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B nocaemmee EpemMs IIOABWICH OOpefeieHHHE MHTEpeC K
WBYMEHMY IUIASMH, OPOUNIBOIEMOR CHOKYCHPORSHENM RBBJYYSHUEM
Jle3epa H2 [OBEPXHOCTE  TBEPROrQ  Teja, KAK  HCTOUHMKA
OTpEUATENbREHX WMOHOB. MHTEpeC HTOT CBAZBH B OCHOBHOM O
HeoOXOIMMOCTED COSIASHMA WHTEHCHBHOTO HMCTOYHMKA OTPHUATEJLHHX
ROEOB QN4 yCKOpETeJNRHOR Texmwkm /1-5/. B patGore /6/
YRCJeHHHMY METOLEMM NHCCJHENOBBHH [NOTEHIMAJEENE BOBMOXHCCTE
JiagepHOR NAa3MH KaK MCTOYHMKE OTPHMIATEJLHHX KOHOE. Ilokasaso,
9T0 AOJH OTpAIaTeJbHHX NOHOE B JASepHOff nJesMe Ha CTamgMl
HarpeBEa yBeJW4EBEETCH C POCTOM IMOTHOCTH INBBMH ® JOCTHETEET
10% mpE INOTHOCTAX ILIASMH 10211022 cm"a. OpE 9TOM OUTHMAJBHHE
TeMIIepATYPH MNASMH HAXOMATCH B obaacTm 1-4 89B.

B HacrodAmeR padoTe OpemNAarsbTCHA IPOCTHEe AHAMMTAYECKHE
OLEEKE ONTEMANBHHX IAPAMETPOB JSSEpHOR ILIASMH K8K MCTOVMHPKS
OTpULATEJEHHX MGHOB, KOTOpPHe XOpPOmWO COrJNacynTCA C peyJbTarTamu
YACJeHHHX DPACYeTOB PBCOTH /6/. C X mOMombd OYAVT NPOW3BEIeHH
pacueTH = HEOOXOIMMHX  TIBPAMETPOB CTeHAOROT0 HCTOYHEKA

OTpHUATEJLHMX MOHOB H2 OCHOBe HeO[MMOBOTO Jiasepa.
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Jnd nOCTpOEHEA AHAMMTHYECKMX 38BECEMOCTEH ONTEMAJLHHX
HepeMeTpoR AasepHOR NNASMH OyZeM HCXOJATE K3 YKOPOWeHHOR
CACTeMH ypapHeHuE Caxa, MCHONLBOBEHHOR B padore /6/:

r 3 3 /2 r 93

n.n, =2 mTe exp|- U_g
0o 2nh? T

L o’ “~ el

132 W

ngno _ z(ma'l‘; expl- Ii__ )

— 2%R J T

. . €)

n,=n -n_

n,+n +n_=N,
,, 0_, N,, N - KOHIEHTPAIMY BJCKTPOHOB, HOJOXATEJNEHHX
MOHOE, OTPHIATEJNLEHX WOHOE, HEATDANLEHX ATOMOE H TIOJHAA
KOBLUEETPAIMA aTOMAPDHHX YaCTHI. Uo, U_- NOTEeHUMANH HOHUSIUWA
HeRTPANLEOTO 8TOMAB H OTPHUSTEJLHOTO MOHA.

The n,,

3aMerRff 80COJDTHHE KOHLUEHTpaupR Ea OoTHOCHTemnHHWe C_=n /N,
C,=n,/K, C_=n_/N, C =n,/N, mnpeoCpasyeM cucTeMy ypasHemuit Caxa
K CJenyumeMy BURY:

m 13/2 1
Oeq"’ = 8, a = T—e exp r_ I_IQ
© E ) [ Te
m 1372 1)
c.c T u
e "0 =] -
= A A= |—= -— (2)
C_ ’ E P T,
Ce =0, - O_

