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1. BBe;qem1e 

JlH¢paKI.J,HH peHTreHOBCKHX ~yqe0 HCilOJlb8Y8TCH A~H HayqeHHH 

CTPYKTYPH A~HHonepHOAHblX nem.ecTB, B TOM tmc~e H 6Ho~orHqecKHX 

06WKTOB [1,2].9ToT MeTOA HBJIH8TCH aqx;I)eKTHBHHM npH HayqeHHH CTPYK

TYPH 6HOJIOrHqecKHx H MOA8JlbHbIX MeM6paH [3-7). Tart, HailPHMep, TO 

qTQ CTPYKTYP3 MeM6paH HBJIH8TCH 6HCJIOAH00, Bil8PBH8 6HJIO Il0Ka83HO 

HMeHHO c IlOMOill;bID AH$PaKUHH peHTreHOBCKHX JiyqeR [3]. 9TOT peayJibT3T 

HBJIHeTCH OAHHM H8 OCHOBHblX AOCTH:llteHH0 B HayKe o- KJieTKe. IllHpoKHe 

B08MOJIIHOCTH MeTOA IlP8AOCTaBJIH8T npH H8ytl8HHH ttiaaoBbIX nepeXOAOB B 

MeM6paHax [4], a Trut:ir.e HayqeHHH Jl8Hr~pOBCKHX n~eHOK [8]. 

OAHaKO HayqeHHe, YK8,33HHHX Bblllle o6WKTOB Tpe6yeT TaK HaBHBa

eMbIX, MaJioyrJIOBbIX AH$PaKTOMeTpOB, KOTOpHe HBJIHIOTCH MeHee AOCTYilHH

MH AJIH nrn:poKOro Kpyra HCCJI8AOBaTeJie0. Oco6eHHO aqxpeKTHBHHM Hayqe

HHe CTPYKTYPH M8M6paH HBJIH8TCH npH COBM8CTHOM HCil0Jlb80BaHHH 

AH$PaKI.J,HH peHTreHOBCKHX Jiyqe~ H He8TpoHOB [9). Hatrn:HaH c 1984 ro

Aa, B Jia6opaTOPHH He8TPOHH08 $H8HKH OJ1ID1 IlPOBOAHT HCCJI8AOBaHHH 

CTPY~YPH JIHilHAHHX H 6HOJIOrHqecKHx MeM6paH c IlOMOill;bID AH¢paKI.J,HH 

H8~TPOHOB [ 10]. llpaKTHKa IlOKaaaJia He06XOAHMOCTb KOMilJieMeHTapHoro 

(C IlOMOill;bID AH@aKI.J,HH peHTreHOBCKHX Jiyqe0 H HeRTpOHOB) HCCJI8AOBaHHH 

3THX 06WKTOB. 

B AaHH08 pa6oTe IlOKa3aHO, qTo cepH0HO BHilYCKaIDmH8CH npoMblm

JieHHOCTbID peHTreHOBCKH8 AH¢paKTOMeTp JlP()H, 06HqHo HCilOJibayeMbl8 

AJIH HayqeHHH KpHCTaJIJIOB C IlOCTOHHHHMH pemeTKH B HeCKOJlbKO aurcTpeM, 

MO:llteT 6b1Tb JierKo aAaDTHpoBaH AJIH HCCJI8AOBaHHH AJIHHHOnepHOAHblX 
0 

CTPYKTYP c xapaKTepHHMH nepHOAaMH IlOBTOpHeMOCTH AO ~ 150 A. 



2.MaTepHaJibl H MeTOAhl 

J\.PeHTreHOBCKH8 ~HWPaKTOMeTp JlPOH 

J13MepeHHH npoBO'AHJIHCh Ha MO~epIDI3HpOBaHHOM B JIH~ OJIBH 'AHcf)paK

TOMeTpe .1{POH C YilPaBJieHHeM H3MepeHHHMH H perHCTPaIU-1e8 'AH$PaKIU10H

HblX cneKTpOB Ha PC/XT [ 11]. .I{aHHbrn 'AHcbPaKTOMeTp npe'AHaaHa'tleH 'AJIH 

IllHPOKOro Kpyra CTPYKTYPHblX HCCJie'AOBaHH8 KPHCTaJIJIH'leCKHX MaTepHa

JIOB. B Ka'leCTBe HCTO'lHHKa peHTreHOBCKOro H3JiyqeHHH HCnOJih30BaJiaCh 
0 

Tpy6Ka C Me'AHblM aHO'AOM C 'AJIHH08 BOJIHhl R..L JIHHHH 1.54 A • .I{Jm MOHOX-

POMaTH3flnHH nyqKa HCnOJih30BaJICH HHKeJieBhl8 cf)HJihTp. 

