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HoBble TeMBbI 1J11 HEUTPOHOTPAPUUECCKHUX UCCIIETOBAHUNA

In characterization of nanostructures:

Soft matter: structure & conformation:
lipid bi- and multilayers, copolymers, dendrimers, ...

Fast transition phenomena in chemistry and biology:

hydration, sorption, isotope exchange, phase transitions, ...
Local disorder in crystal structure

Complex (magnetic) multilayer structures

In material science:

< Atomic and magnetic structures at very high pressure

< Internal stresses and complex textures in bulk materials




“X-ray and neutron techniques to advance nanoscale
science, engineering, and technology”

Roadmap for development of x-ray and neutron
Workshop has been organized by the techniques for use in nanoscience and nanotechnology.
National Nanotechnology Initiative (Courtesy of Oak Ridge National Laboratory).
(USA). Washington, DC, 15 — 18 June,

2005. National Nanotechnology Initiative (USA) /
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OnHoMepHbIe JJIMHHONEPUOIHbIC CTPYKTYPbI
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_ Basic sample, T32°C, 60% humidity
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SANS: koHpopManus BE3UKYJISIPHBIX EPEHOCYNKOB JIEKAPCTB

dx/dQ, cm’”
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Multilamellar vesicle and SANS curve
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Ultradeformable, mixed lipid vesicle penetrating a narrow pore,
owing to the shape-induced demixing of bilayer components.



b dekT pazMepa B CTAOMIU3ANMN MATHUTHBIX HAHOKUIKOCTEH

Small-angle neutron scattering

Magnetic nanoflui
agnetic nanofluids Magnetite in cyclohexane stabilized by oleic acid

(OA) and myristic acid (MA) and mixtures

Liquid carrier

o OA
OA/MA 171

Magnetic
nanoparticles,
radius 1-10 nm.
One-domain
magnetic state.
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Discovered effect allows one to regulate
characteristic magnetic particle radius in
organic nanofluids over interval of 2.5-5 nm by
using mixtures of different surfactants.
Specific properties in =
external magnetic field Wide range of technical applications:

vacuum sealing in spaceman’s helmet



®opmupoBanue 3D-CTPYKTYp B MUTOXOHAPUSIX

The mitochondrion is the cell power plant which
produces the energy necessary to carry on all cellular
processes.

Modification of the mitochondria

packing under osmotic pressure.

220 A

Lamellar packing




SANS: BHYTpeHHSISI CTPYKTYpa AeHAPUMEPOB
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Chemical structure of dendrimer
molecule and its 3D model.
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the model of spherical sectors. The inner volume

B! L
R

of dendrimer is permeable for water!
e
1 ‘1-‘1
1




da3zoBoe PaACCI0CHHUC B C/JI0O’KHBIX MAI'HUTHBIX OKCH/IAX

b) H=4kOe
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KoJjioccajibHOe MArHETOCONPOTUBJICHHE U TUTAHTCKUN U30TONMHYECKUM
3¢ ¢PexT B Mmanranurtax: high resolution neutron diffraction study.

Huge decrease of electrical resistivity Metal to insulator phase transition after
under the influence of magnetic field ! oxygen isotope 0 — 130 exchange.
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Me3ockonuueckoe pazoBoe paccjioeHMe B MATHUTHBIX OKCHIAX

La’*, Ca? (Mn3*, _Mn* )0,

2
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M. Tokunaga et al., PRL, 2004 (LPCM)
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FM-M

P. Littlewood, Nature, 1999: AFM-I

Stress induced

A. Moreo et al.. PRL. 2000: M. Uehara et al., Nature, 1999 (LMO)
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Quenched disorder




Intensity

CMmenannoe (FM + AFM) cocrosinne B LPCM-75 ¢ 1°0.
Yucroe AFM cocrossune B LPCM-75 ¢ 180.
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La,CuQ,,; single crystals, 0.02 <6< 0.04

B I1I2I LI T Xumuueckoe ¢gazoBoe paccjioeHue
P13y P2 14 LayCuO,,
2 [0k0]
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Diffraction pattern of La,CuO, , single crystal,
measured at HRFD. Each order of reflection is
splitted on two components because of
difference in lattice parameters P1 and P2 ] 5%815?]]5 ((19476501;-21286]§E ;
phases: c1=5.4149A, cz=5.4029A. L R A AR A AR AR
(d, E)?
Bxuaa B mMprHy 1MPPaKIUOHHBIX ITHKOB,
CBSI3AHHBIN ¢ MAJILIMH pa3MepamMu 10MEHOB.
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AHU30TPOINHbIE 00bEKTHI: YIIUPEeHUE TUPPAKINOHHBIX TMKOB
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IInpunsbl nukos ot B-Ni(OH),. /laHHBbIE e-MHUKPOCKOIIHH:
KorepeHTHBIe 6JI0KH — JUCKH C: L, =1500 A, L. =200 A.
L,=350A,L. =150 A.




