Muxaun _

JNEBULIKUN

KapHasan
MOJIEKY/JT

Xumunsa HeobbluHAOS
n 306aBHAS

P

TPAEKTOPUA

ANbMUHA HOH- OUKWH

MockBa
2019

Kynutb KHUry Ha canTte kniga.biz.ua >>>



https://kniga.biz.ua/book-karnaval-molekul-khimiia-neobychnaia-i-zabavnaia-0025706.html?utm_source=site&utm_medium=pdf&utm_campaign=25706

VIOK 54
BEBK 24

J137
Hayunpnit penaktop Muxaun Hukutun

PemaxTop Maprapura CaBuHa

JleBunkuii M.
37 Kapnasan Monekys. Xumus HeobbluHas v 3ab6aBHas / Muxaun JleBuukuii. — M.:
Arnpriaa HOH-¢ukuH, 2019. — 542 c.

ISBN 978-5-00139-097-8

Ec/u BB XOTUTE y3HATH O XMMMH GOJIbILE, YeM HAMMCAHO B yueOHMKax, «Kap-
HaBaJl MOJIEKY/I» — KHHWTa JUIst Bac. Ecm ke 9Ta HayKa KaskKeTcsl BAM HEHHTEePecHOH,
TO TeM 60JIee CTOMT PacKpbITh KHUTY Mrxana JIEeBULIKOTO — U BbI TIOMMeTe, HACKO/b-
KO 3aHMMATeIbHOM 1 YBJIEKATEIbHOM MOKET OBITh XMMHUSL.

Kak oHa cBsi3aHa ¢ apxuTeKkTypoi? [ToyeMy TpH IPYHIIBI YYE€HBIX U3 PasHBIX
CTpaH OHOBPEMEHHO IbITA/IMCh CUHTEe3UPOBaTh MHCY/IMH U KTO, B KOHIe KOHIIOB,
ronyynsn 3a 310 HobeneBckyio npemuio? HakoHell, KakuM 06pa3oM aMeprKaHCKast
MATUK/IACCHULA C/TyYaHO «CKOHCTPyMpOBasa» Ha YPOKE XMMHUU HOBYIO MOJIEKYIy
B3pBIBYATOrO BemlecTBa? O 3HAYMMBIX U MHTEPECHBIX OTKPBITUAX M UX aBTOPaXx,
O JOCTUXKEHMSIX COBPEMEHHOM XxrMuM Muxaun JIeBULIKM paccKa3bIBaeT Tak, UToO-
6Bl yB/IEYb AasKe HETIOATOTOBIEHHOTO yuTatensi. [Ipy aTOM, B OT/IMYME OT Yu4eOHH-
Ka, B KHUTe HeT II0C/IeZIoBaTe/IbHOTO U3/I0’KEHHUsI OCHOB XMMMUH, ITOITOMY €€ MOXKHO
YUTATh, HAYMHAS C TFOOOI ITIaBBbL

PomurensiM aTa KHMTa MOMOYKET IPUBJIeYb BHUMaHHe IIKOIBHUKOB K M3ydYeHUIO
€CTECTBEHHBIX HayK, IIPeIo[aBaresiM CpelHeil LIKOJbl — CHOeNaTh 3aHATHs Goree
YBJIEKATENIbHBIMY, a CTYLEHTaM U aClIPaHTaM, BHIOPABILMM XUMHIO CBOEH Crienrab-
HOCTBIO, — TPOC/IeIUTh, KaK XOJ PacCy>KOEHUI HCClIenoBaTesIs IIPUBOAUT K IIOIyde-
HMIO LIEHHBIX Hay4HBIX Pe3y/IbTaTOB.

VIK 54
BBK 24

HW31aHKe MOATOTOBJIEHO B MapTHepcTBe ¢ POH0M HEKOMMepYeCKUX MHULUATHB
«Tpaektopus» (pu prHaHCOBOI nogaep:kke H.B. Karop:xHOBa).

P

TPAEKTOPUA

QoH/, TOAZEPKKU HayYHBIX, 0Opa30BaTeNbHBIX M KYIBTYPHBIX MHHIIMATHB «TpaeKTopusa» (Www.
traektoriafdn.ru) cosgau B 2015 rozy. [Tporpammel GpoHZa HalpaB/IeHbl Ha CTUMY/IMPOBaHKE HHTepeca
K HayKe 1 Hay4HBIM HCC/Ie/IOBAaHMAM, PeaIn3aliiio 06pa3oBaTeIbHEIX IIPOrPaMM, TIOBbIIIEHUEe HHTE-
JIEKTyaJIbHOTO YPOBHA Y TBOPYECKOTO MOTEHIIMAIa MOJIOZIEXH, TIOBBIIIEHHEe KOHKYPEeHTOCIIOCOGHOCTH
OTe4eCTBEHHBIX HayKH 1 00pa30BaHus, TIOMY/IAPU3ALIMIO HAYKK U KyJIBTYPbI, TIPOABIDKEHNE Hzeil co-
XpaHeHus Ky/IbTypHOro Hacieaus. PoHz opraHuayeT ob6pa3oBaTeslbHble i HAyYHO-TIONMy/IAPHBIE MEPO-
TIPUATHA 0 Beeit Poccui, Croco6CTByeT CO3AaHUIO YCIEIIHBIX MPAKTHUK B3aUMOZEHCTBUA BHYTPU 06-
Pa3oBaTeIbHOTO ¥ HAYYHOTO COObIIeCTBa.

B pamKax u3ziaTenbckoro npoekta PoHz «TpaeKTopHs» OAAEPKUBAET U3laHue JydlInX 06pasLioB
POCCHIiCKO# 1 3apyOeKHOM HayYHO-IIOMY/IIPHOM INTEPATYPBI.
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MPEAUCNOBUE

Ec/u BBl XOTHUTE Y3HATh O XUMHM HEMHOTO OOJIblIIE, YeM B yuebh-
HUKax, 9Ta KHUTA [ Bac. Eciu ke XUMus KaXkKeTcs BaM HEWH-
TE€PECHOM, TO BCE PABHO 3aITITHUTE B KHUTY — M BHI ITOMMeTe,
YTO 3Ta HayKa 3aHMMAarTesIbHa M BIIOJHE 3aC/Iy’KMBAaeT BHUMAHHUS.
Kpome TOro, B HEKOTOPBIX IJIABaX BacC JKAYT 3a0aBHbIE 33[aUKH,
ISt peLlIeH s KOTOPBIX Hy>KHA JIMIIb COOOpasuTeIbHOCTh. MHOTIa
JlaHBI ITOZICKA3KH, a B KOHIIE Ka)KIOM 3a4a4 B 3€PKaJIbHOM OTpa-
JKEHUU IIPUBEIECHO €€ pellleHHUe.

[Touemy KkHura HaszBaHa «KapHaBan monexkym»? XuMus —
HayKa KpacouyHasi 1 cBoeoOpasHasi. Peub B Hell UIET He TOJBKO
O SIPKHX BCIIBIIIKAax (peliepBepKOB, LIBETHBIX PEAKLMSIX U U3SII-
HOM OrpaHKe KPUCTAa/IOB. Pa3phlB OOHUX XUMMYECKUX CBA3EH
U 06pa3oBaHUe HOBBIX HAIIOMUHAET CMEHY y30pOB B Kaseino-
CKOII€, a TIOJTyY€HHEe HOBOTO CO€IUHEHUSI — UTPY C LETCKUM KOH-
crpykropom. O6 3TOM peus NoieT B paszerne 1 «XUMHUK — apXH-
TEKTOP».

