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Ot JancoHa — 0o ApobHbIX mep

 Stability of matter

* FJ Dyson, A Lenard. I. J Math Phys 8 (3), 423-434 (1967).
* A Lenard, FJ Dyson. Il. ) Math Phys 9 (5), 698-711 (1968).

@ [lancoH. YCTOMYMBOCTb BellecTBa, €.18-91.
* YcroumeocTb 1 ¢paszoBble nepexoabl. «Mwup», M, 1973

e NancoH @. MNTnubl N NATYLWLIKKM B MaTEMATUKE U PU3UKe
 Y®H 180, 859-870 (2010).

* Fractional Hardy-Lieb-Thirring and related inequalities
for interacting systems

* D Lundholm, PT Nam, F Portmann. arXiv:1501.04570 (2015).

* JloKa3aHbl HepaBeHCcTBaA Xapau-/inba-TuppuHra ansa
KBQHTOBbIX CUCTEM MHOTIMX Ten € APOOHbIMN KUHETUYECKUMM
onepartopamm n ogHOPOAHLIMM NOTEHLMANAMMU
B3aMMOAENCTBUA, rae He npeanonaraeTca HUKAKon aHTun-
CUMMETPUN BONHOBbBIX GYHKLMN.



«HoBble HanpaB/IEHNA B HayKe ropasgo Yalle co34akTcs
C NOMOLLbIO HOBbIX METO40B, @ HE HOBbIX KOHLEMNUUMN.
HoBble KOHUENUUN OOBACHAIOT N3BECTHbIE ABJIEHUA NO-
HoBOMY. HoBble meToAbl OTKPbIBAOT HOBbIE AAIB/IEHUA,
KOTopble Heobxoanmo ob6bACHUTL». Freeman J. Dyson




KBaHTOBaHue noaeu:

rpasuTauma u bnonorums
npoaomxeHue beceapl

Hekoaupytowme 6enkm PHK—

MpuHumnbl buonormum knetkm NBK no Halwemy

Purnsnyeckas bMonorma KNeTku
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https://sites.google.com/site/fbkponasemu/

®. lancoH «[1Tnubl 1 NATYLLKM B MAaTEMATUKE
n dmnsmke» // YPH, 180, 859-870 (2010).

* BbIBalOT YYEHbIE-NTULDbI, @ ObIBAIOT U YYEHbIE-NATYLWKW. [TTULbI
NapAT B BbllUMHE U 00603peBatoT 0OWMPHbIE MPOCTPAHCTBA
buonornun, CKoNbKO BUAMUT rna3. HacnaxkaeHne nm aoctaBnatoT
NOHATUA, KOTOPble CBOAAT HALLUW PAa3MbILLIEHNA BOEAUNHO U
NO3BO/IAIOT COBMECTHO PAacCMaTpPUBaTb 3a4a4m, BO3HMKaloLMe B
PAa3HOOOpPa3HbIX anemMeHTax nensarka. JIArywkKm xe Konowartcs
[ANEeKo BHU3Y B rPA3K N BUAAT TO/IbKO pacTyuwme nobamsoctu
uBeTbl. N HUX HacnaxKaeHne — BHUMATE/IbHO pPa3risaablBaTh
KOHKPETHble 0O6BbEKTBI; 3a4a4M OHUM pPeLatoT N0CaAe40BaTeNbHO,

OAHY 33 APYyrou.

e Cam A — nAaryLiKa, a cpeam moux 61nM3Kux apysen Hemaso nTu,
OTctoaa 1 OCHOBHAA TEMA MOEN CeroaHALHEN nekummn: bnonormu
HeobxoaMMbl 1 NTULbI, N NATYLWKW. BUONOrMa cNoXKHa
NPEeKpacHa NOTOMY, YTO NTULLbI MPUBHOCAT B HEE LLUNPOKUIA
B3r/1A4, a NIAryWKM — 3aMbiC/I0BaTble AeTanun. buonorna couvetaer
B cebe 06WHOCTb NPUHLKUNOB U MYOUHY CTPYKTYP, YTO AeslaeT eé
N BEJIMKUM UCKYCCTBOM, M BaXKHOU HayKon. bbino 6kl ryno
YTBEPXAaTb, YTO NTULbI NyYLLEe NArywekK, nbo BMAAT Aanblle, Nnm
YTO NArYLWKM nyyiie ntuy, nbo npoHuuatoT rybxe. Mup
6rMonormu WNPOK u ryboK, n Ana ero n3y4eHma Hy*KHbl U NTULbI,
N NATYLLKW.

e Bblwe 6blna caenaHa 3aMeHa: matemaTuka — buonorus



http://ufn.ru/ru/articles/2010/8/f/

& Ok NarcoH (p. 15/12/1923) rosopwun:

* «<HoBble HanpaBAeHUA B HAayKe ropasao Yalle
CO34atoTCA C NMOMOLLbIO HOBbIX METOAO0B, a HE
HOBbIX KOHUENuUu. HoBble KOHUENUUMN OOBACHAIOT
N3BECTHbIE ABNIEHMA MNO-HOBOMY. HOoBble MeTobl
OTKpPbIBAOT HOBblE ABNEHUA, KOTOPble HEOOXOAMMO
OOBACHUTDLY.

* “New directions in science are launched by new
tools much more often than by new concepts. The
effect of a concept-driven revolution is to explain
old things in new ways. The effect of a tool-driven
revolution is to discover new things that have to be
explained.”

* Freeman Dyson «Imagined Worlds». 1997.



Freeman Dyson «Imagined Worlds»

 There are two kinds of scientific revolutions, those
driven by new tools and those driven by new concepts.

e EcTb ABa BMAA Hay4HbIX peBoaoUMK, braroaaps HOBbIM
NHCTPYMEHTaM 1 brarogapa HOBbIM KOHLUEMNLMUAM.

