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1. BBelleHne 

CncTeMaTH'lecKoe H3y'leHne peaKunfi Me)KllY cno)KHhiMH SillPBMH1 rrpo­

Be!leHHoe B. rrocnellHHe I'Ollbi 1 rroKasano1 'ITO cymecTBeHHhifi BKnall B. rronaoe 

ceqeane peaKUHH u T 11aroT pasnn'lHbie rrpoueccbi rrpSIMOI'O Tnrra. ITpn yBe- · 

·nn'leHHH aaepi'HH cTonKHoBeHHSI HX 110nSI pacTeT. IToaToMy rrpoBelleHHbie aa 

. /1 2 3/ 
IlepBOH CT8llHH, HCCne!l<;>B8JiUSI - TeOp9TH'leCKH9 OUeHKH 

1 1 
Ce'leHHSI 06~ 

p830B8HHSI COCT8BHOI'O SI!lpa B. pesynbTaTe IIOnHOI'O CnHSIHHSI CTanKHB810IUHX­

CSI 'l8CTHU Terrepb cne11yeT paCCMaTpHBaTb K8K OUeHKH IIOnHOI'O Ce'leHHSI 

peaKUHHo 
/4/ 

nanbHefimee H3Y'l.eHHe 9TOI'O BOI1pOC8 IIO~BOnHnO CllenaTb BbiBOll1 

'ITO .. OCHOBHOH IlpH'IHHOH1 IlpHBOllSIIUefi K yMeHbiUeHHIO Ce'leHHSI .IIOnHOI'O cnHSI-
. ' 

HHSI SI!lep 1 SIBnSieTCSI OI'p8HH'l9HH9 Ha MaKCHManbHOe 3H8'l9HHe yi'nOBOI'O MO­

M9HT8 KOMII8YHll-CHCTeMbi1 BbiT9K8IOIUee H3 pacCMOTpeHHSI 6anaHCa 9Hepi'HHo 
. ' /4/ - ~ . 

B pa6oTe aBTopoB pa3BHTa rrpu6nn)KeHHaSI TeopHSI1 rrosBonSiroiUaSI 

BhittncnHTb MaKCHManbHOe (KpHTH'IecK,oe) aHa'IJeHHe yrnonoro MoMeHTa o6-

. 'pa3yromeficSI KOM'rrayHll-CHCT9Mbl H CBSI38Tb ei'O c ce'leH~eM rronHOI'O cnHSI.:. . 
. ,. . . . . 

HHSI SI!lep IlpH pa3nH'lHbiX aaepi'HSIX. 0!lli:8KO OTCyT~TBHe H8ll9)KHbiX 9KCIIe-

pHMeHTOB B 9TOH o6naCTH llOni'Oe BpeMSI C!lep)Kl!Bano .pa3Bl!TH9 YK838HHOH 
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0'1eHb HH'repeCHhie SKCnepnMeHTb!1 BhinOnHeHHhie HeAaBHO ABYMSI rpyn-
/5 6/ . 141 

naMH ljlH3HKOB 1 
1 ITOATBep)K.ttaiOT npe.ttnO)KeHHyiO HaMH paHee MO.ttenb , 

P 6 
/5,6/ 6 . . . 6 . ' 6 

a OThl no ynunu HaC BHOBb BepHyTbCSI K 0 CY)I(AeHHIO npo ne-

Mb!, B STOH CTaTbe Mhl Bb!CKa3hiBaeM HOBbie coo6pa)KeHHSI1 KOTOpb!~ _MOI'YT 

oKasaTbCSI nonesHh!MH npu nanbHeil:meM usy'leHnn npouecca nonHoro cnuSI~ 

HHSI SI.ttep, 

B pasnene 2 KpaTKO usnaraeTCSI cymHOCTb Monenu, pa3BHTOil: B pa6o-
/4/ . /56/ . 

