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IIpumenenne caxku AJst OCTPYKTYPHPOBAHUS MOYBbI

Omnucanue

Hacrosimee nzoOpereHne KacaeTcsi IPUMEHEHHS Caku AT OCTPYKTYPUBAHUS
MOYBbl, HANpuMmep, MJs CTUMYJHUPOBAHUS pPOCTAa PACTCHUH, CTUMYJUPOBAHUSA
IPEeHUPOBAHUS MOYBBI M PEAOTBPALIEHUs SPO3UH, UcTiapeHus U 3amneHus. Caxxy BHOCIT

B BEPXHMUI CJION MOYBBIL.

[TouBa sBnsieTcs HanOONee BAXKHBIM MPOU3BOICTBEHHBIM (PAKTOPOM IS
¢dbepMepoB, U MO3TOMY TJIaBHAs 3a7ada hepMepa COCTOUT B TOM, YTOOBI MPEJOTBPATUTH
5PO3HI0, HCTIAPEHUE U 3aujieHne. MyJibdy B HACTOSIIEE BPEMsI UCIIONB3YIOT Uit OOPBOBI
C 3pO3Hei, UCTTAPEHNEM, COPHSIKAMHU U UCTOIIEHUEM ryMyca. B kauecTBe Myibuu OOBIYHO
UCIIOJIb3YIOT PACTUTENBHBIE OCTATKH MPOMEXKYTOYHOM KYyJBTYPbl HWJIH COJOMY

MPEeAbIAYLIEro ypoxKas.

HeI[OCTaTOK MYJIbYU 3aKJIFOYACTCA B TOM, UYTO OpPraHHUYECKasd MacCa CBA3bIBACT
AKTUBHBIC UHIPEAHUCHTDBI, TAKUC KaK Fep6I/ILII/II[bI, n TEM CaMbIM CHHKACT UX }_'[eI‘/'ICTBI/Ie.

IToces MYJIbYU TAKKE Tpe6yeT S3HAUUTCJIbHBIX BPEMEHHBIX U JCHCKHbBIX 3aTpart.

ITomumo mnoceBa MyJIb4YH, HWHOIrAa Ha IIOJAX pa36pac1>IBa}0T koMnocT. B
3aBUCHUMOCTH OT THIIA KOMIIOCTAa B TCUCHHEC HECCKOJIbKHX Z[Heﬁ MOXKET COXPAHATbHCA

HEeNPUATHBIN 3amax.

US 2,877,599 packpbIBaeT, 4TO caka, UMeoIas OOJbIION 00bEeM IJisi CBOETO
BECAa, MOJKET BKJIFOYATHCS B TMOYBY, YTOOBI 3aTEMHHTb €€ W YJYYIIUTh HArpeB OT
COJJHEUHOTO H3Jy4YeHHs, a TaKkKe MOoryomeHue u yuaepskanue somel. US 2,877,599
PACKPBIBAET, UTO Ca’ka HACTOJIbKO JieTKast U puixas (pasmep arperatoB 85 - 500 HMm,
arinomepatoB 1 - 100 mMxwm, mioTHOCTH 1,7 - 1,9 r/cM3), B HEKOTOPOM CMBICIIE KpaiiHe
JeTy4as, 4TO €€ HeNb3sl OCaXJaTb HenocpeAcTBeHHO Ha 3emuo. Ilpoctoe ee
pa3OpacbIBaHHE TPUBOIUT K TOMY, YTO 3HAUUTENIbHBIA MPOLEHT CAXKU «UCTIAPSIETCS» B
BO3/YX, & OCTABIIASICSl YaCTh OBICTPO YHOCUTCS Wi cHocutcst Betpom. B US 2,877,599
NOABOAUTCS HUTOI O TOM, YTO CaXy TMPAKTHYECKH HEBO3MOXKHO IOOaBISATH
HETIOCPEACTBEHHO B mouBy. Takum obOpasom, US 2,877,599 packpeiBaer
CTPYKTYpooOpaszoBaTesib MOYBHI B JOpME KOMITAKTHBIX TPaHyl1, coaepkamuii 5 - 40 %o,

npeanoututensHo 10 - 20 % caxu, no 50 % runca, 1o 1 % cBs3yroLIero BemecTsa u A0



95 % opraHMYeCKOro BOJIOKHHCTOrO MarepHuaja, T.€. LulaMa C MPEeANnpHsATHH To
niepepaboTKe CTOYHBIX BOZ, OTPAbOTAaHHOTO Iesioka ¢ OyMaXKHbIX (paOpuK wiu rymyca.
CtpykTypooOpa3oBarenb MOYBbI HAHOCST HAa MOYBY B KOJUUecTBe B auamazoHe 200
¢ynroB (90 kr) - nBe ToHHbl Ha akp (0,405 ra). JKemarenpHO, UYTOOBI
CTPYKTypooOpa3oBaTesb OYBbI IPOHUK B 3€MJIIO Ha TIyOUHY ABYX JIOHMOB B TEUSHHE

nByX JieT. [ paHyJibl UMEIOT JUaMeTp U AJIMHY B JUana3oHe oT Y4 o 3/16 nroiima.

US 3,345,773 packpblBaeT HUCHOJb30BAHUE YIJIEPOJUCTBIX TBEPABIX YACTHI]
nuametrpoM 0,08 - 0,5 mroiima B Ka4eCTBE MYJIbYH sl CTUMYJIMPOBAHUS IPOPACTAHUS U
pPOCTa pacTeHHil 3a CUET HArPEeBAaHUs MOUBBI, MPEIOTBPAILEHHS KOPKOOOpPA3OBaHUS Ha
NOYBE U yAeprkaHus B Hell Bnaru. OnucaHbl pa3iddyHble M0JIe3HbIe TBEPAbIE YIIIEPOADI,
HaNpUMep, Yrojib, T.€. JUTHUTBI, AHTPALUTHL, a TaKke OUTYMHBIE YIJIM U KOKC,
NOJIy4eHHBIN 13 yrieil u HepTu. [1o onpeneseHnIo TBep bl YIiIepoa BKIIOYAET TBEPAbIE
BEIIECTBA, COCTOSALIME B OCHOBHOM M3 YIVIEPOJA C COAEP)KAHUEM JIETYYMX BEIIECTB
MEHEeEe 4€M OKOJIO 25 MAaCCOBBIX NPOLEHTOB W MOJYYEHHBbIE W3 UCTOYHUKOB YIJIsl WIIH
yIJI€BOAOPOAOB. Myibdy HAaHOCAT HAa TBEPJOE BELIECTBO, YTOOBI 0OECIIEUNUTD CIIOH Hax
cemenamu tommuHou 0,125 - 1,5 mrofima. IIpeanoyTuTenpHO, yriaepoACOAEp KaLIue
TBEpAbIE BELIECTBA CMELIMBAIOT C BOJOHEMPOHMULIAEMBIM MAaTEPHAIOM IJIl CO3AAaHUs

BOJTHOTO Oaphepa.

US 3,341,318 packpblBaeT C€OCTaB MyJIbYHM, COAEPKALIUN KOMIIO3ULIUU
JIMTHUHCYJIb(OHATA, TOOOUHBIH MPOAYKT OYMa)KHOH HMPOMBIIIIEHHOCTH, TEXHHYECKHH
yIJIepox U BOAY. DTH COCTABbI MyJIbYM OOECHEYHMBAIOT IOBBIIIEHHYIO TEMIEPaTypy
NOYBBI, TEM CaMbIM CHOCOOCTBYys OoJjiee KayeCTBEHHOMY TPOPACTAHUIO CEMSH
CENIbCKOXO3SIICTBEHHBIX KYJIBTYp, OOsee paHHEMY IOSBJIEHHIO BCXOJOB U CO3PEBAHMIO,
COXPAaHSIOT NOYBEHHYIO BJIary, YMEHbINAIOT [IOTEPHU NOUBBI, BBIIyBA€MON BETPOM, JIETKO
pactpUIsIFOTCsT 0e3 3acopeHusi (POPCYHOK AamnIUIMKAaToOpa M HE BBI3bIBAIOT KOPPO3HUH
00OpyIOBaHUsI, KOTOPOE HUCMOJB3YIOT Al X BHeCeHUs. llpu jkenaHuu caxy MOXKHO
UCKJIFOYUTh W3 MYJIBYH, €CIIU €€ HCIIONB3VIOT B MEPBYIO OYepenpb ISl repONIUIHOrO

BO31€HCTBUS.

JP 9310068 xacaercst CTpyKTypooOpa3oBareist TIOYBBI, COJAEPIKAINEro
YIJIEPOAHBIH MaTepHall ¢ BBICOKOW YAENbHOW miomanabio nosepxHocta 30 - 500 m/T,

COCTOHH.Ieﬁ N3 OCTATKOB CXKUT'aHUS OTXOA0B PE3NMHOBBIX HSHGHHﬁ.



