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YPOBHU OPTAHU3ALUHUU XPOMATUHA B UHTEP®A3HOM AAPE

.30 nm 1. Monekyana AHK npeactaBaseT co00M ABOHHYIO AeBYIO
T CnMpaAb AHAMETPOM 2nm.

2. AHK, HaKpyyeHHa Ha HyKAeocOMbl AMameTpoMm ~ 1lnm
(komnakTusauua B 6-7 pas). Hykneocoma obpasoBaHa
YyeTblpbMs 6eAKaMHM - THCTOHAMM.

3. Hykneocombl TOXe ynakoBbiBalOTCA B Ooaee NAOTHble
CcTPYKTYpbI ($pn66puArbI) AMameTpom 30nm (YNAOTHEHME B
40 pa3). ?

4. Opakranbi? - Aa. - Ho kakue?




bU-OPAKTAAbHAA OPTAHU3ALIUA XPOMATUHA

For the lower scattering angles, where the values of Q lie
between 3 x 107% and 1.5 x 107> A~ the scattering curve
plotted on a double-logarithmic scale 1s also linear, but
the power law exponent changes, so that the slope of
the linear fit becomes D ~ 2.9. If we stay with the notion
that chromatin arrangement possesses mass fractal
properties, its fractal dimension approaching the value
of 3 implies that increase in the size of the scatterer is
no longer accompanied by an increase in the size of the
internal density variations in the mass fractal [9]. This
range of Q corresponds to the linear dimensions between
400 nm and 1.5-2 pum.

log 1

[*] Lebedev D.V,, Filatov M.V., Kuklin A.l., Islamov A.K., Kentzinger E., Pantina R., Toperverg B.P., Isaev-lvanov V.V. / FEBS Letters 579 (2005)



FRACTAL GLOBULE

The fractal globule as a model of chromatin architecture The fractal globule has a
in the cell The fractal globule is a  Striking territorial organization,

compact polymer state  Which strongly contrasts with
that emerges during themixing observed in the

Fractal globule /Equilibriumglobule polymer condensation as

- B 4> a result of topological

| & constraints which prevent

one region of the chain

from passing across

ARUNErOfBod  that s
capable of identifying 3D Peano
long-range interactions in curve

an unbiased genome-wide
fashion. L q?eomd A

Leonid A. Mirny

Mirny, Chromosome Res (2011) 19:37-51




OPAKTAAbHAAl TAOBYNA KAK MOAEKYAIPHASI MALLIMHA

OpakraapHas (CKiIajdaTast) TOJUMepHas IJ106yJ1a, KOTopasl sIB/ISIeTCS] HeOOBIYHBIM PaBHOBECHBIM COCTOSI-
HUeM KOHJIEHCHPOBaHHON He3ay3JIeHHOIT MaKpPOMOJIEKYJIbI, 9KCIIepUMeHTaJIbHO 0OHapyKeHHBIM B yKJIaake /THK
B XpOMOCOMaX 4YeJiOBeKa, cPpOpMHUPpOBaHa IIyTeM HepapXWdecKoro KoJuialica MmojimMepHoi menu. VccienoBana
peJjlakcarimoHHas AUHAMHUKa 3JIAaCTUYHOW ceTH, TMMOCTPOEeHHOIl M0 MaTpuile KOHTAKTOB (PpaKTaJIbHOI TTOOYJIBI.

OOnapy2KeHO, 94TO 110 CBOMM JWHaAMHUYeCKHUM CBoiicTBaM (ppaKTaJbHas Iy100yJsa I0J100Ha MOJIEKYJISAPHOU Ma-
IIAHE.
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[*] B. A. ABeTHCOB, B.A. UBaHOB, A.A. Mewkos, C.K. Heuaes,
Mucbma B XITP, Tom 98, BbIN. 4, ¢. 270-274, 2013



MANOYIAOBOE PACCEAHUE HEUTPOHOB (MYPH) U CMIUH-3X0 MYPH

Hankel

MYPH o) = . fcas(zgz)@(g) 10.40. Cnun-axo MYPH

d
[*] Krouglov, T., de Schepper, I. M., Bouwman, W. G. & Rekveldt, M. Th.(2003a). J. Appl. Cryst. 36, 117-124



COMYPH
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KOPPEAALUOHHAS OYHKLUA

1Q) = T oa 41-» G(z) = exp(—2/¢)

Y(r) = —KD (r/€)
Mpu /<1 ~(r)~ In(¢/7)
MacwrabHoe cBOKCTBO KOPPEAALLUOHHON QYHKLUM
v(r/a) = ~(r) + In(a)
YmeHblueHHe MaclwTaba paeT apAMTHBHYI0O A0GaBKy K

KOPPEAALIMOHHOH GYHKLUMH, a He MYAbTHNAMKATHUBHYIO,
KaK B CAy4ae 06bemHoro pakraaa. v(7)
' b V(r/a) =

_4x ! 2y (r)dr s | /(=13 In(1/r)

9. CYBPASMEPHOCTHAA HHOCJIE/IOBATE/IBHOCTH

Ecnu BHyTpennss upobuas QyHKINI MHOKeCTBA S AMEET BUT s (p) =
= ~v(D)p”, coiictra (pakTana MOTHOCTHIO OMICKIBAKTCA ETO PA3MEPHO-
cteio D. Ecim ke

(] hs(p) = p" [ln(L/p)}* [ln In (1/p)] "

TO OIHMCaHHE (DPaKTaNbHBIX CBOMCTB MHOYKECTBA S OKasbiBaeTcsa Oosee rpo-
Mo3akaM. OZHOM Pa3MEPHOCTBIO B ITOM Clly4ae HE OOOHTHCH, Tpedyercs

nmocaenoBarebHoCTh 1D, A1, Ag. Bemmuuubr A, MOXHO Ha3BaTh CyHOPOU-
HAMHBIMY PASMEPHOCISIMU WIH CYOPA3MEPHOCHSIMU.

