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BBEJIEHUE

Kocmuueckuil pasyM 3amporpaMMupoBall CTPYKTYPbl BCEX SIEP aTOMOB, O KOTOPBIX UMEETCS MHOIO
uHpopmanuu (cMm. ctatbu: OCHOBEHI siiep atoMoB, OCHOBBI MUpo3aaHusi, CHIIOBBIE CBS3M aTOMOB B MOJIEKYJIaX
u p.). OnHako, 3Toi MHPOPMALIUU HEJOCTATOUHO JUIs CO3AaHUs IPOrpaMM i GyHKIIMOHUPOBAHUS (IIOpPHI U
¢baynbl. Bce 1omKkHO OBITH OCHOBAaHO Ha TOHKOHM CTPYKTYpE si/iep aTOMOB, ONMCAHHSI KOTOPBIX B MPEIBITYIIHX
paGorax He Obw10. TBOper co3Aan TOHKYK CTPYKTypy Ha OCHOBE I'DaBUTOHOB, M3 KOTOPBIX COTBOPHII
apumucoaum-1 u 2, nadybaum-1 u 2, sucmpobaim u J[HK-knousi, snocmpoeen, s3ghanoeen, eucmpoze,
gedpatic. be3 3TOro H0NOJIHEHUS HEBO3MOYKHO CO3/1aTh TOHKMH MHp, KOTOPBIH CyllecTByeT BeyHo. B 6ubamuun
HAINCaHO: ceem, KOMopblll Ols Yenogeka ecmv moma — cywecmeyem euno. DaBOPCKUM CBET ONMUCAH BO
MHOTHMX HCTOYHHKAX, OJHAKO €ro Mpupoja OCTAaeTCi A0 CHX IOp HEpacKpbITOW. be3 TOHKoro mupa
HEBO3MOXKHO ObLJIO OBl CO37aTh AYIIy Y€lIOBEKa, YMEHHUE YelIOBEKa MBICIUTh, TBOPUTh U JOCTUIaTh YPOBHS
boros. Cger, koTOphlii MONB3YyIOTCSI BO BcenenHoil, mpenctaBinseTr coOol 6onnsl ang. I'eHeTHUecKyro
uHpopmanuto TBoput Kocmuueckuii Pazym!

1. JHK COTJIACHO TPAJUIIMOHHOM HAYKE
Cmpoenue u cmpykmypa /THK

Cornacuo MuTepHeT-pecypeam, Jeszoxkcupubonykieunosas kuciomad ([JHK) — makpomosiekyia (oaHa u3
TpEX OCHOBHBIX, ABe Apyrue — PHK u Genku), obGecneunBaromias xpaHeHHe, Mmepeaady M3 MOKOJICHUS B
MOKOJICHUE U PeATH3allUI0 TeHETHYECKOW MporpaMMbl pa3BUTHUS U (DYHKIIMOHHPOBAHUS KUBBIX OPraHU3MOB.
Monekyna JIHK xpanut Ouonorudeckyro HHGPOpPMAIMIO B BUIE TE€HETHUYECKOTO KOJa, COCTOSIIETO U3
nocnegosarenbHocTu HykieotunoB. JJHK comepxxur mudopmanuio o crpykrype pasznununbix Bugos PHK u
O€eJIKOB.

C xumuueckoii mouku 3penus JHK — >mo OaumHas noaumepHas MONeKyld, COCMOAWASL U3
nosmopsowuxcsa oaoxoe —uykreomuoos. B JIHK BctpeuaeTcst 4eTpipe Bua a30TUCTHIX OCHOBAHHM (aJeHUH
(A), ryanun (G), Tumun (T) u urosun (C). Kaxapiii Hykineotua (puc. 1) COCTOUT M3 a30THCTOTO OCHOBaHHUS,
caxapa (me3okcupu6o3sl) u docharHoi rpymnmbl. CBA3UM MEXKIYy HYKICOTHIAMH B IIEMH 0Opa3yrOTCs 3a CUET
ne30kcupr003bl U GocdarHoil rpynmsl (pochoansupHbie CBA3N).


https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BA%D1%80%D0%BE%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%81%D0%B8%D1%82%D0%B5%D0%BB%D1%8C_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B7%D0%BD%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D1%82%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%93%D1%83%D0%B0%D0%BD%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82%D0%B8%D1%81%D1%82%D1%8B%D0%B5_%D0%BE%D1%81%D0%BD%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D1%82%D0%BE%D1%84%D0%BE%D1%81%D1%84%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
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Puc. 1. Yernipe ocHOBHBIX a30THCTHIX ocHOBaHus JJTHK - nykiieoTuasbl.

B nopasnsitoniem OOJIBIIMHCTBE CiIydaeB (KpOMe HEKOTOPBIX BHPYCOB, COAEPIKALIUX OJIHOLIETIOYEYHYIO
JTHK) makpomosniekyna JJHK cocrout u3 aByx nenei, OpueHTUPOBAHHBIX a30TUCTBIMU OCHOBAHUSAMHU JIPYT K
JIpyry. OTa JBYXIIENOYHAs MOJEKYJa 3aKpydyeHa 10 BUHTOBOM JIMHUHU. B nemom crpyktypa mosekynsl JJHK
IoJiyunsa TpaJulMOHHOE, HO OIMIMOOYHOE HA3BAHUE «IBOWHOM CIIUpan», Ha CAMOM XK€ JeJie OHa SBISETCS
«IBOITHBIM BUHTOM).

OcuosHoli opmoii JIHK sBusiercs B-popma (wnmm Yorcon-KpukoBckas crnmpans). Ee mapamerpsr:
KKl BUTOK CIIUpasiv coepkutT 10 map HyKJI€OTHAOB, JUIMHA OJHOTO BUTKA — 3,4 HM, AMAMETP MOJIEKYJIbI
— 2 1™ (puc. 2).

Hexonnan Hoean Hosan Hexonnan
wens AHK  uene JIHK uens JHK  uens JHK

Puc. 2. /Ipoiinas cnupaias JHK.

Hwuamerp nBoiinou crimpanm [JHK — 2 HM, paccrosane mexnay coceqHumu Hykineotngamu — 0,34 HwM,
Ha OJIMH 000pOT crivpany npuxoautcs 10 map HyKIeoTHAOB. J{I1MHA MOJIEKYIBI MOKET JOCTUTaTh HECKOJIBKHX
canTuMeTpoB. Ha3zBaHue HykiieoTHAA SIBISETCS MPOU3BOJHBIM OT Ha3BaHUS COOTBETCTBYIOIIETO OCHOBAHUS.

Pactmdposka crpykrypsr JJHK (1953 rom) crama oaHuM M3 NOBOPOTHBIX MOMEHTOB B HCTOPHUHU
Ouosnoruu. 3a BbIIAOLIUICS BKiIax B 3TO0 OTKpbiTHe Pponcucy Kpuky, Jbxelimcy Yorcony u Mopucy
VYunkuncy 6buta npucyxaena HobeneBckas npemust o ¢pusnonoruu i Meaunuse 1962 roga.

B xonne 70-x rr. rpymnie aMepuKaHCKOro yueHoro A. Puuya yaanoch MoJyduTh KOPOTKHE (hparMeHTHhI
JIHK, npexacrasisionue JeBO3aKpyYeHHYIO JBOMHYIO cnupaib. B 3Toil criupanu caxapo-¢pochaTHbIi 0CTOB
OTJIMYAETCS XapaKTEePHOU 3ur3aroodpasnoi popmoii, otkyaa nmouuio HazBanue Z-J[HK (puc. 3).


https://ru.wikipedia.org/wiki/%D0%90%D0%B4%D0%B5%D0%BD%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D1%83%D0%B0%D0%BD%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D0%BC%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%82%D0%BE%D0%B7%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BA%D1%80%D0%BE%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BB%D0%B8%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%80%D0%B0%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BB%D0%B8%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%B5%D0%B9%D0%BC%D1%81_%D0%A3%D0%BE%D1%82%D1%81%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%80%D0%B8%D1%81_%D0%A3%D0%B8%D0%BB%D0%BA%D0%B8%D0%BD%D1%81
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%80%D0%B8%D1%81_%D0%A3%D0%B8%D0%BB%D0%BA%D0%B8%D0%BD%D1%81
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D0%B1%D0%B5%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BF%D0%BE_%D1%84%D0%B8%D0%B7%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B8_%D0%B8%D0%BB%D0%B8_%D0%BC%D0%B5%D0%B4%D0%B8%D1%86%D0%B8%D0%BD%D0%B5
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B nanpHeliem ObLTO MOKa3aHO, YTO MPU COXPAaHEHUHU OOIIETO0 CTPYKTYPHOTO MPUHLUIA JIOKaTbHAast
CTpyKTypa yuacTkoB MoJiekyisl JJHK cunbHO BapbupyeT B 3aBUCHUMOCTH OT HYKJIEOTUHOTO COCTaBa U YPOBHS
BJIQXXKHOCTH. OTH pa3jinuusi MOTYT Yy3HaBaTbCsA BellecTBamM, B3aumozeictBytomumu ¢ JIHK, B mepsyro
ouepens (epmentamu. CymectBoBanue pa3nuuabix (opm JIHK MONMHOCTRIO OmMpoBEpracT paHHEE
MIPEACTABICHUE O KOHCEPBATUBHOCTH 3TOM MOJIEKYJIBI.

Puc. 3. Z-¢popma /IHK.

TI'en u cenom

B Hacrosiiiee BpemMsi B MOJIEKYJISIPHOIM OMOJIOTMH YCTaHOBJIEHO, 4TO 2ensbl — 3T0 ydactku JJHK, necymme
KaKyH0-JIN0O 1eJI0OCTHYI0 MH(POPMALUI0O — O CTPOCHUU OJHOM MOJIEKYJbl Oeska min ofHoi moiekyinsl PHK.
OTH 1 Apyrue QyHKIHOHAIBHBIE MOJIEKYIIBI ONPEIEISIOT Pa3BUTHE, POCT U (YHKIIMOHUPOBAHUE OPTaHU3MA.

I'erom — COBOKYITHOCTb I'€HOB, XapaKTEPHBIX JJIsi OIMHAPHOr0 Habopa XpPOMOCOM OIPEIIIEHHOTO BUJIA
OpraHu3MoB. ['€HOM TaKke CUUTAeTCs COBOKYMHOCTBIO HACIEACTBEHHOIO MaTepHalla, 3aKIF0OUEHHOIO B KIIETKE
opranuszMa. ['eHOM coJepKHUT OHOJIOTHYECKYI0 HH(pOpMAIMIO, KOTOpas HEOOXOoauMa JJs TMOCTPOEHUS WU
MOJJEpKaHUsl OpraHu3Ma. Y uejaoBeKka FeHOM COCTOMT M3 23 map XpoMocoM, pacronoxeHHbIx B sape u JJTHK
MUTOXOHAPHH (puc. 4).

Puc. 4. Uzo00pazkenne 46 (23 map) XpoMocoM KeHCKOT0 KAPUOTHIIA YeJIOBEKa, MOJIyYeHHoe ¢ ToMonibio FISH.

I'enom ompenensercsa konuuectsoM JIHK u m3mepsiercs uncnom map obpasyrommx JJHK nykneornnon
WINA B €IMHHUIIAX Macchl. B oTinnume ot eenomuna, reHOM TpeACTaBiIseT co00i XapaKTepUCTUKY BUAA, a HE
oTJenbHON 0coOu. YTOOB! ONnpeaenuTh YUCIO U CXOJCTBO T€HOMOB Y Pa3HbIX BHJIOB, UCIIOJIb3YIOT T€HOMHBIH
aHaJu3.

['eHOM paznuuaeTcst y pa3HbIX TPy opraHu3MoB. Tak, reHoM OakTepuil cocTouT B cpeaneM u3 106 map
HYKJICOTUAOB, IpuboB — u3 107 map, OGONBIIMHCTBA >KUBOTHBIX M MHOTUX pacTeHMd — u3 109 map. V
3HAYUTENIbHON YacTH CEMEHHBIX PAaCTeHUM, a TaKXKe y caJlaMaHIp U HEKOTOPBIX PbIO OH JOCTUTaeT pa3Mepa B
1010 map HyKi1eoTHIOB. I'eHOM yesoBeKa BKIIOYAeT 22 mapbl ayTOCOM (MapHble XPOMOCOM, OJUHAKOBBHIE Y
KHUBBIX MY>KCKHUX U )KEHCKMX OPIaHU3MOB C XPOMOCOMHBIM ONPEEIIEHUEM [10J1a), IBE MOJIOBBIE X POMOCOMBI X
n Y, a takke muroxonapuansHas JJHK, 4yTo B coBokynHOCTH cocTaBiseT npuMepHo 3,1 Milpa ap OCHOBaHMM.

