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BBEAEHHE 

XOTR CYI!leCTByeT nOAp06HaR 11H~OpMa~I1R 0 TpexMepHOH CTpyKType 

AOMeHOB 11MMyHorno6yfli1Ha, nony4eHHaR np11 nOMOI!ll1 peHTreHOBCKOrO 

aHan11aa KP11CTanni130BaHH~x ~parMeHTOB 11MMyHorno6yn11Ha It/ see 

el!le 11MeeTCR 6onbwaR HeonpeAeneHHOCTb a sonpoce o paaMep~x, 
~opMe 11 AI1HaMI14eCKOM noBeAeHI111 ~enoH MoneKyn~ 11MMyHorno6yni1Ha 

B pacTeope. B 4acTHOCTI1, 11ccneAoBaTen11 el!le AaneKI1 oT nonHoro 

nOHI1MaHI1R XapaKTepa KOH$QpMa~I10HH~X 113MeHeHI1H MOfleKyfl aHTI1Tena 

nocne cBR3~BaHI1R cne~l1¢114eCK11X n11raHAOB, aHT11reHos 11n11 ranTe
HOB 12•31 • 

bOflbWOe KOfll14eCTBO CYI!leCTBYIO!qi1X 3KCnepi1MeHTaflbH~X AaHHbiX 

npOTI1Bope411BO. HeKoTop~e MeTOAbl He o6Hapy>K11BaiOT KaK11x-n116o 

113MeHeHI1H, s~a~eaeM~x CBR3~BaHI1eM aHTI1reHa 11n11 ranTeHa. K 11x 

411CflY OTHOCRTCR 11CCfleAOBaHI1R KpyrOBOrO A11Xp0113Ma 141, MOfleKyflRp

H~X ABI1>KeHI1H KOMnneKca aHTI1Teno Gd(IIT) 151 ,11CCfleAOBaHI1e AOCTyn

HOCTI1 wapH11pa aHTI1Tena AflR npoTeon11aa 11 peAYK~1111 161 . B APYrl1x 

11CCfleAOBaHI1RX Ha6n10Aafli1Cb AOCTOBepH~e, XOTR 11 Man~e, 113MeHeHI1R 

napaMeTpOB MOfleKyfl~, yKa3biBaiOI!l11e Ha TO, 4TO aHTI1TeflO, CBR3aHHOe 

C fll1raHAOM, o6naAaeT 113MeHI1BWeHCR KOH¢QpMa~l1eH. 3TI1 3aKfll04eHI1R 

6~fll1 CAenaH~ MeTOAaMI1 11CCfleAOBaHI1R BOAOPOA-AeHTepl1esoro 06Me

Ha171, ~11PKYflRPHOH nonRp11aa~1111 ~n10opec~eH~I1I1 181, penaKca~l111 
cKa4Ka TeMnepaTyp~ 191, AenonRpl13a~l111 ~niOOpec~eH~1111/10~3neKTpoH
H~M Cn11HOB~M pe30HaHCOM B o6pa3~aX CO Cni1HOB~MI1 MeTKaMI1/ll,l2/. 

Manoyrnosoe pacceRHI1e peHTreHos~x ny4eH, 11Cnonb30BaHHoe 

nl1flb~ c COTP. /13.14/ AflR 113y4eHI1R CBOOOAHbiX 11 fll1raHAH~X aHT11-

Ten KPOfl11Ka, cne~I1~114H~x K non11-/ D -anaHI1fl/ rpynne 11 K p -

aao~eH11n-~ -naKT0311AHOH rpynne, noKaaano, 4TO CBR3~BaHI1e ran

TeHa conpoBO>KAanocb yMeHbWeHI1eM paA11yca 11Hep~l111. B Haw11x 

npeAWeCTBYIOI!l11X 11CCfleAOBaHI1RX Manoyrnosoro pacceRHI1R HeHTpOHOB 

Ha ABYX T11nax aHTI1Ten CBI1Hbl1 1 1 5~cne~I1~114H~X K AI1HI1TpQ$eHI1fl

rpynne, Ha6fliOAaflCR nOA06H~H 3~~eKT: paAI1YC~ 11Hep~l111 KOMnfleK

COB aHTI1Teno - ranTeH OKa3afli1Cb AOCTOBepHO MeHbWI1MI1, 4eM AflR 

CB060AH~X aHTI1Ten. B APYrOM 11CCfleAOBaHI111 nl1flb~ c C0Tp{16/ no

Ka3anl1, 4TO paAI1YC~ 11Hep~l111 ~parMeHTOB aHTI1Ten F~b 11 (F;b)
2 

He 113MeHRIOTCR np11 CBR3~BaHI111 ranTeHa. ABTOp~ npi1Wfll1 K B~BOAY, 

4TO 3~eKT C>KaTI1R AOfl>KeH 6b1Tb CBR3aH C npi1CYTCTBI1eM F c 4aCTI1 
B 11HTaKTHOH MOfleKyne. 
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npH 6onbWHX 3Ha4eHHRX nepe,qaHHOFO HMnynbca nK* peHTre-
HOBCKHe /13,14 ,1 7,18/ H Hei1TpOHHble1191 ManoyrnOBble HCCne,qosaHHR 

,qa~T noxomHe KpHB~e pacceHHHH - T.8. nocTpoeHHR nonepe4Horo 
ce4eHHR 1181 /T .e. aaBHCI1MOCTb ln(I(K ).K) OT K 2 I. 3TI1 no
cTpoeHHR CO,qepmaT ,qsa npHMOnHHer)iHbiX y4aCTKa C pa3Hb1MH HaKnOHa

M!-1. nHnb~ C COTp/ 13•141 3aKn~4Hnl-1, 4TO TaKOH BHA KpHBbiX MOmHO 
o6bHCHHTb, npe,qnonaraR, 4TO MoneKynbr HMMyHorno6ynHHa HMe~T 
T-o6paaHy~ ¢opMy. 

B :noi1 pa6oTe Mbl oni1CbrsaeM pe3ynbTaTbl Mccne,qosaHHR aHTM
AHHHTpo¢eHHnbHbrx aHTMTen CBI1Hbl-1 c noMOI.llb~ Manoyrnosoro pacceR
HHH HeHTpOHOB 1-1 peHTreHOBb!X ny4eH. 11ccneAyeMaR o6naCTb 6blna 
paCWI-ipeHa B CTOpOHy 6onee BbiCOKHX 3Ha4eHHH K , 1-1 HaM YAanocb 
BbiRBHTh KOH¢0pMa~HOHHble l-13MeHeHHR, Bbi3BaHHble ranTeHOM. nyTeM 
no,q6opa Mo,qenei1, ,qa~l.llHX pac4eTHble KpHBbre pacceRHHR, cornacy~
l.llHecw c 3KcnepHMeHTanbH~MH, 6~na nocTpoeHa eepoRTHaR MOAenb 
MOneKynbl aHTHTena CBHHbl-1. 

MATEPI1.1-\]lbl 11 METO,llbl 

AHTHTena 

AHTHAHHHTpO¢eHMn-aHTHTena 6~nH B~,qeneHbl H3 C~BOPOTKI-1 KpOBH 

CB~HeH, MMMyAM3HpOBaHHbiX npOTHB AHHHTpo¢eHHnMpOBaHHOFO l-1MMYHO
rno6ynHHa 6brKa 120,211. 

npe4Hnl-1THPY~1111-1e aHTMTena, Ha3biBaeMble TaKme paHHHMI-1 aHTI-1Te
naM!-1/l5/, Bb1Ae11Hnl-1Cb 1-13 CbiBOpo'TKH, OT06paHHOH Ha paHHeH ¢aae 

MMMYHHOH peaK~MM122 • 231 , Henpe~MnMTMPY~I.llMe MnM no3,qHMe aHTWr,e

na - COOTBeTCTBeHHO Ha n03,qHeH ¢aae. 06a TMna aHTMTen RBnRnl-1Cb 

l-1MMYHOrno6ym1HaMM Knacca G(M Bee = 150000). npMeMbl npenapMpOBa
HMR He' OTni:14am1Cb OT OnMCaHHbiX B pa6oTe' 115-:' KoHCTaHTa acCOLIMa-
~1-11-1 c D'l.P- L -nM3MHOM 6bma 6,7·10 5 M-1 .QnR npe~l1nMTMpy~-
lllHX M 1 , 1:5 ·1 0 7 M -l - ,qnR Henpel.IMnM TMPY~IllHX aH.THTen. 

