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AKTYyaJabHOCTB. /{71 TEXHOJOTHYECKOTO pacdeTa COOpPYKECHHH a’dpoOHOU
OMOIOrMYECKOll OYNCTKH CTOYHBIX BOJ B MHPOBOH IpakTHKE Hanboyiee 4acTo
MIPUMEHSIOTCS TEOPETHUECKUE METOANKH, B OCHOBE KOTOPBIX JIEXKAT KIIACCHYECKHUE
ypaBHeHHs (epMEHTATUBHOW KMHETHKH. [Ipy 3TOM yMeHHE NPUMEHSTh Ty WU
HHYIO METOJIUKY TpeOyeT BBICOKOM KBaNMU(UKAIIMK KaK C TOYKH 3PEHHS TOHUMA-
HUS OMOXMMHUYECKHX IIPOIECCOB U MX pacyueTa, TaK U MHTEPIIPETaIly pe3yIbTa-
TOB. JI711 aBTOMAaTH3UPOBAHHOTO PacyeTa MOXKET OBITh HMCIIOIB30BAHO MPOIPAMMHOE
obecrieueHre, KOToOpoe, BO-IIEPBbIX, B OCHOBHOM, HMEET HHOCTPAHHOE HPOUCXOXK-
JIeHHE, 4, BO-BTOPBIX, OTPAHUYEHO TOJIBKO MOJETHUPOBAaHHEM PabOThl OYMCTHBIX
COOPY2KEHUI M ABISAETCA CIOXKHBIM JUI UCIOJb30BaHUSI EPCOHAIOM OYHCTHBIX
COOPYKEHUH.

Iean padoTsl — pa3paboTaTh MaTEMaTHIECKYIO MOZETb M OCHOBAaHHOE HA HEel
IIPOrpaMMHOE oOecIreueHNe, 03BOJIIONIEe PACCUNTHIBATE KAYECTBO OYHIICHHOMN
CTOYHOH BOJIbI, CPAaBHMBATh €0 C TPeOYEMBIM M BBIAABATh TEXHOJOTY KOJIHMYE-
CTBEHHBIE M KAaUECTBCHHBIC PEKOMEHIAIINHY 110 BHECEHUIO N3MEHEHHUH B TEXHOJIO-
THYECKUH PEKUM PabOThI OUUCTHBIX COOPYKEHHH.

OcHoBHbIe pe3yabTaThl. B paGorax [1, 2] 6su1 IpoBeeH aHATIN3 TEOpPETHIE-
CKHX M AMIIMPHYECKUX MOJENIEH, MpeUIaraéMbIX Il TEXHOJIOTHYECKOTO pacueTa
COOpYKeHHUH Omoorndeckoit ourctkd. OTHIM 13 HETOCTATKOB MPEACTABICHHBIX
MoOJIeNel ABIISIeTCS TO, UTO OHU HAIIPABJICHBI HA PEIIeHUE IIPSIMO 3a7aum», Koraa
TIPY IPOEKTHPOBAHHUH TpeOyeTCs ONpeeIUTh apaMeTphl a3POTEHKOB ITPH N3BECT-
HOM Ka4eCTBEHHOM M KOJIMYECTBEHHOM COCTaBE MCXOIHBIX U OUHUIIEHHBIX CTOY-
HBIX BOJ. B ciydae, koraa HE0OX0AMMO PEIINTh SKCIUTyaTallMOHHYIO 3aa4y, T. €.
«00paTHy10» — TpeOyeTcsl ONpeeInTh Ka4eCTBEHHBIH COCTaB OYUILECHHBIX CTOY-
HBIX BOJ IPU U3BECTHOM KAa4E€CTBEHHOM M KOJIMYECTBEHHOM COCTaBE MCXOJIHBIX
CTOYHBIX BOJ, a TAKXKe NP U3BECTHBIX NMapaMeTpax adpOTEHKOB, TO TaKoil pacuer

24


mailto:stepanovsv3@yandex.ru
mailto:avdeenkovpp@mail.ru
mailto:okh@watertec.ru
mailto:artseven@mail.ru

BBINIOTHACTCS METOAOM M0A00pa, UITO SIBISIETCS apXaWdHBIM U TPYI03aTPAaTHBIM
moxxoxoM. OmHAKO pelIeHne «0OpaTHOH 3ajgadmy» SBISIETCS KpaiHe HeoO0XonIu-
MBIM IIPU IKCIUTyaTallui, PEKOHCTPYKIHH W/WIIM MOAEPHU3AINH CYIIECTBYIOIINX
OYMCTHBIX COOPYXKEHUM.

