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Annomayusa. IlpoBenen ananmms koHdopmanmii okoino 600 MeTIeBBIX yYacTKOB
(mepetsbkek) B P-0- M 0-f-ayrax, NpUHAAIECKAIUX OJHOMY M3 CTPYKTYPHBIX
MOTHBOB, 4YacTO BCTpewamomiemycss B Oenkax, abCd-emmnuie. Bcero B
HETrOMOJIOTHYHBIX Oenkax orobpano 258 abCd-emmuuir ¢ «0OpaTHBIM» XOIOM
nonunentraHo# nenu (236 PDB-daiinor) u 69 abCd-emuHuI ¢ «IpsiMbIM» X0I0M
(65 PDB-aitnos). HccnenoBansl ueTbipe THIa Ayr: P-o- ¥ o-f-Ayrd mpu
«IpSIMOM» X0Jie LenH; B-o- ¥ o-B-1yru npu «odpatHoM» xoje uenu. [t kaxmoro
TUIA AYT ONPEAETCHbl YacTOTHl BCTPEYAEMOCTH MEPETSHKEK PAa3HOM AJHMHBI U
MOCTPOCHBI COOTBETCTBYIOLIME T'HMCTOIPAaMMBI. Y CTaHOBICHO, YTO HAUOOJBIIYIO
BCTPEYAEMOCTh UMEIOT YT JUTMHOW JI0 TPEX aMUHOKHCIOTHBIX 0CTaTKoB (57 %).
B-o-Ayru u3 abCd-eauHHUI] C «IPSAMBIM» XOAOM IIEMH Yalle IPYTHX COCTOST H3
JIBYX aMHHOKHCIIOTHBIX OCTaTtkoB (44 %), koTtopsie B 86 % ciilydaeB UMEIOT
KoHpopManuio Pnapa, B HUX HET TMUIMHOB M MPOJIMHOB, a B MO3UIKHU B 4acTo
BCTpeYaeTcsl acmaparuH. B 3ToM Tume Oyr B mepeTshiKKax M3 OJHOTO OCTaTKa C
KoH(popMarusaIMi €0, WA Pyl 0, Yallle JPYTHX BCTPEUAIOTCS TIHIUHEL B o-f-
Jyrax ¢ «IpsMBIM» X0JIOM Iien yare apyrux (18 %) BcTpedaroTcs nepeTsikKKu 13
YeThlpeX AaMWHOKHUCIOTHBIX ~ OCTAaTKOB. 37eChb HET IPEeUMYLIECTBEHHOM
KoH(popMaIu nepetsbkek. B B-a-gyrax ¢ «oOpaTHBIM» XOJIOM LIEMH Yalle Ipyrux
(17 %) BcTpewaroTCsl TEPETSDKKM M3 CeMH aMHUHOKHCIOTHBIX OCTAaTKOB, M
00JIBIIMHCTBO U3 HUX (88 %) umeroT kordopmanuio Pro fpaafpo,. B a-f-gyrax c
«oOpaTHeIM» X0m0M Lenu dame Apyrux (32 %) BcTpeyaroTcss NEpeTsHKKH U3
OJHOTO aMHMHOKHCJIOTHOTO OCTaTKa (Bce INIMIHMHBI) C KOoH(popMmauueil Iyr omefn
WK 0o Bn. TIpoBeieHHbII B JaHHOM paboTe cTpyKTypHbIH anamn3 abCd-euHuIb!
COJACPKUT TOJNE3HYI0 HMHGOpMALMIO JUId MpeACKa3aHHus NPOCTPAHCTBEHHOU
CTPYKTYpBI O€JKOB, a TaKkKe A MOJIEKYJSIPHOIO MOAEIHPOBAHUS OEJIKOBBIX
CTpyKTYp de novo.

Knroueswvle cnoea: cmpykmypa 6enxos, KoHoOpmayuonHvlil anaius, o-p-oyeu, B-a-oyeu,
abCd-eounuya, enuyun, nponun.

BBEJIEHUE

[loHnMaHue CBA3M MEXIy AMHHOKHCIOTHOM IIOCIIEAOBAaTENbHOCThIO O€lKa M €ero
MPOCTPAHCTBEHHON CTPYKTypOoll HMEeT KII04YeBO€ 3HAuYe€HHWE JJIs Ppa3BUTHUS METOJIOB
IIpEJCKa3aHusl 3TOM CTPYKTYphl M MOJEIMPOBAHMS KaXJIOrO JTala €€ CBOpauMBaHUS.
Monekynbl MHOTHX TJOOYJSpHBIX O€IKOB coaepKaT y4YacTKW MOJUIENTHIHOM Lemnwu,
MMEIOLINE CXOJHYIO YIAaKOBKY JIEMEHTOB BTOPUYHON CTPYKTYpbl. Takue MOBTOPSIOLIMECS
YYaCTKU TPUHATO HA3bIBaThb CTPYKTYpHBIMM MoOTHBaMH. OHM MOTYT BBICTYNAaTh Kak B
Ka4yecTBE 3apoJbllleii, TaKk M B KadecTBE TOTOBBIX OJIOKOB INPH CBOPAYMBAHUHU OEJIKOB B
YHHUKaJIbHbIE CTPYKTYpHI [1-5], 4yTO MO3BOJISET HCIOJIB30BATh UX JJIA CO3/IaHUS CHCTEMBI
CTPYKTYPHO# Kilaccuukanuu 0emkos [6].

B Hacrosiielt pabote MbI NMPOBENN CUCTEMATUYECKUN aHaU3 CTPYKTYPhI MEPETKEK B
abCd-emuHumax W TMOKa3ajaM, YTO HECKOJIBKO WX THIOB, MMEIOIIUX OTHOCHTEIBLHO



BPAXHUKOB u ap.

HEOOJIBIIYIO JUIMHY (0 CEMH OCTaTKOB), BCTPEYAIOTCS CYIIECTBEHHO Yalle APYrux. Takxke
ObUIM YCTaHOBJICHBI OCOOCHHOCTHM AMHHOKHCIIOTHBIX IOCJTIEIOBATEIBHOCTEH IEPETSKEK,
Han0oJiee YacTo BCTPEUAIOIINXCS B OCNIKaX.

