ kBT
OcHoBHoOM

BNEW HOLLAND CR 9080

06epH. 1/ uiHa, 1/T16}é nnowa cenepawii

€BpO MCI1, m2
OMASSEV FERGUSON MF
Oc 9895
o6epH.: 1/maca, 1/7 nmnowa O4YUCTKU, M2 OChallenger 680B

MICTKICTb ByH., M3 BPocrcinbmaw TORUM 740

Puc 3 — I'padiuna inTepnperaiiis 6araToOKpUTepiaIbHOr0 BHOOPY IO METOTY 3a BiJICTAHHIO JI0 ITLJI1
IUIs1 3€pHO30MpAIbHUX KOMOAIHIB, MPOBITHUX CBITOBUX KOMIIaHIH, sIKi BAKOPUCTOBYIOTh
aKCiaJIbHO-POTOPHY CXEMOK 00MOJIOTY 3epHa.

Kpamiit Bapiant — 3epHo3oupansamii kom6aitH NEW HOLLAND CR 9080.

3a TepeTBOPEHMMH JaHUMU 3 Tabin. 4 B CEpeloOBHUIIN MPOTPAMHOTO
3abe3neueHHs Microsoft Excel 6ynyemo nentoctkoBy miarpamy (puc. 4), mo rpadidaHo
IHTEpIpPETyE BITHOCHI TMOKA3HUKU MOPIBHIOBAIBHUX KPUTEPIiB 3€pHO30MPATBHHUX
KOMOalHIB CBITOBUX KOMIAHI{, $KI BUKOPUCTOBYIOTH KOMOIHOBaHYy CXEMOIO
00MOJIOTY 3€pHa IO METOY 3a BIJICTAHHIO JO IILJII.

NOTY>XXHICTb AB., KBT
OcHoBHoW OCLAAS LEXION 570/ 570 TERRA

TRAC

O6epH. uiHa,1/Tnc 9&&8 0 nroLwla o4YnLLEHHSA, M2
: ’ ’ ’ BCLAAS LEXION 600/600 TERRA
Octo TRAC

DOJOHN DEERE C 670

OGepH. maca, 1/ iCTKIiCTb BYHK., M3

Puc. 4 — I'paciuna inTepnperaliisi 6araToKpuTepialbHOr0 BUOOPY MO METO/Y 3a BIJICTAHHIO A0 I
JUI 3epHO30MpaibHUX KOMOAlHIB, TPOBIIHUX CBITOBUX KOMIIaHiH, IKi BAKOPUCTOBYIOTh
KOMOIHOBaHY cxeMoro o0MoJoTy 3epHa. Kpauiit Bapiant — 3epHo30upanbauii kom6aitH CLAAS
LEXION 600/600 TERRA TRAC.

Pesynpratn  rpadiunHoi  iHTepmpeTalii = 0araTOKpPUTEPIalbHOTO  BUOOPY
3epHO30MpaAIbHIX KOMOAWHIB 3 BHKOPHUCTAHHSIM METOJYy 3a BIJICTaHHIO 10 I
HaBejsieH1 Ha puc. 1, puc. 2, puc 3, puc 4.

OTxe, KpallMMU KoMOaliHaMM TI0 TUTIaX CUCTEM OOMOJIOTY Ta Cemapailii 3epHa
3a pe3yJbTaTaMu 0araTOKpUTEpiaIbHOTO METOJY 3a BIACTAaHHIO JIO Il BIATMOBIIHO
CTaJIH:

- 3epHo30upanpHuil kombaitH [Tamecce GS 12 - rpyma MammH BUPOOHHUIITBA
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kpain Oysmoro CH/I;

- 3epHo36upanpHuii kom6aitn NEW HOLLAND CX 8080 — rpyma wmamuH
3aKOPJAOHHOTO BUPOOHHUIITBA 3 KIIACHYHOIO MOJIOTHIIBHO-CETapyBaIbHOIO CUCTEMOIO;

- 3epHo30Oupanpuuit kom6aitH NEW HOLLAND CR 9080 — rpymna mamiuH, siki
BUKOPHCTOBYIOThH aKC1aJIbHO-POTOPHY CXEMOIO OOMOJIOTY 3€pHa;

- 3epHo30upanbuuil komOaiin CLAAS LEXION 600/600 TERRA TRAC -
rpyna MaiuH, SKi BUKOPUCTOBYIOTH KOMOIHOBaHY CXeMOIO 0OMOJIOTY 3€pHa.

BuCHOBKH 3 JJaHOTO JOCTIKEHHS Ta MEPCIEKTHBH IMOAANBIINX PO3POOOK Y
JAHOMY HaIpSIMKY:

1.V  cydyacHOMYy  CUIbCHKOTOCIIOAAPCHKOMY  BUPOOHHUIITBI  mpobiieMa
palioHaJIbHOTO BUOODY 3epHO30MPATILHOTO KoMmOaitHa e CKJIaJTHE
OaraTokputepialibHe rocnonapchbke pimeHHs. Crnodatky Tpeda BpaxyBaTH BUPOOHHMY1
noTpedu 1Mo oOMOJIOTY 3€pHOBUX KYJIbTYp, arpOTEXHIYHI BUMOTH Ta arpoTEXHIYHI
0CO0JIMBOCTI KOHKPETHOT'O CLIILCHKOTOCIIOAAPCHKOTO MiAMPUEMCTBA; TOTIM BU3HAUYNUTH
OCHOBHI JIOMIHYIOYl TapamMeTpu KOMIUIEKCY 30MpalbHUX MAaIUH Ta OaxaHo
CHIBCTaBUTH iX MO CTymneHi BaromocTti. Haxanb, JOMiIHYIOUHM Ta OOMEXYBAJIbHUM
KpUTEpieM BUOOpY € L1HAa KoMOaliHa.

2. PesynpTaTaMu po3paxyHKiB € HACTYITHUN PEUTHHT JOCIIHKYBAaHIUX MAIIWH:

3 4YOTUpPHOX TMOPIBHIOBAHWX BaplaHTIB 3€pHO30MPATBHUX KOMOAMHIB
BUpoOHuUNTBa KpaiH OyBmoro CHJI, 3 kiacu4yHoro cxemMor0 oOMOJIOTY, KOMOailH
[Tanecce GS 12 no mocaiKyBaHUX I SITU KPUTEPISX BUSBUBCA KpalluM, OO BiJICTaHb
70 [UJII B HbOTO HaiimeHma. J[pyry mosuilito 3ailHsB 3epHO30MpaibHUN KOMOaH
ACROS - 580. Tperto mnosuiito mae 3epHO30upasnibhuii kombOaitH K3C-9-1
«CnaBytnu». YeTBepTuM BUSBHUBCA 3epHO30upanbHUil KomOaitH Ckid 350. Aune
nepemictutu  kombOaitH  K3C-9-1 «CrnaBytnu» Tta Ckidp 350 BupoOHHIITBa
XepCOHCHKOI0 MAaIMHOOYIIBHOT'O 3aBO/LY Ha MEPIIi MICILISI MOXKE JIBAJICATUBIICOTKOBA
Jep>kaBHa ~ KOMIIGHCAIlli  BapTOCTI  HOBOiI  CUILCHKOTOCHOAAPCHKOI  TEXHIKH
BITUM3HSHOTO BUPOOHUIITBA.

3. PeliTUHr MOPIBHIOBAIBHUX 3E€PHO30MPATLHUX KOMOAWHIB 3aKOPOHHOTO
BUPOOHUIITBA 3 KJIACHUYHOK MOJIOTHUJIBLHO-CEMApPyBaJbHOI CHCTEMOIO HACTYITHHI:
3epHo30upanpamii komOaitH NEW HOLLAND CX 8080; 3epHo30upanbamii KOMOaitH
MASSEV FERGUSON MF 7280; 3epHo3bupansuuii kombaiin JOHN DEERE T-670;
3epHo3oupanbpanil kom6aitH CLAAS LEXION 540.

- PeliTuHr 3epHO30MpanbHUX KOMOAWHIB SIKI BUKOPHCTOBYIOTH aKCIalbHO-
POTOPHY CXEMOI OOMOJIOTY 3€pHa 3a pe3yJibTaTaMu aHATTHYHUX PO3PAXYHKIB
METO/IOM 32 BIJICTAHHIO JI0 L1JI1 MOJSTa€e y HACTYHOMY: 3epHO30MpaibHUI KOMOaiiH
NEW HOLLAND CR 9080; 3epno36upansuuii kom6aitn JOHN DEERE S 690;
3epuoszoupanpanii kom6aitH MASSEV FERGUSON MF 9895; 3epno30upanbHuii
koMOaiin Challenger 680B; 3epHo30upansumii kombaitn Pocrcimemam TORUM 740.
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4. PeHTUHT 3epHO30MpAIbHUX KOMOANHIB sIKI BUKOPHUCTOBYIOTh KOMOIHOBaHY
cXxeMy OOMOJIOTY 3€pHa 3a pe3yJbTaTaMH aHAJITHUYHUX PO3PAaXyHKIB METOAOM 3a
BIJICTAaHHIO 70 11T Takuil: 3epHO30upanbuuii komOaiin CLAAS LEXION 600/600
TERRA TRAC; 3epno3oupansuuii kom6aitn CLAAS LEXION 570/570 TERRA
TRAC; 3epnozoupanbuuii kom6aiin JOHN DEERE C 670.

5. Ilpu npoBeneHHI MOMANBIINX JOCTIDKEHb JAOJATKOBY yBary cliji HaaaTd
TaKUM KpPUTEPIsIM: MPOEKTHIA MPOIMYCKHINA CHPOMOKHOCTI TEXHOJOTIYHOI XJI1OHOT
Macu (Kr/c) 3epHO30MpasibHOTO KOMOaiiHa Ta HOMIHAJIBHIA MPOTYKTUBHOCTI
MOJIOTApKH T10 3€pHY (T/TOJ); a TaKOX MOKa3HUKaM €HEPreTHYHOI €(h)eKTUBHOCTI Ta
€KOJIOTIYHOCTI — BHUTpaTl MajlMBa, KI/T 3€pHA; eKCIuTyaTamiiHid Maci, T. Taku
MOKa3HUKHU O1III IPYHTOBHO JAI0Th MOMJIMBICTh OI[IHIOBATH TEXHIYHI, TEXHOJIOTTYH1
Ta ©€KOJIOTIYHI XapaKTePUCTHKH MPOMOHOBAHMX KOMOaifHIB, iX cHenudivHi
KOHCTPYKTHBHI OCOOJMBOCTI Ta OJiepkKaTh MNUTOMI (JOJIyd4eHi JO OJUHUII
MIPOTYKTUBHOCTI 200 /10 OJMHMIII TIJIOII1) TOKA3HUKH KOHCTPYKTUBHO-TEXHOJIOTTYHOTO
PIBHS 3 YpaXyBaHHSIM CTEIEHS IIKIJJIMBOTO BIUIMBY arpapHOro BUPOOHUIITBA.
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Abstract

MULTI-CRITERIAN SELECTION OF MODERN GRAIN-BASED
COMBINES. ANALYTICAL ASPECTS

Burlaka O, Yakhin S., Dudnik V., Ivankova O., Drozchana O.

In this article, analytical studies have been carried out on the multicriterial
substantiation of the choice of modern combine harvesters. The peculiarities of the
design of the hammer-separator combine harvesters and features of harvesting of
various crops are considered. Technological aspects of the use of combine harvesters
are comparable with classical, rotary and combined torches. The article uses the
analytical method of multicriteria selection of modern combine harvester "for distance
to the target™.

The main comparative criteria were chosen: rated engine power; the area of
separation of the threshing machine; grill area for cleaning; bunker capacity; mass of
combine; indicative price; fuel consumption, coefficient of reliability.

Grain combines are conventionally divided in relation to manufacturers and
features of the design of the threshing-separating device on the groups of machines
produced in Ukraine, Belarus and Russia with a classic threshing machine — grain
harvesters "Skif" and KSS-9-1 "Slavutich", "Palessa” GS 12, ACROS-580; combine
harvesters with a classical hammer of leading foreign firms — CLAAS LEXION 540,
JOHN DEERE T-670, NEW HOLLAND CX 8080, MASSEV FERGUSON MF 7280;
combine harvesters with rotor grinding scheme of leading foreign firms — JOHN
DEERE S 690, NEW HOLLAND CR 9080, MASSEV FERGUSON MF 9895,
CHALLENGER 680B, Rostselmash TORUM 740; combine harvesters from leading
oversea companies with combined threshing system — CLAAS LEXION 570/570
TERRA TRAC, CLAAS LEXION 600/600 TERRA TRAC, CLAAS LEXION 770, JOHN
DEERE C 670.

On the basis of the listed criteria and analytical calculations the rating of grain
harvesting combines with the account of the structures of threshing-separation systems
IS obtained.

Keywords: combine harvester, multi-criteria choice, technology, crops, method,
substantiation, criterion, threshing and separation system.
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AHHOTALIUA

MHOTI'OKPUTEPUAJIBHBII BHIFOP COBPEMEHHBIX
3EPHOYBOPOUYHBIX KOMBAHHOB. AHAJIUTUYECKUE ACHEKTBI

bypnaka O.A., Axun C.B., Jlynuux B.B., IBankoBa O.B., /Ipoxxuana O.VY.

llposedenvl  ananumuyeckue uUCCIe008aHUs NO  MHOOKDUMEPUATbHOMY
000CHOBAHUIO  8bIOOPA  COBPEMEHHBIX 3ePHOYOOPOUHBIX KOMOAUHO8.  YumeHbl
0CODEHHOCMU KOHCIMPYKYULL MOJIOMUTLHO-CENapayUOHHbIX YCMPOLCME KOMOAUHO08 U
ocobennocmu yoopKU pasiuiHblX CelbCbKOXO3AUCMBEHHBIX KYAbMYP.

llposedeno  cpasHenue  mexHonO2UYECKUX  ACNEKMO8  UCHOIb308AHUPS
3epHOYOOPOUYHBIX KOMOAUHOG C KAACCUYECKUMU, POMOPHLIMU U KOMOUHUPOBAHHBIMU
MOTOMUTIKAMU. B cmamve UCNONL30BAHO AHATUMU4eCcKul Memoo
MHO2OKPUMEPUATbHO20 8blO0OPA COBPEMEHHbLIX 3ePHOYOOPOUHBIX KOMOAUHO8 «3a
paccmosiHuem 00 yeauy.

OCHOBHBIMU  CPABHUBAEMBIMU KpUumepusimu Obliu 00paHbl. HOMUHANbHAS

2. nrowads peuwem

MOWHOCMb 08ueameis, KBm, niowaowv cenapayuu MoIoOmMuiKu, m
ouucmKu, M?; emkocms OyHKepa, M°; maccy Komoatna, K2, npubiusumensHyio yemy,
e8po, pacxo0 Monausa, Ko/m 3epHa, Ko3ghpuyuenm HadeHCHOCMU.

CpasHusaemvle 3epH0YOOPOUHbIE KOMOALUHBL YCI0BHO NOOEIeHbl OMHOCUMENLHO
Qupm-npouzsooumenei, a maxdice O0COOEHHOCMENU KOHCMPYKYUU MOJOMULLHO-
CenapayuoHHbIX YCMpOoUCms Ha 2pYNNbl Mawul npoussoocmea Ykpaunul, benopyccuu
ma Poccuu c knaccuueckou monomunkou — 3epHoybopoutvle komoainwvl « Ckugh» ma
K3C-9-1 «Cnasymuuy, «Ilaneccey GS 12, ACROS — 580, 3epnoybopounvie kombatiHbl
¢ Knaccuweckotl moaromuaxou eedyuux 3apyoesxcnvix ¢pupm — CLAAS LEXION 540,
JOHN DEERE T-670, NEW HOLLAND CX 8080, MASSEV FERGUSON MF 7280;
3epHOYOO0POUHbIE KOMOAUHbI C POMOPHOIO CXeMOU 0OMOIOMA 8e0YWUX 3PV OEHCHBIX
¢pupm — JOHN DEERE S 690, NEW HOLLAND CR 9080, MASSEV FERGUSON MF
9895, CHALLENGER 680B, Pocmcenvmaw TORUM 740; 3eproybopounbie
KOMOQliHbl 8e0YUUX 3APYOEIAHCHBIX PUupm ¢ KOMOUHUPOBAHHOL CUCTEMOLL 0OMOTOMA —
CLAAS LEXION 570/570 TERRA TRAC, CLAAS LEXION 600/600 TERRA TRAC,
CLAAS LEXION 770, JOHN DEERE C 670.

Ha ocnose nepeuucnennvix kxpumepues u aHAIUMu4eckKux paciemos nojyden
peumune 3epHOYOOPOYHLIX KOMOAQUHO8 C YUEemOM KOHCMPYKYUL MOJOMULbHO-
CenapayuoOHHbIX CUCTEM.

Knrouesvie cnosa: 3eprnoy6opounbviti KOMOAQlH, MHO2OKPUMEPUATbHBIL 8b100D,
MEeXHON02US, CeNbCKOXO3AUCMBEHHble KYIbMYpPbl, Memoo, 000CHO8aHUe, Kpumeputl,
MOJIOMUTbHO-CENAPAYUOHHASL CUCEMA.
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V]IK 621.43

MNIABUIIEHHA JOBI'OBIYHOCTI POBOYMX OPI'AHIB
3EPHOIIOCIBHUX MALINH

JAynHikoB A.A., K.T.H., npogecop, bitooa O.1., K.T.H., 10LEHT,
Ayanuk B.B., K.T.H., 1oueHT, bypiaka O.A., K.T.H., IOLEHT,
Apoxuyana O.Y., crapiunii BUKJIAAa4

(Ilonmascoka deparcasna azpapua akademis)

Ilposeoena oyinka wHaodiuHocmi pobOOYUX OpP2AHI8 3EePHOBUX CIBANIOK 3
VPaxy8awHAM YMO8 iX poOOmMU HA OCHOBI MAMEMAMUYHUX 3ANEeHCHOCMEl,
3aCMOCO8YIOMbCSl 8 Meopii UMOBIPHOCHI.