G, + 0, +C_=1,
rae E = 21/3g n2 N2/ 3/me. Beymauea E mMeeT DPBSMEPHOCTL DHEPIHH

¥ BechkMA HAnoMuE=eT SHeprmpn JepMm xns  SJEKTPOHHOrO IAa3a,
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OTJMYBAC b TEeM, YTO BMECTO KOHIGHTDRIMH BJEKTDOHOB CTOMT
CyMMBpHAA KOHUEHTDEIMA ATOMBDHHX YBCTHL} ¥ HE3HATATEJLHHM
OTJEWMEM = YECJOBOTO MEOXMTeNd (B ©oHeprmm  Jepmu  umcloBO#t
MEOXATENHL COCTEBIAET 32/ 31:4/ 32 = 4,78, TOrgza KAK B BeJMYMHE

E 21/31: = 3,96). Huzme npueogATCA SHAYEHAA E INA HECKOJMLKAX
KOHUEHTDAIME ATOMBPHHX YACTHIL.

N e 2109 11029 [102' [1022
E 8B |0,014 |0,065 |0,30 |1,4

Paspemas mepeoe, BTOPOE ¥ YeTEEPTOE YDAEHEHUA CHCTEMH
(2) OTHOCEHTENBHO BSJMEKTPOHHOR KoHueHTpawm C,, HDOJNyuEeM
CleAyNuE EHPAReHUS RIA KOHUEHTpaumit:

o= 1/(1+8/C+C /4) ,

C,= 1/(1+C,/a+C2/(ah)) , 3)

C_= 1/(1+A/C +aA/C2) ,

lopcrapnad ERHpDARCHES AN KOHUEHTDAIMA (3) B TpeThe
YpoREEHMe CHCTEeMH (2), MOJAyYaeM KyOmdecKoe YpDABHEHME JAJs
HAXOXRJEHAA Ge: \

PemeHme  ypaBHeHESA (4) mo JopMynaM HKepmaEa  He
OpefAcTaRNAeTCHd YAOOHHM C TOYKM 3DEeHMA NOPSKTAYSCKHX pPACYeTOB.

3 2
Cot(A+1)C_+8AC = ad (4) \

B oBAzM ¢ BTEM OHJW NPEJUPMHATH NOMCKHE NPHOCJMEeHHOI'O DeNeH:s,
KOTOpoe ¢ OmHOZ CTOpOHH OHJO OH XOCTATOYHO NPOCTHM, 8 C IApyrof
CTODOHH — JOCTATOYHO TOTHHM.

B pesyanTaTe TPOBEACHHEHX HCCJAeNOBaHMiA OnJO HalzeHO, \
YTO pelleHAE KBANPATHOrO YPABHEHMA, KOTOpDOe OOJYYAETCA M3
ypeBHeHMA (4) OTOpPACHBAHMEM KyOM4YeCKOTO WieHsa, OTJMY8eTCH OT \
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TouEOrQ He Gonee e  Ha 10%, ABMAACE NPE 8TOM  AUCTATOYHO
TOPOCTHM:

Cp= 2/U1+(1+4/0)' /21, b=aA/(1+4) . (5)

BeckMa BHCOKAS TOYHOCTE pemeHrdA (5) OOBACHAETCHA TeM, 4TO
KyOmvecKHil wieH  BCerja NMeHRNe, 8 PDeaJbHO - MHOTO MeHbme
KBAADATAMHOTO, OCKOMBKY C £ 1 X A+ o mnpm C, ~ 1. Ha pEC.1
TIpABe IeHO CPaRHEeHHe TOYBOI'O pemeHMA CHCTeMH (2) ¢
HCIIONLSORANWEM YDAEHeHRA (4) ¥ NPROMESHHOI'O C HMCHOJHES0BAHHEM
dopMyJH (5) HA NpEMepe KOHNEETPAUME OTPRUATEJLHNX MOHOR Br .

Ina MHOI'MX  NpMKASZHHX 38K8Y SHEHMe NOJHHX pemeHnf
ypeeeeHmit Caxa, TOMEHX WM [PACJVMXESHHHX, B JHAcHCTEMTeNLHOCTHA
He fRAAeTCA HeoOXomumeM. O4eHEL 4aCTO EBNONHEe JOCTATOYHO 3HATH
ONTEMBNERYD  TEMIEepaTypy, DTpA KOTOPOR HMOEH C 3aI18HHOR
S8PAREOCTHY NPUCYTCTEYDT B ONASMEe B HAMGOJLNEM KOJMIECTBE H
COOTBETCTEYNNEE SHAYCHWE MX KOBLEETDAIEHN.

