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BiHHUITbKHIT HAITIOHATBHUHN arpapHUi YHIBEpCHTET

AJITOPUTM ®YHKINIOHYBAHHA MAIIMHHO-TPAKTOPHOI'O AT'PET'ATY 3
BUKOPUCTAHHAM CUCTEMMH KUBJIEHHS 31 SMILTYBAYEM I1AJINB

Ilpeocmasneno  komymayitiny — cxemy — @QYHKYIOHYBAHHA — MAWUHHO-MPAKMOPHO2O — dzpecamy 3
BUKOPUCIMAHHAM CUCTEMU JCUBTIEHHS 31 3MIULY8ademM NAIU8 ma eieKmpoHHuUM O10KoM Kepysanus Ha 6a3i Arduino
Uno. La cxema 3abe3neuye nogmicmio adanmueHy CUCmeMy JICUGNIeHHs Ha Oionanugi ma o020 cymiuax 6
3a1edCHOCmi  8I0  HABAHMAIICYBAbHO-UBUOKICHUX NOKA3HUKIG ma pedcumie pobomu. I[Ipogedeno niodip
KoMnoHenmié cxemu. Po3pobneno ninitinuti aneopumm 01 HANUCAHHSA KEPYIOUOI Npo2pamu CUCHEMOIO JHCUBLEHHS
0gucyHa, wo 3abesneuye il enepeemuyHy eKOHOMIUHiCmb ma egekmusHicCmob poOOMU MAUUHHO-MPAKIMOPHO2O
azpezamy.

Katouosi caosa: anzopumm, MawuHHO-MpaKmopHuil azpezam, cucmema j#us/aeHHs, 3miulysad, 6ionaaugo.

SERHIY BURLAKA

Vinnytsia National Agrarian University
ALGORITHM OF FUNCTIONING OF A MACHINE-TRACTOR UNIT USING A FUEL MIXER SUPPLY SYSTEM

The switching scheme of operation of the machine-tractor unit with the use of the power supply system with the fuel mixer and the
electronic control unit on the basis of Arduino Uno is presented. This scheme provides a fully adaptive power supply system for biofuels and
their mixtures depending on the load-speed indicators and operating modes. The selection of circuit components is carried out. A linear
algorithm for writing a control program for the engine power system has been developed, which ensures its energy efficiency and efficiency
of the machine-tractor unit.

During the operation of the machine-tractor unit there is a constant change of thermal, loading and speed modes. Internal
combustion engines during operation usually operate in unstable modes - start, warm up, acceleration, braking, increase and decrease the
load, stop. There is a need to develop a method of controlling the work processes of the diesel engine for its operation on a mixture of BF and
PSU with electronic control of the fuel mixture depending on the operating modes.

Engines are dynamically asymmetrical objects, ie the processes that take place when increasing and decreasing the load on the
crankshaft, when starting and stopping the engine, differ from each other.

The development of the algorithm for controlling the working processes of the diesel engine when working on a mixture of BF and
PSU with electronic control of the fuel mixture depending on the operating modes of the engine will differ.

Technical parameters of the diesel engine and power supply system that must be controlled during operation: torque, crankshaft
speed, power, coolant temperature, PSU temperature, percentage of fuel mixture. Fuel consumption refers to economic indicators, to
environmental - the composition and amount of harmful emissions. The value of these indicators directly depends on the modes of operation.

Key words: algorithm, machine-tractor unit, power supply system, mixer, biofuel.

IMocTtaHoBKa Npo0JieMH y 3araibHOMY BUTJISIAI
Ta 1i 3B’f130K i3 Ba;KIMBUMM HAYKOBUMHU YHM MPAKTUYHUMHM 3aBJaAHHIMHU
[Ipomec pobotu aBuryHa, mo npamtoe Ha BII, i oro 3mimyBanHs 3 Il mpsmo mpomopriitai. Termora
sropsiaHs BI1 Huokua, Hik [II1, a 11e 03HAdYae, MO SHEpris, MO BUPOOIAETECA PU MOBHOMY 3ropsiHHI BII, MeHIIa,
HIX €Hepris, BupoOiieHa pH Takiit camiii kinekocTi 3ropsaus I [1,2].

