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AnHoTanus. CtaThsi NOCBALICHA BONPOCAM BHOPALMOHHOW MEIUIMHBI U OMOJIOTHH
Ha OCHOBE HOBOTO MOJICIIBHOTO TOAXOJAa K CHCTEMaM BOJHOBBIX M BHOPALMOHHBIX
IIPOLIECCOB B TEHETUYECKHU HACJIEAyEMOM OpraHn3aluy KUBBIX TeJl. DTOT NOAX0J OCHOBaH Ha
MaTPUYHOM aHAJIU3€ M UCIOJB3yeT M3BECTHOE CBOMCTBO MAaTpHIl OTOOpakaThb PE30HAHCHI.
OcCHOBHOE BHMMAaHME YJIEJIEHO CHCTEMaM PE30HAHCOB B TEH30PHBIX CEMEWCTBAaX MaTpHII,
0a3upyOMMXCs HAa TEH30pPHOM (WJIM KPOHEKEPOBCKOM) IMpPOM3BEACHUU. BBeneHo moHsaThe
TaOJIMIl HACIEJOBaHUSI COOCTBEHHBIX 3HAYEHUH MATpHI] M3 TAKMX CEMEHCTB M IMOKa3zaHa MX
aHaJiorus ¢ pemerkamu [leHHeTa NOIUTHOPUIHOTO CKPEIIMBAHUS OPTaHU3MOB 10 3aKOHAM
Mennens. MarpuuHblii aHajdM3 CBHICTEIBCTBYET B IOJIb3Y CIEAYIOMIEro: ayi()aBUTHI
TEHETHYECKOT0 KOAa eCTh al(aBUThl PE30HAHCOB; COOTBETCTBEHHO, FT€HETUYECKUN KOJI €CTh
KOJ pE30HAHCOB, a TCHETUYECKHE TEKCThI Ha OCHOBE JTHX aj(aBUTOB €CTh TEKCTHI,
HaNMCaHHBbIE Ha S3BbIKE PE30HAHCOB; AJJIENU TE€HOB, (UTYpUpYIOLIHE B 3akoHaX Mennens,
MOKHO HMHTEPIPETHPOBATh KaK PE30HAHCH (COOCTBEHHBIE 3HAYEHUS MATPHUI]) HEKOTOPBIX
KoJIe0aTeNbHbIX CUCTEM. J|eMOHCTPUPYIOTCS CBSI3U MOJIEKYJISIPHO-TEHETHUECKUX aHcamOen
C TEXHOJIOTUSIMHU TIOMEXOYCTOHYHMBOTO KOJUPOBaHUSA WH(POPMALIUU B COBPEMEHHOW TEXHUKE
cBsi3u. PaszBuBaroTcs uaen BUOPAIMOHHON T'€HETHYECKOW OMOMEXaHWKH, HCIOIb3YIOIINE
COIPSDKEHHE HACIeAyeMbIX OMOJIOTMYECKUX IPOIECCOB ¢ (eHOMEHaMH BUOpAIMOHHON
MEXaHUKHU.

KiroueBblie ¢j10Ba: reHETHYECKOE KOAUPOBAHKE, PE30HAHC, TCH30PHBIC IPOU3BEICHUS
MaTpHil, COOCTBEHHBIC 3HAUCHUS MATPUIl, COOCTBCHHBIE BEKTOpa, perieTku [lennera,
byskuu Yonma, Mmatpuiel Anamapa, pyakiun Pagemaxepa.

1 Bseaenue

Tema «UenmoBexk u BUOpaIus» SBISICTCS OJHOW M3 aKTyaJIbHBIX TEM COBPEMEHHOU
HAyKHM W TEXHUKU. Eil MOCBSIIEHO MHOXECTBO MoOHOrpaduil W psAa HAUMOHAIBHBIX U
MEXIYHapOAHbIX CHUMIIO3UYMOB B CBSI3M C 3allpocaMd MEIUIMHBI U MEIULUHCKON
WH)KEHEPUH, SPrOHOMUKH, CHOPTa, (PU3NOJIOTHH TPyJa M MPo(ecCHOHANBHBIX 3a00JIeBaHUN
(BuOparmoHHasi 0OJIe3Hb SIBJISICTCS OJHUM M3 BEAYIIMX MpodeccHOHANBHBIX 3a00JIeBaHUl B
mupe). B cBs3u ¢ qanHoit Temoii B 70-X rojax mpouuioro Beka B MHCTUTYTe MalllMHOBEICHUS
PAH Obi1 co3mgaH CHEeUMANIM3UPOBAHHBIA OTAET BHOPAMOHHOW OMOMEXaHMKH CHUCTEM
YeJI0BEK-MallMHa-cpeia. B HacTOAIIEeH cTaThe NMPEACTaBICHO OJHO U3 Pa3BUBAEMBIX B 3TOM
OT/eNic HAayYHBIX HAINpaBJICHHWI: BUOpalMOHHAs reHeThdyeckas OnmomexaHuka. Peub uuer o
TOM, YTO BCE HacleJyeMble OMOMEXaHWYECKHE CHCTEMBI OpraHu3Ma o00si3aHbl OBITh
COIVIACOBAaHHBIMU CO CTPYKTypaMU TI'€HETHYECKOro Koja Ul UX KOAUPOBAHHUS M IEeperadu
IIOTOMKaM (MHa4Ye OHU oOpeueHbl Ha BoIMUpaHue). COOTBETCTBEHHO BCE OMOMEXaHUYECKUE U
(U3MONIOTHYECKHE CHCTEMBI OpraHu3Ma HECYyT Ha ce0e meyaTrb CTPYKTYp T€HETHYECKOTO
KOJla, YTO SIBJISIETCSI MIPEAMETOM M3Y4YEHHUs] B I€HETHUeCKOM Onomexanuke. OcBelniaemble B
CTaTh€ HCCIEIOBAHUS TIOKA3bIBAIOT IIIYOOKYIO CBSI3b TI'€HETHUKM M T'EHETUYECKON
OMOMEXaHHUKH ¢ BUOPAIIMOHHON MEXaHUKON M OCOOBIMH CUCTEMaMHU PE30HAHCOB.

XKuBoii opraHu3M TOpeACTaBIseT COOOW OrPOMHBIM  XOp  COTJIACOBAHHBIX
KOJ1€0aTeNbHbIX IPOLECCOB, COMNPSIKEHHBIX € MX TE€HETUYECKUM HACJIEIOBAaHUEM U3
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IIOKOJIEHUS B NIOKoJeHue. C IpeBHUX BPEMEH XPOHOMEIUIIMHA U OMOPUTMOJIOTHUS T10J1arator,
9TO0 BCe OOJIE3HM SBISIIOTCA pE3yJbTaTOM PpACCOTTIACOBAHUI B 3TOM  YHOPSA0YEHHOM
MHO>KECTBE KOJIeOATENbHBIX IPOLIECCOB, a MOTOMY Ba)XHO M3yyaThb 3Ty COIVIACOBAHHYIO
ynopsaaoueHHOCTh. C (hopMalIbHOM TOYKU 3PEHHUS KUBON OPraHU3M SIBJISETCS KojeOaTenTpHON
CUCTEMOM C OOJIBIIMM YHCIIOM CTENEHEH CBOOObI, IPUUEM B OHTOI'€HETUYECKOM Pa3BUTHU
OopraHu3Ma OT 3apojblllla BO B3POCIYI0 OCOOb €€ KOJIMYECTBO CTENEHEH CBOOOMBI CHUIBHO
BO3PACTaeT MPHU COXPAHEHUH COTIIACOBAHHOCTH KOJIeOATEIbHBIX MPOIIECCOB B HEW Ha KaXKJJOM
stanie. Pe30HaHCBl B Takol CHCTEME MOTYT CIYXUThb MEXaHU3MaMU COIJIACOBAaHUS U
YIOPAJOYCHUS MHOXECTBAa €€ KoJeOaTeNbHBIX IMPOIECCOB. BO3MOXKHOCTH PE30HAHCHBIX
COIJIaCOBAHUM JaBHO IIPUBJICKAIOT BHUMaHue uccienosarenei. Tak, H. Tecia cuuran 3akon
pe3oHaHca HauOojee OOIIMM MPHPOIHBIM 3aKOHOM M YTBEPXKIANl, YTO BCE CBS3H MEXIY
SIBJICHUSIMU YCTAHABJIMBAIOTCS MCKJIIOUYUTEIBHO IIYTEM Pa3HOIO poja MPOCTHIX M CIOMKHBIX
PE30HAHCOB — COTJIACOBAHHBIX BuOpammii ¢(usmueckux cucreM. Kuura «Bubpaunonnas
MeauIHa» [l] TOBOPUT O pe3oHaHCcaxX Kak KJK4e, KOTOPbIH OTKpPOET JBEPh B MHUP
YKU3HEHHBIX IPOILIECCOB.

Ho pe3onancHbIMU cBOMcTBaMU 00J1aJal0T BCE MPUPOIHBIE OOBEKTHI KaK JKUBBIC, TaK
u npoune. VI BUIOB pe30HAHCHBIX CHCTEM, BOOOIIE TOBOps, OECKOHEYHO MHOro. MMeroT
KUBBIE OPraHU3MBbl KaKylO-TO OTIMYHUTEIbHYIO CHEIU(HUKY B HMX HACIEAyeMOW CHUCTEMeE
PE30HAHCHBIX  XAapPaKTEPUCTHK, COMPSDKEHHYIO C TEHETHMYeCKUMH (eHOMEHaMH U
CTPYKTYypaMU MOJIEKYJISIPHOM CHCTEMBI TEHETUYECKOTO KOJUPOBAHUS?

ABTOpOM mpe/uIaraeTcsi MOJENIbHBIN MOAXO0A, PE3YJIbTaThl UCCIIEIOBAaHUS B paMKax
KOTOPOTO  CBHJETENBCTBYIOT B TOJNB3Y CHEHU(DUIHOCTH OHOIOTMYECKOH CHCTEMBI
HACJIEyeMbIX PE30HAHCOB, PpACLIMPAIOIIEHCS B XOAE OHTOI€HE3a OpraHu3Ma. OJTOT
MOJIETIbHBIN MTO/IXO0] CTPOUTCSI HA OTHOCUTENBHO Y3KOM KJIacCE€ CUCTEM PE30HAHCOB, KOTOPBII
CBSI3aH C COOCTBEHHBIMHM 3HAYCHUSMH M COOCTBEHHBIMH BekTOpamu (2"*2")-marpur us
TEH30PHBIX CEMENUCTB, 0a3UPYIOIINUXCS HA TEH30PHOM (MM KPOHEKEPOBCKOM) IIPOU3BEICHUU
(2*2)-marpwuir.

Matpuubl HajJeleHbl 3aMeyaTelbHbIM CBOMCTBOM OTOOpakaTb PE30HAHC, KOTOPHBIH
MHOT/Ia Ha3bIBAIOT UX TJIABHBIM KadecTBOM [2, c. 21, 26]. dusunueckoe sBICHUE PE30HAHCA
XOpOILIO 3HAKOMO KakJaoMmy. Mojenupysi NpoXO)KJIE€HUE CUTHaja S 4epe3 aKyCTUYECKYHO
cUCTeMYy A, MPEICTaBICHHYIO MAaTpUIlel A, 3anmuchiBatoT y = A*s. Eciu BXOZHOW cuUTHAT S —
PE30HAHCHBIN TOH, TOTJAa BBIXOAHON CUTHAI y MOBTOPUT €0 C TOUHOCTBIO /10 MAacIITaOHOTO
MHOXHTENS Yy = A*s mogmoOHO TOMy, KakK HAacCTpOCHHAsh MYy3bIKajbHas CTpyHa BTOPUT
KaMEpTOHY. Y MaTpHIlbl KOJUYECTBO PE30HAHCHBIX TOHOB ((CTPYH») OTBEUYAET €€ pa3Mepy U
KOJIMYECTBY CTENEHEW CBOOOAbI TOW CHUCTEMBI, KOTOPYIO OHa IPEACTaBIsET. OTHU
PE30HAHCHBIE TOHBI HA3bIBAIOT COOCTBEHHBIMH BEKTOPAMU MATpPHIBI, a MaciTaOHbIe
KO3 QHUIUEHTH NMPH HUX — €€ COOCTBEHHBIMU 3HAUCHHUSIMH, HaOOp KOTOPBIX COCTaBIISET
crnektp cucteMbl A (wim marpuubl A). Yactorel @i = A Ha3BIBAIOTCS COOCTBEHHBIMH
4acTOTaMU CHCTEMBI, a COOTBETCTBYIOIIME WM COOCTBEHHbBIE BEKTOPHI HA3bIBAIOTCA €€
coOcTBeHHBIMH (hopMamMu KojeOaHWN (MIM TPOCTO COOCTBEHHBIMH KOJeOaHUSMHU). OTH
CBOOOHBIC HE3aTyXaIOIIUe KOJICOaHUsI MPOUCXOIAT B CUCTEME NMPH OTCYTCTBHHM B HEH CHII
TPEHUS U JCUCTBHUS BHEMIHMX BO30yxnatoumx cui. IloBeneHue cuctembl MpU CBOOOIHBIX
KOJ1e0aHUsAX OINpENEISAET €€ MOBEACHHUE IPU MHOTUX JIpYyrux ycioBusx. Eciu 3aaate cucrteme
HEKOTOPYIO CTaTHYECKylo aedopMaIifio, a 3areM OCBOOOIUTH CHCTEMY, TO BO3HHKHYT
CBOOOHBIC KOJICOAHUSI TIO BCEM COOTBETCTBYIOIIUM (POpPMaM; KaXKJI0€ M3 TaKHX KOJIeOaHUH
OyZeT IPOUCXOIUTh C COOTBETCTBYIOIIEH COOCTBEHHOM YaCTOTON HE3aBUCHMO OT OCTAJIbHBIX
IBYOKCHHUA. B 3TOW CBs3W JUIsi TeOpUH KOJIeOAaHWI OMHOW M3 OCHOBHBIX 3a7ad SIBISETCS
OIIpeie/IEHUE COOCTBEHHBIX YACTOT (MAaTEMaTUYECKH, COOCTBEHHBIX 3HAUEHUH OIIEPaTOPOB) U
coOCTBeHHBIX (hopM KosieOaHuil Tena. [[st HaxokaeHus BceX COOCTBEHHBIX 3HAYCHUH A; (T.€.
CIEKTpa CUCTEMBI A) U COOCTBEHHBIX BEKTOPOB MaTpPUIIBl A, 3a/1aBa€MbIX ypaBHEHHEM A*s =



A*s, HCCIEeqYyIOT «XapaKkTepucThuueckoe ypaBHeHue» Matpuisl A: det(A-AE) = 0, rne E —
€AMHUYHAs MaTpula. XapaKTepUCTHUUECKOE YPABHEHHE BMECTE C €ro COOCTBEHHBIMU
3HAYEHUSIMU U COOCTBEHHBIMH BEKTOPAMH SBJISICTCS OCHOBHBIM B TEOPUU MEXaHHYECKHX,
NMEKTPUYCCKUX M APYTUX KojeOaHWH Ha MAaKpOCKONMMYECKOM WU MHUKPOCKOITMYECKOM
YPOBHSIX.