Ilposeoeni docnidocenns no suOOPY oNMUMATLHUX NAPAMEMPI8 GLIOPpaAYiiHO20
3MIYHEeHHS pIdCYYux poboyux opeaHié Cciganok, W0 CHPUSAIOMb NIOBUWEHHIO
3HOCOCMIUKOCMI | HAOTUHOCMI NOCIBHOT MEXHIKU.

3anpononosanuii cnocib6 iOHOBNEHHA pOOOYOI NOBepXHi OUCKA COUWHUKA
NPUBAPIOBAHHAM Ce2MEeHMI8 00 1020 308HIUHBbO2O Olamempy i3 3A3HAYEHHAM iX
2eoMempUYHUX NAPaAMempis.

Busieneni napamempu eapirosanns (hakmopie ekcnepumenmy.

Ilposeoeni MikpocmpykmypHi OOCHIOMNCEHH 3 YN0 BUSHAYEHHS 6NJIUBY
Memooa 0opooOKU HA BLACMUBOCNE MAMEPIANLy OUCKIE COUHUKIB.

Ilposeoeni cmenoosi eunpobysants OUCKI@ COUIHUKIB, BIOHOBNEHUX DI3HUMU
Memooamu Ha YCmauosyi, wo 00360Ji€ pe2yrio8amu IHMEeHCUBHICMb 3HOULY8AHMHS
OUCKIB, A MAKONC eKCHyamayiuti O0O0CNIONCeHHs Ol BU3HAUEHHS eqheKmusHOCmi
BUKOPUCTNAHHS PI3HUX MEMOOI8 iX 8I0HOBIeHHSL.

Busnaueni 3nauenns i po3nooin 3anumKo8Ux HANpylceHvb 8 mamepiani HO8020
OUCKa i BIOHOBIEHO20 NPUBAPIOBAHHAM MPbOX CE2MeHMI8 31 Cmaii 3 HANJIABIeHHIM
copmaimom i lOpayitiHUM 3MIYHEHHSIM.

3natiOeni 3HauenHsT CMYneHsi 3MIYHEHHs mamepiany pidcyuoi KpoMKu
BIOHOBNIEHUX OUCKIB COULHUKIB.

Bcmanoeneni onmumanvui pesxcumu  8iopayiiino20 3MIYHEHHs. dacmomu i
amniimyou Koaueanb 00poOHO20 IHCMPYMEHMY, Ydc.

Buznaueni onmumanvhi napamempu OUCKI8 COWHUKIG: 308HIWHIN Oiamemp,
MOBWUHA PIXNCYYOI KPOMKU, Kym Jle3d, Wo 3a0e3neuye ix HauMeHwull 3H0C | AKiCmb
cigOU 3ePHOBUX.

Haeeoeni pezynomamu 3minu mosuwjuru OUcKka i 3HoCy 1020 no oiamempy niouac
CMEHO08UX O0CNI0NHCEHb HOBUX OUCKI8 MA BIOHOBIEHUX NPUBAPIOBAHHAM Ce2MeHmig 31
cmaini 45 3 agmomamuyHuM HANJIAGIEHHIM COPMAUMOM | 8IOPAYIUHUM 3MIYHEHHSIM.

Ilposeodeni excnayamayitini  00CNiONCEHHST BKA3AHUX BAPIAHMIE 3ePHOBUX
CIBANIOK 3 YLLK NepesipKUu eKCNAYamayiuHoi cmitikocmi 8i0HOBNEeHUX | 3MIYHEeHUX
8IOpaYItiHUM CNOCOOOM OUCKIB COULHUKIB.

Bcemanoeaneno, wo naiibinbuie 3nauenHs HANPaylo8anta Maiad ci8aika 3 OUCKAMU
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COWHUKIB, BIOHOBIECHUX NPUBAPIOBAHHAM Ce2MeHmie 31 cmani 45 3 asmomamuiHum
HANJIAGNICHHAM COPMAUMOM [ 3MIYHEHHAM BIOPAYIUHUM 0eqhOPMYBAHHSIM.

IloctanoBka mpoduaemu. BigHOBIeHHS [eTanel JO3BOJISIE TO3UTUBHO
BIUTMBATH  Ha  TIOKPAlICHHS  MOKa3HMKIB  HAMIWHOCTI 1  BUKOPHCTAHHSA
CLIbCHKOTOCTIOAAPCHKUX MaIMH. EKOHOMIUHA CTOpPOHA IOLUIBHOCTI MPOBEACHHS
pOOIT MO BITHOBJICHHIO JIeTale MAIlIUH MOJISITae B 3HUKEHHI COOIBapTOCTI PEMOHTY,
a TaKOXK B 3MEHIICHHI 3aTpaT MpH 1X eKCIUTyaTallii.

Jlo neraneil, K1 MOCUJIEHO 3HOUIYIOTHCS B MPOIIEC] EKCILTyaTallii BIAHOCATHCS
JMCKU COIIHHUKIB 3€pHOBHUX CiBajoK. /locUTh HU3bKA iX JOBrOBIYHICTH OOYMOBIIEHA
3HOIITYBaHHSM po0O0YO0i MOBEPXHI, II[0 BUMATa€ 4acTOro iX BIAHOBIICHHS.

B 3B's3ky 3 1muM mpoOjieMa TMiJBHINCHHS JOBTOBIYHOCTI JWCKIB COIITHHUKIB
3€pHOBHUX CIBaJIOK SIBJISIETHCS AKTYaJIbHOIO.

[TuTaHHAM PO3POOKM 1 3aCTOCYBaHHS TEXHOJIOTTYHMX IPOIIECIB MiABUIICHHS
JOBTOBIYHOCTI JeTaneil MamuH npucBsayeHi poootu M.I. Yopnosona, A.l. boiika,
J1.I'. Boiitroka, I.I1. CunyoBa Ta 1H.

AKTyaJbHICTL Ppo0oTH O0OyMOBJIEHa HEOOXIAHICTIO pPO3pPOOKH MeTona
M1JIBUIICHHS HAAIHHOCTI IUCKIB COIIHUKIB CUTbCHKOTOCIOIAPCHKUX MAIIIMH METOJ0M
B10paliiHOTO 3MIITHEHHS X pOOOYHNX MOBEPXOHb.

Y 1mpoMy 3B’S3Ky aKTyadbHUM € TIPOBEICHHS TOCHTIDKEHb IO BU3HAYCHHIO
ONTHUMAJIbHUX NapaMeTpiB BIOpaliiiHOT 0OpOOKH JUCKOBUX pOOOUYMX OpraHiB MpH iX
BIIHOBJICHHI, III0 3a0e3MeuyloTh HEOOXIJHY HaMiiHICT. ToMy JOCIIKEHHS,
CIIPSIMOBaHI Ha PO3pOOKY TEXHOJOTIi BIOpaIiiHOrO 3MIITHEHHS BKa3aHUX JeTalei,
MOXKYTb OyTH BIIHECEHI /IO YKCJIa BAXKIIUBUX 1 aKTyaJIbHUX.

AHaJi3 ocTaHHIX g0caigxkenb. BHacmi1ok aOpa3uBHOIO 3HOITYBAHHS PIKYYHX
€JIEMEHTIB IPYHTOOOPOOHUX MalTUH BUKJIMKA€E HEOOX1THICTh 1X BIAHOBJICHHS. [CHYIOU1
CrocoOu BIJTHOBJICHHS CIPSMOBAaHI Ha 3MEHIICHHS IMBHUJKOCTI 3HOUIYBaHHS 3a
PaxyHOK 3aCTOCYBaHHsSI 3HOCOCTIMKHUX MatepiaiiB 1 e(pEeKTUBHUX TEXHOJOTIN
BUTOTOBJICHHSI Ta BiTHOBJICHHS.

Jlo marepialiB MiJIBUILIEHHS JTOBFOBIYHOCTI BKa3aHMX JETaled MOXYTb OyTH
BiJTHECEHI XiMiKO-TepMivuHa 00poOKa, TuiacTuyHe nedopmyBanHs [1].

3aCTOCOBYIOTBCS CIOCOOM HAIUIABKH: METOJ] IUIAKyBaHHS 3HOCOCTIHKOIO
CTPIYKOI0, METO]I 3MILIHEHHS TEPTAM [2].

Vkazani crnocoOu  BiAPI3HAIOTHCS  BHCOKOK — CKJIQJHICTIO, BUMAararoTh
CIeHIJIBHOTO J0pOororo oOJagHaHHS 1 TOMY TOKHM M€ HE 3HAWILIA IIHPOKOIO
3aCTOCYBaHHS B PEMOHTHOMY BUPOOHHUIITBI.

B mammHOOymyBaHHI 3aCTOCOBYETHCS METOJ aIMa3HOTO BUTJIA/HKYBaHHS IS
MTOBEPXHEBOT'0 3MIITHEHHS JICTAJICH, 1110 BUTOTOBISAIOTHCS [3].

B Amnrmii, CIIA, AnonHii npu BiZHOBJICHHI JETAICH CLIbCHKOTOCIIOAAPCHKOI
TEXHIKH OJICpaB JIeSIKe PO3MOBCIO/HKCHHS METOJ] HAHECCHHS Ha MOBEPXHIO
MOJIIMEPHUX MaTepialiB [4].

B miteparypi [5] omucaHuii MeTOa  BIIHOBJCHHS JHMCKA  COIIHHKA
MIPUBAPIOBAHHAM JI0 HBOTO CEKTOPIB BOJb()PAMOBHM €JCKTPOJIOM B CEPEIOBHIII
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aproHy MarHiTOPEryIeMOI0 Tyror. 3 Oy CKIAIHOCTI e MeTo/] HE 3HAMIIOB
MOKM HAJEXKHOIO 3aCTOCYBaHHA B  CUIBCHKOTOCIOJIAPCHKOMY  PEMOHTHOMY
BUPOOHUIITBI.

€ naHi BIJHOBJICHHS JUCKA IO JlIaMeTpy CIOCOOOM 3BaprOBaHHS B HAIyCK 3
TIOJIAJTBIIIMM 3MIITHEHHSM MTOPOIIKAMH Ha OCHOBI copMaiTy [6]. JlaHuii TeXHOTOTTYHMIA
Coci0 BiIPI3HAETHCS CKIAIHICTIO, TPYAOMICTKICTIO 1 He 3abe3mneuye B MOBHIN Mipi
rapaHTii BiJi MOXKJIMBOCTI BTOMHOTO PYHHYBaHHS MPH €KCIUTyaTallii TUCKiB COIIHHUKIB.

Buninenns: HeBuMpimieHoi paxime 3arajbHol mnpoodjemu. CToCyrOUHCH
MEePCIIEKTUB BUKOPUCTAHHS BIOpAIIMHUX KOJMBaHb B TEXHOJOTIYHUX TIpOIecax,
MO>KHa BIIMITUTH, IO 1IHTEPEC 10 i€l mpoOIeMu 31 CTOPOHH BIAMOBIIHUX CHEL1aTICTIB
pi3HUX ramyseii Oyzae 3pocratu [7].

OCHOBHMMH TEPEIYMOBAMH JI0 IILOTO SIBISIOTHCS: IHTEHCU(IKAIlIS 1CHYIOUHX
TEXHOJIOTIYHUX IIPOIIECIB; MOXKJIHUBICTh PO3POOKHM HOBHX CIIOCOOIB OOPOOKH
MatepiaiiB; 3HKEHHS €Hepro3aTpar.

BiOpamiiini KoauBaHHS JO3BOJMIM CTBOPUTH HOBI METOAM OOpOOKH 1
TEXHOJIOT14HI IPOIIECH, 110 CIIPUSIOTH PO3POOII pecypco30epirarounx TEXHOJIOT1H, SKi
XapaKTEPU3yIOThCS OUIBII BUCOKOIO IHTEHCUBHICTIO.

3HOCOCTIHKICTh TOBEpPXHI JeTalield, 0O0poOJieHHX BiOpalliiiHUM METOJIOM,
3QJIEKUTH Bl TIMOMHM 3MIITHEHOTO MIApy, MPOTE B JITEpaTypl BIACYTHI KOHKPETHI
peKoMeHIallii 1o il Bu3HadeHH!o [8].

Hemae 1oCTaTHROrO TOSICHEHHS TOBEIIHKM pPI3HUX MaTepialiB  IpH
BiOpaniiiHoMy aedopMyBaHHIO. BilCyTHI 3aKOHOMIPHOCTI BU3HAUYEHHS 3YCHIUIA
neopMyBaHHS BlJI TAKUX MapaMeTpiB, SIK PEKUMU 00poOKH, reomeTpist 0OpoOHOro
IHCTPYMEHTY Ta 00poOtoBaHMX AeTaieid. HeqocTaTHbO BUBUEHI HACTYIHI MUTAHHS:
BIUTMB 3MIIIHEHHS Matrepiany oOpoOJIIOBaHMX JeTajel, CXWIbHHMX JI0 aOpa3uBHOIO
3HOIITYBaHHS; BIUTMB BiOpaIiiHoi 0OpoOKM Ha MiABUIIEHHS TOBIOBIYHOCTI pOOOYMX
OpraHiB 36pHOBHUX CiBaJIOK.

[Ipencrapisie MpakTUYHUNA 1 TCOPETUYHHUI 1HTEPEC MPOBEACHHS TMOJANBIINX
TOCITIDKEHBb TIPOIeCy BIOpAIlIMHOTO 3MIITHEHHS JACTajleil CLIbCHKOTOCIOIAPChKUX
MaIITFH, 110 MPAIOI0Th B 0COOIMBO HABAHTAXKEHUX YMOBAX, JJII PO3POOKH TEXHOJIOTI,
110 3a0e31euye MiIBUIICHHS iX JOBrOBIYHOCTI 1 HAIHHOCTI.

Mera i 3aBaaHHfl [JOCTiAKeHb. MeTO0 € MIOBUINEHHA HaIIWMHOCTI
3€pHOMNOCIBHOT TEXHIKM MpHU ii BUPOOHUITBI Ta BIAHOBJIEHHI 3 BHUKOPUCTAaHHSAM
B1OpaifHOTO 3MIITHEHHS! pOOOUYMX OpraHiB.

[TocTaBiena meta B poOOTI BU3HAYAIACh BUPIIICHHSIM HACTYITHUX 3aB/IaHb:

- IaTH aHaJi3 ICHYIOUMX BIACTUBOCTEU BIHOBJICHUX MOBEPXOHb JIUCKIB;

- OOTpYHTYBaTH TMapaMeTpU TEXHOJOTTYHOTO MPOIECY BIJHOBJICHHS JUCKIB
COIITHUKIB 36pHOBUX CIBAJIOK 1 BIPOBAIUTU Y BUPOOHUIITBO;

- OI[IHUTU €KOHOMIYHY €(DEKTUBHICTh BUKOPUCTAHHS PO3POOJIEHOT TEXHOJIOTTII.

Buxnan marepiany nociimkennsi. OriHKa HaIIRHOCTI 3a3HAYCHUX POOOUUX
Oprasis 3 YpaxyBaHHIM cnerupiKu YMOB iX poOOTH MUISIXOM TOPIBHSHHS MTOKAa3HUKIB
BIJIHOBJICHUX 1 HOBUX JIMCKiB, BUKOPUCTOBYIOUM MaTEMaTUYHI 3aJIKHOCTI, IPUHAHSATI
B TEOpii HMOBIPHOCTEH.
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[HTEeHCUBHICTD 3HOIITYBaHHS POOOYMX OPTaHiB BIUIMBAE HA HAIIMHICTh MOCIBHOT
TexHiKM. Tomy mnpu po3poOIi TEXHOJOTl iX BIJHOBJIEHHS MPOBOJIUIN BUOIP
ONTUMAJFHUX MapaMeTpiB OOpOOKH, IO 3HWXKYIOTh BEIWYUHY 3HOCY Pi3aJbHOTO
€JIEMEHTY JUCKIB COUTHUKIB.

3amipu TOBIIMHU 0007y Jucka mnpoBoawin Mikpomerpom MKII[-25 3
CJIEKTPOHHUM IIM(PPOBUM TMPUCTPOEM BIUTIKY, a MIKPOMETpaXk diamMerpa IucKa
sniicHioBany mranreHupkyiaem HII-500 3 Tounictio Biamiky 0,01 mm. Bemnuuny
KyTa Jie3a JUCKa BUMIPIOBAJIN KyTOMIPOM 3 JUCKPETHICTIO BIIIKY 5.

JlaGopaTopHi TOCIIKEHHS 3 BITHOBJICHHS pOOOYNX OpPraHiB — TMCKIiB COITHUKIB
METOJOM BiOparmiifHoTo neopMyBaHHS MPOBOAWIN Ha CICIIaIbHO BUTOTOBJIICHIN
YCTaHOBIII, fIKa 3a0e3nevuye BUKOHAHHS TEXHOJOTIYHUX MPOIECiB (po3nada, 0OTHCK,
3MIIHEHHS) 3 HEOOX1THUMU poOOYHMMHU MapaMeTpaMu: 30yproroda cuia, aMInITyaa i
4acTOTa KOJUBaHb, IMBUIAKICTh pyXy OOpOOHOr0 IHCTPYMEHTY.

BinHoBneHHs po0Oo40i MOBEPXHI JUCKA MPOBOAWIN METOJIOM IPUBAPIOBAHHS
CEerMEHTIB JI0 HOT0 30BHIIMIHBOTO JiameTpy (puc. 1).

Micye
" cmuky

Puc. 1 — Cxema npuBaproBaHHs CETMEHTIB JI0 BITHOBJIIOBAHOI MOBEPXHI IMCKA

CerMeHTH, BUTOTOBJIEHI 31 cTall 45 TOBHIMHOWO 2,5 MM 1 UPUHOIO 15 MM Ha
COPOKAaTOHHOMY TIpeci, nmpuBaproBaiucs aporoM P2 mm 31 ctan 081'C 3 HacTynmHuM
HAIUIaBJICHHSAM COPMANTOM.

Bennuuny 3HOCY AUCKIB MOKe OyTH OMMCaHa HACTYIHOIO 3aJICKHICTIO:

U=f(4nt), ()

ne:  Ain — BIANOBIAHO aMIUTITYyJa 1 4acTOTa KOJMBAaHb OOPOOHOTO IHCTPYMEHTY;
t — Jac 3MIITHEHHSI.

