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BBEJAEHUE

ATPOIPOMBIIUICHHBIA KOMIDIEKC - JTHJIEP CPEAU IIPOU3BOICTBEHHBIX OTpacieH 1o
KOIIMYECTBY OOPazyIONUXCS BPeHBIX OTXOJMOB. OTXOJBI, MONIydaeMble IPH BeJCHUH
CEIIbCKOTO XO34MCTBA, HAHOCAT OTPOMHBIA Bpej DKOIOTHUA. be3 OUUCTKH, YTWIN3alluy,
repepaOoTKA OHH OTPABILIIOT TIOUBY, BOIOEMBI, HETAaTHBHO BIMSIOT Ha atMochepy. [Ipu
STOM CEIBCKUH «MyCcOp» IIyTeM IPHUMEHEHHSI COOTBETCTBYIONEH TEXHOIOTHH Tepepa-
OOTKH MOKET IIPeoOPa30BaThC B ChIPhE I Y I00peHUH, KOPMOB KJIM TOIUIMBA. B HacTO-
sIITiee BpeMsl CY MMECTBYOT Pa3IMUHbIE TEXHOIOTHH, TTO3BOIBIIONTUAE OPTaHU30BaTh Majlo-
OTXOJHOE WU OE30TXOMHOE IIPOU3BOICTBO.

PezynbraTaMu IPOU3BO/ICTBA CETBCKOXO3IHUCTBEHHBIX (PePM SIBIBIFOTCS HE TOJIBKO
’KUBOTHOBOJIYECKHAE IIPOAYKTBHL, HO W OPraHUYECKHE OTXOJbI, KaK OecIOICTIIOUHBINA
HaBO3. B HBIHENTHEE BpeMsL, TTOCIEACTBHS OTCY TCTBHS CHCTEM YTHIIM3AITHA HaBO3a HAHO-
CAT KOJIOCCAIIBHBIN SKONOTHIeCKUi Bpel. OTpUIAaTENbHbIE 3HAYCHUS TEMIIEPATYP OKpY-
KAIOIMETO BO3/yXa CIIOCOOCTBYIOT KOHCEPBAIIUH BPEJOHOCHOMH, 3TOKa4eCTBEHHOM MHUK-
POGIOPHL U CEMSH COPHBIX PACTCHUI B coJiep:KaHUU HaBo3a. C MOTEINICHUEM Bes 3Ta
OTpHITATETLHASL COCTABISIEOITAS PACTIPOCTPAHIETCS BMECTE C TalIBIMH BOJAMH, UTO BIIO-
CJIC/ICTBHH IIOTIAJACT BO BCe UCTOUYHUKH BOJLL B pe3ylbrare BOZHHKACT HEKUH MOOOU-
HbIH 2 PeKT BeuHOH Mep3I0ThL, KOTOPBIA HAHOCUT I'YOUTEIILHOE BIMSTHAE OKPY KAaIOITY O
cpeny SxyTHn.

PasBeienne cebCKUX KUBOTHBIX HA YACTHBIX HOABOPBAX, Ha CHIEIIUAIIM3APOBAH-
HBIX IPEANIPUSTUSIX IPUBOJUAT K 0Opaz0BaHUIO OCHOBHOM Macchl OTX0I0B. Ha JTonro Ku-
BOTHOBOJCTBA IPUXOIUATCS O0JIee TIOJOBHHBI OT 00ITEeil Macchl OTX0A0B, 00pa3yeMbIX B
oTpacid. [Ipu sToM nepepaboTKe TOJANE]KAT He Oollee JECSTH MPOIEHTOR BPETHBIX Be-
IIECTB.

(OCHOBHBIE BUJTBI OTXOJIOB JKUBOTHOBO/ICTRA:

I [Ipoay KTHI JKU3HE AEATEILHOCTH 3BEPEN U IITUIL - HABO3 WU 1IOMET.
2, Heouumenunbie ctokn. MsconepepadaThBarOmAe U MOJIOYHBIE [IPOU3BOICTBA CBS-

3dHbI C IIOIIAJaHUCM B KaHAJIM3AITHIO KPOBAHLBIX TCICIT, OCTAaTKOB BHYTPCHHHX TKaHEeH



TYIII, HHBIX TBEPJBIX OTXOA0B. [Ipr OTCYTCTBUM JIOILKHBIX CUCTEM OUUCTKU OHU 3arpsi3-
HSIFOT BOJIOEMBI, TPYHTOBBIE BOJIBL.

3. Bpeanble razel. HeratuBHO BIMsieT Ha OKPYXKAIOIYIO Cpely METaH, oOpasylo-
ITANCS B CKOIUTEHWSIX HABO3a IPH CKIIATHPOBAHUH B SIMBL. JTOT Ta3 - O/HA U3 TJIABHBIX
LIPUYUH 11I00aILHOIO HapHUKOBOTO 3ddeKTa.

C moMOTIEIO TIepepabOTKHA MOKHO CHU3UTh HETATHBHOE BO3JIEUCTBHE OTXO/IOB KH-
BOTHOBOJICTBA Ha »KoNOTHI0. K mpuMepy, TIPU KOHTPOIHPYEMOM TIpoIlecce MMHPOIH3a
pacTUTEIbHBIE OTXO/BL, IIIACTMACCHL, Pe3HHA, OTPadOTAHHbIC Maciia, IepepadaThIBAIOTCS
B aJIbTE€PHATUBHOE TOILTHRO.

Pecrry Oimka Caxa (SkyTrs) XapaKTepu3y ercs 3Ha4YUTeILHLIME OObeMaMHU 3¢MeIb-
HBIX PECYPCOB, IIPHU 3TOM TEPPUTOPHH, TIOJXOSIIHE VISl CEThCKOXO3IMCTREHHBIX pazpa-
OOTOK OCBOCHMS, JOCTATOYHO OIPAHUYCHBbL. YUHUThIBas JAHHbIC CTATUCTUKH Pa3BUTH
pPacTeHUeBOJCTBA W KHBOTHOBOJCTBA B pecIyONHMKe 3a TMOCIEeHHE HECKOILKO IIET,
MOJKHO CJI€]IaTh BBIBOJ O HETATUBHOU AWHAMUKE IOKa3aTelIed pe3ylIbTaToB JeATelIbHO-
CTH arpoIPOMBINIIEHHOTO KOMIIIEKCa. BOINBITHHCTBO CeNTbCKOXO3HCTBEHHBIX TIPE/ITPHU-
ATHI BeeX (hopM XO39HCTBOBAHMS, UCIIONB3YIOT B CBOCH JEATCILHOCTH YCTapEBIIUE TEX-
HOJIOTHH U PYYHOH TPYJI, UTO, B CBOKO OUepe/Ib, SBIBIETCS CEPhE3HBIM IIPEIBITCTBHEM K
TANBHEHIIIEMY Pa3BUTHIO, IIOBBIIICHUIO IIPOWU3BOJCTBEHHOIO IOTEHIMANA U CHIKAET
NDKOHOMMHYECKYIO P dEKTUBHOCTD oTpaciy B neiomM [1, 4,7, 9, 113, 123, 124].

Ha cerousimamii feHb B SIKYTHH KPYITHOPOTATHIM CKOT B OCHOBHOM COJIEpKaT B
IIPUMUTHBHBIX CTPOCHUSX IS CKOTA HAITMOHAIBHOTO THIIA - KXOTOHAX», KOTOPHIE B CHITY
B CBO€H KOHCTPYKITHOHHBIX OCOOEHHOCTEN HE MO3BOIBIIOT YCTAHOBUTEL B HUX TEXHOJIOTH-
geckoe obopyroBanue. [lpu 5ToM, GOIBIMTUHCTBO MIPOIECCOB HA SKYTCKUX (depMax Mpo-
W3BOJISITCS. BPYYHYIO. ABTOMaTH3UPOBAHHBIM CIOCO0aM OCYITIECTRIBIETCS JTUIIH TIPOTIECC
V104 MOJIOKA ¢ IIOMOIIBIO JIOWIBHBIX yeTaHoBOK [/, 14, 70, 118, 119, 134]. B xo3giicTBax
SIkyTuHR U coaepkanus ;KUBOTHRIX (KPC) He IpelycMOTpeHO cIielTHaln3nPOBaHHBIX
IIOJICTWIIOK, a4 OPraHUYECKUE OTXOJbI B BHAJE HABO3a IIEPUOIUYECKH BBIBO3AT Ha IIOJHIX
WIN JAPYTHE OTKPHITHIE YIACTKU MECTHOCTH. Y UHTHIBasL DKCTPEMAIIbHBIE KIIMMATHICCKUE

YCIIOBHA PCTHUOHA HKyTI/II/I, HaBO3, BBIBE3EHHBIN B 3UMHHAN W BECEHHUU IIepuoa HE CTTaHu-
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B4eT BeChMa IIPOI0JDKUTEILHOE BPEMS, B PE3YJILTATE Yero 3aTpy AHAeTCs Hpolece odpa-
OOTKH IOUBHI U IIPETIOCEBHAas MOAroToRKa. Tak kak Peciybanka Caxa (SIxyTHs) pacmo-
JIO’KEHA B palioHE BEUHOM MEP3IIOTHL, COACPIKAIMICH B OPTaHUIECKUX OTXOaX KUBOT-
HBIX ITaTOTEHHBbIE MHKPOOPTaHU3MBI Ha TIPOTSKEHUH JIONTHUX JIET CIIOCOOHBI COXPAHSATH
CBOIO JKU3HECIIOCOOHOCTD B IATOTEHHOCTD, YCTOMYHUBEL K BO3ACHCTBHIO BHEIITHUX (PaKTO-
POB. B COOTBETCTBUM ¢ JaHHBIMHU SIKYTCKOTO HayYHO-HCCIEI0BATENhCKOTO UHCTHTYTA
CEITbCKOTO XO3SIUCTBA, CPOKU BBIXWBAaHUS MMATOTE€HHOCTH MHUKPOOPTaHU3MOB B HABO3E
CIICIYIONIME: KUINeYHAas anoyka - 10 1,5 jeT; 30J0TUCTBIA cTahUIOKOKK - JIO 2 JIeT, MU-
KoOakTepuH Ty OepKyIé3a — 10 4 JeT; MBITHBII CTPENTOKOKK - 0 1 roja [63].

Ha xonen 2020 roja KOJIUYECTBO KPYIIHO - POraToro CKOTa, JIOAACH, CBUHEH,
oneHed no PecniyOnmke Caxa (SIxytns) coctaBisieT 540 Thic. ronoB. EikerogHo oHHM
1npou3BoAAT A0 2 729 170 T HaBo3a. B HacTrodInee BpeMs OTCYTCTBYIOT TEXHOJIOTUH 110
repepadoTke U 00e3BPEeKUBAHHID MPOU3BOUMOTO HABO3a, HAHOCHTCS OTPOMHBIN BpeJ
xpyuko# skonorun Kpatinero Cesepa. M3BecTHO, UTO 1 T CBEXEIro HABO3a LOTIIONIAET 34
CYTKH JI0 5 T KUCIOPOJa, IIPU UCIOIB30BAaHAH B BHJIE VIOOPEHUSI B TIOUBY BHOCHTCSI JIO
14 MUIH ceMsH COPHBIX PACTCHUH U BEIOpAChIBASTCS OLY TUMbIN 00BEM YIIICKHUCIOrO rasa
1 MeTaHa B atMocdepy. EcTecTReHHOE TIepelpeBaHie HaR03a B YCIOBHAX SIKyTHH, TIPO-
HCXOJUT B TeueHUH 36 - 48 MecaleB.

O0pa3zyemblii opraHmYecKUX OTXO/I JKUBOTHBIX HE IiepepadaThBacTcs U HE 00e33a-
pa’kMBaeTcs U - OTCYTCTBYIOT YTHIIM3AIAH €T0 CHCTeMBL. HeOnaronpusiTHO HU3KUE TEM-
[IEPaTyPhI HOJCPKUBAIOT COXPAHCHUIO MATOIC¢HHON, OOJIE3HETBOPHOM, MUKPO(IIOPHI H
CEMSTH COPHBIX pacTeHHH B KydaxX HaBO3a, a M0 BECHE ¢ TaIbIMH BOAMHU TONAJal0T OHH
B BOJIOEMBI U 03¢pa. BBUly TOTO, 4TO YacTHbIE (hepMBbI JOKAIU30BAaHbI B MECTaX IOCEIe-
HUS, TO B JJAHHOE BpeMsl cella OTOSICAHbl XaOTHIHO CTACKUBAEMBIMH KYyHUaMH TBEPJOTO
HaBO3d. T'eM caMbIM HAHOCUTCS OIPOMHBIN BpeJl OKPYKaIOIEeH cpejie, co3jiaroTes Oliaro-
IIPHSITHBIE YCIIOBHUSA ISl COXPAaHEHWS CeMSIH COPHBIX pacTeHHuH, Bo30yuTelel pa3iid-
HbIX OOJIe3HEH U pasMHOKEHUS MEIIKUX IPbI3YHOB. M3 roja B roji arpeccUBHbLIC KYUH
3aCOXIIETo TBEPAOro Heode33apaKeHHOIO HaBO3a Bo3pacTaroT. 1 [poucxoaut paspymaro-

mee BozjeiicTBue HeoOpaboTaHHOTO OeCIOICTUIONHOTO HABO3a Ha XPYNKYIO TPHPOTY
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SAxyTun, odoctpsaemMoe oOpaTHON peakyeil BeUHOU MepaiioThl [69, 122, 128]. IlpoBeén-
HbBIE TeOpeTHUYeCKHe WCCIETOBAHMS TIO3BOIIIM HAMETHTh IIYTH PEICHUsT W30 KEHHOH
OTPACJIEBOH 3a1a4H IIyTE€M BHEIPEHUSI HOBBIX TEXHOJIOTHYCCKUX PEIICHUMN, TAK KaK HC-
KIIFOYaeTCs BO3MOKHOCTD IIPUMEHEHUS CYITIECTBYIONMX TEXHOJIOTHH B IPHPOTHO-KITH-
MATHIECKUX U CIOKUBIIHXCH YCIOBHHX BEJCHHA IPOH3BOJCTBA B arpapHOM CEKTOPE
Sy THUn.

AKTYaJIbHOCTh paGoThl 3aKIFOYAETCS, B CIEYIOIEM:

1. KommuecTBO KpyIHOPOIaroro CKoTa, JIOIAJen, CBUHEH, oJleHed Ha koHer| 2020
rojia o PecnyOnuke Caxa (SIxkyTmst) coctapmsieT 540 Thic. ToIoB. OHH €KeCYyTOUHO 00-
Pa3yIOT OpraHu4eCcKre OTXO/IbI B BUIE HABO3a. [ [pr 5TOM B HacTosdIIIee BpeMs B arpapHOM
cekTope SIKyTHH OTCYTCTBYIOT TEXHOJIOTHH MO MepepalboTke U 00e3BPeKUBAHUIO TIPOH3-
BO/IMMOT'O HAaBO3a )KUBOTHBIMU.

2. H3BecTHO, 9TO 1 TOHHA CBEKETO HaBO3a MOTIOIIAET B CYTKH JI0 5 TOHH KHCIIOPO/Ia,
a [PU UCIIOJIB30BAaHUN He00Ee33apaKeHHOIO HABO3a B BUJIE YV I0OPEHHA B 1IOUBY BHOCHTCS
70 14 MITH. ceMsTH COPHBIX PacTEHHH W BBIOpachIBA€TCs Oy TAMBIN OOBEM YTIEKHCIIOTO
raza u Merana B atMocdepy. EcrecTBeHHOE IIepellpeBaHie HABO3d B YCIIOBHSX SIKyTHH
TIPOUCXOJUT B TeueHHe 36 - 48 MecAIIeR.

3. YT0ObI cTaOMIH3HPOBATh, U B IIEPCICKTHUBE YIIy YIIHTH SKOJIOTHUCCKYIO CUTYaIHIO
B PeciryOimke Caxa (SxyTust), npeiiaracrcss BHSIPUTD TUPOIM3HYIO TEXHOIOTHIO YTH-
TTU3aITAU TBEPJIOTO OeCTIONCTHIOUHOTO HaB03a KPYITHOPOTAaTOro CKOTA.

Hayunast runoresa. BHepeHUE NUPOIU3HON TEXHOIOIWH IIO3BOJIAT CBOEBpE-
MEHHO YTHIW3UPOBATh MPOW3BOAMBIA TBEP/IbIH OeCO[CTHIOTHBIN HABO3 U IOy IUTH
JOIOTHUTEIIBHOES TOIUIMBO B BUJIE IIAPOTa3a U JOCTYIHOE 30ILHOE VI00OpEHHE.

Leas nccaeaoBanus - 0OOCHOBaHNE W BHEJIPEHHE ITUPOIN3HON TEXHOIOTHH Y TH-
JIU3AIHHA TBEPIOTO OSCIIOICTIIIONHOIO HaBO3a KPYITHOPOTaTOro CKOTa I PepMEpPCKIX
XO3IUCTB SIKYyTHH.

3ajauu HccJieIOBAHMSL

1) JlaTh aHamm3 TPaJAUIMOHHBIX CIIOCOOOB H YCTPOHCTB O TIOIYUSHHIO DHEPIOHO-
CUTEIIEH U3 OPraHUYeCKOU Macchl H 0OOCHOBATH BUJI YCTAHOBKHU TTAPOIIM3a JsI YTHIIH3Aa-

LUK TBepIoro decroacTuiiounoro nasosa KPC.
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2) lIpoBecty anainys MaTeMaTUIECKUX MOJCIICH IIUPOIU3HONA TEXHOIOIUU U pas-
padoTaTh MOJIeNh, OTPAKAIONIY IO OCHOBHBIE TapaMeTphl 3(pPeKTUBHOU padoOTHI, Ipe/IIia-
raeMOU MMUPOITA3ZHON Y CTAHOBKH.

3) O00CHOBAThH CXEMBI M 3IIEMEHTHI KOHCTPYKITMHA YCTAHOBKH TSI TUPOIIN3a Opra-
HUYECKOTO ChIPhS, OOCCICYMBAIOIIMUX IIOBBLINICHHE HUX 3()PEKTHBHOCTH WU CHUKCHUE
yJIeIbHBIX 3aTpaT Ha BEIPaOOTKY e MHUITBI 00beMa TOINTUBHOTO Tasa.

4) TlpoBecTH SKCIIEpUMEHTAIIBHBIE HMCCIEAOBAHUA U JaTh 3KOIIOT0-3KOHOMAYE-
CKYIO 3(PEKTUBHOCTD MpeilaracMoi TUPOIU3HON TEXHOIOTHH.

O0berT HceaeaoBanns. [TupommsHas yeranorka [ BA-1 B TexXHOIOrHIO Yy THIN3a-
ITAU TBEPAOTo OeCHOJACTUIIOUHOTO HABO3A.

IIpeamver uccaegoBanns. TexXHOTOTHUECKHUH IIPOIECC TIMPOIUTHUECKON Y THIIN3a-
IIAW TBEPAOro OECHOJACTUIIOUHOIO HABO3a B TOINIMBHBIA a3 U 3011V,

Hayunast HoBu3Ha paboThl [IpennoxeH HauOollee MOMXOISIITHN ST Y THIIN3a-
U TBepjoro Oecrojgctuiiounoro Hapoza KPC mmpormmssbii criocod, npousBejeHa
OTIeHKa 00pa3yeMoTro aIbTEPHATHBHOTO KOJIMYECTBA TOILTHBHOTO Ta3a U CcToco00B MTOBHI-
menus 3G HeKTUBHOCTH Ipolecca.

Teoperndeckn 0OOCHOBaHa CTPYKTYpa IpejiaraeMoil MaTeMaTHIecKOU MOJIENH,
OTpaXaroNieid OCHOBHEIE IapaMeTpbl 3@ deKTHBHONU paboThl YCTAHOBKH IMPOIM3a IPH
VTHIU3AIANA TBEPAOTo OeCIoACTIIOUHOIO HAaBO3A.

TeopeTnveckasi U MPaKTHYECKas 3HAYNMOCTL paboThl. O0ocHOBaHa > dek-
THBHOCTH HCIIOJIB30BAHUS ITUPOIM3HONR TEXHOJIOTHU U VTWIM3AMHA TBepaoro Oec-
TIOICTHIIOUHOTO HABO3a KUBOTHBIX, ¢ MOy YEHUEM COITY TCTBYIOITIETO IIPOIYKTa — ITUPO-
JIM3HOTIO I'a3a - AJIbTePHATUBHOIO UCTOYHUKA DHEpIruu. 11upoim3nas TeXHOIOUs II03BO-
JSIeT HAMETUTH IIyTH BBIXOJA U3 3HEPreTHUECKOTO KpH3Uca U YIIYUIIUTE SKOIIOTHIO, 34
cueT BO3MOKHOCTH IipeoOpa3oBaHus TBEpAOTo OecroAcTHIOUHOro HaBo3a KPC B 301b-
HOe yaoOpeHHe, coJiepalero JOCTYIHBIA U JIeTKOPAaCTBOPUMBIN pacTeHHUSM KalluH,
Kalbuid, pocdop, cepa, MarHuii, Mapragell, 0op, U JApyrue MUKPO- U MAKPOIIEMEHTHIL.

CdopMy IMpOBaHHBIC KOHCTPYKTOPCKHE PEIICHUS IO3BOJAT MPEIIPUITHIM Ma-
MMIAHOCTPOEHUS CO3/1aBaTh U IIPOEKTHUPOBATh HEJOPOTHE U MPOCTHIE YCTAHOBKH, ITO3BO-

JAIONIHUC YTHIIM3HUPOBATL TBGpI[beI 6GCHOI[CTI/IHOLIHBII7I Hapo3 B 30JIbHOC y,[[06p€HI/I€ il
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AJIbTepHATUBHLIA SHEPrOHOCUTEIL U IIOHIKEHHOM KOIUYECTBE OCTATOUHBIX IIPOLY KTOB
¥ IIPH MUHUAMAIIBHBIX 3aTpaTtax »Heprud. PazpaboTaHHas MaTeMaTHUecKash MOJIENb, OT-
paxaromas OCHOBHBIC HapaMeTphl I 3PdeKTUBHON paboThl yCTaHOBKY IIUPOIN3a, MO-
KT UCIIONIB30BATHCA IIPU IIPOEKTUPOBAHUM YCTAHOBOK IHPOIIHA3a PA3THYHONU MOTITHOCTH.

BHejpenue yCTaHOBOK IMPOIM3a ¢ HOBBINCHHOH »()(PEKTUBHOCTBIO IIO3BOIUT
YIYUIIIATH 3KOIOTHUECKYIO OOCTAHOBKY U IPEIIOKUATH PEITICHUE TOTUIMBHO - 3HEpTeTHHIe-
CKOM IIpo0GIIeMBI Iy TEM IPOU3BO;ICTBA aThTEPHATUBHOTO TOIUIMBA B BHJIE IUpora3a U IIpo-
W3BOJICTBA Y IOOPEHMIA B BUJIE 30J1bL, COJCPKAIICTO JIETKOPACTBOPHUMBIA U JIOCTY IIHBIHA pac-
TEHUAM KaJIHH.

Mertog0/10rus1 1 METOABI MCCIeA0BaHU. M cIob30Balbl YMIMPUYIECKUE U TEO-
peTHUYeCcKHe METO/IbI UCCIIEIOBAHMSL, KOTOPBIE 0a3UPYIOTCS HA HKCIIEPUMEHTATLHBIX JTaH-
HBIX W U3BECTHBIX TEOPETUYECKUX HOJIOMKEHUAX CUCTEMHOIO aHaInu3a, MaTeMaTHYeCKOIo
MOJIETUpOBaHus. B HccraeoBaTenbCcKoN IeITETFHOCTH UCIIONB30BaH MaTeMaTHUIeCKU
arapar JIMHEHHOIO IporpaMMUpPOBaHU, JU(PepeHIIMaIbLHOIO U UHTETPAIBHOIO HC-
urcneHud. [lonydeHHble B X0/ie IPOBEIEHUS SKCIIEPUMEHTOB Pe3y ILTATHI IO/ IBEPTHY ThI
00paboTKe B COOTBETCTBHH C COBPEMEHHBIMH METOAMHU TCOPHUHU BEPOSTHOCTEH, MaTeMa-
TUYECKOHU CTATHCTUKH U NIEPCTIEKTUBHOTO INIAHUPOBAHUS SKCIIEPUMEHTAIBHBIX HCCIIEO-
BaHUHA ¢ IIPUMEHEHUEM CIIEITUAIU3UPOBAHHBIX IIPOIPAMM.

ITonoxkenust, BBIHOCHMBIE HA 3ALIUTY:

- TEXHUYECKHE PeIeHrs Ha MO/IEpHUA3ZAITHIO IIMPOIU3HON yeTaHOBKH [ BA - 1;

- MaremMaThudeckas MoOellb IMUPOIU3HONR TEXHOJIOIHH YTWIH3AIUU TBEpAoro oOec-
MIO/ICTHIIOUHOTO HABO34,

- TEXHOJIOTUS Y THIU3AITHH TBEPAOTo OeCIOACTIIIONHOIO HABO3A C IOy YCHHUEM allb-
TEPHATUBHOTO TOILIHBA B BHJIE IAPOTa3a U JOCTYITHOTO Y I00PEeHUS B BUJIE 30IbL

CreneHb JI0CTOBEPHOCTH H anipobanus pe3y/ibTaToB. J[0CTOBEpHOCTD 10Ty UeH-
HBIX JAHHBIX IOJTBEPKIAETCS CXOJUMOCTBIO TEOpeTHUECKUX OOOCHOBAaHHUM W DKCIEPH-

MCHTAJILHBIX HOKaSaTeJIefl, HaxXoAMMUXCA B paMKaX JOBCPHTCIILHBIX HHTCPBAIOB.
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Mamepuansi OuccepmayUOHHO20 UCCAEO08AHNUL OOKIAOBIBATUCH HA!
- XI MexmyHapoHOH HaydIHO-TexHHIecKoH koHdpepenimu: [IpubopocTpoeHue B
XXI Beke - 2015, Murerpanust Hayku, oOpasoBaHus U IipousBoacTBa, r. Mxesck, 2015
T
- XVI BeepocCHHCKOM HayYHO-IPAKTHYSCCKOM KOH(MEPSHIIME MOJIOABIX YUCHLIX,
acIMpaHTOB M CTYJIeHTOR, T. Heprourpn, 2016 1.,
- 106-1t MexxayHapoJHOM HayYHO-TEXHUUECKOH KoH(pepeHINH: be3onmacHOCTh Ko-
JECHBIX TPAHCIIOPTHBIX CPEJACTB B YCIOBUAX dKCIUTyaranuu, . Mpkyrek, 2019 r.;
- VIII HaruonanpHON HayIHO-TIpaKTHUECKOH KOH(EPEeHITMH ¢ MEXKyHapO HBIM
yaactueM «HUrenus K. 1. Tepckux», nocpsiennon 85-yetuto Upkyrckoro 'AY: Akry-
aTbHBIE BOIPOCH HHKEHEPHO-TEXHUUECKOTO W TeXHoIorudeckoro odecrieueHust AlTK,
r. Upxyrek, 2019 r.;
- XIV International Scientific and Practical Conference “State and Prospects for the
Development of Agribusiness - INTERAGROMASH 20217, E3S Web of Conferences,
Rostov-on-Don, 2021;
- International Science and Technology Conference "Earth Science". IOP Confer-
ence Series: Earth and Environmental Science, Vladivostok, 2021;
- Beepoccutickolt Hay4HO-IPAKTUICCKOM KOHGMEPEHIIMH  « ATPOIPOMBIILISHHLIN
KOMILICKC: 1Ipo0JIeMbl M IICPCICKTUBLI pa3sBUTHA», 2021 1., I. BilaroBemeHck.

IMy6mkamun. OCHOBHBIE TIONOKEHUS TACCEPTAITN Oy OTMKOBAHHBI 12 HayTIHBIX
padorax, B TOM 4Hcle: 3 CTaThd B W3JAHUSX, HHICKCHPYEMOM B MEXKIYHAPOIHON 1TH-
TaTHO-aHAIIUTUIECKOH Oaze JaHHBIX Scopus, 5 cTaTell B M3JaHUIX, PEKOMEHIOBAaHHBIX
BAK Munucrepersa oOpaszoBanus 1 Hayku Poccutickoit @epepanyuy, 1 naTeHnT Ha u3o0-
peTeHue.

Crpyrrypa u o0beM Jauccepranum. JuccepTanusl cOCTOUT W3 BBEJCHUS, ILITH
IJIaB, BBIBOJIOB H CIIHCKA JTUTepaTyphL. O0muii o0reM paboTsl 127 cTpaHHIT, B TOM THCIE

36 pucyHkoB, 19 TaGJuI ¥ CIIMCOK JuTepaTypbl U3 146 HauMeHOBAHMIA.
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I'JIABA 1 BECIOJCTUJIOYHDbII HABO3 - ATPECCHBHbBII
3ATPA3ZHUTEJb OKPYXAIOIIEN CPEABI

1.1 XapakTepncTHKH BHJI0B HAB03a

Hagoz — sBisieTcsl OpraHUIecKUM OTXO/IOM KH3HE/EATeIFHOCTH Pa3HBIX BHJIOB
’KABOTHBIX, COCTOSIIMANA W3 CMECH TaK W TBEPJBIX, TaK W KUJIKWX BbljeaeHnd. Cylre-
CTBYET HECKOJIBKO PA3HOBUJHOCTEH HABO3a, KOTOPBIC 3aBUCAT OT CIIOCO0a U YCIIOBHIMA CO-
nepxaamst KPC [1, 36]: moAcTUIOUHBI HaBo3, OECIIONCTHIIOUHBIM HABO3, HaBOZHYIO
HKIKY.

[ToicTHIIOUHBII HABO3 - COCTOHUT U3 TBEP/BIX H KUJKUX BHJICICHWIN pa3THIHbIX
JOMAIITHUX KUBOTHBIX W MOJACTWIKH. |[eHHOCTL HaBo3a B KayecTBe YIOOpECHMS, €ro
CTPYKTYPHBIM cOCTaB HAXO/SITCS B IPSIMOU 3aBUCUMOCTH OT BHJ[A KUBOTHOTO W MaTepH-
aJia UCIIOJIB3YEMOTO B KQUECTBE HOCTHIKH, TaKKe UMEeT 3HAUCHHUS TaKue (PaKTophl, KaK

COCTaB KopMa M YCIOBHS XpaHeHus yaoOperwu [1, 7, 46].

Tabmura 1.1 - CocTaB cBekero MoACTHIOUNHOTO HaBo3a (%) B 3aBUCHMOCTH OT BH/Ia

KUBOTHOT'O U IIOJCTWIKH, coriacHo |1, 7]:

CoctaB Ha conmomenHoi noacTuike Ha topde
cevermannnsii | KPC | Jlomazgeii | oserr | ceuneii | KPC | Jlomanu
Boaa 75.0 77.3 71.3 64.6 72.4 77.5 67.0
Opraniiecios 21,0 20,3 254 31,8 25,0 - -
BELIECTBO
A3zor:
oOnruii 0,5 0,45 0,58 0,83 0.45 0,60 0,80
aMMOHUHHBIH 0,15 0,14 0,19 - 0,20 0,18 0,28
@®ocdop 0,25 0,23 0,28 0,23 0,19 0,22 0,25
Kanuii 0,60 0,50 0,63 0,67 0,60 0.48 0,53
Kanbuuii 0,35 0,40 0,21 0,33 0,18 0,45 0.44
Maruui 0,15 0,11 0,14 0,18 0,09 - -
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OBeunii 1 KOHCKHH OPraHUYIeCKU OTXO/I 110 COJAEP/KaHUIO IINTATEILHBIX DIIEMEH-
TOB TPEBOCXO/IUT HaBRO3 CBUHENH U KpymHOporaTtoro ckora (KPC). Ilpu ckapMinBaHuA
KOHIICHTPUPOBAHHBIX KOMOHMKOPMOB B HABO3 IIOCTYIIAET OOJIBINIE HUTATEILHBIX 3JICMCH-
TOR, UeM TIPHU KOPMJIIEHHH cyXuM KopMmamu [1, 103, 104].

HagBo3 Ha TopdhsiHOH 1ocTiiike dorade a3oToM, YeM HaBo3 Ha cosoMe. OTKIIOHe-
HHS 110 XUMHYECKOMY COCTaBY HaBO3a JOBOILHO 3HAUWUTEILHBL, IOSTOMY TSI IPABUIIb-
HOTO OTIpeJIeNIeHHs JI03bl BHECEHUS HYKHO OIPEJIeNINTh ero XUMHUUYECKHI cocTaB. Ecn
TaKOW BO3MOMKHOCTH HET, MOKHO BOCIIOJIB30BATLCS JAHHBIMH IIPEJICTABICHHBIX HIDKE

Tabmmtel [2, 105, 146].

Tabmia 1.2 - XuMudeckuii cocTaB MOy TIEPEPERIIETO MO ICTHIOTHOTO HARO3A,

corilacHo |2, 146]:

Co;[epH{aHHe 1IpHA €CTECTBCHHOM BJIAXKHOCTH

A30T

O
=
Bup xp- = . = é % B g
BOTHBIX é = | B 3 & g E Z 5
I ]
OO 3 @ S E S = S
=y
O
KPC 0.54 0,07 0,28 |0.60 21 14 65.0 81119
CBunoii | 0,84 0,15 0,58 0,62 21 17.4 60,7 79113

Konexuii | 0,50 0,09 0,26 0,59 226 8.4 69.0 7,91 21

Opeunit | 0,86 0,14 0,47 0,88 28,0 2301 490 79117

[TogcTrnounblii HaBo3 OoraT MHUKPOIIEMEHTAMH, KOJIHYECTBO KOTOPBIX B €TI0
CTPYKTYpe BechMa pazHooOpazHa.

