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OCHOBHOD IIPE,l);CTABHTEJib IIOPcJ>HPHHOB 
,ll;HKTHOHEMOBOI'O ropl()qEro CJIAHll;A 

YcTaHOBJieHl'le CTPYKTYPhl HH,D;HBH,n;yaJibHhIX reonopqmpHHOB H pacnpe,n;e

JieHH.11 HX OT,D;eJibHhIX aaMeCTHTeJieii: no nopq>HpHHOBOMy KOJib~Y' a TaKm.e 

conocTaBJieHHe BhIHBJieHHhIX oco6eHHocTeii ·c xapaKTepoM aaMem;eHHH 

TeTpanHppOJILHhIX nHrMeHTOB paaJIH'IHhIX 6HOJIOrH'leCKHX CHCTeM noa

BOJI.HeT nOJIY'IHTb HHq>OpMa~HIO O reHe3HCe OT,D;eJILHhIX CKOnJieHHH opraHH-

11ecKoro Bem;ecTBa B oca,n;o'IHOH TOJim;e. 

MccJie,n;oBaHHe COCTaBa BaHa,D;HJinopq>HpHHOB 6HTYMHH03HhIX KOMno

HeHTOB ,D;HKTHOHeMOBOro rop1011ero CJiaH~a MeTo,n;aMH BhICOKOaq>q>eKTHBHOH 

JKH,D;KOCTHOH xpoMaTorpaq>HH H Macc-cneKTpOMeTpHH noKaaaJio, 'ITO OCHOB

HLIM KOMnOHeHTOM CMeCH nopq>HpHHOB .!IBJISleTC.11 coe,n;HHeHHe C MOJie

KY JIHpHOH Maccoii 541 a.e.M. [1] H BpeMeHeM y,n;epm.HBaHH.11 Ha KOJIOHKe 

c o6paw;eHHOH q>aaoii 24,8 MHH [2]. MoJieKyJIHpHa.11 Macca :noro coe,n;H- , 

HeHH.H coOTBeTCTByeT q>opMyJie C 32H 34N 4VO H ,n;aeT ocHoBaHHe npe,n;noJio

JKHTL, 'ITO B MOJieKyJie HMeeTC.11 ,n;onoJIHHTeJILHOe H30~HKJIH'leCKoe KOJib~O, 

xapaKTep KOTOporo onpe,n;eJI.!leTC.11 HCTO'IHHKOM H YCJIOBH.!IMH aaxopoHeHH.11 

opraHH'leCKOro Bew;ecTBa. TaK, B MeJIOBOM CJiaH~e MeCTOpom.,n;eHH.11 )];m.yJIH.11 

KpHK H,D;eHTHq>~HpOBaHhl HHKeJieBhle KOMnJieKChl C 32-nopq>HpHHOB C 

n.HTH- H ceMH'IJieHHhIM H30~KJIH'leCKHMH KOJib~aMH [3, 4]. Coe,n;HHeHHe 

c ~HKJioneHTaHOBhIM KOJib~OM o6Hapym.eHO TaKm.e B nepMCKOM CJiaH~e 

[5]. B TpHaCOBOM ropIO'leM CJia~e MeCTOpom.,n;eHH.11 CepnHaHO H,D;eHTH

q>H~HPOBaHhl C 32-nopq>HpHHhl C rneCTH'IJieHHhIM, MeTHJI3aMem;eHHhIM 

IIIeCTH'IJieHHhlM H ceMH'IJieHHhIM H30~HKJIH'leCKHMH KOJIL~aMH -[6, 7]. 
B HaCTo.11w;eii pa6oTe C 32-nopq>HpHH op,n;OBHKCKoro ,D;HKTHOHeMOBoro 

CJiaH~a Bhl,D;eJI.!IJIH no MeTO,D;HKe, onHcaHHOH B [2], H ,n;eMeTaJIJIHpOBaJIH 

o6pa6aThIBaH KOH~eHTpHpoBaHHOH cepHOH KHCJIOTOH. IloJiy'leHHOe CB06o,n;

HOe nopq>HpHHOBOe OCHOBaHHe HCCJie,D;OBaJIH MeTO,D;OM IIMP-cneKTpOMeTpHH 

C HCnOJib30BaHHeM ,n;aHHhIX no .11,n;epHOMy aq>q>eKTY OBepxayaepa (.H3O) H 

,D;BOHHOMy peaoHaHcy. 