V1la. BHyTpeHHMe HANIPSIKEHUS B 00beMHBIX U3/1eJTUsAX




OCo00eHHOCTH M3JIYYCHHUH AJIS AaHAJIU3A HANIPSIIKEHU U

N3ayyenue JloctynHocts Paspemenue Paspemienne I'iyOuHa I'eomerpus
CKAHMPOBAHUA JKCIIEPUMEHTA

CUHXPOTPOH 533

Heitrponbl

10 3 ¢CM B CTAJIAX,
1m0 6 cm B Al
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MakpoHanpsizkeHuss — CABUT IU(PPAKIUOHHBIX IMKOB

d>d,

d<d,

I I I I Ife—str
(a-a,;)/a,=0.001
(200 MPa)

a-Fe
(110)

(a-ay)/a,=-0.0001
(20 MPa) P

2.020 2.025 2.030 2.035

c=F/S=E-Al/l =E-Ad/d

S O - nanpsxenne (stress)
AU/l — cxatue / pacTsizkeHue = gepopmanus (strain)
E — moayas FOHnra

E =20-10!° ITa =200 I'lla (cTaan), o, .

=~ 20-1010-10-4 =20 MPa =200 xI'/cm?
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YcranocTHas aerpajanusa U NpeBpamnieHue ayCTeHUT - MAPTEHCHT
B Hep:xaBewmen craau Cri18Nil0Ti (AISI 321)

— s [ TL .
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8 10 2
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< 9acToThl 0T S 10 10 I'q

< ammuaryaa a0 330 MPa

< cpeaHsis Harpy3ka ~60 MPa

< 9UCcJI0 HUKJI0B 61597 (60% ycrajocTh)
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VI1II. Heurponorpadust B Poccuu
(B /lyOne)




UccaenoBareibCKue HCTOYHUKHA HEUTPOHOB B Poccun

I. PHII KM, MockBa
HNP-8, 1981, 8 MBT

II. ITUSAD, I'aTunHa
BBP-M, 1959, 16 MBT

III. U®M, ExaTepunoypr
NBB-2M, 1983, 15 MBT

IV. XU, O0HUHCK
BBP-11, 1964, 13 MBT

V. OUSN, [1yoHa
UbP-2M, 2010, 2 MBT

2 nu¢gp., 1 MYPH
A = const

3 nu¢p., 2 MYPH
A = const

4 nu¢gp., 1 MYPH
A = const

2 nudp.
A = const

6 nudp., 1 MYPH, 2 ped.iekr.
TOF-meToa

VI. IIUK, IIUAD, I'atunna, 100 MBT
VII. UH-0.6, U D, Tpouuk, SNS, ~0.03 MBT
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PeaxTop UP-8 B PHI| KU (KypuaTroBCKHH MHCTUTYT)

PaboTa peakTopa Ha SKCIIEPUMEHT
U IJIaH HA Oyayuiee

1
\

.
~vim |
e
=1
| § |

..
8.4

1985 1990 1995 2000 2005 2010
Ton

Beeaen B akcnayaranuio B 1957, pekoncrpyuposan B 1981.

12 myukoB ¢ norokoM HeiiTpoHoB (0.6 — 1.2)-1014 n/cm?/c



PeaxTop UP-8 B PHI| KU (KypuaTroBCKHH MHCTUTYT)

1 — excitation state of nuclei

2 — nuclear spectroscopy

3 — internal stresses (proposal)

4 — single crystal diffraction (MOND)
5 — 3 axes INS spectrometer (ATOS)
6 — powder diffractometer (DISK)

7 — capillary optics
8 — neutron radiography

9 — small angle scattering (STOIK)

10 — neutron guide beam lines

11 — neutrino physics

12 — very cold neutrons

Line 10: SANS, reflectometry, diffraction with cold neutrons, ...