CrpykTypHbIi MOTHB, u3BecTHbIH Kak abCd-emumuuia [7], mnpexacraBiser cobOoit
KOMITAKTHYIO JIBYXCJIOHHYIO 3aMKHYTYIO CTPYKTYPY, 00pa30BaHHYIO HEIIPEPHIBHBIM y4aCTKOM
noJunenTuaHon nend. OH COCTOMT M3 TPEX aHTUIAPAIUICIBHO YIIAaKOBAaHHBIX [-TSHKEH U o-
CIHpAJIM, COCAMHAIONICH KpailHue B-TsHKM M yNaKOBAaHHOM B JAPYroM clioe. DTOT MOTHB
MOYET UMETh KaK «IIpSMOii», TaK U «OOpaTHBIN» XOJI MOJUNEITHIHON LENH: MPH «IIPSIMOM)
XOJIe CPEIHHIA TsDK [-IHCTa OKa3bIBAETCS MEPBBIM B IIETIH, a TIPU «OOPATHOM» — MOCIIEIHUM.
Cama Bop-eauHuIa BKIIIOYAET B ce0s1 1BE Ayru: B-a-nyry u o-B-ayry (puc. 1).

a o
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Puc. 1. Cxemartmueckoe mpezacraienne abCd-emuuuipl ¢ npsAMbM (a) u oOpaTHeM (6) XOmoM
nojunenTuaHoU 1ernu. CTpenkaMu MoKa3aHbl B-TSKH, [HUIHHIPAMHA — O.-CITHPAIIH.

Panee Mbl mpoBenM psiA MCCIENOBAaHWN, HANPABICHHBIX HA IIOUCK CBSI3M MEXIY
AMHUHOKHCIIOTHOW TOCJIEI0BATEIFHOCTRI0 M TPOCTPAHCTBEHHOH CTPYKTYpOH HEKOTOPBIX
CTPYKTYPHBIX MOTHBOB. bbuIa ompenenena CTpyKkTypa O-CIUPaIbHBIX MIIHJIEK ¢ KOPOTKHMHU
HepeTsDKKAaMHU (10 4eThIpeX aMHUHOKHCIIOTHBIX OCTATKOB): IMOKA3aHO CYIIECTBOBAHUE TOJBKO
ISITH TUTIOB TaKHX TEPETHKEK, a TAKXKE BBISBICHO Pa3lIMuue B pacmpeaesieHuu ruipodoOHbIX
U TUAPOGHIBHBIX OCTATKOB MEXIYy MpPaBbIMH M JIeBbIMH oo-mmumibkamu [8,9]. Tpu
UCCIIEIOBAaHUU (-0-YTOJIKOB OBUIO YCTAHOBJIEHO, YTO THAPO(OOHBIE OCTATKU pacloyiaratorcs
B HUX MPAKTHYECKU OJIMHAKOBO HE3aBUCHMO OT CTETICHW TOMOJIOTHH COAEPIKAIINX UX OEIKOB
[10]. B cuabHO CKpY4YEeHHBIX M HW30THYTBHIX [-IIMHIbKAX OOHAPYKEHO CYIIECTBEHHOE
pa3nuyre BO BCTPEYAEMOCTH HEKOTOPBIX AMHUHOKHCIOTHBIX OCTaTKOB Ha BOTHYTOH H
BBINYKJION MOBEPXHOCTSX WMNHWIbKU. [loka3aHO, YTO BHYTPEHHHUE MO3UIMKA aHOMAJIBHO YacTO
coJiepKaT OCTaTKH TJMIMHA W ajaHWHA, 0COOEHHO B MecTaX HauOOJbIIEH CKPYYEHHOCTH
TSOKeH, W TpPU 3TOM HHUKOTJa HE COJepXaT OCTATKOB MPOJIMHA, TOT/Ia KAaK BO BHEIIHUX
MO3HIIASAX B 00JIACTH CKPYyYMBAHMS MX BCTpeUaeTcs OTHOCUTEeNbHO MHOTO [11, 12]. Hakonerr,
u3ydeHne 3-fB-yrojkoB IOKa3aj0 aHOMAaJIbHO BBICOKYIO BCTPEYaEMOCTh BO BHYTPEHHUX
HO3UIIMAX OCTATKOB IIMIIMHA, allaHHHA, BaJHMHA U MMOJHOE OTCYTCTBUE OCTATKOB MpoJjnHa [4].

B Hameit pabote MbI MpoBenH aHanu3 0o0Jiee CI0KHOIO CTPYKTypHOro motua — abCd-
€IMHUIIBI - C UCIOJb30BaHUEM OONbLION 0a3bl JaHHBIX. PaHee MPOBOAMINMCH CTPYKTYpHBIE
uccienoBanus Toibko Pof-equnuiel B padore [13] Ha nmpumepe 17 o/p-6enkos; B-o- u a-f-
nepexo/bl (JIyry) MOJUIETTHIHOMN IIeMH U3 OJHOTO CIIOS B IPYTOi M3ydanuch B paborax [14—
16], oaHako WCCIIEIOBaHUS MPOBOJMIMCH HAa MaJOM KOJHYECTBE OENKOB 0€3 MPHUBSI3KU K
OTIpENIeIEHHBIM CTPYKTYpPHBIM MOTHMBAaM [0 MPUYMHE HMX HEAOCTATOYHOIO KOJHYECTBA B
Oanke OenkoBbix AaHHbIX (Protein Data Bank, PDB) B To Bpemsi.
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CTPYKTYPA IET/IEBBIX VYACTKOB B f-a- H a-f3- AVTAX abCd-EJUHHL] B [VIOBYJIAPHBIX BEJIKAX
IKCIHEPUMEHTAJIbHASA YACTD

st paGoThl HMCIONB30BaJIach 0a3za JAaHHBIX MO CTPYKTYPHOH kiaccudukanuu OenkoB
PCBOST, co3nannas HamMu paHee Ha OCHOBe OaHka OenkoBbIX naHHbIX (PDB) um moctymHas
no azapecy http://strees.protres.ru/. Bcero B 3rtoii 6a3e manubix umeercs 926 abCd-exunui
[6,17], u3 xortopbix 23 % HMEIOT «OPSIMOM» XOa MOJUIENTUAHON uenu, a 77 % —
«0oOpaTHBIT». AHATU3 MPOBOJWIM TOJBKO Ha HETOMOJOTHYHBIX OelKax, OTOOpaHHBIX C
nomMoteio mporpammel bl2seq (Blast 2 Sequences) mMeTomoM IOMapHOTO BbIPABHHBAHUS
(http://blast.ncbi.nlm.nih.gov/Blast.cqi) [18]. Beinenenne abCd-emununy w3 MOTHON
CTPYKTYpbl Oe€JKa M aHadh3 WX CTPYKTYPbl OCYIIECTBISUTM BU3YaJbHO TMPH TTOMOIIH
nporpaMMbl MoseKyisipHoi rpaduku RasMol [19]. Yrael BHyTpeHHEro BpalieHUs ¢ U
Beruncisun  mporpammoit MOLMOL [20], a Takke ¢ MOMOINBIO Hamiei COOCTBEHHOM
POTPaMMBbl, KOTOpasi IOMOJHUTEIBHO IO3BOJIAET OINPESIUTh BCE 00JIACTH KOH(pOpMaIuii
AMHHOKHUCJIOTHBIX OCTAaTKOB Ha KapTe PamavyanpaHa.

