AKAAEMWSI HAVK CCCP

TVIMVIPIA3EBCKVE
Y“TEHWVA

Vil

T HIODARED

CTPOEHUE XAOPODPUAAA
Y BOBMOXHDIE ITVIV
ETO OBPABOBAHWUA
B PACTEHVU

e

uBAATE A D CTBO
AKAAEMUHU HAVK CCCP



AKAAEMHUS HAVK CCCP

WHCTATYT SUSVNOACTAY PACTEHWY
UnM. KA. TVMVPSI3EBA

TH.ITOAHEBSB:

CTPOEHWFE, X AOPOBUAAA
Y BOBMOXHBIE ITVTU
ETO OBPA3BOBAHUY
B PACTEHV .

IOOJOMREHO HA DIECTOM ERETOIHOM TIMHPA3EBCHOM UTEHHN
28 aopean 1945 r.

UB3TATEJLCTBO ARAJEMIN HAYH CCCP
MOCKBA - 1947 . JEHOHIPAT



OTpeTCTEOHHBI pejarrTop
axamemur H. A. Marcumos

1 pesuduym Aradesun Hayx CCCP
nocmanogua ¢ osmaxmenosanus 20-remus
co Ons cmepmu K. A. Tumupasesa
eorcezodno  npogodums menue,
NOCAAWENNOE 20 NAMIINT

BBEOEHHE

SI jymaio, uro OyleT yMeCTHO HauyaTh THMHPSI3EBCKOE uTe-
HHE HA Temy, cToab Gauskylo HHTepecaMm camoro Kammenrus
Apkanpesuua, ero ke CJIOBAMH, KOTOpHle OLIIH HANHCAHEl B
1871 r. B ero marucrepckoii guccepranui (CnekTpaJsbHLIH aH2-
JH3 XxJopodHa): «3epHO XJ0podHIIa — TOT OpraH, B KOTOPOM
HEOPraHWYeCKOe  BEIECTs0 — YIVEKHTJIOTa H  BOAA — NpeBpa-
mawoTcs B opraHuueckoe». M eme: «3epno xsopodumza — toT
(OKyc, Ta TOUKA B MHDOBOM IIDOCTPAHCTBE, B KOTOPCH JKHBAs CH-
Jla COJIHEUHOTO Jyya, NpeBpallasich B XHMMUECKOE HalpskeHHe,
cjaraercs, HaKoIJsieTcs JJs TOro, 4To0bl BIOCNEICTBHM HCHOJI-
BOJb OCBOOOIKAATLCS B TeX PasHOOGPA3HBIX NMPOSBJICHHAX [JBHIKE-
HHSI, KOTODEIE HAM MPEeACTABJSIOT OpPraHH3IMEL».

3a 75 jieT sTH c/I0Ba He TOJBLKO He YCTapesu, HO mpHOGpenH
ewe Gonbmmii uHTepec. Barasmsr K. A. xasamuck ofHO Bpems He-
KOTOPBEIM HCCHEAOBATeNAM TpPeGVIOMAMH 3HAYHTEIBHILIX H3MeE-
HEHHH XaK B OTHOUIEHHH CTPYKTYDHI (DOTOCHHTE3HPYIOMIEro ar-
napara (3eN€HOH NNACTHABI), TAK H B OTHOLICHHH [OC/Ie10Ba-
TEJBbHOCTH IPOIEcca, HO Tenepb, B CBHA3H C HOBEHIIHMH HCCJENO-
BaHHAMH, OHH BHOBb NpPHOGpPesH Gojblnoll nHTEpec.

Upespbiuaiino nokasaTelbHO, UTO ellle HECKOJIBKO JI€T Ha3aj
34 rpanuneil B cnenHaJbHLIX CTATHAX 110 BONpOCaM XJjopoduiia
H No ponpocam (oOTOCHATE3a 1 B 'MOHOrpaHAX HJIH BOBCe He
Kacamice paGor KumMentus ApkajbeBHya WM O HHMX YIOMHHA-
JIOCh JHHIIbB KakK 0 paﬁo'rax HCTOPHUCCKOI'O 3HAYCHHS.

B 1935 r. ITayap Poremynn (Paul Rothemund) mepswii yxa-
34/l Ha TOT MCKNIOUHTE/BHEIH MHTEPeC, Kakoll INpeCcTaBJsioT
A Bompoca oOpasopanus xaopodumia paboter K. A. o mporo-
duianne. Eme GoJee nofuepKHBaeTcs aHaueHHe pabor Tumups-
3€Ba B TOJILKO UTO BhlIIEAmel 2-ToMHON MoHorpadun Photosyn-
thesis — sameyatensuoit no mosHoTE W MaCTEPCTBY H3JIOMKEHHs.

Paspewmnre moil Joknaj pasmenuth Ha TPH 4ACTH: NepsyIo 1
1*
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MOCBAILY XHMHH MOJEKYJbl XJOpo(uiia, BTOPYIO — CCTTOAMHMIO
MOJIEKYJT XJOpoHIda B XKHBOH MJIACTHJC H BOIPOCY HX CBASH
OeJKaMM M JHIOOHNAMH IJIACTHH; HAKOHCH, TPETHIO — TeOpHA
ofpaszoBanns XJ0podHIIA.

