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FnABA 1. Mone KoaAa

1.1. IPABUNA

Sl XOopoWO NOHMMALD, YTO YMTATb UYyXMe CTaTbW N KHUTN —Ce-
pb€3Hana paboTa, Tpebyowas BpemeHn. 3TO AOPOro A4nsa yeno-
BEKa, 0COBEHHO eC/i OH TBOPYECKUN COCTOATENEH U 3HAET, Kak
W NS yero TPaTUTb CBOWN HeCLLeHHbIN KycoueK Xu3Hu. Moatomy
cnepoBan cnepylowum npasuiam:
— He M3/1araTb U3BECTHbIE YyXXUe paboTbl U MbICAKM, @ MUCATb
NINYHO OT Cebs;
- MUcaTb MAaKCMMAbHO KOPOTKO U SICHO;
- NCNOMb30BaTb TONbKO U3BECTHble PU3nYeckme npeacTas-
NeHnsa U TEPMUHONOTUIO;
— He UCNonb30BaTb MaTeMaTUyecKkne BbIKNaaKuy;
- He NpeACTaBNATb TOrO, B UEM He YBEpEH;
- ANS BCeX runoTtes u maen hopmynupoBaTb NPOBEPOYHbIE
3KCNEPUMEHTBI.

1.2. TMNOTE3A

B cyuwecTBylowem npeactaBneHnn Kog—a3To cuctema Xumm-
UeCKUX 3/1eMeHTOB, OPraHM30BaHHbIX B Creuncryeckyto npo-
CTPAHCTBEHHYIO CTPYKTYPY, KOTOpas cnoco6Ha CaMoBOCMNPOU3-
BOAWTbLCSA, U3BIEKAA IHEPTUI0 1 BELLECTBO U3BHE.

fl npeanonara, YTO NOMUMO NIMHENHOW NocnefoBaTeNb-
HOCTU HYKNEOTU0B YacCTb reHeTUUYecKon nHopmauun cogep-
XXNTCA B NPOCTPAHCTBEHHOW CTPYKType Koaa, KoTopas npv 3Tom
SIBNAETCA UCTOYHUKOM cneumnduyeckoro nons. C ero nomoluybto



ocylecTBNseTCA ynpasneHme c6OpKON OTAENbHbIX 3N1EeMEHTOB
B €AUHbI OPraHNU3M U KOMMYHUKALMUN C BHELLHUM OKPYXXEHUEM.

[locToBepHO yCTaHOBMEHHAs cnupanbHasa CTpykTypa AHK
BbI3blBAeT BOCXWLLEHNE W TOTUYHO NPUBOAUT K 3aK/TIOUEHUIO
0 napannensix c 4pyrummn cnupanbHbiMu WwWegespamm Mpupoabl.
OAHAKo [0 CUX NMOP OHA He UMeeT BPa3yMUTEeNbHOIro 06bACHe-
HWUA CBOEro NPOMNCXOXAEHUS N (DYHKLNWA 1 €N He HAWOoCh Me-
CTa B paboTe MexaHU3mMa HacneaCTBEHHOCTH.

Ho, kak n3BecTHo, lMpnpoaa H1uyero He fenaet BNycTyto. Mpo-
CTO TAK OHA 1 NaNbLEM He WeBENbHET. He 6yaeT, Hanpumep, pas-
pVCOBbIBATb CTEKNA MOPO3HbIMM Y30paMu 1 CO34aBaTb CMpanu
pajun Hawero 3CTeTUYECKOro yAoBONbCTBUA. OHA eANHCTBEH-
HO YMHas Cpean Hac, MHALLMX cebs cynepmeHamu. U He puck-
Hy Jaxe npegnonaraTb, YTO CNMPANM—3TO aTaBU3M U NYCTOU
6arax, nepeBuraembli 3BoNOLNEN N3 TNYOOKOTO MPOLLOTO.
CTonT 3a4ymMaTbCA, UTO CNMPANbHAsA Nepapxmnyeckas reomeTpus
B Mpnpoge 1, B YaCTHOCTM, B TEHOME UrpaeT HEKYI0 OUYEeHb BaX-
HYI0 ponb, ABNAETCA (OYHAAMEHTANbHOW POPMON XKUBOTO.

1.3. lonq rEHOMA

1.3.1. IPOCTPAHCTBEHHAAl OPTAHU3ALIUA TEHOMA

OHK—3To gnmMHHaa nonumepHas monekyna, cocTodawas U3 no-
BTOPAOWMXCA 6€N1KOB—HYyKNeoTnaos. Eé e uenn, opneHTun-
pOBaHHbIE a30TUCTbIMU OCHOBAHUSAMY APYT K Apyry, 06pasytoT
NepBUYHYIO CTPYKTYPY. ITa MONeKyna 3aKpyyeHa No BUHTOBOM
NVHUKX. 3TO BTOPUUYHAA CTPYKTYypa.

OHa ycnoxHsaeTca ¢ yBenuvyeHuem maclwitaba u obpasyet
TPETUYHYIO CTPYKTYPY —CNUPANbHYI0 CBEPTKY BTOPUUYHON. 3a
Hen cnepyeT ele o4HA BUHTOBAA KoMnakTudukaums. x pas-
mepbl nocnefosartefnbHo ysennymnsaroTca: 10 Hm, 30 HM 1 T.4.
ITO BEpXHUE YPOBHU CTPYKTYPbI.

CoBokynHasa gnvHa AHK y BbICLLIMX OPraHU3MOB — OKONO ABYX
MeTpPOB, 1 OHa KOMMAKTHO yNaKoBaHa B A4PO0 K/ETKN AuamMeTpoM
10 MKM B BU/jIe Mepapxnuveckon CTPYKTypbl. BaxHelllee 06CTO-
ATENbCTBO — CNUpPanbHasa KOMNAKTUDUKALNSA HA BCEX YPOBHSAX



opraHvsauum reHoma. 31a YAUBUTENbHAA YNMAKOBKA —He TOSIbKO
CNOCOo6 3KOHOMHO Pacxofo0BaTb MPOCTPAHCTBO, HO Mpexae Bce-
ro o6ecneymBaeT BbINONHEHNE BAXHENLLMX 33434 3aLLMTbI, XpPa-
HEHWA 1 TPAHCNALNMN FTEHETUYECKON NHOoPMaLUN.

BepoATHO, utorosas BHewHss popma AHK—cdepa, npea-
nonarawuas MAHUMYM NOTEHUWANbHON 3Heprun (HacKoNbKo
3TO MOHATUE BOO6LLE NPUMEHUMO B JAHHOM Cflyyae). 3To no-
3BONAET en N30MOP(GHO COXPAHATb YCTOMUMBOCTb NPU BHELL-
HUX BO3AencTBuAX. TakoBa, Hanpumep, OpMa XUAKOCTEN
B «CBOGOAHbBIX YCNOBMAX». BHeWHNEe 6onee pbixnble cnoun 06-
pa3yloT ynpyryw rubky 060104KY, CNOCOBHYIO NOrnowWwartb
BHELIHNe BO34eNCTBNSA, B TOM UNCe NPOTUBOCTOATb TENNOBbIM
hnyKTyaumnam, kak, Hanpumep, pe3mHoBbI MAYUK. MNpu npuem-
NeMbIX YPOBHSX BHELWHUX BO3AENCTBUN LLeNOCTHOCTb reHOMaA
coxpaHseTca. OUeBUAHO, UTO COBCEM UHYIO YyCTONUMBOCTb IHK
AEMOHCTPUPOBanNa, 6yayun pacTaHYTON B IUHUIO.

1.3.2. LC KOHTYP

C no3uuuni 3neKTpomarHeTusama BTOPMYHAs cnupanbHas
cTpykTypa AHK—3TO MHAYKTUBHOCTb, UCTOYHUK MArHUTHOIO
nonsa (M), Kak 06blUHAA KATYLIKA C TOKOM. 3TO e OTHOCUTCA
N K Cneaylowmum BEPXHUM YPOBHAM CNUPanbHOW CTPYKTYPbLI.
TakMm 06pa3oM, MarHUTHOe None—>3To C/IeACTBUE NPOCTPaH-
CTBEHHOW OpraHusauuu.

EmkocTb HK kak 3M1eKTpoMarHuTHom (3M) cuctembl 06y-
CNnoBneHa AByMs NapasnsiefnbHbIMU LLenoYkammn coeuHeHnn, 0b-
Pa3yoLMX TMHENHYI0 Noc/iefoBaTelbHOCTb (aHanor 06Knaaok
KOH/[IeHCATopa), ¥ B3aUMOAENCTBUAMU BEPXHUX YPOBHEN MeX-
Ay cobon.

Takmm 06pa3om, reHOM MOXeT 6biTb YCIOBHO PacCMOTpeEH
Kak nocneaoBaTenbHblN KonebaTenbHbI KOHTYpP C pacnpege-
NEHHbIMKX NapameTpamu. AHaNOTrNYHbIe YCTPONCTBA B TEXHUKE
MMEIT OUYEeHb Y3KY NOMOCY NPONYCKAHUSA U 06bIYHO UCMOMb-
3Yl0TCS B KauecTBe DUAbTPOB. ITO MOXET 06DBACHATH Cenek-
TUBHOCTb BCEX MPOLECCOB, oNpeaensiemMmblX reHOMOM: OT B3a-
MMOAENCTBUI HA MUKPOYPOBHE 10 KOTHUTUBHbIX MEXAHN3MOB



", KaK CneacTBue, rMnepuyBCTBUTENbHOCTb OPraHM3Ma K OKpy-
XeHn. OCO6EHHO APKO 3TO NPOSABMAETCSA B OTHOLWEHUAX POj-
CTBEHHbDIX, T.e. PE30HAHCHO CBSAI3AHHbIX NPOLWbIM 6GUO06BEK-
TOB, AAXe €C/IN OHU HAXOAATCS HA 3HAUYUTENbHOM YAANEHUN.
HaKONMBLINXCS 3KCMEPUMEHTaNbHbIX (HaKTOB AOCTATOUYHO ANs
TAKOro yTBepXAeHUS.

1.3.3. TOKM 3APA10B

BykBbl reHeTuueckoro Koga nocnegoBaTtesibHO BOM/IOWAKTCA
B PHK n 6enku. NMpu 3TOM NponcxoauT nepemelleHmne aneKkT-
POHHOWM MOTHOCTM 33 CYET NEePEeCTPONKN XMMNUECKNX CBA3EN.
M Takux npoLLeccoB MHOXeCTBO. brionornyeckas guHammnka ecTb
ceTb IM-nogLep>KMBaemMbiX GUOXMMUYECKUX peakunin. DakTuue-
CKW 3TO O3HAYaeT NPOTeKaHMe 3NeKTPUYECKOro TOKA U BO3HUK-
HoBeHune 3M nonen (puc. 1).

Takune Nons CyLLeCTBYIOT He TOMIbKO B PeXuUmMe pennunkauuu,
HO 1 B «CcTaTuke». MpUUMHaAMmn ABNSAOTCA aCUMMETPUS 3NeKT-
POHHOW MNOTHOCTK, NYKTyaLUn, AMHAMUYECKNEe BHELWHNe
N BHYTpPEHHME (haKTopbl.

1.3.4. TEHOM KAK NPUEMHUWK-NEPEAATYUK

WHbopmauns, XxpaHuMas B MHEHOW Lenoyke HyK1eoTUaos,
reoMeTpuyeckn CBEPHYTA TakK, UTo o6pasyeT LC KOHTYp, KOTO-
pbli paboTaeT Kak NPUEMHUK-NepesaTumk M curHanos. Ero
3NeKTPOANHAMMYECKAA NOTEHLUNSA CyLecTBYeT B BUAE BHYTPEH-
HUX Monen n n3nyyeHmin. NosTomy reHeTuyeckaa nHdopmauma
MOXET cama cebs TPaHCINPOBATb BOBHE 1 CTAHOBUTbLCA aKTUB-
HOW 6€3 AOMONHNUTENbHbIX YXULLPEHNN. ITO NPUHLUNNANBHO
OT/INYAETCA OT UCKYCCTBEHHbIX CUCTEM, rAe 06bIYHO UCTOUHUK
NHOpMaLMK 1 e€ nepeaaTUnK pasaeneHbol.

NMeHHO BEpXHME YPOBHU CTPYKTYpPbl 06ecrneunBaoT ABYX-
CTOPOHHIOK CBA3b FrEHOMA C BHELWHUM U BHYTPEHHUM OKpYyXe-
HVMeM. ITO MO3BONAET eMy COXPAHSATb YCTOWYMBOCTb U BO3MOXK-
HOCTb NOCNeA0BaTENbHOW 3BOMOLMUN.

3meHeHMs reHoma B nMpoLecce XU3HU OpraHm3ama oby-
CNOBJEHbl HEe TONbKO BbICOKO3IHEPTeTUYECKMMU NOBPEXAEHN-



[iBxeHUA 3apagos Cunosble NMHUK
B Lenouke HK OM nona AHK

Puc. 1. Toku n anekTpomarHuTHole nong AHK



SIMU, HO 11 €ro YyBCTBUTENbHOCTbIO KAk PE30HAHCHOMN 3/1eKTPO-
JVNHAMNYECKOW CUCTEMDI.

1.3.5. CBOICTBA NONEN JHK

XapakTepucTuku nonen (3Heprus, HaNPsAXXEHHOCTb, YACTOTbI
M T.4.) onpeAensoTCca NPOCTPAHCTBEHHOW OpraHu3auuei
CTPYKTYPbl, TMHENHOW LENOYKON HYKNEeOTUAOB U CBA3AH-
HbIMU C HEN PU3NKO-XUMUYECKMMU MPOL,EeCcCammn, BHELWHUMM
N BHYTPEeHHUMM haKTopamu u ux dnyktyauyusamu. Mone AHK
npeacTaBnaeT co60M AUHAMUYECKY O6DBEMHYIO, BEPOATHO,
(hpakTanbHylo CTPYKTYPY.

CTpyKTypa nons opraHu3ma uHausugyanbHa. En cootsert-
CTBYEeT YHUKANbHbI HA6OP COBCTBEHHbIX YACTOT, HA KOTOPbIX
MOTYT HabnAaTbCA PE30HAHC UNWU CUHXPOHM3auun. Hannune
CO6CTBEHHbIX BUBpPaALUA 06DBACHAET CNeunPurUecKyo cenek-
TUBHYIO akTMBHOCTb JHK, PHK 1 6enkos.

fencTtene 3IM nonen OHK npocTupaeTtcs Ha paccTosaHus,
MHOro 60Mbliie MEeXaTOMHbIX. BeposTHO, 3TO 0OAHA M3 Npu-
UuH, nouemy Mr, rny60oKo NPOHMKas B OpraHn3m, 3(pheKTUBHO
B3aMMOAENCTBYIOT C HUM. ITO BOM/OLWEHO B MHOTOYMNC/TEHHbIX
yCMewWwHbIX npubopax.

Mons, n3nyyeHnss U NOTOKU BeLleCcTBa, OPraHU30BaHHbIE
B CMMpanu, UMetoT cneuncdryeckme ceoncTaa. MogpobHoOCTH 06
MX CBOWCTBAX M CNOCO6AX MX FrEHEPaLMM U3NOXKEHbI HIXKE.

1.3.6. MIPUPOAA NONEMN

TepmuH «6uononsa» CTOUT NPUMEHSATb HE B CMbIC/e TOro, UTo
OHWN NPUCYLLN UCKNIOUYNTENbHO BMOMATEPUN U UMEIOT MPUPO-
AY, OT/INYHYIO OT nonewn, 4OCTOBEPHO YCTAHOBEHHbIX HAYKOW,
a TONbKO B 3HAYEHWU TOrO, YTO OHU MNOPOXAAKTCHA 6006 DbEKTA-
MW HapAAY C APYTUMM N3BECTHbIMU n3nyuyeHuammn (MHdpakpac-
Hoe, ynbTpadmonetosoe u T.4.). CerofHsa BnonHe A4OCTAaTOUHO
TeopeTUYeCKMX N 3KCNepPUMEHTA/TbHbIX «PECYPCOB» A5 06DbAC-
HEHUs1 AIBNEHUN, NPoTeKaWmnx B 6Mo06bEKTAX, Y B YUaCTHOCTK
[HK, 6e3 npuBneyvyeHns HOBbIX CYLIHOCTEN.

Mpouecc nepepayn reHeTUYECKON MHGOPMALUN MOXET
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6blTb NepeBeflEH Ha A3blk IM ABNEHWA: Nonen, 3apsao., BU-
6pauun, 4acToT U T.4. M 3TOT «KHOBbIW» B3TNS4 NPUBEAET K ce-
PbE3HOMY MPOrpeccy B reHOMMUKE 1 €€ MPUNOXKEHUAX.

1.3.7. 3nAunc

MPMHATO CUMTATb, YTO CNUPANb FEHOMA B MPOEKLUN, NnepneHamn-
KYNSIPHON K OCU, ABNAETCSA OKPY)KHOCTbIO, HO B IeNCTBUTENbBHO-
CTW OHa NpeAcTaBnseT cobor acMMMeTpUYHYo urypy, 6nms-
KYI K 3n1UNCy. ITO CBA3AHO C aCUMMETPUEei KOMNIeMeHTapHbIX
rpynmn. NUNC COAEPXNT N CO3AAET NONAPHOCTb U PUTM— OCHOBY
no60ro pasBMTUS N CYLLECTBOBAHMS XXMUBOTO N HEXMBOTO. Takas
Xe Tononornsa HabnaaeTcss B TPAEKTOPUSAX ABWKEHUIA NnaHeT
N 3NeKTPOHOB B aTOMax, B XXMBOW npupoe 1 T.4. 3Ta NPOU3BO-
AALAA NOTEHLMIO reOMeTPUS 03HAYAET, UTO CUCTEMA UCMbITbI-
BaeT konebaHusA B BUAE NOC/eA0BaTEIbHOCTM CKaTusi — pacluu-
peHus. Ecnn 3TO NpeAnonoXxeHme BEpHO, TO OHO 6yaeT umeTb
Ccepbée3Hble CNeacTBUA ANA NOHNMAHNA NMPOLECCOB PennnKaumm.

1.3.8. BogA

B peanbHbIX «)KU3HEHHbIX» YCNOBUAX CYLW,ECTBYET TeCHAs B3au-
mocBs3b [IHK ¢ okpyxatowen eé€ BogHon o60novkon. Boga—3to
MaTepuanbHbIN Cy6CTPAT CBA3M reHOMA C «BHELWHUM MUPOMY.
OHa BbICTYMAaeT HEKMM 3aWNUTHbIM CKadaHAPOM reHoMa u Cy-
LWeCTBEHHO MoaynupyeT BHyTpeHHne nona AHK n Bo3gencrene
BHELWHEro OKPYXeHns. 3T0O HANOMUHAET 3aWNUTHbI 030HO-
Bbl1 crion 3emnu. bonee Toro, B pa6ote b. ®exra (Feng B. et al.
PNAS, 2019, v.116, n.35, p. 17169-17174) Ha OCHOBE pe3ynbTAaTOB
NPOBEAEHHbIX IKCNEPUMEHTOB CAENAH BbIBOA O TOM, uTo [IHK He
NMPOCTO NOCTOSIHHO OKPY)XeHAa C/I0eM BOAbI, HO 1 CaMa e€ Cnu-
panbHasa CTPYKTYypa 3aBUCUT OT COCTOSIHUA BOAbI.

Takmm o6pa3om, paboTa reHoMa HepaspbIBHO CBSI3aHA CO
CBOWCTBAMU BHYTpeHHeN BoAbl (OHM NpaKTMUeCKN HeusBecT-
Hbl), KOTOPbIE YPE3BblUANHO BaXKHbI ANA 6€30WN60YHON 1 No-
CTOSSHHOW paboTbl MexaHM3ma pennukauuu. 3To noapasy-
MeBAET, UTO BUOPALMOHHOE YpaBNeHNe reHeTUYeCKMMu nNpo-
Leccamy 4OMKHO BKAOYATb B3aMMOAENCTBME C COBCTBEHHbIMM
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BUbpaLmamm Bofbl. MOXXHO NPOBECTU pAL OUEBUAHbIX IKCNepU-
MEHTOB MO BbIAB/IEHNIO UX PE30HAHCHOWN B3aWMOCBA3MN.

BepHo u o6paTHoe: HK moaynupyeT CTPYKTYpy NorpaHunu-
HOro cnos BoAbl. Mo mepe NpUbNMKEHUs K rpaHuLLe ¢ reHOMOM
€€ CTPYKTypa CTaHOBMUTCA 6onee ynopsaoueHHoON, yTpaynsas
CcTapble cTeneHn cBo60Abl 1 06peTas HOBble.

B n3secTHbIX 3kcnepumeHTax JI. MOHTaHbe (Montagnier
L. et al. Electromagn. Biol. Med. 2015, 34, 106-112) ¢ nOMOLLbIO
BHELHEero MarHMTHOro nNons 6bin OCYLWEeCTBNEH NEPEHOC UH-
hopmaumm oT KOHLEHTPUMPOBAHHbIX 06pasuos AHK Ha BoAay
1 06paTHOE BOCCTAHOB/IEHME FEHOMA. ITO MOXET 03HAUaTb, UTO
BHYTPEHHAS BOAA ABNAETCSH NEPEHOCUNKOM FreHeTUYEeCKON UH-
thopmavumu 1 CBA3bIBAET BCE YACTM TeNa, NepemeLLancb Mexay
HUMK. A MarHMTHOE nofe Co cneunanbHO NOAO06pPaHHbIMUK Xa-
pakTepucTMKamu, B TOM Yncsie ¢ TemMU, KOTOPble UCNOSMb30Ba-
NNCb B onblTax MOHTaHbe, MOXET C/YXUTb AOMNO/IHUTENbHbIM
CpeACTBOM YyCUNEHUSA B3aMMOLENCTBUS NPOLLECCOB B Pa3HbIX
YacTaXx OpraHu3ma.

1.3.9. NNong NAPTHEPOB

Bce npen o nonsax AHK npumeHumbl K €€ napTHEpam — PHK
1 6enKam, KoTopble TOXe nmeloT cobcTBeHHble IM nons. Popma
6MOpP060TOB, XapaKTep UX ABMKEHUN —He abCTpaKTHble naT-
TepHbI, A BONNOLEHNE TeOMeTpuH, 3a CYET KOTOPOWN reHepupy-
loTCA Nons 0cob6on KoHGUrypaumm n obecneuynBaeTca Bbinon-
HeHune PyHKUNUN 3TUX 6MOPo6OTOB.

leomeTputo 6enkos 1 PHK Henb3sA cuntatb OAHO3HAYHO CMn-
panbHoW. OQHAKO B CMNY CBOEW Pa3BUTOCTM OHA OKa3blBAeTCA
TONONOrnYeckn afgekBaTHom cTpyktype AHK. 310 onpenensaer
Pe30HAHCHbIe (CMHXPOHM3ALMOHHbIE) MEXaHU3Mbl B3auMoei-
CTBUN MEXAY HUMMN U CBA3bIBAET UX B €ANHYI0 CUCTEMY. 3TO
Ba)XKHaA naes, B TOM YnC/ie U MOTOMY, UTO MHpOpMaLMa O Nto-
60M 13 YYACTHUKOB NpOoLEcca pennmKkaLmm MOXeT CUMMeTPUY-
HO MCMNOMNb30BATHCSA MO OTHOLWEHUIO K APYTUM.

Takum 06pa3om, aBTOPENIMKALUA —3TO CUHEPTETUYHbIN,
nonesowu, BU6PALMOHHbBIN Npouecc. Bce ero yuyacTHuKM, CBAa-
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3aHHble BOEANHO Yepe3 Pe30HAHCbl U CUHXPOHM3AL MK, NOPOX-
AT HOBOE KaueCTBO — XKU3Hb.

Upe3BblYaNHO CIOXHO YCTAHOBUTb KOPPENaLum mexay reo-
MeTpuen reHoma v UHUILHON hOpMON OpraHn3mMoB. Ho MOX-
HO NPeAnoNIOXUTb, YTO CNUPANIbHAA FrEOMETPUS MOTEHLUNANBHO
NOPOXAAET MOLWHbIN KOHTUHYYM CTeneHen CBO6OAbI Yy yNaKo-
BaHHbIX B HEE BeLECTB, N03B0NAA (DOPMUPOBATb UM MHOXeE-
CTBO NPOCTPAHCTBEHHbIX (POPM.

1.4. SKCNEPUMEHTA/IbHbIE BO3MOXXHOCTU

Monsa n TBOpUYecKne BO3MOXHOCTU Koga MoryT 6biTb NnogBepr-
HYTbl MHOFOCTOPOHHE 3KCnepumeHTanbHoOM npoeepke. OAHAKO
3TO Bblle MOUX CU U BO3MOXHOCTEN, UTO M MOCYXWUO rMaB-
HbIM CTUMY/IOM NY6/MKALWUN JAHHON Pa6boTbl.

[lanee npefnoXeHbl BApUAHTbl 3KCMEPUMEHTANIbHOMO UC-
CnefoBaHMA NONA reHoMa, KoTopble Npu He6OMNbLLION Koppek-
UMM TPAHCOPMUPYIOTCS B METOAbI €ro NPaKTUUYECKOro Uc-
nofib30BaHMS.

Npen 3KCNepUMEHTOB C FEHOMOM COAEPXATCsA U B APYrux
pasgenax.

1.4.1. UTO N3BECTHO

CHavyana CTouT BHECTU ACHOCTb OTHOCUTESIbHO CYTU HEKOTOPbIX
Y)XXe N3BECTHbIX 3KCNEPUMEHTOB M X UHTepnpeTauun. 1 06s3aH
3TO cfenaTb, XOTA ACHOCTb B UTOre MOXeT OKa3aTbCA (hopmMon
MOSTHOTO TyMaHa.

CylecTByeT MHOXeCTBO 3KCNEePUMEHTOB MO MUccefoBaHuto
B3aMMOCBA3U 6MO06DHEKTOB 1 KOPPENnALumn BHyTPMU HUX. ITO
onbiTbl [ypBKYa, KasHayeesa, llonna, fapsaeBa 1 MHOTUX ApYrux
aBTOPOB. Pe3ynbTaThl OMNbITOB UHOIAA NIOX0 BOCMNPON3BOANMDI.
HO NX MHOrOUNCNEHHOCTb, NCNOMb30BaHNe COBPEMEHHbIX CNO-
CO60B perncTpauuv n pag apyrux BaXxHbix 06CTOATENbCTB A0Ka-
3bIBAlOT HEOCMOPUMOCTb (PAKTa CYLLECTBOBAHNA B3aUMOCBA3N.

C Teopuen n TEpMUHONOTMEN AENO 0BCTOUT HECKOTbKO XY)XKe.
34eCb UMEKT MEeCTO 3NEMEHTbl XYA0XKECTBEHHO-(hU3NYECKON
aHapxun. Ho, Kak n3BecTHO, B /Il060M Xaoce eCTb NOPAAOK.
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OpHakKo BCe 3TU Npob6nembl He HOCAT NPUHLUMNANBHOIO
XapakTepa, 1 MOXHO YBEPEHHO YyTBEPXAATb, UTO HBUOXMMMYe-
CKMe NpoLecChbl CONMPOBOXAAIOTCA U3/TYyYEHUEM 1 NOTNOLWEHNEM
3/1eKTPOMArHUTHOWN 1 aKYCTUYECKOW IHEPTUiA, KOTOPble COBCEM
He «MyCOpHbIe» 1 BeCcnonesHble, a CTUMYINPYOT COOCTBEHHbIE
N BHELHWe Npouecchl B buocucTemax.

Mo3TOMYy He AO/MKHO Bbi3biBaTb YAUBAEHUS U OTTOPXKEHUS,
UTO HOCMTENU reHHOW UH(OPMALLMM 1 BCE YYACTHUKM NPOLLECCOB
pennmkaumm UMerT CO6CTBEHHbIE NOMSA, C MOMOLLbI KOTOPbIX
OHU CMHEPreTUYHO B3aMMOAENCTBYIOT. MpU 3TOM YaCTb reHeTun-
yeckon nHgopmaumm obycnoBneHa reomeTpren nx CTPyKTypbl.

B pasgene 1.3.8 ynoMmHanucb pe3ynbraTbl 3KCNEPUMEHTOB
MoHTaHbe No ycnewHomy nepeHocy uHgopmauum ot AHK Ha
BoAy. O6BACHUTD 3TO ABNEHUEe 6€3 NPU3HAHUA HANNUUSA BHY-
TpeHHux nonen y AHK, Ha Mo B3rnsga, HEBO3MOXHO.

f1 HafewCb, YTO NPeANOXEeHHbIE AeN NO3BOMIAT CUCTEMA-
TU3MPOBATb pe3ynbTaTbl MHOMMX M3BECTHbIX 3KCMNEPUMEHTOB
M NPOBECTU MCCNeAOBaHMA NO HOBbIM MeToANKAaM. BO3MOXHO,
3TO 6yAeT CNOCO6CTBOBATb NOSBNEHUIO €AUHON HAYUYHOW Tep-
MWHOMOMUN N KPUCTANNN3aLny TEOPUN.

