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The Application Urgency of Activity Indicators of Alkaline Phosphatase
and Seston Esterases in Aquatic Ecosystem Monitoring

O.l. Beisug

Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University
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Abstract T The paperconsidersassessments of aquatic ecosystem state. The analysis of existing
assessments in hydrochemistry is carried out, their advantages and disadvantages are revealed. The
work proves the application of indicators of alkaline phosphatase and extracellular esterase to
assess the status of aquatic ecosystems in the monitosogfate land waters.

Keywords:ecological state, enzymatic activity (alkaline phosphatase activity, sisters extracellular
esterase activity), aquatic ecosystems, environmental monitoring, hydrobiocenosis, bioindication,
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2019 1.1. vjtdwemCd?

E
4Ottt MS dd Jmaﬂzq’c[{gtk] q |wchﬁq@cﬁzs|z@uqtsdz9dz dtsets dMfdzj Hise Ols j
dedo jtemdlsj 8OtEaNE cstetsmidk OV { sfypimd W

] s OBMfldsOstcd o O Isw  didzddgs yddtisjdz0 tztc Qe glzj dzdkijs H fnded fH & d @ 5 C
tOHdOydsdades 2 fue@ydidimse dzvf j o dzesM O L Otew 3 j dgder = yOMmisdy
gL dzz ygj ded v . Ajdz s tcOBBIsT wWodzw jIsfpw dLEuyjddj oBftetsmt
e jdd?2 Hdv ©OL &zl HhdzErOdgzd ¢ O Is §tod dL d3i dzi dad d dzC
BsH | dedzO dzf o ls jfRs Zlsmlse zs h j 2 Wk dzC yd s dfQais odissHdglds iy tc O o dzj
Bj ssHOB] dzd dzj 2 [dzizWn) ZOWEY B tdE] O j dzflso O dzz dz¥ @ ZOo dats G ¢
MsfzlsMmisakzes h j2 MdMmisj &' f 50 dB0 € jchigjtedif As; dzts ) bs €28 W dstsixizO
FPtcOodzj dzgdy dad3idls JjHddzmlse j dzdetsy tej M jdzdd . Il MmdizEyoj to
f sdzdesfylss ¥ tojh jdzO Hdzv ydSdzse Hdzddzr 2. AbRdzS ydtsdzOdz dzts
sftejHjddlsjd tOojd dzds, O wDdE| dvonhdisy ezezs f) s ai@s il
mMdMmilsj &3 fl or" tetsy Hj dedes? BOtedyj?2 G sdzzyj dz 0dzOdzd Is d ..
SHdstesHdsets  dij SHdeStcsHdzsEdts WikdeC ydsdzOdz! dzf - EtcOo dz
Cei WWdyd) desse dMmMrnsHdsets RZtoOodzj dzgdw, dzOYyRopOts?2 W 2 dzl
flesdLotsdz dgs o' BtoOdadgzs Whkdz€ ydes . 1 dzv bkflstcOdzj dzedv oL
fjtej2id ¢ dmsHjdd f dagj o' tesy H j dedets?2 BOLtedyj 2, dL d3j dad
BsH | dz dese s EZttOodzj dedw, ddzd ftedodzj y HBYsdddlsj d' d

sdzs Yjor jdzdndigsedts] WEdSydsdod dsj LkttOs dzj dzd | , ZtcOo dzj ¢
yd ¢ dz, s lsfmise s Oy, M HdsY tedOH dats j d dzj sSHdStCSH s
ZtcOo dzj dzd § .

) siskfddkzO® o tjHOSCYyde 16.09.2019
) sfdzj HswOBSKSd 05.11.20109
leddv O ¢ fkeddSOydd 06.11.2019

J H

IstsH" &3Ol j &3O d yj M$ s cjtz” dytisHny dzdftadsdo Ocfizd by J f diefdcfd3
sfise t©OHJOYJ B2 I8 s HsdptOm dafsi lsdfts f fldzj 2 d M
yqosdzOdz! detsy kZtwOodzgj dzedy MB MHO d G B3, tcOL tcOB |
GbOﬂéSQ‘lEWff]0|ZJ HiMlsodd ©OLodo OdzOg! KB dS] L @H AU,
dJod twjhjddd kteOodzj dedsf OJ Y7 tsd ys igGtsdts i3
dzj dzd v  f Jtoj desO L OteW ) jdedz" = yYOfplsdy d dsdz
jtod Odz' dz' 7 ftej HEBA S j1  ted@dfisEOistejd® Ok Isfw o 5 ot
j ded 2 dzd dzj 2 dzsets W EkdS yd sdzOdz! dzlsc ts EtcOo dzj dzd
Bj dzZls® (kZtcOodzj dzdv Mt MHodetd) [ 8] :

3o (})u(x) +a, (QU(T (X)) + 2, (QU(T (T (X)) +...+ @, OQUIH(T (5 (%).-.)))=b(x). (1),

