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OBb30P

YAK 539.3: 550.343

O BOJIHAX CJIBUT'A B OYATI'OBOW 30HE ITPY BHE3AITHOM
BO3HUKHOBEHMWUA PA3PBIBA

Kum A. C.
AO «HayuonanvHulil yenmp KOCMUHECKUX UCCIe008AHUL U MEXHO02Ully, Armamul,
Pecnybnuxa Kazaxcman
e-mail: kim.as@mail.ru

Paccmompena  mamemamuyeckas — modenb  owaea  3eMlempsAceHuUs 8  8ude  paspwiéd  C
g3aumodeticmeyromumu  Oepeeamu, NOCMAGIEHA U AHATUMUYECKU PeuleHd HAYATbHO-Kpaegas 3adayd o
HeCMayuoHapHuIX NPOYeccax 6 NpedsapumenbHO HANPANCEHHOU cpede Npu GHe3ANHOM BO3HUKHOBEHUU
NOTYOECKOHEUH020 pa3pbled C BA3KUM KOHmaxmom Oepe2og. Ilonyuenvl amarumuveckue popmynvl 07s
CKOpOCMU, YCKOpeHUs U nepemewjeHusi cpedsvi. Pewenue 3adauu 0606ueno Ha ciyuail mpauceepcaibHo-
U30MPONHOU cpedbl, K020a NIOCKOCHb PA3PblEa COBNAAem C NIOCKOCIbIO U30MPONUL.

Knwouesvie cnosa: mamemamuueckas Mooens, 8OHL, 0YaA2 3eMIEMPICEHUS, HeCMAYUOHAPHBIL NPoYecc,
aHanumuyecKoe peuleHue

HKep cinkinici owazpinbiHbIY JHCAANAYIAPHIMEH KOCBLIbIN HCAMKAH HCAPLLILIMOAPObIH, MAMEMAMUKATbIK,
yazici peminOe Kapacmuipblibin, HCApbLIbIMOApPObIY KAYinmi auMakmapbiHOAebl WeKCi3 HCapblibiMoap by
naiida OOMYLIHA aKen CcoAMblH KAYinmi opmaoasvl mypaxcul3 yoepicmepliy 6acmanivl-uexmix
AHATUMUKATBIK MANCHIPMANAPDL KOUbLIbIN, wewinoi. Kolndamovlk, yoemy dcane OPMAHbIY HCHLINCYbL YULH
AHATUMUKATLIK — opmyaanap —anviHovl. Tancelpmanvly —wewivi mMpanHceeparovl-Oipmekminix — seHu
JHCAPLLILLMHBIY HCATNAKMBIEL] OIPMEKMINIKMIY HCATNAKMBIELIMEH CIUKeC KeleeH Opma Hcagoaivl YUl
JHCANBLLAHRAH.

Tipex co30ep: mMoONKbIHOAD, MAMEMAMUKATILIK YAICI, JHcep CIAKIHICI Ke3i, MYpaxcwl3 npoyeci,
AHATUMUKAIBIK UWeUuiMi

A mathematical model of the earthquake source in the form of a failure with the cooperating zones posed
and solved analytically initial boundary value problem of non-stationary processes in the pre-stressed
environment at the sudden occurrence of a semi-infinite gap with viscous contact shores. The analytical
formulas for speed, acceleration and environment dislocation obtained. Solution of the problem is
generalized to the case of a transversely isotropic environment, when the plane of fracture coincides with the
plane of isotropy.

Keywords: waves, mathematical model, earthquake source, non-stationary processes, analytical solution

[losiBneHne ceHCMOreHHBIX BapHalMidi B HOHOc(hepe mepel CUIbHBIMH 3eMIIETPICEHUSIMU
OOBSICHACTCSI OCOOCHHOCTSMHU HECTAI[MOHAPHBIX IPOLIECCOB B OYAaroBBIX 30HaX 3E€MHON KOpBI,
BapHallUsIMH JIEKTPUUECKOTO MOJIsI, BOZHUKAIOIIETO HA TOBEPXHOCTH 3eMJIM B 00aCTH OJATOTOBKU
cuibHOrO 3emerpsiceHust [1-2]. ®dusnueckoil OCHOBOW Ui MPOTHO3UPOBAHUS 3EMIIETPSICEHUM
ABJISICTCA U3MEHEHHME CBOMCTB MOPOABI NEpe]] 3eMIIeTpsCeHHEM. MI3BeCTHO, UTO pa3pbIBbl, A€()EKTHI B
peanbHOM cpefie ABISAIOTCS OJHUM U3 pEIlaroUX (GaKkTOPOB, BIUAIOUIMX Ha IPOYHOCTHBIE CBOMCTBA
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Matepuainos [3-9]. MccnenoBanue pa3anyHbIX HECTALMOHAPHBIX MPOLIECCOB B HAIIPSDKEHHOM Cpele,
MMeEET Ba)KHOE 3HAYECHUE Ul IPOTHO3UPOBAHUS IPOYHOCTH U YCTOMYMBOCTH OPOJIHBIX MAaCCUBOB U
COOPYKCHMM, BO3MOXKHBIX MEXaHU3MOB Ouara 3eMJICTPSCEHHH M APYTuUX sBICHUHU. B Hacrosiuee
BpEM II0Jy4EHBI TEOPETUYECKUE U IKCIIEPUMEHTAJIbHBIE PE3YJIbTAaThl, 3HAYUTEIBHO IIPOJIBHHYBILIHE
peleHue nmpoodaemMsl IO CO3/1aHUI0 CHCTEMBbI IPOTrHO3a 3emieTpsiceHuid. K Hanbosee cymecTBeHHbIM
U3 HUX OTHOCSTCS SIBJICHUS B MOHOC(Epe U TeOMarHuTHOM I10J1€, COIIPOBOXKAAIOLIIE 3eMIIETPSICEHUS
U TPEALICCTBYIOIIME UM, KOTOpble OOHApYXEHbl KaK Ha3eMHBIMH, TaK ¥ CIIYTHUKOBBIMU
uccienosanusiMu [ 10-23]. OOHapyKeHbI U3MEHEHUS B AJICKTPUYECKOW M MATHUTHOW COCTaBJISFOLIIMX
MOJISi HU3KOYACTOTHBIX M3IyYCHHH, PETHCTPHUPYEMBIX Ha OOpTY CHYTHHKA, NMPU IEPECEUCHHUU
MPOEKIUH €r0 TPACChl HaJl IITyOMHHBIMU Pa3IOMaMH JTUTOCQEPHI.