PE3YJIBTATBI U UX OBCYKJAEHUE

[IpenBapuTeNnbHbIA BU3yalbHbIH aHAN3 MPOCTPAHCTBEHHOW cTpyKTyphl abCd-eauHui B
Oenkax IMoKaszall, 4TO MEePETSLKKH B B-0- W 0o-f-ayrax B 3TOM CTPYKTYPHOM MOTHBE MOTYT
CHJIbHO OTJIMYATBhCS IO JUIMHE U KOH(OpMalUH B 3aBUCUMOCTH OT XOJa ITOJIMIETITHIHON
nenu. KonmdecTBeHHBIN aHanM3 pacrpeieieHuss NepeTsDKeK, NpuHaaIexamux B-o- u o-p-
Jyram, 1o JJIMHaM B HErOMOJIOTHYHBIX OeJKax MpejcTaBiieH B Tabnuie 1 1 Ha pucyHke 2.

Tab6auua 1. BerpeuaeMocTh TepeTsiKek pas3HoW JUIMHBL B -0- U 0-B-Ayrax ¢ «upsMbIM» U
«0OpaTHBIM» XO0M IMOJHUIETITHIHON LEeTTH

I[Ipsimoit xox B-o-myru
Yucno  ocTaTKOB B 0 112 |3| 4|5 |6 | 7|89 |10|11]| 12 |>12
TIEPETSIKKE
Konnuectso 10 3 | 28| 7 4 2 3 0 1 2 1 0 1 1
TIepeTsKeK
Bcero nepersixek 63

Ipsimoit xox a-B-nyru
Yucno ocTaTtkoB B 0 1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | >12
IIEPETSIKKE
Komunuectso 3 6 7 8 | 10 | 3 3 2 2 3 1 0 2 5
IePETSIKEK
Bcero nepetsbkex 55

OOpartHslii X011 B-o-myru
Yueno  ocTaTKOB B 0 1 12| 3|4|5 |6 | 7|89 |10|11]| 12 |>12
TIEPETSIKKE
Komriecrso 20 |14 (32|28 |15|17 |10 (39| 9 |6 |9 |6 | 3 | 8
NIEPETIKEK
Bceero nepersxex 225
OOpatHBIif X0 a-B-nyru
Yucno  ocTaTKOB B 0 1 12| 3| 4|5 |6 | 7|89 10|11 12 |>12
TIEPETSIKKE
Kommiectso 17 |71 (26 (39|26 |18 6 [ 5 6 | 5[4 [0 | 0 | 2
IEPETSIKEK
Bcero nepersikex 225
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Puc. 2. 3aBHCHMOCTB KOJHYECTBA IEpeTsHKEK OT MX UMHBI B abCd-eIMHMIAX € «IPAMBIM» H
«0OpaTHBIM» XOJIOM TOJHMIENTUAHON nenu. Beepxy — B-o-ayrn, BHM3Y — o-B-ayru. TemHble JTUHHU —
«IIPSMON» XOJ1, CephIe JINHUU — «OOpaTHBIN» XO/I.

VYCcTaHOBIIEHO, YTO BO BCEX THUMAX JAyr HaWOOJIBIIYI0 PACHPOCTPAHEHHOCTH HMMEIOT
NEPETSHKKM JUTMHON 10 TPEX aMHUHOKHMCIOTHBIX ocTaTtkoB (57 %). B B-a-ayrax u3 abCd-
€IMHUI] C «IPAMBIM» XOJIOM IIeNu yarie Apyrux (44 %) BCTpeuaroTcsl MEPETSHKKH U3 JIBYX
0CTaTKOB, a B B-a-ayrax u3 abCd-eauHuIr ¢ «0OpaTHBIMY» XOJI0M IEMH — MEPETSHKKU M3 CEMH
ocratkoB (17 %). B apyrom tune nyr - B a-f-ayrax n3 abCd-equHuUI] ¢ «IIpSIMBIM» XOJ0M
nenu vame aApyrux (18 %) BcTpeuaroTcs MepeTsiKHA U3 YEThIPEX OCTAaTKOB, a B O-B-ayrax w3
abCd-emunui ¢ «oOpaTHBIM» XOJOM IEMH — MEPETKKU U3 ogHOoro ocratka (32 %). Takum
00pa3oM, 4acToTa BCTPEYAEMOCTH MEPETSHKEK OJMHAKOBON JUIMHBI BO BCEX YETHIPEX CIIydasx
paznmmyaa. OcoOEHHO 3aMETHO TMOBBIIIEHHOE COZIEPIKaHUE MEPETSHKEK U3 JIBYX OCTATKOB B [3-
O-Iyrax ¢ «IpsMbiM» XojoM 1enu (44 %) u B o-B-Ayrax ¢ OJHHUM OCTaTKOM B IEPETIKKE
(32 %) B citydae «0OpaTHOTO» X0/1a MOTUITEIITHIHON IICTIH.
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CTPYKTYPA IET/IEBBIX YVYACTKOB B f-0- U o-- JYT'AX abCd-E/JMHHUL] B I'7IOBYJ/IAPHBIX FEJIKAX

Taéauna 2. OCHOBHBbIC KOH(pOPMAIMH MIEPETKEK B -0~ U a-P-ayrax

KonnuecTBO OCTATKOB B Kongopmarus nepersskku
HEPETIKKE B-a-myra a-B-nyra
0 — _
1 O, & o, (%)
2 af Bo, o o
3 o BB, aop Boa, oy Pa

*TIpu «TpsAMOM» XOJie LENH £-KOH(OPMAIIHs He BCTPEYaeTCs.
[Tpumevanust: KoHGOPMAUK OCHOBHBIX IEPETSDKEK TIPH «IPSMOM» M «00paTHOMY XO0J1€ O THIHOM
LeNy OJMHAKOBBI, Pa3HUTCS WX KOJIMUecTBO. [lyrm ¢ mepeTshkKaMu IJIMHOW J1Ba WJIM TPH OCTaTKa C
JIPYTAMH KOH(POPMAIHIMHU BCTPEUaroTCs penko (mo 1-2 pasa).