ITockonbKy MMEHHO TEOPETHUYECKHE MOJEIH SBIAIOTCS HAYYHO OOOCHOBaH-
HBIMH W TIO3BOJIIIOT CHU3UTH PUCKH HEJOCTIDKCHHS MPOEKTHOTO KadyecTBa OYH-
LIEHHBIX CTOYHBIX BOJ, TO ISl Pa3paOOTKM HOBOH MaTeMaTHYeCKOH MOJeNH 3a
ocHOBY GObutH B3s1Th MeToaukn BOATEO/CamI' TV [3] u ASM2d [4].

B ocHoBe pa3paboTaHHOTO HAMH IPOrPAaMMHOT0 00ecTIeueHH s JISKUT MaTeMa-
TUYeCKHH ammapar u3 173 Gopmys, MaHUMyIUpYIOMUil 76 epeMEeHHBIMH BEJIH-
YHHAMH, KOTOpbIE OMMCHIBAIOT OMOXMMHUYECKHE MPOIECCHl, MPOUCXOISINIINE B
a’pOTEHKaX, paboTaIOIIUX MO 000N TEXHOJIOTHH, B TOM YHCIIE C YIaJeHUEeM a30Ta
u pocdopa.

Bepudukanns paszpaboranHoil MaTtemaTnueckod Mojenn Obula IpOBElECHA Ha
TOPOJCKMX KaHAIM3ALMOHHBIX COOPYKEHHUAX Topojckoro okpyra Camapsl Ha
OTZAEJBHO B3STOM TEXHOJOTHYECKOM OJIOKE a’3pOTEHKA — BTOPUYHOM OTCTOHHUKE
HPOM3BOAUTENLHOCTBIO 46,8—61 Thic. M%/cyT. Bbliu onpeieieHbl 3HAUEHUs BCEX He-
00XOZMMBIX JUISl pacdeTa KHHETHYECKUX KOHCTAHT U Kod(durmenTtos. PaspaboTan-
Hasi MaTeMaTHYecKas MOJIEJb 1T0Ka3aja BBICOKYIO TOUHOCTh COBIIAJICHUS PACUETHBIX
1 (aKTHYECKMX KOHLIEHTPALWII 3arpss3HEHUI B OUMILIEHHON cTOuHOI Boe. J{ns co-
3[aHKs MPOrpaMMHOr0 obecnedeHus pa3paOoTaHHBbII MaTeMaTHYECKUi ammapar
OBbLT HATIMCAH Ha sI3bIKE MporpammupoBanusi Python, uro cBs3aHo ¢ manpHEHIM
pacipenreM (yHKIMOHAJIa, B TOM YHCIIE C MCIIOJIb30BAHMEM TEXHOJIOTHH UCKYC-
CTBEHHOTO HMHTeJUIeKTa. J[aHHOe MporpaMMHOE 00ECIeUeHHe OCYIIECTBISIET cOOp
nH(OpMAIMU O KOJIMYECTBEHHOM M Ka4e€CTBEHHOM COCTaBE CTOYHBIX BOJ| C MMEFO-
IIMXCS HA OYMCTHBIX COOPY>KEHUSIX 3JIEKTPOHHBIX JKypHaJIoB. [lanee mporpamma BbI-
TIOJTHSIET B CTATUYECKOM M IMHAMHUYECKOM PEXHMME pacueT KaueCTBEHHOTO COCTaBa
ounmieHHBIX cTouHBIX Box Mo XIIK, BIIKs, B3BemeHHBIM BelecTBaM, aMMOHHIO,
HUTpPUTaM, HUTpaTaM 1 Qocdaram.

