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AHHOTaAIUSA

W3 4ero cocroAr KUBHIE TeNa ¥ IpH YeM TYT yrepoa? YUro takoe
TEHETUYECKUH KOJI, KTO TaKHe BUPYCHI, KaK YCTPOEHO 3BOMIOLIMOHHOE
IpeBO ¥ TIOYeMy Mpou3soiien kemOpuiickuil B3peiB? [Ipemnaraemas
KHHTA JIaeT aKTyaJIbHBIE OTBETHI HA 3T U MHOTHE JpPYrHe BOIPOCHL.
«PoKycOoM» pacckaza CIyXKHAT 3BOJMIOLMA KHU3HM Ha 3eMJIe: aBTOp
CUMTAET, 4YTO TOJBKO NOX STHUM YIVIOM 3pEHUs CaMble pPa3HBIE
OUOJIOrIYecKHe MpoOJIeMbl 00PETaIOT eIMHBIA cMbIcT. KHura cocrout
W3 YETBIPEX YacTel, TEMBI KOTOPBIX MOCJIEN0OBATENBHO PACIINPAIOTCS:
«XUMHUS KU3HU», «MeXaHU3M KU3HU», «IpeBo ku3Hu» u «Mcropus
KHABHI».

Pexomennyercds  mmMpokoMy — Kpyry — 4YWTarened, BCEpPbE3
MHTEPECYIOIINXCsI COBPEMEHHON OMONIOTHEN.



Kaura Bexomutr B cepud Primus mnpu nomaepxkke GoHaa
«IBonmonivsi» W TporpamMmbl  «KHWKHBIE TIPOEKTH  JIMUTpuUst
3uMHUHA».
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Bce npasa 3auuuensl. Jannas 3nekmpoHHas KHuea npeoua-
3HAYEHA UCKAOUUMENbHO ONSl YACHO20 UCNONb308AHUS 8 MUY~
HBIX (HEKOMMEPUECKUX) Ueasix. INeKmpoHHAs KHU2A, ee Uacmu,
dpazmenmol u 3nemMeHmol, 6KAOUASL MEKCN, U300PAXCEHUS U
UHOe, He NOONeHCam KONUPOBAHUIO U NH000MY OpY2oMY UCNONb-
306aHuio 6e3 paspeuternust npagooonradamens. B uacmuocmu, 3a-
npeweHo makKoe UCNONbL308aHUe, 8 PE3YNbMame KOMopoz2o 31eK-
MPOHHAS KHU2A, ee UaACMb, (PpazMeHm UAU SNeMEeHN CAHYm 00-
CIMYNHBLIMU 0ZPAHUMEHHOMY UAU HEONPEOeNeHHOMY Kpyey Aul, 8
MOM YUCAe NOCPEOCMBOM CeMU UHMEPHEN, He3A8UCUMO O MO-
20, Oyoem npedocmasnsimvcst 00OCMyn 3a NAAMY U 6€3603Me30-
HO.

Konuposarue, socnpouseedenue u uHoe UCnoNb308aHue 31eK-
MPOHHOU KHU2U, ee uacmell, ppazmeHmos u 31eMeHmo8, 8bIX005i-
uiee 3a npedensl UACHHO20 UCNONBL30BAHUSL 8 MUUHBIX (HEKOMMED-
UecKUx) ueasix, b6e3z coenacust npagoodoNadamenst 8AS€mcs He3a-



KOHHbIM U 6/1eUemnt YeoN106HY10, aOMuHucmpamueHy}o u 2pa9fc0aH-
CKY10 omeenicCnieeHHOoCmb.

E

Cepuio PRIMUS
COCTaBAT AebloTHLIE NPOCBETUTENLCKIE
KHUW YHEHbIX W HaY4HbIX MYPHANWCTOB.

Cepus noseunacs Gnaropapa COBMeCTHOM
nHuyartnee “KHWHHbIX NPOeKToB AMUTpUa 3umuHa”
1 oHAA “IBONOUMA" M U3JAETCA NPU MX NOAJAEPHKE.

370 MEXM3AATENbCKMIA NPOEKT:
KHWTM CEPUM BYAYT BLIXOAWTE B Pa3HbIX U3AATENbCTBAX,
HO B eAMHOM OOPMNEHNH.
Ha aaHHbLIi MOMEHT B NPOEKTE Y4aCTBYIOT
NBa u3jarenbcTsa, Hanbonee aKTUBHO
BbIMYCKALMX HAYYHO-NONYNAPHYI0 NUTEpaTYpY:
CORPUS u ANIBNWHA HOH-®WKLLH.

KHMKHEI@ TTPOEKTEI
OMHUTpHS 3UMHHA El



THocesuaemcs moeii mamepu,
Hamanuu Bopucosne Hcmpebogoli



IIpeaucaoBue

Kax roBoput uzBecTHbili OoXuUMUK c3p Ppenepuk [oymsHn
XOIKUHC, *KU3Hb — 3TO TaKas MTyKa, kotopas npoucxoaurt (life
is a thing that happens)!!!. [lpyrumu cioBamu, XU3Hb — 3TO MPO-
1iecc, MHorjaa OBICTPBIN, a MHOTAA OYeHb MeajieHHbd. [Ipumep
OBICTPOTO KU3HEHHOTO MPOLIEcca — CMHTE3 M pacriajl MOJIEKYT,
CHaOXaIONMX KJIETKY SHEPrueil: BpeMsl UX CYIIECTBOBAHUS U3-
Mepsietcsl cekyHaamu. [Ipumep MeaneHHOro mporecca — Kpyri-
HBIE BOJTIOIMOHHBIE U3MEHEHM 1, KOTOPbIE MHOT/IA PACTATUBAIOT-
cs1 Ha MuLHapapl Jiet. O0acTh 3HAHUM, OXBATHIBAIOIIASI Cpa3y
BCE ITU SIBJICHUS, MOXET CO CTOPOHBI TIOKA3aThCsl HEOOBATHOM,
KaK MacTh JpeBHEro Oora CMepTH, OJjHa ryda KOTOpOro J0CTaeT
7o Heba, a apyras — 1o 3emutn!?l, OTyacTu Tak OHO M ecTh. buo-
JIOTYsI — OYeHb MHOTOJIMKAsI HAyKa, K TOMY ke ellle ¥ OypHO pas-
BUBAIOIIASICS TIPSMO y HAC Ha ria3ax (YTOObI OIIEHUTh 3TO, JI0-
CTaTOYHO B JIDOOW MOMEHT IPOCMOTPETh, HATIPUMEP, Pa3/es Ha-
YYHBIX HOBOCTEH carta “dneMeHTsl”). HeyauBuTebHO, 4TO OHA
ceiiuac MHOTUM MHTEPECHa.

3agagumcst ClielyonM BOIIPOCOM: KaKylo BBOIHYIO HH(OP-
MAIMIo0 HaJO0 COOOIIUTh Pa3yMHOMY U 3aMHTEPECOBAHHOMY, HO
COBEpIIIEHHO HECBEAYIIEMY B OMOJIOTMH YeJIOBEKY, YTOOBI OH Ha-
yan Gonee-MeHee pa3oMpaThCsl B 3TOM HayKe U MOT TIOHMMATh
3HAUEHHE CBEKUX OMOTOTUYECKUX OTKPBITHIA?

[IpenyaraeMyio KHATY MOXHO CUMTATh MOIBITKON OTBETUTH



Ha 3TOT Borpoc. Ee uaeasnbHplil uuTarenb BUAUTCS aBTOPY Kak
YCJIOBHBINA “00pa30oBaHHbBIA HEOMOJIOT”, TIPEKPACHO (KTO MOKET
B 9TOM COMHEBATbCA?) 3HAIOIMI T€ HAYKU, KOTOPBIE OH CEPhE3-
HO M3y4aJl, HO HE UMEIOIIMI POBHBIM CUETOM HUKAKOW OMOJIOTH-
YEeCKOM WM XMMUYecKoU “0a3bl”. Eciu Tako# uesoBek Mo JIo-
60i1 MpUYMHE 3aMHTEepecyeTcsi OMOIOTueid, 3Ta KHUra — 17151 Hero.
VPpOBHS “KOTI/Ia-ToO YTO-TO YYMJI B IIIKOJIE, HO BCe 3a0bLT” JIJIS Ha-
yaJia BIIOJIHE XBaTUT.

KoneuyHo, He MoXkeT ObITh M PeUd O TOM, YTOOBI paccKa3aTh
B O/IHOHM KHHTE Cpasy Ipo BCIO COBPeMeHHYI0 6uonoruio. OTéop
MaTepuaja — Ha COBECTH aBTOpa, U 3a IpeJeslaMu COBCEM YK
a30yKu OH JOBOJBHO cyObeKTHBeH. Tam, rjae yrnoMmuHaeTrcs Ka-
Kasi-TO CIIOpHAsl UM HOBasi UH(opMalys, CTOSIT CChUIKM Ha Ha-
YYHBIE CTaTb, U3 KOTOPBIX OHA B35iTa. BaskHble TEpMUHBI, KOTO-
pble MPUTOAATCA U1l IOHUMAaHMSA JaJIbHEMIIEro paccKasa, Ipu
NIEpBOM YINOTPeOICHUN BbIICSIIOTCS KYPCHBOM.

Knwura cocrout u3 yersipex yacteit: “Xumus xku3Hu’, “Mexa-
HU3M Ku3HK , “IIpeBo xu3Hn” u “Ucropus xu3Hn”. B nepBon
yacTy (“XuMus KU3HK") cOOOIIAETCS, U3 Yero, COOCTBEHHO IO-
BOpS1, COCTOUT KMBasi Matepusi. Bropas yacts (“MexaHu3m Ku3-
HU”) paccKasbIBaeT O TOM, KaK KUBBIE CYIIECTBA OOPAIATCS C
uHpopmanmen u ¢ snepruen. Tperbs yactp (“peBo Ku3Hu”) —
9T0 0030p BCEOOIIEro BOMIOIIMOHHOIO ApeBa. B Hell Bkpartie
00CyK/1aeTcsl, Kakue CYIIECTBYIOT OOJIbIINE TPYIITbl KUBBIX OpP-
raHU3MOB, KTO U3 HUX KOMY POJHSI, Kakhe Mexk/1y HUMH €CTh
BaxHble paznnuus. 1 Hakonen, B yetBepron yactu (“Mcropus



JKU3HU ) BCS )KU3Hb HA 3EMJIE PACCMATPUBAETCS KaK €IMHOE 11e-
JI0€ ¥ MBI TIPOCTIEKMBAEM TJIABHBIE COOBITHSI, TIPOM3OMIEAIINE Ha
Halllel IJIaHeTe 3a TOCJeHUe YeThlpe ¢ JMIIHUM MUUIMapaa
JIET.

Tem, KTO COINPHKOCHYJICA C OHMOJIOTHEH Ooliee MM MeHee
BIIEPBBIE, JIYUIlle YATATh 3Ty KHUTY MOAPSA, MO0 BO3MOKHOCTU
He nporyckas raB. [IponBuHyTbIe YnuTaTeNM, KOTOPHIX B Hallle
BpEMs TOXKE XBATa€ET, CKOPEE BCETO, COPUEHTUPYIOTCS CaMU. AB-
TOP HaJEeTcsl, YTO HEKOTOPhIE Pa3lesibl MOTYT ObITh HHTEPECHDI
U po(pecCHOHAIBHBIM OMOJIOraM (3TO B OCHOBHOM OTHOCHTCS
KO BTOpPOW MOJIOBUHE KHUTH). VI TpeThs, 1 yeTBepTasi 4acTu Ha-
MEpEHHO HAIMCaHBI TaK, YTOOBI JIIOOYI0 U3 HUX MOXHO OBUIO YH-
TaTh KaK CaMOCTOSITEJIbHBIN o4epk. [loatomy, ecau Guosormye-
cKas “0a3a” y Bac ecTh — Bbl COBEPIIEHHO CITIOKOMHO MOKETE YH-
TaTh KHUTY C CEPEAMHBI, a B HAYaJIO 3arJISIHYTh IOTOM, €CJIH T10-
KeJslaere.

Korma HaOpocku mMepBOi 4YacTH KHUTU BBIKJIA/IBIBAIUCH B
KK, aBTOpY peryspHO 3aaBajii OOUH U TOT K€ BOMPOC: MOYe-
My TaM Tak MHOro xumuu? OTBeT: HOTOMY UTO 3JieMeHTHas 0a3a
’KHBBIX CUCTEM — XUMHUeckast. OT 3Toro HuKyza He feHenibes.
NIOTOM, Pa3Be HE MHTEPECHO 3HATh, YEM, HAIIPUMEP, (PPYKTO3a,
M3BECTHBI KOMITIOHEHT AUETUUYECKUX CJIAIKUX IIPOAYKTOB, OT/IM-
YaeTcst OT 0ObIYHOIO caxapa, Wi MoYeMy INIULIMH CTYKUT YCIIO-
KauBaIOIIMM CPEJCTBOM, WM KAaKOB MEXaHW3M JEUCTBUSA KOode
Ha HEPBHYIO CHCTEMY, WJIM BPEJIEH JIM Ha CaMOM JIeJie ITyTaMar?
C momo1pio GMONTOrMYECKON XMMUM TTOHATH TAKKE BEIH JIETKO,



a 0e3 Hee COBEpIIEHHO HEBO3MOXHO. B mobom ciyuae, 00 oc-
HOBaxX XMMHH TYT PAaCCKa3bIBAETCS C HYJISl ¥ HA TAKOM YIIPOIIEH-
HOM YPOBHE, UTO aBTOPY OyAeT Jlake HEJIOBKO Iepe]] YhTaTes-
MU-XUMUKAMH, €CJIM 3TO COUMHEHHE TOMAJIET UM B PYKH.

SnurpacoM Ko Bcell KHUTe, HABepHOE, MOXHO ObUIO OB TIO-
craBuTh 3HameHHTHIe cioBa Peomocus [dobpxkanckoro: “Hu-
4TO B OMOJIOTMIM HE MMEET CMBICTIa MHAa4Ye KaK B CBETE 3BOJIO-
nun” (Nothing in biology makes sense except in the light of
evolution)l. JloOp:xaHcKuid, pazymeercsi, ObuT aOCOTIOTHO TTPaB.
Jlio6ast 0cOOEHHOCTD JT0O0r0 OUOIOrMIECKOr0 OOBEKTa B KOHEY-
HOM CueTe SIBJISIETCS] Pe3yJIbTaTOM KaKOro-HUOYIb IBOJIOIMOH-
HOTO — a MOHO CKa3aTh, U “UCTOpUYECKOro” — codbitusi. Hamo
TOJILKO BBISICHUTH KAKOT0. ABTOPY XOTEJIOCh MOMBITATHCS IIPHMeE-
HUTB TOT CMIOCOO OOBSCHEHUST aOCOTIOTHO KO BCEM TpeIMeTaM
pasroBopa, OT aTOMOB M MOJIEKYJI /IO BOJIIOIIIOHHOTO JipeBa (OT-
clona M Ha3BaHWe KHWUIH). HacKoibKO yJavHO 3TO MOYy4MIIOCh,
peliaTh YuTaTeNIsIM.

Heckomnbko coB 0 ToMm, yero B kaure Het. [Ipexne Bcero, B
Hell HeT HY OJTHOM MaTeMaTu4ecKoi (hOpMyJIbl: BCe N3JIOKEHO Ha
KauyecTBeHHOM ypoBHe. Ha mepBblii TUIaH BbhIBeJeHa Kjacchye-
CKasi COOBITUIHAST UCTOPUST — UCTOPUST )KUBBIX OpraHu3MoB. [1o-
MEIIeHHbI B Havale KHUTM 0030p XUMHUYECKUX OCHOB KU3HH
Hy’KeH B OCHOBHOM JIJIsI TOTO, YTOOBI JIy4IIle IOHSTH 3Ty UCTOPHIO
(4 ee UCTOKM).

Her u koe-Kakux pa3aesioB, KOTOpbIe TPAJUIIMOHHO BKJIIOYA-
I0TCSl B KHUTY TIOJOOHOTO pojia M OTCYTCTBHE KOTOPBIX HaBep-



HsIKA 3aMETUT KPUTUUECKU HACTPOSHHBIN YnTaTeNb. YTOOB 00-
JIETYUTH €My 3aJa4y, MOXXHO YK€ B IIPEIUCIOBUU MEPEUNCTUTD
HECKOJIBKO SIBHBIX YIyIlleHWi. Bo-miepBbIX, MOUTH YTO HU CJIOBA
HE CKa3aHO O COBPEMEHHOM 9BOMIOIIMOHHON TeOpUu. Bo-BTOPBIX,
MPOUTHOPUPOBAHA MPoOieMa XKU3HEHHbBIX ITUKJIOB U UX IBOJIIO-
UK (JTake MUTO3 M MeH03 He 00cy)aaioTcs). B-TpeTbux, pasro-
BOP MPO IBOJIIOLIUIO TJIAHOB CTPOSHU ST MHOTOKJIETOYHBIX JKUBOT-
HBIX 3aKQHUMBAETCsl, He HavyaBIIMCh. BHavYane aBTOp XOTen Io-
CBSITUTH K0 U3 9TUX TEM IO IJIaBe, HO B XOJie padOTHI CTAJIO
HOHSTHO, YTO 9TO HEBO3MOXKHO CHEJaTh, €C/IM He MpeBpallaTh
KHUTY B MHOTOTOMHUK. Bce Tpu Ha3BaHHbIE TeMbl — OYEHb MH-
TepecHble, ¥ MpoderaTb UX MUMOXOIOM He xodeTcsi. O HUX HaJ0
paccKa3blBaTh OT/ENBHO.



baarogapaocTu

Bemkomy ncatenio YmMOepto DKo — 3a Ha3BaHMe. S perm,
yro “OT aTOMOB K JIpeBY  3BYy4dT He Xyxke, yeM “Or agpeBa K
TaObupuHTY .

['eHnanbHOMY NOMYNIApPU3ATOPY HAYKU AN3eKy A3MMOBY — 3a
3204HBIE YPOKH, KOTOPBIE OH ILEAPO pacchilial MO0 CBOUM KHHU-
raM, ¥ 3a HEBEPOSITHYIO XKax/ly 3HAHUI, KOTOPOW OH yMeJ 3apa-
3UTh YUTATENS.

INamene Kemn u Kapen Apmc, aBTopam 3amMeyaTesibHOM KHUTH
“BBeneHue B OMOJIOTHIO”, KOTOPYIO s BIIEpBBIE MpounTal B 13
JIeT ¥ KOTOpasi CITYXKUT JIs1 MeHs1 00pa3IioM TOro, Kak MoI00HbIe
KHUTY HAJO MUCaTh.

MHoOrouucIeHHbIM YUTATEIISAM HAY4YHOTO 6s10ra
caenogenesis.livejournal.com — 3a 0OpaTHYI0 CBSI3b, KOTOpasi ObI-
J1a OCOOEHHO BakKHA B Havajie paObOTHl M KOTOPYIO S MOTYYUJI B
TMIOJTHOW MeEpe.

Konnektusy JletHen skonoruudeckon mkossl (JIDII) u Be-
CeHHeM 3Kojiornueckon mkoJel (BIII), rae s unran 1ekuym, mo-
CJIy’KUBIIIAE OCHOBOH 17151 HECKOJIBKUX IJIaB 9TON KHUTU.

CorpyaHukaM xypHaJia “XuMus U KU3Hb”, Tie Obli1a npejiBa-
pUTETHHO OMYyOIMKOBaHA B BUJIE CEPUM CTaTel YeTBepTas 4acTb
kaura (“Ucropus xuszan”). OtaenpHas OJarogapHOCTh JTUYHO
Enene Kiemenko, paboTath ¢ KOTOPOH — OFPOMHOE YIOBOJIb-
CTBHE.



Ace Kazanuiepoil u [lenucy 3emiiefieNiblieBy — 3a TO, YTO OHU
B3sLTH Ha ceOsI TPY/L TPOYMTATh YEPHOBUK U BBICKA3aTh MOJIE3HBIE
3aMeYaHusl.

Mapuu EropoBoii — 3a 10, 4yTO OHa, Oyayuu no npodeccun
JIMHTBUCTOM, TOCITYKWJIa MOJENBIO MIEATBHOIO YMTATENS, U 32
VHTEPECHBIE KOMMEHTAPUU.

Anekcanapy BnagumupoBrnuy MapkoBy — 3a TIIATEJIbHYIO Ha-
YUHYIO PEIAKTypy, B pe3y/IbTaTe KOTOPOU KHUIa CTajia Jyyllle, U
B LIEJIOM 3a MOAJEPKKY.

bBnaromapio Koyier — BBICOKOKBAJTU(DUITMPOBAHHBIX OHOJIO-
TOB, COITIACUBIIMXCSI BHUMATEJIBHO IPOYUTATh U OTKOMMEHTH-
pOBaTh OTAEJbHBIE pa3fesibl KHUru: Muxauna AJekcaHIpOBU-
ya Hukwutuna, Muxauna BanepweBuua Iloropenoro, Asnekces
Bukroposnua Yepnsimesa, Imutpus Aunpeesrnya [1ladbanoBa u
ocobeHHo [IMutpust BuktopoBuua JleoHTbeBa, KOTOPBIN OUEHD
MIOMOT MHE CO CJIOKHEHIIIEN B HAyYHOM OTHOILIEHUH TPEThEU Ya-
CTBIO.

W HakoHer1, GecripeniesibHast 0JIarolapHOCTh — MOUM YHUBEP-
cuteTckuM yuurenaMm: bopucy Imurpuesnuy BacuiseBy, de-
mikcy AxoBuuy [I3ep:xkuHckomy, Anekcanapy Cepreesuuy Pay-
Thany, Bnagumupy Bacuisesnuy ManiaxoBy, AHIpero AjeKcaH-
aposuuy Kamenckomy, Opuio Taprnuanosnuy psakoBy u Jleo-
Huay CrenanoBuuy ['yze0. C HEKOTOPBIMU U3 NIEPEUUCIIEHHbBIX
s1 00I1IaJICS. MHOTO M TECHO, APYTUX 3HAJT TOJIBKO MO JIEKIUSAM, HO
MIOBJIMSUUIM HA MEHS OHM Bee. Hazleroch, 4To B KHUIE 3TO OTpasu-
JIOCh.



Yacte 1
XUMUA KU3HA

1. Yraepon

Mbvuuws mooum MapMeﬂaa, nomomy 4mo 6 Hem MHOo20

Kucaoni.
FOPHH OJIEIIIA. TPH TOJICTAKA

W3 yero coctosT KUBbIE OPraHU3MBbI ?

OTBETUTh Ha 3TO OYEHb JIETKO: KUBbIE OPTraHU3MbI, KaK U
HEKMBBIE TeJa, COCTOSIT U3 aTOMOB.

3HavyeHue 3TOro yTBePKCHUSI, UYTO Ha3bIBAETCs, TPYIHO Tie-
peorienutb. HoGeneBckuii naypear Puuapn ®eitHmMaH roBopus B
HayvaJie CBOMX 3HAMEHUTHIX “PeHMaHOBCKUX JIEKIIUN 1O pu3n-
ke 4

“Ecnu Obl B pe3ysibTaTe KaKON-TO MUPOBOH KaTtacTpodbl Bce
HAKOIUIEHHbIE HAy4HbIe 3HAHUSI OKa3aJUCh Obl YHUUTOXKEHHbI-
MU ¥ K TPSIYIIAM TOKOJIEHUSIM KHBBIX CYIIECTB Tepenuia Obl
TOJIKO OfIHA (ppa3a, TO Kakoe yTBEpP:KIEHUE, COCTABJICHHOE U3
HAaMMEHBIIIETO KOJIMYECTBa CIIOB, TPUHECIIO Obl HAMOOJBIITYIO UH-
(popmarmio? A cumraro, 4TO 3TO aTOMHAsA rUINOTE3a (MOKETE Ha-
3bIBaTh €€ He TMIOTE30H, a (DAKTOM, HO 3TO HUYEro HEe MEHSIET):
BCE TeJIa COCTOSIT U3 aTOMOB — MaJIEHbKHUX TeJiell, KOTOPbIE HaXO-



JSATCS B OECTIPEphIBHOM JIBUKEHHUHU, TIPUTSITUBAIOTCS HA HEOOITb-
IIIOM PacCTOSIHUM, HO OTTAJKUBAIOTCS, €CJIM OIHO U3 HUX IUIOT-
Hee NpUKaTh B Ipyromy’.

CkazanHoe PeilHMaHOM, KOHEYHO, TpaBaa. OgHako Jodoe
HAay4HOE yTBEpXkJeHUEe 00sS3aHO UMETh Te WJIM WHbIE I'PAHMIIBI
npumeHuMocTu. [louriem ux u TyT. AToMHasi TMUIIOTE3a — 3TO Be-
JIMKOE JOCTHKEHUE YeJIOBEUECKON MBICH, HO IeJTMKOM Jin Bee-
JIeHHas1 COCTOUT 13 aToMOB? U Bce Jin KUBble OpraHU3Mbl COCTO-
AT TOJIBKO U3 HUX?

Ha miepBbiii U3 9THX BOITPOCOB OTBET, KaK HU CTPAHHO, OyJeT
OJJHO3HAYHO OTpulIaTebHbIM. Haunem c Toro, uto Haiia Beenen-
Hasl BO3HUKJIA B pe3yibTate bombioro B3pbiBa npumepHo 13,8
MUWIIHAPAA JIET Ha3a/l, U C TeX MOp €€ COCTaB CHJIbHO M3MEHUJICS.
Hackonbko MoxHO cynuts, B niepsbie 300 000 sier Bo Beenen-
HOW He ObLJIO HY OJTHOTO aTOMa (XOTsI OBUTH YaCTHIIbI HECKOJIBKUX
apyrux tunoB). Ho u mocse Toro, kak aToMbl BOSHUKJIU, OHU He
CTaJIA TJIABHOM COCTaBJISIONIEH KocMmoca. 110 MTaHHBIM KOCMUYe-
ckoil oocepBaropuu “Ilnank”, HeiHemHsAs Beenennas Ha 4,9 %
COCTOMT M3 OOBIYHBIX JIEMEHTAPHBIX YACTHII, CIIOCOOHBIX CJIO-
KUTbCS B aTOMBI, Ha 26,8 % — U3 TeMHOU MaTepuu (KOTopasi He
MPOSIBIISIET HUKAKUX HAOTIOIaeMbIX CBOICTB, KpPOME MAacChl) ¥ Ha
68,3 % — n3 TeMHOI 3HEepru# (Ipo KOTOPYIo BOOOIIE HEMOHSATHO,
CBSI3aHA JIM OHA XOTh C KAKUMH-HUOY/Ib MaTepUabHBIMU TeJia-
Mu)P! T'py6o roBopsi, BceneHHast COCTOMT M3 OOBIYHBIX aTOMOB
He Oosblie yeM Ha 5 %.

[loguepkHeM, YTO 3TH COOTHOILIEHUSI OTPAKAIOT COBPEMEH-



Hoe TIoNI0XkeHue Beled. Heckobko MIJIIMAapoB JIET Ha3a] OHU
HaBepHsKa ObUTM WHBIMH, Bellb BceleHHasi HelpephIBHO Pa3BH-
BAETCsl; 9TO MOATBEPKIAETCS U pacueTaMy Ha OCHOBE OOuiein
TEOPUU OTHOCHUTEJIHOCTH, Y TIPSMbIMU HAOMIONEHUSIMUA KOCMHU-
YECKOIr0 PEeJMKTOBOro u3ny4yeHus. WTak, AaHHBIE UCCIeI0Ba-
HUU MOKA3bIBAIOT, YTO ceMYac 4actu BcesleHHOW, MOCTPOEHHbBIE
U3 OOBIYHOTO BEIIECTBa, MPECTABISIIOT COOOM, O CYTH, BCETrO
JIMILIb OCTPOBA CPEeIU OKEAHOB TEMHOW MaTe€pUU U TEMHOM SHEP-
T'H, B TNIyOMHBI KOTOPBIX JIOSM €I1Ie TOIBKO MPEJCTOUT 3ariisi-
HyTb. (Mex 1y MpoYruM, IMEHHO O TAKMX UCCIIEJOBAHUAX MEYTa-
€T JOKTOp Xayc B IEPBOU CEPUU BOCBMOI'O CE30HA 3HAMEHUTOIO
cepuaia.)

A BOT Ha Halll BTOPOW BOITPOC — BCE JIM )KUBbIE CUCTEMBI CO-
CTOSIT M3 aTOMOB? — OTBETOM OyzieT yBepeHHoe “ma”. B atom
TUIaHe OMONIOTMYECKU MHP TOpas3/io MeHee pa3HoOOpaseH, yeM
puznueckuii. Jlioboe KuUBOE CyIIECTBO MOCTPOEHO U3 ATOMOB,
Y TOJIbKO U3 aTOMOB, B MOJIHOM COOTBETCTBUU C KJIACCUUYECKOM
aTOMHOM r'unote3ou. IIprumeps! HHBIX, HE aTOMHBIX (POPM KU3HU
MOKHO MOKA HaWTH JIMIIb B HayyHOU (paHTactuke. Hanmpumep,
B BeJMkoMm pomaHe Cranucnasa Jlema “Cosnsipuc” ynoMuHaIOT-
Cs1 KUBbIE CYILIECTBA, CO3[AHHBIE HE U3 aTOMOB, A U3 OUEHb JIeT-
KHX JIEMEHTApHBIX YacTHil — HelTpuHo. Ho 310 He Goree yem
MBICJIEHHBIN 9KCIIEPUMEHT, TIOCTABJICHHBIN n1caTeseM. B peab-
HOU OMOJIOTMU HaM MPUXOIUTCS UMETD JIEJI0 TOIBKO C aTOMaMu
U X YCTOMYMBBIMU COUYETAHUSIMH, KOTOPbIE HAa3bIBAIOTCS MOe-
Kyaamu. A U3 MOJIEKYJI, B CBOIO OUYepe/ib, CKJIA/IBIBAIOTCS BEILIE-



crBa. Kak mmican Tor xe deitaman, J11000€ BELIECTBO — 3TO CBOM
THI PACTIOJIOKEHHUS AaTOMOB.

Mup aToMOB IOBOJILHO pazHooOpa3eH. Ha MomeHT Hamuca-
HUS STUX CTPOK YUEHBIM U3BECTHO 118 BUIOB aTOMOB, KOTOpBIE
MIPUHATO Ha3bIBaTh XMMHUECKUMU 31eMeHTamu. [IpaBaa, B Ku-
BBIX TE€JIaX BCTPEUAIOTCS JAJIEKO HE BCE U3 HUX, a Te, UTO BCTpe-
yaeTcsi, pacnpe/esieHbl TaM OYeHb HEPaBHOMEPHO.