OcHOBHMUI1 PIBEHb Ta IHTEPBAJ BapitOBAHHS KOXKHOTO (PaKTOPy MPEACTaBICHO B
Tabnumi 1.
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Ta6mumst 1 — ITapamerpu BapitoBaHHS (DAKTOPIB €KCIIEPUMEHTY

®dakropu Kox | InrepBan BapiroBaHHA - PiBHI BaplIOBaHHS -
HIWKHIN -1 | ocHOBHUI 0 | BepxHiif +1
1. Ammtityna, Mm X1 0,25 0,25 0,5 0,75
2. Yacrora, xB* X2 700 700 1400 2100
3. Yac, ¢ X3 10 10 20 30

Pesynbratn mmanyBaHHS 0arato(akTOPHOTO EKCIIEPUMEHTY OOpOOISINCH
BIJIMTOBIAHO PUHAHATIH MeTouI [9].

Jlyis BU3HAYEHHSI BIUIMBY METOIYy OOpPOOKM Ha BIIACTUBOCTI Marepiairy AUCKIB
COILITHUKIB OYyJM MpOBEIEH! MIKPOCTPYKTYPHI JOCHIIKEHHS, HEOOXITHI Al BUOODPY
ONTUMAJIbHUX MapaMeTPiB TEXHOIOTTYHOTO MPOIIECY BiAHOBIICHHS.

Benuuuny 3epHa MOCHKYBaHUX 3pa3KiB BU3HAYAIM MUISIXOM IOPIBHAHHS
BUJIMMHUX TI17] MIKPOCKOTIOM 3epeH 3 eTasioHHoto 1ikaiow (I'OCT 5639).

TBepaicTh Martepiady AHMCKIB COIIHWKIB BH3Hadainu MeTonoM PokBemna Ha
npuiani TK-2M (I'OCT 23677-79).

MikpoTBepAicTh 3aMipsiii Ha MikpoTBepaoMipi [IMT-3.

CrenmoBl  BUINPOOYBaHHS JUCKIB  COIIHHKIB, BIJHOBJEHUX  PI3HUMH
TEXHOJIOT1SIMU, POBOJIMIIM HAa YCTAHOBILI (pUC. 2), IO NPEACTABIISIE COOOI0 IPYHTOBHIA
KaHay pazgiyca R. YcraHoBKka [103BOJISi€E PEryiOBATH 1HTEHCUBHICTH 3HOIIYBAaHHS
JUCKIB 3a PAaxXyHOK HACTyIMHUX NapaMmeTpiB: MIBUIKOCTI PyXy COIIHHKA, PI3HOIO
CKJIaJly a0pa3uBHOI CyMIlIlll, CTYIICHS YIIUIbHEHHS CyMilli. BiAMOBIHO A0 TEXHIYHUX
YMOB €KCIUTyaTalli 3¢€pHOBUX CIBaJOK Alanma3oH IIBUJIKOCTI CTaHOBUB 2,2...2,8 m/c.
CepenHe HampallfoBaHHSI JAUCKIB COIIHUKIB MOBMHHO cTaHOBUTH 1000 rogumu abo
2700 ra o6po06aeHoi 3emiti.

Puc. 2 — 3aranpHuil BUTIISA YCTAaHOBKH JUUIsl BUIPOOYBaHHS AMCKIB COLIHUKIB Ha 3HOC

Excrmyaramiitni BunmpoOyBaHHsS OyJM OCTaHHIM €TaroM JIOCHTIKEHb TIPH
BH3HAUCHHI €()EKTUBHOCTI BHUKOPHCTAHHS PI3HUX METOIIB BiJHOBJICHHS JIHCKIB
COILIHUKIB 36pHOBHUX C1BaJIOK.

JI71st TOpIBHSUIBHOI OIIHKM €KCIUTyaTalliHUX BUIPOOyBaHb Oynu 310paHi JaHi
PO pecypc TaKUX BapiaHTIB IUCKIB COIIHUKIB:

- HOBI 31 cTam 651
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- BITHOBJIEHHI TPUBApIOBAHHSIM CETMEHTIB 31 cTam 45, HamaBlIeHuX
COpMaMlTOM 1 3MIiITHEH] BIOpaIliiHUM J1Ie(pOpMYBaHHSIM.

[Ipy BiAHOBIEHHI 3HOIIEHOTO /AWCKA HAIIABKOI BUHHUKAIOTH 3aJIMIIKOBI
HaIpy>KeHHS pajiaibHi §, 1 OKpYXHI Og.

3 ypaxyBaHHSAM 3Ha4eHb MJIACTUYHOTO Ae(POpPMYBaHHS 3HAYCHHS paaialibHUX 1
OKPYXKHUX HAMpPYKE€Hb MATUMYTh BUTJISL;

E dUu U

O =1 5"‘#;—(83"'1183)] i 1)
E U aUu

8o = - [;‘Hl;— (ed + MSS)] (2)

ne: E — moxmyms IOnra; pu — xoediuient Ilyancona; &2 i €0 — ymoBHI mnacTuuni
nedopmyBanns; U = U(r) — panmiajibHi TIEpeMIlIeHHS; T — KOOPJIHUHATH B
paaiadbHOMY HaIpsIMI.

Po3nois 3ayIMIIKOBUX HANIPY>KEeHb JIJIs1 BUMTAAKY BITHOBJIEHOTO JUCKA COLTHUKA
METOJIOM MPUBAPIOBAHHS TPHOX CETMEHTHUX IIIMH MPEICTABICHUN HA puUC. 3.

Puc. 3 — Po3moain 3a/MIIKOBUX HANPY>KEHb Y BiTHOBICHOMY JTUCKY

OtpumaHi MaTeMaTHU4HI 3aJEKHOCTI 3 YypaxXyBaHHSIM €KCIIEPUMEHTaIbHUX
JAHUX JTO3BOJISIOTh BU3HAYUTH BEJIMUMHY 3aTUIIKOBUX HAIMPYKEHb B OyIb-sK1M TOYII
JIUCKA, BIIHOBJICHOTO METOJIOM HAIUIABKUA CErMEHTHUX IIHH.

OtpumaHi po3paxyHKOBUM IIIIXOM 3aJIHIIKOBI HAMIPY>KEHHsI TIPUBE/ICH] B Ta0JI. 2.

Tabmuns 2 — 3Ha4eHHS 3aJUIIIKOBUX HANIPYKEHb

3anuIIKoBl
BapiaHT aucka courHuka HarpyxeHHs1, MIla
[ de
1. Hogi (3i craii 651) 99-107 138-153
2. BigHoBuneHi [PHBAPIOBAHHAM CETMEHTIB 31 CTal 45 3 HaIIaBKOIO 81-87 115-122
cCOpMaiToOM 1 BIOpalliiiHUM 3MIIIHEHHSIM
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CrymniHb 3MIIHEHHS 7] Marepially pikydoi KPOMKH BIJTHOBJIGHHX JIUCKIB
COIITHUKIB BH3HAYAIH T10 3aJICKHOCTI:

fo)
n = log. ﬁ 3)

ne: O¢ — HaIpYXKEHHS Tedii; §; — MeXa TEeKy4dOoCTi; € — JorapumMiyHui CTYIiHb
nedopmarrii.

Po3paxyHKOBI 3Ha4Ye€HHS CTyNEHS 3MIIIHEHHS, OJEpKaHl MO 3ajeHOCTI (2)
npuBe/eH] B Ta0II. 3.

Tabmuis 3 — Po3paxyHKOBI 3HAYSHHS CTYTICHS 3MIITHEHHS

Cryninp 3MilIHEHHS, 7]
3Ha4yeHHs AeGopMyBaHHS BiOpauiiine nedopmyBaHHs
0,120 165
0,086 142

O06pobutoBanuii Marepian

1. Cranp 65T
2. Cram 45, copmaiit

BcranoBneno, 1m0 CTymiHb 3MIIHEHHS MaTepially JUCKIB  COIIHHKIB,
BIJTHOBJICHUX NPUBApIOBAHHSAM CETMEHTIB 3 HACTYITHOIO HAILJIaBKOIO COPMANTOM IpHU
BiOpariiinomy nedopmysannto B 1,37...1,58 Oublie HiXK IPH 3BUYANHINA 00pOOIIi.

JocnmipxkeHHssMA  OyJid  BCTAHOBJIEHI ONTHMAaJIbHI PEXUMHU BIOpaliiHOTO
3MILHEHHS: 9acTOTa KOJUBaHb poOodoro oprany N=1400 xp; ammiiTyaa po6odoro
oprany A=0,5 mmM; yac 3minHeHHs =20 c.

30UTbIIEHHST TOBIIMHHU PIXKY4O0i KPOMKH Ji€3a JUCKIB Yy IPOLECI CTEHJIOBUX
BUIIPOOYBaHb CYTTEBO BIUIMBAE HAa MOro 3HONIYBAaHHS, IO 3HUXKYE SKICTb
TEXHOJIOTIYHOTO MPOIIECY MOCIBY.

KoxeHn auck BUMIpIOBajiu B TPHOX Iepepizax uepe3 KOXKHI YOTUPHU TOJIMHU iX
poOOTH Ha CTEHA1 IPOTIATOM 24 TO/I.

MeTtonukoro AOCHIIPKEHHS Oynu mnependadyeHi HACTYIHI BaplaHTU JUCKIB
350 mM: HOBI AMCKH 31 cTail 651°; BIIHOBIEHI IPUBAPIOBAHHSIM CETMEHTIB 31 CTalll
45 3 HamJIaBJIEHHAM COPMAaNTOM 1 BIOpaliitHUM 3MILIHEHHSM (Ta0J1. 4).

Tabnuus 4 — XapakrepucTUKa apaMeTpiB IUCKIB

ITapameTpu BUMIipIOBaHHS

BapianT nucka — - - s
30BHIIIHIN J1aMETP, MM TOBIIMHA PIKYYOl KPOMKHU A, MM KyT JIe3a, @

1 350 2,47 20147

2 350 2,43 20°2°

Jlan1 mabopaTopHUX BUMIPIOBaHb HaBEeICHI B TA0OII. 5.

Tabmuus 5 — Pe3ynbraT 3HOCY AUCKIB ITPH CTEHIOBUX BUMPOOYBAHHAX

Howmep 3HOC J:IiaMequ D 3HOC TOBIIUHH JIe3a d
BapianTy a0COIFOTHUHA BITHOCHUI abcoroTHa 3MiHA BIJIHOCHA 3MiHA
3HOC, MM 3HOC, MM TOBIILUHH, MM TOBIILUHH, MM
1 0,79 0,0023 0,51 0,206
2 0,29 0,0008 0,28 0,115

27




Pe3ynpTaTn eKcriepuMeHTANbHUX AOCTIIPKEHb 3MIHA 3HOCY TOBIIMHM aucKka Aa
1 fioro niametpa AD B CTEeHIOBUX yMOBaX BUNPOOYBaHb HABEACHO Ha pucC. 4 Ta 5.

Ao,MM
0,6

0,4
0,2 '
0
1 2
Homep

BapiaHTy

Puc. 4 — [liarpama 3minu ToBumHU Aa sie3a auckiB D350 MM npu CTEHI0BUX BUITPOOYBAHHSX:
1 — noBi auckw 3i cram 650°; 2 — BiIHOBIIEH] IPUBAPIOBAHHSIM CEIMEHTIB 3i cTaji 45 3
HaIlJIaBJICHHSM COPMANTOM 1 BIOpamiitHUM 3MIITHCHHSAM

AD,MM
1

0,5

’ Howmep

BapiaHTy

Puc. 5 — [liarpama 3minu aiamerpaiibHoro 3Hocy AD auckiB ¥350 MM mpH CTEHOBHX
BUIIPOOYBaHHSX: | — HOBI JuCKH 31 cTani 651°; 2 — BIAHOBIIEH] NPUBAPIOBAHHSAM CEIMEHTIB 31 CTaJl
45 3 HarUIaBJICEHHSAM COPMANTOM 1 BiOpaliifHUM 3MIITHEHHSIM

AHaJli3 OTpUMaHUX JJAHUX J03BOJISIE€ 3pOOUTH BUCHOBOK: 3HOCOCTIHKICTh AUCKIB
3JIEKUTH BiJ iX MapaMeTpiB, BUy 0OpOOKH 1 MOETHAHHS OCHOBHOIO 1 HATUIABJIEHOTO
Marepiaity. B pe3ynbraTi npoBeIeHUX CTEHI0BUX BUIIPOOYBaHb AUCKIB 1 JOCIIKCHHS
BJIACTUBOCTEH iX Marepialdy 3ampOlOHOBAaHUM BaplaHT JUCKA, BIJHOBJIEHOIO
MPUBAPIOBAHHIM CETMEHTIB 31 cTaii 45 3 HaljJaBKOK COPMAlTOM 3 HACTYNMHUM
BiOpaniiHUM 3MILIHEHHSIM. 32 OTPUMAHUMH JaHUMU PEKOMEHIY€EThCS JUCK COIIHMKA
niamerpom 350 MM 3 TpUBapIOBaHHSIM CETMEHTIB 31 cTaii 45 3 HamlaBIeHHAM
COPMAMTOM 1 MOJAIBIIUM BIOpAIIfHUM 3MIIHEHHSAM poO0o40i moBepxHi. ToBIIMHA
ne3a aucka mae craHoButH 2,5+0,1 mm. JlaGopaTopHi JOCHTIKEHHS TOKa3aju, IO
MOBEPXHI JUCKIB COIIHMKIB (DYyHKIIOHAIBHO BIAMOBIJAIOTh YMOBAM iX BIJHOBJICHHS.
Opnak, peayibHI YMOBH pOOOTH 3€pPHOBHUX CIBJIOK BIAPI3HSAIOTHCS BITUBOM BEIUKOI
KUIBKOCT1 (pakToOpiB, IO BIUIMBAIOTh HA JHUCKH COIIHUKIB, BpaxyBaTH sKi B
7a00paTOpPHUX YMOBaxX HE MPEACTABISETHCS MOXIMBUM. ToMy il TNEpeBIPKH
eKCIUTyaTaIiiHO1 CTINKOCTI BITHOBJICEHUX 1 3MIITHEHUX BiOpalliitHUM CII0COOOM JIUCKIB
COIIHMKIB iX BCTaHOBMIOBaIM Ha 24-x psaHi ciBaiku C3-3,6. BunpoOyBaHHS
MPOBOJIMJIM MiJI Yac OCIHBbO-TIOJILOBUX POOIT B rocnoaapcrsax IlontaBebkoi o6nacti.

28



[Tpu mosboBHUX BUIMPOOYBAHHAX IIBUIKICTh PyXy ciBajiok ctaHoBuia 10...12 km/rog.
[Ticns HampalroBaHHS KOKHOIO 3 JIBOX CiBaJIOK 20 TeKTapiB MPOBOIWIN 30BHIIIHIM
orjisa JuckiB. JlaHi Tpo HampalfoBaHHS 3€pPHOBUX CIBAJIOK 13 3a3HAYCHUMHU
BapiaHTaMU JHWCKIB COIIHMKIB HaBeJeHI B Tabi. 6. HaiiOuipiie 3Ha4YeHHS
HampalfoBaHHsI 272 Ta Maja CciBajJka 3 JHUCKaMH COIIHHUKIB, BIJHOBJICHUMH
NPUBAPIOBAHHAM CETMEHTIB 31 cTaii 45 3 HACTYITHUM aBTOMAaTUYHUM HAIUIABJIICHHSIM
copMaTOM 1  3MIMHEHHSAM  BiOpaumiiHuM  1nedopMyBaHHSAM.  301IbIICHHS
HaIpaIlOBaHHS y TTOPIBHSHHI 3 HOBUMH JUCKaMu cTaHOBUTHME 1,33 pas3u, 3SMEHIIICHHS
3HOCY JUCKa 10 aiameTpy B 1,64 pas3u, a 301IbIIEHHS TOBIIWHY Jie3a HOXKa IucKa B 1,62
pasu. ExcrmyaramiiiHi JOCHIMKEHHS 3a3HAYCHUX BapiaHTIB JUCKIB COITHUKIB
MOKa3ajl T[OBHY BIAMOBIIHICTE CTEHIOBUM BUIpPOOyBaHHAM. HaitOinbiry
3HOCOCTIMKICTh B 000X BHITQJKax BHUIPOOYBaHb IIOKa3aJd JUCKH COIIHHUKIB,
BIJIHOBJICHI MPUBAPIOBAaHHSAM CETMEHTIB 31 cTaji 45 3 aBTOMAaTUYHUM HAIUIaBJICHHSIM
copMaiTOM 1 BiOpaliifHUM 3MIITHCHHSIM.

Tabmus 6 — Pe3ynpTaTl 3HOCY IMCKIB MPU CTEHIOBUX BUIIPOOYBaHHSX

) 3HOC aucKa 30UIBIIEHHS
. 3acisHa )
Bapiantu nucka conrHuka oma, ra o JiaMeTpy, TOBILUHH JIe3a
’ MM HOXKa JTMCKa, MM
1. Hosi aucku 31 ctam 65T 205 1,44 0,97
2. Jlucku, BiIHOBIIEH] TPUBAPIOBAHHSIM
CErMEHTIB 31 cTaji 45 3 HaIUIaBIEHHIM
N . o o 272 0,88 0,60
COpMaNTOM Ta 3MIIHEHI BiOpaIiiftHIM
nedopMyBaHHIM
BucnoBku.

1. BukoHanuii aHami3  eKCIUTyaTal[iiHOi  CTIMKOCTI JUCKIB  COIIHHUKIB
BCTAHOBJICHUX HA 3€PHOBHX CIBaJIKaX.

2. [TopiBHANBHI JOCTIIKEHHS MMOKa3alH, 0 PO3pOOICHHI METO BiTHOBICHHS
BiOpauiiHuM jaepopMyBaHHAM 3a0e3nedye MiJABUILIEHHS 3HOCOCTIMKOCTI JHMCKIB
COIIIHUKIB: IIBUJIKICTh 3HOIIYBaHHS WOro MO JlaMeTpy 3HUXKYe€Thcs B 1,64 pasw,
3MEHILYEThCS 3aTyIUICHHs J1e3 B 1,62 pasn, HOplBHHHO 3 HOBUMH JIMCKaMU.