YpasmeEme, OOpefeiAmuee ONTAMAJLEYD TEMIEDATYPY IIasMu Ty
OpA KOTOPOR ZOJA OTPHLATENEEHX WOHOB O B IMIBSME MAKCHMAJLHS,
MOXHO  [OJAYMATH CHCTEMH (2) cJie Ty XaqM odpasoM.
NpogahpepeHiMpyeM BCe YpaRHeHWA CHCTeMH (2) IO TeMIeparype,
DOXCTEEMM B NOJYYEeHHHE COOTHOmEHEA: T=T* ¥ yuTeM ycioBme
MEKOWMYMA JJif KOHUGHTPAUME OTPENATENBEHX HOHOB G = 0. B
pesyanLTATEe NPAXOMUM K CJIeIVINIEHR ‘CECTeMe ypaRHeHRit:

C;'G: +CC) =a a*cy + a‘o;'

0t'ct + 020 p A% (®)
*? *? * 7
or' =c}' =

a = (3/2 + U/TN)/TY, B o= (3/2 + U_/TH)/T
3 mepmoro ypamseHMsi cucreMmH (6) JIeTKO NOJYIMTL EHpaxeHue
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InA IPOMBBOAHHX OT KOHLEHTpAUmd upny T=T"%, KOTOpoe C YYeTOM
NepBOTO YpPaBHeHMs CHCTeMH (2) EMeeT BHA:

Cg = C} = —Cf = o050 0L/ (G2C), + c*c? + cleh)

HoncrapnAs SHAYCHAA DPORSBOJHHX BO BTOpPOe YDABEEHAE
CHCTEMH (6) ¢ ydYeTOM BTOpDOI'O YpHBRHEHHWS CHCTeMH (2), IOJydaeMm
VPBEHEHEE, ONpeZesANNEe B HEABHOM RHJE ONTEMAJILEYD TEeMIOIEDATYPY
masme T*:

C(Cy — Cg)/(CeCy + CaC) + C105) = 7 ?)

T=f/a=(1,5T% U_)/(1,5 7% u,)

OTMeTEM, 4YTO KOB{fMIEeHRT 7 CjAa00 BS8BHMCET OT TEeMIEpPATYpH H
BAEXOfETCA B mpegeaax ot U_/U_(mpm T*= 0) go 1(T* = w). Peamso
7w~0,2 - 0,3, TEK KSK ONTAMBILESA TEMIEPATypE Beerza T'« u,,
a OTBOWERHe U__/Uo ~» 0,1-0,2.

Jna TOro, 4TOCH ypesHeruMs (7) oOpefeJMTh ONTHMAJILHYD
TEMIEDATYTY, QOpManibHO HeOOXOAUMO TOYHHE DPeNEHHS CHCTeMH (2)
MONCTABAT:E B ypaEHeRMe (7), HO TBKOR OyTh HepealieH, TAK KaK
Za¥e IpA [OINCTAHOBKE  NPUCJEECHHHX pememMi cmeTeMH (2) B
sage (3), (5) noayumsercs vqpeSEHYaRHO r'pdnoamcoe YD8BHEeHHRe .
DopToMy OHJIa DPeRNPRHATA DNODHTKS MCHOOJLBOBETE B KAYECTRE
KOHLEHTpaIMA pemeRms ypamRBeHwi? (axa, B KOTODHK YIATHEANTCH
TONBKO [QB28 COCTOSHMA 4YACTHI! He#TpAJEHOE B NOJOXUTENHLHO
SApAMEHEHE HOHH:

CEG+ ~

C_=¢0C (8)