Te u naeTcSI cpaBHeHne c HOBhiMH sKcnepnMeH'raMH . ' • B pasnene 

3 06Cy)KJ:taiOTCSI .cne.ttCTBHSI1 KOTOpb!e MOI'Y'r cnoco6C'rBOBa'rb nony'leH~IO. HH-
\ . 

ljlopMaUHH 0 CBOHC'rBaX CUnbHO pa30I'pe'rb!X SI.ttep, 

06o6iueHHIO MO.ttenu Ha cny'lail: B3aHMOAeHCTBHSI TSI)Kenh,IX HOHOB C Ae­

nSilliHMHCSI neljlopMupoBaHHhiMH S!Apatvm noCBSillieH pas.cieri 4, 

. 06cy)KneHue pesynb'raT~B J:~aHo B saKniO'IH'renbHoM·'pa3nerie 5. 
. ~ ~ 

2. PeaKUHSI nonHoro bnHSIHHSI. llBYX cdJep.H'Ie.cKHX SI.ttep 

. . ~I 
B pa6o-re nonycKae-rcSI, 'l'ro ecnu npn onpeneneHHOM pa~cTOSIHHH· 

HaH60nblliei'O c6nH)KeHHSI SIAep npOHCXOAH'r HX nonHoe CnHSIHHe, 'rO o6pa3yiO­

meeCSI KOMnayHA-SIAPO HMee-r ljlopMy snnuncouna. EcTeC'rBeHHO, 6onbmaSI 

nonyocb snnuncouna. a ( E, f ) saBncnT oT sHepruu E H SHa'leHHSI. yi'nOBO-

I'O MOMeH'ra f • 8Ty SaBHCHMOCTb M0)KH0 npu6nU)KeHHO paCC'IHTaTb 1 

3HaSI XapaKTep B3aHMOAeHCTBHSI SIAep ( ucnonb3YSI1 HanpUMep, pesynb'raTb! 
. .·.. .. . .•. /7/ ' 

ljleHo~eHonorn'leCKOI'O aHanusa ynpyroro pacceSIHHSI · SI.ttep ) • ManaS! no-

nyocb MO)KeT 6biTb onpeneneHa us ycnoBHSI coxpaHeHUSI 
' . o6'beMa AO 

H nocne CTOnKHOBeHHSI, TaKHM o6paso~, KOMnayHA-SIApO ':" STO Bpa­

maiOmeeCSI neljlopMiipOBaHHOe SIAPO c. SapSIAOM Z =Zt ~Z2 1 MaCCOBbiM 

'IIICnoM ·A=A1 :+A 2 , o6nana10mee yrnoBhiM MOMeHTOM f 

.llanee, B STOH MO.ttenn yCTOH'IHBOCTb ljlopMbl KOMnayHA-SI.ttpa onpene­

nSieTCSI 6anaHCOM noBepXHOCTHOH1 KynOHOBCKOil: H UeHTpo6e)KHOH SHepi'Hil:, 
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(ll:x cyMMa o6osaaqaeTcH E N ),· saBHCHIUHX oT ero aKcueHTpHCHTeTa 

. ( . 2 2 ~ c= 1-b'/a) • 

. Yci10BH9 CT86HnbHOCTH CHCT9Mbl ITO OT~OIUeHH~ K Manoft B8pH8UHII' 

6onbruoii·,nonyocH a ... a + B;a MO)I{eT 6hiTb sa~;mcaao ·B· BH.ri.e: 

BEN . -. '1 . 1. 2 . -
-=IT S. b {.y 1- t 2 + ...._ arc'Sin'·t" +3 ~h/1-'t 2 ---
86 .· 0 .t . ( 2 

I'Jle .. s
0

. -noBepxaocTaoe aaTH)I{eane., I=~ 'MAa2(2~~ - MoMeHT HHepUHH !3 

TBepJlOTenbHOM llpH6nH)I{9frl:l:H• nocne)lHee npeJliTOnO)I{9HHe HBnHeTCH pa3yM-

HbiM
1 

T8K K8K KOMITayHJl-.IIJlPO B036y)I{Jl9HO, nnH TeX 3H8'19HHfi f 

BEN . -
---.<-0 1 

KOMIT8YHJl.-.IIJl'pO He M0)1{9T ·o6pa30B8TbCH, noaTOMY KOTOpb!X 
B·a: 

ypaBH9HII9 JlnH onpeJleneHHH M8KCHM8nbHOI'O B03MO)I{HOI'O 3118'19HIIH (Kp!ITH­

'19CKOI'O) 9CTb: 

. BEN ..... o. 
8a 

(2) 

l1ccne)lOB8HHe ypaBH9HIIH (2) 'IHCneHHb!MH ,MeTOJl8MII IT03BOnHeT OTbiC-

' K8Tb peiiieHHe · f B 38BHCHMOCTH OT OCHOBHb!X napaMeTpOB 38Jl8'IH: OT 
. . KpHT, . 

