
C.,3!.lfJJ r1 J'()r 
6-18(; 

OB'bEDvfHEHHblH 
l-1HCTI-1TYT 
.HDEPHb!X 

l-1CCnEDOBAHI-1H 

Dy6Ha P-1904 

A. EafiopeK, T .A. Ma"lex1rna, K. IlapmrnhCKII 

l1CCnEnOBAHI1E n11HAMI1Kl1 
MOflEKYflHPH~X fPYITIT 

N H+4 l1 HzO B KPI1CT AnnAX 



·::~ 
~c-,~ 
·--~ 

-·~ 

y 

., 

.• I 

11ccnEnOBAHl1E ll11HAMl1.Kl1 
MOnEKYnfIPHb!X rPYrm· 

N 1{t 11. H2o a . KPttCTAnnAx 

Tipenc:TaBneHo "Ha.'Me"'nyHaponH~Ili CHMn03HYM 
IIO HeyrrpyroMy paccegHmo HefiTpOHOB B TBepnbl~

BemeCTBaX n ~nnKocTiix,' EoMoel!, 1964, · · 

Oti·(.~~imemiuil m,::ni-rp I _ 
~Jt(~l~!:.,,~~x Hccnen~;r~ TT~~{I ( 

;1~.IIMOTEH,\ _ · ! 
,- ~~~ 

/ 



, \ . ," -- _- : 

_ , Bo:•MHOrHJI; )tJIMH'19CKHX • coennneHHSIX _ BTOMbl -Bb!CTyllaIQT 'a nnne onpeneneHHb!X CTPYK•, _ 
, • •• - , ; . ', ' • : ; •. / -· -· .. ; . • ' ' .• ··1 • _: '· \ ~ - ,, ~. 

TypHb!X Sll9M9HTOB - MOll9KYIIS!p
0

Hb!X. rpy'nn, onpene-ni:uomnx', B '3HB'IHT91lbHOll CTene1rn - ¢n3H'l9'-o-

' xnMH'leCKHe ~nollcTBa - sTn~ _coenirneanl!, --~ _Kjmcrnimax, Q6pa~oB~HHbI; TaKnMH · coa:.: 

-- ilnaeaHs:rM~,: MOJKHo oJ1m1taTb cymecTno~aiin; ana~osa·~preTM'leC:Km~ · pOTanHOHHbIX ~011e-6a1rnl! · 
'", • ., ,· •• ' •• A ' • - •. • ·, • ,, 

MOll9KYll,S!pHb!X' '.'pynn, B_ llOilOIIHeHn_e K :-HH3KOSH.e'preT!I'19CKH'11.1 :TpBHCll!1llHOHHblM K01Ie6aiiirn~,'. 
I --

-HCCll01l?BBHH9./lHHBMH'l9CKHX ·caol!CT~ MOlleKyris:rpHb!X rpynn Ilp9/lCTBBIISl9T C060l!- 3HB'IH

T811~H~!l! HHTepec ~ ripOBO)lHTCSI pa311H'IHblMH cnoco6~~-m. - OilTH'leCKHMH, i-.:1eTO)lBMH, _MeTona

MH' '!Jl9PHOro II· sneKTpOH:ior,o peaoa'.aacon, - MeT~/laMH pacc~s:rHHSI P,eaTreHOBCKllX: Jl~'lell H 
:•· - , I' 

' -.. : HeliTpOHOB, 
. \ ,, ! ' 

MeTO/l ,HefiTpOHHOli _cneKTpOCKOilHH oc~6eHIIO npnroneH llllSI HCCll9/lOBBHill, 'cnol!CTB-BO~O- -

~oiio~oneplKB!llHX rpyn~: B c~~ll~HeH{is:rx, coneplK~lll~x'aonop;~~ 'TOllbKO -B s;nx ~py~nax. Cnexfp ,1,- " - ._ . . . . ,. . .. 

-paccesi~Hb!X -Hel!TpOHOB B 'TBKHX ~IIY'IBSIX · CO/l9pl!CHT ,Ha<jlopMBllHIO O. llBHlK9HHH npOTOHHb!X 
. - . . - . ~, . ·- ' ·~, -. ~ . -. \ 

·._ rpynn a· ycnoan>1x oKpy~emrn' i:ipyrm,m ·aToMaMH. 111111 rpynnaMH-, _ 
! ; .. ' ' . ' .,~ .. ' , . • . . .- , - . . . ! • ' ' , ' -

Cymec:TnyeT uenbrfi. PM·' nerKo nocTynm,1x coe111rneanll, donepJKainnx aMMOHHeabrfi 

H~n KpHciannn5'anHoaayro ~ony."'.~To ~aeT 'nosMOJKH~CTb·, c11cTe~aTH'lecKH Hc~n;no~aTb _-

·: /lBHiKeHHS -9THX rpyn~ B -pa311H'IHb!X :~pHCTanJIHqecKHX: CTpyKTy~aX, -8, · HBCTOHl!leli - pa6~Te _ coo"6- 1 

.. \- . ' , . , -· . . . . ' . . . + ~ 

ma'.°TCSI )lBHHb!e TaKOI'O HCCllenonaHHSI, - Bb!IlO_J!H9HHOro -1111>1 B91!lE!CTB, _coneplKBIIlHX_ rpynny_ N H4, 

1-

-~~e./H4F; N_H4Br; NH4Cl; Nil4J;Nil4CNS; (NH4hS20a; (Nll4)2S04; (NH4) 2C03; (NH4)iC00)2 ,: 

a Ta~JKe B'a c12; 2H2Q• SrCl2:!iH_zOi Gu SO 4, 5Hp;conepJKal!lHx' KpHCTannn~~llHOHHYIO _noi:iy 11, npo- , 

TIOlly'leHHbIX_ pesynbTBTOB~ ,KO~opoe· SIBIIS19TCSI 110KB npenaapHTSllbHbl_M, ,' 
I 

' II'; -Texanxa sKcriepHMeHTa 

H3Mep_~HH~ npoBO/lHJ!HCb 
_ ' ' ·111 

, TpOM ·nepen, neTeKTOpOM , _ ycTaH_OBJ!9HHOM npH 
' -- /2/ '' ,' ' ! "•-: : - -

B ny6He - _•' fiolly'leHHb!ll .nMnym,,c 3BM9/lJ!9HHb!X: HellTpOHOB. HM99T ._l)IHpHHY Ha IlOJ!OBHHe 
. _. ' . ' ' . ;_ . •, . -. . ' ' t;;. , -

e·b1c0Tbl .80 MKCeK •. l-ieiiTpoi-1b1, _Bhrxo1111niHe H3:3aMeannTe1111, · nonanaioT .Ha'.06paaen, npone-
.,,•:.' . , ✓- _,,..,,. -~ --· O· I,~ '.,· . __ :·., ·,:_.; ". ·'<- _, , · .. ,'. . ' -· • ·,, .·1 