3. XapakTep 3HOCY HOBUX JUCKIB COIIHMKIB HE BIAPI3HAETHCS BiJl BIIHOBICHUX
3a po3p0OJIECHOI0 TEXHOJIOTIETO.
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Annotation

LONG-TERM LIFTING OF WORKING BODIES OF GRAIN MACHINES
A. Dudnikov, O. Bilovod, V. Dudnik, O. Burlaka, O. Drozhchana

An assessment of the reliability of the working bodies of grain sowing machines,
taking into account the conditions of their work on the basis of mathematical
dependencies, is used in the theory of probability.

The research was carried out on the choice of optimal parameters of vibration
strengthening of the cutting tools of the sowing machines, which promote increase of
wear resistance and reliability of the sowing machinery.

The method of restoring the work surface of the coil disk by welding the segments
to its outer diameter with the indication of their geometric parameters is proposed.

The parameters of variation of the factors of the experiment are revealed.

Microstructural studies were carried out with the purpose of determining the
influence of the method of treatment on the properties of the material of the discs of
the coulter.

The bench tests of coil discs, restored by various methods at the installation,
which allows to regulate the intensity of wear of disks, as well as operational studies
to determine the effectiveness of using different methods of their recovery.

The values and distribution of residual stresses in the material of the new disk
and the restoration by welding of three segments of steel with sintered and welded steel
reinforcement are determined.

The values of the degree of strengthening of the cutting edge material of the
recovered discs of the coils are found.

The optimal modes of vibration strengthening: the frequency and amplitude of
the oscillation of the tool, time are established.

The optimum parameters of the coulter discs are defined: external diameter,
cutting edge thickness, angle of blade, which ensures their least wear and quality of
grain sowing.

The results of the change in the thickness of the disk and its wear on the diameter
during the bench studies of new disks and reconstructed welded segments of steel 45
with automatic winding and vibration reinforcement are shown.

Operational studies of these variants of grain sowing machines have been
carried out with the aim of verifying the operational stability of the recovered and
reinforced vibration plates of the coulter discs.
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It was established that the greatest value of the production was a small seed drill
with discs of coils, restored by welding of segments of steel 45, followed by automatic
surfacing of sorbate and strengthening of vibration deformation.

AHHOTAIUA

ITOBBIIIEHUE JOJI'OBEYHOCTH PABOYUX OPI'TAHOB
3EPHOIIOCUBHUX MAIIINMH

HynuukoB A.A., benosoa A.U., lynuuk B.B., Bypnaka A.A., Ipoxxuanas O.VY.

IIposedena oyenka HadexcHocmu padbouux opeaHo8 3ePHOBLIX CENOK C YUemom
VCR08uUll UX pabomsl Ha OCHOBE MAMEMAMUYECKUX 3ABUCUMOCTEL, YMO NPUMEHSIOMCS
8 meopuu 8epPoAmMHOCU.

Ilposedennvie uccnedoganus no  6blOOPY  ONMUMAILHBIX — NAPAMEMPOR
BUOPAYUOHHO2O YNPOUHEHUST PEXCYUUX PADOYUX OP2AHO8 CEesIOK, CNOCOOCMBYIOUUX
NOBBIUEHUIO UZHOCOCMOUKOCMU U HAOEHCHOCTU NOCEGHOU MEXHUKUL.

Ilpeonooicennviti cnocob eoccmanosieHus padouell NOBepXHOCMU OUCKA
COWHUKA NPUBAPKOU Ce2MEeHMO8 K e20 GHeuwlHeMy ouamempy ¢ YKa3auuem ux
2eoMempuiecKux napamempos.

Buissnennvie napamempul 8apbupo8anus paxmopos sKcnepumenma.

IIpogedennvie MUKpOCMPYKMYpPHble UCCIE008AHUS, C YENbl0 ONpeoeleHus]
BIUSAHUSL MemOoO0a 0OpaboOmMKU HA C8OUCMBA MAMEPUAIA OUCKO8 COUHUKOS.

IIposedennvie cmeno08ble UCNLIMAHUA OUCKO8 COUWHUKOB, 80CCMAHOBIEHHBIX
PA3IUYHBIMU — MemoOaMUu Ha  YCMAHOBKe, UYMO  NO360JAem  pe2yiuposamy
UHMEHCUBHOCMb USHAWUBAHUSL OUCKO8, A MAKJCe IKCNIYAMAYUOHHbLE UCCTIe008AHUS
0151 onpeoeneHus 3IPHeKmusHOCmuU  UCNONb308AHUSL  PA3TUUHBIX MEMO008 UX
80CCMAHOBIIEHUSL.

Onpedenenvl 3HaueHUusi U pacnpeoeieHue OCMAMOUHbIX HANPINCEHUL 8
mMamepuaine Ho8020 OUCKA U 80CCMAHOBIIEHHO20 NPUBAPKOU MpexX CecMeHmo8 U3 Cmaiu
C HaNJaBKoU COPMAUMOM U BUOPAYUOHHBIM YNPOUHEHUSIM.

Haiioennvie 3nauenuss cmenenu ynpouneHus mamepuana pexcywjeti KpomKu
80CCMAHOBNIEHHBIX OUCKO8 COULHUKOS.

Yemanoesnenvt onmumanvhvie pexxcumvl GUOPAYUOHHO2O YAPOUHEHUS: YACTNONbL
U amMnaumyovl Koaebanutl 0opabamuoleéarouieco UHCMpPYyMeHmad, 8pemsl.

Onpedenenvl  onmumanvhvie nNaApamempsvl OUCKO8 COUIHUKOB:  GHEUIHULL
ouamemp, MOAUUHA pedcyujeli KpOMKU, Y20l Jle38us KOmopbwill obecneuusaem ux
HAUMEeHbUWUL UBHOC U KAYeCmeo noCcea 3ePHOBLIX.

Ilpusedennvie pezyromamvl UMeHeHUs MOIWUHBL OUCKA U USHOCA €20 NO
ouamempy 80 8peMs CMeHOO08bIX UCCAeO08AHUL HOBbIX OUCKO8 U 80CCIMAHOBLEHHBIX
NPUBAPKOU Ce2MEeHMOo8 U3 cmaiu 45 ¢ asmomamudeckol HaniaeKou CoOpmMaumom u
BUOPAYUOHHBIM YNPOYHEHUEM.

IIpogedennvie sKCHIyamayuonHvle UCCLEO08AHUS VKA3AHHBIX BAPUAHMO8
3EpHOBLIX  CeANOK C UYelblo NPOBepKU  IKCHIYAMAYUOHHOU  YCMOUYUBOCHU
80CCMAHOBNIEHHBIX U YNPOUHEHHBIX BUOPAYUOHHBIM CHOCOOOM OUCKO8 COUHUKOS.

Ycemanoeneno, umo naubonvuiee sHauenue HapaboOmMKu UMend cesiika ¢ OUCKAMU
COWHUKO8B, 80CCMAHOBIEHHBIX NPUBAPKOU cecMeHmos u3 cmanu 45 ¢ nocieoyoweti
A8MOMAMUYECKOl  HANJIABKOU  COPMAUumMoM U  YNPOYHEeHUeM  BUOPAYUOHHBIM
oepopmuposarnuem.
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VJIK 631.37

JUSTIFICATION OF THE PARAMETERS A REAR-MOUNTED LINKAGE
WIDE SPAN TRACTOR (VEHICLE)

Kuvachov V.P., Assoc. Prof. Eng., PhD.
(Tavria State Agrotechnological University)

Abstract — To ensure the statically high universality, wide span tractors
(vehicles) can (and undoubtedly should) be aggregated with various trailed, semi-
mounted and mounted agricultural machines and implements. The sealing effect on the
soil of their running systems in the fertile (agrotechnical) zone of the field, as well as
the traction and coupling properties, stability and controllability of the movement of
wide span vehicle is substantially determined by the scheme of their connection and
the parameters of the rear-mounted linkage. The purpose of research is to increase the
traction and traction properties, stability and controllability of the movement of wide
span tractor (vehicle) and to reduce the sealing effect of running machinery systems
on the soil in the fertile zone of the field, by justifying the parameters of their hinged
devices and the scheme of attaching agricultural machines and implements to them.
Theoretical studies, synthesis of structural schemes and parameters of a wide span
tractor (vehicle) were carried out by simulating the conditions of its operation on a
PC. The research methods are based on the basic principles of theoretical mechanics
and tractor theory using the Mathcad package. As a physical object of research, a wide
span vehicle design of the Tavria State Agrotechnological University (TSAU), Ukraine.
A result of the conducted researches it was established that in addition to the angles of
inclination of the rear-mounted linkage wide span tractor (vehicle), such design
parameters as the distance from the hinged device to the center of resistance and the
support wheel of the agricultural machine or implement have a significant effect on the
redistribution of normal reactions on its front and rear wheels. With the purpose of
almost completely eliminating the sealing effect on the soil of the running systems of
machines in the fertile (agrotechnical) zone of the field, it is recommended to use
regulators on wide span tractors (vehicles) to correct the normal vertical load on the
support wheels of an agricultural machine or implement that work according to the
principle of known traction tractors.

Formulation of the problem. Recently, wide span vehicles (more often referred
to as wide span tractors) have become increasingly popular in the world [1, 2]. The
latter make it possible to realize technology of track, bridge and controlled traffic
farming [3, 4]. And their development corresponds to the vector of scientific and
technological progress directly in the trend of automation and robotization of
agricultural production.

Owing to their quite high versatility, wide span tractors (vehicles) can (and
undoubtedly should) be aggregated with various trailed, semi-mounted and mounted
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agricultural machines and implements. Due to the weight of the latter and tractive
resistance, regardless of the way they are connected by means of an attachment, they
can cause a significant redistribution of vertical loads on the wheels of the bridge
tractor. The main problem is that if the agricultural machines and implements are not
connected correctly, there may be no loading, but, conversely, unloading the steering
and driving wheels of a wide span tractor (vehicle) with all the ensuing consequences.
At the same time, the vertical load on the supporting wheels of the attached agricultural
machines and tools placed, as a rule, in the agrotechnical (fertile) zone of the field can
be substantially increased. Because of this, as a result of the excessive sealing effect of
the running systems of machines on the soil, the entire effect of the controlled traffic
farming can be reduced to zero. Therefore, the issue of studying the influence of the
parameters of the rear-mounted linkage a wide span tractor (vehicle) and the scheme
of attaching machines and implements to it on the nature of the change in the vertical
loads on its wheels is urgent.

This work is devoted to studying the features of aggregation of wide span tractor
(vehicle) with agricultural machines and implements.

Analysis of recent studies and publications. The existing world experience in
the integration of wide span tractors (vehicles) has shown the possibility of using three-
point rear-mounted linkage on them (Fig. 1). The study of the structural features of the
latter when used on wide span tractors (vehicles) is practically not covered in the
scientific literature. It is fairly well known that the angles of inclination of the central
and lower links of its hinged mechanism exert a significant influence on the
redistribution of normal reactions on the wheels of a traditional tractor. And the very
nature of the redistribution of normal reactions on the tractor wheels is determined by
the design parameters of its hinged mechanism and the agricultural machine or
implements aggregated with it. For example, with the increase in the angle of
inclination of the central traction of the front attachment of the arable unit, built
according to the "push-pull” scheme based on the tractor of the HTZ series 120/160,
vertical reactions on the front axle of the tractor increase, and in the rear — decrease [5].
The same picture is observed with an increase in the angle of inclination of the lower
links. At the same time, these regularities are valid for the traditional layout of the
machine-tractor unit, when the attachments with attached agricultural machines and
implements are located outside the zone of the tractor's wheelbase. And, naturally, they
are not suitable for analysis of the character of the change in vertical reactions on the
wheels of wide span tractors (vehicles).

Also, taking into account the possibility of unification of the rear-mounted
linkages of wide span tractors (vehicles) with traditional ones, the parameters of which
are determined by the 1SO 730:2009, it is necessary to establish the correspondence of
sizes and requirements for a three-point rear-mounted linkage intended for connection
of agricultural machinery and implements to the tractor. This 1SO 730:2009 standard
defines the various categories of three-point rear-mounted linkage that are used for
various agricultural tractors.
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b)
Fig. 1 — The rear-mounted linkages of wide span tractor (vehicle) ASALIift WS9600
(http://www.gartnertidende.dk) (a) and design of TSAU [6] (b)

It should also be noted that recently certain trends in improving the design of
three-point rear-mounted linkage of tractors [7-12] have been outlined. But, the
problem of studying the influence of the parameters of the rear-mounted linkages of a
wide span tractors (vehicles) and the scheme of attaching machines and implements to
it on the character of the change in the vertical loads on its wheels is not paid enough
attention.

Statement of the objective and tasks of the study. The objective of the study
IS to increase the traction and traction properties, stability and controllability of the
movement of wide span tractor (vehicle) and to reduce the sealing effect of running
machinery systems on the soil in the fertile zone of the field, by justifying the
parameters of their hinged devices and the scheme of attaching agricultural machines
and implements to them.

To achieve the set objective, the following tasks were solved:

- to determine the influence of the angles of inclination of the traction devices a
rear-mounted linkage of wide span tractor (vehicle) and its design parameters on the
nature of the redistribution of normal reactions on the front, rear wheels and support
wheels of the agricultural implement;

- to justify the optimal variant of adjusting a rear-mounted linkage of wide span
tractor (vehicle) in order to increase its traction and coupling properties, stability and
controllability of the movement;

- to propose a way to reduce the sealing effect of the running systems of
machines on the soil in the fertile zone of the field.
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Methods of research. Theoretical studies, synthesis of structural schemes and
parameters of a wide span tractor (vehicle) were carried out by simulating the
conditions of its operation on a PC. The research methods are based on the basic
principles of theoretical mechanics and tractor theory using the Mathcad package. As
a physical object of research, a wide span vehicle design of the Tavria State
Agrotechnological University (TSAU), Ukraine.

The basic part of the study. To solve the problem, we formulate the equilibrium
condition of the wide span vehicle in the longitudinal-vertical plane. To do this,
consider it as a physical solid body that has a longitudinal plane of symmetry passing
through the center of its masses. With the agricultural machine attached to it, we will
present it in the calculation scheme in the form of a flat equivalent model (Fig. 2). The
working bodies of aggregated agricultural machines and implements in the model are
represented by the projection of one working organ in which the resultant (horizontal
Rx and vertical Ry components) are concentrated their traction resistance. The
quantitative relationship between them, as is known, is determined by the type of the
working organ itself. This equivalent working body is assembled with a wide span
vehicle with the help of the central and lower links of its attachments. All support
wheels that can have an aggregate agricultural machine or implement on the scheme
are represented by one equivalent support wheel.

y

%0}

Fig. 2 — The scheme of forces and moments acting on the wide span vehicle in the longitudinal-
vertical plane

In accordance with the generally accepted principle of replacing bonds by the
forces of their reactions, the mutual influence of the vehicle and agricultural
implements is expressed through the forces X and Y, which are concentrated in the
instantaneous center of rotation of the attached device (point z, see Fig. 2). When
considering the vehicle's equilibrium condition, we take the positive direction of the
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forces X and Y, and for the agricultural implement — the negative one.

The coordinates of the instantaneous center of rotation of rear-mounted linkage
of the wide span vehicle (Zx and Zy) (Fig. 2) are not constant in time during its
movement. But since the trend of their oscillations is not very large, it practically does
not affect the character of the redistribution of vertical loads on the front and rear
wheels of the wide span vehicle, whereby they (coordinates) are taken constant.

Of the possible options for connecting machines and tools to a wide span vehicle,
the angles of inclination of the central («) and lower (f) links of its rear-mounted
linkage can be either positive or negative, or equal to zero (Fig. 2).

Proceeding from the foregoing it follows that the rear-mounted linkage of the
wide span vehicle, depending on the angles of inclination of its central and lower links,
can have six variants of its adjustment:

1)a>0,[3<0;

2)a<0,p>0;

3)a<0,p<0,a/<|p|; (1)
4)o.>0,8>0,a>p;

5)a<0,B<0,o|>Bf;

6)a>0,p>0,0<p.

Depending on the angles « and g of the tilt, respectively, of the central and lower
links of the rear-mounted linkage wide span vehicle, the coordinates of its instantaneous
turning center (Zx and Zy) can be expressed through its design parameters (Fig. 3).

Fig. 3 — Scheme for determining the coordinates of the instantaneous center of rotation of the rear-
mounted linkage wide span vehicle

The coordinates of the instantaneous center of rotation of the rear-mounted
linkage in each of the variants (1) according to Fig. 3 can be defined as follows:
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hn —hy .
TAN(a) - TAN(B)’ (2)
(hy —hy JTAN(B)
TAN(a)-TAN(B)’

gy =

Zy =h -

where: Zy, Zy — longitudinal and lateral coordinates of the instantaneous center of
rotation of the rear-mounted linkage wide span vehicle; hp, h; — are design
parameters, the nature of which is clear from Fig. 4.

To calculate the two vertical reactions N4 and N on the front and rear wheels of
the vehicle (see Fig. 2), it is sufficient to make up two systems of equations in which
the sum of the projections of all forces in the vertical plane and the sum of their
moments relative to, for example, point B:

> (Fe)y =0;

o 3)
> Mg (F)=0,

k=1

where: 5 (g ) — the sum of the k-th forces acting on the wide span vehicle in the
kgl( k)y

vertical plane; - (Fo)y ~ the sum of the moments of the k-th forces acting on the
k=1
wide span vehicle relative to point B.

In accordance with the scheme of acting forces (see Fig. 2), we have:

(4)

NA+NB_GO+Y :O,
~Na-L+Gg-a9—Mp—Mg £Y(Zy +hcosp|+d)+ X -Zy =0,

where: Gr, ar— weight of the vehicle and the horizontal coordinate of its center of
mass; M4, M — moments of rolling resistance of the front and rear wheels of the
vehicle, respectively; L — wheelbase of the vehicle; d — distance from the
attached mechanism of the attached agricultural implement to the rear axle of
the wide span vehicle; h — the length of the lower linkage of the rear-mounted
linkage.

The choice of the sign «+» or «—» before the last two terms in the second equation
of the system (4) depends on the position of the instantaneous center of rotation of the
rear-mounted linkage (point xt) relative to point B. So, if the moment formed by the
reactions X and Y, hour, then the sign «+» is put, in the opposite case «—».
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The moments of M, and Mj can be expressed as follows:

M =(Pa=Pa)ra, ©)
Mg =(PB - PfB)rB’

where: Py, P — tangential traction forces on the front and rear wheels of the vehicle,
respectively; P, P — rolling resistance forces of the front and rear wheels of
the vehicle, respectively; r4, rz —radii of the front and rear wheels of the vehicle.

