'YMUHOBDIE BELLLECTBA
N XUMUA CNNOXKHBIX CUCTEM:
BBOIHbIN KYPC

Jlekuus 1.
[IponucxodxaeHve n CTpyKTypa
rYMMHOBbIX BELLECTB.
F'MnoTe3sbl ryMUMUKaLIMN.

U.B. llepMuHOBa

XnMnyeckmn dpakynbter MY M. M.B. JloMmoHOCOBa




Copep>xaHue

I'Ipomcxo>|<p,eHV|e XU3HU N TYMNHOBbLIX BELLECTB

IcTOpMYEeCKnM 3KCKYpC B U3y4deHue B
[lpepliecTBeHHUKU B 1 rmnoTe3bl ryMmpuKaumm

[1pob6iemMbl KONMYECTBEHHOIO OMUCaHUS
npouecca ryMmpukaum
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HexuBoe BeniectBo

SEMJIA, 1O JIATbIHW — HUMUS...

['ymMyC — IpOYKT
KO3BOJIFOIIUH )KUBOTO U

HCXKHNBOI'O BCIICCTBA e
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OlNPEAEJIEHVE TYMUHOBBIX BELLECTB

I'ymuHOBBIE BeliecTBa — 3TO 00JI€€ WM MEHEE
TEMHOOKPAIIEHHBIE A30TCOAEPKAIINE
BBICOKOMOJICKYJISIPHBIE COEIMHEHUSI
IPEUMYIIECTBEHHO KUCIOTHON MPUPOIbI

(Opmos JI.C. , 1990, c.48)

Humic substances — a series of relatively
high molecular weight, yellow to black
colored substances formed (in soil)

by secondary synthesis reactions.
(Stevenson, 1994, p. 33)

Humic substances are
a general category of naturally occurring,
biogenic, heterogeneous organic substances
generally characterized as yellow to black
in colour, of high molecular weight,

and refractory.
(Aiken et al. 1985)




ONPEAEJIEHUE XWUSHI.
CTPYKTYPbI XXNBOI'O BELLIECTBA

Ku3ub — 310 Cr1oco0 CyIiecTBOBaHUS OCIKOBBIX TEJI, KOTOPBIM
3aKJIFOYACTCS B IOCTOSIHHOM OOHOBJICHUU MX XUMHUYECKUX COCTABHBIX
yacTel MyTeM NuTaHus U BeigeiaeHus (D. DHrenbe)

DNA Cviosine and

S Thyring
Molecule: = <
Two

Adenine and
Guanine
o
Phosphate .
group (& O—g-_o

U = work (w) + q (heat)
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CTPYKTYPA N'YMUHOBbBIX BELLIECTB
(Kleinhempel, 19/0)

NH,

-4 O
i H Q
Q y NH-CH-NH—L
C—0—CH,~CH,~Cfi, CH, O CH,

ochZ'CHTﬁ
HN_ /N

v
COOH
w—di—on—)-o  chon Ppakraj - MHOXECTBO

H
=OAET e HeperyJIAPHbIX,

HO CaMOITOJIO0HEBIX
CH,OH CH,0H

H CH,OH

H 0 ~0 00 0 CTPVYKT

B e B e
oH’

; S =kInW=>AS = kIn(W/W),

r1e k — nocrosHHast bonsMaHa,

W — 4uciio MUKPOCOCTOSTHUN

B JIJAHHOM MaKpOCOCTOSIHUA
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PASPYLLUEHWNE YINOPAAOYEHHBIX CTPYKTYF

cellulose glucan xylan

CO,, H,0, NO;, SO,>, PO,
OJIMT'OMCPHBIC HHTCPMCANATDI

AG =AH — TAS




KOHUEMUWA U TUTBl CUCTEM

Cucrema — 3T0 MHOXKECTBO 3/IEMEHTOB, HAaXOASALUMXCS B OTHOLUEHUSIX U
CBA3SIX ApPYr C APYroM, KOTopble 06pa3yloT onpeaeneHHyo LeNoCTHOCTb,
eanHcTBo (CagoBckum)

CucreMa — 3T0 COBOKYNHOCTb 06beKkTOoB, 0bnagatowas MHTerpaTMBHbLIM
cBOMUCTBOM (PKnnuh)

A system is a set of interacting elements that form an integrated whole
(Hall and Fagen)

A system is a set of elements in dynamic interaction, organized for a goal
(De Rosnay)

OTKpbITasa cucreMma —
obMeHMBaeTCs BeLIeCTBOM W
SHEPrMen C OKpYy>KatoLwmM MUPOM,
B OT/INYME OT 3aKPbITON CUCTEMDI,

B KOTOPYIO M N3 KOTOPOU
HW BELLLECTBO, HW 3HEeprus
He MOryT BOUTU WX BbIUTU

Cno)xHaa cucTeMma onpeaensercs
Ha/IMYMEM B HEN HENTMHEMHOrO NpoLecca.
du3nyeckne n NpUpoaHbIE CUCTEMBI,
obnagaoLme CToXaCTM4eCKUMmn
CBOWCTBAMU, BCEraa CNOMXHbIE.

