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Hoxkaaa Ne 1. CeMeHHUK (SIMYKO) — FreHETHYeCKHUH
1 OMOAPXUTEKTYPHBIII IIe/IeBP NPUPO/Ibl (0TBET HA
«AypauKuii» BONPOC, — MOYeMy SIMYKH CAMI[OB BUCAT
CHAPY:KU, OH! Be/Ib MOIBEPrarTcs ONacHOCTH?)

Bonpoc mMoxer mokaszatbcsi MpuMHUTHBHBIM. CTOUT J1 pochbeccopam 3aHUMAThCS TOIOOHOM
MeJloueBKOW? Beb BUCAT AMUKM HE OJJHO ThICSUENIETUE, UCTIPABHO (DYHKLIMOHUPYIOT, U HE TOJIBKO Y
’KHMBOTHBIX, HO y YEJIOBEKA TOXKE. 3HAYUT, HEUETO OIacaTbCsl, U CTPAXU ITPEYBEINYEHBI !

Ho Tomy npoceccopy, KOTOpbIii 3a1yMaiics Haji 3TUM BOIIPOCOM, OH IIYIIbIM He KaxeTcsl. XOTb
1 Oe3yCIEIIHO, HO OH MBITAeTCs] HAWTH Ha Hero oTBeT. CaM He Hail[is OTBeTa, OH NUILIET KHUTY, aape-
Cysl BOIIPOC JPYI'M, MHTYUTUBHO YYBCTBYS, UTO 32 3TUM KPOETCS HEUTO BakHoe. M3 Takoil KHUTU
Kak pa3 sl ¥ y3Hau o HeM [ 1]. Y mOHsUT: HM TOT, KOTOPBIHA CYUTAET BOIPOC «IypalKUuM» (OOBIBATElNb),
HU TOT, KOTOPBIA 3a{yMaJiCsl HaJl MPOOJIeMOU U MbITAeTCSl HAWUTU OTBET Ha Hee (Haml mpodeccop), B
AENCTBUTENILHOCTH JlaKe He MPECTABIIAIOT BCIO (DyHAaMEHTAJIbHYIO [NTyOMHY Ha NIepBbIiA B3JIsA] JJie-
MeHTapHOro Borpoca. Oteer gaet Ynpos. [loatomy s B3sicd OTBETUTD HA HETO.

«Jlypankue» BOIPOCH 3a/1al0T HE TOJbKO B OONACTU T'€HETMKM, HO TaKke JPYrux OONacTsX
Hayku. 13 Toli cepuu MOXKHO Ha3BaTh, HAIPUMEP, BONPOC O MOBEAECHUM YaMHOK B CTaKaHe, KOTO-
phle TI0YEeMY-TO COOMpAIOTCs B IIEHTPE JHA CTakaHa. Jloiroe BpeMsi HUKTO He MOT 1aTh MPaBUJIbHON
MHTEpIIpETaINU, MIOKA UM He 3aHsUICs AnbOepT DUHIITENHH, KOTOPBIN U 1471 U3SIIHOE pellleHre ITOr
3aJa4H.

B koHue 19-ro croneruss HeKOTOpble (PU3MKHU 331JTUCh BOIIPOCOM «HE COBCEM IPaBUIBHOTO»
U3JTy4eHHs aDCOIOTHO YEPHOTO Tesa (eCTh B (pU3MKE TaKOE TIOHATHE — «a0COMIOTHO YEPHOE TEJIO»).
BosbiiMaH MOAKUHYJ OTBETHYIO «IyPaLIKyIo» UJIel0 00 U3Ty4eHUH SHepruu nopuusmu, Makc [Tnank
TIOJXBATHJI, HA3BaJI TH IMOPLUH KBAHTAMH, JIONIOKHUIT APY3bsIM-(PH3UKAM H. .. CTaJl HOOEJIEBCKUM JIay-
peatoMm. [Toromy uTO paspelieHue 3TOM 3a4a4Ki NOPOAUJIO HOBYIO HayKy — KBAaHTOBYIO MEXAHHMKY.
C Tex nop (pu3MKM KBaHTYIOT BCE.

