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CNEKTPO®OTOMETPHYHE AOCJHIA)XEHHS
4,4’-n-KAPBETOKCIAHIJITHO-2,2’- A UXTHOJIIJTY
1 3 KYNIPA-IOHAMH

A. JI.Tepuynce, JI. I'. I'punbosa

Y nonepeanix moBizomieHHsx [l, 2] HaMu BHKJIaZeHi pe3yib-
TaTH JOCHiIKeHHS i3oaMminoBoro edipy 2,2’-6iHHXOHIHOBOI KHC-
JOTH i MoKas3aHO, 110 BBeleHHs B 4,4’-mosoKeHHs 2,2 -IUXiHOJITY
KapGeTOKCHIbHHX Tpyn 306iabliye iHTeHCHBHiCTh morauHanHsi Cut-
Kommiaekcy, Opnum i3 aBTOpiB MOKasaHO, LI0 BBEJEHHS Tpyll

-NH—< > TaKoXK pi3Ko 30inbuiye e, KommaekciB. MozxkHa
MakK

Oyao mpunyctuti, mwo Cut-komnaexc 4,4’-n-kap6erokcianinino-2,2’-

Auxinoniny
BB e NS e ;
H;Ca00C — NIH HNl L p—CoocH,
//\l/\ \h/\l .
/ VY O\ -

MaTHMe MaKCHMaJbHHI KoedilieHT MoJasipHoro mnoraunanss, lane
IMOCJIiIZKeHHs TMiATBePAUAO Lle MPUIYLIeHHs i, sK BusasHaoch, (R)
ae KOMIUIEKC, IO MEPeBHIIYE MO Eny,e He TiabkH 2,2’-auxiHodin,
aze i Bci BiZoMi aHaJOTH, BK/IIOYAl0UH 6aTO(GEHAHTPOIIH.

[Tpupomuo, mo Oy/a0 IiKaBO AeTaNbHO MOCTIAHTH KOMIJIEKCO-
ymeopennsi (R). 3arainbHa Meropnka opepxKaHHsi 3a6apBJeHOTO
KOMIIJIEKCY MOJAraja B iHTEHCHBHOMY pO3MillyBaHHI Ipu TeMmmepa-
Typi 20+1°C piBHnx 06’eMiB ‘pO3uHHY peareHTa B OYTHJIOBOMY
CIHPTi 3 BOJAHHUM DPO3UHHOM COJIi Mili, COJNSIHOKHCJIOTO TiJpOKCHIA-
MiHy i aneratHoro Oydepa. Ilicis Buminenns i ueHTpHyrysaHHS
3aGapB/eHoro mapy npoBoauaoch ¢oromerpyBanHsi Ha Cd-4a.
BcranoBaeHo, 1m0 pO3YMHH peareHTa MNiAasraloTh 3akoHoBi Bepa
B MeXax JOCHi/KyBaHMX KoHUeHTpauii Bix 2-10—* m/a 1o
2.10-% m/2, a pO3UHHU KOMINIEKCY — B MexKaX KOHIEHTpaIiil BiX
4.-10-5 m/a no 4-10-% m/a Ha niNAHKAX JOBXKHH XBHJAb Big 370
no 700 wm. Kpusi cBirmonornnnanna (R)i iloro xommiaekcy HaBe-
JleHo Ha pue, 1,

JlocmizKen sl 3a/eKHOCTI KoMIlekcoyTBopeHHs Bix pH mnoka-
3aJ0, L0 ONTHYHA T'YCTHHA POSUYHUHY KOMILIEKCY 3aJMIIAEThCH CTA-
no0 B mexax pH 5,8—6,6 (puc. 2). IIpouecy Komm/ieKcoyTBOpen-
Ha mpu OGinbw Hu3bKHX pH 3aBaxkae mporoHisauis rerepoaroma,
npu pH 6,6 — rizponis ioniB Mixi. BiacyThicts 3MillenHs MaxcH-
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MyMy TOIVIHHAHHS KoMmjekcy npu pisaux pH 2,6—7,0 i cnisBizHo-
meHsix Cut : R CBiIYATH Tpo HasBHiCTH B JaHHX YMOBAxX TiJbKH
OJIHOTO KOMIIVIEKCY.