HcTrouHukn yriepoia HEM3BECTHOTO COCTaBa, T.€. YINIEPONOCOAepIKaIine
OTXOAbI, MOTCHUUAJBHO OIIACHBI, ITOCKOJIbKY OHH MOI'yT COACPKATb KOMIIOHCHTDI,
SIBJIAIOLIHUECSA BPEOAHBIMU IJIA Opr>KaI'OH_[eI\/'I Cpe€abl NI TOKCHUYHBIMH. HOprI OXpPaHbl
OKpykaromed  cpempl  TpeOyroT, 4roObl  A00aBKM K  TO4YBE, HATpUMeEp,
CTPYKTypoOOpa3oBaTesy, SIBISLUIUCH O€30MacHbIMM W He J00aBjisis B IMOYBY

3arpsA3HAMINX BEIIECTB.

BBuay HeM3BECTHBIX KOMIIOHEHTOB, UCHOJB3YIOIIMX oTxoabl, WO 2012/15313
pacKkpelBa€T  CUCTeMYy Ui  TPOHM3BOACTBA  CTPYKTypooOpa3oBaTeisi  IMOYBHI,
OTIIMYAIOINYIOCS TEeM, YTO Tra3000pa3Hblii HMCTOYHHK YIJIEBOAOPOAOB IOAAIOT HA
YCTAHOBKY IJIA3MEHHOTO KPEKWHTa, a MOJYYEeHHbIH TUIA3MEHHBIN YIIIEpOa MOAAT Ha
YCTAHOBKY, B KOTOPOH TJIA3MEHHBIH yIIIepo CMEIINBAIOT C CyOCTPaTOM IJIsl IOy YeHHUS
CTPYKTYpoOoOpa3zoBaTeisi MOYBbI, 00OTaIIEeHHOTO yriiepoaoM. B kauecte cybcTpara amst
CMEIIUBAHUS C YTJIEPOJIOM MOTYT BBICTYTATh PA3JIMYHBIE BUIBI IOYBBI, TAKHE KaK MECOK,
TJIMHA WJIH OPTraHWYeCKHe OTXOAbl. B mokyMeHTe coobmiaercss 0 TOM, 4TO IUIa3MEHHBIN
yriaepox ¢ HebonpmuMu pasmepamu  KoHkperuii (<100 HM) HMeeT HECKOJbKO
NPEUMYIIECTB B KAQU4eCTBE CTPYKTYpOOOpPa30OBaTeNs MOUBBI, IIOCKOJIbKY OH IOTJIOLIAET
Y ®-uznydeHue U 3a CUET 3TOr0 00eCreunBaeT 3aIllUTy MUKPOOPTAHU3MOB, KU3HEHHO
Ba)KHBIX JJIs1 XOPOLIMX YCIOBUH POCTA B OYBAX, IOIBEPKEHHBIX CUIIBHOMY COJIHEYHOMY
usnydeHno. B WO 2012/15313 peub uaer o ToM, uTo OOJIbLIAs TUIOIIAAL TOBEPXHOCTH
or 50 mo 1000 m2/r BaxkHa U YJIyYIIEHHUs BJIATOYAEPKUBAIOLINX CBOWCTB W,
COOTBETCTBEHHO, NPeOoTBpaleHns 00e3BokuBaHus noussl. [IToMuMo TOro HemocTarka,
YTO JJIsl TPAHYJIMPOBAHUS CAXKH MPUXOIUTCS IPUKJIAIbIBATE OnpeaeeHHble ycunus, WO
2012/15313 packpeiBaeT, 4TO CyOCTpaTbl Ha OCHOBE CaXH HMEIOT TOCTOSHHYIO
TEHJCHIMIO K TbUIeoOpa3oBaHuio. [TbTb yCHUIMBAET 3PO3UI0 M HCTOLIEHHE TyMyca, U
NpaBUJia OXPaHbl OKPYKAKOIIEH cpeabl TPeOyrT, YTOOBl TMOYBEHHBIE J00ABKU

MICTIONIb30BAINCH B (hopMe, He comeprkaliel MbUIH.

XOTsl UCTOJNBb30BAHUE YTIepoJa B KauyecTBEe CTPYKTYpooOpa3oBaTelsi MOYBBI B

JUTepaType UMEET JOJTYI0 HCTOPUIO, O €r0 LIHPOKOM IPUMEHEHNH HUUEro He U3BECTHO.

B nocnenHee Bpems, C y4eTOM HCTOLIEHHMs] T'yMyca, U3MEHEHUs KJuMaTra |
BOIIPOCOB YTPABJICHUS OPraHUYECKUMH OTXOAAMH B KadeCTBE MHOT0OOOEIIar0Inero

CTPYKTYypoOOpa3oBaTessi MOYBbI YIIOMUHAETCSI OUOYTOJb.



B OCHOBHOM 3asiBIEHO TPH NpPEUMYyLIECTBA OHOYIJs: YIydlIeHHe IOYBbI
cokpamrerre N20 u cexBecTpanus yriepoaa. bonpias 1omaas moBepXHOCTH OHOYTIIsS
MOXET O0€CIeUUTh JOJIrOCPOYHOE XPaHEHHE BOAbI, (PYHKIMOHAJIBHBIE IPYIIITBI MOTYT
CBSI3bIBATb IUTATEJIbHbIE BELIECTBA, 4 YEPHBIH LIBET MOXKET YJY4LIUTb NPOrpPEBaHUE
nousbl. M3meHeHue ¢usnueckol cpeabl OOUTAHUS B OTBAJAX MOXKET INPHUBECTH K
TpaHchopMalKsiM B MHUKPOOHOM COOOIIECTBE U OOECNeYHTh MOAABICHHE BBIOPOCOB
N20. TlonuuukIU4ecKHe apoOMaTHYeCKHe COeIWHEHUsT OWOyIJisi — passlararoTcs

MCIJICHHEE, YEM HCXOJHast 6I/IOMaCC21, ABJIAOIIASACA IOTJIOTUTEJIEM YTIJIEpOaa.

OnHako OOJBLUIMHCTBO HEJABHUX UCCIIEI0OBAHII MOKA3aJI0 JIUIIb HEOOIbIIOE HITH
HE3HAYUTENbHOE BJIMSHUE Ha ypokahiHocTh. (Martin Bach, Burkhard Wilske & Lutz
Breuer (2016): Current economic obstacles to biochar use in agriculture and climate
change mitigation, Carbon Management (Tekyimne 5KOHOMUYECKHE MPETATCTBHUS IJIS
HCTIOIb30BaHKsI OMOYTJISI B CEJIbCKOM XO3SIHCTBE M CMSTUEHHS MTOCIEACTBUI H3MEHEHUS
KiInMata, Ynpasienue Beitopocamu Yrnepona), DOIL: 10.1080/17583004.2016.1213608,;
Steffens (2019), Kohlenstoff in den Boden bringen (Brecenue yriepona B moOuBYy).
Lumbrico 3, 36-39; Borchard, N, Siemens, J., Ladd, B., Moller, A., Amelung, W. (2014)
Application of biochars to sandy and silty soil failed to increase maize yield under
common agricultural practice. Soil and Tillage Research (Buecenne Omodapos B
NECYAHYIO U WIMCTYIO ITOYBY HE NPHUBEJIO K YBEJINYEHHUIO YPOXKAHHOCTH KYKYPY3bl IPU
OOBIYHOM CEeNTbCKOX 035IICTBEHHOM MpakTrke. ccnenoBanme mouBbl M 00pabOTKU MOYBBI)

144, 184 — 194).

CpenHsisi CTOMMOCTB OHMOYTJISl B HACTOSIIIEE BPEMsT cOCTaBiisieT okoJio 400 eBpo 3a
ToHHy. [Ipn ucnonb3oBanuu okoyno 10 T/ra mpuOBLTE OT MOBBILICHUS YPOKAHHOCTH
ouenusaercs B pasmepe ot 1 1o 10 eBpo Ha ToHHy B roa. IIpu npennosaraeMom cpenHeM
nepuoae moiypacnana ouoyrist B 20 JeT ero KpynmHOMAacIITaOHOE NPUMEHEHHE B
CEeJIbCKOM XO3SIHCTBE TIOKa He BeIrogHo (cMoTtpute Bach, Miill und Abfall (2017); BUND
(Coro3 oxpaHbl OKpyskaromeit cpensl 1 npupoasl) (2015), Terra Preta / Pyrolysekohle —
BUND Einschédtzung ihrer Umweltrelevanz (Ilupomussbiii yronme - BUND Ouenka
SKOJIOTHYECKOro 3HadeHws)). Kpome TOro, COMHUTENBbHO, 4YTO OOBEeMbl OWUOYIIIS,
KOTOpbIE MOTEHLHUAIBHO JOCTYIIHBI B TEYEHHUE I'O1a, CMOTYT yIOBJIETBOPUTH PHIHOYHBIN

crpoc.

Takum 0OpazoM, YYUThIBAS TEKYIIYIO CTOUMOCTh OHOYTJIS, €r0 SKOHOMHYECKAsI

I_IeJ'IeCOO6pa3HOCTb HE MOXET PCKOMEHIAOBATH €TI0 IMOBCEMECTHOC HUCIIOJIb30BAHUEC B



CEJIbCKOXO3SIFICTBEHHOM pacTeHueBoncTse. Kpome Ttoro, mporecc mnpeoOpa3oBaHUs
OHMoMacchl B HHpOJ’IH?;OBaHHbeI 6I/on1"0.]'[b TAaKXKE HeO6XOI[I/IMO KPUTUYCCKH OLICHUBATDH C

TOYKHU 3PEHUS COAEPIKAHUS 3arpsI3HAIOIINX BelecTB B mpoaykTe (ocodeHHo [TAY).

