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Annotation

Successful development of agricultural production is impossible without agricultural enterprises
having enough agricultural machinery and equipment.

Modern technical policy in the agricultural sector is aimed at the formation of a fleet of machinery
and equipment with resource-saving indicators and increasing productivity.

Accelerated modernization of agricultural machinery is one of the key tasks, the successful
solution of which depends on the sustainable and economically efficient development of Russian
agriculture in modern socio-economic conditions.

Over the past five years, the Russian agricultural machinery industry has demonstrated an increase
in production, thanks to which the share of domestic agricultural machinery and equipment in the
domestic market has reached 60% and almost meets the needs of Russian agriculture.

Due to the new modern and high-produced agricultural machinery, the agricultural machinery park
is being updated. So, in 2017-2018, more than 150 models of equipment were supplied to mass
production. [1]

This article analyzes the state support for the renewal of the agricultural machinery park in the
agrarian sector of the economy.

Ilens wuccnenoBaHuss — MPOBECTH aHAIU3 COCTOSAHMSA M IPOTHO3 MOJACPHHU3ALUU IIapKa
CEeIbCKOXO35MCTBEHHON TeXHUKHU B Poccuiickoit denepanun.

MeTtobl HcceI0BaHUS — aHAJINM3a, CHHTE3a, 0000IIeHNSsI, 5KOHOMUYECKOTO MPOTHO3UPOBAHUS.

Pesynprarel nccnenoBanus. CoCTOSHHME IIapKa CEIbCKOXO3IMCTBEHHOM TeXHMKM B Poccun
XapaKTEePU3yeTCsl KPUTUYECKOM HEAOOCHALIEHHOCTBI0 W BBICOKOW CTENeHbl0 u3HOoca. Ilo naHHBIM
denepanbHOl  CITYy’KOBI TOCYJApCTBEHHOM CTAaTUCTHKH, KOJIMYECTBO TPAKTOPOB M CAMOXOJHBIX
yOOPOUHBIX MAIlIMH COKPATUIIOCh Oosiee ueM B 6 pa3 3a nocieanue 25 net (¢ 1945 teic. mtyk B 1990 roxy
10 312 teic. mTtyk B 2015 romy). Takoe cokpariiieHne o0bsICHIECTCS CMEIIEHUEM CTIpoca B CTOPOHY Ooliee
MOIIHBIX W TPOU3BOJUTENBHBIX MAIlMH, OJHAKO OCHAIEHHOCTb CEJIbCKOro Xo3sdicTBa Poccum 1o
CPaBHEHHMIO C OCHAILEHHOCTBIO CEIbCKOro Xxo3sicTBa KaHanwl, cxoxkeld ¢ Poccuell, mo NO4YBEHHO-
KJIMIMATUYECKUM YCIIOBUSM, YPOXAHHOCTH, KOHTYPHOCTH IIOJIEM, OCTAeTCs Ha KpallHE HU3KOM YpPOBHE.
Tak, B Poccun Ha 1000 rexrapoB mamHu npuxoguTcs 3 TpakTopa, B TO Bpems kak B Kanane 16
TPAaKTOPOB. AHAJOIMYHAasl CUTyals HaOJt0aeTcs ¢ YOOPOUHBIMU CEIbCKOX03SHCTBEHHBIMU MaIllMHAMHU.
IIpu 3TOM [10J1 UCIIOJIB3YEMBIX CEIBCKOXO35MCTBEHHBIX MAILIMH C BBILIEAIIMMU HOPMAaTUBHBIMU CPOKAMHU
aMOpTHU3aIMU U dKcIutyaTanuu (To ecth ctapuie 10 ner) gqocturaer 70 mMpoOIEHTOB, YTO MPUBOIAUT K UX
HU3KOW TPOU3BOAMTEIBLHOCTH, CPBIBAM IPHHATHIX arpOCPOKOB M YBEIMYEHUIO MOTEPb MPOAYKLHMH IIPH
ybopke (1o oreHkaM MUHHUCTEpCTBA CeNbCKOTO X03siicTBa Poccuiickoit denepaiinu, moTepu IPpOAYKIHH

nocturaroT 10-20 mpoieHToB BaioBOTO cOopa).



[ToMMMO HU3KOro MJIATEKECMOCOOHOIO CIpoca Ha BHYTPEHHEM pPBIHKE, JOJII POCCHUHUCKUX
MIPOU3BOJUTENCH CEIbCKOXO3IUCTBEHHON TEXHUKU OCTAe€TCSd Ha HEBBHICOKOM ypoBHe (mo utoram 2016
roja J0Jisl pOCCUMCKUX MPOU3BOAMUTEIEN HAa BHYTPEHHEM PBIHKE COCTaBWIa 54 MpOLEHTa B JEHEKHOM
BbIpakeHUM). [Ipu 3TOM B psifie CETMEHTOB OTPAaCiU CEIbCKOXO3WCTBEHHOTO MAIIMHOCTPOECHUS A0S
POCCHIICKOM CEIbCKOXO03IMCTBEHHOM TEXHUKHM HAa BHYTPEHHEM pblHKE HE mpeBbimaeT 20-30 npoueHTos, a
[0 OTJEJIbHBIM THIIAM TPAKTOPOB MOTPEOHOCTU CEIBCKOTO XO34KWCTBA HE 00ECIEUNBAIOTCS B MPUHIIUIIE.
Tak, UMIIOPT T'yCEHUYHBIX TPAKTOPOB 4 U 5 TAroBbIX KjiaccoB cocrtaBiisgeT 100 mpoueHTOB, KOJECHBIX
TPAKTOPOB C JBUraTeseM MOIHOCThIO 10 100 1. c. — 98 mponeHtoB. IIpuBeneHHbIE aHHBIE TaKXKe
CBUJCTENBCTBYIOT O OOJBIIOM IOTEHIHAILHOM pPBIHKE JJS POCCUWCKHX IPOU3BOAUTENEH
CEJIbCKOXO35IMCTBEHHON TEXHUKU. [2]

VYuuteiBasgs uUMeOmMecs OpodieMbl B 00MacTAX  OOECIEYEeHHs CEIbCKOTO  XO3SAHCTBa
COBPEMEHHBIMH BHUJAMH  CEIbCKOXO3AMCTBEHHON TEXHMKH MPEUMYILIECTBEHHO OTEYECTBEHHOI'O
Npou3BOACTBa, pacnopsbkenueM I[IpaButensctBa Poccuiickoit @eneparuun Ne 1455-p ot 7 uronsa 2017
roga Obuta yTrBepkaeHa CrTparerus pa3BUTHs CEIbCKOXO3IWCTBEHHOTO MalIMHOCTpoeHus Poccum Ha
nepuoa 10 2030 rona. [2]

B o6nacte pacnpoctpanenuss CTpaTernu BXOAUT CIENYIOIIAsl CEIbCKOXO3MCTBEHHAs TEXHMKA,
HCIIOJIb3yeMasi NP MPOU3BOACTBE OCHOBHBIX BUJOB MPOAYKIHUU PACTEHHEBOJCTBA, BKIIOYas KOPMOBBIE
KYJIBTYPBIL:

® TPaKTOPHI CETHCKOXO3AWCTBEHHBIE (KOJIECHBIE U T'YCEHUYHbIE);

® CaMOXOJHbBIE CEJIbCKOXO3SIIICTBEHHbIE MaIllMHBI (KOMOaiHbl 3epHOYyOOpOYHbIE, KOMOANHBI
KOpMOYyOOpoUHbIe, KOMOAWHBI A1 YOOPKH KOPHEKITyOHEIION0B, ONMPBICKUBATENN ISl 3alUTHI
pactenwuii);

e TMpUICTHbIE U HABECHBIE CEJIbCKOXO3SICTBEHHBbIE MAIIMHBI (IIYyTH, OOpPOHBI, KYyJIbTUBATOPHI,
CEsUTKH, pa3OpachIBaTeId OPTaHUYECKUX W MHUHEPAIBHBIX YAOOpEHMM, MpHUIIETHbIE KOMOAHHBI
KOpMOYOOpOYHbIE, MpHIIETIHbIE KOMOalHbI Uil YOOpKM KOpPHEKIyOHEIUI0J0B, HpHUIEIHbIE
OTIPBICKUBATENN ISl 3alUThl PACTEHHM, MAIIWHBI A 3arOTOBKHM KOPMOB (KOCHJIKH, Ipecc-
NOJIOOPIIMKH, TPa0IH U MPOYHE MALITHHBI), MOOMIIbHbIE KOPMOCMEIIIUBATEIHN U KOPMOPA3AaTYUKH,
MAalIUHbI U1 OPOIIEHHS, MAINHBI I CIIEHUAIN3UPOBAHHBIX IIOJIOTPACIIEH CEIBCKOTO X0341iCTBa

(KpOHI/IKOBOIICTBa, OBIICBOACTBA, OBOIICBOACTBO, CaaA0BOJACTBA, BI/IHOFpaL[apCTBa).

B 2018 roxy poccuiickue arpapuu npuodpenu 10,4 ThIC. TpakTOpOB, 5,2 THIC. 36pHOYOOPOUHBIX
KOMOaifHOB, 646 KOpMOYOOpPOUHBIX KOMOaitHOB. 3 HUX U3 OroKeTa ObUTa MPOCYOCHIMPOBaHA 3aKyIKa
12% tpakropoB (1,2 ThIC.), 65% 3epHOYOOpOoUHbIX KOoMOaitHOB (3,4 Thic.) U 31% KOpMOYOOPOUHBIX

koMOaitHOB (200 mTyK).



Ha 2019 roax MuHcenpxo3 MOCTaBW 3ajady yBEIWYWTh 3aKynku. [lo mporHozam opraHoB
yopasienuss AIIK, B 3ToM rojy arpapuu IUIAHMPYIOT 3aKynuTh 12,2 ThIC. TpakTopoB, 5,4 ThIC.
3epHOyOOpOYHBIX KOMOAWHOB, 813 KOpMOYOOPOUHBIX KOMOAHOB. [3]

B 2018 rogy poccuiickue 3aBoJibl yBEIUYMWIN IPOAAKU CENIbX03 TEXHUKU Ha BHYTPEHHEM PBIHKE
Ha 25% 1o cpaBHeHuto ¢ ypoBHeM 2016-ro, g0 100,6 mupx py6., coobmumna acconuanus «Poccnenmary.
B 10 ke BpeMmsi, Kak yTOUHUI KypHAITy « ATPOMHBECTOP» MPEACTABUTEINb ACCOLMALMHU, IO CPABHEHHUIO C
nokazatesiem 2017 roga o0beM OTIpy30K TEXHUKH B MPOIIOM T'OTy BRIPOC Jinib Ha 3%.

B KoJM4YeCTBEHHOM BBIPDAKEHHUU CaMyl0 3HAUUTENIbHYIO JWHAMUKY I10Ka3ajJd MAalIUuHbI JUIsS
BHECCHMsI yIOOpEHWH, MpOJaXH KOTOPBIX 3a ToJ yBenuuwiauch Ha 58%, no 644 en. Ilpomaxu
orpbICKUBaTeneil noausuck Ha 29%, no 1179 en., kopmoybopouHsix kombaitHOB — Ha 19%, no 532 exn.,
MIOJIHOTIPUBOHBIX CEJIbCKOXO3SICTBEHHBIX TPakTOpoB — Ha 18%, mo 2276 en., kocunok — Ha 12%, 1o
2649 en., mpecc-noadoopuiukoB — Ha 10%, no 1230 ex., 6opon — Ha 6,3%, mo 4048 ex.

B 10 xe Bpems mo o0beMy S3KCHOpPTa MPONLIbIA TOJ CTal PEKOPIHBIM IS OTEYECTBEHHBIX
MPOU3BOJUTENEH CEIbXO3TEXHUKHU. 3aBOJbl HAPACTUIIM MOCTABKU HAa BHEMIHWH pbIHOK Ha 40%, no 11
wipa py6. brmaromapsi BBICOKOW KOHKYPEHTOCIIOCOOHOCTH POCCHHCKOM TEXHHKH YAAlOCh B pasbl
YBEJIMYUTh OTTPY3KH B CTpPaHbl, IIE OYEHb XOPOILIO Pa3BUTO COOCTBEHHOE CEIbXO03MAaUIMHOCTPOEHUE,
Hanpumep, B ['epmanuto u [lonbmry.

C 2013 no 2016 rox BeIMyck cenpxo3MalluH B Poccuu B 1€HEKHOM BBIpaXXEHUU BbIpoC ¢ 35,5 1o
88,6 muip pyO., AOJsE POCCUIICKON TEXHUKU Ha BHYTPEHHEM PBIHKE 32 3TOT MEPUO]I YBEIUYMIach ¢ 24 10
54%. B cootrBerctBuM co Crparerueid pa3BUTHUS CEIbXO3MAIIMHOCTPOCHHUS, YTBEPKICHHON
npaBuTeabcTBOM P®, x 2021 romy A0Jis TEXHUKA POCCUUCKOTO MPOU3BOJACTBA Ha BHYTPEHHEM PBHIHKE
nojbkHa yBenuuuThed 10 80%, k 2030-My BBINYCK CEIBXO3TEXHUKM JOJDKEH BBIPACTH B TPHU pasa, a
3KCTopT — Oosiee yeM B 12 pa3 u coctaBuTh He MeHee 100 map pyoO. [4]

[Ipembep-munuctp PO JImutpuii MenseneB noanucail MOCTAHOBICHUE O BHECEHUN U3MEHEHHI B
MpaBWJIa MPEIOCTaBICHUS CyOCUIUI IPOU3BOAUTENSAM CEIbX03TeXHUKH. OHO yCOBEPIIEHCTBYET MpaBuia
MPEeIOCTaBICHUsl TaKuX cyocuauii Ha JTOT rol. «JlumMuT obOwvema cyOcuauii KOppeKTUpyeTcs B
3aBUCHMOCTH OT YHUCJIICHHOCTH TEPCOHANa», - COOOLIWI TlaBa KaOMHETa MUHUCTPOB Ha COBEIAHUH,
MOCBSIIIIEHHOM Pa3BUTHIO OTEYECTBEHHOI'O CEJIbX03MaIINHOCTpoeHus, B KpacHonape.

Kak yTouHsieTcss Ha caiiTe NpaBUTEIbCTBA, VIS MPOU3BOJUTENEH TEXHUKU C YHCIEHHOCTBHIO
nepconana 75-500 yenoBek cyMMmapHBI 00beM cyOcumuii yBenudeH ¢ 5 mo 15% (B mpoueHTax ot
obmiero o0wrema cyOcuauii Ha (DUHAHCOBBIA TOJM), a s TpousBoauTteneil ¢ mepcoHairom 500-1000
yenoBek — ¢ 12,5 no 20%. Kpome Toro, yctaHoBI€Ha BO3MOKHOCTh CyOCHUAMPOBAHUS CEIbXO3TEXHUKH
JUISL TIPOM3BOJACTBA M TOCIEYyOOpO4YHOUW 00paboTku JbHA. «KOppeKTHpOBKa MpaBWJI TO3BOJIHT
CTaOUIM3UPOBaTh OO0BEMBI TMPOU3BOACTBA CEIHCKOXO3IUCTBEHHOW TEXHHUKH, OYyIEeT CIIOCOOCTBOBATH
JIOTIOTHUTEIHHON HAarpy3Ke NMPOU3BOJCTBEHHBIX MOIIHOCTEH MPEANPUATUH, COXPAaHESHUIO pabOYUX MECT,

B TOM YHUCJIC B CMCIKHBIX OTPACIIAX», - OTMCUYACTCA B COO6HIGHI/II/I.



HamomMuumM, mpaBuma mpemocraBieHus cyOcumuii Obputm  yTBepkaeHsl B 2012 romy
nocranoBieHneMm [IpaButenbctBa PO Nol432. B COOTBETCTBHHM C HUM arpapud MOTYT HpUOOpETaTh
CEJIbXO3TEXHUKY OTEUECTBEHHOTO NMPOM3BOACTBA €O CKuUAKoil 15-20%, mpu stom ¢ 15 aBrycra mo 15
nexadbps 2018 romga cyOcuaupoBaHue CKUIOK ObUIO yBenndeHo 10 25-30%. IIpomsBomuTenu mpoaaroT
CBOIO TEXHUKY arpapusM 1o Oojiee HH3KOH 1eHe, co CKuakoi. HemomomydeHHblE pacxo/bl
KOMITEHCUPYIOTCS 32 cueT OIOJIKETHBIX JIeHEeT. B mpornuiom roay Ha 3Tu 1eiu u3 ¢eaepaibHoro OrKeTa
6bu10 BBIZIENIeHO 10 Mupa pyO., B pe3ybTare 1o mporpamme cyOcuaupoBaHus ObUIO peain30BaHO CBBIIIE
17,5 THIC. €AUHUII CEIBXO3TESXHUKH. [5]

Ha 2019 roxg na mporpammy-1432 npemycmorpeHo 8 mupa pyO., OJHAKO, Kak 3asBHII TJIaBa
KaOWHEeTa MUHUCTPOB, €CTh BO3MOXHOCTh BBIUTH 32 PaMKH 3TOU cyMMBI. «[IpaBuTeNnbCcTBO rOTOBO OyIeT
pPaccMOTpeTh BOMPOC YBENWYCHUS (DMHAHCUPOBAHUS MO TAaKUM Iporpammam cyOcuaumpoBanwus. HyxHo
TIOCMOTPETh Ha pPeaJIbHBbIC TEMITbI BBIITYCKa, Ha MMOTPEOHOCTH, KOTOPBhIE (POPMUPYIOT CaMU TOTPEOUTEINH,
Ha peruoHajbHbIC 3aBKU. TeM He MeHee MbI TOTOBHI Oy/IeM 3TO CIeNaThy, - CKazal MeBees.

Kpome CkuIOK MpaBUTENBCTBO CYOCHIMPYET IBIOTHBIE KPEAUTHI HA TMOKYIKY POCCHUHCKOMN
CEJIbXO3TEXHUKH: IPOrpaMMa JbIOTHOIO KpeauToBaHus craproBasia B utoHe 2018 roma. Ilo ciosam
MengeneBa, 3TO BO3MOXKHOCTBIO B IMPOIILIOM TOAY BOCIOJIB30BAIUCH OKoJi0 100 KOMIanwii, 3aKynuB
CEJIbXO3TEXHUKY Ha cymMmy Ooisiee 2 miipa pyO. «Mbl OyneM mpeaocTaBisTh CyOCHIUU Ha 3TU IIeNU U
Janbllie, yBEIUYMBash BO3MOXKHOCTU (DMHAHCUPOBAHHUS, HACKOJIBKO MOIYUUTCS», - MooOeman riasa
MPaBUTEIHCTBA.

MenseneB cooOmuia 0 JAPYrHX Mepax TNOIAEPKKH oOTpaciau. B mpomwtom romy Mbr 19
OpraHM3aIysIM KOMIIEHCUPOBAIM YacTh 3aTpaT, CBSI3AHHBIX C BBITYCKOM U TMOJAJEPKKON TapaHTHHHBIX
00513aTeNLCTB IO MPOU3BOJIMMON cenbXxo3TexHuke. Ha 3To Obuto HampaBieHo 9 mupna pyO., JeHBIH
3aJI0’KEHBI B OFOJKET TEKYIIEeTo rojia U Ha JiBa MOCIeAyomuX roaa. B obmel cioxHoctr 10 koHia 2021
roJia 3TO MOYTH 38 M. pyo.

Taxxke Ilpencenarens IlpaButensctBa P® mnopyunmn MuHcensxo3y, MuHnpomrTopry u
MuHIKOHOMpPAa3BUTHUSL TPOPadOTaTh BOMPOC O BO3MOXKHOCTH MPEAOCTABISTH MajJOMy U CpPETHEMY
OM3HECY CENbXO3TEXHUKY B KPATKOCPOYHYIO apeH/y, B YAaCTHOCTH Ha MEPHOJ] yOOpOUHOU KaMmaHuu. [6]

BbIBOIBL.

B nacrosimiee Bpemst B Poccuiickoit deneparuu cozmaercs miatdopma il iepexoja Ha HOBBIE
MPUHIUIIEI TG poBOi SkoHOMUKH B ATTK.

Poccwuiickuii cenbxo3mail Hadal BHEAPSITh B MPOU3BOACTBO CaMbIe CBEXHE Pa3pabOTKu B cdepe
poboTH3a ¥ IUPPOBBIX TEXHOJIOTHH, KOTOPBIE MOTYT KapJWHAIBHO W3MEHHTH COCTOSHHE MapKa
CeNbCKOX035MCcTBeHHBIX MalivH B ATIK.

MHorue cenpxo3 MallMHBl YK€ OCHAIIEHbl JUCTAHIIMOHHOW TeleMeTpHel, MO3BOJISIONIEH

MUHHMM3HPOBATH POCTOM U MOTEPH BPEMEHU Ha CEpBUCHBIE onepanun. Benercs pabora mo co3panuio u



pacIIUpPEeHUI0 JMHEWKH aBTOHOMHBIX CEJIbCKOXO3SMCTBEHHBIX MAIlMH M JApPYrMe MHHOBALMM B cdepe
MOJIEpHU3ALIMH CEIbCKOXO03SI1ICTBEHHON TEXHUKH.

BaxHo, yTO BCE HOBOE B IPOU3BOJACTBE CEIHCKOXO3SMCTBEHHONW TEXHHKH W O0OPYIOBaHUS
MOJIy4aeT rocyJapCTBEHHYIO (PMHAHCOBYIO MOJAEPHKKY, a 3TOT (aKTOp SBISIETCSA rapaHTHEH peaabHOIo

o0OecredyeHns ceJIbCKOro X03HCTBAa HOBOH CEJIbCKOXO03AMCTBEHHOM TEXHUKOM IO €€ 00beMaM U Ka4deCTBY.
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AHHOTALMNS:

BricokoMoneKkyIsipHbIN MaTepuan OMOTEXHOIOTHYECKON Cpeibl OnpeaesisieT GU3NKO-XUMUIECKHE
W MeXaHW4eckue cBoiicTBa m3zenus. CTpyKTypa MaTepuana H3JAeTUs ONpenesseTcs TBepaod ¢a3oii,
CBOOOJIHBIM O00BEMOM M HCKIIOYEHHBIM 00BeMOM. VCKIIIOUeHHBIH 00BEM OTBEYaeT 3a HaOyxaHue
Matepuana. Mexay oO0beMoM (a3 CylecTBYeT olpeneieHHoe cooTHomeHne. COOTHOIIEHHE 3TUX
00BEMOB OMpEENsIeT CTPYKTypy Marepuaia W ero (u3MKo-MeXaHWueckue cBoicTBa. CTpPyKTypHBIE
KOMIIO3UIIMU  U3JIETUsl  CO3JAI0TCsl  peuentypoid u  TexHosorueil. OOBEKTUBHO  YUUTHIBAETCA
CYIIECTBOBAaHUE B MPHUPOJE TPEX CTPYKTYPHBIX KOMIO3WIIUNA: OJIOYHOM, IETIOYHON U B opMe My3bIpS.
Kaxxnas crpykrypa o6iagaeT cBOUM PEOJIOTHUECKUM CBOMCTBOM, KOTOPOE CO3AAETCA TEXHOJIOTHUECKUM

Iponeccom. Peonor quCKOCCBOﬁCTBO0HpCI[eJ'I}ICTOTKHI/IKMaTepI/IaHaHaMexaHI/IquI(OCBOSﬂCﬁCTBHe.
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THE COMPOSITION AND THEIR STRUCTURAL PROPERTIES
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Annotation:

The high material biotech environment determines the physical, chemical and mechanical properties
of the product. The structure of the material is determined by a solid phase products, free volume and
excluded volume. The excluded volume is responsible for the swelling of the material. Between phases
volume there is a certain relationship. It determines the ratio of the volume of its material structure and
physico-mechanical properties. The structural composition of product formulations and technologies are
created. Objectively considered to exist in the nature of three structural compositions: block, chained and
form a bubble. Each structure has its rheological properties, which process is created. The rheological

property determines the response of the material to a mechanical action.

TexHonorust mepepabOTKU THIIEBBIX MAacC M TEXHOJOTMH TPOM3BOJICTBA TOTOBBIX MPOIYKTOB
MUTAHUS JIOJDKHBI YYHTHIBATH 00pa3oBaHHWE W pa3pyIICHUE CTPYKTYPHBIX KOMIIOZHUIIUH CO3AIOIIHXCS
KOHTAaKTaMH MEXJy YaCTHIAMH BEIIECTB HAaXOJIIIUXCS B CONPHUKOCHOBEHHH INPH WX JBIDKCHHU B
o0beMe  TEXHOJOIMYECKOro  MPOCTPAHCTBA. Kaxnplii  pa3  CTpyKTypHas  KOMIIO3UIUS
OMOTEXHOJIOTMYECKON Cpesibl MEHSIETCS IIPH M3MEHEHUH PELENTYPHOIO COCTaBa NMPUMEHSEMBIX BEIIECTB.
[Ipy >TOM MEHSIOTCS XUMHUYECKHE, (HU3MYECKHEe M MEXaHWYEeCKHe KOHTAKTBI W CBS3M MEXKIY
JMCIEPCHBIMU YaCTHUIIAMHU.

Kak ycrpoena 6uorexHosoruueckas cpena? Bocmonb3yeMmcs Ki1acCU(PHUKAIIMOHHBIME MTPU3HAKAMU

AUCTICPCHBIX CUCTEM U COCTAaBUM O6HIYIO MOACIb CTPYKTypHOﬁ KOMITIO3HIINH. Pazauuaror TPpU BapuaHTa
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PEOJOrMYECKUX CUCTEM: IepBas CHUCTEMa — TBEpJO€ Telo + ra3; BTopas cucTemMa — TBEpAOe Telao +
AKHJIKOCTb; TPEThSI CUCTEMa — TBEPI0€ TEJO + KUAKOCTH + ras, [1].

Ha pucynke (la) MmonenupyeTcs JeneHue MpocTpaHCTBa CUCTEMBI AByMs ¢urypamu. OnHa ¢purypa
KpyT (1ap) Bropas ¢purypa poM6 (pOMOOBUIHOE TEJIO — CBOOOTHBIN 00bEM) MEXTY KpyKKaMH (IIapamm).

DKCIEPUMEHT MOKa3bIBACT, YTO €MKOCTh 3allOJHEHHAs IIIapaMu M BOJAOU, uMeeT 1/3 oObema Bojbl 1 2/3

o0beMa II1apoB.

Pucynok 1 - CrpykTypHblE KOMIO3UIMM OHOTEXHOJOTMYECKUX Macc.a — MOJEb
3aMoJIHEHHUST 00beMa JHMCIIEPCHBIMU YacTUIAMH; O — MoJenb OJOYHOH CTPYKTYpBI; B — MOJEIb
LEMIOYHOM CTPYKTYPBIL; T — MOJENb CTPYKTYPBI IMy3bIpel (MOTUMEPHBIX 0007I0YEK).

HNrtak, ™Mbl HUMEEM CHUCTEMBl pPA3IMYHBIX KOMIIO3UIUH U3  CTPYKTYPHBIX  CIMHUIL
BBICOKOMOJIEKYJISIPHOTO COCTaBa CO3/IaBaeMbIX U3 YCIIOBHS JIEJICHUS 00beMa OMOTEXHOIOTHIECKON Cpebl
Ha cBoOoaHbI 00BeM (1/3) m oOveM TBepmoit daszwl (2/3). IlpuMeHssT MHBEPCHIO MOXHO CO37aBaTh
KOMITO3UIUI0 Ha000poT 1/3 — tBepaoii assl u 2/3 cBob6ogHOTO 00beMa. CBOOOHBIN 00bEM 3aMOTHIETCS
HU3KOMOJIEKYJISIPHBIM BEIIECTBOM (Ta3, )KUAKOCTH), a TBepAas (haza 3amoHsIeT MaTeprual PelenTypHOro
cocraBa BemiecTB. Jsi MpOAyKTOB TNUTaHWs TBepAas (aza co3maeTcs M3 BBICOKOMOJIEKYJISIPHOTO
MaTepuana (moiumepa). Hanwume penenTypHBIX CTPYKTypOOOpa3yrOIIUX BEIIECTB MaTepUaioB
JMCTIEPCHOM cHUCTeMBbl NpUIaeT el cBoeoOpa3Hble MEXaHUYECKHE CBOWCTBA (IJIACTUYHOCTb, BS3KOCTH,
YIOPYTOCTb),

CrtpykTypooOpa3oBaHne B AHCIEPCHBIX CHCTEMaX, CaMOIPOM3BOJIBHOE COEJAMHEHUE YaCTHII
JHMCTIEpCHOM (pa3bl M HMX arperatoB B TPOCTPAHCTBEHHBIE CTPYKTYpbI, CcpabaThlBaeT  3aKOH
caMOOpraHu3aii. B OCHOBe  KJIaCCU(HKAIMA  CTPYKTYPUPOBAHHBIX  JIUCIIEPCHBIX  CHUCTEM,
paspaboTtanubIx mnpeactaBneHuil [1.A. PeOunmepoM o CTpyKTypax, JEKUT THUIl CBS3€H — KOHTAaKTOB,
BO3HHUKAIOIINX MEXAy JAUCHEepCHbIMH dacThnaMu. CHoHTaHHOE O0pa3oBaHHE MPOCTPAHCTBEHHBIX
KOAryJISIMUOHHBIX CTPYKTYp — Ba)KHEHIIee CBOHCTBO PACIpPOCTPAHEHHBIX B MPHPOJEC U TEXHOJOTHIX
MHOT000pa3HbIX KOHIICHTPUPOBAHHBIX TUCIIEPCHBIX CHCTEM.

Hanpumep, Monekyibl aMHHOKHCIOT CIHOCOOHBI K MOJUMEpU3alud. MOJIEKyJbl CIIOCOOHBIE

00pa30BbIBaTh KOBAJECHTHBIE CBS3U COJIEP)KAT JIBE pa3Hble XMMHUYECKHE IpyNIbl. JTO aMUHOrpymmna (-

13



NH) u xap6okcunpHas rpynma (-COOH). Ilpu B3aumopeiicteun NH u COOH — rpymm oGpasyercs

MenTHAHas (aMUIHAS) CBS3b, B COOTBETCTBUU C PUCYHKOM (pHC.2).

H R H 0] R3 Ra O
| | I | ||
H—N—C—C—N—C—C—T—C\—C ...... N—Cl—CII
|
‘H I(’) R, H H H OH

Pucynok 2 - [lentuanas nenb 6€IKOBbIX aMUHOKHUCIIOT

Koarynsnuonnbsie CTpyKTypbl 0Opa3yroTCs 4YacTULIaMH TBEpAOW (a3bl MPU HATWYUHU KUIKON
JUCTIEPCHOM cpesibl U XapaKTEePU3YIOTCS CPAaBHUTENIBHO CIa0BIMU 110 CHJIE B3aUMOJICHCTBUSIMU KOHTAKTOB
Mexay 4actuuamu.  IIpoyHOCTP 3THX KOHTAaKTOB ONPEAENAETCS BaH-AECP-BAaalbCOBBIMU CHUJIAMH
cuemyieHus 1o JHO(POOHBIM Yy4YacTKaM MaKpOMO3aWMYHOM TOBEPXHOCTH 4YaCTHI[ 4Yepe3 TOHUaMIme
pociaoku  aucnepcHoil cpenwl [1]. TexHonornueckue mpuemMbl M PELENTypa JUCIEPCHON CHUCTEMBI
MO3BOJISIIOT CO37]aBaTh CBOMCTBA OMOTEXHOJOTMYECKOM CpelIbl UM CTPYKTYPHOE CTPOCHHME MaTepuaia
n3nenusi. CTpyKTypHOE CTPOEHHE BBICOKOMOJIEKYJISIPHOTO BEILLECTBA U MaTepHalla peajlu3yercsi 4yepes
CTPYKTYpHBIC €IMHHUIIBI (dJIEMEHTHI): arperupyeMoe (0J104HOE) OOBEIMHEHUE ITUCTICPCHBIX YaCTHII,
LenHoe 00beJMHEHHE U 000JIOUKH (IIJICHKH) ITy3bIpEH.

IInacTtuunble cBoiicTBa. TexHonornueckud mpueMm no0aBIeHHS Maclia B TECTO MO3BOJIET CO3/1aBaTh
IUTACTUYHBIA MaTepHall, YTo SIBJISIETCA 3JIEMEHTAPHBIM IIaroM YIIpaBJICHHUs MEXaHUYECKUMH CBONCTBAMH.
VYrpaBiieHne MeXaHMYECKUMU CBOMCTBAMM KOAryJIILIMOHHBIX CTPYKTYPHUPOBAHHBIX AUCIIEPCHBIX CUCTEM
ocHOBaHO Ha mpejctaBieHun I1.A. PeOunaepa o (pa30BbIX KOHTAKTax MEXIy TBEPAbIMHU AUCIIEPCHBIMU
YaCTULAMU M KUAKOM  JTUCIEPCUOHHOW Cpelod IO JBYM OCHOBHBIM MPUYMHAM: MOJEKYISPHBIM
CIETIJICHUEM YaCTHUI] JUCIEepCHON (a3pl Apyr ¢ APYroM B MECTaX HAMMEHBIIEH TOJIIMHBI MPOCIOEK
JIMCTIEPCUOHHOM CPEabl MEXKITY HUMU;

HaJau4YueM TOHYAWIIEH ITUICHKM B MECTaX KOHTakTa Mexay dvactumamu. [ILA. Pebunmepom  Obuio
MOKa3aHO, YTO B KOATyJSALHUOHHBIX CTPYKTypax OOOJOYKH >KMJIKONH TUCHEPCUOHHOW Cpeabl IMpH
COMKEHUH YacCTHIl TMOJHOCTBIO HE BBITECHSIOTCS, @ MPUHUMAIOT MHUHUMAJIbHYIO TOJIIUHY, OJU3KYIO K
OMMOJIEKYJIIPHOMY CIIOIO.

Tak dopmupyercss OnouHasi cTpykTypa (puc.10) arperupyembIx 4acTHIl AMCIIEPCHBIX CHUCTEM.
HIMeHHO B CBSI3M C HATMYMEM TOHUANWIINX YCTOMYMBBIX MMPOCIOEK KUIKOW Cpe/bl B yUaCcTKaxX CLETIICHHUS,
NPEMATCTBYIOUINX JalbHEHIIeMy COJIMKEHUIO YaCTHIl, KOAryJsIUOHHBIE CTPYKTYpbl UMEIOT OOJIBIIYIO
IUIACTUYHOCTh, HO TOHMKEHHYIO NPOYHOCTh IO CPAaBHEHUIO C KOHTAaKTaMU JKECTKUX YacTHUL] WU
LETTOYHBIX CTPYKTYP.

JJIaCTUYHO-yIIpyrue CBOHCTBAa OMOTEXHOJOTMYECKOl cpeiabl. /[MHaMHuecKOoe MOBEIEHHE MOJIEKYJI

TECHO CBSI3aHO C UX IPOCTPAHCTBEHHOM XMMuueckol crpykrypoi. Ha pucynke (1B) memHas cTpykrypa
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BBICOMOJIEKYJISIPHOTO BeliecTBa. MOHOMEpPHBIE 3B€HbSI CBSI3aHBI B II€Ib. JDTO O3HAYAET, YTO OHHU HE B
COCTOSTHUM JIBUTaThCS HE3aBUCUMO JApYyT OT Apyra. Ha si3pike pU3MKHU 3TO 03HAYAET, YTO MOJIMMEPHBIE
cuctembl OemHbI 3HTponHei. [lonuMepHbie e B OCHOBHOM THOKKE. J[JTMHBI MONMHUIIENITUAHBIX IIeTeH
MOJIEKYJT OENKOB HaXOJSATCS B JMANa30HE OT HECKOJbKHX JECATKOB O MHOTHUX ThICSY 3BeHbEB N.
[Tepexon u3 omHON KOH(GOPMAIIMU B JIPYTYIO0 OCYIIECTBIISETCSA 3a CYET MOBOPOTOB BOKPYT OJMHAPHBIX
XUMHUYECKHX CBSI3ed C TMPEOJIONICHHEM TMOTEHIHMANBHBIX O0aphepoB. OTIWYUTENBHBIM CBOHCTBOM
HEKOTOPBIX MHUIICBBIX OCJIIKOB SBJSETCS HU3KHA YPOBEHb TMOJSPHOCTH (YHKIMOHAIBHBIX TPYIIIL.
Monekynbl BOABI, OKpYXKas dYacTHI[I OEIKOB OTTAJKHBAIOTCS, a MOJICKYJIBI O€JIKOB, HaoOOpoT,
arperupyroTcs ¢ 00pa3oBaHUEM KOMILIEKCOB C MPUCYIIMMU UM PEOJIOTHUYECKUMHU CBOMCTBaMU (BS3KOCTb,
AMAaCTUYHOCTh, YNPYTOCTh, MOPHCTOCTH-HEMOPHUCTOCTh). Hanbonee BbIpaKEHHBIM KOMILJIEKCOM TaKUX
CBOMCTB 00JIaat0T OCIKM MIICHUYHOW KICHKOBUHBI, 00YCIIaBIMBAIOIINE TEKCTYPY XJieda U CO3IAr0NIHe
HENpEephIBHYIO (pa3y B M3IENMSIX C HAMOJIHUTEISAMHU (3€pHO, U3IOM M T.[.) 3a CBONCTBO YIPYIOCTH U
AJACTUYHOCTH HECET TIIIOTCHUHOBAs (hpakKiys OCITKOB.

CocrosiHue BBICOKOMOJIEKYJISIPHOM CHUCTEMBbl CHJIBHO BJIMSIET HAa MEXAaHWYECKHE, XUMHUYECKHUE,
TEPMHUYECKHE CBOWCTBA M MPOHUIAEMOCTh TPU MaccOOOMEHHBIX mporeccax. CBOOOAHBIH 00BEM
COJICPXKUT AUCIEPCHOHHYIO cpeny. DU3UKO-XMMHUYECKOE COCTOSHUE Cpelbl W (PU3MKO-MEXaHMUECKOE
COCTOSTHHUE MOJIMMEPHBIX LIETICH BIUAECT HA MOAYJIb YIIPYTOCTH MOJUMEPHOM CUCTEMBI.

Yactb 00beMa ki1yOKka, 3aHMMaeMasi MOHOMEPHBIMU 3BEHbSIMU, OU€Hb Malia. BHyTpu KiIyOKka 04eHb MHOTO
«abipok». Ilo ompeneneHuo B MACATBHON MOJMMEPHOM LEMH YYHUTBHIBAKOTCS TOJBKO B3aMMOJICUCTBUSA
MEXy COCETHUMHM 1O LN 3BEHbSIMU. B3anmMoneicTBUsIMA MOHOMEPHBIX 3BEHBEB, PACHOJIOAKEHHBIX 11O
LIeTH JTaJIeKo JPYT s apyra, npeHeoperaroT. Kondopmaruy uueanbHON LEeNH, TajleKu OT BBITSHYTOU
nuHeHoi koHdopmarnmu. llemn kmyOkoB HaxoawTcs B 3alMyTaHHON KoHdopmammu — 3TO oOIiee

CBOMCTBO UACAJIBHON MTOJIMMEPHON LIENN HE3aBUCUMO OT MOJIEIIH.

a)

0)

Pucynok 3 -Cxembl MOIETTUpYIOITIE THOKKE TIENOYHbIE CBs3H. [Ipu XoporieM pacTBOpUTEIe
KIyOok HaOyxaer (a).MpH IUIOXOM pacTBOpuUTeNe KIyOok ckumaercs (0), IPOMCXOIUT TEPEXO.
KIyOoK-TIo0ya. Ha pucyHke n300pakeHbl MOJEIN TMOJUMEPHBIX KIyOKOB: JIMHEHHOTO (a),

ceprueckoro (B) U Kyonueckoro (T).
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[lonvmepHbIE CETKM COCTOST W3 JUIMHHBIX IOJMMEPHBIX IENed CIIUTBIX JApPYyr C JPYyroM H
o0pa3yrommx MOJICKYJSIpHBIM Kapkac. Bce THOKHE MOJIMMEpHBIE CETKH TPOSBISIOT CBOMCTBO
BBICOKO?JIACTUYHOCTH T.€. CIOCOOHOCTH TMpeTeprieBarh Oojblmme oOpatumble aedopmamuu mpH

OTHOCHUTENIbHO HEOOJBIINX MPUIAraeMbIX HAPSKEHUAX [2].

o) I
%9353 e )
v ST leas
2%’ R

Pucynok 4 - Ha pucyHnke rubkue nojavMMepHble CeTKU MPOSIBISIOT CBOWCTBA 3JIACTUYHOCTH,
MIpU HEOOJIBIIIOM YCHUIIUU OOJbIas AehopMaIis.

Jns  uaeanbHBIX TMOJNMMEPHBIX IEMei CleayeT Y4YUThiBaTb OOBEMHBIC B3aUMOJACHUCTBUS
(B3aMMOZEHUCTBUS HE COCETHHMX IO IIeMM MOHOMEpHBIX 3BeHbEB). Ipobnemy omucanus KoH(pOpManuit
MOJINMEpa MOYKHO PELIMTh TEOPETUYECKU TOJIBKO MCIOJIB3Ys YIPOIIEHHbIE MOJENIHN MOJIMMEpHOH Lenu. B
ATUX MOJENSAX ClydyaliHble Oy»KAaHUS LIeTIb He HMEET IpaBa JIBaXKIbl MOMACTh B OJHO U TOKE MECTO (TaK
Ha3bIBAEMOE yCIIOBHE HCKIIIOUEHHOTO 00beMa). VcKiItoueHHbI 00beM, - 3TO MPOCTPAHCTBO, B Mpejaenax
KOTOpPOTO JaHHasg MaKpOMOJIEKyJa HE JOIyCKaeT NMPHUCYTCTBUS APYTUX MoJiekynl. [leno B Tom, 4To
yAalleHHble JApyr OT Jpyra IO LEeNu aToMbl, Oyaydd CONMKEHHBIMH B TOJIMMEPHOM KIyOKe,
OTTaJKUBAIOTCA JIPYT OT Apyra. OTTanKkuBaHUE MOXHO TPAKTOBATh KaK HAJIMYHE Y aTOMOB COOCTBEHHOT'O
o0beMa M 3ampeT MX B3aMMOINPOHUKHOBEHHMA. B XOpOIMX pacTBOpUTENSAX HCKIIOUEHHBIH 00BeM
BO3pACTaET, a B IUIOXUX — yObIBaET.

N3menenne mioTHocTH Marepuaja. CTpyKTYpHBIH 3JIEMEHT XapaKTepHOW OOOJOYKH Iy3bIpUaTOro
CTpOEHHS aKTUBHO U3MEHsAET 00beM u3nenus. [lpu sToM BHYTpU MaTepuasna U3enus MOSBISIOTCS MOPHI
C OTKPBITHIMH CBOOOIHBIMU TOBEPXHOCTSMHU.

Ha pucyske (1) o0onmouku my3sIpeit IeHBI U CBOOOIHOTO 00beMa Marepuana. J[ins oOpa3zoBaHuUs
000710YKH Ty3bIpsi TPeOyeTCs BBICOKOMOJICKYJISIPHOE BeIecTBO. BHyTpu 3TOro cBOOOMHOTO OO0OBEMA
000JI04KH HET TBepAOH (ha3bl MOTUMEPA, My3bIPh 3aMOJIHEH HU3KOMOJIEKYJISPHBIM BEIIECTBOM ra3a WU
MapoB XKUAKOCTU. Hanmmuume mny3pIpyaToro CTPYKTYpPHOTO 3JEMEHTa I0Ka3bIBaeT, 4YTO  MaTepuall
HaXOJUTCS B c71a00 HaNpPsSYKEHHOM COCTOSTHUU.

[IpuMeHsAsT TEXHONOTMYECKHE TPUEMBI M CO3[aBasl YCIOBUS Uil CTPYKTYPHBIX KOMIO3ULMHI
OMOTEXHOJIOTHUECKON Cpelbl MOXKHO MOJy4YaTh MaTepuaibl Moily(paOpHKaTOB BBHICOKOW TOTOBHOCTH C

HY>XHBIMHM CBOMCTBaMH.
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obcienyemyro Tepputoputo. 1o 3agaHHON TporpaMme MPOU3BOIUTCS KOHTPOIb MapaMeTpoB CPelsl U
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3a00p Mpo0 ImMyTeM 3aBHCaHUs, IPU3EMIIEHUS C IOCTaBKOM MX Ha MYHKT YIpaBieHUs AJs 0ojiee TOYHOTO
aHanmu3a KBaIM(UUIUPOBAHHBIMM CIHEIUATUCTaMU. becnuioTHBIN JeTaTenbHbIM ammapaT sBISETCS
YHHUBEPCAIbHBIM U 04€Hb 3()()EKTUBHBIM CPEACTBOM JJIS MOMYUYCHHS JaHHBIX PACTUTENBHOCTH, TIOYBHI, a

TaKKE C TPYTHOAOCTYMHBIX MecT nos[1, 2, 3, 4].
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Annotation: Thanks to a review of the scientific literature, it has been shown that the current level
of technical development and accessibility make it possible to consider unmanned aerial vehicles as a
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The possibilities of using images obtained with the help of unmanned aerial vehicles make it possible to
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accordance with the program. For a given program, the environment parameters are monitored and

samples are taken by freezing, landing, and being delivered to the control center for more accurate
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analysis by qualified specialists. Unmanned aerial vehicle is a versatile and very effective means for

obtaining data of vegetation, soil, as well as from hard-to-reach places of the field.