CBoH COGCTBCHHLIE B3TMVIAABL §, ECTECTBEHIO, W3Tarai e
CKOJIBKO nonpoﬁnee, HO He BBIZENSI0 HX B 0COOLIL,  criemmin-
HBIH pasjed.

XUMUS MOJIEKYJIBI XJIOPOPUJIJIA

Hauano xuMHueckoMy H3YUYeHHIO XJOpOdHIJIA MOJOKHJ Dep
nennyc. OfHako HH eMy, HH PSAY HOCJEAYIOIIHX HCCASLOBAT:
Jefl we yaanoch MoJyYHTh OTNPESEJNCHHBIX AaHHLIX, XOTs OTHCJh-
Nule MHTEPECHHIe Peakiiie i CBOHCTBA 3TOT0 BaXKHEHILEr> Belle-
crpa Oblan yeranonaens. Bosbimmoe 3HayeHHe #WMeT PAGOTEHL
Fonns 3eiftnepa (Hoppe Zeyler), Momma (Molisch) u oco6eats
pusuka Croxea (S10ks), ykasanuime wa dymecTBoBaHHe ABYX
BCJIEHBIX H JABYX ZKOJTLIX BEMECTH B COHPTOBLIX BLITAXRKKAX K3
JIHCTEER

PasbaCHEHHIO XHMHUCSKON NpHpoAul xaopodmasa 1 K, A, Ti-
MHPsI3eB [I0CBATHJ HEMajo BpeMedd H Tpyia. Coolpamemts no
3TOMY BONPOCY W3JOKEHBl HM B SHAUHTEJLHON creneHn n yka-
3anuoM yxe coyHuennn «CmekTpaibHBbIl ananns xjopoduiaas.
3Jieck TPHBOAATCHA TAKIKE HHTCPEGHLIC YKCIICPHMEHTHL, Hampas-
JICHHbIE Ha YCTAHOBJEGHHE peaxiiil u cnofictns 3Toro BaKHehuie-
ro semlectea. [To cocTomimio CyUIECTROBABIIMX TOrZA METOAOB
OpraHHYecKOH XHMHH BBIACHNTL XJOPO(H/II B YHCTOM BHAE, Bbl-
ACHHTE €ro coctan, 4 TeM Godee crpoenie, ObIJIO 18 COBePIIEHHO
HeBO3MOXKHO. K. A. Ouiin pee e chejaHbl yIHBHTENHHO HHTC-
PECHLIC TIPCATONOKEHIN O XHMUYECKOHR TIPHPOLE W POJIH 3eJeHOI0
HNHEMCITA, KOTOpLe 3aCTanIsil Mopa)aTbes erc 3amMedaTebilol
HPOMMIATEILNOCTH, 3HaYeHne W NPABUILHOCTE MHOTHX OCHOMIII\
nodgomenni, nuckasanasix K. A. eme B 70-x romax, Oeofiviio
APRO BLICTYNAIOT HA (DOHE TeX MPOTHBOPEUHH, IyTamMil i 1\
", KOTCpLIC rOCNOACTBOBANK B OBnaCTH TpeACTABASIMY 1 11
poie n cOcTaBe XJOPOQHIIA HE TOJBKO B TMEPHOM MEPNIIL i1
AoBaumii THMHpPS3€Ba, HO M HECKOJBKO HECATKON A 1y 11

Hocrarouso npusectH TonsKO mBa thaxra: B 1900 ¢ jowec i
(panysckrii GHOXHMHK DTap (Etard) BeERyerma patory, n ono
TOpOH mOKaskiBadl CYHIIeCTBOBaHHR paLa EXAOpu oD LU ETIERT
NPHPOLL! HaXe B OOHOM H TOM KO pactemnm Heeaoe gonare o,
OpH 5TOM JaeT MHOTOUHCJICHHBIE (DOPMY i, COOTHETCTRYI
KaxIOMy H3 XJ0pO(HMIOB, Jpyrolt dipmiy ki Hecasmto |
Teib, I'otee (Gotier), yxe B 1900 YURODACLN,  UTOL X6
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buaasl onHO- M ABYAOABHBIX pacTeuil pazjmusel. Hackosbko
O/1kKe CTOAT K HCTHHHOMY moJioxeHHo meqaa gauwueie K. A. Tu-
MHpsI3eBa, oTHocaumHecs K 70, 80 u 90-m romam! B ero coun-
HEHUAX MOAYEPKHBAETCs: MepBOe — OJMHHAKOBOCTH COCTaBa XJO-
podu/sIa pasHBIX pacTeHHH, BTOPOe — ero CmocoGHOCTh K obpa-
THMOMY BOCCTAHOBJIEHHIO H OKHCJIEHHIO, mpHuem Oblla OTMEyeHa
BAXKHOCTh 3TOH CcHoCOoOHOCTH OGpPaTHMO BOCCTAHABJIMBATLCH H
OKHC/IATBCA ONA TOHHMAaHHA (yHRKUHE xjgopodmana. Yxke B
1871 r. um Gblia jgaHa cxema ydacTHsi Xaopoduisaa B Ipouecce
NpeBpaueHus YIJAeKHCAOTE B XJOPOMHIBLION 3e¢pHe mom  meii-
CTBHEM COJIHeUHOro cBera K o6pazoBanns nepporo opranpye-
CKOrO BEIIECTBA B CHELVIOUICM BHIE:

YOS-CO, =%CO +'0,
_ £H,0
20 3+ CH.0 -+ O,

K sroll cxeme maHo creayioliee nosicHenmne: «(O0o3HauuB Bee
3J1€MENThl, BXOJSIING B cocTap (uulokcantHHa (rax TuMmpaszes
NpefJoXkKHu HasBaTh BOCCTAHOBJEHHYK GopMy XJopoduina) ue-
pe3 z, a XJOpOoQHJIMHA uepe3 x2 (TAaK HA3bIBAETCA OKHCJIEHHAA
(hopma XJIOpOQHUINKHHA), AONYCTHB, YTO OKHChL YIJIEPOIdA CTAHO-
BHTCSI HA MeCTO BBIAEIAIOIIEroCs KHCJAODPOAA, AOMyCTHB, HaJee,
yto o6pasoBaBlleecs TEJO BCJEACTBHE Psifia HEH3BECTHLIX peax-
uH# BCTymaeT B oOMeHHOe pasJoKeHHe C 3JeMEHTAMH BOAbl #
JlaeT HavaJ0 IepPBOHAYAIbHOMY BeLIECTBY — XJIOPOPHIIHHY.
Xorsl ToHYaHIINH MeXaHH3M peakINH Temnepb BBHAY HCCIEIOBa-
uuit Py6ena (Ruben), Kamsna (Kamen) u Xaccuza (Hassid)
MBICJIHTCA B HECKOJBKO HHOH (opMe, HOTOMY dTO 3TH aBTOpHI
METOZOM BBEAEHHS YIVIeKICJIOTel ¢ PagHOAKTHBHEIM KHCIODPOAOM
JI0Ka3ali ero BhIZeNeHHe BO BpeMA ACCHMHJISIMH U3 BOJALL, TEM
e MeHee OCHOBHAf MbICAb THMHpS3eBa ) CMEHAIOUIHXCA BOC-
CTAHOBJICHHSX M OKHCJIEHHAX XJODO(IUIJIOBR COXPaHABT CBOE
SHAYEHHe H 10 HacTodmero spemenu. TpeTee mosoxenue Tumu-
psAseBa CLIe HHTEPECHEe; ero nieda O poan  XJopoduiia Kak
CeHCHOHIN3ATOPA ONTHYCCKOTO TPH3HAGTCS BCEMH, a IPOMafHOe
GONIBIIHHCTBO MCCACAOBAHII MPU3HACT Il npeanosoxkenne THMH-
psi3eBa © ero poJil Kak CencHOuinsatopa XHMHUueCKoro. TuMH-
psAsep MepBHI yKasaa Ha GJH30CTH XHMHYCCKOH NPHPOABI MUT-
MEHTOB JIHCTA, C OLHOI CTOPOHBI, H KPacsllero BellecTsa Kpo-
BU — ¢ Apyrofi. «Henpss He OTMETHTh aHAJOrHM MeXIy STHMH
TeNAMH (XJIOPODUIINH, XT0PODHIIEHH, KCaHTODHILT, (PUIIOKCAH-
TEHH — MPOAYKThl pacnaga XJopodusana) i TeraMu, MNOJydaio-
IUMHCA H3 NHIMEHTOB KpoBH» (toM II, cTp. 61).

OxcuremoraofHH . . reMOTIOBHH
Pematum . . . . . . remMoxpomoren



Eme 6Gosee HHTepecHbl paGoTbi TumHpsizeBa, KacaloHLHeC:
obpagopanusi XJ0poduina B PACTEHHH, KOTOpbIe OXHO BPEM:I
KA3a/IHCh HMEIOIHMY TOALKO HCTOPHUECKI HiTEpec, HO KOTOpLIC
BHOBb NPHOOPE/H HCKIIOUHTEJNbHO OOMBIIO® 3HAueHHE B CBASH C
HCCJICOBAHHAMHE IO 3TOMY BONpOCY, NpOHsBeAcHHbIMH [ancom
®umepom (H. Fischer), 3efiGoapaom (Seybold), Pyrounon
(Rudolph), TMaymem Poremynmom, Hoakom (Noack) u ordacru
ABTOPOM HACTOseHl CcraTbH. DTOT BOMPOC MBI HOAPOOHEE 0OCY-
UM B KOHI[E HAlllero Ouepka.