[TocKOoNBKY COBpEMEHHBIE COOPYKEHHS OMOIOTHYECKON OYHCTKH IMPE/CTaB-
JSIOT COOOHM CIIOKHBIH KOMIUIEKC TEXHOJIOTHYECKHX JIIEMEHTOB Pa3IMIHOIO
Ha3HaueHUs, X (P (PeKTUBHASL paboTa BO MHOTOM 3aBHUCHUT OT PEIICHHH, TPHHNMA-
€MBIX TeXHOJO0TroM. [Tpy peKOHCTPYKIINH OYHCTHBIX COOPYIKEHHUI 3a4acTyr0 MEHSI-
€TCS TeXHOJIOTHS OYUCTKH CTOYHBIX BOJI, HAIIPUMED, pearu3yeTcsi ONOJIormIecKoe
yaaneHue azota u gochopa, mpu 3TOM B MPUHUMAEMBIE TEXHOJIOTOM pPEIICHHS, B
CPaBHEHUH C NIEPBOHAYAIBEHON TEXHOJIOTHUEH, TOJKHBI OBITh BHECEHBI N3MEHEHHS.
JAnst IpUHATHS NPABHIBHBIX PEIICHNH HEe0OXOIUM MPAaKTHYECKUH OMBIT SKCILTya-
TaIMU COOPYXKEHUH, pabOTalONIMX 10 HOBOH TEXHOJIOTUH, KOTOPOTO YacTO HE XBa-
taer. [loaToMy B (yHKIMOHaN pa3padaThiBaeMOTo MPOrPaMMHOI0 oOecredeHH s
Obl1a BKJIIOYEHA (DYHKIHS BbLIa41 KOJMUECTBEHHBIX M KAUECTBEHHBIX PEKOMEH 1a-
uuid. [Iporpamma cpaBHuBaeT TpeOyeMoe M PacyeTHOE KadyecTBO OYMIIEHHBIX
CTOYHBIX BOJA W MPH INPEBBIMICHUU IIOCIEIHETO BBIJACT PEKOMEHAAINH IO
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H3MEHEHHIO TeXHOJIOTHYECKHX ITapaMeTPOB PabOThl OYMCTHBIX COOPYKEHHUIT (KOH-
LEHTPaLK PACTBOPEHHOTO KHCIOPOJA, PacxoJa HUTPATHOTO PELUKIa, pacxona
M30BITOYHOTO M BO3BPATHOT'O aKTUBHOTO MiIa). [laHHEIE PEKOMEHAAINH ITO3BOJLIIOT
CKOPPEKTHPOBATh PabOTy a3pOTEHKOB TaKUM 00pa3oM, YTOOBI B CYIIECTBYIOIINX
00BeMax COOPY)KEHHH JOOWUTHCS MaKCHMAaJbHO BO3MOXKHOH 3((EeKTHBHOCTH
ouncTkd. I[Ipumep paGOTHI MPOrpaMMHOTO OOECIICUCHHUS NPEICTaBJICH HA PH-
cynke 1.

— teta_aerobic
— tera_al
— teta_az

T 1

SHaenrn

a 2 > & 4
¥ o - o i
= A o
K N E

Pucynoxk 1 — [Ipumep nuHaMu4eckoit paboThI TPOTPaMMHOTO 00eCTIeUeHHS
(ipu Temmeparype 22 °C):
kpuBast 1 — akTHIecKnii a3poOHKIif BO3PACT aKTUBHOTO MIIa;
KpHUBasi 2 — pACUYETHBII BO3PACT aKTUBHOTO HJIa TS IOCTHKCHHUsI TPeOyeMOoil KOHIICHTPAIUH a30Ta

