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Ipe3zuduym Axademuu nayk Poccuu nocmanosun npogoount Hay4Hbie
HIMEHUSA, NOCCAUJCHHbIE NAMAMU GblOIUjezoca pycckozo buonoza
K.A.Tumupsazeea, exe200H0, 3 UIOHA, 6 O€Hb POKOEHUA YHEHO20

JAHUKA M.T. buocunres xjopoduana u Ouorenes
dorocusTerMYecKOro ammapara. Munck , 1996. 79c.

B KHHIe PACCMOTPEHBI MOJIEKYIISpPHBIC MeXaHH3MbI GHOCHHTE3a XJI0pOodHILIA
1 npobieMa cTPYKTYPHOH OpTaHH3allHH 3TOro Npolecca B XJIOPOMIacTax B CHCTEMCE
NoJH@GEP MEHTHBIX KOMIIJIEKCOB. O6ob1eHb! OHTOrEHETHUYCCKHE,
opranocnennbryeckue 0cobeHHOCTH XnopoduiIIoobpasoBaHHs H €ro CBA3b C
KH3HEIEATEILHOCTBIO PACTEHHS. B ¢BeTEe COBPEMEHHBIX NPEACTABICHHH O
CTPYKTYPHO-GYHKIHOHAIEHOM YCTPOHCTBE PACTUTENbHBIX MEMOpaH Ha OCHOBAHHH
HMMYHOXMMHYECKHX HCCICHOBAaHHH oOCyXaacTes COUPAKECHHOCTE | CHCTEMBI
GuocuuTe3a XIOopodHIIa ¢ PopMHEPOBAHHEM GEIKOBBIX KOMIIOHEHTOB (OTOCHCTEM
doTocuHTe3a H POTOPErYISTOPHBIE ACMEKTHl OHOreHesa NMHIMEHTHOTO alllapara.

Cuaxa M.T. Chlorophyll biesynthesis and biogenesis of photosyn-
thetic apparatus. Minsk, 1996. 7%p.

The molecular mechanisms of chlorophyll biosynthesis and problems of struc-
tural organization of this process in chloroplasts as a system of polyenzyme com-
plexes were considered . Ontogenetic and organospecific aspects of chlorophyll
formation , their connection with plant metabolism and plastid genesis were sum-
marized. On the basis of immunochemical investigations a coordination of biosyn-
thesis of chlorophyll and protein components of photosynthetic photosystems 18
considered. According to the modern conseptions about structural and functional
organization of plant membranes a photoregulator moments of pigment apparatus
are discussed.

Penenszent npodeccop B.J1.Kanep
OTtBeTcTBeHHbIN pepgakTop akageMuk A.T.MokpoHocoB

© M.T.Yaiika, 1996 r.

BUOCHHTES3 XJIOPO®WLIA U BUOI'EHE3
GOTOCUHTETHUYECKOI'O AIIITIAPATA

BBEJAEHUE

IIpomno Gornee ABYX CTOJIETHH C TEX MOP KaK ObUT OTKPHIT
GOTOCUHTES, JICXKAIUMN B OCHOBE 3HEPreTU4YecKoro OamaHca
HE TOJIBKO PaCTUTEJIbHBIX COODILIECTB, HO U BCEH 36MHOH
aTMocdepnl B iletoM. be3s doTocuHTesa, Oe€3 mpuroka
MOTJIONIEHHOW OJSHEPTrUH COJHEYHOI'O CBETa XU3HB,
HEYMOJIUMO MOOUYUHSACE BTOPOMY 3aKOHY TEPMOONHaAMUKH,
BEPOsSITHO Obl npekpatuiacs. OrMmeyas 3HaMEHATEIIbHBIN
obunei, - 150-nerue co nHg poxneHuss KinumeHTa
ApxanpeBuya THUMHPsA3€Ba, HENIb3s HE OOPATUTHCS K €ro
uneaM B obmacty porocuHresa. EmMy ymamoce Ha MHOTrHe
rOObl U NECATUIIETUS IIPEHACcKa3aTh Y3JIOBBIE TOYKU B 3THX
uccienosanuax. Ceoumu wupeamu TUMUPsI3eB nepedpOCHIL
MOCT MEXy BaAXXHEHUIIMMU HaYUHBIMHU Hanpasiieausamu 19-20
BEKOB, CBf3aB OOCTUXeHUs Ouonorud U GuUsuku,
ONMUCATENLHBIE U SKCIIEPUMEHTAJIFHBIE NOAXOIBI B U3YUECHUHN
OPraHUYECKOM ITPUDOILL.