BonblIMHCTBO IM1aB pa3zaenoB 2 «[IpuHyXAeHue K Mocylia-
HUIO» U 3 «BeyHas 3a60Ta XMMHKa» pacCKas3bIBaeT O JOCTHIKEHH-
SIX COBPEMEHHOM XMMUH, HO He CIeAyeT AyMaTh, UTO 3TO BHICOKO-
HayuHble nebpu. Mbl crenanu Bce AsT TOTO, YTOOBI pacckas
O Hay4HBIX UCCIEIOBAHUSIX OBUI IIOHSTEH KaKIOMY YUTATEIIO.

O HEKOTOPBIX APKUX U HEOXUIAHHBIX NOCTHMIKEHMSX peyb
uzet B paszerne 4 «Kop3uHa rectpbix akTo». [lomydeHre HOBBIX
BELIECTB U MMOMCK MUX ITOJIE3HBIX CBOMCTB BCEIZA Pe3y/IbTaT Halps-
JKEHHBIX UCCI€JOBAHMI, KOTOPbIE COUYETAIOTCS CO CYACT/TMBBLIM CTe-
YeHHeM OOCTOSITENIBCTB M TECHO CBSI3aHBI C CyAbOOH CaMUX HCCIe-
noatesneit. O6 3TOM BBl CMOJKETe Y3HATh B paszerne § «XUMHUKH
camble, CaMBbIe. ..».

HeBeposiTHO, HO HEKOTOpbIE ydyeHble, NOOUBIINCH OrecTsi-
IIUX Pe3yNbTAaTOB U IMOJyYUB IIPU3HAHME, HAXOHAT CUIBI PE3KO
CMEHMTb HaIlpaBJIEHWE UCC/IEOBAHUM U BHOBbL JOCTHUYb yCIIEXa,

NMpeaucnosue 5

Kynutb KHUry Ha canTte kniga.biz.ua >>>



https://kniga.biz.ua/book-karnaval-molekul-khimiia-neobychnaia-i-zabavnaia-0025706.html?utm_source=site&utm_medium=pdf&utm_campaign=25706

0 4eM paccKas3aHo B pasneine 6 «He mouuBars Ha naBpax». He
006s13aTeNIbHO IIPOLOJIKATh CIOKUBILMECS] HATIPaB/IEHUs], TOpas-
[IO MHTepecHee Ha MBILIHOM JPeBe XUMHUU BHIPACTUTb HOBYIO BET-
KY, UOYLIYIO OT OCHOBAaHMSA CTBOJIA, — 3TOMY IIOCBALIEH paszesn 7
«ITarn cOBpeMEHHON XUMHUM».

A ellle XMMUSI TECHO CBsSI3aHa C IPYTUMH OOJIACTSIMHU €CTECTBO-
3HaHU, KaK [I0Ka3aHo B pasneie 8 «[JoMokeM OpyrMM HayKam».

[Tocne BAyMYMBOIO YTEHMUS NEPEUYNCIEHHBIX Pa3[e/ioB KHUTH
HeOoOXOIMMO HEMHOTO PacC/IabUThCS, U TIOCTIEAHUIA pas/iert Ipes-
JIaTaeT YUTATETIO YIIBIOHY ThCS.

B 3TOM KHUre HET MOCJ/IeNOBATEIbHOIO M3JI0KEHUS OCHOB
XMMUH, KaK B y4eOHHKaX, MOITOMY HAYMHATH YUTATH MOKHO
¢ 11060¥i I71aBBL.
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1
XUMUK-APXUTEKTOP

Apxumexmypa — 3mo my3viKa 6 hpocmpancmee,
Kax 0bl 3cMbleuasn My3sika.

drunpux LIEAIUHT

Om apxumexmypvl Hawux oHeti
8 yxcace 3acmoieaem daxce My3vikd.

Bnanvmupr KOMEYHULIKU M

ABTOpBI 3THX 9nUrpadoB Kak OYATO BEAYT LUCIYT, HECMOTPSI
Ha TO YTO pa3Je/ieHbl BO BpEMEHHM Ha moJiTopa cronetusd. He
OyneM MOIAep)KUBATh KaKylo-THOO TOYKY 3peHHsI, a IPOCTO
OTMETHUM, UTO MHOIZA apXUTEKTOPHI U CKYJbITOPB! CO34aBalIN
MPOMU3BEeEHNs], BIOXHOBJIEHHbIE KPACOTONH XMMHUYECKUX CTPYK-
Typ (puc. 1.1). HampruMep, BBICTABOYHBII MTaBUIBOH «ATOMUYM»
B Bproccerne npezcrasisier co60# KPUCTA/UIMYECKYIO PEIIETKY
kene3a (yBeJIMYEHHYIO B 165 MIJIIHApAoB pas). Mnu xymor,
IIOCTPOEHHBIN IO uaesM apxuTektopa bakMuHcTepa @Dynne-
pa, BOCIIPOU3BOASLINI CTPYKTYpPy QynepeHa — MOJIEKYJIbl U3

Puc.1a

naBa 1. XuMuK-apxmTekTop 7
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60 aromoB yrnepona C, . Ilepen rmaBHbiM BXomom B MHCTUTYT
6UOOpraHNUecKOM XUMKKU POCCUICKOI aKaJeMUy HayK MOCTaB-
JIeHa CKYJIBIITYpa, U300paskaroNias MOJIEKyITy BATMHOMHUIHMHA.
A Ha rpanuue ABctpun ¥ CIIOBaKMH ITOCTPOEHA CMOTPOBast Harl-
H4 B BUZe ABoyHON cnupanu JHK, craBmei 6yKBaano CHMBO-
7I0M OHOXHMUH.

Hy a xMuky, NpucTynas K Ioay4eHHI0 HOBbIX MOJIEKYJI, UHO-
Iia OPUEHTHUPYIOTCS Ha [PeBHHE CUMBOJIBI, SMOIeMbl, U3AEHNs
HapOJHOTO TBOPYECTBA WJIX IIPUMEPLI TBOPYECTBA CAMOM IPU-
ponel. Ilepen cOBpeMEHHBIM XMMHUKOM, 3aJyMaBIIMM IOJIyYUThb
HOBOE CO€MHEHME, BO3HMKAET [IBa BOIMPOCA: 3aYeM 3TO HY’KHO
M KaK 9TOro JOCTU4b. Ec/M OTBeT Ha MepBhIM BOIPOC, Kak Ipa-
BWJIO, B ODIIMX YepTax U3BECTEH, TO IPH MOMCKAX TOTO, KaK JKe
IIOJIyYUTh Hy>KHBIN Pe3ysIbTaT, IIPUXOAUTCS MOOMUIN30BaTh 3Ha-
HUSI ¥ MHTyHLHI0. He MeHee BasKHO IPOCTPaHCTBEHHOE BOOO-
paskeHHe, ITOCKOJIbKY aBTOpPY Oyaylueil MOJeKyIbl HeOOXOLH-
MO IIPeICTaBUTh €€ B AeTassixX, a TakKe 3allJIaHupOBaTh GOpMy
KUpIH4Yei 1 6JI0KOB [y1st OyAyILEero CTpOUTENIbCTBA, KPOME TOTO,
II0JI€3HO TIPOBECTH HEKOTOPBIE MIPUOIN3UTEIBHbIE PACUETHI, HHA-
ye «3[aHue» BPsi U OyeT MOoCTPOEHO.

XUTPOCNNETEHNA
MOJEKYN

Jla evemcs 6cezda 80Kpyz yenu npasu
cepebpanas Humv anmasuu!

PosEPT IIYMAH

HeKoTopble CTaThy B HAYYHBIX XUMHYECKUX JKYPHAIAX OCOOEHHO
3aMETHBI: B HUX MUHHUMAJIbHOE KOJIMYECTBO XUMHUECKUX (Hop-
MyJI, OCHOBHOE BHUMaHHe COCPENOTOYEHO Ha 3aMBICIIE, [IIAHH-
pytorieM cOOPKY MOJIEKYJIBI, YTO OOBIYHO UJUTIOCTPUPYIOT pas-
JIMYHBIMU CXeMaMU. PUCYHKM B TAKMX CTaThsIX TOKA3BIBAIOT TIPO-

8 KAPHABAN MONEKYN
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CTPaHCTBEHHbIE BapHaHTbl B3aMMOPACIIOJIOKEHHUS PEareHTOoB,
U3006pakeHHBIX B BUIE TIPOCTBIX OOBEMHBIX TeEJL.

