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INPOEKTUPOBAHHUE, CTPOUTEJBCTBO U OKCIIVIYATAIIUA
OPOCUTEJIBHBIX CUCTEM

VK 626.824.002.5

A. A. Yypaes, B. M. lIkoabHas
Poccuiickuii HaydHO-MCCIIEI0OBATENLCKII HHCTUTYT MpooiieM Menuopannu, HoBouepkacck,
Poccniickas @enepanns

K BOITPOCY ABTOMATU3ALUU BOAOPACIHIPEJAEJEHUA
HA OPOCUTEJ/IBHBIX CUCTEMAX

B cmamve asmopamu paccmompensi npodiema 6neopenus agmomamuyeckoeo ynpas-
JIEHUsL CUCMEMOLL 8000pACHpedesieHUsl HA OPOCUMENbHbIX KAHANAX, 3a0ayu, HeoOXooumvle
07151 peuienusi OaHHOU NpobNiemMbl, OCHOBHblE 8UObL cucmembl sodopacnpeodenenus. Ilpeono-
JHCEHO peuteHue NOCMABIeHHOU NpobIemMbl, cOCmosiyee 8 pazpabomie aieopumma nocmpoe-
HUSL UMUMAYUOHHOU MOOENU YNPABLEeHUs NPOYeCcCamil 8000pacnpedesienius Ha OPOCUMeNbHbIX
cucmemax.

Kniouesvie cnosa: sodopacnpedenenue, opocumenvhas cemv, a8MOMAMU3ayus, Umu-
MAYUOHHAS MOOEb, B000N00AUd, PaAcxo0 800bl.

[ToBpiienue 3¢(HEeKTUBHOCTU YIpaBJIEHUS BOJOpACIpEAeIEHUEM Ha OPOCUTENbHOM
CUCTEME SIBJIIETCS OJHUM M3 OCHOBHBIX BOIIPOCOB Opomraemoro 3emienenus. K ocHOBHbIM
(GYHKIMSM OPOCUTENILHOM CUCTEMbI OTHOCST 3a00p BOJIbI U3 HCTOUHUKA OPOIICHHUS], €€ TpaHC-
MOPTUPOBAHUE U PACIIPENICTICHUE MEXKTY MOTPEOUTENIIMU B COOTBETCTBUU C IJIAHAMH I10JIMBA
Y TIOJIMBHBIMH HOPMAaMHU.

Jlis BeINOIHEHUST (PYHKIUN TPAaHCHOPTUPOBAHUS BOJBI U €€ pacIpeleseHUs MEXIY
MOTPEOUTENSIMU JIOJIKHA CYILIECTBOBAThH UETKas OpraHu3allus BOJAOpACIpeAeIeHUsI Ha OPOCHU-
TEJIbHOU CUCTEME, BKIIIOYAOIasi COTJIACOBAHHYIO pabOTy BCEX MMAPOTEXHUUYECKUX COOPYXKe-
HUN CHCTEMBI IPU HATMYUU OOJIBLIIOTO KOJIMYECTBA TEXHOJOTHYECKUX, PECYPCHBIX U MPOUYUX
orpanrueHui. ONTUMAIBHBIM PEUICHUEM JAaHHOM 3aJjauu SBJISETCS aBTOMAaTU3allus Mpoliecca
yIpaBJIeHUsI BOJOPACIPENEICHUEM Ha OPOCUTENIbHBIX CHCTEMax Ha OCHOBE pa3paboTKu U
BHEJIPEHHUSI CPEJICTB YIPABJICHUS U MPOrPpaMMHOI0 00eCIIeUeHHUS.

B ®I'BHY «PocHUUIIM» B 1980-x rr. 6pl1a CO3/1aHa U YCIENTHO BHEAPEHA aBTOMa-
TU3UPOBAHHAs CHCTEMa yIpaBiieHUs JIeBO-EropibIkCkoi OpOCUTENBHOW CUCTEMOM, OCHOBAH-
Hasi Ha HCIIOJIb30BAHUU CPEACTB TEJIEMEXaHWYECKOTO YIPABJIEHUS OTEYECTBEHHOTO IPOU3-
BojicTBa. Tarke B 1990-x rT. co3mana u BHeApeHa HA MUYCCKOW OpPOCHTEIIBHON CHUCTEMeE
ACY TII, kotopas paboTaeT Ha OCHOBE JITOPUTMOB yIpaBieHus, pazpadboranusix ®I'BHY
«PocHUUIIM» ¢ ucnosib30BaHUEM MOJACPHU3UPOBAHHOM 3JIEMEHTHOMN Oa3bl.