Ecnu meperskka COCTOMT TOJIBKO M3 OIHOIO OCTaTKa, TO BO BCEX Cilydasx (Kak IpH
«IPSIMOM», TaK U «0OpaTHOM» XOJie MOJIMIENTUAHON 1enu B B-0- U o-B-ayrax) OH UMeEeT
koHpopmanuio o win € (tabn. 2). Ilpuuem, OonbIIMHCTBO ocTaTKOB (78 %) HMET
KoH(popmanuio 0. Taxxke HaOIIOIAeTCA OTPAHUYCHHOE YUCIIO KOHPOPMALIUH ISl IEPETSHKEK
U3 JBYX U TpeX ocTaTkoB. IIepeTspkku M3 JBYX OCTATKOB B f-0-Ayrax MMEIOT, KaK MpaBUIIo,
af-koH(popMaIuio, a B o-f-ayrax — fo- mwiu o o-KoHpopMaiuio. B 3ToMm ciydae mepeTsikku ¢
JPyTruMH KOH(pOpMaIHMsIMU BCTPEUAIOTCS peaKo. B mepeTspkkax u3 Tpex ocTaTKoB B B-o-ayrax
MPEUMYIIECTBEHHO BcTpeuaeTcs oy ff- u aoB-kordopmammu, a B a-f-gyrax — Boo- u oy Po-
KoH(popmanuu. BerpeuaroTest Takxke MepeTsikKy ¢ APYrUMH KOH(GOpMaLUsiIMU, HO PEIKO.

Ha pucynke 3 moka3zaHO CONOCTaBIIEHHE aMHUHOKHCIOTHBIX TOCIEIOBATEIBHOCTEH ISt
Om0 Bn-yr € MEepeTsHKKOW M3 OJHOTO0 aMHUHOKHCIOTHOIO OCTaTKa (34ech M M N — YHCIo
OCTaTKOB B 0-CIIUPAJ M B-TSKE COOTBETCTBEHHO). M3 62 myr ¢ kKoH(popMamuend nepeTsHikKa
0L IJIMLUH NPUCYTCTBYET B 44-X ciydasix, 4To coctaBiser /1 %. B ocranpHBIX mepeTshkkax
coJepKarcsi, B OCHOBHOM, OCTAaTKHA C TMOKMMH OOKOBBIMH LEMSMH (JM3UH, TIIyTaMUHOBas
KUCIIOTa, aclapardH, acrnaparuHoBas kuciora). OTMETHM, YTO MOCISTHUNA aMUHOKUCIOTHBIN
OCTaTOK O-CITUPAJIM B ATHX Jyrax B OOJBIIMHCTBE CIIy4aeB HAXOJUTCS B Y-KOH(OpPMAIIHH.

Iepetskka ¢ e-koHpopManuel (ConocTaBIeHHEe aMUHOKHUCIOTHBIX MTOCTIeI0BaTEIbHOCTEN
HE TI0Ka3aHo) BCTpeyaeTcs pexe — 15 Iyr ¢ «oOpaTHBIMY) X0J0M MOJIMIENTUIHON 1IenH (Bce —
OCTATKH TJIMIIUHA), & B [yTaX C «IIPSIMBIM» X0J0M &-KOH(pOPMAIIUs HE BCTPEUYaeTCsl.

B B-o-myrax nepeTspkek ¢ OJHUM OCTaTKOM MeHbIe (Tadu. 1), 1 OHM HaXOAsTCs TakkKe B
€- U o -KoH(popMmausx. Jyru ¢ «IpsMbIM» XO0M BCTPEUAIOTCS TPU pasa, a ¢ «0OpaTHBIM») —
YeThIpHAALATh. [ JMIUH BCcTpedaeTcs B 12 mepeTsvKKax, OCTalbHBIE OCTAaTKH — CEpUH,
acraparuHoBasi KUCJIOTa, TIIyTaMUHOBAs KMCIIOTA, TITyTaAMUH.

[lepeTspkku M3 IBYX OCTAaTKOB YacTO BCTPEUAIOTCS BO BCEX UYETHIPEX CIIydasX, HO HX
6onbuie Bcero (44 %) B P-o-myrax ¢ «OpsMbIM» X0A0M Ienu. B o-B-gyrax ¢ «mapsmbiM»
XOJIOM IeNMH TakuxX Tmepersikek Tombko 13 %. Ilepersokku B B-0-Iyrax HMEOT
pEeuMyIIeCTBEHHO 0f-KoH(popMaluio, a B o-B-ayrax Po-konpopmarmro. Ha pucynkax 4 u 5
B KayecTBE TpuUMepa TIPUBEACHO COIMOCTABICHHWE (BBIPABHUBAHWE) aAMHHOKHCIOTHBIX
MOCJIEI0BATEIbHOCTEN TaKUX YT MPU «IIPSIMOM» U «0OpPaTHOM» XOJI€ TOJIUIIENTHIHON LeIH,
COOTBETCTBEHHO.
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BPAXHUKOB u ap.