B Hacrosieil craTbe paccMaTpuBarOTCsA CHEKTphI (2"*2")-Marpull, BO3HMKAIOIIUX B
pe3ysibTaTe TEH30PHBIX MPOU3BEACHUN HWCXOAHBIX (2*2)-MaTpul] M HCIONB3YEMBIX B
U3JaraéMoM TMOAXOJE Ui MOICITUPOBAHHUA TEHETHYECKUX (EHOMEHOB M CTPYKTYD.
TenzopHoe mpou3BeneHHEe MaTpull, 0003HaYaeMoe &, NaBHO MPUMEHSETCS B MaTeMaTHKe,
¢dusuke, HHPOPMATHKE, TCOPUH YIIPABICHHS, TCOPUH KOIUPOBaHUS U p. OHO UCTIOIB3yeTCS
IUIL QITOPUTMUYECKOTO TOPOXKIACHUS NPOCTPAHCTB C OOJbIIEH pa3MEepHOCThIO Ha 0aze
IIPOCTPAHCTB C MEHBIIEH pPa3MEpPHOCTHIO (HAllOMUHAs BO3PACTAHUE CTENEHEH CBOOOIBI y
aHcaMOJIsl KJIETOK pacTyIIero opraHusma Inpu ux jaeiaeHun). COOTBETCTBEHHO TEH30PHOE
YMHO)KEHUE MATPHII, COOTBETCTBYIOIIUX CUCTEMaM C MCXOJHBIM YHCIIOM CTETIIEHEH CBOOOIBI,
MO3BOJISIET MEPEXOAUTH K MATPHUIIAM CHCTEM C BO3POCIINM KOJIUYECTBOM CTETIEHEH CBOOOIBI.

[To ompeneneHuto, TEH30PHBIM MPOU3BEICHUEM JIBYX KBaJpaTHbIX maTpuil V u W
HOpsAZIKAa M M N COOTBETCTBEHHO Ha3biBaeTcst marpuna Q=V®OW=||v;*W|| yBemnuenHnoro
mopsinka m*n [3].  TeHzopHOe mpou3BencHHE O00JIAJaeT CBOWCTBOM HACIIEIOBAHUS
MO3aMYHON CTPYKTYPhI UCXOJIHON MaTpPUIIbl IPU €€ BO3BEACHUHU B TEH30PHbBIE CTEIIEHU. DTO
CBs3bIBaeT ero ¢ (pakramamm [4, mmaBa X]. Puc. 1 mokaspiBaeT JBa MpUMEpa TaKOTO
oOpa3oBaHusl (hpakTaNIbHBIX TATTEPHOB, BUJ KOTOPBIX 3aBHCHT OT MO3aWKH MAaTPUIIBI,
BO3BOJMMOM B TEH30PHYIO CTEIEHbD.

M(2)

Puc. 1. ®pakranpHble MAaTTEPHBI, OOpa3yrOIIMECS MPU BO3BEICHWHW MATPHIBI B
TEH30pHBIE CTeneHW (n), 3aBUCAT OT €€ BHJA, KOTOPBIH «HACIEAYeTCs» B MOCIEAYIONIUE
MaTpHIIBI TEH30PHOTO ceMelcTBa. BBepxy: mpumep ¢paktaibHOro KoBpa CeprnuHCKOTO,
oGpasyromerocs B TeH30pHOM cemeiictse Matpuy M™W=[1, 1, 1; 1, 0, 1; 1, 1, 1]™. Buusy:
npuMep (QpakTaabHBIX MATTEPHOB B TCH30PHOM CEMEMCTBE MATPUI] R(n)=[0, 1,1,0;1,0,0,
1;1,0,0,1;0, 1, 1, 0](n). UYepHblii 1 OeIbIil IIBETa B MO3aWKaX MAaTPHI] COOTBETCTBYIOT UX
snemeHTam 1 u 0.

2 Taﬁ.]'ll/lllbl HacJeJ0BaHUA COOCTBEHHDBIX 3HAYEHU I MaTpull Bl/Iﬁp()CI/ICTeM Hu
PC€UHICTKH IlenHeTa U3 reHETUKH

TeH30pHbIE MPOU3BEACHUS MATPUL HAJEIEHbl TAKKE CBOWCTBOM «HACJIEIOBAHUS»
COOCTBEHHBIX 3HAYCHUI: €CJIM UCXOIHBIC MATPUIBI V 1 W HUMEIOT COOCTBCHHBIC 3HAUCHUS A



U |j COOTBETCTBEHHO, TO BCE COOCTBEHHBIC 3HAYCHHA HUX TEH30PHOIO IPOU3BEICHUS
Q=V®W sBisioTCs NPOM3BEACHUSIMH Ai*Lj 3TUX COOCTBEHHBIX 3HAUYEHHH, TEM CaMbIM
«HacleIyeMbIX» B Takoil ¢opme. B cuiy naHHOTO CBOWCTBA HpU IMOCIEIOBATEIHHOM
BO3BEJICHUM MAaTpHIbl B BO3pacTAIOIIME TEH30PHBIE CTEIIEHM B TEH30PHOM CEMENCTBE
MaTpUI] BO3HUKAIOT JI€PEBbS «THOPHIIOB» COOCTBEHHBIX 3HAYEHHUH, COCTOSIIMX TOJBKO U3
MIPOU3BEACHUI HACIIEyeMbIX COOCTBEHHBIX 3HAUYCHHUI UCXOTHOW MaTPHUIIBI.

Oco0OeHHOCTH  HACJIENOBaHUS  COOCTBEHHBIX  3HAYCHHWA  HMCXOMHBIX (WK
«POJUTETHCKUX») MATPHIl IIPU TEH30PHOM IEPEMHOKEHUH MaTpPUIl YAOOHO MPEICTaBIATh B
BUuZe «Tabnuu HacnepoBaHws». Hampumep, mia (2*2)-marpun V. u W, wuMeronmx
OJIMHAKOBBI HAOOp COOCTBEHHBIX 3HAYCHUI A W a, UX TEH30pHOE mpousBercHne Q=VOOW
HaJeJIeHO COOCTBCHHBIMU 3HaueHUsIMU A*A, A*a, A*a, a*a, 4To mpecTaBlieHO B TAOIUIHON
¢dopme Ha Puc. 2. DTOT ciiydail TEH30PHOTO «CKPEUIMBAHUS» POAUTEILCKAX MATPHIl MBI
YCIIOBHO Ha3bIBa€M «MOHOTHOPHIHBIM CKPEUIMBAHUEM) MATPHUI] BHOPOCHCTEM.

Cnektp W «MaTepHUHCKHUN» CIEKTP
A a AB Ab aB ab
Crnektp V A*A | A*a AB | AABB | AABDb | AaBB | Aab
af A*a | a*a «OTnoBckuii» | A | AABb | Abb | AaBb | Aabb
CIIEKTp aB | AaB | AaBb | aaBB | aaBb
ab | AaBb | Aabb | aaBb | aabb

«MarepuHCKuii» cekTp

ABD ABd AbD Abd aBD Bd abD abd
ABD § AABBDD AABBDd | AABbDD | AABbDd | AaBBDD | AaBBDd | AaBbDD | AaBbDd
ABd | AABBDd | AABBdd | AABbDd | AABbdd | AaBBDd | AaBBdd | AaBbDd | AaBbdd
Ab AABbBDD | AABbDd | AAbbDD | AAbbDd | AaBbDD | AaBbDd | AabbDD | AabbDd
Abd § AABbDd | AABbdd | AAbbDd | AAbbdd | AaBbDd | AaBbdd | AabbDd | Aabbdd
aBD | AaBBDD | AaBBDd | AaBbDD | AaBbDd | aaBBDD | aaBBDd | aaBbDD | aaBbDd
aBd | AaBBDd | AaBBdd | AaBbDd | AaBbdd | aaBBDd | aaBBdd | aaBbDd | aaBbdd
abD | AaBbDD | AaBbDd | AabbDD | AabbDd | aaBbDD | aaBbDd | aabbDD | aabbDd
abd | AaBbDd | AaBbdd | AabbDd | Aabbdd | aaBbDd | aaBbdd | aabbDd | aabbdd

«OTIOBCKUIN CHEKTP

Puc. 2. Ilpumepsl TabIUIl HACIEAOBAHMS COOCTBEHHBIX 3HAYEHMH «POTUTEILCKHX» (2"*2")-
MaTpHIl MPU WX TEH30PHOM IEPEMHOKEHUHU, KOTOPOE BBICTYNAET B POJHU OMEpaIluU
TEH30PHOTO «CKPEIIMBAHMS» JBYX MATPHUI] BHOPOCHCTEM H COMOCTABISCT UM MaTPHUILY
BHOPOCUCTEMBI C YBEIWYCHHBIM KOJIMYECTBOM cTereHeld cBoOoapl. llokasaHel cioyuan
MOHOTHOPUIHOTO, IUTHOPUIHOTO W TPUTHOPUIAHOTO (BHU3Y) TEH30PHOTO CKpEIIMBAHUS.
[TosicHeHus B TEKCTE.

Puc. 2 mokaspiBaeT eme JABa NpuMepa TaONMIl HACIEAOBAHHS CIIEKTPOB IIPH

«TOMIMTUOPUIHOM»  CKpPEIIMBAaHUM: BBEpXY CIpaBa - TaOiMIa HacIeAOBaHUS s
POIUTEIBCKUX MATPHII, YeThIpe COOCTBEHHBIC 3HaUeHUs1 KOTOphIX AB, Ab, aB, ab cocrosar u3
IBYX COMHOXHUTENEeH (ciay4ail «IUTHOPHIHOTO» CKpEIIUMBaHMA); BHU3Y — Talnuua

HACJICIOBAHUS ISl POJUTEIBCKUX MAaTpPUIl, BOCEMb COOCTBEHHBIX 3HaueHHH KOTOpbIX ABD,
ABd, ... cOCTOAT U3 TpeX COMHOXHTENEH (CITydail « TPUTHOPUIHOTO» CKPELIUBAHNSA).

OTH TabmuIpl HAcIeNOBaHHUA Ui CIEKTPOB BHOPOCHCTEM IOAOOHBI pelIeTKaM
[lennera nns nmonuruOpuaHoro ckpemmBaHusi opranu3moB (Puc. 3). Pemerku Ilennera B
TeHeTHKEe U ee ydeOHuKax mpeAcTaBisioT ¢ 1906 roma 3akoHbl MeHJens HacieIoBaHUS
IIPU3HAKOB npu MOJIMTUOPUAHOM CKpEIMBAaHNUU



(https://ru.wikipedia.org/wiki/Pemérka Ilennera). OTu pemeTkn — TpapuUecKuil MeTo[
OIIpE/IC/ICHUs] TEHOTHUNA [0 COYETAHUI0 MY)KCKMX U KEHCKUX raMeT IpU CKpELIMBaHHM,
npeuiokeHHbIN anrnuiickum Oouonorom P. Ilennerom (R. Punnett). Tompko B pemerkax
[lennera BMecTO COOCTBEHHBIX 3HAYCHMH MATpPUIl W MX KOMOWHAIMK (UTYpUPYIOT
aHAJIOTHYHBIE KOMOMHAIIMN JOMHUHAHTHBIX U PELIECCHBHBIX aJUIeei T€HOB OT POAUTEIbCKIX
PENPOAYKTUBHBIX KIIETOK - FaMET.

MarepuHCcKue MaTtepHUHCKHE raMeThl
raMeThl AB Ab aB ab
A a AB | AABB | AABD | AaBB | AaBb
OtuoBckue | A A*A A*a OtuoBckue | Ab | AABb | AAbb | AaBb | Aabb
rametbl |a | A*a a*a raMeThbl aB | AaBB | AaBb | aBB |aa
ab | AaBb | Aabb | aaBb | aabb

MarepuHCKHE raMeThl

ABD ABd AbD Abd aBD aBd abD abd
ABD § AABBDD | AABBDd | AABbDD | AABbDd | AaBBDD | AaBBDd | AaBbDD | AaBbDd
ABd | AABBDd | AABBdd | AABbDd | AABbdd | AaBBDd | AaBBdd | AaBbDd | AaBbdd
AbD | AABbDD | AABbDd | AAbbDD | AAbbDd | AaBbDD | AaBbDd | AabbDD | AabbDd
Abd | AABbDd | AABbdd | AAbbDd | AAbbdd | AaBbDd | AaBbdd | AabbDd | Aabbdd
aBD ] AaBBDD | AaBBDd | AaBbDD | AaBbDd | aaBBDD | aaBBDd | aaBbDD | aaBbDd
aBd ] AaBBDd | AaBBdd | AaBbDd | AaBbdd | aaBBDd | aaBBdd | aaBbDd | aaBbdd
abD J AaBbDD | AaBbDd | AabbDD | AabbDd | aaBbDD | aaBbDd | aabbDD | aabbDd
abd [ AaBbDd | AaBbdd | AabbDd | Aabbdd | aaBbDd | aaBbdd | aabbDd | aabbdd

TraMEThbl

OTiOBCKHUE

Puc. 3. [TIlpumepst pemerok IleHHera s MOHOTHOPHIHOTO, IUTHOPHIHOTO U
TPUTHOPUTHOTO CKPEIIMBAHKS OPraHU3MOB TI0 3aKOHaM MeHens

Otmedaemass Hamu (opManbHas aHaJOTHS MEXAy pemierkamu [leHHeTa KOMOMHAIWIA
aJyieNield MpH MOJMWTHOPUTHOM CKpPEUIMBAaHUM OPTaHW3MOB U TaOJMUIIaMU HACIICJOBAHUS
COOCTBEHHBIX 3HAYCHHUI MATPUIl BHOPOCUCTEM IMOPOKAACT CICTYIOIIYIO MBICIh:

* aUlelW TEHOB W WX KOMOWHAIIMM MOXKHO HMHTEPIPETUPOBATH KaK COOCTBEHHBIC
3HaueHus (2"*2")-MaTpHIl M3 TEH30PHBIX CEMENCTB MATPHIL KOJIEOATEILHBIX CHCTEM.
DTOT MOJIETBHBIN TMOJX0J AaKIEHTUPYET BHHUMAaHUE HAa BO3MOXKHYIO BaXKHOCTH MJIf
TEHETUYECKUX CHCTEM O0CO0Oro Kjacca B3aMMHO CBSA3aHHBIX PE30HAHCOB M3 TEH30PHBIX
CEMEICTB MaTPHI], UTPAIOIIUX POJIb OMOTOTHUECKUX «MATPUYHBIX apXETHUIIOBY.

3. ManI/I‘IHLIe YpaBHEHUSA K0J1e0aTeJIbHbIX CHCTEM B TEOpHUHU KoJIe0aHui

B Teopun konebGaHmii 11 aHAM3a KOJIEOATEIBHBIX CHCTEM CO MHOTHMH CTEIICHSIMHU
CBOOOMBI  HWCHONB3YIOTCS  CHUCTEeMBbI  Iu(d(epeHIMaNbHBIX  YPaBHEHHM,  KOTOPHIC
NPEJCTABIAIOTCS B CXKaroil MaTpuuHoil (opme. IIpum STOM MaTtpuuHble TpEACTABICHUS
KOJIeOaTeNIbHBIX CHCTEM CO MHOTMMH CTENEHSMU CBOOOJIbI U 3aJIaHHBIMU TapaMeTpaMu
MO3BOJISIOT OIPEICIIUTh UX COOCTBEHHBIE YMCIIAa U COOCTBEHHBIE BEKTOpA. JTO OMHCAHO BO
MHOTHUX MOHOTpausix U yueOHHKAX, HHOTJAa OTIUYAIOIIUXCS IO TepMUHOJoruu. Hactosimas
CTaThsl WCIONB3yEeT TEPMHUHOJOTHIO U MPHUMEPHI U3 OOCTOATEIBHOW KHHTHU [5], B KOTOpOW
pPacCMOTpPEHBI TEOPUSI M MATPUUYHBIE YpaBHEHUS MHOXKECTBA KOHKPETHBIX KOJEOATEIbHBIX
cucreM. Hampumep, npyXKMHHO-MaccoBasi CHCTEMa C JABYMs CTENEHSIMU CBOOOJABI H



napameTpamMH, yka3aHHbIMH Ha Puc. 4, coorBercTByer (2*2)-marpuie, CHEKTp KOTOpPOU
COCTOUT M3 JIByX COOCTBEHHBIX 4HCEN A; U Ap. Kaxkmoe m3 HUX paBHO KBaJIpaTy 4YacTOTHI
KoneGanuit ®;> ¥ ©;° HA TOM PE3OHAHCHOM TOHE, KOTODbI COOTBETCTBYET COOCTBEHHOMY
BEKTOPY JJaHHOT'O COOCTBEHHOT'O YHCIIA.

my m, ky +k;—A*mi, - k2 x1
k2 , ki-Am2 x; |=0
1 2 7\1,2 = (1)1,22 = {(kz*m1+k1*m2+k2*mz) i((kz*m1+k1*m2+k2*mz)2 -
4*k1*k2*m1*mz)°-5}/2*ml*mz

Puc. 4. [Tpumep npykKMHHO-MACCOBOM CUCTEMBI C IBYMS CTEIIEHSIMH CBOOO/IbI, MACCaMHU M| U
my, XKecTKocThio TpyxkuH k; u k. CrpaBa naHbl MaTpuuHOE YpaBHEHHE IJII CBOOOIHBIX
Kosie0aHui 00BEKTa, a TAKXKE BBIPAKEHUSI COOCTBEHHBIX 3HAYCHUH A 5.