<l>parMeHTbl aHTMTen 

F ab M Fe ¢parMeHTbl Hecne~M¢M4eCKOFO CBMHOFO MMMYHOrno-
6ynMHa G npMrOT~BnMeanMCb nyTeM pacl.llenneHMR TpMnCMHOM M pa3,qe
nHnMCb renb-~po~aTorpa¢Mei1 M MOHHo-o6MeHHoi1 xpoMaT,orpa¢Mei1 1241 

11x 4MCTOTa npoeepRJlaCb MeTOAOM MMMYH03JleKTpo¢opeaa C MCnOI1b-
30BaHM~M r;JOAXO.QRI.lll-1M cnoc060M a6cop6MpOBaHHOr::i aHTMCbiBOpDTKM 
KpOJlMKa. 

* K 
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KoMnneKCbl aHTMTeno - ranTeH 

Bo ecex onhrTax Mcnonb30sancfl ranTeH 8- D np -5, 8-aaa-4-oKco

OKTaHoBaH KMCJlOTa. 0H CMHTe3MpoeancH, KaK 6~110 OnMCaHO pa-
Hee 

1151
• AHTMTeno-/ranTeH/ 2-KoMnneKCbl npMroTaBJ1MBam1Cb nyTeM 

paCTBOpeHMH 83BeWeHH~X KOJ1M4eCTB ranTeHa 8 paCTBOpe aHTMTen. 
ranTeH ,qo6aBJ1HnCH B np!-16J1M31-1TeJ1bHO CTOXMOMeTpM4eCKOM KOJ1M4eCT
ee - 2,2 MOJlH ranTeHa Ha MOJlb aHTMTen. 8 COOTBeTCTBMI-1 CO 3Ha-

4eHI-1eM KOHCTaHT~ accO~Ma~MM OmM,qaeTCH, 4T0•60nee 90% MeeT CBH-
3~BaHMH OKamyTCH 3aHRTbiMM ranTeHOM. 

npMFOTOBJleHHe o6pa3~0B AI1R Ma110YFI10BOFO pacceRHI-ifl 

AnR pacceRHMR Her::iTpOHOB roTOBMI1CR 2% /sec./ pacT~op_ aHTMTen 
s 6y¢epHOM pacTeope 100 MM ¢oc¢aTa HaTpMH. AnR AOCTMmeHMH MaK
CMManbHoro KOHTpacTa np!-1 HaMMeHbWeM HeKorepe~THOM $OHe 6y¢ep
H~H pacT'eop FOTOB!IIJlCH M3 OKMCI-1 .qer::iTep!IIR, B KOTOpOM ycTaHaBJli-1-
BaJlCR Ha6n~,qaeMblr::i pH = 6,36. AJlR pacceRHM.fl peHTFeHOBbiX' 11y4eH 
roTOBI-111C.R 2% I sec./ p'acTsop aHTMTen e 1. b o· t-iM 6y¢epe ¢oc¢aTa 
HaTpl-iR npl-1 pH = 6,4. ' 

PacT'sopbr aHTMTen ypaeHosew!IIBBJl!IICb c cooTBeTCTBY~MM 6y¢epoM 
nyTeM ,qManM3a. Bo3MOmHble arperaTbl y,qanRI1MCb H3 pac-r:eopoe nyTeM 
~eHTPM¢yrMpOBaHI-1fl B Te4eH!-1e ZO MMH npM 600Q'g.· 0TCyTCTBMe ar

peraTOB M ,QMMepOB npoeepRJlOCb ce,qi.'!MeJ::tTal.IHOHHbiM aHam~30M , B 
YJlbTpat.~eHTPI1¢yre MO,qenM Spinco E. 

TexHMKa Manoyrnosoro pacce.RHM.R 

3KcnepMMeHTbl no Ma110YFI10BOMy pacceRHM~ HeHTpOHOB npOBOAMI1MCb 
Ha 'epeM.R-nponeTHor::i Manoyrnoeor::i ycTaHoBKe Jla6opaTOPMI-1 Her::iTpOHHoi1 
<I>M31-1KM 06be,Q11HeHHOFO 1-iHC.TMTyTa R,qepHbiX 1-iCCneAOBaHMr::i /25(Pacce.R

HMe peHTreHOBCKMX ny4er::i BblnOJ1HRJ10Cb HaMM C nOMOI.llb~ Manoyrnoeor::i 

KaMepbr KpaTKI-1 e 11HCTMTYTe 6enKa AKa,qeMI-111 HayK CCCP. Yrnoeoe 
pacnpe,qeneHMe pacceRHHbiX pe,HTreHOBbiX ny4ei1 Mcnpaen.Rnocb Ha Kon
JlMMa~MOHHble MCKameHM.fl no MeTOAY, OnMCaHHOMy e 1261 • 

Pa.q1-1ycbl MHep~MM nonepe4H~x ce4eHMr::i 1-1 norpeWHOCTM 1-1x onpe-· 
,qeneHM.fl M3 Her::iTpOHHbiX ,qaHHbiX HaXO,QMilMCb MeTO,QOM HaMMeHbWMX 
t<sa,qpaToe. 3KcnepMMeHTanbHble T04Kl-1 np~MOI1MHer::iHoi1 4aCTM "KPI-1 eoi1 
pacceHHMR annpoKCMMMpoeanMcb 11MHei1Hor::i ¢YHK~Mei1 K 2.no,qo6Ha.R 

o6pa60TKa, OAHaKo, IlMWeHa CMbiCila B CI1y4ae peHTreHOBCKMX ,qaHHbiX, 
nOCKOilbKy Mem,qy 3KCnepMMeHTa11bHbiMM T04KaMM c'yl.lleCTByeT CMJlbHa.R 
KOppen.R~M.fl' B03HMKa~l.llaR npM MCnpaeneHMI-1 Ha KOI111MMa~!-10HHble MC:_ 
KameHM.R· • 

3 



Mo,QeJlbHWe paC4eTW ~ KOHCTpy~pOBaH~e MO,Qen~ 

lila-sa CJly4at:iHOj)\ OpitleHTa~~i-1 paCTBOpeHHbiX MOJleKyJl HeB03MOlKHO 
BOCCTaHOB~Tb TpexMepHy~ $OpMy MOJleKynw, nOJlb3YRCb TOJlbKO Mano

yrnOBbiM~ ,QaHHbiM~, 0,QHaKO, ~.CXO,Qfl ~3 ~3BeCTHOt:i $OpMbl, BCer,Qa 

B03MO>KHO Bbl4~cneHHe pacnpe.QeneHHR pacceRHHOro ~any4eH~.R ~ 

cpasHeH~e ero c Ha6n~.QaeMbrM 3Kcnep~MeHTanbHO. no3TOMY, ecm1 

,QOCTynHa HeKOTOpaR ~CXO,QHaR ~H$OpMa~HR 0 $OpMe MOJleKyJlbl IHa

np~Mep, 1-13 CTepeOX~MH4eCK~X ,QaHHWX 1-111~ peHTreH08CKOj)\ KpHCTan

norpa¢~~~, MeTO,Q npo6 ~ OWV!60K n03BOJ1ReT KOHCTpyV!pOBaTb OCMbiC
JleHHble MOJleKyJlRPHble MO,Qem1. npo~e,Qypa npH 3TOM COCTO~T ~3 
reHepa~~~ pR,Qa 803MO>KHbiX MO,Qenet:i, 8bi4~CJleH~R COOT8eTCT8Y~UIHX 
pacnpe,QeneH~t:i pacceRHHoro ~any4eHHR ~ OT6opa Tex Mo,qeneR, Ko
Topbre .c~a~T ny4wee cornac~e 3KcnepHMeHTai1bHbiX ~ pac4eTHbiX pac
npe.QeneH~R. 

