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MPEAUCNOBUE

Ec/i BBl XOTUTE y3HATH O XUMHUH HEMHOTO OOJIblIIe, YeM B y4el-
HUKaX, 3Ta KHMra 1U1d Bac. Eciy sKe XMMMs KajkeTCs BaM HEUH-
TEPECHOM, TO BCe PaBHO 3aI/ITHUTE B KHUTY — M Bbl IIOMMETE,
UTO 3Ta HayKa 3aHMMAaTesIbHa U BIIOJIHE 3aCIy’KUBaeT BHUMAaHUA.
Kpome TOro, B HEKOTOPBIX IVIaBax Bac JKIAyT 3abaBHbIE 3a[aYKy,
IUISI PeLLieHUs] KOTOPBIX Hy>KHA JIUIIb COOOPa3UTeNbHOCTh. MHOrIa
JaHBI IIOACKAa3KH, a B KOHLIE KaKIOW 3aav B 3€pKaJIbHOM OTpa-
SKEHUH IIPUBELIEHO €€ pellIeHHUeE.

[Touemy KHura HaszBaHa «KapHaBan Monekym»? XuMUs —
HayKa KpacouyHasi U cBoeoOpasHasi. Peub B HEH UIET HE TOJIBKO
O SIPKUX BCIBIIKaX (eliepBepKOB, LIBETHBIX PEaKIUAX U HU3SILI-
HOM OrpaHKe KPUCTAANOB. Pa3pblB OOHUX XUMMYECKUX CBA3EHU
U 00pa3oBaHUe HOBBIX HAIIOMHHAET CMEHY y30POB B KaJleHzIo-
CKOIIE, a IOJIy4YeHUE HOBOI'O COeIMHEHMS — UIPY C NETCKUM KOH-
crpykropom. O6 3TOM peus NOieT B pasznere 1 «XUMHUK — apXH-
TEKTOP».

BonpmnHCTBO I1aB pa3nenos 2 «[IpuHy>kAeHue K MOocaylla-
HUIO» U 3 «BeyHas 3a60Ta XMMHKa» PaCCKas3bIBaeT O JOCTHIKEHH-
SIX COBPEMEHHOM XMMHH, HO He ClIeAyeT AyMaTh, YTO 3TO BBICOKO-
HayuHble nebpu. MBI chemanyd Bce AJsT TOrO, Y4TOOBI pacckas
O Hay4YHbIX UCC/IEJOBAHHUSX ObUT TIOHATEH KAKIOMY YUTATEITIO.

O HEKOTOPBIX APKUX M HEOKHUIOAHHBIX AOCTUKEHUSIX PeUb
uzet B paszerne 4 «KopauHa rectpbix pakTo». [lomydeHre HOBBIX
BEILECTB U IIOUCK MX IMOJIE3HBIX CBOMCTB BCErna pe3ysbTaT Halps-
SKEHHBIX UCCTIEAOBaHMUIN, KOTOPBIE COYETAIOTCS CO CUACTIIMBBIM CTe-
YeHreM OOCTOSITENTBCTB M TECHO CBSI3aHbI C CyabOOi cCaMUX HCCITe-
nosaresnei. O6 9TOM BBl CMOJKETe y3HATh B pasnesne § « XUMUKU
caMble, CaMBI€...».

HeBeposiTHO, HO HEKOTOpPBIE yueHble, HOOUBLINCH OIECTsI-
LIUX pe3y/JbTaTOB M IMOJY4YUB IPHU3HAHUE, HAXOOAT CUJbl PE3KO
CMEHMTb HaIlpaBJIeHHE HCCIeNOBaHUN U BHOBb JOCTUYb YCIIEXA,

NMpeaucnosue 5



0 YeM pacckasaHo B pasnene 6 «He mouyuBarh Ha nmaBpax». He
006s13aTeIbHO MPOLOJIKATEH CIIOXKUBIIUECST HAIIPABIIEHUS], TOPa3-
II0 MHTEepeCHee Ha IbILIHOM JIpeBe XMMHHU BBIPACTHUTh HOBYIO BET-
Ky, UIOYLIYIO OT OCHOBAaHHUS CTBOJIA, — 3TOMY IIOCBSIILIEH pa3nen 7
«IITarn cOBpeMEHHON XUMHUM».

A elje XMMUSI TECHO CBsI3aHA C APYTHMU OOJIACTSIMU €CTECTBO-
3HaHUSI, KaK MTOKa3aHo B paszeie 8 «[ToMokeM IpyruM HayKaMm».

[Toce BAyMYMBOTO YTEHMS NTEPEUHCICHHBIX Pa3/ie/IoB KHUTH
HEOOXOIUMO HEMHOTO PacC/1abUThCs, U MOC/IEAHUI pa3ies pe-
JIaTaeT YUTATETIO YIIBIOHY ThCS.

B aTOi KHHUre HET MOC/Ieq0BaTE/TbHOIO U3JIOKEHUSI OCHOB
XUMWH, KaK B Y4eOHUKAX, [IO3TOMY HAUYMHATH YUTATh MOSKHO
¢ mo60ii I7I1aBBL



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 paszesieHbl BO BpeMEeHU Ha IosiTopa cronetus. He
OyneM MOAAep)KUBATh KaKylo-THOO TOYKY 3peHHsI, a IPOCTO
OTMETHM, YTO MHOTLA APXUTEKTOPHI U CKYJIBIITOPHI CO3LaBaIn
[IPOU3BeEHHs], BIOXHOBIEHHbIE KPACOTON XMMUYECKUX CTPYK-
Typ (puc. 1.1). Harpumep, BBICTAaBOYHBII TABUIBOH « ATOMUYM»
B Bproccerne npexcrasisier co60i KPUCTA/UIMYECKYIO PEIIETKY
Kene3a (YBeIWUYEHHYIO B 165 MWIIMApAoB pas). Mnu kymorn,
IIOCTPOEHHBIN MO uaesM apxuTektopa bakMuHcTepa ®Dynne-
pa, BOCIIPOM3BOISIINI CTPYKTYpy dysmepeHa — MOJIEKy/Ibl U3

Puc.1a

naBa 1. XuMuK-apxmTekTop 7



60 aromoB yrnepona C, . Ilepen rmaBHbiM BXomom B MHCTUTYT
6UOOpraHNUecKoi XuMuKU POCCUICKOI aKaJeMUy HayK MOCTaB-
JIeHa CKYJIBIITYpa, U300paskaroNnias MOJIEKyIy BAIMHOMHUIIUHA.
A Ha rpanuue ABctpun ¥ CII0OBaKMH MOCTPOEHA CMOTPOBast Haril-
H4 B BUAe ABovHON cinpanu JHK, craBmei 6yKBaano CHMBO-
JIOM OGUOXHUMUMU.