1.4.2. PACYETbHI

Ba)kHenwwee 3HaUeHNe NPU pacyéTe noneil reHoMa NMerT reo-
MeTpUuyecKme XxapakTepucTuKu:

- AMameTp cnupanu;

- M@XBUTKOBOE PacCTOAHNE BTOPUUHOMN CTPYKTYPbI;

— pasmepbl TPETUUHON 1 BbICIUMX 06pa30BaHNiA;

— opraHu3sauusa cy6CTpyKTYp BHYTPU BEPXHUX YPOBHEW;

— paccTosiHME MeXAy LLenoykamm u nHoe.

BO3MOXHO, UTO reomMeTpusa cCnUpanu —OoTHOLWEHNE ANNHbI
cnupanu, COOTBETCTBYHOLLEN NONMHOMY 060POTY, K €€ AnameTpy
WIN pasmepy CKPYTKMU WK YTO-TO eLLE —MOXET UMETb OTHOLLe-
HUEe K U3BECTHbIM B MPUpPoAe maTemMaThu4yeCcKUm nponopuusam:
«3onoTony», uncnam OGuboHauun, nocnegosatenbHoctTn den-
reHbayma u T.A.

Apyrumu 3HaUMMbIMUM NapameTpamu ABNAOTCA Te, KOTOpble
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MUMEKT 3aKOHUYEHHbI CAMOCTOATE/bHbI FTeOMeTPUUECKUN, X1-
MUYECKNI, CEMAHTUUECKNIA CMbICH:
- pasmep HyK/eoTWa0B;
- pasmep KOAOHaQ;
— pa3mepbl Cy6CTPYKTYP BbICWINX YPOBHEN U UHOE.
CooTBeTCTBYIOWME UM CTENeHN cBO6OAbI onpeaensoT cob-
CTBEHHble BUGPaL MM reHoMa, KOTOpPble B3aMMOCBA3aHbl B eAu-
HY0 BUOPALMOHHYI0 MaTpuLy. leHOM C 3TUX NO3MLUIA ABNSETCA
CNOXHOW MHOTQYacCTOTHOW AMHAMMNYECKOW MallUHOWN.
Co6CTBEeHHble YacToTbl f MOryT 6bITb paccynMTaHbl MO U3-
BeCcTHou chopmyne:
f=L/y,

roe L—pasmep afiemeHTa CTPYKTYpbI,
V—CKOPOCTb pacnpoCTPaHEHUI BO3MYLLEHNS.

3TO MOXeT 6bITb CKOPOCTb CBETA, 3BYKA, ABWXKEHUA 3aps-
JOB WUIM MHOMO NokKa3saTtens. Tak)ke BO3MOXHbl BapuaHTbl pac-
YETA NO IHEPTUAM MEXATOMHbIX U MONEKYNSAPHbIX CBA3€ENn, No
tbopmyne [le bponns, Nno aHepreTMYeCcKm 3aTpaTtam Ha paspy-
WeHMe CTPYKTYpPbl, MO MEXAHUYECKUM XapaKTepucTmkam. B pe-
3yNbTaTe MOXET 6biTb OnpeaenéH CneKTp OCHOBHbIX U MPOKU3-
BOAHbIX OT HUX YACTOT ANS PA3HbIX YPOBHEWN CTPYKTYPbI.
MoMUMO CaMOCTOATENBbHOW BAXXHOCTW 3TUX YaCTOT NHTepec-
Hbl 1 NX B3aMMOCBA3N:
- Mexnay cobol;
- co cnekTpamu nornoweHna AHK, UK cnektpamu n 1.4.;
- C XapakTtepucTtukamu IMI, oka3biBALWMMMN 3HAUMMOE BNTNA-
Hue Ha 6Moo06beKTbl. ECn byaeT 06HApYXXeHO coBnageHue,
TO OHO 6yAeT CBMAETENbCTBOBATb B NOMb3y BO3MOXHOCTHU
pe30oHaHca C BONHOBbIMY XapakTepuctukamm Koga;
— C COH6CTBEHHbIMM YAaCTOTAMU: BOAbI, KNETOK, 3emnu, JlyHbl,
BceneHHomn (Hanpumep penmnKToBOE U3NyyeHue).
Bce 3Tn npeanoxeHna oTHOCATCA K NoNsiM NapTHEPOB: PHK
n 6enkam.

1.4.3. U3MEPEHMSA

1 npeanonarato, YTO ANA M3MepeHUA MNONA AOCTATOUHO
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TexHonorun cekBeHuposaHusa [HK 1 BbICOKOTOUHbIX U3Mepu-
TeNbHbIX NPU60POB. KpOMe HMX B KauecTBe AaTUYNKOB MOTYT UC-
NMonb30BaTbCs 6UOO06DBEKTHI, Pa3NnUYHble PU3NKO-XUMUYECKUNE
npoueccol, B TOM yncne ga3oBble nepexonbl.

OueHb BEPOATHO, UTO Mbl OBHAPYXMM MEPAPXUI0 NONen
C pa3NMyHbIMKU YacTOTaMW, COOTBETCTBYOWUMU PaA3NUUYHbIM
ypoBHAM cTpyKTYypbl AHK, PHK, 6enKoB.

Ponb reHoma onpefensaoT ABa PasnuUUHbIX NpoLecca: akT
OonnoAOTBOPEHUS C MAaPTHEPOM U3 MHOIO OPraHn3mMa u Teky-
Wwas aBTopennnkKaumnsa 6enkos B npoLecce X13Hu. lmHammka
3TUX AENCTBUM N COOTBETCTBYIOLWME TpaHChOopMaLmMm noneu
MOTYT CUNbHO Pa3NYaTbCA NO MHTEHCUBHOCTU U ANUTENbHO-
CTW, HO, BEPOATHO, 6yAYT MMETb CXOAHYIO TOMOMNOIMIO NO CYTH.

NCTOYHUK
nona

Puc. 2. MepeHoc aencTeua o6pasuos AHK c nomMoLLbio BHELWHUX nonen
Ha 06BbEeKTbI: GBMOCUCTEMDI, BELLECTBA, NpoLecchl

OBPA3EL| OBbEKT

M3yuyaTb TaKoW M3MEHUYMBbLIN M alanTUBHbIN 06BEKT, Kak
none reHoma, He BHOCSl NPU 3TOM UCKAXX€HUN B HEro, OUYeHb
CNOXHO. W BCE e Npeinioxy HeCKONbKO BapuaHTOB nccneno-
BaHUN:

- nccnepoBaHme AMHAMUKM NOMIen U U3nyyeHuit B hase Ha-
yana XusHu (B MOMEHT ONMoAOTBOPEHMNA) MO aHANOrUN
C 3KCNEepMMEeHTOM COTPYAHMKOB MaccavyceTcKoro TeXHono-
FMUYecKoro MHCTUTYTA HA NpUmepe MOpcKux 3B€3f (Patiria
miniata) (nogpo6HocTn paboTsl B M. 1.7);

- MOAYNALMA BHELWHMX nonen (IM, akycTMueckoe) v n3nyyeHun
o6pasuamm IHK 1 nepeHoC 3TOro AeNCTBMA HA Pa3/nyHble Be-
LLLeCTBA U NPOLIeCChl, B TOM uncie 6uocuctemsl (puc. 2);

- oTAnume B nonax o6pa3uos AAHK, n3BNeUYEHHbIX U3 opra-
HU3Ma, U HENOCPeACTBEHHO B «pabouyemM COCTOAHUU» BHY-
TpW Hero;

16



- U3MEHEHUS B FeHOME U ero none noj BAUSIHMEM BHELHEro
nckaxenus (puc. 3);

- U3MeHeHue B nose obpasua Koga nocne mameHeHus ero
CTPYKTYpPbI, HANpPUMeEpP Nocne yaaneHna Kakoro-nmbo 3BeHa;

- NCNOMb30BaHMe TeXHUKN KnpnnaH ans maccmBHbIX o6pas-
uos AHK;

- ycuneHne, GOKYCMPOBKA, OTKIIOHEHNE U Apyrue MaHunynsa-
uum c nonamum Koaa;

O6beKT

CocTosAHwue nona CocTtosaHwe nona
6e3 BHelUHero o6beKkTa nocsne NosBneHns obbekTa

Puc. 3. lameHeHMa B nose reHoma noj BANAHNEM BHeLWHero o6bekTa

— U3MeHeHue HanpaBfieHnsa 1 YC/IOBMI NMepeHoca reHeTuye-
CKON UH(hopMaLUN NOL BAUSIHAEM BHELIHEro nons;

— aHu3oTponus nonen o6pa3uosB AHK co CTpyKTYypou, Bbi-
CTPOEHHON B OAHOM HanpaB/IEHUUN; BO3SMOXHO yCuUeHne
3dhhekTa BHEWHUMM NONAMY;

- Hanpas/ieHne BpalleHns Nosns;

- noJie KaK cTosa4yas BOJHa;

- nonsa AHK, Bnusitowme Ha KBAHTOBbIN YPOBEHb: OTK/IOHEHUEe
yacTtuu, andpakuns n T.4.;

- nons 6enkos, PHK n ap.;

- NONA KaK AeTeKTOP ABWXEHWIA 1 BPEMEHHOW ANHAMUKIN FEHOMA;
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— ANArHOCTUKA 3BOMOLUN CTPYKTYpPbl U NONA FreHOMa KOpoT-
KOXMBYLMX O6ObEKTOB METOAAMMU aTOMHOW MUKPOCKOMUN
WNY YEM-TO B 3TOM POAE B PEXUME peasibHOro BpeMeHu;

- reHOM — BbICOKOCe/IeKTUBHasA cuctema. Ero gencrene un uyBs-
CTBUTENbHOCTb BYAYT NPOABNATLCA B Y3KMX YACTOTHbIX UH-
TepBanax. [103ToMy, NpMMeHsA COOTBETCTBYHOLWME AATUNKN
W N3nyyaTenu, ero MOXXHO YBEPEHHO BbiAeNsTb B CNeKTpe
CONYTCTBYWOLWMX Nonen. Hanpumep ¢ NOMOLLbIO N3BECTHbIX
MeTOA0B CNeKTpockonuu. BeposTHO, yaacTca pa3spabo-
TaTb MeTOA NMPOCTPAHCTBEHHOW ANATHOCTUKM, MO Tuny MPT.
W ecnu coBpemeHHaa MPT ocHoBaHa Ha (hMKCaUUn nameHe-
HWUIN COCTOAHMI aTOMOB BOAOPOAA, TO, BO3MOXHO, 1 ans AHK
HaWAETCs COOTBETCTBYIOLMI 3N1eMeHT unm monekyna. ins
3TOro npmemnembl MeToAbl U3YYeHUA MArHUTHbIX MaTepu-
anoB, BeLWeCTB, CoAepXalnx MarHUTHble KnacTepbl, 1 T.4.
B pe3ynbraTe mbl BU3yanu3upyem reHOMHoe none, ero ge-
(hekTbl, HEOAHOPOAHOCTN U T.A. OHO MOXET 6bITb METOAOM
AVArHOCTUKN OTAENbHOW K/IeTKM, OpraHa u opraHusma B Le-
nom. MoXXHO NpeanoNoXuTb, UTO NOME 340POBOr0 OPraHn3-
Ma 6yaeT CyLecTBEHHO OTINYATLCA OT NOBPEXAEHHOIO UK
60NbHOr0. HTEpecHO, 06HAPY)XXUM NK Mbl MPU 3TOM rON0-
rpachnyeckyto CTPyKTYpy, O KOTOPOW Tak MHOrO rOBOPMNIOCh?

- UCcCnefoBaHMe COCTOSIHAN BHYTPEHHEN BOAbl, KOHTAKTUPY-
loLEen C FeHOMOM.

OTKpbITON ANA MeHS OCTAETCs Npobnema NpPsSMOro skcnepm-
MeHTa, AOKA3bIBAILLErO, UTO YACTb FEHETUUYECKON NHGOPMALLUN
COAEPXXNTCA B CAMOWN reoMeTpuYecKon CTPYKType. MoXHO no-
NbITaTbCA AeCTPYKTypupoBaTh IHK 4O NpOCTON NMHENHOWN No-
CnepoBaTeNbHOCTW, BbITAHYTOW B NINHUIO, PACTSAHYB CNUPanbHYio
CTPYKTYpPY C MOMOLLBIO MNONSA, U OLEHUTb BAUSAHME HA Npouecc
pennukauun. Ho A He NpeaAcTaBnsio, BO3MOXHO N1 3TO BOObLe
6€3 HapyLLEeHNs eCTeCTBEHHOMN CTPYKTYPbI LLEeNOUKK. Pe3ynbTaThbl
MOXXHO CONOCTABUTb C N3BECTHbIM AeCTBMEM (hAaKTOPOB, NCKA-
XaKLWNX reHeTUYEeCKY0 MHDOPMALMIO K €€ Nepeaauyy.
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1.4.4. NCNONb30BAHUE 3O DEKTA OOPMbI

Moa achbchekToM hopMbl S MOHUMAKD BO3SMOXHOCTb BUSAHUS HA
COCTOSIHVME N XapaKTePUCTUKN 06bEKTA HEKON BeLLeCTBEHHOW
reomeTpnuyeckomn hopmbl, He ABNSIOLLENCS €ro YaCcTbi, BHELLHEN
MO OTHOLIEHNIO K HEMY. He MMeto BO3MOXHOCTM 1 CMbICNa Npea-
CTaBNATb LLENINKOM BCHO CBOIO OTAEMNbHYIO paboTy, NOCBALLEHHYIO
onuncaHuto 3Toro sppekTa. Humxe N3noXeHbl TE3NCHI U3 HEE.

BHELUHAA OrPAHUYUBAIOLLAA ®OPMA

Mpumepsbl: urypbl XnagHu, Npoueccbl BHyTPM nupamma, poct
KpUCTannoB, ABNEHNA camoopraHusauum u 1.4. CBeXun npu-
mMep U3 6MONOrMnM —3KCNEPUMEHTANIbHO YCTAHOBNEHHbIW 3d-
(heKT nepenporpamMmmupoBaHMA CTBONIOBbIX KNEeTOK B KneT-
KW ApYyroro Tmna nyTém mameHeHus popMbl OrpaHUYMBaloLLEN
NNowWwaaKkn, Ha KOTOPOW OHW BbipawmBanucb. Mpu 3Tom cne-
LuanbHble MONeKynsipHbie perynsitopbl He MCMONb30BANNUCH
(R. Venkatachalapathy et al. PNAS, 2018, v.115, n.21, p. 4741-4750).

T.e. makpodhopma B psiie C/lyyaeB MOXET onpeaensitb CTPYK-
TYpY Ha MUKPOYpPOBHe. Haluu npeacTaBneHnsa No3BonsaoT cop-
MYyNMPOBaTb HECKONbKO BapMaHTOB 06bsICHEHMA 3TOro addeKTa:

- nons Kofa B KONMOHMUAX KNETOK 06pa3yloT eauHy0 NosieByio
CTPYKTYPY M HauMHaOT YyBCTBOBATb OrpaHUUMBatoLmne mx
¢hopmbl. ITO 3acTaBNSAET CUCTEMY MEHATLCS B LLENTOM U B KaXK-
Aol eé yacTu-knetke. CoBeplieHHO HEBEPOSATHO, UTObbI Ta-
Koe BNusiHMe Morno 6biTb pacno3HaAHO OAHOW KNeTKOW. ITOo
CUHepreTUYecknin 3P eKT, NPUBOAALLMUIA K NepPexosy Ha HO-
BbI KQUECTBEHHbIN YypoBeHb. O6beAUHATb KNETKN BMecTe
MOXET, BEPOATHO, TO/IbKO AaNbHOAENCTBYOLEE MONE;

- BUGpALMN 1 U3NTYYEHUS, MOPOXAAEMbIe KNeTKaMm, OTpaa-
0TCS OT CTEHOK hopMbl, BO3BPALLAOTCA HA3a4 U CTUMYNUPY-
0T CO6CTBEHHbIE Npouecchl. 3TO 3hheKT aBTOCTUMYNSALNY;

- BHelHNe BM6pauuu, nonagarwmne Ha orpaHNYnBaoLLyIo
thopmy, hopmupytoT 0co6bIN IHEPreTUYEeCKMn NnaHawadT no
TMny puryp XnagHu.

BO3MOXHO NMOBTOPUTb 3TOT 3h(heKT Ha 6ONbLINX MAcCWITa-
6ax, Aabbl n36exaTb NPeun3NOHHbIX U3MepeHUn. ns 3Toro
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MOXHO MCMONb30BaTb NpeAcTaBuTenen obenx BMAOB MaTe-
pun: 6aKTepumn, 4POXXKU, MOHOKYNBTYPbl MENKNX 06bEKTOB,
KpWUCTannbl, nonMmepbl U T.4. BaxHa 3aBUCUMOCTb 3dhheKTa oT
macwTaba. na ycuneHns opmy MOXHO U3roTaBIMBaTb U3 Ma-
Tepnanos, OKasblBaLLMX CUNbHOE BO3AeNCTBMEe Ha IMN, ¢ va-
CTOTamMu, 6MN3KUMMN K COOCTBEHHbIM BUHPALMAM KNETOK.

Pe3ynbTaTbl 3TUX 3KCNEPUMEHTOB B COBOKYMHOCTU C MHOIO-
UNCMEeHHbIMU OPYrUMU AAHHbIMKW, B TOM YuCNe N MO BANAHUIO
thopmbl Ha HeopraHumueckme CUCTEMbI, NpeACTaBNAT HECO-
MHEHHbIV HAYYHbli MTHTEPEC 1 UMEIOT OFPOMHbIe MPaKTUUYeCcKne
nepcrneKTuBbI.

®OOPMA BHYTPU OBbEKTA

Ecnu ecTb 3dhheKT BHeWHeN orpaHmunsatoLen hopmbl, T He
cnepyeT OTPULLATb BO3MOXHOCTb BAUSAHMA DOPMbl, MOMELLEH-
HOW BHYTPb 06beKTa. BaXKHbl maTepuanbl U pasmepbl hopmbl
OTHOCUTENbHO pa3mepa 06bekKTa.

AKTUBHASl ®OPMA

Ha BHELHIO U BHYTPEHHI0 hopMy MOTYT NoAaBaTbCA pas-
NINYHble BUG6pauUnn, nsnyyeHus. Hanpumep, B N3BECTHOM 3KC-
nepumeHTe XnaaHu Bu6pauum, nogBoaumbie K nnatgopme,
hopMUPYIOT 3HEPreTUUECKU NaHawWwadT 1 NPOCTPAHCTBEHHOE
pacnpegeneHne HaxoAAWErocs Ha Hel cybcTpaTa. XapakTepu-
CTUKM BUGpauun ana ysennueHus s ekTa CTOMT COrnacoBaTb
€O CBOWCTBaMK 06beKTa.

1.4.5. ICNONb30OBAHUE TONONMOIrMN FrEHOMA

CnupanbHad MHOroypoBHeBas CTPYKTypa—eCcTeCTBEeHHOe TOo-
nonornyeckoe CoOCTosiHMe reHoma. Bo3MOXHO, UTO ABNneHus ca-
MOOpPraH13auumy, KOTopble Mbl HabMOAAEM B HEOPraHNYECKOM
MaTepun, BO3HUKAIOT, KOTAa ABVXEHNEe 3Heprum unu sellecTsa
B HEKOTOPOM NPOCTPAHCTBEHHO-BPEMEHHOM «0H6bEMEN» CTAHO-
BUTCA LMKNOUAHLIM N, KaK CNeACcTBME, aKTUBHbIM. OrpOMHbIN
BKflag B MOHMMaAHWe U NPUKNagHoe UCrnonb3oBaHme 3TOro fAB-
neHus BHec B. LWay6eprep.
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Npes cocTonT B TOM, YTO6bI MCKYCCTBEHHO CHOPMUPOBATH
LUMKIONAHYI0 hopMy y NONen, N3nyyeHnm, Puanko-Xxnmmyeckmnx
npoLeccos, NOTOKOB BeLW,.ecTBa U T.4. 3TO NO3BONUT O6UTHCA
pPeBONOLUOHHbIX pe3ynbTaToB B 060UX MUPAX MaTepum.

B npocTom BapuaHTe MOXHO MPOMNYCTUTb CneumanbHoO
CchOpMMPOBAHHOE CMMPaNbHOE Mone Yepes 3TaNoHHbIN 06pa-
3el, MHOpMaLMK M HANPaBMUTb €ro Ha 06bEKT ynpasneHuns. 3To
nosie NN CaMoCTOATE/IbHO reHepupyeTcad HEKUM UCTOUHNKOM,
UK MOXET BbITb MONYYEHO C MOMOLLbBIO CNeunanbHbIX NPUEMOB
(maccuBHble 06pasubl AHK, KaTywka ¢ TOKOM, KaTywWwKu, Npu-
6NMXKEHHbIE K CTPYKTYpEe reHoma, CnupanbHble pe30HaTopbl,
yCTPOWCTBA, hopMuMpytoLLme cnupanbHble nyyku ceeta (A6pa-
MOUKUuH E.T., BonocTHukoB B.T. «CnupanbHble Nyyku cseTa»
YOH, 174, 1273-1300 (2004)).

CywecTBylowmne 6MopeakTopbl, B KOTOPbIX NbITAOTCA BOC-
NPON3BECTW XU3Hb, HA CAMOM Aiefie TaKOBbIMU ABMAKOTCA TOSMb-
KO no hopmynmpoBKe uenn. B HUX NpobyloT CMHTEe3MpPoBaThb
6uomaTeputo N3 HeOPraHWKN Nog AeCTBUEM IKCTPEMasbHbIX
yCNnoBui. BO3MOXHO, TakK 1 6bIN10 NPU 3apOXAEHUN XKU3HU. HO
B HUX HET YCNOBUN peann3auuy cnmpanbHOW TONONOTNK, KO-
Topas nosBuaacb 6narogaps BHEWHEMY «MMNYNbCy» WA Ma-
NOBEPOATHOMY C/lyyato, 3aBEpHYBLUEMY 3TOT «KpyaccaH». No-
3TOMY CTOWUT AOMNOMHUTb TaKne YyCTPOMNCTBA UCKYCCTBEHHbIM
«CMupanbHbIM» (PAKTOPOM B BUAE U3NyYeHUs, GopMmbl 1 T.4.

1.4.6. MPOBNEMbI N3MEPEHMI

JkcnepumeHTbl ¢ Kogom, 6MoM3nyyeHnsiMm naoxo BOCNpomn3-
BOAATCA M3-3a UX UPe3BblYANHON YYBCTBUTENBHOCTU. [l03TOMY
BbIpab0oTKa CTAHAAPTOB U3MEPEHUIA, ONTUMMU3ALMNSA TEXHONOMMI
6yayT BeCbma TPYyAHbIM AefoM.
daKTopbl, KOTOPble HEOBXOANMO YUNTbIBATD:
— KOHTAKTHbIN maTepuan. Peub He 0 KOPOTKOAENCTBYIOLMX
B3aMMOENCTBUAX HA FpaHuLe «maTepuan—cybcTpary,
a 0 CO6CTBEHHbIX BUBpaLMaAX maTepmana, KOTopblie 3a CYET
CMHXPOHM3ALUMN C CAMOOPraHn3yLWUMCca cy6CcTpaTtom Mo-
ryT NPOHUKaTb BrAy6b HEro;
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- rpaHuua pasaena MoXeT NPou3BoAUTbL 3(h(eKT aBTOCTU-
MynsiLuu, Korga Bubpauum, usnyyaemble cy6cTpaTom, oT-
paXxaloTcs OT HEE 1N BO3BPALLAIOTCSA Ha3agd, ob6pasysa Lenb
MONOXWUTENbHOW 06PATHOW CBA3M. ITO MOXET KapANHANbHO
MEHATb BCIO KAPTUHY;

- BU6pauum, B TOM Ynucne 1 MexaHuyeckme, nocTynawLlme ns-
BHe, B TOM UMC/E U Ha 3TanoHbl. OHM MOTYT NPUBOAMUTD K He-
KOHTPONMPYEeMbIM PE30HAHCAM U CUHXPOHM3aLuy;

- BNusiHne popmbl, B KOTOPYIO 3aKNOUEH Cy6CTparT.
fl He COMHEBAICb, UTO 3TOT NepeyeHb AANEKO He UCUepnaH.

Ho Kpome Npo6siem B HEM CKPbITbl MOLLHbIE MOTEHLMANbHbIE
MAEN N BO3SMOXHOCTMW ANt NPOrpecca TeXHONOT M.

1.5. KOANPOBAHUE FEHETUYECKOW NHOOPMALMN

Kak n nuHenHas nocnegoBaTenbHOCTb, BEPXHUE YPOBHU CTPYK-
TYpbl COAEpPXAT reHeTuyeckyto nHdopmauuo. Gusnyeckue
MPUUYMHbBI 3TOFO B TOM, UTO Ha Ka)XAOM 3Tane CKpyumBaHuA
N CKNaabiBaHMA NUHEWHOWN Lenu HYKIeoTUAOB PACcTET UMCNo
COCeACTBYOWUX APYT C APYTOM 31EMEHTOB, YCNIOXHSAETCS B3aun-
MOAEWNCTBUE MEXAY BUTKAMU NEPBUYHbBIX U NOCNEAYIOWMNX CNK-
panbHbIX CIOXEHWN U, KaK CNeaCcTBMe, BHYTPMU 3TOW CTPYKTYpbI
NnosABNATCA HOBble CNOXHble cBA3M (puc. 4). OUeBUAHO, UTO
cnupanbHasa CTPYKTypa u cama no cebe ABnaeTca nHopmaum-
en. Tak, ecTecTBeHHbIM 06pa3oM Bo3HMKaeT Koj 6onee BblCO-
KOro ypoBHs. TpaHcnupytowme ero nons, ycnoxHsAACb, CO34atl0T
BCE 60N1ee C/IoXHble Habopbl 6BMOMHCTPYKLUNIA. BTOpuyHoe, Tpe-
TWYHOE KOAMPOBAHNS NPOM3BOAAT, B NepeBoje Ha Hall NTeKCu-
KOH, MpeAnoXeHus, ab3aLbl, rMaBbl B OTPOMHOW KHUTE XU3HU.

MeXaHU3Mbl XMMUYECKOTO U TOMONOTrNYeCcKoro KognpoBa-
HUA OENCTBYIOT O4HOBPEMEHHO KAk efnHoe Lenoe.

CTpyKTypa reHoma, HeCMOTPS Ha HEKOTOPYIO €€ 06LHOCTb
ANA BCEro XUBOro, UHAMBUAYANbHA AN KAXAOT0 OpraHu3ma.
/I puCKHY NpeanonoXmTb, YTO OHA He OAHA W Ta XXe B pPa3HblX
4yacTAX O4HOro opraHm3ama. Pasnuuume 3aknoyaeTcs, BEPOSATHO,
He B IMHeNHOW NOCNeA0BaTEeNbHOCTM FeHOB, @ B TOHKOW CTPYK-
Type BEPXHUX YPOBHEN.
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Bce snemeHTbl Koga Kak egnHoe uenoe GopmMupyroT 1 Mo-
AYNUPYIOT ero none. B TakOM MHTerpanbHOM KOAMPOBAHUM
YYaCTBYIOT HE TOMbKO «NpOBepeHHble U (PYHKLUMOHANbHO 3Ha-
yMMble» 31EMEHTbI, HO 1 Ta YacTb [HK, KoTopas cunTaeTcs ce-
roAHs KMYyCOPHOW», NACCMBHbIM 6annacTom. Mo KpanHen mepe,
B XPAHEHUMW 1 TPAHCNALMUKN MHGOPMALMK OHA UMEEeT TaKue xe
npaBa, Kak 1 «rnonesHas» yacTb. (N 3To coBcem He «TéMHas Ma-
Tepusa», KOTopas 6bifa NCKYCCTBEHHO poX/JeHa Ans cornaco-
BAHWA TEOPUYN C IKCNEPUMEHTOM.) [eHOM —3TO eAnHAs BO BCeX
CBOUX MPOABMEHNAX MALUNHA XU3HU 6e3 NUILHUX AeTaneun.

MHOXeCcTBEeHHOCTb HocuTenen AHK (eé cogepxart Bce
KMNeTKU OpPraHn3ma) MHOrOKPATHO YCUNMUBAET HAAEXHOCTb
XpaHeHUs, yCTOMYMBOCTb, @ FMAaBHOE —TOYHOCTb Mepefavu.
I3BECTHO, UTO CYMMApPHbIA CUFHAN MHOXeCTBA OAMHAKOBbIX Ne-
pefaTunKoB C NABAKWMUMUN XapaKTepUCTUKaMn 6onee TOUEH,
yeMm CUrHan oT OTAEeNbHOro NepeagaTunKka M3 3TOro MHOXEeCTBaA.

[laBHO 0UEeBMAHO, UTO NIMHENHOEe NpeacTaBneHne o Koge
NMPUHLMNNANBHO HE MOXET BMelaTb B ce6s COXHY0 nepap-
XUI0 CMbICNOB, NMPUCYLLUX XUBOMY. [T0O3TOMY OHO HE MOXET 06-
HapyXuTb B Koge rmaBHOro—rae B HEM AArywka, gyé unm ye-
nosek. Mpegnaraembln reOMeTPUYECKNIA U NONEBON NOAXOA
K KOAMPOBAHMIO MOXET CTaTb BO3MOXHbIM CNOCOH6OM paspelle-
HUS TaKUX Npobem.

Hano BBOAUTb MHDOPMALIMOHHbIE TOMOMOrNUYECKe mepbl,
KOTOpble MOTYT ONMUCbIBATb B3aNMOCBA3AHHYO nepapxnveckyto

CTPYKTYpY AHK.