IlosBuBIIMECS B HACTOALLEE BpPEMs HOBBIE BO3MOYKHOCTH KOMIIBIOTEPHOTO MOJEIMPOBAHUS,
YHUCJICHHO-aHAJIUTUYECKUX pPAcCueTOB W BU3YAIM3alMM [JEJAI0T aKTYyaJbHBIMM aHAJIUTHUYECKUE
(GopMyIIbl, ONUCHIBAOLINE HECTALIMOHAPHBIE ITPOLIECCHI B BUJIE, paHee NPECTABIABIINX CI0KHOCTh
JUId TPUMEHEHUS M aHajln3a TIEeOAVMHAMHUYECKUX IIPOLECCOB B 3€MHOM KOpEe B IEPHOJBI
CEHCMUYECKON aKTUBU3ALMH.

[locranoBka kpaeBoi 3amgauu. B ympyroMm H30TpONMHOM MpEABApUTENBHO HAIPSHKEHHOM
IPOCTPAHCTBE C PABHOMEPHO PACIPENECIECHHBIM KACATENbHBIM HANPSHKEHUEM Ty, = ¢ B MOMEHT
BpeMeHH t = 0 IPOUCXOJUT MIHOBEHHBIM pPAa3pbIB CILIOIIHOCTH CPEbl BAOJbL IOJYIUIOCKOCTH
y =0, x < 0, xorza Ha JINHUU Pa3pblBa MTHOBEHHO MEHSIOTCS KOHTaKTHbIE ycnoBus. [Ipumem, uro
Ha paspbiBe npu ¢t > 0 BHE3alHO BO3HMKAIOT BSI3KME KOHTAKTHBIE YCIIOBMS, KOIZa HAIPSOKCHUS
3aBUCAT OT CKOPOCTH B3aMMHOM IMOJBMIKKH OeperoB paspeiBa [24].

B ycnoBusix mNpoAOIBHOTO CABUIAa BEKTOP HAINPSOKEHUH P = (px, py,pz), JIEHCTBYIOIIHN
npu t > 0 B HampaBleHUU OCHM Z Ha BepxHHM Oeper paspesay = 0,x < 0 c HOpMaiblO N =
(0,—1,0), wMeer HEHyNIEBYIO KOMIIOHEHTY, KOTOPYIO 3aJaJdM B BHJE JIMHEHHON 3aBHCHMOCTH,
KOTI'/Ia Ha BEpXHUI Oeper AefcTByeT TOpMO3siiliee ABMXKEHUIO HallpsHKEHNE

da 6
pZ - r] at )
a=w(x,+0,t) —w(x,—0,t) = [w(x,y,t)]y=0, (2)
rae N — Ko3(p(QUIUEHT BSI3KOTO KOHTAKTHOTO TPEHUS; a4 — BEJIMYWHA B3aUMHBIX CMEIICHHM

OeperoB pa3pbiBa; X,y — JIarPaHKEBBI IEKaPTOBBI KOOPAMHATHI; ¢ - BpeMs.
Kommnonenra p, BekTOopa HampspKEHUM CBsi3aHA C KOMIIOHEHTAMHM TEH30pa HANpSHKEHUW 10
bopmyne p, =Nyt Ty, + Ny Tyy + Ny Ty, THE N, =0, 1y, = —1, n, = 0. CnenosarensHo,

da
nput >0 nHa paspeiBe ¥y =0, x <0 BBINOJHAETCA YCIOBUE Ty, = 15, 3aaouee ycioBue

BS3KOTO KOHTaKkTa OeperoB. HeHyseBas KOMIIOHEHTa BEKTOpa MEPEMEIICHHN YIOBIETBOPSIET
BOJIHOBOMY YPaBHCHHIO:
2
0w 0Ty, 0Ty,

= 3
Ptz = ax " oy ()
HenyneBble KOMIIOHEHTBI TEH30pa HANPSKEHUH PABHEI
ow ow
Txz = .ua; Tyz = .u@ ) 4)
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rzie P - INIOTHOCTb CPEeJibl, 4 — MOJYJIb C/IBUTA.
Havanphbie ycioBus B HanpspbkeHHOM cpepeipu t <0 st y > 0 u y < 0 uMmeroT BUA:

Ty, =0, Tyz =4, w=—, —=0, npuy>0uy<0,t<0 (5)

VcnoBus Ha 0ECKOHEYHOCTH MMEIOT BU:

Tez 2 0, Ty, 2 g, npu 1 = +/x? + y? - oo, —o0 <t < (6)

Ycnosus Ha iuHun y = 0.
IIpuy y =0,x <0 Ha pa3pbiBe CIUIOIIHOCTH HANPSXKEHHOM cCpeabl 3aJaHbl MIHOBEHHO
MeHsttomuecs npu ¢ = 0 KOHTaKTHbIE YCIOBUA:

Ty, =4, npu t <0

da
Tyz =50 mpu t>0(, ¥=0, x<0 (7)

a=0, nmput=0

IIpu y =0, x >0 3a mpenenaMu pa3pbiBa paccMaTpuBaeMasi cpela COXpaHSET COCTOSIHHE
CIUIOLIHOCTH M YCJIOBHE HEMPEPHIBHOCTH MEPEMEILICHUM

a=0, npu x = 0, —0<t<o (8)

[Tonoxkum, uTo B Havasne KoopauHar npu t < ( nmepeMerieHus: paBHbI HYJIIO, @ SHEPTHsl YIPYToi
neopManuu, BbI3bIBAEMON HANPSHKEHUAMHU T 4, M Ty,, KOHEYHA B JIOOOM OrPaHUYEHHOM OOBEME.
Torma B y3moBoit Touke x =0,y =0 Ha HaOpsOKEHUS U TEPEMEIICHUS HAKIAbIBAIOTCS
OTpaHUYEHUS], CBA3AHHBIE C KOHEYHOCTHIO DHEPTHH YIPYroi AegopMaiiuu B 1I000M OrpaHHUYEHHOM
o0beMe, BBI3BIBAEMON HANPSKEHUAMU T 5, U Ty, [25, 26]

Ty, (x,0,p)~x7", mpm x -0, x>0, 0<y; <1 9
w(x, 0,p)~1x |72, mpu x -0, x<0, 0<y,<1, (10)

[TocraBneHHy0 3a7ayy MOXHO paccMaTpUBaTh KakK IMpPENeNbHYIO A Ciaydas MTHOBEHHOTO
pa3pbIBa BIOJb MOJIOCH! MIHPUHBI L, kKoraa Bpems t < L/b, rae b - cKopocTh MONEpEUHBIX BOJIH. B
cuiy  HedeTHocTH  pyHkimumu  w(x,y,t) OTHOCHUTENIBHO Y  JOCTaTOYHO  pPacCMOTPETh
noJIynpocTpaHcTso y > 0.

