KYPC NEKLIMM NO rEHETUKE ANsi COBAKOBOLOB

JT.A. TlaceyHuk
BCTYILIEHUE

[loxxanmyi, usnuiuHe OyneT TOBOPUTh O TOM, HACKOJbKO HY)XHAa W BaKHa JUIsl COBPEMEHHBIX
co0aKOBOJOB CHelUallbHasl JUTepaTypa MO IeHETHKE M cejleKuuH. Pa3BeneHuneM cobak 3aHUMAIOTCS
MWUIHOHBI JIO/IEH BO BCEM MHUpE U abCOMIOTHOE OOJBIIMHCTBO MX HE MMEIOT HHM CHEIMaJbHOIO, HU
npoQUILHOrO 00pa3oBaHusl, COOAKOBOJCTBO SIBJISIETCS I HUX yBIedeHueM, xo00u. Ho eciu yBieuenue
nepepactaeT B MpPOQeccHio, 1 HE TOJIBKO B TOM CMBICIE, YTO CTAaHOBHUTCS HMCTOYHUKOM IOTYUYCHHUS
OCHOBHOI'O JI0XO0Jla, a KOIJIa 4YeJOBEK CTPEMUTCS CTaTh MPO(ECcCHOHATIOM, MAacTepoOM CBOEro Jena,
IPAaMOTHBIM CIELMAIMCTOM, TO 0€3 METOAMYECKON U 00ydaroiel JIUTepaTypbl eMy HUKaK He 00OUTHCH.

UYro kacaeTcsi BeTEpUHAPHUH, PECCUPOBKHU, COAEPIAHMs, METOJOB BEJEHUS IUIEMEHHOH paldoThl U
MHO’KECTBA JPYI'MX, BA)KHBIX U HY)KHBIX U1 BCSIKOI'O KMHOJIOTA BEIIEeH, TO HET HUKAKUX NPEensTCTBUN 1Jis
MOJy4eHHS HY>KHOW HHPOpMAIH - pyHIaMEHTAIbHBIX TPYIOB UMEETCS JOCTaTOYHOE KOJIMYECTBO, OBLIO
Obl JKeJlaHue BC€ A3TO H3ydaTb. A BOT JIUTEpaTypbl IO TE€HETUKE, HAMMCAHHON CIELHMAIBHO JUIs
co0aKOBOJIOB, TO €CTb C YYETOM TOI'O, YTO OCHOBHAas ayAUTOPHUS HUMEET HyJleBOil 0a30BbIil YpOBEHb
3HAaHUH, HA CErO/IHAIIHUMN IeHb B MPUPOJIE MPOCTO He cyuecTByeT. Her, ecTh, KOHEUHO, KHUTH, CTaTbH,
I7le MEJbKAeT CJIOBO '"T€HETHKA', U TaM Ja)Ke JAI0TCs TaK Ha3blBa€MbIE€ OCHOBBI - JI€CSATOK OCHOBHBIX
TepMuUHOB, "reH - ydactok JIHK...", na 3akonsl Menzens. Bee To, 4TO M Tak XOpOLIO M3BECTHO BCEM U3
HIKOJIBHOTO Kypca Omonoruu. K yemy 3to mpuBoaut? Bcesikuii q10003HATENBbHBIA KUHOJIOT, KEJIatomui
JUKBUJIUPOBATh CBOK HEIPAaMOTHOCTb B JAHHOW HaykKe, MEpEeYUTaB JECITOK TaKUX TPYAOB, HAUMHAET
IyMaTh, YTO 3TO COOCTBEHHO U BCE YEM pacIoJiaracT HayKa FeHeTHKa, U HUYeTo IPyroro TaM 00JbIlle HeT.
Ho Tak xak B cBOeii paboTe KHHOJIOraM IIOCTOSIHHO NPUXOIUTCS CTAIKUBATHCS C HEIOHIATHBIM XapaKTepOM
HacJIeI0BaHUSI MHOT'MX IPU3HAKOB, HUKAK HE JKEJAIOIIMX BIUCHIBATHCS B NPEAJIOKEHHYI0 MeHnaenem
CXEMY, TO 4EJIOBEK HaUYMHAET UCKATh OTBETHI HA 3TU BOIIPOCH! Y CHENHUATUCTOB. M 4TO K€ OH CIBIIINUT B
oreeT? [IpocTpaHHble pacCyXAeHHs O CJI0XXHOM IOJUI€HHOM XapaKTepe HacledoBaHUsl, 00 OTCYTCTBUHU
YEeTKOH Npejonpe/IeIEHHOCTH B HAC/IEJOBAaHUH, & JIUIIb O KAKUX-TO BEPOSITHOCTAX U T.A., U T.II.

[ToHsATHO, YTO peHOME IeHETUKHM KaK HayKM Cpas3y ke IajaeT B IJla3ax BOIPOIIAIOLIEI0 U OObIYHAs
peakuus ObIBaeT B CTWJE: Ja 4YTO K€ 3TO y Bac - KyJa HU KHHBbCSA, BE3J€ YTO-TO HENOHATHO HU
HEOMpeAeJICHHO, CTOUT JIM BOOOIIe TPAaTUTh CHIBI U BpeMs Ha pa30OpKH C 3TOH Baliel reHeTUKOH, eCiu
HUKAKOM 1oJib3bl 0T Hee cobakoBogam HeT? Ctout! U nosib3a ecTh, Hy’)KHO TOJIBKO IPAaBUIIBHO MOJOUTH K
W3yYEHHUIO T€HETHKH. YBBI, HIKOJBHBIA KypC BBEIEHHUS B T€HETHKY, NyONUpYyeMblii B KHHOJIOTHYECKOU
JUTEepaType, BHITUCAH TaKUM "yIUBUTEIbHBIM" 00pa30M, UTO OH HE, CKOJIBKO OOBSICHSET, CTOJIBKO COMBAET
C TOJIKY U 3aIyThIBaeT, B pe3yJbTare uyero GopMHUpPYETCS COBEPLUICHHO MCKaXEHHOE MPEACTaBICHUE O
BJIMSIHUM T€HOMa Ha opranusM. Ho 3Ty cteHy 6e3rpaMoTHOCTH U Oe3paziuyusi Hy>KHO IPOOUBATh, IPOCTO
CTBIIHO B 21 BeKe KUTh B MUPE APEMYUHX WILIHO3UIM BEKOBOM JaBHOCTH. Jla M HY)KHO KaK-TO pa30upaTbCs
C pe3ysibTaTaMH NPAKTUYECKUX HCCIIEI0BaHUMN IeHOMa co0ak, KOTOpble B IOCJIEAHEE BPEMS BEAyTCS
JIOBOJIbHO-TAKH aKTUBHO, YTOOBI TPaMOTHO MCII0JIb30BaTh UX B CBOEH paboTte.

[ToToMy ¥ BO3HMKIJIA Takasl ujaes - HaMMcaTh LUKJ JEKUUH U NONpoOOBaTh OOBICHUTH QU3UUECKUM
CMBICJI TEHETHKH, KaK 3TO BCe paboTaeT, MoyeMy U AJis 4ero 3To Obu1o 3agymMano. [lonsiTatock nucaTth He
TOJILKO TPOCTHIM, MOHATHBIM $13BIKOM, 0€3 3710ynoTpeOaeH i crieruaabHOl TepMUHOJIOTHEH (a rae 0e3
3TOro He OOOMTHCH, TYT ke OOBSCHSS 3HAUEHHE TEPMUHA), HO €Il U MHTEPECHO, JIETKO U Beceno. A
noyeMy Obl ¥ HeT? YuuThIBas crneuu(uKy KHHOJIOTHMUECKOH ayIUTOPHUHU U CIIOKHOCTH TEMBbI, TOJIBKO
TakuM 0Opa3oM MOXHO 3aCTaBUTh MPOUYUTATh ITOT KypC JIEKIMM KaKk MOXXHO OoJiblliee KOJMYECTBO
Hapoay. A elle MpakTHKa MOKa3bIBaeT, 4YTO Korjaa yuyeba MpoXoauT BEceso, C FOMOPOM, TO U MaTepual
Jerye BOCIPUHUMAETCA, U 3allOMMHaeTcs dy4diie. Haunem.



JIEKIIUA Nel IUTOJIOI'USA

Tak yX c10KHUI0Ch UCTOPUYECKH, UTO HAPOIOHACEICHHE KAK MUHUMYM OJIHOM IIECTOM YacTH CyIly, a,
BO3MOXHO, U BCEH Halllel MJIaHeThl OUE€Hb HE JIIOOUT U3y4yaTh CTPOCHHUE KUBOM KJIeTKU. TpynHO cKazars,
4YeM 3TO KJEeTKa TaK BCeM He yroauia. MoxeT ObITb, BAHOBEH B 3TOM BCE TOT € LIKOJbHBIA KypC
O6uosoruu (IpocTo He MOT'Y 0TKa3aTh ce0e B yTOBOJIbCTBUH €I1€ pa3 MONUHATh METOAUKY MPENnogaBaHus B
LIKO0JIE), KOTOPBIH MPUBUBAET JAETAM YCTOMUMBYIO aJUIEPTUIO K LIUTOJOTUHU - HAYKE O CTPOCHHUU KJIETKHU.
MoxeT ObITh BBIHECEHHBIM OTTYyJa K€, M3 IIKOJIbI, TOPHKUN OMBIT, MOJICKA3bIBAIOIINI, YTO CTOJBKO
BpeMeHH ObLIO MOTPAYCHO Ha U3yueHUe pUMHUTHBHBIX ame0 u K°, a Tosky-10? YeM 3TH 3HaHUS TIOMOTIIH
B ’KM3HU BOOOIIIE U B pa3BeJeHUH cobak B yacTHocTU? [la Huuem!

A Mo)xeT ObITb BHUHOW TOMY Halle IOJCHYJHOE »EJaHHE OTKPECTUTbCS OT IMPOCTOBATOIO U
Henpe3eHTabebHOro poJcTBeHHuKa? 1 kak uBaHnuBelii CHPKO MBI CMOTPHUM CBBICOKA HA OJIHOKJIETOYHOE
u npe3purenabHo neaum: «Bsl, Cexiiera @uiaMNmnoBHa, 4TO-TO OJHO, @ Mbl — YTO-TO JIpyroe». A BOT U HE
npyroe! I Mbl camu, ¥ mpeJMeT Halllero HHTepeca - cobaka, COCTOMM U3 TOYHO TAKUX e KJIETOK, pa3HHUIA
JUIIb B TOM, YTO MHOI'OKJIETOYHBIH OpPTaHU3M SBIISIETCS COJAPYKECTBOM OOJIBLION TIpyIIbl KIETOK,
00BbeAMHUBIIMXCS /JIs JIy4IlIero BbDKUBAHMS B OKpyxkatomieil cpene. KomiekTus, Tonmna, apMus - Bcerja
CWJIbHEE OJIMHOYKH U CIIOCOOHBI OCYIIECTBIIATH 00Jiee MaclITaOHbIE IPOEKTHI, HO 10 OTAEJIbHOCTH KaXAbIi
13 TOJIIBI HE JIy4llle, HE CUJIbHEE U HEe YMHee oJuHOuYKH. [loaTomy, A TOro, 4To0bl MOHITH YCTPOMCTBO
MHOTOKJIETOYHOI'O OpTraHU3Ma, JUlsd Hadajla Hy>KHO M3YYUTh YCTPOWUCTBO €ro CTPYKTYpHOHM enuHulbl. bes
3TOr0 HE CTOMT JlaXKe NPUMEPATHCS K T€HETUKE, TaK YTO XOTUTE Bbl TOI'O WM HE XOTUTE, a OT LIUTOJIOTUU
oTBepTeThcA He BbiAeT. Ho BHauane, Uit 3aTpaBKU, s pacCKaxKy OJIHY MHTEPECHYIO UCTOPHUIO U3 KU3HU
OJIHOKJIETOYHBIX.

[TpubauzurensHo 3,8 MiIpJ. J€T TOMY Ha3aJ Ha Halllel MIaHeTe MOsABUIACH )KU3Hb. YK KaKUM 00pa3oM
OHa BO3HUKJIA, 00CYXJ1aTh He OyJaeM, BCe paBHO HUKTO TOTO HE 3HACT, HO (PAKT BOSHMKHOBEHUS, KaK
TOBOPUTCS, HAINLO. TOJBKO-TOJIBKO Ha MOBEPXHOCTH OCTHIBAIOLIETO OTHEHHOI'O LIapuka oOpa3oBasiach
TBepJasi KOPOYKa, TOJIbKO-TOJBKO HAa MOBEPXHOCTH ATOW KOPOYKM CTAM KOHJEHCUPOBATHCS NEPBBIE
JTyXKULBl U HAa' Tebe — MIyCTphle OAKTEpUU YK€ 3aCEIMIIMCh M BOBCIO XO3SMHUYAIOT B MEPBOOBITHOM
BojoeMe! DTH nepBble OJTHOKIETOUHbIE OBbIIIM YCTPOEHBI IOBOJIBHO-TAKU NPUMUTUBHO, Y HUX JaXKe sApa
He ObL10, ¥ cBepHYyTas KojeukoM nenouka JIHK npukpersiiack npsiMo K BHyTpEHHEH CTEHKE 000I0YKH.
[ToToMy 1 uMst 3T OaKTepUU MOJIYYHIM COOTBETCTBYIOIIEE — IPOKAPUOTHI, YTO O3HAYAET — J105/IEpHbIE,
enie He uMeroume snpa. PaspiedeHuss y NpOKapUOTOB TOXKE OBUIM JOCTAaTOYHO OJHOOOpa3HbI, B
CBOOOJHOE, a Takke W B pabodee BpeMsi 3aHMMAIUCh OHM TEM, YTO BABIXANU YriieKuciblii raz CO,,
KOTOpPOTO B T€ BpeMeHa B arMocdepe OblI0 Oojee yeM goctatouHo, muiau Boanuky H,O u, ucnomin3ys
SHEPrHUI0 COJIHIA, OTIIEIUIAIN OT raza yriepos, a oT BoJbl Bogopoa. A nanee — coeaunsuin atomsl C u H
pazHooOpa3HbIMU croco0amMu,  TOJy4yass B pe3ylbTaTe€ pOCCHIIb OPUTMHAIBHBIX OpPraHMYECKUX
COEIMHEHUH N0l Ha3BaHUEM YIJIeBOJOopoAbl. OTXObl, TO OMILE KUCIOPO, IPOCTO BBIOpACchIBAIN BOH U3
KJIETKM B OKpY’Karolyto cpeny. HaBepHoe, MHOTHE yKe HE BCIIOMHSAT, KaK Ha3bIBAaeTCs 3TOT Ipoliecc, a
3T0 OaHaJbHBIA (POTOCHHTE3, TO YeM IO Ceil JeHb 3aHMMAIOTCS pacTeHMsl Ha Haulell ruianere. OoOiee
Ha3BaHUE BCEX OPraHU3MOB, OCYILECTBIAIOIINX CUHTE3 OpraHUKN OYKBaJIbHO U3 BO3yXa — ayTOTPO(bI, TO
€CTh MUTAIOLIUE CEOs CaMH.

K yemy mMornu npuBecTy moJ00HBIE UTPHI OaKTEpUil MOHATHO — aTMOchepa JoKHA OblIa MOCTETIEHHO
HaCBILATHCSI KMUCIOPOJIOM, KOTOPOTO J0 TOTO B BO3/1yX€ Halllel MIaHeThl IPAKTHYECKU He ObLI0. A BOT U
HeT! Hukakoro CymiecTBEHHOTO YBEIMYEHMs KOHLIEHTpalMM KUCIOpoJa HEe HabJloJanoch B TEUEHUE
NOCJENYIOIUX 2 MIpA. JeT. Bo3M0XHO, Bbl IOJyMaeTe, YTO 3TUX MEPBBIX OaKTepHil MpocTo ObLIO
MaJIOBaTO JUIsl TOTO, YTOOBI B NPSIMOM CMBICJIC BIAOXHYTh XU3Hb B arMocdepy? Omsth, Het! Ta camas
WIy’)KUIa» Ha caMOM Jejie OblUla MEepBUYHBIM OKEaHOM, MOKPBHIBABIIMM OOJBIIYI0 YacTh MOBEPXHOCTH
IUIAaHETHI, TaK YTO 0oOIee KOJMYecTBO OrmoMacchl ObLIO cymecTBeHHBIM. Kyna e geBaics kucimopoxa?
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Oxka3bIBaeTcsl, BECh OH UCIOJIb30BAJICS AJIsl OKUCIIEHHs MeTaioB. COBCEM He 3aJ0J1T0, 110 Fe0JIOrMYeCKUM
MepKaM, O pacCMaTpUBaeMbIX COOBITHH, 3eMisl HpeacTaBiisiia cOOOM pacIUIaBICHHBIA KHUIKUNA IIap.
CocraB paciuiaBa MOXXHO Y3HaTh, 3arjisiHyB B IEPHOJUYECKYI0 CHCTEMY XMMMUYECKUX 3JIEMEHTOB
MenzeneeBa — Bce 3T0 60rarcTBo, HaUMHas OT JIETKUX I'a30B M 3aKAHYMBAs TSDKEJIBIMU TPAHCYPaHOBBIMU
3JIEMEHTaMH, KUIes0 U Oypiuiio B IEpBOPOAHOM ropHuie. Ho kak TOJIbKO IApUK CTaj ClIerka OCThIBaTh,
TO MO/JI BO3/IEHCTBUEM CUJI TPABUTALMH TSKEIIbIE METAIbl IOCTENEHHO MOrPYKAJIUCH K LIEHTPY IIaHETHI,
bopmMupysl ee Kele3HOe PO, a JETKUE BIEMEHThl U UX COEAMHEHHUsI, HAlpUMEp - CUIMKAThl (IECOK U
KaMHH) TOJHUMAIUCh BBEpX, 00pa3ysa 3emHyro kopy. Tak Obl M yIUIM NMPaKTHUECKH BCE METAIBI Ha
HeJocsAraeMble TIIyOUHBI, HO Oarogapsi 0ypHO ceHCMUYECKON aKTUBHOCTH COBCEM €l11I€ FOHOM TJIaHETHI,
BBIOpPOCHI U3 HEJP IPOUCXOIUIIN OUEHb YaCTO, U BECh IPOU3BE/ICHHbII OAKTEPUAMH KUCIOPO COETUHSAIICS
C aTOMaMHU METaJUIoB, 00pa3ys pyAbl 3TUX CaMbIX METAJUIOB. JIeTKue, Kak MeCOK, py/bl yKe He MbITAIUCh
YTOHYTb, a 3a/I€pKUBATUCH Ha NOBEPXHOCTH. M TOJIBKO KOrjga paboTa o HaKOIJICHUIO 3a11aCOB MOJIE3HbIX
HCKOIIaeMbIX OblIa BBIOJHEHA, KOPA YIPOUYEHA, a U3BEPKEHUS BYJIKAHOB CTAJIM HE TAKUM YXK YacThIM
COOBITHEM, HAKOHEII-TO BhIpA0aThIBAEMBI OAKTEPUSMHU KUCIOPOJ CTall HaKaljauBaTthbes B atMocdepe. U
cpasy ke cUTyalus Ha 3eMJie cTaja MEHATHCS C HEBEPOSITHOM CKOPOCTBIO - JKMBas MaTepus Kak OynTo
OUHYJIACh OT CJIAJKON APEMBbI, HAlIeJICA KTO-TO KTO BBIOPOCHII JIO3YHT «DBooMs ) - 1 oHecsock! A uto
&Ke JI0 TOro, HEYXelld Ha MPOTSKEHUH BCEX 3TUX 2 MWUIMAPJOB JIET 3BOJIOLUSA HE Mpoucxojuna?
[IpencraBbre cebde, Her! Hy, MoxxeT ObITh, COBCEM HEMHOXKO M, TaK CKa3aTh, BIIMPh, CO3/aBasi JIUIIb
aHAJIOTUYHble BHUJAbl OaKTepHil, HO, Jake HE MOMBIIIASL O TOM, 4YTOOBl HAdyaTb CTPOUTEILCTBO
BEPTUKAJIBHOM 3BOJIIOLMOHHON jecTHULBL. W maaHo Obl, HE MOSBMIIMCH 3a 3TOT MEPUOI (A ITO, MEXKIY
IIPOYNM, O0JIee IMOJIOBUHBI BCETO BPEMEHH CYIECTBOBAHUSI )KU3HU) MHOTOKJIETOUHBIE OpraHU3MbI, HO BE/lb
IpaKkTU4Yecku He Obu10 reTepoTpodoB! ['erepoTpodsl — T, KTO MUTAIOTCA y)KE TOTOBON OPraHUKOM M 3TO
HanOoJiee BHITOJHBIN U y00HBIN CIOCO0 MUTAaHUS — CHhEJI CBOET0 cocela U y Te0s ecTh CBOOOJHOE BpeMs,
9TOOBI 3aHATHCS YEM-TO Tropazfo Oojiee HMHTEPECHBIM, 4YeM (GOTOCHUHTE3. MOXHO cmucaTh 3TO Ha
UCKJIIOUUTEIBHOE MHUPOJIIOOMEe M OJaropoJACTBO HAIIMX JAleKUX MPEIKOB, a TMOTOM YAMBISATHCS U
COKpYHIAThCS: KaK OT TaKUX MalU(HUCTOB MOIJIO IPOU30UTH TO, YTO Ipousouwio. Ho BoT Benb emie B uem
JeNI0 — PEAYLEHTOB TOKEe MouTH He Obuto! PemyleHTsl pa3pylaloT OCTaTKU MEPTBBIX OPraHU3MOB 0
IIPOCTBIX HEOPTAaHUYECKUX COEIMHEHUM, BO3Bpalllas B OKPYKAIOIILYIO Cpely BellecTBa HE0OXO0IUMBbIE JIJIs
KHU3HH ITUX Ke OpraHn3MoB. OTCYTCTBHE PEIyLEHTOB BHIMJISIAUT 0OJiee YeM CTPAHHBIM, JaXe C yU4eTOM
TOro, 4yTo neduIuTa yriepojaa u BoAopoja He Obuto. 3auyeM TpaTHTh CTOJBKO CHJ Ha CO3JaHHE HOBOM
OpTaHuKH, €CIIU OYKBAJILHO M0J] HOTaMU BAJIAIOTCA YK€ TOTOBbIE cOeIMHEHHS? MOXKHO ObLIIO ObI OOBUHUTH
MPOKAPUOTOB B OECXO3SHUCTBEHHOCTH U OECTOIKOBOCTH, MOJI, YTO C 3TUX NPUMHUTHUBHBIX B3ATh, €CIIU OBI
Mbl HE 3H&JIM, YTO KAaK TOJBKO HACTYNUT 4Yac X, OJHOKJIETOYHbIE NPOKAPHUOTHI-ayTOTPO(BI Kak IO
MaHOBEHHUIO BOJIIICOHOH Mano4yKku CO3AaAyT U XUIIHBIX TeTepoTpO(OB, 1 MOTHMIBLINKOB PEAYLICHTOB, U
HMMEIOIUX KJIETOYHOE PO HYKapHUOTOB, Ja €I BCE ITO KAK B OJJHOKJIETOYHOM, TaK U B MHOTOKJIETOYHOM
BapUaHTaXx, B 0011[eM, BCE HbIHELITHEE pa3HOOOpazue KUBOIM MaTepuu.

Ho BepHemcs k mepBoMy MEpUOLY KU3HH OJHOKJIETOYHBIX — HA MPOTSHKEHUH 2 MIIPI. JIET OaKTepuH,

3aBEPLIMBLINE CBOW KU3HEHHBIA LIUKII, OTKJIAABIBAINCH CJIOH 3a CII0EM, TOHHA 32 TOHHOM U 10| BIMSIHUEM
BpPEMEHH, JaBJICHUsI, TEMIIEPATyPhl 3TH MAaCChl OPTaHUKHU MTOCTENEHHO MPEBPALIAINCH B 3aJI€KU rpaduTa,
cepbl, HePTH, ra3a, TOPIOYUX CIAHIIEB.
He nosiBuch npokapuoThl Ha 3emiie B Hy)KHOE BpeMsl, HE IIPOJieail OHU TaKyl T'eporYecKyto paboTy 1o
HaKOIUICHUIO MPHUPOJHBIX pPECypcoB, MoIja JIM Jajee JKW3Hb Ha IIJJaHeTe pa3BUBATbCA U
sBosrormonrpoBars? [louemy Ob1 1 HeT! Bo3MOXHO, axke A0 CTaauM Pa3yMHBIX JIIOJEH JO0Opaanch OblI.
Ho BOT manbHeiimias 5BOJIONMS — SBOJIOLHS pa3yMa, BOSHUKHOBEHHE IHMBHIHM3AIMHU 0€3 METaIOB U
SHEPreTUKOB ObUIM OBl KaTeropuyeCcKM HEBO3MOJKHBI. YernoBeuecTBO Tak M OCTaloCh Obl HaBcerjaa B
KaMEeHHOM Beke. Yuctass ciydallHOCTh JIM 3TO M HaM MPOCTO TaK IOBE3JIO C HAIUMHU MPEIKAMHU-
Oaktepusamu? Pemaiite camu.

Wtak, kineTka — OCHOBa OCHOB, CTPOUTENbHBIN KUPIUYHUK JJI1 MHOTOKJIETOUYHBIX, HO U caMa 1o cebe
MOXET OBITh CAaMOCTOSITEJbHBIM OT/AEJIbHBIM OpraHu3mMoM. Hudero >XHBOro MeHbIIe U MpPOILIE
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OJIHOKJIETOYHBIX B IPHUPOJIE HE CYLIECTBYET, IO3TOMY MBI C IIOJHBIM IIPABOM MOXEM Ha3bIBATh KIETKY
eAMHUIEH XU3HU. M XOTS KJIETKH pa3HbIX OMOJOTHYECKUX BUAOB OTIMYAIOTCA M BHEIIHUM BHIOM U
BHYTPEHHUM COJIep)KaHHEM, HO COOJII0/IEH HeKHii OOIIMIA PUHIUIT B UX YCTPOICTBE, KOTOPBIN MO3BOJISIET
MOHSATH, YTO IepE]l HAMU UMEHHO KJIETKA.

T —

Misspotpyfounss

Kowanne st [ode fow

NManocones

Pucynok 1

VY Bcskoii kinetku (puc. 1.) ects 06009Kka — MeMOpaHa, TOHKas MJIEHKA, OTPaHUYMBAIOIIAs TEJIO KIETKU B
IPOCTpaHCTBE. BHYTpHU KjeTKa 3amojiHeHa KHUAKOCThIO — LUTOIMIa3MOW. DTo camas oObIdHAs BOJA, B
KOTOPOM  pPacTBOPEHbl HEOPraHMYECKHE W OpraHudeckue BellecTBa. KOHLEHTpauus 3TUX BELLIECTB
HACTOJIBKO BEJIMKA, YTO BOJA I'YCTEET, IPEBpaIlasch B IUIa3My, OTCIO/Ia U Ha3BaHHME — LUTO-IuIa3Ma (1o
JIaThIHU KJIETKa HasbIBaeTcs cytos). Ellle B kieTke pacmnosoKeHbl pa3indHble TBEpAble BKIIIOUEHHUS, TaK
Ha3bIBa€Mble OpPraHOW/bl MJIM OpraHesibl. DTO OTAENbHbIE KPYIHbIE MOJEKYJbl OEJIKOB U CIOXKHBIE MX
COECUHEHUS, MOJIEKYJISIPHBIE KOMIUIEKCHI.

Bort, cobcTBeHHO, 1 Bee. JleiicTBuTensHo — npocTteiiee. KaxeTcs, naxe BeJIOCUIIe] YCTPOECH CIIOKHEE,
4yeM KjeTKa. MOXKHO B35Th IMOJUITUICHOBBIM NIAKET, HAJIUTh B HETO BOJIbI, HACBINIATH COJIU, Caxapy, COAbI,
HaKuJaTh BCSAKOIO MycOpa — M BOT BaM JEHCTBYIOLIAs MOJENb KIETKH. «/lelcTByromas», na He
neiicteyromas! Takass Mojaenb - MpocTod OYpAHOYOK C MEpPTBBIM MYCOPOM, XOTh TPSCH €ro, XOTb
[0/I0rpeBail, XOTh 3JIEKTPUUYECKUH TOK Yepe3 HEro MpoIycKai, TAKOBBIM OH U OCTaHETCsA. A eclid Bbl
3aryiiHETe B OKYJSpP MHKPOCKOMNA, TO YBHIUTE, YTO BHYTPH HACTOSILICH KICTKU KU3Hb KUIHUT M ObET
KJIIOYOM, TaM HacTOSIMH MajleHbkuii Mup, Manenpkas Bcenennas. Eciau Mbl npucmorpumcs
BHUMATEJIbHEE K JEUCTBUSAM OPraHOUJOB B KJIETKE M IIPOBEAEM COOTBETCTBYIOLINE AHAJIOTUH, TO MOKHO
CKa3aTb, YTO TaM €CTh apMUs U MOJMIMS, TAMOXKHS U TPAHCIIOPT, Bpauu, yueHbI€, CTPOUTENN, HHKEHEPHI,
na Koro taMm Toibko HetT! Bce kak y Hac. BepHee, y Hac kak y HHUX, MOO 3aKOHBI OpPTaHU3ALMU KUBOU
MaTepUM 3aJI0KEHBI TaM, HA CAaMOM HauyaJbHOM YPOBHE, & Mbl JIMIIb ITIOBTOPSIEM UX Ha 0o0Jjiee BHICOKOM
KauyeCTBEHHOM YpOBHE. 3aKOHOMEPHO BO3HUKAET BOIPOC, MO KAKOM TaKkOW NPUYMHE MBI CUMTAEM
eAMHUILIEH )KU3HU LENNYI0 KJIETKY, €CJIM €€ BHYTPEHHUE CTPYKTYpPbI HE IIPOCTO BEAYT Ce0sl KaK >KUBBIE, HO
NOpOH Jake KakeTcs, 4YTO Kak pa3yMHble? Bce neno B TOM, YTO €CiM 3TOrO JKMBUMKA BHITAILUTH U3
KJIETKH, IICTh J1a’ke€ IIOMECTHB B MUTATEIbHYIO CPEAY, TO OKAXKETCSA YTO HUKAKOW OH U HE KUBOH. DTO
camasi 0ObI4YHasl MOJIEKYJIa (MM Ky4da MOJIEKYI) - XMMHUYECKOE COE€IMHEHNE HECKOIBKUX ThICSY aTOMOB U3
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KJlacca OpraHu4eckux coequHeHuil. Kak My3bikajibpHas IIKaTyllKa — 3aBe/Cllb €€, U My3blKa UIpaeT, u
(GuUrypky JIBUTAIOTCS U TAHIYIOT KakK JKUBbIE, a BBIJIOMAall OJHY M3 KYKOJIOK U Bce... PasHuna mexay
MEpTBOM MIKATYJIKOMN U )KUBOU KJIETKOW B TOM, YTO KJIETKY KaK 3aBeJId OKOJI0 4 MJIp/. JIET TOMY Ha3aj, TakK
3aBOJl 10 CHMX IOp M He KOHuaercs. M Bropoe: Mbl, T.e. YeJIOBEUECTBO, JIETAalOIlEe B KOCMOC,
pacIIenJIsonee aToM, CO3/1a0Lee CI0KHbIE KOMIIBIOTEPHI C UCKYCCTBEHHBIM MHTEJUIEKTOM, HE TOJILKO HE
MO’KEM CO37aTh XOTs Obl OJIHY JKUBYIO KJIETKY, HO MbI Ia)kKe HE IIOHMMAaeM JI0 KOHIIA - KaK U [0YeMy OHa
paboraet. Kak BooOI111€ 0JIy4n10Ch, 4TO COOpPAHHOE B O/IHY Ky4y HE)KHUBOE BAPYT 0kuio? U noyemy sToT
npouecc "caMOBO3HMKHOBEHHUS" JKM3HU OOJIbIIe HE MOBTOPSIETCS — JKHMBas MaTepusi KaKk BO3HUKIIA
OJIHAX/Ibl B KAKOW-TO MOMEHT, TaK Jajiee TOJIbKO YCIOXKHAETCS U pa3BUBACTCS.

W xoTs 3arajjok B ycTpoiCTBE KJIETKH OCTAETCs €1lle MHOI'0, HO TAaK)K€ MHOI'O€ yXe U3BeCcTHO. [lasee Mbl
paccMOTpUM CTPOCHHE KJIETKH, HO 3TO OyJaeT He Kakoe-TO aOCTpaKTHOE OJHOKJIETOYHOE, a YKMBOTHAs
KJIETKa MHOTOKJIETOYHOI'O OPTaHU3Ma, U3 KOTOPBIX U «IIOCTPOEHBI» COOAKU.

MMUTOXOHAPHUHM - HTO HAIllM XOPOUIME 3HAKOMbIE, IPUMHUTHBHBIE OaKTepUU NMPOKapUOTHl. B Te camble
OypHBIE BpeMeHa, Koraa atMocdepa Ha Halllei IIaHeTe cTaja pe3Ko MEHSATHCS, 0Ka3aloCh, 4TO IPEBHUE
OaKTepHUH MPOCTO HE MOTYT CYIIECTBOBATh B TAKOI HACHIIIIEHHOM KuCI0poaoM cpefe. Kucnopon okaszaics
JUIS HUX CaMbIM HacTOSLIUM siioM. To 1 mpokapuoTa caMa IPOHUKJIAa BHYTPb 3YKapUOTHUYECKOU KII€TKH,
TO J11 ObLIa KOBapHO MPOTJI0YEHA OJJHUM U3 NEPBBIX OJHOKJIETOYHBIX XUIIIHUKOB, HO XUTpas OakTepus He
pacTepsuiack U MOJIBUJIA rojiocoM uenoseueckum: «He ems mens, MBan-napeBuu! S Tebe npuroxyce.
MBaH K cyacThlO OKa3ajcs TaKu LApEBUYEM, a HE JypakoM, U OCTaBWJI MUTOXOHApHUIO npu cede. U yx
IPUTOAWIACH OHA, TaK NPUTrOAMIACh. MMUTOXOHIPUM CTAIN SHEPIeTUUECKUMU CTAaHIUSAMU KJIETOK, TaK
KaK MX OCHOBHas (yHKUUS - CUHTe3 aaeHO3uHTpudpochopHoi kucnotel (AT®D) - yHuBepcaabHOIro
HCTOYHUKA SHEPIUH, CYNEPTOIUINBA, HEOOXOAUMOTO JJIsl OCYLIECTBICHUS IPOLIECCOB KU3HEIESATEIbHOCTH
B KJIETKE U BO BceM opranuzme. AT® obpasyercs Ipu «CKUTaHUW» TIIFOKO3bI B IPUCYTCTBUHM KHCIIOPOA.
[losToMy HM3KHH ypOBEHb IUIIOKO3bI B KpOBU (TMIOIJIMKEMHUs) NPUBOJUT K HEJOCTATOYHOMY
npousBoacTBy AT®. Jlerkast creneHb T'MIOINIMKEMHH, KOTJ1a MPOUCXOAUT HE3HAYUTEIbHOE CHU)KEHHE
YPOBHSI IJIIOKO3bI, OTME€YaeTcsi ciaaboCThiO0, TOJOBOKPYXEHHEM, Y4YalllEHHbIM ceplueOueHueM,
HEYCTOMYMBBIM HACTPOCHUEM M YYBCTBOM «BOJYBETO» rojiofa. Bce MOKIOHHMKH JKECTKHUX JHeT,
0CcO0EHHO 0€3yIJIeBOJIHbIX, 3HAKOMBI C 3TUM cocTosiHuEM. [Ipu nanpHelemM najeHnun ypoBHS IIIOKO3bI:
HapyIllIeHUe 3peHusl, NOTepsl CO3HAHUs, Cyl0pOrd, KoMa, cMepThb. Ho yMOpUTH KHMBO€E CyIIECTBO, JUIINUB
€ro IJIIOKO3bl HE TaK TO IPOCTO, OPraHU3M MMEET €€ 3amachl, a, B KpaillHeM cilydae, CMOXET
CUHTE3UpOBaTh U3 OENKOB WM KUPOB. ['opa3no 3ddexkTuBHEe MOXKHO OCTaHOBUTH cuHTe3 AT®D B
opraiusMme, JHUIIUB €ro Kuciaopoja. B aToM cilyyae cMepTh HACTYNMT Yepe3 HECKOJIbKO MUHYT. To, 4TO
BCSKOE BBICIIEE XMBOTHOE Morubaer 6e3 AOCTyma KHUCIOpOJa 3HAIOT BCE, HO BOT TO, YTO TJaBHOMN
IPUYUHON CMEPTH NPU TUIIOKCUH SIBISIETCS UMEHHO OCTaHOBKa cuHTe3a AT® Bps 1 Jin U3BECTHO MHOTHM.
Ho ectp eme Gosnee ObICTphI croco6 mpekpatuTh npousBojacTtBo AT®. Bo BHyTpeHHeil memOpaHe
MUTOXOHJAPUU  PACHOJIO)KEH  (pepMEeHT ¢  IO3TUYECKMM  Ha3BaHMEM  LIUTOXPOMOKCH[A3a.
[luroxpoMOKCcHIa3a IepeKayuBaeT IMPOTOHBI C OJHOM CTOPOHBI BHYTPEHHEH MHUTOXOHIPHUAIBHOU
MeMOpaHbl Ha JPYI'yl0 M TEM CaMbIM CO3[aeT NPOTOHHBIM T'PaJMEHT, KOTOPbIM JAaeT SHEPruio s
npousBojactBa AT®. 1 ecTh BemecTBO C COBCEM HE MOATHYECKMM Ha3BaHHEM — IMAHUCTHIN Kallui,
KOTOpPOE€ MTHOBEHHO IIOAABJISIET IUTOXPOMOKCHIa3y. Eciy Kakoi-TO HECO3HATEIbHBIN OPTaHU3M IPUMET
BHYTPb 3TOT 511, TO CMEPTh HACTYIUT MTHOBEHHO U IIPUYMHA 3TOM CMEPTH OIATH-TaKU OyJIeT OCTaHOBKaA
npousBojacTea ATO.

Kak ngBurarenb MTHOBEHHO 3arjlOXHET, €CIM CIMTh TOIUIMBO M3 0aka, KaK AJIEKTPUYECKHH Mpudop
OTKJIFOUUTCA, €CIIU BBIAEPHYTh U3 PO3ETKU IIHYp MUTaHMs, TaK U OMOPOOOTHI 11O HAa3BaHUEM - KHUBBIE
CylllecTBa HEMEAJICHHO MOTUOHYT, eCy JUIIUTh X ouotorumsa — AT®. [TomydaeTcs, YTO HE TOIBKO
BO3HUKHOBEHHE U 3BOJIIOLUS >KMBOW MaTepUM, HO JaKE€ M HBIHEIIHEE €€ CYIECTBOBAHUE LIEJIUKOM U
MIOJIHOCTBIO 3aBUCUT OT «IIPUMHUTUBHBIX» KPOIIEK.

He Obuto M ciIMIIKOM ONPOMETYMBO CO CTOPOHBI 3YKAPUOTUUYECKOW KIIETKU IMepenaTh TaKylo
KU3HEHHO BaXKHYIO (YHKIIMIO COBCEM IOCTOPOHHEMY OpraHu3My? A BApYT OJHAX/bl BCE MPOKAPUOTHI
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3asaBT: «Kak jxe Bbl Bce HaM Hajzoenu! Yxoaum Mbl oT Bacy. M yiiayT. Y B TO e MrHOBEHHE BCS BbICIIAs
KU3Hb Ha IJIaHeTe 3akoHuYnTCcsA. KoHeuHo, 3TO Bce LIYTKH, HO, KaK U BO BCSIKOM LIYTKE, €CTh TYT U J0JIs
npasjbl. DYKapuoTa He TaK YK OecleuHa u 10BepUYMBa, OHA B3sijia B 3aJI0T y IPOKAPUOTHI YaCTh T€HOB U3
ee IHK (y MHTOXOHIpHii MO ceil IeHb MMeeTcsi COOCTBEHHBI T'€HOM) W TNEpEeHeC/a UX B sJICPHBIC
xpomocombl. Tak 4TO HHMKyAa TeHepb MUTOXOHAPHUS HE COEXHT, XOTs eIle BONPOC — XOYeT JIM OHa
6exxath? Kak 3HaTh, MOKET 3yKapUOTHYECKas KJIETKa BCEro JHIIb 3alluTHas 000J0uYKa, KOTOPYIO
IIPOKapHOTa cama co3/Jana BOKpYr ceosl.

Croutr takxke ynomsHyts U o JIHK muroxonmpuii. D10 HeGONbIIOE KOJBIO, COAEpIKAIIEE JIHIIb
HECKOJIbKO JIECATKOB I'€HOB, 0Ka3aJ0Ch XPaHWIMILEM MOUCTUHE OecrieHHOW mHpopmauuu. CpaBHUBas
MJIHK pa3HbIX BHUJIOB MOXHO MPOCIEAUTH MYTh 3BOJIIOLUWU 33 BCE MUUIMAPABL JIET CYIECTBOBAHMS
KU3HU HA Halllel IUIaHeTe — KTO, KOTJ1a U OT KOTO MPOU301Ie] (XpPOMOCOMHBIE I'€Hbl U3-3a MIOCTOSIHHBIX
pekomOuHanuii nogoO6HoN wuHpopmanmu He coxaepxkar). MccnemoBanus mutoxonapuanbHou JIHK
MPOBOJATCS U y cO0aK, 4TO O3BOJIMIIO OJATBEPAUTH IPOUCXOXKIEHUE COOaK OT TUKUX BOJKOB. U naxe
OTIpECTUTh BpeMsl U reorpaduueckoe MECTO MOSIBICHUS MEPBOil cOOakM — pailoH peku SHIBBI 0KOJIO
16Teic. ner Hazan. bonee moapoOHBIE HccleIOBAaHUS MO3BOJST ONPEACIUTh TOYHYIO HCTOPHIO
BO3HUKHOBEHHS U Pa3BUTHUS KAKIOW U3 MOPOI.

JHAONMIA3MATHYECKASA ceTh. Bcsd BHYTPEHHssS 30Ha IMTOIUIa3Mbl 3al0JHEHA MHOI'OYHMCICHHBIMU
MEJIKMMHU KaHaJIaMH ¥ [TOJIOCTSMHU, CTEHKH KOTOPBIX MPEACTABISAIOT cO00i MeMOpaHbl, CXOAHbIE IO CBOEH
CTPYKType C IJIa3MaTH4ecKo MeMOpaHOW. DTH KaHaJbl BETBATCS, COCAMHSIOTCS IPYr C APYroM M
0o0pa3yloT ceTh, MOJYYMBIIYIH0 Ha3BaHME SHJIOIIA3MAaTHYEeCKOW ceTu. M3BecTHbl JBa ee Tuma -
rpaHyJIsipHas U INajkas. ITO CBOET0 pojia MAacCTEPCKHUE, B KOTOPBIX OCYIIECTBIISIETCS CUHTE3€ OENKOB,
JKUPOB U YIIIEBOJIOB.

Pubocombl - MUKpOCKONIMYECKUE TeNbLa OKpyrioi Gopmsl auamerpoM 15-20 Hm. B ogHOM KieTke
COIEP)KUTCS MHOTO ThICSY pPHUOOCOM, OHHM pacmojiararoTcss JuO0 Ha MeMOpaHax TIpaHyISIPHOU
9HJIOTIA3MAaTHUYECKOH ceTH, MO0 CBOOOHO JIeKaT B IUTOIUIa3Me. PUOOCOMBI Kak pa3 U OCYIIECTBISIOT
CUHTE3 OEJIKOB.

Anmapat I'oabaxn npencrasiser co00i cTONKy MEMOpPaHHBIX MEIIOYKOB U LIUCTEPH U CBSI3aHHYIO C
HUMH CHUCTEMY My3bIpbKOB. OCHOBHOM (yHKIMel anmapaTta ['oibIKu sBIsSE€TCS TPAHCHOPT BELIECTB B
[IUTOIUIa3MYy U BHEKJETOUHYIO CpPEAdy, a Tak)Ke CHHTE3 )KHPOB U YIJIEBOAOB M (HOPMHUPOBAHUE JTU30COM.
Anmnapat ['0Jib1)KM MOXHO CpaBHUTH C TPAHCIIOPTHO-pPACIIPEACIUTENbHBIM Y3J10M. Bee npon3BeieHHbIE B
KJIETKE U IOCTYIUBIIME U3BHE BEUIECTBA IIOCTYNAIOT B annapar I oKy, Iie NoJIy4aroT CleualbHbIe
METKH (4TO-TO BpPOJE IMYTEBOIO JIUCTA) IO KOTOPBIM «I'Py3» OyJeT ONO3HaH U JIOCTaBJIECH C MOMOIIbIO
BHYTPUKJIETOUHOI'O TPAHCIOPTA TOYHO IO apeCcy B HYKHYIO 00JacTh KJIETKU. A BOT KTO U KakK TaM B
9TOM amnmnapare NIpUHUMAET pEelIEHNEe, OTKY1a 3HAIOT - KOT'0O KyZa HAlIPaBUTh, YBbI, HEU3BECTHO.

JIuzocombl TMpeAcTaBISAIOT c000if MeMOpaHHBIE MEIIOYKH, HANOJHEHHBIE NUIICBAPUTEIBHBIMU
depMeHTaMH. DJaKUe XOJA4YUE JKEIYIAKU KIETKU. JIM30COMBI pacleIuIsIIoT NMUTaTeIbHbIE BEIIECTBA,
NIEPEBAPUBAIOT MOMABIINE B KIETKY OaKTepUH, BBIACIAIOT (EPMEHTHI, YIAIAIOT IMyTEM MepeBapUBaHUS
HEHYKHbIE YacTH KJIETOK. BemiecTBa, 00pa3oBaBinecs B pe3yibTaTe epeBapUBaHMs MUIIEBOM YaCTUIIbI,
MIOCTYIAIOT B [IUTOIUIA3MY U UCIIOJIB3YHOTCS KIETKOM.

LuTockeseT — KJICTOYHBIA KapKaC UM CKEJIET, HAXOSAIIUICS B UTOIIIa3Me, B () YHKIIUU KOTOPOTO
BXOJIUT NOJAepKaHue (popMbl KIIETKH, 00ecrieueHne ABUKEHUSI KIIETKH, BHYTPUKJIETOUHBIN TPAHCIIOPT U
KJIETOYHOE JieJieHre. MUKpO(pUIaMeHTHI IPEACTABISAIOT COO0H IBE ETOYKH, 3aKPYUCHHbIE CITUpaibio. B
OCHOBHOM OHHM CKOHIIEHTPUpPOBaHbl y BHEIIHEH MeMOpaHbl KIETKH, CO37aBas JIONOJIHUTEIbHYIO
KECTKOCTh 00O0JIOUKH M MOMOrasi NoJAepKUBaTh GopMy KIETKH. B KIeTKaX MBI MUKPOQUIaMEHTHI
BMECTE CO CHEIHaIbHBIM OEIKOM MHO3UHOM YYacTBYIOT B MBIIIEYHOM COKpalieHUuH. MUKPOTPYyOOUKHU B
KJIETKE HCIIOJIb3YIOTCS B KAUECTBE «PEJILCOBY Il TPAHCIIOPTUPOBKU YacTHll. [0 MX MOBEpXHOCTU MOTYT
nepeMeniarbcss MeMOpaHHbIE Iy3bIpbKH, MUTOXOHAPHM U CIEIUAJbHBIC TPAHCHOPTHBIE OENKH,
Ha3bIBa€MbIe MOTOPHBIMU. MOTOpHBIE OENKH Jja’ke BHEIIHE CJIETKa HATIOMHHAIOT JIOMIAAKY, OHU COCTOSIT
13 HECKOJIBKUX JIETKUX LeTel U ABYX TSKENBIX, B KOTOPBIX BBIJEISIOT TOJOBHONW U XBOCTOBON JJOMEHBI.

6



['onoBHBIE AOMEHBI CBSA3BIBAIOTCS C MUKPOTPYOOUKaMU U SABISAIOTCS COOCTBEHHO JABHTraTelsIMHU, a
XBOCTOBBIC — CBSI3BIBAIOTCS C OpTaHENJIaMHU WM OelkaMu, MOAJICKAIIMMU TPAHCHOPTHPOBKE. 3aTemM
wiomaakay 3anpasisiercss Mosiekyiaod AT®d u MrHOBEHHO AOCTaBIse€T Ipy3 K MECTy Ha3HaueHMs.
BriiensioT aBa BHa MOTOPHBIX OCJIKOB: AMHEWHBI U KHHE3UHBI. JIMHEHHBI IepeMeIaloT Tpy3 TOJIbKO U3
nepudepuitapix oOmacTedl KJIETKM K LEHTpy. KuHe3uHbI, HampoOTHB, MEPEMEINAIOTCs M3 LEHTpa K
KJICTOYHOH mepudepun.

ILlenTpHOIN - Pa3HOBUAHOCTH MHUKPOTPYOOUEK, CIOXKEHBI U3 Oenka TyOynmuHa. Bo Bpems nenenus
KJIETKM OHM 00Pa3yloT BEPETEHO, BJI0JIb KOTOPOI'O BHICTPAUBAIOTCS XPOMOCOMBI.

Anpo. Kaxxaas kiaeTka 0JHOKJIETOUHbBIX U MHOTOKJIETOUHBIX )KMBOTHBIX, a TAK)K€ PACTEHUN CONEPKUT
AP0, TAE pacroiaralorcs XxpoMocomsl. DopmMa 1 pa3Mepsl apa 3aBUCAT OT GOpMBI U pa3Mepa KJIeTok. B
OOJIBIIMHCTBE KJIETOK MMEETCS OJHO PO, U TaKue KJIETKH Ha3blBAIOT OJHOSAJAEPHBIMU. CyIIECTBYIOT
TaK)K€ KJIETKH C ABYMs, TPEMsl, C HECKOJbKUMHU JIECATKAMU U JJaKe COTHAMU siJiep. DTO - MHOTOSIZIEPHbIE
KJIETKH, €CTh TaKhe U B OpraHu3Me COOAaKH — BOJIOKHA MOTEPEYHO-TIOJI0CATON MYCKYIaTyphl M KIETKU
KOCTHOW TKaHH - OCTEOKJIACTHl. B MHOTOKJIETOYHOM OpraHU3Me €CTh U Oe3bsiepHbIC KISTKH, HAIPUMED,
sputpouuTsl. Ho rimaBHoe B sifjpe HE pa3Mephl U HE KOJIMYECTBO, @ BHYTpEHHee cojiepkaHue. FIMeHHO B
AJlpe pacroiokKeHsbl Te caMmble XxpomocoMHble JIHK, KoTopble U ABJIAIOTCS TJIAaBHBIM IPEJIMETOM HAIIero
uHTEepeca. MBI y)Ke COBCEM CKOpO 3aiiMeMCs HMU BIJIOTHYIO, a TOKa PO JOJHKUM pa3OUpaThes C KIETKOM.

B sape kneTku Takke pactoIOKEHO SAPHIIKO, B KOTOPOM IMIPOUCXOJUT CUHTE3 pUOOCOM.

I annnun S nnunE N

W ORORDT DN o

PucyHnok 2

InazmaTuyeckasi memOpana. B cocrtaB 1uiasmarnueckoid MemOpaHbl (puc. 2.) BXOAAT OEIKU U
bl (KUpbl). Mosekysibl unuaoB (1) moxoku Ha TOJICTEeHbKHE COCUCOYKH U UX TNIOTHOE COEIMHEHUE
oOpa3yeT CIUIONTHOW IBOMHOM CII0#, KOTOPBIH COOCTBEHHO U SIBIISIETCS 000J104K0# KieTKu. [ uapodoOHoi
TOJIOBKOW JIMOUABI OOpalleHbl BHYTPb KIeTKH. I'mapo — Boma, ¢obus — u ecth (obus, To ecTb
BOJIOHETIPOHHIIAEMBI, BOIOOTTAIKUBAIOIINI CII0I 00pa3yeTcst Ha BHYTpEHHEH MOBEPXHOCTH MEMOPaHBI,
Onmaromapsi yeMy >KMIKas IUTOIIa3Ma HE BBITEKaeT Hapyxy. [mapoduiabHble (M00sLIMEe BOLY) KOHIIBI
JUIKUI0B OOpalleHbl HapyKy W 3TO MPABWIBHOE pELICHHE, BEllb KJIETKa HE MOXET CyIecTBOBaTh 0e3
BOJIBL.

B 3TOM crutomHOM ciioe TUNUAOB, yTonasi Ha pa3Hylo IIyOuHY, pacHoJOKUINCH pa3HOOoOpa3Hene
Oenku. OnHa U3 TIaBHBIX QYHKIMI MeMOpaHHBIX OEJIKOB - TPAHCIIOPT BELIECTB uepe3 MeMoOpany (2). 13
BHEIIHEH cpelbl B KIETKY MOCTYNAaeT BOJA, KUCIOPOJ, PAa3IMUHble HEOPTaHWYECKHE U OPraHUYEeCKUe
MOJIEKYJIbl, U3 KIETKM BO BHEIIHIOK CpEly BBIAEIAIOTCS MNPOAYKTHl >KM3HedesTenbHocTU.  Jlis
MHUKPOMOJIEKYJN O€JIKH CO3/1al0T TOHKHE KaHaJbl, TAKHE CBOCOOpa3HbIe HOPBI, IPOHUIIAEMBIE TOJBKO IS



onpenenéHHbIX BeulecTB. KpymHble MakpOMOJEKyJabl OOBOIAKMBAIOTCA, MOXKHO JaXe CKa3aTh —
IIPOIJIATHIBAIOTCS, IVIACTUYHBIMHU MOJIBUKHBIMH O€JIKaMH U TaKUM 00pa3oM MEPEHOCT Yepe3 MeMOpaHy.

Cnenyromass ¢yHKIMS: Ha MeMOpaHEe CYIIECTBYIOT CIelHalbHble OelKku-Hacochl (3), KoTopble
BKAuUMBAIOT B KJIETKY MoHbI kKamust (K') n BeIkauuBaroT n3 Heé nmoHbl Hatpus (Na'), Giarogaps uemy Ha
BHEIIHEH CTOPOHE MEMOpaHBl CO3JAETCS MOJIOKUTENbHBIA NEKTPUUECKUI 3aps/, a HA BHYTpEHHEH —
OTpHULATENbHBIN. DIEKTPUYECKUI TOTEHIIMAJI HA MEMOpaHe HyKeH JJIs «OOILeHus» KIETKU ¢ HelipoHamy,
IIOTOMY KaK HEpBHas cCUCTeMa OpraHu3Ma paboTaeT Ha caMOM OOBIYHOM JIEKTPUUECTBE.

HexoTopsie Oenku, Haxozsmuecs B MeMmOpaHe, SBISIOTCSA peuentopamu (4) - MoOJEKyJIamH, MpH
MOMOIIM KOTOPBIX KJETKAa BOCIPHUHUMAET T€ WJIM HHbIE CHUTHajibl. Beap KieTka MHOTOKJIETOYHOI'O
OpraHu3Ma 3TO HE Kakas-TO 4yXepoaHas OakTepus, KOTOpas BHEIPHUIACh B OPraHU3M U MOXET Tam
BBITBOPSITh BCE, UTO €i B3yMaeTcs, OHa YacCTh €JUHOT0 COOOIIECTBA U IOTOMY HaXOAUTCS MO/ IOJIHBIM
KOHTpOJIEM U yIpaBieHUEM opraHusma. Bo3neilcTBys Ha pelenTopbl, OpraHU3M 3aCTaBISET KIETKY
BBITOJIHATE T€ UM MHbIE PyHKIMU. Tak 4TO penenTopsl ¢ MOJIHBIM IPAaBOM MOKHO Ha3BaTh KJIABUIIAMU
YIIPABIICHUS KIETKOMU.

MemMmOpaHHbIe OelKi HepeaKo sBisioTcs ¢pepmentamu (5). Hanmpumep, miazMaTudyeckue MeMOpaHbI
SNUTENNATIbHBIX KIIETOK KMIIEYHUKA COJlepkKaT MUIIeBapUTEIbHbIE (DEPMEHTHI.

Ha memOpane ecTb aHTUTeHBI (6) - CBO€OOpa3HbIe SAPJBIYKH, A1 MAPKUPOBKHU KiIeTOK. Kaxablil Tun
KJIETOK MMEET CBOM OpUTMHAJIBHBIM MapKep, 10 KOTOPOMY KJIETKY OIIO3HAIOT BCE 3aMHTEPECOBAHHBIC
ciyxObl opranusMa. B mepByro odepelb - UMMyHHbIE O€JIKH, KOTOpPble BHUMATEIbHO CIEIST 33 TEM,
4YTOOBl B OpraHU3M HE INPOHUK OMACHBIN dyxak. C INOMOIIBI0 MapKEpOB KIETKM MOTYT paclo3HaBaTh
Jpyrue KJIETKU U AeHCTBOBATh COINIACOBAHHO C HUMM, HAaIIpuMep, Ipu (OPMUPOBAHNUN OPTAaHOB U TKAHEH.