B Hayke o dboTocuHTEe3e UMEHHO THMHDPSs3€eB ykasal Ha
LEHTPANBHYIO POJIE XJIOPOPUIIIIOBOTO IIMIMEHTA B
TpadchopmMauuy CBETOBOUW »HHEPruM. DBhuissCHEHHUIO
XAMHUYECKON NPUPOAL! XJ1opoduilia NoCBsIieHa ero padbora
“CrniekTpanbHBIA aHanu3 xjopoduiuia”’, B KOTOPOU Oblnu
CIeJIaHbl YAVBUTEIIBHbBIE IJIs1 TOTO BPEMEHU TP EAIIOIIOXKECHUA
O XHMHYECKOW MNPpHUPOOE 3eJIeHOro mnurmeHra. KMw
[MOJUEPKUBAJIACh TOXKIECTBEHHOCTh COCTAaBa XJIOPO(UILIIOB ¥
pPa3sHbIX PACTEHUM U €ro CnocoOHOCTL K OOpaTHUMOMY
OKHCJICHUIO U BOCCTaHOBIIeHUI0. Eme B 1881 rony Tumupases
NPEeJIOXKUII CXeMYy y4YacTus XJopodunia B peaxlusx
NpEBPAILEHHs] YIIIEKHCIIOTEI, IIPOUCXONSAIIMX IO JIeHCTBHEM
COJIHEYHOT O CBETa, U 00pa3oBaHus IEPBOTO OPraHUYECKOro
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BeHiecTsa. XOTS MPEOCTaBJICHUS O MEXaHM3ME PEakliuM,
JIeXAIAX B OCHOBE NEPBHUYHBIX IpPEeBpallleHnH MUTMEHTa,
HAaMETWINCh TOJIEKO B OOILIMX YepTax 4 CO BPEMEHEM 3aMETHO
TpaHCPOPMUPOBANIUCL, OCHOBHASL UIES O CMEHSIOIIUXCA
MpOLIecCCaX BOCCTAHOBIIEHHS U OKHUCIIEHMS INUIMEHTOB
COXpaHsgeT CBOe 3HAYEHHE U OO HAIUX AHEH. TUMHpPA3EB
IepBLIN yKazan Ha Omu30CTh XMMHUYECKOW HNPUPOIEI
Ximopoduiuia ¥ reMOoriIobruHa, BaXXHBIMM OCTAIOTCs U €ro
paboTtsl B o6mactu ob6pasoBanusi NOPHUPUHOB, CO3OABIIME
OCHOBY TNPENCTAaBIIEHUU O MNyTsX CUHTE3a TETPanuppoIoB,
Pa3sBUTHLIX B KJIaccuyeckux uccnenopanusax M.B.Henuxoro,
Bunsmrerrepa, llltons u I'anca @umepa. PaspaboTka
TuMups3eBblM METOAOB KOJIMYECTBEHHOIO aHanu3a
MUCMEHTOB MOCIIYXHiIa TOIYKOM ISl BBIAEIEHHS] PasHBIX
dbopM XIOPODUIITOBEIX MUTMEHTOB U KapOTHHOUIOB,
xoTOopoe ganee 6pu10 Orectsie ocyecreieHo M.C.1iBeToM
C MOMOIIBIO XpOoMaTorpaduu.