['eHeTHKM TOJIHOCTBIO pacHIMPpoBad IeHOMbI Oosiee 4eM 2,5 ThIC. YEJOBEK, KaXKIblil M3 KOTOPBIX
COCTOMT U3 3 MJIpA. F€HOB.


https://indicator.ru/tags/gen/
https://indicator.ru/tags/hromosoma/
https://indicator.ru/tags/kletka/
https://indicator.ru/tags/dnk/
https://indicator.ru/tags/mitohondriya/
https://ru.wikipedia.org/wiki/%D0%A5%D1%80%D0%BE%D0%BC%D0%BE%D1%81%D0%BE%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B8%D0%BE%D1%82%D0%B8%D0%BF
https://indicator.ru/tags/massa/
https://indicator.ru/tags/genotip/
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'ensl MOryT mnoaBepratbCcsi MyTalUsM — CIyYalHbIM HWJIM LEJICHANPABICHHBIM HW3MEHEHUSM
nocienoBareabHOCTH  HykieotunoB B nenu JIHK. Myranmum Moryr mnpuBOAUTh K HU3MEHEHUIO
MOCJIEZIOBATEIBHOCTH, CJIEOBATENIbHO, HM3MEHEHHIO OHOJOTrMYecKHX xapakTtepucTuk Oenka win PHK,
KOTOpBIE, B CBOIO OYEPEIb, MOTYT UMETh PE3YJIbTATOM O0IIee WIN JIOKATbHOE U3MEHEHHOE WM aHOPMAJIbHOE
(GyHKIIMOHUpPOBaHWE OpraHu3Ma. Takue MyTaluu B psAlie ClIydaeB SBISIOTCA MATOT€HHBIMHM, TaK KaK HUX
pe3yIbTaTOM SIBIISIETCS 3a00JI€BaHNE, UITH JICTAJIbHBIMHU HA SMOPUOHATILHOM YPOBHE.

OauH W3 OCHOBHBIX IIOCTYJATOB KIIACCUUECKOM TE€HETHMKM — 3TO HEAEIMMOCTh I€Ha, T.€. TEH
paccMaTpuBaicid KaK HaWMEHbINAs CTPYKTypHas W (YHKIMOHAJIbHAs 4YacTUla HacieICTBEHHOCTH. OH
SBJIETCS €AMHUIICH MYTallUU, PEKOMOUHAIINY U QYHKLIUU.

C 40-x rr. XX B., KOorna ObuM ycTaHOBieHBI reHernyeckune Qynkuuu JIHK, Haganoce HanoiaHeHue
MOHATHUS “T€H” KOHKPETHBIM cojep:kaHueM. OJHaKo BIEPBbIC TMIOTE3a O MOJICKYJISIPHON MPUPOJIE T€HOB U
xpomocoM Obima BbickazaHa B 30-e rr. H.K. KombuoBsiM 1 monyumia manbpHeiee pa3BuUTHE B paboTax
BBIJIAIONIMXCSL yueHbIX Toro Bpemenu: H.B. TumodeeBa-Pecockoro, M. JlenbOproka, K. I{ummepa. Onu
pa3paboTasii MoOJieNb TeHa C MO3UIMKA KBAaHTOBOW (DM3MKHM, paccMaTpuBasi T€H KaK MaKpOMOJIEKYIY C
OIpeieIEHHBIM YYBCTBUTEIBHBIM 00bEMOM, B KOTOPOW MPU MOIMIOUICHUH YHEPTHH MPOUCXOIST CTPYKTYpPHBIE
nepecTporku. B pesynbrare nepectpoek 00pa3yrorcs n3oMepsl. MI30Mepbl COOTBETCTBYIOT aJUIEIbHBIM I'€HaM,
a Tepexo/Ibl U3 OAHON U30MEPHOI (POPMBI B IPYTYI0 — MYTaIlUsM. JTa MOJIENb HE B MOJIHOM Mepe BhIIepKaia
IIPOBEPKY BpeMeHeM. ['eHbl TeHCTBUTENBHO OKa3aJIUCh MAKpPOMOJIEKYJIaMU, HO HE OeJIKaMu, Kak Mpearoiaral
KonpuoB u aBropsl mMozenu, a ydactkamu JIHK. Ho rnaBHoe 3HaueHuwe 3TOW MOJEIM B TOM, YTO OHa
HalpaBWjia BHUMAaHUE YYEHBIX HAa PACKpBITUE TAalHBI CTPOEHMSI I'€Ha, YTO BCKOpE Jajo IOJIOKUTEIbHBIN
pe3yibTar.

CoBpemeHHast KOHLIEIUS TeHa Oa3upyeTcs Ha MOJIOKEHUH O CII0)KHOM CTPOEHHUHU U JAETUMMOCTH I'€HOB.

2. ATPUCHASA CTPYKTYPA AAEP ATOMOB

Jlo HacToAIIEero BpeMeH! KBaHTOBAsi TEOpUs HE UMeeT o0bsicHEeHH. B ee pa3paboTKy BHECTU BECOMBIiA
Britan ¢usukn XX cromeruss A0dit Amrekap, Ten Jxexodcon, Exu JleBanmorckuii, Kapmo Posemmm, JIn
Camounun, Tomac TumanH u ap.

Eme 30 oxts6ps 1911 rona na MexayHapoaHoi koHpepeHuuu (pusnkoB B bproccene, MacTuThii AHpH
[Tyankape, KOTOpBIA BO BCeM MPEKpacHO pa30upancs, OTHecCS K HOBOW TEOpUU BEChMa CKENTHYECKH:
«bONBIIMHCTBO TyTeW TrocmojAnHa DWHINTEWHAa BEAYT B TYMHUK, HO HAJO HANEATHCS, YTO XOTh OJWH W3
YKa3aHHBIX UM HalpaBJICHUI OKaKETCA MpaBUIbHBIM. M 3TOro BHOJIHE AOCTATOYHO. 3aja4ya MaTeMaTHYeCKOM
(bU3UKU — CTAaBUTh BOIIPOCHI: PEIIUTH K€ UX MOXKET TOJIHKO OIIBITY.

[TocnenoBarenu OWHINTEiHA MNPUHSIIM aOCTPAKTHYIO TIOCTAHOBKY MAaTeMaTHYeCKUX 3aaad, MpH
OTCYTCTBUM (PU3UUECKOTO CMBICIIA, 32 OCHOBY (DyHIaMEHTAIHHON HAYKH MUPA, YTO MPUBEIIO €€ B TYTIHK.

B ornuume oOT KBaHTOBOM Teopuu, B OCHOBY ATpUCHOM (U3MKKM TPUHATHI PE3YIbTAThI
OKCIIEPUMEHTAIHBIX M3MEpPEHUN (U3MYECKUX CBOWMCTB peaJbHON MaTepuu, KOTOPHIE IOJBEPTIIHCH
KpEaTUBHOMY OCMBICIIEHHIO, YTO OTKPHUIO MPUHIMIIUAIBHO HOBOE BUJCHBbE MPUYUH sABIEHUN U 3()PeKToB,
HaxOJISIIUXCS 32 MPeeIaMi BO3MOKHOCTEH HHCTPYMEHTAIBHBIX U3MEPEHUH.

[TyTem KpeaTUBHOTO MBIIIEHHUS MTOJIYUYE€HbI OTKPBITHUS OCHOB ATPUCHON (DU3HMKH, UTO A0 BO3MOKHOCTh
3pUMO TIPEJICTABUTHh CTPYKTYPYy, COCTaB, BHYTPEHHHUE PHUTMBI KOJIEOAHWH HHEPTUU B SAPaX aTOMOB H
MPOLIECCOB CHHTE3a BCEX BUIOB ToJell. MHCTpyMmMeHTanbHBIE METOABI HWCCIIENOBaHUM, pa3paboTaHHBIC
yUEHBIMH, HE HMEIOT Pa3peliaoniell CoCOOHOCTH, YTOOB BHAETH pasMeps! yactuuek 10 1072y i n3mepsars
npomexytkn Bpemern g0 107%c. TTosToMy Bce MOMBITKHM yYEHEIX, ONPEENNTh CTPYKTYPY M COCTaB SIEp
aTOMOB HHCTPYMEHTAIBHBIMH METOJIaMH, TPUHITUTTHATIEHO 0€3pe3yabTaTHBI.

Kaxxaplii aToM TaOnHIBI 3JIEMEHTOB CO3/1aH MO (paKTaTbHOMY MPUHIIUIY M COCTOUT M3 TPEX SPYCOB,
KaKJIbIH U3 KOTOPBIX UMEET COOCTBEHHYIO CTPYKTYPY M (PU3UUYECKHE CBOWCTBA, Pa3HBIC Pa3MEPhI U BHITIOHSIET
CTpOTO 3aJaHHbIE eMY (QYHKIUH.

IlepBoiii sipyc — spo atoma (puc. 5, a u 6). Kaxgoe siapo aroma BceneHnHoit nMmeeT penepHsbIid MpOTOH,
KOTOPBI COXpaHseT CBOI MHIUBUAYATHHOCTh IO PaJHOaKTHUBHOTO pacnaaa. Paguyc siputuca u pundbaidtunra
perepHOTo MPOTOHA MMEIOT OJMHAKOBBIE PAJINYCHI, KOTOpBIe paBHEI 1~1,22:10"12M, a HapyXkHBIE, H3MEHSAIOTCS
B 3aBHCHMOCTH OT TeMIepaTypbl (H30BITOYHON YJHEPTUN) aTPUHOB.


https://ru.wikipedia.org/wiki/%D0%9C%D1%83%D1%82%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%A0%D0%B8%D0%B1%D0%BE%D0%BD%D1%83%D0%BA%D0%BB%D0%B5%D0%B8%D0%BD%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D1%83%D1%82%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BB%D0%B5%D0%B7%D0%BD%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D0%BC%D0%B1%D1%80%D0%B8%D0%BE%D0%BD

B snpe cocpenoroueHbl HYKJIOHBI, TPEICTaBISAIONNE COO0N MaKeT AUCKOB, CTIHYTHIX (QUIOANTHHTOM.
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Puc. 5. O0mii Bua sapa aroma Boaopoja:
1 12 - cekpsbl 3JEKTPOHA U CIIOJIA B MYJbCH/IE; 3 — CEKPHI CIIaHa B MYJIbCI/E; 4 — KBaIPOH CIIaHa ¢ BHYTPEHHUMHU
aTpUHAMU; 5 — CEKpBI AIIEKTPOHA U CToja B GUIOAUTHHIe; 6 — KBaJIpOH CIIaHa C HApy>KHBIMU aTPUHAMU;
7 — snextpon; E; — BHyTpeHnue cepun; E, — HapyxHbIe cepuu.

Kaxxaplif 3IeKTpOH COCTOUT U3 JBYX OJOKOB: (PM3NYECKOW OCHOBBI U €€ CHUCTEMbI MPHUBOJA, CUCTEMBI
YIpaBJICHUS U CUCTEMBI €€ MPUBOJA, KOTOpasi OJHOBPEMEHHO SIBJIICTCS MaMAThIO dJeKTpoHa. HykIloHBI siiep
aTOMOB M AJIEKTPOHBI HMEIOT CUCTEMbI MBILUICHHUS, KOTOPbIE CUHTE3UPYIOT U3 aTpUCOB d(upa rolorpamMmbl U
OCYILECTBISIOT YIPABJIEHUE BCEMHU CTPYKTYpaMM SApa W aromMa B LEJIOM. OJIEKTPOHBI B sIpe aToMa

OCYLLIECTBIISIOT 3HEProOUH()OPMAIIMOHHBIN OOMEH.
Bropoii sipyc — jxecTkas CTalMOHAapHas OJHOCIOWHAs CTPYKTypa, KOTOpas BBIXOJAUT M3 CHUCTEMBI

YIpaBIEHUS SIPOM — HApY)KHBIX BHUCTp fApHUTHCA, a Takxke (uiadalTUHIa, ONpenesseT IeoMEeTpUYecKue
rapaMeTpbl aTOMOB BCEX TeJl U HEe OOHApYyKMBAeTCs MPU MHCTPYMEHTAJIBHBIX M3MepeHusiX. Paauyc BToporo
apyca pasen |-10™°m (rme |~0,4+2), u OH ompenenseT pacCTOAHMS MEXIY aTOMaMH B MONEKylaX H

KpHCTAJUIaX, OCYIIECTBIISAS CUIIOBYIO CBSI3b MEXKy aToMaMu (puc. 6).

