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AECTABWL IBHPYKLAA POIL iNi®PY3Lii

PaccuMoTpens MOReN® upPOTOYHOTO XUMMWUECKOTO peaKTopa, %

KOTOPOM MAeT DeakiuAa, nMenuas "aBrcKaTtalinTuueckyw" CTaIMK.
loxssaHo, uTO RuffyIna MOXCT BHIB8TH "npexlleBpeMeHBusi"
CpuL cucTeMi B Koseodare:lbHnil pexum. 3Tduy crocolcTsyer
OTHOCUTEHBHD GLCTpaA Oridyauns “eytceTpaTa' peakimu 10 CPag-—

Heuuw ¢ Ludgysneil "PepMEeRT=C S TPETHOTO™ KOMIINEeKca.,

3B ELEHUE

lipy MaTeMBTUUYECKOM MOKENWPOBAHUM XHMHUUECKUX W OMOXKiMA-~
YSCKMX NpOLEeCCOB GONbliyK ONBCHOCTE NPEeNCTatlAeT coOnesH
MINTHUHE ODDAMCIIMHEMHON METepnperTaiul METEM3TUYECKHX (AKTOB
B OMOXUMHYECKNX TEPMUHAYX,., OTH TePMMHEH OOGRYHO MMEDT TOUHOe
2HaYeHUe TONBKO B KDallHUX MIeann3uposBaHHNX CUTyauuAx., Tep-
MuH "aBTOKATANMTHYECKAA CTARuA", Hanpudep, OJAAYAET 000C~
WeHHOEe, WAV KAK TOBODAT "Banosoe"™ onwucaHie MIMHHOHK uenoy-
KM JNEMeHTAaDHHX 8KTOB, B DelynbTaTe KOTOLOH# yBenuuuBaercs
YACNO BKTURHHX MONeKyl, "BHIOYADRUX'" 3Ty UENOYKY CHOBO,

Om{axo, 3lech 38BEUOMO COUEPRXMTCH HEABHOE NPEeNnoIOXeHHne
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HEOTDAHUUEHHOCTHM pelepByapa UCXONHIX semecTs, UHAUE bPeakyua

OCpHBRETCA N0 ucuepnaHuu sanaca. C TOUKM SPeHHMA MBTEMATVKa,

3TO O3HAVAET lpelelbHuili NMepexon B CUCTeMe ypaBHEHMH, Onucu-—
BANWUX UIYyYAEMyD Peakiuw, NPA KOTOPOM OTHOweHUE KONMAVECTBa

AKTHBHHX MONEekysl K NONHOMY KOJMYECTBY MCXOUHKX BellecTB [107a-
raeTcA PABHHM HYIW,
Mo cywecTsy nw6oR xuMuyecKRH TepuuH (Haupuuep '"PepueHT')

DKINYEET LUENyw Cepur TAKUX NOAPa3yMeB8EeMHX [pefellhHuX Npo-—
ueccoB (MauxX NApAMeTPOB, KAK CKA3ANn Gk MareMaTuk). ONHAako
pealipHhe CHCTEeMH 4acTo paGOoTalT B yC/IOBUAX, HE CAMUMKOM GAU3-—
KEX K MJieaiu3upOB8HHHEM.

PasyuHee, noaTouy, He HACTAUBATL HA ONHO3HARUHOCTH WHTEp-
npeTauuu, ykaswsas, pasymeercs, Kexnuil pas, HauGollee BepoAT ~
Hyn. Bce TepMMHN, KDOME MATEMATHYECKHUX, yNOTpelifAeMhe HAXe

ClenyeT 'IOHKMATH C BTOW OTOBODPKOM,

N o1 Mojlens OXHOMBDHOIO NPOTOYHOTrO PeaKTopa

PacomoTpun cHCTEMy YpPBBHERMid B UYRCTHWX NDPOUIBOIHAX:
22

EE.l#-a ac1=[7—r;¢é~1 "'5([31)’/}(51,02)

at dx dx -

2022 008 e e niey) "
at Ax Ax '

MHTepnperaunn BenuuMH, BXORAMMX # TV CHCTOMY:

t - wpenn,



X - XOQPEMHaT& (TreoMeTpPWYECKAax) BOONL PeakTopa,

3~ CKOPOCTb TEUEHMR CMECH O peaKropy,

L‘,]- KOMUERTDPAUKA CyOcTpara peaxuku,

0~ xoapduuuedr RuGPyaunm cydcrpare,

5(61) ~ CKOpPOCTE 00padoBaHMs cyOCTPara ¥3 NpelMaymux crmﬁ,
A (131, L‘2)- cKOpoCcTh "ilepspaloTKK' cylcrpaTrs B JepMeRT cyl—

CTPaTHNA KOMINeKC,

£, - KOBUEHTPRUKA DepMeNT-CyGCTPATHOTO XOMIIeXca,

P (EZ)' CKOPOCThL OGPA3ORAHUA NPONYKTE .