PaHee n~nb~ c COTp.
1171 

noKaaana, 4TO 3Kcnep~MeHTanbHOe pac
n~e,QeneHHe pacceRHHOK HHTeHC~8HOCT~ 8 r~Hbe-o6naCT~ H 8 .Q8YX 
npRMOJlMHet:iHwx Y4aCTKax nocTpoeHMR nonepe4Horo ce4eHMR co,Qep>KHT 
,QOCTaT04HO MH¢OpMa~MH ,QilR cpa8HeHHR C MO,QeilRMM aHTHTeJl M MX 

$parMeHTOB. B Hawet:i pa6oTe Mbl MCn0J1b30Bai1M MeTO,Q T8ep,QbiX wa

poa 
127~oKaaaawMi1cR 8nOnHe npMrO.QHbrM MR nocTpoeHMR pacnpe.Qene

HMK pacceRHMR OT aHTHTeil H KOHCTpyMp08aHMR MOJleKYI1RpHbiX MO,Qe

net:i. 3ToT MeTo.Q ~cnonbayeT o6o6UieHHe ¢OPMY1lbl Ae6aR: 

sinK r ik 
I(K) =~>I r r 

i k i k 111 

r,Qe f i 1-1 f k - aMnnM TY.Qbl pacceRHHR aToM08 MJlH R.Qep, pacnonomeH
HbiX 8 T04KaX i M k COOT8eTCT8eHHO, r ik - paCCTORHMe Me>K,Qy 3THMH 
T04KaMM. 

B COOT8eTCTBM~ C MeTO,QOM 1271, Teno MOJleKYJlbl C XOpOW~~~ npM-

6iJM>KeHMeM MO>KeT 6b1Tb nOCTpOeHO ~3 PR.Qa O,QHOpO,QHbiX M,QeHTM4HbiX 
wapo8. Tor,Qa ¢-na I 1 I MO>KeT 6br\b npeo6pa3o8aHa K BMAY 

sinKr. 
J i(Jc)=~·=g(x)·(n+2) • ~ Ai 

I(o) · j=l 

1 
121 . -;;r· 

Kf. 
J 

9 2 3 
g(K) =2rr[J 312 (~R)) I(KR) - pacceRHHaR .HHTeHCMB~OCTb r,qe 

OT wapa c pa,qMycoM R, n - 4Hcno wapo8, aanonHR~UIMX TeJio, A.-
v ' J 4MCJ10 nOBTOpeHH~ paCCTORHHR r. , m - 4MCJ10 pa3m1.4HbiX paCCTOR-

HMt:i,J - $yHK~HR 6eccenR. J 

AJlH npOCTOTbl M COKpalJieH~R BpeMeH~ C4eTa wapbl ,(IOJllKHbl 6b1Tb 

pacnOJlO>KeHbl HeKOTOpbiM npOCTbiM o6pa30M, HanpHMep, MX ~eHTpbl 
MoryT o6paaoeaTb npMMMTM8HY~ Ky6M4ecKy~ peweTKy. AMaMeTp wapoe 
.QOn>KeH 6b1Tb MeHbwe paapewa~UieR cnoco6HocTM Manoyrno8oro 3Kcne

PMMeHTa, T.e. 1-2 HM. TaKy~ KOMnb~TepHy~ MO,qenb nerKO 8H3yanM-
3~po8aTb, MCnOJ1b3yR peanbHble wapHKM, CKpennHeMble 8MeCTe. Mo-

4 

"· 

,QeJlH, MJlJl~CTPMPY~UIMe. ,qaHHY~ CTaTb~, ,Qenam1Cb M3 CTaJ1bHbiX wa
PMKOB ,QHaMeTpOM 5 MM, CKpenneHHbiX nM~eMHOM. 

P'E3YnbTATbL 

AHTM,(IHHMTpO¢er.JMn-aHTMTena M MX KOMnneKCbl C ranTeHOM 

Pacnpe,QeneHMH pacceHHHO.H MHTeHCM8HOCTM 8 BM,Qe nOCTpOeHMfl 

nonepe4Hor·o ce4eHMfl lpMC. 1 .M 21 xapaKTepM3Y~T.Cfl ABYMH np.RMO-

J1MHei1HbiMM y4aCTKaMM, nO,Q06HbiM; TeM, KOTOpbre Haf5n~,qanM nMJl)>LI 
C COTp _I 131 . 113 HaKJlOHa npRMOJlMHeKHOrO y4aCTKa onpe,QeJl.RJlCH pa- .) 
AHYC MHep~HM non~pe4HOrO Ce4eHMH Rq B COOT8eTCT8HM C ¢opMy-
JlOK /13/: 

R 2 =;... 2 <tln(I(K)·K) 
q aK 2 131 

C 6 . ... I 13/ v 6 ne,qyR 0 03Ha4eHHRM, npHHHTbiM 8 , Mbl ,QJlR BHyTpeHKeM, onee 
KpyTo·R 4aCTH KpM80K, ynoTpe6nReM o6oaHa4eHv.e R q 

1 
·, MH sHew

HeR - COOTBeTCT8eHHO R q.z • CBO,QKa pe3yJ1bTaT08 8 Ta6n. 1 nor<a

,QJlR npe4MnV.TMPY~Uiero aHTMTena 6onbwe, 4eM 3brBaeT, 4TO Rq 
. 1 

,QnR HenpH~HnMTMPY~Uiero.· OfipaTHaH CHTya~MR MMeeT MecTo MR Rq
2

• 

PaA~YCbl HHep~r-iM ·KoMnneKcoa aHTMTeno-ranTeH MeHbwe, 4eM AIIfl 
CB060AHWX aHTHTen. nocKOJlbKY CTaTMCTM4eCKaH T04HOCTb HeKTpOH
HbiX H3MepeHMH 04eHb XOporuaR, Ha6n~,QaeMble pa3J1M4M.R HBJlfi~TCR 
,QOCTOBepHbiMH. 

Mem,qy pacnpe,QeneHHRMH pacceHHHOK MHTeHCMBHOCTM peHTreHOBCKHX 
ny4eH H Het:hpOHOB HeT CYUleCT8eHHOi1 pa3HM~bl 8 Ofill\MX 4epTaX 

lpMc.21. Pa.QHYCW HHep~HM nonepe4HWX ce4eHMA M3 HeRTPOHHWX 
H peHTreHOBCKMX 3KCnepMMeHTOB MMe~T 04eHb 6nM3KHe 3Ha4eHMR 

1Ta6n.11. Pa.QMYCW M~ep~HM, M3MepeHHWe HeKTpOHaMM, OKaawaa~TCR 
HeCKOJlbKO 6onbwe, a pa,QMYCW V.Hep~MM nonepe4HWX Ce4eHHK - He

CKOJ1bKO MeHbWe, 4eM COOTBeTCTBY~Ll\Me peHTreHOBCKMe 3Ha4eHMR. 

Pa3JlM4M'e OTHOWeHMK R q 
1 

M R q 
2 

,QJlfl npe~HnMTMPY~Ll\HX H Henpe-

~MnMTMPY~Ll\MX aHTMTeJl He 6wno 06Hapy>KeHO 8 peHTreHOBCKMX 3Kcne
pMMeHTax. Ka~ yme OTMe4anocb, npo~e,Qypa ,QeKoHson~~HH, npMMe

HReMaR K pe3yJlbTaTaM peHTreH08CKHX M3MepeHMK, SaTpy,QHReT ,Qe
TaJlbHOe CpaBHeHMe C HeKTpOHHbiMM ,QaHHbiMM, ' 

Fab H Fe ¢parMeHTbl 

Pa.QMYCbl HHep~MM· C!JparMeHTOB MMMyHorno6yJ1MHa CBHHbM, npMBO,QM
Mble B Ta6n. 1, J1MWb HeSHa4MTeJlbHO OTJ1H4a~TCR OT 3Ha4eHHK, nony-

4eHHbiX paHee APYrMMM MccneA08aTenRMM .Qn.A ¢parMeHTOB MMMyHorno-
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P~c. 1. nocTpoeH~R nonepe4-
Horo Ce4eHHR AflR aHTHA~HHT
po¢eH~n-aHT~Ten CB~Hb~ ~ HX 
KOMnneKcoa, nony4eHHble pac
ceRHHeM HeHTpOHOB Ha Man~e 
yrnw. OpAHHaTw 3KcnepHMeH
TailbHbiX T04eK nony4eHbl H3 
H3MepeHHO~ HHTeHCHBHOCT~ 

pacceRHHOiO ~3Ily4eHHR /e 
npOH3BOJlbHWX eAHH~4aX/. 
KpylK04K~ ( 0) - cao6oAHble 
aHTHTena, KpecT~K~ /+/ -
KoMnneKc aHTHTeno-/ranTeH/ 

2
. 

npRMWe Il~HHH, annpOKCHMH
py~~He KpyTOH ~ nonor~H 

y4aCTKH. Kp~BOH, nony4eHbl 
MeTOAOM HaMMeHbWHX KBaApa
TOB, npRMble, OTHOCR~HeCR 
K KOMnneKcy, npeACTaBJleHbl 
npepwe~cToH n~HHeH. BepXHRR 
4aCTb p~cyHKa - npe4Hn~TH

PYIOII.Iee aHTMTeno, HMlKHRR -
Henpe4~n~THPY~~ee. 