ﬂﬂﬁ JOCATHEHHST MAaKCHMAJVIbHOTO BHXOAY KOMIUIEKCY lLOCTaTHif{ =2

TPUKPATHHH HAJIMIWIOK peareHTy. 3a6apB/ieHHs He MiHsieTbCA IPO-
TATOM KiIbKOX [i6. '

!

J00— 360 40 340 520 Rwm

Puc. 1. Cnextpn morJauHaH#s po3unny B 6y-

THJIOBOMY CIHHPTI: 1—-((}:): 2—Cu+-KoMnJeK-
cy (R)

Ckaag kommiekcy R 3 Cut-ioHaMu BCTaHOBJIEHHI MeTOAOM i30-

MoasipHHX cepift [4] i 3 nomoMorolo KpHBHX HacuuyeHHs [5]. O6ua-

2

a)
45 |

941

34 36 62 46 10 idnH

7

Puc. 2. 3anexusicts J—pH .npou,ecy KOMIIJIEKCO-
yTBOpeHHs npu B3aemonii Cu+ 3 (R).

Ba METOJHM NMOKa3aau OAMH i TOil JKe CKJaJl KOMIIeKCy Miab: pea-
rear =1:2 :

Koepiuientn MoJsipHOro NOTJIHHAHHS PO3paXoBaHi 3a METOAOM
H. I1. Komaps [6] aaa nosxun xuip 530—590 wum. Pesyabrath
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- CTatncruynoi 06po6KM i3 3acrocyBanusam  kpurepito CrblojeHTa -

st q=0,95 HaBOAATLCST B Ta0JHILI.

F2 A ‘ EN | 52 ’ n
530 15350 - 80 18500 15

540 16500 --70 17390 ~ 15

550 17090-- 100 35034 1o

556 17370 4-30 2542 14

560 17310 +80 20440 15

570 16890+ 100 33728 15

. 580 153404100 35490 13

590 12990 + 100 39595 14

~ Ilpu omtumanbnomy suavenni pH npoumec komMnaekcoyTBopeHHs
MOJKHa 3amucaTH:

D
Ae x—‘?,

C; — Io4yaTKOBa

(hasi;

af

48

CuCl + 2 (R), = (CuR,Cl),,

=

X

KOHIEHTpauis

(¢;—2x)%(c; — x)’

pearenTty

2
Puc. 3. 3anexnicrb ontuunoi rycrunu Cu+
KomnJekcy (R) Bil HaJJHMIIKYy pearenty npu

noyaTkoBii Konumentpauii migi: 1—3-10—° a/2;
2—4-10—5 m/a; 3—6-10-5 m/a.

il

I3

/é ¢ 0

B

(1)

opraHiyHii

C — N0YAaTKOBA KOHIEHTpaulis Miai y. BoaHii ¢asi;
C;—X — piBHOBaXKHa KOHUEHTpalia MiAi y Boamilt ¢asi;



1 x — piBHOBa)XHA KOHILEHTpallin peareatry B opraniusiil
! . hasi; :
¢;—2x — piBHOBa)KHa KOHIEHTpALlisi peareHTy B oprasiudi

: (asi.

3 10mMOMOTOI0 DiBHAHHA, BHKOPHCTOBYIOUH JaHi KPHBHX HaCH-
yeHHs1 (puc. 3) AJd NMOYATKOBHX KOHIEHTpauiit migi 3-10-5 m/a,
4-10—5 m/a, 6-10-° m/a i3 dopmyau (1), Mu po3paxyBanu KoH-
CTAaHTy piBHOBArM Peakilii KOMIJIEeKCOyTBOpeHHs. BejuunHa KOH-
crantu lg K=9,8+40,1, s2=29,6-10~4, n=28 nxe s?— gucnepcif,
 — YHCJIO HOCJiNiB. ;

Buxonsun i3 3HauyeHHsl KOHCTAaHTH piBHOBarH, Gysaa po3paxoBaHa
KpHBa HacCHYeHHs IJsi NOYATKOBOi KoHUeHTpauii Mimi 4-10-5 s/a.
PospaxyHKoBi JaHi 3a10BiibHO 36iryiucs 3 eKCIepHMeHTaJbHHMH.
Lle cBiauuTh mpo Te, 110 peakulis, BUGpaHa sl BUBELEHHA PO3PaxyH-
KOBOi (hopMyJiH, NMPaBUJIbHO BigoOpaxae NPOLECH, sKi BHHHKAIOTH
IpH YTBOPEHHI KOMILIEKCY. :

