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MUPOYIJIEPO]] C IUNIOTHOCTHIO 1,6-2,3 r/en’, yaenbHoM momaapto nosepxHoctu 0,001-5 M2/T, HU3MepsieMON METOIOM
pTyTHOH mopomeTpuH, pasmepoM dactur 0,3 MM (d10) - 8 mm (d90) n comepxanmem yrmepoma 95-100 mac.%.
Hacrosmee m3o0peTeHne Takxke KacaeTcsi crocoda CTHMYIHPOBAHHUS POCTa PACTEHMI HA CEIbCKOXO3SHCTBEHHBIX
TIOIAX, BRIIOSAIOMET0 HAHECCHHME TPaHYNMPOBAHHOTO NHPOYIIIEPOLA C ILIOTHOCTHIO 1,6-2,3 r/em’, yaembHoiR
mwiomaapio nosepxaoctu 0,001-5 M7/r, m3MepseMoil METOIOM PTYTHOH mopomeTrpuu, padmepoM dactuil 0,3-8
MM U coiepxkaHueM ymiepopa 95-100 mac.%. Kpome Ttoro, Hacrosimiee M300peTeHHE KacaeTcs HMPHUMEHEHHS
TPAHYTHPOBAHHOTO TTHPOYTIEPONa, CONEPKALIET0 TPAHYITHPOBAHHbIA HPOYIIEPON ¢ TIOTHOCTRIO 1,6-2,3 r/em’,
YACTBHOMN miomaznsio mosepxuocTy 0,001-5 MY/T, M3MepIeMOi METOIOM PTYTHOH MTOPOMETPHH, PasMEPOM YaCTHIL
0,3 MM (d10) - 8 mm (d90) u comepxanuem yrnepoaa 95-100 mac.%, B kadecTBe CTPyKTYpooOpa3oBaTessl MOUBBI IS
CEJbCKOXO3SIMCTBEHHBIX TOJICH H/WITH Ca10BOJCTRA.
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YBenudenne = 50 X Curnan A = SE2
Pabouwnin otpesok = 19,0 Mm  Beicokoe HanpsikeHue = 5,00KB
BakyymHas kamepa = 2,62e-006 m6ap

YBenuyenue = 200 X CurHan A = SE2
Pabouwnit otpesok = 11,2 MM Bblcokoe HanpsikeHue = 5,00KB
BakyymHas kamepa = 3,10e-006 mbap

YBenuuenne = 500 X Curnan A = SE2
Pabouwnin otpesok = 11,3 Mmm  Beicokoe HanpsikeHue = 5,00KB
BakyymHas kamepa = 2,92e-006 mb6ap
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IIpuMeHeHne rpaHyJIMPOBAHHOIO MHPOYIJIEPOAA AJIsl OCTPYKTYPHBAHHSA MOYBbI

Omnucanue

Hacrosimmee  u3oOpereHue  BKIIOYAET  MNPUMEHEHHE  TIPAHYJIMPOBAHHOTO
NHPOYTIIEPOa ¢ IOTHOCTHIO 1,6 - 2,3 r/cM3, yaenbHO# miomaabo nosepxHoctu 0,001 -
5 m2/r, pazmepom vactun 0,3 mm (d10) - 8 mm (d90) u conepskanuem yriepoaa 95 - 100
Mac.% At OCTPYKTYPHUBAHUS [TOYBBI, HATPUMED, IS CTUMYJIUPOBAHUS POCTAa PACTEHUH,
CTUMYJIMPOBAHUSL JIPEHUPOBAHUS TOYBbI W TPENOTBPALICHHUS 3SPO3UH, HCTIAPEHUS,
3aKyMOpKH, OOpa3oBaHMs KOPKU U 3aujieHus. [lupoyriepon MpeAarnodYTHTETHHO

HCIIOJIB3YIOT B KAY€CTBE MYJIbYH.

[TouBa sBnsieTcs HanboONee BaXKHBIM MPOU3BOICTBEHHBIM (DAKTOPOM IS
¢dbepmMepoB, 1 TO3TOMY IJ1aBHAs 3amada (epMepa COCTOUT B TOM, YTOOBI MPEIOTBPATUTH
5PO3HI0, HCTIAPEHUE U 3aujieHne. MyJibdy B HACTOSIIIEE BPEMsI HCIIONB3YIOT JJIst OOPBOBI
C 5pO3HeH, NCTTAPEHNEM, COPHSIKAMHU U UCTOIIEHHEM ryMmyca. B kauecTBe Myibuu 0OBIMHO
UCIIOJIB3YIOT PACTUTENBHBIE OCTATKH MPOMEXYTOYHOM KYJBTYPbl HWJIH COJIOMY

MPEeAbIAYLIErO ypOXKasi.

Henocratok MYJIbYH 3aKJII0OYACTCA B TOM, UYTO OpraHUYCCKasad MacCa CBA3bIBACT
AKTUBHBIC MHIPEAHUCHTDBI, TAKUC KaK Fep6I/ILII/II[bI, U T€M CaMbIM CHHXKAaeT UX ACHCTBHE.

IToces MYJIbYU TAKXKE Tpe6yeT SHAYUTECIBbHBIX BPEMEHHBIX U N€HCKHBIX 3aTparT.

IToMumMo moOceBa MyJb4YHM, WHOTZAA HA IOJAX pa3OpacelBalOT KomrmocT. B
3aBUCUMOCTH OT THIIa KOMIIOCTAa B TE€UEHHE HECKOJbKUX ITHEH MOXKET COXPaHSATbCS

HEIPUATHBIN 3anax.

US 2,877,599 packpbiBaeT, 4TO caska, UMEOIIasi OOJbIION O00BEM ISl CBOETO
BECAa, MOJKET BKJOYATHCS B MOYBY, YTOOBI 3aTEMHHTb €€ W YJIYYIIUTh HArpeB OT
COJJHEUHOTO H3Jy4YeHHus, a TaKkKe IOIJolleHue U yaepxanue Boiapl. US 2,877,599
PaCKpBIBAET, UTO Ca’ka HACTOJIbKO Jierkas M puixjas (pasmep arperatoB 85 - 500 HMm,
arinomepatoB 1 - 100 mMxwm, mioTHOCTh 1,7 - 1,9 r/cM3), B HEKOTOPOM CMBICIIE KpaiiHe
JeTy4as, 4TO €€ HeNIb3sl OCaXJaTb HEeNOCPeACTBEHHO Ha 3emumo. IIpocroe ee
pa3OpacbiBaHHE TPUBOIUT K TOMY, YTO 3HAUYUTENbHBIA MPOLEHT CAXH KHCTIApSETCs» B
BO3AYX, & OCTABIIASICSl YaCTh OBICTPO YHOCUTCS Wi cHocutcst Berpom. B US 2,877,599

noaABOAUTCA UTOr' O TOM, HYTO CaXy MNPAKTUICCKH HEBO3MOXKHO I[O6aBJ'I$lTb



HETOCPeACTBEHHO B mouBy. Takum obOpasom, US 2,877,599 packpeiBaer
CTPYKTypoOoOpa3oBaresb NOYBEI B (JOPMe KOMIMAKTHBIX I'paHyl1, copepskamuii 5 - 40 %,
npeanoututensHo 10 - 20 % caxu, 1o 50 % runca, 10 1 % cBsA3yroLIero BemecTsa u A0
95 % opraHMYecKOro BOJIOKHHCTOIO MaTepuajia, T.e. LUlaMa C MPEANpPUATHH IO
nepepaboTKe CTOYHBIX BOA, OTPaOOTAaHHOTO LIeNoka ¢ OyMaKHBIX (abpuK WM rymyca.
CtpykTypooOpa3oBaTesib MOYBbI HAHOCST HA IMOYBY B KOJWYECTBe B AuamazoHe 200
¢yntoB (90 kr) - nBe ToHHel Ha akp (0,405 ra). JKenmarenpHO, YTOOBI
CTPYKTYypoOOpa3oBaTesb MOYBBI MPOHUK B 36MJIFO Ha TNIYOUHY ABYX JOMMOB B TEYCHHUE

IBYX JeT. ' panyiabl UMEIOT JUaMeTp U JUIMHY B IUarasoHe oT Y4 no 3/16 mroiima.
y pany p y

US 3,345,773 packpblBaeT HCIOJB30BAHUE YTJIEPONUCTHIX TBEPIbIX YaCTHUIL
nuamerpoM 0,08 - 0,5 mrolima B kaueCTBE MYJIbYU JUIs1 CTUMYJIMPOBAHUS IPOPACTAHUS U
pPOCTa pacTeHHil 3a CUET HArpeBaHUs MOYBBI, MPEJOTBPALICHUS KOPKOOOPa30BaHUS Ha
MOYBE U yAeprkaHus B Hell Baaru. OnucaHbl pa3inyHble N0JI€3HbIe TBEPAbIE YIIIEPOADI,
HamnpuMep, Yrojib, T.€. JIUTHUTBI, AHTPALUTBL, & TaKXke OWUTYMHBIE YIJIW U KOKC,
NOJIy4eHHBIN 13 yrieit u HedTu. [1o onpenenaeHnio TBepabIA yIiIepoa BKIIOYAET TBEPAbIE
BEIIECTBA, COCTOSAILIME B OCHOBHOM M3 YIVIEPOAA C COAEPKAHMEM JIETYYHMX BELIECTB
MEHEEe 4€M OKOJIO 25 MAaCCOBBIX MPOLICHTOB U IMOJYYEHHBbIE U3 UCTOYHUKOB YIUI WIH
yIJ1€BOAOPOAOB. MyJibuy HaHOCAT Ha TBEPOE BELIECTBO, YTOOBI 00ECIIEUUTD CIIOH Hax
cemeHamu tommuHon 0,125 - 1,5 mroiima. IIpeanoyTuTesnpHO, yriaepoacoaep Kaliue
TBEPAbIE BELIECTBA CMELIMBAIOT C BOJOHEIPOHULIAEMBIM MAaTEPHAJIOM I CO3AaHUs

BOJHOTO Oapbepa.

US 3,341,318 packpblBaeT C€OCTaB MYJIbYH, COAEpIKALIUN KOMITO3ULIUU
JUTHUHCYJIb(POHATA, TOOOYHBIH MPOAYKT OyMaXKHOW MPOMBIILICHHOCTH, TEXHUYECKHUN
yraepoa U BOAY. DTH COCTaBbl MYJIbYM OOECIEYMBAIOT TMOBBIIIEHHYIO TEMIIEPATypPy
NOYBBI, TEM CaMbIM CHOCOOCTBYsl OoJjiee KadeCTBEHHOMY TPOPACTAHUIO CEMSH
CEIIbCKOXO3SIIICTBEHHBIX KYJBTYP, OOsee paHHEMY MOSIBIEHHIO BCXOJOB U CO3PEBAHMIO,
COXPAaHSIOT NOYBEHHYIO BJIary, YMEHbINAIOT MOTEPHU MOUYBBI, BBITyBAEMOMH BETPOM, JIETKO
pactpUsIFOTCsT Oe3 3acopeHus (POPCYHOK AamnIuIMKaTopa M HE BBI3bIBAIOT KOPPO3HUH
0o0OpyaoBaHUsl, KOTOPOE MCHOJB3YIOT Ml MX BHeceHus. lIlpu jkemaHuu caxy MOXKHO
UCKJIFOYUTh U3 MYJIbYH, €CIIU €€ HCIOJb3VIOT B IEPBYI0 O4epenpb sl repOHIHIHOro

BO31€HCTBUS.



JP 9310068 xkacaercsi CTpykTypooOpasoBaTeisi TOYBBI, COZAEPIKALIEro
YIJIEPOAHBIA MaTepHall ¢ BBICOKOW YAENbHON IuIomanbpio mosepxHoctu 30 - 500 m/T,

COCTOsIIIEeH U3 OCTATKOB CXKUTaHUS OTXOOOB PE3NHOBBIX PI3I[6J'IHI>1.