T
i e ..
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Puc. 6. /IBa sapyca atoma Bojgopoaa:
A — sapo atoma; A, b — cranmonapHas 3amuTHas 000109Ka, COCTOsAIIAst U3 OMIITOHAa — b M aHAMCTOHOB — A ;
I'h — paguyc Myibcia; ry — paguyc GhuidalTHHTA; s — pa3Mep cepuil peiikuca OWITOHA; T, — pa3Mep cepuit
pelikuca anaucroHa; P — peiikuc; PK — psiibl KBaHTOHOB.

Tperuii sipyc — 3alIMTHAs, CMEHHAs IOBEPXHOCTh, pa3Mep KOTOPOU B OTCYTCTBHM CHJIOBBIX HATPY30K Ha

atomsl, paBer 2| -107° M. Tpernii spyc cunTe3upyercs 3a Bpems nopsaka 101, n cMeHseTcs 10 HCTEUEHHIO
Bpemenn mopanka 1020 (puc. 7). Tperuit spyc ompenenseT Bce (DH3MKO-XUMUYECKHE M MEXaHHUYECKHE
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CBOMCTBA MaTepHAILHOTO MHpa. Y TPETHETO SIpyca UMEETCsSl BHYTPEHHSISI U HAPY)KHAs IOBEPXHOCTH, KOTOPbIE
BBITIOJHSAIOT ITPOTUBONOJIOXKHBIE NEHUCTBUS (MUHYC U IUIIOC). TpeTuil Apyc MOXKET CO3[1aBaThCs MO IPaHMIIAM
pasnena (a3 v B 30HaX CHJIOBOW CBS3M MEXIy aTOMaMH B MOJeKyJax u kpucramwiax. [loaromy nanbheiinme
uccie0BaHus Oy1yT MOCBALIEHBI YCTAHOBJICHUIO CBSI3€H MEXKy COCTOSIHUEM $11pa U CBOMCTBAMHU MaTEpUU.

B MOMEHT paauoakTHBHOIO pacmajia HeHTpOHa CHHTE3UPYETCs SIIpO aroMma, MpeAcTaBisioniee coOoit
KECTKYIO CIOXKHYIO (DUTYpy, KOTOpas COXpaHAETCs 10 MOMEHTa paJMOaKTHBHOTO pacmana suapa. [lymecan,
apuTHC, GunbaiiTar, ¢pundaliTHHA criaH, OMIITOH MPEACTABISIOTCA B €IMHYIO CHCTEMY, KOTOPasl COXpaHsIeTCs
BO BCEX s1pax aTOMOB. Y aroMa BOJOPOJa UMEETCs OJJUH PENEPHBbIN IPOTOH, Y KaXKIO0r0 MOCIEIYIOIIETO sipa
CUCTEMBI 2JIEMEHTOB TAaK)K€ UMEETCSI TOJILKO OJMH PEMEepPHBI MPOTOH.

HepB blif Apyc

Puc. 7. Atom Bonopoaa (cxematudeckoe nzoopaxkenue): Mi1-Ms — yroJikm aHaucTpOHOB.

Bce ocTanbHble HYKJIOHBI f[Ipa aToMa pPAacIoyaraloTcsl MapajliesIbHO SIPUTUCY PENEPHOrO MPOTOHA, UMEIOT
OJIMH OO0IMI MOJIIOC, HO HE3aBUCUMO OT PEHNEPHOro MPOTOHA COBEPIIAIOT LUKIMUECKUE KOoleOaHUs aTpUHOB U
BpallaroTcs, co3/aBas CruH, paBHbii (,5.

Tonbko penepHble MPOTOHBI BCEX AP aTOMOB YCTAHABIMBAIOT CUJIOBYIO CBSI3b YIOJIKAMH aHMCTOHOB U
aH/JMCTPOHOB CO CMEXHBIMU SIJpaMHU aTOMOB M HE MOTYT COBEpLIaTh BpalleHUs (co3aaBaTh CHuH). T.e.
CTPYKTYypa BCEX TBEPIBIX TEI U MOJIEKYJI SIBIISIETCS KECTKOM, TaK KaK PENepHbIE IPOTOHBI 3TUX SIIEP HE MOTYT
BpallaThCs, CO3/1aBas CIIUH.

PenepHblii IpOTOH NOBOpAuMBAETCSA HA AMIUIUTYIy IYJbCALlUA BEKTOPOB aTPUCOB KBAHTOHOB B OJAVH
MIOJIYTIEpUOJT M BO3BpAIAETCs B IPEKHEE IOJIOKEHHWE B pe3yJbTaTe ACMCTBUS BpallaTeIbHOTO MOMEHTA,
CO3/IaHHOTO CHWJIOM, BO3HMKAIOUIEW B pE3yJIbTAaTE NEHUCTBUS CUIIOBOM CBSI3M MEXAY YrOJKaMU aHIMCTPOHOB
CMEXHBIX aTOMOB. TakuM 00pa3oM, y pernepHbIX IPOTOHOB TBEPABIX TEJ U KUAKOCTEH CIIUH CYLECTBYET U HE
CYLIECTBYET OJJHOBPEMEHHO, TaK KaK BpalllEeHUE T0J] €T0 JEHCTBUEM HE IPOUCXOIUT.

Y Kkaxagoro aroma ecTb JKE€CTKas HE HW3MEHSIOMIascs CTPYKTypa, BO3HHMKIIAsh B pe3yJbTaTe
PallMOAaKTUBHOTO paclaja HeUTpOoHa, KOTOpas COCTOUT U3 SPUTUCOB, GUIOANTUHIOB U (QUIOAWTHH, KOTOPBIE
OCTal0TCA Jake Mociie paJuoaKTUBHOTO pacnaia (U3n4ecKoil OCHOBBI Spa.

EnuncTBeHHBIM pecypcoM BceneHHoM sBISAIOTCS aTpuchl ¢upa. YIpaBieHHE aTOMOM OCYILECTBIISET
SJIPO, KOTOPOE COCTOUT M3 HYKJIOHOB, COOPaHHBIX B MAKET U CTAHYTHIX criaHoM (puc. 8). B kakmaoMm HyKIOHE
COBEpPIIAIOTCSI HE3aBUCUMBIE OT JPYTUMX HYKJIOHOB LIMKJIMYECKHE KOJIeOaHUs aTPUHOB, CUHTE3 T'PABUTOHOB,
CO3/IaHH€ CIIMHA U MAarHUTHOTO JMIIOJIBHOIO MOMEHTA. DJEKTPOHbI CKAaHUPYIOT MOBEPXHOCTU MYJIbCHI0B
IIPOTOHOB, OCBOOOXK/asi aTPUHBI MYJIbCIIOB OT M30BITOYHON PHEPTUH, a TAKXKE BBIMNOIHSIIOT JApyrue QyHKIHH
IO 3aIlUTe SAep aTOMOB.

Ha pucynke 5, 6 npuBeseH 3J1€KTPOH, CKaHUPYIOIIUI MOBEPXHOCTh sipuTHca aroma. OCTaHaBIMBaeTCs
ANEKTPOH TOJIBKO IOCIIE KaXKA0Tr0 MOJIyIepro/ia UKINYecKUX Konebanuii arpuHoB. Beneacteue Toro, 4yTo npu
PEKOMOMHALIMU BJIEKTPOHA SIPOM MPOTOHA COPACHIBAECTCS YaCTh HPHEPTUU CBSA3M WU DHEPTUU HOHU3AIMH,
MOBOPOT OMPTPOHA ANIEKTPOHA 3a noiynepuos Bceraa Menblie 180 rpagycoB. IlosToMmy 35eKTpoH, CKaHUPYS
IIOBEPXHOCTh SIPUTHUCA, MOXKET CHUMAaThb SHEPTUI0 CO BCEX BUCTP AHAMCTOHOB U aHANUCTPOHOB, OJHAKO
cOpachIBaTh B TBEPJOM TeJle MOXKET TOJIBKO B IOJIIOCE siipa aTOMa, KOT/la OCh OMPTPOHA COBIAAAET C OChIO
aTPUHOB CII0JIa. DHEPTHsl BAOJb CEPHM BCEX IEMEHTApHBIX 00BbETUHEHUN — aTPUHOB, BUCTP, PEHKUCOB, BUTP
U PacUJIOB — KBaHTYETCH.
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HYKJIOHBI #F DIIEKTPO HbI TP OTOHOB

Puc. 8. Ceuenne MHOTOHYKJIOHHOT0 aToMa 0e3 pacuiainyoa (yriiepon).

OTpe3ok cepuil aTpuHA, YHEPrus KOTOPOro paBHA KBAaHTY ACHCTBHUSA, CO3JACT YIUIOTHEHHE, KOTOPOE
YCTaHABIIMBAET CHJIOBYIO CBSI3b TIOCPEICTBOM aTPOYCOB, C AaHAJIOTHYHBIM OTPEe3KOM. Eciiu ObI MBI MTPEICTaBUIN
aTpuUH, TO YyBUAENW ObI, YTO BJOJIb CEpPHIl SHEPrus KBAHTOB JCHCTBHS paclpeleieHa MO 3aKOHY
CUHYCOHIaJIbHOW YCTHON (PYHKIIHH.

Snpa aToMOB COOpaHBI U3 YEPEAYIOMINXCS B IIAKETE HEHTPOHOB U MIPOTOHOB B BUJIE OT/EIBHBIX THCKOB —
MyA6CII0B (pUc. 9) U CTAHYTHI PUIOAUTHHTOM.

1

> 37 7SS
oL LT g4 ;
-

ST
7, 7/ $Z
VA / L

Puc. 9. JIuneiinast AByXaTOMHasi MOJIeKYJIa:
1- pacuianryobl aHIMCTPOHOB, 2— CEKPbI OMITOHOB, 3— pacHJIIIy0bl OUJITOHOB.

B KkaxIoM HYKIIOHE COBEpINAIOTCS HE3aBUCHMBIE OT JPYTHX, HO COIVIACOBAHHBIE IUKINYECKHE
Kosie0aHUsl aTPUHOB, CUHTE3 TPAaBUTOHOB, CO3/IaHHE CIIMHA U MAarHUTHOI'O MOMEHTA. DJIEKTPOHBI CKAaHUPYIOT
MOBEPXHOCTU TPOTOHOB, OCBOOOXIasi aTpPUHBI IYJIbCIJOB OT U30bITOYHOW HHepruu. HoBbIM mnepuof
UKIMYECKUX KOoJeOaHUH aTpUHOB BCEX HYKJIOHOB si/Ipa aToMa HAYMHAETCS] OJTHOBpEMEHHO. [103ToMy aTpuHBI
HYKJIOHOB, 3aBEPLIMBILINE IEPUOJ UUKINYECKHX KojJeOaHMN paHblE [APYTrUX, COBEPIIAIOT XOJOCThIE
nyJabcaluy 0e3 HUKIMYECKUX epeMEeLeHUH.

Cepun peiikucoB OMITOHA U aHUCTOHOB SIBIISIFOTCS TPOJOJIKEHUEM HapYKHBIX CEpUN BUCTP SIpUTHCA U
¢unbaiiTHTa U HE UMEIOT CUCTEMBI TPUBO/A, T.€. OHU CO3AI0T OJIMH CJION KaXkIbIH.

JnuHa NEepBUYHBIX CEPUMl PEUKUCOB OMNPENEIAETCS SHEPIHMEM CHUHOBBIX CEpPUM, a y aHJIUCTOHOB —
JHEPIUEU OTPE3KOB HAPYKHBIX CEPUM ATPUHOB CIIaHA, BBIXOAIIUX 3a IIPEIEIbl BHYTPEHHUX.

