
17 KOIl. 

, 
Pe,qaKTop 3.5.KonecoBa. Mat<eT T. E. Ilo ne xo , 

nOAnl1CaHO B nevar b 28.05.87. 
~opMaT 60x9D/16. O~ceTHaR ne4aTb. Y4.-113,q.nI1CTOB ],14. 

-~f 
I} 
I
 
I
 

oti beAMHeHHbl M 
MHCTMTYT 
RAe pHbl x 

MCCJleADBaHMM 

AYtiHa 

l K'f15" 
14-87-36.1 

\. 

i. 
I.: 

c.r.KOCTpOMHH*, A.B.KYHqeHKO, ID.M.OCTaHeBHq, 
1r ~.A.CBeToropCKH, B.n.WH6aeB* 
I 

{
I 

I ~ccnE~OBAHHE AH~30TPonHOH KOH~OPMAUH~ 

MAKPOMOnEKYn~ rPEBHEOBPA3Horo 
*~~KOKP~CTAnnMqECKOrO nonMCMnOKCAHA~ 
8 CMEKT~qECKOA ~A3E c nOMOWbIDi
MAnOyrnOBOro PACCEHHHH HEHTPOHOB'I

I Hanpaaneao B ncypaan "Liquid Crystals" ,l 11 B OprJ(OMHTeT Me)K,[(YHap0,lI,HOH KOHePepeHUIUl
 

")f(H,lI,KOI(pHCTannl1t1eCKHe nonaxrepsr",
 
~ Bopno, <I>PaHUI1H, 20-24 JUOnH 1987 r.
 
I' 

lO! MOCKOBCKI1H rocY,lI,apCTBeHHhIH YHI1BepCHTeT 

. Tl1pa)f( 240. 3aKa3 39] 38. 

H3AaTenbCKI1~ oTAen 06be,qI1HeHHOro I1HCa~T~Ta RAepH~X 
~y6Ha MOCKOBCKO~ 06naCTI1. 

I1CCneAbBaHI1~. 1I 

li 

r~ 
~ 

1987 .. 
('t 



0, 

I. B:BeJIeHlle 

B MH01'01D!CJIeHHHX nyóJmKaIJ;KRX, nOCBSDIteHIDiX HCCJle,ltOBaID!D ~O

KPHCT8JL1IJI[~eCICKX (JKK) nOJmMepoB c ÓOKO:sw.m Me30reHHl:iMH 1'pyIIIIaWI 1-5/ • 

OCHoBHoe BHHMaHRe Y,lteJIeHO paCCMOTpeHHD xapaseepa ynaxomw ÓOROBWC 

Me301'eHHHX rpynn, onpeneasmax, K8.K npasaao , TRIl Me30q:a3H. B HaCTOJi

aee BpeMH ocaapyaeao y&e ORQJIO ,lteCHTK 1l0JIBM0pPHWC MO,lJJl[~ CMeKTK

xecsax nOJIHMepoB (cMeKTHKH A, B, C, E. F H T.,lt.) , nonooaax COOTBeT

CTByIlIiUi!M TmIaM Me30qa3 HJl[3KOMOJIeKYJIHpHl:lX ~ KPHCTaJIJIOB, lITO CBH

~eTeJIDCTByeT OÓ onpe,lteJIJm1{el poJIR Me30reH1WX rpynn B HX q,o}»4HPOBa.HIDI 
/5/ • 

O,ltRaKO ,I{BOAcTBeHH8Ji npapona MaxpoMOJIeXYJI 1'peÓHeoÓp831WX 1I0JIRMe

poB, COlleTa~ B ceÓe no~epHHe ~enOqKH XI CKnhHO B3aHMo.neaCTB~e 

M~ coóo~ MeaoreHHHe 1'pynnH, ,I{O~, Ka3aJIOCh ÓH, npoHBRThCJi R B 

.HX CTpy:KType. .Ilei!cTBHTeJI1lHO, HeKOTopHe EK nOJIHMepDl C O.ItHHaxoawa 

CTpoeIDIeM Me30remw.x 1'pynn. HO pa3JIR\IaIIIt3eCH no XRMH~ecKOD npapone 
OCHOBHO~ ueIlH RJIH no .zvnme CBH3KH:, coe.wmRD1lel Me301'eHHYJ) rpynny c 
nOJIHMepHDIM OCTOBOM, HMel71' pa3J1J!ItUiDle TRIUi Meaoqa3 /1/. EcTecTBeHHo) 

B03HHKaeT sonpoc o BJIWIIDUl OCHOBHO~ nena aa CTPYKTYpHyIl opI'aHH3alUW 

lI{ nOJmMepa. 

B aacroaaee BpeWI Mbl ae pacnoaaraes nOJIHblNK ,IJ;8HlWMH OTHOCHTeJlbHO 

poJIK OCHOBRol! uena B ~p.fHPOBa.HIDI Mea$3H. a Ta.KJIte o ee KOHl}p~OH

HOM COCTORHKH B Me30~3e. 3To OÓ~JiCHHeTCJi TeM, tITO HCnonb30BaHHe nPH

MHX CTPYKTypHI:DC MeTo,nOB, TaKRX, KaK penrrencrpaçaxecxae wm aJIeRTpoHO

rpa4;la~ecKlile MeTO.IJ.hl. ,nim n~eHWI I1IH<lJopMBllRH o CTPYKTYPHOI OpI'aHIlI3a

URIII OCHOBHO:a uellIlI K CMeEHHX c HeD ~parMeHTOB BeChMa 3aTpY,IJ;HRTenDHO, 

nOCKOJIhKY H81lÓOJThJIIHi! BItJIa.A B Cy-MMapHYl> aMWIHTYm' pacceaaaa MOHOMepHO

1'0 3BeHa 1'peÓHeOÓpa3Horo EK llanRMepa ,n;a~ Me30reHHHe rpynllH. 

rrOJIO~eHHe K3MeHHeTCH llpR llPKMeHeHRR He~TpoHorpa~tIeCKBX MeTo,n;OB. 

3To CBH3aHO c TeM, qTO aMllJIHTy,n;a RorepeHTHoro pacceHHHH He~TpoHoB K 

ee 3RaR HeperYJIRpHUM OÓp830M 3aBKCHT OT aTOMH01'O HOMepa R R30TOnHOrO 

COCTaBB ~ep. BXO~ B COCTaB nCCJIe,n;yeMoro oÓ~eKTa. MaJIoyrJIOBOe pac

ceaaae He~TpoHOB (MYPH) B COtIeTaHHH c MeTo,n;OM H30TOnH01'O aaaeneaaa 
aTOMOB B K3yqa~Mo~ MaKpoMOJIeKYJIe, no cymeCTBY, RBnHeTCH eARRCTBeHHHM 

np.sIMl& CTPYRTypHblM MeTo,n;OM, Il03BO~ onpeneaarr, KOH<PoPMBllRD MetIe

HO~ MaRpoMOJIeKY~ B cpe,ne, COCTogmeü K3 H8M8tI8HHX MaKpoMo~eKYJI /6,7/.

