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V. Rybachenko, R. Makarova, N. llkevych, K. Chotiy, L. Grebenyuk QUANTUM CHEMICAL
CALCULATION OF THE GOSSYPOL ALDIMINES VIBRATIONAL SPECTRA

This message is a continuation of a series of studies on the synthesis and study of the
derivatives of natural polyphenol gossypol (2,2'-bis(8-formyl-1,6,7-trihydroxy-5-isopropyl-3-methyl
naphthalene). Interest in this class of compounds is caused by the fact that these compounds are
biologically active substances. Is known the ability of gossypol to suppress tumor cells and the
possibility for its use in the treatment of infertility. However, the use of gossypol as a drug is limited
because of its toxicity and the many side effects. Its toxicity is directly related to the presence of two
aldehyde groups that are blocked during the formation of imine-derivatives. Since Schiff bases and
hydrazones of gossypol are less toxic and retain biological activity. Some of them have anti-malarial
activity. Others are more efficient than gossypol in inhibiting the replication of HIV in vitro and show
cytotoxic effect toward human cancer cells. Thus, the synthesis of new derivatives of gossypol, the
study of their structure, physical and chemical characteristics, reactivity, search of correlations
structure - property are important both in scientific as applied aspects.

PM3 semi-empirical method has been applied for quantum-chemical calculations of the
structure and vibrational spectra of dienamine and diimine tautomers of three gossypol aldimines:
GDFA - diimine with p-fluoroaniline, GAMI - diimine with 3-amino-5 - methylisoxazole and also GDTA -
diimine with [2 - (3,5-dimethyl-1H-1,2,4-triazole-1-yl)-1-methylethyl] amine. Comparison of
experimental and theoretical spectra of the compounds studied allowed to establish the tautomeric
forms prevailing in the solid state. The introduction of a scaling factor to adjust the calculated
frequencies gave good agreement between experimental and theoretical frequencies.

Analysis of the experimental IR spectra of GDFA and GDTA shows that realized, in generally,
only enamine form, whereas GAMI spectrum indicates the presence of both tautomers in a solid form.
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CHUHTE3 XUHA30JIMHO|(3,2-C][2,3]BEH30JIUA3EIIMH-14(6H)-OHOB
OKHUCJIEHUEM CH-NH-CBA3U B 11,12-IUTUAPOITPOU3BOJIHBIX

U3yuyeHa peakuyusi okucrieHus 11,12-0ueudpoxuHa3sonuHol3,2-cj[2,3]6eH300ua3ernuH-14(6H)-
OHOB C UCIMO/Ib308aHUEM fepMaHaaHama Kasusi unu pacmeopa XpomMogozo aHaudpuda 8 yKCycHoU
Kucriome.

Knrodyeeble croea: OKucrieHue, rnepmaHeaHam Kasnusi, Xpomosbil aHaudpud, 11,12-
QuaudpoxuHa3onuHo[3,2-c][2,3]6eH3o0uasenuH-14(6H)-oHbl,  xuHa3onuHo[3,2-c][2,3]6eH30dua3enuH-
14(6H)-0oHbI

2,3-beH3ogmnasennHbl M UX KOHAEHCUMPOBaHHbIE MPOU3BOAHLIE  AKTUBHO
N3y4yarTCHa B CBA3N C OOHAPY>KEHHOW Y HMUX BbICOKOW NCUXOTPOMHOM aKTUBHOCTbIO [1].
HepaBHO Hamn Obin1 npeanoXxeH MeTod, MO3BOMASAKWMKM MonydYaTb HEU3BECTHbIEe
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paHee 11,12-gurngpoxmHasonuHo[3,2-c][2,3]6eH30anasenunH-14(6H)-oHbl (2). MeTog
OCHOBaH Ha peakummn Mukte-lneHrnepa 3-amuHo-2-(3,4-
AnMeToKcnbeH3nn)xuHasonuH-4(3H)-oHa (1) ¢ anudatnyeckmmmn, apomaTUyYecKuMm
N reTepoumknnyecknmm anbgerngamm (cxema 1) [2, 3].