[*] b. MaHAeAbOpoT, ®PpakTanbHas
reoMeTpusa NnpupoAbl, 1983

w(r)=rPfIn-2 (1/r) A - NOAPA3MEpPHOCTb



“All the branches of a tree at every stage of its height when put

3AKOH POCTA AEPEB A together are equal in thickness to the trunk (below them)”.

DERT ]

R Y O = 0V Y0 o N Y e e YD EE mEm EE Em
S SRR dh SR S - -
n .
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] ] mHep arsnns ]
=i gy Em Em Em Em
RO T
SO 2 NOKOAEHHE
: : : : .. — —v2 -1
Logarithmic fractals and hierarchical deposition R(N)=S(r)=r?In"(1/r)3 nokonenne
Of debris The resulting fractal is self-similar but non-uniform. The object can be “dated” lo-
cally, since the size of the sections is indicative of their age. Covering the object with
Joseph O. Indekeu”, Gunther Fleerackers squares of linear size p = 1,1/2,1/4,... one finds that the number of squares times

Laboratorium voor Vaste-Stoffysica en Magnetisme, Katholieke Universiteit Leuven, Celestijnenlaan pz/log(l /p) tends to the value 1/log2 in the limit p — 0. In conclusion, this fractal

200D, B-3001 Leuven, Belgium is characterized by Dr =2 and A, = —1. We furthermore propose the term fractal
Received 15 September 1998



SANNOAHEHUE BPOHXAMMUW TPEXMEPHOI'O NMPOCTPAHCTBA

Paspersiienng 6poHXoB B JIerKHX ONMCBLIBAIOTCH JIO-
rapudmradeckuM dpakraaom ¢ Dp = 3 o A = —1.
CrpouTcd OoH aHAJOIHYHBIM 0Opa30M, KakK M IIpeJibl-
JIYIIHI, TOJBKO BMECTO JIBYMEPHBIX cedeHHii OepyT-
¢ TpexXMepHBIe IMIIHHPBI, KOTOPhIE XapaKTepu3y T
obbemom. Takoe crpoenne obecriednBaer HanMeHbIIEe
COITPOTHRBIIEHHE BO3/IyXa B Jerkux. [Ipm aToMm BhITIONIHS-
eTCsl YCIIOBHE MOCTOSHCTBA OTHOIIEHUSI COMPOTHRIIEHNS
K TMONEPeYHOMY CeYeHHI0 Ha BCEeX yYacTKaX CHCTEeMBI,
KaK J0, TaK U Tocje pa3BeTBIeHns |35].

N

&2

w(r)=rPfInA (1/r)

35. B. Mandelbrot, The Fractal Geometry of Nature,
Freeman, New York, 1983



MOAEAb YKAAAKH XPOMATUHA B UHTEPO®A3HOM AAPE

[ generation

[T generation ‘E' I '

IT generation

IV generation

CTpyKTypHas opraHu3auMa XpomaTHHa B fAApPaxX KYpPHHbIX
3PUTPOLUTOB ABAAIETCA AOTapUPMHUYECKUM PpPaKTaAOM C

V(r)=r3In(1/r)

Df=3 u A=1 Ha macwrtabax oT cOTeH A0 TbICAYM HAHOMETPOB.
CtapTys ¢ TpexXMepHOro MAOTHOr0 NMPOCTPAHCTBA, Mbl C KaXAOM
UTepauued BbluUTaeM 00beM, TaK YTO BbIMOAHAETCA CAeAyOLLee
YCAOBHE Ha KaXpoW utepauuuV =V .. /n.

TaKk Ha nepBOW UTepaLUU U3 NMAOTHOrO NPOCTPAHCTBA BbIYUTAETCA
NAOWAAb, GOPMHUpPYA MNEPBHUYHYI0 CKAAAKY, Tak uto obbem
yMeHblUaeTcA BABOE.

Aanee, B TOM MeCTe, rAe CKAAAKA OAHOPOAHA BbIYUTAETCA NAOLLAAD,
$opMHUpYys CKAAAKM BTOpPOro NOKOAEHUA MU 06bem, 3aHUMaeMbIH
¢paKTarOM paBeH TPeTH OT NepBOHAYaAbHOro. Yucao M rycrora
CKAQAOK Ha Ka)XXAOM CAeAYIoLL,EeM NOKOAEHHWH YBEAUUHBAETCA.



CNNACUBO 3A BHUMAHMUE!
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OPAKTAAbHAA TNOBYAA

| i [ generation IT generation
1* level level 1cvcl n ﬁ

fold fc:ld fﬂld
III generation t% ' IV generation
- ‘= I:]} :1 - N « "; t;zj 1_ >
< > t « >

[*] MewkoB A.A., ABetucoB B.A.,HaHOCTpyKTypbl. MaTeMaTHUYECKaA
¢u3KuKa U mopeArpoBaHHue,Tom 13, Nel, 5-98, (2015)



CPABHEHHUE ObbIYHOI'0 ®PAKTANA C AOTAPUOMUYECKUM

MocTpoeHue o6bIYHOrO PppaKTana

D, = 1.46497, p(r)=r>

Norapudmuueckun ppakraa,
ONKCbIBAIOLWKH 3aKOH pocTa AepeBa

n(r)=ré/Iin(l/r), Dg=2,A=-1