C HOMOMIBIO CYTIEPNO3MIIMH COOTBETCTBYIONIErO penienns W craTudeckoii 3a1aum 1 KCKOMOTO
pemicHusa w- HHHaMquCKOﬁ HAIpsOKCHUA Ha 0ECKOHEUYHOCTH MMPpUBCACM K HaIPsOHKCHUAM Ha
pas3peIBe, a paccMaTpHUBacMylO 3a1ady K CIeIylomeid KpaeBod, Oe3pasmepHas (Gopma KOTOpPOH
MUMEeT BH]
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a*w  d*w 0w

= 11
afZJ’ayZ 12 b
o =2"_0o t<o 12
W=—==0, : (12)

ow ZAaw ~ . <0

a5 ~—4q, X N

oy et 1 , $=0, t>0 (13)

w=0 xXx=0
rac pasMEpHbIC BEJIMYUHEI CBA3aHbI C 663p33MepHBIMI/I CICAYIOIIUMH COOTHOIICHUAMU

w=w"+w; W0=ﬂ; n=%; t=—,; (yw)=LE&,9,W); q=pug

S

B IlaJII)HGI\/JIIHI/IX BBIKJIaAKaX HHACKCHI «IITPUX» U «KPBIIICYKA» OIMYIICHBI.

AHanutuuyeckoe perieHne KpaeBoil 3agaun MetooM Bunepa — Xondga. IIpumMeHUB K BOJTHOBOMY
ypaBHenuto (11) mpeobOpazoBanme Jlammaca ¢ mapameTpoM p TO BpeMEHU ¢t W JIBYCTOpPOHHEE
npeodpazoBanue dypoe [27] ¢ mapameTpoM A MO KOOpAUHATE X, YUUTHIBas HaydajbHbIE YCIOBUS
(12), nomyuum ypaBHEHUE B U300paKEHUAX

’wlyp),

A = 14

o a‘w(d,y,p) =0, (14)
rac

a=N+p>) V% A=o+4it, 1. <1<Ty; p=pitip, p >0

w(x,y,p) =IW(x.y, t)e Ptdt; wd,y,p) =— fw(x,y,p)ewdx
; V2w o

OOmiee pemenue ypaBHeHus (14), nmpu ycrnoBuum orpaHumdeHHocTH (yHKUMU wW(A,y,p) npu
Y — 00, MOKHO 3aITHCaTh B BHJIE

w(4,y,p) =C4,ple” (15)

I'pannunslie ycnous (13) B u300paskeHUSAX IPUHUMAIOT BU

Tyz(x: in) = ZTIPW(X, 0, p) - g , x<0
P (16)

w(x,0,p) =0, x>0

N3 (16) cnenyer
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0 o
\/%_n_f Ty, (x,0,p)e ™ dx = j%_i_f w(x,0,p)e* dx + \/%_n%% (17)
C npyroii cropounsl, u3 (15) cienyer
7y;(4,0,p) = —aC(4,p), (18)
y‘-H/ITBIBaSI, 4YTO UMCCT MECTO paBCHCTBO
w(4,0,p) = C(4,p)
u3  (18) momyunm
Ty,(4,0,p) = —aw(4,0,p) (19)

N3 (17) ¢ yaerom (19) nonyuum ¢yHKIIMOHaIbHOE ypaBHeHUEe Bunepa-Xonda [25]

[

1 ¢
. A4Lp)+KApw_-4,p) =—7— —, 20
e

.,(4,p) = L jor (x,0,p)e™ dx

' \/ﬁo yerm

0

w_(4,p) = L fw(x 0,p) e *dx

' Vom . o

K(4,p) = 2np + (A% + p»*/?

VYpaeaenne (20) ompemeneHo B mojoce: T_<T<T,,—w0<0g <o Oyakmuun 7,(4,p) u
w_(A,p) peryJispHbI, COOTBETCTBEHHO, IpH T >T_U T <T,, rme 7, =0, 7_=-p;, p; > 0.

Jlns omHo3HauHoro ompenenenns @yskmun (A% + p?)Y/?  mposomuTcs paspes mIockocTH
A=0+IiT OT TOYKH Ip K OECKOHEYHOCTH B BEPXHEH MOJIYIIJIOCKOCTH M OT TOYKH —Ip K
OECKOHEYHOCTH B HU)KHEW IMOJIYINIOCKOCTH Tak, YToObl 00a Oepera pa3zpe3a HaXOAMIUCH Ha OJHON
npsmoit. Bersn (A — ip)'/2, (A + ip)V/? BoiGuparoTcs TakuM 0Opa3oOM, UTOOBI MpH A = 0 = ©
dyskmmn (A — ip) Y2, (A + ip)/? - o'/2,

[Tpu pemennu pynxuonansHoro ypaBHenus (20) Bunepa-Xomnda OCHOBHBIM IIAarom siBIISETCS
daxropusarus sipa K (A, p), KoTopast 3aKJIF04aeTCs B JAHHOM CIIy4ae B MPE/CTaBICHUH

K(){' p) = K+(/1, p)K— (/L p)’ (21)



MN3BECTHA HAYYHO-TEXHHYECKOI'O OBIIECTBA «KAXAK», 2015, Ne 2 (49)

rae uckomblie GyHkuuu K, (A, p) u K_(A,p) peryispHbI U OTIUYIHBI OT HYJIS, COOTBETCTBEHHO, IIPH
T>7T_ U T<Ty4.

Iposenem dakropuzamuio ¢yukuuun K(A,p). Jis OpoCTOTHI 3aliCH BBEIEM  CIIEIYIOIINE
napameTpsbl

v=41-4n? d=.4n? -1, (22)

3anuuem (21) B Bune

d 1 1 1 1
EZ"K(’L P)= 2(1 + ivp) * 2(2— ivp) g [/1 + ivp * A— ivp] (A2 + p2)1/2 (23)
PaccmoTpum pynknmm [25]
1 A
f+(Q) =17 1(A% + p?) "2 arccos (5) ) (24)
1 A
fo(A) =n"1(A% + p?)"Z arccos (— 5) (25)

19 T
r/ie BEIOpaHa Ta BeTBb (PYHKIIMU apKKOCUHYC, IS KOTopol arccos 0 = -

U3 onpenenennii (24) u (25) cnenyer, uro ¢pyukuuu f, (M) u f_(A) perymasipHbl npu T > —p; U
T < P41, COOTBETCTBEHHO.
Bocrmonp30BaBIIMCE TEM, YTO HMEET MECTO PaBEHCTBO

i)+ f.(A) = (A% +pH)~1/2

IIpe/ICTaBUM cllaraemMoe B IpaBoi yactu (23) B BUze
1
(2 +p»)2(A—ivp)™ = EL(4,p) + E_(4,p) (26)

