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BaeneHHe 

npol!BITeHHIO p-n -nepexonoa B nonynpoBOllHHKax ITOCBliLUeH uenbiii Pllll 

pa6oT
111

• HaH6onee nane>KHbie peaynbTaTbi nony'laJOTCll npH Hcnonb3oaaHHH :.neKTpOXHMH

'IeCKHX MeTonoa. nocnenaue MO>KHO paa6HTb aa nae rpynnhi: npo<!BrreHHe cTpyKTypbl c uc

nonb3oaaHHeM BHewaux HCTO'IHHKOB aanpH>KeHHll/
2

-
61 

H npo!laneaue cTpyKTYPbl 6ea aaew-
17-13/ 

HHX HCTOttHHKOB H8npsuKeHHR 

t:l aacTO!Iwell pa6oTe Kccnenoaanocb npo!laneHHe nepexonoa a KpeMHHeBbiX p - i - n 

lleTeKTOpax CITOC060M 9ITeKTpOXHMH'IeCKOrO OTITO>KeHHSI MellH 
1121 

• .[l.eTeKTOpb! 6bJITH nony

'leHbl nyTeM npeii<Pa Li B KpeMHHi!
1 141

• napaMeTpbl neTeKTOpOB npl!aeneHbl B Ta6nu

ue 1. UerrbJO naHHOl\ pa6oTbl S!BrrlleTCSI o6bSICHe HHe MexaHH3Ma npoHaneHRll cTpyKTypbl nepe-

XO.ll.OB. 

T a 6 n H u a 

06nacTb neTeKTopa n 

TonwuHa o6nacTH B MKM 90 315 1350 2295 325 1935 

CneuRcpH'I. conpoTHBn. 
0,1 /2 5/•104 

300 500 
B OM-CM 

3KcnepRMe HT8ITbHble p eayrrbTaTbl 

ABTOpaMH npOBOllHITHCb HCCrrenoaaHHSI KapTHHbl OTITO>KeHHSI MellH HH nepexonax B paa-

HbiX ycnOBHHX. 

Topuoabie noaepxHOCTR neTeKTopoa, conep>KawKe nepexonbl, a OllHRx cny'lallx TpaaR

rrHCb B CMeCH 830THOll H nnaBHKOBOll KHCITOT, a B npyrHX WrrH¢OBBnHCb MHKpOITOpOillKOM 

HnH nonRpoaanRc b no aepKBnbHoro 6necKa. HH>Ke npRBOll liTCSI pea ynbTaTbi , nony'leH

Hble HB illiTHcpOBaHHOll ITOBepxHOCTH, KOTOpbie OTITH'IBIOTCSI ny'lillell 'leTKOCTbiOo 

npoS!BrreHHe npOBOllHITOCb B pBCTBOpe cepHOKHCITOl\ MellH CuSO;S H2 0 H nnBBHKOBOll 

KRCrrOTbl HF (45%) a 6HllHCTRnnRpoaaHHoll aone. KoHueHTpBUHll aneKTponuTa R apeMll 

npOS!BrreHHSI yKB38Hbl HB COOTBeTCTByJOlUHX pHCyHKBX. 
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H a pHe. I noKaaSHa K8pTHHa nepexoaos, npos!BneHHSH B TeMHOTe. ti 9TOM enyqae 

MBJ:lb oeeaaeT npeHMyWBeTBBHHO H8 n - H p - o6naeTHX H H93H8qHTBnbHO - H8 i - o6nae

TH. 0Tn O>K9HH9 MB.!lR H8 D - o6n ae"l'H 60nbW9 OTnO>K BHHH H8 p - o6naeTH; H8 HBKOTOpbiX 

06p 83U8X OTnO>KeHHB H8 p - o6n aeTH HeOJ:lHOpO.!lHO. 

n 

Pac. I. npQSIBneHae nepex oaos Ha wnH,PosaHHoll n osepxHoeTR B TeMHOTe. 
P aeTBop : 10 r/n Cu SO•. SH 2 0 H 4 eM3 /n HF: BpeMH Bbi .!lBp>KKH 5 MHH. 

1 aeneHHe n o wxan e paBHHeTeH 45 MKM. 

Ha pae. 2 npHBeaeua K8pTHH a o Tn o>K BHHH MeaH npH oeseweHHH o6bJqHoll naMnoll 

HaxanasaHHH ( E ~ 2500 nx). BaaHo, qTo Meab oeena Ha i -o6naeTHx) K 6onbwe - Ha 

n -o6naeTH, Ha p -o6n aeTK oTno>K eHHH MB.!lH HBT, AHanoraqHaH, HO Menee qeTKSH xap

THHa H86niO,!l8eTeH, eenH npOHBneHHe npOBO,!lHTeH B TBMHOTe H8 ,!leTeKTOpe e npOTpasneu-

HbiM TOpUOM, 

t 
n 

Pae. 2. npoHBneHHe nepexoaoB H8 U.InH<jJOB8HHOll3 nosepxuoeTH n pH ocseweHHH, 
PaeTsop: 10 r/n Cu so •. SH 2-0 a 4 eM In HF • HpeMH BbiJ:tep>KKH • 5 MHH. 
I aeneuae, no wxane paBHHeTeH 45 MKM. 

x) . 6 
H aenonb3yeMwx HSMH aeTe..:Top ax • - o nae Tb HBnHnaeb sweoKOOMHOA n -o6-

naeTbiO. 

4 

Ha pHe. 3 npHeeaeu a KSJ 

HHe 15 MHH Il pOHBnBHHe npOBOl 

an eKTponKTe ocaewancSI cseTOI 

enyqae MB.!lb oTno>KHnaeb u a 

p -o6naeTK, paeTB OpHnaeb. 

r. 

Pae. 3. npoHBnBHHe ne 
WHM ocaeweHF. 
Bbi,!lep>KKH B ' 
p8BHH9TeH '15 

Ha pee . 4 noxaaaua xa 

ayeMj'IO nosepxuoeTb. 0Tno:a

( E • 20000 md . PeaynhTa T 

B sneKTponaT B Tex >Ke yenc 

Pae . 4. npoHBnBHHe 

3 
e OJ:lROBpeMI 

4 eM / nHF ,tipeM 



T8MHOTe. J::l 9TOM cnyqae 

~aaaqHTen bH O - Ha i - o6nac-

p - o(in aC T K; Ha H8 K OTOpb!X 

H O CTH B TeMHOT9. 