PDB oz Qoo o BERERRBRERRAR
«IlpsaMOY XOm» IOJNMUIIENTUIOHOMN Lenu
1 1B33 (N) YENWFREQQRIQKM G GKIVKVEL
2 1DTO (A) PLTI G DTPLLTCD
3 1E8X (A) QWVRQCLKN G EEIHLVLD
4 1LDT (L) SCIARCN G VSIKSE
5 1PCE (A7) ECKLCLARIEN K QDIQIVKD
6 1WIO (A) AMLSYYYSTVMEQQVN G QLIEPLQIFP
«OOpaTHBEI» XOIN NOJUIESNTUIHOM Lenu

1. 1AUV (A) QHDFQDIASVVALT K TYATTEP
2. 1AKO (A) LEEVAKL G YNVEFYHGQ
3. 1B24 (A) KALLEIVSRWLNNL G VRNTIHL
4. 1ICJIW (A) DALVPFYQRF G FHPAGPC
5. 1DD5 (A) LSLIEKAINASDL G LNPIN
6. 1DQ3 (A) IETFEIINDYLEKTF G RKYSIQKD
7. 1DQ3 (A) IEDVTHYLNAL G IKARIREK
8. 1EWQ (A) EDAERLARAL G LVLTHKT
9. 1FJC(A) EDELKEVF E DALEIRLVSQ
10. 1G6S (A) IRFADVLEKM G ATICWG
11. 1G6S (A) YIDITLNLMKTF G VEIENQ
12. 1GKZ (A) GLPTSRAYAEYL G GSLQLQSLQGIGTDVY
13. 1GMU (A) PFMLAKACYALGNR H VPLQIMPGELRYH
14. 1GXT (A) FRPFVWQLAQQL N LHGDVCNDGDGVEVRL
15. 1IQ4 (A7) PKALDSAVEELTLIA G QRPVVTR
16. 1JG5 (A) PELMQQL G ASKRRVLGNNFYEYYV
17. 1JJ2 (R) KGEVADAVEEQY D VTV
18. 1J00 (A) RETKQLIINAIVRET K AAQVQTIGHILVLY
19. 1JRM(A) KANREIIKEFSETF G RDVEIVSGQKSRQKTI
20. 1JVA(A) TSLMERVTEYAEKL N LCAEYKDRKEPQVAKT
21. 1JVA (A) TSVRDGLVSLARSL G LVVSVNAE
22. 1K3E (A) ALEILNANLWFAENG G PYLCYEAGAQSLLLALR
23. 1KAF (A) EHHIQKFTDI G MSCKIAKNGNVYLDIK
24. 1KN6 (A) PGGQEAASAIAEEL G YDLLGQIGSLENHYLFK
25. 1LEW (A) EAVKLAYESFLADK E LDGSFEINDESADIVLI
26. INTF (A) GPACVKNFQSLLTSK G YTKLKNTITETMGLTVYCL
27. 108B(A) RSAVARQLVKL G GRPEYRQGVVTDN
28. 1PAV (A) KKDAPAWIQKS G QELVGVFDRNGYYEIVMKK
29. 1QMI (A) HLTAVKAATEIC G ATVEGAELGSQRLLFR
30. 1QMT (A) FIRRVLEPLLAKI G THQQTTL
31. 1R3N (A) KMIVAASEIAQRH N GLFTCGIIDAK
32. 1R62 (A) GLSIARNLIDQH S GKIEFTSWPGHTEFSVYL
33. 1SEI (A) KIKREIAEILKRE G FIRDYEYIED
34. 1SPB(P) AAKKKDVISEK G GKVQKQF
35. 1U8S (A) ICNEVVRLVTQA G CNIIDSRIAMF
36. 1U8S (A) LTEKFTQFFAQR Q IGMASLSAQTI
37. 1UAE (A) KDVDTSMKLLSQL G AKVERNGSVHID
38. 1UAE (A) VDLHISGLEQL G ATIKLEEGYVKAS
39. 1UAE (A) PEIVDTANFLITL G AKISGQGTDRIVIE
40. 1UAE (A) DAVLAKLRDA G ADIEVGEDWISLD
41. 1UAE (A) MHVPELSRM G AHAEIESNTVICH
42. 1URR (A) FRKHTSHEAKRL G VRGWCMNTRD
43. luv7(A) LVSWIAYLQERQ G VSVDAIDID
44. 1vi7(A) LTGIEALLGQC D GKIINSDYQAFVL
45. lyre (A) LRAQGAIDKL G AQREGVL
46. 1z00 (A) DRAALLRTFSFL G FEIVRPGH
47. lzvp (A) LTAAFATKLAEH G ISANVI
48. 2a60 (A) MRLKEIIQEVAKEL R VEIIEMQT
49. 2bun (A) LDIVETSQAHNARA Q LTGALFYS
50. 2cxa (A) YOR G IFPWFSPGDPILWW
51. 2cy2 (R) KGRGFYEHL G GVLLGEREIEL
52. 2fgc (A) KQEIFQLVEIF R GKIIDVSREGAI
53. 2fiu(A) YVSTAKPAFERF G ANFLAR
54. 2fk1 (A) HTVAKETCSEK S TNL
55. 2i6c (A) AAGLLLYTQL G YQPRATIAERHD
56. 2if1(A) VKAFKKKF A CNGTVIE

Puc. 3. CTpykTypHOE BHIpaBHUBaHNWE aMHUHOKHCIOTHBIX ITOCIIE0BATEIbHOCTEN 0-B-1yTr ¢ KoHpopManuei
nepeTshKkH o . KoHpopManum octaTkoB B CTOJIONAX MTOKAa3aHBI IPEUYECKUMH OyKBaMHU B BEPXHEH CTPOKe.
Cunesa npusenensl PDB-kons! cooTBeTcTBYrONMX 6enkoB. [Toa4epKHYTBI OCTaTKM B EPETSHKKAX.
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N PDB ko PBRBRBRBRBRBREBRER AP  cxcrrOOOOL
1 1A9X (A) ITIRPSFTMGGSGGGIA ﬂ REEFEEICARGLDL
2 1AUV (A) VVK_ GHAHSG GKVKV DN QHDFQDIASVVA
3 1D4B (A) LVLEEDGTAV % EDFFQL

4 1EHI (A) VVKAANQGSSVGISRV TN AEEYTEALSDS

5 1EN2 (A) CSIWGWCG DS EPYC

6 1GSO (A) IKA KGVIVA MT LEEAEAAV

7 1HPT (A) CGTDGDTY PN ECVLCFENRK

8 1HQZ (A) IISPNAKKEYEPESTG g FHDFL

9 1LDT (L) VCGSDGRTY AN SCIARCN

10 1LR7 (A) VCGLDGKTY E ECALLKARCKE

11 1M4J (A) ISIENEQLVVGSCSPP S_D SWEQDYDSFVLP
12 10EY (J) NYRDAEGDLVRL E DEDVALi\/RQI;\
13 1PCE (A) CGTDGVT E ECKLCLARIEN
14 1ROR(I) CGSDNKTY @ KCNFCNAVVE