@ +p?) 2@+ ivp) ™ = Fy(4,p) + F-(4,p) @7)

rae oyukuuu E, (A, p) + E_(4,p), FL (4, p) + F_(4, p) onpeneneHbl COOTHOLICHHSIMH:

Ey(A,p) = A—ivp [f+(A) — f+ (ivp)]
1
E-(p) = 7= - ) + i ivp)]
1
Fi(Ap) = [f+ (D) + f-(=ivp)]

A+ ivp
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F_.(4,p) = [f~(D) — f-(—ivp)]

A+ vp

Kak Bugno u3 omnpenenenuit, pynkumu E,(A,p) u F (A, p) peryispHbl B MOIYILIOCKOCTH
ImA > —p,, abyakiuun E_(A,p) u F_(A,p) peryispHsl B moymiockoctu Im A < p; .
VYuursiBas, uro u3 (22), (24) u (25) cnenyer

f+(Civp) + f_(ivp) = fy(—ivp) + f(—ivp) = 5
U3 cooTHOMeHn# (23), (26) u (27) momy4nM paBeHCTBO

LK (,p) = 6. (4,p) + G-(4,p) (28)

rae hyakiuu G, (4, p) u G_(A,p) paBHBI

f+ () — f+ (ivp)  fi(D) — fo(—ivp)
G,(A,p) = — [ v + T3 ivp : (29)
6 ) = [FR =D)L ) - (ivp) 0

A—1vp A+ivp

U3 (29) u (30) cnenyer, uto pynkuuu G, (A, p) u G_(A,p) perymspHbl Ipu T > —p; U T < Py,
coorBercTBeHHO. M3 (21) 1 (28) momyunm nckomsbie pyakmun K, (4,p) u K_(4,p), HeoOxoaumbie
nnst pakropuzanuu sapa K (4, p):

K,(4,p) = K, (0)e9+@*P) K_(2,p) = K_(0)ed-*P), (31)
rae
A A
9. (Ap) = f G, (Wp)dh, g (Ap) = f G_ (4 p)di
0 0

JL1st onpe e IEeHHOCTH TTOJIOKUM
K.(0) =p(1+2n), K (0)=1 (32)

Oynkiun K, (4, p) u K_(4,p), Kak cienyer U3 UX MOCTPOSHUs, pEryJIspHbI U OTIMYHBI OT HYJIA,
COOTBETCTBEHHO, IPU T > —p; U T < P; , TO ecTh pakTopuzanus (21) sapa K (4, p) ocyiiecTBicHa.

1
B caydae ;<nN<w ynobHo B coortHomeHusx (29) u (30) choenars 3aMeHy mapaMeTrpa v 1o

bopmyne
v =—id,

10
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a pyakmuu f,(A) u f_(A), onpenencHuble (24) u (25), 3aMCHUTH SKBUBAJICHTHOM, OoJiee yI00HOM

3aIIUChIO
1
1 A+ (A2 +p?)2
D) =in ' (A2 +p?») 2In ( D P") ) (33)
A+ (2 +pD)2
1 -2+ + p?)2
() =in"'(A2 +p?)2In (. P : (34)

lp

rzie BIOpaHa Ta BeTBb Jorapudma, ais koropoir Inl =0 .
[epeiinem k ompeneneHuto pemeHus: GyHknuoHansHoro ypaHeHus (20). Ilepenumem (20) B
BUJIC
q

1
T A PK A p) + Ko (L p)w_(A,p) = — %Eﬁ'ﬁ_l“’ p) (35)

YroObl hakTOpr30BaTh MPaBYIO YacTh ypaBHEHHs (35), BBeeM (yHKINA
1 -1
kie(4,p) = 1 (Kt (4,p) — KX H(0)], (36)

1
k-(4,p) = 3K (0) (37)

Oyukmmum k4 (A, p) 1 k_(4,p), kKak 310 crneayet u3 (36) u (37), peryaspHBI IpU T > T_U T <
T,, cooTBeTcTBeHHO. Ha ocHoBanuu cootHoueHuit (35) — (37) BBeaeM (pyHKIUIO, PETYISIPHYIO B
IUIOCKOCTU A = 0 + iT

R |
T,(L, Kt + J2nD
I(A) = (38)

K- p)w-(A,p) — \/%_n%

ki(Ap), T>1T_

K—(/L p): T< Ty

Hcnonbk3ys acuMnToTuKy B BepiinHe paspsiBa (9)-(10), yauTsiBas CBSI3b aCUMITOTUKH ()YHKITUH
C aCUMIITOTHKOM €€ n300paxkeHus [27], MOTyduM OIEHKH

T,(Lp)~A" ", mpun Ao, T>T_ (39)
w_(4Lp)~A"172, mpm A-w, T>T, (40)

U3 (24), (25), (37) u (38) cuenyer uro
_1
fi(A)~A12In4 , opu A >, T>T_ (41

1
f-(A)~A"2In A, opu 1>, T<T, (42)

11
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YroOsl onienuts K, (A,p) u K_(4,p) , BBeaeMm GpyHKIMUU

1
Gl(AJ p) = G+(A! p) - ﬁ

1
GZ(Aﬂp) = G_(l, p) 5

2
y‘-II/ITBIBaSI,‘-ITO UMECT MECTO OLICHKHA
1GL(A4,P)| < cy|A|73/2, mpm A — o, T>1_, (43)
| G,(A,p) 1< c|A| 732, mpu A — o, T< 14, (44)

N3 cxouMoCTH COOTBETCBYIOIIMX UHTETPAJIOB CIIEAYET

o0

fGl (A4, p)dA — O, mpu A — oo, T>T_,
2

o0

fGZ (A4, p)dA — O, mpu 1 — oo, T< T,
2

HOSTOMy UMEET MECTO aCUMIITOTHKA

A

1
1
jG+ (A,p)d/l—>f6+ ()l,p)d/’l+§ ln/1+f(}1 (A4, p)dA, A—> o0, T>T_
0 0

0

1

i 1
1
fG_ (A,p)dl—)fG_ (A4, p)dA+ = lnl+f62 (A4, p)dA, A—> oo, TS T,
0

o0

2

0 1

Otxyna onenka st K, (A, p) u K_(A, p) umeeT BUA
K.(Ap)~At2, A —> o, 1>1_, (45)
K.-(Ap)~AY2, 1 —> o, 1<1, (46)

YuuteiBas cootHotieHus (38)-(40) u acumnroruky (43)-(46), momyuum st pyuakium [ (4)
CIIETYIOLIYIO OL[CHKY

I1(A)~A77Y, npu A — oo
rne y>1/2.