Hy a xuMuxy, mpucrtymnas K Ioay4eHUIO HOBBIX MOJIEKYJI, UHO-
IZ1a OPUEHTHUPYIOTCS HA IPEBHUE CUMBOJIBI, SMOJIEMBI, U3EIUsI
HapOAHOTO TBOPYECTBA WM NPHUMEPHl TBOPUYECTBA CAMOM IIpHU-
poxasl. Ilepen coBpeMeHHBIM XMMHKOM, 3aJyMaBIINUM IIOy4YUThb
HOBOE COeIMHEHNE, BO3HMKAET Ba BONpPOCA: 3a4eM 3TO HY>KHO
U KaK 3TOro Aoctuub. Ec/M oTBeT Ha IepBhIN BOIPOC, KaK Ipa-
BWJIO, B OOIIMX YepTax U3BECTEH, TO IPH MOMCKAX TOTO, KaK JKe
MOy YUTh HY>KHBIH PE3y/bTaT, IPUXOAUTCI MOOUIN30BATh 3HA-
HUSI ¥ MHTyHLMI0. He MeHee BasKHO IPOCTPaHCTBEHHOE BOOO-
paskeHHe, IOCKOJIBKY aBTOPY Oyaylieil MOJeKyIbl HEOOXOqH-
MO TIPeICTaBUTh ee B AeTassIX, a TaKKe 3aIUIAaHUPOBATh GoOpMy
KUpIIHYei 1 6/I0KOB [U1st OyAyILero CTpOUTENIbCTBA, KPOME TOTO,
II0JIE3HO TIPOBECTU HEKOTOPBIE MTPUOIUBUTENBHBIE PACUETHI, HHA-
Je «3IaHue» BPSLI JIU OyIeT IOCTPOEHO.

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 XUMHUYECKUX (Hop-
MyJI, OCHOBHOE BHUMaHHe COCPEOTOYEHO Ha 3aMBICIIE, [IAHH-
pytorieM cOOPKY MOJIEKYJIBI, YTO OOBIYHO UJUTIOCTPUPYIOT pas-
JIMYHBIMU CXeMaMH. PUCYHKY B TAKMX CTaThsIX TIOKA3bIBAIOT IIPO-
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CTPaHCTBEHHbIE BapHaHTbl B3aMMOPACIIOJIOKEHHUS PEareHTOoB,
U3006pakeHHBIX B BUIE TIPOCTBIX OOBEMHBIX TeEJL.

EcTp elne omHa [eTanb: XUMUKH, paboTalolive ¢ TAKUMU
COeNVHEHUSIMU, HECMOTpS Ha CJIOXHOCTb peLIeHUs 3alaud,
HHUKOTZIa He 3a0bIBAIOT YIIOMSHYTh (IIPUYEM B CEPbE3HOM Hayd-
HOM 3KypHaJsie) 06 UCTOPUYECKUX KOPHSIX TEX WM UHBIX CUMBO-
7I0B. B HanpskeHHON paboTe XMMUKA-CUHTETUKA TIPU JKEJTaHUM
BCeraa MOXKHO HalTH 37IeMEHTBI 3CTETUKU U POMaHTHKHU.

X¥MHYECKHE BEPHIH

H3 mHomcecmea nyneti
noayuaomecs OmauuHble yenu.
E.JIEI

Bepuru — cTapocCnaBSIHCKOE CJI0BO, O3HAyalolllee «Leln».
[TocKO/IBbKY peub Jajee IOMAET O HHUX, MONPOOyeM peLIUTh
HeOOJIBIIYIO 3aa4y, CBSI3aHHYIO C cepeOpsiHOM LiernouKkoi. I1yT-
HVK [TPUOBUT B HE3HAKOMBII TOPOJ ¥ PELLIHII OCTAHOBUTBCS B 4aCT-
HOM rocTuHMIle. X035IMHY TOCTUHHIIBI OH CKa3aJjl, YTO XOYeT IIpo-
JKUTD y HETO IISITh IHEH, HO 3aIUIaTUTh CMOXKET TOJIbKO B ITOCIIe]I-
HUIT [IeHb TIpeObIBaHusI, KOTAA IONYYUT JeHbIH. X03sIMHa 9TO He
YCTPOWJIO, TOTa IyTHUK JOCTaN CepeOPSIHYIO LEIOYKY U3 IIATH
3BEHbEB U MPEJIOKUII €€ B KaUeCTBE OIUIAThl. XO35MH COITIacUII-
s, HO IIPX 3TOM IOCTAaBMJI [IBA YCJIOBUS: KaXKIbIN E€Hb IOCTOSI-
Jiel] JO/DKEH eMy OTaBaThb OJHO KOJIEYKO, U, KpPOME TOTO, ITOCTOSI-
7el] UMeeT NMpaBO Pa30MKHYTh TOJIBKO OFHO KOJbLO B LIETOYKe
(mo-BUAMMOMY, LieroYKa 6bUIa KPacHBOM M XO3SIMH HE XOTell,
4TOOBI OHa ObUTa 06e300pakeHa pa3OMKHYTBIMHU U 3aTeM BHOBb
3aMKHYTBIMHM KOJbLIAaMHM). Ha mepBbIil B3N KaskeTCs, YTO
BBITIOJIHUTE 00a YCTIOBUSI HEBO3MOYKHO, HO, BEPOSITHO, IIOICKa3-
Ka IIOMOXXeT BaM PeILIUTb 3afauy: JOCTATOYHO PASOMKHYTbD,
HATIPUMEP, TPETBE KOJIbLIO — TO, YTO B CEPEJIUHE.

Ecnu noackaska He IOMOIVIA, paCCMOTPUM pellleHue. B nepsuiid
JeHb IOCTOSIEL] OTAAET XO35IMHY Pa3OMKHYTOE KOJIbLIO, BO BTOPOI

naBa 1. XuMuK-apxmTekTop o



IIeHb OH OTHA€eT IBa COeIVHEHHbIX KOJIbLia U 3a0KMpaeT pa3oMKHY-
TO€, B TPETHII IeHb 10OABISIET K ABYM 3aMKHYTHIM Pa30MKHYTOE.
Kak crmegyeT myTHUKY IIOCTyHaTh Aajiee, BaM y>Ke ITOHSTHO.