JlocnimKeHHs] B3aeMOAii 3 iHmWIMMH iOHAMM MoKasaJjo, 1o LeH
peareHt, siK i 2,2’-puxinonia, cneundivauit mo BigHomenHio go Cut-
ioni. 1lsa oGcraBuHa, a TaKOX TpHBaJicTh 3abapBieHHs i BHCOKA
UyTJIHBICTh, sIKa NepeBHILYye Bci ONHCAHi aHAJOTH, NO3BOJSIOTH BH-
3nar, wo 4,4’-n-xkap6erokcianinino-2,2’-quxinonin ayxe mnepcnex-
THBHHI 1Js1 (OTOMETPYBaHHSI HEBEJHKHX Ki.anS)creﬁ Mii.

JITEPATYPA ;
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2. A J. Tepmynce, JI. T.Tpunesna. Ykp. xam. XK., 37, (1971).

3. A, JI. Tepmync, A, A, Bepeay6oBa. VYkp. xum. x., 36, 595,
(1970).

4. P. Job. Am. Chem., 9, 113, (1928).

5. JI. II. AnamoBunuy )K. anaa. xum., 15, 782, (1960).

6. H. 1. Kowm a pb. JK. anan. xum., 5, 140, (1950).

NPO HOBI BAPIAHTH KOMIUIEKCOYTBOPIOOYOIO
YrPYNOBAHHSA IJisl KYNPA-IOHIB

A.JI. T'epwync, I. O. Pacrpenina

Jana po6ora € mMpOJOBIKEHHAM MJOCJiJKEeHHs CIOJYK, L0 Ma-
10Tb KOMILIeKcoyTBopiooue yrpymoBauus st Cu (1)-iouis, B siko-
My TiZIbKH OJMH aTOM a30Ty BXOIMTbH jo rerepoumkay [1, 2, 3].
O6’ekramn  Oyair noxigni N-Oensuninen-8-amiHoxina/abiuuy (a)
i pisHi XiHoMi-2-TiZpa3oHu XiHAJABAMHOBOrO ajbjerigy i OeHaasb-

nerigy (0):
/\“/\I R=H, C,Hs, Cl 1{{
A st N INAA
Tt e e
S /—CH‘=N \ : N
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Qno.nyxu Ty (@) oJepKaHi KonJeHcalli€lo B MeraHosi aJjblerinis
3 8-aminoximanpauHOM, TiApasoHu (6) — B3aeMomicio 2-XiHOJiJ-
Diipasuny 3 BigmoBimHuMu anabferizamu. B tabauii 3Begeni aani
po HoBi cnoayku. IIpu iHTeHCHBHOMY pO3MillyBaHHI pPO3UHHIB
KOMII1eKCOYTBOPIOBAYIB 3 BOJIAHUMH 'PO3UHHAMH, iKi MiCTATH Tipo-
XCunawmin, miTpar mixi i aueratHuit 6ydep, 3’ ABAAIOTHCS {HTEHCUBHO
3aGapsaeni cuuproposymnni Cu (I)-kommiexcn. Mu BHAAN KpHuBI

- CBiTonmorsunanHs KOMIJeKcis (puc. 1), BusHaumau ix ckaag Cu:

s 10‘4..

430 J00 350 5I00 A,;rm

Kpusi csitnonorausanis  posuunis  Cu(l)-
KOMIJIEKCIB ¥ 130aMiJIOBOMY CIHPTI: XiHOJIH-2-
rigpasoHiB XinaJabguHOBOro aipieriny (1), 4-
XJ0PXiHANBAHHOBOTO (2), 4-(eHiNXiHaJbAHHO-
soro (3), N-okucy ximampaunosoro (4), N-
okHcy 4-xJopXinaabpuHoBoro (5), GeH3aJb-
neriny (6), deninriapa3sonis: XiHaJbJHHOBOTO
anbaeriny (7), 4-xaopxinaabaunosoro (8) Ta
Gicxisoaiarigpasony Te l%cg'ranboaoro aspieri-
ny .