* The effect of a concept-driven revolution is to explain
old things in new ways. The effect of a tool-driven
revolution is to discover new things that have to be
explained. In almost every branch of science, and
especially in biology and astronomy, there has been a
preponderance of tool-driven revolutions. We have
been more successful in discovering new things than in
explaining old ones. In recent times my own field of
physics has had great success in creating new tools that
have started revolutions in biology and astronomy.
Physics has been less successful in creating new
concepts with which to understand its own discoveries.



[Touemy 1 rpasuTauma n buonormns?

* [paBUTaALMA
* V)ke 80 neTt HeT TeopuKM KBAHTOBOW rpaBmuTaumum
* [pobnema HENOKANbHOCTM NONA HE pellaeTca
* Heob6X0AMMOCTb TEOPUM B BbICOKMX PA3MEPHOCTAX
* HeT cCOOTBETCTBYIOWMNX KBAHTOBbIX YMNCeS

* bnonoruna
e 1o cnx nop HeT Teopun BUOOTNYECKMX NONEN
* HenoKasnbHOCTb BUONOTMYECKUX B3aMMOAENCTBUN
* MHOromepHoOCTb BMONOTNMYECKUX CUN N AENCTBUSA
* Hano, HO ... HET NOKA KBAHTOBbIX YNCE



/ & . " Pycckuit  English

Boinycku Aetopsl PACS [Moanucuvkam [ns asTopos KTO LITO M
’
Bbinycku / 2005 / Okta6pb /2015 / K 80-neTtuto .2. KaK CKa)-KET?

MaTtBein bpoHLITENH N KBAaHTOBAaA rpaBuUTaLus.

rE ropenuc K 70-NeTUIO HEPELLEHHOW NPOONeMbl

* "Y70, cobcTBEHHO, Npounsowno B 1935 r.? Pa3se HMKTO A0 TOro
He COeAMHAN CQI0BA KKBAHT» U «TPaBUTaLUA» U HE nnucan popmyn,
coaeprkawmx oaAHOBPEMEHHO dyHOAAMEHTA/IbHbIE KOHCTAHTbI
¢, G 1 h (ckopocTb cBeTa, rPaBUTALMOHHAA KOHCTAaHTA M NOCTOAHHAA
[MnaHKa)?" Bblno 1 NnepBoe, N BTOPOE, a BTOPOE — [AarKe paHblue
nepsoro.

* OgHako npobaema kBaHMosoU 2pasumayuu Bo BCen ee rnybuHe
6blna oco3HaHa UmeHHo B 1935 r. Npoun30LWN0 3TO 0CO3HaHME
B ronose MatBes eTpoBuya bpoHwTeNHa, a nyban4Ho
N UCTOPUYECKU 3aPUKCMPOBAHHbIM GaKTOM CTano B HOABpe 1935 .
BO Bpemsa 3almTbl B JIEHUHIPaACKOM PU3NKO-TEXHUYECKOM
nHctutyTte (JI®TU) ero AOKTOpPCKOM AmnccepTaumm.

e Cnycta 70 (y»ke 80) net rnybuHa npobiembl 0cO6EeHHO 04EBUAHA,
NOCKO/IbKY NPO6/1IeMa TaK 1 He pelleHa, CTaB, BEPOATHO, CamMbIM
"NpoknatTbim" Bonpocom pyHAAMEHTANIbHON U3UKM.



MMMaHynn KaHT

* (Hem. Immanuel Kant [1'ma:nue:l 'kant];

e 22 anpena 1724, Kénurcbepr, Mpyccus
— 12 ¢peBpana 1804, Tam xe) —
HemeuKnmn émnocod, poaoHavasibHUK
HEMELLKOMN Knaccmyeckon pmunocodpuu,
CTOALLMM Ha rpaHu anox NpocseweHnsa m
POMAHTU3MA.

* Yepe3 HECKONbKO IET Noc/e NoAB/EHUA
BO ®paHumnm rmnotesbl bropPoHa, a
ToyHee B 1/55-m roay, B l[epmaHum
n3BecTHbi punocod MmmanHymn KaHr,
byayum ewe monoabim AOMALLIHMM

yuyuTenem, Bbinyctua KHury «Bceobuiasn flo 1791-ro roga KHura
ecTecTBeHHana Uctopma U Teopmua Heba,  OCTaBanacb HeU3BECTHOW,
U UccnenoBaHME O COCTaBe U Tem 6onee, KaHT He nocTasun

MeXaHNYEeCKOM NPOUCXOXKAEHNN BCErO  CBOEro MMeHU Ha TUTYIbHOM
MWUPO34aHNA, NOCTPOEHHOE Ha OCHOBE JINCTe, OCTaBMB COYNHEHUE
NPUHUMNOB HbOTOHa». aHOHUMHbIM.

http://www.students.chemport.ru/veiitn.shtml



http://www.students.chemport.ru/veiitn.shtml
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Electronic-vibrational Tamm surface
state of 5 nm diamond ball

1925 — Quantum theory of paramagnetism —

1929 — The concept of vibrational quanta in

solid (later called by Frenkel) = Idea
of quantum of sound at ND
1933 — « » - certain electron states

were due to the existence of the surface = 1D
& 2D é states at ND

1934 — Any system with

should have =
Nature of free spin at ND
* In 1934, Altshuler and Tamm predicted the lgor Evgen'evich Tamm
existence of the magnetic moment of neutron (8/07/1895 — 12/04/1971 )

and correctly estimated its value and sign. This )
idea was so unusual then that even Niels Bonr 1958 — Nobel Prize for the
who visited Moscow in 1934 could not accept it.  \/avilov-Cherenkov effect



Classical papers of Tamm

 |g. Tamm. Zur Quantentheorie des Paramagnetismus. Z.
Phys. 32 (1), 582-595 (1925).