OFGNS @ =0
S0 NG

G H ja,(x),a(X),...,a, ;(X),b(x), f(X) T L OH Odadz" j WkdS ydd, sf tcj H
Bdzts ) § KdsR J § efaX &3 FRfI(X)T dBdztsy § Mls o ); u(gzO U J dedE ts BOW

E 1 0ydt@&Pigdy Hseo @lijjdddigo j tfdlsjls TfrRARE, 201
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WedSydvy. JtjHY sOCH) stk j slstss #@daSzlydy O jv
qlsj te Gy K (X)), F(F(F(X))..6B©0OL ¥ Is y Szdp desdzd{de’ s Ote dzj 3O dz

B f 0= x ¥ & d kLo g (5 ()...)) = x )
lojHY d3 BBBL d&ZOYJ ded W :
fo(X) =X, f,(X) = f(x), fk(x)=§b(f().(f(x)...)), k=12,..n-1 Mdzj His9 Ols j dz' dzt
f.(X)=x=f,(x) T Emdzse d § ydes dzd ydetsmis d . [BtsL d

a,; (%) =a,(f, (), u, () =u(f, (%), b, () =b(f, (), i,k=12,.,n—1.
UBEHO kiOodsjdedj (1) fteddddsOjls Mdzj Hizs h g2 oc

aO;O(X)uO(X) + aO;l(X)ul(X) + a0; 2(X)u2(x) +...+ a'O; n—l(X)un—l(X) = bO(X) (3)
] SHMIsOo dzw w fsfdzj Hise Ols j dz dzgts & o I8 {5 ® O ugf dzd J
f () (k=12..n-D)o B Mlsy M EtwOsdzj dzdj 3 (3) GFodzEydd Mt
tcOo j dzMmlis o :

8y, (XU (X) + 8,3 (XU (X) + 8,5 (X)U, (X) + ..+ g, 1 (XU, (X) = by (X)

al; n—1(X)u0 (X) + a];O(X)ul(X) + al;l(x)uz (X) +..t a1; n—2(X)un—1(X) = bl(x)

a5, (U (X) +a,_, (U (X)+a,_, (XU, (X) +...+3,_,,(X)u,_,(X) =b,_,(X)
anfm(x)uo(x) + an—l;z(x)ul(x) + an,l;g(x)uz(x) +.o.t an—:L'O(X)un—l(X) = bnf1(x)-

[ OdzdzOv MtEmOHdgPded2 “Wodw jlsw  dzddaj 2 des?2  t
Up (), Uy (XU (X). ) ETlsX) d( ¢ zOo dzr 2 tftejHjddlsjd Mmdhlsj

Qo0 Qo1 +rr Qo2 Qoo
8pn4 Ao ... Aunlz 8ynl,
A=l o | 5)
an—22 an—23 an—ZO an—21
8,11 Qngy ---- Angnii @niig
yOfMmlsdetsets o dHO bktcOodgj dedv Hdzv MmzEyow o [ 0

(fqs. [9, f.82], [10, f@.12], [11], [12, f.41:
dzj sBRtSHd B &5 Hdzv tOLtejh diisMmisd dMeatsHdses EkZteOcs
stejBkusfHwdddlsj d d j JIhMhdjHse Oddw. I dOfistwh
dzj fteslsdo stej ydoe sfls! W tstc d3lz dz, Msmls Qo dzv s h d A tcj !
otsftetsmtse tSHdsL dzZOydesmisd twjih jdzed?2 fted EMmdzseadd a
n=2.

[ ddzj 2 detsj bktcOo dzjaedl] @& dzv fdzz yow

lted EfMmazsedd o | 0 wihjddj MmdMmisj , d ftodist
Y stk zOds swOdkj O [ 14, 15]:
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_Ak(x) _ _
u,(x) = AK) k=041,..,n-1, (6)
GHHMp T BYtejHjddlsjd , {tdkzUpddipssdas yES5 )dzo0L @d

MotsBtSHAz 7 Ydzj dztso . tdhddedy Z tclo» @izy(xzd Wo(X) (=1 ) fndzj
qa(X) / xdp( dzts Is. Cux W &z deSsdgalzdy O Is fyw fsfdzj Hise Ols j dz' d
U, ¥)=u(f(x),sts Wtstedskdzr (6) o LkCOLOddesdz fMds" fdzj dz

HitclzG Iz.
[ 4§ BBO 1
lfMls: @ I 0, bBGHO twjhjddw (6) Mmdhmlsjd
Efdztse W o3
A
a0 AT -y _gq ooy
A A(F(X)
[ BC OL Olsj dz Milse ts.
1 sHMisOo 3 ® d3g M)s ts
aJ.;O aL'l a1;n—2 a1;n—l
a2;n—l a2;0 a2;n—3 a2;n—2
A(f(x) =
a‘n—1;2 an~1;3 an~1;0 an—];l
a0;1 a0;2 aO;n—l a0;0