Brions cepuil BUCTp IO MpOrpaMMaM CO3JIAF0TCS YIUIOTHEHMS U3 BEKTOPA KBAHTOHOB — BEKTOPOB aJpar,
IIPU IIOMOILM KOTOPBIX OCYILECTBIIETCS IIPOLIECCH YIIPABICHUS BEKTOPAMM KBAHTOB JCHCTBUS ATPUHOB.
BekTopa agpat onpeaensitoT U3MEHEHUs CTPYKTYPhl (PU3NYECKUX CBOMCTB aTOMOB, @ TaK)K€ BCEX COCIMHEHHM
u3 aToMOB. Y (DOTOHOB YaCTHUIIBI BUTPHI YCTAaHABIMBAIOT BJIOJIb CEPHIl Takoe KOJIMYECTBO BEKTOPOB ajpart,
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CKOJILKO HMMEETCsl KBaHTOB JAeicTBUs y (oToHa. PazMep aMImuuTyabl Mysibcallii BEKTOPOB KBAaHTOHOB
aTPUHOB B CEPUSIX YACTHI] YCTAHABIMBAIOT BEKTOPA aJpaT CUCTEMBI YIIPABIICHUS.

Kak nokazana AtpucHas (Qu3uka, aToMbl OPUEHTHUPYIOTCS B MPOCTPAHCTBE OTHOCUTENIBHO JIPYT Jpyra
MpUd TIOMOILIM PACWIOBBIX BOJIH, KOTOpPbIE MOTYT HX HPUTATHBATh WM OTTaJKUBaTh. Eciau aToMbl
NpUOIIKAIOTCS IPYT K JIPYTy Ha pacCTOSHME, HA KOTOPOM HAYMHAIOT JEMCTBOBATH aTPOYChl CUJIOBOW CBSI3H,
oOpaszyercs Mojekyida. B Mosiekyne pelKuchl OWITOHOB M aHIUCTPOHOB aTOMOB CO3AAIOT EIUHYIO
MyJbCUPYIOLYIO cucTeMy. lIpenarcTBueM K CO3[aHUI0 MOJIEKYT M3 aTOMOB MOXET CIYKUTh H3IydeHUe
OJTHUM U3 siZIep aTOMOB PACHJIOBBIX BOJH, KOTOPbIE OTTAIKHBAIOT OT €05 Apyroe sSApo aToMa.

[TycTh 3HEpreTUyecKoe COCTOSHUE aTOMOB CIOCOOCTBYET CO3JaHUIO MOJEKYJbI, U aTOMbI JIBUXKYTCA
HaBcTpeuy Apyr apyry. X OmiIToHBl pacrnojararoTcs B OJHOM IUIOCKOCTH, @ OJMH M3 aHAUCTOHOB KaXKJ10TO
aToMa — B Japyroi. Paamycel y OMITOHOB M aHIMCTOHOB OJHOTO U TOTO € aromMa MOTYT ObITh IpPU ITOM
pPa3HbIMM [0 BEJIIMYMHE, YTO OIPENEISETCS] BEIUYMHONM 3HEPIMHM CIUHOBBIX CEPHUIl aTpUHOB IYJbCIAO0B U
cnaHoB. Ecnu 13 > 15, TO aHIUCTOHBI CKUMAIOTCA:

%> Is
TJIC Ia U To—PaJAMYChl aHTUCTOHA U OUJITOHA.

B sTtom CIydac aHAWCTOHBI CXKUMAKOTCA B BUAC BECpa N0 YCTAHOBJICHHA IMPAMOIO CHUJIOBOTIO KOHTAKTa
MEXIy OWITOHAMH aTOMOB MOJICKYJIbI, TPEBpamiasicb B aHOUCMUHbL, @ BTOpas Tapa aHIAMCTOHOB
(pacrmosioskeHHast MEePICHINKY/ISIPHO) OKa3bIBACTCS HEMOABEPIKECHHOMN CKATHIO — 3TO anoucmponst (puc. 9).

Ecnu B MOMEHT cHHTE3a MOJICKYJIbl aTOMBI UMEIU Pa3HYIO 0 BEJIWYMHE M30BITOYHYIO DHEPTHUIO, TO B
MOJICKYJIE Cpa3y ke UACT cOpoc M30BITOYHOW PHEPTUH WIIM €€ BBIpaBHHBaHHE. Tak Kak 4acToTa ITyJbCaIluit
KBaHTOHOB B CEpHsIX OWJITOHOB W aHJMCTOHOB BCEX aTOMOB BCeleHHOI ocTaeTcs BEIMYMHON TOCTOSSHHOU, TO
Y aTOMOB MOJICKYJIBI MOXCT NPOUCXOANUTDH COITIACOBAHHUE TOJIBKO aMILIUTYQ KOJIeOaHMII KBAHTOHOB OMJITOHOB
Y aHJIUCTOHOB.

3. ATPUCHAS UHTEPIIPETALIUS CTPYKTYPbI U CUHTE3A JITHK

Bce Bunsl ¢nopsl u daynsl, a Takxke yenoBeka, umeroT csou Buabl JJHK, Heckonbko oTnmnuaronmecs
apyr ot apyra. Xotsa ¢gopma monekyn JIHK u ornmyaercs, oqHako 3amuch TeHeTHMYECKOW MH(OpMaIu BO
BCEX MOJIEKYJIaX IPUPOIBI MICHTUYHA.

Jlo HacTOsALIEr0 BPEMEHU YYEHBIE HE CMOIJIM INOHATh Ha3HaueHue nBoiHOW cnmpanu [IHK, T.k. B ux
ymax mnepenada uHpopmauuu oT onHoM k apyrodt monekyine JIHK mnepemaercs myreM XMMHYECKOro
noctpoeHus. CrnenoBajio  MPENNOJIOXKHUTh  yueHbIM, uTo JBodHas mnpupoaa JIHK obycnosnena
HEO0OXOJIMMOCThIO MYXKCKOTO U KEHCKOTo Hadajl, 00phObl MeX1y KOTOPBIMH HE cyllecTByeT. TBopel] cam
Ha3zHayvaeT Oy yliuii mos pedeHKa. YUUTHIBAIOTCS BCE YCIOBUS )KU3HU POAUTENEH, UX BOZMOXKHOCTH, OyyIye
YCIIOBUSI TNPOXKUBAaHHWS M B COOTBETCTBHM C 3THM HAa3HA4aeTCs THUIl XAPAaKTepa 4eJIOBEKAa: CAHTBHHMUK,
MEJIAaHXOJIMK, XOJIEPUK WIH (DIIerMaTHK.

Ilo mepe nmanmpHeWIIEH >KU3HM 4YEJIOBEKAa M IPOXOKJICHWH UM IO 33aJaHHOMY IIyTH, NPOU3BOJUTCS
NepeBOJl YeJIoBeKa Ha 0oJiee BEICOKUI YPOBEHb, MIIM OH OCTAETCs Ha HUKHEM YPOBHE.

B kaxmol kieTke BeniecTBa JOJKHA HaXOIUThCS ToJIbKO onHa Monekyna JIHK. Ecnu Bo3Hukaer
HEOOXOJMMOCTh CHHTE3UPOBaTh HOBYIO KIETKY WIM YBEIUYUTh KOJUYECTBO KIETOK B BEIIECTBE,
cuHTte3upyercs kion monexyawt /JHK. HenpeposiBHO ucnyckaemeie monekyinamu JJHK eucmpoecenvr nepenarot
MoJieKynaM kineTtku kox Mousiekynsl JIHK. B pesynprate 3Toro BozHukaer asoiiHas cnupais JHK. B kierke
BemectBa JIHK u xnon JIHK pacnonaratorcs mapannensHo apyr apyry. Benencrsue ¢opMmel B BUae civpaiu
oHn BpamairTcs. Ot sagep atomoB Mosekyinsl JIHK HempepelBHO uayr mo sganasucmpam TOTOKA
BucTtporeHoB. Ha mosepxnoctu kiona JIHK sdanaBucTpsl OTHICKMBAIOT TIONIIOCA SIEP aTOMOB, UIACHTHYHBIC
noJtocam aaep aromos Mouiekyinsl JIHK. Buctporen aganarena nocrymnaer B nosoc siapa aroma kiona JIHK u
MIEPEMENIAETCS, HAaXOAACh BJIOJIb BHCTPBI CEKphI CHOJIA B IIYJIbCEAE C JIUAMETPAIbHO IMPOTHBOMIOJIOKHON
CTOPOHBI OT TIOBEpXHOCTH KioHa. CuHresupyercs snocmpocer kinoHa JIHK. Cpa3y xe snocrporen
BKJIIOUAETCs B pabOTy U CUHTE3UPYET dpanazen u gucmpozeH. BUCTporeH ABMXKETCS OT KJIOHA K TOBEPXHOCTHU
monekyisl JIHK. Bcero renetnueckyro nHpopmaliio, KoTopas 3anicaia B SII0CTPOreHe, BUCTPOreH MEPEHOCUT
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nmyTeM 3epkajibHoro komupoBanus. Daxtudecku, mrobas wmosekyna JIHK mnpencraBnser coboi
MOJIYIIPOBOTHUK (PJICIIT HAKOMHTENS M TaKKe Kak B sJIpax aTOMOB (DIemr HAKOMHUTENS pAacIoiararoTcs
snocTporexsl B anpax atromos JIHK. Paznuune ToJIbKO B TOM, YTO y SApaX aTOMOB MOJYNPOBOAHUKA B OJHOM
sanpe atoma coxpansier | equauma napopmanuu, a y JJTHK moxer ObiTh 3anmucano 1,84 10% equuwn mamsTH,
Ha KOTOPYIO 3aIichiBaloTcs yncna ot 1 o 102,

TBoper, 3apaHee MOATOTABIMBACT SApa aTOMOB K OyIylied BO3MOXHOCTH 3alUCH TCHETHUYECKOU
uHpopmanuu. g STOro MNEeprneHANKYIIPHO SPUTUCY U JIaJie CUHTE3UPYIOTCS CepUU SIOCTPOreHa, Ha
ANEKTPUYECKUX BEKTOPaX KOTOPBIX CO3AaHBI MPOTrpaMMbl OYIYIIIETO TBOPEHUS B BUJIE 6edpaticog. DaKTUIECKU
TOJILKO Ha OJHOM 3IOCTPOre€HE BO3MOKHO 3amucaTh BCIO M€HETHYECKYI0 HMHpopmanuio uenoBeka. OIHAKO
uHpopmanusa nomkHa nepeHocuthest or JHK ma JIHK-kmoH mpakTtudecku MrHOBEHHO. [l 3TOro HYXKHO
MMETh OJHOBPEMEHHO Oo0JbInoe 4uciio Hocutened mHpopmamuu. [Toatomy ITHK mmeer B cBoeM cocraBe
00JIbIII0€ KOTUYECTBO aTOMOB.

Mounekyna JIHK cocTout u3 cinoeB OMITOHOB, MPEACTAaBICHHBIX B BUJIC IBOWHOW CIIMPAIIN - MYXKCKOTO U
xeHckoro Hayana. Crmpans JIHK MoXHO mpencTtaBuTh ceOe B BHJE MOJIOCH, COCTOSIIEH M3 HAIOKCHHBIX
BHAxXJIECT CJIOEB OWJITOHOB B OIpENEJIeHHON IOCIE0BATEIbHOCTH aTOMOB BOJOpOJa, YyIriiepojia, a3oTa U
kucinoposa. Ciou OWJITOHOB YCTAHaBIMBAIOTCS BJAOJb IOJOCHL, KOTOPYIO MOTOM HEOOXOIUMO CBEPHYTh B
CHupaib, MpudeM o0 CHUpPaTd CBOPAYMBAIOTCS B pasHble CTOpOoHBL. CloM OHITOHOB aTOMOB BOJOpOJA
MOJTy4YalOTCs C HApY>KHOW CTOPOHBI CIUPAIIU, & C BHYTPEHHEH — OCTalIbHbIE 3JIeMeHThl. Ha3BaHus oTpe3KoB
crMpaseil MOKHO B3sTh Jto0bIe. [leMoHcTpupyemas yueHbiMu cTpykTypHas dopma JJHK He cymiecTByer, kak
Y BCE OCTAJIbHBIC CTPYKTYPHBIC (DOPMEI.