•p 8Mll B b!Jl8 p>KKK 5 MHH. 

·8lll8HHK OQ bJ 'IHOA naMnoA 

5 naCT HX ) H QOllblll9 - Ha 

H8 H t H O M8H99 '18TX8SI Kap-

a Ji e TeKTope c npoTpaaneu-

PXH OCTH npH OCB9lll9HHH
0 

F • l::lp9Mll Bb!Jl9p>KKH • 5 MHH. 

naCb Bb!COKOOMHOA n -o6-

H a puc . 3 n p aaeJieHa KBpTHHa, nonyqeaHaR a c n e JiyJOllleM pe>KHM e: c aaqana a Teqe

HHe 15 M HH n pOl!BlleHK e npOBOJl tl liOC b B T8MH OT 8 0 ll 3aT 8 M B T 8'18HH 8 4 MH'H Jl8 T8KTOp B 

aneKTpOnHTe OCB 9 lll8nC SI CB9 TOM 06bl':IH OA nBMfibi H8K8 n HB8HH9 ( E * 20 000 nx). l::l 9TOM 

' cnyqae Me.q.b OTnO>KHn 8Cb H8 i. - o6naC TH 1 8 q &C Tb M8.llH, OTnO>K HBWeACSI B T9MHOTO H8 

p -o6naCTH, p a CTBOpHnaCb. 

t 
n 

Pac. 3. npoRs n e aae n e pexoJioa aa wna¢'oaaaaol! noaepxaocTH a Te~HoTe c n ocn e JiyJO

lllHM ocaemeaaeM. PacTao p : 3 rln Cu SO,.SH~O H 4 CM In HF • BpeMR 

Bb!Jl8p >KKH B T8MHOTe 15 MHH H Hli CB 9Ty - 4 MHH, JieneHH 9 no WK a ne 
p 8 BHli 9 T C ll 45 M HH. 

H a pHC . 4 noxaaaaa KapTHHa, nony q e HHail npH HaH9C9HHH KBnl!H 9li9K T p OliHTa H a KCCne 

Jly8 M j'IO liOB8p XHOCTbo 0TnO>K8HH 8 M8JlH npOHCXOJlHnO npH KHT9HCHBHOM OCB9lll9H K H 

( E • 20000 n K ) . Peayn bTaT a a anorH 'IeH xapTHHe, nonyq eaaoA n pH n orpy>KeHHH Jie TeKTopa 

8 Sli9KTp0liHT B T9X >K9 y c n OBHliX. 

t n 

PRe. 4. npol!aneHHe nepeXOJlOB Ha lllnHcj:>oaauaoA noaepxHOCTH xanneA 9 li8 K T p o nHTa 

3 c OJlROapeMeHHhiM ocaemeHHeM, PacTaop: 10 rln CuSO,.SH
2

0 H 

4 eM I n HF • l::lpeMR Bh!Jl8p>K KII u 3 MHHYTbl. 
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llpoR8neHKSI nepexollOB, npHBelleHHbie ua pacyuxax I, 2, H 4, MoryT npHMeHliTbCSI 

C ycnexoM Jln!l npaKTH '19CKOr.o H3M9peHHll TOn!.UHHbl no;-i- K p -cnoeB, 8 CBli3H C 3THM 

none3HO OTMeTHTb, 'ITO Jlnll liOny'leHHll 'leTKOJI K8pTHHbl nepeXOJlOB Heo6JtOllHM8. T!.U8TenbHO 

oTwnucpo8aHH a SI H 'IHCT8ll no8epxHOCTb; qeTKOCTb yxyJlwaeTCll, ecna npo118neaue npo80llHTb 

ue c paay nocne wnucpo8KH, a qepea uexoTopoe 8peMSI. npa H3MepeHHH TonmHHbl cnoe8 c 

IIOMOWblO MHKpOCKOII8 OWH6Ka 80 8CeX HCCneJl08aHHbiX HBMH cny'IBliX He npe8b!Wana 

15 MKM, 

J::l IIOKCKe 8enH'IHHb! 0 KOTOpylO MO)f{HO C8ll3aTb C KBpTHHOJI OTnO>KeHHSI MellH HB xpeM

IIHe8b!X p-i-n JleTeKTopax, u a MH 6hin npollenau cneJlylO!.UHA_ axcnepHMeHT, Ha o6e cTo

p OHh! JleTeKT Opa Ha HOCHJIHCb aniOMHIII!e8hle a n e KTpOll bl, 4BC1'b TOpU080I! II08epXHOCTH norpy

>Kanacb 8 anexTponHT TaKHM o6paaoM, 'IT06bi anexTponHT ue conpuxacanc11 c anexTpollaMH 

H nocneJlHHe COellHHSinHCb Me)f(Jly C060JI 8HeWHKM CO 11pOTH811eHHeM, nony'leHHall ranbaa

HH'IeCKaSI Sl'leAKa Jla8ana 8 TeMHOTe 80 8H9WHeA uenH TOK, KOTOpblll CTBH08HnCSI CTa6Hnb

HbiM qepea 15 MHH nocne norpy)f{eHHll 8 aneKTponHT. nocne ycTaHo8neHHll cTa6HnhHoro 

Toxa CHKM an a cb 80nbT-aMnepHBll xapa xTepK CTHKa Sl'leAxK nyTeM K3MeHeHHll 8Hewuero conpo

TH8neHHSIX), l~'.!_O_B!!_~C!f _C~I!_T~T~ _3;_-':_·~·- _H_ ":_?~ ~0- ~<:_u:._u.:_A_ ~~H-~':_li~H- ~~~~H.::_e_::b~b.!._~ 1 
<;c:_n_!l -"~':..x2'~~ ~ .:.o~n~<:!~ ~~~~~~c~ ~u_::>-;:o~. HH)f{e npHBOllSITCSI uexoTopbie peaynbT8Tbl 

HCCnell08BHHSI 80nbT-8MnepuoA xapaKTepHCTHKH, IIOJiy'leHHble Ha OllHOM H TOM )f{e Oopaaue 

8 TeMHOTe llpH pa3Hbllt KOHUeHTpBUHSilt 3neKTpOnHT8 H p83Hbllt COCTOliHHSIJt II08epxHOCTH JleTex

TOpB, nonyTHO OTMeTHM, 'ITO 80 8CeX cny'IBliX XBp8KTepHCTHKH nony'IMHCb nHHeliHbiMH, 