CoeIMHUTB MOJIEKY/IBI MEXaHUYECKH

Bech MyTh pasBUTHsI XUMHUU — 3TO MOUCK CIIOCOOOB, MO3BOJISIO-
[IMX PACKPBIBATh XUMUYECKUE CBSI3U U CO3aBaTh HOBbIe. Hako-
TUIEHHBII OIIBIT IIO3BOJIMJT YYE€HBIM [TOCTABUTD Iepe]] COO0M Takyto
3afiauy, pellieHHe KOTOPOU paHee Ka3anach COBEPIIEHHO HEIOCTH-
SKUMBIM: COEIMHUTD [BE MOJIEKYJIbl HE XUMUYECKH, 4 MEXaHUYe-
CKH, HaroxoOue KoJieLl, POAETHIX ONHO B IPYTOe, KaK B LIEMOYKE.
MO>KHO CYUMTaTh, YTO OTO OAHA U3 CAMBIX OPUTHMHAJIBHBIX U KpPa-
CUBBIX 33[]a4 XUMUU. [IJIs1 ee pellleHus] BHAUaJIE C/IeI0BaJIO HaMe-
TUTb IyThb, 3aT€M Pa3paboTarh IJIaH ¥ TOJBKO ITOCJIE ITOTO MPH-
crymarth K cuHtesy. Emie 1o Toro, Kak 3amauda 6buia peleHa, s
MOZOOHBIX COENUHEHUI OBUIO BBIOPAHO HA3BaHME — KaTE€HAaHBI
(ot nat. catena — 1enb).

Hpaesi cTapuHHOM 3a0aBbI
EcrecTBEHHO, BHavYase CTOSI/IA LIe/Ib COEAUHUTh TaKUM 0OpasoM
x0Ts1 6Bl 1Ba KoybLia. [Ipole Bcero n3o06pasuth TaKy0 KOHCTPYK-
LIMIO Ha TaJIbL[aX, HO eC/I COOMPATh ee U3 MEeTa/UTMYECKHUX KOJIell,
TO HEOOXOANMO MOTPYAUTHCS. BepeM OmHO 3aMKHYTOE KOJBLIO
Y B HEroO NpOJEeBaeM Pa30MKHYTOE, 3aTeM Pa3OMKHYTOe KOJbLIO
3aMBIKaeM, 3BEHbSI OKa3bIBAIOTCS COeIMHEHHBIMU (PHC. 1.2 U 1.3)

Tenepp neperzeM K aHaJIOTUYHON XMMHWYECKOH 3anade. Pas-
MBIKaTh ¥ 3aMbIKaTh LIMKIMYECKHE MOJIEKYJIbl XUMHUSI YMEET XOPO-
1110, HO He CyIIeCTBYET TaKOrO IMHIIETa, KOTOPBIH ITO3BOIHI ObI
HE3aMKHYTYIO MOJIEKYJIy «IIPOCYHYTb» B 3aMKHYTBIH IIUKJ (BTO-
poit aTam Ha puc. 1.3). [loaToMy st pelueHus PoGIEMbI TIPH-
LIJIOCh MCKAaThb APYTHe MyTH.

OxvH 13 BO3MOXKHBIX CIIOCOOOB MOJyYEHUs] KATEHAHOB
OBUT MOACKA3aH AETCKUMM UIpaMH U (OKYCaMH CO CKIIEEHHBI-
MU OYMa’KHBIMH JIEeHTaMU. BcrioMHuTe urpy nercrsa. Bosemu-
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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 IOITYYUTCS KOBLIO (BapHaHT A
Ha pHC. 1.4). Teriepb pa3peskbTe 3TO KOJIbLIO HOXKHULIAMH 10 Cpefi-
Hell muHuM (OHa 0OO3HAYeHa Ha PUCYHKE MyHKTHUPOM). Y Bac
B pyKax OKaXXyTCs [IBa pa3beIUHEHHBIX KOJIbLIA, YTO JOCTATOYHO
OYEBUAHO U 6e3 OIbITa.

CoBceM MHOH pe3yJbTaT IOJNYYUTCS, €CIIU IPU CKIEMBAHUN
JIEHTBI ONVH U3 KOHLIOB BBI ITPeBAapUTE/ILHO MTOBEPHETE Ha I10JI-
obopora. Bo3HuKHeT M3BecTHast seHta Mébuyca. Mecro cru-
PaAJIPHOTO CKPYYMBaHUSI PABHOMEPHO PacIpefesUuTCs IO JIeHTe
U GyZeT He Tak 3aMeTHO, KaK 3TO ITOKa3aHO Ha pUCyHKe. Eciiu Bbl
3TO KOJIBLIO paspeskeTe IO CPeJHEN JTUHHUM, TO pe3ysbTaTr Oyxer
HEO>XKUIAHHBI — y Bac B PyKaxX OKa>KeTCsI BCETO OIHO KOJIBLO, HO
BIBOe Gosblilero aramerpa (Bapuasr b).

rnaea 1. XuMnK-apxXuTeKkTop 1"



Tenepb npoaenaeM TPETHUH OIBIT, OH M NIPUBEIET HaC K pelle-
HUIO 3aJay4U. Hepen CKJIEMBaHMEM IIOBEPHUTE OOVH U3 KOHLIOB
JIEHTBI Ha 360° (HOMHBI 06opoT). EC/iu Takyio JeHTy paspe3aTb
IO BCEH JI/TMHe TOYHO IOCEPENUHE, TO Bbl MOTyYUTE [Ba HE3aBU-
CUMBIX KOJIbla, IPOAEThIX OJHO B Apyroe (BapI/IaHT B), — 3TO

M €CThb KaT€HaH.

nosepHyTs nosepHyTs
l Ha 180 l Ha 360

S R

B

A =)

1-0-0

Puc. 1.4

Takum 06pa3oM, Mbl HAIIUIU OAWH U3 CIIOCOOOB pelIeHUsT
3agaun. Heo6X0ouMO B34Th IJIMHHYIO MOJIEKYITY, COCTOSIIYIO U3
IBYX LieTlel, COeIMHEeHHBIX IOTIepPeYHbIMH CIIMBKaMH. BHemHe
OHa OyIeT HATIOMHMHATH JIEHTY; TAKWE MOJIEKYJIbI CYIIECTBYIOT,
OHM Ha3bIBAIOTCS JIECTHUYHBIMH U IIOJIYYaIOTCS B OIpeneseH-
HBIX YCJIOBUSIX M3 HEKOTOPhIX MOHOMEPOB, HallpHMep JIeCTHUY-
HBII MOTMCWIOKCaH (A) U IECTHUYHBIN nonuakpuioHuTpun (b)
(puc. 1.5).