· r !l (napaMeTp paJlnyca), s 0 . ·. n · E .. YJlaiiOCb ycTaHOBIITb, 'ITO e 
. KpHT, 

npaKTH'IeCKH_IIe saBncnT OT E B IIIHpOKOM HHTepBane 9Hepi'HH. 0JlH8KO sa-

. BHCHMOCTb .. f OT S 0 · H 
KpHT, 

r O. B9CbM8 CHnbH8H, 

Toi'Jla Me~JlY saaqeaneM II C9'19HH9M nonHOI'O cnHHHHH H)lep . 
KpHT~ 

. '! 
0 

MO)I{HQ ycTaHOBHTb npoCTYIO CBH3b: 

(3) 
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~ .. 

( ·· P. -npHBe.((eHHasr Mac~a). Bhmo pacc'l:H~aHo ce'l:eHHe u 
0 . . .((nsr psr,((a 

peaKUH:fi; BKniO'l:BIOinJrX BSBIIMO,((e:ficTBHe THJK~nOI'O IIOHa KaK C nei'KIIMII H,((­

paMlf-Miilll6HHMH1 · TBK II: C THJKenbiMII, 

· Ha pHc, 1 H 2 npHBe.((eHbi pesynhTaTbl 

. /56/ 
Tanbl!ble ,((8HHble 

1 
· • 0THOCHTenbHO pHC, 

. /5/ 
SaMe'l:aHHe, 3KCITepHMeHTanbHble TO'l:KH 

/4/ 
Bbl'l:HCneHH:fi lf 9KCnepHMeH-

1 cneayeT C,((enaTb Heqonb!IIOe 

. lff 69 
OTHOCHTCH K peaKUHII · 0+. Co;. 

0.((HBKO . ner~o BH,((9Tb 0 .. 'ITO TeopeTH'l:eCKHe ,((BHHble· ,((nH ,((BYX peBKUH:fi 

H>0 +69
Co 11: 1

6 0+ asNi npaK'TII'l:eCKII He ,((OnJKHbl OTnH'l:BTbCH, TioaTOMy cpaB­

·HeHHe, npHBe,((eHHOe Ha pHC, 1, BITOnHe SBKOIIHO, 

ConoCTaBneHHe TeOpiiH II 9KCITepHMeHTa .,((aeT BOSMo'JKHOCTb .C,((e.naTb. 

onpe.((eneHHhie BhiBO,((bi, 

Bo-nepBbiX, cjlaKT peanHsauHH KPHTH'l:ecKorp SHa'l:eHHsr yrnoBoro Mo­
.. . /4/ 

MeHTa, npe.((CKaSaHHbi:fi B pa6oTe 1 IIMeeT MeCTO, . 

Bo-:BTOpbiX, sKcnepHMeJIT no.((TBepJK.((aeT xapaKTep saBHCHMOCTH u 
0 

OT 91!epi'HII, 

B-TpeTbHX 1 BenH'l:IIHa OTI!OCHTenbHOI'O BKna,((a u
0 B nonHoe ce'l:e-

HHe ·0" 
T B 38BIICIIMOCTII OT MBCCbl H,((p8-MH!ll~HII npe,((CKaSaHa TeOpHe:fi 

npaBnnhHO, . 

3. Tiro6neMa TennoBbiX affi<!JeKTOB 

l1 T8K1 H3nOJKeJIHaH MO,((enb XOpO!IIO OITHCb!BaeT. ITOBe,((eHHe Ce'l:.eHHH U 
. 0 

B 38BIICIIMOCTII OT 9Hepi'HII, 

0.((H8KO S,((eCb .. BOSliiiKae.T cepbe3l!bl:fi BOnpoc, TipH ynenH'l:eHHII 9Hepi'IIII 

CTOnKHOBeHHH BCe 6onb!ll8H 'l:BCTb · SHepi'.IHi: II,((eT :Ha ·paSOI'peB KOMITayH,((-H,((­

pa, HanpHMep, n peaKUHH 
16 0+ 69 Co TennoB~.II aHeprHsr KoMn~yH.((-sr.((pa c 

MaccoBbiM 'l:HcnoM A .. 75 · npH6nHJKeHHo paBHa ., · 90 MaB, 'l:To cocTaBn.II-

eT .saMeTHyro .((onro OT ero nonno:fi aJiepi'HH CBHSH, KaJKeTC.II Manonepo.IITHbiM, 

'l:To6bl TaKasr 6onb!llasr aHeprH.II He nonnHsrna Ha ero CBo:ficTna, C .((pyro:fi 
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20 ·30 ltD 50 60 70 B0.90 IDD.ffO f20 
~ . '·' ' .· 

.· EUM., M38. 