MHuoroaerektopubiid Juppakromerp DISK

s 2D
MAXIMAL LOAD, tonnes

HeiliTpoHHbie TU(PPAKIUOHHBIE IKCIIEPUMEHTHI €
canuposbiMu (up to 7 GPa) nu anmazubimMu (up to 30 GPa) kamepamu



High-pressure cells for neutron scattering

Piston-cvlinder cell

e e 3

Single-crystal anvil cell Paris — Edinburgh press

P...=1GPa

P_.. =3 GPa (with support)

T=2-300K .
P_.. =7 GPa (sapphire) V., =100 - 500 mm? P__ =10 GPa (WC)
P ax = 30 GPa (diamond) P__ =30 GPa (diamond)
T=0.1-300K T=90-1000 K

V,=0.5-5mm? V. =30-100 mm?



NmnyabcHbie ObIcTpbie peakTopsbl UBP B IH®, OUSAN

1961 — 1968

1969 — 1980

1981 — 1983

1984 — 2006

2007 - 2010

2010 -2030

IBR-1 (1 — 6 kW)

IBR-30 (15 kW)

IBR-2 (100 — 1000 kW)

IBR-2 (1500 — 2000 kW)

IBR-2 reconstruction

IBR-2M (2000 kW)

T T
7 power

10

IBR-1

IBR-30

IBR-2

IBR-2M-

1 +——
1960

19

70 1980

1990
Years

2

000

20

10

30



NmnyabcHbie ObIcTpbie peakTopsbl UBP B IH®, OUSAN

Pagom ¢ UBP-1:

B./l. AHaHbeB,
JI.A. BjoxuHueB,
E.Il1. Illa0aauH.

3a MOHTa:KOM aKTHBHOI 30HbI
Ha0awaawT U.M. @pask u
JI.A.BJjioxuHIIEB.

Ha UBP-2 nepBbie HEHTPOHBI.
(1977 r.)

YYAaCTHUKH IIIKOJIBI 110 HCI’ITPOHHOI/I

(pu3uke B IKCIIEPUMEHTAIBLHOM
3ajie UBP-2. 3 1



NvnyabcHbiid peakTop UBP-2 (1984 — 2006)

AKTHBHAs 30HA M NOJABUKHbIN IMapamerpst UBP-2
orpaxareab UbP-2
Tomauso PuO,
4 O0beM aKTUBHOM 30HbI 22 a1
& i Oxanaznenne axuakmii Na
Cpeansisi MOITHOCTD 2 MB

Additional reactivity modulator

NvnyabcHas momuaocts 1500 MB

YacToTa NOBTOPEHUS 5c¢!
Cpennmuii moTox 8:1012 n/cm?/c
IToTox B mMmyJibce 51015 v/em?/c
IlIupuna ummnyabca 215/ 320 mkc
Yuci10 KaHAJIOB 14

Scheme of the IBR-2M reactor
(central part)
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IHapamerpsl UBP-2 10 1 nmocjie MmogepHU3anumu

3aMeHa: MOABUKHOIO OTPaKATEJsl, AKTUBHOU 30HbI (TB3JIOB), KOPILYCa U T.[.

IHapamerp HUbP-2 | UBP-2M
Cpennsisi MOIIIHOCTb,
MBT 2 2
Tun Tomiusa PuO, PuO,
Kosmuecrso TBC 78 69
Yacrora Panynscms, 5/9 5/10
I
IHIupuna nmnyJbca,
K 215 240
Yuc10 060poTOB B 1500 600
MUH. 300 300
YucJ10 caTesIiTOB 4 1

npu S I'n

HoBblil MOABUKHBINA 0TPaXKaTEIb
HNBP-2M, 2004 — 2030 rr.
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AxTtuBHada 300a UBP-2 u UBP-2M

NUbP-2 NUbP-2M

3amMenuTean

3a cyeT KOMIIAKTHOCTH 30HbI
HUBP-2M noTok yBeJIn4eH B
1.7 pasza
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water

N°9

1 Ne 1

300K

. Kamepa xoJ10a1H010

3aMeEAJINTEIIA.

. BoasiHoit mpe-

3aMEAJINTEIIb.

. BoasiHou

oTpaxaTeJib.

. BHeIIHMH KOHTYP

KOpIIyca peakTopa.

