
OE'bE.UHHEHHbl M 
HHCTHTYT 
.H.UEPHbJX 

HCCnE.UOBAHHYI 

,Uy6ea 

Pl3 · 3943 

JI.K.JlbiTKHH, A.~.llHcapea, A.ll.CyM6aea, 

C.~. qaJIKHH 

3~~EKTbl P ACCJiAJ1BAID1H Bl1HAPHbiX )l(l1,L(Kl1X 

· P ACTBOPOB no~ ,L(Et1:CTBl1EM P A~l1AUl1l1 

• • ... 
I • .. 
~ 1968 

- . 



Pl3 - 3943 

JI .K.JlbiTKMH, A.ci> .llMcapes, A.ll.CyM6aeB, 

C. cl> .'JaJIKMH 

3ci>ci>EKTbi PACCJIAYlBAIDffi BJ1HAPHbiX ~J1,D,KJ1X 

PACTBOPOB OO,ll, ,li,EHCTBJ1EM PA,ll,l1AUJ1l1 

HanpaaneHo B )!(3T<I> 



1. B B e a e H H e 

B pa6oTe/l/ TeopeTH~ecKH paccMaTpHBanacb B03MO*HOCTb paccnaHBaHHR 

AByXKOMITOHeHTHOrO *HAKOro p8CTBOpa, H8XOARlllerOCR B MeT8CTa6HnbHOM COC

TORHHH, H8 HOHaX. <I>H3H~eCK8R OCHOB8 STOrO a¢<j>eKT8 38Knl0~8eTCR B TOM, 

~TO B 6HH8pHOM rOMOreHHOM paCTBOpe, OAHH H3 KOMITOHeHTOB KOTOporo HMe

eT 6onblliYIO CT8TH~eCKYIO AllaJieKTpH~eCKYIO ITOCTORHHyJO, OKOnO CTOpOHHero 

HOH8 o6pa3yeTCSI ITOBbillleHH8R ITnOTHOCTb aToro KOMITOHeHT8. CTRrHB8HHe MO

neKyn B MHKpOKOMITneKC OKOnO HOH8 o6ecrre~HB8eTCSI 38 C~~T CHn, neACTBY

IOlliHX H8 MOneKynbi CO CTOpOHbl HeOAHOpOAHOro aneKTpH~eCKOro ITOnR HOHa. B 

MOMeHT rrepeCblllleHHR paCTBOpa STH 38PR*eHHble KOMITneKCbl CT8HOBRTCR 38p0-

Abllli8MH1 H8 KOTOpb!X H3 paCTBOpa BbiUenReTCR H36b!TO~HOe BellleCTB0 1 o6na

A810lllee ITOBblllleHHOA AHaneKTpH~eCKOA rrpOHHU8eMOCTbiO. 

B UHTHpOB8HHOH pa6oTe a<P<jleKT paccnaHB8HHSI paCTBOpa H8 HOH8X paCCM8T

pHBaeTCR C TO~KH 3peHHR HCITOnb30B8HHR ero AnR pa3pa60TKH ynpaBnReMoA 

*HAKOCTHOA TpeKOBOA KaMepblo npeACT8BnReTCR 1 ~TO nocne npOXO)KAeHHH 

~8CTHUbl ~epe3 paCTBOp H8 OCT8TO~HblX HOH8X B cne!le B03HHK810T ynoMR

HYTble KOMrrneKCbl 1 KOTOpbie 38TeM 6biCTpo paCTYT LlO BHLlHMOrO p83Mepa 

B MOMeHT rrpHHYLlHTenbHOrO rrepeBOL18 p8CTBOp8 H3 H8CbiWeHHOrO COCTORHHH 

B rrepeCbiWeHHoe. 

B naHHoA pa6oTe ocymecTsneHa Ka~eCTBeHHaR rrposepKa a~eKTa paccna

HBaHBl'l 6BH8pHblX *HAKHX paCTBOpOB Ha BOH8X1 C03A8BaeMblX y -p8LlH8UHeA. 

B OITbiT8X HCITOnb30BanHCb paCTBOpbi MeTHnOBOrO CITHpTa B reKC8He 1 HHTpO-

6eH3ona B rexcaHe, BOAbi B TpHaTBnaMHHe H yrnexucnoro ra3a B 6eH3one. 