* |g. Tamm. Uber die Quantentheorie der molekularen
Lichtzerstreuung in festen Korpern. Z. Phys. 60(5-6), 345-
363 (1930).

* Ig. Tamm. Uber eine mogliche Art der Elektronenbindung
an Kristalloberflachen Z. Phys. 76 (11-12), 849 -850
(1932).

* |. E. Tamm, Uber eine mogliche Art der Electronenbildung
an Kristalloberflachen Z. Phys. Sowjetunion. 1, 733-746
(1932).

« C.A. Altshuler, I. E. Tamm. Magnetic moment of neutron //
Doklady Akad. Nauk SSSR, 8, 455 (1934).



Teopuun cnuHa, HENOKA/IbHOCTb

* [MH36Ypr B J1, Tamm U E. K Teopumn cnunHa // HKITD,
17 (3), 227-237 (1947).

* Bacunbes M A "B.J1. [MH30ypr n nona BbiCLINX
cnnuHoB" YOH 181 (6), 665—-672 (2011).

* MpunoxkeHne «Ctatbun B.J1. [MH30ypra no BbICLLIMM
CANHaM»

* A. O. Barvinsky. Aspects of nonlocality in quantum
field theory, quantum gravity and cosmology //
Modern Physics Letters A, 30 (3), 1540003 (2015).



Tamm, T-spin & Topological materials

“Surface electronic states of insulator
can be metallic” | E Tamm 1932

“If the topological invariants are always
defined for an insulator, then the surface
must be metallic.” J Moore 2010

Y Ando, L Fu. Topological Crystalline
Insulators and Topological
Superconductors: From Concepts to
Materials // arXiv:1501.00531 [cond-
mat.mtrl-sci] (3 Jan 2015).



Topological insulators

Topological insulators — insulator inside, conducting on the surface.

Hoph map R3 < S3 — S2

a. Moore, J. E. (2010). The birth of topological insulators.
Nature, 464(7286), 194-8. doi: 10.1038/nature08916
b. Benobpos, I1. X. (2001, 2003). lNpupoga HaHOANIMa3HOro COCTOAHUS U HOBble NPUMEHEHNS arnMasHbIX
HaHOTEXHONOrmn. Belcokne TexXHONOrMM B nNpombiLLneHHocTn Poccuum (c. 235-256).

16



A Model of T-Spin — Hopf Soliton

m (x,),2)

= = } [~y —=2xz+ yr’]
1 +r |
2 Y ;
= | [x=2yz—2r"]s
1+7" |

m(x,y,z)= (

m,(x,y,z)= (

Y

) [2x% +2y°]"

2
m_;(.\'._\‘.z)=—l+[I

3
-

2
U= >
|+ r°

http://molpit.org/page/36 Dipolic



A A BepneHos:

«Bam He KakeTcs, YTO 0O BACHATDL
Ha[0 NoYemy He BCe maTepmanbl
CBEPXNPOBOAHUKN? Y, —

e cnpawwmnsan B /1 nH3bypra



3ana4va abmexa:

CBA3b MeXAay SHTponnen n bMHapHoun
bYHKUMEN pacnpeaeneHus

KBaHTOBaHMe nosien BMmecTe C
ONMUCaHNEM MHOTOMEPHOCTHU
B3aMMOAenNCcTBUA

B rpaBuTaLLMM U B —
TPWU HEMOHATbIX KMnTa [lpupoabil.



HecbirpaHHaA nbeca
NoHATa BO3MOXKHOCTb (25-30/3/2015)

* [TapTUTYpbl BUONOTNYECKNX B3AUMOAENCTBUI

* CUMMETPUN, NOASA, CUAbl, KANNOPOBKMK

* Free style, nonér 6e3 Kpbl/ibeB

* Munuennbl, MUKPO3IMY/IbCUU, MUKPOPIIOUANKA

e Kannu, KNeTkun, KNaKcbl

* POTOH M KBAHT MAarHUTHOrO MNOTOKA

* Teparepu, BOJIHOBOA, M OAWH KBAHT CBeTa (3BYKa)

* O6BbACHUTL 6N30CTb rPaBUTALUN N BUONOTUN



[TonbITKK onpeaesieHNM KBaHTOB

P b XecuH

* «1HK, co BCeMN 3aKN0OYEHHON B HEU
reHeTMyeckon nHpopmaumen, 6e3 PHK-
nonnMmepasbl mepTBa. "KU3Hb HAYMHaeTCA
C TPAHCKpUNuumn!»

*J1 U MNaTpywes

* « 1HK + PHK, KaK MHCTpYMeHTbl 1 KaK
06BbEeKTbl B3aUMOAENUCTBUIN, MOTYT UTPaTb
CUMOPOHUIO KNEeTKN. 'KN3Hb peannsyeTca B

skcnpeccumn!»



Al ManbirmnH

e Structural symmetry of the metabolic reaction
network. |. Carboxylic acid metabolism // Journal of
molecular medicine 78 (2), 66-73 (2000).

 Structure—chemical approach to organization of
information on metabolic charts // Biochemistry 69
(12), 1379-1385 (2004).

 H Li, D de Ridder, M JL de Groot, M JT Reinders.
Metabolic pathway alignment between species

using a comprehensive and flexible similarity
measure // BMC Systems Biology 2 (1), 111 (2008).



PITO0183 3kcnpeccua reHos (Knacc MaTpywesa)
http://molpit.org/?post=PIT00183

* JleB MiBaHoBKMY MaTpyLies (cm. ero 0630p [4]) untaet ans 4-ro Kypca
nekumu "OcHoBbI reHeTn4Yeckom nHxeHepun' (Kadp omns-xum 6umo n buortex

OMBD MPTU) http://ibch.fizteh.ru/study/kursy/kurs03.html.

