
. ; 

K. ~I! 
OS'bE.O.HHEHHblti 

HHCTHT:YT 
SI.O.EPHbJX 

HCCnE.D.OBAHHA 

l!y6H8• . 

. /'!!. ~~; ;_.. ..,._,__ .. ,. P7 - 6291 

.B.B.KaMaHHH, C.A.KapaMHH, A.M.I):y~ep, .. 
t'' «P.HopMy.paTos; ID:U~OralfeeH·H: · .· ,· · .. ····· 

; 

OB l13MEPEHJ.U1 BPEMEHM·· )Kl13Hl1 · 

. ' 
., . 'COCTABHOrO H~PA C·OOMOmpiD 

I ' . . •• • C '"._ 

1«P«PEKTA TEHEM ... 

r , 



I • •',. ~ \ .: , f • , , . •· 

... ~ •,. ' 

.. 

L. S~epHblX HCCJie~OBaHHit 

THTyTa s!llepHhiX nccnenoaa-
1uU~Mtt"'*~0nn ."~ ...... ,..._--;--.- ··''"'"''"": "~· 

· I375/2 · np •. , 
. ·' 

;-K&JIUJIS,B~B.a· JlP~ 
._ · Oct . •~naepea•• · · · 
tal .. 3BK COCT&BBO 

.r29i. ·, -.1972-

. i 

.I 

P7 - 6291 

B.B.KaManHn, C.A$apaMsn, A.M.Kyqep, 

41.HopMypaTOB, ID.U.Orauecsu 

OB H3MEPEHHH BPEMEHH XH3HH 

COCTABHOrO H~PA C llOMOmPID 

34141EKTA TEHEM 

HanpaBJieHo B HtD 

e<S.'Nl,llilllt~W'fl ~mcr.L"'JiYif I 
Ofl<;pm:lz i]C!:.;E;noB3Htiil . · 

~ 6liv~CJ1t"lluTE~1A . . -· .. :;.;..;.;;::...;.;.;;.;;.;;....;...;;;.._...;...;.._.. 



Bne)leune 

/1 2/ 
£l lllli:i !'OilY 6bin8 BbiCK838Ha HJl9SI · ' . 06 ncnonb30B8HHH a~~eKTa 

TCHOil II )'I'JIOIIhlX pacnpeJleneHHSIX npoJlyKTOB SIJl9pHbiX peaKUHH )lnSI onpe
-15 

)lcncllllll ll}'lll\1011 >KH3HH COCTBBHbiX SIJlOp B JlH8ll830HO r < 10 COKo B Ha-

/3-8/ 
CTOIIlllllll IIJlllMSI nocne BbinOnHeHHSI pS!JlB .9KCnepHMOIITOB MO>Kl!O YTB9p>K-

Jl8TL,. 'ITO llllllllhlH MeTOJl Jl9HCTBHTenbHO 'IYBCTBHTeneU .K o6uapy>KOHHIO a!P

~OKTOII KllllO'IIIOI'O BpOMOHH >KH3HH SIJlOpHOH CHCT9Mbl ( f ) , ecnn I 

-15 -19 0 ?. u 6 . 10 ~OK · r ··'10 COKo JlHBKO Jlnst )l8nbl!0Hlli9M paapa OTKM KOnM'IOCTB9l!HOfi CTO-

pOIIlol MOTOIIll Tpe6yeTCSI TeopeTn'leCK09 H 9KCnepHM9HTanbHOO· HCCne)lOB81lH9 

uenol\ I'PYIIIlhl nonpocoB no JlBYM nanpannennHM: 1. Tipo6neMa KonnqecTnen

nofi o~pufioTKH peaynbTBTOB C uenb!O H3Bne'I911HSI TO'IHOI'O 3H8'1911HSI BpeMellH 

>KH3UH .COCTODIIOI'O st)lpa ( B OCHOBHOM, Jl8nbll9HW8SI paapa60TK.a · TeOpHH a4J

~9KT8 Tcnoii n Bbi6op ~eHOMeuonol'n'leCKHX napaMeTpOB Teopnn) .2. MeTo

JlH'IecKHC nonpocbi npaBnnbnofi nocTaHOBKH aKcnepnMeuTa, onpeJleneune yc

noBnli OllbiTa, CB060JlllbiX OT. BHeCeHHH CHCTOM8TH'I9CKHX ll01'p9WHOCT9H B 

peaynbTaT. 
./3-8/ 

CpeJln aKcnepnMeHTOB ana'lnTenbllast 'laCTb pa6oT nocBstmena 
. 171 

onpe)lenennJO BpeMeH >~<nann cocTaBilbiX Mep Jlnst peaKunn )leneunst. B 

38~HKCHpOB8HO npOstBn9HH9 KOHO'IHOI'O BpeMeHH >KH3l!H COCTBBHOI'O. MPB B 

3 



HHTeHCHBHOCTH a!fl!fleKTa TeHeii lJ.nR peaKUHH w ( 22 Ne, f ) H nony'ieHO c3Ha

-18 
qeliue r =(2-4)10 ceK. 

B HaCTOR!Ileii pa6oTe onucaHbi HeKoTopbie MeTOJlH'ieCKHe aKcn.epuMeHThi, 

B KOTOpbiX Ha npuMepe yKasaaHofi peaKUHH uccnenyeTcR, KaKHM o6pasoM 
/ 

H3MeHeHHe ycnOBHii OnhiT8 BnHReT Ha pesynbTaT H ero TO'iHOCTb~ Oony'ieH-

Hhie B pa6oTe 9MnHpH'JeCKHe 3aKOHOMepHOCTH MOI"yT 6biTb pacnpocTpaHeHbl 

Ha UenyJO I"pynny 9KCnepHMeHTOB 1 B KOTOpbiX MeTOAOM TeHefi H3y'iaeTCR 

.peaKUHR nenGHHRo B 9TOM CMbiCne pa6oTa OTBe'iaeT Ha HeKOTOpb!e BOnpo-

Cbi 2-ofi rpynnbi (eM. BhiWe). 