EcTp elne omHa [OeTanb: XUMUKH, paboTalolive ¢ TAKUMHU
COeNVHEHUSIMH, HECMOTPS Ha CJIOXHOCTb peLIeHUs 3alayd,
HHUKOTZIA He 3a0bIBAIOT YIIOMSHYTh (IIpUYEM B CEPbE3HOM Hayd-
HOM 3KypHasie) 06 UCTOPUYECKUX KOPHSIX TEX WM UHBIX CUMBO-
7I0B. B HampskeHHON paboTe XMMUKA-CUHTETUKA TIPU JKETaHUM
Bceraa MOXKHO HalTH 37IeMEHTBI 3CTETUKU U POMaHTHKHU.

X¥MHYECKHE BEPHIH

H3 mHomcecmea nyneti
noayuaomecs OmauuHble yenu.
E.JIEI

Bepuru — CTapoCiIaBsHCKOE CJIOBO, O3HAYAIOLIee «IIelM».
[TOoCKOIBbKY peub Jajiee IOMAET O HHUX, MONMPOOyeM peLIUTb
HeOOJIBLIYIO 33a4y, CBSI3aHHYIO C cepeOpsiHOM LiernouKkoi. I1yT-
HUK [TPUOBUT B HE3HAKOMBII TOPOJ ¥ PELLIHII OCTAHOBUTBCS B 4aCT-
HOH rocTrHu1Le. XO3sIMHY TOCTHHMIIBI OH CKa3aJl, YTO XOUeT IPOo-
JKHUTh Y HETO IIATh OHEH, HO 3aIUIATUTh CMOJKET TOJIBKO B ITOCIIEN]-
HUM JeHb IpeObIBaHMS, KOTAA IIOYYNUT JeHbIH. XO3sIMHA 9TO He
YCTPOWJIO, TOTa IyTHUK JOCTal CepeOpsIHYIO LEIOYKY U3 IIATH
3BEHBbEB U NIPEMJIOKII €€ B Ka4eCTBe OIUIAThL. XO3SIMH COITIACHII-
Cs1, HO TIPH 3TOM IIOCTaBUJI [BA YCIOBHsL: KXKIbINA IE€Hb [TOCTOS-
JIe1] JOJDKEH eMy OTZaBaTh OJHO KOJIEUKO, H, KPOMeE TOro, IOCTOSI-
JIel] UMeeT IIPaBO Pa3OMKHYTb TOJIBKO OIHO KOJIBLIO B LiEIIOUYKe
(mo-BuaMMOMYy, LieroyKa ObUia KPacHBOM M XO3SIMH He XOTell,
4yT0OBI OHA ObUTAa 06€300paskeHa PA3OMKHYTHIMHU U 3aT€M BHOBb
3aMKHYTBIMH KOJIbIIaMH). Ha mepBelif B3IJISIA KaXKeTCsl, YTO
BBITIOJIHUTE 00a YCTIOBUSI HEBO3MOYKHO, HO, BEPOSITHO, IIOLCKa3-
Ka IIOMOJKET BaM PELINTD 337aqy: JOCTATOUYHO PA3BOMKHYTb,
HATIPUMEP, TPETBE KOJIbLIO — TO, YTO B CEPEJIVHE.

Ecu mozickaska He IIOMOIVIa, pPACCMOTPHUM peltieHve. B riepBbiit
IIeHb TIOCTOSUIEL] OTAAET XO3SIMHY Pa30MKHYTO€ KOJIBLIO, BO BTOPOI

naBa 1. XuMuK-apxmTekTop o
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IIeHb OH OTHA€eT IBa COeIVHEHHbIX KOJIbLia U 3a0KMpaeT pa3oMKHY-
TO€, B TPETHIl ZIeHb H0OABISIET K ABYM 3aMKHYTHIM Pa3OMKHYTOE.
Kak cregyeT myTHUKY IIOCTyHaTh Aajiee, BaM y>Ke ITOHSTHO.

CoeIMHUTB MOJIEKY/IBI MEXaHUYECKH

Bech IyTh pa3BUTHSI XMMHH — 3TO ITOMCK CIIOCOOOB, MTO3BOJISIIO-
KX PacKpPBIBATh XMMUYECKHE CBSI3U M CO31aBaTh HOBble. Hako-
TUIEHHBII OITBIT IIO3BOJIMJT YIE€HBIM [TOCTABUTD Iepe]] OO0 TaKkyto
3af1auy, pelleHre KOTOPOi paHee Ka3alach COBEPIIEHHO HEIOCTH-
JKMMBIM: COEIMHUTD [IBE MOJIEKYJIbl HE XUMUYECKH, & MEXaHHYe-
CKH, Harozo6we KoJeLl, POAETHIX OMHO B IPYTOe, KaK B LIETTOYKE.
MOKHO CYMTaTh, YTO ITO OFHA U3 CAMBIX OPUTHHAIBHBIX U Kpa-
CHBBIX 3224 XUMHH. [1J1s1 ee peleHus: BHaYasIe CIe0BaIo HaMe-
TUTb IyThb, 3aT€M Pa3paboTaTh IJIaH M TOJIBKO ITOCJIE ITOTO MPH-
cTymath K cuHTesy. Eie 1o Toro, Kak 3azada Oblia pelieHa, Ast
MOIOGHBIX COeIUHEHMIT OBUTO BHIOpAHO Ha3BaHHE — KaTEHAaHbI
(ot n1at. catena — 1enb).

Hpaesi cTapuHHOM 3a0aBbI
EcrecTBEHHO, BHavYase CTOSI/IA LIe/Ib COEAUHUTh TaKUM 0OpasoM
x0Ts1 OBl 1Ba KoybLia. [1pole Bcero n3o06pasuth TaKy0 KOHCTPYK-
LIMIO Ha MTaJIbL[aX, HO eCJIM COOMPATh €€ U3 MEeTa/UTMYECKHUX KOJIell,
TO HEOOXOANMO MOTPYAUTHCS. BepeM OmHO 3aMKHYTOE KOJBLIO
Y B HEroO NpOJEeBaeM Pa30MKHYTOE, 3aTeM Pa30OMKHYTOe KOJbLIO
3aMBIKaeM, 3BEeHbSI OKa3bIBAIOTCS COeMHEHHBIMU (PHC. 1.2 U 1.3)

Tenepp neperzeM K aHaJIOTUYHON XMMHYECKOH 3anmade. Pas-
MBIKaTh Y 3aMBIKaTh IIUKIMYECKHE MOJIEKYJIbl XMMHS YMeeT XOpo-
1110, HO He CyIIECTBYET TAKOTO IHHIIETA, KOTOPBIN MO3BOJNI OBl
HE3aMKHYTYIO MOJIEKYJIy «IIPOCYHYTb» B 3aMKHYTBIH LIUKJ (BTO-
poit aTam Ha puc. 1.3). [loaToMy anst pelueHus IPoOIEMbI TIPH-
LIJIOCh MCKAaTh JPYTye MyTH.