K coskanmeHuio, mokasaHHasi CTPYKTypa IUIsl pelleHus 3aaa-
4y He roxuTcs. [1o aHamoruu ¢ GyMaskKHOM JIEHTOM HeoOXOIu-
MO OymeT XMMUYECKH COEOVHHUTDb ABa KOHLA MOJIEKYJIBI, IIpe[-
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Puc. 15

BapUTEIbHO TIOBEPHYB OIWMH U3 KOHLIOB Ha 360°. Cienyommii
9Tan — pacIlelyIEeHUe BCEX TIOMEPEYHBIX CBSI3€M, B pe3ysbTaTe
MOJTYYMM «Pa3pe3aHHyIO» 110 BCEH [UTHHE JieHTy. [Ipu aToM Heob-
XOIUMO, YTOOBI MOMEPEYHbIE CBSI3U XUMHUYECKU OTIIMYATUCh OT
CBsI3€fl B OCHOBHOI 1I€IH, TOTAA MPU PACIIENIEHUH TIEPEMbBIUEK
CaMM LI COXPaHATCs. [IoKa3aHHble HA PUCYHKE 1.5 TOJTMMEPBI
HE COOTBETCTBYIOT 3TOMY TPeOOBAHHIO.

MBI paccMOTpeNd TONBKO OOWUH U3 BO3MOJKHBIX CIIOCOOOB
pelueHus 3amayn. JJo HACTOAIIErO BpeMEHU He ObIJIO CBEAEHMIA
O TOM, 4TOOBI KTO-TO IOJIYYHII KaTEHAHBI MTOLOOHBIM CIIOCOOOM.
BripoueM, CyLIeCTBYIOT MPENIONOXKEHUS, YTO MHOT/IA KaTeHAHBI
06pasyroTcst B HEOOIBIIUX KOTMUYECTBAX C/IYYaHO MPH IOIyye-
HUM HEKOTOPBIX [TOJIMMEPOB.

HeymauyHble NONBITKH
Cama uzes MOMYYNUTh KaTeHaHbl JAaBHO IIPUBJIEKaaa XMMUKOB.
M3BecTHBIN HeMeLKUH XUMHUK P. BunbluteTTep, MOay4MBIIMH
Ho6eneBCcKyo MPeMHUIO B 1915 I. 3a UCCIENOBAHUE CTPOEHHST pac-
TUTENBHBIX TUTMEHTOB (HaIpUMep, X7I0podurIuIa), 06CysKaal BO3-
MO>KHOCTb pELIeHMS 3TOH 3afayu Ha CEMHHapax B 1900—1912 IT.
Poccuiickuii xuMuk akagemuk M.JI. KHyHSHI B 1929-1930 IT.
NpeANpUHUMA MONBITKU MOJY4YeHUsI KaTeHaHOB, HO pa3sMephl
3aMbIKa€MBIX LIUKJIOB OBUTH CIIMIIKOM MaJbl (8—10 aTOMOB yIJie-
poza), ITo, KaK Telepb MOHSATHO, He MOITIO IIPUBECTH K YCIIEXy.
B ¢eBpae 1957 T. MOSIBUIIOCH CEHCALIMOHHOE COOOLIEHHE IBYX
HeMeLKuX XUMUKOB A. Konepa u I [Tutprxa us r. TioOuHreHa, KOTo-
pble 3alaTeHTOBA/IM IIOJIyYe€HHe KaTeHaHa, CONEprKalllero LIMKJIIbI
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13 20 aTOMOB YI7Iepoa. DTO COOOLIIEHHE BBI3BAJIO OYEHb OOJIBILION
HMHTEPEC, HO OKa3aJI0Ch, YTO CHHTE3UPOBAHHBIA KaTeHAH CYILeCTBO-
BaJI TOJIBKO B BOOOpaskeHUH aBTOPOB paboThl. CUHTE3 ITOATBEPIUTD
He Y[aJI0Ch, U [TaTeHT ObUI IIPU3HAH HeleHCTBUTEIbHBIM.

B 1960-1962 IT. IONBITKY MOJy4YUTb KaT€HaH NpPeaNpHUHAIN
aMepHKaHCKHe XUMHUKU 3. Baccepman u I @pum. OHu ucnons3o-
BaJIM I/TMHHBIE YTTIeBOIOPOIHbIE MOJIEKYHI (34 atoma C), comep-
’Kallle Ha KOHLIAX peaKLIMOHHbIE Ipymmbl. Mx pacuer crpomnca
Ha TOM, 4TO B IIPOLIECCE LIUK/IM3ALIUU MOJIEKYJIBI C OIIpeNeIEHHOMN
BEPOSITHOCTBIO MOTYT II€PEXJIECTHYThCSI, 00pa3ys KaTeHaH. Takum
06pa3oMm, 3TO GBI CUHTE3 HE Lie/IeHaIIPaB/IeHHBIH, a BEPOSITHOCT-
HBIM, T.€. B pacyeTe Ha TO, YTO BO3HMKHET CJIyYaiHbIA yIauyHbIi
BapuaHT. B pesynbTaTe moc/ie MHOTOKPATHOM OYMCTKM aBTOPBI
HOJIYYMIIH 5,66 MI MaclI006pa3HOro MPOIYKTa, HO MOATBEPIHUTh
€ro CTpOEeHHe UM He yhanock. IlocTteneHHo uccmenoBaTey IIpyIL-
JIM K MBICJIM, YTO IOJTyYMTh KaTEHaH MOYKHO TOJILKO B Pe3yJIbTaTe
TIIATEIbHO CIUIAHUPOBAHHOIO CUHTE3a.

IOBempHOE MacTepCcTBO
BepoaTHO, BaM IOBOAUIOCH BUAETh UM JEPKaTh B PyKax TaKUe
VMHTEpeCHbIe U3[e/IHs HapOJHOTO IIPOMBIC/IA, KaK LIETIOYKU U3
JepeBa UM KOCTU. Kakoe 3BeHO TaKOH LIEMTOYKHM CIVIOLIHOE, OHO
He pa3MbIKaeTcd. Kak ke ux genaror? Mactep BHaJasie BbIpe3aer
oblIiie OYepTaHusI 3BEHbEB, a 3aT€M aKKyPaTHO yaassieT MaTepu-
aJ1 B TOM MECTe, IZie IO 3aMBbIC/Ty 3BeHbs cruleTarorcs. Korna yna-
JISIFOTCA TOC/IEJHUE OCTATKU INePEeMbIYKH, CBSA3BIBAIOLIEH 3BEHbS,
KOJIbL{a TTOJIyYaiOT BO3MOXKHOCTh CBOOOJHO IE€PEeMELAThCsT OMHO
B pyrom. Pabora noucrtrHe 1oBenupHas!