Matpuua B npumepe Ha Puc. 4 sgBiseTcsi CUMMETPUYHOW OTHOCHUTEIBHO TJIaBHOM
nuaroHanu. CUMMETPUYECKHUE MATPHUIlbl UMEIOT BEIICCTBEHHBIE COOCTBEHHBIC 3HAYEHUS U
OPTOHOPMHPOBAHHBIE COOCTBEHHBIC BEKTOPA. BOJIBITMHCTBO MaTpPHIl, KOTOPBIC aKTyallbHbI B
pa3IUYHBIX 3a7adax TEOpPUH KoieOaHUU, sBIseTCS cuMMmeTpudeckumu [5, c. 178]. Baxnoe
MECTO B TEOpPHH KOJCOAaHWN 3aHUMAIOT MaTpHIbl SKOOH, KOTOpBIE IO OIpPEICICHHUIO
SIBJISIIOTCS CUMMETPUYECKUMHU TPEXIUArOHAIbHBIMU MaTpPUIIAMU U KOTOPBIE TMOSIBISIOTCS B
MPOCTEUIINX BHIAX KOJICOATENBHBIX CHUCTEM — JIMHEHHBIX IOCIIEOBATEILHOCTIX MAcCC,
COCIMHEHHBIX MpYyXuHamMu [5, c. 15]. BemecTBeHHbIe COOCTBEHHBIC YHCIA 3TUX MATPHII
BCETJIa PA3JIMYHbI U YIIOPSJOUYMUBAIOTCS MO BEJIMUUHE.

TenzopHoe yMHOKEHUE («CKPEIIMBAHKUE)» ) MATPUI] TAKUX JBYX BUOPOCUCTEM C IBYMS
CTCTICHSIMH CBOOOJIBI M COOCTBEHHBIMH 3HAYCHUSMU A; M A, TPHUBOJUT K MATPHIIC
BHOPOCUCTEMBI C YETHIPbMS CTEMEHSMU CBOOOJbI, COOCTBEHHBIC 3HAUEHHUS KOTOPOM
BBIp@XAIOTCS 4Yepe3 Haclie[yeMble COOCTBEHHBIE 3HAYCHUSI MAaTPHUI] POJAUTEIIbCKUX
BrOpocucTeM: A%, Aika, Aika, Ao, DTOT ANIrOPUTMUYECKHI POIECC TEH30PHOTO TIOPOKICHHS
Koyie0aTeNbHbIX CHCTEM C BO3PACTAIONIMMU CTENEHSAMU CBOOOABI W  HACIETyEeMBIMU
COOCTBEHHBIMH 3HAYCHHUSIMH MATPHUI[ MOXHO TMPOJOJDKATh OCECKOHEYHO, Tepexois K
CHCTEMaM CO CKOJIb YTOJIHO OOJBIINM KOJHYECTBOM CTEIEHEH CBOOOIBI.

4. I'eneTnueckue aJI(l)aBHTLI U TEH30PHBbIC CUCTEMbI PE30OHAHCOB

B mponuiom Beke B HayKe NMPOU3OILIO BEITUKOE OOBEIMHEHUE KHUBBIX OPraHU3MOB:
OCHOBBI MOJIEKYJISIPHOM CHCTEMbI I€HETHMUECKOIO KOJHWPOBAHMS, CBSA3AHHBIE C MOJIEKYJIaMHU
JIHK, oka3anuce OJNMHAKOBBIMHM Yy BCEX BHAOB OPraHU3MOB. BO3HHMKIO HOBOE IIOHUMAaHHE
caMoi XU3HU: «Ku3Hb ecmov napmuepcmeo MexHcoy eHaMu U Mamemamuxouy [6].

Ho xakas matemaruka sIBiIsSleTCS NApTHEPOM I'€HETUYECKOr0 KOJa, CUCTEMA KOTOPOIO
o0iajjaeT MoOMeXOoyCTOHUMBBIMU cBoiicTBaMu? I[IpITasich HamlymaTh TaKyl MAaTeMaTHKY,
aBTOp 00paTUiICS K M3YYEHHUIO CHCTEMBbl B3aUMHO CBSI3aHHBIX I'eHeTHYecKux andasuroB. Ha
3TOM IyTH OBUTH HEOXXKHUIAHHO OOHAPYKEHBI CBSI3M MOJICKYJIAPHO-TEHETHYECKONW CHUCTEMBI C
M3BECTHBIMU (opMaTu3MaMi HHXXEHEPHOH TEOPHH IOMEXOYCTOHUMBOTO KOIUPOBAHMA,
HarpuMep, TEH30PHBIMU TIPOU3BEICHUSIMUA MATPHIL; OPTOTOHATIBHBIMH CUCTEMaMH (yHKIIUNA
Panemaxepa u Youa; nOpoeKIMOHHBIMU OIEpaTOpaMH; TMIIEPKOMIUIEKCHBIMU YHCIOBBIMU
cucteMamu [7-12]. JlanHble pe3yibTaThl MPEICTABISAIOTCS HMHTEPECHHIMU B CBETE 3aKOHA
MeHens HE3aBHCUMOTO KOMOMHHMPOBAaHUS NPU3HAKOB: HHGpOpMAIMA W3 MHUKPOMHpA
TFE€HETUYECKUX MOJIEKYJI JUKTYET KOHCTPYKLIMIO B MAKPOMHUPE JKUBBIX OPraHU3MOB, HECMOTPS
Ha CWJIbHBIE LIYMbI U [IOMEXHU, Cpa3y IO MHOTMM HE3aBUCUMBIM KaHajlaM (HaIllpuMmep, LBETa




BOJIOC, KOXHM U IJIa3 HacJleIylTCS HE3aBUCHUMO Jpyr OT Jpyra). OTOT JUKTaT
OCYIIECTBJISIETCS ~ IOCPEACTBOM  HEU3BECTHBIX QITOPUTMOB  MHOT'OKaHAJIbHOTO
[IOMEXOYCTOMUNBOro KoaupoBaHusa. CrenoBaTelbHO, KaXKIbli OPraHu3M IIPEICTaBIsAET
cOOOH aNTOPUTMHUYECKYIO MAIIWHY MHOTOKAaHAJIBHOTO TMOMEXOYCTOWYHBOTO KOJHPOBAHUS.
Jlnst mo3HaHUS ATOM TEHETUYECKOW MAIlIMHBI 1e71eCO00pa3HO HCIOIb30BaTh TEOPHUIO
IIOMEXOYCTOMUNBOIO KOAUPOBAHUS, IPUMEHAEMYIO B TEXHUKE JUIsl PELIEHMs CXOIHBIX 3a/1a4,
HarpuMep, MOMEeXO0yCTOHYMBOM Mepeaun KaueCTBeHHbIX (ororpaduii moBepxHocTH Mapca
Ha 3eMJII0 B YCJIOBMSIX CHJIBHOTO MCKa)XEHMsI U OCIA0JEHUS HECYIIMX 3JIEKTPOMArHUTHBIX
CUTHAJIOB, IIPOXOAIIMX YEPE3 MUJIIMOHBI KHJIOMETPOB ITOMEX. JTO CXOJCTBO 3a/1a4 SIBIISIETCS
OJHOM M3 NpPUYMH M KOHLUEHTPAalMW BHHUMAaHUS Ha MaTPUYHOM aHAIU3€ CTPYKTYp
TFE€HETUYECKOT0 KO/1a.

HaGopsbl u mocnenoBaTenbHOCTH PE30HAHCOB MOTYT MCIOJIB30BATHCS UIS Iepeaadn
uHpopmanuu. Hamma pedeBas ¥ BOKajJbHAas KOMMYHHKAIIMA OCHOBAaHBI HAa T'€HETUYECKU
HaCJleAyeMOH CIIOCOOHOCTH HAIIero ammapara ToJocooOpa3oBaHUs, Kak KoJjeOaTenbHOU
CHCTEMBI CO MHOTHUMH CTETIEHSIMH CBOOOJIbI, HACTPAUBATHCS HA aHCAMOJIM PE30HAHCOB IS
reHepalyuy 3ByKOB OIPEJEICHHOTO CIIEKTPAIbHOIO COCTaBa U MCIOJb30BaTh PE30HAHCHI KaK
Hocutenu uHpopmanuu. Ho cornacHo kimaccukam cTpykTypHO# JuHrBHCTUKHY (P. SIkoOcoH n
1p.), Hall A3bIK BO3HMK HE Ha IyCTOM MECTE, a SIBJISIETCS IPOJOLKEHUEM U HAJICTPOMKON
CaMoro JIPEBHETO U CaMOI0 KUBOI'O U3 BCEX S3bIKOB — TEHETUYECKOTO sI3bIKa (MOApOOHEE 3TO
ocBenieHo B kHure [7, § 6.1]). DTo cayXUT OAHUM U3 TIOBOJIOB MCCJIEAOBATh T€HETUYECKYIO
CHCTEMY, BKIJIIOYas TEHETHYeCKHe ayi(aBUThl, C MO3UIMHA MATPUYHOH MaTEeMaTHKHU
PE30HAHCOB KOJIEOATENBHBIX CHCTEM CO MHOTUMH CTENEHSIMH CBOOO/IBI.

ABTOpPOM BBIIBUTAeTCS TUIIOTE3A O TOM, YTO T€HETHUECKUE alI(DaBUTHI IOCTPOCHBI HA
06a3e CUCTEM pE30HAHCOB, TOYHEE CIIEKTPOB COOCTBEHHBIX 3HAUYEHHUH M COOCTBEHHBIX
BEKTOPOB M3 TeH30pHBIX cemeiicts [2"*2"]-marpun. C mo3unuii JaHHOM THIIOTE3BI
NPEJCTaBUM OJIMH M3 BapUaHTOB PACCMOTPEHHUS OCOOEHHOCTEH TeHEeTHYEeCKHX ani(h)aBUTOB,
CBUJICTEILCTBYIOIIUN B I10JIb3Y 3TOW IMIIOTE3BI.

Kak wm3BectHo, monekyna HacneactBeHHocTH JIHK comepxut BHOAb CBOMX HUTEH
MOCJIeIOBATEIbHOCTh YETHIPEX Aa30TUCTBIX OCHOBAaHMH - 4YEThIpeX «OykB» 0a30BOro
reaernyeckoro andasura IHK: anennna A, muro3una C, ryannna G, tTumuaa T. AndaBut
nojiesieH Ha KoMmruieMeHTapHble mapel OykB: A—T u C-G, crosmmx Ha aByx HuTsax JJHK
BCEI/1a HAIPOTHUB JpYT Jpyra. ['eHeTnyeckuil Ko KOAUpYyET nociaeaoBaTenbHocT 20 BUIOB
AMUHOKHCIIOT B IIETICBHIHBIX O€KaX C MOMOIIbI0 64 TPHUILIETOB, MPEACTABISIONIUX COOOM
BCEBO3MOXKHbIE KOMOUHaIMK U3 3TUX yeThipex OykB Tuna CAG, GCT, ATC, ...

CucrtemMa reHeTHYECKOro KOoIupoBaHMs Oaszupyercs Ha Habopax (andaBurax) n-
IJIETOB:

* HaOop 4 MOHOIUTETOB (a30TUCTHIX ocHOBaHUH A, C, G, T);

» Habop 4°=16 mymwieros (AA, AC, AG.,....);

 Halop 4°=64 tpurieros (AAA, AAC, ACA,...).

(Ot xe yncna andasutoB 4, 16, 64 GUrypupyroT B pacCCMOTPEHHBIX perieTkax [lennera u
TaOIUIaX HACJIECIOBAHUS COOCTBEHHBIX 3HAUCHUN MATPHII).

Bynem monarats gersipe azotuctbie ocHoBanus JJHK coOcTBEeHHBIMY 3HAYCHUSIMU
HEKOTOPBIX MaTPUIl U paclojiarathb X Ha JUaroHaJIsIX COOTBETCTBYIOLIUX JUArOHAJIbHbIX
MAaTpHLL, UCIIOJIb3YS CIEAYIOLIEE:

- nr00ast KBaJpaTHast MATPUIIA C PA3TIMIHBIMU COOCTBEHHBIMH 3HAYCHUSAMH A;
TpanchopMHUpYyeETCs B €€ AuaroHanbHyo Gpopmy (3a cuer moabopa Oasuca), B
KOTOpOM BCe €€ COOCTBEHHBIE 3HAUEHMSI JIeXKAT HA €€ TUaroHall, a BCE OCTaIbHbIE
YJIEHbI paBHBI HYJIIO;

- TEH30PHBIE POU3BEICHUS 1UAarOHAIbHBIX MATPUIL] BCETJa MOPOKAAIOT
JIMaroHaJIbHbIE MATPUILIBL.



Hayxe He m3BecTHO, mouemy 0Oa3oBeiii andasur JJHK cocTrouT mMeHHO M3 4YeThIpex
noJMaToMHbIX KOoHCTpyKImid A, C, G, T oueHs mpocroro ctpoenus. Habop 3Tux dersipex
KOHCTPYKIIMHA HE COBEpIICHHO pPa3HOPOJEH, a SBJSIETCS HOCHTEIEM COJEpKaTebHOU
CUMMETPUYECKONH CHCTEMBI Pa3IMUUTENIbHO-00BEIUHSIIOMNX TPU3HAKOB (MM, TOYHEE, Map
«MPU3HAK-aHTUINPU3HAK»). JTa CHUCTEMa IMap OMNMO3MLIMOHHBIX MPU3HAKOB pa3duBaeT
YeThIPEeXOYKBEHHBIH a()aBUT BCEMH TpeMsl BO3MOXKHBIMU CHOCOOAMHU Ha Pa3IMYHbIC Maphl
OyKB, S5KBUBAJICHTHBIC 110 OJHOMY M3 3TUX MIPU3HAKOB WK ero oTcyTcTBUIO (PHC. 5).
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Puc. 5. CneBa: MOJIEKYJISIPHOE CTPOEHHUE YETHIPEX a30THCTHIX OcHOBaHMH («OykB») JJTHK.
Cmpasa: pa3ouenue yetsipexOykBenHoro andasura JJHK Ha Tpu 6unapueix cybanpasura mno
TpeM OMHapHO-ONIO3ULIMOHHBIM MpHU3HAKaM. B kaxxaom OuHapHOM cyOandaBute OyKBBHI U3
napbl SKBUBAJICHTHOCTH 0003Ha4YeHbI cuMBoJamu 1 nim 0.

