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ﬂ0H6aCCKCl}Z HAYUOHATIbHAA axkaoemus cmpoumelbemea U apxXumeKkniypbl

MOUCK ONTUMAJIbHBIX YCJIOBUI ASPOEHOI'O KOMIIOCTUPOBAHMSI
OCAJIKOB CTOYHbBIX BOJ

Haiioenvr onmumanvhvle ycnosus aspodOHo20 KOMROCMUPOBAHUSL MEEPObIX ObIMOBIX OMX0008 U 0CAOKO8

CmMouHbIX 600. Bvidenenvi ocnosuvie gaxmopwi, enusiowue Ha npoyecc Komnocmupoganus. Hsyueno gaxmopmnoe
NPOCMPAanHCcmeo mMemooamu NiaHuposanus skcnepumenma. Ilonyuenuvie pe3yiomamosl 1a00PAMOPHBIX U ONBIMHO-

NPOMbBIULIEHHbLX UCCTEe008AHUTL NO360MUNU pa3pa60mamb MEeXHOJI02U COBMECNTIHO20 06636p€9f€u861Huﬂ 0Caokos

CMOYHBIX 800 U OUOpaszIazaemol Gpaxyuu meepovix ObIMOBLIX OMX0008.

Krouesvie cnosa: THO, OCB, nepepabomia, KOMROCMUPOBAHUe, NIAHUPOBAHUE IKCIEPUMEHMA

®opMyaHpoBKa NpodJeMbl M aHAJM3 MYOJIH-
kaumii. [lpormecc KOMIOCTHpPOBaHMSI TPEACTABISAET
c000if CITIO’)KHOE B3aUMOICHUCTBUEC MEXKIY OPTaHHICCKHU-
MH OTXOJaMH, MUKPOOPTaHU3MaMH, BIIArOH M KHACIOPO-
oM. PesynpTaThl HcclieIOBaHUM YCJIOBHIl Mponecca
OMOXUMHIYECKOTO a’pOOHOTO KOMIIOCTHPOBAaHUS Opra-
HUYECKOTO KOMIDIeKca cMecH mumeBor ¢pakmuu THO
u ocaznkoB cTouHbIX Boja (OCB), a Taxke aHanu3 JHTe-
PaTYpHBIX M TATEHTHBIX MAHHBIX CBUICTECILCTBYIOT O
TOM, YTO TIPH CO3TAHWU ONTHMAIBHBIX YCIOBHH IS
pa3BuTHS Me30QMIFHOH U TepMOMUIBHOW MHUKPOHIO-
pbl MOXXHO 00€CHeYHTh BBICOKYIO CKOPOCTh TEUEHUS
sToro mporecca [1-5]. DTo cokpamaer ATUTETHHOCTH
MONMYyYCHHUST KAYeCTBEHHOTO KOMITIOCTA, MOBHIMIACT (-
(EeKTUBHOCTh HCIOJIb30BAHMS TEXHOJIOTMYECKOro 000-
pyZIOBaHUS.

B3aumocBA3b ¢ NPAKTHYECKHMMH 3aJaHUSIMH.
Pabota BEIMOTHEHA B MOMJIEPKKY TOCYIapCTBEHHON
tembl K 3-06-01 «IloBblimienne 3¢GpeKTUBHOCTH CUCTEM
TOPOJCKOTO XO3SHCTBA» M PETHOHAIBHON MPOTpPaMMEI
«OxpaHBl OKpYXKaOMIeH cpeibl U 00eCIeYeHUsT IKOIIO-
rudyeckoit 0e3omacHoctH JloHerkoi obnactu mo 2010
roja.

Henbio mpemioxxkeHHONH pabOTHI SBISIETCS TOMCK
ONTHMAIILHBIX YCJIOBHHA a3pOOHOTO KOMIIOCTUPOBAHHUS.

[TomHOTa WCCNEnOBaHMUSA MOCTUTACTCS PpeIIeHUEM
CIEeNYIONINX 3a/1a4:

1) BelmeneHue (HaKTOPOB, BO3ACHCTBYIOIIMX Ha
Iporiecc KOMITOCTHPOBAHHSA, a TakKXe OIpeJeeHue
mapamMeTpa ONTHMHU3AIUH;

2) IOUCK ONTUMAJBHBIX YCIOBUH Mpoliecca.