··:. Ta11,6aay L1=20 M, ·ITon:yrnoM 90 · OTHOCHTeJibHo nanaromero nyqxa ycTaH_onneu 6ep1111nne-
:.,., --.\ , - • • • ~ .. • • I - • 

Bblli <j)HllbTp;-OXJ!BlK/l89Mblfi /lO TeMnepaTypb! lKH/lKOro aaoTa.-ITpocjll!J!bTpOBBHHbie HellTPOHbl 
• , I • , .,,- 1 , 

CUHHTHJ!J!SIUHOHHLIM C'l9T'I_HKO;_., PaccTOSIHHe o6pa3eU-ll9T9KTOp _ L2 ,- paBHO 

<j)HJ!b-
' ·. \ 

HX:-myllbCH~~ 6b!CTpOM -peaKTOPI' OHHH 
. . \ - - . ., 

M, 
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11 Mrrynbcbi neTe°icTopa' ·rrepenaroTCst na, MHoroKaHaIIbHbII! apeMeHnol! aHann3aTop • 

- ' - . ' -1 . ·-.. - -- >' _, ··, , - ' -~:: ... :. .-
. ~penH,rn -aHep:HSI E . pat:CeSIHHblX H_el!TpOHOB t: 3, 1· 'M3B orrpen,ensreTCSI II01_10~C>i! npo-: 

,J nyCKBHHll. Be -q,HIIbTpa. ·.aneprnro .• - , 'iwTep11HHYIO 1!ei!TpOHOM npn paccem_m.n, MO~<HO 

~- ·.,. __ , 

-.. 
nenHTb_ H3 · <pOpMyIIbI: _ --·;_ ,·:,, 

·.----. 
T=r+ aL 1 .--r:-:-"""' + --~- '. 

v.~+ E'. . -~--
. V E' ,.~·· 

•. rae . T: .- apeMsr .perncTpaunn paccesrHHblX -Hei!TpoHoB, OTC'IHTbIBaeMoe· oT • cepean11b1 BCIIbIWKH ,, 

Oh!C~pb!X :11el'!Tpo11os,. r - ' cp~~~ee - apeMd. ~ll;HH Hei!TpOHOB. B, 3~Menm1Ten~ •. 
, . \ , .I -, • ~ -- ' . \ . "-

11cciieayeMbJe Bell!SCTBa. B· BHne/KpHCTBIIIIH'!eCKH_X II_OpOWKOB_-IIOMell!BIIHCb. B IIIIOCKO-
- . . ' . - .. · ~ . ' . . •' . . ' . ' .- / ' ' ·. . ' . , " 

napanneIIhllbie repMeTH'l8CKHe SIIIOMHHHeBble q,opMb( C. TOHKHMH. CTef(KaMH . ( - 0,5 MM). pa3Me-, 
: - .> , /. 2· · -- "'.. -.i_,,,...- - ••· ·• · / : .•· ... • -_ . >; 
poM·.',180 x200 MM • TonmnRa cnosr aemecTa· 6bma rrpHMep110 1 MM, '!TO cooTBeTcTayeT. np6--, - _.~_- . ·. . . ·, ·-

.. • ni'cKaHHIO -~ 85%. 

: 11aMep.euii~ HHlKe ~OMHBTHOI!. TeMnepaTypbl · np_OBOJ:lH/IHCb B · KPH OCT a Te c 6~IIbWOI! . Tenn~-. 

_ eMKOCTh!O,. oxna~naeMOM. :>KHJ:lKHM a;o;oM: KoHT~ollh -TeMnepa~;pb1 o6pa3ua·. npon3~~_;;n~;. 
. ; .· . . .. -• . - , - . - , .- . o··. . -- - -.. . . . . -~ 

C IICJMOll!b!O T9pMOCOIIpOTHBII8HHSI C .TO'IHOCTb!O_ :!;_2 .C. nnsi 'H3MepeHHi!_ rrpH 'TeMnepaTypaX .-

BbIWe. KOMH8THOfi_, o6pa3eU nonorpeaancsr' 3II7KTPOIIIIHTKOI! •. 

. noToK n~l!;p~Ho~,· ;anarom~~c aa' o6pa3en( · d~Mepsrn~sr no MeTony apeMeHH nponeTa _ 

6a3bi L{ :iaMennn;enb.:.oop~~eu c noMoWb!O TOHKOI'O 6opHm:;o C'!8T'IHKa, ycTaHOBne1111oro 

rrepen o6pa3u_oM. · 

Pe3yhhTBTbI , !13Me)'.ieHHI!, npei:icTaaneHbI. RH:>Ke a 11ayx annax: 

1. B' ann~ - apeMeHHoro crreKTpa ;praccesrHHbIX Hei!Tponoa, ncnpaanennoro · 11a npoc'!eTbl .. . . ,. .• 

·aHaIIH3aTopa n q,oii, 

-:. . o6pa3e~ nell;~poHo·a. 
I'-,· ' - - . 

110 - He. HOPM~pOBSIIHOI'O K · IIOCTOSIHHOMy 3Ha'!eHHIO IIOTOKa ·nana;;we:x Ha 
- - ' -- ;' ' '· ~ . ' 

nonp~IBKa Ha rrpOC'!eTbl 118 npeB_blwana 20%. _4>011 COCTSBIIHlt -_-5% OT, 

.3<p<p8KT8. ·-
.. 2; 'B BH;e 'laCTH'IHOro 'cneKTpa K01le61:1nnl! i-ipoTOHOB ·p (<,>) ' T.e. IIpOH3BeneHHSI . .. . . , H . • 

HOI'O: cneKTpa '!aCTOT KpHCTanna _g (eu) :; 11' KBSll~~Ta•"aMn:iHTyllbl K~n~6aHHi! . ~pOToHC:B 
" -/ .. · . . ·/ . • . . 2 -: 

p (w).=g(ru)Ji;-(ru)]. ,· 
. .. H · · _ H , _ ... , 

OObl'I-"'.. 

I, ·c"')i1. -''. 
--11, . . , 

BbI'!HCII~HHoro B onHoq,oHO~Ho~ npn6n11:>KeHn:n: 
- . . -·-· __ , •.· • ... · ·-, .'y K2 d·2 lno _ . _ '. 

p ( w) a...;:~_!;,_ , (1·- e0

7T} ·e ;8 __ o_·_·, ,..:..._1__:.;_ 
. H • E·'- «• . · ·. ·. ·. drl d>. 0 n (>. o) . 

