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PeaK~~~ HyKneo$~nbHoro aaMe~eH~~ e ranoreHapoMaT~4ecK~x 
COeA~HeH~~X AOCTaT04HO nOAP06HO ~3y4eHW,An~ MaKpOKOn~4eCTB 
ranoreHoe. 6wno noKaaaHo, 4TO cnoco6HOCTb aaMe~aTb ranoreH 
Ha ranoreH aae~c~T KaK oT np~pofw cy6cTpaTa, TaK ~ oT ecTy
na~~ero e o6MeH HyKneo$~na 1 1- 13 • 

HccneAOBaH~~ 8 roMoreHHWX cpeAax peaK~~H HyKneo$~nbHoro 
aaMe~eH~~ ranoreHo8 8 apoMaT~4eCK~x coeAHHeHH~x 6onee T~me
nwMH ranoreHaMH, npHCYTCT8Y~~HMH 8 ynbTpaMHKPOKOnH4eCT8aX, 
paHee, no-8HAHMOMy, He np080AHnHCb. 0AHaKO OHH npeACTa8n~~T 
HeCOMHeHHWH HHTepec He TOnbKO C TeopeTH4eCKOH, HO H C npH
KnaAHOH T04KH 3peHH~, TaK KaK OTKpW8a~T HOBWe MeTOAH4eCKHe 
803MOmHOCTH nony4eHH~ apOMaTH4eCKHX COeAHHeHHH aCTaTa. 

B HacTo~~eH pa6oTe 6wnH HccneAOBaHw 8 roMoreHHwx cpeAaX 
peaK~HH HYKneo$HnbHOrO 3aMe~eHH~ 6poMa MHKpOKOnH4eCT8aMH 
HOAa H acTaTa 8 6pOM6eH30ne 8 npHCyTCT8HH 3TaHona, a~eTOHa 
~ aMHH08, cnymH8WHX paCT80pHTen~MH HyKneO$Hn08, 4TO n0380nH
no YCTaH08HTb HeKOTOpWe 3aKOHOMepHOCTH KHHeTHKH peaK~HH H 
o~eHHTb 3HeprHH aKTH8a~HH npo~eccoe. 

3KCnEPHMEHTAnbHA~ 4ACTb 

6poM6eHaon r 4. A.a.) , nep8H4HWH 6yTHnaMHH /n6A/ ( x. 4 .) , 
AH3THnaMHH I JJ.3A/ ( x. 4.) H TPH3THnaMHH /T3A/ ( x. 4 .) Hcnonbao-
8anH nocne A8YXKpaTHOH AHCTHnn~~HH, A~eTOH H 3TaHOn AOnonHH
TenbHO 04H~anH ~ o6eaeomHeanH cornacHo peKoMeHAa~HH~4~ 

An~ nony4eHH~ acTaTa MeTannH4eCKHH 8HCMYT /-0,1 r/cM2/ o6-
ny4anH a-4aCTH~aMH c 3HeprHeH 36 M3B Ha ~HKnOTPOHe Y-200 na-
6opaTOPHH ~AePH~x peaK~HH OH~H. 06ny4eHHY~ MHWeHb noMe~anH 
B K8ap~e8y~ npo6HpKy, 4epe3 KOTOpy~ npOAY8anH renHH/-100Mn/MHH/ 
H HarpeeanH 8 TOKe renH~ npH 500°C 1,5 4aca. AcTaT H3 noToKa 
renH~ cop6Hpo8anc~ cepe6p~HOH $onbroH. C cepe6pa 3neMeHT YAa
n~nc~ H OAH08peMeHHO AOnOnHHTenbHO 04H~anc~ npH neperOHKe 
8 aMnyne1151• 