OcHOBHAA YaCTh

Ha Tteppuropun P® B mnocienHee BpemMs OYEHb CHIBHO pPa3BUBACTCA CUCTEMA TOYHOTO
3emJieieNisl, TaK KaK OHa IO3BOJISIET 3HAYUTENbHO MOBBICUTH YPOXKAHHOCTh, CHU3UTh TPYJOEMKOCTh U
HEraTUBHOE BIHMSHME HAa IMOYBY. J[aHHAs TEXHOJOIUs IMOApPa3yMEBaeT, UYTO TEXHMKA IEpE/IBUraeTcs C
BBICOYANIIIE TOYHOCTHIO MO TIOJNI0, ¥ B 3aBUCUMOCTH OT y4YacTKa M3MEHSETCS KOJIUYECTBO BHOCHMBIX
yaoopenuit. Peannsyercs 3ta TexHonorus ¢ nomouipio reounpopmannonusix cioes (I'MC) (em. puc.l).
Jly1st 3TOTO HEOOXOUMBI TPUOOPHI TOYHOT'O MO3UIIMOHUPOBaHUs Ha MecTHOCTH (GPS - npuémunkn). Tak
e HY>KHBI pa3jIMYHble CUCTEMbl TEXHUYECKHE CUCTEMBI, [TO3BOJISIONINE BBIABUTH HEOIHOPOJHOCTH MOJIS

[1, 3]. lanHas TEXHOJIOTHUS yMEHBILIACT TPYI03aTPAThI CEIILCKOX03IHCTBEHHBIX Pad0OInX.

- Puc. 1.
_lTeovnHdpopmMaLLMOHHbIE
cnown (Fr1o)

Pucynok 1 - I'eoundopmanmonnsie ciou (I'MC)

HagaHHBIAMOMEHT B TOYHOM 3€MJICACIUU IIUPOKO HCIOJIB3YIOTCS OCCHMIOTHBIC JIeTAaTSIbHBIC
ammaparbl. DTO CBSI3aHO C CYNIECTBCHHOM JICIIEBU3HON M TEXHUIECKHM YCOBEPIICHCTBOBAHHEM TEXHUKH.
OngHrM W3 TEepPCHeKTHUBHBIX HANpaBleHWH ucnoib3oBaHus naHHBIX BIUJIA sBnsercs mocTpoeHwme
u(pOBBIX MojelNel penbeda, KOTOPbIe HEOOXOTUMBI TSI OIICHKU MPUTOAHOCTH 3€MEJIb, TUTAHUPOBAHUS
WX HMCIOJb30BaHUS M MOJEIUPOBAHUS MPOIECCOB U3MEHEHUS MOYB M X (PyHKUMHA. [IpyruM BaskHBIM U
HanOoJiee OUEBUIHBIM HANpaBJICHUEM UCIIONIBb30BaHus AaHHBIX BIIJIA sBIsieTcss MOHUTOPUHT COCTOSIHUS
MOCEeBOB. BBICOKOE MPOCTPAHCTBEHHOE pa3pellieHre JaHHBIX U BO3MOXXHOCTh ChEMKHU B 33JJaHHOE BPEMS
MO3BOJISIOT OLIEHUBATh COCTOSIHUE TIOCEBOB (3aCOPEHHOCTH, Pa3pEKEHHOCTh, TIOBPEKICHNUE BPEIUTEISIMU
1 OOJIe3HSIMH, COCTOSIHHE TOCJe Mepe3uMOBKH U T.11.)[2, 4]. Tak ke, 6maromapst JaHHBIM, KOTOPbIE MBI
nojrydyaeM ¢ OECHIJIOTHOTO JIETATENIbHOTO amiapara, BO3MOXKHO OIICHHTh COCTOSHUE IIOJIsi Ha TaKue
aCIIeKThI KaK: BPEAUTEINH, JOCTATOK JHUOO M30BITOK MUKPO- U MAaKpPOAIEMEHTOB. U ciiefyst STUM JaHHbBIM,

MBI MOKEM OKa3aThb AOCTATOYHOC BHUMAHHC I10JISAM.
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Xotenoch Obl OTMETUTh, YTO BPEMsI HE CTOMT Ha MECTE M BCE yallle BBOJSTCS HOBBIE 3JIEMEHTHI,
TIO3BOJISIOIINE OTCIIEKUBATH COCTOSIHUE MOYBBI; CIICIIUANTU3UPYIOIINE MYIbTHCIIEKTPATbHBIE KaMephl (CM.
puc.2), KOTOpble CHUMAIOT HE TOJBKO KPacHBBIC KAPTUHKU (BUACO — ChEMKa), HO M JOCTaBISATH OOJIbIIEe

JAHHBIX JUISl HAYYHBIX PEIIeHUH MpobieM cepbE3HOI0 XapakTepa, CBI3aHHOU C MOYBOM.

Puc. 2. MyanbTucnektTpanbHas
Kamepa

Pucynok 2 - MynbTHCHIEKTpanbHas Kamepa

IlepcniektBa ucnoap3oBaHus JaHHbIX ¢ BIIJIA sBisieTCS MOHUTOPHMHI KakK OTAEIbHBIX CBOMICTB
MOYBBI, TAK U BCETO MOJIA B 1esIoM. KOHEYHO €CTh CIyTHHKOBBIE TEXHOJIOTUH, HO OJIarofapsi UM MbI HE
CMOKEM MOJY4YUTh OOJIBIIOE KOJMYECTBO JAaHHBIX C MoJisi, Kotopble xoTuM llpenmymectsom BIIJIA
SBJIIETCS OJyYeHHE HHPOPMALIMU O HY’KHOM Y4acTKe MOJIsl B TF000i MOMEHT BpEMEHH.

Tak sxe xoTenmock Obl pacckazaTh mnpo cam BIIJIA, mpouecc npoBeneHuss moiéra U aHaiau3a
mwiomaan. BITJIA 3amyckaror nub0 4epe3 MyNbT yHpaBlIeHHs, JHOO YIaJICHHO IO CeTH. Baneraer,
MPU3EMIIAETCS, a TAK)KE JIETAeT aBTOMATHYECKM IO 3apaHee MPOJIOKEHHOMY MapupyTy. BeimosHser
CbEMKy NOJ€ETa, JMOO Kakve-TO NEeMCTBUA: HalpuMep, ONpPLICKUBATh mose (CcM. puc.3); OTIyIMBaTh
KUBOTHBIX CIELIMAJIbHBIM CHUTHAJIOM. BBINONHMB TOT WIM HMHOM MapupyT, OH INPU3EMIIIETCA B
HavyaJbHYI TOYKY. brarogapsi kKagacTpOBBIM KapTaM, 3allpOCTO MOKHO CHSATh HYKHBIA Y4acTOK ITOJId,

MIPOBECTH IKCIIPECC aHAIH3 U, TIOJTYYHUB PE3yJIbTaThl BO3MOXKHO MTPOBECTH KaKue-IM00 pabOThI C TTOYBOM.

Puc. 3. ToueuHbli onpbicKMBaTeNb

Pucynok 3 - TodeuHbIi ONPBICKUBATEIb
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BeiBOI:

[Ipennonaraercs, 4to B OmrpkaiiiieM OyAyIIeM B CEIbCKOM XO3SHCTBE, a HMEHHO B TOYHOM
3emiieIeNTuy OCCIUIIOTHBIE anmnaparsl Oy ayT JuAepaMu phIHKa, T.K. Uit AaHHOM oTpaciu BITJIA sBnsercs
HOBBIM PEILICHUEM PA3JIMYHBIX 33a/1a4 TOYHOTO 3emiuenenus. bimarogaps ['MIC-TtexHooruu, kKaaacTpoBbIM
KapTaM M T.J. BO3MOXKHO T'OPa3Jlo JIydlle ONpeaeuTh Ha KaKUX yJacTKax TpeOyeTcst 6oblie BHUMAHuU,
U MPUMEHEHUM KaKuX-Tu00 MeToqoB. KOHEWHO e, HYKHO 4TOOBl (epmepsl cMmoriu 3(QPeKTUBHO
HCII0JIb30BaTh BCE PacueThl, METObI, U MOJIb30BATHCS MOJIyYeHHOI nHpopManuel U npuMeHuTs e€. Kak
U B MalblX, TaK U B Oonpmnx (epMepckux Xo3siicTBax, Oyarojgapsi MPUMEHEHHUIO0 OEeCHHIOTHBIX
anmnaparoB IOSIBJISIETCS BO3MOYKHOCTb OTKa3aThCsl OT MPOBEACHMS aHAIN3a MOYBBI CIELMATUCTAMMU, T.K.
Ha JIaHHBIH MOMEHT YXe BeIyTcsl pa3padboTku, utoOsl BIIJIA npoBoani HE TOIBKO OU(POBKY MOJIEH, HO
Y aHaJIW3bl IOYBBI, JUISl TOTO YTOOBI Y3HATh pa3IMYHbIE €€ IOKa3aTelu.

Tak ke BO3MOXHOCTh TOYHO pacHpenessaTh yaAoOpeHus Ha BCe y4acTKu mojs kak camum BITJTA,
TaK ¥ pa3IMYHOM JIPYroi TEXHUKOH, B pe3yJIbTaTe 3TOr0 CHIDKAIOTCS 3aTpaThl Ha Nepepacxo]] yA0OpeHHid,
a IIpU 3TOM Y’K€ MOBBICUTCAKAUYE€CTBO NIPOAYKIMU U ypokaliHocTU. Pasymeercs, ucnons3oBanue BIIJIA B
CEJIbCKOM  XO34HCTBE YMEHBIIAT TPYyA03aTpaTbl CEIbCKOXO3AWCTBEHHBIX paboumnx. [pyrumu
cloBaMu,00j1er4yaT UM Ku3Hb. Ko BceM mepedncieHHBbIM JIOCTOMHCTBAM €CTh €l HE MaJlo BaKHBIH
acCIeKT — 3TO MMHHMMAJbHBIA Bpel IOYBE WIM pacTUTENbHOCTH, T.K. BIIJIA nerur B Bo3myxe, a He
JBIDKETCSl 10 TIONIO, Kak Kakas-muOo Jpyras TsDKelas TEXHHMKA, CIeJOBaTeNbHO, TPYHT He

IIpoaaBJIUBACTCH.
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AHHOTALUA

D¢ GeKTUBHOCTh  CEIBCKOXO3IUCTBEHHOTO IPOM3BOJACTBA CBsSI3aHA B IEPBYI0 Ouepeib C
YPOXKAHHOCTBIO KYJIBTYP, KOTOPasl 3aBUCUT B OOJIBIIION CTEMEHU OT CTPYKTYPHOTO COCTOSTHHEM ITOYBHI.
CTpyKkTypa TOYBBI B TEYEHHE DA3BUTHA pAcTeHHH M (OPMHUPOBAHUS ypoXkas HM3MEHSETCS 3a CUeT
€CTECTBEHHOT'O YIJIOTHEHHsI M BO3AECHUCTBHS XOJOBOTO ammapara MalIMHHO-TPAKTOPHBIX arperaTtoB MpU
yxozne 3a mnoceBamu (mocagkamu). OcCOOEHHO 3TO CKa3bIBa€TCsl HAa MPOMAIIHBIX KyJIbTypax IpH

MEXIYPSTHON 00pabOTKE M BO3/CIBIBAHUH KYJIBTYP C Y3KUMU MEKTYPSIbSIMH.

JUis pBIXJIBIX HE CIEKHUBAIOMIMXCS TOYB 3TO HE SBJSETCS MPOOIEMOi, HO Al TIMHUCTBIX U
CYTJIMHKOB YIUIOTHCHHUE B 3HAYUTEIILHON CTENIEHU CKa3bIBACTCS HA YPOXKAWHOCTH, a JIsl KapTodens U Ha
KadecTBe yOOpKU. YOOpKa B TAKMX YCJIOBHUSX CBS3aHA C TIOBBIIEHUEM COMPOTHBJICHUS pa0OUNX OPTaHOB
yOOpOYHBIX arperaToB, 3aCOPEHHOCTHIO BOPOXa IMOYBEHHBIMU KOMKAaMH, 3allUMIaHUEM KIyOHEW mpu
BBICOKOM BJIAKHOCTH, 3aTpyIHECHUSMU B MOJTyYEHU U Ka4eCTBEHHOT O BOpOXaA.

BcearonpuBoauTkOonbInM3aTpaTaMpydHOTOTPY AQ.
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Annotation:

The efficiency of agricultural production is associated primarily with crop yields, which depends
largely on the structural condition of the soil. The structure of the soil during the development of plants
and the formation of the crop changes due to the natural compaction and the impact of the undercarriage
of machine-tractor units during the care of crops (plantings). This especially affects the tilled crops with
inter-row processing and cultivation of crops with narrow aisles.

For loose, non-caking soils, this is not a problem, but for clay and loams, compaction largely
affects productivity, and for potatoes, it also affects the quality of harvesting. Cleaning in such conditions
is associated with an increase in the resistance of the working bodies of the harvesting units, clogging of
the pile with soil lumps, sticking of tubers at high humidity, and difficulties in obtaining a high-quality

pile. All this leads to high costs of manual labor.
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JInsi OLEHKM TEXHOJIOTMHA MPOU3BOACTBA CEIIbCKOXO3AMCTBEHHON MNPOIYKIMU W IUJIAHUPYEMBIX
CPEICTB MEXaHH3aIMU MO MX pealu3alii B KaueCTBE KPUTEPHUEB MOTYT HCIOIb30BATHCS DPA3IUYHBIC
MOKa3aTeIH.

AHanu3 METOJHK OICHKU 3()(HEKTHBHOCTH MPUMEHCHHS TEXHOJIOTHYECKUX KOMIUICKCOB (MAIIWH)
MO3BOJISIET C/EJIaTh BBIBOIBI:

- JUTS OLICHKH MCCIIEJIOBATEIIIMU MIPUMEHSIETCS 1eIIbI S KPUTEPHEB;

- Habop KpHUTEpHUEeB JTOJDKEH COOTBETCTBOBATH 3aJadyaM, MOCTABJICHHBIM IS pealu3alud LeNn
(TeMaTUKH) UCCIIEIOBaHMUIA;

- KpUTEPUHU JOJHKHBI 00eCeunBaTh 0O BEKTUBHOCTh OLIEHKU U HE JIOMYCKATh JIMIIHUX 3aTparT.

KoMriekec MammuH mo BO3JENbIBaHUI0 KapTodens B KOHKPETHBIX YCIOBUSX IPOU3BOICTBA
JOJDKeH (DOpPMHPOBATHCS IPEKIE BCErO MyTeM BHIOOpPAa BapHMAHTOB «IIO CHCTEME OOpPabOTKH TOYBBI
U yXOJy 3a IOcaJKamMu» C HaJIO)KEHHEM Ha HEro BapuaHTa «I10 NPOQUIII0 KIIyOHEHECYILEro Ciosh»
[1,2,3].

CrnenyeT yuuThIBaTh YCIOBHUS BO3JEJbIBaHUSA KapTodens ans obecrieueHrus KoMOaitHOBOM yOOpKH:
CYTJIMHUCTOCTh U KAMEHHUCTOCTD MOYBBI, IOTOJIHBIE U APYTHUE YCIOBUS (JOKIUBAs [1OT0/1a, TOHKEHHbIE
MecTa BbIpaliuBaHus kaprodesns u T. A.). Ha ypoxail cenbCKoX03s1iICTBEHHBIX KYJIBTYP MOKET OKa3bIBaTh
BJIMSIHME TEXHOJOTHS M MEXaHW3allMh BO3JEbIBaHUA. B CBA3M ¢ 3THM Ipu pacyeTax 3KOHOMHUYECKOU
3¢ (HEeKTUBHOCTU KPUTEPUU JIOJDKHBI YUUTHIBATH KOMILJIEKCHBIE 3aTPaThI.

Jnist Bo3aenbIBaHusl KapTo(denst B YCIOBHAX CPETHHUX U TSHKEIBIX MOYB B TMEPBYIO OYepeab CIEayeT
HCIIOJIb30BaTh 3aTpaThl TPY/ia, T. K. IPU yOOpKe MIHUPOKO HCTONb3yeTcs pydyHoil TpyA. [IpuMeHuTensHo K
KOHKPETHBIM YCIIOBHUSIM I1€JIeCO00Pa3HO MCIOJB30BaTh 3aTpaThl TpyAa 0€3 CHUKEHUS YPOKANHOCTH U
IKCIUTyaTal[MOHHBIE 3aTPaThl HA €IMHUILY PAOOTHI.

OKcIulyaTallMOHHBIE 3aTpaThl HA €AUHUIY PaOOThI
Cs :W-FCW +C, +C,,,, pyo/ra (1)

"
rne Cp— 3aTpaThl HA PEHOBAIMIO Ha OJAMH 4Yac paboThl; Cproxp — 3aTPAThl HA PEMOHT, OOCITYKUBAaHHE U
xpanenue; Wq — gacoBast npou3BoauTeIbHOCTh MTA; Crem, Cs, Csen — 3aTpaThl Ha TCM, omiaty Tpyna u
BCIIOMOTATEIIbHBIE MaTePHAIBL.

3arpathl TpyAa Ha €JUHUILY pabOThI

H = tew'n/Wew, yen-u/ra, 2)

rae tew — BpeMsi CMEHBI B 4yacax; N — KOJMYECTBO MCIOJHHUTENEH paboThl Ha arperare; Wevw— CMEHHas
IIPOU3BOUTENIBHOCTD B FEKTapax.

Jlns obecnieueHust MHAYCTPHATILHON TEXHOJIIOTUM MPOU3BOJICTBA TpeOyeTcs CO3/1aTh U COXPAaHHUTH
CTPYKTYpY NOYBBHI, OO€CIIeUnBaloOIyl0 KoMOaiiHOBYI0 yOopKy. [Ipu 3TOM 1enecoo0pa3HO BBIOJHHUTH
Ka4yeCTBEHHOE PBHIXJICHHE 10 TOCAIKA W HCKIIOYUTHh YIUIOTHEHHE KIIyOHEHECYIIero CIJIosi XOJOBBIM

ammapaToM arperatoB npu oOpaboTkax mocanok. [lepBoe ycimoBrue MoxkeT obecnieunTh (Gpe3epoBaHue
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MouBbl, BTOpoe — HuckitoueHue yrioTHeHuss KHC XomoBbIM ammapaToM arperaToB HpU yXOJe 3a
MOCaIKaMH.

B cBs3u ¢ Tem, uro Ha CpenHem VYpasie MOYBBI NPEACTaBIEHBl BO MHOIOM  CyTJIMHKAMU U
TJIMHUCTBIMHA 00BEM TPYyI03aTpaT B OOJIBIICH CTEIEHHU CBs3aH ¢ YOOpKOi KapToders.

[Tocanka BBIMOIHSAETCS CYHIECTBYIOLIUMH Ca)KaJIkaMH B OCHOBHOM C IIUPHUHON Mexaypsauii 70
cM. IIpu 3TOM npuMeHeHue KOMOAHOB OTpaHMYEHO 3a CYET YIUIOTHEHHOW IMOYBBI B OOJACTH KpaeB
rpebHel, 0 MEeXIAYPAIbsIM KOTOPBIX MPOXOAT Kosieca TpakTopa 1 CXM mpu 00paboTke mocaaok.

[IpoBeieHbl ONBITHI 110 YITUPEHUIO MEXKAYPAAUM (cOMmxeHre rpeOHell monapHoe) s UCKIIYEeHUS
ymiotHenuss KHC nipu Bo3zenbiBaHuu KapTodens Ha TpeOHAX Mocie MOCaAKu ¢ MEKIypsaabsimu 70 cm.
[lepByto 00pabOTKy Tpsi MOXHO  BBIMIONHUTH  KyiabTuBaTOpoM  KOP-4,2-02 wnu KOH-2,8,
000pYIOBaHHBIX PaOOYUMH OpraHaMH JUIs YIIUPEHUS MEXAYPAIUH U1 IPpoXo/1a KOJIeC arperara.

Pe3ynbTarsl popMupoBaHus IpUBEIEHBI HA PUCYHKE 1.

B pesynbprare momapHOro cOMMKEHUS PSAKOB IPHU HCXOJHOM PACCTOSHUE MEXKAY psaAKaMu
KkiyOHeil 70 cM, cpelHee pacCTOSIHHE MEXIy CONMKEHHBIMU psIKaMH cocTaBwio 64 cm (riyOuHa
packiianku 13 cm), 55 cm (ryouna 10 cm) u 44 cm (ryouna 7 cm.).

CpenHee paccTossHHE MEXIY KIYyOHSMH B psJKe M3MEHUIOCh ¢ 17,9 (rmybuna mocagku 10 cm) 1o
17,5 cm (rnmybuna mocagku 13 cm) npu xkodddunuente Bapuanuu 0,24. Cpenssis TiIyOrHA TOJ0KCHHS

KIIyOHel coctaBmia 6 cM npu riyouHe packinanku 7 cM (koadduuuent Bapuamuu 0,32).

MPOSU NI KITYBHEHECY LLEETO CNOSA MPU CBINU>K EHU W TPEBHEN
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Pucynox 1 - Pesynbrarsr popmupoBanus npoduist rpedaeBoro KHC ¢ pacmmpenuem Mexmypsauii

s xonoBoro amnmnapara MTA (monapHoe cOnmkeHue)
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boprba ¢ copHsixamMu U 0O0JIE3HSIMH JOJKHA MPOBOJMTHCS MO MEpe HEOOXOAMMOCTH (TI0 CpoKam,
KOJMYECTBY 00pabOTOK ¥ TpHUMEHseMbIM mpemnaparam). [[ns  oOecredyeHus TakoW TEXHOIOTHH
1enecoo0pa3Ho MCIMOB30BaTh TPAKTOPHI KimaccoB 1,4 ... 2,0.

[lepedeHp onepanuii Mpu 3TOM BHITJISIIUT CIETYIOIIAM 00pa3oM:

- 00paboTKa repes] mocaaKol Ha IIyOMHY MaXOTHOTO CJIOs — (MPEUMYIIIECTBEHHO (pe3epoBaHuE);

- Hape3Ka rpeOHei;

- mocajika Kaproderns;

- 00paboTKa TOCaJOK C pacIIMPEeHUEM MEXIYPSAUN Ui TPOX0Jia KOJIEC;

- He00X0IMMBIEe 00PaOOTKH 1O YXO/Iy 3a MOCaAKaMU;

- MOATOTOBKA K YOOpKe u yOopka.

YpoxaltHOCTh MPH 3TOM 3aBUCHUT OT TEXHOJIOTHYECKOW TUCIUIUIMHBI BBIMOTHEHHUS YKa3aHHBIX
oTiepalnii, copta Kaptodess, HOpM BHECCHHSI OPraHMYECKHMX W MHHEPAJIbHBIX YyIOOPECHMM, BIAXKHOCTH
MOYBBI B IE€PHO]| BEreTaluu.

[IpoBenenusblii aHanu3 ONEHKU S()PEKTUBHOCTH MpUMEHEHUs MmamuH 1mo ¢gopmupoBanuio KHC
II03BOJISIET CEJIATh CIIEAYIOIINE BBIBOJIBI:

- JUTSI OIICHKH TIPOU3BOICTBA paOOT UMEET MECTO Psiji KPUTECPHCB;

- BUJBI U HAOOp KPUTEpPUEB TOJIKHBI COOTBETCTBOBATh 3aJauaM, IMOCTABJICHHBIM JJIsl pealln3aluu
ey (TEMaTHKHU) UCCIIEI0OBAHUHN C YYETOM YCIOBH IPOU3BOJICTBA;

- KPUTEPUU W UX YHCIO JODKHBI 00ECreunBaTh OOBCKTUBHOCTH OIEHKA W HE TPHUBOIUTH K
W3JIUITHAM 3aTpaTaM Ipu UX TPUMCHCHUH;

- npennoxkeHHbld BapuaHT dopmupoBanus KHC mo3Bonser obGecrneuynTs KOMOAMHOBYIO yOOpPKY
KapTodels U TeM CaMbIM CHU3HUTh 3aTPaThl PYYHOTO TPyJa U ce0eCTOMMOCTh PadoT.

PesynbTaThl HccaenoBaHUN ONPEISIUIN TPUOPUTETHOCTh PA0OT IO COBEPIIICHCTBOBAHUIO CPEIICTB

MMPOU3BOACTBA IJIA BO3ACIIbIBAHUS U Y60pKI/I KapTO(l)CJISI B 30HAJIBHBIX YCIOBUAX.
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NCCIEJOBAHUE ®UJIBTPYIOLIEI'O 9JIEMEHTA C MEMBPAHHBIM HAIIBIVIEHUEM
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KiroueBble caoBa. TexHonorus,auzenbHoe tormmBo, THBJI, memOpanubiii ¢unstp, MemOpaHa,
BOJIOHEMIPOHUIIaeMasi MeMOpaHa, TOTUIMBHBIC (PHIIBTPBI TOHKOW OYHCTKHU.
AHHOTANNA.

B HbiHemmHee Bpems HedTenepepadaThIBAIOIINE 3aBOJBI OOSCIEYMBAIOT THIATEIBHYI) OYHUCTKY
tormBa. Ho B CBA3M € TEM UTO IEepenpoaaxa, nepeBo3ka TOIJIMBA IPOUCXOIUT HECKOJIBKO Pa3, TOILUIUBO
3arpsi3Hserca. Boa v npuMecu MOTYT MONajgaTh B TOIUIMBO MPHU MEPEBO3KE TOIUIMBA M3 — 3a IUIOXOM
TIPOMBIBKH IMUCTEPHBI OT IPYTUX HE(PTEPOAYKTOB U MPH 3ampaBKe IIUCTEPHBI BO BpeMs 0CaJIKOB. Takke
BOJIa MOJKET ITOTIACTh B TOIUIMBO, B BUJIE KOHJIEHCATa B TOIUIMBHBIX 0akaxX M pe3epByapax, B KOTOPBIX OHO
XpaHuThCs. M3-3a MIMHHON 1EeMOYKU TepenBIKEHUs HEePTENpoAyKTa OT 3aBOJAa 10 MOTPEOUTENs U
HECOOJIIOZICHUST HOPM TME€PEBO30K, IMOTPEOUTENb IMOJy4YaeT TOIUIMBO HE HAWJIydlllero KadecTBa.
CoBpeMeHHbBIE CUCTEMBbI TUTAHUS aBTOMOOMIIEH M TPAKTOPOB, HE JIOMYCKAIOT CYIIECTBOBAHUS B TOIUIMBE
BOJBI U MEIKHUX TNpuMeceld. B CBA3M ¢ ATUM MaHHOW CTaThe paccMOTpeHa IMpodiieMa OOBOIHEHHOTO
Iu3eIbHOro ToruBa. [laHa olleHKa BiMSHHUA OOBOAHEHHOTO TOIUIMBA Ha TOIUIMBHYIO almaparypy H
paboty nBurarens. [IpuBeneHbl JaHHBIE TIO COJIEPKAHUIO BOJIBI B TOILTMBE. PacCCMOTPEHO HACHIIIIEHHOCTh
pBhIHKA (QUIBTPOB TO3BOJISIONINX OTJAEITUTH BOAY U MEJIKUE YACTHUIIBI OT TOTUIMBA. PacCMOTpPEHBI TUTFOCH |
MHHYCHI K&KJIOTO CYIIECTBYIOIIETO (DHIIbTpa, MPOBEACHO CPABHEHHE C MIPEAIaraeMbIM HaMU (PUIIBTPOM C
MEMOpaHHBIM HambUICHHEM. ABTOpPaMH, IPEACTaBICHA TEXHOJOTHS IO3BOJISIONIASl OTACNIATH BOIY H
MEJIKMe TPHUMECH W3 JU3EIBHOT0 TOIUIMBA, ITyTEM YCTAaHOBKH JOIMOJHUTEIBHOTO (UIBTPA TOHKOM
OYHCTKH B CHCTEMY MHUTaHUA TpakTtopa. M3ydeH mpoliecc MpOU3BOACTBA KEPAMUYECKOTO OCHOBAHUS
¢bunbpTpa U HaHECEeHUs Ha Hero MemOpaHHoro ciosi. [IpencraBieHa cxema (QUIBTPYIOLIETO dJIEMEHTa U
KOJbIla C MEMOpaHHBIM HambUleHHeM. [lpuiokeHa cxeMa MOJEPHHU3AIMU OTYUCTKU TOIUIHBA.
[IpencraBieHsl pacueTbl U pe3yJbTaThl HKCIEPUMEHTA MO (QUIBTPAIMHU TOTUIMBA YEPE3 MPEIOKEHHYIO

HaMU CXeMy NMUTaHUS U GUIBTPYIOIIUN 3JIEMEHT C MEMOPAHHBIM HAMbUICHUEM.
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Annotation.

At the present time, the oil refineries provide a thorough cleaning of the fuel. But due to the fact
that the resale, transportation of fuel occurs several times, the fuel is polluted. Water and impurities can
enter the fuel during transportation of fuel due to poor washing of the tank from other oil products and
when refueling the tank during precipitation. Also, water can get into the fuel in the form of condensate in
the fuel tanks and tanks in which it is stored. Due to the long chain of movement of oil products from the
plant to the consumer and non-compliance with transportation standards, the consumer receives fuel of
poor quality. Modern power systems of cars and tractors, do not allow the existence of water and small
impurities in the fuel. In this regard, this article deals with the problem of watered diesel fuel. Estimation
of flooded fuel in fuel system and engine. The data on the water content in the fuel are presented. The
saturation of the market of filters allowing to separate water and small particles from fuel is considered.
The pros and cons of each existing filter are considered, and a comparison with the proposed membrane-
coated filter is made. The authors present a technology that allows separating water and small impurities
from diesel fuel by installing an additional fine filter in the power supply system of the tractor. The
process of production of the ceramic base of the filter and applying a membrane layer on it is studied. The
scheme of the filter element and the ring with membrane sputtering is presented. The scheme of
modernization of cleaning of fuel is applied. Calculations and results of the experiment on fuel filtration

through the proposed power supply scheme and filter element with membrane deposition are presented.
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AKTYaJlbHOCTh W TNOCTaHOBKA 3axaum. J[{nsg obecrnedeHuss GyHKIMOHUPOBAHUS JFOOOTO
arponpeAnpusTUs HE0OX0JUMO aBTO M TPAKTOPO-XO34iCTBO, KOTOpOE 00eCreyrBaeT pa3indHble padoThI,
CBsi3aHHBIE C pabounm mpoueccoM. OT KayecTBa TOIUIMBA B 3HAYUTEIBHON CTENEHH 3aBUCUT
s deKTUBHAS ¥ JOJTOBEYHAs paboTa TOIUIMBHOW ammaparypsl JIBUTATENEeH aBTOMOOWIICH, TPAaKTOPOB U
JIPYTUX CEJIbCKOXO3SHUCTBEHHBIX MAIlIMH. YUYHUTHIBasi COBPEMEHHBIE SKOJIOTMYECKHE TEHICHIIMH, 3a
nocyeHue roJisl B cepe MpOU3BOICTBA U IPUMEHEHHS TU3€IbHOT0 TOIUIMBA B IBUraTENsIX BHYTPEHHET O
CTOpaHUsl, OUYEBUIHO, YTO OJHA U3 HanOoJiee BAXKHBIX 3314 — 3TO YJIydlleHHe (UiIbTpanuu Tommsa.[3]

Hns  Hage:xkHoW pabOThI TEXHUKH OOJBINOE 3HAYCHHE HMMEET KadecTBO TormBa. Ha
CEJIbCKOXO3SIUCTBEHHBIX NPEANPUATUAX TOIUIMBO XPaHUTCS B IMOA3EMHBIX pe3epByapax, OodYKax,
aBToLMCTEepHAX. [Ipy TakoM Buje XpaHEHUS M3-32 Pa3HUILIBI TEMIIEPATYp HE UCKIIIOUYEHO MOMNalaHie BOAbI
B BHJIE KOHJICHCATa B TOILIMBO.[1 ]

MaTepuajbl H MeTOAbI HCCJIEI0BAHMSA.

Hanuuue BoJbl OTpUIIATENBHO BIMSET HA UCMAPSIEMOCTh TOIUIMBA B KAMEPE CrOpaHUs, YMEHbIIas
TEeMIIepaTypy U CHIKas JlaBjieHue MapoB ToruiuBa. OOBOJAHEHHOE TOIUIMBO CIIOCOOCTBYET 00Pa30BaHUIO
[IJIAMOB, YTO MPHUBOAUT K 3aCOPEHHUIO TOILIMBO IMPOBOAOB M (DMIBTPOB, yXyJIIas 3allyCK JBUTaTels,
3aTPyAHAIOT NI0J1a4y B HEro TOIUIMBA M 3aKIMHMBAIOT IuryHkepsl THB/I. Hannune Boabl pe3ko CHUKaeT
CMa3bIBaIONIe CBOWCTBA TOIIMBA IO OTHONICHHUIO K MPELIU3UOHHBIM I1apaM, YTo MOBBIIIAET UX U3HOC. 8]
PaboTta Ha 0OBOJHEHHOM TOILIMBE MOXKET BBI3BaTh KOPPO3HMIO TOIUIMBHOW ammapaTypbl, TaK Kak €clid B
TOIUIMBE MMEETCS BOJAA, TO COJAEpXAIIUeCs B HEM AKTHUBHbIE B KOPPO3MOHHOM OTHOIIEHUM BEIIECTBA
(KUCIOTHI, IIEJI0YH, CEPHUCTBIE COEIUHEHHS], IEPEKUCH) JUCCOLUUPYIOT B BOJHOM pacTBOpe, 00pasys
ANEKTPOJIUTHI, BBI3BIBAIOLIUE DIEKTPOXUMHUYECKYI0 Kopposuto. [Ipu pabore Ha 0OBOJHEHHOM TOIUIMBE
MOJKET YMEHBIIUTHCS MPOYHOCT (PMIIBTPYIOIIUX NTEPETOPOJOK YTO MPUBOJIUT K UX pazpylieHue. [2]

[Tpu HammcaHWM CTaThbU OBUIM PACCMOTPEHBI CYIIECTBYIOMIME BOJOOTBOIAIINE (QHIBTPHI, CIIOCO0
MIPOU3BOJICTBA KEPAMUUECKUX OCHOBaHMM JJist puiibTpa. [Ipenoxkena cxema KOHCTPYKIMH (HUIBTpa.

CymectBytome GuibTpbl

1)®unsTp-Bomootnenutenb BENZA,[4]

2)bunbrp-Bogootaenutens FG-100, [5]

3)dunbrp-cenaparop FV-5, [6]

4)punsTp-cenaparop Separ 2000 [7]

[IpenHasHaueHsl MJis yCTAaHOBKM HAa TOIUIMBOIPOBOJ M HWCHONB3YIOTCA MJI OCHAIEHUS
CHELTEXHUKU. B mepBBIX TpeX HUCMOIb3yeTcss OYMakKHbIM (UIBTPYIOIIUI AJIEMEHT KOTOPBIA HE MOKET:
rapantupoBath 100% oTBOx BOABI, TpeOyeT 3aMEHbl KapTpuka. Y UETBEPTOro (PHIbTpa CII0XKHAS
KOHCTpyKIuA. CTOMMOCT, GWIBTPOB U UX MOCIEAyollee OOCIy)XKMBaHHE 3HAYUTEIBHO JIOPOXKE
MIPEICTaBICHHOTO HAMHU.

[Tpon3BOICTBO (PMIBTPYIOLIETO AJIEMEHTA.
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B kauecTBe OCHOBBI (PHIIbTpa HCIONB3YETCS MOpHUCTas Kepamuka. (OCHOBHbIE KOMIIOHEHTBI
pasMeniuBaeTcss 10 TMOdy4deHHs (OpPMOBOYHOM KOHCUCTeHIHMH. M mpomyckaeTcss depe3 mpecc Ui
MOJTyYeHHS HY>KHOU (OpMBI PHIIBTPA.

CropeccoBaHHbIe 00pa3mbl OOKUTAIOTCS ISl YAAJCHHUS HCTOYHHUKOB IOPOOOpPA30BaHUS IPH
temnepatype 800°C B TeueHHe OJHOTO Yaca, 3areM criekaercs npu Temmeparypax 1250-1400°C.
[Ipou3BosAT BEIOPAKOBKY MOIYYHUBLIMXCS 00pa3loB C U3bsiHAMU. MeMOpaHHBINA CJI0H HAHOCUTCS IyTeM
MOTPY>KEHUSI KepaMHUYECKuX 00pa3loB. 3areM o0pas3ipl BBICYIIMBAIOT HA BO3AyXe NpPHU KOMHATHOMN
Temineparype B TeueHue 24 yacos.[3]

[IpencraBinena cxema (UIBTPYIOUIETO 3J€MEHTa B OCHOBE KOTOPOIO MOpHCTas KepaMuka Hu

HaHCCCHaA M€M6paHa MIpOoITyCKaromas TOIJInBa HO 3aICPKHUBAKOIIAd BOAY (PI/IcyHOK 1)

3‘%
L |

1) Kepamuueckast ocHoBa GuibTpa, 2) MeTtamuiyeckre KpbIky, 3) MeMOpaHHBIHA CITOH.

PucyHnoxk 1- ®unpTpyroniuii 3J1eMeHT

Konctpykuus ¢puibpa.
UroObl NpenaoTBpaTUTh MOMNAJaHHE TOIUIMBA B CIMBHOM CTakaH. YCTaHOBJIEHO KOJIBLIO C
MeMOpaHHBIM HaIlbIJIEHHEM KOTOpOe MMeeT oOpaTHoe neiicTBue. Boma mpoxoauT uepe3 MeMOpaHHbIH

CJIOM, a TomMBO 3a1epxuBaercs (PucyHok 2).

Pucynok 2-Konbiio ¢ MeMOpaHHBIM HAIBUICHUEM.
JlaHHass KOHCTPYKLMSI COCTOMT U3 QJFOMHUHHUEBOM KPBIIIKK C KPOHIUTEHWHOM, B AIIOMUHHUEBYIO
KpBIIIKY BKpy4dWBaeTcsl mosas TpyOka (2) Ha koTopyio HacaxuBaercs ¢GuiabTp(l) ¢ mMeMOpaHHBIM

cioeM(3,4) ¢ pe3rHOBBIMH YIUIOTHEHUSIMH, MEX/Y KOPIIyCOM U KPBIIIKON YIUIOTHUTENbHAs pokiaaka. K
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KOPIYCY Pe3bO0OBBIM COCJMHEHHEM 3aKpEIUISeTCsl CTaKaH M3 KOHCTPYKIMOHHOTO CTEKJa C PE3MHOBBIM
KoJbIIoM(5).

TormmmBo oT GUIbTpa TOHKOW OYMCTKU MPOXOJIUT Uepe3 KepaMUUeCKUil (QUIBTP ¢ MEMOpPAaHHBIM
cioeM | 1o moJjior TpyOke orBonutcst B THB/I, a Boxa 3amepkuBaeTcs MEMOpaHOW M OcelaeT Ha JIHE

crakana (Pucynok 3).

=y : om gonsmpa
~ ‘ ) ~ MOoHKOU
‘ | omucwy

Pucynok 3 — Cxema ¢punbTpanuu

1) Kepamuueckuit unbtp, 2) Ilonas tpyOka, 3) MemOpannslii cnoii, 4) Konbio ¢ MemOpaHHbIM
HanblieHueMm, 5) CtakaH 1715 OTBEICHHON BOJBI.

IIpeanaraemoe pemenue npodaembl. YToObl UCKIIOUUTH MTONAJaHUE OOBOJHEHHOIO TOIUIMBA B
aBUraTenb. Mbl IpejyiaraeM HCIOIb30BaTh HOBBIA BOJOOTBOAALIMK ¢uibTp. V3MeHUB cuctemy
¢wibrpanmu. Ha mpumepe Tpakropa bemopyc 82.1 BugHo: OOBOJHEHHOE TOIUIMBO Ha 3alpaBOYHOM
cTaHMu nonaaaer B Oak (1) mpoxons uepe3 ¢uiabTp rpyOol OTYUCTKH (2) TOMJIMBO OTYHILAETCS OT
KPYIHBIX YacTHII, Mocje Mpoias uepe3 mommy (3) momanaer B (QUIBTP TOHKOH OTYMCTKHU (4), mocie
MPOXOAUT uYepe3 MeMOpaHHBIH GMIbTP(6) Te BoJga OTAEIsIeTCs OT TOIUIMBA, M 3aT€M OTYHILEHHOE

toruBo nonagaet B THB/L (7). (Puc.4)

ﬁ
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Pucynox4 - Cxema nutaHus Iu3ens
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1) bak. 2) ®unstp rpy6oit otunctku. 3) [Tommna. 4) ®unbTp TOHKON oTUUCTKH. 5) TpyOompoBo.

6) MemOpanusiii Gpunstp. 7) THB/.

Pe3yabTaThl HCNIBITAHKS.
1. B mporecce HCMBITAHUN TOIUITMBO MPOITYCKAJIA 4epe3 MeMOpaHHBIN CJI0W, HAHECEHHBIH Ha
Oymary. ToIIMBO NPOXOHIIO MOJT IaBJICHUEM COOCTBEHHOI'O Beca.
ITpomyctunu 10 mut. ToruBa 3a 10 muH. 44 cex.
[Tnomanp 60KOBOM NOBEPXHOCTH BOPOHKHU.
S=mnrl
rae  I- paauyc, MM.;

|- nrHa MOBEPXHOCTH, MM.;
S =3.14%3%45 =424 cm? = 0,00424Mm?
[TpomyckHasi ClIOCOOHOCTb.

X = 10 x 1073 1072100 _ 30
T 424%107%%0,178 7,6%10"% 76 = MZxuy

JI

[TpomyckHas ciocCOOHOCTh MEMOPAHHOTO €105 cocTaBuia 13 —
M“*Y4

2. VcmpITanus MPOBOJMUIUCH B YYEOHO-OMBITHOM X03sicTBe Ypanbckuii ['AY Ha ToOmImBHOMN

anmaparype Tpaktopa benapyc 82.1 ocHamenHbiM apurarenem [l — 243.

JI

[IponyckHas cnoCOOHOCTE MEMOPAHHOTO CII0S COCTaBuna 45 —
M“*4q

3. B pPE3yJIbTaTe HCCIIEOBaHUM BOABI B IU3EIbHOM TOILJIUBE HE O6HOPY)KCHO.

BbiBoa.IlonBoas uToru, MOXKHO CKa3aTh, YTO OCHOBHBIMH HEJIOCTaTKaMHU HAIIEro JU3TOILUIMBA
SIBJIAIOTCSI, OOJIbIIIasi MaccoBasi JOJS Cepbl U MPUCYTCTBUE BOABL[8]3arps3HeHus B IU3€IbHOM TOILIMBE
BIIMSIIOT Ha pabOTy TOIUIMBHOM ammapaTypbl U JIBUTATENS TEM CaMbIM CHIDKAs €€ HaJeKHOCTh U pecypc
paboTel. YacTuiupbl 3arpsA3HEHHOTO TOIUIMBA MOMAJas B LMJIUHAPHI JABUTATENsS, CTAHOBITCS MPUYMHOM
W3HOCA JieTajeld  [WIMHAPONOPIIHEBOW TpyNmbl  amnmapatrypel  aBurateneid.  Mcmnosb3zoBanue
JIOTIONIHUTENBHOTO MEMOpaHHOTO (GUIbTPAa TO3BOJUT NPOMJIUTH PAOOTOCMOCOOHOCTh TOIJIMBHOM
anmnapaTtypbl, TEM CaMbIM ITO3BOJIUT COKOHOMUThH HA PEMOHTE TEXHUKH. Pe3ysibTaThl MCIIBITAHUI MOKa3aJIx
yTo sl oOecnedeHuss OecnepeOOMHON moxayu TOIUIMBA B KaMmMepy CropaHuss B KOHCTPYKIMH

npeaycMaTpuBaeM 2 pUIbTPYIOLIUX IEMEHTA.

36



37

10.

11.

1.

Jluteparypa.
Tumkun B.A., Jlazapes B.A. [IpuMmeHneHne oTeuecTBEHHBIX KepaMuieckux MemOpan // Monounas

peka. 2015. Ne 2 (58). C. 57.

. I'puropoB A. b., Mopaynenko A. A., llleBuenko K. B. AncopOunoHHas ouncTKa TU3EIbHBIX

TOIUIUB OT CEPOCOJEPXKAIIMX COCAMHCHHH // DHeprocOepekeHre. DHEpreTuka. JHEproayauT.
2014. Nel (119). URL: https://cyberleninka.ru/article/n/adsorbtsionnaya-ochistka-dizelnyh-topliv-
ot-serosoderzhaschih-soedineniy (nara obpamienus: 28.02.2019).

BENZA [2nexrponssiii pecypc] — URL: http://99-t.ru/filtr-vodootdelitel-benza (nata oOparenusi:
25.02.2019)

Qunbtp-BogooTnenutens it AT  w Gensuna  [Dnextponsbsiii  pecypc] — URL:

https://www.ampika.ru/oborudovanie.html?razdel=97 &type=685&utm_source=yandex&utm_me

dium=cpc&utm_campaign=gespasa&utm_content=2829371946&utm_term=%D1%84%D0%B8

%D0%BB%D1%8C%D1%82%D1%80%20fg%20100&yclid=828719470890212558 (nata
oOparenus: 24.02.2019)

Owibtpsl 118 torumBa F u FV (¢ 3anmacHeIM KapTpumkeM) [OnexktpoHHbli pecypc] — URL:

https://els-ekb.ru/filters/fuel/542-fv-5/ (nata o6pamenus: 25.02.2019)

OunbTp-cenaparop Separ 2000 [Dmextponusiii pecypc] — URL: https://separ-filter.ru/ (nara
oOpamenusi: 25.02.2019)

Hosonammun JILA., Kotmo6a FO.b., CanoB A.A. Ucnonp3oBanue ycTpoicTBa st 00€3BOKHBAHUS
JIM3ENIbHOTO TOIUIMBA W JIM3ETBHOTO CMECEBOTO TOIUIMBA B CHUCTEME IHMTaHUS JTU3EITbHBIX
nsurateneit. / Becrauk ouorexnomorun. Homep: 2 (16) I'ox: 2018 Crpanwua: 9

[Onekrponnbiii pecypc] — URL: http://dostavka-toplivo.ru/chem-otechestvennoe-diztoplivo-

otlichaetsya-ot-evropejskogo/ (nara obparenus 14.03.2019)

YcrporictBo s o0e3BoxkuBaHUS Au3enbHOro TtorummBaHoBomamuu JILA., Kommoba 1O.B.,
Tumkun B.A., Jleckun P.E.matenT Ha mosie3nyro mojaens RUS 188824 30.01.2018

Kotmo6a FO.b., Hoonammu JI.A., Tumkua B.A.O630p TEXHHUECKUX PEIICHUA MPOOIEMATHKH
00BOJHEHHOCTHAU3ENILHOTO TolMuBaHayuHO-TeXHHUECKUI BECTHUK TEXHUYECKHE CHCTEMBI B
ATIK. 2018. Ne 2 (2). C. 119-127.