B rrepBblX ABYX cny~aR'; Kp8TKOBpeMeHHOe rrepeCbillleHHe AOCTHranoCb 6biCTpb!M 
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c6pocoM aasneHHH Haa paCTBOpOM HnH Hano)KeHHeM BbiCOKOBOnbTHOrO 

HMnynbcHoro nonH. B aKcnepHMeHTe c pacTBopoM soabi B TpHSTHnaMHHe rrepe

CbiiiieHHe co3uasanocb rryTeM HMrrynbCHoro Harpesa. HaKoHeu, B OllbiTe c 6ea-

30nOM, HaCbiiiieHHbiM C0 2 , nepeCbiiiieHHe B03HHKano, K8K H B rrepBOM cny-

qae, rrpH c6poce uasneHHH, 

2. HaMeHeHHe llBBneHHH, TeMIIeparypbi H aneKTpHqecKoro 

IIOnH1 COOTBeTCTByromee HBlfBnbHO# rpBHHUe 

lfYBCTBHTenbHOCTH pBCTBOpB K paccnoeHHID HB HOHBX 

a) QqyscTsneHHe uasnetmeM. B pa6oTel 1 I rroKa3aHo, qTo senHqHHa rre

perraaa uasneHHH, o6ecneqHBaiOIIIaH paccnoeHHe pacTBopa Ha HoHax, MO)Ke7.' 

6biTb onpeueneHa rro lj>opMyne: 

3 M C 
~p =-r PRT 

a • V 41ru 
( z e ) E2- E 

.\ d T (1) E E:J 

T~V d c 

3uecb ~P=P o- Pk - eCTb p83HOCTh uasneHHH HaA paCTBOpOM AO H 

IIOCne rrepeCbiiii eHHHo C - MOnhHaH KOHUeHTpaUHH paCTBOpa M H p -Mone-

KynHpH bi H sec H rrnoTHOCTh pacTBopeHHoro semecTBa, T - TeMrrepaTypa 

H8C biiiieHHH, U - IIOBepXHOCTHOe HaTH)KeHHe Ha rpaHHUe MelKAY KaiineA, Bbl

uenHIOIIIei!:CSl H3 paCTBOpa H OCTanhHOi!: qaCThiO paCTBOpa, A H !J. V - Tell-

noTa H H3MeHeHHe 06beMa paCTBOpeHHH 1 dT/dC - 1IpoH3BOUHaH 1 B3HTaH 

BAOnl:: KpHBOH paccnoeHHH B TQqKe H8CbiiiieHHS1 1 E H E:J - COOTBeTCTBeH-

HO UHaneKTpHqecKaH 1IpOHHU8eMOCTh KaiinH H paCTBOpa, 

ilnH HCIIOnh30B8HHOro B U8HHOi!: pa6oTe paCTBOpa HHTpo6eH30na B reKca

He C KOHUeHTpauHeA 0,2 H 0,3 3HaqeHHH !J.P, paccqHT8HHbie 110 cf>opMyne ( 1), 

n e lK8T B AH8IIa30He U8 BneHHi!: 25-30 8TM, 

6) QqyBCTBneHHe HarpeBoM, PacTBOpbi 1 o6na uaiOIIIHe HHlKHeA KpHTHqec

Koi!: TeMrrepaTypoi!: paccnoeHHH, MoryT 6biTh rrepeCbiiiieHbi rryTeM HMrrynhCHoro 

aarpesa l 1 I . BenHqHaa rreperpesa ~ T , cooTBeTCTBYIOIIIaH aaqanhHoi!: rpaaHue 

q yBCTBHTenhHOCTH p8CTBOp8 K paccnoeHHIO H8 HOHax, H8XOUHTCH 110 cf>opMyne 
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3 M C 
~T--

2 p R T 

' 1 a 4rr u 

dC/dT V (ze) 
( 2) 