AMMOHHMITHOTO; KpUBasi 3 — pacUeTHBIN BO3PACT AKTHBHOTO MJIA ISt TOCTHKCHHS
TpeOyeMoli KOHIIEHTPAINK a30Ta HUTPHTOB

Bonee Toro, mporpaMMHOE 00€CTIEIEHUE ITO3BOJISIET OTPEIEIUTD ONTHMAIbHBIE
TEXHOJIOTUUECKHE TapaMeTphl MPHU M3MEHEHWH KaueCTBEHHOTO M KOJIMYECTBEH-
HOT'O COCTaBa CTOYHBIX BOJ] HAa BXOJIE B OUMCTHBIE COOPY>KEHUS, T. €. IIPUHSTH MEPHI
70 ()aKTUYECKOT0 U3MEHEHHS KaueCTBEHHOTI'O COCTABA OYMIIEHHBIX CTOYHBIX BOJ,
YTO ITO3BOJISICT YMEHBIINTS IIJIATy 3a 3arps3HEHHE OKpYy’Karollei cpeabl. Brinasa-
€MbIe IMPOrpaMMHBIM 00eCIeYeHHEM PEKOMEHJANN MOTYT TO3BOJHUTH CHHU3UThH
9KCIUTyaTaI[MOHHBIE 3aTPaThl 332 CUET OTKIIIOYCHHUS (IIEPHOINIECKOTO MU ITOCTO-
SHHOTO) 9acTH 000pyAoBaHMA (M30BITOUHAs KOHIIEHTPAHI PACTBOPEHHOTO KHC-
JIOpO/ia, N30BITOYHBII BBIBOJI AKTUBHOTO WJIA H T. 11.).

BriBoasbl. PazpaboTano nporpaMmHoe obecriedeHne At MOAEINPOBAHUS IIPO-
LIECCOB OMOJIOTMYECKOM OYMCTKU CTOYHBIX BOJ B @3POTEHKAaX, B OCHOBE KOTOPOTO
JISKUT HOBas MaTeMaTHYECKas MOJENb, OCHOBAaHHAsI HAa TEOPETUUECKUX METOIH-
kax BOATEO/CamI'TY u ASM2d. IlporpammHOe obecredeHHe MO3BOJSIET B
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CTaTHYECKOM M AWHAMUYECKOM PEXHUME BECTH PacueT OUMCTHBIX COOPYKEHHH T10
XIIK, BIIKs, B3BEIICHHBIM BeHIECTBAM, COSAWHEHHUAM azoTa u Qocdopa. Jamee
MIPOUCXOIUT CpaBHEHUE TPEOYEeMOTo M pacyeTHOTO KadecTBa OYMINEHHBIX CTOY-
HBIX BOJI ¥ TIPY TIPEBBILICHUH MOCJIEAHETO BbIJada PEKOMEHAAINN 110 N3MEHEHHIO
TEXHOJIOTHYECKUX MapaMeTpoB pabOThl OYHCTHBIX COOPYKECHUH (KOHLEHTPAINN
PacTBOPEHHOTO KUCIIOPO/A, PacX0a HUTPATHOTO PENMKIIA, PACX0/1a H30BITOYHOTO
U BO3BPATHOTO aKTHUBHOTO mia). JlaHHbIE peKOMEHIAINH 03BOJISIOT CKOPPEKTH-
poBaTh pabOTy a3pOTEHKOB TaKHMM 00pa3oM, 4TOOBI B CYLIECTBYIOMINX 00beMax
A3POTEHKOB JOOUTHCS MAaKCHMaJIbHO BO3MOXHOU 3ddexkruBHOCTH 0uncTKH. [1po-
rpaMMHOe oOecrieueHre 3a CYET ONTHMHU3AIMU TEXHOJIOTHUECKHX IapaMeTpoB
OUYHCTHBIX COOPY>KEHHH MO3BOJIET YMEHBIIUTh IUIATY 3a 3arps3HEHUE OKpY Karo-
el cpebl M IKCIUTyaTal[HOHHbBIC 3aTPaThl.

HccrenoBanne BEIMONHEHO B pamkax goroBopa Ne 4951T°C1/85526 mexmy
OI'BY «DoHI coneicTBHS pa3BUTHIO MAIBIX (POPM TIPEnNpUATHI B HAYYHO-TEX-
HIgeckoit cpepe» u OO0 «OxoCmapTy.
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