AHaJni3 ocTaHHIX 10caiIKeHb
B po6oti [3] 3ampornoHOBaHO CTBOPHUTH CHCTEMY, sKa MPALOE€ aBTOHOMHO BiJl JBHT'YHa BHYTPILIHBOTO
3TOPSIHHSL 1 HE 3aJIeKUTh BiJ JIIOACHKOTO (pakTopa. 3aBIaHHSAM CHUCTEMH € 3a0e3IEeYECHHS HAWKpaIloro CKiIamy
MAMBHOI CyMIiIlli BiATIOBIAHO O PeXHUMY pOOOTH.

DopmyTIOBaHHA 1iJIel cTaTTi
Po3pobutu cxemu KoMyTallii Ta 3araibHi ATOPUTMHU pOOOTH CUCTEMH KUBJICHHS AU3CIbHIX JBUTYHIB, SKi
BUKOPHCTOBYIOTh OIOTIANIMBO Ta IX CyMilli.

BukJiaa ocHOBHOTO MaTtepiaiay

s 3abe3nedeHAs e(peKTHBHOI POOOTH 3aIIPOMIOHOBAHOI CHCTEMH €JIEKTPOIIOCTaYaHHI HEOOXITHO YCYHYTH
Joscbkuid aktop. JliIst bOro MOKHa BUKOPHCTOBYBATH BEPCiI0 CUCTEMH Ha OCHOBI €JIEKTPOHHHX KOMIIOHEHTIB 3
BUKOPHCTAaHHAM EJIEKTPOHHHUX OJOKIB ympaBmiHHSA. B SKOCTI eNeKTpOHHOro ONOKY yIpaBNiHHS PEKOMEHIYETHCS
BukoprcroByBati Arduino Uno (puc. 2), ocHoBHI ¢yHKii nepepaxoBani B Tabu. 1 [4].

[Ipuctpiii n03BOJIsIE MIAKIIOYUTH A0 14 pi3HHUX €JICKTPOHHUX JATYMKIB, IO JO3BOJISIE PO3ITUPHUTH
(YHKIIOHATBHICTD CUCTEMH JKUBJICHHS.

IMpu Buxopucranui JAIT BII ans ynpasiaiHHS poOOYMM HpPOLIECOM JHM3EIBHOTO ABUTYHA 1 HOTO pI3HHUMH
BiJICOTKaMH 3MIIIyBaHHS, a TAKOX VISl €IEKTPOHHOTO PETYJIIOBAHHS CTPYKTYpPH 3MILTyBaHHS MaJMBa BIAIIOBITHO /10
PEXUMY pOOOTH BiH MOBHHEH 3a0€31CTyBATH:

- EdexruBHicTs pobodo0TO MpOIIECY;
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- Hapgiiiauii 3amyck;

- JloBroctpokoBa eKCIUTyaTallis;

- MakcuMansHe HaOMMKEHHS MK TEXHIYHUMU 1 0a30BUMHM ITIOKa3HUKAMU;
- IligBUILEHHS €KOJOTIYHUX ITOKA3HUKIB.

Puc. 1. 3aranbuuii Burasg njaatu Arduino Uno

Tabmums 1
OcHogHi xapakTepucTuku Arduino Uno
Ne Haspa XapaKTepUCTHKA

1 MikpOKOHTpoIIep ATmega328

2 PoGoua Hanpyra 5B

3 Hamnpyra »xuBiieHHs (peKOMEHIOBaHa) 7-12B

4 Hanpyra >xuBjieHHs (TpaHU4YHA) 6-20B

5 {udgpoBi BXOM / BUXOIH 14 mr.