B_ nociienael! q,opMyne ·.· Eo '.-E'.- aHep!'HH 'i:raaa'romero H cpenirnsi aHep!'HSI pac'cesm~oro 
. . •. · .: : _,.__ . >'Hd ' ' -· ' ' . .·_ ... _' . - ' ~ 

11ei!Tp()11a1. T - TeM_11epaTypa o6pa .. 3~1:1• ,/ _e - q,aKTop:Jle6asi_:-1?_!1nepa .. (np1mnMancsi_ paBl!bl~- 1 · 

: ~nn11nri~) ,' d 
2 

0 h,o .:_ n11q,;p~~u11a~hHOe ·;e'!e~·e ~acce~si ne8Tpo;o~ c 11nHHofao11Hbl - _ >.0 ,; • 

·•. ·. --d!:l-d>.o · _ ... ·•.' .·•·: ··, .-·_· .. , .·_··. ·-.•·. :._ .-·· .... 
n (\; }-IIOTOK _naaarom11"_11a· o6pa3en Hei!TpOHOB Ha enHRll'!Hblll _HHTepaan· llIIHHbl BOl!Hbl, 

/ 

. / ' 

. -(~ 

- .-: 
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tJacTn'lllbiil · cn~KTP '!ac1'()T pH (w ) ncnom,aoBancH nnH onpenenennH ana'!ennll aneprnn 

n OTHOCl!Tem,.H_h)X. nn-reHCl!BHOCTell nnKoB, coOTBeTCTBy10mnx snepreTH'leCKl!M ypoBHHM KPH

CTanna, He HCKSlK8HHb!X q,opMOil cneKTpa naJlaIOill8ro Ha o6paaen Hy'!Ka neiiTpOHOB.-

III , PeaynbTaThI H3MepeHnil n nx o6cyJKnenue 

A. Coe,1nuennH, co,1epJKa1Ilne aMMOHl!eBble · rpynnbl. 

A-1. ranoreHhI aMMOHHH. 

IlpocTeilWHMH C08Al!H8HHHMH, co,1epJKa1IlllMH aMMOHH8Bbl8 rpy1111bl, HBnHIOTCH ranoreHbl 

aMMOHIISI, - SMMOHl!il HOAHCThlil, 6pOMHCTblil H xnopHCThlil. Onn BbICTynaIOT B pa3HblX KpHCTan• 

norpaq,n'lecKHX q,aaax
131 ( Ta6nHna 1). B q,aae I aMMonne_Bhie nonbl paaMemenhl iia noBepxno

CTH xy6a; coananHoro nonaMn ranor.enoB, a B q,aaax n n Ill - B ero neHTpe, Hei!Tpono-
/4,5/ 

rpaq,H'l8CKl!e nccnenoeaHHH yKa3bIBaIOT, '!TO B q,aae Ill aMMOHH8Bbl8 nnpaMHAbl paa-

Melll8Hbl B KpncTanne BnonHe_ynopHAO'leHso: nH6o napanne~bHO ,1pyr ,1pyry,(TeTparonam,naH 

c'l'pyKTypa), nn6o anTnnapannenhHO (cTpyKTypa Tnna Cs Cl, ), TOrAa KaK·B q,aae II paa

MemeHl!e HX xaoTH'l8CKOe, TaKHM o6pa30M, ne11ocpeACTB8IIHO 6bma UOATB8pJKAeHa rnnoTeaa 
/6/ 

cf>pel!KenH , cornacno KOTopoll anoMannH Tnna >. , na6n10,1aeMaH B noBenennH TennoeMKOC-

TH B ranorenax aMMOHaH npn nepexone M8lKAY II 
+· 

I ynopHA0'18HHOCTH opneHTaitHH aon0B N H4 

I! Ill q,aaaMH, CBH3ana c napywenHeM 

111 
Teope:H q,aaoBhIX nepexonoB B sTHx coe,1HHeHHHX 6bma coa,1aua HaraMnell , On yz:a-

+ 
aan, '!TO ynopHA0'18HHe H0HOB N H4 onpenem:reTCH B3Sl!MOA_ellcTBH8M 0KTynOnhHblX MOM8HToB, 

Ha OCHOBe STOii TeOpHI! MOlKHO Bbl'IHCnl!Tb Bb!COTY UOT8HitHanhHOro 6apbepa V , snag '!acTo,. 

Ty V TopCHOHHblX Kone6annll l!OHOB, tJacTOTbl VT MoryT 6hITb onpeneneHbl KOCB8HHblM 
T /8,9/ . • - /10/ 

nyTeJ\f C noM0illhIO HHq,paKpaCHOii I! paMaHOBCKOil ' Cll8KTpOCKOIIH!!, a HenocpencTB8H-
' .,. /11,12;13/ 

HO - M8TOAOM neynpyroro pacCelll!l!H H8nTpOHOB , 

B ranoreHax e:ccnenoBanach M8TOAOM 

JlHHaMHKa aMMOHH8BblX rpynn 
-/14-16/ 

npoTOHHOrO peaonaaca a ny'reM 1!3MepeHHH 
/17/ 

nonHblX Hel!TpOHHbIX Ce'!eHl!il • Bee BbIWenpe:BeneHHbl8 M8T011bl yKa3bIBaIOT Ha Cl!nhHO 
+· 

3aTOpMOlK8HHblil xapaKT8p epalll8HHII l!OHOB 1{ 114 B q,aaax II I! III I! OTHOCl!TenbHO 

CB060AHblll B 'q,aae I • 

CneKTpbl paCC8llHHll aeilTpOHOB ea NH 1J •. NH 4Cl • NH4 Br} nony'leHHbl8 B AaHHOil 

pa6oTe B ne:anaaone TeMnepaTyp OT TeMnepaTyphl.lKHIIKOro aaoTa no KOMHaTHoil n npencTaB

neHHbie Ha pe:cynKax 1-3, nOATBeplKAaIOT STY TO'IKY apeHHH, CneKTpbI nnn Bceir. coene:HeHHl! 

IIPI! HH3Kl!X T8MI18paTypax o6pa3UOB 0'18Hb liOXOlKH Apyr Ha ,1pyra: _B KalKAOM Ha6n10,1aIOTCll 

HH3KOSHepreTH'l8CKl!e aKyCTl!'leCKH8 Ill!KH npn aHeprHHX ( =22,2. MSB. ( =20 MSB, 

( =18 MSB COOTB8TCTB8HHO nnn Cl, Br H J ; nanee npn SHeprnnx ( =49,2 MSB; 42,5 MSB; 

'36,5 MSB; BHAHbl Y3KH8 HHT8HCilBHbl8 liHKI! aaTOpMOlK8HHblX Bpameae:11, a TaKlK8 PHA mIKOB 

npl! 6onhWl!X aHepre:nx. 
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<PopMa C!!eKTpOB, KBK ll irneprng llllK0B, J:I0B0ilhH0 xoporno cornacy!OTC!I C J:18HHb!Mll, 

/11,12,13/ 
l!0ilY,IeHHb!Mll llP, 8BT0paMll-----· • $opMa BpamaTenhHbIX II!i!K0B C 6onblllOl! T0'IH0CTb!O 

oTpalKaeT Bllll Kp!i!Bol! paapernaromel! cnoco6HocTn ycTaH0BKll, 'ITO yKa3bIBaeT Ha Manyro llC

TllHflYIO wnpnHy 8TllX IlllHlll!, C yaenn'leHlleM TeMnepaTypbl llHTeHCIIBH0CTb BpamaTeilbHb!X 

lillK0B lI0CTelieHH0 naaaeT, 0J:1H0BpeMe1mo yMeHbWaeTCll II IIHTeHCIIBH0CTb ynpyroro pacces!Hllljl, 

TeM!!epaTypHb!l! X0J:1 K0T0poro lI0Ka3aH Ha pnc, 4. 