HcTouHMKM yrieposa HEM3BECTHOIO COCTaBa, T.€. YINIEPOAOCOAEpIKAalIHe
OTXOJIbl, MOTEHIMAIbHO OIACHBI, IOCKOJIbKY OHHM MOIYT COAEP’KaTb KOMITOHEHTBI,
SIBJISTFOIIMECS] BPEAHBIMH JIJIsl OKPY KAIOIIEH CPeAbl MJIM TOKCUYHbIMH. HOpMBI OXpaHbI
OKpykaromed  cpemsl  TpeOyroT, d9roObl A00aBKM K  TO4YBE, HATpUMep,
CTPYKTYpOOOpa3oBaTeNy, SBISUINCH O€30MmacHbIMH W He J00aBisisi B IOYBY

3arpsA3HAOIINX BEIIECTB.

BBuay HeM3BeCTHBIX KOMIIOHEHTOB, UCHOJB3YIOIMKX oTxoabl, WO 2012/15313
pacKkpelBa€T  CHUCTEMYy Ul  TPOHM3BOIACTBA  CTPYKTypOOOpa3oBaTensi  IMOYBBI,
OTIIMYAIOINYIOCST TEM, YTO Tra3000pa3Hbli HMCTOYHHUK YIJIEBOAOPONOB IONAKOT HA
YCTAHOBKY IJIAa3MEHHOTO KPEKWHTa, a TMOJYYEeHHBIH MJIA3MEHHBIH YIIepoa MOAaT Ha
YCTAHOBKY, B KOTOPOH IJIA3MEHHBIH yIIIepOa CMEIIUBAOT C CyOCTPaTOM ISl IOy YeHUS
CTPYKTYpOoOoOpaszoBaTeisi MOYBbI, 0OOTaleHHOro yriiepoaoM. B kauectse cybcrpara amst
CMEIIHUBAHUS C YTJIEPOAOM MOTYT BBICTYIATh Pa3IMUHbIE BUABI TOYBBI, TAKHE KaK MECOK,
TJIMHA WJIM OpPraHUYecKHre OTXoAbl. B nmokymeHTe coobuiaercss 0 TOM, 4TO IIa3MEHHBIN
yriaepox ¢ HebompmmMu pa3Mepamu  KoHkpenuid (<100 HM) uMeeT HECKOJIbKO
NPEHMYLIECTB B Ka4eCTBE CTPYKTYpOoOoOpa3oBaTessi MOYBBI, MTOCKOJIbKY OH IOTJIOIIAET
V®-u3nydyeHue u 3a CH4eT 3TOro o0ecrnevnBaeT 3aluTy MUKPOOPTaHU3MOB, XH3HEHHO
BaKHBIX JJI1 XOPOIIUX YCIOBHI POCTA B [IOYBAX, TOABEPKEHHBIX CUIIBHOMY COJTHEUHOMY
usnydeHuro. B WO 2012/15313 peub uneT o ToM, 4To OO0JblIast MIOaab MOBEPXHOCTH
or 50 go 1000 M%r BaxHa ans yJydlleHUs BIAroyaep:KMBAIOIIMX CBONWCTB U,
COOTBETCTBEHHO, MPENOTBpaIleHus1 00e3BOKUBaHUS MOYBBL. [ToMMMO TOrO HemocTaTka,
YTO JJIS TPAHYJIHUPOBAHUS CAXKH MPUXOIUTCS PUKJIIAIbIBAT ONpeaeaeHHble yernus, WO
2012/15313 packpeiBaeT, 4TO CyOCTpaTbl Ha OCHOBE CaXH HMEIOT IOCTOSHHYIO
TEH/ICHIMIO K TbUIeoOpa3oBaHuio. I1blIb yCHIIMBAET 3PO3UI0 M HCTOLIEHHE T'yMyca, U
NpaBUJia OXPaHbl OKpPyXKAmIIeH cpenbl TpeOyroT, YTOOBI TMOYBEHHBIC JOOABKU

MICTIOJIb30BAINCH B (hopMe, He comeprkaliell MbUTH.

XOTsl UCTOJNBb30BAHUE YIiepoja B KauecTBE CTPYKTYpooOpa3oBaTelsss MOYBBI B

JUTEepaType UMEET AOTY0 UCTOPHUIO, O €r0 LIMPOKOM MPUMEHEHUH HUUYETrO HEe U3BECTHO.



B nocnenHee Bpems, C y4eTOM HCTOLIEHHS T'yMyca, U3MEHEHMsI KJIMMaTa U
BOIIPOCOB YTPABJIEHUS OPraHUYECKUMH OTXOAaMH B KauyeCTBE MHOT0OOENIar0INero

CTPYKTYypOOOpa3oBaTesst MO4Bbl yIIOMUHAETCSI OUOYTOJb.

B OCHOBHOM 3asiBJI€HO TpPU MpeumyllecTBa OHOyIJIA: YIydlleHHEe IOYBbI,
cokpamenue N20O u cexkBecTpanus yriepona. bosbias miomaas noBepXHOCTH OHOY IS
MOKET O0eCIeuUTh JOJIrOCPOYHOE XPAaHEHHE BOZAbI, (PYHKIMOHAJIBHBIE TPYIIITBI MOTYT
CBA3BIBATH IMHUTATECJIBHBIC BCILIECTBA, a LIepHI:;II\/'I OBET MOXET YJYULIUTHb IMPOTrPECBAHHE
noyBbl. M3MeHeHHne (U3NYeCKOll cpeapl OOMTAaHUS B OTBaJaxX MOXKET TMPHUBECTH K
TpaHcopMausiM B MUKPOOHOM COOOIIECTBE M O0ECNEeYHnTh MONABJIEHHE BBIOPOCOB
N20. TlomuuukIu4ecKue apoMaTHYeCKHe COeNUHEHUs OWOyIJis — passlararoTcs

MCIJICHHEE, YEM UCXOJHast 61/10Macca, ABJIAOIIAACA MMOTJIOTUTEIIEM YTIJIEPOAa.

OnHako OOJBLUIMHCTBO HEJABHUX UCCIISIOBAHII MOKA3aJI0 JHUILIb HEOOIbLIOE HITH
HE3HAYUTENbHOE BJIMSHUE Ha ypoxkahHocTh. (Martin Bach, Burkhard Wilske & Lutz
Breuer (2016): Current economic obstacles to biochar use in agriculture and climate
change mitigation, Carbon Management (Tekyimne 5KOHOMUYECKHUE MPETATCTBHUS IS
UCTIONIb30BaHMsI OMOYTJISI B CEJIbCKOM XO3SIHCTBE M CMSATUEHHS MOCIEACTBUI H3MEHEHUS
KiauMata, Ynpasienue Beitbpocamu Yrnepona), DOI: 10.1080/17583004.2016.1213608;
Steffens (2019), Kohlenstoff in den Boden bringen (Buecenue yrinepoma B modBy).
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 (Buecenme Ounouapos B
MECYaHYI0 W WIHCTYIO MMOYBY HE MPHUBEJIO K YBEJIUYEHHIO YPOXKAHHOCTH KYKYPY3bI IIPU
OOBIYHOH CEeNTbCKOX 035TCTBEHHOM MpakTuke. MccnenoBanue mouBbl M 00pabOTKHU MOYBBI)

144, 184 — 194).

CpenHsist CTOMMOCTB OUOYTJISl B HACTOsIIIEe BpeMsl cocTaBiisieT okoJio 400 eBpo 3a
ToHHy. [Ipn ucnonb3oBaHuu okosno 10 T/ra mpuOBLTE OT MOBBILICHUS YPOKAHHOCTH
ouenusaercs B pasmepe ot 1 1o 10 espo Ha ToHHy B roa. IIpu npennonaraeMoMm cpeqHeM
nepuoae mnoiypacnana Owoyriast B 20 Jer ero KpymHoMaciiTabHOE NMPUMEHEHUE B
CEeNIbCKOM XO035HCTBE Moka He BeirogHo (cMoTtpute Bach, Miill und Abfall (2017); BUND
(Coro3 oxpanbl oOkpysxaromeit cpenbl 1 npupoasl) (2015), Terra Preta / Pyrolysekohle —
BUND Einschéitzung ihrer Umweltrelevanz (Ilupommsssiii yronme - BUND Ornenka

9KOJIOTHYECKOro 3HaueHws)). Kpome TOro, COMHHUTENBHO, 4YTO OOBEMBbI OHOYTJIS,



KOTOPBIC NOTCHIHUAJIBHO AOCTYIIHBI B TCUCHUEC IOAd, CMOT'yT YAOBJIICTBOPUTD prHO‘leIﬁ

crpoc.

Taxum 0Opaszom, yunTBIBas TEKYIIYI0 CTOMMOCTb OMOYIJIS, €r0 3KOHOMHUYECKast
11e51eCO00Pa3HOCTh HE MOXKET PEKOMEHAOBATh €ro MOBCEMECTHOE HCIIONb30BAHHE B
CeNbCKOXO3SIICTBEHHOM pacTeHneBoacTBe. Kpome Ttoro, mpomecc npeoOpa3oBaHUs
O6uoMacchl B MUPOJM30BAHHBIN OHOYTOJIb TaKKe HEOOXOAUMO KPUTHYECKH OLIEHHBATD C

TOUKH 3PEHUS COMEPKAHUS 3arPsI3HSIOIINX BELIECTB B MPoaykTe (ocobeHHo [TAY).

B US 2013/312472 packpbiTa KOMITO3ULIMS, COAEpIKAINAs MHPOJU30BAHHYHO
6uomaccy, KOTOPYIO UCIIONB3YIOT JUIS YIIYULISHUS ITOUBbI. Y Ka3aHHAs! MTUPOJIN30BAHHAS
OdromMacca MOKeT comepikaTh Oosee 95 mac.% yrieposa U MOKET MPEACTABISATh COOOM
IPaHYJUPOBAHHYIO KOMIO3UIMIO ¢ YacTuiamu pasmepom 1 mm. B US 2013/312472
YIIOMHUHAETCS, 4YTO Onaromapsi BBICOKOH MOPUCTOCTH OWMOYroib  HAaKaIUIUBAeT
NUTATEJIbHBIC BEIIECTBA U MUKPOOPTAHU3MBI, OJlarofapst 4eMy pacTeHHs PacTyT AakKe B
cuJIbHO NopucThIX nouBax. I[loBepxHocTs BOT ananu3upyroT Ha Halu4due JPEBECHHBI,
COJIOMBI, 3€JIEHBIX OTXOAOB M BOAOPOCIEH U ONPEAENSIOT, YTO OHA HAaXOAMUTCS B

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

US 8 361 186 packpbiBaeT, 4TO Marepuaj OMOMAacChl MOXKET MOJBEPraThCs
NUPOJN3Y, U TAKOH TpaHyJIUPOBAHHBIA MUPOYIJIEPOA MOKET OBbITh HCIIOJNB30BaH B
KauecTBe CTPYKTypooOpa3oBaTessl IMOUYBBL YCTAHOBJIEHO, YTO COAEPKaHUE YIJepona
HaxonuTcs B quanasoHe 10 - 99,5 mac.%, a momaab NoBepxHOCTH B fuamna3oxe 1 - 5000

M2/T.

US 2019/002764 Ttakke pacKpbIBAET KCIIOJB30BAHUE MMHPOJIU30BAHHOTO H
O0OTaIeHHOr0 KHCIOPOAOM OHOYIIs € ONTUMHU3UPOBAHHOH THIPOPUIBHOCTBIO B
KadecTBe cyOcTparta aisi KOHAULMOHUpoBaHus nmouBel. CyOcTpaT mpexacrasiser coOoi
IPaHyJIMPOBAHHBIN MaTepHal C pa3MepoOM YacTHLl A0 3 MM, COAEPKAHUEM yIJIepoaa B

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

Kotpun Bebep u Ilurep Kyukep (Kathrin Weber and Peter Quicker)
NPOaHAJIM3UPOBATIN MHOXKECTBO 00pa3os Onoyris B cBoeii padore Fuel 217 (2018)240-
261. Coneprxanue yriaepoaa HaxoauTcs B auana3zone S0 - 95 mac.%, mIoTHOCTh OHOYTIIs
Haxoautcs: B auamna3one 0,4 - 0,75 r/cm3, oObeMHas IIJIOTHOCTh COCTaBIsIeT 0koio 0,3

r/eM3 u BOT wnaxomgurcs B muamasone 1 - 700 m2/r, m oOmwuii 0o0beM HOPOBOTO



npocTpaHcTBa coctaBisieT 1 - 4,8 cM3/r, a Bce mapaMeTphl 3aBUCIT OT TEMIIEPATYPHI

UPOJIU3a.

