BUOI'A3 KYPUJIIMACHUHHUHI' JACTJABKH NIIJIOB BEPUII
KAPAEHUHU MATEMATHUK MOJEJUIAIITUPHILL.

Karomos Tynan0oii

Anouoicon KUUWI0K XyVOfCClJZMZM 6a ACPOMEXHONIOCUANIOp UHCMUmymu Kamma

yyumysuucu m.gh.¢h.o

Annoranusi: Kaiita THKIaHaguran SHepTUsa KypyUIMacHIard AacTaabKu UILIOB
Oepuin >kapaHUHUHT MaTE€MaTUK MOJICTUHU TYy3UIl Y4YyH KYyIuiad Hazapui
TaIKUKOTIap oyubd Oopunau Ba OyHIa, 3aMOHABUM OWOJOTHMK Ta3 OJIMII
KypuJMalapu KOHCTPYKIUsIIapuaa YUpalurad acoCHi KaMUHIUKIIap: OpraHuk
YUKAHIWIAPHA J1acTIa0Kyd HWIUIOB Oepulga MalJalaHTaHINK Japakacura
TYJIHUK >bTUOOp OEpUIIMACIUTH, YHUHT HAMIIUTH Ba AACTJIA0KM WIIOB OepHIl
xapaéHugarn OmoMacca OKMMH TE3JMTMHM WHOOATra OJMMHUIMACIIWTH KaiTa
TUKJIAHAJIUTaH HEPTUsl MUKJIOpUTra calOuid TabCUp KUIMOK/IA.
Kanut cy3nap: ouepeus, 6uoeas, bakmepusanap, OpeaHux YUKUHOULAP
Abstract: Many theoretical studies have been carried out to create a
mathematical model of the pretreatment process in a renewable energy device,
and in this, the main shortcomings encountered in the constructions of modern
biological gas extraction devices are: complete disregard for the degree of
grinding in the pretreatment of organic waste, its moisture and the pretreatment
process. Failure to take biomass flow rates into account has a negative impact on
the amount of renewable energy.
Key words: energy, biogas, bacteria, organic waste

AManuéraa unuiatuaud KeTuHAETraH OpraHuK YMKUHAWIAPHU aHaspoO
*kapa€Huura Jnactiabku Tanépnam Kypuimaitapumad [3,6,9] TyOman dapk
KWITaHJIUKIapu Y4YyH OM3 TaMOHMMU3JaH, METAHOTEHEe3Jarn OMOMAacCaHWHT
XapakaT TE3JUTMHHW, HaAMJIWUTHHHU, MaiJajlaHTaHIMK Japakacuja JHEPreTUK

KYpCaTKWYHU TacBUpiad OepaauraH MaTeMaTWK MOJEN sSpaTwiau. SpaTuiran
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MaTeMaTWK MOJEN OJaTWi XoJUlapa WIUIATWIAIUraH KypriMalapaaH
[2,3,5,6,9,10,16-22] keckwH (apK KWITAHIUTH YIyH Takiaud dSTHIaéTran
MaTeMaTUK MOJIETHM FOKOpHIa KEITHPWITaH XojaT y4yH Oaxonamr Tanad
STHIIAIN.

MyamMonu Kyiiuauimm. TeXHOJOTHK »kapa€HIapHU KaaauialThupuo,
UIIUIOB OSPUIITHA ONTHUMAJ Japakara €TKas3will y9yH MeTaH OaKTepHUsIIapUHUHT
dbepmeHTaTUB Tanabu napaxkacuaa OMOMaccaHu Tau€plaill 3apypusTd Keiaud
yukaau. TamaOHM KaHOATJIAHTUPYBUM TEXHOJOTHsUIapjaH Oupu, KailTa
TUKJIAaHAJUTaH DHEPIrusl KypuiMalapuJa OpPTaHWK YWKWHAWIAPHU METaHTa
OVDKFUTHIIJIAH OJIWH JAcTIa0KHU HMIIOB Oepuin XxucobnaHaau. by 6ockuumaru
TEXHOJIOTUSIHM camMapajop KWIWII YYyH JacTJa0Kd WIIOB OepHinjga dHT
ONTHMAJI YCyJI OYyJIraH MEXaHWK HIILIOB OCPHIIHUHT TEXHOJOTHUSICHHH HIILIA0
YUKMHIII, WYY KUXO03TapUHU JJOMUXAJIAIll 3apypHUsITH Mai10 Oy iau.