O6mnl! xapaKTep C!!eKTP0B He MeH!leTCll Hpn Hepexoaax 'Iepea T0'IKH A • TTpn yaenn

'!eHllH TeMnepaTypbl <pOpMa BpamaTeilbllbIX l!IIK0B HeCK0ilbK0 MeH!leTC!I: co CT0P0Hhl MeHblllllX 

a11epr11l! l!0SIBill!IOTCll ll3Il0Mbl, pacTywne C TeM!!epaTypol!; 0HII yKa3bIBaIOT Ha !!pHCyTCTBlle 

HepaaperneHHbIX J:I0!I0JIH!i!TeilbllbIX llllK0B c, aHeprllel!, MeHbrnel! 0CH0BH0I"0 l!HKa Ha 4-7 M8B., 

clTo xoporno BHJ:IH0 B cneKTpax an<1 NH4Cl n NH4 Br (pnc, 1-2). 3TH m1Kn M0JKH0 nHTep-

+ 
!!peTnpoBaTh KaK nepexoab1 MeJKay aoa6yJKaeHHbIMH ypoBH!IMH noH0B NH 4 , rcone6n10mHxcl! 

B l!0TeHUH8IlhH0M !!One C y,i,e 38MeTHb!M aHrapM0HH3M0M, 

CTpyKTypa N H 4 J 
• 0 . 

!!pH TeMnepaType -19 C ll3 CTpyrcTypu TH!la CsCI !!peapamaeTC!I 

B Ky6H'!eCKYIO - Tl!l!a NaCl • flpll aToM Hepexoae CHercTp paccel!HHhIX Hel!Tp0HOB MeH!!eTcl!: 

B Hey!!pyrol! 'laCTll HC'!eaaeT !!HK 3aT0pM0JKeHH0I"0 BpameHHll, TaK 'ITO !!pH 6onee Bb!C0KHX 

TeMHepaTypax aTa '!aCTh HMeeT BHJ:I wHporwro HnaaHoro pacnpeaenem,g; HHTel!CHBH0CTh ll<e 

y!!pyrol! '!aCTH Cl!eKTpa CK8'IK006pa3HO yMeHblllaeTCll (pnc, 4). noao6llbie CKa'IK006pa3Hble 

1171 . 
H3MeHel!Hll B U0ilH0M Ce'!eHH!I Hel!Tp0H0B Ha6n!OAanllCh PameM H llP, • 3TH <paKTbl yKa3bI-

BaIOT Ha ana'IHTen1,noe yaenH'lem1e cao6oaw apameHnll !!pH nepexoae B Ky6nqecKy10 <j,aay, 

CneKTP Hel!Tp0H0B, pacceHHHblX Ha Nl14F (pHC, 5), HMeeT oco6eHHOCTII, 0THH'la10m11e 

ero OT cneKTp0B apyrnx ranoreH0B aMM0Hllll, Oco6el!HOCTII 8TH o6ycnoanellbl CTPYKTypol! 

coeA11Helll!ll Nl14 F , IIMeIOIIIero perneTKY Tl!l!a BIOPUHTat, H nanH'll!eM Cl!IlhH0l! B0A0P0J:IH0il 
+ 

CB!13H N - H- F MelKllY aceMH 11onaM11 NH 4 n 11011aM11 F , 

TTnK~I aKyCTll'!eCKoro II 3aTopM0lKE!HH0I"0 Bpamemrn !!p0!!Bill!IOTCH !!pH aneprlll!X 6onblljl!X 

HO cpaaHeHnro c npyrHMH ranoreHaMH aMM0HH!I ( £ =-31,5 ,MaB , • ~12 MaB) ,· KpoMe 

8TIIX l!IIK0B na6nIOAaeTC!I H113K09l!epreTn'!eCKal! nonoca C MaKCllMYM0M lip!! sneprnn 8,5 M8B,, 

Tarc KaK l!Oll06 Hb!e l!0il0Cbl llMeIOT MeCT0 B nel!Tp0HllbIX cneKTpax aemecTB C B0A0P0llllb!Mll 

CB!l3!i!MI! Tlll!a H -F 
1181

, TO M0lKH0 !!peJ:lll0il0lKllTb, 'ITO Hll3K0aHepreT11'!eCKal! l!On·oca B 

Cl!eKTpe 

CBSI3hl0. 

N H4 F 061,!i!CH!ileTC!il MelKM0ileKyil!i!pllb!Mll KOne6aHll!i!MII ll0H0B C B0llOp0J:IH0J! 

Bonee cna6a!i! TeM!!epaTypHa!il aaa11CIIM0CTb lll!Tel!CllBH0CTll K8K lll!K0B, TaK II yHpyrol! 

qacTII a Cl!eKTpax N H 4 F yKaabmaeT Ha 6onhrny10 aenn'!HHY 6apbepa aaTopM0JKennoro apa-
+. 

memrn l!OH0B N H4 B aT0M coe1111nen1111 !10 cpaBIIeHIIIO C 0CTBilhHb!MII ranorellaMII aMM0HII!il, 
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·I 

A30THOK11Cnhllt aM,::;OH11Jl a1,1c1ynaeT Ii nstT1!.Kp11c-rannoq:ia¢nqecK11x KOHq,nryparuis:ix '. 

(Taon11ua u' ). OcooeH!IOCTWTllna >..' B~ICTy~aIOT_ rrpll TeMnep~TYPl;lX ~160° II aic/1 81
• 

· · > - . .. · .· .. ; · · · noi - , ·. . · ·, ._ · . 
F'eaynhTaTbl peHTr:eHorpaq,11'!eCKIIJ<; ·l!ccnenoaaHnlt ,Y_l',a3hIBaro;r_ :'a ·caooonHoe ,apame- . 

HII8' l!0Ha· NO 3 B Ky0H'!eCK0!t q,aa_e II 3aT0pM0lKeH!r,oe B q,a3aX IIII3IlleH CIIMM8TJllIII, OTHOCII-; 
, ·.,. ,. . ,, ,,, ...... ·1211· 

TenbH0 Mano nay'!eHo noaeneHHe aMM0Hn_eaoro noHa B \NH4 N03 • ·rrp_ennonaraeTCSI. :··• 'ITO 

nepexon na_ reiccaroHallhl_l:OH. q,~3bl a .,;.eTp,;ro11ani,11yro "( T '=- 18°c), <! TaKJKe ,\ ..:·nepexo1( 

. Il~II :_ao° C CBl!3aH' C. !IOB8/l9HHeM HME>HHO aTqro ;noHl:l, 

. H e;Tp<JII;~h;lt. CII~KTp a-roro. coenii11eunino~a~a11 H~j pnc. 'ea, ;, ITpn IIH3KIIX TeimepaTy- · 
·- • • •' • ' • : - I • -~ • • ,:. ( ·.• • ' , ',. -• • ~ ., , • • • • 

pax :itpoMe aKyCTH'Ie".Korq nnKa_· rrpn aueI'r_nn • •-· "'24,5 _Mah IUlonronaroTcs(naa 'onn_aKo pacn.?"'.' • 
•• • ' ~; ., I ' .• L , I - • \- • ' '. • • • • ~ ~ • ' •· •• 

noJKeliHhIX on:rn:e,CKHX nnKa paann'IHhIX HHTeHCIIBH0CTelt !1J'II aHeprl!l!X •~=42 M3B_ II • =50 Ma,5 •. _. 