IIMP-cneKTphl 6hIJIH noJiy'leHhl Ha cneKTPOMeTpe WM-360 q>HpMhl •Bpy

Kep• (pa6o'laH 'laCTOTa 360 Mr~) B paCTBope ,n;eiiTepOXJIOpoq>opMa c TeTpa

MeTHJICHJiaHOM B Ka'leCTBe BHyTpeHHero CTaH,n;apTa. Bo Ha6em.aHHe aaMeT

HOH KOH~eHTpa~HOHHOH aaBHCHMOCTH XHMH'leCKHX C,D;BHrOB, KOH~eHTpa~H.11 

nopq>HpHHOB B paCTBOpe 6hIJia HeBhICOKOH - 2· 10-
4 

MOJIL/ JI. HaKonJieHHe 

npOBO,D;HJIH B naMHTb 16K c nocJie,n;yrom;HM aanoJIHeHHeM HYJIHMH ,n;o 32K 

,D;JI.11 paaBepTOK 6024 ~ H 1600 r~ • .H3O H3Mep.!IJIH npH KOH~eHTpa~H 

7. 10- 3 MOJIL/ JI MeTO,D;OM paaHOCTHOH cneKTpOCKOnHH no CTaH,n;apTHOH 

nporpaMMe. ,ll;JI.11 Kam.,n;oii 'laCTOThl o6Jiy'leHHH (c ocJia6JieHHeM 47 dB OT 

o6w;eii MOlli;HOCTH 0,2 BT H BpeMeHeM Hachlm;eHH.11 2 c) HCnOJib30BaJIH CBOH 

cneKTP cpaBHeHH.11. HaKonJieHHe cneKTPOB c 6-10-KpaTHhIM ycpe,n;HeHHeM 

,D;JI.11 paaJIH'IHhIX CHrHaJIOB npOBO,D;HJIH, HCnOJILay.11 90° -HhIH HMnyJibC (7 MKC) 

B naM.!ITb 16K npH IIIHpHHe paaBepTKH 6024 I'~. 
B IIMP-cneKTpe ,n;eMeTaJIJIHPOBaHHoro C 32-roMoJiora nopq>HpHHOB ,D;HK

THOHeMoBoro CJiaH~a (pHC. 1) HaJIH'lecTBYIOT CHrHaJihl Tpex ~-3THJILHhIX H 
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PHC. 1 
IIMP-cneKTp ,D;eMeTaJIJIHPOBaHHoro 
C 32-nopqmpHHa (coe,D;HHeHHe I) ,!l;HK- . 
-THOHeMoBoro cJiattn;a B CDCh 

npH KOHD;eHTpan;HH nopqmpHHOB B 
pacTBOpe 2. 10- 4 MOJib / JI 

yH3 CH 

CH3 H2- CH3 

CH3 H3 

I 
CH3 

! ~~--.----.-----.-1---.------.----~ 
10 5 4 3 2 O, M . .11 . 

'leThlpex ~-MeTHJibHhlX aaMeCTHTeJieii, TPex Me3o-H H µ;Byx CH2-rpynn 

H30IJ;HKJIH'leCKOrO KOJibIJ;a. BeJIH'IHHhl XHMH'leCKHX C,ll;BHrOB, Ha6JIIO,D;aeMhlX 