BoT, coGcTBeHHO, U Bce B 00IIMX YepTax U yNpolleHHOM Bue. M XoTs He ynanock moka pa3ooparbcest
CO MHOTHUMH NIPOLECCAMHU, MPOUCXOJALIUMHI BHYTPH KIJIETKH, 3aTO «BHEIIHEAKOHOMHUYECKAs KJICTOUYHas
NesITeIbHOCTbY SICHA U MOHATHA. KieTka ecT, mbeT, AbIIUT U BbIAEIAET NPOAYKTHI )KU3HEACSATEIbHOCTH.
OnHokIeTOYHOE TOTPEOIIeT/BRIACIACT NPSIMO U3/B OKpYXKaromyro cpeay. KieTka MHOTOKIETOYHOTO
OpraHu3Ma MUTATelIbHbIC BELIECTBA NOIy4aeT MIPEUMYIIECTBEHHO OT OpTaHU3Ma, HO B3aMEH OHa 00s13aHa
YTO-TO TPOU3BECTH WJU BBINOJHUTH KaKyl-TO paboTy Ha Ojaro BCero OpraHuM3Ma, 4YTO BIIOJIHE
pPaBHOLICHHAs IIaTa 3a JapMOBOM KOpM M 3amury. [lomydaercs, 4TO KM3Hb KIETKH 3TO KaKOW-TO
CIUTOIIHOM Mpa3HUK — eIllb, [1ei, BeCeNNCh, HUKOMY HHYEM He 00s13aHa, HHKOMY HUYero He J0JDKHA. A
BoT U Het! Eme kak gomxHa! JKu3Hb — 3TO OUEHb YK II€HHas IITyKa W 3alpoCTO TaKk OHA HE JaeTcs,
IUTATUTh HY>KHO 0053aTelIbHO U O4eHb Joporo. M moromMy B KJETKY BJIOKE€Ha Mporpamma, KOTopas
TpeOyeT OT Hee 00s13aTeIbHO CO3/aTh CBOIO Konuio. [Iporpamma 3ta HaCTOJIBKO CTPOTast, UYTO BBINOIHATh
WIM HE BBIIOJIHATh €€ — Aaxke He oOcyxnaercs. Hukakue taMm: s ellle cIMIIKOM MOJIoJa, y MeHsl yue0a,
Kapbepa U Ip. B pacuyeT He NpuHUMaroTcs. PoanHa cka3ana — HaJj0, KOMCOMOJ OTBETUI — ecTh! Tousbko
Cepbe3Hble BHYTPEHHHUE TPOOJIEMBbI MIIM MOBPEKICHUS KIETKHU JAI0T € IpaBo yMepeTh He NO1eTUBUINCH.
CrnenyeT OTMETUTH, UTO JIaHHAs [IporpamMma, Kak U BC€ OCTaJIbHbIE IPOIPaMMbl, U3HAYAJIbHO BJIOKEHHbBIE
B J)KHMBYIO MAaT€pHIO, IBOIIOIIUOHUPYIOT BMECTE € )KMBBIMHU OpTraHu3MaMHu. JlJis CJI0’KHBIX MHOT'OKJIETOYHBIX
OpPraHM3MOB 3Ta MpPOrpamMMa pa3BWIIACh B MHCTHUHKT Pa3MHOXKEHUs, KOTOPBIA TpeOyeT OT KMBOTHOTO
co3aaTh AouepHuil opranusm. Ilpu 3ToM geneHune oTaeabHbIX KIETOK MHOTOKJIETOUHOI'O OpraHU3Ma He
OTMEHSETCS, HO Tenepb 3TO JIMIIb BCIIOMOrareibHas HporpaMma, KOTopas JaeT BO3MOXKHOCThb
OCYIIECTBJICHUS TIJIABHOM 3aJayd — POXKIEHUE HOBOI'O MHOI'OKJIETOYHOI'O OpPraHu3Ma. [ToaTomy
HEKOTOPBIM KJIETKaM MHOT'OKJIETOYHOT'O OpPraHu3Ma, HallpuMep, HeHpOoHaM U KJI€TKaM MBIIIILL, pa3peleHo
He aenuThesd. Ha pasymMHO# cTaguy )KM3HU HHCTUHKT Pa3MHOKEHUSI pa3BUBAETCSI B OCO3HAHHOE JKEJIaHUe
MaTepUHCTBA U OTIOBCTBA, HO IPH 3TOM HOBAs 3BOJIIOLMOHHAS MporpaMma JMIIb MPUCOEAUHSETCS K
JBYM IIPEAbLAYIINM, HE OTMEHSSI HU J€JIEHUs OTAEJIbHBIX KJIETOK OpraHu3Ma, HU HAJIMYUE HHCTUHKTA.

OTHOcHUTbCS K 3TOM Iporpamme ciefyeT ¢ AODKHBIM YBa)KCHHEM M ITOHUMaHHEM TOTO, YTO Takas
IporpamMma He MOKeT ObITh OTMEHEHA WJIM UCTIOpYeHa 0e3 yBaXKUTEJIbHOM NpuyuHbl. Eciin y KUBOTHOTO
MIOJIHOCTBIO OTCYTCTBYET MaT€PUHCKUNA MHCTUHKT, TO 3TO CUTHAJI TOTO, YTO JAHHOE )KUBOTHOE HE JIOJIKHO
OCTaBUTH IOCIIE Ce0sl MOTOMCTBO. Tak YTO €CiIM LIEHHAsl CyKa He JKeJIaeT yXa)KUBaTh 3a CBOMMH IIE€HKaMH,
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U HMKAaKME Ballld YXMILUPEHMsI HE 3aCTaB/IAIOT €€ W3MEHUTb CBOE€ OTHOLIEHHE K HOBOPOXKICHHOMY
IIOTOMCTBY, TO TaKyl0 cO0aKy He CleIyeT Jajlee UCIO0JIb30BaTh B PAa3BEICHUH, NAXKE €CJIU B TMTOMHHKE
€CThb APYI'Ue CYKH, FTOTOBBIE BBIKOPMUTD UYKHUX LIEHKOB.

Ho BepHeMcs K KileTKe M €€ NMporpaMme JEJIEHUs, U MOWAEM OT IPOCTOro K CIOXKHOMY — BHadalle
paccCMOTpUM JI€JIEHHE OJHOKIJIETOYHOro opraHu3Ma. Mrak, Beskas KieTka OYKBaJbHO C IEPBBIX
MI'HOBEHMH JKHM3HHU YK€ HalleJleHa Ha CO3JjaHue 10uepHel KieTku. A Kak ee co3naBath? Hy, kKoHeuHO ke,
HE CKa3aB KpeKC-(peKc-NeKC M HIeTKHYB maiblamu. Kierka 1oipkHa co3laTh KIETOUHYIO MeMOpaHy,
CKOIIMPOBAB BCE JIMMU/IbI U OEJIKH, U3 KOTOPBIX Ta COCTOMT; CO3JaTh TOUHYIO KOIHIO KaKJ0TO OPraHOUa;
OTJIUTh YacTh LUTOIUIA3Mbl. HO 4TOOBI BCE 3TO COTBOPUTH HYKHO, BO-IIEPBBIX, UMETh CTPOMMAaTEpHUabI.
IToTomMy Ki€TKa MUTAETCA HE TOJBKO IS JUYHBIX HYXJ, HO M HAYMHAET CO3aBaTh 3aIlachl, TaK CKa3arb
KUPOK HaryiauBaeT. Korna HakonjaeHus CTaHOBATCS YK€ NPWINYHBIE, KTO-TO TaM M3 KJIaJO0BIIHMKOB-
YY4ETUHUKOB, OTBEYAIOIIUX 3a IEPECYET HAXKUTOTO HENOCHIBHBIM TPYIOM, JA€T CUTHAJ, YTO MOXHO
HauMHATh. BRICOKOKBaTM(PUIIMPOBAHHbBIE MacTepa-puOOCOMBI YK€ Ha U3rOTOBKE, OHU MOTYT cOOpaTh BCe
YTO YrOAHO, BOT TOJBKO IIPOOJIEMA C T€M, YTO OHM JIOJDKHBI 3HATH - KOTO M U3 YEro CleAyeT CO3/1aBaTh.
ITpencraBbTe cebe, YTO YENOBEYECKOMY MAacTepy IIOKa3alu HEKOE HEU3BECTHOE YCTPOUCTBO, KOTOPOE YTO-
TO yMEET JIeJ1aTh, U TOTpeOoBall cOOpaTh TOUHO TAKOE XK€, 10 MOCIEJHETO BUHTUKA U IeTallbku. MacTep
OTBETHUT, YTO HE MOJKET IO OJHOMY JMIIb BHEUIHEMY BUIY, 0€3 4epTexked U cXeM, MOHATh, KaK 3TO
YCTPOEHO, U C/IeJIaTh TOYHO TAKOE JK€. JTO K€ BaM CKaXKyT U BHYTPHUKJIETOUYHBIE CTPOUTEIH - pUOOCOMBI,
€CJIM BbI IIOIIPOCUTE UX ITOCTPOUTH KaKOU-TO Oesok niu opraHoul. bez ungopmaruu o ero CTpoeHUH 310
cienaTh HeBO3MOKHO. M BOT Temeps-To Mbl, HaKOHEII, J0OpaIich 10 Toi caMoil QyHKIMK )KUBOM TKaHH,
KOTOpO# M MHTEpecyeTcsl HayKa I'eHETHKa, a MMEHHO — XpaHEeHUe U nepenada nHGOpMauu B )KUBOK
KJIeTKe. 1 moToMy neKkius 1o MUTOJIOTMH 3aKaHYUBACTCS U IUIABHO IEPETEKACT B. ..

JIEKHUA Ne2 TEHETHUKA

[TnaBHO Tak mIaBHO, 00oiieMcst 6e3 BCTYIUTENbHBIX peuell U cpasy ke OTIPAaBUMCS Ha SKCKYpPCHUIO B
AP0 KIJIETKH, TJle¢ B TUIIMHE U IIOKOE€, BIAJIM OT BHYTPUKIETOYHOW CYeThl XpaHHUTCS MOApPOOHAs
uHpOpMaLMsl Ha KAXJOI0 KUTENs KIETKU. XpaHUTCS 3Ta HH(OpMaIUs B BeCbMa CBOCOOpa3HOM BUJIE.
HaBepHsika Bce UMEIOT HEKOTOPOE NPEACTABIECHUE O TOM, KaK pabOTal0T COBPEMEHHbIE KOMIIBIOTEPHI U
3HAIOT, YTO JIaHHBbIE B MU(POBOM TEXHUKE MPEJCTABICHBI B BUAEe KOMOMHAIIMM OBYX 3HakoB 0 u 1, T.H.
JMBOWYHBIN KOJ. JloOCTaTOYHO BCEro JMIb JBa CUMBOJIAa (OUTa) IuIst TOTO, YTOOBI 3amudpoBars J100YyI0
uHpopmanuoo. JIMHHOE NOJOTHMILE, HCIHUCAHHOE YEepeaAyOIIMMMCS, Ka3ajJloch Obl COBEPIIEHHO
OecropsinouHbiM oOpazom 0 u 1, MoxeT ObITH 3amnppoBanHON ModMol «EBrenuit OHeruH», My3bIKOH
berxoBena unu konuei kaptunbl Padasins. AHanmoruuHbsIM 00pa3oM U pUpoaa KOJUpyeT HHGOPMAIUIO O
XMMHUUYECKOM COCTaB€ BCEX KIJIETOYHBIX KOMIIOHEHTOB. [IpaBna, MCHoJIb3yeT OHa HE JABOMYHBIN, a
YeTBEepHUUHbIN KOJI. B kauecTBe OMTa MHPOpPMALIMK UCTIOIB3YETCs LITYKOBUHA 110/ HA3BAHUEM HYKJICOTH /L.
Hykinieotun - 310 camoe 00bIYHOE XMMHYECKOE COEIMHEHHUE, HE TO YTOOBI COBCEM YK IIPOCTOE, HO U HE
CJIMIIKOM CJIOKHO - a30THCTOE OCHOBAHHUE IUTIOC YIIIEBOA M 0CTaTOK (pochOopHOIl KHCIOTHI.

- @@

Pucynok 3

51 mapucoBama ux B BuAe OycuHOK (puc. 3.) M, OCHCTBHUTEIbHO, (HU3UYECKH HYKJICOTHIIBI
MPECTABISAIOT COO0 MUKPOCKOMNYECKUE KPUCTAIUIBI-OYCHHKHU. OTIMYaI0TCS HYKJICOTUIBI a30TUCTHIMHU
OCHOBAHHUSIMH M 110 HA3BAaHHUIO ATUX OCHOBaHM Bce 4 BHIa HYKJICOTH/IOB U MOJIYUYHJIM UMEHA: aJIcHUuH (A),
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ryanuH (G), TumuH (T) u nuto3un (C). HykneoTuasl MOTYT COEUHATHCA APYT € APYTOM MPU HOMOIIU
CaMbIX OOBIYHBIX XUMHUYECKUX CBsi3eil. Jlydme Bcero mpeacTaButh cede 3TO Kak OyATo OYCHHKH UMEIOT
1o 00OKaM MarHUTHbBIE JMIYYKH, OJarofaps KOTOPbIM IPUTATUBAIOTCS APYT K APYTY U COEAUHSIOTCS B
JUINHHYIO LIETIOUKY.

N Bot, Hekoraa (He OyaeM yTOYHSITH KOTJa, KEM HIIM 4yeM) ObUIO 33aJlyMaHO, KaK CaMble OOBIYHBIC
aTOMbI, CaMbIX OOBIYHBIX XMMHUYECKHX 3JE€MEHTOB, CIOXUTh B YIUBUTEJIbHEWIINE M CIOXHEHINe
COeIMHEHHUs - Oenku. 3aayMaTh TO 33AyMald, a Kak 3TO peaiau3oBaTh? [leno B TOM, 4TO ciydyailHbIM
00pa3oM aTOMbI MOT'YT CKJIaJIBIBAThCS TOJBKO B mpocThie coeauneHus tuna HyO, H,SOy4, NaCl u nip., uto
BbI IOMHHTE U3 MIKOJBHOTO Kypca HEOPraHWYeCcKo XuMHU. Ecau 1 He MOMHHUTE KOHKPETHBIE (hOPMYJIBL,
TO YK TOYHO HE 3a0bLIU, YTO 3TO OBUIM JOCTATOYHO MPOCTHIE COEAMHEHHS BCETO JIMLIb U3 HECKOJIbKUX
aToMOB. besku e coCTOST U3 COTEH U JlaXe ThICSY aMUHOKHUCIOT, a Kax/Jas aMHHOKHUCIIOTa B CBOIO
ouepenb sBisieTcss coeauHenrneM u3 10-30 aToMoB, MPUTOM, 3TO HE JTMHEHHOE COCIMHEHUE — aTOMBI 110
OTHOILIEHUIO IPYT K APYTY PacloIaraloTcs Mo/ pa3HbIMU yIiIaMH, 00pa3ys CI0KHYI0 00beMHYI0 QUTYDY,
MO>KHO JaK€ CKa3aTh - CKyJIbNTYypy. Bo3M0OXHO 111, 4TOOBI Takoe ClloXkKHEeIIee CoeJUHEHHUE MTOTyYHIIOCh
COBEpUIECHHO cllydyailHbIM 00pa3zoM? [laBaiiTe mpoBeaeM CIEAYIOUINI IKCIIEPUMEHT: BO3bMEM KOPOOOK U
MIPOU3BOJIBHBIM JIBUXKEHHEM OpPOCHM B HEro ropctb OycHH. BycuHBl packarsaTcs mo JHY, 0oOpa3oBaB
OpPUTHHAIBHBIA XaOTUYHBIH y30p. B 3TOM y30pe MOXHO OyAeT BBIACIHTH MPOCTHIE YIOPSAOYCHHBIC
CTPYKTYpbI, HalIpUMep: TpU OYCHHBI MOTYT 00pa30BaTh paBHOCTOPOHHUM TPEYroJbHUK, 3-5 OyCHH MOTYT
BBICTPOUTBHCS Ha PABHOM PACCTOSIHUU B IPSIMYIO JIMHHIO, MOXET 00pa30oBaThCs Jyra U Jaxke MOYTH
ujeasbHas OKPYKHOCTh, MOXKET MOJIYYUTHCS (PUTypa, HATOMHUHAIOIIAs KaKyl0-TO OYKBY. A BOT MOTYT JId
Bce OyCHHBI BBICTPOUTBHCSA B IPABWIbHBIM reoMerpuueckuil y3op? B ojaHy HpsiMyro JIMHHIO WUJIU JIBE
napajienabHblie npsiMbie? MOKHO JIM clTydailHbIM OpOCKOM HamMcaTh CJIOBO M3 HECKOIbKUX OykB? Kakoii-
HUOYJb MaTEMaTUK, HaBEPHOE, BaM CKaXET, YTO TEOPETHUECKH Takas BO3MOKHOCTb CYIIECTBYET C
BEPOSITHOCTBIO OJIMH K JIECATH B CTPAILIHO CKa3aTh Kakoi cteneHu. Ho MbI TO mpeKkpacHO MOHUMAEM, YTO
3TO JIMLIb TEOPETUUYECKasi BEPOSITHOCTb, a HA IIPAKTUKE - XOTh MUJUIHAP/IbI JIET HEPEPHIBHO Opocail 3T
OyCHHBI, HUYETO MOJO0OHOTO HE MOIYy4YHUIIb. TOYHO TaK e HEBO3MOXKHO, YTOOBI aMHHOKHUCIIOTHI BHYTPHU
KJIETKHM CaMU 0 ceOe ciaydailHO CIoXMWINCH B 0es10K. YTOOBI COCTaBUTH U3 JIE/BIIIEK CIOBO «BeuHOCTHY,
Hy*keH Manpuuk Kaif, nmputom y ManbuuMKa JTOJIKHBI OBITh PYKH, KOTOPBIMH OH IPOU3BEAET Psij
LIeJICHANPABICHHBIX MEXaHUUECKUX ABMKEHUM U MabYUK JODKEH OBbITh YMHBIM U TPAMOTHBIM. Y HEro
NIpeX /e 10JKHA BO3HUKHYTh UES - COCTaBUTh CJIOBO, TOJKPEIIEHHAsI 3HAHUEM, KaK 3TO CJIOBO MULIETCS.

Tak BOT 0€J0K — 3TO JJaske He CJIOBO, 3TO Liejast mosma! 9T0 OCMBICIEHHOE COE€IMHEHNE aMUHOKHCIIOT.
Crtpykrypa Oeika TakoBa, KakOW M JIOJDKHA OBITH JUIsl TOTO, YTOOBI JaHHBIA OEJIOK MOT BBITIOJIHATH
BO3JI0)KEHHYIO Ha Hero ouosorumyeckyro GyHkmuro. [loMmensii mecramu napy COCeIHUX aMUHOKHUCIOT U
BMECTO BaXHOTO MEMOPaHHOIO0 WJIM TPAHCHOPTHOTO Oenka IMOJy4yullb TIpyday Oecroyie3HOro
opraHuueckoro mycopa. Tak BOT kjieTka U siBisercs ManpuukoMm Kaewm, ee pyku — PHK u pubocomsl, a
ujes U IVIaH CTPOEHUs Oelika XpaHUTCS B apXUBE — sJpE KJIETKH U KaK MbI YK€ BBIACHWIU, XPAHUTCS B
3amu(ppOBaHHOM BU/IE.

Xanb, HEU3BECTHO, KTO OB TEM MEPBBIM INPOrPAMMUCTOM, KOTOPBIHA B3sLJI POCCHIIb HYKICOTUIOB U
CTaJl IPUCOEAMHATh UX OJUH 3a ApyruM B JiunHHYI0 enouky: ATGTACCAAGGACTA... u Tak nanee.
Kak u kommbroTepHasi nmporpamMmma M3 HOJUKOB U €AMHMYEK, JUIsl [TOCTOPOHHEro HabJoJaTesst 3TO
Yyepel0BaHNe HYKJICOTH/I0B BBIIVISIUT CIIy4ailHbIM U 0€CCMBICIEHHBIM, HO IS T€X, KTO BIaJeeT UppoM,
TYT TOAPOOHO BBIMCAaHA XWMHUYEcKas QopMmyna ompeneiaeHHoro Oenka. M kKak coBpeMeHHbBIE
IPOrpaMMHCTBl MUIIYT CBOM MPOTPaMMbl HE METOJOM IPOU3BOJIBHOW KOMOMHAaLMUKU OWUTOB, a BIAPYT
CJIy4aiilHO YTO-TO IOJIyYUTCS, TaK U TOT HEBEIOMBIM MPOrpaMMUCT HE MOT TPaTUTh BPEMs Ha UIPHI B
pynetky. [Toromy Kak qaxke nmpocTeHbKUN 0es10K Bcero auiib u3 100 aMMHOKHUCIIOT MOKET ObITh TOCTPOEH
20"criocobamu. [ cpaBHEHHS — KOJNHMYECTBO DJIEMEHTAPHBIX dYacTHIl B Hameil Bcemenmnoi 10
[IpencraBbTe, CKOJIBKO BpEMEHH ObLIO ObI MOTPAY€HO, YTOOBI CIy4aiiHBIM 00pa3oM HalTH GopMyITy XOTs
Obl OJIHOTO OesKa, Bpsi Ju Obl XBATUJIO BCETO BpeMEHHU cyliecTBoBaHus Bcecenennoit. Her, koneuHo ke,
cooOpakaiu, 4To, 3a4€M U IOUYEMY CJIEJIOBAJIO COEIUHUTD.
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[lepBas Tpouna (tpumier) ATG o3HadaeT, 4YTO CilenyeT B3sTh AMUHOKUCIOTY METHOHMH; ClIeI0M
uaet TAC u 3T0 3Ha4uT, 4YTO K MEeTHOHUHY cleayeT npucoeAuHuTh Tupo3un; tpuruier CAA yka3blBaer,
YTO K MpeIbLAylied mape HyxkHO npucoenuuuth [nyramun; nanee GGA - I'munumn; 3atem CTA —
JleiinuH... HyXHO Bcero nuiib TpH HYKJIEOTHIA, 4TOObI 3ammuppoBaTh HazBaHue oaHOM u3 20
AMHHOKHCIIOT, U3 KOTOPBIX U CTPOSTCS BCe OEJIKH B OpraHU3ME.

[Tocne Toro, kak OblIa MOJIHOCTHIO HAMKCaHa MpOrpamMma il CO3/IaHus OJHOTO Oeika, 0€30 BCIKHUX
NepepbIBOB, K 00pa3oBaBLICHCS HUTH HPUCOCAUHSAIOTCS HYKJICOTH]Ibl, ONUCHIBAIOLIUE CTPOECHHE
cienyromero Oenka. M Tak NMOCTENEHHO IPOUCXOIUT ONKMCh BCEro JBHKUMOTO U HEIABHXXHMOIO
MMYILIECTBA KJIETKU M IMOJIHAs MHPOpPMALMsA y HAC OKA3bIBAETCS NPEJCTABICHHOW B BHUJI€ HECKOJIbKUX
TaKWX LENOYEeK HYKJICOTHIOB. BBl yxe porananuch, 4To 3Ta Lenodyka U ectb Ta camas JJHK
(me30xkcupHOOHYKICHHOBAs KUCIIOTA), @ TOT Kyco4eK, B KOTOpoM 3amudpoBana popmMyia oqHOTro Oenka,
U ecTh IeH. M Tenepb BMECTO MU3BECTHOI'O OMpeAeneHus], YTo red — 3To ydyactok JAHK u T.1. MBI MOkeM
chopMynupoBarh 0o0Jiee MOHATHOE OINpE/IeTICHUE:

I'en — 3mo nocnedosamenvHoCmb HYK1€0MUO08, 8 KOMOpOU 3awiuposana ungopmayus o
cmpoenuu 00H020 UU HECKONbKUX Oe1K08 HCUBOI KI1emKU.

UTO 3HAUYHUT «HECKOJIbKUX OEITKOB» OYyJeT 00BACHEHO MO3KE.

Wrak, mHdopmalnuoHHas LEenoyka y Hac €CTh, HO JaBaiiTe MOCMOTPUM BHHUMATEIbHO Ha 3Ty
OIWHAPHYIO HHUTb — BBIIVIAAUT OHA OYCHb XJIMIIKO W JKAJIKO, KaK-TO CTPAIIHO XPAaHUTHb TAKYIO0 BAXXHYIO
I/IH(I)OpMaHI/II-O B CTOJIb HECHAaACKHOM BHJC. Bot BneTur B KJICTKY KaKas-TO OerreHHast paanoaKTHBHAaA
YacTHIIA U OTOPBET HYKJICOTUYy a30TUCTOE OCHOBAHME, TAK YTO CTAHET HEMOHATHO KTO 3TO A miu T, a To

Y BOBCE BBIOBET ero u3 uenu (puc. 4).

000, 60

Pucynok 4

Hy, nemouyka TO, NpeANoOJIOKUM, MOXKET IIOYMHMTBCS, KOHLBI B MECTE€ pas3pblBa Cpasy ke
BOCCOEIUHATCS (XOTA TOXKe He (GakT), HO MH(pOpManKs TO HA MMOCTPAAABIIEM yJ4acTKe yxe Oe3HaJe)KHO
ucnopuera! Eciu ydecTb, 4TO KOCMMYECKOE M3JIy4EHHME IIOCTOSIHHO U HENPEPHIBHO OYKBaJIbHO
IIPOHMU3BIBAECT Hallly IUIaHETy, Aa eme no6aButh nospexnaeHus JHK usz-za daykryanuum temioBoit
SHEPIuy B KIETKE, U3-3a BPEAHOIO BIUSHUS XUMUUYECKUX BEUIECTB U AP., TO B CyMME I0JIy4arcs 1eCSITKU
TBICSY NIOBPEKACHUN F'€HOMA KJIIETKU B TEYEHUE OJHOTO JULIb Yaca. JKUBbIE CYILECTBA IIPOCTO HE CMOTIIU
Obl BBDKUTb, €CIM OBl HE MPOTUBOCTOSIM OSTOW BapBapCKOW JIaBUHE TEPATOTeHHBIX (HAKTOPOB,
NBITAOIIUXCS CMECTH, CMEIIATh, YHUUTOXHUTh 3a00TJINBO CO3aHHYIO T€HETUUECKYIO IPOrpamMmmy.

Jlns Hauana ynpo4yuiu O JUHAPHYIO LEMb. DTO 0KAa3aJl0Ch HE TaK YK CJI0KHO. HykieoTuasl cocTosT u3
3-x yacTed M, CBA3BIBAsCh B IOCJIEIOBATEJIbHYIO LEMNOYKY, 33ACHCTBYIOT TOJIBKO JBE CBOOOJHBIE
XMMHUUYECKHUE CBSI3H - yriaeBoaa u pochaTHON I'PyMIbl, HO OCTAIOTCSA €11l€ a30TUCThIE OCHOBAHUS, KOTOPHIE
TOXKE MOIYT COEAUHATHCS C QA30TUCTBIMU OCHOBAHUSIMHU JPYTOro HYKJIEOTHAA II0 IPUHLHUILY
KoMIieMeHTapHocTu: A Tosbko ¢ T, a G Tosnsko ¢ C.
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Pucynok S

Takum obpazom, IHK mpuoGperaet ¢popmy BepeBOUHOI JECTHHUIIBI (PHC. 5), Tak Kak 3Ta JECTHHULA
3aKpy4YMBaeTCs B CIIMPalb, TO OTCIOJIa U MOSBUIIOCH - «ABOMHAas cnupaib JHK», koropoe Bbl HaBepHsKa
He pa3 ciplmany. [IIroc kK 3ToMy B KiIeTKe ObUIM CO3/1aHbl CTeUalbHbIe PeMOHTHbBIE Opuransl. Tenepn
eciu npousoier nospexaeHue nenouku JJHK, To ckopas nmomoiup TyT ke npuOyneT Kk MecTy aBapuH,
9TH pedsiTa MOCMOTPAT M CKAXYT: «ATa, pa3 B MapajuiesIbHON 1IeTH y HaC HyKjJ1eoTua T, To B 3TOM MecTe
JOJIKEH OBITh HYKJI€OTU A», - U TYT € €ro BOCCTaHOBST (pHuc. 6).

6@6

PucyHnok 6

Ilens HE CMOXKET HU COECIUHUTHLCS B TOM MECTE, HU PA30WTUCH HA JBE OTAEJbHBIE YaCTH, T.K. OHA
KECTKO yAECPKUBAECTCS IIPU OMOIIM [TapaLICIbHOM LEMu.

Henw3s cka3arh, 4TO Takoe KOJIOCCAIbHOE KOJIMYECTBO MOJIOMOK F€HOMa (HAllOMHIO - 3TO JECSATKH
TBICSY B Yac, OOJBIIMHCTBO U3 KOTOPBIX, KaK MPABHIO, HECOBMECTHMBI C KH3HECTIOCOOHOCTHIO KIETKH)
KJIETKE Y/IaeTCsl HeUTpaIM30BaTh JIETKO U 0€3 MpobiieM, HO IIOKa OPTaHu3M 310pOB M MOJIOJ, U cOOaKH, 1a
U MBI C BaMH, YXUTpsIEMCs BBDKHMBATh B Takoil HeapyxkemroOHOW oOctanoBke. Ilpu »ToM naxe He
JIOTaJIbIBAEMCS O TOM, KaKM€ CPaKCHUS UAYT €KECEKYH/IHO 3a Hallly )KU3Hb Ha aTOMapHO-MOJIEKYJISIPHOM
YPOBHE.

KoHeuHo, mpoYHOCTH IBOMHOMN LEMH HE HACTOJIBKO BEJIHKa, YTOOBI BOOOIIE HENb3s ObLIO M3MEHHUTH B
Hel NOopsI0K HyKJICOTHI0B, HHaUY€ KpPOME MEpBbIX IPOKAPUOTOB Ha 3eMJje HE MOSBUIOCH Obl HUKAKUX
HOBBIX OpraHu3sMoB. IIpouHocTh xumuueckux cBsizei B JBoiHON 1enouke [JHK Tak ygauno u
FapMOHHMYHO KOPPEJIUPYET C YaCTOTOW pa3IMYHBIX THUIIOB MOBPEXKJIEHUMH, 4TO, C OJHOW CTOPOHBI,
o0ecrnieurnBaeT HEKOTOPYIO CTaOMIBHOCTDh B XpaHEHHH MH(OPMAIUU, HO MPU 3TOM JaeT BO3ZMOXKHOCTD
MHOTJIa MEHSTh €€, 6J1arojapsi 4eMy >KUBbIE OPTaHU3Mbl HBOJIIOLIMOHUPYIOT U Pa3BUBAIOTCS.

C teMm kak nHpOpMaIHsI XpaHUTCA U 3aIU(POBBIBACTCS Pa300palucCh, U Teeph MOCMOTPUM, KaK xKe
MOXHO IPaKTUYECKU I0Jb30BaThCS dTUM apXuBOM. IIpenrosoxkuM, KiIeTKa pelmnia co31aTh KaKou-To
Oenok. Jlns 3TOro Hekas MoOJIeKyna 1moJ| Ha3BaHueMm uHpopMmarmonHas win Marpuunas PHK (MPHK)
CUMTHIBaCT HMH(OPMALMIO C COOTBETCTBYIOLIETO TI'eHa, M C 3TOW HHPOpManuel, Kak ¢ padoYuMH
YyepTeKaMu IOIMBIIIKOM, HanpaBJgeTcs IPSMO B MaCTEPCKUE — SHAOIIa3MaTHUECKUI KOMIUIEKC. A yxe
TaM pPHUOOCOMBI, COIJIACHO IPEIOCTaBICHHBIM 4YEepTe)KaM, HAUYMHAIOT COEJUHSATH aMUHOKHUCIOTHI B
MOCJIEI0BATENBHYIO LIETb, KOTOPas SIBISIETCA... HET, He OEIKOM, a BCETo JIMIIb 3ar0TOBKOM Ais Oenka. A
JJIbILIIE MPOUCXOAUT MAJICHBKOE 4YylO - JJIMHHAS LENOYKAa aMUHOKMCIIOT HAa4MHAET CBOPAYMBATHCH,
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npuobperasi MpoCTpaHCTBEHHYIO (opMy. BeIrmsaut 3To nmpubIu3nuTeNnbHO Kak B GMIbME O poOOoTax-
TpaHchopmepax, koraa u3 6ecopMeHHON rpyAbI BAPYT cama co0oii oOpasyeTcst Hekasi pyHKIIMOHATbHAsS
MamuHa. M BOT oka3bIBaeTCs, UTO CYAUTh O PYHKIMAX Oesika B OpPraHu3Me MOXKHO JIMIIb I0CIIe TOr0, KaKk
OH CBEpHETCS U MpUMeT HeoOxoaumyto popmy. MHpopMmanyu, mouepnHyToi pu paciinGpoBKe reHoMa,
00 04YepeaHOCTH aMUHOKHUCIOT B IPOTEUHE BOBCE HEIOCTATOYHO, MOCKOJIBKY CYIIECTBYIOT MUJUIMOHBI
MOTEHIIUAIFHO BO3MOJKHBIX MPOCTPAHCTBEHHBIX KOMOWHAIMK, KOTOpPbIE MOKET MPHHATH 3TOT OENOK.
OpHako, Bce O€NKM, TpaHCIHUpPYEMble C OJHOTO I'€Ha M HMMEIOLIUEe HACHTUYHYI0 AMHUHOKHUCIOTHYIO
MOCJIEI0BAaTEIbHOCTh, U3 MHOKECTBA BapUAHTOB BBHIOMPAIOT OJHY-SAMHCTBEHHYIO 3apaHee H3BECTHYIO
dopmy, u 310 OyzmeT ¢popMa ¢ MUHUMAIBHOW SHEPruei CTPYKTYphl. XOTs, B PEIKHUX CIydasx, ObIBaeT,
YTO U3 OJIMHAKOBBIX 3aTOTOBOK CO3/1al0TCS pa3Hble KOH(POpMaLUU OENKOB, Pa3IMyaIOLIUecs: HE TOJIBKO
(bopMoOii, HO Aa)ke BHIIOIHSIOMINE pa3Hble (YHKINHU, HO IIPU 3TOM COOJII0aeTCs TJIaBHOE MPABUIIO IS
YCTOMYMBOCTH OeJKa - albTepHATHUBHASI €r0 KOHPOpMAIHs 10/DKHA HMETh IPUMEPHO TO K€ M0 SHEPTUHU
cocTosiHue. 13 3Toro Mel cienaem nepBblid BaKHbIN

Bu1600 1: I'en cooepitcum ne nonuyr ungpopmayuio o denke.

benok umeer omnpezesneHHy0 CTeNeHb CBOOOMBI, U caM pellaeT Kakod BUJA M KakKylo (PYHKIHUIO OH
npuoOpeTeT. BolpakeHne «caM peraer» He CTOUT BOCIPUHUMATh OYKBaJIbHO, 3TO 3HAYUT, 4YTO IPUUYHNHBI,
YIPaBJISIOUINE 3TUM IIPOLECCOM, IOKA YTO HEU3BECTHBI, HO T€H TYT TOYHO HU IPU YEM.

Tenepp MBI BO3BpamaeMcss K TOMy CaMOMY MOMEHTY, KOTJa KJIETKe ObLI JaH CHTHAJ, YTO MO>KHO
HauMHATh yOJIMpOBaTh OpraHouabl. Bce MpoHCXOIUT TOYHO Tak K€, Kak M B cllydyae CHHTe3a Oelka.
Marpuunas PHK cuutsiBaeT uHpOpManuio, puOOCOMBI CTPOST 3aroTOBKH, OEJNKH CBOPAYMBAIOTCS,
COEIMHAIOTCS C JAPYrUMHU O€JIKaMM, €ClId pedb UAET O CJIO0XKHOM MOJIEKYJSIPHOM KoMIuiekce. Tak 1o
ouepeau AYOIUPYIOTCS BCE KIETOUHbBIE CTPYKTYpbI, MOKa KJIETKA HE YBEJIMYUTCS B pa3Mepax MO4YTH
BIBOE. Jlajgee KieTKa NEepeXOAUT K caMOMy BaXHOMY JIEHWCTBY — co3faHue konui camux JIHK, tak
HasbiBaemas perunkanus JIHK (puc. 7).

—"
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Pucynok 7

CrnenunanbHblii pEepMEHT XeNIrKa3a Kak HO’KOM BCTapbIBa€T BOJOPOIHBIE CBA3M MEXKIY IBYMS LETISIMU
JIHK, 3T0oT mporecc MOKHO BOOOpa3uTh ceOe KaK pacCTErMBaHUE 3aCTEKKH «MOJHUs». [Ipu 3TOM K
Ka)KHOﬁ IMMOJIOBUHKE HEMCIAJICHHO JOCTpAauBACTCA KOMINICMCHTApPHAA YaCTb, IO YXKC OIIMCAHHOMY
npuHiuny — Kk A — T, k G — C. K ToMy BpeMeHu Koraa «MOJIHUS» PAaCCTETHETCS 10 KOHIA, MbI TOJIYYUM
nBe abcouoTHO oauHakoBble Mouiekyisl /JIHK. Teneps Bce yABOEHHOE MMYILECTBO JEIMTCS CTPOIO
oroJiaM, MapHbIC OpraHoOUAbl PACXOJATCA K Pa3HbIM IIOJIOCAM, IO LECHTPY o6pa3yeTc;1 NEPETAKKaA U
3aTeM I0JIHOE pa3JieJIeHUE KIETKU.

B PE3YJIbTATC MMOJYUUIUCH IBC abCOJIFOTHO OINHAKOBBIC KJIICTKHU, B KOTOPBIX TYT K€ BHOBb BKJIOYACTCA
nporpamMma pa3MHOKCHUSA U BCC IMPOUCXOOUT 3aHOBO, U TaK MHUJIJIMOHBI U MUJIJIMAPAbI pas. Ecnu 651 B
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ATOT TpollecC ObLIO HEBO3MOXHO HUKAK BMEIIAThCS, TO BCS KM3Hb Ha Hallel ImiaHeTre Oblia OBl
IIPEICTABJIEHA HECKOJIBKUMHU BUJAAMU OJHOKJIETOYHBIX, BIPOUYEM, K 3TOMYy MOMEHTY OHU OBl BCE YK€
BBIMEpJIM T.K. YCBOWJIM BECh CBOOOJHBINA yriepoJ u Oonblie muTatbes UM ObLIo Obl Heuem. Ho Ha
nenouky /IHK mocTossHHO KTO-TO MOKymIaeTcsi: TO 0Opa3oBaBIIMECS MPAKTUYECKU OJHOBPEMEHHO C
NEPBBIMM OJHOKJIETOUYHBIMM BHUPYCBHI, TO Ta >X€ paJualus, TO XUMHUYECKOE BO3JE€HCTBHE MEHSET
aKTUBHOCTh O€JIKOB B KJIETKE, U OHM HAaYMHAIOT BECTH ce0s HECTaHIApTHO BO BPEMsl PEIJIMKALIUHU, YTO
NPUBOANT K oIMOKaM KonupoBaHus nHpopmarun. Kakoii Ob1 xapakTep HM HOCHUJIM 3TH OMIMOKHU: TOTEPs,
BCTaBKa, MEpEeCTaHOBKA MECTaMM OJHOTO HykieoTuaa wiu nenoro yuyactka JIHK, Bce 310 Ha3biBaercs
OJHUM CJIOBOM - MyTauus. MeHsieTcsl mociieIoBaTelbHOCTh HyKJieoTHA0B B 1enouke JHK - mensercs
nporpamma. Mapopmanusa o Oenke nubo mckakaercs, MO0 BOBce He yuTaeTcs. BapuanT, xorna He
YUTaeTCs, 03HA4YaeT, YTO IaHHBIM 0€I0K BOOOIIEe HE CMOKET CUHTE3UPOBATHCS.

JlaBaiiTe TpennosyioxKUM, 4TO I'eH Hekoero Oenka noBpeawnu. Tenepp MPHK cHumaeT HeBepHyro
UH(OPMAIHIO, U TI0 ITOMY UCKKEHHOMY I1abJI0OHY puOOCOMBI HAYMHAIOT CTPOUTH Oesok. [lonaTHo, 4To
OH IIOJIYYUTCS HEMHOXKKO Ipyroro tuna. JJpyroi — 3To MOXET O3HadaTh U JIydlle U XyXkKe. A MOXKET JIu
MyTaluss 0co00 He ckazarbes Ha (GyHKiuu Oeska? [la 3anpocro! Ecim M3MeHEHHS NpPOU30NUIH B
Hepabo4MuX LENsX, TO 3TO MOKET KpailHe He3HauuTeIbHO MOBIUATH Ha padoTy nporenHa. Hekoropsie
MyTallM¥ ¥ BOBCE HE MOTYT HUUETO U3MEHUTH B OeJike. Jlomyctum, uto B Tpuruiete GGA, o6003Havaomem
aMUHOKHUCJIOTY TJIMIMH, MOCIEAHMM HYKJIEOTHZ A nomeHsiercs Ha HykjieoTun G, u B pe3yibTare
nonyuutcss GGG. Myranus Hanmuo, HO f1es0 B ToM, yto Tpumuier GGG, a eme tpumietsl GGC u GGT,
TOYHO Tak ke Kak U GGA KOAUPYIOT BCE TOT K€ TNIMUIMH. Takke U IJ1sl APYTUX aMUHOKHUCIIOT CYIIECTBYET
HECKOJIbKO KOJUPYIOUIUX TPUILIETOB, IOCKOJIbKY aMHUHOKHUCIOT Bcero Jymmb 20, a M3 yeThlpex
HYKJICOTHJIOB MOXXHO COCTaBUTh 64 Tpuruieta. B mmdpoBanun wuHDOpManuum npupoaa
IIPOJIEMOHCTPHUpOBaja HEIIOKMHHOE 3HaHUWe MareMmatuku. Kopa, cocrosumuil Bcero Jiuillb U3 ABYX
HYKJICOTUOB, J1aJl ObI BO3MOKHOCTH 3aIM(POBATH TOJIBKO 16 pa3nu4HBIX aMUHOKHCIIOT, 4YETO SBHO OBLIO
HEJ0CTAaTOYHO.

Moset nu MyTtanus yxyamuTh padoty 6enka? Jlerko! JIomats - OHO Besib HE CTPOUThH, U €CJIU BIIE3Th
COBEPILEHHO CIIy4allHbIM 00pa3oM B IPOrpaMmy, TO, CKOpee BCEero, 4To-TO TaM UCNIOPTHULLL. McnopTUTh
MOKHO HE CWJIbHO — Oenok OynaeT paboTaTh, HO 4yTh MEIJIEHHEEe WM HE BCE (DYHKIUH BBHIMOTHATS.
MO0>kHO ¥ OY€Hb CHJIBHO MOBPEIUTh, U MOKHO, B KOHIIE KOHLIOB, YOUTh. Kak ckaxxeTcs Ha paboTe KIETKH
HeraTuBHass Myrtanus? XodeTcss cpa3dy »Ke CcKaszaTb, 4YTO MyTauus, yOuBaromas Oeslok camas
He)KeJlaTelbHas, a HEeCKOJbKO yXyAluaromas Bpojae kak jydme. Ho He Oynem Toponuthesi. UTOOBI
OLICHUTb Bpea JUIl BCEM KIETKM HYKHO €Ile YETKO BBISICHUTh BaXHOCTh Oenka i ee
KU3HeaesaTeabHocTH. HekoTopele Oesku MOXKHO yOpaTh M3 KJIETKM COBCEM M HHYEro CTPAIHOIO C
KJIETKOM HE CIIy4HTCSs, BOBMOYKHO, €CTh MHBIE O€JKHU, KOTOphIEe TyOnupyroT ux paboTy. A BOT B Jpyrom
OenKke Jake HEe3HAYUTEJIbHAs MOJIOMKA MPUBEIET K rMOesn KJIETKH, TaK KaKk OH OYEHb yXK BakeH. Te
KJIETKH, KOTOpbIE€ MOTU0AI0T cpa3y — HAc OOJIblIe HE MHTEPECYIOT, 3TO HBOJIIOLIMOHHBIN TyNHMK, OHU HE
OCTaBST CBOETO CJ€Aa B UCTOPUHU. A BOT KJIETKH UyTh XyXke paboTaroliue BIIOJIHE MOTYT BBIKHBATh, U
TeNepb Mbl yXKe MojJdydaeM OaKkTepuu, XOTb U OTHOCSIIMECS BCE €lle K OJHOMY U TOMY K€ BUAY, HO
OTJIMYAIOIIMUECS YK€ M IeHEeTUYECKH M (PU3MOJIOIMYECKH — T.€. Yy Hac HaMETUJIOCh BHYTPHUBHUAOBOE
pazHooOpasue.

A MoryT nau ObITh NOJOKUTEIbHBIE MOMEHTBI OT TaKOIO Cily4yailHOro BMmematenbcTBa? JlaBaiite
CIPOCHUM TaK: MOXXET JIU CHapsJl, BIETEBIIUI B JOM INPHUHECTU MOJb3Yy? B HEKkoTOphIX ciydasx - 1a.
Hanpumep, eciu oH He B30pBETCS, a, BIETEB B OTKPHITOE OKHO, IPOCTO MPUOBET HIPOTHUBHOTO TOCTSI, HIIN
€cJIM B IOTOJIKE OblIa JbIpa, a OH TOYHO IMONAAET B 3Ty JbIPY, 3alleyaTacT €€ U JO0XKJb INepecTaHeT
3auBaTh KBapTUPY. TO €CTh BEPOSTHOCTh TaKask €CTh, HO OYEHb YK OHA MaJla U IIpu3pavHa. TOYHO TaK ke
00CTOAT JieIa M CO CIyYalHBIMH MYTAlUsIMU — OYEHb YK PEJKO OHU OBIBAIOT MOJIC3HBIMU, B PE3YJIbTATE
KOTOPBIX O€JOK MpHOOpeTacT HOBBIE MOJOXKHUTEIbHBIE cBOKCTBA. Ho Bce ke m3penka BcTpedaercs M
TaKoe, U 3T MyTalluM UTPAIOT CBOIO POJIb B IOCTYNATEIbHOM JBUKEHUU 3BOJIIOLIHH.
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Eciu HekoTopoe yiaydlIeHME H BO3MOXHO, TO COBEPIIEHHO paJuKalIbHble IIPEBpAILCHUS,
BO3HUKHOBEHHE HOBBIX OEJIIKOB HEBO3MOXHO TMPOM3BECTH, NEUCTBYS METOAOM Thika. Eciu onAarth
IIPOBECTH AHAJIOTHUIO CO CHAPSIOM, TO BOIIPOC CJIENYET 3aaTh TAK: MOXKET JIM CHAPSIJ, BIECTEBIIUN B 10M,
caenatbh Tam eBpopeMoHT? Het u eme pa3 Het! TouHO Tak ke ¥ 3BOJIIOIMS )KUBOM MaTepuH UAET HE MO
BIUSHUEM CIy4yalHbIX (PaKTOPOB, 3TO COBEPIICHHO YETKO HAMPABJICHHBIA M PETYIMPYEMBI Mpoliecc.
Tonpko HampaBisieTCsl U PEryIUPYETCs MPOLECC He HEKOM BBICIIEH CUIION (MOXET, KTO-TO HMEHHO TaK
BOCIPUHSI MOU HEOJHOKPATHBIE HAMEKH), 3TO MOPA3UTEIbHOE CBOWCTBO U KUBBIX CUCTEM, U MaTEPUU
BOOOIIE - caMOOpraHu3alus, CaMOYCJIOKHEHHE, HENpEepbIBHOE pa3BUTHE. A KakuM oOpa3oM xaoc
BBICTYIIA€T ICTOYHUKOM BO3HUKHOBEHUS YIIOPSAJAOUYEHHOCTH, U3y4YaeT HOBas HaAyKa - CHHEPTETHKA.

D710, SKOOBI, JTUPUYECKOE OTCTYIUICHHE, Ha CaMOM JeJjie SBISETCS BaXKHBIM HH(GOPMAIMOHHBIM
cooOuieHneM, 3ajadya KOTOpOTro JOHECTH J0 YUTATENsl MbIC]b, YTO 00pa3oBaHue OMOJIOIMUECKOro BUA,
KaKOBBIM fBIISIETCS M co0aka, 3TO OTHIOJIb HE Pe3yJIbTaT HeNleMbIX CIIydailHOCTEH, a [eJIeHalpaBIeHHOE
JIEACTBO, CJIOKHOCTh U MYJIPOCTh KOTOPOTO MBI JaX€ HE B COCTOSHUU OCO3HATh, HO OTHOCHUTHCS K HEMY
HY>KHO C YBOKEHHEM U nueTeToM. U Teneps st Mory copmyaupoBaTh:

I'nasnoe npaesujio 0111 IKCnepmoe, Kunojlo2oe, 3(1800‘!”1('06, COﬁallHuKOG, Komopoe

anacum: He nyscrno cuumameo cevsa ymnee npupoowt!

Ona MUIITHApABI JIET OTTAauMBaa T MEXaHU3MBI, M OHA 3HAET UTO JIEJIAaeT, a Hallla 33/1a4a He BOEBATh
C Heﬁ, a HAYUYUTHCA [TIOHUMATD. Yem OoJbIIIE KMHOJIOTOB CTAHYT PYKOBOACTBOBATLCA 3TUM IIPABUJIOM, TEM
ObICTpee KUHOJIOTUS BBIOEPETCS U3 TOro 00JI0Ta, B KOTOPOM OHA ceiiyac HaXxoJUTCs.

Hapnerocs ¢ 0qHOKIIETOYHBIMY BCe MOHATHO. HOo BBI yXKe, HaBEpHOE, 1yMaeTe: a MHOTO JIM TOJIKY OT
3HAHMS TOTO, KaK pabOTalOT I'eHBl Y OJHOKJIETOYHBIX, €CJIM HAa CaMOM JieJieé HaC MHTEepecyeT I'eHeTHKa
cobak. Y stHx OJHOKJICTOYHBIX HHU JIHIIa, HU (I)I/IprI)I, €CTCCTBCHHO, YTO UX I'€CHaM HC€ OCTAaCTCs HHUYCTO
APYroro Kak KOAMPOBAaTh MHPOpMAIMIO O OelKax, U3 KOTOPBIX COCTOMT KJIEeTKa. A BOT Yy CO0ak-TO
CKOJIBKO BCEro - TyT Tebe u (opMa rojoBbl, U BBIXOJ IIEH, U JMHHUS BEpXa, U yribl KOHEYHOCTEH, U
MHOT'0-MHOTO JIPYroro, HHGOpMAIHIO O YeM HYXHO Belb TOKE Kak-To 3amupoBars. MBI Belb Iiaza
HMEEM U BHUIUM, YTO OTIHMYHUTCIBbHBIC YCPTbl B IJKCTCPLCPC co0ak oO4YeHb Jaxe IMepeaaroTcsa I1o
HAcJeJICTBY. DTO 3aMETHO M Ha IPHMEpe pa3HbIX NOPOJ, HarpuMep, hopMa rojoBsl y 6okcepa u 60p30ii
HE TOJIBKO CBOSI B KaXJI0H MOpoJie, HO U HAOII0AaeTCsl CX0XKECTh B MpeeiaxX IUIEMEHHOW JTMHUU, KOT1a
MBI BUJUM B cOOaKe 4YepThl ee poAnTeNel U Ne0B-paaeaoB. 11 Bam kak pa3 B IEpBYIO O4epeIb XOUETCs
y3HATh - KAK HMEHHO 3TO HaCleAyeTcCs, a He KaKue-To Oecrose3Hble OSNIKH; U Bbl TOTOBBI BHUMATEIHHO
qyuTaTth U p336I/IpaTI)C${ C TCM, KaK MOJXHO IIOJIYYUTHb IIJICHO XOpOIHCﬁ JJIMHBI WKW OTJIMYHYIO JIMHHUIO
BE€pXa, KaKUC TAKHC I'CHBI 3a 3TO OTBCYAOT U JOMUHAHTHBLIC OHU HJIN PCUCCCHBHLIC. Taxkoit noaxona K
IFCHCTHUKE KaK pa3 U ABJLICTCA CJICACTBUCM HCIIPABUJIBHOI'O IIPCIIOJaBaHUsA W HUCIIOJIb30BAHUA CHUJIIBHO
yCcTapeBUIMX JAOTM U cBeaeHui. M mpuumMHON TOro, 4yTo mnepexoj]l OT a3oB K Oojiee CII0KHBIM Bellam
MOJIy4aeTcsl OUeHb 3aTPYAHHUTENICH, @ HHOTJa U BOBCE OKa3bIBAETCS HETMPEOI0JIUMBIM OaphepoM IS TeX,
KTO YIIOPHO MNBITACTCSA UCKATh BbIIICYKA3aHHBIC 'CHBI 1 3dKOHOMCPHOCTU B HACJICJOBAHUU ITPU3HAKOB.

Korna non Beka Ha3aja ydeHbIe BIIEpBBIE YBUEIN B MUKpOcKoIl cTpykTypy JAHK, moncunranu, uro B
CyMME T€HOM COJEpP>KUT OKOJIO 3 MUJUIMAPJOB HYKJICOTHIOB, TO TaK W axHYJIHU OT CBAJIUBIIETOCS Ha
rosoBy OorarctBa. [IpuKuHYIH, YTO T€HOB JOHKHO OBITH MUJIIMOHBI, a)Ke Ha3bIBanachk nudpa B 7 MiuH.!
benkoB ke, U3 KOTOPBIX COCTOUT OPTaHU3M MIICKOIUTAIONIETO, Bcero 0koJio 100 ThIC. (110 COBpEMEHHBIM
naHHbIM Oosee 240 Thic.). B ocTarke moJiydaeTcss aCTPOHOMHUYECKOE YHUCIO «OECXO3HBIX» T'€HOB, IO
MIOBO/1y KOTOPBIX HEMEIJIEHHO PELINIIU, YTO OHU XPAHAT UHPOPMALIHIO 000 BCEX COOBITUSAX B OpTaHU3ME,
BIUIOTh JI0 TOT'O, YTO Ha KaXIbI YUX JOJDKEH OBITH CBOM COOCTBEHHBIN r'eH. ITOT BOCTOPT IO MOBOY
HEOOBIKHOBEHHOT'0 OOraTCTBa F€HOMA OKa3aJICsl HACTOJIBKO 3apa3uTeseH, UH(pOopManus TaKk IPOYHO 3acelia
B MacCOBOM CO3HaHHMH, YTO Telepb BHIOUTH €€ OTTYyJa MPAKTHUECKHM HEBO3MOXXHO. ['eHOM mpuoOpen
4epThl MOHCTpPA-AUKTATOPa, KOTOPBIN OTBEYaeT aOCOJIOTHO 32 BCE B OPraHU3ME, BCEM YIIPABIISET, BCEM
PYKOBOJUT. XoTs ¢ TeX IMOop HEMAJIO YTCKJIO BOJbI, U TCHCTHKA IaBHO YyIlJia BIICPECH, MI/I(i)I)I IMPpOAO0JIKAK0T
KHUTh U 3[paBCTBOBATH.
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K mMumieHnymy ydeHble MOpajoBaid OOIIECTBEHHOCTh TEM, YTO MOJHOCTHIO pacmnpoBaId FeHOM
yenoBeka. PacmngpoBanu — 3To ObIJI0 TPOMKO CKa3aHO, MO paciu(poBKOi Bce-TakH MOAPa3ZyMeBaeTCs,
YTO JOJDKEH OBITh M3BECTEH OENOK, KOTOPBI KOIUPYET STOT T'€H, a Ha CaMOM Jejie BCEro JHIIb
ONpeaeININ MOCIEI0BAaTEIbHOCTH HYKJIEOTHUAOB BO BCEX XpPOMOCOMAX M CHENaIM IpeABapUTEIbHBIN
nojcyet reHoB. Lludpy 3asBunu B 100ThIC., 4TO KaKk pa3 COOTBETCTBOBAJIO KOJIHUYECTBY OEIKOB, HO TYT e
pa3BeuBasio Bce MU(DBI 0 TOM, UTO B TCHOME 3amu(poBaHa ele Kakas-To JTOTOJHUTEIbHAs HHpOopMaIus
00 opranusme. [Ipomyio HECKOJBKO JIET W YUYEHbIE CTBHIJJIMBO JOJOXWIM, YTO OHU «MAaJEHBKO»
IIPOCUUTAINCH U TEHOB Ha CaMOM JieJie Bcero Juiib okoso 50Teic. IIpoxoauT emie BpeMs, U Ha3bIBaIOT
mudpy 35-40 teic. He Tak gaBHO omycTtunuch 10 20 ThIC. U, KaXKETCs, 9TO YK€ OKOHYaTenbHas uugdpa. Y
IPOYMX MIICKOMUTAIONMX, B TOM 4YHCIE U y cO00aKk MpUOIM3UTENBHO CTOJIBKO kKe. TO ecTh IeHOB
KaTacTpo(pHUUECKH HE XBaTaeT AaXKe JJIS TOT0, YTOOBI 3amunppoBath GOpMyIIbl BceX OEIKOB, U3 KOTOPBIX
COCTOUT OPI'aHU3M, HE FOBOPS YK€ O KaKMX-TO BUPTyalbHbIX Npu3Hakax. Hy, c 6enkamu To pazobpanucs,
0Ka3aJIoCh, YTO OOJIBIIMHCTBO I€HOB COIEPKUT HH(OPMALIUIO Cpa3zy O HECKOJIBKUX Oenkax (3To Kak pa3 u
€CTh OO€ILIaHHOE BBIIIE MOSICHEHHWE K OINpENEeICHHIO Te€Ha). A Kak OJHOMY TI€HY YyAaeTcs Takoe
COBMECTHUTEIIbCTBO, MBI Ceifuac pazdepemcs.