12
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Torma o Teopeme JInyBuiis [25] dyukums [(A), onpenenernas Gpopmyioi (42), perynspHas
Ha BCEH MIOCKOCTU A=0+iT, TOKJIECTBEHHO paBHA HYJIIO:

IMN=0 (47)

U3 (38) u (47) momyuum perrenue GpyHKIHOHAIBHOTO ypaBHeHHs (20)
W_(A, p) = — - — - —Ze_g—(/lzp) (48)

VuyuteIiBas, 4To
w_(4,p) = C(A4,p),

u3 (15) mosay4nm OKOHYATEILHBIN BH] PELICHHUS KPAeBOil 3a1a4k B U300paKEHHSIX

a )= i q 11
WA = T e T v 2 p? A

e~ 9-Ap)-ay (49)

[lpu HaxoxaeHWM OOpaTHOTO MpeoOpa3oBaHUs YNOOHO CTPOMTH OPHUIHHAN HW300paKEHHS,
nonyuennoro u3 (49), ymHOXeHMeM Ha p%. DTO O3HAYaeT, 4TO OyJeT IMOCTPOEHA BTOpas
NPOU3BOIHAS OT HCKOMOW ¢yHKumu w (X,),t) mo BpemeHu t. st BTOpOH NPOM3BOTHOW OT
(GYHKINU TIepeMENeHHS 10 BPEMEHU MOXKHO 3aIHCaTh

az 1 p1+ joo iT1+CX31

w(x,y,t .

;tzy ) _ _ = 1f2 f ePtdp f 2 eT9-0Praii g (50)
" pq—ioo iT1—©

3anumrem (50) B Buze, yI00HOM [UIs Iepexo/ia K KOHTYPHOMY HHTETpairy

02 w(x, y,t)
iz = %y + Q) (51)
e
P1 iT1+(x)
=_+ pt f 1 -g-(Ap)—ay—iix
0y = gorgy | T | g a2 (52)
P1-io 1T —©
P1+io iT1+0 "
=_L pt f — ,—9-Ap)—ay—-ilx
D1 1T1—©

ITepBoHavanbHO paccMoTpuM ciaydail 0<f<m/2. B wuuTerpane (52) myTh HWHTETPHUPOBAHUS IO
npsimoii AjA4 iponedopmupyem [25] B kpuByto A;A,A3A, (pucyHok 1) B mockoctd A = g + iT.

13
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AiA; n A3A, nyru pannyca R, A,As; — BeTBb Tunep00ibl A = —ipcos(6 + i{,), BeluepunBacMas B
IUIOCKOCTU A TIpY U3MEHEHUU mapameTpa {, 6 - MOJSPHBIN yrodl.

Pe< D T |
Ay : 98 ="
i Lol
Ay :. 0 Aa—é
R\~ "D
K/
®

Pucynok 1 - ITnockocte A = 0 + it. A{A,A3A, — KOHTYp MHTETpUpOBaHUs pu p, < 0,

0 < 0 <m/2. Ilyaktupom 0003HAYEHBI pa3pe3bl; ip, — [P -TOYKU Pa3BETBICHUS

Awnanornyno B unrerpaie (53) nmepeiizieM K HHTETPUPOBAHUIO 110 KpuBO# BB, B3 B, (pucyHok 2).

BBeneM nomnspHble KOOPAUHATHI X = 1Cc0Ss 6, y = 7 sin . 3aMeHoll nepeMeHHO A =-ip cos {
nepeiieM OT HHTETPUPOBAHHS B TUJIOCKOCTH A = g + iT k miockoctu ¢ = {; + i{, . KoHTypsI
unrerpupoBanus A;A,A3;A, w B{B,B3B, mepeiinyT, COOTBETCTBCHHO, B KOHTYphl AjASA5A, u
B{B{B{B{ Bmuiockocts { (PUCYHOK 3, pUCYHOK 4).

Pe>0 A

Pucynok 2 — Ilnockocte A = ¢ + it. B{B,;B3B, — KOHTYp UHTerpupoBaHus mpu p, > 0,

0 < 6 <m/2. Ilynktupom 0603HAUYEHBI pa3pe3bl; Ip, — P - TOUKH Pa3BETBIICHUS

14
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G|

S\

Pucynok 3 — Ilnockocts { = {; + i{,. ['_ - koHTYp uHTerpupoBanus npu p, < 0,
0<6<m/2. AJALA5A) - obpa3 koHTYypa A1 A,A3A,

B sTom ciyuae Boipakenus (52) u (53) npumyT BUJI

D1
-1 pt f —9()—pr cos({—6)
Q,(r,6,t) a2+ 2) f ePldp | tgle di, (54)
Pi-ivo I_
p1+io
q —g(0)— _
Qe(r,0,t) = TR f ePtdp ftgfe 9@-preos=0)qg (55)
P1 I'y

rie g(¢) = g-(4p),mpu A =-ipcos{

Verpemnsis paamychl ayr A;A,, AsAs, BiB,, B3B, k 6eckoneunoctu u nedopmupys A; A,Az A,
v By;B;B;B; B I_ u I',, COOTBETCTBEHHO, TaK, uToOk Re[p cos({ — 0)] > 0, mepeiinem B
unTerpanax (52) u (1.46) x uuTErpUpoBaHMIO MO KOHTYpaM / _ u I, (pUCYHOK 3 ¥ pUCYHOK 4),

Ce |

S

Pucynok 4 — Ilnockocts { = {4 + i{,. [, - KOHTYp uHTErpupoBanus npu p, > 0,
0<6<mn/2, BiB3B3B, - o6pa3 xourypa B;B,B3B,
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[Tpounterpuposas (1.47) u (55) 1o p U y4uThIBas, YTO BKJIAJ B MHTETPAJbl MO0 OCCKOHECYHBIM
AyraMm paBeH Hymo [25], mepeiieM mganee K HHTEIPUPOBAHHUIO IO 3aMKHYTOMY KOHTYpy [
mockocTH ¢, coenquuuB [, u ['_ Ha 6eCKOHEYHOCTH (PUCYHOK 5).