Tak, nBe u3 »tux OykB - C m T - 3KBUBaJEHTHBI ApPYr APYry IO INPU3HAKY
MUPUMMJIMHOBOCTU (MMEIOT OJHO KOJBLO B HUX MOJIEKYJSIPHOM CTPOEHHM), a JIBE JIpyTue
OykBbl — A 1 G — 3KBUBaJICHTHBI MEX/1y OO0 MO OMIO3UIIIOHHOMY MTPU3HAKY ITyPHHOBOCTH
(umeror aBa kosiblia). Ilo mpu3HAKy «aMUMHO WM KETO» IONAPHO SKBUBAJIECHTHBIMU
BeicTynaoT Apyrue OykBol: A=C u G=T. Ilo npu3HaKy CHIBHBIX WJIH CIA0BIX BOJOPOIHBIX
CBSi3eHl B KOMIUIEMEHTApHBIX IMapax a30THUCTHIX OCHOBAHMUU OOpaszyeTcs TPEeTHHl BHI Tap
skBuBasieHTHOCTU: G=C 1 A=T.

Tabmuua na Puc. 5 mokaspiBaer, 4To Kakaas OyKBa KoJa MMEET TPH «IHLA» WU
3HA4YeHUs1 B TpexX OuMHaApHBIX cyOandaBuTax MO Ha3BaHHBIM Npu3Hakam. Ilo xaxgomy u3
MIPU3HAKOB YETHIPEXOYKBEHHBINH a()aBUT KOJa CBEPTHIBACTCS B JABYXOYKBEHHBIH aniaBUT.
CoOTBETCTBEHHO, TEHETHYECKUI TEKCT B BHJIE CTPOYHOM MOCIIEAOBATEILHOCTH YETHIPEX OyKB
KOJla MPEACTaBIEH TPeEMS MapajlieIbHbIMU U PA3IUYHBIMU [10CJIEI0BATEIBHOCTSIMU HYJIEH U
enuauil. O6pa3Ho rosopsi, B JJHK reHerwueckas mocienoBaTeIbHOCTh OYKB OKa3bIBACTCS
CBSI3KOM IapajljIeIbHO COCYIIECTBYIOIIMX TEKCTOB Ha TPEX pa3HbIX s3bIKaxX, OTpakas
CBOMCTBO NOJIUA3BIYHOCTH WJIM MHOTOMEPHOCTH T'€HETUYECKUX [10CIIEJ0BATEIbHOCTEH.

Mpbl TpOIOIKUM 3Ty NPHPOJIHYIO CXEMy WICHEHHS Ha cyOandaBuThl, mepeias K
andaButam 16 agymietoB u 64 TPUIUIETOB M HCIONB3YS NPUHIMI TAPHOCTH OYKB.
[IpencraBuM, Hanpumep, amuHo-napy C m A u kxero-mapy G u T B BuAE 4WIECHOB
IUaroHABHBIX (2*2)-MaTpwil, T.e. ee coOCTBeHHBIX 3HaueHui (Puc. 6). Torma momapHbie
TEH30pHBIC TPOU3BEIEHUS ITHX JBYX JIUATOHAIBHBIX (2*2)-MaTpuI] TPEICTABISIOT BCE
MHOXECTBO 16 IyruieToB B BHJE JHAaroHaleld dYeThIpeX AWaroHadbHBIX (4*4)-marpui
(TeTpan) ¢ yNopsiIOYEHHBIM paclojiloXeHueM OymiaeToB. Ilpu 3tom kaxaelid u3 16 nyninetos
ABIISICTCS  OJHUM M3 COOCTBEHHBIX 3HAYCHMH CBOCH MaTpUIBl M ONpeAessierT
COOTBETCTBYIOIIUI coOcTBeHHBI BekTOp (Puc. 6). Mnaekc d mocne KBaapaTHBIX CKOOOK
HCIIOJIb3YETCSl HAaMU JJIs1 KPAaTKOM 3allMCy AMAaroHaJIbHBIX MaTpUll. TeH30pHbIE NPOU3BEACHUS
9THX ke NBYyX nuaroHanbHbIX Matpull [C, Alq u [T, G]q B pa3HbIX KOMOWHAIUSAX IO TPU
IIPEJICTABIISIOT BCE MHOXECTBO 64 TPUIUIETOB B BHUJE JUAaroHajeil BOCBMH JIMArOHaJIbHBIX
(8*8)-marpur (okTeT nuaronaneit Ha Puc. 6 BHU3Y).



C,0 T, 0 [C, Ala ® [C, Ala = [CC, CA, AC, AAlq

_ . _ [C, Ala ® [T, Gla = [CT, CG, AT, AGla

0,Al=IC Als; 10,G]=IT, Gl [T, Gla ® [C, Ala = [TC, TA, GC, GA]q
[T,Gla ® [T, Gla = [TT, TG, GT, GGJd

[C,Al«®[C,Al4®[C,Al=[CCC, CCA, CAC, CAA, ACC, ACA, AAC, AAA]q
[C,Al¢®[C,A]l4®[T,G]=[CCT, CCG, CAT, CAG, ACT, ACG, AAT, AAGJq
[

]
[C,Al¢®[T,Gl¢®[C,Al¢=[CTC, CTA, CGC, CGA, ATC, ATA, AGC, AGAl
[C,Al¢®[T,Gl¢®[T,Gl=[CTT, CTG, CGT, CGG, ATT, ATG, AGT, AGG]q
[T,Gl«®[C,Al¢®[C,Al¢<=[TCC, TCA, TAC, TAA, GCC, GCA, GAC, GAAl
[T,Gl«®[C,Al¢®[T,Gl<=[TCT, TCG, TAT, TAG, GCT, GCG, GAT, GAGlq

]

]
[T,Gla®[T,Gl¢®[C,Al~[TTC, TTA, TGC, TGA, GTC, GTA, GGC, GGAlq
[T.Gl4®[T,Gla®[T,Gla=[TTT, TTG, TGT, TGG, GTT, GTG, GGT, GGGlq

Puc. 6. BBepxy cieBa: UCXO/HbBIE TUaroHanbHbIe (2*2)-MaTpuliel ¢ mapamu O6ykB Cu A, T u
G. Bsepxy cnpaBa: MHOXECTBO 16 nymieToB Kak TeTpajga JAvaroHajeil 4eTbipex
IMaroHANbHBIX (4*4)-maTtpunl. BHu3y: MHOXecTBO 64 TPUIUIETOB KaK OKTET JHAaroHaien
BOCBMU JIMArOHATBHBIX (8*8)-Marpwuil.

M3BecTHO, YTO KOAOBBIE 3HAYCHHUs TPUIUIETOB 3aBHCAT OT NOpPsAKa OYKB B HHUX.
Hanpuwmep, oaunakoBeie 1o OykBeHHOMY coctaBy Tputuietsl AAC, ACA u CAA,
IIpUHAJUIEKALIME [IEPBOMY M3 OKTETOB Ha Puc. 6, KonupyroT pasHble aMHUHOKHMCIOTHL. B
HalleM NOJIXO0JE KaXXIbli M3 TPUIUIETOB MMEET CBOIO WHAMBHUIYAJIbHOCTb, IIOCKOJBKY OH
BBICTYIIA€T B KayecTBe COOCTBEHHOTO 3HAYEHHUS OJHOW M3 Ha3BaHHBIX (8*8)-maTpuil u emy
COOTBETCTBYET €r0 COOCTBEHHBIN BEKTOP ITOW MATpHILBI (TO €CTh OAMH M3 BOCBMH OPTOB §-
MEpHOIo IpocTpaHcTBa). B nanHoM mpumepe kaxablii u3 tpex TpumiaetoB AAC, ACA u
CAA 3aBsi3aH Ha CBOI COOCTBEHHBIN BEKTOD, T.€. HA CBOIO COOCTBEHHYIO (hopMy KoJieOaHui
B KOJIEOATEIHbHOM CHCTEME C BOCEMBIO CTETICHSIMH CBOOO/BI, a IOTOMY B JAHHOM OTHOILICHHUU
9T TPUILIETHI CYIIECTBEHHO PA3JINYHBbI.

Kaxip1if 00beKTUBHO CYIIECTBYIOUIHIA MPU3HAK a30TUCTBIX ocHOBaHui A, C, G, T Ha
Puc. 5 MoxeT TpaKTOBaThCsi KaK CONPSDKEHHBIM CO CBOMM HMHAMBHMYaJbHBIM THUIIOM
pe3oHaHcoB. Hanpumep, mypuHbl, O4EBUIHO, MOTYT UMETh PE30HAHCHBIE XapPAKTEPUCTUKH,
OTJIMYAIOIIMECS OT PE30HAHCHBIX XapaKTEPUCTUK IMHUPUMHUAMHOB B CHIy pa3iIMuuil B
CTPOCHUM IypUHOBBIX W NMHPUMHUIAMHOBBIX MOJIEKYJ. B cBeTe 3TOro Kaxaywo yKa3aHHYIO
napy OWHApHO-OMIIO3UIIMOHHBIX IPH3HAKOB MOXKHO TPAaKTOBaTh Kak mapy OWHapHO-
OIIMO3UIIMOHHBIX THIOB PE30HAHCHBIX XapaKTEPUCTUK. Torna Mcrosib3yemble B OMHAPHBIX
cybangaButax Ha Puc. 5 uyucnoBbie cumMBOibl 0 M | SBISIOTCA YCIOBHBIMU YHCIIOBBIMHU
MPEJCTaBICHUAMI OWHAPHO-OMITO3UIIMOHHBIX THIIOB PE30HAHCHBIX XapaKTEPUCTHK. Takoe
MIPEJICTABIICHUE CBSA3BIBACT (PU3MUECKUE TOHATHS PE30HAHCOB BHOPOCUCTEM C aOCTPaKTHBIMU
OMHAPHO-YUCIIOBBIMU CUCTEMAaMU KOMITbIOTEPHBIX TEXHOJOTHI U MAaTEMaTHKH, B TOM YHCJIE C
TUaMYECKUMU IpyNIaMu ABOMYHBIX YHMCEN (C KOTOPBIMM , KAK MOYKHO IOKa3aTh, CBSA3aHbI
HaOOpbI TeTpaa IYIUIETOB M OKTETOB TPUILIETOB Ha Puc. 6 mpu mpodreHHMH UX OYKB C
MO3UIMH COOTBETCTBYIOIIEr0 cyOandaButa kak anmemeHtoB 0 u 1). Jlns cpaBHeHUS
HaIlOMHHMM, YTO B KOMIIBIOTEPHBIX TEXHOJIOTUSAX JIBOMYHBIE YUCIIA HA OCHOBE 3JeMeHTOB 0 1
1 ¢usnyeckn peannsyroTcsi OOBIYHO Yepe3 MCIOJIb30BaHUE ABYX BHUJOB aMIUIUTYJ CUTHAJIOB
(Hampumep, ONIMO3ULMOHHBIX 1O MOJISIPHOCTH) WM JBYX BUAOB JIA3€PHBIX JIy4el, U T.II., a B
HAIllEeM CIIy4yae MCIONB3YeTCs OINIO3UIMS [0 PE30HAHCHBIM CBOWCTBAM BHOPOCHCTEM, YTO
JaeT BO3MOXHOCTb PacCMaTpUBaTh OPraHU3M KaK KOMIIbIOTED.



OTtmeTuM emie, 4TO LENb U3 TEH30PHBIX MPOU3BEAECHUH MHOIMX MCXOJHBIX MaTpHULL
[C, Alq u [T, Glq , Haripumep [C,AJ¢®[C,Al¢®[T,Gla®[T,Gla®[C,Al¢®[T,G4®... u nens
TEH30PHBIX IPOU3BEICHUHN, TIOJy4YeHHass M3 Hee OJHOBPEMEHHOW 3aMeHOW OyKB Ha
komiuieMentapueie UM (C—G, A<T), galoT KOMIUIEMEHTApHBIE IOCIEI0BATEIHLHOCTH
JMaroHaJIbHBIX AJIEMEHTOB JBYX BO3HHUKAIOLIMX JUArOHAJIbHBIX MATPHL] BBICOKOTO IOPSIKA,
YTO SIBJISAETCS MOJENbI0 KOMIUIEMEHTAPHBIX IIOCJIEI0BATEIbHOCTEN a30TUCTBIX OCHOBAHUN HA
neyx  HuTsax  JHK. D10  OTKphiBaeT BO3MOXKHOCTH  MOJCIHUPOBATH  peajbHBIC
MOCJIeI0BaTeIbHOCTH a30TUCTHIX ocHoBaHWH B JIHK u ctaBut 3amauy 06 ux ¢akropuzanmu,
T.€. UX NPEACTABICHUS WIM UJICATU3UPOBAHHOIO MOJCIMPOBAHUS B BUJE LIENEH TEH30PHBIX
MPOU3BEICHUN HMCXOMHBIX (2*2)-MaTpuil (Y4acTh TPHUILIETOB U3 JTUX HICATM3HPOBAHHBIX
IIOCJIEI0BATEIILHOCTEN B PEAIIBHOCTA MOXKET OKa3bIBATHCS BBIPE3aHHOW WJIN JOIIOJHEHHOM 110
TEM WJIU UHBIM OUOJIOTHYECKUM MPUYUHAM).

5. CuMmmeTpHYecKHe CBOCTBA BOCbMH OKTETOB TPUILIETOB U UX KOJOBBIX
3HAYEeHU

Jlo cux mop HUYETro HE TOBOPHIOCH 00 aMHUHOKHCIIOTaX M CTOM-KOJOHAaX, KOTOPHIC
KOJUPYIOTCSI TPUILIETAMHU ¥ KOTOPBhIC HUKAK HE YYUTHIBAIUCH MPU (HPOPMATLHOM MOCTPOSHUU
3TUX BOCBMHU OKTETOB TPUILICTOB Ha OCHOBE TEH30pHOTO mpowm3BeneHus (2*2)-marpui. Ho
MOJICTAHOBKA B IAHHBIE OKTETHI TEX AMUHOKHUCIIOT U CTOI-KOJJOHOB, KOTOPHIE COOTBETCTBYIOT
KOJIOBBIM 3HAUEHUSM TPUILICTOB, OOHAPYKHBACT CKPBITYI0 CHMMETPHIO B JTOW OKTETHOU
OpraHu3aly, HEOXKUJAAHHO pa30MBasi BCE MHOKECTBO BOCBMHU OKTETOB Ha YETHIPE MaphI

COCE/IHUX OKTETOB C OJJMHAKOBBIMH CITUCKAMH aMHUHOKHCJIOT U CTOI-KOJOHOB B KaK0M Tape
(Puc. 7).