Kanu6poaKa MeTana, pasaocTHhJe H3MepeHHR 

Cy!IlHOCTb a!fl!fleKTa TeHeii 3aKnroqaeTCR B HanH'iHH MHHHMYMOB HHTeH

CHBHOCTH B HanpaaneHHRX KpHCTannorpa!flH'ieCKHX ocefi H nnOCKOCTefi B yrno

BbiX pacnpeneneHHRX nponyKTOB Mepaoii peaKUHH npu ncnonbsoaauuu Moao

KpHcTannuqecKofi MHWeHH .. nng H3MepeHHR BpeMeHH )KH3HH HCnOnbsyeTCR 

TOT !flaKT1 'ITO rny6HHa MHHHMyMOB (X·) 3aBHCHT OT CpenHei"O · CJlBHI"a H3-

ny'iaJO!Ilei"O RJlpa H3 ysna peweTKH sa· C'ieT OTJla'iH B RJlepHOfi peaKUHH H
1 

' 

cnenoBaTe.IIbH01 OT BpeMeHM . )KH3HH Rilpa. 'B .TO )Ke BpeMR I"nyfiima MHHHMYMOB 

38BHCHT TaK)Ke OT Ka'ieCTBa MOHOKpHCTanna H npyi"HX MeTOAH'ieCKHX !flaKTO

poa.· TaK 'iTo, a o6meM, cnyqae,Bhixon 'iaCTHU B aanpaaneauu KpHcTannorpa

!fln"'ecKofi OCH (X) COCTOHT H3 ABYX KOMnoHeHT - MeTOAH'ieCKQfi, H qiH3H'Je

CKOfi. 0pH BbiAeneHHH !flH3H'ieCKOfi COCTaBnRJO!Ilefi rny6HHhi TeHH MeTOAH'ie-. 

CKag KOMnOHeHTa HI"paeT ponh, aHanOI"H'iHYIO ponu !floHa nng JlPYI"HX K8KHX

nll6o 9KCriepHMeHTOB. OoaToMy eCTeCTBeHHO noCTaBHTb 3a1{a'iy H3MepeltHR 

!floHa B TOM )Ke C8MOM 9KCnepHMeHTe H. Bbi'IHTaHHR ei"O,f 3Ta _3a):laqa HMeeT 

u ' /3 4/ 
HeCKOnhKO peweHHH: 1. B onhiTax no HeynpyroMy pacceRHHIO npoTOHOB ' 

. M9TO):lH'ieCKa.H COCTaBnRIO!Ila.H 6hma no1J:yqeai nyTeM H3M:epeHH.H T9HH ~tn.H 

ynpyro pacce.HHHhiX npoToHOB B npennono)KeHHH, 'iTo· ynpyroe pacceRHHe 

. . ' 2 BIB/. . 
npOHCX01tHT MI"HOB9HHO Ha 'HeCMe!IleHHbiX .H~tpax. • · CpaBHJIBanHCb Kap-

'4 

-~ 

THI!bl: TeHeii, B yrnOBbiX 'p 

' nH'iHbiX 9H9pi"Hfi 6oM6ap~t 

aaeprHH apeM.H .. )KH3HH co 

rny6uaa TeHH HMeeT ·.MeT 

K8)K9TC.H Hey):la'iHQJM1 T8K 

I"8Tb · BH1t 3aBHCHMOC:rH~ B) 

1tHpyiOIIlHX ·, 'i8CTHU,' :HI BO

H1{911TH'iHOCTH B.'MeT01tH'iE 

npencTaBnReTCR saTpy~tHr. 

• 
,syeTCR HS_Mepeuue yrnoa• 

pnbiTe H3MepRIOTCR TeHH 1 

THPOB8llllhiM pasnH'iHhiM · • 

aanpaaneuueM ny'iKa H KJ 

TO IIOPMI;tnbHOe. CMe!IleHHE 

ManbiM ~ta:lKe ~tnR SHa'iHTE 

I"ny6HJia Tei!H ~tnR OCH 1 0 

6y~teT HMeTb B OCHOBIIOM 

ngpHofi ny'iKY 1 a!fl!fleKT KO 

MaKCHM8nbHbiH BKna~t B 'r 

TaKHM )Ke npuaneKaTenbH 

OCHOBHaR 3aAa'ia H3Me] 

H a!fl!fleKT~ . ; ~ f 

O~tHaKo H nepBbifi u 

1!01 cyweCTB9HHhlfi., H91tOC 

IO!Ilefi Te!IH) npOH3B01tHTC 

TH~bi 1 pei"HCTpupyeMbie n 

1!01 noCKOnbKY. MeTOJlH'ieC 

CeRHHR1 a a!fl!fleKT - ~tnR 

aHepi"HH 'i8CTHU - npony1 



2 
He, f ) 11 nony'leHo ·ana-

nOJllf'l9CKH9 9KC1I,9pHM9HTbi, 

lY9TCSI, KaKHM o6pa30M 

I 91"'0 TO'IHOCTb~ Dony'leH

yT 6biTb pacnpocTpaHellbi 

JJlOM TeHefi H3y'laeTCSI 

~T lla H9KOT0pbl9 BOnpo-

3MepeHHSI 

lH'IHH MHHHMYMOB HIITell

)Cefi H nnocKocTefi a yrno-

npu ncnonbaoaallHH MOHo

It ')Kif3Hif HCIIOnb3yeTCSI 

oT cpeJlllero CJlBHI'a 113-

1 B HJlepllOH peaKUifH 11, ' 

• ilpeMSI rny6i111a MHHHMYMOB 

I'lfX MeTOJllf'l9CKHX !flaKTO

lllpaBnelllflf KpHcTannorpa-

MeTOJlH'leCKofi, If ~H3H'le

'ny6HHbl T9Hif M9TOJllf'le

·!f>oHa nng llPYI'HX KaKHX~ 

BIITb 3aJl8'ly H3MepeltHSI 

H ero;r 3Ta .aaJla'la If MeeT 

/3 4/ 
pacC9HHifiO npOTOHOB ·' 

M:lf3MepellHH T9Hif JlnSI 

ro· ynpyroe pacceHIIHe 
/5/· . 

'B .·· 'cpaBH.IiBanHcb ·Kap-

., 
I 

I. , .. 
L 

i 

l 

.. · 

THIIbi· TeHefi B yrnOBbiX pacnpe]lenellHHX OCKOnKOB JlenelllfSI;JlnH JlBY~ paa-
. . ·,' :. ,, . . . . ·, ... : 

· nH'IHhiX aaeprnfi 6oM6apJlnpyiorunx 'laCTHU. DpeJlnonaranoch·, .'ITO JlnSI 6onbmefi •. 

aaepr11n ape MR. )Kif3HH cocTaanoro SIJlpa npeae6pe:l!mMo ·Mano u·. na6mo]laeMaH 

rny6HH8 T9HH liMe En ·.MeTOJlH'laCKyiO llpHpOJlY • ,ilallllbiH aapnanT 9KCII9plfM9HTa. . . . ; 

Ka)KeTCSI 119YJl8'lliJ,IM, TaK KSK, Bo-nepBbiX, Tpe6yeT IIO-CyiUeCTBY llpeJlUOna- ·, 

t'aTb BlfJl 3aBHCHMOC:t'lf• Bp9M9Hif )!(lf3Hif COCTaBHOI'O HJlpa OT 9Hept'Hif 6oM6ap

JllfpyiOIUHX , 'laCTHU, <If, BO-BTOpbiX, neo6XOJllfMO HM9Tb rapaHTIIIO a6coniOTHOH 

lfJl9HTif'IHOCTif B.'M9T0Jllf'l9CKOM OTHOWeliHH JlBYX pa3nH'IHbiX Ollb!TOB, ·'ITO 

6 
/6-8/ ' 

npeJlCTaBnHeTCSI 38TpyJlHHTenblibiM. 3. HaKOHeu,' B PHJle pa oT HCIIOnb-. 