Ocoboe 3HaueHre B 00beME MOJIYYACMOIO HABO3a MMECT IOJCTHIOYHBLIA MaTe-
puan. IlojgcTika HajuIeKalero Kauecrsa criocoOHa 3HAYUTEBLHO YBEIMIUTh U YIIy U-
MIIUTH MUKPOOUOTOTHIECKHE XapaKTepUCTUKHN HaBo3a. CROMCTBO HaBO3a 3a cUeT MOTIIO-

MeHrA aMMHAaKd M3 OpPraHMYCcCKHX OTXOIO0B, 4, CICHOBATCIIBHO, C COKpalldacT IIOTCPH

azora [7, 146].
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ITo cTenenu pasnoskeHud pasnuyaoT (pucyHok 1.1) [146]:

Cgeancitl HaBo3

* ¢1a00pa3IOKUBINALCT MACCA, COJIOMA B KOTOPOI COXpaHIeT
[IEPBOHAYAJIBLHBIN I[BET U IIPOYHOCTE [50].
[ommepenpesi )3
* Macca, rotepgnimag 10 - 30 % mepBoHavaLHOH Macchl U
OpPTaHUYECKOTO BelecTBa. ColoMa B IIEPENTPEBIIEM HABO3E
IpHOOpeTaeT TeMHO-KOPHIHERBIH I[BET, TepAST IPOUHOCTD U JISTKD

pa3pBIBAETCS.

lepenpesutuit Hasos
* OJTHOPOJIHAS Macca, COTepKUT 50 % OT HCXOIHOH MacChl K
OPraHUYEecKOro BelmecTBa. B Heill HeBO3MOXHO ONpeelTuTh JakKe

OTACJIEHEIC SJICMCHTEI IICACTHJIOYHBEIX MATCPHAJIOB.

* PEIXJIAA 3CMIIHCTAM TCMHAaA OQHOPOAHAA Macca, COACPKHUT HE Oonee 25
% Maccrl 1 OPIraHHHYCCKOI'D BCIICCTBA OT HCXOJHOU BEJIMUHHEI CBEKEI0

HaBo3a [4]

* MTOJIMUCTIEPCHAS CYCIIEH3US 13 TBEPABIX U X UK X BBIISIIEHUI
KUBOTHBIX, YACTO ¢ IPUMECEIO BOJIEL, 00Ta1aeT TeKYYECTRIO.
TekydecTh OeCTIOACTIWIOUHOTO HaBO3a YIIpoIiaeT yOopKy
KUBOTHOBOIIESCKUX MTOMEIT eHUH

Pucynoxk 1.1 — Bujbsl HaBo3a 1o CTENSHH Pa3IoKSHUS

ECGHOZ[OTHJ'IO‘IHI)Iﬁ HaB0O3, TAKIKC Pa3yIMvarOT IO CTCIICHH COACPKAHHA BOABI (Ta6-

muia 1.3):

TaGmuma 1.3 — Bugsr 6ecioICTHIIOYHOTO HABO3a TI0 CTENIEHU COJEPYKAHUS BOIBI

No HaumeHoBanue IIpoueHT coaep:kaHus BOIbI
1 | Houykuakui <90 % BoJIbI

2 | Kunxui 90 - 93 % BOJHI

3 | HaBosubic cToKH > 93 % BOABI

Becnoc THIOUHBIH HaBO3 COACPKUT BCE HEOOXOUMBIE PACTCHUSIM TTHTATETbHBIC
snemeHTHL. CojcpKaHHE aMMHayHOTO asoTa coctapimgeT 50 - 70 % obOmiero azoTa, U

IICPBYIO YAOOPSIEMYIO KYIbTYPY 3TO YIOOPEHHE MOXKET 0OCCTICHHTh a30TOM B 2 - 3 paza
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JIy4Ile, 4eM SKBUBAJICHTHAS J03a 110 00IIeMY a30Ty HOJACTUIOUHOro HaBosa [4, 15, 102,
103, 146].

[1pu yermoBur BHECCHUS B KadecTBe Y 100peHus gocdopa 1 Kaiaus B paBHbBIX 034X,
WX JIeiCTBUE Ha pacTeHUs MOJCTHIOUYHOTO HaRo3a Oy/eT SKBHBAIIEHTHO.

Bwmecte ¢ o1iM B poliecee pazdaBiieHus OecIoICTHIIOUHOTO HABO3a BOIOH cojep-
’KaHWe B HEM IHUTATEIIbHBIX BIIEMEHTOB COKpAIaeTcs MPSIMO IPOTOPITHOHAIBHO. [Ipu
TONTOCPOTHOM XPaHEHWH HaBO3a CYIIIECTBEHHO COKPAIAETCs CoJlepkaHre B HEM a30Ta:
HallpAMeEp, IIPU XpPaHCHUHU B TEUCHHUU 3 — 4 MecdlleB 1oTeps azoTa cocraBsieT or 10 1o
12 %.

Opranunueckoe BemecTBo cocrapiraer 70 - 80 % cyxoi Maccerl, a cooTHomeHue C:N
3HAYUTEILHO XYIKe, UeM Y TIOJCTHIIOUHOTO HABO3Aa.

CocTraB CBEKEro IOy KUAKOTO OecHOJCTHIONHOIO HABO3a IIPEeACTaBiIeH B Tad-

e 1.4 [4, 106].

Tabnuma 1.4 - XuMudeckHit cocTaB OecTIoICTHIIOUHOTO HaBo3a M IOMETA:

Hapo3 kpyusoporaroro Hapo3s
Kypunblii mnoMeér
L CKOTa CBHHEH,
) =
= KOM- 2
o
= KomMmiutexe -
2 KoMimeke | mmexc ) Tepmuuecku
= 10 000 = Cripoi
Q 2000 xopos | 108 000 | T BBHICY ITIEHHBIHM
OBIUKOB
TOIIOB
Cyxoe Be-
14,5 10,0 9.8 283 36,0 83
MECTRO
A30T 00-
5 0,77 0,43 0,72 0,95 2,10 4,54
10805051
Docdop
0,44 0,28 0,47 0,22 1.44 3.65
(P20s)
Kaimit
0,76 0,50 0,21 0,75 0,64 1,74
(K20)
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Uto KacaeTcs HABO3a, IIPOU3BOJAUMOIC B XO34UCcTBaX SKYTHH, TO 11O BAJY OH OT-
HOCHTCS K HABO3HOI Kike [139].

HaBo3Has xuxka - IIEHHOE a30THO - KaluiiHoe yjoOpenue, no >ddeKTUBHOCTH
IIPUMEHEHHWS He YCTyIaeT MUHEpaIbHbIM yo0peHusM. [IpecraBmsier coboit mepeSpo-
JUBIITY IO MOTY KUBOTHBIX, CTEKAIOIIY IO B JKIKECOOPHHUKH JKHUBOTHOBOIUECKUX IIOMEIIIe-
HUH 1 Hapo3oxpaHumuil [1, 19].

B copep:kaHUM HABO3HOH KKK UMEIOTCS CIIeTyFOIHE KOMIIOHEHTHI: a30T, OKCH/JT

kanud, okcu gocdopa (pucynox 1.2)

H A3zot (N)
™ Kamuii (K20)
® @ocdop (P205)

0,45%; “ IIpouee
30%

Pucynok 1.2 — Cojep:xanne HABO3HOHU KIKHA
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CTpYKTYPHBIH COCTAB MUKPORIEMEHTOB B OPIraHUYECKUE OTXO/IbI HAIIPIMY IO 3aBU-
CHUT OT BH/JIa KUBOTHOTO, OT KauecTBa KOPMa, a TaKKe B TEXHOJIOTUH HAKOIUIEHUS U CIIO-
coboB xpanenus. CojepiKanye azora Ipy ToM Kojediered B upeenax 0.1 - 1 %, couep-
anue xamms - 0,2 - 1,2 %. [4, 146].

BrIxo JKHIKOTO HABO3a OT OJHOH I'OJIOBEL KPYITHOPOTATOrO CKOTAa COCTaBILIET 55
KT B CYTKH, CBUHBH - 50 KT. [10 cojlep:kaHUIO MUTATETLHBIX BEIeCTB, CBHHOW HaBO3 HE
MEHee IIeHeH, YeM HaBO3 KPYITHOPOraToro ckorta. B kuakoM Haroze 50 - 70% azoTa Haxo-
JAUTCH B PACTBOPUMOH (hopMe, KOTOpasi XOPOIIO YCBaUBaeTCs PACTCHUSIMH B IIEPBBIN FOJ.
OcTallbHYKO HYacTh COCTABISIET OPTAaHUYECKH CBS3aHHBIM (OETKOBBIM) a30T, KOTOPHIH
IIO3/[HEE TAKKe [PEeBpaIaeTes B JOCTYIIHYIO U1 pacTeHU opMy 110 Mepe MUHEPAJIU-
3allMHA OpTraHrdIecKoro BermecTra. Coepkauiics B )KHJIKOM HaBO3€ TTIAaBHBIM 00pa3oM
OpraHUvecKd CBA3aHHbINA (hochop UCIIONBb3YeTCH PACTCHUSIMH JIyUIe, yeM Qocdop Mu-
HepaJIbHBIX yA00peHnid. Kanmii B *KUKOM HaBO3€ MpeICTaBIeH UCKITIOUUTEIIHFHO PacTBO-
PUMOH GOPMOH M JICTKO YeBauBaeTcs pacTeHUIMM | 16].

[Tpy mpuMEeHeHUH OPTAaHUYECKOTO OTXO0/a HeoOXOMUMO cOOI0IaTh CIeAYIOIHE
PEKOMEHJAIIAH:
- HE PEeKOMEH/JIy ETCS JIOIITO XPaHUTh, HeOOXOIMMO UCIIONF30BATh HAKOTUIEHHBIH JIIS
yI00peHusl HABO3 B Kpardadllie CPOKW MHAYE BTO [PO3UT MACCOBOMY HAKOIUICHHIO B
MecTax XpaHCHUs, 4, CJIeI0BaTelIbHO, O paclpocTpaHeHUH OOJIC3HETBOPHBIX MUKPOOpra-
HA3MOB M 3arpsS3HEHHIO OKPYKaIOMEH cpejbl B IeloM; IelecooOpa3HO He3aMe/[JIh-
TEIbHO MCIIOIL30BaTh HABO3 B KAYECTBE YA0OPEHUS Ha II0JBIX,
- OCEHBIO Ha MAJIOEMKHX TIOUBaXx (IlecUaHble, CyIleCUaHble, JIeTKOCY TTTHHUCTHIE ) €T0
BHOCAT ¢ CONOMOH (TOp¢OM) WIH HOJ O3UMbBIC KYJIBTYPBI I IPEIOTBPAIICHUS BHIMbI-
BaHM IUTATENBHBIX 3JIEMEHTOR; B 3UMHUM MTEPHO]| OpraHUYECKHE OTXO/IbI HE BHOCST Ha
IUIOIIAAH, KOTOPBIE BECHOU IOBEPKEHBI HA 3aTOILICHUE
- IIpU Y1y OJIEHUH TTaXOTHOTO TOPH30HTAa HaBO3 BHOCAT HA BBHIBEPHYTHIN CIIOH IO
IIEpEIaIKy U JJUCKOBAHUE,
- B paiioHax peciry OJIMKH, KOTOPbIC XapaKTepru3yeTcs 3acy IIMBBIM KIIMMAaTOM HABO3

BHOCSAT TIOJT OTBAIBHY IO 00paboTKY, KOTOPYIO UepeIyIOT ¢ 0e30TRaIbHONH, MUHNMAThHES
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J03bI [IPU CILTONIHOM BHECCHHUH 110/ IPONAIIHbE 25 T/Ta, 10/ 3¢pHOBLIC KYJILTYPHL 15
T/Ta; MEHBINHE O3Bl HEJOCTATOUHO 3(PPEKTUBHEL, U UX CIOKHO PABHOMEPHO BHOCHTS.

beclioICTIIOUHBIA HABO3 BHOCAT B OCHOBHOM IpHeM oceHblo. Ilpu sToM mepen
BHECEHHEM Paz0pachIBaOT TI0 MO0 Top( WK COIOMY, B Y I00peHre cpazy Ke 3aIe/Ibl-
BalOT Ha Ny ouny 8 - 10 ¢M, a gepe3 2 - 3 HeJeIu HPOBO AT 3510JIeBYIO BeHamky. BecHoi
KUJKAN HaBO3 BHOCST IIO OCTABITICHCS Ha TI0JIE ¢ OCEHHM COIIoOME. becoICTHIIOUHBIH
HABO3 WCIIONB3YETCS IS HEKOPHEBOU TIOJKOPMKH IIPU HUCTIOIB30BAHUH TEXHOIOTHH
y J0OPUTEIIBLHOIO [OJIUBA TOJICH.

[To maHHBIM TEPPUTOPHAIIBHOTO opraHa (DejlepalbHOU CIIyKOBI TOCYTapCTBEHHOM
cratucTuky 110 PeciryOmuke Caxa Glkytud) 1o cocrognuio Ha 1 gusaps 2021 roja ume-
JOCh CHEAYIONEE MOTOIOBRE CENBCKOXOSIUCTBEHHBIX KUBOTHBIX IO KaTETOPHSIM XO-
3abicTB (Tabimia 1.5) [138].

[Ipu mepecuére Ha KOIWYECTBO TOIOB OBUIH HCIOIB30BAHBI CIIEAYIOITUE KaTero-
pHH:

- CeILCKOXO3SMCTBeHHBIE OpraHUu3aIim;
- KPECThIHCKUE ((pepMepcKue) Xo3MUCTBa U UHUBIY JILHBIC IIPESAIPUHUMATEIIN,

- XO3UCTBA HACEIICHHS.

Tabmmna 1.5 - CTpykTypa HOTeJI0BBS CeIbCKOXO3MHCTBCHHbBIX AKUBOTHBIX 110
KaTeTOpHsIM X03aicTB oT 1 saBaps 2021r.

2017 2018 2019 2020 2021

CeslbCcKOX03511CTBEHHDbIE oprabmmzanmun

KPYIHBIA porarblid

18,5 18,3 18,2 17.5 13,4
CKOT
B TOM YHCJIE KO-
213 20.5 20.9 19.7 16,1
POBEI
CBUHBH 55,7 57.1 59.8 64.4 64.5
JIOIma n 26,1 24,7 22.4 21.3 20.3

OJIeHH 95,8 96,8 94.0 93,3 94.4
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IpoJorKeHne TadauIis 1.5

KO3BI - 1.0 3.0 2.6 6.4
OBIIBI 48.0 35,1 44,1 26,6 14,6
OTHITHI 942 93.6 929 93.8 93,5

KpecTthsinckne (pepMepckne) Xo3iicTBa U WHANBHIYaJIbHbIE

npe i pUuHAMATE/IN
KPYIHBIHA POTATHIN

29,0 29.0 27.8 27.2 287

CKOT

B TOM YHCJIE KO-

30,1 30,2 297 30,1 31.4

POBBIL.
CBUHBH 20,3 18,5 16,0 15.0 16,1
JIOImAa 40,8 42,2 40,9 40,2 38.8
OIIeHH 0.4 1.1 3.0 3,2 3,0
KO3BI 16,9 12.8 19,6 20.4 239
OBIIBI 37.8 36,8 12,1 8.6 53.5
OTHITHI 1.0 1,2 1.5 1,2 1.4

Xo34giicTBa HACEJICHUS

KPYIHBIA poraTblid

52.6 52.7 54.0 553 57.9

CKOT

B TOM YHCTIE KO-

48.6 493 499 50,2 52.5

POBEI
CBUHBH 24.1 24.4 24.2 20.6 194
ToImagn 33,1 33.1 36,8 38,5 40.9
OJICHHU 3.9 2,1 29 1:5 2.6
KO3EBI 83,1 86,2 774 77,0 69.7
OBITBI 14,2 28.1 438 64.8 31,9

OTHITHI 4.8 5,2 5,7 5,0 5.1
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Ha 01 guBapsa 2021 roja 1orojoBbe KpyIHOIO poraroro ¢KoTa B XO3s4UCTBax Beex
KaTeropuit coctapuiio 800 THIC.TOIOR, B TOM uHncie KopoB — 100.0 THIC. TOJNOB ¢ YBEIH-
qeHueM Ha 1% 110 cpaBHeHUIo ¢ ypoBHeM 2019 roja.

[Io cpaBHEHHIO ¢ COOTBETCTBYIOIUAM TEPHOOM IIPEABIAYINETO rojla YBEIHUEHHE
IIOTOJIOBB KPYITHOI'O POTaTOrO CKOTa, B TOM YHCIIE KOPOB OTMEUACTCS B MOICOOHBIX XO-
3UCTBAX HECETHLCKOXO3IUCTBEHHBIX OPTaHI3aITH, KPECThIHCKUX ((hepMEPCKHX) XO35H-
CTBaX, XO34UCTBAX HACETICHUS.

3a 2020 rojg orenwiock 87,2% OT BCero MaTOYHOI'O MOIOJIOBbS CKOTa, IIOIYUYCHO
64,3 ThIC.TEeIIT, 9To Ha 2,5% Oomnwime ypoBHs 2019 roja.

BasoBbIit Ha1o#i MoOJIOKa B XO3MHCTBAX BCeX KaTeropuil peciry OiuKku cocraBui 162,4
TBIC. T. ¢ pocToM Ha 0,6% 110 cparHeHHIO ¢ 2019 rogoM. YRenmueHue oObeMOBR MPOU3-
BOJICTBA MOJIOKA JIOCTUTHYTO CEJILCKOXO34HCTBEHHBIMU opranusaimsaMu (Ha 4,6%) u
KpECThSHCKUMH ((pepMepCKUMH) X03siicTBaMu (Ha 6,0%).

Cpeauuii y 1ol MOJIOKa OT 1 KOPOBEL B CEILCKOXO3AHCTBEHHBIX IIPSAIPHUATHAX 110
cpaBHeHUIO ¢ 2019 rogoM yeemmunics Ha 4,2% u coctaBun 2481 kr. brarogapsa MepaM
rocruoaaepxku Muncensxosa Pocenu K(DO)X «Kackuiy AMruackoro, OO0 «baramaii-
ckoe» JleHckoro, «ConoonyH» Meruno-Kanramacckoro, UII K®OX I'epacumoB B.A.
Hamckoro, HUII KOX bypaamer A.C. Yers-Aigtanckoro, OO0 «Konezaroj bepre»
Xanramnacckoro, CIIK K(D)X « Mbigparai» Yy parauackoro pafionoB u OO0 «barapax»
r.$IKyTcK W3BHE pecIyOIHKH 3aBe3eHO 721 rojopa INIEMEHHOTO KPYIHOTO POTAaTOTO
CKOTa CUMMEHTAIILCKOM, XOIMOIOPCKOM, KaIMBIIIKOH, CLIYEBCKON IIOPOILL.

3a cueT coOcTBeHHBIX HcTOUHUKOR K(M)X « Mn-Tocxom» CyHrapekoro patioHa, AO
«Caxamwemo0bneunenuey Mupnunckoro paitona, MII KOX Crenmos ALl Hamckoro
pationoB u OO0 «Bxodepma «Tyiimaama» r. SIkyTck U3 Oprnorckoit, MpkyTckoit oOma-
creil u KpacHospcekoro xpas 3aBeseHo 398 roJioB CUMMEHTAILCKOH, YEpHO-1IeCTPOH,
KPacHO-TIECTPOU MOPOIBI KPYITHO -pOTaToOro CKOTA.

HopMaTUBHBIMA IIPAaBOBBIMUA aKTaMH aJMUHUCTpalUi 17 MyHHIMIAILHBIX paio-
HOB U ropoja AxyTck oupejeietsl 34 3ar0TOBUTEIIbHBIC OPraHU3alliy 110 IIPUEMY Cbl-

Pore MOJIOKA.
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3a 2020 rox 3arotoBiieHo 79,9 ThIC. T. MOJIOKA (99,0% K rogoBoMy 1wiany u 101,3%
kK 2019 roay). B cpexreM 1o pecnyOiIMKe 3aKyoUHas TIEHaA 3a JTUTP MOJIOKa COCTaBHIIa
45,1 pyOueii.

B cBs13u ¢ BHeceHHeM W3MeHeHHH B [lopsiok mpepocTaBlIeHms ¢y OCHINA Ha Pu-
HAHCOBOE OOECIICUCHHE YaCcTH 3aTpaT Ha CO3JIaHUe YCIIOBUH I ClICIIAaIN3HPOBAHHBIX
CKOTOBOTIECKUX XO3HCTB MOJIOYHOTO U MSICHOTO HATIPABJIEHUS B HaCTH TIOJIJIEPKKHU OP-
TAaHW30BAHHBIX XO3SHCTB, Y KOTOPBIX UMeEETCs OT 25 JOUHBIX KOPOB, a He oT 100 xopoB
Kak ObUIO paHee, KOJIMYECTBO YYAaCTHUKOB IPOTPaMMbl (UHAHCOBOTO O30POBICHUS CKO-
TOBOTUECKHUX XO3SHCTB 110 cpaBHeHHIO ¢ 2019 rojoMm yBemuuuinocs B 3 paza. 192 ckoto-
BOJMECKUM XO3sicTBaM, B ToM yucie 145 K(D)X mpegocTapieHbl cpeicTBa ¢y OCHINN B
pazMepe 348 4 vt pyOneit. [lomygaTenu roctoIeps:KKy IOy YaT POy KITHH CETBCKOTO
xossiicTsa B 2,5 aipjt pyOielt, HajgodaT Mojioka B o0beMe 38,0 ThICHY T., OKHAACTCS 110~
BHITTIEHHE pazMepa cpeHeMecsIHoH 3apaboTHOM mnaThl Ha 10% 10 35,6 Thicad pyOaei.

B Pecrry6nuke Caxa (SIkyTus) SKyTCKUH CKOT pa3BosT B 15-Tu paitonax — AMIHH-
ckoM, BepxHeRWmoONckoM, BepxHekonsIMckOM, BepxostHekoM, ['opHOM, JKHTaHCKOM,
Meruno-Kanranacckom, MupnunckoMm, Hamckom, HiopbunckoM, OiimsakonckoM, CyH-
TapckoM, TaTTHHCKOM, XaHTalnacCckoM, DBeHO-brITaHTallckOM palioHax | T.SKyTCK.

Ha nauano 2021 rojJa 1orojioBbe Ky TCKOH IIOPOJILL CKOTA B XO34HCTBAX BCeX KaTe-
ropuii cocraBuwio 2095 roJioB ¢ yBelrueHueM Ha 3.7% oT Iponuioro roja, B TOM 4UCie
KOPOB - 856 TOJOB ¢ yReIWUeHHeM Ha 6,2% [93].

['ocypaperBennoe Kazennoe peaipusatue Peciry Oimku Caxa (AxyTus) « Ky Tekuit
CKOT» 3aHUMAaeTcs pazBe/IEHHEM SIKYTCKOM a0OpPUTEHHOMN MOPOJBI CKOTa HA TEPPHUTOPHH
MupnuHckoro, ORMIKOHCKOro, BepXHeBWIOHCKOro, AMIUHCKOIo, ['opHoro, Hawm-
CKoro, JBeHo-bhITanTalickoro paitoHoB. Ha 1 gamaps 2021 romga B orjenenmsx ['KII
PC() «AxyTekuii ckoT» cogepxurcs 8135 rojos ssKyTCKOIO CKOTa, B TOM 4ucie 273 ro-
JIOB KOPOB.

3a OTYETHBIA LIEPUOJL JSJIOBOH BBIXO TEJT cocTaBlil 80,6%, oiryueHo 168 rosos.
COXpaHHOCTH B3POCIIOLrO IIOr0JI0BRA cKoTa coctaBwia 97,1%. BanoBoil Hajgol MoJIoOKa
coctarmil 16,7 T. Yot monoka ¢ 1 koporwl — 778 kxr. 3a 2020 roj peanuzorano 3.1 T.

Mooxka.
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I'KII PC (A1) «Axyrekuil ckoT» 1OIYyYeHO CBUAETEIbCTBO MuHeenbxo3a Pocenu o
BKITIOUEHHH B INIEMEHHOUN perucTp reHo(OHIHBIX THTOMHHKOB IO Pa3Be/ICHUIO SIKYT-
CKOH LIOPOABI KPYIIHOIO POoraroro ckora. lTaxke HollydeHa Aekiapanys O COOTBETCTBUA
TEXHUYECKUM YCIOBUSM IIPON3BOICTBA AKYTCKOTO HAITHOHAIBLHOTO MPOAYKTa KAPHBIBD),
JAroliee IIpaBo Ha pealli3aliio Macila U3 MOJIOKA SKY TCKOU KOpoBLL B orjenenuu «Ky -
3Ty AMTUHCKOTO paiioHa 3a JNeTHHH NepHo/] BIEPBBE MO CIENHAIBHOM TEXHOIOTUH
rmpomsBesieHo (0,4 T. CIMBOYHOTO Macia OT MOJIOKA SIKYTCKOW KOPOBHL, NpoOHas TapTHS
KOTOPOIo OBUIO MPEJCTaBICHO HA OCCHHEH BOCKPECHOH SpMapKe B I'. SIKyTcKe.

3aBepITieHH pabOTHL IO IPUEMY-TIEpeaue UMYITeCTBa OTieNleHHs CIOIbTIOKap COB-
xo3a «Hoswri» [IAO « AJIPOCA» B I K11 PC (A) «Axyrckuii ckor». C 4 oraeincHuid (AM-
THHCKOrO, BepxHeBmmoiickoro, [ 'opHoro, Hamckoro) B ¢. Cronbrokap JocTaRIeHbl 148
T'OJIOB AKYTCKOTO CKOTA, 4 T'OJIOBLI KepeOIOB-IIPON3BOIUTENCH, 2 TOI0Bbl PabOUYrX JI0-
majiei.

B 2020 rogy Ha HOJJACPKKY Oa30BBIX XO34HCTB IO Pa3BEACHUIO YKYTCKOI'O CKOTa
K®X «Haaxapa» AmruHckoro, ClIoK «Creireibeim» ['oproro, K(M)X Cemenor B.A.
Bepxuepuimorickoro, HMII K(D)X Jimurpue A.H. Meruno-Kanranacckoro, K(D)X
«Oneraickoe» Cynrapcekoro, UIT K(MD)X «baliaranrait» Tarruackoro, K(M)X HBaHoB
A.C. XaHrajgacckoro padoHoB IpeJocTaBIeHbl ¢y Ocuauu B pazMepe 5.8 Mt py OJieH 1o
craBke 15 000 Toic. pyOleit Ha yCIOBHYIO T'OJIOBY.

[To uToraMm OTHETHOTO TOJIa IOTOIIOBRE SIKYTCKOTO CKOTa B 0a30BBIX XO3SHCTBAX TI0
cpaBHeHHIO ¢ 2019 rogoM yBemmuuiioch Ha 7% 1o 594 1oJioB, B ToM 4Kciie KopoB Ha 0,8%
10 252 TOIIOB.

B 2020 roay B paMKax MOJICpPHH3AIMH [IPOHU3BOICTBEHHBIX OOLEKTOB OTpacie iKu-
BOTHOBOJICTBA BBE/IEHO 4 *KUBOTHOBOJUECKHX KoMIUIekca Ha 480 romor K(D)X «bomy-
ryp» AMruackoro, K(P)X «Kpecrsax» Cynrapckoro, Ul I'K(D)X «JIsBoBa A.E.» Xan-
ranacckoro, UIT IT'KDX «JlepmHa A.B.» KoGsiickoro paitoHOB.

3a cuer 3aeMHBIX cpelctB DoHja HOJJIEPKKA arpolpOMBIIUICHHOIO KOMILIEKCa
PC(4) noctpoeHbl KUBOTHOBOAUECKHE KOMIUIEKCHL 11 Hy k1 I’ KII PC(H) «Axyrekuit
ckoT» B ¢.Cronparokap MupHUHCKOTO paiioHa Ha 200 ronop, B ¢. Eprenex Hamckoro paii-

ona »a 150 rouos.
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Beero no AxyTuu 1uiad 3arotoBku MoJioka B 2020 roay cocrasisier 80 706,0 T. CbI-
POro MOJIOKa, B TOM UHCIE Mo 3 rpyIme paiionoB — 80 000,01 1. Ha 27.08.2020 roxa
3aroToBJICHO 34527,57 T. MOJIOKA, 4TO cocTaBigeT 67,56 % oT rogoBOro 1iaHa.

[To 3 rpymme paitoHor, Ha 28.08.2020 3arotorimeHo 54208.45 T, 4TO cocTaBISIET
67,76 % ot rogosoro miana (80 000,01 T.). Ilo rpaduxy (suBaps - aBryet 2020 r. 1ian
cocTarisieT — 56 492,59 1.) 95,96 % [92, 93].

Ha mopaep:xxy u nepepaboTKy POAYKITNH CKOTOBOICTRa Ha 2020 To1 TIpe Ty CMOT-
pena cyOBenmms B pasmepe 2 800 000,42 Toic. pybuteit [92].

Camoe O0JBITIOE TIOTOTOBRE MOJOYHOTO CKOTa COJIEP/KHUTCS B 30HE TIEHTPAIbHOH
Axytun (39,7 ThIC. [OJIOB), HAUMEHBIIEE KOJIUYECTBO — B IIPOMBINUICHHOU 30HE KOKHOM
Sxytum (370 ronor) [31]. Ha 1 ssaBaps 2021 rojia B xo34HcTRax Beex KaTeTOPHUI HACUHU-
TeIBaJIOCH 180,9 ThIC. (-2.4 THIC.) I'OJIOB KPYIHOI'O POIraroro CKoTa, U3 HHUX KOpoB 72,1
ThIC. (+1.,4 THIC. ) TOTTOR , 21,6 THIC. (100%) cBMHEN, 182,8 ThHIC. (-0,2 THIC.) MoTMaMeh, 157.4
TBIC. (+3,3 THIC.) OJIcHEH [92].

3a 2019 rojx oObeM POM3BO/ICTRAa CKOTA U IITHITHL Ha yOOH (B KMBOM Bece) 36,9 THIC.
T. (+1,5 ThIC. T.), siina KypuHble 133,06 MuH. mITyK [S0] npousBoacTBo Mooka B 2020
roay 162.4 teic. T. (+0,4 %) [51] Cpexunit Hajo#t MolIoKa OoT KOpoBHL B 2019 roay B Xo-
3gicTBax Beex kareropuit 2290 xr (-7 kr) [31].

Jos koMMepUecKoro IpOU3BOACTBA MOJIOKA 110 pecily OJuKe ceifuac BapbUpyeTes
B IpoMexkyTke 60-66%, B To Bpemsl kKak Jpyras dacTh 34-40% ocraroTcs mpoy KTaMHu
IIATAHUS I MECTHOTO HacelleHus. B Hacrosee Bpems, B pecity Ouke pyHKITHOHUPYIOT
352 MOIIOUHOTO TIPEIPHITHS, BKTIoUas 16 muimexoMOnHATOB, 24 MoIToko3aBoa, 233
Maclonexa 1 79 xo3sgiicTB 110 ¢jiaue MoJIoKa. Bech ux 00beM cocTaBiigeT B 1o donee 100
THIC. T TOBAPHOTO NIpoAykTa. [ 1o TaHHBIM TToce THIX 4 TeT, KaXIBIU JKUTENb PecIly OJIHMKH
roTpedisieT 283-286 KI. MOJIOKA M MOJIOYHOTO HPoAYKTa. JaHbie )KUBOTHOBO JUECKOTO
IIPOW3BO/ICTBA TAKOBHI: JIONSI TUYHBIX MOJCOOHBIX XO3SMCTB cocTaBiseT 52.7%, a kpe-
CTBSIHCKO-(DepMEepCKUe XO3McTBa HPom3BoIT 35,1% nepepadoTaHHOIO MOJIOKA. AHa-
U3 MOCHECAHUX 5 JIET IIOKA3BIBAET, YTO YBEIIMUCHHUE KOJIMYECTBA JOUHBIX KOPOB B Kpe-
CTHSIHCKHX ((hepMepckmx) xo3siicTBax (Ha 59,7%), Jano ciaeayromui pe3yIbTar: moKa-

3aTeln 00beMa MOJIOKa B KPECTHIHCKUX ((hepMEepCKIX) XO34HUCTBAX BEIPOCIH B 3 pasza (0T
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13,8% mo 35,1%), NpoH3BOACTEO MOJIOKA B JINYHBIX MOACOOHBIX X035HCTEaX Y MeHbBIIIH-
nmock Ha 22% [31].

OcHOBHOe OT/IH4HE B TexHOJoTHH cofep:kanus KPC g PecnyOnuke Caxa (kyTHs)
- DecoACTHIIOUHOE coflepsKaHHEe.