Hy-y-c, 310 (pu3MKa, pa3oyapoBaHHO CKaKeT YMTaTesIb-TeHETHK, IPUYEM, CTOJIETHEN AaBHO-
cti. Bbl 661 MONpoOOBaIM Tak ke yIavHO PeIIUTh reHeTHYecKue Mpooiembl. ['oHa bl BaM He Kakue-
TO TaM YaWHKU U KBAHTHI!

JlenCTBUTENBHO, TOHAIBI «HE KaKME-TO TaM YauHKU 1 KBaHTbl». OHU ecTb kuBas Marepus. Ho
(bopmanmzanys mMo3BOJSET BHISABIATH OOIEe MEKIY CTOb Pa3HOPOOHBIMH OOBEKTAMHU U CUTYaIU-
SIMU, HAalTU M CPAaBHUTh KaXyILecs AAaJIEeKUMU JIpyT OT Apyra pemieHus. OOei ux 4epToil MOkKHO
Ha3BaTh KaXyLIylOCs POCTOTY.

UYro x, nmornpodyeM peluTh 3Ty 3aJa4ky. KoHeuHo, s He Ha/leloch, UTO 3a ee pellleHue MHe
JadyT XOTb Kakylo npemuio. Ho ee perieHue nposeraer yepe3 YIpoH, KOTOPBIH SIBISIETCS OCHOBOM
HOBOW HayKM — TaK Ha3blBaeMoW ['€HeTHKY MHAMBUIA, TPEAJIOKEHHON aBTOPOM KHUTH.

SIcHO, 4TO MOAXOA K BUCAYMM Ha BETpY roHajgaM OyJeT MHBIM, YeM K KBaHTaM SHEpPruu WM
TUIABAIOIIMM B CTakaHe yauHKaM. Ho B reHeTuke pelieHusi MOryT ObITh He MeHee M3SIIHbIMH. He
Bepute? Torna, Boepen!

HeﬁCTBHTeHLHO, MOYEMY TaK pacCrioOJIOKEHbl CEMCHHHUKU Y MY)K‘II/IH? Benp Y KCHIIUH I10JIOBBIC
Opradbl ClIpATAHbI B yTpo6e U, KaXKCTCA, HAJC)KHO 3allIMIICHBI. A Y MYXKYUH HaO60pOT — OHHU BBICTaB-
JIEHBI HAPYKY U TTOABEPKEHBI MEXAHUYECKUM, TEMIICPATYPHBIM U MHBIM HC6)IaFOHpI/IHTHbIM BO3,IL€I‘/)I—
CTBUAM.
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Kak ¢ oObIBaTeIbCKOM, TaK M C HAYYHON TOYKHU 3pEHHS, IMUKH TOKE MOTYT OBITh CIIPSITAHbI B
OpIOIIHON MOOCTH. AHATOMUYECKasi BOZMOKHOCTb JEUCTBUTENILHO CYIIECTBYET: CEMEHHUKH JIETKO
MOXHO BJIBUHYThH B OPIOIIHYIO MOJOCTH (TOJNBKO, MOXKAIYHCTa, HE MyTaiTe ¢ neHrucoM). Ho onu He
npsiuyTest — BUcAT. [louemy? Ha cerogusimHuii AeHb Ha IONOOHBIN BOIPOC FreHeTHUYeCcKasi HayKa He
Jajia afieKBaTHOI'O OTBETA.

MoxeTt ObITh, HUIKTO BCEpPbe3 He 3aHUMAJICS 3TOU MpoOeMoii? Bo3aMoXHO, OTOMY UTO eCTh
6onee HacylIHble TPOOIeMBbl. Yero 1aneKo XOAUTh — He pelieHbl TPoOJieMbl HEPABHOTO COOTHOIIECHU ST
nosioB U Oecruionusi, Hanpumep. Toxe mpoOIeMsl U3 paspsijia «IpocThix». Ho Beib HET yIoBIeTBO-
PUTENIBHBIX pellIeHHi, yBaxkaeMblil unTatesb! iy KJIOHupOBaHKE U CTBOJIOBBIE KJIETKU.