OOLenpuHATHIM METOAOM CTHMYJIMPOBAHHUs IPOPACTaHHWs CeMsSH M pocTa
pacTeHHi sABISETCS HAKpbITHE 4YepHOH Qombroil. Hemocratku XOpouio H3BECTHBI:
OTCYTCTBHE MH(HMIBTPALUHU BOJBI, UCIOIb30BAHNE MUKPOIUIACTUKA, AOPOTOCTOSIIUN U

TPYAOEMKHIA CITOCOO, HEraTUBHO BIUSFOLINI Ha JaHamadr.

[Momumo mpoOiieM 5pO3MM M MCTIAPEHUs MOYBBI, CEPbEe3HON MpoOJieMOH BBHIY
BO3PACTAIOLIET0 PUCKA NPOJIMBHBIX NOXKIAEH H3-3a M3MEHEHUsS] KJIMMAaTa SIBJISFOTCS
uHpUIBTpanMs U 3aKynopka BoAbl. ITox 3akymopkoW MOHMMAETCS] CMEIEHUE YaCTHI]
TIOYBBI C €€ MOBEPXHOCTH KAIUSIMH JTOKIS WM IBHKEHHEM BOXbI B LiesioM. Ilpu ymape
Kanesb (rpaj, CHIIbHBIN JOXK b, HETIPEPBIBHBIN 10Kb, OPOLICHNE) TOYBEHHBIE arperaThl
OoJiee MM MEHEe MEXAaHUYECKHU POOSITCS, ¥ TIPU STOM YIAISIOTCS MEJIKHE YaCTULbI HITH
otnenbHble 3epHa. IlocnmencrBust 3akymopku: (1) BrlpaBHHMBaHHE, 3TO TPUBOIUT K
YCKOPEHUIO IOBEPXHOCTHOTO CTOKA; (i1) 3aKkphITHE TOpP MOYBBI, 3TO NPUBOIAUT K
CHIDKeHUI0 Bomomnornomenust (uadmibtpanun) u (iii) OOpasoBaHHe KOPKH IOCHE
BBICBIXAHHSA, 3TO 3aTPyAHSET NPOHHUKHOBEHHE IMPOPACTAIOIINX PACTEHUH depes

MOBEPXHOCTDH MOYBLIL.

3amaveil HAcTOAINEro M300pETeHUs] SBISETCS MPEdOCTaBIeHUE crocoda

CTUMYJIMPOBAHUs POCTa PACTEHUN.

Eme opnHol 3amavell HacTosiero u300peTeHUs SIBJSIETCS TMPENOCTABICHHE
crocoba CTUMYJIMPOBAHMSI POCTA PACTEHHUH 33 CUET YMEHbIIEHUS SPO3UU BETPOM H/HITH

JOXKICM.

Eme onHOH 3amadell HacToOsAlIero W300pEeTEHUs! SIBISIETCS NPEAOCTABIICHHE
croco0a CTUMYJIMPOBAaHUS pPOCTAa PACTEHUH 3a CUET CHIKEHHMsS NOTepb BJArd B

atMoc(epy u obecriedeHus 3a CHET ITOr0 BBICOKOTO COAEPIKAHUS BJIArH B ITOYBE.

B nomonHeHuwe, eme OnHOW 3amadell HACTOSIILETO H300PETEHHs SBISETCS
IPENOCTaBIeHNe CIoco0a CTUMYJIMPOBAHUS POCTA PACTEHHH 3a CUET yBEIHUSHUS
CIOCOOHOCTH TIOTJIOLIEHUsT JIYYHCTOTO TeIla TIOCEBHBIM JIOXKEM, YMEHBIICHUS
noTpeOHOCTH B TOJMBE, CHIDKEHHSI PUCKA 3aKYTIOPKH, 00pa30BaHUs KOPKH, 3aUTHBAHUS

W/VTH TIONTABJICHUS] POCTa COPHSIKOB.



Eme opmHol 3amaueli HACTOSIIEro W300pETEHUs SIBJISICTCS MPENOCTABIICHUE
CTPYKTYpOOOpa3oBaresisi OYBbL, KOTOPBIA MPAKTUYECKH HE COAEPIKHUT HIIM BOOOIIE HE

COACPIKUT NbUIH, HC UMECT 3allaXxa U MOXKET BPEMEHHO XPaHUTBLCA BHE TTOMEILEHU .

Eme onHoli 3amavell HacTosero u300peTeHUs SBJSIETCS TMPENOCTABICHUE
CTPYKTypoOoOpa3oBaressi MOYBBL, C KOTOPBIM JIETKO OOpamiaTbCs W KOTOPBIA JIETKO
HAHOCUTb, YTO TMO3BOJIIET TOYHO JO3UPOBAaTh ero Ojaromaps  4YETKOMY

IPaHyJIOMETPUYECKOMY COCTaBY.

Eme onHOH 3amadell HacToOALIero W300pEeTEHUs! SIBISIETCS NPEAOCTABICHHE
CTpyKTypooOpas3oBaTenst MOYBBL, HE COAEPIKALIEro 3arpsA3HAIOIINX BELIECTB U

0e3BpeNHOTro JIsl IOYBBI U PACTEHUN ake B OONBINUX KOJUYECTBAX.

Eme opHol 3amaueli HACTOSIIEr0 W300pETEHUS SIBJISETCS MPENOCTaBICHUE
YIIePOACOAEPIKALIEr0 CTPYKTypooOpa3oBarest MOYBBL, KOTOPBIH HE TOANAETCS

OMONOTNYECKOMY Pa3JIOKEHHIO U TIO3TOMY HE BBIACISIET YIJIEKHCIIBIN ra3.

Eme onHOl 3amadell HacTosmero W300pEeTEHUs! SIBISIETCS TNPEIOCTABIICHHE
CTPYKTYypoOOpa3oBaTessi MOYBBI, SIBISIOIIETOCS aJbTEPHATHBONH OWOYIJIFO, KOTOPBIH
AOCTYIIE€H IIO paSYMHOﬁ HEHE U B AOCTATOYHOM KOJIMYCCTBE MJIs1 YAOBJICTBOPCHUA

noTpeOHOCTEN PhIHKA.

B HacTosiieM n300peTeHnH NpeayioskeH CyOCTpaT IJisl OCTPYKTYPUBAHHSI ITOYBBI,
COoZep KaLIMiA TPaHyJIMPOBAHHBIN MUPOYTIIEPOA C TNIOTHOCTHIO 1,6 - 2,3 1/cM3, yaenbHOMH
wiomaabio nmosepxuoctu 0,001 - 5 M2/r, pasmepom vactuil 0,3 mm (d10) - 8 mm (d90) u

conepxkanueM yriaepozna 95 - 100 mac.%.

Pasmep wactui Takoil ke, Kak y MeJaKoro rpasusi (0ObrMHO 2 - 6 MM) MM

KpynHoro necka (00br4uo 0,5 - 2 MM).

B HacrosmeM wu300peTeHHM TpeNJIokeH Crnocod CTHMYJIHPOBAHHS pPOCTa
pacTeHul B TIOYBE, KOTOPBIM BKJIKOYAET BHECEHHE B IOYBY IPaHYJIUPOBAHHOIO

nupoyrieposa ¢ pazmepom dactun 0,3 - 8 MM u copepxkanueM yriaepoaa 95 - 100%.

Hacrosimee wu3o0pereHne Takke TMpPEeNyCMaTpPUBAET TNPSMOE IPHUMEHEHHE
IPaHYJIMPOBAHHOTO MHUpOyrJiepona Oe3 Kakoro-iudo Tmpouecca TPaHyJIHPOBAHUS B
Ka4eCTBE CTPYKTYypooOpa3oBaTeNsl MOUBbI I CENbCKOXO3SHCTBEHHBIX YIOAMNA W/HIIN
canoBoxacTBa. lIpenmouTuTenbHO, B JONOJHEHHME K MyJbd€ CEMSH HCIHOJB3YIOT

IPaHyJIMPOBAHHBIN MUPOYTIEPOL.



IIupoyraepon:

CnoBo «mMpoyTriaepon» OTHOCUTCA K TBEPAOMY YIJepony, NMOJYYEHHOMY B
pe3yJipTaTe NMUPOJU3a JIETKUX YIJIEBOAOPOAOB B OTCYTCTBHE KUCIOpPOAa (CMOTpPHTE,
HanpuMmep, Mypaznos, Hasum. "IIpou3BoacTBO BOZOPOAA M3 MCKONAEMOrO TOIUIMBA C
HU3KUM WJIU [TOYTH HyJeBbIM conepxkanueM CO2: cocrossHue u nepcrektussl” ("Low to
near-zero CO2 production of hydrogen from fossil fuels: Status and perspectives.")
MesxnyHapoaHblIit s)KypHas BogoponHoi sHepretuku (International Journal of Hydrogen
Energy) 4220 (2017): 14058-14088). IlpeanodTuUTeNbHBIA TIpaHyJTUPOBAHHBIMI
NUPOYTIIEPON MIPEACTABIISIET COOOH TBEPABII JIEMEHTapHBIN YIIIEPOA BBICOKOH INIOTHOCTH,
NOJIYYeHHBIH OCAKICHHEM Ha YIJIEPOAHBIE TPAHYJbl. JTO MNPEANOYTHTEIbHEE
TEPMUYECKON Ca’KH, MOJYYEHHOW C MOMOIIBI TEPMUYECKHX/TUIA3MEHHBIX MPOLIECCOB,
WJIM HAHOCTPYKTYPHUPOBAHHOTO YIIIEPOa, BEIPALIEHHOIO HA METAJUTHNUECKUX/OKCHUIHBIX

KaTaan3aTropax.

[Tupoyrnepox  MoXer  OBITb  IOJNY4EH  Pa3jIOKEHHEM  Ta3000pa3HbIX
YIJIEBOJOPOAHBIX COCIUHEHUMN, MPEANOYTUTEIBHO PA3JIOKEHUEM METaHA U OCAXKACHUEM
yriepoaa Ha MOAXOASIINE TOJIOKKH (yIIepOaHble MaTepHalbl, METAJIbI, KEPAMHKY U
UX CMECH), MPENNOYTHTEIBHO B Auana3one Temreparyp 1000 - 2500 K u npu naBnerun
B nuanasone 0,5 - 5000 kIla (abc.). CybcTpat MokeT OBITh HOPUCTHIM HIJIM HETTOPUCTBIM
U MOJXET IpPENCTaBIATh COOONM HECYLIYIO IOIJIOKKY B peakrope (TpeaBapUTebHO
YCTaHOBJIEHHAs] 4acCTh) JINOO IPaHyIMPOBAHHBIA U MOPOLMIKOOOpasHelli MaTepuai. [Ipu
UCNOJIb30BAHUH HECYILIEH MOJJIOXKKH, COAEepIKaIlel KaTaTUTUYECKU aKTUBHbIE METaJLIbI,
MPEANOYTUTENBHBIMU SIBJIIOTCS METAJIIBI, KOTOPbIE OKA3bIBAIOT MOJIOKUTENbHOE UITU HE
OKa3bIBAOT BOOOIIE HUKAKOTO BIIUSTHUS HAa MPOPACTAHUE CEMSTH U POCT PACTEHUN U MOTYT
OCTaBaTbCsl B TMOYBE MOAOOHO :keye3dy. [IpennmouTHUTENbHON MOMJIOKKON SIBIISIETCS
yIIIepoCcOoAepIKalias, HaIpuMep NUPOYINIEPOA, YTO O3HAYAET YIJIEPO, MOJYYEHHbIN B
pe3ynbraTte OECKHCIOPOJHOTO TEPMHUYECKOrO  PAa3JIOKEHHs  YIJIEBOAOPONOB B
NPUCYTCTBUM YTJepojcoAepkKallell MOANOoXKKU npu Temieparypax > 1000°C. Pasmep
YaCTULl MPEANOYTUTEIBHON HECYIeld MOMJIOXKKH HaxoauTcs B auanasoHe 0,3 - 8 mm,
npeanoututensHo 0,5 - 5 mvm, Gonee npeanouturensHo 1 - 4 MM. PazioxkeHne Moker
OBITH PEATM30BAHO B BUJE HETIOABIIKHOTO CJIOS, IOABMXKHOTO CJIOS, TICEBAOOKIKEHHOTO
CJI0s WM YBJIEYEHHOro mnortoka. IIpousBoacTBO mupoyriepona HE OrpaHUYHUBAETCS
KOHKPETHBIM HCTOYHMKOM 3HEPrHH, BO3MOXKHBI TPOU3BOACTBEHHBIE PEAKTOPHL,

pa6OTaIOH.II/Ie Ha UCKOIMA€MOM TOIUINBE, C SJICKTPUICCKUM HUJIU MJIA3MEHHBIM HAIrpE€BOM.