TlepexonuM Telepb K PACCMOTPEHHIO XHMHUYECKHX pabot, Ko-
TOpble, HAKOHEI[, TMO3BOJIHJH CO3[aTh fCHOE MPEACTaBIEHie O
COCTABC M CTPOEHHH XJOopodH/aia H MPHUOMH3UTECA K €ro CHITesY,
UTO JAAJ0 ROIMOKHOCTE HaMHUCATL H CTPYKTYPHBIB CIJOPMYJI:BI xJit-)'
[]Ull)l‘lJ!Jl.'.l H CONMPOBOXMIATIIHX €T0 B IJIacTHOAX BELIECTB. Ecau B
OTAGALHBIX JeTansx npennonoxkenns TuMupsaseBa Hal0 HECKOJb-
KO BHAOM3MCHIITE, TO B OCHOBHOM OHH HOJHOCTBIO MOATBEPAHIHCD.
Cnenyer OTMETHTH, HAKOUEI, UTO 1 OCHOBBI CHEKTPOKOJIOPHMET-
PHH XJ0podmiia, T. €. €ro KOJAHUCCTBEHIIOro ONpEeeJNeHHs CIeK-
TPOCKOMHYECKHM METOAOM, — a 3T0 OCOOCHIO BAKHO s paspe-
1IeHHs BOTIPOCOB GHOJIOrHH XJOpodu/Ia,— TaKKe OblIH YKA3aHLI
TumupssenbiM. Ilpapia, cmexkrporonopumerp Tumupsisea ObLT
HCIIOJb30BAH HM TOJBKO [Jisi OTHOCHTENLHLIX OIPEAETEHHH KOJIH-
yectBa xJopoduanra, mnoroMy uro abCOMIOTHblE ONpeAeseHus
CTATH BO3MOKHBI TOJBKO TIOC/€ BbIIEJNEHHS XJopo(uiia B YHC
TOM COCTOSHHH, M 3T0 OBLIO CHETAHO 3HAYHTEJLHO IO3JHEe.

Eciu BbICHEeHWe ONTHYECKHX CBOMCTB XJopoduiajia H ero
(DU3HOIOTHUECKOH poONH sBAsfercs sacayroii TumupsseBa, TO
paspeleHHe BOIPOCOB O €N0 XHMHYECKOM COCTaBe M CTPOSHHH
OLUIO CeJaHO IIKOJOH OXHOTO M3 KPYNHEHIIMX XHMIKOB HaUIero
spemen — P. Buapmrerrepa (R. Willstdtter), paGorsl koToporo
B nocjaeanne rofs Guan npoposkens amcom Pumrepom, Ko-
nantom (Conant), Illroaem (Stoll) n Poremynmom. Xors Buub-
irerrep preppuie paspaboraj MpHEMbl, TO3BOJMIONIHE CO3TATh
ACHOE NPEeACTABICHHE O XHMHYECKOM COCTaBe M 3HAYHTCJIBLHO
NpoABHHYTH 1POGJIEMY CTDOGHHS MOJIEKYJIEI 3JeHOr0 MHIMEHTa,
11€06X0ANMO OTMETHTb, YTO TEpPBble SKCIePHMEHTAJIBHBIC JlAHHDIE,
NOATBEpIHBIINE BhICKa3aHHble THUMHPS3EBBIM COOBpazKeHisa 00

OOLIHOCTH XHMHUECKO#l MpPHPOAB XJOPODHIIA H TemMorioGuua u-

[IOKA3aBIIHe HAJHYHE B COCTaBe MOJIEKYJ STHX BCULECTB MippoJa,
Gblmm nmoayuedsl eme B XIX  croger:m  neTepOyprekHMm  1po-
(eccopom Henckum H  TOJLCKHM  YHEHDLIM MapxJeBcKHAL
(MarchleEVSky). [MpreMbl BHUIEIEHAS XJOPOMIIIA 1 J0KA3ATe] b=
CTBO JBOHCTBEHHON MPUPOJABl 3&IEHOM0 IHIMEHTA € IOMOLULBIO
MeToJa, KOTOpHIfi Temeph Bomieql BO Beeobiiee ynorpebiieHne
[0 HA3BaHHEM XpOoMaTorpaduueckoro, Obuiln JaHel pPYCCKHM
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Goranukom 'M. C. Ileerom. B mauane 90-x rofos npouuioro cTo-
nertus lIBer yxke moayuua (npasia, B HHYTOKHBEIX KOJIM4eCcTBax)
CBOMM XpOMAaTOrpad)uuyecKHM METOIOM KaK XHMHUECKH YHCTBIH
XJIOPO(UJIUT, TAK H MHOIHE COIPOBOKAIOIIHE €TO pemecrBa. He
Gyiydd XHMHKOM, OH He MOT pasrajarb HMX npHpobl, HO C GOJb-
1Ol TOYHOCTBIO OMHCAJX ONTHYECKH® CBOHCTBA OTACJBHBIX IIHr-
MeHToB. OH OTMEYaer, YTO B JIHCTE HAXONATCA JABA 3EJEHbLIX
BElIeCTBa, KOTOpbie MOXKHO OOHApyXuTb B BHAE XapaKTepHuIX
OKpalIeHHBIX 30H, €CJH MpOIMyCcKaTh GeH3nHOBLIE PACTBOPLI BbI-
THKKH JUMCTA Yepe3 CTOAGHK TOHKO H3MCJLUEHHOTO. Ta/lbKa, ca-