CTeuMOHApHHA pexX¥M peakTopa COOTRETCTRYEeT OGDAMERND B HYyNs

NPOMBROIKLX (10 BpPeMeHm

Rk

at = ©

acg o (2)
at

I%npenoneﬂxe XOHUSHMTPAUNH B CMECH BADIM DEANTOPA OpeNenser—
CR B CTUUWONMAPHNX YCAOBMAX CHeTsMON OGuxNosexgux Snflepemunoc—

HANBRHX yPaBRENMi

ac £
— gy -alc,, C
adx —‘;;2-4'5(01) A 19 2)

2 ¢s)
a—dﬁ-g- =0 ca +A(C1, 02)-P(ca)
dx z:lx2

Ecix DEAKTOP AGCTATOWO MANRNUE, TO N "muxoxe® yorsseswr-

CR COOTHOEEHK® muenptuﬂ, COOTBEXCTRYNNGE NONNGCTLS 384BEP~

BeNROM DeAXLINX
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S 1o )=A(C 1easC ) = 0

AL 4o , C2e )= P(Coe )= 0 (%)

rae cuwsonamu C,  u [, , 0603HANEHM PABHOBECHME KOHUENTDALMK
L‘1 uca. Ho Tax kakx peaxrop He AsNfAeTcA BCe X€ GECKOHEYHO
RARERRMM, TO DeuibHMEe IHRAVEHHUA C,' 7 62 6ynyT HECKONBKO OTJIU-
QaTLCA 0T npenenbLMNX

01 =(J1~'*u

(5)

Ca = Ca- +v

X peaiibN@e pacnpegesneNMus BOIMIN BHXONS ONpPONENAETCH CHCTEMOI

axnelnsx ypasmeun® orgsocurensHo u w v

du 0 B
g=— a——m— oy~ Pv
dx dx
6
av dzv (8)
a-—=o--—-2~ +yu+bd v
dx dx

Ynena o, B, Y ® 6 BuUmCAANTCH WYepE3 NPOUIBONHME B pPasRO~

secmoif Touxe
A _ as
* =7 - ur,
aA

P m

ac,
A (7)

Y - —

ac 1
0A ar

8 2 e = ——

ac, ac,

Ocwosxoe npexnonoxeume, McnoAbayemoe B fanbHelimeM - 2TO
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"aBTOKSTAJIUTEYHOCTRY CUCTeMN. TOUHO® MATEMATUVECKO® YCHOBMG,

§> 0 (8)

MOXHO MNONNTATHCA MHTEPNPETHPOBATEH, KAK ROCTRTOUNYD “NON -
HOCTE" QepMeHTATMBNON cMcTeMu, npoussepnse L, ws 61. Reicrau~

TenLHo,
dA aF
o= r,” ;> © (9)

CnepnosarensHo HeGOnNbmOe KIMEUSHNS, CHAREM “ANeMNAS™ Rolusxa
€, BuGUBEET KeX yBeAuveNse APON3BOROTSE [, (uapes 4) rax =
ysenuusuke pacxoma C, (depea P). Onmano ycnosue (8) esxava~
er, 4TO HPOMBBONCTSO pacrer OuWCTpPes pacxoma,

n °2 oR" .

BpesmexHHoe noBenSNme SUXORANON wacTH RARNNOTrO peaxtord Me-~
xeT OWTH MIYYEMO B DAMNEX ANKSSPNSOBANHOH Cucrely, nOAywD~
melicn npu norcesmosxe Gopuyz (5) » (1) 2 orSpacusawmsm weax-

Heituux wnenos !

du R oy ézu oy
a——— a-n—gD-—-:—uu-
at ax ax
. (40)
dv . dv atv s
i a-—-.a-——z{-'fuir v
at ax ax

[lepaxoAn B CHCTEMY NOGDARNAT ASERYUYNCH 0O SHOPISTED TN

ex a2,

y =x~- at (144)

BOAyYNM BOINOXNOCTE MCCNOROSSNNA TAR Nesussenel “cmecesel



yoroliunsocen®.