Metoauka. Tabuii mapouTaaru ryur TapkuOuaaru OpraHuk YNKUHIuIap
MaiajiaHraHIMK KYpcaTkuuu 2-5 MM opaiukia Ba Hamuuru 70-92% opanukna
Oynamuran 6uomaccanu [3,5] gacTiaabKku UIIUIOB OEPHIN KUX03U]1a OMOMaccaHu
veutum xapopartu 26-36 °C 6ynramnuruan uHoGartra onueau. Taxkpubanap
VyTrazum connnn b.JlocniexoBHunr “Takpubanap yTkasum ycmyou’naH keiaud
YUKraH XOJi7a, XaTOMUKIapHA KaMaWTHPHUII yUYyH KaMu OWJIaH OJTH MapoTaba
Oynuiy Hazapaa TyTuinau [7].

MaremaTuk MOJIETHU TY3HIIa JAacTIaOKu MabiayMmMoTiIap cudartuia
IOKOpHU/Ia KeITHPWITAH OPraHUK YNKUHIWHA (PU3HK-MEXaHHUK KYpCaTKUYIaApUHA
KaliTa TUKIAHAJUTAH OJHEPrusl KypWiIMacujard AacTiaOKd HWIUIOB Oepuill
xkapa€Huga Ouoras MUKJAOpUTa OOFIUKIUIMHH KEITHPUO YMKAPYBYH, KYII
napameTpiu Taxpubanap YTKa3uIra Joup KyHugarnda perpeccus TeHTJIaMacH
TY3HIIJIN:

U=a,+ax+by+cz 0

Oy epna
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U — 6uoras MUKIOpH [M’]

X — MalJlaJlaHTaHJIMK Japakacu [MM] ,

Y — HAaMJIUK MUKJI0pH [%],

z — xapopar [°C],

ap — YTKa3WIaqurad TaKpruoaiap COHM [MapTTa]

FOxopuaaru OupuHYM Xaagard HOMabJIyMJIapHU aHUKJIAIAA “OHI KHYUK

KBaJIpatTiap ycynau naH doiiganianaMus:

n

¢(ao,a,b,c)zz (Uk—(a0+axk+byk+czk))2
= @)

“OHr KWYMK KBaJpaTiap yCyjiu Ta acocaH, MKKMHYM TEHIJIaMaJaru dy d,

b, ¢ mapameTtpiap Oyitnda Xycycui Xxocuiajiap oJaMus3.

Ci ; : ) |
= :E | 26, —1 ., + ax, + 8V, + I, I-(=1)

=2, —\a, +ax, +hy, tez )| -(—x)

Cl - - ' ]
- =EEI, 1, —la; +ax, +by; +ez )} -(—;)

ch .

Cui c ; | |
—=2>"(u; —(a, +ax, +8y; +ez; )| -(-z;)

o e (3)

Kyn y3rapyBumiivk QyHKIUSIIAPHUHT 3KCTPEMYMHUHH TOMHII Macajiacura
acocaH OJIMHTAaH XOCWJIAHM  HOJbra  TEHIJIAll  Xucobura  ydyHUH

TEHIJIamMaiapAaru KuiMamiap Kyuuaarudya KypuHHUII OJIaIn:
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il

(4)
IOxopunarn TYpTUHYM TEHIVIMKAAH KyHUJard TEHIJamasnap TU3UMUHU

TYy3aMU3:

)
Oy epna:
n — YTKa3WITaH TAKPUOATAPHUHT N - COHU;
a — MalTaJlaHTaHJIMK Jdapakacura OOFIMK Kod(PhUIIUEHT;
b — HaMJIMK MUKIOpUTa OOFIUK KO3 PUIIEHT;
¢ — xapopatra 00rJIMK KOd(phUIIHEHT;

VrTkasunaguran Taxpubamap COHMra HHMCOATaH, TNapaMeTpPIAPHUHT
y3rapumu Oyiiriua KOpelanuoH OOFJIaHWII HATWXKAIApUHUA Kydugaru |-
XKaJBajja KeJITUPUIIIN.