B ITMP-eneKTpe, H H3MepeHHH H:30 cyMMHpoBaHhl B Ta6JIHn;e. MeToµ;oM 

,ll;BOHHOro peaoHaHca yµ;aJIOCb ycTaHOBHTb, 'ITO MeTHJibHaS rpynna C 

6=3,60 M.,lJ;. (3,57 M.,ll;. npH KOHIJ;eHTpan;HH nopqrnpHHa B paCTBOpe 7 · 10- 3 

MOJib/ JI) npHCOO,ll;HHeHa B IlOJIOlKeHHH 12 nopqrnpHHOBOrO IJ;HKJia. CHrHaJI 

8TOH rpynnhl npoHBJIHeTCH B BH,D;e TpHnJieTa (] =1,40+0,l I'n;) H3-3a µ;aJib

HeH cnHH-CilHHOBOH CBH3H c npoToHaMH CH2-rpynilhl H30IJ;HKJIH'leCKoro 

KOJibn;a. 3KcnepHMeHThl no H:30 npoµ;eMOHCTpHpOBaJIH, 'ITO µ;aHHhlH CHrHaJI 

yCHJIHBaeTCS npH HaChlIIJ;eHHH CHrHaJia Me30-IlpOTOHa C 6=9,97 M.,ll;. 0,D;HO

BpeMeHHO Ha6JIIO,D;aeTC8 CHrHaJI MeTHJieHOBhlX npOTOHOB 8THJibHOro aa

MeCTH(l'eJIH B IlOJIOlKeHHH 8 (6=4,13 M.µ;.). 06Jiy'leHHe CHHrJieTa npH 

3,68 M.,lJ;. npHBO,ll;HT K ycHJieHHIO H3BeCTHOrO ylKe CHrHaJia C 6=4,13 M.,ll;. H 

CHrHaJia Me30-Ilp0TOHOB C 6=9,99 M.,lJ;. B CBOIO O'lepeµ;b, HaChlIIJ;eHHe IlOCJieµ;

Hero npHBO,ll;HT K yCHJieHHIO CHrHaJIOB npH 3,68 H 4,01 M.,lJ;. CJie,D;OBaTeJibHO, 

BTOpas 8THJibHa8 rpynna HaXO,ll;HTCS B IlOJIOlKeHHH 3. 

XHMll"leCKHe CAJIHrH, M. ,!I;., 

no IIMP-cneKTpaM H H3MepeHHHM HOO 

3aMeCTHTeJib Kom~eHTpall,HH rropcllHPHHOB, MOJib / n .H9O * 

20-H 
5-H 
10-H 
1151-CH2 
8-C2Hs 
17-C2H s 
131-CH2 
3-C2H s 
l8-CH3 
7-CH3 
12-CH3 
2-CH3 

2-10- 4 

10,07c 
10,0lc 
9,99c 
5,48M 
4,15K, 1,89T 
4,14K, 1, 79T 
4,10M 

4,02K, 1,85T 
3,70c 
3,69c 

3,60r(J =1,4 fn;) 
3,57c 

7-10- 3 

10,03 
9,99 
9,97 
5,37 
4,13, 1,88 
4,05, 1,75 
4,03 
4,01, 1,85 
3,66 
3,68 
3,57 
3,56 

3,56, 3,66 
4,01, 3,68 
4,13, 3,57 
4,05, 4,03 

10,03, 4,05 
999, 4,13 

10,03, 4,01 

* IIpHBe,!leHbl XHMWieCKHe C,!IBHrH CHrHaJI0B, yCHJIHBaIOID;HXCH IIPH o6JIY,.IeHHH 

CHrHaJia C0OTBeTCTBYIOID;ero aaMeCTHTeJIH B rrepBOH K0JI0HKe. 

06Jiy'leHHe CHrHaJia C 6=3,56 M.,lJ;. Bhl3hlBaeT YCHJieHHe CHrHaJia KBapTeTa 

npH 4,01 M.,lJ;. H Me3o-H npH 10,03 M.µ;., a o6Jiy'leHHe IlOCJieµ;Hero - CHHrJie

TOB npH 3,56 H 3,66 M.,ll;. HaChlIIJ;eHHe CHrHaJia c 6=3,66 M.,lJ;. Bhl3hlBaeT 

yCHJieHHe CHrHaJIOB c 6 10,03 H 4,05 M.,lJ;. IlocJie,D;HHH Ha6JIIO,D;aeTC8 TaKlKe 
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rrpH Hacbl~eHHH cHrHaJia 15
1
-CH2-rpynnM H30IJ;HKJIH'lecKoro KOJibIJ;a 

