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BeeneHune B pU3MKY NOANMMEPOB, YacTb 1.
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KOHTpobHblE BONPOCHI MO NpeablayLeit NeKUUu.

Kakne xapaKTepHble 4/IMHbI LLenen OCHOBHbIX Buonoanmepos?
Kakune PpyHKLUUM BbINOAHAOT Nonncaxapumabl? Mpumepobl?

Kak 3By4unT gorma AHPMHCEHA?

Kakune cyuecTBytoT OCHOBHble BUAbl benkos?

Kakne 6bIBatoT YPOBHM CTPYKTYPHOM OpraHm3aummn 6enxkos?
YTo Takoe napagoKc JIeBUHTaNA?

Kakune pyHKunmM BbinonHAeT PHK?

Yto Takoe rnnotesa «Munpa PHK»?

. Yto Takoe CRISPR-Cas9?

10. Yto Takoe Hi-C?

©®NOU A WN R

Pasbepem UTorm KOHTPO/IbHOM



BepoATHOCTb Ueno4ykn AnnHon N UMeTb paccToaHMe mexKay KoHuamu R:

MWHYC Ba*KeH
l 3R?
2(R?)

3
R = a N5 R=aNz2

Habyxwas NaeanbHasa uenb

MpuHUMN BonbumaHa: S=kglnW
3HTPONUA yncno mukpococtoaHuin W ~ Py (R)
RZ
. — 77— E =kgT
CsobopaHan sHeprua: E=U-TS Bl SN2

\

3Heprma B3ammoaencTeni = 0 AN naeasbHOM Lenu




XapaKTepHble paccToAHUA B 3/1acTOMepe

3 cTpoeHus MmoHomepa M3 mogyns ynpyroctu o = 3kgTv(A — 1), moaynb tOHra E = 3kgTv
aNz2 V~l

Konunyectso cybuenen B eanHuLe obbema

2/ 1/V - paccTosHUE MeKAY X LLeHTpaMm macc?
HeT. MoTomy 4TO 06BEKTBI HE CMOLWHbIE, €CThb
nepeKkpbiBAHUE MOXKAY KNyOKamu.

PaccTtoaHue mexagy TOMKamMmu CLUNBKU:

U
I
Q
<|
N =




Ewe pa3 06 ynpyroctu

RZ

E = kpT
B 9aNa2

3aKoH [yKa: F=KAx =—

T

O0E _ 3kpT

OR  Na2

Moaynb ynpyroctu

Ho ana 6onbwunx gedopmauni (A # 1)
BaXXHA HEIMHENHOCTb:

o = kBTV<

Sy

7

HarpsbKkeHne, o

1 1
Harpspkerme, o

HAegpopmarps, h

T T
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8 10
gegbopmaLns, A
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KOoHUEeHTpaUMOHHbIN 6106

[aHo: pacTtBop 13 uenen annHon N,
c obwen KoOHUEHTpaLUnen .
HawnTtun: paamep uenu R.
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N
O603Haunm & — pazmep 61062 U3 g MOHOMEPHbIX 3BEHBEB, N — KOJIMYECTBO TakMx 610608 Ha uenn: n = P

3

1) BHyTpu 6n106a Lenb He YyBCTBYET APYIUX LLEeNen, HAXOAUTCA B PEKMME XopoLluero pactsoputens: & = gs
1

2) CHapyun 6n06a BCce Lenun nepemellaHbl, paboTaet Teopema dnopu: R = énz

3) 3Tn 6n06bI HAXOAATCA B KOHLLEHTPALMKN NepeKpbIBaHUA, KacatloTca Apyr Apyra: @ = é%
3 3 2 2 3 _3
Boipasum {uepes ¢: g = <p€3, E=gs=@s5¢5,& s=@s, ¢ =@ 4
9 5

Bbipasumguepes p: g =@ @ 4, g =@ +
Mpu @ - 1.0 R =N
> 1 _3s 11 /
= 8

4 3
NMpue - N 5 R=Ns



Correlation length

Ewe pa3 o noHATUM 61062 Ha NONMMEPHOMN LLEeNOYKe

BHyTpu 61063 — cermeHTbl Habyxwen uenu
Camun 6:106b1 GopMUPYIOT MAEANTbHYIO LieNb