' . 
ayeTCH H3Mepeune yrnoaofi aaan:cHMOCTH a!f>cpeKTa Tenefi. B . OllHOM 11 TOM )1(9 

()II biTe H3MepHIOTCSI. TeHH, COOTB9TCTBYIOlUII9 ll!lYM . H)~l9HTli'IHbiM OCHM, opiien-. 

THpOaaHHbiM p~3nH'llibiM o6pa30M no OTIIOW9HHIO K IIY'IKY• EcnH yron M9)KllY 
' 0 

HanpaaneHH9M lly'IKa If KpHCT811nOI'pa!f>H'19CKOH OCbiO 6nH30K K 0 °UnH K. .. 180 t 

TO HOpMI~nb~Oe. CMeiUeHHe HJlpa OTJl8'1H OTHOCHTanbHO UeiiO'IK~ 8TOMOB 6yneT 

ManbiM Jla*e llJlH 3H8'1HT9JlbliOI'O BpeMeHH. )Kif3HH COCT8BIIOI'O Slllpa. DoaTOMY· 

rny6HH8 TeHH JlnH OCH, opneHTHpOBaHHOH B HanpaBJ19HIIIf, 6nH3KOM K IIY'IKYi 

6ylleT HM9Tb B OCHOBHOM M9TOlllf'leCKYIO llpHpOJly, a JlJlH. OCif,. nepneHJlHKY

JlHpHOJl: IIY'IKY, a!fl!fleKT KOHe'lHOI'O BpeMeHH )Kif3HH COCTSBHOI'O Hllpa ll~9T , . 

MaKCHMaJlbHbiH ~KJlaJl B rny6HHY TeHII. 3TOT B8plf8HT MeTOlllfKH Ka)KeTCH 

T8KHM )Ke llpHBneKaTenbHbiM, KaK If nepBbiH 1 IIOCKOnbKY 3JleCb p~maeTCSI 

OCHOBHaSI 3alla'la H3MepellHe cpolla HenocpellCTBeHIIO B TOM )1(9 Ollb!Te, .'ITO 

H a!f>!f>eKT~ 

0llH8KO II nepBblfi If TpeTIIH B8p118HTbl M9TOlllfKH HMeiOT. 'OJllfH, B03MO)K-

. HO, CyiUeCTBeHHbiH .. HellOCTaTOK. l13MepellHe !flona ( MeTOllH'leCKOfi COCTaBJlSI- . 

IOIUefi TeHH) 1IpOH3BOllHTCH llJlH '18CTHU, HM9101UifX IIHYIO. 9llept'HIO, '19M 'laC-: 

TH¥hi, perncTpHpyeMhie npn H3MepeUHH a!f>!f>eKTa. B .. aapHallTe 1 aTo O'leBHll

H(), IIOCKOnbKY MeTOJlll'leCKaH COCTaBnSIIOlU8H lf3MepHeTCH .JlJlH ynpyt'Ot'O pac

CeSIIIHH, a a!f>!f>eKT - JlJlH ueynpyroro pacceHHHSI. · B aapHaHTe 3 H3Menelllle 

9Hept'llll '18CTIIU - llpOJlYKTOB OJlliOI'O II TOI'O )Ke Kanana peaKUIIII B 38BHCII-

5 
. ' 



.· 

MOCTH oT na6opaTopHoro yrna CBH3aHo c KHHeMaTu'leCKHM a<jl<jleKTOM neHCT~ 
, . -~ '. 

BHH nepeHOCHOH CKOpOCTH COCT8BHOrO Hnpa. 3TH H3MBHBHHH He ,Bcerna Be-

flHKH1 . onHaKo nnH uccnenoBaBwerocs HaMu cnyqag - neneHHH snep ycKopeH

HhiMH TH)KBnbiM~ HOH8MH ( 
2 2Ne, Jl Pl-aHepruu OCKOnKOB . i:teneHHH1 nBH)KYlliHX-

. . 0 0 
CH non yrnaMH 90 H 160 . K. ny'IKY 1 OTnU1J8IOTCH B .1 15 - 2 pa3ao · 

. noaToMy Heo6xonuMo 6bmo nocTaBUTb onhiThi c uenbiO onpeneneHHH 

. 38BUCHMOCTH rny6HHbl TeHU OT. 9H9pi'HU 1J8CTUUbi~nponyKTa peaKUHH. 0TMe

THM1 'ITO TeOpHH a<jl<jleKTa TeHeH He naeT CKOnbKO-HH6ynb onpeneneHHbiX 

. yKa3aHHH Ha xapaKTep 9TOH 38BIICIIMOCTH1 nOCKOnbKY UMeiOTCH <jlaKTOpb!1 

neHC!BYIOWUe K8K B CTOpOHY yrny6neHUH TBHII C pOCTOM 9Hepruu 1J8CTUU1 

TaK · H B np'oTuBonono)KHOM HanpaBneHuu. l13MepeHue aHepreTn'leCKOH 3aBu-
.· 

CUMOCTH a<jl¢eKTa TeHeH 6binO BhinOnHeHO nnH peaKUIIII ynpyroro pacCeHHHH 

uoHOB KpnnToHa - 84 Kr , KOTOphie 6hmu ycKopeHhi Ha TpeTbeH rapMOHHKe 

. BhiCOK01JaCTOTHOro HanpH)KBHHH Ha UUKnOTpoHe nRP y -300 no 9Hepruu 

74 MaB. YMeHbWeHue aHepruu qacTuu ocywecTBnsnocb c n<;~MOWbiO aniOMH

HHBBbiX <jlonhr. Ha puc. 1· noKa3aHhi KapTHHhi TeHeH B yrnoBOM pacnpenene

Him ynpyro pacceHHHhiX gnep 84 Kr Ha yron 90° B HanpaBneHuu ocu <ll l> 

KpncTanna Bonb<jlpaMa nnH nByx aHepruH qacTuu 74 u 47 MaB. BnnHo, 'ITO 

npu MaHbWeH 9HeprHH '18CTHU TeHb OK83biBaeTCH 3H8'1HTaflbHO · 6onee WHpo

KpH1 'IBM npu aHepruu 74 MaB, B cornacuu c TeopueH, npencKa3biBaiOWeH 

38BHCIIMOCTb BHna l/J1, '- __ J nnH yrnOBOH WHpHHhl TeHHo fny6uHa )1(9 

". ....rc . ' 
TBHH npaKTH'!BCKH He . MBHHBTCH C H3MBHBHHBM 9HeprHU1 8H8flH3 naHHbiX 