Xxapa H HEKOTOPbIX APYTHX BEILECTB. OA0 W3 9THX COeJHHEeHHH
CHHE-3e/IeHOr0  IIBETd, HAXOAANEecs B 3HATHTEIBLHO GonsuIeM
KOJIHYeCTBe, OH HAZLIBACT XJAOPOGHIANHOM d, & Jpyroe, Haxo-
NANIEECS B MEHLIIEM KOJAMUECTBE M OKPALICHHOE B YHCTO 3eJe-
uuifi eer, xaopopminnnom (. O Jokasan HaJee, 4yTO XJI0pO-
MG COMPOBOKAAIOTCA B JHCTBIX PSIOM KENTBHIX CITYTHH-

KOB, TpUUEM HAMHOrO OMEpEe/us CBOe BPEMid, yKa3aB Ha MHO-
JKECTBEHHOCTH STHX CIYTHHKOB, Koropas Gbina MOATBEPXK/EHA
i XMMHUECKH pasbsiCHeHa TOJbKO B HAllM JHH.

CpoH KJacCHUECKHe HCCIeI0BaHHA O XUMHYECKOH Hpupoae
xjopoduiia BuiplITerTep Hauald C BBIfeJIeHHA XJopodHina B
pacTsop B HeGBIBAJIBIX IO TOTO BpeMeHH macmrTabax. O npuMe-
HAJ JUIA H3BJEUEHHs] TMHTMEHTOB JIHCTA B HEKOTOPBIX Cay4asx
COTHH KW/JIOTPaMMOB JrcTbeB. OKa3anoch 3HauHTENBHO Tpole [pH-
MEHSITh IIDH 3TOM He CBEXHE, a OCTOPOXKHO BBICYIII€HHbBIE JIHCThS.
Camblii TpHeM u3BJicyeHnsi Opli B CYUIHOCTH TEM JKe, YyTo M TpH-
e llpera: TOHKO H3MEJIbUEHHBIH MOPOUIOK CyXHX JHCTREEB TOME-
plAeTCs Ha [IHO CeTdyaTol daphoporoii BOPOHKH, CYyMKEHHOE OT-
BepcTHe KOTOPOH MJIOTHO YKPEenJIdercss B ropae GOJBIIOrO TOJ
CTOCTEHHOTO COCYAA, COGJUHEHHOrO € BaKyyMHBIM HACOCOM. [Toc-
76 TOPO KAaK CJI0H H3MENbYEHHBIX JIUCTHEB IJIOTHO YJIOMKEH Ha
TOBEPXHOCTH (punbTpoBaAbHOi GyMary, MpUKPEIBAIOLILH CceTyaroe
HO, TMYCKAoT B JeHCTBHE BO3JYIUHBIE HACOC, YTOOHI MOPOLIOK
PABHOMEPHO M TWIOTHO PACMpENCTH/ICA O BCcel cBoOel TOJIIIC.
CaMoe H3BJEUCHHE TPOH3BOMHTCS C TOMOLILIO BOJHOLO cmHpTa
(90%) wan amerona (80%0); XIOPOPHILT HSBJCKAETCH OJIHOCTHIO
B TeuyeHHe BCEr0 HECKONBKMX JECSTKOB MHHYT, UTO B COEJIHHEHHH
¢ OTCYTCTBHEM Harpepanus ofecrneunBaer NEpexoi MUTrMEHTOB
B pacTBOp 6e3 KaKux-au00 XHMUUTCCKHX uasmenenuit, Ho camas
Gonplias 3acayra BuibiTerTepa COCTOHT B TOM, YTO OH cymel
pasoBparbcs B 3TOH crouefinell cMecH CoedMHeHHil, o mpHpoae
KOTODHIX HE CYLIECTBOBAJO OMpeLeJCHHLIX npeiCTaBJIEHHI,

Euie 3aoaro A0 NONydeHHs XHMHYECKH YuCTOro xnopoduiia
eMy yJaloch BBIAENHTH HEKOTOpble MPOIAYKTLL &ro TIpeBpaleH s,
cocTa 1 OGI(Ee uepThl CTPOeHH: KOTOPLIX YAAToCh € TIOJIHOH
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TOYHOCTbIO YCTAHOBHTB: 3TO G bLIH <<(]HIJ]J"H[HI)E>), «POIHHDI», €AJIO-
PHMHBI» H, HaKOHEN, «MOPGHDHHBELY, BEUIECTBA, OKA3aBIIHECH 3il-
MeUaTeJbHO CXOOHBIMHU C TEMH, KaKue noJayualoress H3 reMuna.
«PuinEb» Buasmmerrep MOAYYHA B BHAE XOpPOWIO KPHCTAIIN-
SYIOIMHUXCS KHCJIOT, COAEpPKAaUIHX B CBOEM COCTABG MAaTHH, I1pH
ﬂEﬁCTBHH Ha INoJiydaeMble BBLIMIEONHCAHHBIM clocoboM PacTBoOpLI
HmIe1o9aMy  OpH onpeneneHHblx ycnoBHax. Camwiil  OGnnaknii «
Xn0poHiLTy GUANHH — XJAOPOYHIIHH — NOJYIASTCsH NpH  AeficT-
BHH KDeNKOH Iesoublo Ha xoaony. OH Tepser, Kak W Jpyrie
NoxOGHBIE «(DUINHHBI>, MArHHI, 3aMeHss ero Ha ABa ATOMA BO-
nopona. Ms xgopoduinasa mo sTOMy cnocoGy TOMYYaloTes ABa
OUCHL OJH3KHX IO COCTABY BEIECTBa, HA3BAHHLIE BHJIBIITETTE-
POM: OLHO, Menee GoraToe KHCAOPOAOM, XJIOPHHOM — €, a APYyroe
POLHHOM — g