KomoOu-3amepurens Ha peakrope UbP-2M

35



Xo0/10AHBIN 3aMeNuTe b Ha peakTope UbP-2

— T T T T T T T T T T T T T T T T T T
y99-hc

YbFeO3

a=5.56 E HRFD, D1
b=7.56 E T,.=30K
c=5.23 E

Scattermg on V !

l 1 1 1
V\ | | | | b
A e e I — g | T -
1 2 3 4 5 6 7 >
Wavelength (E) k=
@aKTOp BHIMIPHIIIA KAK QYHKIHSA A
' T T T T T T T T T T T 7
300 K 30K HRFD D1
T, =300 K
=
G
c
e
c A
= 60 K N -
0.5 1.0 1. 2.0 .0 3.5 4.0
(E)
Ju¢ppaxkuuonnsie cnekrpsl TbFeO,,
e —
0 2 4 6 8 10 u3mepennble npu 7, ,=30 Ku 300 K

Wavelength (E)
IIoTOK HEMTPOHOB NMPH PA3HBLIX TeMIepaTypax 36



HeuTpoHHbIE clieKTpOMeTPbI HA peakTope UBP-2M

cOLp

CP»D"-_—“‘“ﬁk ‘(/’ \\\‘

5 Diffraction (6):
‘ o HRFD, DN-2, SKAT, EPSILON,
FSD, DN-6
7a &mr
Tb\.% KOLHIDA SANS (2):

YuMO, SANS-C

Reflectometry (3):
REMUR, REFLEX, GRAINS

IZOMER

t\f;\; 1 | Inelastic scattering (2):

FSD  SANS-C . 13 NERA, DIN

12

11

va 13 spectrometers (3 new)
37



Judpakromerpsl HA peakTope UBP-2

1. ®ABP — pypbe-qudppakroMmerp BbICOKOro pazpemienus (1992)

CTPYKTYPA NOJUKPHUCTAJIIOB

2. IH-2 — mHoTOnIpopuabHbIN audppakromerp (1982)

MOHOKPHCTAJLJIbI, MATHUTHAA CTPYKTYPAa, peajibHOe BpeMs

3. AH-12 (/IH-6) — nupaxkromeTp A Mukpooopasuos (1993)

IRCIICPUMCEHTLI ITPHU BBICOKOM AaBJICHUH

4. ®CI — pypbe-cTpecc-quppaxromerp (2002)

BHYTPCHHHUC HANIPAKCHUA B 00beMHBIX H31CJINAX

5. CKAT - rekcrypusbiii nudppakromerp (1999)

TEKCTYPa FOPHBIX MOPOJ M 00bEMHBIX M3AeJINil

6. JIICUJIOH - crpecc-nudppaxromerp (2000)

BHYTPEHHHE HANIPS’)KEHUS B TOPHBIX MOPOAAX
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Resolution, Ad/d

OnTumusanus 1u@ppaxkToMeTpoB 1o paspeumenuro Ha UbP-2

0.1

0.01 3

=

S

S

[E—Y
1

0.0001

\(AT/EPSILON

1 1 <
TOF_Resolut_ConT]

DN-2/DN-6

’

HRFD __

HRFD
FSD
DN-2
DN-6
Epsilon
SCAT

MOJTUKPHUCTAIIIbI
HANPSAKEHU ST
real-time, MemMOpaHbI
MHKPO0Opa3ubl
HANPSKEHU S

TEKCTYPbI

39



Phase transformations of high pressure heavy ice VIII.
Time-resolved experiment with At = (1 — 5) min.

Ice VIII

450

0 TOF scale (d-spacings)

Time / temperature scale: T, =94 K, T,,=275 K. The heating rate is =1 deg/min.

Diffraction patterns have been measured each 5 min. Phase VIII is transformed into high

start

density amorphous phase hda, then into cubic phase Ic, and then into hexagonal ice Ih.
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Phase transformations in BiSrCaCu,O, (melt-quenching, heating, melting, cooling down).
First combined diffraction — SANS study (1988) with At=5 min.