1.6. INUTEHETUKA

InureHeTrKa N3ydaeT Hacnegyemble N3MeHeHUs1 B (heHoTuUME,
MEeXaHN3M BO3HUKHOBEHUSA KOTOPbIX HE CBSAI3AH C U3MEHEHUAMM
ncxogHom nocnepgoBatenbHocTn AAHK. Takne nsmeHeHns moryT
COXPAHATLCA NPU AeNeHUN KNeTKN B TeYEeHNe BCen €€ XKU3HU
M nepefaBaTbCs NOCAeAyoWMM nokoneHnsam. Npm asTom ncxoa-
HasA nocnefoBaTeNbHOCTb FEHOB NMHENHbIX yyacTkoB AHK ocTa-
€Tca Hen3meHHow. MpeanonaraeTcs, YTo 3TOT NpoLLecc 06yCcnoB-
NneH n3MeHeHUsMK B npoduse aKcnpeccum reHoB. Ho nofo6Hble
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06bACHEHNA OTHOCATCA CKOpee K CNeACTBUAM, OCTaBNAS NpUUn-
Hbl HEPACKPbITbIMU. AB/IEHUS 3NUTeHETNKKN, PAcNpoCTPaHeHne
XWU3HU B NPOCTPAHCTBE, OCBOEHME €0 HOBbIX AMana3oHoB u-
3MYECKMNX YCNI0BUIN, BOSHUKHOBEHMWE N Pa3BUTME PA3/TMYHbIX BET-
BEW XWU3HW, Apyrue yyaeca XXMBOro He MOTryT 6biTb 06BACHEHDI
C NO3MUMI LUEHTPANbHOW AOMMbl U OTHOCUTENbHO XECTKOW Ni-
HENHOW YacTn reHoma. OHa He MOXeT 6bICTPO U FT’MBKO pearnpo-
BaTb HA BHELIHWE Bbi30Bbl, UMEET HU3KNA BHYTPEHHUNA MNOTEH-
LMan pa3BUTUS U OCTAETCSA HEU3MEHHOW B 0ObIUHBIX YCOBUAX
N B TeYeHne ANUTEeNbHOro BpeMeHu. B 3Tom cmbicne e€ Boobuie
TPYAHO UAEHTUMULMPOBATD KaK «OKUBYIO» CUCTEMY.

Ho chaKkTMueckmn anureHeTMUYeCcKme sBNEeHUs 03HayatoT, UTo
noj BO34eNCTBMEM BHEWHUX (DAKTOPOB XapaKTePUCTUKMN re-
HOMa MOTYT AOBO/IbHO 6bICTPO MEHSATbCA, NpUcnocabnmusBasnch
K BHELHUM BO3ENCTBUAM.

Mo MoeMy MHEHUI0, 3TO NPOUCXOANT Uepe3 U3MeHeHue cna-
6blX CBA3EM BEPXHUX TMOKNX YPOBHEN KOAMPOBKK. CHavana me-
HAOTCSA MEXCNUpanbHble CBA3M COCEAHMX YYACTKOB Ha Pa3HblX
YPOBHSAX, PACCTOSIHUS MEX Y HUMU, OKPY)XeHNEe HYKNeoTW/10B.
N KoNb 3TO NPOM30LLO, TO OHM 3aKPENNSAOTCA U B Aa/ibHENLEM
HacneaylTCs B TEYEHWE XKN3HU, eC/IN, KOHEYHO, He MPOUCXoANT
HOBbIX U3MeHeHWN. [pn 3TOM NMHENHaa NocneaoBaTeNbHOCTb
OCTAETCA OTHOCUTENbHO CTAOGUbHOW. ITO O3HAYAET, UTO NTIUHEN-
Haf yacTb reHOMa BO BCEX YaCTAX OpraH1M3ma ofiHa 1 Ta e, a To-
NONOrua BEPXHMX YPOBHEN MOXET pa3nuyatbcs. W 3To 3aBUCUT
OT BO3EeNCTBUIA, KOTOPbIM NOABEPranacb Ta UK NHas 06nacTb
Tena. Mpn 3TOM U3MeHeHUs CTPYKTYpbl reHOMa Aaxe B /IOKafb-
HOM 061acTy 3aKPennATCA B «NOIEBON NAMATK» BCEro Tena.

Yepes annTenbHoe BpemMsa KONMMUYECTBEHHble U3MEeHeHUs
B BEPXHUX YPOBHAX HAKaNIMBATCA U 32 CUET NepecTPOKN
XMMUUYECKMX CBSA3EN CKAUKOM NMepexoasT B KaueCTBEeHHble —Ha
ypOBeHb NUHeNHoro Koaa. finanekTuyeckunm matepuanunuim
B Aencteumn! Yepes uenb 06paTHON CBA3M 3TO aBTOMATUUECKM
MEHAET 1 TOHKYI0 BEPXHIOK CTPYKTYpY. U Tak no Kpyry.

Mpn 3TOM NMHENHas Lenb, 0OCTaBasCb HEU3MEHHOW, Mo-
CTOAHHO KOpPPEeKTUpyeT BHeWHue uameHeHus. Ctpemscb
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NUCKNIOUYNTb UX BIUAHKE, OHA CTabuNm3npyeT Nons BepXHUX
ypoBHeWn, uTo no3sonseT Koay COXpaHATb cebs. 3TO MexaHu3m
«reHeTUYECKON MMMYHHOW CUCTEMbI», 1 OH HaBEPHSAKA TECHO
CBSI3aH C MMMYHHOW CUCTEMOW OpraHnM3ma, KotTopas CoCTOUT U3
BPOXAEHHOW 1 npuobpeTéHHo (aganTueHoW) noacuctem. fe-
HOM «NOAO06HbIM» 06PA30M COCTOUT W3 XECTKOW, HEU3MEHHON
B TEUEHUEe XU3HW COCTaBNAOLLEN, BONMOWEHHON B NMHENHOWN
nocnefnoBaTeNlbHOCTU HYKNEeOTUA0B, U MATKOW afanTUBHOM
TOMONOrNYecKomn 4YacTu. U MmyHHas, 1 reHeTnveckas cucTe-
Mbl BbIMOJTHAIOT, NO CYTU, OAHU U Te e PYHKUUMN N NCNOSb3Y-
0T MPU 3TOM CXOXWEe aNirOPUTMbl B OTHOLLIEHUSAX OpraHu3mMa
C BHelWHen cpeon. BO3MOXHO, Ha 3TOM NleKCcMYyeckoe CX0ACTBO
1 3aKaH4YMBaeTcs. Ho ManoBeposTHO, uTo Mpupoaa ycTpansaeT
yacTy OQHOrO 1 TOrOo e pa3HbiM 06pa3om. Takoe pacTounTeNb-
CTBO e/l He CBOWCTBEHHO. YHUBEPCANbHOCTb €€ —3T0 Cnocob
3KOHOMUTb, NCNOMIb30BATb BCE JOCTYMHbIE PeCcypcChbl 1 3BONMIO-
LMOHHO BbICTPadaHHbIA MeToA 3aluTbl OT HEYCTONUYNBOCTMN.

f1 He MEIo LEeNblo 06CYyXaaTb 3Ty CBA3b NOAPO6HO. HO oue-
BUAHO, YTO €CNKN «MOMeBan» KoOHUeNUusa reHoma 6yaet addek-
TUBHA AN reHeTMUYEeCKOW COCTaBNAIOLLIEN, TO FapaHTMpPOBaHa eé
NONOXMWTENbHAS PONb B MOHUMAHUN APYTUX CUCTEM OpraHM3ma.

[eHOM —3TO FMOGKMWIA, HO MPW 3TOM UYpe3BblUANHO YCTON-
UMBbIN MexaHM3M. CoXpaHAs CBOI LLeNOCTHOCTb 3a CYET rno-
6anbHO YCTOMUMBOMN CNUPANIbHOW CTPYKTYPbl, OH BMECTe C TeM
JEeMOHCTPUPYET CNOCOBHOCTb K U3MEHEeHNsIM. 3TO No3BonseT
BbI)XMBATb B 3BOIOLMOHMPYIOLLEM, U3MEHUMBOM MUPE. UIMEHHO
BEpPXHME YPOBHM FreHOMA OTBETCTBEHHbI 332 BO3MOXXHOCTMN pa3-
BUTUSA, 3@ 6oraTcTBo 6MomaTepun. Ecnm 6bl 3TOro CBOMCTBA He
6b1N10, TO HEKOMY 6bIN0 6bl €r0 Cenyac 06CyxaaTb.

B nuHenHON nocnenoBaTeNbHOCTM reHOMA HET YUYacTKOB,
KOAMPYOLWNX HEM36EXHbIV KOHEeL, OpraHn3mMa, HeT BCTPOEHHOM
nNporpammbl CTapeHns, N3HaYaNbHO HET NPeAnoCbINOK CMep-
TN, KOTOpas BCE e HenzbexHa. BO3MOXHO, OHAa HaumHaeTcA
C pa3pyweHus, aerpajauuu, pas3noxXeHna BePXHUX CTPYK-
Typ. 3To Hanbonee nerko gecopmmpyembie anemeHTbl Koga.
«OWwmn6KM» 1 c6on Koga NnponcTeKkatoT N3 caMo3aMKHYTbIX ne-
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TeNb U Lenei BbICWWX YPOBHEW KOAUPOBAHWSA, NOABEPTraemMbIX
HeyCTaHHbIM aTakam U3BHe. ITO B YEM-TO CXOAHO C Npouecca-
MW, MOAOTYETHLIMW BTOPOMY Hauany TepMOANHAMUKMN.

PaspyLueHne BepxHen CTPYKTYPbl MOXET MPUBOANTD K NoTepe
yacTu Kofa, ero MCKaxxeHuto, pacnagy nonen u, Kak CneacTeue,
c60sM B paboTe OpraHnM3ma Kak LenoCTHON CTPYKTYPbI, CHIXKe-
HWIO aKTUBHOCTM NPOLLECCOB PennKaLmm, HapyLeHnsam B obme-
He C BHeWHen cpefion, noTepe yCTOMYMBOCTM U TMOKOCTU U T.4.

PasymeeTcs, NMHeNHbIN Kof ToXe NoABEpPXKeH Aerpagauuu.
E€ npvyMHaAMM MOTyT 6bITb 3KCTPEMAbHbIE BHELWHNE BO3AeN-
CTBMS M NOCTENEHHan Aerpajauns BepXHUX ypoBHeN, TpaHCIM-
pyemas 1 3akpennsiemas Ha YpOBHe IMHENHON YacTu.

YTO MOXHO N3MeHUTH? OueHb BaXKHO, UTO 6opbba C Hera-
TUBHbIMW BO3AENCTBUAMU, CO CMEPTbIO HAXOANUTCS B pycrie co6-
CTBEHHOM 3BONMOLUMOHHONM cTpaTerun Koga. Mo3atomy mbl Bnpa-
BE 0XWAATb OT HEro COK3HNYECKUX OTHOLIEHMIN 1 NOACKA3OK.
MHOroe MOXHO cienaTb B YaCTU NOAAEPXKAHMS U BOCCTAHOBe-
HUS CTPYKTYpPbl BEPXHUX YPOBHEN NYTEM MMUTALNUN N ABTOCTM-
MYNALMN UX COBCTBEHHOW TONONOTUN.

1.7. AMHAMWKA FEHOMA

Y BCex TUNoB 6enKoBbiIX PO6OTOB N KNETOUYHbIX obuTaTenen
eCcTb 06LW,asn MaTpuL,a PUTMOB, KOTOPYIO MOXHO, BEPOATHO, ONK-
CaTb HEKMM 3aKOHOM. 3Ta CBfiI3b NPOCTMpaeTCca B 06a Hanpas-
NeHnA: BHU3 K MUKPOMUPY 1 BBEPX K MAKPOYPOBHIO. Putmunye-
CKas AMHAMMKA JOMKHA HabnogaTbCs My Nonen reHoma. 31o
HaBepHsAKa Mbl YBUAMUM B 3KCMepumeHTax. 3ToO OCHOBa AfA BU-
6paLNOHHOIr0 PE30HAHCHOIO YyNpaBeHus.

JnHamuka nonen reHoma onpegenseTca He TONbKo usn-
KO-XUMWUYECKUMUM NpoLieccammn peninkawumnm, Ho u nogaep)xxunsa-
eTCs TenN0BbIM XaoCOM, ABUXKEHNEeM OpraHu3MoB, BHELWHUMU
Bo3gencreusmu n 1.4. AHK B HOPManbHbIX YCIOBUAX—3TO KPYy-
Xawaaca cnupanb n3-3a 6POYHOBCKOIO ABMKEHUS UMW UHbIX
NOTOKOB. [103TOMY CyMMapHOe rnofe reHoma UMeeT C/I0XHYI0
AVHAMUNYECKY0 KOHUrypauno, B KOTOPON KpoMe CO6CTBEH-
HbIX KONe6aHUN eCTb eLwe N BHEWHE NHAYLMPOBAHHbIE.
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HekoTopble cneacTBus:

- reHoM—3To npouecc. M 3To coBcem nHOe npeacTaBneHune
0 HEM, HeXXenn 0 CTaTUYHOW NTMHENHON CTPYKTYpe, HocuTe-
ne Bcen UHopmauum o XMBom. OH MOXeT 6bITb Nanou, UIun
MaMou, UK eLEe KeM-TO, HO He BCEM Cpas3y;

— AHK, PHK n 6enkun HaxogaTcs B MOCTOAHHOM [ABWXeHUN,
KOHTPY3HTHOM UX CTPYKTYype. X 4acTOTbl —3TO «rapMOHU-
yeckoe» pasfnoXeHne HeKOro OCHOBHOTO TaHL,A HA NPOCTble
cocTaBnsowme.

Takomn BanbC XWU3HU Habnaancsa B BaXXHOM, HO Mano 3a-
METHOM 3KCNepuMeHTe, NPOBEJEHHOM HeJJaBHO COTPYAHUKAMM
MaccauvyceTcKoro TeXHONOrMYeCckoro MHCTUTYTA Ha Npumepe
Mopckux 3B€3a (Patiria miniata). )Xn3Hb HauMHaeTcs C 3ara-
JIOYHbIX BOMHOBbIX BO3MYlLEHNN. Koraa anuekneTka onnojo-
TBOpPSieTCsA, MUNInapabl 6eNKoB pa3neTalTCcs NO Hen, npu
3TOM BO3HMKAeT cnupanbHoe BOMHOBOE SIBleHUe —HeUTo BPO-
[le BOJIOBOPOTA UM 3aBUXPEHUS], KOTOPOe MOXeT 6biTb yHAa-
MEHTANIbHOW YaCTbl0 3aPOXAEHUS XKNU3HU. ITOT TaHeL — Clea-
CTBUE CNMPANbHON (hOPMbl FEHOMA M MOPOXAEHHOIO €10 Nons.
B MOMeHT onnogoTBOPEHNSI TONONOrMYECKN OpraHu3oBaHHas
3Heprusa nons BbICBOH6OXAAETCs, 3aXBaTbiBaeT B 060pOT MacChbl
6eNKOB M NOpPOX/JaeT CAaMOBOCNPON3BOANMOE, KOHFPY3HTHOE
camomy cebe ABMKEHME.

f1 He aymato, UTO xaoTuuyeckne Bubpaummn Koga—ato 6ec-
CMbIC/TEHHbIN CMeX HajJ CO6CTBEHHbIM BennumeMm. 3Tu Koneba-
HWUS CNyXaT 4na ero afjanTauum u CUHXPOHMU3ALUN C N3MEHSA-
olencsa BHelHen cpeaon. OHM obecneunmBaloT rNo6anbHyHo
CBSI3b M MHTErpaLuo Mexay BCeM W BCA, AMHCTBO OpraHn3ma,
€ro yCTonunBOCTb. ITO No3BonsAeT Koay, MeHAsACh, BbIXXKUBATb.
TennoBoOW xaocC NO3BONAET 3TOW CBEPXYMHON MallMHe Henpe-
pbIBHO NPOLWYNbIBATb U aKTyann3nMpoBaTb OKpyXatolee npo-
CTpaHCTBO, paboTas, Kak pagap 3[ o63opa. MNog akTyanusa-
LMen NoOHUMAeTCs NPoLecc akTMBaLUM 1 NPOCTPAHCTBEHHON
OpUEeHTauMmn CoefNHEeHNI, HeobXoaMMbIX AnA paboTbl Koaa.

Ho aymato, UTo 3a 3TUM CTOUT eLe HeuTo 6onee BaXHOe...
HenaeanbHOCTb CNMPANbHOW CTPYKTYpbI (ONucaHa Bblle) 3a-
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KNtouaeT B cebe NOASPHOCTb U NPOU3BOAUTENDBHYIO CUAY. 3a
CYET HEeé 3Heprma HeynopsAoUYEHHOro TeNnnoBOro ABMKEHUS
TpaHcopMMpyeTCs B BbICOKOKAUECTBEHHYIO SHEPruto npouec-
COB pennunkaumm n nx NPpoAyKTOB. ITO MOXHO ONUCATb, COMO-
CTaBMB PUTMbI BeWECTB—Y4YaCTHUKOB Npouecca pennnkaumum
M 4acTOT MOMEKYNSAAPHOIO Xaoca.

JTa runoTte3a Tem 6onee He JO0MKHA 6biTb YAUBUTENbHON
JINS XNBOW CUCTEMbI, NOCKONbKY 611M3Koe No hru3nyeckon npu-
poje ABneHne 06HAPYXeHo B HeopraHuyeckom mupe (B ceepx-
UMCTbIX KPUCTANIMYECKMX MATEPMANAxX Ha HAHO- U MUKPOYpPOB-
He) Kak a3 eKT 6aNNUCTUUECKOro pe3oHaHca. DakTUYeCKn OH
03HAuyaeT, UTo TEMNNO MOXET TeUb OT XONOAHOTO K ropsivuemy.

[eHOM YCNOBHO MOXHO NPeAcTaBUTb KaK AMMHHbIN CIOXHO
yNaKoBaHHbIN B MPOCTPAHCTBE COMEHOUA, N0 KOTOPOMY Mpo-
TeKaeT 3NeKTPUUYECKU ToK. ECnm Teno —HoCMTeNnb reHoma Ha-
XOAUTCA B KAKOM-NM60 ABUXEHUUN, TO OHO HEN3BEXHO Nepece-
KaeT NIMHUN MarHUTHOro nons 3emnu (peyb 0 CyMMapHOM none:
reoOMarHWTHOM, aHOMaNibHOM, BHelHeM). OuU3nyeckn 3To Npu-
BOAMT K TOMY, YTO B FeHOMe WHAYLMPYIOTCSA OOMONHUTENbHbIE
3C 1 TOK, UTO B CBO O4Yepefb MOXET CTUMYIMPOBATb aKTUBa-
LU0 TEHEeTUYECKMX NPOLLECCOB.

B 3TOM CMbiCne, BEPOATHO, CyWeCcTBYeT CBA3b aKTUBHOTIO
06pa3a XU3HU HOCMTEeNsl reHoOMa, NPMBOASALLErO K MHOTOKpaT-
HbIM NepeceyeHnsaImMm CUNOBbIX TMHMUI MIT 3emnu, C reHeTUYeCKmn-
MK npoueccamu. N neBns «[BUXeHNe —3TO XNU3Hb» 3BYUUT YXKe
He NMPOCTO KakK /O3YHT. M0 3TON e NpuYnHe, HaNnpumep, mar-
HUTHble BYPU MOTYT UCKaXaTb He TONbKO IM3UKO-XUMUYECKMe
npoLeccbl 06MeHa, HO U reHeTUYeCKMe NPOLLECChl pennnKaumu.
MarHuTHoe none 3emnun ABNAETCS AHTPOMNOTreHHbIM (haKTOPOM
He TONbKOo ANs Ten 6UMO0H6BHEKTOB, HO U ANA reHoma. 3To 06CTo-
ATeNbCTBO NOATBEPXAAET rMNOTE3Y O HANMNUMK NepapXmmn cob6-
CTBEHHbIX MOJeln Ha BCeX YPOBHAX OpraHn3aLmm opraHu3mos.

Micxoas M3 3TOW KOHUEeNuun, MOXHO pa3pabaTbiBaTb pas-
NAYHbIE WCKYCCTBEHHbIE UCTOUYHUKKU MM gna msbupatenb-
HOW aKTMBALLMKU FreHeTnYeckux npoueccos. CKOpocTb nepe-
MeL,eHNs UCKYCCTBEHHbIX NOoMe OTHOCUTENbHO 06DbeKkTa
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M UX UHTEHCUBHOCTb MOXHO paccymTaTb UCXOAS U3 TOMONO-
FMN FeHOMA, MPUBbIYHbIX 3HAYEHU CKOPOCTEN NEPEMELLEHNN 1
XapaKTepPUCTUK MPUPOAHbIX Nonewn. Ina Hayana 3T0 MOXHO 3KC-
nepuMeHTanbHO NPOBEPUTb HA KOPOTKOXMBYLLMX BMOOH6BEKTAX.

AKTUBHOCTb Kofila 1 ero npon3BoanTeNnbHOCTb ONpefensaoT-
CSl €ro ABMKEHNEM.

1.8. PACNPOCTPAHEHME FEHETUYECKOI MHOOPMALUN

1.8.1. JANbHOAENCTBUE

O6LEeNnpPUHATO, UTO reHeTUYecKas MHGMOPMALNA COAEPXKNUTCSA
B NIMHENHON Lenoyke HYKNeoTUAOB U TPaHCIMpyeTCsa yepes
«KNACCUYECKUA» XUMUUYECKUI MEXAHNU3M pennnKaumun. Ho B Ta-
KOM c/lyyae AafbHOCTb AelCTBUS MH(OPMALMN OFpaHNUYMBaA-
nacb 6bl TONIbKO PAANYCOM MEXATOMHbIX U MOJTIEKYNSAPHbIX CBSA-
3ei. Ho (hakTnyeckn oHa TPaHCNPYETCA OT KaXA0ro HocuTens
Kopa Ha cyw,ecTBeHHO 60Mblune, MaKpOCKOMMUecKne paccTos-
HWA, YTO 1 NO3BONSET OPraHM3My NOCTOSSHHO BOCMPOU3BOAUTb-
csi. M 1 MHble Nons, B OTAWUYME OT aTOMOB U MOJEKYN, UMeT
AANbHOAENCTBYIOWMI XapaKTep, YTo NO3BONSAET UM 06besun-
HATb B eANHOE Lenoe 60blumne NPOTSXEHHbIE KONNEKTUBDI, 3a-
HUMatoLWMe cyLecTBEHHO 60MbluMe NPOCTPAHCTBA.

[lanbHoAencTBMe NPOsSBNAAETCA KaK B3aMMOAENCTBMUE nonen
reHOMOB MeXJy CO60M Ha 3HAUUTENbHbIX PACCTOSHUAX. ITO
npoucxoauT 6narogaps CBONCTBAM reOMeTpPUN BEPXHUX YPOB-
Hen, nopoxaatuen IM nons u U3nyYeHus, HenoKasbHble Mo
CBOEN npupogae.

1.8.2. MonA: UHTErPALLUA B OPTAHU3M

C hn3nueckom TOUKK 3peHns, reHoM —3TO ABONHAA ANHAMUNYe-
CKas MarHMTHasa KaTyllKa, B KOTOPOW CYLECTBYIOT B3anMogen-
CTBUS N yCTONUMBAA AMHAMUYECKaa NHTepdepeHUns mexay
OTAEeNbHbIMY BUTKAMU Ha BCEX YPOBHAX CMUPANbHOW CTPYKTY-
pbl. 3a CYUET 3TOro BCA MOCNEA0BATE/IbHOCTb 3/IEMEHTOB FeHO-
Ma CKfieeHa BoeMHO. OTO NPUAAET enl yCTONUMBOCTb 1 CNOCO6-
HOCTb K AUHAMUYECKON KOPPEKLUN CBOEro COCTOAHNSA B Clyyae
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BO3HUKHOBEHMWA HELWTATHbIX CUTYaLuUiA B N1060M 13 3BeHbeB. 3a
CUET BCTPOEHHOMN BHYTPEHHEN MHAYKTUBHOCTMN N060E N3MeHe-
HUe B NIOKaNbHON 061ACTU FEHOMA 3X0-CUIHA/IOM Pa3HOCUTCA
He TONbKO MO OTAENbHOMN KNETKe, HO 1 N0 BCEMY OPraHnU3My.

OTaenbHble reHeTUYeCcKMe pasbl U Aaxe NpPesoxeHns
NUHENHOW Lenu He MOryT pacCMaTpMBaTbCA KakK M301MPOBaH-
Hble U CAaMOCTOATEeNbHbIE MO CMbICNY M 3aJayam. Kaxpaa u3
HUX—3TO OAHOBPEMEHHO N MHMOPMALMUSA, U NPUEMHUK-TIEpe-
AaTuuK. Tak pa3Hble 061acTM 0OMEHUBAKOTCA UHOpMaLNeN,
hopmupys egnHyto nonesByto KapTuHy. CymMapHO OHUW copep-
)KaT NNaH BCero opraHm3sma.

ABTOpennMKauma —3TO CUHEPreTUUHbIN, NONeBon, BUHpa-
LMOHHbIN Npouecc. Bce ero yyacTHUKM, CBA3aHHble BOEANHO
yepes pe30HaAHCbl U CUHXPOHU3ALMK, NOPOXAAIT HOBOE Ka-
YeCTBO —XMN3Hb. TN K€ MeXaHM3Mbl rN06aNbHO NPUCYLLM He
TONbKO XMBOMY, HO 1 BCen maTtepuun. CTOUT BCMOMHUTb CNO-
Ba LpeanHrepa: «00HO20 nuwb cedyem npudepxusambcs,
a UMeHHO: Umo e3aumodelicmeue mMmexady MUKpOCKonu4Yyeckumu
¢husuyeckumu cucmemamu KOHmMpoaupyemcs crneyuguyeckumu
30KOHAMU pe30HaHca».

Monsa oT pasHbIX KNETOK M YacTei Tena CUHXPOHN3UPOBa-
Hbl. OHM AEeNCTBYIOT U COXPAHAKTCA, KaK ronorpamma. Kax-
[as KNeTka coaepXxuT nHgopmaumnto 060 BCEM opraHusme. 3T1a
naes He HOBA U BbiCKa3blBanacb paHee bomom, Kanpou, Lpe-
AvHrepom, lesmucom, fllemom n apyrumu. Ho xota 6bl kKakoe-To
BpasymuTenbHoe usnyeckoe 060CHOBAHUE 3TOWN rMMNOTE3bl
BO3HMKAET Npu AONYLWEHUN HANNYNS NONS Y FTeHOMA.

BHyTpeHHMe nons, co3gaBaemble bykBamu andasmTa reHo-
Ma, He MPOCTO MHTErpupyT U COBUPAIOT NX B NPEeANOXeHMUs,
a NPOM3BOAAT HOBbIN CMbIC/, KOTOPbIN HE COAEPXUTCA HU B OT-
AenbHou 6ykBe nnu cpase, HA B NOCNeA0BATENbHOCTYN Lenu-
KoM. Kaxxgas nocnegyowas cnmpanb NopoxgaeT cmbicn 6onee
BbICOKOIO YPOBHS.

MHTerpmpoBaHHble 3@ CYUET pe30HaAHCA U CMHXPOHM3aLUK
nons AHK n eé napTtHEpoB, PHK n 6enkoB, 06pa3ytoT yHUKaNb-
Hbll NoneBon o6pa3 6MoobbekTa—MHTepepeHLMOHHYI0 Kap-
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TUHY B BuAe CTOsiUEl BOJHbI, onpeaensatollen pocT n pas3su-
TUe OpraHnM3mMa v 3BOMIOLIMOHNPYIOLLEN B TeUEHMEe XU3HU. (3To
MOXHO 06HapPYXNUTb, U3MepPAA Kaknm-nn6o ob6pa3om nons re-
HOMA Ha pa3HbiX CTaAMAX pa3BuTua obbekTa.) CymmapHoe
none o6bekTa NONAPM3YeT NPOCTPAHCTBO BOKPYT HEro, MO3Bo-
naAsa emy n3BnekaTtb Heob6xoanMmble NS XU3HU pecypcbl.

BepHo 1 obpaTHoe. CymMapHaa KapTuHA Nons o6bekTa unm
CBSI3aHHOMW KONIOHUM 06BHEKTOB MOXeT 6biTb AeopMunpoBaHa
BHELUHUM OKpPYXXeHneM. ITo, B CBOK o4epefb, MOXET NPUBOANTb
K U3MEHEeHUsIM BHYTPEHHUX Nnonewn u, Kak cneacTeue, CBOWCTB
€Camoro o6bekTa. 3TO BEPHO, B TOM UMCNe, eCNn BHELWHee OKpY-
XeHune npeacTaBnseT cobon orpaHMuMBaoLLyo 06BbEKT opmy
(n. 1.4.4).

KoHeuHO, He CTOUT ynpolaTtb Npob6nemMy KOMMYHUKaLUR
B XXVMBOM OpraHuM3me 4O B3aMMOAENCTBMUA TONbKO nonen. Het
HUKaKNX OCHOBAHWI UCKMOYATb Apyrue BapuaHTbl. Hanpumep
NPUHLAN UHAYKLWW MO TUNY nasepa. Ho HU 0AWH U3 HUX, KpoMe
MoNeBoro, Noka He MoXeT 6bITb PACCMOTPEH Kak hunsmnyeckas
O0CHOBA NflaHa pa3BMTNUSA OpraHn3ma.