H3n0:xxeHne ocHOBHOro martepuaja. CorjacHo
Teopuu uccienoBanuii [6, 7-10], 00BEKT HCCIEI0BAHUS
HAXOJIUTCS TOJ BIUSHHEM pa3iuvHbIX (akrtopoB. Co-
BOKYIIHOCTB 3THX (PaKTOPOB pa3meisieTCs Ha TPYIIIHI B
3aBHCHUMOCTH OT XapaKTepa W CTENeHH y4acTus B Ipo-
ecce.

© B.B. Mapkun

Knaccudunuposats 3tu akropa no OTIHYUTENb-
HOMY MPU3HAKY MOXKHO Ha YEThIpPE OCHOBHBIC TI'PYIIIIBL.
B obmem cirygae 0OBEKT XapaKTepH3YIOT BXOIHEIC U
BEIXOJHBIC MApaMETPhl, a TAK)Ke YIPABIIONINEC U BO3-
MYUIAIOLIKE BO3IEUCTBUS.

K BXOmHBIM (akTOpaM MOXHO OTHECTH ITapameT-
PBL, 3HaYCHHST KOTOPBIX MOTYT OBITH HCCIIEIOBAHBI, HO
BO3MOXKHOCTh OIEPAaTHBHOTO BO3JCHUCTBHS HAa HHUX OT-
cyrctByeT. B naHHOM ciydae 310 — (ppakuMOHHBIH
coctaB UCXOMHOTO CHIPBs (Do 01-005), XUMHUIECKHA CO-
CTaB, MIOTHOCTH (p, Ke/M°), CTpYKTypa OHOLEHO3a U
JpyrHe mapameTpsbl.

Ynpasisromue BO3ACHCTBUS — MapaMeTphl, Ha KO-
TOpBIE MOXXHO OKa3aTh IIeJICHAIPABICHHOE BO3JCH-
crBue. K HHM OTHOCSATCSI KOJHMYECTBO I10/IaBAEMOTO
Boszayxa (Q, M%/cyT), cBOGOIHBINH 06BEM BHYTPH CMECH
(FV, %) orieHuBaeM MO IIOTHOCTH CMECH, BIAXXHOCTH
(W, %, o macce), Bbicota 3arpy3ku (h, M), mponoprms
OCHOBHBIX KOMIIOHEHTOB. YTIPaBJSIIOLIME W BXOJHBIC
rapamMeTpbl He 3aBUCSIT OT Ipoliecca, MPOTEKAIOIIETo B
o0BeKTe.

Bo3mymaromue BO3AEHCTBHS — 3TO MapaMeETPBI,
KOTOpBIE HE IMOJIAI0TCS KOPPEKTUPYIOIIEMY BIHMSHHIO.
K HUM MOXXHO OTHECTH HENpeaCKa3zyeMble COOBITHS,
MIPOUCXOJISIINE B IPOIECCE KOMIIOCTUPOBAHHS — TO-
YeyHble KOHIEHTPAIIMM TOKCHYECKUX BEIECTB, MYTa-
LIMM, METEOPOJIOTHUECKHE BO3/eicTBUS  (0OMIIBHBIE
JOXIH, PE3Kue MoXojonaHus). VIHTEeHCHBHOCTh BO3-
JEUCTBUS 3TUX (PAKTOPOB HOCAT CIIyHalHBIN XapakTep.

BrixoaHble mapameTpsl (OTKIMKH) XapakTepH3yloT
pe3ysbTaT BO3AEHCTBHSI BXOAHBIX (DAKTOPOB, YIPaBIIs-
OIIMX W BO3MYIIAIOMIMUX BO3nenrcTBUil. K HUM MOXHO
otHectH — Temmeparypy cmecu (t, °C), BomopommHbIit
nokazatenb (pH), 3ompHOCTE (Z, %), BIAXXKHOCTH IO
macce (W, %, mo wmacce). IlepedncieHHBIE OTKIHKH
HOCST MH()OPMATHBHBIN XapakTep, U OyAyT HCIIOJIb30-
BaThCsl JUIl BHECEHMsI OIpaHHYEHHH B XOJ€ JKCIEepH-
menta. Tak, Temneparypa cmecu (t, °C) momkna ObITE
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orpaHHYeHa MUHHMAalIbHEIM 3HadeHueM B 55 °C B Tep-
MomIbHOH cTragmn kommoctupoBauus (7). dms ore-
pPaTMBHOTO H3y4YEHUs IIpolecca KOMIIOCTUPOBaHHS
npuMeHseM 0a30BBII TeMII pocTa TeMmmepaTtypbl Tg_;,