AcTaT 80CCTaHa8nHBanH rHAPa3HH-rHAPaTOM, paCT80p ynapH8anH 
AOCyxa, OCTaTOK paCTBOp~nH B aMHHaX, 3TaHone HnH a~eTOHe.B op
raHH4eCKHX paCT80pax, KaK noKa3an aHanH3, B~nonHeHHWH C nOMO~b~ 
fiyMamHOH XpOMaTorpa$HH, OTCYTCT8Y~T APYrHe BaneHTH~e COCTO~HH~ 
acT aT a, KPOMe acTaTHAa; KOH~eHTpa~H~ At- 6wna nop~AKa 
10-8 Monb/n. 
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PacTBOp~ CBOfiOAHOrO OT HOC~TenR ~OA~Aa-131 B 3Ta
HOne, a~eToHe ~ aM~HaX rOTOB~n~Cb H3 HCXOAH~X BOA
H~X pacTeopoe no aHanorH4HO~ acTaTy MeTOA~Ke. PeaK~HH ~oAa 
H acTaTa c 6poM6eHaonoM npoBOA~nH e aMnynax, KOTop~e Harpeea
nH B mHAKOCTHOM TepMOCTaTe AO 210+0,1°C. 3Ta OnT~ManbHaR TeM
nepaTypa 6~na Bbl6paHa Ha ocHoeaH~j;j peaynbTaTOB npeAeapHTenb
H~x 3KcnepHMeHToB. OnpeAeneHHe e~xoAa HOA6eHaona H acTaT6eH
aona. npoeoA~nH no paHee on~caHHOMY MeTOAY 1 16 '. 

AaHH~e e Ta6nH~ax ~ Ha p~cyHKax - cpeAHeapH$MeTH4eCKHe 
eenH4HHbl co cpeAHeKeaApaTH4H~MH OTKnoHeH~RMH. KamA~~ peaynb
TaT nony4eH npH aHan~3e He MeHee Tpex OAHHaKOB~X no COCTaBy 
CMece~, OT KOTOp~X OT6Hpanocb AO ABe-TpH npo6~. 

PE3YnbTAT~ H ODCYIAEHHE 

npoeeAeHH~e ~ccneAOBaHHR peaK~H~ HyKneQ$HnbHOrO 3aMe~eHHR 
6poMa 8 6poM6eH3one MHKpOKOn~4eCT8aMH HOA~Aa H aCTaTHAa B a~e
TOHO- H 3TaHOnOCOAepma~HX paCT80pax noKa3an~, 4TO B BW6paHHWX 
ycno8HRX acTaT6eHaon He o6paayeTcR H, cneA08aTenbHo, He npo
TeKaeT npocTaR 6HMoneKynRpHaR peaK~HR THna SN2. Ha~6onee eepo
RTHaR np~4HHa OTpH~aTenbHOrO pe3ynbTaTa - 6onbWaR pa3HH~a 8 
3HeprHRX C8R3H 6poMa ~ acTaTa c $eH~nbH~M paAHKanoM. B oTn~-
4He OT acTaTHAa ~OAHA pearHpyeT C 6poM6eH30nOM, Aa8aR OTHO
CHTenbHO 8~COKHe BWXOAW 1SlJC6 H 5 /Ta6n.1/.Ha6n~AaBweecR CHH
meH~e BWXOA08 HOAfieH30na C POCTOM COAepmaHHR B CHCTeMaX a~e
TOHa H 3TaHona MOmHO OfiDRCHHTb KaK paa6a8neHHeM 6poM6eH3ona, 
TaK H no6o4H~MH peaK~HRMH. B 4aCTHOCTH, npH raaoxpoMaTorpa$H-
4eCKOM aHanHae 3TaHoncoAepma~~x c~cTeM M~ ecerAa Ha6~Aan~ 
~OAHCT~~ 3THn. 
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Ta6nHQa I 

3aBHCHMOCTb BWXO~OB peaKQHH SaMe~eHHH 6poMa HO~OM 
B 6pOM6eHsone OT KOHQeHTpaQHH aQeToHa H STaHona DPH 
TeMnepaType 210°C; npo~O~TenhHOCTb peaKQHH - 2 q, 