·. OUTH'!eCKHe Ill!KH 0CTa!OTCSI IIplI, rrepexone 'lepea :°>. '·-•roqK; npn · -l 60°C l!- 760°C- ll_ .HC'le3a,o~ 
. , ' 0 . 0, . . ' . ,· 

· :a nHarraaoHe, o_T -20_ no 0 C, T,e •. a oonacTl! rrepexona OT reKcaroHanhHOH q,aa1,1 K 7eTparo- .. 

uanbilolt, 

- ' ' 
• c Heynpyrag 'qacTb c:IIeKTpa 11ellTp0HOB, paccel!HIIhIX. Ha oopaarie a· q,aaax C IV IIO I, 

.'nMee;JinaBJhltt:i;,nn~ B ;eMrrep;TYPIIO~ .IIOB~;elll<II. ~rrpyrou qaCTII ilaon~n~eTCSI ~Ka'!~~o6p_;i3-. 

H0e H3MeHe11ne 'IIHTeHCHBHOCT; npn. ~~pexonax ,,M~:ny_ ¢aaaMII ,IV-Iii ,. - l! II-I· _:_ ~IT~II- rr~pe-' 
./ , • I ..., • :, 

.xone· a :ityoH'!ecKyro· cTpyKTypy ·(q,aaa I) coanaroTCll y_cnoBnl! nnll on11oapeMe1111oro -caooon11oro 

,:,'apame11nS1 ooelIX M'oneKynsip11~i~ ~pyrrrr.- 015 a~6M' c~neT~m,~;BYeT;~aonioii~~M~~ CK~'IKOOl5pa3-
,. - ~ • • J • • - - ' - ·- ., 

11oe Y,M7Hhme11ne IIHTeHCIIBH0CTH . yrrpyron '!aCTII. crreKTpa rrpn rrepexone B q,aa:{ ·1 (pile/ 7). 

· A"'.'3• (_ N n4)2 S ?4 

' . ' , ' 
'Cynbq,aT aMM0HIISI HMeeT pOM0II'IeCKYIO 'cnoncTyro peIIIeTKY. C rrapaMeTpaMII -. 

b =10,'~951., c, ..:1,1051. ._a;~MElHTap;~ll gqeltKa conep~nT8 8M~OH;eB~IX ~OHOB: 

, 111,1x B llBYl!; HeaKB~aan·eHTl_fhlX · rronol!<e~H-l!X~. P accTOl!HHe M·e,kllY a.;.oMaMii RHcnopoJla · II aMM~ 

mreabIMl! ·II0HaMu Meul!eTql{ OT. 2,66J Jl0 3,60 ~ • .-ff;~!Te~epaTyp~ npmJ~~110 -50°c' com, 

CTaHOBIITCSI cerHeToaneKTPIIKOM II aT'o COCTO!II!IIEI ~61,llC~!IeTC!I: cyIIIeCTB0BaHHeM B_onop0JlH0ll_ 

.• CBSl31I ;;.nria. N.:..H -o~221
: :a pal!0He STOH TeMnep~~~~I ~ ooirnpyJKeHbl aHor:anbHble IIOBe)leHH; 

1231- ,· .. · • ,,., .. ·,,24,'25r · · , .·, · 1201 
· TennoeMK0CTII , )l!IaneKT!llI'leCK0!t rrp0HIIUaeM0CTII . " · II' 1IHq,paKpac11oro .nornomeHIISI. . I 

, . I , . . . . . . I . 

P_eay.nhTaTh~ Hamnx Hccne)loBaHHH. 11penc'.I'aBne11h! Ha pile. ,a;· B, 06nac1:1I · ITE;JPella'I a11eprnn . 

.• =_50 MaB _BHt;teH Illl!pOK!lll ._ IIHTeHCII.BHhill _lllIK Hep~rynSij)~Oll ~OpMh;, COCTOIDnlill, no BCell , · 
·llllK0B. 3Tn · nHKII :MoryT aoaHHKHYTh 

\' .. - ' 
''aepoSITHOCTII, II3·HepaapeweHHhlX 15nH3KO pacrronoJKeHHhIX' 

.. ' .. ( ' ~ . - -
.a peaynhTaTe 11eaKB11aaneTHoro ,rronoJKeHnll aMMoiinea·1,1x noH~B · a. peme-rKe,. 3iiepnrn .,nnKa ·, 

, ,· .. _. · · <. - . , ". ·. ' - ' · - · · ' -l /28/ 
Mano 0TillI"!aeTCSI OT Haonro)laeMolt K IIHq,paKpac110M crreKTpe nirnnn C 'qacT0T0!t 447 ·CM· - ' 

. ', ' '. . ' . -- ~ ·. . - . - ~ , , , ' ' , 

. C yBeil!I'leHIIeM TeMIIepaTypbl 3T0T IIIIK yMeHbmaeTCll, II. ymnpSieTCSI, llOC.T€II9HHO ~~llBal!Ch;i 

c '.rroJln~JKKolli a· paiio11~ ;e\..ineJaTy~bl-=~epexoJla ~~pea. >.. _;O'IKY miTeHCIIB~OCTh ynpyron\ · 
• - .• ' ! • ' • ' \ ··, 



:A-:'.i; NH4 CNS 

·' ,,~ · AMMoHnli ·poAaHnCTbili lIMeeT, MOHOKmIHHyro 
- - - ',' . ' '- /29/ '' 

'Mll B aneMeHTapHoli ll'tel!Ke ' ' •. Bo~pyr 

'CJIQHCTy!O -CTpyKTypy 
. . ·+ ~ I 

·ia:>K)loro noua. -N 114 pa·cnono:>KeHhI 

.. , aaoTa, casiaaHHbie c HllM · BOAopoAHbIMH · CBSl3SIMiI, N -II -F,. ·lI ABS- a To Ma. cepb1 
• ,.. ' ' - ' . ·:, -. ' + • ' . . - ... ' ·.. • 

-·CBS!3SI_Mll, lla1,1Hb!8.'0 )lllH8Mll~8 HOHOB: NH4 .. B 3TOM C08nl!H8HlIII ll3BeCTH~l ll3 
, . /17/ · · . -, . ,' /27,16/ · · 

nonHbIX ce'IeHnli P_ama n AP• .n ·npoToHHoro pe::ioHaHca.i . ; 

: Cpa~HHBasr Benn~~y HSKJIOHa ;1meliu~~ · >i:11,cT~ •,aaancnMOCTll •_nonHoro, 

·- HllSI HeliTpOHOB 'oT •llX' )lJlllH~I B~JIHbl'\ ). ' • npH K~MHSTHOli TeMnepaType o6paa'na C 8Hanornq~-. 
' . . . . · - /17 / •, . - . ' . '• 

·. Holl Beil,H'!HIIOli /lilSI npyrn:it; 8MMOHll8BbIX· cone ii:,' F' am n' np. DbICKB38Jlll ·npennono:>KeHHe,: 
·. . ', ' ' . ' + ' - ' - ·. . . 