P11c.2. nocTpoeHHR nonepey
Horo ceYeHHR AnR aHTHTen, 
nony4eHHWe pacceRHMeM peHT
reHOBCKMX IlY4eH Ha Manwe 
yrnw. OpAMHaTw 3KcnepHMeH
TanbHbiX T04eK nony4eHbl H3 
H3MepeHHOH HHTeHCMBHOCTH 
pacceRHHOiO H311Y4eHMR 
/B npOH3BOI1bHbiX eAHHHtiax/. 
npRMble IlHHHH nOJly4eHbl Me
TOAOM HaHMeHbWHX KBaApaTOB 
C HCnOilb30BaHHeM npOH3BOilb
HbiX nOCTORHHbiX BeCOB AJlR 
3KCnepHMeHTailbHWX T04eK. 
BepxHRR 4aCTb pHCYHKa -

1.0 '------~---' ---L----------~npeliHnHTHpy~ee aHTHTeno, 
0 100 15QHM>KHRR - HenpeliHnHTHpy~~ee. 

Je 2 x10 2(HM- 2J 

50 

6 
.... 

~ -~· 

Ta611H4a 1 

PaAHYCW HHep4HH Rg H paAHYCW HHepi.IMH nonepe4HOro 
Ce4eHHR CB060AHbiX M IlltliaHAHbiX aHTIIIAIIIHitiTpo¢eHitiil-aHT~TeJ1 

CBitiHbH, nony4eHHble ManoyrnoBbiM pacceRHHeM 

06pa3el.l R g ,HM 

A/ PacceRH~t~e HeATpoHoa: 

R ,HM 
q1 

R ,HM 
q2 

npei.IHnHTHPY~~ee aHTHTeJlO 6,74.:!:_0,08 2,313.:!:_0,018 1,140.:!:_0,021 

KoMnneKc npei.IHnHTIIIPY~ll.lee 

aHTHTeno-/ranTeH/ 6,42.:!:_0,09 2 ' 1 81.:!:_0 ' 0 1 4 1 ' 0 4 2 .:!:_0 ' 0 1 4 

Henpe4HnHTHPY~~ee 
' aHTHTeno 6,16.:!:.0,07 2,232:!::_0,016 1 ,263.:!:_0,016 

KoMnneKc Henpei.IHnHTHpy~-

~ee aHT~t~Teno-/ranTeH/ 5.69:!:_0 '08 2,014:!::_0,012 1, 130.:!:_0;027 

6/ PacceRHHe peHTreHOBCK~t~x 
ny4eA: 
npe4HnHTHPY~~ee aHTHTeilO 6.,57 2,33 1,29 
Henpe411nHTHPY~~ee aHTHTeno 6,02 2,40 1,26 

6y11HHa 4eJ10BeKa I 17 •191• nocTpOeHHR nonepe4H0i0 Ce4eHHR AJlR 060HX 
¢parMeHTOB /pHc.3/- npRMWe J1HHHH B WHpOKOM AHana30He K 2 • 0AHa
KO paAHYCW HHepl.lHH nonepe4HbiX Ce4eHHH R B HaWHX OnWTaX 
/Ta6h.2/ nOJ1Y4HJlltiCb 3aMeT~O MeHbWHMH, 4e~ B HeHTPOHHWX M peHT
reHOBCKHX 3KCnepHMeHTaX I~ 7,191 

MoAenH ¢parMeHTOB aHTHTen 

BcnoMoraTeilbHaR HH¢opMa4HR AJ1R nocTpoeHHR MOAeneA ¢parMeH
TOB aHn1TeJ1 BHa4aJle 6wna B3RTa H3 AaHHbiX no peHTieHOBCKOH 
KpHcTannorpa¢HH, KOTopwe Aa~T ¢opMy H pa3Mepw Fab H Fe ¢par
MeHTOB B KpHCTaililH4eCKOH ¢0pMelll. KpOMe TOro, B CHJ1Y nOA06HR 
KpHB~X MaJlOYi!lOBOiO p~CCeRHHA AilR pa3J1H4HWX HMMyHOiJ106yJ1HHOB, 
OlKHAaeTCR, .4TO ¢opMa H .P83Mep~ ¢parMeHTOB 8HTHTeJ1 pa3HOiO 
npOHCXO>KAeHHR Tai(>Ke fiYAYT npHMepHO OAHHaKOBbiMH, 0AHaKo Heo6xo
AHMO HMeTb a BHAY, 4TO a npo4ecce ¢parMeHTai.IHH AeCRTKH aMHHo
KHcno'T MOiyT 6WTb yTepRHW, HanpHMep, B o6naCTH wapHHPOB, a TaK
>Ke MoryT npOH30HTH H3MeHeHHR KOH¢opMa4HH ¢parMeHTOB. KpoMe 
TOiO, He 04eBHAHO, 4TO KOH¢QpMa4HR ¢parMeHTOB B KPHCTailJ1H4eCKOM 
COCTORHHH COBnaAaeT C HX KOH¢0pMai.IHeH B paCTBOpe I2BI 
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PHc.3. nocTpoeHHB nonepe4Horo ce4e

HHR AI1R F ab 1-1 F c C!JparMeHTOB I-1MMyHo
rno6ynHHa G CBVIHbl-1, nony4eHHble 
ManoyrnOBbiM pacceRHMeM t-le~TpoHos. 

Kpymo4K~-t (0) - 3Kcnep~-tMeHTanbHbre 
T04KH. CnnowH~e Kp~-tswe cooTBeTcT-

syiOT MOJWI1RM F ab 11 F c <)>parMeHTOB, 
noKa3aHH~M'Ha p~-tc.4. 

I' 

P!-1c.4. MoAeilH Fab 
1-1 F c C!JparMeHTOB I-1MMyHo
rno6ynHHa G. F ab 1 
1-1 F c 1 COOTBeTCTBYIOT 
<)>OpMaM, H3BeCTHWM 1-13 

peHTreHOBCI<O~ l<pHCTan
JlOrpae!JHH /1,29/. Fab2 H .Fc2 
- CTepli<He06pa3H~e MO

A8JU1. 

• J-13 HaWHX ManoyrJlOBbiX 31<Cnep~-tMeHTOB Yl=lailOCb H3BJ1e4b .4 KOJ1H-
4ElCT~,~HHble, xapaKTepHCTI-IKH' np~-trOAHble AilR OTbi,CKaHHR C!JopMbl F ab 
1-1 F c C!JparMeHTOB. KMH RBilRIOTCR 3Ha4eH~-tR pai=IHYca HHePL\1>1H, pa
AHyca nonepe4Horo ce4eHHR 1-1 rpaHH4Hble 3Ha4eHHR I=IJlR HJ;Tepsanos 
K 

2 
, BHyTp~ KOTOpbiX COOTBeTCTBYIO~I-1e Jli-1He~Hble npJ.16J10ll<eHMR ni)M-:• 

M8HMMbl. 