IITupokuii CHEeKTp MHUKPOCTPYKTYP, HANPHUMEP, U3OTPOMHBIN, IUIACTHHYATBIN,
3apOABIIIEBbI HA MOMJIOXKKE W C PA3JIUYHBIM COAEPKAHMEM OCTAaTOYHOIO BOAOPOAA
MOXKET BCTPEUYaTbCsd B MUPOYIJIEPOAE B 3aBUCUMOCTH OT YCJIOBUM OCAKICHHUS
(TemnepaTypsbl, TUIA, KOHLIEHTPALIMHU U PACXOAA UCXOAHOrO rasa, IO 1 NOBEPXHOCTH

NOACTHJIAIOLIEH MOAJIOKKH U T.J1.).

OOBIYHO TIOTHOCTD MUPOYIIIEPOaA HAXOAUTCS B Auana3one 1,5 - 2.5 r/em3, 1,6 -
2,3 r/cm3, npennoururenbHo 1,8 - 2.2 r/cm3, Oonee npennouruteabHo 1,9 - 2,15 r/em3
(peanbHass tioTHOCTL B Kcwmionie, ISO 8004). OObvHO 0OBEMHAsi TUIOTHOCTH
MUPOYIIepoaa HaxoauTcest B auamna3one 0,5 - 1,5 r/cm3, npennouyrurensho 0,6 - 1,3 r/em3,

6osee npennourutenbHo 0,7 - 1,1 r/eMm3.

Kak mpaBuiio, comepskanue yriepona B MUPOYTIEPOE HAXOMUTCA B AHAMA30HE
95 - 100 mac.%, npeanoututenbHo 98 - 100 mac.%, Oonee npenmouyrurensHo 99 - 100
mac.%, eme dosnee mpenmnoutuTesibHo 99,5 - 100 mac. %, emme 6osee 99,75 - 100 mac.%,
eme Oonee 99,9 - 100 mac.%. OOb/MHO mMpUMeECSAMH NHPOYIIIEPOAa SIBISIFOTCS: S B
nuanazone 0 - 1 mac.%, npennoururensho 0 - 0,5 mac.%, Oonee mpenmodtuTebHO 0 —
0,1 mac.%. Fe B nuanaszone O - 1000 u./muH., npeanouruteibHo 0 - 500 u./miH., Ni B
auamnazone 0 - 250 u./mnH., npeanouyruresbHo O - 100 u./mnH., V B nuamaszone 0 - 450
q./MJH., npeanoututensHo 0 - 250 u./miH., Oonee npennouturensHo 0 - 100 1./mmH. Na
B auanaszone 0 - 200 u./muH., npeanoururenbHo 0 - 100 u./mmnH. Kucinopon Haxoaurcs B

aunanazoHe 0 - 100 4./MJIH., IPEATIOUTHTENBHO HIKE Tpeniena OOHapY KeHHUS.

OOBIYHO pa3Mep YacTHUll TPaHYJIMPOBAHHOIO MUPOYIJIEPOA, HENOCPEICTBEHHO
oOpa3yroimerocss B  pe3yJbTaTe pa3JIOKEHUsS ra3000pasHBbIX  YIIIEBOAOPOIHBIX
coenuHeHui, HaxonuTcst B quanasone 0,3 MM (d10) - 8 mm (d90), mpennoururensho 0,5

MM (d10) - 5 mm (d90), 6onee mpennmouturensHo 1 MM (d10) - 4 mm (d90).

@®pakuus pazmepoMm yactull MeHee 0,1 MM, npeanodyrutenbHo MeHee 10 MkwM,
Oojiee MPEANOYTHTESIHHO MEHee 5 MKM cocTaBisier He Ooyee 20 mac.4./miH., Oonee
MPEINOYTUTENILHO cocTaBisier He Oonee 10 mac.u./miH. @pakiusi pa3MepoM HacTHIl
meree 0,1 MM, mpeanouTuTeibHO MeHee 10 MkM, OoJiee PENOYTUTETHFHO MEHEE S5 MKM,

HaxoauTcs B auana3one 0 - 20 mac.4./mitH., npeanoutuTesibHo O - 10 Mac.1./MiH.

IIpn HEOOXOAMMOCTH, TPAHYJIMPOBAHHBIA MHUPOYIJIEPON, HETOCPEACTBEHHO
OoOpa3yroImuiicss B  pe3yJbTaTe pas3jioKeHUs Tra3000pa3HbIX  YIJIEBOAOPOIHBIX

COEMHEHUH, MOXeT ObITh KiacCU(ULUPOBAH MO KEJAEMOMY pasMepy YacTHLl WIN
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KEIAEMOMY I'PaHYJOMETPUYECKOMY COCTaBY, €CJIH 3TO HEOOXOMUMO Uil KOHKPETHBIX
oOyacTtell MPUMEHEHHs] B CEJIbCKOM XO3siHCTBe. [l TakMx MpOIeccoB OTAeIeHHs!/

KJjaccuuKanuu OOBIMHO UCTIONIB3YIOT YHUBEPCANIbHBIN KiIacCuuKaTop.

Kak npaBuiio, pasmep KpuctamioB (Au(ppakLUOHHBIN PEHTIEHOBCKHI aHAIN3) B
MUpoyTIepone HaxonuTes B quanaszone 20 - 60 A, npennouturensho 30 - 50 A, (XRD,
ISO 20203).

Kak mpaBuio, mopuctocte rpanyibl nupoyriepona cocrasisger 0% - 15%,
npennoututenibio 0,2% - 10%, nambonee mpenmoururenbHo 0,2% - 5% (pTyTHas

nopometpusi, DIN66133).

Kak mpaBwiio, yaenpHasi IJIOIIAAb MOBEPXHOCTH IMHPOYIJIEPOaa, HU3MepsieMast
MetonoM ptyTHOH nopomerpuu (DIN66133), mHaxomurcsa B quanasone 0,001 - 10 M2/,
npeanoututensHo 0,001 - 5 m2/r, Sonee npennmouturensHo 0,01 - 2 M2/, eme Oonee

npennoututessHo 0,05 - 2 M2/T.

IMupoyrnepon  mpexncraeisier  coboit  ruapodoOHBI  Marepwan  C
NpEeANOYTUTECIIbHBIM ~ KPA€BbIM  YIJIOM CMadMBAHUA  Kall€jlb  BOJbI 6onee 70,

npeanoututensHo 6osee 80, bonee npeanouTuTenbHO Gomee 90.

Kak mpaBuio, rpaHyjaupOBaHHBIA MUPOYIJIEPOA, MOJYYEHHBIM Pa3I0KEHUEM
ra3z000pa3HbIX YII€BOAOPOAHBIX COSIUHEHNI U OCAKIAEHHEM YIIIepo/ia Ha MOAXOASAIINE

NMOAJIOKKH, HC CKJIOHEH K o6pa3013aHmo ITBbLIN.

IIpeanoururenbHO, rpaHyJIMPOBAHHBIN NUPOYINIEPO, OJYUEHHBINH Pa3JI0KEHUEM
ra3000pa3HbIX YIIIEBOJOPOIHBIX COSNUHEHHH U OCAKACHUEM YIJIEPO/a Ha MOAXOSIINE
IMOJJIOXKKH, MOXET HEMMOCPEACTBCHHO OBITh HUCIIOJBb30BaH B Ka4yeCTBE
CTPYKTYpooOpaszoBatTesisi mouBbl. [IpennoYTuTEeIbHO HET HEOOXOUMOCTH B KAKOM-JIU0O
JTarne rpa”yIupoBaHus. [IpeqnoYTuTenbHO HeT HeOOXOAMMOCTH AO0ABIISATh CBA3YIOLIEE

B€IICCTBO, HAIIOJIHUTEJIb U T. .

Pa36pacmBaHI/1e I'PAHVJIHUPOBAHHOI'O IUPOYIJICPOaa.

CtpykrypooOpa3oBaTesib TOYBBI MOXKHO pa3dpachiBaTh WM TPHUMEHSTbh Ha
CEJIbCKOXO3SICTBEHHOM TMojie (mouBe) B KojudecTBe B auama3oHe 0,5 - 500 T/ra,

npeanoututensHo 2 - 200 1/ra, 6oxee npeanodtutensHo S - 20 T/ra.

Tommmua  caos  CTPYKTypooOpa3oBaTesii  IMOYBBL,  MPEANOYTHTEIBHO

NEPCKPBIBAKOIICIO IMOCEBHOEC JIOKE, MOXKECT BapbUPOBATBCA B 3aBUCUMOCTU OT
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Hpeo6na)1afoumx YCJ'IOBI/Iﬁ NoCaaKH, TAKMX KaK BJIAXKHOCTb IMOYBLI, THUII BBICA)KMBACMbIX

pacTeHuy u T. 1.

OOBIMHO TOJNIIMHA CJIOST CTPYKTYPOOOpa3oBaTesisi MOYBbI MOXKET COCTABIATH 0,5
MM - 50 MM; mpeanouTuTeabHo 1 MM - 20 MM, Haubonee MPEANOYTHTENBHO, S MM - 15

MM.

brnarogapst Takoil TpaHyJHUPOBAHHOUN (opMe CTPYKTypooOpa3oBaTeNb JIETKO
HAHOCHUTCSI U BHOCHUTCS B MOYBY. CTpyKTypooOpa3oBaTesb MOYBbI MOKHO BHOCHTBH C
UCTIOJIb30BAHHEM XOPOIIO H3BECTHOTO pazOpachiBaTeNs, Hampumep, pa3OpachIBaTelb
ynoOpeHUH, KOTOPBI MOXKHO TOJIKATH/TSIHYTh BPYYHYIO WM TpakTtopoMm. Ilpu
HEOOXOIMMOCTH, CTPYKTYpOoOoOpa3oBaTeNb MOYBBI BHOCUTCSI B BEPXHUI CJIOH MOYBBI C
MOMOIIBIO  TOYBOMOATOTOBUTENbHON TEXHUKH, & B KauecTBe aJbTepHATHBbBI

CTPYKTYPOOOpa30BaTENIb OCTABIISIOT HA TOBEPXHOCTH TTOYBHI.

ITpu HEOOXOOUMOCTH, JaHHBIN CYOCTPAT IJII OCTPYKTYPUBAHUS TIOYBBI MOKHO
HAHOCHTD B BHJIE CJIOSI IOBEPX MOYBBI IO TOTO, KAK CEMEHA OyIyT BbICAXKEHBI HIIH TIOCIIE
storo. IIpenmyiiecTBo NpUMEHEHHs MOCJE MOCEBA CEMSIH 3aKJII0YAEeTCsl B TOM, Y4TO 3TO
NIO3BOJIIET U30€XKATh pPaspyLIEHHs CII0sI IPaHyJIMPOBAHHOTO TUPOYTIIEPOIa MOCIEAYFOIIUMU

onepanusaMu 1nocena.

CrtpykrypooOpa3oBaTelib MOYBbI MOKHO HAHOCUTH B BHJI€ OJHOTO CJIOSI HA BCE
IIOCEBHOE JIOJKE WM, B KAU€CTBE aAJIbTEPHATUBHBI, €M0 MOKHO HAHOCUTD Y3KOMH MOJIOCOH,
MOKPBIBAOLIEH TOJBKO TOCEBHON psiA. B eme OnHOM BapuaHTe OCYLIECTBJICHUS
u300peTeHHs CTPYKTYpOOoOpa3oBaTENb MOYBbI MOKHO HAHOCUTH MEPUOIUIECKUMH HITH
NPEPBIBUCTBIMKE  MOJIOCAMH MO TOCEBHOMY psAny Ui OOJerdeHusi oOnepauui

MIPOPEKUBAHUS.