Ha camom nerne Tosnbko y 0akTepuaabHbIX T€HOB, HAOIIOAAETCs IOJHOE COOTBETCTBUE HYKJIEOTUHOU
[I0CJIEIOBATEIbHOCTH IEPBUYHON CTPYKTYpE KOJUPYEMBIX UMHU OCJIKOB, a I'€H 3YKapUOTHUYECKOU KIIETKH
COCTOUT U3 HECKOJBKHMX 3JeMeHTOB. O0siacTh reHa, KoAupyomas O0eJI0K, COCTOUT U3 HYKJIEOTHAHbIX
[I0CJIEI0BATEIbHOCTEN IBYX THIOB: 3K30HHI - yuacTku JJHK, koTopsie HecyT nndopmanuio o ctpoeHuu
0enka W MHTPOHBI — YYaCTKU He Hecymue nHpopmanuu o cTpykType Oenka. [Ipormie Bcero npeacTaBuTh
cebe CTpOEHME I'€Ha, €CJIM CPAaBHUTD €TI0 C 0OBIYHBIM CJIOBOM, ITycTh 3T0 Oynet cioBo COPOKA. Kaxnas
OyKBa 3TOro CJIoBa HeCeT MHPOPMALIUIO, CIIE0BATENbHO, IBISETCS 3K30HOM. CilydaliHble BCTAaBKH MEXTY
9K30HAMH, SBIAIOTCS OECHOJIe3HBIMU MHTpOHaMu. I'eH, koaupyromuii oquH u ToT xe Oenok B JTHK
O0axkTepuu OyJET BBIIVIAIETh BOT TaK:

COPOKA
A B JIHK sykapnoTnueckoil KI€TKH TakK:
CIIVIOMTBPIHYBOYK®DA

B mponecce cunteza 6enka MPHK monmHOCThIO ckomupyeT 3Ty O€CCMBICIHILY, BKIIOYAIOIIYIO Kak
9K30HBI, TaK U MHTPOHBL. Ho 3Ta MHpOpManys COBEpIICHHO HE MPHUro/IHA B KAY€CTBE MHCTPYKIIMU IS
npousBojacTBa Oenka. CHayana U3 Hee HYKHO MCKIIOYUTh MUHTPOHBI, & 3K30Hbl COECIUHUTH B HYKHOM
nopsiike. DTOT MPOLECC Ha3bIBAETCs CIUIAHCUHIOM (CILIKMBAaHUE, CPALIUBAHUE).

C-HA-O-MIB P-HYB-0-4-K-¢3-A =COPOKA

Kasanocs Obl, 4TO pUpoJa TyT ClI€rka NepeMyIpuiia, BMECTO IIPOCTOTO U MOHATHOIO METO/IA 3aIUCU
uHpOpMAIHH, KOTOPBIH MpeKpacHoO paboTaeT y MpOCTEHUIINX, BAPYT 3a4€M-TO OHAZ00MIOCH OTSATOIIATh
JAHK mycopHbIMU MHTpOHAMHU U 3a7aBaTh JuiiHio padboty MPHK. Ho, Het! Takoii XuTtpoymHslii cioco6
MO3BOJISIET CO3/]aBaTh MHOXKECTBO HOBBIX O€JIKOB 6€3 00pa3zoBaHMs HOBBIX reHOB. Hy)XHO Bcero JUIIb Mo-
JIpyromy BbIpe3aTh 9K30HbI. Harpumep:

C —HE-O-MEL-P-HMBOLHEIA = COP,
C-HLE-O-MEB-P-HYB-0-4-K-@34A = COPOK,
C-HLE-O-MEBRHMBOY-K-$34 = COK,
CH-O-MIE-P-HMBOYKEIA = OP,
CHAOMIEL-P-HVB-0-4-K-@3A = POK.
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Pa3 yxx Ob110 CKa3aHO, UTO OEJIOK — 3TO OCMBICIIEHHOE COEIMHEHUE, TO Oy/1eM IPUAEPKUBATHCS ITOTO
IIpaBWJIa U IPU COCTABICHUH HOBBIX BAPUAHTOB I'€HOB, BEIOMpAsk TOJBKO PEaIbHO CYIIECTBYIOLIUE CJIOBA,
KaK B U3BECTHOW UTPE, C TEM TOJIbKO OTJIMYHEM, YTO Mbl HE HMEEM MpaBa MEHSTh MMOCIEI0BATEIbHOCTD
OykB-ok30HOB. 3 kopotenpkoro cioBa COPOKA meTonoM anbTepHATHUBHOTO CIUIAMCHHIA MOXKHO
CO3/1aTh LIECTh MPHUHIIUIUAIBHO pa3HbIX 0eNKOB. M3 NIMHHOMN 1IENOYKH pealbHbIX 9K30HOB U HHTPOHOB,
COCTABJIAIOIIMX OJUH I'€H, MO’KHO «Hape3aTh» ThICSUYU BapUaHTOB OeskoB. [ToaTomy, nmest Bcero b 20
ThIC. TEHOB, CKOJIBKO U Y KPYTJIbIX YEpBEil, MIIEKONUTAIOLIME, TEM HE MEHEE, TOAHUIMCh TOPa3o BhIIIE 110
9BOJIIOIIMOHHOM JIECTHUIIE, TOJIBKO JIUIIb 0J1aroaps yCI0KHEHUIO «IIPOTPaMMHOI0 00ecreyeHus».

Wudopmanus o0 anbTepHATHBHOM CIUTACHHIE HY)KHa HE TOJBKO AJIs OOILIETO Pa3sBUTHSA, U3 3TOTO
MOYHO CJ/I€JIaTh LEJbIH Psi/l BAKHBIX BHIBOJIOB:

Bo1600 Ne2: Mymauyus ¢ 00HOM Hulib 2eHe MOXCEM NO61edb 34 CO00U u3MeHeHue cCmpyKmypol
Uen020 pada 6eaKos, Ymo, 6 C6010 0UePedb, MONCEN NPUGECMU K KOMNIEKCY Npodiem 6 Op2anume

Bo1600 Ne3: I'en codepicum unghopmayuio o cmpoeHuu HecKoIbKux 0eaK06, Ho KOmopulii UMEHHO
u3 0enKkoe Oyoem cuHme3uposan 6 Kiemke, 3agucum om nymu cnaaiicunza 6 uPHK.

Pemenne MPHK 3aBucut He OT ee kanpu30B U HE OT TOTO, C KAKOM HOTH OHA CETOJHS BCTala, a OT
(HUBUKO-XMMUYECKUX XapaKTePUCTUK KJIETOYHOM LUTOIIa3Mbl U OT THUIA KJIeTKH. Hampumep: B KiieTkax
MbimieyHoi Tkau ¢ reHa COPOKA Oyzaet TpancinupoBarbest 6enok COPOKA, B kieTkax KOCTHOM TKaHU
¢ aToro xe rexa cuHresupyror 6eiaok COK, a B Heliponax - POK. HubiMu cioBamu, y 60JbIIMHCTBA
T€HOB QJIbTEPHATUBHBIN CIUIAHCHUHI TKaHecHelU(UYeH: B OJHUX TKaHSAX dYalle CHUHTE3UPYIOTCS OJHU
n3zodopmel 6enka, B Ipyrux — apyrue. O0paiiaeM BHUMaHUE Ha OTOBOPKHU «y OOJIBIIMHCTBA» U «Yalle.
OTO 03HAYaeT, YTO AAXKE JJIsl F€HOB, CIUIANCHHI KOTOPBIX OTINYAETCS CTPOrol TKaHeCcHelM(pUIHOCTHIO,
BCE PaBHO HAOJII0JAaeTCsl MHIMBUIyabHasl BApUAOEIbHOCTh: Y Pa3HbIX CO0aK, 1axe OJIM3KOPOCTBEHHBIX,
B OJTHUX U TE€X K€ TKAHIX MOXKET OBITh pa3HOe cooTHomeHne n3odopm 6enkos. ['ne-To Tam, B MBIIIIAX,
PAIOM C «COPOKOI», Mbl CMOKEM HalTHM HEMHOXEUKO «COKa» U KalelbKy «poKa» U, HA0O0pOT, B KOCTAX
1 HeMpoHaxX KpoMe OCHOBHBIX O€JIKOB, CHHTE3UPYETCsI HEKOTOPOE KOJIMYECTBO aJIbTEPHATUBHBIX.

Bovi6oo Ned: Cunme3 0Oenkos, unpopmayus o Komopwelx 3auiupoeana 6 O00HOM 2eHe,
npeumyuecmeeHHo mKaHecneyuuuen, Ho npu IMOM 6blo0p u3z0Popmol 6enKa He NOOYUHAEMCA
CMPO2UM 3AKOHAM U 3aNPemam u 3a8Ucum om o0ueco coOCmoAHUA OPZAHU3IMA.

Crnenyrolas OIJIOLUIHOCTD B IPENOaBaHUM OCHOB F'€HETUKH 3aKII0YaeTCsl B YKOPOUEHUH LIETIOYKH I'eH
— 0enoK — KJIeTKa — PU3HAK, 10 00Jiee MPOCTOro BapUaHTa I'eH - pu3Hak. Kak B mpumepe ¢ ropoxom u3
LIKOJIBHOT'O y4eOHUKa WM KOI'/Ia peub UJET O HEKOTOPbIX HAC/IEICTBEHHbIX 3a00JIEBAHUAX, Mbl TOBOPHUM:
MyTalusi B TaKOM-TO T€HE JaeT TaKoe-TO 3a00JieBaHUE, WJIM: MyTalus BbI3bIBAET M3MEHEHUE IIBeTa
JenecTkoB M T.J. B 0OBUHONM peur W Jaxxe B HAy4YHBIX CTaThAX OTO BIIOJIHE JOMYCTHUMO,
[I0/Ipa3yMeBAETCs, YTO BCE U TaK MOHUMAIOT O YE€M HUJET peub, HO JUIs JII0eH He 3HAIOIIMX OMOXUMUIO U
LUTOJIOTHIO TAK U 3aIle4aTyIeBAETCs, YTO T'€H ONpeesieT Kakoil-To npu3Hak opranuzMa. Ho 310 eme non
Oenbl, HacToALas Oena MPUXOIUT, KOTJa 3Ta pacwICHEHHas JIOTMYecKas 1Ielo4yKa IepeBOPAYUBACTCS U
npuoOpeTaeT BUJI: IPU3HAK — I'€H, TO €CTh CUUTAETCS, UTO KaXI0MY IIPU3HAKY OPTaHU3Ma COOTBETCTBYET
onpeneiacHHbId reH. OcoOCHHO >XyTKHUE (OPMBI MPUOOPETAET TAaKOe MPEJICTABICHHE O MEXaHU3MeE
HACJIEJICTBEHHOCTH Y KHHOJIOTOB, BE/lb OHM MPUBBIKJINA MBICIUTh KaTErOpUsIMU — MPHU3HAKHU, TO OUIIbL
cTaTu. MBI, oLleHuBas co0aKy, MbICJIEHHO pacujIeHsIeM €€ Ha OT/EJbHbIE CTATH U JUIsl HaC UMEeT 0OJIbIIOoe
3HaUY€HHE, YTOOBl Kakaas JIMHUS, KaXAbld KBaJApaTHBIM CAHTHUMETpP Tejda CTPOTO COOTBETCTBOBAIU
TpeOOBAHUSM CTaHIAPTA. 32 KXK/BIM MPU3HAKOM COOAKOBOJAAM BUIMTCS KAKOK-TO OTPEICICHHBIN TeH U
UM OYEeHb XOUETCS y3HATh - YTO )K€ ITO 3a I'eH, KaK OH paboTaeT u Hacieayercs. [I[puBeaeHHas BbIlIe
uHpopMalMss O TOM, YTO B I€HOME cO0aKM HHMYEro Jpyroro, Kpome HHpopmauuu o Oeilkax He
3amudpoBaHo, eciiu U yoeausa yutareiaeid B TOM, YTO MEX/y F€HETUKON OJHOKJIETOUYHBIX OaKTepHil u
co0ak HeT 0co00# pa3HUIlbl, TO BOIIPOC O HACIEJ0BaHUU ONPEIEICHHBIX YEPT BO BHEIIHOCTH U XapaKTepe
OCTaJICSI OTKPBITHIM. A Be/Ib UMEHHO 3TO M €CTh IJIaBHBINA BOIIPOC JJIsl BCAKOTO 3aBoauuka. [IyTh OoT rena k
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IPU3HAKY U OT F€HOTUIA K (PEHOTHUILy J0JIOT, TPYJAEH M M3BWINUCT, HO Mbl HonpoOyem mpoitu ero. 1
HauHeM Ab 0vo — «cC Simay»..

JIEKIIMSA 3 DOMBPUOI'EHE3

W3nayanbHO Bce co0aku, Aake KpYNHblE, KpacHBble M YMHbIE, ObUIM CaMbIMM HACTOSIIMMHU
«IPUMUTUBHBIMI» OJHOKJIETOYHBIMH, W IOJYYWJIOCH 3TO OJHOKJIETOYHOE B pE3ylIbTaTe CIHSHUS
AMLIEKIETKU U ClIepMaTo30M/1a. 3aTeM 3Ta KJeTKa (3UroTa) Aejnaach MHOXKECTBO pa3 (IPUHLMI J1€JICHUS
MBI C BAMHU KaK pa3 MoApoOHO pacCMOTPENN) M BCETO JIUIIb Yepe3 ABa MECsIla MbI MOTYYMIH Ha BBIXOIE
OYEHb JIa)Ke MHOTOKJIETOYHOTO IIeHKa. BOT TONBKO €cTh OJJHa CTPAaHHOCTh: HA BXOJE y HAac ObliIa OJHa
KJIETKA, ONPE/IeTICHHOTO THUIA U BUJA, @ KOT/1a MBI CTAHEM PacCMaTPHUBATh LICHKA, TO OKAXETCs, YTO OH
COCTOMT M3 Pa3HOOOPA3HBIX IPYIIN COBEPIICHHO HE CXOKUX KJIETOK. TyT U MUHEPaIU3UPOBAHHbIE KIETKH
KOCTHOW TKaHH OCTEOLMTHI, M KJICTKH MBIIIEYHONW TKAHH - MUOIMTHI, KJICTKH CEpJCYHON MBIIIIBI —
KapAMOIMTHI, TeNaTOUUTHl TI€YeHU, HEUPOHBI, SPUTPOLUTHI, TUMGPOUUTHI U T.J. U T.II. DTU KICTKU HE
TOJIKO OTJIMYAIOTCS BHEILIHE, OHHM BBIMOJIHSAIOT COBEPILIEHHO pasHble (YHKIWH, B HUX CHHTE3UPYIOTCS
pasHble Oenku. Ho ecnu MBI MOCMOTPUM B AP0 Ka)XJOH M3 ATHX KIETOK, TO OKaXXeTCs, YTO B HUX
abcomroTHO onuHakoBbie HaOopH! JJHK. Kak ke 310 BOoOIIIe BO3MOKHO TaKOE, YTO KJIIETKH C OJJMHAKOBBIM
T€HOMOM TaK HECXO0XH?

Mgl ¢ BaMu OpOCHIIH OTIIOIOTBOPEHHYIO SHIEKIETKY Ha MPOU3BOJI CyJbO0bI 1 3aMHTEPECOBAJIMCH YiKE
TOTOBBIM IIEHKOM, MPOMYCTHB OJUH M3 YAWBUTENbHEHIIMX MPOILECCOB B Mpupoae — (HopMHUpOBaHUE
wioaa. [lotomy, Bo3Bpamaemcs Ha 2 Mecsia Ha3aa U HaOJroJaeM, Kak SIHIeKIeTKa HaUMHAeT APOOUTHCS,
a YHCJIO KJIETOK SMOpUOHA MPH 3TOM pacTeT B TEOMETpUUECKOM porpeccui: 2, 4, 8, 16, 32...

Pucynok 8

Pannue cragum SMOpHOreHe3a )KMBOTHBIX HE CIyYaillHO Ha3bIBAIOT «IPOOJICHHEM». 3UTOTa UMEHHO
IpoOUTCs, KJIETKU SMOpPHUOHA TOCJE Ka)XJAOro JACJICHHS CTAaHOBSATCS BCE MeJb4de, MOCKOJIBKY MEXIY
KJIETOYHBIMU JICJICHUSIMUA OTCYTCTBYET CTa/IMs pOCTa KJIETOK. 3/1eCh HaOII0JaeTCA HEKOTOPOE OTJINYUE OT
JIEJIEHUS] OJHOKJIETOYHBIX, Y KOTOPBIX, KAK Mbl IOMHUM, KJIETKA NIepe]1 AEJICHUEM JIOJKHA YBEIUYUTHCS
BIIBOE. SIIeKIIeTKA e 3apaHee 3arnacjiach BCEMH HE00X0IMMbIMU «CTpOMaTepuaiaMuy, 1 He Ha OJ[HO, a
Ha MHOXKECTBO JIE€JICHUU BIIEpE], MOTOMY OHAa TaKOTO THTAaHTCKOTO pa3Mmepa, BO MHOTO pa3 0oJibliie
OOBIYHBIX KJIETOK. [la M HeoTKyJa 3uroTe B3STh MUTATEIbHBIE BEIIECTBA, BEAb OIUIOJOTBOPEHHUE
SMIIEKJICTKU MPOUCXOAUT B (PaJIONMHUEBBIX TPyOaxX M OT MOMEHTA OIUIOJOTBOPEHUS 10 MPUKPEIICHUS
IJIOJHOTO SIMla K CTEHKE MAaTKKW MPOXOJHUT HECKOJIbKO JHEH, B TEUEHUE KOTOPBIX KIIETKA BBIHYXIEHA
HCMOJIb30BaTh TOJIBKO BHYTPEHHHE pecypchbl. TOJIBKO KOrjga sHIEKJIeTKa CMOXKET IMOJdydarb OT
MaTEpPUHCKOTO OpraHu3Ma HEOOXOJMMbIE MUTATENIbHbIC BEIIECTBA, TOTJAa M HAYMHACTCS HACTOSIIEE
JieJIeHUE, ¢ MPEeIBApUTEIIbHBIM YBEJIIMUCHHEM pa3Mepa UCXOIHBIX KJIETOK, U SMOPHUOH HAYHET pacTH HE TI0
oHSIM, a 1o 4acam. Iloka jxe mpu ApOOJICHHH 3UTOTHI 00IIEe KOJIMYECTBO ITUTOIIA3Mbl HE PAaCTeT,
YBEJIMYUBAETCS JIMIIb KOJIMYECTBO KIETOUHBIX SJ€Ep, a, caenoBarensHo, U JIHK. Ho ecnu kaxapiii BHOBb
co3nanHbii komiuiekT JJHK sBiseTcs TOUHOM Komuel NepBUYHOrO OPUIMHAIa, TO HUTOIUIaA3Ma JEIUTCS
MEXy KJIeTKaMu HepaBHOMEpPHO. [{uTomnasma sUIEKIETKH CIeUaAIbHO UMEET TaKOW XUTPBIA COCTaB,
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YTOOBI OBLJI0O HEBO3MOXKHO €€ pa3/ie/IuTh YECTHO U CIPABEJIMBO HAIIONOJAM, TaK YTO M3HAYAJIbHO MPHU
IpoOJIEHUH NOJIy4aroTCsl KIETKH, UMEIOIUE OJIMHAKOBOE PO, HO Pa3HYIO LUTOIIA3MY.

Ha nepBbix cTanusx 1po0iaeHus reHoM noka 4ro cinut. C Hero, Kak ¢ 0ecuyBCTBEHHOT'O TeJla, CHUMAIOT
KONIUM, HO HHKakas HWHQPOpManus ¢ HET0 HE CYHMTHIBACTCS U TPAHCISAIMS OEJNKOB B KIETKE HE
npousBoautca. Ho rae-to Ha cragum 4-8 KIeTOK FreHOM HauMHaeT npockinaTthes. BepHee, npocsinatorcs
MPHK ¢ HaBs13unBOii MbICIIBIO: «HepToBCKH xoueTcst paboTarb»! OHU YCTPEMIIIIOTCSI K TEHOMY, U BOT TYT
BCIIOMHMHAEM MPEAbIAYIIYIO JIeKIHI0, 4To padota MPHK meiankoMm M MOJHOCTBIO 3aBHCHT OT (hH3HMKO-
XMMHUYECKOI0 C€OCTaBa LUTOIUIA3Mbl. A  HAIIM IEpPBbIE KIETKH KaK pa3 3TUM CaMbIM COCTaBOM
uuToruia3Mel U otiinyarorcs. [losromy B ogaux kierkax MPHK HauHyT cunThiBaTh HH(MOpPMALIKIO C OJTHUX
I€HOB U Jajiee puOOCOMBI CUHTE3UPYIOT COOTBETCTBYIOIIME UM O€JKH, a B JPYIMX KJIETKax HauHyT
COBCEM C JIpyrux reHoB/0enkoB. 1 BOT 3TH camble TiepBble OEIKHU UMEIOT TAKOE XHUTPOE CBOWCTBO — OHU
3aCTaBSAIOT KJIETKM CBOEW TIpYyNNbl JAEIUTbCA B OINPEIECIIEHHOM HAINPaBI€HUM, 4YTO IMPUBOAUT K
paccioeHuIo rpyni KiIeTok. B mporecce aenenus o6pa3yroTces ABa 3apO/bILIIEBbIX JIUCTKA: HAPYKHBIM —
9KTOJIEpMa U BHYTPEHHUHN — SHTOAEepMa. 3aTeM J00aBisieTCa U CPpeIHUN cIoi - Me3onepma. Cremyroniui
sTan (HeMpyasuus) - ydacTOK 3KTOJAEPMBbI OTJAESAETCS OT OCTAIbHON YaCTH KJIETOUHOIO 105, 00pa3ys
HEPBHYIO IUIACTUHY. BOKOBBIE Kpas HEpPBHOW IUIACTHMHKHM YTOJINAIOTCS, O00pa3ys HEPBHBIC BAJIUKH,
KOTOpBIE MOCTETIIEHHO COMMKAIOTCA, a B CaMOM ITUIACTUHKE BJOJb CpeaHel TMHUN 00pa3yeTcs Kelo0oK.
Banuku cxozmdTcs Hajg HUM U CIMBAIOTCS, B pe3yJbTaTe YEro BO3HHUKAET II0Jas HEpBHas TpyOkKa, W3
KOTOpPO# B Mpolecce NAIbHEHIIEro pa3BUTUSI BOSHUKHET FOJOBHOM M CIIMHHOM MO3T, a KJIETKU KPaeBbIX
OT/EJIOB HEPBHOTO KeJI0OKa 00pa3yroT HEPBHBII rpeOeHb.

N3 31X 4-Xx OCHOBHBIX IIYJIOB: 3KTOJIE€PMBbI, 3HTOAEPMbI, ME30JI€PMbl U1 HEPBHOTO IpeOHs U Oyxaer
(OopMHpPOBATECSA OPraHW3M. OTO TE€ CaMble CTBOJIOBBIE KJIETKH, O KOTOPBIX Bbl HE MOIJIM HE CJIBIILIATH.
CTBOJIOBBIE KJIETKH MOTYT CTaTh Y€M YrOJHO, JIIOOBIM OPTaHOM HJIM TKAHBIO M OHU UMH CTAHOBSTCS,
KOT'/la HAUMHAETCS CaMblil YAUBUTENbHBIN U (paHTacTHUecKuil mpoiecc - TudGepeHInpoBKa KIETOK WIN
KaK MbI Ha3bIBa€M IO-IIPOCTOMY — 3aKJIa/IKa OPTraHOB.
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Pucynok 9

S monpo6oBaa s HarJIIITHOCTH M300pa3uTh 3TOT MPOIECC B BHIE pa3BepTku (puc. 9), HA caMoM
7enie TPYMIbl KIETOK, KOHEYHO K€, MHUTPHPYIOT BHYTpHU (opMupyromerocs 3mMopuoHa. OT Kaxaoro
MaccHBa OTIENAIOTCS T'PYMIbI KJIETOK, oOpa3oBaBIInecs B Mpolecce aeieHud. [loka 4To 3TH KIETKH
MNPAaKTUICCKHU HUACHTHUYHLI, HO C Ka)K)IOﬁ OT)IC.HI)HOI\/JI prnHOﬁ HAaYUHAIOT HPOUCXOAUTHb YYACCHBIC
MMpeBpalICHUS. CHCHI/IaJ'II)HI)Ie O€JIKM B HHUX OTKIIOYAIOT «JIMIIHUE» T€HBI U OCTAaBJIAIOT TOJIBKO TEC,
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KOTOpBIE HY)XHBI KJIeTKe IJs ee crneunpuieckoil ¢pyHkuuu. Hampumep, KiIeTKe MbIINICYHONH TKaHU HE
HYXHBl IUIIEBApUTEIbHbIE (EPMEHTHI, XapaKTepHbIC I KIETOK SIUTENHs KHUIIEYHUKA, HO 3aTo
00s13aTeNIbHbl O€JIKH, CIOCOOCTBYIOIIME BBIPRKEHHBIM COKpPAIEHUSM KIETKH, IOTOMY T'€Hbl IE€pPBbIX
BBIKJIIOYAT, @ T€HbI BTOPBIX OCTABAT U T.1.

['pynnsl KJI€TOK NepeBUraloTCs B HY’)KHOM HaIIpaBJICHUU U Jlajlee Y4acTBYIOT B CO3JaHUM OPIaHOB U
TKaHEH:

JKTOoAepMa J1aeT HAa4yajo HapYKHBIM CJIOSM KOKU U €€ IPOU3BOIHBIM - BOJIOCHI, HOI'TH, 3yOHas SMalb,
Y 4YaCTUYHO CIU3UCTON POTOBOM IIOJIOCTH U IIOJIOCTEH HOCA.

JHTOAEepMa GOPMUPYET BHICTUIKY MUILEBAPUTEIBHOIO TPAKTA, IEYEHb, TOKETYI0UHYIO Kelle3y,
LIUTOBUIHYIO JKeJe3y, JIETKUEe, TUMYC, a TAK)XKE BBICTUJIKY JAbIXaTeJIbHOM CUCTEMbI, MOYEBOTO ITY3bIPs U
YPETpBI.

Me3oaepMa pa3BUBaeTCs B COCJUHUTENIbHYIO TKaHb, MBILIEYHYIO TKaHb, KOCTHYIO U XPSLIEBYIO TKaHHU,
KpPOBb U COCYIMCTYIO CUCTEMY, MOYEIIOJOBYIO CUCTEMY U A€PMaJIbHBIN CIIOH KOXKHU.

HepBHblii rpedeHnb: HepBHAs CUCTEMA, IUTMEHTHbIE KJIETKH, XPSIIIH JUIEBOTO Yepena, 4acTh
MO3TrOBBIX 000J104€K, XpoMa(PUHHBIE KJIETKU HAANOYEYHUKOB, OJOHTOOIACTHI, IEPErOPOAKa MEKIY
AOpTOM U JIETOYHBIM CTBOJIOM, KMILIEYHUK.

CoBepIIeHHO yAMBUTENIbHA CTEMEHb COIVIACOBAHHOCTU Mpolecca IU(PGEpeHIUPOBKH U MUTPALUH
KJIETOK, BeJIb M3 OJHOTO ITyJia CTBOJIOBBIX KJIETOK (DOPMHPYIOTCSI pa3HbIe OpTaHbl, a OJWH OpTraH MOXKET
o0pa3oBaTbCs M3 KJIETOK pa3HbIX MynoB. Kaxkaplii myn AODKEH HPOMU3BECTH U OTMEPUTHh HYXKHOE
KOJIMYECTBO KJIETOK Ha TOT WJIM MHOM OpraH, Kak-TO HY>KHO I10JICKa3aTh TUM KJIETKaM B KOT'O UM CJIe1yeT
MIPEBPATUTHCS, IPUTOM HYKHO COOIIOCTH CPOKHM — KaKHe OpraHbl HY)KHO CO3/1aTh B IEPBYIO O4epeb, a C
KAaKUMHU CJIelyeT IOBPEMEHUTh, HY’KHO OOBSICHUTh KJIETKaM B KaKyl0 CTOPOHY OHH JI0JDKHBI IBUTAThCS B
opranusme. [IpeacraBbTe cede, 4TO UAET GOPMUPOBAHIE KPOBEHOCHBIX COCYIOB, YK€ 3aJI05KEHBI IIEPBbIE
KpYTH KpoBoOOpaleHus, a cepAue enie 1 He HadynHauao ¢popmuposatsesa. Cocyasl 6e3 cepia, BIpodeM,
Kak U cepjue 0e3 cocyloB — Bellb Oecroyie3Has, OHHU JIOJDKHBI 00pa30BbIBATHCS COTJIACOBAHHO JPYT C
IpyroM, Ja ele B CTPOTrO OTBEJIEHHBIM IPOMEKYTOK BpPEMEHH, 4TOObl B HYXKHBIM 4Yac Hauaia
(GYHKIIMOHMPOBATh NEPBUYHAs CUCTEMa KPOBOOOpalleHMs, WHade 3MOpHOH norubHet. Mim Bo3bMeM
dopmupoBanue mnedeHu. Cama mnedyeHb 00pa3yeTcss U3 KIETOK SHTOAEPMBI, KPOBEHOCHBIE COCYHBI,
NUTAIONIME €€, MOJY4YalTCs U3 ME30JEepMbl, a MHHEpPBALUIO O0ECIEeUnBaIOT MPOU3BOJIHBIE HEPBHOIO
rpeOHsi — HelipoHbl. HeoOxonuMa CHMHXpOHH3aLMs IO BPEMEHU MEXAY BCEMH TPeMsl IyJIaMH, YTOObI
COOTBETCTBYIOIINE TPYMIBI KJIETOK Iu((epeHIUPOBAINCH B HY)KHOE BPEMs U B HY)KHOM KOJIHYECTBE,
YTOOBI OHM OKa3aJIUCh B HYKHOM MECTE, OIO3HAIM JIPYT JIpyra U COeAMHUIIUCH OIIPEJIEII€HHBIM 00pa3oM.

Benukoe nepecenenue HapoaoB, BaBuiioHCKOE CTONMIOTBOPEHNE U BOCTOYHBIN PHIHOK BMECTE B3SIThIE
Jake OJM3KO HE OINHUCHIBAIOT CIOKHOCTh NEPEIBMKEHUN U B3aUMOJEHCTBUN KJIETOK HA PAHHUX CTAUAX
amOpuoreHesa. Kak B Takoi cymaroxe u Hepa3zdoepuxe MOKHO «coOpaThy IIeHKa, HUYETO HE MepernyTaB 1
Hu4ero He ymyctuB? KTo uiau yTo ynpasiser 3TUM ciioxHeHmuM npoueccoM? [lepsoe, yTo NpuXoaAUT Ha
yM — reHbl. Jla, 6e3 Hux He oO0xoautcs. C reHa TpaHcaupyeTcs OeJIOK OMpeaesIEHHOTO BHIA, 3TOT OCJIOK
BBINOJIHAET BO3JI0KEHHBIE HAa HET0 (YHKIMHM M TEM CaMbIM BHOCHUT CBOIO JIENTY B JOJDKHBIM XOJ
¢bopmupoBaHus wioga. MyTranuu B reHax, HAlpPOTHB, MOTYT IIPUBECTH K TOMY, YTO COOTBETCTBYIOILHE
UM OCJIKM HE TOJBKO MPOBAIAT CBOW (DPOHT paboT, HO €IIe U CIETar0T HEBO3MOXKHOH paboTy MHOTHX
JpYTrux OEJIKOB M 3TO MOKET OKa3aThCsl KpaliHe OMACHBIM U Ja)Ke I'MOENIbHBIM Js (DOPMUPYIOLIETOCs
mwiona. Ho Bce jke reHOM SIBISIETCSl CKOpee HE YIPaBJISIIOLIMM, a MACCUBHBIM HayajloM, €ro 3ajada —
BCEro JIUIIb XpaHEHHE HACJIECTBEHHON MHpOpMAIHNH, a BOT KaK 3TOH MHpOpManueld BOCIIOIb3YIOTCS, B
KaKOM 04epeIHOCTH, 3aBUCUT OT aKTUBHOT'O HayaJa KJIETKHU - 0ekoB. B0o3MOXkKHO, O€JIKK 1 eCTh Ta camast
pyKoOBoOsIIas U yrpasisitomas cuia opranusma? Ho camu 6enku He MoryT cuHTe3upoBarbes 6e3 JJTHK-
IporpaMMbl, U JIIOObIE W3MEHEHUS B CTPYKType T'€Ha MOTYT paJuKaJbHBIM 00pa3oM MpeoOpa3oBaTh
0eJI0K M 3aCTaBHUTH €r0 BBHIOJIHATH COBEPIICHHO HOBble QyHKIMU. 3HAYUT, Bce-Taku JJHK pykoBomut
BCEM, TOJIbKO TaK XUTpo, ucnoarumka? Ha 31o MoxxHO Bo3pasuts, uto JJHK He MoxxeT MyTupoBaTh u
M3MEHUTH IOCJIEJOBATEIbHOCTh HYKJIEOTUIOB [0 CBOEMY JKEJIaHUIO, IIeJIEHAIIPABIEHHO CO3/1aTh HOBBIM
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pabouuii reH MOTYT TOJIBKO aKTUBHBIE CTPYKTYPhI KJIETKHU - O€JIKU. A 3TU O€JIKH OISATh TaKU CO3JaHbl 110
JHK-miporpamme. .. Tak MOXHO XOIUTh MO KPYT'Y A0 OECKOHEUHOCTH, 3TO OJIHA U3 TIOOUMEHNIINX TeM IS
cropa coBpeMeHHbIX 6uosoros: kto riasHee - JIHK wnu 6enku. Xots, COOCTBEHHO, CIIOP YK€ pa3pelieH
— raaBHble... PHK, mockonbky sBisitorcst cBsizytouuMm 3BeHoM Mexay JIHK u Oenkom, sBissch
OJHOBPEMEHHO U AaKTHBHOM CTPYKTypOHl W NAacCHBHBIM HOCHTEJIEM HH(QOpMAIMH, a BO3MOXKHO H
IpapoauTelieM NepBbiX AByX. Ho MoCKoIbKy Hac HHTEpEeCyeT He CKOJIBKO UCTOPHS, CTOJIbKO COBPEMEHHOE
COCTOSIHME JIeJ1 B )KMBOW KJIETKE, TO MPaBUIBHO OyJeT cka3aTh, 4yTo TponuHslid koMiuieke PHK, /THK u
OeNKM C TOMOIIBIO CIIOKHBIX OOpATHBIX CBSI3€H BIHSIOT JAPYr Ha Apyra, yIpaBlsSIOT IPYT APYroM H
OCYILIECTBIAIOT GOpMUPOBaHUE OpraHu3Ma. B 3Toil Tpolike HET IrIaBHBIX U BTOPOCTEIIEHHBIX.

[ToaToMy, ecnu BbI pemuTe noApoOHO pa3o0paTbCsi ¢ HACIEI0OBAaHUEM TOTO MM MHOTO I€HETUYECKU
00yCJIOBJIEHHOTO MPU3HAKA, TO OYJEeT NPUHLMIIMAIBHO HEBEPHO BbIIEPIUBATh U3 3TON BECENION TPOUIBI
onny muuib JJHK 1 ynenats BHUMaHHE TOJNBKO reHaM, HY)KHO 0053aTeIbHO UATH Aajbllle, BHISICHATH YTO
3a OEJIOK TPaHCIUPYETCSl C ITOTO0 I'eHa, KaKk OH pabdoTaeT B KIETKE, ¢ KaKUMH JAPYTUMH OelKkaMu
B3auMo/ielicTByeT. M3ydeHnem ku3HU U pabOThl OENKOB B KJIETKE 3aHMMAETCS pas3ies MOJEKYISpHOR
OMOJIOTHH — IPOTEOMHUKA U MBI €111€ IOFOBOPUM O OeJKax, a OKa MPOJOJIKUM € SIMOPHOTeHE30M.

Nrak, npouecc HeBeposITHO clioxkeH. HacTonbKo CiiokeH, 4To ObL10 ObI BEJIMYaUIIUM YYA0M, €CJIH Obl
OH TIpOTeKal coBceM 0e3 omunbok. Haobopor, ommbku - 3To HOpMa. Eciu packypouunTs 11000# opranusm,
TO MOHO Oy/ieT 00HApYKUTh TaM MHOKECTBO Pa3HOOOPa3HBIX MEJIKUX U KPYIHBIX Ae(PEKTOB, M OTHIOIb
HE BCE OHM OyIyT UMETh TeHETUUYECKHUE MPUINHBI. MHOTHE Ne(eKTHl - CleACTBHE HapyIIEHUH B Ipolecce
sMOpuoreHesa. Bee jkeHIMHBI y KOTO €CTh J€TH, OTJIMYHO 3HAIOT, YTO CaMblii OTBETCTBEHHbIN NEPUOJL
O6epemeHHocTd ¢ 3 mo 12 Hexmemo, KOrja NMPOMCXOAUT 3aKjajgka opraHoB. B 3To Bpems kpaiine
HE)XeJlaTeIbHO IOJBEPraTrbCsi HEeOJaronpusATHBIM BO3ACHCTBUAM, KaK TO: OECKOHTPOJbHBIH IpHEM
JIEKapCTB, BUPYCHbIE MH(EKLHHU, CTPECChl, IEperpes, mnepeoxyaxaeHue u np. To xe camoe MOXKHO
cKazaTb M O cobakax. Y cobak OepeMEHHOCTh NPOTEKAaeT BCETO JHIIb OKOJO 2 MecsleB u
IuddepeHIupOBKa OPraHoOB MPOXOAUT Topa3fo ObIcTpee, I/1e-TO K MECAIly IIEHOK YK€ MPaKTHYECKHU
MOJTHOCTBIO chopMUpoBaics. 3a00TINBOE OTHOLICHHUE K IIEHHOM CyKe B MEpBBIil MecsIl OepeMeHHOCTH
MPOCTO HEOOXOIMMO IJIsi TOTO, YTOOBI HMCKJIIOYHTH JH00C HEOIaronpusTHOES BMEMIATEIICTBO B TO
CBSLLIEHHO/IEMCTBO, UTO MPOUCXOIUT B OPTaHU3ME.

Ho He Tonbko TepaToreHHble GakTOpbl U MyTallUK B T€HAX MOTYT IIPUBECTU K aHOMAJIMSAM Pa3BUTUS
U102, J1TaXe ecCJIM MOMECTUTh 3MOPHOH B HEKHE HjealbHble Ja0OpaTOpHBIE YCIIOBUS, BCE PAaBHO HE
oboiinercs 6e3 cooen. [IpoucxoauT 310 U3-3a paccoriacoBaHus B paboTe HEKOTOPbIX OeKoB. Bee 6enku
B KJIETKE M CaMM KJETKHU C I[OMOINbIO TeX e OEJKOB, MOCTOSHHO OOMEHHUBAIOTCA APYr C JPYrom
XMMHUUYECKUMHU U (PU3NYECKUMH CUTHAJIaMHM U MEHSIOT CBOE IIOBEJEHHE B 3aBUCHMOCTH OT TOI'O, KaKHe
CUTHAJIBl OHM MOJYYWIH OT coceaeil. Ho B HEKOTOPBIX clydasX KOHCTPYKIUH OEIKOB IeNaroT
HEBO3MOYKHBIM WJIM 3aTPYyIHUTENIBHBIM UX OOLIEHHE COTOBAPHILH.

Bo3bpMem a1 mpumepa npocToi BapuaHT: €cTh 0ok A — MeMOpaHHBIN penenTop (Mbl IOMHUM U3
LUTOJIOTUH, YTO PELENTOPhl IPUHUMAIOT YIPaBJISIOIIME CUTHAIBI OT OpraHu3Ma K KJIETKE) U €CTh OesIoK
B, xoTOphIil SBISIETCS HENOCPEICTBEHHBIM NEPEeJIaTYMKOM CUTHajla peuentopy (Jurasn), myTem
MPUCOEAUHEHUS K HEMY C TOMOIIBIO XUMUYECKUX CBsI3ei. B reHax, koqupyromux gopMyJibl STHX OEJIKOB,
MPOU30IIIO 10 OAHOM MyTalllU, U TEIIEPb Mbl UMEEM T10 JIBa THIMA Kaxa0ro u3 6enkoB: A ua, Bu b. Tak
BOT, MOXET OKa3aThCsl, YTO JUraHj TUIa B mpekpacHo oKKynupyeT o6a penenrtopa, a BOT 6esok b Tuma
MOJKET COEJUHHUTHCS TOJIBKO C @-pElEenTOPOM, HO HUKAK HE CTBIKYETCS C €ro JOMUHAHTHOU popmoii - 4.
[Ipu renorune AAbb nenoe ceMeNCTBO KIETOK MOXKET HE MOJYYUTh BaXKHBIM YIIPaBIISIIOLINM CUTHAT OT
opranu3mMa M (GOpPMUPOBAHHE KAKOTO-TMOO oOpraHa okKaxkercs moj yrpo3od. Ecmm Obl Kakoi-To
WCClIeIOBaTeNb PElINi Y3HaTh NPUYMHY STOM aHoMmanmuu u crtan u3ydarb JIHK cobaku ¢ 1enbio
oOHapy»XeHHS TeHa-BPEAUTENs, TO €ro 0XKuaano Obl ¢puacko. Benp aiis moucka reHeTHYECKUX MyTallui
OepyTcst 11 cpaBHEHHs 00pa3ibl TKAHEH Y 310POBBIX U 00JIBHBIX 0co0ei. Korma Ob1 monuia odepens 10
reHa A, TO y4eHbId OTMETHJI Obl, UYTO €CTh MHOXECTBO 3J0pPOBBIX KMBOTHBIX U C I'€HOM A, U C €ro
MyTaHTHOU ¢opmoil — a. ToyHo Tak ke OOHapy)uiach Obl Macca 3J0pOBBIX cobak ¢ reHamu B u b.
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CropocuTte, 0TUEro ke 3TOT UCCIIe0BaTENh TAKOH HE COOOPAa3UTEIbHBIN U HE 3aMETHJI, YTO TOJIBKO JIHIIH
coueranust AB, aB, ab naioT 370pOBbIX KUBOTHBIX, a IpU coueTaHuu Ab oOHapyxuBaeTcs Nopok. Tak B
TOM TO U JI€JI0, YTO UCCJIEA0BATENb FEHOMA HE 3HAeT Ha KaKOe COYeTaHHe ClieyeT 0OpaTuTh BHUMAHUE,
B€/Ib TO, YTO OEJIKM TECHO B3aUMOJIEHCTBYIOT APYT C APYIOM B OpraHU3Me, BOBCE HE 3HAUUT, YTO UX I'€HbI
HaxozsaTcs psaoM B JIHK. Onu gaxe Moryt pacnosnaraTbCsi B pa3HbIX XpOMOCOMaXx.

Bo3moxHO, BBl BO3pa3uTe, 4YTO HE COBCEM KOPPEKTHO Ha3blBaTh IMOJOOHBIE HEYBA3KU
paccorjacoBaHMEM, Bellb HAJIMIIO €CTh MyTalus B reHe B, KoTopas U sBWIach NPUYMHON aHOMAIUH, U
naxke OIaronoJiy4yHoe COTPYAHHUYECTBO b ¢ ogHON u3 (HOpM peLenTopa He MOXKET CIYKHUTh JUISl HETO
onpasaaHueM. B3sTe, 1a 1 oTcesTh, MOIE1A, C HOMOIIBIO CEJIEKLIMOHHBIX METOA0B, YTOObI HE JOCTABJISII
HaM CTOJBKO XJIONOT. Eciu peub UAET 0 TaKOW NPOCTEHBKOW CBA3U, TO, KOHEYHO, TOCTOSIHHO MCKJIIOYast
W3 pa3BeleHHUs 0coOeil ¢ TeHOTUNOM Ab, MBI MOCTENEHHO yYMEHBIIUM BCTpEYaeMOCTh ajuiens b B
norosoBbe. Ho eciu Bapyr okaxeTcs, 4To 0enok B B3auMoeHCTBYET HE TOJBKO C PELieNTOPOM A, HO ellle
u ¢ peuentopoM C, KOTOPBIM Tak)Ke CYIIECTBYET B IBYX MIIOCTACAX M PacIlOIOkKEH Ha MeMOpaHe KIETOK
COBCEM HMHOIO THIA U TYyT, HA000poT, Oesok b akTuBeH ¢ oboumu peuentopamu C u c, a 6enok B
TOPMO3UT IIPU BCTpeUe ¢ OJAHUM U3 3TOW Iapbl peuentopos. M KTo Teneps miox, a KTo xopou? A ermie
MOJKET OKa3aThCs B opranusmMe 0enok D, ogHa U3 MyTanuii KOTOPOTO MOXKET B3sTh Ha ce0s GyHKIMu B-
Oenka M Takke B3auMoJeHCTBOBaTh ¢ penentopom A. Eciu cobake ¢ renorunom Ab moseser ¢
NOMYTYMKOM B BHUAE d, TO HHUKAaKOM aHOMaJIMM pPa3BUTHUS HE CIY4YMTCS, TaK Kak d IOJMEHUT
HepacTOponHoro b. Takux KOBapHBIX MHOI'OCTYNEHYAThIX OOpATHBIX CBA3EH CpeAM NECSITKOB ThICSY
OEKOB MOXeT ObITh HecMeTHoe KoiuuyecTBO. llpurom, Bce 3TH TeHbl U O€NKUM HE SBISIIOTCA
HeOJIaronoay4YHbIMH, HETOJTHOICHHBIMH, IO OTJAEIbHOCTH OHHM 3aMedareibHble pedsTa, HO HE Bcerna
HaxXoJsAT oOmMH s3bIK Apyr ¢ apyroMm. MHorga 3To MOXET NPHUBECTH K BO3HUKHOBEHHMIO HE MEHEE
CEpbE3HBIX AHOMAJIMI U NOPOKOB PA3BUTHUs, YEM IIPU F'€HETUYECKUX MYyTalUsX.

[IpoBenem cnenyrouryro ananoruto. IlpencraBbre cebe ClIOXKHEHIIYI0 TPaHCHOPTHYIO Pa3Bs3KY U
JBUKYIIMECS B Pa3HbIX HAlpaBICHUSAX MOTOKU MalIUH. BoauTenb ka0l MalluMHbI 10JDKEH MONACTh B
HYXHO€ MECTO, TJI€ €ro KIyT, [JIe Y HEro €CTh Ba)KHbIE J1€J1a, I'/I€ €CTh 3aBUCSIIME OT HETO JIIoaAU. YTOOBI
Bce 0saromnojydHo noOpanuch JO MecTa Ha3Haue€HMs, BOJUTENM JOJDKHBI 3HATh IpaBUiia JAOPOKHOIO
JIBUKEHHUS, yMETh BOJWTb aBTOMOOWJIb, BHUMATEIbHO BOCHPUHHMATh CHUTHAjJbl M3BHE, YTOObI
JeICTBOBATh COINIACOBAHHO C OCTAJIbHBIMHM YYaCTHUKAaMU JIOPOXKHOTO JBHUXEHUs. Bapyr B 3ToM noroke
MOSIBJISIETCSI aBTOMOOMIIb, Y BOAUTENSI KOTOPOTO MPOOJIEMBI C OJHUM M3 IEPEYHCICHHBIX TPeOOBaHMIA, a TO
M cO BceMHu Tpems cpasy. ABapusi HemzOexxHa. Hackoiabko cepbe3Hbl OyayT MOCIEIACTBUS, 3aBUCUT OT
TOTO, IOCTPAAAET JIU OJAMH 3TOT aBTOMOOUJIb, HAIPUMEP, BbIJIETEB HA 000UNHY, UJIM HEYMEJIbIH BOAUTEIH
YCTOUT MacuTabHOE MOoOoMUILE, IEPEKPhIBIIEE BCE JIBUKEHUE 10 MarucTpaid. A MOXeT ObITh U Apyras
CUTyallUsi: BPOJ€ BCE BOJUTENN TOCTaTOYHO MPOQPECCHOHANBHBI, HO TOTOK CIMIIKOM IUIOTHBIN, a
COCEIHUM aBTOMOOWJIb BAPYT IMOKa3ajlcsd KaKUM-TO HECHMIIATUYHBIM, U HET XKEJaHUS €My B UeM-TO
ycrynuth. M BOT, KTO-TO moexai 4yTh ObICTpEE, a BTOPOM B ’TOT MOMEHT HE MPUTOPMO3HUJII, KTO-TO 4YyTh
paHbllle MOBEPHYJI M HaTe BaM - Ta e NpoOKa, Ta ke 3aJep)kKKa JBW)KEHHs, B pe3ysibTaTe KOTOpPOH
PYXHY/IM IIJIaHbl COTEH U Jaxke Thicsd rofied. Tak BOT ABMXKEHHE — 3TO AupepeHnrpoBKa TKaHEH,
OECTOJIKOBBI BOJUTENh — MYTaHTHBIM O€NOK, a HECOIJIaCOBaHHBIC JEUCTBUS BOJAUTENECH — 3TO
HECOTJIaCOBaHHbIE 1€MCTBUS HOPMAJIbHBIX OEJIKOB.

[lepeitnem ot aBTOMOOMIIEH OMATH K )KUBOMY OpPraHU3My, M BO3bMEM KOHKPETHBIN MPOLIECC — BBIXOJ]
CEMEHHUKOB B MOULIOHKY y KoOejeil. DTO JOCTaTOYHO CJIOXHBIM LIepeMOHHAN, B KOTOPBIM BXOAMUT U
npaBwibHOE (OPMHPOBAHHME U CAMHUX CEMEHHMKOB, U CEMEHHOI0 KaHaTHKa, U I1aXOBOI'0 KaHala, U
[IaXOBOI'0 KOJIbLIA. DTO €Ill€ U TOPMOHAIbHO 3aBUCUMBIM IpoOIleCC, TO €CTh, 3aJeHCTBOBaHA BCs
9H/IOKPHUHHAsA CUCTeMa opraHu3Ma. ThICcAUn U ThICAYN O€JIKOB pabOTatOT B OTE JIMLIA, YTOOBI BCE MPOIILIIO
ycremHo. HapymuTe 3TOT mpoliecc MOKHO: @) BbI3BAaB BPEIHYI0 MYTallMI0 B OJHOM U3 OenkoB; O)
JE3UHTErpUPOBaTh paboTy 3THUX OENKOB WM BBI3BATH CABHI BO BpEeMEHH (OpMOOOpPa30BaTEIbHBIX
peakiuii; B) TepaToreHHbIM Bo3eiicTBueM. Kak HU cTpaHHO, HO I1.II. 6) ¥ B) BCTpEYar0TCs TOpas3/io yalle.
OTHUMH XK€ TpeMs crnoco0aMu MOKHO HapymIUTh (OPMUPOBAHUE IMPHUKYCA, 3aMOIYYHTh SIMHICIICHUIO,
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JHCIIIa3UI0 CYCTaBOB, MOPOKH CTPOSHUS BHYTPEHHUX OpPraHOB, Oelsble MATHA Ha epcTH U np. MHorna
[ICHOK MMeEeT HeNblii OyKeT MOoJoO0HBIX aHOManuid. MHOTHE 3aBOJYHKH CTAIKUBAIUCh C TE€M, YTO Y
KOOeJIe-KpUnropxoB eIle U MPUKYC HE B MOPSAKE U Jaxe IMOpOK cepaua umeercs. BepositHocTs TOro,
YTO 3TH NOPOKU BBI3BAHBI LIEJ0H cEpUell TeHeTUUeCKNX MyTaluid, KpaitHe Mana. [IpuunHoi TomMy, ckopee
BCEro, Ta camasi «TpaHCIOpTHas MpoOKa» B aMOpHOreHese, Korjaa cOoif B OJJHOM MecTe TSHET 3a coOoi
3aJIep>KKy U HECOIUIACOBAHHOCTh B pab0oTe COMpEIeIbHbIX CUCTEM OpraHu3Ma.

Tyt npupona nocraBuia nepes 4eI0BEYECTBOM CEPHE3HYIO 3a/lauy, Ka3aJloch Obl, CTOUT ONpPEeIUTh
JUCJIOKALIMIO BCEX I'€HOB, BHUMATEJIBHO M3YYUTh Ha MPEIMET MyTalui KaxAblii U3 HUX (2 3TO HE Takas
YK apXuciioxkHas 3amada s Bcero Jmimib 20 ThICSAY T€HOB) W MPHUYMHA JIIOOOTO HACJIEICTBEHHOTO
3a00JIeBaHUs, XOTh Y COOAKH, XOTh y UEJIOBEKA CTaHET TOYHO U3BecTHa. CBepuimiock. ['eHoM (1o kpaiinei
Mepe, 4esoBeKa) pacinpoBaH, YJHTY3Ua3M Y yUSHBIX ObeT uepes Kpail, u BoBce He Oe3pe3ysIbTaTHO - Ha
CerOAHAIIHUKI JeHb oOHapyxkeHo Oomee 4000 Thicsiu MyTauuid, OTBETCTBEHHBIX 3a HACIEIACTBEHHBIC
3abosieBanus. OHAaKO ocTascs NPUWIMYHBIN nepeueHb Oose3HeH, i1 KOTOPhIX TaK U HE YAaJlOCh HAUTH
COOTBETCTBYIOIINE MYTAI[UH, XOTS HET COMHEHHI B TOM, UTO B OOJIBIIMHCTBE CIy4aeB 3TU 3a00JIeBaHUS
00yCJIOBJIEHBI FTEHETUYECKUMHU IPUIMHAMMU, C CEMEWHBIM XapaKkTepoM HacleoBaHus. JInbo renernyeckas
MyTalusi 0OHapy’KeHa JIMIIb Y YacTH JIUL, CTPAJAIOIINX TEM WM UHBIM HACJIEICTBEHHBIM 3a00JI€BaHUEM,
B TO BpeMs KakK y OCTaJIbHbIX OOJIbHBIX JJaHHBIN I'eH B HopMe. OCOOEHHO UHTEPECHBI CIydyau, KOIr/1a TaKoe
HacJIeICTBEHHOE 3a00JI€BaHUE PErUCTPUPYETCS TOJIBKO Yy OJHOTO U3 OJHOSHUEBBIX OJM3HELOB,
MMEIONINX, KaK HM3BECTHO, WAeHTHUYHbIH reHoMm. CexBenupoBanue JIHK oGoux Onm3HenoB wuHorma
MIOKa3bIBAET, YTO HUKAKUX PA3IMUYUNA B UX TEHOME HET.

JaBaiite ewie pa3 nepedyuciiuM Bce (akTopbl, KOTOPbIE MOTYT MOBJIUATh HA T€YEHUE 3MOpUOTeHesa:

I)I'eneTnueckue MyTanuu.
2)BiusiHue BHEIIHUX (PaKTOPOB.
3)PaccornacoBanue B paboTe OENKOB.

Kak Obl HU OBUIO TpPYAHO COOAaKOBOJAM INPUMHUPHUTHCS C MBICIBIO, YTO B HEKOTOPBIX CIydasx
HacJleZICTBEHHAs! 00JIE3Hb WJIM aHOMAJIHSI Pa3BUTHS Y COOAKM €CTh, @ BHHOBHOI'O I'eHa HET, HO MPHUIETCS
cebs mepecunuth. Ho u He cienyer 3710ynoTpedisiTh 3TO MHPOpMAIMeid B TOM CMBICIE, YTO €CIH
HENPUATHOCTb CIIy4MJIach y COOAK MOEro pa3BeeHus, TO 3TO HEYBSA3KU BO BpeMsi IMOpUOTeHe3a, a €CJIU B
IIUTOMHUKE KOHKYPEHTa — 3TO HUCKJIIOYUTEJIBHO MYTAallMM U NPOU3BOJUTENM SIBISAIOTCS HOCUTEISIMU
He0J1aronoJay4HbIX T'€HOB.