Ha puc. 5 noxaaaHbl 80nbT-BMnepHbie xapaxTepHCTHKK, nony'leHHble aa npoTpa8neauoA 

K wna<!>o8aaaoA no8epxuocT.51x JleTeKTopa 8 OllHOM H ToM >Ke anexTponaTe, VIa pacyuxa 

BK.QHO, 'ITO TOK BO BHeWH9A: uenH MeHR9T 3H8K, 8 H8KnOH OCT89TCH TOT )KQ. 

npa yaenH'I9HHH COllep)f{aHHll cepHOKHCnOA MellK B p8CT80pe TOK 80 8HewHelt uena 

pBCTeT, a HBKnOH 80nbT-aMnepHOI! xapBKTepKCTHKH He H3MeHlleTCll, )lng llpOTpBBneHHOA 

IIODepXHOCTH nepeXOllOB 3TOT peaynbTBT IIOKB3BH HB pHC, 6, 

C y8enH'I9HHeM COllep)f{BHHA nnB8HK080l! KHCnOTbi, npH IIOCTOliHHOM COJlep)f{8HHH cepuo

KHCnoA MellH, TOK 80 8HewueA uenu pacTeT no a6conlOTHOI! 8enH'IHHe H npoxollHT qepea 

M BKCHMyM, B KBKnOH 80nbT-aMnepHOI! XBpBKTepHCTHKH p8CT9T, 3TOT peaynbT8T nonyqaeT

CA xax u a npo Tp a 8ne uaoll TOpU08oll no8epxHOCTH, Tax H ua wnacpo8auaoA. JlnA n o cneJlHel! 

p eayn b T a T n oxaaau ua puc. 7. 

Oc8ewe uue a T a xyeM o A a n e KTpon HTOM no8epxH o CTH 'l'BK)f{ e 8nHlle T u a 80nb'l'-aMne pHylO 

XBpBKTep HCTK Ky, 

x) n o llo6Hb!ll a x c nepHMe HT 6 bin npo n e n a H T a pne p o M
1 121 . B OTnK'!He OT Ha c Tapnep 

norpy>K an tl8 B KyC O'IK8 KpeM HHll C n- H p -np080 llH t-:J1S)blO 8 a neKTpOnHT H3 p a CT8 0 p a 

cepH OKHcn o A M e llH K nna8HK0 8 o ll xu c n o T bi. B p a 6oTe npH8eneH bi p eaynbTBTbi H3 Mepe-

HHll T On b K O npH OllHOn KOHUe HTp BUHH a n e KTpOnHTB 1H He T 06bACHe HHA npoHCXOllA!.UHX npU 

3TOM npo u eccoa. 
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Puc, 5. BonbT-BMnepHbie xapar 

(npSMBS I) R KB wn~ 

CuSO 
0 

• ~ H~ 0 + 0,0757 H 



4, MOryT npHM9HSITbCSI 

cnoe8. B C8R3H c 3THM 

08 Heo6xo.nHMa· TUlaTenbHo 

>cnH npoR8neHHe npo8o.nHTb 

apeHHH TOnWKHhi cnoea c 

•y<~aRx He npe8blmana 

:>TnO>K9HHSI M9.nH H8 KpeM-

3KCnepHM9HTo Ha o6e CTo

>puo8on noaepxH~CTH norpy-

IpHKacancR c aneKTpo.naMH 

19M. nony'ieHH BSI ran b88-

0pbll! CT8H08HnCR CT86Hnb

·aHOBneHHSI CT86HnbHOrO 

13MeHeHHR 8Hewuero conpo 

~-SI~~A~H- ~O~~>K_H;:_e!!b!!h!_M~, 

I H9KOTOpble peaynbT8Tbl 

o.nHoM H TOM >Ke o6paaue 

~TORHHSIX ll089pXHOCTH .neTeK

aony'iMHCb nHHei!HbiMR. 

ty<~eHHble Ra npoTpa·8neHRoil 

119KTpOnHT9. 1-13 pHCyHK8 

TCSI TOT )1(9. 

le TOK 80 8HewHeR uenR 

~ ~~ • .llnR npoTpa8neHHoi! 

TOSIHHOM Co.nep>KBHRH CepHo-

f'iHHe H npoxo.nHT <~epea 

3 To T peaynbTBT nony<~aeT

j:>osaHHoil . .llnR n ocne.nHell 

B oTml'iKe OT Hac TapHep 
•eKTpOnHT H3 paCTBOpa 
l 9Hbl peaynbTBTbl H3 Mepe
:!HHSI npoucxo.osuu.Hx npH 

- 10 -6'11 

+ZO 

- 0,211 

PHc. 5. BonbT-aMnepHbie xapa.KTepHCTHKH, nony'ieHHble Ha npoTpa8neHHoi! no8epxHOCTH 
(npliMBll 1) H Ha WnH¢0B8HHOA U089pXHOCTH (npRMBll 2). PaCT80p; 0,08 H 

CuSO 
4

• ~H2 0 + 0,0757 H HF. 
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PHc. 6. Bonb-r-aMnepH&re xapaKTepHCTHKH, nony'leHHb!e Ha npoTpaaneHHoR noaepxHOCTH npH paaH&rx 
KoHueHTp8UHHX CuSO •. SH~ 0 • KoHueHTpauHH IIF nocTO!!HHa H pasHa 0,0378 H. KoH-
ueHTpauHH CuSO•. SH20 cneayro!llHe: 0,08H - npHMS!I I; 0,!61 H - npHMS!I 2; 0,401 H -
npHMaH 3. 
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PHc, 7. 

BonbT""BMnepHbie xapaxTepHCTHKH, nony'leHHhie Ha wnHcj:>oaaHHOli noaepxHOCTH npH p aaHbiX 
KOHueHTpauHHx HF • KoHueHTpauHR CuS04 • SH 2 0 nocTOHHHa H paaHa 0,04 H, KoHueHTpa

UHH HF cnenyiOWHe: 0,0151 H - npl!MBR I; 0,0378 H - npKMBH 2; 0,0757 H - npHMBH 3. 
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He. p Hc . 8 n pRM8R 1 npe.a.cT e.BnReT aon bT-e.Mne psy JO xap a x TepHCT HKy , CHRTYIO B TeM Ho

T e y .a.e T e KTo p a co w ns¢ oaauuoll Topuoaoll noaepxu ocTbJO. Bo apeMR nocne.a.oaaawero 

38T9M B T9'19HH9 10 MHH OCB9W9HH SI (E• 20000 nx) Obin 8 CHSI T 8 B OnbT-8MnepH 8SI X8p8KT9 -

pHCTRK80 KOTOp8S1 n p 9JlCT8Bn9H8 H8 pHC, 8 n p RMOl! 2. 3T8 X8p8KT9pRCTRK8 0 T p HU8T9nbH 8 0 

K ee HaxnoH xpy'le BaxnoHa TeMHOBOll xapaxTepHCTHKH , He. rpa¢axe c u enbJO y.a.o6 c T B a 

Cp8BH9HHSI OH8 nepeHeCeHa B nonO)I(H T9nbHYIO OOn8CTb, nocne CHSITHSI BOnbT- 8MnepH Ol! 