B US 2013/312472 packpbiTa KOMIIO3HMLMS, COAEpIKaIlasi MUPOTU30BAHHYIO
Ornomaccy, KOTOPYIO HCHOJB3YIOT JUIS yIIyUIIEHHs ITOYBbI. Y Ka3aHHAasl MUPOJIM30BAHHAS
OromMacca MOKeT comepskaTh Oosiee 95 Mac.% yriepoga ¥ MOKET MPEACTABISATh COOOM
IPaHYJUPOBAHHYIO KOMIO3HUIMIO ¢ YacTuiamu pasmepom 1 mm. B US 2013/312472
YIOMHUHAETCS, 4YTO Oyaromapsi BBICOKOH MOPUCTOCTH OHMOYroJib  HAaKaruTUBaeT
NUTATEJIbHBIC BEIIECTBA U MUKPOOPTAHU3MBI, OJlarofapst 4eMy pacTeHHs PaCTyT AaKe B
CUJIbHO mopHucThIX nouBax. [loBepxHocTs BOT ananu3upyroT Ha Hanu4due JPEBECHHBI,
COJIOMBI, 3€JIEHBIX OTXOJOB W BOJAOpPOCHIEH U OMpelNessfoT, YTO OHa HaxXxOAMUTCA B

nuranasone 20 - 200 M2/t pu Temnepatype nuponusa 600 - 750°C.

US 8 361 186 packpbiBaeT, 4TO Marepuayl OMOMACChl MOXKET IOIBEPraThbCs
MUPOJIM3Y, U TAKOW TPaHYJUPOBAHHBIA MHPOYIJIEPON MOXKET OBITh HCIOJIb30BaH B
Ka4ecTBe CTPYKTypooOpasoBaTessi MOUYBLL. Y CTAHOBJICHO, YTO COJAEpIKAHHE yIiiepona
HaxonuTcs B nuamna3one 10 - 99,5 mac.%, a miomaas moBepxHOCTH B Auamna3one 1 - 5000

M2/T.

US 2019/002764 Takxke pacKpbIBa€T MHCIOJb30BAHUE NHPOJIU30BAHHOTO U
o0OrameHHoro KHCJIOPOAOM OHOYIJIsl C ONTHMU3UPOBAHHOW THIPO(PHUIBHOCTBIO B
KauecTBe cyOcTpara [ KOHAUIMOHUpOBaHMsS mousbl. CyOcTpaT mpeacrasiser coboi
IPaHyJIMPOBAHHBIA MaTepHas ¢ Pa3MEPOM YaCTHUI[ IO 3 MM, COAEP)KAHHEM yIjepona B

auanasoHe 65 - 75 mac.% ¥ momaapo noBepxHOCTH B AuanaszoHe 0,1 - 800 m2/r.

Kotpun BebGep u Ilurep Kyukep (Kathrin Weber and Peter Quicker)
NPOAaHATM3UPOBAII MHOXKECTBO 00pa3os Onoyriis B cBoeii padore Fuel 217 (2018)240-
261. Coneprxanue yriaepoga HaxoauTcs B auanazone S0 - 95 mac.%, miIoTHOCTh OHOYTIIs
Haxoautcst B quanasone 0,4 - 0,75 r/cm3, oObeMHas IIJIOTHOCTh COCTaBiisieT 0koJo 0,3
r/ceM3 u BOT wnaxomutrcss B auamasone 1 - 700 m2/r, m oOmmii o0BeM TOPOBOTO
npocTpaHcTBa coctaBiusieT 1 - 4,8 cM3/r, a Bce mapamMeTphl 3aBUCIT OT TEMIEPATypPbl

MUPOJIN3a.

OOWwenpuHATHIM METOAOM CTHMYJIMPOBAHHUS IPOPACTAaHUsI CEMSH M pocTa

pacTeHUll SIBIISIETCST HakpbITHe uepHOU (osproil. HemocTaTkm XOpomio H3BECTHBI



OTCYTCTBHE HH(I)PIJ'II)TP&LIPIPI BOJbI, UCIIOJIb30OBAHUEC MUKPOILIACTHUKA, I[OpOFOCTOHH.II/Iﬁ u

TPYAOEMKHIA CIIOCO0, HETaTUBHO BIUSOLINI Ha JaHamadr.

ITomumo npoOneM 3po3uM M HCMAPEHUs MOUBBI, CEPhE3HON NMpOoOIEeMON BBUIY
BO3PACTAIOLIEr0 PUCKA MPOJIMBHBIX AOXKIEH H3-3a M3MEHEHHUs KJIMMaTa SIBJISIOTCS
UHQUIbTpALMs U 3aKynopka Boxbl. ITon 3aKymopKoi NMOHMMAETCs CMEINEeHHe YacTHUI
IIOYBBI C €€ MOBEPXHOCTH KAIUIIMH JOKAS WM JABH)KEHUEM BOAbI B 1iesioM. [lpu ynape
KaneJsb (rpaj, CHIIbHBIN IO b, HEMTPEPBIBHBIN 10KAb, OPOLICHNE) TOYBEHHBIE arperaThl
OoJiee M MEHEe MEXaHUYECKHU IPOOSITCS, ¥ TIPU STOM YIAJSIOTCS MEJIKHUE YaCTULbI HITH
otnenbHble 3epHa. IlocnmencrBust 3akymopku: (1) BrlpaBHHMBaHHE, 3TO NPUBOIUT K
YCKOPEHUIO TOBEPXHOCTHOTO CTOKA, (i1) 3aKkpbiTHe TOp MOYBBL, 3TO MNPHUBOAUT K
CHIKeHUIo0 Bomonornomenust (uaduibrpanun) u (iii) OOpa3oBaHHe KOPKU TMOCIE
BBICBIXAHHS, 3TO 3aTPYIOHSET MPOHHUKHOBEHUE IMPOPACTAIOIINX pACTEHUH depes

MOBEPXHOCTDH MOYBLL.

3amaveil HACTOSIIErO HM300pETeHUs] SBJSIETCSl MPEAOCTABICHHE crocoda

CTUMYJIMPOBAaHUs pOCTa PACTEHUH.

Eme onHOli 3amauell HacTosero u300peTeHUs SIBISIETCS TPENOCTABICHUE
crioco0a CTUMYJIMPOBAHMS POCTA PACTEHUH 3a CUET YMEHBIIEHHS 3PO3HU BETPOM W/WIIN

JOKICM.

Eme onmHOH 3amavyell HACTOSINEr0 W300pETEHUs SBISETCS TNPENOCTABICHUE
ciocoba CTUMYJHPOBAHUSI POCTa PACTEHMH 3a CUET CHIKEHUsl IOTepb BJard B

atMoc(epy u obecriedeHust 3a CHET STOrO BBICOKOTO COAEPIKAHUS BJIArH B MOYBE.

B nomonHenuwe, eme OnHOW 3amadedl HACTOSILETO H300PETEHHs SIBISIETCS
IpefoCTaBIeHne Crocoda CTUMYJIMPOBAHMS POCTA PACTEHMH 3a CUET YBEeIHYeHHs
CIOCOOHOCTH  TOTJIOWIEHHsT JIYYHCTOTO TeIla TIOCEBHBIM JIOXKEM, YMEHBIICHUS
noTpeOHOCTH B TOJMBE, CHIDKEHHSI PUCKA 3aKYTIOPKH, 00pa30BaHUs KOPKH, 3aUTHBAHUS

W/VTH TIONTABJICHUS] POCTA COPHSIKOB.

Eme omHOI 1enpro HacTOsIIEero n300peTeHus SBISIETCSl CO3AaHue mpoLecca s
CTUMYJIUPOBAHMS POCTA PACTEHUH 3a CUET CHIDKEHHs MOTEPh BJard B atMochepy U

obecrnedyeHus 3a CYET STOTO BHICOKOTO COACPIKAHHUS BJIar B IIOYBE.



Eme omHOW menmpl0  HacTOsIIEro HM300peTeHUs  SIBJISIETCS  CO3JaHUe
CTPYKTypoOOpa3oBaTessi IOUBBL, HE COMAEPIKALIEr0 3arps3HAIONMX BEIECTB U

Oe3BpeHOrO ISl TOYBBI U PACTEHUH ake B OONBIINX KOJUYECTBAX.

Eme onHOWM wLempr0 HACTOSIIEro HM300peTE€HHs  SIBISIETCS — CO3JaHUE
YIJIEPOACOMAEPSKAIIEro CTPYKTypooOpa3oBaTens MO4YBbI, KOTOPBIH HE IOARAETCS

OHMOJIOTUYECKOMY Pa3JIOKEHHIO U TIO3TOMY HE BBIACISIET YIJIEKHUCIIBIN ras3.

Eme onHOM 1enpl0  HACTOsINEro  HM300peTeHus:  SIBJISIETCS — CO3JaHUe
CTPYKTYpOOOpa3oBaTesi TMOYBBI, SIBISIOLMIETOCS abTEPHATHBOW OHOYIJIKO, KOTOPBIH
AOCTYIIEH IIO paSYMHOfI HEHE U B AJOCTATOYHOM KOJIMYECTBE MJIA YAOBJIICTBOPECHUA

noTpeOHOCTEH PhIHKA.