f2 - f 

3uecb HcnonbaoaaHbi Te )Ke o6oaHa'leHHH, 'ITO H B Bbipa)KeHHH ( 1). DnH 

yKa38HHOrO BbJIIIe paCTBOpa BOllbl B TpHSTHnaMHHe 3H8'1eHHe ~ T, H8il'lleHHOe 

0 
no 9 TOi!' !j>opMyne, COCTaBnHeT"" 1 • 

a) 0'1yBcTaneHHe sneKTpH'IeCKHM noneM. B cooTBeTCTBHH c o6meii: Teo

pHeA paCTBOpHMOCTH BeiiJeCTB H8CbiiiJeHHe paCTBOpa 38BHCHT OT BenH'IHHbl 

sneKTpH'IeCKoro nonS! B ero o6~eMe. B o6meM BHlle sTa aaBHCHM OCTb cno)I(Ha 

H 6y11eT 118H8 BMeCTe C BbiBOllOM B OTJlenbHOi!' pa6oTe. 3uecb )Ke IIpHBelleM 

nHWb peaynbTaT npH6nH)KeHHoro pac'leTa unH pacTaopa HHTpo6enaona B reK

caHe C MOnbHOil' KOHUeHTpauHei!' 0,2. H3 TeopHH cneuyeT. 'ITO yBenH'IeHHe 

HanpS!)KeHHOCTH nonS! B H8CbiiiJeHHOM paCTBOpe H8 200 KBicM npHBOllHT K ero 

nepecbiiiJeHHIO Ha 2%. DnH llOCTH)KeHHH Ha'lanbHOH rpaHHUbi 'IYBCTBHTenbHOCTH 

paCTBOpa K paccnoeHHIO H8 HOH8X Tpe6yeTCSI none: 

E ,. 6 • 105 
z -

1/ 3 
a/ CM (3) 

3. 3KCllepHMeHT8llbH8H npoBepK8 BnHHHHH y -p8J:lH8UHH 

H8 paccnoeHHe pacTBopa 

3!j>!j>eKT p a ccnaHB8HHSI paCTBOpOB BO BCeX OI1b!T8X Ha6nJOJl8eTCSI C IIO

MOIIJbiO !j>oTo s neKTpOHHOrO YMHO)KHTenH ( cll3Y), KOTOpb!M perHCTpHpoBanOCb 

pacceHHHe HnH nornomeHHe cae Ta, npoxouHmero 'lepea pacTBop. MepoA 

BnHHHHSI y -p811H8UHH Ha npouecc paccnoeHHSI cny)I(HnO H3MeHeHHe BpeMeHH !j>opMH

pOB8HHSI nepeunero !j>pOHTa HMIIynbCa r , IIOCTyii8JOIIJero C cll3Y. TaKOi!' MeTOll 

HBnHeTCH, no HameMy MHeHHIO, HaH6onee 'IYBCTBHTenbHbiM. B caMoM uene, 

CKOpOCTb paccnoeHHSI paCTBOpa IIpH 38118HHbiX ycnOBHSIX OIIpeuenHeTCSI HH-

TeHCHBHOCTbJO 3 8pO)I(JleHHSI ueHTpOB paccnoeHHSI 0 Ha KOTOpblX BbiJlenS!eTCSI 

H36biTOK pacTBopeHHoro BemecTBa. Eea o6ny'leHHH pacTBopa TaKHe aapo

llbiiiiH B03HHK8JOT H8 MHKpo!j>nyKTY8UHSIX KOHUeHTp8UHH 0 a IIpH o6nyqeHHH -

eme H H8 HOH8Xo 0TCJ0118 BpeMSI !j>opMHpOB8HHSI T, 38BHCSIIIJee OT CKOpOCTH 
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HaxonneHHH B o6'beMe pacTBopa xanenex, pacceusaiOmHx H nornomaiOmHx cseT, 

llOmKHO 6biTb p83flH"'HbiM y paCTBOpOB, o6ny"'eHHbiX H He o6nyqeHHbiX, 

KpoMe 4>3Y H ocnunnorpa!jla, Ha KoTopoM H3MepsmHcb speMeHHbie xapax

TepHCTHKH HMnyflbC8 0 YCT8HOBK8 COilepJKana TepMOCTSTHpyiOmyiO 68HI0 0 ll8T"'HKH 

llSBneHHSI H TeMnepaTypbi, SI"'eli:Ky C HCCnellyeMbiM p8CTBOpOM H OCBeTHTenb, 

118B8BlliHH CT86HflbHbiH napannenbHbiH rry"'OK CBeTa. YcT8HOBK8 6bin8 OCHameHa 

T8K)Ke cHcTeMoA ra3oBo-nepenycKHbiX xnanaHoB, HMnynbCHbiM HarpesaTeneM 

H reHepaTOpOM BbiCOKOBOflbTHbiX HMTiynbCOB, J.iCTO"'HHKOM )' -KB8HTOB B nep-

BbiX Tpex onbiTax cny)I(Hna aMnyna c 
ceo 

0 MOmHOCTbiO 60 Mr 3KB, p811HSI 1 

H B nocnellHeM OllbiTe - 0,45 Mr 3KB, PaCCTOSIHHe Me)I(Jly HCTO"'HHKOM H SI"'eli:

KOli: C paCTBOpoM p8BHSin8Cb 40 CM, Hqeli:Ka TepMOCT8THpOB8n8Cb B 6aHe B5nH-
O 

3H TO"'KH HSCbtmeHHSI c TO"'HOCTbiO ±. 0,05 • OcsemeHue SI"'eli:KH npoH3BOilHnocb 

HenpepbiBHo. 3anycx ocnunnorpa!jla 6bm CHHxpoHH3oBaH c MoMeHTOM Ha"'ana 

nepecbtmeHHSI pacTBopa. 

a) OnbiT c AasneHHeM,npu MeAneHHOM Hano)KeHHH 11asneHHSI B 25-30 aTM •. 