Uro xe JenaTh B 3TOM CUTyallMM 3aBOJYHMKAM, KaK OOpPOTHCS 3a 3I0pOBOE MOTOMCTBO, €CIH HE
MOXEIlIb TOYHO Y3HaTh, MO KakKOW NpPUYMHE MOJy4yaroTcs MOoJ0OHble aHOoManuu? Bo-nepBeIX: ecTh
CTaTUCTUYECKHE METO/1bl 00pabOTKN HUHPOPMAIIUK, C KOTOPBIMHU MBI TO3HAKOMUMCS B COOTBETCTBYIOILEH
nexkuud. Bo BTOpBIX, 4YTO KacaeTcsi caMMX MOPOYHBIX CO0aK, TO €CTh JACHCTBEHHBIH METOA —
BbIOPAKOBBIBATh BCEX MOJAPSA, HE pa3dbupasich ¢ MpUUYUHAMU. B TpeTbux — ciieyer 3HaTh, KTO MJIM YTO
SIBJISICTCSI BAHOBHHKOM paccoryiacoBaHus B pabote 0eakoB. OO 3TOM TOKE B COOTBETCTBYIOIIEM paselie,
YTOOBI HE 3aCOPATH JEKIIUIO MO0 AIMOpHOreHe3y MOCTOPOHHEH HHpOpMaIueH.

A nexuus yxe JBUKETCS K JOTHYECKOMY KOHILY, OCTaJIOCh, HAMOCIEA0K, TOJbKO OLEHUTh YAEIbHbIN
BEC TEHOTHUIIA U CpeJibl B GOPMUPOBAHUH OpraHu3Ma. B 3TOM HaMm ONsITH MOMOXKET OJIU3HEI0OBBII METO —
OCHOBAaHHBIM Ha CONOCTaBJICHUM OJHOSANWLEBbIX Onu3HenoB. [lpumercss uCHoOAB30BAaTH JJAaHHBIE
WCCJIEZIOBAHUI 4YeNoBeKa, HO MyCTh Bac 3T0 He myraeT. [lommsMOpuoHus — pa3Butus Ooiee OJHOTO
3apo/iblllla U3 OJJHOM 3Ur0Thl, HAOII01aeTCA U Y AKUBOTHBIX, @ HE TOJIBKO y uesioBeka. Y BooO1ue, paznuuust
Ha F€HETHYECKOM U KJIETOUHOM YPOBHE MEX/ly UeJIOBEKOM, COOAKOM NI U3/TH00JIEHHBIM MaTepUaioM JUIs
IFe€HETUYECKUX MCCJIEeI0BaHUN — J1abOpaTOPHBIMU MbIIIAMM, HACTOJIBKO HUYTOKHA U HENPUHLUIINAIBHA,
YTO MO’KHO CMEJIO IIPOBOJIUTH AHAJIOTUU U, NOBEPHTE, 1 MX MPOBOXKY TOJBKO B T€X CIydasixX, IIe 3TO
JOITYCTHMO.

[IpuHATO TOBOPUTH, UTO OJIM3HELB! MTOXO0XH, KAaK JIBE KaIllJd BOJbI, OJHAKO 3TO HE COBceM Tak. Bo
BHEIIHOCTH OJIM3HELOB €CTh HEKOTOPBIE OTIANYMS, OJaroaaps ueMy OJIM3KHe JIOAU UX MOTYT Pa3inyarh.
M3BecTHBI TaKke Cirydau, KOTJa OQHOSHIEBbIE OJIM3HELBI PO3HATCS BeCchMa CyllecTBeHHO. Hampumep,
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3aperucTpUpPOBaH CiIydyaid B OAHOW M3 apUKAHCKUX CEMEH, KOr/a OJMH U3 MOHO3WUTOTHBIX OJIM3HEIIOB
pOIMIICS TEMHOKOXHM, a BTOpOW oKazajics anbOmHocoMm. WMnu emie Takod mpumep: Ba OAHOSALIEBBIX
OJIM3HeNa 10 5-JIeTHero Bo3pacTa pa3BUBaIUCh OJJUHAKOBO, HO IIOTOM OJIMH U3 OpaTheB CTaJl OTCTAaBaTh B
pocte u K 15 rogam Opat 6au3Hel 000rHai ero MoYTH Ha TOJIOBY.

W Bce ke, HE CMOTpsL Ha HEKOTOPbIE MCKIIOYEHUs, TpuMep OJIM3HEL0B OJHO3HAYHO MOATBEPIKIAET,
4YTO ()EHOTHI IPOLEHTOB HA 99 3aBUCUT OT reHotuna. Ilpurom B reHOMe MHOTOKJIETOYHOTO OpraHu3Ma
HEeT uepTexell, reHepajbHbIX IJIAHOB CTPOUTEIBCTBA WM TPEXMEPHOI'O ONTHYECKOrO0 H300paskeHus
OyayIlIero B3poOCIOro OopraHusma (BaM CMEIIHO, a €CThb, MEX/IY IPOUYUM, U Takas «HaydHas» Teopus),
a ecThb TOJBKO IIporpamMma pa3BUTHUS OTAENbHOM KieTKH. braromapst ToMy, yTo Kaxjaas KieTKa CTpOro
clelyeT CBOEH IporpamMmme MoBeIeHUs, @ MEXly OTJEIbHBIMU KJIIETKaMH CYIIECTBYIOT KOMMYHHUKATUBHOE
CorjacoBaHME BCEX JEMCTBUI, B UTOTE MOIy4YaeTCs )KUBOTHOE OIPEEIEHHOT O BU/IA U TUIIA.

VYHUKaNBHOCTh Kaxaoro (eHoruna nogyyaercs Osarozapss TOMY, 4YTO Yy KaXJJ0ro HHIUBUIA
yHUKalIbHOE coueranue reHoB B JIHK W COOTBETCTBEHHO YHHUKaJIbHOE COYETAHHE AaKTUBHOU
neicTByromed cuibl - OEIKOB. A OJMHAKOBbIE B3aUMOJCHCTBUS IMOPOXKIAAIOT OJUHAKOBBIE (OPMBI.
JlaBaiiTe BCIIOMHUM TIJIaBHBIM NMPUHIUI [IPU CBOPAYMBAHUM Oelika B MPOCTPAHCTBEHHYIO CTPYKTYpPY —
3aHATHb CaMbli BBIFOJIHBIN YHEPreTUYecKuil ypoBeHb. TO ke camMoe MPOMCXOAMUT M MPU «CaMocOOpKe»
KJIETOK B NMPOCTPAHCTBEHHYIO CTPYKTYpYy — opranusM. Ha xaxmoit cragum smMOpuorenesa, o0pasyrorcs
CTPYKTYpbl C MUHUMAJIbHOM MOTEHLMANbHOU SHeprueil. OObIKHOBEHHAs (U3HMKa U HUKAKUX YyJec.

Ha ¢usnonoruueckoM 1 riCTOJIOrHYECKOM YPOBHE Y OJIM3HEI0B OyA€T ropasao 00bIie OTIIMYHMA, YeM
B (peHOTHUIIE, HAUMHAS OT HECYUIECTBEHHBIX OTKJIOHEHUN B CTPOCHHM OPIaHOB U TKAHEW M 3aKaHUYMBas
CEpbE3HBIMU BPOXKIECHHBIMH MATOJIOIUSMU JIMLIb Y OJHOTO U3 Oim3HenoB. [lomyyaercs, yTo uHTEpHEP
MEHee 3aBHCHM OT I'€HOTHUIIA, YeM IKcTepbep. IIpoucxoauT 3170 NOTOMY, 4TO 32 BHEIIHUN O00JIUK 10000
OMOJIOTHYECKOI0 BU/Ia OTBEYAET HEKOE CEMEICTBO TaK Ha3bIBAEMbIX TOMEO3UCHBIX T€HOB - hoX-reHoB. Y
MJIEKOIUTAIOIIMX 3TO CEMEUCTBO MpeICTaBICHO 38 reHaMu, CrpyNIIMPOBaHHBIMU B 4 KOMILIEKca, y OoJee
IPUMHUTHUBHBIX BUI0B hOX-reHOB M TOro MeHble. /locTarouHo Bcero jiuib 38 T€HOB AJi TOTO, YTOOBI
cobaka BBITJIsAJENa Kak co0aka, a He KaK JOXKJEeBOW 4epBb, NITHIIA WU CJIOH. HOX-TreHbl emie Ha3hIBatoT
PEeryIsITOPHBIMU M apXUTEKTYPHBIMU, [TOCKOJIBKY OHU ONPEJENISI0T OpPTraHU3alni0 O0IIero IiaHa Tela.
Jlaxke He3HauuTelbHAass MyTalUs PEryJsITOPHOIO T€HAa MOJKET IMPUBECTU K IIOJHON peopraHu3aluu
BHEIIHEI0 BHUJA, K OTCYTCTBHIO, TpaHC(OPMALIMU WIH NIEPEHOCY B IPYyroe MECTO cpasy LEJIoro oprasa.
OTO ceMeiCTBO BBICOKOKOHCEPBATUBHBIX TI'€HOB, IPAKTHUYECKH CXOJHBIX Yy BCEX COBPEMEHHBIX
sykapuoToB. OIUH M TOT XK€ I'eH OTBedYaeT 3a (OPMUPOBAHUE IIETUHOK Y MYXH JpO30(HIBI U
CTpEKaTeIbHBIX KIETOK Y TUAPHL. Y Op030(WIiIbl M MBIIIN OJHMH U TOT XK€ T€H 3allyCKaeT pa3BUTHE IJ1a3a.
VY4eHble MEpEeHeCTH T'eH, KOHTPOJUPYIOMINN Pa3BUTHE TJla3a y MBIIIK B T€HOM APO30(QWIbI U Y MyXH
chOpMHUpOBAINCH IJ1a3a, NMPUTOM 3TO OBUIM HE IJla3a MJIEKONUTAIOUIEro, a OObIYHBIE (aceTOuyHbIE
MYILIUHBIE TJIa3KH.

Kak xe momyuaeTcs, 4To pa3Hble OMOJIOTMYECKUE BUIbI, UMES OJMHAKOBBIE hOX-T€HbI, YXUTPSIOTCS
OBITh TAKUMHU HECXOXKHMH? A MPOCTO - BKJIIOYAsl U BBIKIOYast hoX-reHsl B Hy)KHOE BPEMS U B HYKHOM
Mecte. Kak Ha /ByX OJUMHAKOBBIX KJIABUIIHBIX MHCTPYMEHTaX MOXHO ChI'paTh COBEPIICHHO pa3HbIE
MEJIOJIMH, TaK U Ha 0a3e OrpaHMYEHHOI'0 YUCIA OJHUX U TeX K€ hoX-reHOB MOYHO IOCTPOUTH XOTb MOJIb,
XOTb 1uHO3aBpa. Hanpumep, ren hox-8 KoHTponupyeT pa3BUTee rpyAHOM KJIETKH Y BCEX I03BOHOYHBIX. Y
ynaBa hox-8 BKJIIO4aeTcsi BO BceX KIeTKaX IMOPHOHANBHOM Xopasl, O1aronaps yemy pedpa o0pasyrorcst
BJ10JIb BCETO MO3BOHOYHUKA OT I'OJIOBBI JI0 XBOCTA. Y KypHIlbl hoXx-8 BKJIHOYaeTCs TOJIBKO B 3aJHEH YacTH
XOpJbl M TOATOMY pedpa y Hee pacroioKEeHbI OJMKe K XBOCTY. Y co0aku - B IepeiHel yacTu u pedpa
oOpasytotcst Omke K rosioBe. Kceratu, y cobak MHOIIa BMECTO MOJIOKEHHBIX 13 map pebep, ObiBaeT 12
w1 14 map, Tak 4TO €ClIM y KakoH-TO COOAaKM aHOMalbHO KOPOTKas JUIMHA I'PYAHOM KJIETKH, TO HE
MIOMeEIIAeT MepecynuTaTh eil pedpa 1 MO3BOHKH, a €llle JIy4lle CAeNIaTh PEHTTeH, YTOObl HE MPOIYCTUTh B
pasBeJieHre 0co0b C IOCTaTOYHO BPEAHOM JJIsl BUJA MYyTallUEH.

[Io cOBOKYNHOCTH H3JI0KEHHBIX CBEJIEHUN, MOKHO CKa3aTb, YTO ceMelcTBO hoX-reHoB oTBeyaeT 3a
oOLIYI0 apXUTEKTYpy OpraHu3Ma, Kapkac, OCTOB, a BCE OCTaJbHbIC I'€HbI JIMIIb BHOCST HEKOTOpPHIE
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KOpPpEeKTUBbI. BKilaj reHOB, KOHTPOJMPYIOIIUX OOLIMe pa3Mephl, NMpoHopLuu Tena, (Gopmy uepena
JIOBOJIbHO BECOM M MYTAallMd B HUX MPUBOJAT K MOSBICHUIO HOBBIX Mopoa. OcTtanbHasi, 00JbIas 4acTb
ICHOB, BHOCHT HE3HAYUTEJIbHbIC WHAMBUAYAIbHbIC IITPUXU, 1O KOTOPBIM Mbl HACHTHPUIMPYEM
OTJEJIbHBIX COOaK BHYTPU CBOETO BUJA U IOPOIBI.

@eHOTUIl TAaK K€ KOHCEPBAaTHUBEH, KaK M KapKac, Ha KOTOpbId ero Hamsumiau. llleHok 3ameTHO
MEHSIETCS BHEIIHE JIMIIb B TEpBbIe Mecsibpl >Ku3HU. Ho rme-to Kk roay-mojiyropa JAWHaAMUKa
TpaHc(opMaluii CTAaHOBUTCSI HMUYTOKHO MAJIOM M TakK JO KOHILA >KU3HM. A Ha CTpOeHHE U paboTy
BHYTPEHHUX OpraHoB hox-reHbl BIUAIOT HE3HAYUTEIHHO, OHH JIUIIb OTBEYAIOT 32 TO, YTOOBI AT OPTaHbI
OBbLTM B HY’)KHOM KOJIMYECTBE M B HY)KHOM MecTe. K ToMy e, HAaC BOJIHYeT HE CKOJIbKO BHEUTHUN BU
OpraHOB, CTOJIbKO X paboTa. A 3TO CJIIOXKHBIN IMHAMUYECKHI MPOLIECC, 3aBUCAIINMA OT CUHTE3a OEJIKOB B
KJIETKaX OPraHoB, a MBI yXe 3HaeM, 4TO MPOU3BOACTBO M B3aUMOJCIHCTBHE OEIKOB HE SBISETCS
CTONPOLEHTHO T'€HETUUECKH 3aBUCUMBIM IIPOLIECCOM.

B yewm emie o0s3arenbHO OyaeT OTAMYME MEXAY ONM3HELAMH, TaK 3TO B XapaKkTepe U B MHTEJUICKTE.
OTH pa3nuuus BOBCE HE CBSI3aHbl C BOCIIMTAHUEM, JaK€ HOBOPOXKJEHHbIE OJIM3HELBI JEMOHCTPUPYIOT
KaXK/[pli CBOIO HEMOBTOPUMYIO MHAMBHUAYaIbHOCTh. HTENIEKT npeonpenensercs FeHOMOM Iie-TO Ha
80%. YTouHsto, 3TO He OT poaureneil HaciaeayeTcss 80% MX MHTEIUIEKTYalbHBIX CIIOCOOHOCTEH, peub
UJET O MPSIMOi 3aBUCUMOCTH MHTEJUIEKTa 0COOU OT COOCTBEHHOI'0 T€HOMA, OT YHUKAJIBLHOT'O COYETaHUS
Te€HOB, KOTOPBIM oJapuiia npupoja. besycinoBHo, BEICOKUI ypoBeHb IQ y poauTeneii cuutaeTcs 00IbIINM
IUTFOCOM U J1aeT 0oJiee 00Ha1eKMBAOIIKE TEPCIIEKTUBBI, HO 3TO BCETO JIUIIb EPCIEKTUBBI U TOJIBKO OT
Ero BennuectBa Ciyuyas 3aBUCUT, HACKOJIBKO yJauHasi KOMOMHAIUS CIIOKHUTCS U3 POJUTEIIbCKUX TEHOB.
XapakTep y OJU3HENOB MOpO OBIBaET JOCTATOYHO CXOX, HO HE Takas YK PEIKOCTh, KOTJa OJM3HEIbI
HACTOSIIIME aHTUIIObI. V3 yero Mo>XHO c/esaTh BBIBOJ], UTO 3Ta COCTABJISIIOLIAs BBHICHIEH NICUXUUYECKOU
(GyHKIMM OopraHu3Ma ciaabo CBs3aHa ¢ TeHOTUIIOM. Takum 00pa3oM, OJMH U3 JTIOOMMEHIIINX BOMPOCOB
BCEX KMHOJIOTOB O TOM, KaK HAacJEeAyITCs NOBEACHUECKHE peakiuu y colak, pabouue KauecTBa U
UHTEJJIEKT, HE MMeeT OJHO3HayHOro orBera. M He cienyer B 3TOM MecTe MPOHMYHO yCMeXaTbCs U
[IOMHMHATh CTaHAAPTHYIO (ppa3y, OCKOPOJIAIOIIYIO LIETOMYIpHe T€HETUKH, MO0 T€HEeTHKA TYyT COBEPILIEHHO
HU 1pu yeM. YTo KacaeTcs BhICUIENH HEPBHOM AEATEIBHOCTH U CO3HAHUS — 3TO BCE MPOLIECCHI 3aBUCSIIINE
OT CTETCHH DPa3BUTHUS OTICJIBHBIX YYacCTKOB T'OJIOBHOTO MO3ra, OT KOH(HUIypaluu CETH HEHPOHOB H
JUHAMUKU TIPOIIECCOB MPOUCXOASIIMNX B HUX. HepOHOB B KOpe rOJIOBHOTO MO3ra JAECATKH MIJLIMAPAOB,
KaKJIbI HEHPOH pa3pacTaeTcsl Kak KOpajljloBasi BETBb, BBITyCKasl AECATKU THICSY OTPOCTKOB, C TOMOIIBIO
KOTOPBIX COCAMHSIECTCS C APYTUMU HEHPOHAMU U TPOYHMMH KJIETKaMH, 00pa3ysi COTHH MUJLITHAPIOB U TaXKe
TPUJUIMOHBKI CBs3eil. 3amudpoBarh CTPOCHUE TAKOM CIOKHEUIIEH CEeTH C TOMOIIbIO YETBEPUYHOTO KOa
HYKJIEOTH/I0B HEBO3MOXHO. ['€HOM He MMeeT pecypcoB Jaxe AJisg TOro, 4YTOObI BBIAEIUTH XOTs ObI 1O
OJIHOMY I'€HY Ha KaXK/Iblii HEHPOH.

Mo3r u Bcsg HepBHas cucrteMa (OPMHUPYIOTCS B 3MOpPUOHAIBHOM NEpHOJE MOJ KOHTPOJIEM
CPaBHHUTEJILHO HEOOJBIIONW I'PYNIbl '€HOB KaK Obl €IMHBIM MAacCHBOM U B KOJHMYECTBE 3HAYUTEIHHO
IpeBbIIaoneM noTpedbHocTu opraHu3ma. Kak B moje, 3acesHHOM MIICHUIEH, KaKI0€ 3EpPHBILIKO
IIPEeJ0CTABICHO caMoMy cele, U JI0JDKHO OOpOThCS 32 CBOE MECTO IO COJHIIEM, TaK U B OpPraHU3MeE
«3aCEeSTHHOM» CTBOJIOBBIMH KJIETKAMU C «HEHPOHHOH IporpaMMoOi» HauMHAeTCsl HacTosIas 0opbba 3a
BekuBaHue. [loutn 70% W3 HUX MOTHMOHYT €€ 0 POKICHMS IEHKA. Y HOBOPOXKJIEHHOI'O BCE €Ile
ocTaeTcs HU30bITOK HEHPOHOB U B KECTKOM KOHKYPEHLMU NOOEIUT TOT HEMpOH, KOTOPBIH oOpasyer
HEHUpOCBs3b B HanO0JIee KOPOTKUI Iepro L BpEMEHHU.

MasieHbKUH 1IEHOK NBITAETCS BIEPBbIE BCTaTh Ha Jalbl U cAeiaTh CBOM mepBbli mar. Ero kavaer,
HEIOCYIIHBIE JIAKU Pa3be3kKaloTCsi B CTOPOHBI, IBM)KEHUSI HEKOOPIUHUPOBAHBI U HEYKIIIOKH. MBI C
yIAbIOKON yMHJICHUSI HA0JII0/1aeM 3a MaJIbIILIOM M J1aKe HE JO0TraJblBaeMCsl, YTO B 3TOT MOMEHT BO BCeX
rpynmnax HeMpoHOB, 00ECIEUNBAIOIIUX MEXaHUUECKOE JIBUKEHHUE, IPOUCXOAST COPEBHOBAHUS 3a IPABO
CTaTh IJIaBHBIM MPOBOIHUKOM curHaia. [lo6eauresns B Kaxa0W rpynie 0JuH, BCE JUIIHUE CBSI3U OTOMPYT
3a HeHaJAoOHOCThIO. [IorMOHET M YacTh HEHPOHOB-JIY3€pOB, @ YaCTh OCTAHETCS Ha TOT Cly4dal, €ciu
TJIaBHBIM HEUPOH MOCTPAAAeT U HY>KHO OYJIET €ro MoJMEHHUTbD.
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JIroboe Bo3zeiicTBHME Ha OpraHbl YyBCTB IIEHKA B IEPBbIE MECALBI €ro >KM3HH, 3allyCKaeT KacKaj
CJIOXKHEHIINX HEHPO(PU3HOIOTUYECKHUX PEeAKIUI, KOTOPbIE BIMSIOT HA HOCTPOMKY U Hala Ky HEMpOHHOU
ceTu. MBI He MOKEM PYKOBOJUTH ITHM IIPOLIECCOM, HO Mbl MOXKEM CO37aTh HauboJiee OJaronpusiTHbIE
yCIOBUSA JJISl TIOJHOIICHHOTO (OPMHUPOBAHMS IICHAYBEH JUYHOCTH: MAKCUMYM  IOJIOKUTEIBHBIX
OLIYIIEHWH W pa3BHBamouiell MHPOpManuu. B mepBble Henenu >KU3HHU BaXKHBI MPABUIbHBIE YCIOBHSA
CoJlepKaHMsI: YUCTasl CyXas MOJCTUIIKA, KOM(OPTHBIN TeMIlepaTypHbIN peXKUM, J0CTATOUHOE KOJIUYECTBO
MUY, PA3BUTHIA MATEPUHCKUA UHCTUHKT Y CYKH, BBIPAKAIOIIMICS B HAJIEKAIIEM YXOJ€ 3a LICHKaMU U
KEJIAaHUU TPOBOJUTH C HUMM JIOCTATOYHOE KOJIMYECTBO BPEMEHH, KOTJa IIEHKH OTKPBIBAIOT Ijla3a U
HAuMHAIOT XOJUTh, UM HEOOXOJUM IPOCTOp JUIsl ABMKEHUH U urp. He momemiaer u nonoJiHUTENbHAS
nH(pOpMaIMOHHAs Harpy3ka: Bbl OepeTe IleHKa Ha pYKH, TOBOPUTE €My YTO-TO JIACKOBBIM T'0OJIOCOM,
LieJIyeTe B HOC, Ka3aJI0Ch Obl, 3TO TaKkasi MeJI04Yb, 3 HA CAMOM JIeJI€ B 3TOT MOMEHT MUJJIMOHBI CEHCOPHBIX U
MOTOPHBIX HEHPOHOB OYKBaJIbHO pacLBETalOT B opraHusMe. JlroOas moJjie3Has MHTEIUIEKTyallbHas U
¢usnueckas Harpyska Ha OpraHu3M JACHCTBYEeT Ha HEPBHYIO CHUCTEMY KakK OJaroJaTHBIN TOKIUYEK Ha
MOCEBHI — HEHPOHBI pa3pacTaroTCsi, BETBITCS, 00pa3yloT pasHooOpa3Hble Oorarble cBsi3u. HeraTtuBHBIE
BO3JIEHCTBUS, HAIIPOTUB, KaK 3aCyXa WU yparaH yHUUYTOXAOT U KOpexXaT JaHHOE IIEHKY OT POKJICHHUS.

OO0 3TOM cleayeT MOMHUTh HE TOJIBKO KOIZA IIEHOK Majl, HO M BCIO XU3Hb. M0O3r cobaku HYXHO
Harpy»Xarb ¥ pa3BUBaTh, CO0AaKa HE JOJDKHA BECTHU CKYUHYIO, OTPAHUYCHHYIO J)KU3Hb, Y HE€ JOJDKHO OBITh
a00 Kakoe-TO J1eJ0, JUOO0 Kakue-TO HHTEpECHble NPHUKIYEHUS W CBEXUEe BleudaTieHus. Eciou
(dbopmMupoBaHUE MO3Ta U HEHPOHHOM CETH MPOILIECC B OCHOBHOM TBOPUYECKH, HE 3aBUCAIINNA OT T€HOB, TO
OTKyJia e OepyTcs B pOJCTBEHHBIX JIMHUAX OJMHAKOBbIE IMPUBBIUKHU, HAKJIOHHOCTH, YEPTHI Xapakrtepa?
CxoxecTb oOecrneunBaeTcs «HAYMHKOW» HEHWPOHOB, TO €CTh OeskamH, paboTaloIMMH B HEPBHBIX
KIeTKaX. A yXX CTpyKTypa O€JIKOB, KaKk Mbl 3HaeM, 3alIu(poBaHa B T€HOME M 3Ta HH(POpPMAIUs
nepenaeTcs 1o HacjaeACTBY OT POIUTENEH K IeTsIM U Tak fanee. TakuM oOpa3oM, npupoaa odecreunia u
HEKOTOPYIO IPEEMCTBEHHOCTb, U BO3MO>KHOCTb PEaJU3allii HOBOIO U HEOBTOPHUMOI'O UHAUBUAYYMA.

HagepHoe, 3aBoiunky pabouyux ciyKe€OHBIX U OXOTHUYBMX [TOPOJ HEMHOT'O OrOPUYaTCcsi TOMY, UTO HET
HUKAKUX PELENTOB W HAayYHBIX METOAMK, IO KOTOPHIM MOYHO TOYHO CIPOTHO3MPOBATH OYyIyLIMii
XapakTep U pabouue kayecTBa moromcTBa. Hy, Tak JIMYHBIM ONBIT U MHOXECTBO MPOTHUBOPEUYMUBBIX
IPUMEPOB M TaK JaBHO JOJDKHBI OBLIM IOJICKAa3aTh, YTO HACIEOBAaHHE BBICIIUX MATEPUN HOCUT Majo
npeacka3zyemblil xapakrtep. Jlaxke eciid ombIT B KMHOJIOTMU y Bac HEBENUK, TO BEJb €CTh Oorareumnii
HCCIIEZIOBATEIbCKUI MaTepHa B BUJE OKpY’KaloIIero yenoBedecTBa. Hapoaubiil GOIBKIOP aBHO yiKe
MOJMETHII M MPO A0JI0YKO OT SOJOHM M MPO CeMbio He 0e3 ypona. A Kak 4acTO MBI CaMH, CETrOJHS
ropopuM ¢ ymwieHueM: «Komnust Mambl (mamel, JeQylUIKd, TpoOpoaHoi Tetu Manu u3 bepauuesa)y, a
3aBTpa HepoyMmeBaeM: «M B Koro ke Thl Takoi ypomwmics!?». M uto camoe 3abaBHOE, B 000MX CIydasx
IIPABBI.

EcTp nmoyuurenbHble NpUMeEphl U U3 UCTOPUU HEKOTOPHIX opoJ. Kak n3BecTHo, y macTymbux co0ak
Cpenneit Asun u KaBkasza, a Take y CEBEpHBIX Ja€K CTOJETHSIMH LIeJ OYEHb JKECTKHM 0TOOp 1O
pabounm KauecTBaM. Bce ocoOu, HEe COOTBETCTBOBABILINE CTPOTUM TPEOOBAHHUAM ACTyXOB M OXOTHHUKOB,
IIPOCTO YHUUTOXAJIUCh, 1a0bl HE 3acopsaTh reHoQoHI. M, TeM He MeHee, 3a CTOJBKO BEKOB, TaK U HE
yaanoch H0OUThCS aOCONIOTHOW CTAOMIBLHOCTH W OJHOPOJHOCTH. Bcerna HaxoAwiauch Te, KOTO HE
CJIEJIOBAJIO OCTABIIATH B JKUBBIX. Tak ObLIO, Tak ecTh U Tak OyaeT. Ecnu He MoKemb ynpaBisiTh KaKUM-TO
MPOIECCOM, TO XOTsA Obl HE Mydaiicsi TOHampacHy M HE B3BaIMBal Ha ceOsi OECCMBICICHHYIO U
Oecrniosie3nyro paboty. EcTh mpoctoil MeTon ceneKuuu — Bs3aTh JIydlllee C JIYYIIUM (10 HYKHBIM
KpUTEPUSIM), a 3aTe€M - BBIOPaKOBBIBAaTh BCEX HEYAaUHBIX IOTOMKOB. [IpuToMm, KenaTenbHO BCe 3TO AeaTh
CTIOKOIHO, MpodeccroHanbHO, 6€3 UCTEPUK U AYIIEBHBIX 9K3epCHUCOB, TeM Ooiee, 4TO ceiiyac BOBCE HE
HYXHO YHMUYTO>XaTh BCEX HEYAAUHBIX MPEICTAaBUTENEH MOPOJIbl, JOCTATOUYHO JIUIIb UCKIIOYATh UX W3
IIpOrpamMmbl pa3BeCHUS.

EcTb B 3T0I1 Henpeacka3yeMOCTH U MOJIOKHUTEIbHbIE MOMEHTHI - IPUPO/ia IoJapuiia U HaM, U co0aKkam
OINpEJEJICHHYIO CTENeHb CBOOO/BI OT HAIIET0 '€HOTUIIA U HYXKHO TOJIBKO pajoBaThCsl TOMY, YTO Hallld
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4YyBCTB4, MBICJIM, SMOLUH 3aBUCAT HE TOJIBKO OT 6I/IOXI/IMI/II/I Hamero opraHuima, 410 Mbl BCC KC HC
coBceM OMOPOOOTHI.

JIEKIUSA Ne 4 TEHOTHUII U ®PEHOTHUII

Bech mpeapinymmii MaTepuan mo3BoJIsieT HaM COBEPIIMTH IEpeXo] OT MPUMHUTHBHON M OIINOOYHOMN
«MO3aMYHOW» CXeMBbl BOIUIOIIECHHUS T'€HOTHNA B (PEHOTHI, K peanbHON «BOJHOBOW» cxeme. Eciu Obl
¢deHoTun ObUT IPOCTONH CYMMOM OTAEIBHBIX IPU3HAKOB, TO I'Ppa) MIECKU MOXKHO MPEJICTABUTh ceOe 3TO B
BHJIE€ OTPOMHON MO3auYHON KapTUHBI, I1€ KaXAbI OTAEJIbHBIN PU3HAK COOTBETCTBYET OJHOMY I1a33Ily
MO3auKH, a CBOMCTBA KaXKJ0T0 Ma33ia 3amudpoBansl B ogHOM u3 reHos JJHK.

Pucynox 10

Ha puc. 10 uzobpaxken HeO0Ib110H ()parMeHT MO3aUKH, TOAPA3yMEBAEM, UTO 3TO YACTh MACILITAOHOTO
’KHBOIMCHOTO M300paxkenus. [IponsBenemM «MyTanuio», TO €CTh MOMEHSIEM CHHHM 1Ma331 Ha 3eJICHBIN, U
YBUJUM, YTO MYTal¥s B OJHOM I€HE MPHUBOIUT K U3MEHEHHIO L[BETa TOJIBKO OJHOTO y4acTKa, HUKAaK He
BJIMSISI HA COCEHHE U JIMIIb HE3HAUYUTEIbHO M3MEHSAS] OOIIUI BUJ KapTUHBL. A €CIH B3SITh CXeMY I'€H-
0eJoK-KJIeTKa-MPU3HAK, TO CIEAyeT 00s3aTeNbHO y4YecThb, UTO OEJOK B KJETKe paboTaeT B TECHOM
COTPYAHUYECTBE C IPYTUMHU OEJIKaMH M U3MEHEHHE B €ro padoTe JOKHO CKa3aThCs U Ha IPYTUX Oeskax
U Ha caMOi KJIETKE W Jajiee Ha APYrux KieTkax. BMecTo MUCKPETHBIX CTEKJIBIIIEK MO3AUKHU MOJOUTYT
KaIlJIi aKBapeJIbHOM KpacKu pa3HbIX 1BETOB (puc. 11).

Pucynoxk 11

Ileppoe 4TO MBI OTMETHUM: KpPAaCKM BCTYNAIOT JAPYr C JAPYI'OM B KOHTakKT M B pE3yJbTare
B3aMMO/JICHCTBUS MOPOXKJIAIOT COBEPIIEHHO HOBBIE LIBETA (IIPU3HAKU) 32 KOTOPHIMHM HE CTOSIT HUKAKHE
resbl. KapTiHKa cpasy ke cTaHOBUTCS Oorade, 4eM B MPEABLAYILIEM IPUMEpPE, HO U cliokHee. Jlanee, Mbl
BUIMM, 4TO TPU 3aMEHE LIBETa aKBapeIbHON KaIUIi, U3MEHHUTCS HE TOJIBKO OJHMH JUCKPETHBIN (parMeHt,
HO M BCA KapTuHKa. Eciau ydecTb, 4TO B OTIMYHME OT «IIPU3HAKA», 3aHUMAIOLIETO TOJIBKO OJHO
KOHKpPETHOE MeCTO B ()eHOTHIIC, MHOTHE OEJIKM MOTYT HaXOJWUTHCS B KIETKaX pasiIUYHBIX TKaHEH, a,
CJIEJI0BATENbHO, U B COBEPIIEHHO Pa3HbIX KOMIAHUAX JIPYruX O€JIKOB. A €Clli el1le BCIIOMHUTh O TOM, YTO
OJIMH I'€H MOXET KOJUPOBATh CPa3y HECKOJIbKO OEJIKOB, TO MOJIY4YHUTCs, YTO U3-3a OJIHON €MHCTBEHHOU
MYTalM{ BOJIHA U3MEHEHUH MPOXOIUT MO Beel (eHOTUINYECKON KapTHHKE.

[Ipumep: y cobak TUrMeHT SyMeJaHUH ObIBA€T ABYX TUIIOB — YEPHBIA M KOpUUYHEBbIN. PazHuna mexnay
HUMH JaK€ HE B XMMHYECKOM COCTaBe, a B CIOCOOE MOJMMEpPHU3allMH TOTOBOIO BEIIEeCTBA. A Temephb
BO3bMEM IOPOJBI, B KOTOPBIX €CTh COOAaKM B YEPHOM W KOPHMYHEBOM BapHMaHTaX OJHOIO OKpaca:
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nabpanopsl, 106epMaHbl, HbIO(GAaYHJICH b, TAKCHI, CIIAHUENH U 1p. ONBITHBIE CIIEIHAIACTHI-IIOPOTHUKHI
MOATBEPAT, YTO MEXKIY YEPHBIMU M KOPUUYHEBBIMU COOAKaMU €CTh €/1Ba yJIOBUMbIE OTJINYUs. Bpone Obl
Jla)Ke€ M He CKaXelllb cpa3y, YeM K€ OHM OTJIMYAIOTCS, HO YTO-TO TAKO€ €CTh, YTO JaXKe€ 3aCTaBISET B
HEKOTOPBIX MOpPOJaxX BBICTABIATH MX B pa3HbIX puHrax. Ilpu 3ToM uHOrga COTHM JieT ujeT obiuee
pasBeJieHHe, TaK 4TO MPOYME I'eHbI, HaXOZsAIuecs B TOil ke 11-0if XxpoMocoMe yxe JOJKHBI ObUIH
nepemMeniarbesi, Oxarogaps kpoccunrosepy (o K. Oymer HMKe) M peub HUKAK HE MOXKET MITH O
CLICIUICHHOM Hacjlel0BaHuu Mpu3HakoB. [IpuunHa uckinounTensHo B MyTauuu B reHe B. Kazanocs 0b1 —
TaKas 4yeryxa, U3MEHWIN BCEro JIUIIb (OpMY MUIMEHTHBIX IPAHYJI C IPOAOJTIOBATHIX HA OKPYTJbIE, @ BOT
KaKOM pe30HaHC BO BCeM opraHusme!

UT0oOb! OKOHYATEIBHO YOS AUTh YU TATEIEH B HECOCTOSATEIbHOCTH MO3aUUHOM CXEMBI U IIPEICTaBICHUU
O TOM, YTO 3@ KaXJbIM NPHU3HAKOM CTOUT €CIU HE I'€H, TO I'pyIla I'€HOB, BO3bMEM TaKOW CMEUIHON
IpUMep KaK Bepa B CYIIECTBOBaHME I'€HOB, KOJUPYIOLUIMX YIJIbI KOHEYHOCTEM M JIMHMU Bepxa.
[IpencraBum cebe, 4YTO BEIUYMHBI BCEX ATHX YIJIOB OOJBUIMMH 30J0THIMU OYKBAMM YETKO IPOIHCAHBI
KaX/IbIil B CBOEM T€HE U B 3aBUCHMOCTH OT TOTO, KaKasi KOMITaHUS «YTJIOBBIX T€HOB» COOEPETCs B OTHOM
IeHOTHUIIE, TaKHe YIJbl U OyneT umMeTh cobaka (puc. 12, a).

Pucynox 12

Ho Benib Kpome «reHOB YIJIOB» €llie JOJDKHBI ObITh U Fe€HBI, ONIpeAeIIAoINe JJINHBI KocTel ckeneTtal A
Tenepb MpeacTaBuM cede, 9T0 y CO0aKu C 03HaYEHHBIMH BETMUNHAMHU «YTJIOBBIX», BAPYT MOIKAYall «I'€H
Oenpa», u O0eapo oKa3anoch KOPOTKOBATHIM. UTO, 3a/lHNE KOHEUHOCTH COOAKH 3aBUCHYT B BO3yXe (puc.
12, 6)? Wnu moxet ObITh co0aka Bce e «yNnaJaeT» Ha 3aJHue KoHeuyHocTH (puc. 12, B)? Ho Beapb TyT xe
BO3OIIUT «reH JUHUM Bepxa»: «l'ocrmoma, y MeHs yKa3zaH COBCEM JpYrod yros JUHUM Bepxa K
ropusoHTanu!». ['eHOB yrioB ropasno 6osiblie, TeM OoJiee, Ha UX CTOPOHE IPABUTALINS, TSHYIIAsl 3a/HIOI0
4yacTh K IPEIIHON 3emile, TaK YTO OHM MOTYT Ba)XHO HAJyTh IIEKH U CKa3aTb, YTO OHU AMUCTATUYHBIE
IeHbl, T.€. IVIABHbIC, JIOMUHUPYIOLIUE HaJ T€HaMu Jpyroro jiokyca. M reHy nuHuM Bepxa ocTaHeTcs
TOJIBKO TOPECTHO B3AbIXaTh: «Bbl 3Bepu, rocmoaa! Urto moaymaer Kakol-HMOYIb HCCII€OBATElb,
3arJIsHyB B OKYJISIp 3JIEKTPOHHOTO MUKPOCKOTIA U YBHJIEB, UTO s 00€mIai0 0/IHO, a Ha JeJie BCE COBCEM II0-
IPYroMy».

CwmemHo. Ha camom nene, Takoi BaHBIN JUJIs1 COOAKOBOIOB MPU3HAK KaK yribl KOHEUHOCTEH, 3TO
YUCTO BUPTYAIbHBIM IIPU3HAK, 3aBUCAIIMM HCKIKOYUTEIBHO OT JUIMH KOCTEH CKeJIeTa M, YaCTHUYHO, OT
COUJICHSIOLIUX UX cycTaBoB. Ho 3aT0 yX IIMHBI KOCTEH, 6€3yCI0BHO, TEHETUYECKH 3aBUCUMBII MPU3HAK.
Tak 4YTO, pH OLIEHKE HKCTEphepa coOaKu, MpH MOAOOpe IMIEMEHHBIX Map, HY)KEH MOJHBIM aHalu3
aHATOMUYECKOI0 CTpoeHus. Benp uHOrga mnpaBWIbHBIE YIVIBI IOJNYy4YaroTcsl Onarojgaps yJIadyHO
CKOMIIEHCHPOBAHHBIM HEJ0CTAaTKAM MEPEIHUX U 33 JHUX KOHEYHOCTEH.

OT yMO3pHUTENBbHBIX YIVIOB MEpeieM KO BIOJHE KOHKPETHOMY W MaTepHallbHOMY IJa3y H
paccMOTpUM MPUHLMIIEI HACJEeIOBaHHUA ero (GopMbl. MBI XapakTepusyeM Iya3 co0aKku CleAYIOIIUMU
IpU3HAKaMU: pa3pes (OBajJbHBINA U KPYIJIbIH), pa3Mepsl (0oJblINe U MaJleHbKHE), TOCTaB (KOCO M IPSIMO
nocTtapiieHHbIe). JlaBailTe MpeAnosokKUM, YTO 3a KaXIbli MPHU3HAK OTBEYAIOT CIEIMAbHBIE T€HBI U
CKOJIbKO OBl 3TMX I'€HOB HHU ObLIO, Mbl BCEX UX BBIYMCIMIIU. ['€H 3TO TOXke BIIOJIHE MaTepuaibHas BEllb,
peanbHO cymiectBytomuid kycouek JIHK. U ecTh 3aMeudartenbHbli METOJ MOJ Ha3BaHUEM — TE€HHas
HWHXXEHEpHUs, Korja BbIpe3aercs: onpenesncHHblil red u3 JIHK ofHOro »XUBOTHOIO M IEpPECaXUBACTCS B
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JIHK apyroro »«uBoTHOro. B KkauecTBe MOJONBITHBIX KPOJUKOB BO3BMEM ILIEJITU U IEKUHECA. Y NEPBBIX
IJ1a3a y3Kue, MUHJAJIEeBUIHbIE, CPEIHETO pa3Mepa, KOCO IOCTaBIEHHbIE. Y BTOPBIX - OOJIbIINE, KPYTJIbIE,
BBIYKJIbI€, IIOCTaBJEHbl MPSIMO M ILIUPOKO. MOoXHO B35Th OIUIOJIOTBOPEHHBIE SHULEKIETKU
YUCTOIOPOIHOTO LIENTH U MEKUHECA U IOMEHATh UM «IJ1a3Hble FeHbl». COrIacHO «MO3auyHOI» cxeMe y
Hac MpocTo 00s3aHbl OyIyT POAUTHCS CaMble OOBIYHBIC IIEITH, C TUMHUYHBIMU AJS HOPOJBI Y3KUMHU
JUIMHHBIMHM T'OJIOBaMH, HO.... HA 3TUX HU3AIIHBIX TOJOBKaxX OYyIyT KpacoBaTbCsl KpYyIHbIE, KpYIJbIE,
BBIMYKJIbIE I1a3a IeKMHeca. A Ha IUPOKON MOpAOUYKe NeKUHeca, I'/1e-TO B HallPaBJIEHUIX HOPJA-HOPA-OCT
1 HOPJ-HOPJ-BECT PACMOJIOKaTCs ABE Y3eHbKUE ra3Hble 1enoduku. [IpeactaBpTe ceOe MBICIEHHO TaKUX
MOHCTpOB, IOTOMY KaK pUCOBaTh MHE HUX He XodeTcs. [laxe eciau Bbl HE B COCTOSIHUM OOBSACHUTH —
[I0YEeMY HEBO3MOKHO TaKO€ COUETaHue, TO BHYTPEHHUI rojioc BaM OyJieT BCe paBHO TBEPAUTH, UTO ITO
HEBO3MOYKHO, IOTOMY YTO HEBO3MOKHO HUKOrJa. U BHyTpeHHMI rojoc Bac He 0OMaHbIBaeT.

JaBaiiTe Bo3bMeM elie nmpumep, 0osee IpocToil, Ha NepBblid B3IsLA. Tenepb Mbl Ipou3BeieM 0OMeH
TOJIBKO T'€HaMH, KOHTPOJIHMPYIOIIMMH pa3Mep IJ1a3, HO 3aTO CIHEJIaeM 3TO Y HOPKUIMPCKOTOo Tepbepa U
Mactuda. Ecin mMactuga ¢ KpoumeyHbIMU, Kak OyCUHKH IJIa3KaMU elle XyJ10-0eqHO MpeacTaBuTh cede
MO’KHO, TO YTO JIeJIaTh C HOPKOM, BeJlb JiBa MacTU(bHX Ti1a3a 00JIbIle BCEH TOJOBBI KpoXu?!

Ha camom nene Het, U HE MOKeT ObITh HUKAKMX I€HOB «IJIa3HBIX MIPU3HAKOBY». PacmnosoxxeHue rias,
paspes3, pa3Mep, IOCTaB 3aBHCAT OT TJIa3HHLEL. [ e B uepene oTBepcTHE, KAaKOro pasMepa u Gpopmsl —
Takoi rya3 u Oyner. ['na3uuna oOpasyercst Ha CThIKE 3 YepenHbIX KOCTEH U, 3HaYUT, 3aBUCUT OT (POPMBI U
pasmepa 3tux kocreil. OT KoHUTrypauuu Kaxaod KOCTH dYepera 3aBUCUT M OKOHYaTenbHas (opma
yepena. Tak 4To HaOmogaeTcs MojaHas M abCONIOTHAs 3aBHCHUMOCTH ()OPMBI Tia3a oT GopMbl dyepemna
cobaku. [loaTomy, ecnu Bbl BUAMUTE, YTO Y COOAKM IJIa3 HE COOTBETCTBYET TPeOOBAaHUSAM CTaHAapTa, HO
[P 3TOM BaM Ka)XeTCs, 4TO rOJIoBa y cobaku KpacuBasi, TO 3TO BaM TOJbKO Kaxercs. JIn6o Bam He
XBaTaeT KBaJu(UKalKuU, Y4TOOb! YBUAETh HEAOCTATKH B CTPOEHUU yepena, JJM00 y Bac IJ1a3 3aMblIeH, 1100
BaM IIPOCTO HE JaHO BUAETH. BbIXoauT, 4TO (hopma riiaza 3TO BOBCE HE MEJIOYb, HA KOTOPYIO MOKHO He
oOpamatb 0co60ro BHUMaHHS PH OLIEHKE COOAKH.

UYro ke y Hac noxydaercs B utore? Paccienys MexaHu3Mbl HaclleJOBAaHUS T€X WM UHBIX IPU3HAKOB,
MBI HE OTKa3bIBA€MCsl COBCEM OT I'€HOB, MbI IPOCTO UILIEM - HA YTO e HA CAMOM JIeJI€ BJIUSAIOT I'€HbI U KaK
3TO KOCBEHHO CKa3bIBaeTcs Ha ¢eHoTune. B o0mux yeprax cxema ¢popmupoBanus GeHOTHIIA Oblia yke
IpeCTaBJIEHA B JIEKLMHU 10 SMOPHUOJIOTUHU: KapKac onpeensercs hox-renamu, rpyoble npaBku «pacaiga»
MIPOM3BOAMT HEKasl TPYIIa BaXHBIX T€HOB, M MEJIKHE MITPUXU J00aBISAIOT Bce mMpoune reHbl. O ponu
hox-reHoB yke NOroBOpHIIM U BBISICHWIN, YTO OHU OTBEYAIOT 3a BHELIHUI 00JIMK COOAKU: TOPU30HTAIBHO
PacCIONOKEHHBIA KOPIYC, YeThIpE Jarbl, T'0JIoBa, mies, XBocT. O TOM, KaKk caMblii OOBIYHBINA T'€H, HE
CBSI3aHHBIH C aHATOMHYECKHM CTPOCHHEM COOaKH, a OTBEYAIOLIUI JIUIIb 33 TOTMMEPHU3AIMI0 TUTMEHTA
SyMeJaHMHA, BIMSET Ha BECh dKCTEpbep 0coOu, Mbl Toke paccMmorpenu. Ocranach HEUCCIIET0BAHHON
JIMILB 3Ta TANHCTBEHHAs TPYIA «OUYEHb BaXKHBIX '€HOBY». A 3TO KaK pa3 U €CTb IJIaBHbIE CKYJIbITOPHI B
opraHusMme - (pakTopsl pocTa.

®daktopamu pocta (DP) HazpiBaloT rpymnmy OEIKOBBIX MOJEKYJ, KOTOPbIE CTUMYJIHUPYIOT WIH
MOJIABJISAIOT PA3MHOKEHHUE ONPE/IEIIEHHBIX THUIIOB KJIETOK.

Bce BbI, HaBepHOE, cliblliaii 0 TOpMOHE pocTta (comarorpornHbii ropmoH, CTI', comaroTpomnun).
ComaToTpomHbIil TOPMOH - BbIpabaThIBa€MbIi B mepeaHel Aoy runodusa oka3plBaeT MHOI000Opa3zHoe
BIIMSIHUE Ha MPOIlecChl 0OMEHA BEIECTB, KOHEYHBIM PE3yJbTaTOM KOTOPBIX SIBJISETCS YCHIIEHHUE POCTa.
st Toro 4To6sl runogu3s npuctynui k cuaresy CTI, oH 10/KeH NOayYuTh KOMaH1y W3 FHIoTajgaMmyca
— OTJIeJ1a TOJIOBHOTO MO3T'a, KOOPAMHUPYIOIIEro paboTy MHOTHX OpraHoB. [IporcxoauT 3To mocpeacTBOM
comaroTponuH-punuszunr-ropmona (CPI', comaronubepun).  IlpousBepenusiii runogpuzom CTI
CTHUMYJHUPYET TelMaTOLWThl TEeYEHH BbIpadaThIBaTh WHCYIMHOMOAOOHBINH (akTtop pocrta-1 (MDP-1,
comaroMequH), a y)x MOP-1 B cBolo ouepenp peryaupyeT paboTy rumoraizaMmyca, TaKuM o0pasom,
3aMbIKas 1enb. OnsaTh Mbl CTAJKMBAEMCSl C OUEPEIHOI Beceslol TpouleH, MOBSI3aHHBIX JAPYT C APYyrom
KpYroBOH MOPYKOH U 3aIPABJIAIOIIMX BaXKHEUILIUM JIJIs1 OPTaHU3Ma IPOLIECCOM — POCTOM, YBEJIIMYEHUEM B
pasmepax. CTI, CPT' u UDP-1- 310 Tpu Oupuxepa, TpU BETUKUX CTpaTera, KOMaHAYIOMIHUX OOIIUM
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IIPOLIECCOM POCTA U PELIAlOUIUM KaKoro pazMepa ObITh cobake. [[OpMOHBI HOCTYNAIOT B KPOBb U BMECTE C
TOKOM KPOBH JOXOJSAT 10 Ka)KJ0M KJIETOUKH OpraHu3Ma, BO3JCHUCTBYIOT HAa MEMOpaHHbBIE PELENTOPHI U
3aCTABIISIOT KJIETKU JEIUTHCS.

Bpone Obl Bce mpocTo U MOHSATHO, HO JIaBalTE€ BCE )K€ MPUCMOTPUMCS BHUMATEJIbHEE K X0y 3TOTO
npotuecca. s 3TOro Mbl ciierka MOUIpaeM ¢ MPOCTPAHCTBEHHO-BPEMEHHBIM KOHTUHYYMOM M yCaauM
PANBILIKOM C HOBOPOJXKIEHHBIM IIEHKOM €ro K€ CaMoro, HO YK€ BBIPOCIIEr0 M IOB3POCIEBILIErO.
CpaBHHMBaeM: KOXHBIM MOKPOB B IMPOIECCE POCTAa YBEIWYMBAICS MPEUMYILECTBEHHO B IUIOCKOCTH U
COBCEM HEMHOTO B TOJILIUHY; IVIa3HOE S0JI0KO MPaKTUYECKH HAeanbHOU cdepudeckoil GopMbl Tak H
YBEJIMYUBAJIOCh PAaBHOMEPHO 10 BCEM HAIPaBJICHUSIM; YXO HOBOPOXKAECHHOIO IIEHKa JI00OM MOpoJibl
HaloMHUHAaeT 1o (Gopme YeIoBEeYECKUH HOTOTh, alee pacTeT TOJBKO B 3-X HAINPaBJICHUSX - OT yepemna
BBEPX WJIM BHU3, B 3aBUCMMOCTHU OT IOCTaBa M B CTOPOHBI; TpyOUaThie KOCTH PACTYT MPEUMYILECTBEHHO B
JUIMHY ¥ HECKOJIbKO MEHbIIIE B MIMPHUHY; KPOBEHOCHBIE COCYIbI B JUIMHY U T.l. Pa3Hble TKaHU U OpraHbl
pacTyT MO-pa3HOMY, IO CBOEMY HHAMBHAYyaJbHOMY clieHapuio. I'oMoHBI naioT komaHay «Pactul» u
3aJ]al0T CKOPOCTh POCTa, @ MHOTOYHUCIIEHHBIE (DaKTOPHI pOCTa HA MECTAaX OOBACHAIOT KJIETKaM, KaK UM
pacTH, B KaKOM HalpaBJICHUH.

Cexpertupyrorca OP camumu ke KieTkamu, a BOT BO3/I€MCTBOBATh OHU MOTYT KaK Ha CBOIO KJIETKY-
POIUTENLHUILY, TaK U Ha Apyrue KieTku. TakuM oOpa3oM, (akTOphl poCTa COTIACOBBIBAIOT MPOIECCHI
pocTa pa3HbIX TKaHEe.

OnsTh MOCMOTPUM Ha HAIIETO TOJONBITHOTO IIEHKA — KaK POCiiM ero KoHedHocTH? PocT TpyOUaThix
KOCTE! BO BECh IIEPHUOJ YETKO COBIALANl CO CKOPOCTBIO POCTa NMPUKPEIUIEHHBIX K KOCTAM MbIn. He
OTCTaJI M POCT KOKHBIX MTOKPOBOB, MOKPBIBAIOIIMX MbIIIIbI. CoriacoBaHHOCTh neicTBuil ®P HU B KoeM
cllydyae He SIBJISeTCS T€HETMYECKHM 3aBHCHUMBIM IpoliecCcOM. B mpoTuBHOM cityuyae, eciau Obl KaKOH-TO
co0ake J0CTATUCh T'eHBI, 3aCTABIISIOIINE AKTUBHO PACTH TPyOUYaThie KOCTH, & BOT I'€HbI, aKTUBUPYIOIIIHE
POCT MBIIII] U KOKM KOHEYHOCTEH OKA3aJIMCh CIMIIKOM MEIJICHHBIMH, TO 3pEJIHIIE MOTYyYnuIoCch Obl HE
JUTsl cTaOOHEPBHBIX — BBUIC3IINE HAPYXKY KOCTH, pa30pBaHHbIE MBIIILBI U KOka. B3auMornonnmanue u
B3aMMOBIIMSIHUE CKIIQABIBACTCS B IpoIecce «oOmeHus» GpakTopoB pocTa. brarogaps stomy, naxe eciu
MPENPUUMYMBBIA MalleHbKUH KOOEJIEK UCXUTPUTCS TMOBSI3aTh KPYMHYIO CYKY, HUKAKUX MOHCTPOB JJIs
KYHCTKaMephl OT 3TOT0 HE POJIUTCI. DTO OyayT coOaku HEKOEro CpEeAHEro pasMepa, BO3MOKHO
HEJ0CTaTOYHO FAPMOHUYHOI'O CTPOEHUS, HO YK TOUHO HE IOJYYUTCSI HA OTPOMHOM TeJIe 1ora KpOLIEYHO I
rOJIOBBI Takchl. HU €CTECTBEHHBIM CKpEIIMBAHHEM, HU C TOMOIIbI0 T€HHOW HWHXXEHEPUM HENb3s
Mpuco0aunTh LBEPIIMHYEPY OBYAPOUBM YIIHW, ONaaxayHIy XBOCTHK MOIICa, a K Oeapy uHuXxyaxya
IPUKPENUTH F0JIEHb MacTuda.

VYcnoBHas cxeMa pocta MOKET ObITh IIPEJCTaBICHA B CIIEYIOIIEM BHUIE:

Pucynox 13

3aKoNbIIOBAHHBIE TOPMOHBI M ()AaKTOPHI POCTa CTOAT HACMEPTh, HE IO3BOJISIS CBOMM TOBApHUINAM
HapylUTh UICAIBHYI0 TapMOHUIO OKPYKHOCTH. Eciin naxke mpousoiner myrauus B ogHoM u3 OP, To
ocTaibHbIe (aKTOPHI JIMOO yAepKaT CBOEro MOAM(HUIMPOBAHHOTO KOJUIETY B MPEXKHUX paMKax, JHO0
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MOAJAAYTCSl €ro MOILMHOMY Hamopy M pacTSHYT WIM Cy3SiT CBOE KOJbIO. A KOI/Ia MPOUCXOJUT BsI3Ka
NapTHEPOB 3HAYUTEIBLHO OTJIMYAIOLINXCS pa3Mepamu, To pazHomacTHble P, noselt ciryyas cobpasinecs
B OJIHOM OpraHu3Me, He CTaHyT TSHYTh OJesI0 KaX/Iblii Ha ce0si, ypoays uaeaibHyto Gpopmy, a Ha caMoM
Jejie — ypojaysi OpraHu3M KHUBOTHOro. IlocoBemaBminch, OHM HPHUAYT K KOHCEHCYCY U BBICTPOST
cpenHeapu(pMeTHIeCcKoe KOJbIIO.