HeoxxunanHo OBUIO yCTaHOBJIEHO, 4TO 3((EKT OT HCIONb30BAaHHUS CAaXH B
Ka4eCTBE CTPYKTypooOpaszoBaTensi MOYBBI 3aBHCUT OT crocoba HaHeceHus. llpu
UCIOJIb30BAaHUM CJIOSl CakKU CBEPXY YCUJIEHHE POCTa PACTeHUM, KOTOPOE OINHCAHO B
paboTax Ha CYIIECTBYIOIIEM YPOBHE TEXHUKH, HE IPOUCXONWIO. B TO ke Bpems
PaBHOMEpPHOE CMEIINBAHUE C BEPXHUM CJIOEM IOYBBI O0ECIIEUMBAIIO KAK YBEIUYCHHE

CYXOro BelIecTBa MOOEroB, TaK U CYXOro BEIIECTBA B MIOYATKAX KYKYPY3bl.

Hacrosiimee wn3o0pereHue MpenocTaByisieT CIIOCO0 OCTPYKTYPUBAHUS IIOYBBI,
BKJrovaromuii (1) Hanecenue ot 0,5 mo 500 T/ra caxu Ha BEPXHHUM CJIOW TMOYBBI

CeIIbCKOXO3SIICTBEHHOTO NOJIA U (11) BHECEHUE 3TOH Ca’KU B BEPXHUH CJIOH MOYBBI.

Kpowme Toro, HacTosiee n300peTeHne MMpeayCcMaTpUBaeT UCIIONB30BAHUE CaKU
IUIs OCTPYKTYPUBAHHUS IOUBBI, HANpUMeEp, ISl CTUMYJHPOBAHMSA POCTAa PACTEHUI,

Ap€Ha’)Ka IMOYBLI, MPEAOTBpAICHUA UCITAPEHUA U 3aUJICHUA.

Caxa XOpOIIO M3BECTHA CHELUAIUCTaM B pPaMKaX COBPEMEHHOIO YpPOBHs
TEXHHUKHU U, HAIIpUMep, OMHCaHa B « JHLUKJIONEINU MMPOMBIIIIEHHON XUMUNY Y IbMaHa
WM B «DHLUKJIONEANHU XUMHUeckol TexHojorum» Kupka-Otmepa. XapakTepUCTUKU
Ca)KM B OCHOBHOM IMIPHBOJATCS B KJACCUPUKALUIX AMEPHUKAHCKOro oOImecTsa Io

HUCIIBITAHUKO MaTCPHUAJIOB.

Caxa — 3T0 KOMMepUeckast opMma arperatoB yriaepomHbix dactum. Caxa, Kak
MPaBUIIO, comepkuT 6osee 95 % 4YUCTOro yriepona Mpu MUHUMAIBHBIX KOJHYECTBAX

KHCIIOpPOZa, BOIOPOAA M a30Ta. B mporecce mpon3BoACcTBa 00pa3yOTCs YaCTULbI CAXKU



pazmepom ot 10 go mpumepHo 500 HM. OHM OOBEAMHSIIOTCS] B arperarhbl LIEOYeIHOTO

TUIIA, KOTOPBIC ONIPCACTAOT CTPYKTYPY OTACIBbHBIX COPTOB CaXKH.

Conepsxkanue yrieposia B cake MpearnoyTuTenbHo coctaisieT 80 - 99,8 mac.%,
Oonee mpeanouyTuTesbHO 85 - 99,5 mac.%, eie 6osee npeanoututebHO 90 - 99,5 mac. %,
eme Oomee mnpenmourutensHO 95 - 995 wmac.%. Kak mnpaBuio, mpumecu caxu
npencTaBisitoT codoit: S B auamazone O - 2 mac,%, npeanodrureabHo O - 1 mac.%, Oonee
npennoututensHo 0 - 0,5 mac.%. H2 B nuanazone O - 10 mac.%, npeanoururensHo O - 5
Mac.%, 6onee npeanoururensHo 0 - 2 mac.%, 6omee npenmourutesbHo 0 - 1 Mac.%. O B
nuanaszone 0 - 2 mac.%, npeanourutensHo 0 - 1,5 mac.%, 6onee npeanoururensHo O - 1
mac.%, Oonee mpemmoututenbHo O - 0,5 mac.%. N B mmanazone 0 - 5 wmac.%,
npeanoututensHo 0 - 3 mac.%, Oonee mnpeamouturenvHo O - 2 mac.%, Oonee

npeanoututensHo O - 1 mac.%.

Kak mnpaBuiio, MIOTHOCTH Ca)KM HAXOOUTCS B amamaszoHe 1 - 3 r/cm3,
npeanouTuTensHo 1 - 2 r/cm3, mpeanouturensHo 1,5 - 2 r/em3 (mnotHOCTh yacTun). Kak
NpaBmjio, O0ObEMHAsi TUIOTHOCTh Caxku Haxomutcs B muamna3zoHe 0,01 - 0,75 r/cm3,

npennoututessHo 0,05 - 0,5 r/cm3, Sonee npennoururensho 0,1 - 0.25 r/em3.

Kak npaBuio, yaenpHast IUIOMAAb MOBEPXHOCTH CAXKH, U3MEPEHHAs C MTOMOIIBIO
prytHoii mopomerpun (DIN66133), nHaxogurcas B amanmazone 5 - 1500 wm2/r,
npeanourutensHo 10 - 1000 M2/r, npennouturensHo 10 - 500 M2/r, npeAnoYTUTENBHO
10 - 250 m2/r, 6onee npeanourutenbHo 10 - 200 M2/r, eme Oosee mpeanoyTuTebHO 20
- 150 m2/r.

[IpennmouyTuTe bHO Caka MpeAcTaBisieT coOOH ruapodoOHBIH MaTepuan ¢
NpeANnOYTUTEIIbHBIM ~ KpPa€BbIM  YIJIOM CMadMBaHUA  Kall€jb  BOJbI Oonee 70,

npeanouTuTeNbHo, 6onee 80, Oonee mpeanodyTUTeNLHO, Ooee 90.

B kauecTBe caxu B paMKax HaCTOALIECTO I/1306peTeHI/I$I MOXKET HUCIIOJb30BATHCA

HU3BECTHAaA CIiCUaJIuCTaM IIa3MCHHAA CaKa.

B cooTBeTcTBHMM ¢ OJHUM M3 BAPUAHTOB OCYINECTBIIECHHUS HM300pETeHUs caka
MOKET HUCMOJIb30BATHCS HAMPSMYIO B TOM BUJE, B KOTOPOM OHA MOJy4Y€Ha MOCPEICTBOM
MJIA3MEHHOIO MPOLECCa, C Pa3MEpPOM MEPBUYHBIX YACTHULl MPEANOYTUTENBbHO 1 HM - 1

MKM, Oonee mpeanodtutenbHo S - 500 HM, Oonee npeanourutensHO 10 - 300 HM.



B eme ogHOM BapHaHTe OCYINECTBJICHUS H300pETEHUs] Caxa MOXKET
UCIIOJIb30BAThCsl B BUZE IPaHyJl ¢ YaCTULIAMH Pa3MepOM MPEANOYTUTENBHO 0,3 - 8 MM,
npeanoututensHo 0,5 - 5 mm, Oonee npeanourutensHo 1 - 4 mMm. CoBpeMeHHBIM
CIELMAIMCTaM XOPOIIO U3BECTHO IPaHyJIMPOBAHKUE CaXH, I€, KAK IIPABUIIO, B KAUECTBE

CBA3YIOLICTO BECUICCTBA MOXKET OBITh UCIIOJIH30BaHA BOJA.

CtpykTypooOpa3oBaTesib OYBBI MOXKET OBITh MCIONB30BaH B Kojmyectse 0,5 -

500 1/ra, mpenmoutuTenbHo 2 - 200 T/ra, 6osee mpennodTuTebHO S5 - 20 T/ra.

[IpenmodyTuTenbHO CaKy BHOCAT B MO4YBY Ha riiyOuHy mo 50 cm, eme Oonee
NPEANOYTUTENIbHO Ha T1yOuHy 10 30 cMm, emne Oosee MpeanoYTHTENBHO Ha TIyOHHY 10
20 cwMm, eme OoJiee MPeanoYTUTENbHO Ha MyouHy 10 10 cM, eme Soiee mpeAnoYTUTENBHO
Ha mIyOuHy 10 S5 cM, eme Ooyiee TPEONOYTHUTENBHO HAa TyOMHYy 10 3 CM.
[IpennoyTuTenbHO Ca’ka BHOCUTCSI B BEPXHHUH CIIOW MOYBBI HA IyOWHY, 1O MEHbILEH
Mepe, 3 cM, OoJiee MpennoYTHTENBHO Ha IIyOHHY, IO MEHbLIEH Mepe, S5 cM, eme Ooree

NPEANOYTUTENFHO Ha MIyOHHY, O MeHblIel Mepe, 10 cMm.
IIpennodTuTensHO caka BHOCUTCSI B BEPXHHU CJIOW MOYBBI PABHOMEPHO.

MeTonbl BHECEHHsI CaKU B BEPXHUM CJION IMOYBbI M3BECTHBI CHELUAINUCTAM B

OaHHOW 00JIacTH, HAPUMED, C IPUMEHEHUEM TOYBOOOpabaThIBAIOLIEH TEXHUKOM.