TO"'K8 paccnoeHHSI p8CTBOp8 HHTpo6eH30fl8 B reKCSHe CMemanaCb H8 0,4°, npH 

HMnynbCHOM )Ke c6poce aToro AasneHHSI, H3MeHeHHe TeMnepaTypbi paccnoeHHSI 

COCTSBnSinO 0,7°; H3 HHX 0,40 - 38 C"'~T ~eKT8 CHSITHSI llSBneHHSI H 0,30 -

38 C"'~T 81lH868TH"'eCKOrO p8ClliHpeHHSI paCTBOpa, 

llasneHHe B uccne11yeMoA SI"'eli:xe o6'beMoM 15 cM3 co3Aasanocb c no

MOmbiO r838 1 KOTOpbiH OTilenSinCSI OT paCTBOpa llOilBH)I(HbiM CHflb$OHOM, B 

3TBX 3KCnepHMeHT8X 6binO HSHAeHO, "'TO llpH o6nyqeHHH paCTBopa )' -KB8B

T8MH llflHTenbHOCTb !jlpoHT8 HMnynbca CTSHOBHTCSI KOpoqe npHMepHO H8 1/31 

"'eM 6e3 o5ny"'eHHSI, A5coniOTHoe 3Ha"'eHHe r cocTaBnHno , 10-3 cex. 3AeCb 

yMeCTHO OTMeTHTb, "'TO ~eKT paccnoeHHSI paCTBOpa npH HMnynbCHOM c6po

ce llBBneHHSI o"'eHb "'~TKO Ha5niOAaeTcSI H BH3yanbHO. Pa3Mep xanenex, Bbiile

nSIIOmuxcSI H3 paCTBOpa, OllpellenSiflCSI B OTilenbHOM OllbiTe H 6blfl H8AileH paB.I. 

BbiM 6 MK, 

BTopoA onbiT c ucnonb3oBaHHeM AasneBHSI npoBOilHncSI, xax y)Ke ynoMH

aanocb, c pacTBopoM yrnexucnoThl B 6eH3one. B nepecbtmeHBOM cocTOSIHHH 

H3 3TOrO paCTBOpa BbiilenSIIOTCSI KpHCT8flnH"'eCKHe COflbB8Tbl, 3TO 06CTO

SITeflbCTBO H npellflOnaranOCb HCllOflb30B8Tb B 3KCnepHMeHTe, 
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B gqeft:xy, HanoiiHeH!fYIO 6eHaonoM, non .naBneHHeM 12 aTM. no.naeancR 