OxvH 13 BO3MOXKHBIX CIIOCOOOB IOJyYeHUs] KAaTEHAHOB
ObLT MMOJCKA3aH NETCKUMM UrpaMu U (OKyCaAMH CO CKIIEEHHBI-
MU OyMa’KHBIMH JIEHTaMH. BcriomHuTe Mrpy mercrsa. Bossmu-
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Puc. 1.2

Co © @

Puc.1.3

Te Oy MasKHYIO JIEHTY JIMHOM NPUOIM3UTENBHO 0,5 M U LIMPUHOM
4-5 cM. CkJieliTe ee KOHLIBI, y BaC IOMYYUTCS KOBLIO (BapHaHT A
Ha pHC. 1.4). Teriepb pa3peskbTe 3TO KOJIbLIO HOXKHULIAMH 10 Cpefi-
Heil muHuM (OHa 0603HAYeHA HAa PUCYHKE MYHKTHUPOM). Y Bac
B pyKax OKa)XyTCs [JBa pa3beIUHEHHBIX KOJIbLIA, YTO JOCTATOYHO
OYEBUHO U 6e3 OIbITa.

CoBceM MHOM pes3y/lbTaT MOIYyYUTCS, €CIU IPU CKIeHBaHUN
JIEHTBbI ONVH U3 KOHLIOB BBI ITPEBAPUTE/ILHO MTOBEPHETE Ha I10JI-
obopora. Bo3HukHeT u3BecTHast seHta Mébuyca. Mecro cru-
PaZIbHOTO CKPYYMBAHHUSI PAaBHOMEPHO PacIIpeesIUTCs 110 JIeHTe
1 OyZeT He Tak 3aMeTHO, KaK 3TO ITOKa3aHO Ha pUCyHKe. Eciu Bbl
9TO KOJIBLIO paspeskeTe IO CPeqHEN JTMHHUH, TO pe3ysbTaT Oyxer
HEOKUIAHHBII — Yy BaC B PyKax OKa)XeTCsI BCEI'O OAHO KOJIbLIO, HO
BIBOe Gorbliero quamerpa (Bapuant bB).
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Tenepp npozenaeM TPETHUH OIBIT, OH M IPHUBEET HacC K pelle-
HMIO 3ajaud. [lepen ckienBaHMEM NOBEPHUTE OOWH M3 KOHLIOB
JIEHTHI Ha 360° (TTO/HBIA 060poT). EC/in Takyro JeHTy paspesaTh
o BceM AJIMHE TOYHO ITOCEpPENHE, TO BbI IIOJIYYUTE ABa HE3aB1-
CHUMBIX KOJIbLI4, IIPOJNETHIX OJHO B APYroe (BapI/IaHT B), — sTO
U1 €CThb KaTE€HaH.

:, nosepHyTs [ nosepHyTs
l Ha 180° l Ha 360°

S R

| l

: @(HH)

Puc. 1.4

Takum 06pa3oM, Mbl HAIIUIU OAWH U3 CIIOCOOOB pelIeHUsT
3agaun. Heo6X0OuMO B3ATh IJIMHHYIO MOJIEKYITY, COCTOSIIYIO U3
IOBYX LieTel, COeJUHEHHbIX MTONIePeYHbIMU CLUIMBKaMU. BHelHe
OHa OyIeT HATIOMHMHATH JIEHTY; TAKKE MOJIEKYJIbI CYILECTBYIOT,
OHM Ha3bIBAIOTCSI JIECTHUYHBIMH U IIOJIYYAIOTCS B OIpenesieH-
HBIX YCJIOBUSIX U3 HEKOTOPBIX MOHOMEPOB, HAal[PUMEp JIECTHUY-
HBII MOTMCWIOKCaH (A) U IeCTHUYHBIN nonuakpuioHuTpun (b)
(puc. 1.5).

K coskaneHuo, mokasaHHas CTPYKTypa AJIsI pelLleHHs 3ana-
4y He roxuTcs. [lo aHamoruu ¢ GyMaskKHOM JIEHTOM HeoOXOIu-
MO OymeT XMMUYEeCKH COEOUHHUTD ABa KOHLA MOJIEKYJIBI, IIpef-

12 KAPHABAN MONEKYN

Kynutb KHUry Ha canTte kniga.biz.ua >>>



https://kniga.biz.ua/book-karnaval-molekul-khimiia-neobychnaia-i-zabavnaia-0025706.html?utm_source=site&utm_medium=pdf&utm_campaign=25706

IIR R R R R
~O~si” \Sli/ DT - T N N N N N \}:

U U U cH ©cH ©cH cH ¢
O o o o o l | | |
~ /S!i\ S|i Sli Sli slu /C%N/C%N/C§N/C%N/C%
071 >071>M077>071 071 "0~
R R R
Puc. 15

BAapUTE/IbHO MOBEPHYB OJMH U3 KOHLOB Ha 360°. Cnenyrommuii
9Tall — pacllieIUVIEHUe BCEX MOMEPEYHBIX CBSI3€H, B pe3ysbTare
MOJTYYMM «Pa3pe3aHHyIO» 110 BCEH UTHHE JieHTy. [1pu aToM Heob-
XOAVMO, YTOOBI MOIIEPEYHBIE CBS3H XUMUYECKU OTIIMYAIUCh OT
CBA3€l B OCHOBHOMN LI€NH, TOrJa IIPY PaclleIVIEHHUU ITepeMbIYeEK
CcaMU LieNu coxpaHATcs. [TlokasaHHbBIe Ha PHUCYHKE 1.5 IIOJIMMEpBI
He COOTBETCTBYIOT 3TOMY TPEGOBAHHIO.

MBI paccMOTpenH TONBKO OAMH U3 BO3MOXKHBIX CIIOCOOOB
pelenust 3anaun. 10 HACTOSILIETO BPEMEHU He OBUIO CBeLEHMIA
O TOM, YTOOBI KTO-TO MOJIYYU/I KATEHAHBI MTOJOOHBIM CITOCOOOM.
BripoueM, CyIIeCTBYIOT IIPeANOOKeHHs], YTO MHOTAA KaTE€HAHBI
06pasyroTcst B HEGOIBIINX KOTMUYECTBAX C/IYYaHO IIPH IOIyYe-
HUH HEKOTOPBIX MTOJIMMEPOB.

HeymauyHble NONBITKH
Cama uzes MOMYYNUTh KaTeHaHbl JAaBHO IIPUBJIEKaaa XMMUKOB.
M3BecTHBIN HeMeLKUH XUMHUK P. BunbluteTrTep, mMOay4YUBIIMH
Ho6eneBCcKyo MpeMUIO B 1915 I. 3a UCCIENOBAHUE CTPOEHUS pac-
TUTENBHBIX TUTMEHTOB (HarpUMep, X7I0poduiuia), 06CysKaal Bo3-
MO>XKHOCTb pEILIeHMS 3TOH 3aadyM Ha CEMHHapax B 1900—-1912 IT.
Poccuiickuii xuMuk akagemuk M.JI. KHyHSHI B 1929-1930 IT.
NpealpUuHKMa IOIBITKY II0Jy4YeHHUsI KaTeHaHOB, HO pa3Mephl
3aMbIKa€MbIX LIUKJIOB OBUTH CIIMIIKOM MaJbl (8—10 aTOMOB yIJie-
poza), uTo, KaK Terepb IMOHSTHO, He MOIJIO IIPUBECTH K YCIIEXY.
B ¢eBpaie 1957 T. MOSIBUIIOCH CEHCALIMOHHOE COOOLIEHHE BYX
HeMelKUX XUMUKOB A. Konepa u I lutpuxa U3 L. TiobuHTeHa, KOTO-
pble 3amaTeHTOBa/IM IOJyYeHHUE KaTeHaHa, CONepyKalllero LIMKIIbI
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13 20 aTOMOB YI7Iepoa. DTO COOOLIIEHHE BBI3BAJIO OYEHb OOJIBILION
HHTepec, HO OKa3aJI0Ch, YTO CUHTE3MPOBaHHBIM KaTeHaH CyILeCTBO-
BaJI TOJIBKO B BOOOpaskeHUH aBTOPOB paboTsl. CUHTE3 ITOATBEPIUTD
He yZIaJIoCh, U MATeHT ObUI IPU3HAH HeIeHCTBUTETbHBIM.