Lenbto uccnenoBaHus SBJISJIOCh COBEPILIEHCTBOBAHUE AJIEMEHTOB CHUCTEMBbI BOJOpAac-
IIpe/ielIeHNs] HA OPOCUTENILHOM CeTH Ha OCHOBE pa3pabOTKHU MMUTAIMOHHBIX MOJIEIEH.

OnTUManbHBIM pElIeHUuEM JaHHOM 3aJa4yu OyAeT SBJISATbCA ONTUMH3AIMS Ipolecca
yIIpaBJIeHUs BOJOPACIIPE/ICIICHUEM Ha OPOCUTENIBHOM CETH, KOTOpasi B CBOIO OYepelb HE Mpe-
cTaBJisieTcsl 0€3 COBPEMEHHBIX MPUOOPOB, 000PYIOBAHMSI U CPEACTB BHIUYMCIUTEILHON TEXHUKH.

OnTuMu3aLus CUCTEMbI BOJIOPACIPECTICHNUS IOMOTAeT PEIINUTh CIEAYIOIINE BOTIPOCHL:

- CBOEBpPEMEHHOE O0ECIeUeHHE CEeIbCKOXO3SUCTBEHHBIX KYJIbTYpP IOJUBHOM BOJOU
B COOTBETCTBUHU C UX NOTPEOHOCTHIO;

- 3KOHOMHUS BOJIbI M BO3MOKHOCTb OPOIIEHUSI TOTIOJIHUTEIbHBIX IUIOIIAAEH, 4TO 0CO-
OCHHO aKTyaJbHO IPU OrPAHUYEHHBIX BOJHBIX PECYpPCaX B 3aCYILIMBBIX pailloHax;

- MIOBBIIIEHNE ONIEPATUBHOCTH PabOThI AUCIIETYEpA MO YIPABICHUIO MpoLEccaMH BO-
JOpacipeesICHus.
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K 0co6eHHOCTSIM OpOCUTENBHBIX CUCTEM KaK 0OBbEKTOB aBTOMATHU3AIMU TEXHOJIOTHYe-
CKUX IpPOLIECCOB, HE3aBHUCHUMO OT KOHCTPYKTMBHOI'O HCIOJHEHMSI U pa3MepoB (IUIOIIAJM),
MOXHO OTHECTH psi o0mux uept [1]:

- €IMHCTBO (DYHKIIMOHHPOBAHUSI BCEX 3BEHHEB OPOCUTEIBHON CHCTEMBI, COCTABIISIO-
IINX IIEJIOCTHBIN TEXHOIOTUIESCKHH ITHKII;

- OJJHOTUITHOCTh TPAHCHOPTUPYIOIIMX BOJOBOJOB (KaHAJIOB, TPYOOIPOBOJOB) 00JIb-
HI0OW IPOTSKEHHOCTH M Pa3IMYHON KOHPUTypaluy;

- HaJIM4YMe NpsAMOM (IpU HEKOTOPBIX YCIOBUSIX M OOpaTHOW) T'MAPABIMYECKON CBS3U
MEXJ1y YIIpaBIsieMbIMH OOBEKTaMHU, UTO JIEJIAeT X B3aMMO3aBUCUMBIMU Y€pE3 BOAHYIO CpEY;

- pPacoJIO’KEHHOCTh OOBEKTOB aBTOMATHU3AlMU Ha OTKPHITOM BO3JYXE U IOJBEPKEH-
HOCTb UX HEMOCPEICTBEHHOMY BO3JICHCTBHUIO OKPYKAIOIIEH Cpe/ibl;