* Ecaum nocm. http://www.youtube.com/watch?v=WgjjtWu-rgo 100
MUHYTHYIO NeKuuto [eHeTUYecKaa UHXKeHepuna cerogHAa , To y Bac
OTKPOETCA BTOPOE AbIXxaHUe B U3yyeHnun buonornm. PekomeHayto caywatb
NneKkumnto n cmoTtpetb 128 cnanaos K Hen Patrushev2012L (pdf, 7860KBE)

KHuru n ocHoBHble 0630pbl + nekuuu 2014:
1. J.U.NaTtpywes. Ikcnpeccma reHo. 2000. Patrushev2000 (pdf, 6987KB)

2. [MaTtpywes J1.1. UcKyccTBeHHbIe reHeTn4yeckne cuctembl Tom 1: [eHHaA
n 6enkoBan MHxxeHepua. 2004. Patrushev2004 (djvu, 5657KB)

3. J1.W.Natpywes, N.[.MunHKkesund. Npobnema pazamepa reHOMOB 3yKapuoT
// Ycn 6uon xumum, 1.47, 293—-370, 2007. Patrushev2007 (pdf, 1713KE)

4. J1.M.Natpywes, T.®.KoBaneHKo. PyHKUMM HEKOANPYIOLLMNX BeNnKK
nocnenoBaTe/IbHOCTEN reHoMa maekonuTarowmx // Yen. buon. xumun,
T. 54, 2014, c. 39-102. Patrushev2014 (pdf, 847KB)



http://molpit.org/?post=PIT00183
http://ibch.fizteh.ru/study/kursy/kurs03.html
http://www.youtube.com/watch?v=WgjjtWu-rqo
http://molpit.org/files/793_Patrushev2012L.pdf
http://molpit.org/files/795_Patrushev2000.pdf
http://molpit.org/files/796_Patrushev2004.djvu
http://molpit.org/files/797_Patrushev2007.pdf
http://molpit.org/files/769_Patrushev2014.pdf

PITOOO9S5 Jlormnka cny4yan

e lancoH — TeopeTnk. Co3aan TEOPUIO CAYHANHbIX
MaTpUL, HO JIOTMKa BMONOTrMYECKOro C/1y4an ocTasnach
TAaNHOW, T.K. KDOME CAYYaMNHbIX MaTPUL, eCTb eLlé
sKcnpeccua, ambpuoreHes, nepapxmsa KOoB U ...

* PeKoMeHAylo NpPoYnTaTb BHUMATENBHO INYOOKYIO U
BIOXHOBAIOLLYIO KHUTY MO BMOI0rMYeckomn sBoNOLUN

* EB KyHuH: Jlornka cnyyaa. O npupoge n npomncxoxkaeHmmn

buonornyeckon asontounn. 2014. 527 c. Koonin2014rus (file,
8608KB)

* EV Koonin. The Logic of Chance: The Nature and Origin of
Biological Evolution. 2012. 529 p. Koonin2012 (pdf, 4936KE)

* Jlornka cay4as 3To IornMKa 6Monornyeckmx cobbiTun,
T.e. aKcnpeccun, mopdoreHesa, ...

* MHoroyposHeBas pmM3nyecKasn IorMka brMonornyeckux
cobbITUN, KaK 3BONOLUMOHHbLIX B JTornke Cny4yas, Tak u
KONNEKTUBHbIX 3dPEKTOB NPU MHOTOYPOBHEBOW
camMoopraHm3auumn, cytb poaocnosHasa knetok CellBook



http://molpit.org/files/507_Koonin2014rus.fb2
http://molpit.org/files/506_Koonin2012.pdf

Buonornyeckme cobbiTuA

* [leneHne KNeTokK.
* Cell Division : Thinking Inside and Out

* InpdpepeHumpoBKa. CDs

e JIorMKa akcnepmmeHTOB ex Vivo (in vivo <+ in vitro) —
«Henb3s B NpobunpKe XKU3Hb N306pa3nTb»

* PeanbHas akcnpeccus poaoCcn10BHOW FEHOB

* [Mona pennanKauuu, TpaHCAAUMNN, TPAHCKPUNLNN,
Kopoue, IHK + PHK + 6enku + amnmapbl +... , T.€.
MOJIeKynsApHble nons + ux 6/x akTUBHOCTU + ...7



Towards biological mathematics and physics

Chapter 1. Act life is action & development (6ecnokoicTBo)

Chapter 2. Biological bonds are multidimensional nature
(B3anmopencrteme)

Chapter 3. Cell is cantor continuum (rapmoHMA HeENPEPbLIBHOCTU U
AVUCKPETHOCTH)

Chapter 4. Diversity as biological law (bnonornyeckoe pasHoobpasue)
Chapter 5. Emergence is created by life (npuHuMn co3naanHms)
Chapter 6. Function & functional signals (buonornyeckmne curHanol)

Chapter 7. Gene: genial complexity, organization and hierarchy
(choXKHoCTb)

Chapter 8. Heredity is law of mixed lineage (HacheacTBeHHOCTb U
POAOC/NOBHAA KNETKK)

Chapter 9. Integrity & individuality (MHaMBMAYaNbHOCTL N LENOCTHOCTD)

Chapter 10. Jokes of measures & gauges (bnonornyeckme mepbl 1
KannbpoBKHK)

Chapter 11. Kolmogorov: the legacy of A.N. Kolmogorov in cell biology
(nepapxma Kkogos)

Chapter 12. Logic of Bio Chance & Event (nornka cay4yan Kak normka
buonornyeckmx cobbiTmin)



TouHble ab initio bBuonornyeckme npuHUMNLI, KOTopble ntoban

MaTemaTtuyeckasa u/mnm dmusmnyeckan Teopusa obasaHa yumTbIBaTb

[nasa 1. [lencrtemne u pa3BuUTUE — 3TO 3aKOHbI }KU3HU
[naBa 2. MHoromepHas npmpoaa bMonorM4eckmnx cBAsen
[naBa 3. KNeTKn U TKaHU KaK KaHTOPOBblI KOHTUHYYMblI
[naBa 4. buonornyeckoe pasHoobpasmne Kak 3aKOH KU3HMU
haBa 5. CnocobHOCTb CO31aBaTb U €CTb XXU3Hb