'----"- -1ib"}'t:ih íjç .,la~iil HHcrmyr 
1.~~Joi!l;".l.:( ~H. " ."~ll:>Bi1i!a~ 

6~SJtfdOTEHA 



ITepENe Manoyr~oBue HCC~e~OBaHHH !K no~epoB O~ npoBeneH~ Ha 
~eMTepzPOBaHH~ B OCHOBHO~ ueITH rpeOHeoopa3H~ ITO~MeTaKPRHOBUX no
~epax c OOiOB~H ~H]UIOeH30aTHHMH rpynnaMH, opHeHTMpoBaHHHX B Mar
HHTHOM no~e 8,9. Pe3Y~TaTu 3THX HCClle~OBaHM~ nOKa3anR. qTO MaItpo
Mo~eKY~u OCHOBHO~ uenn HMeDT aHH30TpoUHym KOH~PMauRD KaK B HeMaTR
qeCKO~, TaK M B CMeKTHqeCKO~ Me30qa3ax, npzqeM ~ HeMaTHKOB napa
MeTp aHH30TpormH ct = 1,1-1 ,25 (r~e a: - OTHOllJeIDIe HaHOOJUillleH R-L K 
HaHMeH.bweif R/; npoexnaa panayca HHepll;Wl IUIyoKa), a WD1 CMeKTRKOB 
e:t~ 4. 

B paOOTax /10,11/ Ha OCHOBaHHH npocTHX TeopeTHqeCKKX cooO~e
HH~ O~ npe~oEeHu CTpYKTYPHue Mo~e~ ~ no~epOB B HeMaTHqeCRO~ 
H CMeKTaqeCKO~ wa 3ax . Cor~aCHO Mo~e~ KOH~PM~ CMeKTRqeCKOrO !K 
ITo~epa /II~ OCHOBHBR uellb MaKpoMo~eEy~U pa3Ae~eTcR HB KBa3~~ep
Hue CYOKnYOKa, cnyqa~HO pacno~o~eHHue B coce~ (B OCHOBHOM, ~~_ 

TaqecIDIX) npoMeJKYTOqJUlX: C~O.RX. pa3~eJIeHHbIX MeaOreHHHMH (apoaazaxeo
lUIMH) CJIOHMR. aTa MO.l\eJil> Y~OBJleTBopzTeJIbHO onacasaer HeMHOrOtW:CJIeH
Hue aKcnepaMeHTanbHHe ~aHHue, OTHOCRmHeCR K ~ ITo~epaM c MeqeHO~ 
OCHOBHO~ nens», 

B HaCTORme~ paOOTe Rc6~e~OBaHU CTpYKTYpa H KOH~PMauaoHHoe COC
TOHHHe MaKpoMo~eKy~ rpeOHeoopa3Horo KpeMHH~OpraHaqeCKOrO !K no~epa 

B CMeKTliqeCKO~ ~se c ~e~TepnpoB8HHHMH ~parMeHTaMH OOKOBO~ uellH 
(CBR3KaMH), COe~HR~H Me30reHHym rpynny c OCHOfiHOif uenbID. ITPli ~e~
TepHpOBaHHH CBff3KH B CanOKCaHOBOM !K nO~Mepe ~OCTKraeTCH OOJIDillHa 
KOHTpaCT, qeM B CJIYqae, xoraa MeTHTCH OCHOBHaR nens , XOTH o KOHqx:,p
MaIUm OCHOBHOit nena Tor~a npaxO~TCR CY.nKTb no Kap1'IDie pacceaaaa OT 
"SIPro:tX" .60KOBhIX WparMeHTOB. Mu nOJIaI'aeM. qTO RCKaJKeHWI, BHOCl1MHe B 
npe,D;CTaBJIeHHe o KOHWoJ:MaIUUI OCHOBHO~ nenz, B HaweM c.nyqae He3HaqaTeJIb
HU, TaH KaK Jt7IHHa 3TOH CBJl3KH MaJIa. no cpaBHeHMID c ~pyrHMH xapaxrepas
MH pa3MepaMH. 

2. Oo~eKTu	 HCCJIe~OBaHHR 

~ OunH cHHTe3HpOBaHU li HCC~e~OB8HU CJIe~IDmHe no~epu: 

(C.H:J~~ ~ -f-o-~ (c.H~JL O-~ ((,I-{~)~ 
I Jn.- ' 

r.ne 
R O ;-" -" -CH~- CH:z.. - CH:z..- - O/_/O/-CN (I)R==	 '- ,, {-C-Dz - CDI-/ - C.D2 - 0- (g>- (o) - c.N (lI) 

I 

co cpe,nHeA	 CTeneH:bJO nOJIHMepZ3aLUm <11-> == 63. 

2 

OcHOBHHe CBOI!CTBB. aTRX IIOJDDIepoB IIpRBe,IteHH B TaOJlHue r. ,IJ;n.a 
HelTpoHorpalllHllecKHX liCCJIe,D;OBaIDIt! 6wm IIpi!I'OTOBlIeHl:l CMeCH aTme nOJIH
xepoa c BeCOBoM KOHUeHIJ'p8.1J,Rel nOJIHMepa II B IIOJmMepe I C(tJ) = 10% li 
30%. CMecH rOTOBWIH acnapeaaea paCTBOpoB nOJIRMepoB I li II, B3H',ruX B 
yxaa8HHHX npoIIopUWIX, B .Itf4XJIopaTaHe. 

Ta6Jmua I.	 CBO~CTBa 1KK nOJIHOWIOKCaHOB c q:eHHJIOeH30aTHliMH 
Me30reHHHMH ~pynnaMH 

llOJ.mMep	 TeMIlepaTYpa ~3b1 li q:asoBHe SHTBJ1l>nw:I <lJa,soBOro 
CTeKJlOBaHIDI, nepexo,I01, nepeXO,I{8 

t	 °c t °c .6 Hh-p' JJ:Jyjr 

I 35 SA 144 v 4,2,iÜ,2 

5A
 
.~
n 36	 138 4,3,±Ü,2 

2.1. CHHTea	 MOHoMepoB 
I 

GmlTea MOHoMepoB, 4-aJrJm.noKcH-4-mraHO.lUl4?eHWI8 (llI) - ,lr,1IH nOJIlIMe
pa I li 4-aJIJmJIOKcH- d s-Í-I.1;KaHO,1U1<PeWL11a (IY) - ~ nOJiliMepa n ttpoBO,lU!
JIB ltHIIJ{qeImeM paCTBOp8 q,eHOJISlT8, nOJIjI"qeHHOrO B3aHMO,IteDcTBReM 4-oKcH
-t-IJJ!B.HO,1U!WeHlIJI8. c Na OH li J'Ja. O]) B ])2 O COOTBeTCTBeHHO. li 

B.1IJIKJI- ds-6POMH,D;a B MeTaHOJIe- d4. B rexeaae 4 tUlCOB. no OKOH'CUUUlH 
ImlIJIqeHHH OTrOHHJIH MeTaHOJI. K CYXOMY OCTaTKY npld6a..BJISIJIH a6coJlilTlU:d 
6eH30JI, KmIJiTWIH, paCTBOp CJmBaJm H ynapHBaJm. Bell{eCTBa t{BCTRJm aa 
KOJIOHKe c .f/l2 03 B 80COJIm'HOM 6eHSOJIe. 