- HE3HAUUTEIbHOE HM3MEHEHHE pexuma padoThl YNPaBISEMBIX COOPYKEHUH (MOXKET
0CTaBaThCsl MOCTOSHHBIM B T€YEHHE HECKOJIBKUX CYTOK COIJIACHO IJIaHY BOJOIOJIb30BAHMUS);

- HeOOXOIMMOCTh HEMPEPHIBHOTO 0OMEHa MH(pOpMaIUe MEXAy 0ObEKTOM YIpaBiie-
HUs (BOJ03a00pHBIM Y3JIOM, PACIpEeAEIUTENbHBIM COOPYKEHUEM U T. I.) U JUCHETUYEPCKUM
IIYHKTOM (CUCTEMOM yIpaBJICHHUS);

- OTCYTCTBUE MUCTOYHUKOB 3JIEKTPOCHAOKEHUS MOOIM30CTH OT 0OBEKTOB aBTOMATH3a-
1uu (BJI0JIb BOJIOBOJIOB).

Ha cymiecTByromux opoCUTENbHBIX CUCTEMAX €Lle HEJIOCTATOYHO BHEIPEHO aBTOMa-
TUYECKOE YIPABJIEHUE BOJOPACIIPE/IEICHUEM. JDTO OOBACHSAETCS TEM, YTO MHOTHE BOIIPOCHI,
CBSI3aHHbBIE C BHEJIPEHHEM aBTOMATU3AIMK BOJOPACIPENIENECHUs, peuieHbl yacTu4Ho. [loctpo-
eHHble B 60—70 IT. MpoILIOro CTOJNETHUS OPOCUTENBHBIE CUCTEMbI PACCUUTHIBATINCH HA PYUYHOE
ynpasieHue oOwvektamu. [lpouecc BogopacmpeneneHus yOpapisics IEHTPATU30BAHHO
C IMCIIETYEPCKOT0 MYHKTA MpU nmomolnu TenedoHHoM cBs3u. IlepeBon Takux cucTteM Ha aB-
TOMAaTHYECKOE YIPABICHUE COMPSIKEH C OMpPENEICHHBIMU TPYIHOCTSIMH, KOTOPBIE CBSI3aHBI
¢ 00JIBIION Pa3BETBICHHOCTHIO OOBEKTOB YIPABIEHUS; HHEPIIMOHHOCTHIO MEPEXOIHBIX MPO-
LIECCOB, JEMCTBUS OOJIBIIOrO KOJIMYECTBA CIyYalHBIX (DAaKTOPOB, BIMSIOMIMX Ha (JOPMUPOBaA-
HUE YpOXasi; HeIOCTaTOYHOCThIO HayYHO-UCCIIEI0BATENbCKOW U HOPMATUBHO-METOIUYECKON
uHpopmanuu. B HacToslee BpemMs TEXHMUYECKUH YpPOBEHb aBTOMATU3ALMU OPOCUTENbHBIX
CUCTEM 3HAUUTEIBHO OTCTAET OT COBPEMEHHBIX TPEOOBAHUM U BO3MOKHOCTEIA.

Ha coBpeMeHHOM 3Tane OTAenoM 3KCILTyaTallid MEeJIMOPAaTUBHBIX CUCTEM U BOJOYyYeTa
OI'BHY «PocHUUIIM» Bemyrcs paboThl B 00JacTH aBTOMATH3allUd BHOBb CO3/1aBA€MBbIX
(IpOEKTHUPYEMBIX) U CYLIECTBYIOUIUX (HOUIEKAIIUX PEKOHCTPYKIIMH) OPOCUTEIBHBIX CHUCTEM.
K rmaBHbIM 3a7a4aM aBTOMATU3alMM METHOPATUBHBIX CHCTEM OTHOCUTCSI aBTOMAaTHU3allus BO-
no3a0opa, BojiopacnpeaeacHus, yuera Boapl. Vicxoas U3 Toro, 4To TEXHOJOTHUECKUH MPOLECC
Ha OPOCHUTEIbHON CHCTEME paccCMaTpUBAETCS Kak €IMHOE LeJIoe, MPeTyCMaTpUBAETCsl aBTOMa-
TH3ALUS BCEX COCTABHBIX YACTEH CUCTEMBI C OCTENEHHBIM BBIBOJIOM UX K OJTHOMY YPOBHIO.