N
Lleno4yka cocTouT 13 P 610608.
3

of monomer”

Ha macwTrabax 65106a: & = a gs - Habyxwas uenb. units in a
N % blob
Ha macwrabax Bcer uenu: R = & (5) - rayccoBa Lenb.
N - Habyxwuit knybok:
y Lg R(s) 2
Pas6asneHHbIi pactBop: § = R, g =N 8 7 R~ss
KoHUEeHTpMpPOBaHHbIM pactBop: { =a g =a S .
PeanbHbin pa3mep:

1

Monypa3baBneHHbIN pacTBOp " R~c 8

3 :

5~8 = - MpeanbHas uenb:
6 : 1

4
BCE 3aBUCUT OT KOHUEHTPauumn c: g s ~¢C, g |
fffffffffffffffffffffff F R=s2

g N lgs :

»
»




NcTopua OTKPbLITUA ABOMHOW CNUPANU AHK

dpsuHOM Yaprapdom B 1949—1951 rr. 6b1nm chopmynmpoBaHbl TaK
Ha3biBaemble npasuaa Yapradpda.
1. KonunyecTtBo ageHWHA paBHO KONMYECTBY TUMMHA, a
ryaHnHa — uuto3smnHy: A=T, '=Ll.
2. Konun4yectBo NypMHOB PaBHO KOANYeCTBY NUPUMUONHOB:
A+I=T+L.

1952: Po3annHg ®PpaHKAMH 1 PaimoHaom locamHrom noayyvmnam
«poTorpaduto 51» 6narogapa Kamepe € KOHTPONMPYEMOM B/IaXKHOCTbHO

®dpeHcuc Kpuk n emmc YOTCOH — cBA3aNU
npasuna Yaprada n potorpaduio 51.

25 anpena 1953 roga B *kypHane Nature BbIWNO
TpW CTaTbu, nocBAWEHHbIe [ HK.

HobeneBckaa npemus 1962

doTorpadua 51

Ho. 4356 _ﬁpl‘jl 25, ]953

squipment, and to Dr. G, E. K. Deacon and the
captain and officers of BR.B. Discavery II for their
part in making the observations,

'““‘[‘I'Eaao?' B., Gerrard, H., and Jevons, W,, PLl Mag., 48, 140

* Longuet-H [ggins, M, 5., Son. Nor. Boy. dstro. Sec., G . .

{ugutmguf on. Nof. Moy, A e, Giply, Sepp,

*Vom Arg, W, 5., Woods Bale Tapers in Phye, Oveanog. Meteor., 11
i) (1nsa),

iEkmnm, V. W., Arkis, Bar. Asteon. Pk, (Seckialm), §(11) (1905)

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Mucleic Acid

E wish to suggest s strocture for the aalt

of deoxyribose nucleie acid (D.M.AL).  This
atructore heas novel fostures which are of songidorable
Biologieal bnterast,

A structurs for nuclele acid has already been
proposed by Peuling and Corey?. They kindly made
thair menuscript available to wa in advance of
publication. Their model eonsists of thres inter-
dwined chaing, with the phosphates near the fibre
axis, snd the bases on the outside. In cur opinion,
this strusture is unsstisfactory for two reasons
(1) We bolieve thet the material which givea the
X-ray diagrams is the salt, not tho free seid, Without
the scidic hydrogen atoms it is not clesr what forces
would hold the structure togather, espacially aa the
negatively charged phosphates near the axis will
repel each other. (2} Bome of the van dor Waals
distenees appear to be ton amall,

Another thres-chain strocture hea also besn sug-
geated by Frasar (in the press). Tn his model the
phoaphates are on the sutaide and the basea on the
angide, linked together by hydrogen bonds.  This
strueture as dosoribed §s rather ill-defined, and for
this resson we shall not comment
on it.