IIoCJIe aroro nsa paaa nepeKpHCT8.1I.1m30BblBaJ.W 1I3 aTaHOJIB.- d6 • 
Bww,It npo.nyKTa COCT8BWI "-' 7CJ1, OT reoperaaecxoro, 

ltfoHoMep 1lI .HMeJI TeMnepaTYPY IL1laBlIeHJiUI t-: = 930C (MOHOTpoIIHaH 
HeM8.T,H1IeCKaR qaaa oõpasyerca npa t = 880C). MOHoMep IY .HMeJI resne
paTypY WIaBJIeHKH t h.JI, = S"oC (MOHOTponHaR aeaaraxecsaa <lJaaa oopaayee

820C).
OH npR t	 = 
~ npoBepKH KaqeCTBa ~eITepKPOB8HHOro MOHoMepa IY O~ n~e

HH IIMP cneKTpu (puc.I). OHH 6wm CHm'H Ha cneKTpoMeTpe "Tesla BS487B" 
(80 MI'u). 

CpaBHeHHe cnexrpoa I a 2 aa pRc.I YKa3lffiB.eT aa OTcy-TcTBHe nporo
HOB B ~OM ~e MOHoMepa IY. 

2.2. IloJlYqeHHe nDJmMepoB H IDe xapaxrepacraza 

lloJIHMepH3anRIl MOHOMepoB npoBO.IlHJIH no MeTO,1U'IKe /12/ :KKIIWreHHeM BI;n Te-qemte 16	 tW.COB rroJl1II'HJIPQreHMeTHJIcwroKCaHa * c MOHOMepaMK III MR 11 

:ii	 MH 6JIaro~apHu npo~ccopy M.B.Co60JIeBCKOMY aa npenccrasaeaae sroro 
npenapaTa. 

3 
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PRc.2 PeHTreHOrpaMMa OpaeHTH
poB8HHOrO nOJIRMepa I. 

B npacYTcTBIm saranasaropa H.z Pi Clç, 
B cpeze a6COJIDI'HÓrO TOJI3OJIB.- d g • PRc.1 IlMP cnexrps lÍlparMeHToB 
Il<>JmMephl BhlCaJmBaJm B aTaHOJI~ d (; ,rpeoHeo6pa3Horo ~ ilOJIH
,1{Ba~ nepeoc~ H3 XJIOpRCTOro

C~OKCaRa. I - npoToHH
MeTRJIeHa- d2. 13 8TaHOJI-«. li cyuuIpoBaHHaa !IJpa.rMeHT; 2 
RH ~o nOCTORHHOrO Beca B "BaKYYMe.

qaCTH~O ~e~TePHpoBaH
TeMnepaTYPhl npoRCHeHHR, CTeKJIOBa.Hhl.M ~parMeHT, ~HhI.~ 
HHR, âHTaJIDilHH qa30BhlX nepeXO~OB 

.~,l(HKaJI zoroporo ae co
ilOJIKMepoB I H rr 6HJIH onpe,1{eJIeHhl.,1{epxHT npoTo~oB. 

MeTo.nOM ,IUrcMJe peHlUIBJI:&HO~ CRaIDIpyIO
~eg MHKpoRaJIOpKMeTpHH Ha ITpH60pe 

nCM-2 npa CKOPOCTH HarpeBaHHR 
12, S>C/WIH. 

Tan Meaoqa3 Ohl.~ YCT8HOBneH npH peHTreHorpa~qeCKOM HC~eAOBaHHH 

opHeHTHpoB8.HHJ:.1X OÓpa3UOB. 
Ece 06pa3UH Ó~ MaKpocKOnnqeCRR opaeHTHpoBaHhI. B MarHHTHOM nOJIe 

BeJlH'tUlliOÍ:! zr npa Me.n;JIeHHOM ox~~eHIDI 113 H30TpoIIHO~ eJ?a3hl AO KOMHa.:r
HO~ TeMllepaTypH. CKOpOCTb o~~eHHR OOpa3UOB B OOJIaCTH TeMTIepaTYP 
CTeKJIOBaHHR ( 155-1400C) COCTa~a I rpaAYc/qac. 

TeKcTyp-peHTreHOrpaMMa nnnRMepa I nOKa3aHa Ha pKc.2. ORa n~e
Ha Ha YCTaROBKe YPC-55 npH HanpaBneHHH peHTreHoBcKoro n~ nepne~

KY.1UlpHO HOpMB.Jm K CMeKTHqeCKHM CJIOJIM oopaana. OpTOrOHa;r.l>HOCT~ aanpas
JIelillj%, xa KOTOpliX pacnonoaeas peep;reKcbI B 60JIDllIHX H MaJIhlX yrJIaX, B 

COqeTaHHH c .nR~3HhlM x8paKTepoM 60RbWeyrJIOBOrO pe~eKca C~eTeJIh

cTByeT O ~PMHpOBaHHH CMeKTHQeCKog SA Me30~3hl Y aToro nOJIRMepa. 
Pa3Mepbl o6pa3UOB, HCCJIe~OBaBillHXC~ Ha YCTaHOBKe MYPH, COCTa~ 

~ 16 MM x I MM. 