6 AHAJI0TOBI BXOIHU 6 1IT.

B ynockoHaneHid cHcTeMi JKMBICHHS [BUTyHa Ha TIpolec pOOOTH [BUTYHA TAakKOX BIUIMBAE
cniBBinHoneHHs 3mimryBanus JII1 1 BI1, oMy € n'sTh IpUYuH A7t HOTO peryJIroBaHHs:

- 3abe3meunTH HAWHIKYIY €PEKTHBHY HOPMY CIIOKHUBAHHS MAJINBA,;

- 3abe3neunTy HEOOXiHI €PEKTUBHI MOXKIIMBOCTI;

- 3abesneure HeOOXigHE CHIBBIAHONIEHHS 3MIIIAHOIO NaIUBa

- 3abesneuntn edexTHBHUH nepedir podoUYMX MPOLECiB;

- MakcuManbHe BUKOPUCTaHHS OJIOKY JKHBJICHHSI.

3a po3po0IIEHOI0 METOMKOIO YIPaBIiHHSA POOOYNMH MPOLECAMH JHU3EIsl Peali3yeThCsl TAKUM YHHOM [5].
3anmyck asuryHa npoBoguthest Ha JII. TlosicHroeTbcs 1€ 3HAYHO BHINOIO B’S3KICTIO Ta ryctuHoro BII, mo
MOTIpIIYIOTh POOOTY CHCTEMHM JKHBJICHHS Ta TOKa3HUKM 3TOPAaHHSA 1 PO3MMIICHHS IAJIMBa, a TOJOBHE BUCOKHUMH
TEMIIepaTypaMH 3aCTUT'aHHs Ta TIOMYTHIHHS OloTaarBa MOPIBHSHO 3 TU3EIBHUM.

Pozmounnaroun po6oty EBK mu3ensHOro ABHTYHa OTPHMY€E CHTHAIM Bil JATYMKIB 1 CHCTEMa >KUBICHHS
TIPAIIOE BIATIOBIAHO IO ATOPUTMY, BIATIOBIAHOTO IITATHIN CHCTEMI.

EdexruBHe mnporikaHHs poOoumx TmporeciB mepex BukopucranHsMm bIl y wmammHHOMY arperati
3a0e3meuyeThCsl 3aBISKH IMiTIrPIBAaHHIO 10 BCTAHOBIICHOI TEMITEPATypH, IO IPU3BOAUTH 1O 3HIKEHHS B S3KOCTI Ta
noBepxHeBoro Hatsry bIl. 3aBmsku yomy ¢isuko-ximiuni nokazHuku BIT HabmmxyroThes no BiactuBocter JIIT
(mrratHa cucrema xuBieHHs) [5]. Ille oxHa HeoOximHAa yMoBa - MPOTpiBaHHS JBUTYHA, OCKIJIBKH B XOJIOJHOMY
JIBUTYHI TOTIPINYIOTHCS MPOLECH BUIIAPOBYBAHHS Ta 3rOPSHHS IMalnBa, 30UIBIIYETHCS HMOBIPHICTh MOTPAIUISTHHS
MaJIMBa B MAaCTUJI0. Y MOMEHT KOJIM TEMIIepaTypa OX0JI0Kyr4uol piguau Ta BII mocsraroTh BiANOBIAHKX MO3HAYOK,
cUCTeMa >KMBJIEHHS 31 3MillyBaueM IepexoJuTh Ha poboTy Ha cymimi nanus. [Ipm 3HmxenHi temneparypu BIT
JIBUTYH 3HOBY T€pPEX0/IuTh Ha poboty Ha JT1.

[Micns Toro sK BCTaHOBIICHa MiHIMaJdbHA e€(EKTHBHA ITMKIIOBA TOJada Ta CKJIAA CyMilli, BiZOyBaeThCs
aHaJi3 MOTY)XHOCTI, KPYTHOr0O MOMEHTY Ta 4acToTd o0eptiB. [Ipn 30inbineHHI moka3HuKiB - BMicT BII B cymimri
30UTBITy€eTRCS [6] MO THX Tip, TOKK HE Oyae OTpUMaHO HeoOXiJHe 3HaUeHHS TOAMHHOI BUTPATH, a00 BiIICOTKOBHIMA
BMmicT BIl B cymimi He crane piBHuM 100 %. Hiokya Teruiora 3ropsiHHS 3MIHIOETHCS 3aJISKHO BiJ] BiZICOTKOBOTO
Bmicty cymimi JIT ta BII. IIpore eHeprerwdHa HiHHICTH 3apsAay, IO BIOPCKYETHCA B IUIIHAP ABHTYHA, MaE
3JIMIIMTHCH HE3MIHHOIO 32 pI3HOTO BiJICOTKOBOTO CITIBBIIHOIIEHHS, KOMIIGHCYBAaTH ii MOXHa 32 pPaxyHOK
peryJroBaHHs MiHIMaJIbHOI e)eKTHBHOT IUKIIOBOI [0ja4l CyMIlIeBOr0 MajHBa.