L=1¢2, sanexnicts kommiekcoyrsopentst Bix pH (omrumaabuuil
lHTepBaa 5,6—6,5) Ta Bix Hamaumky pearenty. JlocTimlKeHHS TO-
KagaJjo, 10 KOMIIEKC 3apAJKEeHHH MO3HTHBHO.
Onep:kani pes3yabTaTH J03BOJSIIOTH 3pOGHTH TaKi BHCHOBKH.
Hosi xommiexcoyrsopioBaui jpaioth kKommiekcn 3 Cu (I)-iona-
Mu, ki B Jitreparypi moci e He ommcyBaauch. ¥ pobGorax [4, 5]
BigmideHo, 1o asaJjoru ymeopiolorh xommiexcn 3 Fe ((II), Cu (II)

Ta Pd (I1).

HasiBuicTb nBOX XiHOJMIHOBHX siep y TiApasoHax He TiJbKH
36inbliye iHTeHCHBHiCTh 3aGapBieHHsi KOMIUIeKcy, a i pgae 6aro-
XpomHe 3pymenHsa (~ 70 #u). ‘
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YTBOpeHHs Cu(I)-KlOMHJIeK-Cy BimOyBaeThcsi 3a PaxyHOK ycra-
HOBJIEHHSI KOOPAHHALIAHOTO 8B’SI3Ky 3 TIeTepoaToMOM i IeHTpaJib-
uumM atomom asory mictrka —CH=N—NH—, IIpu 6aoxkyBanHi re-
tepoatoMa (N-OKHC) KOMIJIEKC He yTBOPIOeTbesi (auB. Tab.j. cIo-
ayxa 9).

Yreopennss Cu(l)-komnaexkcy ime B8a paxyHOK YrpynoBaHHS

l |
—N=C—CH=N—, a ste —_N=C—NH—N=, mo Buaxo TpH_10-
piBHSIHHI KpPHBHX CBITJIOTIOTVIMHAHHS KOMIUIeKciB cmoayk 1 i 4,
a Takox 2 i1 5. 3amina merHHOBOI rpymd Ha —NH— He BHK/I0YAE
YTBODEHHSI KOMILIEKCiB, a 3HAYHO 3HHKYye iHTeHCHBHicTH 3abaps-
aeHus. lle nosicHIOeTbCsi, MOKJIHBO, MOPYLIEHHSIM TIPOCTOPOBOi KOH-
¢hirypauii cneuudiyHoro yrpynoBaHHSI.

Bennka iHTeHcuBHicTb 3abapsieHHs Oicrizpasony (raba., cno-
ayka 10) npu mopiBHsiHHI 3 MoHoriapasos€om (taba., cmoayka 6)
3yMOBJIEHA JOBLIMM JIAHLIONOM KOH'Ioralii y mepuioMy BHIALKY.

Hocnipxkenus Cu(l)-xommiekciB azoMeTHHiB 8-amiHOXiHaJabIH-
Hy TO0Ka3a/jo, L0 He3BaxKalouH Ha He3BHYaliHy CTPYKTypy, HasB-
HicTh CrHeuu(piyHoro yrpymoBaHHs [Js Kynpa-ioHiB 0O0yMOBJIOE
ymBopenHss Cu(I)-kommiekciB, aje iHTeHCHBHiCTb 3a0apBieHHs iX
Hesenuka (E 470 Cu(l)-xomniekca N-GensuaigeH-8-aMiHoXiHamb-
auHa 3960) .

JITEPATYPA

1. A JI. Tepuwync, U. A. Pacrpennna. C6. «Asomemiusi».- H3x-
Bo PocroBck. yH-Ta, 1967.

2. A J.Tepuwyne, U. A. Pactpenuna. Tpyasl KOMHCCHH mo aHas.
xumun AH CCCP, 17, 242, (1969).
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4 M. L Heit, D. E. Ryan. Anal. chim. Acta, 34, 407, (1966)

5 R E Jensen, N. C. Bergmann, R. J. Helvng Anal. Chem,,
40, 624, (1968).

CUHTE3 TA CNEKTPO®OTOMETPUYHE HNOCJHII)KEHHSA
5-(5-CYJIb®0-2-TIA30J11JIA30)-2,4-A10KCIBEH30HHOI
KHCJIOTH 1 4-(5-CYJIb®0-2-TIA30JIIJIA30)-2-
HITPOPE3OPLUHHY

I, Adamosuu, A. JI. T'epuyne, O. O, O.u't'imu\‘.