Kpowme Toro, n3obpereHue OTHOCUTCS K CMECH I'PYHTA U caxky, coaepxkatieit 0,25
- 25 mac.% caxu (Mac./mac.) (koMIo3uims no4Bsl, copepskamuas 0,25 - 25 mac.% caxmn),
npexnnourutesbHO 0,5 - 20 mac.%, eme Oonee npeanodrurenbHo 1 - 15 mac.%, eme Gonee
npeanoututenbHo 1 - 10 mMac.%, ewme Gosee npeanoututensHo 1 - 7,5 mac.%. eme Oonee

npeanouTuTeNsHo 1 - 5 Mac.%, emme Oonee npeanoututesnbHo 1 - 2,5 mac.%.

ITpu HEOOXOOMMOCTH, K CMECH TPYHTA M CaKH JOOABISIOT IOMOJHHUTEIbHbIC
KOMITOHEHTBI, MPEANOYTUTEIBHO OIHY WM HECKOJBKO Pa3IMYHBIX OPraHMYECKUX WU
HEOPraHM4YeCKHX N00aBOK, HAPUMEP, arpOXMMUYECKH aKTHBHOE BELIECTBO U3 TPYIIIIBI

(GyHrUIUI0B, OAKTEPUIUAOB, TEPOUINIOB W/ IIIH PEryJsITOPOB POCTA PACTEHUN.

IIpu HeoOxomumocTH, CyOCTpaT i1 OCTPYKTYPUBAHHS IIOYBBI MOKHO
CMELINBATh C APYTMMH YacTO HCIOJB3yeMbIMH CyOCTpaTamMH IJisl OCTPYKTYPHBAHUS,
TaKUMH KaK yI0OpeHHs], U3BECTKOBBIN MaTepua, OOIEN3BECTHBIN TOUYBOYIIYULINTENb,
cpema IUid BBIPALIMBAHUS, HHTUOUTOP W/HWIM OHOCTUMYJISITOD PACTEHUH COTJIACHO

HopMmaMm Pernamenra (EC) 2019/1009, u npuMeHATh B KaueCcTBE CMeCHU. B HEKOTOpBIX
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cly4yasix pasMep dYacTul cyOcTpara Aisi OCTPYKTYPHBAHUS IIOUBBI MOXKET OBITh
azanTHpPOBaH K CyOcTpaTy Aisi COBMECTHOTO OCTPYKTYPUBAHHUS, HANpUMep, depes

KJ1acCU(PUKAIHIO.

ITpu HEOOXOOUMOCTH, Ca’ka MOXKET COIEpIKaTh PAa3IMYHble OPraHHMYECKHUe WU
HeopraHuueckue J00aBKH, HAPUMEp, arpOXUMUYECKH aKTUBHOE BEIIECTBO U3 IPYIIIBI

(GyHrUIUI0B, OAKTEPULIUAOB, TePOUIIMIOB /WU PETYJISITOPOB POCTA PACTEHHIA.

Ilpeumyinecrsa:

Haiinen crpykrypooOpa3oBarenb AJisi BEPXHErO Ciosl MouBbl. Takum oOpasom,
CaXXy MOJKHO HCIIOJIb30BAaTh HETOCPEACTBEHHO B Ka4deCcTBE CTPYKTypooOpaszoBaTels

MOYBBI 0€3 KaKoro-Tudo 3Tarna rpaHyJTHPOBAHUS.

HeoxupanHo, ¥ B OTIMYHE OT TOro, 4TO mpexycMmorpeHo B WO 2012/15313,
TOaHHBIH CTPYKTYpOOOpa3oBaTeNb IOYBBI CHUXKAET IbUICOOPA3OBAaHUE B IOYBE H,
CJIEIOBATEJIbHO, YMEHBIIAET YSI3BUMOCTb K BETPOBOM 3pPO3HMH, YTO BO BCEM MHpE

ABJISIETCS OONBIION POOIEMOH ISl CyXOH MOYBHI 0€3 PaCTUTELHOIO IOKPOBA.

[Tpu cMemMBaHUM MIOYBHI C CaXKeH MOYBY Jierde 0OpadaThIBaTh, a €€ KOMKH JIETKO
pacmanaroTcss Ha Oonee menkue arperatbl. TakuM oOpasom, ¢ 3TOiH IMO4YBOH Jerde
pabotaTh B CeNbCKOXO3SIMCTBEHHOH OTpAaciu, HampuMep, OOPOHOHM, IUIyroM HIH C
MCIIOJIb30BAHMEM HHBIX CPENCTB, TAKUX Kak rpabiu. 3a cueT CHHKEHHS MOIIHOCTH,
HeoOXoauMoH Uit 0OpabOTKH MOYBBI IOCIE BHECEHUs] B Hee Caky, 00ecrednBaeTcs

SKOHOMHUS HCKOTIAeMOT0 TOTLITUBA, a, CJIeNOBaTeIbHO, U BbIOpocoB CO2.

Kpome Toro, caxka MOXKET OCTaBaThCs B MIOYBE O€3 MPEeBPAIICHUS B YIIIEKUCIIbII

ras.
ITpumep:
1. XapakTepucTuku:

B xozne skcnepuMeHTOB ObuTH OMpOOOBaHBI pa3jMYHbIE OOJACTH MPUMEHEHUS

CaXKu:
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Tabmuua la: XapakTepuCTUKH CaKu

Caxa

(Cancarb Thermax N990 ultra pur)

Copnep:xanue yriaepona >95 mac.%
Pazmep wactuig 280 M

BOT 10,3 m2/r
IInotHOCTH 1,7-1,9 r/em3

Tabmuua 1b: Xapakrepuctuku Ouoyrist

buoyrons 1 buoyrosns 2 buoyrons 3 buoyrons 4
buoyrons Hsrorosnen u3 | Usrorosnen u3 | Msrorosnen us | MsrorosneHn us
IPEBECHHBI €JTU | KOPHS 3€JIeHbIX NIIEHUYHOM
(Prodana BUHOTPAJHONH | YEpEHKOB COJIOMBI
GmbH) JIO3BI (Hochschule (Hochschule
(Hochschule Geisenheim Geisenheim
Geisenheim University) University)
University)
Conepxanne | 86 mac.-% ek ek H
yriepona
Pazmep 1-2 Mm - - 1-2 Mmm
YaCTHLL
bBOT 58,9 m2/r KK KK 113 m2/r
IMosepxuocts | 82,1 M2/T K -k 156 m2/r
Jlenrmropa
[TnorHocts | < 1% 1,134+ 0.01 095+0.13 <1*
(r/em3)
ObbemHas 0.227 Kk Kk 0.187
TUIOTHOCTh
(r/em3)

* IyIaBaeT Ha MOBEPXHOCTH, JAKE €CIIH PACTBOP CONEPIKUT YBIIAKHSAIOIUIN peareHT

** NaHHBIE TTOKA HEAOCTYITHBI
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Tabnuna 1¢: Xapaktepuctuka rpaHyIMPOBAHHOTO MUPOYTIIEPONa

I'panynupoBaHHbIHA
MUPOYTIIEPOST
Copnep:xanue yriaepona 98 mac.-%
Pasmep wactun 1,5-2,0 mm
BOT <0,10 M2/r
IInotHOCTH 1,98 r/cm3

I'panynupoBaHHBIA MUPOYTIEPO MONYUaU Pa3JIOKEHUEM MPUPOAHOTO Tra3a H
HAaHECEHUEM Ha HOCUTENIb MPOKAJIEHHOTO HE(PTSIHOrO0 KOKca (HOCHTETh C pa3MepoM
yactun 0,5-2,5 MM, conepskanuem cepsl 1,1 Mac.% ¥ UCTUHHON TJIOTHOCTBIO B KCHJIOJE
2,09 r/em3) B xumnsmeM cioe npu temmneparype 1100 - 1300 °C u naBnenun 1-2 Oap

(abc.).
BOT: usmepena B coorBercTuu ¢ onucanueM B DIN ISO 9277

ITnoTHOCTE: YaenpHBIN BeC (IJIOTHOCTB) OINPENENsIN M0 3aKOHYy ApXHMena B
yrctoi Boze (cM. Bukuneamro). YacTe skcrepuMeHTOB Obula NMpOBEAEHA B BOAE C
noOaBleHNEM YBIAXKHSIOIETO peareHTa sl CHWKEHMs MOBEPXHOCTHOTO HATSKEHUS
BOJIbI, YTOOBI U TUAPO(OOHBIE YACTHLIBI MOTJIU ITOTPY>KAThCS B BOAY, €CJIN YAEIbHbII BEC

cocrasisieT > 1 r/cm3.