[nasa 6. buonornyeckmne GpyHKUUMN N CUTHANDbI

[nasa 7. [loOHMMaHue nepapxmun, opraHmn3aunum n C10KHOCTU
reHoB

[naBa 8. 3aKOH nepemeLlnBaHNA KNETOYHbIX TMHUIN MPU
Hacneg0BaHUU

[nasa 9. [apMOHMA NHANBNAYA/IBHOCTU U LLe/IOCTHOCTK
naBa 10. bnonormnyeckme namepeHus, Mepbl U KAaAMOPOBKM
nasa 11. Hacheane KoamoropoBsa B 6MON0OTMM KNeTku
[naBa 12. Jlornka buonormyeckmnx cobbitnim



BapVIaHTbI HOBbIX NPUHLUWNMNOB

* AT lypsuy. NMpuHUMNbI aHaAUTUYECKOW Bnonormm u
TEeopPMM KneTouHbix nonen. 1991. 290 c.

e lo6baBmum no xoay obcyxaeHma bmp150330
 CummeTpumn metabonmnsma

* My3bika PHK + [1HK B akcnpeccuun, metoa:. RNA-seq = a
revolutionary tool for transcriptomics (Wang2009)

* Mepbl, KaNMBPOBKU, «NPaBU/IbHbIE MONA» B KNETKe




Pa3BepTkn YepaaHuesa

* YepaaHues B.I. MopdoreHes n ssontoumnsa. 2003.
360 c.

* Singh H. Embryology of gymnosperms. Berlin-
Stuttgart. 1978. 302 pp.

* YOOAUHITOH

* Ha nyTK K TeopeTnyeckomn buonormu



IMbpUoiorua n nons pasBEpPTOK

* Ludwig von Bertalanffy. Modern theories of
development: an introduction to theoretical
biology. OUP. 1933. 214 p. In English. Ludwig von
Bertalanffy. Kritische Theorie der Formbildung.
Borntraeger. 1928.

e J.C. bayap TeopeTtnyeckaa buonorma. BU3M. 1935.
151 c.

* A. T. Typsunu. Teopus buonormnyeckoro nonsa. 1944,
156 c.



Youlllll "  http://www.youtube.com/watch?v=07-CLqiNJWM e a

MynbTdunbm «Jletyuymnin kopabnb» , —
I » < CotoamynbTdunsm, 1979 @ ¥ Ll..

IX, XKU3Hb MOS - XXecTAHKa, [1a Hy eé B 6onoTo, >KuBY A, Kak noraHka,
A MHe neTaTb, a MHe neTaTb, A MHe rneTaTb 0XoTa.



Haw nonét http://molpit.com/blog/PITO0174
MpuHUMnbl BUonormmn KneTku ab initio

ab initio npuHuMnel bnonormm, Kotopble ntLOOM
MaTeMaTUK U PU3nK 0693aH yunTbIBaTD:

1. JenctBre u pasBUTUE — 3TO 3aKOHbI }KU3HU
2. MHoromepHas npupoaa 6MoNorM4ecKkux ceasem
3. KNeTkn 1 TKaHM Kak KaHTOPOBblI KOHTUHYYMb

Towards biological mathematics and physics

1. Act life is action & development (6ecnokoinctso)
2. Biological bonds are multidimensional nature
(bnonornyeckoe B3aMMoaeNCTBUE)

3. Cell is cantor continuum (rapmoHus
HENpPEepPbIBHOCTU U ANCKPETHOCTH)


http://molpit.com/blog/PIT00174

[MpunHUMnbI BUoNOrMKn KNETKU ab initio

4. bnonormnyeckoe pazHoobpasne Kak 3aKOH XKU3HMU
5. CnocobHOCTb CO34aBaTb U €CTb KU3Hb

6. buonornyeckme PyHKUMMN 1 CUTHANbI

/. [ToOHMMaHune nepapxmun, opraHn3aumnn u
C/IOXKHOCTU reHOoB

8. 3aKOH nepemeLinBaHnUA KNeTOYHbIX TMHUN MPU
HacneaoBaHUMU

Towards biological mathematics and physics

4. Diversity as biological law $6monormqecr<oe pa3Hoobpa3ue)
5. Emergence is created by life (npnHumnn cosanaaxHusn)

6. Function & functional signals (bnonornyeckmne curHanbi)

7. Gene: genial complexity, organization and hierarchy
(choXHOCTb)

8. Heredity is law of mixed lineage (HacneacTBeHHOCTb U
POAOC/I0OBHAA KNETKM)



[MpunHUMnbI BUoNOrMKn KNETKU ab initio

9. [ApMOHMA MHAMBUAYANBHOCTU N LLE/IOCTHOCTU
10. bruonornyeckme namepeHna, mepbl u
KannbpoBKM

11. Hacnegmne Konmoroposa B 61Monormm KneTku
12. Jlornka buonormyecknx cobbitum

Towards biological mathematics and physics

9. Integrity & individuality (mHanBuAayanbHOCTL U
LLe/IOCTHOCTb)

10. Jokes of measures & gauges (bunonormyeckme mepbi u
KannbpoBKM)

11. Kolmogorov: the legacy of A.N. Kolmogorov in cell biology
(nepapxma konos)

12. Logic of Bio Chance & Event (normka cny4as Kak /10ruka
bronornyecknx cobbiTnin)



Kakue e KBaHTbl byayT n nouyemy?