Tumkun B.A., HoBomamun JI.A., Kotmro6a FO.b.OcMoTndeckoe naBieHuEe pacTBOPOB MHIIEBOM

pOMBIIIIeHHOCTHHayuHO-TeXHIUeCKuil BeCTHUK TexHuueckue cucteMmbl B AITK. 2018. Ne 2 (2).

C. 88-101.

Literature.
Timkin V. A., Lazarev V. A. The use of domestic ceramic membranes // Milk river. 2015. Ne 2
(58). P. 57.


http://99-t.ru/filtr-vodootdelitel-benza
https://www.ampika.ru/oborudovanie.html?razdel=97&type=685&utm_source=yandex&utm_medium=cpc&utm_campaign=gespasa&utm_content=2829371946&utm_term=%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%20fg%20100&yclid=828719470890212558
https://www.ampika.ru/oborudovanie.html?razdel=97&type=685&utm_source=yandex&utm_medium=cpc&utm_campaign=gespasa&utm_content=2829371946&utm_term=%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%20fg%20100&yclid=828719470890212558
https://www.ampika.ru/oborudovanie.html?razdel=97&type=685&utm_source=yandex&utm_medium=cpc&utm_campaign=gespasa&utm_content=2829371946&utm_term=%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%20fg%20100&yclid=828719470890212558
https://els-ekb.ru/filters/fuel/542-fv-5/
https://separ-filter.ru/
http://dostavka-toplivo.ru/chem-otechestvennoe-diztoplivo-otlichaetsya-ot-evropejskogo/
http://dostavka-toplivo.ru/chem-otechestvennoe-diztoplivo-otlichaetsya-ot-evropejskogo/
https://elibrary.ru/item.asp?id=37473252
https://elibrary.ru/item.asp?id=36645042
https://elibrary.ru/item.asp?id=36645042
https://elibrary.ru/contents.asp?id=36645028
https://elibrary.ru/contents.asp?id=36645028
https://elibrary.ru/contents.asp?id=36645028&selid=36645042
https://elibrary.ru/item.asp?id=36645039
https://elibrary.ru/item.asp?id=36645039
https://elibrary.ru/contents.asp?id=36645028
https://elibrary.ru/contents.asp?id=36645028&selid=36645039

38

10.

11.

Grigorov A. B., Mordovenko A. A., Shevchenko K. V. Adsorption purification of diesel fuel
from sulphur-containing compounds]. Energy. Energy audit. 2014. Nel (119). URL:
https://cyberleninka.ru/article/n/adsorbtsionnaya-ochistka-dizelnyh-topliv-ot-serosoderzhaschih-
soedineniy (date accessed: 28.02.2019).

The BENZ [Electronic resource] — URL.: http://99-t.ru/filtr-vodootdelitel-benza (date accessed:
25.02.2019)

Filter-water  separator for DT and gasoline [Electronic resource] - URL:
https://www.ampika.ru/oborudovanie.html?razdel=97&type=685&utm_source=yandex&utm_me
dium=cpc&utm_campaign=gespasa&utm_content=2829371946&utm_term=%D1%84%D0%B8
%D0%BB%D1%8C%D1%82%D1%80%20fg%20100&yclid=828719470890212558 (date of
application: 24.02.2009)

The fuel filter F and FV (with spare cartridge) [Electronic resource] — URL.: https:/els-
ekb.ru/filters/fuel/542-fv-5/ (accessed: 25.02.2019)

The filter-separator Separ 2000 [Electronic resource] — URL.: https://separ-filter.ru/ (accessed:
25.02.2019)

Novopashin L. A., Katluba Y. B., Sadov A. A. Device for dewatering diesel fuel and diesel
mixed fuel supply system of diesel engines. // bulletin of biotechnology. Number: 2 (16) Year:
2018 Page: 9

[Electronic  resource] - URL: http://dostavka-toplivo.ru/chem-otechestvennoe-diztoplivo-
otlichaetsya-ot-evropejskogo/ (accessed 14.03.2009)

Device for diesel fuel dehydration Novopashin L.A., Kotlyuba Y.B., Timkin V.A., Leskin R.E.
patent for utility model RUS 188824 01/30/2018

Kotlyuba Y.B., Novopashin L.A., Timkin V.A.Review of technical solutions to the problem of
diesel water flooding Scientific and Technical Bulletin technical systems in agriculture. 2018. No.
2 (2). Pp. 119-127.

Timkin V.A., Novopashin L.A., Kotlyuba Y.B.Osmotic pressure of food industry solutions
Scientific and Technical Bulletin technical systems in agriculture. 2018. No. 2 (2).Pp. 88-101.



YK 629.7

MPOEKT POTOPHOM I'MAPOIIOHHOM YCTAHOBKHU C ABTOMATHU3UPOBAHHBIM
IMPOOECCOM BBIPAIIMBAHUA KYJIBTYP

CagoB ApreM AJieKCAHAPOBHUY, aCIIUPAHT Kadeapbl TEXHOJIOTUYECKUX U TPAHCIOPTHBIX MAIIUH
OI'bOY BO VYpanbckuit 'AY

(620075 CepasioBckast obsacts, r. ExarepunOypr, yin. Kapna JIubkuexra, 1. 42 Tten. §-996-187-
9731, E-mail: artemsadov@yandex.ru)

Iloretnss Koncrantun MmuxaiioBud mnpenojaBareinb Kadeapbl TEXHOJOTHYECKUX U
tpancnoptHbix MaiuH ®I'BOY BO VYpansckuii [AY
(620075 CaepmioBckast obnactb, . EkarepunOypr, yin. Kapna JIubkuexta, n. 42 ten. +7 (343) 371-33-
63, E-mail: gto992@mail.ru)

HockoB Aunexceii UBanoBu4 ctyneHT HampasieHus — 35.03.06 arpounkenepusi, - npoduib
Texnuueckue cucremsl B arpoousHece. Kagpeapa — TpaHCIOPTHO-TEXHOJIOIMUECKUX MAIIMH U CEpBHCA.
®I'bOY BO Vpanbsckuii 'AY
(620200 CsepmioBckast obmactb, r. ExarepunOypr, yn. MHiombckas 20. VYpanbCkuil arpapsblit

roCyIapCTBEHHBIN yHHBEpCHUTET, Tel. 8-902-261-54-39, E-mail: aINos98@yandex.ru)

Penenzent: FOcymoB M.JI. — nekaH (akylibTeTa TPaHCHOPTHO-TEXHOJIOTUYECKUX MAalIMH W
cepBUCa KaHAUJAT SKOHOMHUYECKUX HayK, JOLEHT. [loyeTHbI paOOTHUK BhICIIETO MPO(ECCHOHATBHOTO
obpazoBanus PO. ®I'BOY BO VYpansckuii [AY. (620075 CeepuioBckast 00sacts, T. ExatepunOypr, yi.
Kapna JIubknexta 1.42, Ten. 8 (343) 221-41-02 E-mail: mamed.yusupov.2014@mail.ru)

AnHoTauusi: braromaps 0030py HaydHOW JUTEpaTypbl paccMaTpUBAETCs HCIOJIb30BAHUE
THJIPONIOHUKN JJISl BBIPALIMBAHUSA 3€JICHBIX KYJIBTYp B COBPEMEHHBIX YCIOBHSX YpOaHW3aIUH, U
CBSI3aHHBIE C 3TUM MpoOJeMbl KaK B IKCIUIyaTalldd CaMUX CUCTEM, TaK M CJIOKHOCTH B IEMIOYKE
«TIPOU3BOAUTENB-TIOTPEOUTENBY. B CBA3M ¢ OOIBIINM KOJIMUECTBOM HEJIOCTATKOB, KaK CIIOCOO pelIeHus U
MUHUMU3ALMN HEAOCTAaTKOB B BBbIPALIMBAaHUM PACTEHUM paccMaTpUBaeTCs IPUMEHEHHE POTOPHOU
THJIPOTIOHHOW CHUCTEMBI, KOTOpPOE JaeT BO3MOKHOCTb Ha MEHBLICH IUIOMAAN MOKPBITUS IOJIY4YHUTh
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CYET IPUMEHEHMS IIPOrPAMMHO-AIIIAPATHBIX MOLYJICH.
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Annotation: A review of the scientific literature examines the use of hydroponics for growing
green crops in the current urban environment and the associated challenges in both the operation of the
systems themselves and the complexity of the producer-consumer chain. Due to the large number of
shortcomings, as a way to solve and minimize the shortcomings in the cultivation of plants, the use of a
rotary hydroponic system is considered, which makes it possible to obtain a larger area of seats on a
smaller area of coverage than with the vertical method of cultivation. Reduce the amount of human labor
used by automating the cultivation of the plant through the use of software and hardware modules.

Keywords: hydroponics, agriculture, energy saving, rotor, automation, urbanization.

VYBenuueHne 4YHMCIEHHOCTU HACEJIEHHs 3€MIIM, POCT KOJIMYECTBA JIIOAEH MPOKUBAIOLIUX B
ropojiax, a TakXe POCT CaMUX TOPOJOB BEIET K YBEJIMYECHHUIO MOTPEOJICHUS MHILIM, YCIOKHEHUIO €€
pacnpesielieHuss U YBEIMUYEHHMIO PAcCTOSHHMS MEXAy Npou3BoauTeneM M mnoTtpeduteneM. Takxxke
CylLIecTBYeT MpobyieMa YUCTON, IPUTOAHOM ISl MUThS U MOJUBA PACTEHUN BOABL. B CBsA3M ¢ 3TUM BCTaéT
BOMNPOC 00 MAaKCHMaJIbHO BO3MOYKHOW 3KOHOMUU IIJIOIIAIU MIPHU BO3/AEIBIBAHUH KYJbTYp, PAllMOHAIHLHOM

HCIIOJIb30BAaHUH BOJIHBIX, MUHEPAJIbHBIX, OPraHUYECKUX U TEIJIOBBIX PECYpPCOB, U MOJYYEHUN IIPU 3TOM
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JIOCTaTOYHOI'O0 KOJIMYECTBA CEIbCKOXO3ANUCTBEHHOW MNpoaykuuu. [Ipm 3TOM HE IODKHO MOCTpanarh
KayecTBO MPOM3BOJMMON MHUIIM, YTO OYEHb CIIOXKHO CJeNaTh MpH OONBLUIMM PACCTOSHUM MEXKIY
MIPOU3BOJIUTENIEM U TOTpeOHTENEeM, T. K. JAOCTaBKa OO MOTPEOHUTENs] 3aHUMAaeT OOJIbIIOE KOJIMYECTBO
pecypcoB, TeM CaMbIM YBEJIMUYMBAsI UTOTOBYIO CTOMMOCTb. Takike 3€JIeHb MOKET IOTEpATh TOBAPHBIN
BUJI, B€/Ib OHA 3aHUMAeT OOJbIION 00BEM IUIOIAAN IPU MaJIOH Macce, U €€ JIETKO OBPEIUTb.

Jlnst pemieHust JaHHBIX MPOOJIEM BO3MOKHO HPUMEHHMTh METOJ THMAPOIIOHHOTO BbIPAIMBAHUS.
BrIpamuBanue pacTeHUH HA OCHOBE IIUTATENIbHBIX PACTBOPOB PACTBOPEHHBIX COJIEH — HE HOBBIA METOJ.
OH uMeeT CBOM CYILECTBEHHBIE HEAOCTaTKU: TpeOyroTcs OOJbIIME IUIONIAJM 3aKpPhITOIO TPyHTa U
CYLIECTBEHHBIN pacxo/ SHEPIUu Ha ocBeleHue. s pa3pereHus JaHHbIX Ipo0jieM HY’KHO HailTh HOBbIE
METO/bl BbIPAILIVBAHUS.

[Tpunmun pa®oTbl MeTOJa POTOPHOW THUAPOIIOHMKH OCHOBAaH HAa BPAIICHWH PACTEHUI BOKPYT
HCTOYHMKA cBeTa. [Ipym 3TOM IuTaTENbHBIM PAacTBOpP PAaCTEHHs IOJIYyYarOT U3 pe3epByapa, B KOTOPBIU
NIEPUOJNYECKH OKYHAETCsl IIOPUCTAsl cpefa Al KOpHeW pacTeHuid. [IpuMeHeHre TeXHOJI0ruu pOTOPHOU
TUAPONIOHUKU NAET BO3MOXKHOCTH IIOJIyYUTh YKOHOMUIO IIOCAJOYHOIO MECTa: PACTEHHs PACIIOJIArarTCs
HE Ha IUIOCKOCTH, KaK B BEPTUKAJIBHON THIPOIIOHUKE, & BOKPYI MCTOYHUKA CBETA, YTO IIO3BOJIUT

OKOHOMUTH Ha OCBCIICHUH.

1 2
2 i =
_\\
3
S
Pucynox 1 - [lpunuyunuanvhas cxema pomopHOU 2UOPONOHHOU ycmanosku. Llugppamu

obosHauenvi: 1 — namna, 2 — enaconopucmas cpeda 0isi pacmenuil, 3 — 31eKmMpOHHbI 00K

Tak BepTHKaHBHOﬁ FI/IIIPOHOHHOI;'I CUCTCMC I TMOKPBITUA ILIOIIAAW PACTUTCIBHOCTU

2
MHKpPO3€JIeHH, 3aHumaromed 1M  3akpbeITOM IUIOHMAAM HEOOXOAMMa paBHas €W IUIolaab, MpU

IIPUMCHCHUUN pOTOpHOfI THAPOIMOHUKH JKE IMOoCaJ04YHaA IUIOMAaAb PACCYHUTBIBACTCA KaK ILIOIIadb

III/IJII/IHI[paSZ 27Tl’b . TaK, IIprU KUCIOJB30BAHWH ILUIOIIAAN 1 MB ANaMETpE, 1B AJINHYy, W IUI0IA[Ab
YBEIIMYMBACTCSA HA 3HAYEHUE T, YTO JIaeT POTOPHON YCTaHOBKE MpUMEpHO B 3,14 pasa Gosible Tutomiaan
MOCaJIKK Ha OJIMHAKOBOE KOJMYECTBO 3aKPHITOTO TPYHTA.

[TorpeOnenne HEPruu Ha OCBEIEHHE PACTEHUM CHM)KAETCS 3a CUET BHIPABHUBAHUS PACCTOSHUS
OT MCTOYHHKA CBETa JI0 IMOCAJAOYHOM TUIOMIATU BCEX PACTEHWW M YMEHBIICHHS] PACCEHMBAHUS CBETa U
TeIUla MO IUIONIAJM, TJ€ OHO HE HEeCeT BIUSHHUS Ha KyJbTYypbl, TaK KaK Telephb IoJIe3Has IJIOLadb

BO3JIETIbIBAaHUS HAX0AUTCA Ha 360° BOKPYT MCTOUHHKA CBETA.

41



CTOPDHHEB pPacXxoO0oBaHHE 3HEPTHH

PacTeHHe BOTH3H
HCTOYHHEA CBETA

PacTenHsa eoadH

OT HCTOYHHEA
OOHHAKOBOR PacCTOdHHE 34 CHET

HCIIOTB30BAHHA (OPMBI OKPYKHOCTH

Pucynox 2 - [paguueckoe cpasnenue none3noco O0elcmeus 0C8eujeHus 8 GepmuKaIbHOU U
pomopHotl eudpononnou cucmeme. bonvuioe éruanue na pazeumue pacmenuli 0Kazvléaem KOJIUUECNBEO
naoarowje2o Ha He20 c6emad, HAxX00sAuweecs 8 NPSIMOU 3A8UCUMOCTU OM PACCMOAHUSL 00 UCTNOYHUKA
ceema.

JInst  cBOero pa3BUTHS pPACTEHHE HYKIAETCI B MAaKpo-, MHKPOAJIEMEHTaX, OCBELICHUH,
COOJIFOJICHUM OIPENICICHHOW TeMIepaTypbl, BJIAKHOCTH M COCTaBa OKPY’XKAaloOIIEro BO3/1yXa, B
noJIep )KaHuM Ipyrux (axkropax okpyxaromieil cpensl. IlocTosHHOE HaOMIOAEHUE M MOJAEPIKAHUE HX
YeJIOBEKOM TpeOyeT OOJbIINX 3aTpaT YeJIOBEYECKOro pecypca. ABTOMaTH3aluUs Mpoliecca BhIpallliBaHUS

paCcTeHUN B IOMCHICHUU HJOJIDKHO COKPATUTh OTHU 3aTpaTbl U MHOT'OKPATHO YBCJIWYHTH 00BEMBI

IIPOU3BO/CTBA.
HariHK JIaT9HK BAaKHOCTH H
OCBEIICHHOCTH TeMIepaTypsl BO3AyXa
_|_ -
JIaTIHEK
l ] IIporpamHo- TeMIepaTypsl
+ anmapaTHBIH pacTBopa
BIIOK IHTaHHA BIIOK MHTaHHA MoZynh
AC-DC 12v AC-DC 12v
- | JlaT9HK
BIAKHOCTH
n - VipapieHHe H TO¥BRI
Potop KOHTPOIHPOBAHHE
OCHOBHEIMH
1 Benmmum ACKTPHICCKHME
CHCTeMaMH
OcBellleHHe

Pucynoxk 3 - [IpuHnunuanbsHas cxema 3J1eKTPUYECKO eTH CUCTEMbl POTOPHOM MMIPONOHUKH
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JUia  aBTOMAaTH3allMM pPa3BUTHS PACTEHHHM PacCMaTpPUBACTCA NPUMEHEHHE IPOTrpaMMHO-
anmapatHblx Moxyiei Ha O6asze miatel ARDUINO M MHBIX MHKpPONPOLIECCOPOB PA3JIMYHBIX CEMEWUCTB.
JlaHHBIE C [AaTYUKOB COOOIIAIOTCS B IPOrPAaMMHO-ANNApaTHBIA MOMYJb, TJI€ CUYHMTHIBAIOTCA M TI0
3aJJaHHOMY MPOTrpaMMHOMY OO€ECTIEUEHHIO BBIIIOJIHAETCS MporpaMma, COOTBETCTBYIOIIAs AEMUCTBUSIM IIPU
JaHHBIX [TOKA3aTeNsaX, IUIaTa caMa CMOJKET PeryJIupoBaTh U YNPABIAThH NIPOLIECCAMHU, IPOUCXOIAIMMH B
T'HJIPOIIOHHON yCTaHOBKE, TPeOysh MUMHUMAJIbHBIX TPY03aTpar.

Ha cerogssmHuii A€Hb CYIIECTBYET YCHEIIHO CO3JAHHBIA MPOTOTUN (PUTO KAPTHHBI, TaK XKe
BEJIETCS CO3JaHUE TMIPOIIOHHOM CHCTEMBI JUIS BBIPALMBAHMS MHUKPO3EJIEHH B paMkax «MoyoaexHoro
MHHOBAIIMOHHOTI'O IIEHTpa» Ha 0a3ze YpalbCKOro IroCyJapCTBEHHOI'O arpapHOro YHUBEPCUTETa, ObLI
coOpaH MPOTOTUN THIPONOHHOW CHUCTEMbl C aBTOMAaTWYECKMM YyIpasieHueM. Ha mnporotune
YCTaHOBJIEHBI JAaTYMKU U 3aMEPOB IOKa3aTesed BIIAXKHOCTH U TEMIIEPATYPhI BO3yXa, BIAKHOCTU BO
BJIArOIIOPUCTON CpeJlle, CBETOBOM IOTOK HAa YPOBHE BIIArOIIOPUCTOM Cpe.bl, TEMIIEPATypy pacTBOpa, H

APYrue€ BaXXHBIC IJI1 pOCTa paCTCHI/Iﬁ IIOKa3aTcCJiu.

BriBoxa:

Onupasch Ha WMEIOIIYIOCS WH(POPMAIUIO HCIIOJIb30BAHUE CHUCTEM POTOPHOW THAPOIIOHUKH B
COBPEMEHHBIX YCJIOBMSX YMEHBIICHMs IUIOLIAJAM BO3JEBAaHUS U BBICOKOM ypOaHM3allMM MOMKET CTaTh
aNbTEPHATHBHBIM CIIOCOOOM TONMY4YeHUsS 3€NEHBIX KyJIbTYp B TOPOJCKON cpene, MpH 3TOM 3aHUMAs
HEOOJBIIYIO0 TIIOMAAh ¥ 3(PPEKTUBHO PacXOqysl IHEPTHIO. ABTOMATH3HPOBAHHOCTH TpOIECca pocTa

PAaCTCHUU B IICPCIICKTUBE YMCHBIIUT JIFOJACKHUEC TPYA03aTPaThl.
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Annortanus.[IpoGiema moydeHus JIAKTO3bl B BHUJIC MPOMBINUICHHOTO MPOAYKTa — MOJIOYHOTO caxapa
M3ydaeTcs BO BceM wmupe. MexayHapoaHas mojouHas denepamus (MM®) yaenser MOCTOSHHOE
BHUMAaHHUE JIAKTO3€ B IUIaHE pPaIMOHAJIBHOIO MCIIOJIB30BaHMS JakTo3zocoepskamiero coipbsi (JICC) —
MOJIOYHOM CBIBOPOTKH. [lomydyeHre MOJOYHOro caxapa M3 BTOPUUYHBIX CHIPHEBBIX PECYPCOB MOJIOYHOU
MIPOMBIIIJIEHHOCTH peaIN3yeT KOHLENLHUI0 O€30TXOJHOTO0 IPOM3BOJCTBA, HCKIIOYAET 3arpsA3HEHHE
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Annotation

The problem of obtaining lactose in the form of an industrial product — milk sugar is being studied all
over the world. The international dairy Federation (MMF) pays constant attention to lactose in terms of
the rational use of lactose-containing raw materials (LSS) — whey. Obtaining milk sugar from secondary
raw materials of the dairy industry implements the concept of waste-free production, eliminates
environmental pollution and provides valuable carbohydrate and its derivatives for the enrichment of

food, beverages, medicines, feed and for technical purposes.

B Poccum nakTto3a B Hacrosiliee BpeMsi B OCHOBHOM HUMIIOPTHpPYETCS M3-3a pyOeka, 4TO CTaBUT
OTE€UYECTBEHHBIE MPEANPUATUS B 3aBUCUMOCTh OT MOCTaBIIUKOB — UMIMOpTepoB. C 1enpio o0ecnedeHus
IIPOIOBOJILCTBEHHOM 0€30MacHOCTH pETHMOHa Les1ecoo0pa3Ho pa3paboTaTh OE30TXO/HBIE TEXHOJIOTUU
nepepaboTKU MOJIOYHOM CHIBOPOTKU M Ha €€ OCHOBE NMPOU3BOCTBO BHICOKOKaYECTBEHHOM JIAKTO3BI.

B CsepmioBckoir 001acté 0OBEMBI TNPOU3BOACTBA MOJIOKA, @ COOTBETCTBEHHO W MOJIOYHOM
CBIBOPOTKH, ITOCTOSIHHO YBEJIMYMBAIOTCA. B COOTBETCTBUM C rOCYIapCTBEHHOM LIEJIEBOM MPOrpaMMOM 1O
Pa3BUTHIO CEIbCKOTO XO35HCTBA U PEryJIMPOBAHUIO PHIHKOB CEIbCKOXO035IICTBEHHON POLYKIUH, CHIPbS U
npoaoBonbcTBH Ha 2013-2020 roas! 00beMbl TPOU3BOCTBA MOJIOKa K 2016 roay JOIKHBI BO3pacTu Ha
11,8 mpomenta, a k 2020 romxy Ha 30 mpouentoB [1, 2].0xHuM u3 myHKTOB I[lmaHa  OCHOBHBIX
MEPOTIPHUITHI IO 00ECTICYCHHIO TTPOIOBOJILCTBEHHOM Oe30macHoCTH HaceneHus CBepIOBCKOM 001acTh
SBJISICTCSI  COBEPLICHCTBOBAHWE  MHHOBAIMOHHOM  JEATENIBHOCTH  NPEANPUSATHH  HUILEBOM U

nepepalaThIBaIOIIeH TPOMBIIIIICHHOCTH [3].
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N3BecTHO, uTO TIpOoOiemMa mepepabOTKH MOJIOYHOM CBIBOPOTKH SIBJISICTCS aKTyalbHOM 3adadei
JUIsL MHOTUX MOJIOYHBIX MPEANPUATHI — IPOU3BOAUTENEHN cbIpa U TBopora [4]. OTHOLIEHHE K CBIBOPOTKE
KaK K OTXOy IPOHM3BOJICTBA, COPOC €€ B KaHAIM3AILMIO, WK TOTO XYXe — HEMOCPEICTBEHHO B BOJHBIC
WIH ApYyTUE NPUPOAHBIE O0BEKThI, TOBOPUT O HU3KOM KYJIbTYpe IPOU3BOJCTBA Ha JAHHOM IMPEANPUATHH,
HEXO035HCTBEHHOM MOAX0JIE KaK K OKpY’KaIoLlel cpelie, TaK U K COOCTBEHHBIM MaTepUalbHBIM PECYpPCaM.
Opranuzanus KOMIUIEKCHONH NepepadOTKU MOJIOYHON CHIBOPOTKHM HE O] CHJIy MHOTUM NPEANPHSITUSM,
TaKk Kak TpeOyerT OoibpmMX (UHAHCOBBIX BIOKEHUH. M3BecTHbIE CHOCOOBI IOJyYEHUs JIAKTO3HI,
KOHEYHBIM MPOJYKTOM KOTOPBIX SBJISETCS KpUCTAITIMYECKasl JIAKTO3a, 00J1a1at0T TAKUMH HEeI0CTaTKaMH,
KaK JUIMHHAas TEXHOJOrMYyeckas ILeNouyka, OOJIbIIME SHEPreTMYecKue 3aTpaThl, HEOOXOIUMOCTh
IIPEIBAPUTEIILHON MOATOTOBKM MOJIOUHOM CBIBOPOTKHM [5, 6, 7]. OnHaKo, KaK IOKa3bIBAaeT IIPAKTUKA, B
TaKUX  OTpacisiX  MPOMBIIUIEHHOCTH  Kak  MOJOYHAas,  KOHIUTEpPCKas,  xyue0oOyodHas,
MUKpPOOHOJIOTMYECKas  UCIHOJb30BaHUE JIAKTO3bl B BHUIE KOHLEHTPUPOBAHHOTO BOJHOTO pPacTBOpa
ABIseTCsl Oosiee BBITOJHBIM, TaK Kak pacTBOP JIAKTO3bl JIELIEBJE KPUCTAUIMYECKON JAaKTO3BI,
3HAYUTENbHO TMIPOLIE TEXHOJOTMUECKOe U ammapaTypHoe odopmieHHe MepepaloTKH MOJOYHOM
CBIBOPOTKH.

B Hacrosimiee BpeMsi MPeANOYTUTENbHBIMU JJI pa3fesieHUusT MOJIOYHOM CBIBOPOTKU C LIEIbIO
BBIICJICHUSI  JIAKTO3bl  SIBIISIIOTCS OapomemOpaHHble TexHoioruu [8]. VYubrpadunbrpanus U
HaHO(MWIbTpaLXs MO3BOJSAIOT IMOJYy4aTh KadyeCTBEHHBIH NPOAYKT, MpoLEcC MpoTekaeT Oe3 Harpesa
CBIBOPOTKHM, MMHMMAJIbHBI 3aTpaThl SHEPTUU II0 CPABHEHMIO C BbIapUBaHUEM U cymkol. Ha pbiHke
MeMOpaHHOTO 000py/IOBaHMWs, Ha CETOJHSIIHUNA JCHb, TUANPYIOT 3apyOexxnbie ¢pupmer - GEA, APV,
TetraPak, AlfaLaval. Ix npoaykiust ©MeeT BBICOKOE KauyeCcTBO, MHTEPECHBII AN3aifH, BBICOKUI YPOBEHB
aBTOMATHU3allMU U, KaK CJIEICTBUE, BBICOKHE LICHBI.

Kax nokassIBaeT npakTuka, CylIECTBEHHON MpoOaeMoil npu nepepaboTKe MOJIOYHON CHIBOPOTKU
OapomMeMOpaHHBIMU METOJIaMH, SIBISIETCSI HEOOXOAMMOCTD €€ TIIATEIbHON MOATOTOBKH Mepes Nnojadei B
MeMOpaHHbIi O0k. [loAroToBKa 3akit0yaeTCsl B OCBETICHUHM CHIBOPOTKHU (OTIEJIEHHE OCTATKOB KUpPA U
Ka3eMHa) Ha IEHTPOOEKHOM cenapaTope-CIMBKOOTACIUTENIE WM CeNapaTope — OYHUCTUTEINE,
nacTepu3allid  OCBETJIEHHOW  CHIBOPOTKM  (MIO/IaBJI€HHE  3aKBACOYHBIX  KYJbTYp),  BBIICPKKE
MaCTEPU30BAHHONW CHIBOPOTKH C IIENBI0 OCakJeHHs ¢ochaTa Kajablysg M APYTHX TEXHOJIOTUYECKHX
orepanusax. OTo0 00yCIOBICHO KOHCTPYKIHMEH MEMOpPAaHHBIX 3JE€MEHTOB PYJOHHOTO WM CHHPATbHOIO
THUIA, TPUMEHIEMBIX 3apyOeXHBIMH U OT€YECTBEHHBIMU pa3paboTUYMKaMU MEMOpPaHHOTO 000pY1OBaHMUS.
OTH  MeMOpaHHBIE DJIE€MEHThl OYeHb YyBCTBUTEJIbHBI K  MEXaHHMUYECKUM  BKJIIOUEHHUSIM B
nepepadbaTbiBa€MOM NPOAYKTE, a TaKKe COAEPKAHWIO B HEM JKHpa, OCOOEHHO pacCTUTEIHHOTO
IpOUCXOXkAcHUA. HenocTaTouHO MosaHask MOArOTOBKA MOJIOYHOM CBIBOPOTKH, CBS3aHHAS C HAPYIIEHUEM
TEXHOJIOTMM €€ TMPOBEACHHUS WIA HU3MEHEHHUEM COCTaBa HCXOJHOW CBIBOPOTKH, TIPUBOAMT K
CYLIECTBEHHOMY CHI)KEHUIO TEXHHUYECKUX XapaKTEepPUCTHK MEMOpPAHHBIX YCTAaHOBOK, a TakKXke K

HEOOXOIMMOCTH YaCTON 3aMEHBI MEMOPaHHBIX JIEMEHTOB.
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3aHUMAasACh PEIICHUEM 3aJlayH, CBSI3aHHON C HEOOXOIWMOCTBHIO TIOJITOTOBKH MOJIOYHOHN CHIBOPOTKH,

MBI NOpPULUIM K BBIBOLY, 4YTO IpoLecC MNepepadOTKU MJOJKEH COCTOSATh U3 JBYX CTaaudl —
yIbTpaduIbTpallii Ha IIEPBOM 3Tarle U HAaHOQUIbTpauuu (AnaduIbTPALMU) HA 3aKITIOUYUTEIEHOM JTarle.
[Mpuyem, mpormecc ynbTpadMIBTPALUU HEOOXOIMMO OCYIIECTBISATh C MPUMEHEHHEM KEPaMHUYECKHX
MeMOpaH, KOTopble He TpeOYyIOT NOJArOTOBKU CHIBOPOTKU. IIpu 3TOM CpOK 3KCITyaTalMyu KepaMHU4EeCKUX
MeMOpaH B 3 — 5 pa3 OoJibllie IO CPAaBHEHMIO C MOJIUMEPHBIMU MeMOpaHaMu, KepaMHUYeCKUe MeMOpaHbl
3HAYUTENIBHO MPOIIE PETeHEPUPYIOTCS.

Huxe mpuBeneHbl pe3ysibTaThl UCCIIEOBAaHUM NepepabOoTKU MOJCHIPHOW M TBOPOXKHOM CHIBOPOTKHU
(Tabs. 1) ¢ wenblo MOJSyYyeHHs BOAHOTO PAcTBOPA JAKTO3BI. HccnenoBanust NpoBOAMINCH B
naboparopubix ycnosusix (YpI'DY) na naboparopnoit yctaHoBke (puc.l). bbpumm ucnonb3oBaHBI
Kepamuueckue yiubTpaduiabTpanonasie MeMmOpansl mpousBojactBa OO0 «HIIO «Kepamukpuibtpy»
(Poccus, MockBa) u HaHOuIbTpanoHHble MeMOpansl DOW NF245 (CILLIA).

Ta6mmma 1. CocTaB MOJIOYHOM CHIBOPOTKH (CpEHUE 3HAUCHUS)

ChIBOpOTKa ChIBOpOTKa
[Tapametpsl

TBOPOXKHAS MOJICBIpHAsI
Benox oommii, % 0,93 0,71
Jlakro3a, % 4,27 4,93
Kup, % 0,35 0,12
MuHepaabHbIe BeniecTBa, % 0,65 0,61
CB, % 6,20 6,37

MomnouHasi CBIBOPOTKA MO/IaBaNiach Ha yIbTpadUIbTPAIUI0 03 KaKOH-ITN00 MOATOTOBKH.
[Tapametpsr porniecca yabTpadunsTpanuu: gasienue 0,3 MIla,

10

1- memOpanHas siueiika; 2- Hacoc; 3 - HUPKYJISALMOHHBIM Oak; 4 — Oak Aus mepMeara;S —
MaHOMETp; 6 — poTameTp; 7 — BEHTHWIb PETyJIUPOBOYHBIN; § — oxjanutenb, 9 —repmonapa; 10 —
MIJUTUBOJIBTMETD; 11 — cocyn [proapa; 12 — pasnenurens; 13, 14 — BeHTIIN;

Pucynok 1 - Cxema nabopaTopHOit MEMOpaHHON YCTaHOBKU
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temnepatypa 15°C, cremnens konrnentpupopanus 10. ITomydaeMblii B Tporecce paszieleHHs] GEITKOBHI
KOHIIEHTpaT (aIbOyMHH) MPEICTaBIsUl COOON pacTBOp CIMBOYHOM CTPYKTYpPBI, C COJAEPKAHUEM CYXUX
pacTtBOpeHHBIX BemiecTB okojio 15% CB. IlepmeaT (1aKTO3HO-COJIEBOM BOAHBIM PAcTBOP) MPEACTABIISIT
cOo0OH TPO3PayYHYIO0 JKHUIKOCTH CO CIIA0BIM 10 OKpacKe IKeNTO-3eJeHBIM 1BeTOM. (OCHOBHBIM
KOMIIOHEHTOM IepMeaTa sBJISeTCs JiakTo3a. [lokazaTenn MCXOAHOrO M KOHEYHOrO MPOIYKTOB TOCHE

yIbTpaduiIbTpaluy IpUBEAEHbI B Ta0M. 2.

Tabmuna 2. IlokasaTenu HMCXOJHOTO U KOHEUHOTO IPOJIYKTOB IOCHE YJIbTpaduiIbTpaluu
(cpennue 3HaUCHUS)

ChIBOPOTKA TBOPOKHAS ChIBOPOTKA MOACHIpHAsS
[TapameTpsl
KOHIICHTPAT nepMear KOHIICHTPAT nepMear
Benok o0mmit, % 8,45 0,01 6,82 0,01
Jlakro3a, % 427 4,25 4,92 4,95
Kup, % 3,30 0,00 1,04 0,00
MuHepanbHbIC B-Ba, %0 0,70 0,65 0,67 0,61
CB, % 16,72 491 13,45 5,57

JIaKTO3HO-COJIEBOM BOJHBIN

noarotoBku. [lapameTpsl mporecca HaHOPUIBTPALIMH: JTABICHUE

2,7 MIla, temneparypa 15°C,

pacTBop (mepMeaT) MOAABaJCs Ha HAHOQWIBTpALUIO 0e3 Kakou-1ubo

cTeneHb KoHIeHTpupoBaHus 4. IlomyuaeMbrii B poriecce paszieieHus KOHIIEHTPAT TPEICTaBIsUT COO0M
MPO3pavHblii PACTBOP C MHTEHCHUBHBIM IO OKPACKE JKEJITO-3EJIEHBIM I[BETOM, C COAEPKAHMEM CYXUX
pacTtBopeHHBIX BemlecTB okojo 20%CB. Ilepmear, npeactaBissi coO0H MPaKTHUECKU YUCTYIO BOXY, C
HEOONBIINM KONMUYecTBOM cosield. [lokasaTens MCXOMHOTO M KOHEYHOTO MPOAYKTOB IOCIE MOJIYJIS
HaHO(QWIbTpAIMK PUBEACHBI B Ta0I. 3.

[anee pemancs Bompoc JAEMUHEpAIM3allMU TOJY4YEHHOrOo KOHIeHTpara. Kak mokazamu

9KCHEPUMEHTHI, 3()()EKTUBHO YIATUTh COJM MOXHO B IpoLecce

Tabnuna 3. IlokazaTenu MCXOIHOTO U KOHEUHOTO MPOIYKTOB IOciie HAaHOMUIbTpaluu (CpeHue
3HAYEHUS)

CBIBOpPOTKA TBOPOXKHAS CBIBOpPOTKA MOJICBIPHAS
[Tapametpsr
KOHIICHTpaT nepmear KOHIICHTpaT nepMear
Benok o0mmit, % 0,04 0,00 0,04 0,01
JlaxTo3a, % 16,77 0,10 19,75 0,10
Kup, % 0,00 0,00 0,00 0,00
MunepanbHble B-Ba, % 0,70 0,60 0,67 0,55
CB, % 17,51 0,70 20,46 0,66

nuapuIbTpalii — TMOBTOPHON HAHODWIBTpALMU C TMpeABapUTEIbHBIM pa30aBiIeHHEM KOHIIEHTpaTa

JUCTUIIMPOBaHHOM Bojmoil. CreneHp pas30OaBieHus 1:4, mapameTpsl mpolecca HaHOQHUIbTPALMM HE
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M3MEHSUTUCH. B pe3ynbpTaTe TpeXKpaTHOTO NpOBEACHHUS Mpoliecca Aua@uiIbTpaliy OblT MOJydeH MPOIYKT

— BOJIHBINM PacTBOp JIAKTO3HI (Ta0II. 4).

Tabmuma 4. Tlokasarenn  BOAHOTO pacTBOpa JIAKTO3BlI TOCKE IUAPMIBTpanuu (CpeaHHe
3HAYCHHMS)

Boanblii pacTBOp 1aKTO3bI Boanblii pacTBOp 1aKTO3bI

[TapameTpsl (cbIBOpOTKA (cbIBOpOTKA

TBOPO>KHAS) MTOICHIPHAs )
Benok o0mmit, % 0,04 0,04
JlakTo3a, % 17,25 20,35
Kup, % 0,00 0,00
MuHepanbHbIC B-Ba, %0 0,01 0,01
CB, % 17,30 20,40

Yabrpadmiibtp
C CrIBOpPOTKA } anus
(perenrar)

v

JlakTo3a, Boja,
conu (mepmear)

\4
HanodunsTpa
o Coun, Boga
(mepmear)

JlakTo3a, BOoa,
CcoJIn

v

Huacdunerpanu
Bona 51 Conu, Boga
(mepmear)

JlaxTo3a, Boma
(perenrar)

Pucynok 2 - CxeMa nosryueHusi KOHIIEHTPUPOBAHHOT'O PacTBOPA JIAKTO3bI
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Pa3zpaGoTaHHass TEXHOJOrHMsI MOIY4YEHUS KOHLEHTPHUPOBAHHOIO BOJHOIO pAacTBOpa JIAKTO3BlI C
colepkaHueM cyxux BemecTB nopsaaka 20%CB npusenena Ha puc.2. KoHLEHTpUpOBaHHBIM BOJHBIN
pacTBOp JIAKTO3BI MOKET HCIIOJIB30BaThCS Kak MonydabpukaT B MOJIOYHOM MPOMBINUIEHHOCTH WIIH
YIaKOBBIBATHCA U MPUMEHSITHCIB APYTUX OTPACiAX HMPOMBILIUIEHHOCTH. Vcronb3oBaHue NMPeaioKeHHOM
TEXHOJIOTUM IO3BOJMT: COKPAaTUTh BpPEeMs IPOU3BOACTBA KOHILEHTPHUPOBAHHOIO PACTBOpA JIAKTO3bI;
YOPOCTUTHh TEXHOJIOTMUECKUN IIPOLECC; CHU3UTh SHEPIreTUUECKHUE 3aTPaThl.

[TosrydyeHHbIE pe3ysibTaThl NMO3BOJIAIOT, HA Hall B3IVIAJ, BHEJIPSITh WHHOBALMOHHYIO TEXHOJIOTHUIO U
BBICOKOTEXHOJIOTHYHOE, KOHKYPEHTOCIIOCOOHOE 000pYJOBaHUE AJIS IPOU3BOJICTBA KOHLIEHTPUPOBAHHOIO
BOJIHOTO pacTBOpa JAKTO3bl KaK HA KPYIHBIX MOJIOYHBIX NPEINPUATUSAX TaK U HA NPEANPHUATHAX
HEeOOJIBLIONH MOIIHOCTH.

[Ipeqnaraemasi TEXHOJOTHSI TPOU3BOACTBA JIAKTO3bI IO3BOJUT OOECIEYUTH IPOJIOBOJIBCTBEHHYIO

0€30MacCHOCTh PErMOHa, UCKIIIOUUB 3aBUCUMOCTh OT 3apyOeKHbIX TOCTABIIUKOB.
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Abstract. The paper presents the results of development of structural elements of the vibro generator
transducer of the machine tool equipment of active control, installed, in particular, on centerless grinding
machines, and experimental verification of theoretical conclusions when compared with the work of the

real system of active control.

IMocTtanoBka 3agauu. Pa3zpaborka mpuOOPOB Ui aKTUBHOTO KOHTPOJIS JIeTaJIell HETIOCPEACTBEHHO
nocie ux oOpabOTKM Ha pa3IUYHBIX CTaHKaX IMPEACTaBISET CIOKHYI TEXHHYECKYI0 3aJaudy. OTo
OOBSICHAETCS MajbIM IPOMEXYTKOM BpPEMEHHM IMKJIa OOpabOTKH, 3aTPyJHEHHBIM JOCTYIIOM K
KOHTPOJMPYEMOI NOBEPXHOCTH JETalH, CIOXKHBIM JBI)KEHHEM JAeTanu mnpu obOpabortke [1], mosromy
paboTta Haj KOHCTPYKTHBHBIMH DJIEMEHTAMH CHCTEM YIIPABISIOMIETO KOHTPOJIS BHUOPOKOHTAKTHOTO
MPUHIIMIIA WU3MEPEHHUs, YCTAHABIMBAEMBIX HEMOCPEACTBEHHO IOciie 00pabOTKU [eTayield, BbI3bIBACT
HEOOXOJMMOCTh CO3JIaHUsI TEOPETHUECKMX OCHOB HX pacuéra, M TMPexIe BCEro MEepPBUYHOIO
HM3MEPUTEIIBHOTO JIEMEHTA, COCTOSIIETO U3 JIBYX B3aMMOCBSI3aHHBIX Y3J10B [2,3]:

e BuOpaToOp (pacKkauMBAIOLIUI FTTEKTPOMArHUT — KoJiebaTelbHas CUCTEMA);

e BuOporenepatop (kojebdaTenbHasi CUCTEMA — MOCTOSHHBIA MAarHUT — KaTyIIKa HHAYKTUBHOCTH).

Bonpocom Teopuu 31eKTPOMAarHUTHBIX BHOPATOPOB MOCBSIIEHO OOJBIIOE KOJIMYECTBO padoT [4].
BwmecTte ¢ Tem, BUOPOKOHTAKHBIH MpeoOpazoBaTeh UMEET psiji ocobeHHocTei [S]:

e paboTa B Pe30HAHCHOM PEKUME;

® BIHUSHHE NOCTOSHHBIX MarHUTOB BHOpaTopa Ha KoJIeOaTeNbHYI0 CUCTEMY;

® BIMSHHE KaTYIIKH UHIYKTUBHOCTH T€HEpaTopa Ha KoJeOaTeNbHYI0 CUCTEMY.

IIpu BbIOOpE KOHCTPYKTHUBHBIX 3JEMEHTOB HEOOXOIMMO YYHTHIBATh KOMIUIEKCHOE BIUSHHE
BUOpaTopa Ha KOJIeOaTEIbHYI0 CHCTEMY U Ha BUOPOTEHEpaTop U HA00OPOT — BIMSHHUE BUOpOTEHEpaToOpa
Ha KOJIeOAaTeNbHYI0 CHCTEMY M Ha BHOpATOp B peXHMME PE30HAHCHBIX KOJIEOAHWH MPH OCOOCHHOCTSX
OECIIEHTPOBOTO NUTH(OBAHUS:

®  BBICOKOH IMHAMHYHOCTH IMPOIECcCa MEPEMEIICHUS] KOHTPOINPYEMBIX JIeTaJIeH;

®  yaapbl KPOMOK KOHTPOJIMPYEMBIX JeTaieid 00 M3MepUTebHbI HAKOHEYHUK;

®  TPEepHIBHCTOCTH HU3MEPSEMBIX TOBEPXHOCTEH B IMPOIECCE TEXHOJIOTHYECKOTO IepPEeMELICHHUs
IeTanemn;

e  HEOOXOJMMOCTH MAJIOTO H3MEPUTEIHHOTO YCHIIHS;

e co3gaHMe MalorabapuTHBIX MpeoOpa3oBaresei, BCTPAaUBAEMbIX B U3MEPUTEIbHYIO OCHACTKY
[8].