2|

0 T T G

Pucynok 5 — Ilnockocts { = {; + i{,. [ - 3aMKHYTBIN KOHTYp UHTETPUPOBAHUS

mpu 0 < 6 < m/2. Touku {, u Zo_ MOJIr0ca IEPBOIo MopsIKa

B pesynbrare nosnyuum

a%w(r, 9, t) tgl e =9 ~Palt-Tcos(¢-0)]
f dq (56)
at? 47t2(1 + 21) t —rcos({ —0)
ITo Teopeme o Beryetax u3 (56) mpu 0 < 6 < g MOJIy4YUM
0°w(r,6,t) 1 H(t—r
( )_1 4 - Re {tggye9Co}, (57)
ot? ml+2n+t2 — 2
%o
g(Qy) = —f m[n{ ——arccos( V) sm(] d¢ —
7
1 o
_;hf m [r]{ — —arccos v sin (] dq, (58)
2

t+Vtz—r2

(o = 0 + i&, $o =1In "
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0<7<ow, 0<t<o0<n<x0<0<,

H(&)-bynxums XeBucaiiga oT aprymenrTa €.
[Mycte m/2 < 6 < m. AnanornyHo nepeiieM B uHterpaiax (52) u (53) k MHTErpUpPOBAHHIO MO
kpuBsiM C;C,C3C,C<CsC, (puicyrok 6) u D;D,D3D,D< DD (pucyHoxk 7).

P,<0

N7
4
2

Pucynok 6 — IInockoctb A. C;C,C3C4C5CsC, - KOHTYp UHTETpUpOBaHus pu p, < 0,
n/2 < 0 < m. Touka O- momroC MEPBOTO MOPSIKA

-i,p

\

G Q\\o
AN

Pucynok 7 — Ilnockoctb A. D{D,D3D4,DsDgD; - KOHTYp UHTETpUpOBaHUS Npu P, > 0,
1/2<6<m. Touxka O - momoc NepBOro nopsaKa

17
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HHuTterpansl mo ayram pamuyca R cTtpemsTcs K Hyto pu R — oo, uHTEerpansl mo C;C; u €30y,
DiD; u DsD4 B3ammuO cokpamatorcs. Ilogcunraem Bkitan momroca B uHTerpan (50). U3 (50)
CIIEJTyeT, 4TO BBIYET B Touke A = 0 paBeH

Res [%e—g—(l,p)—ay—ilx] = e_py

Torma u3 (50) cnenyer, uto nomtoc B Touke A = 0 Jaer BKIaa BO BTOPYIO MPOU3BOIHYIO OT
[IepEMELICHUS, PABHBIN

d“wy 1 q I8
= . —_— p(t-y)
02 ~2mi T2y 107D f e dp
P1—1l0
NN
0%w, q s
= T 2n6(t r sin@)H (6 2) (59)

rae §(&) — nenpra-pynkuus Jupaka ot aprymenra &.
CnenaB 3aMeHy TepeMEHHOW HWHTETrpHpoBaHHS A =-ip coS {, TepiieM K MHTCTPUPOBAHUIO B
I0cKocTH { (pUCYHOK 8 U pucyHOK 9) mo koHTypam L, u L_.

Ge

Pucynok 8 — Ilnockocth {. L_ — nepopmMupoBaHHbIi KOHTYp UHTErpupoBaHus C,C5CqC;
mpu p, <0, m/2<6<m

|41
(16,0 = g | erdp [rgges@rresioar (e0)
7 pp—icwo L_
Pi+ino
Qe(r,g,t)zm f ePt dp j tg (e9@)-prc0s-0) g (61)
P1 Ly

18
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2}

D;
Pucynok 9 — Ilnockocts {. L, - nepopmupoBanHsblii KOHTYp uHTEerpupoBanus Dy Ds De D,

npu p, >0, m/2<0<m

Janee, nepeiieM K HHTETPUPOBAHKIO [0 3aMKHYTOMY KOHTYpY L (pucyHoxk 10).

Ce|

Pucynok 10 — IlmockocTs {. L - 3aMKHYTBII KOHTYp UHTETpUpOBaHus mpu /2 < 0 < m.

Touku {y 1 (- MoMrOCa NEPBOro MOPSIKA

Hcnonb3ys Teopemy o BeiueTax U BKIaa (59) mpu o6xoje monroca B Touke A = 0, momyuyum

?w(r,0,t) 1 q H({t-71) q i
A R -9(o) — rsi H(O — = 2
T P P eftgoe }+ T+ 27 5 (t rsin 0)H (6 > ) (62)

dopmyna (62) mpencToBseT cOOO0M aHATUTHYECKOE PEIIEHHE KPaeBOoi 3a1auu pu
0<r<m 0<0<m 0<t<w 0<n <o
IIpu n > 1/2 ynoOHee moONB30BaThCS CIEAYIONICH SKBHUBAICHTHOW (QopMmoii 3amucu (QyHKIIUU

9(o)
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o
1
9({o) = fm[n( — Sln(——sm(ln(d+2n)] d¢ +
f
%o
+lf [{——sm{+—sm{ln(d+2 )]d( (63)
n) ld+COS( 1 7
2

Bropoe cnaraemoe B dopmysnie (62) monydyeHO MaTeMaTHYEeCKU Kak BKjIaa B mHTerpan (50)

ot?

npu obxozxe momoca B Touke A = 0. Ouznuecku MpeacTaBisieT co00i BKIJIAJ TIIOCKOH

BOJIHBI

Wo = T (= HE=YH(=), (64)

1+

KOTOpasa OTXOAUT OT pas3pbiBa B MOMCHT €I'0 BOSHUKHOBCHUA.

OO0001IeHe aHAIMTUYECKOTO PELICHUs Ha Cilydaid TpaHCBEpCaIbHO-U30TPOIHON CpEe.bl.
Ananutudeckoe peuieHne (62) COIEpKUT BCIO MHPOPMALMUIO O JBWXCHUU JIMHEHHO-YIPYrou
OJTHOPO/IHON HM30TPOIHOM Cpebl MPU Pa3pbIBE BAOJIb MOIYIUIOCKOCTH B YCIOBHUSX aHTUILIOCKOMN
nepopmaruu. Popmyna (62) momyckaer 0000IIeHHE Ha ciaydaill TpaHCBEpCaTbHO-U30TPOITHOM
Cpezbl, KOr/ia IIIOCKOCTh pa3pbiBa COBMAIAET € INIOCKOCTHIO U30TPOITHUH.