* VKe Te, UTo ecTb B dusuke %, 3/2, 2, 3, ... n
* h: KBAaHT AENCTBUSA
* KBaHT poH KnutymHra
e KBaHT [])k03edCcoHa

* [loneBble KBaHTbl B NEPEMEHHbIX COCTOAHUA KNETKM
* CTPYKTYPHbIE KBAHTbI

* QYHKUMOHA/IbHbIE €ANHULbI, B A0NAX KOTOPbIX
NIErko byaeT obcyKaaTb XKU3Hb KNETOK



[lepeonpeneneHune cucrtembl CU
PoxaeHune KBaHTOBbIX eaAnHUL, [1pupoabl

SI International
System of Units




[lepeonpeneneHune cuctemsol eamHuL, CH

2014 — 2018

Relative uncertainty of various physical measurements and associated base units

Unit Constant used as reference Symbol | Current definitions | Proposed definitions

kg 'Mass of International prototype kilogram| m(K)

Planck constant h
A magnetic constant Mo
Elementary charge e
K Temperature of triple point of water Tterw
Boltzmann constant k
mol Molar mass 2C M(12C)

Avogadro constant Na

exact 4.4 x 1078
4.4 x 108 exact
exact 6.8 x10°10
2.2 x 1078 exact
exact 9.1 %107
9.1 x 1077 exact
exact 4.4 x 108
4.4 x 1078 exact



Relative uncertainty of various physical measurements

Constant used as reference

electron mass
unified atomic mass unit or dalton
carbon 12 atomic mass

magnetic constant
vacuum permittivity
impedance of free space

fine-structure constant

von Kiitzing constant

temperature of triple point of water

Molar gas constant
Stefan—Boltzmann constant

Faraday constant
Josephson constant

Me
Mmy
m(12C)

Mo
£0
Zo

a
Rk
TtPw
R
o

F
Ky

50 % 10°%
5.0 x 1078
5.0x 1078

exact
exact
exact

6.8 x 1010
6.8 x 10710
exact
1.7 x10°°
3.6 x 1076

22x10%
22x10°

Symbol | Current definitions | Proposed definitions

1.4 x107°
1.4 x 107°
1.4 x 10°°

6.8 x 1010
6.8 x 10°10
6.8 %1019

6.8 x 1010
exact
1.7 x10°°
exact
exact

exact
exact

Relationship to
basic constants

of nature

N/A

N/A

N/A
h/e?
N/A
Nak
215k4/15h3c2 |

Nae
2e/h



Current (2013) S| System: Dependence of base Proposed S| System: Dependence of base unit
unitdefinitions on other base units (for example, definitions on physical constants with fixed

the metreis defined in terms of the distance numerical values and on other base units that
traveled by light in a specific fraction of a second) are derived from the same set of constants.
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bnonornyeckaa meTponorua

* CobcTBEHHbIE Mepbl
* l3amepmnmocTb

* HoBble cucTeMbl BUONOTMYECKUX KOHCTAHT
* PyHAAMEHTaNbHbIX NOCTOAHHbIX!!!

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



http://bionumbers.hms.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.



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

Pasmepbl KNneToK

baktepwua (E. coli): ~0.7-1.4 um anameTp, =2-4 um annHa, ~0.5-5
um3 06bém; 108107 cell/ml ana KynbTypbl C ONTUYECKOM
nAoTHoCTbio ODyy~1

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

O6BbEM Knetkn mnekonutatowmx: 100-10000 um?3; Hela: 500-5000
um? (pa3mep Ha ctekne ~15-30 um anameTp)

MacwTabbl ANWUH BHYTPU KNETOK
Obbeém agpa =10% obbEMa KNeTKu
TonwmHa Knetod4HoM membpaHbl = 4-10 nm
“Cpegnnin” pnameTtp 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=%

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

CKopocTu aeneHus, penimkauum, TPaHCKPUNUuu,
TPaHCAALUN U gerpagaumu

* npn 37°C c TemnepatypHoun 3asnucumoctoio Q10 = 2-3

* Bpemsa KNnetoyHoro umnKkna (3KcnoHeHUManbHbIM POCT B
6oratbix cpepax): E. coli *20-40 min; apoxKu ~ 70-140 min;
NMHUA KneToK YyenoseKa (Hela): ®15-30 hours

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

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

* Temnbl gerpagaumun (nponndepupytolne KNETKN): Bpems
nonypacnaga mRNA < Bpems KNeTOYHOro UuKAa; Bpems
nosaypacnaga benka >~ Bpems KN1eTOYHOro LKA



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.nms.harvard.edu/

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

XapaKTepucTuyeckasa KOHUEHTPaLUKUA CUTHaAbHbIX 6enKkos
~10 nM-1 mM

CopneprkaHue Boabl: ~70% maccbl;, 06K SNEMEHTHbIN
coctaB (cyxo# Bec): E. coli~ C,H,0,N,; apoxkn ~ C,H, 0N,
CocTtas E. coli (cyxomn Bec): ~ 55% benka, #20% PHK (RNA),
~10% annnaos, = 15% npoumnx

KOHu,eHTpaL7Mﬂ 6enka ~100 mg/ml=3 mM. 10%-10’ Ha oaHY
KNneTky E. coli (3aBUCUT OT CKOPOCTU POCTA); obLime
meTtabonntbl (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=%

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

JHepreTukKa
* MembpaHHbIM noteHunan = 70-200 mV —

* 2-6 kT Ha anekTpoH (kT = Tennosas saHeprusa)

e CBob6oaHas aHeprma (AG) rmaponunsa ATP npwu
PUN3N0NOTNYECKUX YCNOBUAX

* ~40-60 kJ/mole — ~20k;T/molecule ATP; uncno
monekyn ATP, HeobxoaMmbIx A5 NOCTPOEHMA KNeTKu E.
coli ~10-50x10°

* PesynbTupyrowan AGY nopaaKka oTHoleHUA
KOHLEHTpauum NpoayKTOB M PEareHToB:

~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=%

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

Anddy3mna n CKopocTn Kataamsa

e Koappuumentbl anddysnm ana “cpegHero” 6enKka: B
umutonnasme D~5-15 mm?/s — npoxoauTt 3a ~10
millisec E. coli — npoxoaut 3a =10 s B KneTKe
mnekonutaowmx (Hela); Hebonblume metabonunTbl B
Boage D~500 mm?/s

* Nnddy3ma orpaHMYeHa NO CKOPOCTU ANA
XapakTepuctnyeckoro 6enka ~103-10° s*M* — ans
cybcTpaTHbIX 6enKoB KOHUeHTpaumm =1 mM andody3us
orpaHu4yeHa no ckopoctn ~100-1000 s orpaHn4mnBas
TEeM CaMbIM KaTaJIMTUYECKYIO 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=%

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

Pasmepbl reHOMOB 1 CKOPOCTU HAaKoN/1IeHUsA OLLINOOK
(Error Rates)

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

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

* A. thaliana (apabungoncuc) ~120 Mbp;

* M. musculus (mblwb) ~2.5 Gbp;

* H. sapiens (4yenoBek) =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=%

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

Pazmepbl reHOMOB U CKOPOCTH HAaKOMJ/IEHUA OWN60K
(Error Rates)
Konnyectso 6en10K KOAUPYIOLLMX FTEHOB:
E. coli =4,000;
S. cerevisiae =~6,000;
C. elegans, A. thaliana, M. musculus, H. sapiens ~20,000
CKopocTb myTaumii npu penankaumm AHK ~103-101° per bp

CKopoCTb OWIMOKKU BKAOYEHUSA: TPAHCKpuNuuAa ~10* Ha
HyKneoTtua,; TpaHcnauma ~103-104 Ha aMUHOKUCNOTY

www.BioNumbers.org (nepesen NN 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 NPUHLUUNINOB

* Bouncna 3To He dpyHAAMEHTANIbHbIE KOHCTAHTbI!

* [loyemy?

 dyHOameHTaNnbHble 3aKOHbI BMONOrMKN €CTb, HO MOKa
ewe He chpopmynmpoBaHbl! CKopo byayT, Hagetocs ...

* PaHHME N HEeNO/Hble BapUaHTLI

* TpaANLMOHHbIE «3aKOHbI» BUoNOrnmn

* buonormna c pyHAaMeHTaIbHbIMWU KOHCTaHTaMM
* bKo KoopAanHaTbl U cuctembl 6e3 KoopanHaT

* BBeaeHue nonen, cna, BEKTOPOB, NAaPaMeTPOB,
onepaunmn, MoHaa, - B Les oM, 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,



s e

10.

10 MNpunHuunos [xkopaxxa laonnepa

KneTkun Bcerga HaxoaATCA B ABUXKEHUMN.

KneTkn B TKAHAX PU3NYECKU CMEXKHDbI C OKPYHKEHUEM.
LlenoctHocTb AHK - rnaBHbIM NPMOPUTET KNETOK.
NHK kogunpyet dpyHKummn PHK n 6enkos.

HAOMEMbpaHHaA cMCTeMa - KNeToyHas MallnHa
MMnopTa/aKcnopTa A1 MaKpOMONEKY.

XMM.CBA3U U MOHHbIE rPaaAunUeHTbI - TONJINBO K/IETKMW.
Cetun nepegayvyn CUrHaaoB - HEPBHAA CUCTEMA K/ZTIETKMN.

KomnneKcbl 6esKoB - YCTPOMUCTBA NPUHATUA PeELLEHNM
B K/IETKeE.

[poxoxKaeHue cTaAun KNeTOYHOro UMKna - Hanbonee
YA3BMMbIE NEPUOAbI B }KU3HU KNETKW.

TKaHM - MaKPOCKOMMNM4YeCkne akBnUBA/1EHTbI K/ZIETOK.



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).

* dnsnonoruna

+ nocne 25/3/2015
* Tun BbINnoAHAEMOMU PaboTbI
* buonornyeckasa pyHKUMUA
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[MpyHUMNbI cCUCTEMHOW BUONOrMK

Buonornyeckasa pyHKLMOHANBbHOCTb ABNAETCA
MHOrOypOBHEBOMN.

[epenayvya MHPopmMmaunmM NAET HE TONIbKO B OAHY CTOPOHY.

[JHK He aBnaeTca ocHOBOWM nepeaayvn No HacneacTsy.

Teopua 6BUONOTNYECKO OTHOCUTENBHOCTU - HET
NPUBUIETMPOBAHHOIO YPOBHSA MPUYNHHOCTMW.

OHTONOrNIO reHOB He yaacTcsa NOHATb 6e3 bonee
BbICOKOIO YPOBHS MPOHULATENBHOCTW.

HeT reHeTUYeCcKoM NPorpammeil.
HeT nporpamm Ha ntobom Apyrom ypoBHe.
He cywecTByeT HUKAKMX NPOrpaMmm B ro/1IOBHOM MO3re.

"Cam(0)" He aBnAeTcs obbeKkToM.
BbiBoabl eHnc Hobn (Denis Noble), 2008

. EcTb elie mHoro yero, 4yto byaeTt obHapyKeHO;

NOAJIMHHOMN «Teopumn buonorun' elle He CyLecTBYeT.



[MpuHumnbl EpuUma JiInbepmanHa

1. MpUHUMN MUHMMANbHOM LEeHbl AeUCTBUA 33
U3IMepeHune u pacyer.

2. MpuUHUMN ONTUMANBbHOCTU 3aMEHAOLLLMN OO NN
NPUHUKUN OTHOCUTENBbHOCTU DUHLLUTENHA.

3. HeobpaTmmocTb 3aKOHOB NpPUPOAbI He
CBA3aHHasA C peleHnemM ynpasasioWwmx CUCTem
BbI3blBaeTCA TO/IbKO BIMAHUEM U3MEPEHUA U
BblUUC/IEHUA.