Ilpy  DOACTAHOBKEe pemeHM? 8TOR CHCTEMH B ypaeHeHme (7)
ooayvaeTcd Clefymmee YpABHeHWe [NA HAXOXISHMA ONTAMANbHOR
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TeMIepaTypH 4 COOTBETCTBYNIME OITEMANLEHE SHaveHAR
KOHIEHTpALRM

a* = (1-21)%/(2+7-7°)

cy = (1-27)/(2-1) (9)

0y = (1+7)/(2-7)

Kak yxe OTMevAJOCH BHEE, IIapaMeTp 7Y cJs60 B8BHCHT OT
TEMIEDATYDH ¥, KBK IPABMJIO, IDWEAMBET SHAYeHMd 7 ~ 0,2 - 0,3.
B sroM caydse, coraacgo QopMynam (9), KOHUEHTpauun
NONOXVTEJBHO S8PARSHHHX MHOHOB ¥ HEATpAIEHHX ATOMOB, opr
KOTOPHX JONA OTPHUATEJNBHHX WMOHOE MAKCHMENLHH, COOTBETCTEEHEO
paBHH: .
G} » 0y »0,2-0,3;5 0F~0,7-0,8 (10)

U= 76 BapuaHTOR TOYHHX pACYETOB, NpejCTARJeHHHX B pasore /6/,
oxosno 70% nona.nam' B RHTepBaJH SHavemn® (10), & ocTrampHe
JexaT BOJM3E yxéaam HMHTEDBAJIOB. )

4ro nacaéfca JPeRHEHEA JJS ONpefieJEHMS ONTEMANLHOR
'réumepaTypn, Tolr CDEEHEHME C TOVHHMM DACYETEME IOKA3HBEEeT,
YTO HaWJIYWEM OCpaZ20M COrjAacyeTcs ypPSEHEHEE B RAZe:

32 3/2
U 1) [fu
x [} o] 5]
8% 0.1 mm 0.1|-2| exp|-2| - |2 "

Ha pmc.2 npeeefeHEC CpPABHEHMEe TOYHHX SHAYEHMR OOTEMBJIBLHHX
TeMmepaTyp ILAA PALS BemecTB padoTH  /6/ C DpACIEEeHHHM
yparmeHMeM (11). CpaBHeHEe DOKASHBASET, YTO pPaACXORISHME He
npeesmaeT 10%.HKpoMe TOro, NpEMEPHO TAKOE Xe TOYHOCTHLD oCJaapaeT
TpocTas AMIPOKCEMAUMOHHAA QopMysa:
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YioBneTBOpHTENBHOE ~ COTJaCMe C  TOYHHMEM  DACYETAME
ONTEMANLEOR TeMIEpATYpH T', 8 TEKEe COOTEETCTEYINEX SHaveHud
KOHIeHTpAIME TOJOXATONLEO SPAXEHHMX MOHOB O, ¥ HeHTDANLANX
ATOMOB G: ' MOSBOJHET XATh mc'ra'romd nopocTyn QopMyxny mns
pacYeTa MAKCEMABNLHOR KOHIEHTDaIMA OTPMIATENRHHX HOHOB. [MnaA
BTOr0 B BpaxeEMe jpaf C_, KOTOpoe IOJY4YReTCH mepROTO #
BTOPOT'O YPEEHEHMA CHCTeMH (2), DOOJACTS8EAM COOTBETCTEYINME
SHAYEHHS KOHNEHTPAIER (10) ¥ ANPOKCHEMAUMONHOE BHDAXSHHE IS
OIrTEMAMLHOR TemmepaTypH (12), Toraa:

' o*2 U _-u EY(1-U./U ) .
R = B

+

TowmocTes @Qopmynx (13) cocTaBaseT nopsaaxs 1,5, 970
JOCTATOYHO IJA NMPOEKTUPOBOYHHX PACYETOB HCTOYHAKOE HMOHOB.