LOMONOSOV MOSCOW STATE UNIVERSITY



NOAAEP)XAHWUE CTPYKTYPbI B

- [IpenenbHas
MIOJIE3HOCTh

» YIELD

Credit to J. De Roshay
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[JIOBAJIbHBIN LIMKJT YIJIEPOAA

Ghobal Net Primary Production 50

and Respiration AtmOSphere 750

2 | y A Fossil Fuel
Vegetation 610 |~ 2~ Chaneinz ) 5,000

.5 Lumad Use

Soil humus 1,580 Esss

Soil litter 17 |i| |i i
b

Surface Ocean 1,020

Marine Biota 3

DOC Deep Ocean
700 38,100
Kerogen o Detritus
Lo 2,190

er year

Humification — 20 Gt C per year
W (Hedges and Oades, 1997)
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Rivers

Source: Schimel, 1985
Adapted by: Craig Nickel




XPOHOJIOI N4

I'B kak HMHAWBUAYAJIbHBLIC BCIICCTBA ITOYB U I'OPIHOYHNX UCKOIIACMBbIX

1786-1900 (Achard, Berzelius, Mulder)

I'B kak cMech rpynmnoBbIX (pakiuil W WHAUBUIYAJIBHBIX
1900-1940 BemtecTs (Oden)

I'B — cmech OnU3KuX, HO HE WJICHTUYHBIX coequHeHui (/1Ivyk)

I'B kak ciokHas cMech Crenu(prUIecKuX BHICOKOMOJIEKYJIIPHBIX

1940-1980 COCAMHEHUI — MOJCUCTEMA ITOYBEHHOTO OPTaHUYECKOI0 BEIIECTBA
(Kononosa, Anexcaunoposa, Opnos, Schnitzer, Flaig, Stevenson)

I'B xak coctaBHas yacth npupoaHoro OB Boa 1 mous,
1980-2000 - arperaThl U1 MULIEJIJIBI HU3KOMOJIEKYJISIPHBIX COCIMHEHU,
CyNepCcMeCH, CyNPaMOJIEKYJIIPHbIC CUCTEMBI
(Wershaw, Piccolo, Gaetano, Hatcher, Cooper)

2000-2005-..... I'B kak MOJEKYJISIpHBIN aHCAaMOJIb, CJI0KHAsI CUCTEMA,
IO TYMHSIIOIIASICA CTOXaCTUYECKHUM 3aKOHAM pa3BUTHA? ??
(Cabaniss, Diablo, Schmitt-Kopplin, [lepmunosa& Co)




PASBUTME CTPYKTYPHbIX MPEACTABIEHNN

1800 1800 1910s 1920s 1930s 1940s 1950s 1960s 1970s 2000s
Dalton's  Periodic = Radio-  Rutherford o van A-K HSAB Laing
Atom ~ Table -'IEI:TWII}I'* Atom * (Sl Triangle = Principle = Tafrehedron
Empirical
. : VSEPR Molecular Mechanics ‘
Classical Lewis Theary - 0 e S - H\
Qunatum N
Mechanics H" /
H
Quantum Chemistry
Valence ___,_._._-—-—-'—""' Sofltware
Planck's Einstein Bahr Spectroscopy Bond
“‘Quantum —m Photoelecinic _.'Alu —=| & Quantum f Theary
Idea Effect g Mumbers \
Atomic
Orbitals
Schridinger \‘ Maolecular - FMO Thaa
'n“-l'en-'egE Orrhital nrh:LaIs;mm'réIrf Credit to M.R. Leach
Equation Theary Webbook “Chemogenesis

elements — atomic structure — electronic structure =  molecules > biomolecules

1786 1900 1940 1980 2000
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KJTACCNOUKALINA TYMWNHOBbIX BELLECTB
(Stevenson, 1994)

(Hepacmeopum 6 wienouu) (pacmeopumbl 6 wenouir)

DKCTpaKIus FyMMHOBble kncnotbl (MK) M ®ynbBOKUCOTSI ((DK)
IR EICITU R (ocaocoaromesn npu pH < 2) [l (e ocascoaromcest)