(5, 37 M.,n;.) H, CJie,n;oBaTeJibHO, npHHa,n;JiemHT 3THJlbHOH rpynne B IIOJIOme

HHH 17. TaKHM o6pa30M, IIOJiy'leHHble ,n;aHHble O,Zl;H03Ha'IHO COOTBeTCTBYIOT 

CTpyKType 13,15-aTaH0-2, 7 ,12,18-TeTpaMeTHJI-3,8,17-TpH3THJIIIOpq>HpHHa, 

HHa'le ,n;e30KCOq>HJIJI03pHTp03THOIIOpq>HpHHa ( coe,n;uHeHHe I). 
Ilo ,n;aHHblM .H30 MO)KHO He TOJibKO cy,n;HTb O xapaKTepe pacnpe,n;eJieHH.H 

OT,D;eJibHblX 3aMeCTHTeJieii no KOJibIJ;Y nopq>HpHHa, HO H YCTaHOBHTb HeKOTO

pbie 3aKOHOMepHOCTH, CB.H3RH}Jble C H3MeHeHHeM KOHIJ;eHTpau;HH nopq>HpH

Ha. KpoMe o6~ero C)J;BHI'a CHI'HaJIOB B CHJlbHOe IIOJie, npH IIOBbllleHHH 

KOHIJ;eHTpau;HH nopq>HpHHa H3MeH.HeTC.H OTHOCHTeJibHOe IIOJIOmeHHe CHI'Ha

JIOB 7- H 18-CH3- rpynn. Hay'leHHe KoHu;eHTpau;it:oHHOii aaBHCHMOCTH XHMH

tJ:eCKHX C,ll;BHI'OB IIOKa3aJIO, 'ITO HaH6oJiee 'IYBCTBHTeJlbHbl K H3MeHeHHIO 

KOHIJ;eHTpau;HH 3aMeCTHTeJIH B KOJibu;ax C H 4, BKJIIO'la.H IJ;HKJIOIIeHTa

HOBoe KOJibIJ;O. IlpHBe,n;eHHa.H Ha puc. 2 3RBHCHMOCTb IIO,Zl;TBepm,n;aeT npa

BHJlbHOCTb OTHeCeHH.H 7- H l8-CH3- rpynn. BepOHTHO, CTepH'leCKHe B3aHMO

,n;eiiCTBH.H npH HRJIH'IHH aJIKHJibHOI'O aaMeCTHTeJI.H B IIOJIOmeHHH 17 npH

BO,ll;.HT K OTKJIOHeHHIO OT IIJIOCKOCTH KOJieu; c H 4 . BCJie,D;CTBHe MRI'HHTHOH 

aHH30TpOIIHH KOJibIJ;eBOI'O TOKa coce,n;HHe MOJieKyJibl 6y,n;yT CHJlbHee 3KpaHH

poBaTb npOTOHbl aaMeCTHTeJieii 3THX KOJieu; [8]. IloJiy'leHHble ,n;aHHbie 

yKa3blBRIOT TaKme Ha TO, 'ITO CHI'HaJibl aJIKHJibHblX 3aMeCTHTeJieii B KOJibIJ;e 

A B npe,n;eJiax npHMeHHeMbIX KOHIJ;eHTpau;uii C,ll;BHHYTbl B 6oJiee CHJlbHOe 

IlOJie no cpaBHeHpro C ,n;pyI'HMH. 

P Hc. 2 
K oHii;eHTpa n;HOH HaSI 3aBHCHMOCTb 

XHMHtJ:eCKHX C,1J;BHI'OB: J - 7- H 2 -
l8- CH3-rpy nrra nopqmpH Ha (c o e 
,1J;HHeHH e I) 

• 

0,N.,ll. 