15 1SPH (A) VNLEYNGKTVNL KD IMGVMSL

16 1TBR (R) CGSDGETY SN PCTLNCAK

16 1TBR (R) CGSDDITY DN NCRLECAS

17 1Wo6 (A) ASEGGGGKGIRQV Q EEDFIALYHQAAN
18 1WIO (A) EYEDEDGDRITV R_S DEEMKAMLSYYYS
19 1WMH (B) GYTDAHGDLLPL m DDSLHRA

20 1YB3 (A) LFIYG AE NFL

21 2C60 (A) NELSILL Q ODDLDKAIDILD
22 2BBH (A7) YSIEEFREFKT TD VESVLPFR

23 2SCU (B) VKVV E KEDIRAFAENW

Puc.4. CtpykTypHOE BEIpaBHUBaHNE aMHHOKHCIOTHBIX ITOCIIEOBATEIbHOCTEH [-0-1yT ¢ KoHpopMmanuen
nepeTsnkke off («mpsamoii» xox). KoHdopmanuu octatkoB B cToI0IaX NOKa3aHbI IPEUYeCKUMU OyKBaMH B
BepxHell cTpoke. CneBa mpuBeneHsl PDB-konpr cootBercTByrommx OenkoB. ITogdepkHYTBI OCTaTKu B

MepeTsHKKAX.

PDB xon BBBBBRRRRRE GBI
1 1AUV (A) HAHSG_GKVKV y QHDFQDIASVVA
2 1A79 (A) VIV @ KNGISKLSA
3 1B24 (A) EYRVVITQ E ENLIKQHIAP
4 1B24 (n) IWN @ KALLEIVSRWLNN
5 1B64 (A) SILLDVKP @ DETDMAKLEECV
9 1BHT (A) TKKV E ADQCANRCTR
7 1CC8 (A) HYQFNVVM E SGCSGAVNKVLT
8 1DD5 (A) LVIKP @ KSVLSLIEKAINA
9 1DQ3 (A) RIYD E IETFEIINDYLEK
10 1DQ3 (A) IELGM m KRLIEDVTHYLNA
11 1FTR (A) MARVLITA E HKWAMIAVKEAT
12 1FTR (A) AGGNFYIMA E QPAGLQAAEAAVD
13 1GMU (A) SVVRC @ PFMLAKACYALGN
14 1HKY (A) EAKA A_S SQACQELCEKD
15 1I8N(A) TKTEF E VDECRKMCEE
16 1J3E (A) A E EQTLLKN
17 1JVA (A) ATIKT E TSVRDGLVSLARS
18 1K8K (D) TVVFSTVF Q DDDVVIGKVFMQE
19 1KR4 (A) LVYSTF ﬂ EEKALEIGRKLLE
20 1INOU (A) QVAVEV @ ANDLPKLVEGLKR
21 INSA (A) VFRVNV E ENDISELHELAST
22 1PVZ (A) KC E DADCSRKCP
23 1SIS (A) PCFT E PNMAKKCRDC
24 1UTA (A) CGSF &3 AEQAETVRAQLAF
25 lzpw (A) LYAVAYDI @ DTRRVKLANLLKS
26 2atz (A) VEFDYNG E PERFYHKAQLLLR

Puc. 5. CtpykrypHOE BEIpaBHUBAHHE aMHHOKHUCIIOTHBIX TTOCIICAOBATEILHOCTEH B-0-AyT ¢ KOHPOpMAIUeH
nepersikku off («oOpaTHsIit» x01). KoH(opMaIiu ocTaTkoB B CTOIOIAX TOKA3aHbI TPEYECKUME OyKBAMHU
B BepxHel cTpoke. CreBa npuBeneHsl PDB-konbr cooTBeTcTBYROMNX 0enmkoB. [ToM4epKHYTHI OCTaTKU B
MEPETSDKKAX.
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BI/IZ[HO, 41O HOpU HOpsAMOM XOAC HMECTCA TOJIBKO OJHa NCPCTAXKKaA, B KOTOpOﬁ
MPUCYTCTBYeT THMIMH. [lepBeiii ocTaTok TmepeTsHkku  (o-KoH(opMaius) COAEPKUT
MaJICHBKHUE OCTAaTKHU HJIM OCTATKU C FI/I6KI/IMI/I 60KOBBIMI/I J(S1520%0%0 (quHpe aclIaparuHOBBIC
KHCJIOTHI, TPU CEpUHA, TPU TPECOHHMHA, JBa JIM3WHA, JIBa AJaHWHA, JBE TJIYyTaMHHOBBIC
KHCJIOTBI, OJWUH MCTUOHHH, OJHWH IIPOJHMH, OAUH HeﬁHHH, ONH acnaparHH), a BO BTOpOM
ocratke (P-xoHdopMarus) NPUCYTCTBYIOT OJMHHAIIATH aclaparuHOB, CEMb CEPUHOB, TPHU
acaparnHOBBIC KUCJIOTHI, OAWH apruHuH, OJJHA INIyTaAMHWHOBAs KUCJIOTA.

AHaIIOTUYHOE pacrpeie]icHne aMUHOKHUCIIOTHBIX OCTaTKOB U B cily4ae «00OpaTHOro» Xoja
nenu (26 mepersikek). Tonbko B [-koHpopMaiuu HabOmogaeTcst OoJblliee COJepKaHUE
TIIyTaMUHOBOM KUCIIOTHI (ZIEBSATH OCTAaTKOB). B cilydae mpsiMOTO X0/1a TAKUX OCTaTKOB TOJIBKO
Tpu. Mpl He paccMarpuBaeM 34€Chb INEPETSDKKM M3 JIBYX OCTAaTKOB C  APYTMMH
KOH(OPMAaIIUSIMH, TOCKOJIBKY OHU BCTPEYAIOTCS PEIKO.