16 . 88 . . 
PHc,l. a 0 (E) nn.H peaKUHH O+Ni, r o"' 1,28.£; s 0 = 

= 0,95 MaB f-2 · i ;I""ITB,T. aKcrrepHMeHTanbHhie naHHbie 
H3 paoOTbl /6/, · 
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CTOpOHbi, lf>aKT llOCTOSIHCTBa f B HaCTOSIIUee BpeMSI, nO-BIUlHMOMy, 
KpHT, 

He cneayeT noaaepraTb coMHeHHro. 

HaM npeacTaanSieTcSI paayMHhiM npeoaoneTb yKaaaHIIyro TpyaHOCTb 

cneayroiUHM o6paaoM, 11a o6IUHX coo6pa)KeHHfi SICHo, 'ITO npH paaorpeae 

CHCTeMbi ee paaMepbi aon)KHbi yaenH'IHBaTbCSI, CneaoaaTenbHo, napaMeTp 

paaHyca .rei 

6y)KaeHHSI U 

, B006IUe rOBOpSI, cneayeT C'IHTaTb lf>yHKUHefi OT 9HeprHH B03-

• Y'IHTbiBaSI; 'ITO U/E" cB ( E - nonHaSI aHeprHSI. ~BSI3H) · 
CB 

3Ha'IHTenbHO MeHbWe eaHHHUbi, MO)KHO orpaHH'IHTbCSI nHHeHHbiM npH6nH)Ke-

r ar .(l+a u ), 
0. 0. (4) 

a - HeKOTOpaSI ManaSI KOHCTaHTa, a r ~ .- 3Ha'leHHe r 0 npn U .. 0. ·. 

C apyroi\ CTOpOHbi, ecTeCTBeHHO C'IHTaTb, 'ITO K09!fllfJHUHeHT noaepx':" 

HOCTHOrO. HaTSI)KeHHSI .sO 

TOH )Ke TO'IHOCTbiD HM~eM: 

s ... ; .(l'-77U), 
. 0. 0 . 

rae 77· - apyraSI ManaSI KOHCTaHTa, 

(5) 

<l;laKT nOCTOSIHCTBa. f 6yaeT 03Ha'laTb B 9TOM cnyqae, 'ITO Me)K-
KpHT, 

ay H3MeHeHHSIMH napaMeTpOB r
0 C pOCTOM 9HeprHH ~oa6y~ae-

HHSI aon>KHa cyme:cTaoaa.Tb onpeaeneHHaSI CBSI3b: 

( (r [U], .s .[U ]). ~onst, 
' k 0 0 

(6) 
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11 cnonb3YSI . ( 4 15) 1 nony'laeM: 

~;,. .!i. < aek 1 : aek '.). 
'.Tf ro as 0 ' a r 0 . 

(7) 

CnenoBaTeJ.IbH01 B03MOlKHOe yBenn'leHne ce'leHHSI a 0 
c pocTOM r 0 KOM-

neHCHpyeT.CSl npOTHBOUOnOlKHbiM a4J4JeKTOM, o5ycnoBn~HHbiM yMeHbllleHHeM 

napaMeTpa s 0 ,. 
16" ~ 8 

H enocp_encTBeHHbie pac'leTbi nnSI cny'laSI peaKUHH 0+ Ni naiOT: 

aek ·2 . 1 · 
----,.;, ·1,12·10 ·f~ .; 
. aro· 

aek 2 r2· 
- .. 2,15-10 .;.;.....__, 
·ds . 

0 

H, T8KHM o5pa30M 1 )lnSI OTHOilleHHSl KOHCT8HT a H, 'Tf 

..!:.,_,~ 1,5. 
'TJ 

a .ek 

(8) 

<e), . 

aek - CBHJle-3~MeTHM 1 'ITO 'IHCneHHbie 3Ha'leHHSl. (8) )lnSI - .. ar 0. 
H 

aso. 