1->xanBain
Kaiima muknanaouean snepaus Kypuimacuoazu 0acmiabKu uuiioe bepuui

HCAPAEHUHUHE napamempapu opacuoacu Kopeiayuor 60naHuulL H#aosaiu
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U
Buoras

X
MaiaIuK

y
HaAMJIHK

z
xapopar

x"2

y*2

"2

xy

Xz

yz

xU

yU

zZU

1 409,000

2,000

70,000

26,000

4,000

4900,000

676,000

140,000

52,000

1820,000

818,000

28630,000

10634,000

2 451,800

2,600

74,400

28,000

6,760

5535,360

784,000

193,440

72,800

2083,200

1174,680

33613,920

12650,400

3 494,600

3,200

78,800

30,000

10,240

6209,440

900,000

252,160

96,000

2364,000

1582,720

38974,480

14838,000

4 537,400

3,800

83,200

32,000

14,440

6922,240

1024,000

316,160

121,600

2662,400

2042,120

44711,680

17196,800

5 580,200

4,400

87,600

34,000

19,360

7673,760

1156,000

385,440

149,600

2978,400

2552,880

50825,520

19726,800

6 623,000

5,000

92,000

36,000

25,000

8464,000

1296,000

460,000

180,000

3312,000

3115,000

57316,000

22428,000

3096,000

21,000

486,000

186,000

79,800

39704,800

5836,000

1747,200

672,000

15220,000

11285,400

254071,6

97474,000

Oceaamma: KaaBammarn ycTyHJap KyWHAard napaMeTpiiap Ba y3apo
OOFJaHUNIUIAPHU aKC JTTUPAU: 1 — TapTUOAW YTKa3uiaraH Taxpuba, OupaaH
ojiturada optud 6opyBuu conmnap; U — xap Oup taxkpubana 42,8 j/Kr. xaxmra
opTuO OOpyBYM OHOra3 MHUKIOpU; X — Xap Oup Taxpubama 0.6 mm yimuamaa
Hupukinamm® OOpyBUM OpraHMK MOJJIa YIYaMUHU KYpcaTyBYM COHJIap
(MaiimanaHTaHIMK apaxkacH); y — xap oup taxpudama 4.4 %ra optud 6opyBun
HAMIIMK MHKIOPMHHU KYypcaTyB4M COHIap; z — xap Oup taxpubama +2 °C.ra
opTuO OOpYyBUM XapopaT Y3rapuIlIMHU KYypcaTyBUU COHJIAP.

Kopenanuon 6ornanuin 0yiinya oJIMHTaH MabiyMoTiapHu (5) ¢popmynara

KYinb xyucoOnaHranaa:

| | | (6)

Jllemak (6) TeHrnamanap TU3UMUAAH a€H OYIAMKH, TYPT HOBMATYMIIU
HOpMaJl TEHIJamMaiap THU3UMHU Xocwi Oynau. By TeHrmamanap TU3UMHUHH
eunniaa, “Kopman-I'ayc” ycynunan doitnananuwnam [8*]. HaTtuxkana HoMabiiym
kod(hummeHTIap HOJNBIAH KaTTa, OWpJaH KUYUK MUKIOpJArd COHJapra
TeHrmamau. bupok xucoOnam wunutapu “Ok3en”’ JACTypujard aaropuTMmra
COJIMHMO XUCOOJIaHTaH/1a, TeHIJIaMaJlap TU3MMUHU €UMMHU HJIeall Japakajiaru

aHUKIMKHU KypcaTOAu Ba MHHTAAH Oup yiymra SxJdTiad oOJMHraHjaa
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TEHIVIaMaJlap TU3UMHUHUHT eduMHu  ap=0.000, a=36.036, b=4.813, c=0.000
KUMaTliapra TeHT 2KaHJIUTH MablIiyM OYIIIM Ba HaTHXaiapHU (6) TeHTIaMamp

TU3UMUTA KYWKO, HATWKAIAPHUA TEKITUPUO KYypamus.