KoHQeHTpaQHH Bwxo~ C6 H 5I(%) 
paCTBOPHTenH 

/Monh.%/ ~eTOH 3TaHon 

3 89,2+1,3 59,0+1,6 
7 88,3+"1 ,3 54, 7+1 ,9 

15 84,7+1,5 55,2~) ,0 
25 73' 9:!) ,6 
30 - 58,5.:_2,1 
40 41 '5.:!:_1 '8 
45 - 43,9.:!:_1 ,2 

\ 

i 
'11) 

·'· .. ~~~.~ ,, 
I· 

''\i 
·')· 

•I 

,4; 

,!.J~. 
·~ 
1:~ 

~~ 
':tr 

·.~ 

i ,, 
1!-., 

-~~' 
,.;,f -

f 

------

loo 
lso 
:s: 

60 90 120 t(~o~~l1) 

PHc.l. KHHeTHKa peaKQHH saMe~eHHH 6poMa Ho~oM 
H acTaToM a 6poM6eHsone npH 210°C: I - C6 H5 Br
- tatr-(Cfia).,FO 3 Monb.%; 2- c 6H5 Br- At- -
C 4 H9 NH2 I 5 Monb % . 

KHHeTHKa peaK~HH HyKneo$HnbHoro aaMe~eHHR 6poMa 8 6poM6eH-
3one 131I- 8 a~eToHCOAepma~HX pacTeopax noKa3aHa Ha pHc.l. 

AcTaT6eH3on oKa3anocb 803MOmH~M nony4HTb npH npo8eAeHHH 
peaK~H~ 8 roMoreHH~x aMHHOCOAepma~Hx pacTeopax. Konb cKopo 
npRMOe fiHMOneKynRpHoe B3aHMOAe~CT8~e acTaTHAa C 6poM6eH30nOM, 
np~80AR~ee K 3aMe~eHH~ 6poMa, He npOHCXOAHT, peaK~HR, 04e8HA
HO, AOnmHa HATH 4epe3 npoMemyT04H~e COeAHHeHHR, o6pa3y~~HeCR 

c y4aCTHeM aMHH08. HaM npeACTa8nReTCR 803MOmHo~ cneAY~~aR cxe
Ma peaK~H~: Ha nep80M 3Tane npOHCXOA~T o6pa308aHHe aMMOHHe80-
ro KaTHoHa 8 peaynbTaTe HYKneo$HnbHoro aaMe~eHHR 6poMa aMHHOM, 
HanpHMep, TpH3THnaM~HOM /T3A/: 

+ 
C6 H 5Br+ (C2H5)

3
N;:::! C6 H5 N (C

2
H5 )

3 
+ Br-. 

$eHHnCoAepma~H~ KaTHOH aMMOHHR Aanee pearHpyeT c acTaTHAOM 
HnH HOAHAOM (X-),npeTepneeaR paanomeHHe ro$MaH08CKoro THna: 

+ -
C6H5 N(C2 H5 ) 3 + X --+ C

6
H

5
X + (C

2 
H

5
) 

3
N. 

/1/ 

/2/ 

TaKoe npeACTa8neHHe o nocneAOBaTenbHOCTH HyKneo$HnbH~x peaK
~H~ 3aMe~eHHR n03BOnReT nOHRTb npH4HH~, no KOTOPWM 8 npHCyTCT-
8~H aMHH08 CTaH08HTCR 803MOmHWM 3aMe~eHHe 6poMa acTaTOM 8 
6poM6eH3one H y8enH4eH~e B~XOAOB HOA- H acTaT6eH3ona c noe~
weHHeM AO HeKOToporo yp08HR COAepmaHHR aMHH08 8 peaK~HOHHO~ 
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Ta6JIH~a 2 

3aBHCHMOCTb BhlXOAOB HOA6eHsona H aCTaT6eH30na 
B npo~eccax saMe~eHHH 6poMa HOAOM H acTaToM B 6poM6eHsone 
OT KOH~eHTpa~HH llBA npH TeMnepaType 210°C; llPOAOn*H
TenbHOCTb peaK~HH - 2 q. 