In its turn:

PA: NA, PfAZfNA;
Pa= Na; P@=TNa,

(6)

where: f — coefficient of rolling resistance; ¢ — coefficient of traction of the wide span
vehicle,

According to the system (4), the vertical reactions N, and N, taking into account
the expressions (5) and (6), after the corresponding transformations will be determined
as follows:

NB :GO_Y_NA’
_Go-ap—(Go-Y) rale—f)
f

Y(Zy +hcogpl+d)£ X - Z, (7)
L—(p- '

A (e -1a)

To determine the two unknown reactions X and Y, as well as the unknown
vertical reaction Nk on the support wheel of an equivalent agricultural implement, three
independent equations of its equilibrium are sufficient:

(Fp )y =0; (®)

T3 T3 T3

where: g(pp) — sum of the p-th forces acting on the agricultural implement in the
p=1 "

horizontal plane; % (,:p) — sum of the p-th forces acting on the agricultural
p=1 Y
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implement in the vertical plane; M., (F,) ~SUm of the moments of the p-th forces
p=1

acting on the agricultural implement relative to the instantaneous center of
rotation of the attachment (point ).

In accordance with the scheme of acting forces (see Fig. 2), we have:
N, —Gp—-Ry =Y =0,
- Py —Rg + 0O =0,
+Gp(Dg +hcosp|+ Zx )+ Ry (Dp + hcodp|+ Zy )+ Ny (Dy +hcosp|+ Zy )+
+ Py -Zy Ra(Zy +1 12)-1 | =0,

(9)

where: H — depth of soil cultivation by the agricultural implement; G, — weight of
agricultural implements; Ry, Ry —horizontal and vertical components of traction
resistance of agricultural tools; Py, My — force and moment of rolling resistance
of the supporting wheel of the agricultural implement; Dy, Dp, Dk — design
parameters of the agricultural implements, the nature of which is clear from Fig. 3.

The sign «+» in the third equation of the system (9) is put in the case when the
corresponding forces form a moment with respect to the point =, whose direction
coincides with the direction of the clockwise direction, otherwise the sign «—» is put.

The force Py and the moment M of the rolling resistance of the support wheel
of the agricultural implement can be determined as follows:

Pszka, (10)
Mk = kark,

where: ry — radius of the support wheel of the agricultural implement.

From the system of equations (9), taking into account the expressions (10) after
the corresponding transformations, we find:

Y =Ng -Gj —Ry,

O=1f-Ng +Rg, (11)

+Gj (Dg +hcogp|+ Zy )+ Ry (Dj +hcosp|+Zx )R (Zy +1 /2)
+(Dg +hcosp|+2Zx )+ f-Zy - f -1,

Ne

The systems of equations (7) and (11) allow to determine the optimum values of
both the inclination of the tilt of the rear-mounted linkage and other design parameters
of the wide span vehicle from the position of the desired redistribution of normal

39



reactions on its front and rear wheels. The analysis of these expressions shows that, in
addition to the inclination angles of the rear-mounted linkage, a significant influence
on the redistribution of normal reactions on the wheels of the wide span vehicle is
provided by such design parameters as the distance from the attachment to the
resistance center (Dp) and the support wheel (D) of the agricultural implement. It
should be borne in mind that in real operating conditions, the point of application of
the hook load can be shifted relative to the center of mass of the agricultural implement
in one direction or another (for example, the assembly of a wide span vehicle with a
technological capacity).

During the research, the inclination angles of the linkage (« and f) of the rear-
mounted linkage ere changed from —20 degrees. up to 40 deg., that constructively such
values can take place at the wide span vehicle, as it is clearly shown in Fig. 1. With
regard to the distance from the rear-mounted linkage to the center of resistance and the
support wheel of the agricultural implement, the considerations with respect to the
methodology for selecting the values of these parameters follow from the analysis
given below

The results of calculating the normal reactions on the front and rear wheels of
the wide span vehicle TSAU and supporting wheels of its technological part are
represented in relation to the load acting on them in the static position (without hook
load at rest), that is, the degree of their redistribution will be:

_ 100N

I I\li st

where: yi — degree of redistribution of normal reactions on the i-th wheel of the wide
span vehicle and agricultural implements,%; N; — redistributed normal reaction
on the i-th wheel of the bridge tractor and agricultural implements; N;s — load on
the i-th wheel of a wide span vehicle and agricultural implement in a static
position (without a hook load at rest).

Results and discussion. Analysis of the mathematical modeling data shows
(Fig. 4 and 5) that the degree of redistribution of normal reactions on the front, rear
wheels of the TGATU wide span vehicle TSAU and the support wheels of the
agricultural implement essentially depends on the inclination angle o of the central
traction of the rear-mounted linkage.
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Fig. 4 — Degree of redistribution of normal reactions on the front (1), rear (2) wheels of the wide

span vehicle TSAU and supporting wheels of the agricultural implement (3) from the inclination

angle o of the central traction of the rear-mounted linkage with negative inclination of the lower
links (8 = —10 deg)

The analysis of Fig. 4 showed that with a negative angle of inclination of the
central traction of o = —17 deg, the vertical load on the rear wheels (curve 2) of the
wide span vehicle TSAU design corresponds to the value of the static position
(x2=100%). At the same time, its front wheels (curve 1) are somewhat unloaded, which
increased the load on the support wheel of the agricultural implement (curve 3). The
increase in the vertical load on the supporting wheels of agricultural implements is
highly undesirable, since they are usually located in the agrotechnical (fruitful) zone of
the field. And, proceeding from the principles of bridge and controlled traffic farming,
the sealing effect on the soil of the running systems of machines in the fertile zone of
the field should be maximally excluded [4]. With an increase in the angle of inclination
of the central traction « from —10 to 35 deg. the normal reaction on the support wheels
of the agricultural implement tends to desirably decrease relative to its static position,
reaching an unloading rate of up to 40%. But, the vertical load on the front wheels of
the wide span vehicle is also undesirably reduced, almost doubling them. Unloading of
the latter leads to a proportional increase in the vertical load on the rear wheels of the
vehicle (curve 2).

With an increase in the angle of inclination of the central thrust of more than
35 deg., the reverse picture is observed (Fig. 4). Vertical load on the rear wheels of the
wide span vehicle decreases, and on the front wheels increases, approaching, its static
value. Such a result can be explained by a significant decrease in the horizontal
coordinate Zx of the instantaneous center of rotation of the rear-mounted linkage (point
), which caused a redistribution of the moments of the acting forces.

The foregoing analysis summarizes the following. At a negative angle g of the
inclination of the lower links, the most suitable is the adjustment of the rear-mounted
linkage wide span vehicle TSAU, in which the angle of inclination « of the upper link
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has a large positive value, reaching a level of 40 deg. In this case, the vertical load on
its rear wheels is increased by an average of 1.5 times relative to its static state, and the
normal reaction on the front wheels is reduced to 60%, which is permissible from the
point of providing sufficient controllability of the movement of the vehicle under the
kinematic method of its control. The normal reaction on the support wheel of the
agricultural implement is, in this case, desirably reduced or practically equal to its static
value.

But, it should be borne in mind that the adjustment of the three-link rear-mounted
linkage with a large positive angle of inclination of the central rod (reaching 40 deg.
and above) and a negative angle of inclination of the lower links is possible only after
a detailed study of the kinematics of its operation, which may serve as a basis for further
research.

It should also be noted that the location of the agricultural implement in the inter-
wheel space of the wide span vehicle positively affects the provision of sufficient
controllability of the latter under the kinematic method of its control. Since, in the
considered range of the angle of inclination of the top linkage of the rear-mounted
linkage, its front wheels are unloaded by no more than 50%. At the same time, the
normal reaction to them can be reduced to 50% relative to its static position from the
position of reducing the compaction effect on the soil by the support wheels of the
agricultural implement.

With a positive value of the angle of inclination of the lower link of the rear-
mounted linkage wide span vehicle TSAU, which is highly unlikely from the position
of kinematics of the three-link rear-mounted linkage, and also the loading of the rear
wheels, vertical reactions, depending on the angle of inclination of the upper link, are
redistributed as follows (Fig. 5).
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Fig. 5 — Degree of redistribution of normal reactions on the front (1), rear (2) wheels of the wide
span vehicle TSAU and supporting wheels of the agricultural implement (3) from the inclination
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angle o of the central traction of the rear-mounted linkage with a positive inclination of the lower
links (# = 10 deg)

The analysis of Fig. 5 shows that, with a positive angle of inclination of the lower
links of the rear-mounted linkage, unloading of the front wheels of the wide span
vehicle TSAU occurs at an angle of inclination of the upper draft of more than 10 deg.
At the same time, its rear wheels are appropriately loaded. At small positive angles of
inclination of the central draft (less than 10 deg.), despite the increased load on the
front wheels of the wide span vehicle, its rear wheels are almost completely unloaded.
Part of the weight is then redistributed onto the support wheels of the agricultural
implement.

As for the vertical load on the support wheel of the agricultural implement, it
begins to decrease only at elevation angles higher than 25 deg. (Fig. 5). And, having
overcome the mark of the angle of inclination of the last in 37 deg., the nature of the
redistribution of this load begins to change. As a result, we have some decrease in the
vertical load on the rear wheels of the wide span vehicle.

From the foregoing it follows that with a positive angle of inclination of the lower
links of the rear-mounted linkage wide span vehicle TSAU is most desirable to adjust
the upper thrust at angles of inclination from 25 to 35 deg. Since in this case we have a
certain decrease in the sealing effect of the supporting wheels of the agricultural
implement on the soil in the fertile zone of the field, the rear wheels load and the natural
permissible reduction (up to 30%) of the vertical load on its front wheels.

In addition to what has been said, the analysis of Fig. 4 and 5 indicate that to
exclude the negative sealing effect of the support wheels of agricultural machines and
implements on the soil in the agrotechnical (fertile) zone of the field, if possible, then
no more than 50%. In this situation, the additional use of the regulator to correct the
normal load on the support wheels of the agricultural implement will make it possible
to achieve an almost complete elimination of the compacting effect on the soil of the
running systems of machines in the fertile zone of the field. The principle of operation
of this regulator is similar to the widely known hydraulic traction traction amplifiers.
The latter, as is known, form the force necessary to lift the hinged device with a
mounted agricultural machine or implement. The position of the instantaneous turning
center of the hinged mechanism remains unchanged. This condition is met when the
amount of effort of lifting the agricultural implement does not exceed the value
necessary for its penetration from the soil.

When using this regulator on a wide span vehicle, the degree of redistribution of
normal reactions on its front and rear wheels will substantially depend on the horizontal
coordinate of the center of mass (Do) and the center of resistance of the agricultural
implement (Dp). Using the expressions (4) and (7), the degree of redistribution of these
reactions on the front and rear wheels of the wide span vehicle TSAU, depending on
the change in the design parameters Do and Dy, will have the following form (Fig. 6).
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Fig. 6 — Degree of redistribution of normal reactions on the front (1), rear (2) wheels of the wide
span vehicle TSAU using a regulator to adjust the normal load on the support wheels of the
agricultural implement (3)

From the analysis of Fig. 6 it follows that the distance of the center of mass and
the center of resistance of the agricultural machine or implement from the rear-mounted
linkage wide span vehicle results in a natural increase in the load on its rear wheels,
due to the weight of the attachment, and the reduction of the load on the front wheels.
And with the increase in the absolute value of the design parameters Dy and D, to 1.6
m, the vertical load on the front wheels may drop to a critical level (20-40%), which is
the possible loss of controllability of the wide span vehicle with its kinematic control.

At the same time, the constructively possible decrease in the values of these
parameters positively affects the character of the redistribution of vertical loads on the
wheels of the wide span vehicle. Since it almost doubles the load on the rear wheels
and discharges the front wheels by no more than 50%. From the point of maximum
realization of the traction-coupling properties of wide span tractors (vehicles) and so
the absence of a sealing effect on the soil of the running systems of machines in the
fertile zone of the field, the result obtained is the most desirable.

On the basis of the analysis presented above, it should be noted that in most
possible options for setting up a bridge tractor rear-mounted linkage wide span vehicle
we have unloading its front wheels. To increase and, consequently, maintain sufficient
controllability of the wide span vehicle under the kinematic method of its control, it is
advisable to place all possible technological capacities closer to the front axis of its
wheels. Thus, increasing the vertical load on them by adding weight from the process
container to the material.

Conclusion. As a result of the research, it has been established that apart from
the inclination angles of the rear-mounted linkage wide span tractor (vehicle), such
design parameters as the distance from the attachment to the center of resistance and
the support wheel of the agricultural machine or implement have a significant effect on
the redistribution of normal reactions on its front and rear wheels.

Adjustment of the three-link rear-mounted linkage wide span tractor (vehicle) with
a large positive angle of inclination of the central rod (reaching 40 deg. and above) and a

44



negative angle of inclination of the lower links is possible only after a detailed study of
the kinematics of its operation, which may serve as the basis for further research.

With the purpose of almost completely eliminating the sealing effect on the soil
of the running systems of machines in the fertile (agrotechnical) zone of the field, it is
recommended to use regulators on wide span tractors (vehicles) to correct the normal
vertical load on the support wheels of an agricultural machine or implement that work
according to the principle of known traction tractors.

In most possible options for setting up a rear-mounted linkage wide span tractor
(vehicle) we have unloading its front wheels. To increase and, consequently, maintain
the residual controllability of the wide span tractor (vehicle) under the kinematic
method of its control, it is expedient to place all possible technological capacities closer
to the front axis of its wheels. Thus, increasing the vertical load on them by adding
weight from the process container to the material.
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AHHOTAIIUA

OBOCHOBAHUE NAPAMETPOB HABECHOI'O MEXAHU3MA
MOCTOBOI'O TPAKTOPA (TPAHCIIOPTHOTI'O CPEJICTBA)

Kysaues B.II.

s obecneuenusi 00CmMamo4yHO BbICOKOU VHUBEPCANIbHOCHU MOCHOBbLE
mpakmopol mMo2ym (U, HeCOMHEHHO, OOJINCHbL) aAcpecamupo8amvcsi C pPa3IudHbIMU
NPUYEnHviMu, NOJAYHABECHLIMU U HABECHLIMU CElbCKOXO3AUCMBEHHBIMU MAUUHAMU U
opyousimu. Yniomusrowee 6030elcmaue Ha no48)y Ux X0008blX CUCMEM 8 NI0OOHOCHOLL
(acpomexHuueckoll) 301e nous, a makice msa2080-CYyentvle C8OUCMBA, YCMOUYUBOCHb
U Ynpasuiemocms OBUNCEHUS MOCMOBbIX MPAKMOPO8 CYUWECMBEHHbBIM 00pa30M
onpeoenena cxemol ux NPUcoeOUHeHus: U Napamempami Ha8ecHo2o YCMpoucmed.
I nasnas npobaema cocmoum 6 mMOM, 4MO NPU HENPABUILHOM NPUCOeOUHEeHUU
CeNbCKOXO3SAUCMBEHHBIX MAWUH U OPYOULl MOJICem uUMems Mecmo He 002pysKa, d,
Haobopom, paszepy3ka YAPAGIAIOWUX U 8e0YUUX KoJlleC MOCMOB020 MpPAKmopa co
8cemMu BbIMEKAIOWUMU OMCIO0A nociedcmsusamu. Ilpu smom eepmukaibHas Hazpy3Ka
HA ONopHble Koaecd NPUCOCOUHEHHBIX CelbCKOXO3AUCMBEHHbIX MAWUH U Opyoull
Modicem ObIMb CYUWeCm8eHHO Y8eluiend, Ymo Huseiupyem eecb d¢hghexm om KoaeuHou
cucmemsl 3emneodenus. M3zyuenuro ocobeHHOCmel azpecamuposanusi MOCHOBbIX
MPAKMOpPO8 C CelbCKOXO3AUCMBEHHIMU MAUWUHAMU U OPYOUSIMU NOCEAUEHA OAHHAS
paboma. llenvto uccnedosanuil sA615emcs NOBvilUEHUE MA2080-CYENHbIX CEOUCME,
YCMOUYUBOCMU U YNPABIAEMOCU  OBUNCEHUS MOCHMOBbIX MPAKMOpPos, nymem
000CHOBAHUS NAPAMEMPOB UX HABECHBIX YCMPOUCME U CXeMbl NPUCOCOUHEHUsL K HUM
CeNbCKOXO3SAUCMBEHHBIX MAWUH U opyoull. Teopemuueckue uccied0o08anus, CuHmes
KOHCMPYKMUBHBIX CXeM U NaApamempos MOCMO8020 MPAKMOpa OCYUieCmesics
nymem mooenuposanus na 11K ycrnosuii eco ¢pynxkyuonuposanus. B ocrogy memooos
UCCTIe008AHUS NOJIOHCEHbL OCHOBHBIE NPUHYUNDBL MeOPemu4ecKoll MeEXanuKu u meopuu
mpakmopa ¢ ucnonvzoseanuem nakema Mathcad. B kauecmee ¢uzuueckoco oovexma
UCCNIe008aHUSL BLICMYNANO CHEYUATUSUPOBAHHOE WUPOKOKOJIEUHOEe aA2pOCpedCmEo
KOHCMPYKYUU Taspuueckozo 20Cy0apCcmeeHHo2o A2POMEXHONOSUYECKO20
yuugepcumema (TI'ATY), Vkpaunma. B pesyrbmame npoeedeHHbIX UCCA008AHUL
VCMAHOBNIEHO, YUMo KpoMe Vello8 HAKIOHA Mse HABECHO20 YCMPOUCmMEd MOCHO8020
mMpakmopa, cywjeCmeenHoe 6lusiHue Ha nepepacnpeoeienie HOpMAaibHbIX peakyuli Ha
€20 nepeoHUx U 3a0HUX KOJlecax OKa3vlearom makxue KOHCMPYKMUGHble Napamempbol,
KaK paccmosiHue om HABeCH020 YCMPOUCmaea 00 YeHmpa CONPOMUBLEHUS U ONOPHO2O
KoJeca cenbCKoX03aUCmeeHHol mawunol uiu opyous. C yenvio npakmuiecKu noiHo2o0
UCKTIIOUEHUsT YNIIOMHAIOULe20 B030eUCmBUsi HA NOY8Y X0008blX CUCMEM MAWUH 8
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NJIOOOHOCHOU (A2POmMexXHU4ecKol) 30He NOJs PeKOMeHOYemcs UCHOIb308amb HA
MOCMOBbIX MPAKMOPAX pe2yisimopul 0l KOPPEKMUPOBKU HOPMAIbHOU 6EPMUKATIbHOUL
Ha2py3Ku HA ONOPHBLIX KOAECAX CelbCKOXO3AUCMBEHHOU MAWUHbL UTU  OpYyOUus,
pabomarowjux no NPUHYUNY U38eCMHbIX yeeauyumeneu CYenHo2o 8eca mpaouyuOHHbIX
MpaxKmopos.