O6beM aBTOMATHU3AIMK 3aBUCUT OT TUIIA CUCTEMbI, 0COOCHHOCTEH €e KOHCTPYKUMH 1
TEXHOJIOTUU pabOThl U COCTOMT U3 aBTOMATH3aLUM y4eTa U KOHTPOJII MPOTEKaHUs TEXHOJIO-
TMYECKOro Mpolecca, COCTOSHUS 000pYAOBaHMS; aBTOMATH3aLMU 3alllUThl OT BO3MOKHBIX
aBapuil ¥ MOBPEXKICHUI; aBTOMAaTU3allMU pabOThl 0OBEKTA B LIEJIOM, T. €. aBTOMAaTH3allH CO-
BOKYITHOCTH pPa3IMYHBIX ONepanui, ONpeAesIouUX TEXHOJOTUI0 paboThl 0OBEKTa; KOM-
IJIEKCHOM aBTOMAaTH3allUd 0ObEKTOB U CUCTEM, KOTOpasi BKJIIOYAET COUETAHUE MEPOIPHUSITHIA,
HEOOXOUMBIX ISl OCYIIIECTBJICHHS BCEX TEXHOJIOTHYECKUX OTEpalnii Ha cucteme [2].

CreneHp aBTOMaTHU3allMM 3aBUCUT OT CTENEHU Pa3BUTHUS MPOU3BOJICTBEHHBIX MPOIIEC-
COB M KOHCTPYKTUBHOI'O MCIIOJTHEHHS] METMOPATUBHOM CUCTEMBI B LIEJIOM.

Jlyig ocylecTBiIeHHs MOJHOM aBTOMAaTHU3alMM HEOOXO0AMMbI HaJlu4Ke pa3paboTaHHOTO
Y MIPOBEPEHHOTr0 B NMPOU3BOJICTBEHHBIX YCIOBUSAX aJlTOPUTMa YIPABIECHUS; CO3/1aHuE HE00XO0-
JUMBIX CPEJICTB aBTOMAaTHU3alliM; IPUMEHEHUE KOMIIBIOTEPHBIX MPOrpaMM YIpaBJIEHUS; Ha-
KOIUJICHUE OTbITa AKCIUTyaTallUM CPEJICTB aBTOMATU3ALMM; HAJIWYUE KBAIU(PUIHPOBAHHOTO
nepcoHaa rno 00CIyKUBaHHIO, MPOPHUIAKTUKE U PEMOHTY BCEX CPEJCTB aBTOMATHUKH.
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Hapsiny ¢ ocymiectBieHuemM aBToMaTU3alli TEXHOJOTMYECKUX IPOLIECCOB HA COBpE-
MEHHBIX KPYIHBIX OPOCHUTEIBHBIX CHCTEMaxX BHEIPSETCS TeEeMEXaHMU3alsi, YTO IMO3BOJISIET
CBS3aTh B €/IMHOE 11€JI0€ OT/JEJIbHbIE YaCTH aBTOMATU3UPOBAHHON CUCTEMBI U TEM CaMbIM CO3-
JlaeT BO3MOXHOCTb HE TOJIBKO YIPABISATh UMHU, HO M KOHTPOJUPOBATh UX paboTy.

B menuopaTtuBHOMN MPaKTUKE CIOKUIUCH JBA Pa3IMYHBIX MOAX0/1a K OCYIIECTBICHUIO
aBTOMAaTU3UPOBAHHOTO YIPABIEHUS TEXHOJIOTMUECKUMU MIPOLECCAMH HA CUCTEMAX:

- LIGHTPAJIM30BAHHOE YIIPABJIEHUE BCEMU OOBEKTaMH Ha cucTeMe (IMAPOTEXHUYECKHU-
MU BOJIOBBIITYCKHBIMU U PETYIHPYIOIIUMH COOPYKEHUSIMH, HACOCHBIMU CTAaHIIUSIMU II€peKay-
KU U MOJKa4YKH, pa0OTaIOIIMMH Ha 3aKPBITYIO CETh) C [IEHTPAIbHOIO JUCIETUYEPCKOTO IMYHKTa
10 CXEME «CBEPXY BHU3Y;