Taxkum oOpaszomM, B 2KHE OTHOR O/TI€CKOM CeKTOpe pecnyOIHKH mpeodnamaioT 4acT-
Hble diepMepcKHe X03SHCTRA, B KOTOPBIX OTCYTCTRYeT MeXaHH3alHsd TPYAOeMKHX Mpo-
meccop. Uro KacaeTcsd MPOH3BOAHMOrO OecmofCTHIOYHOTO Hapo3a, TO B HACTOSIIee
EpeMs 5T0T 0TX071 HHKOHM 00pazoM He MepepadarbIBaeTcs H He YTHIH3HPY eTcsl. Mekmy
TeM, eXKerofunlil bixod Hapoza KPC p pecnyOmuke cocrapmter 340 Toic. T/Toa BeHay
TOT0, 4HTO YacTHble epMbl JIOKAH30E AHbI B MeCcTax MoCceNIeHHs, TO B JIAHHOE BpeMs cella
OTOSCAHbI XA0 THYHO CTACKHBAEMbBIMH KydaMH TBepAoTro Hapo3a. TeM caMbIM HAHOCHTCS
OTPOMHBIH Bpel OKpY:Kalomlell cpefe, cO3qal0TCs OMar onpHSATHLIE YCIOBHS AJI1 COXpa-
HeHHS CeMSH COPHBLIX pacTeHHH, BOo30yaHTeNell pasTHYHBIX 0oJesHEeH H pasMHOMKeHHS

MEJIKHX I'DBISYHOE.
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PucyHok 1.3 — BH HakonneHHBIX Ky4 TBepAOro Hap03a, 3arpsi3HAKN HX H

OMOACLIBANOIHY HACCITICHHBIC ITY HETHI

AHaNH3 COBPEMEHHOTO COCTOSHHS KHBOTHOBOZICTEA SIKYTHH MO3BONHI cHeNarh
CeAy 0l He BBIBOIBI [ 58]:
1. Hamnbonee ocTpuIM sEIsieTcs HmpobleMa YTHIH3AIHH NPOH3BOJHMOIO TEEPHOTO
O eCcHOZICTHIIONHOTO HApoza KPYMHOpPOTaroro ckora. HeopraHmzopaHHOe XpaHeHHe
HaP 03a MPHEOAHT K HHTEHCHE HOMY 2arpssHeHHIO OKPY3KAIoImel cpepl.
2 B cBs1zH ¢ TeM, 4TO MOCTENEeHHOe MacCOBOe HAKOILIeHHE OPTaHHYeCKHX OTXOM0B
0KAZbIBAeT BLIPAKeHHOE HETAaTHRHOE BJIHSAHHE, KAK HA HKOJIOTHYECKYI0 CHTYAIHIO B Ije-
JIOM, TaK Ha KHEOTHBEIX H HA HeJIOBEKA B YACTHOCTH, OCEOE¢HHE TeXHOJIOTHH N0 YTHIIH3a-
IHH TBepAOro §ecHO/ICTHIONHOTO HABO03a KPYHMHOPOLATOTO CKOTA SBIBIETCS BasKHBIM
HEOThEeMJIEMBIM HJIeMeHTOB 3¢ QeKTHEHOTO JKHEOTHOR O/ICTB .

Jl71s1 moHcKa pell eHHsA JaHHOH po0ie MBI, BOZHHKAET HeOOX0IHMOCTE NIPOB eJi¢ HHSA
AHAIH3A CYII eCTBYIONI HX MeTOZ0B H CIIOCO00R nmepepadoTKH OecMoACTHIONHOI O HABO3A

KPC.
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1.2 TBepablil HABO3 — BU/1 0'TX0/1a JKUBOTHOBO/CTBA

OTXO0/Ibl ;)KUBOTHOBOJICTBA JICJBITCSA HA 5 KJIACCOB OIIACHOCTH 110 CTEIICHH HEl'aTHB-
HOTO BO3JIEHCTBUS Ha OKPYKaIONy 1o cpery. Kimaccudukarmsg oTXo/10B B 3aBUCHMOCTH OT
HCTOYHHKA UX 00pa3oBaHud U ApYIUx (haxTopoB npuBojurcs B MejepalbHOM KIlacCH-

dukarmonHoM Katanore oTxo1oB (OKKO) (pucyHok 1.4).

B ®KKO BxoaAaT cneaywowme rpynnol

OTXO0O0B:
N\
1.0Txoabl pa3BedeHUA KpynHoporatoro ckota (1 12

100 00 00 0).

2.0TX04bl pa3BeaAeHUA U COAepHaHMA nowagen wu
MPOYMX KMBOTHbIX CEMeMncTBa NOWaAWHbIX OTpsAaa
HenapHoKonbITHbIX (1 12 200 00 00 0).

3.0Txoabl pa3seaeHms ceuHe (1 12 500 00 00 0).

4.0TX04bl pa3sBefeHUs Ce/IbCKOXO3AMCTBEHHON MTUUbI
(112 700 00 00 0).

Pucynox 1.4 — ®eaepaibubiit KiaccuhuKanuoHHbIi karanor orxoaos (OPKKO)

Kaxpaas rpyiina Bmodaer B ce0s OpraHudecKye OTXOAbI Pa3HBIX BUJIOB B 3aBUCH-
MOCTH OT CTa/IUM TIepenpeBaHus (cBekuit mndo mepenpermmit). [lo Mepe nepenpeBaHus
IIPOUCXOJUT HOTEPS BIIAIW U3 HABO34 U IIPOTEKACT €CTECTBEHHOE MUKPOOHOIOT HUECKOE
pasiioyKeHre OpraHH4uecKuX coeJiMHeHui. B pe3yibrare npoliecca neperpeBanus HaBO3
nMeeT Oolee HU3KUI Kilace OTAaCHOCTH, UeM B UCXOJHOM COCTOSHAN. TakuM oOpazoM,
CBEKHE OPTaHUYCCKHUE OTXO/bI )KUBOTHBIX, B TOM YHCIIE KPYITHOTO W MEIKOIO POraToro
CKOTa | JIPYTHUX (MYTTHBIX 3Bepel, KOHCKWUH, BepOMOKUN U TUKUX KUBOTHBIX ), H3HA-
qaJbHO OTHOCAIMecs K [V kiaccy onacHOCTH, TIOCIIE IIEPEIPEBaHrd COOTBETCTBYIOT V
KIIACcCy, a CReKHe OpTraHnmuecKHre OTX0 1Bl CBUHEH W TToMeT ITHIT - [V KIaccy omacHOCTH

BMmecTo 11 Kinacca.
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OTXO0/bl  KHBOTHOBOJICTBA HEOOXOAMMO KapaHTUPHPOBATh U 00€33apaKUBaTh.
O0e33apakUBaHUE MOKET TIPOBOIUTHCI XUMHUECKAM WA TEPMHUYECKHM METOJIOM B KO-
poTkHe cpoku 0o ecrecTBeHHBbIM 11y TeM. Cornacno PJ-AIIK 1.10.15.02-08 ecrecTBen-
Hoe OHoIorudeckoe ode33apakUBaHueE OCYIECTRIBIETCS Iy TEM BBIIEPKUBAHUS B CEKITH-
OHHBIX HABO30XPAHW/IMIIAX WIH 1IPY Jax-HaKOIUTE/sX B TeueHue 12 mecanes |28, 29, 33,
53, 53].

CpoOKH BBIEPKUBAHUS OTXOJOB JKHBOTHOBOJICTBA IIPH UCIIONB30BAHUHA OHOJIOTH-
YeCcKOTO METOJIA!

1. B OTKPBITHIX XpaHUIHAIIEX :

- HABO3 KPYIIHOPOTaTOI'o CKOTA - & MECSIIEB,

- HaBO3 cBHHel - 12 MecsIieB.

2. llomeTra B HIOMETOXPaHWIUINAX - 3 - 6 MECAIIEB.

Taxnm obpazoM, mporece ode33apakUBaHAsl OTXOJOB KUBOTHOBOJICTBA U3 CBe-
KET'O COCTOSHUS JI0 COCTOSHUA, B KOTOPOM MX MOKHO HCIIOJIB30BATh KaK yJI00peHHe, J10-
BOJILHO CIIOKHBIN, MOKET OCYIIECTRIATLCS PA3HBIMU CIIOCOOaMHU M 3aHUMATh JIJIATCIIb-
HO€ BpeMd (J1o 36-48 MecsI1eB B YCIOBHAX SIKYTHH).

B cBs3u ¢ BeryiuieHueM B cyily DejiepalibHoro 3akoHa ot 17.06.2019 1. Ne 141-
®3 «O pHecenun u3MeHeHnH B Koeke Poccuiickoit Meepartui 00 aMIHUCTPATHBHBIX
HpaBoHapymeHusix» crarbs 8.2 Kogexe Poccuiickoii dejreparuu 06 aMUHHCTPaTUBHLIX
npaBoHapyIeHus x (Janee - KoAlIl P®) niperepriena 3HaUUTEILHBIE W3MEHECHUS, KOTO-
pble KacaroTcs auddepeHmaii OTBeTCTBCHHOCTH 38 Pa3HbIC BUJIBL HAPYIICHUI TIpH
oOpallleH’H ¢ OTX0/IaMH, COCTAaBhl aIMAHUCTPATHRHBIX IPABOHAPYITIEHUH ¢ YIETOM HKO-
JIOTHYCCKUX TpeOOBaHKUH, YCeTaHOBISHHLIX DeepalbHbIM 3akoHoM oT 24.06.1998 1. Ne
89-D3 «O0 oTx0aX IPOMU3ROICTRBA U TTOTPEOICHHS .

C 17.06.2019 roaa oracinbHbiMU dacTamu cratbi 8.2 KoAll PO mpeaycMmoTpeHa
OTBETCTBEHHOCTH 3a: HecoOMoJeHne TpeOoBaHUKH B OOJacTH OXpaHBl OKpYXKaOMeH
cpeiibl IpH ¢Oope, HAKOIUICHHUHW, TPaHCIOPTHPOBaHUM, 0oOpadoTKe, YTHIW3alluh WA

00e3BPEIKUBAHUM OTXOJIOB IIPOU3BOACTBA U HoTpedienus [111].
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1.3 TexHoI0TrHH TIO HNpHMEeHeHHH) GECHOl[CTH.]'[O‘IHOFO HAaBoOola

HpI/[HHTbI CHCAYIONMHEC TCXHOJIOTHUCCKUES CXEMDBI 110 MCIIOJIL30BAHHIO 6GCHO,Z[CTI/I-

JIOYHOT'O HAaBO3a (PUCYHOK 1.5):

Lpudepmckoe LIHUCTEPHA TOJIEBOE ITUCTEPHA- To’1e
HABO30- HaBO30- pazbpachi-
XpaHuIuiie XPpaHUATTAITIE Bareib
[Ipudepmckoe Tpy- IIOJICBOE UcTepHa- T1071E
HaBO30- OOIIPOBOJ HaBO30- pazOpackI-
XPaHUIHIIE XpaHWITUIIE BarTenhb
(I'WIpanr)
Hago3zo- Tpy- Hoxe- ITACTEpHA- oJIe
XPaHUITHIIE OOIIPOBO BallbHAs pasz0pachl-
-Has CeTh yCTaHOBKa Barelb

Pucynoxk 1.5 - CxeMpbl 110 UCTIOIB30BAHUIC OECTIO ICTIOMHOTO HABO34

IlepBas cxema HelpreMIeMa UL MCIIOIb30BAHMS B VCIOBWSIX SIKyTHH, Tak Kak
IPUMEHSIETCS] HA KPYIIHBIX KMBOTHOBOUECKUX X03sicTRaX. [ [pu 510M, B X03sMCcTBAX OT-
CYTCTBYET TPYOOIIPORO,T JUISI IEPEKAUMBAHMS M3 IPUPEPMCKOTO XPAHWIIMITIA B TIOJICBOC.
B »T0M cityuae ero BEITPYKAIOT B LIMCTEPHBI- paz0packIBaTeId, BEIBO3AT B ITOJIE U 3aII0J-
HSIOT IIOJIEBBIE HABO3OXPAHWIWINA IS XPaHEHWS 0 BHeceHWs. B meproj BHeceHWS
HAaBO3 U3 IIPUPEPMCKUX U TIOIEBLIX XPAHWIUII IPY 34T B IIUCTEPHLI-pa30packIBATENIH, BLI-
BO3SIT B 110JI€, pa30pachIBAIOT 110 IIOBEPXHOCTH, & 3aT€M, KAK TOJIEKO BO3MOKHO, 38/1671bI-
BAlOT B IIOYBY.

Bropast cxema He IIOAX0IUT ISl XO35MCTB HAIIETO PEIrMOHA, TaK KaK Y HUX OTCYT-

CTBYIOT TPYOOIIPOBOJIHBIC CETH U JIOKICBAIBHBIC YCTAHOBKU. | paHCIIOPTUPOBKA HKHJI-
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KOO HaBO3a W3 HPUGPEPMCKOTO XPaHUIHINA B [IOJIEBBIC JOJKHA OCY IIECTBIBITHCA 110 TPY -
OaM ¢ TocTe Ty IOIIM BHECEHHEM ITHCTepHaMHU-pa3z0packBaTeNIsIMA, UTO TTO3RBOISIET CHH-
3UTh TPAHCIIOPTHBIC U3/CPKKH, IIOBLICHTE IIPOU3BOANTEIILHOCTD TPY Ja. B 1iepBoii u BTo-
poit cxeMax pazdaBiieHHe BOJIOH He IpeTy CMOTPEHO.

Tperbro cxeMy IPUMEHSIOT IIPU HAJTUYHUH TPYOOIPOBOJAHON CETH B Y CTAaHOBOK VI
noskaeBanus. [[o3ToMy HCKITIOUAETCS] BOBMOKHOCTE €€ TIPUMEHEHMS B XO3siiicTBaxX SKy-
THH.

Takum 00pazoM, Bce TPHU BBITICHA3BAHHBIC CXEMbI HOJAXOIHMT A1 [IPUMEHEHHUS B
KPYITHBIX KUBOTHOBO/TUECKUX KOMIUIEKCaX MPOMBINIIEHHOTO THIIA, COOTRETCTBEHHO, HE

LIOAXOAT JJIs BHeApenus B pepmepcekue xossitcTBa PC ().

1.4 Cnoco0bl nepepadoTku 0€cIoACTUIOUHOT0 HABO3A

HeoOxoaumMo oJYEpKHYTh TOT (akT, 4YTo OeCHOACTIIOUHBIA HABO3 110 CPABHE-
HHIO C TIO/ICTHIIONHBIM OKa3bIBaeT HETaTUBHOE SKOJIOTHYECKOE BO3IEHCTBHE Ha OKpYXKa-
IONIYIO cpeay B OOJIBICH CTCIICHH, B CHIIY TAKWX XapaKTePHbLIX (QU3HMYCCKUX CBOUCTB,
KaK BBICOKasl CTEIIeHb TEKYUECTH H PACTBOPUMOCTH B Boje, OBICTpasi BCACHIBAEMOCTh B
1ouBy # Ap. llpu sToM OecroICTHIOUHBIA HABO3 IPEACTABIHCT CCPLE3HYIO OIACHOCT,
SBJBLSCH UCTOYHUKOM HCTOYHUK BO30Y uTeneii HHGEKIUI 1 MHBA3UH KaK B 30HE KUBOT-
HOBOJTUECKHUX (epM, TaK W 3a MpejaelaMu uxX Teppuropuid. Taxke Hemocpe cTBEHHAs
yIPO3a BOZHUKACT IIPH XPaHCHUN HHPUIUPOBAHHBIX OTXOJ0B HA OTKPBITHIX MECTHOCTIX,
YTO TMPUBOJUT K TOCTENIEHHOMY PacIPOCTPAHEHUIO MUKPOOPTAaHU3MOB Ha PacTeHUd, a,
CIIEJIOBATEILHO, BOZHUKAET PUCK 3aPaKEeHU JIOACH U XKHUBOTHBIX |25, 26, 27, 94.

[Ipyr mcToNIb30BaHUM OECIIOJACTHIIOUNHOTO HaBO3a B KadecTBe YOOpeHMs, CTpe-
MATCH 00eCICUUTh MAKCUMAIBHOE COXPAHCHUE IMATATEILHBIX BEIICCTB, COICPKAIUXCS
B HEM, M YHUUTOKHUTH CEMeHa COPHBIX TpaB U O0Ne3HeTBOPHEIX OakTepui [6,10,11,17.18,
21, 22, 78, 79, 80, 81, 95]. lloaTtOMY, B HACTOAIIEE BPEMS HUCIIOIL3YIOTCS CIIE Y IOIIHES

METObL U CIIOCOOBL: (PU3HUEeCKUE, XUMUIECKHE U OHOJIOTHYECKUE (PUCYHOK 1.6).
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OJHako BCe BLIMICHA3BAHHLIC CIIOCOOBI HE HOAXOMAT I YTUIM3ALIUA TBEPAOrO

6CCHO,I[CTI/IJIO‘-IHOI‘O Hapo3za. OHH IIPUMEHAIOTCA TOJIBKO OTE CBERCTO 66CHOI[CTHJ'IO‘-IHOFO

HaBO34.
BecIo/ICTIIO b HABO3
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Pucynok 1.6 - MeToipl 1 ciocoObI TepepadboTKH OeCIIOACTHIOUHOTO HAR03a

KPYIHOPOraToro ckora [66]
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Kak ormedanocs B pazjeie 1.1, B Hactosimee BpeMst IIPOU3BOUMBbIA OecIo[cTh-
JIOYHBIH HABO3 HE 00e33apakuBaeTCs W He YTHIH3HUPYETCs, cTacKUBaeTcs B OIu3Iexa-
I[1e OTKPBIThIC MECTHOCTH. MeKay TeM, exero Hblil Bbrxo | Hapo3a KPC B pecryOnnke
cocTapIsieT 540 Thic. T/Tof. TakuM o0pazoM, 00paz0BalIUCh YIPOKAIONTUE OOHLEMBI TBEP-
J0T0 HeoOpadOTAaHHOIO HABO3d BOKPYI MECT IOCEICHHMA, BO3HUKIIA HEOOXOUMOCTh HX
Y THITAZAITAN.

Ha mam B3rmsj, AT UCTIONB3OBAHWS B MPHPOTHO-KIUMATAYIECKUX, SKOHOMHYE-
CKHMX M COIUAIbHBIX yeaoBusIxX Pecity Onuku Caxa (SkyTus ) HauOOILIIHI UHTEepeC HpeI-
CTABILIET TEXHOIIOTHUS Y THIH3AITUN OECTIOICTHIOTHOTO HABO3a KPYITHOPOTATOTO CKOTA B
ITHPOJIM3HBIX Y CTAHOBKAX.

H3pectHa Ttexuonorus I'mymkoBa B.A. — IMpOIH3 pacTUTEILHOTO CHIPHS (OHO-
MACCHI): APEBECHOM IIETIbL, OIIIKH. | [0CKOIBKY TBEp bl HABO3 MOKHO COOTHECTH K pac-
THTEIIFHOMY OCTaTKY, TO, Ha HaIll B3TIISJI, BEPOSITHOCTh €r0 Y THIIM3AIIAA 110 TIHPOITU3HON

TCXHOJJIOI'MH BCChMA BLICOKA.

1.5 BI/IOTepMOXI/IMIfI‘IeCKIer OCHOBBEI IIpoHccCa IMHPOJIN3a

[Tuponus — TepMUYECKOe Pa3jIoKECHUE OPraHUYecKUX COeJMHEHU Oe3 pocTyia
Bo3ayxa. [ [upoin3 Taxike MOKHO Ha3BaTh CYXOH IIEPETOHKOM, a B KAYECTBE CHIPbSI MOIY T
pazIuuHBIe Ta3000pa3zHble YITIEBOOPObI (3TaH, MPOIaH), chipas He()Th, COeTHHEHHS,
coJiepKane OpraHuuecKue KOMIIOHCHTBL, TAKKe KaK JAPeBECHHBL, YIOIb, TOpd U T.1 |92,
93

Poccutickue xumuku [Onug BeeposogoBHa JlepMoHTOBa U AlleKCaHIp AJleKCaH-
aporud JleTauii [115] rllepBEIEe B HCTOPHM XUMHYECKOH HAyKH oOpaTHIM BHUMaHHUE Ha
TO, 9TO KAMEHHBIA YTOIb JAaeT CBETUIIBHBIA a3 (CMech BOAOPOAA, METaHd, OKUCH YIJIe-
poJia M JAPYTHUX TOPIOUMX Ta30B, NOIyYaeMble TIPU MMHPOIH3E KaMEHHOTO YT WIIH
HedTH), XyAIKA 110 Ka4eCTBY, 4eM I'a3 HeTSHOro IpoucxokacHust. A yxe B 1877 roay
s PexT nupom3za yrieBoI0po 0B ObUI 3allaTeHTOBAH AJleKCaHApoM AJleKCaHAPOBHYEM

JleTHM.
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Emg B 1875 on oOHapyxwui, uto nipu temmnepary pe Boime 300°C msoxemsiec HedTs-
HBIC OCTATKH YaCTHYHO Pa3aararTcs Ha Oosee JAEerkHe MPOAYKThl — OCH3HH, KEPOCHH,
rasel. B 1877 roay BriepBbIe BBIACTHI U3 HE(DTH apOMAaTHUCCKHE YIICBOAOPOabI (OSH30,
TOJIYOJ1, KCHJIO, aHTPALIEH U JApP); YCTAHOBUJ BAXKHBIC 3aKOHOMEPHOCTU MPOLIECCA MUPO-
mu3a He(ptu. [IpakTHyecku B 310 sk¢ BpeMs OBLIH MOCTPOCHBI IIePBhIe 3aBoabl B Kuese u
Kazanu. Jlng nmonydeHHs raza Il OCBCIICHUA, MHPOJIH3Y MOABSPTATH KCPOCHH. boms-
IIOH TOMYOK K PA3BUTHHK) MPOMBIIUICHHOTO MPUMEHEHHSA TEXHOJOTHH MUPOJIM3a Jajia
ITepsast MupoBas BOHHA, KOTAA BO3HHUKIA OOJbIIAS MOTPEOHOCTE B TOIY OJIC — CIPbSI AJIS
Mpou3BoACTBA TpoTHAA. B 20 BCKE CYIICCTBCHHBIHM BKIA B Pa3pabOTKy HOBBIX HAIPAB-

JICHHUH MHPOIH3a apeBecuHbl BHeC mpodeccop Tumenko H.B. [115] (pucynoxk 1.7).

» I'Ipouece nuponusa yrnesonopoaos (800
) 900°C) (ra3oBbIX yIJIeBOAOPOLOB,
TIPSIMOTOHHOIO GeH3HuHa, aTMOCc(hepHOTo
razofiis) ABASETCA OCHOBHBIM HCTOYHUKOM
HDJ'EY‘{CHP[H STHJICHA U OOHHMM H3 INIaBHBIX
HUCTOYHHKOB IOJIYHYCHHSA NPOINHIICHA,
AuBHHMUIA, OeH307a U psiaa Ipyrux
npoaykTos. Ilpouecc nuponusa (KpeknHra)
He(Tera3’oBoro Ceipbsi Dbl 3aMATEHTOBAH B
1877 rony poccuiiCKUM HHIKEHEepOM
XHUMHKOM AJIEKCAHAPOM AJIEKCaHAPOBHYIEM
JleTHum

I'Tpy nuponuze apesecunsl (450
500°C) o6pasyercs psij| BEMIECTB
TAaKHX KakK: JPEBECHBIH YroJib,
METHIIOBEIH CIIUPT, YKCYCHAasi KHCIIOTa,
lluponus aleToH, cMona u ap. Poccust oaHa u3
opegecunbl cambIx OOrarbIX JICCOM CTPaH.
TToatomy B Poccun chopmupoBaincs
1 paboTanu Jy4ullue B MUPE LIKOJbI 110
HHPOJIH3Y ApeBeCcuHbl. X BKiIag
MIOIYYUI MEPOBOE TIPU3HAHUE

CyImEecTBYIOT MPOEKTHl YHHITOKEHH S
OBITOBOTO MYyCOpa ¢ MOMOIIBIO

THAPOIA3a. 3aTpyTHEHHUA C
oprasusauueii nMponrus3a tWHH,
luponuz mycopa rniacTMacc U APYyrux OpraHHYeCcKnX

i OMX0008 OTXO/10B CBsI3aHbl HE € TEXHOJIOrUE
COOCTBEHHO MHAPOJTH3a, KOTOpast He
OTJTHYASTCS OT TEXHOJIOTHH
TEPMUUECKOH MepepaboTKu APYrux
TBEPAbIX MaTepUaiOB

Pucysnok 1.7 — HanpasaeHus muponusa ApesecuHbl mpodeccopa Tumenko /1. B.
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[IpoGiieMa coCTOUT B TOM, YTO B OOJIBIIHHCTBE OTXOJOB cojepxurcs dochop,
xmop U cepa. Cepa u pocdop B OKHCTEHHON dopMe JTeTYIH U HAHOCST BPEJ OKPY Karo-
et cpeje. XJop akTUBHO PEarupyeT ¢ OPraHuuecKUMU POy KTaMHy IIApoJm3a ¢ oOpa-
30BaHUEM CTOWKUX SJIOBUTHIX COETUHEHMH (HAIpUMeED, THOKCHHBI) [71].

DOUIBTpanus JbIMa OT YKa3aHHBIX BBIIE COSIUHEHUN SBIBIETCS CIOKHBIM U JA0PO-
rocToamuM. [Ipr 3ToM Ha CeroJHSINTHUN JIeHs NpodieMa YTHIH3AI|A BBIMEINIX W3
SKCIUTyaTariiil aBTOMOOWIIBLHBIX IMIMH W Pe3NHOTEXHUYECKHX W3/IeTTHU SBIBIETCST 3HAUH-
MBIM (PaKTOPOM, OKa3bIBAIOIINM BIHSHUE Ha SKOJOTHIO U Ha SKOHOMHUKY BCEX PA3BUTHIX
cTpaH MHpa. B To e BpeMsl CyIIEecTBEHHOU MpoOIeMoN SBISIETCS HEBOCIIOIHUMOCTH
IIPUPOIHBIX UCTOYHUKOB TOINIMBA, YTO B CBOIO OUEpeIb IpeaoaaracT HeoOXo MMOCTh
HCTIOJIB30BaHUS BTOPUYHBIX PECYPCOB ¢ MaKCHMaIBHOM »pdeKTHRHOCTHIO [73].

[TuHBL ¥ HOTUMEPBI TIPEACTABIIIOT cOOOH IIEHHOE ChIPhE, B pe3ylIbTaTe UX Iepe-
padoTKH METOIOM HHU3KOTeMIlepaTypHoro mupoamsa (o 500 °C) nmonydaroTces KHIKHUE
(bpakiuu yIIeBOJOPOAOB (CHHTETHYCCKas HE(Th), VIVIEPOAUCTHIA OCTATOK (TEXHUYE-
CKHUI YTIepo/1), METAIUIOKOP/I U TOPIOTHH Ta3. B To ke BpeMst, ecly ¢ckedb | T IMAH, TO B
arMocdepy BoLaenuTes 270 Kr caxu 1 450 Kr TOKCHYHBIX 1a30B [115].

JUISI TAPOIUZHBIX YCTAHOBOK HET HEOOXOMMOCTH CTPOUTH KallUTaIbHBIE COOPY-
’KCHUS U BLICOKHE ABIMOBBIC TPY Obl. Y CTAHOBKH MOTI'YT MOHTHPOBATLCS 110 HABECOM HITH
B aHrapax JISrkoro Ta Ha 6¢ToHHOM ocHoBanuu [117].

ARTOPHI paboTH [85] roBopsAT 0 ToM, 4TO OoJiee BBICOKas IEHHOCTH OTASTBLHBIX
XUMHYCCKUX IPOJAYKTOB 10 CPABHCHUIO ¢ TOIUIMBOM MOTJA Obl CJEaTh BHITOHBIM H3-
BJIEUEHHE STUX MPOJYKTOB Jaxe NMpHU UX HeOONBITHX KOHIEHTpaIusaxX. MHTerpalbHbIH
HOAXO0JI K IIpoOIeMe MOIYUSHHS XUMHYECKUX TIPOIYKTOB U TOIUIMBA OTKPbLIBACT IHAPO-
KHe BO3MOKHOCTH B 3TOM HallpaBICHUW.

LIpoykTaMHu poriecca IUpoIr3a SBISIOTC, CIIeLy IOIIKIE BUABL IPOAYKTOB (pPHUCY -

HOK 1.8)
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e }KMOKMe npoayKTbl NMpPOAM3a Bbi3biBaldT O0AbWIOW MHTEpec
BCNEACTBME MX BbICOKOM JSHEpPreTMYeckol MAOTHOCTU U
NOTEHLMANBHOM BO3MOMHOCTM MCNOMb30BaHMA MX B Kauyecrse
MUAKOTO TONAMBa. Bbixog MMOKOCTM MOMET gocturate o 80%
MaCCbl CYXOro CbipbA, NUPOTONAMBO MOMET MCNONAbL30BaTbCA B
KauyecTee 3aMeHUTEeNA KOTe/IbHOTO TON/IMBa

Teepdoim npodyKkmom

* [eepAbiv NMPOAYKTOM NpoOUecca NUMponu3a ABAAETCA YIMKMCToe
BEL2CTBO, BbIXOA KOTOPOro mMoMeT gocturate 30-35% maccol
CYXOro cbipbA NpW KapboHM3aUMKM M MeaNeHHOM NUponu3e,
YrnucToe BelWecTBO MOKET MCNOMNbL30BATbCA B KaUeCcTee TOMNMES,
a TaKM¥e ANA TeXHONOTMUYECKMX HYMHKO NPpOoMbiluAeHHOCTH (ana
O4YMCTKWM BOAbI U Ta3oB)

lasoobpasHbie npodykmol

*[azoobpa3sHble NpoAyKTbl NWMpoAM3a npeacrtasnaer  coboi
o6blYHO CpenHeKanopuitHbliii ras (14-16 MIx/m3), a npwm
YaCcTMYHOM rasmpuKaumMM — HM3KOKaNoOpuMMHbIKM @ ras (4-8
MOx/m3). Beixog rasoobpasHoro Tonavea moxer AOXOAWTb [0
70% macchbl CyXOro cbipbA NMPW BbiCOKOTEMNepaTypHOMm BbicTpom
nuponuse. CocTae rasa 3aBMCHMT OT ChipbA WM MapameTpos
npouecca. lazoobpasHblie NPoOAYKTbl MMEKT BbICOKMW YPOBEHbL
yrmepogopoaos (B 4acTHOCTM, MeTada). TennoTBOpHaA
cnocobHOCTL NOBbLIWAETCA, eCAM WCNOAb30BaTbh a3, MOKa OH
FOPHOYMA, U COAEPMMMUT OTHOCWUTENbHO MHOro cMon. TakoM ras
o0blYHO WCMOAbL3YeTCA B CamMom MpoUecce nNUMpoausa anAa
nogaepXaHmMa TemnepaTypbl Npouecca W CYyWKW WMCXOOHOro
CbipbA. OuMCTKa NMWMPOAM3HONO rasa OT NapoB CMOAbI ABAAETCA
TPYAHOBBINOAHMMOM  TeXHWMYecKoil  3agadel, Tpebyiowen
3HAYMTENbHbIX IHEPTreTUYeCKnX M annapaTHbIX PecypcoB

Xumu4veckue npodyKmel

* XMMHUYEeKCMe npoaykTel. B coctaee nNpoayKToB NMponM3a
BbIABNEHD HECKONbKO COTEH XMMMUECKMX cocTasnawuwmx. Bce
Gonbllee BHUMaHWEe YOENAETCA pPereHepauun OTAEAbHbIX
XUMMWYECKNX COeAMHEHMI (TMOPOKCUYKCYCHbBIM anbaerni) wam mx
CeMENCTB M3 NPOAYKTOB NMPOAM33a

Prcynok 1.8 — Briap npoaykToB rpoljecea TP o IITsa
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B xoze paccMaTpruBaeMOro HaMH IpOIiecca IPOUCXOAT 3aTPaThl TEIUIOTHI Cropa-
HUSI, KOIIMYECTBO KOTOPOI MOKET COCTaBIHTh 10 10% OT KoIIMdecTBa TEINTOTHL, BBIJIEISI-
€MOH IIpU CIKATAaHUU CyXOH pe3nuHbl. o mHOIa, HalpuMep, BO BpeMsl IIPOU3BO/ICTBA
YIJISI, KOT/[a POUCXO/IAT aKTUBHAS TOTePs JIeTYUHX POy KTOB, 3HaUeHHE JaHHOTO I10-
KazaTelsl MOYKeT ObITh 3HAUUTEIIBHO BhINE. B Hacrosmee BpeMs BhIACIBIIOT HECKOIbKO
BHJIOR TEXHOJIOTHH TIMPOIIN3a PE3UHBI B 3aBUCUMOCTH OT HEKOTOPHIX pakTopor [142]:

- 1Ipy HarpeBaHuu 0 650 °C ¢ BEICOKOH cKOPOCTELIO HarpeBa pa3audaioT OhITPHIA
W MEJIJICHHBIA ITHPOIIN3;

- B 3aBHCHUMOCTH OT CPeJIBL, B KOTOPOU MPOUCXOUT MIPOTIECC MUPOITA3A, BBIIETSIOT
BAaKYYMHBIH, THAPOIHAPOIIN3 1 METAHOIIUPOIIN3

[TpH BBICOKHX ckopocTax Harpesa (1000-10000 °C/e) 10 650 °C mpoHcxouT KOH-
JeHcaIs IIPOMEKY TOUHBIX KUIKUX IPOIYKTOB. Jloms oOpasyronmerocs YITIUCTOrO Be-
IMecTBa MUHAMAIIBHA, a TP OIpe/IeTIeHHBIX 00CTOSTENhCTBAX YTIHCTOE BEIECTBO BO-
oO1re He odpazyercs. [Ipu Ooree BRICOKUX TeMIIepaTypax IIpolecca OCHOBHBIM IIPOJY K-
TOM SIBISIETCS Ta3. [[HpOIu3 IpHU BRICOKUX CKOPOCTSX HArpeBa W3BECTEH KakK OBICTPBIN,
OTHEBOH WIH YJIBTPAIIUPOIIN3 (PA3IUIM MEXKIY STUMUA BUJIAMU ITUPOIHA3A OIIPECICHBI
HE YETKO).

[TpuHIMIIHATBFHOE OTIIMYHE CXEM ITAPOJIM3a OT CXeM Ta3u(PUKAITIH COCTOUT TOIBKO
B TOM, UTO B IMPOJIU3HBIX YCTAHOBKAX BHYTPEHHEE [IPOCTPAHCTBO PeaKkTopa repMEeTUIHO
M30IIMPOBAHO OT BHEITHEH cpe/Ibl (B CHITY aHaspOOHOCTH IIPOTIecca).