4. ATPUCHASA UHTEPIIPETALIUA ITAMSATHU JTHK

JBoiinas cnupans JJHK mpencraBiasier coGoil oTaenbHble aTOMBI, OMJITOHBI KOTOPBIX PACIOIOXKEHBI
BJIOJIb CIIUpAJICH TaKUM 00pa3oM, YTOOBI TIEpPEHOC reHeTHYecKol mHpopManuu ¢ ogHod Monekyisl JJHK Ha
coceqHIO0 ObLT ObI anpecHbIM. Tak kak kaxkaas moinekyna JIHK Hecet B ceOe BClo HH(DOPMALIUIO OT POXKICHUS
710 HACTOSIIEro0 MOMEHTA, KOJIMYECTBO aTOMOB, Hecylnee MHPOpManuio, yBeanueHo. DakTudeckn TOJIBbKO Ha
OJTHOM 210CMpo2eHe MOKET TIOMECTUTHCS BCS TeHeTudeckast nHpopmarus Buaa. OqHaKo, KOTUYECTBO aTOMOB,
y4yacTByroumx B cuHte3e Mosiekyinsl JIHK, HaunteiBaeTcs mumnmapaamu. Ilostomy kaxmas mosekyna JJHK
HeceT Ha cebe BCIO MPeAbIAYIYI0 HH()OpMAIUIO 32 MUJITHAP/IBI JIET.

Voke npu ONMCaHUU CTPYKTYPHI si7iep aTOMOB B ATpUCHOM (U3UKe OBLJIO MOKa3aHO, YTO 3alUCh IPUPOIBI
uH(OpMaIMK BO BCEH PHPOIE COXpaHsIETCs OAMHAKOBO (puc. 7).

O0603HaueHbl MEXaHW3Mbl KONMHMPOBAHMS, MEPEHOCAa U 3allUCH TNEHEeTHYECKOro KoJa B Spax aTOMOB,
perucTpanus ayauo, BU3yalbHOM, ayInOBU3YaTbHON, TAKTHIIbHON MHpOpManuii U 3amnaxoB. VCKIIOUNTENBHO
TOJIBKO YEJIOBEK HAJEIEH JIOTMYECKUM MBIIIICHUEM W JONOJHUTEIBHOW CTAlMOHAPHOW W BPEMEHHOU
MaMAThIO.

Jlornueckoe MBILUIEHUE YeNIOBEKa (8peMeHHas namsams) KONUPYET BCE BBl MHPOpPMAIMH, KOTOpHIE
MOCTYMAIOT U PETUCTPUPYIOTCS CTALIMOHAPHO B SPUTHCE siApa aToMa, 00pabaThIBaeT ee, Co03/1aeT COOCTBEHHYIO
MH(}OpPMaILIKIO, 3aIIUCHIBAET €€ B COOCTBEHHYIO CTAI[MOHAPHYIO MaMsITh AUBUCTPHI GUIOAHTHHTA U HAMPABISET
UCTMIOJIHUTENbHbIE KOMaHAbl opraHusMy. WHbopmarus, moTepsBIIas aKTyalbHOCTh JUISI 4YeJOBEKa,
COXpaHsEeTCA 3aapXMBUPOBAHHON M MOJKET CTaTh HEJOCTYIIHOM, €CJIM apXUBOM HE IOJIb30BATHCS.

[onHas moTeps MaMSATH 4YeNOBEKOM OOYCIOBIeHa wu3MeHeHHeM Ha 180° HampaBieHHS BEKTOPOB
aTPUCHKOB CYMTHIBAIOLIEN CUCTEMBI BPEMEHHOM ITAMSITH.

ToBbImenne TemmepaTypsl Telda 6onbimie 37°C BeleT K H3MEHEHHIO BHYTPEHHEH CTPYKTYpBI slep
aTOMOB (BUCTpax U sipuTtHcOaiiTax), MpyU KOTOPOM JIOTMYECKOE MBIIUIEHHWE Hapyllaercs, a oOmias 4acThb
CTPYKTYpHI siipa (HAapy>KHbIE BUCTPHI SIPUTHUCOANTOB), THE 3alMCaHbl BCE OCTalbHbIE WHGOpMAIUU, HE
WU3MEHSETCH.

be3 3HaHuil mpolleccoB, MPOTEKAIIMX B TOHKOM MHUpE, HEBO3MOXHO Obuto Obl coszmate /IHK. B
monekyne JIHK mimockoctr GMITOHOB aTOMOB pacnojiaratoTcs MapajielbHO BHEIIHEH MOBEPXHOCTH. 3amucCh
uHpOpMaLUU TPOU3BOJUTCS HA 9NOCHpo2eH, KOTOPBIN pacroyiaraeTcsi BJI0JIb BUCTPBI CEKPHI CIOja MyJbceaa

(puc. 10).
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Puc. 10. CtpykTypa sigpa aToMa BOAOPOIa B MOMEHT CHHTEe3a 3MOCTPOreHa, 3anarena
1 3ePKAJIBHOI0 KONMPOBAHUA BUCTpPareHa.

YacTh 31eKTPHUECKMX BEKTOPOB MATHUTHBIX CEPU BUCTP MOTYT OBITh OTKIOHEHH Ha 90° U BHIOMHATH
GYHKIUIO TaMSTH SIIEp aTOMOB - gedpaticyl. Bedpatic — enuHuLA 3allUCH MHQOPMAIMM Ha 3JIEKTPUYECKHE
BEKTOpa KBAHTOHOB MATHHMTHBIX CepHii BHCTp MyTeM pa3BopoTa Ha 90° yacTum >JIeKTpHUECKOro BEKTOpa
KBaHTOHA, PAaBHOM MO BEJIMYMHE YAaCTOTE KOJEOAHUI CTOPOHHETO UCTOYHHKA, YaCTOTa KOTOPOT'O JOKHA OBITH
3amucana. Benpaiic — 3To umcenbHas 3amuch mH(opManuu B auanasoHe oT 1 mo 10% repm ma kaxkmyro
€IUHUIy Beapaica. B 3TOT nuama3oH 4Ymcen BXOIAT BCE MPOILECCHl B KMUBOWM M HEXWUBOW HPUPOIE, OT
uH(pa3ByKa 10 GOTOHOB OOJIBIION SHEPrHH (TaMMa KBaHTOB).

Hocurenem Bceil unpopmanuu Bo BeeneHHOM sSIBISIOTCS Beipaiichl BUCTp MarHUTHBIX cepuil. [lamsTs,
reHeTnyeckas HH(opmarus, pereHre Beex 3aaad BeeneHHON Mpou3BOIUTCS MIPH ITOMOIIU BEIPaiicoB.

Jlo Hacrosillero BpEMEHH YYEHBIMH MHUpPA TMPUHATO CUUTATh, YTO 3alHUCh HHPOpPMAIMK B TeHax
IIPOU3BOJUTCS ITyTEM IOCIIE0BATENLHOr0 YepenoBanus aromos B cucteme JIHK. bonbmeit rimynoctu yuensie
MIPUAYMaTh HE CMOIJIN !

YacTp 2J€KTPUUECKOTO BEKTOpPA MAarHUTHBIX CEPUM BUCTP ONPENENAET BEIUYHMHY NaMATH, KOTOpas
3anuchIBaeTcsl Ha BUCTPY. Kaxaplil 2JeKTpuyecKuil BEKTOP B COCTOSSHUU HECTH YHCEIbHYIO MH(POpPMAIUIO B
pasmepe 1,84 10% uncen (Benpaiicos).

B sanpax aromoB (IpenMyIIECTBEHHO BOJOPOa) B MOMEHT CHHTE3a HapyKHbIMU aTPUHAMHU ITYJIbCEOB
I'PaBUTOHOB, TPOUCXOJUT 3aXBAT MAarHUTHBIX CEPUI I'PABUTOHOB U NIPEBPALLEHUE UX B IPUHIIMIIAAIBHO HOBBIN
CJION BHUCTpP € MOJIOCOM siipa aroma. CUHTE3UPYIOTCS TUCKU, COCTOSIIUE U3 HAPYKHBIX BUCTP, B KOJIMYECTBE
1800 mwtyk B aucke — sapumucoaum-1 u apumucobarim-2. MITHOBEHHO AMCKH CHHTE3UPYIOT INapasuieibHble
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CepHH C OOPATHBIM HaAIIPaBJIEHUEM BEKTOPOB KBAHTOHOB — .1adabaum-1 u nadabavm-2. Cucrema sipa aToma
rOTOBAa K IPUEMY 3alluCcH WH(POPMAIIUH, YTO U IPOUCXOAUT BO Beeil BeeneHHOi.

Cuntes HoBoro kioHa /IHK ocymecTBisercs cienyromum o0pa3oM: reHeTH4ecKas MaMsaTh 3alucaHa Ha
snoctporeHax B snapax aromoB JIHK. Korma neobxomumo co3gatre JJHK-kioH, y saep aToMOB, B KOTOPBIX
PacCIOJIOkKEHBl JIOCTPOTEHBbl, CHHTE3UPYIOTCS HEMNPEPBIBHO 6UCMPO2EHbl € YaCTOTOM, PABHOM YacTOTE
KoJIeOaHU aTPUHOB SI€p aTOMOB.

5. KOMAH/bBI TEJIA

JIro60i1 opranu3M Mmosy4aeT CHCTEMY yIpaBJIeHHUs, KOTOpas pacroyiaraercsi B o6iactu royoBsl. O0beM,
KOTOPBII MOXKET OBbITh 3allMCaH B CHCTEME MO3ra siJjpa aToMma, HeorpaHuueH. B Mo3r npuxoaut uHdpopmanus
OT BCEX YacTel Teia: B pe3ysbTaTe MpUKacaHHs JIIOOBIM MPEIMETOM MU3MHIA JIAAOHH, PACHIIIIYO siipa aToma
(peuentop) BOCIHPUHMMAET BEJIUYMHY CHJIbl [JABJIEHUS WIM TEMIEpaTypy, 4YTO IPUBOAUT K CHUHTE3y
IPaBUTOHOB, KOTOPBIE PACIOJaraloTcs B/I0JIb BEKTOPOB BUCTP sJipa aTroMma, U MPEBPAILAeTCsl B ANOCTPOTEHBI,
KOTOpbIE OTMEUYAIOT YPOBEHb SHEProMH(GOPMALMU Ha CBOUX Belpaiicax. DIOCTPOreH cpa3y K€ CHHTE3UPYeT
s¢aHareH, COCAUHSIOMNN TOYKY KacaHHs C TOYKOW MO3Ta, OTBEYAIONIMH 3a MH(OpMAIHMIO Ha nepudepuu.
OHocTpOreH co3aaeT COOCTBEHHYIO 3€PKAJIbHYIO KOIUIO, KOTOPas 10 3(aHareHy HarpasJisieTcsl K TOUKe MO3ra
yeoBeKa (BUCTpa spuTHcOaiTa-2).

B Mo3ry udenoBeka NpoMCXOIUT aHAJIU3 Yrpo3, KOTOpble BO3HUKIM Ha mnepudepun. [locie BripaboTKH
peleHus, nepesaeTcss YHeprouHPpopMalMoOHHas KOMaHJIa Ha BUCTPY SIPUTUCOANT-1, KOTOpBIM CHHTE3HpYET
IPaBUTOH, KOTOPBIA TIPEBpAIIAETCS B SIOCTPOreH-2. DMOCTPOreHy-2 Tmepenaercss Bcs mnepepaboTaHHas
uHpopMalys B BUJE KOMaH/Ibl Ha MCIIOJHEHHE. DIOCTPOreH-2 CUHTE3UPYeT d(aHareH, a 3aTeM BUCTOTEH-2.
Dc¢anareH coenuHSIET TOYKY MO3ra C HCIIOJHUTEIBHBIM OPTaHOM Teja, K SApY aroMa KOTOPOTrO JIOJDKHA
IPUNATH KOMaH/1a Ha UCHIOJIHEHUE IeHCTBHUSL.

Ha sputucOaiitax-1 3anmuceiBaetcs nHbopMmanms namsaTa yenoBeka. Ha sipurucOaiitax-2 mpou3BOIUTCS
BPEMEHHOE 3allOMUHAaHKE HH(OPMAIMK, HaX0XKJICHHUS BBITOJIHBIX JJIs1 pabOThl yCIOBUH, a 3aT€M MPH HOMOILHU
BUCTp, TECHEPHPYEMBIX W3 TPABUTOHOB SIpPaMH aTOMOB, IEPEHOCUTCS HWHPOpPMALUs sSapaM aTOMOB
ucnonauteneit. K mobomy OnoBuny uH@opmMaius nepeaaercss K ero opraHaM 4yBCTB, IIPOUCXOIUT IEPEHOC
nHOpMAIUY B BIJIE BUCTP B CUCTEMY sIpUTHCOaiiTa-2.