PDB xon BRRBRR aLBBaafp AAAAAAAAAAX
1. 1B7F (A) LIVN YLPQDMT DRELYALFRAI
2. 1B7F (A) LYVT NLPRTIT DDQLDTIFGKY
3. 1FJC(R) LLAK NLSFNIT EDELKEVF
4. 1HO6K (X) LYVG NLSFYTT EEQIYELFSK
5. 1HD1 (A) MFIG GLSWDTT KKDLKDY
6. 1000 (B) ILFVT SIHEEAQ EDEIQEKFCD
7. 1S79 (Rn) YIK GFPTDAT LDDIKEWLE
8. 1SJR(A) LRIIVE NLFYPVT LDVLHQIF
9. luw4 (A) VVIR RLPPTLT KEQLQEHL
10. lwel (A7) VYLK GLPFEAE NKHVIDF
11. 1wgl (RA) LVK NLPQDSN CQEVHDLLKD
12. 1wgd (A7) VLVS GLPPSGS WQDLKDHMRE
13. lwhw (A) RLFVR NLSYTSS EEDLEKLFSAY
14. lwhy (A7) WVG GLGPNTS LAALAREFDR
15. 1wi8 (A) TAFLG NLPYDVT EESIKEF
16. 1x4a (A) IYVG NLPPDIR TKDIEDVFYK
17. 1x4e (R) LYIR GLQPGTT DQODLVKL
18. 1x4g (A) VYCG GIASGLT DQLMRQTFSPF
19. 1x4h (RA) FIR NLSFDSE EEALGEV
20. 1x50(A) LYIS NLPLSMD EQELENMLK
21. 1x5t (A) IFIG NLDPEID EKLLYDTFSA
22. 2cpd (A) LYVR NLMLSTS EEMIEKEFNNI
23. 2cpe (A) IYVQ GLNDSVT LDDLADFFKQY
24. 2cp] (A) LFVG NLPPDIT EEEMRKL
25. 2cq0 (A7) TIRVT NLSEDTR ETDLQEL
26. 2cqgl (A) LHIR KLPGEVT ETEVIALGLPF
27. 2cq3 (A) LHVS NIPFRFR DPDLRQOMFGQ
28. 2cg4 (A) VFCM QLAARIR PRDLEDF
29. 2cgb (A) YVG GLAEEVD DKVLHAAFIPF
30. 2cqd (A) IFVG GLPYHTT DASLRKYFEGF
31. 2cgh (A7) YIG NLSPAVT ADDLRQLFGD
32. 2dgx (A) DVQVS NIDYRLS RKELQQLLQEA
33. 2dis (A7) RLFIG GIPKMKK REEILEEIAKV
34. 2£9d (A) LYIR NLPYKIT AEEMYDIF
35. 2if1(A) TTVQ GIADDYD KKKLVKAF

Puc. 6. CrpykrypHOE BBIpABHMBAHHE aAMHMHOKHCIOTHBIX MOCIeIOBaTeNbHOCTEHl  P-o-myr ¢
koH(popmanmeld nepersikku oy PPaoaPP («oOpartusiity xon). Kondopmanmu ocraTkoB B cTONOmax
MOKa3aHbl TpeyeckuMH OyKBaMM B BepxHei crtpoke. CieBa mpuseneHsl PDB-koapl cooTBETCTBYIOMINX
6exxoB. [ToquepKHYTHI OCTaTKH B EPETSIKKAX.

[lepeTspkkM M3 TpexX OCTATKOB BCTPEYAIOTCS BO BCEX THUMAx AYr (He mokasaHsl). B B-o-
Jyrax HaWJIEHO CEeMb IEPETSHKEK MNPH «IIPAMOM» XOA€ Lenu M 28 TMepeTsikeKk IpHu
«obpatHom». Iloutn momoBHHA BceX MepeTsikek uMeeT KoHdopmarmio oy ff3. Yarie Bcero B
NEepBOM MO3ULIKUU NMPUCYTCTBYIOT TJIMLUHBI, BCTPEUYAIOTCS TAK)KE acllaparuHbl, acraparuHoBas
KHCJI0Ta, TU3UHBI, HO 10 OAHOMY - IBYM OCTaTKaM Ka)XJI0W aMHHOKUCIOTHL. ECTh HECKOJIBKO
ayr ¢ neperskkoi oaf/6. B o-B-ayrax HeT Kakoi-muO0 MPEUMYIIECTBEHHONH KOH(OpMAaIUH
NEepPeTsHKEK, a TPETUH OCTATOK MEPETSHKKUA MOXKET ObITh B O-, 0y - MU £-KOH(OpMaIuu.
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U3 nyr c Oonee JUIMHHBIMH TMEpETSHDKKAMHU TPU  «IIPIMOM» XOJE 4Yalle JIpYyrux
BCTPEUAIOTCS 0O-f-AyrM ¢ TMEepeTs KoM M3 ueThipex octaTtkoB (18 %), a mpu «obpaTHOM
xoJie - B-a-ayru c mepeTsbkkamMu u3 cemu octaTkoB (17 %). B mepersbkkax u3 yeThipex
OCTaTKOB HET NMPEUMYILECTBEHHON KOH(pOpMannu nepeTspkku. [lepBolii 0cTaTOK MOXET OBITh
B O-, Y-, OL-, & WIN Pp-KoH(OpMALIUU, a MOCIEAHUNA OCTATOK Yalle BCEro HaXOAWUTCSA B -
koH(popmanuu. M3 39 B-o-Iyr ¢ mepeTssKKoW M3 CeMH OCTaTKOB 35 AYr MMEIOT TEepPBBIN
octarok B koH(opmaruu o (puc. 6). [IpeumyiiecTBeHHO 3TO0 octaTku acraparuHa (18
crydaeB) u mmnuHa (12 cmydaeB). BonbIIMHCTBO Takux Oyr HMMeeT KOH(OpMAIIHIO

BmaLBPoappan.