IIpu HeoOxomumocTH, CyOCTpaT I OCTPYKTYPUBAHHSI IIOYBBI MOKHO
CMEUINBATh C OPYTUMH YacTO HCIOJNB3YeMbIMU CyOCTpaTaMH JUIsl OCTPYKTYPHBAHUS,
TAaKUMH KaK yIOOpEHHsI, U3BECTKOBBII MaTepua, OOIEeN3BECTHBIN MOYBOYIIYULIUTENb,
cpema IUid BBIPALIMBAHUS, WHTUOUTOP W/HWIM OWOCTUMYJISITOD PACTEHUH COTJIACHO
Hopmam Permamenta (EC) 2019/1009, um mnpumeHsaTs B KaudecTBe cMecH. llpu
HEOOXOIMMOCTH, pa3Mep 4acTHLl cyOcTpaTa Al OCTPYKTYPUBAHUS MTOYBBI MOXKET OBITH
ananTHpPOBaH K CyOCTpaTy Aiisi COBMECTHOTO OCTPYKTYPHBAHHWs, HampHMep, dUepes

KJIacCH(PUKAIHUIO.
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ITpu HEOOXOAMMOCTH, HACTOSIIMN CYOCTPAT JIst OCTPYKTYPHUBAHMS IIOYBBI MOXKET
COIepPIKaThb pAa3IMYHbIe OpPraHUYECKHE WJIM HEOpraHuveckue A00aBKH, Hampumep,
arpOXMMHUYECKH AKTUBHOE BEIIECTBO W3 TIpynmbl (PyHruumaoB, OaKkTEepULIUAOB,

repOMLIUIOB U/WIIN PETYIISITOPOB POCTA PACTEHHIH.

IIpeumyiiecrsa:

B nanHOM ciiydae ObUl HaliieH CTPYKTYpOOOpa3oBaTesb IMOUYBBI, KOTOPBIA HE
COAEP KHUT MbUIM, HE UMEET 3amaxa, MPOCT B OOpaIleHWH W MPUMEHEHHH. YTIEpON,
TIOJTYYEHHBIN B Pe3yJIbTaTe Pa3jIOKeHHs ra3000pa3HbIX YIIIEBOAOPOIHBIX COSIMHEHMUIA,
MO3KET OBITh HETTOCPEICTBEHHO UCTIOJIb30BAH B KAUeCTBE CTPYKTYPOOOPa30BaTENS TOYBbI

6e3 Kakoro-1mbo 3Tamna rpaHyJIHPOBAHMUS.

Hacrosimuii  cTpykTypooOpa3oBaTesib TMOYBbI MOXKET OBITh HCIOJIB30BAH B

Ka4eCTBEC MYJIbYUU, BEPXHETO CJIOsA, U €0 HE HY>KHO BHOCUTDH B IIOYBY.

Kpome Toro, yrmepoxnconepkamiuii CTPYKTYpooOpa3oBaTesb MOYBBI MOMKET

OCTaBaThCs B TIOYBE O€3 MPEBPALCHUS B YIJIEKUCIIBIH ras3.

Kpome Toro, naHHbIi CTPYKTYpooOpa3oBaTesb CHUKAET 3PO3HI0 TIOYBBI BETPOM.
Kpome Toro, crpykrypooOpas3oBarenb MOYBBI 10 HACTOALIEMY H300PETEHUIO,
UCTIONIb3YEMBIH B KaUECTBE MYJIbYH, YMEHbBIIAET IMOTEPIO BJIATU U3 MOYBBI B aTMOChepy
Y TeM CaMbIM COXPaHsET BbICOKOE COAep kaHue Biaaru B nouse. Hecmorpst Ha TO, uTO 3Ta
uHpopmanus yxe Obuta mpusemena B WO 2012/15313, stor s¢dexT coxpaneHHs
BBICOKOI'O COZIEP KAHUs BJIATU B TOYBE HEBO3MOXKHO U3MEPUTD IIPU UCTIONb30BAHUH CAKU
B KaU€CTBE CTPYKTYpOOOpa3oBaTeis MOYBHI IIPH TOM K€ HOpMe BHeCeHus (Hanpumep, 16

T/ra).

JlaHHBIH CTPYKTYypoOoOpa3oBaTeb MOUYBBI JEMOHCTPHPYET XOPOILIHE CBOWCTBA

I/IH(I)I/IJ'II:;TpaLII/II/I 1 3aKYTIOPKH BOJAbBI, d TAKXKE XOPOLIYIO TMAPOIPOBOAHOCTD IMOYBbI.

JIaHHBIA CTPYKTYpOOOpa3oBaTesb MOYBBI MOXKET YAOBJIETBOPUTH PHIHOYHBIHA
cnpoc. Hebonbioii 3aBoa Mo MpOM3BOACTBY Bomopoaa oObraHO mpoussoaut 10 000
HM3/4 BOIOpOIA C WCIONB30BaHMEM mupojn3a MertaHa, 21 400 T/roxg mupoyriepona
Oyzmer NpOW3BOAMTHCS B KadeCTBE MOOOYHOTO MPOAYKTA, 3aBOA MO MPOHU3BOIACTBY
BONIOpOAa cpenHero Macimrada oObraHO mpou3BonutT S0 000 HM3/4, U TakuM 0Opa3om,
nogay4daercst 107 000 T/rox nmupoyriepoaa B kKadecTBe MOOOYHOrO MPOAYKTA, & KPYIHBIN
3aBOJ] TIO MPOU3BOACTBY Bopopoaa oobraHO mpoussoguT 100 000 um3/4, yro maer 214

000 T/ron mupoyriaeposa B KauecTBe MoOOYHOro MPOAYKTA.



ITpumep:

1 CpaBHeHue nupoyriepoaa ¢ buoyriem

XapaKkTepUCTUKU!
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B paMKax SKCICPUMEHTOB UCIIBITAHUA ObLTH IMMPOBEACHDBI C I'PaHYJIMPOBaAHHBIM

IHPOYIIIEPOOM B OHOyTIIeM:

Tabnuua 1: XapakTepucTuka rpaHyJMPOBAHHOTO MUPOYTIIEPOIa U OUOYTJIS

I'panyauposannsiii | buoyroms 1 | Buoyroms 2 | Buoyroms 3 | buoyrons 4
MHPOYTICPOA

Buoyroms Hsrotosnen | Usrorosnern | Usrorosaen | Usrotoenen
u3 U3 KOPHS U3 3CNEHBIX | U3
JPEBECHUHBl | BUHOTPAAHOU | YEPEHKOB MNINICHUYHOU
e J03BI (Hochschule | comomsr
(Prodana (Hochschule | Geisenheim | (Hochschule
GmbH) Geisenheim | University) | Geisenheim

University) University)

Conmepkanue | 98 mac.% 86 mac.% Sk Sk Sk

yriepoaa

Pazmep 1,5-2,0 mm 1-2 MM SkE kK 1-2 MM

JaCTHUIT

BOT <0,05 M2/t 58,9 M2/r Sk S 113 M2/r

IMosepxuocts | 0,13 M2/r 82,1 m2/r -k -k 156 m2/r

Jlenrmropa

ITnotHOCTH 1,93 +£0,03 r/cm3 < 1* r/ecm3 1,13 £ 0,01]0,95 £ 0,13 | <1* r/cm3

r/cm3 r/cm3
O6bemuas 1,28 r/cm3 0,227 r/ecm3 | -** SkE 0,187 r/cm3
IIOTHOCTh

* IIaBaeT Ha MOBEPXHOCTH, TAXKE €CITH PACTBOP CONEPIKUT YBIIAKHSIOIIUI peareHT

** NaHHbIE TOKA HEAOCTYITHBI

I'panynupoBaHHbII MUPOYTJIEPO] MOdyYald Pa3oKeHUEM NMPUPOAHOrO rasa u

HAHECEHHEM Ha HOCHTENb IMPOKAJIEHHOrO0 HE(PTSIHOro KOKCa (HOCHTENIbh C Pa3MepoM

gactul 0,5 - 2,5 MM, conepskanuem cepsl 1,1 mac.% U HCTUHHON MIJIOTHOCTBIO B KCUJIOJE

2,09 r/cm3) B kumsieM cioe npu remneparype 1100 - 1300 °C u naBnenuu 1 - 2 Gap (abc.).

BOT: usmepena B coorBercTBuu ¢ onucanueM B DIN ISO 9277
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[TnoTHOCTE: YaenbHBIN BeC (IJIOTHOCTB) OINPENENSIN M0 3aKOHYy ApXHMena B
yuctoii Bome (cM. Bukumenuro). YacTh s3KcCreprMeHTOB ObLla TPOBEAEHA B BOAE C
noOaBIeHNEM YBIAXKHSIOIETO peareHTa JJisi CHWKEHMs MOBEPXHOCTHOTO HATSKEHUS
BOZBL, 4TOOBI U THAPO(OOHBIE YaCTUIIBI MOTJIN TIOTPYKATHCSI B BOLY, €CJIN yIEJIbHBIN BEC

cocrasisier > 1 r/ecm3.

Ob6wvemuass minotHOoCcTh: ASTM C559 «CraHpmapTHBI METOA ONpeneIeHus
00BEMHOM MJIOTHOCTH MyTeM (PU3UUECKOTO U3MEPEHHs POMBIIUICHHBIX YIJIEPOAHBIX U

rpapUTOBBIX M3AETUID
COM (cMm. @urypy 2):

OObpasupl mupoyriepoga U OWOYIJs OOpBI3THBANM TApaMHu IUTATUHBI U
¢dororpadupoBanu C TMOMOIIBIO CKAHUPYIOIIErO 3JIEKTPOHHOIO MHKPOCKOMa Zeiss

Gemini SEM 500.
2 Betposast 3po3us

Monenb 3KCHepUMeHTa. Y CTaHOBKA a’pOJMHAMHUYECKON TPYOBI C IpPagHEHTOM
pa3NUYHBIX CKopocTel BeTpa oT 0 kM/4 10 7 KM/4 (M3MEPEHO PYYHBIM a3POMETPOM
Lechler Pocketwind IV, xoropblii momernanu Ha mnepeBepHyThle yamku Iletpu, Ha
KOTOpbIE TaK)K€ HAHOCHIIM MaTepHualibl (MUpOyriepon, caxa, ouoyrons 1, Ouoyrons 4 B

CYXUX YCIIOBHSIX).
2.1 CxopocTb BeTpa

IlepeBepuyTeie uamku Ilerpu, Ha KOTOpbIE BbIKJIAAbBANIM 1,5 © Marepuana,

MOMEINAJIH B a3POJUHAMUYECKYIO TPYOy U YBEJIHMYUBAIN CKOPOCTh BETPA.

Tabnuna 2: CkopocTb BeTpa, C KOTOPO MepBble YaCTULIBI ObLITH CHECEHBI C YalleK

Iletpu
CxkopocTb BeTpa
IMupoyraepon 5,5 KM/
Caxa 3,6 kM/u
Buoyromns 1 1,6 xm/4
buoyrons 4 1,4 xm/4
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2.2 Ilorepu marepuaia

IlepesepHyTeie uamku Ilerpu, Ha KOTOpBIE BbIKJIAAbIBAIM 1,5 © Marepuana,

NOMEINAJIN B a3POAMHAMHUYECKYI0 TpyOy mpu ckopoctu Berpa 6,4 km/4. Ilocne 5 mun

BO3/IEHCTBUSI BETPa OCTaBLIMINCA Ha yamkax [letpu Matepuan B3BelIUBaIU.