B mpouecce mpoekTupoBaHUsS KOHCTPYKUMH TMpeoOpa3zoBaTeneld BUOPOKOHTAKTHOTO MPHUHIUMA

U3MEPEHUs BO3HHMKAET HEOO0XOAUMOCTh (HOPMAIM30BAaHHOTO OIMHUCAHUS NpOIecca, B IOCTPOCHUHU

55



MaTeMaTHYeCKOM MOMAENIH, TAe OBl MOXXHO OBUIO OINPEACTUTh BCE OCOOCHHOCTH (HOPMHUPOBAHUS
BBIXO/IHOTO YTMPABJISIONIET0 CUTHANA, KOHKPETHO BIMSIONIET0 HA METPOJOTHYECKHE U TEXHOJOTHYECKHE
BO3MO>KHOCTH IpeoOpa3oBaresiel pa3IuiHbIX KOHCTPYKIuii [6,7].

@®opMHpoOBaHUe CUTHAJIA B BHOPOTreHePaTOPHBIX NPeodpa3oBaTeisiX /I ABTONOAHAIATYHKOB.

Ilenpto fmaHHOW paboOTHI  SBISETCS TMOJNYYEHHE MAaTEeMAaTUYECKOM CBA3M MEXAYy BCEMH
KOHCTPYKTHUBHBIMHU 3JIEMEHTAMH 3JIEKTPOMEXaHUYECKOI0 BUOpOIIpeoOpa3oBarTeis U SKCIEPUMEHTAIbHAS
MpoBepKa e€ MpHU COMOCTABICHUH C pabOTON peasbHOTO Nprodopa.

[IpoBenénnpiii anamu3 [9] pe3ynbTaToB MNPUMEHEHHs] pPa3IMYHBIX [0 MPUHIUIY JAEUCTBUA
MEPBUYHBIX MPeoOpa3oBaTeICii B CUCTEMAX YIPABIIIONIETO KOHTPOJIS - aBTomoaHaidaauukoB [8,10,11],
UCCIICZIOBAaHMUSI  YCIIOBHM HMCIOJNB30BaHUS MNPUOOPOB  YHPABJSIOIIEIO KOHTPOJIA HpPU  BIHUSHUHU
OXJIQXIAIOIIEH KHUJIKOCTH, COAEpIKalIe abpa3uB U CTPYXKKY MOKa3aJId 1e1ecO00pa3sHOCTh MPUMEHEHUS
BUOPOKOHTAKTHBIX IpeoOpazoBareieil ¢ MOABEIEHHOM CHUCTEMOM (M3MEpPUTENBHOIO HAKOHEUHUKA),
paboTarolieil B pexxrMe BO3BPaTHO-IIOCTYIATENbHBIX KOJIeOaHuH.

PaccMOTpUM KOHCTPYKIMIO NPeoOpa3zoBaTess, IIMPOKO HCIOJIb3YEMYIO B CHCTEMaX YIPABISIOIETO
koHTpoutst [3]. ManoraGapuTHEI AJIEKTpOMArHuTHBIA BUOpomnpeoOpazoBatens tuna BITI [2] pa3zpaboTan
C y4éTOM HCHOJb30BaHUS B DPA3NIMYHBIX KOHTPOJIBHBIX CHUCTEMAax MU, MPEXJEe BCEro, Ajs MpuUOOpOB
AKTUBHOTO KOHTpOJsI Ha OecleHTpOBO-NUIM(OBANbHBIX CTaHkKaX. [IpuHIMI AeWcTBUS — TakKoro

npeoOpa3oBaTes 3aKJI0YaeTcs B cieaytomeM (puc. 1).
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Pucynokl - DnextpomarHuTHbIi npeodpasosarens tuna BI'TI:
IIpy nojave NUTAIOIIErO HANPSIKEHWS] HA AJIEKTPOMArHUT | M3MEPUTENBHBIM IUTOK 2, KECTKO
CBSA3aHHBIA C AKOpeM 3 »JJIEKTpOMAarHuTa W IMOJBELIEHHBIM HA IUIACTUHYATHIX MpyXKWHax 4 u 3,

MIPUBOJUTCS B KoJiebaTeabHOE BO3BpPATHO-NIOCTyNHaTeabHOE ABMkeHHE. KonebaHus KECTKO CBSI3aHHOTO
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CO IITOKOM fKOpsi 6 BHOporeHepaTropa nepepacipeesisiioT MAarHUTHBIA MOTOK MOCTOSSHHOTO MarHura 7,
BCJIE/ICTBHE 4Yero B Karymike 8 BuOporeHepatopa HaBogutcs DJIC. M3MepuTenbHbI MTOK CHAOXEH
HAaKOHEYHHKOM 9, KOTOpBI KOHTaKTHPYeT ¢ 00pabaThiBaeMOi M M3MepsieMON MOBEPXHOCThI0. CHUrHa,
CHHUMAaeMBbIi C KaTYIIKH &, PETHUCTPHPYETCS B OTCYETHO-KOMAHIHOM OJIOKE. OJIEKTPOMAarHUTHBIN
BUOponpeoOpazoBaTesib yCTAHABIUBACTCS B TaKOM IOJIOXKEHUU, 4YTOOBI KOJeOaHUS H3MEPUTEIHHOIO
HAaKOHEYHUKA OrPAHMYMBAIIUCH MOBEPXHOCTBbIO KOHTpoiHpyeMoil neranu. C MU3MEHEHHUEM IMOJIOXKEHUS
U3MEpSIeMOl TMOBEPXHOCTH OyAeT H3MEHATHCA AaMIUIUTYyAa KOJICOAHWH IITOKA, BCIEACTBHE YEro
W3MEHUTCS BEJIMYMHA MEpepaclpe/iesieHuss MarHuTHOTO IIOTOKA, MPONOPLUOHAIBHO H3MEHUTCS H
BbixogHas DJ[C. Cosepmas 100 xonebanuii B CEKyH1y, HAKOHEYHHK TPOU3BOJIUT TAKOE K€ KOJIUYECTBO
M3MEPEHUI B pa3HbIX TOYKAX ABWXKYyIeWcs aetand. CUTHaN, MOJYyYEHHbIH B PE3yJbTaTe KaXKI0Io
u3MepeHus, OyAeT mpeodpa3oBaH B COOTBETCTBYIOLIYIO AMIUIMTYJIHYIO BEJIIMYMHY MEPEMEHHOTO TOKA,
MOCTYMAIOMIETO C JaT4YuKa B OTCUYETHO-KOMAHIHOE yCTporcTBO. KonebaHusi HaKOHEUHMKA IO3BOJISIOT
JIETKO IPE0JI0JIEBATh YCTYIIbI HA TOBEPXHOCTHU JIE€TAIE€l U HEPOBHOCTU MPHU BBICOKOW CKOPOCTH JBUKEHUS
JeTaneil, UMEIOLUX pa3pbiBbl U MAIYI0 IUIONIAJb KOHTPOJIUPYEMOM MOBEPXHOCTU. YIpyras IMOJABECKA
BUOPUPYIOIIETO MITOKA AEMII(UPYET CIydailHble MEXaHWYEeCKHE yIapbl M IMpeloXpaHseT AATYUK OT
MPEKIEBPEMEHHOIO BbIX0/1a U3 CTPOSL.

[Ipouecc wu3MmepeHuss B 0OmIEeM ciydyae SBISIETCS CTOXacTHMYeCKUM. J[s ero wuccliejoBaHus
HE00X0/IMMO paccMOTpeTh (HOPMUPOBAHMS CUTHAIA B peoOpa3oBaTesie M OMKMCaTh €ro MaTeMAaTHYECKH.
BuOpoKoHTaKkTHBIN IIpeoOpa3oBaTelb MOKHO IMPEACTABUTh KaK COBOKYIHOCTb JIBYX CBSI3aHHBIX MEXIY
coboit y370B. B mepBeIif U3 HUX (BHOpaTOp) BXOIAT PACKAYMBAIOIINI DJIEKTPOMArHUT, COCTOSIIUN M3
KaTymku 1 ¥ sKopst 3 ¥ M3MEPUTENbHBIM HAKOHEUHHUK 2 (KoyiebaTeabHas CUCTEMA) C SIKOPSIMHU 2 U 6; BO
BTOpOIi (BUOpOTEHEepaToOp) — KoJiebarebHas cucTeMa (M3MEPUTENbHBIN IITOK U JIBa SKOPs), TOCTOSHHBIN
Mar”ur 7, KaTylIKa UHIyKTUBHOCTH 8 U SKOPb O.

Hcnonb3yst BTopoit 3akoH Kupxroda, MOXKHO MMOCIIe COOTBETCTBYIONIMX MPEOOPa30BaHUI 3aIHcaTh

YPAaBHCHHUC NICIIU BJICKTPOMArHuTa

do,
Tdt

rac i3- TOK B OOMOTKE 3JICKTPOMArHuTra, r - AKTHBHOC JJICKTPHUYCCKOC COIIPOTHUBIICHUC O6MOTKI/I;

i3r :VoSin C()t _W (1)

Vosin @l - TUTarllee HANPSKEHWE C aMILIUTYI0H VO ¥ 4acCTOTOH (p) ; W3 - YHUCJIO BUTKOB

do

22, CKOpPOCTBh €T0 U3SMCHCHUA.

dt

JuddepennmanbHoe ypaBHEHHE JBIKEHUS KOJIeOATEIbHOM CHCTEMBI ¢ OJHOM CTENEHbIO CBOOO/IBI

0OMOTKH; D,- MAarHUTHBIM TOTOK B JAHHOM IIENH;

npeacTaBuM B Buje [12]
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d’x ‘h dx
M " at

rac X - BCIMYMHA NCPCMCLICHHMA HM3MCPHUTCIIBHOIO IINTOKA, m - MacCa HU3MCPHUTCIBHOI'0 MITOKa C

+kx =P sin at - (2)

akopamu; |y - kosddunment nemmnduposanus; K - xospdumment ynpyroctu (kéctkoctn); P -
BO3MYIIAIOIIAs CHJIA OJIEKTPOMAarHuTa; ;) - 4YacToTa BO3MYINAIOIIEH CHUJIbL, [ - TEKyLIee BPEM.

BrIpasum Bo3mymaronryto cuity P uepe3 MarHuTHbIi I0TOK @3 1 ypaBHeHuUE (2) npumeT BUJ

dzx+ dx | D’
dt’ h dt kx = 2m,S,

e M - MAaroHuTHasgd HOpPOHHIACMOCTb BO3AYyXa, S3 - I[Jiom@anab KOJbLa MAarHuTOIIPOBOAA KaTyIIKH

2

5o Sinawt

JIEKTPOMArHuTa.

ITo ombiTy npoeKkTHpoBaHUS MpeoOpa3oBarenell BUOPOKOHTAKTHOI'O MPHHLMIA H3MepeHus [6]
BO3MYIIAIOIINE CUJIBI OT IIOCTOSIHHOT'O MarHuTa U JEHCTBUS BHEIIHUX CHJI HA JIBA NIOPSAJKAa MEHBIIE CHUJIBI
MPUTSDKEHUS KOSl 3JIEKTPOMAarHuTa, I03TOMY YpaBHEHUE JIBUYKEHUSI U3MEPUTEILHOTO IITOKA COBMECTHO
C SIKOPSIMM JIEKTpOMarHuTa U BUOporeHeparopa OyAeT BBIIVIAAECTh IPU MaKCUMAaJIbHOM 3HAUEHHM CHIIBI

NPUTSHKCHUSA AKOPS 3JICKTPOMAIrHHUTa

dx dx 1 2
Mot kX o @ ©

VYpaBHeHHe BUOpOreHepaTopa NpeCTaBUM B CIEAYIOLIEM BUE

Ll 2

rae F' - O.J0.C; \\/, - uucio BUTKOB OOMOTKM reHeparopa; (), - MarHUTHBIH MOTOK MOCTOSIHHOTO

E=-W,

MarHuta; | - MHIYKTHBHOCTh OGMOTKH IeHepaTopa; | - TOK B 0OMOTKE I'CHEpaTopa; [, - CyMMapHoOe
ANEKTPUYIECKOE COMPOTHBICHHE OOMOTKHU T€HepaTopa, MPOBOAOB U HArpy3ku. HIyKTUBHOCTH OOMOTKH
MO>KHO OTIpeeNuTh Mo opMmyIie L=mSW ZF / (5 — X) , TIE (§ - BO3IyLIHbIH
3a30p MEXIy SKOPEM M MarHMTOIPOBOJOM BHOPOTEHEpPATOpa; ¥ - BEIMYMHA IEPEMEINEHUS SKOPS

reHeparopa. [logcraBuB B BeIpaxkeHHE (4) MOIyYUM ypaBHEHHE BUOpOreHepaTopa

Ly 4@, mSW. di. ,
W, at S—x  dt i,rs (®)

[Tonyuennbie  ypaBuHenuss (1), (3), (5) omnuceiBaloT  paboOTy  DIEKTPOMATHUTHOTO

BuOpomnpeoOpazoBarens tuna BITI (puc.2) u ¢opMupoBaHHe CUrHaia MOCTYHAIOIIEro Ha OTCUETHOE
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YCTPOMCTBO U MO BEIMYMHE KOTOPOT'O BBIJAIOTCS YIPABISAIONIME KOMaH/bl Ha MOJyYeHUE HEOOX0UMOT0
pasmepa M3roToBisieMblx aetaneld. [lo momydyeHHOUN cucTeMe ypaBHEHUM pacCUMTHIBAEM BBIXOJHBIC
napaMeTpsl MO 33JaHHBIM BXOJHBIM YCIIOBUSM (B YaCTHOCTH, PAaCCEMBAaHUE Pa3MEPOB IOCIE BBIXOJA
JeTanei u3-1moj NUTH(OBATBHBIX KPYTrOB OECIEHTPOBOrO NUTH(OBAHUS), UCCIEIYEM 30HBI YCTOWYHBOMN
paboThl PE30HAHCHOTO BHOPOKOHTAaKTHOTO MeXaHH3Ma MpeolOpa3oBaTelis, BIHUSHHUE CTOXaCTHUYECKOTO
mpolecca U3MEpPEeHUs: pasMepoB 00pabaThIBAEMbIX M KOHTPOJHPYEMBIX JeTajeil Ha MEeTpOJIOTHYECKHe

II0KAa3aTeIN BCEH N3MEPUTEIIbHO-YIIPABIISIOIIEH CUCTEMBI.

Pucynok 2 - ®opmupoBanue curuajia npu BxogHou BenmurHe (1) u BeIxogHoMm curaaie (2)
DKcIutyaranus MpUBeAEHHBIX BUOPOKOHTAKTHBIX MpeoOpazoBaTenell MpUBelia K CO3JaHUI0 JaTYyuKa

C IBYXCTOPOHHUM JIEUCTBUEM CHUJIbI IIPUTSKEHUS SIKOps leKTpomaruuTta [3] (puc.3).

r - i
L I

7~
#\.JH _
o] :“vl'—ﬂ :\r\': ' T
’ D%Eiﬁ i
6| I 71
s—1 3 .
a—T11 3 i
2] j~—¢
x B

= e
12 1 4

13

a 0

a — cxema ripubopa; 6 — oOIIHii BH]T
PucyHok 3 - BHOpOKOHTaKTHOE H3MEPUTEITBHOE YCTPOUCTBO:
[MpuHumn aeicTBUs Takoro mpeoOpaszoBarens 3aKirovaeTcs B cienyromeM. [Ipu moakimtoueHun

0OMOTKH QJICKTpOMArHuTa 5k HUCTOYHUKY IMAUTAHUA IICPEMCHHOI'O TOKa I - BO3HHKAIOT HpOTI/IBO(l)aSHI)Ie

KosnebaHus paMoK 2 M 3, MOJBEIICHHBIX Ha NpyXuHax 4 B kopmyce 1. AMmiautyaa koneGaHui 3THUX

paMOK yCTaHABJIMBAETCS TaKOW, YTOOBI M3MEPUTEIHHBI HAKOHEUHHK (Irym) 12, KECTKO COCTUHEHHBIN C
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paMKoO# 2, TPUBOAWIICS B COMPHUKOCHOBEHHUE C MOBEPXHOCTHIO KOHTpoJnpyemoit netanu 13. O6e pamku 2

n3 MMPUBOIAATCA B ABUKCHUC OT OJHOI'O 3JICKTPOMAIrHUTa 5, B036y>1<z[a}01ua51 cuna F KOTOpPOIr'o paBHa

_MSW”
(6—x)

e 1), - Ko3p)HUIMEHT MArHUTHOW MPOHUIAEMOCTH; § - TIONEpevHOe CeYeHHe MPOBOJA KaTyIIKH;

2
I&X’

F

W - HUCJIO BUTKOB B KATYIIKEC 3JICKTPOMArHuTa, 5 - CTaTHYECKHUI 3a30p; X - BCJIMYMHA NCPCMCHICHUS

pamoK; | - TOK B 0OMOTKE 3JIEKTPOMArHUTa.

Hcxons 3 ypaBHEHUS IBYKEHUS KOJIECOIIOMICHCS MACChI C OJTHOM CTEMEHBIO CBOOOIBI

m 9 X - ®
dt*  dt
rie [] - Macca kosneOmomierocs Tena;f) - Kod(duuueHT compoTHBIeHHS; K - KoddduimeHt

KECTKOCTH; X - BEJIMYMHA IEPEMELIEHHS PaMOK; [~ - Bo3MyInaromas cuia.

Bennyuna mepemenieHus pamok OyneT OOMHAKOBOM X, = x,. OTcioma u Ha BbIXOIE

HU3MCPUTCIIBHOT'O YCTpOﬁCTBa 6y,ZLy'T OJWHAKOBBIC II10 BCIHNYMWMHC CHI'HAJIbI Vlgblx =VH , KOTOpbIC

B8blX

BbIpa0AaThIBAIOTCS BUOPOTE€HEpAaTOPaMM, COCTOSIIIUMH M3 MOCTOSHHBIX MarHuToB §, 10 u karymek 7, 9,
ypaBHEHHE KOTOPBIX UMEET BUJI IO aHAJIOTHH C (4)

do, _, dl..,
dt - dt

HpI/I OTKJIIOHCHHH KOHTpOHpreMOﬁ IMOBCPXHOCTHU, B IPOLCCCC HU3MCPCHUA GYI[CT U3MCHATHCA

E = _Wr I w3 (7)

aMIUINTy1a KosiebaHuil pamMKu 2, Tak Kak JBWKeHue Iryna 12 3roil pamku OyaeT OrpaHUYeHO

TIOBEPXHOCTBIO KOHTpONMpyeMOoi metann 13. Bosmymaromas cuna mocrosHHa [= =const, To Bropas

paMKa 3 6y,Z[CT COBCpUIATDH KoJIeOaHMS C HepBOHa‘-IaJIBHOﬁ aMHHHTYHOﬁ H, CJICJ0BATCIbHO, CUT'HAJI V !

B8blX

| — . |
Oyner nocrosuubiM \/ = =CONSt, KOTOPBIA SBIAETCS ONOPHBIM cHUrHanom, a curHan \/  Oyz;er
W3MEHSTHCS MPONOPHHOHAIBHO aMIUIMTYAE KoJeOaHU paMKU 2, COeUHEHHON co mrynoM 12. Otu oba

| Il o
CHUIHaJia nglx ,V MOCTYIIAarOT B KOMIIapaTop 11, BLIpa6aTLIBaIOIJ_II/II/I CHUrHaJl paccCorjiaCoBaHus, I10

B8blX

KOTOPOMY CYJISIT O pe3yJIbTaTe KOHTPOJIS.

OJIEKTPOMAarHUTHBI TIOTOK ()., CO3/aBaeMblil OIEKTPOMarHUTOM 5 H  MPEACTAaBICHHbIN

BBIPAXKCHUCM

rl,=U,Sin wt —Wa%’ (8)
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OyJIleT 3aMBIKaThCsl B OCHOBHOM Ha 3jeMeHTax A u b (puc.4), npeacTaBisior skopu BUOpaTopa.

A
2

£
i
&

PI/ICYHOI( 4, Pacnpez[eneHI/Ie QJICKTPOMAIrHUTHBIX ITOTOKOB B BI/I6paTOpe

B xaxnaeii momynepuox Ttaropoe ycunue [~ (Bosmymaromas cuna [18]) Oymer npursAruBath

3JeMEHT A BHH3, a 3JIeMeHT b BBepX, OTCI0/1a — JBMKEHNE PAMOK B IPOTHUBOIIOJIOKHBIE CTOPOHBI. [Ipn
TaKOW KOHCTPYKTHBHOH CXEME OSJICKTPOMArHUTHBIH MOTOK (P, CO3MaBaeMblil JICKTPOMarHUTOM 5,
OyleT HampaBlieH mnapamienbHo paMmkaMm. CTOMKM 6 SBISIFOTCS HAIlpaBIISIIOIIMMU 3JIEKTPOMATHUTHOIO
IIOTOKA.

VYpaBuenus (6), (7), (8) onucsiBaroT paboTy BUOPOKOHTAKTHOTO ITPeoOpa3oBaTest ¢ JBYXCTOPOHHUM

o | Il
JICACTBUEM DJIEKTPOMArHUTa U (JOPMUPOBAHUE CUTHANIA JBYX BuOporeneparopos \/ wu\/  , npurom

8blX

V| =const, a \/ | MeHsieTcs B 3aBHCHMOCTH OT H3MEHEHHUS MOJIOKEHUS noBepxHocTH 13 (cm. puc.3).
6blX 6blX

Ha mocnemHux cucreMax yHpaBiSIFOIIEro KOHTPOJS sl OEeCUEHTPOBO-NLIH(OBAIBHBIX CTaHKOB
(puc.5) YCTaHOBJIEHbl MAarHUTOJWHAMHUYECKHE MpeoOpa3oBaTesii BHOPOKOHTAKTHOTO MpPHUHIIMIIA

HU3MCPCHUA.

7

Puc.5. Ipouecc n3mepenus aetaneil mpyu UCMOIb30BaHUU MarHUTOIMHAMUYECKOTO MPeoOpa3oBaTens
Bricokasi AMHAMUYHOCTH TIpoliecca MPH TEXHOJOTHUYECKOM JBUKEHUU KOHTPOJMPYEMBIX AeTaliei

BBI3BAJIO CO3/IaHUE MEXaHU3Ma Oosee KECTKON KOHCTPYKIUU KOJIeOaTeIbHOM CUCTEMbI (M3MEPUTEIHLHOTO

HaKOHC‘IHI/IKa). I[J'ISI JOCTHIXXCHUA ITOH LOCJIM HAKOHCYHHUK, SIKOPb J3JICKTPOMAIrHUTA BO36y>KI[CHI/IH
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BHOpaTOopa W CEPACYHUK KATYNIKHM WHAYKTUBHOCTH OJIOKAa W3MEPEHHs aMILUIUTYIbl BHOpOKOJeOaHMit
KECTKO COENMHEHBI MEXAYy co00il, 00pa3ys H3MEpPHUTENbHBIA IITOK, MPUKPEIUIEHHBIA K KOPIYCY
MIOCPEJCTBOM YIPYTHUX MOJBECOK [3].

V3MepuTeNnbHBIA INTOK, OOBEOUHSSI B €IUHOE LEI0€ COCTABISIONINE KOJIeOaTeIbHON CHUCTEMBI,
yBEJIMYUBAET €€ KECTKOCTh, 00ecreurnBasi BHICOKYIO0 UyBCTBUTEIBHOCTh YCTPONUCTBA MPU MPUKPEILIICHUH
U3MEPUTENIBHOTO INTOKA K KOPIYCY IIOCPEICTBOM yHpyrux nonasecok. Ilpum Takol xEcTkou
Kosie0aTeabHOl crucTeMe He BO3HUKAIOT MONEpeYHbIe KojeOaHus e€ 3J1eMEHTOB, YTO MOBBIIIAET TOYHOCTh
n3MepeHuil. OTCyTcTBHE ATHX KojieOaHUN M JeMI(pUPOBaHHE H3MEPHUTENBHOTO IITOKA YHPYTHMH
MOJIBECKaMH M MAacCoil caMoro MITOKa CIIOCOOCTBYIOT IMOBBIIICHUIO TOYHOCTH HM3MEpPEHUs NpU yaapax
HAaKOHEYHHKA O KPOMKH JI€TaJIEH B IIPOLIECCE UX TEXHOJIOTUYECKOTO IBUKEHUSI.

BuOpOKOHTaKTHOE HW3MEPUTEIBHOE YCTPOWCTBO COJAEPKUT KOPIYC, PACHOJOXKEHHBIM B HEM
BUOpATOp B BHJIE JIEKTPOMArHuTa BO30YKIEHHUS, BKIIOYAIOLIETO KaTYIIKy U SKOpb, OJOK H3MEpEHUS
BUOPOKOJIeOaHU C CEpACYHUKOM U KATYIIKOW MHIYKTHUBHOCTH, CBSI3AHHBIN KabeleM C PEerucTpaTopom,

HAaKOHEYHMK U J[BE YIPYyTHUe MOABECKHU (puc.6).

PucyHok 6 - MarautoiMHaMHYECKUN TIpeoOpa3oBaTeIlb

Kaxxnast ynpyrast moJiBecka BBIITOJHEHA B BUJI€ TOPH30HTAILHO PACIIONIOKEHHOW MEMOpaHbI C ABYMS
paaranbHBIMHA BBIPE3aMU, MPOTHUBOIOIOKHO PACTIOIOKEHHBIMUA OTHOCHUTENBHO U3MEPUTEILHOTO IITOKA.
MemMmOpaHa TpUKpEIUIeHa K KOPIYCy MEXKIYy HAKOHEYHHKOM U DJJIEKTPOMAarHUTOM BO30YKICHHS
BI/I6paTOpa, OXBaThIBasA CTCPKCHb HU3MCECPHUTCIBHOIO0 MITOKA, COG)II/IHSIIOHII/Iﬁ HAaKOHCYHUK H SAKOPb.
MemOpaHa TpUKpEIUIeHa K KOPIYyCYy MEXIy CEepACYHHKOM M TOPIIOM KOpITyca, OXBaThIBas
COOTBGTCTBYIOH_II/Iﬁ Y4aCTOK HU3MCPUTCIIBHOT'O IITOKaA. CTCp)KeHI: HU3MCPUTCIIBHOT'O IITOKAa,
COGILI/IHSIIOH_II/Iﬁ HaKOHCYHUK H AKOPb, PAaCIOJOXCEH B LICHTPAJIbHOM OTBCPCTUHM MATrHUTOIIPOBOAA

3JIeKTpOMaruuTa Bo30y:k1eHust Bubpatopa. Katymku WHIYKTUBHOCTH MMEET JIBE, PACIIOJIOKEHHBIE JPyT
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HaJ JIpYroM OOMOTKM C NPOTHUBOMOJOXHBIMA HAMOTKaMH, a CEpJCYHHK pACIOJIOXKEH BAOJIb 3TUX
00OMOTOK.

DneKTpoauHaMUYecKuii  BUOpompeoOpazoBaTens paboraer Tak. [Ipm momaye MHTAIOIMIETO
HaNpsDKCHNUST Ha KaTYIIKy SJIEKTPOMAarHuTa BO30YXKIEHHUs BUOpaTOpa MPHUBOIATCS B KojeOaTeIbHOE
BO3BPaTHO-TIOCTyNATEeNbHOE JIBI)KEHUE CTEP>KEHb C HAKOHEYHUKOM M SIKOPb C CepJeYHUKOM. B karyike
UHAYKTUBHOCTH Oyioka wu3MepeHus BuOpokonebanuit wungyuupyercs OJIC, mnponopruoHaibHas
M3MEHEHHIO CKOPOCTU MarHUTHOTO IOTOKA, CO3JaBa€MOr0 CEPACUHUKOM.

B mpouecce nzmepenuii pazmepoB 00padbaThIBa€MBbIX JI€Talel HAKOHEYHUK U3MEPUTEIBHOTO HITOKA
KOHTaKTUPYET ¢ KOHTPOJIMPYEMOIl MOBEpXHOCTHIO. [Ipu 3TOM B 3aBHCHUMOCTH OT M3MEpPEHUSI pa3MepoB
JeTajei u3MeHseTcs aMIUINTyja KojaeOaHui IITOKa, B TOM YHCIE cepleyHUKaA. M3MeHeHne aMIuTyabl
KojeOaHuil cepaeuHuka npuBoauT K u3MmeHeHuto DJIC, uto mo kabemio mepemaércs perucTpaTopy
CUTHAJIOB C TTOCJICAYIONIEH BhIa4eH MOKa3aHW U3MEPEHHH B y1000unTaeMoil hopme.

Hnst paccMotpenusi GopMHpOBaHUS 3THX CUTHAJIOB MOCIEAOBATEIbHO OMUIIEM paboTy BCEX Y3JIOB

BH6ponpeo6pa30BaTen51, Ha4YMHasi C 3JICKTpOMArHuTa

do,
dt

HuddepenumansHoe ypaBHEHHE IBUKEHHSI KOJEOATEIbHOW CHUCTEMBI, COCTOSIIIEH W3 IITOKA C

iar :VoSin a)t _Wa (9)

HAaKOHEYHHUKOM, SIKOPSI U Cep/IeYHHKA, MPEACTaBUM 110 aHasoruu ¢ (3) B BUIe

d'x , dx 1,
m dtz +h dt +kX _mosa@a' (10)

JIBukeHHE KOJIEOATEIIbHON CHUCTEMBI, ¢ KOTOPOW KECTKO CBSI3aH CEpJCYHUK BHOpOTEHEpaTopa,

pUBOAUT K nosiBieHuto DJ1C

4D, dir .
E =W, dt Ldt +1 Iy (11)

rne F - OJ1C; \/ . - umcio BUTKOB OOMOTKHM IeHepaTopa; (@, - MarHUTHBII MOTOK MOCTOSHHOTO

MareuTa; | - HHAYKTHBHOCTH OOMOTKH I€HepaTopa; | -~ TOK B 0OMOTKE I'€HepaTopa; [y - CyMMapHOe

ANIEKTPHUYECKOE COMTPOTHBIIEHHNE 0OMOTKH IreHepaTopa, MPOBOIOB M HATPY3KH.

[Tonyuennsie ypaaenuss (9), (10), (11) omnmceiBaroT paboOTy MarHUTOJAMHAMHYECKOTO
BUOpomnpeoOpazoBatenss ¥ (GopmupoBanue curHana [13] (puc.7), MOCTymaromiero Ha OTCYETHO —
KOMaHJHOE YCTPOHCTBO KOTOpO€ BBIAAET KOMAaHIbI Ha YIpaBieHHE padoToil OecleHTPOBO-

HIJ'II/I(l)OBaJ'II)HI)IM CTaHKOM.
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Puc.7. I'padmueckoe pemieHne cucTeMbl ypaBHeHUH, rie @3 — 2IeKTPOMAarHUTHBIN TOTOK;

X — BeIMYMHA NEPEMEIEHUS U3MEPUTEIBHOIO ITOKA (KOJIeOaTeIbHOM CUCTEMBI);

dx/dt — ckopocTh mepeMelieHnsT W3MEPHUTENBHOIO INTOKA; ir — BBIXOAHOW TOK TeHeparopa
(M3MepUTETHEHON CUCTEMBI)

[TomydyeHHbIe 3aBUCHUMOCTH MCIIOJB3YIOTCS ISl pacuéra BBIXOJHBIX MapaMETpOB IO 3aJaHHBIM
BXOJIHBIM YCJIOBHSIM, UCIIOJIb30BAHUS 30HBI YCTOWYMBOM pabOThl BUOPOKOHTAKTHON CUCTEMBI U3MEPEHUS
Y BIIMSTHHSI CTOXAaCTUYECKOTO MPoIiecca KOHTPOIIS pa3MepoB 00padaThiBaeMbIX jetanei [14].

IIpakTHyeckas peanu3anusi CTAHOYHOIO O00OpyIOBaHHE AaKTHBHOIO KOHTPOJIA €
BHOpOreHepaTOPHbLIMH NPpeodpa3oBaTeasiMu

B nacrosmee Bpems (2019 rox) ctanouHoe 000pyZ0BaHUE aKTUBHOI'O KOHTPOJIS, pa3paboTaHHOE HA
kadenpe «TexHOoJI0rus METaJIJIOB U peMOHT MauH» YpI'AY, ycraHaBnuBaeTcs AJis IPOU3BOJICTBEHHOTO
WCIIOJIb30BaHUS B IIEXOBBIX YCJOBHMSIX Ha OJKCHEPUMEHTAJIbHOM IPOU3BOJCTBEHHOM KOMOUWHATe

VYpansckoro dhenepanpbHOro yHuBepcutera uMenu nepsoro [Ipesunenta Poccun b.H.Enbiinna.
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[Tennets! (rpanyisl, MUHU-OpUKeETHI, pellets) — mumuapuueckue w3aenus pmmHoi 10-50 MM u 6-

12 MM B taMeTpe, CIPeCCOBAHHBIC U3 U3MEIFYEHHOTO M BBICYIIEHHOTO CHIph. [1,2,5 |
Cy1iecTByeT HECKOJBKO BUIOB IEJUIET: [peBecHble, pacTUTe/lbHble, U3 TOp(a, U3 KYpHHOI0
nomera.

JIpeBecHbIe MEJUIETHI OJMYyYalOT B pe3yJibTaTe nepepaboTKH APEBECHBIX OTXOA0B (TOpObLIb, O,
mierna, Kopa, HEKaueCTBEHHas JpeBecHMHa, W T.A). JlpeBecHble TeNJIeThl MOAPAa3JeNoT Ha:
WHJy CTPHAJIbHBIE, WIIA TPOMBIIIIJICHHBIE (CEpPhIC) TPAHYJIbI U OBITOBBIE (O€IbIC) IrPaHYJIbI.

Cepble TpaHyJbl KOPHYHEBOTO, 3€JICHOBATOTO WM CEPOBATOTO I[BETA, CaMBIX Pa3HOOOPA3HBIX
OTTEHKOB — OT CBETJIOrO JI0 TEMHOI'O HACBIIIEHHOT0, TaK KaK ChIPbE JIOCTATOYHO JOJIO JIEXKAJIO JI0
rpoiiecca NpoM3BOJICTBA MeJJIeT. B cephix rpanysax nmoBbleHHbIN — 6omee 0,8% ypoBeHb 30JIbHOCTH, U
HECKOJIBKO CHIDKEHHAsS TETJIOTa CTOPAHMSL.

CBetible rpaHyJibl UMEIOT KPEMOBBIN 1IBET, IPOU3BOJIATCS U3 CBEXKETO, HE JIEKAIIOro ONuia, JIn0o
W3 CBEXKETO ChIPbsl, 3aYMIIIEHHOTO OT KOPBl. Y POBEHb 30JbHOCTH CBETJIBIX I'panyd He mpesbimaeT 0,5%, u
OoJiee BBICOKasi, UeM cepasi rpaHyJia, TEIUIOTa CTOpPaHUsl BHICOKOTO YPOBHS KaJOPUWHOCTH M TEILJIOTOU
cropanus.| 4,7 ]

JlpeBecHbIe MeIeThl UCTIONb3YOTCS:
o J[71s1 OTOTUICHUS JKHITBIX, IIPOM3BOICTBEHHBIX TTOMEIIIEHUI M MMPOMBIIIJICHHBIX KOTJIOB;
e B noxonax st KOCTpa, HIalIbIKa;
e AOCOpOEHT B XUMHUYECCKUX MTPOU3BOJICTBAX, AT OMOTyalleTa JIOMAITHUX KUBOTHBIX

e [loxmcTunka j1si KOHIOIIEH U ITUYHUKOB.[ 3 |

68



PacTurenbHble NeIeThl MPOU3BOAAT U3 OTXOJIOB CEJIBCKOXO3HCTBEHHOM mepepaboTku (cosoma,
Jdy3ra TOACOJNHYX, ILIedyXa W Jy3ra IpPYIMX Celb XO3SMCTBEHHBIX  KYyJIbTYp, OTXOZABl KpPYISTHOTO
IIPOU3BOJCTBA U T.1.).

B 0CHOBHOM KOHEYHBIN NPOAYKT MOIy4YaeTcss TEMHOro 1sera. [Io Temmoornaye, qaHHbIE TPAaHYJIbI
HUYEM HE YCTYNAIOT APEBECHBIM, €CIM TOBOPUTH O NEJIETAX U3 IIEIYXH HOJICOJHEYHHMKA, KyKypy3bl U
I'PEYKH, TaK KaK IEJUIEThl U3 COJIOMBI YCTYINAIOT B 3TOM IIOKa3arese JpeBecHbIM nemeram. Ho B To xke
BpeMsl y COJIOMEHHBIX T'paHyJl €CThb CBOM IPEUMYIIECTBA: OOJIBIIOE KOJHMYECTBO CHIPbS W HH3Kas
CTOUMOCTb. Y pacTUTENIbHBIX HEJJIETOB 30JIbHOCTh Topa3io Beie (10 3%), 4eM y JIpEBECHBIX, T03TOMY
KOTEeJI Hy>KHO OyZAeT YUCTUTh yalle. JlaHHbId B MPeHA3HAYEH JUIsl UCIIOJIb30BAaHUS B MPOMBIIUIEHHBIX
LeJIAX, TAK KaK IPU CTOPAHUH BbIIEISIETCs O0JIblIee KOJINYECTBO 30JIbI.

CosoMeHHbIE NEJUIEThI UCTIONB3YIOTCSI B ITUYHUKAX B KAUE€CTBE MOJICTUIIKH, TaK KaK 3HAYUTEIBHO
JIeIlIeBIie, YeM U3 JiepeBa U Topda, NOrIoularoT B 2 pa3a 00bllie JKUIKOCTH, YEM JIPEBECHBIE, MATYE YEM
JIPEBECHBIC TPaHYJIbI. [6 |

[Tennersl w3 Topda MMeErOT TeMHbIH 1BeT. Mcmonp3oBaHue meuieT U3 Topda HeoObIYaiHO
LIUPOKO:

® [IOIYJIAPHBI CPEIU MPOMBILIUICHHBIX NPEANPUATHH, TaK KaK 00JIaa0T BBICOKUMH KaJlOpPUHHBIMH,

SKOHOMUYECKMMH U DKOJIOTMYECKUMU KadecTBaMU. Ho B CBSI3M C MOBBIIIEHHOM 30JbHOCTBIO HE

MOJIB3YIOTCS CIIPOCOM Y YaCTHBIX MOTpeOUTENEH, TaKk KaK KOTEeJI [OCJIe UCIIOJIb30BaHUS TOP(IHBIX

rpaHyJj Hy>KHO OyJIeT OU€Hb YacTO YUCTUTb.

e JJIsl XpaHEHHUs OBOLLIEH U (PPYKTOB;

® B KaYeCTBE YCKOPEHUS ICHCTBHSI MUHEPAIBbHBIX YI00pEHUil;

e JJIsl IPOU3BO/ICTBA AKTUBUPOBAHHBIX yTJIEH;

© a0COPOEHT B MPOMBIIIICHHBIX (DUIIBTPAX;

e JIsl IPOU3BOJICTBA TEIUION30JINPYIOIINX CTPOUTEIBHBIX MAaTEPUAIIOB;

e 11 cOOpa U yAajaeHns HeTEepOAYKTOB ¢ IOBEPXHOCTH 3€MJIM M aKBATOPUH MPH UX Pa3/IUBE;
® B KAYECTBE MCKYCCTBEHHOI'O IPYHTA B CTPAHAX C MOBBIIIEHHON BETPOBOW IPO3UEN TIOUYBBHI.

[lenneTsl U3 KypuUHOrO MOMETa SIBJISIOTCS BBICOKOKAYECTBEHHBIM OPraHUYECKMM YA0OpeHHEM, U
coJiepKaT Bce HEOOXOAUMBIE ISl MUTAaHUS PACTEHHUI AIIEMEHTHI, IPUYEM B ONTHMAJIbHOM KOJIMYECTBE U
COYETAaHMM, & TAKXKE IPUMEHSIOTCS B Ka4eCTBE TOIUIMBA JJII MECTHOIO HMCIOJIb30BAaHUS B KOTEJIBHBIX
ra3oBbIX YCTaHOBKAX.

OcHoBHbIE TPEOOBaHMS K KAUECTBY TOIUIMBHBIX MEJUIETOB:

e ['panyna qo/mKHA OBITH POBHOM M TJIQJIKOM, TNIOTHO CIIPECCOBAHA;

e [IpolieHT BIaKHOCTH TOTOBBIX TpanHy’1 He Oosee 15%;
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e )KenateneH oauH pasMep IpaHys (B OCHOBHOM IIPOM3BOJMUTENINM M3rOTaBIMBAIOT TOILIMBHBIE
rpaHyjbl IIUHHON OT 5 MM 110 70 MM, a B aiuameTpe oT 6 MM 10 10 MM) HE3aBUCUMO OT BHAA
TOTUIMBHOTO TIEJIJIETa;

e OtcyTcTBUE NpUMecei (IbUTb U TIECOK) B TOTOBOW MPOAYKIMH, CHUKAIOIIUX KaYeCTBO IEJIJIETOB;

e OTcyTcTBHE TPUOKA U TJICCEHU HA TIEJUIETaX;

e OTCyTCTBUE XUMHKATOB.

TpeboBaHust K ChIPHIO 111 U3TOTOBJICHUS MEJIET:

1. CpIpbe HE TOJKHO UMETh HUKAKUX MpUMecei (KaMHei, MUK, ecka, MeTaILTNYeCKOro Mycopa,
JUCTBBI).

2. MuHuManbHOE COJEp)KaHNE MPUPOJHBIX CKIEUBAIOLIUX BELIECTB (JIMHIMHA, CMOJI U APYTUX
KJIEHKHX BEIIECTB), UTO YCKOPSIET MPOLECC U3TOTOBJIEHUS U KAUECTBO TOTOBOM MPOAYKIIHH.

3. CeippeBble MaTepuanbl HE JOJDKHBI OBbITh CIMIIKOM BJIQXHBIMH, 4YTO 3aMelJIseT
IIPOU3BOJICTBEHHBIN NIPOLECC U BIUAET HA YIOPOKaHUE MPOAYKLIHHU, TAK KaK TPATUTCS IONOJHUTEIbHOE
BpEMS U pECYpCHI Ha CYLIKY.

TexHonorust npou3BoacTBa. OCHOBHBIMU TEXHOJIOIMUECKUMHU TallaMy MPOU3BOICTBA TOIUIMBHBIX
TIEJIETOB SIBJISIFOTCSL:

1. KpynHoe apoOGnenue coipbs. poOMIKONH H3MENbYaroTCs KPYMHbIE ChIphEBbIE MaTepHalbl 0
HYKHBIX pa3MepoB (IJuHA J10 25 MM, TUaMeTp 110 2-4 MM) JUJIsl yIIpOILIEeHUs pabOThl Ipecc-rpaHyiaTopa,
TaK KaK 4eM MEHbIIIe MaTepual, TeM KauyecTBEHHee U ObicTpee (pOpMUPYIOTCS TpaHyJIbl.

Jpobnenue mpou3BOAUTHCA O MOMEHTA JOCTIXKEHUSI HeoOXoaumon ¢pakiuu matepuana. Jlanee
M0 CKpEeOKOBOMY TPaHCIOPTEPY M3MENBYCHHOE ChIphE MOCTYNAeT B CMECHUTENb, a 3aT€M B CYLIMJIbHBIN
OapabaH.

2.Cyuika 06paboTaHHOTO ChIPbsI- SIBISIETCS OAHUM M3 TJIABHBIX ATAlOB U MPOTEKAET B CYLIMIIBHOM
OapabaHe, KyJa M3 KOTJa MO pyKaBaM MOAAETCA TOPSUYM BO3IYX, KOTOPBIA BBICYIIMBAET BIAry U3
00paboTaHHBIX IMIETIOK. BBICYIIIEHHBIE MIETTKU JOJKHBI UMETh BIaKHOCTH OT 8% -12 % .

IIpn cymke oTpaOOTaHHBIM BO3IyX IOJA JEHCTBUEM pa3psLKEHUS JBIMOCOCA 3aXBAThIBACTCS
BMECTE€ C MEJIKMMH (PpakuusMH, KOTOPbIE OCAKIAIOTCS BHU3 B LUKIOH JUIsl JajdbHEMILEro MeJKoro
npobneHusi, a oTpaboTaHHBIN BO3AYX yaanserca B atMocdepy. [lpu 3Tom yacTh Menpyailimux ¢pakxiiuii
10 BO3J1yIIHBIM TPAHCIIOPTEPAM IONAJAET B KoTed. [ 8 ]

3. Menkoe apoOiienue. JlaHHBIH dTanm HEOOXOMUM JUIsl elie OONBINEro W3MENbUCHUS IIEMbl U
omwIoK (uymHa 10 4 MM, auameTp 10 1,5 Mm), yToOBI oOecreunTh 6osee 2P heKTuBHYIO paboTy mpecc-
rpanynaropa. Menkoe IpoOJieHHe MPOUCXOTUT C TOMOIIbIO APOOUIBLHONW MENbHUIBL. B Hee chipbe
MI0/1aeTCs U3 LUKJIOHA.