Oco6oro pacieera uccienoBanus 6MOCUHTE3a XITOPOdMII-
ma, xakx u $orTrocuHTE3a B LeNoM, JOCTUIIU B
60-80 roapl, Korma CyLeCTBeHHO PaCIIUPUINCh HICHHBIE H
METOAUYECKHE NTOOXOIBI B 3TOM obnacTu Hayku. M B Hamien
CTpaHe, u 3a pyObexoM B 3TOT II€PHOJI BO3HUKIIN HOBbBIE OPH-
rrMHAIbHBIEC HAITPABJIIEHUS U IUKOJIbI, B KOTOPBIX BaXXHOE MeC-
TO 3aHSAIIUA UCCIIENOBAHMUS MUT'MEHTOB U X QOTOCHHTETHYEC-
kux GyHKOUA: nox pykoBoncrsoM A.A.KpacHOBCKOrO,
B.B.Ercturueesa, A.A.Huuunoposuua, H.I1.Bockpecernckou
(Mocksa), O.B.3anenckoro, J.M.Canoxuukosa (JIeHUH-
rpan), M.A. Tapuerckoro (Kazanp), A. T.MokpoHoCOBa
(Cepminiosck), JI.K.Ocrposckoii (Kues). I1osBrIncy HHCTH-
TyTHl ¥ 1aboparopuu B Tamumune, Towmcke, Jymanbe, baxy,
rie u3ydascs GOTOCHHTES U POJIb 3€JIEHOT'0 MUT'MEHTAa B 3TOM
nporiecce. OcobeHHO X0UeTCs MOAYEPKHYTh, YTO MEXY 3THU-
MU KOIUTEKTHBAMH M3HAYAJILHO CYILLECTBOBaJia TeCHasi CBA3b,
MHOTrHe PaboThl BHITOIHAIUCE COBMECTHO, HOBBIE TUIIOTE-
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3BI BBI3BIBAIM OONTBIION HHTEPEC, IPOBOAMITMCE OCTPhIE HYC-
Kyccun. IIpu sTom Bcerna mpeBanuposana armocdepa Bioi-
COXKOM Hay4YHOU TPeGOBATENBHOCTH, KOTOPAS COYeTATaCh C
YBAXKCHHEM U HOOPOKETaTEIbHOCTHIO.

B benapyccuu nentp usyuenus porocunresa o6pazopar-
cq eme B 30-e roObl, KOraa HAYATIH aKTHBHO IIPDOBOAUTHCH
PaboTeI B 06acTu M3y4yeHust 6uocunTesa Xmopobmwnia, 6Guo-
CeHE3a QOTOCHHTETHYECKOT O annapara, CTPYKTYPHI ¥ hyHK-
UMW PACTUTEIILHBIX TUTACTUL. DTU MCCIENOBAHUS, HHULWAH-
poBanHHble T.H.I'ognermim, A.C.Beuepowm, M.H.T"onyapu-
koM, C.B. Kanmuurernuem, B nMociIeBoeHHBIH [TEPUO pacCHIu-
PHAJINCE W CTaJIM OCHOBOM VIS Pa3BUTHS HOBBIX HaIpaBJICHUIA
3 obrmactu poTobHoIornu, GuoxuMuH, 6nobU3UKY 1 dbusuo-
/IOTHH NATMEHTHOTO annapara pacresuil. IllIupokyro ussect-
HOCTB IpuoOpenu U paboTel B 06iacTy GOTOXUMHU XJIO-
poduiuia, Hayatele B Muncke A.H.Cepuenko u MPOMOIDKEH-
HbI€ €70 yueHukamu I.I1.I'ypunosuyem u K.H.CotoBbEBLIM
[I'ypunosuu, Cepuenxo, Conosbes, 1969 .