[Tycts kpaeBas 3amaua JJisi TPaHCBEPCATbHO-M30TPOIMHOM Cpelbl (C MIIOCKOCTHIO M30TPOMHU
y = 0) umeer BUI

0*w, 02w, 92w,
p = + U=
ot2 1 ox2 2 9y2

awp
wy, = at =0,t, <0,
da
ng = np atp qp) xp < O
p , Yp=0,t,>0
a, =0, Xp =0
Py (?Wp p _ W ow,,
- M1
ox,’ oy,

ap(xp' tp) = Wp(xp' +0, tp) - Wp(xp' -0, tp)

3,[[CCB HHICKC «P» TOpUIIMCAaH pPa3MCpHBIM  BCIIMYMHAM, Ui, Up — MOOYIH caBura,
COOTBETCTBECHHO, JJIsA IUIOCKOCTEH HOPMAJIbHBIX W MapaJlJICJIbHBIX IIJIOCKOCTH U30TPOIIUH.
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Beens OezpasmepHbie BEIUYHHBI 110 (popMynam

b, L .
b—ly, t, =—t, w, =Lw+ qlrsing,

Xp=1Lx, y, =1 b,

Han
qp = U249, Ny = b’ Tazc)z = U1Tyz, Tazc)z =\ U1l " Tyg,
1

H1 Ha ow ow
b, = ;» b, = ?; szza) Tyz=@;

MIPUBEAEM 3aJauy AJIs TPaHCBEPCAIbHO-U30TPOMHON cpebl K KpaeBoi 3amaue (11)-(13), pemenue
KOTOpOil ano ¢opmynoii (62). M3 nmpeobpa3oBanus KOOpAUHAT K Oe3pa3MepHOil Gopme clieqyer,
910 (PPOHT HMIMHIAPUYECKOH BONHBI (57), MCXOIMIIMH OT KOHIA pa3pbiBa M UMEIOIIUHN IS
M30TPOITHOTO CiTydasi OpMy OKPYKHOCTH, IIEPEXOTUT B ILTUIIC SIS TPAHCBEPCAILHO - H30TPOITHON
Cpelbl.

JIBukeHue cpenbl IpU CBOOOJIHBIX OT HAIpsDKEHWM Oeperax paspeiBa. PaccMOTpuM yacTHBIN
cilyyail uccieayemMon 3aia4m, Korja rnpenedperaercst B3auMoeicTBreM oeperos paspeiBa 7 = 0.
N3 (58) momyunm

1
9(So) = Eln(l + cosd),
OTKyJa ¢ yaeToMm (62)

0°w(r,0,t) qH(t—r)
at? Az — 12

Re {tgfo(l + cos{o)_%} + g6 (t — rsin@)H (9 — g)

HIJIN

d’w q H(t—7) 1 1 ]
— == . . in20cos —/chés + 1 —
0t? m \[t2 =12 cos260 + ch2é, cosf + ché&, [sin26cos 2 Ve o

—shZEosing,/chfo — 1]+ q6(t —rsinf)H (9 - g) (65)

3HaK BEJIMYUHBI YCKOPEHUS 3aBHCUT JIMIIb OT 3HAKa BBIPAKEHHs B KBaJpaTHOW ckoOke (65),
MIO3TOMY HETPYAHO CJE€JaTh BBIBOJ O TOM, YTO 30HAa BO3MYLIEHHH COCTOMT M3 Tpex oOiacTei:
00J1acTH HyNEBBIX YCKopeHHi D, monoxurenbHbix D, u orpunarensubix D (pucynok 11).

t
Dy=1ir0: t<r<——,m/2<0< }
0 {r r sin@ n/ d

t

D, = P —
+ {r,@ 1 + cos6

<r<t,0<9<n/2},
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Yie
. : )
W=0 W KO \W>0
-0 -5 0 5 o X

Pucynox 11 — ITnmockocts XOY. Bo3myiienHas 30Ha cpe/ibl pa3rpaHuyeHa >KUPHBIMU JTUHUSMHU Ha
obmactu HyseBbx (W = 0), nojoxurenbHbix (W > 0) u orpunatenbubix (W < 0) yckopeHui

T
, TpH O<9<§; 0<r<t mpm n/2<9<n}

t
D_=13ir0: 0<r<— ——
{r r 1+ cosf

Wuterpupyst ¢popmyny (65) mo t or 0 10 t ¥ yuuThIBas HylieBble HavajdbHBIE ycioBus (12),

IMOJIYYHUM CKOPOCTH nepeMemeHI/Iﬁ

ow ¢q 0 0 [ z
_tzg[M(B)Il—smzlz+smzl3 H(t—1)+ qH(t —rsinf)H (9 - E) (66)

Uepes 14, I, , I3 0003HAYECHBI BEIPAKECHUS

a; Y Y Y
L= —arctg— + — arctg— + — arctg—
C1 1 Ca (&) C3 C3
2
I, = —arctgl
C3 C3
I [—a ct l——arct ]
37 sinf g Cy 9
371ech BBEJEHBI CIEAYIOUIUE TapaMeTPhl
sin@ + cosf cosf — sinf 2
aq=—-——-" a,=—, a; =
1 sinfcos26 2 sinfcos26 37 cosH

=+v1+sin0 c; =V1—sin6 c3=V1+cosO@ y= t;—r

¢] 2]
M(O) = sin@cos@cosi —sin@sinE— cos@sinE

N3 ¢dopmynsl 1asi cKOpOCTH nepeMmereHuit (66) materpupoanuem mo t or 0 jo t ¢ yuerom
HYJIEBbIX HAYaJIbHBIX yciaoBui (12), monydnm Gopmyity ais nepeMenieHui cpebl
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2

r 2 1 (72
w= a [M(0)a; ()/_ + ci> arctg 4 + 2(—1)’ (y_ + Ci> arctg Zatrctg Y_
n Ci ) 02 Ci Ci Ci
€oS 5 'i=1

2] 2
—2sin— <y_ arctgl — y + czarctg L)]H(t —-7r)+
2\ c3 C3 C3

+q(t — rsin@)H(t — rsinf)H (9 — g) (67)

U3 ¢popmynsl (67) mpu r — 0 MOITyYUM aCUMOTOTHYECKYIO (POpMYITy

4 0
w(r,0,t) = ?q\/f-rl/zsinz (68)

U3 (67), nudpdepenuupys mo r u ycTpemisis K HYJIIO, TOJTYIUM aCUMITOTHKY HAIIPsDKEHUH Ha
KOHIIE pa3pbIBa

T =ﬂsing T =ﬂc059 (69)
2T ar)/27 2% T (Qpr)1/2 T 2

rae KodGUIMEeHT UHTEHCUBHOCTH HAMPSKEHUH, paBHBIH

K@) = ¥ gVt (70)

CTBIKYETCs ¢ cooTBeTCTBYroIMM pe3ysbratoM b.B. Koctposa [24] u [1.A. MapTtsiHioka [28].
IIpu ¥y —» 0 u3 popmynsl (67) npu 6 + g NOJYyYMM acCUMIITOTUKY INepeMeleHuil Ha (poHTe