['nymkoBbiM B.A. ObUIO IIPOBEICHO CPABHCHHUC IIAPAMETPOB Pa3HBIX CIIOCOOOB
YTHIA3ATUN OTXOMOB [23, 42,43, 45, 81, 107]. Pe3ynbTaThl IIPHRE/ICHEI Ha CIIETYIOINEH

tabnuue (tabiauna 1.6).
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Tabnuna 1.6 - CpaBHeHHe HApaMeTPOB LIPOLECCCOB Ia3uPUKAIIIU IIPU PA3HbLIX

crocodax YTHIH3aITuH

— 3 i [Wal
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[ o5 E () & T B
S 53z &2 3 ? Sz z 3
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Cxkuranue
1 | TommmBHON I krmener | 11,1 MJDx/kr | 11,1 MJDx/Kr Huskas
IIETILI
p | Crmramme | 05 KUNCA- | o o nproner | 8.8 MITa/KT Cpeass
TIETIIET JIeT ’ ’ pEs
AmnaspobOHas
P 0,06 M3 61o0-
3 | depmenra- rasa 21 M)x/kr | 1,3 MJE/Kr Bricokas
111551
4 ITupoans 1 wrGne- 14-16 2327 Bbicokasi
P MaCChbl M /x/kr M/Lx/Kr

H3 Ta6HHHBI 1.6 BHIHO, UTO IIHPOIIN3 Oonee IIPCAIICUTHUTCIICH 110 CPaBHCHHUIO C
APYTHMHA CHOCO6aMI/I, IIOCKOJIBKY IIpH HCM HC IIPOHCXOIHNT OKHCICHHA OPraHHMYCCKOro
CEIPBA 1 MHUHUMH3IHPYIOTCH 30JILHBIC OCTATKH, OoIBITE IIapaMeTp SHEPTCTHICCKOI'O BEI-

xXoJa ¢ 1 Kr OHOMAacChL.

BbIBOJbI I1O I'/TABE 1

1. KommaecTRo kpyInHOpOTATOTO CKOTA, JIOMIAJ e, CBUHEH, oJleHed Ha koHer| 2020
rojia 110 PecryOuke Caxa (Akytus) cocraBisier 540 Toic. royoB. OHU €KECy TOUHO 00-
PazyIoT OpraHUIeCcKHil 0TX0 B BHJIE OeCIIOJACTHIOUHOTO HaBo3a. B HacTosITee BpeMs B
arpapHOM CeKTOpe SKYTHH OTCYTCTBYIOT TEXHOIOIMHU O YTHIN3AIMA IIPOU3BOAMOLO
HABO34a, UTO MPUBOIUT K MHOTOIIETHHM HAKOIUIEHWSIM TBEPIOTO HaBO3a B HacEIeHHBIX
IIyHKTax peciry bimkn. 1 lpoucxomut paspymaroniee Bo3jeiicTBrue HeoOpadoTaHHOTO Oec-
MTOJICTHIIOUHOTO HaBO3a Ha XPYIKYIO MpUpoay SIkyTum, obocTpseMoe oOpaTHOU peak-

[TUEH BEUHOU MEP3IOTHL
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2. [IpumensieMble B HACTOSIIEE CIIOCOOBI U METO/IBI 110 IepepadoTke, 00e33apaKkuBa-
HUIO U YTHIH3AIMHA OeCTIOICTIIIOTHOTO HaBO3a TIPUMEHUMBI TOIBKO JIJISI CBEKETO MITH
KUJKOTO €ro COCTOSHHS, OTCYTCTBYIOT TEXHOJOTUM UL YTHIM3AIUK TBepAoro Oec-
MIO/ICTUITOTHOTO HABO3A.

3. Hawnbonee ontuManbHbIM U1 Y THIU3AITAA TBEPAOTO OeCIOACTHIOUHOIO HABO3a,
Ha Halll B3I, SIBJBIETCS ITMPOTU3HBIN cTIoco0, TTO3BOIBIFONTHAN OIyYaTh TOTIIUBHEIHM ra3

H JOCTYIIHOC yz[06peHHe B BHJAEC 30IIBI.
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I''TABA 2 TEOPETHNYECKHWE NCCJIEJTOBAHHWA

2.1 IIupo3HbIH MeTO YTHJIH3AIHH OTX0/10B

[Tupoan3 — MpoLECC TEPMUUECKOTO PazIOKEHUS ChIPhS ¢ BIAKHOCTBIO 710 50% 0e3

JIOCTYIIa KUCJIOPO1a B OTHEYIIOPHBIX YCTAHOBKAX — IMUPOJIM3HEIX evax [114].

Yriaesogo
POJHOE
CHIPBE A 5
NpoausHas ycraHoBKa > TBepapId ocTaToK
(450 = 550°C)
[Inposnu3neIi raz

Pucynok 2.1 — Ilponiecc TEpMUUECKOTO pazioKeHUs 0e3 JIOCTYMa BO3IyXa

DTOT METOJ] TEPMUUECKON 00pabdoTKH OTXO00B 00ECIIEUMBAET UX BBICOKOA(DEK-
THBHOE 00€3BpeKUBAHUE U MCITOIB30BAHUE B KAUeCTBE TOIUIMBA U XUMUIECKOTO CHIPB,
4TO CIIOCOOCTBYET COBIAHUIO MAJIOOTXOIHBIX U OE30TXOIHBIX TEXHOJOTHH U pariuoHa b=

HOMY HMCIIOJb30BAHUIO IIPUPOAHLIX pecypcos [100].

B 3aBUCUMOCTH OT TEMIIEPATYPHI MPOIIECC MTUPOIN3a UMEET CIIEAYIONME BUIBI (pU-

CYHOK 2.2)
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B 3aBHCUMOCTH OT TeMIIEpaTyphl, TIPH KOTOPOH

I[TPOTCKACT MU POJIN3, PA3/INYaCTCH.
%

1. Husxomemnepamypuwetii. nupoiuz wiu nonykoxcosanue (450—
550 °C). Jns [aHHOrO BUJAA NUPOJIA3A  XAPAKTEPHBI
MAKCUMAJIbHBIA  BBIXOJ SKMJAKMX M TBEPABIX (IOJIYKOKC)
OCTaTKOB M MHWHUMAJIBHBIA BBIXOJ IHPOJIM3HOIO Tasa C
MAKCUMAaJIBHON TEIUIOTONH cropanus. MeToa MOAXOAUT Juis
MOJTyYEHHS TIEPBUYHON CMOIBI — IIEHHOTO YKUAKOTO TOTUIABA, U
s nepepaboTKU HEKOHIULIMOHHOTO Kayuyyka B MOHOMEDBI,
SBIIAKOIIMECH CBHIPbEM AJIS BTOPUYHOTO CO3JAHUS KAyudyKa.
ITonykoKC MOXKHO HCIOJIB30BaTh B KAYECTBE IHEPreTHUECKOro
1 OBITOBOTO TOTUTMRA.

2.CpeonememnepamypHbeiil RUPOAU3 Uil CpeoHememMnepamypHoe
koxcosanue (10 800 °C) maer BBIXOA OOMBIIEr0 KOJIMYECTBA
ra3a ¢ MEHbIICH TEIUIOTOH CropaHusd W MECHBINETO KOJIHUYeCTBa
JKMJIKOrO OCTATKA U KOKCA.

3. Boicokromemnepamypustti nupoaus wiu koxcoearue (900—-1050°
C). 3neck HAOMIOMAOTCA MWHUMAJLHBIN BBIXOJ JKHIAKAX W
TBEPAbIX MPOAYKTOB M MAKCHUMaJibHas BbIpadOTKa rasza c¢
MUHHMAIBLHON TEMIOTON CrOpaHus — BBICOKOKAYECTBEHHOIO
rOprOYero, TOAHOIO i JIaJIeKUX TPAHCIOPTHUPOBOK. B
PE3YABTATE YMCHBILACTCA KOJTMUYCCTBO CMOJIBL M COACPIKAHHUC B
HEW HEHHBIX JIETKUX (PpaKiiii.

Pucynok 2.2 — Bujibl nipotiecca 1IUpoJIM3a

[Tuponu3HbLil MeTo | TepMUIecKOH 0OpadOTKH PACTUTEIILHBIX U MHBIX OTXOJOB I'a-
PaHTHPYET BLICOKO(PPekTUBHOE 0OE3BpeKMBAHUE IIPU UX IIPUMEHCHUN B KAUCCTBE XH-
MHYIECKOTO CHIPHS, UTO CIOCOOCTBYET CO3IAHMIO MATOOTXOHBIX U 0e30TXOTHBIX TeXHO-
JIOTUH ¥ ONITEMAILHOMY IIPUMEHEHUIO TIPUPOJIHBIX PECYPCOB.

[To wToraM yTUIH3AITUKA PACTUTENHLHBIX U TREPIBIX OTXOIOB B MIUPOITHU3HON yeTa-
HOBKE 00pa3yercs MUPOJH3HBINA 143 ¢ BBICOKOK TEILIOTON CropaHusd U pa3iIuiHbIC TBEp-
JIbIe BeIecTBa, KOTOPHIE WAYT Ha BTOPHUHOE UCTIONH30BAHHE SKOJIOTHIHBIX IPOTYKTOB.

MHOIOTOILIMBHBIA [TUPOIU3HbIA peakTop aBTOHOMHBIX XUMHUYECKUX 3HCPIOKOM-

IDICKCOB CIICTTHAIIM3HUPOBAH AT I'CHEPAITUH T'OPIOYUCTO ITHPOITHM3HOTO T'a3a U3 TIHPOKOTO
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CIIEKTPA TBEPABIX YITEPOACOCPKAIIHNK TEPHATOR, TIOJICHKANTX VTHT3ALMH. 3TH Ma-
TCPHANKL, B TO 3KE BPEMSI, SRISTOTCS MOTCHIHANMLHBIMH HETPAIHIHOHHLIMH B0:300HORTS-

SMbIMH TOITHBRAMH, B3aMCH TRPATHIIHOHHLIX TOILUTHB H&(l)TﬂHﬂl"ﬂ TMMPOH CXOAJ CHHA, HCKO-

TASMOT0 YIJIsl H PHPOAHOTO raza [121].

K uHcy Takoro GpoCOBOTO ChIPhA MOXHO OTHECTH (PHCYHOK 2.3):

K HqHUCIY TAaKOTO 6POC—0BDI'D ChIPbA MOKHO OTHECTH:

e TBhO: OyMary; KapTOH; TeKCTHJIb, pa3THUYHEIE IIJIACTHKH,
Topd H MpeccoBaHHYIO H3 Topda Tapy.

e OTXONBI  PEe3WHOTEXHHYECKHX  H3JIeNHiH,  BKIKOUYas
AaBTOMOOHIIbEHEIE OTPaboTaHHEIE MMOKPEITITKH.

* BCeBO3MOKHYKO HETOBAPHVIO [OpPEeBEeCHHY, BKIIOUAA
OTXOAEI €  Pa3THYHBEIMH  TIPOMHTKAMH  (IIIIAJIHI,
TenerpadHeie cTondOEI, (haHepa, APeBECHOCTPYKEUHEIE H
JIpPeBECHOBOJIOKHHCTEIE MATEPHAITHI).

e OTXOOBI pPacTEHHEBOJCTBA C/X: JIYy3ry IIOACOITHEYHHKA,
JKMBIX, COJIOMY; KOCTPY: JHCTBY; KyKypPYy3HEIe IIOYaTKH;
KOP3HHOYKH  TIOACOTHEYHHKAa, CcTeOIH  COPHSIKOB;
ILTOAOBEIE KOCTOUKH, CKOPITYITY OPeXOB.

e OTXOBI JKHBOTHOBOJACTBA C/X: TIOMET ¥ HABO3
JKHBOTHBIX, HIIOBBIE OCAJAKH H T.J.

* BO3MOXHO HCHONIB30BaHHE JKHIKHX TOPHOUHX OTXOOB
(orpaboTraHHBRIEe  MaAacia, OTXO/IBI  JIAKOKPACOUYHBIX
IMMPOH3BOACTB H T.JI.) B KadecTBe IIPONMHTKH JIIA

BBHIMICTICPCSYHCICHHBIX TBEPIBIX TOILIIHB.

PucyHoK 2.3 - BHALI GpoCcOBOTO MaTepHATIA
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M3 Bcero MHOro0GpasHs TBEPALIX TOMIIHBE H HX CMeceH BhIpadaThIBAcTCA a3 IpH-

MCPHO OTHHAKOBOI'0 COCTaBA.

Toprounmu

Heroproanmu
JIIEMEHTaMH
3JIEMCHTaMH
IIUPOJIM3HOTrO ra3za - s
SIBJISTFOTCSI: :
Bomopon A3zot
(H2 - 14-20 %) (N2 -48-54 %)
Oxcunp ymieponaa Ve KucIbi ras
(CO - 14-20 %) (CO2 - 8-12 %)
s i |G Ee
‘ Metan

T (CH4 - 1-6 %)

PHcyHOK 2 4 — CXema alIEMEHTOB MHPOJIH3HOTO ra3a [6]

[To Hamemy MHeHHIO, AN PecnyOnukH Caxa (AxkyTHs) HaHOONbIIHHA HHTEPEC AN
HCIIOJB30BAHHA B NIPHPOAHO - KIHMATHUECKHX, 3KOHOMHUECKHX H COLHANBHBIX YCIIO-
BHAX NPEACTABIACT TEXHOMOTHA YTHIH3ALHH B THPOIH3HBIX YCTAHOBKAX TBEPAOro oec-

MOACTHIIOUHOTQ HABO34 KPYITHOPOrATOIO CKOTA.
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2.2 IlareHTHbIE HCC/IEJ0BAHUS 110 TeMe padoTbl

BriepBele B HCTOpUM XMMUYECKOM HAYKH HA TO, YTO KAMEHHBIN YIOJIb Ja€T CBe-
THIILHBIA Ta3 (CMech BOJOPO/ia, MeTaHa, OKHCH YTIIepoJa U IPYTHX TOPIOUNX Taz0B, M0-
JIy4aeMble 1IPU IUPOJIM3E KAMEHHOIO YT WIH HeTH), XyAIMH 110 Ka4ecTBY, 4eM Ia3
He(pTSIHOTO TIPOUCXOKICHUS] 0OpaTHIIA BHUMaHUs pocculickue XxumMukn FOmms Beepono-
JIOBHa JIepMOHTOBa 1 AJlekcan/ip AllekcaHipoBrd JleTHHit. A B 1877 roxy AnekcaHpoM
AltexcanipoudeM JlernuM ObU1 3aniaTeHTOBaH P ekt HHUpomsa yriesoopoion [142].

Eme B 1875 on o0Hapy kW1, uTO TIpH TemIreparype Boile 300°C Tsokenblie HedTs-
HbIC OCTATKH YaCTUYHO paziararorcs Ha Ooliee JIETKHe HPOAYKTHI — OCH3UH, KEPOCHH,
ra3wl. B 1877 rojy BIepBHIE BEIETHI 3 HE(PTH apoMaTHIECKHUE YTIEBOOPOIRI (OSH301I,
TOIYOIL, KCWIOJ, aHTPalleH U AP ), YCTaHOBWII BaXKHBIE 3aKOHOMEPHOCTH IIPOIEccad IIUpO-
mm3a HedTu. [IpakTidecku B 3To e BpeMsl OBUTH IIOCTPOEHKI TIepBHIE 3aBOH B KiieBe
Kazanu. Jlj1g moirydeHus rasa JJl OCBEIIEHU, THPOIU3Y MOABEpralu KepocuH. bolb-
MO TOTIOK K PAa3BUTHIO MPOMBINUIEHHOTO TPAMEHEHUS TEXHOJIOTHH ITHPOIIN3a Jana
[lepBas MupoBas BoHHA, KOT/la BOZHUKIA OOJIbINAs MOTPEOHOCTD B TOIY OJIC — ChIPhA IS
MIPOM3BO/ICTBA TpoTHna. B 20 Beke CyIecTBEHHBIH BKIIA]] B pa3pabOTKy HOBBIX HAIpaB-
JICHWI IMpom3a ApeBecuHbl BHee podeccop Tumenko J.B.

[Ipornece mapomsa yrieBoaopoaos (300 - 500 °C) (ra3oBbIX Y ITIEBOIOPOIOB, LIPs-
MOTOHHOTO OeH3WHA, aTMOC(epHOTO Taz0UIn) SIBISIETCS OCHOBHBIM HCTOYHHKOM TIOIY-
YEHU STHICHA W OJHUM W3 [JIaBHBIX HUCTOYHHUKOB IOJMYYECHUS [POIMIICHA, JUBHHUIIA,
OeH30JIa U psijia ApyTUX NpoaykToR. B 1877 roay mporiece mUpoan3a (KpeKuHra) Hedre-
Ia30BOTO CHIphs ObLI 3allaTCHTOBAH POCCHUUCKHM HHKCHEPOM XUMHUKOM AJCKCaHAPOM
AnekcanipoBrueM JleTHHM.

[TronEepoM 110 U3YUYEHHUIO U BHEIPEHUIO IIUPOIU3HON TEXHOIOTHH B Poccun ABIL-
ercs AnekcaHnp AnekcaHapopud JleTHuil. [lociie HeTO JaHHOW TEXHOJIOTHEH 3aHUMa-
mch 1 BHeapsum bakaes B.B., Kocusnos [0.10., bonganeros B.I'., JloOpoBoabckuit
H.IL., KombitoB B.B., Illaxtaxtunckuti T.H., MOparumos Y.I11., Mameaos 3.A., FOcyGoB
O®B., Kexsrie H.B., I'mymkor B.A. u ip. [13, 24, 42, 52, 72,76, 87, 91, 97, 142, 144,
145].



42

B cepeaune XX Beka CyIIeCTBEHHBINA BKIIA]| B TCOPUIO TEPMHUYECKON IIepepadOTKh
OTXOJIOB BHEC KOJUIEKTHB HCCIeoBaTelel Mo pykoBoacTBoM Kopsikuna B.H. [85, 86].

Ha pganHbIA MOMEHT BOIIPOCAMU IIPAKTHYECKON pealln3alldid yCTaHOBOK IIHPOIIN3a
3aHUMaeTCs TIPOU3BoICTReHHas pupma «CuHTyp» U3 ExatepunOypra [42].

A Bolee BecoMbIe OTCUECTBCHHbIC HCCIICI0BaHUS CBA3aHbl, B IIEPBYIO OUEPEb, C
mveHeM [I. A. boOpoBa, H3yuaBIero pazio:KeHUe MeINIONI03bL, INTHIHA, JIPEBECHHBI 1
Topda [125].

Ciielyer OTMETHUTD, YTO BBIIICIIPUBEIEHHBIE TEXHOJIOTAN HAIIPABIICHBI HA IOy Ye-
HHE KUJKOTO allbTePHATHBHOTO TOIUIMBA, HIMEIOT B CBOEM COCTABE CIIOKHBIE YCTPOHCTRA
1 000py IOBAHKE, BEChbMa BHY IATEIBHBI [0 CBOUM radapuraM U TpeOYyIOT ClIeTHaIbHbBIX
ITOMEITIEHUH, 3HAYUTENFHBIX TIIOMMA/Ie U COOPYKeHMSI aBTOHOMHBIX 3IEKTPOCTAHITHI.
[TosTOoMY OJHO3HAYHO HCKIIOUAETCS BO3MOKHOCTh MX BHEAPEHWS B arpapHblil CEKTOp
SIkyTHHA.

B KMBOTHOBOJCTBE peciryONUKU SKyTHd npeodnafanT Malble epMepcKkue Xo-
3giicTRa. [losroMy ManoraGapuTHass W MOOWIRHasS TexHOJIOTHS [ mymkorRa B.A kak
HEJIb34 JTYUIIe HOIXO0AUT A1 BHSIPESHU B 5TH X03sicTBa (pUcyHOK 2.5). Ero pazpaboTka
oTMeueHa 30110Tol Megansio PAH B 20091, OHa TTO3BOIISIET TIOITHOCTHIO pa3iaraTh TBEp-
Jble pACTUTEIILHBIC BenlecTBA (OHOMACCHL) C MIOIYICHUEM CMECH a30B, HPUTOIHBIX JII
HCIIOIb30BaHUS B KAYECTBE AJIbTEPHATHBHOIO TOIUIMBA — B CUCTEME OTOIUICHUS IIOMENIE-

HUH, TIPU TIPUATOTORJIIEHWH TIHITA U KaK MOTOPHOE TOILTURO [42].
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m m I'asro/m aep
I'mapo- bapo6oTep CueTunk
3aTBOP raza
BuixoaHoit
ra3oxoj

Pucynok 2.5 — [IpuHIIMIIManbHAA cxeMa IIMPOIM3HON TEXHOIOTHA | ITyIITKoBa
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Ha ocHoBaHMM BhIllIeCcKa3aHHOTO Obl1a paspaboTaHa cucTeMa o0e33apaKUBaHU,
nepepaboTKK 6eCnoACTUIOYHOIO HABO3a HOBBIM CITOCOOOM — TEXHOIOTMEH MUPOIU3HON

YTUIM3aLMX TBEPAOTro OCCHOACTUIOUHOTO HaBo3a (PUCYHOK 2.6).

becnoncTrnodneii HABO3
KPYITHOTO POTATOrO CKOTA

Dusnueckuii MeTOx, Xumuueckuit MeTox, | | buonornyeckuit meton
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PucyHok 2.6 - [Ipeanaracmas MoAcpHU3HpPOBaHHAA CXEMa o criocodaM M MeToJaM
yTum3aiuyd Hasosza KPC - sKkuakoro u TBepaoro
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B mmponsHON yeTaHOBKE IS Y TATH3AIUN Tak:ke MOTYT UCIIOB30BaThCs: Opra-
HUYECKHUE OBITOBBIC OTXOJBL, HNOMMATIICHBL, THO, 0TX0AbI JIEeCHON IIPOMBIIUICHHOCTH
(Imena, BETKH).

[IpenmyniecTBAMY HPUMEHEHHAS TEXHOIOTUH IIAPOJIA3A SBIIETCS TO, YTO:

L, MoxHo niepepalbaThiBaTh HECOPTHPOBAHHBIE TBEPABIE OBITOBBIE OTXO/IbI, KaHAIIH-
3aIMOHHBIA WII, HePTAHBbIC OCTAaTKH, OYMa)KHYIO IIYJIbILY, CMEIIaHHbIC IUIACTHKH W H3-
MEJBUEHHbIE OCTATKU aBTOMOOWIIEH, PE3UHY U aBTONIOKPHIIIKH, aKKYMYIBSITOPHBIE OaTa-
PeH, OTXO/IbI JIepeBooOpadOTKH, MEAUITUHCKHUE OTXO/bI U T.JI.

2. [Tuponm3Has ycTaHOBKA HE 00pa3yeT CTOUYHBIX BOJI, UTO SBIBIETCS 3KOJIOTHIEC KM
IIPEAMY IIIECTBOM U Y IEIIEBIBIET CUCTEMY .

3. JIpyTHM Ba*XHBIM HKOJIOTHYECKHM (PakTopoM sBIsieTcs 3(h(PeKTUBHOE CHUKEHHE
[IEPBOHAYAILHBIX 0ObEMOB OTXO/I0B, KOTOPBIC HIPEAHA3HAYCHBI JJI 3aXOPOHCHHUS Ha 110-
JTUTOHAX.

4. Be3ppeHble OCTaTKHA MUPOITH3IHOTO MPOW3BOJICTBA MOTYT TaKke HCIIONh30BaThCS
B JIAJIBHEHAIIIEM, HAIIPAMEDP, 1IPU JOPOKHOM CTPOUTEIIBCTBE, IIOKPHITHA KOPTOB CIIOPTUB-

HBEIX IDIOMAI0K | T.1.

2.3 Cxema nmposmsa mo I'nymkory B.A.

Hcronw3ys cHCTeMHBIN aHaIN3 W3BECTHRIX CXEM, OITUCAHHBIN B padoTte [ mymkoBa
B.A. [42], neo6x0oauMO OLIpeIelUTh CIOco0 HOBLIICHU d(PPEKTUBHOCTH IIpoliecca 111-
pONI3a OPTaHUUECKOTO CHIPhS € MPEII0KEHHEM KOHCTPYKTOPCKUX PellleHUH.

B pabote [42, 43, 44, 116], Ha ocHOBe 00OOITIEHMSI HMEIOIAXCS TaHHBIX, | Ty 1II-
KOBBLIM COCTABJICHA W IPOAHAIM3UPOBAHA TPAJIUITHOHHAS CXeMa YTUIW3AIAA OpraHnye-
CKOTO CHIPhSI U TIPOU3BEJIEHA OTTeHKa MaTepHalbHO-3HEpTreTHIeCKoro OanaHca Tpa ulTi-

OHHOTO [polecca IUpoJr3a (PUCYHOK 2.7).
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Pucynok 2.7 — CxeMma cucteMsl «I IMponu3Has yCcTaHOBKa» U €€

MATCPHAIBEHO-DHCPTCTHICCKOTO Banarnca

YKa3zaHO, 9TO aBTOPOM IIPEUIOKEHO HCIONB30BATH TOILIMBHBIE CBOMCTBA HE
TOJIBKO TIOIVIEHHOTO Ta3a, HO W JKUKOTO TTHPOIN3ara, TOMITHBHOW COCTABISIONEH KO-
TOPOTO SIBJSIFOTCS IIUPOJIM3HEIE CMOJIBL ISl NOBHIIECHNS SHEPTETHIECKUX II0KazaTeleH
nporecca [42].

Tak xak HEMOCPEACTBEHHOE HCTIOIB30BAHHUE CMOIL B KaU€CTBE TOILIMBA COIIPSKEHO
¢ OONBITMMME TEXHUISCKUMHE TPYHOCTIME, TpedyeTes mpeodpazoBaTh ux B Honee mpH-
eMJIeMbId Bu TomuBa. [loatoMy mpejuraraercs Bo3BpallaThk CMOJBL B PEAKTOP ULl MX
TEPMHUUECKOR AECTPYKIHH, B Pe3yiIbTaTe KOTOPOHM CIOXKHBIE YITIEBOJAOPOABL paziara-
10Tes Ha Oosiee MPOCTHIE, IPHYEM MIPH ITHPOIH3E TSKETBIX MOJICKYI 0Opa30BaBIINXCS
cMoll 00pasyioTes JeTkue MOIEKYJIhl TOILIUBHBIX Ta30B. B pesyibTare VBEIHUYNBAETC
oblmee KOIMIECTRO TOILTHBHOTO Ta3a MPH MHUPOIN3E PACTUTEIBHOM MacChl ¢ BO3BPAaTOM
MUPOIU3HEIX CMOJ, a 3HAUHT, YBEINIUBACTCS U OOIMas SHSPTUS OT MHPOIU3HOTO raza. B
JTIOKA3aTEIbCTBO K PTOMY Ha pHcYHKE 2.8 [42] mpuBeAcHBI H3MEHEHW A, BHECEHHBIC B TPa-
JUIHOHHY KO CHCTEMY ITUPOIIN3a, U MAaTEPHANLHO-IHEPIeTHIECKUH GalaHe, XapaKTEpH3y -

IOH.[HfI [MPOU3OIICATITHC H3IMCHCHHW .



47
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PucyHnok 2.8 — CxXemMa MaTepHalbHO-YHEPreTHUECKOTO OanaHca

pa3paboTaHHOTO Mpolecca MUPOTU3a

Taxum obpazoM, IO UTOraM MoABeACHHBIM [ Ty IKOBBIM [42], MOKHO CKa3aTh UTO
BHCPIHs OT CHKUIaHUS TOIUIMBHOIO ra3a, oOpa30BaHHOrO MPHU TaKOI opraHU3aluu Mpo-
Liecca MUPOJIN3a paCTUTEIBHOTO ChIPbS, YBEIMYMBACTCA B 1Ba pa3a. OTAeIbHO OTMEUCHO,
YTO MPHU 3TOM OJTHOBPEMECHHO YMEHBIIACTCH KOIMYECTBO OCTATOYHBIX MPOAYKTOB peak-
LIUH.

KpoMe mpstMoro ciKATaHHUS B TOTIKAX, OJHUM M3 Hauoonee 3(p(heKTHBHBIX HAMPAB-
JICHU UCTIONb30BAHUS B YHEPTETHKE TBEPBIX TOTIMB U TOPFOYNX OTXOOB MPOMBIIITICH-
HOTO U CEIbCKOXO3SMCTBEHHOTO MPOU3BOACTB SIBISIETCS WX TPeABapHUTEIIbHAS Tepepa-
OOTKa B TOPIOUHE Ta3bl pa3aTudHoro HazHaueHHUs [82, 108, 110]. ITonyyaemsrii B razore-
HCpaTopax rasz MOKeT ObITh MCIO/Ib30BaH KAK TOIUIMBO B SHCPICTUUCCKUX YCTAHOBKAX,

TCXHOJOTHYUCCKHUX TIpOoLCCCaXx, TPAHCIIOPTHBIX H CTALIMOHAPHBIX CH/IOBBIX MallllHAX.
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* TUPOIH3AT r Cropanu:Aa
I | (50-35 % m) CMOJIBL OHOMACCHI
I | (14 % m)
: Iupo.ni | Ll
I ' - 75 % oT
| | [Tenn TEILTOTHI
I I obparnoii CTOpAHHUS
— I CBST3H HeTH U
—> | Yrnepoansiit raza
| JocTaTOK
L= '
| :(24-25 % m)
DHeprust ::l Harpepatenn I

Pucynok 2.9 - Cxema muposm3sa B ycraHoBke [ BA-1

buomacca — 370 yri1eBoJ0poAHbIE MaTEPHAIIBI, KOTOPBIE B OCHOBHOM COASPKAaT yTI-
Jepod U BOAOPOJ, a TAKKE KHCIOPOoJ, a30T U cepy. HekoTopsle BHABI GHOMACChI CoAep-
JKaT 3HAYUTCIIbHBIC KOJTUYCCTBA HCOPraHWYCCKUX BelecTB. KOHUECHTpALMS 307161 MOKET
coctasniaTh oT 1 g0 15%, onpeaenseTcd HATHUACM HCOPraHHUCCKAX KOMITOHCHTOB, [42,
43,44, 127, 131]. K 6buomMacce OTHOCATCS pa3auyHbIC HATYpadbHBIC MaTcpHaibl H MpPO-
AYKTBHI MX MepepaboTKH, a TAKAKE CCNbCKOXO3MHCTBCHHBIC, MPOMBILLICHHBIC W MYHHLIH-
NaJdbHBIE OTXOJBI, TAKHE, KAK PACTUTEIBHOE ChIPbe, TOP(), OTXOIBI APEBECHHBI, KOM, OT-
X0/pl OyMaru, 0TXo/bl MPOU3BOJACTBA, a TaK;Ke UCIOIb30BaHUSI HATYpPaJIbHBIX U HCKYC-
CTBEHHBIX BOJIOKOH W TKaHEH, OIMIKH, COJIOMA, OTXO/IbI MUIIEBbIX TPOU3BOACTB, OTXO0IbI
KHBOTHOBOJICTBA, HEKOTOPBIE BHAbI MEIUIHWHCKUX OTXOJ0B, BOJOPOCIH M OTXOJBI MX
nepepaboTKu U Ap. bHoMacca oTHOCHTCA K BO30OHOBIsieMbIM pecypcam. [1o pazmaunbiM
OollcHKaM o0Imasg OuoMacca JKHBBIX OPraHHU3MOB OHoc(Cpbl MOMKET COCTABIATH OT

1,8-1012 T 5o 2,4-1012 T cyxoro BeuecTha.
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I'mymkxoBbiM B.A. poBejieH aHaIW3 TEXHUKO-3KOHOMHYECKHX TTOKazaTelel pas-
JIMYHLIX TEXHOJOTHHA 1IepepadoTKH PacTUTEIILHOIO ChIpbd (Onomacchl) (Tadiuna 2.1 u

Tabmma 2.2).