CrencTEMeM YDABHEHWS JJA OOTHMAJALEOR TemmepaTypr (11) =
anpoxkcuManoHEHX fopMyn (12), (13) ARIAETCHE TO, TTO ONTEMAILHAS
TGMIIEPATYPS W KOHLUEHTPAUAA OTPMUSTEJLHHX MOHOB 3ABHCAT B
OCHORHOM OT IIAPEMETpA UO/E, KyJI8 BXORAT KOHIEHTpaumd [iaasMud N
B noTeHI@Al MOHW3AlMM HeidTpampEOTO aToMa U,, X cjnado 3AEECHT
OT TOTEeHLMAJA NOHMSAIMAR OTPMIATEJRHOrOo ROEE8 U . JopMyJH
(11)-(13) mDOATEBEPRAADT TaKEe OTMEYBENEeCA B padoTe /6/
SEBECHMOCTE: POCT ONTHMBJBHOR TEMIEPATYDH X JOJM OTPHIIATEIEHHX
HBOBOR C POCTOM KOHUGHTDALMM ILNABMH.

JHepreTEdeckaf  SOPEKTEREOCTE TreHEPSIEM OTPHALATEJEHHX

HOHOB paBHA:




Ef = — =10'8 ¢* (momon/Ix1 (14)

rHe W, = 3/2 T* (Co+0y+ O+ 03) + UC] - U_CY - smeprma rumasw.
YemTHBas, WTO KA JesepHOR massMH C° . 107°- 107", moxmyusem
OpefieitEyD OUEBKY PHepreTEvecKo} ofPexTABHOCTE TreHepALAW
OTPELATEJHHHX MOHOB B JasepEok mnasme Ef . 106~ 10'7 momos/Jix
KpoasyapysepHue rRIpOZMHAMAMECKHS PACYETH, BHIVJHEHHHe B padoTe
/6/, 1amE GoJiee CKPOMHYE OUeHKY Ef . 1015—10161;0308/.11:. aTo
CEA38HO C TeM, 4YTO B DeannBoil JaseprROR IIasMe EMEDTCA Ipodmum
IIOTHOOTA ™ TEeMIEpPATYDH. OnreMaihHHe YGAORAH T'eHEeDALHH
oTpEaATeALHHX WOHOB DeAJE3YRTCA JImbL B HeOoxsmo#t OOJAOTH.
TeopeTUIECKME HCCJEJOBEHWSA, BHIOJHEEHHe B HACTOsmeR pado-
T, & TaKke B padore /6/, UPHMBeJR K DASPACOTHE CXEMH HC-
TCYHVNKE OTPRIATENHEHX MOHOB, NOKaasHEoR HB pEc.d. JiasepHui Jyw
Yepes OKHO TONANAET B BAKYYMHYD Kamepy, oTkiomaercs 90° mpms-
Mol m QoRycEpyeTcs KOPOTKOJOKYCHOR JwHSO# HE MAmeHb. MemeHb
EHTONHEHE B BHAES IQUMHADPA, MOBODAYAREEMOI0 C IOMONLIK MOTOpE.
Ha nepsom oTame CyXeT MCIOJLSOBEH HEOZMMOBHI Zazep C JJm-
HOR BOJNEH 1,06 MHM, LIATEJEHOCTED UNINyJLCa 20 HC, aﬁeprnen B
moyasce 100 MIx. HeoOXOmuMasd IIOTHOCTE MOTOKS M3NYYEHAA Jiase-
pa 10® Br/cw? gocTraeTos mpE mATHe (OKYCHPORIE 1MM.
OTpEaTeNbEHE HMOHH BHTATHBADTCA MS ILNASMH Nof JeRCTHBHEEM
PasHOCTH NOTEeHIEasopR 20 KB, oOpssymuefics Mexny mMumeHem (—20KB)
¥ BHTATHBAINMM BJEKTPOJOM (3eMis). JNEeKTPOHH OTCEKapTCA Iome-
PEYEHM MBrHMTHHM IIOJIEM.
B rampmeilmeM ILISHEPYNTCH SKCIEPEMEHTH C GoJjee OCTpuMu (o-
KYCEDOBKAMA JIA3EQHOTO HMBJyYeHWA E, COOTBETCTBEHAO, C rOpasi0

MEHLIMMY SHEPreTHYeCKEMM XADAKTEPHCTHKEMA Jasepa.
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