We wish to put forward a
riscdically different strueture for
the salt of decxyriboss nucleis
acid. Thiz structure haz two
helical chains enoh eotled round
the same axis (sce diagram). We
heve miede the wsosl chemical
assumptions, nemely, thet each
chain econsiata of phosphete di-
eiter groups joining f-D-deoxy-
ribofuranose residues with 3°,5°
linknges, The two chaina (but
not itheir bases) are related by a
dyad parpendieular to the fibre
mxis,  Hoth chains follow right-
hoanded helioss, but owing te
the dysd the seduonces of the
atoma in the two chains run
in opposite direetions,  Each
ohnin  loogaly  mepambles  Fur-
berg'e® model Noo 1; that s,
the bases are on the inside of
. the helix and the phosphates on
this fignes @6 parely  the outside.  The configursdion
?.Im?wﬁ.‘ﬁﬁeh.? of the eugar and the stoms
il MEAC pear it iB close to Furbesg'a
QL':tL“,,ﬁ';“1ht",’..|‘,':‘;“ ‘atandard configuration’, :ﬁn

politing the chalns — gyer  being  roughly  porpendi-
|mﬂk"1.h§-¢nml cular to the sttached basa. There
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is & residue on each chain every 3-4 A, in the z-direc
tion. We have assumed an angle of 368" between
adjacent residues in the same chain, so that the
atructurs repeats after 10 residucs on each chain, that
iz, after 34 A, The distance of 8 phospliorus atom
from the fibre axis is 10 A.  As the phosphates are on
the putaida, cations have saay aceess to them,

The etructure is an open ong, snd its water contant
ia rather high. At lower water contentes we would
expoct the basas to tilt so that the strusture oould
beroma mors sOMpAct.

The novel feature of the structure is the manner
in which tho two cheina wre held together by the
purine and pyrimidine bases. The planes of tho bases
are perpendiculsr to the fibre axis, They are joined
together in pairs, & single base from one chain being
hydrogen-bonded to & single base from the other
chain, s0 that the two lie side by side with identical
z-po-ordinestes, One of the pair must bo s purine and
the other a pyrimidine for bomding to ccour, The
h;.rulr:m;nn bonds are made ss followa - PuFine position
1 io pyrlmrlir[m position 1; purine pesition 6 to
pyTimidine poaition 6

If it is assomed that the bases only coour in the
structure in the most pleusible tautomeric forms
(that is, with the keto rather than the enol eon
flgurationa) it iz found that only npa:;uﬁc piira of
basea enn bond tegethar, Thess pairs are . adenine
(pusing) with thymine (pyrimiding), and gusnins
{parine) with eytosine (pyrimidine).

In ather words, if an adenine forms one member of
a pair, on sither chain, then on thesse sssumptions
the other rmember must bo thymine ; aimilarly for
guanine and eytosine, The sequancs of bases on a
single chiain does not appear to be restricted in any
way. However, if only spoevific psirs of bases can be
formed, it follows that if the ssquence of bases on
ono ehain is given, then the seguense on the sther
chain iz automstically determined.

Tt has bean found experimentally®* that the ratic
of the amounts of adenine to thymine, and the ratio
of gusnine o cytosine, are always very close Lo unily
for deoxyribose nucledo aeid.

It is probably impossible to build this strueture
with & riboss suger in place of the decxyriboss, as
the extra oxygen atom would malee too close & van
der Wanle contact.

The previously published X-ray data®® on decxy-
ribose nucleie aeid aro insufficient for & rigorous test
of cur stracture. So far as we can tell, it & roughly
aompatible with the experimental dats, but it muost
be regarded as unproved until it hes been checked
against more exact resulis, Some of these are given
in the following eommunications. We wers nol awans
of the details of the reaults presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data snd steres-
chemicsl arguments.

Tt has not esgaped our notice that the specific
pairing we have postulated imimedistely suggeate a
poesible oopying mechanism for the genetie material.

Full detaile of the strocturs, including the eon
ditions assumed in building it, together with a sof
of co-ordinates for the atoms, will be published
nlawhere.

Wa are much indebted to Dr. Jerry Donchue for
constant advies and criticiam, especally on inter-
atomic distanses. We have also been stimulasted by
a knowledge of the gponersl nature of the unpublished
cxperimental rosults and ideas of De. M. H. F.
Wilkina, Tir. 1. E. Franklin and their co-workors at



Anddy3ma maneHbKoM KONNOUAHOM YaCTULLbI

AnHwTenH 1905, Cmonyxosckni 1906, JlaHxkeseH 1908.