yrneKHCnbiA raa H secb pacTBOp oxna:lK.llancR no TeMnepaTypbi -4°C. TipH 

c6poce .nasneHHR no 1 aTM cHCTeMa oxaabiBanacb B nepecbrweHHOM H nepe

oxna~eHHOM HB go COCTOSIHHH. B A8HHOA CHTYBUHH MOrnH HBCTyiTHTb ABa 

npouecca: o6pa30B8HHe KpHCTannH'IeCKHX COnbBBTOB H .nera38UHB ~HAKOCTH 

nyTeM o6paaosaHHR nyabipbKOB. O~Hnanoch, 'ITO cHnbHOe nepeoxna:lK.lleHHe 

6eH30na 3H8'1HTenbHO ysenH'IHT ero BSI3KOCTb H BOCUpeURTCTByeT UpRMOA 

nyabipbKOBoA .neraaauHH, H npouecc o6paaoBaHHB conbBaTHbiX xp:ncTannos, 

OCTaHeTCSI AOMHHHpyiOillHMo TionaraR, 'ITO 9neKTpH'IeCK8R ITOnRpHayeMOCTb 

Monexyn conbeaTa Bbrwe, 'leM y paCTBOpa, H3 KOTOporo OHH o6paayiOTCR, 

MO~O 6binO O~A8Tb, B COOTBeTCTBHH C TeopeTH'IeCKHMH npeACK838HHSIMH, 

'ITO 38pO~AeHHe KpHCTannOB COnbBBTB 6yneT HATH npeHMyweCTBeHHO Ha HO-

Hax, o6paayeMbiX )' -panHauHeA:. OnHaxo B neAcTBHTenbHOCTH oxaaanocb, 

'ITO npH c6poce naBneHHR B03HHK8eT HHTeHCHBNOe BCKHIT8HHe 6eH30na H ~

«fleKT o6pa30BBHHSI KpHCTannH'IeCKHX COnbBBTOB HB «floHe BCITnbiBBIOWHX ITY3blpb

KOB TepSieTCSI. llnR ITOU8BneHHSI BCKHIT8HHSI ITOTpe6yeTCR, no-BHAHMOMy, UpOEIO

llHTb npeueapHTenbHoe o6~aTHe pacTBOpa nou BbiCOKHM nasneHHeM, KOTO

poe 6yUeT ycTpBHSITb MHKpo38pOllblWeBbie 06pa30B8HHSI ITY3blpbKOB. 

6) OnbiT c HarpeBoM. OnbiT nposou:nnclil c pacTBopoM BOllbi B TpH9THn

aMHHe C MOnbHOA KOHUeHTpauHeA 0,4. TaKBSI 6HH8pHaR ~HUK8SI CHCTeMa o6-

nauaeT, KBK H3BeCTHO, HH~Heft: KpHTH'IeCKOA TeMnepaTypoft: paccnoeHHSI OKOnO 

18-lgo. TipH aarpese pacTBOpa Bbrme 9TOA TeMnepaTypbi oH pacnanaeTcB 

Ha use ~HUKHe cllaabl. 

B onblTe cTeKnBHHaB aMnyna c pacTBopoM TepMocTaTHposanacb npu 

TeMnepaType HH~e TO'IKH paccnoeHBR aa 1°. HarpeB pacTsopa ocymecTB1IHn

CSI HMnynbCOM TOKa, UpoXOAHBWero qepe3 K8nB6poBBHHyiO HHXpOMOBYIO_ CUBpanb, 

aaMoTaHHyiO aa aMnyny. BpeMSI neperpesa pacTsopa BbiWe TO'IKB paccnoeHBB 

COCTBBnS!nO 0,5- 1 ceK. B 9TOM OITbiTe 6bin8 38Me'leHa nHWb cna6aSI KOppe

nRUHSI CKpoCTH paccnoeHHSI paCTBOpa OT o6ny'leHHSI. 

a) OnbiT c 9neKTpHqecKHM noneM. B cooTBeTCTBHH c cl>opMynoA ( 3) 1 

nonH, aeo6xoUHMbie U1IH paccnoeHBB pacTBOpa, 6nH3KH K npo6HBHbiM. Tio9-

TOMY B onbiTe 6bmo yueneao 6onbmoe BHBMaHHe aaxpyrneHHIO xpaes 9nexTpo

.noB u TwaTenbHOA ux nonHpoBxe. R'leAKa conep~ana uea TBKHX 91IeKTpona, 

nonaoCTbiO norpy~eHHblX B pacTBop HHTpo6eaaona B rexcaae c MOnbHoA 
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KOHUeHTpauueA 0, 2. Me)KaneKTpOllHbiA aaaop COCTaBnsm 0,3 CM1 a HaiipSI)KeH

HOCTb IIOnSI B HeM - OKOnO 200 KBfCMo Done IIOllaBanOCb HMIIynbCHO IlpOllOn

)KHTenbHOCTb~ • 10-3 CeK H qacTOTOA OllHH paa B 10 MHHyT. PaCTBOp B gqeA

Ke TepMOCTSTHpOBanCH Ha 0,1-0,050 BbiWe TOqKH paccnoeHHSI. 