[MixBrmIeHHs MKITIOBOI ToAavi MokimBe 10 12,4% mpu sSIKOMy cyMilIeBe HaJlBO Pi3HOTO BiICOTKOBOTO
BiJJHOILICHHSI 3a0€31eYnTh HEOOXIHY MOTY)XHICTh, KDYTHHH MOMEHT Ta 4acTOTy OOepTiB, 110 HAOIIKEHO piBHA
moka3HuKaMm podotu Ha JI1.

[Tix wac nocmimkenHs B poOOTI npuiiMaeMo Tol (axT, Mo BCi poOodi MPOIEeCH MPOTIKAIOTh B JOIYCTUMHX
MeXax Ha BCIX pexxumax pobotu [6].

Ha manux HaBaHTakeHHsX BHKOpuctaHHS BII mpu poOoTi MammHHMX arperaTiB 3abe3neuye HEoOXiTHY
MOTYXKHICTh 31 30epe)KEHHSM HEOOXIJIHUX IMOKa3HUKIB poOOTH JBUryHa. [Ipu 30LIblICHHI HaBaHTAXXEHHS, IS

BicHuk XMeAbHUYbK020 HayioHaabHo20 yHisepcumemy, Nel, 2022 (305) 141



Technical sciences ISSN 2307-5732

MIATPIMKH BCIX TEXHIYHHX MMOKA3HHWKIB MAaIIMHHO-TPAKTOPHOTO arperary moTpiOHO 301IbITyBaTH HUKIOBY MOIAdy
BI1 Bapitoroun ckiaj cyMili, IparHyqd HEe BUXOANTH 32 MEXI MiHIMIbHUX BUTPAT.

[limBuIeHHs] HABaHTHKEHHS JI0 MaKCUMAaIbHOTo motpedye 30utbineHHss BMicTy [II1 B cymimn 3 momajiblimM
niepexonoM Ha 100%/II1 s 3abe3iedeHHs HeOOXiMHOI KUTPKOCTI TEIUIOTH Ta 30epEeKEHHS TEXHITHUX TOKA3HUKIB JIA3EISL.

Jist ioro moJanbIoro JIETKOro 3amycKy, IiJ 4Yac 3yNUHKH JABUTYHA, CHCTEMa J>KUBJICHHS (TTalWBHI
TpyOOIIPOBOIM HHU3BKOTO THCKY IICHIs 3MilTyBada, 3MiITyBad, IMajduBHI TpyOorpoBoau Bucokoro tucky, I[THBT,
(dopcyHKn B cucTeMi >KuBieHHs) 3anoBHIOOTHCs 1. Cywmimn najnuB i3 CHCTEMH JKHMBIICHHS BUIPALbOBYETHCS, a
JIiHIS oaayi GiomanuBa MEPEKPUBAETHCA.

BaxmBHM TOKa3HMKOM TN 4ac PO3pOOKM AITOpHTMY KEpyBaHHS Ta BW3HAYEHHsI BiJICOTKOBOTO CKIIALy
CYMIIIIEBOTO MaNKBA € IHEPTHICTh CUCTEMH JKHMBJICHHL. [Ipoliec peryoBaHHs CKIIa Ty CyMIIIEBOrO TaJIMBa JIOCUTh IIBHIKUNA
ajie yepe3 IHepTHICTh ITeBHA KUTHKICTh MONEPEAHHOr0 CyMIIIEBOr0 MAIMBA 3ATHIIAETHCS TIEpe] IToiadeto HoBoro [6].