Xopoliiast HOBOCTh 3aKJII0YaeTCS B TOM, YTO aTOMBI YacTO Obl-
BalOT OYECHb JOJTOBEYHBIMH. B Tex mporeccax, KOTOphIE HEIo-
CPE/ICTBEHHO M3y4aeT OMOJIOTHsI, OHU TIOUTH HUKOT/IA He pacra-
JIAI0TCSI, HE BO3HUKAIOT 3aHOBO M HE MPEBPAIAIOTCS APYT B APY-
ra. To He O3HAYaeT, YTO OHM HE MpPEeBpaIlalTCcs JPYr B Ipyra
BOOOIIE HUKOT/IA: OYeHb CKOPO Mbl YBUJIUM, UTO, €CJIU Obl HE ObI-
JIO B3aMMHBIX MPEBPAILIEHMI aTOMOB (TOYHEE, UX s1€ep), BO Bee-
JICHHOW He CMorJia Obl BOBHUKHYTh KU3Hb. OIHAKO Il TIOHU-
MaHHsI TOTO, KaK YCTPOEHBI XKHBbBIE Teja, HaMm Oy/ieT BIIOJHE JI0-
CTaTOYHO YYMTHIBATh B3aMMOJIEHCTBHE TOTOBBIX M HEM3MEHHBIX
aTOMOB MEk]Ty COOOM.

Kpartko npo aTombl

Hrtak, aTOMBI.

Yixe JOBOJIBHO JaBHO U3BECTHO, YTO OHU COCTOAT U3 TPEX TU-
IIOB 3JIEMEHTAPHBIX YACTUL]: IPOTOHOB, HEUTPOHOB U JIEKTPO-
HOB (cM. puc. 1.1A). TIpoTOHBI 1 HEUTPOHBI — YACTHUIIBI OTHO-
CHUTEJIbHO MaCCHBHbIE, JTI000H 13 HUX npumepHo B 1800 pa3 T4-



JKeJiee MEeKTpoHa. V3 MPOTOHOB M HEUTPOHOB COCTOMT aTOMHOE
PO, a U3 JEKTPOHOB — BHEIIHSASA 000JI0UYKA aTOMa, KOTOPYIO
OOBIYHO MPSIMO TaK U Ha3bIBAIOT MEKTPOHHOIN 000IOUKOMN. DIeK-
TPOHBI, OOpasyole 000JI0UKy, MEepeMELalTCsl BOKPYT spa
10 YPE3BBIYANHO CIIOKHBIM TPAEKTOPUSIM, HO, KaK MPaBUIIO, HE
CJIUILIKOM OT HEro yIassscCh.
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Puc. 1.1.  OCHOBBI CTROBHHA MOAEHYA. A — CTRDEHHE aToMa (Ha NPUMepe aToma yIepoaa, 5 — NPHMEPL MONEHYN C KOBANEHTHbIMH CBASAMM. B MoneKynax
BO/JOPOAR, BOAH, aMMUaKa M MeTaHa CBA3M 0JMHapHbIe, B MOJIEKYIE RUCNOPOAA — ABOHAA, B MONEKYNE a30Ta — TPOiHaR

Camoe BakHOE /1JIsl HAC CBOMCTBO JIEMEHTAPHBIX YaCTHII Ja-
e He mMacca, a EKTPUUECKUi 3apsi. 31ech JeUCTBYIOT adco-
JIIOTHO Y€TKHUE U OYeHb IMPOCThIe 3aKOHOMEPHOCTH.

* [IpOTOH 2NIEKTPUUECKH 3aPSIKEH MOTOKUTEBHO, JIEKTPOH —
OTPHUIIATENILHO, & HEUTPOH HE UMEET HUKAKOTO 3apsi/ia.

* [Io BeiMuMHE OTpULIATEIBLHBIN 3apsij JEKTPOHA CTPOro pa-
BEH MOJIOKUTEIbHOMY 3apsily IpoToHa. [IpuHsaTO cunTarh, 4TO



MPOTOH UMeeT 3apsj +1, a anekTpoH —1.

* Yucio 3JIEKTPOHOB B aTOME M0 YMOJIYAHUK PAaBHO YHCITY
MPOTOHOB, TaK 4YTO 3apsj LIEJOro aroma paBeH Hymwo. Eciu ke
YKCJIO JIEKTPOHOB OTVIMYAETCS OT YKCJIa TPOTOHOB, 3HAYMT, I1e-
pell HAMU He MPOCTO aTOM, a 3apsLKEHHAs YaCTULIA — MOH.

®usuku ewie B X VIII Beke BBIACHWIN, UTO IEKTPUIECKUE 3a-
Ps/ibl OBIBAIOT JBYX THIIOB: MOJIOKUTEIbHBIE U OTPULIATEIIbHBIC.
Tak:ke OHM OOHAPYKWIIM, YTO PA3HOMMEHHbBIE 3apsi/ibl PUTSATH-
BAIOTCS1, @ OHOMMEHHbIE OTTAJIKMBAIOTCS. DTOT 3aKOH Ha3bIBa-
€TCs1 OCHOBHBIM 3aKOHOM 3JIEKTPOCTATUKU, WK 3axoHom Kyno-
Ha (Ha caMOM [ieJie OH 3anuchiBaeTcs (hOPMYJION, MO3BOJISAIONIEN
TOYHO ONPENEIUTh CHIIy NPUTSKEHUS WM OTTAJIKUBAHUSA, HO
MBI TYT oOoiinemcsi 6e3 MaremaTuku). 3akoH Kysona neiictBy-
€T TJie YTOJHO, B TOM uucje U BHyTpru atoMa. COOCTBEHHO rOBO-
ps, JEKTPOHBI U TIPOTOHBI MIOTOMY M 00Pa3yloT €IUHBII aToM,
YTO OHM IEKTPOCTATUYECKH TPUTATUBAIOTCS APYT K Apyry. s
CHpaBKH JI0OABUM, UTO TIPOTOHBI M HEUTPOHBI “CKJIEUBAIOTCS” B
ATOMHOE S1IPO MPUTSIKEHUEM COBCEM JIPYrOro poja — TaK Ha3bl-
BAE€MbIM CUJIbHBIM $1IEPHBIM B3aAUMOJIEMCTBUEM, KOTOPOE HA Ma-
JICHbKMX PACCTOSIHMSX TOPa3/l0 MOIIHEE IEKTPOCTATUYECKOTO.
VIMeHHO MO3TOMY IPOTOHBI B SIAPE JIepKaTcsl BMECTE, HECMOTPS
Ha OTTAJIKMBAIOIIYIO UX APYT OT ApPYyra KyJOHOBCKYIO CHILY.

Camblii IJIaBHBIN TTapaMeTp JII0OOro aToMa — 3TO YHCIIO MPOTO-
HOB, WIH amomibulil Homep (7). BenmunHa Z OJHO3HAYHO OlIpe-
JeJisieT TOJOKEeHNe JAaHHOTO aToMa B MEPUOIMYECKON CHCTEMe
9JIEMEHTOB, TO ecTh B TaOnuie MeneneeBa. Kak mbl yxe 3Ha-



€M, YHUCJIO JICKTPOHOB OOBIYHO PAaBHO YHCITY IMPOTOHOB. A BOT
YTO KAaCaeTCsl YKCiIa HEUTPOHOB, TO OHO MOXET ITPU OTHOM U TOM
K€ YKCIIe TPOTOHOB ObITh Pa3HBIM. ATOMBI, UMEIOIIIUE OTMHAKO-
BbIIl aTOMHBI HOMEP, HO Pa3HOE YUCIIO HEMTPOHOB, HA3BIBAIOTCS
uzomonamu. Ecnv cioBo “U30TONBI” HE YIIOMUHAETCS, 3HAYMT,
YKCJIO HEUTPOHOB HaM B JIAHHOM CJlyyae HeBakHO. Bce aTtomel,
UMEIOIIe OJUHAKOBOE YUCIIO MPOTOHOB, MO OINpPEIETIEHUI0 OT-
HOCSITCSl K OTHOMY XUMUUECKOMY INEMEHMY .

Camplil poOCTOM M3 BCEX BO3MOXKHBIX aTOMOB — BOJOPOJ
(Z=1). OH cocToUT U3 OOHOTrO MPOTOHA U OJHOTO SJIEKTPOHA.
HelTpoHOB B HEM MOXKeT He ObITh BOBCE (XOTSI MOTYT U OBbITh, B
3aBUCUMOCTH OT TOI'0, Kakou 3To u30ToIl). Ecau nummrhs 0ObId-
HBIW MMPOCTEHUIIIMI aTOM BOIOPO/IA €r0 €IMHCTBEHHOTO JIEKTPO-
Ha, OT HErO OCTAHETCs MOJIOKUTENILHO 3apsKEHHBIN UOH, B JJaH-
HOM CJTy4ae MPeICTABISAIONINNA COOO He UTO MHOE, KaK “TOJbIi”
MPOTOH.

Eme B Hauaie XIX Beka aHIIMACKMI XUMUK U Bpad YUJIbsIM
[IpayT BeIABUHY/ OMEpEIMBIIYIO CBOE BPEMSI TUIIOTE3Y, UTO aTo-
MBI BCEX JIPYTUX XUMUYECKUX JIEMEHTOB 00pa3yIoTCs B pe3yJib-
Tare 0ObEIUHEHNS TOTO WJIM MHOTO KOJIMYECTBA aTOMOB BOJIOPO-
nalsl. I oH ObUT HE TaK Yk JIajieK OT UCTHHBL. Bce aTombl 1eficTBu-
TEJIbHO COCTOSIT U3 OQHOTUITHBIX YaCTHII, CaMbIil IIPOCTON BO3-
MOKHBII HAOOp KOTOPBIX JAaeT He YTO MHOE, KaK aTOM BOJOPO-
na (Z=1). Bropoii 1o cJ10)KHOCTH aToM — resiuid (Z=2), TpeTuit —
mtui (Z=3), Hy a JaJipllie B HaIlleM pacriopsKeHUH Bes Ta0uIa
MenpeneeBa. Camble TsKeJIbIe aTOMBI COfIEpXKaT OOJIbIIe COTHU



IIPOTOHOB M OKOJIO ABYX COTE€H HEUTPOHOB. Ho ¢ Takumm uyno-
BUIIIAMU MbI B OMOJIOTUY HE BCTPETUMCS.

XUMH4YeCKHe CBS3H

CaMpblii BAXXHBIN U181 HAC CIIOCOO B3aUMOJIENCTBUS aTOMOB Ha-
3bIBACTCS KoBaneHmHOU c6s3bt0 (cM. puc. 1.1B). 1o cBsI3b, 00-
pasyemasi OOIIel Mapoi JIeKTPOHOB — IO OJIHOMY OT KaXkJIOro
U3 JIByX aTOMOB. MOXHO CUMTaTh, YTO JEKTPOHBI ITON Mapsl
npuHaaJiexkaT oboum atomam cpasy. Ha rpadpuueckux gopmy-
Jlax, OTOOpaKAIIUX CTPOSHUE MOJIEKYJl HAIISIIHO, KOBAJICHT-
HYIO CBsI3b 0003HAYAIOT IIPOCTOM YEPTON MEkKTy CUMBOJIAMH XH-
MUYECKHX 3JIeMEHTOB. IMEHHO TaKMMU CBSA3SIMU M COETMHEHBI
aTOMBI B OOJIBIIIMHCTBE OOBIYHBIX MOJIEKYJI. [Ipumep — Morekyia
Bofopoaa. OHa cocTouT U3 ABYX atoMoB Bomopoaa (H), odopa3y-
IOIIUX eJUHCTBEHHYIO KOBAJIEHTHYIO CBSI3b Mexk 1y coooi: H — H,
WM coKpateHHo Hy.

WHorga KoBaJIeHTHBIE CBS3H OBIBAIOT O80LIHbIMU — 00pa30BaH-
HBIMU Cpa3y ABYMs MapaMu JIEKTPOHOB — WM JaKe MpOLiHbl-
My — 00Opa30BaHHBIMU Cpa3y Tpems mapamu. Yem BbIIIe Kpart-
HOCTb CBSI3U, TEM 3Ta CBSA3b [PU MPOUMX PABHBIX YCIOBUSX IIPOY-
Hee. JIBoliHbIE KOBAJIEHTHBIC CBS3M BCTPEYAIOTCA B OMOJIOTHU
oueHb YacTto. TpoiiHbIe — HAMHOTO peke, HO 3HaTh 00 UX CyIIe-
CTBOBaHUU Bce-Taku He nomeinaer. Ha rpadgpuyeckux dpopmynax
JIBOMHBIE U TPOMHBIE CBSA3U 0003HAYAIOT, COOTBETCTBEHHO, IBOM-
HBIMU WJIM TPOMHBIMU YEPTOUKAMHU MEX]1y CUMBOJIAMU aTOMOB.



Harnpumep, mexay aromamu kuciopona (O) BrioiHe MOXeT 00-
pa3oBaThcsl JBOMHASA CBA3b. B pe3ysbTare nmoayyurcss MoieKyna
0=0, umu cokpamerHHo O,. Kcraru, 310 1 €CTh TOT caMbld at-
Moc(pepHbIil KUCIOPO, KOTOPBIM MbI JbIILIMM.

['opazno pexe KOBaJeHTHOM (IO KpalHEHM MEpe, B KUBOMU
MaTepuu) BCTPEYAETCSl UOHHAS C6513b, TIPECTABIISAIONIAs cOOOM
EKTPOCTATUYECKOE MPUTSIKEHUE 3apsiKeHHbIX vacTul. Mbl
y’Ke 3HaeM, 4YTO MO 3aKoHy KysioHa OJHOMMEHHbIE eKTpruye-
CKHME 3apsi/ibl OTTAJIKUBAIOTCS, & Pa3HOMMEHHbIE — MPUTATMBA-
1otcst. [ToaToMy MOIOKUTENTBHO 3apsiKeHHAsl YyacTUIa (KamuoH)
Y OTPUIIATEIbHO 3apsiKeHHAs (aHUOH) 0OS3aTENIbHO MPUTSHYTCS
JOpYyT K ApYyry. Yxke yNOMHHAJIOCh, YTO UOHOM Ha3bIBAETCS JIIO-
6ast cCaMOCTOSITEJIbHO CYIIECTBYIOIIAS YACTHIIA, B KOTOPOM YUCIIO
9JIEKTPOHOB OTJIMYAETCs OT YKcia MPoToHOB. CaM 3TOT TEpMUH,
npenioxkeHHbi Maiikiom ®apaieeM, MPpOUCXOAUT OT I'PeYecKo-
IO CJIOBA, O3HAYAIOUIETO “UIYLINIA”: B PaCTBOPE, Yepe3 KOTOPbII
IPOMYILEH EKTPUYECKUIA TOK, OTOKUTENBHO 3apsKEHHbIE KO-
HBI IBMKYTCSl K OTPHUIIATESIbBHOMY TOJIOCY, & OTpULATeNIbHbIE —
K TIOJIOKUTEIBHOMY ATOM CTaHOBUTCSI MOHOM, €CJIM OH MPHOO-
peJ JIMIITHUH JIEKTPOH UK, HA0OOOPOT, YaCTh CBOUX JIEKTPOHOB
I71e-TO MOTEPSLI.

OTIMuHBIA NpUMepP UOHHOM CBSI3U AEMOHCTPUPYET BCEM M3-
BecTHas noBapeHHast coiib NaCl (HaTpuii xJiop), opmyiy KOTO-
poii MoxHO nepenucats kak [Na™][CI7]. DTo 03HauaeT, 4TO KpU-

CTaJII COJIM COCTOUT M3 IOJIOKUTCIIBHO 3apAKCHHBIX HOHOB HaA-
TpuA U OTPULATCIIBHO 3apAKCHHBIX MOHOB XJIOpa B COOTHOILC-



HHU OJIUH K OMHOMY. B TaHHOM ciTy4ae Kax bl aTOM XJIopa Kak
ObI OTOMpAET O/IMH IEKTPOH Y COCEIHET0 aToMa HATpHS.

DJieMeHThl ;JKU3HU

XUMUYECKUI COCTaB XMBOM MaTepuM TOBOJIBHO OHOOOpa-
3eH. [Is1 Toro 4ytoObl B IEpBOM MPUOJIMKEHUN Pa300paTbCsi B
YCTPONCTBE KMBOW KJIETKU, JOCTATOYHO 3HATh BCErO-HABCEIrO
IATh XUMUYECKHUX 71eMeHTOB. D10 Bogopox (H), kucinopon (O),
azot (N), yrepon (C) u ¢pocop (P). Ha atomHbIe HOMepa 3Tux
9JIEMEHTOB MBI [TOKa He OyeM o0paIath BHUMaHUS: BO-TIEPBbIX,
HET HUYEro Jierde, YeM HaiTh ux B Tabnuiie MeHeneeBa, a BO-
BTOPBIX, [UISl HAC ceidvac ropasfio BakHee IPyrofl MoKasaTelb.
Camoe T71aBHOE, YTO HaM HYKHO 3HATh O JIIOOOM XHMHUYECKOM
JIEMEHTE, — ITO €T0 BA1EHIMHOCb, TO ECTh YACIIO KOBAJIEHTHBIX
CBSI3€H, KOTOPBIE MOXET 00pa30BaTh €ro aTOM.

Wrak, BaJeHTHOCTh BOOPOAA paBHa 1, Kucnopoaa — 2, a3o-
Ta— 3, yriepoaa — 4 u ¢pocdopa — 5. DT uncna HaJ1o TPoCcTo 3a-
NOMHUTh. VIHOTJa y HEKOTOPBIX U3 MEPEUUCICHHBIX JIEMEHTOB
OBbIBAIOT U JIPyTrUe BaJICHTHOCTU, HO, 3aHUMAsICh OUOJIOTHEN, 3TO
MOXHO UTHOPUPOBATh BO BCEX CITyUasix, KpOME HEMHOTHX 0CO00
OroBopeHHbIX. OTHOBAJICHTHBIN BOJOPO/, JBYXBAJICHTHBIN KUC-
JIOpPOJ1, TPEXBAJICHTHBIN a30T, YETHIPEXBAJICHTHBIN YITIEPO U T151-
TUBAJICHTHBIN (hocOp — ITIaBHbIE XUMUUYECKUE CllaraeMble Ku3-
HU (cM. puc. 1.2).

WHorga o xomy pa3roBopa Ham OyyT BCTpedaThCsl U Jpyrue



aToMbl, Haripumep cepa (S), Hatpuii (Na), xyop (Cl), kamii (K)
mwm xese30 (Fe). Ho mocrosstHHO moMHUTE 0 HUX He Hano. [Iatu
IJIaBHBIX OUO2eHHbIX (TO €CTh 00Pa3yIOIIUX KU3Hb) XUMUYECKUX
9JIEMEHTOB JIJIs HayaJjia BIIOJIHE IOCTATOYHO.

H— —O0— N —Cc— —pP—

BOA0PO/] K1cnopog

yrnepoj dochop

Puc. 1.2. Xumudeckue “cnaraemble” MU3HN

Cs €PXHOBbLIC U )KU3Hb

He nomnexutr coMHEHMIO, YTO OOJIBIIMHCTBO aTOMOB B Ha-
el BeeneHHOM — 3TO aTOMbI BoAopojAa U renus. Actpodusu-
KM YTBEPKAAIOT, 4TO 13 MWIIMApAOB JIET Ha3al, TO €CTh “BCe-
I0 JIMIIB~ Yepe3 HECKOJIbKO COT MUJUIMOHOB JIeT nociie bosnpiio-
'O B3pbIBA, COOTHOIIEHUS ObLIIN CIIETYIOIIUMU: PUMEPHO 75 %
BCEX aTOMOB BO BcesleHHOM coCTaBIIsid aTOMBI BOJOPOAA, ITPU-
MepHO 25 % — aTOMBI rejivsl, a Ha aTOMbI BceX Ooliee TSKENbIX
9JIEMEHTOB, BMecTe B3AThIX, mpuxoauiock 0,00007 %!"!. Koneu-
HO, ¢ Tex nop Bcenennas usmenunace. Ho u celiuac Bce a1eMeH-
ThI, KpOME BOJIOPOJA U TeJIHsl, COCTABISIIOT B CyMMe He OoJblie
2 % cylmecTBYIOIMX aTOMOB. MexX 1y TeM OYEBUIHO, YTO U3 BO-
J0poJia, BAJIGHTHOCTb KOTOPOr'O PaBHA €JVHULIE, U Te/usl, KOTO-



phili BOOOIIIE HEOXOTHO 00pa3yeT XUMUYECKUe CBS3M, HUKAKUX
CJIOKHBIX MOJIEKYJI HE MOCTPOUIIIb.

CpaBHMB KOJIMYECTBO Pa3HBIX BUJIOB aTOMOB B COBPEMEHHOM
BcenieHHOM, MBI cpa3y yBUIMM, UTO CaMBbIE paclipOCTPAHEHHbIE B
Heil moclie BOIOPOAA U Tevsl 3EMEHThl — Kuciaopon (Z=8), yr-
nepon (Z=6) u a3ot (Z=7). DTO MOXHO HAIJISITHO MOKa3aTh Ha
rpacduke, U300paxaIneM OTHOCUTETbHOE OOUIHE XUMUYECKUX
3JIEMEHTOB B Hailled rajnaktuke Mueunsiii [TyTh (cm. puc. 1.3).
[To rOpU3OHTAILHOW OCHM TaM MOKHO OTJIOKHMTb aTOMHBIA HO-
Mep (Z), a 10 BEpTUKAJILHOM — paCPOCTPAHEHHOCTD JIEMEHTOB,
MIpUYEM XeJlaTeJIbHO B Jiorapudmudeckom Maciitade (ornpocTy
rOBOpS1, 9TO O3HAYAET, YTO Kax/aas “CTyleHbKa  Ha BEPTUKAJb-
HOW OCH COOTBETCTBYET pa3HHlle He Ha eauHully, a B 10 pas).
Ha Takom rpaduke nepBeiM fesioM OpocaeTrcs B IJ1a3a yxe U3-
BECTHbIM Ham (paKT: BOJOpojaa U renus B ['aakTrke BO MHOTO
pa3 Oosibllle, YeM BCeX OCTAJIbHbIX XMMUYECKHX JIEMEHTOB BMe-
CTe B3ATHIX. DTH JIBa JIeMEeHTa — BHE KOHKYypeHIuu. B oOmna-
ctu matus (Z=3), 6epwimus (Z=4) u 6opa (Z=5) Habmomaercs
SIBHBIF TIPOBAJI, MOTOMY UTO sijipa 9TUX aTOMOB OTHOCHUTEILHO
HEYCTOWYMBBI: B CUCTEME SI/IEPHBIX PEAKLIMM, POUCXOASALIMX B
3BE3/1aX, OHU JIETKO CUHTE3UPYIOTCS, HO TaK K€ JIETKO U pacrajia-
orcs. Anpo xenesa (Z=26), HA060pOT, UCKTIOUUTETTHHO YCTOM-
yrBO. MHOrUMe siiepHble peakivu, UayIlue B Helpax 3Be3[l, Ha
HEM 3aKaHYMBAIOTCS, IOITOMY XkeJe30 JaeT Ha rpaduke BbICO-
kuii K. Ho camble pacnipocTpaHeHHbIe 1ocjie BOJOPOAA U re-
s sneMenTsl B Miteunom [lyTu, HECOMHEHHO, KUCTIOPO/, YI-



JIEPOA, ¥ a30T, UMEHHO T€, KOTOPBIE CTAJIM XUMUYECKUMU “KUP-
NUYMKaMK~ KU3HU. Bpsap v 310 Ciy4alHOCTb.

Kpome Toro, Hesb3si He 3aMETUTb, YTO IpauK OOUIUS XUMU-
YEeCKHUX JIEMEHTOB B [‘aJlakTHKe — OTUETIMBO “3yOuathiii”. Die-
MEHTBI C YeTHBIMUA ATOMHBIMU HOMEPAMU B CPEJHEM BCTPEYAIOT-
¢ BO BcenleHHOM HAMHOTO Yalle, 4eM 3JIEMEHTBI “IIPUMEPHO TO-
ro K€ JOCTOMHCTBA~ ¢ HeueTHhIMU. Ellle cTO JieT Ha3aa Ha 3TO
HE3aBHCUMO JPYT OT JApyra oOpaThjii BHUMaHUE JIBa XMMUKA —
utanbsHen Ixysenne Onno u amepukasel] YuibsaM XapKHUHC.
MX crartey BBHIIUIM, COOTBETCTBEHHO, B 1914 n 1917 rogax®. A
IIPABUJIO, COIIACHO KOTOPOMY JIEMEHTHI C YETHBIMM HOMEpPaMU
IIPY MPOYMX PABHBIX YCJIOBUSAX MPEe0OIaAaloT Hajl SIeMEHTaMu C
HEYETHBIMU HOMEpaMH, [0 CHX MOp Ha3bIBAETCSl B UX YECTb IPa-
ButoM O1110 — XapKuHca. DTO MPABUIIO 0053aTETHHO MPUXOIUT-
Csl IPpUHUMAaTh BO BHUMAaHKE, HAIPUMEP TMPU aHAIN3e XUMUYe-
CKOTO COCTaBa 3eMHOM KOpbI'l.

Pasragka npasmia Onio — XapkuHca Obljia peJiokeHa yxe
€ro MepBOOTKPbIBATEISAMU. [le10 B TOM, YTO aTOMHBIE siIpa Ts-
XKEJIBIX JIEMEHTOB 00pa3yloTCsl B OCHOBHOM 3a CUET CIAUSHUSA
6osiee Jerkux siaep. Mexy TeM SICHO, UTO NP CIUSIHUU JIBYX
OJIMHAKOBBIX aTOMHBIX Si/IEP B JIIOOOM ClTydyae MOJTYYUTCS SIAPO
3JIEMEHTA C YETHBIM YKCJIOM ITPOTOHOB, TO €CTh C YETHBIM aTOM-
HBIM HOMEpPOM. A 3aTeM 00pa30BaBIIMECS si/ipa CIIMBAIOTCS IPYT
C APYroM, AaBasi OMNsATh XK€ B MEPBYIO OYEPEAb JIEMEHTHI C YeT-
HbIMU HOMepamu. Hanpumep, “ropenue” renus (Z=2), npu Ko-
TOPOM €ro0 siJipa OOBEIUHSIOTCS APYT C JPYrOM C OOJIBIIIM BbI-



XOJIOM SHEPruu, JaeT CHauYaj1a HeyCTOMYMBBIE KOPOTKOKUBYIIUE
sanpa 6epwims (Z=4), motom sijipa yriiepoaa (Z=6), a ToTom u
kucjaopona (Z=8).

OTHoCUTeNBHOE 06une
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ATOMHBIIA Homep (Z)

Pyic. 1.3. Tpaduk pacnpocTpaHeHHOCTM XMMWHECKIX 3NeMEHTOB B Hallell fanakTuke

Ho Hayasa 3Be31000pa3oBaHust BO BceneHHON ObLTH TONBKO
BOJOPOL, TeJINi1 U CleJOBble KonnyecTBa JuTHUsl. Hackonbko Mbl
ceiiyac 3HaeM, BCE IEMEHTHI TSKeJIee JIMTUSl CUHTE3UPYIOTCS
TOJIBKO B 3B€3[laX U PaClpOCTPAHSIOTCS B pe3y/ibTaTe B3PhIBOB
cBepxHOBBIX!!?l. DTO 03HAYaer, YTo KMBBIM OpraHU3MaM ObLIO
IPOCTO HE U3 Yero 00pa3oBaThCs, OKA He 3aKOHUYMJICS KU3HEH-
HBII [TUKJT XOTsI OBl IIEPBOTO TIOKOJIEHHSI 3BE3/] M 9TH 3BE3/Ibl HE
B30PBAJIUCh.

ABTOpamu camMO¥ 3HAMEHUTOM CTaTbU, OMKUCABIIEN MEXaHU3M
CHHTE3a XUMHUYECKHX JIEMEHTOB B 3Be3/1aX, ObLIM YETBEPO yue-
HbIx: Mapraper Bepoumxk, [xedpdpu bepoumxk, Yunbsam Pay-



nep u ©pexn Xoiia. DTy CTATHIO YACTO HA3BIBAIOT 110 MHUIIAATIAM

aBTOPOB “B’*FH” (“09-kBagpar-ag-amr”). Maumaropom ucce-
JoBaHus ObLT acTpou3KK XOMI: IMEHHO OH NEPBBIM JI0Ta lall-
Csl, YTO B 3BE€3JaX MOXKET CHHTE3UPOBATHCS HE TOJIBKO TeJIMid,
HO ¥ yrepon. brnarogapst Xoity B paboTy BKJIOUMIIUCH CIIEp-
Ba NpodecCUoHaNbHbIN (PU3UK-saaepink Paysep (MmoHavary oH
OBLT HACTPOEH CKENTUUYECKH, HO XOMJI ero repeyoen), a ToToM
actpoHoMsbl bepoumxu. B cetr erko Haiitu 3amevaresbHyio o-
Torpauio, Ha KOTOPOW Bce YeTBepo oTMedaloT 60-1 AeHb POXK-
JeHU cTapiiero u3 Hux — @aysnepa, a Hoc/IeIHUN pajyeTcs Jeu-
CTBYIOIIEH MOJIE/IM MapPOBO3a, KOTOPYIO €My MOIApHIIN KOJUIETH.

Crarbss B’FH orpoBeprJia 6osee paHHIOL runote3y I'eoprus
["'amoBa, KOTOPBII CYUMTAJI, UTO PA BCEX IEMEHTOB CUHTE3UPO-
BaJIMCh MPSMO BO BpeMsi BosbIioro B3pbiBa U ¢ T€X MOP UX KOH-
LIEHTpALMK OCTAIOTCS MPUMEPHO NocTossHHbIMU. Ha camom nene
ropasio BEpOSTHEE, YTO B MEPBblE MUJUIUAPABI JIET 1T0cse Bob-
moro B3pbiBa BeenenHasi Oblia 4ucTo BOOOPOIHO-TenueBoi. U
TOJIBKO TIOTOM OHA CTajia 0O0TAIATHCS TSKEIBIMU JIEMEHTAMU
C TIOMOUIBI0 CBEPXHOBBIX 3B€3]1 (“TSKEIBIMU JIEMEHTAMU~ MBI
ceiyac Ha3bIBAEM BCE, UTO TSIKEJIEE Teslvs UK, B KpalHEM CITy-
yae, JIUTUs).

KocMuueckast 3BoJIonus

Wtak, TsaKesble 2J€MEHTHl CUHTE3UPYIOTCA BHYTPHU 3BE3[ U
paccenBaloTCs B MPOCTPAHCTBE, KOINA T 3BE3/Ibl B3PhIBAIOTCS



B KauecTBE CBEPXHOBBIX. BiusiHME CBEPXHOBBIX 3BE3J] Ha 3Je-
MEHTHBIN cocTaB Beenennou, Takum oOpazom, orpomHo. Pacce-
STHHBIE UX B3PbIBAMU TSIKEJNIbIE JIEMEHTBI BXOAAT B COCTaB KOC-
MHUYECKOH MU, & OHA KOHJEHCUPYETCS B 3BE3/Ibl CJIEAYIOIIETO
MOKOJIEHUSI — YK€ C MOJIHOLIEHHBIMU CCTEMaMU, BKTIOYAIOIIIMMU
3eMJIeTIOIOOHBIE TUTAHETHL. DTOW TEMbI MBI e11le KOCHeMCSI MO3Ke,
B Iage 13.