X8p8KT9pKCTRKK npK OCB9W9HKH oopaaeu Obin BTOpK 'IH O 38T9MH9H, H qepea 10. MKH BOn bT"" 

8MnepH8SI X8p8KT9pRCTRK8 CHOB8 CHHM8n8Cb (npRM8SI 3 H8 pRC, 8) , Vfa pH C YHK8 BRJlHO, 

qTQ TOK BO BH9WH9A uenH yaenHttHnc sr , 8 H aKnOH OCTanCSI npH6nH3H T9nbHO TOT >Ke . 

PaccMoTpKM oonee no.a.poouo aneKTpoxi!MK'Iecxae peaxuua, npoTexaJOwa e n pa npoRa

neHHR nepeXOJlOB B Kp9MHH9Bb!X ,ll9T9 KT0p8X a · aneKTp OM8rHHTe H3 C9pHOKKCn Ol! M9JlH K 

Rn BBHKOBOA: KHCn OTbi. 

M exaHHaM a n e xTpo xHMH'Iecxoro oTno)l( eHHR M B .llH He. xpeMHKH 

Vlaa e cTHO/ 
15 •16•17 1, 'IT O He. n o aepxuoc T K nonynpoao.a.aaxa , conpsxacaJOmellcR c 

an9KTp OnHTOM, B OOHKK810T CBOOO,llHbl9 H9p8 BHOB9CHbl9 H OC KT9nH, 0HK llORBnRIOTCSI onaro.a.a-

pSI a n exTpoxHM H'I9CKH M p ee.KUKRM • c aMopa c T a o p eHHR nonynpoao.a.HHK8 B JlBHHOM 

I /17,}8/ 
an9K T pOnHT9 , no nHTep a TypHbiM ,llBHHbiM ' KpeMHRl! C 8MOp8CTBOpS19TCSI B p8CTBOp 9 

nnBBH KOBOil KH Cn OTbl c ne.a.yJOil.IRM oop830M. He. 8HOJlHbiX MHKp0)''18CTK8X npOT9K8 10T peax-

UB B : 

+: 
r.a.e e B e 

+ 
Sl + 2 H~O + ne 

+ -
Sl 0~ + 4H + ( 4 - n) e 

SIO~ + 6HF + ~SIF1 -1 2H ~ O , (1) 

o6oa H8'18JOT caofio.llHble Jlblpu B anexTpOHbl, a n - '!Reno Jlhlpox, noTpe6-

nB9MbiX npB 8 HO,llHOil pe8KUBR, 

nps OTC)'TCTBBB Jlpyroro OKBCnBT9nB H8 K8TOJlHbiX 'MBKp0)''18CTK8X npOBCXO,llBT 

B b1Jl9n9HH9 BO.ll0p0ft8, KOTOpOe CBB3BHO C 38XB8TOM aneKTpOHOB 8 3 30Hbl npOBOJlHMOCTB 

B H3 a~eHTHOil 30Hbl. Enaro.a.apR 38XBe.Ty anexTpouoa B3 aaneHTHoil 30Hbi~Ha noaepxHOCTB 

K8TO.llHbiX MBKpOy'I~CTKOB noasnaJOTCR caooo.a.Hble JlblpKB. Ho xe.To.a.Hoe Bbl.a.eneHBe ao.a.o-

' /18/ 
po.a.a B,ll9T C HB'ITO)I(HO ManoA CKOpOCTbiO B TOpM03HT pe8KUBIO ( 1), UOTpefinRIOil.I)'IO 

8TH ,llblpKH. noa TOM)' KOHU9HTp8UBSI UOSIBBBWBXCSI H8 UOB9pXHOCTH CBOOO,llHbiX HOCBTenell 

{aneKTpOH H8 8HOJlHbiX MHKp0)''18CT~8X B JlblpKH H8 K8TO,llHbiX MBKp0)''18CTKax) O)'Jl9T 

oqesb Mana. 

npH BB9,ll9HHH B a n 9 KTpDnBT cepHOKHCnOil M9JlH B p8CTBOp9 UOSIBnSIIOTCSI nonO)I(RT9nb

Hb19 HOHbl M 9JlH . JlonyCTHM, 'ITO OHH MOryT p83pS1)1(8TbCSI H8 noaepxHOCTH Kp9MHHSI C 3ax-

10 
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B onbT- e.MnepHbie xapaKTepKCTHK 

(n p RM8R I ) , npK ocaeweHKH (np 

0 ,08 H CuSO • • 51-1,0 + 0,0757 H HF . 



·epHCTRKy, CHRTyiO 8 TeliiHo-

epeMR nocneaoeaewero 

repRCTRK8 0TpHU8T9nbH8 0 

IHKe C U9nbl0 y .Q06CTB8 

HTHR BOnbT-aMnepHOA 

, R qepea 10 MHH BOnbT-

8 l. VIa pacyaxa BH.QHo, 

3RTenbHO TOT >Ke. 

npoTeK8IOWHe npa npoHe-

3 CepHOKHCnoA M9.QH H 

CO!lpHK8C810LUeAcR C 

)HR IIORBIIRIOTCR 6narO.Q8-

)0.0,HHK8 B .Q8HHOM 

3CTBOpRBTCH B p8CTBOpe 

acTxax npoTeK8IOT peax-

(I) 

- '!Reno Llblpox, noTpe6-

:8CTK8X llpORCXO.QRT 

H3 30Hbl llpOBO.QHMOCTR 

uoA 30Hbi1 Ha noaepxHOCTH 

·o.QHOe Bbi.QeneHR!l BO.Q0-

!10 (I ) , noTpe6nRIOLUyiO 

·H CB060.QHbJX HOCRTeneA 

KpOy'I8CTK8X} 6y.QeT 

nosrensuoTcsr nono)I{RTenb-

3pXHOCTH KpeMHHH C aax-

' 
I 

f,20 \ 

I 
I 

(oo I 

0,10 

0,20 

QL_ ____ ~~--~--A-~~~--~~=------===~--
'f Hb. 