nOK83biBaeT1 'ITO· B03MO)KHOe pa3flH'IHB He npeBbiWaeT CT8THCTH'IBCKYIO TO'I-

H?CTb B onpeneneHHH YKll38HHOrO pa3nH1JHHo nocKonbKY HOHbl KpHllTOHa HMBIOT 

9HeprHI01 3apHn H MaCey, 6nH3KHB K 3H8'1BHHHM 9THX )KB BBn!:!'IHH nnH 

ocKonKOB neneHUH .. B peaKUHHX Tuna W (HI, I ) , _To nony'leHHhiH pe3ynbTai 

OTHOCHTenbHO 'OTCYTCTBHH aHepreTu'leCKOH 38BHCHMOCTH rny6uHbi TeHu Mo

)KBT 6b!Tb ··pacnpOCTpaueK Ha Ollb!Tbl C OCKOflK8MH neneHHH. 
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N 

3000 

8000 

f 1000 

·-&.· ~6 
Pac •. r~. Kap~KHa. Tesel '" ;· . .. ·. 
HOB . ICr npH JlByx 31 
·Kplic.faniul aonJ:4par.ca, c 
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'li'IeCKHM alf>4JeKTOM JleHCT~ 

13MeHeHHSI ue ,acerna ae-

- neneHHSI SIJlep ycKopeu

'nKoB · aeneHHSI1 : ilBHlKYUlHX

J,5 - 2 paaa •. 

1 c uenblO onpenene~HSI 

IpOilYKTa peaKUHH. 0TMe

•HH6Yilb onpeneneHHbiX 

>KY HMelOTCSl lf>aKTOpbi1 

IOCTOM 8Hepi'HH '18CTHU1 

1e aHepreTH'IeCKOH 38BH-

lHH ynpyi'OI'O pacceSIHHSl 

bl Ha TpeTbefi I'SpMOHHKe 

P Y-300 no auepi'HH 

rnOCb C ITOMOUlblO anlOMH-
• 

!H B yrnoaoM pacnpenene

·a uanpaaneHHH ocn <lll> 

4 n 47 Maa. B'nnuo, 'ITO 

3ua'IHTenbHo·6onee mnpo

pnefi, npencKa3biB8lOUlefi 

IHHbi TeHHo fny6HH8 lKe 

epi'HH1 auanH3 JlSHHhiX 

aeT CTSTHCTH'IeCKYlO TO'I

:>nhKY HOHbi KpHITTOH8 HMelOT 

THX lKB BenH'IHH AnSI 

~o ''nony'leHHbifi peaynhTai 

' 
MC)CTH rny6HHbi TeHH MO-

neneHHSI. 

I 
J 
r 
1 

I 
I 

I 
.I 

N • 
0 

3000 

E K,. = 74 M38, .f=~21 
E Kr = 47 H3G, j =o,22 

• • 

(} 0' 

Pac. r~ Kap~HHS Te&ei B: yrnoBOM pacnpe.nene&HH ynpyro paccea&HLIX HO
HOIS UIC" · npH n~yx asaqeiuu1x aseprHil (47 Jt 74 Mae> s6lJHa& _0c11 dlb 
Jtp&C1'anna sonl,cflpar.ca, opHeHTHpoaassol non yrnoM. 90 x nyqxy~ .' ·• 

f 

. .1' 
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B cep.1m onhiTOB no ua6moneH.Ino atf>tf>eKTa Tenefi · .zwn ocKonKOB nene-... ,..;. ....... 

HHSI· npn: o6ny'lel!HH MOJIOKpHCT81l1lOB Tal!Ta.na .II B01Ibtf>paMa pa31l.11'1Hh!MH TSI-
. 17 81 . - .. 

)!{ellh!MH HOJISMH , 1. ·· . Mhl nonyqn:nn: TSK)!{e AOK838Te1lbCTBO BeCbMa cna6ofi 

38BHCHMOCTH rny6Hllhl Teun: OT 9llepi'H.II OCKOllKOB ileneuitn; Pa"!HHUa 9Hep-
. . ~ . - ;'t.. '· . . . . .; , ·. . o· ~ 

rn:fi OCKOllKO~ nenel!HSI1 ABH)!{Ylll.IIXCSI B HanpaBnennrix go; u·-160°1 cymeCTBeJIJIO 

;iaBHCHT OT 9Hepr'H.II .II MaCChi 6oM6apnupyiOlllefi •IaCTHUhl1 .11; nnn H3Y'!Elll~h!X 

· peaKunfi ·MeuneTCSI B npenenax oT 20 no 50 JY\:im. Dpu cunbHoii .aaBHCHMOCTH 

rny6.11Hhl TeHefi OT 9llepr'.ll.ll OCKOllKOB A01l)KJI0 6binO 6hi ua6nronaTbCSI CHCTe

MaTn:'le6~oe .113Meue1Ine paaunuhr rny6n:H -x;eil~fi ~x=x900- x7600 ':. y~en.ll'lenu- . 

:eM ~E1 =Ef0°·- E / 600 
• Ha puc. 2' H~rnSIJ:iHo nponBnSieTcSI oTcyTCTBne Ka

'xtott.:..nn:6o Koppennun:H Benuqn:u ~ X n: '4 E f • PaauocTb ~ x MeHSieTCSI 

cnytitffiHhiM · o6pa~oM c pocToM ~ E f 1 'ITO oTpa)!{aeT oTcyTCTBHe BHyTpeu-
, ' . 
Iiefi eaauMoceSI3.11 Benn'IHHhi BpeMenu )!{H3Hu cocTaBnoro Sinpa u :napaMeTpa 
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Ha cKa~aunoro c~~n 

reuefi' SIBllSieTCSI cna6ofi AJ 

ue 20":'80 Maa. 