Hcnonb3YR awweonMcaHH~~ MeTOA, MW nocTpOHJlM MOAenb, annpoK
CMM~-tpyJO~yJO Fab C!JparMeHT 8 KpMCTaJ1JlM48CKOM CO~TORHMM, KOTOpaR 
COCTOMT M3 .78 wap08 ri=IHaMeTpOM 1 HM /pMc.Lf/. 3Ta MOAeJlb AaeT 
3aHMM<8HHOe 3Ha4eHHe paAMYCa MHepl\1-111 no cpaBHeHHIO C 3KCnepMMeH

TaJ1bHWM. KpoMe Toro, nocTpoeH~e nonepe4HOro ce4eHMH TaKme sa-

8 
~<· 

-- -

Ta6nMlla 2 

3KcnepHMeHTaJ1bHbl8 M M0!=18JlbHble paAMYCbl MHeplll-11-1 (R g) 

M paAMYCbl MH8Pl\MM nonepe4Hb1X C848HMH (R q) C!JparMeHT_?B 
aHTI-1T8Jl CBMHbM 

06paael\ 3KcnepMMeHT a/ Pac4eT no MOAeJlM 6/ 

R g' HM R q,HM Rg, HM R q'HM 

C!JparMeHT F ab 2,97.:!:_0,07 1 , 14.:!:_0 '0 1 2,92 1 '18 

C!JparMeHT Fe 3,44.:!:_0,08 1, 19.:!:_0,02 3,31 1 '18 

a/ nony4eHO M3 ManoyrJlOBOro. paCCeHHMR HeihpOHOB. 

61 
CooTseTcTBYIOT MOAeJl.AM F b N'2 1-1 F N'2 Ha pMc. 4. a c 

Ta6JlMlla 3 

Pa!=!MYCbl MH8Pl\MM nonepe4H~x ce4eHM~ I R M R I 
v ql q2 

MOAeJleH MOJ18KYJ1bl aHTI1TeJla 

HoMep MO!=IenM a/ 

1 
2 
3 
4 
5 
6 

Rq
1

, HM 

2,31 

2,32 
2,08 
2,82 

2j-32 

2' 12 

Rq2' HM 

1 '37 
1 '19 

1 '1 7 
1 '00 
1 '17 
1 '16 

a/ Mo,qen11 1-3 noKasaHbl Ha p11c.6, MO!=IeJlM 4-6 Ha pJ.1c.7 • 

MeTHO OTJ1114aeTcR OT Ha~,qeHHoro 8 3KcnepHMeHTe. KaK B11AHO 113 
pMC, 3, MOA8JlbHaR Kpl1 BaR np11 MaJlbiX K 2 11MeeT RBHO 8blpameHHbl~ 
nOAbeM HaA Jli1H8~HO~ 4aCTbiO, 3K~nepi1M8HTaJlbHaR Kpi1BaR B 3TO~ 
ll<e 06JlaCTI1 He 06HapylKI18aeT OTKJlOHeHI1H OT npBMOJ111H8~HOCTI1, KaK 
8 HaWI1X OnbiTax, TaK M 8 6onee paHH11X 11CCJle,qo8aHMRX ,qpyr11x 

C!JparMeHT08 119 ,21/. EcnM pacxomAeHI1e 3Kcnepi1MeHTaJlbHoro 11 MOAenb
Horo pa,ql1yC08 11Hepl\MM nerKO YCTpaHI1Tb nyTeM COOTB8TCT8YIO~ero 

M3MeHeHI1R 8CeX pa3MepOB MOAeJll1, TO ynC?MRHYTOe OTJ1M411e C!JOpMbl 
Kpi1Bb1X TaKI1M o6pa30M ycTpaHI1Tb He YAaeTCR. 

9 



m' 
' 

i 
IIIII: 

I

I 
!I 
I 

11!1 

I! 

I! 

,,Ill,. 

~~. t 

I"· 

oonee YAnMHeHHaR CTepmHeo6pa3HaR MOAenb, COCTOR~aR H3 81 
wapa /pHc. 4/, HaMHoro ny4we cornacyeTcR c 3KcnepwMeHTanbHbiMW 
AaHHbiM-;:-8 TOM 4MCne M B o6naCTH ManbiX K 

2 /pHC. 3/. 
nocTpoeHwe nonepe4Horo ce4eHMR AnR KpwcTannorpa$w4ecKo~ 

MOAenw Fe $parMeHTa HeOmWAaHHO CHnbHO OTnH4aeTCR OT 3KCne
pwMeHTanbHOrO /pHc.3/. MoAenb ws 168 wapoe /pwc.4/ AaeT pa
AHYC MHep~HH, AOBOnbHO 6nw3KH~ K 3KCnepHMeHTanbHOMy, OAHaKO 
paAMYC HHep~MH nonepe4HOrO Ce4eHHR HMeeT 3Ha4eHwe, Cy~eCTBeH
HO npeBbiUJaiO~ee 3KCnepHMeHTanbHOe. KpOMe Taro, MOAenbHaR KpwBaR 
WMeeT HaMHOrO 6onee y3Kyl0 o6naCTb C npRMOnwHe~HbiM y4aCTKOM. 

04eHb npocTaR MOAenb e BHAe npRMoro cTepmHR c TeM me ce4e
HweM, KaK H AnR F ab $parMeHTa, HO HeMHOrO AnHHHee, AaeT anon
He YAOBneTeopwTenbHble pe3ynbTaTbl /pwc. 4 w Ta6n. 3/. TaKHM o6pa-
30M, COnOCTaBneHwe AaHH~X 0 $parMeHTaX B paCTBOpe H B KpHCTan
nH4eCKO~ $OpMe npHBOAWT HaC K 3aKnl04eHHIO 0 HeHAeHTH4HOCTH $op
Mbl F ab H, B oco6eHHOCTH, Fe $parMeHTOB B 3THX ABYX COCTOR
HHRX. 

MOAenH MOneKynbl aHTMTena CBWHbW 

nocneAHee saKnl04eHHe osHa4aeT, 4TO wMeiO~HecR ceeAeHHR o $op
M~ $parMeHTOB ~enb3R C yeepeHHOCTbiO HCnOnb30BaTb B Ka4eCTBe 
AOnOnHHTenbHO~ HH$OpMa~HH npw nocTpOeHHH MOAenw HHTaKTHO~ MOne
Kyn~ aHTHTena. no3TOMy OCHOBOnonaraiO~HMH CBeAeHHRMH 0 $OpMe 
MOneKynbl aHTHTena RBnRnHCb H3BeCTHaR nceBAOCHMMeTpHR BTOpOro 
nopRAKa MOneKynbl H paCCTORHHe MemAY MeCTaMH CBR3biBaHHR, pac
nonomeHHbiMH Ha KOH~ax F ab "pyK" /30,31/. 

B npo~ecce nowcKa MOAenH $OpMa Fe 4aCTH MeHRnacb e wwpo
KO~ 06naCTH, Ha4HHaR OT CTepmHe06pa3HO~, Ha~AeHHO~ B paCTBOpe, 
M KOH4aR <!JOpMO~ 11 MHKH-Mayca 11 1-1:3 peHTreHOBCKO~ KpHCTannorpa
$HH 1 291. F ab 4acTw c4wTanHcb cTepmHeo6pa3HbiMI-1, eapb!-1poeanHcb 
TOnbKo HX AnHHa, nonepe4HOe ce4eHwe 1-1 yron MemAY HHMH. He
CMOTPR Ha TaKHe orpaHw4eHwR, npHwnocb paccMoTpeTb 6onee 4eM 
300 MOAene~, npemAe 4eM 6bln0 AOCTHrHyTO YAOBneTBOpwTenbHOe 
cornacwe MOAenbHbiX KPHBbiX c 3Kcnep!-1MeHTanbHbiMH AaHHbiMH. KorAa 
Ha MOAenbHbiX KpHBbiX nORBHnHCb npRMOnHHei1Hble y4aCTKH, 6blna IIIC
cneAOBaHa 3aBHCHMOCTb MOAenbHbiX paAHYCOB HHep~l-11-1 nonepe4HbiX 
ce4eH!-1i1 oT napaMeTpoe MOAenw /Ton~HHbl F ab H Fe 4acTei1, eM. 
pwc, 6 H Ta6n, 3/, PaAHYC. Rq , B OCHOBHOM, 3aBHCHT OT TOn~IIIHbl 
--- 2 
F ab 4aCTei1. npH yMeHbWeHHH TOn~HHbl HaKnOH AanbHei1 4aCTI-1 
MOAenbHOi1 KpHBOi1 yMeHbWaeTCR /cpaBHI-1 KPHBble Ha pwc.5 C MOAenR
MH pwc.6/. HaKnOH BHyTpeHHe~. 4aCTH (Rq ) aHanorH4HO aaBHCHT 

--- 1 OT TOn~IIIHbl Fe 4aCTI-1. 
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Pwc.5. Bw4McneHHwe nocTpoe-
HWR nonepe4Horo ce4eHMR 
MOAenei1 aHTHTena. HyMe-
pa~HR KpHB~X COOTBeTCTByeT 
HyMepa~HH MOAenei1 Ha 
pwc.6 H 7. 