YacTb BO3MOXHbIX 3KCMEPUMEHTOB MO NOATBEPXKAEHUIO U3-
NOXEeHHbIX rMnoTe3 npeacrasneHa B n.1.8.2.

1.9. COXPAHEHUE KOpAA

Llenb coBpeMeHHON MeaANLUHbI —NOoAAEePXaHNe Tena B ucnpas-
HOM COCTOSIHUW. U XOTs 3Ta CTpaTerus pellaeT Tekylue npo-
61emMbl, OHa HEe MOXET 6bITb 1O KOHL,A YCMNELHOWN, NOCKONbKY He
nonHa.

Ecnu mbl npoanaem XusHb Teny, To 3TUM coxpaHsem u Kog,
HOCMUTeNnemM KOTOPOro OHO ABNAETCS.

CUTyaumMo MOXHO paccMoTpeTb UHaue. Llenb—coxpaHeHue
Koga. A 3q0poBbe Tena u gonroneTue 6yayT cneacTBuem. 3Tu
JlBa NoAxoja pelarwT Bpoae 6bl OAHY W Ty Xe 3aAauy, HO Me-
TOAbl AOCTUXEHMUA MOTYT CMNbHO pa3nuuyaTtbcsa. bonee Toro,
MOXeT OKa3aTbCs, UTO coxpaHeHne Kopa—3To 6onee nep-
CNeKTUBHOE HamnpaBfieHne B AOCTMKEHUN LLenu noaaepxaHus
JONTON, 34,0POBOW N CHACTIMBOMN XN3HMN.
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B oTnnune ot cmepTHOro Tena, Kog Hayunncs COXpaHaTb
cebs Ha NPOTSHKEHUN COTEH MUINIMOHOB NeT. 3TO 03HavaeT
yCNewHoCTb ero cTpaternn. Mbl MOXXeM BOCNO/Ib30BATbCA 3TU-
MW NOACKA3KaMu, ONNOAOTBOPMB X COBPEMEHHbBIMU HAYYHbIMU
naeammn N JOCTUXKEHUSMU. ITO NO3BOMUT COKPATUTb ANNHHbIN
nyTb, NPOAENAHHbIN IBOMOLMEN, N NPUMEHNTb METOAbI COXpPa-
HEHWA MO OTHOLEHNIO K OTAENbHbIM MHAMBUAYYMAM, A HE K CO-
BOKYMHOCTW 6uomaTtepuu, Kak 3To genaet Koga.

MeToAabl COXpaHeHNs N nevyeHns Koga MOryT OUeHb CUMbHO
OT/IMYATbLCA OT TPAAULUUOHHON MeAULWHbI 1 COBPEMEHHOW FeH-
HOW UHXeHepun, KOTopas CNOCobHa pewaTb HEKOTOPbIe KpaT-
KOCpOYHble 3aA4aun. HO HY)XHbl Apyrne MeToAbl COXpaHeHus
M NoAgAepXaHua 3Ton cynepcuctembl. OAWH U3 BapuaH-
TOB—NPUMEHEHNEe NONEBbIX M TONONOTNYECKUX NAEN U METO-
JoB. Cama cTpykTypa AHK coaepXnT NoACKa3Ku anropuTtMoB
B3aMMO/JIEICTBMA C Hel. YCTONYMBOE BOCMPOM3BeJeHne npo-
LLeccos pennukaunu, nobeaa Hag 60n1e3HAMN 1 CTAapEHNEM fle-
XUT B 0611aCTU UCMONb30BAHUS €€ CYLLHOCTHbIX, B TOM ymncne
TONONOTNYECKUX XapaKTEPUCTUK.

HekoTopble NpeanoxeHns:

- obecneyeHme nomexoyctonumsocTu Koga. B ycnosusx He-
BO3MOXHOCTU M301ALMN 06BEKTA OT OKpyXatowen cpe-
Abl BOXXHENWNM SIBNAETCA UCKOUYeHMe hakTopoB, NpUBO-
AALWNX K MOBPEXAEHUIO NONEBON WU NIMHENHON CTPYKTYPbI
Kopa. CooTBeTCTBYyIOWME pelweHns MOryT 6biTb BeCbMa He-
OXMAAHHbIMMK;

— BOCCTAHOB/IEHWE MOBPEXAEHUN —pereHepaunus noneu
1 yyacTtkoB Koga;

— UCNpaB/ieHne HaCcNeCTBEeHHbIX AeheKTOB.

BO3MOXHble CNOCO6bLI peann3aunm N3noXeHbl B 3TON rnase:
nepeHoc genctauns, 3pdekT popmbl, TONONOrMYeckas Koppek-
LMs 1 BOCCTaHOBNEHMe 1 T.4. [ona Ans BO34eNCTBUSA HA FreHOM
C LeNblo ero TonoNOrnYeckon akTUBaLUM AOMKHbI, MO KpanHewn
mepe, yA0oBeTBOPATb YC/10BMAM DOPM-pe30HaHCa, PacCUnTbl-
BaemMoro no metogukam n. 1.4.2.

3TN MeTOAMKMN NO3BONSAIOT COXPAHATb U TPAHCAMPOBATb
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nHOpMaLMIO OT COXPAHEHHOW 3anucy coctosHusa Koaa nauu-
€HTa B PaHHEM BO3pacTe UM OT ero 6AMmKanlmnx poacTBEH-
HWKOB, UTO 0becneunBaeT MaKCMManbHYO COBMECTUMOCTb BO3-
AENCTBNA C COBCTBEHHbIMY BUOPALUSAMU.

Mpumep. O6pa3ubl AHK, nonyyeHHble B 4ETCKOM BO3pacTe,
COXPAHAITCA B CNeLManbHbiX YCNOBUAX: HU3KAA TemnepaTy-
pa, U30M1ALNA OT BHELWHMX BO3AENCTBUI, COXpaHaOLWan gopma
U T.4. IX reHeTnYecKas HopmaLmsa NoCTOAHHO aKTUBMpPYeTCA
W TPAHCAMPYeTCs 06beKTY. AKTMBALMA NMPOUCXOANT cneLmanb-
HO OPraHM30BaHHbIMK U3NYUYEHUSIMU HA YACTOTaX, CBA3AHHbIX

BHewwHee
none

_— " .
CoxpaHEHHbIN
obpasely
S AHK Yennurenb
u3 fercrBa
%

Puc. 5. TpaHCnaUnA reHeTUYeCKoro COCTOAHMA U3 AeTCTBa

«O6beKT»

C CO6CTBEHHbIMM Bubpauuamu reHoma (puc. 5). QyHKLMS ycu-
NUTENsi —reHepupoBaTb MOLWHOCTb, AOCTATOUHYIO ANS JOCTU-
XeHUA pe3ynbTaTa, U YyMeHbllaTb BO3eNCTBME Ha 3TanoH. Bos-
MOXXHO MHO)XXeCTBO Pa3HOBUAHOCTEN TAKON CXEMbI.

1.10. Koa 1 HEOPTAHWYECKAS MATEPUA

1.10.1. HEOPTAHWYECKUE KOAbl

HeopraHuueckas matepus u obpasytoLine e€ 3M1eKTPOHbI, HeWT-
POHbI, MPOTOHbI, aTOMbl, MOIEKY/bl U T.A. TOXE ONpenensioTCs
camonoaAepXX1MBaLWMMUCA YCTOWUUBbIMU Kogamu. Hanpumep,
Koa Boabl —eé monekyna. OHa BOCMPOU3BOAUT CE65 B CTPYKTY-
pax, o6pa3yembiX MPW 3aMep3aHNmN: CHEXUHKU, Y30pbl Ha MO-
BEPXHOCTAX U T.A.
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1.10.2. COOTHOLUEHUE KOAOB

leHeTMKA aTOMa M reHeTUKa XXUBOr0 M3y4arT OAHO U TO Xe,
HO Ha pa3HblX YPOBHAX W B PA3/NYHbIX COCTOAHMAX MaTeEPUN.
PasHnua mexay KOAMPOBKOW MHOpMALMK B XXUBOM U He-
XMBOM 3aK/1I04YaeTCs B cNocobe ynakoBku mHdopmauuu. MNo-
BUANMOMY, TONbKO FreHOM —eANHCTBEHHbIN HOCUTESb XXMBOIO —
MMeeT MHOTOYPOBHEBYHO CMIMPANbHYO CTPYKTYPY.

BeposaTHO, KOrAa-To NoA BO34ENCTBMEM HEKOErO MOLLHOrO
MMMynbca Kakana-To KOMOMHALUS BeWeCTB BbIpOAMIaCh B CAMO-
noanepXuBaKLWMACS anropuTm. N Tenepb, «CNMpanbHO» Bpa-
WaAcb, reHOM 3axBaTbiBaeT U Npeobpa3yeT HEOPraHUUYECKYHo
MaTepuo C aTOMHO-MONEKYIAPHOIO YPOBHA A0 BbICIINX CTPYK-
TYPHbIX (hOpM B BUAE CO3HAHMA.

BO3MOXHO, UTO Haluu NpeaCcTaBNeHNA O FeHOMe MOryT pa-
AWKANbHO W3MEHUTbLCA, €C/IN PAaCCMOTPETb €ro COBMECTHO
C MOPOXAAKLWMMMN KOAAMMN HEOPTraHUYeCKon maTepun. byaet
WHTEpPEeCcHO CBeCTW BMeCTe U CPaBHUTb XapaKTePUCTUKMN ya-
CTWL, aTOMOB, MOJTEKY/ 1 TEHOMA, OMNCAHHOTO B hU3NYECKUX
TepPMUHAX: 3apaA, CMUH, YETHOCTb, MACCY U T.4. ITO MHE KaXeT-
Cs NepcneKTUBHOW naeen.

1.10.3. A3bIKKN

MuKpoypoBeHb 06pa3yeT «reHeTUYEeCKyo» OCHOBY U AIBNsieTCA
o6bwum ansa 060mMx BMAOB MaTepuun, KOTOPble HA MAKPOYpPOBHE
BbIFNAAAT Y)Ke COBEPLIEHHO NOo-pa3HoMmy. [IpMUnHa —B NCNONb-
30BaHMUM Pa3HbIX NPaBMN TONONOIrMYECKUX Npeobpas3oBaHUN.
O6HapyXeHne N NPUMEHEHNE 3aKOHOB reOMEeTPUYECKUX TPAHC-
hopmaumn MaTepnum MOXET CYLLECTBEHHO NPOABUHYTb MOHMMA-
HUe CyTU ABIEHUI CaMOOpPraHn3aunu.

Pa3nnyHbie KpUCTanbl, NOAMMEPDbI U T.4.—3TO A3bIKN HU3-
Lero ypoBHS, MOPOXAEHHbIE KOAAMUN MAaTEPUMN HA YPOBHE MeX-
ATOMHbIX U MEXMOMNEeKyNApHbIX B3anmogencTsun. OgHaKo
B YCNOBUAX 3eMNMN MHOXECTBO 3TUX A3bIKOB C BECbMa Orpa-
HUYEHHOW apTuKynsunen chopmmpoBano s3blk HOBOro ypPOB-
HA1, CNOCOBHbBIN CAMOCTONATENbHO MOAAEPXKMUBATD CBOK «Peub»
1 pa3BMBaTbCA. HeopraHuyeckas matepus u3 6yks, LOCTYMHbIX
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en, Hanucana KHury 6no6bbiTusa (puc. 6). Mo KpaiiHen mepe, Mbl
He CMOINIM NOKa 06HAPYXWUTb APYrMx aBTOPOB 3TOr0 TpakTaTa.
Ho 3TO He 03HauaeT UX OTCYTCTBUA.

Teopwusa 3TOro Mepapxmyeckoro nons, o6beauHsowas oba
Mupa matTepuu, «...6ydem nodobHA husuyeckUM meopusim Kak
HernoJsiHas, ycmaHosus cneyucuyeckue cgolicmea 3moz0 2eHe-
MmuyYyecko20 A3bIK08020 MO0J1S, yMaa4yueas O Ha4yasabHbIX YCIo0-
gusax». Mpumepbl 3 GU3nkn: Teopum Makceenna, INHWTENHA

BUOMATEPUA

! SJIEMEHTAPHbIE
-~ AYENKW

‘ XUMUYECKMX
[“ * COEAVHEHUN
' N\

15" 2522P2..... 25%2P3....  2S%2P*.. XUMUHECKUE
SNEMEHTbI
BOLOPOA  YMEPOA  A30T  KUC/IOPOA

Puc. 6. 3Bontound: 0T XMMUUYECKUX 3IEMEHTOB A0 6|/|ot\/|aTep|/||/|

M ap., U3 MaTemaTuku: nocnepgosaTenbHocTb OenreHbayma,
KapTa Ynama u gp. M uto-To noAcKasbiBaeT, UTo 3Ta Teopus 6y-
[eT yHMBepCcanbHOW ANs reHoma U TeXHOKoAoB byayuiero. Ho
3TO COBEPLLUEHHO He 03HAuaeT, UTO MHOroobpa3sne byayLMX KO-
[0B-3bIKOB 6yAeT UeM-To hyHAaMeHTaNbHO OrpaHUYeHo.

C 60NblUON JoNei YBEPEHHOCTN MOXHO MPeAnoNoXuTb, 4To
3a NosiBeHNe 3TOro 61MoA3bika OTBETCTBEHHbI TakKMe MeXaHn3-
Mbl, KAK pe30HaHC U CUHXPOHM3auma. Ho XumMuyeckune snemeH-
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Tbl U COEMHEHNSA —3TO TONbKO 6YKBbI U CNOMK (BUHTUKM 1 ra-
@UKMU), @ PE30HAHC U CUHXPOHN3ALNA —3TO UHCTPYMEHTbI ANA
c6opku—npasuna peun (0TBEPTKM 1 KoUM). HO KakK U3 3TOro
Hanucatb pomaH (cobpaTb aBTOMOGU/Ib), MOHATAA HET COBCEM.
Hen3BecTHO, KaK 1 NoYeMy pPOXAATCA BCE 6onee CNOXHble
KoAbl XXMBOTO. I HA rOPM30OHTe HEeT uaen N 3HAKOB, YeM MO-
ryT 6bITb MONE3HbI B 3TOM CNyyae AencTByowmne usnyeckne
N UHble TeOpUUN. BO3MOXHO, CHaYana Hy)>XHO NPU3HATb MOTEH-
LMANbHYI0 OFPAHMUYEHHOCTb CyLLeCTBYHOWEN TEpMOAUHAMN-
KW 1 co3aaTb HOBbIN pa3fen U3NKNu —AnHAMUKY NOpaAKa.
A nanble BuaHo byaer.

1.11. Koa, NOruKA, A3blK

KoZ 1 ero 3xo-TeHb— A3blK — BO3HWKAET U3 NOPAAKA HUXKHUX
YPOBHEN MUKPOMUPA KaK CUHXPOHM3ALMUS U CaMOOpraHm3ayms
obpasyowmx ero Gopm.

«Kak u ece memacpusuyeckoe, 2apMOHUI0 MeXXAY MbIC/btO
U peanbHOCMb0 cnedyem uckamep 8 2pamMmamuke S3bIKa»
(/1. BumaeHwmeliH). Cylw,eCTBYIOT, NO-BUAUMOMY, 06LLME 3aKOHbI
ANA NPUHUUNOB AENCTBUSA, CYLIHOCTHbIX XapaKTepuUCTUK 1 3a-
KOHOMepHocCTen 3Bontouun: Koga, A3bika, CO3HaHus 1 6yayuie-
ro0 UCKYCCTBEHHOro nHTennekTa (UN). OHM pasnuuumbl B LiBeTe
1 ypoBHe BMGpaLuu, HO COBMAAAOT B CBOEW NOTMUYECKOWN OCHO-
Be. T03TOMY OHM TaK Xe NOA3KCNePUMEHTAsbHbl, KAK U FTEHOM.
N nns 3TOro MoryT UCNoONb30BaTbhCsA 6NM3KME NO CMbICTY METO-
Jlbl UCCNeaoBaHUS.

MepBas UCTOpUs CBSAI3aHa C NOrMKou. Huxke ynoTpebnstoTtca
HeKoTopble uaeun 1 Te3ncbl n3 «J10rmko-unocodCcKoro Tpak-
TaTa» f1. BuTreHwTenHa.

/N reHom, 1 A3blK CAMOCTOSATENbHO NPeAOoTBpPaALLAT KaX-
AYI0 NOrMyecKkyr ownobKy. Ho Kaxablih no-cBoemy. A3blK, Bbl-
pa)kalowWwmn mbiwneHne, n Kog anpnopHo He MOTYT BbINTK 3a
pamku cBoen norumku. O6a oHY BCEO6BEMNIOLLE OTPAXKAOT MUp,
CBSI3blBAsi BCE CBOW NPOSAB/EHNA B 6€CKOHEYHO TOHKYIO CeTb,
OrpoMHOe 3epKafio. ITO B NOMIHOW Mepe A0MKHO OTHOCUTb-
CA K TeXHoKodam 6yayliero: BO3MOXHOCTb CAaMOCTOATENbHO
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npeofoneBaTb OWMOKN NOPOXAAEMbIX UMW NPOLLECCOB.

BTopas mecHA—owmnbku a3bika n Koga. Hanuume normkm
y Koia n a3blka He 03Ha4yaeT oTcyTCcTBUE owunbokK. Mo owmne-
KaMy MOHMMAaeTcs caMO3aMblKaHue NpoLeccoB KOAMPOBAHMS,
Npu KOTOPbIX YTPAUMBAETCA MMMYNbC ByAyLLIEro pa3BUTuUS, UTo
NPUBOAUT K Aerpagaumy n YHUUTOXEHMNIO TeHOMOB 1 UX HOCWU-
Tenen, K HepaspewwunmbiM Npobremam B Hayke 1 unocouu.

«MHo)ecmeo npobnem cunocouu—3amo 3anymaHHble
KNy6KU MbIC/IU, camocrniemeHus, nemnu u 20pouesbl Y3/bl
A3bIKA—A3bIKA, @ He MUpa». A N0 NPOUCXOXAEHUNIO N CYTKN 3TN
CTPYKTYpbl—nopoxaeHune 6nyxaaHnin Koga. OHM peanbHbl Ha-
CTONbKO Xe, KakK 1 camu nponssofHbie Koga. Mbl He [OMKHbI
cuMTaTb maTeputo, Koa, 3BONMOLMUIO CKPENNEHHbIMKU HaBCeraa
A6CONOTHLIMU CKPMXANAMM UCTUHbI. OHW codepxaT BHYTPU
ce6sa OrpomMHbIN NOTEHLMAN COBEPLEHCTBOBAHMSA Ha NYyTW BO3-
pacTaHusa CNOXHOCTU, NPUBOASILLEN B pe3ynbTaTe K NPOCTbIM,
npuénuxarwmmcsa K abcontoTHbIM hopmam. OH packpbiBaeTcs
yepes camoonpegeneHne, CamonosHaHue...

Korga B 0fjHY TOUKY COMAYTCA reHeTnKa (B LWIMPOKOM CMbIC-
ne), A3blK, MaTemMaTuka n gusnka, Toraa Kog o6peTéT cBoo nc-
TUHHYIO NPUPOAY, @ Mbl CMOXEM YBUAETb €€. BO3MOXHO, 3TO by-
feT boxecTBeHHas abcontoTHaa cuna, a MoxeT, ABCONOTHas
TuwmnHa. HaBepHoe, 370 O4HO 1 TO Xe.

1.12. «tABTOMATUYECKOE» CO3HAHME

CnoXxHas AMHaAMUYecKasa CTPYKTypa reHoMa MeeT MHOXEeCTBO
cTeneHen ceBo6opbl, KOTOPble 3aBUCAT B TOM YMCNe OT BHeLW-
HUX YCNOBUW 1 BPEMEHW. 3TO OTKPbIBAET WNPOKOE OKHO BO3-
MOXHOCTEMW.

N3 KONNeKTUBHbBIX CUHXPOHN3UPOBAHHbLIX MONEN reHoMa
WHAMBUAYYMA U COLMANbBHbBIX KOMNEKTUBOB MOXET MoyyaTbCs
He TONbKO none, ynpasnstliee pa3BuTeM Tena, HO 1 bonee
npuuyanmeble hOpMbl OpraHn3aLun: Co3HaHne, KONEeKTUBHOE
6ecco3HaTenbHOE, KYNbTypa, HayKa U eLwe HeuTo 6onee Cox-
HOe. 3TO NPOUCXOAUT 3@ CYET YC/TOXKHEHMSA TOMONOrUN N NOSB-
NEeHNsi BEPXHUX YPOBHEN OpraHn3aunu.
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Bo3MOXHO cpaBHUTb Tononoruo AHK y HU3WuX cywecTts
1 yenoBeka. BepoAaTHO, Mbl yBUAMM Pa3HYIO CTEMEHb CIOXKHO-
CTW B BEPXHUX CTPYKTYpPax Npu OTCYTCTBUMN NPUHLUNUANBHOW
pasHULbl B HYKNEOTUAHbIX NOCNeA0BaATENbHOCTAX. BO3MOXHO
nccnepoBaTh pasHMLY B TONONOTMAX U APYIrUX UX 6eNKoB.

leHOM 3a CYET TONONOrMM IKCTPArnpyeT IHEpPrun, MaTepuio
HY)XXHOrO KauecTBa. 3aTeM YMHOXaeT Ux BUbpauum 4o BEPXHUX
YPOBHEN. 3TO NOAOOHO POXAEHUNIO CKYNbNTYpbI. «5 6epy 2/1biby
mpamopa u omcexkar om Heé 8cé nuwHee» (MukenaHdxeno).

Takue npefcTaBneHns B MHOCKa3aTe/lbHOM BU/e COaepxaT-
CS B APEBHUX BOCTOUHbIX NPEACTABNEHMAX O MHOXECTBe Ten.
Ho B uTore 310 NPOCTO NOSAIBNEHME BO3PACTANOLWMX YPOBHEN
BM6paumnn. I 3To He NPOTUBOPEUNT YCTOAM KnacCuyeckon u-
31KW. NIPOCTO B HEN HET ACHOCTM O 3aKOHOMEPHOCTAX CNOoXe-
HUS N YMHOXEHWA YacTOT U UX CBA3M C TONONOTMEN.

3aKOH YMHOXeHMa BUGpauLUN [OMXKEH noapasymeBaTb
onpeaenéHHbln aNropnTM Takoro gencTens. B ero nocnepno-
BATE/IbHOCTU Mbl CMOXXEM O6HAPYXWUTb U NPOMEXYTOUYHbIE pe-
3ynbTaTbl NPeobpa30BaHUN, N KOTXOAbIM.

BO3MOXHble NyTW yBENMYEHNA CKOPOCTU BUbBpaLmn:

- NpaBuno, BbiTeKalwee N3 3aKOHA COXPAaHEHWUs 3Hep-
rMM,—3aKOH COXPAHEHMA YacTOT. ITO CNpaBeanMBO ANs Ma-
TEPUMN HA MUKPOYPOBHE, FAe YacToTa CBA3aHA C IHEPruei
thopmynon Mnaxka:

E=hly,

roe h—noctossHHasa MnaHka.

MycTb M3HAYaNnbHO Hekad abCTpaKkTHAA cucTema nmeet
ABe COH6CTBEHHbIE YAaCTOTbl: V4 U V,. B pe3ynbraTe BHYTPEHHUX
TpaHchopMauui OHa MOXET NepenTn B COCTOAAHME C APYrUMHI
CO6CTBEHHbIMMW YACTOTaMW: V5 U V,. TOrAa 3aKOH COXPaHEHUA Ya-
CTOT MOXHO 3anmncaTb KaK Vq;+V, = V3 +V,.

He cywecTByeT NPpUHLUMNMUANbHBIX OFPAHUYEHUIA, NOYEMY
6bl, HANPUMEP, V; HE MOTNO0 6bITb MHOFO 60MbLIe V, U V, (CM.
n. 1.7). Takoe yBenmyeHne v; 03Hauyano 6bl NosABAeHUE HO-
BbIX BbICLWINX YpOBHEeN BUbGpaLmn. Toraa v, OKaXKeTcsa HAMHOro
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MEHbLUE, YEM V,, V,, U V3, U MOXET YC/IOBHO CYMTATHCA KHU3KO-
KQueCTBEHHOW 3Hepruen». g nonarato, 4To CyLWeCcTBYyeT Npu-
POAHbLIA ANTOPUTM, PEFNAMEHTUPYIOLNA YMHOXEHNE N fene-
HVWe BUGPaLMI CNCTEM U NPOLLECCOB. CNYYaNHbIN CMOHTAHHbIN
XapaKTep U3MeHeHUNn 03Ha4yan 6bl HEBO3MOXHOCTb CYLLECTBO-
BaHUS BOCNPOU3BOANMbIX (DOPM OpraHmn3auny matepum.

ECTb 1 Apyrve BO3MOXHOCTM YMHOXEHNSA YaCTOT:

- nasepHbin 3hexT;

- opm-hakTop. Ecnn yactuuy (3Hepruio) nokanusoearb
B MeHblUeM NPOCTPAHCTBE, TO €€ YacToTa Bo3pacTaeT. Tak,
reHOM, N3B/IeKan IHEPruto U3 TensI0BOro Xxaoca, MOXeT No-
Kann3oBaTb €€ B 06bEME CBOEN CTPYKTYPbl. 3TO NOBLICUT
yacToTy KonebaHum;

- yBeNmyeHme CKOPOCTU PacnpoCTPaHeHUs BO3BYXAeHNS, Ha-
nprmep 3a CYET TOMONOTUM CNUPANBbHOW CTPYKTYPbI, C COOT-
BETCTBYIOLMM POCTOM YACTOTbI.
3a BCEM 3TVM MOXET CKPbIBATbCA HEYTelWnTeNnbHOe ANS Hac

OTKpbITME. [TIOHAB 3aKOH YMHOXEHWUS BUOPALMIN, Mbl OTKPOEM
«CTPALWHYO» TAHY O CBOEM MEXAaHUCTMYECKOM MPOMNCXOX-
AEHUN, 0OHAPYXUM, YTO HE TONbKO TENOo, HO N CO3HAHNE eCTb
pe3ynbTaT YMHOXeHUs1 BUbpaunin. A mbl npeacTaBnsem co6on
«aBTOMAT KOCMUYECKUX CUM», NO CYTU, MEXAHNUECKYIO CUCTEMY,
NNWEHHYI0 POMAHTN3MA, TalHbl U 60XXECTBEHHOW MCKPbI. Bnon-
He BO3MOXHO, UTO NPOCTbIM YPaBHEHUEM AN NECTHULbI YMHO-
XeHunsa Bmbpaumin bygeT norpebeHa Hawa UCKNKOYNTENbHOCTb
n 60XeCcTBEHHOE nponcxoxaeHue. Cama Nwb0OBb OKaXKeTCH
KOM6UMHaumen YacToT. Halle He6oXMTeNbCTBO ByaeT HU3BEpr-
HyTO. Ho TaK nn 3T0 BaXHO? B nto6bom cnyyvae Mbl HanAEM Mo-
BOZ 1 MECTO A5 CKa3Ku.

1.13. None nnn Kopag?

Uto nepsuyHo: none nnu Kop?

«...Bcé, umo moxxem 6bimb CKA3AaHO, O0/IKHO BbiMb CKA3AHO
uémko, a mo, 0 Yém Heslb38 CKasame, ciedyem ob6olUmu MoI4Ya-
Huem». 3HameHuTasa opmyna /1. BuTreHwTenHa o3Havana 6bl
B JAHHOM C/lyuyae OTCYTCTBMe 3TOro naparpadga. Ho uto-To MHe
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NOACKA3bIBAET: BCE XXe KOe-4TO MOXHO MPOU3HecTun, npeano-
XXUB COBCEM JpYryto NCTOPUIO.

He Kom nopoaun none, a Hekoe HadanbHoe none (n3nyue-
HMe) 06penio CBOE BOMMOLEHNE B MOAXOAALMX 3EMHbIX YC10-
BMAX B BuAe Koga. 3To n3nyyeHune nnm Cymma TakoBbIX KOrAA-TO
NPOMOAYNNPOBAN0 HEOPTraHNYECKY MAaTEPUIO A0 YPOBHSA KUN3-
HW 1, CKOpee BCero, AencTByeT u cenyac. OHO CO3A4aN0 reHom
B BMJe CNUpanbHON LEeNOYKN, HAHN3AB HA HEE COBMECTUMble
c co6on (c nonem) NnocnefoBaTeNIbHOCTU XUMUYECKMX 3NTeMEH-
TOB. JTa «(yHAaMeHTaNlbHasA» reoMeTpust ABIAeTCA Npapoan-
TeNnbHULAMYK BCEX CYBCTAHLMIN reHeTUYECKOro npouecca.