Bn.IISIHHe 1 
····.·:·' 

OcnoBUhiJ\f oTKnpueJ 

atPtl>eKTa . Teueii1 SIBllSieTC ,, 

• mennhiX ua , . yanoB, . peme 

pon~. npoueccoB1. npn:Bonmi 
·, 

TennoBhie Kon~6anuSI peme 

'leHHSI HllH IIP,~MeCH - BCe 

npeneneuuli nn:cnoun:poBam 

OA.IIH8KOBOe Bll.IISll!He Ha I:J 

6uua Tenu SIBllSieTcSI xopo1 

HefimeM, I'OBOpSI 0 Ka'leCT 

npn:pony ll nnOTHOCTb nOB) 

cyn.IITh o Ka'leCTBe numb 

Hann:qn:e B o6~eMe E 
' 

· soM yMeUhmaeT rny6uuy ~ 

TeKaiOlll.IIX ua cMemenuhiX 

HHSI nponyKTOB peaKUH.II HI 

n: nnocKocTefi. HanoMH.IIM1 

• y3no·a peweTKH1 ue naeT' 
, . .' . . .~ . 

KSeT T8K H83hiB8eMaSI BTC 

BTOpH'IHOfi TeH.II B nonuy10 

no)KeJJile o6 annn:Ta~HOJ\f c 

. lllHX , T~YH1< K,Q,TOP,9~. ucno~~ 

~qJ~~3'kl-: ~~f.(:~S¥,J,H~}!P.OA~ 
.l .. ,. 

6onhworo 3apnna n: Manoii 



... 

·eneil anSI ocKonKOB aene-

oltb!flpaMa pa3n~'IHhiMH TSI

~TenbCTBb BeC~Ma cna6oH 
. . ' 

B )lenettit.si. Pa~nnua anep-
... · 0 . 0 

uruc 90> u"160 , cymecTBenno 

IBCTHUb1 1 n; anSI U3y~eHIIbiX 

, npu cnnbHOH ,38BHCHMOCTH 

riO 6bi na6moaa:rbcst cncTe-

)(=x900- x 1600 c,: ynennqenn

ostnnsteTcSI OTCy'TCTBUe Ka-

MeHSieTCSI 

.aeT OTCYTCTBUe BHyTpeH

'aBHOI'O stapa n ·:,napaMeTpa 

.. , 

x=·x9o"-XJ6oo oT pa3noc
,60 ° 1 noEytienHaSI B OfibiTaX 

16 0 . 22Ne,· 31p .• 

l13 cKa~annciro cm~~tyeT, 'ITO anepre'rnqecKaSI 3aBn.ci~MOCTb rny.~u!~~~ 

reneil SIBnsteTcSI cml6oil ;:tnst o.cKOJJKOB ;:tenef~nst B anepreTn'leCKOM anana3o

ne 20-:-80 MaB. 

Bnnstnne Ka'leCTBa MOIIOKpncTanna 

0CHOBHbll').f OTKJJpHeHUeM OT COBepmei!CTB8 1 cymeCTBellflblM anSI 

a$4JeKTa . TeHeH, SIBJJSieTCSI, · 1!8/}H'IUe. B MOHOKpUCTanne 8TOMOB 1 CMe

meHHblX H3 . y3JJOB . pemeTKM;o_ npn <~t:OM He B8>KII8 ljJU3U'IeCK8SI npn:-.. 

po;:ta npoueccon, npnnoastml:lx ,K o6pa3oBaHnJO cMemennhiX aToMoB, Byab-TO 
. I ' • ,. ' ' ' • '~ • ' • J • ' ' 0 

rennoBhie Kon~6annst peweTKH nnn nncnoKaunn, nonnKpncTannnqecKne BKnJO.:. 

'leHIISI UJJI:I n~i!MeCn - BCe 9TH a!fl!fleKTbl npn oaHH8KOBOH _nJJOTHOCTH H pac

npeaeneHUU ancnouupoBaHHhiX aTOMOB B o6'beMe MOHOKpncTanna oKa3hiBaJOT 

onunaKOBoe nnnstnne na r:-ny6uny Teneil, CnenonaTenbHO, MeTonnqecKast rny-

6 
• "" . /9/ B 

una TeHn stBnsteTcst xopoweu Mepon Ka'leCTBa MOHOKpncTanna • nanb-

. neilweM, I'OBOpSI 0 Ka'leCTBe MOHOKp~cTanna, Mbl ne 6yaeM KOIIKpeTU31IpOB8Tb 

_ npnpoay n nnoTnocTb noBpe»<aennil KpncTannnqecKOH cTpyKTyphi, a 6yaeM 

cyanTb o Ka'leCTBe numb no rny6nne Tenn. 

Hann'ln~ B o6'beMe KpncTanna nncnounponaHiihiX aTOMOB anostKHM o6pa-

30M yMeHbinaeT rny6nny Teneil: Bo-nepBhiX, 38 C'I~T BKJJ8a8 pe8KUni!:, npo

T_eKaJOwnx Ha CMellleHHb!X 8TOM8X1 111 BD-BTOpbiX1 -38 C'I~T a!fl!fleKT8 pacceSI

Hli.H npoayKTOB pe8Kunn na ancnounponannhiX aToMax B ll8np8Bnennstx oceil 

u nnocKocTei!:, H8noMHUM, 'ITO paccestnne .na aTOM8x, He cMemeiiiihiX n3 

"'<yi:uw·B peweTKn, ne aaeT' nKnai:la · 6 nanpannennH ocefi"n nnocKocTeil ;so3nu-
. . . .~ . 

BTopnqnoi!: TeHn B nonny10 rny6uny Tenu ne aon»<no BhmomiSITbCSI npeano

nc;><Keane 06 aA,JlliTI:iBIIO¥ c,no»<eHUH MeTOJlU'IeCKOH_ ll (tlur:~n'IeCKOH CO,CT8BJJSI!O

. mnx . T~_~n,., Kp,Top_c;>.e. ncno~!>3Ye::c::st npn Bh!Jle,nennn !fln3n'lec~p-~ ,.~qW~C?li~II'!:'~I, 

3._cp~~cf.t, ~~f.C~SI{l,llH., rl!P.?A!,~T9B, ~Jl~pHo~, ~~a~_~n~ _ .~;~o.~~~~fJ }~Y~~(:~~~-~~b~ JlJJSI 

6onbworo 3apstna u Manoil aneprnu qacTnu u npn ncnonbaoBan.nn ToncToil 
.~~~~;_; .. :~ "'~.tt -.;~ '!~··~1..,\i·"- ··-·: /~ 

··' 9 
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MHII19HHo Bee aTH ycnoBHSI HM910T MeCTO B OIIbiT8X C OCKOnKaMH Jl<eneHHSI, 

Heo6xoJlHMO 6btn0 aKcnepHM9HTanbHO npoBepHTb, KaK aaBHCHT H3MepSieM~IH 
B OIIbiTe atPtPeKT KOIIe'IHOrO BpeMeHH :lKH3HH COCT8BHOPO, S!Jlpa OT K8'19CTB8 

HCIIOnbayeM'oro MOHOKpHCTanna. 