OTKpOIO BaM OJIMH CEKPET: COBPEMEHHAsI TeHETHKA JaTh IITyOOKO apryMEeHTHPOBAHHOTO OTBETA
Ha BOIIPOC O SIMYKE HE MOXET B puHIuIe. [loquepkuBaio — B IpUHLIMIIE.

He moxer no Toil mpocToil MpUYMHE, YTO B paMKax KJIACCMUECKUX IpEJCTaBIEHUI OTBETa
TOIPOCTY He cylecTBYeT. OH BBIXOOUT 3a ee paMKU. OTBET BO3MOXKEH TOJIBKO U TOJIBKO IIPU YCIIOBUU
KapIMHAJIBHOIO MEPECMOTPa FTEHETUYECKOTO MUPOBO33PEHUS1, TAKOTO MIEPECMOTPA, KOTOPBI UMEET
MECTO BO BHOBb CO3IaHHOM [ eHemuke unouguoq.

['oBOp# mpoiiie, 118 3TOro Hy:)KHO CO3[1aTh HOBYIO TeHeTUKY. Beero ymib. Kak B cBoe Bpemst
CO3JaJIM HOBYIO (pM3UKY C KBaHTaMu. Beib MOXHO, €Clii OYEeHb 3aXOTETh.
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HacaeacTrBeHHOCTb Yepe3 YpoH

B 4yem 3akimouaercs KapaUHAJIBHBIN [IEPECMOTP F€HETUYECKOr0 MUPOBO33peHusa? B nepsylo
odepelb, B 3aMEHE KOHLEIIUU C80000H020 (RO cymit — CAYUAliHO20) KOMOUHUPOBAHUS, TEHOB KOH-
LeNuuen ynpaeneHuss TeHaMM CaMMM OpPraHM3MOM IIOCPEICTBOM IPEAHA3HAYEHHOM JJIs1 9TOU LIen
CTPYKTYPBI.

I'eneTnka MHIMBKUIA YCTAaHOBUJIA, YTO yIpaBieHHe | eHOMOM MOJIOBOiI KJIETKHU I€HCTBUTEIBHO
OCYILIECTBJISIET CHEMaIbHAS CTPYKTYpa, KoTopasi 0003HaueHa TEPMUHOM « YIIpoH». OHa JIOKaJIN30-
BaHa B TOHA/IaX MYXYMH M XEHIIMH. [ ICHOCTU — y MYyKUMH YIPOH MPaKTUYECKU COBMAJAET C
ssmaykoM. OCHOBHBIMY 3JIEMEHTaMU YIIPOHA SIBJISIOTCA KieTku Jleiinura, kietku Cepronu u Oa3aiib-
Hast MeMOpaHa. CTpyKTypa yIpoHa cxeMaTHiecku u300paxeHa Ha puc. 1.

Xots YIpoH MOYTH COBMAJAET C IMYKOM, HO OHU He OJHO U TO *ke. C OIHOM CTOPOHBI, YIIPOH
€CTh TIOHSTHE TEOPETUYECKOe U aOCTpaKTHOE, pe3y/IbTaT (POpMasIM3alK AJIs1 BbIACTICHHS U U3yde-
HUS ero reHeTrueckux (pyHkimid. C Apyroi CTOpPOHBI, OH €CTh peasibHast OMOJIOrUYecKast CTPyKTypa.
He cnenyer yaudunmpoBars YIPOH ¢ AUYKOM, IOTOMY YTO OH IPUCYTCTBYET HE TOJIBKO Y MYKUMH,
HO TAaK’kK€ B PaBHOI Mepe y *KEHILUH B SIMUHUKE MPAKTUUECKU B TOW ke (bOpPME U BBINIOJIHSET aHAJIO-
T'MYHbIe reHeTndeckre (pyHKuuu. [1pu HeoOX0AMMOCTH B3MISIHYTh HA CTPYKTYPY PEasIbHOrO YIpoHa
JOCTAaTOYHO YIAJIUTh KOKHBII MTOKPOB U pa3pe3aTh sIMUKO rornosaM. [lepe Hamu okaxercs Ta mare-
puasibHas CTPYKTYpa, IOKa3aHHas Ha pUC. 1, KOTopas OCyILLECTBIIAET MOAUDUKALIMIO TEHOMA raMeT.
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Puc. 1. Knerounas crpykrypa Ynpona (pa3pe3). B nienrpe nokaszana ramera (n). Ha makpo
ypOBHE YTIPOH 00pa3yeT KJIETOUHbIH, KOHCTPYKTUBHBIN M KOHIIEHTPAIIMOHHBIN Oapbephl.