B npobuinike celpbeBOil MaTepuall U3MEIbYAETCS 0 COCTOSIHMSI MYKH, KOTOPasi MO BO3IYIIHBIM
TpaHCIIOpTEpaM MonaaaeT B MUKIOHBI (1-H UKIOH AJs IEPBUYHOTO OTAEICHUS MYKHU U3 APEBECHUHBI OT

BO3/JyXa, 2-i HUKJIIOH — IJIsI BTOPUYHOI'O, 3aKIIFOYUTCIBHOI'O OTI[eJ'IeHI/IH), a IIoCJIC OTACJICHUA BO31yXa,
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JpeBecHas MyKa IMOJaeTcs B Hayaje Ha MpsSMOil, a 3aTeM Ha HAKJIOHHBIM ITHEKOBBIM TpaHCHOPTEp U B
OyHKep Ipecc-TpaHyJIsTopa, B KOTOPOM YCTaHOBJIEH CMECUTEIb.

4. KoppekTupoBaHHEe BIaKHOCTH OYEHb BaXKHO, TIOTOMY YTO €CJIM ChIphe OyIeT OYeHb CyXUM
(BmaxxHocTh MeHbLIE 8%), TO CKJIEMBAaHHME ChIpbsl B Ipecc-TpaHyJIsiaTope OylIeT NpOXOAUThH
HEKayecTBEHHO. JlaHHBIA mpoliecc NPOXOAUT B CIEUHUATBLHOM YCTpoWicTBe — cmecurene. [lpu
HEO0O0XOJMMOCTH OH IO CBOMM KaHaiaM OyJeT NojaBaTh Map WIM BOAY U Ha BBIXOAE MOIYUHUTCS
JpEBECHAs IbLIb C IPABUIBbHON BIIA)KHOCTBIO.

5. I'panynsuus ¥ npeccoBaHre MPOUCXOAMT B CHEMATIbHOM Ipecc-Tpanyistope. [locie Toro kak
BJIQXKHOCTb CBHIpbS OTKOPPEKTUPOBAJaCh B CMECHUTENIe, OHU IOCTYNAlT B TpaHyiIsITop. B Hem mon
BBICOKUM JIaBJIEHHEM IIpecca M BbICOKOW TemmepaTypoit (250-300 °C) ceipbe mpoJaBiIMBaeTCs depes
CHEIMAIbHYI0 MAaTpHUlly, HpPOXOAs 4Yepe3 KOTOpYl0, JPEBECHAs IblUIb CKJIEUBAETCd B TpaHyJIbl
TATUHIPAUIECKON POPMBI.

Copepxaiyecs CMOJIBI M JIMHTUH B W3MEJbYEHHOH JpPEBECHHE SBJISIOTCS CKICHUBAIOLIUM
IPUPOJHBIM MAaTEpHUaloM, KOTOpbIE BBICOKMM JIaBJICHHEM M TeMIepaTypol KaueCTBEHHO CKIJIEHBAIOT
YaCTMYKHU ChIpbs B TIpaHylibl. B rpaHyisTOpe yCTaHOBIEH HEMOABM)KHBI HOX, KOTOPBIM pexXer
BBIIABJIMBAEMbIIl U3 MAaTpUIlbl FOTOBBIM MaTepuan B IpaHyJibl Hy»KHoro pasmepa (anuna 10...30 mwm,
mupuHa 6...10 Mm). Jlanee rpanysibl TOAAIOTCS B OXJIAUTEINb.

6. Oxnaxaenue nemwieToB. ['0TOBbIE I'paHysbl, KOTOPbIE TOJBKO BBIILIM U3 MpEcCc-TpaHyIsaToOpa
OUEHb TOpsSYUE, IMOITOMY HX HEOOXOAMMO OCTYJIUTh C MOMOUIpI0 oxinagutensd. lloctynusmue B
OXJIaIUTENIbHYIO KOJIOHKY IEJUIEThI MPOIYBAIOTCS BO3AYXOM M3 BEHTHJISATOPA, KOTOPBIN «BBICACHIBAET
TOpSYMiA BO3JIyX U3 TPaHyJl U 3aXBaThIBAET HETPAHYIMPOBAHHYIO IPEBECHYIO MYKY. [7 ]

Topsunii Bo3ayx yaanserca B aTMocgepy, a Myka — B HUKIOH. PU3UKO-XMMHUYECKHE CBOWCTBA
TOIUIMBHBIX TpaHyJd HU3MEHSIOTCA BO BpPEMs OXJIAXKICHMs, M Ojarojaps 3TOMY OHHU IpPHOOpETaoT
MpaBUJIbHBIN YPOBEHb COJIEp)KaHUs Biard, TBepAaoctu u Ttemmeparypsl (70-90°C). Jlanee rpaHysl
OTMPABIIIOTCS HA PachacoBKy.

7. PachacoBbiBaHME TOTOBOM MPOTYKIIUU- SIBISIETCA KOHEYHBIM ATAIOM MPOU3BOCTBA TOIUIUBHBIX
rpanyi. M3 oxyiaguTenbHOM KOJOHKH IO JICHTOYHOMY JMOO CKpeOKOBOMY TpaHCIOPTEPY TOTOBBIE
IpaHyJibl TOCTYNAOT B OyHKep A TOTOBOM HpoAykiuu. ByHkep oOopyaoBaH BecaMu, 4TOOBI TOYHO
3HAaTh Maccy YIMaKOBAaHHOTO MeJJIeTaMH MeMIKa. 3/1eCh OCYIIECTBISETCS YMaKOBKa I'PaHyJIHPOBAHHBIX
niesuietoB B Menku (10 kr, 25 xr, 50 kr) u B 60abmue memku (250 kr, 500 kr, 1000 kr). BoT co6cTBeHHO
U BECh IPOLIECC TPOU3BOJICTBA.

KoHeuHbIM 0TX0/10M IIpU CrOpaHUM TOIIMBHBIX MEJIIET sABseTCs 30y1a. Ee yTuiauzanus cocTouT B
TOM, YTOOBI IOYUCTHUTH AIIUK JJIS 30JIbI B KOTJIE. 307y MOKHO HCIOIb30BaTh sl YAOOPEHUs MOYBHI Ha
BaIllleM OrOpoJie, B caay, B IBETOUHBIX KIyMOaX, TaK KaK OHA SBJSETCS OTIMYHBIM ynoopeHuem. [7 |

BrIBoabI:
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[Ipou3BOACTBO, TaK U KCIIOJI30BAHUE TEJUIET SIBJISETCS SKOJOTUYECKH YHCTHIM U 0€30TXOIHBIM
(0TX0aM MOXHO HAWTH MOJIE3HOE MPUMEHEHHUE).

Bce paccMoTpeHHBbIe BHMIbI MeJIeT HCXOAA W3 CBOMX CBOMCTB, HALIM KaXKAblil cBoe
npuMeHeHue. J[peBecHble NENJIEThl HE3aAMEHHUMbI JJIi  OTOIUIEHMSI JKUJIBIX, HPOM3BOACTBEHHBIX
MOMEIIEHUH ¥ TPOMBIIUICHHBIX KOTJOB; SBIISIFOTCS OTJIMYHBIM a0COpPOEHTOM B XUMHUYECKUX
MIPOU3BOJICTBAX U OMOTyaseTax JOMAIIHUX KUBOTHBIX; MMOACTUIIKA /I KOHIOIIEH U NTUYHHUKOB.

PacTurenbHble TENJIETHI 32 CYET BBICOKOH 30JBHOCTH Ooyiee MOAXOIAT Ui HCIIOJIb30BAaHUS
OTOIUIEHUS TPOMBIIUIEHHBIX MoMelieHuid. CoJOMEHHbIE TMEeJUIeThl 3a CYeT MSTKOCTH, HU3KOU
ce0EeCTOMMOCTH M BBICOKOW MOTJIONIAEMOCTH >KUIKOCTH HCIOJB3YIOTCS B NTHYHUKAX B KadecTBe
MOJICTUIIKH.

[lennersl U3 Topda HCMONB3YIOTCS B KayeCTBE OTOIUICHHS MPOMBIIUICHHBIX NPEANPUATHHA, TaKk
Kak oO0JaJaloT BbICOKMMHM KAJIOPUWHBIMHM, SKOHOMHYECKHMU U DKOJOTMYECKUMHU KaueCTBAMHU;
HE3aMEHHUMBI TMPH XPaHEHWU OBOIIEH U (PPYKTOB; B KaueCcTBE YCKOPEHHs NEHCTBUS MHHEPAIbHBIX
ynoOpeHui; 1 MPOU3BOICTBA aKTUBUPOBAHHBIX yIilel; aOCOPOSHT B MPOMBINUIEHHBIX (UIBTPAxX; AJsA
MPOU3BOJICTBA  TEIUIOM3OJIUPYIOMINX  CTPOUTEIBHBIX  MaTepHalioB;, Ui cOopa W yJaJeHUs
He(TENpPOAYKTOB C MOBEPXHOCTU 3€MJIM M aKBAaTOPUH NpU HMX pa3juBe; B KAUECTBE HCKYCCTBEHHOTO
TPYHTa B CTpaHax C MOBBIIEHHOW BETPOBOM 3PO3HEN MOYBHI.

[lenneTsl U3 KypUHOTO MOMETA SIBJISIIOTCS BBICOKOKAUYECTBEHHBIM OPraHUYECKUM yJIoOpeHueMm, a
TaK)K€ MPUMEHSIOTCS B KayeCTBE TOIUIMBA JUII MECTHOTO HCIOJIb30BAaHUS B KOTEJIBHBIX TIa30BbIX

yCTaHOBKaXx.

Bbubauorpadguyecknii Cnucok

1. K Bompocy 00 HM3rOTOBJIEHHH TEJUIET M3 OTXOJOB CEICKOXO3SHCTBEHHOTO IMPOU3BOJICTBA.
[ToroB A.E. B cOopruKke: DHeprodpPpeKTHBHOCTh U SIHEProcOepekeHne B COBPEMEHHOM IPOU3BOJICTBE U
obmecTBe MaTepuasibl MEXTyHaApOJHOW Hay4YHO-TIpakTUYecKor KoHpepeHuu. [log obmei pemakimei
B.A. I'ynesckoro. 2018. C. 40-44.

2. O BoIlpoce CpaBHUTEIBHOTO aHAIM3a MeJJIeT U3 pazauuHoro Buaa ceipbs. [lonmoB A.E., [ankuit
B.II.,, TIlonmoBa A.IO., buprouunckas T.I. B c6opuuke: HAVKA U OBPASOBAHUE B
COBPEMEHHLIX YCJIOBUAX matepuanibl MeXIyHApOIHONW HAyYHOW KOH(epeHInH. MUHUCTEPCTBO
cenbckoro xossiiictBa Poccuiickoit denepanuu; JlemapraMeHT Hay4YHO-TEXHOJOTUYECKOW MOJUTUKH U
obpazoBanust; PI'BOY BO "BopoHeXCkHil TrocyZapCTBEHHBIH arpapHbIi YHUBEPCUTET HMEHHU
umnepatopa [erpa I"; [Tox oOmeit penakmueii: B. 1. Opobunckoro, B. I'. Kosmosa. 2016. C. 285-2809.

3. [Ilenmnersr: HIUPOKUI CIIEKTP MCIIOJIb30BaHUS [DneKTpOHHBIN pecypc]

http://www.lesprominform.ru/jarchive/articles/itemshow/3587

4. TlpowmsBoxacTBo mesier. [DnekTpoHHbIi pecypce] https://proizvodstvo-pellet.ru/pellety-chto-eto-
takoe/

72


http://www.lesprominform.ru/jarchive/articles/itemshow/3587

5. [Ipou3BoacTBO memieT W3 OTXO0J0B cenbckoro xossiictBa. IlomoB A.E., KoG3apr B.M. B
cOopHuke: IHHOBallMOHHBIE HANPaBJIECHUS Pa3BUTHsI TEXHOJOTHM U TEXHUYECKHX CPEJICTB MEXaHU3alUH
CEJICKOT0 XO3AHUCTBA MaTepHajIbl MEXTyHAPOTHON HAYyYHO-TIPAKTUUYECKON KOH(EPEHIINH, TOCBSIEHHON
100-neTrro Kadenpsl CeTbCKOXO3SIMCTBEHHBIX MAIIMH arpOMHXEHEPHOTO (akyibTeTa BopoHEKCKOTro
rOCyapCTBEHHOIO  arpapHoro yHuBepcuTera uMmeHd umneparopa Ilerpa 1. Boponexckuii
rOCyJapCTBEHHBIM arpapHbli yHusepcurer uMm. HMmmneparopa Ilerpa I, PenakuuonHas kosuierus:
Bacunenko B.B., I'meBckuii A.M., KazapoB K.P., Connue B.H., Tapacenko A.Il., Yepnsimor A.B.,
[aroxun 1.B.; [Tox o6meit penakumeit H.M. bByxtosiposa, B.1. Opo6unckoro, N.B. backakosa. 2015. C.
327-332.

6. TexHonorus npuMeHEHUs NEJJIET B Ka4eCTBE MOJICTHIIKU MPH COJEPKAHUU MHA0YTOK. BripoBa
O.M., Beipo P.M. Monoaexsp u Hayka. 2018. Ne 2. C. 62.

7. Texuomorusi  MPOW3BOJACTBA W  NPUMEHEHHWE  TMeuleT  [DJIEKTPOHHBIA  pecypc]

https://slarkenerqy.ru/bio/pellety-proizvodstvo.html

8. Uro Takoe NEJUICTHI: Pa3sSHOBHUIHOCTH, 0COOEHHOCTHU NOpOU3BOACTBA U HCIIOJIb30BAHUA

[DneKTpOHHBIH pecypc] http://blog.flexyheat.ru/chto-takoe-pellety-raznovidnosti-osobennosti-

proizvodstva-i-ispolzovaniya/

9. 3ememmn A.H., OcynmoB M.JLIIpumenenne TmeuileT B KadyecTBE  KOpMa  JUIA
CEJIbCKOXO035IICTBEHHBIX JKUBOTHBIX Y panbckuid HayuHbli BecTHUK. 2018. T. 10. Ne 3. C. 076-085.
10. 3enennn A.H., FOcynos M.JIL., lopoxos IIL.H.IlpumeHeHne menerT B KayecTBe KOpMa JUIs

CEIIbCKOXO3SIMCTBEHHBIX KUBOTHbIXHay4HO-TEXHUYECKMI BECTHHK TexHHueckue cucteMbl B AlIK.

2018. Ne 2 (2). C. 56-65.

Bibliographic list

1. On the issue of the manufacture of pellets from agricultural waste. Popov A. E. In the collection:
energy Efficiency and energy saving in modern production and society Materials of the international
scientific and practical conference. Under the General editorship of V. A. Gulevsky. 2018. P. 40-44.

2. On the issue of comparative analysis of pellets from different types of raw materials. Popov A.
E., Shatsky V. P., Popov A. Yu., Borucinska T. Y. In journal: SCIENCE AND EDUCATION IN
MODERN CONDITIONS, the materials of the international scientific conference. Ministry of agriculture
of the Russian Federation; Department of scientific and technological policy and education; VORONEZH
state agrarian University named after Emperor Peter |; Edited by V. I. Orobinsky, V. G. Kozlov. 2016. P.
285-289.

3. Pellets: a wide range of uses [Electronic resource]

http://www.lesprominform.ru/jarchive/articles/itemshow/3587

4. Production of pellets. [Electronic resource] https://proizvodstvo-pellet.ru/pellety-chto-eto-takoe/

5. Production of pellets from agricultural waste. Popov A. E., Kobzar V. M. In the collection:

73


https://slarkenergy.ru/bio/pellety-proizvodstvo.html
http://blog.flexyheat.ru/chto-takoe-pellety-raznovidnosti-osobennosti-proizvodstva-i-ispolzovaniya/
http://blog.flexyheat.ru/chto-takoe-pellety-raznovidnosti-osobennosti-proizvodstva-i-ispolzovaniya/
https://elibrary.ru/item.asp?id=36070245
https://elibrary.ru/item.asp?id=36070245
https://elibrary.ru/contents.asp?id=36070220
https://elibrary.ru/contents.asp?id=36070220&selid=36070245
https://elibrary.ru/item.asp?id=36645035
https://elibrary.ru/item.asp?id=36645035
https://elibrary.ru/contents.asp?id=36645028
https://elibrary.ru/contents.asp?id=36645028&selid=36645035
http://www.lesprominform.ru/jarchive/articles/itemshow/3587
https://proizvodstvo-pellet.ru/pellety-chto-eto-takoe/

Innovative directions of development of technologies and technical means of mechanization of
agriculture materials of the international scientific and practical conference devoted to the 100th
anniversary of the Department of agricultural machines of Agroengineering faculty of the VVoronezh state
agrarian University named after Emperor Peter 1. VVoronezh state agrarian University. Peter; Editorial
Board: Vladimir Vasilenko, Gievskaya A. M., Kazarian, K. R., Solntsev V. N., Tarasenko A. P.,
Chernyshev A.V., Shatokhin I. V.; Under the General editorship of N. And. Program, V. I. Robinsova, 1.
V. Baskakov. 2015. P. 327-332.

6. Technology wood pellets as bedding when the content indotec. Varova O. M., R. M. Vyriv Youth
and science. 2018. No. 2. P. 62.

7. The technology of production and wuse of pellets [Electronic resource]

https://slarkenergy.ru/bio/pellety-proizvodstvo.html

8. What are pellets: varieties, features of production and use [Electronic resource]

http://blog.flexyheat.ru/chto-takoe-pellety-raznovidnosti-osobennosti-proizvodstva-i-ispolzovaniya/

9. Zelenin A.N., Yusupov M.L. The use of pellets as feed for farm animals Ural Scientific Journal.
2018. T. 10. No. 3. P. 076-085.

10. Zelenin A.N., Yusupov M.L., Shorokhov P.N. Use of pellets as feed for farm animals Scientific
and Technical Gazette technical systems in the agroindustrial complex.2018. No. 2 (2). Pp. 56-65.

74


https://slarkenergy.ru/bio/pellety-proizvodstvo.html
http://blog.flexyheat.ru/chto-takoe-pellety-raznovidnosti-osobennosti-proizvodstva-i-ispolzovaniya/

VJIK 621 (01)

BBINIOJTHEHUE JIABOPATOPHOI'O TIPAKTUKYMA IO TEXHUYECKOMU MEXAHMKE
C UCIOJb30BAHUEM HH®OPMAIIMOHHBIX TEXHOJIOTMI

O.H. He3amaeBa, cTapimuii npenojgaBateib Kapeapbl TEXHOIOTHYECKUX U TPAHCTIOPTHBIX MAIIHH
®I'BOY BO VYpanbckuii rocyaapcTBeHHbIH arpapHbiii yauBepcuteT; (620075, r. ExatepunOypr,
yi1. Kapna JInbkuexra, 42 (ten.+7 912 201 41 24), ola-nez@mail.ru.)

H.H.DQapsAm  kaHIuaaT TEXHUYECKHX HAyK, JOLEHT, JOLEHT Kadeapbl TEXHOJIOTHYECKUX U
tpancnopTHbix MammH GI'BOY BO VYpainbkckuii rocyaapcTBeHHbIN arpapHbiii yHHBepcuTeT; (620075, .

ExarepunOypr, yi1. Kapna JIuOkuexra, 42; (ten.+7 912 275 98 92), vasilisadkota@yandex.ru)

Penensent: JI. A. HoBonammH KaHIMIAaT TEXHUYECKUX HaykK, noueHt, ®I'bOY BO VYpanbckuil
rOCyAapCTBEHHBIN arpapHbIil YHUBEPCUTET
(620075 CeepanioBckas obnacts, r. ExkarepunOypr, yi. Kapna JIubkuexta, 1. 42 ten. +7 (343) 371-33-
63, E-mail: novopashin-leonid@ya.ru)

KaroueBble caoBa: JlaGopatopHas pa0oTa, reoMeTpusi 3yOuaThIX KOJIEC, COUYETaHUE
TPAAMLMOHHBIX W COBPEMEHHBIX TEXHOJIOTUH, KOMIIBIOTEpHAs M[pOrpaMMa, aHajau3 pe3yJIbTaToB,
ONTUMU3AIIHS [TAPAMETPOB, KOPPEKIIHS MPOPHIIS 3yObEB.

AnHoranusi: [ToaroToBka crenuamucToB, COOTBETCTBYIOIIMX JACHCTBYIOMMUM 00pa30BaTeIbHBIM
CTaHaapTaMm, o0yCIIOBIMBAET MOTPEOHOCTh BO BHEAPEHUN COBPEMEHHBIX MH(GOPMAIIMOHHBIX TEXHOJIOTHA
B T€ WJIU WHBIE BUJBI yueOHOU paboThl. [Ipu 3TOM 3 PeKTUBHBIE METOIBI TPAIUIIMOHHOTO OOyUEHUS HE
JIOJKHBI IOTEPATH CBOEH 3HAYUMOCTH.

B nanHOI craThe paccMaTpuBaeTCs BO3MOXKHOCTb M 1I€JIECO0OpPA3HOCTh  peain3aluu
ONTUMAJIBHOTO COYETAHUS TEOPETHUUYECKUX PACUETOB, BBINOJHAEMBIX IPU TMOMOIIM KOMIBIOTEPHBIX
MporpaMM, C TMPAKTUYECKHUMH JICUCTBUSMHU, MPEIyCMOTPEHHBIMH JIA0OPATOPHBIM MPAKTUKYMOM.
[Ipemnaraemasi MeToAMKAa PAcCCMOTPEHA HA TPUMEPE BBIMOJTHEHHUS JTA0OPATOPHOTO MPAKTUKYMa IO
M3YUYEHHUIO TEOMETPUUYECKHX TapamMeTpoB 3yOuareix mepenad. I[lpakTtuueckas dacTh pabOTHI
MpeaycMaTpruBaeT UMUTAIIMIO Hape3aHusl 3y04aThIX KoJiec 0€3 CMeIleHUsI MHCTPYMEHTAIbHOM pelKu U co
CMelIeHneM e€ OTHOCUTENbHO 3aroToBku. I[locpeacTBoM mepebopa BapHAaHTOB C IMOCIETYOIINM
AQHAJIM30M PE3yJIbTAaTOB  CTYJEHT TOJydYaeT ONTHMAaJbHBbIC 3HAUeHUs KOd((UIIMEHTA CMENICHUS H
a0COJIIOTHOTO CABUTA WHCTPYMEHTAJIBHON PEHKH, UCKITIOYAOIINE TIOJIpe3 HOXKKHM 3y0a. ABTOMAaTHU3AIUs
pacyeToB TMO3BOJSET HUCKIIOYUTH OONBIION 00BEM MaTeMaTUYECKUX BBIYMCICHHM, a MpU HU3MEHEHUH
WCXOJHBIX TaHHBIX YCTAHABIUBAETCS MX B3aMMOCBS3h C IMOJYyYaeMbIMHU pPe3yIbTaTaMU. ITO CIIOCOOCTBYET
(OpPMHUPOBAHHUIO AHATUTHYCCKUX CIOCOOHOCTEH OOydaromuxcs, a TakKke 3aKkperusieT 3HaHWs,

MOJTy4YEHHBIE NTPU U3yUYEeHUU HHPOPMATHUKHU.
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JlanHas MeToAMKa coYeTaHWsl TPAJUIHOHHBIX M COBPEMEHHBIX MH(OPMAIMOHHBIX TEXHOJIOTUI
crocoOCTByeT (OPMHPOBAHMIO MOTHMBALMM  OOyyaloIIMXcs K  JajbHEeHIIeMy HEmpepbIBHOMY
00pa30BaHUIO M HAYYHO-HCCIEIOBATENbCKON JeATeNbHOCTH. Vcmonb3oBaHue HH(POPMAITMOHHBIX
TEXHOJIOTMM Hapsily ¢ HarSAHOCThIO TPAAMLIMOHHBIX MPAKTUYECKUX JEUCTBUH CIIOCOOCTBYET
(OpMHUPOBAHHIO KOMIIETEHLIMH, KOTOpPbIE MPEANOJIaraloT CIOCOOHOCTh aHAJIM3UPOBATh PpEe3yJbTaThl,
OCO3HAaHHO BIHUATh HAa HUX, @ TAKXKe IMPUMEHATh IOJyUYEHHBIC 3HAHUS ISl PELICHHs KOHKPETHBIX

MPAaKTUYCCKHUX 3aJay.

THE PERFORMANCE OF LABORATORY WORKSHOP ON TECHNICAL
MECHANICS WITH THE USE OF INFORMATION TECHNOLOGY
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Abstract: the Training of specialists, corresponding to the current educational standards,
determines the need for the introduction of modern information technologies in certain types of
educational work. At the same time, effective methods of traditional education should not lose their
importance.

This article discusses the possibility and feasibility of the optimal combination of theoretical
calculations performed with the help of computer programs, with practical actions provided by the
laboratory workshop. The proposed method is considered on the example of the laboratory workshop on
the study of geometric parameters of gears. The practical part of the work involves the simulation of
cutting gears without shifting the tool rail and with its displacement relative to the workpiece. Through
the selection of options, followed by the analysis of the results, the student receives the optimal values of
the displacement coefficient and the absolute shift of the tool rail, excluding the undercut of the tooth leg.
Automation of calculations makes it possible to exclude a large amount of mathematical calculations, and

when changing the source data, their relationship with the results is established. This contributes to the
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formation of analytical skills of students, as well as strengthens the knowledge gained in the study of
computer science.

This method of combining traditional and modern information technologies contributes to the
formation of motivation of students to further continuing education and research activities. The use of
information technologies along with the visibility of traditional practical actions contributes to the
formation of competencies that involve the ability to analyze the results, consciously influence them, as

well as apply the knowledge to solve specific practical problems.

Llenv  uccredosanuil 3aKioyaeTcss B pa3pabOTKE METOIUKH BBIMOJHEHHS JIaOOPaTOPHOTO
IPaKTHKyMa Ha OCHOBE CHHEPIHYECKOM MOJEIH, COYeTalouled TpaJulMOHHbIE U COBPEMEHHbIE
MH(POPMAIIMOHHBIE TEXHOJIOTHH.

B coBpeMeHHBIX YCIOBHUSX, KOT/Ia OCHOBHOMW 3a/lauell TUIaKTUKU SBISICTCS TOBBIIICHHE KauecTBa
00pa3oBaHMs, BCTACT BONPOC O COBEPIICHCTBOBAHHMH OTIENIBHBIX BUIOB Y4eOHBIX paboT. [loaroroBka
CIHELUAINCTOB B COOTBETCTBUU C 00pa30BaTEIbHBIMU CTaHAAPTAMU TPeOyeT MPUMEHEHHsI COBPEMEHHBIX
MH(POPMAIIMOHHO-KOMMYHHUKALIMOHHBIX TEXHOJIOTMH Ha OCHOBE CO3JaHUS HOBBIX METOJUYECKHUX
paspaborok. I[Ipm 3TOM TpamuIMOHHBIE METOIBI PA3BUTHA WH)KEHEPHOTO  MBIILICHUS HE JOJDKHBI
MOTEPSITh CBOCH 3HAYUMOCTH, TMOCKOJBKY KOMIIETCHTHOCTHBIC CTaHIAPThI 0Opa30BaHMS MPEIIOIAraroT
CHOCOOHOCTh TNPUMEHSTh 3HAHUS, YMEHHUS M HaBBIKM B PEAJbHBIX MPAKTHMUYECKUX CUTyarusx. s
(GbopMHUpOBaHUS TMPETyCMOTPEHHBIX CTAaHAAPTaMU KOMIETEHIUH 00y4yaeMblil, TIOMHUMO MpPUOOpETEHUs
npodeCCHOHANFHBIX 3HAHUH, JODKEH pa3BUBaTh JIMYHOCTHBIC, KOMMYHHUKAIIMOHHBIC, NEATEIHHOCTHO-
OpPUECHTUPOBAHHBIC KAUECTBA.

B Hacrosiee BpeMs co3aH psJi KOMIBIOTEPHBIX MPOTPaMM, MO3BOJISIONINX U30€KaTh OOJIBIIOTO
0o0beMa MaTeMaTHYeCKHX BBIYHUCICHUH, CTOUT JIMIIb BBECTH WCXOJHBIC JAaHHBIE U TYT K€ TOIYYUTh
pesynbrar [1, 2]. UpesmepHas ¢dopManm3aiisl BBITIOJHEHUS MPAKTUYCCKUX 3aJaHU C MPUMEHEHHEM
KOMIIBIOTEPHBIX MPOTPaMM TPUBOJIUT K TOMY, YTO CTYACHTHI YTPAUHBAIOT CMBICI PEIIaeMBIX 3a/1a4, HE
MOTYT aHAJIM3UPOBaTh M MPOTHO3UPOBATH  IOJIyd4aeMbie pPe3yibTaThl. [10J00HBIC 3aTpyIHEHHS HE
CIOCOOCTBYIOT ()OPMHUPOBAHUIO UCCIIEAOBATENLCKUX HABBIKOB; CaM MPOILIECC JIAOOPaTOPHOTO MPAKTUKyMa
JHIIEH HArJsIIHOCTH, KOTOpas MOXeT ObITh oOecreyeHa TrpaUyecKUMH TOCTPOCHUSMHU C TOMOIIBIO
TPaJUIIMOHHBIX METO/IOB.

CyThb palMOHAJIBHOTO COYETAHUSI TPAIUIIMOHHBIX METOIOB BBIIIOJHEHUS MPAKTHYECKUX 3ajad C
KOMIIBIOTEPHBIMH TEXHOJIOTHSIMM COCTOMT B TOM, YTO CTYJEHTHI HE TpATAT BpEeMs Ha TIPOMO3JKHE
BBIUMCIICHUS; TIPH TIOJTyYE€HUH HEYIOBICTBOPUTEIBHBIX PE3YIbTATOB OHM HMEIOT BO3MOXHOCTh H3MEHUTH
OMH WJIM HECKOJBKO IapaMeTpoB W NPOAHAIM3UPOBATH (YHKIMOHAJIHHBIC 3aBHCUMOCTH, TOHSTH
B3aUMOCBSI3H SIBJICHUH. TpaJiMIIMOHHBIC METO/IbI BBITOJHEHHS JIAOOPATOPHOU pabOThI C UCIIOIH30BAHUEM
npubopa A HMMUTAlMM TIpolLlecca Hape3aHWs 3yOuaToro Kosieca o0O0eCHeunBalOT MPH  ATOM

MaKCUMAJIbHYTO HAr 1A AHOCTD, KOTOpOI\/JI JIMIICHBI aHAJIUTUYCCKHUEC METOEI.
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B kypce «Texnuueckas mexaHuka» usydaercss Tema «lIpoexkTupoBaHue 3yOuaTbiX mepenayu»,
KOTOpasi SIBJIAETCSI OCHOBHOW MpU M3y4YeHHM pazfena «Mexanuueckue nepenaum». [lo maHHO#N Teme
CTYACHTHI BBIIIOJHSIOT J1a00OpaTOPHBINA MpakTHKYyM «V3ydeHue reoMeTprHyecKuX MapameTpoB 3y0daThIxX
rnepeay», KOTOPbIi COCTOUT U3 JBYX YaCTEW — PACUETHOM U MPAKTHYECKOM.

Pacyetnass yacTh J1a0OpaTOPHOrO MPaKTUKyMa IO JAHHOW TeME COCTOMT B OIpEAeICHUU
OCHOBHBIX T'€OMETPUYECKHX IapaMeTpoB 3yOdaThIX KOJIEC IyTeM IOJCTAaHOBKM HCXOJHBIX JaHHBIX B
anaimtudeckue Gopmynsl [3]. Tlpomecc 3TOT - TpyaoeMKuid, OAHOOOpa3HBIM, HE HECymuid B cebe
pa3BHBaroIIe KOMIOHEHThI 00y4yeHus. [Ipu 3ToM 3auacTyro CTy€HThl HE BOCIPUHUMAIOT 3aBUCUMOCTD
MOJIy4a€MbIX pe3yJIbTaTOB OT U3MEHEHHMS UCXOJIHBIX NIapaMETPOB; CIOKHBIE BHIYUCIICHUS, BBIITOIHIEMBIC
BPYYHYIO, 3aHMMAIOT OOJIBLIYIO YaCTh BPEMEHH M OTBJIEKAIOT OT COJEPKAHUS U LI JaHHOM paboThI.

[IpemyiaraemMasi MeTOIMKa BBINOJHEHUS JIAOOPATOPHOTO TPAKTUKYMa C HCIHOJIB30BAHUEM
KOMITBIOTEPHBIX MPOrpaMM 3aKJIIOYAeTCs B ONTHUMAJbHOM COYETAaHUM TPAJAULHUOHHOTO OOY4YeHHS U
COBPEMEHHBIX MH(POPMAIIMOHHBIX TEXHOJIOTHH, KaKk MHCTPYMEHTa (HOPMUPOBAHUS UHKEHEPHBIX YMEHHM
U HaBBIKOB.

Jis  BBIMONHEHUS TPYJOEMKHX BBIYMCICHMH pa3paboTaHbl JBE MpOrpamMMbl —pacdera
FeOMETPUUECKUX MapaMeTpoB 3yOuaThIX KoJec: JJIs KOJieC, Hape3aeMbIX 0e3 CMEIIEHHS HCXOJHOTrO
MIPOU3BOSIIIETO KOHTYpa U JUIsl KOPPUTMPOBAHHBIX KOJEC C IMOJOKUTEIbHBIM cMenieHueM. Mexonnbie
JaHHBIE COJAEPKAT KaK IOCTOSIHHBIE, TaK U IIEPEMEHHBIE BEJIWYMHBI, IOCPEACTBOM BapbUPOBAHUSA
KOTOPBIX MOYKHO TOJYYHTh ONTUMAJIbHBIE 3HAUEHUSI TEOMETPUIECKHX ITapaMeTpOB 3y0daThIX KOJIeC.

Brinonusis paboTy, CTyA€HT BBOAUT B TaOJMILy, IPEICTABICHHYIO Ha SKpaHe, 3aJJaHHOE 3HAYEHUE
MOyl 3alleIUIeHUs, a Takke dYuciia 3yOheB IIECTEpHU U Kojeca, KaKk IMOKa3aHO Ha MPUBEIEHHOM
pucynke 1. Ecnu B pesynbraTe pacueTa npH 3alaHHOM 4Hcie 3yObeB Z1 Ha IIecTepHe oOpa3yercs mojapes
HOXKH, TO TporpaMma aBTOMATHYECKH OIpenenseT KOd(PQPHUIHMEHT OTHOCUTEIFHOTO CMEIICHHS,
aOCOJIIOTHBIN CIIBUT MHCTPYMEHTAILHON PEHKHU M BBIMOJIHSAET KOPPEKIHIO Mpoduist 3yObeB. Pe3ynbTarh
pacuera medaTarTcs B BHAE TaOMUIBI I€OMETPUYECKHX IapaMeTpoB 3yOdaThIX KOJec, a TaKkKe

BbIUKCISETCS KOA(DPUIIMEHT NePEeKPhITHS TSl TaHHOM Maphl KoJiec.

li Furuyl % L-J\_:ﬁs_l

MD(CI.EIHbIE AdHHbIE nD.ﬂHHBHHbIE AdHHbIE
MpodunsHLIA yron 20 3aLI,BI'IJ'IBHH8 CO CMEWEHWEM UCXOOHOro KOHTYPE
Mgl Ao 10 [apameTp l lWecrepHa l Kaoneco I
~ 20.0000 20.0000
Koa duumeHT ronosku syta l1 0 Paguyc aenurensbHoM 0KpYKHOCTM (1) 75.0000 300.0000
Koo milietr FADro o5 ona 0,25 Paguyc OCHOBHOHVOKDHM(HOC’TM (18) 70.4763 281.9078
Paauyc HavaneHOM OKpYsKHOCTU [rw) 75.0000 300.0000
KonuyecTeo 3y6bes WecTepHu I1 5 Paguyc okpyKHOCTH BEPLIMH [1a) 86.1765 308.8235
&0 Paauyc okpyskHOCTUH BnaauH (if) 63.6765 286.3235
Koltsieniea K Koneca TonwwuHa 3y6beE No AEAMTENBHOM OKPYKHOCTH [S) 16.5644 14.8516
TonwwHa 3y6bEE N0 HAYaNBHOM OKPYKHOCTU [Sw) 16.5644 14.8516
MuHUManEHOE KoNWYECTEO 3YOLEE Ha Konece 7 OKpyskHOM MOAYNE MO H3YaABHOM OKPYKHOCTM [mw] 10.0000 10.0000
KoadduumeHt nepexkpbmua (g) 5.9512 5.9512
| Pacyet napameTpos konec I

Pucynok 1 - Pe3ynbrartel aBTOMaTU3HMPOBAHHOTO pacyeTa.
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[TpakTryeckast 4acTh pabOThI COCTOUT B UMHUTAIIMK Hape3aHus mpoduiist 3y0a Ha 3arOTOBKE B BUJE
OyMa)xHOro Kpyra ¢ momolnbio npudopa TMM-42, Bocnipou3BOIAIIETO MpollecC Hape3aHus 3yObeB —
sBodbBeHTOTpada. Hapesanue npoduist 3yduaToro koseca NpoU3BOAUTCS MO MPUHIMITY OTMOaHMS, IPU
KOTOPOM CpEeIHss MpsMas MHCTPYMEHTAJIbHOW pEeHKM NEepeKaThIBAETCs IO JEJIUTENbHONM OKPY’KHOCTH
Hapesaemoro kojeca [4, €.49-53]. [Ipubop maeT BO3MOKHOCTh Hape3aHHs HYJIEBbIX U KOPPUTHPOBAHHBIX
Kosiec, Onarojapsi 4eMy CTYICHTBHI IMOJy4yalOT HarJIsHOE IPEJICTaBlIEHHE O CII0CO0axX HM3rOTOBJICHUS
3y04aThIX KoJec.

W3menenne reoMeTpuueckux MapaMeTpoB KoJjec Mpu
MOJIOKUTEIBHOU KOppeKuuu npoduis (moape3 HOXKKH 3y0a,
3a0CTpeHHE BepIIMH 3yObeB, TOJIIMHA 3y0a W ILIMpUHA
BIIAJUHBl W T.1.) HAJIIAHO NPOWIIIOCTPUPOBAHBI Ha
OyMa)KHOU 3aroToBKe (puc.2).

HpaKTI/ILIeCKI/Iﬁ JTaIl pa6OTI)I 3aKJIr04acTCiad B TOM, 4YTO

CTYJEHT, UCIIOJIB3YS IIOJIyYEHHBIE pe3yJIbTaThI
Pucynok 2 - Kpyr ¢ BeluepueHHBIMHU
aBTOMATHU3MPOBAaHHOI'O pacyera, IPOU3BOAUT CMELICHHUE
npopuIsiMu 3yObeB KOJIEC.
peiiku oT 1eHTpa OyMa)KHOM 3aroTOBKH, IMOBTOPSIET MPOLECC
Hape3aHus 3yObeB, MMoOJlydas IPH 3TOM KOPPUTHPOBAHHBII
npoduib 3yoseB [5, c. 124-127].

ITocne BBINONHEHUS MIPAaKTUYECKOW YacTH paboThl IPOU3BOJIUTCS AaHAJIU3 OCHOBHBIX
reOMETPUUYECKUX MapaMeTpoB KOJIEC, HApE3aHHbIX 0€3 CMELIEHUS WM CO CMELICHHEM, U Pe3yJIbTaThl
MPAKTUYECKUX U3MEPEHUI CPAaBHHUBAIOTCA C JAHHBIMH, IMOJIYYEHHBIMU IIyTEM pacueTa Mo NpeaaraeMou
IIpOrpaMMe.

Eciy aHanu3 MoJly4eHHBIX JAHHBIX IOKA3bIBAET HEYJOBJIETBOPUTEIBHBIA PE3YJIbTAT C TOUKH
3peHusl KayeCTBEHHBIX XapaKTEPUCTHK, TO CTYJEHT HMMEET BO3MOXXHOCTb MCCIEA0BAaTh BIIMSHHUE
MEPEMEHHBIX MCXOJHBIX IaHHBIX Ha pe3yJibTaTbl pacyeTa, U3MEHUTh MX U MOJYYUTh ONTHUMAaJIbHbIE
reoMeTpHUYecKHe MapaMeTpbl U MaKCUMAIbHO BO3MOXKHBIN KO3(DPHUIIMEHT NEpEeKPHITHSL.

Hcnonp3oBaHue JaHHOH METOJIMKU O0ECleYMBaeT COYETAaHHE JJIEMEHTOB TPaJAUIIMOHHBIX
CIOCOOOB HM3Yy4EeHMsI JTUCHUIUIMHBI «TexHHuyeckas MeXaHHMKa», DPa3BUBAIOLIUX JIOTUKY HH)KEHEPHOIO
MBIIIJIEHUS, ¢ JOCTOMHCTBAMM aBTOMAaTH3MPOBAHHOTO pacyeTa; 3aKpervisieT MNpPaKTHUYeCKHWe HaBBIKH,
MOJIy4eHHbIE CTYJACHTaMU TNPU H3y4YeHWU WH(GOPMATUKH, U B TO XK€ BpeMs MO3BOJIAET H30exkKaTh
Yype3MepHoil (hopManuzanuu Npu U3y4eHnu TaHHOTO Kypca.

Paznen «IlpoekTupoBanue 3yOuaThiX mepeaau» SBISETCS OJHUM W3 OCHOBHBIX B COCTaBe
muctuminH «Texnudeckas Mexanuka», « Teopust MEXaHU3MOB M MAlllUH» U CIIYKUT 0a301 ISl U3y4eHUS

nociaeayromux AUCHUIIINH. HOJ'Iy‘ICHHLIe IIpU BBIIIOJIHCHUU na60paTopH0ro IMPpaKTUKyMa HAaBbIKU H

YMCHUSA MOTYT HCIIOJIB30BAaTLCA CTYACHTAMU Ha ,ZLaHBHef/'IIHHX oTarax 06yquH;1, B TOM YHUCJIC IIpU
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pa3paboTKe KypcOBOTO MPOEKTa MO JUCIHUILINHE «/leTann MaliH U OCHOBBI KOHCTPYHPOBAHUS», a TAKXKe

TIPH BBITIOJIHEHUU BBITYCKHOW KBaU()UKAIIMOHHOW PabOTHI.

B pesynbrare ucciieqoBaHUNW MOXHO OTMETHTb, YTO ONTHUMAJIbHOE COYETAHUE MPAKTHUUYECKHUX
paboT ¢ OJHOBPEMEHHBIM HCIIOIb30BAHUEM KOMIBIOTEPHBIX IMPOrPaMM MO3BOJISIET CHU3UTH JIM00 COBCEM
UCKIIIOYUTh OO0JbIIONH 00BEM PYTHHHBIX MaTEMaTHUYECKHX BBIYMCICHUI B TMOJNB3Y Pa3BUTHS
AHAIUTUYECKUX CcrocoOHocTel oOyuatomuxcs. [lpy srom momumo QopmupoBaHusi TpeOyeMbIX
KOMIIETEHIINH y CTyZIeHTa MOSBISETCS MOTHBAIMS HA MCIIOJIH30BAHUE TOJYYCHHBIX HaBBIKOB B IIPOLIECCE
JaJIbHENIIero 00pa30BaHUs, B TOM YHCIIE€ UCCIIE0BATEIbCKOM 1€ATEIbHOCTH.
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AHHOTaNUS.

B mpencraBieHHON cTaThe pacCMOTpPEHBI TPeOOBaHHS K YHUCTOTE JW3EIBHOTO TOIUIMBA,
HCIIOJIb3YEMOI0 CEIbCKOXO3UCTBEHHBIMU TPAaHCIOPTHBIMU CPEJICTBAMH, OCHAIEHHBIX JNU3EJIbHBIMU
neurarensmu[1]. CoBpeMEHHBIE CHUCTEMBl IHUTAaHUS aBTOMOOWIEH ¥ TPAaKTOPOB, HE JOIMYCKAIOT
CYILIECTBOBaHMs B TOIUIMBE BOJBI M MEJKHUX IpuMeced. B cBsi3u ¢ 3TUM JaHHOW CTaTbe paccMOTpEHa
npo6iemMa OOBOAHEHHOTO AM3ENILHOTO TOIUIMBA. PaccMOTpeHBl W MpoaHAIM3UPOBAHBI COCTOSIHHS, B
KOTOpPBIX BOJAA MOXET HAXOAWUTHCA B JU3EJIbHOM TOIUIMBE BBISBIEHO, YTO BOJA, HAXOASIIAsACA B
JU3€IbHOM TOIUIMBE, NPUBOAMUT K MPEXKIECBPEMEHHOMY BBIXOJIY M3 CTpPOSl NPELUU3HOHHBIX JeTaneu
JU3eIbHOM TOIUIMBHOW ammapaTyphl. [Ipu 3ToM mpu mocTaBKe IWU3ENbHOTO TOIUIMBA K MOTPEOUTEINIO
3HAYUTENIHHO MOBBIIIAETCS €r0 0OBOJAHEHHOCTH BCJIE/ICTBHE BO3/ICUCTBUS HA HETO PA3IMYHBIX (PaKTOPOB.
BrIsiBIIEHO, YTO MCNIONB3yEMBIE B HACTOSAIIEE BPEMSI IIPU IKCILTYyaTallUH CEIbCKOX03IMCTBEHHON TEXHUKH
CpeACTBa OYMCTKH JM3EIBHOTO TOIUIMBA HE B MOJHOW Mepe 00eCHeuMBalOT YHUCTOTY JU3EIBHOTO
toruBa.[1] J{ns ymydiieHus kauecTBa UCHOJIb3YEMOT0 TU3EIbHOTO TOIUIMBA IMpEIoKeHa HOBas cxema
MUTaHUS U3 C YCTAaHOBKOW JOMOJHUTENLHOTO BOAOOTBOJsAIIEr0 (uibTpa. [IpuBeaeHb! pe3ynbTaThl

I/ICCJIGIIOBaHI/Iﬁ Mo MaCCOBOMY COJACPKaHHUIO BOABI U CCPhI B TOIIJIMBC.
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Annotation.