Ha pnc. 3 noKaaaHa aaBHCHMOCTb paaHoCTH . 11 X . = X9o o - X 160 o 

oT.Ka'leCTBa MOHOKpHcTanna ( X160o) , HaMepeHHaSI JlnH peaKUHH 

W ( 22 He, f ) npH :;meprHH HOHOB 174 M a a. BHJlHO, .tiTo npH H~MeHeHHH 

rny6HHbl TeHH X 160 ° B npeJlenax OT 0, 1 JlO 0,45 paaHOCTb 11 X 

OCTaeTCH H9H3M9HHOH B npe}lenax CT8THCTH'I9CKOH TO'IHOCTH 9KCIIepHM9HTOBo 

41= 
·1grr'ft60' 

0.0601 

Q050 

o.o'o 

QDJO 

Qca!•· 

0010 

'J '·-

IN (zt. Ne, f) 

El'"·n4Nev 
\ 

j-j-J--J+-

~000~--~~----~~--~----~----~ 
0,00 QC QZD Q30 QIIJ ~ 

1-J60· 

Puc. 8. 3aBHCMMOCTb paaHOCTH Ax. oT napaMeTpa X I60 o 

3Y10IIlero CTeJ:teju, , COBepii19HCTB8 MOHOKpHCT8M8; llnH peaKUHH 

. IIJ?H aHeprHH HOHOB 174 Mae. 

, xapaKTepH-. 

W ( 22Ne, ( J 

Ma aTHX onblTOB. cneAyeT, 'ITO nponellypa BblilHTaHHsr MeTollH'IecKoA 

C~CTaBnHK»UeA TeRH HBnHeTCH 38KOHHOA lla~e B TOM cnyq8~~ ecnn ST8 coc

' Ta~HJOUUisr H8!\oiHOI'O npesbluiaeT ci!HaH'IecKyJO KOMIIOHeHTy ( CM. pHCe 8 :_ 

ll X , -<t,04, . X 
160 

~ -&,4) • 

10' 

· ... ·> 

' i 

! ' 

' ..•. 
1 

. i 

A 

i 
I 
~ 
' 
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TeM .. 11e MeHee , pa6oT_a 

rny6oKy10 TeHb1 He Bbll"OilHS 

:lKe .. TO'IHOCTU peaynbT8T~B . 1 

Ka, 'I eM JinSI KpHcTanna, · JlBJC 

OTHOCHTenbH8H TO'IHOCTb on 

rJle 

X 900 H 

o11x 

11x 

X 

8 X9oo 

X9oo-

a 
b'' 

X 
1600 

xapaKTe; 

B9HHO IIOil yrnaMH 90 H 160 

BnHSIHHe Tl 

ITpn HcnonbaoBaHHH.To 

cg nonHbiM npo6eroM ocKon 

OCKOnKH }leneHHSI CnnolliHOI"O 

9H9pl"HH JlO 9HeprHH, COOTBE 

MaTepnanoM. BoM6apllHPYICIII 

TepSIIOT H9KOTOpy10 '18CTb 9f 

pe~KUHH B9CbM8 · p93KO 38BH 

eoaHHKaeT neKoTopoe pacnp1 

npelleneHHe, aoo6rue roeopSI1 

H MO:lKeT. 6biTb OX8p8KT9pH3< 

BhlneTa OCKOnKOBo nng TOl"O 

peHHSI BpeMeH :lKH3HH JlnSI pa, 



TBX C OCKOnKaMH .rtreneHHSio 

3, aBHCifT HaMepSieMblii ~· KBK 

T8BHOPO Sl.rtpa OT K8'19CTB~ . 

~B:.llx =X9o 0 -X160° 

!p9HH8SI ~nSI peaKUHH 

(HO, .tiTO rrpH H3M9H9HHH 

, 0,45 pa3aocTb l:l X 

WH TO'IHOCTH 9KCrrepHM9HTOBo 

·I 

~f) \ 

MeTpa x 160 o . • xapaxTepu ... 

ie llnSl. peaKUHH W ( 22He ,' f ) 

. Bbl'IHTSHHK MeTOJlH'IeeKoA .. 

B .foM c~y'l8e,. e~nu STa eoc- . 

(>Mnciueu'cy (eM. pile. S ~ 

TeM He MeHee pa6oTa C KpHCTannOM HH3KOI'O K8'1eCTBa, . ll8IOIUHM He

rny6oKyro T9Hb 1 He Bbii'O.rtHa, T8K KBK B 9TOM cnyqae .rtnSI llOCTH:lK9HHSI TOti. 

me TO'IHOCTH pesynbT8TOB Tpe6yeTCSI 3H8'1HTenbHO 6onee Bb!COK8SI CT8THCTH-
' . 

. . Ka, 'leM .nm1 KpllcTaima, .naromero rny6oKyro TeHb. HeTpy.nno BH.rt~Tb, 'ITO . ' ' 

OTHOCHT9nbH8si TO'IHOCTb onpe.neneHHSI BenH'IHHbl f:l y .naeTcSI ¢opMynoti 

r.ne 

X 
a 

ox9oo +OXI6oo 

X9oo- X 160° 

b oa=va ,ob =vb 

X 
90 0 H. X 1600 xapaKT9pH3yiOT rny611Hy T9Heii: 1 Ha6nro.naeMbiX COOTB9TCT-

B9HHO ITOll yrnaMH 90 H 160°. 

fipH HCITOnb30B8HHH TOnCTOH MHlli9HH pa60T8IOIUHH cnoii: ee orrpe.nenSieT

CSI ITOnHbiM rrpo6eroM OCKOnKOB .neneHHSio lleTeKTOpbl perHCTpllpyiOT rrpH 9TOM 

OCKOnKH .neneHHSI CITnOlliHOI'O 9HepreTH'19CKOI'O CIT9KTpa OT M8KCHM8nbHOti 

9H9pi'HH llO 9H9pi'HH 1 COOTB9TCTBYIOIU9ii: rropory p9I'HCTp8UHH OCKOnKOB llBHHhlM 

MaTepuanoM. BoM6ap.nupy!Oilne 'laCTHUhJ1 rrpoxo.nH :a1'·¢eKTHBHblii: cnoti MHrneau, 

TepSIIOT H9KOTopyro '18CTb 9H9pi'HH. fiOCKOnbKy C9'19HHe .neneHHSI .rtnSI MHOI'HX 

p~aKUH~ ~9ChM8 pe3KO 38BHCHT OT :aHeprHH 6oM.6ap.nupyrolliHX .'18CTHU 1 TO . 