- IEUEHTPAJIN30BaHHOE YIIPABJIEHUE 10 CXEME «CHU3Y BBEPX» C MMOMOILBIO YCTPOUCTB
MECTHOM aBTOMAaTHU3allMM B COYETAHUU C OOPATHOM THIPABIMYECKON M DJIEKTPUUECKON CBS-
3bI0 B CETH KaHAJIOB U TPYOOIIPOBOJIOB U MPOBEIEHUEM LIEHTPAIU30BAHHOTO KOHTPOJIS.

B HekoTOpbIX cilydasiX BOZHUKAeT HEOOXOJUMOCTh CO3/IaHUSl Ha CUCTEME OTJIENIbHbIX
PEryIUPYIOIMHUX EMKOCTEH, YTOOBI 00€CTIeUnTh ONEPaTUBHYIO U OecriepeOoiHyI0 paboTy cuc-
TEMBbI [IPU HENPEPBHIBHON BOJIONOaue U MPEPHIBUCTOM BOJ103a00pe, UCKIIIOUas TEXHOJIOTHYE-
CKHE COPOCHI.

Oco0eHHOCTH OpPOCHUTENBHBIX CUCTEM KaK OOBEKTOB aBTOMATH3aLlMU M PEKUMOB HX
paboThl OIPEEIIUIN CIIEAYIOLIME OCHOBHBIE BUJIbI BoJopacipenenenus [1]:

- IPOTIOPLIMOHATBHOE BOJIOPACIPENIEIEHUE BCEro CTOKa (pacxoja) BOJbI, MOCTYIAlo-
LIEr0 B KaHaJl, MEX 1y BOJIOTOTPEOUTEISIMH B 33/1aHHOM COOTHOIIICHHH;

- HOpPMHPOBAHHOE BOJOpAcIIpeieICHHUE 110 TJIaHy BOJIOTOIb30BaHUS;

- BOJIOpacipeiesieHre o TpeOOBaHUIO UM HEHOPMUPOBAHHOE.

B cucremax mponopuuoHanibHOrO BOJOPACHPENEICHUS YIPaBISIIOIINE BO3JACHCTBUS
o0ecreunBarOT pacHpeesieHne MEeX1y MOTpeOUuTEeIsIMU BO3MYIIEHHI BOJONOJauu, CTOXac-
TUYECKH MOCTYNAIONINX C BBIIIEPACIOIOKEHHBIX 00bEKTOB. Takoe Bogopacnpe/iesieHue mpu-
MEHSIOT MPEUMYIIECTBEHHO KaK MEKCUCTEMHOE, HO HEPEIKO MPUMEHSIOT B LIEJIOM Ha OPOCH-
TEJIbHBIX CUCTEMAaX UJIU €€ 3BEHBAX KaK MEXXO03UCTBEHHOE.

HopmupoBannoe BojopactipeneieHue IpuMeHsIeTCs P OCTPOM AepUInTe BOTHBIX pe-
CYpCOB. YTpaBISIOIIME BO3JECUCTBHUSA B CUCTEMaX HOPMHUPOBAHHOTO BOJIOPACIIPEACIECHHSI KOM-
MIEHCUPYIOT U JOKAIN3YIOT BO3MYILIEHHSI BOJIOTIO/IauH, MTOCTYNAIOIUE CTOXaCTUYECKU OT UCTOY-
HUKa OPOLICHHUS U BBILIEPACIIONOKEHHBIX 0OBEKTOB U IETEPMUPOBAHHO OT MOTPEOUTENEH.