[TpeBparnienue Bogopoaa u reiusi B 0osee Tskelble JIeMeH-
ThI OBUIO OJJTHUM U3 MPOMEKYTOUHBIX ITANIOB KOCMUYECKOM IBO-
JIOLIMH, KOTOPAasi MpYBeJia K BOSHUKHOBEHHIO COJTHEYHOM CUCTe-

MBI, JKM3HU U 4YejloBeka. Teopus B’FH (eciii oHa BEpHa) cama
110 ceOe MOKAa3bIBAET, YTO STOW SBOMIOLUU HE MOIJIO He ObiTh. B
JpeBHEW BOIOPOIHO-TeMeBOl BeeneHHOUM HUKOTIa Obl He BO3-
HUKJIM HY 3eMJisl, HM u3Hb. CaMa BO3MOXKHOCTb UX IMOSIBJICHHST
cTaja pe3y/IbTaToM JUTMHHOM LIETOYKHU COOBITUIA KOCMUYECKOTO
Maciitaba, B X0fie KOTOPHIX BeCh MUP He pa3 KaueCTBEHHO Me-
HsUJICS (Harmpumep, BO3HUKAIM paHee He CYIIECTBOBABIINME XU-
MMYECKHE 3JIEMEHTBI, 3 BMECTE C HUMU — HOBBIE THIIbI 3BE3]I).
Bort Takoe kauecTBeHHOE U3MEHEHNE Mbl M Ha3bIBa€M SBOJIIOLIH-
eil. DTO eIMHBIN MPOLIECC, OXBATHIBAIOLINI (PU3NUECKUE, XUMU-
YeCKHe U OMOJIOrMUECKHE SIBJIEHHS.

TyT CTOUT IPUTOPMO3UTh, UTOOB YTOUHUTH 3HAUYEHUE CIIOBA
“spomonyst”. TpaaUIIMOHHO CYIIECTBYET JIBa MOHUMAHUSI STOrO
TepMUHA — “y3K0e” M “IIMPOKOE”. DBOMOLUA B “Y3KOM~ CMBIC-
Jie onpeaessieTcss pa3HbIMUA aBTOPAMM HECKOJIBKO MO-pPa3HOMY,
HO B JTIOOOM CJlyyae OHa OTPAaHUYMBAETCS YUCTO OMOIOTMYECKH-



MM TpolieccaMu U pakTopamu (TaKMMHU, HAalTPUMEP, KaK U3MEHe-
HUE YaCTOT F€HOB B MOMYJISIIUSIX WU MEPECTPOMKA KUZHEHHBIX
IIUKJIOB). DBOMIOIKS B “IIMPOKOM” CMBIC/IE BKJIIOUAET B ceOsl He
TOJIKO UCTOPUYECKHE MPOIIECChl, U3yYaeMble OUOJIOTUel, HO U
UCTOPUYECKHE MPOLIECCHl, U3yUaeMble APYTMMU HayKamu — (pu-
3UKOW, XUMHEW, ACTPOHOMUEN, T€0JIOTUEN, COLTUAIBHOM UCTOPHU-
en. “IIlnpokoe” MoHMMaHUE SBOMIOLMUA MOKHO BCTPETUTD y Pe-
opocust ['puropreBrua J{oOpKaHCKOTO, 3HAMEHUTOTO F€HETHKA,
OJJHOTO M3 KPYITHEHIIIUX OMOJIOroB XX BeKa.

“OO0MIenpUHSATOTO ONpeeIeHHs] SBOIOLIN HE CYIIECTBYET, —
ncan JJoOpkaHCKHiA. — DBOIOIMS — 9TO U3MEHEHHUE, HO He JII0-
60e u3MeHeHue ecThb 3BomoLMs. Camoe y3Koe orpesiesieHue Mpu-
3HaeT TOJIBKO OMOJIOTMYECKYIO SBOJIIOIHIO, JIEMEHTapHbIE COObI-
TSI KOTOPOW — U3MEHEHHsI YaCTOT T€HOB B TMOMYJISALMSIX KUBBIX
opranu3MoB. HakorieHre u o0beJMHEHNE TAKUX TeHETUYEeCKUX
COOBITUI Ha MPOTSKEHUH JIOJTUX MIEPUOJOB BPEMEHU TIPUBOIAUT
K KPYIHBIM OMOJIOTMYECKUM M3MEHEHHSAM: aMeba W TPUMHU-
TUBHBII BUPYC MOTYT MPEBPATUTHCS B Y€JIOBEKA WM MOTY4YUid
ny6. Korpa mpuMepHO Tpu MUJUIMapAa JieT Ha3aj Ha TJIaHeTe
3eMJIsl BO3HUKJIA JKU3Hb, 9TO ObLIO Pe3YJIbTATOM CJIOKHOM Ce-
pUU MIPOLIECCOB, MPOTEKABIIMX B HEOPraHUUYECKOW mpupoae. A
MPUMEPHO JIBa MIUIMOHA JIET Ha3a]| OMOTIOTUIECKast SBOJTIOIHS
NOpOJMJIa YeJIOBEKa — CYIIECTBO, CIIOCOOHOE K aOCTPaKTHOMY
MBIIIIJIEHUI0, KOMMYHUKAIIMK HA S13bIKE CUMBOJIOB, O0Jaiaoniee
CaMOCO3HAHUEM U OCO3HAHUEM CBOEW CMEPTHOCTH. SICHO, 4TO
MeXay BonbIM B3pHIBOM, 3aITyCTUBIIAM OOpa30BaHUE XUMH-



YECKUX JIEMEHTOB, U MOSIBJIEHUEM YCJIOBHUU, MOAXOASIINX IS
BOZHMKHOBEHUSI KU3HU, BO BCeeHHOI MPOU30III0 MHOKECTBO
COOBITUI. DTU COOBITUS CKJIA/IBIBAIOTCS B KOCMUUYECKYIO (HEOP-
raHnyeckyio) 3pomonuoo. C Apyroi CTOPOHBI, YEJOBEK — IJIaB-
HBII repoi ICTOPUYECKOTO MPOIIECCa, B XO[e KOTOPOTo OMOJIOTH-
YeCcKue U3MEHEHUS er0 OpraHn3Ma MepeK pblBalOTCs KyJIbTypHOM
HACJIeICTBEHHOCTBIO, JICHCTBYIOIIEN yepe3 oOyuenue. Mcropus
YeJIOBEUECTBA CBSA3aHA B MIEPBYIO0 OYEPEAb C IBOTIOLMEN KYJIbTY-
pbL. Tpu 3BOMIOIMM — KOCMUYECKasi, OMOIOrnYecKast U KyJIbTyp-
Hasl — COCTaBJISIIOT €IUHBIM TPaHANO3HBIN IPOLECC YHUBEPCAIb-
HOU 3Bosmormn” M,

[lo ompenenenuio majneoHrtosnora BanentuHa AOpamoBHua
KpacuioBa, sgoaroyust — smo cepusi nocnredosanenvHvix uameHe-
HULL C UCMOPUUECKU 3HAUUMBIM pesyabmamom 121, DT1o onpenere-
HUE HE NPOTUBOPEYUT “IIMPOKOMY” MOHMMAHUIO SBOJIIOLIUU 110
JHoOpkaHCKOMY, 1 UIMEHHO OHO OyJIeT 10 YMOJTYAHUIO TTPUHSTO
B JIaHHOW KHUre. CUHTE3 TSKENbIX 3JIEMEHTOB B 3B€3/1aX — 3TO
9acTh MPOIECcca KOCMUUECKOL IBOIIONNU, O KOTOPOM MBI OyaeM
BpEMsI OT BpEMEHM rOBOPUTH U Jablie (B miaBax 3,4, 7, 13, 16).
[loToM MBI IEPEUJEM K OUOA02UHECKOL IBOIIIOLIAN, PA3TOBOPY O
KOTOpOW OyeT MOCBSIIIEHA MTOYTH BCSl BTOPAasi TIOJIOBUHA KHUTU
(rnaBbl 12—17). Y1 TONBKO KYabmypHas BOTIOLUS B STOW KHUTE
MOYTH HE PACCMaTPUBACTCS, 3a UCKJIIOUEHUEM KPAaTKOTO YITOMMU-
HaHUA B KOHIIE IJIaBHI 17.



CampbIl IJIaBHBIA aTOM

XUMUS U3BECTHBIX HAM KMBBIX CUCTEM OCHOBaHa Ha OIHOM
IJIABHOM 3JIEMEHTE — yIJIepoJie.

[MposichuM Koe-Kakue TepMuHbL. JI100asi COBOKYIHOCTh aTo-
MOB U MOJIEKY1 B XMMHUU (M B OMOJIOTMHM) HA3bIBAETCS @elife-
cmeom. BetiectBa MOTYT OBITh TPOCTBHIMU (COCTOSIIIIUME U3 OfI-
HOT'O 3JIeMEHTA) WX CJIOKHBIMU (COCTOSIIIIMMU U3 PA3HBIX dJ1e-
MeHTOB). CJI0)KHOE BEIECTBO, B KOTOPOM aTOMbl pa3HbIX 3Je-
MEHTOB COEIMHEHbl MEXy cOO0M XMMUYECKUMU CBS3SIMU, Ha-
3bIBaeTCs coeduneruem. Jlioboe coequHeHne, Kak paBuiio, uMe-
€T OCTOSIHHBIN COCTaB, KOTOPbI MOKHO OMHUCATh MPOCTOr (hop-
MYJIOW, YKa3blBAIOLIEW YHUCIIO aTOMOB KaXIOro 3JIEMEHTA B €ro
MosekyJie. Harmpumep, Mosiekysa BOIbl COCTOMT U3 JIByX aTOMOB
Bonopona (H) u ogroro atoma kucnopona (O). CooTBeTCTBEHHO,
opmyna Bogst — H,O.

OpnHako ceityac Hac uHTepecyloT coenuHenus yriuepona (C).
OHM HACTOJIBKO Pa3HOOOPA3HBI, YTO MX U3YYEHUEM 3aHUMAETCS
1ies1ast 001aCTh XUMHH — opearuueckasi xumusi. [lonagany, B XIX
BEKe, OPraHMYeCcKOl XMMHUEN Ha3BaIM XMMUIO BELIECTB, 00pazy-
IOLIMXCSl B PACTUTENIbHBIX U KMBOTHBIX OPraHU3Max U IMojyvae-
MbIX U3 HUX. [IOoCTENEHHO CTaNo MOHSATHO, YTO B COCTaB MOYTH
BCEX ITHX BEILIECTB BXOIUT yIJIepoll. B utore opraHnyeckoit Xxu-
MUel CTaJIM Ha3bIBaTh XMMMIO JIIOOBIX O0JIee-MeHee CIIOKHBIX CO-
€IMHEeHUN yriepona, 6e30THOCUTEIBHO K TOMY, €CTh OHU B KH-



BbIX Tenax win HeT. COKpallleHHO TaKue COEIMHEHUs IIPUHSATO
Ha3bpIBaTh IIPOCTO “OpraHMYECKMMH BelecTBaMu . MHorue us
HUX JIEMCTBUTEJILHO UMEIOT KAKOE-TO OTHOIIEHUE K KUBbIM (WU
MEPTBBIM) OPraHU3MaM, HO JIaJIEKO HE BCE. XMMUUYECKUI COCTaB
OPraHM3MOB — IIPEAMET OTIEIbHOW HAYKH, KOTOpasl Ha3bIBAETCS
ouoxumuer.

VYrnepon — mecToi no cyeTy 31eMeHT Tadnuipl Meneneesa.
ITO 03HAYAET, YTO €TI0 aTOM COAEPXKUT LIECTh IIPOTOHOB (Z=6).
YucTelil yriiepod U3BECTEH HAM B BUZE ajiMasa, rpaduTa UM yr-
JI. A BaJICHTHOCTb YITIEPOAA B OPraHUYECKUX COETMHEHMAX BCE-
ria paBHa 4. 910 — BaxkHeNIUi (pakT, 6e3 3HaHHUsI KOTOPOT'O I0-
HATbH YCTPOUCTBO KMBBIX OPraHU3MOB IIPOCTO HEBO3MOKHO.

Kpome Toro, yrnepox vMeer TpU XMMHUYECKHE OCOOEHHO-
CTH, OTYACTH OOBSCHSIONINE, MOYEMY OPTaHMYECKUX COEIIHE-
HWIA TaK MHOTO. Bo-TiepBbIX, aToM yriepona crocodeH oopaso-
BBIBaTh YCTOMYMBYIO KOBJIEHTHYIO CBSI3b IOYTH C JIOOBIM ApY-
TMM 3JIEMEHTOM MEH/IEJIEeBCKOM TaOJMIIbI; JaJIeKO He PO Kak-
JBIM aTOM MOXHO TaKOe CKa3aTb. BO-BTOpBIX, aTOMBI yIiiepoaa
OTJIMYHO 00Pa3yloT KOBAJICHTHBIE CBSI3U APYT C JPYroM, CO3/a-
Bas B pe3yJIbTaTe JJIMHHBIE LETIOUKH (B TOM YUCIIE BETBSAILUECS),
KOJIbLIA U APYTUE CJIOKHBIE CTPYKTYpPbl. VI B-TpETbUX, KOBAJIEHT-
Has CBS3b “YITIEPO[ — YIJIEpPON” JIETKO MOXET CTaTh KPaTHOM, TO
€CTb JABOMHOM WK TpoiHOM. K cBA34M yriiepona ¢ HEKOTOpbIMU
JOPYTMMH 3JIEMEHTAMU 3TO TOx)e OTHOCUTCA. CKIOHHOCTD yrile-
pona K 0Opa30BaHMIO KPATHBIX CBSI3€i OYEHb BaKHA U B OPTraHu-
YEeCKOW XVIMUU, U B OMOXVIMUU.



YriaeBoaopo/abl

Camoe pocToe Ha CBETe OPraHNYeCKOe COeJUHEHUE Ha3bIBa-
ercst MmeraHoM. Mosiekysia MeTaHa COCTOUT U3 OJIHOrO aToMa yr-
JiepoJia v YeThIpeX aTOMOB BOJIOPO/IA, COSJMHEHHBIX C YIJIEPOIOM
KOBAJIEHTHBIMU CBsI3sIMU. Ha si3bIke XUMUYECKUX CUMBOJIOB 3TO
BRIIIAOUT Tak: oguH yriepon (C) u versipe Bogopona (H) 06-
pazyot monekyny CH 4 (¢popmyna merana). B 6oree nompoOHoi
opmyne — rpadpuueckoil — KaxkIyl0 KOBUIEHTHYIO CBSI3b 000-
3HAYaI0T YePTOM, MPOBOAUMOM B JAHHOM CJTy4ae MEXy CUMBO-
mamu C u H.

XUMUYECKUe COeJUHEeHH I, COCTOSIINE TONBKO U3 YIJIepoaa U
BOJIOPOZA, BIIOJIHE JIOTMYHO HA3BIBAIOTCA Y2.1€6000p00amu (CM.
puc. 1.4). MertaH — 3T0 camMblii MPOCTOW BO3MOXKHBIN YIJIEBOJIO-
pon. [Ipumeps! yrieBogoOpoIoB, CAEAYIOMIMX 32 HUM IO CJIOXK-
HoctH: 3TaH (CoHg), mponan (C3Hg), Oytan (C4H(), menTan
(CsHj,), rekcan (CgH4). OcHOBY J11000# 13 3TUX MOJIEKY.T 0Opa-
3yeT 11eN0YKa aTOMOB YIJIepO/ia, COeTUMHEHHBIX MEXKIY COOOH KO-
BAJICHTHBIMU CBSI3SIMU. A BCe BaJIGHTHOCTH, CBOOOJIHBIE OT yIJyie-
PO-YIIIEPOIHBIX CBSI3EW, TaM 3aHMMAIOT aTOMBI BOAOpOa. 3Hast
STU TIPUHIIMITEI, HAPUCOBATH CTPYKTYPY YIJIEBOAOPO/A C JTIOOBIM
3aJJaHHBIM YKCJIOM YIJIEPOIHBIX aTOMOB MOKHO OUeHb Jierko. Ha
rpadguyeckux popMysax BUTHO, UTO HECKOJIBKO 3HAKOMBIX HaAM
Teriephb YIIeBOJOPONIOB — 3TaH, MPOIaH, OyTaH, TIEHTaH U TeK-
CaH — OTJIMYAIOTCS JIPYT OT JIpyra TOJBKO YMCJIOM COBEPILIEHHO



oauHakoBbIX rpynn — CH,_.

[lenoyky atoMoB Yrjiepoaa, COEAMHEHHBIX KOBAJIEHTHHIMU
CBSI3SIMM, OOpa3ylOT OCHOBY HE TOJIBKO YIJIEBOJOPOIOB, HO U
MHOTMX JIPYTMX OpPraHM4YecKux BeulecTB. [JMHa 3TuX nenovyek
HUYEM He OrpaHUWYeHa, B HUX BIOJIHE MOTYT BXOAWUTH JIECSATKU,
COTHH, @ MTHOT/Ia M THICSIYM aTOMOB. Kpome Toro, yriepoaHsle 11e-
MOYKHU He 00s13aTeNIbHO JTUHENHb. OHU MOTYT BETBUTHCS, & MO-
I'YT U 3aMbIKaThCsl B KOJIbIIA.

Ho u 310 eme He Bce. buBaoT Takue yriueBogopodbl, Iae
HEKOTOpHBIE YIJIEPO-YIJIEPOIHbIE CBSA3U B IIETIOYKE — JBOWMHBIE
WIW TPOWHBIE, TO €CTh 00pPa30BaHbl JBYMsI WM TPeMsl Mapamu
JIeKTPOHOB. HarmoMHKM, YTO BaJIEHTHOCTb YIJIEPOJA B OPraHu-
YEeCcKMX MOJIeKYJIaX Bceraa paBHa ueTbipeM. [losaTtomy atom yr-
Jiepo/ia, YYacTBYIOIIMI B 0Opa30BaHUM JBOMHOUM CBSI3U, MOXET
MPUCOEIUHUTh HA OAWH aTOM BOAOPOJA MEHbIIE, a MPU TPO-
HOW CBSI3U — Ha JjBa aTOMa BOAOPOJIA MEHbIIIE M0 CPAaBHEHUIO C
aTOMOM YIJIEpPO/ia, BCE CBA3M KOTOPOro oiuHapHbie. Pasymeercs,
9TO oTpaxaercs B (popMynax Bewects. [Ipocrenmil yrieBono-
poa ¢ ABOUMHOM cBsi3bI0 — 3TIIieH (CoHy), onMH U3 OTHOCUTEb-
HO HEMHOTHUX YTIJIEBOAOPOJIOB, BCEPhe3 UHTEPECYIOMmnX (PU3no-
JIOTOB: OH CIIy’KUT TOPMOHOM Y pacteHuil. [Ipocrennmii yrieBo-
Jopoj, ¢ TpoiHo# cBs3bio — arietusieH (CoHy). Ha coBpemenHoi
3emiie OMOXMMUYECKOe 3HAYCHUE alleTUJIeHa He CTUIITKOM BeJH-
KO, 3aTO OH pacClpOCTPaHEH B KOCMOCE Y CYUTAETCS OIHUM U3 Ca-
MBIX BEPOSITHBIX YYACTHUKOB JOOMOJIOTUIECKOTO CUHTEe3a, MPH-
BEJIIIIET0 KOIa-TO K BO3HUKHOBEHUIO XM3HU!3l, DTO 1OBOIBHO



AKTUBHOE BEIEeCTBO, KOTOPOE MPEKPACHO TOPUT U MOXKET MOITO-
MY MCIIOJIb30BaThCA JIJISl OCBEIIEHUs. B CTapuHy alleTUIeHOBBIE
(hapel ymyapsuiMch CTaBUTDH Jaxe Ha BeJlocuIie/ibl. B3pbIB Takoi
BEJIOCUIIEHON (papbl CTasl IPKUM BOCIIOMMHAHUEM T'epOeB MO-
Bectu [Ixepoma [Jxepoma “Tpoe Ha Besocunenax” (IpogoIKe-
HUA 3HameHuTou “Tpoe B ofHOM JIoaKe™): “...Mbl TUXO-MUPHO
exaJm 1o Yurou-poyn, 6eceiopanu o TpuaniaTuieTHed BOHe, U
BIpPYT TBOSI (papa B3opBaiack, Kak Oy/To U3 pyxkbs najabHym. Ot
HEOXXUIAHHOCTH $1 CBAIWJICA B KaHaBy. Hukorna He 3a0yny v
muccuc ['appuc, korna s TOBOPHII €M, UTO HUYETO CTPAIIHOTO HE
MIPOU3OIILIO, BOJIHOBATLCS HE CIIeyeT — TeOs y&ke HECYT Ha HO-
CHWJIKaX, a Bpau C CECTpOU OyayT ¢ MUHYTHI HA MUHYTY...” ! Celi-
yac alleTUJICHOBbIE CBETWIIBHUKY UCTIONb3YIOTCA pelko. losbiie
BCEr0 OHU TMPOJEPKAIUCh HA OTIAJIEHHBIX MasKax, Kyaa ObUIO
TPYJIHO IMPOBECTH JIEKTPUYECTBO.

! Ilep. A. INonosa.
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Puc. 1.4. HeopraHnyecKyie Monexynsl W yresofopoael

JIBuHemcst jaiibiiie. B HEKOTOpBIX YIJIEBOIOPOAAX 3aMbIKa-
HME YIJIEPOIHOM LIETIOYKH B KOJIBLIO COUETAETCs C MPUCYTCTBU-
€M JBOVHBIX CBSI3€H, NMPUUYEM Cpa3y HecKonbKux. Camblil n3-
BECTHBIN M3 Takux yrieBopopoaoB — O6enson (C¢Hg). Moneky-
7a GeH30/1a — 9TO KOJIBLIO M3 IECTH aTOMOB YIJIEpoja C TpeMsi



OVHAPHBIMU U TPEMsI JIBOMHBIMU CBSI3SIMU MEX]y HUMH (CM.
puc. 1.5A). OnuHapHbIe U JBOWHBIE CBS3U B KOJIbIIE CTPOTO Ye-
penytorcs. B pesyabraTe y Kax/10ro aroMa yrjiepoja oCTaeTcs o
OJIHO¥ CBOOOTHOM BAaJICHTHOCTH, U 3TU BAJICHTHOCTH 3aIOHSIET,
KaK BCer/aa, BOAOPO/I.

CrpykTypy OeH30/a BBISICHWI TOT K€ 3HAMEHUTHI XUMUIK,
KOTOPBIN OTKPbUT YETHIPEXBAJIEHTHOCTD YIJIEPOAA, — HeMell Ppu-
apux Apryct Kekyse. B cBoe Bpemsi 310 ObUIO 3aHUMATETBHOM
XMUMUYECKON “UHTPUTON”: COCTaB MOJIEKYJIbI OEH30J1a — IIeCTh
aTOMOB YIJIEpOfia U IIECTh aTOMOB BOAOPOJA — YK€ ObUT TOYHO
U3BECTEH, a BOT MOPSIOK CBA3EW B 9TOM MOJIEKYJIE JJOJITO OCTa-
BaJsics 3arajakon. Kekysne naneko He cpa3y ynanoch ee pa3rajiarh.
OpHaxpl OH 3apeMal JHEM Y KaMHHA M YBUJEN COH, B KO-
TOPOM HECKOJIBKO MEePETIETAIONIMXCS 3Mel 00pa30BaJI KOJBIIO.
CoH 1 nozicKasas eMy MpaBHIIbHYIO rpadudecKyio (hopmyry OeH-
3omal'#l, DTy ucTopmio 4yacTo paccKa3blBalOT IITKOJbHbBIC yUHTE-
JIs1 XUMHH, TIOYEMY-TO 3aMEHsIs1 3Mel Ha LETUISIOIIMXCS IPYT 32
apyra o0e3bsiH, KoTopbix Kekyrne sikoObl Buaen B 3oomapke. [1po
00e3bsIH, Cy/is TI0 BCEMY, YUCTENINasi BbIIyMKa; HO COH, HABesIH-
HBII pa3MBIITUIEHUSIMU O OeH30I1e, AeUCTBUTEbHO ObLI, U CTPYK-
Typy Oenzona Kekyne ycTaHOBWII B pe3yJbTaTe BEPHO.

IIpaBna, TyT ecth omHa BaxHasA nornpaska. [IposeneHHbie B
XX Beke (pU3MYECKUe UCCIEOBAHUS MMOKA3aIU, YTO BCE IIECTh
YIJIEpO/I-yTJIEPOIHBIX CBSI3EN B MOJIEKYJie OeH30J1a Ha CaMOM Jie-
Jie OAVHAKOBBI: OJJMHAPHbIE CBSI3U TaM HEBO3MO)KHO OTJIMYMUTH
OT NBOWHBIX. OOBSACHSETCS ITO TEM, UTO JTEKTPOHBI, 0Opa3yI0-



II[Me TBOMHBIE CBSI3M, JIEJOKAJIM30BaHbI (“pa3Ma3aHbl’) MO Bce-
My Kojbily. I B pe3ysbTate Bce YIiepod-yriiepOIHbIE CBSI3U B
OeH30JIe He CTPOro OJIMHAPHBIC U HE CTPOTO JIBOWHBIE, a KaK Obl
“nonytopubie” (cM. puc. 1.5b). Ha cxemax opraHu4eckux MoJie-
KyJI HIECTUYJICHHOE YIJIEPOJHOE KOJIBIIO C TAKOM CUCTEMOU CBSI-
3eil YacTo 00O3HAYAIOT MPOCTBIM IIECTUYTOJILHUKOM C KPyroM
BHYTpU (cM. puc. 1.5B, I'). Dta cTpykTypa — Tak Ha3blBaeMoe
apoMaTUyecKoe sIpO — €CTh BO MHOI'MX OPraHMYECKUX MOJIEKY-
Jlax, B TOM YHUCJIe M OMOJIOTUYEeCKU aKTUBHBIX. ApOMATHYEeCKOe
SIIPO, HE BXOJSAIIEE B COCTAB HUKAKOW APYrod MOJIEKYJIbl, — 3TO
IPOCTO OEH30II.



A H B
!
Ho =t H
\C/ \C/
R
| | S
C C
H X~ H
|
H
B ’ r
|
Ho 25X _H
: !
H™ \C/ ~H
|
H

Puc. 1.5. CTpyKTypa Moneynsl 6eHsona. A — TpaiuLMoHHasA dopmyna, b — gopmyna, Gonee 6113-
Kas K GU3MYECKOR peansHocTu, B, I — TpagnUMOHHBIA CUMBON GEH30NLHOMD, UNKH apo-
MaTHYeCKOro, KoNbLA. YpoGopoc TYT NoMelleH B WYTHY

Kanp Tonbko, uto @punprxa Aprycra Kekyne oObdHO yr1io-
MUHAIOT B KHUTaX B CBsI3U ¢ (hOpMYJIOi OEH3071a ¥ HH C YeM JIpy-
ruM. TeM cambIM €ro HeBOJIBHO HeJooleHuBalT. Beap Kekyie
OTKPBUT HE YTO-HUOY/Ib, & YETHIPEXBAJIEHTHOCTD yriiepoaa! 1o
OJHO U3 BaXHEHIIIMX XUMUUECKUX OTKpbITUI XIX Beka, CUIIbHO
TIOBJIMSIBINIEE HA Pa3BUTHE HE TOJBKO XUMHU, HO ¥ OMOJIOTHH.



YriaeBogoponsl, Kak IPaBUIO, OWOXMMHYECKH HEAKTHB-
Hbl. [lomaBisiomnmee OOMBITMHCTBO OPraHUYECKUX COCTUHEHUM,
YUYaCTBYIOIIUX Y )KMBBIX OPraHU3MOB B OOMEHe BellleCTB, CONEp-
KUT KaK MUHUMYM €11Ie U KUCIOPO/, TO €CTh K YIJIEBOJOPOJaM
HHUKAK HE OTHOCHUTCS.

CnupThbl

Tenepb naBaiiTe BCIIOMHUM, YTO BaJIEHTHOCTh KHCIOpOJa
paBHa ByM. Ha s3bIKe XMMHUYECKMX CUMBOJIOB 3TO O3HAYAET,
YTO KHUCJIOPOJ MOXKET BXOOUTh B OPraHUYECKUE COECJUHEHUS B
Buze rpymsl — O—. Eciiu ke ofHy U3 BaJleHTHOCTEW KUCI0poaa
3aliMeT BOIOpO[, TO nonyuutcs rpynna — O — H, cokpaiiileHHO
npocto — OH ("eprouky, 0003HAYAIOIIYIO CBsA3b, B (hopMyiax
4acTo OIYCKAIOT, 3TO HUKAK He BJIMAET Ha UX cMbich). ['pynma —
OH HazbIBaeTcsl 2uOpOKCUNBHOI, 3 OPFAaHUYECKUE COETUHEHUS,
B COCTaB KOTOPBIX OHA BXOIUT, — cnupmamu (cM. puc. 1.6).

Camplii MPOCTOM U3 BCEX BO3MOXHBIX CTUPTOB — METHJIOBBIN,
w1 MeTaHos1. OH BKJIIOUAET BCEro OIMH aToOM yIJepona, K Ko-
TOPOMY IIPUCOEIVHEHBI TPU aTOMa BOJOPOAA U TUIPOKCUIIbHAS
rpymmna. ®opMyy METUIOBOTO CIMPTA MOKHO 3alucarh Tak:
CH3OH. [Jo6aBum, uto rpymma — CH3 Ha3bIBaeTCs MemuavbHoI.
WTak, Monekya METUIIOBOTO CIMPTa COCTOUT TOJIbKO U3 METUJIb-
HOWH TMAPOKCUIIBHOU TPYIIII.

Eciu atToMOB yriieponia B MoJieKys1e OOJIbIle OTHOTO, TO TOMY-
qaloTcs 6ojiee cokHble crupThl — 3TUI0BbIN (CoHsOH), mpo-



mioBsiid (C3H70OH), 6ytunossiii (C4H9OH) u tak nanee. B 06-
IIeM, JIIOOOW CIUPT MOXHO OMKCaTh KaK COEAMHEHHE, COCTOsI-
1ee U3 TUJPOKCHIILHOW TPYNIbl U YIJIEBOJAOPOJHOIO pajuKaa
(paduxan — 310 U3MEHsIeMasi YacTh MOJIEKYJIbI, BCE PABHO UTO X
B apU(PMETUYECKOM YPABHEHUH).
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PHC. 1.6. CIUPTHI, NPOCTHIE 3DHPL, ANbAETHAL], KETOHBI, YTNEBOAL!