O6pemuast maotHocTh: ASTM C559 «CraHnmapTHbI METOA ONpeneIeHus
O00BEMHOM MJIOTHOCTH MyTeM (PU3UUECKOTO U3MEPEHHSI IPOMBIIIJICHHBIX YIJIEPOAHBIX U

rpapUTOBBIX M3AETUIDY
2. Berposast 3po3ust

Monenb 3KCIepUMEHTa. Y CTaHOBKA a3pOJUHAMHYECKOH TPYOBI C IPaAHEHTOM
pPa3NIMYHBIX CKOpocTel BeTpa oT 0 kM/4 10 7 KM/4 (M3MEPEHO PYYHBIM a3POMETPOM
Lechler Pocketwind IV, xotopblii momernanu Ha mnepeBepHyThle yamku lletpu, Ha

KOTOpPBIE TAKKe HAHOCHIIU MaTepuabl (caxa, Ouoyroms 1, Guoyrons 4).
2.1 CxopocTtb BeTpa

IlepesepuyTele uwamku Ilerpu, Ha KOTOpBIE BBIKJIAAbBIBANIM 1,5 © Marepuana,

MOMEINAJH B a3POAUHAMUYECKYIO TPYOy U YBEIMUUBAIN CKOPOCTh BETPA.
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Tabnuna 2: CkopocTh BeTpa, ¢ KOTOPOU MepBble YACTHUIBI ObUTA CAYTHI C YalleK

Iletpu
CxopocTb BeTpa
Caxa 3,6 kM/4
buoyromns 1 1,6 km/g
buoyrons 4 1,4 xm/4

2.2 YObu1b MaTEpHAIa

IlepesepuyTele uwamku Ilerpu, Ha KOTOpBIE BBIKJIAAbBBANIM 1,5 © Marepuana,
MOMEIIaId B a3pOJUHAMHUYECKYIO TpyOy mpu ckopoctu Berpa 6,4 km/4. ITocne 5 mMun

BO3/ICMCTBHS BETpa OCTaBIIMICA Ha yawnkax [letpu Matepuan B3BeIIMBAJIU.

Tabmuua 3: Marepuan, octaBmuiicss Ha vamkax [lerpu mocne 5 MHUHYTHOTO

BO3/ICICTBHUS BETPa

Marepuan,  ocraBmmiics  Ha | Marepuan, OCTaBIIMNCS Ha
yamrkax [lerpu [r] yamkax [lerpu [%]

Caxa 1,38r 93 %

buoyrons 1 0,58 39 %

buoyrons 4 0,54 r 36%

HpI/I IMOKPBITUU BEPXHETO CJIOA MOYBbI caxkeit YMECHBIIACTCsA BETPOBAst 5PO3Usl.

3. ITeineoOpazoBanue

[TbueoOpazoBaHne Caku, MUPOYIVIEPOAA, BO3AYLIHO-CYXOH TOYBBI U3
JlumOyprepxoda U cMeceill Caku M MUPOYIJIEPOAAa C BO3AYIIHO-CYXOW TOYBOH W3
JlumOyprepxoa KOJIUYECTBEHHO pPACCYUTHIBAIIM B CTAHOAPTHBIX YCJIOBUSIX C
ucnojp3oBanueM ycrpoiicta «DustView II» mpoussoactsa kommnanuu Palas GmbH,
Kapicpys, I'epmanus, COIJIaCHO PEKOMEHALUSAM MIPOU3BOAUTENS

(https://www.palas.de/product/dustview?2).

Marepuan B konmudectse 30 T cOpachiBaroT ¢ BbICOTHI 750 MM, U oOpa3zoBaHHe
IBbUTH KOJIMUYECTBEHHO OINPEAENAIOT KaK OCNAbJeHHe JIa3ePHOrO JIyda B MOMEINEHHU C
nbUTbHO (0 = oTCcyTCTBHE NbUIeOOpaszoBanus, 100 = MakcumanbHOE ocabiieHne CBeTa Moj

aetictBueM nbuin). [1plIeBOE YHCIO PACCUNTBIBAIOT KaK MHTETpaj OCnabieHus CBeTa 3a
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npoMexxyTok Bpemenu B 30 ¢. [y kaxaoro oOpasua BITOIHSIIA TPH U3MEPEHUs, TIOCIIe

4E€ro pe3yjbTaThbl OUECHUBAJIN CTATUCTUYCCKU C ITOMOIIBIO AUCIIEPCHUOHHOT'O aHAJIH3a.

Tabnuua 4: ITsineoOpa3oBanue

Cpennee CranpapTHoe Paccumnrano no
HU3MEPEHHOe OTKJIOHEHHE «TIBLJIEBOMY YUCITY»
MbIJIEBOE YHUCJIO cMeceit u3
KOMIIOHE€HTOB,
UCXons u3
AAAUTHUBHBIX
B3aNMOEUCTBU I
ITousa u3
71,7 +59
JIumOyprepxoda
IIupoyraepon 2,4 +0,5
Caxa 3,7 +1,1
Caxa c 2,44 mac./mac.% | 58,7 +8,5 70,0
UpOyriiepoaa
Caxa c 1,23 mac./mac.%
348 +1,9
nupoyriepona 70,8
Caxa ¢ 2,44 mac./mac.%
27,1 +3,1
MUPOYTIepoaa 70,0
Caxa ¢ 4,76 mac./mac.%
21,9 +1,6
nupoyrieposa 68,4

ITo pe3ynbpraTam U3MepeHuii ObUIO YCTAHOBJIEHO, YTO MBIIEBOE YMCIIO BO3AYIIHO-
cyxoit moussl u3 JIumOyprepxoa HAMHOTO BBILIE, Y€M TOJBKO OTAENIbHBIC YHCHA IS
NMUPOYIJIEPOJa WU CAXKU, MPU 3TOM HYHCIO AJIl MUPOYINIEPOJa HUXKE YeM ISl CAXKH.
CMmecH mOYBBI C MUPOYIJIEPOAOM U CakeH 3HAYUTEIBHO CHIDKAIOT MbLICOOpa3oBaHUE.
OnHako, ecnu  y4ecTb HHU3KUH COOCTBEHHBIH IOKa3aTelb MbLIEOOPa30BaAHUS
NUpOyIJIepoJla B CMECH C IOYBOM, HHU3KOE€ IMbUIeBOE 4YMCIO To4uBbl ¢ 2,44 %
nupoyriepona, papHoe 70,0, CTAaTUCTUYECKU HE OTJIMYAETCsI OT HeOOpaOOTaHHOH IOYBbI

(71,7 £5.,9).
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Ho nipu 3TOM ¢ yBenn4YeHHeM KOJM4YecTBa BHOCUMON B mouBy caxu (1,23, 2,44,
4,67 % mo macce) mpuUIEOOpa30BaHUE 3HAYUTENIBHO CHIKAETCS, YTO HEJb3si OOBSICHUTD

s dexrom pasdapiieHus], KaK B CIy4ae ¢ MUPOYTIEPOIOM.

Takum oOpa3oMm, HUMEHHO caka, a HE€ MHUPOYIJepoJd, OONAJaeT CUJIBbHBIM
COOCTBEHHBIM JI€HICTBUEM B YaCTH CHIDKEHHS MbLICOOPA30BAHUS CYXOW MOYBHI IPH €€

MCTIOJIb30BAHHUH B KAQU€CTBE TOOABKH.
4. Komku nouBsl 1 ee 00padoTka, y1o0000padaThiBaéMOCThb TOYBBI

ITouBy u3 Obepnunra (nmputeBateiii cyrmuHok, pH(CaCl2) 7,5) 6e3 mouBeHHBIX
no0aBok, 0OpaboTaHHyIO caxkell 8 T/ra (BHOCHIIM MPUMEPHO 3a F'OJT IO OLIEHKH CTPYKTYPhI
NIOBEPXHOCTH) CPAaBHUBAJIM HA HAJIWYHE KOMKOB (TIOYBEHHBIX arperatoB) depe3 IBe
HEeeNIu TOCNie TOro, Kak MOYBBI paBHOMepHO pasrpedmu. Ilpm kxaxmoid obOpaboTke
clyyaiiHbIM 00pa3oM OTOMpaji YeThIpe ydacTka mousbl (o 0,35 M? Kaxbli), mocne
yero ux (ororpadupoBanu. Ha pacmedarke mpu MOMOIIN JIMHEWKU MOXHO YBUAETH
KOMKHU AUHON >40 MM 1 > 10 MM - 40 MM B 1JIMHY, TOACYMTHIBAIN U BBIYUCIISAIN B BUJIE
xonuyecTsa Ha M>. C NMpUMeHeHNEeM MCIEPCHOHHOIO aHaIn3a PacCYUTaId 3HaYMMOCTb

pa3IMYuil MEKIY pa3HbIMU BapHaHTaMu 00pabOTKU MOUBBI.

Tabmuua 5: Hanuune KOMKOB IOYBBI TIOCHIE pa3rpe0aHms

Konuuectso koMKoOB | KonmuecTBo KOMKOB

nousbl > 40 MM Ha M2; | moussl > 10 MM to < 40 MM

cpenuee,t SD Ha M2; cpenHee, = SD
ITousa 6e3 caxu 18,4, + 114 57,7, £ 29,1
ITousa ¢ 8 T/ra caxu 6,8,+3,7 19,8 £2,5
ITouBa c 8 T/ra | 19,9 + 6,3 498+ 11,2

nupoyriepoaa

KomkoB noussl pazmepoM > 40 MM B JUIMHY nosydaroT Ha 60 % MeHblie npu
oOpabotke moussl caxeit (P = 0,10), Torna kak KOMKOB IMOYBBI pazMepoM >10 mm u < 40

MM MeHblI1e Ha 66 % (P = 0,04).

bonee toro, Obuto 3adUKCHPOBAHO, YTO (pU3MUECKasi CHia, HeOOXOomuMas st

o0paboTku, B mouBe, OOpabOTaHHOW caxel, Oblla MEHbIIE [0 CPABHEHUIO C
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HeoOpabotanHoit mouBoi. Ilocme moOaBieHMsT TPaHYJIUPOBAHHOTO MHUPOYIJIEpoOaa

BO3/IEHCTBHE HA KOMKHU MIOYBBI U €€ yA00000padaTsiBa€MOCTh OTMEUEHO HE OBLIO.