OT BenH'IHll 

- &so' 
TenbCTBYIOT 0 B9CbM8 CHnbHOll 38BHCHMOCTH ao 

HanpnMep 1 

a o( so) 

a~(s:J' 

ecnn r
0 

=.const 

' .. 114fol ;5;· 

s = s -Bs 1 rne - "' 0. 0. 0. , a 
s 0 

_r 0 H s 0 .• 

3fo4% 1 TO 

11'raK, Mbi nony'laeM ·<?BSI3h Me)Kny o5'beMHOil n noBepxaocTaoil xapaK-

TepncTnKa.Mn CHnbliO B030YlKJl9liHOf'O ,SIJlpa, KOTOpaSI MO}KeT '0K838ThCSl no­

neaaoil B )lanbH9lllli9M npH aaannae Bh!COKHX B030YlKJl9HHbiX COCTOSll!Hll, 

nnSI HenocpeJlCTBeHHbiX OU9HOK XapaKTepHCTHK SlllP8 HeOOXOJlHMO 3H8Tb 

a5coniOTHYIO BenH'IHHY napa¥eTpOB a H Tf • K colKanenniO; B aacToSI-

mee BpeMSI B03MOlKHbi nn.Illb rpyohie oueaKn aTnx BenH'IHH. H anpnMep 1 MoiK­

ao Bocnonb30B8TbCSl peaynbTaTaMH uccne)lOBaJ:in'g TepMOJlHHa MHKH SIJlpa,· 
' ' /8/ . ' 

npoBenenaoro aa ocaoBe,Monenn 4JepMn-raaa 
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8HOCSI nonpaBKll, Y"lllTbiB8lOllllle npHHSIThie ceii"laC -~H8"19HllH OCHOBHbiX 

napaMeTpOB SI/lpa, B' nony"leHHhie COOTH<;lll19HHSI1 AnSI KOHCT8HTbl a· llMeeM: 

Torna' nnSI KoacraHThi TJ 

... 
a =-

nony"laeM: 

' -4 -1 
TJ ~ 2,7•10 MaB • 

3Ha"le_HlfH.(10) ll (11) nnH KOHCTaHT a ll TJ 

(10) 

( 11) 

o5ecne"'HB8IOT ManOCTb 

nonpaBOK 'a U ·n TJ U npn aH·eprHn Bos5y)l{neHnH u ... · 100 MaB. noaToMy 

nnae.iiHoe npn5nn)l{eHne ( 4) n . ( 5) cnpaBennnBo. 

I1HTepeCHO OU9HllTb Tenepb OTHOCHTenbHOe ll~MeHeHHe. HeKOTOpb!X 

'~MaKpocKonn"leCKnx" · ·xapaKTepncTnK H/lpa A'=75 npn aHeprnHx Bos5y)l{.ne­

HHSI nopHnKa 100 MaB; HecnO)I{Hbiii pac"leT noKaShiBaer, 'ITO aro !i3MeHe­

Hne COCTtlBJlSieT: .QnSI nnOTHOCTll ~ :d.. 12%, .QnH· ITOBepXHOCTHOll 9Hepi"llll 

llE... p tlC 
-"' 5%, ,nng Koa<iJ<iJHUHeHTa )1{9CTKOCTll -·-·...:...: · 6%.' 

E.. C2 

, Mo.nenb, KOTopaH o5cy)i{.nanacb B pas.nenax 2,3, npncnoco5neaa .nnH 

onncaHHSI peaKUllll 'nonHoro cnnHHllH .UBYX c<tJepn"leCKll;X Hnep. DpnBe.neM KpaT­

KO coo5pa)I{~HHSI, KOTOphie MO)I{HO ncnonbSOBaTb .nnH aHannsa peaKUHH non­

aero CnHSIHllH Ha ,ne4JopMllpOB8HHblX .nenHlllllXCH H.Qpax. 

B aToM cny"lae )l{enarenbHO a<P<PeKTHBHO ncnonbSOBaTb Ty na<PopMauniO, 

KOTOpag llMeeTCH 0 T8KllX' H.QpaX-Mllll19HSIXo B. H!lCTOHlllee BpeMH ll3BeCTH01 

11 



'ITO 3Ha'leHHe napaMeTpa ae<j:lopMaUHH . {3 1 COOTBeTCTBy!Omee paBHOBeCHOfi: ., 
<j:lopMe Mep ypaHOBO~ rpynnhi 1 aaxoamuHXCSI B. OCHOBHOM COCTOSIHHH1 paBHO 

npH6nHmeHHo ~0 o:-0,25 • KpoMe Toro H~BeCTHO,_ 'ITO 6apbep aenean:5r anSI 

Mep STOfi: me rpynnhi COCTaBnSieT 5_~6 MaB, 3TOT 6apbep COOTBeTCTByeT 

paaaocTH aaepr~H ae<j:lopMaUHH W ({3) an~ aayx aHa'leHHfi: napaMeTpa · {3 . . 