Jlaxxe eciy Bbl 3aXOTHUTE JAajiee MOIKCIEPUMEHTUPOBATh C ATUM IIOMETOM M MOBSDKETE MEXAy coO0Mn
cUOCOB, TO BBl HE MOJIyYUTE PACLIEIUIEHUS] B IOTOMCTBE HA TMI'AHTOB U MMHMATIOPY, KaK 3TOTO MOXHO
ObUIO OBl OXKMJATh UCXOJS M3 3aKOHOB MeHgens. O1o OyAayT omsiTh cOOAaKH CpPEeAHEro pas3Mepa, XOTs
pazOpoc B pocTe MOJYUUTCS TOpa3no OOJIBIIMN, YeM MPHU Bs3Ke ABYX COOAK TaKOro ke pasmepa, HO
MPUHAJIKALUX K YCTOSABILEHCS TOpoJIe.

Ho ato eme He Bce dpynkiuun OP. Kpome perynupoBK mpoueccoB pocTa, 3TH OCJIKK 00€CIIeunBaOT
COTJIACOBAHHOCTh JEHCTBUS MMMYHHOM, 3HIOKPUHHON M HEepBHOM cucteM. HepBHas cucrema — 370
COOCTBEHHO MO3I' MU C€Th HEHPOHOB, MPOHU3bIBAIOLIMX Bce Teno. HepBHas cucrtema KOOpIAMHHUPYET
NesTeJIbHOCTh BCEX CHUCTEM OpraHu3Ma M OO0EeCleYMBAaeT BO3MOKHOCTb peaIM3alMd ICUXUYECKUX
IIPOLIECCOB: MBIIIJIEHUE, NaMATh, SMOLUU. DHJOKPUHHAS CUCTEMa COCTOMT M3 PsiAa JKejle3 U sBIseTCs
OCHOBHOH peryjiaupyrouieil CuCTeMoil, KOHTPOIMPYsS. U UHTErPUPYsl A TEIbHOCTh BHYTPEHHUX OPTaHOB,
IIOCPEJICTBOM BbIpa0aThIBAEMbIX TOPMOHOB. VIMMyHHasi cucTteMa, COCTOSIIAsl U3 CEJIE3€HKH, KOCTHOTO
MO3ra, TMM(PaTHIECKUX y3JI0B, CIYKUT 3alUTHON CUCTEMOH U 00ecrieurBaeT yCTOWYMBOCTh OPraHU3Ma.

Bpsin 1 KTO-TO COMHEBACS B TOM, YTO TPHU 3TH CUCTEMBI CBsI3aHbl. MBI OTJIMYHO 3HAEM, YTO CTpecc
MOXXET CHU3UTh UMMYHHUTET, & U3MEHEHMsI B pabOTe MOJIOBBIX JK€JIe3 BIUSET Ha MOBEJIEHNE, SMOLUU U
Jaxke Ha WHTeIeKT. Ho umHpopMamust o TOM, 4TO CBSI3HBIMH PabOTalOT MMEHHO (DaKTOPHI poOCTa,
MI03BOJISIET HaM MOHAThH - KaK Kaxablid u3 6osiee yeM 200 Thicsiy OenkoB B opranusme (1 20 Thicad uX
KOAMPYIOIUX T'e€HOB), Oy/lb TO MMMYHHBIH O€NOK WM BOOOIIE MHUINEBAPUTEIBHBINH (EPMEHT, MOTYT
KOCBEHHBIM 00pa30oM MOBJIUATh Ha JIEJI€HUE KJIETOK, a, CIIeI0BaTeIbHO, U HA (PEHOTHII.

Takke MBI MOXXEM HPOCIEAUTHb CBSA3b MEXJY TUIIOM KOHCTUTYLUMU U THUIOM BbICIIEH HEpBHOU
nesiteabHOCTU. Penkuii cobakoBon He 3HaKoM ¢ yueHueM [laBnoBa, U He 0TOapabaHUT Kak TaOIMIly
yMHOXeHUs 4 tuna - 4 remnepamenTa. Ho 3agaBanuce ju Bbl XOTh pa3 BOIPOCOM: a I0YEMY UMEHHO TaK
oHU cBsi3aHbl? U mouemy mogoOHas 3aBUCUMOCTh HaOII0AaeTCss BO BCEX MOPOJax cobak, HE CMOTPS Ha
3aMeTHble reHeTudeckue pasnuuua? Jla uto tTam cobaku, yuenue IlaBiioBa oka3plBaeTCs ClipaBeJIMBbIM U
JUIS. OCTAJIbHBIX BUJIOB MJIEKONUTAIOLIUX, B TOM YMCIIE U uenoBeka. Eciu Mbl TOCMOTpUM yepes npuLen
(akTopoB pocTa, TO CMOXEM OO0BACHUTH CcBA3b: DP, cTumynupyromue pocT KocTe BIIMPbL CBEPX
«CAHIBUHUYECKON HOPMBbI», TAK)KE OKa3bIBAIOT TOPMO3s11I€€ BIUSHUE HA IPOLIECChl B HEpBHOM cucteme. 1
Ha000poT — Te P, 4TO CTUMYTUPYIOT POCT CKEJIETHBIX KOCTEH OOJble B JIMHY M MEHBIIE HOPMBI B
LIMPUHY, CTUMYJIUPYIOT CKOPOCTh IIPOLIECCOB B HEHPOHAX.

Heinb3s HE BOCXUTUTBCA B 0YEPEIHOMN pa3 BEIUMKONW MyAPOCTb IPUPOBI, TAK YAAYHO BCE YCTPOUBILEH.
W 510 OTHIOAL HE CiydallHOCTh. bojee MOIHOE M CHUIIBHOE XUBOTHOE HE JOJDKHO JIETKO BIANaTh B
COCTOSTHHE THEBA, YTOOBI HE OBITH HCTOYHUKOM OIACHOCTH [T CBOMX copoanueii. CyXxoii 1 001er4eHHOM
0c00M MOXHO MPOOUTHCS B JKU3HU TOJIBKO 33 CUET BHICOKOW CKOPOCTH peakluii, Harmopa u arpeccuu. A
cJ1a0bIM U HEKHBIM 0COOSIM HU K Y€MY HU CHJIBHOE BO30YK/I€HHE, HU YpE3MEPHOE TOPMOKEHUE, UM OyIeT
JIerye BbDKUTh, €CJIM COINIEMEHHUKH KaK MOKHO MEHbIIIE CTaHYyT UX 3aMe4aTh.

Myraruu B @P yariie Bcero sBiIsltoTcsl 1opo1000pazyronumu MytrauusimMu. Codaka — npsiMoi HOTOMOK
BOJIKA U JI0 TOTO, KaK Hadajcs mpoiiecc 00pa3oBaHKs pa3HOOOPAa3HBIX MOPOJI, BCE TEPBOOBITHBIE COOAKU
OBUIM OKPACOM U 3KCTEPHEPOM IOXO0KU Ha CBOETO MIPapOAUTEIIsi U HAa HEKOTOPBIX COBPEMEHHBIX J1aek. Kak
JpeBHEE YeI0BEUYECTBO BHIBOIIO HOBBIE TIOPO/IBI COOAK, MBI XOTh ¥ HE BUJICIH CBOMMH IJIa3aMH, TEM HE
MEHee, MOXKEM OIUCaTh C BBICOKOM CTemneHblo To4HOCTH. Korjga y cobak mpoMCXOAWIU T€ WU UHbIE
MyTalluy, TO MYTaHTHblE O0COOM OTOMpPAIUCh U BA3AIUCH JAPYr C APYrOM WIM CXOXKHUMH KMBOTHBIMU;
HOCHUTEJIM HOBOIO IIPU3HAaKa LIIM B pa3BeleHHE Jajee, a HeyJauHble 0COO0M OTCeUBANIUCh. Tak
MIOCTEINIEHHO HOBBIN MPU3HAK 3aKPEIUISIICA B OTPAaHUUYEHHOM I10I'0JI0BBE, KOTOPOE C HEKOTOPOM HATSHKKOM
MO>KHO Ha3BaTh opoaoi. UM Tonbko B Takoil mociie0BaTeIbHOCTH, 2 BOBCE HE KaK MPEJCTaBIAIOT cede
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HEKOTOPBIE COOAKOBOIbI: KAKOW-TO TATAHTIMBBIN CEIEKIIMOHED 3ayMal MOJIYYUTh COOAK C YKOPOUSHHOU
MOpPOH, 3aT€M CTaJl XUTPOYMHBIM CIIOCOOOM MOIOMPATh Mapbl OOBIYHBIX JTUHHOMOP/BIX COOAK U BAPYT
YyZIeCHBIM 00pa3oM poAMIOCH jKelmaemoe. WM Hamoeno uenoBe4YecTBY JO TOIIHOTHI YHBIIOE
oIHOOOpa3ue B OKpacax co0ak — BCE 30HApHBIC Ja 30HApPHBIE, 3aXOTEJIOCh YEPHBIX, PBDKUX, OENbIX,
KOpHYHEeBO-MoAnanbix. [1ogHATYKHIOCH YeloBEYEeCTBO M «BBIBEIIO» HOBBIE OKpachl. Jlaxke ceifuac
HEKOTOPBIX COOAKOBOAOB MPOOUpaeT IpOXKb BOCTOPTa B CIy4asx, KOrjJa B KaKOM-TO 3aMOPCKOM
MUTOMHHUKE MECTHBIE «MUYYPHHBD» BIPYT «BBIBOJIATY» COOAK HOBOT'O AJIs TOPOABI OKpaca. Ha camom nene
HC HYXHO HHUKAKHUX CBCPXUCIOBCUCCKUX MBICIUTCIIbHBIX CHOCO6HOCTeﬁ, YTOOBI MOBS3aTh TaKCy CO
CIIaHHEJIeM, a MOTOM BBIIaBaTh MOTOMKOB ATHX METHCOB KPEMOBOI'O OKpaca 3a YHCTOKPOBHBIX TakKC.
AHaIOTMYHO U B APYTUX NIOPOJIAX.

YeioBEK HE MOXKET CO3J1aBaThb I'CHbI UJIM UHAYIUPOBATH HY)XHbBIC MYyTallU B HUX. MBI MOEM TOJIBKO
HCIIOJIb30BAaTh HAKOIIMBIIMECS 3a THICAYCIICTUA MyTallUU U KOM6I/IHI/IpOBaTI) HX OIPCACICHHBIM o6pa30M.
U xoTs mopoa Ha ceroAHANIHUN qeHb yxke 0Kojio 500, HO Topo000pa3yIOIIMX MyTaIlMil HA CaMOM JIeJie
HE TaK yX MHOTO.

K noponooOpazyromum MyTanusM OTHOCSTCS:

1) Myranuu, BJMSIOIIHE HA pa3Mepbl — MUHHATIOPHOCTh U THTAHTH3M.

Ha ceroansimuiHuii AeHb M3BECTHA OJHA M3 MyTalMl, Onaronapss KOTOPOH Mbl MMEEM HEKOTOpbIE
MUHHATIOPHBIE NOPOAbl. Kak U cie0oBano 0KuaaTh — 3TO MyTallUsl B CTaHE «CTPATErOB», @ KOHKPETHO B
N®P-1. Kak HM cTpaHHO, 3TOT K€ MYTAaHTHBIN I'€H OOHAPY>KUJIM U Y POTBEIIIEPOB, KOTOPBIX J1aXe camast
M30LIPEHHAs JIOTMKA HE MIOMOXKET NpUNnMcarh K Toi-nopoaaM. Eciau Ob1 MBI HE MO3HAKOMMWIIUCH paHee ¢
KpPYroBOH MOPYKO#l (hakTOpOB pocTa, TO HUYETO OBl HE OCTABAIOCH, KaK OMSATH HOMHUHATH HEXOPOIINMHU
CJIOBAaMH I€HETHKY. A Tak, Mbl MOKEM HarjsiIHO yOeAUTHCS B MOTYILIECTBE JOroBopa Mexay Bcemu OP,
JNEHUCTBUTENBHO, JaXKe MyTalus HE II03BOJIUT YMEHBUIUThH IOPOJY, €CJIIM BCE OCTAIBHBIE YYaCTHUKH
J0TOBOpPa OYyT UMETh HHOE MHEHHE 10 3TOMY BOIIPOCY.

®akTopHl, BIUAIONINE HA yBEJIMYCHHE Pa3MEepoB cOOaKk MOKa HEM3BECTHHI. BO3MOXKHO, TUTaHTH3M
co0ax, a TakXKe U HEKOTOpble (HOPMbI MUHUATIOPHOCTH CBSA3aHBI HE TOJIBKO C MYTaLUsIMU, HO U C Pa3HbIM
KOJINYECTBOM KOIIMH T'€HOB.

O Bapuanusx uucia KONUHW TEHOB IIOKAa HE YINOMMHAJIOCh, a 3TO, MEXJy IPOYUM, €lle OJHO
MHTEpecHeiinee sBJIeHne, Cephe3HbIM 00pa3oM BiHsIOIIee Ha (JOpMUPOBaHUE OpTaHU3Ma. MHOTHE I'eHbI
B JIHK BcTpedaroTcst He B € IMHCTBEHHOM YHUCJIE, @ UMEIOT 1y0su. YeM 0oJblle KOJIMYECTBO KOIU IreHa,
TEM BBIIIIE SKCIpeccus Oenka, TeM 3HaUMTeNbHee BIUSHUE Ha (EHOTUI. Y YeJoBeKa IeJNbIX MSATh TeHOB
CTT, niroc anbTepHAaTUBHBIN CIUIAWCHHT M Oyiarojiapsi 3TOMy B KPOBU IPUCYTCTBYIOT Cpa3y HECKOJIBKO
n30popM TOpMOHA. ITO 00JeryaeT W CHELUATU3alMI0 B BO3JCHCTBHM Ha pa3Hble TKAHU U J1aeT
J0CTaTOYHO NPUJIMYHBIEC BAPUALIUU B POCTE Yy JIIO/IeH 6€30 BCAKUX TaM MYTAlUM.

2) MyTauuu, BJUsSIIOIIHE HA POCT KOCTell yepena.

Bb1aensoT Tpu OCHOBHBIX I'paJaluu:

Me3okedaausi WK CPEIHEr0JOBOCTh - YMEPEHHO JUIMHHBIN U mMpokui uepen. Jus cobaku 310
(dopMbl OJIM3KHE K BOJYBEMY U JIAWKOUTHOMY Yepely.

Bpaxuuedanns win KOpOTKOTOJIOBOCTh, 0c00ast (hopMa roJIOBbI C OTHOCHTEILHO CIa0bIM pa3BUTHEM
MIPOJIOJIBHOTO JMaMeTpa U OOJBIIMM IMONEPEYHUKOM HU3-3a MPEKIEBPEMEHHOTO 3aKpbITHS BEHEYHOI'O
(KOpOHaApHOIro) 1IBA.

Joamnxouedaaus, unm ckadouedanus - y3xkuil ueper, BITIHYThIN criepeaun Ha3al. PazBuBaeTcs uz-3a
CJIMIIKOM PAaHHET0 OKOCTEHEHHUs CTPEJIOBUIHOTO (CarruTaibHOro) 1IBa.

EcTb Tak Ha3piBaeMbIil 3aKkOH BHpXoBa, KOTOPBIN IIaCUT, YTO NPU MPEXKIAECBPEMEHHOM 3apallleHUN
KOCTHOTO IIIBa IPOMCXOAUT KOMIIEHCATOPHBIN POCT KOCTEH MapaiesbHO K €ro OCH.
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Ho kpome »storo y cobak ecTh eme JOBOJBHO-TaKH crHenuduueckas (opMa TOJOBBIL,
pacTpoCTpaHeHHass y OXOTHHYBUX IMMOPOJA — CIIAaHHMEJNel, TOHYHUX, JieraBblX. Bo3MokHO, Takas (opma
BbI3BAaHA IPEKIEBPEMEHHBIM 3aKPBITHEM JPYTUX LIBOB, CKOPEE BCETO OOKOBBIX.

CymecTByeT Tak)Ke XapakTepHas Il BCEX TOM-NIOPOJ OKpyrjias rojoBa €O ciab0 pa3BUTBIMU
YeNIoCTAMU U 3TO, CKopee Bcero, cienctsue Hemocrarka CTIT B opranusme, Tak Kak MOA0OHBIE
U3MeHeHUs GOopMbl yepena HaOIoAatoTCs B IPYruX MOpoiax, KOrja BAPYT POKIAETCs IIEHOK HAMHOI'O
MeJbye, 4eM OOBIYHBINA IPEJACTaBUTEIb IOPOIbI.

Bpaxunedanus B KWUHOJIOTUU TPAAUIIMOHHO CBSA3bIBAETCS HE CKOJIBKO C LIMPOKUM YEPENOM, CTOIBKO C
YKOpPOUEHHOW Mopaod. Ho mnpu 3akpelTuMm KOpPOHApHOro INBa MOpJA JOJDKHA YKOPOTHTHCS
aBTomMatuyecku. IlpencraBbre cebe yepen Jaiku B BHJE JIATEKCHOW MACKU W3 Mara3uMHa CMEIIHbIX
ykacoB. KopoHapHBIi 1IOB MPOXOJUT MEXAY JOOHOW M TEMEHHOW KOCThIO OJIM3KO K JIMHUM YIICH.
Bo3bmem 3a kpas 3TOro mBa — 3TO 00JacThb CKYJ, M pPacTsIHEM MacKy B IIMPUHY — JUIMHA YeperHoi
KOpPOOKM yMEHBUIMTCS, IIMPUHA YBEIMYHUTCA U Ha (PpOHTAIBHOM Cpe3e uepenm MPHOOpeTeT Cclierka
okpyriyto ¢opmy. Ho Takxke pacTsHeTCs B IIMPUHY U YMEHBIIUTCS B JJIMHY MOPJA, XOTS MBI €€ Jaxe
najgbpleM He KOCHYJIWCh. 3a0QHO TMOCMOTPUM M Ha TO, KaK M3MEHHTCS (opMma TJIA3HUIBI — BMECTO
OBAJILHOT'O KOCO PAacCIIOIOKEHHOTO OTBEPCTHS MOIYUUTCS KPYTJIO€ U NPSMO NOocaxeHHoe. BOT Tak oiHUM
JIETKUM JIBXKEHHEM MbI TPAaHCOPMHUPOBAIH CIOXKHEHITYI0O OOBEMHYI0O KOHCTPYKLUHUIO U H3MEHWIN
JIECSATKHM XapaKTepUCTUK, KOTOPbIE Mbl Ha3bIBAEM IIPU3HAKAMH.

Ho 5310 eme He Bce, Teneps CONOCTABUM IIMPUHY Yepena ¢ IUPUHON Kopiyca. Hesib3st He 3aMeTUTs,
YTO CYLIECTBYET MpsiMasi 3aBUCUMOCTh OJTHOTO OT Jpyroro. Bce Opaxunedanbubie codaku JOCTaTOYHO
IIMPOKOKOCTHBI M 00JagaroT 0O0BeMHON TpyAHON KieTkoi. MesonedanbHple MOPOABl HUMEIOT
HOPMOCTEHHUYECKOE TEJIOCI0KEHHUE, a y AoIHUXole(danoB BETIHYTOE aCTEHUYECKOe CTpoeHue. BoT Tak-
TaK — 3aKpbUICA MPEXKIAECBPEMEHHO OJIMH YEPENHON II0B M HE TOJIBKO Yepell, HO U BCI CO0AaKy BIPYr
PacTsAHYJIO BIIMPH WU BBBICH.

YauBuTeNnbHO 3TO OyAeT A0 TeX IMOop, MOKa MbI OyaeM OmepHpoBaTh Cyry0o MeEIMLIUHCKUMHU
noHATUAMU. C TOYKH 3pEHUS] MOJICKYJISIpHOW OMOJIOTHH 3apalleHne KOCTHOTO IIBA U KOMIIEHCATOPHBIN
POCT KOCTEl mapauleIbHO K €ro OCH 03HayaeT M3MEHEHHs B (DakTOpax pocTa, 3aal0NINX HaIpaBIeHUE
JeNIeHHS KJIETKaM TIOCKUX KocTel uepena. CXeMaTu4HO MOXKHO H300pa3uTh B CIEIYIOIIEM BUJIE.

e
- @
@

Pucynox 14

EcTh ncxonnas reomerpuueckas purypa — kpyr. st Toro 4ToObI B MPOIIECCE POCTa KPYT COXPaHMUI
CBOIO (hOpPMY, OH JIOJDKEH PACTH PAaBHOMEPHO IO BCEM HANpPaBICHUSM. BEKTOPBI CHIIbI, BEITIOJHSIONINE B
HAaIlleM cliy4dae pojb GaKTOpPOB pOCTa, JOJKHBI ObITH paBHBI (puc. 14, a). Tenepb npeacTaBuM, 4TO 4acTh
@P, 1eiCTBYIOIMX B BEPTUKAIBHOM HalPABJICHUH, BAPYT IOMEHSIM IPOCTPAHCTBEHHYIO OPUEHTALUIO U
CTIM CTUMYJIMpPOBATh POCT B TOPU30OHTAJIbHOM HalpaBIeHUWU. BMmecTo Kpyra IONIY4YUTCS OBal, C
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TOPHU30HTAIBHOM OOJIBIION OCHIO U MaJIOW BEPTUKAIBLHOU — aHaJIOT OpaxuiiedanbHoTo uyepena (puc. 14,0).
N3menum opueHTanuio ropuzoHTanbHeix @P 1 momyunm anasnor gonuxoinedansHoro yepena (puc. 14,B).
[Toka Henb3s cka3zaTh kakuM oOpazom PP miockux KocTel yepena BIUSIOT Ha pOCT OCTaJIbHBIX KOCTEH
ckenera. Bo3M0XHO caMbIM HENOCPEACTBEHHBIM — 3TO OJUH U TOT ke ®P, mpucyrcTByrOmMxX BO BCEX
KOCTSIX U €CTECTBEHHO, MyTaIUsl B HEM IPUBEJIET K OJJMHAKOBBIM U3MEHEHUSIM B POCTE KOCTHOM TKaHU. A
MOJKET 4Yepe3 Ty CaMylo KpyroBYIO MOPOKY (hakTOpOB poCTa, KOr/la U3MEHEHHE B OJHOM OEJIKe JOJIKHBI
00s13aTenbHO MO0 OBITH MOJJep KaHbl OCTAIFHBIMU OelKamu, 1n0o 3anpemnieHsl. HezaBucumo ot Toro,
KAaKUM IIyTEM COTJIaCYIOTCS IIPOLECCHl pOCTa INIOCKUX U TPyOUaThIX KOCTEH, pe3ysbTaT, Kak TOBOPUTCH,
HaJINLO: HEe ObIBaeT co0ak ¢ HIMPOKOW MAcCHUBHOM TOJOBOM M JIETKMM acTE€HMYECKUM TEJIOM, KaK He
ObIBa€T M MOIIHBIX KpEMbIIeH ¢ YyTOHUEHHON NJIMHHOW rojioBoil. Takxke HEBO3MOXXHO K IIUPOKOH U
KOPOTKOH UepenHoil 4acTu NPUCTABUTH JUIMHHYIO MOPJY, @ K 10JIMXO0Le(palbHOMY Yepery YKOPOUEHHbIE
yestocTH. M 310 mpekpacHo J0Ka3bpIBaeTCs IpUMeEpaMH MEXKIOPOAHBIX BA30K COOaK MpUHAAJIEkKAIUX K
pa3HbiM Tunam. Kak u B ciryyae ¢ Mekpa3MepHbIMU BSI3KaMU — [10JIy4aeTCsl HEKUM yCpeIHEHHBbIH THUIL.

Ho Bce ’xe MOXHO HaliTH HECKOJBKO IPUMEpPOB, HAa IEPBbIA B3IJAJ, HE COIJIACYIOIIMXCS C
BBICTPOEGHHOH 3aKOHOMepHOCTbIO. llpumep mnepBblil: poTBeiiep U OOKCep HUMEIT MPUOIUZUTEIBHO
OJIMHAKOBbIE pa3Mephl, I'OJOBbl Y POTBEUIEPOB 3aMETHO LIUMpe, YeM y OOKCEepoB, HO MpU ITOM HU
TEJIOCJIOKEHHE IOPa310 MOILHEE, YTO [I0KA BIMCHIBAETCS B IIPEUI0KEHHYIO Moiesib. Mopaa y poTseinepa
KOpOTKOBaTa, 4YTO TaK)Xe II0Ka HE ONPOBEPraeT TEOpu0. BOT TOIBKO y poOTBeisiepa OTCYTCTBYET
XapakTepHas Il OOKcepa B3JepHYTOCTh MOPABI, BbI3BaHHAsS CIIEIU(PUIESCKIM HCKPHUBICHHEM JIMIEBBIX
KocTel. B 3TOM HeT HUYero yIMBUTEIbHOI0, 3TO 03HAYAET JIUILb, YTO Y OOKCEPOB, OyJIb0T OB, IEKMHECOB
u 1np. Habmogaercss ne3opueHTtanuss OP M B JIMIEBBIX KOCTSX, YTO NPUBOJUT K UX JAepopManuu B
IIpoLecce pocTa.

[Ipumep BTOPOM: SINOHCKUN XHWH MMEET APKO BBIPAXKEHHBIM OpaxuiiedaibHblil yepemn, a Tesno Jubo
HOPMOCTEHHYECKOoe, MO0 BooOIIe — acTeHnYeckoe. Ho eciu Mbl MOCMOTPUM Ha HMIMPUHY YEpEeTHOMN
KOpPOOKHM XHHAa, TO OTMETHM, 4YTO IOJOBa y HEro BOBCE HE TaK YXX M IIUPOKA. Y coOaku ¢ OObIYHOU
rOJIOBOM U C TAaKMM K€ TOUYHO TEJIOCII0KEHUEM, IIIMpHHA yepena Oblia 01 copazmepHoi. [lo-Bunumomy, y
XMHOB OTCYTCTBYET KOMIIEHCATOPHBIM pOCT yepena B IIMPHUHY IPU MpeKpalieHuu pocta B 1auny. OP e
MEHSIOT HallpaBJIeHHE, a BOOOIIE peKpaiatt padborars (puc. 14, r).

[Ipumep Tpertwuii: OyapTepbep HA MACCUBHOM, LIMPOKOM TeJl€ HOCHUT JOCTAaTOYHO JJIMHHYIO T'OJIOBY.
OpHako Ha3BaTh TaKyH rOJIOBY 10JIMXOLe(QalbHON HUKaK HEBO3MOXKHO. ['0110Ba OynbTepbhepa JOCTaTOYHO
[IMPOKa, a, KpOME TOTO, elle M HaOJII0AaeTcss aHOMalbHOE pa3pacTaHHe JHIEBBIX KOCTEH B BBHICOTY.
JlocTaTouHO cienupuYecKoe COUETaHUE HECKOJIBKUX «IIOTEpsIHHBIX B mpocTpaHcTBe» OP. Ho Bce ke He
Ha CTOJIbKO OHU OKa3aJMCh OTEPSIHBI, YTOObI COBCEM HE COOOPA3UTh, UTO 10/ TAKYI0 MACCUBHYIO T'OJIOBY
HY’KHO 00513aTEJIbHO COOTBETCTBYIOIIEE TEJI0, YTO U OBLIO C YCIIEXOM peaTn30BaHo ocTaibHbIMU DP.

3) XonapoaucTpopus (aXOHAPOIIA3Usi, KOPOTKOHOTOCTh) — HAPYIIEHHE POCTa TPyOUaThIX KOCTEH
KOHe4HOCTe. Bpi3Bana myrtanueil B peuentopa ¢akxtopa pocta ¢pudbpodbmactoB - FGFR3, xotopsrit
OTBEYaeT Ha BO3JeHCTBUE (PAKTOPOB pOCTa U KOHTPOJIHPYET MPOU3BOJCTBO MPOTEHHA Ha TIOBEPXHOCTH
KJIETOK XPSILIEBON U KOCTHOW TKaHEMN.

EcTb MHOTO KOPOTKOHOTHX MOPOJ cO0aK U MO psly KOCBEHHBIX MPU3HAKOB MOXHO MPEATIONI0KHTD,
YTO 3TO pasHble MyTauuu. [lo kpaliHell Mepe, KOPOTKOHOI'OCTh Y TaKC SIBHO HE Ta, YTO y TEPHEPOB WIH
nekuHecoB. JlaHHas aHOMaJUsl BCTPEUYAETCs HE TOJIBKO y cO0aK, HO M y MHOTHX JOMAIIHUX U JUKHUX
KHUBOTHBIX, a TaK)Ke U y yesioBeka. [Ipurom y moneit rae-to B 85% cityyaeB 3TO Bce HOBbIE MyTallUHU, YTO
yKa3plBa€T Ha MCKJIIOYUTEJIbHYI0 HEYCTOWYMBOCTh JAHHOIO TeHa. MOXKHO HE HUMETh B pPOIYy
XOHJPOIUCTPOPHUKOB M POJUTH MIIAJICHIIA C TaKOW aHOMasuel. CripaBeyiuBo 3TO U s cobak. He Tak yx
YHUKAJIBHBI CITy4au, KOTJ1a OT HOPMAJIbHBIX ATMHHOHOTUX COOaK POXKAAICS IEHOK C XOHAPOIUCTPOPHEH.
KoneuHo, eciiu B 00/1MKe TaKOro LIEHKA 3aMe4YeHbl YEPThl OAHON U3 KOPOTKOHOTI'MX MOPOJ], TO BUHOBATa
TyT HE MyTalus, a Biajaeseln pasuss. Ho ecnu 1meHOK sipkuil npeacTaBUTeIb CBOEH MOPOABI U JIMIIb
JUIMHA JIall HE COOTBETCTBYET HOPME, TO, BHE BCAKOTO COMHEHUS — 3TO F'€HEeTUYEeCKas MyTaLlus.

34



K CYaCTbIO, OTHU MYTallMM 4Yall€¢ BCCrO AOMHMHAHTHBIC, 4 3HAYUT MOXHO YBCPCHHO I10JIaratb, 4TO
MyTalus Ipou3olia npu (GOPMUPOBAHUU TOJIOBOM KIETKH WIM Ha paHHEH cTaauu SMOpUOTeHe3a, u
POIUTENIN HE SIBISIOTCS HOCUTENIIMU HeOJIaromoiyd4HOro reHa B perneccuBe. Ho, Ha Beskuil cimydaid,
YUYUTBIBAasA KOBAPCTBO U HCYCTOP'I‘IHBOCTB JaHHOI'O I'CHA, CJICAYCT 06pamaTL BHUMAHHEC — HC pOAUTCA JIHU
Jasiee 1Mo JUHUSIM 000UX MPOMU3BOIUTEIICH ele pa3 TaKoH ke MEHOK. DTO OyIeT 03Hauarh, 4TO B IOPOJIE
BO3HUKIJIA HEIpUATHASA PCUCCCUBHAA MyTalus.

4) becuiepcTHocTh — MyTanus B rene FOXI3 — ¢akTop, KOHTPOJUPYIOMIMK HAa 3MOPUOHAIBHOM
CTaJuH Pa3BUTHE KIETOK, U3 KOTOPBIX BIOCIEACTBUH (popmupyroTcs Bosocs U 3y0bl. Tak yto FOXI3
OJTHUM BBICTPEJIOM yOUBaeT cpasy AByX 3aiiiieB. OTCYTCTBHE 3yOOB y FOJIBIX COOAK 3TO HE CIEACTBHE TaK
Ha3bIBAEMOTO CLEIUIEHHOTO HACJIEI0BAHMs, KOTJa ABa I€HA PacIojaraloTcs pAAbIIIKOM B XPOMOCOME, a
pe3yJIbTaT OJHOW-€AMHCTBEHHOW MyTallud B OJHOM reHe. M Hamo ckasark crnacu0o, 4TO 3Ta MyTallus
3aTparuBaeT JHIIb TOT ITyJl CTBOJOBBIX KJIETOK, KOTOPBIH MpeBpalaeTcs B 3yOsl U mepcTh. [la u To Iuib
y T€TePO3UTOTHBIX 0COOCH. Y TOMO3HUIOT [0 MyTaHTHOMY aJIJIeIII0 HapyIIeHHUsI SMOpUOTEHEe3a HACTOIBKO
Cepbe3HbIC, YTO 3aPOJIBIIIHN MOTUOAIOT.

Hcexons u3 3TOro, MOKHO MOCOBETOBATh TEM 3aBOJAYMKAM, KOTOPBIE BCE €111€ HACTOMYUBO IBITAIOTCS
«BBIBECTU» TOJHO3YOBIX I'OJIBIX KUTAHCKUX M MEKCUKAHCKHUX COOaK, HallpaBUTh SHEPIHIO HA pEIIeHUE
peanbHBIX MpobsieM. B kpaiiHeM citydae, €ciii y’K Tak CUJIBHO XOYETCs 3yOOB, MOKHO MO3aMMCTBOBATh
reH OecCIIepCTHOCTH Y aMEPUKAaHCKHUX TOJIBIX TEPHEPOB. DTO COBEPIICHHO Apyras MyTallus, BIUSAIOIIAs
Ha KaKoi-To Apyroii 0eioK, criocoOHbINH yOUTH BOJIOCSHOW (POJUTUKYI, HO TOJNBKO JUIIb (DOJUIHKYI, a He
Jpyrue KJIeTKU. AHaJIOTUYHAsi MyTallusl €CTh U y KOLIEK — I'0JIble KOThl UMEIOT MOJIHYI0 3yOHY0 (hopmyiy.

5) Hepepa3BuThlii KOKHBII MOKPOB. BeTpeuarores y GacceTos, OmanxayHnoB, mapiees u ap. [lo
O6acceraM u OnanxayHaaMm IOKa CBeJeHUM HeT. V3BecTHa TOJIBKO NpUYMHA, YKpallarolas CKiIaJKaMH
maprneeB - mytainusi B rene HAS2 (rumamyponar-cunrasa). ['manmypoHar-cuHTa3a — O€JIOK KJIETOYHOU
MeMOpaHbl, CUHTE3UpyeT ruainypoHoByto kucioty (I'K) — Baxnelimuil u uaTepecHeimuii duononumep,
BXOJSUIUM B COCTaB MHOTUX TKaHell. B koxe 'K npuHuMaeT akTUBHOE y4acTHE B pEreHepaluy TKaHU U
CTUMYJIUPYET JCJIICHUE KIIETOK KOXKHOIO IOKpoBa. byayum ocHoBoW BHekseTouHOro marpukca I'K
MOAACPKUBACT ApXUTEKTYPYy TKaHe. BxoauT B cocraB crexyoBuaHoro tena (rias). Coznaer 0060I04Ky
XPSAILEBbIX KJIIETOK — XOHJIPOLMTOB. [ TaBHBI KOMIIOHEHT CUHOBUAJIbHON KHUJIKOCTU CYyCTAaBOB.

Crout mnepeuyuTarb CIHUCOK U Cpa3y CTAaHOBUTCS IIOHATHO, YTO MYLMHO3 KOXH — 3TO HE
COIyTCTBYIOIEE 3a00JIeBaHME IIApIEEeB, a COOCTBEHHO TO, YTO JelaeT UX MmapnesiMud. MynuHO3 -
OTJIO)KEHHE B KOXXE€ MYILHHA — JKEJeNoJOOHOro BEILIECTBA, COCTOSIEr0 IPEUMYLIECTBEHHO U3
rHaTypoHOBOM KUCI0THI. M30biToK 'K Kak pa3 u co3maer ckiaaaqyaTyro KOy — MOPOJHYH0 OCOOEHHOCTb
maprneeB. Takke CTaHOBUTCS MOHSATHBIM, IOUEMY LIapIIeH CKIOHHBI K OT€KaM CyCcTaBOB U Mop/bl. U naxe
CKJIOHHOCTh K pa3iMYHBIM IJIa3HBIM 3a00JICBaHUSAM: TJIayKOMa, CMEIIEHHE XPYyCTaluKa, AUCILIAa3Hs
cetuatku. HAS2 He nByX 3aiilieB moACTpeNnI, a 1iejioe cTafo. B cBeTe 3TUX JaHHBIX O0pHOa 3a YUCTOTY
MOPOJIBI OT MEPEUNCIICHHBIX 3a001eBaHuUil TpeBpaliaercs B gapc.

6) ®opma xBocTa. XBOCTBHI y CO0aK JIEMOHCTPUPYIOT Ooratoe paszHooOpasue ¢opm: TpsMbIe
(MoseHOM WJIM MPYTOM); U30THYThIE (CabJIeBHIIHBIE, CEPIOBUAHbBIE); C KPIOUKOM Ha KOHIIE; KOJIBLOM,
JIBOMHBIM KOJIBIIOM, KYyLIEXBOCTOCTb.

KynexBocTocTh — yMeHblIEHHE, UCKPUBJIEHHE XBOCTOBBIX IIO3BOHKOB, CKOpPEE BCEro CBs3aHA C
apxuTeKTypHbIMU reHaMu hox12 n hox 13, paboraromumu B Tl yacTH 3MOpHOHA, KOTOPast B AajibHEHIIEM
CTaHET XBOCTOM. OJTO MOIYT OBITh MyTallUM M B CaMUX JTHX TI€HaX, U B PETyIUPYIOLIUX HUX
[0CJIEOBATEIbHOCTSX.

OctanbHble (OPMBI XBOCTOB HE CBSI3aHbl C M3MEHEHHUEM CTpPOEHHUS IO03BOHKOB. [laxxe y coOak,
HUMEIOIUX XBOCT KOJIBLIOM, IT03BOHKHM a0COIIOTHO HOpMajibHbl. MI30rHYTOCTh XBOCT IpHOOpETaeT U3-3a
IE€HETHYECKH OOYCIIOBJIEHHBIX H3MEHEHUH B CTPOCHMHM CBA30YHOIO ammapara XBOCTOBOIO OTHeja
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MO3BOHOYHMKA. CBS3KM IUIOTHO CHAsHbI C TeJaMU MO3BOHKOB M MX (PYHKIUS COCTOUT B KOHTpPOJE
JAMana3oHa, B KOTOPOM pa3pelleHo Ccrudarbcsi MO3BOHOUHOMY cToily. Cnemyer oTiauuath
WHIMBUIYaIbHYI0 0COOCHHOCTh HEKOTOPBHIX COOaK — CIMIIKOM BBICOKO HECTH XBOCT, IPUYHUHOM TOMY
W3JUIIHAYA TOHYC XBOCTOBBIX MBIIIILI.

7) ®opma yuieii. Kak Obl HM CTpaHHO 3TO MPO3BYUYAJIO, HO YIIM Y COOAK OTJIMYAIOTCS TOJIBKO MO JIJTUHE
U IUIOTHOCTH XPSLIEBOIO MOJOTHA. BHE BCAKOro COMHEHMsI — 3TO NMPU3HAKH, HAIIPSIMYIO 3aBUCSILUE OT
Kakux-To akTopoB pocTa. [locTaB yuiei, Tak ke Kak U 1J1a3, 3aBUCUT UCKIIIOUUTEIBHO OT (hopMBI ueperna.
I'ne ciiyxoBoe OTBEpCTHE B YEpEIe — TaM U OKAKETCsl yX0. byieT i yXo cTOA4YMM WM BUCSYUM 3aBUCUT
B IIEpPBYIO ouepelb OT nocrasa. CIMIIKOM HHU3KO, HAMHOTO HW)KE JIMHHUM J10a, IOCA)KEHHOE YXO BCeraa
Oyner BucsuuM. EMy Qusnuecku mpocTO HEKyAa MOAHATHCS BBEpPX, MeIIaeT uepen. YU,
pacIoJI0KEHHbIE HA JIMHUHU JI0A UM HEMHOI'O HUXKE OyAyT CTOSTYMMM WJIM BUCSYUMU B 3aBUCHUMOCTH OT
pasMmepa yxa U KadecTBa ymrHoro xpsina. HeGomnbiioe, BBICOKO MOCaKEHHOE, HO TOHKOE M MATKOE YXO
(dokcTepbepa MNOBUCHET HA OCHOBAHUU Xpsiliei. imMeroniue 10cTaTouHy0 MJIOTHOCTh XPsllia, YIIH A0Ta U
no0epMmaHa ynajayT UCKIIOUHUTENBHO 110 IPUYMHE W3JIUIIHEN JInHbL. Eciu KynupoBath Iy eHKaM 3TUX
opoJ, yOpaB U3JIMILIEK MACChl, TO OHU 3aIIPOCTO MPEBPATATCSA B CTOSTYHE.

Ocrancs eme oAUH MoKazareiab — popMa yxa. YU y co0ak ObIBalOT TPEYroJibHbIE U 3aKPYIJIEHHBIE,
HO ¢opMa 3aBUCHUT JIUIIb OT JUTHHBI yXa, a HE OT JOMOJHUTENBHBIX (akTOpoB. OTHOCUTEIBHO KOPOTKOE
yX0 Bcerga OyneT TpeyroJibHbIM, 110 MEpEe YBEJIWYEHUs OTHOCHUTEIBHOTO pa3Mepa yxa, TPeyroJIbHUK
HAuMHAET TEPSTh CAMMETPUUYHOCTH U IIABHO NEPEXOAUT B 3aKPYIJIEHHYIO, J0IyX0o00pa3Hyto Gopmy. He
ObIBaeT KOPOTKHUX JIOITyXO0OPa3HBIX YIIEK M HE OBIBACT CIUIIKOM JJIMHHBIX 320CTPEHHBIX TPEYTOJIbHBIX
YILEH.

TpeyroapHUKH yIICH OTIMYAOTCS MEXKIY CO0O0W — paBHOCTOpPOHHHUE, paBHoOenpeHHbIe. Dopma
TPEYTOJIbHUKA 3aBHCHT OT IIMPHHBI OCHOBAaHHS M BBICOTHL. BBICOTY ompeaensioT (akTopbl pocTa,
3aCTABJISIIOIINE KIIETKU XPALIEBOM TKAaHU JCIUTHCS C 3aJaHHOM MHTEHCUBHOCTBIO, a BOT LIMPUHA yXa
3aBUCUT OT MOP(OJIOTUYECKUX M3MEHEHUM BHCOYHOM KOCTH (OMSTh Taku Noj BosxaeicTtBuem OP), Ha
KOTOpOM pacmoJiaraercs yxo.

Tak HazbIBaeMoe, MOJIYKPYIJI0€ yXO Yay-4ay Ha CaMOM JIeJIe UMEET TPEYroJibHYI0 (GopMy, IPOCTO IpHU
TaKOM COOTHOILLIEHUHM BBICOTHI TPEYrOJbHUKAa U HIMPUHBI €r0 OCHOBaHHUA, pedpa pacrojararoTcs MoJ
OCTPBIMH yIJIaMH, U MOJTydaeTcs (GUrypa moxoxasi Ha moaykpyr. CTOUT KaKOMy-TO 4ay OTPacTHUTh cede
YUIKH TTOJJIMHHEE, KaK cpa3y e OHH MpEeBpaIlaloTcs B OObIYHBIE TPEYrodbHUKU. TpeboBaHue cTaHIapTa
K (opme ymel, mo cyru cBoeil sBisercs TpeboBaHMEM K aiuHE yxa. IIpocTto TepMuH «u3nuiiHe
JUTMHHBIE)» MOKHO HCTOJIKOBATh KaK YrOJHO, a BOT yKa3aHue (OpMbI yXa moirydaeTcsi 6ojee HaleKHBIM
OrpaHUYUTEIIEM 3J10YIIOTPEOICHUH.

8) Tun mepcTHOrO MOKpoBa. Y cobak HaOIOAaeTCS BEIMKOE pa3HOOOpa3ue U 1o JJIMHE MIEPCTH, U
M0 KECTKOCTH, NPSIMBIE U KyApSBbIE, HATWYHE WM OTCYTCTBHE MOJIIEPCTKA, XapakTep 0OpOCIOCTH 10
teny. Ha ceropnsamnuii nens usBectHol Tpu reHa — RSPO2, FGF5 nu KRT71, myranuu B KOTOPBIX
BIUSIOT Ha pocT mepctu. Ot rena RSPO2 3aBucur, Oyzaer au cobaka OpynacToi, BEIPACTYT JIM y Hee

«ycb» u «bOpoBu»; FGF5 orBeuaer 3a miuny mepctu; KRT71 — 3a kypuaBocTh. PasHooOpa3sHbie
KOMOMHAITNH UX OTIPEACIIAIOT OKOJI0 95% THIIOB co0aubeil mMepCTH.
benok R-spondin 2 (RSPO2) perymupyer ¢opMupoBaHHe OpPraHoB SHTOJEPMAJIbHOTO

MNPOUCXOKACHUA ! KUIICYHUK, JICTKUC, TPAXCU, 4 TAKIKC U BOJIOCAHBIC (bOJ'IJ'II/IKy.]'IIJI. K CHaCTbrO, MyTalluAd
[pOM30IJIa HE B KOJUPYIOLIEM 3K30HE, a B MHTPOHE M COOAKM MOJYYMWJIM JIMIIbL OOPOJKY M YCBI,
Onaronoiay4Ho u30ekaB CepbEe3HEHIINX MOPOKOB DPa3BUTHA BHYTPEHHUX OPraHOB, YTO HEM30EKHO
IIPOUCXOAUT IIpU OoJiee cepbe3HbIX MyTanusax B RSPO2.

benox FGFS5 eme ogun daktop pocra ¢pudbpobiactoB. MyTaius B 3TOM TeHe npoaisier ¢azy pocTta
Bosioc (aHareH). Ho He TOIBKO Ha POCT LIEPCTH BIMSIET NAHHBI NPOTEHH, OH OOHApyKHBaeTcs B
Pa3NIUYHBIX TKaHAX BO BpeMsl SMOpHOHAIBHOrO pa3BuTHs. IloToMy B TeX Mopojax, TAe CYLIIECTBYIOT
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AJIAMHHOIEPCTHBIC U KOPOTKOWEPCTHLIC pa3HOBUJHOCTHU HEN30eKHbI HEKOTOPBIC OTJINYHUSA B OKCTEPHLEPE
MCXK/y HUMU. BKCHepTaM 1 3aBOAYMKAM CJICAYCT O3TO 3HATb, HC JCJIUTh PA3HOBUAHOCTH HA «KTJIAaBHYIO» U
«BTOPOCTETICHHYIO», «00JIee MOPOAHYIO» H «METHCOBY, HE TpeOOBaTh M HE MBITAThCS JOCTUTHYTH IOJTHOMN
UJAEHTUYHOCTH cO0aK C pasHbIMU TUIIAMU LiepcTH. JII0OOMBITHO, UTO apraHckue 60p3ble, 0OnagaronIe
0COOEHHO JUIMHHOM 11epcThio, He uMeroT MyTauuu B FGFS. Tak uto Hac ket oOHapyXeHHe elle 0AHOro
T€Ha, BIUAIOLIEr0 Ha POCT LIEPCTH.

KynpsBas mepcts y cobak cBsi3aHa ¢ U3BMEHEHMEM CTPYKTYPbl KEPAaTHUHOBBIX BOJIOKOH, U3 KOTOPBIX
COCTOSIT BOJIOCHI.

9) Pupk. Crnienuduueckuil y30p Ha CIMHE Yy POJAE3UICKUX M TaWCKUX PUIKOEKOB MOJIy4YaeTcs
Onaroaapst nyonupoBanuto mmHHOro yuyactka JJHK, Ha kotopom pacnonoxunucs 4 rena: FGF3, FGF4,
FGF19, ORAOVI1. Dtu 6enku u3 cemeiictea @P perynupyioT B 3MOpPHOreHe3€¢ MHTIPALUI0 KIETOK
HEpBHOTO IpeOHs. Takxe Bce 3TH OEJIKM CBSI3aHbI C KAHIIEPOTE€HE30M U OTHOCATCS K I'PYIIE OHKOIE€HOB.
Mpel yxe 3HaeM, 4TO yBeJIMYEHHE KONHMI I'€HOB YCHJIMBAET 3KCIPECCHIO Oejika, B JAHHOM Cllyyae 3TO
INPUBOJAUT K HAPYILIEHUIO PAa3BUTHS SIUEPMUCA B/I0JIb XOPbL.

[Ipy He3HAUYMTENBHBIX HAPYIIEHUAX MEHSAETCS JIMILb MPOCTPAHCTBEHHAs OPUEHTALUS BOJIOCSHBIX
(G OJTMKYJIOB M LIEPCTh HaYMHAET pacTU B HECTAHJAPTHOM HallpaBleHUHM. Mexay NpodyuMm, mojo0Hoe
BCTpeYaeTcst U y cobak Ipyrux mopoJi, HO B TOpa3j0 MeHee BhIpakeHHOH popme — MajeHbKkue B 1-3 cM.
PUIKU, U 3TO HE CBSI3aHO C BBINIEYKA3aHHOW MyTalued, CKOpee BCEro 3TO MEJKOE HapylIeHue B
NepeIBIKCHUN KTOJEPMAaIbHBIX KIETOK B SMOPHOHAIEHOM MIEPHOJE.

[Ipu Goisiee cepbe3HBIX OTKJIOHEHHSX INPOUCXOJIUT XAaOTHUYHOE M HEIpeAcKazyemMoe IepeMelleHue
KJIETOK pPa3JM4YHbIX TKAHEW, 4TO BbI3bIBAET KpailHE HENPUSATHYIO aHOMAIHUIO - JEPMOUAHBIA CHUHYC.
JlepMocuHyc mpeacTaBiIsieT co00M KaHal B KOXK€, MHOTJA JOXOJAIIMK 10 MO3BOHOYHOro crtosba. B
MI0JIOCTH JI€PMOCHHYCA BCTPEYAIOTCSl BOJIOCHI, JKUPOBasi TKaHb, YCIIYHKH snuaepMuca. JlokazaHo, 4yTo
JIEPMOCHHYC HE MPOCTO COMYTCTBYET PUJIKY, HO U 4ACTOTA €0 MOSIBJICHUS CBsI3aHa C HKCIIPECCHUEN T'eHOB.
Y TOMO3WTOTHBIX O BBIIICYKA3aHHOW MYyTallMH 0co0eil BEpOsATHOCTH OOpa30BaHUs CHHYCAa Topaslio
BBIIIE, YEM Y F€TEPO3UT OTHBIX.

JlepMOUIHBIH CHHYC BCTpedaeTcs My cobak 0e3 pupka, HO B APYTHX MOPOJAX 3TO UCKIIOYHTEIHHO
peakoe siBIeHUe. Y AUBIISTHCS 3TOMY HE HYKHO — MaJIO JIM KaKMe IPUYMHBI 3aCTaBUIIU IPYIITY CTBOJOBBIX
KJIETOK HApYUIUTh 3aJlaHHBI MapUIPYT U MOTEPATHCS B JeOPAX OpraHu3Ma. bpIBalOT KUCTHI U U3 IPYTHX
3apO/IBILIEBBIX JIUCTKOB, U JJAXKE CJIOKHBIE, COCTOSAIIME U3 BJIEMEHTOB BCEX TPEX BUAOB 3KTO-, S3HIO- U
ME30/1€pMbl, KOTOpPbIE TAK)K€ HUKAK HE CBSI3aHBI C ATOW MyTaluei.

10) Okpac. Takxe sBISETCS MOPO000pa3yOMKUM pU3HAKOM. ECTh MOpojbl, 0COOEHHO B rpyIime
TOHYMX, KOTOpBIE OTJIMYAOTCA OJHA OT APYrOM IPAKTUYECKU TOJIBKO OJHHUM OKpacoM. Myrauui,
BIMSIOIIMX Ha OKpac OYEHb MHOIO, pacCMaTpuBaTh MX CIEIyeT TOJIBKO B KOMIUIEKCE, IIOTOMY HET
BO3MOKHOCTH B paMKaXx JIGKIIMHM MOAPOOHO pa3oOpaTh Bce 3T TeHbl U Oenku. Ilepeunciio B oOmmx
yeprax. Cpeau okpacooOpa3yronmx, €CTh MyTallMy BIMSIOLINE HA IPOLIECC MUTPAL[UU CTBOJIOBBIX KJIETOK
MPEeIIIECTBEHHUKOB MEIaHOIIMTOB; €CTh MyTallil B MEMOpaHHbIX OelIkax, B TOM YUCIIE U B PeLEeNnTopax;
€CTh MyTaluu B OelKax BO3AECHCTBYIOLIMX Ha pELEeNnTopbl (JIMraHAax); B TPAHCIOPTHBIX Oelkax,
OCYIIECTBJIAIOIIMX IEPEHOC KaK TOTOBBIX IMIMEHTHBIX TIpaHys, Tak M KOMIIOHEHTOB Il UX
W3rOTOBJIEHUS; B O€JIKe MOJIMMEpPU3aTOPEe; B CUTHAJIBHBIX OelKax.

Bor, cobcTBeHHO, u Bce. Ha mepBbIii B3I COBCEM HE MHOTO, HO €ClIM KOMOMHUPOBAaTH BCE 3TH
MyTalluy B Pa3HbIX COYETAHMSX, TO ITOTO BIOJHE XBATUT HA CO3/I1aHUE HECKOJBKUX COTEH JIOCTATOYHO
OpUTHMHAJIBHBIX MOPOA. JIMIIb HECKOJBKO NOpPOA00Opa3yloIUX HPU3HAKOB SIBISIIOTCSA CJIEJCTBUEM
MyTallUii CBSA3aHHBIX C HapyIIEHUSAMH 5MOpPHUOHAIBHOTO pa3BUTHA. OCTaldbHBIE MPSMO HIHM KOCBEHHO
cBsa3aHbl ¢ (hakTopamu pocta. Jlaxke myranus B HAS2. ['manypoHaT-cuHTa3a caMa XOTb U HE OTHOCHTCS K
@P, HO ynpaBAAIOMMNA CUTHAN TOJy4aeT HermocpeAcTBeHHO oT ¢akTopoB pocta TGF-b u PDGF.
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Hy u, nockoibKy yx peub 3a1uia o akropax pocTa, To AaBaiiTe nonpoOyeM nopaccyx aaTh 0 TOM, KaK
@®P MoOryT NmoBiUATh HA MOSIBJICHHME TaKON HENPUSATHON aHOMAIMU KakK AUCIUIa3Hsl Ta300€ApEHHOIo
cycraBa ([TC). O aucniazuM Ha CETOOHSIIHUNA JI€Hb HANMMCAaHO HECMETHOE KOJIMYECTBO CTaTei,
IIPOBE/ICHO MHOKECTBO HccienoBaHUM. V3BeCTHbIE KMHOJIOTM M BETEPUHAPHBIE MEAMKU CXOASATCS BO
MHeHHH, 4To mpuuuH s pa3Butus JITC MoxeT OBITh HECKOJIBKO: T€HETHYECKHE MYTAIlHH;
TOpMOHAIbHBIE HApYyIICHUS; HEJOPA3BUTHIE CYXOXWIUS U ciaabas MycKyjaTypa Tasa; MpsIMOH MOCTaB
Oenpa; pacTsaHyTbId (opMaT; BBICOKas CKOPOCTh POCTa W M30OBITOYHBIA BEC; HeCOATTAaHCHUPOBAHHOE
NUTaHKUE; Ype3MepHbIe (PU3HUEeCKUe HArpy3Ku; TPAaBMbI; BOCIIAJIUTEIbHbIE 3a001€BaHUs CYCTaBOB U IIp.
TpyaHO ¢ 3TUM He corylacuThesa. MyTauuu B OeiKax, CBA3aHHBIX C KaJbI[MEBBIM OOMEHOM B OpraHu3Me
3alpoCTO MOTYT PUBECTH K AUCIIIa3uu. ['OpMOHBI, peryaupyroniie KajlblueBblii 0OMEH TOXe BaXKHbIE U
HY)KHbI€ YYaCTHUKH Mpolecca. JlroOble MexaHM4ecKue BO3JIEHCTBHUA Ha MOJIOJIOM HE OKOCTEHEBIIHIA
CyCTaB MOTYT IPUBECTHU K PA3PYIICHUIO XPAIIEBON U KOCTHOU TKaHel. CycTaB MeTo10M (POTOCHHTE3A U3
BO3JlyXa HE CcO3jalllb, I[OTOMY B MHCKE IIE€HKAa JOJDKEH MPUCYTCTBOBATh IIOJIHBI Habop
«CTpOWMATEpPUAIOBY» JUIsl PA3MHOXKEHUS KJIETOK KOCTHOM TKaHHU.