4 

3. M9;IoYrJI9ooe WgOem' IdApoHOR 

Hcc.ae.uOB8HllUI opl!eH'flIPOBOH1a 06pa~B 6wm npoBeJtelm H8 YC'8";' 

aoue ~~JlOBQ1"O plOCeJUmJI Be~poHoB 3/ aa D1l1JD,CHOM peaarope 
KEP-2 I 06'i>eAHH8BllOI'O ltBO'rftyT8 HJtepwa 1IIOCJl6.1loBaBd <AY6Ba) e 

ífaMepeBU npoBO,ltJIJ.IHC~ npH OJIeAYJlltKX YCJlOB.WIX: 

- IIOTOIt ".eWIoma HelTpOHOB aa 06~3Ite IIpiI cpeJtHel II01lijiOOTl! 

pemr!opa W - 2 KDr, ~ = 3,2eI07 H.CU-2c- I ; 
- ~c~~a DOBTOpeHBS HMnY~OOB M~OC7H f = 5 mi 
- A1ID8 II8pool ROJIJIIDSpyDllel 6aSH Li = 13,5 11; 

- p800~JmBe Q6pasell-,lteTeKTOp L,2 ZI 4,5 M H 7,5 11; 

- pa.JtlQ"CH ltOJ.LJIIJMaTopoB, sanamprx paOXOJtDOOT:& IIyl!K8, "R(J<1)= 
=- 50., R(k2)=: 8 MM; O 

.. ,llH&naSOH HCnOJThsyeliUlX JtJDIH BOJm À =0,7.12 A; O 

• ,1tI8II8S0H BOJIHOBllX BeKTOpoB pacceaaza de a 3-10-2+0,6 A-I; 
- OTBOCHTe.l1bHaH ,ltRcnepcllH ~ p83pemeHHJI npe:60I8 (hat./ce..f= 

=	 I .3e10-4+1, 5·10-3_ . 
Cpe.l:giee BpeJSIl HSMepemm cwroro 06pasu.a COCTaB1LSJlO "-' 3 ll. 

Jl,na JC81UtOI'O o6pa3It8 'O~eJIeBlWU c{ 1:r) BOUOJ1llS0B8JI8C:& CT8HJ1,aPTH8H • 

IIpOueJ&Yl6 H8MepeHB8 13 • S~CJI B DOOJIe.nOB8TeJI:&HOI ssonoaa
W!llI o6pssD.8 H TOro ae 06pasua O alJ.'UOHlOOl paccezsaeesea aa B8H8,IlHR, 

no.mOOTlll> Il8pexpiBSIJIlBM npome.nmd ClCBOSlt oopesen DpmdOI nyqOK. 

J!B«4JepeJ:IIU[8JIldIoe ceseaae paOCeJDIHJI, OTHeCeHHoe K e~ ooseaa 

o6paSII.8, npa 9'tOM oeeT BUJl 

d 2. (x.) _ ls . J2.V. ~ dv' .( d:E) (I) 

d..Q - 1 -1 R s d c/R V,
s+V .s 

r,Jl8 ls - JIH'l'eBClImocn pacceasaa oopaanoa; ls -f V - RHTeHClIBHOCTlt 

pacceaaaa 06pasUOII 11 plCOeKB8TeJIeM H3 B8Ha.AaH; 14 iI R V - TeJIeC

HHe yI'JIH,no.n ROropl:l)m, COOTBeTOTBeHHO, C ccjaana 11 B8H8,1UIeBOI'0 pao
OaDaTeJIS:I BH;lleH .u;e'1'eRTOp paOOeJUmJl; d - TOJmUW8 oopaana; ~, d V 

11 (cl2:. / d J2 )v- nponyCR8HHe, To.lIUH8 K J4Hqq>epeHlijl8JffiHoe cexeaae pae
ce.RlDlJt BaHa,JJ;HR. 

AH8JIorH'IH8JI npon~ 1I3l1epeHiIR lIpOBO;ruuraClt AlUI lf,oHOBOI'O oopaa

n.a (n0JlH8'l'BJIeH), conepsaaero 8lWl!B8JleHTHOe RO.1IH-qeCTBO npoTOHOB. 

J:t,lui peI'HCTp8.IJ.IUl peCOemIHHX HelTpoHOB 6WI 1I0ll0JI:&30BOH ROJIbIJ,eB~ 

(8 RWIeIl) MHOrOHBTeool .neTeRTOp MeMeHHhlX HeSTpoHOB C I'eJIHeM-3 /1 • 
JIeTeRTop ae oeeT 8SHJqT8JIDH01 VBCTBHTe.JIDHOOTK, nOSTOMY )l,JIJI J!3Mepe

HBSI 8HB30TpoIlHil ltJIY6:tta sa aero 6HJI HaJIOXeH 1tBJlJIHeBlàl 8KpaH B BH.u;e 6a
60VJI C yrJIOM paceaopa 600 , TU no pa60tIaR fiJIOIllB.nb ,neT6KTopa CORpa

TBJIS.Cll B Tpu pasa, 

5 



100 

~peHURanbHOe Ce'leHHe paCCeHHHH aHH30TponHOrO ~6Ka HMeeT 
mm /101

~ i.. 2d~ A../ 1 - ~ 2. ( R/I (,01 f. Cf +	 f.2.L $-r'h 2 Cf ) (2) 
dR	 J 

rne X z: ~7/~·n~.z. - M0.ItYJTh BOJlliOBorO sexropa pacceaaaa; (). - yrOJI 

paccesaaa; t:f - a3IDAYTaJThHl:lj& yrOJl, OTC'liHT~eMlia OT HaIlpaBJIeHH..fI BeK-

TOpa Jm.ZtKORpHCTaJIJIK'leCKOrO ynopH,I(O'leHIDI So (,ItJ1H CMeKTHKa aTO 

aanpaazeaae HOpwiJlllHO IIJIOCROCTH CMeRTR'leCXOrO czoa) , Cpe.IUUI1t K.Ba,ItpaT 

pa.mlyca RHep.rum nOJIBMepHOrO l<JlY6Ka CBJi38H c npoeKItWJMH ~ca aaep
xnm RIi R !?L CJIe.zc'1lItHM 06pa30M: 

1. .<. 2R; ~ R." -+ 2.~.	 (3) 

IIpH qumCRPOBSHHOM !J npoue.zurpa onpenezeaaa npoexnaa pa,D;Ryca
 

IDiep1UtliI ,ItaeT BeJlH"tIHHY, 3aI<J.I1OtieHHyID B CK06KR B (2), RJIH, '!TO TO ae,
 
2 2 ~ ~
 

I< J.. = I</{ + RL + R/I - R.L w-J.l.!! (4)
 
~ Z 2 . 

IIpH YCTaHOBKe nepea ,n;eTeKTopoM aenpoaanaeaoro ceKTOpiIaJIDHOrO 

azpaaa, H3MepaeMoi! B MaJIOyrJlOBOM aKcnepiIMeHTe BeJlllrmBO:lt .a:BJIHeTCSI /16/ 
.2 1. 122. 2 

1 

R2K zz: PJI + :..L + ({li -	 -L < UJs2'1'> (5)
<C01::lY') Z :z. ' 

r,n;e 1. Cf/"
.2. " 2: J C41J..ifd!:f Z ~. h (	 Y'z' - <J7/) ~(~"+ ~ 'J

i = 1 t= f':1/	 (6)
<WJ>J.':! > 1.	 .2. • •

.:2: ( e; - q/)2~' CCfLi - Y'/) 1.=1
i'= 1i 

aztec:& !f,)t - 83IDdYTaJIDHlle yrJIhl, orpmm'llRB8DIltHe oTKPhlTae ~CTlW 
,IteTeKTopa.	 1. 