Tabnmuua 3: Matepuai, ocraBmmiicst Ha yamkax [lerpu nocne 5 MuH Bo3neiicTBUs

Marepuan, ocTaBLIMICS Ha

yamkax [lerpu [r]

Marepuan, ocTaBlINICS HA

yamkax [lerpu [%]

IIupoyraepon 1,49 r 99 %
Caxa 1,38 r 93 %
buoyrosns 1 0,58 39 %
buoyrons 4 0,54 r 36%

IIokpbiTHE BEpXHEro CjaOsl MO4YBBI MHUPOYIJIEPOAOM WIIH CaXeHd YMEHbLIAeT

5PO3UOHHOE BO3NEHCTBHE BeTpa Onarojapsi BBICOKOH IUIOTHOCTH M MaJIOH IUIOINAAH

MOBEPXHOCTU. buoyromns,

MMEIOIIUNA HU3KYK) IUIOTHOCTb M CTPYKTYPHUPOBAHHYHO

MOBEPXHOCTH OONBLION TUIOMAAN, OOeCTIeYrBaeT OONBIIYI0 KOHTAKTHYIO MOBEPXHOCTH

AJist BETPA B CYXUX YCJIOBUSAX.

3 CpaBHeHUE MUPOYTIIepOia ¢ caxei

XapaKTepUCTUKH:

B pamkax 5KCHEpHMEHTOB HCIBITAHHUS OBLIM MPOBENEHBI C I'PAHYJINPOBAHHBIM

MUAPOYTJIEPOJIOM U CaXKEH:

Tabnuua 4: XapakTepucTuka rpaHyJIMPOBAHHOTO MUPOYTIIEPONA U CAXKH

I'panynuposannsiii | Caxa
MUPOYTIIEPON (Cancarb Thermax N990 ultra pur)
Conepskanne yriepona 98 mac.% >95 mac.%
Pasmep vactun 1,5-2,0 mm 280 Hm
bOT <0,05 M2/ 10,3 m2/r
ITosepxuocts Jlearmopa | 0,13 M2/t 15 M2/t
IInotHOCTH 1,98 r/cm3 1,7-1,9 r/cm3
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I'panynupoBaHHBI NUPOYIIIEPOA MONYYadU PA3JI0KEHUEM NMPUPOAHOIO rasa u
HaHECEHHEM ITPOKAJICHHOr0 He(PTSIHOTro KOKca Ha HocuTelsb (¢ pasmepom yactun 0,5 - 2,5
MM, comepykanueM cepbl 1,1 mMac.% U UCTHHHOMN TUIOTHOCTBHIO B Kcmioie 2,09 r/cm3) B

kursimeM cioe npu temrneparype 1100 - 1300 °C u naBnenuu 1 - 2 Gap (abc.).
3.1 ObpazoBanue GuomMaccs:
[Tpumenenwue (cm. Dur. 1) u METOIBI UCTIBITAHUN

BererauiOHHBIN OMBIT ¢ KYKYPY30i:

IMouy JlumbOyprepxod (cyrmuuucteiii mnecok, pH 6,8) wucnons3oBanmu B
«BETETALIMOHHBIX COCyAax MuTdepanxay, HAOJHEHHBIX 6,4 KI' CyXOil MOUBBI B KaKJIbIN
ropimok. B kauecTBe OCHOBHOrO ynoOpeHHs] B KaKIOM TOpPIIKE UCTOJb30BaIu 99 mr
marHust B Bune MgSO4 u 0,436 T ¢pocdopa, 1,1 r xanus B suge KoHPO4 u 1 r HaTpus B
Buzae NH4NO;.

Obpasubl yriaepona imbo paBHOMepHO cMmemanu ¢ nouBoil (IIpumenenwue,
obpabotka A), muOO paBHOMEPHO CMemaju ¢ 1 Kr MouBbI, KOTOpas ObLia IMOMEIIeHa
NOBEPX APYTUX HEM3MeHeHHbIX 5,4 kr noussl ([Ipumenenne B), mubo obpasie! yriaepona
MOMECTHJIM TOBEPX MOYBBI MOCHE MOSIBJICHUS BCXONOB KYKYPY3bl u€pe3 NEBATh HEU
nociie nocesa (IIpumenenue C), cm. @ur. 1.

IIpu niomaau noussl 314 cm? Ha ofuH ropiok 2, 4, 8, 16 T C/ra paBuo 6,3, 12,5,
25, 50 r W/TOpUIOK COOTBETCTBEHHO.

[ITecTh ceMsiH KYKypy3bl OOBIKHOBEHHOW COPTa K AMaZie0» BBICESUTH B TOPIIKH (5
utoHss 2019 r.). Ilocne mnosiBNeHUs BCXOAOB pAcCTeHHs] CHaudaja pPaBHOMEPHO
MIPOPEKUBATIN IO TPEX PACTEHHH B TOPIIKE, a 3aT€M O OJAHOTO PACTeHHUs] B TOPIIKE,
KOTOpPO€ Jajiee KyJbTHBHPOBAIM [0 TIOJHOTO co3peBaHus. B kauecTBe BTOpOH
nonkopMku ropiku yaoopsuiu 1 r N B Buge NH4NO3 1, HakoHel, B KaUeCTBE TPETbel
MOJKOPMKH B KKIBIN FOPIIOK BHOCWIU 6,7 T KOMILIEKCHOTO ynoopenus Nitrophoska®
perfect (15+5+20S+2+8+ cienoBbIX 3;1eMEHTOB) 28 UIOHSI.

Kaxnyro omepammio oOpaOOTKH yriiepoaoM MOBTOPsUIM 4 pas3a, Tak 4TO C
HEOOpaOOTaHHBIM KOHTPOJIBHBIM 00pa3lioM MPOBOAWMIN B OOINEH CIOXKHOCTH 8
NOBTOPHBIX 00paboTok. ['OpIiKM pa3MecTHiN TOJHOCTBIO CiydaiiHeIM 00pa3oM Ha
KOHBeliepHOM cTojie B BereraumonHom 3aje B JlumOyprepxode u moasepraiu
BO3JICHCTBHIO €CTECTBEHHOIO OOJIyueHHsI U TeMIIEpaTypbl C MOMEHTa ToceBa 10 cbopa
ypokast. @yHKIHUST U XapakTepucTuku BererannonHoro 3ama B JlumbOyprepxode Obutu

ornucanbl FOHrom (1967).
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C nmnoHenenpHUKAa MO TMATHULYY TOPLIKM TOJUBajd JBa pa3a B JI€Hb B
MOJIyaBTOMaTHYECKOM pEeKUMEe Tocjie B3BewnBaHus 10 70% OT MakCHUMalbHOU
BONOyAepKkuBaromel crnocobHoctn mouBbl. (Pasmuumsi B Bece TOPILIKOB U3-3a
nobasieHust 00pa3LoB yriiepoaa YUUThIBAIN MO AOMOIHUTEIbHOMY Becy). B cyb0oty u
BOCKPECEHbE MOPLIKHU ITOJIUBAJIHU 1Ba pa3a B IEHb COMIACHO IMPUHLUIIAM CaJOBOJCTBA 110

Mepe HeoOXOAMMOCTH Oe3 B3BEIINBAHHSI.

VYpoxkait cobupanu 2 OKTAOps MyTeM pasnejeHus modera Ha IMOYATOK W
OCTaJIbHYIO YaCTh PACTEHUs, YTOObI MOKHO OBLIO OMpENeNuTh Kak olllee Coaep:kaHue
cyxoro Bemectsa (Tabn. 5), Tak u comep:kanue cyxoro BeuiectBa B nmouatke (Tadm. 6)
NIOCJIe CYIIKU PACTUTEIbHONH OMOMAcChl B MEYHM C MPUHYAUTEIbHONH BEHTHISILMEH NPU

80°C 1m0 mMOCTOSIHHOTO Beca.

[IpumeHeHne A: paBHOMEpPHOE CMEIIMBaHUE CO BCel mouBoi B ropmke (0 - 15
cM™, 6,4 KT TIOYBBI)

IIpumenenne B: paBHOMEpHOE NEpEMELINBAHNE TOJBKO C BEPXHHUM CJIOEM MTOYBBI
(0 -3 cm, 1 Kr mouBEI)

IIpumenenue C: MyapurpoBaHHe MOBEPX MOUBbI Uepe3 9 nHel nocie NnosBIeHUs

BCXOJIOB.
3.1.1 Ilpumenenue (cm. Dur. 1) u MeTOBI HCIIBITAHUN

@urypa 1: ITouBy oOpabareiBanu nBymsi opMamu yriepona (IHPOYIIEPON,

caxka) C Pa3HOM CKOPOCTBIO U B Pa3HBIX MECTaX.
3.1.2 CpaBHeHHE pe3yIbTaTOB UCTIBITAHUH

Tabmuua 5: OOmee KONMMYECTBO CyXOro BeINECTBa MOOErOB Ha pacTEHUE
KYKYPy3bl U TOPLIOK B rpaMMax, KaK CpefaHee 3HaYeHHe N MOBTOPEHUH, + CTaHAapTHOE
OTKJIOHEHHE M KaK NPOLEHT OT HeoOpaOOTaHHBIX KOHTPOJBHBIX 0OpasmoB = 100%.
Pacnpenenenne nupoyrnepona (Pyro-C) u caxxu («nmpuMeHeHHe») rmoka3aHo Ha durype
1. «-» o3Hauaer, 4yro oOpabotky He mnpoBomwin. Craructuka (omHO(PAKTOPHBIH
IVMCTIEPCUOHHBIA aHANIM3). H.C. = HET CYLIECTBEHHOW Pa3HHULBI MEXKAY CPEACTBAMH
KOHTPOJIst 1 00padoTky, (+) = pasuble ¢ P <0,1, * = cymecrBenHo pasneie ¢ P <0,05, **

¢ P <0,01, *** ¢ P <0,001.
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[Mpume [Kontpon | Pyro-C Pyro-C | Pyro-C | Pyro-C Caxa Caxa Caxa Caxa
HCHHC [pHBIC (2 1/ra) (4t/ra) | (81/ra) |(l67/ra) | (27/ra) | (4 1/ra) | (8 /ra) | (16 1/ra)
pacTeHUs
A 105,2 113,38+ 1053+ | 1133+ 114 4+ 1132+ | 1176+ 115,74 | 116,4+
+5,9 15,3 75 13,6 15,9 4.1 53 13,2 4,7
m=8) | (n=4) m=4) | (n=4) (n=4) m=4) | m=4) | (n=4) (n=4)
(100%) | (108%) | (100%) | (108%) | (109%) | (108%) | (112%) | (110%) | (110%)
H.C. H.C. H.C. H.C. * o H.C. o
117,7+£12.7 (n=16) (106%) * 115,7+7.2 (n=16) (110%) **
B 105,2 - 1092+ | 118,5+ 111,9+ - 108,0+ | 1105+ | 102,0+
+5,9 11,8 7.1 13,5 13,8 55 6,6
(n=213) n=4) n=4) n=4) mn=4) | (n=4) n=4)
(100%) (104%) | (113%) | (106%) (103%) | (105) (97%)
H.C. i H.C. H.C. H.C. H.C.
- 113,2£10,9 (n = 12) - 106,8 £9.3 (n = 12)
(108%) H.c. (+) (101%) n.c.
C 105,2 - - 125 5+ 1131+ - - - 1043+
+5,9 6,0 10,3 13,0
(n=23) n=4) n=4) n=4)
(100%) (119%) | (107%) (99%) H.c.
*xE H.C.

Tabmuma 6: OOmee KONMMYECTBO CYXOro BELIECTBA B IOYaTKE HA PAcTEHHUE

KYKYpy3bl U FTOPLIOK B rpamMmax, Kak CpefiHee 3Ha4€HHE N MOBTOPEHUM, + CTAHAAPTHOE

OTKJIOHEHHE M KaK MPOLEHT OT HeoOpaOOTaHHBIX KOHTPOJBHBIX OOpa3LOB

100%.

Pacnpenenenne nupoyrinepona (Pyro-C) u caxxu («mpuMeHeHHne») rmokasaHo Ha durype

1.

«-» O3Hauvaer, 4ro oOpaboTky He mnpoommiu. Crartuctuka (OIHO(AKTOPHBIN

OUCTIEPCUOHHBIN aHAIN3). H.C.