KoH~eHTpa~H 

6yTHnaMHHa 
IMonb %1 

BbiXOAbl 

3,0 
5,0 

10,0 
15,0 
21,0 
31,5 
40,5 
52,0 

~100 
l! 
~80 
.8 
~60 
IJ 
i 40 

ID 

C6 H5 I 

66,7+1,3 
84,0"+1 ,0 
94,4"+1 ,0 
97,7"+1,2 
96,7"+0,6 
90,6"+0,9 
80,6:£:1 ,8 

60 90 

C6 H5 At 

57,3+3,8 
82,7"+2,6 
85,7"+2,1 
85,1"+1,9 
84,3:£:1,8 

7 3, 9.:!:,1 , 8 

120 t(HMti) 

PHc.2. KHHeTHKa peaK~H 3aMe~eHHH 6poMa HOAOM 
B cHcTeMe C6H 5 Br- 131J-- (C2 H5 ) 3N 15 MOnb %, 
210°C: KPHBan I - o6~Hhle ycnoBHH, KjHBaH 2 -
nocne npeABapHTenbHoro CHHTesa C6 H5 N (C

2 
H 

5
) 3• 

CMeCH /Ta6n.2/. 0HO TaKme nOMOraeT AaTb Ka4eCTBeHHOe 06D~CHe
HHe no~eneHH~ Ha KHHeTH4eCKOH KpHBOH o6pa30BaHH~ HOA6eH30fla 
B npHCYTCTBHH T3A y4aCTKa, COOTBeTCTBy~ero HHAYK4HOHHOMY ne-
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Ta6nH~a 3 

BbiXOAhl HOA6eHsona H acTaT6eHsona(Rc
6

H
5
x) B sasHCHMOCTH 

OT llPHPOAhl HCllOnbsyeMhlX B KaqeCTBe paCTBOPHTeneH 
HyKneo~HnOB aMHHOB B npo~eccax saMe~eHHH 6pOMa HOAOM 
H acTaTOM B 6poM6eHsone. TeMnepaTypa - 210°C, 
llPOAOn*HTenbHOCTb peaK~H - 2 q, KOH~eHTpa~HH aMHHOB -
15 MOnb % 

AMHHhl BblXOAhl I% I 

llepsHqHbrn 6yTHnaMHH 

BTopHqHbiH sTHnaMHH 

TpeTHqHbrn sTHnaMHH 

C8 H5 I C8 H5 
At 

97,7.:!:,1,2 

85,3.:!:,1,1 

Ta6nH~a 4 

85,7.:!:,2,1 

79,5.:!:,1,7 

64,2.:!:,1 ,9 

3Hepi'HH aKTHBa~HH npo~eCCOB saMe~eHHH 6poMa HOAOM 
H acTaTOM B 6poM6eHsone 

CHCTeMa E IKKaniMonbl 

C 6 H5 Br - J - - (CH3 )2 CO 28,9 

C6 H 5 Br - r - (C2 H5 )3N 44,5 

C8 H5 Br -At - - (C2H5) 3N 26,7 

C6 H5 Br - At- - (C2 H5) 2 NH 5,2 

C6H5 Br - AC- C4H 9 NH2 4,1 

PHOAY /pHc.2, KpHBa~ 1/. Bepo~THO, e AaHHOM cny4ae Hs-sa cTe
PH4eCKHX npen~TCTBHH, CB~3aHHbiX CO CTpOeHHeM TpeTH4HOrO aMHHa, 
peaK4H~ /1/ 3aTPYAHeHa, H 3TO onpeAen~eT CKOpOCTb BCero npo-
4eCca. AeHCTBHTenbHO, ecnH cHa4ana CHHTe3HpoeaTb ~eHHflTPH3THn
aMMOHHH B 6poM6eH30flbHOM paCTBOpe H, TaKHM o6pa30M\ HCKfl~4HTb 
nepB~H 3Tan np04ecca, a 3aTeM A06aBHTb K paCTBOpy 31 J~ TO Ha 
KHHeTH4eCKOH KPHBOH, OTpama~~eH CKOpOCTb peaK4HH /2/, HHAYK-
4HOHHOro y4aCTKa HeT /pHC.2, KPHBa~ 2/. 