CneAYIO~H~ war COCTORn B sapHa
~HH B3aHMHOrO pacnonomeHIIIR 4aCTe~ 
MOneKynbl npH nOCTORHHOi1 HX TOn
~HHe, COOTBeTCTBYIO~ei1 ny4WeM~ 

npH6nHmeHHIO K Ha6n10AaeMbiM paAwy
caM HHep~HH nonepe4HWX ce4eHH~ 
/T. e. MOAenb N'2/. Ha 3TOM 3Tane 
H3y4anHCb TOnbKO KOMnnaHapH~e 
MOAenw, nocKOnbKY HMeiO~HeCR 

K HaCTOR~eMy BpeMeHH CBeAeHHR 06 
aHTHTenax He COAepmaT yKa3aHwi1 
Ha HHOe p~cnonomeHwe wx 4acTe~. 
EcnH MoneKyna o6naAaeT AOCTaTo4-
Hoi1 rw6KOCTbiO H nOA Ae~CTBHeM 
CTOnKHOBeHH~ C MOneKynaMH paCT
BOpHTenR Ae¢opMHpyeTCR B He
nnOCKYIO, Mbl npHHHMaeM, 4TO nnoc
KaR KOH<!JOpMa~HR B CpeAHeM COXpa
HReTCR H RBnReTCR Haw6onee Be
pORTHOi1, 

Tpw HaH6onee samHwe MOAenw 
npwBeAeHW Ha pHC.7. nepBaR H3 
HHX /~f4/ COOTEieTC'TeyeT Y -MOAe-
nw, cornacyiO~eMCR c $oTorpa¢wR
MI-1, nony4aeMbiMH 3neKTpOHHOM 
MHKpOCKOnMei1 132~CneAYIO~aR /W5/ -
MOAH¢wKa~I-1R T-MOAenw, npeAnO
meHHOM nlllnb~ c COTp! 171• CooTBeT
CTBYIO~IIIe HM MOAenbH~e KPHBWe, 
OAHaKo, o6HapymwsaiOT BblpameHHbli1 
nOAbeM MemAY ABYMR npRMOni-1Hei1-
HbiMI-1 y4aCTKaMH, 3TOT nOAbeM 
oco6eHHO seni-1K AnR Y -MoAenw 
M yMeHbwaeTCR npl-1 nepeXOAe K 
T-MOAenl-1. EcnH npoAonmaTb onyc

KaHHe F ab 4acTeM /N'6/, 3TOT 
nOAbeM n04TH nonHOCTbiO I-1C4e3aeT. 

MoAenb, AaiO~aR Hawny4wee cornacr.1e c 3KcnepMMeHTanbHbiMH AaH
HWMH /pHc.7, W6/, 6wna nocTpOeHa M3 386 wapOB paAHYCOM 0,48 HM. 
BbiCOTa MOAenH- 7,71 HM, Ton~wHa F 4acTM- 3,86 HM, F b-
4acTei1 - 2,89 HM. PaccTORHwe MemAY ~OH~aMM Fab 4acTei1 6~no 
27 HM, 4TO xopowo cornacyeTCR c 3KcnepwMeHTanbHO Hai1AeHHbiM pac
CTORHHeM MemAY ~eHTpaMH CBR3biBaHHR /S0,31/. PaAHYC HHep~HH 
MOAenH t paBHbl~ 6, 80 HM, H paAHYCbl HHep~HH nonepe4Hb1X Ce4eHHi1 
TaKme xopowo cornacyiOTCR c 3KcnepHMeHTanbHbiMH /eM. Ta6n. 1 w lJ. 
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P~c.6. MoAen~ MOneKyn~ aHT~Tena ce~Hb~ c paan~4-
HO~ Ton~~Ho~ Fab ~ Fe 4aCTe~. HyMepa~~R MOAe

ne~ COOTBeTCTByeT HyMepal..\~~ KP~BbiX Ha p~C. 5. 
Mo,qenb 1- Fab ~ Fe TOflCTbJe, MO,qenb 2-
F ab TOHbwe, 4eM Fe ; Mo,qenb 3 - F ab 11 Fe TOHKI1e. 

HoBbiM Ka4eCTBOM 3TO~ Mo,qen11 RBn.ReTc.R TO, 4TO F ab 11 PYKI1
11 

ony~eHbl, np116n~>KeHbl K Fe 4aCT~. Aanee 3TY MO.Qenb Mbl 6y,qeM 

~-ta3biBaTb Mo,qenbJO 11 py6awKI1 11
• 

X6T.R ,qeTanbHOe cornac11e 3Kcnepi1MeHTanbHbJX ,qaHHbJX c Mo,qenbHO~ 
Kpi1BO~ He 6blfl0 CTOflb nonHbiM, KaK B cny4ae T -MO,Qen~ ,Qfl.R aHT~
Ten KpOfli1Ka 1171 , MO,Qenb 11 py6aWKI1 11 ,Qfl.R aHTI1Ten CB~Hb~ MO>KeT 

paccMaTp~BaTbCR KaK xopowee npH6n~>KeHJ.1e. Y -Mo,qenb ,qon>KHa 6b1Tb 

J.1CKflJ04eHa, nOCKOflbKY OHa np!-1 BCeX Bap11aHTaX npi-1BO,QJ.1T K nOAbeMy 

Ha Kpi1BbiX nonepe4HOrO ce4eHJ.1.R, KOTOPbl~ He Ha6nJOAaeTC.R B 3KCne

pV1MeHTaX. 

12 ... 
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P1-1c.7. Mo,qen11 MoneKyn aHTV1Tena CBI-'!Hbl-1 c pas

~yrnaMI-1 Me>K,qy F ab y4aCTKaMJ.1, Hy~epa~V!H 
MO,Qene.::\ COOTBeTCTBYeT HyMepa~l-11-1 KpJ.1BbiX Ha 

p1-1c.S. N'4 - Y -MOAenb, N'5 T -Mo,qenb, N'6 -
Mo,qenb 11 py6awKa 11

• 

AHCKYCCHR 

PaanV1411.R Me>K,qy npei..\J.1nJ.1TI1PYJO~J.1MJ.1 1-1 Henpe~Hni-1TJ.1pyJ0~11MJ.1 
aHTI-1TenaMJ.1 

06~V1~ xapaKTep nocTpoeHJ.1R nonepe4Horo ce4eHJ.1.R 04eHb 6ni130K 

KaK ,Qfl.R o60J.1X paccMaTpi-1BaeMbiX aHTJ.1TeJ1, TaK• J.1 ,Qfl.R J.1MMYHOrno6y

flV1HOB G ,Qpyroro npOV1CXO>K,QeHJ.1R, n03TOMy MOlKHO OlKJ.1,QaTb CXO,QCTBa 

~ ,Qfl.R OCHOBHbiX reoMeTpJ.14eCKJ.1X acneKTOB C)JOpMbl MOneKyJlbl 11 B3aJ.1M

HOrO pacnono>KeHJ.1R F ab H Fe 4acTei1. XDTR pasin1411.R a MoneKy

nRpHo~ reoMeTpl-11-1 npei..\J.1ni1T!-1pyJO~J.1X 11 Henpei..\MnJ.1TI-1pyJO~V1X aHTI1Ten 

