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buonornyeckaa metTpoaorma

e CobCcTBEHHbIE BUONIOTUYECKME MEpbI
* I3meprumocCTb No BMONOTMYECKMM Mepam

e HoBble cucTembl OBMONOTMYECKUX KOHCTAHT
* PYHOAAMEHTaNbHbIX OBUOIOrMYEeCcKnX NOCTOAHHbIX!!!

e [1a, HO no4yemy He buoumncna (BioNumbers) ?



http://bionumbers.nms.harvard.edu/

=I1T0ONUNVIB3RS

THE DATABASE OF USEFUL BIOLOGICAL NUMBERS

Popular BioNumbers | Recent BioNumbers | Key BioNumbers | Amazing BioNumbers

‘ \ lsearchJ X

€.9., ribosome coli, pS3 human , transcription , 0D

Did you ever need to look up a number like the volume of a cell or the cellular concentration of ATP, only to find
yourself spending much more time than you wanted on the Internet or flipping through textbooks - all without much
success?

Well, it didn't happen only to you. It is often surprising how difficult it can be to find concrete biological numbers, even for
properties that have been measured numerous times. To help solve this for one and all, BioNumbers (the database of key
numbers in molecular biology) was created. Along with the numbers, you'll find the relevant references to the original
literature, useful comments, and related numbers.

Though we have made an honest first try at simplifying the process of finding useful biological numbers, there is still much
work to be done. A key challenge is filling in the large number of missing items. Please email us more useful references
Another challenge involves setting up a reliable and discriminating search engine which on a first try yields the numbers a
user is actually interested in finding

-> To cite BioNumbers please refer to: Milo et al. Nucl. Acids Res. (2010) 38: D750-D753. When using a specific entry
from the database it is highly recommended that you also specify the BioNumbers 6 digit ID, e.g. "BNID 100986, Milo et al
2010".


http://bionumbers.hms.harvard.edu/

Key Numbers for Cell Biologists

Cell sizes: Concentrations Dmudonmdcaﬂyabm
Bacteria (E. coli): =0.7-1.4 um diameter, 13. Concentration of 1 nM in: 2. Diffusion coefficient for an “average”
=2-4 um length, =0.5-5 um? in volume; E. coli is =1 molecule/cell; protein: in cytoplasm D=5-15 um?/s =
108107 cell/ml for culture with OD =1 Hela =1,000 molecules/cell =10 millisec to traverse an E. coli 9=10s
2. Yeast (S. cerevisiae): =3-6 um diameter,  14. Characteristic concentration for to traverse a mammalian (Hela) cell; small
=20-160 um? in volume a signaling protein =10 nM-1uM metabolite in water D=500 um?/s
3. Mammalian cell volume: 100-10000 um®; 15 Water content: =70% by mass; General - Diffusion limited on-rate for characteristic
Hela: 500-5000 jum? (adherent on slide elemental composition (dry weight) of protein =10°-10" s'M™' - for a protein
=15-30 um diameter) E. coli: =C H,0,N,; Yeast =C,H,,O,N, substrate of concentration =1uM the
, ; diffusion limited on-rate is =10-100 s*!
1 5. Compoasition of E. coli (dry weight): thus limiting the catalytic rate ke,
=55% protein, 20% RNA, 10% lipids,
L.nq!hScabshddtcols 15% others
Nucleus volume =10% of cell volume 17 Protein conc. =100 mg/mi=3 mM. 105-107 Genomes, Mutation & Error Rates
5. Cell membrane thickness =4-10 nm per E. coli (depending on growth rate); 23. Genome size: E. coli =4x10° bp;
£. “Average” protein diameter =3-6 nm Total metabolites (MW<1kD) =300mM S. cerevisiae (yeast) =12x108bp;
7. Base pair: 2 nm (D) x 0.34 nm (H) g-*m"s(mmﬂﬂ;"%o:;%p
mahnogastar = X "
18 Membrane potential =70-200 mV < M. musculus (mouse) =3,000x10¢ bp;
Division, Replication, Transcription, 2-6 kgT per electron (kgTethermal energy) H. sapiens (human) =3,000x10% bp;
m‘wa’“awm 19. Free energy (AG) of ATP hydrolysis under T. aestivum (wheat) =17,000x10% bp
_ . ' physiological conditions 24. Mutation rate in DNA replication =10-*¢
9. Cell cycle time (exponential growth in rich =40-60 kJ/mole - =20kgT/molecule ATP; per bp
media): E. coli =20-40 min; yeast 70-140 ATP molecules required to make an 25 Misincorporation rate:
min; human cell line (Hela): 15-30 hours E. coli cell =10-50x10? transcription =10 per nucleotide;
10. Rate of replication by DNA polymerase () AGP® resulting in order of magnitude translation =10-3-10 per amino-acid
E. coli =200-1000 bases/s; ratio between products and reactants
human =40 bases/s. Transcription by concentrations: ) S
RNA = = Useful biological numbers extracted
polymerase 10-100 bases/s =6 kJ/mol = =60 meV = =2 kT : poes el 04
! Translation rate by ribosome 10-20 aa/s “rule of thumb" values. References are in the online
2. Degradation rates (proliferating cells): annotated version at the BioNumbers website.
mRNA half life < cell cycle ti Click on a number to see full Consult website and original references to lean
protein half life = cell cycle time about the details of the system under study including