{3 il {3 
0 

· ({3 - TO'IKa, B KOTop·ofi: W ( t:l ) ·aocTHraeT· MaKCHManh-
max max . ~-'rna · . jgj 

aoro aHa'leHHS!),' OueHKH npHBOaSIT K aaa'leHHIO. anSI a ..... O,St-0,6 fJ max ·. 

TaKHM o6paaoM: 

~ f "'W ( {3 max)- W ( {3 0) • 
(12) 

CaenaeM npeanonomeHHe, 'ITO B peaynbTaTe peaKUHH cnHSIHHSI o6paay­

eTCSI KOMnayHa-Siapo, SHeprHSI ae<j:lopMaUHH KOTOpOrO HMeeT_ TOT _me BHa, , 

'ITO H y Siapa-MHmeHHo 

Y'IHThiBaSI TOT <j:laKT, 'ITO <j:lyHKUHSI W({3) BKnroqaeT a!jl<j:leKThi ·H3MeHe-

HHSI llOBepXHOCTHOfi: H KynOHOJ3CKOfi: SHeprHfi:, a TaKme o6onO'le'IHOfi: nonpaB­

KH KaK <j:lyHKUHH {3 · 
1 

MOmHO BMeCTO aH<j:l<\:JepeHUHanhHOrO ycnOBHSI (2) yc-.' 

TOfi'IHBOCTH KOMnayHa-Mpa HallHC8Tb aHanorH'IHOe ycnOBHe B KOHe'IHbiX pas-

HOCTSIX, 

.Unsi aToro aocTaTO'IHO aaMeTHTh, 'ITO poeT aaeprHH ae<j:lopMaUHH W({3) 

B HHTepaane aaa'leHHfi: nepeMeHHofi: {3 oT a ao {3 aonmeH 6hiTh 
. tJ 0 max 

cKoMneacHpoBaH H3MeHeHHeM BpamaTenhHOfi: aaeprHH T . · ( {3, · f ') • · . apam. ·. . 

0Tclbaa anSI onpeaeneHHSI f k nonyqaeM cooTHomeHHe 

T
. (a o ) T ( r . 160 · . 2 

. ~'-'O'Lk- {3max'fl(l!l.:...-(f3. -{3 )f 
a pam. . a pam. . . . At{ 2 max 0 k 

0 . 

( 13) 

'HnH 

. [ A'Vr ~ 
f "' R ] , 

k 0 . 
160 ( {3 max - {3 ol 

12 
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rne · R 0 . -. cpenHHH pan nyc KOMrrayHil-SIIlpa, A -· ero Mace oBoe 'lH;cno, ':' 1 

Bbrpa_:>KaeTCSI B · M::m, a R 
0 

. B f , .. 
, . TipH Bb!B~)le cpopMynbJ ( 13 ). • 6binO HCIIOnh30B8HO BbiP8,)1(9.1tH9. }lnSI MOMS H-

. . /10/ . 2 . . . . 
Ta HHepUHH J(/:q JlecpopMHpOB8HHOl'O SIJlpa . : J(fl) .. ,~AMR~ (lt0,_3lf3), 

B KOHKpeTHOM cnyqae SIIlpa c A" .. 250 ' r sl2f• v ... 5 MaB· H t3 
0 · ' . t · max 

-13 0 . : .. 0,25+-0,30 rronyqaeM, 'ITO _ek -:40 , TionqepKH~M, 'ITO KaK .» rrpe)l(-

ne,· Ha neimc>H: CT8JlHH Mbl He Y'lHTbiBaeM H~MefteHHSI xapaKTepHCTHK Slllpa, 

o6ycnoBneHHoro ero."paaorpeBoM", 

Ce'l9HH9 CnHsiHHSI Slll9P IIpH CTOnKHOB9HHH HOHOB, C Jl9~0pMHpOB8HHbiM 

SI/lpOM IIpH Ha}l6apbepHb1X 8H9pl'HSIX ,orrpeJlenHM, Bbl'lHCnSISI. IInOUlBilb I1p09K'­

UHH" annurrconJla Ha rrnocKo.CTh, rreprreHilHKynSip,liyro HMIIynhcy rranarom:nx· qac­

THU. ~ho ce'leHHe 6yJleT orrpeJlenS!TbCSI 'laCThiO rrnomann "TeHH" suip£l, BO 

BC9X TO'lKBX. :KOTOpOH MOM9HT 'lBC'THUbl f ~ f k , 

. EcnH · F ( x ,y ; z )=0 :- . ypariHeHHe aT,In.HJ:!COHila, 'TO ypaBH9HHe }lnSI KpHBoii:, 

oru6aromeH: "'.TeHb" SIIlpa 11a rrnocKoCTH XOY · (uMn:Y,nhc .'laCTHUhi aarrpaB-

neH IIO OCH . OZ . ) , HBH)leM, HCKniO'lBSI IIepeMeHHyiO Z. 