B03HHKaeT neKoTopoe pacrrpe.nenenue no rny6uue cny'laen .neneHuSI. 3To pac

rrpe.nenenue, aoo6me roaopSI1 cymecTBeHHo pasnuqaeT9SI .nnSI pasHbJX peaKUHii: 

H MOmeT: iJbJTb OX8p8KT9pH30B8HO p83Hb!MH Cp91lHHMH 3Hll'I9HHSIMH rny6Hllbl 

a:hlneTa ocKonKoB~ llnSI Toro ''IT06bJ yaepenno cpaBHHBBTb · peaynhTBTbl nsMe

peHHSI BpeMeH mH3HH ·.nnH pasnH'IHblX 'peaKUHH1 Heo6XOllHMO rrpoBepHTbj Ha• 



~· ; 

eKOnbKO -eiinbHO BniiH9T TOniUIIHa aqxpeKTIIBHOrO enoS! Mlllll9HII ua--rny6nay 

TeHefi X90 o 1 X 
760 

o n na paaanuy rny6na 11-x ·• KpoMe Toro: aKene-

pnMeHTanbHOe B:omeaeane aToro Bonpoea Mo>KeT· 6:orTb" noneaa:orM nmt onpe

neneansr BKJJana BTopn'!Hoii Tean B noniryro Tny6mr~ -Tean II' a<j:l<!JeKTOB pae-. 

eenHHH qaeTIIU ua nnenmtaunHx. 

On:orT 6brn noeTaBmm enenyrorunM o6paaoM: nepen 'eTeKnaMn, perneTpn-. . . " ~ ' : . . . . 

ponaBIUIIMH oeKonKn neneHnH, paerionaran~eb anroMI~HneBbre <j:lonbrn paann'l-

aoii ToniUl!lihi. CTeKna Mornn aaperneTpnpoBaTb TonbKO oeKonKn, nMeBlllne 

noene npoxo>KlleHIIH <j:lonhrn noeTaTo'layro aaeprn1o. · noaToMy yn,ennqean~ 

TonrunHhi <j:lonbrn oaHa'lano no-eyrueeTBy yMeHbllleane '!'OnrunHhi .pa6oTaroruero' -

enos! MJillleHn. 3KenepnMel!Tbi noKaaann, 'ITO e ynentiqeaneM Tonrunnhr norno

TnTenn nepell neTeKTopoM TeHb eTauonnTeH eyrueeTneuuo 6onee rny6oKoii~ .. 

Ha pne. 4 noKaaaaa aaBIIenMoeTb Benn'IHH X 90 o 
:ri X · 0 OT TOniUIIHbl 

' 760 ' 

nornoTHTenH B oTHoenTenbHhiX ennnnuax, naMepeunaH nnn llBYX yqaeTKOB 

MOJIOKp!IeTanna1 HMe!OIUHX paanH'IHY!O eTerreJib eoBepllleJieTBa.· I1a pneyuKa 

HeTpyllHO BIIlleTb1 'ITO rrpH eyrueeTB9JIJIOM li3M9H9HHH Ka)KllOH II3 B'9nH'IIIH 

x9oo··n X UX pa3HOeTb 11 v oeTaeTeH npaKTHtieeKH rroeTOHHHOfi 
J600 A . 

. · e yMeHblll9HII9M TO~IUIIllbl pa6oTa!OIUero enog MIIlll9HH. 3TOT <j:laKT i:J03BOnHeT 

e'!nTaTb paauocTb · 11 X ,. naMepeauyro nnn ToneToii MHllleHn, <j:lnall:qeeKoii · 

Benn'lnuoili npnronuoii nnn BbJ'Ineneunn npeMeun >Knann eoeTaBnoro nnpa 

6ea . BBeneHHH KaKnx-nn6o nonpaBoK. · 

06eynnM npyrne oeo6enaoeTn aaBnenMoeTeu, npeneTaBneJIHhiX 11a pne~4. 

·~aKT yrny6nennn Te,lleil: llJIH 6onee TOHKHX Mnllleneii Mo>KeT 6:orTb o6'bHeHell 

a<j:l<j:leKTaMH paeeeHHIIH ITpOllYKTOB peaKUHIIj BbiXOilHIUHX II3 llOeTaTO'IJIO rny

·60KHX enoeB.· llpH 9TOM eyrueeTBeHHbiM 1 ITO-BIIllHMOMy1 HBnHeTeH paeceHHHe 

ua . nnenounpoBaHHhiX a To Max.· noenennee o6eToHTenbeTBo en en yeT na Toro 

<j:laKTa
1

. 'ITO .. nnH 6onee eoBepllleHnoro yqaeTKa MouoKpneTam1a yrny6n_eune .. , 

TeUH e YB!'lnH'IeHHeM ToniUHHhl . nornOTHTeng, HBmieTeH He . TaKHM • pe3KHM 1 .. KaK 

nnH yqaeTKa, naroruero aerny6oKyro Tenb npn oTeyTeTBHH nornoTnTenH 
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0,00 o.oo 
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Pne. 4. 3aBnenMoeTb rny61 

THTenH, noMeruaeMoro nepel 
oeKonKOB neneann, aa Bbi'IE 
ra perneTpaunn ocKonKOBo 

(eM. pne. 4) • llpH 3H8'IHTe 

· ll810T TeHH1 rny6HHbl KOTOpl 

OTeyTeTBHH nornOTIITenH yq 

llpH 6onblllHX 3li8'I9HH 

eTaHOBHTeH ena6oii. 3T0 1 Ur 

Mnwean :a¢tjleKT:or paeeesmnH 

oeKOnK~B neneHHH B uanpaB 

ua eMerueHHbiX aTo.~a;x: (aa 

H9'IHOro. BpeMel!H .. >KII3JIH 'lllll 
'!.. •• ·• • •• 

HeeKonbKO eTpan;nbiM 
( 

nax auaqeanfi Tonruna:or nor1 



:nOSI Miilll9Hii aa··riTy6HHY 

-l· x · • · KpoMe Toro aKcrw-

6biTb" none3HhiM JlnSI · onpe

IHY: ·Tel:{H n· a<jllf>eKTOB pac- · 

: nepell ·cTeKna~n, perncTpn-. 

~MHRH9Bbie <jlrinhrH paannq

TonbKO OCKOnKH 0 HM9BUJH9 

!0 .. noaTOMY YB,enH'I9HHe 

eane TonniiiHhi . pa6oTaromero' 

rBen{IiJeaHeM TonmHllhi norno

:ecTBenao 6onee rny6oKoii. 