[ fed §sMdjHds s fMsesSk MHj &Ok! fjtos2 d
fjteor d5, It G§odkyjddr 2 o tjLkd O] §jtejfmlk
sftejHjddsjdjd (5AFN=GDG)"8EEXsuEs Y ds BSOS 3
HECOL" 9 0j Ismw, ylsts Aj(fipdrd s dzfsyf dz H | sz MmH j dzO
fsmdjHndd2 Missdsjy OSYj MHjd&Ok' fjiter &, bk
S§ o HJ dzdAs j(ded d3dzO0 Y4, (¥)=(-D)" (-D"A,,(X) =A,.,(X), k=12,..,n-2
(f&egni 1l wOL dzdudd dzd\ {(f(9) =(sUs d5:D)"Aylg BA(X). [ 4 dBARBO
HESS OL 0dzO.

vsOCdds BBtOL t5d3, jmdd o | o0, Ists ktcOo dzj dzd j
SYtjHjdvjds] Wetdbds2 (7):

Ao (%)

u(x):m. (7
lteddzj o 1
tdhdlsy ktcOo dzj dzd 4 :
u(x) +2u(f (X)) +3u(f (f (X)) +...+ nu(é()f ()f ()x)).())): b(x), (8)
G H §(X) 1 ftosdL o sdz' dzOW LOHgdZdZOW WEdeC ygqw , ] ff stot

sB L dzOyJ adf) =R+ I, K90,1,..nT 1; GkzOo dz" 2 tsftejHj d&zdIlsj dz
wodwjlsimw ydClkzdzwdilstsds [ 16] d tslkdzdyj d tils dzkzdv
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1 2 .... n-1 n
n 1 .... n-2 n-1
D" *n"*(n+1)
A=|... ... ... = )
2
3 4 ... 1
2 3 ... n 1

[ dzv dzOR By HjdedW tejh jdedw (7) tftejHjddlsjd

bp, 2 3 n-1 n
1 2 ... n-2 n-1
b, n 1 ... n-3 n-2
A, =
b,, 4 5 ... 1
b, 3 4 ... n 1

cOL dzsydd3 5 fjteotsdzsk MilstsdzB yblz:
Ag=by Ay +B A +..+b, AL L,

GHALT Odzej BteOd U ME 54 H shf, ek dedliy J1fdsjfidsijdaldn@s o j dzdz
fsHMmyY Ils HOY Is:

=(—1)”n”’3(n2+n—2) A _(=D)"n"3(n*+n+2)

A > 5

It ydidj dedw ©MsOd df 7 OdcjBtOdyjMSdr HGY td
d fedoshHwl ¢ SHodsEz d sk %j jLEzd sOkk:

Ao = (_l)n_lnn_g, k=23, ..,n-1

] dbtscej ftskzyojd jHddhss jdds] tjhjddj ktos

u(x)

2 (_n2+n—2 n>+n+2

= D > b, (X) + bl(x)+b2(x)+...+bn_l(x)J,

¢ HE()=b(0, b () =b(§((F().) k=1 2..n-1 { ssj sdds O], ubs

( 8) M Mdmisj &322 o j Mtser A} CtisO of dbts[fydidi dzlsts oIz t§ Clo, dzj2dzd
Cst WWdydjdalsso nf 1 (Hd&Y 2kMIgQdeslo/dzj ded v tc Oo dzts find dz
Yomisd f sAd dad®3] aaPls' f shafifHdlx) £ ) HvEPecOJ i35

[ ddzj 2 detsj] bktcOo dzj dpd g n=2cdzv M czlz yoOw

ltesOdzOdzdL qtelzj d3 tsmtse j dzdesmisd qpez®O - B @.J dzd v toj h |

VicOQodzaj dzd = (2) dzgjefdls Mdzj Hize hd2 o dH:

a, (X)u(x) +a, (Xu(f () =b(x), 9)
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CHj Wi ydizo sdzs sqdo dzO, Is. j. @B H0 SOy WP dz JH
Wz dzS e a()stsy Hj Mise j dzdzs tslsdzd ydz®@ sl dzz dzv  ( d dzOy
stedo dOdz d& &) . | v Mmefbklmlsoksh j2 Ek©Oodsj dzd® Mg

{ 8, ()u(x) +a,(x)u(f (x)) = b(x)
a, (f Qu(x) +ao(f (X))u(x) =b(f (x))

CkOodzr 2 ©GHGjHjd]lsjd ©Osjd 0, Ld&Oudl, Jjet
C st W W y kGRS ek (0, (F (%), a(x) =k(9a(F (). [ M btk = koob(f ()

SEEHO OdE ©OMh E;a"(x) a2 o) %mq@a;dz Holbdg d Md
b POIF (T 00 BB

(10) dzj Mo gj fls dz®, MdzjHise Olsj d dgts, bteOo dzj dzd j
b(x) = KOb(F()),IS . § . :

(10)

G CO N C
a(f(0) a(f() b(CN)

{ Odze ©Oojdz 1 d I MdMmisjd (10) ©hsoy lshw
dmfsdz' Lejd3" 2 o .1, daj 4§ ted d3j ded d3.
lojHy &8 WizdzS ydtsdzOdz

(11)