Bce meHku pokmaroTcs cO 3I0pOBBIMM CycTaBaMM, W Jumib K 12-18 Mecsinam pa3BUBAIOTCS
OTKJIOHEHHUSI OT HOPMbI, TO €CTh U3MEHEHHE IPOUCXOJIUT B MPOLECCE POCTa, a KTO 3alpaBisieT BCEMU
IIPOLECCAMU POCTA B OPTaHU3ME, MBI YK€ 3HACM.

Tenepb oOpatumcs k cratuctuke no yactote JJTC B pasHbix mopogax cobak. K coxkanenuro, HeT
BO3MOXHOCTH HPHUBECTH HOJHBIM CHHMCOK, HO OH JIOCTYIIEH BCEM II0JIb30BaTEsIM MHTEpPHETa Ha caiiTe
Berepunapnoii Oproneauueckoit Opranuzauuu (OFA). Eciu Bbl IpocMOTpUTE CHHMCOK OT Hayaja 0
KOHIIA, TO COTJIACUTECH, YTO TsDKEJIbIe IHUPOKOKOCTHBIE MOPObl PACIIOIAraloTCs IPEUMYIIIECTBEHHO B
BEpXHEHl 4YacTW CNMCKa, K CPEJUHE UX CTAHOBUTCS BCE MEHBLIE, a B KOHIIE CIHCKAa B OCHOBHOM
000CHOBAJIUCh, CTPOWHBIE M BBICOKOHOTHE IMOpoabl. [lo3unum mnopoa, Ha NepBBIA B3IJA] HE
BITUCBIBAIOIINXCS B BBISIBJICHHYIO 3aKOHOMEPHOCTb, MOXKHO OOBSICHUTH HCXO/51 U3 MHOT'000pa3usi MPUIHH
Bbi3biBatonux JITC, Hampumep, Tpu MeNKue MOPOJbl - aHIVIMHCKHUM Oylnbaor, MONC U (paHIy3CKUM
OynpaoT, HE CMOTPS Ha CBOIl HEOOJNBIION BEC, OTHOCITCS K «IIHPOKUMY OpaxunedaabHbIM TOpoaam, 1a
elle ¥ UMEIT MPAKTHYECKU BEpPTUKAIbHOE Oenpo, IpH KOTOPOM IoJIOBKa Oellpa MPOCTO HE MOXKET
MIPaBWJIBHO PACIIOJIOXKUTHCA B BEPTIYKHOU BnaauHe. Ho ecTh B 3TOM nepedyHe U TPYAHOOOBSICHUMBIE
IYHKTBI - JOCTATOYHO BBICOKMH HPOLIEHT IUCIUIa3UM Y BCeX ceTTepoB. BO3MOXKHO, B 3THX MOpoOjaax
pelIaoIIMMU SBJIIOTCS Apyrue GakTopsl U3 NPEICTaBIEHHOTO.

Jlaxxe B 0OHapyKEHHON 3aKOHOMEPHOCTH €CTh OIPEJICJICHHbIE HECTBIKOBKH, IIOUEMY-TO Y HAMHOTO
0oJjiee KPYNHBIX U TSAXKENbIX HEMELKUX JI0TOB MPOLEHT HapylIEHUH ropa3io HUXKE, UeM Y 30JI0TUCTBIX
peTpuBEpOB UK poTBeiiepoB. OHAKO ITOMY MOYKHO HalTH 0OBsICHEHUE.

JlaBaiiTe pacCMOTpHM CTpOEHHUE OEAPEHHON KOCTU. JTa KOCTh, KaK M BCE TPyOUaThie, KOCTH CKEJIETa,
COCTOMT U3 JIBYX YacTel - TpyOUaras MHWIMHAPUYECKas cpeaHsis yacThb (nuadus) (puc. 16), u yronmeHus
Ha KoHIax (3nu¢ussl) (puc. 15). B mensubem Bo3pacte quadus oOTAEIEH OT 3NU(pU3a MeTasu pU3apHbIM
XPAIIOM M POCT TpyOUaTOl KOCTH B JUTMHY 0OCCIIEYMBACTCS 3TON caMOi MeTadnudu3apHON XPSAIICBOM
IIJIACTUHKOM.

®daxtuuecku, auapus U 3nudU3 pacTyT U Pa3BUBAIOTCS OTAENIBHO JAPYr OT ApPYyra, Jullb KOI/a
XpsilleBas IUIACTMHKA MCTOHYAETCS U MCYE3aeT, KOCTh CIMBACTCS B €JUHOE LIEJIOE U POCT €€ B JUIMHY
3aKaH4YMBaeTCs.

Juadus u s3nudu3 umMeroT pazIuuHoe cTpoeHue. B 3aBUCMMOCTH OT M0JIOKEHHSI KOCTHBIX IIIACTUHOK
pa3nuyaloT - TyOuyaTyl0 M KOMIAKTHYIO KOCTHYK TKaHb. TpyOuartas 4acTb KOCTH COCTOUT
IIPEUMYIIECTBEHHO U3 KOMIIAKTHOTO IUIOTHOTO BelecTBa. CHapyK1 KOMIIaKTHasi KOCTHAs TKaHb MIOKPbITA
HAQ/IKOCTHMIIEH, a BHYTPEHHUH CJIOM mHepexoAuT B ryddaroe BemecTBo. BHyTpu kocTH HaxoauTcs
I10JIOCTb, 3aII0JHEHHAs! KOCTHBIM MO3TOM. DIK(U3 COCTOUT U3 00JIBILIOTO KOJIMYECTBA PHIXJIOro IryduaToro
BEIIECTBA, NOKPHITOIO TOHKUM CJIOEM KOMITAKTHOM KOCTHOM TKaHU. BMECTO HaJIKOCTHHIIbI, HAPYKHBII
cioi snudu3a GopMUpyeT TMATMHOBBINA XPSLLL.
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Pucynok 15

MeTasnHGHIaPHIA
EpALY :

Pucynok 16

Ecnu cocraBHBIE YacTH KOCTH HMMEIOT PA3IMYHYI0 KOHCTPYKLIHUIO M CTPYKTYpPY, TO U pPacTH OHHU
JOJDKHBI TO-pasHoMy. PocT TpyO4aroii KocTu B JUIMHY, KaK y»e ObLIO0 CKa3aHOo, OCYIIECTBISETCS 3a CUET
snu(HU3apHON TMIIACTUHKHU - XpALIeBas TKaHb IMOIOJHIETCS IIyTeM HOBOOOpPA30BaHUS KIETOK M HX
MOCIIeAYIOIUM OKocTeHeHneM. Ha puc. 15 oTpe3ok A —3T0 yke OKOCTEHEBILIUI y4acTOK XpAIla, OTPE30K
B — xpsm, 06pa3oBaBIIMICS B MpoIlecce eNIeHUs KIeTOK XpsAIIeBord TKaHu. PocT TpyOuaToil KocTu B
[IMPUHY MIPOUCXOJUT 32 CUET JIEJCHUS KJICTOK HAJKOCTHUIIBL.
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Pucynox 17

Ecnu Obl mpowcXoauno JHIIb OTJIOKEHHWE KOCTHOW TKAHM Ha HApPYKHOW MOBEPXHOCTH TPYOKH
(HapyxHbIH cioi 1 Ha puc. 17), To Macca KOCTH IO MEpe pocTa yBEIMUYMIACh Obl HACTOJIBKO, YTO
KUBOTHBIE [I€PEABUTAIUCH Obl ¢ OOJBLIMM TPYJIOM U OY€Hb MeJyIeHHO. Ho B To Bpems kak ocTeo01acThl
HapaluBarT KOCTHYIO TKaHb CHapY»KU, IPYrue KJIETKH - OCTEOKIACTHI pa3pyLIaloT U paccachblBalOT KOCTh
U3HYTpU (BHYTpEHHHUH cioil 2, puc. 17), TeM caMbIM, pacluupsisi KOCTHOMO3IOBYIO HOJIOCTh. Jluametp
TI)Y6KI/I YBCJIMYUBACTCS, HO TOJIIHMHA KOCTHOM TKaHH PacTET HE3HAYUTCIIbHO.

['yObuatoe BemiecTBO 3muUdU3a NpEACTaBIsICT COOOH HACIOEHHWE KOCTHBIX MEPEKIaJuH (TUIACTHH)
pa3IMYHOM TOJILIMHBI, PACHOJOKEHHBIX IOJ Pa3HbIMU yriaMH ApPYr K Jpyry, 4yToObl JaBieHHE U
pacTsKEeHHE, paclpeaeisIMCh PABHOMEPHO Ha BCIO KOCTh (puc. 15). PocT anmudu30B MOKHO CPaBHUTH C
M3rOTOBJICHHEM Malbe-Manie. Eciim BBl BO3bMETE MSYHMK M CTaHETEC HaKJICHMBATL HA €ro IMMOBEPXHOCTDH
JUCTUKU Oymaru, pacrojaras UX pPaBHOMEPHO MO BCEH MOBEPXHOCTU M 0053aTE€JIbHO MOJ Pa3HBIMHU
yIJ1aMH, TO BbI IIOJIyYUTE B PE3YyJIbTaTe YBEIMUYEHHYIO KOMHUIO UCXOAHOIO 00BEKTA.

JlomxkeH U OBITH corjacoBaH pocT auadusa u snudu3oB? Ob6s3atensHo! [To-apyromy mpocro He
MOXET ObITb. MOXET JIM pOCT TPyOUaTON YacTH MOBIUATH HA POCT cycTaBa? BHe BCAKOro COMHEHMS.
Cratuctuka OFA mopacka3bpiBaeT Ham, 4YTO 4yeM OOJIbIIe KOCTh PACTeT B AJMHY M Y€M MEHBIIE IPU 3TOM
OHa pacTeT B IIMPUHY, TEM OoJiee UACalbHbIM CycTaB MOJIYYUTCS B KOHEUHOM utore. ®akTopsl pocTa,
34CTaBJIAIONIUEC KOCTb paCTU B INHUPUHY CBCPX HOPMBI IAJId JAaHHOTO OHMOIOTUYECKOTO BuUaa, AOJIZKHBI
00513aTeIBHO CJIerKa HCKa3UTh MPOCTPAHCTBEHHYIO (hopMy cycTaBa. DTO Kak ecyid Obl P U3TOTOBICHUU
nanbe-Malle Mbl BAPYT CTaJIU HaKJIenBaTh Oymary He paBHOMEPHO 110 BCEH IIIOIIA 11 TIOBEPXHOCTH, a I1e-
TO OOJIBIIIE, TAS-TO MEHBIIIE.

[TpuyacTHOCTH (AaKTOPOB pocTa K (HOPMHUPOBAHHIO Ta300€APEHHOTO CYCTaBa IOMOTAeT HaM MOHSTh,
[I0OYEMY B paMKax MOpOJAbl OJHU COOAKM CTpajaroT JUCIIa3uel, a Ipyrux MuHyeT yama cusi. Her Ha
CBETE JBYX CO0aK C OJMHAKOBBIM T'€HOMOM, a TeM OoJiee, ¢ OMHAKOBBIM NpoTeoMoM. ClieZJoBaTeNIbHO,
HEeT ABYX c00ak, KOTOpbIE POCIH OBl COBEPIICHHO OMHAKOBO. PazHoe coueranue (GaxToOpoB pocTa U
pa3Hble COUYETaHUs MPOYNX OEJIKOB, BIUAIOIUX Ha (AKTOPBI pOCTa, JAI0T HEOBTOPUMOE U OPUTMHAIIBHOE
Te4eHue npouecca noiaudepanuu (IejaeHus) KIeToK B opranusme. Takum oOpa3om, TJIaBHOE 3HAUYCHUE
UMeeT He TOJbKO OO pa3Mep U BeC MOpOJAbl U OTAENbHBIX €€ NpeACcTaBUTeNe, HO U TapMOHUYHOE
COOTHOIIIEHHE CKOPOCTH pOCTa TPyOUAThIX KOCTEH B IJIMHY U B LIUPUHY.

B HEKOTOPBIX KpYIHBIX MIOPOJAX, Y TEX K€ JOTOB, KOCTH PACTyT IIPABUIBHO «B HYXKHOE BpEMs U B
HYXHOM MECTE», a B [IOPOJIaX C APYI'MM 3KCTEPHEPOM U APYroi T€HETUKOM, BO3MOXKHO, IPOLIECCHI pOCTa
HE BCETrJa COBMAaJaroT, TO JIU IO BPEMEHH, TO JIU B IPOCTPAHCTBE.

Mp1 MOXeM BMEHIaThCsl B MPOLECC POCTa IIEHKAa U NOBIMITH Ha (JOPMHUpPOBaHUE ero ’kcreprepa. K
COXAJICHUIO, 3TO BJIMWAHHUEC Yallc 6I)IBaeT HETaTUBHBIM: HEJOCTAaTOYHOC HJIHN U30BITOYHOE KOPMIJICHUC,
HeHOHHOHeHHBIﬁ, HCC63H3HCI/IpOBaHHI)II>'I panuoH; HEAO0CTAaTOYHBIC, N30BITOYHEIE NN
HecOanaHcUpOBaHHBbIE (U3MYEecKHe Harpy3ku. Ho TOT, KTO He MOJEHHUTCS OBIAAETh 3TUM BEIUKUM
HCKYCCTBOM IIPABUJIBHOI'O BbIpallIlMBAHWA ICHKOB, CMOXXCT HEC TOJIbKO CO31aThb UACAJIbHBIC YCIIOBUA IJIA
peanu3allM  HACIEACTBEHHOM MpOrpaMMbl, HO JaXke KOPPEKTUPOBAaTb HEKOTOPhIE BpOXKJICHHBIE
HEJOCTATKH.

Hamnpumep, y menka miockue pedpa u y3kas sl JaHHOW OPOIbl TpyaHAs KJIETKa, 1a elle OJ1H HIn
o0a poxuTens TakKe MMEIOT MoM00HBIH HegocTtaTok. Kazanock Obl, Jake HE CTOUT MBITATHCS YTO-TO
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UCIIPaBUTh, BEJlb TCHBI, 10 METKOMY HAapOJAHOMY BBIPKEHHIO, MAJbIEM HE pa3iaBuilb. M Bce ke HE
CTOMT CIaBaThCs PaHbIIE BPEMECHH, aKTUBHBIC (HO CTPOTO JI03MPOBAaHHBIC, YTOOBI HE HABPEIUThH B UEM-TO
npyrom!) pusnueckue Harpy3ku HEM30€KHO MPUBENYT K yBelMueHHIO oObema jerkux. Kakas Obl HU
ObLIa TEHeTUYECKasl MpoTrpamMmMa JUIsl pocTa KocTel ckenera, Ho OP 13 KIETOK JIETKUX MepeaayT CUTHAIIbI
K OKPYIKAIOIIMM MBIIIIAM U peOepHBIM KOCTSIM: « ['0cTo1a, BbI JODKHBI CIIETKA Pa3IBUHYTHCS BIIUPD,
HaM He XBaraeT mecta». M pedpa o0s3aHbl OyAyT MPHUCIYIIATHCS K CUTHATY M CKOPPEKTUPOBATH CBOIO
porpamMmy pocra.

Hy u Hamocnenok eie CTOUT cKa3aTh, YTO OOHOBJICHHE KOCTHOM TKaHHW MPOUCXOAMT BCIO KU3Hb. Y
cobaK ATOT Mpolecc OCOOEHHO aKTHBEH M eXerogHo 3ameHsercs no 10% xoctHod Tkanu. s
HOPMAJILHOTO KOCTEOOpa3oBaHUs M paccachiBaHus (pe3opOiuu) KocTH cobaka nokHa ABuUrathes. He
moJiyaca B JICHb Ha KOPOTKOM TIOBOJIKE, & UMETh BO3MOXHOCTh XOTSI Obl HECKOJBKO pa3 B HEJIEIIO
no6erath BBOJIIO Ha CBOOOIE.

JIEKIIMSA Ne S CEJIEKIIUSA U PASBEJJEHUE.

Bo3MoxHO, MHOTHE 3aBOAYMKHM OOpaTHIM BHUMAHUE B JIEKIIUHU 110 SMOpHUOTreHe3y Ha HHPOPMAITUIO O
TOM, 4TO (P€HOTHUI rae-To Ha 99% 3aBucut ot reHotuna. M, Moxer ObITh, 1a’ke BOOAYIIEBUIIUCH 10 ITOMY
MOBOJY M MOAYMAJH — a HE IOMOXET JIM BCe-TaKH I'eHEeTHKa MOJIyYUTh COOAaK KpaCOThl HEOOBIKHOBEHHOM
u 6e3ynpednoro skcrepbepa? [louemy Ol HeT! bepere 00pa3iibl TkaHel y coOO0aKku, KOTOpas SABJISIETCS IS
BaC 3TaJIOHOM IOPOABI U CEKBEHUpyeTe ee reHoM. IloJ 3IeKTpOHHBIM MHMKPOCKOIIOM BBIOMpaeTe U3
IF€HEeTHYECKOTO Marepuaja €€ pOJCTBEHHHMKOB M HE pPOJCTBEHHUKOB HYHble ¢parmentsl JIHK,
COE/IMHSAETE UX TaKuM 00pa3oM, 4TOOBI MOJYYUTh TE€ K€ MOCJIENI0BATEIbHOCTH HYKICOTHJOB, Kak U B
reHOME Balllero Hjeana, BHEApseTe MOJy4YeHHBIH HA0Op XpOMOCOM B SIIPO SIMLIEKIIETKH U Yepes3 JBa
MecdAlla POJUTCA XOThb U HE COBCEM TOYHas, HO Bce ke komnusa. He ymeere Tak? A HHUKTO HE yMeerT.
Bo3mokHO, Korga-HuOyab, B JajleKOM OyAylieM, eCiad 4YeJIOBEe4YeCTBO HE YIpoOHUT ce0si paHblie, 4em
IIPOrpecc AOCTUTHET TaKUX BBICOT. Toraa cobak OyayT 3aKa3blBaTh B F'€HETUYECKUX JIAOOPATOPUAX IO
IPEeAJIOKEHHBIM 00pa3liaM, a KMHOJOIMS B HBIHEIIHEM BapUaHTE YMpPET, MOCKOJbKY Ha BBICTaBKE
9KCIEPTHI BPAJL JIU CMOTYT OIIPENEIUTh KaKOW U3 KJIOHOB JIy4lle.

Ha ceronusauinuii 1eHs pa3BeaeHue co0ak 3UKAETCs Ha CTapblX, HO HAJEXKHbIX, A€IOBCKUX METO1aX —
BA3aTh JIy4ylllee C JY4IIUM, IPUMEHITh UHOPUANHT U ayTOpUAUHT. YTOOBI CTaTh YCNEIIHBIM 3aBOIUUKOM,
HYXHa HE CKOJIbKO I'€HETHKA, CTOJIbKO I'PAMOTHBIM MapKeTHHT. Jlaxe cTaHaapT MopoJibl He 00513aTeIbHO
3HaTh U NNOHUMAaTh, MOKHO OOOWTHUCH TPOMKUMHU MMEHAMU MMMTOMHUKOB U MPOU3BOAUTENEH U BBICOKHM
MHEHHEeM 00 3TuX cobakax ONBITHBIX HOPOJHMKOB M 3KcnepToB. Eciv B XopoleM NUTOMHHUKE KyIHUTh
CYKY U NOBSA3aTh C U3BECTHBIM IIPOU3BOIUTENIEM, TO C BHICOKOM CTENIEHBIO BEPOSTHOCTH B IOMETE POJSTCS
BIIOJIHE TIPUIIMYHBIE HICHKH, KOTOPbIE B aMOMIIMO3HBIX pyKaX MOTYT TOOUTHCS BBIIAIOIIMXCS YCIEX0B. A
yXK TIIyOOKO€ 3HaHHE MOPObl (HACTOJIBKO TIyOOKOE, 4TOOBI CaMble MPECTHXKHBIE TUTYJIbI HE 3aTMEBAITU
peanbHbIX HEJIOCTAaTKOB COOAKM), YMEHUE 3aMeuaTh, [10Me4aTh, aHAIM3UPOBATh HHPOPMALIHIO U IPOCTO
HaJIMYUE YyThsl U TAJaHTa, IOBBIIIAIOT BEPOSITHOCTD yCIeXa Cpa3y Ha JECATKU IIyHKTOB.

W Bce xe MHOTrME 3aBOJIUMKH KEJIAIOT Pa3BOJUTh COOAK «II0 HayKe», a HEKOTOphIE JJa)kKe YBEPEHHBI,
YTO UMEHHO TaK Y BEJYyT INIEMEHHYI0 paboTy. XoueTcs HaeAThCs, UTO YBEPEHHOCTh 3Ta UCKPEHHSs, a He
MapKETUHIOBBIA X0/l B YCIIOBUSX JKECTKOW KOHKYpeHUHMH. Bce neso B TOM, 4TO HayKa He Ipeaiaract
HUKAKUX PELENTOB I MOJydeHUs cobak-ueMNnuoHoB. MHTepecoBanu Obl KMHOJIOTOB YpOXKalHOCTB,
IPUPOCT XKUBOM MACChl WIN XOTs Obl Y10 MOJIOKA — HAyKa TYT KaK TYT, HEMEJUIEHHO MpeJI0KuIa Obl K
yciIyram psiJi 3apeKoMeHA0BaBIINX ce0s MeTonoB. Ho Kak TONBKO peyb 3aXOJUT O KpacoTe — Hayka,
MocjiaB BO3AYIIHBIA MOLETYyH Ha MpoIlaHbe, pacTBOpseTcs B Bosayxe kak (anrom. Ilostomy, B
OTCYTCTBHE (YHIaMEHTAJIBHONH HAy4YHOW O0a3bl, TEOpHsI CEJICKIIMOHHOTO OTOOpa 3apocia Mudamw,
CJIyXaMH ¥ IPUMETaMHU 110 CaMyI0 MaKyILKY.
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Bcesikuit HOBUYOK B cOOaKOBOJICTBE, BIIEPBbIE PEIIMBIINIA MTOBSI3aTh CBOIO COOAKY TYT K€ YCHBIIIUT OT
CTapIIMX TOBApUILEH, YTO MHOPUIUHT CIIEAYEeT IPUMEHATh OYEHb OCTOPOKHO, IPOAYMAHHO, H €CIIU OH
(HOBHMYOK) HEJAaBHO B IMOPOJIE M HE 3HAET BCEX IPENKOB 000MX MPOU3BOJUTENEH KaK MUHUMYM J0
JIECSITOTO KOJIEHA, TO IYCTh Ja)K€ HE 3aMaxHBaeTCsl Ha POJCTBEHHOE crnapuBaHue. YTo ke KacaeTcs
ayTOpUIUHIA, TO S3TOT METOJ, IO MHEHHI0 TeX JK€ OIBITHBIX 3aBOJYMKOB, [JAeT HACKOJIBKO
HeIpe/icKazyeMble pe3yJsbTaThl, 4TO, HE MMEs JOCTATOYHOTO OIbITa B Pa3BE/IEHUHU, HE CIEAYET Jaxe
JyMaTh O HEPOJICTBEHHOM CIIapUBAHUU.

B o61mem, HenckyieHHbIH 3aBOJUMK KaK OOraThpbh Ha paciyThe — KyJa HU MOWIu, Be3ae Te0e rpo3sT
NOTEPSAMH U JMILEHUSAMHU, [IPU 3TOM TPEThEro BapUaHTa He npeanaraiooT. /la u HeT ero, TpeTbero — aubo
POJICTBEHHOE pa3BefieHue, JInbo He poacTBeHHoe. Ho Huyero crpamniHoro, Ae10BUIMHA XOTh U HE 0YEHb
HNPUATHOE OOIIECTBEHHOE SIBJIEHUE, HO MPONIET HECKOIbKO JET U JIF0OOH 3aBOJYUK BBIYYMT U YMHbIE
(dpa3bl 0 KKOHCOIUJALMY KPOBEW» U HAYUUTCS PACCKa3bIBATh IPOHUKHOBEHHBIE HICTOPUU O TOM, KaK HOUHU
HE CIUT, aHAJIM3UPYET POJIOCIOBHbIE TOTEHIUAIBHBIX KEHUXOB J0 JAECATOTO KOJIECHA.

Takoe riay6okoe n3ydeHue poJI0CI0BHbIX Bellb, 0€3yCI0BHO, II0JI€3HAsA, HO TOJILKO B TOM CIIy4ae, €Clli
3TOT IPOLIECC BBOJUT 3aBOAUMKA B MEIUTATUBHOE COCTOSIHME, KOTOPOE MO3BOJISIET ICHOBUAETh Oy TyIIHii
nomeT. Jpyroil mpakTu4eckoi Mojab3bl OT I0A00HOT0 BpEeMIPENPOBOXKACHUS, yBbI, HEeT. H(popmanus o
npeakax ganee 3-4 KojieHa roAUTCs JIUIIb JJIs YJJOBJIETBOPEHUS JIFOOONBITCTBA. BBIUNCIATE BEPOATHOCTH
HACJICJICTBEHHBIX 3a00JIeBaHUI 1O pPOAOCIOBHON ManodddextuBHO. bynp 0a3pl  JaHHBIX 110
HACJIeICTBEHHBIM 3a00JI€BaHUsAM B Ka)KJOM HOpoje, Aa elle, eciud Obl B 3Ty 0a3y BHOCHUJIUCH IOJIHBIE
JaHHbIE 110 BCEM coOaKam, 3TO MOIJIO Obl CTaTh OOJBIIMM HOJACIOPHEM JUIsl 3aBOAUMKOB. HDopMmanus,
coOpaHHas YacTHbBIM IyT€M XOTb M JIydllle 4YeM HHMYEro, HO B YCJIOBMUSX TOTAJIbHOTO COKPBITHS
HACJIEICTBEHHBIX MPOOJIEM 3TO MOXET ChIIPaTh C 3aBOJAYMKOM 3JIyI0 LIYTKY — MOJKHO BbIOpaTh
NPOU3BOAMTENSl HE W3 Haumbojee ONAaromojly4HON JHMHUHU, a W3 TOW, TNe Jydlle YMEIOT CKPBIBATh
npobaembl. Camblii HaJeKHBIH CIIOCOO OOpPHOBI C HACIEACTBEHHBIMH 3a00JICBAaHHSIMHU, BbI3BAHHBIMH
KOHKPETHBIMU MyTalUAMH — JlaboparopHblil ananu3z JJHK.

UYro KacaeTcs T€X MHOTOYHCICHHBIX aHOMaIUK U 3a00J1€BaHUi, O KOTOPHIX TOBOPHIIOCH BBIIIE, YTO
OHHU MOTYT OBITh CBSI3aHBI C HAPYIICHUSIMH SMOPUOHATIBHOTO Pa3BUTHS, PACCOTIIACOBAHHOCTHIO B paboTe
OEJIKOB U MPSAMBIM IOCJIEACTBUEM HEKOTOPBIX NOPOa000pa3yoIux MyTanuil, To 00psda ¢ HUMHU IPHU
MIOMOIIIM CEJEeKIUH He TOJIbKO Oecrojie3Ha, HO Mopoi Jaxke BpeaHa. Hanpumep, kobens, y koToporo 2-3
COTHH 3/I0POBBIX KPAaCUBBIX IIIEHKOB, BAPYT IPOU3BEN HA CBET OJHOr0 Kpuntopxa. TyT ke HaxoasTcs Te,
KTO HaBELIMBAET HA HETO APJbIK HOCUTEINSI KPUIITOPXU3MA U UCKPEHHE YBEPEHHBI, YTO OTKa3bIBasICh OT
BA3KHU C NPOBEPEHHBIM IPOU3BOJAUTEIEM (A CTATUCTUKA TOBOPUT cama 3a cedsl), cracaroT MOpojay OT
rubemu. U mo 3akony MéEpdu, mpiTasch yOexaTb OT MEIKHUX MpoOJeM, HAaphIBalOTCA Ha KPYIHBIE
poOJIeMBI.

Wnu uckitoueHue u3 pa3BelieHus: KoOesi aHIMHCKOro Oyibaora ¢ BEJIUKOJIECIHBIM 3KCTEPHEPOM Ha
OCHOBAaHUHU TOro, 4yTo y Hero aucmiazusg TBC. B nopone okono 75% cobak MMEIOT OUCIUIA3UIO U 3TO
npsMOe CIIEACTBHE CBOCOOPA3HOro 3KcTepbepa Oynbaoros. EcTh jkermaHune GOpOThCs ¢ IuCIUIa3ueit —
HYXXHO PaJiMKaJIbHO MEHATh cTaHAapT. HeT kenaHus MeHSATh CTaHAApPT — 3a0yapTe O JUCIUIA3UM U HE
UMUTHUpYITE 00pbOY 3a 310POBBE CYCTABOB.

[TomoxeT 11 u3y4eHHe NalbHUX MPEIKOB MPOTHO3UPOBATH (HEHOTHI OYIyIINX IIEHKOB? YBBI, TOXKE
HeT. Mbl BeJlb OTOPOCUIIM NPUMHUTHUBHYIO MO3aWYHYIO CXEMY, B KOTOPOW I'€H OTBEYAET 3a OTEJIbHBIH
npu3Hak. DeHOTUII-IKCTEPhEP ABIAETCS BBIPAKEHUEM YHUKAIBHOIO JJIs KQX10M 0COOU cOUeTaHus TeHOB
u OenkoB. [loromy 3a (peHOTUNIMYECKONH CXOXKECTbIO MbI JIOJKHBI MCKAaTh HE OJWMHOYHBIE I'€HBI, HE
TOMO3UIOTHOCTh 3TUX OJMHOYHBIX I'€HOB, a CXOXHE WX KOMOMHAUMU. A KOMOMHAllUM T'€HOB
pa3pylialoTcs H3-3a KPOCCHHroOBepa rae-To uepe3 3-4 mokosieHus. MIMEeHHO MOATOMy B Tpynaax
OTEYECTBEHHBIX U 3apyOeKHBIX CTOJIOB OWOJOTMYECKUX HAyK BCTPEYAETCS YTBEpXKICHHUE, UTO
IUIEMEHHAasl JIMHUS HEJOJITOBEYHa, U €€ CyLIeCTBOBaHME OOBIYHO OTrpaHMYMBAETCS 3-4 MOKOJIEHUSMU
KUBOTHBIX OT BBIJJAIOLIETOCS POJIOHAYAIbHUKA.

Kpoccunrosep - mpoiiecc ooOMeHa yqyacTKaMu XpOMOCOM TPH Mepekpecte xpomocoMm (puc. 18).
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[Ipu 06pa3oBaHNM NOJOBBIX KJIETOK — CIIEPMATO30MI0B U SULEKIIETOK — IPOUCXOUT JAEJIEHUE KIETKH,
Ha3bpIBaeMoe Melo30M. VcxonHas KieTka UMeeT MUIUIOMIHBINA (ABOWHHOIM) HAbOp XpOMOCOM, KOTOpHIE
3areM yaBauBarorcs. Ho, eciu npu 0ObIMHOM JI€J1€HUH KIIETKU apHbIE XPOMOCOMBI IIPOCTO PACXOASTCS K
Pa3HBIM IOJIIOCAM U Jjajiee OKa3bIBAIOTCS B AJlpaxX JIBYX BHOBb 00pa30BaBIIMXCS KJIETOK, TO MPHU Meio3e
XpOMOCOMA TECHO NEPEIUIETAETCA C APYrod, TOMOJOTHMYHONW €l XPOMOCOMOM, IPOUCXOAUT pPa3pbIB
XpPOMOCOM U NEPEKPECTHBI OOMEH I'OMOJIOTUYHBIMU y4aCTKaMHU.

L ‘ || Er # Il 3r ) ll

Pucynox 18

B kaxnoil mape XpomMocoM pa3pblB IPOUCXOAUT B CpelHEM B 2 - 3 TOYKax. 3aTeM 3TU YaCTUYHO
«MaMHHBD», YaCTUYHO ITAITUHB» XPOMOCOMBI PACXOATCS U 00Pa3yIOTCsI KJIETKU C peKOMOWHUPOBAHHBIM
HabOpOM XpOMOCOM. Y3K€ Ha CaMOM II€pBOM 3Tale pOAUTENN NepeAanyT IeTAM XOTb U TOT K€
IFeHEeTUYECKUN MaTepuai, KOTOPbIM OHM CaMHU BIAJCIOT, HO B COBEPLIEHHO HWHOM OPUIMHAJIBHOM
coueranuu. IloaTomy 1meHOK Becerna OyAeT OTIMYaThCsl OT CBOMX poAuTeneld. ITo GpakT 001en3BECTHBIN
¥ HEOCHOPUMBIH, HO OOJIBIIMHCTBO OOBSCHSET ITO BBHILIICTUICHHEM PEIECCHBHBIX NMPU3HAKOB. Hemb3s
OTMETaTh U ATO SBJICHHE, HO YYUTHIBATh CJIEAYET JIUIIb KaK OJHO M3...., a TJIIABHBIM (PaKTOPOM BCE XKe
SBJISIETCSI HOBOE COUETAHUE T€HOB.

Ho menHok eme u OyaeT moxoxk Ha poguTeNeil 1 9To TOXKe He OMpOoBepraeTcs. A MoX0XX OH B IEPBYIO
ouepear noromy, uro JIHK oueHp nnuHHas MoijieKyna, ¥ Jaxe IMocie pas3pbiBa ee B 2-3 MecTax,
COXpAaHSIOTCS JOCTAaTOYHO MPOTSHKCHHBIE YYAaCTKU C POAMUTEIbCKUMHM KOMOMHALMSMHU T€HOB. 3aTem
LIEHOK BBIPACTET, CTAHET TOXKE MPOAYLIUPOBATH MOJIOBBIE KJIETKH, B KOTOPBIX KDOCCUHIOBEP MEpEMEIACT
XpPOMOCOMBI, TOTy4€HHBbIE OT OTILIa U MaTepu, U T.J1. U3 MOKOJIEHUs B IIOKoJieHue. Eciiu Bbl He OJIeHUTECh
B35Th LIBETHbIE KapaHJIALIM U HECKOJIBKO pa3 IMPOU3BECTH «KPOCCHHIOBEP» Ha Oymare, B3siB B KaueCTBE
HCXOJHOTO 00BEKTa JI00YI0 MOHPABUBIIYIOCS CHHE-KPACHYI0O XPOMOCOMY C PHC. 16, «CKpECTUTH» ee Hy
XOTsl OBl C JIMJIOBOH, BBIOMpasi MPOM3BOJBLHO MECTa pa3phiBa IO JJUHE MOJOCKH, IOTOM HOJYYCHHYIO
JUJIOBO-CUHE-KPACHYIO MOJIOCOYKY MEePeKOMOMHUPOBATh C KOPHUYHEBOHM M T.A., TO BBl YOEIUTECH, YTO
yepe3 3-4 sTana B «XpOMOCOME» OT CHHEIro M KPacHOTO OCTaHyTCs JIUIIb HeOOoJbLINEe Yy4acTKu. To ke
caMo€ MPOUCXOJIUT U B HACTOALIUX XPOMOCOMax, yeM OJMKe MpeJoK B pPOJOCIOBHOM, TeM Ooublle B
reHome 1enbHbIX pparmentos ero JJHK, yem mganbie npeok - TeM MeHbIIe 3TUX (PparMeHTOB ¥ TEM OHU
kopouye. Korja Mbl genaeM HHOPUAKMHT Ha BBLAAIOMIETOCS MIPEAKA, TO 3TO 3HAYUT, YTO MbI IIBITAEMCSI OIISTh
coOpaTh B Kyuyy pa3pO3HEHHbIE KYCOUKH XPOMOCOM, JIOCTAaBIIMECS DPa3HbIM €ro MOTOMKaM. A BOT
MOJIYYHUTCS 3TO CAETATh WIK HE MOJYYUTCs, OyAeT 3aBHCETh JHIIb OT TOT0, KaK MOWIET KPOCCUHTOBEP B
MIOJIOBBIX KJIETKAX POJIUTENbCKOM Maphl, U KIETKU ¢ KaKMM HaOOpOM XpOMOCOM COJIBIOTCS B IpoLecce
OIJIOI0TBOPEHUS.

Eme oauH n3 1100MMBIX BOPOCOB 3aBOA4UKOB: «Cobupatock npuMeHuts nHOpuauar 1111 (I-1IL -1 n
T.I.), CK&KUTE, 3TO XOPOIIUH MHOPUIUHI?», - CiellyeT OTIPAaBUTh HA CBAJIKY. DTO BCE PaBHO Kak,
coOupasich MONTH B Ka3WHO, CIIPAILIMBATh COBETA Y 3HAKOMBIX — [IOCTABUTH JIM Ha 13 yepHOE MM coBceM
HaoOopoT — Ha 21 kpacHoe? U TaM M Tam 4y»oi OmbIT aOCONOTHO Oecrone3eH. Bbl mMeere Cyky ¢
YHUKAIBHBIM T€HOMOM U OyJeTe Bs3aTh ee ¢ KoOeleM, MMEIONUM YHUKAIbHBIA reHOM. B ux opranusme
00pa3yroTcs MOJI0BBIE KJIETKH C YHUKAIbHBIM HA00OpPOM XPOMOCOM M B PE3YyJIbTaTe UX CIUSHUS [10JIy4aTCs
or lro nmo 15Tu yHuKanbHBIX WIEHKOB. Henp3s Ha3BaTh Jaxe MOPSAOK HHU(P BO3MOXKHBIX MyTeH
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KpOCCHHTOBepa U 00pa3oBaBIIUXCs coueTaHU. He To 4TO uenoBeueckuii MO3r HE B COCTOSTHUU YTO-TO
BBICUMTATh U TOYHO CIIPOTHO3UPOBATh, HO J]a’K€ COBPEMEHHBIM KOMIIBIOTEpAM TaKasl 3a/1a4ya He 110 Iiedy.
VY Hac ecTh BCEro JIMIIb BEPOATHOCTh U HAJEK/a, Ja IPOBEPEHHOE BPEMEHEM U OIBITOM 3HaHHUE, 4TO Y
JeTeil XOTh 4TO-TO Ja Oyzaer oT poauTenei. Tak yTo HOUHbIE OJ€HUS HAJA YXOISALIMMH B IIyOb BEKOB
POJIOCIOBHBIMH 3TO CKOpee U3 007JacTh 330TEPUKHU U [IIAMAHCTBA.

A BOT 2-3 nokosieHus OJIMKaNIIKUX IPEKOB 3HAaTh HE MoMenIaeT. XOTs COOBITHSI OCJIEHUX JIET MOTYT
NOIIATHYTh BEPY AK€ B 3TO o4yeBUJHOE TpeboBaHHe. Korjga B HEKOTOpPHIX CTpaHaxX CTajad MPOBOAUTH
IreHEeTHYECKHE TECThl Ha OTIIOBCTBO, TO 0KA3aJ0Ch, YTO MHOTHE COOAKU BOBCE HE TOI'O MPOUCXOKACHHUS,
KaK yTBEpXKAaldu X pomocioBHbie. [Ipurom, 370 ObTH co0aku HE U3 KAKMX-TO MaJOU3BECTHBIX 3aBOIOB
uian puppy mill, a U3 oyeHb Aaxke MPOCIABICHHBIX M YBaKa€MbIX MUTOMHUKOB. A BEJb KTO-TO TOXE
BIYMUYHUBO U NPOPECCUOHAIBHO aHAJIM3UPOBAJ 3T JIUIIOBBIE POJOCIOBHBIE (U HE TOIBKO UMEHHO 3THUX
co0aK, CKOJIbKO MX TaKUX ObLIO 3a JECATKH MPOIIEUINX JIET U €CTh ceidac), YTO-TO TaM BbICUUTHIBAJ,
KOMOMHUPOBaJ, KOHCOJIMAUPOBAI M, YTO CaMO€ CMEIIHOE, Yalle BCEro BechbMa YAAauHbIH pe3ysbTaT
nosiyyasics. Bce moToMy, 4To, CKOJIBKO Obl MBI HM M3y4Yald POJOCIIOBHBIE, TJIaBHBIM METOJIOM T0A00pa
napsl SIBJII€TCSl BU3yaJlbHasi OLEHKAa. 10, YTO HEBO3MOXHO BBIYMCIMTh Ha KOMIBIOTEPE M JIaXKe
ONpEeNeIUTh MPU MOMOUIM F'€HETUYECKOW 3KCHEepPTU3bl, Mbl MOXEM YBHJETh IJ1a3aMHU. JDTO CXOKECTb
IIOTOMKOB C POJOHAYaJIbHUKOM IIJIEMEHHOM JIMHUH, ’TO OCOOEHHOCTH U YEPTHI €r0 IKCTEPhEPA, KOTOPHIE
MBI Y3Ha€M B JI€TSX, BHyKaX U MPaBHYKax.

dopManbHbI HHOPUAMHT, KOT/1a IOTOMKHU YK€ COBCEM HE CXOXU C OOIIKUM NPEJKOM, HHOPUIUHTOM
MO>XHO Ha3BaTh JIMLIb YCJIOBHO. HOpUIMHI XOpoll NpH pa3BeleHUU Mo JuHUAM. Takoe pas3BencHHe
cunTaeTcst BbIcmiedl (opmol MIEeMEHHOH padoThl MPH YHCTONOPOJHOM pas3BeaeHuu. OpuH U3
OCHOBOIIOJIO)KHMKOB 300T€XHUHU elle B JaopeBosonuoHHoid Poccun, mnpodeccop E. A. bormanos
MIPEIOKUI pa3AesITh JIMHUM 3aBOJCKHE U (popMaibHbIE (T€HEAIOTHYECKHE).

K reneanormueckoil JMHUM OTHOCSTCS aOCOJIIOTHO BCE MOTOMKM pOJlIOHaYajabHUKa JUHUU. Ho naxke
caMmble BBIJIAIOLIMECS NPOU3BOAUTENN AAIOT JOCTATOYHO Pa3sHOOOpa3HOE MOTOMCTBO U BEJEHHME TaKHX
(opManbHBIX JIMHUHI BPSI/L JIU MOXKET MPUBECTU K HHTEPECHBIM PE3yJIbTaTaM.

3aBOICKYIO JMHUIO COCTABJISIIOT TOJIBKO )KMBOTHBIE, 00JIaJat0L1e HY)KHBIMU Kaue€CTBAMHU, JOCTAaTOYHO
OJIHOTHIIHBIE M CXOXHE II0 KOMIUIEKCY NpHU3HaKoB. BeneHue 3aBojackoil nuHuUM pgaer Oosee
IpeacKazyeMble Pe3yabTaThl.

C TOoYKHM 3peHMsI TeHETUKH, pa3JieJIeHUEe IOTOMKOB OJIHOM I'eHealorMueCKO JIMHUMU Ha «U30paHHbIX»,
JOCTOMHBIX BXOJUTh B 3aBOJICKYIO JIMHUIO U «U3TOEBY», UCIOIb30BAHUE KOTOPBIX B paMKax 3TOM JTUHUU
HE)XeJIaTeIbHO, 03HAYAET, YTO MEPBBIM JOCTAINCH Hanbojee KPYMHbIe U BaXKHbIE (parMeHThl XpOMOCOM
pO/IOHAYaJIbHUKA, @ BTOPBIM — JKaJIKHUE KPOXH. DTO HE 3HAUMT, YTO «M3rOM» COBCEM HU HA YTO HE TOJHBI,
€CJIM 3TO 370POBbIE, KPACUBbIE )KUBOTHBIE, TO OHM MOTYT MCIOJIb30BATHCS B APYTUX IJIEMEHHBIX JIMHUSAX,
OJIM3KHUX IO TUITY U 10 POJICTBY U Jla)K€ CTaTh POJIOHAYAJILHUKOM CBOEH COOCTBEHHOM JIMHUU.

Ho ecnu 3aBojackast TMHUS KUBET JIMIIb 3-4 MOKOJIEHUS, a POIOHAYAIBbHUK JMHUHM HACTOJIBKO XOPOMI,
YTO JI0 3ape3y XOYeTCs COXPAHUTh MMEHHO TaKOM THUI U HKCTEPbEp B IOTOJOBbE, TO HENb3s JH
UCTOJb30BaTh NPHU BEJCHHUH JIMHUU JIUIIb TECHBIH M OMU3KMIA MHOPUIMHT IS JIy4dlleld COXpaHHOCTH
kycoukoB ero JIHK uiu gake BhIBECTH Tak Ha3bIBAEMYIO UHCTYIO JTUHUIO?

Yucrast AMHMS — rpyNIa FeHeTUYECKU OJHOPOAHBIX KUBOTHBIX, TOMO3UTOTHBIX ITPAKTUYECKHU 110 BCEM
reHaM. MHOT1e 3aBOJUYMKH IbITAJIUCH BBIBECTH YUCThIE JINHUU COOAK, HO BCE ATH HAUMHAHUS NOTEPIIEIH
¢uacko. Ilo-npyromy u ObITH HE MOIJIO - NPUPOJAA HE TEPNUT OJHOOOpa3usi, T.€. TOMO3UI'OTHOCTH.
Pa3znooOpasue u emie pas3 pazHooOpasue — BOT TJIaBHBIN JI€BU3 M TJIABHOE YCJIOBHE OJaromoydHOro
CYLIECTBOBaHHUS Ouojornyeckoro Bujaa. Jlaxe NpUMHUTHUBHBIE OAKTEPHUM, Pa3MHOXKAIOIIUECS MPOCTHIM
JieJieHneM, OOMEHHUBAIOTCSl TEeHETUYECKUM MaTepuaaoM Jpyr ¢ Apyxkoil. Conusmnuch aABe Oakrepuu,
JIOTOBOPHINCH 00 yCIOBUSIX OapTepa, M Jake B TOJIOBY (WJIM TO, YTO MM €€ 3aMEHsIeT) He MpPUIET
0OMEHSIThCS OIMHAKOBBIMH YYaCTKaMU — 00513aTEIbHO BEIOEPYT OTJIMYAIOIIMECS MTocaeoBaTeIpHOoCTH. He
noOpe3ryroT OakTepuu U CTAIUTh TO, YTO IUIOXO JEKUT. OcTancs OT KakoH-TO MOruOumel KIeTKH
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¢parment JHK, pauutenphas Oakrepus moadepeT W MPUCTPOUT cebe B T€HOM — B XO34KMCTBE BCe
MIPUTOIUTCS.

Ecnu yx 6akTepuu CO3HAIOT Ba)KHOCTh T€HETHYECKOTO MHOT000pa3usl, TO YeJIOBEUECTBY CTHLAHO OBLIO
Obl 5TOro He moHMMaTh. OAHAKO € M B ATOM CiIydae Mbl HMEEM JeJ0 C O4YepeaHbIM MHudoMm,
BBIPAYKAIOLIMUMCS B UCKaKEHHOM IIPE/ICTaBIEHUH O €CTECTBEHHOM 0TOOpe. EcTecTBEeHHBINH 0TOOP MPUHSATO
IPEACTaBIIATh B BMJE peEIIeTa, 4epe3 KOTOpPOE OTCEMBAIOTCS HEOJIAronojaydyHble MyTalUM M JIMLIb
IIOJIE3HBIE U HYKHBIE T€HBI 3aKPEIUISIOTCS B IOTOMCTBE. MHOTHE CEJIEKLIMOHEPHI U LEIU HCKYCCTBEHHOIO
oTOOpa BUJAT TOYHO TAKMMH K€ — BCE BPEAHOE M HEHYKHOE OTCEsATh, BCE IOJIE3HOE OCTaBUTh U
[IEPEBECTU B TOMO3UIOTHOE cocTossHUE. HO BCe 1€710 B TOM, UTO MHOKECTBO F'€HOB B TEHOME HE SIBJIAIOTCSA
MOJIHOCTBKO JOMHUHAHTHBIMU WJIM IOJHOCTBIO PELECCUBHBIMU. ['€TEpO3UrOTHl 10 TAKMM I'€HaM HUMEIOT
IIPOMEKYTOUHBIH XapaKTep SKCIpPEecCUM Oenka, HUXKE, YeM Yy JOMUHAHTHBIX romo3uror. Kak 3to HU
YAUBUTEIHHO, HO JJISI MHOXECTBa OETKOB MMEHHO 3TO SIBIAETCS ONTUMAIBHBIM PabOYUM COCTOSTHHEM,
OCTAaBJIAIOIIMUM JIOCTATOYHYIO CBOOOIY [UIsl NPOSBIECHHUS M3MEHYMBOCTH M IUIACTUYHOCTU U SIBISAETCA
OCHOBO¥ »BomtoLuH. [lomysuy KUBOTHBIX Pa3MHOXKAIONIUECS IIyTeM CBOOOIHOIO CKPEIIMBAHHS MO
CBOEMY COCTaBY BCET/1a IPEEIbHO I€TePO3UTOTHBI.

I'eTepo3UroTHOCTH B MOMYNISALMU NOAACPKUBAIOT AWLEKICTKH. [IpUHATO cUUTaTh, YTO AULEKIETKY
OIJIOJOTBOPSIET CaMblii CHIIBHBINA CLIEPMAaTO30U/I, JOOPABIINICS MEPBBIM 10 SHIEKIETKH U ObICTpee BCex
pacTBOpUBIIUN ee 000j0uKy. CrniepMaro3ouay OTBOAMTCS POJb AKTMBHOTO Mado, OBJa/I€BAIOLIETO
[IaCCUBHOM fiiLeKIeTKo. Ha caMoM Jiesie Takux MyCTpbIX CIEPMATO30U10B OKa3bIBAIOTCS COTHU, BCE OHU
OKPY)KaIOT SMLEKJIETKY M NBITAIOTCA INPOHUKHYTH BHYTpb. HO He Beskoro BmycTaT. Sinexknerka
BBHIOMpAET CIEpPMaTO30U] C Hauboyiee HECXOXKEeH TeHeTM4YeCKOM HauuHKOW. Eil He Hy>KHBI 1Ji1 3TOro
9KCTPACEHCOPHBIE CIOCOOHOCTH, OOBIYHBIE (PH3UKO-XMMHUYECKHE aHAIM3aTOPhl HA MeMOpaHe BIIOJIHE
MOTYT CHPaBUTBCS C 3TOM 3anadeil. JlocTaTOUHO OAHOIO B3rjsAa Ha SHLEKIETKY, YTOObl IOHATh, Kakas
oHa yMHuna! OHa IpOCTO HE MOKET HE MOHUMAaTh, YTO MOJHAs FTOMO3UTOTHOCTb — 3TO 3BOJIFOLIMOHHBIN
TYIIHK, TaKas MOIYJISALHUS YK€ He MOKET pa3BUBaThCs U MporpeccupoBaTh. UTOOBI HE 3arHaTh BUJ B 3TOT
TYyNIMK, IPUPOJA MPENyCMOTpENa JOCTATOYHO JEHCTBEHHBIM MEXAaHU3M — IPU BBICOKOM YPOBHE
TOMO3UT'OTHOCTH OPTaHU3M TePSIeT KU3HECTONKOCTh U CHUKAETCS YPOBEHb IIOJOBUTOCTU. DTO OTIIMYHO
MOATBEPKIAAETCSI MPUMEPOM JIOOOr0 U3 MAaJIOUUCIEHHBIX, BBIMUPAIOIIUX BHUJIOB — KakK TOJIBKO
YUCJICHHOCTBH IIOI'0JIOBbS JOXOIUT 10 ONPEAECICHHON KPUTHUECKON OTMETKH, TaK Cpa3y K€ HAUMHAOTCS
npo0OJyieMbl, B IEPBYIO 04Yepeab ¢ MMMYHHTETOM. Eciu BB eme He 3a0bUIH MOe 00elaHie paccKas3arh O
TOM, YTO $IBJISI€TCS BMHOBHMKOM paccorjacoBaHMs B paboTe O€JKOB, TO BOT OJHA M3 INPUYHH -
TFOMO3UIOTHOCTb. He TOT ypoBeHb 3Kcnipeccuu 0€1K0B — M B OpraHU3Me BCE MJIET HAIIEPEKOCSK, IPUMED C
PUIKEM TOMY IIPEKPACHOE 10KA3aTEIbCTBO.

A xak xe ObITh ¢ 1a00pPaTOPHBIMU YUCTHIMU UHOPEAHBIMU JIMHUSMU MBbIILIEH, KOTOpbIE 01aronoay4yHo
CYLIECTBYIOT yke Oojee Beka? Bo-mepBbIX: 3TO J1aOOpaTOpHbIE KUBOTHbBIE, KUBYIIUE B MPAKTUYECKU
CTEPUJIBHBIX YCJIOBHUSX U €Illeé HEM3BECTHO, CMOIUVIM Obl OHM BBDKMTH B AMKOM npupone? Bo BTopsix:
JIAJIEKO He BCsKasi MbILIb MOXET OCHOBATh MHOpeHY0 IrHMI0. HO eciim cKopocTh pa3MHOXKEHUS MbIIIEH
MI03BOJISIET BCETO JIMILb B HECKOJBKO JIET, BTUCHYTh HEOOXOAUMBIE AJIsl pOXKACHUs YucToi suHuu 20-30
MIOKOJICHUH U €Ille MEHbIIE BPEMEHH JIJIsl TOTO, YTOOBI YOeAUThCSA B TOM, UTO JIMHUS HE MOJIYIUTCS, TO Y
co0ak 3TO 3aliMeT roJibl U JECATUICTHS U 3TO JUILb JJIS TOro, YTOObI MOHATh, YTO OKA3aINUCh B TYIHKE.
TpeTbe U ry1aBHOE - IPU BBIBEJICHUU YUCTBIX JIMHUN MBILIEH HUKTO HE 00OpalaeT BHUMaHUs Ha SKCTEPhEP
MBIIIH, JUIIb OBl COXpaHsAJIach Kakas HHKaKas >KM3HECIOCOOHOCTh M II0J0BUTOCTh. Ho cobakoBomam
B€Jlb 3TOr'0 MaJIo, HaM HY’KHa KpacoTa ¥ rapMoHus crareil. YyTb KOpoTKOBaTa rojieHb, 4yTh HE T€ JIMHUU
yeperna U HaMm YK€ He MHTEPECHO COCTOsSIHHE T'€HOB 3TOM cobaku. [la M KTO cKazaj, 4To HYXHBIM Ham
(deHoTHN OIpeseNseTcss UMEHHO TOMO3UIOTHBIM COY€TaHueM IreHoB? BHyTpu MHOpenHOU JMHHM Bce
IPBI3YHBI TOMO3HUIOTHBIE KJIOHBI, HO UX F€HOTHUII BOBCE HE CXO C T€HOTHUIIOM POJOHAYaJIbHUKA JIMHUU.
ToT ObLI reTepOo3UroTeH 0 MHOTUM JIOKyCaM, a Y €ro HOTOMKOB COXPAHWJICS JIMIIb OJUH U3 ajjeseil B
KaKJIOM U3 3TUX JIOKYCOB, IPUTOM JJAJIEKO HE BCeraa 3To OyayT JOMUHAHTHBIE U MOJIE3HbIE aJlIeIu.
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Tak u Ham waean U poJOHAYAIBHUK IJIEMEHHOM JIMHUM T'€TEPO3UIOTEH IO MHOXECTBY JIOKYCOB.
[Tpumensis GIM3KOPOACTBEHHOE CKpEIIMBaHUE, KaK ObLIO CKa3aHO, MBI cOOMpaeM B reHOME MOTOMKOB
6onbmne Gparmentsl JJHK ux mpenka, yto 00s3aTeNIbHO JODKHO MPUBECTH K BBHICOKOW MX CXOYKECTH.
OpHako B TO K€ BpeMs 3TH aHAJIOIMYHbIE KYCKHM MOIYT OKa3aTbCcsi B 00€HMX HapHBIX XPOMOCOMax,
3HAYUTEJIbHOE KOJMYECTBO TIE€HOB INEpeilieT B TOMO3UIOTHOE COCTOSIHME, B TO BpeMs Kak y
pononayanpHuKa B 31Ol obmactu JIHK Obuto MHOTO TeTepo3Wror, a 3TO HEHW30€KHO NMPUBEET K
oTau4usM B peHotune. [1nox nnm xopoi OyeT 3TOT HOBBIN 3KCTEPbEp, 3apaHee Hellb3s y3HAaTh — ObIBAeT
10 BCSIKOMY, HO KOJINYECTBO BPOXJACHHBIX MIOPOKOB M aHOMAJIMH B TaKUX MOMETAX BBILIE CPEIHEr0 IO
nopoje M HaO/OJaeTcs CHUKEHUE JKHU3HECTOMKocTH. W 3TO TOJIBKO Ha TEpBOM  JTare
OJM3KOPOJCTBEHHOTO pa3BeneHus. [IpuMmenenne OnU3KOro WMHOPUIMHTA U B CIEAYIOIIEM MOKOJECHHUH,
OISITh MOBBICUT TOMO3UTOTHOCTb U MBI €LI1e Jlajblile YHJeM OT UCXOJHOro Tula U Tak ganee. Eciu Obl Bee
*Ke OblJa BO3MOXXHOCTb CO3/IaHUsl YMUCTOM JMHHUM co0ak, TO BpsSJ JM 3TO IOT0JOBbE BIIEYATIIUIIO
MOPOJIHUKOB, XOPOLIO ObI HE HAMyrajao. JTH cO0aKu He TOJIBKO He ObLIN ObI ITOX0XH Ha CBOETO MpeJKa,
HO BPSIJ1 JIM UX MOXHO ObLJI0 ObI BOOOIIIE OTHECTH K POJIHOM MOpoOJIE.