IlpH C'heMKe 'AHcbPaKIJ,MOHHblX cneKTpOB OT opHeHTHPOBaHHblX H HeOpH-

8HTHpoBaHHblX MYJihTHCJI08HblX MeM6paH H Jl8HI'M10POBCKHX IlJ1€HOK Ha TOH

KllX ITJIOCRHX IIO,n;JIOEKax IIpHMeHBJiaCI> cf)oKYCHPOBKa no Bpary-BpeHTaHO. 

CneKTphl B 8TOM CJiyqae H3MepHJIHCh IlPH CHHXPOHHOM BpaIIJ,€HHH 'A€TeKTopa 

H o6paaua BOKpyr B€PTHKaJihH08 OCH roHHOMeTpa. IlPOXO'AHIIJ,eA qepea 

U€HTP ero Kpyr~. IlPH'leM yrJIOBaH CKOPOCTb BpaIIJ,eHHH ~eTeKTopa B'ABOe 

60Jihllie yrJIOBOA CKOpOCTH BpaIIJ,eHHH o6paaua, T.O. ocyru.ecTBJIBeTCH TaK 

Ha3hlBaeMoe CKaHHPOBaHHe 8 - 28. 

HeopHeHTHPOBaHHhle JIHnH'AHhle ~HcnepCHH B KBapueBhlX KallHJIJIHpax 

H€B03MO.l!'.HO IlOM€CTHTh B IlJIOCKOCTH I'OJIOBKH I'OHHOMeTpa, npoxo~HIIJ,e8 

qepea era OCh BpaIIJ,eHHH H o6paaeu 0Ka3hlBaeTCH Bhl'ABHHYTblM no OCH 

nyqKa P€HTreHOBCKoro H3JIY\l€HHH B CTOPOHy ~eTeKTOpa Ha~1 CM. MoJrJio 

IlOKa3aTh, 'lTO B 3TOM CJiyqae B 06JiaCTH MaJihlX yrJIOB 'A€TeKTopa 29 HC

THHHbrn yroJI pacceHHHH 2e~ paBeH 

2.8u::::: 2.f; ( !l.+X/R.) • (1) 

2 ·,.r 

rAe x - paCCTOHHHe, Ha KOTopoe BH,l{BHHYT o6paaeu. R - paccTOH-_ 
' . 

HM€ OT ueHTpa roHHOMeTpa 'AO 'AeTeKTopa B CJiyqae aeopHeHTHPOBaHHHX 

MeM6paH B KBapueBHX KaIIHJIJIHpax o6paaeu IlPH H3MepeHHH 'AHcf)paKIJ,MOHHHX 

cneKTpoB OCTaBaJICH HeilO'ABH.l!'.HblM H CKaHHpoBa.HHe OCYm9CTBJIHJIOCb TOJih-

~\ KO 'AeTeKTOpoM peHTreHOBCKOI'O H3JiyqeHHH. 

$' 

.... 

"' 

)lJm J)erHCTPaIU-IH peHTreHOBCKoro HaJiyqeHHH HCnOJih30BaJICH TO'tleq

Hbrn CUHHTHJIJIBUHOHHbrn neTeKTop. 

B.ll,nHHHOnepHOAHhle o6paa1Jb1 AJIH peHTreHOCTPYKTyPHhlX HCCJieAOBaHH8 

)lJm H3MepeHH8 HCnOJih30BaJIHCh opHeHTHPOBa.HHble H HeopHe.HTHpo

Ba.HHhle JIHilH'AHble H 6HOJIOI'H'tlecKHe MeM6paHhl. 

JieHrMJOpOBCKHe IlJI€HKH H3 70 CJIOeB CTeapaTa Ka'AMHH 6hlJIH 

noJiyqeHhl B JiHCTHTyTe KpliCTaJIJiorpaqm:a AH CCCP. 