Hemak Vypragarm Qapk TeHgaManap THU3UMUHU CUUINJArd  XaTOJUKHHU

I

Hatmxanapuu (1) uu  TeHriamara KyuuO, OpraHMK YUKUHIWHM KaiTa

KypCcaTMOKAa:

THUKJIaHaIUT'aH OQHCPIUA KypuiMacuaaru I[aCTJIa6KI/I HUII1JIOB 6€pI/IIH

)KapaéHI/IHI/IHF MaT€EMATHK MOJCIHU XOCHUJI KUJIMHIN.

U=a,+a Z X+b Z y+c Z Z=
0,000+36,036-21+4,813-486+0,000-186=3096

Mamemamuk moodennunz adexkeamaucunu mexuwiupuut. (XYJI0OCA)

OpraHvK YMKWHAMHU KaWTa TUKIAHAIUTaH DHEPrUs KypHIMAcHIard
JacTJIa0KH UIIUIOB OEpuIl KapaéHUHUHT MapameTpiiapura acocianu0, Ty3uirad
MaTeMaTHK  MOJCIIHA  QJCKBATIMTUHW  TEKMUpHIl  y4yyH  Dwuiep
cratucTukacunaan (origananamus. byrusr yayH (1) 4u TeHTIIaMara aHUKJIaHTaH
koI GUIMEeHTIapHY KYiin6 (7) TeHrIaMa XOCHI KHIHO ONMHAIN. Y TKa3HIraH
OJITUTA TaXpHOaHUHT xap Oupu yuyH Tekumpuml (opmynacu U, xucobnabd

YUKWJIaIW Ba HATHWIKAJIAp 2 JKaABajira KUpUTHUJIaAau.

U,=0,000+36,036 x+4,813 y+0,000z (7)

Mooennune adexsamaueuny meKUWUpUULOaue KoOperayuor 60IaHuuL H#adeaiu
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Ne U X y z U, U-U, | (U-U)| (U-0)
409,000 | 2,000 | 70,000 | 26,000 | 409,000 | 0,000 | 0,000 | 11449,000
451,800 | 2,600 | 74,400 | 28,000 | 451,800 | 0,000 | 0,000 | 4121,640
494,600 | 3,200 | 78,800 | 30,000 | 494,600 | 0,000 | 0,000 | 457,960
537,400 | 3,800 | 83,200 | 32,000 | 537,400 | 0,000 | 0,000 | 457,960
580,200 | 4,400 | 87,600 | 34,000 | 580,200 | 0,000 | 0,000 | 4121,640
623,000 | 5,000 | 92,000 | 36,000 | 623,000 | 0,000 | 0,000 | 11449,000
3096,000 | 21,000 | 486,000 | 186,000 | 3096,000 | 0,000 | 0,000 | 32057,200

| | A W N -

Usox: U — Buoras axpanu6 YUKMIIMHUHT YpTaya KMAMATU SbHH, OJITHTA
Taxpubagaru YCull TUHAMUKACUHUHT JKaMJIAMMACHHM YpTadya KUMMaTH

06ymu0, 516 nuTp/Kr.ra TeHT OYynamu.

_U _3096
n

U =516.[ a/k2]
®duiiep TeHrnaMacu (8)ra, 2-xaaBaniard 3apypuid MabiIyMOTIapHH

KyHnO XucoOranau:

(8)
by epna: U — buoras mukopu, [J1/kr];

U — buoras MUKJIOPUHMHT YpTadya KHMMaTH, [J/Kr];

U, — Xap 6up Taxxpuba HATUKACUHUHT KAMIAHMACHU [MM’]

k; — Xapaénra Tabcup 3TyBUYM apameTpiiap coHu 3 [Ta]

k> — TaxxpubaniapHUHT YpTada KenTupu Kkuimatu ko=n-k;-1=6-3-1=2 [1a]
2
e (3096—516) 2.32
(3096—3096 )" 3 (9-10%)

MareMaTuk MOJICJIJaH OJIMHI'aH HaTUKAJIAPpHUHT Fpa(bI/IK TaXJINJIN:
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