O
N e R RcHo
N CF,COOH
unm HCI
Cxema 1

OTO NepBbIN NPAMON METOA CUHTE3a Aurnapo-2,3-6eH3oamas3ennHoB, KOTOpble
paHee nonyyanu BOCCTaHoBMNeHwem 2,3-6eH3oguasennuHoB Goporngpuaom HaTpus
[4]. BBegoeHve auuribHbIX MPOM3BOAHBLIX 3-aMUHOXMHA30NIMHOHA 3 B peakuuto
buwnepa-Hanupanbckoro MOrJ10 Obl npUBECTHN K XWMHA30MnHo[3,2-
c][2,3]6eH30ana3enunH-14(6H)-oHam (4) (cxema 2). OgHako Bce NonbITKN LMKIM3aumum
auunammgoB 3 B xnopokucm docgopa mnm B nonudocdopHoM Kucnote Obinu
GesycneLHsb!.
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B nutepatype n3BecTHbl MeToAbl NpeBpaweHns 3,4-OUrmapon3oxXmMHOSIMHOB B
N30XMHONUHbI NyTEéM okmcneHna RCH-NH-cesasn. OueBmgHo, 410 M 11,12-
anrngpoxmHasonuHol3,2-c][2,316eH3ognasennH-14(6H)-oHbl - (2)  MOryT  CRyXuTb
MCXOOHLIMW BELLECTBaMWU OfS MONyYeHUst XUHa3omnmHo[3,2-c][2,3]6eH30anasenmnH-
14(6H)-oHoB (4). Hamun vccrnenoBaHa peakums OKUCHEeHUs aurngpoguasennHoB 2 ¢
NCNoNib30BaHMEM pasfnyHbIX okucnutenen. Mcnonb3oBanuce asa metoda. Meton
A: OKUCNeHue nepmaHraHaToM Kanus B XIOPUCTOM MeTurneHe B npucyTtcTBun 18-
KpayH-6. Meton b: OKucneHue XpoOMOBbLIM aHMMOPUOOM B YKCYCHOW KUCIOTE.
[OwvaszenuH 4a 6bin nonyyeH ¢ BbixogoMm 50 % okucrneHvem gurngpoauasenvHa 2a
nepMaHraHaTtoM Kanus B XfOpUCTOM MeTurneHe B npucyTcTBum 18-kpayH-6 o
meToauke [5] (cxema 3).
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OnasenuH 4a no TemnepaType nnasnenusi 1 AMP 'H-cnektpy waoeHTuueH
COEOVHEHMIO, MONTYYEHHOMY MpPU LUMKNU3auMmM asoMeTvHa 5 B TpupTopyKCyCHOM
kncnote [3]. OgHako npu HanuymMm 3amectutensa B 11-m nonoxeHun gnasennHos (R
= CHs, C,Hs, 4-CH3-Ph) okncneHne nepmaHraHatom Kanma npoTekaeT He 40 KOHUa U
C HU3KMMWM BbIXxogamu. Jlyywme BbIxoAbl AuasenvHoB 46-r nonyveHbl npu
ncnonb3oBaHMM B kadectBe okucnutena CrOs B YKCYCHOW KMUCNOTe MO MeToauke,
onucaHHon B paboTte [6] (cxema 4). Peakumo npoBogunn, npudaensas nNo Kannsam
pactBop CrO; B BOgHOM YykcycHoum kucrote (50 — 70 %) Kk pactBopy
avrngpoaunasennHa B NieaHOM YKCYCHOM KncnoTe. Hannydwune BbIXoabl COeaUHEHUN
46-r 4OCTUrHYTBI NpU TeMnepaType peakumoHHon cmecn He Bbiwe 30 °C. Mpn Gonee
BbICOKOW TemnepaType npoucxoauT [arbHenlee OKUCMEeHWe C paspyLleHueM
ANas3enMHOBOro LMKNa U BbIXOAbl NPOAYyKTOB 46-r CUNbHO CHmXatoTca. [JuasenuH 4r,
MMerLWwnn B nNonoxeHun 11 apunbHbIN 3aMecTUTeNb, OKUCASETCH HaMHOro
MeaneHHee, NO3TOMY peakuuio NPOoBOAWMKM, cpa3y nNpunMBasl K YKCYCHOKUCIIOMY
pacTBopy paccuutaHHoe konudectBo CrOsz, nocne 4ero OCTaBnAnNM CMecb nNpwu
Temnepartype He 6onee 30 °C Ha 3 cyTok. Bbixog coeauHeHus 4r coctasnseT 30 %.