www.BioNumbers.org growth conditions, method of measurement, etc.



KaoueBble Yncaa OMON0TNM KNEeTKU
http://bionumbers.nms.harvard.edu/

Pasmepbl KNeToK

baktepusa (E. coli): =0.7-1.4 um anameTp, ~2-4 um ANnHa, ~0.5-5
um3 o6bém; 108-10° cell/ml ana KynbTypbl C ONTUYECKOM
naoTHoCTbio ODy,~1

Npoxxu (S. cerevisiae): ~3-6 um anameTtp, ~20-160 um?> 06bEM

O6BbEM Knetkm maekonuTtatrowmx: 100-10000 um?; Hela: 500-5000
um? (pa3mep Ha ctekne ~15-30 um anameTp)

MacwTabbl 4NUH BHYTPU KNETOK
O6beém agpa =10% obbEMa KNeTKH
TonwmnHa KNeToyHorm membpanbl = 4-10 nm
“Cpegnnin” pnametp benka =~ 3-6 nm
Mapa ocHoBaHui: 2 nm (D) x 0.34 nm (H)
HunameTp monekynbl Boabl 0.3 nm



http://bionumbers.hms.harvard.edu/
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100002&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=102065&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100004&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100985&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100451&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100430&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=101711&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103719&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103788&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=104708&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103948&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=101827&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=105243&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100667&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103723&org=%

KaoueBble Yncaa OMON0TNM KNEeTKU
http://bionumbers.hms.harvard.edu/

CKopocTu aeneHus, penimkauum, TPaHCKPUNUuu,
TPaHCAALUN U gerpagaumm

* npu 37°C c TemnepatypHou 3asmncumoctbio Q10 = 2-3

* Bpems KNeTo4yHoro UunKaa (3KCNOHeHUManbHbIA POCT B
6oratbix cpepax): E. coli *20-40 min; apoxKu ~ 70-140 min;
NNMHUA KneTtoK YenosekKa (Hela): ®15-30 hours

e CKopocTb penamKkaunn AHK-nonnmepason E. coli ~200-1000
bases/s; yenoBeK ~ 40 bases/s.

* TpaHcKpunuma PHK-nonmmepasoi ~10-100 bases/s
* CKOpOCTb TpaHcaauum pubocomoint ~10-20 aa/s

e Temnbl gerpagaunun (nponndepupytolne KNETKN): BpeMs
nonypacnaga mRNA < Bpemsa KNeTouyHOoro uuKaa; Bpems
noaypacnaga benka >~ Bpems KN1eTOYHOro LIMKAA



http://bionumbers.hms.harvard.edu/
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103514&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=104360&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=104360&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103804&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103995&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=104136&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=101904&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100059&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100205&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=102058&org=%