PDB kon BRBRBRBBBRRR ccaaxooioioiet

«I[IpaMoM» XOH NOJUIENTUOHOM Lenu

1 1B33(N) YFTKLVP YENWFREQQRIQK

2 1B6R (A) OWRLR ANETEQLPAEC

3 1DCQ (A) ILTC TIECSGIHREL

4 1F0Z (A) QIVP REQWA

5 1G25 (A7) HTLC ESCVDLLFVR

6 1I35(A) RIKLITE EEFKQICFNS

7 10DH (A) YLRPAIC DKARQKQQOR

8 1RM6 (B) KRTVP VAQLFRESG

9 1SEI (A) VLT DKEARQKGTGGEII

10 1T1H(A) QTYE RSSIQKWLDA
«OOpaTHBEI» XOI MNOJIMIENTUIHOM Lenu

1 1CC8 (A) HYQFNVVM TCSGCSGAVNKVLT

2 1CJW (A) AVILMCE DALVPFYQR

3 1CKV (A) VLVLKKS DEINTFIEEILLTD

4 1EWQ (A) YYLEVT RPYYER

5 1G9Z (A) QVTQK TQRRWFLDKLVDEI

6 1GNK (A) LVTVIIK PFKLEDVREALSSI

7 111G (A) VTITGVDTK PEKLFEVAEKLKE

8 1IUJ (A) VTMNRIPVR PEYAEQFEEAFRQR

9 1KNG6 (A) AAEI PGGQEAASAIAEEL

10 1INOU (A) VFLVEIQCP EQAVGGIYSVLNK

11 1P8K (Z) GIELS IKDVQLIYKIKKIL

12 1R89 (A7) VFAVKFRKPDIV DDNLYPQLERASRK

13 1RY9 (A) VMLWANFDAPS DVKLQSSAYNILNL

14 1S7H(A) GFRFSLYPMT DDFISVIKSALKK

15 1SEI (A) LEVPAS KIKREIAEILKR

16 1T8H (A) VD DRVVDSLRPT

17 1T95 (A) KIP PEHTGRAISALYNF

18 luv7(A) VWIQPLP FSQLVSWIAYLQER

19 1vi7 (B) EYTLQCE YHQLTGIEALLGQ

20 1vk8 (A7) TVSIKVVPAVE DGRLHEVIDRAIEK

21 lwhr (3) KKFPOMT SYHRMLLHRVAAYF

22 1xrs (B) QLSFTLPLKNN ERSAEAAKQIAL

23 2alv (A) LSLKVD PERGEELRQA

24 2bop (A) FALISGT ANQVKCYRFRVKKN

25 2cy2 (A) VWVL KENPKGRGFYEH

26 2fb5 (A) TLNAHLT APLLESI

27 2ibo (A) SIALQVLPLVQ GIDRIAVIDQVIAYL

28 2p8i (A) WHAHVYFD ASSRDAAWTLREQIE

(A)

29 2tbd FAIYTT KEKAALLYKKIMEKY

Puc. 7. CrpykTypHOE BBIpaBHHBAaHHE aMHHOKHCIOTHBIX IIOCJIEOBAaTENFHOCTEH [3-0-Ayr C HyIJIEBOH
nepeTspkkoil. KoHpopmanuy ocTaTKOB B CTONONIAX IMOKa3aHBI IPEUECKUMH OyKBaMH B BEpXHEH CTpOKe.
Cnesa npusenensl PDB-koapr cooTBeTCTBYIOMNX OSITKOB.

HyneBpie mepeTskku Takke BCTPEUYArOTCS BO BCeX 4eTwhlpex Thmax Ayr. Ha pucynke 7
npejcTaBieHa ykianaka Takux ayr B abCd-eaumHuie ¢ «IpsMbIM» M «OOpPaTHBIM» XOJIOM
MMOTUTIIENTUIHOMN IEeMH.

[Tocnennuit ocrarok B-tTsoka B B-a-gyrax u3 abCd-equHuIl ¢ «oOpaTHBIMY XOIOM IENH
SIBJISIETCSI TIPEUMYIIECTBEHHO TuapoduiabHbiM (76 %). Tarke 37ech MOTYT BCTPEYaThCS
nponuHbl (3 ciyyass). OTCyTCTBHE MacCHUBHBIX THAPO(OOHBIX OCTATKOB OOBSCHSIECTCS HX
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CBOWCTBOM BBI3BIBaTh Jeruaparanuio cBoboanbix NH-rpynm. Ananornynas curyanus
HaOJIIOMaeTcsl W B Cllydae «IIpsIMOro» XOAa IeNu, A€ 3Ta [(-TO3MLUS TakxkKe 3aHATa
PEUMYIIECTBEHHO TUAPO(PUIBHBIMU OCTaTKAMH U MPOJIMHAMHU. 3aMETHM, YTO B MEPETSIKKAX
9TOr0 THUIIA COBCEM HE BCTPEYAIOTCS INIMLMHBI, XOTs B NEPETIKKAX U3 OAHOIO OCTATKa OHHU
HPUCYTCTBYIOT TIOYTH Beeraa (puc. 3).

SAKVIIOYEHUE

[IpoBeeHHBIN HAMH aHATHU3 CTPYKTYPHI MEPETIKEK B 0-B- U B-0-ayrax, coaepx ammxcs B
abCd-equuuiax, Mmokasaj, 4YTO MEPETSHKKM MOTYT CYIIECTBEHHO OTJIMYAThCS 110 JUIMHE U
KOH(pOpPMAalLlMK, a TaKKe HMETh pa3Hbli aMHHOKHUCIIOTHBIA cocTaB. [JaBHBIN pe3ynbTar
COCTOMUT B TOM, YTO OOJBIIMHCTBO Ayr B cTpykType abCd-emuuuil coiepikar KOPOTKHE
HEePEeTSHKKH (0 TPeX aMUHOKUCIOTHBIX OCTATKOB), W 3TH OCTaTKA HMEIOT OTPaHHMYCHHOE
yuciao koHpopmanuii. Kak mpaBuio, B HepeTsDKKax MPUCYTCTBYIOT —TJIMLIMHBL (32
UCKJIIOUYEHUEM MEPETSHKEK M3 JIBYX aMHUHOKHCIOTHBIX OCTAaTKOB). B omnpenencHHbIX € U Q-
HO3ULHUAX KOPOTKMX MEPETSIKEK TOJDKHbI HaXOAUTHCS TIIMIMHBI WIM OCTaTKM C IMOKMMHU
OOKOBBIMHU HEMSIMH, @ B TEPBBIX MO3HULUAX O-CHOHpaNell — HeOombImne Win ruapodoOHbIe
ocraTku. Kak M3BECTHO, 0-CIHMpalbHble U (-CTPYKTYpHBIE YYacTKM TaKXKe JOJDKHBI UMETh
OIIPEJIETICHHOE YepeloBaHue rHAPOPOOHBIX U THAPODIIBHBIX OCTaTKOB. Bee aTo ompenemnser
HeoOxomuMble ycnoBusi oOpasoBanust abCd-eauumi. IlomydeHHbIE pe3yinbTaThl HUMEIOT
00JIbII0E TEOPETUUECKOE 3HAUEHUE U MOTYT OBITh MCIIOJIb30BaHbl KaK MPU MOJEIHPOBAHUU
OCNKOBBIX  CTPYKTYp, cojaepxkamux abCd-emuHuipl, Tak W AjIs  [PEACKa3aHUs
IPOCTPAHCTBEHHOW CTPYKTYPBI OCITKOB.

PabGora BemmonHeHa npu ¢uHAHCOBOW momnepxke Poccuiickoro ¢oHma ¢yHIaMeHTaThHBIX
uccienoanuii, rpant POD®U Ne 13-04-00150.
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