HOI[BOZ[H HUTOI, MOXXHO YTBECPKAATh, YTO 3HAYUTCIIBHOC BOSHeﬁCTBHe Ha MO4BY
npu 100aBIEHUU CaXXH ObUIO HEOXXMAAHHO OOHAPYKEHO MO (PU3NUECKHM CBOHCTBAM

HIOYBBI, YTO HE OTMEYAJIOCH B CIy4ae ¢ MHUPOYTIIEPOIOM.
5. CtocoOHOCTH K BOJIOTIOTIOLIEHHUIO

Brauane O6p3,3]_U:;I BBICYIIIHJIN. BrnaxuocTs BO3ayXa IMMOCTENEHHO YBCIIMIUBAJIHN OT
0% mo 90% c marom B 10%, B TO BpeMsi KaKk KpUTEPHEM JJIsl CIEAYIOLIEro dTana ObUIo

kojebanue macchl <0,05% 3a 45 MuH.

Tabmuua 6: BraronorjoleHue

Obpaszen Bnaronorno | Hawanenoe | Jlnurens- Koneunoe | Temmnepar
LIIeHNE 3HauYeHUe HOCTb 3HaueHue |ypa
[mac.%] OTH. OTH.
BJIAKHOCTH BJIAKHOCT
BO3/yXa b BO3JyXa
Caxa 0,031% 0% 1474 70% 25°C
buoyrons 1 7,25% 0% 1479 70% 25°C
buoyrons 4 12,5% 0% 1474 70% 25°C
ITupoyrnepon | 0,0023% 0% 1474 70% 25°C

B Tabnuue 6 moka3aHO HHM3KOE BOIOMOIJIOIIEHHE CaXXH M MHPOYyrjiepona Mo

CPaBHEHHUIO ¢ OMOYTJIeM KM3-3a MAJIOH MIOIIAAHN MOBEPXHOCTH U ee THAPOoGoOHOCTH.
6. OOpasoBaHue OMOMACCHI:
[Tpumenenne (cMm. @ur. 1) U METOIBI UCTIBITAHUN
BererauOHHBIN OMBIT ¢ KYKYPY30i:

[TouBy u3 JlumOyprepxoda (cyrmuaucTeiii necok, pH 6,8) ncnonp3oBamu s
NIOMEINEHUsI B TAK HA3bIBAEMbIE BETE€TAIIIOHHBIE COCYIbI MuUTUepnXa, HAOJHEHHbIE 0,4
KI' CYXOH TMOYBBI B KaXKIOM M3 TOPLIOKOB. B KauecTBe OCHOBHOTO YIOOPEHHUS B KAKIAOM
ropuike ucronbp3oBaiu 99 mr maruus B Bune MgSO4 x 7 H20 u 0,436 r ¢pocdopa, 1,1 r

kanus B Buae KoHPO4 u 1 r Hatpus B Buge NH4NO;3.
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O6pasus! yraepona ObuTH OJHOPOIHO cMeranbl ¢ mouBol ([Ipumenenne A) 6o
paBHOMEpPHO cMemnaHbl ¢ | Kr MOYBBI, KOTOpas Oblla NMOMELIeHA MOBEpPX IPYTHX
HemsMeHeHHbIX 5.4 kr mnousbl (IIpumenenne B), muGo oOpasusl yriaepona Obutn
NOMELIEeHbI TIOBEPX IMOYBBI IOCJE MOSBJICHHUSI BCXONOB KYKYypy3bl Uepe3 HEBATh IHEH

nocyie nocesa (npumenenue C), cm. dur. 1.

ITpu nnomanu noussl 314 cm® Ha oxue ropmok 2, 4, 8, 16 T C/ra pasHo 6,3, 12,5,

25, 50 r W/TOpLIOK COOTBETCTBEHHO.

[ITecth ceMsiH KyKypy3bl OOBIKHOBEHHOM COpTa «AManeo» BbICESUTH B TOPIIKH (5
utoHss 2019 r.). Tlocnme mosiBIEHUST BCXOJIOB pACTEHUs CHAadaja pPaBHOMEPHO
MPOPEXKUBAIN O TPEX PACTEHMI B IOpLIKE, a 3aT€M A0 OAHOIO PACTEHUs B IOPLIKE,
KOTOpO€ Jajee KyJbTHUBUPOBAJIM A0 IIOJHOIO CO3peBaHus. B kadecTBe BTOpOU
noakopMku ropurku yaoopsmu 1 r N B Bune NH4NO3 1, HakoHel, B Ka4eCTBE TPETheH
TIOJKOPMKH B KaK/IBIH FOPIIOK BHOCHIIH 6,7 T KOMIUIEKCHOTO ynoopenust Hurpodocka®

nepdext (15+5+20S+2+8+ crnenoBbix 371eMEeHTOB) 28 HIOHS.

Kaxnyro omepaumto obpaborku caxkeil moBTopsuin 4 pasa, Tak dHYTO C
HEOOpaOOTaHHBIM KOHTPOJIBHBIM O0pa3LioM TMPOBOAWIN B OOIIEH CIOXKHOCTH 8
NOBTOPHBIX 00paboTok. ['OpIIKM pa3MecTHiN MOJHOCTBIO CiydaiiHeIM 00pa3oM Ha
KOHBeliepHOM ctojie B Bereranuonnom 3ane B JIumOyprepxode, omrcaHue KOTOPOro

obu10 npuBeneHo FOurom (1967).

C noHenenbHHMKAa MO ISTHULY TOPLIKM IOJMBAJIM JIBa pa3a B JI€Hb IOCI]E
B3BemuBanus 10 70% OT MakCUMAaJbHOW BOMOYIEPIKUBAIOIIENH CIOCOOHOCTH TOYBBI
(Paznuums B Bece TOPLIKOB M3-3a J00aBiIeHUs OOpAs3lOB yriiepoAa YYUTBHIBATIH TI0
JOTOJHUTEIBHOMY Becy). B cyO0OTYy M BOCKpeCeHbE TOPIIKH MOJMBAIN COTJIACHO

MMpUHOUIIAM CaaOBOACTBA IO MEPE HGO6XOI[I/IMOCTI/I 0e3 B3BEIIUBAHUSI.

Vpoxaii cobupanu 2 OKTAOps myTeM pasnejeHusi modera Ha MOYATOK W
OCTaJIbHYIO YaCTh PACTEHUs, YTOOBI MOKHO OBUIO OMPENeNUTh Kak olllee Comaep:kaHue
cyxoro Bemecta (Tabn. 7), Tak u conep:kanue cyxoro BemectBa B mouatke (Tadm. 8)
NIOCJI€ CYIIKU PAaCTUTEIbHOH OMOMAcChl B TIEUU C MPUHYAUTEIBHON BEHTWIALMEH TpPU

80°C mo mMOCTOSIHHOIO Beca.
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IIpumeHeHne A: paBHOMEPHOE CMELINBAHUE CO BCEIl MOUBOM, UCTIONb30BAHHOM B

ropuike (0-15 cMm, 6,4 Kr ouBbI)

ITpumenenne B: paBHOMepHOE niepeMelInBaHKe ¢ BEPXHUM cjioeM noussl (0-3 cMm,

1 kr mouBbI)

ITpumenenue C: MynbunpOBaTh MOBEPX MOYBBI Uepe3 9 nHeN mocse MOsBISHUs

BCXOOOB.

®urypa 1: [Ipumenenue A, B, C u nomelieHre caxu B UCIBITATENbHbIE TOPLIKU
C KYKYpy30Hl.
CpaBHeHue pe3yNbTaTOB UCIIBITAHUM

Tabmuua 7: OOmee KOMMYECTBO CYXOro BeINECTBA IMOOEroB Ha pacTEHHE
KYKYPY3bl U TOPIIOK B rpaMMax, KaKk CpefHee 3HaYeHHEe N IOBTOPEHUH, + CTaHAapTHOE
OTKJIOHEHHE M KaK MPOLEHT OT HeoOpabOTaHHBIX KOHTPOJBHBIX oOpasumoB = 100%.
Pacnipenenenne caxxu («mpuMeHeHHe») Moka3zaHo Ha Purype 1. «-» oO3Ha4aer, 4ToO

BapUAHT HE UCIIOJIb30OBAJIH.