H3 ( 5) mt,1UIo, tiTO R.. <t.0 2 '::J> 38.BRCHT OT < Lo?.2. ~ > JIWielHo. am
"leHWI HHTeHCHBHocTeD paccesnnm B SSmCH:MOCTR OT 'd{ , COOTBeTCTBYJJfJtHe 

p8.3Jm'lDiaM !:f I ( (jl - yroJI M~ 6HoceKTpzco! OTKp!lTO! liS.CTR Ka;TJ;Wle
--I 

BOro aKpaH8 II HaTIpaB1leHHeM 50 ), npe,ItOTaBJIeHH aa pilc.3. IIoBOpoTY 

lta.ztMHeBoro aKpaHa na yrJJH. Cf/ = 00
, 3fP, 450 , 6ffJ H 9r:fJ COOTBeTCTBYm 

saaxeaaa <,UJ..j lJ:f> = 0,83, 0,41, O, -0,41 H -0,83, BWmCJleHHlie c no
MOJlt:&1l (6). 3KcnepilMeHTaJIDHO onpeneaeaase 3H8"leHRJl R~ UH 2.':J> B 38

BHCOOCTH OT <. C01 z Y' > npe,ItCTaBJIeHH aa PRc.4. SRoTpanOJIHI:UÍH R.~ CO! 2.':! > 
K 8Ha'leHH.aM <t:.911 tJ;>, pa:a:Hm4 -I R +1, .naeT K.BaJ:tl>aTll npoeKIJ,H:it pa,IUJyca 

HHepUllll:l K.ZJyoxa Ri II R~ COOTBeTCTBeHHO. 

6 

RIAI
---~--I 

lnl 
I 
I 

ISO 

50 

-1 -0.0] O,L' 0.831 

<Cos 2"> 

Puc.3	 ~amroOT:b lIHTeBCBBBOO'l'1I P.lo.4 3aBiaaMOCT:b H3MepeHHoI B
 
paOCeaHKH HelTpoHoB OT M1H:I axcnepiDteHTe BeJm'qB-

MOJtYM BeRTOpe paooe.8Wl.ll,
 Wl R~1052~> OT <ú'.S21':f'> 
Jl8MepeHH8H AlUI OplleB'1'B Ma 06pa.sI{& c ROH.1WHTpa
poB8HHoro lI{ IIOJmC1lJ1OK08B1l lUIal ,ItelTeIJIpoBaHHOro no
upa: pa8lWX yrJUlX Op!8BT8 JIHH8pi c(IJ) - JU'. attCT~
wm o6pa8l48 O'lBOCfteABO IIQ.UDJIH K 3H8:qeHKRM <c.oS2}!), 
Jte1'enopa !:lI. BeOOBaJI pe.BHiDI +1 H -I. J;UieT K.BEUt
JtO~eHTpmUU UO'fll'iBO ,ltel  pam n~emud pa.IUiy08 zaep
1'ep!lpoBaHHoro IIWl:Dlep:l B uu R" R Rj COO'1'Be'r
o6paSIl6 C (11) z: 3QJ. CTBeHBO. 

Ece 8xcnepBl4eJ1ftlJIM1He peSYJI1ll'!8TH, IIOJIY'leilBlie c D01IOOlDI> ~8Ho

ro 1I1Hl, co6pami B 'l'86.mnle 2. ~p8l(IijIOHH1:d! I18KcDyM. cooTBeToTB,YIJItd 

Me.ECJ[oeBOHy IIePHo~ D A1UI CIIUTlUCa, nOK8.3aH H& PRc. 5. aTa KpH.B8H 

15 f Pac.5	 ,IijI~oHHld 1llUtC1JMYM, COOTEeT-

CTBYDJPdI IIIEmCJl08B011Y Depil0M 1) 
50f- ~	 rpeoseoõpaaaoro JIK DOJlKCHJIORcaHa 

B CMeltTHlleOltol ~3e. KIJIBaSI DOJij"

"CI8H8 o'! 06paaua o KDHIleH'1'pe.1tael 
25 f-

JteIT&plIpOB&HHOrO DWIJDl6pa c(1J)c..........J\
 J:: 3QC B& ,Ite'l'eRTllPY1Jl'eH ltOJI:bUe 
.... oi ? ~llOro JteTelttopa. II~

0.1 02 113 xJl 
HIIX Heif'1'poHOB YOT8HOu.a M.YH!. 
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n<>JI:y"tIeHa OT OÓpaS11,a C C( 15) = 30% aa ,IteTeRTRpyxlIIteM xozsne Jj 7. TeMUe

paTypHaJi 3élBHCHMOCT:D D ,It.1JR oopasna C c{lJ) = 10% rrpencraaaeaa B 

TaÓJlHll;e 3. 

Ta~ 3.	 TeMilepaTypHaR 38BHCRMOCT:D CMeRTH~eCRoro Mex~oeBOro 

nepaoza D )t7IH oõpasna C C(ts) = 10% (B A). 
= 200C t = 750Ct	 t= 1150C 

25,I2;tO,OI 24, 63±O,OI 24, 23±Ü,OID 

4. 06cmeHHe 8RCnepHMeHTa.JI.blWX pe3YJIbTaTOB 

OTMeTRM, n~~e Bcero, ~TO B OT~e OT HMe~CR 8RCnePKMeH

TaJThHl:lX .naHHHX 9 3Ha'fIe:HlUI npoesnaã pa.nRyca zaepnza OCHOBHO~ uena JKK 
nOJUICHJIOROB.H8. (Ta6JI. 2) pa3JIKlUUO'l'CR ,nJlfI ,It:ByX ROHueHTpa.URM e-{n). XOTR 

npoaeaeaase H8MH HC~e~OBa.lU:IH HOCHT npe,ItBapHTeJI:&HWt xapaxrep, ascza

IteM PS:Ut cooopaseaaã I /, xoropse MOrJIK 6l:l ~Tb OÓ'bJiCHeHHe ROHIJ,eHT

pa:uKOllliOA samtCBMOCTR nPQeRlJ,K~ pa.D;Ryca IDWPll,HH. 