/11/)·. (nonpo6HOCTH C~, B 

F (x, :Y; z >-= o, 

a. . : . . 
-=--F(x, y., z ) ... 0, 
az . . . 

rne,. . . : . 
2 

. · 
2 

.. ~ , 
d(@)=a(l.;..c.cos El), · 

13 

H3 CHC.T9Mbi , 

.( 14). 

(15) 



. ' 

El - yron Me:lKny· HanpasneHHeM HMnynbCa qaCTHUhl H OCbiO CHMMeTpHH 

smpa-MHWeHH, 
f 

06naCTb TeHH annHnCOH.[la, orpaHH'IeHHaH npHMhiMH X•:!:,T- ( k'. -HM-

nynbC ~aCTHUbl) ,cooT~eTCTSyeT ceqeHHIO nonHOI'O CmiHHHH smep npl{ 4JHK­

CHpOsaHHOit opil,eHTaUHH srnpa-MHWOHH, Hoene ycp'enHeHHH no yrny El 

nnsr cetJeHHH nonyqaeM: 

' - . · . 2 b ~· -·-· . A 
u (E)= -l ITa b ( y' }.;..t2 +.L arcsint )- _!_ J y'l.:..y2 '( arcsiti ~.,;.. • 

o · c2 · · t · t · ' ' . . 2 ·· 

-A 

B 4JopMyne 

nH £<'./1-.A~ .H 

0 y'l-y . 

f 
( 16) . Am ~k . - 6espasMepHbifi napaMeTp, ~ ... t 

. •'il 

~ ... ,.jl-_A~ , ecnH t > y'l -A2 • · . 

(16) 

, ec-

PaccMoTpH.M Tenepb cny'laii:' peaKUHH nonHoro cnHHHHH Mep 
12 

C H 

238 . . ' ' . . U , 3asHCHMOCTb Ce'leHHH nonHGI'O CnHHHHH q .oT 6e3pa3MepHo-. . 0 . 

ro napaMeTpa A npe.ucTtmneaa Ha p'Hc, 3. Ha plic. 4 .uaHo ce'leHHe u 0 

. '12 . . 
KaK 4JyHKUHH aH~pi'HH HOHos C npH pasnH'IHhiX V r , Kpy:lKKOM c:i6os-

. Ha'l·e;'lo nono:lKeHHe aKcnepHMeHTanbHOfi TO'IKH. npH E ... · 125 Mat3, STa TO'IKa 

naeT .nHWb npH6nH3HTenbHOe 31:18'1eHHe (u0 .) aKCll, , TaK KaK. 4JaKTH'IeCKH 
• • 2 . 

. li3Mepsrnocb ce.tJeHHe. uT(200f ) H Ha ocHosaHHH P.sma 4JaKTos nenanHCb 

. oueHKH sKnana npoueccos, HAYWHX 6~3 o6pasosaHHH KOMnayHn-smpa .( cy~-
.- ' 25 01 1121 > y ·, . 6 . 

MapHbiM SKnaA nocne.[lHHX COCTasnHeT'" to OT U . • , qeT aTOI'O 0 CTOH-
o 

TenbCTSa npHSOAHT K . u ( E"" 125 Mas) .. }50 (
2 

• KaK SH.UHO H3 pH C. 4, ' 
0 . 

(.u (E ... 125Mas)) .. 150£
2 

. o • Teop. 
npH v, ... ·5 Mas, 

TaKHM o6pasoM, HecMoTpsr Ha To, 'ITO ioMnayHn-smpo o6nanaeT no-. . 
sonbH·o 6onbwoft aHeprHefi sos6y:lKAeHHH ( U "'· 90 Mas), senH'IHHa 6apbepa · 

AeneHHH . V f OCTaeTCH npaKTH'IeCKH npe:lKHefi, 

14 



ISO 

.125· 

IDO 

' ., ) "' 

PHc.3 •. : u ·{A) .unSI peaKilHH 
0 ' 

'-

12 · ·23s · e 
'C+ U,A· .. ....ls....;· •. 