lNduuu”ale()l (COOH), [N,C:2H;0,) (COOH),.
Xaopun ¢ Ponun g

OTO pagbACHACT PEAKIHIO BIAHMOJCICTBHS CaMOro XJOpO-
tdhumna co cnabuimn kueaoramu, lpn 9ToM BsauModelicTBHE MOXK-
HO HaGmoxaTh B COHPTOBLIX pactropax oGpasopanie OGOJBIIOTO
KoJiHuecTBa aMop(Horo 4epHoro BellecTBd, HA3BAHHOrO «(heodH-
THHOM», [0 COCTaBy, MOXKHO AyMaTh, NPEACTABJAIONIEr0 c060I0
XJ0poduLI, B KOTOPOM MarHuii samereH sojopozmoM. ITpu pefict-
BHH Ha (eoduTHH IIeJ0YBI0 NMOJYYAIOTCH T 7K€ caMble aBa Be-
mecTna: (QUTOXJIOPHH H (HMTOPOXHH, KAKHE MOMKHO IHOJIYYHTH W3
xjopoduinuaa  gefcTBHEM KHCJIOT. KHCIOTH 9TH IHo/ygaloTcs
BC8rAa pANOM, NPHYEM Ha OAHY MOJEKYJY POJHHA IIPUXOILHTCS
TPH MOJeKyabl xJopuna. O6a 3TH BemlecTBa HHKAK HE YIAeTCH
NepeBecTH OLHO B JPYyroc. BuabluTeTTep BBICKA3aJ MPEANOIOKE-
HHE, 4TO XJOPO(HII, a TaKKe H (HeoQHTHH, NpeIcTaABIsSeT co60i0
CMeCh NBYX TeJ, H3 KOTOPHIX OLHO, MEHEE OKHCJICHIIOEe, 1aeT na-
yano (UTOXJOPHHY — e, a Jpyroe, Gojee OKHCACHHOE,~— (huTO-
polHHy — g. EcaH npuHATE BO BHUMaune, uro upu jeiicTsuu
WEeJoUH Ha (eoduriin 1 XAOPOPUAT OAHOBPEMEHHO ¢ BbIEYKa-
SAHHLIMH KHCJOTAMI TOAYUACTCH METHAOBLIT  CNHPT M HOBBIH,
panee meusnecTHuil ankoronn (puros ¢ popmymaoii CsHzOH, To
Mg peohnrnna a (tak Buasiirerrep HasLIBaeT MeEHEe OKHC-
JCUHOE COCANNRNNE) [P MPOBCACHHI MBICJAEHHO PEaKLHH OMbI-
Jdenns wo oOpatnoM nanpanaennn noayvaercs gopmyna:

; COOCH,
INiCssHaeO) 000G, Hyy,
A (peadpinna b
IO COOCH,
NGOl GO0 o1

COOTBETCTBCHHO JJIs XJA0podHIiIa @

COooC
[MgN,Cs,H;, O] COOCS?‘IM.