Bepyun 1o yBaru iHepTHICTh B CHCTEMI JKUBIICHHS, PUIIMAEMO B po3poOJIeHI METO/IMIII pearyBaHHs HE Ha
KOPOTKOYACHY 3MiHy PEKHUMY POOOTH MAITMHHO-TPAKTOPHOTO arperary, a Ha TPHBAaJIMH 4ac TaK SK HEOOXiTHWI
BiZICOTOK MAJMBHOI CyMillli HE BCTUTHE
MOTPAalNWTH 100  IWIHAPIB  JBUTYHA.
BesnocepenHbo Ha Kepyroumid MeXaHi3M
JIPOCEJB CHUCTEMU 3MIlIyBaHHS IOJAETHCS
CUTHAJ, 10 BIANOBiZa€ 3a  IIEBHHMH
BiZICOTKOBUIA CKIIaL cymili, SIKHI
3a0e3meunTs e(heKTHBHY pPOOOTY ABHTYHA 3
MIHIMaJIBHOIO 110/IaY€el0 MajMBa MPOTAroM 25
€ poOOTH MAIIMHHO-TPAKTOPHOTO arperary.

106 po3pobutu ANTOPUTM
KEepyBaHHS ~ CHCTEMH  JKMBJEHHSI  Ta
3MIIIyBaHHS 3 €JIEKTPOHHUM
pEryJlOBaHHSIM  BIJICOTKOBOTO  CKIJaay
cyMimri JIN3ETBLHOTO Ta oiomanusa

e o

[tamax [gemin (o FXrax
MalllMHHO-TPAaKTOPHOT'O arperary Puc. 2. PospaxyHkoBa cxema 1Jist o0y10BH aIropuTMy (PYHKIiOHYBAHHSA
HEOOXiaHO H06yI[yBaTI/I PO3paxyHKOBY MalIMHHO-TPAKTOPHOI'0 arperary

CXEMy PEryJIATOPHOI XapaKTEPUCTHKH (pHUC. 2).
JIst po3po0IeHOT METOANKY TIOKPAIICHHSI eKOHOMIYHHMX Ta €KOJIOTTYHUX TTOKa3HUKIB MAIIMHHOTO arperaTy

HUISIXOM BUKOPHCTAHHSIM CHCTEMH YKUBIICHHS Ta 3MIIIyBaHHS 3 €JICKTPOHHUM PETYJIIOBAHHIM BiJICOTKOBOTO CKIIAIy

cyMimi  jgu3ensHoro  Ta  OlomanuB  OyJo

Y/IOCKOHAJIEHO  QTOPUTM  POOOTH  CHUCTEMH 1

JKUBJICHHS, MPEJICTAaBICHUNA  Ha  pIHLC. 3. TP b g g 1 e My

PamioHanpHMM  BIZICOTKOBHM  CITIBBIJIHOIIECHHSIM / Mo o f /

ckiany cymimi nmamus [I1 ta BIT 3a06e3neuyrorhes

e(heKTHBHI TeXHIYHI MOKA3HUKH IIiJ]] 4aC BUKOHAHHS

pobotu; muTOMa eeKTHBHA BUTpaTa CYMIllli MAITUB

palioHANBHOTO BiJICOTKOBOI'O CKJIany IIPH Pi3HUX

pexnMax ~— poOOTH  Mae — HaOmWXKaTtucs 10 Py

MIHIMQJIBHOTO 3HAYCHHS 3 HAWOUTBIIUM BMICTOM :

il

BIl, sixa 3abe3medye HEOOXimHUIT KPYTHHH MOMEHT,

e(eKTHBHY IOTY)XHICTb, TOJMHHY BHUTpaTy Ta

4acToTy 00€pTiB JABUTYHA. -—@
BimnmoBimHO 10 pPO3pOOIIEHOTO aIrOPUTMY,

[
U= U= U=l =1

]

PG M &

CHCTEMH YKMBJICHHSI TU3EJIBHOIO CHJIOBOTO arperary
MOYMHAE TIPALIOBATH 3 MOMEHTY XOJOCTOTO XOAYy,
TOOTO  KOJAM BIH  MpOrpithid 10  poboyoi
TeMIlepaTypu.