Pac. 8. 

Bon&T-aMnepH&Ie xapaKTepHCTHKH, nonyqeHH&Ie ua wna<j:Joaauuoll noaepxuocTH a TeMHOTe 

(npHM8R I ), npa oceeweHHH (npHM8!1 2} H nocne oceen.teHHH (npRMBR 3). PacTeop; 
0,08 H CuSO 4 • Sf!, 0 + 0,0757 11 HF. 
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BBTOM aneKTpOHOB K3 eaneHTHOll 30Hb1 1 T.e. HB KBTO.O.HblX MHKpOyttBCTKBX 6y.a.eT npoT9K8Tb 

3!19KTpOXHMHqeCKHH peHKUHH: 
2+ + 

Cu .. Cu +:2e 
(2) 

Ocao6o.aaaUlHecl! .llbipKH noTpe6nHIOTCH a aao.aaol! peHKUHH ( 1) a ycKOpHIOT ee, Tor .a a peaK

UHII ( 1) I! (2), H.ll)'IUH9 CO!Ip!1)1{9HHO MO)I{HO HH!IHCHTb B C!I9.ll)'IO!U9M BH.Qe: 

2+ + - + 
Si + ·6HF +;2Cu -+ H2 SiF 

6 
+ 4H +·2Cu +·(4-n)e +(4-n)e • (3) 

B uameM cnyqae aTaKyeMHH aneKTponaToM TopuosaH nosepxuocTb KpeMuaesoro .aeTeKTopa 

CO.ll9p)I{HT TpH 06IIHCTH pH3HbiX TH!IOB npOBO.llHMOCTH, npe.QnO!IO)I{HM, qTo HM9IOTCH .llB9 

B03M O>KHOCTU: 

1) n -H p - o6n aCTH C)'IU9CTB9HHO He paanl!qHJOTCH no OTHOIU9HHIO K 3!I9I<TpOXHMHqe

CKHM peHKUHliM , !Ip0T9KHIOIUHM M9)1{.ll)' 3 !I9KTpO!IHTOM H nonynpOB O.llHHKOM , TO 9CTb ( 1) H 

(2) H.ll)'T pHBHOM9pHO no scel! noaepxHOCTH, Tor.aa CB060.QHbl9 HOCHT9UH, B03HHKIUH9 HH no-

s epxaoCTH, 6y.ayT paa.aenHTbCll noneM p- n -nepexo.aa, a .aeTeKTOp 6y .aeT pa6oTHTb 

!I0.006Ho cPOT03!I9M9HTy: TOI< BO BH9lliH9J! uenH 6y .ll9T COr!IHCHO HHW9M)' !IpHBH!I)' OTpHUHT9Ub- • 

HbiM, HaaoeeM aTOT cnyqaJ! ~11_!'!_8~~ ~.ll~<:fl~.a~o_:~ ~~~~H~ ~n_:K_:p~n~T~ ~a_ .a_:>T~x_::o_p. 

2) n -a p - o6nacTH no-paaaoMy OTHOCHTCH K aneKTpOXHMHqecKHM peaKUHHM. Ha n -

06UHCTH OC)'IU9CTB!IH9TCH !Ip9HM)'IU9CTB9HH09 OT!I0)1{9HH9 M9 llH, CI'I H3HHH09 C nepe xo.QOM 

llhlpOK H3 3 !I9KTpO!IHTH B !IOUynpOBOllHHK (peHI<UHll (2) ) , H HH p -o6UHCTH H.ll9T pHCTBOpe

HH9 Kp9MHH>I, CBH3HIIII09 C )'XO.llOM .llb!pOK H3 nonynpoBO.llHHKH B 3!I9KTpO!IKT (peHKUK>I ( 1 ) ), 

Tor.aa TOK so saewael! uena 6y.aeT nono)I{HTenbHbiM, HaaoaeM aTOT cnyqall -=~Y~'::~ ~".!'':?~

T e nbaoro .aeliCTBKll 3!I9KTpO!IKTH HH .ll9T9~TOp, ----------------------
Anll nposepKH c.aenaHHbiX npe.anono)l{eHHll TOK so silelliHell uenK, KHK cjJyHKUHH speMe

HH, H3M9pli!IC ll B p9)1{KM9 KOpOTKOro 3aMbiKHHHll (conpOTKB!I9HH9 BH9lliH9ll uenK ReO ) npH 

p83HbiX KOHU9HTp8UHSIX aneKTpOnHTB B p83HbiX COCTOSIHHSIX noeepXHOCTH. 

KpKBHll 1, npe.acTasneHHHll a a pKc, 9, nonyqeaa ll!Ill npoTpaaneuHol! nosepxHOCTH 

n aneKTponHTe, co.aep)l{aiUeM TO!IbKO nnasKKosyiO KHcno Ty, Ao6asneaHe aeaaaqKTenbaoro 

KOUH q 9CTBH cepH O KKCUOJ! M9.llK yaenHqKBH9T TOK KOpOTKOrO 3HMbiKHHKll HH !IOp!!.llOK ( KpHBHll 2 

HH pHC, 9), 3TO liB!ISI9TCll !IO.llTB9p)l{.ll9HH9M 3!I9KTpOXKMHqeCKOll p9HKUHH (3) , 6naro.aHpll 

KOTOpOll !IOliB!Ili9TCll 60!Iblll09 KOfiKq9CTBO 3!I9KTpOHOB H .llblpOK HH nonepXHOCTK K p 9MHKll, 

npH .aanbaellllleM ysenuqeHHH co.aep)I{BHHll cepaoKHcnoll Me.ae TOK so naewaell uene MeHl!eT 

aanpanneaH e HH nonO)I{HTenbHoe, TO ecTb aa6mo.aaeTCll nepexoa K cnyqaJO ea6apaTenbaoro 

.aellcTnHH aneKTponaTa HH .aeTeKTop ( KPHBHH 3 HH pHc , 9). AnSI wm<cjJosaaHol! nonepxH OCTH 

nonyqeaa KpHnHll 4 ( pac. 9). Ee TO;Ke MO>KHO oTuecTH K cnyqaJO ua6apaTellbHoro .aellcTnan 