B criupre MoXkeT ObITh U HECKOJIBKO TUAPOKCUIIBHBIX TPYIIII,
€CJI MPUCOEIUHUTH X K Pa3HbIM aToMaM yriepoaa (K OqHOMY
U TOMY K€ HeJIb3s: TaKash MOJeKyna OyleT CIMIIKOM HeyCTOM-
yuBoil). Hampumep, MOXHO co3/aTh CIUPT C JIBYMsI aToMa-
MU yTJIEPOA, ABYMsI TUAPOKCUIBHBIMU TpyniaMu v (hopMysion
C,H4(OH),. D10 Oyner STWICHIIMKOIb. Bo3MOXeH U CriupT B
BUJIE 1IETIOYKH U3 TPEX aTOMOB YIJIepOa, Kak/Ibli U3 KOTOPBIX
HECEeT CBOK TUAPOKCUIIbHYIO Ipyriy. DTo Oyner riwiepuH. Bee
CBOOOHBIE BAJICHTHOCTH U B STWJIEHIJIUKOJIE, U B IJIUIIEPUHE 3a-
HSATBHl aTOMaMH BOIOpoAA (Aajiee Mbl Oy[eM OITyCKaTh 9TO yTOY-
HEHUE, C OPraHuYeCKUMH BEIeCTBAMH OHO IMOApPAa3yMeBaeTCs
camo coooit). Kpatkas opmyna rmunepuna — C 3Hs(OH)3. buo-
XMMUKaM OH UHTEPECeH, IOTOMY UTO C €ro y4acTreM 00pasyloT-
Cs1 KUPBl U HEKOTOPBIE IPYTe BaKHbIE [JIs1 KJIETOK BEIEeCTBa —
MBI TIOTOBOPUM O HUX B IJIaBe 5.

[epeBenem ayx. OueBUIHO, YTO OOMIIME XUMHUUYECKUX (hOp-
My (a ganeine ux OymeT eire Oosibiie!) Mpu TMOBEPXHOCTHOM
B3[JISIJIE BIIOJIHE MOKET OTIYTHYTh YE€JIOBEKa, KOTOPbI paHbIle
HUKOT/Ia B CBOEH XW3HHM HU C YeM IMMOJOOHBIM HE CTaJKUBAJICH.
OuepenHasi Xopolasi HOBOCTb 3aKJII0YAeTCs B TOM, YTO B 3TOM
00J1aCTH TPAKTUUYECKH HEBO3MOKHO OIMMOUTHCSA. Benp, 1o cyTH,
€IMHCTBEHHOE, YTO HAJI0 3HATh JJIsl COCTaBJIeHusl hopMyJI Opra-
HUYECKUX BEIECTB, — 3TO BAJICHTHOCTH JIEMEHTOB (HAIOMHUM:
Boniopon — 1, kucnopon — 2, a3or — 3, yriiepoa — 4, ¢pocdop — 5).
Jlio6as rpadgpudeckas popmynna, HapucoBaHHAs ¢ COOMOICHIEM



9TUX BAJIEHTHOCTEH, yKe TeM caMbIM OyieT npaBribHOM. Koneu-
HO, BEIIECTBO MOXKET OKa3aThCsl PEIKUM, WM HEYCTOMUMBBIM,
WIA HUKEM ellle He TIOJTYYEHHBIM, UM OTHOCSIIIMMCS K HEU3-
BECTHOMY BaM KJiaccy, HO ero (hopMyJsia OT 3TOrO BEPHOW ObITh
He niepectaneT. [TonHast TBopyeckast cBoOoyia: 3Hai cede KoOMOH-
HUPYI TOTOBBIE OJIOKM B HOBBIE CTPYKTYPHL.

dopmysbl OpraHUYeCKUX BEIIECTB B YeM-TO HATIOMUHAIOT KU-
TaliCKUe U ANOHCKUE nepornugpl. OHU MPUMEPHO TaK KE CO-
CTaBJISIIOTCSA M3 HAa0Opa TOTOBBIX PaJUKAJIOB (M3BECTHBIN (PHITO-
nor-smoanct Kupust YepeBko tak u mumet: “Uepornudsr 06-
pas3yloTCs U3 pa3IMUHbIX COYETAHUUN OrPAaHUYEHHOTO YMCIIA MPO-
CTBIX 3JIEMEHTOB — MOAOOHO TOMY KaK M3 aTOMOB 0Opa3yloTcs
MoJiekyJibl”). Ilpuuem B cityuae ¢ neporiudaMu KOJIMIecTBO pa-
JIMKAJIOB HAMHOTO (B JIECSITKY pa3) OOJbIlle, a paBUia X coue-
TaHUS KyJla TPUXOTIMBEH.

Jlio6as rpacpuyeckast popMmysa — 3TO CBOETO polia YHUKAIIb-
HBIN “TIOPTPET” JaHHOTrO coeArHeHus. M3 3aneyatyieHHOro B Hel
NOpAAKA CBA3EH Cpa3dy ke CIEeAyIOT MHOTME CBOWCTBA Bellle-
CTBa, Kak (pU3MUECKHUE, TaK U XUMHYeckue. Harpumep, rekcaxn
(CgH4) n 6en30n (CgHg) cyimecTBeHHO pa3inyaloTcs 1Mo CBOM-
CTBaM, XOTsI 002 OHU — YIJIEBOIOPO/IbI, BKJIIOYAIOIIUE TIO IIeCTh
aToMoB yrieposa. CBoiicTBa COeIMHEHUH, B COCTaB KOTOPBIX J10-
MOJIHUTEJIBHO BXOIUT KUCJIOPOI UM a30T, CKOpee Bcero, OymyT
paznuuarbes eltle cuibHee. M 4To camoe I71aBHOe, 9T pa3indus
OyIyT 3aKOHOMEPHBIMH: XUMHK, MaJIO-MaJIbCKU pa3OUparoInii-
Cs1 B CTPOSHUU MOJIEKYJI, JIETKO UX MPEICKaKeT.



B oOmeM, Mup opraHMYecKUX COEJUHEHUH pa3HOOOpa3eH,
yBJIEKaTeJIeH U, IJIaBHOE, BHYTPEHHE JIOTWMYEH. 3HAKOMCTBO C
HUM, JIa)ke Ha CAMOM Ha4yaJIbHOM YPOBHE, MEHEe BCEro Moxoxe
Ha IPUMUTHBHYIO 3yOpexKy. BocnpumeM 3TO 3HaKOMCTBO Kak
JIETKYIO MPOTYJIKY MO “300JIOTMYECKOMY Cajly MOJIEKYJT  — Haro-
ao6ue “300I0TMUECKOTO Cca/1a IIaHeT , 0 KoTopoM mmcan ['ymu-
JIeB B CTUXOTBOpeHHHU “3abmynuBinuiicss TpamBaii”. B atoii 06-
JIacTy YyeM Oosiblie (popMyI1 — TEM MOHSITHEE.

Ot 3¢phuposB 10 yriieBoaon

Cnenaem eme onuH 1mar. Kucnopon (—O—) MokeT BXOOUTh B
OpraHUYeCcKHe MOJIEKYJIbl HE TOJIBKO B COCTABE I'MIPOKCUIBHOM
rpymmsl. C TeM ke YCIeXOM OH CIOcOOeH 00pa3oBaTh MOCTHK
MeXIy AByMsl aTOMaMHM yIJIepoaa, Kak, Halpumep, B TUMETHUIIO-
BoM 3¢pupe: CH3—O — CH3. Bemectsa c obiieit popmysoit R —
O — Ry, rae Ry u Ry — moGsle yrieBogopoaHble paanuKaibl, Ha-
3bIBAIOTCS npocmulmu dghupamu. JuMeTunoBblii 3¢up — UX Mpo-
CTEHIIINA ITPEICTABUTEb.

OcranoBuMcs B 3TOM MecTe. Ham yske 3HakoMO BeIecTBO Moj
Ha3BaHWEM “STWJIOBBIN CIIUPT” (OH ke MPOCTO 3TaHo). Tak BOT,
Kparkas (popMyJia STHJIOBOTO CHMPTA MOJHOCTBIO COBIAJAET C
3aMMCaHHON TaKUM € CIIOCOOOM KpaTKOH (hOpMyJIoN AUMETH-
nosoro 3¢upa: CoHgO! Xotd 310 cOBEpLIEHHO pa3Hble Belle-
CTBAa, OHM OTHOCATCS K Pa3HbIM KJ1accam M 00JIafaioT pa3HBIMU
XMMHAYECKHMHU CBOWCTBaMU. BelllecTBa, MMelole OIMHAKOBbIMA



ATOMHBII COCTaB, HO PA3HYIO CTPYKTYPY, Ha3bIBAIOTCS U3oMepa-
mu. VI3omepus, TO €CTh CyIIECTBOBAHUE U30MEPOB, — 3TO OYECHb
YyacToe SIBJIeHUE B OPraHMYeCKON XUMUU, B TOM YUCTIE U B OMO-
XUMMH.

Jlerko 3ametuts, uto THUIOBBIM cnupT (CH3—CH,OH) u nu-
mMetmioBbid 3¢gup (CH3—O — CH3) Ha camoM jefie OTIMYaloT-
Cs TOJIBKO TTOJIOKEHHEM aTOMa KHCJIOPOAA: B OJHOM CIy4yae OH
HAXOJUTCS MEX]Y YIJIEPOJOM U BOIOPOIOM, a B IPYTOM — MEX-
Iy OByMs1 yriepogamu. Takoro uaMeHeHust 4acto ObIBaeT A0CTa-
TOYHO, YTOOBI “NiepeHecTr” BElIECTBO B JIPYTOM KJIAcC WJIM, BO
BCSKOM CJTy4yae, Cephe3HO U3MEHUTh €ro CBOMCTBA. Pa3Hbie op-
raHMYECKUE MOJICKYJIBI CTPOSTCS U3 OTHUX U TeX ke OJIOKOB TIO
MIPUHLIMIIAM, OYE€Hb HATOMUHAIOIIVM 3HAMEHUTBII KOHCTPYKTOP
JIeTo. A YUCII0 U30MEPOB Yy CIIOKHBIX MOJIEKYJT MOXKET OBITh JIO-
OBbIM — BILIOTH JIO IECSITKOB, COTEH, THICSY, MIJIJTMOHOB U TaK Ja-
Jee. Y OCIIKOB ¥ HYKJISMHOBBIX KHMCJIOT OHO BOOOIIE JOCTUTAET
ACTPOHOMMYECKMX BEJIMYMH (CM. IJIaBHI 3, 8).

PazHoobOpaszue KuciopoacoAepkalx OpraHu4ecKux Be-
IIECTB BOBCE HE MCYEPIIBIBACTCS CIIMPTAMHU Y IIPOCTHIMU 3(pupa-
Mu. [lesio B TOM, 4TO KHCJIOPOJ MOKET 00pa3oBaTh C YIJIEpOIOM
HE TOJIKO OJIMHAPHYIO CBA3b, HO U 1BOMHYI0. K camomy kucio-
pomy Toraa OoJibllie HUYEro He MpucoeTuHseTCs (IBOMHAS CBS3b
NorIomaeT 00e ero BAJICHTHOCTH), U BOBHUKAET JIETKO Y3HaBa-
emas rpynmna — CO-. Ecnu mo o6enM CTOpoHam 3TOH TpyIIIbI
HaXOZATCS YIVIEBOJOPOAHbIE PAIUKAJIbl, TAKOE COCIUHEHUE Ha-
3biBaeTcs kemornom. Odmas popmyna kerona: R (—CO — R,. Ca-



MbIii ipoctor keToH umeet popmyay CH3—CO — CH3 u Hazbl-
BaeTCs alleTOHOM; OH IITMPOKO U3BECTEH KaKk OBITOBOM pacTBOPHU-
Tesib. Eciu ke 1o onHy ctopoHy oT rpynnbl — CO— HaxoauTcst
YIJIEBOJOPOIHBIN pajivKall, a 1o APYryio NpocTo aToM BOJOPOAA,
TO TaKOE COeJMHEHNe Ha3bIBaeTCs anbdezudom. Oomas popmy-
Jma anpaernga: R — CO — H.

NutepecHo, uto u BeiectBo ¢ popmynonn H — CO — H, rae
o0a paauMKasia CBOIATCS K aroMam BOAOPOIA, TOXE IMPUHSTO
cuuTarth ajipaeruaoM. Ha3panue 3Toro BemiecTBa — MypaBbUHBIN
anpaerul, wid popMabIerua. ITO OJHO U3 CAMbIX ITPOCTHIX Op-
raHWYECKMX BEIeCTB B Mpupoje. BogHwiil pactBop popmalibie-
TY/a, YacTO MCHOJIB3YyeMbIil OMOIOraMu JIjIsl KOHCEPBAIIUM 00b-
€KTOB, — )KUAKOCTh C OTBPATUTEIbHBIM €KUM 3aIaxoM, KOTopast
Ha3biBaeTcs popMaTuHOM. 3a (hOpMaTbACTHIOM IO CJI0KHOCTU
cnenyet ykeycHbiit anbaeruj (CH3—CO — H), Hy u Tak gasee.

BbIBaeT 1 Tak, 4TO B OJIHY U TY K€ MOJIEKYJTy BXOAUT HECKOJTb-
KO pasHbIX KHCIOpoicoaepkalux rpynn. Hampumep, crumpr,
KOTOPBIA OIHOBPEMEHHO SIBJISIETCS] aJIbJETUIOM WM KETOHOM,
MO-HAYYHOMY Ha3bIBaeTcsl yenegooom. CaMblil IPOCTON U3 BCEX
BO3MOJKHBIX YIJIEBOAIOB — ITIMKOJIbAJIbAECTH I, (DOPMYJia KOTOPOTO
CH,OH - CO - H. Kak BuauM, I'TUKOJIbAJIBACTH]I BKIIOUACT B
ce0s1 Bcero J1Ba atoma yriepona. OuH U3 3THX aTOMOB yIjIepoia
HeceT TUAPOKCUIIBHYIO TPYIY (Kak B JIIOOOM CIUPTE), a BTOPOM
BXOJUT B COCTaB aJIbIETUJHOM TPYIIIIbI.

OTHOCHUTEIBHO MPOCTHIE YIVIEBOJbl YACTO HA3BIBAIOT caxapa-
mu. Takum 00pa3oM, TIIMKOIbATIBACTU] — STO JABYXYIJICPOIHBIN



caxap. BoT TyT MBI ye B MOJIHOM Mepe 3aX0IuM B 00J1acTh OMO-
JIOTHH: TJIMKONbATBETU] — BAKHBIN YIACTHUK OOMEHA BEIECTB
BO BCEX JKMBbIX KJIETKaX.

Eiie 6onee mmpoKo U3BECTHBI caxapa, OCHOBY KOTOPBIX 00pa-
3yIOT LIETIOYKH W3 MSATHU WM LLIECTH aTOMOB yriiepoaa. Takue ca-
Xapa Ha3bIBaIOT, COOTBETCTBEHHO, IATH- WIN IECTUYIIEPOAHBI-
mu. [To3HakomMuMCA 171 Havasa ¢ TpeMs UX MPEACTABUTENSIMU:

* pub03a — MATUYTIIEPOAHBIN caxap C YEThIPbMSI THIPOKCHITb-
HBIMU TPYIIIAMU U aJIbJAETUIHOM TPYIIION;

* [JIIOKO3a — IECTUYIJIEPOIHBIN Caxap C MATHIO TMIPOKCUIIb-
HBIMU TPYIIIIAMU U aJIbAETUIHOW TPYIIION;

* bpyKTO3a — IECTUYITIEPOAHBIN caxap C MATHIO TMIPOKCUIIb-
HBIMU TPYIIIAMU U KETOTPYIIION.

Kparkyio ¢opmysy prudo3s MmoxHO 3anucarh Tak: CsHjoOs.
A rmoko3a u (pykToza — m30Mepbl ¢ oOimiend ¢opMysIon
CeH120¢. CpaBHuB ux rpagudeckue (popMyIbl, JIETKO YBUIETD,
YTO IJIIOKO3a OTIMYaeTcs OT (PPYKTO3bl TOJBKO MOJIOKEHUEM
rpymisl — CO—- (B ITI0KO3€ Ha KOHIIE YIJIEPOJHON LIEIOYKHU, a BO
(bpykTO3e BHYTpU Hee). DTOro JOCTaTOYHO, YTOOBI JaTh Bellle-
CTBY COBCEM JIpyTi€ XMMUYECKHE CBOMCTBA. M NEUCTBUTENBHO,
(ppyKTO3a HECKOJIBKO MHAYE, YEM IJIIOKO3a, YYACTBYET B HAILIEM
oOmeHe BerecTB. MIMeHHO O3TOMY ee 4acTo MCHOMNb3YIOT B Ka-
YeCcTBE 3aMEHUTENsI OOBIYHOTO caxapa (B cOCTaB KOTOPOTO IJII0-
KO3a Kak pa3 Bxonurt). Cnagkue NpoayKThl “Ha (PPyKTO3e” MOXK-
HO ceiiyac HalTH B JIIOOOM CynepMapKeTe.



Mup KuCaAOT

Crnenyonmil THTEPECHBIN KJIACC BEIIECTB — KApOOHOBble KUC-
saomwt (cM. puc. 1.7). 1o coeaguHenus, B COCTaB KOTOPBIX BXO-
aut rpynna — CO — OH (oHa Ha3biBaeTcs kapookcuavroii). Jio-
0as kapOOHOBas KKMCJIOTA MO 00ITIeMy BUAY (pOpMYIIbI TOX0Ka Ha
aJIbJIETU], HO OTJIMYAETCSl OT HEero “JIMIIHUM”~ aTOMOM KHUCJIOPO-
J1a, KOTOPBIA U mipeBpalaeT anpaeruguyio rpynmy (-CO — H) B
kapookcmibHyo (~CO — O-H). O6mias ¢gopmyna KapOOHOBOM
kucioTel: R — COOH, rae R — mobast yriieBogopoaHas ienovyka
WJIM TIPOCTO aTOM BOIOPOJIA.
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Puc. 1.7. KapboHOBLIE KUCNOTH! M COMHbIE 3GUPEI

[Mpocreiimas kapooHoBasi kuciaora — mypasbuHast (HCOOH).
Cnenyromas o cioxHocty — ykeycHast (CH3COOH), 3atem —
npormoHoBas (C,HsCOOH), macnsnas (CsH7COOH) u T. 1.

BrIBaOT ¥ ropaszio 6oJiee SK30THYHO BHINISISAIINE KapOOHOBBIE



KHCJIOThI: HAalIPUMED, LIaBeJieBast, MOJIEKYJIa KOTOPOIl MPEICTaB-
asieT coOoM Be KapOOKCHJIbHBIE TPYIIITBI, COETUHEHHBIE BCTHIK
(HOOC-COOH). OHa nelcTBUTEILHO eCTh B IIaBejie, a TaKkke
B pEBEHEe M HEKOTOpbIX JPYrux pacteHusx. Vi OeH3oiiHas
KHCJIOTa, UMEIOIIAsl B KAYeCTBE PauKajia apOMaTUUeCKOe PO
(CgH5COOH). Ona To)€ COnEepKUTCA BO MHOTMX PAaCTCHUSX,
HarpuMep B OpYCHUKE U KJIIOKBE, a eIlle CIYXUT IIMPOKO pac-
NPOCTpaHEeHHBIM KOHCepBaHTOM (TuineBasi jooaska E210).
Bornee Toro, mosnekynaa KapOOHOBOM KHCIIOTHI BIOJHE MO-
KET BKJIIOYATh B cedsl M ApYyrue rpyrmbl, KpoMe KapOOKCUJIb-
HoU. Hariprimep, B HEKOTOPBIX KHUCIOTaX MOMUMO KapOOKCUJTb-
HBIX I'PYyIII €CTh THAPOKCUIbHBIE (cM. puc. 1.8). Takue coenn-
HEHUsl, TI0 OIPEeEesIeHUI0, SBJISAIOTCS OIHOBPEMEHHO KHUCJIOTa-
MU U cnvpTaMu. VX Ha3bIBAIOT CNIMPTOKUCIOTAMU WM (Yalie)
okcuxucromamy . VIMEHHO K 3TOMY KJIACCy OTHOCUTCSI BasKHBIN
MIPOMEKYTOUHBIM MPOAYKT HAIEro 0OMeHa BemiecTB — MOJIOY-
Has KHCJIOTa, MOJIEKY/IAa KOTOPOU BKJIIOYAET TPU aTOMa YIJIEpPO-
14, OHY KapOOKCHJIBHYIO TPYIITY U OAHY ruApoKcriibHyI0 (CH 3—
CHOH - COOH). BunHas kuciaoTa, XMMHUIO KOTOPOW B CBOE
BpeMs u3ydan Besmkun Jlym Ilactep, ycTpoeHa 4yTh ClOXHEE:
YeThIpe aToMa yIiiepo/a, JBe KapOOKCUIIbHbIE IPYIITIBI U IBE TH/-
pokcwibHble (HOOC-CHOH — CHOH - COOH). Ona peii-
CTBUTEJILHO €CTh B BIHE, 2 MHOT/IA JOOABIISIETCA U B €1y, HaIllpu-
Mep B KOHIUTepcKue u3zaenus (muieBas g1ooaka E334). 3ame-
TUM, YTO IyraThbCsl TAKUX JOOABOK HE CTOUT: OYEHb YACTO OHH,
KaK B JaHHOM CJTyJae, IpeACTaBIISIOT cOO0U Oe3001IHbIe Bellle-



CTBa, C TEM K€ YCIIeXOM N300MTYIOIIHE B CAMBIX YTO HH Ha €CTh
HATYypaJIbHBIX MPOAYKTaX. BUHHON KHCIOTHI, HAIPIMEP, MHOTO
B BUHOTpajie U s10J0Kax.
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PUC. 1.8, OHCUKMCNOTEI, KETOKMCNOTLI, aMUHEI, AMUHOKUCAOTE

BBIBAIOT M TaKKe KUCIOThI, KOTOPbIE OTHOBPEMEHHO SIBJISIIOTCS
aJIpIerUaMu WK KeToHaMu. TyT 10CTaTOYHO OJHOTO MpUMepa:
MUPOBUHOIPAAHAS KUACJIOTA — MPOCTEMINast KETOKUCIIOTa ¢ op-
mysiord CH3—CO — COOH. Dta Mosiekya ToxKe UTPaeT OrpoM-

HYIO pOJib B HallleM oOMeHe BellecTB (cM. TiaBy 11).



W emre HecKoJBbKO CIIOB O cnuprax. KapOoHoBass Kucjiora u
CIIUPT MOTYT BCTYIHUTh MEXJTy COOOW B PEaKINio, TP KOTOPOH
OT KapOOKCcWIIbHOM TpymIisl oTmerisiercss — OH, a ot criupro-
Boil — H. D1 oTinensienHbie (pparMeHTsl TYT ke 00pa3yloT BO-
ny (popmyna koropoir H — O—H unm H,0). A ocratku Kucio-
Thl U CIUPTA COSAUHSIIOTCS B CONCHbBLI 3¢hup — MOJIEKYIy ¢ 00-
et popmysont R —CO — O-Rj,. Haio yuutsiBaTh, 4TO CI0KHbIE
3(pUpbI 1 yKe 3HAKOMbIE HaM IPOCTbIE I(PUPBI — ITO COBEPLICHHO
pa3HbIe KJIACCHI COEIMHEHU, KOTOPBIE HU B KOEM CIIy4ae HEJb3s1
nyTath. [lo-aHruiicku, HarpruMep, OHU 0003HAYAIOTCS PA3HBIMU
KOPHSIMH, COOTBETCTBEHHO ester (CIIOXHbIN 3¢up) u ether (mpo-
croii acpup). Cpenu OMOJOTUYECKU aKTUBHBIX BEIIECTB €CTh U Te
U JIpyTve, HO CJIOKHBIX 3(pUpPOB TaM B 1iesioM Oonbliie. bes 3Ha-
HUSI TOTO, YTO 3TO TaKOE, HEBO3MOXKHO pa3o0paThCs, HAITPUMED,
B YCTPOWCTBE KJIETOUHON MEeMOpPaHBbL.

Kucaotnl versus ocHOBaHHUS

A Terepb HaM camoe BpeMs 3aJaTbCS BOIPOCOM, YTO TaKOE
KHca0Ta. Y 3a00HO — UTO TaKOe€ OCHOBAaHUE.

Haunewm ¢ kuciotsl. Kak mpaBuiio, KMCJI0OTOM Ha3bIBAIOT MOJIE-
KyJIy, KOTOpas B BOAHOM PacTBOPE AUCCOLUUPYET (ITO BBICOKO-
Hay4HbI TEPMUH, O3HAYAIOIINN “pacnalaeTcs’ ) Ha KaTUOH BO-

nopoza, To ects mpotod (H™), u Heknii anron. Hanpumep, ykcyc-
Has kuciota (CH3COOH) pacniagaercs B BOAHOM pacTBOpE Ha



MPOTOH M auerar-uoH, umeonmii popmyny CH3;COO™. Tak xe
BeAyT ceOs1 M BCe OCTalIbHBIe KapOOHOBBIE KMCIOTHL. M He TOBKO
KapOOHOBBIE, HO U JTIOObIe pyrue. Hanmpumep, consiHas KMCIoTa
(HCI) noromy 1 Ha3bIBa€TCS KUCIOTOM, YTO paclalaeTcs B BOJE

Ha IPOTOH (H") u non xJyiopa (CI7). IIpaBaa, Ha camoM-TO Jene
IIPOTOH HE CIOCOOEH CaMOCTOSITENILHO CYIIIECTBOBATh B BOIHOM
pacTBOpe — OH BCerJla MIHOBEHHO 3aXBaThIBAETCS BOJOM, 00pa-

3yl Tak Ha3bIBaeMbIi HoH rupokconns (H30™). Konuenrpanyio
VMMEHHO 3THX MOHOB PEAJIbHO U3MEPSIOT IIPH ONPEENIEHNN KUC-
JIOTHOCTH pacTBOpaA.

[IBencknii xumuk CBaHTe ApPpPEHUYC OINpPENENsI KUCIOTY
KaK COeIMHEHMe, TUCCOLMUpYIoIee B BOJHOM PacTBOpe ¢ 00-

pasosanueM npotoHa (H'), a ocHOBaHME — KaK COeIMHEHME,
JUCCOLMMPYIOLIEe B BOJHOM PacTBOPE C 00pa30BaHUEM THAPOK-

cwi-uoHa (OH™). D10 onpeaeneHne — ICTOPUUYECKU IIEPBOE U 10
CHIX TTIOp caMOe U3BECTHOE, IMEHHO ero OOBIYHO yYaT Ha YpOKax
XUMUH B 11IKOJIe. XOPOILIUI IPUMEP OCHOBAHUS IO AppeHuyCy —
eakuid HaTp NaOH, oH xe ruagpoKcu HaTpusl WM MPOCTO Ha-
TpHUeBasl 1IEJI0Yb. JTO TUIIMYHOE MOHHOE coeauHeHue. [laxe B

TBEPAOM COCTOAHNU HATpUCBAA ICJI0OYb COCTOUT U3 NOHOB [Na +]

u [OH ], a B Bozie OHAa HA 9TU MOHBI TYT k€ pacnaJaeTcsl.
Teneps — r1oxast HOBOCTb. B OMoxumuu onpeziesieHue KUCIOT

Y OCHOBaHUM 10 AppeHnycy COBEpIIIEHHO HenpuMeHuMo. Bme-

CTO HEro MblI Oy/IeM TIOJIb30BAThCS OMPE/IENICHUEM JIaTCKOTO XH-



muka Voxanneca Hukonayca Bpéncrena: kucioma — MOJIEKYJIA,
oTAaLIasA MPOTOH, OCHOBAHUE — MOJIEKYJIA, TPUHUMAIOLIAS ITPO-
TOH.

Yro 310 3Hauut? IlycTh, HampuMmep, y HaC B3aUMOJEUCTBY-
10T YKCYCHasi KUCJIOTa ¥ Boja. B mporiecce B3auMoJencTBusl OT

ykcycHoit kuciotsl (CH3COOH) oropsercs npoton (H'), koTo-
poiit nepeitnetr k Boge (H,O). B pesynbprate mosnydyarcss aHUOH

CH3COO™ u katuon H30". B 3T0i1 peakium yKcycHasi KHCJIO-
Ta “paboTaer” KUCAOTOW (OHa OTHaJsla MPOTOH), a BOJAa — OCHO-
BaHUEM (OHA IPUCOEIUHIUIIA IIPOTOH). DTO U €CTh ONPEACICHNE
Bpéncrena. 3anuck 3TON peakiuu OyIeT TaKO:

CH3COOH + H,O = CH3COO™ + H3O+

A ecnu AJis MPOCTOTHl TPOMTHOPUPOBATh Y4acThe BOJIbI, TO
TaKOWU;

CH;COOH = CH3COO™ + H*

Ilo Bpéncreny, “kucnora” uam “ocHOBaHHWE” — ITO HE MOCTO-
STHHOE CBOWCTBO COEJUHEHHS, a TOJIbKO M MCKJIIOUUTESBHO €ro
POJIb B JAaHHON XMMHUYECKOW peakivy. B nmpuHiuIe qaxe ykcyc-
Has KMCJIOTa MOXKET OKa3aThCs B “HEMPUBBIYHON” ISl ceOs1 posn
OCHOBAHWUSI, €CJIM CMEIIaTh ee C KaKOW-HUOYyab Oojiee CUIbHOM
Kucjaoton — Hanpumep, cepHoit (H,SO4). B atom ciyuae cep-

Hasl KMCJIOTa OTAACT MPOTOH M mpeBparutcs B anuoH HSO 4™, a
YKCYCHAsl KUCJIOTa MPUCOEAUHUT MPOTOH U MPEBPATUTCS B JI0-



BOJILHO PE€/IKWM, OJHAKO BITOJIHE PEAJIbHO CYIIECTBYIOIIUNA KaTh-
on CH;COOH,":

CH;3COOH + H,SO, = HSO,™ + CH;COOH,*

W, mo HaimreMy orpeJie/ieHrIo, YKCyCHasi KUCJIoTa B 9TOM pe-
aKIuy OyJeT OCHOBAaHHEM.

K cuactbio, ycioBusi, ¢ KOTOPbIMU MPUXOAUTCS UMETH JIENIO
B OMOJIOTMM, HACTOJILKO OJHOTHMIIHBI, YTO ISl TTOJABJISIOIErO
OOJIBIIIMHCTBA BEIIECTB CMEHA POJIEH KUCJIOT U OCHOBAHUM TaM
peakocTb. Tak 4TO MBI MOKEM CMEJIO CUMTATh KUCIIOTOM JIIOOYIO
MOJIEKYJTY, KOTOPAsl 8 YCAOBUSIX HCUBOL K.AemKu OOBIYHO OTHAET
MIPOTOH, & OCHOBAaHUEM — JIIOOYI0 MOJIEKYJTy, KOTOpasl 8 YCA0BUSIX
JHCUBOTL KNemKu OOBIYHO ero IPUCoeIuHsIeT. EqMHCTBEHHOE BaXk-
HOEe UCKJTIoueHue — Boga. OHa MPUMEPHO C OIUHAKOBBIM YCIIe-
XOM MOXET M OTJaBaTh MPOTOH, U MPUCOEAUHSTH ero. s Bcex
OCTaJIbHBIX BEIECTB “poyin” KUCIOT M OCHOBAHUM TYT OoJiee-Me-
Hee MTOCTOSHHBI.