Teopema o paBHopacnpeaeneHuun (equipartition theorem):
Ha Kaxkayto cteneHb cBoboapbl npuxoantca 0.5kT

(Ax?(t)) = 2Dt

YpasHeHue JlaHKeBeHa:

ma = I:friction

S

TpeHune o pacTsopuTenn

d? _ d
me"=Va
a

Koad.TpeHuns

+ F

random

N

CnyyanHas cuna

7+ BE

F

VZV

dopmyna CToKca:

F =6nnrV

Colloidal particle

JKCNnepumMeHTbl N0 AUHAMUYECKOMY
cBeTopaccesaHuto (DLS)

o: O

Smaller Particles
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J “E
Larger Particles
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Monnmepsbl: mogenb Pay3a (1953) i-1
* WaeanbHas NnoAMMEpPHas Uenoyka (HeT HUKAaKUX B3aMMOaenCcTBUN). ‘%‘_
* HenoaBuXHbIK PacTBOPUTEND. i

ma = l:friction + I:elastic + I:random
Va N
TpeHue o pacTBopuTeNb CnyyanHas cuna
CoeanHeHue ¢
coceaHMMM 3BEHbAMM
Dr

d? _ d _ _ _ _ _
m-sr=-v;Zr+ k[(Fpr — 7)) + (R — )] + B¢

T !

Macca n CKopocTb Ynpyroctb NPYXUHKU
Manbl 3aBUCUT OT TemnepaTypbl

Hanee pewaem cucrtemy m3 3N ypaBHEHUIN, Nepexoan B
Pypbe-NpoCcTPaHCTBO U BblAeNAA HOPMabHble MOAbI C
MaKCMMabHbIM BpEMEHEM penaKkcaumm T*,

Koad. anddysmm B N pa3 meHbLle 4yem 0gHOro MOHOMEpPa

1
(Ax?) ~ t2
CmeleHne ogHOro 3BeHa O4YeHb 3aTOPMOXKEHO
2 2
B N<a“y N2

‘R= T

Bpemsa penakcaumm LLenoYkun Kak uenoro bbictpo pactér ¢ N



Monnmepbl: mogenb 3umma (1956)

[JONONHUTENBHO Y4YNTbIBAET BOB/IEYEHNE PACTBOPUTENA.
Becb pacTBOpUTENDb ABUMKETCA BHYTPU KNYOKA BMECTE C HUM.

N
‘ r(n, t) f dmH (7(n,t) — 7(m, t)) 3ksT 07 r(m,t) + B§(m, t)
— 1r(n,t) = mH((n,t) —7r(m, r(m, m,
T a’? om?
']
MapoanHammMyeckne B3aMMoLencTBmNA 3a4at0TCa C MOMOLbIO «TeH3opa O3mnHa» H - 2
CBA3bIBAET CKOPOCTb YaCTULbl B KoopauHaTe (n, t) c cunoi B KoopamHate 7(n, t). (sz) ~ t3
koT 1 3
B — = No 2
DZ: 1/2~N 2 TZZ_QBNB/ZNNZ
T’OaN kBT

Koad. anddy3nm Takom Ke KaK y CnaoLHOro wapa pasmepom N1/2 Bpemsa penakcauumm bbictpee yem y moaenm Paysa
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Pays

MpoeanbHaa uenoyka
HenoaBuXHbIN pacTBOpUTEND

DRNN_l TR NNZ

Moaenb xopoLo NnoaAxoauT ANs pacniasoBs
N KOHUEHTPUPOBAHHbIX PacTBOPOB
KOPOTKUX LenoyekK

3MMM

MaoeanbHaA uenoyka

PacTBopuTenb ABuKeTCA ‘
BMECTE C LLleNO4YKOM

Mogenb xopowo noaxoauT AnA
pa3b6aBAEHHbIX PACTBOPOB B XOPOLLUEM
nnn @-pacteoputene
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BA3KOCTb

TepMuH 13 dusnyeckom xummu. Nackanm nam lMyasbl.