B OIIbiTe C IIpOXOllSIWHM CBeTOM 6bmO HaAneH0 1 'ITO IIpH OTCyTCTBHH 

o6nyqeHHR paCTBOpa llnHTenbHOCTb ~POHTa HMIIYnbCa COCTaBnSieT 4.10-4 CeK, 

a nnR cseTa, paccesrHHoro Ha yron 24> , - 2,5. 10-6 ceK. B aTH speMeHa He 

BXOllHT BpeMSI )KH3HH paCTBOpa B MeTaCTa6HnbHOM COCTOSIHHH 0 T.e. BpeMR 

Me)Klly MOMeHTOM rrepeCbiweHHR paCTBOpa H HaqanoM IIORBneHHR HMrrynbCS HS 

ci>3Y • 3TO BpeMR B OIIbiTe He H3MepRnOCb. 

bOnbWaSI paaHHUa BO BpeMeHaX tPoPMHpOBaHHSI <f>poHTa HMIIynbCa 6bma 

CBSI38Ha C BbiHy)KlleHHbiM H3MeHeHHeM 'IYBCTBHTenbHOCTH arrrrapaTypbl IIpH ne

peCTaHOBKe <1>3Y c rrpsrMoro rrpoxonsrmero cseTa Ha paccesrHHbiA rryqox. B 

IIOCnenHeM cnyqae 'IYBCTBHTenbHOCTb perHCTpHpy~wHX IIpH60pOB yCTSHaBnHBS

nSCb Ha IIOPHllKH BbiWe, 'leM llnR IlpOXOllHwero CBeTa. TioaTOMy IIpouecc pac

cnoeHHR paCTBopa B STHX llBYX OIIbiTaX Ha6n~nanCR Ha pa3HbiX CTallHSIX ero 

p83BHTHR. 

bbinO y c TaHOBneHO, 'ITO o6ny'leHHe paCTBOpa Y -KBaHTaMH IIpHBOllHT K 

yMeHbWeHH~ llnHTenbHOCTH <f>pOHTa HMIIynbCa IIpHMepHO B 1,5 paaa. 

Ha c paBHeHHR a Toro peaynbTaTa c naHHbiMH OIIbiTa, B KOTOpoM sapbH-

posanocb nasneHHe, BHllHO, 'ITO paccnoeHHe pacTBopa rrpH Hano)KeHHH aneKT

pHqecKoro rronR uneT HHTeHCHBHee, qeM rrpH c6poce nasneHHR. 3To o6cTO-

RTenbCTBO CBRaaHo, IIO-BHllHMOMY, C HeCKOnbKO OTnH'Ia~wHMHCR, B03MO)K.H0 0 

ycnoBHRMH 0IIb!TOB1 a TaK)f{e C TeM, 'ITO BbiCOKOBOnbTHOe aneKTpH'IeCKOe 

IIone qaCTH'IHO ysenH'IHBaeT KOHUeHTpaUH~ HOHOB B paCTBOpe, o6paayeMbiX 

Y -KBaHTaMH. 

3necb yMeCTHO yiiOMRHYTb 0 XOpoWO Bblpa)KeHHOM RBneHHH CBeqeHHR 

pSCTBOpa, KOTOpoe Ha6n~nanOCb IipH llOCTH)KeHHH H8IIpR)KeHHOCTH IIOnR B HeM 

llO 300 - 400 KB/ CM. 

4. KpBTKHe BbiBOJ:!bi 

OcHOBHhie peaynbTSThi, rronyqeHHhie B naHHol!: pa6oTe, MoryT 6biTb c<f>op

MynuposaHhi cneny~mHM o6paaoM: 
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8) HOHbi1 o6paayeMbie y -KB8HT8MH1 B MeT8CT86HnbBOM paCTBOpe y6biCTpSI-

JOT npouecc ero paccnoeHHSI; 

6) Kannu, o6paayiOmuecSI npH. paccnoeHBH pacTBOpa, HMeiOT paaMep sec-

KOnbKO MK; 

s) aau6onee YA06HbiMH cnoco6aMH HMnynbcaoro oqyscTsneHHSI pacTsopa 

K paccnoeHH!O H8 HOH8X SIBnSI!OTCSI CTIOC06bi1 CBSI38HHbie 

neBHSI HnH 3neKTpH'IeCKOrO TIOnSI; 

C sapH8UHeA AaB-

r) nonyqeHHbie B pa6oTe A8HHbie MOryT nocny)KHTb OCHOBOA AnSI A8nb-

aeil:UIHX TIOHCKOB rryTH C03A8HHSI TpeKOBOA )KHA-

KOCTHOA KaMepblo 

B aaKnroqeaHe asTopbi C'IHTSIOT CBOHM AonroM no6naroAapBTb B.M. llle-

wyaosa, T.H.ABToaosy H H.H.'4epaosy aa rroMomb s pa6oTe. 

flHTepaTypa 

I. A.<l>.llJtcapes, B.A. EHpiOKOB. )f(3T<I>, ..§1, 469, 1968 r. 

PyKoiTHcb nocTynuna B uauaTenbCKHA oTnen 

27 H~HR 1968 rona. 
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