B 1960-1962 IT. MOMBITKY MOJy4YUTh KaT€HaH MpeAIpUHSIN
aMepHKaHCKHe XUMHUKU O. Baccepman u I @pum. OHu ucnons3o-
BaJIM JITIMHHBIE YITIeBOIOPOIHbIE MOJIEKYHI (34 atoma C), comep-
JKalllye Ha KOHLAaX peaKLMOHHBIe Tpynmbl. KX pacyer crpousncs
Ha TOM, YTO B IIPOLIeCcCe IUK/IM3ALUA MOJIEKYJIbI C OIIpee/IEHHON
BEPOSITHOCTBIO MOTYT II€PEXJIECTHYThCSI, 00pa3ys KaTeHaH. Takum
06pa3oM, 9TO ObIT CUHTE3 He LieJIeHAIIPaBIEHHbII, & BEPOSITHOCT-
HBIM, T.€. B pacyeTe Ha TO, YTO BO3HMKHET CJIyYaiHbIM yJauyHbIi
BapuaHT. B pesynbTaTe mocjie MHOTOKPAaTHOM OYMCTKU aBTOPHI
MIOJIYYHIIH 5,66 MI MacI006pa3HOro MPOIYKTa, HO ITOATBEPIHUTh
€ro CTPOEHHE UM He yAanock. [TocTeneHHO nccaen0BaTey MpHIL-
JIV K MBICJIH, YTO MOJTYYUThb KaT€HaH MOXKHO TOJIBKO B Pe3yJIbTaTe
TIIATeIbHO CIJIAHMPOBAHHOTO CUHTE3a.

IOBempHOE MacTepCcTBO
BepoaTHO, BaM IOBOAUIOCH BUAETh UM JEPKaTh B PyKax TaKUe
VMHTepeCHbIE€ U3[e/IMs HapOJHOTO IIPOMBIC/IA, KaK LIETIOYKHU U3
JepeBa UM KOCTU. Kakoe 3BeHO TaKOH LIEMTOYKU CIIOLIHOE, OHO
He pa3MbIKaeTcd. Kak ke ux genaror? Mactep BHaJasie BbIpe3aer
obLre OYepTaHVst 3BEHbEB, a 3aTeM aKKYPaTHO YAasIsieT MaTepH-
a1 B TOM MECTe, TZie 110 3aMBbIC/Ty 3BeHbs cruleTarorcs. Korna yna-
JISIOTCA TOC/IEJHUE OCTATKU NePEMbIYKH, CBA3BIBAIOLIEH 3BEHbS,
KOJIbL{a TTOJIy4YalOT BO3MOXKHOCTh CBOOOJHO IE€pPeMELaThCsl OMHO
B npyrom. Pabora nouctrHe 1oBenupHas!

VIMEHHO 3TOT ITPUHLIMIT BHIOpai HeMelkue xumuku I, [
u A. Jliortpunrxayc us r. dpaiibypra, mpUcTynast K CO3AaHHIO
KaTeHaHOB.

[TockonbKy Hac Ipeske BCEro MHTEPeCyeT MPOCTPAaHCTBEHHOE
pellleHre, Ha XMMHWYECKOM CTOpOHEe BOITpOca BPEMEHHO COCPeo-
Ta4YMBaThCS He OyeM.
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ABTOpBI permau cOpPMUPOBATH KOJIbLIA HA OCHOBE OOIIIEro
LIEHTpa, & 3aTeM YOaIUTh IIepeMbIYKU. BHauyase Hys>KHO GbLIO OLe-
HUTb MUHUMAJbHBIN pa3Mep LMKJIOB, 751 KOTOPBIX BO3MOXKHO
TaKoe B3aHMHOe 3aMblKaHue. PacueT mokasas, 4To LUKJIbI JOJIK-
HBI COLEPIKaTh HE MEHee 20 YITIEPOJHBIX aTOMOB, MHaYe OyneT
«O4YeHb TECHO» U KOJIbLIa HE CMOTYT CBOOOIHO ITepeMeIaThCsl.

C6opka KaTeHaHa IPOMCXOIMIIA TIO CreayoLeii cxeme. Ha riep-
BOM 3Tarte ObUT CO3aH y3es, BOKPYT KOTOPOTO Ha4aaoCh «CTPOU-
TEJIbCTBO» KaTeHaHa — 3TO OEH30JIbHBIA LMK C IBYMsI peaKii-
OHHBIMU T'PYIIIIaMU a U ¢. Kpome Toro, K LUKy NPUCOeIUHEHbI
IBa [UIMHHBIX YIIEBOLOPOIHBIX «XBOCTa» C APYTMMHU PeaKLMOH-
HBIMU TPyNIamMu — e (CBEeT/IO-Cepble BOTHUCTBIE JIMHUM). BTo-
PO peareHT — IMPOTSKEHHAs YIVIEBOAOPOAHASI MOJIEKYJIa C peak-
LIMOHHOM Tpymnmoi b B cepenuHe nenu 1 AByMms rpynmnamu d mo
KOHLIaM (CABOEHHAsi BOJMHUCTAS 110JI0CA). XMMUYecKasi IpUpoaa
BCEX peakLMOHHBIX Ipymni a, b, ¢ u d 6GbuUIa 3apaHee TIATETBHO
[IPOZiyMaHa, U BeCb CUHTE3 ObII OYeHb YETKO CIUIAaHUPOBaH. BHa-
yajie pearupyroT TOJIbKO IPyIIE! a U b. BepTHKaipHast mpoTsoKeH-
Hast MOJIEKYJIa TIPUCOeIUHSIETCS K 6eH301bHOMY siapy. [Ipu aToM
IPeyCMOTPEHO, YTOOBI OHA GblIA PACIIONOKEHA MTEPIIEH IUKY ISP~
HO IIJIOCKOCTH GeH30JIbHOTO KOJbLa (pHC. 1.6).
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Puc. 1.6
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B o1y 4eHHOM COeMHEHUH TpyIma ¢ Oblia 3apaHee BbIOpaHa
TakMM 00pa3oM, YTOOBI Ha C/IEIYIOLIEM JTalle OHA MOIJIA Pearu-
pOBaTh OMHOBPEMEHHO ¢ nByMsi rpymnmamu d. Biaromapst atomy
o6a KoH1a d CTATMBAIOTCS B OIHY TOUKY, 0Opasysi IEpPBBIi LUK
Oynyuiero kateHaHna (puc. 1.7).

=]

Puc. 17

Ha crnenyrouieM ararme MpOUCXOOUT B3aMMOZEHUCTBUE IBYX
TPYTIIT €, KOTOPbIe HAXOISATCS Ha KOHILIAX [BYX YATMHEHHBIX LIeTel,
[PUCOEIMHEHHBIX K OEH307IbHOMY KOJIbIY (BOJHHUCTBIE JIMHUU
ceporo 11BeTa). BeTBH, Ha KOHLIAX KOTOPBIX HAXOISTCS TPYIIIIHI €,
HMMEIOT TaKyIO /IUHY, YTOObI PEArUPYIOLIKE IPYIIITbI MOT/IH «/IOTSI-
HYTBCSI» IPYT 1O Apyra. B urore o6pasyercst BTOpoe KOJbLIO KaTe-
HaHa (puc. 1.8).
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OIHaKO MOJyYeHHbIE KOJbLIa HEe CBOOOLHBI, OHU COEIMHEHBI
IOBYMSI TIEpeMbIYKaMH (YepHble MIPSIMble JTMHUU C YTOMIIEHUEM),
KOTOPBIE CeAyeT yaanuTh. [Iponecc ynaneHus 3TUX CBA3€H HIDKe
[IOKa3aH YCIOBHO C TIOMOILBIO ABYX PyOSsIIMX TOTOPUKOB. B nto-
re MOJy4aeTcs KaTeHaH — [Ba CIVIETEHHBIX KOJIbLIA, XUMHUYECKU
He CBSI3aHHBIX APYT C IPYrOM. B CTpyKTypy OZHOrO U3 KOJell BXO-
ot GEH30/IbHOE SIAPO KaK HAITOMHUHAHHE O «T€XHOJIOTHH CTPOH-
TEJIbCTBa» ITOM HEOOBIYHOM MOJIEKYIIBI (PUC. 1.9).