6. CHHTE3 TEJIA

Orpanuyeckoe TeNOo CHUHTE3UPYETCs W3 KIETOK, KOTOpble HaKaHyHE I[OJIy4yaloT TE€HETHYECKYIO
uHbOpMalMIO B BUJE NMPOrpaMM Ha ucnoiHeHnue neicteus. IIporpammel konupytotes uz JJHK. Tlporpammsl
JIHK 3amnucanbl Ha snocTporeHax. Kaxaplii anocmpoeen B T€U€HHE HOBOTO TIEPHO/Ia MUKIMYECKUX KoJieOaHUH
MIPOU3BOJAUT 3E€PKAJIBHOE KOMUPOBAHUE HOBOIO 6UCMPO2EHA, KOTOPBIM IBMKETCA Jalblle C JIBOWHOU
CKOPOCTBbIO TpPaBUTOHOB. Ha cBoeM myTH BHCTPOT€HBI OCTABJISIOT ClIE O Hecyledl HHpopmanuu. OTa
uHbopMalMsg JOXOIUT A0 MOJIoca sAapa aTroMa KieTkd. Ecim kieTka BOCIpUHHMMAeT WHGOpMalHio, TO
BUCTPOT€H IOCTYNAeT B IOJIOC sJpa aTOMa M PACHOJIaraeTcsi BIOJIb CEKPbl BUCTPHI CIIOJIA B IYJIbCEJE.
Bucrtporen coxpaHser cBO€ IOJOXKEHHE 0 TeX IOp, MOKa sApO aTOMa IIOJHOCTBIO HE HCIOJIB3YET €ro
uH(popmanuto. Tak Bce siipa aTOMOB KJIETKH NPUOOPETAIOT BUCTPOTEHBI 10 MOJHOTO UX UCIOJb30BaHUS.

Tak xak Bca uHopmanus JJHK nmeer mporpammbl Ha HCIOJHEHHE HAa BUCTPOTeHaX, TO BUCTPOTEHBI
MPEKPAIAIOT CBOIO POOOTY IMOCIHE BBIMOJIHEHHs BCel MporpaMMbl BUCTPOTeHOB. Ecin B kiieTke B siipe aroma
3alucaHa mporpamma ee JAeJeHHs, TO Yepe3 MOBEPXHOCTh KJIETOYHONM MeMOpaHbl MPOXOJAAT TOJIBKO Te sijapa
aTOMOB, KOTOPbl€ HEOOXOAUMBI KJIETKE JIJIsl JaJbHEHIIero JeIeHusl.

Korna HakarmmBaercss OCTaTOYHOE KOJWYECTBO aToMOB ais naeneHus kietku, JJHK xnetkm nmaer
KoMaHAy Juist hopMupoBaHus siiep aToMoB B Buae Oyaymeit monekynsl JIHK. Kak tonbko copmupoBancs
HoBbIi JIHK-kimoH, mpoucxoaut nepenoc undopmanuu 3 JJHK Ha saapo aroma JJHK—knona. Cunte3upyercs
aHanmornyHasi ctpykrypa kiona JJHK. Kak toneko npousomen cunre3 JJHK-knoHa, yacTh KIETKH OTAENSAETCA
MeXKJIeToUHOl MemOpanoit ot JIHK-kinona myrem mepexatust MexkiaerouHoi memOpansl mexay JIHK u
JIHK-xi10HOM.
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[Tpu HEOOXOAMMOCTH TOCTAaBKH Sapa aroMma JUisi CUHTE€3a HOBOW KJIETKH U MPU OTCYTCTBHH JaHHBIX
aTOMOB BOJM3U KIJIETKH, d(haHAreH OTHICKUBAET B OpPraHMU3ME KJIETKY, B KOTOPOW €CTh TaKoe SIpOo aroma,
YCTaHABIIMBAET C HUM SHEPrOMH(POPMAIIMOHHYIO CBA3b U MPH MOMOIIM BUCTPOTEHOB TPAHCHOPTUPYIOT JaHHOE
SAIpO aromMa B KIJIETKY KJoHA. Hampumep, st opraHu3ma peOeHKa HEoOXOIUM KallbI[Ui, KOTOPBIA €CTh Y
Matepu. B 3ToM ciydae sdaHareHbl ycTaHaBIMBAIOT SHEPro-MH(MOPMAIMOHHYIO CBSI3b C SJIPOM aroma
KaJIbLKsl, @ BCE OCTAJbHbBIE KIIETKH IIOMOTAlOT TPAHCIIOPTUPOBATH siApO aroMa Kanbuus kierke JIHK ot matepu
K peOcHKY.

Jlo Tex mop, MoOKa IOJHOCTBIO HE BBINOJHAETCS nporpamma moiiekynsl JIHK, mwner HenpepbIBHBIN
MIPOLIECC POCTa U AeNIeHUs KJIeToK opraHu3mMa. Tak kak kaxxaas mojuekyna JIHK conepxut Bcio uHbopMaimio o
BHJIE, MECTO U CHHTE€3 KJIETOK B OpraHu3Me MaTepd YeTKO perjaMmeHtupoBaH. CrenoBaTenbHo,
IIOCJIEI0BATEIbHOCTh BOBHUKHOBEHUSI BHYTPEHHUX OPraHOB OpraHu3Ma npenomnpeaeneH nporpammoit JTHK.

7. COH

Bo Bpemsi cHa ¥ MeIUTAIlMK CHCTEMa JIOTMYECKOTO MBINUICHHS (BPEMEHHAs MaMsTh — SIPUTHC-2) MOXKET
MOKHU/IaTh TEJI0, COXPAHsS C HUM CBSI3b MPU IMOMOIIH «CEPEOPSHONW HUTHY», CHHTE3UPOBAHHOW U3 aTPUCHUKOB.
O06e3aBmKeHHOE Teno OyneT HOpPMaidbHO (YHKIMOHUPOBATh, OJHAKO, IPHU pa3pbiBe CcepeOpsSHOW HHUTU
HACTYIAaeT CMEPTh.

Tuberckre MOHAXH HA3bIBAIOT Y(aHABUCTPY «CEPEOPSHON HUTHIO», KOTOPAs CBA3BIBACT IPUTHCOANT-2 U
naay6aifT-2 ¢ momrocamu saep atoMoB. [Ipu HeoOXoIMMOCTH BEPHYTh APUTUCOANT-2 U NagyOaiT-2 B moitoca
s,Iep aTOMOB, YEJIOBEKA HAUMHAIOT TOPMOIIUTE UM OH CaM IPOCHINAETCS U B 3TO MTHOBEHHUE SIPUTUCOANT-2 U
nagabaiT-2 BO3BpamaloTcs Ha cBou Mecta. CHBI CHSTCS TOTAa, KOTJga SpuUTUCOAlT-2 M janabaiiT-2 He
HaxomdTcsl B siApax atomoB. COH 3alOMHHAETCS, €CJIM Cpa3y IIOCJI€ BO3BpallleHUs spuTHUcOalTa-2 u
naapI0aiiTa-2 MpoUCXOAUT KOMMPOBaHUE HH(OpMaLMK C BeApaiica spuTrcOaiiTa-2 u naapidaiita-2 Ha Beapaiic
sputucOaiita-1 u nanpidaiita-1.

Bce mbl Buaum cHbl. Hapymienue cHa BefeT K TCHUXMYECKHUM pacCTpOMCTBaM, TaK KakK YEIOBEKY
HeoOxomuM COoH. /[0 HACTOSIIEro BPEMEHU OCTAeTCs 3arajJkod BUACHHS, KOTOPhIE MBI HAOIIOAaeM BO CHE.
daHTa3uil MHOTO, HO PEaTbHOCTh OCTAETCS COKPBHITOH. YUacTHe BO CHE YeJlOBeKa MPUHUMAIOT Hepapxi,
KOTOPBIE MPUKPETUICHBI K JAaHHOU JIMYHOCTH. Mepapx cBOMM CO3HAaHUEM CO3/Ia€T U3 BUCTP IEH3aXKH, CIOKETHI,
JEUCTBUS, JINYHOCTH JIIOACH U Tak Jajiee, B Mpeaesiax KOTOPbIX MOXKET IMyTEIIEeCTBOBATh BPEMEHHAsl MaMSTh
yenoBeka. Bo Bpemsi cHa Jylia momaaaeT B CO3JaHHYIO TBOPIIOM CpeAy B BUAEC MHUpaxka U HE B COCTOSITHUH
BBIMTHU U3 3TOH cpeibl. CHbI MPUYYAIOT YeJIOBEKa K CPEZIe B )KU3HU MOCIIE CMEPTH YETIOBEKA.

B skcTpemanbHBIX yCIOBHSIX HHGOPMAIUS MOKET BOCIPUHUMATHCS CUCTEMOMN MBIIUICHUS (BPEeMEHHOM
MaMsAThI0) OT BOJH aH( HampsiMyro. BomHbl aH] CHHTE3HpYIOTCS B BHJIE OTIEIBHBIX MAKETOB MATrHUTHBIX
cepuif. OHM TepeMemalOTCs B CONHEYHOH CHCTEME CO CKOPOCTHIO, Gonbineil ckopoctd ceera 1020 pas,
COXpaHsisl CBOIO II€TOCTHOCTh. [IpM CTONKHOBEHMHM WX C pacHINIy0amMH Tel, MPOHCXOAUT OTpakeHHe
KOJIMYECTBA BEKTOPOB KBAHTOHOB, MPOMOPIIMOHATIFHOE COOCTBEHHON yacToTe. BomHbl aHd BXOAST B moJiroca
apuTucOaiita-2 u naapidaiiTa-2, mpoxoast BAOJIh CEpUN BUCTP U TEHEPUPYS BEAPaNChl, YTO BOCIIPUHUMAETCS
KaK BHEITHUW BUJI JAHHOTO TPEIMETa.

B sTOM ciiydae non 1elicTBHEM CUCTEMBI MBIIUICHHS CTAallMOHAPHASI TaMSATh MOYKET COBEpUIaTh CUIIOBBIE
JEHCTBUS, KOTOPBIE BBIIIIE BO3MOKHOCTEH YEIOBEKA.

Mesx iy BpeMEHHOH NaMSThIO MO0SIIel MaTepu U peOeHKa MOXKET YCTaHABIMBATHCS CBSI3b MPH TIOMOIIN
BOJIH aH, TOTJ]a MaTh Ha PACCTOSTHUU «OIIYIIIAET» COCTOSIHUE peOeHKA.

OCHOBHOE Ha3HAYEHUE CHA — MOJJEPKUBATh KOHTAKTHI MEXIY MaTepbio U ee JAeThbMU. Bo Bpems cHa
UJET TOJICKa3Ka O BO3MOJKHBIX COOBITHSX B JKM3HH YEJIOBEKA: YacTO JENAeTCsl MPOTHO3 Ha JIUTEITbHBIN
OTPE30K BpeMeHH. Te JIto/I1, KOTOPhIE CUUTAIOT COH HEMH()OPMAIIMOHHBIM, OOJIbIIIE HE MOTYYAIOT «ITOACKA30K»
OT aHTeNa-XpaHUuTes.

8. KIMHUYECKAS CMEPTb

Bo Bpemsi kiIMHMYECKON CMepTH, KOrja MPOMCXOAMUT OTAENeHHe sipuTucOaiiTa-2 U naapidoaita-2 oT
TMIOJIFOCOB SI/IEp aTOMOB, UMEET MECTO IPOHMKHOBEHHUE BOJIH aH( yepe3 IMoJtoca sep aTOMOB IIPHU COOOIIEHUN
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JAHHOU JIMYHOCTH BO3MOKHOCTH SICHOBHJICHUS. Takue JI0au BUIAT BHYTPECHHOCTH YEJIOBEKA U MPUYHMHY UX
Oone3nu. Bo Bpems KIMHMYECKOM CMEpTH 4YeJIOBEKa OT €ro OpraHu3Ma OTICNSAIOTCS SPUTHCOAMTHI-2 U
nanabaiTel-2. OHM HOJIYy4aroT CBOOONY IEpeMelleHus, co3faBas 3(GaHaBUCTPY, KOTOpas COCIUHSET UX C
AIpOM aTtoma, U Bca MHMopMaius B Buae aH(] BOJH, MPOXOIS Yepe3 Moiroc sipuTHcOaiita, pukcupyercs Ha
cepusiX BUCTp B BUJE BeapaiicoB. [lpu 3aBepiieHnn KIMHUYECKONH CMEpTH SpUTUCOANT BO3BpAILlaeTCs HAa CBOE
MecTo 1o 3¢anaBuctpe. Ecnu 3anucannas nHdopMaius nepeniuchiBaeTcs ¢ spuTucOaita-2 Ha apuTucoOant-1,
YeJIOBEK IIOMHUT, YTO OH BMJEN BO BpeMs KIMHHMYeckod cMeptu. Ecim mepexonupoBaHus MHPOpMaLUU He
IIPOM301LI0, BOCHOMHHAHHUS MTOJIHOCTbEO CTUPAIOTCSI.