AHOTANA

OBIPYHTYBAHHS ITAPAMETPIB HABICHOTI'O MEXAHI3MY
MOCTOBOI'O TPAKTOPA (TPAHCIIOPTHOI'O 3ACOBY)

Kysauos B.II.

na 3abe3neuenns 00cmamubo BUCOKOI YHIBEPCANIbHOCI MOCMOBI MPAKmMopu
moocymo (I, 0Oe3CYMHIBHO, NOBUHHI) acpe2amy8amucs 3 pISHUMU NPUYINHUMU,
HANi8HABICHUMU | HABICHUMU CLIbCbKO2OCNOOAPCOKUMU MAWMUHAMU [ 3HAPAOOAMU.
Ywinvuroroua 0ia na epynm ix xo0osux cucmem 8 n100OHOCHIU (A2pOmMexHiuHill) 30Hi
nojis, a MmMaKoxdc ma2080-34iNHI 61ACMUBOCMI, CMIUKICMb I KEePOBAHICMb pPYXY
MOCMOBUX MPAKMOPI6 CYMMEBO BU3HAYEHA CXEMOIO IX NPUEOHAHHA | napamempamu
HagicHo2o mexanizmy. 1'onosna npobrema nonsiecac 8 momy, wo npu HenpasUIbHOM)
NPUEOHAHHS  CIIbCbKO2OCNOOAPCOKUX MAWUH [ 3HAPAO0b MOdce Mamu Micye He
008AHMAMCEHHS, d, HABNAKU, PO3GAHMANCEHHS KEPYIOUUX | 86€0YUUX KOJIC MOCHOB020
mpaxmopa 3 ycima Hacriokamu, axi 36iocu eunausaioms. Ilpu yvomy eepmukanvhe
HABAHMANCEHHS HA ONOPHI KOJeca NMPUEOHAHUX 00 HbO2O CLIbCbKO2OCNOOAPCHKUX
MaAwun [ 3HAPAOb Modce Oymu 3HAYHO 30LIbULEHO, W0 HIBENIOE 8ecb eghekm 8i0
3anpoeaoddicents KoOMUHOI cucmemu 3emaepoocmea. Busuennio ocobausocmeii
azpe2amy8anHsi MOCMOBUX MPAKMOPIE 3 CLIbCbKO2OCNOOAPCOKUMU MAWUHAMU 1
3HapA00AMU npucesayerHa oana poooma. Memorw 00cniodxicensb € niOBUWEHHS MA2080-
3YINHUX G1ACMUBOCMelU, CMIUKOCMI | Kepo8aHOCMI pPYXy MOCMOBUX MPAKMOpIs,
ULTISIXOM OOIDYHMYBAHHS NAPAMEMPIB IX HABICHUX MEXAHI3MIB [ cXeMU NPUEOHAHHSL 00
HUX CLIbCbKO2OCNOOAPCHKUX MAWUH [ 3HAPA0b. Teopemuuni 00CHIONCEHHS, CUHME3
KOHCMPYKMUGHUX CXeM [ napamempie MOCmMo8020 mpaKkmopa 30IUCHI08ABCA WISAXOM
mooenrosanus Ha IIK ymos tioeo ¢hyukyionysanus. B ocHo8y memoois 00CioHCeHH s
NOKNA0EHO OCHOBHI NPUHYUNU MeopemuyHoi Mexaniku [ meopii mpakmopa 3
suxopucmaunsam naxkema Mathcad. B skocmi ¢hizuunozo o06'ekma O0ocniodiceHHs
BUCMYNAB CNeYianiz308anull WUPOKOKONIUHUL azpo3acib koncmpykyii Taepiticbkozo
oepaicasrHoco azpomexnoniociunozo yuieepcumemy (THATY), Ykpaina. B pezyromami
npoBeoeHUx OO0CNIONCeHb BCMAHOBNEHO, W0 KpiM Kymie HAXUly mse HABICHO20
NPUCMPOI0 MOCHMOB020 MPAKMOPA, CYMMEBUL BNIUE HA NEPePO3NO0iN HOPMATLHUX
peakyili Ha 1020 nepeoHix I 3a0HIX Kolecax HA0armov MAaKi KOHCMPYKMUBHI
napamempu, K 8I0CMAHb 8I0 HABICHO20 MEXAHIZMY 00 YEeHmpy Onopy i OnopHo20
KoJeca CilbCbKO20CN00apcbKoi Mawutu abo 3Hapsa00s. 3 Memoro npakmuidHo N0GHO20
BUKTIIOYEHHSL YWIIbHIOIOW020 BNIIUBY HA CPYHIM X000B8UX CUCMEM MAWUH 8 NI0OOHOCHIU
(acpomexniyniii) 30HI NONSL PEKOMEHOYEMbCA GUKOPUCMOBYBAMU HA MOCHOBUX
MpaKkmopax — pecyiamopu  Onsi  KOPUSYBAHHS ~ HOPMAIbHO20 — 8EPMUKAILHO20
HABAHMAIICEHHS HA ONOPHUX KOJIECaX CLIbCbKO20CNO0APCHKOI Mauunu abo 3Hapsaoosl,
AKI npayiooms 3a NPUHYUNOM 8I0OMUX O0BAHMAIICYBAYIE 3UINHOT 8acu MPAOUYTUHUX
mpaxkmopie.
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SURVEY OF OPTIMAL MODES OF STRENGTHENING TREATMENT OF
MACHINE PARTS

Kelemesh A., Ph.D., Associate Professor, Gorbenko O., Ph.D., Associate
Professor

(Poltava State Agrarian Academy)

The article deals with the issues of improving the reliability and durability of
machine parts by improving the quality of their surface layer with various processing
methods. The issues of the influence of surface plastic deformation on the quality
indicators of processing are presented and the parameters of the processing tool are
determined, and a mathematical relationship is obtained between the allowance for
processing and the value of residual deformation. Presented the characteristic of
methods of processing parts in the manufacture and restoration. Set out the method of
vibration hardening in the development of the process. The classification and
characteristics of the oscillatory processes used in the processing of the material of the
restored parts are given. The search for optimal modes of surface plastic deformation
both in our country and abroad has been carried out. The proposed processing modes
are usually selected on the basis of experimental data and empirical dependencies
obtained from testing samples or, more rarely, full-scale parts subjected to surface
plastic deformation under different modes. In this case, the best of those used in the
experience modes that provide the highest increment of the endurance limit of the part
should be considered optimal.

Improving the reliability of machine parts is one of the most important tasks,
both in mechanical engineering and in repair production. To solve this problem, there
Is a whole arsenal of modern methods: traditional constructive methods for improving
the shape of parts; the use of high strength materials; methods of chemical heat
treatment. Among these methods, a special place is occupied by surface plastic
deformation (SPD), which is the final operation in the technological cycle of
manufacturing or restoring parts and a very effective means of improving their strength
and performance characteristics.

Hardening (surface cold working) of the material being processed is effective
because it allows to significantly increase the endurance limits of a wide range of
machine parts. Due to the SPD processing, favorable changes occur in the surface
layers, which increase the fatigue resistance of the part material.

In most cases, the usage of SPD allows you to achieve a much greater effect than
a constructive change in the shape of the workpiece.

Among the most important achievements of technical science is the development
of studies on the quality of the surface layer and the creation of a new scientific and
practical direction aimed at improving the performance of machine parts by
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technological methods.

The choice of certain SPD methods for their implementation is determined
mainly by the level of physical and mechanical properties, shape, size and surface
condition of the workpiece, as well as technological considerations [1].

In many areas of mechanical engineering, rolling in with rollers (balls) has
become widespread, which makes it possible to increase fatigue strength and wear
resistance [2]. Along with it, other SPD methods are used in industry: diamond
smoothing, rolling holes, shot processing, hardening by coining.

Recently, much attention has been paid to various combined methods,
combining the traditional SPD with some other types of heat and force effect on the
machining tool. Among them, it should be noted electromechanical processing,
vibration damping and vibrating ironing, vibration-centrifugal hardening processing
[3,4,5].

The effectiveness of a particular processing method, that is the achievement of
the required level of fatigue strength of parts is determined by a whole complex of
physical factors and, first of all, by the size and distribution of residual stresses in the
part after the SPD, the depth of the plastically deformed layer and physical hardening
of the material. Therefore, for the purposeful control of these physical factors, it is
necessary to ensure a rational combination of these parameters of the processing mode.

The search for optimal SPD regimes is conducted both in our country and
abroad. The literature provides some data on the effect of the main parameters of the
SPD on the hardening efficiency.

Theoretical and experimental studies conducted by I. Kudryavtsev, A. Babichev,
A. Dudnikov and other scientists and aimed at finding methods and means of
implementing reserves to increase the fatigue of parts, allowed to develop guidance
materials on the choice of effective SPD modes for a wide range of parts.

It has been established that an increase in fatigue resistance due to SPD is
primarily due to the favorable effect of compressive residual stresses in the surface
layer of hardened parts. The hardening mode will be considered effective if it provides
a sufficient level of these stresses.

Residual compressive stresses slow down the processes of nucleation and
development of micro damages, reduce the sensitivity of the hardened surface layer of
parts to the localization of stresses from external loads near structural and technological
concentrators, as well as neutralize the adverse effect on tensile residual stresses on
fatigue resistance.

It should be noted that when deforming the required system of residual
compressive stresses in parts, it is necessary to take into account the magnitude and
sign of the technological initial stresses that may remain in them from the previous
treatment and which can significantly affect the final residual stress-strain state of the
surface layer of the hardened part. This applies particularly to the details of reduced
stiffness, where the role of the surface layer is very large. In our opinion, with an
increase in the strength characteristics of the material being processed of parts, the
relative thickness of the hardened layer will decrease.
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The solution to the problem of hardening can be found in changing the geometry
of the machining tool (punch), in particular, the need to change the pitch angle of the
punch, the height of its calibrating part, which will change the degree of inclination of
the surface layer of the part and thereby compensate for the relative reduction in
processing effort.

When choosing the main parameters of the processing mode of hollow parts, it
Is recommended to vary their values in intervals that are wide enough for practical
needs. Changes in the specified parameters, as well as processing modes (amplitude of
oscillation of the machining tool, vibration frequency of the exciter, processing time)
should be considered as an important reserve for increasing the efficiency of vibration
formation during the restoration (manufacturing) of parts such as a sleeve.

The amount of processing effort is recommended to be assigned depending on
the allowance for processing and on the yield strength of the material of the workpiece
and the state of its surface before processing.

As a criterion, when choosing the optimal modes of hardening processing of
parts made of soft materials (copper, bronze, brass, etc.) to obtain a roughness close to
the minimum, as well as the greatest hardening and optimal level of residual stresses
in the surface layer, we can recommend using the average pressure p,y in the contact
the area of the machining tool with the workpiece [6]:

Pay == (1)

where: P — is the processing force; F. — is the actual surface contact area.

So when processing parts made of bronze p,, assigned within 400...450 MPa.
Determination of the workload should be made depending on the size of the processing
tool and the mode of vibro-processing.

When selecting modes of hardening treatment, one should also take into account
the parameters characterizing the physicomechanical properties of the material of the
workpiece, its shape and dimensions [7].

Those who have approaches do not solve the generally considered problem of
hardening the material of workpieces, because they reveal the problem of predicting
the possible damage to the surface of parts in case of SPD only at the empirical level.
The proposed criteria and dependencies in the literature determine only the critical
(limiting) processing conditions, under which the surface layer of the parts is destroyed,
and therefore do not allow to fully assess the physical state of this layer after
processing.

According to the mechanical theory of the formation of the surface layer,
developed by V. Smelyansky [8], SPD is considered as a process of plastic flow of
metal, and the properties of the surface layer —as a result of its deformation. This theory
takes into account both the laws of plastic accumulation of deformations, and the
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features of the kinematics of the interaction of the tool with the workpiece. As a
criterion for assessing the physical state of the surface layer of the part, a dimensionless
quantity ¥ was taken, reflecting the degree of damage to the material in the course of
SPD and determined by the intensity of the strain rate and the limiting degree of shear
deformation of the material of the surface layer. To calculate, the real profile of the
deformation zone is used, the shape and dimensions of which depend on the processing
modes.

The effectiveness of the application of strengthening technology is also
influenced by the structure of the material; the degree of strain hardening of materials
depends on it. The smallest increase in the hardness of the surface layer of parts with
the same deformation gives steel with a sorbitol structure. The presence of martensitic
in the structure enhances the effect of strain hardening as a result of the partial
transformation of residual austenite into martensitic. Hardening reserves can be used
more fully on low carbon steels with a martensitic structure than on high strength steels
with the same structure, despite the greater increase in hardness.

This situation is due to the fact that on low carbon steels subjected to SPD, the
center of destruction originates under the surface that is in the zone of lower operating
stresses and therefore fatigue cracks mainly propagate in the hardened layer, as a result
of which the hardening effect is realized.

In recent years, some work has been done in the field of analysis of the heat
generation process in the contact zone of the machining tool with a part for the SPD of
various materials, which is of great interest in connection with the problem of
increasing the durability of the strengthening tool, clarifying the nature of residual
stresses and finally SPD.

Among the tasks arising from the SPD, an important place is occupied by the
search for optimal modes of deforming machine parts in order to maximize their fatigue
resistance and to make the most complete use of hardening reserves of materials.

The parameters of the processing mode are usually chosen on the basis of
experimental data and empirical dependencies obtained from testing samples or, more
rarely, full-scale parts subjected to SPD under different conditions. In this case, the
best of those used in the experience modes that provide the highest increment of the
endurance limit of the part should be considered optimal.

Such a technique cannot be considered completely perfect, since:

a) by varying in experience the workload with a given shape of the working tool
or the geometry of the tool under constant load, change simultaneously both the depth
of work and the intensity of deformation of the surface layer;

b) the number of combinations of values of the workload and geometric
parameters of the punches can be infinitely large and therefore even the most extensive
experiment cannot cover all possible options.

Under these conditions, the best option selected from experience is not the
objectively best of all possible, but only the most rational of those that were
implemented in the tests.

During cold working, an increase in the strain rate above certain values leads to
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an increase in the temperature of the material being processed due to the release of
considerable heat of friction on the slip planes, which do not have time to spread in
space. An increase in temperature leads to a softening and an increase in plastic
properties.

The noted imperfections can be eliminated if the generalized physical parameter
Is used as an objective criterion for evaluating the SPD process, which equally takes
into account various changes in the mode of strengthening treatment.
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AHoOTALIA

MNOIIYK ONTUMAJIbHUX PEXXUMIB 3MILHIOIOUOI OBPOBKHU
AETAJIEM MALIUH

Kenemem A.O., k.T.H, goueHT, ['opobenko O.B., K.T.H., TOLEHT

YV cmammi posensoaromvcs  numanHs  NiOBUWEHHS — HAOIUHOCMI  mMa
006208iuHOCMI Oemainell MAWUH 3ad PAXYHOK NIOBUUIEHHS SIKOCMI iIX NOB8EepXHe8020
wapy npu pizHux cnocobax oopooxu. Ilpeocmasneni numants 6niugy NOBEPXHEE020
NIACMUYHO020 0eopMy8anHs HA SAKICHI NOKA3HUKU O0OpPOOKU ma  BU3HAYEHO
napamempu 00poOII0BAHO20 THCMPYMEHMY, A MAKONC OMPUMAHA MAMeMamuiHa
3ANeIHCHICMb MIJC NPUNYCKOM HA 0OPOOKY | GeIUHUHONW 3AMUUKO080I Oedhopmayii.
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Jlaembca  xapakmepucmuka memooie 00poOKu Oemaineli Npu BUSOMOBNEHHI |
8i0HO8NeHHI.  Buxnadeno memoo  6iopayiiino2o  3MiyHeHHs npu  po3pooyi
mexHon02iuH020 npoyecy. Hasedeno kiacugikayis i xapaxmepucmuxa KoJIUBAIbHUX
npoyecie, Wo 3acmocosyromscs npu 0opodyi mamepiany 6i0HOBIIOBAHUX Oemdaell.
IIpogedeno 00CNiONCeHHsT ONMUMANILHUX PEeNCUMIB NOBEPXHEB020 NIACMUYHOZO
oepopmysanusn AK 6 HaAWill Kpaini, max i 3a KOPOOHOM. 3aNponoHO8aHi pedicumu
00pobKu  eubuparomevcsa 3a36udail Ha NiOCMAasi eKCNepUMEHMANbHUX OaHux i
EeMNIPUYHUX 3ANIeHCHOCIEN, 00ePICYBAHUX 3 6Unpobyeans 3paskié abo, pidule,
HamypHux Oemanetl, NiIOOAHUX NOBEPXHEBOM) NIACMUYHOMY O0edOpMYBaAHHIO NpU
piznux pescumax. llpu ypomy onmumanvHumu ciio e8axcamu mi 3 3aCMOCOBAHUX 8
00C8i0i  pedicumis, sAKi 3a0e3neuyiomv HAUOIIbULY NPUPICM Medci 8UMPUBALIOCH
oemavi.