VIMEHHO 3TOT MPUHLIMIT BLIOpai HeMerkue xumuku I, [
u A. JTiorrpunrxayc us r. @paitbypra, mpucTynast K CO3IaHHIO
KaTE€HaHOB.

[TockonbKy Hac IIpeskie BCEro MHTEPeCyeT MPOCTPAHCTBEHHOE
pelleHne, Ha XMMHUYEeCKOM CTOPOHE BOIIPOCAa BPEMEHHO COCpesio-
TaYMBATHCS HE OymeMm.
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ABTopsI permar chOpMUPOBATh KOJIbLIA HA OCHOBE OBLIErO
LIEHTPA, a 3aTeM YIATUTh TIEPEMBIUKH. BHauase HyXHO OBUIO OlLle-
HUTh MUHUMAJIBHBIN pa3Mep LIMKJIOB, IJIsi KOTOPBIX BO3MOSKHO
TaKoe B3aMMHOe 3aMbIKaHue. PacueT mokasas, 4To LMKJIbI JOJIK-
HBI COZIEP’KATh HE MEHEE 20 YIJIEPOLHBIX aTOMOB, UHAYe Oyner
«OYEHb TECHO» U KOJIbLIA HE CMOTYT CBOOOAHO MEPEMELATHCSL.

C6opka KaTeHaHa IPOUCXOIMIIA TIO CleaytoLeii cxeme. Ha rep-
BOM arTarre ObUI CO3aH y3eJI, BOKPYT KOTOPOTO HAYAIOCh «CTPOH-
TEIbCTBO» KaTeHAHa — 9TO OEH30JIbHBIA LIUKII C JBYMS PEaKLIU-
OHHBIMHM TpyIamMu a U ¢. Kpome Toro, K LMKIIy IIpHUCOeIUHEHBI
IIBa [UIMHHBIX YITIEBOLOPOJHBIX «XBOCTa» C APYTUMH pPeaKL(MOH-
HBIMU TPyIIaMu — € (CBeT/I0-Cepble BOTHUCThIE TUHUU). BTO-
pOIt peareHT — IPOTsKEHHAs! YIVIEBOLOPOIHASI MOJIEKYIIA C Peak-
LMOHHOU Tpymrioit b B cepenute uenu u nByms rpymmnamu d 1mo
KOHLIaM (CIBOEHHast BOTHUCTAS I1010Ca). XUMUYeCKast IIPUpoaa
BCEX peakLMOHHBIX Ipymni a, b, ¢ u d 6GbuIa 3apaHee TIATETBHO
MPOLyMaHa, U BECb CUHTE3 ObLI OUeHb YETKO CIIAHUPOBaH. BHa-
Yajie pearupyroT TOJIBKO TPYIIIGI a U b. BepTrKanbHast MpOTSIKEH-
Hast MOJIEKYJIa TIPUCOEIUHSIETCS K 6eH301bHOMY sapy. [Ipu aToM
[PeyCMOTPEHO, YTOOBI OHA GblIa PACIIONOKEHA MTEPIIEH IUKY ISP~
HO TUTOCKOCTH GEH30/IbHOTO KOJbLA (PHC. 1.6).

Puc. 1.6
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B o1y 4eHHOM COeMHEHUH TpyIma ¢ Oblia 3apaHee BbIOpaHa
TaKMM 00pa3oM, YTOOBI Ha C/IEYIOLIEM JTalle OHA MOIJIA Peart-
pOBaTh OMHOBPEMEHHO ¢ nByMsi rpymmamu d. Biarogapst atomy
o6a KoHua d CTATMBAIOTCS B OIHY TOUKY, 0Opasys IEpPBblii LUK
Oymyuiero kateHaHna (puc. 1.7).

=]

Puc. 17

Ha crnenyrouieM ararme MpOUCXOOUT B3aMMOZEHUCTBUE IBYX
TPYTIIT €, KOTOPbIe HAXOISTCS Ha KOHILIAX [BYX YATMHEHHBIX LIeTe,
[IPUCOEIMHEHHBIX K OEH307IbHOMY KOJIbIly (BOJHHUCTBIE JTUHUU
ceporo 1BeTa). BeTBH, Ha KOHLIAX KOTOPBIX HAXOISTCS TPYIIIIHI €,
HMEIOT TaKyIO [/IUHY, YTOObI PEArUPYIOLIKE IPYIIITbI MOTJIH «/IOTSI-
HYTBCSI» PYT 10 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 MPSIMble JTMHUU C YTOMIEHUEM),
KOTOPpBIE CleayeT yaanuTh. I[Iponecc ynaneHus 3TUX CBA3€H HIDKe
[IOKa3aH YCIOBHO C TIOMOILBIO ABYX PYyOSIIMX TOTOPUKOB. B nto-
re MOJIy4aeTcs KaTeHaH — OBa CIVIETEHHBIX KOJIbLIA, XUMHUYECKU
He CBSI3aHHBIX APYT C IPYroM. B CTpyKTypy OZHOrO U3 KOJell BXO-
Ut GEH30/IbHOE SIAPO KaK HAITOMHUHAHHE O «T€XHOJIOTHH CTPOH-
TEIbCTBa» TOM HEOOBIYHOMN MOJIEKYIIBI (PUC. 1.9).

Puc. 1.9

MBI paccMOTpeny IuIib OOLIyIO CTpareruto. st Toro uro-
Obl BCE TONYYMIOCh B PEATbHOCTH, HEOOXOOUMO OBUIO yMeEo
BBIOPATh yYaCTBYIOLIME pearrpyoluye rpymmsl. [Ipu atom notpe-
60BaIoCh XOpolllee 3HAHHE OPraHMYECKON XMMUH. Beck mporiecc
CHHTE3a, BKJII0Yasi TI0JlyYeHHe UCXOIHBIX BEILECTB, COCTOUT borree
4yeM U3 20 ctagui. I1o onMcaHHON cxeme IOJIy4eHO HECKOIbKO
KaTeHaHOB. Hipke IToKasaHa CTPyKTypa COeIMHEHHS], KOTOpOe CTa-
JI0 POLOHAYAIBHUKOM 3TOTO KJIacCa, OHO OBUIO CHHTE3UPOBAHO
nepsbIM. OToT cuHTe3 I. [y u A. JIIOTTpHUHIXayCy yAaIoCh
OCYILIECTBUTD B 1964 I.