[Monmynsiuuu AMKHUX >KUBOTHBIX, OTJIMYAIOUIMECS Ype3BbIYallHOW TIeTepO3UrOTHOCTHIO, HPHU 3TOM
JIEMOHCTPUPYIOT MOpPa3uTeIbHOE (peHOTHIHYECKOe CXOACTBO. M 3T0 6e3 ymepba amst 340pOBbS M UMES
pe3epB Ul COBEPLICHCTBOBAHMS U Pa3BUTHUA. Tak YTO MOTOHS 32 TOMO3UI'OTHOCTBIO YMECTHA TOJIBKO B
cllyyae, KOTJa HY)XHO H30aBHTbCA OT HACJIEACTBEHHBIX 3a00J€BaHHW, BBHI3BAHHBIX T'€HETUYECKUMH
MYTalMSIMHU, KaK TO: IPOr'PECCUBHAs aTpOoQHsl CeTYATKH, IUKINYECKasi HeUTPONEHHs, aTAKCHS U JIp.

Kak xe y3HaTh cTeneHb TOMO3UTOTHOCTH OCOOM M HE TOMOXET JM HaM pa3odpaThcs ¢ Hel
IPecOBYThIN KO3 PUIMEHT UHOpUANHra?

B 20-x rogax MUHYBIIEro CTOJIETHSI W3BECTHbIM amepuKaHCKui reHetuk Cpro3n PaliT BbiBen
MaTeMaTHYeCKyl0 (OpMylly, C IOMOILBIO KOTOPOH MOXHO paccuuTaTb CTENEHb YBEJIMYEHHUS
TOMO3UIOTHOCTH B MOMYJISIMM TOJ BIMSHHEM OJM3KOpPOACTBEHHOro cnapuBaHus. [lozxe pycckuit
reHeTHK J[. A. KucioBckuii cierka moakoppekTupoBai GopMyiy, U Ternepb Mbl 3HaeM ee Kak GopMyiry
Paiita — Kucinosckoro:

Fo=Y (1/2) ™™, 1 +1,). 100

rae Fx xoaddunuent unbpuaunra npodanna, %;

n, N psAIbI POJIOCIOBHOM;

f, — ko3 punmenT nuOGpUIKMHTa U1t 00IIEero npeaka.

Ectb Bapuantel popmyssl co ctenenbio (n+ nj +1) 1 (n+ nj —1), 3T0 B 3aBUCUMOCTH OT TOT'0, KaK CYUTATh
KOJIMYECTBO PSJAOB B POJOCIOBHOW — 10 camoro mnpobannma (-1), unum go ero poaurtenei (+1),
MaTeMaTHY€CKHU 3TO PaBHOLIEHHbIE BAPUAHTBHI.

He ckaxy, uto ¢opmyna mioxa. Ho! (1 3T0 oueHb 60Jb110€ HO) OHA COBEPUICHHO HE TOAUTCS B TOM
oOnacty, rae ee ceivyac nNpuUMeHsOT. Jleno B TOM, 4TO B T€ BPEMEHA, HUKTO HE 3HaJ TOYHO, YTO K€
MMEHHO sIBJIsIeTCS (PU3MYECKUM HOCUTEIIEM HACIIEICTBEHHO HHPOpMAIMK U KAKUM 00pa30M IMPOUCXOIUT
nepepaya 3To umHpopmanuu ot poxuteneit moromctBy. Jlo ortkpertus JIHK ocraBanochs eme 3
necaTwieTus. Bo3MokHO, U, CKOpee BCero, 4To PaliT cunTtan reHbl AUCKPETHBIMU, HE CBSI3aHHBIMU JIPYT C
JPYyroM 4YacTULAMH, IPUCYTCTBYIOIMMHU B KJIETKE M IOTOMY OHM PAaBHOMEPHO MEPEMELINBAIOTCS MPU
CIIMSHUU JABYX TOJIOBBIX KieTOK. IloTomy Kkak ero ¢opmynia 3aMedareibHO OMHCHIBAECT IPOLECCHI
CMEUIMBAaHMsI MEJIKMX CBIITYYHX BEIECTB U )KMJIKOCTEH.

Hagaiite paccmoTpuMm Ha npumepe. [lycts reHamu y Hac OyayT KpucTaIMKU caxapa. ComaTudeckas
KJIeTKa C TIOJHBIM HabopoMm TreHoB Oyaer cooTrBercTBoBaTh 100 rpammam caxapa, a MoJIOBasi KJIETKa C
M0JIOBUHHBIM HabopoMm — 50r. Jlajzee oTnenabHbIE MOPLMHU caxapa OKpallMBaeM B pa3Hble IBETa.
CMemnBaHue = CliapuBaHUeE.
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1 sran. bepem 50r cunero caxapa (OTIOBCKasi MOJIOBas KJIETKAa) M TIIATEJIbHO NepeMerninBaeM ¢ S0r
KpacHOro caxapa (MarepuHCKas ToJioBas KieTka). B pesynapTare MmoiydaeM «II€HKa» C TOJHBIM
«reHotunom» — 100r cMecu cuHero u KpacHoro. M3naneka BBITISIUT Kak (pHOIETOBBIN, BOJIM3U BUIHBI
CUHHUE M KpacHbIE KOMIIOHEHTHI, T.C. IIICHOK MMEET W TMPHU3HAKU CBOMX POJUTENICH U B TO K€ BpeMs
OoTIHYaeTcs OT HUX. D70 11eHoK nMmeeT 50% renos ot namsl ¥ 50% OT MaMBbl.

2 3ran. Hamn meHok BBIPOC M TOXKE CTasl MPOAYLHUPOBATH MOJIOBbIE KJIETKH, COAEpIKAIINE MOJTOBUHHBIN
Ha0Op TeHOB, T.e. JOEJMM MOJHYIO IMOPLHUIO MomoiaM, oTceinaB 50r cuHe-KpacHOM cmecu. Temeps
COCIMHSEM 3Ty TOJIOBYIO KJIETKY C IOJIOBOM KJIETKOW APYyroi cobaku, JOMYCTUM 3€JIeHOTO IBeTa. B
pe3yabTtate Mbl oaydaeM 100r cmecu, rae 50% 3enenoro, 25% cunero u 25% kpacHoro necky. Cunuii u
KpAacCHBI [ 3TOTO IIeHKa Jie]] U Oabka.

3 3tan. Onsate oTchinaeM S0r cHHE-KPAaCHO-3€JICHOM CMECH U Tenepb cMmerrBaeM ¢ SOr xenToro caxapa.
[Tonyyaem cmecsw, rae 50% xentoro, 25% 3enenoro, 12,5% cunero u 12, 5% xpacunoro. Cunuii u
KpacHbIii — mpajen, npadadka.

Ha npoTsiskenun 3 3TanoB Mbl IPOBOAMIIA HE POJCTBEHHOE CKPELIMBAHUE, HO TENEPh HAM 3aX0TEJI0Ch
caenaTb MHOPUIMHT U MOBS3aTh 3-bI0 C €€ CUHUM MPaJIe/IOM.

4 sran. 50r »TOM mecTpoil cMecH cMelmuMBaeM ¢ CHHUM caxapoM. [lomyuaem: 56,25% cusnero,
25%xentoro, 12,5 3eneHoro, 6,25% kpacHoro. CUHMI — OTHOBPEMEHHO U OTEll, ¥ Ipanpajen; KpacHbIi
- npanpababka.

MpI 3HaeM, yTo 0co0b noiydaet no 50% reHoB OT OTLA U MAaTEpPH, HO B 3TOM Ciydae OTell ABJsAETCA
ele U MpamnpaaeioM U MOTOMY CYHTAETCs, YTO y HEero K oTHoBCKUM 50% erre mpubaBiseTcs OCTaToOK B
6,25%, KOTOpBI OCTaiucsi B MaTepuHCKOM cMmecu. BoT 3t 6,25% u sABIsoTca KOAPPHUIMEHTOM
MHOPUAMHTA — 3TO TO KOJUYECTBO KPUCTAJUIMKOB Caxapa, KOTOPbIE COBIAAAIOT B 3TOW CMECH HE TOJBKO
0 LBETY, HO ¥ MO (opMe KpUCTALTHKOB. [IpuMeHnTensHO K cOOaKaM MBI TOBOPUM, YTO 3TO KOJUYECTBO
T€HOB, HAXOSIINUXCSI B TOMO3UTOTHOM COCTOSIHUH.

A tenepb nepecunutaeM KU nins storo ciayyas no ¢popmyne Paiita.
CuuTaeMm pslibl OT CHHETO J10 poAuTeIel Tpobana:

3+0+1=4
(1/2)*=1/16 = 0,0625;

CUHUI He nHOpeHbIH, noTomy f,=0
0,0625 x (1+0)100 = 6,25%.

Bce coBmanaer. Eme Obl HE COBIACTh, BEb MbI JOMYCTWIN IPyOCHIIYIO OITMOKY B CAaMOM Havaje —
MPEIIOJIOKUIIN, YTO TeHBI HE CBSI3aHBI APYT C APYrOM U KOMOMHHUPYIOTCSI HE3aBUCUMO.

Ho, xak u3BeCTHO, T€HBI MOCIEIOBATEIbHO COCJUHEHbl B JIMHEWHBIE HEMNOYKU - XPOMOCOMBI. A,
KpOME TOro, BCE BBICIIHME OPraHU3Mbl, Pa3MHOXKAIOIIUECS MOJIOBBIM IyTE€M, MMEIOT IBOWHOW HabOp
xpomocoM. JlaBaiiTe BO3pbMEM YIPOLICHHBIH pUMEp, KOTAA )KUBOTHOE UMEET JIUIIb 3 Tapbl XPOMOCOM.
[Ipennonoxum uTo B nepBoit xpomocoMe cocpenoroueHo 70% renos, Bo Bropoi — 20%, u B TpeTbeil —
10%.
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Pucynoxk 19

Ha puc. 19 nzo0paxena cxema CIUsHUS OTLHOBCKON W MaTepPUHCKOMN MOJIOBBIX KJIETOK, B pe3ybTare
Yero MoJIy4uscs BOT TaKOW CHHE-KPACHBIN MOTOMOK. JTO COOTBETCTBYeT 3Tamy Nel B OIbITax ¢ caxapom
U, KaK BUJUM, — COOTBETCTBYET MOJIHOCTHIO.

Teneps nepeiinem k stamy Ne2. C caxapom ObLIO Bce IPOCTO — oTchinaiu SOT U BCEero AeoB TO. A BOT
B OTOM CJIydae, OKa3bIBaeTCs, €CTh HECKOJIBKO BAapHUaHTOB TOJYYEHHUS IMOJOBBIX KJIETOK. Mmerommuiics
Ha0Op XPOMOCOM MOXHO pa3feNuTh HarmonojaaMm 4-Ms croco0amu, MOIYyIHB IPU ITOM 8§ OPUTHHAIBHBIX
BapuaHToB (puc. 20).
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HpI/I BSI3KEC OTUX 8—MI/I OCO6CI>1 C 3CJICHBIM MbI MOXKXEM HOHy‘lI/ITI) IIOTOMKOB CO C.He)lyIOHII/IM T€HOTHUIIOM
(puc. 21).
CoruacHo onbITaM ¢ neckom U ¢popmysne Paiita, Ha 3TOM 3Tarne Kaxa0My IOTOMKY focTaercs 1o 25%
TCHOB OT €ro Jnena u 6adku. JlaBaiiTe mOCMOTPHUM, CKOJIBKO YK€ UX J0CTaJ0Ch HA CAMOM JIeJie:
1#1 - 50% ot nema, 0% ot 6a0KH.
21 - 0% ot nena, 50% ot 6aOKH.
311 - 45% ot nena, 5% ot 6a0kw.
4i - 5% ot nena, 45% ot 6a0OKH.
S5# - 40% ot nexa, 10% ot 6abkw.
61 — 10% ot nena, 40% ot 6a0KH.
7 - 15% ot nena, 35% ot 6a0OKH.
81 - 35% ot nena, 15% ot 6abkw.

He cymecTtByer naxe TeopeTHuecKoil BO3MOKHOCTH Pa3/Ae/IuTh IOPOBHY I'EHBI J1e/1a U 0a0KHU MEX Ty
MIOJIOBBIMHM KJIETKaMH, YTOObI IOJy4UTh UCKOMbIE 25% y BHYKOB. B0O3MOXHO, BBl CKaxeTe, 4ToO s
CHEeIMAIbHO TaK XUTPO 3ajajla JUIMHY XPOMOCOM, 4T0Obl He noJtydanock. [la, cnenuansao! Ho Tosbko
JIMILB 110 TOW MPUYMHE, YTO TaKas pa3HULA MEX]Ly XpOMOCOMAMH CYIIECTBYET Ha camoM jeine. KoneuHo,
y cobaku He 3, a 39 map xpomocoM u reHoB oko0yio 20000 1 BO3MOKHO ATH T'€HBI pacupeiesieHbl Mo
XpOMOCOMAaM TakK, YTO CYIIECTBYET BO3MOXKHOCTh aOCOJIIOTHO HJIM XOTSI Obl MPHUOIU3UTEIHHO TOYHOTO
pasznenenus. Ho Beab M KOJMYECTBO pa3HBIX BapHAHTOB paclpejieleHus XpomocoM npu 39 mapax
HECpPaBHUMO OOJIbIIIE - 2%, gem npu 3 mapax, ¥ paBHOE JI€JIEHHE 3TO BCETO JIMIIb OJUH WM HECKOJIBKO
BEPOSITHBIX BapUaHTOB M3 3TOr0 MHOXECTBAa. Tak YTO Ha 3TOM 3Tale Mbl MOXKEM JIMIIb CKa3aTh, YTO
MPOLICHT FeHOB Jea U 6a0Ku B reHoMe BHYKOB Kousiebnercs B npezenax ot 0 1o 50%, Ho Tounyto nudpy
MBI HHKaK HE MOXEM y3HaThb WM BBIYHCIUTH. M MOTOMY NEpEeXOauTh K CIEAYIOIIMM dTaraM HET
HUKAKOTO CMBICIIA.

Ho s10 eme manexo He Bce. [laBaiite mocmoTpuM Ha ocoOb 1 u 2 ¢ puc. 3, Beap (aKTHUECKH 3TO
MOJIYYUJIUCh HE BHYKH, a JAETH OJHOIO W3 MPEIKOB: CUHEro WM KPAaCHOTO, IPHU 3TOM KaXAbld U3 HUX
COBCEM HE POJCTBEHEH JpyromMy MNpeaky. A BeJb peKoMOMHAIUs M Jajblie OyAeT IPOUCXOIUTh
Mo1I00HBIM 00pa3oM, U 'y CHHE-3€JICHOTO MIOTOMKA, KOTJla HAYHYT BbIpa0aThIBaThCS TOJIOBBIC KIETKHU, TO
1/8 ux yacTh OyzmeT cojepkarb 3 CHHHE XPOMOCOMBI, @ Y KPAaCHO-3€JICHOT0 OYACT TaKOE K€ KOJIUYESCTBO
YUCTO KpacHbIX ramer. IlomyyaeTcs, 4To ¥ MpaBHYKM CHMHETO M KPAaCHOTO MOTYT Takxke noiayduts 50%
T€HOB CBOMX YK€ IOCTaTOYHO JTAJIEKHX MIPEIKOB, a 3TO yXkKe MmoyrydaeTcs hopMeHHast 9yiib. YTOOBI TaKUX
qyyZeC HE CIy4yajJoCh B pEaJbHOCTH, INPHUpPOAAa IpeaycMoTpesna AOMNOJIHUTENbHYI0 Mepy s Oosee
aKTUBHOI'O II€peMEIINBaHMsI T€HOB IPEIKOB — KPOCCUHIOBEDP. S KOBapHO BBela BceX B 3a0iyXAeHHE,
KorJa Ha puc. 2 n300pa3uia MOJTHOCTHIO CHHUE M KpacHbIe XpOMOCOMBI. Ha caMoMm fenie mpoucXoauT
pa3psiB nenoyek JIHK u oOMeH oTnenbHbIMM yyacTKaMu (cM. puc. 18).

Pa3peiB MmoxeT npousoiiti B mod6oM mecte JJHK, Takyke BO3MOKHBI MHOYKECTBEHHBIC TIEPEKPECTHI U
OOMEHbI, @ 3TO O3HA4aeT, YTO KOJIMYECTBO BApUAHTOB IEPEpACIpPEEeICHHUs] T'€HOB MEXIy ABYMs
TOMOJIOTUYHBIMU XpPOMOCOMAaMHM, C y4€TOM OOJBIION JUIMHBI XPOMOCOM, CTPEMUTCS K OECKOHEUHOCTH.
[Tocne xpoccuHroBepa BooOIIe TEPSETCS CMBICT BBIPAXKEHUH «OTIIOBCKAs XPOMOCOMay, «MAaTepHUHCKAS
XpOMOCOMa» - TeTephb Kaxaasi XpoMOCOMa UMEET U CHUHUE U KPaCHbIE OTPE3KHU.

ToT, kKTO 3HaeT MareMaTHKy, ceiuac CKaXeT, YTO 3JIEMEHT XaOTHMYHOCTH, KOTOPBIH BHOCHUT
KPOCCHHIOBEp, TOJBKO Ha PyKy HaM. BrimeckazanHas ¢ppas3a «Ha 3TOM dTare Mbl MOXEM JIMIIb CKa3aTh,
YTO MPOLEHT I'eHOB Jiefa U 0a0Ku B reHOMe BHYKOB KoJiebnetrcsa B npezenax oT 0 no 50%, HO TouHyIO
muQpy MBI HUKAaK HE MOXKEM Y3HaThb WM BBIYHUCIHTH», XOTh M OCTAeTCs CHPABEUIMBOH, HO Temeph
KaKJpli BapMaHT paclipeiiesieHuss U3 3TOro MpOMeXyTKa He paBHOBEpPOATHHI. [Ipouecc HacienoBaHus
I'€HOB OT JieJ1a Ui 6abku OyeT ONUCHIBAaThCS KPUBOM HOPMAJILHOTO pacipeaeneHus win KkpuBoi ['aycca
(puc. 22).
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Pucynoxk 22

CornacHo TpaduKy, BEpPOSITHOCTh TOrO, 4TO MOTOMOK mnoiyduT 0 wim 50% reHoB aema/0abku
CTPEMHUTCA K HYJIIO, a HAUOOJIBIIYIO BEPOSITHOCTh UMEET CPE/IHEE 3HAUEHUE AJIs HTOro oTpe3ka - 25%.

W 4gto ke 3T0 moityyaeTcs, 4TO BbIUMCIEHHBIN 110 ¢popmyie Paiita, ko3pdunmeHT tHOpUAUHra X0Th U
HE TOYHO, HO C OYE€Hb BHICOKOM CTETIEHbIO BEPOSITHOCTU BepeH? A M OnsATh HeT!

[lotomy, uTO oOmATH HE YYTeHBl BCE (PU3MYECKUE MapamMeTpbl, OMUCHIBAEMON CHUCTEMBbI. Mbl
M3HAYAJIBHO IPEATOJIONKHUIN, YTO XPOMOCOMA — 3TO HE MPOCTO LEN0YKA [TOCIEA0BATEIBHO COEIUHEHHBIX
T€HOB, HO YTO OHA COCTOHUT TOJBKO M3 reHoB. OpHako 310 He Tak. B JIHK, cocTosimux u3 MUUIMOHOB
HYKJIEOTU/I0B, T€Hbl BCTPEUYAIOTCS C TOU K€ 4acTOTOM, 4TO M *u3Hb B mycThiHe Caxapa. ['eHoMm coOaku
[0Ka He paciindpoBaH, HO €CIU Y4eCTh, UTO B I'€HOME 4eJoBeKa JHIb 1,5% HyKI€OTUIOB SIBISAIOTCA
KOJIUPYIOUIMMHU TIOCJIEIOBATEIbHOCTSAMU (TeHamu), a Bce ocTtainbHoe — MycopHas JHK, u uto
YeJIOBEUECKH T'€HOM CaMblii 3aMyCOpPEHHBII B CpPaBHEHHMU C JPYTMMM OMOJIOTMUECKHUMH BUAAMH, TO
MOKHO TPHOJU3UTEIBHO MPUKUHYTh, YTO Y COOAK I€HbI 3aHUMAIOT 2, MakcuMyM 3% OT OOIIe# JTMHBI
JHK. Kpome Toro, ressl pacnpeieieHbl MeXy XpOMOCOMaMH O4Y€Hb HepaBHOMEpHO. EcTh Goratsie
reHaMH1 XpOMOCOMBI, a €CTh IPAKTHUYECKHU MOJTHOCTHIO MYCOPHBIE.

Ho u 3T0 emie He Bce — B reHOME COOaKU €CTh MHOKECTBO I'€HOB a0COIIOTHO OJMHAKOBBIX ISl BCEX
npejacTaBUTENeH JaHHOro Ouosorudeckoro Buja. Ilmoc ecTb HEKOTOPOE KOJIMYECTBO I'€HOB, KOTOPBIE
OJIMHAKOBBI B paMKaX OJ{HOM MOPO/ibl (TeH OECIIEPCTHOCTH y TOJIBIX COOAK, TeH KOPOTKOHOTOCTH y TaKC
T.J1.).

Tak uto ewme B caMOM Hagaje, Urpas C caxapoM, Mbl JOMYCTHJIM MPUHIUIHAIBHYIO OILUOKY,
OKpallliBas BCIO IMOPIMIO caxapa B OJUH LIBET. A HYXHO ObUIO B IOJIOBUHHOM nopuuu 50r Opatb
NpUOIU3UTEIBHO I'paMM 45 6enoro + 5T cHHEro U cMemMBaTh ¢ KpacHo-0esoi cMechto (451 6enoro + 5t
KpacHOTO), OeJible KPUCTAIbI caxapa — 3TO OJMHAKOBBIC T€HBI B T€HOME 00euX co0ak, a BOT CHHUE U
KpacHble — TO, YTO HUX OTIMYAET. A XpOMOCOMSBI clieJJoBaJI0 Obl U300pa3uTh B BUJE JIMHHBIX O€lbIX
I10JIOCOK, Ha KOTOPBIX U3pEJKa KOe-T /i€ BKPAIJICHbl CHHUE WJIM KPAaCHbIE TOUKHU.

[Ipu TakoM ManoM KOJIMYECTBE U TAKOM pa30pOCaHHOCTH '€HOB HAa HEOOBATHBIX IPOCTOPAX XPOMOCOM,
peKOMOUHAIMA UX [PU NPOU3BOJCTBE MOJOBBIX KJIETOK NPUHUMAET COBEPILIEHHO HENpEeaCKa3yeMbli
xapakTep. BeryucinuTh, Kak pa3oiayTcsl TeHbl HENb3sl HU TOYHO, HU C KaKOM-TO J0JIEN BEpPOSATHOCTH.

Hy u, HakoHel, mocienHui ¢GakTop, BHOCSALIUN CBOIO J0JIIO MorpemHoctH. B ¢opmyne Paiita He
YUYTEHO, YTO BCE I'€Hbl MPEJCTABJICHbI B TEHOME B BUJE aJUIEJIbHOM Maphl U €ClIM MPeJoK, Ha KOTOPOIo
AeNaroT MHOPUIUHT, ObLT TE€TEPO3UTOTEH TI0 OTPeIeIEeHHOMY I'eHY, TO HHOPUIMHT MOXET U HE IPUBECTH
K YBEJIMYEHUIO TOMO3UTOTHOCTH.

[Tpumep. IlycTh Hall CHHEHBKUI HA CaMOM JieJie Oy/1IeT YepHEHBKHUM, B CMBICIIE OKpaca U Oy/eT HECTH
reH KOpu4YHEeBOro nurmeHTa — Bb. [1pu Bsizke ¢ roMO3UTrOTHBIM BB KpacHbIM BBICTPEJIAII CLIEPMATO30HU]
C TeHOM b, crHe-KpacHbIN MOTOMOK MOJy4YwiIcst Bb 1 KOpUYHEBBIHM I'eH Y HEro TOYHO OT oTua. [IoToM MBI
9TOr0 CHUHE-KPacCHOTO BA3&JIM C 3€JIEHbIM, KOTOPBIA TOXE OKa3aJiCcsl YEPHbIM T'OMO3UIOTHBIM U, O 4yZ0
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(xoTs Ha caMOM JIeJie HUKaKO€ He 4y/10) OIsITh cpaboTalia 1mojaoBas KJIeTka ¢ KOpUYHEBbIM reHoM. To xe
camMoe NMOBTOPHWJIOCH U MPHU BI3Ke ¢ TOMO3UTOTHBIM BB xentbim. MTak, Mbl NOIy4YHIIM IPABHYYKY CUHETO
c reHoTUNIOM Bb u ren b 6e3 BapuaHTOB el noctancs oT mpajena. [Iorom Mbl chenand MHOPUIUHT,
MIOBsI3aB ECTPEHbKYIO C CHHUM, U B 3TOM CJIy4ae OT IeCTpOi yyacTBOBala AWLIEKIEeTKa C TeHOM b, a BOT
OT CHUHErOo B 3TOT Pa3 BBICTYNUJI CIIEPMATO30HU ] C TEHOM B.

B onbiTax ¢ caxapom U B pUCYHKaxX XpOMOCOM Mbl Obl IOCUNUTANIN 3Ty Napy F'€HOB OJAMHAKOBO CUHUMH,

T.€. TOMO3UT'OTHBIMH, a HA CAMOM JIeJIe 3TO camasi 4YTO HU Ha €CTh FeTePO3UTr0THAas mapa.
BeiBoa: 3annMarscs BerancienusMu KU ato 6ecrionesnoe u 6eccmpicienHnoe 3anstue. Ta nHpopmanus,
KOTOPYI0O HaM JaeT 3TOT KOX(PQUIMEHT, MOXHO BBICKa3aThb HPOCTHIMH YEJIOBEYECKHMHU CIIOBAMH:
uHOpuaunr 1:2, 2:1, 2:2 370 oyeHb ONM3KUH WHOPUAMHT U HE CTOUT €ro MPUMEHITH 03 apXHUBaKHON
Ha/JI00HOCTH, a TAK)K€ U HE CJIeAyeT B Ipejesiax OAHOW POJOCIOBHOM HAKAaIUIMBATh CIMIIKOM MHOI'O
MHOPUJMHIOB Ha OJIHUX U TeX K€ co0ax.

Ecau TecHblit HHOpUAMHI Takash HENpPUSATHAs BElllb, TO HE CTOMUT JIM BOOOIIE OT HEro OTKa3aThCs U
Jla’)Ke 3alpeTUuTh MCIOJb30BaTh B pa3BelleHUu? B 3TOM ecTh panuoHaIbHOE 3€pHO, OJJHAKO HE CTOUT
BBIIUIECKUBATh BMECTE C BOAOW M MiajaeHua. Jlaxke OT KpOBOCMEIIEHUs MOXKeT ObITh noJib3a. Kobens,
KOTOPOT'0 U3BECTHBIE CIIELMATIMCTBI OLEHUBAIOT KAaK BOCXOSIIYIO 3BE31y, Ipoyat OoJbloe Oyayuiee, a
BJIa/I€JIbI[bl HEBECT 3apaHee PEe3epBUPYIOT Ouepelb Ha BA3KY, XKEJIATeJIbHO Obl IPOBEPUTH B OJIU3KOM
nHOpuauHre. Jlajgeko He Bce HacieACTBEHHbIE 3a00JI€BaHuUs ceiluac TeCTUPYIOTCA B 1JaDOPaTOPUAX U €CIIH
YJIACTCsl CEJEKIIMOHHBIM METOJ0M KaK MOXHO paHblI€ BbISIBUTh HAJMYUE BPEIHONW MyTallud B F€HOME
K0OeJIs, TO 3TO MO3BOJIUT U30€XKaTh TOr0 KOJIOCCATHHOIO Bpela, KOTOPBI MOKHO OBIJIO HAHECTH MOPOJE,
HCIO0JIb3Ysl TAKOTO0 HEOJIAronoayqyHoro npousBoauTess. Bropoil miroc — 1meHkH, noay4eHHble B TECHOM
MHOPUJIMHIEC Ha BBIJAIOLIEIOCSd MPEJICTABUTENS] MOPOAbI, SBISIOTCA CBOEOOPa3HbIM XpaHWINLIEM
TeHETUYECKUX TOcjenoBaTeNbHOCTell cBoero mpenaka. /la, caMu OHM MOTYT OBITH XYyXKE CBOETO
3HaMEHUTOTO POJUTEIIS, HO 3aTO MOT'YT OKa3aTbCs BECbMa LIEHHBIMU ITPOU3BOJUTEIISIMH.

AyTOpuIuHT (HEpOJICTBEHHOE pa3BEJACHUE) — €IlI€ OIWH HEe3aCIYKEHHO OOWXKEHHBI METO.
IUIEMEHHOTO pa3BeneHus. JlypHylo CliaBy MOJIy4Ms U3-3a TOTO, YTO B OMOJIOTUM MOHATHE ayTOPUAMHT
MMeeT UCKIIIOUMUTENIbHO HIMPOKOE TOJIKOBAHUE U MOJPAa3yMEBAET HE TOJbKO CKPEIIUBAHUE )KMUBOTHBIX, Y
KOTOpbIX 00IIME MPEeIKH OTCYTCTBYIOT KaK MUHUMYM Ha IPOTSIKEHUU IIECTH MOKOJEHHH, HO TaKxke
OpraHM3MOB NPUHAMAJIEKAIIUX K Pa3HbIM NopojaMm U gaxe BuaaMm. Ceiluac HEKOTOpblEe MOPOABI coOOaK
HACTOJIbKO F'€HETUYECKU OJHOPOJIHBI, YTO Y HUX ayTOPUAMHI MOKET OBbITh TOJIBKO (POPMAJIBHBIN, a Ha
caMoOM Jiejie, B CPaBHEHHUU C JAUKUMU KUBOTHBIMH, 3TO CaMbIi HACTOSIUN UHOPUIMHT U XOPOIIO €CIIH
yMmepeHHbIl. Ho ecTh Takke mHOpoabl C HE YCTOSABIIUMCSA (PEHOTUIIOM, C 3aMETHO HECXOXKHMHU
BHYTPHUIIOPOJIHBIMU TUMAMHU. B Takux mopojax ayrOpUIUHT cleAyeT IPUMEHSITh C OCTOPOKHOCTHIO, HO
BCE PaBHO NMPUMEHATh. MIHaue kak cOMMKaTh pa3aIuyHble THUIBI U JOOUBATHCS CTAOMIBHOCTH B IOpoje?

Kpowme toro, ayTOpuauHr BKJIIOYaeT B ce€0s1 ayTKPOCCUHT — METO/] 1000pa Mapsl, P KOTOPOM CyKa U
KOoOeb NpUHAAIEKAT K pa3sHbIM 3aBOJCKUM IUIEMEHHBIM JIMHUAM. JTO OUY€Hb BaXKHBIN 3Tall B Pa3BUTHU
IUIEMEHHBIX JTMHUMN, T03BOJIAIOIUN 000TalaTh JMHUIO HOBBIM € HETUYECKUM MAaTepUaJIOM U IPUBHOCUTh
B [IOT0JIOBbE HYKHBIE U MOJIE3HbIE IPU3HAKHY.

[To meTonam pa3BeneHust Bpoje Obl BCe, HO MEHSI My4aeT COBECTh. MBICIMMO JIM 3TO - B3SITh U JIMLIUTh
CO0aKOBOJIOB yJOBOJBCTBHS BBICUMTHIBATH Kod(duuuent muOpumunra! IlosTomy Bcem mrobuTensim
MaTeMaTHUKH Ipejiarao aJeKBaTHYIO0 3aMeHy - 3akoH Xapau-BaitnOepra.

3ameyarenbHbIH 3aKOH NOMYJSIIMOHHOM TIeHeTUKH, copMmynupoBaHHbli B 1908 HezaBucumo
aHrIMICKUM MateMaTukoM I'. Xapau u Hemeukum BpauoMm B. BaiiHOeprom. 3akoH yTBEpKIaeT, YTO B
TEOPETUYECKON HACaTIbHOW MOMYJSLIMU pachpeesieHue aienaeid OyAeT OCTaBaThCsi MOCTOSHHBIM M3
IIOKOJIEHUs B NTOKOJIeHHe. Ecu 4iCcIeHHOCTh NOMyJIALMY TUIIJIOUIHBIX OPraHU3MOB BEJIMKa, €CJIU B HEll
OTCYTCTBYIOT MyTallUH, MUTPALlUsl U OTOOP 10 U3y4aeMOMY I'€Hy, TO 4acTOThl TeHOTUNOB A4, Aa 1 aa B
MNOMYJISIUM OCTAIOTCSl OAMHAKOBBIMU M3 IOKOJIEHMS B IOKOJEHHE U CBS3aHbl C 4acTOTaMH T'€HOB
IIPOCTBIMU COOTHOILIEHUSM:
gactota romosuror A4 =p’
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4acToTa reTepo3uror Aa = 2pq
4acTOTa TOMO3UTOT aa =g
rae A v a — ajieny HeCLUEIUIEHHOTO ¢ TI0JIOM T'€Ha, p — 4acToTa ajuiens A, ¢ — 4acToTa ajuiens a.

P +2pg+q°=1(100%)

HagsepHoe, nuip pekie YuTaTead CMOTIIM OHATH, HO BCE HE TaK CTPAIIHO, €CIH He OIIN0aiCh, 3TO
YPOBEHb 5-T0 KJlacca CpeAHEN LIKOJIBI - KBaJpaT CyMMBbI. [/laBaiiTe pacCMOTpUM IIPAaKTUUYECKUN IPUMED, U
Bbl yOeauTeCh, YTO HHUYEro 0co0O0 CIOKHOro B 3THX (popmynax Her. IIpeacrtaBbTe cebe OrpOMHBIM
HEoOUTaeMbIil OCTPOB, HA KOTOPOM >KUBYT YEpHBIC U KOPUUHEBBIE COOAKH B KoJauuecTBe 1 MitH. ocobeit. U
BOT Mbl TaKM€ YMHbIE M JIIOOOIBITHBIE HPHUIEPIUCh HA 3TOT OCTPOB, YTOOBI 3aHATHCA HAYYHBIMHU
W3BICKaHUSAMH. B3suti Mbl 00pa3iel TKaHel y Kaxaoi cobaku u nposenu ananmu3 JJHK no nokycy B. 1
O00HApYKWJIM MBI TO, YTO U JTOJDKHBI ObUTH OOHAPYKUTH: y 4acTH co0aK oKasaycs reHotun BB, y npyrux
Bb, y tpetbux — bb. He nosneHuIMCh Mbl IPOU3BECTU U pa3HOOOpa3HbIe MOACUETHI: | MIIH co0aK, y Kaxa0i
IO /IBa T€Ha B 3TOM JIOKyCe, BCcero — 2MJiH. reHoB. 13 nux 1,4 muH. (70%) okazanuce B-renamu, u 0,6MIH.
(30%)— b-rennl. Tak BoT 3akoH X-B Kak pa3 u yTBep>KIaeT, 4TO 3TO MPOIEHTHOE COOTHOILIEHHE OyeT
0CTaBaTbCs MOCTOSIHHBIM. ByieT Jin moroyioBbe pacTu Win, HAOOOPOT, YMEHBIIATHCS, HE UMEET 3HAUECHMUSL.
EnuHcTBEeHHOE yclioBHE — IOTOJIOBBE JOJDKHO OCTaBAaThCSd MHOTOYHMCIIEHHBIM, TaK Kak IPU PE3KOM
YMEHBIIEHUU €0, CTATUCTUYECKAs MOIPEIIHOCTh CTAHET HACTOJIBKO BEJIMKA, YTO HU O KaKOH CTaTUCTUKE
y’Ke€ HE MOXET ObITb U PEeUH.

3a0/1HO MbI IOCUUTAIM U IPOLIEHTHOE COOTHOIIEHHE 0COOEH ¢ pa3HBIMU I€HOTUIIAMHU U OKa3aJ10Ch YTO:

BB —490tb1C. — 49%

Bb - 4201bIC. — 42%

bb - 901EIC. - 9%

Bce 310 3aHMMaTenpHO M MHTEPECHO CKa)KeTe Bbl, HO KaKOW HaM OT 3TOro mpok? A 1ojb3a €CTb.
[IpencraBpTe cebe, 4To HET y Hac 00OPyNOBaHMS Ul MPOBEACHHS I'€HETUYECKOM SKCIEPTHU3bI, Aa U
BPEMEHH M CpEJCTB Takas JKCHEepTH3a 3aHMMaeT Oo4eHb MHOro. [lome3ysce Qopmynoit X-B Ham
JI0CTAaTOYHO OBLIO OBI MPOCTO MEPECUUTATH - CKOJIKO HA OCTPOBE YEPHBIX, & CKOJIBKO KOPHUYHEBBIX COOAK.
3areM MOTpaTUTh BCETO JIMILIb 5 MUHYT Ha BBIYMCIIEHHMS BCEX BBIIICNPUBEIEHHBIX IU(P, BMECTO TOrO,
4TOOBI KOPIETh MECSLaMH 3a 3JIEeKTPOHHBIM MUKpocKorioM. Ho camoe riaBHoe, IpeicTaBbTe, YTO PeUb
uaeT He 00 oKpace, a 0 KakOW-TO HacJIeACTBEHHOM 00J1€3HU, KOTOpas MepelaeTcsi IPOCTHIM ayTOCOMHO-
PEIeCCUBHBIM CIOCOOOM (T.€. HE CBS3aHHBIM C IOJIOM), @ OCTPOB — 3TO MOPOAA, MOTOMY KaK Kaxas
1opoJia )KUBET U pa3BUBAETCs B cebe, OTpe3aHHas OT OCTAIbHBIX coOak. Penkumu ciaydasMu BIMBaHUs
qy)KUX KpOBEH Mbl MOXkeM npeHeOpeub. [1onb3ysich GopMymoii, Mbl MOKEM IPUKUHYTH MPUOIU3UTEIHHOE
KOJIM4ECTBO HOCUTEJIEH MyTaHTHOT'O I'€Ha B IIOI'0JIOBBE.

Ipeo6pasyem dopmyiy p° + 2pg + ¢° =1, 5To y Hac KBaapaT CyMMBbI:

(r+q)’=1
ptq= V1=1
Hanpumep, mbl 3HaeM, uto B nopojae 4% cobak 00JeI0T Kakoi-To HeXopouiel 00ISTYKONH ¢ IPOCTHIM
ayTOCOMHO-PELIECCUBHBIM CIIOCOOOM HacyeoBaHUs. JTO NpHUHUMNUAIbHO! Ecinu Bl ycaslmuTe, 4To
croco0 HacieI0BaHMS MOJIUTCHHBIH MM MHOTO(AKTOPHBIA ayTOCOMHO-PELECCUBHBIN, TO HA 3TOM BCE
BBIYMCIICHUS NIpeKpatanTe. JlaHHblii TEPMUH B TEHETUKE — 3TO MPUIMYHBIA aHAJIOT BBIPAXKEHUS «4EPT €ro
3HaeT, Kak OHO HacleayeTrcs». YToObl moJib30BaThesl 3aKOHOM X-B, Hy)X€H KOHKpPETHBIM HOCHUTENb —
peneccuBHbIil reH. Utak, 4% (wm 0,04, ecin 3a 100% Mbl OepeM eIMHUILY) 3TO KOJIUYECTBO TOMO3UIOT
110 PELIECCHBHOMY TeHY - ¢
q'= 0,04
q=0,04 = 0,2

BBIUYHCIIUB ¢, Mbl MOKEM JIETKO HAUTH p
p+02=1
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p=08

[IO/ICTABJISIEM 3HAYEHUS p U ¢ B HAYAJIbHYIO0 (popMyITy
0,8° + 2pg + 0,27 =1
0,64 +2pg + 0,04 =1
2pq=1-0,64-0,04=0,32

Wnu 32% cobaxk sABIIAIOTCS reTepo3UroTaMu U HOCUTEISIMU HEOJIaronolyyHoro rexa.

3akoH X-B mnosBossieT HaM yBUAETH MOABOJHYIO 4acTh aiicOepra. He3HauumTenbHOE KOJIMYECTBO
00JIbHBIX CO0aK B MOPOJE CEPHE3HO paccyadisieT 3aBOJYUKOB, IMOyMaelllb, KAKUE-TO >KaJIKUE MPOIEHTHI.
Kak Bumum, Bcero nuib 4% 00IbHBIX 0COOEH B MOTOIOBbE, 03HAYAET, YTO HOCUTEJICH MyTAHTHOTO T'eHA
MOYTH TPEeTh OT Bcex cobak. Ecnu pacnpenenenue 060JbHBIX 0co0€l BHYTPU MOPOJAbI HEOJHOPOIHO U
HaOJII0aeTCs OTJIMYME BHYTPU OTACIbHBIX IJIEMEHHBIX JIMHUI Ha, Ka3aJloCh Obl, He3HAUUTENbHBIE 1-2%,
TO, IPOU3BES PACUEThl, Bbl y3HAETE, HAa CKOJIKO 00JIbIlIE KOJMYECTBO HOCUTEJIEH TIOPOUHOTO I'€HA B 3TUX
JUHUSAX B CpaBHEHMU ¢ Oosiee 0aromosydyHbIMH JUHUSAMU. K coKaleHMIo, 3TU pacyeThl HE Oar0T
CTONPOLEHTHOU IrapaHTHH, OJJTHAKO T€, KTO CJIEAYeT IO )KU3HU IIyTeM HanboJiee BBIUTPHILIHBIX BEPOSITHBIX
HCXOJI0B, B KOHEUHOM UTOI'€ BHIUIPHIBACT.

BnoGaBok, 3akoH X-B momokeT HaMm JoKa3aTh €mie W C MOMOIIbI0O MAaTe€MaTUKH, YTO IEJBIA Psill
HACJICJICTBEHHBIX aHOMAJIMH B OCHOBHOM HE SBIJISIETCS CJEICTBHEM KOHKPETHBIX MyTauuil. Boibepem
JMILIb T€ aHOMAJIMH, KOTOPBIE JIETKO ONPENEISIOTCS BHEUIHUM OCMOTPOM M IIPU KOTOPBIX y c00ak
CJIMIIKOM Majla BEPOSITHOCTh IOJIyYMUTh JOINYCK B pa3BeACHHE — KPUINTOPXU3M, HAPYLIEHUE MPUKYCA,
OTCYTCTBHE pE€3L0B M KJIBIKOB, B Te€X IOpOjAax, IJ€ MN0J00HOE HEIOMyCTUMO. MaHUIyIsUUsIMU
BJIa/IEJIbLIEB, HAIIPABJICHHBIMU Ha UCIIPABJIEHUE HEJIOCTATKOB, IPEHEOPEIKEM, KAK HEUACTBIM SIBJICHUEM.

Jloka3piBaTh OyAe€M OT MNPOTHUBHOTO M HOTOMY MPEINOJIOKHM, YTO 3a HPOSIBICHHE AHOMAIUU
OTBETCTBEHHA pELIECCHBHAs MyTalus B OJHOM M3 TIeHOB. Bo3bMeM J0CTaTo4HO BBICOKUH UIs
MePEYMCICHHBIX aHOMAJIMI MPOLEHT pacnpocTpaneHus B noroyosbe — 1%. CormacHo ¢popmyne X-B, mpu
TAaKOM IPOLIEHTE PELIECCUBHBIX TOMO3UI 0T, HOCUTEJIEH 3TOT0 reHa J0HKHO ObITh 18%.

Ha 4to MBI 0OpaTM BHUMaHHE B IEPBYIO OYepelb — B JIIOOOW mopoae, y JTr00ro akTHBHO
HCI0JIb3YeMOT0 KOOesl MPOU3BOIUTENSI, UMEIOLIET0 COTHHU LIEHKOB, BCET1a HAAYTCs LIEHKU ¢ TAKUMHU
nopokamu. IlomydaeTcsi, 4TO KakMM-TO YJIMBUTEIbHBIM 0O0pa3oM BcCe Jy4lllMe KOOEIM SIBISIOTCA
BBIXO/IIIAMH U3 OTPaHUYEHHOM IPYIIbI FETEPO3UTrOT U HUKOIa He OBIBAIOT U3 ropasio Oobllel Ipymnibl
T€HETUYECKHU «UHUCTBIX» co0ak. ITo 6oJiee UeM CTPaHHO U YK€ 3TOr0 JOCTATOYHO, YTOOBI YCOMHUTHCS B
MYTAllMOHHOW TEOpHUM MPOUCXOXKACHUSA aHoManuid. Ho Mbl moiinem nanplie ¥ BCIOMHUM OJHO U3
TJIaBHBIX TpeOOBaHUM Mg TOro, 4ToObl 3ak0oH X-B nelicTBOBai — B MOMYJISIIUU AOJKEH OTCYTCTBOBATh
oTOOp MO H3y4aeMOMY TI€HY. A KHUHOJOTM TOJbKO TEM M 3aHUMAIOTCS Ha MNPOTSIKEHUU MHOTHUX
NEeCATUIETUH, YTO OTCEUBAIOT 3T BOOOpakaeMble I'eHbl U3 MOMYJISAIUH.

JlaBaiiTe BepHEMCs Ha TOT CaMblil OCTPOB, T KHUBYT YepHbIE U KOPHUUHEBBIE COOAKU M TIOXUTUM BCE
90 TbIC. KOpHUYHEBBIX coOak. KopuuHeBbIi 0Okpac B OCTPOBHOM IOT0JIOBbE HE HCUE3HET, YEPE3 HEKOTOPOE
BpeMsl BBIIIETATCS OT Te€TePO3UTrOTHBIX 0co0el 1eHkHu Takoro okpaca. Ho teneps H-reHoB Ha oCcTpoBe
Oyznet Bcero auiib 23%, Beab Mbl yMBIKHYJIM U3 0,6 MiH. ansenedt menbix 180 Toic. mtyk. Ha 3TOM MBI HE
OCTAHOBUMCS, HABEIAEMCsI Ha OCTPOB €l1l€ Yepe3 HECKOJIBKO JIET U OISITh BbIBe3eM Ha bosblryto 3emito
BCEX KOpPUYHEBBIX cobak. U eme pa3, u eme pa3. CornacHo 3akoHy X-B B mepuo Hamero oTcyTCTBUS
HUKAKUX HW3MEHEHUIl B COOTHOLIEHMM I€HOB HE JOJDKHO HPOMCXOJIMTH, BO BCSAKHI CBOM Npue3 MbI
IIPOCTO MEPEBOJUM CUCTEMY B HOBOE HCXOJIHOE COCTOSIHUE, HO Jajiee OHO cTabuibHO coxpansiercs. Co
BpEMEHEM KOJIMYECTBO KOPUYHEBBIX T€HOB HAa OCTPOBE YMEHBIIUTCS 10 MU3EPHBIX UUCEI U BCE MEHBIIIE U
MEHbIIE KOPUYHEBBIX COOAK HAM IPUAETCS BBIBO3UT.

To xe camoe MbI fesaeM, Korja UCKII04aeM U3 pa3BeJieHUs] COOaK ¢ ONpeesIeHHbIMU IOPOKAaMU, Mbl
JieJlaéM 3TO HENPEpBIBHO, I'OJIaMH, AECATHIETUSMHU, HO IMPOLEHT AHOMAIMHA OCTAeTCsl B IOT0JIOBbE
IIPaKTU4YeCKU Heu3MeHHbIM. CTpOryo HayKy MaTeMaTUKy He OOMaHElb — €CJIM 3aKOH HE BBINOJIHsETCS,
€CJIM KOJINYECTBO IOPOYHBIX OCOOEH HE yMEHbINAETCs, 3HAYUT, W3HAYAIbHOE IPEANOJI0KEeHnEe ObLIOo
HEBEPHBIM — HE KOHKPETHAsI peLleCCUBHAsI MyTallUsl SABJISETCSI OCHOBHOM NPUYMHONW aHOMAJIUH.
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UYro xe AenaTh, €CiIM CeJIeKLIHOHHAsi FTeHETUKA HE ITpeJlaraeT NpOoCThIX MOHATHBIX peuentoB? A To xe,
4TO JieNany paHblie. Bo-nepBpix: BsA3aTh Jydllee C JIy4lIMM. JDTO Ha CAMOM JIeJIe He TaK IIPOCTO, MOPOM
BA3Ka C HY>KHBIM KOO€JIeM COIpsiKeHa ¢ OOJIBIIMMH TPYJHOCTAMH U Xjonotamu. HyxHo ymeTs BuieTh
peasbHble JOCTOMHCTBA U HEJOCTAaTKU CO0aK, HE OCIEIIISICH OJecTsmeld MUIYpOii MHOTOYHCICHHBIX
TUTYJIOB U HE Myrasich MX OTCYTCTBUs. HyXHO ymeTb aHaIM3UpPOBATh YK€ IOJIy4YEHHbIE IOMETHI
IIPOU3BOAUTENS U OTMEYATh - KaKHe MPU3HAKU TOT NEepeAaeT yCTOMYMBO, a Kakue — He o4eHb. HyxkHo
YMETb Pa3AeJisATh JIy4IIUX IPeACcTaBUTENCH MOPOAbI U JIydIIUX MPOU3BOJUTENEH, JAIeKO HE BCETJa 3TO
OJHO U TO Xe. bnu3kuil HOPUAMHT clieqyeT NPUMEHATh HE MOTOMY, YTO y KOTO-TO W3 3aBOJYHKOB B
TakoM UHOpuauHre poauics Yemnuon Mupa, He B Haiexk 1€ — aBOCh YTO-TO BBIMJIET, @ UMEsI KOHKPETHbIE
nenu u 3anadu. CIUIIKOM OTAAleHHbIH ayTOpHAMHI ¢ KoOesieM aOCOIIOTHO MHOTO THMNA, Jla elle U
MIPUBE3EHHOI'0 U3 T€X JaJbHUX CTPaH, I'71€ MECTHbIE KUHOJIOTHYECKUE OpTraHU3aI[Mi Ha METU3ALMIO0 TOPOJ]
CMOTPSAT CKBO3b MaNblIbl, CJIeJyeT IPUMEHATh HE JIs TOT0, YTOOBI y IIEHKOB Obl1a KpyTas poJ0CIOBHas,
a eciM B 3TOM KoOeJjie eCTh HEUTO UHTEPECHOE, UTO OYEeHb IPUTOJUTCS B MECTHOM HorosioBbe. HyxHO
pa3zessaTh NOPOKM M aHOMAJMM Ha Te, ¢ KOTOPBIMH MOXXHO U HYXHO OOpOTbCS CEJNEKIMOHHBIMU
METO/IaMU U Ha T€, KOTOphIE CIeAYyeT NMPUHATh KaK JAaHHOCTb WIH )K€ OOPOTHCS MyTEM KOPPEKTHPOBKHU
cTa”apToB nopoa. He npunuceiBath cebe JIMIIHUX 3aCIyr U HE KOPUTh ce0s Tam, rie OeccuieH Ha uTo-
TO MOBJIUATE. XOTA... 3TO y’KE€ HE UMEET HUKAKOTO OTHOILEHUS K T€HETUKE.

JIEKIUSA Ne6 HEMEHIEJEBCKASA HACJIEACTBEHHOCTbD.

Haneroch, uTo mpeaplaynive JCKIMHA OKOHYATEIBHO M OECIOBOPOTHO YOCIMJIM YUTATENICH, YTO
TPaAUIIMOHHOE  TPEJCTaBJI€HHEe O MEXaHM3Max TMepefadyd  HacleICTBEHHOW  uH(OpMaIuu,
KYJIbTUBUPYEMOE IIKOJBbHOW MporpaMMoid H 0011e00pa3oBaTeIbHBIMU CTaThsIMHU, OTIMYAETCA OT
peambHOTO TMOpsAKa BEIIEeW, Kak [EeTCKUH PHUCYHOK OTJIMYAaeTCs OT HAcTosAIero Janamadra.
Knaccruueckas reneTuka Havyana u cpeiuHbl XX BEKa OCHOBBIBAJIACH HA MEHAEIU3ME U XPOMOCOMHOM
HACJIEJICTBEHHOCTH; W3MEHYMBOCTb U OHBOJIOLUHUS CBS3BIBAIMCH CO CIy4alHBIMH MYTalHUSIMU H
KpoccuHroBepoM. HekoTopbie OTKJIOHEHHMS OT 3aKOHOB MeHzaenss OOBIACHSJIUCH HEMOJHBIM
JOMUHUPOBAHUEM YacTH ajljiejied, MHOKECTBEHHBIM ajIeIM3MOM (YBEIMYEHUE YHUCIO KOMUU T'E€HOB),
HacJIeI0BaHUEM CLEIIJIEHHBIM C I10JI0OM, @ HEKJIACCUYECKOe (HEMEHIEJIEBCKOE) HACIEA0BAHHUE CBSI3bIBAJIM C
LUTOIIA3MATUYECKON HACIECTBEHHOCTHIO.

Oro Obula mpocTas, MOHATHas MmapaaurmMa. B To camoe Bpems, koria (usuka mpeojoJena
MEXaHUCTUYECKOE MHPOBO33pEHHE, LlapuBIlee B Hayke co BpeMeH ['amwies u HpioToHa, B Guosoruw,
Ha000pOT, co3/ajach MaJIeHbKask «KMEXaHUCTUUYECKas 3aBOJb». XOTSl YUCHBIE TOI'O BPEMEHHU PEIIUTEIHHO
OTOpOCUIIM KOHIIETIIHIO "dyeoBeKka-MaluHbl" BpeMeH MexanunusMa X VIII B., HO TuIIb JJ1s1 TOTO, YTOOBI
3aMEHHUTh CXO0XKEH YIPOUIEHHON CXEMOil: BCE )KMBOE JIMIIIb HA MEPBBIM B3Il YCTPOESHO CIIOKHO, CTOUT
OTKPBITh MPOCTEHIINE 3aKOHBI, TUIIA 3aKOHOB MeHens, A1a HICHTU(OUIIUPOBATh BCE T'€HBI U Cpa3y ke
YCTPOMCTBO JKMBBIX OPraHU3MOB W MEXaHHU3Mbl HACJIEJACTBEHHOCTH CTAaHYT SICHBI U TIOHSITHBI.
[TonagoOunuch TOABI U IECATHIIETHS U Macca (PaKTOB, HE BIUCHIBAIOLINUXCS B TPAAUIIMOHHYIO T€HETHUKY,
YTOOBI YYCHBIC MPUILIH K MOHUMAHHUIO TOTO, YTO HEJOCTATOYHO MMETh MOJIHYI0 uHpopmanuto o JTHK
KaKoro-inbo opraHu3Ma, 4TOoObI MOHATh, KaK (YHKIMOHHUPYET 3TOT opranu3M. HeoOxonumo 3HATh
xapaktep (QyHKIMOHAIBHBIX CBS3€H MEKy BCEMH dJIEMEHTaMu B opraHu3me. Kak kBaHToBas (hu3MKa HE
OINpOBEPIJIa 3aKOHBI KJIACCHYECKOH (DU3UKH, a JIMIIb yKa3ana I'PaHUIlbl, B KOTOPBIX ATH 3aKOHBI paboTaloT,
TaK U COBPEMEHHAsl FTEHETUKA, HE OTMEHSIET KJIACCUUYECKYIO T€HETUKY, a JOMOJHSET €e.

ITo xoxy mpenplaymiux JEKIUMA HE pa3 M HE JBAa OTMEUAJICS TBOPUYECKUW MOAXOJ OpraHu3Ma K
COOCTBEHHOH HacieICTBeHHOW nH(popManuu. B 3Toil nekiun s monpoOyro MepeynuciuTs OOIbIINHCTBO
W3BECTHBIX Ha CErOJHSIIHUN JI€Hb KOOPJAMHHUPYIOUIMX W HMHTETPHUPYIOIIUX MPOIECCOB B KIETKE,
BHOCSILIUX KOPPEKTHBBI M MOMEXHM B KJIACCUUYECKYIO MOJIE€JIb HaclieHoBaHUs. BO3MOXKHO, KO€-4TO W3
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MPEJACTABIICHHOTO MOMOJXKET IMOHSITh HEKOTOPBIE «4ylIeca», ¢ KOTOPHIMH 3aBOJYMKH CTAIKHBAIOTCS B
cBoeii pabore.