Hecy~ecTBeHHbl, ManbJe pasm14J.1R napaMeTpos R , R 1-1 R nerKo 
g· q q Ha6nJOAaeMbJ. 1 2 

nocKOflbKY MOJleKyn.RpHbl~ Bee 060J.1X :r11n0B aHTJ.1Ten npJ.1MepHO, 

cosna,QaeT /150000/, MeHbWI-1~ pa~1-1yc J.1Hep~I1H Henpe~HnJ.1TI-1pyJO~ero 
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aHT~Tena yKaaweaeT Ha 6onee KOMnaKTHY~ ynaKOBKY ero Maeew, 
4eM AJlH npe~~n~T~PY~~ero. 3To eoo6pameH~e eornaeyeTeH e He
AaBH~M Ha6n~AeH~eM MeHbWero paeeTOHH~H MemAY ~eHTpaM~ eBH3bi
BaH~H B eny4ae Henpe~~n~T~PY~~ero aHT~Tena 130 •311 . XoTH ~ HeT 
npH~O~ eBH3~ MemAY KOMnaKTHOeTb~ ~ meeTKOeTb~ MOJleKyJlbl, Ha6n~
AeH~e MeHbWe~ r~6KOeT~ AnH Henpe~~n~T~py~~ero aHT~Tena 

eB~Hb~ /33,34/ CJ1ym~T yKa3aH~eM B nonb3y MHeH~H 0 6onee KOM
naKTHO~ ynaKOBKe Henpe~~n~T~py~~ero aHT~Tena. 

PaA~yebl ~Hep~~~ nonepe4HOrO ee4eH~H Rq 
2 

, eOOTBeTCTBY~~~e 

ee4eH~~ F ab 4aeTe~ MoneKynbl 1171 , noKa3biBa~T, 4TO F ab 4aCT~ 
y Henpe~~n~T~py~~ero aHT~Tena Ha 10% Ton~e, 4eM y npe~~n~T~
PY~~ero. AnH pa3J1~4~~ P~A~yeoe R q 1 eTOJlb onpeAeneHHOro aa-

KJ1~4eH~H CAenaTb HeJ1b3H, noeKOJlbKY Ha OCHOBHO~ BKJlaA B R , ql 

~AY~~~ OT F c 4aeT~ /p~c.5/, F ab 4aeT~ oKa3biBa~T aaMeTHOe 
en~HH~e. TaK~M o6paaoM, np~ o6~eM nDA06~~ ¢opMbl, F ab "pyK~" 
no3AHero aHT~Tena Kopo4e ~ Ton~e. KapT~Ha, nony4eHHaH e no
MO~b~ Manoyrnoeoro paceeHH~H He~TpOHOB, HBJlHeTeH BnOJlHe npHeM
neMO~ e T04K~ apeH~H ~MeBW~XeH paHee eBeAeH~~. nonHaH AJl~Ha 
Fab ¢parMeHTa aae~c~T OT yrnoe MemAY o6paay~~~M~ ero eocTae
HWM~ 4aCTHM~, eap~a6enbHWM~ ~ noeTOHHHWM~ AOMeHaM~. Ma peHT
reHoBeKo~ Kp~eTannorpa¢~~ paan~4HWX Fab ¢parMeHToel1/ ~a
eecTHO, 4TO OH~ nDABepmeHW ~3MeHeH~HM. 

3¢¢eKT CSH3WBaH~H ranTeHa 

Ha6n~AasweecH HaM~ yMeHbWeH~e paA~yeoe ~Hep~~~ aHT~Ten 

eB~Hb~ np~ esH3WSaH~~ Jl~raHAOS 1151 eornacyeTeH e 6onee paHHHM~ 
eoo6~eHHHMH nHnb~ C eOTp /13,14/, OTHOeH~HMHeH K aHT~TenaM KpO
JlHKa. 0AHaKO 3T~ aSTOPbl He OOHapymHJlH 3aMeTHbiX H3MeHeHH~ pa
AHYeOS HHep~HH nonepe4HbiX ce4eH~~. HawH AanbHe~w~e HeeneAosa-
HHH aHTHTen eSHHb~ HCHO noKa3biSa~T, 4TO KaK R , TaK H R q 1 Q2 

MeHR~Te.R npH o6pa30SaHHH KOMnneKca aHTHTeno-/ranTeH/ 2 • 
AnR OOHapy~eHHR HeKOTOpO~ 3aKOHOMepHOCTH H3MeHeHHH napaMeT

pOB KpHSbiX pacce.RHHH Mbl paeeMOTpenH OTHOUJeHHH COOTSeTeTBY~HX 
paAHyeoB AO H noene eB.R3WBaHHH, T.e. 

R1 ./eao60AHoe aHTHTeno/ 
P 1 = R · • /4/ 
· i /KoMnneKe/ 

rAe 1 = g, q 1, q
2

. 3Ha4eHHH Pi ,npHBeAeHHble B Ta6n.4, no-
Ka3b1Ba~T, 4TO see oHH 6nH3KH K o6~eMy cpeAHeMy P·· ApyrHMH 
enosaMH, see TPH paAHyea, xapaKTepH3Y~~He eeo6oAHOe aHTHTeno, 
TpaHC<!JOpM~py~TeH B COOTBeTeTBY~~He paA~Yebl KOMnneKeOB aHTHTeno-

14 "'· 

.. 

.. ; 
> 

I ... 

' ' ~~ .. 
·l 

i 

Ta6nH~a 4 
0THOWeH~H paA~YeOB ~Hep~~~ ~ paA~YeOB ~Hep~~H 

nonepe4Horo ee4eH~H np~ np~coeA~HeH~~ ranTeHa 

0THOWeH~e npe~!-tn~ T~ py~~ee Henpe~~n~T~py~~ee 
aHT~Teno aHT~Teno 

Pg 1,05~0,02 1,08~0,02 

PH 1 ,06~0,01 1 '11~0' 01 

Pq2 1 '1 o,::o' 02 1,12.±_0,0'3 

P a/ 1,065~0,008 1 '105~0' 009 
= 6/ p 1,083~0,006 

a/ 
0THOWeH~e, yepeAHeHHOe no p q,1 ~ p g ' p q2 

61 CpeAHee OTHoweH~e no npe~~n~T~PY~~eMy ~ Henpe~~n~T~py~-
~eMy aHT~TenaM. 

/ranTeH/2 nyTeM AeneH~H Hap. 6onee Toro, een~ a6e~~e~ K see~ 
Kp~SO~ paece.RH~H O"f CBOOOAHOrO aHT~Tena yMHO~~Tb Ha p, noeneA
HHH B npeAenax 3Kcnep~MeHTanbHbiX ow~6oK npeo6paayeTe.R e Kp~

ey~ pacee.RH~R OT KOMnneKca. , 
TaKoe noAo6v.e KP~BbiX paeee.RH~.R noaeon.ReT BbleKaaaTb npeA

nono~eH~e, 4TO np~ CBH3biBaH~~ ranTeHa ee.R MOneKyna aHT~Tena 
cm~MaeTe.R, ocTaBa.Reb ce6e noA06Ho~, a eaa~MHoe pacnono~eH~e 

F ab ~ F c 4acTe~ np~ 3TOM cy~ecTBeHHO He ~aMeH.ReTc.R. 0AHa
KO 3TO~ T04K~ 3peHH.R CJleAyeT npHAepm~BaTbCH C HeKOTOpO~ OeTO
pomHOCTb~, TaK KaK He cy~eCTByeT B3a~MHO OAH03Ha4HOrO eOOTBeT
CTB~H Me~AY pacnpeAeJleH~eM paece.RHHO~ ~HTeHe~BHOCTH V. ¢opMO~ 
pacee~ea~~ero Tena, T.e. MHomecTso paan~4HbiX ¢opM MoryT AaTb 
OAHY ~ Ty ~e KpV.By~ pacce.RH~.R. 