Bonopacnpenenenne mno TpeOOBaHHIO NPUMEHSIOT HAa OPOCHUTEIBHBIX CHCTEMax
P MPOrpaMMHPOBAHHOM OPOLICHHUH. YTIPaBJISIONINE BO3ACUCTBUS B CUCTEMaX BOJIOpacIpe-
JieNIeHusl 10 TPeOOBAHUIO KOMIEHCUPYIOT U JIOKAJU3YIOT BO3MYILEHUS BOJOIOIA4U, MOCTY-
MAKOL[ME CTOXAaCTUYECKH KaK CBEPXY (CO CTOPOHBI MCTOYHMKA OPOIICHUS M BBILIEPACIIOJIO-
KEHHBIX 00BEKTOB), TaK U CHU3Y (CO CTOPOHBI MOTpeOUTENEN ).

Ha opocutenbHo#l cucTreMe MOTYT OJHOBPEMEHHO MCIOJb30BATHCS PA3IUYHBIE BUJIbI
BOJIOpacnpe/ieNieHus Jake B Ipeienax oJHoro kanana [1].

Jljig onTUMM3AIMK CUCTEMBI YIIPaBJICHMs BOJOpaclpee/ieHUEM MpeasaraeTcs paspa-
00TKa ajlropuT™Ma MOCTPOEHHS] MMHUTALMOHHOW MOJEIN YIpaBJIE€HUS IpolieccaMu Bojopac-
MIpe/IeJIeHNs] HA OPOCUTENIbHBIX CUCTEMAX.

Hcnonb3oBaHue anropurMa NOCTPOEHUS MOJENU yNpaBieHHs MpolieccaMu BoJopac-
MpesieleHnsl IpU pa3paboTKe CleHUaTU3UPOBAHHOTO MPOTrPaMMHOI0 00eCrevyeH s MO3BOIUT
YIIY4IIUTh CUCTEMY YIIPaBJICHUSI MIPOIIECCOM JOCTaBKU OPOCUTENIbHOM BOJIBI HA OCHOBE IpO-
THO3MPOBAHUS 3HAYEHUH KOHTPOIUPYEMBIX TAPAMETPOB BOJAOPACIIPEACTICHHUS.

TexHUYecKu CMOXKET MPUMEHSATHCS HAa OPOCUTENbHBIX CHUCTEMAax Ui MOBBILICHUS
ONEepPaTUBHOCTU PabOTHI AUCIIETYEPA MO YIIPABICHUIO TPOLIECCAMU BOJIOPACIIPEICTICHHUSL.

ANroput™ nporpamMmsl peaivzalii MOJENIN YIpPaBJIE€HUs MpolieccaMu BOJOpacipee-
JICHUS Ha KaHaJle OTKPHITON OPOCUTEIBHON ceTH ¢ momoluisio OBM npusesnen Ha pucyske 1.
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B anroputme Ha pucyHke 1 HCIOJB30BAJIOCHh Cleayroliee 0003HAYCHUE PACUCTHBIX
napameTpoB:

. 3

Q.;n — MUHUMAJbHBII pacxo] BOJbl B KaHale, M™/C;
. 3

Oax — MaKCHMAIIBHBIN Pacxo/1 BOJBI KaHAJIE, M /C;

O, — PaCX0J BOJIBI Ha y4acTKe, M/c;

Z s — OTMETKA JIHA, M;

Zymax — OTMETKA MaKCUMAaJIbHOTO YPOBHS BOJIbI B KaHAJIE, M;
Zs, — OTMETKa OPOBKHU KaHAJIa, M;

M yon — KOJHMYECTBO BOJOBBIIEIOB;

L., —paccTosHHEe MEXIy BOJOBBIICIAMH, M;

b — mMpUHa KaHaNa Mo JIHY, M;

h, — CTPOUTEIIBHAS BHICOTA KAHAIIA, M;

Ny

min — MPHUMaJIbHAs TJTyOrHA BOJBI B KaHAJIE, M;

5

2% — MakCHUMaJlbHasl IJyOuHa BOJbI B KaHAJNE, M;

hy, —riyOnHA BOJBI HA YYaCTKE, M;

W .., — TIOJIE3HO MCIIONB3YEMbIi 06HEM BOIBI, M ;

W., — 06beM BoJIbI, 3a0MpaeMblii B TOJIOBE CHCTEMBI, M

. 3.
W osr — OOBEM BOIBI, HCTIONB3YyEMBIN Ha CHCTEME IOBTOPHO, M ;