LLY(X¥)] = a5 (x) y(x) + &, (x) y(f (X)), (12)
Cslsster 2, ByjodHdats, WwWeodzw jlIlsfmw dzd dzj 2 dzr ds:
Llau(x) + AV(X)] = a [u()] + ALIV(X)] (Va, B €R).
10 dh jd3 i fsdshs s (12) dzj sHdzgStetsH dztsy [zt Oo dz
L[u(x)] =b(x), xe X, (13)
d Mtslse jlsMlsekzshjj JjBEz SHdsStttHdMGS] EkZteOs dzj dzd J :

L[u(x)]=0, xe X. (14)
{ftedn]dzdedd _ o i}
[ dzsy j Mise 5 §de@alyed@j sy B dd3 t6j " jXizd jj At O o d
1) dz¢ BOW y¥),lxels¢ yd e d dzOH dgf ¥ O @ jgMmw tjh jdedj o

(14);

2) dz¢ Bt yhEiXpw®y dzj dzdv (14) fteddOHdziydls ¢
b zOdsedydets tSftejHjdzW jlsfw BNM jj tejh jdedj dzj tst
[ § BBBO 2
[BNMjj tjhjded] BHMsteSHdsets ZttOodzj ddw (14) t

Uy (X) = a, (f (X))W(X) —a, (X)wW( f (X)), (15)
ddzd tOo desig dz' dats?2 | 2 :
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Uo(%) = SU - 231(( )) v(f (%) (16)

G HWX),v(X) T §tesdL XisHdzUay ¢ d .dzO
 8C OL Olsj dz' Milse ts.
Il Hjd3 dMEOIs! tjhjdedd BkEtcOodzjdedw (14) o 9dH]

Uy (X) = AQ)W(X) + BOJW( f (X)),

G H W(X) T ftosdL o sdz dzOv  WAR)AZS B[ Vv ,ff 5O dz¥ g @S y&d toj H §
l sHfs®@dde (14) d OO ffdtelzj d3

(3 (X) AX) + a, (X) B(f (x)))W(X) + (8, (X) B(x) + & (X) A(f (xX)))w( f (X)) =0
5. 6. WwdeS YRsdL o sd 2O, st BkM¥HO MdzjHbks s bk

{ 8, () A(X) + 2, ()B(f (x)) =0
8,()B(X) + 3, (W A(f (X)) =0,

Clbster j sy ds LOfdmMOl! o MdjHksh jd odH:

AX _ BM _ a
B(f(x) AT()  a(x)’

I'd dzd ygCde" BxY) St HjdveE sy daj SHAENX)E&QMdes. (M
Is 5 GADP=23,(f (X)), B(X)=-a,(X)d ¢ sdzkyoj & ¥ stdkzdlzA{(®)5) . [ fdzd
s 5 CAOO=1B(X) =-a,(X)/a,(x), ylsts Mtlse jlsMisokjls ©0Os jdiflse z (
Qo dzsfgaz dz j ftojHMsOodzj degd™ GHds2 d Ists2 xyj Wt
MisOdeso dlsmw U o quxdesw), i) B)EA dzthgle)lEeigEYW(X). 6 J d3
mMOod" d3, HdY) wELS) d (16) weodvwelsmw tojh jddw d3d

[ Mls Odzts fiy ! fsCOL O’ , Yylsts dsBtsy twihjddi EttO:
(16) . g s 1 ftotsdL o sdz! dzOW WikdS ydqw, @Htso dzj
—a,(X9(f(¥))/a(x)=9(x). v j fjte!, ybtss" ¢ j Higftdsis figes, do yl¢td 6)
HsMIsOls sydetsvixp & G Ml g JEBZO HEBEC OL OdzO.

[ § BBO 3

lemdex) | 0, IbEHO BNMjj tjhjdedj dzj BHdeStetsH &
W tstc sz dzj

b(x) _ax
u(x) = 2—() E() ()v(f(x)), (17)
GHVX) T { totsd L»WeadzCdafvw . dz0

[ € OL Olsj dz Miseo ts.
4 st (11) djeCt B R GU9/(28() ) Wietlzw Y isdg?

YyOoOmilsdz" &3 tejh jdedj d3 dzj SH detstotsH dzetsgei) s ©b flzj datby M { dz
(16) BGHMdStesH dise s WEGug dag¥), 1§ Sagbhyodedy: LtcOs dzj
Hdzw  dz¢ Bs2Vv(XY Izdz6 B ep®),j 2s.9C. o Mmddzlz dzd dzj 2 detsfylsd
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L[U4(¥) + U (9] = L[] + L[y ()] = b(x)

[MsOdkzsm! HBCOLOI!Y, ybts (17) MHjteyglIls T dz® B 5
ftosdL otsdzt dzgOvY WEkZdeS ydvw, EHtsodzjlsotstews h Ow (13):

b(x) = a,(x)9(x) +2,(x)g(f (x)). (18)

t OMMdi3Olstedo OW Isjfjts! btcOo dzjbfgl{ 4 60 &) H jfigzy §f &
©Oo jdafflsotsds (18), d fosHfMmksOoadvw (18) o (17),

m@+qum00®+iwm a1“v(f(><))