Puc. 1.9

MBI paccMOTpeny IuIib OOLIyIO CTpareruto. st Toro uro-
Obl BCE TONYYMIOCh B PEANbHOCTH, HEOOXOOUMO OBUIO yMeIOo
BBIOPATh yYaCTBYIOLIME pearrpyoluye rpymmsl. [Ipu atom morpe-
60BaIoCh XOpolllee 3HAHHE OPraHMYECKON XMMUH. Bech mporiecc
CHHTe3a, BKJII0Yast [TOJTyYeHHe UCXOAHBIX BELECTB, COCTOUT Oosiee
ueM U3 20 craauil. [Io omrMcaHHONM cXeMme MOIy4YeHO HECKOJIBKO
KaTeHaHOB. Hirke nokasaHa CTpyKTypa cOeIMHEHHS, KOTOpOe CTa-
JI0 POLOHAYAIBHUKOM 3TOTO KJIacCa, OHO OBUIO CHHTE3UPOBAHO
nepsbIM. O1oT cuHTes I. Mnmny u A. JIIOTTpUHIXayCy yaaaoch
OCYILIIECTBUTD B 1964 I.

OcHOBHast yacTh Kosel] HabpaHa U3 24 YIJIEPOAHBIX ATOMOB
(rpynmer —CH -), Ha KOTOPOM IOCTENEHHO COOMpanach BCS 3T
HeoObIuHast MojIeKya (pHC. 1.10).
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Puc. 110

YueHble He OCTAaHOBU/IMCh Ha JOCTUTHYTOM U IO pa3paboTaH-
HOI1 cXeMe IOTy4rIu Gosiee CTIOKHOe COeMHEeHNe — TPU KOJIb-
L[eBble MOJIEKYJIBI, CBSI3aHHBIE 110 TUITYy KaTeHAHOB (pHC. 1.11).
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Puc. 111

BamKauMM pOACTBEHHUMK KaTe€HaHa

[TpaKkTHUeCKH OTHOBPEMEHHO C CHHTe30M KareHaHa lllwmny yna-
JIOCh OCYLLECTBUTb ITOTyYeHHe ellle OJHOTO COeIHEHHs], Ha3BaHHOTO
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pOTaKcaHOM (OT JIart. rotare — BpalllaTh). DTO KOJbIIeBast MOJIEKyIIa,
HaCa)keHHas Ha OCb, CHAGKEHHYIO Ha KOHL[AX OOBEMUCTBIMH 3aI/IyLL-
KaMu. B pe3yrbTaTe KOMbLIO MOYKET IlepeMellaThCsl IO OCH, BpalllaThb-
CsI, HO He MOYKeT «COCKOUHTb». DaKTUYEeCKH 3TO TOXKEe COeAUHEeHHe
IBYX MOJIEKYJI HE XHMHUYECKHM, & YUCTO MEXaHUYECKMM CIIOCOOOM.

CKBO3b KOJIBLIEBYIO MOJIEKYJy, COCTaBJIEHHYIO U3 30 aTOMOB
yI7Iepofa, IpofieTa JIMHEe Hast MOJIeKyJIa raHTe1eobpasHoit op-
MBI, POJIb KOHLIEBBIX 3aI/IylleK UCIOIHSIOT (peHUIbHbIE IPYIIIbL.
[Tosy4eHye 3TOro poTakcaHa MPOBOLV/IN TPUOIM3UTENBHO TI0 TOM
JKe CXeMe, YTO M KaTeHaHa (pucC. 1.12).

o ¢
HC—C \
C—O0—| —(CHa)g

~
e

XUMMIO KaTeHaHOB M POTaKCaHOB IPUHATO PacCMaTpPUBATb
COBMECTHO, TaK KaK JIOTMKa CHUHTE€3a 3TUX COEJWHEHHUM I0Y-
TU onuHakoBa. MTak, ymamoch mokasaTb, YTO TaKUE€ MOJIEKY-
JIBI TIONYYUTh MOXHO. [lasee Gonbluasi apMHsi XUMHKOB CTasIa
HCKaTh 60JIee COBEPILIEHHbIE CITIOCOOBI CHHTESA, 1 OHH, Pa3yMeeT-
cs1, OBUTH HalIeHbl, TIPUYEM TaKKe, KOTOPbIe ITO3BOJISIM peLlaTh
coBeplIeHHO (aHTacTHUeckHe 3amaun. CeromgHs MccaeloBaHMe
KaTeHaHOIIOZOOHBIX MOJIEKYJI IIPEACTABIISIET COOOM CAMOCTOSITE Tb-
HBIM, MHTEHCUBHO pa3BUBAIOLIMICA pa3nen XMMAYECKOM HayKHU.

Puc. 112

HHOM mOoaX04 K pelleHHIo 3aJavuu
Camoe I71aBHOE TIPH CUHTe3€ KaTeHAaHOB — PAaCIIONIOKHUTh 3aMbl-
KaIOLIMeCst KOJIbLA TaK, YTOOBI X IUIOCKOCTH OBUTH ITepIIeHANKY-
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JISIPHBL: 3TO OOJIETYUT 3aMbIKAHHE OLHOTO L{UKJIA BHYTPH APYTrOro.
Ho 4TO MOKeT 3aCTaBUTh UX Pa3MECTUTBCSI UMEHHO TaKUM 00pa-
30M? B KayecTBe «HAIIPaBIISIIOLIETO AWCIIETYEPa» GBI UCIIOJb-
30BaH KatuoH Menu Cu*, KOTOPBIif JIerkKo 06pasyeT KOMIUIEKC
C aTOMaMH a30Ta ABYX MOJIEKyJI peHaHTponrHa. CBsI3H, UAYIIMe
OT KaTHOHAa Meau (LITPUXOBBIE JIMHUU HA PUC. 1.13), HaIlpaBJle-
HBI K BepIIMHAM MBICJIEHHOTO TeTpasnpa (BblAe/IeH TOYeYHbI-
MH JIMHUSIMHM), 06pasysi ABe B3aUMOIIEPIIEHAUKYISIPHbIE TUIOCKO-
ctu (cepble TPeyroibHUKH). FIMEHHO Tak pacrosaraloTcsi OKo-
JI0O MOHA MeAU IIOCKOCTH MOJIEeKyJ (heHaHTPOJIMHA, UTPAIOLINX
ponb nurannos. Kcerary, y katrnona Cu* 06s3aTeIbHO MMEETCs]
MpOTUBOAHUOH A~ (Hanipumep, Cl°), HO IIpH peleHnH 3aa4YH MbI
He OyzeM MPUHUMATb €r0 BO BHUMaHME.

dEeHaHTPONUH

Puc. 113

Jlanee, Kak IIOKa3aHO Ha PUCYHKe, CJIefyeT OABe B3aUMOIIep-
MeHANKYJISIPHbIE MOJIEKY/Ibl PeHaHTPOIMHA BKJIIOYUTh B COCTAB
LUK/I0B. VIMEHHO 3TO U OBUIO ITPO/EIaHO, TOIBKO CTPATEr s CUH-
Te3a Obl/Ia HECKOJIbKO MHOMA.