2
(qu — IJiomanab XUBOT'O CCUCHUSA yJaCTKa, M ;

tpexc — BpEMs IEPEX0Ja HCYCTAHOBHUBIUICTOCA PEKMMA ABUKCHUA BOABI MCXKY CTBOpaA-

MH B YCTAaHOBHUBILIHICS PEXUM JBUKEHUS, C;
t
TP — IPOJAOKUTEIBHOCTD IIEPEPETYIUPOBKHU IITyOHMH MEX]Ly CTBOPAMH, C;

£
eP! — IPOIOJIKUTENIBHOCTD MEPEPETYIUPOBKH ITyOHH HA y4acTKe, C;

t o6 — BpeMs 1oOeranus (ppoHTa BOJIHBI HAYAIBHOTO BO3MYILEHHUS MEXy CTBOPaMH, C;

Iy, — YKJIOH y4acTKa;

Z_..,— OTMETKa JJHa KaHaJla B CTBOpE 2, M;

‘TTHA2
Z a1 — OTMETKA JIHA KaHasa B CTBOpe 1, M;
Vy, — CKOPOCTb MOTOKA BOJIBI Ha y4acTKe, M/c;

KII[J,, — xo3ddunnenT none3Horo AeiHCTBUS OPOCUTEIBHOM CETH;

R — BenuumHA T0CTOBEPHOCTH AINMIPOKCUMAIIHH;

F; — mnomazp, 00cIyKuBaeMasi BOJOBBIJIEIIOM, I'a;

W, — 00beM BOJIbl Ha BOJOBBIJIENIE, M

¢,; — 3Ha4eHUE TMAPOMOYI Ha BOJOBBIIEIE, JI/(CTa);

troni — TPOJIOIDKUTEIBHOCTD TI0JJa4y PAcXo/ia Ha BOJOBBLIENE, C;

O ¢ — TPOU3BOIUTENBHOCTH (PACX0/l BOABI) OJTHOTO HACOCHOTO arperara, M/c;
(), — cyMMapHBIil pacxo7] BOJIbI BOJIOBBI/ICIIOB, M/c;

0,; — pacxo] BObI Ha BOJIOBBIJIEIE, M /c;

hy,, — TTyOMHA BOJIBI B BOJIOBBIJIENE, M;
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Moy — TITyOMHA BOJIBI B KaHAJIE TIEpE]] BOJOBBIICIIOM, M;

Z

nHa(BOI)

Z

JtHA(KaH)

— OTMETKa JHA BOJOBBIJIECIIA, M;
— OTMETKA JIHA KaHaja, M;
O —PacxoJ] BOJBI B FOJIOBE KaHAIA, M/c;

3
W, —00BbeM BOJIBI B FOJIOBE KaHAIA, M';

NHC — KOJIMYCCTBO HACOCHBIX arperaTros, €.

Cnucoxk MCmoJIb30BAHHBIX HCTOYHUKOB

1 Boukapes, . B. DkcrmyartanmoHHasi THAPOMETPUS U aBTOMATU3ALIHSI OPOCUTENbHBIX
cucteM / 5. B. boukapeB. — M.: Arponpomusaat, 1987. — 175 c.

2 boukapes, f. B. OcHOBBI aBTOMaTUKN W aBTOMATH3alMH MPOU3BOACTBEHHBIX IPO-
1IeCCOB B ruzipoMenopaiuu: yueo. s By3oB / 5. B. boukapes, E. E. OBuapos. — M.: Kooc,
1981. -335c.
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A. E. lllenenen, B. D. 3aBanioen
Poccuiickuii HaydHO-MCCIIEI0OBATENLCKII HHCTUTYT MpooiieM Menuopannu, HoBouepkacck,
Poccniickas @enepanys

JOKIEOBPA3YIOIIUE YCTPOMCTBA 3APYBEXXHOM MIMPOKO3AXBATHOM
MHOI'OOIIOPHOM JTOXKJAEBAJIbHOM TEXHUKH

Pabouumu opeanamu 3apybesxcnou wupoxko3axeamuoi MHO200NOPHOU Q0HCOeBANbHOU
MexXHUKU, HeNOCPeOCMBEeHHO 00PA3YIOUWUMU UCKYCCIMBEHHBIU Q0HCOb, ABNAIOMCI 00HCOE8ANb-
Hble annapamul U HAcaoku. B cmamve packpvim éonpoc 060py008anus 3apyoexcHulx cucmem
OpOULeHUsL U MEXHUKU NOIUBA 00HCOe0OPA3VIOWUMU YCIMPOUCMBAMU.