3,70 

2 

3,65 ........,.4--,---.---r--r----r-a.-~-....----,------,---r-
10- I - 10-2 

KOHUeHrp□ U11R nopqrnp11H06 J MOJ!b / JJ 

TOT q>aKT, 'ITO OCHOBHblM npe,n;cTaBHTeJieM nopq>HpHHOB ,ll;HKTHOHeMOBOI'O 

ropIO'lero cJiaHu;a HBJI.HeTc.H coe,n;uHeHHe I, B o6~ux qepTax coxpaHHBmee 

CTpOeHHe yrJiepo,n;HOI'O CKeJieTa XJIOpOq>HJIJia a, CBH,D;eTeJibCTByeT O npeo6Jia 

,n;aHHH B op,n;OBHKCKOM 6acceiiHe ce,n;HMeHTaIJ;HH 6HOJIOI'H'leCKHX CHCTeM, 

KOTOpble B OCH OB HOM co,n;epmaJIH 3TOT q>OTOCHHTe3Hp yIO~HH IIHI'MeHT. 

K TaKHM CHCTeMaM B nepByIO oqepe,n;b OTHOC.HTC.H CHHe3eJieHble BO,D;OpOCJIH, 

B COCTaB KOTOpbIX H3 TeTpanuppOJibHblX IlHI'MeHTOB BXO,D;HT TOJibKO XJIOpO

q>HJIJI a. CJie,n;yeT OTMeTHTb, 'ITO, COI'JIRCHO o6~enpHH.HTOH TO'IKe apeHHH, 

HMeHHO CHHe3eJieHble BO,D;OpOCJIH 6MJIH I'JiaBHblM HCTO'IHHKOM opraHH

tJ:eCKOI'O Be~ecTBa ,ll;HKTHOHeMOBOI'O CJiaHu;a [9]. 
MaJIOBepO.HTHO, 'ITO B o6pa30BaHHH ,ll;HKTHOHeMOBOI'O CJiaHu;a aKTHBHO 

yqacTBOBaJIH TRKHe nJiaHKTOHHble opraHH3Mbl, KaK ,ll;HHOq>JiareJIJIHTbl, 

,n;HaTOMeH HJIH 6ypble BO,n;OpOCJIH, IIOCKOJibKY Tor,n;a q>OCCHJIH30BaHHoe opra

HH'leCKOe Be~eCTBO ,Zl;OJl)KHO 6MJIO 6bl co,n;epmaTb npeuMy~eCTBeHHo npoH3-

BO,ll;Hble XJIOpOq>HJIJia c, no,n;o6Hble He,n;aBHO H,n;eHTHq>HIJ;HpOBRHHblM B MeC

ceJibCKOM I'OpIO'leM CJiaHu;e [10, 11]. He HCKJIIO'leHa B03MO)KHOCTb yqacTH.H 

HHOI'O BO,D;OpOCJieBOI'O MaTepHaJia, B KOTOpOM, Haps,n;y C XJIOpOq>HJIJIOM a, 
B He60JibillHX KOHIJ;eHTpau;usx HMeIOTC.H ,n;pyrue BH,ll;bl IIHI'MeHTOB. ;z:J;aJibHeii

mee HCCJie,n;oBaHHe CTPOeHH.H nopq>HpHHOBblX coe,n;HHeHHii, npHCYTCTBYIO

~HX B ,ll;HKTHOHeMOBOM CJiaHu;e B IlO,ll;'IHHeHHblX KOJIH'leCTBax, ,n;acT B03-
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M0)KH0CTb 6onee A0CT0BepH0 CYAHTb 06 yqacTHH 0TAeJibHblX npeACTaBHTe
Jieii: 0PA0BHKCK0ro 6Ho:a;eH03a .B o6paaoBaHHH opraHH'leCKoro Bem;eCTBa 
aToro cnaH:a;a. 
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A. M . SHULGA , 0. V . SEREBRENNIKOVA, T. K. MOZZHELINA 

VO-DESOXOPHYLLOERYTHROETHIOPORPHYRIN - THE MAJOR 
REPRESENTATIVE OF PORPHYRINS OF DICTYONEMA SHALE 

By using double resonance and Oberhauser nuclear effect data and PMR-spect
roscopy the structure of the major representative (C32) of vanadyl porphyrins . 
of dictyonema shale was established. The pecularities of the C32 structure indi
cate its formation from chlorophyll whose source material may have been blue
green algae. 
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