Karouesble yncaa OMonormm KneTku
http://bionumbers.hms.harvard.edu/

KoHueHTpauua
KoHueHTpauma 1 nM B:
E. coli =1 molecule/cell;
Hela =~1,000 molecules/cell

XapaKTepucTnyeckaa KOHUEHTpaumna CUrHaabHbix 6enKoB
~10 nM-1 mM

* CopeprkaHue Boabl: *70% maccbl; 06WMIN 3N1E€MEHTHbIN
coctas (cyxou Bec): E. coli = C,H,0,N,; aposskn =~ CoH 05N,
* CocTtaB E. coli (cyxomn Bec): ~ 55% 6enka, *20% PHK (RNA),
~10% annnaos, = 15% npoumnx

. KOHLI,EHTpaLbl/IFI 6enka ~100 mg/ml=3 mM. 10°-107 Ha oaHY
KneTtky E. coli (3aBMCUT OT CKOPOCTU pOCTa); obLimne
meTabonutbl (MW<1kD) =~ 300mM



http://bionumbers.hms.harvard.edu/
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=102068&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=104519&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103954&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103689&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=101800&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=101801&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=104954&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=104954&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=104726&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=102990&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=104678&org=%

KaoueBble Yncaa OMON0TNM KNEeTKU
http://bionumbers.nms.harvard.edu/

JHepreTuKa
* MembpaHHbIN noTeHuuan = 70-200 mV —

* 2-6 kT Ha aneKkTpoH (kT = Tennosasa sHeprus)

e CBob6oaHaaA sHepruna (AG) rmgponmsa ATP npwu
$dUN3NONOrMYECKNX YCNOBUAX

* ~#40-60 kJ/mole — ~20kzT/molecule ATP; uncno
monekyn ATP, HeobxoaAMMbIX ANA NOCTPOEHUA KNETKU
E. coli ~10-50x10°

* PesynbTupytowwasa AG® nopagKka oTHOLLIEHMUA
KOHLUEHTPALMMN NPOAYKTOB U PEAreHTOoB:

~6 kJ/mol =60 meV =2 kT



http://bionumbers.hms.harvard.edu/
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103386&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=101701&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=101981&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103912&org=%

KaoueBble Yncaa OMON0TNM KNEeTKU
http://bionumbers.nms.harvard.edu/

Anddy3mna n CKopocTu Katanmsa

e Koadpunuymentol anddysum ana “cpeaHero” 6enka: B
umutonnasme D~5-15 mm?/s — npoxoauTt 3a ~10
millisec E. coli — npoxoant 3a =10 s B KneTKe
mnekonutatowmx (Hela); Hebonbwmne metabonnTthbl B
Boae D~500 mm?/s

* Nnddy3ma orpaHMYeHa N0 CKOPOCTU ANA
XapaKkTepuctmyeckoro benka ~10%-10° s*M* — ans
cybcTpaTHbIX 6enKkoB KoHUueHTpaumum =1 mM anddy3us
orpaHu4yeHa no ckopoctu ~100-1000 s orpaHnymBas
TeM CaMbIM KaTa/IMTUYECKYIO CKOPOCTb K,



http://bionumbers.hms.harvard.edu/
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100193&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103801&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=105339&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100614&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103916&org=%

KaoueBble Yncaa OMON0TNM KNEeTKU
http://bionumbers.hms.harvard.edu/

Pazmepbl reHOMOB 1 CKOPOCTU HAaKoN/1eHnA OoWUOOoK
(Error Rates)

* Pasmep reHoma: E. coli =5 Mbp;
* S. cerevisiae (Opoxx*Kun) =12 Mbp;

e C. elegans (Hematoaa) ~100 Mbp;
* D. melanogaster (apo3oduna) =120 Mbp;

* A. thaliana (apabugoncuc) =120 Mbp;

* M. musculus (mbliwb) ~2.5 Gbp;

* H. sapiens (YyenoBek) =2.9 Gbp;

e T. aestivum (nweHnua) ~16 Gbp



http://bionumbers.hms.harvard.edu/
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100269&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100459&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=101363&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100199&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=105472&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100305&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100396&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=102713&org=%