Bb!COKOOpHeHTHPOBa.HHble MeM6paHhl H3 DPPC (~20 Mr) (1,2-nHnanh

MHTOHJI-sn-rJIHuepo-3-cf)occf)oxoJIHHa) (npO.IIJ3BO'ACTBa cf)HpMbl "SERVA") 6hlJIH 

npHrOTOBJieHhl no MeTOnY, H3JIOJK.eHHOMY B pa6oTax [11,121, Ha KBapueBo8 

noJIHPOBaHHO:A nonJioJKKe pa3M0pOM 25x25 MM.2 • 

OpHeHT.IIJpoBa.HHhle MeM6paHhl H3 Halobacterium halobium (TaK Ha3hl

BaeMhle nypnypHhl~ MeM6paHhl) IlOJIY'laJIHCb paaMaahlBaHHeM BO'AH08 'A.IIJCnep~ 

C.IIJ.IIJ 8T.IIJX MeM6paH Ha Ma8JiapoBo8 nJieHKe C nocJie,m,JOID,HM MenJieHHhlM .IIJC

napeH.IIJeM paCTBOP.IIJTeJIH H3 paCTBOpa . 

HeopHeHTHPOBa.HHhle o6paaUl:,l .IIJ3 HH'lHOro JI€UHTHHa H JIOKaJibHoro 

a.HeCT€T.IIJKa renTaKa.llJH-rH'APOXJIOPH'Aa (~ 5 Mr), npHI'OTOBJieHHble B YHH

Bepc:1-1TeTe HM. H. RoMeHCKoro. r. BpaTHCJiaBa, HaHOCHJIHCh Ha TOHKYJ() 

Ma:AJiapOBYJ() nonJioJKKy H PaBHOMepHO paaMaahlBaJIHCb no He8 TOHKHM CJIO

eM. HeopHeHTHPOBaHHhle MYJlhTHJiaMeJIJIHpHhle 'AHCnepcHH H3 DPPC B H36hlT-
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Ke BO.l{bl (KOJIMqeCTBO MOJieKYJI BO.l{bl Ha MO.IleKYJIY JIMilH.l{a flw = 30) 6blJIH 

npHrOTOB.Il8Hbl B TOHKOCTeHHOM KBapueBOM KaIIIlHJIHpe (~Pr) C ,l{HaMeTPDM 

1 MM. 4 Mr JIHn~a,pacTBOpeHHoro B 4 MK.JI x.nopoqx:>pMa,onycKa.Jrn Ha .!{HO 

KaIIH~pa ueHTPHWI'HPOBaHMeM. Iloc.ne IlOJIHoro MCnapeHMH qx:>pBaKYYMHHM 

HaCOCOM opraHMqecKoro pacTBOPHTeJIH .l{06aBJIBJIOCb 4 MK.JI H2 o. o6paaeu 

B~epJKMBaJICH .!{a.nee B TeqeHMe 8 qacoB IlPM T = 60°C (TeMnepaType Bhl

me OCHOBHOro qJaaOBoro nepexo,l{a) H ueHTPH~YrHpOBaJICH. 

-3.RoJIJIHMaIJ,HH peHTreHOBCKOro IlY'lli',a AJIH MaJIOyrJIOBblX HCCJieAOBaHHA 

BoJibmHHCTBO 6HOJIOrHqecKHX H JIHilH,l{HblX MeM6paH HMeKYl' nepHO.l{ 
0 

IlOBTOpHeMOCTH d MeHhme 100 A. 3To 03HaqaeT. qTo H3MepeHHH .l{H~PaK-

UHOHHill!: cneKTPOB Ha.l{O BeCTH, HaqHHaH C MaJiblX yr.noB pacceHHHH 

2.g.....,,,,_ ,-.J 2 aY--c'::>1n ( )-../2d)"' 0.9° (2) 

B .l{H~paKTOMeTpe KOHCTPYKTHBHO npe.l{yCMOTpeHo pacnoJIOJr.eHHe .ItBYX 

qx:>pMHPYIOIIU1X nyqoK IIJ,eJieH , pacno.nmr.eHHblX B6JIH3H BblXO,l{HOrO OKHa 

peHTreHOBCKOH TPY6KH Ha paccTOHHHH 10 MM ,l{pyr OT .l{pyra. Ilpo6.neMa. 