CyImecTBeHHBIM 3TaIOM B Pa3sBUTHHU NP EICTABIEHUH O Ipo-
qecce OMOCUHTE3a XIIOPODHILTA U €ro CBS3H ¢ PYHKITMOHAb-
HOHM aKTUBHOCTBIO XJIIOPOIUTACTHLIX MeEMOPAH SBUITHCH HCCTTe-
JTOBAHHA COCTOSIHUA MUIMEHTOB U UX MeTabosiuzMa B 3ene-
HBIX PaCcTeHUsX. DT DPabOTHl JIErVIM B OCHOBY CO3MAHHOIM
i&.A.ILIHbIHOM KOHUENUUM 00 opra”Hu3anuu npouecca
OHMOCUHTE3A XJIOPOQUIIA B CHCTEME OCOOBIX CTPYKTYPHBIX
VAaCTKOB IIJIACTUIAHBIX MeMOpaH HW pa3BUBaAEMLIe
B.JI.Kanepom mpencrasieHust 06 OMroMepHOM CTPOESHHY
CMCTEMBI QEepMEeHTOB OuocuHTe3a xjJopodwnia. DTu
"MNOTE3Bbl OKa3ajlMCh CO3BYYHBIMHU C COBPEMEHHBIMY
TPEICTABIICHUSAMM O MOJICKYJIAPHONU OPraHU3alHiMU [TUI MEHT-
ONKOBBIX aHcaMOmel U 0CO6eHHOCTAX BDYHKIMOHAILHOMR
AKTHBHOCTUA HATUABHLIX POTOCUHTETHUECKUX KOMIIJIEKCOB B
CHCTEeME MIIACTUAHBIX MeMOpaH, pa3sBUBIUMMUCH Graroaaps
UPUMCHCHHIO METOHNOB PEHTI€HOCTPYKTYPHOI'O aHarIusza u
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TOHKOM CIEKTPOCKOITHU. Y CIieXy 3TUX UCCIIe[IOBAHHUN 3aMeT-
Ho criocobcTrBoBanu uneu C.B.KoHeBa u ero KOJIJIEKTUBA B
o6riactu membpanosyioruu [Kounes, 1987]. B nocnegHue romer
npobiieMa peryiasiTOPHBIX acrnekToB GOPMHUPOBAHUS
GOTOCUHTETUYECKOI'O arirapara 3Ha4yuTelIbHO PacIllupuiiach
6r1arofapsi MOSBIIEHHIO HOBBIX HANIPABIIEHUH HCCIIEIOBAHUM,
CBSI3AaHHBIX C PACKPBITHEM MEXaHU3MOB TPAHCAYKLMU QUTOX-
POMHOT'O CUTHAjIa U UCNIOIb30BAHUEM METOLNOB I'€HHOM HH-
)KeHEepMH, pa3BuBaeMbix nox pykosoacrsom H.J.Bono-
ToBCKOro [1992].

J171s1 KOJUIEKTUBOB, CBS3aBIUUX CBOKO Cyab0y C M3y4deHHEM
XI10pOodUIUTIOBLIX NUTMEHTOB, 3HaMEHATeJIbHO 3By4aT CJI0BA
K.A.TuMmupsizesa, sanucanuslie eme B 1887 romy: “3epHo
xjropodurria - TOT POKYC, Ta TOUKA B MPOCTPAHCTBE, B KOTO-
POY XMBas CuJla COJIHEYHOrO Jiy4ya, MNpeBpallasch B XUMHU-
yecKoe HamnpshKeHUe, cliaraercsi 1 HakaruimBaeTcs sl Toro,
yTOOBI BIIOCIEACTBUM OCBOOOHUTHCS B T€X PA3HBIX MPOSB-
JIEHUSIX JBHXXEHMS, KOTOPbLI€ HAM MPENCTABIIAIOT OPraHU3MBbl
KaK pacTUTENbHEIE, TaK U XUBOTHBIE.” (TUMHUPSA3EB, 1948). B
3TOM MBICIIM THUMHpsA3€eBa HalllJla OTPaXXeHUe CBA3hL [MUTMEH-
TA4 C €ro OKpyXeHueMm B “3epHe” Xxnopodmiuia, ONpenenB-
1asl €ro POk W B MOTOCHHTE3E, U B OOIIEH XU3HENCATEb-
HOCTH PACTUTENBHOro opranusma. HecoMHeHHo, 4TO pabo-
Thl TUMHUPSI3€BA HEOLEHUMBI C MO3ULIMK (PU3NOJIOTUM PaCTe-
uumit. Kak u mmo60#t nponecc MeTaboinyecKux MpeBpalleHmH,