'ITO JllIIll!lMH'leCKOe no~eneHne :PYililhl NH4 B POA:1HHCTOM 11 6poMIIC'I'OM ,8MM()lll!,l,I 
-. \ ,., 

ObITi. IlOXO:>KhM, . 

, ,, ,,,. >s .· .•• '' 

fla6JIIO)l88MllSI H8Mll sHepr~ll }(IHKa _TbpCIIOHHbIX:,K?Jie_6~1;11ii: IIOHa 
+ NH 4 B 

'·, (pHC, 9a, a)' iiellCTBHTe.rn:ao 6nnairn K BeJIR'l~He a'B:eprnn, nony,,ie11'11oii: )lJlH .OCIIOBHOI'O nnKa·, 
, I ~ • ' , • • " , ' ' • 

N_H4B,-;:_OAH~K() ¢opr,m nnxa:)l/ISf NH4CN_S nMeeT 'neCI<;OilblW HIIOM Bll/l, a ero,umpnHa , . 

,' > 3Ha;"iHT8Jlb~O ·oo~me m~pnnu ~iii' B. N H4 Br • '8T_O pa3Jill',1118 MOlKeT. \>~!Tb, Bbl3B8l!O_ irn6o'. · 
•' - . - ' ' '. ', - . '·· . +· ' - ' ·, 
,. 11apyme11aeM 'TeTpaa/lplI'IeCKOll _ CIIMM8TpIIn rpynm,1' N. H4 BBll/lY 118CllMMeTpll'IHQli BO/lOPOllIIOli 

-. .- .. · . • ' : , . ·• - . . . • . - . . I , , . · .. ·\. 
CBS1'3II,' nn6o B/IlUIHH8M lllII'8pMOHH'I8CKIIX' KOJie6aHIIi! .rpynllbl C N s • l1HTepeCHO 38M8THTb-; - 'ITQ 

. M8TO/l np~i>IIHOI'O p~~o~a;ca T811:~0 /l8~T /lJISl NI.-14Cl'IS H NH4-Br 6~ll3Kll0 pe3;JlbT8T~I ~- -~

/lJISI a~a~einn ~HR;,, ri~mrir "lI ;eMnep~Typb~, _npn Ko~opoii:· ~na :~qioo6pasH~; M~~ste;ct
16•~~;> · 

·, ". cA:-5,,' (NH4~Sfa -n (NH4)zCr2 o,; 
. •, ' " ' \. 

KpnCT8nnorpacpH'IeCK8Sf· CTpy:KTypa STIIX. ,CQeAIIHeHIIli1 KSK' I! . pe3yJihT8Tblj nonyqeHI!b!8 · 
' • , • '•' j 

~eTOAOM ·.upOTQHIIO.I'O pea~naHca, CBll/le'l'em,cTBYIOT 06 ,, OTHOCllTeJlbHO. CBOOO)lHOM : apaiuennn SM-
.. ' ·- ' ,. . . . . 

MOI!lleBblX rpynn l'I STIIX: ··aemecTBax. '9oa aemecTBa !IMeIOT MOIIOK/Ill'.Hey!O.-'CTPYKTYPY C ·6oin,-, 

Wll1';1l'l p83Mep~M; 9Jl8Me11T~p11<iii: gq_~ii:,KII' ;('-Bfu~ r~oM~Tplll'! peweTOK,onpe)leJISI~Tc:, ~naa-. 

. HblM o6pa3oM, pa3MepaMII pa3BeTBn811HbIX . ' ' ' ', -+ . ' ·. BIIHOIII!bllt rpynn,. C03/l8IOWIIX pllll ·•noayweK•;· 

. KO_TOpb!X IlOMemeHbl rpy~bl ·. N 114' , , · -,, 
. . • · '-·/301 

. l1ccnamma1111sr_ C;PYKTYPbI ( NH4 ),f,,Ps; 1 Y,_1>83blBSIOT, "!TO _12 aToM_oa KHcnoP,olla _paa-

\,1em.eHbl UO'lTII CIIMMeT])II'lIIO 118 IIOBOpXH<iCTI{ mapa C p8AIIYCOM :, 3, 18 i BO;p~ _Ka:>K~ciro •'' - : -+ ' . ·, - ' . + , ' •. . . ' ' - ' 
HOH_a N u4 ·• Enaroaap~- aToMy .llollbI N n4 · ~aXO/lstTcsi a cnnosoM none Bb1c0Kol! CHMMeTpnn, 

BCnO)lCTBIIB 'll;lI'O · 1'1X /lBH:>KeHIIe )lO;Jl:>KRO 6b1Tb CJI800 • 38TOpM;;:>K~IIIIl>I~, 8Ty' TO'lKY 3peI11Ill IIO/l-:-·• 
. . - · . /16,31 / . ' . · - , " . . · · · -

' ·TB8])JK)l8IOT )l811Ilbte. llpOTOIIHOI'O peao11a11ca . - , YK83blB8IOWl!8 118 aenn'lnny·oapbapa TOj'.l .... 

', ,, . . • 6ap~ep ·TaK~tt' :>Ke aemI'IHI!bl , .. Moanoro apameHnll MeHbmyIO_, _'leM 700 Kan/MoJlb·, -Ha 
·- . ---. ' /17/ 

.ll3M8])eH}!Sf IIOJIHbllt -~e.llTpOHilbilt ce~e'.111? , , 

:'.CneKTpbl · Il~HTpOIIOB1 11eynpyrq paccesinllbIX 
· . · · , · /32/ ', . 

K0Mll8TI!Ol! no: )l8HllblM BpaeBII"l8, I! llP, He IIMeIOT Ill!KOB, xapaKTep111,1x )lJISI 3BTOPMO:>Kell-
HOI'O BpanieHRn:- ' ' ' ' ' ' ' 

. o· 
11a o6paane, npn Te)'mepaTYpax 348 K 

' ' 

,-, ·-
8-, 

,,_•, 



. OarraKO B rrony'iellllb!X 118Mli crreKTJ)f.l.X_ nel!Tp0110B 1 paccest_Hllb!X.·. 11a o6pf.l31l9, rrpli Hlt3KOi! . 