KOTOpaH 06bfqHo B03HHKaeT IlPH pa6oTe Ha MaJiblX yrJiax, - STO OOJU,lllO!t 

c!xrn B o6nacTH IIpHMoro IIYtJKa ,B03HHKa!OJUHll KaK H3-3a n.noxo8 ero KOJI.nH

MaUHH, TaK M M3-3a napaaHTHOro pacceHHMH Ha KPaHX BTOpo8 IIJ,e.nH. 

)l.nH .nyqme8 KOJIJIMMaUHH nyqKa-Mbl HCilOJib80BaJIH BTOPYIO IIJ,eJib C 

paaMepaMH 0.05 MM. H3M8HHH yrJIOBOe IlOJIOJr.eHHe peHTreHOBCKOH TPY6KH, 

MO.lKHO YMeHblliaTb pacXO,l{HMOCTb nyqKa, aa cqeT yMeHbllieHHH BH,l{HM08 

IlJIOIIJ,a,l{M qx:>KYCH,oro IlHTHa peHTreHOBCKOH TPY6KH. 3TOT yro.n npH HCCJie

,l{OBaHHl-1 opHeHTHpOBaHHb!X o6paauoB COCTaBJIHJI 1°. a HeopHeHTHPOBaHHblX 

- 60. 
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YMeHbllieHHe napaaHTHoro pacceHHHH OT BTOpoH IIJ,eJIH .l{OCTHra.nocb 

IlOMeIIJ,eHHeM nepe,l{ o6paauoM H8 HeopHeHTHpoBaHHill!: MeM6paH B KBapueBOM 

KaIIHJI.1.IHpe TpeTbe8 IIJ,eJIH. ()6b(qHO B KaqecTBe IIJ,eJIH HCI10Jib30BaJIOCb OKHO 

B .l{8PJl'8Te.ne o6paaua paaMepaMH 0.4 X 5 MM. naHHaH CHCTeMa KOJIJIHMa

UHH nyqKa HBJIHeTCH TPa,llHUHOHH08 H HCI10Jib8Y8TCH B MaJIOyrJIOBill!: peHT

reHOBCKHX .l{H~paKTOMeTpax H KaMepax (1,2]. MHHHMa.nbHlrn' yro.n c KOT0-
0 . 

poro MO:IKHO B_eCTH H8MepeHHH, COCTaBJIHeT IlOPH.l{Ka 0. 5 . 3To 08HaqaeT • 

qTo B08MO.lKHbl HCCJI8,l{OBaHMH CTPYKTYP C 60.nbmHMH nepHO.l{aMH IlOBTOpHe-
0 >- . o 

MOCTH BilJIOTb .l{O 150 A. XOTH c\ _....~~ ~ I E3 ~ i &O A 
. ..... 2•5h 1-a 

HO He06XO.l{HMO yqHTblB3Tb, qTo .l{H~paKUHOHHble IlHKH HMeJCYl' mHPHHY ~0.1°. 

OcTCYTCTBHe TpeTbe8 KOJIJIHMaUHOHHOA IIJ,eJIH B c.nyqae C'beMKH peHT

reHorpaMMbl OT opHeHTHPOBaHHoro o6paaua Ha IlO.l{JIOJKKe IlPHBO,l{HT K no

HBJieHHIO xapaKTepHoro "n.neqa" B o6JiaCTH ,llO 29 = 2°aa cqeT napaaHT

Horo pacceHHHH Ha KpaHX BTopoA IIJ,e.nH (pMc. 3,4). 

)l.nH Bcex H8MepeHMH BXO.l{HaH IIJ,eJib ,lleTeKTopa peHTreHOBCKOro H3-

.nyqeHHH COCTaBJIHJia 0.25 MM. PaaperneHHe MO.lKHO oueHHTb c IlOMOlll,blO H3-

B8CTHOA clx:>PMYJibl 

(•dd) 2
, ( •/ r • d 3•g•e," • (3) 

r,lle A..\ - Heonpe,lleJieHHOCTb B _,ZIJI:11He BO.IlHbl Ila.l{aJOIIJ,ero H3JiyqeHMH 
0 