IMEHHO NO3TOMY «...U3 YUCMO /102UYeCKoU cxembl PyHKYUO-
HUpPOBAHUS 6UOKOOA He8O3MOXHO orpedenums, noyemy mam
cmoum mom, a He UHOU MPAHCKPUNYUOHHbIU Ha6OpP U 8bINon-
HAem mo, a He UHOe Ko/lu4ecmso waz2osbix onepayuti» (C. /lem).
B 3TOM CMbIC/Ie HU CaMW 3NE€MEHTbI, HA UX PACNONOXEHMNE He
Urpann HUKAKOW CaMOCTOATENbHON aKTUBHOM ponu. MpocTo
BCE, UTO MOAXOAMUMIO MO KAKOMY-TO KpuTepuio nono (Hanpumep
TOMONOrMYECKUA Pe30HAHC), 6bII0 MACCMBHO UCMOMb30BAHO.
CyLecTBYOLWMNIA XMMUYECKUIN KapKac reHoma 6bi/1 06PEeTEH UM
B Npouecce ANMTeNbHON 3BOMOLUMN. Pa3BUBASICb, OH YCOX-
HSieT CBOK CTPYKTYPY U TPAHCAMpPYeT CBOE aencTeune n uno-
comio Ha BCe AOCTYMHblEe €ro aHepreTnke o6nacTv matepun.
BO3MOXXHO, UTO €ro XNBOTBOPHAS NAPTUTYpPa COAEPXKUT 06LLYIO
AN BCEX MPOLLECCOB CAMOOPraHn3aL M KBUHTICCEHL IO,

B Takom cnydae o6ume xapakTepUCTUKIN NONA reHoMa ume-
0T BaXKHeluLWwee NepBMUYHOE 3HAYEHNE, @ He BbIrAAAT KaK Npo-
CTO AONONHUTENbHbIA CNOCO6 ero onucaHusa. Ecam mbl Hangem
NONA C TaKMMM XXe XapaKTepUCTUKaMMN BHE Halewn NNaHeTbl, TO
OTBET HA BOMPOC O BOSHUKHOBEHUMN XU3HU NPUAETCA NCKATb He
Ha 3emne, a B 4pyrom mecTe.

Ecnun npegnonoXnTb, YTO Haw Kopg 3apogunnca Ha 3emne,
a B APYrmx 4acTax U BpemeHax BceneHHOW OH ApYyron, TO Xus-
Heob6pa3yoLwmm Morno 6biTb n3nyyeHne ConHua. Toraa nepsbi-
MU 6bINK Te, KTO MO HaMPSAMYO MOrnowWaTh CONMHEYHY pagmna-
LMI0 KaK NUTaHWe. B npouecce 3BONIOLUN 1 IKCMAHCUW B Apyrue
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chepbl MaTepumn Kof Hayumncs 06xoauTbcs 6e3 06d3aTenbHoro
MCNONb30BAHMSA 3TOW PYHKLMM HaNpsMyto. HO No6as XU3Hb NC-
nonb3yeT usnyueHvie ConHua Yepes pasnnuHble NMLLEBble LEenoy-
Ku. M03TOMY Ham CTOMT NOMCKaTb COBMNAZEHUS B BUOPALMOHHBIX
maTpuuax reHoma v ConHua. M npoBeaeHne Takoro 3KCnepumeH-
TaNbHOrO CPABHEHUS He ABNSETCS CMOXHbIM. [TONOXUTENbHbIN
UTOr, 6YyUn OUEHb BAXKHbIM, HE OTMEHSAET BO3MOXHOCTU HANTY
ApYrne NCTOUHWUKMN XNBOTBOPALLMX NOMEN U N3NYUYeHUN.

1.14. BbiBOAbI

Kopa—reHnanbHas npupoAHas CyLWHOCTb, HAMHOIO 6onee CNoX-
Has, YUemM Hawe co3HaHWe. He Nnoas HEMMOBEPHbIX CUHTAKCMU-
UeCKMx KOMBMHALWI, NPUCYLLNX, HAanpumep, hunocoun n nu-
TepaType, Koa pewwnn 3agayvy 3BONIOLUOHHOIO YCNOXHEHMUA
C NOMOLLbI HEGONbLWOr0 YNCNA XUMUUYECKUX 3HAKOB-TPYMn
1 NocneaoBaTeNlbHON KOMNAKTUMMKALMM NPOCTPAHCTBA.

CywecTsylowee noHMMaHue Koga accoummnpyetcs y MeHs
C COCTOSIHMEM NepBOKIACCHMKA, MO3HAKOMUBLLIETOCs C a36yKOM.
Moka elé oueHb Janekmn e€ 3HaKn OT CYyTU Bellen, HO ABNATCA
LenbiM MUPOM ANA yYeHMnKa.

CoBpemeHHasa reHomuka, npenapupysa AHK Ha oTtaenbHble
6M10KN 1 3NeMeHTbl U cobupasn B ApPyrom nopsake, NOpoxaaeT,
KOHEYHO, HOBOE KayeCTBO, HO MPK 3TOM pa3pyllaeTcs Heobpa-
TVMO U YTPAYMBAETCH UCXOAHOE COCTOAHNE N COBEPLUEHHO He-
SICHO, KAaKOW CMbICN NopoxaaeTcs. Mpu Takom peayKLMOHU3Me
HeT MecCTa reHnanbHOCTU, BAOXHOBEHNIO U B KOHEYHOM UTOre
WHAVMBUAYANbHOCTW, KaK, HAaNnpumep, Npu UCNONHEHNUN MYy3bl-
Kn. HoTHas nocnefoBaTenbHOCTb OANHAKOBAS, HO NO-Pa3HOMY
3BYUMUT B UCMOSTHEHUMN PA3HbIX My3blKAaHTOB.

Hannume nons y reHoma 3acTaBnseT NpoTpe3BeTb OT M-
thopnn MO NOBOAY YCNEXOB TEXHONOrNN cekBeHnpoBaHus AHK
M NONyyYeHMsa HOBbIX KOAOB. Mpnpoaa HAMHOIO XUTPOYMHee.
Hawwu npefacTaBneHnsa o0 TOM, YTO BCIO NPaBAY O XM3HU OHA 3a-
nucana B BAe NMHenHoro Koaa, ¢ KOTOpbIM MOXHO CBO6OAHO
06palLaTbCs, KaK C KOMMNbIOTEPHOW NPOrPammon, CKOPO OKa-
XYTCSl ouepeiHON unnto3mnen.
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CBONCTBA KOHKPETHOrO reHoMa onpefensioTCs He TONbKO
NnocnefoBaTENbHOCTbIO PACMONOXEHNA HYKNEOTUAO0B, HO U MO-
NEeBbIMU CBA3AMU MEXAY HUMU HA BCEM MPOTSXKEHUN LLEMOUKN.
JITa ocobeHHOCTb U aenaeT AHK Kogom KOHKPETHOro opraHus-
ma. K HeMy, KOHEYHO, MPUMEHUMbI «O6LLME» 3aKOHbI PU3NKM TaK
Xe, KaK OHU NPUMEHUMbI KO BCeMy. HO MIMEHHO NO3TOMY OHU He
CNOCO6HbI 06BACHUTbL YTO-NNOO HA NHAMBUAYANTBHOM YPOBHE.

MpocTpaHCTBEHHAA CTPYKTYypa rEHOMA He MEHee BaXKHa
AN9 BbINOTHEHNA UM CBOUX (PYHKLMMN, YEM NMMHENHO 3aNNCaH-
Haa nHopmauns. Komnaktudpukaums JHK—He npocTo 3B0-
NIOUNOHHO CPOPMUPOBAHHbIA CNOCO6 YMECTUTLCS B KNETKe, HO
npexae BCero cnocob XpaHeHUs n TPAHCAALMMN HAaCNeACTBEH-
HOW MHopMaunn. B BEpXHUX YPOBHAX CTPYKTYPbl COAEPXKUT-
CS1 YACTb KMATKOW» reHeTMYeCcKon MHpopmaLmm B Buae cnabbix
cBA3en 1 IM B3aMOAENCTBUS MEXAY BUTKAMU NIUHEWHbIX HU-
TeW, BUTKAMI BTOPUYHbIX CNUPANen, CBA3en C BHYyTPEeHHeN BO-
non, okpyxatowen AHK, n T.4. 3T ypoOBHU CTPYKTYPbl reHOMa
MMEelT BaXHenllee 3HaYeHne ans:

— KOANPOBAHNSA, XPAHEHUS N Nepefayun reHeTuyeckon nHeop-
mauuu;

— YCTONUNBOCTU DYHKLMOHNPOBAHUS FTEHOMQ;

- NpMEéMa MHOpMaL MM OT BHEWHUX NUCTOYHNKOB;

- afjantauumn, BOSHUKHOBEHUS W Pa3BUTUA pa3HOoobpa3uns
dopm 6uomatepuu;

— BO3HUKHOBEHMWA Uepapxumn CMbICNOB BMIOTb 0 CO3HAHUS;

— MHTerpaumm BHYTPEHHUX MONEN OT pa3HbIX KIETOK 1 YacTen

OpraHn3ma B eJMHYI0 BO BCEX NMPOSABNIEHUAX CACTEMY.

Hanuune y Koga co6CTBEHHbIX NONEN NO3BONSET NO-HOBOMY
OCMBICIMTb NPOLECCHl CTapeHus, nevyeHus n copmmpoBaTtb
HOBble MPUHLMNbI Aranora ¢ buomatepuen. Peub yxxe He 0 Xu1-
MWYECKOM B3aUMOAENCTBUN N HE O TEHHOW UHXEHEPUN B YCTO-
SIBLUEMCS CMbIC/IE, A O BUOPALUsAX, A3bIKe CUHXPOHU3ALNUN U pe-
30HaHCe, 0 NOMIeBbIX B3aUMOAENCTBUAX U T.4. AKTUBMPYOLLME
N KOPPEKTMpYloLMe BHELWHNe BO3AENCTBUA AOMKHbI 6bITb CO-
rNacoBaHbl C XapaKTePUCTUKAMK NOMEeN, B TOM YNCe UX AUHA-
MUYECKNX COCTaBNAOLMNX.
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[lo cnx nop Takue NOHATUA, KaK BUBGpaLUM, rapMOHMUe-
CKNe COOTHOLIEHUS, TONONOrnYeckas COBMeCTUMOCTb, bronons
N apyrvue, He 6bINn NPeaAMeTOM U3YyYeHUss U UCNOoNb30BaHUS,
a OTHOCWUCH K Knaccy meTadm3anyecknx cybctaHumi. Ho BCE me-
HSETCSA, U OHN HAMOHAKTCSA HOBbIM, BNOMTHE HAYYHbIM CMbIC/IOM.

l, KOHEYHO, AAaNEK OT HAUBHOW MbIC/U, YTO «M306peTaTeNby»
OHK, npuaaBas en chopMmy, CTaBun LEeNbo CO3AaTb KonebaTenb-
Hbl/l KOHTYP. 3TO NPOCTO OJHA U3 AOCTYMNHbIX, MPOCTbIX U OYe-
BUAHbIX aHAaNoOrnMn 13 Katanora Hawmx 3HaHUN. W, KOHEUHO,
Takoe ynpouweHHoe npeacTaBneHne 0 reHomMe Bbi3blBaeT CO-
MHeHMe, T.K. peanibHas CTPYKTypa HaMHOro cnoxHee. Ho Beab
N HaWW 3HaHWS, Hanpumep 06 IM aBneHuUsx, Toxe 6asupyroTca
Ha JOCTATOYHO YMPOLWEHHbIX MOAENSX, @ MPUPOAA UX A0 CUX
nop He packpbiTa. OQHAKO 3TO He MOMELIA/I0 OFPOMHOMY Mpo-
rpeccy. Mo3Tomy CTOUT BONPOC U3YUeHus.

Nnes 06 nepapxuu cob6cTBeHHbIX nonen JHK—3To nosoA
N OKHO BO3MOXHOCTEN NONYUYNTb HOBOE MOHUMAHWE NPUPOIbI
XuBoro. OHM NomoryT pa3obpartbCs, MoYemy BbipacTaeT Ns-
ryliKa, a He NeHb, YTO TaKoe 3NUreHeTnKa, mopdoreHes, 3avem
«mycopHaa» AHK, noyemy BO3HMUKaAOT BUAbI U T.A4.

Kpome Toro, noneBoi noaxon—3TO BO3BPAT K 3paBoOMy
CMbICNY OT CKPbITbIX NAPameTPoB 1 MeTadnU3NYEeCKMUX KOHLen-
LU XKUSHMN.

Mpea o HannumMnm B CAMOOPraHM3YIOLLMXCS CUCTEMAX YCTON-
UMBbIX MPOCTPAHCTBEHHbIX KOAOB, KOTOPble MOPOXAaT ne-
papxuto CO6CTBEHHbIX AAaNbHOAEWCTBYOWMUX NONeNn, NO3BONNUT
BNTb HOBYIO KPOBb B 3aTyXalolyo NpuUBAeKaTenbHOCTb Teo-
pUKN CNOXHOCTU M camoopraHusaumu. NMpupoaa aTux nonen He
BbIXOAMT 3@ PaMKU U3BECTHbIX (PM3nKe B3anmopencTamn. Mo-
3TOMY U MexXxaHWuu3m B 0603pMMoM bByayllem 6yaet MmMeTb
NPUATHYI TBOPUYECKYID, MPOU3BOAUTE/NbHYIO NepPCneKTuBY
B 6MOnornum, NpeBoOCXOAALLYI0, KaK Bceraa, BuTanmsm, mopdo-
reHeTMyeckune nons n apyrue GuU3nKo-xyaoXeCTBEHHbIe 3THOAbI.

Hayka, KaK M XW3Hb,—CTpaHHaa wTyka. OHa pacTeT no
KaKMM-TO BeJOMbIM TO/IbKO €M 3aKoHaM. E€ pa3Hble yacTu
onoAO0TBOPAT APYr Apyra CaMbiM HEOXUAAHHbIM 06PA30OM.
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K uemy 370? HepasHo I. [lepenbmaH npeofgonen runote3sy ly-
aHKape, CyLLeCTBEHHO YNPOUYMB AOKA3aTeNbHYO 6a3y TONOM0-
rmn. A B snke, oueBMAHO, Ha3pena HeobXo0AMMOCTb HOBbIX
KOHLENUMUN pa3BuTUs, 0COBEHHO ANA ANHAMNYECKNX ABNEHNUN,
camoopraHusauuun. 1 He Bepto B C/Ty4aNHOCTb TaKMX COBNaje-
HUW. OHW CAULIKOM YaCTO OKa3blBANINCb NPOCTO NPOSABIEHHON
B «HY)XXHOE» BPEMS 3aKOHOMEPHOCTbIO.

OCHOBHOW Npo61emMon 0CTAETCS TO, UTO Mbl HE MOHMMaEM
B3aWMOCBA3M CBOUCTB CUCTEM M UX MONEN C reomeTpuen. Ty-
MUK B MOHUMAHUN CAMOOPraHU3YLWNXCA cuctem obycnosneH
MMEHHO 3TUM. BeposTHO, 3aKOHbI h3nkmn 6yayT B AaNbHeNLwem
AOMOMHEHbl 3aKOHaMK TOMONOrnKM, KOTOPble NPeACTOUT onpe-
penntb. Kak rosopun B. LLaybeprep, «Ham Hy>Ha He u3uka
chopmyn, a chusuka popm».

dopma Kak TakoBas BOO6LLe OCTAETCA 32 6OPTOM PU3NKHK
B CTPAQHHOM MONOXeHUN. XOTA OHAa M Habngaema, HO HUKAK
He MCNOoNb3yeTCs, KPOMe KOHLENUUN CUMMETPUIN U B KauecTBe
mMeTaU3nYeCcKnx 3CTeTUYECKNX KPUTEPUEB UCTUHbBI Pa3nny-
HbIX TEOPUNA.

Mpn 3TOM He CTOWT ynpoLwaTb CMTyaunio U NoapasymeBaTb,
4yTO hOPMbI MUKPOMMPA YNPABAAIT CTPYKTYPON BEPXHUX CU-
CTeM. 3BONOUNA NAET HE TONbKO CHU3Y BBEPX, HO K HA06OPOT.
N HMKaKMX NPEeNMyLLECTB HN OQHO M3 HANpaBNeHUN He NMeeT.
Mexay HAMU CyLLeCTBYeT ANHAMUYeCKas B3AaUMHOCTb U AeNCTBY-
0T 06LLMe TONONOrnYeckre 3aKoHbl NpeobpasoBaHmns Gopm.

Wpes nokanusauuu reHeTMyeckon MHdopmauun B nu-
HENHOWN Lenouke, U3BECTHAsA KaK LeHTpaNnbHas Aorma, no-
BUAMMOMY, MCuepnana cBoW TBOPYECKUN pecypc. JIMHENHbIN
Kog—Bcero nuwb YyacTb npouecca TpaHcnAunm Xn3Hu. B ganb-
HenweMm Mbl LOMKHbI YYUTbIBATb APYrne UCTOYHMUKN 1 CNOCO6bI
nepefayn reHeTUYeCcKon MHpopmaLuu:

- cnabble cBs3K, 06YCNOBNEHHbIE TONONOrMEN CTPYKTYPbI;
- OM B3auMOAENCTBME MEXAY BUTKAMU U KNy6KaMK BEPXHUX

YPOBHEN CTPYKTYpbI;

- B3aMMOAeNCTBME C BOAOW B Buae 06pa3oBaHnsa XMMUUYECKNX

CBAI3eNn, aKyCcTUYecknx n M B3ammoaencTeum.
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Yem 60nblle Mbl y3HAaEM O reHOMe, TeM 60/blle BblIHYXe-
Hbl PaCLIMPATbL HaWW NpeACcTaBNeHNs 0 «3aHNMAEMbIX UM» 06-
nacTax yHKUMOHANbHO U B NPOCTPAHCTBE —BBEPX U BHU3 MO
maclwTaby. M 3To BNonHe NOHATHO. «)KusomeopHas nomeHyus
Kpoemcs 8 Cmo/ib WUpOKOM duana3oHe ceolicme mamepuu,
KAK 8 cambiX 60/1bWUX, MAK U 8 CaMbIX MA/biX Macwmabax, Ymo
S He CYUMaro, YMo HblHe MexaHU3M 2eHepayuu XXU3HU MOXXHO
6b1710 6b1 pacno3Hams co eceli onpedenéHHocmoio» (C. /lem).

3T0 03HauyaeT hyHAAMEHTANbHYO HENOKAaNbHOCTb reHe-
TUYECKON UHGopMaLMKM, HO HE KOHel, onpeaenéHHocTu. Mo-
CTeneHHoe pa3BuUTHe, HAPACTAKLWMNM YUET N UHTErpaLns BO3-
HUKaWMX 06CTOATENbCTB, NEPEX0] B KaUeCTBEHHO HOBOEe
BOCNPUATUE —3TO HOPMA/bHbIN 3BONIOLUOHHbBIN NYyTb N06OU
HayKu. VI 9 BUXY TONbKO M/OCbI B NPU3HAHUK, YYETE U UCMNOMb-
30BaHMK 6ONbLIETO YMCNa BAUATENbHbBIX MapamMeTpPoB, KOTOpble
6yayT onpegenaTtb 6yaywune mogenun Koga.

KoHeUHO, HeNoKaNbHOCTb XU3HU —3TO BbI30OB YyAOBULLHON
CNOXHOCTW ANA COBPEMEHHbIX METOA0B HayKu. HecMoTpsa Ha
TO, UTO OHA MOCTENEHHO pa3pyllaeTcs, HaAeATbCA Ha e€ non-
HOe ncuepnaHue He CTOUT, B TOM YnicCfe No npuymnHam gyHaa-
MEHTaNbHOro xapakTepa. OHM B KAKOW-TO YaCTu onpeaeneHbl
B KBAHTOBOW MexaHuke. 9 y6exaeH, uto npobnembl, Bbipaxa-
eMble COOTHOleHneM len3eHbepra, B KBAHTOBOW MexaHUke
N HayKe O XU3HU UMEKT He CeMaHTUUYeCcKoe CXOACTBO, a OTpa-
YKalOT €CTeCTBEHHYI0 3BOMIOLMNIO NPOLLECca NO3HAHUS U B LLEeNIOM
CTPYKTYPY MUPO3JaHbss —eANHCTBO BCEro CyLLero u CBs3b BCe-
ro co BceM. HeonpeeNéHHOCTb, XUBYLL,AS B MUKPOMUPE, B UTO-
re NnopoXaaeT CTeneHn cBo60/1bl B 0OCA3aEMOM HamMK MacluTabe.

Kak un nto6oe none, nona AHK umetoT ganbHOAENCTBYOLLNIA
BOMHOBOW XapaKTep. [NIOHMMaHMe 3TOro No3BOMSET, HE 3aMbl-
Kasicb Ha KOHeYHOM andaBuTe HYKNEOTUAHbIX OCHOBAHUN, Nn-
LUEHHOM MepCcrneKTMB Nporpecca B NpUHLUMNE, NPOAOMIKNTDL MO-
CTynaTenbHOe NOHUMaHWe 1 pa3BUTUE FTEHOMHbIX TEXHONOM M.
MoaTBepXAaeHWe NoneBon rmnoTesbl 03Hayano 6bl Henmocpea-
CTBEHHOE NPOHUKHOBEHMNEe GU3NKN B FreHOMUKY. ITO APYrou
YypOBEHb MOHUMAHUS N HOBble BO3MOXHOCTU. IHTEPECHO, HO
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BEpPHO 1 o6paTHoe. HoBbI nporpecc B hm3nke 6yaet AoCcTur-
HYT He uepe3 e€ BHYTPEeHHee pa3BUTMeE, A U3 HAYK O XU3HWU.
brnonorns n reHOMMKa—3TO HayKM O BbICWINX YPOBHAX, hu3sn-
Ka—o0 HU3LWMX. N «...Ham He yoacmcsi MOTHOCMbH NOHSAMb MpPo-
yeccbl, Mpoucxoofiljue Ha HUXHUX YpOBHSIX, 00 mex nop, MNoKa
Mbl He MoUMEM 3aKOHbI 8bICLUUX YpOBHeU» (n. fesuc). MNosTomy
CTOWUT C OCTOPOXHOCTbIO OTHOCUTbLCS K NPAMbIM MPUMEHEHUSAM
KBAHTOBOW MeXaHWUKN 1 Apyrux pusanyeckmx Teopum K reHeTu-
YECKUM M NHbIM MpoLeccam B 6MoCMcTeMax.

A1 cunTalo, UTO NoneBas rMnoTesa—CoBCEM He OKOHYaTeNb-
Hasi Teopusa reHOMa, a Nnlib BO3MOXHbIN CNOCO6 onucaHus.
A npeanoxeHa oHa He C Lenbto y3ypnupoBaTb NPaBoO Ha OKOH-
yaTesibHY UCTKHY, @ HA06OPOT, NOKA3aTb, YTO TAKOTO IKCK/IO-
31Ba HET HU Y OJIHOW W3 CYWECTBYOIWNX N ByayLW X Teopun.
E€ LEeHHOCTb—B OTKPbITUU HOBbIX CNOCOBOB MCCNefoBaHuA
n amanora ¢ Kogom. Mpu 3TOM 1 TOYHO He 3HAK OTBETOB Ha
MHOXeCTBO BOMPOCOB, KOTOPble MOryT 6bITb afipeCcoBaHbl 3TOM
TEOPUMN N ABNAIOTCA TEMHOW CTOPOHOW HAYKM O XXU3HU. BOT He-
KOTOpble U3 HUX:

- Kak TpaHcgopmupyeTcs nose npu nepexoge oT «CTauuo-

HapPHOr0» COCTOSAHUS B PEXUM pennkaumm?

- Kak hopmupytoTca nons Konmm?

- CBA3b C MEXAHU3MOM eCTeCTBEHHOro 0T60pa;

- MexaHu3m audpepeHumaumm KNeTok;

- 3BONOLNSA NOMEN B MOMEHT OMNMOAOTBOPEHUS U MHOTME

Aapyrue.

Ho 3Tu xe npobnembl He UMEIOT Aa)ke NepCcnekTUB pelweHuns
B pamKax LeHTpasbHOW formbl. HanpoTus, nonesas Mogenb, He
oTpULLAA 06LWMUX MONOXKEHNN COBPEMEHHOW FEHOMMUKHK, Npeano-
naraeT Hanuuue cyllecTBeHHO 6onblIKMX NonHomounin Koaa.

C KaXKAbIM HOBbIM KPYMHbIM OTKPbITUEM B HayKe Ha CBET 6y-
JeT NosABnATbCA HOoBas modenb Koga. OHa 6yaeT YCNOXHATbLCS.
Ceyac oHa XMMUKO-MexaHuueckas. MpsaayT Tononoruyeckas,
nonesas, BUGpaLMOHHAs 1 Aanee NMHIBMCTMYECKAa U T.4. byayT
paclWmMpATbLCA BO3MOXHOCTU NPOAYKTUBHOMO AnManora ¢ Kogom.
BO3HUKHYT 1 6yAyT YCNOXHATLCA TEXHONOTMN TEXHOLEHO3a.
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B MOEM npeacTaBneHUn XnBoe —3To 6asneT, TaHel, B3auMo-
pencTeyowmx cywHocten: AHK, PHK, 6enkoB v apyrux yyacT-
HUKOB. X NnoneBble 06BATLA NPUBOAAT K COBOKYMIEHMWIO U MO-
CTOAHHOMY BOCMPOU3BEAEHNIO 3TOrO AeCTBa, MPOUCXOAALLETO
B BOASIHOW cchepe, KaXkaaa monekyna KOTOPOW noAabirpbiaeT
pexunccepy. Kaxabii y4acTHUK OTMEHHO 3HAET CBO POMb U Nu-
6peTTo B Lenom. Ero oBMXeHUss 1 BCS MapTUs CUHXPOHU3NPO-
BaHbl C IPYrMMU N OKOPM/IEHbl MaTpULLeil FAPMOHNUYECKUX OT-
HoOLIEeHUN.

MpnberHyTb K XyaoXecTBeHHOMY 06pa3y NpULLIOCh U C Le-
Nbl0 YKPACUTb TEKCT, U ANA NOPOXAEHMA Pa3MbILLNEHUA O TOM,
UTO YaCTO OUEHb pa3Hble U AaNEéKne Apyr OT ApYyra Bewm oKasbl-
BAOTCA HEOXUAAHHO BAN3KUMMU U POACTBEHHbIMU NO CyTw. le-
HOMHbI€ HAyKMN MOTYT MHOIO€e N03auMCTBOBATb U3 KOHCTPYKLUK
HaLLMX «NCKYCCTBEHHbIX» TBOPEHNIN —My3bIKM, TAHLEB 1 T.4. Ta-
KON KOHCTPYKTUBU3M UMEET ABHYIO0 MPAKTUYECKYIO LeHHOCTb.

CTpyKTypa 1 nona reHoma — BCero Nulb UHCTPYMEHT ANns
My3blku Mpupoabl. Mo3HaTb Yepe3 HUX NAPTUTYPY HEBO3MOX-
HO. KaK B TeaTpe KYKON: BUAHbI ABMXEHUA PYK, HOF, HO He caMm
KYKNoBOJA. Bonpoc o ABMXYLLEW CUle NO-NIPEXHEMY OTKPbIT.
MoXeT nn 3Ta ABMXKYLLAA CMNa PAaCNpPOCTPAHATLCS HA Heopra-
HUYECKYI0 maTeputo? BO3MOXHO, Kakne-To hparmeHTbl OTBETA
HanmayTCca nocne nepekpecTHOro onaoA0TBOPEHNS TONOMOrUu,
thnsukn n buonorun.

MnoTe3a 0 HANIMUUMN Y TAKOW CIOXHOW CTPYKTYPbI, KaK re-
HOM 1 CBSI3@HHbIX C HAM MPOLLECCOB NONEBON M BUOGPALMOHHON
COCTaBNAWOUINX, NPeACTABNAETCA OUEeHb NTIOFMUYHOWN, MPOCTOW
n rmbkon. OHa cBOGOAHA OT YMO3PUTENbHbIX Cy6CTaHLUN,
a rmaBHOe —BMO/MHe NpoBepsieMa. ITO BaXHble MPU3HAKK eé
NepcneKTUBHOCTU U CTUMYNbl €N 3aHATbCSA. BO3MOXHO, 3TO
NPOCTO NPU3HAKM MOEro 6OMbWOr0 XenaHWa U YacTHOe MHe-
Hue. Ho A Noka He HalWen BHYTPU HEE U B cebe BHYTPEHHUX
npoTuBOpeYnin. Ho He CTaHy UCKNOYaTb, YTO CUPANK MOTYT
O0Ka3aTbCsl B UTOre NPOCTO CNOCO6OM KOMMAKTHOIO XpaHeHUs
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MHopMaLnmn B NPOCTPAHCTBE U He NMeTb CaMOCTOATENbHON
LLeHHOCTU ANA NPOLEeCCoB pennKaLuum.

1.15. ECTb N1 Y KOAA LEENDb?

B aTom pasgene mou pasmbllLieHUa He NoAKpenneHbl Npak-
TUYECKUM KOHTEKCTOM, U MO3TOMY €ro MOXHO NPOnycTUTb 6e3
0C0601 NOTEPU CMbICNA.

Ectb nn y Koga camocToATenbHas Lenb 1 ctparerna?

Bbino 6bl OWNGOYHO NPUNUCLIBATDL 3TU aTPUBYTbI CAaMOCTOS -
TENbHOW CYLWHOCTM TONbKO YenoBeky. [louemy Tako BOSMOXHO-
CTU AOMKEH 6bITb NULIEH Koa, NopoanBLLUIA ero 1 BClo buocdepy?