1) IuromiasMaTruyeckasi HaCJeACTBEHHOCTb, KOTOpas Kak pa3 M IOpOAWIA TEPMHUH -
«HEMEH/IEJIEBCKasl HACIEACTBEHHOCTh». B nekuuu no uuronoruu s obpainana BHUMAaHUE HA TO, YTO y
MUTOXOHJPUHN €CTh COOCTBEHHBII T€HOM, B KOTOPOM XpaHUTCS HHPOpManus o 0eiKax 3TOH OpraHesIbL.
Oco0enHocThio MuTOXOoHApHanbHOM JIHK siBisieTcs ee HacienoBaHue o MaTepUHCKOW JIMHUU, OT MaTepu
K JaeTsM. B cnepmaro3zonje NpakTUYECKH HET MHUTOXOHAPHM, a JaXe €CJIM OTIAEIbHBbIE OTLIOBCKHE
MUTOXOHJAPUH NONAAAI0T B AULEKIIETKY, TO OHU OJIOKUPYIOTCS HAa MOJIEKYJIsIpHOM ypoBHE. CuHTe3 ATO
[JIaBHAs, HO HE EAMHCTBEHHass (YHKUUS MUTOXOHAPUN, KPOME 3TOr0 MUTOXOHAPUU HPUHUMAIOT
aKTUBHOE y4acTHE€ BO MHOTUX OMOXMMHYECKUX PEAKIUSAX U CUHTE3UPYIOT HEKOTOPbhlE aMUHOKHUCIIOTHI U
ropMoHbl. Myrtanuu B MutoxoHApuanbHbIX JIHK MoryT OBITE IpHYMHON pa3IUYHBIX HACIEACTBEHHBIX
3a00J1€BaHU LEHTPAIbHOM HEPBHOM CHUCTEMBI, SHIAOKPUHHON CHCTEMBI, MOYEK, MEYEHH, CKEJIECTHBIX U
MBIIICYHBIX AHOMAJIUN U JIp.

K coxanenuto, Ha TmpeJMeT HACIEACTBEHHBIX 3a0osieBaHuii mMutoxoHapuanbHas JIHK cobak He
u3yyaetrcs. Bo3moxHo, B Ommkaiimiem OyaymieM 5TO M3MEHHMTCS, KHHOJOTH Y3HAIOT O MPHYUHAX
HEKOTOPbIX 00JIe3HEeH cobak U Mojydar HaJeKHbII cr1ocod UX MpeJoTBpaLCHUS.

Kpome JTHK muroxonapuii B nurtomnnazMe ecth pasHbele (pparmentsl uyxepoansix JJHK u PHK, B
OCHOBHOM BHPYCHOH MNpUpOAbl. DTHU MOCIEAOBATEIbHOCTH HHOTJA CIIOCOOHBI BOCHPOU3BOAUTHCS
CUHXPOHHO C T€HOMOM XO3sMHa U HACJIEYIOTCS HE TOJIBKO 10 MATEPUHCKOM, HO U 110 OTLIOBCKOM JIMHUH.
dakTUUEeCKH, 3TO CHUMOHMOHTHI OpraHM3Ma, XapakTep HX HacJeOBAaHUS HOCUT HEINpeICcKa3yeMbli
XapakTep, a KOJIMYECTBO CHIJIBHO BapbUPYEeT B Pa3HbIX KIETKAaX M y pa3HbIX ocoled. A yx Kakue
HapyleHuss B paboTe opraHu3Ma MOTYT BBI3BIBATh 3TU HEMPOILIEHBIE FOCTU — JIaXKe MPEACTaBUTh ceOe
CJ10%HO. Bee 4To yrosiHo MokeT ObITh, Ha TO OH U BUPYC.

[Tosie3nble BBIBOJBI M3 3TOH HMH(pOpPMALMM MBI MOXEM CHAEJaTh TakKue: OT MaTepu U OTIa LIEHOK
[IOJIy4aeT PAaBHOE KOJIMYECTBO XPOMOCOMHBIX T€HOB, HO LMTOILIA3MaTUYECKHE I'EHbI MEPENAr0TCs B
OCHOBHOM OT MaTepH, TO €CTh B CyMME OT MaTepH nepenaeTcs 00JbIIe TeHOB, 4eM OT OTIA.

Crnenyromee — KpaifHe HeXeJaTeJabHO BsA3aTh COOAK BCKOpE IOCJE MEPEHECEHHBIX MMHU BHUPYCHBIX
3a0oJsieBaHuid. Hy)KHO JaTh OpraHu3My NPUATH B CEOsl M «IIOYUCTUTHCS» OT BPEIHOTO Mycopa. Takxke
clIelyeT OTMETUTh, UTO Y B3POCIBIX KUBOTHBIX YUCJIO BKJIIOUEHUH MEHbIIE, YeM Y MOJIOJBIX co0ak. Tak
YTO HE CJIEIyeT CHEIINTh C BA3KON IOHUOPOB B TOM CiIydae, eciau cobaku 00senu B JeTCTBE KAKUMU-THO0
MHQpEKIUAMU.

2) Myrtanuu. OueHuBasi TpOU3BOAUTEIICH 110 UX TOTOMCTBY U IUTAHUPYS BSI3KH, HE CTOUT 3a0bIBATh O
TOM, YTO B OPTaHU3ME MMOCTOSAHHO POUCXOAAT MYyTAallMU U BAIIM TIIATEJIBHO BBIBEPEHHBIE TIAHBI MOTYT
OBITH JIETKO pa3pyIICHbI IEPECTAHOBKOM BCETO JIUIIb HECKOJIBKUX HYKJIEOTHIOB B OUEHb BAXXHOM T'€HE H,
KaK Ha3Jo, y CaMOro JIYYILIETO IEHKA B [IOMETE.

3) Kpoccunrosep. [IpuBouT HE TONBKO K MEPEMENIUBAHUIO T€HOB B TOMOJOTHYHBIX XPOMOCOMAX.
Ecnu npousoiiner oOMen HepaBHbiMU yuacTkaMu JIHK, To 3T0 MOXkeT nmpuBecTu K MyTalusaM, IPpUTOM He
TOJIKO T'€HHBIM, 3aTParuBalOIIME CTPYKTYpPy OJHOIO I'€Ha, HO U XPOMOCOMHBIM, IEPECTPAUBAIOIIUM
CTPYKTYPY LIEJIOH XPOMOCOMBI.

4) Peryasinus 3KcnpeccuM reHa. B TpaaunmoHHON IeéHETHKE CYUTAIOCh, YTO XPOMOCOMBI COCTOSAT
CIUIONIb U3 TeHOB M Kax bl kKycouek JIHK HeceT nmonesnyto nadopmanmio. Co BpeMeHEM BbIsSICHUIIOCH,
YTO KOJUPYIOIIHME CErMEHThl COCTaBist0T HUYTOXkHYI0 udacte JIHK. Cam reH uMmeer QUCKpETHYIO
CTPYKTYPY U COCTOUT U3 KOJUPYIOIIMX CETMEHTOB 3K30HOB U HEKOJAMPYIOIUX HHTPOHOB. 1 BCA 1ienouka
JHK, anaiornuHo, cOCTOUT U3 MUH()OPMAIMOHHBIX MOCIEI0BATEIbHOCTEN — I'€HOB M OECCMBICIEHHBIX
CerMeHTOB, Tak Ha3biBaeMas MycopHas JIHK. ['enom cobak eiie HE CEKBEHHMPOBaH, HO MO aHAJIOTUU C
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APYTUMH BHIAMH, MOYHO TPEIIOI0KUTh, 4YTO HH(OPMATHBHAS YaCTh T€HOMa COOAKH COCTaBISIET OKOJIO
3%. Panee 3T MycOpHbIE y4acTKH IOJarajyd HEHYXHBIM 0alacTOM, BeIb HUKAaKOW MH(OpMALUHU O
Oenkax OHUM He cojepkar. Ho W TyT ydeHbIX >XKJal CIOPHOPU3 — OKa3ajJloCh, YTO YacTh 3TUX
HEKOAMPYIOUINX TOCIeI0BAaTENbHOCTEH BBIMOIHAIOT PETYIITOPHbIE (YHKLIUH, BIHIS Ha pabOTy T'€HOB.
Bosnee Toro, UMEHHO 3TU PEryJIATOPHBIE TOCIIEI0BATEIBHOCTH UIPAIOT KJIIOUEBYIO POJIb B 3BOJIOLUHU
MJIEKOIUTAIOIIMX, IOTOMY KaK IO OeJKaM U KOJUPYIOIIUM UX T€HaM BCE MJIEKOIUTAIOIINE OTINYAI0TCS
Jpyr OT Apyra KpaiiHe He3HauuTeNbHO. Jlaxke y TaKMX HECXO0’KMX 4el0BeKa U MbIIIM 95% 0lMHAKOBBIX
0€JI0K-KOJUPYIOIIHNX T€HOB.

PerynupoBatk 3Kcripeccuio reHoB MOTYT HECKOJIBKO 3JIEMEHTOB:

a) [IpomMoTOpHBI - pacrnoyioKeHHbIe B HENOCPEACTBEHHOH Onu3octu ot reHa (B npenenax 100-200 nap
HYKJIEOTU/I0B) I10CJIE€I0BATEIbHOCTH, KOTOpbIe ciykaT aiuid PHK ono3HaBarenbHbBIM 3HAKOM U MECTOM
cBs3bIBaHUs ¢ xpomocoMoil. I Tonbko mocne storo PHK moxer cHste konuwo ¢ JAHK. Myrauuu B
IpOMOTOpax 3aTpyaHAt0T padoty PHK, yTo MpuBOAUT K CHHKEHUIO KOJIMYECTBA CHHTE3UPYEMOTO OeKa.
0) DHXaHCepbl — KOPOTKHE IOCJIEOBATEIbHOCTH HYKJIEOTHAOB, C MOMOIIBIO PETYISTOPHBIX OEIKOB
nomorator PHK nepenuceiBare mHpopmanuio ¢ JJHK u, xak cienctBue, TpaHcisuus Oenka UICT
YCKOPEHHBIMU TeMIaMu. B oTiauuue oT mpoMOTOpPOB, SHXAHCEPBHl MOTYT pacroJararbcsi B 00J1acTAX
3HAYUTEJIBHO OTJAJICHHBIX OT PEryJIMpyeMoro reHa.

B) CaiisieHcepbl — aHTHIIOBI SHXaHCEPOB, padOTAIOT TOYHO TaK K€, HO BMECTO aKTHBUPOBAHUSI ITpoLecca
TPaHCKPUILMH, HA000POT, MOJABJISIOT €T0.

r) DddeKkT MmojaoxeHus: — BIUSIHHE MECTOPACIOJOXEHHS T'€HOB B XPOMOCOME Ha UX AKTUBHOCTD.
PaccmarpuBas crtpoenue JIHK, Mbl OCTaHOBWIHCH Ha CTaJud JBOWHON LEMH HYKICOTHUAOB U
3aKpy4yMBaHMM ee B cnupainb. Ho 3To eme He Bce, fanee 3Ta JJIMHHEHIIAs MOJIEKYyJa 3aIlyThIBaeTcs,
neperieTaeTcs, oopacraeT pa3HOOOpa3HbIMU O€JIKaMU U MPOCTHIMH XUMHUYECKUMHU COEAUHEHHUSIMHU.
CTpyKkTypa XpOMOCOMBI IOJIy4aeTCs BeCbMa HEOJHOpoAHA. Bwigenstor obiactu ¢ Oosiee IIOTHOM
YIAaKOBKON — reTepoXpOMAaTHHOBBIC, U O0JIACTH C MEHEe IUIOTHOM yNMakoBKOW — DyXpOMAaTHHOBEHIE. B
reTepOXpPOMATUHOBBIX O00JIACTAX MPOMCXOAUT YMEHBIICHHE 3KCIIPECCUU T'€HOB, B 3YXPOMATHHOBBIX
00JacTsX reHsl paboTatoT HOPMAJILHO.

n) Uucynsaropsl - yudactku JJHK, koTopble M301MpyIOT reH, HaXOQALUICS MEXIY HUMHU, OT BIUSHUSA
9HXAHCEPOB, CallJIeHCEPOB, FETEPOXPOMATUHOBOIO OKPYKEHHUS M BO3BPAILAIOT €MY OOBIYHYIO aKTUBHOCTb.
OnM Kak Obl TOBOPSAT BCEM PETYIATOPAM — HE HY’KHO TPOTaTh 3TOT I'€H, IIyCTh pabOTAET, KaK MOJIOKEHO.

Bce nepeunciieHHble TYHKThI OTHOCSATCS K TeHETUUECKOM peryisiiuu, TeHOM peryiaupyet cam ceds. Ho
reHeTHYecKasl MporpaMMa 3aJaeTcsi B MOMEHT OIUIOJOTBOPEHHUS, a OPTaHU3M CYLIECTBYET B MIOCTOSHHO
M3MEHSIONIEHCS OKpYXKaoel cpefie U T0JDKEH MTHOBEHHO pearupoBath Ha JIo0ble iepeMeHsbl. Ecim 661
MIPOU3BOACTBOM OEJIKOB YIPABJIJIN TOJIBKO I'€HbI, TO KJIeTKa paboTana Obl 110 NPUHLHUILY BOJIIEOHOIO
ropuioyka u3 JIeTCKOW CKa3ku, npukaszanu: «['opiiodek, Bapu!», - U y’ke OCTaHOBUTHCSI HEBO3ZMOXKHO, OT
POXKACHUS M 10 KOHIA )KU3HU OesIkM OyayT IITaMIIOBaTHCS B KJIETKE HEMPEPHIBHO U B CTPOTO 3aJaHHOM
KOJIMYECTBE IITYK 3a €UHUILY BpeMEHH. BBDKUTH B TaKUX YCJIOBUAX HEBO3MOYKHO, OPIaHU3MY HE HY)KHbI
Bce OenKku cpasy U B O0ibLIIOM KosmdecTBe. Psii 6enkoB pabOTarOT TOJBKO B ONpECIICHHBIE MOMEHTHI
KU3HH: B TIEpUOJ SMOpPHUOHAIBHOTO Pa3BUTHUS; B MEPUOJ pocTa U (HOPMUPOBAHUS; C HACTYIUIEHUEM
110J10BOM 3pesiocTH. EcTh Oeiku, BKiItovaromuecs B padoTy LMKIMYECKH — OJJTHU BO BPEMsI CHa, IpyTHe BO
BpeMsi OOJpCTBOBaHMsI, TPeTbU Mocje mnpuema nuiuu. Eme vacth O€JIKOB HYXHBl OpPraHU3My B
MOBBIIIEHHOM KOJIMYECTBE JIMIIb B ONPEIEICHHBIX CUTYaLUsAX: OCJIKU TEMJIOBOrO LIOKAa IIPU NEPETPEBE;
aJipeHaJlMH B MOMEHT MCIIyTa; HelpoMeauaTophl, OTBEYAIOLIME 332 BO3HUKHOBEHHE YyBCTBA r0JI0Ja,
TOJIBKO KOTJIa OpraHM3M HYXJAaeTCs B IUTATEJIbHbIX BEIECTBAX, a IOCJE HACHIIEHUS UM CIEeayeT
OTKJIIOYATHCA.

[ToaTOMy, KpOMe TIE€HETHUYECKOW peryiasiliuy CYyLIEeCTBYeT elle U OMOXMMHUYECKAsl Pperyisiuus c
MOMOIIBIO LIEJIOTO CeMEWCTBa peryinsaTopHbIX OenkoB, Bkitouas PHK. Benku neiicTBylOT cHTyaTHBHO,
BEJlb OPTaHU3M — 3TO OTKPBITAas CUCTEMA U OH MPOCTO 0053aH OYyKBaJIbHO €XKECEKYHIHO MEHSTh CBOM
npoteoM. Peanusyrorcss 3TH U3MEHEHHsI HE TOJBKO PEryJMpOBaHMEM aKTMBHOCTU F'€HOMA, HO JJaXKe €ro
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HU3MCHCHHEM, O UCM B CIICAYIONIHX ITYHKTAaX.

5) MoounnbHbIe reHeTH4eckne 3jaeMeHThl (MI). B TpanunnonHoii reHeTHKe NPpUHATO CYUTATD, YTO
I'eH 3aHUMAaeT CTPOro OINpeJeIeHHOe MEeCTO B XpoMocoMme — Jokyc. Jla u kak nnade? Ilpencrasbre cebe,
YTO KAaKOM-TO reH cOexal cO CBOEH MO3UIUM; MPOUCXOAUT KPOCCHUHIOBEP, XPOMOCOMBI HAUMHAIOT
0OMEHHBATbCS FOMOJOTUYHBIMM yYaCTKaMHU, a OHM-TO YK€ He romosioruusbl! B pesynbrare B oqHOM
PEKOMOMHUPOBAHHONW XPOMOCOME MOJKET OKa3aThCsl JBa OJMHAKOBBIX I'€HA, a BO BTOPOH BOBCE HHU
OJIHOTO.

OpHako ’Ke, Kak BBICHWJIOCH HENAaBHO, B TE€HOME IPUCYTCTBYIOT MOOUJIbHBIE (IIOJIBUKHBIE)
IeHETHYECKUE 3JIEMEHThl, KOTOpbIE OCYIIECTBIISIIOT nepemenieHus nenbix kyckoB JHK nmubo myrem
BBIPE3aHUs U3 OJIHOTO MECTa U BCTPAMBAHUSA €r0 B APYroe (TPaHCIIO30HBI), JINOO ImyTeM 00pazoBaHUs
KOMHUHU POJAUTEIHCKOTO 3JIE€MEHTa, BHEAPSAIONIEHCS B HOBOE MECTO TeHoMa (peTpoTpaHcrno3onsl). MI'D
CHOCOOHBI AKTHMBHO PAa3MHOXKaTbCS U IPHIraTh C MECTO HA MECTO HE TOJIBKO B IIpejesiax OJHOM
XpOMOCOMBI, HO ¥ MIEPEHOCAT MH(OPMALIUIO C OJTHOM XpOMOCOMEBI Ha Apyryto. [TonoOHbIe mepeTacoBKH
MOTYT BbI3bIBAaTh T'€HHBIE U XPOMOCOMHbIE MYTaI1H.

Brauane MI'D nocuuranu 4ykepoJHbIMH BPEIUTEISIMU U T€HOMHBIMU Iapa3uTaMu, TeM 0oJiee YTo
HEKOTOpPbI€ U3 HUX U €CTh caMmble HacTosMe BUpPychl. OTUACTH 3TO MpaB]ia, TEHOMHbBIE I1€PECTPOUKH,
uHaynupyemele MI'D, Mmoryt HanecTu Bpes opranusmy. Ho, B TO ke BpeMsi, IepecTpOiKM reHoMa yallie
BCEr0 HE SIBJSIOTCS XaOTUYHBIMU U OECTOJIKOBBIMHU, 3TO €Ill€ OJIMH U3 MEXAaHU3MOB I'€HHOMN peryssiuu,
KOTOpbIN O0OecrneuynBaeT CBOCBPEMEHHOE BKJIIOUEHHWE U BBIKIIOYEHHE DPa3IMYHBIX YYacTKOB I€HOMa
B 3aBUCHMOCTH OT NOTPEOHOCTEN OpraHu3Ma U SBISIETCS OJAHMM M3 HMHCTPYMEHTOB HalpaBJIEHHOMN
9BOJIIOLIMY OPTaHU3MOB.

Hanpumep, B Xxoae SMOpHOHAIbHOIO pa3BUTHS B HEHWpPOHAX MPOUCXOJUT AKTHUBU3ALUSA
pPeTpPOTPaHCIIO30HOB, OJ1arogapsi 4eMy HeHPOHbBI MO3Ta OKa3bIBAIOTCS] TEHETUYECKH PA3HOPOAHBIMU. DTOT
¢dakT MBI MOXXeM NpHOaBUTH K yXe H3BECTHOW HMH(OpManuMu O pa3BUTUM MoO3ra M (OPMHUPOBAHUU
MCUXUKHU I[EHKA, TaK >X€ O00ECHeYMBAIOIIMN YHUKAJIBHOCTh W Pa3HOOOpa3ue KaxIoW OTAECIbHOM
JIMYHOCTH.

MI'D sBusercs HMCXOIHBIM MaTepuanoMm s (opmupoBaHus perymatopHbix snementoB JIHK,
PacCMOTPEHHBIX B 1I. 4.

Eme MI'D, Tak ke Kak U HEpaBHOMEPHBIN KPOCCUHIOBEP, MOT'YT CO3/aBaTh JONOJIHUTEIbHbIE KOIUU
TEHOB.

I'enom cobGaku Ha 35,5% cocrour w3z MI'D. Xopomo 3TO0 WM MJIOXO, C Y4E€TOM TOI0, 4YTO
nesteiabHocTh MI'D Hecer He TOJNIBKO MOJB3y OpraHusMmy, HO U Bpen? HaBepHoe, kak M BO Bcex
OMOJIOTHYECKUX MpOLEeccax - B HOPME 3TU NEpPEeCcTpOMKH HMIyT Ha Oyiaro opraHu3Ma W BHMJA, IpHU
HapyLIEHUH €CTECTBEHHOTO X0/1a peakluii HAUMHACTCA BpeIUuTeIbCTBO. M3BeCTHO, 4TO akTUBHOCTE MI'D
3HAYHUTEIBHO MOBBIIIACTCS MPH cTpecce. Tak 4To HeraTUBHBIE (GaKTOPHI, BO3IECHCTBYIONINE HA OPTaHU3M,
MOTYT IIPUBECTU HE TOJIBKO K COMaTHYECKUM HapyIICHUSM U 3a00J1€BaHUSIM, HO JaK€ U3MEHUTh F€HOM
ocoou.

6) MerunampoBanne/nemerninposanne JIHK. Eme onun uHTepecHeimuit cnoco® perynsuuu
aKTUBHOCTH TE€HOB y MHOTMX OpPraHU3MOB, M Y MJIEKONMTAIOIIMX B 0coOeHHOCTH. CreunuaabHble
dbepmentsl - JIHK-merunassl kak XWIIHUKK HamajgaloT Ha otraenbHbie ydacTtku JIHK, OykBanbHO
BBIBOPAUMBAIOT UX HAaU3HAHKY M HACUJIBCTBEHHBIM 00pa3oM MPUCOEIUHSIOT K IIUTO3UHY (Mbl IOMHUM,
4TO 3TO OAMH M3 4-Xx HykieoTuaos, cocrtaBiastomux uens JHK) merunsnyro rpynmy - CHs.
CoOTBETCTBEHHO, AEMETHIIMPOBAHUE — OTCOEAMHEHUE METHIIbHOM Ipymmbl. YeM cuiibHee METUIUPOBAH
reH, Tem ciabee oH padortaeT. OOpa3HO BbIpaXasiCh, METHJIMPOBAHUE — ATO HAaBEIIMBAaHWE KAHIIAJOB Ha
red. Tonpko 9TOM HamacTH HAM HE XBaTajlo0, CKAXKETE BhI... H OIIHNOETECH.

CHukenue obuiero xkonuuectBa MeTwiabHbBIX rpynn B JIHK ykasbiBaeT nubo Ha pa3BuTHE OIYXOJH,
au00 Ha cTapeHue opraHu3ma. Y CTaHoBJIeHO, yTo MeTunupoBaHue JIHK y )KMBOTHBIX yMEHbIIAETCS
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¢ Bo3pacToM. [lo ckopocTH moTepu METHJIBbHBIX I'PYII MOXHO CYIUTh O BO3pacTe OpraHU3Ma M Jaxe
IIPOTHO3UPOBATh NMPOAOJLKUTEIBLHOCTh KU3HU. B Tpymie moAonbITHBIX KPbIC UCKIIOUMWIN U3 pallioOHa
aMHHOKHCJIOTY METUOHUH (MCTOYHUK METUJIBHBIX IPYII) U Y BCEX )KMBOTHBIX U€pe3 JIBE HEAEJIN pa3BUIICS
pak ne4yeHH.

Kak xe Tak nmosryyaercsi, 4To 110/1aBJIeHUE T'€HOB OKa3bIBAE€TCs M10JI€3HBIM JJI opranu3ma? /leno B Tom,
yto metmwiupoBanue JIHK mnpoucxomaut ne ciywaitHeiM oOpa3om. [Ipexnae Bcero, MeTHIMpOBaHUE
(ymMepeHHOe) sBIseTCS 3JIEMEHTApHOM cucTeMoil omo3HaBaHus 'cBoil-uyxoil". bnaromapst cucreme
METHJIMPOBAHUS KJIETKH CIIOCOOHBI OTIMYATh CBOM MeHETHMYECKHH MaTrepual OT YyKOTO0 M YHHUYTOXKATh
KOBapHbIE BUPYCHI, IPOHUKIINE B KJIETKY.

B mnponecce oOyuenust ocoou B JIHK HeHpoHOB H3MEHsSETCS XapakTep METHWIMPOBAHUS, TaKUM
CIIOCOOOM reHOM y4acTByeT B (POpMUPOBAHUM MTaMSATH.

YcuneHHOMY ke (OTKIIIOYAIOIIeMy) METUIIMPOBAHUIO MOIBEPTaloTCs (YHKIIMOHATIBLHO OECIoNe3Hble U
naxe omacHele mocnenosarenbHocT JIHK. B wactHocTH, OGompmmuacTBO MI'D moaseprarotcs
YCUJIEHHOMY METUJIMPOBAHUIO, U 3TO MPABUIBHO — IMPBIraTh IO T€HOMY MOXKHO JIMILIb 10J KOHTPOJIEM
kieTku. [loaydaercs, 4To METHIIMPOBaHKUE — 3TO XOPOILOo U nojie3Ho. Ho, u 3To cripaBeayinBo 115 1106010
mpoliecca B OpraHu3Me, XOpoIlo U M0JIE3HO TOJIbKO HOpMajbHOE TeueHue npouecca. CTOUT BMeIIaThCs
OJTHOMY U3 MHOKECTBA TEPATOT€HHBIX (DAKTOPOB M METHJIMPOBAHUE MOIAET C HAPYIIEHUSIMH — ITOJIC3HbIE
reHsl OyAyT IOJaBJI€Hbl MM BOBCE OTKIIIOUEHBI; BpeAHbIE, HA000POT, AeMeTUIMpPOoBaHbl. OCOOEHHO
OIaCHO, KOTa OCBOOOKIAIOTCS OT «KaH/1aJI0B» OHKOI'€HbI, @ F€HBI-CYIIPECCOPHI (II01aBISAOIIME PA3BUTHE
OITyXOJIM) MHAKTUBUPYIOTCS.

Cuunranock, 4YTo pOAUTENILCKUM T'€HOM IOJBEPraercs MOJHOMY JAEMETHIMPOBAHHUIO Cpa3y Ke IMocie
OIJIOJOTBOPEHHS SUIEKICTKH CHEepMaTO30UIOM, BCs MpHOOpeTeHHas MH(OpMalus NpomnanacT U He
nepenaercs 1o HacieAcTBy. HOBBIM OpraHusm 1OJKEH BBICTpauBaThb CBOKO COOCTBEHHYIO CHUCTEMY
YIIpaBJI€HUS] U PEryJUpOBaHUs F€HOMAa U POJAMUTEIbCKHME YKa3Ku eMy HU K yemy. Ho okasanock, uTo
IpOoQuIIb METUIIUPOBAHUS HEKOTOPHIX T€HOB BOCCTAHABIMBACTCS TOUb-B-TOUb, KAK 3TO ObLIO B OTLOBCKUX
WJIM MAaTEPUHCKUX IeHax. B wactHOCTH - cinyuaiiHoe metunupoBanue JIHK nnorna vacienyercs. Bor Bam
U «3a rpexu poauteneil aetu He oTBevaroT». Emie kak oTBewaror. HeraruBHoe Bo3aeiicTBue cpenbl He
TOJIKO M3MEHSIET TeHOM CaMO# 0COOM, HO MOKET NepeaaBaThCs M0 HACIEICTBY B TEUEHUE HECKOJIBKHUX
MOKOJICHUH. DTO JIMIIHUNA pa3 NOATBEPKAAECT BAXKHOCTh IIPABUIIBHOIO COJIEP KAHUS M aKTUBHOTO 00pasa
KU3HU 17151 OyAyIIUX POU3BOUTENIEH.

K cuacTslo, npuposa npegycMoTpesa 1 00paTHYI0 BO3MOKHOCTb BEPHYTHCS K HCXOJHOMY COCTOSHUIO
reHa — 3J0pOBbIil 00pa3 ’KU3HM IOMOIaeT MPEOJOoJIETh «POJOBOE MPOKIATHE» U JAEMETHIUPOBATh
MOJIC3HbIE TeHbl. Takke HEe CIeAyeT B pallMoHe c00ak Jomyckarh aedummra (HOIMEeBON KHUCIOTHI
U BUTaMMHA Bz, KOTOpBIE yUacTBYIOT B 00pa30BaHMHM aMUHOKHUCIIOTH METUOHUHA — JJOHOPA METUJIbHBIX
rpynn B kietke. CobakaM KaTeropuuecku IPOTUBOIIOKA3aHO BEreTapUaHCTBO, BEAb PACTUTENbHAS MU
HE COJIEPKUT BUTAaMUH Bis.

7) IMapamyTanusi - B3aUMOJICHCTBHE JABYX aJUICJIbHBIX T€HOB, HAXOJSIIUXCS B T'€TEPO3UTOTHOM
COCTOSIHUM, KOTOpPOE€ MPHUBOJIUT K HACJIEAyeMOMY HM3MEHEHHUIO SKCIPECCHHM OJHOTO M3 aiienei, 0e3
W3MEHEHHUS TMOCJeJ0BAaTEIbHOCTH HYKIEOTHI0B. HekoTopble TeHbI, MOJBEPTIIMECS METUIMPOBAHUIO,
OKAa3bIBAIOTCS «3apa3HbIMU» JJIsl BTOPOr0, HOPMAaJILHOI'O ajielisl B CBoeil mape. B pe3ynbrare yero BTopoit
aJJIeh TOXE TOJABEPraeTcsi METUIMPOBAHUIO, €T0 aKTUBHOCTh CHIIKAETCS WM JaKe T€H MEPEeXOJIUT B
HEaKTHUBHOE COCTOSIHHE.

Kakue HemnpusiTHbIE CIOPIPU3BI MOXKET TNPENOJAHECTH MapaMmyTalus 3aBoauukamM colak?
[Ipenmnonoxum, 4To Cyka UMEeT ONpeIelICHHbIH (DEHOTUITUYSCKUN HEJJOCTATOK, OT KOTOPOTO BBI XKeJlaeTe
n30aBUThCsA. Bbl BbIOMpaeTe koOensi, y KOTOPOrO HET MOJOOHOTO HEIOCTaTKa, HO, YBBI, HUKAKOTO
WCIipaBiieHus peHOTUNa HE TPOUCXOIUT, U BCE JETH MOJIy4atoTcsi B Mamy. Bbl XOTh 1 paccTpanBaeTech, HO
HE OIYCKAaeTe PYKH, BEJb IOTOMKH HECYT B PELIECCUBE MOJIE3HbI! T'€H, MOJy4eHHbIN OoT oTua. U eciu nanee
noaoOpare 3TUM cobakaM MapTHEPOB C KEITAEMbIM ITPU3HAKOM, TO OKOJIO MOJIOBUHBI MIEHKOB OYIyT yXkKe
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uckomoro tuna. Ho u B ciaeayroniemM NOKOJEHUH HUKAKUX TOJIOKUTEIbHBIX MMOJABUKEK HE MPOUCXOIUT.
HyxHbIi BaM OTLOBCKHUH TE€H YK€ «3apa3uics» HU3JIUIIKOM METWIbHBIX IPYHNI M aKTUBHOCTb €T0
cHu3miack. Koraa, B kakoM MOKOJIEHUH IPOU30MIET «OCBOOOXKIeHIE) IreHa — Heu3BecTHO. Ho korna oHo
IIPOM30MIET, 3TO MOXKET OKa3aThCsl €LIe OJJHUM CIOPIPU30M I 3aBOJYMKOB — BpoJie Obl JaBHEHBKO HE
OBLJI0O HUYETO M0J00HOT0 B MOT0JIOBBE U, BAPYT, HA' Te0€ — OTKY/a TOJBKO B3sJIOCH!

He ctout Tak yx cuiibHO 004TbCs MapaMyTaluii, 3T0 10CTaTOYHO pelKoe siBieHue. Jlaneko He BCAKUM
METWJIMPOBAHHBIM T'€H MOXET NapaMyTHpOBaTh, €CTh JaXe Clydyau, KOIJla T'€H HMMEET HECKOJbKO
aJIIeJIbHBIX BAPUAHTOB, HO TOJIBKO OJIMH U3 HUX MPOSBISAET CTPACTh K NapaMmyTauuu. Tem Oosee, HE CTOUT
OBITAThCS MPENAINoJIaraTh MapaMyTallio B TeX Clyd4asX, KOrja pasHble (EHOTUNUYECKHE IPU3HAKU
(0coOeHHO OKpac) 3aBUCST OT KOHKPETHBIX U U3BECTHBIX T€HHBIX MyTalllii, a HE OT METUJIMPOBAHUS I'€HA.

8) HocrrpanciasinmonHasi moaudukanus 0e1Ka - 5T0 XUMUYECKass MOAU(DUKALUS MPOTEHHA yXKe
nociie ero coOopku u3 aMuHOKUCIOT. Marpuunast PHK nocratouno cBo6o1HO 0Opariaercs ¢ mporpaMMoi,
BBIIIMCAHHONW B I'€HOME, U MOKET C IOMOILBIO aJbTEPHATUBHOIO CIUIAMCHUHIa HAKPOUTh MHOXKECTBO
pa3sHOOOpa3HbIX BapuaHTOB (GopMmynbl Oenka. beaok MoKeT moJMMepru30BaThCsl pa3HBIMU CIIOCOOAMH,
o0pa3ysl pa3IuYHbIe NMPOCTPAHCTBEHHBIE U (DYHKIHMOHAIBHBI (opMbl Ho U 3TOrO mMpHpone oka3anoch
Mmaino! Ilocne TpaHcnsauuu O€J0K HAYMHAIOT «yKpalllaThy», KaK HOBOI'OJIHIOK €JIKY, IIPUCOEIUHSS K HEMY
pa3Hble XUMUYECKHE COEAUHEHHMs. DTO M YyXKe 3HAKOMOE HaM METUJIUpPOBAHME, a, KpOME TOro -
alleTUIMpoBaHue, pocPopuIupoBaHue, IIMKO3UIMPOBaHUE, YOUKBUTUHUPOBAHUE, B 3aBUCUMOCTH OT
TOT0, KaKylo I'pyMIly NpUUEnsT K 6esKy. Bo3MoxHO naxe HM3MEHEHHE XMMUYECKOI'0 COCTaBa HEKOTOPBIX
aMHHOKHCJIOT, OTIIEINJIeHHe He0OoIbIIuX (PparMeHToB Oeka U pa3pe3aHue aMMHOKHUCIOTHOM LeIu.

Oco060 cienyeT BBIIEIUTH MOIU(PHUKAIINIO TUCTOHOB. | NICTOHBI - O0€JKHU, KOTOPBIE YKIJIAABIBAIOT HUTh
JIHK B komMmakTHYt0 XpomMocoMy. [IpeoOpa3oBaHusi THCTOHOB BIIMSIIOT Ha CITOCO0 YIIAaKOBKU XPOMOCOMBI,
a, Clel0BaTelbHO, U Ha TO - OyAYT M T€Hbl AKTUBHBIMU MM HET. DTOT IyHKT MOXHO CYUTaTh
JIOTIOJIHEHUEM K 1.4, ¥ OTHECTH K OMOXMMHMUYECKOM perysiiiuy reHoma.

Tak 4yTO HamM MOMBITKU 3aMONyYUTh HWHTEPECHBIH (EHOTUINMYECKHH NMPU3HAK OT KaKOro-Irbo
IIPOU3BOJUTENSA, MOT'YT HAaTKHYTbCS HE TOJIBKO HAa HEXKEJIAHWE OpraHu3Ma OCTABUTh AKTUBHBIM I€H,
HEO0OXOAMMBIN U1l peaju3aliy 3TOTO MPHU3HAKA, HO KJIETKAa MOJKET MOATraJuTh HA CAMOM IOCJIEJHEM
JTane ¥ MOAU(PUIMPOBATH YK€ TOTOBBIN 0€JI0K, NU3MEHHB €ro (DYHKIIUIO B HEXKEJATEIbHYIO CTOPOHY.

9) TpaHcBeknHMsl - BOCCTAaHOBJIIEHHE HOPMAalbHOIO ()EHOTHIA B pe3ysbTaTe B3aUMOJEUCTBMS IO-
pa3HOMY IMOBPEKIEHHBIX TI'€HOB, HaXOAIIMXCSA B pa3HbIX XpoMmocomax. Hampumep, B Xpomocowme,
J0CTaBIIEHCS HIEHKY OT OTLA, 0Ka3aJICsl HOBPEK/IEH HEMOCPEICTBEHHO CaM I'eH, KOUPYoLui 0eJokK, a B
XpoMOCOMe, TMOJY4YeHHOH OT MaTrepu, NOrud >HXaHCep, KOHTPOJIUPYIOMIHUN 3TOT K€ I'eH, YTO TaK XKe
JieJ1aeT HEBO3MOXKHBIM TpaHCKpUIIMIo reHa. Ilo Teopuu, B 3TOM citydae 0€J10K He MOXKET IPOU3BOAUTHCS
BOOOIIIE, a HIEHOK OyIeT UMETh T€ WM UHbIE TPOOJIEMbI, B 3aBUCUMOCTH OT TOTO, YTO 3TO 3a I'eH U OEJIOK,
BIUIOTh /0 JieTallbHOro ucxoja. Ho, B MoJOOHBIX cCilydasX HMHOIJA MPOMCXOAMUT COJMKEHHE NBYX
TOMOJIOTHYHBIX XPOMOCOM, HOPMAJIbHBII DHXAHCEp MEPBOM XPOMOCOMBI BO3/ICHCTBYET HA HOPMAaJIbHBIN
TeH BTOPO XpOMOCOMBI M O€JIoOK OJaromoxydyHo CHHTe3UupyeTcs. Ha mepBblid B3rIsia, TPaHCBEKIHS -
BeChbMa I10JIe3HAas IITyKa, TI03BOJISIET OPraHN3My HOPMAJIBHO CYIIECTBOBATh. TOJIBKO BOT TAKOE, BPOAE ObI
0J1aronoyly4Hoe >KMBOTHOE, Ha CaMOM JIeJie€ HOCHUTEINIb Cpa3y JBYX BPEAHBIX MyTallMi, KOTopble OyayT
nepeaaBaTbcsl M0 HACJIEACTBY BCEM €ro IOTOMKaM, 3aTeéM, NEepeXoAs B I'OMO3UIOTHOE COCTOSIHUE
BbI3bIBaTh KaKHe-TO MPOOJIEMBI C SKCTEPHEPOM WIIM AHOMAJIUU PA3BUTHS.

10) I'eHOMHBIIi HMIPUHTHHI - MPOLECC, MPU KOTOPOM IJIABEHCTBO (TEPMHMH — JIOMUHAHTHBIN B
JAHHOM CJIy4ae HE YMECTEH) ONpeJIeJICHHbIX T€HOB YCTAHABINBACTCS B 3aBUCUMOCTH OT TOr'0, OT KaKOI'0
poauTens yHacienoBaH reH. Mcnonb3yeTcs enie Ha3BaHue — 3P PEeKT MaTepHUHCKOT0 Mpeaka uin Qe
OTLOBCKOTO MpeliKa, B 3aBUCUMOCTH OT TOrO, Y€l IeH HKCIPECCHPYETCs, a 4YeH OTKJIHYaeTcCs.
OTkir0YeHre reHOB IPOUCXOAUT C IIOMOLIbI0 METUINPOBaHUA. B reHoMe miekonuTaronmx okoio 100-
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200 TeHOB MOJBEPTalOTCs CHEHU(PUIECKOMY METHJIMPOBAHUIO BO BpeMs (OPMHUPOBAHUS MYKCKUX U
KEHCKUX IOJIOBBIX KJIETOK. JTO METUIMPOBAHHWE OTHOCUTCS K CTPOTO HAClIeJyeMOMY, YacThb I'€HOB B
AHIIEKIeTKe, U COBCEM ApYyTras Ipylina reHOB B CIIEPMATO301AaX OKa3bIBAIOTCS HAIEKHO BBIKJIFOUEHBI, UTO
JIa€T BO3MOKHOCTB IIPOSIBUTHCA aJUIENIIO, IOy4YE€HHOMY OT BTOPOT'O POIUTEIIA.

Hanpumep, y denoBeka ¥ MBIIIM OTIOBCKHE KOTHMU OJHOTO U3 BaXKHBIX (hakTopoB pocta — MDP-II
IKCIPECCUPYIOTCs, a MarepuHckue — HeT. Ckopee Bcero, y cobak To4HO Tak ke. [lake He 3Has
OKOHYATEJIbHBIH CIUCOK BCEX HUMIPUHTUPOBAHHBIX T'€HOB, HO, IOJAMETHB TaKyl0 OYEBUIHYIO
0COOEHHOCTb, YTO FKCTEPhEP MOTOMKOB 3aBUCHUT OT KOOEJISI HECKOJIBKO OO0JIbIIIE, UEM OT CYKH Mbl MOKEM
IPEIIOJIOKUTh, YTO Y COOAK B ATY IPYIITy I'€HOB BXOISAT HEKOTOpHIE (PaKTOPHI POCTa.

11) HNuakruBanusa X-XpOMOCOMBI - IIPOLIECC, B XOA€ KOTOPOr0 METOJOM METHIMPOBAHUS
BBIKJIIOYAETCS OJIHA U3 ABYX X-XpOMOCOM, B KJIETKaX CaMOK MJIEKONMTAIOLIUX. JTO MO3BOJSIET caMKaM
npu reHotune XX UMeTh Ty e IKCIPECCHIO T€HOB X-XpOMOCOMBI, 4TO U 'y camioB nipu XY. Bei6op X-
XpOMOCOMBI, KOTOpasi OyAeT HHAKTUBUPOBAHA, COBEPILICHHO CIy4aeH U PABHOBEPOSATEH. Y YUTHIBAs, UTO
OpraHu3M co0aKd COCTOUT W3 TPWJUIMOHOB KJETOK, Iosydaercs, 4yto B 50% kierok paboraer X-
XpoOMOCOMa, TOJydye€HHass OT MaTepH, a B ocTalbHBIX 50% KIETOK 3KCIpeccUpyeTcsl OTLOBCKasg X-
xpoMocoma. Eciu B 0JHON U3 XpOMOCOM €CTh MyTalusi, TO caMKa OyJeT UMETh MO3auyHbId (DEHOTHII.
[Ipumep mMo3anuHOrO peHoTUIA - UepenaxoBblii okpac komek. Ha yuacTkax pbpkero 1sera paboraer X-
XpoMOCOMa OJHOTO DPOAUTENS, a Ha YEPHBIX MATHAX - BTOPOTO poauTens. Y cobak HE HM3BECTHHI
10/100HbIE, BUAMMBIE HEBOOPYKEHHBIM B3IVISIAIOM IIPU3HAKH, CBA3aHHBbIE C MYyTalUsIMU B IIOJIOBBIX
XpOMOCOMax, HO 3TO BOBCE HE O3HAYAET, YTO OTCYTCTBYIOT MYTAal[MM MEHEE OYEBUJHBIE, HO BCE XK€
BIIMSIOLIME U HA SKCTEPBEP, U HA 310POBbE.

Kpome Ttoro, ObiBaeT eiie OTKJIOHEHHE OT PAaBHOBEPOSTHOM MHAKTHBAIMM, KOTJa X-XPOMOCOMBI
OJIHOTO W3 POJAMTENICH HayuMHAIOT MpeBaupoBatb OT 75-80% [0 SKCTpeMalabHOTO CMEIIEHHUS,
nocturaroniero 90% u naxe 100% kineTok. ITO KpailHe HENpPUATHAS aHOMAJIHS, KOTOpas MOXET JaxKe
IIPUBECTH K OECIIOINIO CYKU.

12) Mo3aunmu3M - HaJIMYUE B OpPraHU3ME I€HETHYCCKU paszinvarommxcs kiaetok. OmHa u3 dhopm
MO3aHIIM3Ma Y CaMOK, CBSI3aHHAsl C MyTalUsIMU B X-XpOMOCOMax, paCCMOTPEHA B TPEbIAYIIEM MTyHKTE.
Ecte u gpyras ¢opma, BeI3BaHHas MyTalMsSMH B NPOYUX XPOMOCOMAax M B CAMbIX Pa3HBIX TE€HaX.
OOsi3aTenpHOE YCIOBHE TOTO, YTOOBI MyTalys HpHBEla K MO3aWYHOMY (EHOTHILy — OHa JOJDKHA
CIlyYUTHCSI HA PAaHHHUX CTAIUSIX dMOpPHOHAIBHOTO pa3BUTHA. Kaxas sMOpuOHaNbHas KIETKa SBISETCS
pOJOHAYANBHUIICH OOJBIIOTO MyJa KIETOK, U MyTallMs B OJHOH JIMIIb SMOPHUOHATIBHON KJIETKE MOXKET
MPUBECTH K BO3HMKHOBEHHIO B KAKOM-JIMOO OpraHe ouyara KJIeTOK ¢ MHbIM reHotunoM. Eciu myranus
BO3HUKaeT B Ooyee MO3IHUE MEPHOIBbI, TO HE3HAUYHUTEIbHOE KOJMYECTBO AHOMAIBHBIX KIIETOK
(eHOTUITYECKU HE MPOSIBIISETCS.

Bo3MmoskHO, BBl 00paTUiii BHUMaHKE, YTO HEKOTOPbIE ITYHKThI BXOST B IBHOE IPOTUBOPEYHE C OJTHOU
13 LEHTPAIbHBIX JOTM B OMOJIOTUH, KOTOPAs IJIACUT, YTO IPUOOpPETEeHHbIE MPU3HAKU HEe HacyerytoTcs. C
KPUTHKH B3IJIS0B TBOPLA IEPBOM 3BOMIOLMOHHOW Teopuu — JKana-barucra Jlamapka kak pa3 u
HAuYMHAETCs 3HAKOMCTBO LIKOJIBHUKOB C YUeHHEM 00 3BotoLMH. JlamMapk cunTal, 4To 3BOJIIOLUS UIET He
CIly4aliHbIM, a 3aKOHOMEpPHBIM M HAalpaBJIEHHBIM IYTEM M Ha3Baj 3TO ''CTpeMJIEHHE NIpPHUPOABl K
nporpeccy", "cTpemieHre K coBeplIeHCTBOBaHUIO". [Ipy 3TOM OpraHu3Mbl 4yTKO pearupyroT Ha Jo0ble
M3MEHEHMs BHEIIHEH Cpe/ibl, U IPUCIOCAa0IUBAETCS K HUM.

3akonbl Jlamapka:

1) aKkTUBHO MCHOJIb3YeMBIM OpraH YCWJIEHHO pa3BHUBAETCs, a HEHYXHbIH  HCYE3aeT;
2) u3MEeHeHus, NMpUOOpETEeHHbIE OpraHU3MaMH IpPU aKTUBHOM HCIOJIb30BAaHMM OJHUX OpPraHoOB U
HEUCII0JIb30BAaHUU APYTUX, COXPAHSAIOTCS Y IOTOMCTBA.
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Teopun Jlamapka Obuin OusiecTslle ONPOBEPrHYTHl HEMELKUM YyueHbIM ABryctom BelicManom. OH
J0Ka3aJd ONBITHBIM IIyT€M, YTO €CJIM KpbicaM M3 IOKOJEHHsS B IOKOJEHUE OTpyOaTh XBOCTBI, 3TO
HE NMPUBOUT K POKICHHIO O€CXBOCTHIX KpBICAT. [10o pe3ynbpraTaM SKCIepuMeHTOB U ObUT CHOPMYITUPOBaH
IJIaBHBIH TPHUHIUI TaK Ha3bIBAEMOTO BEHCMAHOBCKOTO Oapbepa: COMAaTHYECKHE KJIETKH OpraHu3Ma
He MOTYT IepeaaBaTh HH(OPMAILHIO MOJOBBIM KJIeTKaM. X0Ts KoJuleru BelicMaHa v MOUIYTHIIM IO 3TOMY
MIOBOJY, MOJI, 3a4€M HY)XHO ObUIO MY4YHUThb O€IHBIX MBbIIIEH, JOCTATOYHO OBbUIO IMOCMOTPETHh Ha
HOBOPOXJACHHBIX MaJIbYUKOB TE€X HAPOJHOCTEH, TI€ y’Ke€ ThICSUU JIET NPAKTUKYIOT 00pe3aHue, TeM He
MEHee, J0rMa YTBEepAWIach M YKpemnujiach, J1a Tak IMPOYHO, YTO JIIOOOH MOCMEBUIMI €€ OCIOPUTH
HarpaxJajcs 3BaHUEeM KpEalMOHHUCTA U JDKeydeHoro. OcoOeHHO Mociie TOro, KaKUMH METOIaMH BEPHBII
agent Teopun Jlamapka, He3aOBeHHbli Tpodum JleHucoBuu JIBICEHKO TPOMHII «MOPTAHUCTOB-
BEHCMaHUCTOBY, OJIHA JIUIIb MBICIIb, YTO TEOsI CPABHAT C ITUM BapBapoM OT HAyKH, 3aCTaBJIsAJIa MHOTHUX
COBPEMEHHBIX YUEHBIX «HE 3aMeyaTb» HEKOTOpPbIX HEeyAOoOHbIX ¢akToB. OmHako (GaxkTel HE MPOCTO
HaKaIUIMBAJINCh, HO U, C Pa3BUTHEM MOJEKYISPHON OHONIOruu, Haxoaunu oobsicHeHue. Tak OblI OTKPBIT
mexanusM metunupoBanus JIHK, cymectBoBaHre MOOWIIBHBIX T'€HETHYECKUX AJIEMEHTOB U JpYyrue
HU3MEHEHHUs DKCIIPECCUM I€HOB He CBsi3aHHbIe ¢ MyTrauusmu B JIHK.

Brigenunocs oTaenpHOe HallpaBiieHUe B OMOJIOTUY - SnureHeTuka. IlpeaMer nzyuenus sNUreHeTuky —
oOpartHblii MOTOK MHpOpManuu. Ecnu TpaauuuoHHas TreHeTHKa M3ydaeT WH(OPMAIMOHHBIA MOTOK B
Hanpasyienun /JIHK — PHK — 6enok, To snurenernka unrepecyetcs - kak 6enaxu u PHK, oTknmkasch Ha
CUTHAJIbl U3BHE, MOJAU(PUIHUPYIOT T€HOM.

KoneuHo, coBpeMeHHOE MNpeACTaBiICHHE O HACIEAOBaHMM NPUOOPETEHHBIX INPU3HAKOB CHIIBHO
OTJIIMYAETCs OT IPOCTOTO JTaMapKOBCKOTO MeXxaHu3Ma. M y) TOUHO He MpaB ObLIT «HAPOIHBIN aKaJeMHK,
MOJIHOCTBhIO OTBEPTaBILINN KJIACCHYECKYI0 TeHeTuKy. Ho nmpupojaa octaBuiia ¢ HOCOM UM BEMCMaHHUCTOB,
elle pa3 0Ka3as, HACKOJIbKO OHA YMHEE HAc U CJIO0KHEE HalIUX IpeacTaBieHui o Hell. [IpoTtus Beskoro
JoMa y Hee ecTb NpHUeM, Ha BCIKOE JEHCTBUE y Hee HaiifeTrcs NpOTUBOJAEHCTBUE, OHAa I'HMOKas
IUIACTUYHAs, MyJApasi ¥ OCTpOyMHasi B cBouX pemieHusix. [loOeauTh ee HEBO3MOXKHO, TOCTUTHYThH €€
INIyOMHY OY€Hb CJI0)KHO, HO YSCHUTb U NPUHATH IVIABHBINA MPUHIUI BIOJIHE 10 CUJIAM JIIOOOMY — HY>KHO
OEepeKHO OTHOCHUTHCS K TOMY, UYTO CO3/1aHO INPUPOJOH, OHAa HE MPOIIAeT CBUHCKOI'O OTHOILIEHUS K
opranusMy. I HOMHUTB, YTO OpraHU3M MPUHAATIECKUT TeOE TOIHKO B TOM Cllydae, €CJId He cOOMpaeIibes
Pa3MHOKAaThCS.

[Mupoyaiiimii apceHasl MPUPOJHBIX MEXAHU3MOB BIIMSHHUS Ha HACJIECACTBEHHOCTb U U3MEHYMBOCTH
OpraHM3MOB HE€ IO3BOJIIIOT HAM HAWTH TOYHbIE PEUENThl JJIsI U3TOTOBIIEHHS COOAaK C HYXHBIM HaM
sKcTepbepoM. Ho M3ydeHue 3TUX MEXaHM3MOB IO3BOJIHMT HaM OOpPOTHCS CO MHOTHMHU OOJIE3HSIMHU U
AHOMAJIUSIMU, TIO3BOJIUT BUACTh TE€HETUUECKYIO0 U OMOXUMHUYECKYI0 OCHOBY KaXJOTO (PEHOTUITUYECKOTO
npu3Haka. [Iokaxer, 4To He BCeria To, 4TO Ka)KeTCsl HaM KpPaCUBBIM — IOJIE3HO VIS )KUBOTHOTO. M MokeT
ObITh, KOTJJa-HUOY /b, AK€ 3aCTABUT CJEJaTh pealbHbIE IAru JUIsl YIy4YlIeHUs] KauecTBa KU3HU HallluX
JHOOMMIEB U MCIPABUTH TO, YTO HABOPOYAIM B KMHOJOTUU 32 MOCIEJHUE IecaTuieTus. bez storo Bce
CJIOBA O BEJUKOH J0OBU K co0akaM M 00 OTBETCTBEHHOCTH M MpodeccHoHaTu3Me B KMHOJIOTUYECKON
NEATEIIBHOCTH OCTAHYTCS BCErO JIUIIb IIyCTHIM 3BYKOM.

HNPEJJIATAETCA KHUT'A 110 TEHETHUKE OKPACOB COBAK.

Kparkoe conepxanue:
Yacrs 1 3anumarenbHas nian ['eHeTHKa 1/151 YailHMKOB.
I'ne B noctynHoi (Hageocs) opMe U3I0KEHB OCHOBHBIE IPUHIUIIEL (HOPMUPOBAHUS OKpacoB. B
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OTJIIMYHUE OT BceX paboT 1o TaHHOW TeMaTHKe, He IIPOCTO aBTOMAaTUYECKOE MEePEUHCIICHHE: TAKOH TO FeH
JaeT TaKOH TO OKpac, HO elle U 00BICHAETCS KaKUM 00pa3oM U o4eMy KaKAblil FeH 3TO JelaeT.

Yactp 2. Cepbe3nas miiu 'eHeTHKa 1015 TeX, KTO He KeJIaeT CYUTATH celst
YaAHHUKOM.

Bce 1o e camoe, HO yxe ropaszio cepbe3Hee U oApoOHee - Kakoi Oeslok
KOAMPYET reH, GyHKIHUK Oenka B KJIETKE, K YeMy IPUBOAST MyTaluy B OeJike,
KaK 3TO CKa3bIBaeTcs Ha paboTe KJIETKU ¥ U3MEHEHHH (PEHOTUITUIECKOTO
IpU3HAKa U T.J.

Yacts 3. [IpakTHyeckas reHeTHKA.

Kak onpeenuTs OKpac ¥ COCTaBUTh €ro TeHETHUECKYI0 (POpMYITy U KaKUe MOBOIHbIE KAMHH €CTh B TOM
npouecce. Kak onpenennts BO3MOKHOCTb UIIM HEBO3MOXKHOCTh POK/IEHUS LIIEHKOB OIIPEEICHHOTIO
OKpaca B KOHerTHOﬁ Bsa3ke. Kak nmormyecku u MMPAKTUYCCKU BBIYHUCINTh HCBUAUMBIC PCILICCCHUBHBIC
aJUIeIIN.

Yactb 4 Oxpac u 310poBbe.

3auem HY>XCH OpTraHu3My MCJIaHUH. Kakue HC6J’IaFOHpI/IHTHI>Ie MOMCHTHI CBsI3aHbl C TEM WU UHBIM
OKpacoM U 110 KaKOW IIPUYHUHE.

Yacrs 5. HectangapTHbie OKpachl.
Otkyna Oepyres. Kak k HUM oTHOcHUThes. Beeraa iin 310 X0polo U Bceraa Ju 1mioxo.
Yacts 6. [IurMeHTanns KOKHbIX NOKPOBOB M CETYATKH IJI1a3.

Oco0eHHOCTH, OTIMYAIOIIKE PA0OTY MUTMEHTHBIX KJIETOK KOXKH U PaAyKKH OT "MIEepCTIHBIX .

[To Bompocam npuodperenus oOpamathes: pasechnik larisa@mail.ru
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