{UudodHdets, udtdgs fMEh j ted Is M makzd 9(x) ¢ @ wisls o §
[ j BBEO HEBCOL OdO.

ltoddzj o 2
1 02Isd ofmj WEkdSydd, bkHteodzjleotstews h dj EktcOo dzj «

u(x) =

x-1

uexf ) BE R (19)

V0= AT xT g S @ a2 R a0 X

(X) = x. r dzv  Cs1 WW dyd p dzlf tsolzdzlr 6 @ Ntz dlf)ztso dlW) |, ( 1dds) of
Utz dZO (7) daj fted B ded BO. [ detsy jMmlsets eMmjn to
WstodRkdj (17) :

2x+2 1 X

u(x)—T - ()—— :J (x=0, x#1),

GHYX) T tetsdL o sdz! dzOv W lzdzS yqdw.
vsO0Cddz sBOLtsdE, o ttOBRSOn §tod i3] dzgj dedets?2 BsH j dz

d JjHddzmlse j dedetsflsd §odkkyojdr & tjhjdd2. 16CO
s klsmisekzs h j2 MdMmisj dsr o MdzEyOjn >’ &6 MisHdedes Dk
dzj SHAGESL ZOYdshs! T Fiosl iz dydss p o8 @dgdztc O dzj dzg

dzj SHdetsL dz2Oydetsisd sy des f jtej2Isd & LOHOYj M dzj o
9 jmsear A Ci WWdydj delstse BSHjdz desé s  bktcOo dzj dad W
ZOYyOd d&f | kfdzse dw.

gl Reufs [JRurtoduvuLl 3

1. skyddz. [ @lsj BOIdyj MStsy dBsHj dzdtetso Odzadj tOHJOY(J sdadzts @ s
BsteMC 2 IkjrddSd dO0 6Ctky0shks MmMejHkz d -yj dso ¢
BOIsj BOIsdUui/MS dF . dauigegdpls j eB Ztd@,9 72 Gn0 2 .

2. ydtemS oOw, [10jBOIsdyj MIdedjj diontgdinfldeots odz] SH destetsH dz" = Mist

tOHdOYydsdedzts?2 L Oh dlIsr / 1 1. ydqms ow, [ . 1 - ]l st
1. 1. wddsdazdy // uvwkzHT N\N\I [ idHEZdOtsHdE2 CdW j 6
Isj dd®27 [ sMmEo O : 41U 1RwR. 14436 2011.

Lffref?vec cretiroc 4001 4(BBY [uvu?,



10.

11.
12.
13.
14.
15.

16.
17.

[1]

(2]

(3]

[4]

[5]

[6]

[7]

{rifi1vovrfauv? trzr1rRs 1tR Rl [[?729 1 61 RR

st €, . 5[ OB BOIdyuiMe&djy dBjlssHN dBsH]j dzdicseo Odzfw o il
5. [ - stes €, R . [ - skdziy // J1ifmsdds 1 uvu imlR. |
mOt! Ctse : TROLLT " mI3k6w.. -1906

garleman,u. Sur la theoriedes equations integrates et ses applications, Verhandl. Internat. Math.

Kongr. Zurich 1 (1932)P.138i 151.

Jdlseddzylke ¢ stePjoaj LOHOYd d Mmddze zdzw tedz" . Iz t§ @dsded diafz
[ smMCo 0O : (iGRABO,M.1977

SOwOf jIsWwday, LEOD dgg dzd W fl ddzosdslsdods d3d s j tcOIststsC
1. §. sOtOfjwidyshisrPosgdzz d ORI B OIS dz Mlsoats t sMisso ME
19881187 M.

l OmMddzi emMSd2B BHdEd ¢ koMM Mddeclkzdvwicdzr » dJdzsj 6 e Odz!
det Jdaddggw s o Ikittedd CtOjo' R LOHOY HAYW HJWWJted
ftesdLotsHd . n.l] .1 1] OMddzj e MS d2, o . o . s Otej dzd dz, 1. ]

rdwwgjtej dydodz dzr 1977.k3d Oloudzj d2f06z.1

pdelstsdzj 9 d u, Jod. dzj 2dz" § WikzdeC yd sdzOdzt dz § ZtcOd dzj dzd v :
. dudsssdzj pdueS : RLHOIjd Mlsats cuvdedo jtemdlsjlsmMSsj e,

[ sMSseaMmCd?2 Gtsfr]IZHOtsfr]lsasz,dzflJ dzde j emdlisj Is. s tcOo 51
I smMisoamMitsets kdzde jteMmdlsy s 2000. 1T 240 f.

6 OR Odzts 9 ., hfpd ewsfmimd2mMedJ deqd31jq’OHf h C 2006 dzd € 59 ]
1 M. P OR Odzts 9, R . R . Il BGHOdzts 9 1. ¢ . sty joded €
Itsfr]Qe(D: fA1ff, 2007 T 472 M.