Knrouesvie cnosa: ooowcoesanvras mexnuka, nacaoka, annapam, pazopvizeusamens,
CHpUHKTIED.

B nHacrosimee Bpemsi IUPOKO MPUMEHSETCS 3apyOeKHasi TEXHUKA MTOJIMBA KPYTOBOTO U
(GbpoHTAIBHOTO ACHCTBUA (MHBOTHI) TAKUX MPOU3BOAMTENICH, KaK aBCTPUHCKAs KOMITAHHS
Bauer, amepukanckue xomnanuu Reinke, Valley, Wade Rain, Zimmatic, kaHanckas gupma
T-L, ucnaackue RKD u «Hamcay.

PaGounmu opranamu 3apyOeKHON IMMUPOKO3aXBATHOW MHOTOOTIOPHOM J0XEBATbHOM
TEXHUKH, HETIOCPEJCTBEHHO O0pa3yIOmMUMH J0XKIb, SBISIOTCS JOXK/IEBAJIbHBIC allllapaThl U
Hacanku (dhopcynku, pazopeiruBarenu). [lo xapakrepy npoiiecca oOpa3oBaHHs OIS JTOK-
neoOpasyrolye yCTporucTBa 3apyOeKHOM MHOTOOTOPHOW JOXICBAIbHON TEXHUKH IOJIUBA
pa3nesdioT Ha JIBE IPYIIbl: BeepHble U cTpyiHble. [lepBrie co3matoT mupokuil BeepooOpas-
HBIN TIOTOK BOJIBI B BHJIE TOHKOM IIJICHKH, KOTOpasi, BCTpeUasi COMNPOTHUBIICHHE BO3AyXa, pac-
najaercs Ha OTJAeJbHbIE Karuid. BeepHble ycTpoiicTBa HENOJBUKHBI OTHOCHTEIBHO JOXKIE-
BAJIbHOM MAalIMHBI U OJHOBPEMEHHO OPOILIAIOT BCIO NMPHIIETAIOUIYI0 K IMO3HMIMU IJIONIA/lb
B IIpe/ieyiax JajdbHOCTU MOJIeTa Karellb, OTIIMYAIOTCS MPOCTOTOM KOHCTPYKLIUHU M IMOIY4UIIU
HAaMMEHOBAHUE JI0’K/I€BAJIbHBIX HacaloK. BTopble co34al0T MOTOK BOABI B BUJIE OCECUMMET-
PUYHBIX CTPYH, KOTOpPBIE B MPOIECCE IBIKCHHS TOJ JCUCTBHEM COIMPOTUBIICHUS BO3IyXa
pacnazaroTcs Ha OTAeNbHbIe Karuid. [ljis opolieHust miomaay Kpyra UM cooOIarT Bpalia-
TenbHOE (YIJIOBOE) ABMIKEHHWE OTHOCHTEIBHO MOJIMBHOW TexHUKH. CTpyiHbBIE padodune opra-
HBI C TIOBOPOTHBIMH YCTPONCTBAMH CJIOKHEE BEEPHBIX, UX HA3BIBAIOT JIOXKJICBAJbHBIMU alllla-
patamu. Bce poxmeoOpasyrommue yCTpoucTBa, T. €. AOXKIeBarenu, (POpCyHKH, pa3OpbI3ruBa-
TEJH, anmnapaThl, BOJOMETHI U CIPUHKIIEPHI, NOAPa3esaioT IJIaBHBIM 00pa3oM MO AaJbHOCTH
pa30pbI3TUBaHuUs U pa3Mepy Kareiab UCKYCCTBEHHOT'O JOXKIS.
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