( paBHaH ,., 0. 004 A - pacCTOHHHIO Me}K,Zly KoL, H Jt,,.2JIHHHHMH ,ll.IlH M8,llHOro 

aHO,lla). a AG - yrJIOBaH Heonpe,lleJieHHOCTb. YtIHTblBaH, I.ITO Ha Ma.IlblX 
2 -Z. 1 l 

yr.nax ctg8 ~ 1/8, a TaKJKe TO, qTo Ae = A 9~ + A 9$ + A 9t>, r,ne r, 0':;. -

co6cTBeHHo pacxo,n.11MocTb na,naJOIIJ,ero Ha o6paaeu nyqKa, H Ae~•~e~- yr

JIOBhle Heonpe,ne.neHHOCTH .11a-aa KoHeqHoro paaMepa o6paaua H ,lleTeKTopa 

COOTB8TCTB8HHO. nJIH ,llaHHill!: yc.noBHH 3KCilepHMeHTOB ~8~1.5x10-~ Pa.I{, .... e, . 

o. e;10-~ pa.I{, r. et> ""o. 6x10- 3 pa.I{, l-1 Tor .na clx:>PMY .ny ( 3) Mo:11t1-:10 nepen11caTb 
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0 -? 
~JIB d = 50 A ( 86 = 1. 5x10 pa,n) 

- - + --- ~ lO :2. "(4) (
6d)

2-(~-I0-:!)) 2 (I.S·lO-~li. _ 
cl !. 51.f 15 •10·~ •. 

B peayJibTaTe cneUHaJibHOH KOJIJIHMaUHH nepBH'llHOro nY'IKcl peHTre

HOBCKHX .nyqe~ HYJ!b mKaJibl yr.na pacceHHHH (no.nO:ll'ieHHe npHMOro nyqKa) 

MOJmT HeCKOJibKO CMeIIJ,aTbCH,H 3TO Ha Ma.JlblX yr.nax npHBOnHT K aHaqH

TeJlbHHM onm6KaM npH Bl:NHC.IleHHH nepHona nOBTOpHeMOCTH. l{.nH Ha6eJKa

HHH onm6oK npHMeHH~Cb ABe npoue,nypH npH onpene.neHHH d. Bo-nepBbIX, 

IlYT8M CKaHHPOBaHHH A8T8KTOpoM IlPHMOro nyqKa B08MO:IKHO 6wo onpene

JIHTb C TO'llHOCTbID ~0.02 HYJlb ll!Ka.llli. Bo-BTOPHX, HCnOJib80Ba.JICH ~6-

POBO'l!HHR o6paaeu C H8BeCTHHM nepHonoM d. KpoMe Toro, n.nH MY.IlbTH.Ila

MeJIJIHpHhlX CTPYKTYP noHBJIHeTCH em,e onHa B03MO}KHOCTb onpene.neHHH Hy

.JIB IIIK8Jibl 29 no yr.nOBOMY paCCTOHHHID MeJll,Z{y nH~PaUHOHHHMH nHKaMH, KO

TOpHe B 3TOM CJlyqae pacnOJIOJmHH 3KBH'AHCTaHTHO. 
. 0 

CKaHHPOBaHHe no yrJJy 2e ocym,eCTBJIH.IlOCb c maroM 0.02~0.05, 

BpeMH H8MepeHHH Ha onHoM mare COCTaBJIHJIO 2 - 16 ceKyHn. 

4.Peay.IlbTaTH H8MepeHHH H o6cy.lK,I{eHHe 

Ha PHC.1 nOKaaaHa peHTreHorpaMMa OT opHeHTHPOBaHHOH MeM6paH~ 

DPPC Ha KBapueBOH nonJJoJKKe npH T ~ 20°C H OTHOCHTeJlbHOH BJlcUIUIOCTH 

napoB ~ ~ 60% (d = 58A H n = 4). OrqeT.nHBo BHnHH qeTHPHa.nUaTh no-w 

PHAKOB OTP8Jl(eHHH. BpeMH H3MepeHHH Bcero cneKTpa COCTaBJIHJIO ~ 2 qa-

ca, BKJJID4aH BpeMH,Heo6xonHMoe n.JIB HaMepeHHH yrJJa pacceHHHH. 

BpeMH H3MepeHHH peHTreHorpaMMJi OT .naHrMJOPOBCKOH ITJleHKH H3 

CTeapaTa KaAMHH (T ~ 20°C) COCTaBHJIO ~ 1.5 qaca (pHc.2). Bburn Ha

MepeH~ nBeHanuaTb nopHnKOB OTprut'ieHHH. 