CCC  CCA CAC | CAA  ACC ACA AAC @ AAA
Pro Pro His Gln Thr Thr Asn Lys
CCT CCG CAT | CAG ACT | ACG AAT AAG
Pro Pro His Gln Thr Thr Asn Lys

CTC | CTA CGC | CGA @ ATC ATA AGC AGA
Leu Leu Arg Arg Ile Met Ser Stop
CIT CTG CGT | CGG ATT ATG AGT AGG
Leu Leu Arg Arg Ile Met Ser Stop

TCC | TCA TAC | TAA  GCC GCA GAC GAA
Ser Ser Tyr Stop Ala Ala Asp Glu
TCT TCG TAT | TAG GCT GCG GAT GAG
Ser Ser Tyr Stop Ala Ala Asp Glu

TTC TTA @ TGC | TGA @ GTC @ GTA GGC GGA
Phe Leu Cys Trp Val Val Gly Gly
TTT TTG TGT | TGG GIT GTG @ GGT @ GGG
Phe Leu Cys Trp Val Val Gly Gly

Puc. 7. Cocennrie OKTETHI TPUILIETOB B JIFOOOH U3 YeThipex nap 1-2, 3-4, 5-6, 7-8 u1eHTUIHBI
110 CHI/ICKy KOI[I/IpyeMBIX AMHUHOKHUCIIOT U CTOII-KOJIOHOB (HO,[[ KaXXIbIM TpI/IHHeTOM yKa3aHa
KonnpyeMaﬂ UM aMHUHOKHCIIOTAa HJIN CTOII-KOJOH JId I'€CHCTHYCCKOI'O KoOJJa MI/ITOXOHI[pI/If/'I
IIO3BOHOYHBIX, HaH60nee CI/IMMeTpI/I‘-IHOI‘O 13 JUAJICKTOB 'CHECTHUYCCKOI'O KOI[a)

Jlpyrasi CKpbITasi CHMMETPHSI B 3TOM (pOpMabHO MOCTPOCHHOM WICHEHUH MHOXECTBA
64 TpuruieToB Ha 8 OKTETOB CBA3aHA ¢ ()EHOMEHOM IPUPOIHOTO CTPYKTYPHUPOBAHUS BCETO



MHOXECTBa 64 TPHUILIECTOB Ha J[Ba PaBHBIX MMOJMHOXECTBA MO MPU3HAKY CHUJIBHBIX U CIa0bIX
KOpHEH (KOZOBbI€ 3HAYCHMS TPUIUIETOB C CHJIBHBIM KOPHEM HE 3aBHUCAT OT OyKBBI Ha HMX
TPEThEH MO3UIHMHU, a TPUILJIETOB CO cIIaObIM KOPHEM — 3aBUCST OT TpeTbeit OykBoI [13]): .
e 32 TpuIuleTa ¢ CUIbHBIMU KOPHSIMH, T.€. HAUMHAIOUIUXCA C 8 «CHJIBHBIX» JYIJIETOB
AC, CC, CG, CT, GC, GG, GT, TC (6ymem 00603HaYaTh ITH TPHUIUICTHl YEPHBIM
LIBETOM);

* 32 «OenbIx» TPUILIETA CO CIA0BIMU KOPHIMH, T.€. HAUMHAIOIIUXCS C 8 «CIa0BIX»
nymietoB AA, AG, AT, GA, TA, TC, TG.

CymiecTByeT 1M CHMMETPUS B PACIOJIOKEHHUH TPUIUIETOB C CHWJIBHBIMH M CIIAOBIMH
KOPHSIMH B 8-MH OKTETaxX TPHUIUIETOB, KOTOPBIE OBUIM MOCTPOEHBI COBEPLICHHO (OPMAIBHO
0e3 yIoMHHAHUS aMUHOKHCIOT U 1p.? OTMETHM, YTO UMEETCSI OTPOMHOE KOJIUYECTBO 64! =
10% BapuanToB pacmonoxenus 64 TPUIIETOB B 8-MH OKTeTax, T.e. B 64 kierkax. Jlims
cpaBHeHHs, (DM3MKA OLEGHMBACT BCE BpeMs CyllecTBoBaHuMs Bcememmoit B 10" cexymn.
OueBHUIHO, UTO cIyyaliHOE pacrnojokeHue 20 aMMHOKHUCIOT U COOTBETCTBYIOLIMX TPUILJIETOB
B 64 KJIeTKax KBaJPaTHOM TaOMUIBI MOYTH HHUKOT/IA HE JIaCT CUMMETPHUH B OTIENbHBIX
OKTETAaX U UX MHOYKECTBE.

Ho HeoxumanHO (PEeHOMEHOIOTHYECKOE paCIONOKEeHHE 32 TPHUILIETOB C CHIbHBIMHU
KOPHSIMH (4epHBIN BET) U 32 TPHUILIETOB CO CIIA0BIMU KOPHSMU (OCIbII I[BET) UMEET B ITUX
8-Mu okTeTax cumMmerpuueckuit xapakrep (Puc. 8, cnea):

® KaXIbIH OKTET II0 CBOEH MO3auKe 3€PKaJIbHO aHTHUCHUMMETPHUYEH 110 CBOMM JIEBOI
Y IIPaBOM IOJIOBUHAM U UMEET MEaHIPOBBIA XapaKTep;

®* BCE MHOXECTBO & OKTETOB pa3/ieJI€HO Ha TMapbl COCEAHUX OKTETOB C
TOXXISCTBEHHOM MO3auKOIi;

* JjeBas (IpaBas) IMOJIOBUHA IEPBBIX YETHIPEX OKTETOB COBNAJAET II0 MO3AUKE C
IIpaBoi (JIEBOM) MOJIOBUHOM MOCIEIHUX YETHIPEX OKTETOB.

+1,+1,-1,-1,+1,+1,-1,-1
+1,+1,-1,-1,+#1,+1,-1,-1

[CCC.CCA. CAC.CAA, |ACC. ACA AAC.AAA} || W Lo
[CCT. CCG. CAT. CAG. |ACT. ACG. AAT. AAG], LI

]a
]a
[CTC.CTA. CGC.CGA. |ATC ATA, AGC,AGA]; L | [+1,+1,+1,+1,-1,-1, -1,-1]d
[CTT. CTG. GGT. CGG. |ATT ATG. AGT. AGG)4 L |[+1,+1,+1,+1-1,-1, -1,-1]a
]a
]a

[
[
[
[
[TCC. TCA. TAC.TAA. |GCC. GCA. GACGAA], || LI Lo | [+1,+#1,-1,-1,#1,+1,-1,-1
[
[
[

[TCT. TCG. TAT, TAG. |GCT. GCG. GAT.GAG], | | _ LI L_ | [+1,+#1,-1,-1,#1,+1,-1,-1

[TTC. TTA. TGC, TGA. |GIC. GTA. GGC.GGA], | | —J
[TIT.TTG. TGT.TGG. |GIT. GIG. GGT. GGG, | | —

1,-1,-1,-1, +1,+1,+1,+1]q
1,-1,-1,-1, +1,+1,+1,+1]q

Puc. 8. CummeTposiornyeckoe pacronokeHe TPUILJIETOB C CUIbHBIMU U CIa0bIMU KOPHSIMU
B BOCBMH OKTETaX TPHUILIETOB. | padrika WILTIOCTPUPYET MEAHIPOBBIN XapakTep O4epEAHOCTH
YEpHBIX U OEJIbIX TPUILIETOB B KaxkJ10M okTere. CripaBa Mmoka3aHO MPEICTaBICHUE KaXI0ro
okteta B hopme pynkuuu Pagemaxepa, cocTosieit us 3MeMeHTOB «+1» 1 «-1».

Ho Takue HedyeTHbIe MeaHIPOBBIE (PYHKIIMU XOPOIIO U3BECTHHI B TEOPUH 00pabOTKH
CHMI'HAJIOB U TEOPHMHU BEPOATHOCTH MO UMeHeM «(pyHKImiA Pagemaxepa» 1,(X) = sign(sin2"nx)
(https://ru.wikipedia.org/wiki/@yukuus_Panemaxepa). ®ynkuuu Pagemaxepa, coaepikariue
TOJIBKO 3JEMEHTHI “+1” u “-1”, OKa3bIBalOTCS CBA3AHHBIMU C TEHETHUYECKUMH aji(haBUTAMHU:
KOKIBIA W3 8 OKTETOB TPUILICTOB TMpEACTaBIsACT onHy u3 QyHknwmii Pamemaxepa, ecimu
KaX/Iblii dYepHBbId (Oenblil) TPHUILIET WHTEPHpPETHpPOBaTh Kak »snemeHt +1 (—1). Dtu
(EeHOMEHOIOrHYECKIEe CUMMETPUU TOBOPAT O 3aKOHOMEPHBIX CTPYKTYPHBIX CBSA3SIX BHYTpPHU



MHOX€ECTBa 64 TPUIUIETOB, MPEACTABICHHOTO B BUJE 8-MU OKTETOB COOCTBEHHBIX 3HAUCHUM
(pe30HaHCOB) AMArOHAJbHBIX MATPHI], @ TAK)KE O COINPSHDKEHMHM 3THX 3aKOHOMEPHOCTEH ¢
(bopmanuzMamMu, UCTIOIB3YyEMBIMU B IIU(PPOBOI TEXHUKE 00PaOOTKH CUTHAIIOB.

OTMeTuM elie 0IHy UHTEPECHYIO CTPYKTYPHYIO OCOOCHHOCTD 3THX 8 OKTETOB TPH-
IUIETOB, CBA3BIBAIOIIYIO HX C (DyHIaMEHTaIbHBIME (popMann3MaMu 00pabOTKU AUCKPETHBIX
curnanoB. OHa cornpsibkeHa ¢ GeHOMEHOM ocoboro craryca OykBbl T (THMHHA) B 6a30BOM
andasure [IHK. Cpenu getpipex azoructbix ocHoBanuii JIHK - A, C, G, T — 6ykBa T
MIPOTHBOIOCTABJICHA PUPOIOH TpeM APyruM OyKBam aidaBura:

1) 6ykBa T egunctBenHas, kotopas npu nepexone ot JJHK k PHK 3amensiercs apyroi
oyksoii U (ypaumnn);

2) 6yxBa T (u ee cmenumk U) oTinuyaercs oT Tpex Apyrux OykB andaBuTa OTCYTCTBHEM B
Hell GpyHKIMoHanbHO BakHOM amuHOrpymmbl NH,, 4To MokHO BHIeTh Ha Puc. 5, ciesa.

DTy OMHAPHYIO OMITO3UIMIO MOKHO BBIPAa3HTh B HU(PpPOBOM Bujae Tak: A=C=G=+1,
T=-1. Torga kaxaplii TPUILIET IIPU 3aMEHE B HeM OykB Ha 3tu uucia (A=C=G=+1, T=-1)
MOXXKHO IIPEJICTaBIATh Kak Impou3BeaeHue »3Tux uucen. Hanpumep, Ttpumier CAT
npencrasnserca kak 1*1*(-1)=-1, a tpummer TGT — kak (-1)*1*(-1)=+1. B wurore
paccmaTpuBaeMble 8 OKTETOB TPHUILIETOB IIOJIy4alOT YHUCIIOBBIE IPEACTABIEHUS, KOTOPbHIE

COBIIAJAIOT C TOJIHOW OPTOTOHAJIBLHOW CHCTEMOW (YHKUMH Youma ais 8-MepHOro cirydas
(Puc. 9).

[CCC, CCA, CAC, CAA, ACC, ACA, AAC, AAA]q
[CCT, CCG, CAT, CAG, ACT, ACG, AAT, AAG]q
[CTC, CTA, CGC, CGA, ATC, ATA, AGC, AGA]q

+1, +1,+1, +1, +1, +1, +1, +1]q
,+1,-1,+1, -1, +1, -1, +1]4
-1, +1, +1, -1, -1, +1, +1]4

b—*b—*b—*l—*b—*b—*b—*b—*
»—\1—\»—\»—\

[ ]
[- ]
= 1
[TCC, TCA, TAC, TAA, GCC, GCA, GAC, GAA]q | [- -1, -1, +1,+1, +1, +1]q
[ ]
[ ]
[- ]

[CTT, CTG, GGT, CGG, ATT, ATG, AGT, AGGJq | [+1,-1, -1,+1,+1, -1, -1, +1]a
[TCT, TCG, TAT, TAG, GCT, GCG, GAT, GAG]q | [+1,-1, +1,-1, -1, +1, -1, +1]a
[TTC, TTA, TGC, TGA, GTC, GTA, GGC, GGA]q | [+1, +1, -1,-1, -1, -1, +1, +1]4
[TTT, TTG, TGT, TGG, GTT, GTG, GGT, GGG]q ,+1,+1,-1,+1, -1, -1, +1]q

Puc. 9. MHOeCTBO 8 OKTETOB TPHUILJIETOB - C YU€TOM OMHApPHOM ONMO3ULIMK TUMHUHA
T tpem npyrum azotucteiM ocHoBaHusiM JIHK - umeer uncnoBoe npejacraBieHue (cropasa) B
BUJIC TIOJIHOM OPTOrOHAJIBHOW cHcTeMbl (QyHKIMHA Youma st 8-mepHoro ciyyas. YepHbiM
LIBETOM 0003HAau€HBl TPUILIETHI, IpEACTaBiIsieMble UnciaoM «+1». [loscHenue B TekcTe.

Ot QyHKUMH Youma, COAEp)Kallhe TOJIBKO 3JEMEHTHl «+1» u «-1», mupoko
MPUMEHSIOTCS B 00pa0OTKE IUCKPETHBIX CHUTHAJIOB M IOMEXOYCTOHYMBOM KOJUPOBAHHUU
(https://ru.wikipedia.org/wiki/@ynkuust_Yomma). [logHoTa cHCTeMBbl TaHHBIX 8 (QYHKIIHIA
Yonma o3Hayaer, 4Tro 000N 8-MEpHBIA BEKTOP MOXET OBITh HPEACTaBICH B BHIEC HX
cyneprno3unuu (pasnokeH mo HuM). Ha monHpIx cucremax ¢(yHKOMA Younma CTpoUTCs
MIOMEX0YCTOMYNBOE KOJMPOBAaHHE MH(POPMALMKM Ha KOCMHUYECKHX Kopabisx «MapuHep» u
«Bosimxepy, nepenaromux Ha 3emiio ¢poto Mapca, FOnurepa, CatypHa, Ypana u Henryna.
[Tonmuble cuctemsl QyHkuui Youma o0pa3yloT Marpuibl Anamapa, HCHOJIb3yeMbIe B
KBaHTOBBIX KOMIIbIOTEpax («relThl Anamapa») M NpPUMEHSEMbIE B KBAHTOBOM MEXaHHUKE B
dbopMe YHUTApHBIX ONEPaTOpoB. MHOXKECTBO TNPUIOKEHUH GyHKIMH Yomma wu
0asupyrommxcs Ha HUX MaTpull AjaMmapa onucaHo, Hanpumep, B [14, 15]. B gactHocTH, Ha
HUX OCHOBaH CEKBEHTHbIM aHanu3 [16-18], sBistoumuiics OJHUM M3 BaXXHBIX BHJIOB
CHEKTPAJBbHOIO aHaJIM3a B TEXHOJOTMSAX CBSI3M HA JUCKPETHBIX CUTHAJIAX M HAIIEIIINH
OOIIMpHBIE MPUMEHEHHSI B Pa3HBIX 001acTsAX TeXHUKU U (pusuku [19]. A B Hamem moaxoje
3TH CUCTeMBbI (YHKIMH YOJIla OKa3bIBAIOTCS MPEICTABUTEISIMA TCHETUUYECKUX all(haBUTOB,
npuyeM Kaxjaas u3 8 (QYHKIMHA 3TOW TOJHON CHUCTeMBbI YOIIa SBISETCS JAUArOHAIbIO




JMaroHANbHON (8*8)-MaTpHILIbl, T.€. CIEKTPOM M3 COOCTBEHHBIX YHCENl MAaTPHUIBI HEKOTOPOU
K0J1€0aTeNbHON CUCTEMBI C 8 CTETIEHSIMU CBOOO/IBI.