Tabmuma 2.1 — TexHuKo-SKOHOMHYECKHE TToKa3aTeN pa3TnIHbIX

TEXHOJIOIHI Hepepa60TKH OHOMACCHI B TOILTHBO

Criocodb1 yTH-
H3AIu/
Ne Ilpsimoe cxxuranue l'asudukanus [nponus
OcHOBHBIE TIa-
paMeTpbl
TennoTBopHas
1 crocobHOCTD 10 - 17,5 MJlc/xr 4 - 6 MJTx/m? 14 - 16 MJTx/M°
TOILJIUBA
Hanuume ytunm-
Hanuuue yruinsu-
DKOTOTUUHOCTL | DKoJorHueckas un- . 3UPYEMOTO JKH/]T-
2 pPYeMOi MHUHepaJlb-
TEXHOJIOI' MK crora .. KOI'O [HPOJIU3aTa
HOM 30751
U VI
Oueprocuabdkenne | DHeprocHabike-
3 Cdepa npume- | BoipaboTka Termia v | B cayuasx, Korjia HHe U THTAHHe
HEHUS DACKTPOIHEPTHUH HEKPUTHYHA ILIOT- | CUJIOBBIX YCTAHO-
HOCTh PHEPruu BOK
Pecypcozatrpar-
4 M p Huskas Cpennsis Cpennsd
HOCTh
HeyHuBepcalibHbli
KauecTtBO momy- 5 i
(omHOpOAHBIE TUIOT- | YHHBepcalbHBIH | YHHBepcalbHBIH
5 | waemoro 3Hep- & »
HbIC MeJIeThI, OpH- (TOTIHUBHBIN ra3) | (TOTUIMBHLIHN ra3)
I'OHOCUTEJIS
KETHI, TTerna)
CebecTtouMoCTh
3aBHCHUT OT
CebecTrouMoCTh
CebecToMMOCTE HATIPABIEHHOCTH
DKoHOMHUECKHE | TBEPAOro TOILTHBRA
6 TOIUIMBHOI'O ['a3a | IIpoliecca: Ha Iu-
MoKa3aTeu 1426 - 2065 pyb./T U
: 8851 pyb./Ty.T. POJIH3HBIH ra3
YT WJIH TBEPIIBIH
OCTATOK
Iloreunuan no-
BLITIICHUS DHEP-
7 p Her Her Ja
TeTHIECKOTO
BBIXO/IA
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TaGmuma 2.2 — CpaBHeHEe okHlaeMoro 3pdexta oT BHeIPEHNUI HOBOH TEXHOTIOTHH

HI/IpOHI/ITI/I‘IeCKOfI Hepepa60TKH OHMOMACCEI ¢ CYIICCTBYOIMMMH TCXHOJIOTHAMHA

O0o6menuplii no- | Ilpsmoe [Tuponusnas
No lasuduxanuys | [Tuponus
KazaTelb C:KUTaHHE pereHepaIus
1 Xr nen-
KomnuecTro 3HED- 0,3-0,4 M3
net/ 6pu- | 2 M° Tormme- 2 M TOTITHB-
1 | roHocures ¢ 1 kr TOIUIABHOTO
KCTOB / HOIo rasa HOTO rasa
GroMacchl rasa
TITeTILI
DHepreTudeckast
10-17.5 14 -16 He menee 16 -
2 | LEHHOCTH PHEPIO- 4 - 6 MJw/m?
M JT3x/Kr M Tx/m? 18 MJTx/n?
HOCHTEIIS
KomuuecTBo 3HEP-
10-17.5 4,2 -6,4 He Menece 24 -
3 ruu ¢ 1 kr 6mo- 8 - 12 MJTx
MJTx M/ T 27 MJTx
MAacChl

Takum oOpazoM, 110 pe3yIbTaraM BhINCHPHUBEICHHbBIX [OKa3aTeleH, | Ty mKoBbIM
[IPEIOKEeHBI CPaBHUTEIBHBIE XapaKTEPUCTHKN TEXHOIOTHH TIO YTUIH3AIUN U TIepepa-

OOTKEe OHOMAcCHI B ¢lIeAyIomeM Bue (Tadauna 2.3):

Tabmuma 2.3 - CpaBHUTEIIBHBIC XapaAKTEPUCTHUKHN TEXHOJIOTHI 110 1iepepadoTKe

GroMacchl
= = = )
2 - i = =
- 55 |3 z23 |8 3 2 5
5 & = 5 = 5] < = =
= H S = L = ) H = =
o) ) g & B = 59
S 5 85 8 = T =E <IN T
= (& o < D n \C g
> n 2 g 5 2 2 5om g 5 B
— 5) w Q ) Q
= = 9 = = — 5 =
o O ) Q) ) = O
Cixuranue
1| TommBHOIM I krmemesr | 11,1 MJUx/kr | 11,1 MJR/KT Hmskast
IIEIIBI
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HPOAOKeHUE TalIUILL 2.3

Cikuranue
2 0,5 xr meswier | 17,6 MJDx/kr | 8,8 MJK/Kr Cpentsist
TeIeT

3 | Ananpobuag | 0,06 M3 6uo- | 21 MJIx/kr 1,3 MJDx/kr Bricokast

dbepmeHTaIHs rasa

4| IImpouaus 1 kr OHo- 14-16 23-27 Boicorkast
Macchl M /Ix/kr Mx/KT

W3 tabnuiiel 2.3 MBI BUAWM, YTO [0 CPABHCHHUIO C JPYTUMHU TEXHOJIOTHAMH IUPO-
TU3HAS TEXHOTOTHS Y THIIM3AITUH OMOMACCH CY MMECTBEHHO TIPEBOCXOJIUT TI0 SHEepreTHYe-
CKOMY BBIXOAY ¢ | KI' CBIPBSL.

Ha 0Gaze mabopatopuu aBToJiopokHOoro (akyinbsrera CeBepo-BocrouHoro deje-
pajbHOro yHuBepeurera nMeHd M. K. AMMocoBa 71 000CHOBaHUS BBIXOHBIX IIapaMeT-

PORB TIpoTiecca MAPOIN3a POBEJIEH SKCIIEpUMEHT B Ilepuo ¢ 2013 r mo 2021 1.

2.4 CYIJ_[eCTByIO]J_[Ier MaATCMAaTHUCCKHEC MOJC/IH IIPpoHCcCcCa ITHPOJIn3a

H3BecTHBIC MOJICIIHN pOIEcca IIPOIIH3a, pa3padoTaHHbIC YUCHBIMU WIH IPY IIIaMH
VUeHBIX 3apyOeKHBIX (PUPM, UCTIOTR3YIOTCS IS pacueTa cocTaBa MpoJyKTOR TTHPOITH3a
VJIEBOJOPOAHOIO CBHIPBS Ha IPOMBIITUICHHBIX IIPOU3BO/ICTBAX Pa3HLIX cTpaH [96].

["'pynma yueHbIX W3BECTHOM HUEpIaHacKOH (GUPMBI pa3paboTaln METOTIOTIOTHIO ©
HCIIOJIB30BAHUEM [IPOTIPaMMbl MOACIHPOBaHKS IIUpOIH3HBIX neueit SPYRO ams npoek-
THPOBAHUS [IEUCH 110 3aKa3y, SABJBIOIICHCS cCOOCTBEHHOCTHIO KOMIIAHUH.

[TporpaMma Mo leTupyeT MpoTiece TUPOIN3a PA3IUIHOTO YTIEROOPOTHOTO CHIPHS
OT BTaHa JIo JUIPOMHA, KHHETHYCCKas MOJEIb BKIIoYaeT MexanmsM u3 2000 peaxnuii
[98].

MaremaTtudeckas Mojenb Baneea M.A., kacaTelbHO Iporiecca IMpoin3a JIpeBe-
CHHBI, YUUTHIBAET TPeIBAPUTETHHYIO TOJCYITKY, KUHETUKY, KOIIMUECTBO BRIXO/Ia JIEeTY-
YUX IIPOAYKTOB U OXJIaXKICHHE TOTOBOIO APEeBECHOro YIi. JlaHHas mo3BoJsIeT olpejie-

JIUTH KOIHMYCCTBO CYXOT'O OCTATKA, BBEIACITIMBIMHXCAH JICTYHUHX H IIPpOIOILKUTCIBHOCTDL
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BCETO IIponecca IOIYUCHMA YITEL © y‘-IéTOM BPEMCHH OXJIARKACHIA I'OTOBOI'O IIPOJAYETA B

3dBHCHMOCTH OT JaBJICHHA B allllaparc:

dT  KAtFeM
_—=— (2.1)
dr PepVeuMep

rae, dT — TeMIleparypa;

T — BpeMs;

K — xuHeTHUeckasd KOHCTaHTa CKOPOCTH IIMPOIIHN3A,

At — IRIKYINag cuia mporecca TeIonepeiaum;

Pcp — WIOTHOCTH CPEJIBL;
V., — o0beM cROOO THEIIM,

CMCp — YACJIbHAA TCIVICCMKOCTE MaTCpHaJIa CpCALL.

OJMHOU U3 OCHOBHBIX 3a/1a4 B TIPOTIECCe TTAPOIII3A SBISIETCS BRIOOP ONITAMAIIBHOTO
pexuMa padoThl B 3aBUCUMOCTH OT COCTABA ChIPbS M BBIXO/Ia IEIIEBBIX IPOAYKTOB. Jlis
pereHus Toi 1mpodieMbl, Oblla pazpadoTaHa MOJECIb, UCIIONIB3YIOMAS KHHETHYECKY O
CXeMYy, KOTopasi BKIIOUAET KaK IIEPBUTHBIE PEaKITHH Pa3lIoKeHUs YTIEBOIOPOJIOB, TaK 1
11000YHBIC peaKIui 00pa30BaHUs KOKCA, a TaKKe OIHCAHUE ero OTIOECHUS Ha CTEHKax
3MeeRHUKa [32].

bbbt 11poBeieH aHalIu3 TUpoIr3a Mporat-0y TaHOBOM (pakIiid Ha OCHOBAHUHU KH-
HEeTHIECKOM MO IeNH, TIpeAniokeHHoi B padote Xopora HO.M., Bacunbepoii H.H. u I1an-
genkoBa .M., [8, 109]. [loiyueHnas KUHeTHUECCKas: MOJIC)Ib [Ipoliecca BKIIoJaeT B cels
8 peaxIiuii, KOTOPHIE TIPUBE/ICHBI HIKE, IIPH 3TOM, COTTIACHO 3TOU cXeMe IIpEeBpaIeHni,

B HHUX BB&HMO,I[GﬁCTBYIOT 12 Pa3IIMIHBIX KOMIIOHCHTOB.

CaHs (1) — 0.47C;H4(2) +0.53CH4 (3)

Calls (4) — 0.32C,H4 + 0.34C,H;s + 0.16Calls (5)+ 0.18CLL,
CaHio(6) — 0.10C,Hs (7) + 0.32C,Hy + 0.27C3Hs + 0.15CoHe + 0.16CHy = (2.2)
Csl 12 (8) — 0.16Calls + 0.37CHs + 0.35C,1, + 0.12C1L,
CoHy — 0.15C,H, (9) + 0.85H,
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JlaHHas cxema Iporiecca, HECMOTPSI Ha HEKOTOPYIO YIPOIEHHOCTh MOJIENH BHI-
3BaHHYIO IIPUYWHAMH, [IPHUBEACHHLIMH BBIIIE, IIO3BOJEIET IIPOBOIUTE PACUEThl KOHIICH-
TpaIii UHTEPECYIONMMX KOMIIOHEHTOR IIPEICTABICHHOU PEaKITHOHHON CMeCH TIPU CaMbIX
Pa3HbIX TEPMOIMHAMUYECKHAX Y CIOBHIX.

W3 monydeHHOM cxeMBlI IIpEBpaIlleHHH, COCTaBIeHa MaTeMaThueckas MOJelb
JlonranoB Mrope MuxaiiioBUd KUHETHKHA 1poim3a | 54]. COOTBETCTBEHHO, OHA BKIIIO-
qaeT B ce0sl, BO-IIEPBBIX, CUCTEMY U3 7 3KCIIOHEHITHAIBHBIX alreOpandecKuX ypaBHEHUH
JUISL pacueTa KOHCTAHT CKOPOCTEH COOTBETCTBYIOIUX PeaKIyii, 00N BHI KOTOPOHR IS

KakJIOH U3 HUAX, KPOMe TIOCTIeTHEN, TIpUBeIeH HITKe [ 34 ]:

dr

= KgCy, —exp(0,023-C;, —1)-G%8 - (D—2-6)"18 (2.3)
r7ie, G —MacCcoOBBIM pacxXo] CHIPHSL, KT/C;

D — nuametp TpyOKH, MM;

d — TONIMHA OTIOKCHUHA KOKCa,

K; — KOHCTaHTa CKOPOCTH PEakIlyi 1,

C;, Cy- KOHIIEHTpaIMsI KOMIIOHEHTA 1,

T- BPpCMA KOHTAKTA,

Takum obpasom, ObUIa pazpaboTaHa W HOJIYUYEHA MaTeMaTHYecKas MOJICb IIUpO-
JM3a YTIIEBOJIOPOJHOTO CHIPHS, H OBLT IIPOTECTUPORAH ee (PyHKIHoHaN. B JansHeieM
ABTOP IHINET O TOM, YTO IUIAHUPYET BeCTH padoTy B HAIIPABICHUM YBEIUICHUS KOJIMYC-
CTBa 3a/[eUCTBOBAHHBIX KOMIIOHEHTOB, pa3padoTaTh MEXaHU3MBL, MOJIETTUPYIOIHE JUHA-
MHKY KOHIICHTPaluii 5TUX KOMIIOCHEHTOB B peajbHOM BPEMEHH, TO €CTh, CAEIIaTh MOJIEIb
ITOJTHOCTHEO HECTAITHOHAPHOH, a TaKKe Co3/aTh CUCTEMY, IPOTHOZUPYIONTYIO COCTOSTHUE
CHUCTEMbI, KoTOpas OyJeT MPOU3BOIUTh PACUEThl HA OCHOBE JAHHBIX, HAKOIUICHHBIX 3a
BCE BpeMs LIPOU3BO/JICTBA [ 54].

MoiemupoBaHAe XUMHAYECKOTO MPOTTECCa SBIBIETCS HeOOXOTMMbIM HHCTPYMEHTOM
KaK Ha pTale MPOCKTUPOBaHUS peakTopa (0cOOCHHO IS KOHCTPYKITHI CIIOKHOHN reoMer-

PHI) C TIETTHIO U3YUEHMS TIpoTiecca B IMUPOKOM CITIEKTPE Pa3IMIHBIX YCIOBUAM POTEKAHUS



54

peaKIii M TEeXHOJIOTHIECKUX PEKUMOB H JIJISI ONTHMAIBHOTO YIIPABICHUS MIPOIIECCOM
[12]. IIpu BLIGOpE YCIOBUH MPOBEISHUS XUMUKO-TEXHOIOTHUESCKHX IIPOLIECCOB PelIaio-
Iee 3HAUeHUE UMEIOT BOIIPOCHl OMpEJENIEHHs] CKOPOCTH XAMHUYECKHX IpEeBpaIeHuH,
M3y4JaeMble XUMHYECKON KMHETUKON. KuHeTHIeCKHEe YPaBHEHUS SBIBIIOTCS IIEPBOOCHO-
BOI MaTeMaTHUYeCKOW MOJIeTH XUMHUECKOTO Ipoliecca U peakTopa, Tak Kak cojepKar
HEOOXO0IMMYIO HHPOPMAIHIO 00 OCHOBHBIX 3aKOHOMEPHOCTIX XHUMHYECKHX IIpeBpallie-
HA. TepMHUdeckoe pazloKeHHe MPeJCTbHBIX VITIEBOJOPOJOB COIIPOBOK/IAETCS pa3HO-
oOpa3HBIMA U MHOTOYHCICHHBIMU TIapaluUIe]IbHBIMU IIPOIIECCaMU, YTO HPUBOJUT K 0Opa-
30BaHHIO JIecsiTKa BEMECTB U BO3MOKHOCTH MPOTEKaHUSI COTHU peakiuii. CocTap Ipo-
AYKTOB IHpoJ3a 6oJee 4eM MHOT00Opa3eH U BapbUpyeTCcsd B NIMPOKKUX [peJiesax B 3a-
BHUCHMOCTH OT THIIA CHIPHSI U TEXHOIOTHUECKUX YCIIOBHI MPOBEICHUS peakitui. IMeHHO
IIOPTOMY HUCCIEAOBATEISIMA TPE/JI0KEHB MHOTOUUCIICHHBIE KHHETHYECKUE CXEMBI IS
OTIMCaHMs IIPOIECCOB MMHPONIN3a YIVIEBOJOPOIOB Ha Pa3IMUYHBIX 1adOpaTOPHBIX U MPO-
MBIIMIIEHHBIX YCTAHOBKAX W HAKOIUIEHO 3HAUNTENHLHOE KOHIECTBO SKCIIEPUMEHTAIBHBIX
NaHHbIX [ 74, 75, 83, 90].

H3HauansHO Iporiece MOCTPOSHUSI KHHETHIECKOM MOIe TN IUPoIr3a ObLT OCHOBaH
Ha TEOPUH LIECIHBIX PEaKklMi KM OCYIIeCTBILUICH BpyuHyio [83, 90, 135]. Heuocpei-
CTBEHHO MHUPOJIN3 MMPOTIAHa IIPECTaBIseT coO0H paIuKaIbHO-TIEITHOM IpoIiece, poTe-
KacT B COOTBETCTBHHU ¢ MexaHu3zMoM Paiica —I'epdenia -KocsakoBa u BnodaeT B cedd
TpH cTaauu |73, 84]:

1) uHuUUpoOBaHUE 1EIH

2) TIpoJIoITKEHHE TTETTN

3) oOpHIB IlenH

Martemarndeckas mogelb A.B. CobkanoBa Ha HecileoBaHHA polecca liepeBojia
TEPMOILTACTHYHBIX MATEPHAIIOB B TEPMOpPEaKTURHBIE Ha TIPUMEpPE aBTOMOOHITBHBIX TITHH
[126, 137]. Mojaeins Ho3BOJBKET KOJIUIECTBEHHO 1IPOTHO3UPOBATH BIUSHHUE [IEPEMEHHBIX
TEXHOIIOTHIECKUX MapaMeTPOB Ha PeKUMBI paOOTHI U KOHCTPYKITHIO TIEYH IS TTOTyYe-
HHUS TOTOBOH YIIepoA0coepKanei Ipo 1y KITUH.

Hpe,[[JIO}KeHHBIe YPaBHCHHUA UMCIOT CJ'IC,I[YIOH_[I/Iﬁ BHI:
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AT. = —[Up(Tyg—Ts) +U2(Ty—Ts)|AXx—Qp+Ay mAYN+A 51, 0AYs+RTy AHgr +RT, AHgT, 2.4)
S (Y1 +AY;)Cpy +(Ya+AY2) Cpat (Y5 +AY3)Cp '

ATy = {_[UZ(TQ - TS) + Ul(Tg - Tw)]Ax —RT,(Hy — H;) — RT,(H; — 2H;) +

HHszl
18,016

EHr, + DeHy, 14
12,01 2,016

Drear + Qu, } /{Z1% Cp (Y + AY) + CeyYy}  (25)

+ Hyyyp AV, + — RT3AHpy, — RTWAHRy, — AYsHpye + Quar —

(U U (U4 Ty +UsTs )+ U, UsTy

T 2.6

w ((U1+Us) (U1 +Ug)+U Us) (2.6)
. UiTw+UsTy

Two = 5ot Q.7

rue, Tg, Ty, T, Tyo u T, — TeMIEpaTyphbl TBEPIOH U razoBod a3, BHyTpeHHEH
CTEHKH, HApYKHOU CTEHKH U BO3/[yXa, COOTBETCTBEHHO, °K;

U; 1o Ug — xonddUrueHTs Termonepe1aui Mek/Iy Ta30M U BHYTPEHHEH CTeHKOH,
razoM W TBep/bIM TEJIOM, BHYTPEHHEH CTEHKOH W TBEP/BIM BEIECTBOM, BHYTpPEeHHEN
CTEHKOM U HapyKHOM CTEHKOM, HAPYKHOM CTeHKOH 1 Bo3ayxom, Br/m?K;

3uavenus Y] 10 Ys u Yy — cKOpOCTh IIOTOKA YIVIEPOLOCOAEPIKAIIEro MaTepurala,
JIETYUHUX BEINECTB U BJIATU B CIIO€ YIVIEPOIOCOEPKAIEro MaTepuaa, a Takke yIiepo-
HocoAepXKaIled MeJIOYH, TOIUIMBA, KUCIOPOIa, BOAOPOIa, THOKCHIA YITepoaa, OKCHIA
yIIepoJia, BOABI U a30Ta B IOTOKE ra30BOM (a3wl, M/C, COOTBETCTBEHHO,

3HaueHws (), ABIBIOTCS TEITOEMKOCTAMU COOTBETCTBY FOIIMX MaTepHanos, JIx/K,

3HavueHus Ayy U Ay, — TENIOTA WCTIAPEHUS JIETYIHMX BEMECTE M BOBI, JUK/KT,
COOTBETCTBEHHO,

(Qp — TeImoTa pazIoKeHHs YIIepoaocoepKariero Marepuana, JLx/Kr,

3nauenud AH — TerwoBoil 3¢ ¢deKT COOTBETCTBYIONUX XUMHUYCCKUX PEaKITU,
Jls/MoOTh,

3nauenus H, H; H,— >HTanbIus cOOTBETCTRYIOIMX BEITECTB, JIK;
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Dy — sddexTHBHAS CKOPOCTH Pa3lIOKEHHs YTIEPOJAOCOepKaIlero MaTeprania,
KJ[ K/ MO,

E — ckopocTb yHOCa YITICPOAOCOAepKaIIei MEITOUH, M/ ¢,

Qy - TEIIOTA PA3IOKEHU JICTY YHUX BEIIECCTB,

Dpeqe- TEIUIOTA W3IIYUEHUS, HIOITIOAeMas XOJIO[HBIM Ia30M OT ILUIAMEHH.

JlaHnas MOJeNb Y IOBIIETBOPUTEIILHO OIIUCHLIBAET peallbHble U3MEHEHUS TEXHOJIO-
THYECKUX MMapaMeTPOB MPOIECCOB OKHUCIUTEIBHOTO MUPOITH3a PE3HHOTEXHAYECKUX Ma-
TepraioB. Hanpumep, BBIXOJ YITIEPOAOCOACPKAIICTO MPOIyKTa (IIMpoKkapOoHa) cipo-
THO3UPOBAaH ¢ oTKIoHeHHeM + 0,7 %. Hanbonee BaXKHBIM TEXHOIOTHUECKHM (PaKTOPOM,
KOTOPBIH OKa3bIBacT BIMSHUE HA BBIXOJ IIMPOKapOOHA, SBIETCS YHOC YIIIEPOAOCOACD-
JKaled MeITovH.

Maremaruueckas MoJenb [ nymkoa B.A. U1 yCTaHOBUBIIETOCS PeXXHUMa B B
perpecCHOHHON 3aBUCUMOCTH KOJIWHUECTBA SHEPTHH, TpeOyeMoro I Tpollecca, OT

MaccCHhI 3arpy>kaeMoro pacTUTEILHOTO chiphs [44, 133]:

Q(m) = 605,7-m (2.8)
riae, @ —B Barr-munyrax;
m — B rpaMMax.
[Ipou3BeJicH aHAA3 CYIIESCTBYIOIMIMX MOJCICH, ONHCHIBAIOIIMX IIPOIECC ITHUPO-
mm3a (Tabmuria 2.4)

Tabmuna 2.4 - Mojeiy, OlHUCBHIBAIOIINES IPOLECE UPOIII3a

No ABTOp Mopens
1 | Baneer M.A. dT  KAtFyM
dt pchCBCMCp

I[aHHaE[ MOJCIL IIO3BOJLICT OIIPCACIINTE KOJIHICCTBO

CYXOT'0O OCTaTKa, BEIACITUBIIHUXCS JICTYUYHX BCINCCTB 1
IIPOAOJLKHUTCIILHOCTE BCCTO IIPOLCCCa ITOTYYCHIA
VI C yqéTOM BpEMCHH OXJIARIACHMA TOTOBOTO IIPO-

AYKTa B 3aBUCHMOCTH OT HABJICHMA B allllapaTe.
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HpOoAO/DKEeHUE TadIuIbl 2.4

2 | Jonranor .M.

ByHaeB A.A. dgiz = KgCyp — exp(0,023 - C;p — 1) -G8 - (D —2 - )18
Jlonrarora H.0. MaTteMaTHUecKasi MOJIENb OIACHIBAET IPOIIECC ITHPO-
Hupruna H.A. JIA3a YITIEBOIOPOHOTO CHIPDSL.

3 | CobkanoB A.B. (Uy + Us)(UiTy + UsT) + U, UsT,
IImvenosa MLA. Y Uy + Us)(Uy + Ug) + Uy Us)
Hpaxmrok I K. T, = UpTy + UsTy

Uy +Us
Dra MOAEID HO3BOJLET KOJIMYECTBEHHO IIPOTHO3UPO-
BaTh BIMSHHE TIEPEMEHHEIX TEXHOTIOTHUECKAX TIapa-
METPOB Ha PEKHAMBI PAGOTHL M KOHCTPYKIHIO IICUH
JUIS TIOJTYYeHAs TOTOBOH YTTIepoI0coiepKammei mpo-
Iy KLMH.
4 | I'mymkoB B.A. Q(m) = 605,7 - m,

MareMaTHUecKas MOJCIDb HHpOJIPISHOﬁ YCTaHOBKH
JAJE YCTAHOBHBINICT'OCA PCKHMaA B BUIC PCIPCCCHOH-
HOH 3aBUCUMOCTH KOJIHUECTBA SHCPTHH, Tpe6yeM0ro
AJLL IIponecca, OT MAacChl 3alpyKacMOoIro pacTHTCIIb-

HOTO CHIPHS (OMOMAaccCHI).

Takmm 0o0pazoM, MOKHO KOHCTATHPOBATh, UTO CYITIECTBYIOIHE B HACTOSITEE
BpEMS MATEMATHUECKUE MOJICIIH IIPOIecca IMUPOIn3a:
- IPUMEHUMBI /IS OTMCAHUS XUMUIECKUX PeakIliii, MPOTEKAIOIAX BHY TP MTUPOTU3HOH
YCTaHOBKH 1IPH Y THIM3AIUH Y ITICBO JOPOIHOIO ChIpbs (hopMy bl 1 - 3);
- MoJiels [ ymkoBa B.A. onmckIBaeT mporiece YTHIH3AITHA PACTATEIIBHOTO CHIPHS (OHO-
Macchl) U IMOAXOJMT JUIS aJeKBAaTHOIO OIMCAHUS I[polecca IMpomsa TBepaoro Oec-

IHOACTHIIOUYHOT'O HaBO34a.
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2.5  Moaepansanns MmateMaTaueckoil Mojaesm I'nymikora B.A. o niponieccy

HHHPOJIn3a PACTUTEC/IBHOIC CBIPLEHA

HSy‘IeHBI MAaTCMATHICCKHC MOJCIIH ITHPOIH3IHCIO IIPpOIeCCd. O6Hapy}1{eHo qToO 110-
JAaBIHOIIES KOIIMUYECTBO MO,H@HefI ONHMCHIBAIOT XUMHWYECKNI IIPpOIECC, HpOT@KﬂIOH.[HfI B
TCX HJIM HHBEIX PCAKTOpPaX. Ha CGFO,I[HE[H.IHHIZ JACHDb TOJIbKO MOJICIIb FHYH_IKOBa B.A. omu-
ChIBaeT TEXHOJIOTHUYECKUN IIponecc IMMpOIH3a.

MOI[GJIB [Iponecca IIHpolli3a B YCTAHOBUBIICMCA PCKHMC IIO F.Hy MIKOBY HMCCT
BHT:

Q(m) = 605,7m (2.9)
rje, Q — tpedyeMoe KOJIUISCTBO SHEPruy, B Barr-Munyrax;

m — MaccCa TBEPIOTO OTXOMAa, I.

[Ipu nepeBojic MUHYTY B CEKYH/BL, YpaBHEeHHE (2.9) IpUMET CIIC Y FOIIAA BU/L:

Q(m) =Ky - m =0,16m (2.10)
rie, Ky = 0,16 — konduimuenT mmapolu3aliy CLIPpLs IPH Y CTaHOBUBIICHCS TeMIIe-

parype B TepMopeakTope 300°C.

CJIC,I[yeT OTMCTHTL, UTC JaHHad MOACIL VUUTBIBACT TOJIBKO MACCY YTHIH3HPYC-
MOTO CEIPBA, a TaKOU 3HAUUMBIHA [apaMeTp Kak BIaXKHOCTE, HE 6epeTcsl BO BHMMaHMe. B
CBA3H C OTHM, IIpc/iaracM BHCCTH KOPPCKTHBELL
HBBCCTHO, UyTOo Macca — 3TO (l)I/ISH‘IeCKaH BCIIMYHHA, KOTOPad JABICICTCIA Mepoﬁ
HHCPTHOCTH TCJIA.
m = pV (2.11)
I7ie, f — ITIOTHOCTH TTAPOTIA3a, KI/M;

V- 00bEM LHPOJIM3HOLO Ia3a, M-,
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CBIpBe IIPUMEM 3a TBEPIOEC CHIIIVYUCC BCIMCCTBO W AL OIIPEACIICHHA €TI0 o0neMa

Oy JIeM IIOJIB30BaThC (POPMYIION JIUI IPIMOTO KPYTOBOTO IHIUHAPA!

V =nr?h (2.12)
r7le, - paJuyCc TepMOpEaKTopa, M,
h- BbICOTa 3alIOJHEHUS TEPMOPEAKTOPA, M.
C yaetom popmy e (2.11) popmyna (2.13) npuMeT BU;
m=p -nrth (2.13)

HSBGCTHO, Te¢ OTHOCHTCIILHAA HIIH pa6or—1a51 BJIIAKHOCTD Wp hifelelelne) MarTcpHalia

oTIpeJieTsIeTcs 1o cleayomei dgopmyte [138]:

m—1myp

W, = -100% (2.14)
m

p
r7e, W, — OTHOCHTENIBHASL, HIIH pabodast, BIaXHOCTh, %0;
m — macca o0paslia BO BIIaXKHOM COCTOSHUMY, T,

Mg — Macca TOI'o XKC o6pa3ua, BBICYIICHHOI'C O IIOCTOAHHOI'C 3HAYMCHWA, I

TOFI[&, Maccy 06pa3ua BO BJIAKHOM COCTOAHHH MOKHO OIIPCIACIIMTE 110 (I)OpMy.HGZ

= (m—mg) -100% (2.15)

Wy

ITpupapnsiem dopmyiarl (2.13) 1 (2.15) 1 BEIpa3uM Maccy depes BIaKHOCTh, IUIOT-
HOCTB U 00bEM:
(m—my) - 100%

Wy

(m —my) - 100% = nrh -p - W,

nrth - p

_mr*hop - W,
T T 00%
2y oq .
m = M+mo (2.16)

100%
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C yvueroMm paBeHcTBa (2.16) ypaBHenue (2.10) npuMer ey IOl BUL:

arin-p W,
Q(m) = 0,16 - (T/OPJF Mmg) (2.17)

Taxm oOpazoM, TIOMyHIeHa 3aBUCUMOCTh, OTIACHIBAIOIAS IIPOTECe MAPOIIN3a 03~
BOJBIONIAS PACCUUTHIBATL TPEOYyeMBIi pacxo ] PHEPrud Ha lepepadaThlBACMYIO Maccy
CBHIPBS C YUETOM ee 00heMa U BIaKHOCTH.

OCHOBBIBasCH Ha 1IPeABAPUTESILHO 1Oy YeHHOH dopmylie (2.17), mocTporu rpa-
(pHK 3aBHCAMOCTH TpeOyeMoro KOIMHIecTBa SHEPTHH Ha YTHIIH3AITHIO TBEPJOTO OTX0a

OT BJIaKHOCTH CLIPBA.

0,80
0,67

>

=
o)) ~J
-] ]

=

)

Ln
-

=

)

Tpebyemblit 00beM dHEPIrUKM, KBT
(8] ) T
S S D

)
—_
<

0,00

1 2 3 2! 5 6 7 8 9 10
BrnaxHOCTB TBEPA0TO OECIIONCTHIIOUHOTO HaBo3a, %o

Pucynok 2.10 — I'paduk 3aBHECHMOCTH TpeOyeMOoTo KOTHIECTBA SHEPTUH Ha Y THIIN3a-
U0 TBEPOTO

OTXO0Ha OT BIaXKHOCTH CHIPEBIL
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AHammupys TOJIYUYEHHYIO 3aBUCUMOCTh (pUCYHOK 2.10) MOKHO cJIelaTh BBIBOJ,

UTO C IIOBBRIINCHHUCM BIIAKHOCTH ChIPBA 00BEM LIOJTY qaeMou DHCPI'HM CHHKACTCA.

BbIBO/JbI I10 I''TABE 2

1. CyIIeCTBYIOIIKAE B HACTOAINIECE BpPeMd MaTEMaTHUCCKUAC MOJECIH, OIMCHIBAIOIINC
Ipoliece MHPOIN3a, HOCAT aHAIMTHUYECKHH XapakTep W HX IIpakTHUeCcKoe MpUMEHEeHHe
3aTPY JHATEJILHO, OHU IIPUMEHUAMBI JIJIS OIIMCAHHS XUMHUYICCKUX PEaKIU, IIPOTCKAIOITIX
BHYTPH IUPOIU3IHOM YCTAaHOBKH M pazpadoTaHHI IS IpoIiecca MUPOoIn3a YIIeBOI0PoI-
HOTO CBHIPBL.

2, Ha mam B3rms, nmociie HeoOXOMUMBIX MOJepHI3aItdid, Mojens [ 'mymkora B.A.,
OIMCBIBAIOIIHH MPOIECC YTUIU3AIMH PACTHTEIILHOIO CBIPhS, MOKHO IPUMEHHUTDH IS
OIIMCaHUs TIPOTIecca MUPOITII3a TBEPAOTO OSCHOICTHIOUHOTO HAaR034.

B pesyapTaTe, molydueHa 3aBHCHUMOCTD, OMMCHIBAIONMAs IIPOIECe IMHAPOIH3a A ycTa-
HOBKH | TIYIIKOBAa, HO3BOJISIONIAY PACCUUTLIBATEL TPEOY MBI pacxo/l SHEPIUK Ha lepepa-
OaThIBaEMYIO Maccy TBEPAOTO OeCHOICTHIOTHOTNO HaB03a C YUETOM eTo 00heMa W BlIaxk-

HOCTH.

2 'P'va

100%

B dopmyne koadpdurment 0,16 — 310 kodpPUITHEHT THPOIH3AITHN CHIPHS IO [ Ty IITKOBY

r
Q(m) = 0,16 - ( + my)

B.A. Ipu ycTaHOBHBILCHCS TeMIepaType B TepMopeakTope 300 °C.

OCHOBHBIMH (haKTOpPaMH, IIPH MOMOTTH KOTOPHIX MIPOITECe MUPoIA3a Oy AeT YIIPaBIBITHCS,
ABIBTEOTCS: W - BIAXXHOCTh TBEPJAOTO HaBo3a, %, A- BBICOTA HAIIONHEHWSI TBEPOTO
HABO3a B TEPMOPEAKTOPE, COOTBETCTBEHHO (PAKTOP 3alOIHEHUS] TEPMOpPEaKTOpe W pas-
MePHI (PpaKITie HABO3a, MM, I'- PAJIAYC TEPMOPEAKTOPA, COOTBETCTBEHHO TIPOITECC ITHPO-

JIA3a CaMOro TCpMOPCAKTOPa, MM.
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I'VIABA 3 METOJAHKA HCCJIEJJOBAHH A

Jlia o TRepeHU S U 000CHOBAHM A TTOJYUEHHBIX BO BTOPOH TJaBe TeopeTHue-
CKMX BBIBOJIOB, TIPOREAEHBI 3KCIEPUMEH TAThHBIE HCCIEMOBAHUA TI0 YTHIM3AI[UH TBEp-
JIOTO HABO34 ITYTEM TTHPOITH3A.