2,46R=CH, BR=C,H,, rR=4-CHPh
Cxema 4
AHanNornyHo pearnpyoT 2-9171n-9,10-gumeTokcn-7,12-gurngpo-

TneHo[2',3":4,5]nnpnmnao[1,2-c][2,3]6eH30anaszenunH-4(6H)-oHbl. Tak, OKUCNEHMEM
coeguHeHus 6 6bin nonyyveH agnasenuH 7 ¢ Beixogom 50 % (cxema 5).

Cxema 5

CTpoeHve coeduHeHun 4a-r, 7 pokasaHo AMP 'H-, AMP *C-, wmacc-
CMEKTPOCKOMNEN U INTIEMEHTHBIM aHarnM3oM.

B AMP "H-cnekTpe coeauHenusi 4a CH=N-rpynna nposiBnsietcst npu 8.91 m.A.
B cnektpax coeguHeHun 46-r u 7 otcytctBytoT curHanel NH n CH-rpynn. CurHansl
CHy-rpynnbl gnasennHoBoro uukna npossnsttca B obnactn 3.8-3.9 m.a. B AMP
3C-cnekTpax coeanHenuit 46-r u 7 B uHTepBane 58-64 M.. OTCYTCTBYeT curHan
dparmeHta —CH-NH-, HO nosiBnsetca curHan dparmeHta —C=N- B obnactun 169-
175 M.4., YTO TaKKe MOXHO MCMOMb30BaTh AN PasnMyYeHnsa Qurngponpon3BoaHbIX 1
OKUCINEHHbIX MPOAYKTOB.
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BbiBoAabl

Takum obpasom, B pesynbrarte gaHHOM paboTbl 3yyeHa peakums OKUCIEHUN
XWHa30/IMHOOMA3EMNNHOB N TUEHONUPUMUAOAMA3ENUHOB, HaWAEHbl ONTUMAarbHbIE
3KCnepuMeHTanbHble ycnosust okncnenna CH-NH-cea3n B guasenmHOBOM LMKIE.

3KCI’IepMMEHTaJ1bHa$I 4acTb

Cnektpbl AMP 'H 3anucaHbl Ha npuBope Bruker DRX400 (400 M),
BHyTpeHHun ctaHgapT TMC. Pacteoputens — DMSO-Dg Cnektpbl 9NeKTPOHHOW
MOHU3aLMN 3aperncTpmpoBaHbl Ha macc-cnektpometTpe MX1321 npu MOHU3UPYLOLLIEM
HanpspkeHun 70 B, Temnepatype kamepbl MoHusaummn 220 °C, ¢ Mcnonb3oBaHWEM
cucTeMbl NpsIMOro BBoga obpasua.