AHHOTAIIUSA

N3bICKAHUE OIITUMAJIbHBIX PE:KUMOB YIOPOUHSAIOIMIEN
OBPABOTKU JETAJIEM MAIINH

Kenemem A.O., x.1.H., goneHT, 'opobenko O.B., K.T.H., T01IEHT

B cmamve paccmampuearomcs 80npocvl  NOBbIUEHUS HAOEHCHOCIU U
0071208eYHOCMU Oemaell MAWUH 3ad CYEM NOBbIULEHUS KA4eCm8d UX NO8ePXHOCHO20
Cllos npu  paziuyHvlx cnocobax obpabomku. I[lpedcmaenenvr 6onpocvl GIUAHUSA
NOBEPXHOCMHO20 NIACMUYECKO20 0eh)OPMUPOBAHUL HA KAYeCmEeHHble NoKazamenu
0bpabomxu u onpeoenenvl napamempsbl 00padbamvlearOwe20 UHCMpPYyMeHma, a maxice
NOJYyYeHa MamemMamuyecKas 3asUCUMOCHb MedXHcO0y NpUunyckom Ha obpabomky u
BeUYUHOU ocmamouHou Oeghopmayuu. [laémea xapakmepucmuxa mMemooos
obpabomku Oemaneti npu U30MOGIEHUU U B0CCMAaHOGIeHuu. H3nodxcen memoo
BUOPAYUOHHO20 YNPOYHEHUsT Npu  paspabomke MeEXHONOSUYECKO20 Npoyeccd.
Ilpugedenvl knaccugukayus u Xapakmepucmuka KoaeOamenbHblX NpoYeccos,
nNpuUMeHseMblX npu  obpabomke Mmamepuana 60CCMAHABIUBAEMbIX — Oemaell.
IIposedeno uzvickanHue ONMUMAILHLIX PENCUMOE NOBEPXHOCMHO20 NAACMUYECKO20
Odepopmuposanus Kax 8 Hauwiell cmpaue, max u 3a pyoescom. Illpednoscennvle
pedrcumbl 06pabomku  8blOUPAIOMCST 0ObIYHO HA OCHOBAHUU IKCNEPUMEHMALbHBIX
OGHHBIX U IMAUPUUECKUX 3ABUCUMOCTEL, NOYYAEMbIX U3 UCHLIMAHUL 00pa3yo8 U,
peodice, HAMYPHLIX Oemaineu, NOOBEPSHYMbIX NOBEPXHOCMHOMY NIACIUYECKOM)
oeghopmuposanuio npu pasHvlx pexcumax. Ilpu smom onmumanvHuiMu ciedyem
cuumams me U3 NPUMEHEHHBIX 6 ONblMe pedCuMos, Komopwvie o0becnedusarom
Hauboavllee npupaweHue npeoeid bIHOCIUBOCMU 0emal.
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VIIK 621.7

AOCTIIKEHHSI BIVIUBY 3MIHIOIOYNX TEXHOJIOI'TiA
BIJHOBJIEHHSA JETAJIEN HA PECYPC MALLINH

IBankoBa O.B. kKaHAUIAT TEXHIYHUX HAYK, TOIEHT
(ITonmascwvka depoiicasna azpapna akaoemis)

Baprom B.IO., ntupektop
(TOB «Asmo-Momopna Komnanisny)

Poszensioaemvcss numaunsa niosuwyeHHs eKCniyamayitHo2o pecypcy npu
BIOHOBNIEHHI CMAIbHUX | OPOH308UX BMYIOK MA THUUX 3HOULEHUX Oemajlell MAWUH i3
3ACMOCyY8AHHAM BIOPAYILIHO20 OedhOpMYBaAHHAL.

Pevonm mpaxmopis, asmomobinie ma CKIAOHOI CilbCbKO2OCNOOAPCHKOT
MeXHIKU NOoJA2AE€ 8 EeKOHOMIYHO OOIpYHMOBAHOM)Y VCYHEHHI HecnpagHocmeu 1
BIOHOBIeHHI IX pecypcy niclsa eKchiyamayii. Ynpaeninusa axicmio nio 4ac pemoHmy
MexXHIKU HePO3PUBHO NO8 A3AHO i3 OOMPUMAHHAM HOPMAMUBHUX BUMO2 00 HAOTUHOCMI
8IOpeMOHmMOBGaHUX MawiuH. Tomy 2o0n106He 3a80aHHA DPEMOHMHO20 GUPOOHUYMEA
nojsieae 8 ephekmusHomMy GIOHOBIEHHI HAOIUHOCMI MAWUH Y pe3yibmami Hauoiibu
NOBHO20 BUKOPUCMAHHS 3AMUUKOB0I 008208IUHOCMI Oemallell.

Memoio 0ocnidxcens € 8ubip cnocody i 00TPYHMYBAHHS PENHCUMIE BIOHOGICHHS
oemareti, 3 HAUGUWUM KoeDiyienmom ni08UWEeHHsL NiCIAPEMOHO20 PeCcypCy.

YV mexnuiuniti nimepamypi € yinuti psao pobim, NpUceAUeHuUx 00CHIOHCEHHIM NO
NIOBUWEHHIO eKCHILYamayiiiHo2o pecypcy oemainell MAauuH.

Hocnioocennss npogoounUCy Ha 3HOUIEHUX Oemajsix mumy 6myJjoK, 30Kpema
NOPUIHEBUX NATILYAX O8USYHIE BHYMPIUIHLO20 320PAHHS, OPOH308UX GMYIKAX PIOUHHUX
HACOCI8, BMYIKAX HANPABIAY020 poauka kapmonaexkonadie KTH-2B.

B pesyromami nowyxkis:

- 002pYHMYBAHO OOYLNLHICMb 3ACMOCYBAHHS CNOCOOY GIOHOGNIEHHS 3HOULEHUX
oemajetl MAuur nIACMU4HUM 0ehOpMYBaAHHAM 3 8IOpayismu,

- BUABIIEHA 3ANEHCHICMb MIJHC NAPAMEMPAMU PEHCUMY BIOHOGNIEHHS, HA OCHOBL
Y020 OMPUMAHT eMNIPUYHI 3ATIeHCHOCMI 3YCULISL 0eDOPMYBAHHS,

- NPOBEOEHO OYIHKY 3HOCOCMIUKOCHI BIOHOBNIEHUX Oemdaiell,

- BUBHAYEHO ONMUMANbHULL [HMEP8Asl 3HAYeHb Koeiyichma nio8uueH s
pecypey Pp =2,00...2,5 wo 6ionogioac mexuonozii: HanIaeieHHs, YUCMOo8e MOYIiHHS,
3MIYHEHHSI NOBEPXHEBUM NIACMUYHUM OeDOPMYBAHHAM 3 HACMYNHUM 2APMYEAHHIM
cmpymamu 8UCOKoi yacmomu, 8i0nyckanusa i winigpyeannsa f,=2,42. Omoice, 0oyinbHo
NPOO0BAHCEHHS OOCAI0NCEHD NO BIOPAYIIHOMY 0ePOPMYBAHHIO PIZHUX KOHCMPYKYIUHUX
mamepianie, po3pooOKU percumie ma NPOBAVI’CEHH MEXHON02ll Ha NIONPUEMCMBAX
MEXHIYHO20 Cepeicy.

ITocranoBka npo0JieMH y 3arajJibHOMY BHMIJISIAL Ta 1i 3B’ S130K 3 BaKJIMBUMH
HAYKOBUMH Ta NPAKTUYHUMM 3aBJAaHHSAMH. OCHOBHOIO BUPOOHUYOIO YACTUHOIO
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arpapHOroro BUPOOHUIITBA, 110 Ma€ BU3HAYaJIbHUN BIUIMB Ha OOCSTH Ta SIKICTh
BHUPOOJICHOT MPOAYKIIii, € MATMHHO-TPAKTOPHUM Mapk. BiH € ckIa10BoI0 MalmHHO-
TEXHOJIOTIYHOTO KOMILJIEKCY Taly3l 1 BKJIIOYaE B ce0e TEeXHOJorii BUPOOHMIITBA
OPOJYKINi, TEXHIYHI 3aco00M Mg peaiizaimii IIuX TEXHOJOTIM Ta CTPYKTYpY, IO
3abe3rneuye eeKTUBHE (QYHKIIIOHYBAHHS CUCTEMHU.

YMoBH PUHKY, B AKHX TIPaIlIOIOTh HiI[HpI/IeMCTBa TEXHIYHOTO CEpBICY,
BUMArarTh MIOCTIHHOTO TONIYKY IIISAXIB peai3allii B KOHKypeHTHII/I 60p0T561 OJTHAM
3 SKUX € Oe3lepepBHE BIOCKOHAJIEHHA TEXHOJIOTIYHOrO TpOolecy 1 oprasizaiii
BUPOOHUIITBA. Take MOJOXKEHHS MPUBOIUTH 10 PI3KOTO 3pOCTaHHS MUTOMOI Baru
BIJTHOBJICHUX J€Tajiel, BPaXOBYIOUM IX ICTOTHO MEHIIY BapTICTh MPU MPAKTHUYHO
pPIBHOMY, a He3piaKa 1 OLIBIIOMY pecypci.

OTxe, cuTyalis, 10 CKJajacs 0 TeﬂepiHIHBOFO yacy, y cdepl TEeXHIYHOTO
cepBicy CIHBCBKOFOCHOI[apCBKOI TEXHIKM BUMAara€ HEBIIKIAIHOTO TMOUIYKY HOBUX
TEXHOJOTIYHUX pIIIeHb 1 PO3poOiil OpFaH13aHH/IHI/IX 3aXOMiB 3 TIABUIIEHHS iX
€(eKTUBHOCTI. P03p061<a 1 BIIPOBA/DKCHHS TEXHOJIOT1M BIJHOBIICHHS JeTalieH, SKi
3a6eaneqy10TL €KOHOMIYHICTh TEXHOJIOTTYHOTO MPOIECY, CHPHUSIIOTH IiJIBUIIEHHIO
MiCISIPEMOHTHOTO pecypey MAIINH € BaKIIHBUM i AKTyaTbHUM.

KitouoBi cnoBa: BiHOBJIEHHS, PECYpPC, 3HOCOCTIMKICTh, J€Talb, MJIACTUYHA
nedopmaitisi, BiOpailisi, KOeiIl€HT MiABUIIICHHS PECYpPCY.

3HIKEHHST 3aTpaT Ha BUPOOHHUIITBO CUIBCHKOTOCIOAAPCHKOI MPOIYKII Ta
MIJIBUIICHHS €KOJIOT1YHOi Oe3MeKH HaBKOJMUIIHBOIO CEpPE/IOBUINA MOXKE OyTH
JOCSTHYTO 32 PaXyHOK ONTHUMI3aIlli piBHS TEXHIYHOTO 3a0e31eUueHHs Ta €¢()eKTUBHOTO
BUKOPUCTAHHS MAIIMHHO-TPAKTOPHOTO TapPKYy.

AHaJi3 OCTaHHIX JOCTIIKeHb i myOJikanii. Y TeXHIYHIN JiTeparypi € Ui
pAI pOOIT, MPUCBIYEHUX JTOCTIKEHHSIM 10 MABUIIEHHIO €KCIUTyaTalliitHOTO pecypey
netaneit MmamuH. [TutaHHs MiABUIIEHHS HAAIHHOCTI TEXHIKU, BIOCKOHAJICHHS CHCTEMHU
TEXHIYHOTO CEpBICY, MOCIIKEHI y YMCICHHHUX IMpalsgx HayKOBI[IB, 30KpemMa:
AmninoBuua B.4., Aptembena 10.H., Boiitioka B.JI., €Epmonona JI.C., Kpsxkosa B.M.,
Monoauka M.B., Haymenka O.A., Ilerposa FO.H., UepnoiBanosa B.I. Ta iami. Humu
Oynu copMyab0BaHI OCHOBHI OpraHi3alliiiHi Ta TEXHOJIOTIYHI 3acaaud CTBOPEHHS
CUCTEMH TEXHIYHOI'O CEPBICY CLIBCHKOTOCMOAAPCHKOI TEXHIKH.

Jlnst oTpuMaHHS BiIPEMOHTOBAHOIO arperary B LUIOMY 3HOIIEHI JeTail
3aMIHIOIOTHCSI HOBUMH, SIKI MAalOTh BHIIUNA pecypc abo 3a0e3mneuyeThes 1eil piBeHb
pecypcy IpH iX BIIHOBJICHHI IIUISIXOM 3MIIIHEHHSI poOOYNX MOBEPXOHB jerai [1].

BiOpartiii B TEXHOJOTIYHUX MPOLIECaX MAIOTh MPaKTUYHE 3aCTOCyBaHHs. BoHu
BUKOPUCTOBYIOTHCSA ISl TIJBUIIEHHS TOYHOCTI Ta MPOIYKTUBHOCTI OOpPOOKH 1
3MIITHEHHST JeTtaneil. JoCHDKeHHS 3 METOI0 PO3LIUPEHHS TEXHOJOTIYHUX
MOXJIMBOCTEN 1 TPOMUCIIOBOTO BUKOPUCTAHHS BIOpaIliid € aKTyaJdbHOIO MPUKIIATHOIO
3a/1a4er0. A Tak SIK MPOIEC BITHOBICHHS 1 3MIIIHEHHS 3HOIICHUX JieTajiel MIIaCTUIHUM
nehopMyBaHHSIM 3 BUKOPUCTAaHHSM BIOpalliii 1€ 3aJHIIAETHCS HEAOCTATHBO
BUBUCHNM [4,5]. 30kpemMa, HEe MOCHI/DKEHAa TMOBEIIHKA PI3HUX KOHCTPYKIIHHUX
MarepiaiiB npu BiOpauiiHiid aedopmartiii aeranei; pekoMeHaalli 1o BU3HAYEHHIO
ONTHUMAJIbHUX TE€OMETPUYHUX MapaMmeTpiB 1HCTPYMEHTIB i BiOponaedopmMyBaHHs
JeTanei pizHoi GopMH MarOTh YacTKOBHM xapakrtep. OTxke, ISl YacTHHA MPOOIeMH
noTpeOye MOAANBIIIOTO JOCITIHKEHHS.
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MeTta i 3aBAaHHsI J0CJTiTKeHb. BUOIp Croco0y 1 OOIpyHTYBaHHS PEXKUMIB
BIIHOBJICHHS JIeTajeii 3 BHUCOKHM KOC(DIMIEHTOM MIiABUIICHHS IMiCIIPEMOHTHOTO
pecypcy. [ns peamizariii meTu HeoOXiaHO:

- OOrpYHTYBATH CIIOCIO BITHOBJICHHS JICTAJICH;

- PO3MJISIHYTH BIUTUB MapamMeTpiB 0OpoOKH i po6oqoro IHCTPYMEHTY;

- BU3HAYUTH 1 TIOPIBHATH 3HAYCHHS KOS(DIIMIEHTY MIABUIIECHHS MiCIIPEMOHOTO
pecypcCy BiITHOBJICHHUX JI€TaNCIH;

- MMPOBECTH OIIHKY 3HOCOCTIMKOCTI BITHOBJICHUX JICTAJICH.

JlochikeHHsT TPOBOAMIIMCH HA 3HOIIEHUX JETASIX TUIY BTYJIOK, 30KpeMa
MOPITHEBUX TAJBIIX JABUTYHIB BHYTPINIHBOTO 3TOpaHHS, OpPOH30BUX BTYJIKaX
PIIMHHUX HACOCIB, BTYJIOK HaIpaBlsitouoro posivka kaproruiekonauie KTH-2B.
Meroau OCHiKEHb: BUBYEHHS MEXAHIYHUX BJIACTHUBOCTEH JAeTaliedd, BIIHOBJICHUX
PI3HIMH METOJaMH, CTAaTUCTHYHA 00poOKa iH(opMmaIrii.

PesyabTaTi gociaigkens. IlicispeMOHTHHN pecypc MalllUHU 3alIeKUTh BiJl
KUIBKOCTI JeTaJIel, MPUAATHUX JI0 EeKCIUTyaTallli Ta BiJ] CIOcOOy BiIHOBJICHHS JIeTajeH,
BUOpaKyBaHUX MPU ne(beKTyBaHHl Poznozin HICH}IpeMOHTHOI‘O pecypcy MallMHU 4K
BY3/a MpPE/CTABIIIE co00I0 CHiJbHE TOEIHAHHS PO3MOALUIIB PECypCiB MPUIATHUX
neTanei 1 BiAHOBIEHUX neraieil. B. SI. AHIIOBMY peKOMEHIy€e BUKOPHCTOBYBATH
Koe(DiIieHT MIABUIIEHHS pecypcy MpuU BUOOpPI TEXHOJOTIT BIJHOBJICHHS JETali.
KoedinieHT miaBUIIEHHS pecypcy MOKe HaOyBaTH 3HaUCHHS, 30KpeMa: 3aCTOCYBaHHS
MTOBEPXHEBOTO TUIACTUYHOTO Ae(OpPMYBaHHS, a caMe, BIOpOHAKATyBaHHS, Ja€ 3MOTY
30UTHIIUTH KOoe(illeHT miaBUIeHHs pecypey Ha 20...40%, a micnsa rapryBanns CBY
Ta Biamyckanus - 1,89 [2].

OCHOBHI YMOBH, L0 BU3HAYAIOTh JOLUIBHICTh MIJBUILIEHHS pECypCy AeTaje
IIPH iX B1IHOBJICHHI:

¢ (hakTUYHMI pecypc HOBUX JeTasiel a00 3amacHUX YaCTUH HU3bKHUM MOPIBHSIHO

3 HOPMATUBHUM JIJIsl MAIlIMHU, IO BUMAra€ BUKOHYBATH 2...3 3aMiHU TIPOTATOM

3a CTPOKY ii CITyKOu;

® PEMOHTHE MIANPUEMCTBO MAa€ TEXHIYHY MOXIIMBICTh peanizauii TeXHOJOTIi

3MIIHEHHS TIPY BITHOBJICHHI 3HOIIEHUX AeTaneit [1,2].

PiBeHb peHTabENBbHOCTI PEMOHTHOTO BUPOOHMIITBA TP BiJTHOBJICHHI JeTajeH
MOKHA pO3MIISIAATH K QYHKIIIO KoedilieHTa MABULIEHHS pecypcy [2].