OcHoOBHas 4acTh Kojel, HabpaHa U3 24 YIJIEPOAHBIX ATOMOB
(rpynmer —CH -), Ha KOTOPOM IOCTENEHHO COOMpanach BCS 3T
HeoObIuHast MojIeKyia (pHC. 1.10).
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Ac-aueTtunbHas rpynna CH36)—

Puc. 110

YueHble He OCTAaHOBU/IMCh Ha JOCTUTHYTOM U IO pa3paboTaH-
HOI1 CXeMe ITONTy4rIu Gosiee CTIOKHOe COeMHEeHNe — TPU KOJIb-
L[eBBble MOJIEKYJIBbI, CBSI3aHHBIE 110 TUITYy KaTeHAHOB (pHC. 1.11).
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J

(CHy) 12‘ —(CH2)12

OAc
AcO
Puc. 111

BamKauMM pOACTBEHHUMK KaTe€HaHa

[TpaKkTHUeCKH OTHOBPEMEHHO C CHHTe30M KareHaHa lllwmny yna-
JIOCh OCYLIECTBUTb ITOTyYeHHe ellle OJHOTO COeIHEHHs], Ha3BaHHOTO
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poTakcaHoM (OT J1at. rotare — BpallaTh). DTO KOJbLIEBast MOJIEKY/Ia,
Haca’keHHas Ha OCb, CHAGKEHHYIO Ha KOHIIaX OObEMHUCTHIMH 3aIUTyILI-
Kamu. B pe3yrbrare KO/bLIO MOSKET TIepPEMELLATHCST IO OCH, BpalliaTh-
€SI, HO HE MOJKET «COCKOYMUTL». DaKTUYECKU 3TO TOXKE COeIUHEHNE
IBYX MOJIEKYJI HE XMMHUYECKUM, 4 YUCTO MEXAHYECKUM CIIOCOOOM.

CKBO3b KOJIBLIEBYIO MOJIEKY/TY, COCTABJIEHHYIO U3 30 aTOMOB
yIJiepoza, TpoieTa JIMHeHast MOJIeKyIa raHTeneobpasHoi ¢op-
MBI, POJIb KOHLIEBBIX 3aI/IyLIeK UCIOIHSIOT (eHUIbHBIE TPYIIIbL.
[ToyueHue 3TOr0 pOTAKCAHA TIPOBOIVIIM IIPUOITU3UTENBHO IO TOM
JKe CXeMe, YTO U KaTeHaHa (puc. 1.12).

o 9

HC—C\

C—O0—\| ———(CHo)s8

~
e

XUMMIO KaTeHaHOB M POTaKCaHOB IPUHATO PacCMaTpPUBATb
COBMECTHO, TaK KaK JIOTMKa CHHTE€3a 3TUX COEJWHEHHUH I0Y-
TU onuHakoBa. MTak, ymamoch mokasaTb, YTO TaKUE MOJIEKY-
JIBI TIONTYYUTHh MOKHO. [lanee Gonbluasi apMHsi XUMHKOB CTasIa
HCKaTh 60JIee COBEPILIEHHbIE CTIOCOOBI CHHTESA, U OHH, Pa3yMeeT-
cs1, OBUTH HalIeHbl, TIPUYEM TaKKe, KOTOPbIE ITO3BOJISIM peLlaTh
COBepIlIeHHO ¢aHTacTUYecKue 3amauu. CerofHs uccieqoBaHMe
KaTeHaHOIIOZOOHBIX MOJIEKYJI IIPEACTABIISIET COOOM CAMOCTOSITE b-
HBIM, MHTEHCUBHO pa3BUBAIOLIWICA pa3nesn XUMUYECKOM HayKHU.

Puc. 112

HHOM mOoaX04 K pelleHHIo 3aJavuu
CaMOC T/ITaBHOE l'IpI/I CHUHTE3€ KaTEHAHOB — paCI'IOJIO)KI/ITb 3aMBbI-
Kawuiyecda KoJjblia Tak, ‘{TO6LI HUX IIJIOCKOCTU 6LUII/I HepHeH,Z[I/IKy-
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JISIPHBL: 3TO OOJIETYUT 3aMbIKAHHE OLHOTO L{UKJIA BHYTPH APYTrOro.
Ho 4TO MOXKeT 3aCTaBUTh UX Pa3MECTUTBCSI UIMEHHO TaKUM 00pa-
30M? B KayecTBe «HAIIPaBISIIOLIETO AWCIIETYEPa» GBI UCIIOIb-
30BaH KaTHOH Menu Cu*, KOTOpPBII JIerKo 06pa3yeT KOMILIEKC
C aTOMaMH a30Ta ABYX MOJIeKys peHaHTponuHa. CBs3H, HUAyIIe
OT KaTHOHA Meau (LITPUXOBBIE JIMHUU HA PUC. 1.13), HallpaBJle-
HBI K BepIIMHAM MBICJIEHHOTO TeTpasnpa (BblAe/IeH TOYeYHbI-
MU JIMHUSIMM), 06pasyst ABe B3anMOIIepIIeHANKYISIPHbIE TIOCKO-
ctu (cepble TPeyroibHUKH). FIMEHHO Tak pacrosaraloTcsi OKo-
JI0O MOHAa MeIU IVIOCKOCTU MOJIeKyJ (DeHaHTPOJIMHA, UTPAIOIIUX
ponb murannos. Keraty, y katnona Cu* o6si3aTeslbHO UMeeTCst
MpOTUBOAHUOH A~ (Hanipumep, Cl°), HO IIpH pelIeHnH 3aa4Yy MbI
He OyneM MPUHUMATD €r0 BO BHUMaHME.

dEeHaHTPONUH

Puc. 113

Iarnee, KaKk MOKa3aHO HAa PUCYHKe, C/IeAyeT OABe B3aUMOIIEp-
MEHIUKYISIPHbIE MOJIEKYIIbI (DeHAHTPOIHMHA BKIIIOUHUTh B COCTaB
LUKJIOB. IMEHHO 3TO U OBUIO TIPOEIAHO, TOJIBKO CTPATETHSI CHH-
Te3a OblIa HECKOIBKO UHOM.