BHepeHHe MUPONM3HON TEXHONOTHH YTHIM3AIHH TREPAOrO HABO3a YMEHBIIHT
ArpecCHBHOE BO3JACHCTBHE TBEpPAOro HABO3a HA SKOJIOTHIO MEP3JIOTHBIX IIOUB, CHH3HUT
MPOoIlece OTTAHKH MepP3JI0THL, a COITY TCTBYIOIIUMH MPOAyKTaMH OYIYT albTepHATHRHOE

TOILJIMBO B BHAC ITHpOrasa v AOCTYIIHOC yﬂ06pel{[’[e B BHAC 30JIbI.

3.1 Meroanka 3Kcnep MMeHTAJILHLIX MCCJIeJ0BAHMH

JKCIIepUMEH TATLHBIE HCCIISTOBAHM S IIMPOIM3HONH yeTaHoBKH [ BA-1 mposenennt

IO CIIE/YIOIIEH MeTOIMKe (PUCYHOK 3.1):

4 R
Januce OaGHHBIX m=covipos, (*=coipbs i
L OKpyMHCarouielt cpednt g
f - n
Zazpy3ka ceipes ¢ mepmopeaxmop
e -
. - -
Iepmemuzayua yKCmanoexKu
" &

¢

MOHUMOPUHZ MEXHOIOZHYECKO20 RPOHeccd 00
ROJYVYeHUA MONIHEHOZ0 2a3d

u

Monumopurz oarnnsix

-

PrucyHok 3.1 — I lommaropas CTpyKTYpa METOJUKH SKCIIEPUMEH TATLHBIX

HCCIIeIOBAHMH
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BKCHepI/IMGHTaJIBHBIC HCCIICAOBaHMA IIPOBOIHUIIMCE Had YCTaHOBKE ((HI/IpOJ'II/IBHElH

yeranoBka | mymkoBa I BA-1» (MxI'TY) (pucyHok 3.2).

Pucynox 3.2 — O0muii BuJ NHUPOIU3HONH yeTaHoBKH I BA-1:

1 — TepMopeakTop; 2 — THAPO3aTROP;, 3 — SNMEKTPOHHBIA OI0K KOHTPOIS U YIIPARIEHUS,

4 —pama; 5 — razoBoe 000pY IOBAHUE.

OcHOBHBIC HAapaMETPLI IIHPOJIM3HON VCTAHOBKH:

. Macca: ~ 300 Kr.

. I"'aGaputHbie pazmepnl: 1590x1350x930 mmM.

. MakcuMabHbLH 00beM 3arpyska: 0,08 m°,
. MaxkcuMansHasg Macea 3arpy3Ka (Mexo 1 |3 IoTHoCTH 1o 200 kr/Mm?): 16KT.
a M - 40 MY/
aKCUMallbHas IIPOU3BOUTEILHOCTD 1o ra3y: 40 m~/4ac.
. BripaGorka rasza; 1,7 M? ¢ 1 xr GuoMacenl.
. TermmorBopHas croco0HOCTh raza: 15-18 MJTx/M>.

* Mommocts HarpeBareis: 6 KBT.

YcerarnoBka [ BA-1 cocTOUT U3 Clie Iy IOIAX Y3JIOB | JleTalled (pUCYHOK 3.3):
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* YCTPOHCTBO, B KOTOPOM [IPOHCXOAMT

HENOCPE/ICTBEHHOE  1IPeodpasoBaHme
ChIpbi B  TOWMBHEN ra3. OH
1. Tepmopeakrop OCHAILACTCS EKTPHUCCKIMH
HArPEBATENEHBIME  YIEMEHTAMH
HEOOXOMMMBIMA  JATIHKAMHA IS
KOHTPOJISl COCTOSHHAS

N

* YCTPOWCTBO JUTA H30JIUH
BHYTPEHHErO o0BeMa
TEPMOPEAKTOPA OT OKpY:KaroLIEH
cpeabl

2. 'mapo3zareop

N\

* YCTPOICTBO, npeaHa3’Ha4YeHHOe aJist
A - CYHHUTBIBAHHA TMOKa3aHUH (v} JaTYHUKOB,
J. i‘)ﬂGKTpOHHblM VIPABJIEHHS MOIIHOCTBIO, BBIAEISIEMOH Ha

- HAarpeBaTeibHbIX  3JIEMEHTax, BbIpaboTKH
010K KOHTPOJIS 1 yn;gnmmmux BO3eHCTBHIl B cocrsrgrcmnﬂ
YHIpPaBJICHUSA C  3aNOKEHHOH  mporpammoii,  obmena
- unpopmaueit c IIEPCOHAIIBHBIM
KOMIIBIOTEPOM

N\

* KOHCTPYKUHMs, TPEIHA3HAYCHHAS s
pasMenieHHs M KPEIUICHHSA  BCEX
KOMIIOHEHTOB YCTAHOBKH Ha OJHOH
miardopme s odecnedeHns yroocTsa
TPaHCIIOPTUPOBKH "
(PYHKLIMOHUPOBAHUS

* CYCTYMK  pacxoda rasa (moacuer
KOTM4eCTBa BEIPAOOTAHHOTO ra3a)

* CHCTEMa Ta30BOM CHTHAIW3AIMK (VTS
TIPEJOTBPAILECHUS YTEUEK ra3a)

* ra3oBas ropenka

5. T'a3oBoe€
000pyI0BaHue

N

Pucynok 3.3 — OmrcaHue cOCTaBIAIOMMX MHPOTH3HOH YCeTaHOBKH [ BA — 1
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B TepmopeakTop (1) BMOHTHPOBAHEL JATUHKH TeMIIEPATYPhl H JAaTUHK JABICHHA,
CHTHAIEL KOTOPBEIX ITOCTYIIAKT HA 3NeKTPOHHEINT OIOK yipapneHHd (4). IlocmemHrt
TaKkXe cOeHHAETCS C TIePCOHANFHEIM KOMITHIOTEPOM I 00MeHa JaHHEIMH. B BIXomHOH
razoxoj, TepMopeakropa (1) coegHHAeTcd ¢ THApO3aTBopoM (2). T'HupozatBop (2)
IpeHAZHAYEH, BO IIEPBBIX, A IIPeJOTBPAlleHHd ITONMAJAHHA KHCIOPOAA BO3AyXa
BHYTPH TepMopeakTopa (1), a Bo BTOPEIX, ANA OCAXKTEHHI H3 MIPOXOAAIIETO Uepe3 HIX
razocofIepKAIAXCd B HeM KHJAKOTO IHPOIH3aTa H PA3MHYHBIX B3BeceH. BhIXoj
TH/pO3aTBOpPa (2) cOeJHHEH CO CUETYHKOM Taza (35), KOTOpHIH uYepe3 marpyOoK
COEIHHAETCS C TAa30BOH ropelkoi. CHTHAN ¢ JNeKTPOHHOTO IIpeo0pa3oBarells CUeTUHKA

raza TaKxke IMOIAeTCA Ha 3NMeKTPOHHEN OIIOK VITpaBIeHH (4).

Kpbiuxka

Kopnyc
peakTopa

Buomacca

AX

X/

%

N2
S

N

0222220000000 0200000200090 0 )

PucyHOK 3.4 — OOIHH BHJ TEPMOPEAKTOPa MTMPOIA3HON YCTaHOBKH [ B A-1
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PrcyHoK 3.5 - Peard[MoHHAT Kanepa B chope:
1 —xopnye, 2, 3 —dyTepoBKa CTeHOK, 4 — raso0TEON, 5 — TepmMonapa, & —T2H,
T-oTHHOHOH BonT.
B sEclepHMeHT e QHECHPOBAIIMCE HAaualkbHELe, TP OMEXY TOUHBIE H KOHEUHEIS 3Ha-
HeHHMA NApaMeTpOE H QarTop oE.
E Hauane SKCIIepHMeHTa QHECHPOBATHCE !
- 71 - MACCA 3ArPYKAeMoro TEep OoT0 becllofcTHNOMHOID HABO34, T

- W - BIAHOCTE HABO3a, Vo)

- it - QpArIIMA 3aIpVEAeMOID HAEOS3E, MM
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- HayaTbHbIe TTOKa3aHMs TA30BOTO CUETYHKA, KYO.M;

B miporiecce sxcniepuMenTa GHKCHPOBATHCEH CHEYIONIHE TTOKA3aTEIH

- TEKYIIEE BPEMY,
- HAYAIO BBIXOJA I'asa 110 BPEMEHM;
- [IOKA3aHM s Fa30BOI0 CUETUYHEKA, KyO.M.

1o 3aBepineHHH SKCIe pHMEHTa PHKCHPOBAITHCH CIIEIYIONIAE JTaHHbIE:

- OOIIHii BEIXOJI MTHPONH3HOTO ras3a, Ky0.M;

- IIPOJOIEHTENBHOCTE HKCIIEPHMEHTA 110 BPEMEHH, MHH,
- o61mee BpeMs 3KCIIepHMEHTa, MUH,

- m, Macca HECTOPEBINETO HABO34, T.

IIpu 3TOM TIpOIECC TMPOIH3a OCYIIECTBISIICS B CIEIYIOIIEM TOPSIKE: B TIEPBYIO
ouepe)ib HATPEBaNM 3arpyXeHHOE ChIphe M HauMHAN K eTo nepepadorky. HauansHeIM 5Ta-
oM ORI TTePexXOHBIH TIpoTlece, TPH KOTOPOM CKOPOCTh BRIPAOOTKH TOINMHBHOTO Tas3a
HHTEHCHBHO BO3pacTala. [[o OKOHUaHHIO ITepexOHOro IIPOIecca CKOPOCTh BRIPabOTKH
npuobpeTana HOCTOSHHBIH XapakTep, TO €CTh, HACTYIIANA CTA/IHs TaK HAa3bIBAEMOr O I1e-
pHOA YCTOHYHBOM BEIPabOTKH

[Tepeyens wemomb3yeMoro o0opy IOBaHHs W TPHOOPOB NMpHBe/ieH B Tabmuie 3.1.

Tabnwmma 3.1 - Ilpubopst u obopynosanne

Obopynosa- Texawueckme
Brenmmniii puy,

HHE, MapKa XapaKTe PHCTHEH
Becno Becnbl np empasHaueHbl 1151 H3ME-
pel—[[f]ﬁ MACCEl JICTEKMX H CBCpX-
mabopaTopIbe TETKHX TIPEAMETOB B Mabopato-
WX TIPEIMIPHATHM, anrekax
BK-300 P PR : :

noMOapax, IOBEIMPHBIX MacTep-
ckux. Becwl mosponsioT pabotaTh
B CUETHOM pexHMe, peAHMe
IPOLIEHTHOTC  B3BEIIMBAHHA U
MOJICUHTBIBATD CY MMAapHY [
Maccy ToBapa. BeTpoeHHbIH ak-
KYMYISITOp 0ODecrieuMBaeT aBTo-
HOMHY 10 paboTy BecoB mo 24 ua-
cop. OOmeH wHpopMalmeii ¢
BHEIIHUMH Y CTpOHCTBAMH  pea-
T30BaH Mo HHTepdeiicy RS-232.




NP oo ITE eHHe Tab e 3. 1

Brorcrr

d JIHORIHH BRI

T vrma

drapbopoBee

Iiarepan credor Ookca —
amnMAHEA. [[osTony crmepy-
HOIHE TapaMeTPhl CIE V-
I1TH & TTAp AMETPHI Biokca ABIIA-
FOTCH TTAPaMET P AW 3T OT 0 he-
Tallla: IIeTHOCTE — 2700
ET/E¥ 0 .M, TEMITepar vpa IIIaB-
neHu" — 630 ), Termomnpo-
BOMHOCTE — 203,35 Brima*k ),
NPEdel IPpOYHOCTH Ha pacTi-
wenne — 220 Wl la.

DaphopoBEle THIM MO¥HO
HAarpeBaTh [0 TEMIEPATYPhI
1200%C.

 OOTBETCTEYHOT TpeboBa-
HuAM ['OC T 2147-30

C¥ I ITBEHEIH

nmad [ -40

JuanasoH Tewmeparype, “C
+50... - +2500 3507

T ouHOCTE MONAep® aHHA T M-
HepaTvpel, " - £5
JHCKpeTHOCTE ¥ CT AHOBEH
TeMIIeparvpeL, " - 0.1
Pasmep pabodgeli  mamephl
(LR *T7), vt - 350%350%350)
DOBéM paboded wamepel, I -
42

Bpemda BRIXo@a HA PEEHM He
Gomee, 1 - 1,5

HopmallbHEIE VCOIOBHA —2EC-
TLITY AT ATTHH ;

TEMIIEPATYPa OKPVEARIIETO
Bosmyza, 0 - +153...+430
OTHOCHTENEHAA — BIA¥HOCTL
BO3My=a, o - 30-80
aTMocqepHoe aBneane, kI 1a -
ad-1101G

H arp o eHHe T T 2RI TEH CETH,
B - 220422

YacroTa maTaro el cetH, [ 711 -
S0E0.5

[ToTpebniemad MONHOCTE HE
Bomee, BT - 900

["abapHTHEIE PARIMEPEL
FLLTFR *T70, nama - 60*F7R0FE50
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NpoJoNAKEHHE Ta0IuIbl 3.1

MydenbHas
neub

SNOL 4/1100

MakcumanbHas Temrneparypa
Harpepa: 1100

Bpems pazorpera 3IeKTpo-
IeYHd JO0 HOMHHAIIBHOH TEM-

nepaTypbl oes CaJIKH,
muH: 110
QO0BeM KaMepbl, I 4

Paszmepbl pabouell Kamepbl
(mupuHa): 120

Pazmepbl palouell Kamepbl
(BbIcoTa): 100

Pazmepsl pabouell Kamepsl
(rmybuHa): 295

["abapuTHbIe pasMepsl (IMIH-
puna): 440

["abapuTHbIE pazMepbl (BbI-
cota): 500

["abapuTHbIE pasMepbl (TTy-
ouna): 613

Macca, Kr: 41
HomuHanpHast  MOIIHOCTB,
kBT: 3.7

Hanpsixenue MHTAK IEH
CETH, B: 220
Marepuan: kepaMuka
[Ipouspogutens: AB
UMEGA-GROUP

OKCHEATOp

Cocyn nuametpom oT 15 1o
30 cM (BMECTHTENBHOCTBIO OT
100 mo 300 mm), B KOTOpOM
NOJIAEPKUBAETCS ONPEJIENeH-
HbIi YpPOBEHb BIAKHOCTH
Bo3nyxa — okolo O %. OH co-
CTOMT M3 €MKOCTH, M3TOTOB-
JIEHHOH M3 TOJICTOTO BBICOKO-
KaueCcTBEHHOro  OOpOCHIH-
KATHOTO HIIH NadopaTopHOTO
CTEKTa, peXe M3 MOIHMEp-
HBIX MATEPHAIIOB C KPBIMIKOH,
BHYTPH KOTOPOIr0 HAXOJHTCA
OCYITIMTEND.
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MPOJIODKCHUE TAOIHIbI 3.1

Cuetunk rasa
Snexant CI'b-
4.0

BrITOBOM ra30BbIH CUCTUYHK
dnexant CI'b-1.8 ucmonb3y-
eTCA Aml (pukcauuu pacxona
00BeMa MOTPCOICHHOTO rasa.
JuamasoH pacxoda rasa.
KyOM/a  oT Q= 0,03
70 Qmax=1.8

[Ipeacnbl A0y CTUMOH OTHO-
CHUTCJIbHOM MOTPEIIHOCTH H3-
McpeHua oObema rasza, %Yot
2.5 (mpu pacxoac oT Qip A0
0.2 Qax) £ 1.5 (mpu pacxoze
ot 0.2 Qmaxﬂo Qmax)
[aGaputer 110 x 66 X 65 MM
[TpucoeauauTensHas pespda
G1/2 mo 'OCT 6357-81
HuaMeTp YCIOBHOrO MpoO-
xonaa, 15 MM

Hauvmenbmaa neHa acncHus
OTCEHHOIO YCTPOMCTBA CHET-
yuka 0,001 m®

Temmepatypa OKpy>KaromIcH
cpensr, -10...+50 °C
OTHOCHTETBHAS BIAKHOCTD
ot 30 ga 80 % (rmpu Temnepa-
Type He Boime +25 °C)

Cpok cayxbbsl HEC McHES 12
JCT

Macca ue 6omee 0,3 xr
Pexxmv  paboTel  HEPEpHIB-
HBIH

Curo

Ceruateiit TecT - cutO OT 100
— 600 ™M, mabopaTtopHOE
CTAHAAPTHOE CUTO, H3 HEPsKa-
BCIOIICH CTalld, M3TOTOBJICH
U3  BBICOKOKAUCCTBCHHOTO
MaTepHasa, mpoYHbIH U Ipak-
THYHBIH B HCMOJIb30BAHHH
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npogolEeHne Tabnuie 3.1

[Masrobmep Kon-
opeccop- «FPac-

Ofpem 50 1
IIpHeoe M HEHTENL HAd peshba,
34 grofin

HMuanazod pabouHy TeMIepa-

9 EE?{HSTE;?ED Typ oT =10 go +100 °C
b Rrader Fafogyee papmemue po 0,6
WRY 505 mlla
MaTtepuan hIaHa MeTaI
FPasnep 365x555 MM
IlopmiHeraas rpyoma  KoM-
npeccopa o AT EIIII-2350-
24 OpHBOOHTCA B JOBHEeHHe
BANOM ONHO( R3HOIO ACHH-
XPOHHOTO  SIeKTPHUECKOTO
OBHTATENd. lakoe VoTpol-
CTBO HAIEBASTCH  [PAMEIM
IPHBOLOM,
ANMIOMHHHEEAA [ONOBKA IH-
THHApa H YYTVHHLE Onok
FoMmnopeccop- OCHAI[eHH pefpaMi IId oll-
IOpITHE BO H THMANLHOTO — OXIa¥]eHH.
10 HH3IKOTO SAl[HTHHH KOEVY 3aKDEBAET
AR eHHA Epalllaml] Hecd AeTalH SJeK-
SECAT TpoABHTATENA H  co3gaeT
KIII-230-24 HanpaBMeHHHH DOTOK BO3-

oyza INd oOXJIaEIeHHd To-
NOBKH, ONoka DHIHHOpA H
SIEKTPONBH aTel .
FKoMmnopeccopt yROMIIEKTO-
BAHE  BOSIYVIIHHM  (HIE-
TpOM, IIACCH, KOMIpEeCCop-
HEIM MacloM H OHCTpOpask-
EMOM, HeoOXOOHMEM [
NOOKNIOHEHHA — [THEeRMOHH-
CTPY Me HT,




T2

MIpoJ0CKeHHe TadmHITe1 3.1

11

IIvpo mHag
¥ CTAHOBKA
T'BA -1

Macca: ~ 300 kr.
T'aGapHTHEIE pasMephr:
1590x1350x930 nn1.
MakcHMATLHBIE o00beM 3a-

2| TpyaKE: 0,08 ar.

MakcHMamThbHad Macca  3a-
IPY3KH (HcX04d H3 ILIOTHO-
¢TH g0 200 KIfh-I3): 16KT.

MakcHManbHad TP OH3B0/IH-

| TeIRHOCTE [0 raszy: 40
| nt/ac.

MoIfHOCTE Harpeearens: 6
KBT.

12

Tapa

IImacTmMaccoBad Tapa ¢ o0be-
mMon 14

13

Tascauammearop
#ABTOTECT -
01038

Tascagamumaatep CO, CH, C0,,
{;, TaxoMeTp, AaBTOMATHYECKOE
ELMHCIeHHE KosddHIHEHTa Hs-
BrTia BoagyvEa (A - DapameTpa), 1T
KNacc TOYHOCTH. OOHH BYEESHHO-
uud poBoH gHCIIEHE.

HuanasoH HIMEREHHA COTEpEa-
HHA ¥INeEofopoma CH - 0-3000
MIH *

IIpepentr monycokaemoid morpem-
mocTH CH. ABconoTHad moTper-
HocTe 2 0mmu 1

IIpement gonyckaemod morpem-
oot CH. OTHocHTENnHaa mo-
TpeITHSCTe 6%

HuanasoH HIMEPEHHA CONEpEa-
HHA oKcHOa yraepoga OO 0-546
IIpement monycokasmod morpem-
HocTH OO ABCoNoTHad MoTpel-
HooTs H) 2%

IIpement monycoxaemod morpe-
mooTH OO0, OTHOCHTENLHAA II0-
TR EITHG CTE 6%

HuanazoH HIMEpPEHHA CONepEa-
HHA OHCOKCHTA Vrnepoma 0-16%G
IIpement monycraemod morpem-
mocTH Gl AGBCOMCTHAA Mo eI-
HOCTE £

IIpement monycokasmod morpem-
mocTH G, OTHOCHTENREHAA MI0-
e Hs T 6%
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[Tpu ompesieneHUH BIAKHOCTH M 30JIBHOCTH C KaOTO OIBITa OPalH TI0 YeThIpe
1IPOOLL

[TormaroBeiii X0 JeUCTBUH IIPH OTIPE/IeIEHUH BIAKHOCTEN (W) CIIe Y FOITHHN:
1. BIOKCBI BRIMBITH, BBICY IMTL LIpH Temiiepatype 100°C, B3Becurs (ms).
2 ITonoxuTh B OIOKCH TBEP/IBIH HARO3 — HaBecka 2/3...3/4 oOGbema Grokchl. Harmon-

HEeHHbIe OIOKCHI B3BECHTD (M) ).

3. Bricymurs B Teuenue 1...2 gaca npu Temnepatype 80...90 °C.

4. Ioamsars Temueparypy B cymmibHoM mkadge xo 105 °C u cymmrs B Teuenue 1
qaca.

5. OxJ1aJIuTh B 3KCUKATOPE BBLICY IEHHY IO HABECKY (1M3y).

OmnpepensieM BIaKHOCTH 1o opMmye [34]:

W =012 100%
m, —m, 3.1

3.2 Meroauka npoBe/IeHus IKCIePUMEHTAJIBHBIX UCC/Ie/10BaHMil Ipolecca

MHAPOJIH3a TBep/aoro GecnoacTiiiowHoTo HaBo3za KPC

DKCIIEPUMEHTHI TIPOBOSITCS B OJJUHAKOBBIX VCIOBUSIX: CHIPhE - M3MEIbUCHHBIH
TBEP/Iblil OecIIOACTHIIOUHBIA HABO3 pa3HOH (pakiiui U BIAKHOCTH, 3a0Upaercs B Tapy
oOnemoM 14 11, paGouas TeMIiepaTypa B Tepmopeartope 300 °C; Bpemda skerepuMenTa 1
qac 20 MuH. X0/ IIpoliecca MUpoIN3a; HarpeB 3arpyKeHHOTO chiphd Jo 300 0C, nanee
ero nepepadoTka. BHadane IpoxXOAWI HEPEeXOJHbIA Ipolece, Korja Bo3pacTala CKo-
POCTh BBIPaOOTKH TOIUIMBHOTO Taza. 110 3aBepIieHNH NepexXoJHOTO TIporecca yCeTaHaB-
JIMBAJICH IIEPHO;] YCTOWIUBOM BLIPAOOTKH.

DKCIepUMEHTAIbHbBIE HCCIE0BAHMUS TIPOBOJIM B TPU 3Tama: MOJTOTOBUTENIb-
HBIH, IIUPOIIH3 TBEPABIX (paKiui OeCIOICTHIOUHOTO HABO3a, COOP IoKa3zaTele 1o Bbl-
XOJy MApOoTa3a.

[TepBElii 5Tall — HOrOTOBUTEIBHBIIA;

- U3MeNBUEHHE TREPAOTO OECIIOICTHIIONHOTO HAB034a,
- paclipejie/icHUE Yepe3 CUTO Ha IPYIIIbl B 3aBUCHMOCTH OT pa3MepoB (hpakITuii;

- OIIPpCACTICHHC BIAXXHOCTEH TBEPACTO 66CHO,I[CTI/IJIO‘-IH01"O HaBoO34a,
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- 3abop dparIui Hagosa B Tapy obbenond 145,

- BSBelIMEaHHe dparIiiil HaBos3a.

TUKCHPYIOTCA . MACCA 3ATPVEAEMOTD HAMelbYEHHOIO TBEPOOro DecIoncTH oY -
HOT'Q HABO3a — (11, T, BIa¥HOCTE HaBosa — W, Yo, Qparind sarp i aeMoro Hagosa — /&7, M,
HAYANEHEBIE TOKASAHHA 4305000 CHeTHHEA, KyD M, BRICOTA 3aTpVKeHHOIO HABO3A B TEp-
MOpPEaKTop, ML

TEepObii becof cTHNOYHBI HaB0o3 KPYITHOPOTATOID CKOTA H3MelbYaeTcd Ha Mefl-

Fiie Qparliiy (PHCYHOK 3.6)

PucyHowr 3.6 — ObIMHA EMI H3MelNEUeHHOTO TEEpIoro HaBosa

[:'Hp ENEIIAeTCd BIEFHOCTE TRBepMOro HABO3A 10 H3BeCTHOH HpHHHTDﬁ LICTOOHES.

Hanee pacnpenendeTcd TEepObE HABOS [0 IPYIIIAM BIZKHOCTH H pasMepan dp araiHH.

I'pyminKp oBKa [T0 pasMepan Gpakiiiy oCy e CTEMASTCA TV Tl P oIy CKaHiA H3lemns4eH-

HOT'O HABO33 Yepes CMTO (PHCYHOK 3.7)
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Pucynok 3.7 — [Iporecc pasaenenia H3MeIbUeHHOTO HaRO3a HA GpakIgin

HPOI[OJI}KPTTBJEHOCTB ITOATOTORHTCIIEHOTO 3TAalla 3-4 gaca.
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BTtopoii ataln - 3arpykaeTcs B TEpMOpPEakTop U3METBUSHHBIN TBep,IbIit OecTo/IcTh-
JIOYHBIA HABO3 U MPOBOJIATCI 3KCIECPUMEHTBI UL TPEX pasiudHbIX (hpakimii. BeiiBis-
I0TCsl HanOoJlee ONTUMalIbHBIE 3HAUSHUS BIAKHOCTH U pazMepa (ppakium, crocoOcTRY -
fo1mue 3¢ PeKTUBHON UPOIH3HON Y THIIU3AITHH.

[Toche Toro, xak TBEPABIH OecIioICTHIIOTHRIM HABO3 3arpy KaioT B TEPMOPEaKTOp
IAPOIIM3HON yeTaHOBKH | BA-1, 0CyIecTBIBIIOT IPOBEPKY CTEIICHU 3aII0THEHUS BOJIBI B
TH/IPO3aTROPE, TEPMETUTHOCTH IMUPOIM3HOM YCTAHOBKH, B TO K€ BpeMs CHUMAIOT TIOKa-
3aHUS C Ta30BOTO CUETUHKA U IPOU3BOIIT 3aIlyCK IIMPOJIM3HON Y CTAHOBKH.

B mporecce paGoThl yeTaHOBKH (DPUKCUPYIOT CIETYIONHE TOoKa3aTeIn: TEeKYIee
BpeMs — {, MUH; Ha4aJIo BBIXOjIA Ta3a 110 BPEMEHH, MUH;, IIOKa3aHUs Ta30BOr0 CUCTUHKA,
KyO.M.

[Tocneanum sTanoM gBiseTes: cOOp JaHHBIX - TpeTHii srarl. [Ipu kotopoM ¢ukcu-
PYIOT: OOIIHI BBIXOT MUPOIM3HOTO rasa, KyO.M; PO TOKUTeTRHOCTE DKCIIEPUMEHTA TI0

BpEMCHH, MUH, 0611166 Bpenid SKCIICPUMCHTA, MHH, MaCCa HCCTOPCBIIICTO HABO34, T

3.3 MeToauka onpe/ie/ICHUS BJIAZKHOCTH U 30JIbHOCTH

3arpyxaeMblif TBep Il OeCIIOICTHIOUHBIA HaBO3 UMeeT BIaXHOCTH OT 1 % Jo
10%. 1Ipu 3T0# BIAXKHOCTHA HABO3 MOXKET YTHIM3HPOBATHCS IIYTEM IIHPOIIN3a, IOTOMY
YTO TIPOITECC MTUPOIIM3a IIPOUCXOTAT TIPU TBEPIOM U CYXOM CHIPEE.

AHaJIHU3BI IIPOBOAWIN 110 OOIMICHPHUHATEIM METOJHKAM ¢ HCIIOJIb30BaHUEM: BECOB
TabopaTOpHBEIX paBHOIUIEUHX Kiacca 3 Mojenu BJIP-1, ¢ momycTHMOM MOTPENTHOCTHIO
+10 Mr;, cynmmIbHOTO npsMoyTonpHOTo MiKadga [T1C-40; mydenpHOM neTn; s3KCHKaTopa;
OIOKCOB U THLJICH.

[Tpu onpeteneHNH BIaKHOCTH U 30IILHOCTH 3((PITFOEHTA ¢ KaKI0TO OIbITa Opalu
110 TPH IIPOOLL.

[Tpu ompeieneHUH BIAKHOCTH OIOKCHI, BEIMBITBIE W BHICYITIEHHBIE IIPH TeMIIepa-
type 105 °C, B3BemmBanu (m 3). 3areM B OIOKCHI 3aIPyKall HATHBHBIA HABO3 (LIPUIO-
TOBJIEHHBIH K 3aTpy3Ke HaBO3, ITIaM ) — Hapecka 2/3...3/4 oObema Orokchl. HattomHeHHEIE

OIOKCHI B3BCIIMBAIW (M |) W BBICYIIUBAIKA B TEYCHHE 5...6 4HacoB IIPH TEMIEpaType
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80...90 °C. 3arem, OBBIMAIN TeMIIEPATYPy B cyImHILHOM mKkade 1o 105 °C u cynmmmu
B TedeHue 15...18 yacoB. OXIaXKIEHHYIO B BKCUKATOPE BBLICYIIICHHY KO HABECKY B3BCIIIH-
BaIHd (I 7). BmaxxHOCTE onpeesiin 1mo popMyie:
m, —m
W =———77"7"3-100% (3.2)
m, —1in,
[Tpu onpeleneHUH 30IIBHOCTH, 3apaHee BHIMBITHIE U BHICY ITIEHHBIE TUTIN B3BEIIH-
BaJId (M 5). 3aTeM, B3BEIUBAIK B TUIJIEX MACCy (M ), BLICYIICHHYIO 1IPUA OLIPEIEIICHUN
BIIakHOCTH. CTaBUIU TUTIIH B MYy (ETbHYIO TIeUb, BKIIOUAIIN [€9b, YCTAHABIIMBAIH TEM-
0
reparypy B 600 “C u B Treuenue 20... 30 MUH IIOCTEIICHHO CKUIAIHN BBICY IIICHHY FO MACCY .
THurmm ¢ 307101 oXIIakAadd B SKCUKATope B TedeHue S... 10 yacoB W B3BENTHUBAIA (1N 4).

30JBbHOCTE OPEACIBUTH IO GOpMY JIe:

_m4 — M

3= -100% -~

mg — ;s
3.4 TlaanupoBanme 1 06pa6oTka pe3yJIbTATOB SKCIIEPHMEHTA

JI71sI cocTaBIIeHMs ITaHa SKCIEPUMEHTA BaKHO TOTHO BHIOpATh (PaAKTOPHI M OIIpe-
IEIUTHCH € ITapaMeTPOM IIPOIIEcca, KOTOPHBIE COOTBETCTBYIOT IOCTABIICHHBIM TIEISIM HC-
CJIEJIOBAaHMS U JAIOT HanOolee TIONHYI XapaKTEPHUCTUKY IIPOBOTAMOMY SKCIIEPUMEHTY
[3; 35,99].

ITepexo OT HaTYpalbHBIX IIEPEMEHHBIX K KOUPOBAHHBIM OCY IMECTRISIETCS IBYMS
olepalusiMu — LICHTpUpOBaHueM U MacirrabupoBanueM |4, 20, 30, 39, 47, 62, 64, 74, 77,
140, 143]. IlenaTpupoBaHre — IePEHOC Havala KOOPANHAT CUCTEMBI KO TUPOBaHHBIX (ak-
TOPOB B IIEHTP 3KCIIEPUMEHTA C KOOPUHATAMH B HATYPAITbHBIX IIePEMEHHBIX:

XKoi = 0,5 (X imax + X i M) (34

MacmrrabupoBaHue — M3MEHEHHE TIEHTPUPOBAHHBIX YHUCIOBBIX 3HAUEHHH (haKTo-
POB B pa3:

IT=1/AX (3.5)

rje  AX — noiyualazoH U3MEeHeHH 1 — ro gakropa, BBIYUCIIEMbIH 110 GopMy JIe:
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AX = 0,5 (XMAX — XMIN) (36)

KoaupoBaHtbie 1epeMeHHbIC BLIMUCIIOTCH 110 hopMyIe (3.6), a Bo3BpaT oT HUX
K HaTypaJlbHbIM 3HAYEHUSIM OCYITIECTBIBIEM TI0 (3.7).

Xi= (X i—XOi) / /_\Xi (3.7)
Xi= xiAXj + X (3.8)

KoaupoBanue rapamMeTrpoB W BO3BpaT OT HUX K HATYPaIbHBIM 3HAYCHUAM OCY-
MECTBIBIETCS B TOU K€ TIOCIE0BATEIHHOCTH.