OnHO U3 caMbIX pacpOCTPAHEHHBIX B IPUPOAE OCHOBAHUIN —

rugpokcuii-uodn OH™, TOT camblid, KOTOPBI 0Opa3yeTcs MpH IUC-
coranuu 1iejour. OH OYeHb JIETKO TPUCOEINHSIET K cebe mpo-
TOH M IipeBpaiaercs B Bogy. Ho ¢ TeM ke ycriexoMm B cocTaBe oc-
HOBaHHSI MOXET U He ObITh aTOMOB KHcJoponaa. Hanpumep, am-
muak (NH3) — o6pasiioBoe ocHOBaHME, HUKAKOTO KHUCIOpoaa He

cogepxkalee. B PacTBOpPE MOJICKYJIA aMMHUdAKa NPUCOCOANHACT K

ceGe MpOTOH U npeBpaiaercs B katkoH ammonus (NH4"). Kera-



TH, 9TOT UOH OYEHb MOXOXK IO CTPYKType Ha MOJIEKYJly METaHa
(CHy). Paznnuarorcs OHM TOJIBKO 3apsIOM siApa UEHTPAIbHOTO
aroma.

A Teniepb BepHeMCS K opraHnueckon xumun. CoeAMHEeHus yr-
Jepoaa, B KOTopbix ectb rpynna — NH», Ha3biBaorcs amunamu.
Oomas ¢opmyna amuHoB: R — NH;. Cama rpynmna — NH, Hazbl-
BaeTcs amurozpynnoli. I1pyu xenaHuy BIIOJHE MOXHO CKa3aTh,
YTO aMUH — 3TO AMMHMAaK, Y KOTOPOrO BMECTO OJHOTO M3 aTo-
MOB BOAOpPOA YIJIEBOAOPOIHAs LIENOYKa. AMUHOIPYIIA B CO-
CTaBe€ aMMHA COXPAHSET OCHOBHBIE CBOMCTBA (TakUe ke, KaK Y
aMMMaKa), M03TOMY aMUHBI OCTAIOTCSI TIOJTHOLIEHHBIMU OCHOBA-
HussMH. CaMblid TPOCTOM U3 BCEX BO3MOKHBIX aMUHOB — METHII-
amuH (CH3-NH;), roe atom yrmiepoaa Beero onvH. Kak u cneny-
€T U3 Ha3BaHWsl, OH COCTOUT U3 JIBYX I'PYIIT: METUJIBHON U AMHU-
HOrpyImbl. Mexay npounM, 3TO TO CaMOE BEUIECTBO, C Kpaxka-
MU KOTOPOTO OBUIT CBSI3aH PsiJ] TPUKJIIOUSHUI FepOeB 3aXBaThIBa-
1oero cepuana “Bo Bee Tsaxkkue” (Breaking Bad).

Yro xk, IBUHeMcs elle Ha mar Breped. JlioOoe BeliecTso,
BKJIIOYaoIee oqHOBpeMeHHO amuHorpymy (-NH») u kapOok-
cwibHylo Tpyniy (COOH), To ecTb sBsI0ILIEECS OTHOBPEMEH-
HO aMMHOM U KapOOHOBOU KHUCJIOTOM, HA3bIBACTCS AMUHOKUCAO-
moti. BOT MBI 1 JOOpaMCh 10 HACYIIHOTO XJieba OMOXUMUKOB.
Posib aMMHOKUCIIOT B KHMBBIX OpraHM3Max OFPOMHA: OHU CITy-
AT Y MUTATEIbHBIMU BEUIECTBAMM, U MPOMEKYTOYHBIMU TTPO-
OyKTamu oOMeHa BellecTB, U — 3TO, MOKaTyH, caMmoe IJIaBHOe —
“KUpIUAYUKaAMU”, U3 KOTOPBIX CTPOSITCS BaKHEUIITNE [IJ151 36MHOI



KU3HA MOJIEKYJIbI, 2 UMEHHO Oesiki. Kak MMeHHO 3TO Mpoucxo-
JIUT, Mbl Y3HaeM B IIaBe 3.

JIio6ast aMUHOKHCIIOTa TTPOSIBIISIET OJHOBPEMEHHO KUCIOTHBIC
CBOMCTBA (KaKk KapOOHOBasi KMCJIOTA) M OCHOBHBIE (KaK aMWH).
Koryma aMuHOKHCIIOTa MonaiaeT B BOTHBIN PacTBOP, ee KapOOK-
CWJIbHAS TPyNIa OOBIYHO TEepsIeT MPOTOH, 3aTO AMUHOTPYIITA B
TOT XK€ CaMBIli MOMEHT ITPOTOH MproOpeTaet. B pe3ynbrate 1mo-
JIy4aeTcsl LIBUTTEP-UOH — HeWTpasibHasi MOJIEKYJia, pa3Hble 4ya-
CTU KOTOPOU HECYT KOMIIEHCUPYIOIIME JIPYT pyra pa3HOMMEH-
Hble 3apsibl. KapOokcubHas Tpymma, OTaaB MPOTOH, CTAHOBUT-
Csl aHMIOHOM, aMUHOTpyIIa, MPUCOEANHUB MPOTOH, CTAHOBUTCS
KaTUOHOM, & CyMMAapPHbBIN JIEKTPUYECKUH 3apsiji MOJIEKYJIbl aMU-
HOKUCJIOTHI B PE3YJIbTaTe OCTAETCSI PABHBIM HYJIIO.

Camas rpocras U3 BceX BO3MOXHBIX AMUHOKHUCIIOT — IJIMLIMH.
®opmyna mmnuHa: NHo—CH,—COOH. UHTepecHo, 4to B Ha-
IeM OpraHu3Me, Kak U B OpraHu3Max MHOTUX >KMBOTHBIX, IJIH-
LIMH CIIy’)KUT HEUTPOTPAHCMUTTEPOM, TO €CTh BEIIECTBOM, NIepe-
JIAI0IMM CUTHAJIBl B HEpBHOU cucteme. [Ipuyem ero neicrsue
Ha HEPBHbBIE KJIETKU — TOPMO34I1Iee, TO €CTh 3aTPYAHSIONIee BO3-
Oyxnenue. VIMEHHO MOSTOMY TJIMITUH YaCTO MPUHUMAIOT B Kade-
CTBE YCIOKOUTENIBHOTO. Tak BOT, IO XUMUYECKOU (pOopMyJie ITO
TUMWYHAS aMUHOKUCIIOTA. B 11BUTTEp-rOHHON hopMe oHa OyaeT

BBIIAAETh Tak: NH3;'—CH,—COO™.



VYriepoaHbiidl IIOBUHUA3M

Ceiiuac Mbl 3Ha€M YK€ JIOBOJIBHO MHOTO O XUMHUYECKUX “Clla-
raeMbIx” KM3HU. MBI 3Ha€M, UTO TAKOE CITUPTHI, AJIBIAETUIIBL, KE-
TOHBI, KAPOOHOBBIE KUCJIOTHI, IIPOCTHIE U CJIOKHBIE I(DUPBI, YIIe-
BOJIbl, aMVHbI 1 aMUHOKHUCIIOTHI. Bce 3T0 — coefuHeHus1 yriiepo-
na. Ho BoT Borpoc: 00s13aTeIbHO JM JTI00ast )KU3Hb JOJKHA OBITh
OCHOBaHa Ha yriepoze?

MHeHue, 4TO XU3Hb MOXET OBITh TOJBKO YIJICPOIHOM, ellle
B 1970-x rogax cTayii Ha3bIBaTh “yIJIEPOJAHBIM IIIOBUHHU3MOM .
Jlromu, yrmorpeOsBIe 3TOT TEPMUH — HallpUMep, W3BECTHBIN
dunocod INaynp Peitepadbenn, — cuUTaANIM “yriIepOAHBIA IIOBHU-
HU3M~ TIPU3HAKOM OI'PAaHMUYEHHOCTH BOOOpPaXXeHHS YYEHBIX, HE
CMOCOOHBIX JOMYCTUTh CYIIECTBOBAHUE YEr0-TO BHICOKOOPTaHU-
30BaHHOT0, HO MPU 3TOM MPUHIUIHUAIBHO OTIMYAIOIIErocs OT
MPUBBIUYHBIX HAM 3€MHBIX )KUBOTHBIX U PaCTEHU. DTOT MOAXO[
oTM4HO cnapoaupoBai Ctanucias Jlem B “3Be3qHBIX THEBHU-
kax Mitona Tuxoro”. EcTe Tam 30113011, T€ OAWH YYEHbI-HETY-
MaHOMU/I, KUTeJIb OTHEHHOM IIJIAHEThl C aMMHUAYHOUN aTMOochepon,
MOy4aeT CBOETO CTY/IEHTa CJISTYIONIM 00pa3oM:

“Kak BBIIMIAZAT pa3yMHbIE CyLIECTBa MHbIX MUpOB? IIpsamo
HE CKaxy, MoJyMal cam, Hay4uchb MbICTUTb. [Ipexie Bcero oHu
JIOJDKHBI UMETh OpTraHbl JIJ1s yCBOGHHUSI aMMUaKa, He TipaBjaa Jin?
Kaxoe ycTpoicTBO caesaeT 31o JIy4ile, yem ckpuiuia? Pazee onn
He JIOJDKHBI TIepeMEIaThCsl B Cpefie B Mepy yIpyroi, B Mepy Terl-



Joi, kak Hama? Jlomkael, a? Bor Buaumb! A Kak 3TO JeaTh,
€CJIM He XOXKHIMU? AHAJIOTUIHO OyayT (DOpPMHUPOBATHCS U Opra-
HBI YYBCTB — 3PsIBHU, KJIYCTBUIIbI U CKPSIOHI. ..”

Yro x, He OyaeM ynonoOusThCsi KOCHOMY MYIpeIy ¢ OTHEeH-
HOW IJ1aHeThl. BKimourM BooOpakeHre. B MbICTIEHHBIX SKCIIEpH-
MEHTaX Ha PoJib XMMUYECKOM OCHOBBI )XU3HU HE pa3 Mpepjiara-
JIMCh BMECTO YIJIEpO/a IPyrre eMEHTHI, CIOCOOHbBIE CO3/1aBaTh
IIETMIOYKHU aTOMOB, — KpeMHHi (Si), 6op (B) wmm a3ort (N). OgnHa-
KO OOp M a30T UMEIOT BaJIEHTHOCTh 3, a He 4, U ITO yXke orpa-
HUYMBAET Pa3HOOOpa3ue COEAMHEHWI, KOTOPhle M3 HUX MOX-
HO nonyuuTsb. [1pu 3TOM Gopa Bo BeeneHHOI upe3BblUaiiHO Ma-
JI0, a YTMHHBIE 1IETIOYKU aTOMOB a30Ta 00pa3yloTCsl TOJIBKO MpU
OTrPOMHBIX JaBJIEHUSIX, KAKAE MOTYT CYIIECTBOBATh PAa3BE UTO B
DIyOMHAX TUIAaHET-TUTaHTOB. B ycioBusix, 6ojee-MeHee HaroMu-
HAIOIIMX 3€MHbIE, CAMbIM BEPOSITHBIM KaHJUAATOM Ha POJib 3a-
MEHUTENA yriiepoja octaeTcss KpeMHUA. OH UMeeT NOAXOISIYI0
BAJIEHTHOCTh 4, 00pa3yeT COoeIMHEeHusI, TIOJOOHbIE YTIIEBOIOPO-
JaM, ¥ MOXKET pearnpoBars ¢ Kucjaopoaom. Ho ectb HecKonmbKo
MPUYMH, 110 KOTOPBIM YIJIEPOA MPU MPOYMX PaBHBIX YCJIOBHSIX
BCE ke OOJIbIIIE MTOJXOAUT HA POJIb XMMUUYECKON OCHOBBI KU3HU.

Bo-niepBbIX, yriepon jierko oOpasyer ABOWHbBIE CBSI3U (BaX-
Helilee )i 3eMHOW OMOXMMHM CBOWCTBO!), a KpeMHUUN W3-3a
OO0JIBILIETO pa3Mepa aToMa K 3TOMY HECHIOCOOEH.

Bo-BTopbix, aByokuch yriepoaa (CO;) — 3T0 pu HOpMaJib-
HBIX YCJIOBUSIX YIJIEKHMCIIBIM a3, MPEKPACHO PACTBOPSIONIUICS
B Bozie. A Byokuch KpeMHus (SiOj) 1pH Tex ke YCIOBUAX —



TYT'OIUIABKOE TBEPJOE BEILIECTBO C KPUCTATUIMYECKOMN PEIIETKOM,
IPOIIMTON MHOXECTBOM KOBaJEHTHBIX cBsizell. Yucteiil Si0) —
9TO NONPOCTy KBapil. OYeBUIHO, YTO BKJIIOYUTH ET0 B OOMEH Be-
1mecTB ObUTO OB TOpa3Io TpyaHee, yeM yrnekucaory CO».

B-TpeTbux, KpeMHUI-KpEMHUEBAs CBSA3b MEHEE MTPOYHA, YEM
YIJIEPO/I-YIJIEpOAHAsl, IOITOMY KPEMHEBOIOPOAbI IO CPABHEHUIO
C YIJIEBOAIOPOAAMY TOpa3/io JIerye pas3iiaralorcs.

B wurore Ha/io mpu3HaTh: BEPOSITHOCTh, YTO KU3Hb Ha APY-
T'UX TUIAHETaX OKAKETCs YIJIEPOIHOU, JOCTATOYHO BbICOKa. U TOT
(hakT, 4TO Hama coOCTBEHHas XW3Hb OKa3aJach YIJIEPOIHOM,
olpeJesIeHHO HeciyyaeH. Ho 3To BoBce He 3HauuT, YTO KHBbIE
CyILIECTBa, BOHUKIIKE B JII0O0M Touke ["anakTuku, OyayT KOMu-
ssmu 3eMHbIX ! JIloOuTenn nocrnoputh 0 BOZMOKHOCTH KpeMHUE-
BOI JKM3HU 3a4aCTYI0 YIYCKAlOT U3 BUIY, YTO aJIbTEPHATUBHAS
OMOXUMHUSI, OUYeHb CHJIBHO OTJIMYAIOIIASCS OT 3€MHOM, B MPUH-
IMIIe MOXET OBITh MONy4YeHa U Oe3 BCIKOrO HapyIIeHUs “yriie-
POAHOrO IMIOBUHU3MA .

JlaBaiiTe-Ka ellie pa3 MPUCMOTPUMCS] K XUMUYECKUM KOMIIO-
HEHTaM KUBBIX KJIETOK. VI3 Tex BelecTs, KOTOpbIEe HaM yke 3Ha-
KOMBI, B COCTaB KJIETOK BXOAST, IPEXkJE BCEro, COUPTHI, yIyie-
BOJIbl, CIIO’KHbIE 3(PUPHI, KAPOOHOBBIE KUCIOTHI, OKCUKUCIIOTHI U
aMUHOKMCIIOTH. YT0 y HHX 00mmiero? OTBeT OIHO3HAYEH: BCe
3TU COEJUHEHUS — Kucaopoocooepxcauiue. Mbl yxe BUIETH, 4TO
IPyIIIbL, 32 CYET KOTOPBIX OHU OTIIMYAIOTCS APYT OT Jpyra, NO4YTH
BCEI/1a BKJIIOYAIOT KUCIOPO/ (aMUHOTPYIINA TYT — €AUHCTBEHHOE
UCKJIIOYEHHE, HO U B aMMHOKHUCIIOTAX KHUCIIOPOJ MO OIpejeie-



HUIO Bcernaa ectb). Mtak, 3eMHast )KU3Hb MMOCTPOEHA U3 KHUCIIO-
poAconepKaIierd OpraHuKy.

OpHako HUOTKY/a HE CJIeyeT, YTO 9Ta BO3MOXHOCTh — €/TUH-
CTBEHHas. B cocTaB opraHnyecKux MOJIEKYJI BIIOJITHE MOTYT BXO-
JUTb ¥ MHOTHE JPYTUe J1eMEHThl IOMUMO KUCIOPO/a — HaIllpU-
Mep, a30T U cepa. C a30TOM MBI yKe 3HAKOMBI, a 0 cepe (S) ceu-
Yyac J0CTaTOYHO CKa3aTh, YTO €€ BAJIEHTHOCTh B OPraHMYeCKHX
BEIIECTBAX Yallle BCErO paBHA JIByM — Kak y KUCIopoja. A Te-
Nepb HA30BEM HABCKUKY HECKOJIBKO KJIACCOB OPraHMYECKUX CO-
€IMHEHUI1, B KOTOPBIX €CTh a30T WJIM Cepa, 3aTO HUKAKOTO KHUC-
Jopoaa Het (cm. puc. 1.9):

* IMUHBI — COEITUHEHHU S C ABOVHOU CBSI3bI0 MEKAY YIJIEPOJOM
u azotoM (C=N);

* HUTPWJIbI — COEMHEHUsI C TPOMHOM CBSI3bIO MEKAY YIJIepo-
Jgom u azotom (C=N);

* A30COEIMHEHM S, BKJIIOUAIOIIME JBOMHYIO CBS3b MEK/Y aTO-
Mamu a3oTa (N=N);

* THOJIbI, THOHBI, THOI(DUPHI, THOAIBIETU/ILI U THOKAPOOHO-
Bble KUCJIOTBl — aHAJIOTH, COOTBETCTBEHHO, CIIUPTOB, KETOHOB,
IPOCTBIX 3(PUPOB, ATHAECTUOB U KAPOOHOBBIX KUCIIOT, B COCTaB
KOTOPBIX BMECTO KMCJIOPO/Ia BXOJIUT Cepa.

3Hasl BaJEHTHOCTH 3JIEMEHTOB, Mbl MOXEM JIETKO IpecTa-
BUTh ceOe HaOop mpocThiX mpejactaButeneid umuHoB (CH3—
CNH - CHj), nurpunoB (CH3—C=N), azocoeaunenuit (CHz—
N=N - CHj3), Tnonos (CH3—SH), Tnonon (CH3—CS — CH3), THO-
a¢pupos (CH3-S — CHj3), Tnoansaernnos (CH3—CS — H) u tno-



kapooHoBbIX KUCOT (CH3—CS — SH). B xumudeckom “3o0map-
Ke” 3eMJIM 3TO JOBOJIBHO PEAKUE IKCIOHATHI — HACTOJIBKO, YTO
HE BO BCSIKOM Y4YeOHWKE XMMUU HalaeTcsl yIOMUHAHKWE O HUX.
Ho Be3ne i Bo Beenennom neno o0cront MMEHHO Tak ? MBI 3T10-
ro He 3HaeM. Ecin kakas-HUOYIb TU1aHeTa OyJIeT 10 CBoeMy 3Jie-
MEHTHOMY COCTaBy OOe/IHEHa KMUCIIOPOJOM, TO BIIOJIHE BO3MOXK-
HO, YTO OCHOBOM KM3HM Ha 3TOM IUIAHETe MOCTYKUT He KUCJIO-
pozcoAepkaliasi OpraHvka, a a30TCofiepiKalliasi Ui CEpOCOIEp-
xkamas. Takast Kku3Hb OyJIeT BIIOJIHE “YIJICPOJHON” U TeM He Me-
Hee XUMUUYECKU COBCEM MHOM, YeM 3eMHasl.
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H—C—C—C—H H—C—C—N H C—N—N H H
H N H H H H
| MeTunumaHn g asomeTaH

H
WMWH
H H H H s H
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MeTaHTon 'J'/‘\VETVIJ'I[yﬂbq)VIA TUOAUETOH

Puc. 1.9. NpUMEpbI BECKUCTOPOAHBIX OPTaHHYECKHUX COBIMHEHMI

Ectb, Hanipumep, MpeanonokeHus1, 9TO MOJIEKYIsIpHast OCHO-
Ba WHOIUIAHETHOM KWU3HU MOXET MMETh CMEIIAHHbINA YIJIepO/-
HO-a30THBIN ckeneT!!. AHajor yrieBogoposa, MoCTPOSHHBIN Ha



TaKOM cKeJjiete, Mor Obl BhirisiieTh Tak: CH,=N — CH,—CH=N —
CH,—CH=N-... —u T. a. A rJe BO3MOXHbI yIJIEBOAOPOAbI (U1
XOTsI ObI UTO-TO HAa HUX TIOXOXKeEe), TaM HABEPHSIKA BOBMOKHBI 1
0oJiee CJI0XKHBIE BEIIECTBA.

MoxHO 1006aBUTh, UTO B COBPEMEHHBIX CITUCKaX HanboJiee Be-
POSITHBIX XUMHYECKUX MTPEIIECTBEHHUKOB KU3HU KUCIOPOJICO-
JepiKaieid OpraHuKy Ha CaMOM-TO Jiesie He TaK yX ¥ MHOro 16,
3aro Tam (pUTrypUpylOT TaKhMe UHTEPECHBIE MOJIEKYJIbI, KaK alle-
tuieH (H — C=C - H), ceposonopon (H,S), ammuak (NHj3), cu-
HuibHaA kuciota (H — C=N) u umanamua (NH,—C=N). I'mags
Ha 3TU (POPMYJIbI, YK€ HETPYJHO IOMYCTUTh, YTO XMMHUYECKHE
“KUPIAYMKA~ WHOIUIAHETHBIX KMBBIX CYLIECTB, OTIMYAIOLINECS
OT MPUBBIYHBIX HAM CaXapoOB U aMUHOKHCJIOT, HO UMEIOIIIHe T0-
X0xue (PYHKIMH, B PUHIIUITE MOTJIA ObI OKa3aThCsl U OECKUCIIO-
ponHbIMU. Bo BesikoM citydae, Ha0op BO3MOKHOCTEH 371eCh TOY-
HO ropas/Io IIMpPE TOro, YTO YIAJIOCh PEAIM30BATh HA 3eMIIE.



2. Bona

Ymo makoe 60ooa?
Yuenwvie omeemsam: H>O.

A Jlonanavo buccem:

— Aamaswl Ha mpase.
HATAJIbA INIEPEITNIEBCKA A
(U3 KHUI'H J/]IOHAJIB/IA BHCCETA “3AbbI ThIH
JIEHb POXKJEHUA”)

Bona — onqHO U3 caMbIX paclipOoCTpaHEHHbIX BELECTB Ha I1a-
Here 3emisA. OHa MOKPBIBAET ABE TPETU 3EMHOM IOBEPXHOCTH,
¥ €e 0YEeHb MHOTO B JMBBIX OpPraHU3Max — ropaszio 0oJiblie, Yem
moboro apyroro BemecTBa. [logapisioniee OOMBIIMHCTBO OHO-
XMMUYECKUX PEAKLUi, TO €CTh MPEBPALIECHUI KU3HEHHO BaXk-
HBIX MOJIEKYJI IPYT B JIpyra, UJIET B pacTBOpax, rJe BoAa sIBJIsET-
cs1 pacTBOpuTesieM. Bogpl MHOTO 1 B KOCMOCE — HallpuMmep, B KO-
MeTax, B Heipax Ypana u HentyHa vy B MeX3BE3JHBIX TyMaH-
HOCT#IX. B 11eJoM MOHO CKa3aThb, YTO BOAA — 9TO OJHO U3 CaMbIX
PacrpoCTpaHEHHBIX BEIIECTB HEe TOJIBKO Ha 3eMiie, HO U BOOOIIe
BO BeenenHoi. MIHoe €10, 4To 1aj1eKo He Ha BeeX IJIaHeTax OHa
BCTpeYaeTcsl B KUAKOM BHE (3eMJIsl — eJUHCTBEHHAs IJIaHeTa
ConHevHOM CHCTEMBI, Ha TIOBEPXHOCTH KOTOPOM €CTh MOCTOSH-
HO CYIIECTBYIOIIME BO10eMbl). Tak Win MHaue, HeYyAUBUTEIIbHO,
YTO MMEHHO BOJIa MOCIYXWJIa CpeJoi 11 BCeM HaM 3HaKOMOM
KU3HU.



Yro ke Takoe Bojia C TOYKH 3pEHUS XMMUK? ITO BEChMa Ipo-
CTasi MOJIEKYJIA, COCTOSIIIAS BCETO JIMIIb U3 IBYyX aTOMOB BOAOPO-
na (H) u ogHoro aroma kuciopopa (O). CooTBETCTBEHHO, XUMU-
yeckas gopmyna Boabl — H,O. Kaxaplii atom Boopoaa coeiu-
HEH C aTOMOM KHUCJIOPOJa OIHOW KOBAJIEHTHOU CBA3BIO, B ITOJTHOM
COOTBETCTBUM C BaJICHTHOCTBIO KHCJIOPOJA, KOTOpasi (Kak Mbl
MIOMHKM) paBHa ABYM. PopMyily BO/Ibl MOXHO 3allMCaTh U Tak:
H — O-H. 910 sxBuBasientao gopmysie H,O, koTopyio 00br9HO
MIPUBOAAT B KHUTAX.

MHorue cBOMCTBa BOAbI OOBSICHSIOTCSI TEM, UTO €€ MOJIEKYJIbI
VCKJIIOYUTENIBHO XOPOIIO “crumnarorcss’” gpyr ¢ apyroM. Hampu-
Mep, Ha MOBEPXHOCTU BOJJOEMA OHU 0OPa3yIoT IJIEHKY, 10 KOTO-
POM KJIOIBI-BOJOMEPKH, OTHIOb HE MUKPOCKOITMYECKHE CYIIIe-
CTBa, OeraioT Kak mocyxy. /Ipyrue ocoOEHHOCTH BOJIbI KaK Bellle-
CTBa — MPEKpacHasi TEIUIONPOBOAHOCTb U BHICOKAsI TEMIIepaTypa
KUIEeHUs (Ha WCTIapeHue JIMTPa BOMbI HAJIO MOTPATUThH OOJIbIIE
SHEPruu, 4YeM Ha UcTapeHue TOro ke o0beMa 4yTh JIU He JII0Oon
Jpyrout kugkoctr). YToObl MOHATH, TOYEMY BOJAA UMEHHO TaKO-
Ba, HAJI0 TPUCMOTPETHCA K €€ MOJIEKY/IaM IIOBHUMATEJIbHEE.

Boaopoanast cBsA3b

Haunem BoT ¢ vero. B o0mieit Xumun 4acto BCTpedaeTcs mo-
HATHE “3JIEKTPOOTPULIATENILHOCTD , BBEAEHHOE Koraa-To JlanHy-
coM [lonmuHrom. Aaekmpoompuyamensvrocms — 310 CUIIA, C KO-
TOPOW aTOM B COCTaBE MOJIEKYJIbI OTTATUBAET Ha ceOst o0Imue ¢



JIPYTM aTOMOM 3JIEKTPOHBI, 00pa3yolIye KOBAJICHTHYIO CBSI3b.
Camblii 351ekTpooTpHLIaTebHbId 35emeHT — rop (F), a cpasy
32 HUM Ha LIKaJe IeKTPOOTPULIATEIBHOCTH ClIElyeT KUCIOPOL
(O). Nnaue roBopsi, KUCIOPO/ MPEBOCXOAUT IO IEKTPOOTPHIIA-
TEeJIbHOCTHU BCE JJPYTUe aTOMbI, 32 UICKJIIOUEHUEM (PTOpa, KOTOPBIN
B JKMBOUW MPHUPOJE BCTPEUAETCS] OUEHb PEAKO. 3alIOMHUM 3TOT
(bakt, oH HaM TIpUTOAMTCSI.

DNeKTPOOTPULIATEILHOCTh OJJMIHAKOBBIX aTOMOB IO OIpejie-
JeHuto paBHa. Ecnu Mex 1y IByMsi OTUHAKOBBIMUA aTOMaMH €CThb
KOBaJIGHTHAsI CBAA3b, TO 00pa3yloIas ee mapa JeKTPOHOB HUKY-
na He cMmenaeTcs. ['py0oo roBopst, 3TH 3JIeKTPOHBI pacIionaraloTcst
MEXAy aToOMaMH TOYHO mocpenuHe. Takasi KOBaJI€HTHasl CBSI3b
HazbIBaeTcst Henoasiproti. Camo coboil pazymeercs, 4To Jiodast
KOBAJICHTHAS CBSI3b MEX/Iy OJJMTHAKOBHIMU aTOMaMHu OyJIeT HeTo-
JIsipHa (HarpuMep, cBsi3b B MosieKkysie Bonoposaa H — H nwnu yrie-
poa-yriepogHas ceszb C-C).

Ecnu sxe KOBaJIeHTHYIO CBsI3b 00Pa3yIoT JIBa pa3HbIX aTOMa, TO
00IIIHe MEKTPOHBI CMEIAIOTCS K TOMY M3 HHX, Y KOTOPOTO JIeK-
TPOOTPUIIATESILHOCTD BbIIIIe. Takasi CBSI3b Ha3bIBACTCS NOASPHOL
(cMm. puc. 2.1, 2.2A). Tlpu odeHb OOMBIION pa3HUIIE B IEKTPO-
OTPUIIATEILHOCTHY CBSI3b MOXKET JaXe MPEBPATUTHCS] B UOHHYIO —
9TO CIYYHTCS, €CJIM OJIMH aTOM IOJTHOCTBIO “oTOeper” oOmIyIo
napy JIeKTPOHOB y Jpyroro. B Mosekysax, U3 KOTOpbIX COCTO-
SIT )KUBBIE CYIIECTBA, MOHHBIE CBSI3U BCTPEUAIOTCS OTHOCHUTEITh-
HO PE/IKO, 3aTO KOBAJIEHTHBIE MOJISIPHBbIE — OYeHb YacTo. Harpu-
Mep, TO HIMPOKO PACHPOCTPAHEHHbIE B OPraHUYECKUX Bellle-



ctBax cBsA3u C — O u H - O (cm. maBy 1).
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Puc. 2.1. TlONAPHLIE 1 HENONRPHLIE HOBANEHTHLIE CBA3M. B HAYSCTBE NPUMEDOB NOKAa3aHLl Moe-
KyNbl METaHa, METAHONA, BOALI W YIEHHCAOTEI

CBs13b MEX1y BOAOPOJOM M KUCJIOPOIOM B MOJIEKYJIE BOIBI —
9TO TUIMHWYHAsI KOBAJICHTHAs MOJIAPHAs CBA3b. DIIECKTPOOTPUIIA-
TEJIbHOCTh KUCJIOPOJIa HAMHOTO BBIIIIE, [I03TOMY OOIIHE JIEKTPO-
HBI CMeITIeHbI K HeMy. B pe3ynibraTte Ha atoMe Kuciopoyia o0pasy-
eTCsI MaJIeHbKUI OTPUIIATEIBHBIN 3apsijl, a Ha aTOMax BOAOPOIa —
MaJieHbKHE TOJIOKUTEbHbIe 3apsaapl. Ha rpaduyeckux popmy-
JlaX 3TH MaJieHbKHE 3apsiibl, BeJIMYMHA KOTOPBIX 3HAYUTEIHHO
MEHBIIIe eWHUIIBI, TPUHATO 0003HaYaTh OykBOW O (“menbra”)
¢ 100aBJICHUEM COOTBETCTBYIOIIEro 3Haka. Kak mMbI Teneph 3Ha-



€M, CBSI3U KHCJIOPOZIa C BOJIOPOAOM WJIM YTIJIEPOAOM BOOOIIE BCe-
I/1a TOJISIpHBIE. MOJIEKYJIbI, B KOTOPHIX MHOTO TaKWX CBSI3EH,
HECyT MHOTOUMCJIECHHbIE YaCTUYHBIE 3aps/Ibl, OTPUIIATEIILHbIC HA
KHCJIOPOJIE ¥ TIOJIOKUTENIbHBIE Ha BOAOPOJE WU yriiepoje (CM.
puc. 2.1, 2.2B).
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Puc. 2.2, 06pasoBaHne BOOOPOOHLIX CBAZe B Boge (A, b, B) 1 B ammuare (T)

A BOT cBsI3b Mexy yriiepoaoM u Bopoponaom (C — H) cuura-
€TCsI HEeTIOJSIPHOM, XOTh aTOMBI M pa3Hble. U 9TO ToXke OueHb Bax-
HO. Mex 1y aromamu yriiepoja v BOIOPOAa pa3HULIA B JIEKTPO-
OTPULIATESILHOCTH HACTOJIBKO MaJla, YTO CMEIIEHUE JIEKTPOHOB
Tam He3aMeTHo. Hanpumep, MoJieKyJibl yIiieBOIOPOJIOB, COCTOSI-



e Toabko u3 atoMoB C 1 H, B crity 3TOro noyiHoCThI0 HENO-
JISIPHBI, HUKAKUX YaCTUYHBIX 3apsIOB, KOTOPbIE XOTh HA YTO-TO
BJIMsUIN Obl, B HUX HET.