Xopomo HSBeCTHO / 6 ,7/ , ~TO 3aROH pacceanaa ,n:JIJI TpenOMilOHeHTHOa 

cHcTeMU, CocToHl.qe~ HS CMeCK MeHTKTmI:lX BC> Bcex OTHOllleHHRX H-noJIHMe

poa H l)-nOJmMepoB B pacraope , M01tHO npencraaars B sane 

S (~) = (a H -D.J»2cj:>J-( r:/J1J P(x) -r (a - Qs,)J. l PC-x) -+ QCd<.)] ~7) 

rne p(?-f)IlI. Q(dt)- CTpYKTypHlie qaxTOpli, orsesannae sa BHYTpHMOJleRY

JIHpHyJJ H MeltMOJIeKYJIJiPHYD HHT~p:J)epeH1ijlI), COOTBeTCTBeHlIO; ali H QJ)

aMIIJIHTY.ItH pacceaaaa MOHOMepHoro 3BeHa npoTOHHpoBaHHOrO H ,IteaTepRpo

BSHHoro nOJmMepa; Cf s - 8MIIJlRTY,na pacceaaaa paCTBOpRTeJI.R:, aarecaenao

ro H3 pacrsopa MOHOMepHlSM 3BeHOM; 1JH li cfJJJ - ooseaaae .n;OJIR H- IlI. D 
nozaaepoa B oopasue .((/)H -+ r:pj) = I); Cf = cpH Q H +é/J]) Q:/) - cpenaaa aMII.1IK

Ty:na paCCeHHRSI, OTHeceHHaH R O,liji0MY MOHOMepHOMY SBeHY oopasna. Ilonoo

pas CMeC:D H- H D -nOJIHMepoB TaK I 'fITO 2t:= as, MOJllllO aenocpencmea
HO H3MepzT:D HCROMaI cIx>J>MPaKTOp .mI,1lRBH,l.1YaJWiO~ MaKpoMOJIeKYJIU P(ge). 

OTCYTCTmIe KOHUeHTpaD;HOHHoD aaBHCIDtfOCTIlI. panayca HHe~ ~paKTep
HO MJI H,Ite8JIbHol .ztByxKOMIIOHeHTHof:t 0J46CU H- H D -nOJIHMepoB 18. IlpH 
aTOM npennoaaraerca, ~O MB.ltpoMOJIeKyJIHpHaH uens rpexxepaa , ROJIK~eCT

BO 3BeH1:leB ll;elIH BeJ.IHKO, R RMeeTCR TO'!H8II ROMlIeHCanHH BHyTPR-H MaEMOJIe

:KYJIJIPHWC BS8HMo.u;elcTW. 

HeT OCHOBaHK:a c~aT:D, ~TO aTH YCXOBRR BUllOJlHeHli ~ CMeKTK'qeC

xoro !K nOJUICWIORCaHa. ~CTBeHHI:a4 cnoco60M H3B1Ie'fIeHHJI CTpYRTYpHoro 

qmcTOpa mI,1lRBH,l.1Y8JI:DHol MOJleKyJ:W ~ TaROit CRCTeMU, no-mmBMoMY I JIBJIJI

eTCR nonoop TaROa CMecH H- H D -nOJIBMepoB, npa KOTOpoa Cl = 0, 
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T. e. Me~C'l'lAHaJl EH'fe~pemum npeue6peDMo 1I8.lIa. Upu 9fC* B8JtO PHc.6 KoHlÍlOPM8.ll]tIOHHaSI MO.1\eJIb OCHOBHO
Y1iec'f:b, 1lT0 MWlOJIOOB8Jl HB'fePllepeHIUIJI CMeKft1l8CKarO IR nOJllDlepa ae ro xpe6Ta rpe6Heo6pa3Horo EK 
6y;lteT l/ICKal'la'l':b KaPftHY pacce.mm.a ar B80J;1l0poJtBOÓTeD B CJ1ORX, ecJIB rrO~C~OKCaHa B CMeKTHqeCKO~ 

X8pmtTeJlWl p9.SIIep 'rama aeCWlopoJUlOClfel Rg » .:D;i:i\. JI.u n01llDllep
HHX ClICTeM aTO 1CJIOBHe atnOJIHH6'lCSI up8K1211eo'fUI BOer,11,a. 

HHaqe I'OBOPH. IIpH no,uClle'1'e 8YI1III'l'f,ll paCCeJDUlH J«)HOMepuoro lBa

sa H-][ ]) -nomwepoB .H8.It0 BCRJIDlmn Mesoremml IIpBBeOOlt. 

l1.nJI BOCJI6JlOB8BHOro IK no.T!HCUOKCaH8 opeJOlJISI mm.mr.r~a paCCemm.a 

nt6xol ~CTJl MOHOBIe[IHoro 3BeBS 061&fl8'f0Jl B 1qJII:, IIpB c.(rJ)~ o. am
lleHWI RII = 10,9 Ã H '?J.. =: I?, 2 A UOJJYUIW uaa DpI BRClfJlUI04BlI.iIH 

npoeJtmd1 pa.ItHy"OS eeP1P K C(ts). o. 
J{pyrol B03MODOllijEWJiol ~8BlfpaUJiOHHoJ 38B1lcmlOO'l'JI pa,w'ca 

HHepIUm MOZeT mmnOJI B~eC'l'~OCrH- a n -lIQ.lDepos B QY6OH. 

arM scnpoc lIo.npo6HO p8~ B 19. 
I10JJyqeBBlie 8B81l81DUl npoe1t141d :P"m'oa Jm6p1Wi n08BOJt!DJ1' ()Jte.Ia'l':b 

BH:BOA o pacIIpeAeJlemm oOHomwl IlBDJ1 B CJIOJlo~1 OTWR'l'ype' ~o

zero IK 1I0JIDepa.. T~ OJIOR. pamlOMelEO 88IIOJIBeHHOrO OCHOBHOI 

lleJI:bJ), MOrJIa 6H 6H'n h = 11i. R/1 ~ 38 A, 1RO ae '1'OJIYC BmlBOl'O 

npeB:mlae'f ou.n;aeJqlD 'f0J:lJ2lJ!BY IlpOlleqTQlUloro {a.rmqaTlil1l6CKOrO) Cy6c.loSI 

Ó. ~ 5 Â, ao H nep1lOJl D -:::::; 25 Á ('1'8.6.1.3). Cu,1toa'l'e.wro, 00

HOBHOI xpe6eT lIaKpoIIOJleX,JJIH n IIOJIlIauoKCaBa paCIlOJIODB Oo.:Gili6. ,eM 

B OJtBOII WlleqT01IBOU ezoe, 
B /1 / npeAlIOJle:H8 MOJte.lb 8lmsoTpOImol OB06ou<>-coueaeBBol uerm 

rpeõaecõpasacro IK IIOJIHl'fept B eMeK'l'Bllecltol ~8e, OorJIaCHO ltO'lOpol 
OCHOBHaJl nem M&.KpoIWJ[eK;Y.Ili pas.1\e.me'fOJI H8 ltB88.it1UJ,Y11e];Hli8 01ÓE.1I1dKH. 