KOTOpBIM M SBJSETCS MHapaMeTpoM ONTHUMM3anuu. B
71a00paTOPHBIX HCCIIEJOBAHUAX OBLIO J0Ka3aHO, 4YTO
0a30BBIf TEMIT pOCTa TEMIEPATyphl ONPENENACT Nalb-
Hellree KOMIIOCTHPOBAHNWE M KAadeCTBO MOTYYEHHOTO
KOMIIOCTA.

OnHOBpEMEHHOE M3YyUeHHE HECKOIBKUX (haKTOpOB
C MHHHMAJbHBIM KOJHMYECTBOM IPOBEICHHBIX OIBITOB
BO3MOXKHO TOJIBKO METOJAaMH{ IIIAHUPOBAHHS 3KCIIEPHU-
MeHTa. [ JOCTHKEHUs ITOCTaBICHHOW LIENH WCIIOJNb-
3yeM KOMIIO3HIIMOHHYIO pOTaTabelnbHyl0 MaTPHUILy MOJI-
HOTO (haKTOPHOTO SKCrepumenTa 28,

OKCIIEpPUMEHTHI NPOBOAMWINCH B TEIUIBIM IMEpHoJ
rojga Ha XO35HCTBEHHO-OBITOBBIX KaHAJIM3AIMOHHBIX
OUYHCTHBIX COOpYyXeHHsX T.[oproBku. Onmpasch Ha
ombIT Apyrux aBTopoB [1-5] u ocobenHocTH (usnoso-
I'MA MHKPOOPraHM3MOB, ObLI BBIOpaH MEpHOA Toja C
TeMnepaTypoii Bbiite +8 °C, mpoTsKkeHHOCThI0 182 mus.

OmNBITHO-TIPOMBIIIIEHHAS! YCTAHOBKA HMMEET Mpsi-
MOYTOJIbHYI0 ()OPMY B IIONIEPEYHOM CEYECHHH U B ILIAHE.
Pabouwnii rabapuT (BHyTpeHHHU pa3Mep B IUTaHe) 2X4 M.
CTeHBl BBINOJIHEHB M3 TIMHSAHOTO Kupnuya. K nmHY
YCTAHOBKHM KpemsTcs nephOopUpOBaHHbIE IIACTHKOBBIE
TpyOB! O 50 MM C IIarOBBIM PACCTOSHHEM MEXIY OCSIMHU
400 MM. MaKkcHUMaNbHBIN TTOJIE3HBIA 00BEM yCTAHOBKH
cocrasisier 6 M3,

B ycTaHOBKY 3arpykaercs cMech MUIIEBOH (pak-
uun TBO u 30% ocankoB cTouyHbIX BOoA. Bo3ayx B
YCTaHOBKY IOJaeTcst depe3 neppopupoBaHHBIE TPYOBI
CHHU3Y.

Onupasick Ha HpEABIAYIIHE SKCIEPUMEHTHI HpHU
MIOCTPOEHHUHN IUIAHA TIPHUHSUIM pEIIeHHEe CTaOMIM3HMpPO-
BaTh mapamerpbl (haKTOPOB «pacXoi BO3AyXa, X1» H
«IUIOTHOCTh CMECH, X2» Ha ypOBHE, COOTBETCTBYIOILIEM
HalJJeHHBIM ONTUMYMOB B NPEIBIAYIINX HCCIICAOBAHMU-
ax (1abi. 1). BeicoTy 3arpy3ku yBenn4uBaiy.

B mpouecce npoBeneHus SKCIIEPUMEHTa B MpEenax
IUIaHa OBUIO TPUHSATO pelIeHne HAWTH 00nacTb ONTUMyMa
IyTeM JIBIDKEHHMS 110 rpajuenTy (Tadm. 2). Crabummsnpo-
BaB (aKTOpbI X; , X, HAXOJMM JIBUKEHHEM II0 TPAIUEHTY

MakcuMasbHble 3HaueHus To7 (ombiT Ne 12 OI11).
Tabmma 1. YpoBHM M MHTEpBaJIbl BAPHUPOBAHUS (hPaKTOPOB

IMoaTBepxkneHa cTaTHCTHYECKas 3HAYMMOCTh KO-
3¢ UIIEHTOB PErpeccuy WHTEPHOIAIUOHHON (POopMy-
nbl (Tabm. 2). C y4eToM OTCEMBAaHUsI HE3HAYMMBIX KO-
3G QULIUEHTOB HHTEPIOJIIMOHHAs GopMyna B KOAUPO-
BaHHBIX NIEPEMECHHBIX NMEET BULI!