L] KaeTKH, CHHTE3UPYIOILIHE TECTOCTEPOH
O KaeTku, CHHTE3UPYIOIIME 3CTPATHO
O Kiuerku MEcMOpaHeI (2n), CIPBC AJIs MOJIOBBIX KJICTOK.

[Tpumeuanue: BcrioMoratebHble 1eMeHThl (Kamwuisipsl, petuentopbl ropmonos JII' u ®CT,
HapPYKHBIA MIOKPOB U T. I1. HE TIOKa3aHbl)

WurepeceH TOT (hakT, 4To cHavasia YIpoH ObLT MpeCcKa3aH TEOPETUIECKH, 3aTeM TOJIBKO Hal-
JieHa COOTBETCTBYIOIIAsl peajibHasi CTPYKTYpa, 32 KOTOPOi HUKTO JI0 9TOTO MOJAOOHBIX yIIpaBJIeHYe-
CKUX (pyHKLMI He npeanonarai [2].

Heo6xonumocTh paccMoTpeHust YIIpoHa, Kak HeKoel aOCcTpakiuu, moTpedoBaiach Ajis TOro,
YTOOBI BHIWICHUTh U3 MHOXECTBA (DYHKIIMH SIMYKA U IMYHUKA OOIlee MeXy HUMH, a TaKXke YUCTO
reHeTryeckre yHkimu. OCHOBHAsi U3 HUX — 3TO (pOPMUPOBAHME TE€HOMA IOJIOBOM KJIETKH, €ro

9
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HACTPOWKHU TaKUM CHEeHM(pUIECKUM 00pa3oM, YTOOBI «padOTaIN» OIHH JIOKYCHl U «MOIYAJIH» JAPY-
rve, TeM caMbIM OTpeessis TeHoTuIl Oyaymiero pebeHka. Ho He TobKo reHoTUN Oyayinero peOeHka,
HO Y TEHOTHIT TOH «XMMEPBI», KOTOPBIN TaKKe CKJIAIIBACTCS TP OTUIOAOTBOPEHUH, HO 3aT€M OTCEH-
Baercs B npouiecce Omobopa 3uzomuueckozo 1ocie oronoTBopenus. Oopaiao BHUIMaHUAE YATATeNsI
Ha TO, YTO KOJIMYECTBO MOTUOIINX M OTCESBIIMXCS HE MEHBbIIIE, 2 PABHO U J1a)Ke HEMHOTO TPEBbIIIACT
KOJIMYECTBO BBIKMBILUX (Teopusl YHpoHa npejckasbiBaeT B HopMme S50 Ha 50). M uto HU coBpeMeHHast
reHeTHKa, HU MEJMIIMHCKAsl HayKa He MPEATIOoNaraioT, YTo 3UMrOTUIeCcKUi 0TO0p (MEIMKH UMEHYIO €ro
«0ecIIonueM HEesICHOTO TeHe3a» ) SIBJISIETCS] HOpMaJIbHON U HEOOXOAMMOM COCTaBHOM YacThIO Peripo-
JQYKTUBHOTO IPOLIECca, U YTO CaMOe IJIaBHOE, pe3y/ibTaToM (hyHKIIMOHUpOBaHUs YripoHa [1].