3 !19KTpO!IH TH HH .ll9T9KT0p, 
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Yl3M9H9HH 9 TOK H K Op OTKO: 

0,0378 a HF +0,4 a CuSO 
KpHnHll 4 (a a wnacjJoeaaa· 



(2) 

H ycKopliJOT ee. Tor.oa peaK-

IOll.lBM BH.Qe: 

+ 
e 

(3) 

CTb KpBMHHBBOrO .O B TBKTOpa 

:>.>KHM, qTQ HM9 10TCSI .ll,Be 

THOW9HHIO K 91JeKTpOXHMHqe-

18 0 .QHH K OM, TO BCTb ( I) H 

HOC HT911R 1 B03HHKWHe HB no-

T B KTOp 6y.OBT pa6oTBTb 

HBWBMy npaaHny OTpHUB T Bilb- , 

IHqe cKHM peaKUHliM. Ha n -

GH R3BHHoe c nepexo.noM 

p - o 5nacTH H.OBT pacTaope

' 3/IBKTpOilHT (peBKUHll (1)). 

uenH, KBK ¢YHKUHll apeMe

BHeWHBI! UBITH R= 0 ) npH 

XHOC TH. 

~aaneHHOI! noBep xHOCTH 

lKBHHll HB ITOpli.OOK ( KpHBBll 2 

peaKUHH (3), 6 n aro.oapll 

Ia ITOaepxHOCTH KpeMHHllo 

:)K BO BH9WHeA uenH MeHs:reT 

K cnyqa10 R36HpaTenbHoro 

W/IH¢oaaHHOI! UOaepXH OCTH 

l H35HpaTe/lbHOr O .OBliCTBHll 

l --~-.,._ ___.. . ~ ...-· ....--· 
~0,80 

+qso 

s 10 IS zo t, 1'1UH. 

-•,20 

-o. il 

-O,iO 

!~ -IJ,IO 

-1,110 

PH c. 9. 

113MeHeHHe TOKa KopOTKoro 3BMbiKBHHll co apeMeHeM: KpHaag I - 0,0378 H HF ; Kpaaag 2 -
0,0378 H HF +0,4 H CuSOt. 5H 2 0 ; KpHBBll 3 - 0,0378 H HF + 0,08 H CuSO t • 5 H

2 
0 

KpHBBll 4 (a a Wl1H¢oaaaaol! noaepxHOCTH) - 0,0378 H HF + 0,04 H CuSO t • 5 H
2
0 • 

13 
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XopowRM no,llTeep>K.llBHReM o6be.llRHeuuol! peaKURH (3) eny>KRT R TO o6eTO!ITenbeTeo, 

'ITO npR 9nBKTpOXRMR'!BeKOM OTUO>KBHRR M8T8UU8 HB nonynpOBO,llHRKB MOn!lpHbiB KOnR'IBCT

/12/ 
88 paeTBOpBHHOrO nonynpOBO.llHRK8 R OeB>K,llBHHOrO MBTMUB O,llRHBKOBbl 

Heo6xO.llRMO oTMBTRTb, 'ITO peaKURR e aaxeaTOM 9neKTpouoe R3 eaneHTHOI! 30Hbi 

OnRe8Hbl 8 / 
1S,ii:I,20/, HO ,!lUll 06b!leHBHR!I 9U8KTpOXRMR'!BeKOrO OTUO>KBHR!I MBTMUB H8 

nonynpOBO.llHHKB OHR HRr,lle He Renonb3yiOTe!l. EeTb OeHOBBHK!I nonaraTb, 'ITO paeeMOTpeu

Hbii! HBMR npoueee Oe8>K,ll8HR!I MB.llR H8 KpBMHHI! MO>KHO paenpoeTp8HKTb B006We H8 npo-

ueeebi 9UBKTpOXKMK'!BeKOrO Oe8>K,ll8HK!I M8T8nUOB H8 nonynpOBO.llHKKSX, 

<PeHOMBHOnOrR'!BeKS!I TBOpK!I npoueeeOB OTnO>KBHR!I MB,llR H8 p - i -n -eTpyKType 

nonynposo.g:HHKa 

PaeeMoTpKM TeopeTR'!eeKH o6wKI! enyqall npo>IeneHK!I p-i-n -eTpyKTyp&I, 1:1 eTa

uHouapHbiX yenOBH!IX Bb!UOUH!IBTe!l ypSBHBHHe (eM. pRe. 10): 

I+ - I
3 

., I + Iy + I'+ I 
1 

+ I; (4Y 

r.lle I+ - TOK .llbipOK qepea rpaHHUY n -o6naeTH e 3nBKTponHToM, I 3- TOK MB>K.llY n H p -

o6n a eT!IMK qepea 3neKTponHT, B bi3B8HHbll! nosiBneuHeM 3neKTpR'!eeKoro non!! e nepexo,lle 

MB>K.llY HHMR, I - TOK eo 8Hewuea uenR, IY - TOK yTe'IKH no Topuy, I' - TOK '!epea p -n

nepexO.ll, I, - cj>OTOTOK npK oe8eWeHRR nepexo,lla 8 3neKTponHTe, I~ - TOK, auanorH'IH&Il! 

cj>OTOTB Ky, Bbi388HHbll! UO!IBUBHHBM H8p8BH08eeHbiX HOe.RTenel! UO,ll .!1Bl!eT8H8M 9UBKTpOURT8 

( eny'lall O.llHOpO.llHOrO .llBAeTBH!I 3nBKTpOnHT8 HS .llBTBKTOp). 

R 

]y 

); l. n p 

J' 

J+ :;.,. 
PRe .• 10. ToKR, TeKyWH e q e pea .ll e T e KTop npH ero n o rpy>K eHKR 8 3neKTponHT. 