B KauecTBe HCXOMHBIX COeANHEHUI B3SITHI IBE ITOXOKHE MOJIe-
KyJIbl, CofepsKalnye ¢pparMeHT (peHaHTPOJIMHA, HO OfHA MOJIEKY-
7Ia — KOJIbIIeBasi, a BTOpast — He3aMKHyTas (pHC. 1.14).
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Puc. 114

Ilaree K KOJIBLEBOM MOJIEKYJIe NOOABUIN COEJUHEHHE, COLEp-
skatee KaToH Cu*. ECTeCTBEHHO, 3TOT KAaTUOH cpa3y 06pa3oBai
KOOpIWHAIIMOHHBIE CBSI3U C AByMs aToMamu N (puc. 1.15).

Puc. 145
OpnHako KaTHOHY TpebyeTcsi B KOOPAHHALIMOHHOM cdepe He
nBa, a yeTblpe atroma N. [IpUTAHYTH COCEHIOIO TaKYIO K€ MOjle-

KyJIy OH He MOXXET, OHa TPOMO3/IKasi U He BJIe3aeT BHYTPb ME€PBO-
ro xonbua. [lostoMy, Korma BBeeM B CUCTEMY BTOPOM pEareHT,
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MOJIEKYJIa KOTOPOTO He 3aMKHyTa, KaTuoH Cu*, >kesasl 3aIl10JTHUTh
KOOPAMHAIIMOHHYIO Cepy, BTATUBAET BTOPOH peareHT B KOJblie-
BYIO MOJIEKYJy, KaK HUTKY B HUTOJIbHOE YIIKO (AJIS HAIJISIIHOCTH
MOJIEKYJIbl PeareHTOB U300 PasKEHb! IMHUSIMUA PA3TTMIHOMN TOJIILH-
HbI). IMEHHO 3TOT XUTPOYMHBIIT ITPUEeM OTCYTCTBOBAJI B METOIU-
K€, pacCMOTpeHHoi Hamu panee. Katuon Cu*, Kak y>ke 6bUIO CKa-
3aHO, pacrionaraet dparMeHTsl heHaHTPOIHMHA B3aUMOIIepIIeH-
IMKYJIIPHO, UTO OBJIErYyaer mocieayoliee 3aMbIKaHHE BTOPOTO
KosbLa (puc. 1.16).

Puc. 116

Ocranoch 3aMKHYTb BTOPOH LIMKJI C IIOMOILLBIO YITIEBOAOPOL-
HOM LIETIOYKY, cozpepkalleil Ha KoHuax aromel Cl, a 3atem yna-
uTh KaThoH Cu* (puc. 1.17).

O6paTrTe BHUMaHHe, CUHTE3 3apaHee [IPOLyMaH TaKUM 06pa-
30M, YTOOBI COCTAB MEPETUIETAIOLIMXCS KOJIeL, ObUT OMMHAKOB. DTO
He 00s13aTe/IbHOE YC/IOBUE, HO UMEHHO TAKOM BapUaHT IPUOAET
JIOIOJIHUTEIPHOE U3SILECTBO MOJIYYEHHOMY pe3ysbTaTy. Takoi
KaTeHaH CyMeJl CUHTe3UpoBaTh B 1992 I. JK. CaBak.

Hcnonp3oBaHue KaTUOHA MeTajIa B Ka4eCTBe OPraHU3yIollle-
IO LIEHTpa OTKPBUIO LIIUPOKHE BO3MOKHOCTU B CUHTE3€ KaTE€HAHO-
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Puc. 1a7
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MOIOGHBIX MOJEKy/. Bckope CaBask MOJYYMII IO TAKOM JKe CXe-
Me pPOTaKCaH — TaHTelNb, IIPOAETYIO CKBO3b KOJIbLO. B KauecTse
0OBEMHUCTBIX 3aI/IylLIeK Ha KOHL[AX FaHTeIN ObUIM UCITOIb30BaHEI
KpyIHble ¢pparMeHThl MOpGUPHUHA — 3TO LIUKINYECKHEe MOJIEKY-
7IBl, conmeprkanye yetbipe atoMa N (puc. 1.18, BEpXHSIS CTPYKTypa).
B 1997 . CaBaxX, UCIONB3ys Ty XK€ CTPAaTEruio, CUHTE3UPOBal
COBEpILEHHO YAUBUTEIBHOE COEIMHEHNE — KOJIBLIEBYIO MOJIEKY-
JTy, 3aBSI3aHHYIO B y3eJI (pHUC. 1.18, HYDKHSS CTPYKTypa). [Tockons-

o}

\¥ CHQ(CHZOCH2)4CHZ~—/

Puc. 118
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Ky B COCTaB MOJIEKYJIbl BXOOUT YeThIpe (pparmMeHTa (peHaHTPOIU-
Ha, TO MOKHO YTBEP>KJAaTh, YTO AJIsI TOTy4eHUS TAKOH MOJIEKYJIbI
HeOoOXOAMMO 3aIeHCTBOBATh [Ba KaTHoHa Menu Cu™.

KonpLieByro MOeKyy, 3aBI3aHHYIO B y3€Jl, 4Yallleé Ha3bIBalOT
TPUTMCTHUKOM WM KJIEBEPHBIM TMCTOM. CTpOro roBopsi, ee Hejlb-
35 Ha3BaTh KaT€HAaHOM, ITOCKOJIbKY IIPUCYTCTBYET TOJIBKO OOHA
KOJIbLIEBASI MOJIEKY/Ia, HO OOLIMe UIeH CUHTe3a M OCOOEHHOCTH
CTPOEHUSI MTO3BOJISIIOT ee CYUTATh KATEHAHOMOLOOHOM CTPYKTY-
poit. Takum o6pasom, JK. CaBask OTKpPbII HOBBIH IyThb K IO/TyYe-
HMIO KaTeHaHOB. B 2016 1. oH 6bu1 ynoctoen HobeneBckoii mpe-
MMM 110 XUMMH.

EcTecTBeHHO, CylIeCTBYeT MHOKE€CTBO BAPHUAHTOB COEOUHE-
HUS B3aMMOIIPOHUKAIOIINX Kosel. OMHUM U3 CaMbIX HEOOBIU-
HBIX MOXXHO NPU3HATDH IeperjieTeHue, MOayYUBIIee ClIelab-
HOE Ha3BaHHUE, O KOTOPOM pedb IOMIET HUIKE.

IMouTH 3a0BITHINM CHMBOJI

Ha ceronHsa m3BeCTHBI U NOIYJISIPHBI HECKOJIBKO BEPCHUH CILIe-
TEHHBIX KOJIELl: [Ba KOJIbL[Aa KaK CHMBOJI OPaKOCOYETAHUs], YeThl-
pe Komblia — oMbaeMa aBTOMOOMIBHON dupmbl Audi U 1aTh
KoJel, — 3Mb6ema OMUMIMICKUX Urp. TeM He MeHee CyLIeCTBY-
€T elle OOUH CUMBOJI, U3BECTHBIN B TEUEHHE HECKOIBbKUX CTOJIE-
THIA, HO TTOYTH 3a0bITHIA B HAIIM AHU. Peuyb UIET O TPEX KOJbIIAX,
CIUTETEHHBIX OCOOBIM 00pa3oM. PaccMOTpHM BO3MOSKHBIE CIIOCO-
Obl COeIUHEHUS TPeX Kosel (puc. 1.19).

am & @

A B B
Puc. 119
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Bapuautel A U B — 0ObIYHbIE KaT€HAHOBbIE COEIUHEHUS,
a BapMaHT B NpUHUNIMAIBHO OTIMYAETCA OT ABYX NpeabIAyIInX,
YTO MOXXHO 3aMETHUTh [ajeKo He cpasy. B HeM HeT HM OZHOrO
KOJIbLA, KOTOPOE COEeMHSIIOCHh ObI C PYTMM TaK, KaK 3TO IPOMC-
XOIUT B KaT€HAHAX. B 3TOM MOXHO yOeIUThCS, €C/TH MBICIEHHO
yIAIUTh I000€e U3 TpeX KOJIeLl: 1Ba OCTABIIMXCST OKaKYTCSI HECO-
€IVUHEHHBIMY, T. €. CTAaHyT MOJIHOCTBIO HE3aBUCUMBIMHU. DTO HAIlO-
MUHaeT MOKa3aHHYIO0 HEMHOTIO paHee 3aJady O paccChlaroleica
LIeTIOYKe U3 IISITH Kostell. [yt Toro 4toObl ObIIO jIerde ysiCHUTD
TaKoe CIJIETeHHE KOJIel], Ha PHUCYHKE 1.20 MTOKa3aHa aHaJIoTUYHas
00beMHAs KOHCTPYKLIUS.