CJJYlI8IHo pacnOJIoaemme B ooce,ltlDlX (2 OCHOBHOM t aJIJiBIa'l'JAeoax) npoMe

'Q"l'O"IlWX CJlO$IX. KO'lOpire paS,lle.lelDi lIiIesoreJl.BmlOt (B OCHOmlCIIt. apouam
tIecmom)· CJIomm. Cy6.luJf6D Coe,1UlBeHH Mea,tty 00001 JIpOXQ1U!I:ID: CeI'IIeH
ora0 OCHOEHol nena, COBepuADgDIB ~6 ~. DPOXOAII CKBOSh 

CJIOH lIe30reHOB. lIpoxO,JIJDl8 ceI'MeB'lH MODO I80CJ48'lpKBaT:b l<U Jt.ftH 

ClI6R'l'necltOl pSH e ifRTepeCHO 0'l'M8mft, llTO ~06HH8 ,u;e(leItm ae Dem 

8H8J!OrOB B HH31tOIIIOJU:UtyJIJIPBIiX CM6ltlfD8X • T8KIiDt 06~SOlI JmJlIID1'O.fl OT

JIlI'lDtTeJILHoJ lleprol UOJIDepna. muumx RpHC'f8JLJIOB. CnOKO'l'as: _~~. 

B RO'1'Opol pa8YeUle!'OJI OOBOBH8S1 lt01l& MaKpOKO.I6KYJIbI IK UOIIlIJiIep&.. ,1te.a

6T CTPJ1t1'Y'PBHe xapax'tepLtcTOJl IleIIJI 8HJI8~POJIIIm/DI. 1IaIIpDIep. AUB8 
CeI'lleH'l'8 KlH8 B oydJUIYdRe g-l. 11 JUDIlUl npaxOJtHOl'O ·Oel"lleBlfS D SIB

JIJm!QJI 4KaneClOl pa8HH& :mryr~cmraam. 
IIplDIeBeoe pa3BnOro B I mmapa.or8 K BaU1IIII liKCIIepiUleH'l'8.llW1HII 

.ttaBlWM Dpl[BO,urt a c.ne~ pesynYQor8lll. 
Cpe.lgiee 1DICJ1O Jt.UOB B8 01fJJ1 MUpOMOJIelqJq 

N II	 = 61<112./'J) 2. = 1,1, {8} 

{I. 

(~ 
i:'
{.'•.
. 

~li'
 

'L(-,-
y 

wase. MaKpoMoxeKY~a OCHOBHoro 

xpe6Ta COCTOHT MS ~yx KBa3H

.ltBYMepHHX cy6KJIy6KOB 3, ~eJKall(HX 

B npoMeEyrrO'CUlliX CJIo.RX I. Cy6
rory6KH COe,nHHeHH npoxomnes cer

MeHTOM 4, o6pa'sy~ ~~KT B 

CJIoe Me30reHOB 2. 

T.e.	 ue1I:b B cpe.n;HeM COCTOHT H3 lJ.Byx cy6KJIy6KoB (pRc.6). 

Cpe,ItHHSI npoesnaa pamryca lUIeprum 'cY6KJIY6Ka B nanpasaeaaa.aop
Ma.n::DHOM K OCH JKH,IUtOKpHCTaJIJm'ieCKOrO ynop.H.ItoqeHRSI 

.	 R Z 1/2. o
121 1	 

(9)
zz: ( ..L ) zz: 12 A . 

N/J+ 1 

/ /	 .Iij>Yrile xapaKTepHcTUK KOH<p<>puanHH OCHoBHo:A uena, aseneaaue B 

II , Oel>T 3HaqeHIDi 

L I1 == JV1( ]) = 
[) ~ 12 Ri 
tJl- o ~ LJ.. 
p 

= e.l. o LQ.L1 ~ + z -:t. J = 3 1 A
o 

.A/.L = 1--1. [1-l +-S-t2.J ~ 4,1
o~ 

r~e l: ~ 16O A - IIOJIBBJl KOHTypHBH .n;mma nena: L.l, l: II - KOHTYP-

RUe ~u Beex Cy6KnYÓKOB 11 Bcex npoXO~ CerMeHTOB, COOTBeTCTBeHHO; 

e..l-o H g.L 1 - BeJIH'iIUill CeI'MeH'l'S KyHa B CYóKJIY6Ke oes y-qeTa 11 c y-qe

'l'OM TOJIlIUrini npoMeJtYTO'IHOrO MOR h COOTBeTCTBeHHO; NL - nOJIHoe 

'qHCJIO ceraearcs u,eIIH. HaxO;LtJJlItloDCCJi B np0lt4eXYTOqHOM OJIoa; r == L} / l-LO 
(IIpH OlleHK8X npmur.ro !::i = 5 A). 

&laa	 nOJIByll KOHTypHYl> .n.mmy RJIY6Ka l; 11 ero nOJIHH1it pa,ItHyc 

IIHepUl!lB B 1130o:rpoIIHOM paCIIJI.aBe (B Ta6JI.2 yxaaaH8 npoeznaa noaaoro pa
~ca mIepIijm). MODO OneHHTlJ ·BeJI.H'iHHY CerMeHT8 KyHa rpeoneocpasaoro 
iK nOJnlCliJJIOKCSHa 

o iso G ( i~2 o 

t 
(11)b :::::: ~ R;; J ~ 1e, '+ A 

.~BHeHliIe BeJJ.IAHB CeI'MeHTOB KJua ,ItJIH 1130TpoITHO~ l1asu/1'
.t, ( -e l = 18,7 A) li B cy6KJlY6Ke ( t...L 1 = 3I A) uosaaaaaee, tITO npa nepe-

'; XO.1\e B3'RSOTPODHOI waSH B CMeX'l'H'ieCRyI) npoHCX~T 3Ha~Te~HOe YBe,! 

Zf J 5 A j L-L = L - L /I z: 133 A 
= Zb,1- A

<O 

cn» 
2.. 

1110	 l 11 

r

ti 



JIJAelDIe xeCTKOCTH OCROBROA ueDJI. Ü'1'MeTD, qTQ JlBHelHHl nOJIHMep, no

.noóHHl OCHOBROyY xpeóTy (n0JIHJU!M6TrCKJIrcaH B paSÓ8BJIeHHC* pacrso
pe, e -yOJIOBWi), BMeeT g lilC 14 /20. 

B ~ MO,neJIH aRJIsoTpoJJHoI OBOÓO,ltHo-collJIeHeHHOA UemI B caoao
ToI M8TpKUe RS (8) H (lO) MOEHO o:ueBBT~ BepoHTHOCTD npox~eHHH uena 

CKBOSh CHoA MesoreHOB 

p:=: .N/f	 (I2)0,19. 
./111	1 + N-l.. 