JIsontouus prusnmyecknx, 6UONOrMYeCcKMx cCMCTem NocTpoe-
Ha Ha 06Llem nNpasnne—60pbbe 33 CAMOCTOSTENIbHOE BbKMBA-
Hue. 3To cTpaTerua nbOro Kycouka matepun. «XXKueoe cyuje-
Ccmeo npexaoe 8Cce20 cmpemMumcs nokKasamse C80K CUNy—cama
XXU3Hb U ecmb cmpemsieHue K enacmu» (O. Huywe).

C Apyrow CTOpPOHbI, 3TO OTpaXaeT BCeobLY TEHAEHLUIO
maTepun B NO6bIX BO3MOXHbIX YCNIOBUAX FTeHEepnpoBaTh MNo-
psaoK. BceneHHas NOCTOSSHHO reHepupyeT NopaAaokK, OfHO-
BPEMEHHO pa3naras ero. T.e. 1 Xo4y CKa3aTb, UTO Mbl BUANM He
NCTOLLEHME N PACXOA0BAHME 3aMacoB KOrga-To CO34aHHOro no-
PAZIKa, a ero NoCTOsIHHYI0 reHepauuto, BOCNpon3sBeeHue.

Kakgaa cuctema, ucnonb3yolas rpagmeHT nopsaka, cTpe-
MUTCA COXPaHMTb ero. M 3To nopoxgaeTt 60pbby. CTpaTernu
Kona—npumep peanusaunm akTUBHOW arpeccMBHOW 3axBaT-
HUYECKOWN NOoNuUTUKK. Koa, Kak BMPYC, 3aXBaTblBAET HEXMBYIO
maTepuio, OXXMBASAET €€, 3acTaBNAs CNyXuTb cebe.

Koa ana coxpaHeHus n npoaBuxeHna ceb6s BO BpeMeHU nc-
Nonb3yeT [iBe pa3Hble CTpATernn-TeXHONOornu:

- penpoayKkTuMBHYt0. icnonb3oBaHne MUHMMANIbBHOIO CaMo-
BOCnpoun3BoaAlleroca anroputma (MuHMmanbHbin Kog), Ko-
TOPbIN, BEPOSITHO, HE U3MEHS/ICA HA NPOTSXXEHUN CYLLeCTBO-
BaHUA. OH MOXeT 6bITb aKTUBMPOBAH M Pa3BuUT B APYrux
mupax;

— 3BOJIIOLMOHHYI0. T[eHOM hopMUpyeT OpraHU3Mmbl C BO3pacTato-
e pa3ymMHON KOMMOHEHTOW, UTo No3BonsieT o6ecneynBaTb
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NX YCTONYNBOCTb U KU3HECNOCOBHOCTD.

MHOXeCTBEHHOCTb BOMN/IOWEHUA rapaHTUPYeT COXPaHeHne
Kopa gaxke B yCNOBUSAX HEN3BEXHbIX U3MEHEHUIA, MOMeX U, Kak
CneacTBUe, MHOTOUMCNEHHbIX OWNGOK Nepeaaun.

OAMH U3 MEXAaHU3MOB COXPAHEHNS TeHOMA —eCTeCTBEHHbIN
oT6op. Ero runboTUHA Hy)XHa ANna Bbibopa nowaamn-nobeaunte-
NS C Lenblo NPOAOMKNTbL Ha HEW NyTb € 60NblUEeN BEPOATHO-
CTblO ycnexa.

JhpeKTbl INUreHeTUKN, BOSHUKHOBEHNE 1 Pa3BUTHE pa3-
NINYHbIX BETBEW XU3HMN, PACNPOCTPAHEHNE XKN3HN B NPOCTPAH-
CTBE, OCBOEHME HOBbIX AMAaNa3oHOB U Apyrue yyaeca XuBo-
ro—3TO BCE CNOCO6bLI afanTaumm Koga C Lenbio BbDKUBAHUS.
Ho OHO He nNpeAcCTaBNsAEeT HUKAKON CAMOCTOSATENbHON NPaKTU-
YeCcKon L,eHHOCTU. IBONMOLMOHHOE COBEPLIEHCTBOBAHNE —He
Llenb, @ UHCTPYMEHT. B xofe 3Toro npouecca Koa HapacTun Ha
cebst OrpoMHble OAeXAbl, nepeweén oT HeobXoAMMOro MUHK-
ManbHOTro Habopa K C/IOXHOCTW, NO3BONAOLWEN TMOKO pearu-
poOBaTb W BbKMBATb B MU3MEHUYMBOM BHELUHEM OKPYXXeHUW. N3-
6bITOYHAA CNOXHOCTb MNOAPA3yMEBAET MHOXECTBO CTeNeHewn
€B060/bl. 3TO MO3BONAET EMY B LUMPOKOM AMANA30HE YC0BUI
13 N60ro AOCTYNHOro MCTOYHUKA 3KCTPArMpoBaTb MaTeputo
¥ 3HEpPruto Ans CBOEro BocnpousseneHns. Kak gemoH Makcsen-
na, OH NPeoAoNeBaET 1 IKCNNYyaTUPYET JaXKe TEMIOBOMN Xaoc.

N cmbicn, n TanHa 3BONKOLUN GMOMATEPUN 3ANOXKEHDI
B npouecc nepeaaumn nopsigka. Cam nuHenHbi Kog BTOpUYEH.
OH MHCTPYMEHT, UHCTPYKLMSA. «...EOUHCmM8eHHOU 3awumou om
6e3yCmaHHbIX amak xaoca, cnacumesnibHoU HUMb, MPOMSAHY8-
welca Hao0 3HMPONUUHbIM MPOBAJSIOM, MO2 CMamb NUWb 6e3-
OMKQa3HbIU Nepedamyuk ynopssdo4eHHOCMuU; Mak 803HUK KOO...
Tym oHa (380n1toyus) pa6omasna nod NOCMOAHHbIM HAO30POM:
amoao mpe6osana yenb—noddepxaHue cyw,ecmeosaHus
Ko0a, omctoda genuyauwas cobpaHHoCmMb U genuyatiwee pas-
Hoo6pa3sue cpedcma. Bom noyemy 3gon0yusa epyyuna 2eHHyr
HUMb 3Mb6pPUO2eHe3y, m.e. He CMpoOeHU, HO cmpoumesnbCcmay
opaaHusmos» (C. /lem).

YXU3Hb He eCTb TAaUHCTBO, a NPOCTO BonnoweHne Koga, cn-
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CTEeMbl XMMUYECKUX 3/TEMEHTOB, OPraHN30BaHHbIX B cneundu-
YEeCKYK NMPOCTPAHCTBEHHYIO CTPYKTYpY. HO 1 He MOXeT 6bITb
XMN3Hb TONbKO NpucnocobneHmem. Ecnm 6bl 370 6bINO €€ Ue-
NbO N CMbIC/IOM, TO OHA AAaBHO Mcye3sna 6bl, NPUCNOCOBUBLINCD,
CNUBLUMNCDH C OKPY)XeHneM. byaeT rpycTHO, eCnv XNU3Hb BCE Xe
OKaXKeTcs TaKoW 3aTyxaloLen BEepOATHOCTbHO.

Korga-To aTombl, 3N1€KTPOHbI, MPOTOHbI, POTOHbLI 1 Apyrue
«Konneru» noctpounu Kog. Tenepb OH CMYyCKaeTCA BHU3, Ha3af
K HUM. C NOMOLLbt0 06PATHBIX MPOLLECCOB FEHOM CTPEMUTCA U3-
MEHUTb CBOMN 6a31C Ha 60nee HaJEXHbI, MO3BONSAOLWNNA YBE-
NNUNTb CTENEHb YCTONYNBOCTU U BbKMBAEMOCTH.

Yenosek—ocoboe 3BeHO B nepepaye Koaa, B cozgaHum
«H6eccMepTHOro» Tena reHoma HOBOMO YPOBHSA. Hawwn byayline
Tena—3M 6rnoreomeTpuyeckme cybcTpaThbl C CUCTEMOW NOTPe6-
NeHNA 3HePrun N NopaaKa B LWUMPOKOM AMana3oHe YCNOBUN,
AEeNCTBYOLLNE C OTPOMHON CKOPOCTbI MbIC/IUTENbHbIX N ABU-
raTefibHbiX npoueccoB. Kog, BONMOLWEHHbIN B Takoe obnnyne,
0CTaBUT cebe NUWb HEGONbLIYIO U NO3TOMY YCTONUUBYIO MaTe-
pnanbHO-BELLEeCTBEHHYIO CTPYKTYPY, 3aMeHNB 0CTafibHOe No-
NAMM N BUGpaLmamum.

Koabl MaTepumn o4eHb MHOr006pa3Hbl: HEKOTOPbIe YCTONYN-
Bbl 1 CYLLECTBYKT OTHOCUTENbHO AONTO, APYrue aKTUBUPYIOTCS
TONbKO B CNeLnanbHO CO3AaHHbIX YCNOBUAX U T.4. HO BCE 3TO
3HAKM NPEenuHaHns, B yJllemM caiyyae C/IorM n NpocTbie Cno-
Ba. Ml Tonbko KoA XM3HM CMOr HanucaTtb 0 cebe 1 mupe OTANY-
HbIM OT BHYTPEHHEro coAepXXaHus A3bIKOM OFPOMHbIA pOMaH
13 maTepuun. OH NPOJOMKAET YCKOPEHHO Pa3mMaxmBaTb NEPOM,
Kak 6yaTo 4yBCTBYS KOHel, NbiTaeTcA 06paTUTbCs K BceneHHom
KaK MOXHO 60/1ee MOLHbIM NMPOLLA/IbHbIM aKKOPAOM. 3aneyat-
neTb, BNeyaTaTb Ce65 KaK MOXHO CUNbHee B QyHAAMEHT maTte-
puu B Hadexae cnacTucb OT HEMUHYEMOrO pacnaja Xpynkoro
Tena 6momatepun. MoXeT, 3TO 1 eCTb €ro Lenb, Npullealuas ns3
rny6uHbl 0CO3HAHUA TYNMKa CBOEN 6GMO03BONHOLMNTY

A MOXET, OH B YOEHMMN CBOUMM «yCMexamm» CaMo3aMKHYNCS,
«MOLWEN N0 KPYry», yTpaTua UMNynbC pa3BUTUA? BO3MOXHO nu,
UTO OH OLIMBCA U, NbITAasACb 06Y34aTb C/EMNble U MOTYLLECTBEHHbIE

51



cunbl Mpupoabl, C NErKOCTbIO MOryLLME Pa3pyLLUTb ero Xpynkue
6103TOAbI, MOAOLLEN K MOPOTY CAMOYHUUTOXEHUA?

A BooObGlLE, HE MHOTO X Mbl eMy nNpunucbiBaem? Unm sto
NMPOCTO XefnaHue nepenoXuUTb OTBETCTBEHHOCTb 3a Haly
XU3Hb 1 eé nocneacTeus Ha bora unu Koa? NMockonbKy Tak
npoule, AaBanTe 061nYaTh €ro BO BCeX CBOMX 6eaax!
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NABA 2. UCKYCCTBEHHDIE FTEHETUYECKME
MALUVHDbI

2.1. BOo3mMOXXHOCTU KOoaA

Kon noapa3symeBaeT NPOM3BOAUTENbHYI0O aKTUBHOCTb: OT Mpo-
LECCOB HA MUKPOYPOBHE A0 Kunyuyen AessTeNbHOCTMU, OCYy-
WwecTB-nemMon ero Hocutensamu. OH Brpbi3aeTcs B MaTeputo
Ha Ty rNy6uHy, rae eé moneKynspHasa ynopsago4yeHHOCTb Noka
elé MoXeT NPOTUBOCTOATb €ro aKTUBHOCTU, IHEPreTUUECKON
BOOPYXXEHHOCTU M TBOpPYECKOW MowM. HO OH He MOXeT npe-
oAoneTb U BOBMeYb B 060POT BewecTBa BHYTPEHHNE CBA3MN,
KOTOPbIX HE B COCTOAHWUN U3MEHUTD.

leHom obnagaeT sHepruen onpeaeneéHHOro KayecTtea. Ka-
YeCTBO IHEPruyM—3TO €€ YaCTOTHAA XapaKTepuCcTKa 1 opra-
HU3auuMa B NPOCTpaHCTBe-BpeMeHn. OHO onpeaenseTca B TOM
yncne bopmon, B KOTOPYI 3aKntoueHo. Mepa KauecTBa 3Hep-
rMn—B €€ NPou3BOANTENbHON NOTEHLUMANbHONW Chne.

KauecTBO MOXET AIBNATHCS 3arafj04HbIM «CKPbITbIM NapameT-
POMY», CBA3AHHbIM C «KW3HEHHON cunon». NMoNsPHOCTb, 3aN0-
XeHHas B nonsax Koga, ecTb uncrtas noteHunsa. OHa paspsxa-
eTCA BOBHe yepes NpobyxaeHne n onnoaoTBoOpeHue, BOBeKas
B CBOM 060pOT AOCTYMNHYO MaTeputo. Mpy onnogoTBOPEHNN OHA
npoABNAETCA, HAaNpUMep B BUAe Nnepuoanyeckux sosnt (n. 1.7).

JTa TBOpYecKas, CamOBO306HOBNSIEMast IHEPTUA He eCTb
HEeYTo NOTYCTOPOHHee, 0cobeHHoe. OHA TaKXe AeCTBYeT B He-
opraHunuyeckon matepuun. Mbl Habnogaem e€ B CTDOMHON U BMe-
CTe C TeM «TYMAHHOW» CTPYKType Mukpomupa. Pasragas ero
B Nt060OM U3 MUPOB, Mbl MOMMEM N ApYyrue e€ npoaBneHns. Bax-
HbIM HanpaBfeHMeM IBASeTCA MccnegoBaHne NpUpoabl U ponu
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MPOCTPAHCTBEHHOW OPraHU3aLumn maTepun.

fl cuMTalo, UTO 3Ta IHEPrUA U NOTUKO-MPUUNHHASA CXema
reHomMa MoryT 6biTb UCMONb30BaHbl (AKTUBUPOBAHDI) KaK 49
6rocdepbl, Tak U AN HEOPraHUYECKON MaTepUu.

2.2. MOHATUE U LLENU AKTUBALMN

«Bcé cbipbé u 8ce mamepuanbl HaWuUx mexHono2ul, No cyue-
cmay, NaccusHbl, U N03Momy Ham npuxooumcs ux obpabamsi-
eamb, hopmMupys 8 coomeemcmeuu C 3apaHee MPuUHSIMbIMU
naaHamu. Peyb udém o mom, Ymobbl OM Makol naccusHocCmu
nepetimu K mexHonio2uu cy6cmpamos, akmueHbIX ewé Ha Mo-
NeKynsipHOM ypoeHe... Bbl crenbl U He audume ucCmuHHoU meop-
yeckoU mMowu koda, 8edb I80M0UUA edsa ycnena eé ucnpobo-
8amb, Non3as no camomy 0Hy NpocmpaHcmea 803MoxHocmel.
Tak Ymo mpyounacb OHA HA HeC/IbIXaHHO Y3KOM y4yacmke, 3amo
HeC/IbIXaAHHO 21y60K0: C80U KOHUepm, c80€ QUKOBUHHOE COJ0
OHa cbl2pasna Ha eQUHCMBeHHOU — KOo//MoudHoU —Home, 8edb
2/71a8HbIU HAKA3 2/1acu/1, Ymo napmumypa cama 00/HKHA CMAHO-
8UMbCS cyuiamenem-fiomomMKOM, KOmopbiti noemopum 3mom
yukn. OOHaKo 0na eac He bydem HUKAKO20 UHMepeca 8 mom,
Umo K00 8 8AWUX PYKAx MOJIbKO U M0O2, Ymo pernpoodyyuposams
cebs oanbuwe... Bckope abl camu 8bitioeme 3a npedesnsbl 6esnka.
Bbl uzseneyéme kod u3 6enkosoli MOHOMOHHOCMU, U3 3mol
wenu, 20e OH 3acmpsan euw,é 8 apxeosoe, U abigedeme e20 Ha
Hoeble nymu. M32HaHHbIU U3 MEMNbIX KOMNMOUOHbIX pacmeopos,
OH 0602amumcs eKkcu4yeckU U CUHMakcuyecku, 8 8awuX pykax
OH 8mMopaHemcs 80 8ce ypo8HU Mamepuu, ONycmumcs 8HU3 00
Hyna u docmuaHem naameHu 38€30...» (C. /lem).

Koraa-To mbl NpUpyYmnm CKOT 1 NONYYUAN NALLY U TATNOBYIO
cuny. Hayumnucb ynpaBnaTb NOASMU U MaTepuen U NOAUYUHUNN
ce6e OrpoMHbie 3HepPrumn, CUHTE3POBaANN MHOXECTBO MaTepu-
anoB 1 YBENUYUIN CBOWU BblYUCAUTENbHbIE CNOCOBHOCTU. Cen-
yac NbiTaeMcs 0OCBOUTb TBOPUYECKME CAMOOPraHu3yoLL e CUnbl
npupoabl. Ho npexae uem mMbl CMOXXeM NMOPOXAATb UX NO CBOEe-
MYy YCMOTPEHWIO, HEO6XOAMMO NMPONTK 3Tan Nojapa)kaHus, nna-
rmarta, u3BneKkas 3TanoHbl U NPUHLMMNbI A4NA CAMOOpraHM3aumum
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13 OencTByloLLEN NPUPOAHON BUBNNOTEKN. I3 BCeX M3BECTHbIX
«KOAOHOB» TONMbKO KOA XXM3HM nopoann noTpsicatol,ee MHOMO-
o6pa3une hopm, NO3BONAOLINX €MY YCTONUYNBO CYLLECTBOBATb
Ha NPOTSHKEHUU COTEH MUMNIMOHOB NET, CyMen BOB/EYb B CBOU
060pPOT KOCTHYI0O HEOPraHMYECKY0 MaTeputo, Nopoann asopel,
CO3HaHMA. N 3TO NOKa eIMHCTBEHHbIN U3BECTHbIN HAaM CaMo-
noaAepXuBatwWwmnca agTopennuumpyowmincs Kog. Nostomy
MMEHHO OT €ro M3y4yeHusa cnegyeT XAaTb FMABHOIO MMNynbca
[N TEXHONOTrNUecKou 3BONIOLUN.

OOoHAKO COMHeHUs B BO3MOXHOCTU nepe3anycka Koga
B Apyrux chepax maTepuu octatTca. MoxeT N OH 6bITb ak-
TUBMUPOBAH NS UHbIX LEenen, Hexenn Xn3Hb B €€ HblHeWHeM
Buae? MoxeT nu reHom paboTaTb B UHbIX chepax, Kpome Kof-
nounaHbIX pacTBoOpoB? Peanu3oBaHbl U ucHepnaHbl 1M B Xoae
ANUTENbHOMN 3BOMIOLMUMN BCE BO3MOXHbIE CpeCTBA U CNOCo6bl,
npuBoAALMe K aBTopennnkaumu? fMonarat, uto Het. CBuae-
TeNbCTBO TOMY —pa3BUTNE TEXHONOTUN, NpUBeJLIEee K YBENN-
YEHUI0 NPOM3BOANTENBHON CU/bI YenoBeyecTBa cnocobamu,
He UCNONb30BAHHbIMU U HEN3BECTHbIMUN €CTEeCTBEHHON 3BOJIO-
uun. BoamoxxHocTn Koga, CKpbiTble B Halem 6e3MONIBHOM Tene,
NMOMHOXEHHbIE Ha 3HAHMA 1 3aBOEBAHHbIE MPOCTPAHCTBA, MO-
ryT CTaTb COBEPLEHHbIM UHCTPYMEHTOM npeobpa3oBaHus
BceneHHow. Ho gaxke ecnm 3T oTBETHI BYyAYyT ANA HAc oTpuua-
TeNbHbIMKU, TO B NOH6OM C/iyyae Npsamoe NpUMeHeHne reHoma
CNoCco6HO Npu COOTBETCTBYIOWMX YCNOBUSAX NPON3BOAUTD He-
UTO COBEPLIEHHO HOBOE.

Moa akTuBaumen Koga A NnoHUMAlO Cnocobbl peanun3aLum
ero TBOPYECKOro NoTeHUMana B pa3/IMUHbIX MaTepuanbHbIX
N MH(OPMALMOHHbBIX Cpeaax.

2.3. TEXHONOrnsl TEXHOLLEHO3A

Vicnonb3oBaHue feNCTBYIOLWEr0 reHOMa — CPaBHUTENbHO NPO-
CTas 3ajaya, HO NUWb HayanbHasA a3a TeXHONOrUN UCKYC-
CTBEHHOW «KM3HU». Camasa CNOXHAas U MHTepecHas npobne-
mMa—co3gaHue uckyccteeHHoro Koga n ero matepuanbHas
peanu3auus.
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He mory oTka3aTtb cebe B yqOBO/IbCTBMM CHOBA BOCNPOMU3-
BecTn pan uutat C. flema: «CosokynHocmsb e2o (koda) apmu-
Kynayut —cucmem pacmeHul U XUBOMHbIX—NOMeHUUaabHO
6eckoHeuyHa, Xxoms U 02paHu4yeHa, m.Kk. 8 Makom Koode Hego3-
MOXXHO apmuKy/upog8amb makou ¢heHomurn, kKomopbil 6ydem,
Hanpumep, OUHAMO-MAWUHOU UU AMOMHbIM peakmopom. Ymo
e kacaemcs mpaHcbuono2uyeckol mexHono2uu, mo noo Hel
XOmMuM MoHUMamb 83simue Ha cebsi 0CHO8 XXU3HU He Kak obpa-
3ey 0718 nna2uamos unu oaxe 0ep3Kux peKoMbuUHayul, a Kak
JI02UKO-MPUYUHHYI0 CXeMy 0718 8K/Tl0YeHUs 8 Heé mnocmeéuorsio-
2Uu4yecko2o cocmosiHus mamepuu. TexHOKOO cmaHosumcs 3a-
nucbto ,,8UHOBHOU“ UHhOpMayuU, 803MOXXHO, MOCMPOEHHOU U3
abuosio2uyeckux 3iemeHmos».

«Peyb He 06 opu2uHaIbHOCMU CMpoumMenbHO20 Mamepu-
ana, a o Memoouke, 0OCHOBAHHOU Ha MOM, Ymo onpedenéHHas
UHhopmayus moxxem 6bimb CaAMOPeanu3yiouuUMcs NPO2HO30M
co6CcmeeHHO20 CMPYKMypHO20 COCMABA... KOPeHb 380/1HOUUOH-
HOU mexHon02uu 8 UuHopmayuu, 3aK00UPOBAHHOU Mak, Ymo
OHa cama Npeobpasoabisanach 8 xenaemyo MamepuaabHyr cu-
cmemy. Ecnu mbl 6HeGpuUM 3Mo npasusio 8 3Hep2uto U seuw,ecmaa,
K KOMOPbIM XXU3Hb He umeem Adocmyna, mo 8bllidem U3 02paHu-
yeHul, XapakmepHbix 0N 8Ce20 XU.020, MAkK U U3 o2paHuye-
HUU, C80UCMBEHHbIX HAWUM MHO20YUCTEHHbIM MeXHOI02UAM.

Mpouecc co3aaHns TEXHONOrUU TeXHOLEHO3a CTOUT pa3je-
NWTb Ha 3Tanbl:

— MOWUCK TEXHOTEHa;

- KOAMpPOBaHMe «reHeTu4yeckon» nHhopmaunu;

- MOWCK cpepabl;

- BbICBOGOX/AEHME 1 TPAHCNALMA KOANPOBAHHON MHDOpPMa-

Luun B cpeny,;

- COBMeLLeHMe nepeaaBaeMon MHopmauum co cpeaoil.

2.3.1. MOUCK TEXHOTEHA

Koa MoXeT 6bITb MMNOPTMPOBAH U3 CYLLECTBYIOLWNX 6M6INOTEK
6M0N0rNMYeCcKoro NN HeOPraHMYeCcKoro MUpoB. Kogom moxeT
6bITb UM MHDOPMALMSA, XPAHALLAACA B CTPYKTYpe BelecTBa,
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nnu U3nKo-XxMmmnyeckne nNpoLeccbl, B TOM uncnie npoueccho
CamMoOpraHusaunn, X N3NyYeHns n BU6GpaLuu.

BnonHe ymecTHO nogpaxaHue aencteytouiemy Koay. Ho oHo
He MOXEeT 6bITb MPSAMbIM KOMMPOBAHMEM, KOTOPOE 3aTeM OCHa-
LAeTCA COOTBETCTBYOLUIUM IHEPreTUYeCKNM NOTEeHLManom ans
peanunsauun B UHbIX cpeaax. KonnpoBaHme BO3MOXHO TOMbKO
Kak BOCMPON3BOACTBO TOTMKO-NMPUUNHHON CXEMbl, XapaKTep-
HOW AnA reHoma. E€ anemeHTbl: TONONOTUA, NocneaoBaTenb-
HOCTb PenINKaLMOHHbIX 4ENCTBUN, aNnrOPUTM NMHENHON yna-
KOBKW MHOpPMALUN—MOTYT 6bITb BOCNPON3BEAEHbI HA APYrOM
maTtepuanbHOM HOCUTeNe, KOTOPbINA K ByaeT 3aTemM NCNOMNb30-
BaTbCsA. Mprmep —My3bika. OAUH 1 TOT e 3BYKOBOW psAd MOXeT
6bITb 3aMMCAH HA MArHUTHYIO NIEHTY, XXECTKUN ANCK U T.A. U, Ha-
KOHel, B NamsATb uenoBeka. Duanyeckne cBOMCTBA 3anucu 3a-
BUCAT OT HOCMTENSA.

B Mpupoge MHOXeCTBO CaAaMOOPraHU3YIOLWMNXCA CUCTEM.
Ny Kaxxgon ceBon anropuTtm. Ewé 6onee mouHoe MHoroo6pa-
311 NOTEeHUMaNbHO CYLEeCTBYET, HO CKPbITO. ITW CXEMbI, HaBep-
Hoe, npole reHoma. Ho uem 6onblie Mbl 6yaem y3HaBaTb, TEM
MeHblle 6yaeT pa3pblB HaWMX NPeacTaBNeHUN O HUX U MPO-
Leccax B 6uomatepuin. HUKTO He MOXeT 6biTb YBEPEH, UTO Mbl
He CMOXeM C03/1aTb HeUuTo 60nee COBEPLIEHHOE, YEM FEHOM,
a rMaBHbIM OrpaHnYeHnem 6yaeT ypoBeHb Hallen paHTa3nu.

OpraHusylwmn noteHunan Koga onpegensercsa gvana-
30HOM €ro U3MEeHUMBOCTN 6e3 NoTepu LEeNoCTHOCTU. Yem OH
wupe, Tem 60nblie BO3MOXHOCTEW €ro pa3Ho06pa3HbiX BOMIO-
WeHnn. 3To onpeaenseTcs Tononormen cTpykTypol Koaa. Mo-
3TOMY YeM CNoXHee OpraHM3oBaHa CTPYKTypa BellecTBa MK
npouecca, Tem 60nblie UX NOTeHLMANbHbIE BO3MOXHOCTH.

fencTBytowmn Kog—3To BelwecTBeHHOe o6pa3oBaHue
C onpeAenéHHon Tononormen. IckycCTBeHHbIN e Kog MoxeT
CylWwecTBOBaTb B TOM uncnie B BUAE nonen unu subpaunii Ha
pa3Hoo6pa3HbIX HOCUTENsX. MM MOXeT 6biTb BCE UTO YrOAHO:
oT dhpa3bl, 3aKOAMPOBAHHOWN a36yKo Mop3e U ABOUYHbBIM KO-
JloM, 0 My3blKK Baxa, npeobpa3oBaHHON B IM Unmn aKycTmye-
CKoe norne.

57



MoXeT 6bITb OCYLLECTB/IEHO CMeLeHne, TM6puansaumns Ko-
[0B CYLECTBEHHO OTNIMYAIOLWMXCS BUAOB. 3TO CPOAHN KBAHTO-
BOW 3anyTaHHOCTU. TM6pUAN3aLNSA MOXET 6bITb OCYLL,EeCTBNEHA
M NEePEeKPECTHO: ANA TEHOB XXMBOMO U KOJOB HEOPraHWYeCcKou
martepuu.

Ana rmépuamn3saunm Bo3MOXHO NPUMeHeHne rofnorpaduu.
B HekoTopou 061acTu NPOCTPaHCTBA APYr Ha Apyra mMoryT
6bITb HAMIOXEHbI CTAaTUYHbIE roflorpadmueckne N306paxXeHns
pasHbIX KOJOB.

B paspgene 2.3.3 U310XeHbl COOOPAXKEHNSI OTHOCUTENBHO
mMaTepuanbHON 6a3bl NCKYCCTBEHHOW FrEHOMUKMN.

2.3.2. KOANPOBAHME «TEHETUYECKOMN» UHOOPMALMN

B reHome MHopmauma yxe HaxoaAnTcs B BUAe, rOTOBOM ANS
aBTopennmkauuun. OgHaKo Npu TPAHCAALMUK €€ C MOMOLLbIO Mo-
nen nnn ns3nyyeHuin e€ Tononornyeckas ynakoBKa MOXeT pas-
pywaTbCs, U UHDOPMALUA CTaHET HeaKTUBHOW. M03TOMY TaK Xe,
KaK 1 AN MCKYCCTBEHHbIX TEXHOTEHOB, BO3MOXHO, NOTpebyeTcs
JONOMHUTENbHAA AOKOAMPOBKA. 3TN MeTOoAbl ONMUCaHbl B pas-
pene «Mons Koga». Bo3MOXHO co3paHue ewe 6osee CNOXHOM
TOMONOTMMN C UCMONb30BAHNEM HECKONBbKUX CTAANMN «CNnpannsa-
LMM». Ha KaXkaon MoryT UCrofb30BaTbCA OAUHAKOBbIE MO CMbIC-
Ny YCTPOICTBA C NOC/ef0oBaTeNbHbIM yBennYeHnem (ymeHblie-
HMeM) macluTaba. Bo3moXeH peBepcC HanpasieHns BpalleHus.