Tenepb BCOOMHHUM, YTO TOJIOXKUTEIbHbIE W OTpUIIATEIbHbIC
JEKTPUUECKHUE 3apsi/Ibl COTNIACHO 3aKoHYy KynoHa npuTsAruBaot-
cs Ipyr K Jpyry. Hampumep, yacTUYHO OTpUIIATENbHBIA aTOM
KHCJIOPO/1a OJHON MOJIEKYJIbl BOJBI TPUTSATUBAETCS YACTUYHO TI0-
JIOKUTEbHBIMU aTOMaMH BOJIOPO/IA APYTUX MOJIEKYJ Bojabl. B
pe3y/bTaTe Mek/1y BOIOPOIOM U KHUCIOPOJOM BO3HUKAIOT HEKO-
BAJICHTHBIE CBSI3M, OCHOBAHHbBIE HA JIEKTPOCTATUUECKOM TMTPUTSI-
KE€HUU, — OHU HA3BIBAOTCS 8000poOHbIMU (CM. puc. 2.2B). D10
OueHb cliabble CBSI3W, B )KUJKOW BOJE OHU JIETKO 0Opa3yloTcs U
TaK K€ JIETKO PBYTCS MpH IBMkEHUsIX Mosiekyl. Ho, HecMoTps
Ha TO YTO BOJIOPOJIHBIE CBSI3U rOpa3/io crnadee KOBAICHTHBIX, OHU
JIAI0T CUJIbHBIN 9(PEKT, €CIIM UX MHOTO. A B BOAE X OYEHb MHO-
ro. Hampumep, MMEHHO M3-3a KOJIOCCAJIBHOTO KOJIMYECTBA BO-
JOPOJIHBIX CBSI3€M Y BOJbl UCKJIIOUMTEIBHO BBICOKAS TEIIOEM-
KOCTb — €€ TPY/AHO HarpeThb U TPYAHO OCTYAUTb. BOJBIIMHCTBO
0COOEHHOCTEN BOABI TaK WJIM MHAYE CBA3AHO C TEM, YTO €€ MO-
JIEKYJIbl OUYeHb XOPOIIIO 00Pa3yoT BOAOPOIHBIE CBS3H.

“BomoponHasi CBSI3b 4eM-TO HAIIOMHHAET JIIOOOBh BTPOEM”, —
MHcal B CBOEM M3BECTHOM YHUBEPCUTETCKOM YUeOHUKE aMepH-
kaHckui 6noxumuk Jliobepr Crpaitep!!”l. OH umen B BUILY, 94TO
B BOJIOPO/IHOM CBSI3M aTOM BOJIOPOJIa CBSI3aH Cpa3y C IByMsl aTo-
MaMH KMCJIOpOJA: C OHUM KOBAJIEHTHO (M IIPOYHO), a C IPYTUM
MEeKTpOocTaTuIecku (1 cnado). YroOsr 00pa3oBaTh BOJOPOAHYIO



CB$I3b, ATOM BOZIOPOJA 0053aTENBHO JOIKEH YKE COCTOSITh B KO-
BAJICHTHOM CBSI3U C JPYTMM aTOMOM, IPAYEM 3HAYUTEJIBHO OT-
JIMYAIOIIAMCSA OT HETO MO JIEKTPOOTPULIATEBHOCTH.

BomoponHele cBsA3M BaXHBI HE TOJBKO C TOYKHM 3pEHUSA
CBOWCTB BOJbl. OHU MHOTO Iie BcTpeyatotcsi. Hanpumep, B riiase
9 MBI yBHIMM, UTO 6€3 BOIOPOJIHBIX CBS3EH HEBO3MOKHO TIPEe/I-
cTaBUTh ceOe cTpykTypy Monekyasl JHK, ot koTopoii 3aBucHr
XpaHEeHHe HacJIeICTBEHHOW MH(OopMalUu.

JI1000BL 1 HEHABHUCTH BOJbI

JIio6oe BelecTBO, paCTBOPEHHOE B BOJIE, TAK WJIM MHAYE B3a-
UMOJIEHICTBYET C HEel, M CIIOCO0 STOr0 B3aMMOJICHCTBHS 3aBHCHT,
IIPeXkJIe BCEro, OT MEKTPUIECKUX CBOMCTB MOJieKyJ1. Harmpumep,
€CJIM PacTBOPUTH B Bojie noBapeHHy cojib (NaCl), oHa pacna-

JIETCS Ha MOJIOKUTENILHO 3apsikeHHbIE MOHBI HaTpus (Na ") u or-

puLIaTesIbHO 3apsikeHHble HOoHbI xJ1opa (Cl17). [Ipu aToM K MoHam
HaTpUsA MOJIEKYJBl BOABI “TIPWIAIIHYT CBOMMM aTOMaMH KHC-
Jopoja (HECYIIMMU MaJICHbKUW OTPULIATENIbHBIN 3apsij O—), a K
MOHaM XJIOpa — aTOMaM¥ BOIOpoAa (HECyIMMU MaJIEeHbKHIA 1M0-
JIOKUTENbHBIN 3apsj 0+). B pesysnbrare u Te U Apyrue UoHsI Mo-
Jydar 000JI0UKY, COCTOSIIYIO M3 MOJIEKYJ BOIbI (cM. puc. 2.3).
O06pazoBaHue TakuX 000I0YeK Ha3bIBaeTCs 2udpamavueti. VIOHbI
HATpUsl U XJIOpa HAXOJATCS B BOJIE B TMIPATUPOBAHHOM COCTOSI-
HUM. [Mapataius — mpoliecc, COMyTCTBYIOIIMN PACTBOPEHUIO B
BOJIe JTIOOOTO BemlecTBa (ecim OHO BOOOIIE B HE pacTBOPUMO,
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Puc. 2.3. Twapataumua HOHOB

Mornekybl, B KOTOPbIX MHOTO KOBAJIEHTHBIX MOJISIPHBIX CBSI-
3ei, TOXKE MPEKPACHO B3aMMOIEWCTBYIOT C BOAON — B INEPBYIO
ouepe/ib MOTOMY, U4TO 00pa3yIoT C Hell BOHOPOIHbIE CBSI3H, “TIeTI-
JISASICh” 32 MOJIEKYJIbl BOJJbl CBOMMU YaCTUUHBIMU 3apsigaMu. Ta-
KM€ BEILIECTBA XOPOILIO PACTBOPSIOTCS B BOJIE Y HA3bIBAKOTCS 2U0-
pocpunvhvimu (“modsiimumu Bony”). K runpoduibHeiM Belle-
CTBaM OTHOCSTCS, HAIIPUMEP, CIIUPTHI U yIJIEBOABI (CM. T1aBy 1).
Kazxpli1 3HaeT, 4TO CTOJIOBBIM caxap (a 3TO TUIMYHBINA YIJIEBO/)
pacTBopsieTcs B BOZIe O4€Hb Xopolo. To ke caMoe MOXKHO CKa-
3aTh U O CIIUPTaX, HATPUMEP 00 ITHUIIOBOM CITUPTE — OCHOBE aJl-
KOTOJILHBIX HAITUTKOB. VIMEHHO pacTBOpaM criipta B Bozie Obl-
Jia TIOCBsAIIIeHa 3HaMeHuTas quccepranus Imurpus MBanoBuya
MenpneneeBal'®!. TIpaBna, perierita Bogku MeHjiesneeB, BOMPEKH



pacnpocTpaHeHHOU JiereHe, He paspadateiBasl. Ero untepeco-
BAJIO MPOUCXOJAIIEE TPU PACTBOPEHUM B3aUMOJECUCTBUE MOJIe-
KyJI CITUPTa M BOJABI — TOT CaMbIil MPOIIECC, KOTOPBIM MBI TOJb-
KO YTO Ha3BaJM rujparanuein. MenjeneeB yoeauTeabHO MOKa-
3aJl, YTO PACTBOPEHUE — ITO He (PU3MUECKOe sIBJIEHHE (ITPOCTOe
CMelIMBaHue), a XUMUIECKoe (BKJII0YamIee oopa3oBaHNe HO-
BBIX MEKMOJIEKYJISPHBIX CBsA3eM). Torga mosiydaercs, 4To pac-
TBOP — 3TO, IO CYTH, HOBOE BELIECTBO.

Kak mpaBwiio, mo0oe Hayrajg B3sITO€ OPraHUYECKOe COeIv-
HeHue OyJieT pacTBOPATHCSA B BOIE TEM JIydille, 4eM OOJIbIle B
HEM aTOMOB KHUCJIOpOAA. DTO MOHITHO: UMEHHO BOKPYT aTOMOB
KHCJIOpofia 0OBIYHO 00pa3yloTcsi BOIOpOAHbIe cBsizu. Harpumep,
mosiekya rmoko3bl (CgH120g, mects aromoB kuciaopona!) B
9TOM OTHOIIIEHUH MPOCTO UeanbHa. Kak pa3 moaromy caxapa, u
[JIIOKO3Y B TOM YHUCIIE, OY€Hb YJOOHO MCIOJIb30BATh B POJIM OBICT-
PO YCBaMBAIOIIMXCS TUTATEJIbHBIX BEILIECTB.

Morekysbl, B KOTOPbIX BCE CBSI3U HETIOJSIPHbIE, B3aMMOJIEH-
CTBYIOT C BOJIOM ropasjo ciadee, yem npyr ¢ apyrom!'!. Be-
IECTBA, COCTOSILIME U3 TAKUX MOJIEKYJI, IIOXO PACTBOPSIIOTCS B
BOJIC ¥l HA3BIBAIOTCS 2U0poghotHbimu (“Oosmmumucs Boas!”). Tu-
NUYHBIE THIPO(OOHBIE COeTUHEHUsT — yriieBogopoabl. Kak ™Mbl
3HaeM, OHM I10 OMPeAeICHUIO COCTOSIT TOIBKO U3 YIJIepoja U BO-
J0pofa, CBSI3U MeX]ly KOTOpbIMU HemossipHbl. Eciiu Opocuth B
BOIy napaduH (CMech TBEPAbIX YIJIEBOJOPOAOB, U3 KOTOPOI Ae-
JIAIOT CBEYM), OH U HE MOAYMaeT TaM PACTBOPSATHCS — HU MPU
KaKuX yCJIOBHUSX. A €C/IM HAJUTh B BOAY OCH3UH (CMECh JKUJI-



KHX YIJIEBOIOPOJOB, KOTOPAsk CIIy’KUT MOTOPHBIM TOIUIMBOM), TO
OH, CKOpee BCEro, OTCIIONTCS OT Hee, 00pPa30BaB YETKYIO TIOBEPX-
HOCTh pazfesna. Boma kak Obl “BbITAJIKMBaeT” TH BEIECTBA.

Eciu B popMysie opraHMueckoro CoeJMHEH!sI €CTb KUCJIOPO[,
TO OHO, CKOpee BCEro, rugpopuIbHOE, pa3Be YTO TaM MPHUCYT-
CTBYET KaKasi-HHOYIb COBCEM YK OIpPOMHasl yIJIEBOIOPOJHAS Lie-
noyka. ['uapoduabHeIMU ObIBAIOT U HEKOTOPbIE OECKUCIOPO/-
HbIe OPraHMYEeCKHE BELeCTBA — HAIPUMEpP, aMHHBI.

B OroxuMum 3HaueHrE pa3inuuil Mexay TAPOPUIbHBIMU 1
rupopoOHBIME BeleCTBaMU Oe3 TpeyBeIMYeHNs TPAaHANO3HO
(cM. riaBwl 3, 5, 6). MHorue Jetaium ycTpoicTBa KJIETOK 0e3 yue-
Ta TUX PA3IMUMIA IPOCTO HEBO3MOKHO MOHATh. A BCE MOTOMY,
YTO 3eMHasl KU3Hb — BOJIHASL.

TamaccoreHbl

A MOTyT /11 IONOUTH JJIs1 )KU3HU KaKue-HUOyAb ApyTue pac-
TBOpUTENH, KpoMe Boabl? OTBeT — na. Hanpumep, yriekucio-
Ta (ee opmyna O=C=0, wm npocro CO,) 3HaKOMA JIIOJSM,
IpexkJe BCEro, B BUIE YIJIEKUCIIOrO ra3a, KOTOPbI Mbl BbIAbIXA-
em. Ho oHa MoxeT 1 3amep3arhb, 00pa3ys Tak Ha3bIBaeMblid CyXOn
nen. [Ipo6nema B TOM, UTO MPU HATPEBAHUM B YCJIOBUSIX, XapaK-
TEpHBIX 17151 3eMJIM, CYXOH Jie]| Cpa3y UCMapsieTcs B ra3, MUHYs
Kuakymo azy. [Toromy MbI 1 He BUTUM B OBITY KHKOH YTJIEKHC-
JoTbl. OHAKO Mpu HoJiee BBICOKUX JIaBIEHUSIX, YEM Hallle aTMO-
cepHoe, YIIeKUCI0Ta MOKET CTAHOBUTBCS KUIAKOCThIO. U TO-



I71a OHA IIPeCTaBIISAET COOOM XOPOIUI PO UIBHBINA PACTBO-
pUTEND, AHAJIOTUYHBIN 110 CBOMCTBAM BOJIE (1 JIETKO CMEILNBAIO-
HIMICS ¢ Hell), B KOTOPOM YCIIEIIHO MIyT MHOTHE OMOXUMUYe-
CKHE peaklu. B 3ToM pacTBOpuUTEIIE MOTYT KUTh 1aKe 3€MHbIE
MUKpPOOBI: Haripumep, Ha jaHe OKUHABCKOro xenoda B Boctou-
HO-KHTanckoM Mope uccie10BaTesM-0KeaHOI0TY HAIllI LIEJI0e
03€pO KUAKOH YIJIEKUCIIOTHI, B KOTOPOM MOCTOSIHHO JKUBYT J10-
BOJILHO pa3HooOpa3Hble OakTepuu 201,

Hexkotopsle uccienoBaTey CUUTAIOT, YTO OKEaHbl KUAKOM Y-
JIEKUCJIOTBI MOTYT CYIIECTBOBaTh HA TaK HA3BIBAEMBIX “CyIEp-
3eMJIsIX” — IJIAHETaX C MacCoi, B HECKOJIBKO pa3 MPeBOCXOsAIeH
Maccy 3emun?!!, Cynep3eMin — JOBOJIbHO MHOTOUYMCIICHHAS Ka-
TEropusi 9K30IUIAHET, 1 BO3MOXKHOCTb )KM3HU Ha HUX celvac ak-
TUBHO 00CYyXJaeTcsl.

Jlpyrou nepcneKTUBHBIN KaHAUJAT Ha poJib BMEIIAIOILIEN cpe-
Jibl 151 5Ku3HU — amMuak (NH3). 91o rugpodusibHbIN pacTBOPU-
TeJb, 0OPa3yIOMIMI MHOTO BOJOPOJHBIX CBS3EW, B JAHHOM CIIy-
Yyae MexXAy BOAOPOAOM M a30TOM (MX pa3HMLA B 3JEKTPOOT-
pUIIATEIbHOCTU AJIs1 3TOTO BIIOJIHE JIOCTaTO4YHA, cM. puc. 2.21).
HeynuButenbHo, 4Tto MO CBOMM (PU3BUKO-XMMUUYECKUM CBOM-
CTBaM aMMHMaK HamomuHaeT Boxy. Ha Oonee XonogHBIX TUiaHe-
Tax, 4eM 3emJisl, OH HaXOAUTCS B KUJKOM COCTOSIHUM W BIIOJI-
HE MOXET ObITh OCHOBOW KM3HU. TeopeTnyeckn BO3MOXKHO CY-
IIECTBOBAHME XOJIOIHBIX 3eMJICTIOJJOOHBIX IJIAHET C aMMUAYHbI-
MU okeaHamu. ECTb 11 Tam jku3Hb, HUKTO He 3HaeT. Ho nouemy
Obl 1 Het? Ecnu HacyeT anbTepHATUB YIJIEPOTHOM KU3HHU €CTb



CEpbE3HbIE COMHEHUS (CM. TIaBy 1), TO yIJIEpOIHYIO KU3Hb, UC-
TMIOJIBL3YIOIYI0 HE BOMY, & KAKOH-HUOY/Ib JIPYroi pacTBOpUTEIIb,
npejICTaBuTh ceOe ropasio Jierde. Hukakue pyHmaMeHTaIbHbIC
3aKOHBI HE 3allpellalT er cymiecTBoBarb. [IpocTo Tak yx cio-
JKHJIOCh, YTO Ha HaIIeH TIJIaHETe U3 BCeX paCTBOPHUTENEH Ipeod-
JajaeT BoJa — Hy a oT 100pa 1o0pa He WIYT, U 3eMHOU KU3HU
OCTaJIOCh JIUIIh Pa3BUBATHCS B ITUX OTHOCUTENILHO OaronpusiT-
HBIX YCJIOBUSIX.

Eme ogun ruapoguabHbIil pacTBOPUTENb, B KOTOPOM TeOope-
TUYECKU AOMYCKAIOT BO3MOXKHOCTD KU3HU, — METUJIOBBIN CITUPT,
v metanoi1 (CH3OH). st yesnioBeka 310 CTpaIIHbIM 511, HO TYT
BCE 3aBHCHUT OT HACTPOMKM OMOXMMHUYECKUX CUCTEM: BOOOIIIE-TO
HUKAKME 3aKOHBI ITPUPOIBI HE MEIAIOT “CKOHCTPYMPOBATh  KH-
BOI OpraHu3M, /Jisi KOTOPOro MeTaHoN OyJeT COBEpILEHHO 0e3-
oOuJieH, a TO U nosiie3eH. MeTaHolI — OJJHO U3 CaMbIX MPOCTBIX
OpPraHMYECKHX BEeIIeCTB, U HEYIUBUTEILHO, YTO 00Opa3yeTcsi OH
OueHb Jierko. Ero MHOro B kocmMoce, mpuyeM He TOJIBKO Ha I1j1a-
HeTax, HO M B MEX3BE3IHBIX Ta30MbUIEBbIX 001akax. HekoTopeie
yueHble OCMEIMBAIOTCS MPeIoiaraTb, YT0 UMEHHO CUHTE3 Me-
TaHOJ1a ObUT KJTIOUEBHIM XUMUYECKUM 3BEHOM Ha IyTH K BO3HUK-
HOBEHMIO 3¢MHOM Ku3HU??l, MeTaHo1 oueHb ruIpouIeH U rpe-
KpacHO 0Opa3yeT BOJOPOJHBIE CBS3M, TPUMEPHO TaKUe Kke, KaK
B Bosie. COOCTBEHHO, 3TO U AeJaeT ero XOPOIIMM THapOQIb-
HbIM pactBopuTesieM. Kak 1 amMmuak, MetaHosn 3aMep3aeTr npu
ropaszio 0osiee HU3KOU TeMIieparype, YeM BOjia, U B TIPUHITHIIE
MOeT OBITh CPE/ION /IJIs )KU3HU Ha 0oJiee XOJIOIHBIX TUIaHeTax,



yem 3emuisi. B ConHeuHol cucTeMe MeTaHO/Ia XBaTaeT, Hallpy-
Mmep Ha Tputone, kpynHeuieM cinyTHuke HenryHa.

Hakoner, eme oavH KaHAMIAT HA POJb MOAXOASIIETO s
KU3HU TUAPOUIBHOTO PACTBOPUTEISI — CEPOBOJOPOL, COEMHE-
Hue Bojopofa u cepel ¢ popmysion H,S (ona xe H — S-H). Mo-
JIEKyJ1a CEpOBOAOPO/A OYEHb MOX0ka Ha MOJIeKyYJy Bojibl. [IpaB-
14, BOIOPOIHbIE CBsI3W OHAa 00pa3yeT HecKoibko xyxe. B Con-
HEYHOH cucTeMe cepoBojopoia MHoro Ha Mo — ciiytHuke HOnm-
Tepa, KOTOPbI OTIIMYAETCSI HEBEPOSTHOM I€0JIOTUYECKON aKTUB-
HocThio. [ToBepxHOCTh MO TIOKpHITA ByJIKaHaMU, BIOPACHIBaIO-
HIMMH (DOHTAHBI JIABbI, & COCTOUT 3T JIaBa B OCHOBHOM U3 Pa3HO-
00pa3HBIX COSMHEHHIA CepPbl, KOTOPhIE TEKYT U 3aCTHIBAIOT, KOO
B cucreMe fOnurepa ouens xonogHo. Mo — 310 HacTosAmn “Mup
nbaa v amenn’” 23, Ecau 6p1 Ha Mo Obuta KU3Hb, OHA BIIOJIHE
MorJ1a Obl ObITH OCHOBAHA Ha CEPOBOJOPOJIE, TOUYHO TaK Ke, Kak
3eMHasl JKU3Hb — Ha BOJIE.

A MOXET JI1 cpefia 7151 ’KU3HU OKA3aThCs He TUIPOUIBHOM, a
ruapodoOHOi? VICKTI0UMTh Takoe B MPUHIIMIE Helb3sl. Harpu-
Mep, Ha KpynHeiiieM cinyTHuke CarypHa — TutaHe — ecTb yriie-
BOJIOPOZIHBIE O3€pa U Jaxe Mops, cocrosiue u3 metana (CHy),
staHa (CoHg) u mponana (C3Hg). 10 HacTosmuii ruapodoo-
HBIA PaCTBOPUTEJb, B KOTOPOM HEKOTOPBIE YUYEHBIE TOITYCKAIOT
CYILIECTBOBaHMWE KW3HU, XOTSI MPSIMBIX MOATBEPKICHUN 3TOMY
NoKa 4To HeT. ’KuaKo# Bo/Ibl Ha MOBEpXHOCTH TUTaHa He ObIBa-
€T, TaM CJIMIIIKOM XOJIOJIHO.

B nenom, omHako, ceiiuac kKaxercss Oojiee BEPOSTHBIM, UTO



IJ1aBHBIM pACTBOPUTEIIb AJ1s1 BHE3EMHOM KU3HU OKAKETCS TUIPO-
(punbHBIM (HO He 00s3aTeNTLHO BO/ION). Bo-miepBbIX, riapodusib-
HBIX pacTBOpPUTENEN B MPUPOJE MPOCTO OoJbllie. A BO-BTOPBIX,
BCE U3BECTHbIE OMOXMMHUUYECKIE MEXAHU3MbI CITUIIKOM YK CUJTb-
HO “3aTOoueHbl” Moj ruApoUiIbHYI0 cpely. buoxumuio Ha ruj-
pooOHOIT OCHOBE BOOOPA3UTh TOpa3zio TPyIHEe.

W3 coBceM yxk 9K30TUUYECKHMX aJIbTEPHATUB BOJE MOKHO Ha-
3BaTh, K npumepy, proposonopon (HF, “am-¢grop”). Bogusiit
pactBOp (PTOPOBOAOPO/IA — OUEHb ATPECCUBHOE BEIIECTBO, KOTO-
pOe Ha3bIBAETCA IJIABUKOBOM KUCIIOTOM (B cepuae “Bo Bce Taxk-
KHe”, IJIABHBIM T€POM KOTOPOro — XUMHUK, CTaBLIMK ITPECTYITHU-
KOM, 3TOM KHUCJIOTOW PacTBOPAIOT Tpymbl). OIHAKO MHOTHE Op-
raHUYeCKHe MOJIEKYJIbl, HAIIPUMED YIJIEBOJOPO/IbL, B HEM COBEP-
IIeHHO cTadmwbHBL. K TOMY ke (hTOpOoBOIOPON MTPEeKpacHo odpa-
3yeT BOJIOPOAHBIE CBSI3H, a 3TO, KAK Mbl YK€ 3HaeM, OUeHb Baxk-
HOE JUIsl PacTBOpPUTENsI CBOMCTBO. BO3MOXHOCTb (PTOPOBOIO-
POZIHOM KU3HU JOIMYCKATN HEKOTOPBIE YUEHBIE, HAIIPUMED aCT-
ponom Kapn Caran. A B panTactuueckon nosectu MBana Ed-
pemoBa “Cepatie 3men” onucaHa riaHeTa ¢ PTopoBOAOPOAHBIM
OKEaHOM U JblIIalliMMU (PTOPOM pa3yMHBIMU KUTEJISIMH, C KO-
TOPBIMHU 3EMJISIHE BCTYNAIOT B KOHTAKT. “Jlrogn 3emun yBuaem
JIMJIOBBIE BOJIHBI OK€aHa U3 (PTOPUCTOro BOAOPO/A, OMbIBABILIE
Oepera 4epHbIX MECKOB, KPACHBIX YTECOB U CKJIOHOB M33yOpeH-
HBIX TOP, CBETSIIUXCS TOMYyObIM JIyHHBIM CUSIHUEM...”

Benukuii nomysnsipuzatop Hayku Aizek A3UMOB — KCTaTH To-
BOps1, OMOXMMUK TI0 HAy9HOH CHEINaIbHOCTH — HE pa3 3ayMbl-



BaJICS HaJl TEM, U3 KaKUX BEIIECTB MOIJIH Obl 00pa30BaThCs OKe-
aHbI HA IPYTUX 11aHeTax. OH Ha3BaJI TAKKE BEIeCTBA TEPMUHOM
“rajaccoreHsl”’, 4To OyKBaJIbHO 3HAYUT “TIPOU3BOASAIIIE MOpe”.
o onpenenenuio A3UMOBA, MAAACCO2eH — ITO BEIIECTBO, CIO-
coOHoe copMHPOBaTh IIJIAHETAPHBIN OKeaH. B 3ameuarenbHON
KHure “Acuvmerpus xu3Hu 24 A3MMOB MopoOHO pazOupaer
po0JIeMy OKEaHOB, MPUXO/sI K BHIBOIY, YTO CaMble BEPOSITHbIC
TaJIACCOTEHBI — 3TO BOJA, AMMMaK M MetaH. [1pu atom s 1ia-
HET, PacIioJIOKEHHBIX IIPUMEPHO Ha TAKOM PACCTOSTHUHU OT 3BE3/1,
Kak 3emJis, Bojla UMEeeT MPEeUMYIIECTBO, TOTOMY YTO OHA OCTa-
eTcsl KUIKOW Tpu OoJiee BBICOKOHW Temmeparype. “Bbl Moxerte
MpeCTaBUTh METAaHOBbIE OKEaHbl HA TaKOW IulaHeTe, Kak Her-
TyH, WA aMMHaYHble OKeaHbl Ha riaHete Tumna lOmurepa, ox-
HAaKO BOJIa, U TOJBKO BOJA MOXKET CO3/1aTh OKeaH Ha BHYTPEH-
HEH IU1aHeTe BpoAe 3eMIM” . DTO BHINISIAUT JIOTUYHBIM, HO TYT
€CTb 10 MEHBIIIel Mepe OIMH BaKHBIN HI0OAHC. A3MMOB IMTHCAJT 9TY
KHUTY OoJbie 40 JieT Ha3al, KOoraa O TIaHeTax JPYTruX 3Be3THBIX
crcTeM He OBUIO M3BECTHO COBEpIIeHHO HUYero. He Obuio maxe
YBEPEHHOCTH, YTO OHU BOOOIIE CYIIECTBYIOT. A ceiiyac acTpo-
HOMaM M3BECTHBI THICSUM IK3OIUIAHET, U yKe SICHO, YTO, MSITKO
TOBOpSI, JAJIEKO HEe BCE 3BE3/IHbIC CUCTEMBI MTOX0KH Ha CoyHed-
Hyl0. CoueTaHusi YCJIOBUI TaM MOTYT OBITh COBEPILICHHO JPYTH-
mu. [ToaToMy OT pacimmpeHusi CIKMCKa BO3ZMOXHBIX BapUAHTOB
Bpelia, Ckopee Bcero, He Oyjier.

Bo3sBparasice kK 3eMHOI (a BepHee, BOAHOI) OMoxumuw, Oy-
JeM VIMeTh B BUJLY, UTO OHAa — HE eJUHCTBEHHAsI TEOPETUICCKU



BO3MOXHas1. M3yyas mpupony, Bceraa rnojae3Ho MOMHUTH JII0OH-
My Mbicib CtanuciaBa Jlema: “Cpeau 3Be3x Hac xaer Heus-
BECTHOE.



3. beakn

— A eom mosapuwy Amnepsin 2ogopum, umo 0e3
Oenka Jlcums Heaw3s, — ckazan Bumwka, 3acmaénsis
cmpyro mabaunozo ObIMA CEOPAUUBAMbCS. 8 CMePU U
XOOUMb NO KOMHAmMe, 02u0ast nPeoMenol.

— A 2060p1o, wmo HcusHb — 3Mo Oenok, — 603pA3UN
Douxk.

— He owywaro pazuuyel, — ckazan Bumvka. — Tol

2080pUILb, UMO eCAU Hem 6eaKd, Mo Hem U HCU3HU.
APKAJTHH H BOPHUC CTPYTAIIKHE.
IHIOHETEJIBHUK HAYUHAETCA B CYBBOTY

B pazroBopax o coBpeMeHHON OUOJIOTMHU CIIOBO “OeJIOK” 3BY-
YUT OYeHb 4yacTo. Bce 3HAOT, YTO OEKM — BakHEHMIINe MUTa-
TeJbHbIe BelecTBa. Ho OHOBpeMEHHO 3TO elnie U CI0KHbIe OHOo-
XMMHYECKHE MAIIMHBI, BBHIIOTHSIOIME B OPraHW3Me MHOKECTBO
caMblIX pasHbIX (PYHKUMIl: AbIXaHWe, MUIIEeBApEeHUe, CUUThIBA-
HME HACJIEACTBEHHOM MH(OPMALIMM, COKPAILEHHUE MBIIIL, 3aLH-
Ta, BOCIPUATHE CBETA, MEpefada CUrHAJIOB... MPOILE CKa3aTb,
Jero OeJKu He fesaioT. UTo ke 9T0, B KOHIIe KOHIIOB, Takoe?