Koarymsus
['MmMaTOMenaHoBbIe 37E€KTPOINTOM B LIETOUL
KUCJ/10Thbl

CePble 'K bypbie 'K Cneumnduyeckme OK
(ocascoaromcest) (e ocaoicoaromest)

LOMONOSOV MOSCOW STATE UNIVERSITY




COCTAB PACTUTE/IbHbIX TKAHEI

LIGHIME HEMICELLULOSE : PECTINE

Cellulose; f
i ibri i i T i, Caleium- Ceallulose-
micrafibriy g werbinding ~ iratibr
Pectine

-

Credit to:

M.M.A. Sassen,
Natuur & Techniek
1993, v. 61 # 11

LOMONOSOV MOSCOW STATE UNIVERSITY




NPEALLECTBEHHUKW B

Cellulose Lipids
Free fatty acids: 3

(FFA) NP R -

Monoacylglycerol:
(MAG)

Celloblose

N = 30 000 Diacylglycerol:

51,2 DAG

71,3 DAG

R= (|3
R' R* R’
Lignin h ' Triacylglycerol:
"monomer" i (TAG)

OH

R' = —H,—OH, | *:lolestchsl
or =0 R 1 W Phospholipids:
Sample (PL)
Lignin Polymer

Structure
palar head group




OCHOBHbBIE T'MIMNOTE3bl 'YMNOUKALIUWN
(Stevenson, 1994)

Plant residues

|

Transformation by microorganisms

Modified
lignins

Suﬁars Polyphenols l Lignin
Amino decomposition

compounds products

L--‘-H"--..

Wy
Quin Quincrnes

3

2 Humic substances :’1

Mechanisms for the formation of soil humic substances
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ABUOTNHECKAA KOHAEHCALINA

[MnoTte3a NonnudeHoIbHON KOHAEHCaLNn
Lignin
attack by Cellulose and ather
J{Hﬁﬂrﬂmgalﬁmﬁ non-lignin substances
|
Phenolic aldehydes atibatim by
and acids Saatiegriall
R e KoHaeHcaums yrnesoaos
" T Y aMUHOB
Further utilization hy Polypheno v
micreorganisms and phenoloxidase Deakuna Manapaa
oxidation to CUE EHENTNES
Quinones Sugar + Amino campound
arming - AT _
I:Dmpﬂmlds-ﬂ' - : w :-'.': l-:h'.l:.:\.:.':.: 1 'H' .:!'H'
. - - :__' - -'-"'_,:Il 3THN
Humic acids Fulvic acids
The polyphenal theory of humus formation. (Stevenson 1982) Arrinod ““,& atnce
BT Hid ETF,,'I:.'-"::?'.'E diacet
!a:*.r alyyjaluli '._E T- L- .I-.T;.:-'?'!r




BUOAEIMPAAALINOHHAA TUINOTESA

d " d

1l
attack by microorganisms

P )

Ligni building units Fesidium
temetilation
wddation and
condensation with
M cormpounds

R
Further utilization TP
oy microorganisms "‘“m'r acid

| fragmentation o
ws.r’rﬂ.aiéerr.ﬁ.r.uiec:u!es.

o T |
FLHC atid

The lignin theary of humus formation. (YYaksman 1952)

'ty
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KUHETUYECKAA TEOPUA TYMUNDPUKALINIA
(OpsioB, 1990)

YpaBHeHue riny6uHbl rymubpunkaumm:
HL =f(Q 1, f)

HL — rnybuHa rymmdunkaumm, Kotopast annpoKCUMUPYETCS 3KCNepuMeHTaIbHO
onpenendembiM napaMeTpoMm, oTpaxkarowmnM sknag Nk

(BblCOKOryMmnuumnposaHHasa dpakums) Kk K (cnaborymmdunumpoBaHHas
dpakuus) B 06wmm nyn B nous:

HL = Cp' G
06LmMn 06bEM pacTUTENbHBIX OCTATKOB;

MHTEHCUMBHOCTb TpaHCchopMaLnn, NponopumMoHanbHas nepmoay
Bronornyeckon akTMBHOCTU, ONPEAENSETCS YNC/IOM OTAENbHbIX aKTOB
peakuuun (1) B eanHuUy BpemMenu &

I=nlt

BpEMA BO3,£I,€I‘/JICTBVI$I NO4YBbl HA PACTUTESIbHbIE OCTATKMW.