JononnutensHo otMetuM cienytomiee. Marpuubl [C, Alg u [T, Gl4, TeH30pHBIE
MIPOM3BEACHUSI KOTOPHIX Al 8§ OKTETOB TPHUILIECTOB Ha Puc. 6, ObuM CBsA3aHBI ¢ OMHAPHBIM
cybanpaBuToM Mo MpHU3HAKY «aMHUHO-KeTo» (Puc. 5). Eciam oOpaTtuTbecs K IBYM Ipyrum
cybangasutam Ha Puc. 5, To MOXKHO aHAJIOTUYHBIM 00Pa30M PACCMOTPETH JIBE IPYTHE Maphbl
muaroHanbHbIX (2*2)-matpui: [C,Glg u [T,A]; [C,T]a u [G,Alq. Kaxknmas w3z stux map
MOPOXKJIAET APYTUe § OKTETOB TPUILIETOB IIPU TEH30PHBIX IMPOU3BEICHUAX €€ MATPUL] IO TPU
(mo ananoruu ¢ tabnuueit Ha Puc. 6 BHM3Y). Kaxkaplii U3 3THX JBYX HOBBIX HAOOPOB 1O §
OKTETOB TPUIUIETOB TAaKX€ HMEET 4YHCJIOBbIE MPEACTABIECHUS B BUAE HOBBIX
(uHOMBHIyanbHBIX) HaOOpoB QyHKUMi Pagemaxepa m ¢yHKIMA Yonma npyu aHaIOTHIHOM
yuere - kKak Ha Puc. 8 u 9 - Tex e OMHapHO-ONIO3ULIMOHHBIX ITPU3HAKOB ISl TPUILIETOB: 1)
CHJIBHBIX U CJIA0BIX KOpHEH TPHUILIETOB; 2) ocoboro craryca Oykssl T.

[IpuBeneHHbIE pe3ynbTaThl CBUAETENBCTBYIOT B MI0JIb3Y CIIEIYIOIIETO:

* andaBUTHl TEHETHYECKOTO KOJAa €CTh au(aBUTHl COOCTBEHHBIX 3HAYCHHH U
COOCTBEHHBIX BEKTOPOB MATPHUI] KOJE€OATeNbHBIX cHucTeM (00pa3HO TOBOPS,
IFE€HETUYECKUHM KOJ| €CTh KOJ PE30HAHCOB); COOTBETCTBEHHO, T€HETUUECKUE TEKCThI Ha
OCHOBE 3THX ali()aBUTOB €CTh TEKCTHI, HATUCAHHBIC HA SI3BIKE PE30HAHCOB.

Henapom reHeTtuuecku HaciaeayeMblii OpraHU3M SIBISIETCS. XOPOM COIJIACOBAHHBIX
KoJie0aTeIbHBIX MPOLECCOB. 3/1€Ch e BCIIOMUHAETCS MpeUIoKeHHas ABaxkapl HoOeneBckum
naypeatoM Jlaiitnycom Ilonmuurom B 1928 1. Teopust pe30HAHCOB [UIsl 3JIEKTPOHHOU
CTPYKTYpbl ~ MOJEKyJd H  ero  wuiaes  TuOpuAM3alMyd  aTOMHBIX  opOuTanei
(https://ru.wikipedia.org/wiki/Ilonunr, Jlaiuyc ).

6. O 0a30BBIX YacTOTaX BETOBOCHPUSITHS

[TonpoOyeM TpPUMEHUTH TAOJUIBI HACICJOBAHHUS COOCTBEHHBIX 3HAYCHUH MaTpHUIl K
HaIlleMy TeHETHYECKHM HACJIEeIyeMOMY I[BETOBOCIIPHUATHIO, KOTOPOE SIBIICTCS OJHHUM W3
MPUMEPOB OMOJIOTHYECKOTO HACIEIOBAaHUSI CUCTEMBI 4acTOT. COTJacHO TPEXKOMITOHCHTHOMN
TEOPUU IIBETHOTO 3PCHHSI OHO OCHOBAaHO Ha TpeX 0a30BBIX I[BETaX — KPACHOM, 3€JICHOM U
cuHeM. M3 HUX B (QOTOCHHTE3e, KOTOPHIi HAMHOTO JpPEBHEE IIBETOBOTO 3PCHHS,
HCIOJIb3YETCS B OCHOBHOM KPACHBIM M CUHUM LIBETA, a 3€JICHBIM LBET JIMCThS OTPAKAIOT, B
CWIIy 4ero JUcThs BeITIAAT 3eneHbiMu (http://happyflora.ru/view post3.php?latter=410 ).
[ToaToMy KpacHBIN U CHHUI [IBETa MOXHO IOJIaraTh OMOJIOTHYECKU OoJiee «0a30BBIMIY, YEM
3€JICHBIN.

Bepnemcss k Tabnuie HacleOBaHMsS COOCTBEHHBIX 3HaueHuMM Ha Puc. 2 npu
MOHOTHOPUHOM TEH30PHOM CKPEIUBAHUU MATPHI] ABYX «POIAUTEIHCKHUX» BHOPOCHCTEM C
COOCTBEHHBIMH YHCIaMH (A, a) 1 cOOCTBeHHBIME dacToTamu ©1=A"" i m,=a"> (312 Tabnuna
HACJICIOBaHUS COOTBETCTBYET pemieTke [leHHeTa I MOHOTHOPUIHOTO CKPEIIMBaHUS HA
Puc. 3). Puc. 10 moka3plBaeT COOTBETCTBYIOIIYIO TaONMIly HAacCJIEJOBAaHUS KBAJApPaTOB
COOCTBEHHBIX YaCTOT.

Conexktp W
w12 w22
Cnexktp V | w1? | W12 = w1* W22 = w1%*w2?
w2? | W32 = w12*wz? | Wa? = w2t

Puc. 10. Tabnuua HacieqoBaHMs KBaAPaTOB COOCTBEHHBIX YAaCTOT IIPU
MOHOTHOPUIHOM TEH30PHOM CKpeLMBaHuH (2*2)-MaTpuIl] BAOPOCUCTEM.



Tabnuia HaciaenoBaHusi KBaapaToB coOCTBeHHBIX YacToT (Puc. 10) moka3kiBaeT, 4To
MMEETCS BCEro TPH BHAA COOCTBEHHBIX YAacTOT B MOPOXACHHOU (4%4)-marpure
BuOpocuctemsl: Wi, Wy 1 nexanias MeXay HUMU JBaXKIbl IOBTOPEHHAs B Ta0JIMIE 4acTOTa
Wi =Ws = o *w,° (0603Ha4nM 3Ty 4acToTy depes W, 3). M3 9T0ii TaGIMIbl HACIIC[OBAHHS
BBISBIIACTCS CIICYIOMAS CBSI3b JAHHBIX TPeX 4acTor: Wiz = (W ¥Wy)’~.

Kak u3BecTHO, nuana3oH BoclpusaTUs KpacHoro nsera coctasisger 430-480 Tru u
cuero 610-670 TI'u (http://en.wikipedia.org/wiki/Color). Ilpumem cpeaunHyro 4acToTy
455 Tru puamnasoHa KpacHOro LBera 3a yactory Wi, a cpeaunHyro uactoty 640 Tri
JIMANa30Ha CHHEro 1[BeTa 3a yacToty Wy4. Torna HasanHoe cooTHoureHne W3 = (W ¥W,)’?
= (455*%640)° paer smauemme 539,6 TI'm I TpeTbeil COOGCTBEHHOH YACTOTHI
BuOpocuctembl. Ho 3T0 3HaYeHHe Ba)/1bl TOBTOPEHHON B TabJHIIe HACIECIOBAHUS YAaCTOTHI
W, 3 coBIagaeT ¢ M3BECTHBIM 3HAYEHUEM YaCTOTHl MAKCHMAaJIbHOIN YyBCTBUTEIBHOCTU 3PCHHUS
540 TT'u, mpuxoasuieiicss Ha 3eJEHBIH 1BET.

3HAa4YUT, HACIIEAyeMOE [BETOBOCIPHUATHE SBISETCI OAHUM U3 OHOJOTHYECKUX
MIPUMEPOB, JIOMYCKAIOIINUX MOJEIMPOBAHUE HA S3bIKE TEH30PHO-CHEKTPAIBHOTO IMOJIXOAA,
MIPEJCTAaBICHHOTO B cTaThe. M ero mpupoaHsie 0COOEHHOCTH MOTYT TPAaKTOBATHCS B CBSI3U C
3akoHaMH ~ MeHJenss U COOCTBEHHBIMH  YacTOTaMH  TEH30PHO-CKPEUIMBAIOIIUXCS
BUOpOCHUCTEM. DTO JaeT HOBBIE MOAXOJBI K CBSA3M MY3BIKAIBHOW M I[BETOBOW TapMOHHH,
oTMeuaBIieics eme HproToHOM, a TakkKe K IBETOTEPAITuH, IBETOMY3BIKE U TIP.

7. PujuioTakcuc, yuciaa @udoHaYuM 1 30J10TO€ CedeHue

I'eneTnuecku Hacieyemble sIBIEHHUS (DUITOTaKCMCa PacCMaTpPUBAIOTCS B COTHSX
MoHorpadmii u myOnukanuidi B oOiacTé mareMmatudeckoir Owonoruum [20]. 3aKoHBI
¢wnoTakcuca KOHCTATHPYIOT YHCIOBBIE 3aKOHOMEPHOCTH CIIMPAJIbHON OpraHu3aluu
OTPOMHOTO KOJIMYECTBA PACTUTEIBHBIX W J>KMBOTHBIX TEJ, CBS3aHHBIE C YUCIAMH pPsaa
®ubonauun Fuo=F,+Fn:1, Fo=0, F;=1 (http://en.wikipedia.org/wiki/Phyllotaxis ). Otm
(heHOMEHBI (PMILTOTAKCUCA TABHO COTOCTABIISIFOTCS C TaK Ha3bIBaeMoii MaTpuiieit Gubonauun
[1, 1; 1, O], Bo3BeneHuEe KOTOPOM B IEJIbIE CTEMEHU MOPOXKIAET MATPHUIIbl, BCE HJICHBI
KOTOPBIX SIBISIOTCS uyuciamMu u3 psga Pubonauun. KakoBel coOcTBeHHbIE uucna (2*2)-
matpuibl Pubonaqun? Ouu pasusl f u -f', rae f=(1+5°°)/2 = 1,618... - 3010TO0C CeueHue.
OTHOIIEHUST KOOPAMHAT COOCTBCHHBIX BEKTOPOB MaTpuibl DuOOHAYYM TakKe paBHBI
30JI0TOMY CEYEHHUIO.

CylecTByloT 1M B TPUPOJAE KoieOaTelabHbIE CHCTEMBI, B KOTOPBIX YacTOTHI
COOCTBEHHBIX KOJICOAHWI COMpPSDKEHBI C 3070ThIM cedeHueM? Craths [21] oObsiBHa 00
OTKPBITUU 30JIOTOTO CEUEHHUs B KBaHTOBOMexaHHMueckoM mupe. Kparkoe uznoxenue [22] B
xypaaiue “Science Daily” naHHON cTaTbl TOBOPHT, UTO «UCCIe008aHUe HUoObama Kobaivma,
obnadarowezo MASHUMHBLIMU CEOUCMBAMU, BbISIBUILO, YMO NPU ONPEOeNeHHbIX VCI08UAX €20
Yenouxka amomos eedem cebs n0OOOHO HAHOCKONUYecKou eumapHou cmpyne. Hamsowcenue
nosensemcs 061a200apsa 83auMo0eucmeur0 mMexcoy CNUHAMU, NPUBOOAUEMY K MACHUMHOMY
pe3oHancy. s smux 63aumooeucmseuil agmopuvl Hawau cepuu (,,2amMmol ) pe3oHAHCHBIX
monog. OTHOIIEHUSI TIEPBBIX JBYX TOHOB Haxoosmcs 6 coomuowtenuu 1,618..., komopoe
ABNACMCA 307I0MbIM  CEYEHUEeM, U3BECMHbIM No dcugonucu u apxumexkmypey. lIpodeccop
TeHHAHT OTMEUAET «COBEPULEHHYIO 2aPMOHUIO, HAUIOEHHYIO 8 KBAHMOBOU HEOnpeoeleHHOCmU
emecmo becnopsaoka. Ilo0obHble OMKpbIMuUs NOOBOOSAM YYEHbIX K MbICAU, YMO MUpP
8 KBAHMOBLIX MACWMadax moce Moxicem NOOYUHAMBCA KAKOMY-MO Jlexcaujemy 6 OCHO8e
8ce20 NOPSOKY».




8. Bnﬁpaunonnaﬁ MEeXaHHKA M TeHeTHYecKass O0HoMeXaHHuKa

[IpencraBnsiemass B CTaTbe KOHLENLMS HACJIEQyEMbIX  CHUCTEM OHMOpPE30HAHCOB
JOTIOJTHUTEIBHO O0pallaeT BHUMaHUE HAa BO3MOXHOE OMOJIOTHUECKOE 3HaYeHHE (PEHOMEHOB
BUOPALIMOHHONW MEXaHUKH B CBSI3U C IBUTATEIbHOM aKTUBHOCTbBIO YacTell OMOJIOTMYECKUX TET
Ha CyOKJIETOYHOM, KJIIETOYHOM M HaJKJIETOYHOM YPOBHsX. BuOparmonnas MexaHuka IIMpPOKO
NpPUMEHSETCS B TEXHUKE M HACBHIIICHA YIUBUTEIBHBIMH SIBJICHUSMH BHOPAIIMOHHOU
cemapanMd W CTPYKTypH3almMd  MHOro(asHbIX  Ccpel,  BHOPOTPAaHCHIOPTHUPOBKH,
BUOpPOIIEPEKAUYKH SHEPTUU OT OJHUX YacTEW CUCTEMBI K IpYruM U 1p. [23, 24]. 3HaKOMCTBO C
HEKOTOPHIMH U3 3TUX ()EHOMEHOB MOPOXKAAET BIEUYATICHHE O MOMAAAHUU B MUD C JIPYTHMHU
¢usnueckumu 3akoHamu. Hemapom o63opnast cratest [23] HaspBaercsa: «Bubparus
«U3MEHSET 3aKOHbI MEXaHUKI»». JlaHHbIe (heHOMEHBI CBA3aHbI ¢ (PaKTOpaMu, KOTOPBIE BCIIE]
3a ILJI. Kanwmeir ycnoBHO Ha3bIBAIOT «BUOPAIMOHHBIMH CWJIAMH». B KHIKOCTH
BUOpUpYIOIIME TeJla MOTYT MPHUTATHBATBCA W OTTAIKHBATHCA (BUOpAIIMOHHBIE CHIIBI
boepkHeca), a mynbcUpyOIIME Iy3bIPbKM Tra3a MOTYT CIMBaTbCsid W APOOUTHCA (3TOMY
IIOCBSIIEHO MHOIO BUJeo B IHTepHETE).

EnBa 3ameTHple MM TPAKTUYECKH HE3aMETHBIE BUOpAIMH, KOTOpPBIE MOTYT HMMETh

BBICOKHE YaCTOTHI 1 MaJIble aMIUIUTY b, 00ECIIEYMBAIOT, HAIIPUMED, CICAYIOIINE SIBICHUS:

* BEpXHEe I0JIOKEHUE NIEPEBEPHYTOT0 MasiTHUKA JI€JIAeTCsl yCTONYMBBIM;

*  TSDKEJIbIM METaUIMYECKUH 1ap “BCIUIBIBACT B CJIOE€ IIECKA;

*  CBas JIETKO IOTpYy’XaeTcs B IPYHT 110/ CBOUM BECOM,;

* MacCUBHOE TE€JO WM CJIOU CBIIIy4ero MaTepuaja JIBHKETCS BBEPX 110 HAKJIIOHHOM
IJIOCKOCTH;

* BpalleHHE pPOTOpa  DIIEKTPOJBUraTeNis  yCTOMYMBO  IOAJIEPKUBAETCA  IIPU
BBIKJIIOYEHHOM 3JIEKTPOJIBUraTelle 3a CUeT BUOponepekayku (0oTcoca) SHEPruu OT
JAPyroro pPOTOPHOTO 3JIEKTPOABHUIaTENs, CTOALIET0 Ha oO0meld BuOporuiarhopme u
MOJIKITFOYEHHOTO K AJIEKTPOCETH (CAaMOCHHXPOHM3ALIMS BO30yAuTENEH);

* BEpeBKa BCTAaeT CTOJIOOM BBEPX, €CIIM K €€ OCHOBAHUIO IPUIIOKEHA COOTBETCTBYIOLIAS
BUOpaLys, U T.II.