KaK MOIuepKUBa B ceoux paborax A.JI.Kypcaros [1972],
(OTOCHHTE3 ABIISETCA YACTHIO HHTErPaIbHOM CUCTEMBI O1O-

JIOTUUYECKOTO CaMOPEryJIMpoBaHus B MeTabou3Me pacTu-
TeILHOTO OpraHu3Ma. YrinyGiieHue u paclmupeHue pabor B
06r1acTi TEOPUM POTOCUHTETUYECKOM MPpORyKTUBHOCTHU [Hu-
qunQpoBud, 1965-1996}, BesicHsAIOI11€H CBA3D xs1opoduiooo-
pa3zoBaHusi ¢ GOPMHUPOBaHUEM AaKTHUBHOIO (MOTOCUHTETH-
| YeckOro armnapaTa, BeAEeT K HAMPaBJIEHHOMY BO3IEHCTBUIO
Ha npoiecc GoTocuHTE3a U, B KOHEYHOM UTOTE, - K ITOBBIIIIE-
HUIO YpOXXasi pacTeHMU.

6

HccnenoBanusi B o0nmacTu OMOCHHTe3a XIIopoduiuia oTMe-
qeHbl TpeMsi HobGeneBckumMu npemMusiMu. 3a BBISICHEHME pa3-
UMYX B TyTsaX oOpa3zoBaHus xinopoduuia urema emes 1915
roay HobGenerckas npemus 6n1na npucyxzaeda P.Bunpmrer-
Tepy, B 1938 roay 3a gerajibHOE pacKpbITHE XMMUYECKOU
TPUP OBl MOJIEKYIIkI XJIopoduiuia - 'ancy @uinepy, a B 1989
rOAY NpeMUU ObUIIH YAOCTOEHBI MOJIOABIE HEMELKHE YUCHBIE
34 BbISICHEHHE CTPYKTYPHOM OpraHU3alyy XJIOpOQUIUIa B KOM-

nyiekce GpoTocucremMsl .

MOJIEKYJIAPHBIE OCHOBDI
BHUOCHHTE3A XJIOPOPUILIA

Ha ocHoBaHuu 6o0Jiee yeM MOJTYBEKOBBLIX UCCIIENOBAHUMN
BLISICHEHO, YTO XJIOPOPUITII KaK XUMUYECKOE COEIUHEHHUE SB-
SIS€TCs TETPAUPPOIIOM, MATHUN-NIOPPUPUHOBBIM KOMIUIEKC-
HbIM 3(UPOM C CHCTEMOU CONPSKEHHBIX ABOWHBIX CBSA3EU U
pPAa3HbBIMU 3aMECTUTEIISIMU B CUCTEME MUPPOJIOB. Y HUKAJIbHBIE
CBOMCTBA XJIOPO(PUIUIOBLIX [IUTCMEHTOB ONPENEISIIOTCS KaK
0COOEHHOCTSIMU €r0 XMMUYECKOT O CTPOEHUSs, TaK U €ro opra-
HU3aLMe B MeMOpaHHON CUCTeMe XJIOPOIUIACTOB. XJIOPO-
bunn a, KOJIUYECTBEHHO mnpeobnamass B pPacTEHUH,
(OYHKLIUOHUPYET B KayecTBe QOTOJIOBYIIKH, BXOOsT B COCTaB
pPeakLMOHHBIX LEHTPOB (poTocuHTe3a. OOHOBPEMEHHO 3Ta
c¢hopMa NMUrMeHTa BHINOIIHIET COBMECTHO € XJIOPOUITIOM b
M KAPOTUHOWOAMU POJIb aHTEHHBI B COCTaB€ CBETOCOOHUparo-
IIIUX KOMITJIEKCOB (DOTOCUHTE3A.