OTBe4vaem Ha BOMpPOC O conpotusneHnn npm NOCTOAHHOM TEYEHUN.

CTaLMOHapPHbIM NOTOK: 3aKoH HbroToHa-CTOKCa

Baskoctb I -
K03¢d.NnponopuUnoHaNbHOCTH

BAsKocTb cycneHsun/ancnepcun: cl)oplv\yna INHLWITENHA

n =ny(1+2.5¢)
— /
\./ BA3KOCTb unctoro pactBOpa
M Ob6bemHan [01a HanoNHUTeNA

/i
a 7 - ' ‘ -
“!%: l: .4;-’_- !' ,
{t\j} .A‘s- -
' .ll"\ \'lr-.._ “E_'_l_.' - — S
e ;‘. .‘1 ‘
BOAa

MaTtepuan

3HayeHune BA3KOCTH

[a3/Bo34yX

0.01 mPas to 0.02 mPas /
0.018 mPas

Boaa npwu 0 °C/100 °C

1.8 mPas/ 0.28 mPas

Monoko, Kode

2 mPas to 10 mPas

OnmnBKOBOE Macsio

100 mPas

MoTopHoe macno
10W-30, 100 °C

20 mPas

Nonnmepbl

10 mPas to 1 MPas

Butym npun 0 °C

1 MPas

13




BA3KOCTb naeanbHbIX U HEMAEANbHbIX XXUAKOCTEN T S

® =0.52 ® =0.68 ® =074 ® =074

side view

| 0000 0000 o000
adg £33 AL

MceBaonnacTMyecKan XMaKocCTb

[InnaTtaHTHAA *UOKOCTb

+>
-

=
9,
<

®=06

viscosity

viscosity
A ¢ =0.06 ®=0.3
n=20 n=100

o. . ® .0 .:':o:‘o. 0. o= 0.64

® L 0‘.0.

®
®

®

° .
o © ®0 | a0
| |

shear rate = constant
shear rate

>» ®=03

NpeanbHas XUAKOCTb: BA3KOCTb HE 3aBUCUT OT CKOPOCTU CABMIa ®=008 - / solid fraction

n AasneHua (noaunHATCA 3akoHam lMyasenna n HotoToHa) »

jor
ewtonian pehaViot

BKnaa OT CTOIKHOBEHUIN MeXAy YacTULLaMu



BA3KOCTb CIOXKHbIX CYyCNEeH3UM

BansHue pasmepa 4yactul, BansHue dopmbl yactumy, Cmecb Y4acTuL, pa3HOro pasmepa

— .
vuscisny ?:1063 viscosity 2 viscosity
A —
ellipsoids 80 0ge0 %00 A ®=0.63
L _small spheres ::.0.-::::.8':. ©=03 P ﬂf\\\ﬁ ®000e,°%8 ®  =0744
oPe - — .
- ~o :....‘:.“.’. n =100 ‘.r.—..\.;./:: polydisperse
DR cos 000208 o spheres ~ 00 qe00%
0000000400, 40 00 g0 ..o.o
large spheres :::.o. o..:......: oo  e0%e
—_— .-......"-. ..%.....
(I s e v
0" 00 0¢g°-" WeLe e
o @ -0 L2 o, e S | = | E90® icarrate=constant WIS
. . ... Ce o ® ..’
. max .
. . ® =063 monodisperse
. .. shear rate shear rate ®_ =0648
) ) monodisperse
(V) ()
100% large mixed sphere size 100% small
spheres

spheres
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BA3KOCTb pa36a B/IEHHbLIX PAaCTBOPOB PabotaeT mozenb 3umma

O6bIYHO NPUMEHSAIOTCA NPOU3BOAHbIE 0OLLEN BA3SKOCTH:
YnoenbHaa BA3KOCTb N, =(N — N, )/ Ny TAE Ny — BA3KOCTb YACTOrO pacTBOpPUTENSA.
XapaKTtepucTnyeckasn BaskocTb [n]=(n—n, )/ n,c, npun ¢ -0, rae ¢ — KOHUEHTPaLMA NoAMMepa.