CoKpa~eH~e MoneKynbl aHT~Tena 6ea ey~eeTBeHHoro ~3MeHeH~.R 
¢opMbl B03MO>KHO JlV.Wb B TOM CJ1y4ae, ecn~ CBOOOAHa.R MOJleKyJla aHT~

TeJla ynaKOBaHa He MaKC~MaJlbHO nnOTHO, ~ B eoKpa~eHV.~ y4aCTBy
~T BCe 4aCT~ MOJleKyJlbl. nepeoe ycnoe~e, 04eBV.AHO, BblnOJlHeHO, 
nocKonhKY MemAOMeHHble KaHanbl v. aaaopbl o6HapymeHbl Aame e Kpv.
cTannv.4ecKo~ ¢opMe ¢parMeHTOB ~MMyHorno6yn~Ha·. 

nocKonbKY MoneKyna aHT~Tena o6naAaeT aaMeTHO~ cerMeHTHO~ 
rv.OKOCTb~, BeJ1V.4V.Ha Me>KAOMeHHbiX npocBeTOB, 04eB~AHO, ¢nyKTy~
pyeT. CmaT~e MoneKynw aHT~Tena np~ CB.R3biBaH~~ ranTeHa MO~HO 
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TaKme HHTepnpeT~~tpOBaTb KaK C~BHr 'Cp~~Hero 3Ha4eHH~ 3THX npo-
CBeTOB B CTOpOHy y~eHbWeHH~. r 

KaK Mbl yme OTMe4an~~t, yMeHbWeHHe pa~Hyca HHePI.II-11-1 
HOrO Ce4eHIII~ He fibJJJO Ha6nJO~eHO ~!1~ aHTHTen KpO!lii!Ka 
B CB~3H C 3TIIIM OCTaeTCfl OTKp~T~M aonpoc, HaCKO!lbKO 
n~eTc~ on~~tcaHHoe BbJWe coKpalJieH~~te 1.1endi1 MoneKy!lbJ. 

~OpMa MO!leKy!l aHTHTe!l Ill HX ~parMeHTOB 

nonepe4-
/13,'14/ 

06lJI~~tM ~B-

np~~t onpe~eneHHH ~OpMbl TaKHX 60!lbWHX MHOrOAOMeHHbiX MO!leKy!l, 
KaKHMH ~B!l~IOTC~ MO!leKy!lbl aHTHTen, BeCbMa C06!1a3HII!Te!lbHbiM npeA
CTaBnHeTC~ npeABap~~tTe!lbHOe l-13y4eH~~te ~OpMbl OTAe!lbHbiX COCTa8HbiX 
4acTei1 MoneKy!lbl, T. e. ~opMbJ npoTeOnHTH4ecKHX ~parMeHT08 F ab 
1-1 Fc.0AHaKO 3TOT nOAXO~ OKa3a!lCH 6e3ycneWH~M, TaK KaK ~parMeH
Tbl B paCTBOpe npl-106peTaiOT CTepmHeo6pa3HYIO ~OpMy. 3TO Ha6!110Ae
HI-1.e COrnacyeTCH C 6onee paHHI-1MH HCC!leAOBaH!II~MJ.-1 ~parMeHTOB 
I-1MMyHorno6yn~~tHa 4enoaeKa /nlll!lbll c cbTp. loss!;. MoAenb, no
cTpoeHHaH 1113 Tpex CTepmHei1, AaeT KpHBYIO pacceHHH~, 04eHb CH!lb-
HO OT!l~~t'4aiOlJIYIOCH OT 3KCnep~~tMeHTa!lbHOJ.1, '' 

no3TOMy ,QOnO!lHJ.-1Te!lbHaH I-1H~OpMai.IHH A!lH MOAe!ll-1pOBaH!II~ BteH 
MoneKy!lbJ 6bJ!la B3HTa 1113 APYrl-1x I-1CT04HI-1KOB. TaK, CIJOpMy F c 
$parMeHTa B KpHCTa!1!11114eCKOM COCTORHHJ.-1 YAa!lOCb BK!1104!11Tb 8 MO
,qe!lb, xopowo cornacyiOlJIYIOCR c 3KcnepiiiMeHTOM. PbJX!lOCTb C H2 AO
MeHa, Hai1,qeHHaR np1-1 ·~~tccne,qoaaH~~tH KPJ.1CTannl-14ecKoi1 ~OPMbJ F'~ 
¢JparMeHTa /29/, TaKme cornacyeTCR c ·xapaKTepoM nocTpoeHHH ilone
pe4HOro ce4eHHR ,t:\nR peanbHbiX aHn!Ten a pacTaope·. 

Mo,qenb, npeAnOmeHHaR B AaHHOi:i pa6oTe, Bi113yan~~t3HpyeT OCH08-
Hble 04e'pTaHHR aHTHTena, HO He Bbi~B!l~eT Me!1KJ.1X pcl3!11-141-1H MemAY 
npei.IHni1TI-1pyiOlJII-1MH Ill Henpel..ll-1hHTHpyiOUIIIIMI-1 3HTWfenaMJ.1. 3Ha4eHHR 
pa,q~~tyca J.-1Hep'-lllll-1 /6,80 HM/ 1-1 paCCTORHJ.1R Mem,qy KOH'-laM~~t .Fab 
4acTei1 /27 HM/ MOAenlll N'6 6n~~t3KH K 3Kcnep~~tMeHi'anbHbJM 3Ha4eH~~tRM 
AilR npell~~tni-1THPYIOlllero aHTHTena 1301• Jly4wee coanaAeHI-1e MOAe!lbHbJX 
Ill 3Kcnep~~tMeHTa!lbHbiX 3Ha4eHJ.1H AOCTHmi-1MO nyTeM YT04HeH~~t~ TO!llJIJ.1Hbl 
OTAe!lbHblX 4aCTei1 MO!leKy!lbl. 0AHaKO TaKOe yT04HeH~~te Tpe6yeT HC
nO!lb30BaHJ.-1~ wapo8 no Kpai1Hei1 Mepe a,qaoe MeHbwero AHaMetpa. 
nocKO!lbKy BpeMR C4eTa nponOpi.IHOHa!lbHd 6-11 CTeneHJ.1 o6paTHOH 
Be!1H41-1Hbl AJ.1aMeTpa wapa, BbJ6op A~t~aMeTpa npJ.-1X0AHTCR ,d.enaTb C He
KOTOPOH bcMoTpJ.1TenbHOCTbiO. 

06e MO,qenH, T -MOAe!lb n~~t!lb'-l C COTp. /l7! 1-1 Hawa MO,Qe!lb 11 py-
6aWKJ.111 on1-1c~aa10T >KecTKHe Mo,qenlll. Pa3yMeeTcR, TaKoe on~~tcaH~~te 
HecoaepweHHO, TaK KaK MorieKy!lbl J.1MMyHorno6ynHHa o6na,qaJOT cer:
MeHTHOH rHfiKOCTbiO. 3KcnepHMeHTa!lbHO Ha6!1JOAaeMoe' pacnpe,qeneHHe 
HHTeHCJ.-18HOCTI-1 RB!lReTCH cynepn03H'-lHeH IIIHTeHCH8HOCTeH, pacceRH
Hb!X MO!leKynaMH, HaXOARUIHM~1CR 8 pa3HbiX KOH<!>OpMall!IIOHHbiX COCTOR

HHfiX. He ~~tCK!1104eHo, 4TO ,qae MOAe!llll /N'5 1-1 N'6/, cornacyiOlJIHecR 

16·, 
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I 
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C 3KCnep~~tMeHTa!lbH~MH ,qaHH~MI-1, KaK pa3 J.1 npe,qCT3B!lfiiOT C060H 
pa3Hble KOH<!'JOpMaL\111111, peanH3YIOUIHeCfl B paCT80pe O,QHOBpeMeHHO. 

A8TOpbl npi-13HaTenbHbl J.1.fi. Cep,qiOKy /J.1HcTHTYT 6enKa AH CCI:;.P/ 
3a 4eHHb1e KOHCy!lbTa'-ll-11-1 1-1 3a npe,QOCTaBneHI-1e 803MOlKHOCTIII 
BblnO!lH11Tb peHTreHOBCKHe I-13MepeHHfl. t1bl 6naro,qapHbl aJ<a,QeMI-1Ky 
J.1.M.<J>P,aHKy 3a nOCTO~HHbiH HHTepec K 3TOMy J.1CC!leAOBaHJ.110, a T3Kme 
,ll.Me,QeWH /J.1HCTIHYT reMaTonor~~tlll, 5y,qanewT/ 3a l.leHHbJe AMC-
KYCCI-11-1. 
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