6 

!\ 
V 

~ 

100 000 

10 000 

1000 

DPPC, Lr-,', nw = 4 

oriented sample 

0 4 8 12 16 20 24 

20 ( d<iSJ) 

PHc.1.PeHTreHorpaMMa opHeHTHPOBaHHhlX Ha KBapueBOH nonJJol!IKe MYJlb-

THCJIOHHblX MeM6paH H3 DPPC B L¢ - ilaae. T = 20°c. 't' = 60 %, 

Ko~qecTBO Mo.neey.n BonH Ha MOJleKy.ny JJHnHna nw = 4 
0 

nepHon ITOBTOpHeMOCTM paBeH 58 A. 

10 000 

1000 

100 

10 

1'----'~-----'--~----'-----<---~-~ 
0 10 15 20 25 JO 35 

28 (ch3) 

PHc.2.PeHTreHorpaMMQ OT Jl3HrMJOpOBCKHX nJJeHOK CTeapaTa Ka,l{MHH (70 
0 

CJIOeB) Ha nJIOCKOH KpeMHHeBOH non.noJKKe T = 20°c, d = 46 A. 

25000~-----------------~ 

20000 

15000 

10000 

5000 

EVL • Anesletik (XIX) 

L.,a• , nw = 15 

0 ., J 4 5 

O 1 
2 

29 (dC(!) 

PHc.3.3aBHCHMOCTb HHTeHCHBHOCTH peHTreHOBCKHX .nyqeH OT yr.na 2B nJJH 

HeOpHeHTHP0BaHHblX MYJlbTHCJIOHHblX MeM6paH H8 CMeCH HH'llHOro JJe

UHTHHa ( EYL) H JIOKa.IlbHOro aHeCTeTHKa reilTaKaHHa (XIX) npH 

n w= 15, T = 20°c. 
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Ha PHC.3 npe~CTaBReHa peHTreHorp~a OT HeopHeHTHpOBaHHl:lX 

MeM6paH HS CMeCH ReJ..U,lTHHa H renTaKaHH rH~pOXROPH~a. HaHeceHHOro Ha 

IlROCKYKJ IlO~RO:IKKY npH 60RbillHX co~epJKaHHHX BO~bl (T ~ 20°C, nw = 15). 

BpeMH HSMepeHHH cneKTpa - 5 MHH .. 

ZlH¢Pa.KUHOHHhIH cneKTP OT HeOpHeHTHPOBaHHblX MeM6paH HS DPPC B 

HS6blTKe BO~hl. IlOMemeHHblX B KBapueBH8 KailHRRHP noKaSaH Ha PHC.4 (T 

~ 20°C, nw = 30). BpeMH HSMepeHHH cneKTpa - 5 MHH .. 

BaJKHyID HH(p()pMaJ..U,iID O CTPYKType MeM6paH MO]KHO IlORyqHTb, HsyqaH 

HX RaTepMbHYID opraHHSaJ..U,IID. Ha CRe~ylOlll,MX PHCYHKaX noKaSaHbl BOSMO*

HOCTH ~H¢PaKTOMeTpa B 3TOH 06RaCTH. 

JlH¢paKJ..U,IH OT yrReBo~op~HblX uenen - Ba]KJ-lblH HHCTpyMeHT HsyqeHHH 

qla30Bl:lX nepexo~OB B MeM6paHax. Ha PHC.5 noKaSaH yqacTOK ~H~paKJ..U,1-

0HHOro cneKTpa oT npe~H~mero o6paaua. Bl1~eH peqi.neKc oT yrReBo~o

po~HhIX uenen ( 4. 2 Af.,,_ c xapaKTepHhIM nReqoM co cTopom,1 60R1mHx yr

ROB, COOTBeTCTBYIDUU1X YilaKOBKe yrReBo~opo~HblX uenen, HaKROHeHHblX no 

OTHOilleHHID K HOPMMH IlROCKOCTH 6HCROH BL~, - qiaae [4]. BpeMH HSMe

peHHH - 6 MHH. 