= HET CYUIECTBEHHOM pa3HULbI MEXAY CPEeACTBAMH

KOHTPOJIst 1 00padoTky, (+) = pasuele ¢ P <0,1, * = cymecrBenHo pasneie ¢ P <0,05, **

¢ P <0,01, *** ¢ P <0,001.
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[Tpumene | Kontpons |Pyro-C | Pyro-C | Pyro-C | Pyro-C |Caxa Caxa Caxa Caxa
150506 HBIC (2t1/ra) |(4T1/ra) [(8T/ra) |(161/ra) |(21/ra) |(41/ra) |(81/ra) |[(16 T/ra)
pacTeHu
A 67,2 72,8 68.3 70,7 76,1 74,6 79.4 71,8 76,9
+5,0 +14,0 +4.8 +12,8 +10,3 +2.5 +3,6 +9.6 +3.8
(n=38) m=4) | (n=4) | (0=4) | (n=4) | (0=4) | (m=4) | (=4 | (n=4)
(100%) | (108%) | (102%) | (105%) | (113%) | (111%) | (118%) | (116%) | (111%)
H.C. H.C. H.C. H.C. (1) * *k * *k
70,0£10,3 (n=16) (107%) H.c. 77,2453 (n=16) (115%) ***
B 67,2 - 72,7 78.9 73.5 - 70,6 75,0 67,0
+5.0 495 +50 | +12.1 +72 +42 +62
(n=213) m=4) | mn=4) | (n=4) m=4) | (n=4) | (mn=4)
(100%) (108%) (117%)** | (109%) (105%) | (112) | (100%)
H.C. H.C. H.C. * H.C.
- 75,0489 (n=12) - 70,9 £6.4 (n = 12)
(112%) * (106%) H.c.
C 67,2 - - 83,7 73.2 - - - 66,9
+5.0 +52 +8.6 +88
(n=23) n=4) [ (n=4) n=4)
(100%) (123%) | (107%) (98%)
ook H.C. H.C.

JloOaBieHne Kak MUPOYIJIEPOAa, TaK W CaXH B CPEOHEM YBEIUYHIIO
NPOM3BOJCTBO OMOMACChI KyKYPY3bl B THANa30He SKBHBajieHTa OT 2 10 16 1/ra (Tabnuier
5 u 6). ETMHCTBEHHBIM UCKITFOUEHHEM SIBJIIETCS CaMmasi BBICOKAsi HOPMa BHECEHHSI CaXKH
(16 T/ra), KoTOpask MONaAAET TOJIBKO B CAMBIH BEPXHHUH CJIOW MMOYBBI MJIH MTOBEPX MOYBbI
nocJye nosisnerns BcxonoB (IIpumenenne B u C). B atom ciaydae mubo He Habroaanoch
YBEJIMYEHHE KOJIIMYECTBA CYXOrO BEIIECTBA, JIMOO B CPEIHEM HMEJIO MECTO HEKOTOpPOe
CHIDKEHHE pocTa. BHEcCeHHe mupoyriepona moBepx MOUBBI ITOCIE MOSBICHUS BCXOOB B
no3ax 8 wim 16 T/ra HAOOOPOT YBENMUYUBAIO Kak OOINee KOJNUYECTBO CYXOH MAaccChl
BCXOZOB B cpenHeM Ha 13% (Tabin. 5), Tak ¥ KOIMYECTBO CYXOro BEIIECTBA B MOYATKE
Kykypy3bl Ha 17 % (Tabn. 6), xoTOpble OBUIM CTATUCTUYECKH 3HAYMMBI MO OOOUM

napameTrpam (He MoKa3aHsbl).

B CPE€AHEM U C TOUKHU 3PCHUA CTATUCTUKHU CaXKa CTUMYJIMPOBAJIA pPOCT HECKOJIBKO

Oonblie, 4eM TIpaHYJIUPOBAHHBIH NHMPOYIJIEPOJ B IUANa30HE HOPM BHECEHUs NpHU
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paBHOMepHOM pacnpenesneHnu B nouse (IIpumenenne A). Kaptuna Mmensiercs, Koraa 3tu
7Ba WCTOYHHMKA YIJIepoja KOHLEHTPUPYIOTCS B CaMbIX BEPXHHUX 3 CM IIOYBBI
(ITpumenenue B) unu pasmentatorcs nosepx noussl (Ilpumenenne C). B atux ciyyasx B

CpeIHeM U CTATUCTUYECKU MUPOYIIIEPO TPEBOCXOAMI CAXKY.

3.3 buopasnaraeMocCTb:

Tect Ha OroOpasaaraeMoCcTh MPOBOIMIIN IIyTEM U3MEPEHHSI IbIXaHUSI TIOUBBI ITOCTIE
noOaBieHMs MUPOYTIIEPOAA U CaKU TIPU HOpMe BHeceHus 313 mr Ha 50 r mouBsl (ovYBa
JIumOyprepxod; cyrmuauCThIN iecok, pH 6,8), uro skBuBanenTHO nmpumepHo 2 T C/ra. B
KAa4eCTBE KOHTPOJIbHBIX OOpasLOB HCMOJB30BAIM TOYBYy Oe3 1n00aBOK WM €
nobasneHreM SO Mr MOJIOTOH MIueHnYHOH cooMbl Ha SO 1 moussl (0,32 1/ra). [lprxanue
nouBbl m3Meps ¢ nomoupto cucteMsl WTW OxiTop (BaiinbxaiiM, ['epmanus),
noMmenieHHoN B wHKyOaTopsl npu 20 °C B COOTBETCTBUU CO CIOCOOOM, OMHMCAHHBIM B

pabote Robertz et al. (1999) u Malkomes and Lemnitzer (2009).

B Tabnune 7 conoma BbI3bIBajia CHIIBHOE JIbIXAHUE ITOYBBIL, B TO BPeMsl KaK HU
nupoyriaepon (rpaHyJIMPOBAHHBIM WM MOJIOTHIM), HM Ca)ka HE BbI3BIBAIH Oolee
BbICOKOTO ypoBHsl BbimeneHuss CQO;, yem HemsmeHeHHass mousa. (IIupoyriepoxn
pacTupany BPYYHYIO B CTYNKE MECTUKOM JI0 T€X INOp, NOKA HEBOOPY>KEHHBIM IJIa30M
NPAaKTUYECKU He ObUIO BUAHO rpanyt). TeHIeHINH pa3Induil B IbIXaHUH ITOYBBI MEKAY
dopmamu yriepona WM IO CPABHEHUIO ¢ HEOOpaOOTaHHOMN MOYBOM HUKOTAA HEe ObUIN

CTaTUCTUYCCKHU 3HAYUMbIMHU (He noxa3aHo).

Tabmuua 7: dpixanue noussl (BeiOpockl CO2) JIumMOyprepxod), HAKOMJIEHHOMH €
TeyeHreM BpemeHu mnpu 20°C 0e3 uiau ¢ A00OaBJIEHHEM COJIOMbI WM HMCTOYHUKOB

yrnepona [Tupoyrnepon u caxka, MW = cpennee 3Hauenue, n = 4, £SD = crangapTHoe

OTKJIOHEHHUE.
Bpewms [Tousa Ge3 Moumnoras I'panynuposannsii | MoaoTsIi Caxa
nHKyOanuu | 100aBICHUS | conoma MUPOYTACPOT nupoyriaepon | (2 t/ra)
[Heaeas] C (0,32 1 C/ra)| (2 1/ra) (2 t/ra)
Hprxanue noussl [Mr CO2-C/50 r cyxoii MOYBE, COBOKYITHO |

MW | £SD| MW | £SD| MW +=SD WM | £SD | MW | +SD
1 07 02 191 07 1,0 0,2 1,0 021 081 02
2 1,5 0,3 263| 08 1,6 0,4 1,9 0,4 L7 03
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3 24 03] 295 08| 25 05 28 | 04 ] 26] 03
4 3.1 | 04| 3L7] 08| 3.1 0.4 34 | 04| 33| 04
5 37| 04 334 08| 38 0.4 41 | 05| 40 04
6 43 | 04| 347] 08| 42 0.6 46 | 06| 45| 05
7 49 | 05| 350] 03| 48 0.6 53| 06| 52 05
8 55| 05 354 02| 33 0.6 58 | 07| 58] 06
9 60 | 05| 357 02] 58 0.6 63 | 07 | 63 ] 06
10 64 | 06 364 02| 63 0.6 67 | 08| 68 06
11 70| 06 369 02| 67 0.6 72 | 08| 73| 0.7
12 74 | 06| 372| 03 7.1 0,6 76 | 08| 17 07
13 78 | 06| 375| 04| 175 0.6 79 | 08| 81 07
14 84| 06| 375 07| 85 0.6 90 | 08| 87| 0.7
15 89 | 06| 386| 09 8.9 0.6 o4 | 09| 92| 07
16 94 | 06 396| 1,0| 94 0.6 99 | 09| 96| 08
17 99 | 06| 405| 1.1 93 0.6 103 ] 09| 101 07

3.4 CKJIOHHOCTD K MbLIE0OPA30BAHHUIO!

CKJIOHHOCTB K MBbUIEOOPA30BAHUIO U3MEPSIIH C TPUMEHEHHEM METO/a HCTIbITAHUI
Xoiibaxa (DIN 55992). CpaauBanmu 100 r ymoOpeHHss Ha OCHOBE MOYEBHHBI B
NPWUITMPOBAHHOM  BHIE (COBPEMEHHBbIH YPOBHS TEXHHUKH), TPaHyJIHMPOBAHHBIN

MUPOYTJIEPOJ U CAXKY:

Tabmuua 8: ITeiteoOpa3oBanue

[Teueo6pasoBanmue (T) ITbwe (r) / 100 kT

CTPYKTYpOOOpa3oBaTeisi MOYBBI

Y nobpenue Ha 0,0006 0,6
OCHOBE MOYEBUHBI
I'panynupoBaHHbBIN 0,0002 0,2
MAPOYIIIEPOT

Caxa 0,01 10

2
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B  kauecTBe KOHTPOJBHOrO oOOpas3ma CHOYy)XKWJIO  XOPOLIO  HU3BECTHOE
nbUIe0Opa3oBaHue NPUILTUPOBAHHOM MoueBHMHBL. Kak BHOHO, 1O CPaBHEHHUIO C
MOYEBHHON MUPOYIJIEPOA MOKa3al TOJbko okoio 30% mpuieoOpa3zoBaHMs, TOTJa Kak
caka TPOAEMOHCTPHpOBajia mbuUieoOpasoBaHue Oosnee yeM B 15 pa3 Oomblue, yem

MOYEBHHA, COTJIACHO M3MEPEHUsIM M0 METOy TecTa Xonbaxa.
3.5 CiocoOHOCTh K BOIOHAKOIIJICHUIO

500 r Bo3aymHO-cyxoi nouBsl JIumOyprepxod (cocras: mecok 73%, wun 24%,
rinuHa 3%, pH B CaCl; 6,8) yBnaxuammu 110 Mt geMuHepaIn30BaHHON BOZBI M 3aCHITIAN
16 1/ra (7,07 r) mupoyriepona Uik Caku B CTAKaHE C BHYTPEHHUM JAHAMETPOM 7,5 CM,
paborarorem mpu 21 - 22°C u otHOCHTEBbHOH BiaxkHOCTH 40 - 50%. Kaxknyro onepanmio

00pabOTKH MOBTOPSUIN TPHKIBL.

Tabmuua 9: KonuuectBo ucnapenus (B r/crakas, 44,1 cm2), cm. @urypy 3

30,54 | 4754 | 724 9554 | 1694
+SD +SD +SD +SD +SD

KonrponbHeiii obpazern, mousa | 11,76+ | 17,83+ |26,77+ |34,70+ | 60,59 +

0e3 MOKPBITUS 0,76 1,04 1,64 2,08 4,00
IIouBa ¢ NUpOYTIEPOIHBIM 9.16 £ 14,02+ | 21,00+ | 2723+ | 47,58+
IIOKPBITHEM 0,66 0,94 1,50 1,92 3,56

ITouBa ¢ MOKPBITHEM U3 CAXU 11,27+ | 17,23+ | 2596+ |33,69+ |59.02+
0,64 0,88 1,37 1,77 3,84

Tabmuua 10: CkopocTh moTepu BOABI

Cxkopocts otepu | YcpemHeHHast oTepst BOABI IO CPABHEHUIO
BOJIBI [MJ1/4] C KOHTPOJIbHBIM 3KCIIEPUMEHTOM €3

nokpbITus (ycraHosneHa Ha 100 %).