3HaH sepoaraoczs BOamntHOBeHHJl .Iteq>eKT8 f . MOmiO oueHBT:b ~ 

HyD 3HeprHD ero BOSHHKHOBeHHR c nOMO~D COOTHomeHKa 

e- E / R T 

p = 2 +. e - E/RT . 

JtJm P =: 0,19 E = 450 KaJI/MOJIb. 

(I3) 

He 38TpaI'HBaSI sonpoca o OTpyxType .Ite;eKTa B CMeKTR1ieCltOM iK 110

JmMepe, OueHHM ,n0JIl) ROHTj1:iiol Jt,JIHIIH K OCHOBHOro xpeora M8RpoMOJIeKyJlN. 

KO'l'OpafI M<meT xapaxTepH30BB.T:b .It*K'l'HOCn yuaxOBRB: MesoreHOB JK nOJDil

CKJIOKÓaHa 

k	 = Iv" / L = o, 11. (14) 

CpaBHeHHe napaaerpoa, xapaltTep1t8yDJ:tHX rpeóHeoópaSHHI U lIOJD/I

CKJIOKC8B, c aH8JIOrH1UIliMH nap8MeT~ AWl rpeoaeoopaeaoro MeTaRPBJIOBO

ro lI{ n~epa, BH'lDICJIeHHUME: B aa OCHOB8BHliI sKcne~eHTaJ[hHWC 

.It8KHHX 9, nOIt8.SbIB8.eT, lITO Bepa1lTHoCT:b BOSBHltHOBeHiUi .n*RT8 p , a 

T8KEe .neweRTHOCT:b K~ CMeKTHlIecxoro lIonxCKHORC8H8 ÓOHhWe. TaRoI 

pe3YJThTa'l' ae SIBJISleTCJI HeOD.JUllUnAl, TaK R8K xopowo H3BeCTHO, 'qTQ rH6

ROCT:b OCHOBHOro XpeÓT8 iK nOJI.RCHJIOKC8HOB SHallRTeJD)HO npeBOOXO.ItJ/lT rao
KOCT:b IK 1I0XHMepoB H8 OCHOBe ~TOB H MeT8RpHXaTOB. 

5.	 Sa1<JnNeHHe 

MeTO.nOM MSJIoyrJIoooro pacce.RlülH He!Tp<>HoB HCCJIe,nOB8.Hll OÓpaS1Ui 

rpeoaeocpaaaoro EK rrOJIBCWIOKCSH8 B CMeKTiIlIeOROI qa3e. YCTaHOB1IeHO, 

lITO MaRpoMOJIeKYJIHpHWf KJJYÓOK eroro 1I0JIKIIep8 oÓJl8,IUleT 8HHSoTpoI:IHea. 

Onpe~eJIeHH npoeKI4RR ~ca HHepmm anaaorponaoro KJIyÓKa R/I 

R RL COOTBeTCTBeHHO, B nanpaeaeaaa, n8p8JIJIe.lIbHOM 11 nepneH,l{HXyJ1Si~ 

HOM OCR muu«>KpHCT8.1lJIlIqecKOro yno~OlleHHJl. 

Iíepexon 1IK nOJIRCWIOKCSH8 HS HSOTpoIlHOA qe.Shl B CMeKTHlIecxyl) co

llpOBOJtJt8eTCJI HeÓOJIbIIIHM YBeJIH'lIeHHeM 1I0JIHorO P8JOIYca HHepqml KJIYóxa. 

IIpH STOM M8Rp0MOJIeKYJI8 OCHOBRoI ueIIK p9.3,lteJI.R:eTCJl B Cpe,!tHeM aa JtBa 
KBaS~ePJlHX CYÓKJIYÓRa, JteCTKOC'l'h RO'l'OphlX 3H8lDITe.JlbHO npeoocxo,ItHT 
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JleCTKOCT1> MaKpoMOJIeltyJIhl B H30TpoIlHo:A wa,ae. CyÓK.lIYÓltR JIe2KaT B cocen
HHX npoMeJ!tYTo~wc CJIOSIX. ITpoeltUWI pa.nHyoa ~lHepUW:t omroro cyÓKJly6KB. 

B nanpaaaeaaa, HOI:Ma.n.óllOM OCR JlW,ItKORpHCT8.JLlll1QeCIWrO ynop.R,ItOtreHHH, 

=12 Â. CyÓI<.nyÓItH coenaaess npoxomnes cerMeHTOM, l\OTOptftt oopaR1 1 
syeT ,neweRT B CJIoe MesoreHOB. 

l1aMepeHa TeMIlepsTypHaJI aaBRCHMOCT1> rrpoexnaa P8JU1Yca aaepnaa 
I:'I MeJKCJIOeBOrO nepaona R11 B OÓJIaCTR TeMilepaTyp cymecTBOBaHKH CMeR

THKa. Ilpa YBemPleHHH TeMIIe~TypH c 20°C ,no 115°C ITpORCXO,IUiT HeROTO

poe YMeH:óllleHHe D (c 25,1 .A,no 24 ,2 A), B TO. BpeMR: KaK R" ae RS

MeHHeTCH B npe,neJIax OlllHÓKR 3KcnepHMeHTa. 

rro-~oMY, ~ OóHapyxeHHH BOSMoXHoro TeMIIepaTypHoro H3MeHe

HIDI Rli I. ueooxonaao npoaecra ÓOJIee TO'tffiUe H3Me~HHH. 
OTMeTHM B SaKJIJO'lleHHe, xro KOJIHlIeCTBO ,ne{fJeKToB~ líiK nOJIHCWIOKCa

na lVI/ = I, I, a .IVTR 1KK nOJmMepa, RCCJIe,nOBaHHoro B ,JJJI = 3,04, 
qTO ÓJIHSKO K ueJIO~CJIeHHHM sH8treHRHM. HHTepecHó, qTQ 3TH ue~e ~CJIa 

rranyqeHu c nOMOmLID RHTerpaT!:ÓHO~O MeTo,na - .nH~3HOrO MYPH. BoSMOXHO, 

qTO MH HaÓ~aeM B rrpHpo,ne O,nHy I:'1S CaMHX rrpoCTHX MaTeMaTHtreCKHX MO

,neJIe~ - O.D;HoMepHoe crryq~Hoe d~e c ~l\CRPOBaHHHM illaroM. 

MH ó~o,napHhl B.il.AnWl:'IMeHKOBY, D.n.MapeeBY I:'I n.E.ilKKenbHepy 3a 

npe,nOCTaBJIeHHe BOSMoXHoCTe~ ~ OpHeHT~ OÓpaSUOB, a T~e HaillHM 

KOJIJIeraM B.rrneillTRJIY H ].E.CTporaaOBY 3a oóc~eHHe rro;xyqellliHX pesYJIb

TaTOB. 
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