To7 = 1,724 40,132x3— 0,1x2— 0,094x1+ 0,053x23, (1)

B naHHOM ciydae MakCHMalbHOE 3HA4YEHHE OT-
KJIMKa JOCTUTaeTCs Ha ypoBHsX TwiaHa x1(-1) u xz (+1).
B Oosee 0000mIEHHOM MpeACTaBIEHUN (AKTOPHOTO
npocTpaHcTBa rpaduyecku HaOmogaeTcss HeoOXoau-
MOCTh JAbHEHINETO YBETUUEHNUS 3HAUCHUH (hakTopa x3
(puc. 1). Ha pucynke 1 Takke OTYETIMBO BHIHO, YTO
yBenuueHue aktopa x3 co 3Hadenuit 0,6 1o 1,2 m, npu
MIPOYUX PABHBIX YCIOBHSX, NPUBOJAUT K OOJIBIIOMY
YBEIHUYECHUIO OTKINKA To.7.

Tabmuma 2. MaTpuma IJIAHAPOBAHHUS H PE3yJIbTATHI

DKCIIEpUMEHTA
KonupoBanusie dak- Harypanbnbie Or-
No TOPBI (baxropsl KJIH-
OIIBI = = = -
Ta Xo | M| X2 | X3 | X1 | X2 X2
T
0-7
1 + - - - 1 300 0,6 1,62
2 + + - - 14 | 300 0,6 1,47
3 + - + - 1 360 0,6 1,73
4 + + + - | 14| 360 0,6 1,55
5 + - - + 1 300 1,2 1,76
6 + + - + | 14| 300 1,2 1,65
7 + - + + 1 360 1,2 2,17
8 + + + + | 14| 360 1,2 1,85

OrneHkn k03P PUIIUEHTOB perpeccuu: Bo=1,724,
B1=-0,094; B,=-0,100; B3=0,132; B23=0,053.
OmmOka kodppuumentos perpeccun Ab; = +0,044

(npu t(16,0.05)=1,746); ;)= 0,00063.

Heznaunmsre ko3 durmentsr: B12=0,040; B13=-0,033;
B23=-0,023; B123=0,009.

Pe3ynbTaTsl ONBITOB MPOBEJAEHBI C OJJUHAKOBOW TOYHO-
CTBIO.

JIBr>KeHue 10 rpaiueHTy

Ne KonupoBanubie Harypanbasie dakrto- Otkiu-
OMEITA (akTopsI pHI KH
Yo %% X | X | X, | Xy | t(7)
Pacuernprii mar b x 1 ;
0,02 3 0,04
9 1,0 360 1,00 48,36
10 1,0 360 1,10 51,03
11 1,0 360 1,20 52,49
12 1,0 360 1,30 57,42
13 1,0 360 1,40 56,12

DaxTopbl
poBH Y. pac- ITlmoTHOCTH BricoTa
XOAL BO3- cMmecu 3arpy3Ku
ayxa
Bepxuuit 1,4 360 1,2
Hmxuuit 1,0 300 0,6
OcHOBHOM 1,2 330 0,9
Wurepsan 0,2 30 0,3

Takum 00pa3oM, M3YYHB TOJOXKCHUEC OTKJIMKA B
00JIaCTH IKCIEPUMEHTA, TPUHSIB BO BHUMAHHS IPE/IbI-
OYIIUHA OIBIT, TTPUHUMAEM pEIIeHHE O IBIDKEHUH II0
rpagueHTy. [IBIKeHHUe M0 TPaJNeHTY JaeT MaKCHMallb-
HOE 3HAaucHHE OTKJIMKa B ombiTe Ne 12 (cMm. Tadm. 2).
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[TonydyenHoe codeTraHue 3HaYeHHWH (HAKTOPOB MOXKHO
CUYHUTATh ONITUMAIIEHBIM.