Ypasuense 83 40O/ cmsreme npmoGperser BuR

du azu
e :a-—-:- ~axu- Bv
at ay
2 (12)
av a” v
— = Oy +yu+ by
at ay

% Meron dypse noanoaner welirn cemeicTso uwaCTHMX pemenuii

ult,y) =Ut Xos ky
(13)
vit,y) =Vt Xos ky
(a 7axme amsnormumym nepy, rEe BXOZKT CHNyC), NO KOTODNM
MOZHO DABRUENTS NPON3BONLEOCe DemeMme, [103TOMy BORPOC 06
ycrolilumsoctn pessrepa CRORATCA K BOApOCY OO yCTOWuMBOCTM

cemelierna oSunNOseNNuX NMHeilNMX ypasuenmuii:

v 2
—= - (@t Ok) U -BV
dt

(1a)
av
—= yu+t(6-okd)v
dt

Cnexyer ormersrs, w20 ycroliumsocrs B "cHocomoil" cmcTeme

ROODARNST, NOTOPY® Mu celiuec MOyvaeM, 3ABENOMO TaDBHTNDYeT
yocroilldusocrs » "amSoparoproil" cmoTeme xoopammar. Fonee rToro

ReSonLume, MORTONNO DACTYRME BO3MyBeHNA NOTOK MOXET YHOCHUTH
GucrTpee, ueM OMN DA3BMSADTCA.
nMomnno, e nannume Rudiysmm [ IKBMBANEHTHO, C TOUKR

apeuna cxcTemMM (14) ymennueHmS CNOPOCTE MEPEPAGOTKH C 1305



aj.,=a4-0k2 (13)

a0

Iuddysuns xe C2, onpenenAeMan KoIPPHUMEHTOR O, UOXeT OuTH
MHTEpIpeTHPOBAHA (B DaMKaX CHCTEeMu (14)), Kax 3PPeKTHBHOG

yBennueHue pacxoie PepMeHT-CyOCTDATHCTO KOMINEKca

2 .,
531525= & - ok (16)

n°3. Cnaone M CWl PMCHTRTUBNME CHCTENM,

U3yueHse MONeneli FOMOTEHHMX XHMHYEeCKMX peaxiuii HauuHaeTcs C

C KCcCnenoBaRRA yGTOﬁQHBOCTl CT&uHCH&PHOﬁ TOUKH

du
—z - - Bv
dt
(17)
dv
= = Yu + &v

OTa cucTeMa cosnanaeTt, Kak ¥ CNEeNOBALO OXMAATH, C NONyUeH-
HO}l Bume cucTeMo:i ANA Hynesoii,

k=0, (18)

KOMNOHeHTH dyphe NPOCTPAHCTBEHHOI'O BOIMYyMEHMH.
CocraBuM XapAXTELHCTHULCKOS ypP8BHEHKE

-0 - A -8

y s-al =0 (19)

U BuUnNMmEM yCNORMA ycToHumBOCTM. JNA yCTOHYMBOCTHM HymEO, uTO-
Ou cnen Martpuum Koafdmumenros,

SpA=b6 - (20)
61 OTPMUATENER

6 -a<c 0 (21)
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8 onpemRenAMTens,

det A =By - ba (22)

Gl NONOXMTENSH

By - da >0 (23)
CaofcTBa POMOreHNMX CHMCTOM B OKDECTHOCTM CTAUKOHADHOH TOTKM
UeANXOM ONDPENEeNANTCA NBYMA BenxyMHAMK SpA m det A . Ommako
NONOXESHNE CYHEeCTRENHO MeRAeTcA Npu yvere NuPPy3mm X RPOCTPAH-~
CTRENNOH MEORHOPORMOCTK. MaTeMaTHUECKMEe CBOIiCTEA TAKUX CHCTEM
I03BORALT PasNMuaATE "cnalue" fepMeHTHEE CHCTEMN, AAM KOTODMX