IIpume | Kputpo | Caxa Caxa Caxa Caxa

HEHue | Jib (2 1/ra) (4 1/ra) (8 T/ra) (16 1/ra)

A 105,2 113,2+4,1 117,6+5,3 115,7+13,2 116,4+4,7
+5,9 (n=4) (n=4) (n=4) (n=4)
(n=8) |[(108%) (112%) (110%) (110%)
(100%) | 115,7£7,2 (n=16) (110%)

B 105,2 - 108,0+13,8 110.545,5 102,0+6,6
+5,9 (n=4) (n=4) (n=4)
(n=238) (103%) (105) (97x%)
(100%) | - 106,8£9,3 (n = 12)

(101%)

C 105,2 - - - 104,3+13,0
+5,9 (n=4)
(n=138) (99%)
(100%)
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Tabnuna 8: Ob1iee KOIUIECTBO CyXOro BELIECTBA B IOYATKE HA OHO PACTEHHE U

TOPILIOK B rpaMMax, Kak CpefiHee 3HaUeHHEe N NMOBTOPEHUH, + CTaHAAPTHOE OTKJIOHEHHE

U KaK MPOLIEHT OT HeoOpaOOTaHHBIX KOHTPOJIbHBIX 00pasuoB = 100%. Pacnpenenenue

CaxKu (((HpI/IMeHeHI/Ie») MMOKa3aHO Ha (I)I/Ipre 1. «» O3HA4Yac€T, YTO BapUAHT HE

UCTIOJIb30BAJICS.
IIpume | Kpurpo | Caxa Caxa Caxa Caxa
HEHUEe | Jib (2 T/ra) (4 T/ra) (8 T/ra) (16 1/ra)
A 67,2 74,6 79,4 77,8 76,9
+5,0 +2.5 +3,6 +9,6 +3.8
(n=8) |(n=4) (n=4) (n=4) (n=4)
(100%) | (111%) (118%) (116%) (111%)
77,2£5,3 (n=16) (115%)
B 67,2 - 70.6 75,0+4,2 67,0
+5,0 +7,2 (n=4) +6,2
(n=138) (n=4) (112) (n=4)
(100%) (105%) (100%)
- 70.9+6,4 (n=12)
(106%)
C 67,2 - - - 66,9
+5,0 +8,8
(n=218) (n=4)
(100%) (98%)

HeoxxunanHo npumeHeHne A 1eMOHCTPUPYET 3HAUUTEIbHO JIyYILINe Pe3yIbTaThl

MO0 CPABHEHHIO C IpUMeHeHUsIMU niproxkeHusi B u C.

buopasnaraeMocTs:

Tect Ha OropaznaraeMoCTh MPOBOIMIIN MyTEM U3MEPEHUSI ABIX aHUS TOYBBI ITOCIIE

nobasneHust caxxu mpu HopMe BHeceHus 313 mr Ha 50 r moussl (mousa JIumOyprepxod;

cyrnuHACTEIA mecok, pH 6,8), uro sxBuBanenTHO mpumepHo 2 T C/ra. B kauectse

KOHTPOJIbHBIX 00pa3IOB UCIOJIb30BAIIN TIOYBY Oe3 100aBok wiu ¢ godasieHneM S0 mr

MOJIOTOH MIIEHUYHOH coombl Ha 50 1 moussl (0,32 1/ra). JlpIxaHne NoYBbI U3MEPSUTH C

nomompto cuctembl WTW  OxiTop (Baiinbxaiiv, I'epmanus),

IIOMEIIEHHON B
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uHKyOarops! ipu 20 °C B COOTBETCTBHH CO CIIOCOOOM, ONMCaHHBIM B pabotax Robertz et

al. (1999) and Malkomes and Lemnitzer (2009).

N3 Tabmuiel 8 BUAHO, YTO COJOMa BbI3bIBajia CHJIBHOE JbIXaHUE TOYBBIL, B TO
BpeMsi Caka He BbI3bIBajia OoJiee BHICOKOTO YpoBHs BbineneHus COz Mo cpaBHEHHIO C

HEU3MEHEHHON ITOYBOM.

Tabmuua 9: pixanue noussl (BeiOpockl CO2) JIumOyprepxod), HAKOMJIEHHOMH ¢
teueHueM BpemeHu npu 20°C 6e3 mim ¢ 1obaBieHHeM COJIOMBI HITH caku, MW = cpenHee

3HaveHue, n =4, =SD = cTaHgapTHOE OTKJIOHEHHE.

Bpewms ITouna Ge3 Pasmonotast conoma | Caxa (2 1/ra)
WHKyOauu nobasienust C (032 1C/ra)

[Henenu] Herxanue moussl [Mr CO2-C/50 r cyxoii HOYBBI, HAKOILIEHO |

MW +SD MW +SD MW +SD

1 0,7 0,2 19,1 0,7 0,8 0,2
2 1,5 0,3 26,3 0,8 1,7 0,3
3 2.4 0,3 29,5 0,8 2,6 0,3
4 3,1 0,4 31,7 0,8 3,3 0,4
5 3,7 0,4 33,4 0,8 4,0 0,4
6 43 0,4 34,7 0,8 4.5 0,5
7 4,9 0,5 35,0 0,3 52 0,5
8 5,5 0,5 35,4 0,2 5,8 0,6
9 6,0 0,5 35,7 0,2 6,3 0,6
10 6,4 0,6 36,4 0,2 6,8 0,6
11 7,0 0,6 36,9 0,2 7,3 0,7
12 7,4 0,6 37,2 0,3 7,7 0,7
13 7.8 0,6 37,5 0,4 8,1 0,7
14 8,4 0,6 37,5 0,7 8,7 0,7
15 8,9 0,6 38,6 0,9 9,2 0,7
16 9,4 0,6 39,6 1,0 9,6 0,8
17 9,9 0,6 40,5 1,1 10,1 0,7
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dopmyJia u3odpeTeHust

1. Cnoco® OCTpyKTypUpOBaHHUSI TMOYBBI, BKJIOUArOIIUI (1) mpenocTaBieHue
0,5 - 500 ToHH/Ta Ca’ki Ha BEPXHMH CJIOH MOYBBI CENbCKOXO3SHCTBEHHOTO mouist U (ii)

BHECEHUE 3TOI CaKU B BEPXHUN CJIOU MMOYBBI.

2. Cnocob mo m. 1, OTJIHYAKIHICA TeM, YTO CaXKy BHOCST B BEPXHUIl CJIOH

NOYBBI Ha MTyOHMHY TO4BBI 10 10 cM.

3. Cnocobnom. 1 wiu 2, oTINYAIIHICS TeM, YTO CaXKy BHOCST B BEPXHHH

CJIOH MOYBBI Ha IITyOWHY MOYBBL, IO MEHBIIEH Mepe, 3 CM.

4. Cnocob mo m. 3, OTIMYAKMHICS TeM, YTO Ca)Xy BHOCAT PABHOMEPHO B

BEPXHUU CJION MOYBBI.

5. Crnioco0 mo, mo MeHbInel Mepe, onHOMY 3 11l | - 4, oTim4Yamuiics Tem,

YTO COJIEpKaHue yrieposa B caxke cocTasisieT 95 - 99,5 mac.%.

6. Crnioco0 mo, 1o MeHbLIel Mepe, OMHOMY U3 Tl 1 - 5, oTJim4yamuiics Tem,
YTO caka MpencTaBsgeT coooi ruapodoOHbIil MaTepual ¢ KpaeBbIM YIJIOM CMa4HBaHUs

Kareiap Boabl bojiee 70.

7. Crnioco0 1o, Mo MeHbInel Mepe, OMHOMY M3 M. | - 6, OTIHYA0IHIiCS TeM,
yro S5 - 20 TOHH/Ta CaxH TNPEAOCTABJISIOT HAa BEPXHUH CJIOH  TOYBBI

CEJIbCKOXO3SIMCTBEHHOI'O TTOJIS.

8. Crnioco0 1o, 1Mo MeHbIIel Mepe, OHOMY U3 Tl 1 - 7, oTJIM4Yamuiics Tem,

YTO pa3Mep YacCTHULl CAKHU COCTABJSIET | HM - 1 MKM.

9. Crnioco0 1o, 1Mo MeHbIel Mepe, OMHOMY U3 Tl 1 - 7, oTJIM4Yamuiics TeM,

YTO UCMOJB3YIOT IPaHyJIbl CaXu ¢ pasmepoMm vactul 0,3 - 8 Mm.

10. Cnocob o, mo MeHbInel Mepe, OTHOMY U3 M. 1 - 7, O TINYAMIUHCS TeM,
YTO Caka BBICTYMAET B Ka4yeCTBE MOJIOKKH JJIisi PA3JUYHBIX OPTraHUYECKUX WJIU
HEOPTaHUYECKUX NOOABOK, HAIMpHUMEpP, Uil arpOXMMUYECKH aKTUBHOTO BEIIeCTBAa W3

rpyImnbl GyHIHUKUAOB, OAKTEPULIUAOB, FepOULIUIOB H/IIIN PETYIIATOPOB POCTA PACTEHUH.



11. TlpumeHeHHWe cCa)ku B Ka4deCTBE CTPYKTypooOpa3oBaTelissi MOYBBI JJIs

BEPXHETO CJIOS MOUYBBI CEJIbCKOXO3MCTBEHHBIX MOJIEH.
12.  Komnosuuwus noussl, coaep:xawmas 0,5 - 15 mac.% caxu.

13.  Kowmmnoszunus noussl no 1. 12, cogepkamas 1 - 5 mac.% caxu.



durypa 1:
7 Caxa
A
18 cu 15 cm
6.4 Kkr

1/1

3 cm,
1 Kr
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