Panime Oyam onmcani crHre3oBani Hamu aHajgoru 4-(2-riaso-
Jin1aso) - -pesopiuiy: 4- (5-cyabpo-2- Tia30J1i1a30) pE€30PLHH,  CKO-
poueno HasBauuit S-TAP | 4- (2 Tiazo1inaso) -2-uirpopesopiyin abo
TAHP [1]. IMpu nocaigxenui 3'sicyBaiach BiXHOCHO HEBHCOKA PO3-
ypHHicTh iX y Boai. Illo6 s6inpwmuTi ocranH, 6yJ0 BHPilIEHO
BBOCTH B TIePIIHH 3 HHX KapOOKcHabHy rpyny (mosoxenus 1 B siu-
Pi pesopuuHy), a B Apyruil — cyabdorpyny (moJoxKeHHs 5 B sApi
tiasony). Bennka pO3YMHHICTL TaKHX CHNOJYK, fKi MM JAajai HasH-
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Baemo S-TAKP i S-TAHP, sianosiano cnpo¢ritia 6 ix aHamiTHuHe
BHKOpHCTAHHS.

~Cunres pearenTis ta ix ouncrKa. 5-cyabdo-2-aMiHo-
Tiason nAiasoTyBasm MeTOHOM, omucaHum B JaitepaTypi [2]. Omep-
Kany cinp Aia3oHilo cnoaydaan 3 2,4-1i0KcHOeH30HHOI0 KHCJIOTOIO
B cnupro-BoAHOMY cepenoshuti (npu omepxanni S-TAKP) i s 2-
HiTpope3opuUHHOM y COZOBOMY CepefoBHINI (mpH oJepxaHHi S-
TAHP). Asocnonykn BHALNANH, JeKilbka pasiB IepeKpHCTAi30BY-
Banu 3 eraHosy i aHaJdi3yBasau Ha asoT 3a [[ioma.

Pesyabratu ananisy. s S-TAKP snaiigeso asory — 12,01;
11,999, teopernunuit Bmict — 12,17%, mas S-TAHP (uatpieBoi
costi) sHaiigeno asory 15,2k, 15,10, 14,94%, Teoperuunuit BMicT —
15,20%. YmucroTy peareHTiB XOAATKOBO KOHTPOJIOBAMH 3a CIEKT-
PamMu moramHaHHS THCAS KOXKHOI mepexpucragisauii, mo6uBaio4yHuCh
lipakTHYHO He3MiHHOTO cmekTpa (pic. 1, a, 6).

BuBueHnHda peareHTiB

HOS = C =S\ A
t T C—N=N=-( >—0HS—TAKP
HC — N/ o
HO
NaO,S — C — S\ N
[ CaN N 2 S — TAHP,
HC—-N/ HO/ \NO,

SIx BUAHO; Li peareHTH € BiATOBIAHO YOTHPH- i TPHOCHOBHUMH
kucaoramu. S-TAKP — xopuuneBuit mopomok, S-TAHP (uarpiesa
Cinp) — xoBTHil, o6HABa Jdo6Gpe posuuHHi B Boji. Bomui posunHH
IX He 3MiHIOIOTbCS 3 yacoM i BigmoBizaioTh 3akony Bepa B mocaia-
KyBaHOMy HaMu iHTepBaji Kouuentpauiit 5-10-5—10—% wmoav/a.
Mpu aminax pH uiTKo BUSB/AAIOTBCH iHAMKATOPH|i BJACTHBOCTI IHX
PeyoBHH, y 3B’I3KYy 3 YHM CMNEKTPO(POTOMETPHYHHH MeTOJ BH3HA-
YeHHsT KOHCTAHT KHCJOTHOI ioHi3amlii y AaHoMy BHNA/AKy € HaWMpH-
AaTHiMHAM. :

Kpusi [I—pH npu xesikux [QOBXKHHAX XBHIAb (puc. 2, @, 6) mo-
Ka3yioThb, 110 KOHCTAHTH MOCHifOBHOI ioHi3alii, 3B’3aHi 3 NMOXHJIH-
MU JinsTHKAMH KPHUBHX, MalOyTh, 3HAaYHO BiJPISHAIOTHCS 3a BEIHUH-
Holo, 10 Ja€ MOXKJIMBICTH BHBYATH i PO3PAaXOBYBaTH Iii KOHCTAHTH
130;160BaHO, a He CyKymHO. P03paxyHOK KOHCTAaHT ioHi3auii BeJaH
UII?C:(')GOM H. I1. Komaps [3]. Meroauka AocailKeHHs HaBe/eHa
B [1].