8.9-Inmetokcun-11-(R)-xnHazonunHo[3,2-c][2,3]6eH30ama3enunH-14(6H)-OHbl

(4a-r) (obwas metoamka). K pactBopy cootBetcTBytowmx 8,9-aumetokcn-11-(R)-
11,12-gurngpoxmHasonuHol[3,2-c][2,3]6eH3oanasennH-14(6H)-oHoB B YKCYCHOWN
Kncnote npubaBndaAldT NO KannsM pacTBOp 3KBMBaneHTHoro konudyectea CrO; B
YKCyCHOW kucnote. Peakuuio npoBogaT npu Temnepatype He Bbiwe 30 °C.
KopnyHeBas okpacka CrOs; MNOCTENEHHO MeHsieTCs Ha 3enéHyto. 1o OKoHYaHuu
peakumn pacTtBop pa3baBnsioT BOL4OM, BbiNaBLUME KpUCTanbl OTOUNbTPOBLIBAIOT U
TIWATeNbHO MPOMbIBAOT BoAoit oT Cr*. [MepekpucTannusauuio NpPoOBOAAT W3
auetoHa. CoeauHeHus, He Bbinagatowue npu pasbaBneHnn peakumoHHOW CMecH,
cnegyeT wu3BnekaTb 9KCTpakuuen XNOpUCTbIM METUAEHOM WM XNOPOGOPMOM,
npegBapuTenbHO HEUTPanNn3oBaB YKCYCHYH KUCIOTY 25 %-HbiM BOAHbIM pacTBOPOM
amMmmMuaka.

8,9-nmeTtokcuxmHasonuHo[3,2-c][2,3]6eH3oanasennH-14(6H)-oH (4a). Bbixoa:
50 %. CoeguHeHne 4a VMAOEHTUYHO MOSlyYEHHOMY paHee peakumen amuHa 1 n 5-

meTundgypdypona [3].

8,9-IumeTokcu-11-meTunxmHasonunHo[3,2-c][2,3]6eH3ogmasenvH-14(6H)-oH

(46). Bbixoa: 34 %, pasn. > 230 °C, 'H AMP (3, m.4.): 2.66 (3H, ¢, CHs); 3.79 (3H, c)
n 3.84 (3H, c, 8- n 9-OCHjy); 3.82-3.94 (2H, m, CHy); 7.13 (1H, ¢, H-7); 7.25 (1H, c, H-
10); 7.45 (1H, 1, J =7.6, H-2); 7.57 (1H, o, J=7.6, H-4); 7.74 (1H, T, J = 7.6, H-3);
8.08 (1H, a, J=7.6, H-1). °C AMP (3, m.n.): 24.9; 38.8; 55.7; 55.8; 110.3; 110.6;
120.8; 123.0; 126.2; 126.3; 130.0; 134.1; 146.2; 148.3; 151.7; 154.9; 157.7; 170.6.
C19H17N303, BbluncneHo (%): C 68.05; H 5.11; N 12.53; HangeHo (%):C 68.19; H
5.09; N 12.48. MC (3W1): 335 [M]" (100), 320 (10).

8,9-[lumeTokcm-1 1-aTMHXMHaaonMHop,2-c][2,3]6eH30,u,ma3en|/|H-14(6H)—0H

(4B). Bbixog: 40 %, T.nn. 184-185 °C, H AMP (6, m.g.): 1.23 (3H, 1, J=7.6,
CH2CHs), 3.02 n 3.10 (2H, gBa m, J = 8.0, CH,CH3); 3.69-3.91 (2H, m, CHy;); 3.81
(3H, c) n 3.88 (3H, c, 8- n 9-OCH?3); 7.01 (1H, ¢, H-7); 7.14 (1H, c, H-10); 7.38 (1H, T,
J=7.6, H-2); 752 (1H, g, J=8.2, H-4); 7.66 (1H, 17, J=7.6, H-3); 8.10 (1H, g,
J=8.0, H-1). °C AMP (5, m.a.): 11.3; 31.3; 39.0; 55.8; 56.0; 110.1; 110.9; 121.0;
122.2; 126.3; 126.6; 130.6; 134.3; 146.4; 148.6; 151.8; 155.1; 157.9; 174.6.
C20H19N303, BblumcneHo (%): C 68.75; H 5.48; N 12.03; HangeHo (%):C 68.84; H
5.53; N 12.00. MC (3M): 349 [M]" (100), 348 (74), 334 (38), 322 (11), 320 (14), 319
(13), 318 (64).