5«0 (24)
% "omnnmue" PoPMENTRUE CHCTOMM, XADAKRTEDRIySMHE YCHOBHEM
§>0 (25)

Omucy raxoll repuMMororms Cun SuUAcHeM NPX OOCCYXNeHMM JOopMynu
(9).

lloxaxen, 4ro Anddyamsd Bcerna ysenuumsser ycrokuusocrts
craunonapuoll rouxs nna caabux $epMeMTHMX CeCTeM. Buumcaum
enen Marpuus A ann cucrenn (14)

SpA:6~a-k2(G+D) (28)

ficse, wre écnx yRexmwnsars k , 70 CleX MATDNLUM A CTAROBMTCH
3ce Genes OTDHLATORMHNN, & TAK K&K Ciel ecTh cyuma kxopuel
XSPAKTEPRCTRYECKOT® yPaBMeNus, TO "cpenunii sanac ycroliumsocrs
FREANUNBAETCH C yRenNusHMeM k. ORMAKO Takoe DaccyXIeRMe NOKa&

e OTANuaET "ewnbHMXY cmcTeM O “cnalux". Hmoe nmeno onpenenx-



Tenb.

A( k) =det A=By - ad ~ (Db-oa)(Z*Doka (27)
dra ¢yHKURMA yke OTAMUAST "CANbLHMe" cuCTeMN OT '"cnafux“. Ecau

65 0, 7o np® HOCTAETOUHO MEAOM o(mnu ConbwoM G) yHxumsa cBa-

yasia yousaer (upu pocTe X ) M TORBKO JaTeM HAUMHAET BO3pACT&ATD.

A

——

Puc1. losenenxe onpenenutvens B 3aBACUMOCTH OT

BOJIHOBOTO uucina k

Halimem sunuMym A4

da

;{-? = 2 0ok 2- s - Oa) =0 (28)
2 0% - oo .
k™= g (291
OTKYyn& nonyuaeM
(06 - ow)?
B =80 - (30)
4 po

3710 npocToe pacCcyxheHme BHACHAET TPaREUy ycrodumsocTm. Oma

onpeAenseTCA OGPAMEHEEM B HYNh ONpENeNMTENs B TOUKE MUHNMYMA.
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\/

*Kkp Kr.p

Pucg 3 Hosegem(e OuUpeyesnTenA Npv KPUTHYEC KUX

JHAYECHUAX NADAMETDOB.

Jauerus, YTO 1A ChRalux cCHCTeM ( 84 0) Bce KOBDPULMEHTH on~

KBEIpaTHOFO TPexWieHa,
A(k) zho + (O ~06 )%+ ook ™ (31)

NONOXNTENeH X ONpOReJIUTENs, PABHHA NPOM3IBEIEHHD COGCTBEHHMX

!ncenlnouorouno BO3pacTseT Nnpk APOuX 3HauBHUAX koaPduuuexTOm

4
anddyonu,
K
Puc3, MONOYOMMCCTR OnpegennTens jus
cnplMX CHCEEM.
*4, nyk oHYMBOCTN.

Ecan cucrems CHABRAR, TO MOPYT CYNESCTROBATSL TaKERE yCAO-
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BUA NpK KOTODNX Haiuuuue Auffysuw BuMINBAET NOTEPR ycroilvusoc—
TH [0 OTHOMEHM K HOKOTODHM THUNnaM (IepHOAMNECKNM) nNpCTPAHCT—
BeHHNX BO3MyuWeHu#. ITO 3IHAYMT, UTO BCErja CYHeCTRYDAH® BHem—
HMe "myMu" HEeMUMHYeMO BN3OBYT CPMB CHCTOMN B peXuM, korpa Oy-
IyT HADACTATH Nepuonuyeckre (UMCTO CHHYCOUNANLHHE BHSYANE)

BO3MYLEeHMA, CHOCMMHE TNOTOKOM BJONL peakropa. Ha swxome sto Oy~

ReT BOCNPMHMUMETLCA, KAK 'GueHuA'" NIOTOKA NPOHYKTS BO BPOMERH.
Ycnosur, onpenenspuue TPAMMLY YCTOKUHBOCTHM, MOXHO Halitk,

IDUPDEBHKBAA ONPENENNTEeNh HyNN B TOYKE MUHMMaIBHOCTH. M3 (30)