The article describes the requirements for the purity of diesel fuel used by agricultural vehicles
equipped with diesel engines[1]. Modern power systems of cars and tractors, do not allow the existence of
water and small impurities in the fuel. The States in which water can be in diesel fuel are considered and
analyzed. In this regard, this article deals with the problem of watered diesel fuel. It is revealed that water
in diesel fuel leads to premature failure of precision parts of diesel fuel equipment. At the same time, the
supply of diesel fuel to the consumer significantly increases its water content due to the impact of various
factors on it. It is revealed that currently used in the operation of agricultural machinery means of
cleaning diesel fuel does not fully ensure the purity of diesel fuel.[1] To improve the quality of the diesel
fuel used, a new diesel power supply scheme with the installation of an additional drainage filter is

proposed. The results of studies on the mass content of water and sulfur in the fuel are presented.

AKTYyaJIbHOCTDb M IIOCTAHOBKA 33/1a4M.

OCHOBHBIM NOTPEOUTENEM TU3EIBHOTO TOIIMBA SIBIISETCS CEIbCKOE XO3AHCTBO. DTO CBSI3aHO C
TEM, 4YTO OCHOBHas 4YacTb MOOWMJIBHBIX MAIMH CEeJIbCKOXO3IHCTBEHHOTO HA3HAUYEHUS OCHAICHBI
IM3eNbHBIMU - ABHTAaTesIMA. OCHOBHBIM YCIIOBHEM Oecriepe0oifHO paboThl TEXHWKH C HOBBIMH
JU3CIIbHBIMU JIBUTATENISIMUA  SIBJISETCSl IOBBIIIEHHAs TPeOOBATENBHOCTh K KauecTBY MCIIOJIb3YEMOIO
JU3EIbHOrO TOIUIMBA, OT KOTOPOrO HANpPSAMYIO 3aBUCUT MX HaAExkHOCTb.[l] . TorumBHas anmapatypa
BBINIOJIHSAET BECbMa TOYHBIE HACTPOWKH B OOECHeueHHMM HOpPMalbHOW paboThl au3ens. TOYHOCTh

H&CTpOﬁKH TOIIVIMBHBIX HACOCOB BBICOKOT'O HABJICHHUA BJIMUACT HAa TCXHHUKO-3KOHOMHYCCKHUC IMAPaAMCTPBI
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3T, HAJIeKHOCTh ero paboThl.[6] Takke yduThiBasi COBPEMEHHBIE SKOJOTHUYECKHE TEHICHIIWMH, 3a
MOCIIeIHIE TO/IbI B cepe MPOU3BOJICTBA U IPUMEHEHHUS TU3EIHHOTO TOTIMBA B IBUTATENSAX BHYTPECHHETO
CTOpaHHUs, OYEBUTHO, YTO OJ[HA M3 HanOoJIee BaXKHBIX 3a/1a4 — ATO yJIy4IlieHUe (PUIBTPAIlNK TOTLTHBA.

ITo TOCT 305-2013 maccoBas nosst cepsl He AoixHa npesbimath 0.2%, Conepikanue BOIbI HE
6onee 0,02%[2]. CnemoarenbHO, pa3paboTKa MEPONPUATHNH MO MPEAOTBPAIICHUIO TONAJAHUS
3arpsi3HEHUN B TOIUTMBHBINA Oak U co3/1aHre BHICOKOA((HEKTUBHOTO CPEICTBA OUMCTKU TOILTMBA B CUCTEME
MUTAHUS AU3ENsl SIBJISIOTCS HAyYHBIMH M MPaKTUYECKUMH 3a/JauaMM, BEChbMa aKTyaJlbHBIMH IS
CEJIBCKOT0 X035MCTBA U PYTUX OTPACIICH, B KOTOPBIX IKCILTyaTUPYIOTCS TU3EIIbHBIC ABUTATENH[3].

OOBOJIHEHHOE TOIUIMBO CIIOCOOCTBYET OOpPAa30BAHMIO IILJIAMOB, YTO MPUBOJUT K 3aCOPEHHIO
TOIUTMBOMIPOBOIOB U (DUIBTPOB, yXyHIIas 3allyCK ABUTATENs, 3aTPYIAHSIOT MOJa4y B HErO TOIUIMBA H
3aknuHuBaOT Tymkepsl THBJ] u urny B pacnbumurene ¢opcyHku. Hamnume BOAbl pe3KO CHMKAET
CMa3bIBAIOIINE CBOMCTBA TOIUIMBA IO OTHOIIEHUIO K IPEIIM3MOHHBIM MapaM, YTO MOBHIIIACT UX U3HOC.[ 8]

PacTBopéHHas (rurpockonuyeckasi) BoJa HaXOJUTCS B TOIUIMBE B MOJIEKYJISIPHOM COCTOSIHUU U
BU3yaJbHO He oOHapyxkuBaercs. CoxaepkaHue €€ B TOIUIMBE 3aBUCUT OT aTMOC(EpPHBIX YCIOBHIA.
PactBopéHHass Boga oOiamaeT OOJBIION MMOBEPXHOCTHOW HHEPrHE W BCIEACTBUE 3TOTO coOupaer
MEJKOJUCIIEPCHBIE MEXaHWYECKUE IPUMECH, HAXOMSIIHECS B TOIUIMBE, B 0o0Jiee KPYIHBIC YaCTHIIBI
(KoHrIIOMEpaThl), YTO CHOCOOCTBYET YIYYIIEHHUIO OUYMCTKU AU3EIBHOrO TOIIMBA OT MEXaHUYECKUX
npumeceid. [Ipu 3Tom npucyTcTBUE Jake HE3HAUUTEIBHOIO KOJUYECTBA PACTBOPEHHON BOJIBI B TOILJIUBE
MPUBOAUT K Pa3pyLICHUIO TOIUIMBHOW IUIEHKH HA COMNPATAEMBbIX TOBEPXHOCTSIX MPEIU3UOHHBIX Map
TOTUTMBHOW aImapaTypbl JW3eJei, YTO MPUBOAUT K 3aqUpaM Ha TMOBEPXHOCTAX JETaliel, 3aBHCAHHIO
TUTYHXXEPOB U 3aKJIMHUBAHUIO UTJIbI PACTIBUIUTEIIS.

DOMyJbCUOHHAS BOJA MPEACTaBISET COO0N MHUKpPOKAIIN pazMepoM a0 30 MKM, HaXOZsIIUecs B
TOIUIMBE BO B3BEIIEHHOM COCTOSIHUM U BBI3BIBAIOIIME BUIMMOE TJIa30M €ro MOMYyTHEHHE, oOpasyer ¢
He(TENMPOIYKTOM BOJOTOILTUBHYIO 3MYJIBCHIO. [Ipy OTpUIATENBHBIX TEeMIEpaTypax U3 3MYJIbCHOHHOW
BOJIbI 00Pa3yrOTCsl KPUCTAIIBI JIbJA.

[Ipu BeIMaieHnu cBOOOIHOM BOJBI B OTCTOM OHA 00pa3yeT Cloi, UMEIOIINNA YEeTKYIO TPaHHILy C
He(TEeMPOAYKTOM M Ha3bIBaHHE «IOATOBapHas BoAa». YacTh BOJBI M3 TOIUIMBA HUCHApSETCSs B HAJ
TOIUTMBHOE MPOCTPaHCTBO OakoB. OT KOHACHCAIMM TApPOB BOJBI, HAXOMAIIUXCS B HAJ TOILTMBHOM
MIPOCTPAHCTBE, HA XOJIOJHBIX CTEHKaX 0akoB oOpasyercs KoHaeHcat. [Ipu oTpHuIaTenbHBIX TeMIepaTypax
Ha cTeHKax OakoB mosiBiseTcss mHeill. [lpu 3ToM cBOOOgHAs BOJa MOKET YAaCTHYHO MEPEXOJIUTH B
PacTBOPEHHYIO U AIMYJILCHOHHYIO BOAy. Takke HaAKOMMBIIAsACS B Oake CBOOOAHASI BOJIa MOXKET 3aMep3aTh
B TpyOOIPOBOIaX M MPENITCTBOBATH MOCTYIJICHUIO TOIUTMBA K TOTUIMBHOMY HacoCy.

Takum oOpa3oM, TPy U3MEHEHHUH YCJIOBUHN OKPY’KAIOIIEH Cpe/bl B IPOIIECCe dKCIUTyaTallii BoJia
MEePEXOIUT U3 OJHOTO COCTOSIHHSI B JIPYTrOo€ W MPOUCXOAWT €€ HAKOIUIeHHE B 0akaxX TPaHCIOPTHBIX

cpencts[1].

84



Jlns uckioYeHusl BOJBI U3 TOIIMBA MPUMEHSIOTCS MUKPOQMIBTPAIIMOHHBIE (DTOPOILIACTOBBIE
komno3utmonHsle MemOpansl BJIAZIUIIOP. IlpeacraBisier co60i MOPUCTHIM MOJUMEPHBIN TIEHOYHBIH
MaTepuan Ha ocHoBe (roporutacta P42J]1 Ha MOUIOKKE M3 HETKAHBIX MaTepUANIOB (IOJHUIIPOIUIIEH,
naBcaH] ¢ pazmepom nop 0,05; 0,15; 0,25; 0,45; 0,65 mxm u obmiei mopucrocthio 80 - 85%.

Texuuyeckue 0COOEHHOCTHU:

* IOJIIAI0TCA TOPUPOBAHUIO;

* YCTOWYUBBI K JIEHCTBUIO CUIIBHBIX U CIIA0BIX KUCIIOT;

* BBIJICP)KUBAIOT CTEPUIIM3ALIMIO AaBTOKIABUPOBAHUEM U y-00IIyUEHUEM;

* Ipu QUIBTPALMK BOJHBIX PACTBOPOB HEOOXOAMMO 00padaThiBaTh aaupaTUYECKUMH CIIUPTaMU
WM UX BOJHBIMH PacTBOpaMu;

* BBIIIYCKAIOTCSl Ha MOJIOKKAaX Pa3jIMYHOIO THUIA, B BUJE JIEHTHl MIMPUHON 10 600 MM uiau B
BHJIC TMCKOB pa3InyHOTO Aunametpa(22, 35, 47, 90, 142, 293 mm), B BUJE TUIACTUH PA3JIMYHBIX PA3MEPOB;

VYcnoBus skciutyatanu: MakcuMmanbHasa temnepatypa - 80°C, auanaszon pH - ot 1 go 13[4].

YroObl MHUHUMH3UPOBATh IOMaJaHHEe OOBOAHEHHOIO TOIUIMBA B JBHUraTelb, MPEATIOKEeHa
KOHCTPYKIIHS JOMOJIHUTENBHOIO BCTPAUBAEMOI'O YCTPOUCTBA, 00E3BOKHUBAIOLIETO TU3EIBbHOE TOILIMBO U
CMECEBOE TOIUIMBO, pa3MEUIEHHOIO B TOIUIMBHOM CUCTEME TPAKTOPOB Mocie GUIbTPOB Ipy00il U TOHKOM
ounctku, nepen THB/. Ilpu 3TOM B KOpmyce yCTpOWCTBa YCTAaHOBIICHBI JBa (DHIBTPYIONIUX 3JIEMEHTA,
IpUYeM OCHOBHOW (UIBTPYIOIIMH 3JEMEHT BBIIOJHEH B BHUJAE BEPTUKAIBHOTO IOPUCTOTO
KepaMHYEeCKOro KapTpHKa C HAHECEHHOHW Ha MOBEPXHOCTh THAPOPOOHONH MeMOpaHOi (CIOKHO-
KOMITO3UIIMOHHBIM HAHOHAIMbBUICHHEM) M TOIUIMBOCOOPHBIM KaHAJOM B IIEHTpPE, MNEPEeXOlsilIuM B
BBIMYCKHON MNaTpyOOK, a BTOPOH — TOPHU3OHTAJIbHBIA (DUIBTPYIOUINII 3JIEMEHT, BBINOJIHEH B BUJE
IUIOCKOTO JTMCKA U3 HETKAHBIX MAaTE€PHUAJIOB C HAHECEHHOW rUApO(MUIbHON MEMOPaHOW U YCTaHOBIIEH MO
OCHOBHBIM KapTpHJKEM, a KOPIYC HWXe TuApo(GHUIHLHONH MeMOpaHbl 3aKpBIT CHEMHBIM HOJIMMEPHBIM
MIPO3pavyHBIM KOJITIAKOM, CITy>KaIlluM JJIsi cOopa OTAeIeHHOM Biaru[5].

[TpoBoaMINCE UCTIBITAHUS MEMOPAHHOTO CJI0s1, PE3YJIbTaThl TAKOBBI:

1. B mporecce HCHBITaHUM TOIUIMBO MPOIMYCKANIH Yyepe3 MeMOpaHHbBIN CIIOH, HAHECEHHBIN Ha
HEeTKaHbIi MaTepuan. TOIMBO MPOXOIMIIO MO 1aBJICHUEM COOCTBEHHOTO Beca.

[ponyctunu 10 mut. Torusa 3a 10 MmuH. 44 cex.

[Tnomaas 60KOBOM MOBEPXHOCTH BOPOHKH.

S=mnrl

rae - paamyc, MM.;

|- nMHA TOBEPXHOCTH, MM.;

S=23.14%3%45=142.4cm? = 0,00424Mm?

[TpomyckHast cocOOHOCTb.

X = 10 x 1073 1072 100 _ 130
T 424%107%%0,178 7,6%10% 76 = MZ*u
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J

IIponyckHas cnocOOHOCTE MEMOPAHHOTO CJIOs cocTaBuna 13 —
M“*Yq

2. HcnbiTanusi TpOBOAWIMCH B YUEOHO-ONMBITHOM XO3siiicTBe Ypanbckuit ['AY Ha

TOIJIMBHOM amnmapatype TpakTopa benapyc 82.1 ocHamennsim nurarenem [ — 243.

JI

ITpomyckHas cnoco6GHOCTh MEMOPAHHOTI'O €10 COCTaBHIA 45 —
M *Yq

3. B pe3ynbraTe ncciiejoBaHUM BO/IbI B JU3€JIIHOM TOILIMBE HE OOHAPYKEHO.
[IpoBonunuck HCHBITAaHUS C BHEIpPEHUEM (UIBTPYIOLIETO CJIOS B TOIUIMBHYIO almaparypy

tpakTopa benapyc 82.1(Pucynok 1)

1) IIpo6a no punerpamuun. 2) [Ipoba mocne GpunpTpamnuu.

Pucynok 1- HoBas cxema nuTaHusi AU3€Is.

TommmBo U3 EMKOCTH, TTOMIION MEPEeKaYMBaAIOCh B GUIBTP TOHKOW OYUCTKHU. VI3 puibTpa TOHKON
OUYHCTKHU TOIUIMBO TMOMAJal0 B pa3paOdOTaHHBI HaMU MeMOpaHHbBIN QuibTp. Mbl Opanu nmpoObl TOTIIHNBA
13 eMKOCTH J10 ¢uibTparuu (rpoba 1) u mpoOy TorumMBa mpoieamniee yepe3 MeMOpaHHbIid GuinbsTp (Ipoda
2).

HcnbiTanus Ha coepkaHue BOABI B TOIUTMBE AT CIAEAYIOIINE PE3yIbTaThI.

AHanu3 Ha MaccoBO€ COJEp>KaHUE BOJABI MPOBOIWICA B J1a00OpaTOpuu, UMEETCS OPHUIHATBEHOE
3akitoueHue. Pucynok 2,3.

. B mpobe tomnuBa no QuubTpanuu MaccoBoe cojaepkaHue BoIbl Obu0 9.9% w3 3.5 m.

TOIIJIMBA.
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Pucynok 2 - Pe3ynbTaT 1o Bosie 10 GUIBTpAITUN.

. B npo6e TommBa nocie GpuiibTpanuy MaccoBoe coaepkanue Boasl coctaBmio 0.1%

Pucynok 3 - Pesynbrat 1o Boje nocie (GpuibTpanuu.

BrBonm: Bonma m menpuaiinime 4acTHIBI MPUMECE ObUIM 3ajepikaHbl MeMOpaHHBIM CJIO€M Ha
99%.

HcnbiTanus Ha copepkaHue cephl Jalu CleyIonue pe3ybTarbl. PucyHok 4,5.

[To nanueiM 'OCT 305-2013 MaccoBast 1o cepbl He JoJkHA npeBbimaTh 0,2%][2]

. B npo6e TomnmBa 10 ¢puisTpanun Maccosas n1oist cepsl 0,115%
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Pucynok4 - Pe3ynbrat no cepe 1o punbTpanuu.

. B npo6e TormBa nocie ¢punbrpanun maccoBoe aous cepsl 0.113%

Pucynox3 - Pe3ynbTar no cepe nocie GpuibTpaum.

BriBoa.

[IpoBonss ucmbITanust QuibTpa ¢ MeMOpPaHHBIM HANbUIEHUEM MOXKHO CJHIeNaTh CIeAyIoIIne
BBIBOJIBI. Pe3ynbrarel ucnbiTanuii o cepe. Jlo punprpannu maccosas nois cepsl Obuia 0,115% ot Bcero
00béma, ocne punprpanuu 0,113% ot 00véma. [Tokazarenu cepsl n3menunuck Ha 0,002%. U3menenus
HE 3HAYMUTEJbHBI, 3HaueHus B npeaenax gomnycka no 'OCT 305-2013. Pe3ynbraTel uCIbITaHUH 110 BOJE.
Jlo ¢unpTpanuu mMaccoBasi A0t BOAbl coctaBmia 9,9% ot Bcero o0wvéma, mocne ¢unstpamun 0,1% ot
o0béma. Ilokazarenu m3menunuck Ha 9,8%. Boma Obina 3amepkana MemMOpaHHBIM citoeM Ha 99%. Jlns
TpakTopa benapyc 82.1 ¢ nBurarenem I — 243, nns obecniedenus: 6ecrniepeOOiHOM MogauM TOIIMBA
B KaMmepy CropaHusi B KOHCTPYKIMHU TIpexycMmarpuBaeM 2 ¢uibTpyrommx siemeHta. [lomydeno
MOJIOKUTEIIHFHOE PEIlleHre Ha BhIIady MaTeHTa Ha moje3Hyro Mojenb (3asBka Ne 2018103526/05(005149)

u nara 26,02,2019. Aptopsr: HoBomammn JI. A., Kotiro6a 1O. b, Tumkun B. A. Jleckun P. E.)
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3akaouenne.

3arpsi3HeHus] B AU3EIbHOM TOIUIMBE HETaTHBHO BIUSIOT HAa pa0OTy TOIUIMBHOM ammaparypbl U
JIBUTATENsl TEM CaMbIM CHIDKAs €€ HAJEKHOCTh M pecypc padotel. IIpencraBneHHbI HaMU QUIBTP U
CUCTEMA IIUTAHUA npennaraeTcs[ IJId HWCIIOJIb30BAaHHUSA Ha aBTOM06I/IJ'I$IX, TpaKToan U CIICHTCXHUKC.
Hcnonbs3oBanne mpemjiaracMoil YCTaHOBKH Il OOC3BOXKMBAHMS JU3EIBHOTO TOIIMBA ITO3BOJIUT
MPEAOTBPATUTh TPEKIACBPEMEHHBIM BBIXOJ M3 CTPOsl arperaToB JAM3EIbHOM TOIUIMBHOM amnmapaTyphl,
BCJIC/ICTBHE TIOBBIIIICHHOH OOBOJHEHHOCTH JHM3EIBHOTO TOIUMBA. llpu 3TOM J[axe BCIEACTBHE
YBCJ'II/I‘-IGHI/ISI O6BOI[HéHHOCTI/I ON3CJIIBHOT'O TOINIMBA HpI/I €ro XpaHCHI/II/I, X035[I\/’ICTBa CMOFYT CBONMHA
CHUJIaMHu O0ecCneYuTh TpeOyeMoe KayeCTBO HCIOJIb3YyeMOro au3eiabHoro Ttoruusa[l]. Mcmonp3oBaHue
JIOTIOTHUTEIBHOTO MEMOpPaHHOTO (WIbTPAa MO3BOJUT NPOMJIUTH PAOOTOCMOCOOHOCTh TOIJTUBHOM

afraparypbl, TEM CaMbIM ITO3BOJIUT COKOHOMUTL Ha pEMOHTC TCXHHUKU
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AHHOTAIUSA

B nanHOI cTaTthe paccMOTPEHBI BOIPOCH! YTHIM3ALMHM MOJIOYHOM CBHIBOPOTKH. Ilokazano, 4TO
Jla’ke Takasi He CJIOJKHas epepadoTKa KaK KOHLIEHTPUPOBAHUE MOJIOUHOW CHIBOPOTKH MOJKET MPUBECTU K
OBICTPON OKYMaeMOCTH BIIOKEHMH M TMOJy4eHHUIO NpHOBLIM npeanpustueM. [Ipu pemienun 3agauu,
CBA3aHHOM € HEOOXOAMMOCTBIO TOJATOTOBKM MOJOYHOW CBIBOPOTKH, CJHi€JaH BBIBOJ, YTO IIPOIECC
KOHIEHTPUPOBAHUS JIOJKEH COCTOSITh KAK MUHHMYM M3 JBYX CTaJAUi — yJIbTpaQuIbTpali Ha MEPBOM
JTane M HaHOQWIbTpauuu (0OpaTHOM OCMOCE€) Ha 3aKiIo4uTenbHOM HTame. [lpu 3Tom, mpouecc
yIbTpaduIbTpallid HEOOXOIUMO OCYIIECTBIATH C IPUMEHEHHEM KEePaMUYECKUX MEeMOpaH, KOTOphle He
TpeOyIOT TOATOTOBKM CHIBOPOTKU. IIpuBeneHsl pe3yibpTaThl HCCIEJOBAHMNM KOHUEHTPUPOBAHUSA

MOJICBIPHOI CHIBOPOTKH B JIAOOPATOPHBIX U MPOMBIIIIEHHBIX YCIOBHSIX.
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Annotation

This article discusses the disposal of whey. It is shown that even such a simple processing as the
concentration of whey can lead to a rapid return on investment and profit enterprise. In solving the
problem associated with the need for the preparation of whey, it is concluded that the concentration
process should consist of at least two stages — ultrafiltration at the first stage and nanofiltration (reverse
osmosis) at the final stage. At the same time, the process of ultrafiltration should be carried out using
ceramic membranes, which do not require the preparation of serum. The results of studies of the

concentration of cheese whey in laboratory and industrial conditions.

N3BecTHO, 4TO TIpoOIemMa yTHIIM3AIMU CHIBOPOTKH SIBISIETCS aKTyallbHOW 3amauedl Juisi MHOTHUX
MOJIOYHBIX MPEANPUATHI — MpOU3BOJUTENEH chipa W TBopora [1, 2]. OTHoOIIEHHE K CBIBOPOTKE KaK K
OTXOJly MPOU3BOJICTBA, cOPOC €€ B KaHAIM3AIUIO, WIH TOTO XYK€ — HEMOCPEACTBEHHO B BOJHBIC WIIH
JpyTHe TPUPOTHBICE OOBEKTH, TOBOPUT O HHU3KOH KyJIbType MPOW3BOACTBA HAa JTAHHOM IPEINPHUSATHH,
HEXO031UCTBEHHOM ITOIX0/Ie KaK K OKPY’KAIOIIEH cpefie, TaK U K COOCTBEHHBIM MaTEPHAIBLHBIM PECYpPCaM.

Tak kak MOJIOYHAsl CHIBOPOTKa Oorata MHOTMMH IIEHHBIMH KOMIOHEHTamHu [3], TO BO BceM
[MBUIIM30BAaHHOM MHUpE MPUHSTO ee epepadbaTbiBaTh, OpraHu3ys 6€30TX0HOE MPOU3BOACTBO. [Ipu 3TOM,
KOMIUIEKCHasl TiepepadOTKa CHIBOPOTKH TMO3BOJISIET TMOJydYaTh YHUKAJIbHBIE W JOPOTHUE MPOAYKTHl —
YHUCTYIO JIAKTO3Y, CYXYIO JEMHHEPAIU30BAHHYIO MOJIOYHYIO CBHIBOPOTKY, KOHIIEHTPAThl CHIBOPOTOUHBIX
6enkoB U T.A. Opranuzanus Takoro MporU3BOCTBA HE MOJ] CHITy MHOTHM HPEINpUITUAM, TaK Kak TpeOyeT
O0onpmKx (UHAHCOBBIX BIOXKEHUH. OJHAKO MPaKTUKAa TOKA3bIBACT, UYTO MAaXKE TakKas HE CIIOKHAs

nepepadoTKa KaKk KOHLIEHTPUPOBAHUE MOJIOYHOW CHIBOPOTKH MOXKET IPUBECTU K OBICTPON OKYNaeMOCTH
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BJIO’KEHUH U MOJyYEHUI0 NMPpUObUH npeAnpustueM. ChIBOPOTOUHBINA KOHIEHTPAT, ¢ conepkanueM 20% u
Oosiee CyXHMX pPACTBOPEHHBIX BEILECTB, MOXET HCIIOJIb30BAaThCS KAaK CaMOCTOSATENIBHBIA MPOIYKT BO
MHOTHX  OTpaciisiX NHUIIEBOM MPOMBINIIEHHOCTH [3, 4], a TakkKe HENOoCpPeACTBEHHO Ha
MoJIoKoniepepaldaThIBatoIieM MpeaAnpusaTHU. V3 Hero MoKHO MOTYYUTh CyXYIO ChIBOPOTKY, OPIaHHU30BaB
Ipolecc CYLIKH y ce0sl, UM OTIPaBJIsAsd KOHIIEHTPAT HAa EHTPAIIM30BaHHYIO CYIIKY.

B Hacrosimiee BpeMs Ui KOHLEHTPUPOBAHUS MOJIOYHOM CHIBOPOTKM MPEANOYTUTEIbHBIMU
SBJIAIOTCSA O6apomemOpannbie TexHonoruu [3 - 6]. OOparHbIi OCMOC, HAHOQWIBTpALUS U
yJIbTpapuIbTpaLs O3BOJIAIOT MOIYyYaTh KaYeCTBEHHBIN MPOAYKT. IIpu 3TOM, B KOHLIEHTpATe OCTAIOTCS
B HATHBHOM COCTOSIHMM Bce OE€JKOBBIE BELIECTBA, TAK KaK MPOLECC MpOTeKaeT 0e3 HarpeBa ChIBOPOTKHU.
MuHMMabHBI U 3aTpaThl SHEPIHMU O CPAaBHEHMIO C KOHIIEHTPUPOBAHHWEM METOJOM BhlMapuBanus. Ha
pBIHKE MEMOpPaHHOTO 00OpYAOBaHMS, HA CETOTHSIIHUIN JIeHb, JTUAUPYIOT 3apyoOexHbie ¢upmbl GEA,
APV, TetraPak, AlfaLaval. Mx npoaykiusi UMeeT BBICOKOE KadeCTBO, MHTCPECHBINA IU3ailH, BBICOKUIN
YPOBEHb aBTOMATH3alMU U, KaK CJIEJICTBHE, BBICOKUE LIEHBI.

Kak moxa3pIBaeT mpakTHKa, CyIIECTBEHHOM MpoOaeMOol Npu nepepadoTKe MOJIOYHOM CHIBOPOTKH
6apoMeMOpaHHBIMH METOJAMH, SIBIISIETCS HEOOXOAUMOCTD €€ TIATeIbHON MOJArOTOBKHY MEpPe] MoAayei B
MeMOpaHHbIi O0k. [loAroToBKa 3aKil0YaeTCsl B OCBETICHUM CHIBOPOTKU (OTJEJIEHHE OCTATKOB KUpPA U
Ka3eMHa) Ha IIEHTPOOEKHOM  Cernaparope-CIMBKOOTAEIMTENE WIM CenapaTtope — OUYUCTHUTENE,
nacTepu3allid  OCBETJIICHHOW  CBHIBOPOTKM  (TIOAABICHME  3aKBACOUHBIX  KYJIbTYp),  BBIIEPIKKE
MaCTEPU30BAHHONW CHIBOPOTKH C IIENBI0 OCakJeHHs ¢ochaTa Kajablysg U APYTHUX TEXHOJIOTUYECKHX
orepanusax. ITo0 00yCJIOBIEHO KOHCTPYKIHMEW MEMOpPAaHHBIX 3JE€MEHTOB PYJOHHOTO WM CHHPAIbHOIO
THUIA, TPUMEHIEMBIX 3apyOeXHBIMH U OT€YECTBEHHBIMU pa3paboTYMKaMH MEMOPaHHOro 000py1OBAHHUS.
OTH  MeMOpaHHBIE DJIE€MEHThl OY€Hb YyBCTBUTEJIbHBI K MEXaHHMYECKUM  BKJIIOUEHUSIM B
nepepadaTbiIBa€MOM TPOAYKTE, a TaKK€ COAEPKAHMIO B HEM JKUpPAa, OCOOEHHO paCTUTEIBHOTO
npoucxoxaeHus. HeqoctaTouHo mosHasi MOArOTOBKA MOJIOUHOM CHIBOPOTKH, CBSI3aHHAs C HapyLIEHHEM
TEXHOJIOTHMH €€ TPOBEACHUS WIM HU3MEHEHHEM COCTaBa WCXOJHOW CBIBOPOTKH, TPUBOAMUT K
CYLIECTBEHHOMY CHI)KEHUIO TEXHMUYECKUX XapaKTEepUCTHMK MEMOpaHHBIX YCTAaHOBOK, a TaKke K
HE00XO0IMMOCTH YaCTON 3aMEeHbI MEMOPAHHBIX HJIEMEHTOB.

3aHMMasiChb pPEIIEHUWEM 3a/Jayd, CBA3aHHOW C HEOOXOIUMOCTHIO IOATOTOBKM MOJIOYHOMN
CBIBOPOTKH, MBI IIPHIILTA K BBIBOJY, YTO MPOIECC KOHIIEHTPHUPOBAHHUS JOJDKEH COCTOSATh KAaK MUHUMYM M3
IBYX CTaaud — ynpTpaduibTpallud Ha IMEpPBOM 3Tane M HaHOo(uiIbTpauuu (0OpaTHOM ocMoce) Ha
3aKIIIOYUTENbHOM dTamne. [lpuuem, mpouecc yiabTpadMIbTpalud HEOOXOJUMO OCYIIECTBIATH C
MIPUMEHEHUEM KEPaMHUYECKUX MEMOpaH, KOTOpble HE TpeOyIOT MOATOTOBKHU ChIBOPOTKH [7, 8]. Ilpu aTom
CPOK 3KCIUTyaTallud KepaMHuecKux MeMmOpaH B 3 — 5 pa3 Oosblle MO CPAaBHEHHMIO C IMOJUMEPHBIMHU
MeMOpaHaMH, KepaMUUecKue MEMOpPaHbl 3HAUUTENBHO MPOIIE PEreHEPUPYIOTCH.

Hwxke mnpuBeneHbl pe3ysibTaThl HCCIECIOBaHMNA KOHIICHTPUPOBAHUS TOJCHIPHOM CHIBOPOTKHU.

CeiBOpoTKa MO cBoMM XapakTepuctukaM cooTBercTtBoBasia ['OCT P 53438 — 2009. UccnenoBanus

93



MpoBOAMINCH B JabopaTopHbiX ycnoBusx (YpI'AY) u B ycmoBusix npomsBojactBa (OOO «HOrosckoi
KOMOMHAT MOJIOUHBIX PoaykToB, OO0 «PoctArpoKommiekey).

Ha nabGopatopHoii ycranoBke (puc.l) ObUTH omnpeneseHbl OCHOBHBIE MapaMeTpbl ONTHMAaJIbHOTO
pexuMa mporiecca yabTpaduIbTpalii MOJIOYHOH CHIBOPOTKH. B kadecTBe mcciemyeMbIx MeMOpaH OblUTH
WCIIOIB30BaHbl KE€paMUYeCKHe YIbTpaduIbTpallMOHHBIE MeMOpaHbl mnpousBojactBa OO0 «HIIO
«Kepamukdwmiptp». Kak BuaHo u3 rpaduka (puc.2), npu AOMYCTUMON HPOHMLAEMOCTH MeMOpaH,
paBHoit 40-10°% M3/ (M?-4), onTUMaNBbHAs CKOPOCTH CBIBOPOTKH HAJ MeMOpaHoi coctamna 1,5 - 2 m/c.
Kpome Ttoro, Obuio onpeneneHo ONTHMAaJbHOE JABJICHHE MPHU JOMYCTUMON MPOHHUIIAEMOCTH MeMOpaH,

kotopoe coctaBuio 0,3 MIla (puc.3).

8 3 10 1
[

2 A
1-memOpanHas sueiika; 2- Hacoc; 3 - MUPKYJISAIUOHHBIN 0ak; 4 — Oak IJis mepmeara;
5 — MaHOMeTp; 6 — poTameTp; 7 — BEHTWIb PETYIUPOBOYHBIN; 8§ — OXJIQAUTEh;
9 —repmonapa; 10 — mummuBonsT™MeETp; 11 — cocyn [proapa; 12 — pasznenurens;
13, 14 — BeuTHiIN.
Pucynok 1 - Cxema naGopatopHoit MéEMOpaHHOHN YCTaHOBKHU
B npou3BoACTBEHHBIX yCIOBUSAX pabOTa OCYIIECTBISIACH HA MUJIOTHOM yCTaHOBKE, M3TOTOBICHHOM
copmectHo ¢ OOO «Monmamcrpoit» (ExarepunOypr), (puc. 4). YcraHoBka COCTOMT U3
yIbTpaQUIBTPAIMOHHOTO W HAHOQWIBTPALMOHHOTO MoIyJleil. B  ympTpadmibTpanimoHHOM MOy
npuMeHsuiich  MemoOpanbl KY®D — 19(0,02) HIIO Kepamukdunstp (Poccus, Mocksa). B
HaHO(UIBTPAITMOHHOM MO/TYyJIe TpuMeHsuiich MeMOpansl DOW NF245 (CIIA).
VYapTpadunbTpallMOHHBIA ~ MOIYJIb TpEeIHA3HAYeH s pa3iaelieHUs CBIBOPOTKU  IyTEM
yIbTpaQUIBTPAIIM Ha OCITKOBBIM KOHIEHTPAT (aTbOyMHWH) M TiepMear (JIAKTO3HO-COJICBOM BOJIHBIM
pactBop). CbIBOpOTKa I0/1aBaNIach B YIAbTPA(QUIBTPALIMOHHBIA MOYJIb U3 CHIPOM3TOTOBUTENS, O€3 KaKoi

1100 IOATrOTOBKH. HOHy‘laCMHﬁ B Iponecce pasacjiCHUus
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PI/ICYHOK 2 - 3aBUCHMOCTD MNPOHUIIACMOCTH OT CKOPOCTU TCUCHUSA

CBIBOPOTKH HaJl MeMOpaHOit

KOHIIEHTPAT MpPEJCTaBIIsAT COOOH pacTBOP CIMBOYHON CTPYKTYPBI, C COAECP)KAHUEM CYXUX PAaCTBOPEHHBIX
BeniecTB okoJo 20%. [lepmeat npencTaBisi co60i Mpo3payHbIil pacTBOP CO CIA0BIM MO OKPACKE HKEJITO-
3eneHbIM 11BeTOM. OCHOBHBIM KOMIIOHEHTOM IepMeaTa sIBJsieTcsl Jlakto3a. Iloka3zaTenu MCXOIHOro |
KOHEYHOT'0 MPOAYKTOB MOCIE MOIYJIS YIAbTPAQUIbTPALlUU TPUBEACHBI B Ta0M. 1.

Tabnunal. [TokazaTenu HCXOAHOTO U KOHEUHOTO MPOAYKTOB IOCIE MOAYJS YIbTpaduiIbTpalluu

[TapameTpsr CeiBOpOTKa Konuenrpar [Tepmeat
Benok obmmii, % 0,71 6,82 0,01
JlakTo3a, % 493 4,92 4,95
Kup, % 0,12 1,04 0,00
MumnepansHbie B-a, % | 0,61 0,67 0,61
CB, % 6,37 13,45 5,57

HanodunbTpallioHHBI MOAYNH MpeAHAa3HAueH s pa3ieleHus JAKTO3HO-COJEBOIO0 BOIHOTO
pacTBOpa Ha KOHIIGHTPAT JIAKTO3bI U mepMeaT. PacTBop mogaBasics B HAHODUIBTPAIIMOHHBIN MOTyIb 63
Kakoi nmb0 moaroroBku. [lomydaemsbiii B mporiecce pasfeieHusi KOHIICHTPAT MPEICTaBIsT COOOM
MPO3payHbIi PacTBOP C MHTEHCHUBHBIM II0 OKpPACKE JKEJITO-3€JIEHBIM ILIBETOM, C COJAEP)KAHUEM CYXHUX

pacTBOpeHHBIX BemecTB Ooinee 20%. Ilepmear, mpenctaBissl coO0M MPAaKTUYECKM YUCTYIO BOAY, C
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HEOOJIBIIUM KoJudecTBOM couieil. Ilokaszarenn HCXOAHOTO WM KOHCYHOI'0 IMPOAYKTOB IIOCIIE MOAYJIA

HaHO(WIBTPALUU IPUBEACHBI B Ta0M. 2.
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Pucynok 3 — 3aBUCHUMOCTb MPOHHUIIAEMOCTH MEMOpaH OT J1aBJICHUS BHYTPH KOHTYpa

Ta6m/1ua 2. Ilokazarenu HUCXOAHOI'O U KOHCUHOT'O ITPOAYKTOB ITIOCJIC MOIYJIA HaHO(I)I/IJ'IBTpaLII/II/I

[TapameTpsl JlakTo3HO-CONIEBOM Konnenrpar ITepmear
pacTBop

Benok o0mmuii, % 0,01 0,04 0,00

JlakTo3a, % 4,95 19,75 0,10

Kup, % 0,00 0,00 0,00

MunepansHabie B-a, % | 0,61 0,67 0,55

CB, % 5,57 20,46 0,66

KonnenTpar u3 0o60ux MOAynell CMENIMBAJICS B CMECUTENE, B pe3yibTare MMOIYYHIICS MPOIYKT
(KOHIIEHTpAT), UMEIOIINI CITUBOYHYIO CTPYKTYPY, COJIep)KaHUe CyXuX BerecTB Oonee 17%, B ToM yucie
okoJio 2% 6enka (Tadm. 3).

Ta6muma 3. [TokazaTrenn KOHEYHOTO MPOAYKTa

[TapameTpsl IIpoaykr
Benok obmmii, % 2,15
JlakTo3za, % 14,95
Kup, % 0,20
MunepanbHbie B-a, % 0,67

CB, % 17,97
Kucnoraocts, °T 19,5
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Pucynok 4 — [TunoTHast yctaHoBKa

Takum 00pa3zoMm, NpPOBEACHHBIC HCCIIECIOBAHMS Jadd BO3MOXKHOCTH Pa3pabOTaTh TEXHOJOTHIO U

OGOpy,Z[OBaHI/IC JII Hepepa6OTKI/I MOJIOYHOM ChIBOPOTKH MeM6paHHBIMI/I METOdaMM. HOJ'Iy‘-IeHHLIC

PE3YJIbTAThI IMO3BOJIAKOT, Ha HaIIl B3IJIA[A, BHCAPATH BBICOKOTCXHOJIOTHUYHOC, KOHKprHTOCHOCO6HOC

o0opyaoBaHue I IepepaboTKH MOJIOYHON CHIBOPOTKHM KaK Ha KPYIMHBIX MOJIOYHBIX HMPEIIPUITUIX TaK

Y Ha MPEANPUATUSIX HEOOIbIIONW MOIIIHOCTH.
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AnHoTanusi: ONBIT UCIIOJIB30BaHUS BOJOTOIIMBHBIX 3MyJjbcuil (BTD) u BipbIcka Boibl U3BECTEH
naBHo. Unes Bopeicka Bojbl B JIBC mosiBuiiachk ¢ ero uzobpereHuem. Tam, rje MpOUCXOAMIT MPOLece
CrOpaHHUs: B TONKaX MapoBO30B, B KOTEJIbHBIX YCTAHOBKAX, - MPUMEHSJIU MOAauy BOJbl. B MHCTpYKIUIX
IO SKCIUTyaTaluu Tonok, Typoun TOL[ B HOpMaTHBax eCTh peKOMEHAAIMHU 0 BIPBICKY Mapa WU BOJIBI.
Cucremoil BIpbICKAa  BOJBl B JBUraTelb OCHAIIAIUCh TaHKU T-34, camoneTsl UM OCHaUaeTcs
COBpEMEHHAasl BOCHHAsl TEXHHKA, aKTUBHO IPUMEHSETCS B aBTOCIIOPTE.
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SKOHOMHYHOCTH W HKOJIOTMYECKON O€30MacHOCTH MPHU HMCMHOJIb30BAaHUU TOIUIMBOBO3AYIIHONH CMECH C

nobasiienreM BoabI[ 1,2].
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using an air-fuel mixture with the addition of water [1, 2].
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Hamu Obutn mpoBefieHbI TEOPETUUECKUE HCCIIEOBAHUS BIMSHUS BIPBICKA BOJBI HA MOKAa3aTeNIN
JU3EJIbHOTO JIBUTaTeNs A 3-X BapuaHTOB : ¢ moaaudend Boabl 50%, 100% u 150% ot mukinoBoil 103kl
TOIIMBA. Pe3ynpTaThl pacueToB MpecTaBIeHbl B TadmuIe 1.

AHanu3 pacyeToB IOKa3all YBEJIWYEHHUE TEIJIOTHI CrOpaHMsl MpPH BIPBICKE BOABI B Kamepy
CrOpaHus M0 CPABHEHUIO C AU3EIbHBIM TOIUIMBOM. [Ipruem, 3TOT 1oka3aTesb NOBBILIAETCS B CPEIHEM Ha
119 x/I>x npu yBenuueHUM 10J11 BoAbl Ha Kaxple 10%.

Tabmuua 1 - MOIIHOCTHBIE, YKOHOMHUYECKUE M MOKA3aTeNlM pab0vyero HUKIa IU3eIbHOTO JIBUTATENs PH

BITPBICKE BOJAbI

No Iloxazarenu AT AT AT AT
+ + +
50%H20 100%H20 150%H20
1 2 3 4 5 6
1. | Temmora CropaHus ToILIMBa, | 42,564 | 48,503 54,442 60,382
MJTx\kr
2. | Teopernueckoe xoimyectBo | 14.345 | 16,071 17,80 19,523
BO3/yXa, KI'\KI' TOIUIHBA
3. | Tenmora cropanusi roproueid cmecu | 1.8902 | 1.9319 1.9654 1,9938
MJTx\kr
4. | Koaddunuent monekysipaoro | 1.0413 | 1.08 1,11 1.139
U3MEHEHHUS
5. | Temneparypa cropanus, °K 2112 2064 2029,5 1938
6. | Cpennee sddextuBHoe mamnenue , | 0.6963 | 0.71314 0.7786 0.6997
MIIa
7. | DddexruBnbiii KIT/ 0.367 0.370 0.3984 0.354
8. | DddexTurHBI yaenbHBIH pacxon | 230,46 | 200,7 166,0 168,42
TOIUIMBA, NKBT
9. | DddexTuBHAT MOLTHOCTH, KBT 43,45 44 5 48,585 43,66
10. | U3menenue MomHoCcTH, % - +2.,4 +11,8 +0,5
11. | U3smeHeHne  yIenpHOTO  pacxoja | - -12.9 -27,9 -26,92
TomIMBa, %

KomngectBo Bo3ayxa, HEOOXOIUMOE ISl CTOPaHUS BOJO-TOIUIMBHOW CMECH, COTIIACHO pacyeTam,
TpeOyercsi OoJbllie B CBS3M C JOOABICHHWEM TOPHOYEro KOMIIOHEHTa - BoJopona B Boje. [Ipu sTom
MoTpeOHOe KOMMYeCTBO Bo3ayxa TpeOyercst Oonbiie Ha 0,345 xr/kr wnm Ha 2,4% Ha xaxnaeie 10%

YBCIIUUCHUA OOJIN BHpBICKHBaeMOﬁ BOJBI.
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TenmoTa cropaHusi roprodeid CMECH U3MEHSAETCS B CTOPOHY MOBBIIMICHUSI U cocTaBigeT 1931,9...
1993,8 kJlx/kr, T.e. Ha 2,2...5,5%. ¥V nu3enpHOro TOIUIMBA ATOT MoKa3arenb paBeH 1890,2 kJ[x/kr.

OTMEUEHO CYIIECTBEHHOE CHI)KEHHE MaKCHUMAaJIbHOW TeMIIepaTyphl LIMKJIA IPU BIPBICKE BOJBI B
cpennem Ha 11,6 °K Ha xaxasie 10% n3MeHeHUs 10U BOJBI IO CPABHEHUIO C AU3EIbHBIM TOILTUBOM, YTO
CBSI3aHO C IMOTEpsIMU TEIUIa Ha MCIAPEHUE BOJABI U C YBEIMUYEHHEM KOJUYECTBAa MOJIEH IMPOAYKTOB
cropanus ¢ 1,0413 no 1,139 B uccnenyembix BapuaHTax.

CornmacHo pacdyeraM HaOJIIOJAaeTCs TMOBBIIEHWE WHAMKATOpHOro u 3ddextuBHoro KII/]
nBurarenss npu go6aske Boabl 0 100% u ero cHWKEHHWE NpU JaJbHEHIIEM YBEIMYEHUHU JOJIH
BIIPBICKMBAEMOH BOJIbI.