s xaopoduina b

COOCH
[MgN,C,,H,505] COO0C,, f']ag

Koraa ynanoce Bblaenuts XJ0pOQHIT B XHMHUYCCKH UHCTOM
COCTOSIHHH, THIIOTE3a 3Ta MOJHOCTBLIO NOATBEPANIACL, XHMHYECKH
YHCTBIH XJAOPOQHII, WIH, TOUHee, cMech XJAopopHIos a u b,
Buaemrerrep mosyunn caeayionmm cnocoGomM: pacTeop B amero-
He, MOJAYUeHHE KOTOPOIo ONHCANO BLiille, CMEUIHBAETCA B 60/b-
WOI ACHUTeALION BOPOHKE ¢ neTposefiHbM 3dHpoM; IpH KoGas-
JCHHH BOJLI BCe KpacslHe BellecTBa TOJHOCTBIO MEPEXOAST B
NeTPOEHnO-3pUpPHLI c/I0H; €ro OTAENSIOT OT HHIKHELO BOIHO-
AueTonoBoro caos W cMewnBaloT ¢ 80% BoOAHLIM pPacTBOPOM
smeranosa. Ilocne Jerkoro BCTPAXMBAHUS H OTIAENEHHS BOIHO-
CIHPTOBOrO CJIOSI OT CMECH IIMTMEHTOB, HaXONSIIMXCH B IETPO-
JEeHHOM 3(Hpe, OTHENSeTCH OLHH H3 KEJThIX CIOYTHHUKOB XJIOPO-
¢uia — KCaHTOOHA, OKA3aBIUMMACH, KaK 3TO paHee YKa3elBan
LiBeT, He eAMHLIM BeIIECTBOM, a CMECHIO pPsla H3OMEPOB ¢ OBeil
popmynoii CsoHs602. Conporoxaaemerii PAOOM CONMYTCTBYIOLIHX
BEIIECTB B pacrBope mneTpojefinoro s¢upa xaopoduna  oceo-
GoXkAaercss OT HUX Jlajee NMDH TIIATEALHOM NPOMBIBAHUH BOJTOMN
H HAYHHAET BhHINAZAaTb H3 pacTBOpPa B TBEPHLOM COCTOSHHH.
Ilerponefineiit 9¢hup, OTAENEHHBII OT BOZHOTO CJIOS, MOMEIIAIOT
B Oonbuiofl Cocys H TNpuGABISIOT IIPH HENPepPHLIBHOM MOMeNH-
BAHHH TOHKO H3MEJbYCHHBII TaAbK, KOTOPBIL ajACOpOHpYyeT
XJOPOQH/I, BCE elle COmepxKaluii MPHMECH. AncopGuposan-
bl HAa Tajbke XJIOPOGHII OCBOBONKAAeTCs OT APYTHX compo-
BOJKNAIOUWIKX €ro JKeITHIX BEIUIeCTB — KaPOTHHOB NPOMBIBaHIeM
na poponke DBioxmepa TaJbKa JIETKHM HeTPOJICIHBIM shupom.
Hakonen, npoMutuiii nerposeiinsiv 3(HpoOM TaJbK, COMEpKAIIUIL
B aACOpGHPOBANNOM COCTORMIME XJA0poduiul, 06pabaThiBaoT -
POM, KOHUEHTPHPYIOT 5hHP H ocaxaalor GeH3HHOM B BHIE
TOHKOTO amopduoro nopowka. Ilns pasjiejenns cMecH XJI0po-
¢mioB @ u b BHIBIITETTED BOCHONBIOBAJCST HX HEOLNHAKOBOIL
PacTBOPHMOCTBIO B METPOJEHHOM 3(Hpe, rie Jyullie PacTBOPSET-
CA XJOPOQHJI G, H B METHJIOBOM CIHDTE, Te JYYIIe pPacTBO-
psaerca xaopoduan b. AnamMa pasjeNeHHBIX TaKHM 06pasoi
MATCMEHTOB TIPHBEX K (hOpMyJiaM, B TOYHOCTH COBMABINMM C yKa-
3aHHbIMH Bble. Takum 06pasom, sesieHblii LBET pacTeHuil 06yc-
JIOBIUBAETCS YETBIPBMsI TVIABHBIMH BelleCTBaMH: XJOPO(DHIIOM a,
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xaopodunnom b, KapoTHHOM H kcanroduaaom, [lociennne asa
BellecTBA OKA3aJIMCh I[IPEJCTABJEHHBIMH B DACTEHHAX pPiAOM
wsomepoB, Tak 4ro ykasauue lLisera 06 HX MHOMXECTBEHHOCTH
[IOJIHOCTBIO TOATBepHaoch. Kpome TOro, B NEJIOM psiie CJIYydacs
HapsaLy ¢ KCaHTOOH/IOM H KapOTHHOM C HX H3oMepaMu BCTpe-
YAOTCH aHAJOCHYHO NOCTPOGHHLIE, HO BCE e WHOro CocTaBa Te-
7a, TmosyuuBLIMe ofllee HasBaHue KapOTHHOMAOB. B nocaepnne
romsl H3yueHHe HX MPHOOpENO * ocobenno GoJIBLIOH HHTEpPEC B
CBSI3H C OTKPHITHEM CIOCOGHOCTH —HEKOTOPEIX H3 HIHX npespa-
matecs B BATAMHH A.