2.3.3. Monck cPEADI

2.3.3.1. TNABHAA NPOB/IEMA TEXHOLLEHO3A

«...l'eHbl cmamuyHbl, a 6esKku OUHAMUYHbI, npedcmasneHue 2e-
HO8—MO e, YUMo rnepesood C HyKneomuoHo20 duasekma Ha amu-
HOKUCTOMHbIU duanekm. C meM )xe 0CHOBaHUeM MOXXHO CKasamb,
Umo Hykneomudbl 06pa3yrom Namsimb XU3HU, a 6eKu cayxam
npoyeccopamu Xu3Hu...» «MoXHO CUHMe3upo8amb 2eHbl, KOMo-
pbiX Hem 8 npupooe, HO 2eHbl—3MO CMpoumesnu u pacrnopsidume-
Nu 6enkos, cnedosameribHO, NPUAEMCA CHaYyaaa NpoeKkmuposamso
makue YUK/bl Npoueccos, Komopble He 8xo0usu Ao Cux rnop 8 pe-
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nepmyap 6uonoaudyecko2o o6meHa sewecms» (C. /lem).

N ecnn gna co3gaHus TEXHOTEHOB eCTb XOTA 6bl KaKasn-To
npakTUyeckaa 0CHOBA, TO A5l CPeA, B KOTOPbIX OHW MOTyT pea-
NN30BaTbCS, BCE HAMHOTO C/IOXHee. E€ NONCK OKaXeTCA CamMbiM
CNOXHbIM 3TANOM TEXHOL,EHO3a.

Llenbto akTuBauny Kofa MoXeT ABNSATbCA:

- npouecc, B KOTOPOM peannsyeTcs HyXxHaa yHKumus. Hanpu-
Mep CUHTe3 BelecTBa, CNOCOBGHOro B NOCTOSAHHOM pexume
CaMoBOCNpPON3BELEHNA aACOPOUPOBATL U3 BHELLHEN Cpeabl
TAXKENblIe MeTasn bl, a 3aTEM BbIAENATb UX B BUAE 0CAAKA;

- MaTepuan c HYXHOW CTPYKTypown m csouctBamu. Mpu-
mMep —COo3/aHune KOnnum 4enoBeyeckoro opraHa, Makcumarb-
HO NPUGNMKEHHON K OpuruHany. [ina 3T70ro B npouecc eé
BblpalLMBAHNA BHOCUTCA aKTUBHAS reHeTnyeckasa nHgop-
mauums, opmupyrowas e€ CTPYKTYpy M OTHOLWEHUS C OKpPY-
XEeHnem.

2.3.3.2. OB UE TPEBOBAHUSA:

- KnetouHoe (KBa3uKNEeTOUHOE) CTPOEHNE;

- CMOCOBHOCTb K BOCCTAHOBMIEHMUIO;

— BO3MOXHOCTb aBTOPENINKaLMK B LMK/e KaKoro-nm6o npo-
ecca (ecnm peub MAET 0 NpoLecce);

- Hanuume ycnoBu ANA Pe30HAHCa UNKU CUHXPOHU3ALMUK
Mexay BeluecTBamu (npoueccamm) —napTHEpamu Koaa.
Mpu aKTUBALMMN N CUHTE3E TEXHOKO/0B HEOH6X04UMO YUNTbI-

BaTb YHMBEPCANbHYIO IBOMIOLMOHHYIO CTPATErni0 Takux 06b-
eKToB—60pbby 3a BelwecTBo, UHHOPMALUIO, SHEPTUIO, MPO-
CTPAHCTBO. 103TOMY A/18 YCMELWHOro BbipallMBaHMA TeXHOKO4A
Heo6Xx04MMO CHabXXaTb €ro 3TUMI KOMMOHEHTAMN HYXKHOTO Ka-
yecTBa M B JOCTAaTOYHOM KONUYecTBe.

Mpu 3TOM JOMKHbI 6bITb CO6MIOAEHbBI ONTUMANbHbIE XapakK-
TEPUCTUKN «MOCEBHOrO aHcamb6na» B uenom. OH He MoXeT
6bITb CMMULWKOM MMIOTHbIM, MOCKOMbKY 3TO 6YAeT yMeHbLaTb
WAHCbl HA BbKMBAHME KaXA0ro 3MemMeHTa 1U3-3a HefoCcTaTKa
PeCcypcoB, HO U CAVLLKOM Pa3PEeXeHHbIM, T.K. B 3TOM C/lyyae Mo-
KET He BO3HUKHYTb HEOBXOAMMOE KONMNEKTUBHOE NoBefeHue.
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B Teopuu camoopraHusauum n CTpykTypoobpa3oBaHum n3se-
CTEH ero NPUMEpPHbI aHANOr —MUHUMANbHbLIN Pa3mep HyK/ea-
LMW, HKEe KOTOPOro CMCTEMA He MOXEeT HabpaTb HEOHXOAMMbIN
noTeHunan Ans CamoBOCNPOM3BEAEHMS.

OueHuTb 3(pEeKTUBHYIO NIOTHOCTb «MOCEBHOrO MaTeEpPU-
ana» BO3MOXHO Ha OCHOBe AgeuncTaytowero Koga XmsHu no
cnepyolnM XapakTepucTMKam: NNOTHOCTb YNakoBKK UHOp-
mauuu, pasmep otaenbHon [HK, cpefHee paccTosHue mexay
HUMW N COOTHOLUEHWE 3TUX BENNYMH.

PaccTosiHue mexay reHamum COOTBETCTBYET He06XxoanuMmomy
06BbEMY NUTATENbHOW Cpefibl ANS YCTONUMBOMW PaboTbl OJHOIO
reHa. OHO onpegensieTcs ero NPOU3BOANTENbHOCTbIO U pasme-
pamu NnapTHEPOB nNo 6uoueHo3y: 6enkos n ap. C Apyron cTo-
POHbl, OHO AO/MKHO 6bITb AOCTATOUHbIM ANA POPMUPOBAHMA
YCTOWUMBOW CBSA3UN MEX Ay COCeAAMU, MHTErpaLum nx B eAnHbIN
OpraHu3sm n hopmMmnpPoOBaHMA KONEKTUBHOIO OTBETA HAa BHeLW-
HVe BO3AeNCTBMA. BepoAaTHO, 3T 06CTOATENbCTBA ONPEeAEennIn
pa3mepbl Pa3IMUHbIX KEeTOK.

Mo-BuanMMOMYy, CyLLeCcTBYeT YHUBEepCanbHasa B3aWMOCBA3b
MeXJy pa3mMepoM reHoma 1 paccTosiHnem mexay cocegsmm. OHa
MOXEeT 6bITb ONMCaHa NPOCTbIM YPAaBHEHNEM UMW U3BECTHbIMU
KOHCTaHTamu TMa 3010TON nponopuum. Npun KOHCTPYNPOBAHMUK
TEXHOKOAA 3TV PACCTOSHMS BYAYT UrPaTb BAXXHEWLLYIO POnb.

34€eCb MOXHO OO6HAPYXUTb MNPAMYI0 aHANOMMKO C B3aMMO-
OTHOWEHUAMMN B LAPCTBE XUBOTHbIX, NTUL U APYrUx BUAOB,
06MTAKOWMX B PaMKax OrPaHUUYEHHON TeppuTopumn. B Takmx
coobuiecTBax NNOTHOCTb «HApPOAOHACeNeHUs» onpeaenseT-
CA Takumu e hakTopamu, Kak U nNpu pacnpegeneHnn reHos
B MPOCTPAHCTBE. 3 TakMX aHanormm MOXXHO MHOroe N3Beyb
ANA NOHUMaHMA paboTbl Koda u ero uenen.

Ha camom pene, pa3smep AHK y cylecTByOLWMX OpraHn3MoB
MHOrO 60/bLLe MUHMANbHO HEOOXOAMMOTrO A8 AaBTOPENINKALMN.
B npouecce AnnTenbHbIX 3BOMOLMOHHBIX 6Ny aaHun Kog o6poc
MacCcou YaCcTHOCTeN, NoAPOBHOCTEN, MHOT e U3 KOTOPbIX He ABNS-
lOTCS XKU3HEHHO HEOOXOANMbIMM ANA ero paboTbl. OHKN NpuBA3a-
Hbl K KOHKpPeTHOMy HocuTento Koaa, KoTopbiv cam no ce6e—BCero
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NWLLb BPEMEHHbIN 3N130[ B ero 60pbbe 3a BbXKIBaHNe.

3aJaumn Nomcka TeXHOKoaa 1 cpeabl A8 ero BONIOoWeHus
pas3nnuHbl. Ho BCE, UTO 6bIN0 CKA3aHO, OANHAKOBO MPUrOAHO
ANs peleHuns nx obeunx.

2.3.3.3. MEPCNEKTUBHbIE MATEPUANbI

Bbi6op 3nemeHTa KOAMPOBAHMA onpeaenseTcs coBnageHnem
«XMMUYECKOW JAaHHOCTU» C ero «pennKaLuMoHHOW PeakTUBHO-
CTblo». MOXeT 0Ka3aTbCs, UTO «XKU3Hb CTOUT HA Yrnepoae», no-
TOMY UTO OH 6bin1 cy6CTaHUMen (3NeMeHTOM), NCKMIUNTENbHO
noaxoAswmm 3emne.

Huxe npefcTaBneHbl NOTEHLMANbHbIE KAHAUAATbI HA POsb
TAKWX 3/IEMEHTOB NCXOAA N3 MOMX OTPAHUYEHHbIX 3HAHWI O CO-
BpeMeHHbIX MaTepuanax. Ho coBepWeHHO TOYHO, YTO MOKa Mbl
1 6NM3KO He MMeeM BapUaHTOB reHepauuy camoBOCNpoun3Bo-
AAWMXCA NpoLeccoB. «00HAKO MHOXecmeo HeoXxuoaHHocmed,
KOMOPbIMU HAWNU208AHA UCMOPUSA Hawel yusunulayuu, npe-
docmepezaem om npexxdegpemMeHH020 om6épackieaHus <...>
Makux <...> npednoxeHuu u uded...»

CnepyeT NCKaTb U CUHTE3UPOBATb BELLECTBA, MPEXAe BCEro
MMeroLme KBa3nKIeTOYHOe CTPOeHUe 1 XOTSA 6bl NPUBAMKEHHO
NposABNAOLLME YePTbl XXN3HN —CMNOCOBHOCTb K CaMOBOCNPOU3-
BEJEHN0 1 aBTopennmkaunm. K HoBon BHEGETKOBOW 3BONMOLMN
BELLECTBA CXKECTKOW KPUCTANIMUYECKON CTPYKTYPON Mano npu-
roaHbl. MOTeHLMANbHO MHTEPECHbl aMOpHble, KNacTepHble,
NONMKPUCTANTNUYECKUE W XUAKNE COCTOSHUSA.

Xunpgkoctu

«..)Kuokas ¢asa dasana 6uoyeHo3y 8 HeKomopou cmeneHu
Haubonee 61a20nNpusmHoe MHO20MepHOe 3KCnepuMeHmanb-
Hoe MpocmpaHcmeo...» CTPYKTypa XUAKOCTe MHOrOKOHGOP-
MALMOHHA, NOABMXHA M UYBCTBUTENbHA K BHELWHUM haKTo-
pam. 3To AenaeT UX NoTeHUMNANbHO BaXXHbIMM KaHAMAATaMu, HO
B OCHOBHOM NPUMEHUTENbHO K 6Uo06beKTam. ins 3Toro Boga
OCTAETCA BAXHENWUM KaHaAnmaaTom. MaBHOW npobnemon eé
NCNONb30BaHNA ABNSAETCA CTaHAAPTU3ALMUSA €€ XapaKTepUCcTuK
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(nogpo6HOCTM B pa3aene 2.3.5).
MONMMEPDI

MepcneKTMBHbI ANA CO34aHNS TEXHOTEHOB U Cpea ANa pennu-
Kauuu. Ho yxe cemyac MoryT UCMOMb30BaTbhCA ANA UCMbITAHUN
BNUAHNA reHoma.

Kputepuu otbopa:

- 61130CTb NO XUMUYeckomy coctaBy K IHK nnm no Bo3amox-
HOCTW B3aMMOAENCTBUS C NOAOOHBIMMN OPraHNUYeCcKUMmn co-
eAVHeHUsMuY;

— BO3MOXHOCTb NPUBANXEHHO MOBTOPUTb CMOXHYI TOMOMO-
rmo 6eNKOB M AUHAMUKY NPOLECCOB 6MoLeHO3a.

Jnsa 3Toro Heo6xoAMMO 60MbLIOE UNCNO cTeneHen cBob6oabl
N HU3KWI IHEePreTUYEeCKNN Nopor 418 NepecTPporKn CTPYKTYPbI.

HAHOCTPYKTYPbI

O6nafaloT HEKOTOPbIMI aHOMANbHBIMU CBOWCTBaMU, KOTOpbIe
MOTYT 6bITb MHTEPECHDbI ANA HAWMNX Lenen. Pag HAHOCTPYKTYP
MMeeT KBa3MKeTOUHoe CTpoeHmne: pynnepeHbl, rpaceH, Cnox-
Hble HeEOpraHuyeckme mMosiekynbl 1 T.4. BnonHe BeposATHO, UTO
OHU MMEIT BHYTPEHHME JanbHOAENCTBYOWME NONSA, KOTOpble
MOTYT 6bITb YCUEHbI U3BHE.

CHauana cTouT NPoTeCcTMpOBaTh Bo3aencTaue Koga Ha npo-
LLeCCbl CUHTe3a pa3/InuHbIX CTPYKTYpP Yrnepoaa v ero coeau-
HeHWU. BO3MOXHA X camocb6opka 1 nporpammmpoBaHue. 3To
NIOTMYHO BbITEKAET U3 TOr0, UTO yrnepos COCTaBIAET OCHOBY
XU3HN.

BAuskui K yrnepoay KpemHuin o6pasyeT aHanornyHble coe-
AVNHEHUS, TUNNYHbIE A1 OPFaHNYeCKUX COeIMHEHNI Yrnepoaa,
TaKue Kak CKeneTHble CTPYKTYPbl BUONOrMUYECKNX NPOLLEeCCoB.
Mo3TOMy OH TOXe B CMUCKE.

BUOMATEPUATDI

CyuiecTByeT Knacc MaTepmanos Ans MPUMEHEeHNUs BHYTPU opra-
HM3Ma: CyCTaBOB, NOYEK U T.4. VIX 6I0COBMECTUMOCTb—3TO HAMEK
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Ha BO3MOXHOCTb I'IOTEHLI,I/IE:U'IbHOI?I KOANPOBKMW.
COCTOAHUE ME30®MA3bI

370 0co60e COCTOAHME BELECTBA HA rpaHuLe Mexay TBEp-
AbIM 1 XUAKUM (ra3006pa3HbIM) COCTOAHUAMM. OHO CylLecTByeT
B BUAE NpomexyTouHoro cnos (MC) n o6nagaet aHOManbHbI-
MW CBOWCTBaMM, NPU3HAKAMN CAMOOPTaHU3aLUN, HO NPaKTU-
UECKMN He M3YUeHOo 1 He nucnonb3yeTca (NogpobHOCTU B APYruX
Moux paboTax). Pe3ynbraTtbl npoueccos, npoucxoaawmx s Mc,
Mbl HabnOAaEeM NOBCEMECTHO: CHEXUHKU, MOPO3HbIe Y30pbl
1 T.N. 3TO OYEHb NHTEPEeCHbI KaHaUAaT!

2.3.4. BbICBOBOXXAEHUE N TPAHCNSALMSA KOANPOBAHHOM
WHOOPMALNN B CPEAY

«llomeHyuanbHas cuna, Komopy maum 8 ce6e UHopmayus,
Ha3eaHHas memauHgpopmayuel,—3Mo 0mopeaHHas om ume-
DPAUUOHHbIX, MOCMynamesbHbIX U IUHEUHbIX Npoueccos8 camo-
opa2aHu3ayus, Komopas y>e He HaCMOoJIbKO 3a8ucum om ce0-
e20 Hocumerisi, KaK XU3Hb 8 Npupode u/u Kak KoMnblomepHas
modesb, co3daHHas npozpammucmomy (C. /lem).

Moka nHthopmauus, cogepxawasnca B Koge, npussizaHa
K HEMY, OHa ABNAETCSA €ro CO6CTBEHHOCTbIO U HUUYEM 6onblue.
E€ BO3MOXHOCTU /TOKA/IbHO OFpaHWY€eHbl U CKPbITbI. [O3TOMY
npexae yem nepenatb MHOPMaLMIO Cy6CTaHLNK, Fe OHa CTa-
HeT akTMBHOW U TBOPSALLEN, €€ He06X0AMMO N3BMNEeYb M3 MaTe-
puanbHoro Hocutens. Cenyac 3To BblpaXkaeTcsa B nepeaaye MH-
opmauymn ot AHK Kk PHK 1 6enkam.

Y 3TOM 3a4a4y MHOrO BapuaHTOB pelleHns B 3aBUCMMOCTHM
OT KOHKPETHbIX YCNOBUN.

B KauecTBe MCTOUYHMKA, BO36YKAatowWwero obpasel, reHoma
(Hanpumep KoHUEHTpUpoBaHHaa [HK) u TpaHCNUPYIOLLEro WH-
(hopmauuto OT Hero K 06beKTY, MOTYT NCMONMb30BATLCA Nasep,
TpaHcdopmaTtop Tecna, UCTOUHUKM MAarHUTHOTO, CTaTUUYECKOTO,
BMXPEBbIX TPEXMEPHbIX NOMeWn, aKyCTUYeCcKnx Bubpauui u 1.4.
O6paseu moaynnpyeT 3TO NONE UK U3NYUEHME.

Monsam M U3NyyeHUAM, HECYLIMM MHAOPMALLMIO, MOXHO
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nNpuAaTb CNUPANbHYI TOMONOTNI0 C MOMOLLBbIO N3BECTHbIX TEX-
HUYeCcKnx npuémos (n. 1.4.5). CBONCTBA TAKOrO U3/yYEHMA MO-
ryT CyLWeCTBEHHO YCUNMBATb Pe3ynbTaTbl KOAUPOBAHUS, A B He-
KOTOPbIX Cyyasx 6e3 Hero adhpekTa MOXeT U He 6bITb BOOOLLE.

Kpome TOro, atn Hocutenun nHpopmaLum moryT 6biTb Npo-
MOAYNMPOBaHbl BUGpaLmMamu BOAbl, 3eMNn, XPOHOPUTMAMK
M Ap. NPUPOAHBIX NCTOYHUKOB, (POPMUPYIOLLMX BuoCcdepy.

HecnoXHo NpeanoXunTb HECKONbKO BAPUAHTOB CUCTEM Nne-
peHoca nHopmaumm ot Koga B cpeay, pa3nuyarowmnxcs pacno-
noxeHnem o6pasLia, MCTOYHMKA HeCYLLero nons, moaynatopa
1 cpeabl OTHOCUTENbHO APYr Apyra.

2.3.5. COBMELLEHUE NEPEAABAEMOI UHOOPMALMU CO CPEAOIA

Ha aTom 3Tane HeobxoaAnUMO pewnTb HECKONMbKO Pa3/INYHbIX NO
CMbIC/TY 3aaau.

MPEABAPUTENbHAS NOATOTOBKA CPEJDI

Llenb—unCKNUNTL OFPAaHUYEHMS, MeLatoLL e YCnelwHOoMy BHe-
ApeHuto 1 pa3sutuio Koga. Hanpumep, pasHbimu cnocobamu
MOXHO AeCTPYKTYpupoBaTh cpeay, M36aBnB €€ 0T HEOAHOPOA-
HOCTel, KOTOpble MOryT 6bITb NOMexamun ana 6yayuein camo-
opraHusauuu.

COrnACOBAHME C BUBPALMOHHbIMU NAPAMETPAMU CPEADI

B cpeae peanusyloTcs NPoOLECChl, KOTOPblE MMEKT onpeaenéH-
Hble PUTMbI, YacTOTbl, BU6paLmu. Mo3TOMy AN AOCTUXKEHUS
MaKCUManbHoW 3hHeKTUBHOCTN HEOBXOAMMO CUHXPOHN3NPO-
BATb C HUMI BXOASALLYIO FrEHETUYECKYH MH(opMaLuio.

AKTUBALIMA CPEAbDI

OueHb BEpOATHA CMTyaLMA, KOrAa YCMELWHO BbINMOMNHEHbI 1-4-1
3Tanbl TEXHOMOMNM U cpefa NMPUHLMMNNANBbHO MOXET BOCNPU-
HATb MHG OPMaLMIO, HO aKTUBMUPOBaTb Koa B HEN He NO3BONAIOT
JHepreTuyeckme orpaHnyeHuns. T.e. ocBo6oXaEHHAsA M3 Koaa
NHOPMALMA He MOXeT HanpaMyto BAUATb Ha cpedy. OfgHako
3TO He 03HauaeT, UTo 3(h(PEKT HEBO3MOXEH, JaXe eC/N OH He
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AOCTUMHYT NPSAMbIM CNOCO60M.

JdHepreTnyeckun 6apbep cpeabl MOXeT 6biTb MPEOoAONEH
C MOMOLLbI0O BHEWHUX NONENn, Katannsatopos. Katanus—3Tto
NPAMON NYTb K CHATUIO OFPAHUYEHUI UCMONb30BAHUS FTEHOMA.
OT reHOB A0 rMy6MHbI HEOAYLWEBNEHHON MaTepPUN Mbl o6epEM-
CS NOCTENEHHO, Lenblo NoCneaoBaTeNbHbIX WAros, C UCNOMNb30-
BaHMEM Ha Ka)XAOM luare Katanusatopos. Hanpumep: feHoM -
Buononumep - Monumep -> Yrnepod (v uTo-To HOE) - ATOM.

TaK, MOXHO YBENNUNTb aKTUBHOCTb U KONMMUYECTBO BELLECTB,
MCNONb3yeMbIX B KauecTBe cpefbl Ans pennukauuu. Mpumep: Mol
BapVM, HarpeBaem, U3menbyaem efy C LEenblo YBENNUYEeHNs eé yc-
BOSIEMOCTW UMM NONYYEHUS BO3MOXHOCTM UCMNOMb30BaTb NPOAYK-
Tbl, KOTOpble 6€3 06PabOTKN MANO MPUTOAHbI B KAUECTBE MULLM.

Mo3ToMy CXeMbl NnepeHoca MHhopMaunm oT reHoma, aHano-
FMUYHble N306PaAXKEHHON HA PUC. 2, AOMKHbI 6bITb AOMOMHEHDI
npu HeoHXOAUMOCTN 6OKOM KaTanMTUUECKOro BO3eCTBUS.

HekoTopble 4ONONHEHMNS:

— BO3MOXHbIM MPUEMOM A1 BbiiBNeHUA BAusHUA Koga Ha
HeopraHMyeckyl matepuio byaeT e€ npeasapuTenbHoe n3-
mMenbyeHune, N0 KpanHen mepe, 4O YPOBHSA, KOoraga pasme-
pbl Kofa 6yayT conameprmbl C pa3mepom 06bekTa Bo3gei-
CTBUSA, B TOM UncCne 40 HAHOYPOBHS;

— MOXeT 0Ka3aTbCA, YTO B CUY NPUHLUMNUANBbHbBIX OFPaHN-
YeHUN BBeAeHNe AONOMHUTENbHbIX BElWeCcTB B Cpeay He-
npuemnemo. Hanpumep BCneacTBME KOHCEPBATUBHOCTHU
N XKECTKOCTU €€ CTPYKTYPbl UM XUMUYECKOW HECOBMECTH-
MOCTU. Toraa MOXXHO NCNONb30BaTb 6ECKOHTAKTHbIE METOAbI
aKTUBALUK: MoneBble BO3AENCTBUA, BUGpALNN, N3NTyUEHUS
1, BO3SMOXHO, UTO-TO eLE.

Apyron cnoco6—npeaBapuTenbHO pacTBOPUTbL 3TO Belye-
CTBO B HEKOW AOMONMHUTENbHOW Cy6CTaHUMK, KOTopas byaeT
ABNATLCA NPOMEXYTOUYHbIM 3BEHOM B CXeme akTuBaummn. OHa,
nornowas ynpasnsoWwmnn curHan, éyget nnbo npeob6pasoBbl-
BaTb ero, NM60 NpakTUYeckn 6e3 UCKAXKEHNN TPAHCINPOBATD
06beKTy. Mpn 3TOM NOABMXHOCTb UM AKTUBHOCTb 3N1EMEHTOB,
COCTaBNAKWMNX 06DEKT BO3LENCTBUA, B TaKOW Cy6CTaHLMN
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AOMKHA 6bITb MHOTO Bbile, YeM B 06bIYHOM COCTOSIHUU. MMpu-
Mep —CKOPOCTHOE 06pa30BaHMe KPYMHbIX KPUCTANNOB B ecTe-
CTBEHHbIX YCNOBUSIX B BYNIKAHUYECKMX NOPOAAX, PACTBOPEHHbIX
B BOJeE.

Bofa B 3TOM CMbIC/le —YHUKANIbHOE BeLeCcTBO M3-3a OFpoM-
HOW NOABWMXHOCTN CTPYKTYPHbIX 31EMEHTOB 1 X BO3SMOXHOCTU
NPUHMMATb KOHGUIYpPaLUI0 B COOTBETCTBUN C BHELUHUMMU YCNO-
BMAMK. OQHAKO CYLeCTBYHOLWAN B eCTECTBEHHbIX YCNOBMAX BOAA
He MOXeT 6bITb CTaHAAPTN30BaHA AN UCMOMNb30BAHNSA B TEXHO-
noruax. ns 3Toro oHa AO/MKHA NPOWTK NpeaBapuUTeNbHYO 06-
paboTKy. Hanpumep, ounCTKy, AECTPYKTYpU3auno un 1.4. lnéo
MOXXHO MCKYCCTBEHHO MOMy4YaTb BOAY NO HEKOMW CTAaHAAPTHOM
TexHonoruun. C 4pyron CTOPOHbI, Mbl AOMKHbI pacCMaTpMBaTb
M APYrMX KaHAKAATOB HA 3Ty paboTy. CMUCOK WNpPOK.

Kak 1 B 06blYHbIX TEXHONOMMAX, ANTOPUTM ONTUMU3ALUN
TeXHOLeHO3a 3aK/yaeTcs B (GOpMUPOBAHUM NPOCTPAHCTBA
Koa—KoaupoBLluMK—cpeaa u nepebope BapuaHToB B HEM. Co-
KpalieHne BpeMeHu NoMcka ONTUMANbHbIX PEXUMOB BO3MOXHO
NPy NCNONb30BAHNMN ABNEHWU PE30HAHCA UM CUHXPOHU3ALNN.

2.4. TEHOM U BUOOBBEKTbI

TexHOLEeHO3 —3TO cynepuenb, KOTOpas O3HayaeT AOCTUXKEHME
HOBOIO YPOBHS B3aNMOOTHOLIEHWUI MEXAY YEe/TOBEKOM U MaTe-
pvien. Ha 3TOM NyTn BO3MOXHbI U MPOMEXYTOUHbIE pe3ynbTaThl,
nMeloLMe LeHHOCTb camm no ce6e. Peub 0 HOBbIX CNoco6ax nc-
MONb30BaHUA TeHETUYECKOW MHopMauun ans 6M006HEKTOB
1 HeopraHmyeckon matepun. Pag ngen asnsaTca 06WMMMN Ans
060MX MMPOB N MOTYT UCMONb30BATbCA NEPEKPECTHO.

Camblii NPOCTON BApMAHT—3TO MEpPEHOC UHopmauuu re-
HOMa C NOMOLLbIO NOMen, N3ny4yeHMn n OPM Ha pa3nnyHble
61M006BEKTbI U (HUKCALMA BO3SMOXHbBIX U3MEHEHUN BO BpeMS
1 nocne Bo34eNCTBMA (...a BO3MOXHO, 1 10 Hero. ®aHTacTUYHO?
HeT. Ho 370 oTaenbHas necHs).

Moka3saTenbHbIMU ABNAIOTCA YCMELWHble OnbiTbl MOHTaHbe
MO NepeHoCy reHeTUYeCcKon MHopmauny Ha BOAY AN HEKO-
TOpbIX 06pa3L0B KOHLEHTPMpoBaHHOW [IHK C noMoLbi0 BHeL-
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Hero nons, napameTpbl KOTOPOro NOAGMPANUCH CyYanlHbIM
o6pa3zom. U 1o, uto 3chpekT 6bIN1 0OHAPYIXKEH He ANs BCEX CYy6-
CTaHLUMIA, CBUAETENbCTBYET He 06 OTCYTCTBUM €ro Kak TakoBo-
ro, a 0 HeCOBNAAEHNMN BHELWHMWX MONEN C BHYTPEHHUMM: pa3Hble
YaCTOTbl M HAMNPABIEHHOCTb, OTCYTCTBME CMIOXHON NPOCTPAH-
CTBEHHOW MOAYNSUMMN U T.A4. MakcumanbHble 3 eKTbl JOMKHbI
HabnAATLCA MPU CUHXPOHM3ALUN 3TUX MAPAMETPOB.