KaoueBble Yncaa OMON0TNM KNEeTKU
http://bionumbers.hms.harvard.edu/

Pasmepbl reHOMOB U CKOPOCTU HaKon/1eHUA oWmnboK
(Error Rates)
Konnyectso 610K KOAUPYIOLLUX TEHOB:
E. coli =4,000;
S. cerevisiae =6,000;
C. elegans, A. thaliana, M. musculus, H. sapiens ~20,000
CKopocTb myTaumii npu penavkaumnm JHK ~10°4-101° per bp

CKOpOCTb OLLIMOKKM BKAKOUYEHUA: TPAHCKpunuma ~10* Ha
HyKneoTtua,; TpaHcnaums ~103-10% Ha aMUHOKUCOTY

www.BioNumbers.org (nepesen N benobpos.)



http://bionumbers.hms.harvard.edu/
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=105443&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=105444&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=101364&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=100263&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103453&org=%
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=103454&org=%
http://www.bionumbers.org/

,ﬂ,pyrme BAPWUAHTbI NPUHUANIMNOB

* Buouncna stTo He PyHOAAMEHTAIbHbIE KOHCTAHTbI!

* [Toyemy?

e dyHOameHTaNnbHble 3aKOHbl BMONOrMM ectb, HO NOKa
eweé He cpopmynmposaHbl! Ckopo byayT, Haaetocs ...

* PaHHMEe 1 HeNnoNHble BapUaHTbI

* TpaAMLMOHHbIE «3aKOHbI» buonornm

* buonorna c pyHAaMEHTaNbHbIMU KOHCTAaHTAMM
* bo KoOpAUHATbI U cucTtembl 6€3 KoopanHaT

* BBegeHune nonen, cun, BEKTOPOB, MAPaAMETPOB,
onepalmn, MOHaa, - B LeAoM, MeToAbl ONUCAHUA



The Ten Principles of Cell Biology

George Plopper. Principles of Cell Biology, 1¢ 2013, 2¢ 2016,
Principle 1.  Cells are always in motion.

Principle 2.  Cells within tissues are physically contiguous with their surroundings.
Principle 3. DNA integrity is the top priority for all cells.
Principle 4. DNA encodes the function of RNAs and proteins.

Principle 5. The endomembrane system serves as the cellular import/export
cellular import/export machinery for most macromolecules.

Principle 6. Chemical bonds and ion gradients are cellular fuel.
Principle 7.  Signaling networks are the nervous system of a cell.

Principle 8. Protein complexes are cellular decision-making devices.
Principle 9. Progression through the cell cycle is the most vulnerable period in a cell’s life.

Principle 10. Tissues form macroscopic equivalents of individual cells,
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10 MNpunHuunos [xkopaxxa laonnepa

KneTkn Bcerga HaxogATcA B ABUXKEHUMN.

KneTkn B TKAHAX GU3NYECKM CMEXKHbI C OKPYXKEHUEM.
LlenocTtHocTb AAHK - rnaBHbIM NPUOPUTET KNETOK.
NHK koanpyeTt pyHKUnmn PHK n 6enkos.

dHAOMeMbpaHHanA CUCTEMA - KNeTOYHaA MaLUMHa
MMnopTa/aKcnopTa A8 MaKPOMOIEKY.

XMM.CBA3U N NOHHbIE rPaaAnUeEHTbI - TONJIUBO K/ZIETKHW.
Cetun nepenayvyn CUrHaaoB - HEPBHAA CUCTEMA KNETKMU.

KomnneKcbl 6enKoB - yCTPOMUCTBA NPUHATUA PELLEHUN
B KNeTKe.

[MpoxoXxaeHne cTaanuii KNeTo4YHOoro UmMKkna - Hanbonee
YSI3BMMbIle Mepunoapbl B }XU3HU KNETKW.

TKaHU - MaKpPOCKOonmnyeCckne akBmBasieHTbl KN1E€TOK.