1o pe3ynbraraM pacueToB CiaeAyeT OTMETUTh TEHICHIMIO K YBEJIWYEHHUIO MOIIHOCTH JIBUraTels
IIpY BIPBICKE BOJBI 110 CPABHEHUIO C TPAaJUIMOHHBIM ToruBoM a0 11,8% mnpu Bopbicke Boabl B
konudecTBe 100% c mocienyonuM ee CHUKEHUEM.

Pacxon TomnuBa cHmkaeTcst 10 27,9% 1o cpaBHEHUIO C IU3€IbHBIM TOIUIMBOM, YTO COIIOCTABUMO
C YBEIMYEHUEM TEIJIOBBIX XAPAaKTEPUCTHK BOJO-TOIUIMBHBIX CMECEH. YIelbHBIA pacxoj TOIUIMBA
yMeHnbliaercs Ha 6,45 r/kBr-u unun Ha 2,4% B cpeHEeM IpHU MOBBILICHUN COAEPIKaHUS BOABI HA KaXKIble
10% .

Taxum 00pa3oM, COrIacHO pacyeTaM BIIPHICK BOJbI B IU3EIbHbIN IBUTATENb HOJ0KHUTEIBHO

BJIMACT HA IIOKA3aTCIIn pa60qer0 IUKJIA, ITOBBIIICHHUEC MOIIHOCTH U CHUKCHUC pacXoJa TOIIMBA.
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AHHOTALISA:

Buoamsenb — Ouomoniueo ma ochose pacmumenvHulX macel, 6 Qopme CLONCHBIX I2PuUpos —
mpuayuneouyepudos kapooroswvix kuciom. KapOOHOBBIE KHUCIOTBI — ATO OPraHUYECKHE COEIUHEHUS,
coJieprkaniie KapOOKCHIBHYIO Tpyniy (KapOOKCHII) M OCTAaTOK JII000W KapOOHOBOM KHUCIOTHI C OOIIUM
Ha3BaHUEM «amm». CBoMCTBa OMOIU3ENs XapakTepusyercs yriaeBogopoanou rpymmoi CH2. B xauecTse
no6aBku Onoam3ens B KoHueHTpanuu 20 %...30% MokeT 100aBiAAThCSA K YUCTOMY AU3EITLHOMY TOILIUBY.
Kak ncxomHoe cbipbe 6MOAM3ENS MCIONB3YIOT pacTuTesnbHoe Macio, (Hanpumep, C3HS(C18H3303)3 —
KacTopoBoe Macio, u crmupra-3taHona C2HSOH). Jlns toro 4toObl MpeBpaTUThCS B OHOIU3EINb,
pacTuTeNIbHBIE Maciia IMOJBEPraroTcs Mpoleccy 3Tepudukaiyy, B X0A€ KOTOPOro MPEeBpallaroTcs B
CIIOKHBIE YPUPBI )KUPHBIX KUCIOT. CMech 3TuX 3(hUPOB U HA3bIBAIOT OHoan3eneM. OU3NKO — XUMHUYECKHE

CBOMCTBa pazMUYHBIX cMeced au3enbHoro TomnuBa (C/6H34) m 6uoausens CylIeCTBEHHO 3aBUCAT OT
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CTPYKTYpHI UX CTpoeHUs. KacTopoBoe Mac/i0 — KUJIKOCTh. BO3MOKHOE TPUMEHEHUE KAaCTOPOBOTO Maciia
B KauecTBE KOMIIOHEHTa OMOIM3ETsl OCHOBBIBACTCS HA TOM, UTO CTPYKTypHas (popmysa pUIMHOIECHHOBOU
YKUPHOM KHUCIIOTHI IMEET MOHOHEHACHILIEHHBICIIENU YIIIeBOAOPOoAHbIX Ipynn CH2, MOHOHEHACHIIEHHOM
OJICMHOBOM KUPHOM KHCJIOTHI, HACBIIICHHbIE LENH NaJIbMUTHHOBOM JKUPHOM KHCJIOTHI, LEHH
CTE€apUHOBOM KMPHOU KUCIOTHI, U MOJUHEHACHIIIICHHON JTMHOJIEBOM KUPHON KUCIIOTHI.

OcHoBHbIE (PU3MKO-XUMUYECKHE CBOMCTBA KacTOPOBOTO Macia OIpeaesseT pUIMHOICHHOBAS
kuciorta. KacropoBoe Macio B Boje He pacTtBopsieTcs, xopoiio pactBopsiercs (1:1) B cnupte. Ilinoxo
pacTBopsiercsi B OensuHe. OOnagaer ciiabOBBIPAKEHHBIM 3allaXOM M XapaKTEPHBIM (HEMPUSITHBIM)
BKycoM. Ha Bo3zyxe 3arycreBaer, HO HE MOKPBIBAETCS IIJICHKOM - HE OKUCISETCS U HE BBICBIXAET, YTO

SIBJISIETCS CBOMICTBOM MMPAKTUYCCKUM.
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Biodiesel - biofuel based on vegetable oils, in the form of esters - carboxylic acid triacyl dicyrides.
Carboxylic acids are organic compounds containing a carboxyl group (carboxyl) and the residue of any
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carboxylic acid with the common name "acyl”. The properties of biodiesel are characterized by the
hydrocarbon group CH2. As an additive, biodiesel at a concentration of 20% ... 30% can be added to pure
diesel fuel. As a biodiesel feedstock, vegetable oil is used, (for example, C3H5 (C18H3303) 3 - castor
oil, and ethanol-ethanol C2H50H). In order to turn into biodiesel, vegetable oils undergo an esterification
process, during which they are converted into esters of fatty acids. A mixture of these esters and called
biodiesel. The physicochemical properties of various mixtures of diesel fuel (C16H34) and biodiesel
significantly depend on the structure of their structure. Castor oil is liquid. Possible use of castor oil as a
component of biodiesel is based on the fact that the structural formula of ricinoleic fatty acid has
monounsaturated chains of hydrocarbon groups CH2, monounsaturated oleic fatty acid, saturated chains
of palmitic fatty acid, stearic fatty acid chains, and polyunsaturated linoleic fatty acid.

The main physico-chemical properties of castor oil are determined by ricinoleic acid. Castor oil
does not dissolve in water, it dissolves well (1: 1) in alcohol. It is badly dissolved in gasoline. It has a
faint odor and a characteristic (unpleasant) taste. It thickens in the air, but does not become covered with

a film - it does not oxidize and does not dry out, which is a practical property.

Buoauzenb — 6uomonnueo Ha 0CHo8e pacmumenbHblX Uil HCUBOMHBIX HCUPOG (Macen), 8 hopme
CNLOJICHLIX  2pupos.  Baodicneriwum MemoOoM NOLYYEHUS.  CNLOJNCHLIX 3PUPO8  SGISAeMCsi  PeaKyust
amepegurayuu.- 83aumooelicmeus cnupma ¢ Kuciomou. Ilpumensemcs Ha agmompancnopme 6 YUCmom
sude 8 ¢hopme CLOJHCHLIX IPUpos u 6 8ude pPasIUUHLIX cmeceli ¢ OuselbHbiM monausom. Ha3BaHue

CJIOKHBIX 3()UPOB MPOU3BOAATCS OT HA3BAHHUM TE€X KUCIIOT U CIIUPTOB, KOTOPbIE 00Pa3yIOT 3(QUPHI.

O 0
V4 P
CHy—C_ CHy—~CH—C{__
OC,H; OCH,
YKCYCHOOTHIIOBBIH dp IPONMOHOMETHIIOBBIH 3(Hp

KapOoHOBBIE KHCIIOTBI — 3TO OPraHUYECKUE COECTUHEHMS], COAEpIKaIINe KapOOKCUIIbHYIO TPYIITY

(xapOoKcHIT) U OCTAaTOK JIF000H KapOOHOBOM KHCIIOTHI C OOIIMM Ha3BaHUEM «allii»:

//0

\OH

«KapOOKCUID)

—C

«anuiny

Ha3Banue xapOOKCHII MPOU30ILIO OT ABYX CJOB: «kapOoHmm» > C = 0 wu «ruapokcwn» - OH, Tak kak

KHUCJIOTHYIO TPYIIy MOXHO paccMaTpuBaTh KaK COEJUHEHUE O3THX JBYX TIpymnn. OcTaTtok Jo0oit
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KapOOHOBOM KHCJIOTHI HOCUT 00Illee Ha3BaHHE «alii». B 3aBUCUMOCTH OT KHCIOTHI Ka)KIbId M3 ITHX
OCTaTKOB HOCHUT COOTBETCTBYIOLIEE Ha3BaHUE. MeToJaMM HMCCIEIOBAHUA JOKA3aHO, YTO IPU pPEaKLUU
stepuuKanKi OT MOJEKYylT KHCIOTHI oTmersiercs ruapokcun (OH), a ot Monekynsl crnupta

otmerisiercs Bogopon (H).

0 0

b LU LU O TR TITTT T

| . |
CH;—C—{ OH + Hi~0—CH; 2= CHy—~C—0~CHj + H,0

CLLT TR T LT T T IR

Hapsany c stepuduxanmeii mporexkaeT ¥ oOpaTHas peakiys TUAposin3a (OMBUICHHS), NMPH KOTOPOH
CIIOKHBIA 3(up paciienseTcss Ha KUCJIOTY U chnupT. B 3aBuCMMOCTH OT HpUPOJBl M KOJIMYECTBA
YUYacCTBYIOLIMX B PEAKLUHU 3TepU(UKALIKN KUCIOTHl U CIIUPTAa PAaBHOBECUE PEAKIMM CIBUTAETCS B TY WU
UHYIO CTOpOHY. /Iy yCKOpeHUs peakiuu dTepupuKaImy, T.e. yCKOpeHUs: 00pa30BaHus CIIOKHOTO 3¢pupa,
HEOOXOMM KaTaJIu3aTop — BOJAOPOIHBIE HOHBIL.

[To XxuMHUYECKOM CTPYKTYpe CIIUPTHI IPEJICTABISAIOT cO00M XapakTepHbIM coueTaHueM rpynn CH2
1 BOJIOpoJHOM ruapokcuibHOi rpymnnsl OH. O6mas ¢popmysa 01HOATOMHBIX CIIMPTOB IPEJEIBLHOIO psijia

CnH2n+10H:

CH; — OH - MeTUN0BbIN
CH; — CH, — OH - 3TUIOBbIN
CH3; — CH, — CH, — OH - MPONUNOBbLINI
CH; — CH, — CH, — CH, — OH - byTMNOBbLIN

CH; — CH, — CH; — CH, — CH; — OH — amunosbii

[TomoO6HO MoONeKysnaM BOJBI, MOJICKYJbl HHU3IINX CIMPTOB CBS3BIBAIOTCA MEXAy COOOM
BOJIOPOHBIMHU CBS3sIMU. [lo 3TOHM mpHuMHE TeMrepaTypa KUIEHUsS CIUPTOB BBIIIE, Ye€M TEMIIepaTypa
KHUIIEHUs] COOTBETCTBYIOUIMX YIJIEBOAOPOIOB. OOIIMM CBOWCTBOM CIUPTOB SIBJISETCS MOABHXKHOCTH
BOZIOPO/Ia TUAPOKCWIBHON IPYIIIIBL.

CrnupThl 3HAYUTENBHO JIETYE OKHUCIIAIOTCS, Y€M COOTBETCTBYIOIINE YTIIEBOIOPOIBI.

Buonusens U3 pacTUTENBHBIX Macel 10 COCTaBy KOMITO3UIIMOHHO UMEET JUTMHHBIC LETH U3 TPYII
CH2 — «xupHble KUCTOTBI» ¢ kKapbokcmiamu — COOH.

CBoiicTBa Macesd 3aBHCAT, B OCHOBHOM, OT THIA M COJAEP)KaHUS JKUPHBIX KHCIOT, BXOJISIIUX B
COCTaB TPUTIHUIEPUAOB. JKUpHBIE KHCIOTHI, BXOJSIIME B COCTaB TNPHUPONHBIX Macen (B (dopme
TPUTJIHMLEPUAOB), TPEIACTABIAIOT COOOH MO0 JKHIKOCTH, JMOO TBEpAbIE BEHIECTBA C HHU3KOH
TeMIeparypoil miuaBieHus. Yuctele mMaciaa OECHBETHBI M MX MOXHO Pa3/IeiHTh HA «HACBHILICHHbIE» U
«HEHACBIIIEHHBIE» XUPHBIE KUCIOTH. OCHOBHOCTD KHCJIOT ONPEIEIISETCS] YUCIOM COAEPKAIIUXCS B HUX
KapOOKCHIIBHBIX Tpynm. Tak, Hampumep, OJHOOCHOBHBIE KHCIIOTHI COJAEpXaT OJHY KapOOKCHIbHYIO

Ipynily; IBYXOCHOBHBIC — JIBC Kap6OKCI/IJ'IBHLIX rpyaribl 1 T.O. HckmounTenbHBIM CBOMCTBOM yriaepoaa,
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00yClIaBIUBAIOLIUM MHOT00O0pa3ne OpPraHUYECKUX COEOUHEHHM pacTUTENbHBIX Maces, SBIseTCs
CIIOCOOHOCTh BCEX €ro aTOMOB COEIUHSTHCS NPOYHBIMU KOBAJICHTHBIMH CBSI3IMH JAPYT C JAPYTOM.
OO0pa3ys yriepoaHble HEenH NPaKTUYeCKU HEOTPAaHWYCHHOH INUHBI. PacmumenvHvle macia He umeom
usomepos Ho umerom pazeemenennvie yenu cpynn CH2. KactopoBoe MacJio — )XKHJIKOCTb C MOJIEKYJIaMU
u3 rpynn CH?2 pa3IdyHbIX )KUPHBIX KUCIIOT.

B 3aBucuMocTH OT cOpTa U CTENEHH OYHCTKH O0JIalaeT pa3HON I'yCTOTON-BS3KOCTHIO U LIBETOM.
XUMHUYECKUI cOCTaB KaCTOPOBOTO Macia ImpescTaBieH B Tabiuue 1.

Tabmuma 1 Xumudeckuii cocTaB KaCTOPOBOTO Macia B BUe OpyTTo hopmyi:

PunmHONEnHOBAs KMCIIOTA - (MOHOHEHACHIIICHHAS )KUPHAs KUCJIOTA) ~90%

CH3(CH2)5CH(OH)CH2CH=CH(CH2)7COOH

[ManemuTHHOBAs KUcnoTa (Hackimennas sxupHast KHCIIOTa) ~1%
CH3(CH2)14CH(CH)COOH

CreapunoBas kucnota (HacbleHHast )upHasi KUCIIOTA) ~1%
CH3(CH2)16COOH

OneuHoBas KUca0Ta (MOHOHEHACHIIIEHHAs KUPHAs KUCIIOTA) ~3%

CH3(CH2)7CH=CH(CH2)7COOH

JInHOJIeBas KKCIO0Ta (HOJ'II/IHCHaCLIIJ_IeHHaH JKHUpHasA KI/ICJ'IOTa) ~4%

CH3(CH2)4CH=CH-CH2CH=CH(CH2)7COOH

Bo3moxHOE mpuMeHeHHe KacTOPOBOTO Maciia B Ka4eCTBE KOMIIOHEHTa OMOM3ENsI OCHOBBIBAETCS
Ha TOM, YTO CTPYKTypHasl (opMylia PUIIMHOJICHHOBON >KUPHOW KHUCIOTHI U JPYTHX KHUPHBIX KHCIOT
MMEIOT  MOHOHEHACHINIEHHBICIENN  yriaeBogoponubix  rpynn  CH2.  Xwumuyeckas  ¢gopmyna
MOHOHEHACHIIIEHHOW PUIIMHOJIEHHOBOM KUCIOTHI C OAHON ABOWHOI CBS3bIO B BUE OPYTTO-POPMYIIHI (IO

cucteme Xuiia) - C18H3403 mnpencraBieHa cTpyKTypHOH ¢opmoii crpoerus rpynn CH2:

CH; (CH,) sCH CH,CH=CH(CH,) ,COOH

OH

Bonpmioit Habop KUPHBIX KUCIOT (Tabi. 1) U OJHOATOMHBIX CHHPTOB OMPEAEISAIOT CTPYKTYPHOE
CTPOEHHE CIOXKHOTO 3(pHpa U3 KaCTOPOBOTO MacJa.
Ha npumepe cTpoeHus CTpyKTypbl MaJTbMUTHHOBASI KHCIOTA U CTPYKTYPhl STHIOBOTO CIIUPTa MOIydaeM

CTPOEHUE CI0XKHOI0 3(pupa METOJOM FTepUPUKALINN:
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ll P OCzHS
EEHEEEHEE

CrpykrypHas (opmyna HeHachlmeHHbIX KXUPHBIX Kuciaor C17H33COOH c oaHoit u nByMs
JTBOMHBIMU CBSI35IMH MOHOHEHACHIIIICHHON OJIEMHOBOMW KUPHOM KUCIIOTHI MO3BOJISIET OMPENEIsITh OPYTTO

dbopmyiy croxknoro a¢upa C17H33COOC2HS

Hg Hz H_z H H Hz HE HI Bl
H-C C C C C=0C C C C C—0OH
C C C C o C l: C
H H: Hz Hs H: Hz H: Ha

Y TIOJIMHEHACHIIEHHOH JInHOoJeBoM >xupHOi kucnotel C17H31COOC2HS.

H: Ho H H H H H: H: H, U
C_C C=C €C=C C C_ C_ C—OH

HaC C C l: C C LI [
H H2 H= Hz H: Hz H:

HACBIIICHHBIC LIENN [TaJIbMATUHOBOM KUPHON KHUCIIOTBI, LIENN CTEAPUHOBOU JKUPHOM KUCIIOTHI.

OcHoBHbIE (PU3MKO-XUMHUYECKHE CBOMCTBa KacTOPOBOTO Macia OIpeaesseT pULMHOIEHHOBAs
kuciota. [lonoxenne JBOMHON CBA3U MOXKET MEHSTHCS IIPU HATPEBAHUU U IIPU Pa3IMYHBIX XUMUYECKUX
BO3JeiCTBUAX. KacTopoBoe Macio B BoJe HE pacTBOpsieTcs,, xopowo pactBopsiercst (1:1) B cnmpre.
[Tnoxo pactBopsieTcs B 6eH3uHe. ObnanaeT ciaboBBIPaKEHHBIM 3aMIaX0M M XapaKTEPHBIM (HETIPHSTHBIM)
BKycoM. Ha Bo3myxe 3arycrteBaeT, HO HE MOKpBIBAE€TCS IJIEHKOMN - HE OKUCISETCS U HE BBICBIXAET, UTO
SIBJISIETCSL CBOMCTBOM mpakTtuueckuM. [Ipu temmnepatype menee -15°C 3acteiBaer. B cmecu co cnuprom
TeMIlepaTypa 3acThIBAaHUSI Macja CHIDKaeTcsl N0 OOJbIIMX OTpHUIATeNbHbIX 3HaueHuil. JloOGaBka
JM3ENIHOTO TOIUIMBA U OMO3TaHONA K PUIIMHOBOMY Macily C HpeABapUTEIbHON MOATOTOBKOW CHHXKAET
BSI3KOCTb, YJIy4IlIaeT HU3KOTEMIIEpaTypHbIE CBOMCTBA U JI€JaeT MPUTOJHON K €€ UCIOIb30BAaHUIO C TOUKH
3peHMsT KadyeCTBEHHOro pacmblia [4]. B paborax OIeHMBAIOTCS 3SHEPreTHYEeCKHe BO3MOKHOCTHU
KOMIIO3ULIMI OMO/IM3eNs Ha OCHOBE KacTOpoBOro macia. C y4eToM CTPYKTYpHOTO CTPOCHHS OIpeAeTIeHbI
XUMHUYECKHE DJIEMEHThl MCXOJHOTO ChIpbs. PacueroM IOJlydeHbl 3HAYEHUS TEIUIOThl CrOpaHUs
YTIEBONOPOAHBIX COCIMHEHUN MCCIEAYEMBIX KOMNO3uUMi. PacueToM omnpeneneHsl HM3MEHEHHS

3¢ (HeKTUBHON MOIITHOCTH UCCIIETyEeMbIX KOMITO3UIIUI cMecei Onoau3ernsi.
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AHAJIN3 U CPABHEHME YKCILTYATAIIMOHHBIE CBOMCTBA TPAKTOPOB BEJIAPYC
N TPAKTOPOB BEAYHIUX 3APYBEKHbBIX ®UPM.
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KiroueBble caoBa:  benapyc, TpakTop, pPBIHOK  CEJIbCKOXO3SMCTBEHHOW  TEXHMKH,
JKCIUTyaTallMOHHBIE CBOWCTBA TPAKTOPOB.

AHHOTAUUSA:PBIHOK  CEIIbCKOXO3SMCTBEHHON  TEXHUKM Poccum  HachIllleH  TpaKTOpaMmH
OTEUYECTBEHHBIX U 3apyOexHbIXx mnpousBoauTenedl. CyIIeCTBEHHBI MNPONEHT COCTaBISIOT TPAKTOPHI
Bbenapyc, koTopble ciocOOHBI KOHKYPHUPOBATh C BEAYIIUMH 3apyOeKHBIMH MapKaMH TPAKTOPOB 110 CBOUM
JKCIUTyaTallMOHHBIM CBOMCTBAM.

Ienp cTatbu — MpOAHAIIM3UPOBATH U CPABHUTH IKCILUIyaTallMOHHBIE CBOMCTBA TPAaKTOpPOB benapyc
U TPAKTOPOB BEAYIIUX 3apyOEKHBIX HUPM.

JlaHHas cTaThsl HamMcaHa MO MaTepuaiaM HccienoBaHuil Kadeapsl «CepBUC TPaHCHOPTHBIX U
TEXHOJIOTMUECKUX MamuH u obopynoBanus B AIIK» Vpanbckoro rocygapcTBEHHOTO arpapHOro
yHuBepcuTeTa Ha TeMy «OIeHKa 3KCIUTyaTallHOHHBIX CBOWCTB CEJIbCKOXO3AMCTBEHHBIX TPaKTOPOB
3apy0exHOTO MPOU3BOJICTBAY.

JUisi  OLIEHKM DKCIUIyaTalMOHHBIX CBOMCTB, HCIIOJIB30BaH METOJ PEUTHHIOBOM OLICHKHU.
[Ipou3sBeneHbl pacd€Tbl PEUTUHIOBBIX MOKa3aTeled OLCHKH JKCIUIyaTallMOHHBIX CBOWMCTB TPAaKTOpPOB B
uHTepBane 72 - 88 n.c., 91-107 n.c., 126-142 n.c., 144-165 n.c., 195-222 n.c., 284-305 n.c., 340-368 n.c.
Bce nonyuennsle qaHHbIe MpeacTaBieHbl B Tabnunax. [1o kaxxaoii Tabnuiie cienad BbIBOJ O TOM, MOXKET
JM KOHKYpHUpOBaTh TpakTop bemapyc mo cBOMM 3KCITyaTallMOHHBIM CBOWCTBAM C 3apyOeKHBIMHU
TPaKTOPaMH.

B pesynbrare uccienoBaHus BBIICHUIOCH, YTO, €CIM TPAKTOPhI 0ojiee HU3KOIO TATOBOTO Kiacca

emé yCcTynaloT CBOUM 3apyOeKHBIM aHajoraM, TO TPAKTOPbI MOCJIEIHUX pa3pabOTOK yKe He YCTyHaroT
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TpaKTOpaM BeIyIINX 3apyOeKHbIX GUPM-TIpOU3BOAUTENEH, a HHOTAA U npeBocxoaat ux (bemapyc 3022).
Kaxnpiii arperaT uMmeeT CBOM TNpeMMyllecTBa M cladble cTOpoHbL. Ecim 3apyO0exHON TeXHHKe
CBOWCTBEHHO HCIOJIb30BAHMUE OOJBIIOTO KOJMYECTBA HHHOBAIIMOHHBIX pa3pabOTOK, TO TPAKTOPHI
benapyc B OCHOBHOM MpHUBIEKAIOT CBOEH IIEHOM, 00Jiee MOCTYNMHBIM TEXHUYECKUM OOCITYKUBAaHUEM U

PEMOHTOM.

ANALYSIS AND COMPARISON OF OPERATIONAL PROPERTIES OF BELARUS
TRACTORS AND TRACTORS OF LEADING FOREIGN COMPANIES.

I.1. Goldina - senior lecturer of the department of service of transport and technological machines
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(620075 Sverdlovsk Region, Yekaterinburg, Karl Libknekhta St., 42 Tel. 8-904-98-50- 364, E-
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Key words: Belarus, tractor, market of agricultural machinery, operational properties of tractors.

Annotation: The market of agricultural machinery in Russia is saturated with tractors of domestic
and foreign manufacturers. A significant percentage are tractors Belarus, which are able to compete with
the leading foreign brands of tractors in their performance properties.

The purpose of the article is to analyze and compare the performance properties of Belarus tractors
and tractors of leading foreign companies.

This article is based on the research of the Department "Service of transport and technological
machines and equipment in agriculture” of the Ural state agrarian University on the topic "Evaluation of
operational properties of agricultural tractors of foreign production”.

To assess the performance properties, the rating method was used. Calculations of rating
indicators of evaluation of operational properties of tractors in the range of 72 - 88 HP, 91-107 HP, 126-
142 HP, 144-165 HP, 195-222 HP, 284-305 HP, 340-368 HP All the data are presented in the tables. On
each table is the conclusion about whether to compete the tractor Belarus on its performance
characteristics with foreign tractors.

As a result of the study, it was found out that if tractors of lower traction class are still inferior to
their foreign counterparts, the tractors of the latest developments are not inferior to tractors of leading
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foreign manufacturers, and sometimes surpass them (Belarus 3022). Each unit has its advantages and
weaknesses. If foreign technology is characterized by the use of a large number of innovative

developments, the tractors Belarus mainly attracted by its price, more affordable maintenance and repair.

CoBpeMEHHBI PBIHOK TPAKTOPHOW TEXHUKH ISl CEJIbCKOro Xo3siictBa B Poccun ouyeHb
pazHooOpaszeH. OH mpeICcTaBlIeH KaKk COOPKOM Ha OTEUECTBEHHBIX MPEANPUATUIX TPAKTOPOB POCCHUICKOTO
MIPOU3BO/JICTBA, TPAKTOPOB «bemapycy, TpakTOpoB 3apyOeKHBIX KOMIIAHHMA, TaK U UMIIOPTUPOBAHHBIX U3
CTpaH OJIMKHEr0o W JajbHETO 3apyOexbs. Jlydmmme mokasaTenn TO OCHAIeHWI0 pbiHKa Poccun
JEMOHCTPHUPYIOT TaKHE BHUJbI TPOAYKIUHA TPAKTOPOCTPOCHHS, KaK WHOMApKH POCCHHCKON COOpKH,
TPaKTOPBI, UMIOPTHUpOBaHHBIE U3 Pecriybnuk benapyce u Kazaxcran.

Tabmuma 1. — Umnopt TpakropoB benapyc

MorHocTs (y1\c) Kosnuectso (1T.)

2017 2018
Jo 25 n.c 506 478
Ot 25 10 50 n.c 516 502
Ot 51 go 100 n.c 9155 9820
Ot 101 1o 175 n.c 2239 2050
Bboapme 176 1.c 253 141

TpakTOopbl HMMEIOT OIpEACICHHbIE OSKCIUIyaTallMOHHbIE KayeCcTBAa W CBOWCTBA, KOTOpPBIE
OLICHUBAIOTCSI HAyYHO OOOCHOBaHHBIMHU HW3MEpPUTENIIMU M TIOKa3aTeNsMU: MOIIHOCTh JBHUTaTes,
KpYTSALIMHA MOMEHT JIBUTaTessl, BEC TPAKTOpPA U paACIpPEEICHIE Beca MEXI1y MOCTaMHU, Pa3MEPHOCTD ILIUH
U ryceHull. Ha ocHOBaHMM 3THX MapaMeTpOB pPACCUUTAHBI YJIEJIbHBIC MOKAa3aTelld, XapaKTepPU3YIOIINe
AKCIUTyaTallMOHHbBIE CBOMCTBA TpakTOpoB benapyc.

Tabnuma 2. - Pacy€t cpaBHUTENHLHOTO aHAM3a HKCIUTYaTAllMOHHBIX CBOMCTB TpakTopoB bemapyc

Ne Mapka HBHraTI\THL Bec, kr Pa3zmepHoCTh IMH
I/ | TpakTopa V, I : Mxkp, Hm | Pim P3m [Tepennue 3anHue
1 Bemapyc 82.1 4,75 | 81,6 298 1500 2500 | 11,2R20 15,5R38
2 Benapyc 1021 4,75 | 103 385 1753 2922 | 360/70 R24 16,9
R38
3 Benapyc 1025 4,75 | 107 385 1777 2962 | 360/70 R24 18,4
R34
4 Benapyc 1221 7,12 | 130 500 2352 3921 | 420/70R24 ;iAR
5 Benapyc 1523 7,12 | 153 596 2250 3750 | 420/70R24 2:0/70R
6 Benapyc 2022 7,12 | 212 900 2707 4513 | 420/70R24 580/70R42
7 Benapyc 3022 7,15 | 303 1300 4312 7188 | 540/65R30 580/70R42
8 Benapyc 3522 7,15 | 355 1500 4125 6875 | 600/65R34 710/70R42
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B xauectBe mpuMepa 11 pacyeToB UCMOJb3yEM JaHHbIE 10 TpakTopy benmapyc 82.1

_Ne _816
1. VnenbHas MOIMIHOCTE, JI.C./1T Ny = =2 = = =17,2 m.c/n.
o o Mg 298
2. YjaenwbHBIN Kpy TSI MOMEHT, Hm/1.c. M?{i: N—p =i = 3,6 Hv/m.c.
e

3. YaenpHOE MaBieHUE HA TIOYBY, Kr/cM2.
P

Py ==
=g

s mepenHero Mocra.

Py;[: Pﬂ - — 1500 =1 47 KF/CM
Sow 1023
S =2xaxB =2X 25,7 X19,9 = 1023 cm?
W= 08X 2 =98x — 2 =257 cum
Py XB 0,14X19,9
Pov _ 14,7 _
Eny=—"=—"=13

B = (0,65-0,75)B =0,7x 28,4 =199 cm.

[ns 3agHero mocra.

Pyx= Pow — 2500 1,45 xr/cm?
Saw 1722
S =2xaxB =2X% 31,2 X27,6 = 1722 c™m?
-=9,8X —=— 123 _312cm
0,14X27,6
E_ = Paw _ 24,52 _ 12.3
2 2

Bsw = (0,65-0,75)B =0,7% 39,4 = 27,6 cm.
4. Wupexc taroBoro ycuius lry = Mxp X Pyz=298x 1,46 =435

Tpakroper bemapyc koHKypeHTOCTTOCOOHBI. OCHOBHBIE (DAaKTOPHI KOHKYPEHTOCIIOCOOHOCTH -

COOTHOLICHUEC Ka4€CTBA, CEPpBHCA U LICHBI.

HGHB CTaTbH — IPOAHAJIM3UPOBATb U CPABHHUTH JOKCILIYATAlITHOHHLIC CBOMCTBa TPAKTOPOB BeJIapyc

U TPAKTOPOB BEAYIIMX 3apyOeKHbBIX GUPM.

TEXHOJIOTHUECKUX MamuH u obopynoBanus B AIIK» Vpambckoro rocyaapcTBEHHOTO arpapHOro

YHUBCPCUTCTA Ha TEMY «Onenka OKCINTYaTallMOHHBIX CBOMCTB CEJIbCKOXO3SIMCTBEHHBIX TPaKTOpPOB

JlaHHasi CTaThsl HaNKMCaHa 1O MaTepualaM HccienoBaHnil kKadeapsl «CepBUC TPAaHCHIOPTHBIX U

3apy0eHOTO MPOU3BOJICTBAY.

PaccunranHbIe yenbHbBIE TOKA3aTENN U PEUTHHIOBBIE MECTA IO TPAKTOPAM MOIIHOCTBIO OT 72 110 88 1.c.

JInst  OLIEHKM DKCIUIyaTalMOHHBIX CBOMCTB HCIIOJIB3yE€M METOJ PEUTHHIOBOM  OLICHKHU.

npeicTaBjIeHbl B TabuIe 3.
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Tabmuma 3 - Pacuét pedTHHTOBOTO TTOKA3aTelsl OIIEHKH SKCIUTYaTallHOHHBIX CBOMCTB TPAKTOPOB B

uHTepBaiue 72 - 88 n.c

AKCIUTyaTallMOHHBIX CBOMCTB TPAKTOPA.

1.
2.
3.
4.

benapyc 82.1 — 4+3+3,5+1+4 = 15,5
CASE Farmal 80JX — 1+2+3,5+2,5+3 = 12
Deutz-Fahr Agrotron 4.80 — 3+4+1,5+4+2 = 14,5
Fendt Vario 208 — 2+1+1,5+2,5+1 =8

ITokazarenu
VY nenpHas o HNunexc
V neapHBIN N
MOIITHOCTb, VnensHOE naBiaeHHe, KI/CM TSATOBOTO
MKp, Hwm/n.c.
a.c./n YCUIIHS
Mapka TpakTopa N N
o o © © o ©| [lepeanuit moct | 3agHuil MOCT i o ©
= E 5 S g 5 S 5 5
= T 3 i 3 =R
O ~ S 5} =~ S Q o [0} o (5} = S
T = 5 = 5o = 5o = N =
s 5g 2|52 2% .8 £8|.¢ 2|5¢
o A A o A @ h T x = A T x = o™ AN M
benapyc 82.1 17,2 |4 3,6 3 1,47 3-4 1,45 1 435 |4
CASE Farmal 80JX 276 |1 4,0 2 1,47 3-4 1,46 2-3 467 |3
Deutz-Fahr Agrotron 4.80 | 20,0 | 3 3,4 4 1,46 1-2 | 2,05 4 472 | 2
Fendt Vario 208 248 |2 4,2 1 1,46 1-2 1,46 2-3 508 |1
Ha ocHOBaHWMM [aHHBIX ©3 TaONWIBI BBIBOAWNM PEHTHHTOBBIM  TOKA3aTeb  OICHKHU

Jlnst aHanm3a pEeWTHHTOBBIX ToOKasarenield Tpaktopa bemapyc 82.1 m 3apyOexHBIX TpPaKTOPOB

BBIGI/IpaeM TPAKTOPBI pPABHBIC U OJIM3KHE TI0 MOIOHOCTU JABUTATCIIAI W TPAKTOp C JIYUYHIUMH

9KCIUTyaTallMOHHBIMU TIOKa3aTeJIIMU B MHTepBaie 72 - 88 J.c. U JelaeM BBIBOJ O TOM, YTO TPAKTOP

benapyc 82.1 mo cBoMM 3KCITyaTalluOHHBIM CBOIMCTBAM yCTYIIae€T CBOMM 3apyOeKHBIM aHaIOraM.

Ta6Jmua 4. - Pacuér peﬁTHHFOBOFO IMOoKa3aTeisl OUCHKHU 3KCIINTyaTallMOHHBIX CBOMCTB TPAKTOPOB B

unrepsaine 91-107 n.c.

IToxaszarenu
VY neapHas VY nenpHBIN N Hunexe
VnenwHOE naBiaeHHUE, KI/CM TSATOBOTO
MOIITHOCTD, J.C./T1 | Mxkp, HMm/71.C.
YCUJIUSA
M 193
apKa TpakTopa " = 3 ° @ [Tepennnit SanHuii MoCT o S
= == = = £ | Moct = =g
5 = 3 ) S L = 9
5 = = Z S22 4 518 o B g | = =
o) O o T O o| @I B Q T N Q o) O o
ap) A O ap) A O 0 I 5 don o X 5 4d o A O
benapyc 1021 21,7 | 5-6 3,7 5 1,45 1-2 1,46 2-5 558 6
benapyc 1025 21,7 | 5-6 3,6 6 1,46 |3 1,46 2-5 562 5
Fendt Vario 311 306 |1 4.6 1 1,47 | 4-6 1,46 2-5 676 1
Deutz-Fahr
Agrotron 105 219 |4 3,8 4 1,47 | 4-6 1,45 1 574 4
Massey Ferguson
455 Xira 254 |2 4.0 2 1,45 1-2 1,47 6 606 3
2/'4&555393’ Ferguson | 543 | 3 39 |3 |147 |46 |146 |25 |607 |2
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Ha ocHOBaHMM JaHHBIX U3 TaOJUIBl BBIBOAUM PEHTHHIOBBIM TOKa3aTenb OLEHKU
9KCILTYaTallMOHHBIX CBOMCTB TPAKTOPA.

1. bemapyc 1021 —5,5+5+1,5+3,5+6 = 21,5

2. benapyc 1025 — 5,5+6+3+3,5+5 = 23

3. Fendt Vario 311 — 1+1+5+3,5+1 = 11,5

4. Deutz-Fahr Agrotron 105 — 4+4+5+1+4 = 18

10.  Massey Ferguson 455 Xtra — 2+2+1,5+6+3 = 14,5

11. Massey Ferguson 5455 — 3+3+5+3,5+2 = 16,5

Tpakrtops! benapyc 1021, benapyc 1025 3HaunTeNbHO YCTYHAaIOT CBOMM 3apyOeKHBIM aHAJIOraM B
JTaHHOM MHTEpBaJle MOLIHOCTHU JBUrarens, a y bemapyc 1021 skcrutyaTaliiOHHbIE IOKa3aTENN BBILIE YEM

y benapyc 1025.

Tabnuma 5. - Pacy€T peHTHHrOBOTO MOKa3aTens OLICHKH SKCILTyaTallMOHHBIX CBOWCTB TPAKTOPOB B

unteppaie 126-142 in.c.

IToxazarenu
VYnenpHas . Nuanekc
MOII[HOCTE YaenbHbIA VYV nensHOE HaBiIeHUE, KI/CM” TATOBOI'O
’ Mkp, Hwm/n.c. ’
a.c./1 YCHITHS
Mapka tpakropa Tepemuii 5
2 2 MOCT 3aaHUA MOCT 2
m 2] ]
i ) © o 5} S
= | E = | E . . = | E
2| ES = E2 2 2l 2 = 2 ==
o™ A~ = 4] A S| nE@m| XS o = x = o™ A S
benapyc 1221 18,3 3,8 4 1,46 | 1-4 1,46 1-4 730
CASE Maxxum 130 28,9 48 1-2 1,46 | 1-4 1,46 1-4 912 2
CASE Puma 140 21,2 48 1-2 1,46 | 1-4 1,46 1-4 990
Massey Ferguson 6713 | 30,4 |1 3,9 3 1,46 |1-4 1,46 1-4 767 |3

Ha OCHOBAaHUU JaHHBIX nu3 T216JII/IIII)I BBIBOIUM peﬁTHHFOBLIﬁ IIokKasaTciib OLCHKU
AKCIUTyaTallMOHHBIX CBOMCTB TPAKTOPA.

1. benapyc 1221 — 4+4+42,5+2 5+4 = 17

2. CASE Maxxum 130 — 2+1,5+2,5+2,5+2 = 10,5

3. CASE Puma 140 — 3+1,5+2,5+2,5+1 = 10,5

4. Massey Ferguson 6713 — 1+3+2,5+2,5+3 = 12
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Tpaktoper benapyc 1221 3HauuWTenbHO YCTyINaeT CBOMM 3apyOeKHBIM aHAJIOTaM B JaHHOM

HUHTCPBAJIC MOIIITHOCTU ABUTATCIIA.

Tabnuua 6. - Pacuér peHTHHIOBOTO 1MOKAa3aTellsl OLIEHKU SKCIUTYyaTal[HOHHBIX CBOMCTB TPAKTOPOB B

untepaie 144-165 in.c.

ITokazarenu
VYnennHas . Nunekc
MOIIIHOCTE Y aeIbHbIA V nensHOE naBieHUe, Kr/cM” TATOBOI'O
’ MKp, Hwm/n.c. ’
a.c./n YCHITHS
Mapka tpakropa Tepemuuid )
o o MOCT 3agHui MOCT o
o o o
o g o g o g
= | = = | E . 2 . 2 = | E
S| Sg| 2 Egle.| 8| &, 8] B|E¢g
S 1538 2|58\ Egl | Rl 2| 2|3
ap) A~ = o A~ =S| o o= nd o = (nd a2} A~ =
Benapyc 1523 215 |5 3,9 4-6 146 | 1-6 1,62 6 918 5
Massey — Fergusson | ,o2 14 |45 |23 |146 |16 |146 |15 |981 |4
7615
?gth'F""hrAgro"O” 211 |6 |39 |46 |146 |16 |146 |15 |861 |6
JohnDeer 6155 M 228 |3 3,9 4-6 146 | 1-6 1,46 1-5 1022 | 3
Chalenger MT545B 236 |2 45 2-3 146 | 1-6 1,46 1-5 1035 | 2
Case Puma 165 244 |1 4.7 1 146 | 1-6 1,46 1-5 1130 |1
Ha ocHOBaHWMM JaHHBIX ©3 TaONWIBI BBIBOJAMM PEUTHHTOBBIA  TIOKAa3aTellb  OICHKHU

AKCIUTyaTallMOHHBIX CBOMCTB TPAKTOPA.

1.

bemapyc 1523 — 5+5+3,5+6+5 = 24,5

Massey Fergusson 7615 — 4+2,5+3,5+3+4 = 17
Deutz-Fahr Agrotron 150 — 6+5+3,5+3+6 = 23,5

2
3
4. John Deer 6155 M — 3+5+3,5+3+3 = 17,5
5.
6
B

Chalenger MT545B — 2+2,5+3,5+3+2 = 13

. Case Puma 165 — 1+1+3,5+3+1 =95

naHHOM uHTepBasie benapyc 1523 mo cBOMM 3KCITyaTallMOHHBIM IOKAa3aTeNsIM JOBOJIBHO

O0MM30K (MMeeT MpakTHYeCKH OAMHaKoBble mokaszatenu) ¢ Deutz-Fahr Agrotron 150. OctanbHbie

TPaKTOPHI 3HAUUTETHHO MpeBocxoaT benapyc 1523, ocobenno Case Puma 165.
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Tabmuma 7. - Pacuét peHTHHTOBOTO MOKa3aTessl OICHKU IKCIUTyaTallMOHHBIX CBOMCTB TPAKTOPOB B

unrepBaiue 195-222 n.c.

IToxa3arenun
VYnennHas . Wnnekc
MOIIHOCTD Y IeTBHbIH VY nenbHOE gaBlieHue, Kr/cm” TATOBOI'O
’ Mip, Hm/11.C. ’
a.c./n yCUIIUA
Mapka TpakTopa =
P P P 2 2 Tepennmii 3agHuil MOCT 2
g e g g MOCT g 8
o z 9 o = 2 T z 2
° | EB| 2| EE ¢ 2| g el 2| E3
o™ A o o Aol B F| x S » F x = o A o
benapyc 2022 29,8 |2 4.2 3 147 |3 1,46 1-3 1314 | 3
Case Puma210 31,1 |1 4.4 2 1,46 |1-2 1,46 1-3 1351 | 2
Chalenger MT595B 29,7 |3 47 1 146 |1-2 1,46 1-3 1504 |1
Ha ocHOBaHWMM [aHHBIX ©3 TaONHIBI BBIBOAWNM PEHTHHTOBBIM  TOKA3aTeNb  OICHKHU

IKCILTYaTaI[MOHHBIX CBOMCTB TPAKTOPA.
1. benapyc 2022 — 2+3+3+2+3 = 13
2. Case Puma 210 — 1+2+1,5+2+2=8,5
3. Chalenger MT595B — 3+1+1,5+2+1 = 8,5

VY tpakropoB Case Puma 210, Chalenger MT595B oauHakoBbie 3KCIUTyaTallMOHHBIE CBOICTBa, y

benapyc 2022 oHU 3HAYUTETBHO HUXKE.

Tabnuna 8. - Pacuéra peTHHrOBOTO MOKa3aTeNsl OLIEHKH 3KCIUTyaTallMOHHBIX CBOMCTB TPAaKTOPOB

B nHTepBaie 284-305 i.c.

TToka3zarenu
VY nenpHas . Nunexc
MOIIIHOCTD YaenbHbIA VnensHOE naBiaeHue, Kr/cm” TATOBOI'O
’ Mip, Hm/11.C. ’
a.c./n YCUIINS
[lepennuit .
Mapka tpakropa 2 2 MOCT 3aaHuii MocT 9
=) [aa) /m
e | B | g & - .| 2|2
E o o) T | [ ' = o o
S| Egl 2| Egl g, el &, B g|E¢g
) [V o A = M = ad ") (ad o™ o =
bemnapyc 3022 424 11 43 3 1,46 |2-4 1,46 2-4 1898 | 2
g"ﬁ"’;sgey Ferguson 345 |3 |48 |2 146 |2-4 146 |2-4 |2044 |1
gggdt Vario 396 |2 42 |4 146 |24 |146 |24 |1866 |3
Chalenger MT755 C 342 |4 5,0 1 0,57 1 854 4
Ha ocHOBaHMHM [JaHHBIX W3 TaOJWIBI BBIBOJAUM PEHTHHTOBBIA  TOKa3aTelb OLECHKH

9KCILTYaTallMOHHBIX CBOMCTB TPAKTOPA.

1. Benapyc 3022 — 1+3+3+3+2 =12
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2. Massey Ferguson 8670 — 3+2+3+3+1 =12
3. Fendt Vario 930 — 2+4+3+3+3 =15
4. Chalenger MT755 C (rycennunsiit) — 4+1+1+4 = 10

VY tpakTtopa benapyc 3022 skcmtyaranioHHbIE ITOKa3aTenau oanHakoBbl ¢ Massey Ferguson 8670,

a OH SIBJISIETCS JIYYIIUM TPAKTOpoM B mHTepBasie oT 284 mo 305 n.c. (Bcero npeacTaBieHO 8 TPAKTOPOB).