[Inactuune negopMyBaHHA NpPU BIAHOBICHHI 3HOIIEHUX JIE€Tajleil 3 METOI0
MIJBUILIEHHS X MICISIPEMOHTHOTO PECypCy BHUBYAETHCS Ha Kadenpi TEXHOJOTIH Ta
3aco0iB MexaHizailii arpapHoro BupoOunuira [IJJAA mpoTsIrom AOCHUTH TPUBAIOTO
yacy. Pe3ynbratv [OCHIIKEHb [al0Th MOMJIIMBICTH 3pOOMTH BHUCHOBKH TPO
JOLIIBHICTh BIPOBAKEHHSI PO3POOOK Ha MIAMPUEMCTBAX TEXHIYHOTO CEPBICY,
TaK0X HAaMI4alOTh IUISXHW HACTYITHUX JOCIIKCHb.

Metoauka OIlIHKH IMOKa3HUKIB JIOBIOBIYHOCTI JACTalCH MO JaHUX IiIIPUEMCTB
TEeXHIYHOTO cepBicy [1,2] mependauae, 110 pecypc MalllMHU BU3HAYAETHCS BETUYHMHOIO
OCHOBHOTO CTPYKTYpPHOTO IapaMeTpy, L0 KOHTPOJIOEThCA MpH Je(eKTyBaHHI.
[ToyaTKOBUMHU CTAaTUCTUYHUMU JTAHUMHU JJIS1 € PE3yIbTaTH BUOIPKOBUX BUMIPIOBAHb
3MIHU pO3MipiB NpH JeheKTyBaHHI.

KonTtpomtoBaBcest po3mip abo 3a30p B CHPSDKEHHI. 3MiHA MOTO € MOHOTOHHOIO 1
BIJIHOCUTHCA JIO0 JerpajlalliiHuX TpoleciB 3HomryBaHHs. [lim wac medexTyBaHHS
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JIeTal, 1110 He 3aJI0BOJIBHAI0Th YMOBY A < Dg BBa)aroTh TUMHU, IO Bifkazanu. Bouu
3aMIHIOIOTHCSI HOBUMHU 200 BiTHOBJICHUMHM.

JlJis BU3HAUEHHS BEJIMYMHH 3HOCY KOXHOI JI€Taji MPOBOJMINCA BUMIPIOBAHHS
30BHIITHBOTO JlaMeTPy B Mepepizax I'sTH MOSACIB 1 HOTUPHOX IToIuHaX. CTaTUCTHYHA
00poOKa JaHuX JIJisl KO’KHOTO MOsCY BUKOHYBaJIaCh OKpeMO. 30KpeMa, aHai3 1e(eKTiB
Ta 3HOC BTYJIOK HAmIpaBisAIO4Oro poJIMKa TpaHcnoprepa kaprormuiekonadya KTH-2B
nokasye, 1o MakcumanbHui 0,75...1MM 3HOC BOHU OTPUMYIOTHh Y 30HI KOHTAKTYy 3
posikoM. bauzbko 10% BTyJIOK Manu TPIIIMHM, a, OT’KE BIJHOBJIICHHIO HE M1AJIATaIH
[4]. Tlopmmesi manpmi JIB3 MakcumanpHHI 3HOC MalOTh y 30HI KOHTakKTy iX 3
O600uIIKaMH TOPITHS, 1 B 3'€JTHAHHI 3 BTYJIKOIO BEPXHbOI T'OJIOBKU IIaTyHa. biusbko
8 % masbIliB puaaTHi 63 peMOHTY 1 72 % MOXyTh OYTH BimHOBIIEHI [6].

JlocnipkeHHsT TIpoliecy IUIACTUYHOTO JeOopMyBaHHS 13 3aCTOCYBAHHSIM
BiOpamiif mpoBoawiMcs B KuIbka ertamiB. [lepmmii: Ha 3pa3kax — BTYJIKax,
BUTOTOBJICHUX 31 ctami Ta OpoHsu. JlebopmyBaHHS  3AiliCHIOBAIM  Ha
eKCIIepUMEHTaJIbHIN ycTaHoBIl [5]. Bennunna nedopmariiii BU3Hauanach NpUIryCKoM
Ha O00poOKy 1yt KommeHcallli 3Hocy. Ha ocHOBI pe3ynbTaTiB €KCIEPUMEHTIB MiCIs
MaTeMaTUyHOI O0OpOoOKM OysiM onep:KaHl €MIIPUYHI 3aJI€KHOCTI, Kl IMOB’S3YIOTh
BeNMYUHY nedopmaliii AD1 BeIU4uHy Ipumycky /7 Ha 0OpoOKy:

I =0.716AD"**® - st maneiiB aBuryHis J1-240;

I1=0.0432-AD"" - s naneuis asurynis CMJ160(62);

I7=0.053-AD®* - s mansiis geurynis 3M3-405 (406);

IT1=0.568- AD*** - nna nansuis asurynis KamA3;

I =1.025124- AD*%%** - st GpOH30BUX BTYJIOK piguHHUX HacociB CBH-80A;

I =1.0241- AD_O'O%Q-ILJI;I BTYJOK poiuka tpancnoprepa KTH-2B.

3a pe3ynbTaTaMM MAaTEMAaTHYHOI OOpOOKHM EKCIIEpUMEHTAIbHUX JTaHUX
napameTpiB peXUMIB OOpOOKM Oyl oAepKaHI EMIIpUYHI 3aJeKHOCTI 3YCHUIUIA
nedopMyBaHHs BiJ IpUIycky (/7), KyTa Haxuity TBIpHOi myaHcoHa (tg S ), koedirienTta
nedopmaiiii BTyJIKH 10 30BHIITHEOMY JiameTpy (K1) st nepopmyBanHus 6e3 BiOpaiii

Ta 3 Bibpawi€ero BiAmoBiaHO, npeacrasneni y Tabmumi 1. F =18,9446(0.4 +1g/3)- x +4,0018

P =70,8258(0.4 +tgp)l —3,4015

Tabmus 1 — EMnipuuHi 3aneXHOCTI 3ycuiuist 1eopMyBaHHS AeTajeit

Heranb 3ycuiis aeopMyBaHHs
6e3 BiOparrii 3 BiOpalri€ro
Brynku ponka KTH- | P=K [18.94(0.4+tgp)l +4.002] | P =K, [70.83(0.4+1gp)l +3.41]
2B
Mopumesi maneui | P =K, [1882(0.4+1gB)l +52.2] | P =K, _[404(0.4+1gps)7 + 46.6]
CMJI-62
TlopiHeBi nabLi P=K,_[1078(0.4+tgB)i +68,2] | P=K, [417(0.4+1tgp)IT+108,5]
KamA3
TopurHesi nambii P=K_[910.4+tgB)l +549] | P=K_[124(0.4+tgB)I +212]
3M3-405
Brysku pifuHAmX P=K,[(0.7+tgp)i +52,2] P=K_ [(0.4+1tgp)T +42]
HACOCIB
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[IpuBeneH1 3aJIeKHOCTI MOXYTh OYTH 3acTOCOBaH1 (3 JOCTAaTHIM CTYIIEHEM
TOYHOCTI) JIJI1 BUSHAUCHHS 3YCUIUIS TIpHU AehOpMyBaHHI JeTaIel 3 HU3BKO 1 CEPeTHbO
BYTJICIICBUX, JIETOBAHUX CTaJeld NUISIXOM BBEIEHHS KOE(DIIIEHTIB, MPOMOPIIIHIX
MOJTYJISIM TIPY>KHOCTI.

Pe3ynbTaTi mopiBHAILHUX BUMIPOOYBaHb 3HOCOCTIMKOCTI BITHOBJICHUX JeTajei
MOKa3aJId, IO BEJIWYWHA 3HOCY JeTajeil, BIMHOBICHUX BIOpaIliiHUM METOJIOM B
1,31...1,47 pa3u MeHIlIa, HDK JeTalield, BiTHOBIeHUX Oe3 BiOpariii. OTxe, MIacTHYHE
nedopMyBaHHS 3 BiOpalli€ro Ma€e 3MIIHIOIOYHI BIUIUB Ha MOBEPXHIO AcTanei [4,6].

[Ticnst BigHOBIEHHS MapTii AeTaneil ¢popmyBalach MeBHA rpyma 3 THX, SKUMU
Oynu 3aMiHeH1 BuOpakyBaHi getani. [licisipeMoHTHUN pecypc MalMHHM (arperary)
3QJISKUTH Bl ClIOocOoOy BIAHOBJICHHS JeTaliel, BUOpaKyBaHUX IpHU Jedekarrii ta Bif
KUTBKOCTI JIeTajel, MpUIaTHUX J0 MOAAJIbIIOI eKCIUTyaTallii.

BukopurcTanHs 3MIITHIOIOUMX TEXHOJIOTTH MAMPUEMCTBAMH TEXHIYHOTO CEPBICY TIPU
BiTHOBJICHI JICTaTCH MAIllMH TPUBOAUTH JO MiJABUINEHHS CEPEIHBOTO MiCIIPEMOHTHOTO
pecypey MamHA Trp, (Bp), ase, pa3oM 3 THM 30UIbLIYE 1 BATPATH MIAIIPUEMCTBA.

Kopucryrounce MeTtonukoro, pospooneHoro B.SI. AmninoBuuem [2], mu
HiJpaxyBajid CEpeHIi MCcIIpeMOHTHUH pecypce K QyHKIII0 KoedilieHTa Py:

Tup(Bp)=(1-0,75) 4260 By+(4380-3000) 0,65=1065 P,+1035

A TakoX 1O pesynbTaTax pPO3paxXyHKIB BU3HAUWIM ONTHUMAJIBHHUIA 1HTEpBAJ
3Ha4Y€Hb KoePillieHTa MiABUIIICHHS pecypcy: Bp=2,00...2,50.

Herani, skl OynaM BiJHOBJIEHI IJIACTUYHUM I[G(bOpMyBaHHHM IPOHIILIN
eKcIUTyaTaliiiHi BUIpPOOyBaHHA B yMoOBax arpapHux mianpueMcts [lonaTaBcekoi
oOnacti. BenuumHa 3HOCY JdeTaield, BIJHOBIEHUX METOAOM JehopMyBaHHS 3
BiOpartiero B 1,25..1,41 pazu meH1ie, Hixk BiqHOBIeHUX Oe3 BiOparlii. [lopiiHeBi nanbii,
BIIHOBJIEH1 BIOpamiiHuM JedOpMYBAaHHIM, CHPUAIOTH MIABUUIEHHIO HApOOITKY
JIBUTYHIB B cepeqHboMy Ha 8,5 — 9,0 %. [6].

BucHoBku:

- OOTPYHTYBAHO JIOLLIBHICTh 3aCTOCYBaHHS CIOCOOY BIJHOBJICHHSI 3HOIIICHUX
JeTanel MallvH IaCTHYHUM z[eq)opMyBaHHﬂM 3 B16pau1;1M1/1

- BUSIBJICHA 3JICKHICTh MK BEJIMYMHOIO 3HOCY 1 MPHUITYCKOM Ha 06p061<y Ta
3aKOHOMIPHOCTI 3MIHM 3YCHJUISI OOpOOKH, Ha OCHOBI YOro OTpHMaHl €MMIpHYHI
3aJIEKHOCTI 3ycrilsl 1ehopMyBaHHS BiJl PUITYCKY Ha 00OpOOKy, KyTa HaXMIy TBIPHOI
KOHYyCa ITHCTPYMEHTA 1 JOBKUHHU 00POOIIOBAHOI JeTai;

- TPOBEACHO OLIHKY 3HOCOCTIMKOCTI BIJHOBJIEHUX JeTalleld, 30KpeMa,
BH3HAUYECHO, 1110 3HOCOCTIMKICTb BIIHOBJICHHX 3 BiOpartieto Buiie B 1,25..1,41 pa3u, Hixk
JeTajeH, BiIHOBIICHUX Oe3 BiOparii;

- BU3HAQUYWIM ONTHUMAJbHUN 1HTEpBaJ 3HAY€Hb KOe(QILI€HTa MiABUIICHHS
pecypey Bp =2,00...2,50, mo BiANOBiAA€ TEXHOJOTII: MICIASA HAIUJIABJICHHS YUCTOBE
TOYIHHSA, 3MILHEHHS TOBEPXHEBUM IUIACTUYHUM Je(POpPMYBaHHSIM 3 HACTYIHUM
rapTyBaHHsIM CTPyMaMu BHUCOKOI 4YacTOTH, BIANyCKaHHS 1 nuliyBaHHA [,=2,42.
[Inactuune aedopmyBaHHs 3 BiOpalisiMu JOCTYIHIIIE (CTOCOBHO OOJaHAHHS) Ta
MPOCTIIIe 3 TEXHOJOTIYHOI TOUKH 30py. OTKE, MOKEMO TOBOPUTHU TMPO JOILIIBHICTh
MPOBEICHHS JOCIIKEHb MO BiOpaliiiHoMy 1e(@OpMyBaHHIO PI3HUX KOHCTPYKLIHHUX
MarepialliB, pO3pOOKH PEKHUMIB Ta BIPOBAKEHHS TEXHOJIOTIT Ha MIAMPUEMCTBAX
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TEXHIYHOT'O CEPBICY.
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AHHOTAIIUA

WCCJIEJOBHUE BJIUSIHUS YIIPOUHAIOIINUX TEXHOJIOT' I
BOCCTAHOBJIEHUA HA PECYPC MAIIINH

NBankosa E.B., baptom B. IO.

Paccmampusaemcs 6onpoc noswiuienus 3KCniyamayuoHHo20 pecypca npu
B80CCMAHOBNCHUU CMAILHUX U OPOH308UX 8MYIOK, A MAKdHCe Opyeux oemaneil MauluH
C UCNONB30BAHUEM BUOPAYUOHHO20 0ePOPMUPOBAHUSL.

Pemonm mpaxmopos, agmomoduneil u CiodcHoU cenbCKOX03UCMBEHHOU MEeXHUKU
cocmoum 8 JIKOHOMUYECKU OOOCHOBAHHOM  YCMPAHEHUU  HEeUCnpasHocmel u
B80CCMAHOGIIEHUE UX pecypcd. YnpasneHue Kauecmeom 60 8peMsi PEMOHMA MEXHUKU
HEPA3PbIBHO CBA3AHO C COONI0OECHUEM HOPMAMUBHBIX MPeOO0BAHUN K HAOEHCHOCHU
OMPEMOHMUPOBAHHBIX MauwtuH. Tloosmomy enaeuas 3a0aua pemMoHmHO20 NPOU3B00CMBEA
cocmoum 8 3QPHEeKMUBHOM BOCCMAHOBNIEHUU HAOEHCHOCMU MAWUH 8 pe3yibmame
Haubonee NoJIHO20 UCNIONb306AHUS OCIMAMOYHOU 00JI206€YHOCIU Oemailell.

Llenv uccnedosanuti - 66100p U 00OCHOBAHUE PEHCUMOB BOCCMAHOBICHUS
oema’eii ¢ HAUBLICUWUM KOeDDYUeHMOM NOBbLULEHUS] NOCIEPEMOHMO20 Pecypcd.

B mexnuueckoti aumepamype umeemcs yeuaviii psod paboom, NOCEAUEHHBIX
UCCIe008AHUAM NO YBEIUYECHUUIO IKCHIYAMAYUOHHO2O Pecypcd.

Uccneoosanus nposoounucb HA UHOUIEHHBIX Oemaisax muna 6myJoK, 8
YACMHOCMU NOPUIHEBUX NANbYax Osucamesell SHYMPEHHe20 C2OPAHUs, BMYIKAX
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Hanpanaiowe2o poauka kapmogenexonameneu KTH-2B, 6pon306ux 6mynkax Hacocos.

B pe3ynomame uccneoosanuii:

- 000CHOB8AHO YeNecooOpPa3sHOCMb UCHONBL308AHUS CHOCODA BOCCMAHOBNEHUS]
USHOWIEHHBIX Oemaiel Mawut niacmuyeckum 0eopmuposaruem ¢ subpayuetl;

- BUABNEHA  3ABUCUMOCHIL  NAPAMEMPO8  PeNCUMd B0CCMAHOBNEHUs, HA
OCHOBAHUU 4e20 NONYUeHbl IMIUPULECKUE 3A8UCUMOCTIU YCUTUSL 0ePOPMUPOBAHUS,

- NP0BEe0eHO OYEeHKY USHOCOCMOUKOCU 80CCIMAHOBIEHHbIX OemdaJiel;

- onpeoeiieH ONMUMAIbHbLU UHMEPBATL 3HAYEHUL Koeghuyuenma nosvluieHus pecypca
Lp=2,00...2,5, xomopviii coomeemcmseyen MeXHONOSUU. HANIABKA, YUCIOB0e MOUYeHuUe,
VAPOYHEHUe NOBEPXHOCMU  NOBEPXHOCMHbIM — NIACMUYECKUM — 0eqhopMuposaHuem ¢
nocieoyiowell 3aKaiKoll MOKAMU 8bICOKOL YACHOMbL, OMnYyckom u uiiugosanue (P, =2,42).

Ilosmomy yenecoobpazno npoooadiceHue Ucciedo8anuli. no GUOPAYUOHHOMY
oepopmuposanuto pazHvlX KOHCMPYKYUOHHBIX Mamepuansios, no paspabomke
PEHCUMOB U BHEOPEHUIO MEXHOI02UU HA NPEONPUSMUSIX MEXHULECKO20 Cepaucd.

Abstract

RESEARCH ON THE IMPACT OF CHANGE TECHNOLOGIES OF REPAIR
OF MACHINE RESOURCES PARTS

Ivankova O., Bartosh V.

Present study considers the issue of increasing the operational resource during the restoration
of steel and bronze bushings and other worn out parts of machines using the vibration deformation.

The repair of tractors, cars and complex agricultural machinery is based on economically
justified fixing and restoration of their life after use. Quality management during repair of
equipment is inextricably linked with compliance with regulatory requirements for the reliability
of repaired machines. Therefore, the main task of repair production is to effectively restore the
reliability of machines as a result of the most complete use of residual durability of parts.

The aim of the research is to choose the method and the justification of regeneration
of parts, with the highest coefficient of increasing the after repairs resource.

In the technical literature, there are a number of works devoted to research on
increasing the operational resource.

The research was carried out on worn out parts of the type of bushings, in
particular piston fingers of internal combustion engines, bronze bushings of liquid
pumps, cartridge roller bushings of the KTN-2B potato harvesters.

As a result of searches:

- the expediency of using the method of restoration of worn out parts of machines
by plastic deformation with vibrations has been substantiated;

- dependence between the parameters of the rege