O0paboTKy pe3yibTaTOB HKCIEPUMEHTa MPOU3BOJIUM IO METOAY HAWMEHbINX
kpajpatoB (MHK) [4, 20, 39, 41, 64, 69, 74, 77]. MHK cocTtoHuT B ToM, 4TOOBl MUHHAMH-
3UPOBATH CYMMY KBaJpaTOB OTPE3KOB, X4PaKTEePU3YIOIMUX PACXOMKICHUE MEKILY DKCIle-
PUMEHTAIBHBIMHA TOUKaMH U TIOTYUYeHHBIM ypaBHeHHeM. MHK rapantupyer, uto ocra-
TOYHAs CYMMa KBaJpaToB MUHUMAIILHO BO3MOKHASL.

I[J'ISI ABHKCHI K TOUKC OIITUMYyMa COCTABIDICTCA JTHHEWHAs MOJIENb

Y =by+b;x; +...brxk (39)
Jlist moboro unciaa hakTopoB KodhPUITUEHTHI OY Iy T BLIMUCIATLCS 110 POpMY.Ie:
N
2. Yix i
_ =l
b, = N (3.10)

rae ]=0.1.2.... k — noMep daxropa. Homn 3amnicana J1s BorayacaeHus by.

Tax kak xax b1 pakTop (kpome Xy) BapbupyeTcs Ha JIBYX ypoBHIX +1 u —1, To
BBIYMCIICHUS CBOAITCH K IPHUITHCHIBAHUIO CTOIOIY Y 3HAKOB COOTBETCTBYIONIECTO (hak-
TOPY CTONOIA U anredpandeckoMy CIIOKEHHIO MOTYUEHHBIX 3HAUeHUH. /elleHre pe3yib-
TaTa Ha TUCIIO OIBITOB B MATPUIIE [UIAHUPOBAHUS JaeT UCKOMBIM KO3 (UITHEHT.

ITpu mIpoBepKe THIIOTE3HI O MPUTOTHOCTH MOJIETN WK O 3HAUUMOCTH KO3 PHUIty-

CHTOB, UCIIOJIB3YCM OJHH U3 CTATUCTHHUCCKHX MCTOIO0B — peI'peCCI/IOHHBIfl arajins.
2
HaXO,I[I/IM JAUCIICPCHIO B KA I0M OIIBITC. I[chepcm obo3HavaeTCs S{y} H BbIpa-

xaeTcs hopMy JIOH:



Sty = (3.11)

rje (n — 1) — uncio crereHeld ¢cBoOo Ibl, PABHOE KOJIUYECTBY OILITOB MUHYC €/U-
HUIIA,

Y g — pe3yiibTaT OTHCIBHOI'O OIIbITA,

Y - cpenHee apuhMETHICCKOE BCEX PE3yJIbTATOB.

11

Y,
Y B ek Y, Z 1

1
n n

Y =

(3.12)

KOpeHb I{Ba,[[paTHbeI H3 THCIICPCHH, B3STBIA ¢ IOJIOXKUTEIbHBIM 3HaKOM, Ha3bIBa-

CTCA CpeaHUM KBAAPATHUYCCKHM OTKIOHCHUCM, CTaHAapTOM HMIIH KBa,I[pElTI/TLIHOfI OIHO-

KOMH:
L —¥2
> (v, -¥
q
1
S —
Y 3.13
v} - (3.13)
CraHaapT UMeeT pa3MepPHOCTh TOU BEITUUHHBL, JJI51 KOTOPOI OH BHIUHCIICH.
[Tocie BoucaeHus KodPOUIHCHTOB, HPOBEpAeTes aJlCKBATHOCTD IIOJIYUCHHOM
MOJIEIH.

JIJIS IpoBEepKU THIIOTE3BI 00 a6 KBATHOCTH UCIIOIL3Y eM F-KkpuTepuii, Ha3pBaeMblii

KpuTepueMm Ourepa:

SZ
F=—= (3.14)
S
{v}
I'jac Siﬂ - JHCIICPCHA aJCKBATHOCTH HJIH OCTATOYHAA JUCIICPCHA.

N
Y AY;

o = le (3.15)

rie f — yucno crereHeil cBoOO ThL

f=N-(k+1) (3.16)
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Y 100eTBO UCTIONB30BaHMS KpuTepus DUTTIEpa COCTOUT B TOM, UTO IPOBEPKY TH-
IIOTE3bl MOKHO CBECTH K CPABHEHUIO ¢ TAOIMYHBIM 3HAUCHUEM. B TeXHUYeCKHX 3a/a9ax,
Kak TPaBWIo, UCTIONMR3YETCS YPOBeHb 3HaunMocTH (0,05, Eenmm paccunraHHOe 3HaUEHHE
F- xpurepus npeBblmaeT TabIMYHOE, TO ¢ COOTBETCTBYIONICH JOBEPHUTEILHON BEpOSTHO-
CTBIO MOJIETH MOKHO CUMTAThH a/[eKBaTHOM.

[IpoBepka 3HAYUMOCTH KaikJI0To Koa((HUIIMEHTa IIPOBOIUTCA HE3aBHUCHMO. Eé
OCYIIECTBISIEM TPORepKoi 1o t-kpuTrepro CTHIOEHTA, a TaKkKe TOCTPOSHUEM JIOBEpPH-

TCIIBHOI'C HHTCPBAJIA.

[Tpex e Bcero, HaXoUTCS AUcTepeust KoxpPuIueHTa perpeccun Sfbj} . Ona onpe-

aelsercs 1o gopmyle:

St
g
St = (3.17)
JloBepUTENBHBIN HHTEPBAT (Ab;):
(Abj) ==+t Sgyp (3.18)

3,[[605 t — TabmuHOE 3HAYeHHE KpHUTCPHA CTBIO,I[GHTB. IIpH YHCIIE CTEIEeHEN CBO-

2
OOlIbL, ¢ KOTOPBIMHU OIPEACIUIACh Siy), U BBIODAHHOM YPOBHE 3HAYMMOCTH (OOBIYHO

0,05); Sg; - KBagpaTHIHas OTMHOKa KO3(PPUIHEHTA PETPECCHH

2
Sty = St (3.19)
(DOPMYJIE], JJIA I[OBepI/ITeHBHOI‘O I/IHTepBaJIa S3AIIAIICTCH B CJIe,I[yIOHleI?'I SKBHUBAJICHT-

HOM dopme:

t-S
VN

KOBq)(i)I/ILII/IeHT SHaYHUM, CCIIH CI'O abCcoIMmOTHA BeIHIHHA OOJIBITC HAOBCPHUTCIIEHOTO

(3.20)

HHTCpBala. I[OBepHTEHBHBIfI HHTCPBAaN 3a1acTCd BerHeﬁ W HITKHEH rpaHHMIIaMH bj + Abj
H bj & Abj.
3HAYUMOCTE KOS(l)(i)HHH@HTOB m t — KPUTCPHIO CTBIO,I[@HTB. BBIMUCIIEICM IIO (1)Op-

MyJI€:
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by

t =
S o5

(3.21)

BrruncnenHoe 3HaueHHe t — KPUTEPHS CpaBHUBAETCS ¢ TaOIHIHBIM IPH 33 aHHOM
(L U COOTBETCTBYIOIIEM YHCTIE cTereHei cBo0o bl ECii BLIMUCICHHOE 3HaYeHUE OOIIbINe
TaOIIMIHOTO, TO KO HITHEHT CUUTaeTCs 3HATHMBIM.

Kpureputi CThlofeHTa TakkKe MOKHO HCIONB30BAThL L 0TOpoca OMMOOYHLIX

OTIBITOR TIO (hOpMYIIE:

P& ———— (3.22)

OILIT cUnuTacTCs 6paKOBaHHbINI, CCJIM BKCIICPHMCHTAJILHOC 3HAYCHHUC KPUTCPHA t

IO MOJTY IO OOIIbINe TaOIMIHOTO 3HAUSHH [55, 56].
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T'JIABA 4 PE3YJIbTATHI 9K CITEPHMEHTAJIbHBIX
HUCCJIEJOBAHUI

4.1 Pe?oy.HbTaTbI IRCIIEPHUMECHTAJILHBIX IfICC.HeIlOBaHIfIﬁ o OIIpEeaCJICHIUI)

BBIXOJHBIX ITAPpaAaMCTpPOB VCTAaHOBKHA

JInst o0OCHOBaHWS U YTOUHEHUSI SKCIUIYaTAITMOHHBIX W BBIXOJHBIX ITapaMeETPOB
yceraHoBKY | BA-1 11poBeIcHBI HATYPHBIE OLILITHL HA COCHOBBIX OIMIKax. [Ipu uccieno-

BaHIEIX BBEIBIICHBI CIIC AYIOIMWC HCAOUCTEL B KOHCTPYKITMH YCTAHOBKH H HCHCIIPaBHOCTH.

1. Hemgocratounad repMeTHYHOCTE TEPMOpEaKTopa.

2, M3 rupozaTRopa Bojia 0OpaTHO MomaaeT B TEPMOPEAKTOP.

3, Otkpoiteie TOHBL W3-3a HAJIUIIAHWS OIUIABIIEHHBIX OTXOJ0OB YaCTO BBIXOJAT W3
CTPOSL.

ITpu mrepBoM 3amycke W3-3a HEAOCTATOUHOI TepMETHUYHOCTH TepMopeakTopa, ras3
He ObLI oirydeH. H3-3a GONbIIUX IOTEPh MOITHOCTH, OITUMAJLHOIO AABICHUS B TEP-
MOpeakTope He YCTaHORWIOCH, Takke OBLTH U3HOIEHBI caMy OONITOBBIE COSTUHEHHSI.

DKCIIEPUMEHTEI IIPOBOAIIKCH IPU CICAYIOMHAX HapaMeTpax OKPYKarOIMIEeH cpeiibl
1 YTHITH3APYEMOTO CHIPHS, PE3YIBTaThl HATYPHBIX OMBITOR TI0 TTMPOIN3Y COCHOBBIX OITH-
JIOK 1IpuBeIeHbI B Tadmune 4.1.

Tabmura 4.1 - BeixoiHBIE TTapaMeTPHI IIpoliecca MUPOIIH3a COCHOBBIX OTHIIOK

Hcxonnbie mapamMeTpbl Beixoaabie mapamMeTpbl
TemmnepaTtypa okpysKaroiei cpe/ibl [Torpebnenue sneKTpoIHEPTUH
Toxpe=20-21°C W=3-33 kBt
Macca cripbs O0beM NOIY4eHHOT O Ta3a
Merprr— 2,9 KT Vir=0,103-0,105 »?*
HauannHag TeMneparypa cbipbs Macca orpaboTaBiiero coiphs
Thae= 10-11°C Morp.c = 0,500-0,35 kr
HauanpHas B1a)KHOCTH ChIPbs Macca He cropeBUIETrO Chlpbs
Hepea = 55-58% moer = 1,95 -2 kr
Hauannnas dpakiivs coiphs Bpems skenepuMenTa
derpea= 7-8 MM toe = 112 MuH
OnucaHue chiphbsi: pacTHTEIbHAN OHO- llorenunanpHbIi BBIXOM raza
Macca TBepaoe COCTOsIHHe, 1IeNa Jpe- Mmor = 2,3 - 2,5 M?
BecHas (cocHa) «llotepsanmbpiii» 0oheM raza
V]'[OTep - 1,15-1,25 M
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3asgBieHHBIe TTapaMeTphl yecTaHoBKH [ BA — 1 O creytomnue: 10 KT onmiIok
ObUIM YTHIM3UPOBAHLI 32 8 4 ¢ noiaydenueM 40 ky0.M muporasa. COOTBETCTBEHHO U3 1
KT OTTATIOK OHU TIoNy4anyd 4 xy0.M Imporaza.

B nammx ornmrrax u3 1 kr ook nogydeno 0,2 ky0.m mmporasza. M B ToM, U B
JTPYTOM BapyaHTax BIaKHOCTH OIMIOK cocTarlisiia 15-20 %, quctiepcHOCTh — 1-5 MM 1
IDIOTHOCTL 150-200 kr/ky0.m. Takum oOpaszoM, 3asmiennbie 1ymkoBbiM B.A. mapa-
METPHI HE TIOJTBEPTUITHCE.

B xojie nceneoBaHU SBUIIOCH TO, YTO IIPA OCTHLIBAHHHM TEPMOPEAKTOpPa BOJA,
HAKOIUIEHHAs B THJIPO3aTBOPE, B CBSI3H C MeperaioM TeMIlepaTyphl U JaBJIEHHUsI, lepeKa-
quBaeTcd 0OPaTHO B €MKOCTh TepMopeakTopa. B 1eisix yerpaneHus JaHHOK poOIeMbl

YCTaHOBHJIM 0OpaTHHIM KIamnaH (PUCYHOK 4.1).

Pucynoxk 4.1 — O0mwuii Buj yeranoBku I BA — 1 ¢ oOparibiv KiialianoM



84

Taxxe B ycraHOBKY | BA-1 HamMu OblH 100aBIIeHE! KOKYXH Ha AIIEKTpOHATpeBa-
ey narpoHuoro tuia (IOH) B konuuecTse Tpex mMTYK (pucyHOK 4.2). Koxyxu yera-
HOBIIEHBI JJISI UCKITFOUEHUST HATTAIIAHMS TIPOIYKTOB CTOpaHus Ha ToBepxHOCTH 1TOHOB.
Benegersie dwero cpok ciyiKObl HarpeBarTeleil 3HAUMTEIBHO YBelIWdeH. M3oisiims
TSOHor: Ha Tpu TOHa Obutr ofieTs Tpy Ol AnmuHOM 300 MM ¢ tramMerpoM 22 mM. TTocre-

AYIONTHC SKCIICPHUMCHTEI IIPOBOJIHIIA Ha YCTAHOBKC C 3alllUTHBIMH KOXKYXAaMHK Ha TDOHax.

Pucynok 4.2 — O6mmit Bux TOHOB ¢ kKoKyxaMHu

JlolycTAMas MakcHMallbHas TeMIepaTypa HarpeBanus T OHa jpocturaer ao 300
OC. Matepuai Tpy Obl HOAOOPAH MCXOMS U3 TeMIIEPATYPhI ILIABICHHS METalLIA.
Temueparypa 1wasiaenus cranu 1300-1400 °C, uro B npeaenax A0y cTHMOM MaK-

cUManbHOM Temmepatypsl TOHOB, mosToMy MOKEM HUCIIONB30BAaTh CTalb OO0 MapKH.
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J11s1 pa3paboTKH 3alTATHRIX KOKYXOR, MBI HCIIONBE30BATH CTAIBHYIO TPYOY JTHAMETPOM
25 MM H BrICOTOM 1,35 M.

Ha »rarie npoBeieHHBIE TIAKIBI padoT MO O3HAKOMIIEHHIO W YCTPaHEHHIO HeJOo-
CTATKOB IHUPOIM3HOU yeranoBku I BA — 1 I'mymkoBa B.A. 1 ObUIM yCTpaHSHBI CIICHY-

omye nos3uimu | 130]:

1. Cnabast TepMETHIHOCTh TEPMOpPEaKTOpa.
2 Bojsgnoit koHeHcaT oO0paTHO 3aKadrBaeTCs B TEPMOPEAKTOP.
3. Tepmonnekrpudeckue HarpeBareiu ([ DHbI) OTKpBITEHIE, HOZTOMY B IIPOLIECCE Y TU-

JIA3alluH OTXOAO0B IIPOHUCXOIWUT HAJIWIIAHHC IIPOAVKTOB CIOpaHMA Ha IIOBCPXHOCTH

TOHOB, 4TO BBIBOJIUT UX U3 CTPOS.

4.2  Pe3yabTarbl JRCIIEPUMEHTA 110 BLIX01Y 00'beMa HPorasa 1pu pasHbIX

BJIAKHOCTAX U pparmuii

KomaecTBo kpyIHOPOTATOTO CKOTA, JIOIMAJ e, CBUHEH, oleHed Ha koHer| 2020
rojia o Pecrrybimke Caxa (Slkytust) coctaBisieT 540 TBIC. TOJL, KOTOPBIE €KeCYTOYHO
o0pa3yIoT opraHUYecKHii OTXO ] B BUjle HaBo3a. BMecTe ¢ TeM, B HACTOSIIEE BPEMS, B
arpapHOM CEKTope SIKYTHH OTCYTCTBYIOT TEXHOJIOTHH IO IepepaboTKe W Y THIH3AITHN
IIPOM3BOIUMOTO Haro3a. M3BecTHO, 9To 1 T cBekero Hapo3a MOTIIONAET 3a CYTKH JI0 5 T
KHUCIIOPO/Ja, a IIPH UCIIOIL30BAHUM B BUJE VIOOPCHUS, BMECTE ¢ HABO30OM B IIOUBY BHO-
cutcs 10 14 MITH ceMsIH COPHBIX pacTeHHH U BhIOpachlBaeTcsl 3HAUYUTEIBHBIA 00BEM Y-
JICKHCTIOT0 rasza u MetaHa B armocdepy. HeratuBroe Bo3 elicTBHe HaBo3a Ha aTMocdepy
COXpaHsieTcsl JI0 ero €eCTECTBEHHOTO TIepellPERaHMs, KOTOPOE B YCIIOBUSIX SIKy THH ITpouc-
XOJIAT B TeUeHUH 36 - 48 MecAIleR. Y YUTHIBas BHITICH3IIOKEHHBIE (PaKThI, MBI IIpeillaraeM
CIIOCOO CHUKCHUS BO3JICHCTBHS HABO3a HAa OKPYIKAIONIYIO Cpelly — BHEAPCHUE IIUPOIIH3-

HOM TEXHOJIOTUH YTHIH3aITHHA TBCPAOTC HABO3d
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CormacHo 1. 3.2 Ha TIepBOM 3Talle 3KCIIEPUMEHTa MPOBOUINCH PabOTHl TI0 H3-
MEIILYEHHUIO TBEPOT0 HABO3a HA TPU (DpaKIUu:
- oT 1 MM 10 30 MM,
- 0T 31 MM g0 60 MM;
- oT 61 MM 710 90 MM.

Jlit mupouzanyu 1o 100panbl (Ppakiiimu co Clie ly IOIUMHE BIIAKHOCTIMU:
-1 rpymma— W =3 —-49%;
-2 rpymmia— W =6-7%:;
-3 pymma— W =9-10 %.

OIBITOB HPOBEJCHO BCero 9 — Uil K I0H IPYIIILL BIAXKHOCTEH 3a0paHbl Bee TpU
(bpakIiy U3METHFIEHHOTO HABO34A.

Onpeie/sUId BBICOTY 3aII0JHCHUS TEPMOPeaKTopa Py 3arpy3Ke pazHoi ppakimu
W3METBUEHHOTO HaBO3a.

Kak oTMeuasochk BBIIIE, O3B 3aTpyKaeMON Macchl U3MeILUYeHHOTO HaBo3a 3a0u-
paiuch B Tapy oobemoM 14 1. Takum oOpazom, Ha pucynke 4.3 mokaszana JuarpamMma 1o
YPOBHIO 3alIOTHEHHSI TepMOpeakTopa yeTaHOBKH [ BA-1 paznmuaHBIMHA MaccaMy H3MeThb-

HCHHOI'C TBCPHOI'O HABO3d.
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Pucynoxk 4.3 — JluarpaMma 110 3HAUECHUSAM 3alI0JHEHUS PeaKkTopa [UPOIU3HON
VCTAHOBKH B 3aBUCUMOCTH OT pa3MepoB (ppakiiiii H3MeITbIeHHOTO HaBO3a
W3 quarpamMmel (pucYHOK 4.3) BUIHO, UTO YPOBEHD 3aII0JIHEHUS peakTopa 1Mpo-
JTU3HOM YCTAHOBKH Pa3lIMdaeTcsl B 3aBUCHMOCTH OT pa3zMepoB (ppakITiii H3MeTbIeHHOTO
HaBO34.
Macch H3MeTFUeHHOTO HaRo3a B3REIMHBAIINCEH Ha JTabopaTopHBIX Becax BK - 300

¥ pe3yIbTaTH IpUBeJIeHB! Ha Tpaduke pucyHka 4.4.
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Pucynok 4.4 - I'paduk, ommcHBaIONMI Macchl M3MeNLUEHHOTO HaBO3a, 3a0paHHbIX B

Tapy o0beMoM 14 1, T (IIpH DKCICpUMEHTAX )

Patouas temueparypa 300 °C, nposo/mKUTe IbHOCTL BpeMEHH - 80 MHH.

Pe3yibraTel OILITOB OTPaXeHBbI Ha pUCYHKE 4.5 UL TpexX I'PYIIl BIAXKHOCTECH U

BCEeX pasMepOB (bpaKI_[I/II‘/JI H3MCIITBUCHHOT'C TBEPIOTO 6CCHO,I[CTI/IJIO‘-IH01"O HaBoO3a.
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— B1askHoCTEL 3-4% = B1akHocTE 6-7% BraaxnaocTts 9-10%

PI/ICYHOK 4.5 - BBIXO,I[ ITAPOJIM3HOI0 I'a3a B 3aBUCHMOCTH OT 1IapaMCTPOB BIIAXKHOCTH H

pazmepoB (pakimit TRep1oro GecTo ICTUIOTHOTO HAR03a

U3 rpaduka (prucynke 4.5) BUJTHO, 9TO HauOOJIe€ BHICOKHH TTIOKa3aTe Ik IO BHIXOIY
IMAPOJIM3HOTO Ta3a JOCTUTHYT IIPH BIaKHOCTH HaBo3a 3-4% ; pasmepe dpakimm oT 1 MM
10 30 MM u cocrapisier 0,031 kyO.M.

ITpu rnaxkHOCTH 6-7% BBIXO] THporaza cocTapiaser oT 0,009 1o 0,018 ky6.M.

MunuMalIbHBIE TIOKa3aTeIH 1O 00beMY BBIXO1a IHPOJM3HoTo rasa — 0,006 Ky0.M.-
OBLITH OTMEYEeHBI IPH BlakHOCTH 9-10%; pazMepe dpakimu ot 61MM 10 90 MM.

Taxum oOpaszoM, MakcHUMaIbLHLIH 00beM Iuporaza ¢ 1 Kr tBepaoro Hapoza KPC,

papHoro (0,105 kyG.M MOKHO TOJIYIHUTH TIPH CISAYIOMNUX MapaMeTpax: BIaKHOCTH 3-
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4%:; pazmepor dpakimn 1-30 Mm. CraeayeT oTMETHTH, 9To 0,105 Ky0.M MIPOTU3HOTO Ta3a
coorBercrByer 0,058 kBT sHEpruu.

CnenorarenbHO, I IPOU3RO/IcTRa 1 KBT »Heprun HeoOxo M 1,81 kyO.M mHpo-
JIM3HOTO Ta3a, HoiaydaeMoro w3 17,24 Kr u3MeJIbUYCHHOIO TBEPAOro OSCIOICTHIOUHOTO

HaBO3a ¢ BIaKHOCTHIO 3-4% 1 pazmepaMu dpakiin 1-30 M.
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Baaxnocts 3-4%

Braxuocts 6-7%

Braxuocts 9-10%

= = TeopeTHdueckre 3HaUYCHUS BIAKHOCTH 3-4%
= = TeopeTHdeckue 3HaUYCHUS BIAKHOCTH 6-7%
= = TeopeTHUecKHe 3HaUYCHUs BIaKHOCTH 9-10%

PI/ICYHOK 4.6 — TGOpeTI/I‘IGCKI/IG H SKCIICPHUMCHTAJIEHBIC 3HAYCHIA BEIXO A4

ITHPOIU3HOTO T'asad

Kak BHAHO M3 rpaq)m(a Ha PUCYHEKC 4.6 OTKIIOHCHMS SKCIICPHUMCHTAJILHBIX JaHHBIX

OT TCOPCTHUCCKHX 3HAYEHUN HE IIPCBBIMIAOT 5 %.
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Paccuuransr OXHIACMEBIC 00BbEMEBI KOTUIECTR SHCPIHH, IIPOU3BOAUMEIX C TCX HIIHA

HHBIX 00BEMOB UPOIU3HOIO rasa (pucyHox 4.7).

0,6
0,524
0.5
0,418
0,4
0,314
03 0,289
0,231
0,209
0.2 0,173

5

Pucynok 4.7 — I"'padHK 3KBUBAJICHTHBIX KOJIUICCTB SHEPTHA 110 COOTHOICHUIO K

0.105 0,115
0,1
0,058
0 l
1 2 3 4

B O0BeM MHPOTH3HOTO raza, Kyo.M B O0beM pHEpTHH, KBT

o0heMaM IIHPOIIM3HOTO I'asad

Iocae 3aBCPIICHIE JKCIICPHUMCHTOB W OXIIa K JICHIA HI/IpOHI/ISHOﬁ YCTAaHOBKH, 34a-
6paHa OCTaBIIAACA MacCa U3 TCpMOpECakKTOPpd H YTOUHCH BEC CTOPCBITICTO TBEPIOTO Oec-

HOJCTHIOUHOIO HABO3a (PUCYHOK 4.8).
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Pucynoxk 4.8 — ' paduk, olKUCHBAIOIMNNA Maccy CrOPEeBIISIO TBEPAOLO

OecIIoICTHIIOUHOTO HAaBO3a B TEpMOpeakTope yeTaHoRKH [ BA-1

B omwire No8 cropena HanOoIkITIas Macca TREPIOTO HaBO3a, UTO cocTaBmuio 469,14
I' II[pA HAYaJIbHO! Macce TBepAoro HaBoza B 1891,33 r; Biaxuoctu 9-10% u pasmepax
mMenbueHHoH gpakimd 31-60 mM. CTelreHs yTHI3aIuy cocTapisieT 24,8 % oT Havalnb-
HOM Macchl HaBo3a. TakuM o0pazoMm, JII HOITHOW Y THIIN3AIHH MacChl TREPIOTO W3METhb-
YCHHOI'O HABO3a Takol (hpakiMu U BIaXKHOCTH BpeMs padoThl YCTAHOBKH JOJKHO CO-
CTaBIATh MHUHUMYM 240 MHH.

MuHuMaIbHBIE TAPAMETPHI IOIYYEHBL B onbiTe No2: cropeBmas Macca COCTaBUIIA
282, 01 r npu BiaxxkHOCTH 3-4%, pazMepax dpakimu oT 31-60 MM, CTelleHs Yy THITHZAITHA
paeuHa 17,1 %. CoOTBETCTBEHHO, IPU BTHUX [IapaMeTpax M3MEIBYCHHOIO HABO3a IOTPE-
OyeTcsa Oomee 320 MUH.

Heruioxue pesynabraTel 0TMeUeHB B o1ibITe Ned: cropeBinas Macca cocrapuia 427,

4 1 mpu BnaxkHOCTH 6-7%, pazmepax Pppakmymm ot 1-30 mm. Crenens yrunmzaiui — 20,9
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%. COOTBETCTBEHHO, PH ATHUX MapaMeTpax U3MelIbIeHHOTO HaRo3a moTpedyeTcs Oomee
250 MuH.

Taxmm oOpazoMm, >(pdekTHBHaS THUPONTH3HAS yTHIH3AIUI W3MENThUeHHOTO TBEp-
A0T0 OECIIOACTIIOUHOIO HABO3a ¢ HOIYUCHHUEM YIOOPCHUS B BUJIC 30JIbI JOCTUIASTCS
IIPH CIEAYIONTHX TTapaMeTpax:
- BJIAKHOCTIX OT 6-10 %;

- pasMepoB Pppakiwu oT 31-60 MM.

4.3 Pe3yabTaThbl Mo/IeJIHPOBAHHAS Mpoliecca MUPOJIN3HO VTHIIH3ATIHH TBEP/I0T0

ﬁeCHO)]CTIfI.HO‘—IHO ro HaBposa

B pesynbrare 1poBeJcHUS OLBITOB Ha HUPOIM3HON ycTaHoBKe I BA-1 1toinydeHsl
CIEYIONTHE TTOKa3aTeNH 110 BBIXOTy 00heMa MMUPOIN3HOTO Ta3a B 3aBUCHMOCTH OT BIIaXk-
HOCTH HaBo3a "W ¢pakimu HaBo3a. [1o pe3ynsraTaM >KCIIepUMEHTOR OIpe/IelIeHbI 3HaUe-
HUSL [IAPaMeTPOB Mpolecca UpoIn3a, KOTOphIe OTpakeHbl B TadmuIe 4.2.

CormacHo IeNu 3KCIIEPUMEHTA, 3a/IaHbl 3HAU€HUSI OCHOBHBIX (JaKTOPOB 1O odec-
IICUCHUIO BBIXOAa 00beMa IUPOIH3HOrO ra3a, HoIydaeMoro U3 TREPAOro OeCIoNCTHIIO -
HOTO HABO3a KPYIHOPOTATOTO CKOTa:

- BJIAJKHOCTB HaBo3a — oT 3.41% 10 9.47%;

- (ppaximst Haro3a — OoT 1 MM 10 90 MM.

Tabmura 4.2 - DxcnepuMeHTaILHBIE 3HaUYeHHS TapaMeTPOR

IIporecca IUpPOIIH3a

Homep onbita | BrakHocTh HaBo3a, | Mpaxnys Haro3a, MM | O0beM THPOIU3HOTO
% raza, M
1 3-4 1-30 0,031
2 3-4 31-60 0,018
3 3-4 61-90 0,014
4 6-7 1-30 0,022
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LpOAoKe e TadIunbl 4.2
5 6-7 31-60 0,011
6 6-7 61-90 0,008
7 9-10 1-30 0,012
8 9-10 31-60 0,009
9 9-10 61-90 0,006

H3 Tabmunipl 4.2 BUAHO, YTO HAWIYUINAA PE3YIILTAT 10 00beMY IHPOU3BOIAMOIO
mUporaza nolyueH B onbite Nel: ipu BinaxkHocTH - 3-4 %, macce - 2023,32 1, pa3zMepax
(dpaxiuu - 1-30 MM, Berxo i nporasa cocrap 0,031 ky0.M., cropesio mpu srom 296,04
I HaBO3A.

B ombrre No8 cropena HauboJIbInas Macca TBEPIoro HaBo3a, 4yTo cocrapmwio 469,14
I TIPA HavYallbHOW Macce TBepioro Haro3a B 1891,33 r; BnmaxxHoctn 9-10% 1 pazmMepax
m3MerbaeHnoi gpakmyu 31-60 My, CrelieHb yTHII3auy cocrapisieT 24,8 % oT Hadaib-
HOI Macchl HaBo3a. TakuM o0pa3oM, U HOITHOW Y THIN3AIIHH MacChl TREPIOTO U3METhb-
YCHHOI'O HABO3a TakoW (hpakiMu W BIaKHOCTH BpeMs padOThl YCTAHOBKH JOJLKHO CO-
CTaBIATh MUHUMYM 240 MHH.

MuHAMaIbHBIE TapaMeTPHI IOTYUEHBI B onibiTe No2: cropeBIas Macca COCTaBHIIA
282, 01 r upu Bnaxkunoctu 3-4%, pasmepax ¢pakiuu or 31-60 mM. CTelieHb yTHIN3auy
paeHa 17,1 %. CooTBETCTREHHO, IIPH 3THUX TlapaMeTpax U3MelbUeHHOTO HaR03a MoTpe-
oyercs Ooliee 320 MuH.

Hemmoxue pesynpraThl oTMeUeHsI B onibiTe Nod: cropesinasg Macca coctapuna 427,
4 1 upu BraxHocTH 6-7%, pazMepax ¢paxnuu ot 1-30 Mmm. Crenenn yTwinsauy — 20,9
%. COOTBETCTBEHHO, IIPH ATUX ITapaMeTpax U3MEILIEeHHOTO HaBo3a noTpedyeTcs Oolee
250 MuUH.

Takum oOpazom, >pdexTrBHAY TUPOIU3HAS VTIWIN3AIKS W3MEILYCHHOIO TBEp-
70T0 OECIIOICTHIIOUHOTO HABO3a ¢ MOIYUeHHEM yIOOPEeHUS B BHJIE 30JBI JTOCTHTAETCS
I[P CIEAYIONUX IapaMeTpax:

- BIaXKHOCTIX OT 6-10 %,

- pasMepoB ¢pakiuu oT 31-60 M.
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[TyTem corocTaBIeHHs PE3YIIbTATOR TEOPETHIECKUX W SKCIEPHUMEHTATBHBIX UC-
CJIeIOBaHMH, Js1 pa3paboTKU UMUTAITMOHHONH MOJICIIN cOCTaBIeHa MATPUIIA IUIaHUPOBA-
Hus [7, 9, 18,19, 22,25, 34,37,40,43, 44, 57, 62, 64, 68, 73, 78, 80, 97, 99, 104].

[1o pesyibraTaM OIBITOB OBLIO PEIICHO BapbUPOBATH CICIYIONUMHU VIIPABIISLIO-
MAMH (paKTOpaMH:

- X 1 - BIIAXKHOCTBIO TBEPIOro HaBo3a, W (%),
- X - pasMepaMu dpakiuu HaBo3a, A (MM).
Taxmm oOpazom, MaTpHIla TTAHUPOBAHUS KCIIEPUMEHTOB Oy JIET UMETH CIeIYIO-

i By (tabauna 4.3).

Tabmuma 4.3 - Marpuiia ImaHUpOBaHHSI SKCIIEPUMEHTOB

Homep X1 X2

OIIBITA KOJI W, % KOJI h, MM
1 -1 3,41 -1 1
2 1 9,47 -1 30
3 -1 3,41 -1 31
4 1 9,47 1 60
5 -1 3,41 1 61
6 1 9,47 1 90

DaKTOPLI B MATPUIIE HPEACTaBICHbI KAK B HATYPAIbHLIX (PU3MUCCKUX BEIMUMHAX,
TaK W B KOJJUpoBaHHBIX. C anreOpandeckolf TOUKH 3peHHs BRe/IeHHe KOJUPORAHHBIX TIe-
PEMEHHBIX OTpaxkaeT CTPEeMIJICHHE K opToroHammsanui cucreM QyHkiud. C BbIYUCIH-
TEeIIFHON — K YIIPOIIEHUIO pacueToB Ko3pPUITUEHTOB MoieTel, ¢ o0ImeMeToTMIecKOr —
K CO3JJaHMIO CTaHIapTH3NPOBAHHOTO Hadopa ONTHMAIBHBIX INTAHOB, HE3aBHCHUMBIX OT
cyOCTaHIMU U CTPYKTYphl 00beKTa uccieaoBanus (4, 21, 25, 37, 74, 81, 109, 123, 127].