B KauecTBe MCXOMHBIX COEMHEHUA B3AThI IBE ITOXOXKUE MOJIe-
KyJIBl, coepsKaluve pparMeHT peHaHTPOIMHA, HO OHA MOJIEKY-
J1a — KOJblIeBas], @ BTOpas — He3aMKHyTas (pHC. 1.14).
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Jlanee K KOIbLIEBOM MOJIEKYJIE 0GABUIN COeIUHEHME, comep-
skaiee KaToH Cu*. ECTeCTBEHHO, 3TOT KaTUOH cpa3y 06pa3oBai
KOOpIWHAIIMOHHBIE CBSI3U C AByMs aToMamu N (puc. 1.15).

Puc. 115

OpnHako KaTHOHY TpebyeTcsi B KOOPAHHALIMOHHOM cdepe He
nBa, a yeTtbipe atoMa N. [IpUTAHYTH COCEIHIOIO TaKyIO K€ MOJIe-
KyJIy OH HE MOJKET, OHa TPOMO3/Kas 1 He Bjle3aeT BHyTPb IIepBO-
ro KosnbLa. IToatoMy, Korma BBeneM B CUCTEMY BTOPOM peareHr,
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MOJIEKYJIa KOTOPOTO He 3aMKHyTa, KaTuoH Cu*, >kesasl 3aIl10JTHUTh
KOOPAMHAIIMOHHYIO Cepy, BTATUBAET BTOPOH peareHT B KOJblie-
BYIO MOJIEKYJy, KaK HUTKY B WUTOJIbHOE YIIKO (AJIS HAIJISIIHOCTH
MOJIEKYJIbl PeareHTOB U300 PasKEHb! IMHUSIMUA PA3TMIHOMN TOJIILIU-
HbI). VIMEHHO 3TOT XUTPOYMHBIII ITPUEM OTCYTCTBOBAJI B METOIU-
Ke, paccMOTpeHHoi Hamu panee. Katuon Cu*, Kak y>ke 6bUIO CKa-
3aHO, pacrionaraet dparMeHTHl heHaHTPOIMHA B3aUMOIIepIIeH-
IMKYJIIPHO, YTO OBJIErYaeT IMoceyoliee 3aMbIKaHHE BTOPOTO
KosbLa (puc. 1.16).

Puc. 116

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

O6paTrTe BHUMaHHe, CUHTE3 3apaHee [TPOLyMaH TaKUM 06pa-
30M, YTOOBI COCTAB MEPETIETAIOLIMXCS KOl ObUT OUHAKOB. DTO
He 00s13aTe/IbHOE YCIIOBUE, HO UMEHHO TAKOM BapUaHT MPUOAET
IOIOJIHUTEIbHOE U3SIECTBO MOJIyYEeHHOMY pe3ysbTaTry. Takoi
KaTeHaH CyMeJl CHHTe3UpoBaTh B 1992 I. JK. CaBaxk.

Hcnionp3oBaHMe KaTMOHA MeTajIa B Ka4eCTBE OpraHU3yIollle-
IO LIEHTpa OTKPBUIO IIUPOKHE BO3MOKHOCTU B CUHTE3€ KAaTEHAHO-
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nofo6HbIX MOJekysl. Bckope CaBask MOMyYHIT IO TaKOM Ke CXe-
Me POTaKCaH — TraHTesb, IPOIJETYIO CKBO3b KOMbLO. B KadyecTBe
O6’beMI/ICTbIX 3arIylIeK Ha KOHLaX TaHTe/In 6bIJII/I HCITIO/Ib30BaHbI
KpyIHble ¢parMeHThl MOphUPUHA — ITO LUKINYECKHE MOJIEKY-
JIBl, comeprkarye yeTblpe atoma N (pUc. 1.18, BEpXHsISI CTPYKTYPa).
B 1997 1. CaBax, UCIIONB3Ys Ty K€ CTpPaTeruio, CHHTE3UpPOBaJ
COBEPILLUEHHO YAUBUTEIbHOE COeIUHEHNE — KOJbLIEBYIO MOJIEKY-
7Ty, 3aBSI3aHHYIO B y3es (puC. 1.18, HIKHSSL CTPYKTypa). [TocKkob-
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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™.

KonbLeBylo MoseKysly, 3aBsI3aHHYIO B y3eJI, 4dallle Ha3blBalOT
TPUIMCTHUKOM WJIM KJIEBEPHBIM TUCTOM. CTpOro roBopsi, ee Hejlb-
35 Ha3BaTh KaT€HAaHOM, MTOCKOJIbKY IIPUCYTCTBYET TOJIBKO ONHA
KOJIbLIEBASI MOJIEKY/Ia, HO OOLIMe UIeH CUHTe3a M OCOOEHHOCTU
CTPOEHUSI MO3BOJISIOT ee CYUTATh KATEHAHOMOLOOHOM CTPYKTY-
poit. Takum o6pasom, JK. CaBask OTKpPBII HOBBIH IyTh K IOTyYe-
HUIO KaTeHaHOB. B 2016 1. oH 6bu1 ynoctoen HobeneBckoii mpe-
MMM 110 XUMMH.

EcTecTBeHHO, CylIeCTBYeT MHOKECTBO BAPHUAHTOB COEOUHE-
HUS B3aMMOIPOHUKAIOIINX Kojel. OMHUM U3 CaMbIX HEOOBIY-
HBIX MOXXHO NPU3HATDH IeperjeTeHue, MOayYUBLIee ClIelalb-
HOE Ha3BaHUE, O KOTOPOM pedb IIOMIET HUKE.

IMouTH 3a0BITHINM CHMBOJI

Ha ceromHst u3BeCTHBI U IOMYJISIPHBI HECKOIBKO BEPCH CILIe-
TEHHBIX KOJIELl: [Ba KOJIbL[Aa KaK CHUMBOJI OpPaKOCOYETAHUS], YEThI-
pe Kombla — oMbaeMa aBTOMOOMIBHON dupmbl Audi U 1aTh
KoJel, — 3Mbema OMUMIMICKUX Urp. TeM He MeHee CyLeCTBY-
eT ellle OOUH CHUMBOJ, U3BECTHBIN B TeUEHME HEeCKOJIBbKUX CTOJIe-
THI, HO TTOYTH 3a0BITHI B HAIlIM THU. Peub umeT o Tpex KoIbLax,
CIUTETEHHBIX 0COOBIM 06pa3oM. PaccMOTpHM BO3MOSKHBIE CITOCO-
Obl COeIUHEHUS TPeX Kosell (puc. 1.19).