Puc. 1.20

Heo6pr4HOE CBOICTBO 3TOTO 3aLielIeHHsT ObIIIO 3aMeYeHO [aB-
HO, IIpUYeM €My INOCTapa/JUCh IMPUAATh HEKUM CHMBOINYECKUH
0606IIAIOIUN CMBICI: IPOYHOE TPUEAUHCTBO, KOTOPOE IOTHO-
CTBIO PaCIafiaeTcst IPY yAAIEeHNH TI0O0T0 U3 ITaPTHEPOB, UX CHIa
TOJIPKO B €IMHEHUU.

B XIV B. CMMBOJ U3 CIJIETEHHBIX TPeX KOJEL CTaHOBUTCH
aMO6I1eMO#1 UTaNIBSTHCKOTO ropona KpeMoHs! (BriocieicTBUH CTaB-
IIIETrO U3BECTHBIM OJIaroapsi TOMY, 4TO B HEM SKHJT U paboTas 3Ha-
MEHUTBIN CKPUITMYHBIN MacTep AHTOHHO CTpanuBapy). Ha omgHoii
13 TIEPBBIX MOHET ropozia U300paskeH 3TOT CUMBOJI, O3HAYaBLIHIA
COI03 Tpex Mpassux rpadckux pamummit. OH ke ObUT H306pa-
>KeH Ha pe3HbIX IABepsiX TOPOICKOro xpama (puc. 1.21).
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Puc. 1.21

Cyzst IO BCeMy, TpU CIUIETEHHBIX KOJIbLIa OBUIM OYeHb ITOITy-
JSIPHBL B Te Tonbl B Mranmuu, ux U300pakeHUsT COXPaHUIIUChH
B OTZEJIKE 3JaHMH U XxpamMoB MusaHa u @nopeHUMH.

B Jlombapnuu, Ha ceBepe Mramuu, Haxomutcst o3epo Jlaro-
Mamxope, B LIEHTpe KOTOPOTO PacIioIosKeHbl boppoMeeBhl ocTpo-
Ba, IPHHAJIeXKaBIIMe paHee rpadckoii cembe boppomeo, mpa-
BHUBILIEH HeKoTOpoe Bpemsi KpemoHoit. DmbiemMoit, Boleneit
B 3aTeNIMBbIA (paMUIBHBINA repO 3TOro ceMeMNCTBa, OBUIN TpU
CIUUIETEHHBIX KOJIblla, OY€BUAHO KaK HalloMMHaHue o KpeMowre.

Ha omHOM M3 OCTPOBOB HaXOAWTCS 3aMOK, IZe 3TOT CUMBOJI
NPUCYTCTBYET B MHKPYCTALlMHU 110714, B OTHEJIKE JIEMHBIX YKpallle-
HHH 1 BO (hparMeHTax MeTaJ/IMYeCcKON YeKaHKH (pHC. 1.22).

Puc. 1.22
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[ToctenenHo Bo Bcex craHax EBporibl 1 B CLLIA 3Tu TpU KOMb-
11a CTa/Ii UMEHOBATh B MaMsTh O rpadcKoii cembe HOppoMeeBbI-
MH KOJIbLIAMH, YTO COXPaHUJIOCh U O HAIUX JHEH.

Hcnonbp30BaHue 3TOro CMMBosa B SInmoHuu orHocuTcs K XII B.,
rie oH 0003HAYaN €OMHCTBO TPEX MHUPOB: HeGECHOEe LapCTBO
60roB, 3eMHOE LIAPCTBO JIIOEH U ITO3eMHO€e L{APCTBO YMEPIIHX.
Tpu criyeTeHHBIX KOJbLia MOXKHO YBUIETh B OTAEIKE HEKOTOPBIX
STIOHCKUX XpaMoB (puc. 1.23).

Puc. 1.23

CHUMBOJI MCIIONb30BAJIA U B KAYECTBE 3JICTAHTHBIX 3/IEMEH-
TOB SITOHCKOM TrpauKy, rae GOPPOMEEBhI KOJbIIA MPEICTaBIIE-
HbI B BUJIE CIIIETEHHBIX aUCTOB, 6aMOYKOBBIX TPYOOUYEK HIIH LiBe-
TOB (pHC. 1.24).

CTosb HEOOBIYHBIN CIIOCOO COENUHEHMS KOonel, ObUI IeTalb-
HO U3y4eH, B UTOTe YOAlIoCh pa3paboTaTh HEKYIO CXeMY CO3aHMUsI
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Puc. 1.24

NOZOBHBIX 3aueruieHuii. Ha pucyHke 1.25 okasaHa LEovKa U3 ISITH
KOJIeLl, COBpaHHBIX 0COObIM 06pazoM. [1pu yaaeHuu OHOTO KOJIbLIA,
[pUYEM JIHOOOTO, LIETIOYKA TIOTTHOCTBIO PACCHINAETCst. MOXKHO TakKe
coOpaTh KPyroBYIO LIEMOUKY, 06/1aJAOLLyI0 TOLOOHBIM CBOMCTBOM.

Puc. 1.25

Her HUYero yAMBUTENIBHOIO B TOM, 4TO GOPpPOMEEBBI KOJIb-
114, OBesIHHbIe NCTOPUYECKUMH IIPeNaHUsIMU U MHOTO3HAYHBIM
CUMBOJIMYECKHM CMBICJIOM, He MOITIM OCTaBUTh PaBHOMYIIHBIMU
XUMHKOB-CUHTETUKOB, BOOPY>KEHHBIX OITBITOM ITOJTy4eHUsl KaTe-
HaHOB. OIHAKO [UIs TTOTyYeHUs TOZOOHON MOJIEKYJIbI TIOTPe6O-
BaJICS CIIeIIUaIbHbIN TTOIXO.

Bo3MoOJKHbBIE pelueHus

[IbITasiCh pelnTh, KAKUM HMEHHO CIIOCOOOM MOSKHO IOJTYYHTb
MOJIEKYJTy B BHzie GOpPPOMEEBBIX KOJIEL, XUMHKI HAMETH/I HECKOJIb-
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Ko TyTeit. Harboree mprBiiekaTe/IbHbIMY Ka3a/IUCh [Ba U3 HUX. [1ep-
BBIf (pHC. 1.26, cxeMa A) COCTOSII B TOM, YTOOBI KOJIBLIEBYIO MOJIE-
KyJIy COTHYTb, CKJIa[bIBasi IIOYTH IIOIIOJIAM, a 3aTeM «OXBaTHUTb» ee
IBYMsI JIMHEHHBIMU MOJIEKYJIAMH BO B3aUMHO IT€PIIeHIMKYJ/ISIPHBIX
HarpaBieHusx (cramus A-1). VIMeHHO 3Tta cTamust camasi TpyOHasl.
Jlasiee Bce HAMHOTO IIPOLLIE: €C/H JIMHEHHbIE MOJIEKYJIbI IIPEBPATHUTh
B LIMKJIBI (CTamust A-2), B UTOTe BO3HUKHYT 60ppoMeeBbl KoybLa. Ha
PHCYHKe OHM TIOKa3aHBI HECKOJIBKO Ie(hOPMHUPOBAHHBIMHY, TaK KaK

Puc. 1.26
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