—— —————
B e PR

/ /

BMTEKGET, UTO 0 g / j

’ ) 2= 8 =0 [ === =2, By - &b 32)
y ° vV o v (

Orcona HeTPYNHO BHBECTH HEPABEHCTBO, OnpenenAvmee YClOBHA

BOa0yxnenusa KoneCaumii:

Ty ey - ws /ey
/5= > (33)
v 5
CTporo roBOpA,3TO yC/OBHEe noTepm ycTOn‘ﬂocT" CTALNMONSDHMN

/

pexsMoM. OINHAKO yueT HONVHeHHMX WIEHOB NONXEeH NPUBOCTN K IO~
ABNIGHMD KONECATENHROTC (BECHMA BEPOATHO, UTO MHOTOYACTOTHOTO)
pexuua, TAK K&K DAcKayka RO SecKORedHol aMIMIRTYRM NPOTNBOpe~
UNT 3LPABONY CMMCAY. AHANM2 BOIAVKANINX DEXUMOS BHXOANT 28
paMkn naHHOK crarsu. OQHAKO OJHO NPOCTOS COOODAXSHEE NOXET
OHTH 3N8CH YNOMAHYTO. Ecnm napaMerps CHCTOMM NAXONATOA BOAN~-
3n rprrMyeckod Touky (Ho yxe 3s rpamuueit yc!elvllocrl), r0

BO3HMKAET Hebonpmoil mHTeppan ReycTOKUNBMX B3ONNOBMX ¥NCeR k.
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Puc 4. HHTepBasl HEyCTONUVBWX YACTOT.

OcTanbHse BOIMYWeHMA 3ATYXAWT, [UODTOMY lBuxeHue GyleT HKETh
XAPDRKTAD BOCHM8 ONMU3KUK K UuCTO HePUONMUECKOMY , ONpelesifRedMoMy

KPDUTAYECKAM BOJIHOBHN YHEBNIOM:

/_—
12__ (34)
6—

" ybe

RTOKy BOJIHOBOMY WHCJ/ly CCOTBEeTCTBYET IJIMHA nepuoma

21:4/—@ (35)

1/ Ao

M nepMon KOoneOC8HEE Ha "BHXONEY peakTOpAa

L) (36)

a

SANIOYEHUE

MaTemarTnuecknil aEanu3 NPHBOANT K BHBOANY O BOIMOXHOCTK AU~
$yamoRHOro cpwsa B KojeOaTenbHHiA pexuM. OOHEKO NDPBKTUYECKAHA

BO3IMOXHOCTH HAONDIEHHA YAKAX DCXKUMOB CYy#HeCTBEHHO JIAaBMCHT OT
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PeanphuX 3HaueMuil NApaMeTPUB PEaNRHHX CHCTOM. BHUMCAGRMUA IAS
HEOPraHNYEeCKKX MOJBKYJl NPUBOLAT K HMYTOXHMM JUIkHAM BONH b
M, COOTBeTCTHEEHHO, Kpaliie BHCOKOUACTOTHMM KONeO8HMAM, RHAGAN—~
NeHNs KOTODHX HepeaJhHM.

Teu HE MeHee He NCKINYEHA BOBMOXHOCTH HABONWHeHUS TaKMX 3f-

PexTos & OMOXUMUYECKHUX cuUCTeNaX., B nonsasy Takoro upernonoxe-
HUA CBUJETENHCTBYET 3HAYNUTENLHO OONBHAA BEeNHUURE 2PHEKTERBHHX
Kosdpuuentos muddysnu Conbmmx CeNKOBHX MOJexyn. Kpose Tore
MOXeT CHID8TH BAXHYD DONb 3HAUEHuE Ao)sxonnuoe B 3HAMGNATONL
M MOrymee KOMIEHCMPOBATH ManocTh Ko3@duumenrtoB nuddyaunm.
MaTepecHo Owno OH OLEGHMTH INA KOBKPETHMX peakumii sxonsmxe

B dopuynu (35) x (36) nuddysuoNHNE ¥ KWEETMUSCKME NAPAMSTDM.



Monnmcamo x newars * 71 _* __[T’ 1064 r.
’il’_.o.lilpr * 40 - _.[_i___l% 9 r. 3axes N_Z9GF Tepax_100 sxa,

Opnena fleunva ERECTRTYT ApERNAnNHOR MATEMATHXR
Mocxsa, Mryccras un,, 4