1tesHME d2 A zodzC yuf s dzO dz dg.; Hz tc Quotelilg HiWd 2 i s ¢ 4.0 &l .d eddzd f j
h e sdzO, T 1@ 3.

Il sdzvded dz, v fteOptsydzdS 65 ddesj ctcOdz dz' (B . tgOo ddj wsatfwdigf dz,:
o. 1. [ QdepdniEmed. : RLHOIjd Msets ¢cAOCIststcdOdze, 1998.
1 tcOMsdztso), OHIOYd) 5 Odze jBted , /Otcagffighy dswef § Is.ff ¢ d0REZOdzd L 2
[ A, OO .M.

;Odzu;a,iﬂadzlsar dzd dzj¢2. dztR?2. gdeesdg‘Bygire . 1 [ BMEoa O : 1 Oz
sktosh ,sktefy jor Mh j/B. Odze | sdz@dshk s jT1te:B Zfte@dz' 1,4 3220 1frD. .
ANAOHHJJjo, [ jSydd Mt @dze jaedeozk jsds.j teiB ZJte@dz' 1,4 1260 Ofp. .
AOHHJ J o, uyBBtgkzdC LOHOu fs. a5Mh NDHOGizg g Blo R . o . o
[smMCeo0O @ 1 O0ECO, 1977 T 288 Mm.
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Unambiguity of DecisionsWhen Using Linear Functional Equation in the
Radiation Protection Model

V.P. Cherniavsky

Sarov thysicalthecbnaoah bhsNatubeal Research
Dukhovst., 6, Sarov, Nizhny Novgorod region, Russia 607186
ORCID iD: 0000:000216282271
e-mail: mattutor@mail.ru

Abstract | The paper consideesfunctional linear equation with a shift in the radiation protection
model for the transport of charged particles and ionizing radiation. The aim of the woskudyo

the questions of the existence and uniqueness of solutions for various cases that arise when the
initial parameters of the model chandée analysis of the system accompanying the functional
equation is carried out by linear algebra methéds.thecase of the inequality to zero of the main
determinant of the accompanying system, the correctness of the obtained solutions is shown; the
functional equation has a unique solution. If the determinant vanishes, the problem is completely
solved for cycleof length 2. The functional equation has no solutions if the determinant is zero
and the rank of the extended matrix is 2. For the case of a joint system with a degenerate matrix,
analytical formulas for the general solution of a homogeneous and inhormogehactional
equation are obtained . These solutions depend on the coefficients of the initial equation, the initial
function generating the cycle, and contain an arbitrarily chosen function. To eliminate the
ambiguity that arises, one can go to a mad#h a nondegenerate matrix by changing the system

of weight coefficients of the model equation, or use additional initial conditions.

Keywords: linear functional equation, shift equation, iteration, cycle, associated system, rank,
homogeneous and inhog@neous functional equation
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| Bz SH B dS d 3§ e judzint dESi Wi didfOdtds f Oy J s O dz' dese s d Mfydzj H s
WHjttdsets kdde | thEKisOsdmEARrRe SMisse MS OV B d. , [
"NfkdOdz ¢EjRdBizscdde cossdBON e o €. JodkEsHBENS, I da

fls ds® QL Offdats , Yybsts dzdCoOydtdzdzOW dzj sHdeStetsH desfyls e
112[ A0, 9" L9 0jls 5B tc O tisee, O dzdsjB 5 ®ON flzdedz’ "z y@inEdolkzs |
B4 dzls Oz, fteddsj MW disd d  dzj d3j IsOdzdzd ud M s ® € dz¥ yJ ¢
Oy j dzdzs? MistezClztodzts? dzj SHdzstesH datsflsd d teOL dzd Y dzts 2
sBtcOBtISS ] HOo dzj dad j o3, SBOL 59 Odzdé Isitc@®P @ Gdas wdzr = M
h

=

sjtedddyd Misets odzdwdedw o ~ABHJ orf fsdzdzgj dedw dzOtekl
i fH Wdrfsds. 1 tsHtBdets] o jHjdedj Bsyjls tftetswod
ddzdzsds  Isj f dztse dztsy § ded d Hteze dn SlsC dzts dgj dzd W A
@uigtEfg] Stolzf datsH j dgHtedlsdats? Mtk Slskzter .