KnuHuueckass cMepTh HacTymaeT TOrja, Korja siputucOaiT-1 otaensercs oT Tena dvenoseka. Kak
MIPaBUJIO, BO BPEMsI KIIMHUYECKOM CMEPTH YeJIOBEKA OTJIENACTCS] OJJHOBPEMEHHO APUTUOANT-1 1 ApuTHCcOanT-2.
B stom cnydae uepes nomoc sputucOaiita-1 nocrynaer nHpopmanus o6 Okpyxkarolied cpeie B BUIE BOJH
aH], HO 3alMCBHIBAIOT 3Ty MH(POPMALHUIO TOJIBKO BHUCTpPHI sipuTHCcOaiiTa-2. IlosToMy, mocie KIMHUYECKOM
CMEpTH HMH(OpMaLUs COXPAHUTCS, TOJIBKO €CIM NPOU3BEJECHO KOIMPOBAHHWE U3 BHUCTpP spuUTpucOaiiTa-2 Ha
BUCTPHI IpUTUCOANT-1.

9. AYIIA (MBILIJIEHHUE) YEJIOBEKA

Cucrema wMplnuleHuss B Kaxjaod Jlyme mnpeacraBiaser eauHyro cucrtemy. Cwmepts OuoBmza
COINpoBOXAaeTcs oraeneHueM Jlymm ot Tena. B MOMEHT CMepTH CHUHTE3UPYIOTCS TPaBUTOHBI, KOTOPbIE
MPUBOJAT K TMOSIBICHUIO SIMOCTPOTEHOB, CHUHTE3UPYIOMMX d(aHaBUCTPY. DMOCTPOTEHbl YCTAHABIUBAIOT
CHJIOBYIO CBSI3b C siipaMHu aTOMOB. Bo BpeMsi cMepTH Bce I'paBUTOHbBI, CUHTE3UPYEMbIE HAP Y>)KHBIMU aTpUHAMU,
CO3/1al0T Komuio ckenera Tena. Co3maercss TOHKas CTPYKTypa, ¢ KOTopoil oObeaunsercs [ymia, U yxoauT B
TOHKMM Mup. Eciau cMepTh HACWIIBCTBEHHAs WM B pe3yJibTare crpaxa, [lymra He ycneBaer naTe KOMaHIy Ha
cUHTe3 Komuu Tena. Jlyma craHoBUTCS yiiepOHoii, 6e3 konuu tena. Takue [y cTpemMsaTcss MOJICeNUThCa K
BHOBb POXK/aoIeMycst Telny. EruneTckue sxperpl 3T0 Ha3bIBAIOT 3TO HOJITEPrecToM.

Kax1oii Touke MOBEPXHOCTH Teja YeJIOBEKAa, BCEX €ro BHYTPEHHOCTEM COOTBETCTBYET OIpEAeIICHHAs
TOYKa B AyIe, KOTOpas MPEACTABISIET CO00M 00BbEAMHEHHYIO CUCTEMY U3 siputucOaiToB. Eciin nmoBepxHocTH
TeJa 4eJI0BeKa WJIM KUBOTHOTO KacaeTcs KaKoh-InOO MpeMeT, MTHOBEHHO B 9TOW TOYKE MPOUCXOTUT CUHTE3
IPaBUTOHOB, KOTOpPbIE€ MPEBPALIAIOTCS B SIOCTPOTEHbI, PACIOJIOKEHHbIE BIOJIb BUCTPHI SPUTUCOANTA.
[Tpoucxonut cuHTe3 3(PaHABUCTPBI U 3€PKATBHOE KOIMUPOBAHMUE SIOCTPOTeHA U CHUHTE3UPYETCS BHUCTPOTEH,
Hecyluil MHpopMaluoo o 3rnocTporeHe. Bo BpeMsi KOHTakTa MPOUCXOIUT CHHUCBhIBaHHWE WH(OpMaluy Ha
AIOCTPOrEH TEMIEPATypbl M JABJIECHHA Ha Teno. YeloBeK MOHMMAET, YTO €ro Tely yrpoxkaer, a [lyma
MPUHUMAET COOTBETCTBYIONIEE PEIICHUE — UTO JEJIaTh — U BBIHOCUTCA pellIeHne, KOTOPOE MPUBOJIUT K CUHTE3Y
I'PaBUTOHOB sApaMu aTroMoB Jlyny. I'paBUTOHBI PEBPALLAIOTCS B ANIOCTPOTEHBI, KOTOPBIE IBUKYTCS K siApam
aTOMOB Tella, Hecs Ha cebe MHPopMmaluo o OyAyleM OeHCTBUHM Tena. BuctporeHsl pacrionaratoTcsi BAOJIb
BUCTP SIPUTUCOANTOB-1, KOTOpPBIE PaCIONAratoTCs BA0JIb CEKPbI BUCTPHI CII0JIA B MYJIbCE/IE.

BbIBO/IbI

Packpbitie crpykryp JHAHK, cucrembl MblieHHs, CHOBUAECHUN HE TOIJNAIOTCS OOBSICHEHUAM
CTaHIAapTHON MoJienH (pu3nKu. XOTS U B 3TOM CITy4dae J1aHbl 0ObSICHEHUSI.

1. VYcraHoBieHo, 4TO MpOLECCHI, MPOTEKAIOIIKE Ha JUCIIee KOMIIbIOTepa, B (piemr HakonuTesne, Yumnax,
aHaJIoTW4YHBI mpoueccam, nporekaomuM B JIHK, xora minotHocts nndopmanuu B crpykrype JJHK Bo mHOrO
MWIIHAPAOB pa3 00JblIe MIOTHOCTH UH(OpMAIMH, HAKAIINBAeMOI B BBIIIIE MIEPEUNCIIEHHBIX TPHOOpax.

2. B crpykrype JHK uHpOpManms mepeHOCHTCs TPH IIOMOIIH BUCTP, KOTOPHIE PACIIONararoTCs B0
CEeKpbI BUCTPHI crojia B punbaiTHHTe.

3. Ha kaxaoM KBaHTOHE MarHMTHBIX CEPHI BHCTPHI 3alUCHIBACTCS WH(MOpPMAIHS ITyTEeM pa3BOpOTa
YacTH BEKTOpa dIeKTpHueckoro kpaToHa Ha 90° (Bempaiic). B 3aBHCHMOCTH OT BENMUMHBI Pa3BEPHYTOH
4aCTH KBaHTOHA 3amuckBatoTes oT 1 10 1020 umcen (kommdyecTBO KBAaHTOHOB B BHCTpe paBHO 10%°). To ects, Ha
OJTHOW BHUCTpPE MOKHO 3alKcaTh MHOXECTBO T'eHeTHUecKoi nHpopmaimu, onHako, B oqHoM JIHK conepxurcs
MHOT'O MWJUTAAPAOB SAEP aTOMOB. DTO CAEIAHO I TOTO, YTOOBI OTIAEIbHBIE OTPE3KU HH(POPMAIIMH MOKHO
66110 nepeHocuTs ¢ oaHoi Monekynsl JIHK na npyryro monekyny JIHK-knona.
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4. Tlpomecc cuHTe3a Teja OCYIIECTBIsIETCA B pe3yibTaTe nepeHoca Buctpel JIHK ¢ undopmanueit
yepes IOoJIroca siIep aTOMOB Ha CEKphbl BUCTPHI cIlosia B mmynbcene. OQHOBPEMEHHO ITyTEM JIEIEHUSI KJIETOK B
BELIECTBE MEPEHOCUTCS U IporpaMma CUHTEe3a TeJa.

5. B sgpax aroMoB maMsATH 3a MBIIUIEHHE OTBEYAIOT BUCTPHI sipuTucOaiiTa-1 u siputHcOaiiTa-2.
Sputucbaiit-1 co3gaer cralMOHApHYIO MaMATh, a SPUTUCOANT-2 — BpPEMEHHYIO NaMsATh, KOTOpas IpHU
HEO0XOAMMOCTH TIEPEHOCUTCSI Ha BUCTPHI ApuTHCOaiiTa-1.

6. Bo Bpems cHa wuHpopMamus IMOCTyHaeT K BHCTpaM sipuTHcOaiiTa-2 dYepe3 TMOJIOC MpU
MPOHUKHOBEHUH Yepe3 HeTrO BOJIH aH(.

7.  Hocurenem Bceil mHpopManuu BO BceleHHON SBISAIOTCS BEAPAChl BUCTP MArHUTHBIX CEPH.
[TamsTh, reHermueckas HHGOpMAIMs, peIIeHHEe BceX 3agad BceleHHON NpPOM3BOAUTCA MpPH TTOMOLIH
BE/IPAICOB.

TEPMHAHBbI

Ao0enun — OeCUBETHBIC KPUCTAJUIBI, KOTOpPBIC IIaBATCS mnpu Temmeparype 360—365°C. Obmamaer
XapaKTEPHbIM MAKCUMyMOM HOTTOMIEHUS (Awaxc) IpH 266 HM (pH = 7) ¢ koaddummentom MomsipHOH
OKCTUHKIHH (Emaxc) 13500.

Xumunyeckas ¢opmyna CsHsNs, monexynspubiii Bec 135,14 1/mMonb. AIEHUH TPOSBISET OCHOBHBIC
ceotictBa (PKa1=4,15; pKa2=9,8).

Angpa - HenenuMas IIIOCKas YacTUIA C MapaJlIeIbHBIMH MarHUTHBIMH CEPUSMH, B COCTaB KOTOPBIX
BXOJIUT KOJMYECTBO KBAHTOHOB, MEHBIIIEE YMCIIA aTPUCHOTO HOPMHUPOBaHUS. AH(BI HE B3aUMOJCHCTBYIOT C
3(GuUpOM, HO OTpakKarOTCs UHPOPMAILIMOHHOM MOBEPXHOCTHIO U MEPEHOCAT HHPOPMAIIHIO.

bunmon - Ha®op pEeWKHCOB B BUAE KOJbLA, SBISIONIMXCA NPOAOHKEHHEM BHUCTP HapyKHBIX Cepuil
SpUTHCA.

Beodpaiic — envnuna 3anucu MHPOpPMALUMKM HA AJIEKTPUUYECKHUE BEKTOpAa KBAHTOHOB MAarHUTHBIX CEpUI
BUCTp myTeM pa3BopoTa Ha 90° wacTm >7TeKTpUUYEcKOro BEKTOpa KBAaHTOHA, PAaBHOH 110 BETMUYMHE YaCTOTE
KoJIeOaHWH CTOPOHHEr0 MCTOYHHMKA, YaCTOTAa KOTOPOTO JOJDKHA OBITH 3amucaHa. Bexapaiic — 3TO umcenbHas
3anuch mHGoOpMamuu B auamasoHe oT 1 o 10%° repum Ha kaxmyro emwHHMIly Bempaiica. Hocurenem Bceid
uHpopmanun Bo BceneHHON sBnstocs Benpaiichl BUCTP MAarHUTHBIX cepuil. IlamsaTh, reHeTnueckas
uHopMalus, perieHue Beex 3a1a4 BeenenHoi mpon3BoAUTCs TP MOMOIIU BeIpaiicoB.

Bucmpozen — 3epxanbHOe KOIMMPOBAHUE 3IIOCTPOT€HA, CEPUH KOTOPOTO YBEIUYMBAIOT IOCIIE CHUHTE3a
aMIUTUTYAY ITYJIbCAIMi BEKTOPOB aTpHCOB KBAHTOHOB CEpUil B /1Ba pasa.

I'envt — 310 ywactku /IHK, Hecymue kakyro-1n6o HENOCTHYIO MH(OpPMALHMIO — O CTPOCHHUU OJIHOM
MoJIeKy bl Oenka uiau oaHoil Monekynasl PHK. Otu m npyrue ¢yHKUMOHaTbHBIE MOJIEKYJIBI ONPEAETSIOT
pa3BUTHE, pOCT U (PYHKIIMOHUPOBAHUE OpraHU3Ma.

I'enom — COBOKYITHOCTBh T'€HOB, XapaKTEPHBIX Il OJUHAPHOTO HAOOPa XpOMOCOM OIPEIeIEHHOTO BU/Ia
OpPraHHU3MOB.