am & @
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Puc. 119
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Bapuautel A U B — 0ObIYHbIE KaT€HAHOBbIE COEIUHEHUS,
a BapMaHT B NpUHUNNMAIBHO OTIMYAETCA OT ABYX NpeabIAyIIuX,
YTO MOXXHO 3aMETHUTh [ajIeKO He cpasy. B HeM HeT HM OZHOrO
KOJIbLA, KOTOPO€E COEeMHSIIOCHh ObI C PYTMM TaK, KaK 3TO IPOMC-
XOIUT B KaTeHaHaxX. B 3TOM MOKHO yOeIUThCsl, €C/TH MBICIEHHO
YIAIUTH I000€e U3 TpeX KOJIELl: Ba OCTABIIMXCS OKaKYTCSI HECO-
€IVUHEHHBIMY, T. €. CTAaHyT MOJIHOCTBIO HE3aBUCUMBIMU. DTO HaIlO-
MUMHaeT MOKa3aHHYIO0 HEMHOTO paHee 3aJady O paccChlaroleica
LIeTIOYKe U3 ISITH Kostell. [yt Toro 4toObl ObIIO jIerde ysiCHUTD
TaKoe CIJIETeHHE KOJIel], Ha PHUCYHKE 1.20 MTOKa3aHa aHaJI0TUYHasd
00beMHAs KOHCTPYKLIUS.

Puc. 1.20

Heo6pr4HOE CBOICTBO 3TOTO 3aLielIeHHsT ObIIIO 3aMeYeHO [aB-
HO, TIpUYEM eMy ITOCTapaauCh NPUAATh HEKUH CUMBOIMYECKHI
0606IIAIOINN CMBICI: IPOYHOE TPUEAUHCTBO, KOTOPOE TOJTHO-
CTBIO PaCIaiaeTCst IPU yAAIEeHNH TI0O0T0 U3 ITaPTHEPOB, UX CHIa
TOJIBKO B €IMHEHNH.

B XIV B. CMMBOJ U3 CIJIETEHHBIX TPeX KOJEL CTaHOBUTCH
aMb6I1eMOIt UTaNIBSTHCKOTO ropona KpeMoHs! (BItocie[CTBUM CTaB-
IIIETO U3BECTHBIM GJ1arofapst TOMY, 4TO B HEM SKHJT U paboTasr 3Ha-
MEHUTBIN CKPUITMYHBIN MacTep AHTOHHO CTpanuBapu). Ha ongHoii
13 TIEPBBIX MOHET ropozia U300paskeH 3TOT CUMBOJI, O3HAYaBIIIMIA
COI03 Tpex Mpassux rpadckux pamummit. OH ke 6bUT H306pa-
>KEH Ha pe3HbIX ABepsiX 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 Mranuu, ux U300pakeHUsT COXPaHUIUChH
B OTJEJIKe 3JaHUI U XpamoB Muana u @opeHunH.

B Jlombapnuu, Ha ceBepe Mramuu, Haxomutcst o3epo Jlaro-
Mamxope, B LIeHTpe KOTOPOTO PacIioIosKeHbl boppoMeeBhl ocTpo-
Ba, IIPUHAJJIeKaBIIMe paHee rpadckoit cembe boppomeo, mpa-
BUBILIEN HeKoTOpoe Bpemsi KpemoHoit. DmbiemMoit, Borexieit
B 3aTeNIMBBIA (aMUIBHBINA TepO 3TOro ceMeNcTBa, OBUIN TpU
CIUIETEHHBIX KOJblla, OY€BUIHO KaK HalloMUHaHue o KpeMowne.

Ha omHOM M3 OCTPOBOB HaXOAWTCSI 3aMOK, IZe 3TOT CUMBOJI
NPUCYTCTBYET B MHKPYCTALlMHU 110714, B OTHEJIKE JIEMHBIX YKpallle-
HUH 1 BO pparMeHTax MeTa/UInYecKoi YeKaHKH (puc. 1.22).

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

Hcnons3oBaHue aToro cumsosa B Anonuu orHocurcs K XII B.,
rae oH 0603HAYaN €OMHCTBO TPEX MHUPOB: HeGECHOEe LapCTBO
60roB, 3eMHOE LIAPCTBO JIIOEH U IO3eMHOE L{APCTBO YMEPIIHX.
Tpu crieTeHHBIX KOJbLia MOXKHO YBUIETh B OTAEIKE HEKOTOPBIX
STTOHCKUX XpaMoOB (pucC. 1.23).

Puc. 1.23

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

CTosb HEOOBIYHBINA CIIOCOO COEOUHEHMS Konel ObUI AeTallb-
HO U3yYeH, B UTOTEe YOAalIOCh pa3paboTaTh HEKYIO CXeMY CO3JaHMUsI
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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 JHOOOTO, LETIOYKA TIOTTHOCTBIO PACCHINAETCst. MOXKHO TakKe
coBpaTh KPYrOBYIO LIEMOYKY, 00/IaIAOIIYIO TIOAOOHBIM CBOMCTBOM.

Puc. 1.25

Her HUYero yAMBUTENIBHOIO B TOM, 4TO GOPpPOMEEBBI KOJIb-
114, OBEsIHHbIE HCTOPUYECKUMH IIPEeNaHUsIMU U MHOTO3HAYHBIM
CUMBOJIMYECKHUM CMBICJIOM, He MOITIM OCTaBUTh PaBHOMYIIHBIMU
XMMHKOB-CHUHTETUKOB, BOOPY>KEHHBIX OIIBITOM IOJIYYeHUs KaTe-
HaHoB. OIHAKO [UIs TTOJy4YeHUs TOZOOHON MOJIEKYJIbI TIOTPe6O-
BaJICS CIIeIIUaIbHBIN TOIXO.

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-
BBbIii (pUC. 1.26, cxeMa A) COCTOSII B TOM, YTOOBI KOJIBLIEBYIO MOJIE-
KyJIy COTHYTb, CKJIa[bIBasi ITOYTH IIOIIOJIAM, a 3aTeM «OXBaTHUTb» ee
IBYMSI JINHEHHBIMU MOJIEKY/IAMH BO B3aHIMHO IIepIIeHANKY/ISIPHBIX
HarpaBeHusx (cramust A-1). VIMeHHO 3Tta cTamust camasi TpyOQHasl.
Jlasiee Bce HAMHOTO TIPOILIE: €C/H JIMHEHHbIE MOJIEKYJIbI IIPEBPATUTh
B LIMKJIBI (CTamust A-2), B UTOTe BO3HUKHYT 60ppoMeeBbl KobLia. Ha
PUCYHKe OHM TIOKa3aHBI HECKOJIBKO [e(hOPMHUPOBAHHBIMHY, TaK KaK

Puc. 1.26
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