8,9-AumeTokcun-11-(4-metunderHmn)xmHasonmHo[3,2-c][2,3]6eH3o0anas3ennH-
14(6H)-oH (4r). Boixoa: 30 %, T.nn. 222-224 °C, 'H AMP (3, m.A.): 2.46 (3H, ¢, CHs);
3.67 (3H, ¢) n 3.93 (3H, c, 8- n 9-OCH3); 3.82-3.99 (2H, m, CHy); 6.69 (1H, ¢, H-7);
7.15 (1H, c, H-10); 7.29 (2H, A, J = 8.0, H-3',5"); 7.41 (1H, 17, J = 7.6, H-2); 7.55 (1H,
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a,J=8.0,H-4);, 769 (1H, 1, J=7.6, H-3); 7.74 (2H, A, J = 8.0, H-2',6'); 8.15 (1H, A,
J=8.0, H-1). BC amp (6, m.g.): 20.9; 39.1; 55.5; 55.8; 110.8; 112.1; 120.7; 120.8;
126.2; 126.4; 126.5; 129.0; 130.0; 132.1; 133.9; 134.2; 141.5; 146.3; 147.7; 152.2;
154.9; 157.9; 168.8. Cy5H21N303, BblumcneHo (%): C 72.98; H 5.14; N 10.21;
HanaeHo (%):C 73.01; H 5.12; N 10.22. MC (3W1): 411 [M]" (100), 410 (18), 396 (10),

380 (10).
2-011n-9,10-gnumeTtokcutmneHo[2',3"4,5]nnpnmngo[1,2-c][2,3]6eH30amaszenmnH-
4(6H)-oH (7). MonyyatoT n3 2-311n-9,10-anmeToken-7,12-

avrmapotmneHo[2',3":4,5]nnpnmunao[1,2-c][2,3]6eH30anasenmnH-4(6H)-oHa (6) no
MeToAMKe, aHanorm4yHOm OnucaHHoW Bbille Ana coeauHeHun 4a-r. Boixoa: 50 %,
T.nn. 233-234 °C (c pa3n.), 'H AMP (3, m.a.): 1.30 (3H, T, J = 7.6, CH,CHa); 2.66
(1H, c, CH3); 2.83 (2H, k, J = 7.6, CHy); 3.70-3.86 (2H, m, CHy); 3.80 (3H, c) n 3.85
(3H, c, 8- u 9-OCHs); 6.99 (1H, c, H-11); 7.03 (1H, ¢, H-8); 7.20 (1H, ¢, H-3). "*C
AMP (3, m.g.): 15.0; 23.0; 25.1; 38.4; 55.6; 55.8; 110.3; 110.5; 117.5; 122.6; 122.8;
130.3; 144.3; 148.3; 151.8; 154.0; 154.2; 160.0; 170.6. C19H19N303S, BbluMcneHo
(%): C 61.77; H 5.18; N 11.37; S 8.68; HangeHo (%):C 61.82; H 5.15; N 11.33; S
8.68. MC (3M): 369 [M]" (100), 356 (25), 355 (12), 354 (42).

Cnucok ncnonb3oBaHHOW nNuTepaTypbl

1. Horvath, H. J. Anxiolytic 2,3-benzodiazepines, their specific binding to the basal ganglia / H. J.
Horvath, K. Horvath, T. Hamori [et al.] // Progress in Neurobiology. — 2000. — Vol. 60. — P. 309-342.

2. TonkyHoB, A. C. Peakumsa [ukre-lneHrnepa B CWHTE3€ KOHOEHCMPOBAHHbIX
OeH3oagmasenuHoB. 1. CuHTtes 6,11,12,14-TeTparnapobersol4,5][1,2]anasennHo(7,1-b]xnHasonmH-14-
oHoB / A. C. TonkyHoB, A. V. XmxaH, C. J1. bor3a // XIT'C.—2010. — Ne 5. — C. 745-754.