B xuBBIX oOpraHm3mMax ¢ UX MHOYECTBOM KOMIIOHEHTOB, COIJIACOBaHHO
BUOPHUPYIOIIMX HAa Pa3HbIX YAaCTOTaX M aMIUIUTYJIaX M MOJYMHSIOIIMXCS HAa MHKPOYpPOBHE
BOJIHOBBIM NPHHLIMIIAM KBAaHTOBOHM (PU3HMKH, M3BECTHO MHOKECTBO SIBIICHUH, KOTOPBIE TaKXe
IIPOUCXOJAT Kak Obl IO/ JIEHCTBUEM 3araJoyHbIX CWil. TakoBbI, HalpuMep, YAUBUTEIBHO
OpPraHM30BAHHBIE MHOIO3TAllHBlE MpOLECCHl  JAeleHus KieTok. Mnm  HaxoxneHue
TUCTOHOBBIMU O€JIKaMU YEThIPEX BHUJOB MNApHbIX MM BHUIOB THCTOHOB B MOJIEKYJISIPHOM
Oy/nbOHE Ui TOSTAHOTO 00pa3oBaHMs AMMEPOB, TETPAMEPOB, a 3aT€M OKTAMEPHBIX
TMCTOHOBBIX CTEpyKHEH, Ha koropble HaBuBaercs JIHK. Bce 3Tu moucku u COBOKYIUIEHUS
OJIHOBHU/IOBBIX TMCTOHOB CHayajla B IIapbl, a 3aT€M B Mapbl U3 Hap MPOUCXOIAT B OTPOMHOM
CTOJIIIOTBOPEHUHM OHOMOJIEKYJI MHOXECTBa JAPYTMX BHJIOB U HX OCKOJIKOB, IPUYEM
MIPOUCXOJIAT, HECMOTPsT Ha 3((EKThl 3apsIOBOTO SKPAaHUPOBAHHMA WU JPyTUe MEIIAIOIINe
oOcTosiTenscTBa. J{pyroil mokaszaTenbHbI pUMeEp JaeT (eHOMEH B3aMMHOTO HaXOXKICHHUS B
MOJICKYJISIPHOM OyJIbOHE TOJIOBUHOK M YETBEPTHHOK MOJEKynbl TpaHcnopTtHoil PHK m mx
o0BeIMHEHUS B OAHY MOJEKyly [25]. MoXHO HaaesThCs, YTO Ha OCHOBE (POPMAIU3MOB
BUOPALIMOHHOW MEXAaHUKH U TEOPUU HACIEAYEMbIX CUCTEM OMOPE30HAHCOB YAACTCS Pa3BUTh
MaTeMaTHYeCKUE MOEIH MMO00HBIX OMOIOTHYECKUX MTPOIIECCOB.

3/1ech yMECTHO BCIIOMHHTH 00 M3BECTHOM SIBJICHUU KOH(OPMAIIMOHHBIX KOJeOaHMIt
MaKpOMOJIEKYJT ()epMEHTOB, B TOM YHCIIE HAa YaCTOTaX 3BYKOBBIX BOJH. B cBsizu ¢ Hum C.D.
[uons [26, c.75] nucam O BEpOSTHOW BaXXHOCTH ISl KU3HEACSATEIBHOCTU «HNOKA euje



panmacmuueckoll Kapmunbl «MY3bIKAIbHBIX G3AUMOOEUCMEUI» OUOXUMUYECKUX CUCHEM,
KIeMOK, OP2aH06», OTHOCAIIMXCS K 00JIACTH «OUOXUMUYECKOU ICMEMUKU.

Hamm  uccienoBaHus  NEHETMUECKMX ~ CUCTEM  PE30HAHCOB  CONPSIKEHBI €
«buoxumuueckou dcmemuxou». Mbl paccMaTpuBaeM OpraHM3M Kak MY3bIKaJbHBIN
CHUHTE3aTOpP C HACJIEyeMbIM MHOYKECTBOM HACTPOEK PE3OHAHCHBIX PEKUMOB. OTyacTH B
9TOM CBA3M B MOCKOBCKOM KOHCEpBATOPUHM CO31aH «lLleHTp MeXAUCHUIUIMHAPHBIX
HCCIIEIOBAaHUI MY3BIKAJIbBHOTO TBOPYECTBa» M C YYacCTHEM aBTOpa 3allaTEHTOBAH HOBBIN
KJIACC MY3BIKAJIbHBIX HMHCTPYMEHTOB HAa OCHOBE TaK Ha3blBAEMbIX «T€HETUUYECKUX
MY3BIKaJIBHBIX CTPOEB», U Ip. My3bIKa IpeACTaBIsIieT COO0I UTPY B CUCTEMBI aKyCTUYECKHX
PE30HAHCOB, K KOTOPBIM YEJIOBEK YAMBHUTEJIBHO IIPENPACIOIOKEH, XOTS HE HMEEeT
CHEMAIN3UPOBAHHOIO OpraHa BOCHPUATHUS MY3bIKH, BOCIIpUHUMAs €€ BceM cyliecTBoM. Ha
MIPOTSKEHUU JIECATKOB ThICAY JIET OH CO3JAET MY3bIKaJIbHbIE HHCTPYMEHTBI, HACTpauBas UX
Ha ONPE/EIIEHHbIE CUCTEMbI PE30HAHCOB, BBI3bIBAIOIINE Y HETO 3MOLMHU, MYPAIIKH 110 TENy U
ciesbl. [IoBTOpsA reHeTHYecKre IpoLEecChl COrJIaCOBAaHHOTO YCIIOKHEHUS JKUBOIO, YETIOBEK C
TEUYEHUEM BEKOB HAy4MJICSI OOBEIUHATH OTIENbHBIE HMHCTPYMEHTHI M MEBIOB B OPKECTPHI U
XOPBI KaK KoJieOaTeIbHbIe CUCTEMBI C YBEIIMYCHHBIM YHCIIOM CTETIEHEH CBOOOIBI.

C yueToM BO3MOXHOCTEH BHOpPONEPEKAUYKH SHEPrHM 3a CYET PE30HAHCHBIX
B3aUMOJICHCTBHI (CM. NPUBEACHHBINA BBIIIE MPUMEpP PaOOTAIOLIETO 3JEKTPOJBUTATENS, HE
MOJIKJIFOUEHHOI0 K CETH) YKUBOM OpraHu3M MOJKET paccMaTpuUBaThbCi KaK PE30HAHCHBIN
notpeOuTens  (OTcachlBaTeNlb) OHEPIUM  OKPYXKAIOIIUX  DJIEKTPOMArHUTHBIX  BOJIH,
NPUXOAAIIMX U3 KocMoca W Heap 3emid. DoTocHHTE3, OCYIIECTBISIOUIMICS 3a CYET
MOTJIOLIEHUS] 3HEPIMH COJIHEYHBIX CBETOBBIX BOJH, SIBJISIETCS, BUIMMO, JUIIb OAHUM W3
MIPUMEPOB HHEPTONOTPEOUTENHCKOTO CYIIECTBOBAHHS OpraHM3Ma Ha OCHOBE PE30HAHCHBIX
CorylacoBaHui (pe30HaHCHBIM “‘Bammupu3M” sHepruv U uHpopMmaiyu). COOTBETCTBEHHO
OpraHu3M HaJl0 paccMaTpUBaTh KaK YacTh MUPOBOTO aHCAMOJIsl BOJTHOBBIX — MPEXJE BCETO,
EKTPOMAarHUTHBIX - IIPOLIECCOB, OKKUJAsi OOHApPY)KEHUS HOBBIX MEXAaHU3MOB  €r0
PE30HAHCHBIX COTJIACOBAHUMN C OKPY>KAIOILUM BOJIHOBBIM MUPOM.

MHOXeCTBO JaHHBIX M3 O00JacTH TOMEONaTHH U (DU3MOJIIOTUYECKUX SIBIICHHM
CBEpXCIadbIX BO3IEHCTBHI CBUAETEIBLCTBYET B MOJIb3Y PE30HAHCHO-BOJIHOBOM OpraHM3aluu
xuBoro. Hampumep, cBepX4uyBCTBUTEIIbHOE OOOHSHUE HEKOTOPBHIX JKUBOTHBIX OPraHH3MOB,
CIOCOOHBIX YYysATh HapTHEpa IO 3amaxy Ha JaJeKOM pPACCTOSHUM TpU (HaKTUIECKOM
OTCYTCTBUH MOJIEKYJI 3alaxa, ClIOCOOHBIX MOMACTh HA PELENTOPhl OOOHSIHUS.

YCTpOMCTBO KHUBBIX TE€I OCHOBAaHO B OIPOMHOM Mepe Ha HCIOIb30BAaHUU
CTPYKTYpUPOBAHHON BOJBI, CBOWCTBA KOJEOATEIBHBIX IMPOLIECCOB B KOTOPOM M UX
Ouosiornveckas posib B HACTOSIIEe BPEMSI MHTEHCUBHO M3Y4aloTcs. Memy3bl, COCTOSIIIE Ha
99% wu3 BOJBI, SBISIOTCS MPUMEPOM BO3MOXKHOCTH JKHU3HEIEATEIHPHOCTH Ha 0a3e BOJHOTO
cyOcTpara co CIOXHBIMH KojeOaTenbHBIMH TpoueccamMu B HeM. Ocoboro BHHMaHUS
3acily’KHUBaIOT JaHHBIE O TaK Ha3bIBaeMOMW morpaHudHoi Boje [27-29]. [1o HamemMy MHEHHIO,
OHa SBIETCS KaHAWZAATOM Ha poib oObenuHsIomed “BuOporutatdpopmbl”  ams
BUOPOIIEPEKAUYKH HHEPrUM MEXAY pa3HbIMM dYacTIMHM OMOJIOIMYECKOro Tejaa U Ul
PE30HAHCHOTO COTJIACOBAHUS MOBENIECHHS IIEJIOCTHOrO aHcamOst 3Tux yacteid. PezonancHoe
00bEeIMHEHNE YacTell B €MHOE 1IeTI0€ MPOUCXOAUT MO (PU3MUECKOMY TPUHIIUITY «KMUHUMYMa
SHEPTUM»: KAXKJAOMY M3 YYaCTHHUKOB aHCAMOJS JJIsi BBIIOJHEHHS COOCTBEHHOW pabOTHI
TpeOyeTCsl MEHBIIIE YPHEPTUH, YEM B CITy4ae pabOThI O OTJACIBHOCTH.

Kak xuBble, TaKk U HEKUBBIE OOBEKTHI SBIISIOTCS B OOLIEM ciydae KoyeOaTeabHbBIMU
CHCTEMaMH CO MHOTHUMH CTemeHsSMH cBOOOmbl. Ho - ¢ TOukM 3peHus mpencTaBisieMOi
TCHETUYECKON KOHILEIIMH HACIeIyeMbIX CHCTEM COTJIACOBAHHBIX OMOPE30HAHCOB - JKUBBIC
OpPraHu3MBbl OTJIMYAIOTCS OCOOBIMH HACJIEIyeMbIMH TEH30PHO-MATPUYHBIMU CHUCTEMaMHU
pPE30HAHCOB B HHUX. OTH OHOJOTHYECKHE CHUCTEMBl PE30HAHCOB MPEICTABIAIOT COOOU
OTHOCHUTEJIHO Y3KMH KJIACC MBICIIMMBIX CHUCTEM pe3oHaHcoB. llo HameMy MHeHHIO,



Ha3BaHHAsI KOHIICTIINS TCH30PHOTO HACJICIOBAHUS CHCTEM OMOPE30HAHCOB U €€ MATPUUHBIN
amnrapar MOACIIMPOBAHUSA MOIYT OKa3aTbCA IOJICBHBIMU JJIsI OCMBICIICHUA MHOTHX
Ouosiornvyeckux mnpodseM (OHTO- U (UIIOTCHETHYECKOE pa3BUTHE, CTApCHUE, NaMsTh,
OHMOJIOTYeCcKOoe BpeMsl, U Jp.).

9. JakI4YNTEeJbHbIE 3aMeYaAHUA

Hammu pe3ynbrarsl TEH30pHO-MATPUYHOTO MOJEIMPOBAHUS TOBOPSAT B IIOJIb3Y
CIIEYIOILETO:

* anpaBUTHl TEHETHYECKOTO KO/Ia €CTh alI()aBUTHI PE30HAHCOB; COOTBETCTBEHHO,
TEHETUYECKUN KOJI €CTh KOJ CUCTEM PE30HAHCOB, a FTCHETUYECKHE TEKCTHI HA OCHOBE
3THX aj(aBUTOB U 3TOTO KOJIa €CTh TEKCTHI, HATMCAHHBIC HA A3BIKE PE30HAHCOB,;

* pemerku [lennera, onuchIBarOIUE B TEHETUKE TOJIUTHOPUIHOE CKPEIIUBAHHE TIO
3akoHaM MeHiesl, aHaJIOTUYHBI ITPECTABICHHBIM Ta0IUIaM HACJICIOBAHUS
COOCTBEHHBIX 3HAUEHHUI MaTPUI] IPH TEH30PHOM YMHOKEHUH (2*2)-MaTpuil;

*  aJUIeTH TeHOB, PUTYPUPYIOIIKE B 3aKOHAX MEH e, MOXHO HHTEPIIPETUPOBATH KaK
pe30HaHCHI (COOCTBEHHBIE 3HAYCHHUS MATPUI]) HEKOTOPBIX KOJIEOATEIBHBIX CUCTEM;

* OuMHApHO-OMIO3UIIMOHHBIE cBOMCTBa andasura JJHK, TpakTyeMbie kKak OMmo3uuu
PE30HAHCHBIX CBOMCTB, ONPECIISIOT ero OMHApHBIE CyOaI(paBUTHI U AAIOT
BO3MOKHOCTh JIBOMYHO-YHCIIOBOTO MpecTaBleHus andaBuToB u nonumuietos JJTHK
JUIsL pACCMOTPEHUS OpraHu3Ma Kak KOMIIbIOTepa;

* Haclexyemble OMOJIOrHYECKHE MPOIECCHI CBSA3aHbI ¢ (heHOMEHaMH BUOPAITMOHHON
MEXaHUKHU.

B mpomutom Beke Hayka OTKpbUIa, YTO IPU BCEM IMOTPSCAIOIIEM pa3zHOOOpa3uu
KHUBBIX OPraHU3MOB MOJICKYJIIPHO-TEHETUYECKHE OCHOBBI Y HHUX OJMHAKOBBI (asihaBUTHI
JIHK, PHK u np.) u npu Tom odeHb npocthl. [losBisercs Haaexaa, 4To alrOpUTMUYECKUE
OCHOBBI YCTPOMCTBAa OpPraHU3MOB, KOTOPBIE IIOJYMHSAIOTCS T€HETHMYECKUMM 3aKOHAaM THIIA
3aKOHOB MeHens, TOKe BeCbMa MPOCTHI M YHU(UIIMPOBAHBI JJIs1 BCETO )KUBOTO. BhisiBIeHNe
ATUX AJITOPUTMOB KMUBOW MATEPUMU MPEACTABIACTCS BaXKHEUIIECH 3aaaueil. MOKHO nosarars,
YTO QJITOPUTMBI PE30HAHCHOI'O COIVIACOBAHMS U YIOPSJAOYUBAHUS IIOJCUCTEM, CBS3aHHBIE C
¢dopmanu3MaMi TEH30PHBIX TMPOU3BEIEHHH MAaTpHIl, WIPAIOT KIOYEBYI0 WM OJHY W3
KJIFOYEBBIX POJIEH B )KUBOM MaTEPUH.