[Nono6nas ynpassiomiast GyHKIUS U €CTh TPOTUBOBEC YTBEPKICHUIO COBPEMEHHON TeHETUKH
0 (hOpMHPOBAHUY T'€HOTUIIA HA OCHOBE CBOOOIHON pekoMOMHaiuu. [Ipiyem, 4To MpUHIMITHATIBHO
Ba)KHO, YTIPOH eCTb o011ee 7151 MYKUUH U KEHIIUH MOHSTHE.

VImeHHO B aHTaroHW3Me KOHLIETIIMM YIPaBJICHUS W KOHIEMIMA CBOOOIHON PEeKOMOWHAIIUM
3aKJII0YAeTCs] MPUHIUIUAIbHAS Pa3HUIla Mex 1y | eHeTukoi nnauBuaa u Kinaccuueckoi reHeTHKO.

VIIPOH COCTOUT M3 HECKOJIBKUX CJI0eB: KJeTok Jleiaura, kietok CepTosu u 0a3aibHOM MeM-
Opanbl. Kiietku Jlefigura cCUHTE3UPYIOT MYKCKOUM TopMoH TectocTepoH. Kinerku Cepronu cuHTe3U-
PYIOT )KEHCKHI TOPMOH 3cTpapaano. V3 kjeTok 6a3aibHON MeMOpaHbl 00pa3yIoTCsl raMeThl — MOJIO-
Bble KJIETKU. [TOCKOIBKY TOPMOHBI CMHTE3UPYIOTCSI HA MECTe, TO OYEBUIHO, UYTO CO3PEBAHUE raMeT
MIPOMCXOIUT B TOPMOHAJIBHOM CpeJie BHICOKOW MECTHOW KOHIEHTPAIMU 10 XOIy MPOJABHKEHHS OT
0a3anbHOI MeMOpaHsI, e OHU 00Pa3yIoTCs, 10 CEMEHHOTO KaHAIbIIa B LIEHTPE, KyJja OHU MTPUXOAST
yXe 3peJible, TOTOBBIE K MPOIIECCY OIJIONOTBOPEHHUS.

Ponp monoBeiXx rOpMOHOB Upe3BbIYaliHO BeMKa. ViMeHHo oHM nytem MmetmivpoBanus JHK
TIOJIOBOM KJIETKM OTPEAENSIOT TO, KaKue reHbl OyAyT aKTMBUPOBAHBI, a Kakue — HeT. KomnuecTtBo
aKTUBUPYEMbIX TEHOB, a TaKXke TeX, KOTOpble He OyAyT aKTMBUPOBAHbBI U CTENEHb aKTHUBAIUU WX
9KCcrpeccuu (cuibHee WK ciadee OyIeT pa3BUT MPU3HAK y peOeHKa) HeOCPEICTBEHHO 3aBUCHUT OT
TUTA WU KOHIEHTPAIMU TOPMOHOB. To ecTh, OT 3T0ro 3aBucuT cHsiTre PHK-0BbIX KOMMii, BO3MOXKHO,
TaKKe U KPOCCUHTOBEp. VIMEHHO B 9TOM 3aKJII0YAETCS CMBICT YNPABAEHUS 2eHOMOM TIOJIOBOM KJIETKHU !
VIMeHHO B 9TOM 3aKJIi04aeTcsi CyTh | @HeTHKY MHAMBUIA U IPUHLIMIHAIBHOE oTiinure oT Kitaccuue-
CKOH '€HEeTHKH: TaM, IJIe UMEET MECTO YIpaBJIeHUe, CITy4ailHbIM KOMOMHAIIMSM HET MecTa.