14 

nonO>KHM: 

r,lle </> -p8.3HOeTb nOTBHUl 

neHHe; 

r,lle R v - eonpoTReneHRE 

r.lle I • - pa8H08eeHblll TO 

r,lle DO,ll R3 6y.llBM DOHHM· 

no OUBHKQM 9KenepR 

Tor.lla H3 ypa8HeHRH 

r.lle 

PaeeMOTpHM OT.llenbf 

I ) Cn yqa JI o.guopo .gK 

nono:>KRM I+ .-o • B 

BH,ll : 

VIa ypa8ueliH!I (6) e1 

ne>KBT 8 o6naeTH oTpHuaTt 

6b1Tb uanpaeneH oT p· It n 

0TKnll;llbiB8TbCSI B OeHOBHOI 

ItapTHHa uonyqaeTC!I npa n 

2) CnyqaA H36HpaTen 

nono>KBM I; - 0 

Bon bT""ru.cnepHasr xap• 

ell 8 o6naeTR nono>KBTenbl 



cny>KHT H TO 06CTOSITenbCTBO, 

)BO.llHKKG MOnstpHbie KOnH'IecT

/J2/ 
).lJ.HH8KOBbl 

•OHOB H3 aaneHTHOA: 30Hbl 

ro oTno>KeHHst MeTanna Ha 

11 nonaraTb, 'iTO paccMoTpeH

I pocTpaHHTb soo6me Ha npo-

BO.llHHKSX. 

BL!H na p -I -n -cTpyKType 

-i - n -cTpyKTYPbl , 1:1 eTa-

(4) 

fToM , I 3- TOK Me>KL!Y n H p -

I qecKoro nonR u nepexoL!e 

• Topuy, I' - TOK qepea p -n

KTe , I~ - TOK 1 SHMOPHl{HbiA 

OOL! L!9ICTBH9M sneKTpOnHTa 

CeHHR B aneKTpOnHT. 

nonO>KHM : 

rL!e <f>· -paaHOCTb UOT9Hl!HMOB MB>KL!y D- H p -o6naCTRMH, a R - BH9lllH99 COllpOTHB-

neHHe; 

I • 
y 

J' .a . 1
0 

( 1- e ,kT 
) , 

rL!e 1
0 

- pa8H08eca~A TOK qepea nepexoL! 8 TeMHoTe; 

<P 
I,. • -- • 

Ra 
rL!e noL! R 3 6yL!eM noHHMBTb HeKoTopoe SK8H8aneaTHoe conpoT&8neaae. 

no 01!9HKBM 3KCnepHM9HTanbH~X L!aHH~X L!nH HalllHX 00p831!08 BblllOnHR9TCR y cn08He 

I' << I 9 + I, 

TorL!a &3 ypasaeHHR (4) nonyqaeM: 

(4') 

rL!e 

+ 
R:;, (5) 

PaccMOTpRM OTL!en bllo ynoMRHa81l1HeCR paaee cnyqaa. 

I) CnyqaA 08HO pOL!Horo L!eAcTBHR sneKTponHTa Ha 4eTeKTOP 

nono>KHM l+ .aO • B OTCYTCTBKe OC89lll9HHR I~~ 0 H y paBH9HH9 (4') 6yL!eT HM9Tb 

I • - 1;- - !_ . 
Ro (6) 

Ha ypasaeHHH (6) 8HL!HO, 'iTO aonbT-aMnepHaR xapaKTepHCTHKa npRMonaHeAHa a 

ne>KHT B o6nacTa oTpanaTenbH~x aHaqeHHA TaKa H HanpR>KeHHR. TaK KaK I 3 L!On>KeH 

O~Tb HanpasneH OT p· It D -o6naCTH 1 Y'<BCT8y!OlUH9 B 9TOM TOKe HOH~ M9L!H 6yL!yT: 

OTKnllillblBBTbCII B OCH08HOM HB n -o6naCTH H H93Ha'iHTenbHO - HB i -o6naCTH, TBKBH 

ttapTHHa nonyqaeTCR npa npoRsneHHH nepexoL!OB 8 TeMHOTe aa npoTpaaneaaoA no8epxHocTH. 

2) Cnyqal K30HpaTenbHOrO L!BICTBHR aneKTpOnHTB Ha L!9T9KT0p, 

nonO>KHM I~ ~ - 0 • B T9MHOTe 11 • ·0 

I~ It . _,j__ 
Ro 

, K ypaaaell&e (4') npKMeT BHL!: 

(7) 

BonbT-BMnepHBR xapBKTePilCTilKB, OllllCbiBBBMBR ypa8HBHBeM ('~:), OHHBIHB K HBXOL!HT"" 

CR a o6nacTH nono>K&TenbHbiX aHa'ieH&I Totta H Hanp!IJKeHKll. To!< 1 8 6yL!eT Hanpaanea 
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OT n- K p -o6nacTK, 6naroaapR '19MY M9Llb 6yaeT OTnaraTbCSI Ha 

1+. abl3biB8T OTllO>K9HH9 M9L!H Ha n - o6n aCTH, 

p -o6nacTH, ToK 

VIa {5) H (7) HeTpyaHo noKaaaTb, 'ITO I+> I 3 , noaToMy oTno>KeHHe MeL!R Ha 

n - o6nacTH 6onbwe, qeM Ha p -o6nacTH, TaKaS! KapTima nonyqaeTCSI npH npoRaneHHH nepe

xoaa B TeMHOTe Ha wnHcpoaaHHOl! noaepxHOCTR (eM. pRe. I ). 

PaccMoTpRM TOT >Ke cnyqalt npH nanR 'IHH ocaeweHHSI, Koraa I i .f 0 • 

nonO>KHM: 
11 - I+ A > 0 . 

H aToM cnyqae ypaaHeHRe (7) npRMeT BRLl: 

=-A - :E._ . 
Ro 

3To ypaaH eHRe aHanorR'IHO ypaaHeHRIO (8). Heo6xo.nHMO TOnbKO OTMeTHTb, •ITo. no-

CKOllbKY I 9 R I+ RM910T OL!KHaKoaoe HanpaaneHHe, Ha n -o6nacTH OTnaraeTCSI TOnCTbll! 

enol! M9LlH (eM. pHC, 2), 

Tenepb pacc MoTpHM HaKnOHbt aonbT-aMnepHblx xapaKTepHCTHK, Yron HaKnona onpeae-
1 . 

nsreTcsr a enH'IHHOl!--. TaK KBK R >> R , TO R 0 - R
3 

• 
Ro • 3 

HanoMHHM, 'ITO conpoTHBneHHe R 3 BBO.D.HTCH B hipa>KeHH e M 

T9'19T qepe3 rpaHHUY D -o6naCTH C 9119KTpOnHTOM 0 Sll9KTpOnHT H 

I = ¢ 
s R9 

rpaHHUy 

ToK I 9 

p -o6nacTH 

c sneKTponHTOM. H sneKTponHTe I 9 nepeHOCI!TCSI I!M9IOUIHMHCSI B HeM HOHBMH, a qepea 

rpaHI!UY paaaena Sll9KTp0111!T-nonyilpOBOL!HI!K - C. nOMOUibiO Sll9KTpOXHMH'I9eKI!X peBKUIIl!, 