Diffraction intensity. 4, ,, range is
“‘3'53‘\ 10 — 18 A. (002) peaks for (2201)

\“““\“‘\‘:“-\\: N )
“\“‘ L and (2212) phases are seen.
““‘ e X

Diffraction intensity

/7’//////////
///// / ////////////////// 7,

/
///////////////,///// / i

// il
g / //
1000 ———— : i ////////////////////%
] E ,/////////,,////////},j///// My ,//,'f
800 ] //////////////////// ////
S ;
S con ]
E 600 ]
8 ]
2. 400 1
g ]
(0] ]
= ]
200—_ . .
] ] SANS intensity.
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High-resolution diffraction on HRFD (IBR-2, Dubna)

nac-1r

Na,AlLCa,F,,
HRFD

MMM ”h;i:“ﬁ 1 lllh ij, wamwﬁg »

o »,

Normalized neutron counts

1
(&)}

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
d, E

Diffraction pattern obtained with NAC-standard with Ad/d = 0.001
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HgBa,CuO,(O/F); studied with HRFD at the IBR-2

The T, value as a function
of O / F content

110
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Extra oxygen / fluorine content

The temperature of phase
transition depends on charge!

The apical distances as a
function of O / F content
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Apical distances depend on
the amount of anions!
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HccienoBanus B 001aCTH HAHOHAYK U HAHOMaTepuaJsoB Ha peakTope UbP-2

1. ¥YriepojaHble HAHOMATEPHUAJIbI %

2. CnMHTpOHHUKA

3. O0beMHBIC HAHOCTPYKTYPUPOBAHHBIE
MaTepHAJIbI

T T
15 20

A A

4. Opranu4yeckue u ruOpuIHbIC

HAHOMATEPHAIbI 5
PediekToMeTpHYECKHIA DKCIIEPHMEHT HA
5. MarepHaJjbl CO CIeHATbHBIMH MHOT'OC/IOHHOH HAHOCTPYKTYpe
CBOMCTBAMHM

6. MemOpaHbI M KATAJIUTHYECKHUE CUCTEMbI -

1800
1600
1400
1200
1000
800

H\i\ | . |:
9. BbIcOKHe IaBJICHHS HH\H ||\| : :

7. IMoaumepsl M 3J1aCTOMEPLI

8. KomMmno3uunmnoHHbIE U KepaMH4YeCKue
MaTepHaJbl

10. Hayku o 3emuie

TBepaogaznas XuMmuYecKas peakius B
peajibHOM BpeMeHH

11. NnkeHepHbIN aHAJIN3
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162 mm

56 mm

BHyTpeHHMEe HANIPSIZKEHUS B YAapHUKe nepgoparTopa

2 mm

I'eomeTpus 3KcIepUMeHTa €
yaapHuKOM nepdgoparopa.

Q rad

\ scattered
beam

(2 X 5 mm)

Austenite peaks

The main sample

The ay-sample

HHH\H‘HHHH\‘\\H\HH‘\HHHH‘\HH\H\‘\HHHH‘\ TP
0.5 0.7 0.9 11 13 15 17 19 2.1 2.3
d E

’

JAudpakuoHHbIE CHIEKTPbI OT UCXOAHOIO
o0pa3ua u o0pa3ua mocje Harpy3Ku.

YTBEPHJIAIO

H.0. Texnuneckoro qupekropa
«l'ynamanizanony»

O"'-—-\/B.H. Conoser
2002r
AKT
NO BHEAPEHHIO B NIpoH3BocTBo yaaphrka [TTI80HB.00.006
H3 cramk 20X2H4A
O6LeIHHEHHBIM HHCTHTYTOM SIEPHBIX yeaHui (r.Jly6Ha) HO
¢ kadeapoli dpusukn Tyawckoro rocynap oY PCHTCTA TIp Heche-

JIOBAHHSA pacnpeieNieHHs OCTATOUHBIX BHYTPEHHHX HANPRKeHUHA B YlapHHKAX NHeB-
Monepdoparopa MeTOnOM AH(pPAKIHH HEHTPOHOB.

HecnenopaHHs NPOBOIMIHCH CPABHHTENLHO Ha CCPHIHBIX YAAPHHKAX H3
cram 65C2BA ¢ obnemnoii sakamcofi 1 13 cramd 202H4A ¢ uemenTaimedi.

HecnenoBaHHAME YCTRHOBJEHO, HTO XAPAKTED PACTIPENENCHHA OCTATOUHBIX
Hanpswerui B ynapuuke w3 cramd 20X2I1MA GraronpuaTed 4i8 NOBLILCHHA CO~
TPOTHEJIEHHA MATEPHANA YCTANOCTHOMY PAajpyIISHHIO.