TeMrrepaType (pm:;, 10); /'.IOBOHbl!O 'i9TKO Bl{/l9H ll~K -~pli 9Hepr,m . 
~ . - ~ -

<' .~ 35,5 ~a. KaK 11aM 

113B9CTHO, 'iaCTOTa'sToro llliKa .HlllK9 acex· He6moriaeM'blX, 'if.lCTOT B 

Hlill TeMnepaTyp1,j 06pll3Ua, yKa3bIB8IOT Ha ll!)OIICXOUSlmOe yaennqe~ne CB060Abl Bpa'meHUSI, BTO-
.. . . " ' ' . . . ' ' ' '0 . .. . ·, 

MOB, Il!!K 3/lTOpMOlKOHHOro apamerrmr IIC'!esaeT npn ·TeMnepaType 250 K; I1prr Bb!COKIIX TeMne+ 
. . . . .. . . , · ' /32 I . 
paTypax q,opMa _cneKTpa,_coanaAaeT' c q,opM~il, nonyqerrrroil Epaea11"leM .• 

· ·Auano;11qrr1,re ~esynhTllTbl nonyqerr1,r nng: (Nll4);Frzo7 (prrc,11); Ilmt aaTOp'."'OlKerr,Horo 

apa!lleHirn, KSK 11 B C,!!yqae (NH4lzS2 Os . ; Ha~nal'.lblB'.1-91:CH Ha nrnpoi<:yio J:10BOlibHO HHT_eHCHBHylO 

n6nnolKKY, Ero s;epr~~ a1,1we· "leM ,y (Nl~4 )2 S 20 8 , ,TT _paaHa_ :.• · a 40. r-,isa, ,'ITO yKas1,rnaeT 
'/31/ . · 

.ua .a_r,I coTy 6apbepa; 6nnlKe non:ecinSl;IlYFiaj. oneHKe B 1_000 · K~ll,/Mollb,~.nau~oil Mopq,n _ _,rrelKe-

nn K · A8H!fblM lllaq,epa - 700. Kan/Monb ,; Il~K · saTopMolKeHHoro apaweImn HcqeaaeT a_ ,06-:-
'. . . • .. • 0 . . . 
nacTn: TeMnepaTyp1,I 230 K:. f'lPH 6onee a1,1c0Knx TeMrrepaTYIJax ne_yrrpyran_ 'Iac;n, <;ireKTpa. 

HMeeT ann w11po_Koro pacrrpeaeneung, l!HT~ucnal!oc'j'b ·lKe yrrpyr.oll qacTn ·i;1,1cTpo rranaeT, .TaK 
. • . . • 0 . '' . . 

"!TO rrpn TeMrrepaTYIJaX 350 C CTal!OBHTCH IIO"!Tll ·ueaaMOTHOil, 

A-6, 

·s, HaCTOHIUee BP!"l\fll llM90TCH· Mano naHHblX O' CTpykType ll nrruaMHKO aMMOllll9BblX 

rpyrrn B .YKS3aHH1::IX coeanHemrnx. 

'PesynbTaTbl HaWRX:H3~epeHHll;· npencTaaneH!lb!O' Ha p1IC, '12, 13, ~Ka3b!BaI_?T 118 CHnbHO 
+ 

3aTOpMOlK9HHbl0 BpameHIIS! llOHOB N H4 B 3TIIX C00Allll0HIIHX B WIIpOKOM AIIf.lila30He TeMne-.' 

\pi;:Typ: _Il~KH'3aTOpMOlK0HHhlX apameHIIll BblCTyllalOT IIPII ~b!COK1IX _aHeprlISIX ·: t' =;51,5-56,5 M9B 

yrrpyroll "IaCTll, ',Mano MOHSIOTCH C TeMrrepaTYPOil, 

·, : B ~rrex:Tpe, Heili-pciuoa; pacc.9~1!II!>IX ua (NH4lz(COOl2 , .c llOBhl!UOHIIOM TeMnepaTyphl' Ha- .-

6m<JAa9TCSI aCHMMeTpllll IIHKa' 3aTOpMOlK0HHOI'O BpaI!lOHllg, KaK II B Cny"Ia_HX' C ,N.H4 Cl. !l NH.j !Jr, 

;C,~pyroil CTOpOHbI,,IIIIK 3aT~pMOlK0HHorO Bpame~~g 'mrn (NH4)zC03· IU,);OT S!BBO Bb!p8ll<eH-. 

: Hy~ TOHKyIO CTpYKTYPY BO' ~CeM nccneiiyeM-;,M A~arrasdue ~eMrrepaTyp: 0TROCl!T0/l!c,llbr'e no~o

lK9HIIH (i'i.E_,.;5._\IJSB) ll 'IIHTe!ICl!BHOCTb: imKOB \TO!IKOll CTPYK'.fYpb!. He. MOHmoTCSI ·,c ,,-_e~epa-; 

Typo!!, 
\.• 

. B. 'CoeAIIl!Oll~H, coaeplKaI!ll!e rpymry HzO 
I,- • 

BTopa~, nccn':AOBaHH~: rraMn i'..i~~eeyngpuirn rpynna . Hf BbICTyrrae'!' B. coeAnHel!ll-
' ·. . . . ,,, . ' ~ / :. .· . ' 

B CBH3al!l!OM, : TaK II. B CB?60l'.IHOM" COCTOmm:SIX. JlnnaMHK8 MoneKyn .. ~:P ' B ee co6CTB8H• 
· . . . . . . · . · .. ' /33-36/, 

·. uoM, OKpym:ennn 1IccneaoaanaCb · pa_3HbIMII MeT011aMJI, a· TOM 'Incne rr net!TpOHHhlMH .. • 

g 

i' 



, .1 -

'; 

~ 

Jio11y'!eH111,1e-Ha;,,i; crreKTpbl Hel!ipo~oe,. Heyrrpyro pacce!ll!HbIX aa m,;ie II eerie· (pnc, 14), · 
• C . • . · ' ' • • • • , .· • , • • .· ,C/33-35/ 'y 

,B o6u:tnx ·'!epTaX COBII81l8IOT. C paHee'rronyqeHHb!MH pe3yllbT8T8MH ··-..:, ; . ' " . 
. ~ " ,· -, , . :_,_ 'l .. 

B crreKTpe m,na BH/lHbl TPH xapaKTepHbie IIOIIOCbl, a HMGHHO: HHTGHCHBHbil! IIHK ,c. MaK,;_ ·. 
• ~ -·. ' , -. - -.... ,,- - • • ~- _, ~ ' • ,_.; ' , I •: . , - ' - , 

CHMYMOM npH f ,g78 MSB. \ CB!l38HHbll! C 38TOpMOlK8HHblM epameHH0M M0/10KYII' H20 B 110110 

cocenefi; na~0e 11611oca 11ep~rymq'rno.il q,opMbl { ·.~ • =25- 35 Mae), orrp0n01rn0Ma!I. orrTH'l0~~n"." 