KOTOpbte B OCHOaHOM onp9Ll911SIIOT 3Ha'I9HRe R 
9

, no-BHLlHMOMy, OeHOBHYIO ponb HrpaeT 

peBKUHSI aHOL!HOrO p aeTBOp 9HHSI M9L!R, 6narOL!BpS1 KOTOpOl! M9Llb 0 OC 9BW BSI Ha noaepXHOCTR 

nonynpoaOL!HRKa, nep9XOL!HT 06pa TRO a paeTaOp a aHL!9 aayxaaneHTHbiX HOHOa, 3TO noa-

TB 8 p >K,n8eTCH T eM , 'ITO: 

a) M9Llb 0 OTllO>KHaWaS!eSI a T9MHOT9 Ha p -o6naCTH, p8CTaOpS19TCSI npH oeaeuteHRH 

(a STOM cnyqae p -o6naeTb CTBHOaRTeSI aHOL!OM - CM, pRe. 3 ), 

6) R S He aaaHeHT OT KOHU9HTp8UHH cepHOKHenol! M9L!H a 3119KTp011HT9 ( HaKnOR 

xapaKTepHeTRK He M9HS19TCSI npu yaenH'IeHRH eoaep>KBHHSI CuS0 4 5H 2 0 . - CM, pRe, 8). 

a) R 3 yMeHbWBeTeSI npH yaenH'IeHHR a aneKTponHTe nnaauKoaoA KHenoTbt, KOTopaSI 

pacTaOpS19T OTJW>KHawyiOCSI M9Llb (eM, pHC, 7), 

YaenH'IeHRe Ha~tnoHa aonb-r-aMnepHol! xapaKTepueTHKH npR oeaeuteRRH (eM, npsrMyiO 2 

Ra puc. Bi TaK>Ke MO>KRO eaRaaTb c ycHneuaeM peaKnHH paeTaopeHHSI M9LlR aa e<teT 

60llbWOrO K011R'I9CT8a LlblpOK, OCB060>KL!9HHbiX nOLl Ll9l!CTaHeM CBeTa. 
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B HaeTosrweA pa6oT 

I) VleeneaoaaHbt n1 

pax nyTeM Sll9KTpOXHMR'I 

2) nonyqeH pS!Ll St 

HHSl M8.0H C B03HHK810WB 

3) Jlnsr o6~SieH eHH 

peaKUHA eaenaHo npeanc 

HOCTH KpeMHHR C 38XB8T 

noTp96llSIIOTeSI npH SH OLl 

4) nocTpOeHa cpeH 

Ha p-i-n - eTpyKTy pe no 
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~T OT118r8TbCR H8 p -o6nacTH, ToK 

3 , fl03 TOMy OTJ10)K9HH9 M9LJ.R Ha 

THHa nonyqaeTcH np11 npoHsneKHH nepe

pHc. 1 ). 

weKHH, Koraa 1 i .f 0 • 

06XO.llRMO TOJlbKO OTM9THTb1 t{TO-t no

' H 8 n -o6Jl8CTH OTnaraeTCR T OJlCTbJA 

xapaKTepHCTHK, Yron KBKnoHa onpeae

R., • 

Bblp8)K9HH9M 

3119KTp011HT H 

[ 
3 

a </> 

Rs 
rpBKIIUY 

ToK 1 3 

p - o6n8CTH 

iM910ll..lHMHCR B HeM HOHBMH, 8 '19pe3 

.,(Olllb!O 3neKTpOXIIMH'IeCKIIX peaKUHl!, 

)-BHL(IIMOMy, OCHOBHyiO ponb HrpaeT 

Topol! Meab, oceswa11 Ha nosepxHOCTH 

:ae asyxsaneHTHbrx HOHos. ~ho noa-

06nBCTH, paCTBOpHeTCI! Upll OCBelUeHHII 

CM, pHC, 3 ), 

UOA MeL(H B 3neKTpOnHTe (HaKnOH 

p011HT9 flJIBBHKOBOA KHCJlOTbi, KOTOp8SI 

ICTHKII UpH OCBelUeHI!H (eM, UpHMYIO 2 

[UHH paCTBOpeHI!II MeL(H 3a C'leT 

lel!CTBHeM CBeTa, 

BbtBOL(bl 

B a acTOHwea pa6 oTe nony'leHbr cneayiOWI!e pe3ynbTaTbr: 

1) Y!ccn ea oaaa br npoueccbt npoHaneHIIH nepexoaoa B KpeMHHeBbiX p - i -n 

pax nyTeM 3neKTpOXIIMI!'IeCKOrO OTUO>KeHHII MeL(H. 

2) nonyqeH pilL( 3 KCUepi!MeHTanbHblX pe3ynbTaTOB, CBS13h!Ba!Oll.{IIX KapTHHY OTnO>Ke-

111111 MeL(H C B03HHKaiOWel! Me>Kay 0- II :-o6nacTRMH ranbBaHH'IecKoll a.a.c. 

3) Jlng 06bRCH eHIIII npOTeKaiOWIIX Upll npORBUeHK II nepeXOL(OB 3UeKTpOXKMK'ieCKHX 

p98KUHA CLI.9118 HO npe .anonO>K9HH9, t.ITO flOJlO.>KHT9 JlbHbi9 H OH bl M9.0H pB3pR>K8K>TCSI H8 noaepx

H OCTH Kp9 MHHH C 3 8XB8TOM 3 Jl9KTpOHOB H3 B8Jl9HTHOA 30H hl. n o HBHBWU: 9 CR npH 3 TOM llblpKH 

UOTpe6nHIOTCI1 np11 8HOL(HOM paCTBOpeHKK KpeMHKI!. 

4) n ocTpOeHa cj:>eHOMeHOUOrH'IeCKBII TeOpllll 3UeKTpOXIIMH'ieCKOrO OTUO>K eHHII MeL(H 

Ha p-i-n - c TpyKTy pe nonynposoaHHKa. 

A B'I'Opbt Bbrpa>K BIOT cepae'IHYIC GnaroaapHOCTb B.M . r on OBHHY 38 O'ieHb none3Hbte 

L(IICKyCCIIII UO HaCTOHLUel! pa6oTe II ueHHbte COBeTbl, 
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