PoGora  anmropurmMy — mouMHaeThcs 31
3YUTYBaHHS BX1THUX JaHUX:

1% cuyrt pon/-Bi.nl

O == Qe=A0=2% 0yt non

— 1o, TeMIeparypa HaBKOJHUIIHbBOI'O

CepeaoBHUIIIA, FAQILHG O/
— Py, THCK HaBKOJIMIIHBOI'O CEPEIOBHIIA; Puc. 3. Y1ockoHaIeHHii 2JITOPUTM (PYHKIIOHYBAHHS MAIIMHHO-
— Ze, e eKTHUBHA maToMa BHUTpaTa TPAKTOPHOr'0 ArperaTy 3 BUKOPUCTAHHSI CHCTEMH sKUBJICHHSI 3i

CyMIIIIEBOTO TIAJINBA; 3MilyBayem naans

— Zemin, MIHIMQJIbHA €(EKTHBHA IUTOMA BUTPATa CyMIIIEBOr0O ajINBa;

— n, 9acToTa 00epTaHHs KOJIHYACTOTO BaIy JAU3EIIS;

— Nxmax, MAKCHMAJIbHA 4aCTOTa 00E€PTAHHS XOJIOCTOr0 X0y KOJIHYACTOTO By JIU3€EIIs;
— Nuow, HOMIHAJIBHA YaCTOTa 00EPTaHHsI KOJIIHYACTOrO BaJly AM3EIIS;

— Ne, epekTHBHA MMOTYXHICTh IBUTYHA;

— Nenow, HOMiHaJIbHA €()EKTHBHA MTOTYKHICTh JBUT'YHA;
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— Mip, KpYTHHI MOMEHT JIBUTYHA;

— Mipmax, MAKCUMAIIbHUHA KPYTHUII MOMEHT JIBUTYHA.

3minaum U, Us npucBoroeTbes 3HaueHHs «0», a 3minauM U;, Uy — «1».; yacToTa o0epTaHHS KOJTIHYACTOTO
BaJly OW3EIs 1 MPUHMAETHCS PIBHOIO YaCTOTI XOJOCTOTO Xoay. Bcei Ii BU3HAUCHHS ONHCYIOTH POOOTY IBUTYHA Ha
PEKUMI XOJIOCTOTO XOY.

Jani HeoOxigHO 3a0€3MeunTH MiHIMAIBHY €(eKTHBHY IMUTOMY BHUTPATY MANHUBA Zemin CYMIIIEBOTO TTAJHMBA B
3aJICKHOCTI BiJ{ YaCTOTH 00EpTiB #. BuXomsuu 3 1bOro BiAHOIICHHS TroMuHHOI BUTpatu G, JO MOTYKHOCTI N,
HAONMKAETHCSL 10 MIHIMAJIBHOTO 3HAYEHHS, KOPUI'YBaHHS SKOTO BiIOYBa€ThCs 3aBISIKM €EMHICHOMY IaTYUKY, IO

6€3HOCepCI[HLO BHU3Ha4Ya€ CKJaa CyMiH.IeBOl"O najJinBa BUXOJAA4U 3 T'YCTUHU p Ta ,I[iCJIeKTpI/I“IHO.l. HpOHI/IKHOCTi 5r .

[icns HEOOXIMHUX KOPUTYBaHb BIJHOIICHHS TOAWHHOI BUTpaTH G, 1O TOTYXHOCTI N, Ma€ IOpiBHIOBATH
MIHIMAJIbHOMY 3HAYCHHIO €()EeKTUBHOI MHUTOMOI BHUTPATH MAIHUBA ZCemin. SIKIIO YMOBAa BHKOHYETBHCS «TaK», TO
(hopMyeThCs CyMillIeBe MAIUBO BiIOBITHOTO BiICOTKOBOTO CIIBBIHOMICHHS JUIs HEOOXiTHOTO HAaBaHTaXCHHA P, B
3aJIeKHOCTI Bill epekTHBHOI MOTY)HOCTI N, Ta yactoTH 00epTiB n. I1inOupaerscst HeOOXiHA BENWYMHA BIAKPUTTS

npocenis O,,0,, B 3amexHOCTi Bix BifcoTkoBOro ckmany cymimesoro mamma AQ. Sk pesynbrar mogaetbes

nanpyra U Ha kepytoui opranu apocenis O,,,0,, .