Puc. 1 nemoHctpupyert, uro B pa3spese YnpoH umeeTr ¢popMmy Kpyra. B nienom Yrpon nmeer
KJIACCHUYECKYIO IIapOBUIHYI0 (hopMy. B peasibHOCTH, ¢ y4eTOM BCIIOMOTaTeIbHBIX 9JIEMEHTOB (B TOM
YHCIie, KPOBEHOCHBIX COCYIIOB, CEMSIBBIBOJISIIIIMX MTPOTOKOB, CTPYKTYP, COEIUHSIOMIMX TOHA/IBI C Opra-
HU3MOM M MIPOYMX ), IAPOBUAHAS (DOpMa HECKOIBKO BUIOM3MEHSIETCS, HO OCTaeTCsl OJM3KOM K Hell.
B 31011 popme ecTh ornpeneneHHbIN OHOTOTMYeCKUI CMBICII.

[lap sBAsieTcst reomeTpudeckon (purypoi, odnagaoneid MUHIMAJIBHOW BHEITHEN TOBEPXHO-
CTBIO ITPY MAaKCUMaJIBHOM 0O0beMe. MUHHUMaJTbHAS TOBEPXHOCTh YMEHBIIIAET CTENeHb BHEIITHETO BO3-
JeWCTBUSI, a MAKCMMAJIBHBIN TIPU 9TOM 0O0BEM CITIOCOOCTBYET CHHTE3Y TOJIOBBIX KJIETOK B HEOOXO-
IUMBIX KoimuecTBax. OUeBUIHO, YTO JUaMeTp Iapa (B pealbHbIX YCIOBUSX JUIMIICOMIA) TaKKe
SIBJISIETCSI MUHUMAJIBHBIM, a STMYKHA — KOMITAKTHBIMH.

WTtak, MyXcKoil YTIIpOH MpeCTaBiisieT coO0M MIapOBUIHOE TEJIO, COCTOSIIIEE U3 TPEX OCHOBHBIX
CJIOEB ¥ CBOOOJHOTO IMPOCTPAHCTBA B LIEHTPE, MPEAHA3HAYEHHOTO s TOTOBOM MPOAYKIIUH — 3PEJIBIX
CIIEpMaTO30H/IOB.

OT BHENIIHMX CJIO0EB CO3PEBAIOIIME raMEThl 3aUILEHBI CI0SIMU KJ1eTok Jleinura u kietok Cep-
TOJIM. DTO 3alIMTa MeXaHU4ecKas (CTPYKTypHas).

Knerku Jleiinura u kierok Ceproiy CHHTE3MPYIOT, COOTBETCTBEHHO, TECTOCTEPOH U 3CTpa-
auon. KoHLeHTparwisi STUX MECTHBIX TOPMOHOB B HOPME JJOCTATOYHO BBHICOKA M BO MHOTO pa3 MPeBbI-
IIaeT KOHIIEHTPAIIMIO TOPMOHOB B OKPY:KaloIlel cpejie, Wi, Hanpumep, B Kpou. Ha camom nerne, He
COCTOMT XK€ KPOBb IIEJTMKOM U3 ropmoHa! [TosToMy mocneqHue CylecTBeHHOTO BIMSIHUS HA TMOJO-
BYIO KJIETKY OKa3aThb He MoryT. CienoBarenbHo, pearnpoBath ¢ JIHK rosnoBoii Ki1eTku, «<MeTUTh» ee,
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AKTUBUPOBATH WJIN 6HOKI/IpOBaTL AKTUBALUIO SKCIPECCUU T'€HOB W I'CHHBIX JIOKYCOB MOI'YT ITPAKTHU-
YCCKU TOJIBKO MECTHBIC TOPMOHBI.

Takum 00pa3oM, 3a CUET COCTaBa M CEKPETOPHOM CIIOCOOHOCTH KJIETOK OOpa3yloTcs JiBa W3
HECKOJIbKHMX THUIIOB OapbepoB, O KOTOPHIX pedb Oy[eT HHKe: KJIETOYHOro U TOpMOHasbHOro. biaro-
Japsi STUM Oapbepam pokAeHHas BHOBb U3 0a3abHOM MeMOpaHBI MOJIOBast KJIETKA HAJIEKHO 3allH-
IIeHa OT BO3/JICHCTBUS U3BHE.

11
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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