FeEIr o0 ~p—
T HFOFS

fipz& o Oyd sdzdzOW  dzj SH dzstetsH dagsls* iPrOtcd 8 O dzts
BJ 2 dz s fls | ddslaizOdzin d gzigls O dzw 6 h Ow | ctstew ydj
sets ftosdmMotyHjddy, MCdasdhashs! ¢ tjStdhls

IH.I'U)
&ﬁ@

1 sfiskzf d &zO 87.0830890C yd *
] sfidzj HGLOBEBISCH 28.10.2019
lteddzv SO ¢ @7AB28HC Oy d d

lted dLetsbtsoadzjdedd SCttef zmMdesets BBtStckzH Odad W
Co¢ f Qo d dzts ftoddsd dgwe Is MmMlsOdzd Holznm s so: .
dgdmf sdz' L ¥ Is Hdzw dLHJ dzd?2 B tsdzjij ¢ totg fipdifstme sd ¢ A"
tcj OCIststc O, O 9l§stef t§ swakzf siggetdzg desds Hdzv  f O E
Cdi3f § dzMOlststetse HOodzj dedW d IstezB G dzOos descts yYydel Iz
sBtcOBBISCd LOGtsktsost d fodzEW OBtedC Olsses dL +{1Isdn

sBtcOBBISSE O, f SHtsB dz" . v OC ,ff ol j difflsifitdCisCizjte ' f taGrC Is diz&
slsdzd yOr Isfqw  d B yeEbs ; i) cHES{OLMEY A jisls ipv2 0f stso j H § dad §
His %®7Q 1] .-df OfdEtetsmistekzS skEztcO, O OS] d3d - Odzd .
slsdzd yos sfmw Exj Btsdzj j L O3y Isdats.

Il fsCtsoaCOrn MIlsOdzd BAfL19DYA s dzdzO B3] Islafe® H dzts to ts H dz
or tcOy O h Ow fpw ) &Zodzd ydd Eyomis¢ tse tc OL dzd ydzts 2
Edzgj dz' " jdedj 3 M udi ded™¥ L Octlstsatst Wtedzdqtolzj Isfipw
MstckSsEte®, MmMisswh oOow L OSCdns EZyoOfmls¢tse.

E 1 0ydt@&Pigidy Hso @lsijjdddiglo j effdlsjls CfrRARE, 201
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qmzm¢m9mouqmmmmmammsmsl qsgsasc dL flsOdd 1C
SHjty Ol BdZ! W] EedzjtesHO d Mmddz dzgj j dzj e dtetse Odz
10GN2MFA steel (darker sections contain more carbon and are more alloyed), x100]

{
|

] fs¢s9¢0R7 dL fmlksOdd 15m21 [ Ad fosHBBA 2 1 WW
HisMisOlssydets o v fij dgjCoeddsizls dttc@sLe dAdfianzldgjM datsdz@apjcdsd Wd3j Is O dz
hotseo. rdw MsOdd 10412fAd tdd SHJBZOSSIY d Mt
Hdzw tOL dz" = dtocfigitzd? OC o H tzts tsMdzts o dats ¢ tsuc dg Ol @aRAzO  fr
sls d3qd dzez ) 9 0% H SO d3ef daizjn" By j ‘3] dzfy BEH j ey Oded s L
d bdfk djecdttse Odd™w uvlts Hsdyd B'ls! ddxj k& Ml
Btsdzj j o MCdnan detstc ROy dz "ho Sl o3 | 6 @2t Iz tis iy dets o dzts @
fMtcOo dzj dzd ¥ Mt MlsOdz 8 15m21 [ Ad dzj Msefmjd fsdvls

t OmMMmd&stsisted &3 ftedud de f s e dzj ded v dzd € o Oydts
BOEskzedzj esHdMisr 7 dzdL SBdzj s tetso Odzdz" 7 MlsOdY 7. o
ZdCodBHPlS MdzOB5 j @S 8 Mo, O SHEEZ™nN d Ni dzd S o Oyd W
ftcOCIsdud MSd dej o7 tO)jdzO. 10 tedMmbkdeSy 2 §8¢C
MMl feffC, Msslse jlsMisakzs hd2 Isj Bl jtwOskztcOdy ddasj s
fMtej Hdzj e dzj esH dMisT 7 & MO AL Rdzy jydaB G O Do £ CIsts
Slsdetsmdismw d MlsOdzr 10412f a9, §JtcagbdOByEEdmlsc
sy d L Os jtch Of gy dzO + dkq&d dhf &zOo Of Wisttddtolz j Isfmw
U% jtetedls O. J ftetsyyj Mij fjteo dydakr? ¢ o dgjsOEzdzd |
MsHjtey O djMmMy o wOMY dzOs j Olsdyr dzj ¢ CSHPEZO S d A
SOCA$ d MsHjy O djfiyvd Mo) Mg Odad i34 Is Odzdzd uj M€ d 4
9r lsOdkz¢ do O Ismw o wMisOltsydy j Bl HikMn i Nin $ sMisd
cOMmytcj H dzj dz'. t0 0 Apsatij delsids 5S¢ sdayOdzd v € tod fyls O dzdzd |
Ldzj dgj delst MtsMtej HslsYjd' @O cteOdedyOn HjdHted s
ftoswWodzj dgd?2 H j dzH tod Isdats?2 wdzdDS, ol Oy dogfOH T Jiple{did i ] dz@zD® o
CtedMmlsOdzdzd L Oy d v ftojter 90O Isfmw fitedlsj Ssdud M&dda
sfkh jMlseodzw jlsw 1 o' Hjdzj dzdj O3 Isj §f dzO, EMeS stew
Mtslse jlsMise ¥ NJj ¢ L OB ERYYPS Isfw ) Is ts o3, Yylsts o
oL OdBsHj2Mbsoakzjls Mo tisthls O h il dzclO@If LOYj e o
sBOLEjlsMw Okfmljddls, o (thttttsd wOMss KW jlsmw
sz, ylbts HjdHtdlsdOw ddcesOydw o ©OCHdR M dzO
fMsH jtoy Oded ¥ EkZcedzjtesH O MlsOdz 15 is21ff Aldhts yusQS Is dounj
MC OLOdzdets] o' WjO sl Wy dO@ORdEMY d ¢ dzj 2 .
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JrRsl ARV VOC V0 drvdtdrilev? R vl o120l 0 [#