KonTponbHbIii 00Opaser, 8,60 100 %

2

noysa 0e3 MOKPBITHS

ITousa ¢ nupoyriepoaHsM | 6,76 79 %
MOKPBITHEM
IIouBa ¢ NOKpEITHEM U3 8,38 97 %

CaK1
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N3 Tabanu 9 u 10 BUAHO, YTO MOTEPH BIIArU B aTMOC(hepy MOKHO YMEHBIIUTD 32

CUET TIOKPBITHS BEPXHEro CJOS IOYBBI MHPOYIJEPOJOM, YTO OOECHEUUT BBICOKOE

COACPIKAHUE BJIATU B MMOYBE, TOrAd KaK TeXHUYECKUH yriaepoa CymeCTBEHHO HE CHUXKACT

IMMOTEPHU BJIaru. CrnencrBueM 3TOro Bq)q)eKTa sIBJIIETCS1 O0JIee BHICOKOE COOCPIKaHUE BOABI

B TIOYBE M3-32 MYJIbYHMPYIOINEro CJIOS MHUPOYIJNIEpOaa, KOTOPBIA 3aTeM JOCTYIIEH IS

GoupIIero pocTa pacTeHUH.

3.6 CriocoOOHOCTD K BOAOIOTJIOLLIEHUIO

Brauaie O6p3,3LU::I BbICYIIIHMBAJIH. BunaxsaoCcTh BO3AyXa NOCTCIICHHO YBEIUYIHUBAJIN

ot 0% 10 90% c¢ marom 10%, B TO BpeMsi Kak KpUTEpUEM IS CIENYIOIIEero 3Tamna ObLIo

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

Tabmuua 11: Bogomnornoiuenue

Obpasen Boponorno | HauaneHoe IIponomxu | Koneunoe Temne
[IeHHE 3HAYEHUE TENbHOCTb | 3HAYECHHUE patypa
[mac.%] OTHOCHUTEJIbHOU OTHOCHUTEIIbHOU
BJIAKHOCTH BJIAKHOCTH
BO3/yXa BO3AYyXa
Caxa 0,031% 0% 1474 70% 25°C
buoyrons 1 7,25% 0% 1474 70% 25°C
buoyrons 4 12,5% 0% 1479 70% 25°C
IMupoyrnepon | 0,0023% 0% 1479 70% 25°C

B Tabnuue 11 moka3aHo HU3KOE BOMOIMOIIIOIIEHHWE CaKW W MHUPOYIIEpoaa Mo

CPaBHEHHIO ¢ OMOYTJIEM M3-32 MAJIOH IUIOLIAIN MTOBEPXHOCTH U €€ THAPOPOOHOCTH.
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dopmyJia u3odpeTeHust

1. CyOctpar s OCTpyKTYpPHBaHUSI TIOYBbI, COAEPIKAIINN IPaHyIHPOBAHHbIHN
NUPOYINIEpOS € IUIOTHOCTBIO 1,6 - 2.3 1/cM3, yAenbHOW IUIOIAAbI IMOBEPXHOCTH
0,001 - 5 mM*/r, U3MepsieMOii METOIOM PTYTHOIH MOPOMETPHH, pa3sMepoM yacTull 0,3 MM

d10) - 8 MM (d90) u comepkanuem yriepoaa 95 - 100 mac.%.
(d10) (d90) u comep yrIepon

2. CyOcTpar st OCTPYKTYPUBAHUS MMOYBHI 110 1. 1, OTIMYAIOIMIHIACS T€M, YTO

rpaHyJIMPOBAaHHbIN MUPOYTJIEPO UMEET MIOTHOCTH 1,8 - 2,2 r/em’.

3. CyOcrtpar st OCTPYKTYypHUBAHMSI TIOYBBI MO M. | WK 2, OTJIMYA0muiicst
TeM, 4YTO IPaHyJMPOBAHHBINA MUPOYTIEPOA UMEET YAEIbHYIO IUIOLIAAb MOBEPXHOCTH B

nuanasone 0,01 - 2 M%/T, H3MepsIeMyr0 METOJOM PTYTHOI OPOMETPUHL.

4. CyOctpar anst OCTpyKTYpHUBaHUS MIOYBBI I10, 10 MEHbBINEH Mepe, OTHOMY H3
nm. 1 - 3, oTinyawmuics TeM, 4TO FPaHyJIMPOBAHHBIN MUPOYTIIEPOS UMEET OOBEMHYIO

motHocTh 0,5 - 1,5 r/em’.

5. Cy0crpar ans ocTpyKTypHUBaHUs OYBBI MO, IO MEHbLIEH Mepe, OTHOMY M3
nn. 1 - 4, orauvyaomuiicss TeM, 4TO (Ppakuus YacTUL] Pa3MEPOM MEHee 5 MKM

cocrasisieT He 6osee 10 mac.u./MIH.

6.  CyOcrtpar s OCTpYKTYpPHUBAHHS MTOYBBI O, IO MEHBIIEH Mepe, OTMHOMY H3
nm 1 - 5, oTIMYalmuica TeM, 4TO IPaHyJUPOBAHHBIN MUPOYIVIEPO MPEACTABISET

co0oii rupodoOHBII MaTepUas ¢ KPAeBbIM YIJIOM CMauyuBaHUs Karejb Boabl Oosee 70.

7. CyOctpar myist OCTpYKTYPHUBAHHS ITOYBBI 110, IO MEHBILIEH Mepe, OMHOMY U3
nmn. 1 - 6, OTJIHYAIHIICA TeM, YTO CYOCTPaT BBICTYNAET B KAYECTBE IMOMJIOKKU JJIS
Pa3NUYHbIX ~ OPraHWYECKUX WM HEOPraHWYeCKUX J00aBOK, HANpUMep, s
arpOXMMHUYECKH AaKTHBHOTO BEINECTBA W3 TPymbl (QyHrUOUAOB, OaKTEPHLUAOB,

repOULIUIOB H/UITH PETYIISITOPOB POCTA PACTEHHH.

8.  CyOcrpar ans oCTpyKTYpHUBaHUS OYBBI MO, IO MEHbIIEH Mepe, OTHOMY H3

nmn. 1 - 7, copep:kaiuii MyJib4y CEMsiH.



9. Crioco0 CTUMyNHMpPOBAaHHS POCTa PACTEHUH HA CEIIbCKOXO3SIMCTBEHHBIX
TMOJISIX, BKJIFOYAKOLINI HAHECEHUE IPaHyJIUPOBAHHOIO MUPOYIJIEPOAa C INIOTHOCTHIO 1,6 -
2,3 r/em’, ynenbHoOl momansio nosepxHoctd 0,001 - 5 M*/r, usmepsieMoii MeTomoM
PTYTHOI MOpOMETpUH, pazMepoM dactun 0,3 MM - 8 MM U coaeprkaHueM yriepoaa 95 -

100 mac.% Ha CenbCKOXO3SIUCTBEHHBIE TTOJIS.

10. Cnoco® mo m. 9, OTIMYAIOLIMIICS TeM, YTO TPaHYJIHPOBAHHBIN

2

UPOYTJIEPOS Pa3OpachIBAIOT MO CEJbCKOXO3SHCTBEHHBIM TOJSIM B KOJHYECTBE B

muama3one 0,5 - 500 1/ra.

11. Cmocob mo n. 9 wi 10, OTIHYAKIIMIACA TE€M, YTO HCXOMHAST TOJIIMHA
CJIOs1 TPAHYJIMPOBAHHOIO MUPOYTJIEPOa HA CEIbCKOXO35IMCTBEHHBIX MOJISIX HAXOAUTCS B

nuamnazoHe 1 MM - 50 Mmm.

12.  IIpumenenue CPaHyJIMPOBAHHOIO UPOYIJIEPOaA, COZEPIKALLETO
rpaHyJIMPOBaHHbIN MHUPOYTJIEPON C TIOTHOCTBIO 1,6 - 2,3 T/cM’, ynenbHON MIOIaibio
nosepxHoct 0,001 - 5 M*/r, u3MepseMoii METOIOM PTYTHOl TOPOMETPHH, Pa3MEPOM
gactuy 0,3 MM (d10) - 8 mm (d90) u conepranuem yriepozaa 95 - 100 mac.%, B kauecTse

CTPYKTYypOOOpa30oBaTeJIsi MOUBBI AJIS CENbCKOXO3SHCTBEHHBIX MOJIEH W/ UM CaJOBOACTBA.

13. Ilpumenenue mo m. 12, oTiMYaromeecss TeM, 4YTO IPaHYJUPOBAHHBIN
MHUPOYIJIEPO]] UCIIONB3YIOT B KAUeCTBE CTPYKTYPOOOpa30BaTeNsl MOYBHI B JJOMOJIHEHUE K

CEMEHAM MYJIbYH.
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durypa 1:
2= Mupoyrnepon unm caxa
A: B: C:
18 cm
15 cm,
6,4 Kr
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durypa 2a:

YBenuyenue = 50 X Curnan A = SE2
Pabounin otpesok = 19,0 mMm  Bbicokoe HanpshkeHue = 5,00KB
BakyymHas kamepa = 2,62e-006 mbap

YBenuyenune = 200 X Curnan A = SE2
Pabouun otpesok = 11,2 Mmm  Bbicokoe HanpshkeHne = 5,00KB
BakyymHasa kamepa = 3,10e-006 mb6ap

YBenunyenue = 500 X Curnan A = SE2
Pabounin otpesok = 11,3 MM  Bbicokoe HanpshkeHue = 5,00KB
BakyymHas kamepa = 2,92e-006 mb6ap



3/3

durypa 2b:

YBenunyenue = 50 X Curnan A = SE2
Pabounin otpesok = 18,5 Mm  Bbicokoe HanpshkeHue = 5,00KB
BakyymHas kamepa = 1,96e-006 mbap

YBenuyenune = 200 X Curnan A = SE2
Pabouun otpesok = 11,5 Mmm  Bbicokoe HanpshkeHne = 5,00KB
BakyymHas kamepa = 4,03e-006 mbap

YBenunyenue = 500 X Curnan A = SE2
Pabounin otpesok = 11,5 Mm  Bbicokoe HanpshkeHue = 5,00KB
BakyymHas kamepa = 3,47e-006 mbap



4/3

durypa 2c:

YBenunyenue = 50 X Curnan A = SE2
Pabounin otpesok = 19,1 mm  Bbicokoe HanpshkeHue = 5,00KB
BakyymHas kamepa = 2,18e-006 mbap

Ysenuuenue = 200 X CurHan A = SE2
Pabounit otpesok = 10,5 Mm  Bbicokoe HanpshkeHue = 5,00KB
BakyymHas kamepa = 2,33e-006 mbap

YBenunyenue = 500 X Curnan A = SE2
Pabounin otpesok = 10,5 mm  Bbicokoe HanpsikeHue = 5,00KB
BakyymHas kamepa = 2,27e-006 mbap



5/3

durypa 2d:

YBenuyenue = 50 X Curnan A = SE2
Pabounin otpesok = 18,9 mm  Bbicokoe HanpshkeHue = 5,00KB
BakyymHas kamepa = 1,83e-006 mbap

YBenuyenune = 200 X Curnan A = SE2
Pabouun otpesok = 17,6 Mm  Bbicokoe HanpsikeHne = 5,00KB
BakyymHas kamepa = 1,91e-006 mb6ap

YBenudenue = 500 X CurHan A = SE2

Pabounin otpesok = 17,6 mm  Bbicokoe HanpsikeHue = 5,00KB
BakyymHas kamepa = 1,89e-006 mb6ap



6/3

durypa 2e:

YBenunyenue = 50 X Curnan A = SE2
Pabounin otpesok = 19,6 mMm  Bbicokoe HanpshkeHue = 5,00KB
BakyymHas kamepa = 1,76e-006 mbap

YBenuyenune = 200 X Curnan A = SE2
Pabouun otpesok = 19,5 Mmm  Bbicokoe HanpshkeHne = 5,00KB
BakyymHas kamepa = 1,79e-006 mbap

YBenunyenue = 500 X Curnan A = SE2
Pabounin otpesok = 19,6 mm  Bbicokoe HanpsikeHue = 5,00KB
BakyymHas kamepa = 1,78e-006 mbap
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durypa 3:
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