dopmyna dnHWTENHa N = ny(1+2.5¢), <p———7TR3 R3
: ELERS [n] = Z'S%NW

Kon-so chep Ob6bem 1 chepbl

MpeactaBum cebe YTO NOMMEpPHbIE KNYOKM — HenpoHMLUaemsble Wwapbl paguyca R:
1 1 3

R ~N 3 g ryo6yabl, R ~N 2 gna ©-pactsoputens, R ~N 5 JJis1 XOpolllero pacTBopuTes. Toraa:

| l |

1
[n] = const [n]g = N2 [n] ~ N

U1l

YpaBHeHne MapkKa-KyHa-XayBuHKa:
[n] = KN“

JKCNepuMeHTa/ibHble 3HAYEeHNA A B
AnanasoHe 0.5-1.0
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Kak Bce 3TO BbIrAAUT B SKCNEPUMEHTAX?

3aBUCUMOCTb OT MO/'IEKy/'IFIpHOl‘/JI MacCCbl

10’ n,= Hxl‘l.l'lw" [
= 10°4| ——K=9x10", 0=3.6 i 10°
i 107 | - - -K,=9:10%, a=1 1
= 10° 1
] 2
%‘ 10° 1 10
o 2 oy
o 10 1 =
= 10 1 1
o 3
E 10° 1 10
$ 10 | \
8 10% 4w W"' | 1
1 =]
11:;3 WaIWE e ! W 100

Absolute Molar Mass M_ (g/mol)
Y10 3a€echb npoucxoguT?

3aBUCUMOCTb OT KOHLIEHTPaLU MK

© salt free

® 0.001 M

* 0.005M

* 0.01M
0.02M
0.05M

*0.2M

e 05 M

e 2M

1 IIJIIIII 1 IIIIIIII

L IIllIIlI
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Yto BymdeT, ecnm yBennUnTb ANUNHY Lener n/mnm nx KoHUeHTpauumio?
[Mpnaetca yuntbiBaTb B3aMmoaenctaus. B suge 3auenneHumnn.

He 3adnKcnpoBaHHOE BO BPEMEHMU N NPOCTPAHCTBE TOMOJOrNMYECKOE OFPaHNYEHME HA NOABUMKHOCTb LLenu,
obycnoBneHHoe HehaHTOMHOCTbIO Lienen.

dangling
/ end

\ crosslink
entaent { ﬂ (<
)

Ne — A/INHA 3auenneHuin. PacctoaHne BAOb MO UENU MexKay coceaHUMU 3aLenieHUaMN.

3aBUCUT OT KECTKOCTMN, KOHUEeHTpauun, HET CTPOroro onpeaeneHmnAa B Teopmnun U akCNnepmmeHTe.

Ina pacnnasa rmbkux uenen N, = 20
18



3auensieHma n Teopma penTauun.
MN.X. pe Ken, M. llon n C.2aBapac, 1970-e.

PaboTtaeT moaenb Pay3a

LlenoyKa pacnonaraerca B «TPyOKe 3aUenaeHnimn» gmameTpom
d, mokeT ABMraTbCA NONepeK B npeaenax 3Tom TpyoKku m
HEeorpaHM4YeHHO BA0/b Hee. 3TO HA3bIBAETCA «PenTauumny.

NB: XapakTepHoe Bpema penakcaunm 3auenieHnim coceaHMmMmu Uensamm
MEHbLLE, YEM BPEMA BbINMON3aHMA LEeNn U3 TPYOKM 3TUX 3aUenneHuni.

TUBE
Ounametp 6106a=Tpy6KuM d = aN,/?, kon-s8o 610608 N/N, \:/ % xx
Onvna tpy6ku L=(N/N,)d=aN N2, pnddyausa sgonb Tpybkmu L2=t*D, * "
/
#— 2 — A2\2 N* \ ) \
r-L/DR-aNN/Neva—e = :
bt

FIXED
JKcnepumeHTanbHO Habnwogaetca n ~ N34 MELT X OBSTACLES



[MonHaA KapTUHa: pa3sHoe NoBeJeHMe Ha Pa3HbIX MacluTabax.

NB: B norapndmmyeckom macwtabe.