3. TonkyHoB, A. C. Peakuusi MNMukre-LUneHrnepa B cuHTE3€ KOHOEHCUPOBaHHBLIX BEH30Ma3eNMHOB.
2. CuHTe3 HoBbix npomsBogHbix 11,12-gurnapoxmnHasonuHol3,2-c][2,3]6eH3oanasenuH-14(6H)-oHos /
A. C. TonkyHos, C. J1. borza // XI'C.—2010. — Ne 6. — C. 882-893.

4. Munro, D. P. 1,7-Electrocyclisation and Carbene Reactions of o-Alkenylaryldiazoalkanes:
The Effect of Alkene Configuration on the Mode of Reaction Closure / D. P. Munro, J. T. Sharp // J.
Chem. Soc. Perkin Trans. 1. — 1984. — Ne 4. — P. 849-858.

5. Venkov, A. P. Synthesis of 3,4-Dihydroisoquinolinones, 2-Alkyl(Acyl)-1(2H)-3,4-
Dihydroisoquinolinones, 2-Alkyl-1(2H)-Isoquinolinones and 1-Alkyl-2(2H)-Quinolinones by oxidation
with Potassium Permanganate / A. P. Venkov, S. M. Statkova-Abeghe // Tetrahedron. — 1996. — Vol.
52, Ne4. — P. 1451-1460.

6. [puHwTenH, 3.3. Bsammopgenctene pgumegoHa C  anbgerMgamum U [-aMuHoO-
BUHUINKapOOHWUMNbHBIMK coeauHenusamn / . O. MpuHwTtelH, 3. U. Ctankesuy, . A. Oybyp // XT'C. —
1966. — Ne 4. — C. 583-585.

Haditiwna do pedkoneeii 11.01.2013.

A.C. TonkyHos, C.J1. Boeza CUHTE3 XIHA3O0J1IHO[3,2-C][2,3]BEH30IA3EI1IH-14(6H)-
OHIB OKUCHEHHASIM CH-NH-3B’53KY B 11,12-OUIr4QPOINOXIQHNX

BusueHo peakuito okucHeHHs1 11,12-0uzidpoxiHasoniHo[3,2-c][2,3]6eH30dia3eniH-14(6H)-oHie 3
8UKOpPUCMAaHHAM rnepmaHaaHamy Kasito abo po34uHy XpomMogo20 aHz2idpudy e oumosil Kucaomi.

Kntouosi  crioea:  OKUCHEHHs, nepMaHzaHam  Kanito, xpomosud aHeidpud, 11,12-
dueidpoxiHa3oniHo[3,2-c][2,3]6eH300dia3eniH-14(6H)-oHu, xiHa3oniHo[3,2-c][2,3]6eH300ia3eniH-14(6H)-
OHU.

Knro4oei crioea: OKUCHeHHs, repmaHeaHam Karfito, xpomosull aHeiopud, 11,12-
dueidpoxiHa3oniHo[3,2-c][2,3]6eH300ia3eniH-14(6H)-oHu, XiHasorniHo[3,2-c][2,3]6eH300iuaseniH-
14(6H)-oHu

A. Tolkunov, S. Bogza SYNTHESIS OF QUINAZOLINO[3,2-C][2,3]BENZODIAZEPIN-
14(6H)-ONES BY THE OXIDATION OF CH-NH-BOND IN THE 11,12-DIHYDRODERIVATIVES

2,3-Benzodiazepines and their condensed derivatives are actively investigated in connection
with the discovery of their high psychotropic activity. Recently, we proposed a method for obtaining of
previously unknown 11,12-dihydroquinazolino[3,2-c][2,3]benzodiazepin-14(6H)-ones. The
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11,12-dihydroquinazolino[3,2-c][2,3]benzodiazepin-14(6H)-ones, obtained by Pictet-Spengler reaction
of 3-amino-2-(3,4-dimetoxybenzyl)quinazoline-4(3H)-one with aliphatic or aromatic aldehydes, were
converted to the quinazolino[3,2-c][2,3]benzodiazepin-14(6H)-ones by oxidation.