ka · 
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10zs . 
C5c ' 1 . CM1 

150 

125 

J 
100 t 

f 
' 

fOO . 150 200 
Eura ~Va, Mas 

12 . 288 
Pnc,4. 3aBIICIIMOCTb ce'!eHIIII nonnoro cnniiHIIII 11aep · C: 11 U OT saepr1111 npn 

V 
1 

= 4, 4,5; 5,5; 6 MaB; VB ="65 MsB. 3KcnepnMenTallbHall TO'!Ka B31\Ta 

113 paoOTbi 7l 2 i' 
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Ecnn cnenoBaTh coBpeMeHHbiM· rrpencTaBneHnSIM o rrpnpone liJaKTopoB, 

/9/ 
OIIpenen~IOlllliX Benli'lliHY Vf , TO OCTaeTCSI IIP9lliiOnmKiiTb,, 'ITO 000-

notJe'IHbie. s!lJ!lJeKTbi nocTaTO'IHo tJeTKo rrpoSIBnSIIOTCSI ·naJKe rrpn TaKnx 5onb­

mnx snepl"liSIX B03DYIKll9HUSI ( IKiillKOKimenbHaSI 'JaCTb B SHepi'HH lleliJopMa-

UHH W({l) ; KaK 5bmo BbiSICHeHo B pas!!ene 3, MeHSieTcSI Mana), 

Coo6pa1Ke,HHSI, npHBelleHHbie B naHHOll CTaTbe, SIBnSIIOTCSI BeCbMa IIpHO-· 

nHJKeHHbiMH, Mbi o6cynHnH nHIIIb KatJeCTBeHHyiO CTopoHy rrpo5neMbi, 'ITO Ha 

'rrepBOll CTai::mn H3Y'I9HHSI SIBnSieTCSI BIIOnHe 9CT9CTB9HIIb!M, 

)KenaTenbHO llaJlb!l9lliiiSe pa3BHTHe MOll9JlH, OIIUCbiBaiOIII9ll peaKUHIO 

IIOnHOI'O CJ!USIHHSI Sillep~ 
' /56/ ' 

PaOOTbl 
0 

IIOKasann, tJTO SKCI;J9pHM9HTanbllbl9 HCCnellOBal!HSI B 

STOM HaiipaBJ19HiiH .BIIOnHe peanbHbl, KpoMe· TOI'O, B9CbMa B03M.OIKHO, 'ITO 

peaKUHSI IIOJ!HOI'O CnliSIHHSI Sillep CTalleT U9HHbiM HHCTpyMeliTOM llnSI IIOnytJe­

HHSI HHiiJOpMaUHH c;i H9KOT0pb!X CBOllCTBaX Sillep B CHnbH:o B03DYIKll9HllbiX 

COCTOSIHHSIX (KaK STO '(5h!J10 'oTMetJeHO HaMH B pasJienax 3,4), 

C STOll TO'IKH speHHSI ObiJlO 6bi otJeHb rronesHo paciiiHPHTb sKcrrepHMeH­

TanbHbie HccnfinoBaHHSI no KpallHell Mepe B llByx irarrpaBneiniSix, 

' . /56/ 
1, H eOOXOllHMO B SKCIIepHMeHTaX THIIa IIpOB9ll9H!IbiX B pa6oTaX ' 

rrepefiTH K 5one.e BbiCOKHM snepl"H.IIM (rropSillKa 20 MsB/HyKnou) c TeM, tJTo­

Obi.BbiSICHHTh, KaK naneKo rrpocTHpaeTcSI rrpencKasaH~aSI saBnc~MocTb a (E). 
. 0 . 

B03MOIKHbl9 HapymeHH.II STOll 3aBHCHMOCTH B IIpHHUHIIe MOI'yT 6b!Tb CBSI3.a­

Hbl C s!lJ!lJeKTaMH CHJ!b!IOI'O vp~30I'peBa6 Sillpa, . 

•2, HeooXOllHMo yBenHtJHTb TO'IHOCTb Bbii:leneHHH KaHana peaKUUH non-
' . 

!101'.0 CnHSIHHSI Sillep, B OCOOeHHOCTU .STO OTHOCUTCSI K peaKUHSIM Ha TSIJKenbiX 

SillpaX-MHIIIeliSIX/ aiianns KOTopbiX rroM~JKeT cnena Tb 5onee orrpenenenHbie 

17 



38KnroqeHHR 0 BenHqHHe T8KHX XapaKTepHCTHK K8K H3MeHeHHe·6apbepa .r:te~ · 

neHHR npH Bb!COKHX TeMnepaTypaX, 
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