LOMONOSOV MOSCOW STATE UNIVERSITY



odzolic; 3 — podzol; 4 — sod-podzolic;
ernozem; 7 — typical chernozem;
outhern chernozem; 10 — chestnut;

brown; 13 — greyzem.

34ny//%mm

OT nepuoga 6mosornyeckomn
aktTuBHoctu (PBA)

mmon chernozem; 9 —

11 — brown steppe; 12 — grey

3aBMCUMOCTb rnybuHbl rymucpukaymm

Soils: 1 - tundra; 2 — gley-
5 — grey forest; 6— leached ¢

8 —co

(OpsioB, 1990)

OueHka Npoao/MHKUTENbHOCTU Nepmoaa
6uonormnueckon aktusHoctu (PBA)

+10°C;

e consistently above

efine the period with water reserve < 1-29

undra; 2 — gley-podzolic; 3 — podzol; sod-podzolic;
orest; 6 — leached chernozem; 7 — typical chernoze
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B3anMocBsA3b rnybuHbl ryMmmdunkaumm n PBA

\\
.

= I .
F —

F

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Soils: 1 — tundra; 2 — slightly-podzolic; 3 — podzol; 4 — sod-podzolic; 5 — light grey forest;
6 — grey forest; 7 — dark grey forest; 8 — leached chernozem; 9 — typical chernozem;

10 — common chernozem; 11 — southern chernozem; 12 — dark chestnut; 13 — chestnut;

14 — light chestnut; 15 — brown semi-desert; 16 — grey-brown.
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KOJIMMECTBEHHOE OINMCAHWUE

CuHtes buomaccehl (Droste, 1997):
CeH,,0 + NH, + O, -->C_,H,NO, + CO, + H,0O

[yMndoukauna???7?

CsH,NOLP, o7y > CyH7NOg
buomacca 'K nepHoBO-NoA3. rnoys
(Opnos., 1990)

Biomass Heating Value
~20 GJ/dry tonne HHV, or 18.5 GJ/t LHV at 10% moisture (ash free)

Tennorta cropaHusa (kkan/r)
[ B 4epHOBO-NMOA30J/INCTbIX MOYB :

[K-4.2; ®K - 2.9; MK- 5.2

LOMONOSOV MOSCOW STATE UNIVERSITY




BbIBO/bl

[ YMWUHOBbIE BELLECTBA — CIOXHbIE ANCCUNATUBHbLIE CUCTEMBI,
obpasyrouimecs B rnpouecce paspyLleHns
BbICOKOYMOPAOOYEHHbIX XXUBbIX CUCTEM.

OnpepgeneHne u knaccudumkaymsa ryMMHOBBIX BELLLECTB
B6asnpyoTcs Ha cnocobe BblaeneHns N COBOKYMNMHOCTH
CBOMCTB, @ HE Ha 3aKOHaX X XMMNYECKOIro CTPOEHUS
['YMndukaumsa coctaBrsdeT BTOPOM Mo BennvnHe (nocne
dooTOoCHHTE3A) NOTOK OpraHNYECKOoro yrrepoda B rrnodanbHOM
LMKIe yrrepoaa

[TpeBanupyoLWnMn runotTedamm rymmdomnkaumm aBnsa0TCA
buogerpagaumoHHas 1 abMoTUYECKOU KOHOEHCALMN
Konn4yectBeHHOE onncaHue npouecca rymmpukaumm
OTCYTCTBYET

[lepBOCTENEHHAs 3agadva: paspaboTka TepMOANHAMUNYECKOTO
obocHoBaHuWA nNpouecca rymmpukaLmy

HaY
A
A

[ b LOMONOSOV MOSCOW STATE UNIVERSITY




PEKOMEHAOBAHHAA JINTEPATYPA

(CNMUCOK HEMONHBLIM — ByAET AOMOSHEH M YTOYHEH!)

HUcropus ndyuenus u onpenenenue I'B, runoresnl rymudpukanmuu
OpJos, I.C. I'ymycoBble KHCI0THI NOYB U 00mIas Teopusi rymupukanuu. 1990. M.: U3a-so MI'Y.
Stevenson, F. Humus chemistry. 1994.
Humic substances and their role in the environment. Frimmel, F.H. and Christman, R. (eds). 1988. John
Wiley and Sons. Chichester.
Chapters: Polymerization of soil and aquatic humic substances (J.I. Hedges),
Selective biodegradation of plant biomolecules (P.G. Hatcher and E.C. Spiker);
Generation of model chemical precursors (W.J.A. Flaig)
Genesis (group report)
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AKunnuHn, I[M Teopus cucTeM: ONBIT NOCTPOCHUS Kypca.
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