4. TMpPUUNHOU perynapHbIX cobbITUN ABNAIOTCA
peweHna ynpasasaiowmx CUCTeMm.

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

* KBaHTOBbIN perynsatop KneTku oHnanH. 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

* KyKYLIKUH NéH ( Polytrichum commune)
e Obpas

* CMmbICh

* 3BYK

* CBeT

* CnhoBapb, OYKBa, A3blK, My3blKa

* CneKTp, pacnpeaenexHme

* [lpeobpa3oBaHue



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

ToyHOCTb Tpebyer

npaBsuUJibHOro onpeageneHun
25/12/2014



[1poayKTbl U3 MUKPOPHK-KOAUPYIOWMX TPAHCKPUNTOB
Multiple products from a miRNA-encoding transcript

Intronic Single Cluster Mirtron
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No Knots in RNA

* Bomnauyue om b6enkos u supycHou [IHK, monekxynol PHK,
suoumo, be3 y3nos. [Nloyemy Hem y37108 U YMO 3MO
o3Ha4yaem 014 buonoeuu? (Knotted region of 23S rRNA)

He3ay3neHHble HUTU XKU3HW: y31bl o4eHb peaku B PHK cTtpykTypax. arXiv:1410.1549



http://biotechniques.us1.list-manage1.com/track/click?u=7278d6c1c80671420f02050e3&id=2c9bb1d440&e=70eda2b46c
http://arxiv.org/abs/1410.1549

NMpoekt PHO®

* AHaIMTMYECKaA cucTema AnAa onepaTMBHOM OLLEHKU
NHTErpasibHON TOKCUYHOCTU GU3NOSIOTNYECKUX
XUAKOCTEN, NPUPOAHDBIX U MPOMBbILL/IEHHbIX BOA, HA
OCHOBE MUKPODAIOUNAHDbIX TEXHOOTUK N METOAOB
dbepmeHTaTUBHOro bnotecTnpoBaHuUsA

* Knrouesble cnoBa

* BuoTecTupoBaHue, noundepasa, MuKpopalongHblie
aHaANUTUYECKME CUCTEMbI, KanenbHaa MUKPOoPpAtoOMaNKa,
6MoCceHCop, IKONOTUYECKNIM MOHUTOPWUH,
napamarHuUTHble HaHOYaCcTULbl, HAHOA/IMa3

* Key words

* bioassay, luciferase, lab-on-a-chip, droplet-based
microfluidics, biosensor, environmental monitoring,
paramagnetic nanoparticles, nanodiamond



ChopmynmpoBaHa KoOHUeNUMAa 6MON0OrM4YeCcKuX WTPUX-KO[0B Ha
OCHoOBe ntoundepasbl C YCUIEHUEM CUTHANA NIOMUHECLEHLUN
HaHo4YaCTULAMM anma3sa, YToObl 06 BACHUTL 3PPEKT KarkyLencs
cneumMdPuUYHOCTM HAaHOYACTMUL, a/IMa3a K MoNeKyiam b6enka B KNEeTKe,
KOraa 3a O4HY onepauuio MOXHO BblAe/INTb OAUH 60K U3 TbicsaY
APYrnx, KOTOPble HaXoAsaTCA B KNETOYHOM /In3aTe.

KonnektusHble B3ammoaenucTrBMA HaHOYACTUL, 1 BUOMONEKYN
ABNAOTCA PU3NYeCcKon ocHoBoM 3dpdeKTa, TpebyloLemn HoOBOro
nccnenoBaHus. bbiaiv OTKPbITbI NapaMarHUTHble CBOUCTBA
HaHOANIMa3a, UccaeoBaHbl 3N1eKTPodU3NYECKME CBOMCTBA KOMMNO3MTA
N3 HaHOA/IMa3a U NMpoyriepoaa, obiv 0O6HapyKeHbI
No/IyNPOBOAHUKOBbIE CBOMCTBA KOMMO3UTA M NOKA3aHO BO3MOXKHOCTb
HaMarHU4YMBAHUA a/IMA3HbIX HAHOYACTUL, B KOMMNO3MUTE.

J10Ka3aHO coxpaHeHne GU3NYECKNX XapPaKTEPUCTUK KOMMO3UTA NMpu
0b6ny4eHnn b6bICTPbIMN HENTPOHAMMU. [TopucTasa CTPYKTYpPa KOMMNO3UTA
OTKPbIBAE€T BO3MOKHOCTb €ro NPUMEHEHNA B MUKPOPAIONANKe KaK
yrnepogHoun bymarm.

CornacoBaHune TeopeTUYECKMUX PACYETOB C SIKCNEPUMEHTANIbHbIMU
pe3ynbTaTaMm No3BOIMNAO NpeanoaaraTb, YTo HAaMM ObHapyKeH
HOBbIW KN1ACC TONOJIOrMYECKUX YMUCTO YINEPOAHbIX MOPUCTbIX
NONYNPOBOAHMKOBbIX NapaMarHUTHbIX MaTepuanos, KOTOPble MOTyT
CIYXKUT YaCTbo MUKPOPNIONAHBIX YANOB HOBOIO NOKONEHMUA.



ECTb TOYHbIE 3aKOHbI YXUBOW
npupoabl,
Exact Laws of Nature exists,

Ecan TOYHOCTb onpepeneHa

NO COOTBETCTBYIOLLLEU mepe
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.
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ToYHble BbIBOAbI 0bCYXKOEHUS

* C KaKuX XXe mep U CUMMETPUN HAYHEM?
e Kakme nons v KanmbposKku?
* Kakme skcnepmumeHTbl, UHCTPYMEHTbI 1 Ynnbl?