| ,
K 010 0 Z,;ﬂ g
t Iz dims j250 (o o tORQ digtd ] todzjdirfd &jstesH d MlsT 7 fyls O dzv 7
HJOGtOdzd3j O € Hteschdng of transformations in loand mediuncarbon steels during
crystallization according to tHee i C equilibrium diagram]

ltedo jHj dzgdzOY Mo jBO HtojoteOh jdgd?2 daj MStsdz S5 ¢
shdetse dzlzs fteduddzk W stcd3tetseo Odzd™w Hj dzHted Isdats2  dzd ¢
B4 Mls fMsMmted HislstsyJ dzd v ftoddd md 2 d dzj &3 Is ©
LOStd MisOdzdzd L so @9 h j dizfqw Bj Is O dzdigO.y H j Yz if dzj HiBEE @b
fjtejStedmlsOdzdzdL Oydw ftod §tsddBsteWd' 2 ftoj otcOn j
ftojotcOh jdegdw Htcd ©BLOBSISS] HOosdzjddjd3, ¢cteOL BO
dzj SHdztstetsH dztsfyls! , ClststeOW ftodtsBtejlsOjls adH, ROt
Is jde#s § EZyOmbssd (@& dzEYMnOydld) fiferj 6y Ols Bsd! hjj
COwBdHBISBILOL ¥ h d ¥  Malzj dfjddglstadls o je@Us s BEsdzj § IS
orhj, BOS COC LHjM fdmikzbmlsoakels ttOL dzd ydzr j W
kOSdn BICtohikel itsdlu tso Ols! IsjtedktsS ddzj sdygj ¢
(slsste’ 7 BBdzjj dzZjedeseOdeds j bjdgde §j EyOmisS d

Zjcdtseo Odzdz’ & Bj22dzedlsdzr 7 MlstekClkte. 10 tod ik dzs
H OC OB |, TOEOCIkjtedy j 2 HdW  &0Odatik & dzj fplis @ dpnls 1
COL &z ydz' &8 MHjtey Odedj 8 dzj cdtelze h R 4 dzj dBj dzlstso
& cdetse Biddzths 2 ydo sl Okflsj dzdls® o1 h j | B 5 dz
Ctedisdud MPQezdlm Fuc O
¢ Is © dz! 16411/ d Is © dz! 124513~
(o] S8i Mn Ni Mo A, A; My ty C M™Mn Ni Mo V A, A, My ty
0,17 0,27 0,79 0,45 0,41 725 855 420 910 0,11 0,98 2,67 0,50 0,05 690 830 370 920
or " N . IR N
\%":\V \\\ T | Rk \\ mn s00 _“’X‘- \\ \(i‘h “"hki"‘ V\ "]'
'\i = IBNIEAN AN VLEANIIBLY
o b AR i TN o://
AL ra IR s o LI TR A=
00 \\ ></ X ! s00 \/k‘ A -
N KT wol b LN
- MmN
00 N \‘ \ i 200 \ \ \
ool PP i Pt SRR RIISSScE 2 2

oz sw v 7 IS5 0 Jo
b fon 72 s v

t Mz dd® 3BsE Jdzi s QFd HO AR , @ ~OtcOCIsjtede | HAzY BOds
MlsOdzj 2 M wWOL dZdyder i3 MBH jte Oded j &3 dzj e ez h dn 1 dzj €3
carbon lowalloy steels with different content of alloying elements [3]]
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[ dCoOydtsddowtsH dafpfgtdz diRtsy j Is ftcdoe j Misd ¢ dzts
Ctedlsduyd ME B2 ¢; ssyYS s tsc Oh j dzdz’ =~ dzj cdtelzs h d dzd
Okzmlsj dzgdIstssBtOL 59 OlIsj dzWw &3 EZyoOmlss O~ . 1-66dfu f totso |
MisOdzj 2 ddzd dn Mo Oue@z § tsdgdsy H apdiay 2zd 9 to dishpisu) dirySnts 2
sdf© 10412fAd o 1iIsdrn EyomlseoOn ftetsdmrtsHdls YC
Witttecdls©O o OEkfmilsj dzdIs. lted fijteimtHY o d&BiNStdlsd
OkzMmlsj dzd Is O, Clsster j ftcd fsfmdzj Hize h jdg R dzOYH
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