3HaueHHA KOHCTAaHT KucaorHoi iomisauii S-TAKP i S-TAHP,
a4 TaKoXK BENHUHH Koe(ilieHTiB MOJsIDHOrO MOTJHHAHHA iX aHio-
HiB pisHoro crymeHs npoToHi3alii 3HAXOMMJH, BHKOPHCTOBYIOUH Me-
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Puc. 1. Kpusi CcBiTVIONOIIHHAHHSA pe-
areHTiB:

a. S-TAKP, C=3,95:-10-5 wmoab/x;
1-—pH 1,25, 2—pH 325; 3—pH 8,06,
4—pH 10,74,

6. S-TAHP, C=4,17-10-° moav/x;
I—pH 1,25; 2—pH 8,06; 3, 4—pH 9,92,

62
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Puc. 2. Kpusi D—pH pearenris:
a. S—TAKP, C=395-10-° wmoas/s;
= 1 —A=400 um; 2—A=490 um.
6. S—TAHP, C=4,17-10-5 moas/x;
1 — A=415 um, 2 — A = 510 um.




l 3

P

- Ton HafiMeHiUMX KBaJApaTiB; BOMH fogami B Tabamui, TaMm xe A

NopipHsaHHsA HaBeleHi 3HaueHHs pK pearenrtis, moC/AiIKeHHX pa-
Hime [1]. Komcrauty K; maa 060X peareHTiB ONTHYHHMH MeTO-
AaMH BH3HAUHTH, Ma6yTb He MOKHa.

3 wmerolo mepeBipkn JOGPOSIKICHOCTI OjepKaHHX KOHCTAaHT MH
Bixmopuau pospaxynkoBum miisaxom kpusi J—pH pas S-TAHP
Ipy A=510 #m (kpuBa 2 Ha puC. 2, 6), BUKOPUCTABIUH 3HAYeHHS
PK,, pKs i e510. Lt KpHBa NmpakTHYHO 36irsacsi 3 eKcrepHMeHTalb-
HOl0, BiAXH/IEHHS HE TePeBHILYBaJH MOMHJIOK BHMIpy.

pK, € JoCHiJ)KeHHX peareHtis, o=0,95

—

% pK, ionisanii : | Koegiuienr moaspuoro
L AHioH| NOITHHAHHS &
Pearen T pea- |——
-COOH | napa-OH| opto-OH| 112 l A =490 nm A =510 um
i 2 3 4 H,R™| (4,6 4-0,1)-10°
e l:i.g;- (§1,25 +0,01)-10¢
S-TAKP [2,37 +0,02/6,81 40,02 10,57+ °[(1,5540,01)-10
(H4R) +0,01 | R*™ [(2,6+£0,02)-10¢
i 2 T 4 H,R™|(8,940,2)-10° (5,1+0,2)-10°
HR?™ (2,294+0,01)-10% (1,23+0,06)-10°
S-TAHP 1,23 7,32
(H,R) o,o% io,oil R*™ [(2,360,01)-10% (3,15+0,01)-10¢
: 2 3 ;
S-TAP 5856t 8,72+
(HGR) 1| 4003 |
i 2 3
S-TAHP 244+ | 793+
(H,R) +01o +0,04

Hani Tabauui 1al0Th MOKIHBICTH 3POOHTH TaKi BHCHOBKH, Kap-
GokcunbHa Tpyna, sika BBeleHa B SAPO Pe3opiHHy, micks CBOET
ionisamnii TiABHILye eNeKTPOHHY TIYCTHHY Ha fioro TipOKCHIABHHX
Tpynax, y 8B's3Ky 3 4HM iX KAGIOTHiCTb 3MeHuiyetbes. e BHAHO
i3 nopisusinaa ianosiguux pK S-TAKP i S-TAP.

Baententist 3k B SApo Pe30OPUUHY HITPOIPYNH, SIKA € CHIBHHM aK-

LEenTopoM €JEeKTPOHIB, pi3K0o 3MeHUIye eJeKTPOHHy TyCTHHy Ha

CycigHix aTtomax, 1o 30iabliye KHCJIOTHI BJACTHBOCTI 3ragyBaHHX
rigpokcunis: aas S-TAHP mnopisuano 3 S-TAP pK, amenmyerbcs
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