Hauynem c Toro, 4yro Oeiku, Wi MPOTEUHbI, — 3TO OIPOM-
HbIE MOJIEKYJIbl, BXOASAIIME B COCTaB aOCOTIOTHO BCEX COBPEMEH-
HBIX KMBBIX OpraHu3MoB. Vcropus MX Ha3BaHUs, YECTHO FOBO-
ps1, moBosbHO 3amyTaHHa. Cam TepmuH “Oeok” (albumin) Bo-
men B ynorpeodnenue eme B XVIII Beke, 1 oTHOCKIICA OH TO-
I71a K BelleCTBaM, OJOOHBIM BCEM U3BECTHOMY O€JIKY KypHHOIO



auna. Yro kacaercsa tepmuHa “npoterH” (protein), TO €ro mpu-
JyMaJl 3HAMEHWTHI MmBeAckuii xumuk Méne ko6 Bepuemyc.
Kpowme atoro, bepuennyc OTKppl1 HECKOJIBKO HOBBIX XUMHYE-
CKHUX 3JIEMEHTOB, YCTAaHOBUJI (DOPMYJIbI psila OPTaHUYECKUX KUC-
JIOT, pa30o0pajicsi B SBJICHUU JEKTPOIM3a U CAeal ele MHO-
ro apyroro. B yactHocty, uMeHHO bepuennyc OTKpeL1 sABjIeHUE
M30MEpUU U BBEJI CaMO MOHSTUE “U30MEPHI”, YKE HAM 3HAKOMOE
(cM. mnaBy 1). [la u TepMuH “opraHuyeckasi XuMus® TOXe MpU-
HaJIJIEKUT EMY.

Tak BoT, B 1838 rogy beprenunyc npennoxnia Ha3BaTh HEKOTO-
pble opraHryeckue BelecTsa “nporerHamu’ 123, CioBo 31o npo-
U3BEJIEHO OT IPEYECKOro JTPWTELOS, “niepBUdHbIA”. TIpuIyMbI-
Bas CBOM TepMUH, bepriennyc npeamnosiarai, 4ro “rmpoTeuHbl” —
9TO HEKHe TEePBUYHBIC CTPOUTENIbHBIE OJIOKW KUBBIX OPraHm3-
MOB, 1 ObLJI, KaK MBI Ceii4ac 3HaeM, COBEPIIEHHO TPaB.

B pycckom si3pike “0eoK” U “IIPOTEMH” — CTPOrve CUHOHU-
Mbl. [To OyKBaJIBHOMY CMBICITY “IIPOTENH”’, KOHEYHO, TOUHEe, YeM
“0enok”. Ho Kak-To yX Tak CJIOXKHIOCH, YTO B HAllel HAyYHOU
JIMTEpaType CIJIOBO “OeJIOK” yIoTpeOIsieTcsl ropas/o Jalile, U Mbl
Oyzem atomy ciienoBaTh. Ckopee Bcero, Aeso TyT MPOCTO B TOM,
YTO CJIOBO “OeJIOK” MpoIle JUIsi BOCIPUSATHS W TPUBBIYHEE Ha

CITyX.

Ioaumepsl

B cocraB 6eIKOB BXOAST YIJIEpOM, BOIOPOI, KUCIOPO, a30T



U, KaK TIpaBuIo, eie cepa. Huuero ocoOEHHOro B TAKOM XUMH-
YECKOM cocTase HeT. I opasno ynusurensHee gpyroe. Eme B XIX
BEKe XMMUKUA OOHAPYKWJIM, YTO MOJICKYJIBI OEJKOB OYKBaJbHO
rurantckue. [1o pa3mepy, TO €cTh 10 KOJIMYECTBY aTOMOB, OHU
B COTHU Pa3 MPEBOCXOIAT MOJIEKYJIbI OOJBITMHCTBA APYTUX Op-
raHMYeCKuX BemlecTB. [lesio B ToM, 4TO OEJIKM OTHOCATCS K No-
AUMEPAM — MOJIEKYJIAM, COCTOSIIIIUM U3 MHOKECTBA OJJHOTUITHBIX
(HO He 00s13aTeNIbHO COBEPIIIEHHO OIMHAKOBBIX) MOBTOPSIONIUX-
Cs1 3B€HbEB, KOBAJICHTHBIMU CBSI3SIMU COEIMHEHHBIX APYT C APY-
roM (cM. puc. 3.1A). Takue 3BeHbs1 HA3BIBATCS MOHOMEPAMU .
[Tonrmepsl MOTYT pacrafaThCs Ha OTAEIbHbIE MOHOMEPHI, & MO-
I'YT ¥ COOMPAThCS U3 HUX BHOBb. DTHU MPOILIECCHl UTPAIOT OTPOM-
HYIO pOJIb B OMOJIOTMYECKOM OOMEHe BeIleCTB, B XOJe KOTOPOTro
TO U JIeJIO OJIHU MOJUMEPHI PACIIEIUISIIOTCS, a IPyrue CTPOSTCS
U3 MOHOMEPOB 3aHOBO. VIHOI/1a osIMMepbl Ha3bIBAIOT MAKPOMO-
JIeKyJIaMH, TO €CTh IONPOCTY “OONBIIMMU MOJIEKYJIaMK ™.
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Puc. 3.1, CMI\-IF\-IE!T[JMH W AUCCUMMETPUA MONeHyn. A— CUMMETPHYHAA MONekyna MeTaHa, b — AKC-
CUMMETPHA MONEKYNLI, TAE K YINepoay NPHMCOSIUHEHbl YETbIpe pasHbix pagnkana, B,
[— AUCCUMMETPHA aﬂbtbafaw HOKKUCNOT Ha Npumepe anaHuHa

OueHb MPOCTON MPUMEP MOJUMEPA — MOJUITUIIEH, TOT ca-
MBI, 13 KOTOPOTO JIEJIAIOT YITaKOBOYHYIO TUIEHKY, MAKEeThl, U30-
JIGHTY ¥ TOMY TMOAOOHBIE Beld. DTO OOBIYHBIN YIJIEBOAOPOI,
MMEIOIIUH, OTHAKO, OYeHb JIJTMHHBIE MOJIEKYJIH (ropa3no Oosee
JUTMHHBIE, YeM BCE, YTO Mbl BUAEIH 10 cux nop). Popmyrna nonu-
stwieHa crnepyomas: CHz;—CH,—CH,—CH,—CH,—CH,-CH,-
CH,—CH,—CH,-CH,-CH),-... 3a MHOrOTOYMEM TYT MOXET
CKPBIBATbCS LIEMOYKA M3 HECKOJBKUX THICSY aTOMOB YIJIEpoa
(pa3ymeercsi, C MPUCOETMHEHHBIMUA K HUM aTroMamMu BOJOPO/A,
KOTOpbIE BCEra 3aloHSIOT BCE BAJIEGHTHOCTH, HE 3allOJIHEHHBIE
IpyruMu aromamu). [ToBTopsiionuMcst 3B€HOM B MOJUITUIICHE



asngerca rpynmna — CH,—CH,— (¢ aByms aromamu yriiepoaa, a
HE C O/IHAM, [TIOTOMY YTO IIPY MOy YEHUH TTOJIMITUIIEHA OH “CIIN-
BaeTcsl” UMEHHO U3 JIByXYIJIEPOJHBIX MOJIEKY/T). DTO U €CTh €ro
MOHOMEP.

W B XMBOW, U B HEKUBOW IIPUPOJE €CTh MHOTO BCEBO3MOXK-
HBIX [TOJIMMEPOB, COCTOSALIMX U3 CAMBIX Pa3HBIX TUTIOB MOHOMED-
HBIX 3B€HbEB. 1 Kak IPaBUJIO, 3TU 3BEHBS FOPA3/10 CIIOKHEE, YEM
B nonmaTUiIeHe. Hanmpumep, BO MHOTMX OMOJIOTMYECKUX TTOJIH-
Mepax MOHOMepaMH SIBJISIIOTCS caxapa (cM. raBy 6). B Genkax
’K€ MOHOMEpbI 0COObIE, CBOMCTBEHHbIE TOJILKO UM. DTO — aMU-
HOKUCJIOTHI.

Aabda, 6eTa, ramma...

AMMHOKHCIIOTA, KaK Mbl 3Ha€M, — 3TO BELIECTBO, B MOJIEKY-
Jie KOTOPOTO OMHOBPEMEHHO €CTh KapOOKCHIIbHAS TPYTITA U aMHU-
Horpynmna (cM. miaBy 1). OcoOEHHOCTh aMUHOKHCIIOT, BXO[IsI-
IIUX B COCTaB OEJIKOB, B TOM, YTO 3TH JIBE TPYNIbl 00s3aTeNb-
HO MPHUCOEIMHEHBI K OHOMY M TOMY k€ aToMy yriepopa. Ta-
KM€ aMUHOKHUCIIOTHI Ha3bIBAIOTCA AbPa-amMuHoKucaromamu (CM.
puc. 3.1B). Eciiu B Kakoil-HUOYb aMUHOKUCIIOTE KapOOKCHIIb-
Hasl Tpylnna 1 aMMHOTPYIIA CBSA3aHbl C pa3HbIMU aTOMaMU YIJle-
pona, To 3TO He aib(a-aMUHOKUCIOTA U B COCTaB OEJIKOB OHA
BXOJUTb HE MOXET.

[Touemy anbpa-aMMHOKHUCIIOTHl Ha3bIBAIOTCA “alib(pa” U MpHU
4yeM TyT BooO111e rpeyeckrie OykBbl? [lesio BOT B ueM. ATOMBI yT-



Jieposia, 00pasyollye aMIHOKHUCIIOTY, IPUHSATO 0003HAYATH Ipe-
YeCKMMU OyKBaMH I10 TIOPSIKY, CUMTAsT OT KApOOKCUITBHOM TPYTI-
bl (caMa OHa B cueT He ujeT). Takum oOpa3om, MepBbIid aToM
yriepoja mnocie KapOoKcuia — 3To aibga-aTom, BTopor — Oe-
Ta-aToOM, TPETUM — FaMMa-aToM U T. 1. VI B 3aBUCUMOCTH OT TOTO,
K KaKOMY aTOMY yIJIepoJa y HUX IMPUCOEIMHEHA AMUHOIPYIINA,
AMUHOKHCIIOTHI JIEISATCS Ha alib(pa-aMUHOKUCIIOTHI, OeTa-aMUHO-
KHCJIOTBI U [TPOYHE.

Harnpumep, mpencraBuM cebe aMUHOKHCIOTY ¢ (hOpMYJIOn
NH,-CH,-CH,-CH,-COOH (cm. nmanee puc. 3.8). AMHHO-
rpynmna TyT NPUCOEAUHEHA K TPEThEMY aTOMy YIJIEpPOHa, CUM-
Tast OT KapOOKCWJILHOW TPYMIIbI, TO €CTh K TaMMa-aToMy. 3Ha-
YUT, ITO FAMMa-aMUHOKUCIIOTA. B 1TaHHOM ciyyae OHa Ha3blBa-
eTcsl raMma-amuHoMacisiHon kucioron (FAMK). Dta amuHO-
KHCJIOTa €CTh B OpraHM3Max OOJIBIIIMHCTBA KUBOTHBIX. Bo-1iep-
BBIX, OHA SIBJISIETCS] MPOMEXKYTOYHBIM TPOAYKTOM OOMEHa Be-
IIECTB, & BO-BTOPBIX, CIIY)KUT HEHPOTPAHCMUTTEPOM, TO €CTh Be-
IIECTBOM, MEPEHAlONIUM CUTHAJI MEXYy HEPBHBIMU KJIETKAMHU.
NwmenHo ¢ Hapymenuem 'AMK-sprudeckoit (To ecTh 00ycIOB-
nennoit 'TAMK) nepenaun HepBHBIX UMITYJIbCOB CBSI3AHO JEii-
CTBHE OHOTO U3 CAMbIX CUJIbHBIX PACTUTEJIbHBIX SJJ0B — S/ 1IH-
KyThI, KOTOPbIM B cBoe Bpems orpaBum Cokpata. Ho BoT B co-
craB 6enkoB [AMK, B ominume ot ajnbha-aMUHOKHUCIOT, HUKO-
r1a He BXOOMT.



IlenTnaHasa cBA3b

Kak anbga-aMUHOKHCIOTH 00beMHSI0TCS B O0e1oKk? OueHb
MPOCTO: KapOOKCHJIbHAS TPYIIA OJIHOW aMHUHOKUCIIOTHI CBSI3bI-
BaeTcsl ¢ aMHHOrpymmon apyrou (cm. puc. 3.2A). OT KapOOK-
CWJIBHOM Tpynibl otuiervisercs ruapokcuit (-OH), a or amuHo-
rpynmsl — Bogopoa (-H). 9T ormennenHsie pparMeHTsl TYT
xe coenuHsiorces u aaot Bony (H — O-H), a ocratku kapOok-
CHJIBHOW T'PYIIITBl U AMUHOTPYIITIBI 3aMBIKAIOTCS TI0 OCBOOO/IMB-
HIMMCS BAJIGHTHOCTSIM JIPYT Ha Apyra, o0pa3ysl HOBYIO IpyIIy —
CO - NH-. Bor uepe3 Hee-TO JiB€ aMUHOKMCJIOTBI M COE/IUHSI-
I0TCSI M@Ky COOOM.

I'pynma — CO — NH- HasbBaerca nenmuoHoll 2pynnoii, a
CBSI3b MEKAY YIJIEPOJOM U a30TOM B HEU — NENMUOHOU C853bi0.
[lenoyka aMUHOKMCIIOT, COEIMHEHHBIX MENTUIHBIMU CBA3SIMU,
HazbIBaeTcs nenmuodom (cM. puc. 3.2B). Do Gonee mmpokoe no-
HATHE, YeM OesToK. Bee Oesku — menTujibl, HO He BCe TIeTITH/IbI —
OenKu.

Peakmms oOpa3oBaHus TENTHAA B MPUHIUIIE 0OpaTHUMa: OH
MOXET KaK CHHTE3UPOBATHCS, TAK U PACHagaThCcsi OOPaTHO Ha OT-
JieJTbHbIe aMUHOKHUCIIOTHL. Ha 0JHOM KOHIIe MenTuia HaXOoqUTCs
CBOOO/IHAsI aAMUHOTPYIIIIa, HA IPYroM — CBOOOHAST KAPOOKCUJTb-
Has rpymnma. st KpaTKocTy KOHell menTuaa co CBOOOJHON aMu-
HOTPYNIION MPUHATO HA3bIBaTh N-KOHLOM, & KOHEIl CO CBOOO-
HOW KapOOKCHIIbHOM Tpynmon — C-KoHyoM.



Kopotkue nentuapl Ha3pIBAIOT WU [0 YUCITY aMUHOKUCIIOT-
HBIX OCTATKOB (JIBa OCTaTKa — JAUIMENTHUI, TPU — TPUIIEITU]], Ye-
THIPE — TETPANenTHI...), U COOUPATETLHO — 0AU2ONenmuoa-
Mmu. JITMHHBIE TISTITUIBI ¢ MHOTMMU JIE€CATKAMH aMHUHOKHUCIIOT-
HBIX OCTATKOB Ha3bIBAIOT noaunenmudamu. Bce Oeaku — mnonm-
nenTUabl. AMMHOKHMCIOTHBIX OCTATKOB B HUX OOBIYHO JaXke He
JecsITKU, a coTHU. “CpeaHuii” O€OK, TUMWYHBINA AJIs KUBOU
npupobl, Bkmovaetr npuMmepHo 300-350 amuHokucior. benok
u3 200 aMMHOKUCTIOT cunTaeTrcst HebombiM. HeynuBurenbHo,
9TO OEJIKOBBIE MOJIEKYJIBI TTOPA3KIIN KOTJIa-TO XUMHUKOB CBOUMU
pa3Mepamu.
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Puc.3.2. O6GpasosBaHue NenTUAHOA CBA3K

Pa3HooOpa3ue U eINHCTBO

B cocra 6enkoB Bxogut 20 cTaHIAPTHBIX AMUHOKHUCIIOT, OfI-
HUX U TeX ke y BCeX JKMBbIX OpraHu3MoB. Kak Mbl yke 3HaeM,
BCE OHU — aJb(ha-aMHUHOKHCIIOTHI, @ ITO 3HAUUT, YTO UX OOIIYIO
(popmyny moxno 3anucars Bot Kak: R — CH(NH,) — COOH.
Bbyksa R TyT, Kak Bcerna, 0003HayaeT paauKai, TO €CTb U3MEeHs-
€MYIO YacTb MOJIEKYJIbI.

AMMHOKHCIIOTHI, 0Opa3ylomiye OeIKH, Ha3bIBAIOT NpOmeuHo-
2€HHbIMU, OT YK€ 3HAKOMOI'O HaMm cJioBa “nporenH”. [IBe camble



IPOCTBIE MPOTENHOT€HHbIE AaMMHOKHCIIOTHI — ITIMLIMH (TA€ Paay-
KaJI — aTOM BOJIOpOJa) U ajJaHuH (TIe paguKajJoM CIIyKUT Me-
TiibHas rpynna — CHj). V npyrux aMMHOKMCIOT paauKalibl
cnoxHee. s uuTaTeneii-apyanuToB 100aBUM, YTO BCE HECTaH-
JApTHblE AMUHOKHUCJIOTHI (CEJIeHOUMCTENH, MUPPOIU3UH, TH]-
POKCUJIM3UH, TUIPOKCUIIPOJIMH) TaK WM MHAYEe SIBJISIIOTCS MPO-
W3BOJHBIMU CTaHJAPTHBIX M HAC IOKA HE MHTEPECYIOT. A CTaH-
JapTHBIX — poBHO 20.

CaoiicTBa M0OOTO MENTHAA 3aBUCAT HE TOJIBKO OT TOTO, Ka-
KM€ aMUHOKMCIIOTB B HETO BXOSAT, HO U OT TOTO, B KAKOM I10-
psKe OHM TaMm pacrionoxeHsl. Hampumep, npencraBum cede
JWIIETITH], COCTOSIIIMI M3 IMIMHA U ananuHa. Kak oH Oyner
BeIIsIeTh? Eciiu B CO3JaHMM NENTUIHON CBSI3U NPUMYT y4a-
cTve KapOOKCWIIbHAs TPYyMIa IIMIMHA U aMUHOTPYMIA alaHu-
Ha, qunenTtua oyaet Takum: NH,—CH,—CO — NH — CH(CH3) —
COOH. Ho BO3MOXEH M Jpyrov ciy4yai, KOrga INENTHIHYIO
CBSI3b 00pa3yloT, HAOOOPOT, KAPOOKCHIIbHAS I'PyNIa ajlaHUHA U
aMMHOTpyIIa UMUUHA. Toraa nentuj MolyyuTcss BOT TaKUM:
NH,—-CH(CHj3) - CO - NH - CH,—COOH. Kak Bugum, 310 1Ba
pa3HbIX coeMHeHUs. B 6ekax, COCTOSIIMX U3 COTeH aMUHOKHC-
JIOT, IOPSJIOK PACHOJIIOKEHUS STUX aMUHOKUCIIOT HE MEHee Ba-
’KE€H — TOJIbKO BOT BO3MOKHBIX BAPUAHTOB TaM HAMHOTO OOJIbIIIE.

[nsns Ha popMyIIbL, JIETKO YOEAUTHCS, YTO J1Ba HALIMX JTUTIeTI-
TUJIA — HE YTO MHOE, KaKk u30Mepsl (cM. m1aBy 1). To ke oTHOCUT-
Cs1 K JIIOOBIM MeNTHaM, OTIMYAIOIIMMCS APYT OT Jpyra Mopsii-
KOM PacCIIOJIOKEHU I OTHUX U TeX K€ AaMUHOKHUCJIOTHBIX OCTAaTKOB.



W 4ucio Takux M30MepoB B CTyvae ¢ JUIMHHBIMU MENTHIaMUA MO-
KeT ObITh OrpOMHBIM. Harprimep, MOXHO BBIYHMCIIUTH, UTO IS
JekarenTtuaa, cocrosiiero u3 10 pa3HeIX aMUHOKHUCIIOT, YUCIIO
BO3MOXHBIX M30MepoB paBHO 3 628 800. A Benb JeKanenTua —
9TO Jake He OesIoK. [IJ1s moOoro KpymHoro Oejika Yrcjio n3oMe-
poB OyaeT B OyKBaJILHOM CMbICTIe aCTPOHOMHUYECKUM. BoT moye-
MY pPa3HBbIX OCJIKOB TaK MHOTO.

[Topsiiok pacnonoxeHusi aMUHOKUCIOT KpallHe BakeH s
TOro, 4T0OBI OEJIOK MPABUJILHO BBHIMOHST CBOIO (PyHKIMIO. OH
JOJDKEH ObITh TAKMM K€ TOUHBIM, KaK TOPSIOK OyKB B Harieua-
TaHHOU (ppase. EnMHCTBEHHAs 3aMeHa WK NIEPEeCTaHOBKA BIIOJ-
HE MOXET ceyiaTh OeJIOK COBEpIIEHHO “OecCMBICTIEHHBIM”, TO
€CTb OECITOJIE3HBIM JIJIs1 OpraHu3Ma. Meky TeM HUKaKUMH M-
CTO XUMHUYECKUMU CPEJICTBAMH TaKyl0 TOUHOCTh CUHTE3a Oeska
obecrneunTbh HeBO3MOXKHO. [IepBbIM, KTO HaJ1 3TUM BCepbe3 3a1y-
MaJicst, ObLT BbIIaOMiCS pycckuii ononor Hukonaii Koncran-
tuHOBMY KosblioB. “Moriekysia OKTOKaieKkanenTuaa, CocTosi-
njas u3 18 aMMHOKHUCIIOT, MOKET UMETh OKOJIO TPUJUIMOHA U30-
MEPOB, 2 U3OMEPHI CJIOKHBIX OCITKOBBIX MOJIEKYJT JOJKHBI KCUUC-
JATbes LeHTWIboHamu (uuciio u3 600 udp). [pencrapnsercs
COBEpIIIEHHO HEBEPOSATHBIM, YTOOBI CHHTE3 OIPEJIETIEHHOTO U30-
Mepa OEJTKOB ONPeIeNTsICS UCKTIOUMTETbHO BHEITHUMU YCIIOBH-
samu peakimu”’, — nucait Konmeiios eme B 1927 roay?®!. U3 storo
CJIeI0BAJl BKHEUIIIMK BbIBOA: MUHGOPMALIUS, 3aaioiasi mopsi-
JIOK aMMHOKHCIIOT B OeJIKe, HelTPeMEHHO JIOJKHA X PAHUTBCS Te-
TO B opranu3me. OHa IOJKHA KOMUPOBATHLCS, MEPEaaBasiCh U3



TIOKOJICHU I B TIOKOJIEHHUE, U CUUTHIBATHCS TI0 TIEPBOMY 3aripocy,
KOTJIa TOT WJIA WHOU OeJIOK TIOHAI0OMTCs co3/aTh. Bee 310, Kak
MBI Cceiiuac TIOHMMaeM, COBepIIeHHO BepHO. O TOM, KaK B JICH-
CTBUTEJILHOCTH Pa0OTAIOT 3TU MEXaHU3MbI, Mbl Y3HA€M W3 IJIaBbI
9.

B oTume oT HEKOTOPHIX IPYTHX MOJMMEPOB, OSIKM HUKO-
r/1a He BeTBATCA. JII060# O6€JTOK — 9TO CTPOro JIMHEHHAS 1IeTT0YKa
aMHHOKUCIOT. CaMi aMUHOKHUCIIOTBI, BXOASIIME B COCTaB Oe-
Ka, MPUHATO 0003HAaYaTh OyKBaMU: HaIIpUMep, IJIUIMH 0003Ha-
yaetcst OykBoil G, aylanuH — OykBoid A u T. 1. [Toatomy popmy-
JIy ;mo0oro 6ejka MOXHO 3aIicaTh B BUJIE MPOCTOM MOCTIe0Ba-
TeJIbHOCTH OYKB, COOTBETCTBYIOIIUX aMUHOKHCI0TaM. Ha camom
nieJie Tak OOBIYHO U JIEJIAIOT.

“Kupnu4yukmn’’, 13 KOTOPbIX COCTOUT KU3Hb

WTak, Mbl BUIUM, YTO aMUHOKHCJIOTHI, BXOASIINE B COCTaB
0€JIKOB, TTOCTPOEHHI MO OIHOM cxeMe. B mo0oi u3 3THX aMuHO-
KHCJIOT €CTh KapOOKCHIIbHAS TPYIIINA M aMUHOT PYTITIa, PUCOE M-
HEeHHBIE K LIEHTPAJIBHOMY aToMy yriiepoaa (ToMy, KOTOPBIA Mbl
Ha3BaM aybda-aToMoM). Kpome Toro, k HEHTPAIILHOMY aTOMY
yIepona Beeria NprucoeAnHeH aToM Bofopoaa. Takum oOpazom,
U3 YeThIpeX BAJICHTHOCTEN asib(a-yriaepoaHoro arToma Tpu Bee-
I/1a 3aHATHI OIHUMHU U TEMU K€ TPYyNIamMu — KapOOKCHIIBHOM,
AMUHOT'PYIIIOW ¥ aTOMOM BOAOPO/A. B 3THX YacTsax MosieKys1 HU-
KaKoro pasHooOpasus HeT.



A BOT yeTBepTas BAJICHTHOCTb aJib(ha-aToMa yIjieposa 3aHsTa
W3MEHYMBOW I'PYNIOMA, KOTOPYIO MBI ISl yA0OCTBa Ha3BaJIHM pa-
JukaiioMm (—R). Tlo HeW-TO aMUHOKUCIIOTHI ¥ pa3jinyaloTcst (CM.
puc. 3.3).

EcTp HECKOJIIBKO aMMHOKUCJIOT, Y KOTOPbIX paJMKajbl YUCTO
YIJIEBOIOPOJIHBIC: aJTAHVH, BAJIVH, JIEUIIUH, U30JIENIUH, (DeHUII-
anaHuH. [IBe U3 HUX — JIEHIIMH U U30JIEHIMH — SIBJISIOTCS U30Me-
pamu Jpyr Apyra, HOTOMY Tak 1 Ha3BaHbl. OHM OTJIMYAIOTCS BCE-
IO JIMIIb MMOJIOKEHUEM OHOW MeTusbHOU rpynmsl (—CH3). Yu-
CTO YIJIEBOAOPOJHbIE PaIMKabl INIOXO B3aUMOJEHCTBYIOT C BO-
J0M, HO XOPOLLO JpYT ¢ IpyroM. MlHaue roBopsi, 311 paiuKasbl —
rupooOHbIE.

EcTh aMMHOKHUCIIOTBI, Y KOTOPBIX B COCTaB paMKasia BXOAUT
ruapokcuibHas rpymmna — OH (cepuH, TUPO3WH) WM aHAJTIOTUY-
Has €i, HO coiepskallas BMECTO aToMa KUCJIOpOzia aToOM Cepsl
tronbHad rpynna — SH (uucrens). B takux pagukanax ecrsb 1o-
JIIpPHBIE CBA3M, 4 IOTOMY OHM B3aMMOJIEMCTBYIOT C BOJOY TOpas3-
10 JIy4Iie. DTU paguKaibl — TUIPOPUIIbHBIE.

Bce aMMHOKMCIIOTBI, IEPEYUCIIEHHBIE HAMU JI0 CUX I10p, Ha-
3bIBAIOTCS] HEUTPAJIBHBIMU. DTO O3HAYAET, YTO B BOJHOM pacTBO-
pe X MOJIEKYJIbl IEKTPUUYECKU He 3apsikeHbl. Mbl yxe BUAEIH,
YTO B JIIOOON aMUHOKHCJIOTE €CTh KapOOKCUIIbHAS IPYIIA, CBOM-
CTBA KOTOPOM KHUCJIOTHBIE, U aMUHOIPYIINA, CBOMCTBA KOTOPOU,
Ha000poT, ocHOBHBIE (cM. TaBy 1). [lomamas B Bomy, KapOOK-
CUJIbHASI PYIIA OTAAET POTOH M CTAHOBUTCS 3apsiKeHa OTpULia-

tesibHO (—COQO™), a amuHOrpynmna npucoeJuHsET NPOTOH U CTa-



HOBUTCA 3apsikeHa nonoxkutebHo (-NH ;7). CymmapHblii 3apsj
MOJIEKYJIbl AMUHOKHCJIOTHI B PE3Y/IbTaTe OCTAETCS PABHBIM HYJIIO.
ITO — HEUTpaJIbHASA MOJIEKYJIA.

A y4T0, ecnu KapOoKcubHBIX rpym aBe? Torga 3Ta aMuHO-
KHcsioTa Oy/IeT B pacTBOpE 3apsiKeHa oTpuiiatesbHo. U neiicTBu-
TEJIbHO, B COCTaB OEJIKOB BXOAUT Mapa TAKMX aMHUHOKUCIIOT — 3TO
acraparHoBasi M IJTyTAMHHOBAasi KUCIOTHL. Y HUX OOEHX €CTh
KapOOKCHJIbHASI TPYIIA HE TOJBKO MPHU alb(da-aToMe, HO ellle 1
B panukaie. VI, CoOOTBETCTBEHHO, TOT PaJUKasl HECET JOIOIHU-
TEJIbHBIN OTPHUIATEIIbHBIN 3apsijl.

Jl1sl KpaTKOCTH acraparvHOBYIO M INIyTAMUHOBYIO KHMCJIOTBI
YacTO Ha3bIBAIOT, COOTBETCTBEHHO, aCMapTaTOM U ITyTaMaToM.
TyT HafO NOSACHUTH OIHY TOHKOCTb, CBSI3aHHYIO C Ha3BaHUSIMU
BelIeCTB. AcnapTar U IlyTaMaT — Ha CaMOM JieJie Ha3BaHUsI He
KHCJIOT, @ X AaHUOHOB MJIM (UTO TO ke camoe) ux coner. Hampu-
Mep, ITyTamar — 3TO COJIb [Ny TAMUHOBOM KUCIOTHL. B 6Groxumun
STUM CILIONIb U PSIOM ITpeHeOperaioT, UCIOJIb3Ysl HA3BaHUSI KUC-
JIOT U COJIEM KaK CUHOHMMBI. Beap uto Takoe cosb? D10 KHUCIIO-
Ta, Y KOTOPOH Ha MeCTe MPOTOHA OKa3aJiCs JTIOOOU APYroi KaTu-
oH. Ecim e oHa AuccOlMMpPOBaHa U HE UMEET HUKAKUX KaTho-
HOB B0oOOI11e (2 3TO OBIBAET B pacTBOPAX OYEHb YACTO), TO 32 Hei
OOBIYHO Paay yI0OCTBA OCTABJISIOT HA3BAaHUE COOTBETCTBYIOIIEH
conu. VIMeHHO 3TO MBIl Ha MpUMepe acrnaprara ¢ NIyTamaToM U
BuiuM. Ha3zBanue conu — 310 Ha3BaHWE aHUMOHA, B BUJIE KOTOPO-
I'O MOJIEKYJIa pEAJIbHO CYIIECTBYET B BOJIE.