XUMHYECKU XJIOPOPHIUT a OTIIMYAETCsl OT Xjopoduiia b
1aMECTHUTEIIEM BO BTOPOM IMUPPOIBHOM KOJIbILIE: XIIOPODUILT
2 COHEPXKUT B 3TOM IOJIOXKEHUU METUILHYIO TPYIINY, & XJI0-
popui b - anpgeruaHyro. [IoMuMo NOPpPUPHUHOBBIX ITUTMEH-
TOB (XJIOPOOUILIIOB), B PACTUTENIbHBIX OPraHU3Max BaXHbIe
GYHKLUWH BBLIMOJIHSIOT TETPanupposibl (CoOOepXaHue KOTo-
PEIX Ha HECKOJIBKO IIOPSIZIKOB HMDKE COIEPXXaHHs XIIOpO-
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buIIIoB), BXOAALIME B COCTAB NPOCTETHYECKUX IPYIIN TAKHUX
KU3HEHHO BAXHBIX COCMUHEHUM KaK LIATOXPOMBI, BUTAMUH
B12, daktop 430 1 op. B nemnom xe TeTpanupporbHbIE CO-
eqUHEeHNsT MPUOOpenu CBOXO YHUKAIIBHYIO CTPYKTYPY B XOI€
3BOJTIOLIMM, YTO U OIPENEIMIIO UX POJIb B BEOYILHX MeTabo-
JIAYECKUX MPOLIECCAX ¥ B PACTUTENILHBIX, U B XXUBOTHBIX OP-

ranusMmax [ Granick, Beale, 1978; Avesar, Moberg, 19935].

IlyTu OmocuHTE3a BCEX HUKIWYECKHUX TETPAnMppoOsioB
PACTUTENLHOTO U XUBOTHOTO MUPa HUMEIOT MHOTO O0IIero
(puc.1).

HM3yueHue pa3iuyHbIX ACIIEKTOB IOCIIeNOBATENIbHOCTHA Pe-
AKLMI OUMOCHHTE3a MUIMEHTOB 0000I11EHO B psiie KPYNHBIX
0630pOB, craTeil u monorpaduwuii [ Granick, 1951, 1967; Bogo-
rad, 1966, 1976; T'omues, 1963; Shemin, 1968; Kirk, 1971;
HInoix, 1965, 1973; Shlyk, 1971; Rebeiz, Castelfranco, 1973;
Schneider, 1975; Jones, 1976, 1979; Liljenberg , 1977; Beale,
1978 a, b: Granick, Beale, 1978; Asepuna, 1988; Richards,
1993].

['enepaibHbId YTk CHHTE3a HUKINYECKHUX TETPAnuppo-
JIOB NMPOTEKAET yepes OOpa3oBaHME 5-aMUHOJIEBYTHHOBOU
xuciotsl (AJIK), crienuduyeckoro npoaykTa B CUHTE3€ TeT-
panupposios - nophobuIIMHOTEHa U TEPBOTO CTA0UITBHOTO
nponykTa - yponopbupusoresa 111, mocne yero obpasosa-
HUE TETPANMDPOJIOB DA3MEIsIeTcss Ha MAarHMeByrO (XJIOpO-
dbWUIBL) 1 TEMOBYXO BETBbE.