Hama koHuenuusi OMOPE30HAHCHBIX COIVIACOBAHMM IEPEKIMKAETCS C JaBHO
BBIJIBUTAaBIIMMHUCSA Pa3HBIMH aBTOpPaMU HUJICSAMU JAIbHOJICHUCTBUS B CBA3U C SIBICHUSMHU
Mopdorene3a u np. OHa 3aTparuBaeT TakXke MpoOJeMy TII00aJbHOTO M JIOKAIBHOTO B
Ouosiornueckoil camoopranuzauuu. Hampumep, y CTpeKo3bl JIEBOE U MPaBO€ KPbUIbS B HX
r100anbHOM KOH(UTYpalMu CHMMETPHUYHBI JPYr JAPYrY IMPH TOM, 4YTO JIOKQJIbHO OHHU
CYUIECTBEHHO  pa3nuyHbl. YTO  sABISETCS  KpUTEpUEM  NPAaBWIBHOCTH  (PUHUTHOMN
KOH(HUrypalyyu OpraHu3Ma, BeIpacTalouiero U3 3aponsima? TakuM KpUTepreM MOXET OBbITh
COIJIaCOBAHUE PE30HAHCHBIX XapaKTEPUCTUK B3POCIOr0 OpraHu3Ma C pPE30HAHCHBIMU
IaTTEpHAMU €ro MOJIEKYJISIPHO-TEHETUYECKOU cucteMsl, BKirogas JIHK.

Belie npuBeCHHBIN IPUMEpP CTOSIIUX HA €AMHON BHOPOIUIaTGOpME IBYX POTOPHBIX
AJIEKTPOABHUraTeNeH, OMH U3 KOTOPBIX paboTaeT TOIBKO 3a CUET OTCOCA IHEPTUHU OT BTOPOTO
JBUTaTeNsl, MOPOXAAeT CIEAYIOUIyl0 MbIcab. Ecnum Ha BuOporiargopme CTOUT MHOTO
pa3nuyHbIX 1O (opMe M rabapuram DSIEKTPOJABUTATENEH, HO K OJIIEKTPUYECKOW CeTH
MOJKJIFOYEH TOJBKO OJMH M3 HHUX, TO yepe3 3(P(PEeKT CaMOCHHXPOHHM3AIUU BO30yAUTENEH OT
Hero OyayT OTcachiBaTh SHEPTUIO0 U PadOTaTh TOJIBKO T€ ABUTATENH, KOTOPHIE CIIOCOOHBI K
PE30HAHCHOMY COTJIACOBAaHMIO C HHUM; OCTaJbHBIC ABHraTeNd OyIyT MEPTBBIM TPY30M,
MOJJIEKAIUM  OTCEBY. OJTO MOXHO paccMarpuBaTb KaK MOJEIb 3BOJIOIMOHHOTO
COTJIACOBAHUS M 0TOOpA MPH CO3AAHNU €IUHOTO OPraHU3Ma U3 MHOXKECTBA YacTeH.



OrpanuyeHHbIi 00BEM CTaThH MO3BOJSET MPEACTABUTH B HEW TOJBKO (PparMeHTHl TeX
WCCIICZIOBAaHUIM TI0 TE€HETUYECKOH TEOPHUH CUCTEM OMOpPE30HAHCOB, KOTOPBIE MPOBOASTCS
HaMH B OTJeJe BUOpaunoHHoi Ouomexanuku Mucturyra MammuoBenenust PAH. Hanpuwmep,
KaK U3BECTHO, COOCTBEHHBIC 3HAUCHHS CAaMOCOIPSDKEHHBIX MAaTpHIl (DUTYPUPYIOT B OCHOBAX
KBaHTOBOM MEXaHHUKH, KOTOPOM NOJYMHEHbl TI'€HETHMUECKHE MOJIEKYJIbl; HO aHalIu3
BO3MOXKHOH  ponu  3Toro  (akra, BeAymMHd K  yIIyOJEHHOMY  IOHHUMAHHUIO
KBaHTOBOMEXAHUYECKUX AaCIIEKTOB T'€HETUYECKOM CHUCTEMBI, BBIXOAMT 3a PaMKU JaHHOU
crarbu. Haimie wuccienoBaHue UMeEET psii  NPUKIATHBIX  aClIEKTOB, CBSI3aHHBIX C
UCIIOJIb30BAHUEM  BOJIHOBBIX IIPOLIECCOB B  MEIUIMHE, OMOTEXHOJIOTMSIX, CHCTEMax
HCKYCCTBEHHOTO MHTEIJICKTa, a TakXke ¢ BHOPOBO3ACHUCTBUSMH B CHCTEMax 4eJIOBEK-
MammHa-cpena (cm. kaury K.B. @ponosa [30], co3marenst Hamiero otaelia BUOPAITMOHHON
OMOMEXaHHKH).

B oroii cBs3M omHOW M3 Hamboyiee WHTEPECHBIX NPUKIAIHBIX MPOOJIEM SBIISICTCS
npobiemMa pereHepali OpraHoB W TKaHEW, KOTOPOW 3aHMMArOTCs MHOTHE JabopaTopuu
MHUpa U KOTOpasi B CiIydae ycrexa cnocoOHa permTh 3a7ady NpoTe3upoBaHMs HHBAIHIOB 0e3
HaJEJIEeHUs HUX MEXaHWYeCKUMU Ipore3aMu. lIpoaBukeHHs Ha 3TOM NYTH MOXKHO
WLTIOCTpUpoBaTh pabotamu M.JIeBuna [31], KOTOpBI 6€3 XUPYPrUUECKUX ONEpaluil MyTeM
JIOKAJIbHOTO MPHJIOKEHHSI ONPEICIIEHHBIX OMOAIEKTPUIECKIX CUTHAJIOB BKIIIOUAET «PEIETIT
pocTa opraHa M BBIPAIIMBAET y T'OJOBACTHKOB IJla3a B JIOOOM MecTe, JJa)ke Ha XBOCTE U
KHMILEYHHUKE; WM BBIPAIIMBAET JISTYIIKY C LIECTHIO JIalaMU U YEPBS C YETHIPbMSI F'0JIOBAMHU.
3a 3TUM CTOUT HAed O OMODIEKTPUYECKOM KOJe, KOTOPBIH COrIacoBaH C T€HETUYECKUM
KojoM | ympaBusieT popmoii Tema. JloOoii opraH «3HaeT» CBOO (GOPMYy W XPaHHUT 3TO
3HAaHUE B COCTOSIHUU MEMOpaH, IPUMEPHO KaK B AIEKTPUUYECKUX COCTOSHUAX SUEEK XPAHSITCS
JTaHHbIE Ha JKECTKOM Jaucke. M ycrnex BoO MHOTOM CBSI3aH ¢ BO3MOXKHOCTBIO B3JIOMaTh KOJ U
HAyu4uTbCS J1aBaTh HY)KHbIE CHUTHAJIbl JXKUMBOMY opranusmy. Hamm wuccienoBanust 1o
OMOJIOTHYECKOMY KOJAWPOBAHUIO M BUOPAIMOHHOW T€HETHUECKOW OMOMEXaHUKE CONMPSIKEHBI
C OTUM HaIPaBJICHUEM HCCJIEI0BAHUM, B YaCTHOCTHU, YEPE3 IbE30JIEKTPUUYECKHE CBOICTBA,
KOTOpPBIMM HAJIEJIEHbl MHOTME OMOJIOTMYECKHE TKaHW, HAlpUMeEp, KOCTHU, aKTWUH, JIEHTUH,
CYXOXXWJIMS, BBICTHJIKA Tpaxed M  KHUIIEYHUKA, HYKIECUHOBBIE KHUCJIOTHl  KIIETOK.
[Tpe3030eKTpUUEeCcKUe CBOICTBA OWOTKAaHEH CBA3BIBAIOT (DAKTOPHI DIEKTPUYECKHX U
MEXaHMYECKUX BO3ACHCTBMM M KOJEOAHMH, a NMOTOMY CIIELHAIbHbIE MAKEThl JIOKAIbHBIX
MEXaHUYECKUX BO3ACHCTBUN, NEpECTpauBalOIIMX WJIM  HCIOJB3YIOIUX  JIOKAJIbHbBIE
PE30HAHCHBIE XapAKTEPUCTUKU KUBOW TKAHU, MOTYT OKa3aTbCS HE MEHEE YCHEIIHBIMH JUIS
pereHepanyy OpraHoB, YEM 3JIEKTPOBO3AEHCTBUS.

OnHoBpeMeHHO HamM paboThl 1O OMOMH(POPMATHKE HMMEIOT MPSIMOE OTHOLICHHE K
IIPOUCXOJSIIEH B MEIULMHE PEBOJIIOLUU — IIEPCOHAIBHON T€HETHKE», KOTOpas BEIET K
HOBBIM TIOKOJICHHUSIM JHAarHOCTHYECKUX M TEPareBTUYECKUX MPHOOPOB M KOMILIEKCOB. B
2008 roxy >xypHan “Time” B TpaauIlIMOHHOM PEHUTHHIE JIy4IIMX M300pEeTEeHHH rojaa Ha3Bal
o0eIUTENIEM «IIEPCOHATBHYIO TeHETUKY» (pupMbl «23andMey, onepeuBIIyIO0 HAa HECKOIBKO
kopmycoB bounbmioit annponusid komnaigep (http://www.bg.ru/article/7879/). Dra dupma
co3naHa OHH Boiumuxu, xenoit Cepres bpuna, ocHoBarens ['yria. OHa mpepocraBisieT
MHPOPMAIIHIO O TEHETUYECKHX 0COOEHHOCTSIX KIIMEHTOB Ha OCHOBE aHAJIM3a MX CIIFOHBI BCETO
3a $399. IlepcoHanbHasi FeHETHKA BEJICT, B YACTHOCTH, K TIEPCOHATIBHOM (hapMaKOIOTHH.

JloGaBuM, 4YTO MPYKUHHO-MACCOBBIC MOJEIH KOJEOATENbHBIX CHUCTEM, HPOCTEHIINN
IIpUMep KOTOpbIX JaH Ha Puc. 4, B cBoe BpeMms INpHUBEIM K HMHTEHCUBHOMY Ppa3BUTHIO
COBPEMEHHOM TEOPUM COJMTOHOB B PE3YJIbTATE OTKPBITUS TaK HA3bIBAEMBIX COJIMTOHOB
®epmu-Ilacra-Ynama [32]. Peub uner o ToM, 4TO, €CIIM Yy NPYKUH, COEAUHSIOINX IPY3UKH,
3aBUCUMOCTh CHJIBI OT JedopMalMd HAYMHAET HOCUTH CJIETKAa HEIMHEHHBIH XapakTep
(BMecTO JMHEHHOM 3aBUCUMOCTH W3 3akoHa ['yka), TO Takas mpy>KMHHO-MaccOBasi CUCTEMa
CTaHOBHUTCS MPHUMEPOM COJUTOHHON Cpeibl, 1 B HEW HAYMHAIOT MPOUCXOJIUTH KOJIEOaHUsS



CONUTOHHOTO THMA. [I[pUMEHUTENHFHO K OHWOJOTHYECKHM CpelaM W MPYKUHHO-MAaCCOBBIM
MOJIETISIM MOXKHO TIOJIaraTh, 4TO PE30HAHCHASI pacKadyka KoJeOaTeIbHBIX CHCTEM, BEAyIIas K
BO3PACTaHHUIO aMIUIATYJ KOJeOaHU TMPY>KWH, CHOCOOHA MEPEBOJUTH PEKHUMBI NIPYKHUH B
JMana30H HEJIMHEWHON 3aBUCHMOCTH HMX CHIIBI OT JeopMaiiyi U TeM CaMbIM CO37aBaTh
COJIUTOHHBIC CPEJIbI C COMMTOHHBIMU Tporieccamu B HUX. COMUTOHHBIE aHCAMOJIN CTIOCOOHBI
OBITh JIOBYIIKAMH YHEPTHH, MEPCHOCYHKAMU WHQPOPMAIUU U Tp. DHEPTUs, 3aJI0)KCHHAs B
COJTUTOHBI KaK JIOBYIIKA JHEPTHH, MOXET HW3BJICKAThCS B TOM MECT€, TJC HEIMHCHHAS
COJTUTOHHAsS Cpelia TPaHCHOPMHUPYETCS B JIMHEHHYIO Cpely U TEePecTaeT CyIIeCTBOBATh, UYTO
BEJECT K JIOKaJbHOM JUCCHUIIAIIMM 3allaCEHHOW B HEW SHeprud. B Ha3zBaHHOM MOZAENHU
MPY>XKUHHO-MACCOBBIX CHCTEM IS JTOTO JIOCTATOYHO JIOKAJhbHO YOpaTh pPE30HAaHCHYIO
packadyky TpPYXHH, YMEHBIIMB aMIUIMTYyAy WX KOJeOaHWH Mg mepexoia NpPYyXHH B
JUHEHHBIA pexuM aelcTBus 3akoHa ['yka. Ilpumepbl COJMTOHONOMOOHBIX MPOLIECCOB B
YKUBBIX OpraHU3Max JaHbl B kHUTE [33].

[To MHEHHIO aBTOpa, pa3BUTHE COBPEMEHHOW TEOPETUYECKOW OMOJOTHU - KaK BETBH
MaTEMaTHYeCKOTO €CTECTBO3HAHUS - MOXKET HJATH 10 TOMY XK€ IyTH, YTO H Pa3BUTHUE
COBPEMEHHOW TeopeTndeckoil (pu3uku, kKoTopas, cornacHo I1./lupaky, nomKHa pa3BUBATHCS
o ciuenymueMy peuenty. “Hauunams credyem ¢ Kpacugou mMamemamuyeckol meopuu.
«Ecnu ona Oelicmeumenvho Kpacuea, — cuuman Jupax, — mo ona 003amenbHo OKANCemcs
NPeKPACHOU MOOEIbI0 BAMCHBIX UUUECKUX AGNeHUl. Bom u HYJICHO uckamev 3mu a6j1eHus,
PA36UAMb NPUNOIHCEHUS KPACUBOU MAMEMAMUYECKOU MeopUuU U UHMEPRPEemuposams ux Kax
NpeoCKa3anus HOBbIX 3aKOHO8 (PUIUKU», — MAK CMPOUmcs, no ciosam /lupaka, écs Ho8as
Qusuka, u persmusucmckas, u kganmosasy (nurara u3 [34]). B Hamel crarbe mokasaHo, 4To
KpacuBasik MaTeMaTH4YeCKas TEOpHUs COOCTBEHHBIX 3HAYCHHUNW U COOCTBEHHBIX BEKTOPOB
TEH30PHBIX CEMEHCTB MATPHUI] OKa3bIBACTCS MOJEIBI0 BAKHBIX T'€HETHUCCKUX SIBICHUU U
CTPYKTYp, OOHapyKuBasi UX TITyOOKYIO CBSI3b C TEOpUEH PE30HAHCOB KOJEOATEIHHBIX CUCTEM
CO MHOTHUMHU CTETICHSIMH CBOOO/IBI.
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