OGpadoTka pe3yIbTaTOB ONBITOR OCYITIECTRIEHa OJJHUM M3 METOJIOB CTaTUCTHIE-
CKOI'0O aHAJIM3a — METOJ0M HauMeHbIMX KBajaparos (MHK).

KanoHmndueckoe ypaBHeHHE TIpollecca IMPOIH3a IOMyUeHO B CIeYIONEM BH/IE!

Y1 =0,131 +6,5x1 +45,5x» (4.1)
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JI71sI MpOBEpKH THITOTE3H 00 a7[eKBATHOCTH MO,IENH pealbHOMY (hPH3UIeCKOMY PO-
1Ieccy MCIob3oBald Kpurepuil duinepa (I'-xpurepuii), pacdeTHOE 3HAYEHHE KOTOPOTo
cocrarisieT 2111,74. F-craTucTHKa UMeET paciipe/ie]IeHHe ¢ OTHOM | TpeMs CTETIEHIMHA
cBoOO bl Tabmunoe 3Hadenue F-cratucTiku 1pu 5 % ypoBHe 3Ha4uMOCTH papuo 10,1,
CretoBaTeNnbHO, TIPU JAHHOM YPOBHE 3HAUUMOCTH THIIOTE3a O TOM, UTO YpaBHEHHE pe-

I'peCCHH HC3HAYHUMO, JOJLKHA OLITH OTBCPIHOYTA.

0.045 y =-0,012x + 0,05
£ B Qpi9 y = -0,0045x -+ 0,0227
p= ~
30’035 0,031 ~~ = y = -0,004x + 0,0187
20,03
o]

80,025
2 0,02 —
g 0,018 ~ _ 0,015
0,015 NS 0,012
= ._ ==L L U0Toet
E 0,01 0.014 0T~ = i ?-0,007
20,005 0.408 0,006

0

1-30 31-60 61-90

Pazmeps! (pakiiiu TBep0TO HaBO3a, MM
BraxuocTts 3-4%
BraxuHocTh 6-7%
Baaxunocts 9-10%
= = TeopeTUdecKre 3HAYCHHUS BlIaKHOCTH 3-4%
= = TeopeTUYeCKHE 3HAYECHHUS BIIaXKHOCTH 6-7%
= = TecopeTHYCCKHC 3HAYCHUS BJIaKHOCTH 9-10%

PI/ICYHOK 4.9 — TGOpeTI/I‘IGCKI/IG H SKCIICPHUMCHTAJIEHBIC 3HAYCHIA BEIXO A4

ITAPOIM3HOTO I'a3a

Kak BHAHO M3 rpaq)m(a Ha PUCYHEKC 4.9 oTKIIOHECHMS SKCIICPHUMCHTAJILHBIX JaHHBIX

OT TCOPCTHUCCKHX 3HAYEHUN HE IIPCBBIMIAOT 5 %.
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[TpoBepky 3HAUNMOCTH OTAENBHBIX KO3 (PHITUEHTOB (TTapaMeTPOB) YpaBHEHMSI pe-
I'PECCUU TIPOBOJAUIIA ITIOCTPOCHUEM JOBEPUTEILHOIO HHTEPBANIA U 110 KpUTEpHIO CTHIO-
JeHTa (t-KpUTepHIO), KOTOPHIM UL X1 cocTaBIsET 6,5, a It X2 — 45,5, TabnuaHoe 3Ha-
yeHue t-Kpurepus A S5 %-ro ypoBHS 3HaUMMOCTH Ipu 10 creneHsx cBoOO bl paBHO
2,228, CrefloBaTeIbHO, JJISI TapaMeTPOB X U X2 IIPUHAMAETCS HyJleBas THUIIOTe3a He3Ha-
YHUMOCTH.

M3 mmpojiennanHoro CTaTHCTHYECKOTO aHau3a Mojiend (4.1) ciaeayer, 4To Ha KOJIHU-
YECTBO MPOU3BOIUMOM SHEPIHH C TUPOIU3HOIO ra3a CyIEeCTBEHHOE BIUSHHAE OKA3hIBACT
(baxTOPHI BIAXHOCTH U (PPAKITHH TBEPJOTO OECIIOICTHIIOTHOTO Hapo3a. OO0beM IMUPOITU3-
HOTO 3aBHCHT OT (haKTOPOB BIAXKKHOCTH U (PpaKIiy TBEPI0T0 OCCIIOACTHIOUHOTO HABO34.
[TosToMy KO3(DDUTTHEHT X; TIONYIHIICS MAHAMAITBHBIM.

Hawryuiiee mokasaTely HOJIyYEHbI B OolbITaX 1 U 2, U3 KOTOPBIX BHIOHpaEM pe-
3yJIbTaT 110 TIEpPROMY ONBITY. Torma, npu 3HadveHHIX Ko duimenToB by=0,131; b;=6,5
1 by = 45,5 UMUTATIMOHHAS] MOJIETh KOIIMIECTBA IIUpora3a OT OCHOBHBIX (PAaKTOPOB MPo-
necca Oy IeT UMETh CIIeIYIOMUNA BUA

Qm=0,131+6,5w+ 455h (4.3)

JlaHHbIe SKCIIEPUMEHTAIBHBIX UCCIIe0BaHUi ObUIH 00paboTaHbl ¢ IOMOIIBLIO IIPO-

rpaMMBbl Statistica ¥ ocTpoeHa MOBEPXHOCTE OTKIHKa (prucyHOK 4.10):
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Ryt TR IS O T RO

Pucynox 4.10 - KolmuecTBO HAPOIA3ZHOTO rasa, 10JIy4aeMOe B 3aBUCUMOCTH OT

(pakTOPOR BIAKHOCTH U pazMepoB (pakIMy TBEPJIOTO HaBO3a
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BbIBOJbI 110 I'/TABE 4

1. ITpoBeseHO 9 OIBITOR Ha TPH TPYIIIHI H3MEIBUEHHOTO TBEPJOTo OecIoICTHION-
HOI'O HABO3a C BIIAKHOCTIMMU:

I rpytmma — W =3-4%: 2rpynmma— W=6-7%: 3 rpynima — W = 9 — 10 %.

Bee rpymnt IpoBepeHbl Ha ¢iieayionpe pasMepnl dhpakimu: oT 1 MM-30 MmM; o1 31 MM —
60 MM, 0T 61 MM — 90 MM

2 Maxkcumaibibiit o0beM mporasza B 0,105 ky6.M 1 kr Bepaoro napoza KPC MoxHO
MTOTYYHUTH IIPH CIIe Y IOMNAX MapaMeTpax: BIakHocTH 3-4%; pazmepon dpakiian 1-30 M.
Ciretyer OTMETUTD, uTo 0,105 ky0.M 1mpoim3Horo rasa coorsercTsyer 0,058 kBT nuep-
THH.

3. HauGolbimas Macca TBEpIOro Haposa, 4To coctaBwio 469,14 r npu HadaabHoH
Macce TBepJioro Haroza B 1891.33 r; BmaxHOocTH 9-10% U pazMepax HU3MelbUEHHOMN
dpaxmm 31-60 mM. CTenieHb YTHIH3AIUKU cocTaBsieT 24.8 % oT HadaabHOM Macchl
HaBo3d. TakuMm oOpa3zoM, IS IOJHOW YTWIM3AIUA MAacChl TBEPIOTO HM3MEIBYCHHOI'O
HABO3a TaKOW (PpaKITUH U BIAKHOCTH BpeMsI paOOThl YCTAHOBKH JOIKHO COCTABIISITH MU-
HuMyM 240 Mun. Takum oOpazom, nddexruBaad MUpoJM3Has y THIN3aUsS U3MEILICH-
HOTO TBEPOTO OECIOCTHIIONHOTO HaBO3a ¢ IMOJyUeHHEeM yI00peHUs B BHJE 30IThI JI0-
CTUTaeTCs IPH CIEAYIONUX [apaMeTpax: BIaKHOCTIX 0T 6-10 %; pa3MepoB (pakituy oT
31-60 v

4. OcHOBHBIC (paKTOPHI 110 0OECIIEUEHHIO BRIX0OJa 00beMa IUPOIU3HOTO Ta3a, oIy -
qaeMOoro U3 TBEPIOTO OeCTIOICTUIIOYHOTO HaBO3a KPYITHOPOTATOTO CKOTa:

- BIAKHOCTE HaBo3a — oT 3.41% 5o 9.47%:;

- (hpakius HaBo3a — oT 1 MM 10 90 MM.

CooTBeTCTBEHHO, OBIIO peIIeHO BaphbUPOBaTh CIEIYIONMMH YIIPABIBIIONMMMHA (pakTo-
paMu:

- X | - BIaxxHOCTHIO TBEP/IOTO HaBoz3a, W (%),

- X 2- pa3Mepamu (ppakIu HaRo3a, h (MM).

5. HmuranyonHas MoAeb KOJIMIeCTBa Huporasa 0yAeT UMeTh ISy IOIIHMA BUI;

Q.. =0,131 +6,5w + 45,5h
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I'TABA 5 SDKOHOMHMYECKASA SPPEKTUBHOCTD YTH/IMN3ALIUA
TBEPJOI'O BECIIOACTUJIOYHOI'O HABO3A KPYIIHOI' O POT'ATOI'O
CKOTA METOJOM IMAPOJIA3HON YTUJIN3ALTAN

Texnomorusa nepepaboTKu TRePAOTo OECTOACTHIOTHOTO HaBO3a ¢ IMPUMEHEHHEM
IUPOJIM3HON Y CTAHOBKH [IO3BOJBICT KOMIUICKCHO PelaTh Al IIpodiieM, CBI3aHHbBIX C €I0
yTummzanueis. [Ipu onpeaeneHnn s5koHOMUUECKoM 3 ek TUBHOCTH BHEIPEHUSI TTUPOITH3-
HOM TEXHOJOTHH Ba)KHO YUUTBLIBATH TAKHE IIOJIOKUTEIIbHBIC 3 dEeKThl, KaK 3HepreTHye-
CKMe, PKOTOTHUYECKHe U colhaibHble. HaMu mpoBefeH pacueT ToJ0BOTO SKOHOMUUE-
ckoro a3 dexra 0T BHEAPCHUS ITAPOIU3HON TEXHOIOTHH IIPU UCIIOIB30BAHUH YCTAHOBKH

I'BA-1 p71s1 MOTOIOBES KOPOB, TIPUBEASHHBIX B TaOmmIe 5.1.

Tabmura 5.1 — KommaectBo noronoBbst KPC mo xareropusM Xo3sHCTR

oT 1 suBaps 202 1roaa

Kpy b1 poraThiii cCKOT ["onoR (THIC.)
CelnbCKOXO3MCTBEHHBIE OPraHU3alid 13.4
Kpecrpanckue (pepMepekue) Xo3sicTBa U UHAUBHAYAJILHBIC

28,7
IIpeIITPUHIMATE TN
JInuHbIe OABOPHI 570

["oytoBoit sxoHOMIUECKHH 3(PPEKT OT BHEIPEHHUS TUPOTHU3IHOM yCTAHOBKY OTIpe/ie-

jsiered 1o cleayomei dopmyie [88, 120]:
Dy =+, (5.1)

r7ie DOro— rOJ0BOH 3KOHOMHAYecKHit A(pekT, ThIC. pyo,
D | - rogoBO# nKojIorudeckuii nddexr, Toic. pyo;
3 2 - TOOBOM BKOHOMMUECKM 3 deKT OT yTHIM3aIMU HaBo3a, THIC. pyo;

Dxosorudeckuit 3pPexT oOyCIOBICH: BO-IIEPBbIX, CHIKCHUEM 3arpsi3HEHUS BO3-
AYTIHOM Cpesibl OT BPEHBIX BHIOPOCOB MIPH CTOPAHUN TOIUIHBA, BO-BTOPHIX, 3a CUET HC-
KIIOYEHHUS VITIepOa OT 3arpA3HEHUS BOJAOCMOB COIIMU W OPraHUYEeCKUMHU BEICCTBAMH.

Ha ocHoBaHUM HTOTO TOIOBOH SKOTOTHIECKUM 3hPekT:
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21 =3r1+ 3ra, (5.2)
rie D1 — TOJOBOM SKOHOMHUECKUM >(PQEeKT OT CHIKEHNS 3aTPIA3HEHHS BO3/Y IITHOM
Cpebl OT BPEAHBIX BEIGPOCOB IIPU CrOPaHKHU TOIUIMBA, THIC. py0.,

D 2 — TOJIOBOM 3KOHOMHUECKHH > (eKT 3a cueT MCKIMoUYeHns yinepba OT 3arpa3HeHHs
BOJIOEMOB COJISIME M OPraHUYECKUMH BELIECTBAMU, ThHIC. PY 0.
To0BoH 3KoHOMMUECKHH >(PPEKT OT CHIKEHHS CYyMMapHOTo yIepOa oT CoKpa-

IMCHEA BPpCIHBIX BbI6pOCOB COCTABHT:

=

I, = Yj 'Sj, (5.3)

j=1
rie Y ;—ywmepd oT j — o KOMIIOHEHTA BpeIHBIX BHIOPOCOB, THIC. pyO./T,
S j — CHIKeHNE BpeTHBIX BHIOPOCOB 3a CUeT COKpalleHHs NnoTpediieHusl TOINHBa Ha Oa-
30BOH DHEPreTHUSCKOH YCTAHOBKE IIPU UCIIOIL30BAHUEN [TUPOJIA3A, T/TO/,

CHmwKeHue BpeAHbIX BLIOPOCOB 3a cyeT HoTpedienus 0a3oBOro SHEPreTHYCCKOTO

CEIPBA IIPpH UCIICIIB30BaHHH ITHPOTa3a MOKHO OIIPEHCTIHUTD 110 (I)OpMYJIeZ

BT
1 106-sj-(*\fr[r—*\fBr), (5.4)

rge  $j— KOHUEHTPAIMs | — I'o KOMIIOHEHTA BPEHLIX BLIGPOCOB, I/M°;

V 1ir— 00BeM PO YKTOB TOPEHUS IPH CKUTAHUH OJTHON TOHHBI 3aMEIAaeMOT0 YCIIOBHOTO

TOILIMBA MY/T V. T.;

V pr — 00beM POy KTOB TOPEHHS TIPH CKUTAHIUH OIHON TOHHEI IMporas3a, M/T Y. T.;
KonnenTpanus BpeHbIX BBIOPOCOB [PU POPSHUH ITHPOTa3a B HACTOAIIECE BpeMS HE

YCTaHOBIICHA, OJTHAKO, TIPEJICTABISIETCS BO3MOKHBIM B IIEPBOM NPHUOIMKEHUH TPUHSITH

MX COOTBETCTBYIOIMMH BLIOpOCAM HPHUPOJHOTO raza. [ nepecdera BEIOPOCOB, IPUXO-

JSIIAXCS. Ha OJTHY TOHHY CKUTAEMOTO TOIUIMBA B YCJIOBHOM HCUYHCIEHHH B O0ObEMHEIE

CAUHULIBL, MOMKHO IPUMEHAITH clieaytonme dhopmyin [60, 67]:

- AL CHUTIaHWA allbTCPHATHBHOI'O TOILIHBA

_Qn

P
H

v, [o(1,088QE +66W" —10)+ (0.053Q%, +12.4W" +50)| 5.5)

p
riac QH - HA3IIad TCIUIOTa Cropanud TOIUIHEBA, KKaJl/ KI',

Q v1.— TCILIOTA CropaHms yCIOBHOIO Toruuea, 7000 Kkal/Kr;
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o — kondduimeHT m30bITKa BO3AyXa, 1,3...1,35;
WP — HPOLIEHTHOE COJEPKAHUE BIIATUA B TOIUIUBE, %0.
I"'ooBol skoHOMHUYECKHH 3P (DEeKT OT CHUKEHHS 3aTPS3HEHHS BOTOEMOB COISIMHA B

OPraHUYeCKUMHU COCAUHCHUAMHU OLIPEACILIOT IO GopMyie [65]:

B, =365-1-q, B-(nC +7.C,), (5.6)

IJI€ N — KOJIHUYECTBO JKUBOTHBIX
q y— CYTOYHBII BBIXOJI HABO3a OT OJTHOTO KHUBOTHOTO, T,
Y 1, Y 2 — CoJlepKaHue B TOHHE HABO3a 3aTPS3HSIONTAX BEIECTB;
B — koapuiteHT BpIHOCA 3aTPA3HIIONIIX BEIICCTB IIOBEPXHOCTHLIM cTOKOM, 0,005, 11pn
HeOIaroNpUATHBIX YCIIOBUSIX (CUIIBHOE BECEHHEe CHETOTasHUE, POIUBHEIE TOKIN), 0,2;
C 1, C o — yaenpHbli yiiepd B pyOIBIX Ha KWIOIPaMM 3alPS3HUTEI: COOTBETCTBEHHO
coneit u BIIK (0,016 py6./kr u 2,00 pyG./KkT).

[To pesyapTaTaM DKCIEPUMEHTOB OLpe/eICHbl ONITUMAIbHbIC 3HAUCHUA (PPaKITHIA,
KOTOpHIE OTpaskeHhl B Ta0IuIe 5.2,

H3 Tabmunibl 5.2 BUAHO, YTO HAWIYUINAA PE3YIILTaT 10 00beMY [MPOU3BOIAMOIO
mUporaza nolyueH B ombiTe Nel: mipu BiaxkHocTH - 3-4 %, Macce - 2023.32 1, pa3mepax
(dpaxiuu - 1-30 MM, Berxo it mmporaza cocrapuil 0,031 ky0.M., cropeio mpu srom 296,04

I' HaBO34a.



103

Tabmuma 5.2 — Pe3yapTaThl 3KCIIepUMEHTATbHBIX OIIBITOR

Macca TRep- | PazMeprl Brxon
BmaxHOCTH Brxox po- Ocrarox | Utoro cro-

DKCIIEpAMEHT J0TO HaBo3a, | (pakiuu o0beMa

TBEPJOrO HABO3a ra3a Havajloch ¢ CBIPbs peno
iy HaBO3a rasa

1 3-4 2023,32 1-30 dMuH22cer 0,031 1727,28 296,04
2 3-4 1642.54 31-60 SMuHS 1 cek 0,018 1360,53 282,01
3 3-4 1573,95 61-90 8MHUH3 9cek 0,014 12849 289.05
4 6-7 204256 1-30 SmuH1 2cek 0,022 161512 427 44
5 6-7 187291 31-60 6muH3 | cex 0,011 1501,11 3718
6 6-7 1589.11 61-90 TMHHS2ceK 0,008 1227.12 361,99
7 9-10 211476 1-30 4mun48cek 0,012 171511 399.65
8 9-10 1891.,33 31-60 7muHl 1 cex 0,009 142219 469,14
9 9-10 171215 61-90 OMuH1 Scek 0,006 1358,92 353.23




ITpu mpooTKUTENHPHOCTH PabOoTHL OTHOM THpoIU3HON yeTaHoBKH [ BA — 1, pap-

Hoii 80 Mun (upu paboueii Temuepatype 300 °C), ee Bpems ocrhmBanusd cocrasisger 180
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MHH. HCXOI[H U3 3TOTO, ITUPOIHU3HAA YVCTaHOBKA B JCHD MOKCT 3aIIYCKATHECA 2 pasza.

3a JIcHb YTHIM3UPYEMbIH 00beM TBepIoro 0ecIo[CTIIIOUHOTIO HaBO3a OJHONH YCTaHOB-

koit  BA-1 cocraBur 20, 23 kr. M3 3T0# Macchl HaBo3a B CYTKH MOKHO ITOIYYUTH 2,1

KyO.M 1mporasa, skBuBajieHTHoro 1,16 kBt suepruu (tabimia 5.3).

Tabdmna 5.3 - Cyrodnas MPOU3BOAUTEIILHOCTD YeTaHOBKH [ ' BA-1

No Bpems OO0BeM TRepIoTo OO6peM OO6peM
paboThI OeCTOICTUIOUHOTO | IMUPOIU3IHOTO | SHEPruu, KBT
IAPOJI3HON HABO3a raza, kyo.m
YCTAaHOBKH 3a 2 cMeHBI
I'BA-1, mun paboThL, T
1 80 20230 2,1 1,16

Ha ocHORanum TIOTTYYCHHBIX oKazareiaeu paccHuTacM SKOHOMHUYECKUH S(I)QJGKT oT

IIPUMCHCHIA HHpOHHSHOfI TCXHOJIOI'HH TBCPAOTIO 6€HO,I[CTI/IJIO'~IHOI‘O naBoza KPC.

Takum obpazom u3 1 kr MoxHO Tonyunth (0,105 xy0.M mmporasa, 4To COOTBET-
cryer 0,058 kBt suepruun. OT HOJIYHYSHHBIX IIAPAMETPOB pacCUUTaHbl OXKUIaeMbIe D-

(peKTHI OT MPOUZBOAUMOTO TBepIoTo OecnoacTHIOYHOTO HaBo3a KPC, comepikanuxcs B

xossiicTBax SxyTuu (tadmuna 5.4).

Tabmuma 5.4 — Oxumaembie 3dppeKTH TT0 BUIaM XO3HCTB

No T'omos Brxo TBep10r0 Bexon O0reM
(TBIC.) OeCIOJCTUIIOYHOTO IIUPOIIA3HOTO sHeprud, KBT
HaBO3a, KT B JIeHb raza, Kyo.Mm
Cenbcroxosaiicimee Hible OpeaHu3ayuu
l 13.4 268 000 28 140 15544
Kpecmusanckue (ghepmepckue) xozaticmea u unoueuUOVAibible NPeonpuHUMament
2 28,7 574 000 60 270 33292
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LpoIoInKeHue TadIuIbL 5.4

Huunsie noosopvsa
3 519 1 158 000 121 590 67 164
Hroro: 100 2 000 000 210 000 116 000

B croronomemenusx KPC coaepxkarca BoceMb Mecs1ieB B 1oy uind 240 qHeH —
PO AOJKUTEIIBHOCTh CTOMIOBOTO IIEPUOIA B YCIOBHAX SKy THH. COOTBETCTBCHHO, OKH-

TaeMBbIi roJIOBOH o0neM IIApOTra3a COCTABHT:

116000 x 240 = 27 840 000 kBt nnu 27,8 MBT sHeprun

Hexondg w3 fanHo it TaGIMITE BUTHO, YTO BHEAPEHHE TUPOIM3HON TEXHOIOTHH Y TH-
JIM3AIUU He TOJILKO YMEHBIIUT arpecCUBHOE BO3ACHCTBHE TBEPAOTIO OECIIO ICTHIOUHOTO
HaBO3a Ha 3KOJOTHIO MEP3NOTHBHIX ITOUB, HO W MHporaza, >KBHBaleHTHoro 27.8 MBT
SHEPTHH B TO/I.

Kpome sroro, nocie mupoImsalyy MoydaeTesd opraHmaeckoe yIo0peHue B BUIC
3038l [To pesyabTaTaM OIIBITOB OIpeeieHo, 9To H3 1 Kr TRepaoro 0ecHoICTHIOUHOTO
HaBo3a Iojaydaercs okoyo 10% 3oibl. OCHOBBIBASACL HAa HTOT IOKa3aTellb, paccuuTaeM

OKHAaeMBII TOIOBOM BBIXOT 30IIHL;

2000 x 240 = 480 000 xr
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Tabmuia 5.5 - O1ieHKa CYMMapHOTO €5KeTOTHOTO SKOHOMHIECKOTO Y dekTa

Cymma,
No Crarbs Koua-Bo | Tapud | r1bic.p6 | [Ipumeuanue
Dxronorudeckuii 3pdhexT
CHWKeHHe 3arpsa3HeHUs]
BO3/YIIHOH Ccpe/lbl OT BpE/I-
HBIX BEIOPOCOB TIPH Cropa- Pacuer o
1 | Hum ToILIMBa 18 310 | popmyie

Hcxmouenne ymepOa oT 3a-
I'PSA3HEHUS BOJOEMOB CO-
JSIMHA B OPTaHUYIECKUMH Be- Pacuer o

2 | mecrBaMu 294 336 | popmy e
CyMma 3K0JI0TrH14eCKOro
3¢pPekTa 312 646

Kommepueckuii nddexr

JIOXO BT OT TIPOU3BOJICTRA U ITo ycTaHOB-
VTHIU3AIUHA ITIAPOJIA3ZHOIO JIEHHOMY Ta-

3 |raza 50400 | 4490,53 226 323 | pudy
JIOXO BT OT TIPOU3BOJICTRA U
VTHIN3AIIHI 307161 B Kaye- [To pemHOUHOMH

4 | crBe yaobpenus 48000 | 10000,0 480 000 | nene
CyMMa KOMMep4YeCcKOro
3¢pPerTa 706 323
BCET'O 1018 969

I"omoBoit 3xoHOMUYEeCKHH 3 (DEKT OT CHIDKEHUSI CyMMAapHOTO yIepda oT coKpa-
IICHUS BPEAHBIX BLIOPOCOB COCTABHT:
- HU3IMas TeIUIoTa cropaHus VI, Kkal/Kr — 5500 Thic. po;

- 00BEM IIPOAYKTOB TOPEHHS 1IPH CKUTAHUK 1T V. T. yIuisL, MY/Ty. T - 12810 ThIC.PO;
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I"omoBoi sxoHOMUHEC KU 3(PPEKT OT CHUKEHHUS 3aTPS3HEHUS] BOIOEMOB COISIMH H

OPraHUYECKAMHU COCIUHEHUSAMU COCTABHUT:
Or2=365-100-20-0,2-(0,016 4+ 2) = 294 336 000

CyMMapHBIN sKOHOMHYECKUAN >(PPEeKT OT MPUMEHEHUsT TUPOITUZHON TEXHOIIOTHH
VTHIA3AIAA HABO34 PAacCUUTBHIBACTCS KaK CyMMa BKOJIOTMYECKOrO0 W HOTEHIUAIBLHOTO
komMMepueckoro dddexra — 1 018 969 TrIc.po.

Kommepueckuii adgdekt cKiabBacTes U3 JOX0 0B, 00pa3yIommxcs OT IPOU3BO/I-
CTBa OCHOBHOTO U IMTOOOYHOTO MPOYKTa B BHJIE THPOIM3HOTO raza ! 30716l CyMMapHBIH
rOJIOBOM sKoNIoruaeckuii sddexr cocrapuir 312,6 M. po.

CyMMapHbIii koMMepaecKuid ¢ @exT oT peamsaliyuy ra3a | 30J1bl cocTaBu 706,3
MIH. pyOneit. CoBOKYTIHBIN skoHOMUUecKU dpdekT coctapmn 1018,9 muma. pyOneit exe-
rojiHo. PacueT 1Ipou3Be/ieH yKPYIIHEHHBIM METOIOM HCXO/ U3 YACICHHOCTHU IIOTOJIOBbA
KPC 1o BceM BuiaMm xo3siicTB PecniyOmmkn Caxa (SIkyTwst). Pe3ynbTaThl OlleHKH TIOKa-

3dJId Ha HAJJHIHUC CYIIICCTBCHHOI'O 3KOHOMHYICCKOIO 3(1)(1)GKTEL

PexoMeHngannu npousBoCTBY

Ha ocnoranum obGocHOBRaHHON »((EeKTUBHOCTH TIpe/iaraeTcesl BHEJPUTH B (ep-
MEPCKHUE XO34MCTBA MUPOIU3HYIO TEXHONOTHIO YTHIHM3AIUN TBEPAOTO OeCIOACTIIION-
HOTO HaBO3a, coJIepKaIyo cietytonee o0opy ToBaHHe | MOIepHI3UPOBAHHY IO TTHPOTH3-
HYIO yeTaHOBKY [ BA-1; cucteMy OUMCTKHY U CYIIKH IIUPOra3a; U3MeJIbUYUTelb, CUTO; I'a-

30reHeparop (PUCYHOK 5.1).
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SAKJITFOYEHHE

1. [TpoBefeHHBII aHANM3 TPAJAUITUOHHBIX CIIOCOOOB M YCTPOMCTB MO TOIYUYEHHIO
DHEPIOHOCHUTEIIEH W3 OpraHUYEeCKOH MAacchl IIOKa3all, 4TO IPUMEHIEMBIE B HACTOAINIEE
CIIOCOOBI M METO/THI TIO TlepepadoTke, o0e33apakuBaHAIO U YTHIA3AITHHA OeCIIoICTHIOH-
HOI'O HABO3a IIPUMEHHUMBI TOJIBKO [JIS CBEKEIO WIH JKHJIKOIO €r0 COCTOSHUS, OTCYT-
CTBYIOT TEXHOIIOTHH JUIS YTHIH3AIAA TBEPAOTO OecHo/ICTHIOUHOTO Haro3a. Hanbomee
OITUMAJIBHBIM I YTHIM3AIMH TBEPAOTo OSCIOICTIIOUHOIO HABO3a, Ha Halll B3IILLA,
SIBIBIETCS TUPOIM3HBIA CIOCo0, TIO3BOJLIIONMHA NOMYHaTh TOIUTUBHBIN Ta3 WU JOCTYITHOE
y 100peHue B BUJC 30J1bL.

2, [TpoBeieHHBII aHAII3 TTOKA3all, YTO CYIECTBYIOIHE B HACTOSIIEE BpeMsI MaTeMa-
TUYECKHE MOJICNH, OIUCHIBAIOIIMNE IIPOIECC UPOIN3a, HOCAT aHAIUTHICCKUN XapakTep
U UX NpakTHYECKOe TIPUMEHEeHHE 3aTPYTHUTEIILHO, OHU IIPUMEHHUMBI JIJIsI OITUCAHUSI XH-
MHUUECKUX PEaKITIi, IPOTEKAONINX BHYTPH IMUPOIHU3HON YCTAHOBKH U pa3padOTaHbl I
1IpoIIecca IUPOIIA3a YIJIEBOAOPOAHOTO ChIphi. llonyueHa 3aBUCUMOCTD, OIIUCHIBAIONIAL
IIpoITece MHPOIHA3a UL YCTAaHOBKH [ TYTITKOBA, TIO3BOJISIIONIAS PACCUUTHIBATE TPEOY eMBIH
pacxo/| PHEpruy Ha IepepadaTblBACMYIO MACCy TBEPJAOIO OCCIIOACTHIOYHOIO HAaBO3a ¢
yUIeTOM €ro 00heMa U BIIa:KHOCTH.

3. OO0OCHOBaHBI CXeMa U 3IEMEHT KOHCTPY KITHH Y CTAHOBKY I IIUPOJIM3a OPTaHUYe-
CKOTO CHIPhSI, 0OECIIEUHBAIOITHE TIOBHINEHUE UX Y(PPEKTUBHOCTH U CHIKEHHE Y JIEThHBIX
3aTpaT Ha BLIPAOOTKY €JMHUITEI 00beMa IUPOIU3HOTO raza. Haubonee BHICOKMI HOKa-
3aTelhb IO BRIXOY MHUPOIU3HOTO Ta3a JOCTHUTHYT IIPH BIaKHOCTH HaBo3a 3-4%; pazMepe
dpaxmm ot 1 MM 10 30 MM # cocTaBisieT 0,031 ky0. M. MakcuManbHBIH 00beM Muporasza
B 0,105 ky0. M 1 kr 1Bepaoro HaBoza KPC MOKHO LIOIYYUTD HPH CISAYIONIUX IIapaMeT-
pax: BiaxkHocTH 3-4%; pasmepor Ppakrun 1-30 M. CregyeT otMeTuTh, aTo 0,105 Ky 0.
M IIUpOJIM3HOIO rasza coorBercTByeT 0,058 kBT nHepruu. DddexTuBnas mmpoau3Has yTy-
TU3aIisl W3METBUEHHOTO TBEPIOT0 OeCHO/CTHIOTHOTO HAaBO3a ¢ TIOIYUEeHHEM Y a00pe-
HHS B BHJIE 30JIBL JOCTUTACTCS IIPH CIEAYIOMUX IapaMeTpax: BIaxHOCTIX oT 6-10 %;
pazMepoB ppakitu oT 31-60 MM, co cTenieHRI0 yTHIH3aIuH 24,8 % oT HauaIbHOM Macchl

HapoO34.
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4. DKOIIOTo-PKOHOMIUecKoe 0o00CHOBaHHE, TPOBESHHBIX HCCIeOBAHUM IMoKa3zal,
YTO CYMMAaPHBIHA S5KOHOMHUYECKUNA 3 (DeKT OT IPUMEHEHUS ITIUPOJIA3HON TEXHOIOTHH YTH-
TU3ATMHA HaBO3a PacCUUTHIBAETCS KaK CYMMa SKOJIOTHUIECKOTO U IMOTEHITHATRHOTO KOM-
Mepueckoro nddexra — 1 018 969 Toic. py0. Kommepueckuit nddexT ckiiajbmaercs 13
JOXO0/IOB, 00pazyIOMUXCs OT MPOU3BOACTBA OCHOBHOTO U MOOOTHOTO MPOTYKTa B BHUJIE
IAPOJIM3HOIO Ta3a U 301l CyMMapHBIA T'oJOBOH npKolormdeckuid 3¢gp@ekr cocraBull
312.6 man. py0. CyMMapHBIM KoMMepUuecknit ah@ekT OT peadn3alluy rasa 1 3015l COCTa-
B 706.3 s, py0. CoBOKYIHBIH skoHoMudeckuit »ddexr cocrasmi 1018,9 M. pyo.

CHKCTOOHO.
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