BuocuHTe3 XIIOpOoGUIUIOBLIX NUI'MEHTOB B PACTUTENIBHBIX
KJIETKaX OCYLLECTRIIAETCS MNOCPENCTBOM PA3IIAYHBIX peaxiuu,
KOTOPbIE MOXHO CrPYyNINUPOBATH BOKPYI HECKOJIBKHX
Y3JIOBBIX HYHKTOB:!

1. o6pasoBanue HeIbTa- aMUHOJIEBYJIMHOBOU KHCIIOTHI
(AJIK) 13 nepBUYHLIX CYOCTPATOB.

2. CUHTE3 TUPPOIIBHOTO KOJIbI[a MOphOBHITMHOTeHa U3 IBYX
moirexkyir AJIK.

BaxrtephoxnopodiBazm Karanaim DOrrodsanus
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3. O6pa3oBaHue LUKIIMYECKOTO TeTpanupposia yporop-
bupunorena Il u3 yersipex Mosekyi nopPo-GUIInHOreHa.

4. Jlexapboxcunuposanue 60K0OBOM 1ernu yponoppupuHo-
resHa ¥ obpazoBaHue xonponoppupuHoreHa ¢ npeodpasona-
HHEM €ro B liporonopdupuHorex kX.

5. Okucnenue nporonopdupuHOreHa no nporonophupu-
Ha.

6. ObpasoBanue Mg-npoTonoppupuHa NOCPEOCTBOM
BKJIFOUEHUs Mg.

7. Orepubukauus Mg-nporonoppupusa 10 Mg-nmpoTo-
MOPOUPUBMOHOMETUIIOBOTO upa.

8. Obpa3zoraHn€ LHUKIIONEHTAHOBOIO KOJIblia Y UPPOIa
C u npeBpailleHle NIPOTONOPHUPUHOBOTO 3PUpa B NPOTO-
XJIOPODUILIUA.

9. CBeToRas peakuusd - THAPUMPOBAHUE ABYX aTOMOB yIJle-
poaa B MOJIEKYJIE NMPOTOXJIopoduitikMaa ¥ odpa3oBaHUe XJI0-
podwiuaa d.

10. @uronusanuga xnopobwuingada ¢ odpazoBaHHEM XJIO-
podhuiia 4.

11. O6pazosanue xnopodusuia b.

HUccnemosanus ximopodruioobpa3zoBanus, KOTOPHIE IIpo-
BOOUIIKCE B benopycuu, CBs3aHbI NMPaKTUYECKH CO BCEMHU OC-
HOBHBIMM 3TANaMy, NDUBENEHHBIMU Ha cxeMme (puc.2). He
MMesl BO3MOKHOCTU U HEOOXOOUMOCTU OCTAHABIUBATLCA HA
KaXOOM U3 HUX, MBI IIOCTApPaeMCs PaccMOTPETh TOJIBKO TE€
aCIIEKThl, KOTOPLI€ BO3HUKIIK Ha Oa3ze UOeU U 3KCIIePHUMEH-
TOB, OOBEOMHEHHBIX TPAIVLIMASMH, CITOXKUBIIUMHUCS B PE3YIlh-
TaTe TMNPEEMCTBEHHOCTH HECKOJIBKUX IOKOJEHNUN
MICCIIEOOBATEIIEH.

B 30-e rogpr ['omueBsiM [1926] Obliin BEIOBUHYTHI THIOTE-
3bI, BO MHOI'OM CKa3aBIIMECS Ha IMOCHEOYIOIUX IPeacTaBle-
HUIX O I€HepalbHOM nyTu OuocuHTeza xnopobdwina. 1lepsas
B3 HUX COCTOSIA B IPEANONONKEHUH O NEPBUYHOM ODpa3oBa-
HAX MOHOIIMPPOJOB Kax NMPENIeCTBEHHUKOB, O0beNUHAIOIIUX-
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3. -6-B-KeTONpONHOKaT

Puc.2. Cxema 6uocunmesa xnopognuinnogelx nuemennos, moouduyupoesana no (Castelfranco, Beale, 1983)