3T pe3ynbTaTbl CBUAETENbCTBYIOT O HaNUUUM n n3bupa-
TE€NbHOCTW NOMIEN TeHOMA U MOTYT CNYXWUTb OCHOBOW ANA UX
pPe30HaHCHOW AMArHOCTUKMN.

Npeonorna 6eCKOHTAKTHOrO NepeHoca reHeTUYeCckomn MH-
opmaumm, No CyTH, IKBMBANTIEHTHA KOHLENLMMN FTEHHOW NHXe-
Hepuu. OfHAKO eCnK pe3ynbTaTbl OKAXYTCSA CONOCTABUMbI, TO
npUMeHeHMne AUCTAHTHON Nepeaayn CyweCcTBEHHO YyNpoCTUT
M YAELWEeBUT HALLW FeHHbIe YNpaXKHEHNA. ITO 3axBaTbiBaKLWan
nepcnekTMBa nepexofa OT reHeTUYeckoro K BUbpaLmoHHOMY
W TOMOMOTrMYeCcKOMy ynpasfieHuto npoueccamm 6uoLeHosa.
BO3MOXHOCTM Ananora u ynpaBneHnss reHOMOM B pamMKax no-
neBov Napagnrmbl HAMHOIO LWIMPeE, YEM Y NMOPTHbIX COBPEMEH-
HOW reHoMukmn. Ho cerofHa 06a MeToaa CMOTYT YyCNEeWwHo Jo-
NONMHATbL APYr Apyra.

MOXHO NpeanoXnTb NoAPO6HbIE BapMaHTbl 3KCNEePUMEH-
TOB, JEMOHCTPUPYHOLWMUX 3TOT NOAXOA. B HUX C BbICOKON cTene-
HbI0 HAJEXKXHOCTN BO3MOXHO BbIAENNTb BANAHME Koda n reHe-
pUpYyeMbIX UM NONei.

[lencTBre nonen reHoma MoXXHO NepeHecTy Ha 6onblune pac-
CTOSHMSA, YCUNUB UX KAKUM-IM60 CNOCO60M, NN NPOMOAYANPO-
BATb MMM BHELWHME U3NTyYeHUsi U nons. iaen sKCcnepumMeHTOB:

— B/IUSIHNE KOMOHUWN KNETOK, 6aKTepun, pacTeHMn Ha CBOMX
«POACTBEHHMKOBY» Ha 3HAUUTENIbHOM YAANEeHUK;

— aHanor aKcnepumMeHTa INHWTeNnHa—MNofonbckoro —Po3eHa.
BnuaHne nameHeHun B ofHOM 06pasLe reHoma Ha Apyrom.
PaHee 06a 6bIn OgHUM LenbiM. lepeHoC AeCTBUSA MOXeT
6bITb YCUNEH BHELWHUM N3NTYYEHNEM;

- BIMSIHWE TeHOMa MOMIOA0T0 UK 340POBOr0 COCTOAHNA 61O~
06beKTa, MONTOAbIX POACTBEHHUKOB HA CTapbln AN 60/IbHON
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obpasel. CTumynsauma pasnUUYHbIMKA NONAMU U N3NYUYEHUAMUY;

- NepeHOC reHeTUYeCKon NHGopMaLMmM 1N ApYrux CBONCTB Mo
nposoay;

- nccnefoBaHue 3aBUCUMOCTM BeNUYMHbI 3(hheKToB nepe-
HOCa OT PACcCTOAHUA MeX Ay 06BEKTOM 1 3TANOHOM C Lefbio
06HapyXeHua ctoaumnx 3M BonH BOKpyr o6pa3uos AHK;

- Ha Kope MOXHO cbirpaTb, Kak Ha My3blKanbHOM UHCTPYMEH-
Te. MIPUHLMN TOT XKe: YTO-TO 3aXKanu, Bo36yannmn, ymeHbLIn-
nu, yBENUYNAN 1N NOAYUYNIN PEe30HAHCHYIO menoauto. Ans
IKCMEPUMEHTA MOXHO UCMOMb30BaTb OTAENMbHbIE YUYACTKN
reHoma, OTBETCTBEHHbIE 3a Kakne-nmbo yHKuum;

- aBtoctumynsauma (AC). MHdopmauma reHoma MOXeT Npo-
AYyLMpOBaTb B 06beKTe BO3AENCTBUA U3NyyeHns, Bubpa-
uum, nons u T.4. Ecnu Takoe nsnyuyeHme ¢ NOMOLLbIO cneum-
anbHbIX CPpeacTB («3epKan») CHOBA NepeHanpaBuTb BHYTPb
06beKTa, TO 3TO NPUBEAET K YCUNEHUIO 3TUX NPOLECCOB.
Bo3HMKaeT nonoxutenbHasa o6paTHas CBA3b. TAaKOW MPUEM
MOXET YNPOCTUTb Npo6iemMy perucTpauum BHyTPEHHUX U3-
NYYEHUN 1 NOBbICUTb 3P HEKTUBHOCTb ynpasneHns. AC mo-
XET COCTOAATb B OTPAXXEHUMW BHYTPb OTBETHOIO MMMY/bCa Ha
cneunanbHO BBOAMMOE B CUCTEMY BHELLHEe pa3fpaxeHue.
Ocobbll UHTepec npeacTaBnseT ucnonb3osaHue gna AC
B KauecTBe nnarvara MexaHu3moB U MaTepuanbHbIX CTPYK-
TYp, ONpeaenatoLmMx CoO3HaHMe, KOTopoe camo no cebe AB-
NAeTca maeanbHOM «KOMMPOBANbHOW» MawmnHon. CoBpe-
MEHHbIE HAYKWN O XU3HU N MeAWLMHA NbITATCSA YNPOCTUTb
M nNpeofoneTb MHANBUAYANbHOCTb, MPUCYLLYIO BCEMY XU~
BOMY, B yrofly yHUBepcanbHOCTU. 1 3TO MOXeT 6bITb BECbMa
OMaCHbIM NPUEMOM MO OTHOLIEHNIO K KOHKPETHOMY 61006Db-
ekTy. B AC ncnonb3yrTcst CO6CTBEHHbIE M NO3TOMY abCONIOT-
HO COBMECTMMble BO3AENCTBUA AN COBCTBEHHbIX XE HYXA.
Mprpoaa yacto npuberaet kK Takomy npuémy. CoBpeMeHHble
TEXHONOrNN NO3BONAIT MAKCUMaNbHO 3h(PEeKTUBHO peanu-
30BaTb 3TOT NPUEM, B TOM Ynucne nNyTeM AONOMHUTENbHOIO
YyCUNEeHUsi OTPAXKaeMoro curHana. AHanormyHble no CMbicay
3kcnepumeHTbl ¢ PHK, 6enkamun n T.4.
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N BCE e 3TOT NOAXoA He ABNAeTCS NPUHUUMUANBHO HO-
BbIM, T.K. B HEM Mbl MCMOMb3yEM YyXe CYLeCcTBYoWMe NpUpoa-
Hble KOHCTPYKLMU. B nyywem crnydyae, OT HEFrO MOXHO OXKUAaTb
HOBbIX 3h(PEKTHbIX BMOKOMBUHALMN.

2.5. TEHOM N HEOPTAHUYECKASl MATEPUS

BeposATHO, Mbl BO MHOFOM He 3amMeyaem BNUAHUA buonoruye-
CKUX NOMEeN N ABNEHNN HA HEOPraHNMUECKY U OpraHuYecKyto
maTtepuun. ITo Nerko ynycTuTb U3 BuAy, ecnym nonb3oBaTbCs
KNacCMyeCcKMmn mMetogamum HayuyHoro nccnefoBaHus.

Al cunTato, utTo Koa MoxeT 6biTb MPON3BOAUTENBHON CUMON
He TONbKO ANA KONMNOWAHbIX PaCTBOPOB, HO U ANS BMAOB Ma-
Tepuu 3a npefenamm ero «nNonHomoumm». KoCBeHHOe 3Kcne-
pUMeHTanbHOE NOATBEPXKAEHME 3TOr0, KAK rOBOPUNOCH Bbllle,
ecTb B paboTax MoHTaHbe, fapseBa u Apyrux yuyeHbix. ipyroe
CBMAETENbCTBO B TOM, YTO B NpoLecce 3BOMIOLUN Yepe3 CBOE
BOMMOLLEHME B YENOBEKE FEHOM NMOCTOSIHHO YBENMUYMBaeT 06-
NacTb BAVAHNUA HA YPOBHU MAaTEPUU, BECbMA AANEKNE OT XKNU3HU.

Heckonbko naen:

- eC/IN UCKYCCTBEHHO aKTUBMPOBATb FEHOM WU MOHU3UTb
nMopor BOCMPUATUA Cpeabl C MOMOLLbI KaKMUX-NM60o Crnoco-
60B, TO MOXXHO UCNONb30BaTb ero (U HeopraHuyeckue Koapbl
TOXe) ANA ONMOAOTBOPEHUA 060MX BULOB MaTepuu;

- BNuAHWe yepes Bogy. iccnepoBatb «reHHOMOAMMULMPO-
BaHHY0» BOAY C MOMOLLbIO N3BECTHbIX (PU3NKO-XUMUYECKNX
MeTOZ0B. BO3MOXHO OLEHUTb €€ BNUSHNE HA MPOAYKTbI NK-
TaHUSA, POCT pacTEHWUW, HEOPraHWYeCcKne N oOpraHmyeckune
BOAHbIe PaCcTBOPbI, HA MUKPOOPraHU3Mmbl 1 T.4.;

- BAWSIHWE FreHOMA Ha cpefbl, HAXOAALWMECHA B YCNOBUSAX, He
XapaKTepHbIX ANS XU3HW. Hanpumep npu BbICOKUX NN HU3-
KX «6e3XXM3HEHHbIX» TeMnepaTypax;

- BNIUSIHME Ha CTPYKTYpPY U CBOMNCTBA BeLeCTB Ha MacluiTabax
BBEPX— BHW3, OTANYAOWMNXCA OT COBCTBEHHOro pasmepa
Kopa.

MepeHOC NHOPMALMKN HA YPOBEHb «BBEPX» BO3MOXEH Ye-
pe3 obnyyeHne reHeTUYeckon MHPOpPMaLMen Kakoro-nm6o
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MaKpOCKONMUYeckoro o6bekTa U namepeHuem ero pusanko-xu-
MUYECKNX XapaKTepUCcTUK. Hanpmumep, NpoOCTON ONbIT NO BU3Y-
anu3auuy reHHon MHopmaLmnm No MeToay nonydvyeHua uryp
XnagHu. AKyCTUYeCKWUi A CUrHan, NoJaBaeMbll HA MOBEPXHOCTb
NAACTUHbI C HAXOAALUMMCSA HA HEN NOABUXHbIM KOMMOHEHTOM
(Hanpumep Neckom), MoAyNMpPyeTCca reHHoW uHdopmaumein ot
OAHOTO UMW HECKONMbKNX NCTOUHUKOB. BO3MOXHO Mo meToAmnKe
IMOTO HabnwaaTb POCT KPUCTANNOB BOAbI U B TOM UncCne CHe-
XWUHOK MoJ BO3eNCTBNEM FreHeTnueckon nHdopmaumuu.

Mpu 30HAMPOBAHMMN KBAHTOBOrO YPOBHS NOAOMAYT METO-
[ibl, ONucaHHble B pasgene 1.4. OQHAKO reHOM XOTsi U uaeanb-
Has XMMMYeckas MallnHa, HO BCE e He obnagaet 4OCTYNoMm
B KBAHTOBOE M3mepeHune. OH MOXET NPO30HAMPOBATbL KBaH-
TOBYIO peanbHOCTb TONbKO CHApyXW, HO He U3HYTpW, B CUNY
(byHOAMEHTaNbHbIX NPUYNH, OMUCBIBAEMbIX HEPABEHCTBOM
lenzeHbepra. M03TOMY KBAHTOBbIE NMPOLECCHI TaK CTOXHbI 1 3K-
30TUYHbI AN51 NOPOXAEHHOrO Kogom co3HaHuUs uenoseka. Ecnu
3TO TaK, TO AeMNCTBYET NPUHLMUMN BOCXOAALEN Ka3yaslbHOCTHU.

MHOromy MOXHO HayuyuTbCH, MOHAB, KaK Ko BOB/eKaerT,
BTArMBaeT B CBOM 060POT HEOPraHWUEeCKyo maTeputo. ns 3To-
ro BO3MOXHO 06paTnUTbCs K aBTOTpOdam. 3T OpraHnu3mbl CO-
CTaBNAOT NePBbIN APYC B NULLEBON NMpPaMUIe U CUHTE3NPYIOT
opraHuyeckune BewecTBa U3 HeopraHnYecknx. BonnoweHHbIn
B HUX Kog aKCcTparnpyeT Hanpsimyto HEOPraHUYeCcKy MaTepuio
N n3nyyeHus. 3HaYeHne MMerT He ieTanmn 3TOro CNoXHenwWwero
npouecca, a 0bue 3aKOHOMEPHOCTMN.

CurHan, n3BneY€HHbI N3 reHoOMa, MoXeT paboTaTb CaMo-
CTOATENbHO, 6bITb HECYLUM ANA APYroro CMrHana u cMewmu-
BaTbCA C UH(hOpMaLMen OT APYrMx KOAOB, B TOM UMCe Heop-
raHUYeCKUX.

Mbl roBOpPUIN O BO3MOXHOCTSIX reHoMa Ana TpaHcdopma-
LM HeopraHuyeckon matepun. Ho Henb3a UCKNOYaTb U 06-
paTHoe —BNNsIHNE HEGNONOTNUYECKNX KOAO0B Ha XuBoe. CXembl
3KCMEPMMEHTOB U3/TOXEHbI B PAa3HbIX YaCTAX paboTbl. [lercTBus
HeopraHMuyecknx KoAoB MOryT 6biTb YCMNEHbl MYyTEM 6MOTOMNO-
NOrnYecKon KoOAMpPOBKUN U3BNEKAEMOW N3 HUX MHGOPMaLUK.
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2.6. UAEM AnA UCKYCCTBEHHOIO UHTENJIEKTA

OAHa u3 rnaBHbIX NPO6IEM NCKYCCTBEHHOrO MHTENNEKTa
(MN) —nouck maTepuanos, B KOTOPbIX MOTYT 6bITb CO3AaHbI
ynpasnsemble 3anyTaHHble KBAHTOBbIE COCTOAHUS, COXPaHAIO-
WMe KOrepeHTHOCTb MAaKCUMMANbHO AONTO.

leHOM Ans 3TOro uaeanbHbld KaHAMAAT. B HEM 3Tu ycno-
BMS peann3oBaHbl 1 MOTYT B MPUHLMME NOAAEPXKMNBATLCSA MaK-
cMMmanbHo gonro. OH Hayumuacs NPOTUBOCTOATb MOCTOSSHHOMY
[aBNeHN0 OKpYXXatollen cpeabl U AEMOHCTPUPYET BblAatoLLy-
l0CA YCTOMUMBOCTb BOCNPOM3BOACTBA NPOLECCOB Camoopra-
HM3aLWN Ha KBAHTOBOM YPOBHe, 061ajlaeT TEXHONOrMen cme-
WMBAHUA TeHeTNYeCKon MHOPMAL MK OT PasHbIX NCTOYHUKOB
1 MOXeT TPAHC(OPMUPOBATLCA NOA AENCTBMEM BHELWHUX (haK-
TOpOB. BCE 3T0O noTeHuman ans ynpaBneHus.

EavHUYHbIN Koa mnm cmecb KoaoB, 06pa3yolmx Konnek-
TUBHOE NOJMe, MOTYT O6biTb AaKTUBUPOBAHbI N NepeHeceHbl Mo
NpeanoXeHHbIM Bbllle TEXHONOTNAM Ha HEKYH TIOFMUYECKYHo
cpeay (N1C). Heobxoaumble cBoncTBa /1C: CTaHAAPTU3ALMUA HA
YPOBHE KBAHTOBbIX CBOWCTB, T’MOGKOCTb, BOM/OLEHHAA B MHO-
XecTBe cTeneHen cBo60Abl ¥ CKOPOCTY NePeCcTPOMKM CTPYKTY-
pbl, COBMECTMMOCTb C reHoMmoM. J1C, onnogoTreopsiemas Kogom,
6ynet ocHoBou WI. Jlyuwwimin n3 AOoCTYNHbIX KaHAWAATOB — KOM-
nonaHble pacTBOPbl, MECTO CErOAHALHEN NPONUCKN FreHoMa.
Ho Heo6xoAMMO pelwnTb Npobnemy TeXHONOrM4Yeckon BoCnpo-
N3BOAMMOCTHY UX CTPYKTYpPbI. Apyrue KaHaMaaTbl nepevncneHsl
B rnaee 06 akTusaumu Koga. 1 ybexxa€H, 4To 3ursaru Hawmx
TEXHONOrMN Hen36eXXHo, HO HeOXMAAHHO NOAAPAT pelleHue.

Ans ctpaternn M moryT mMcnonb3oBaTbCA NPOU3BOAHbLIE
reHoMa—Aa3blK 1 CO3HaHue. OHM pas3NnUnMbl B LLBETE U YPOBHE
BM6GpPaLUK, HO COBNAAAIOT B CBOEW TOrMUYECKON OCHOBE.

PasymeeTcs, 3TO TONbKO 06LMe 1 cnabble Mo 060CHOBAHHO-
CTu npeanoxeHns. Ho Beab Koa ycnewHo nopoaunn Hatl MHTen-
NEeKT, N Yy HEero HeT NoTeHUManbHbIX OrpaHUYEHUn AN1s BOMNO-
WEHUsI aBTOUHTEN/IEKTA C/IEeQYIOWEro YPOBHS.

Ho eCTb HEUTO NPUHLMNNANBHOE, UTO MOXET CepbE3HO yba-
BUTb ONTUMK3M B NOUCKe HacToAlero NN.
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«BcAKUU He yenogek Moxem 6bimb NOHAMEH HAM UWb
8 makol cmeneHu, 8 Kakol OH oyenoseyumcs. Pasym, 3a-
K/IIOUYEHHbIU 8 2paHUUbl UG080l HOPMbI, HeyHU8epcasneH, Ho
CmeHbl 3mol HeobblYHOU MIOPbMbI MpocmMupatromcs 8 6ecko-
HeyHocmsb... Mbl MoXxeM no3Hasame 6eCKOHEYHO, HO Ha ce8ol,
yesogeyeckul maHep..» (C. NNem). 4 X04y, BOCMO/b30BAaBLWMUCH
3TMMW CNOBaMu, CKa3aTb, UTO o6palLeHne K reHoMy npu co-
3n0aHum MW npeactaBnaeTca HeU36eXHbIM, U 6onee TOro, NHas
CcTpaTerva He npeacTaBuMa B npuHumne. Mbl MoXem NOpoanTb
pa3ym, KOTOPbI B NepCneKTNBe CPABHAETCA C HALWWKM, HO OCTa-
HeTcs napannenbHbiM emy. Kak 6bl Janeko H pacnpocTpaHs-
NINCb HALM CO3HAHWE N MHTENNEKT 1 BCe NX MPOU3BOAHbIE, Ma-
Tpuua reHoma B Nt060M criyyae orpaHuumBaeT nx. U Mbl BHOBb
6ynem obpallaTtbCs K HEMY KakK NepBOTBOPEHUI, NepBOUC-
TOYHWKY Hawero pa3yma. A MOCKOMbKY FeHOM HEeOTpbIBEH OT
orpaHuumMBalOLWEN ero maTepuanbHON OCHOBbI —6eMKOB, OH
B NPUHLMIME HE MOXET BbINTU 3a@ rPaHuMLLbl UX TBOPUYECKMX TOMO-
NOrNYeCcKNUX BO3MOXHOCTEN.

Mbl He cmoXeM N36aBUTbCA OT TAKOTro HACNeACTBa, NOKa He
CO3[4a4MM HEYTO CAaMOBOCMNPOM3BOAsLLEECA HA MaTepuanbHON
OCHOBE, NPUHUUNNANBLHO OTNINYHOWN OT TOW, YTO Kog mcnonb-
3yeT cerogHs. MpuaeTcs XxaaTb NOABNEHUS TEXHONOMUIA TEXHO-
LLeHO3a, KOTOPbIN CMOXET NpeofoneTb 6apbepbl, HEAOCTYMHbIE
LNA ecTeCTBEHHOW 3Bontoumn. Hactoawmn UM 6yaeTt BepinHon
aBTo3sontounn. Ho 1 3To 6yaeT TONbKO YacTbio UCTUHBI 3BOSIO-
LuK, KOTOpaa COAEPXKMUTCA BE3Ae, HO HUTAEe KOHKPETHO.

[pyryto BO3MOXHOCTb BbINTW 32 PaMKi MPUPOHbIX OrPaHu-
UEHMUIN NpefCTaBNAET KCMEPTb» KaK eCcTeCTBEHHAsA OCTAaHOBKA
1 nepexop 3a rpaHuLly mMbiCTMMOro. «CMepTb» He CTONbKO un-
3Myeckas, a CKopee MeHTalflbHadA, nepeXxueaemas, Hanpumep,
BO Bpems meauTaumu. Npeogones orpaHNYeHHOCTb MaTepu-
anbHOro cyb6cTpata C NOMOLLbO MEHTANIbHOMO Nepexoaa, Bo3-
MOXHO MOPOANTb HOBYI peanbHOCTb, MYCTb U BPEMEHHO.

Apyras npo6bnema B TOM, 4TO HacToswmn NN —3T1o Bceraa
HEOXWNAAHHOCTb. Ero Henb3s co3/aTh MO UepTeXamM U Henb3s
CKOHCTPYyMpOBaTb NOJ onpeaenéHHyto Lenb. Koraa oH BO3HUK-
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HEeT, Mbl He YBUAMM TOT0, Ha YTO HajdeAnucb. TonbKo nocne (baK—
TNYECKOro NOABNEHNA CMOXXEM I'IyTéM JKCNepmnmeHToB N moae-
NnnpoBaHNA NOHATb €ro HactoAalWmne BO3MOXHOCTN.

2.7. AONONHEHMA

Ana onucaHus n ynpaBneHUs reHeTUYeCKMMn npoueccamu
BMO/MIHE JOCTAaTOYHO AEeNCTBYOLWEro u3nyeckoro 3akoHoAa-
TenbcTBa. MpmAETCA NUWb AONONHUTENbHO pa3paboTaTb HEKO-
TOpble CTaTb/ 3aKOHOB O pe30HaHCe, 3aXBaTe YaCTOTbl, CUHXPO-
HM3auum 1 T.4. He TpebyeTca HOBbIX CYLHOCTEN, NO KPaWHEN
mepe, MoKa He UCNONb30BaHA MOTEHLMSA CYLLECTBYOLLNX.

B 6yayuiem cusunveckue Teopun byayT urpaTtb ponb GpunbT-
pa «ecTeCTBEHHOro» 0T60opa, yCTaHaBNMBAsA OrpaHUYeHuUs,
npeaenbl 3BOMOUNOHHBIX M3MEHEHWA, NPaBMUIA UTPbl HOBbIX
KOJO0B HA BCEX YPOBHSAX (PU3NUYECKON pPeanibHOCTMU.

Yenosek—nopoxaeHue Koga—cymen obys3faTb HEXUBYHO
mMaTeputo B MacwTabax 0T MAaKPOYPOBHS [0 KBAHTOBOrO, CO3-
[Aan TeopeTnyeckne MHCTPYMEHTbI C XOPOLWMMUK NMpefcKasa-
TeNbHbIMN BO3MOXHOCTAMM, CMOT NPUBIN3NTHCSA K MOHUMAHUIO
cBOero xo3snHa. Mo cytu, Kog Hauan oTpaxaTbCs cam B cebe.
3TO OTKPbIBAET EMY COBEPLUEHHO HOBbIN CMbIC/T N BO3MOXHO-
cTu. UccnepgoBaHue cBoe TONoNornu, cBoero 6eccosHartenb-
HOr0—3TO HOBbIN CNOCO6 BbIPA3UTH CEOS, YKPENUTb CBOE MO-
ryuecTBo, yCTOMYMBOCTb M BEPOSITHOCTb BbDKUBAHNUS.

JTO CBATOTATCTBO, HO A He cynTat Mpupoay BEPXOM MbIC-
NMMOTO COBepLIEHCTBA. M MO3TOMY Mbl CMOCO6HbI HE TOMbKO
6paTb y HEE reHeTMYeCcKne ypoku, a MOXXemM BbINTK 3a npeje-
Nbl €C/IN YXX He MbICIMMOTO, TO TOYHO — HabN4aeMoro, co3aB
3(hheKTUBHbBIV N MOTYLLECTBEHHbIN TEXHOLLEHO3. [pupoaa xoTA
 YMHee Hac, HO TOYHO He COBepLUEHHee.

«He 3HasA cneyuguyeckol usmeH4YUBOCMU KOOA, Mbl He MO-
XXeM 3apaHee 3HaMb, KGK OMMUMAsIbHO UCM0b308amb €20 Op-
2aHu3yrwul nomeHyuan». PeaynbraTbl, KOTOPble MOTYT 6bITb
Mony4yeHbl NP AaKTUBALMN FEHOMA M TEXHOLLEHO3e, He BCeraa, a,
YeCTHO roBops, TONbKO B UCKOUUTENbHbIX CyYyasx cOBNagyT
C TeM, YTO Mbl MIAHUPOBANN N OXUAANN. ITOT (hYHAAMEHTANbHBIN
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NPUHUMN «HENpeACKa3yemoCcTH, Cneayowen n3 HeonpeaeneHHo-
CTU», AEeNCTBYET BO BCEX TEXHONMOMUAX. YBeNUYeHne 4oCToBep-
HOCTW 1 BOCMPOM3BOANMOCTMN BYAET AOCTUraTbCA NYTEM NocTe-
MeHHbIX Tepauun. Pe3oHaHCHOe B3aNMOAENCTBME CMOCOOHO
YMEHbLNTb 3aTPATbl HA MPOXOXAEHUE MYTU ONTUMU3ALMUMN Tex-
HONorun.

Mo6as camoBOCNPOU3BOAALLAACSA CXEMA, N3BNEYEHHAA U3
NPUPOAHbIX KNAJOBbIX NN N306peTEHHAsA, byaeT umeTb Le-
Nblo NogaepxxaHne co6CTBEHHONO CYLLEeCTBOBAHUS U XUTb CBO-
el «KU3HbI», HE3aBNCMMOW OT HalmMx Nnporpamm. N npugéercs
OUeHb NOTPYANTHLCA, YTOObI KMPUPYUNTL» UK HAYYNUTLCA NOMb-
30BaTbCs €€ BO3MOXHOCTAMMU.

3a Bpemsa 3sonouun Kop HapacTun Ha cebs rpomagHble
OAeXabl B BUAE MErayCnoXHeHUn B CBOUX MHOTOUYNCNEHHbIX
BOMOWEHUAX. HO UTO-TO AOMKHO 6bITb MUHUMANBHO 06LMM
B 3TOM Benmkonenuu. MHe KaxeTcs, YTo y 3TOro yTBePXAEHNS
eCTb MaTemMaTu4yeckoe onpasaaHume. XopoLwmnm aprymeHToMm fB-
nseTcs napagokc @epmu-ynama. Ho gencTsytoLmne 3akoHbl u-
31K CaMK NO cebe TaKoW BO3MOXHOCTY He COAEepXaT.

O6HapyXeHne nnm pacyeét MUHUMANbHOW ANNHbI CAMOBOC-
NPOU3BOAALLEroCs aifOPUTMa, KOTOPbIN MOXET 6blTb BONMO-
WEH Ha MaTepManbHOM HOCUTeNE, UMEET BaXKHelLee 3HaueHne
B ycnexe akTMBaLMM reHOMA U CMHTe3e TeXHOoreHa. 3ta yH-
AAMeHTaNbHas CTPYKTypa nopsiaka A0MKHA 6biTb CNOCO6HA He
TONbKO noaaepmBaTb cebs, HO U NOPOXKAATb elwe 60nblwmnI
nopsfok. Ho A 60t0Cb, YTO MOUCK TAKOW CYLLHOCTW 3aKOHUUT-
CA POBHO Te€M, UTO Mbl OGHAPYXMK, NbITAACb HANTK (hyHAA-
MEHTaNbHbIN YPOBEHb MATEPUH, T.€. HNUEM. YeM rnybxe Hbipsa-
eMm, Tem ganblie AHo. Mo3ToOMy CTOWUT OCTaBUTb B MOKOE MOUCK
OKOHYATENbHOMN UCTUHbBI U [OCTUrATb PeanbHbIX MPOMEXYTOou-
HbIX LLenen.  ona reHoma HaBepHAKa BO3MOXHO onpefenexHue
MUHMUMANbHbIX CAMOBOCNPOMN3BOASALLMNXCA XUMUYECKNX anro-
PUTMOB, UTO AACT BaXXHble NPaKTUYeCcKne pesynbraTbl. 3HAKO-
BbIM MOXET OKa3aTbCA cBaAabba PU3NKN C TONONOrnEN.
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