Kak Hi BeMHKH GbUIH 3TH yCTeXH XHMHH XJOPOQH/LIA, OHIL HC
MOIJIH BCE K@ YAOBIETBOPHTb XHMHKOB H (DH3HOJIOIOB, MOTOMY
YTO HEOGXOMIMO OblJIO OTKDHITH HE TOJBKO COCTaB, HO M CTPOCHHE
MOJIEKYJI, ¢ TOUHBIM YKasaHueM crnocoboB CBA3H aTOMOB APYT €
IpyroM, a TaKkKe HX CBAZH ¢ OenKaMu u JpyriHMH BeIIleCTBaMH,
HAXONSIIIMHCSL B XJ0poduubbix sepHax. [IpoHMKHYTH B CTpPO-
eHHEe MOJIEKYJIb XJOPOQHIIA BO MHOFOM YaJOCh yXKe Hepes He:
CKOJILKO JIET TIOCAE BbIACACHIs X1opoduina Graroaaps pa6oTam
camoro BmiibliTeTrepa ¥ €ro cOTpyAuHKoB. XJ0podu/l @ H X10°
podman b, Kamawlift B OTACABHOCTH, NOABEPTAIHCD nocJenoBa-
TEJPHOMY JeHCTBHIO IIeloueH M KHCJIOT. Ha xosopny IIe/I0qH
(IPOM3BOMNAT, KaK OBLIO YXKe OTMEUCHO, OMDLICHHE 3 pHBIX
Y, CBA3AHHBIX C METHIOBLIM X QUTHIOBBLIM angorosem. Ilpu
garpeBanun o 140° xnopodmiT ¢ TePHAET NOL JelicTBHEM IIeNo-
y# YTJIeKHCJOTYy H IpeBpamiaercs B pal JIHKapOOHOBBIX KHCJOT
(poronophupuH, Bepionapadmu); NpH HArpeBaHHH [0 190°
OTHlEIUISieTCs elle OXMH KAapGOKCHI M TOJIY4aroTCs OJHOOCHOBHDIC
KHCOTE! (QUIO- H IMHPOQUIIHHEL Xnopoduan b npu JAeHCTBHY
Imesouell Ha XOJOLY H IOCTeLyIOmeH 06paGoTKe KHCIOTOH Aaer
(HTOPOAHH g, a4 NPH HAarpeBaHHH N0 140° mpeBpamiaercs B TE
e JBYXOCHOBHBEIE KHCJOTHI, 4TO H XJOPOpHIT a. Ob6a xa0po-
¢uia, a u b, Takum 006pasoM, CXOAHLL TO CTPOEGHHIO B CBOEIi
HauBosiee MPOYHOH YACTH MOJEKYJIBI. Bee ¢uasminel  mpu el
CTRHH KHCJIOT 3aMEHSIIOT Marniii Ha BOJOPOJL, lapasd Hatano CooT-
BETCTBYIOLLHM MOpGHPHHAM C TAKHMH K€ Ha3BAHMAMH, Kak TE
GUIUIEHBL, H3 KOTOPoIX OHH TOJY4AIOTCS. TNopdupunsl BHOOJHE
AHAJOCHUHB TOAOOHBIM KO COEJMHEHHSM, HOTYJaiomHMCH TIpH
NefCTBHA KHCJAOT HA TeMHIl H JABHO yXe H3BECTHEIM [OJl HasBa-
HHeM TMopQUPHHOB KPOBSHOMO MHIMEHTA. Ecau muppo- u G-
Jopuanuy Harpesath no 240° ¢ HATPOHHOH W3BECTBIO, TO OT-
LICTIAETCs OC/eHH i KapOoOKCHI H  TOJIy4aercs JIMIITEHHBIH
KICJa0pOo/ia NPOAYKT — STHIODHIIHH, KOTOPHIH IIpH JEHCTBHH
KHCJIOT JlaeT STHaonopupHH — BENIeCTBO, MOJyyalolleecs TaK-
JKe H B pesyJbTaTe pacilenjeHns reMuHa. Taxum ofpaszom, MHE-
nue Tumupsizena 06 OGUIHOCTH XHMHYECKOro CTPOCHHH oGoux
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BaJKHeHIIHX B JKH3HH TPHPOABl KDPACALIHX BELIECTB (IONHOCTHIO
MO TBEPLHJIOCE.

Vix BHyTpeHHsis OCHOBAa IIOCTPOEHA, OYEBHJHO, MO OXHOMY H
1omy ke maaHy. O6a OHM SIBJASHOTCA IPOH3BOJAHBIMH  STHONOP-
dupHEa, BOLOPO/HEIE aTOMBl KOTOPOrO pasiuuHblM ofpasom 3a-
MEIIai0TCH.

O crpoeHnH 3Toil obuIelt AJs XJAopoduIa H TeMHHA OCHOBHOH,
BHYTPeHHEH YaCTH MOJEKYJEl LEHHEIE yKasauus yIKe JaJ Boiaa-
oM HHCS pycckuil HccmenoBaresib Henckuii, srnepsbie Tokasas-
mrui, YTO NPH JAJEKO HAYIIeM paclaie H3 MOJEKyJ reMuia mo-
JyqaloTcsa TOMOJIONH MHPPOJa, KoTopuill umeer (popmydy:

B

| B
| ' j
! !! Han co- | H
allC /(III'JL, Kpamenio ¢ " !
H

Henckuii npiTancs AaXe AaTh CTPYKTYPHYIO (POpMYJIy reMHHa.
[oanunee Kiocrep (Kiister), IMunoru (Pyloty), ®umep u Bumb-
LITETTep MOKA3aJH, UTO [PH OKHCIEHHH MOP(HPHHOB MOTYYdioT-
C: MEeTHJ-, -3THJ, -HMHA MaJIEHHOBOH KHCJIOTHI H TeMaTHHOBad
KucjoTa. Ilpu BOCCTAHOBJIEHHH NOPOHPHHOB IOJYYAKTCA TOMO-
ROTH THppoJia: TeMOMHPPOJ, KPUITONHPPOJ, (QHIIIONHPPOJ, OKCO-
nuppos, KPUNTOmHPpos-kKapGoHosas kucjiorta. IIpu srtoMm m3
oJHOH MoJeKyJisl MOpGHDHHA IOJYJYAOTCSs UeTHIPE  MOJRKYJ/Ib
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