R X 0 OT TOn!IliiHbl 
'0 ° 76 0 ' ' ' 

eHJi8SI JlnSI llBYX Y'IBCTKOB 
' .. 

oBepUJencTBa. Ha pncyHKa 

reHHII K81Kil0H II3 B·enH'IHii 

~-npiKTIIqeCKH ITOCTOSIHHOii: 

rUJeHH. 3TOT <jJaKT IT03BOnSieT 

cToii MHUJ9HH, <jln3H'I9CKOii 

JKH311H COCT8BiiOrO SI/lp8 

~M:, npellCTaBneHiihiX aa . pncA. 

eael!: MOIK9T 6biTb 06'bSIClt9H 

:OilSI!IlHX H3 Jl0CT8TO'IIIO . rny

IIM'OMY, smnneTcSI pacceSilme 

>~TenhcTBO cne}lyeT na Toro 

IoHoKpncTan.ila yrny6n_eaue, 

iSI9TCSI He TaKHM: p93KHM, · KaK 

TCyTCTBIIH nornOTHT9nSI 

. I 
'j 

I 
' 

1 aso 

0/{() 

~-~ 
f-.:_..;_- -~ ...... -----v ..... 

0..30 

..... -----.... __ A 
:x:--

o.zo 

0,(0 

0,00L-~~----~----~~----~----~~----~ 
0.00 020 0,1(0 0.60 O.BO d (,00 

-e 

Puc. 4. 3aBIICIIMOCTb rny6IIHhi TeHefi x 
900 

II x 
7600 

oT Tonmiillhi norno

THTenSI, noMemaeMoro nepeJl JleTeKTopoM cl R - cpeJlHHii · nonnhrl!: npo6er 

OCKOnKOB .oeneHII.H, 38 Bbl'I9TOM npoqera, COOTB9TCTBY!OIUero SHepriiii nopo
ra perucTpauun ocKonKoB. 

(eM. pnc. 4). TipH 3H8'1HTenbHOH TOn!IlHHe nornOTIITenSI STH,IlBa Y'I8CTKa 

. Jl8!0T T9HH1 rny6HHbl KOTOpb!X 6nH3KH llpyr K Jlpyry, B TO Bp9MSI KaK npH 

OTCy'I'CTBHH nornOTHT9nSI y'laCTKH Cy!Il9CTB9HHO OTnH'Ill!OTCSI·ITO K8'19CTBy. 

Tipn 6onbUJHX 3Ha'leHnnx TonruHHbi nornoTHTenSI 3aBHCHMOC'I:b X oT .s!.... 
R 

cTaHO~HTCSI cna6oii. 3To, no-BH.llHMOMy, 03Ha1meT, ,'ITO npn. TaKHX TomuHHax 

MHUJeHn a<P<PeKThi pacce.HHH.H yJKe aecymeCTBeHHhi, a ocnoBHofi BKnaJl B BhiXOJl 

ocKomi~B JleneHHSI B HaripaBneHHH KpHcTannorpa<jluqecKol!: ocn .oaroT peaKuiiii 

Ha CM91U9HH_hiX 8TO~aX (aa C'i~T_ TennoBbiX, KOne6aHnl!:, ITOBp91KJl9Hl!l!: II K0-

119'1HOr~. BpeMe~~ .JKH3Hll ~n.H· .(} =90°)~ ,·; ', , : 

HecKonbKO cTpaJ:{HhiM :KaJKeTcSI To o6cToSITeni:.cTBo, 'ITO B paii:oae Ma- · 

nax 3H8'19HHJ:t TOniiUIHbl nornOTHTenSI rny6nmi T9HH cna6o M9IISI9TCSI C po,CTOM 
" .. _,.,,,. .:,, ·: .... ,. "i';; 

'· 
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TOnlUHIIbl
1 

XOTSI npH 9TOM HCKniO"'aJOTCSI H3. periiCTpauHH HH3K09HepreTH"'Hbie 

ocKonKH aeneHHSI, anSI KoTophiX atPtPeKThi pacceSIHHSI aan6onee cymecTBeHahi. 

llpellCT8BnSinO HHTepec npocneJUITb TaK:m:e XOll H3MeHeHHSI yrnoBOii: 

mnpHHhi Te.aeii: c yMeHbllleHHeM TonmHHhi pa6oTa!Omero cnoSI MHmeHH, Ha 

pnc. 5 n'oKa38Hhi peaynhTaThi1 . nony"'eHHhie B orihiTax •. YrnoaaSI mnpHH8 TeHH 

OCT8eTCSI' fiO'ITH fiOCTOSIHIIOii C poCTOM TOnlUHllbi· nornoTHTenSI 1 HMeeTCSI TeH-;

AeiiUIISI K ae6onbmoMy yMeJI~~eHHIO · yrnoaoii: mnpHHhi .118 nonoanne rny6HJihi. 

0 

\f '/z 
~0 
.I 

20 
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• 
o- 'f1a 90° 

qe Oq 
I 

06 
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qs 

P11c. 5. 3aancHMOCTb yrnoaoii: mHpHHhi Teaeii: aa nonoanae rny6HHhi x90 oH 

)( 160 0 OT napaMeTpa a/ R 
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Hano:m:eJIHbie 31leCb :: 

npnMeneane ToncToii: MHWE 

HY 1\ )( ) no cpaBf!ennro < 

ABTOpbi 6naroaapHhi 

COBeThl H fiOCTOSIHHOe BHHI 

noay 38 uennoe o6cy*lleHI 
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1cTparum 11113KOaHepreTli'IHbie 

UllHI Han6onee cymecTBeHHbi. 

xoll ii3Me.HeHHH yrnoaoli: 

Homero · cnost MnmeHn. Ha 

lbiTax. YrnoBast mnpnHa TeHn 

1• nornoTHTenst', nMeeTcst TeH-;

rpl!Hbi .118 nonoBl!He rny6l!Hbl. 
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na nonoBnHe rny6nHbi x90 oll 
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l13nO)KeHnbie 3JleCb aKcnepnMeHTbi no3BonsnoT caenaTb BbiBOJl, 'ITO 

npnMeHerme ToncTofi MnmeHn He ncKa)KaeT cyruecTBeuno pe3ynbTaT ( aenn'ln

HY 1'1 x ) no cpaanenmo c Jl811HbiMll, nony'leHnpiMll Jlnst TOHKofi MIImeHH. . ' 

ABTOpbi 6nai"OJl8pHbl aKaJleMliKY r.H. <t>nepoBy 38 ll0Jlll9P)f{Ky, none3Hhl9 

coBeTbi n nocToHnnoe BHl!MaHIIe K pa6oTe, a TBK)Ke npocfleccopy A.<t>. Tynu

noay 3a ueuuoe o6cy)f{Jlenue n 3aMe'la.nnst. 
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