2,20

2,10
2,00
1,90 A
1,80

A ——
s
1,70 A S ———

160 $rorme \

1,50 - el

T(0-7)

1,40

1 1.2 1.4
X1

- - - - - X2=300; X3=0,6 —&— X2=360; X3=0,6
— —A&— — X2=300; X3=1,2 —— X2=360; X3=1,2
Puc. 1 Msmenenue 6a3oBoro temmna pocta To.7
TEMIIEPATYpPEI IIPU Pa3IMYHBIX YPOBHAX IUIaHA

ITo pe3ynbTaTtaM OMBITHO-TPOMBIIIICHHBIX UCCIIE-
JIOBaHUH MOJYYHM YPaBHEHHE MHOXECTBEHHOMN perpec-
CHH B HaTypaJbHBIX MEPEMEHHBIX MeTo10M bpaHmoHa B
BHIE 3aBucuMocTH, I = 0,96:

_ < -0334 0668 0227
tos) =0039- X, - X ™ - X

1 NG
[onyuennsiit komnocT U3 3arpy3ok Ne 7 u 12 co-
OTBETCTBYET YCTAHOBJEHHBIM TPEOOBAaHMSAM IO arpo-
XMMHUYECKMM W CAaHUTapPHO-TMIMEHMYECKUM II0Ka3are-
nsM. Taroke He BBISIBICHO (UTOTOKCHYHOCTH. [TosaTOMy
KOMIIOCT U3 3arpy30K 7 u 12 MOXeT OBITh HCIOJB30BaH
B KauecTBe yNOOpeHMs Ul PEKyJIbTUBALUU KapbepoB,
TEPPUKOHOB, Ta30HOB, IIBETHHKOB. OTpaHUYCHHEM
SIBIISICTCS €T0 MCIIOJH30BAHUE B CEIIBCKOM XO3SIHCTBE.

BriBOJBI:

1) w3ydeHbl 3aKOHOMEPHOCTH W OCOOEHHOCTH
a’pOOHOr0 KOMIIOCTHPOBAHUS IO YHPaBIIsIEMbIM (ak-
TOpaM M OIpPEAEICHbl ONTHMAIIbHBIC MapamMeTphbl Mpo-
ecca: MWIOTHOCTh cMecu p = 360 kr/m°, BeIcOTa 3arpys-
KH h=13wm, yAETbHBIN pacxon BO3JlyXa
q = 1,0 M/(cyTkT);

2) paspaboTaHa MaTeMaTHYecKas MOJIEIb Ha OC-
HOBAaHWHM OIIBITHBIX JAaHHBIX MeToJoM bpanmona, mos-
BOJISIIOIIAsT ONPENIENIUTh KOJINYECTBEHHYIO B3aHMMOCBS3b
Mexay (akTopamMH W IapamerpamMH ONTHMHU3AIUU B
npezenax miaHa 3KCIepUMeHTa.
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SEARCH OPTIMAL CONDITIONS AEROBIC
COMPOSTING OF OF SEWAGE SLUDGE
1. Satin

The optimum terms of the aerobic composting of hard
domestic wastes and precipitations of sewages are found.
Basic factors influencing on the process of punching are
selected. Factor space by the methods of planning of
experiment is studied.

Keywords: municipal waste, sewage sludge, recycling,
composting, design of experiments

MNOIMYK ONTUMAJIBHUX YMOB AEPOBHOTI'O
KOMITIOCTYBAHHS OCAAIB CTIYHUX BOJ,
1. B. Camin

3uaiioeni onmumanvHi yMosu aepodOHO20 KOMNOCIYBAHHS
meepoux nobymogux 8ioxodie i ocadie cmiuHux 600. Buoineni
OCHOBHI (paxmopu, wo 6NIUSAIMb HA NPOYeC KOMNOCHYEAH-
n. Bueueno npocmip paxmopie memooamu nianyeamms
excnepumenmy. Ompumani pesyrbmamu 1a60pamopuux ma
00CIOHO-NPOMUCTOBUX  OOCTIONHCEHb O0380MUNU  PO3POOUMU
MEXHONO02TIO CRITLHO2O 3HEWKOONCEHHS 0Cadie CMIYHUX 800 |
bioposnadanoi gpparyii meepoux noGymosux ioxoois.
Knwuogi cnosa: TIIB, OCB, nepepobxa, komnocmyeans,
NJIAHYBAHHSL eKCNEPUMEHNY .
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