OKcIulyaTallMoHHbIe noka3atenu y benapyc 3022 nemuoro ycrynarot ryceanyHomy Chalenger MT755 C.

Tabmuua 9. - Pacuér peHTHHIOBOTO IMOKa3aTelsl OLIEHKU SKCIUTYyaTal[HOHHBIX CBOMCTB TPAKTOPOB B

untepaie 340-368 i.c.

IToxa3zarenu
VY neapHas o HWnnekc
V neapHBIN N
MOIITHOCTb, VensHOE TaBiaeHUE, KI/CM TSATOBOTO
MKp, Hwm/n.c.
a.c./n YCUIIHS
Ilepennuit .
Mapka TpakTopa § § MOCT 3agHuil MOCT §
(] o O o Q o
= | E = | E . e |, 2 = | E
S| gl 2| Egl .| 8|&. 8| 8|:E¢
s 53| 58| g Z Eg | 253
lep) A~ = a2 A =S| o oE ad o = 0 o A~ =
:%SE IH Magnum | 275 | 5 49 |1 146 |36 |146 |36 |2440 |1
%assgey Ferguson 47 |24 |43 |45 |146 |36 |146 |36 |2178 |34
Chalenger MT675C 41,7 | 2-4 4,3 4-5 146 | 3-6 146 | 3-6 2178 | 3-4
benapyc 3522 496 |1 4,2 6 1,46 | 3-6 146 | 3-6 2190 |2
Chalenger MT765 D 41,7 | 2-4 4.4 3 0,47 1 724 6
Chalenger MT755 E 36,2 |6 47 2 0,48 2 809 |5
Ha ocHOBaHWMM JaHHBIX W3 TaONWIBI BBIBOJAMM PCHTHHTOBBIA  TOKAa3aTeb  OICHKHU

OKCINTYaTallTUOHHBIX CBOMCTB TpaKTOopa.

1. Benapyc 3522 — 1+6+4,5+4,5+2 = 18

S e o

CASE IH Magnum 340 — 5+1+4,5+4,5+1 = 16
Massey Ferguson 8680 — 3+4,5+4,5+4,5+3,5 = 20
Chalenger MT675C — 3+4,5+4,5+4,5+3,5 = 20
Chalenger MT765 D (ryc.) — 3+3+1+6 = 13
Chalenger MT755 E (ryc.) — 6+2+2+5 =15

benapyc 3522 no cBoMM 3KCIITyaTallMOHHBIM MOKA3aTeNsIM yCTyNaeT JHILIb JUIEpPY B UHTEpBAJe

340-368 s1.c (10 TpakTopor) CASE IH Magnum 340.

B HacTosiiee Bpems, NpencTaBIEHHBIH THUIOpa3MEpHbI psj TpakTopoB benmapyc sBnsercs

paluOHAJIbHBIM JJI1 CEIBbCKOXO03SHMCTBEHHOTO MMPONU3BOACTBA, TAK KaAK B MUPOBOM arpornpou3BOACTBC I1O

CBOMM DJKCIUTyaTallHOHHBIM CBOMCTBAM OHM 3aHMMAIOT CYIIECTBEHHYIO HUIIY, U €CIIU TPAaKTOpHI OoJiee

HU3KOTO TSTOBOrO Kjacca emé yCTymaloT CBOMM 3apyOeXHBIM aHajoram, TO TPAaKTOPBI MOCIETHUX
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pa3paboToK yXke He YCTyHaroT TpakTopaM BeAyLIMX 3apyOeXHbIX (UPM-TIPOM3BOAMTENEH, a MHOTAA U

npeBocxoaT ux (benapyc 3022). CpaBHUB uX Mexy co00i, MOKHO MIPUNUTH K BBIBOAY: KaXJIbli arperat

UMeeT CBOM TIpeuMyllnecTBa U cnadble CcTOpoHBL. Ecnmu 3apyOexHON TeXHHKE CBOWCTBEHHO

WCTIOJIb30BaHUE OOJIBIIOTO KOJMYECTBA WHHOBALMOHHBIX pa3pabOTOK, TO TPAKTOPHl OTEYECTBEHHOMH

C60pKI/I B OCHOBHOM IIPHUBJICKAIOT CBOCH HeHOI\/lI, Ooiee AOCTYIIHBIM TCXHHUYCCKHUM 06CJ'Iy>KI/IBaHI/ICM u

PEMOHTOM. BBI6I/Ipa§I TPAKTOPA4, HeO6XOI[I/IMO OPHUCHTHPOBATHCA HAa UX MOIIHOCTL U TATOBOC YCUIIHC.

Cnucok JurepaTypbl:

1.
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AHHoTauusi: B craThe 3aTpOHYT BOIPOC HMCTOPUM HU300pPETEHUS M YCOBEPIIEHCTBOBAHUS
KapJaHHOTO BaJla, €ro CEerofHSMIHAS KOHCTPYKIMs. OTMEUEHO, UTO COBPEMEHHAs! TEXHOJIOTHsSI PEMOHTa
IpelycCMaTpUBaeT 3aMEHYy KIIIOUEBbIX KOMIIOHEHTOB KapJaHHOW nepenauu. CyIiecTBYIOUIUI PBIHOK
KOMIUIEKTYIOIIKX IO3BOJISIET HE TOJIBKO BOCCTAHOBUTH, HO M M3TOTOBUTH JIFOOOH BapuaHT KapJaHHOTO
Bajia Ha 3aKa3 Mo MpeAocTaBIeHHOMY 4yepTexy./lanee B paboTe paccMOTPEHBI BOPOCHI BOCCTAHOBJICHUS
Kap/JlaHHOW Tepefayd Ha MPUBOJA JKaTKM 3epHoyOopouHoro kombaiiHa Acros 530. IlpuBenena
TEXHOJIOTMYECKass KapTa Ha JUarHOCTMPOBAaHHE TEXHMUYECKOTO COCTOSIHMSI INTaTHOM KapJaHHOU
nepenayu, MPOYHOCTHBIE PACUETHI M TEXHOJIOTUS COOPKH KapJaHHOTO Baja U3 KOMIUIEKTYIOIUX (PUPMBI
WALTERSCHEID ¢ paBHBIMM HKCIUTyaTallAOHHBIMHU CBOMCTBaMHU. TEXHOJOTHMYECKUM MPOIecC
BOCCTAaHOBJICHMSI KapAAHHOTO Bajla TakK€ IIPEACTaBICH B BHJE TEXHOJIOIMYECKONW KapThl, TAE
ONpeseNieHbl BCE TEXHOJOTMYECKHE Olepal BOCCTAHOBJIEHHS (MOJEpPHHM3ALMH) KapJaHHOTO
Bana.llpon3BeneHbl MPOYHOCTHBIE pacy€Thl. Pacd€Thl MpenesNbHBIX HArpy304HBIX PEXKHUMOB PaOOTHI
KapJaHHBIX BaJiOB, 0€3 pa3pylLIeHH, MPOU3BOJATCS HA: HANPSHKCHUS] KPYUCHHUS; HAMpPsDKEHUs W3Tuoa;
HaIpsDKEHUsl KPY4YEeHMs], BbI3BaHHbIE HEPAaBHOMEPHOCTHIO BpalllEHUS; pacd€T KPECTOBUHBI KapIaHHOTO
mrapHupa (Ha CONPOTUBIICHWE M3THMOY, Ha cpe3); pacuéT BWJIKM KapAaHHOTO IIapHHWpa (Ha W3rud M Ha

KpydeHue); pacuér mpodmibHOro (TpyOHOTrO) COeNMHEHHS (HAa HANPSOKCHHUS KPY4YeHHUs, HAa CMATHE
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npoduitsi, Ha u3Hoc. CaellaH BBIBOJ, YTO HAa CETOMHSIIHHUKA JCHb KapJaHHBIA Bajl MPEACTABISET COOOM
CIIOKHOE TeXHHUYECKOe M3/iene U TpeOyeT K ce0e COOTBETCTBYIOLIETO OTHOIICHHUS, T.€. CBOEBPEMEHHOTO
npoBeaeHus: oocmyxkuBanus. Hecobmogenne Hanbosee mpoCcThIX MPaBUII TPO3UT MPOCTOSIMU TEXHUKU U
CYHIGCTBCHHLIMI/I JCHCKHBIMHN HOTGpSIMI/I JJI opraHmauI/m. KpOMe TOro, B MacmTa6ax BCETO
CEIbX03MAIIMHOCTPOCHHS MOYKHO KapJIMHAJILHO CHU3UTh METAINIOEMKOCTh HE TOJIBKO JJAHHOW KapJIaHHON
nepenayu, Ho U JOOBIX KapJaHHBIX Mepe/iad, YTO Ha CETOAHs SBISETCS aKTyaJlbHEHIIMM HampaBIeHUEM

MaTepHalo- ¥ pecypcocOepeKeHusl.

MODERNIZATION OF THE PROPELLER SHAFT, AS A WAY TO RECOVER

G.A. lovlev, associate professor, head of the department of transport and technological machinery
and equipment service of the agro-industrial complex, Ural State Agrarian University.
(620075 Sverdlovsk Region, Yekaterinburg, Karl Libknekhta St., 42 Tel. 8-922-20-87 -846, E-mail: gri-

iovlev@yandex.ru)

I.1. Goldina - senior lecturer of the department of service of transport and technological machines
and equipment of the agro-industrial complex, Ural State Agrarian University.

(620075 Sverdlovsk Region, Yekaterinburg, Karl Libknekhta St., 42 Tel. 8-904-98-50- 364, E-
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Keywords: cardan shaft, plug, cross joints, cardan transmission, a load mode process.

Abstract: The article touches upon the history of the invention and improvement of the propeller
shaft, its current design. It is noted that the modern repair technology provides for the replacement of key
components of the cardan transmission. The existing market of accessories allows not only to restore, but
also to make any option of a driveshaft to order according to the provided drawing. Next, the paper
considers the questions of restoration driveline to the drive harvester combine harvester Acros 530. The
technological map for diagnosing the technical condition of the standard gimbal, strength calculations and
the technology of assembling the gimbal from Walterscheid components with equal operational properties
is presented. The technological process of recovery of the propeller shaft is also represented in the form
of a task list, which identifies all the processes of reconstruction (modernization) of the propeller shaft.
Strength calculations are made. Calculations of the limit load modes of operation of drive shafts, no

damage, made in: tension torsion; bending stresses; tension torsion caused by the non-uniformity of
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rotation; the calculation of the joint crosses (resistance to bending, shear); the calculation of the yoke
hinge (bending and torsion); calculation of the profile (tube) connections (voltage torsion, crushing
profile for wear. It is concluded that today the cardan shaft is a complex technical product and requires an
appropriate attitude, i.e. timely maintenance. Failure to comply with the simplest rules threatens
downtime and significant monetary losses for the organization. In addition, on the scale of all
agricultural machinery can dramatically reduce the metal content of not only the cardan transmission, but

also any cardan transmission, which today is the most important direction of material and resource saving.

IlepBoe KapaHHOE COCIMHEHUE — OTO JIBE€ BUWJIKH, CBA3aHHBIE KPECTOBHHOM C IIOMOILBIO YETHIPEX
UTOJIbYATHIX MOALIMITHUKOB. BriepBble JaHHOE COeJMHEHUE OBLIO MPUMEHEHO JUIsl MOJIEPKKH MOPCKOTO
kommaca. [lo3aHee ObLIIO OOHAPYKEHO, YTO KApAaHHOE COCIMHEHHE PAaBHOMEPHO IEpelacT JBHKCHHUE,
KOI'/Ia 1Ba COEIMHEHNUS HaXOATCSl B OHOM MJIOCKOCTH U (PYHKIMOHUPYIOT MOCIEI0BATENbHO MO/I OAHUM
U TeM Xe YIJIIOM.ABTOPOM 3TOr0 M300peTeHus, oTHocsuerocs k cepeauHe XVI Beka, Kak CUMTaOT
HCCIIeI0BaTeNIN UICTOPUM MEXaHUKH, siBisiercs xuponamo Kapaaso.

C 16 crosmetuss xapaaHHbI Bay Obl1 ycoBepuieHcTBOBaH. B 1903 romy Cmailicep mpumeHu
LUUIMLEBYIO BTYJKY, JUIS TOrO, 4TOObl KOMIIEHCHUpPOBaTh KojieOaHUs JMHEWHbIX pa3MepoB. W 1o
HACTOSIIIEr0 BPEMEHH, NMPUHLMIHUAIBHO OTJIWYaroulelics, Oosiee COBEPILIEHHOM CXeMbl i Hepefadu
KpPYyTSALIEr0 MOMEHTA, HE MPEI0KUI HUKTO.

IIpocreiimnii KapJlaH COCTOUT U3:

1. [enTpanpHblii Basl — IpeACTaBIsIET COOON HApY HYIO TpyOy ¢ BHyTPEHHUM HUIMLEM U HUIULEBOI
BaJl C HAPYKHBIM IIUIMLEM PA3JINYHBIX TUIIOPA3MEPOB.

2. Bwuika — y3emn, KOTOpbI BMecTe ¢ KpeCTOBUHON MepeaeT KpyTAIUH MOMEHT MEX/ly MAIITMHON U
arperaTupoBaHHBIM MEXaHHU3MOM BO BpeMs paboThl. 10 KOHCTPYKIMM BUJIKM MOTYT OBITh (DJIaHILIEBBIMU U
C OTBEPCTHUEM, IO/ LIIJIUL] WIH BaJl.

3. KpectoBunsl - 3T0 mapHUpH B opMe KpecTa, Ui TOTO, YTOOBI BCE BPAIAIONIMECS SJIEMEHTHI
paboTanu 1oJ| ONpeAeTeHHbIM H3MEHSIOIUMCS YIJIOM JUld IUIaBHOW Mepeladyd KpyTsIIero MOMEHTA.
VYron BpamieHuss B Ipolecce paboThiHE JODKeH mpeBbimate 20 rpaaycoB. B mpoTuBHOM ciyuvae,
KpECTOBUHA HaYMHAET padoTaTh MOJ OOJBIION HArPY3KOH, YTO BIUSIET Ha U3HOC, PAOOTOCTIOCOOHOCTh U
cOanaHCUPOBAHHOCTh KapAaHHOTO BaJja.

4. 3amuTa KapJlaHHOTO Baja - JOINOJHHUTEIbHAs Mepa 0e30IIaCHOCTH, JKCILTyaTalnus 0e3 KOTOpoi
KaTerOpPUUYECKH 3allpelicHa.

B xauecTBe MOINOJHUTENBHONM KOMIUIEKTAMM KapJaHHbIC BaJIbl OJKUIUPYIOTCS: IIUPOKUMU
COCIMHUTEIIBHBIMY BWJIKAMH, KOTZIa MOYKHO II€pPENaBaTh KPYTAIUNA MOMEHT Ha yroa 1o 80 rpangycos;
MpeIoXpaHUTENbHBIME My(TaMu, OT camMOi MpOCTEHIIel 0 CI0XHONW OOTOHHOW WM (PUKIIMOHHOM;

AJIACTUYHBIMU MY(TaMH, JJIS TalIeHUs] pe3KUX KPYTUIIbHBIX KOJICOaHUH.
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KapnanHnsle Basibl NpUHAUIEKAT K KaTETOPHM OBICTPOBPALIAIONIUXCS BaJOB, UX INIABHOW 4epTOMN
sBIsieTcs (GOpMUPOBAHHE JONOJHUTENBHBIX HATPY30K, BHI3IBAEMBIX LIEHTPOOEKHBIMU CUIAMHU, BEIMUMHA
KOTOPBIX MPONOPIHUOHATIbHA KBaIpaTy YacTOThI BpamieHus. M3 3Toro cieayer, 4To BIUSHUE STUX CUJI TEM
Oosbire, yem Ooiblie nucOanaHc Baima. Ha BenwumHy HEHTPOOSKHBIX CHJI, HA BEIWYHHY JHcOanaHca
BJIMSET, B IIEPBYI0 Ouepeib, Macca KapJaHHOro Baya. IIpu BbICOKHX 000pOTax LEHTPOOEKHBIE CHUIIbI
CTpEMSTCS H30THYTh Baj, yBEJIWYMBas €ro HecOalaHCHUPOBAHHOCTh. llocTemeHHO Bajd NPUXOAUT B
HEepabOTOCIIOCOOHOE COCTOSTHHE.

[Tpu mepenave paBHBIX KPYTAIIMX MOMEHTOB TPEANIOYTUTEIBHEE HCIIOIB30BaTh KapIaHHBIC BaJbl
C MEHbIIEH Maccoi, HO yAOBJIETBOPAIOUIMX TPeOOBaHUAM IPOYHOCTH (HA M3rUO, Ha CKpydHMBaHUE, Ha
cpes).

CraTucThueckue JaHHble TOBOPAT O TOM, UTO OKOJIO 75% netanel, BbIOpachlBa€MbIX IPU IEPBOM
KaIMTAIbHOM PEMOHTE CEITbCKOXO035ICTBEHHON TEXHHKH, SBIISIOTCS PEMOHTHO-TIPUTOTHBIMHU.

CoBpeMeHHass TEXHOJIOTUSI PEMOHTA NPEAyCMaTpUBAeT 3aMEHY KIIOUEBBIX KOMIIOHEHTOB
KapaaHHoi nepenaud. CyIIecTBYIOIIMH PHIHOK KOMIUIEKTYIOIIUX MO3BOJISET HE TOJILKO BOCCTAHOBHTb,
HO Y M3TOTOBUTH JIFO00H BapuaHT KapJaHHOTO BaJla Ha 3aKa3 10 MPEJIOCTABICHHOMY YEPTEXKY.

[Ipu mpoBeneHnH padOT, CBA3aHHBIX C TEKYIIUM PEMOHTOM CEIbCKOXO3SIWCTBEHHON TEXHUKH,
CEpBUCHBIE MPEIIPUATHS CTAIU PUMEHATh KOMIUIEKTYIOIME KapIaHHBIX BaJIOB, BEAYIIUX 3apyOeKHBIX
¢upwm, B Tom uncie WALTERSCHEID.

B nanHolf paboTe paccMOTpeHBI BONPOCHI BOCCTAHOBJIEHMS KapJaHHOW IMeperadd Ha IMPHBOJ
xKaTku 3epHoyOopouHoro komOaitna Acros 530. IlpuBeseHa TexHojoruyeckas Kapra Ha
JMAarHOCTHPOBAHNE TEXHHUYECKOTO COCTOSIHUS IITaTHOM KapJaHHOM repenadd, MPOYHOCTHBIE pacueThl U
TEXHOJIOTHIO COOpPKM KapJaHHOTO Bana 3 Komiuiektyromux ¢upmbl WALTERSCHEID ¢ paBHbIMEH
AKCILTyaTallMOHHBIMU CBOWCTBAMH.

IIpoexTHpoBaHHE TEXHOJOTHYECKOTO Ipoliecca OINPENeIeHUs] TEXHHUYECKOTrO COCTOSHUS
(IMarHOCTUPOBAHMS) M BOCCTAHOBJIEHHMS KapJaHHOTO Baja IMpHUBOAAa O-TM METPOBOM JKaTKU
paccMoTpeH st 3epHOYyOOpouHOoro kombaiina Acros 530 — KO1. 016. 145. 180. 318. 318.[8].

TexHomornueckuii mporecc ONpeAeNeHus TEXHUYECKOrOo COCTOSHUS (IUarHOCTHPOBAHMS)
NPEJCTAaBICH B BHJIE TEXHOJOIMUECKOW KapThl, IJe 0003HAUeHbl BCE TEXHOJIOTMYECKHE OIEepaluu

OTIPEICIICHUS] TEXHHUYECKOT0 cocTostHus [1].
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OrnepalmoOHHO-TEXHOJIOTHYECKasl KapTa JUArHOCTUKH 3epHOYyOOpodHOTro kombaitna Acros 530

OOwast TpyA0EMKOCTS - qeJl. .

TEXHOJIOTUYECKAA KAPTA Ne
Kapnanuseiit Ban npuBoa sxatku - KO1. 016. 145. 180. 318. 318.
TpynoémkocTb, yen. MuH (4yen.u). — 57 (0,95)

[Tpubopswi,
Tpyzo-
No HanmenoBanue u Mecro &MKOCTD, UHCTpY- TexHIeCKe
i COZIepKaHKe 13360T BhImOHEHMS | MEHTHI, TpeGoBaHIs 1 yKasaHuA
(omeparruii) orepauu () HPUCIIOCO-
OneHust
1 | OuncTka Bana VYyacTtok 3,4 (0,06) [érka Kapnanupiii Ban q0/mKeH
MOMKHU, OBITh YHCTHIM,
JIUATHOCTUKH U HPUTOHBIM ISt
nedheKkToBKH IUAarHOCTUKHU
2 | Ilposepka Bama Ha -/l- 6 (0,1) [Tpu3msl, Jomnyckaercst Ha JuikHE 1
COCTOSIHUE CBapHBIX IITaTHB, M He 6oiee 0,5 MM
IIIBOB, Ha IIPOTHO UHIUKATOP
4acOBOT'0 THUIIA
3 | IIpoBepka JErKOCTH -/l- 2 (0,03) Ot pykH, Kapmanuple  mapHHpPBI
TUIaBHOCTH BU3YaJIbHO JIOJDKHBI BpAIIaThCS CBO-
POBOPAYNBAHHUS O0ogHo ©Oe3 3aemaHumi,
KPECTOBHH U BUJIOK HOTHYTOCTh BUJIOK
(HECOOCHOCTb OTBEpPCTHI
BUJIOK) HE JOIYCKaeTCs
4 | IIpoBepka KapIaHHBIX -/l- 19,2 Hytpomep ¢ | JluameTrp BWIKM KapJaH-
[IAPHUPOB Ha HAIM4HE (0,32) MHIMKA-TOPOM | HOTO  INApHHUpAa IO
OCEBBIX W paJUaAbHBIX YaCcOBOTO THIA | UTOJILYATHIA TOIIUITHHK
3a30pOB HE JIOJDKCH IMPEBBIIIATH
28, 825 mm
5 [TpoBepka okpyskuoro | -//- 13,2 Cucrema [TpenensHO A0y CTUMBII
3a30pa B ILTHIIEBOM (0,22) MU3MEpEHUI OKPYXHO# 3a30p 110
COCITMHCHUH BUOPALMOH-HAs | CPEAHEMY JTUAMETPY
OaaH- nai — 0,3 MM
CHpORDRLas HomunansHb1i
BUBPOJIAB .
okpyxHo# 3a30p — 0,08
MM
6 [TpoBepka paguansHoro | -//- 13,2 Cucrema [TpenensHO A0y CTUMBII
3a30pa B ILJIMIIEBOM (0,22) HU3MEpEeHu I paauaNbHBIH 3a30p —
COECUHEHUN BuOparmon-vas | 0,065 mm
Oaan- .
cHpoBoUHas HOI\\J/II/IHaJ'ILHBII/I paauab-
BUEPOJIAE HBIH 3a30p - 0,015 mm
7 | 3akmoueHue
TeXHOJOTMYECKUIT TPOIECC BOCCTAHOBJICHUS KapJAaHHOTO Bajla TaK)Ke MPEICTaBICH B BHIE

TEXHOJIOTUYECKOM  KapThl,

rac OnpCaciICHbI

(MOJIepHH3aIMK) KapIaHHOTO Bana .
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OmnepanoHHO-TEXHOJIOTUYecKast KapTa peMOHTa 3epHOyOopoyHoro komOaitna Acros 530

OO6mas Tpya0EMKOCTB - el 4.

TEXHOJIOTUYECKAS KAPTA Ne

Kapnannblit Ban npuBojia ®aTKHU.

TpymoéMkocTs, yen. MuH. (denq) — 94,2 (1,57).

n/a

HanmeHoBaHue 1 coepkaHue
pabot (oneparuii)

Mecto
BBIIIOJTHEHUSI
oneparuu

TpynoémMKOCTb,

Yen. MHAH. (Y€1)

ITpubopsbl, UHCTPY-

MEHTBI, TIPUCIIOCO-
OJieHus

YcraHOBKa BHYTPEHHEH BHWIIKH
BHYTPEHHEr0  TeJecKoma B
cOOpOYHBI CcTeHA (KOHCTPYK-
TOpCKas pa3pabdoTKa)

VYyacTtok peMoHTa

1,8 (0,03)

COOpOYHBIH CTEH]T

YcraHoBka TpyObl BHYTPEHHETO
TEJIECKOIa B COOPOYHBINA CTEH]T

Y4acTok peMOHTa

1,8 (0,03)

COOpOoYHEI CTeH]

3anpeccoBka TpyObl BHYTpPEH-
HETO TenecKona BO
BHYTPEHHIOIO BUJIKY

YyacTtok peMoHTa

16,2 (0,27)

COOpOYHBIH CTEH]T

YcraHoBKa BHYTPEHHEH BUIIKH
HapYKHOTO TeJecKona B
cOOPOYHBIN CTEHT

Y4acTok peMOHTa

1,8 (0,03)

COopouHbIi CTeH]

YcTaHoBka TpyObl HapyKHOTO
TeJIeCKoIa B COOPOYHBIN CTEH/T

Y4acTok peMOHTa

1,8 (0,03)

COOpOouHBIif CTEH]T

3anpeccoBka TpyObl HapyKHOTO
TEJIECKONa BO  BHYTPEHHIOO
BUJIKY

Vyactok PEMOHTA

16,2 (0,27)

COOpOYHBIH CTEH]T

YcraHnoBka YHUBEPCAIBLHOTO
mapHupa B BwiKy BOM wu
BHYTPEHHIOIO BHJIKY BHYTpPEH-
HEro Teneckona

YyacTtok peMoHTa

26,4 (0,44)

COOpOYHBIH CTEH]T

YcTaHoBka YHUBEPCAIHLHOTO
miapHupa B BWIKY  Bajia
MIPUBOTHOM MaIIHHbI u
BHYTPEHHIOIO BHIIKY HapyKHOTO

TCIICCKOIIa

Y4acTok peMOHTa

26,4 (0,44)

COopouHBIii CTeH]

9

COopka KapJaHHOTO Baja

YyacTok peMoHTa

1,8 (0,03)

Bpyunyro

“Ha3BaHust COCTaBHBIX YacTel KapJaHHOTO Baja IPUHATHI B cooTseTcTBuM ¢ [OCT 33032-2014 Banbl kapiaHHble
CEJIbCKOXO3SIMCTBEHHBIX MaliH. O0IIne TEXHUUECKUe yCoBus [2].

C6opxka kapaanHoro Bajia u3 kommiektyromux ¢pupmsl WALTERSCHEID ocymiectBisieTcs
HAaOPUTMHAIILHOMCIIPOCKTUPOBAHHOM CTEHJIE.
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Jnst 060cHOBaHMSI KOHCTPYKTOPCKUX PAacu€TOB pacCMOTPEHBI CIEAYIOUINE UCXOIHBIEC JaHHbIE:

1. XapaktepucTrka KapJaHHbIX BaioB (Tabu. 1)

Tabnuua 1. — CpaBHUTENIbHAS XapaKTEPUCTHKA IITATHOTO KAPAAHHOTO BaJla U MPOESKTUPYEMOTO.

IToka3arenu

[IITaTHBIN KapJaHHBINA

[IpoekTupyemblil KaplaHHBIA Bajl
U3 COOPOYHBIX eIUHUIL HUPMBI

e WALTERSCHEID
JlmuHa KapIaHHOTO Baja, CM 145 (180) 145 (180)
Pazmep Buiku, MM He 6oiee 90 84
BricoTa KpecTOBUHBI, MM 72,9 75
JlnameTp NOAIIMUITHUKA KPECTOBUHBI, MM 28 27
Pa3zmep BHYTpEHHETO TEIECKONMUYECKOTO [[InuueBow Ba: [Ipodunsuas Tpyda
BaJIa, MM (ITMMOHOBUTHAS):

Guap — 34,87 dn - 29

axXBXt 34,5x40x4 a — mmpuHa; B
— BBICOTA; t — TONMImIMHA TTPOdUIIS

Pazmep HapyXHOTO TEIECKOMUYECKOTrO [InuieBas BTyJKa: [IpodunbHas Tpyda
Baja, MM JTUMOHOBU/THAS ):
’ Oirap — 34,95 den— 29,8 ( )
axXBXt 41x48x3
Macca kap1aHHOTO Bajia, KT 16,3 14,1
B T.4. BEC BHYTPEHHETO TelIeCKO-
IMMYecKkoro Bajia — 6,64; BHeIIHe-
ro TEJNEeCKONMYECKOro Bajla —
7,48"
HomuHansHbI# KpyTsmumii MOMeHT, HM 160 160

*

CmpaBouno. Macca 1 m.m. mpoduns Ov B3sita 3,3 kr; mpodunsa 1 — 3,94 kr; pacu€rHas AnMHA BHYTPEHHETO W
HapYXHOTO TeJIeCKomuyeckoro BayioB — 1306 MmM; Macca mapHupa kapaanaoro AK.016.113.264 — 2,33 «r.
2. TpeboBanus k Marepuanam (Tad. 2).

Tabnuua 2. — Mapku craneil, uCIIoJIb3yeMbI€ I U3TOTOBJIEHHSI KOHCTPYKTHBHBIX 3JIEMEHTOB.

HanmenoBanue
Mapka cranu O6o3HaueHue crangapTa
KOHCTPYKTHUBHOTI'O 3JIEMEHTA
TpyOnr 15, 20, 35 T'OCT 1050
551111 T'OCT 1050
Kpecrosuna 20X, 15XTH2TA, 18XI'T, 20XTHTP
19XTH3A TOCT 4543
Buku 35, 40, 45, 35X I'OCT 1050, 'OCT 4543
HInumesoit Bai 38XC T'OCT 4543
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[IpousBeneHsl cieayroue MPOYHOCTHBIE PACUETHI.

Pacu€Tpl mpenenpHBIX HAarpy304HBIX PEKUMOB pabOThl KapIaHHBIX BalloB, 0€3 pa3pylIeHUi,
MIPOU3BOJATCS Ha:

- HANPsDKCHUS KPYUCHUS;

- HalpsHKeHUs U3ruoa;

- HaIpsDKEHUs KPYUYCHHUs, BbI3BAHHbBIE HEPAaBHOMEPHOCTHIO BPAILICHUS;

- pacu€T KpECTOBUHBI KapJaHHOTO MIapHUpa (Ha COMPOTHBIIEHUE U3THOY, Ha Cpe3);

- pacu€T BUJIKM KapJaHHOTO IapHUpa (Ha U3rud U Ha KpyueHUe);

- pacuét npoduaLHOTO (TPYOHOTO) CoeAMHEHUS (HA HAMPSDKEHUS KPYUEHHUs, Ha CMATHE PO,
Ha M3HOC.

Jns mombopa mpecca, Ui COCJMHEHUS BHJIOK IIApHUpPA C TEJIECKONMMYECKUMH BajlaMH,
pPacCYUTaHO YCHITHE 3alPECCOBKH.

Jlis pacu€ToB NpeNeNbHBIX HATPY30YHBIX PEXKHUMOB padOThl KapJaHHOTO Baja, paccuuTaHa
MOIIHOCTh M KPYTAIIMHA MOMEHT Ha TPAHCMUCCHOHHOM Bally MpPHUBOAA KATKU 3€pHOYOOPOYHOrO
kombaiina Acros 530.

VcxomHbIMA NTaHHBIMH  SIBJSIFOTCS KMHEMAaTHYeCcKas CXeMma IPUBOJIa OCHOBHBIX Y3JIOB U
MEXaHU3MOB 3epHOyOOpouHoro kombaitna Acros 530 [3]. B a10ii cxeme mpeacTaBieHbl JUAMETPHI
IIKUBOB, OOOPOTHI BAaJOB CIEAYIONIEH KHHEMAaTHYeCKOM Ilenu: BaJl JBUTaTeNs - Bal IJaBHOTO
KOHTPIPUBOJIA; BaJl TJIABHOTO KOHTPIIPUBOAA — Bal OTOOWHOTO OWTEepa; Bay OTOOHHOTrO OuTepa — Bal
HAaKJIOHHOM KaMephbl; BaJl HAKJIOHHOW KaMepbl — TPAHCMHUCCUOHHBIN BaJl.

Pacuét momrHoCcTH TIpou3BeNieH Yepe3 Ompe/ieleHne KPYTSAIIMX MOMEHTOB Ha COOTBETCTBYIOIINUX
BaJlaX KMHEMAaTHYECKON CXeMbl Iepeiady KpyTAIIero MOMEHTa OT JABHUraTelis J0 MPUBOJIA JKaTKU depe3
NepeaTOYHbIe OTHOIICHHS.

KpyTsimumii MOMEHT Ha BeIyIleM Bally pacCUMTaH 10 ciieayroriei popmyie [4,5]:
Mi = X9550,

rne, Ni— MOIITHOCTD Ha i-M (BeyIleM) Bajy;
Ni— 4yKCiI0 00OPOTOB HA I-M Bay.
KpyTsmuit MOMEHT Ha BEZJOMOM Bally pacCUMTaH IO ClIeayIonie hopmyre:
Mi+1= MiXi,
e, | —[epeIaTOYHOe OTHOIIECHHE.

MOIIIHOCTh Ha BEIOMOM BaJly paCCunTaHa 1o CHCI[yIOH_ICﬁ (bopMyne;

Mi41XNi4q
Nj+1= —E2—221 x
1T 9550 g
rae, n — ki nepenaun. ) = 0,96
Jlns pacuéra mapaMETPOBH XapaKTEPHUCTUK TPAaHCMHUCCHOHHOTO Bajia UCTIOJIb30BaHa

KHHEMAaTHYeCKasi CXeMa TPHUBOJa OCHOBHBIX y3JIOB U MEXaHHW3MOB 3epHOYOOpPOYHOro KomOaitHa Acros
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530. IIpu pacuére OBLIM UCTIOJIB30BAHBI JAHHBIC 110 JUAMETpaM IIKMBOB U 000pOTaM BajoOB (JIBUTATEIIs,
TJIAaBHOTO KOHTPIPHUBOAA, OTOOWHOro OWTepa W HAKIOHHOW Kamephl). Uucio o0OpOTOB 3a7aHO B
COOTBETCTBHH C KHHEMATHYECKOH cxeMoit. N = 1403 munt;

[Mosy4eHHbIe 3HAYEHKS MOIIIHOCTH 1 MOMEHTOB Ha Bajiax MpeCTaBlIeHbI B BUjie rpaduka (puc. 1).

1000
900

™\

800

700 \

600 \

500 \

400 \

300 \

KBT, Hm

200
100 \\
0 . . — ; .
Os. In. KMNp OT6. 6utep  Hakn. kamepa Tp.
= MOLWWHOCTb, KBT = Kp. M-T, HMm Banbl

Pucynok 1. VI3MeHeHHsI MOIIIHOCTH M KPYTSILIETO MOMEHTA OT JABUTATEIS IO MPUBOJIA KATKH.

MomHocTh, HEoOXoauMmasi i TpUBOAA padodMX OpPraHOB JKATKU (PEXKYyIIMA —ammapar,
TPaHCIIOPTHPOBKA XJICOHOM MAcCChI 10 HAKIIOHHOM KaMepbl) coctasiser — 7,5 kBT [6].

MotHOCTh, TOABEAEHHAS K TPAHCMUCCHOHHOM Bally, MPEBHIIIAeT MOITHOCTh, HEOOXOIUMYIO TSI
npuBoa katku noutu B 1,5 paza (7,5 u 11,3 xBr).

[IpouHoCcTHBIE pacU€Thl MPOM3BENEHBI MO KPYTAINIEMY MOMEHTY W MOITHOCTH, TOJIBEIEHHOW K
TPAaHCMHCCUOHHOMY Baly.

TexHOIOrnYecKnii mpoecc BOCCTAHOBICHUS KapAaHHOTO Bajla 4epe3 MOAEPHHU3ALHUI0 JAHHOTO
COoeMHEHUS (MCIOJb30BaHNE COBPEMEHHBIX 3apyOEKHBIX KOMIUICKTYIOIINX) BIUAET HA HAIAEKHOCTh U
paboTOCIOCOOHOCTh MAIIIWH, TOBBIIIAS JaHHBIE TTOKa3aTeNd, ¥ PAcX0j] MaTepHalioB, CHIDKAs WX (Macca
MOJIEpHU3UPOBAHHOTO Kap/IaHHOTO Baya Ha 14%, Ha 2,2 KT MeHbIIIe IITaTHOTO BaJia).

B 3akmtoueHUN MOXKHO CKa3aTh, YTO HA CETOMHAIIHUN JeHb KapAaHHBIN Ball MPeACTaBIseT co0o0it
CIIO)KHOE TEXHHUYECKOE H37enue U TpedyeT K cebe COOTBETCTBYIOIIEE OTHOIIEHHE M CBOCBPEMEHHOE
npoBeieHUe oOcmykuBaHusi. Hecobmonenne Hanbosee MpoCThIX MPABUI TPO3UT MPOCTOSIMUA TEXHUKH U
CYLIECTBEHHBIMU JICHEKHBIMU TOTEPSIMH JJIi OpraHU3allUu. Kpome Toro, B Macmrabax Bcero
CEeIbX03MAIIMHOCTPOCHHUS MOKHO Kap/IMHAJIbHO CHU3UTh METAJNIOEMKOCTh HE TOJIBKO JJAHHOW Kap/laHHOM
nepeaadu, HO U JIFOOBIX KapJaHHBIX Mepead, YTO Ha CErOAHS SIBISETCS aKTyalbHEHIINM HalpaBlieHUEM

MaTepHallo- U PECYPCOCOCPEIKEHHIS.
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VIIK 62

MPOBJIEMBI SKCILTYATAIIMA TOPMO3HOM )KHUJIKOCTHU B CUCTEMAX KOJIECHOM
TEXHUKU

banaba Cranucnas BaammmmpoBuu, acnupant Ypl'AY, Vpansckuit unctutyt ['TIC MYC
Poccuu (ExarepunOypr, yia. Mupa, 1.22).

Kpyasimes Baagumup BanepbeBuu., K.C-X.H., JOIEHT Kadeapbl TMOXKAPHOW TEXHHKH,
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Abstract:The article deals with the problems of operation of brake fluid in the systems of wheeled
vehicles. During operation, the brake fluid absorbs moisture, which adversely affects its performance
properties. Therefore, the evaluation and control of brake fluid during the maintenance of vehicles should

be given special attention.

MHuoroo6pa3ue aBTOMOOMIIEH HaxonsAmMxcs Ha goporax Poccum Benuko. CBoeBpeMEHHOE U
KaueCTBEHHOE TEXHUYECKOe OOCITyKHBaHHE SIBJISCTCS 3aJI0TOM JUIMTEIhHOW u  Oe3aBapuiiHOM
AKCIUTyaTalllH.

ABTOMOOWJIb TIPEACTaBISET COOOM CJIOXKHYIO MAaIIWHYy, COCTOAIIYI0 U3 JAeTalield, Y3JIOB,
MEXaHU3MOB, arperaTtoB u cucrem [1].

B HekoTopeix cuctemMax aBTOMOOWIEH pabodell cpemoil SBISAETCS TOPMO3HAS SKHUIKOCTb.
DKCIuTyaTanusi aBTOMOOMIICH B CIIOKHBIX JIOPOXKHBIX M KIIMMATHYECKUX YCIOBHUSIX OTPUIATEIHHO BIUSET
Ha e€ cocrtosHue. [IpumMepoM Takoro BIHSHUA SBISIETCS OOBOJAHEHHE (TUTPOCKONUYHOCTH) WIIH

HACBIIIEHUE BJIaroii.
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Topmo3Has cuctemMa — COBOKYIHOCTh YacTe€ld — OpraHa yIpaBJIeHHs, TOPMO3HOTO NPHUBOJA U
COOCTBEHHOTO  TOpPMO3a, TPEJHA3HAYCHHBIX JJS  [OCTENEHHOTO  3aMEIUICHHUS  JIBIIKYIIETOCS
TPAHCIIOPTHOTO CPENCTBAa WM €ro0 OCTAaHOBKHM, WIM AJI €r0 YJEp)KaHUs B HENOJBHUXHOM COCTOSIHUM
rocJie ocTaHOBKU. TOpMO3Hasl cucTeMa COCTOUT U3 TOPMO3HOT'O NMPUBO/IA U TOPMO3HBIX MEXAHU3MOB [2].

Topmo3Has KUAKOCTh B MPOLIECCE SKCIUTYATALMKM BIOUTHIBAET Biary, KOTOpas MOKET COCTaBJISATh
10 4% ot 3anpaBouHOi emkocTH. OOBOJHEHHE IPH Pa3IMYHBIX YCIOBHSX IO PAa3sHOMY BIMSIET Ha
paboToCcIocOOHOCTh MpHBaza TOPMO30B. JleTom, MmpH 4acTOM M MHTEHCUBHOM TOPMOXEHHU MOXKET,
MIPOM30MTH BCKHUIIAHWE TOPMO3HOM >KMJIKOCTH M oOpa3oBaHHE MapoBOHM NMpPOOKH. 3UMOM B TOPMO3HOM
KHUJKOCTH MPOUCXOIUT OOpa3oBaHHWE KPUCTAUIOB JIbAa, YTO MPHUBOIUT K YBEJIUYCHUIO BPEMEHH
cpabaTblBaHUs TOPMO30B U YXYIIIECHHIO O€30MacHOCTH JOPOXHOro JBumxkeHus. [lo mumo »3TOrO,
OOBOJHEHHE BEAET K TOBBILICHHOMY HW3HOCY TMap TPEHUS HCIOJHUTEIbHBIX MEXaHU3MOB, a B
MOCJICIYIONIEM U WX BBIXOAY U3 cTpos [3,4].

pyruMm MexaHU3MOM B KOTOPOM HCIIOJNB3YyETCS TOPMO3HASl JKHUJKOCTb SIBJISIETCSI MPUBOJ
CLETJICHUs, KOTOPbII CIYXUT A OOJIerdeHHs YIpaBlieHHs cueruieHueM aBTomMoOmis. CyliecTByeT
TUIPaBIMYECKUA W KOMOMHMPOBAHHBIN (THAPONHEBMATUYECKHU) MpHUBOA. [ 'MApaBIMYEeCKUil NPUBOJA
MIPUMEHSIETCS Ha JIETKOBBIX aBTOMOOWJISX M MaJOTOHH@)KHBIX IPYy30BHKax, a KOMOWHHUPOBAHHBIM Ha
IPYy30BbIX aBTOMOOWISIX OOJIBIION Tpy30MOABEMHOCTH, aBTOOycax U chenuanbHbiX Mmaccu. I[lo
CPaBHEHHMIO C TOPMO3HOW CHCTEMOM, MPUBOJ CLEIJICHUS UCIBITBIBAET MEHBIINE HArpy3KH, IIPU ITOM
TOPMO3Hasl XHUJAKOCTb HE IOJABEpraercss HarpeBy B Ipoliecce paboThl B pe3yJbTaTeé OHA MEHBIIE
Mo/IBepKeHa 0OBOJJHEHHIO, TAK KaK Ha He€ BIUSAET TOJIBKO TEMIIepaTypa OKpY Karoueil cpebl.

Hamnpumep, npu skcruryataruu aBrooyca HEDA3 3umoi, kora temneparypa ormycKajach HHUXKE
MuHyc 25°C, Bo3HHKana mpobjema ¢ 3aJep:KKOW BKIIOYEHUS CIEIUICHUS MO0 MpUYMHE O00pa30BaHUA
KPUCTAJIJIOB JIbJla M YBEIMYEHUS BSI3KOCTH TOPMO3HOHM KuAKocTH. Takue 3amepkku mpu paboTe
CIIETIJICHUS IPUBOJAT K y1apaM B MOMEHT COEJAMHEHUs] TPAHCMUCCHHM C ABUTaTeNIeM, YTO BiIE€YeT 3a co00ii
MOBBILIEHHBIA U3HOC 3JIEMEHTOB TPAHCMHUCCHHU.

B mnponecce TexHuyeckoro oOCTY>KMBaHUS M JKCIUTyaTallMM TPAaHCIOPTHBIX CPEACTB OIIEHKA
COCTOSIHHMSI TOPMO3HOM JKUJIKOCTH HE TIPOBOJAUTCS. BBIMIONHAETCS TONBKO €€ 3aMeHa M0 PEKOMEHyEMOMY
poU3BOUTENIEM periaMeHTy. OHAaKO B HEKOTOpBIX paboTax MpeACTaBJICHBI JaHHBIE 10 yBETUYECHUIO
KOJINYECTBa BJIaru B paboueil )KUAKOCTH yKe uepe3 roj dKcruryatanuu [5]. [loaTromy onieHka U KOHTPOIb
TOPMO3HOM >KUJKOCTHU TIpH TipoBeeHnr TO aBTOMOOUIIEH ClIenyeT yIesATh MOBBIIICHHOS BHUMAHUE, IS
Yero CyIIECTBYIOT Pa3IMYHbIe CIIOCOOBI M METOIbI, KOTOPBIE TIO3BOJISIOT BOBPEMS BBISIBUTH MOBBIIIEHHOE
coJiepaHue BOAbI B TOPMO3HOM kuakoctu [3,6,7].

TakuM oOpa3oMm, BKJIIOUEHHE B NEPEUYEHb PErIaMEHTHBIX padOT MHCTPYMEHTAIBLHOTO KOHTPOJISA
paboyeil JKHUIKOCTH TO3BOJHUT TOBBICUTH HAJEKHOCTh U JOJITOBEYHOCTH PACCMOTPEHHBIX CHUCTEM

aBTOMO6I/IJ'I$I, YTO IT0JIOKUTENLHO ITOBIMAET Ha 0€30I1aCHOCTD AOPOKHOI'O ABUKCHUSI.
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