I'yanun (I'ya, Gua) — opraHuuYecKkoe COeIUHEHHE, a30TUCTOC OCHOBAaHHE, aMHHOIIPOU3BOIHOE MypUHA
(2-amuHO-6-0KCOMYpUH), SIBISCTCS COCTaBHOW 4YacThi0 HyKJIeMHOBBIX Kucior. B JIHK, mpu perumkanuu u
TPAHCKPHIIIMU 00pa3yeT TpHU BOIOPOAHBIX CBsi3u ¢ 1uro3uHoM (Cyt) (komIuieMeHTapHOCTh). BrepBbie
BbIJIEJIEH U3 TYaHO.

Xumnueckass popmyna — CsHsNsO, monekymspuas macca — 151,15 r/mons. I[IposiBisieT ocHOBHBIE
coiicTBa, PKai= 3,3; pKax= 9,2; pKaz=12,3. Pearupyer ¢ KUCJIOTaMH H MIEIIOYaMH ¢ 00pPa30BaHUEM COJICH.

Knémka — cTpyKkTypHO-(QYHKIIMOHATIbHAS dJIEMEHTapHasl €IWHHIA CTPOCHUS M JKU3HEIESTEIbHOCTH
BCEX OPTraHM3MOB (KpOME BHPYCOB W BHUPOUIOB — (OPM >KU3HH, HE HUMEIOUIMX KIJIETOYHOTO CTPOEHUS).
O6nanaer coOCTBEHHBIM OOMEHOM BEILECTB, CIIOCOOHA K CaMOBOCHPOM3BeAeHUI0. OpraHu3M, COCTOSIIUN 13
OJTHO# KJICTKH, Ha3bIBACTCS OJTHOKJICTOYHBIM (MHOTHE MTPOCTEHIIINE U OaKTePHH).

Knémounan memopana — snactudeckasi MOJIEKYJISIpHas CTPYKTYpa, cOCTOSMIast U3 OSIKOB U JUIHUIOB.
OTtaensieT colepkuMoe JTI000M KIETKH OT BHEIIHEH cpelibl, obecrieunBas €€ 11eJI0CTHOCTh; Peryaupyer oOMeH
MEXK1y KIIETKOM U Cpenoi.

Knunuueckaa cmepms — OOpaTHMBIA 3Talm CMEpPTH, TEPEXOMHBIA TEPHOA MEXAY KHU3HBIO U
OMO0JIOTNYECKOI CMEPTBHIO.
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Jlada — cuctema yrpaBlieHUs MEPEMENICHUN CepUil aTpUHOB MYJIbCH/Aa MO 3aMKHYTOM TPAaeKTOPHH,
KoTopas cocTouT u3 3600 BUCTp, 00BEIMHEHHBIX MONAPHO B OUBUCTPHI, a OUBUCTPBI OOBEIMHEHBI TIONAPHO B
IUBUCTPHL. Jlana u spuTHC CO31a0T APTPOH.

Jaoabaiim-1 — cuHTe3upyercs cepusMH spuTHcOaiiTa-1, UMEET auaMEeTpaibHO IPOTUBONOJIOKHOE
HaIpPaBJIEHUU BEKTOPOB KBAHTOHOB U MPUBOJUT K MYJIbCALIUIM CEpHUil sipuTUCOaiTOB-1.

Jlaoabaiim-2 — cuHTE3UpyeTCs cepusMHU spuTHcOaiiTa-1, MMeeT AuaMeTpalibHO MPOTHBOIOJIOKHOE
HaIpaBlieHuE BEKTOPOB KBAHTOHOB U MPUBOJUT K IYJIbCALIUAM CEPUM ApUTHCOANTOB-2.

Hyxneomuows (nykineosundocdarbl) — Trpynmna OpPraHUYECKUX COCTUHCHUH, IMPEICTABISAIOT COOOi
dbochopubie 3hupsl Hykieo3ua0B. CBOOOAHBIE HYKICOTHUIBI MIPAIOT BAXKHYIO POJb B DHEPreTUYECKUX H
MHGOPMALIMOHHBIX ~ BHYTPUKIETOYHBIX IHIpoIeccax, a TakXKe SBISAIOTCS COCTABISIONIMMHU  YacCTSIMH
HYKJICMHOBBIX KUCJIOT U MHOTUX KO(hepMeHTOB. HyKIeoTuabl SIBISIOTCS CIOKHBIMU 3(PUpaMU HYKIICO3UIOB U
(hOCPOPHBIX KUCIIOT.

Tumun (5-memunypayun) — TPOU3BOJHOC NHUPUMHUANHA, OJHO M3 TSATH A30THUCTBIX OCHOBAHHUH.
[TpucyTcTBYeT BO BCEX JKMBBIX OPraHM3Max, IJIe BMECTE C J€30KCHPHO030i BXOAWUT B COCTaB HYKICO3MIA
TUMHJIMHA, KOTOpbI MOxkeT (ochopmmmpoBarbes 1—3 ocrarkamu ¢GochOpHON KHUCIOTHI ¢ 00Opa3oBaHUEM
HYKJICOTHJIOB THMHUIUH MOHO-, Ju- wuikd Tpudochopuoit kucinorer (TMD, TADP wu TTD).
Jle3okcupubonykineotuapl TuMuHa BxoasaT B cocraB JIHK, B PHK Ha ero wmecrte pacnomaraercs
pubonykieotun ypauui. Momnspaas macca 126,11334 r/mons. Xumudeckas popmyna: CsHsN20:.

Q@unbaiimunz - cCoCTaBHasg 4YacTMUYKa IMPOTOHA, OOJIafaromias SHEpruel, paBHON MOJIOBHUHE JHEPTUU
ApuUTHCa, a MO0 (QopMe HMEET BHJ BOCbMEPKM, BBIPE3aHHON W3 SpPUTHCA B3a€EMHO IEPHEHAMKYISIPHBIMU
nuamerpamu. Oundaiituar coctout u3 900 TUBUCTP, KMEET OOIIHI MOTIOC ¢ IPOTOHOM U €T0 OCh CUMMETPHH
pacnosaraercsi NepneHIUKYISIpHO MOBEPXHOCTH sipuTHca. PUIOAUTHHI yHpaBiseT CHAHOM sijipa, KOTOPbBII
pacrosaraercsi B ero miockoctu. Kaxkaplil aToM CUHTE3UPYET TOJIBKO OJUH (GUIOAUTHUHT M OJIHY (PUIITUCTUHY,
IJIOCKOCTH KOTOPBIX PacrojararTcs B3aMMHO NEPIIEHIUKYISPHO.

Iumo3un — oprannyeckoe COeMHEHHE, a30TUCTOE OCHOBaHUE, MPOoU3BoAHOE MupuMuanHa. C pubo3oi
oOpa3yeT HYKJICO3WJ LIUTUAWH, BXxoauT B coctaB HykieotunoB JHK m PHK. Bo Bpems permkamuu u
TPAHCKPHUIILIUHU IO MIPUHIUITY KOMILUIEMEHTapHOCTH 00pa3yeT TPy BOJAOPOIHBIX CBSI3U C TYAaHHUHOM.

becusernpie kpuctamipl. PacTBOp NMTO3MHA MOTJIOLIAET YIbTPa(UOJIETOBBIM CBET: MaKCUMyM
abcop6Oru (Amakc) — 276 um (pH = 1-3), 267 um (pH = 7-10), 282 um (pH =14).

[{uro3uH, xumudeckass popmyna C4HsN3O, mposiBisier OCHOBHBIE CBOWMCTBA, pearupyeT ¢ IMIeJI0YaMu U
KHMCIIOTaMH, Pearupys ¢ a30TUCTOM KUCIIOTOW JI€3aMUHUPYETCS, IPEBpallasch B ypalwil. BeTynaer B peakiuio
¢doTtorunparanuu ¢ 00pa3zoBaHUEM LIUTO3UH-TUAPATA, IPUCOEIUHSIS BOLY MO/ JEHCTBUEM YIbTPapUOIETOBBIX
JIy4en.

Anocmpozen — BUCTpPA, pacHOIOKEHHAs HA CEKpe CIoJIa MYJIbCeNa, KOTOpask CUHTE3UPYET KOJbLEBbIE
cepuM 3(haHOTeH, a 3aTeM MPOU3BOIUT €0 3epKaIbHOE KOMMPOBAHME OTHOCUTENIBHO IOJIFOCA sI/Ipa aToMa.

Jpanazen — xonblieBas [OpOKKa, MTHOBEHHO CHHTe3WpyeMas W3 d3(upa B MOMEHT CHHTE3a
AMOCTPOreHa, KOTOPHIN BBIXOIUT C IOJIOCA SiIpa aTOMa B HAIPABJIEHUH, IPOTUBOIIOJIOXKHOM 3IOCTPOreHy, U
BXOJIUT B HOJIIOC S7jpa aTOMa CO CTOPOHBI MOCTPOTEHA.

Apumucoaiim-1 — nockocTh B BUJE TUCKa, cocTosmsas u3 1800 HapyKHBIX BUCTP C MOJIOCOM B sijipe
aToMa. fSpuTucOaiT pacrosuaraercs napajulebHO CEPUSM SIPUTHCA, HO HE YJacTBYET B YIPaBIECHUN aTpUHAMU
S71pa, a BBIMOJIHAET POJIb NAMATH JTUTEIBHOTO MOIb30BAHMSL.

Apumucoaim-2- I0CKOCTh B BUAC JUCKa, cocTosmss u3 1800 HapyKHBIX BHCTP C IOJIFOCOM B SIpe
aToMa, pacrojlaraeTcs napauieibHO IpUTHCOANTY-1, U BBINOIHSACT POJIb BPEMEHHOM MaMATH.

JIMTEPATYPA

1. TlomsxoB C.II. «ATpucHoe cTtpoeHue Marepum», M.. MeXIyHApOIHBIM TyMaHUTApHBIA (HOHT
«3nanme».-1999, T.1., 183 c. wmn.

2. IMonsikoB C.I1. «Pa3zymuas xu3np Beenennoit», M.: MUadopm — 3nanue, 2000 r. — 249 c., w.

3. IMonsxos C.II. «Ilyts oco3nanus Beunoctu», M.: Uupopm — 3nanue, 2002 r. — 2008 c., wi.

4. IMonsaxos C.II. AtpucHa ¢i3uka enexkrpona: Yactuna 1.- Yepkacu: YATVY. 2006.- 55 c., 11.

5. INonsxos C.II. AtpucHas cTpykTypa kpuctamuios, M.: Uadopm-3uanue, 2007.-191c., m.


https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%81%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D1%80%D0%BD%D1%8B%D0%B5_%D1%8D%D1%84%D0%B8%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D0%B7%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%B8%D0%BD%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%84%D0%B5%D1%80%D0%BC%D0%B5%D0%BD%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D0%BE%D0%B6%D0%BD%D1%8B%D0%B5_%D1%8D%D1%84%D0%B8%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D1%80%D0%BD%D1%8B%D0%B5_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%80%D0%B8%D0%BC%D0%B8%D0%B4%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82%D0%B8%D1%81%D1%82%D1%8B%D0%B5_%D0%BE%D1%81%D0%BD%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%B7%D0%BE%D0%BA%D1%81%D0%B8%D1%80%D0%B8%D0%B1%D0%BE%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D0%B7%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D0%BC%D0%B8%D0%B4%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D1%80%D0%B8%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%81%D1%84%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D1%82%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%A3%D1%80%D0%B0%D1%86%D0%B8%D0%BB
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82%D0%B8%D1%81%D1%82%D1%8B%D0%B5_%D0%BE%D1%81%D0%BD%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%80%D0%B8%D0%BC%D0%B8%D0%B4%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A0%D0%B8%D0%B1%D0%BE%D0%B7%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D0%B7%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%82%D0%B8%D0%B4%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D1%82%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BF%D0%BB%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F_%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BA%D1%80%D0%B8%D0%BF%D1%86%D0%B8%D1%8F_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D0%BE%D1%81%D1%82%D1%8C_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D1%83%D0%B0%D0%BD%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A3%D1%80%D0%B0%D1%86%D0%B8%D0%BB

6. Caitr atrisov.narod.ru.

JlokTop TexHu4YecKux Hayk, npodeccop llonaxoe Ceamocnas [lemposuu

18002, r. Yepkaccel, 6yiabB. [lleBucHko, 245, kB.5, nom. tei. (8-1038-0472)54-22-87
E-mail: atrisov@yandex.ru.

16