['myramar (OyzemM OTHBIHE Ha3bIBaTh €r0 TaK) MHTEpPEeCceH He



TOJIBKO TeM, YTO Y4acTByeT B 00pa3oBaHuU OelKOB. B opranms-
Max TIOJABJISIONIETO OOJIBITMHCTBA KUBOTHBIX OH CITYXKHT €Ile U
HEUPOTPAaHCMUTTEPOM, TIPUUEM OIHUM U3 BakHEUIMX. B HepB-
HOW CHCTEME YeJIOBEKA IITyTaMaT UCIIOJb3YIOT AJIs Iepelaur BO3-
Oyxnenust npumepHo 40 % HeWpoHOB — 3T0 oyeHb MHoro! Io-
YTU BCE OCHOBHbIE MH(OPMAIMOHHBIE MMOTOKM B HAIIEM MO3-
re WIyT MOCPEACTBOM BBIACTCHUS TTyTamara, CIyXarlero s
HEPBHBIX KJIETOK BO30YK/JAIOIIMM CUTHAJIOM. Bbiriie Mbl yriomu-
HaJId, YTO HEMPOTPAHCMUTTEPOM SIBJISIETCS U €I1le OJHA MTPOTEeU-
HOT€HHAs1 aMUHOKUCIIOTa, a UMEHHO IMIMH (cM. miay 1). Ho
JICVCTBUE TJIMIIMHA TOpMOo3siee (TO eCcTh yCIOoKauBaoliee), a
rIyTamara — IMeHHO Bo3Oy:kaaroriee. [TockosbKy rimyramar BXo-
JIMT B COCTaB KaKUX YTOJHO OEJIKOB, TO €ro 04eHb MHOTO B TIHIIIE,
HO MHUIIEBOM ITyTaMaT B MO3I [OYTH HE MOMAJaeT — HEPBHbIE
KJIETKY CUHTE3UPYIOT €ro CaMHu.

Kpome Toro, K riayramary oueHb UyBCTBUTEJIbHA HAIlla BKY-
coBas cuctema. OOBIYHO CUMTAETCS], YTO €CTh MATh OCHOBHBIX
BKYCOB, 111 KOTOPBIX Ha SI3bIKE CYILECTBYIOT OT/E/IbHBIE THUIIBI
PELIENTOPOB: COJIEHBIN, KUCbIN, CIAAKUNA, TOPbKUIA U BbIJIEICH-
HbId B Hauastle XX Beka BKyc yMaMu. CoJieHbIi — 9TO BKYC MO-

BAPEHHOM COJIM, KUCJIBIA — POTOHOB (HY), cnankuii — caxapos.
['opbKUil BKYC — CaMBblii CIOKHBIN, OH HE MPUBSI3aH K KAKOMY-TO
OJHOMY KJIACCy MOJIEKYJl M BO3HHKAEeT KaK peakilvs Ha JTodoe
BEILIECTBO U3 OOJIBIION M pa3HOOOPA3HOM I'PYMITBl 3AUMCIEHHBIX
MO3rOM B “SIOBUTHIE”, 3TO BOJIOIMOHHO BHIPAOOTAaHHBIN MeXa-
HU3M 3alUThl OT TOKCMYHOW muimy. Hy a ymamu — 310 He 4TO



MHOE, KaK BKyc rmytamara. Cy/isi 1o BceMy, B XOZI€ SBOJIIOLIUU Op-
raHOB YYBCTB TIO3BOHOYHBIX KMBOTHBIX UIMEHHO TJIyTamaT ObLI
BbIJIEJIEH KaK MHAMKATOP BKYyca OCJTKOB (BaKHEHIIMX MUTATE b~
HBIX BELIECTB KaK-HHUKaK). BOoT moyemy Ha sI3bIKe 1J1s1 HETO €CTh
ocoOble perienTopsl. OInyiieHre BKyca riayTamara — 3TO 9BOJIIO-
IIMOHHO BBHIPAOOTAHHBIN CUTHAJI O TOM, YTO B POT TOMAJIO HEYTO
OenKoBoe.

['mytamart yacTto 100aBISIOT B MUIILY, IPUYEM KaK B BUJIE KHC-
noThl (nuimeBas gjoo6aBka E620), Tak 1 B BUIe HATPUEBOU COM
(rmummeBast no6aBka E621). U pa3 yx Mbl 3aroBopwid 00 3TOM
BEIIIECTBE, BOCIIONB3YeMCsI CITydaeM, YTOObI pa3BesiTh HECKOJIBKO
CBSI3aHHBIX C HUM 3200y AeHuil. MOXeT ObITh, KOMY-TO IPUTO-
JUTCSL.

WTak, BO-nepBbIX, YTBEPKIEHUE, YTO TIIyTaMaT — YCUIIUTEb
BKyca, HeTOUHO. BeipaxxeHue “ycunutesb BKyca” MOTJIO Obl OTHO-
CHUTBCSl K HEKOeMY (BBIMBIIIUIEHHOMY) BeIlleCTBY 0e3 COOCTBEH-
HOT'O BKyCa U 3araxa, o0JajaloiiemMy CBOUCTBOM 000CTPSAThH BKYC
mo0oi ezibl. [TyTamar 3Toro He JeaeT: y Hero mpocTo ecTh CBOM
BKYC, TOUHO TaK e, KaK y caxapa Win y cojii. MexaHu3Mbl BOC-
NpUATHUSA BKyca IJIyTamara U BKyca, JOIYCTUM, TOTO ke caxapa
MPUHLIMITMAILHO HEe OTIAvaloTcs apyr ot apyra. [Ipocro caxap
BOCIPUHUMAETCS] OMTHUMHU PEeLeNTOPaMu, a IITyTaMaT — IPYTUMHU.

Bo-BTOpBIX, HEBEPHO YaCTO BCTpevaroleecss MHEHHE, OyIToO
“HaTypaJIbHBIA~ TIyTamar (MPearooKUTeIbHO 083001 IHBIN) —
9TO COBCEM HE TO, UTO INIyTamar “UCKYCCTBEHHBIN  (TPEAIoo-
JKUTEJIbHO BPEIHbIM U ONacHbiM). JIOIM, KOTOpbIe Tak AyMAloT,



MIPOCTO HE 3HAIOT, O KaKOM BeIeCTBE MJIET pedyb. A MBI C Ba-
MU Tereph 3HaeM. [JyTamar — 3To He Kakas-HUOyIb 3arajod-
Hasl CJIOKHAst CMeCh (COCTaB KOTOPOH JIEHCTBUTEILHO MOT ObI Ba-
PBUPOBATHCS), & OHO-EIMHCTBEHHOE XUMUYECKOE COe/IMHEHME,
OIMKCBHIBAEMOE He3aTeinuBoi hopmysioi. Bot oHa, 3ta hopmyna:
HOOC-CH,-CH,—CH(NH,) - COOH. Tonbko u Bcero. [yra-
Mart, MOy YeHHBIN UCKYCCTBEHHO, HE OTJIMYAETCS OT MOTy4YeHHO-
'O TOTOBBIM U3 MPUPOJHBIX MTPOIYKTOB, IOTOMY UTO OTJIMYATHCS
TaMm HEeYeMmy.



Puc. 3.3. HexoTopele NPOTEMHOTeHHEIE 8MUHOKWCAOTEI

B-TpeTbux, riyTamar, nojxydaeMsblii C MUIIIEH, eBa JIU OllaceH
JUTsl HEPBHOW CHCTEMBI TIPeX/Ie BCEro MoToMy, YTo OH B Hee T0-
YTH He MPOHUKAET — 3TO 00eCneurBaeTcs CreluabHbIM (hU3H0-
JoruyeckuM OapbepoM. HepBHbIe KJI€TKHM CHMHTE3UPYIOT IIyTa-
Mar CaMOCTOSITENILHO. K ToMy ke B OeJTKOBBIX MPOAYKTAX (TaKUX,
KaK TBOPOT, MSICO WM COsI) TJIyTamMaTa HaBepHsKa OOJIbIlIe, YeM
TIOTIa/IaeT ero B /1y B KauecTBe MUIIEBOM TI00aBKH, — IPOCTO I10-
TOMY, YTO 3TO COCTaBHAs YaCTh JIOOBIX OCJIKOB.



B-ueTBepThIX, Ha TIyTamar HeT ayeprun!?’l. Annepruio Bbl-
3bIBAIOT YY:KEPOJHBIE BEUIECTBA, 4 HE TAKME, KOTOPBIE )KU3HEHHO
HEOOXO/IMMBI U BCErjia MPUCYTCTBYIOT B OPraHU3ME B BBICOKHMX
KOHIEHTpAIMSIX, — a [JIyTaMaT Kak pa3 OTHOCUTCS K MOCIEeTHUM.

Tak 4TO ONMacHOCTh IIyTaMaTa — 3T0, CyAs M0 BCEMY, TUINY-
HBIN COBPEMEHHBIN MUQ.

OpHako BepHeMCsl K JPyrMM aMHHOKHUCIOTaM. Eciu ectb
OTPULIATENILHO 3apsi’KEHHbIE AMUHOKUCIIOTHI, JIOTUYHO OKUIATh,
YTO CYILECTBYIOT U MOJOXUTEBHO 3apsKEHHbIE. DTO JEUCTBU-
TEJIHO Tak. [IpuMep MosoKUTETbHO 3apsKEHHOM aMUHOKHCIIO-
Tl — JU3uH, umewiui gopmyny NH,—CH,—CH,—CH,—CHj—
CH(NH;) — COOH. Kak BuaumM, y JTu3MHA B paUKaje ecThb J0-
TIOJTHUTENIbHASI aMUHOTPYTINa, KOTOpas BeJeT ceOsl Tak, Kak aMH-
HOT'PYIITNe U TIOJIOKEeHO: TTpuodperaeT mpoToH. Erie omHa moso-
JKUTEJIPHO 3apsiKEHHAas AMUHOKHCIIOTA — apTMHUH, PAIUKaI KO-
TOPOr'O BKJIIOYAET JIOBOJIBHO PelIKyIo (OOJIbllie OHA HAM HUTJIE He
BcTpetutcs) ryanuauHoByto rpymnmny — NH — C(NH) — NH,, To-
K€ OXOTHO MPUCOEIUHSIONLYIO ITPOTOH.

Takum 00pa3oM, aMUHOKHUCIIOTHI, U3 KOTOPBIX COCTOAT OCJIKH,
MO>KHO TIOAICJTUTh Ha YEeThIpe KaTeropuu: TuapodoOHbie, TuaIpo-
(priibHBIE HENTPATIbHBIE, TOJIOKUTEIBHO 3aPSKEHHBIE U OTPULIA-
TEJILHO 3apsiKeHHbIE. Pazymeercs, BCce 3TU pa3inyus KacalTcs
TOJILKO TOW YacTHA MOJIEKYJIbl AMUHOKHUCIIOThI, KOTOPYIO MbI Ha-
3BasM paaukaioM (R). “bazoBas” yacTh (BK/I0YaoIas aTom yr-
Jiepojia, aTOM BOZIOPOAA, KAPOOKCHIILHYIO TPYIIITY M AMUHOTPYTI-
Iy) BO BCEX PACCMOTPEHHBIX HAMH ITPOTEMHOT€HHBIX AMUHOKHC-



JIOTax OJHa M Ta XKE. Oco00€e MOJI0KEHNE 3aHUMAET pa3B€ 4TO
caMas npocrad n3 BCEX BOBMOXHBIX dMUHOKUCIIOT — TJIUIUH, Y
KOTOpPOro BMECTO paavKaja aToOM BOOIOpPOIA.

AMMHOKHCJOTHI U CBA3N

Wrtax, 110000 610K — 9TO MOJMIENTHL, TO €CTh LEeNoYKa aMu-
HOKUCJIOT, COEeIMHEHHBIX MENTUIHBIMU CBs13siMU. Ha camom niesnte
TEOPETUUYECKU MOKHO MPUIYyMATh MOJTUIENTH, HE SBJISIOLIMI-
cs1 OeJIKOM, HO MBI ceiyac MOCTYIUM IpoIie U OyleM CUMTarh,
YTO 3TH CJIOBA — CHHOHUMBI. B nofasisiomem G0IbIIMHCTBE TeX
CIy4aeB, KOTOpbIe HaM MOTYT BCTPETUTHCS, TAK OHO U €CTb.

JI71s1 Havana MpeAcTaBUM, YTO MOJIKYJTy MojunenTuga Opo-
cuii B Boy. OUueBHIHO, UTO OHA HE OCTAHETCS TaM BBITSHYTOM
B NPAMYIO JIMHUIO, a OyJeT KaKk-TO CBOpauMBaThcs. DTO CBOpa-
qyuBaHMe OyJeT 3aBUCETh OT B3aMMOJIEUCTBUSI AaMUHOKHCIIOTHBIX
OCTaTKOB KaK C MOJIEKYJIaMHU BOZIbL, TAK ¥ MEXKIy cOO0i. B 11eom
NeNTHIHAS 1IeTlh YCTPOeHa JOBOJBHO MPOCTO: ee “CKeseT” 00-
Pa3yloT NMEeNTUIHbIE IPYIIIbl, COEAUHSAIONINE MEXy COOOH alb-
(ba-aromsl yriieposa, a paiuKasisl TOpUaT B CTOPOHBI. Bee 311 ya-
CTU OIPOMHOM MOJIEKYJIBI KaK-TO pa3MEIAlOTCs B IPOCTPAHCTBE
OTHOCHUTENBHO APYT Ipyra, U B pe3yibTare OeJloK MmproOpeTaeT
CBOIO TPEXMEPHYI0 (hOpMy — Kak OOBIYHO TOBOPAT, KoH¢hopma-
yuro. benok ¢ HapylieHHON KoH(opmallven, Kak MpaBujio, co-
BEpIIEHHO Oecrniosie3eH it opranusMa. [lostomy coOmonenue
KOH(OPMaLMK — ITO OYEHb BAXKHO.



Kak xe oHa cknaabiBaerca? EcTb 4yerbipe TuIa B3auMO-
JEeVCTBU MKy aMUHOKHCIIOTAMHU, OTIPEIEIISIIOIINX OObEMHYIO
CTPYKTYpy OeJika, B KOTOPbIN OHU BXOJSIT.

Bo-niepBbIx, 9T0 BOIOpOIHBIE CBSA3M (CM. IM1aBy 2). B 6enke nx
OOBIYHO MHOT'O, OHU BO3HUKAIOT U MEK/1y MENTUIHBIMU IPyTIa-
MU, ¥ MEX]Ty OOKOBBIMH IIETISIMA aMUHOKHUCIIOT (“O0KOBasI 11e11h”
U “pajukan’ — B JaHHOM CJiy4ae CMHOHUMBI). OCOOEHHO 3TO OT-
HOCUTCSI K TEM aMUHOKHUCIIOTaM, PAAUKAJIbl KOTOPbIX HEUTpaib-
HBI ¥ TUAPOUIIBHBL — BPOJIE, HAIPUMED, CEPUHA UM TUPO3UHA.

Bo-BTOpHIX, 3T0 ruIpohoOHOE MPUTSIKEHHE MEKIY YIJIEBO-
JOPOJHBIMU PAIUKAJIAMU, MPUHAJIEKANTUMU TAKUM aMUHOKHC-
JloTaM, KakK BaJIvH, JIeWlUH Wi (peHwianaHuH. Boaa BeITanku-
BAeT TU PAJVKaJIbl TOUHO TAK K€, KaK BBITOJIKHYJA Obl OOBIY-
HBIE MOJIEKYJIbl YIJIEBOJOPOJIOB, M OHU OTJIMYHO CJIMIIAIOTCS BME-
CTe, €CJIM OKa3bIBAIOTCS ITPU CBOPAYMBAHUU OEJTKOBOI MOJIEKYJIbI
ONMU3KO JIPYT K Apyry. A TeM caMbiM OHM 3TO CBOpauMBaHHE U
3aKPEIUISIOT.

B-Tperbux, CymecTByeT 37eKTPOCTAaTHYECKOE MPUTSKEHHE
MeXy TOJIOKUTETBHO M OTPUIIATENILHO 3apsKEeHHBIMU OOKO-
BbIMM lienisasmu. Ecnu, Hanpumep, riaytamar (pajavdkan KOTOPO-
o 3apsKeH OTPHIIATENIbHO) OKAKeTCsl TIPU CBOpauMBaHUU Oell-
Ka PSAAOM C JIM3UHOM (paJuKall KOTOPOT'O 3apsi’KEH MOJIOKUATENb-
HO), MEKAy HUMU TYT K€ BO3HUKHET caMasi HaCTOsIIIasl MOHHAS
CBSI3b.

Ectb u uerBepThil TN B3aumoaeWcTBuil. OH 3aBUCUT OT
€IMHCTBEHHOW aMUHOKHCIIOTBI, PaJIUKAJILI KOTOPOU MOTYT 00pa-



30BaTh MEK/1y COOOM ak KOBAJIEHTHBIE CBSI3U (HE MMEIOIIHEe HU-
KAaKOro OTHOILIEHUS K NENTUIHBIM). DTa aMUHOKHUCIIOTA — IIUCTE-
uH. B pagukane mucrenHa ects cynbgruapuiibHas rpymnmna — SH,
aHajlornyHas crimproBou rpymre (—OH), Ho ¢ atromom cepbl BMe-
cTO aTroma Kucnopopa. Llenukom pagukan iycterHa uMeeT BUj1 —
CH,-SH. Tak BOT, yke B TOTOBOM O€JIKE MOXKET IPOU30UTH pe-
aKIIMs, P KOTOPOM y JIBYX TaKUX paJUKaJIOB OyleT oToOpaH
BOJIOPOJ (€r0 YHECYT ClelUajibHble MOJIEKYJIbI-IIEPEHOCUUKH ), &
CBOOOJIHBIE BJICHTHOCTU aTOMOB CE€Pbl 3aMKHYTCSI APYT Ha JIPY-
ra ¥ 00pasyioT Mex/y OCTaTKaMH IUCTENHA CBsA3b — S — S—. DTO
Ha3bIBaeTCs Jucynb@uoHvim mocmukom (cMm. puc. 3.4A). Benok
BITOJTHE MOKET OBbITh B HECKOJIBKMX MECTax “CIIMT’ TaAKUMH MO-
crukamu (cM. puc. 3.4B). [Tpuuem peakius ux oOpa3zoBaHus 00-
paruma: aucyab(uaHbIe MOCTMKH MOTYT BO3HUKATh M PBATHCA,
¥ 3TO ObIBA€T BAKHO JJIs1 PETYJISIIUN HEKOTOPBIX (PU3HOJIOTUYe-
CKHUX IPOLIECCOB.

CBsi3M ¥ YPOBHU

Jlnst yno6cTBa MPUHSATO BBIACTIATH YETHIPE YPOBHS CTPYKTYPBI
6enka. OHU Tak ¥ HA3BIBAIOTCS: TIEPBUYHAS CTPYKTYpPa, BTOPHY-
Hasl, TPETUYHAs U YETBEPTUYHAS.

Ilepsuunass cmpykmypa — 3TO TPOCTO TOCEIOBATENb-
HOCTb AMUHOKMCJIOT, COEIMHEHHBIX NENTUIHBIMA CBI3SIMH (CM.
puc. 3.4B). OnHa Bcerga jmHelHa, 100 Oenku He BeTBATCs. Ile-
PEUUCTIATh AMUHOKHUCIIOTHI B OeJike MpUHATO OoT N-KOoHIa (CBO-



6omHast amuHorpynma) Kk C-koHity (cBoOOqHAsI KapOOKCUITbHAS
rpymnma). MHOXECTBO TaKMX NEPEYUCICHUM, TO €CTh 3alucen
MIEPBUYHOM CTPYKTYPBI OEJIKOB, ECTh B COBPEMEHHBIX JIEKTPOH-
HBIX 0a3aX JaHHBIX, TOCTYMHBIX B ceTH. MOXKHO CKa3arh, 4TO
NepBUYHAsI CTPYKTypa Oesika OJHOMEpHAa, B TO BpeMs Kak Bce
OCTaJIbHbIE YPOBHU — TpeXMepHbl. K MmepBUYHOM CTPYKType OT-
HOCSITCSl TOJIBKO MENTUJIHBIE CBSI3U, & K OCTAJIbHBIM YPOBHSIM —
moOble Ipyrue B3auMOJEUCTBUSI MEXly aMUHOKHUCIIOTaMU, BXO-
JSIIMMY B OJIMH U TOT e OeJIOK.

Bmopuunas cmpykmypa — 3TO cucTemMa B3aMMOJCHCTBUU
MEX/y AMUHOKHUCJIOTAMHU B COCTaBE OIHOM U TOW K€ MOJIMIIeTI-
TUIHOM 1IETIOYKH, PACHOIIOKEHHBIMUA OMU3KO (Yepe3 CUMTaHble
OCTaTKH Jpyr OT apyra). BropuuHas cTpykTypa gepkuTcs B Oc-
HOBHOM Ha BOJOPOIHBIX CBA34X (cM. puc. 3.5). [Ipuuem B naH-
HOM CJIy4dae 3TO CBSI3U MEKAY MeNTHAHBIMU TPYIamMu, a He 00-
KOBBIMH LEMSAMU. A MOCKOJIbKY BCE MENTUIHBIE TPYIIIbI OJHA-
KOBBI, TO BTOPUYHAsI CTPYKTypa 00JIa/IaeT BHICOKOUM perysisipHO-
CTBIO, B HEM YaCTO MOBTOPSETCS OAWH U TOT ke “y30p”.
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Puc. 3.4. Aucynb@raHble MOCTUHKM: oBulan cxema (A) v MX MecTo B monexyne uHcynuea (B). 06pa-
TUM BHAMaHME, Y4TO MHCYNMH COCTOMT W3 ABYX HE33aBUCHMBIX NONMNENTHAHLIX Lenoyex,
a 3Ha4WT, ¥ HEro HOMWHaNLHO ecTb YeTBEPTUYHAA CTPYKTYpa. 3a04H0 Mbl BUAMM TyT
U NEPBUYHYIO CTPYKTYPY, TO eCThb NOCNef0BATENLHOCTE aMUHOKWMCIOT. N-HOHEL Yy 06eux
Lienoyer HaxoaHTCA cnpaga

JIBa caMbIX pacnpOCTPaHEHHBIX THIAa BTOPUYHOW CTPYKTYPbI
Oenka — anbda-cnupans u Oera-cioil. B anbda-cnvpanu Bomo-
POIHBIE CBSA3U MOCTOSIHHO 00Pa3yI0TCs MEXIY aMUHOKUCIOTHBI-
MU OCTaTKaMu C HOMepaMu n U (n+4), TO eCTh KakKaasi aMUHO-
KHCJIOTa 00pa3yeT BOIOPOAHYIO CBSI3b C aMUHOKHCJIOTOM, YeT-
BEPTOI1 10 cYeTy OT Hee. B pe3ynbrare nosyyaercss KOMIaKTHas



ClUpaJlb, BHYTPY KOTOPOI HAXOATCS NENTUAHBIE IPYIIbL, a pa-
JUKAJbl TOPYaT B CTOPOHBI. AJlb(pa-crimpaib O4EHb YCTOUUMBA, B
TOM YHCJIe ¥ TIOTOMY, YTO BHYTpH Hee B 0Opa30BaHUM BOIOPOI-
HBIX CBS3€l MPUHMMAIOT y4yacTHe BCe MEeNTUHbIe Ipynisl 6e3
ucKJoueHus. B 6eta-cioe nonunenTuaHas Hernovyka HECKOJIbKO
pa3 neperubaercsi, 1 BOAOPOIHbIE CBSI3U 00PA3YIOTCSI MEXKITy ee
MPOTHUBOMOJIO)KHO HAIPABJIEHHBIMU OTPE3KaMHU.
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PUC. 3.5. OCHOBHbIE TUMbI BTOPUYHON CTPYKTYPHI GEMKA

Tpemuunas cmpykmypa OelKa — 3TO CHCTEMa B3aMMOJIEH-
CTBHMI MEX/y CKOJIb YTOTHO AAJIEKUMU (HO MPUHAJISKAITUMU K
OJTHOM U TOM 3K TOJIMMNENTHUIHOM IIeMK) OCTaTKaMi aMUHOKMC-
70T (cMm. puc. 3.6, 3.7A). OHa onpenenseT, Kakyo ¢popmy Oyner
UMEeTh MOJIeKYJIa Oesika reimkom. Eciin BropruHasi CTpyKTypa —



9TO OJIVDKHUH TIOPSIIOK, TO TPETUYHAS — TaJIbHUH TOPSIOK. B 00-
Pa30BaHNU TPETHYHOUN CTPYKTYPBl YUACTBYIOT BOIOPOJIHBIE CBSI-
31 MexkJ1y OOKOBBIMU LIETSAMU, TUAPOGOOHBIE B3aUMOJICHCTBUS
(O4eHb YaCThIN ClTydyail) U MOHHbIE CBS3M MEX/Y 3apsiKCHHbIMU
60KOBbIMHM LieTisiIMH. W TuCyib(HIHbIE MOCTUKH TOXE BHOCSAT B
TPETUUYHYIO CTPYKTYPY CBOU BKJIAI.

B AMCYNbhUAHBIA
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B3aWMofencTene

Puc. 3.6. Tunbl B3aUMOAEACTBU A Meay aMUHOKMCNIOTHBIMMW OCTAaTHaMU, Ha KOTOPLIX 0GLIYHO epHNT-
CH TPETUYHAA CTPYKTYpA Genka. Bnpoyem, ¢ Taknum ke YCIEXOM 3Ta CTPYKTYPa MOMET OblTh
W YETBEPTUYHON, ECNIH BEPXHAA M HUHHARA NOAUNENTHAHbIE LENOYKKM — HE3aBHCHMbIE

Haxkonen, uemeepmuunas cmpyxkmypa BO3HUKAET B TOM CIIy-
Jae, eciii (PyHKIIMOHATBHBIN OEJIOK COOMpaeTcsi N3 HECKOIbKUX
OTJICJIbHBIX TOJATICITUAHBIX Tietiel (cM. puc. 3.7B). Ecim 6emok
COCTOUT W3 OIHOW TMOJUMENTUAHON 1IeTH, 3HAYMT, YETBEPTHY-
HOW CTPYKTYpbI Y Hero Het. BaumonencTsusi, co3aoiiye yer-
BEPTUUHYIO CTPYKTYPY, T€ k€ CaMble, YTO U B TPETUYHOM CTPYK-



Type, TOJIbKO HE BHYTPU OJHOM MOJUIENTUIHON LEeTH, & MEXIY
Pa3HBIMU LIETISIMU.

TunuuHblld OEJIOK C YeTBEPTUYHOW CTPYKTYpOW — TeMOTJIO-
OvH, TIepeHOCSIMI KUCIopo B Hamield KpoBu. Ero monekyna
COCTOUT M3 YEThIpeX MOJMNENTUIHBIX LENOYeK, KOTOPbIE CHH-
TE3UPYIOTCS OTIEJIbHO, HO CBOIO (DYHKIMIO BBIIOJIHSIOT TOJIBKO
BMecTe. OObeTUHSIIOTCS OHU B OCHOBHOM 32 CUET TApOdOOHBIX
B3auMojieicTBuil. Becero Mosekyna HOpMaabHOTO reMOrJIoOMHA
B3POCJIOrO YeJIOBeKa BKJII0YaeT 574 aMUHOKHUCIIOTHI.

[Motepst GenmKkOoM CBOEW MPOCTPAHCTBEHHOW CTPYKTYpHl Oe3
pa3pylieHus: NeNTUIHbIX CBs3el (TO €CTh MEPBUYHOM CTPYKTY-
pbl) Ha3bIBaeTCsl OeHamypayueri, 4TO OyKBIbHO 3HAYUT “TIO-
Tepst ipupoabl” (cM. puc. 3.7B). Cambiii mpocToit criocod ae-
HATYpUpOBaTh OEJIOK — KaK clelyeT Harperh ero. MiMeHHo 4a-
CTUYHasl JeHaTypalusi OelKOB sIBJSIETCS OCHOBHOW LEJIbIO JIIO-
60i1 TersioBo 00paboTku nuiny. [Ipuuem nHOrAA 3TOT Mpoliece
JI0 HEKOTOPOH CTerneHu oOpaTvM (TpY KUTISTYEHUH MOJIOKA, Ha-
npumMep). BoccraHoBiIeHNE TIPOCTPAaHCTBEHHOM CTPYKTYPBI J€-
HATYpUPOBAHHOTO OeJiKa Ha3bIBaeTcs peramypauueti. Ho 6piBaet
U HeoOparumas aeHarypauus. Hanpumep, 6esok KpyToro siitiia
1OCJIe TIOJTHOM HeoOpaTHMOW JieHaTypaliuyd PacTBOPEHHBIX TaM
MOJIEKYJT OEJIKOB CTAHOBUTCSI TBEPABIM, IIOTOMY UTO pacKpy4eH-
HbIE MOJIMIENTUAHBIE LIETIOYKY NePEMyThIBAIOTCS MEKAY COOOM.
HeHnarypaiust GonbIIMHCTBA OENKOB (HO He Bcex!) MpOUCXOoauT
npu temreparype 40-50 °C. 1o onpenesnsieT BEpXHUIN TemIle-
paTypHbIIA Ipeae AJ1s KU3HU OONBITUHCTBA 36MHBIX JKUBBIX CY-



IIECTB.

YtoObl OETOK BHIMOIHSII CBOIO OMONOTMYECKYI0 (PYHKIIHIO,
HYKHa, KaKk MpaBWjo, TOHYAIasi U OYE€Hb TOYHAs “HACTPOMKA™
€ro MpOCTPaHCTBEHHOM CTPYKTYpbl. HapyIenns aMMHOKHUCIIOT-
HOM NIOCJIEIOBATEIBHOCTH TEM U OIIACHBI, YTO OHU 3Ty CTPYKTYPY
paspyaioT. Hanpumep, cyliecTByeT reHeTH4eCKOe HapyILLeHNe,
IIPU KOTOPOM B CTPOTO OIPEIEIEHHON TOUKE OJHOM U3 LIETIEH I'e-
MOIJIO0MHA IITyTaMar 3aMeHsieTcst Ha BajiiH. Kazasioch Obl, Bcero
JIMIIb OfIHA AaMMHOKUCJIOTA 3aMeHsieTcs Ha apyrywo. Ho 3aeck aTo
MMEET HEOXKUIAHHO CEPhE3HBIE MOCIEeACTBUA. [TyTamar — amu-
HOKHCJIOTa, OOKOBasl I1ellb KOTOPOW HeCceT OTPUIATEeNIbHBIN 3a-
ps, BAJIMH ke HelTpasieH U ruipododeH. Eciu pagom okaxyT-
Csl IBa OCTATKM IIyTamara, OHU OyIyT OTTAJKUBAThCA. A eciu
JBa OCTaTKa BaJIMHA, TO, HAOOOPOT, CAMMaThcs. B manHOM city-
yae 3aMeHa [IyTamara Ha BaJIMH IPUBOJIUT K TOMY, YTO CJIAIIATh-
Cs1 HAYMHAIOT LieJIble MOJIEKYJIbl FeMorIoOnHa. A 310 AedopMmu-
PYET KpacHble KPOBSIHBIE KJIETKH, B KOTOPBIX OH COAEPKUTCS, U
BBI3BIBAET TSKEITYI0 OOJIE3Hb — CEPIIOBUAHOKIIETOYHYIO aHEMHIO.
VIMEHHO TaKOB €€ MOJIEKYJISIPHBI MEXaHU3M.
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