MpuHumnebl JeHnca Hobna

* Denis Noble (deHnc Hobn)

* The Music of Life. Biology beyond the Genome. 2006.
168 p.

e Claude Bernard, the first systems biologist, and the
future of physiology // Exp Physiol 93 (1), 16—26 (2008).

* dnsmonoruna

+ nocne 25/3/2015
* Tn BbINO/IHAAEMOW PabOoThbI
* buonornyeckasa pyHKUMUSA
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[MpyHUMNbI cCUCTEMHOW BUONOrMK

Buonornyeckaa GyHKLMOHANIbHOCTb ABASETCA
MHOrOypOBHEBOMN.

MNepenavya MHPopMaUUN NOET HE TO/IbKO B OAHY CTOPOHY.

NHK He saBnseTcsa ocHOBOW Nepeaayn no HacneacTsy.

Teopuns 6BUONOrMYECKON OTHOCUTENBbHOCTU - HET
NPUBUIETMPOBAHHOIO YPOBHA NPUYNUHHOCTH.

OHTO/IOTUIO FTEHOB He yaacTca NOHATb 6e3 bonee
BbICOKOIO YPOBHA NPOHULATENbHOCTMW.

HeT reHeTMYeCcKOM Nporpammebi.
HeT nporpamm Ha ntobom Apyrom ypoBHE.
He cywectByeT HUKaKMUX Nporpamm B roIOBHOM MO3re.

"Cam(0)" He ABnAeTcs o6 bEKTOM.
BbiBogbl leHnc Hobn (Denis Noble), 2008

. EcTb ewe mHoro yero, yto byaet obHapyKeHo;

NOA/IMHHOWN «Teopun bnonornn" elle He cyLlecTByeT.



[MpuHumnbl EpuUma JiInbepmana

1. MpUHUMNT MMHMMAaNbHOM LLeHbl AeUCTBUA 33
N3MEPEHMNE N paCYeT.

2. TMpuUHUMN ONTMMAZIbHOCTU 3aMEHAOLMN 0O NI
NPUHUKUN OTHOCUTENIbHOCTU DUHLWITEUHA.

3. HeobpaTmocTb 3aKOHOB NpuUpoOAbl He
CBSI3aHHas C pelleHnem ynpasasoWwmx CUCTEM
Bbi3blBaeTCA TO/IbKO BAUAHUEM U3MEPEHUA U
BblUUC/IEHUS.

4. TpuUunHOU perynapHbIX cobbiTUN ABNAIOTCA
peweHun ynpasaatowmx CUCTeMm.

* http://intellect-video.com/1436/Gordon-Kvantovyy-regulyator-kletki-online/

» KBaHTOBbIN perynaTop KNeTkn oHnamnH. 3éup 16/9/2002. Onybn. 29/7/2012


http://intellect-video.com/1436/Gordon-Kvantovyy-regulyator-kletki-online/

blem is ...

1/2 Surface Graphane
of Diamond Ball ¥ 5 nm of Bacterial Luciferase




To4YyHaA NocTaHOBKa Npobaem

* [lepemeHHble COCTOAHUA

* KyKYLWKWH NéH ( Polytrichum commune)
e Obpas

* CmbICh

* 3BYK

* CBeT

e ChoBapb, byKkBa, A3blK, My3blKa

* CneKkTp, pacnpegeneHue

* [l[peobpa3oBaHue



ToYHble 3aKOHbI }XUBOW
npupoabl. ECTb nnn Het ?
Exact Laws of Nature ?

TouyHOCTb TpebyeT

npasuibHOro onpeaeineHus
25/12/2014



Preliminary conclusion

* the exact laws of living nature exist into
framework of correct biological
measures

* the exact laws of living nature exist for
suited (fit) biological measures

* the exact laws of living nature exist if we
use the adequate biological measures,
the fundamental biological units etc.



bubnuorpaoua
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ToYHble BbIBOAbI 0bCYKAEHUA

* C KaKuX e mep h CUMMETPUMN HAYHEM?
e Kakme nons v KanambposKku?

e Kakne akcnepmmeHTbl, MHCTPYMEHTbI M YMnbl?