- I:r'f'g'- A T

—

Sub- Free Constrained Reotat Free
seamental rouse rouse BRElon  Gifusion

TeyeHue

[
Ll

*
Td TR T Int

Mopaenb Pay3a BAoO/Ib TpAaeKTOPUKN CAYYaNHOTO
61yXKAaHUA TPYOKN — caMblit MeASIEHHbIN PeXUM
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PeakumnAa Ha NOCTOAHHYIO CUAY. €4 iprimary secondary : tertiary
Creep test -

Monsy4yecTtb - MeasieHHasn, NPOUCXoAALLLAA C Te4eHneM BpemeHu, gedopmaums
TBEPAOro Tesa noj, Bo3A4eNCTBUEM NOCTOAHHOM HArpy3Ku

£0 -1 |

CnpaBeanmsa Kak Ana amop@HbIX, TaK U ANA KPUCTANIIUYECKUX TEN, NMPU STOM
MOTYT ObITb pa3Hble MONIEKYNAPHbIE MEXaHN3Mbl NOAATINBOCTU, OCHOBHbIE:
- OnddysmoHHbIN (B amopdHbIX Noanmepax)=penTaLuoOHHbIN
- o mex3epeHHbIM rpaHmuam (B KPUCTANIMYECKMX NOAUMEPaX)
- [lepeKpuctannmsauma v 1.4.
y(t)
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y(t) = aJ(t)
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y(t) = aJ(t)

BHBKOVI'IpyI'OCTbZ TUMMHHOE NoBeadeHune I'IOI'IMMEpHOVI CNCTeMbl T
Ynpyroe TeNo Ha Ma/ibiXx BpeMeHax, BA3KoTeKydyee Ha bonbwimnx. +“Handgum” dYHKLMA N0AaTAMBOCTH
(nonsyyectn)
J t 1 t
) J(t) = const = - J(@®)~] it = 0
low molecular  “pa6otaer sakoH lyka: 0 = Ey  paBotaeT 3akoH HbloToHa-CToKca: ¢ = n a4
weight liquid - i dt

.-~ «BAa3Koe TeyeHune»

«Mnato ynpyroctn» 3 2
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MaKCMMaibHOe BpemA penakcauum = Bpems pentaumm!
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InHaMKnKa nepexoanT B MeXaHUKy: reptation vs. creep

CpeaHeKBagpaTUYHOE OTKNOHEHUE CmelleHWe npm NOCTOAHHOM HaNpPAXeHUH

NB: B norapndmmyeckom maclitabe.
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NB: B iMHeMHOM MmacluTabe.

Sub- Free Constrained - " Frea
seamental rouse rouse eptation  gittsion low molecular
weight liquid Jt
Pa Yy = —
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KOHTpO/IbHblE BOMPOCHI:

Y10 Takoe moaenb Pay3a? Yemy paBHbl Bpemsa penakcauum u koadd. anddpysmmn Knybka B aTon moaenmn?
Y10 Takoe moaenb 3umma? Yemy paBHbl Bpema penakcaummn n koadpd. anddysnm knybka B aTom moaenm?
Yemy paBHa BA3KOCTb KONNOUAHOW AMCNEPCUM TBEPADBIX YacTuL, pagnyca R?

Yemy paBHa BA3KOCTb MOAMMEPHOro pactBopa? Yto takoe popmyna MapKa-KyHa-XayBuHKa?

YTO TaKoe 3auenneHus n pentaumn? YHemy paBHO XxapaKTepHoe Bpemsa penTaumnn?

Yemy paBHbl AMameTp U ANnHA TPYOKKM 3auenneHnin?

YTO TaKoe BA3KOYNpPyroctb? Kak BbIrNAAMUT KpUBasa NoAaT/IMBOCTU NOJMMEPHOMN CUCTEMbI?

Yemy paBeH moay/ib Ha N1aTo YNpyroctm?

KaK BA3KOCTb pacn/siaBa 3aBUCUT OT AJIMHbI noanmepa? A oT ANMHbI 3aUenIeHnin’?

Yemy paBeH Koad.andpdPysmm uenen B pacnnase?
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