Skmo ymMoBa HE BHKOHYETBCS «Hi», TO BiIOyBaeThCs Migdip mapaMeTpiB e(eKTHBHOI IOTYXHOCTI N,
KPYTHOTO MOMEHTY M,y,, 4aCTOTH 00€pTiB 7, TOXUHHOI BUTpaTh G, BUXOASYN HA €PEKTHUBHY MOTYXKHICTh N, TArOBE
sycmiusst P, Jlami BimOyBaeThesl CHIBBiAHOMIEHHS TOAMHHOI BUTpatd G, MO e(EeKTHBHOI MOTYXKHOCTI N, i 3HOBY
HaOMMKEeHHs! 10 MIHIMaJIbHOT e()eKTHBHOI IIUTOMOI BUTPATH .

SIKImo CrHiBBIJHOIIEHHS CYMIIIEBOTO ManuBa HabmwkaeTbes abo mopiBHioe B100 mepermsimaeTrbess ymoBa

NE < N€H0.\/l

e()eKTUBHOI MOTY>KHOCTI Ta 4acTOTU OOEpTaHHs (perynsiTopHa BiTKa XapakTepHCTHUKH (JUB. pHC.

n,>n

EeHOM
3.1)), npu BHKOHAHHI YMOBH «TaK» HCOOXIJHO 3MCHIIMTH IEPENaTOYHE YHCIO TpaHemicii 77, . Sk «Hi»

(KopekTopHa BiTKa XapakTepucTUkH (muB. puc. 3.1)), To BigOyBaeTbcs 3HOBY MEpETIisi] YMOBH HAOIMKEHHS IO
MiHIMaJIbHOI HUTOMOI BUTPATH.
SIKIIO CITIBBIMHOIICHHS CYMIIIEBOrO MajiiBa HaOMKaeThes abo mopiBHIoe B0 mepernsmgaeTscs ymoBa

M, <M

p KpHOM

n,<n

KPYTHOTO MOMEHTY Ta 4acTOTH OOepTaHHS (peXUM TepeBaHTAXEHHs), IPU BUKOHAHHI YMOBHU

E€HOM
«TaK» HEOOXIIHO 3OLIBIIMTA NEPENAaTOYHE YHCIO TPaHCMicii 77,,. Sk «Hi», TO BifOYBAETHCS 3HOBY MEpErIIsl

YMOBH HaOJIM)KEHHS 10 MiHIMaJIbHOT TUTOMOT BUTPATH.

BucHOBKH 3 1aHOT0 AOCTiIKEeHHsI i MepcneKTHBY NMOJAJbIINX PO3BiIOK Y JaHOMY HanpsMi

1. Po3pobneno komyTaliiiHy cxemy, sika MOke OyTH 3aCTOCOBaHA IPH CEPifHOMY BHTOTOBIICHHI CHCTEMHU
JKUBJICHHS TU3€JILHOTO JBHUT'YHA.

2. Po3poOiieHO IIHIMHUIA adropuT™M Ui HAallMCaHHS Ta HAIAro/KEHHs MPOrpaMHOro 3abe3redeHHs
CHUCTEMH J>KUBIICHHS JIM3CJIBHOTO JBUTYHAa 3 €JEKTPOHHUM KEPYBaHHSAM. AJTOPUTM IIPHUITYCKa€ ITOBHICTIO
ABTOMATHYHY POOOTY CHCTEMH KHUBJICHHS, YCYBAIOUH JIFOJCHKHI (haKTOop.

3. HasBHicTh 6araTokaHaJIbHOTO €IEKTPOHHOTO OJIOKa KEPYBaHHS A€ MOXKIIMBICTH TMOAABIIOT MOJEpHI3aril
1 yTOCKOHAJICHHS.
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