Ha ITOTO 38K & nHeemonepdoparope IMMB0HB Gbin
BHeIpeH B npoussoacTeo yaapuuk [TTI801ID.00.006 n3 cram 20X21MA ¢ xaMuKo-
TepMuteckoli obpaGoTkol — UeMeHTaLHeH.

Brenpenue 3Tof cTamH ofecneqno NOBLIEHHE XAPAKTEPHCTHKH Cpe/He
HapaGoTkn Ha otkas B 2,5 paza. [Tpu nenonbiosanuu cram 65C2BA cpennas Hapa-
Gorka Ha oTkas cocrapnana 40 uaco, 4 u3 crams 20X2H4A s1a xapakrepucTHKa Gbi-
na yeemauena fo 100 uacos.

T naBnbli KOHCTPYKTOP I".H. 3uHHH
Jiupexrop B3IT-1 W B.M. Apeden,

ot
[
AKT 110 BHEIPEHHUIO.

Cpoxk cay:k0bI u3aeaust
MPOJAJIeH B 2.5 pa3a.
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Neutron powder diffraction. Where are we going on?

Proposals for the third generation neutron sources IBR-2

Structure complexity > 100 parameters ~ 50

Scattering Law total pattern decomposition

Speed: reversible At <5 us (2-5) us
irreversible £ <10s (2-10)s
ultimate t,~0.005 s ~0.003 s

d-range: 03<d,,<30A d_. ~60A

Small sample size: V<1 mm’ ~1 mm3

Large sample size:

S, > 200 cm? (imaging)
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User program at the IBR-2 spectrometers

International experts’

commissions:

I. Diffraction
I1. Inelastic Scattering

I11. Polarized neutrons

IV. SANS

Time-sharing (13 spectrometers)

FLNP (35%)

External
fast (10%)

External
regular (55%)

User statistics

Others, 19%
A FLNP, 25%

France, 3%
Poland,
5%
Germany,

179 Russia, 31%




From White-Egelstatt law-book for thermal neutron scattering:

Law 1: All neutron spectra are similar.

Law 2: Neutrons are to be avoided where there is
an alternative!

Law 3: Neutron scattering experiments expand to
cover all problems.

New version of Law 2:

Neutrons can be applied everywhere, even if an
alternative there exists!

B TOM 4mc/ie ¥ IPpU U3yYeHHH HAHO-00bEKTOB!
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Jlekiusa okonuyena. Crnacu00 3a BHUMAaHHeE.
Kakue 0yayT Bonpocni?

Mo:xHo Bonpoc?

/la, KOHe4HoO.

S He moHsI, koraa B 'aTuuHe HAaYHeT padoTaTh
peakrop UK.

IIpocTHTeE, HO 3TO HE BONPOC, ITO YTBEPKIACHHE.




HellTpoHHBIE CTPYKTYPHbIE MCCJIEAOBAHUSA: YTO HAI0 3HATH?

1. HeiirponHas ¢pusuka: CBOMCTBA HEUTPOHA, B3AMMOJACHCTBIE HEHTPOHOB €

BEIIECTBOM, 3AKOH PACCESHUSA U KOPPEJAUOHHbIE PYHKIMH, UCTOYHHUKH, ...

2. Merox nudpakuun HedTpoHoB: A, — u TOF-1ndpaxkromerpsl, paspeiieHue u

UHTEHCHUBHOCTD, (POKYCHPOBKH, 1€TEKTOPbI, CKAHMPOBAHME, ...

3. Kpucramiaorpagusi: reomerpudyeckass Kpucrajjiorpadus, CHMMETPUH,

TeOpHUsi FPYII, KPUCTAJJINYECKOe U 00paTHOE MPOCTPAHCTBA, ...

4. luppakiuus HA IEPUOANMIECKUX CTPYKTYpax: audpakuusa - pypbe-npeodpazoBanue,

reoMerpus 1upakuuu B 00paTHOM NPOCTPaHCTBE, (pa3oBas mpodiema, ...

S. PellieHue CTPYKTYPbI U YTOYHEHHE: CTPYKTYPHbIN (paKkTOp, Nepexoa oT
UHTEHCUBHOCTHU K CTPYKTYPHOMY (haKkTOpy, NIpsiMbie MeTOAbI, MeTO] PutBeibaa, ...
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