Mn B0TB!IMH ~a11cnsmHoH~blX ABIIlKGHHH .M0/18K;n n, 11aK0110u, ,~HpoKa!I. HHT0~cHBH8!! noncica· -
. ~ , . . . • - - . - . . ' . "'. - " ' - . " . -· 1 ' " •- ... 
C M8KCHMYMOM'. npn 8 MSB ' T.0. ,• B o6naCTll rrpO!!B/10HIIl! _HHSKOSHepreTH'IGCKHX. OIITII'IGCKIIX 
••.. , . _,.,,.. . - ·_ •. • . , -.. . I_ .. .-- ·..__. , 

H aKyCTII'IGCKHX KOne6aHHH peWeTKR n BOAOPOAHOH CBl!SH, Ilpn·nepexone ~ep03 TO'IKY unae~-
. I • ' • .., , . ·- . - -- , • ' ' ' :~·. ,, f I 't" A: -; . ' ' .' 

neHHl! yrrpyral! '180Tb Cll0KTPa·CKa'IK006pasno YM0HbW88TC!I - IIO!!Bfl!l0TCl! ymnp0nn0, CBl!Sa11~· 
- / •' ' . - ' . . ' _, - - - ··, ' . ~ •-.· . - . . . _-· 
1100 C )lllq>q,YSHOHHblM C' ·:)lBHlK8HH0M M0/10Kyn. BO/lbl,' B neyupyrofi 'f3CTH Cll0KTP8 ;rrHK n0p0M0wa,-. _ : . 

0TCl! B CTOpo~y M0HbIDHX S~epr11!1' (·np;M;pHO Ha 15' MSB) H 3H:qnT0J!blfO ymHpH0T;!I: CrreK; . 
·:. - - - ' . . . .,, . . , ' . , . ' . . ' ' -, . ·< 
CT8HOBHTC!I 6011ee crJialK8HHblM, HO BCe-TaKE' CO)l0pl!mT oc::060HHOCTH,. xapaKTep111,1e fll!I cneK-. 

Tpa m,na, .'!TO oTpalKa:eT ·KeasnKPHCTan11n'10CKYIO ·CTPYKTYPY 00111,1, : 
0 

· 
-.- ·1 . I;, • - ,_ 

Hefi;pOHHMl! crreKTp.)l~l! n~)l8 )l80T•XapaKTepHyIO ,KapTnHy )lllH8MHKH,rpyn1,1'_¾0 B OTHO~. 

cnTeJ!bno · cno>KHOH ~piicTaJIJIH'leCKOl! CTPYi:tTYPe,. 

QqeeHmio·, noJ106nr,1e KapTnn1,1 A01IlKH1,1 na6nro~aTbCl! ·u. a cny'!ae KpncTaimorrifipaToe, 
. . - - . - ' 

TaK KaK BHYTP0HH!l!I CTpyKTypa 112 0. B :nax, OC?6eHHO yron H :-ci -H,' Mano M0Hl!?TC!I, '!TO i ; . 
· , . , · , , I - • /36-377 ' . . ' '· . 

_cneAyeT · ns , H0HTponorpaq,nqeCKllX C HCC/l~)lOBannl! , .. _ · • , . ::lTo OOCTO!ITG/lhCTBO IIO)lTB0pl!{)la-

' '!OT T8KlKG .. Cll0KTp
1
0CKOIIH'IGCKHe nccne)lOBBHHSI Kpm;Tannorn)lpaTOB, )l810ll1HG IIOXOlKHe, 8 B He::.., 

- · . · . · ·: . . ,· . /38,30/ . . 
KOTOp!,lX 'cnyqaruc 6onee rrpOCT!,Ie 'Cll0KTpbl, '!GM )lJ!!I. J!bll8 • ,:-, 

SrC:1 2.'6H 20, CuS04.SH2 0 11 AP,.· 

IIJ)OBO)lHnHCb 8Hanorll'IHO nccn0)10B8Hlll!M 8MMOHll8BbIX com~l!· B. n~ep~an0. Tei:..rr~p;Typ: ~T. ~-H)l,-
' ' - - ' ' . ' - . , - ,, ,, 

l1:3M0p0HHll'. i;n!I Kpl!CTanm~rriAp8TOB. ;Ba Cli,)H20 
' .. , 

; 
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HOH 38BllCH~OCTll B CIT0KTPBX pacce!IHHbIX HBHTPOHOB. npllBO)lSITCSI .P83YllbT~Tbl. )llll! C8MOl! ' 

HHS~Ofi. TGM~epa~p1,1, • M~O HCK8JKGHHbm i:.Horoq>OHOHH~ll,.i'n rrponeccaMH, . ' 
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B-1': _Baci2 • 2 820 
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KpncTaJI/lhI ·Ba Clz-2H2o nMeIOT MOHOKJIHHHYJO CTPfKTYPY' c 4 MOJI0Ky11aMn B a11eMe11T~p- .. 
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, IIOl!' ~el!Ke . 1 
.' ~B ~0l!K8X YA88TC!I Bb\/lGlll!Th 110 )lBG rpyllllbl 'lle>H~B ·. Cl n, fl20 .H OllHY_· 
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co6·ofi CHJ!bHh!Mll .B38llMOAGfiCTBH!IMll,. 

i\>io110Ky.llbl' BOA~:~0paol! rpynllbl, ( 820 )I CBSI38l!l,I :BOAQpOAHblMH CB!l311MH c· 8TOM8MH ,· 
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TpOHH~M · cneKTpe Jpn~; 15),,_B KoTopo,; ·0611ac;~,-.~ooTBeTcTBYIOlllasi aaTOpM~eHHb)M Bpa.:. 
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ABlllK8Hll-
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E , = 25 MSB _ CB!I38H, · . C ,TpaH7mrrtHOHII1'.IM 
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- I 

KpnC_TllllJibl Sr Cl2,6~~ · oop~syroT POM008,llpll'I8C;yro ·cncTeMy, 811eMeHT8PH~!I .!I'IeilKa 
'' ,· · '. t.441 ' 

COAep>KllT onHy MOlleKyny. no EHCeHy. a;O;.,,;h! . COCTa~iimo; 'CToiio s_rs Sr~ s;. ;.,;; ' .. KalK)lhlil 

''11101¥ KOTOporo _oKpylKeH_ 9 MOl!eKyllaMH _H20 . ' Bh!C;ynaroml!Mll B') 2-x rpy:inax: 'nnoCK()I'O'' 
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B uellTpOHHOM cneKTpax • 'XoTSI o6mnll BllA·CneKTpa•RellTpoHoB·•(p11c, 17). 'pacceSl!lllb!X 
, . , , •. , , ' \ , ,_ .. - ·•' ' '-,·_ . •, , • _• r ., • ,', ' ' ·, 
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xoda;·_B o6naCTH sToro nepexona·.n 6onbwuHc-rne· cny'Iaen 'He Haonro.ciancicb· . ·, . . - . - -, .. 

ns,;;e!IeHnli,'n TeMnep~Typ11o_M :,C:Ojle _IIHT91!_CHBHOCTU ynpyroi): 'l'.8CTH cneKTpa. .. 
_') '- ~ , - . ' - . . - ·. 
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