~CXOA~ H3 npeACTaBneHHH 0 BflH~HHH Ha CKOpOCTb peaK4HH /1/ 
~aKTOpOB, CB~3aHH~X CO CTpOeHHeM HYKfleO~Hna, MOmHO npeAnOno
mHTb, 4TO np04ecc o6pa30BaHH~ acTaT6eH30na C y4aCTHeM n6A,Afl~ 
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PHc. 3. Bbtxop;bt Hop;6eH3ona H acTaT6eH3oJia (Rc H x> 
----- 6 5 B 3aBHCHMOC TH OT TeMrrepa Typbl; IlpO,!J;OJlll:<HTeJib-
HOCTb peaK~HH - I ~: 

KpHBaa- C6 H5 Br-At-- (C
2

H5) 3N 15 MOJlb %; 

2 - 131 -C6 H5Br- J- (C2 H5)3N 15 MOJlb %; 

3 - C6 H5Br-At-- C4H9NH 2 15 MOJlb %; 

4 - C6 H5Br-At-- {C2 H5)
2
NH15 MOJlb %; 

5 - c6 H5Br- 131 
J-- (CH3 )2 co 3 MOJlb %. 

KOTOporo CTepH4eCKHe npenRTCTBHR MHHHMaJlbH~, 6yAeT 6~CTP~M. 
3KcnepHMeHTaJlbHaR npoeepKa nOATBePAHJla 3TO npeAnOJlO~eHHe: 
oKono 85% acTaT6eHaona o6paayeTcR aa nepe~e 10-15 MHH peaK
~HH /pHc,1, KpHBaR 2/, 

04eBHAHO, CTepH4eCKHe npenRTCTBHR OTBeTCTBeHH~ H 3a no
HH~eHH~e BbiXOA~ HOA- H acTaT6eH30Jla B peaK~HRX HYKJleO~HJlbHO
ro aaMe~eHHR, H aa 6onee e~cOKHe no cpaeHeHH~ c n6A 3HeprHH 
aKTHBa~HH npo~eccoe c y4aCTHeM T3A /Ta6n.3,4/. 3HeprHH aKTHea
~HH 6~JlH paCC4HTaH~ H3 AaHH~X 0 B~XOAaX HOA- H acTaT6eH30Jla 
npH pa3JlH4H~x TeMnepaTypax e HHTepeane 150-210°C /pHc.3/. 

B 3aKJ1~4eHHe CJleAyeT OTMeTHTb, 4TO B~nOJlHeHH~e HCCneAOBa
HHR peaK~H~ HyKneo~HJlbHOro 3aMe~eHHR YilbTpaMHKpoKOJlH4ecTe 
HOAa H acTaTa C 6poM6eH30JlOM AaJlH He TOJlbKO HOBble CBeAeHHR 
0 CBO~CTBaX acTaTa, HO H HOBY~ 3~~eKTHBHY~ MeTOAHKY noJly4eHHR 
acTaT6eH30Jla H ero npOH3BOAH~X, 4TO, HeCOMHeHHO, 6yAeT nonea
HO npH paapa6oTKe eonpocoe XHMHH opraHH4eCKHX coeAHHeHH~ nR
Toro ranoreHa. 
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AeTop~ e~pa~a~T 6naroAaPHOCTb ~.C.KopoTKHHY H H.B.npoHHHY 
aa opraHH3a~H~ o6ny4eHH~ Ha Y-200, B.Ao6epeH~Y H M.MHnaHoey 
aa noMO~b npH nony4eHHH npenapaToe acTaTa, B.H,Co6oneey H 
A.M.AKHMOBOH aa TexHH4ecKoe o6ecne4eHHe npo~eAeHHR 3KcnepHMeH
Toe. 
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