IllHPOKHH pe(p.IleKc (4.6 Af.1 OT HeopHeHTHPOB3HHhIX MeM6paH HS HJ,fq

Horo R8J..U,1Tl1Ha (EYL) B HS6blTKe BO~bl (npH T ~ 20° C), noMemeHHblX B 

KBapueBblJ.1 KanHRRHP, COOTBeTCTBYeT ynaKOBKe uenen B Le,1.. - (flase [ 14] 

( PHC. 6). BpeMH HSMepeHHH COCTaBJIBRO - 6 MHH .. 

Ha pHC.7 IlOKaSaHa peHTreHorpaMMa OT 6HOROrHqecKHX MeM6paH -

MeM6PaH Halobacterium halobium, o~HoA HS c~blX nonyRHPHhIX CTPYKTYP 

Y HCCRe~oBaTeReR, HsyqalOlll,MX (p()TOCl1HT8S (15]. 8TH MeM6paHbl IlPHBRe

KaIDT CBOeH OTHOCHTe~HOH npoCTOT03 ~ OHH co~ep:ll'aT TORbKO O~HH THil 

6e~Ka - 6aKTepHOPO'AOilCHH, KOTOPhl~ opraHH80BaH B n~OCKOCTH MeM6paH 

B TPHa~bl, 06paayroUU1e B CBOID oqepe~b reKcaroHMbHble YilaKOBKH C noc-
0 

TOHHH03 pemeTK11 ~ 62.5 A. Ha PHCYHKe npe~CTaBReHa ~H~paKJ.U10HHaH 
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al, 'i':-::::r'::'.,' ~I 
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28 ( dC,:\) 

PHc.4.PeHTreHHorpaMMa MyRbTHRaMeRRHpHo3 ~HcnepcHH DPPC B H86blT-

Ke BO~bl (n~= 30) B_reRh-(flase, noMemeHHOH B KBapueBblJ.1 Kanl1R

RHp. T =·20~C,d= 64.5 A. 
I 

800 

600 

400 

200 

DPPC,L./3, 

hydrocarbon 

o~~-~-~-~~-~ 
17 18 19 20 21 22 23 

20 (ctag) 

PHc.5.l{H~paKJ..U,IH 'OT yrReBo~opo~HhIX ueHe3 ~HcnepcHH DPPC B H36hITKe 
0 

BO~bl, B Lip' - (flase. PeqJJJeKC c d = 4. 2 A. 
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400 
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200 
EYL, Lo( 

hydrocarbon 

100 I- chains 

o~~~ 

15 16 17 18 19 20 21 22 

20(ck13) 

PHc.6. P~HTreHorpaMMa OT ,llHCTiepcHH HH4HOI'O R8J..U,1THHa B 1136blTKe BO,llbl 
0 0 

IIP11 T = 20 C, d = 4. 6 A. ( 1Kl1.ztKaH LoL- qla.3a) 
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12 14 

PHc.7.JlaTepanbHaH AHqJpaKUHH OT MeM6paH Halobacterium halobium. 

T = 20°C.· 

KaPTHHa OT JiaTepa.nbH08 ynaKOBKH 6eJIKoB. OOpaaeu pacnoJiaraeTcH nep

neHAHKYJIHPHO OCH mmaIOm.ero nyqKa peHTreHOBCKHX Jiyqe11:. 

Bo Bcex nepeq11eJieHHhIX Bblllle CJiyqaHx onpeAeJleHHble CTPYKTYPHble 
I 

napaMeTpbl COOTB8TCTBYJOT JIHTepaTypHblM AaHHblM. Ta.KHM o6paaoM, aAan-

THPQBaHHbl8 AJIH ManoyrJIOBhIX HCCJieAOBaHH8 AH~paKTOMeTp ,I{POH Il03BOJIH

eT·HayqaTb CTPYKTYPY nrnpoKOro Kpyra AJIHHHOnepHOAHhIX CTPYKTYP C 
0 

TOqffOCTb~ He xyJKe!0.5 1A. 

ABTOPbl 6JiarOAaPHT B.K.CeMHHY sa noMOIJJ,b B pa6oTe, npo~. 

r.BloJIATa aa IlOMOIJJ,b B pa6oTe H npHrOTOBJieHHe o6paaua 

MeM6paH, B.B.EpoXHHa aa JIKOe3HO npeAOCTaBJieHHble 

nJieHKH. 
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