The reaction of oxidation of 11,12-dihydroquinazolino[3,2-c][2,3]benzodiazepin-14(6H)-ones
with various oxidants was investigated. Potassium permanganate in methylene chloride in the
presence of catalytic amounts of 18-crown-6, and chromic anhydride in acetic acid were used as the
oxidants. The reaction of 11,12-dihydroquinazolino[3,2-c][2,3]benzodiazepin-14(6H)-one with
potassium permanganate gave quinazolino[3,2-c][2,3]benzodiazepin-14(6H)-one with 50 % yield. But
11-substituted 11,12-dihydroquinazolino[3,2-c][2,3]benzodiazepin-14(6H)-ones gave corresponding
products of oxidation with low yields and reaction proceeds incompletely. Reaction of 11-substituted
dihydrodiazepines with chromic anhydride in 50-70 % acetic acid gave corresponding diazepines with
moderate yield (30-50 %). The best yields of desired products were reached at the temperature not
above 30 °C. At the temperature above 30 °C, the further oxidation occurs with the destruction of the
diazepine cycle and yields of products are reduced. 7,12-Dihydro-
thieno[2',3":4,5]pyrimido[1,2-c][2,3]benzodiazepin-14(6H)-ones react similarly.

Structures of the synthesized compounds were confirmed by 'H and *C NMR and mass
spectra.

Key words: oxidation, potassium  permanganate, = chromic  anhydride,11,12-
dihydroquinazolino[3,2-c][2,3]benzodiazepin-14(6H)-ones, quinazolino[3,2-c][2,3]benzodiazepin-
14(6H)-one
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PEOJIOI'MYECKHUE XAPAKTEPUCTHUKHU IIOBEPXHOCTHBIX CJIOEB
HETUWJITPUMETUJIAMMOHUA BPOMUJIA HA TPAHUIIE PA3JIEJIA
BOJHBIN PACTBOP-BO3IYX

U3yyeHbl peoroauyeckue Xapakmepucmuku 108ePXHOCMHbIX croes
uemunmpumemusiaMmmMoHull 6pomuda (8s3Koyrnpyaue, yripyaue u 853KOCMHbIe) Ha epaHuue pa3sderna
800HbIl pacmeop-8030yX. YcmaHOo8/1eHO, Ymo codemaHue 8bICOKUX 3HadeHuli Modyris yrnpyeocmu u
duramayuoHHOU B8513KoCmu xapakmepu3yem [108EPXHOCMHbIE CIIOU  UemuimpumMemunaMmoHul
bpomuda Kak yripyaue HeHbFMOHOBCKUE M/1EHKU.

Knrodyeeble cnoea: uemunmpumemurnaMMmoHuli 6pomud, noeepxHocmHsble crou, [1AB,
AunamauyuoHHas peosioausl.

Ba)HbIM MCTOYHMKOM MHGOPMAaLMK O CTPYKTYpPE U CBOMCTBaX afCcopOLMOHHBIX
CnoeB MNOBEPXHOCTHO-akTMBHbIX Bewects ([MAB) gaBndawoTca aunataumMoOHHble
peoriormyeckne xapaktepucTukn. AgcopbumoHHble cnou [MAB xapakTepusyloTcs
onpegeneHHbIMM MeXaHU4yeckMMyM CBOMCTBaMW, Hambonee 3Ha4YMMbIMK U3 KOTOPbIX
ABNAITCA YNPYroctb M BA3KOCTb. JTU CBOMCTBA OOYCIOBMEHbI CNOCOOHOCTLIO
monekyn [1AB BsaumogencrtsoBaTb [Apyr C JApyrom 1 obpasosbiBaTb
CTPYKTYpUpPOBaHHble aacopbumoHHble crnom [1].
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