HHHHHI{pH‘IGCKOﬁ BOJIHBI

.0 3
4q siny (t—r1)2

3m cos6O 1
T2

IR

w H(t—71)+ q(t —rsin@)H(t — rsinf)H (9 - %) (71)

[Tonyuennas acumnroTtuka (71) cormacyercst ¢ pesyiapTaTaMH, IpHUBEIEHHbIMU B pabote JI.M.
®nurmana [29].
PaccmoTtpum Teneps aABmkeHne 6eperos paspbiBa. 13 (65) . cienqyer

dw(r,m,t) q t\/?H(t—r)

dt s tVt—r

(o]

dt +q,
OTKYJIa CKOPOCTb JIBMKEHHsI OEpPEToB pa3phiBa MPUHUMAET BU/T

aw(r,m,t)  2q . t—r H(t—1) + 79
T - g aretg |— r)+q (72)

WuTerpupys nocneaHioro Gopmyiay no t U yuuTbiBas HyleBble HadallbHbIE YCIOBHS, MOITYYHM
nepeMeneHus 0eperoB pa3pripa
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2qr |[t—1r 2qt t—r
W(T’,Tl’,t)=[z / m—— 72 arctg /T H(t—r)+qt (73)

®opmynsl (72) u (73) MoxHO noiayuuts u3 (66) u (67) npeaenbHbIM NEPEXOAoM npu 6 — .
[TokaxeM, 4TO CKOPOCTh JBUKEHUS Cpe/lbl HEMpephIBHA 110 O ipu 6 = g JleicTBUTENBbHO, TaK KaK

1 M(6)I '91+'91—11 ty
9_}20[ e szz sm23]—2 narcgﬁ,

: .0 G 1 1 Y
lim [M(0)]; —sin=I, +sin=Il3] = —=—— arctg—

620 2 2 2 7 Nk

[ o
TO U3 (66) cnexyert, uTo npu 8 = - CKOPOCTb MEPEMEIICHHIT HEPEPhIBHA 110 6, npuyem

ow (r, %,t)

=3 _ 9 rerg L
ot 2 T g

V2

Otcrona u u3 (66) MOXKHO cIeNaTh BEIBOJ: CKOPOCTh EPEMEIICHHI cpeibl BHYTPH BO3MYIIEHHOM
30ubl D = DyUD,UD_ uHenpepsiBHa. 3 COOTBETCTBYIOIIEH aCUMIOTOTUKH CIEAYET HENPEPHIBHOCTh
CKOPOCTH Cpe/ibl IIpU Mepexoe yepe3 PpoHT HMUIUHIAPUYECKON BOJIHBI. Pa3ppiBHA CKOPOCTH JIHIIb
P TIepexoJie Yepe3 PPOHT IUIOCKON BOJIHBI, KOTJa CKOPOCTh MIHOBEHHO IOJPACTaeT, OT HYJS B
HEBO3MYIIIEHHON 30HE CPEJIbl 0 BEJIMYUHBI ¢ B 30HE BO3MYIIICHHIA.

[Tpu n<K< I u3 popmyssl (62) ckOpocTh IEpeMeIIeHII TPUHUMAET BH/]T

(74)

t 2 So
dw q H(t—r) —r)R 3+ gIn2 -5

t
q (H(t 2msind,
— t 1+ cos /2 dt — —j e dt
dt m)Ve—r2 e Re (1% ‘o) TR V= 1+ cosio)
5 0
q e I 2
1+277H(t rsm@)H(H 2)+0(77 ), (75)
T+ VT2 =12
(T=9+lln—r

OTKyJa CIIeyeT HEeNpephIBHAS 3aBUCHUMOCTH CKOPOCTH TEPEMEIICHHA OT BEIWYHHBI 7]  TMPH
0 < 1 < oo, yunursiBas, uto Gopmynsl (58) u (63) npu n = 1/2 TOXKAECTBEHHO pPAaBHBIL.
[Tepemenienus mpu n << 1, kak cienyet u3 (75), UMEIOT BUJ

t T1
W=%]d‘[1 H( _ ) {tg(’(1+cos(f) /2}

_TZ

t T1 2 l 2 — {T
q H(t - r) N &= omsingt
—-n—| dt, o =R y dr +
ﬂo J Viz —r2 (1+ cos¢®) /2
41 (t — rsin@)H(t — rsind)H (9 - E) +0(?) (76)
1+ 2n 2 ’
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OTKYyJIa ClielyeT HelpepbIiBHAS 3aBUCUMOCTH MepeMelleHnuid oT BenuuuHbl 7 mpu 0 < 7 < .

5. JIBmwxeHue GeperoB M aCUMITOTHKA B BEPILIMHE pa3pbiBa
PaccmoTrpum nBrkenue 6eperos paspeia. M3 hopmyn (62) u (63) unrerpupoBanuem o t ot 0
not monyuum npu 6 = 1

dw(r,m, t) q edum shé, e 91zGomqt
— = f H(t—1r)+
dt o 1+ 2n ) ché&, (4n? + sh2&,)1/2
q . s
+ 1+ 21 H(t— rsinm)H (n 2), (77)

rac

1 1 1
g1:1(n) = —arctg - In(d + 2n) — Eln d— (M),

1 ) ) 1 ché,
912(E0,M) = Zln(477 + sh?&,) — ;arCth' In(d + 2n) + p12(&0, 1),

&0
pcospdp 277 Echédé

T
2n _
p1(m) = - f “sin?g t12(&0,m) = —4n T
2

CrnenoBarenbHO, CKOPOCTh ABHKEHHS OEPEroB pa3pbiBa OMUCHIBAETCS (HOpMyIIon

EO thfe—ﬂn(fﬂ’l)

aw(r,mt) 1 q o
(4n2 + sh2&)3/4
0

dt  ml+2p

H(t - r)e_ﬂll(n)dl/z

q
+ 27

larctgﬁ
X (d + 2n)7 @ shidg + 7 (78)

WuTerpupoBanuem ¢popmynsl (78) mo t ot 0 1o t moxy4yum nepemenieHus 6eperos pas3pbia

$o $1
UH(_r)e—uu(n)dl/Zf Shfldflf
0 0

Shzfz e_M12(€21TI)
X
chéy (4n? + sh2&,)3/4

qr
W) = T2

qt
1+ 2n

O
X (d + 277797 a d§, + (79)

Uccnegyem Tenepb aCHMNTOTUKY ABUKEHUS B BeplInHe pazpeiBanpu 1 >>1,t >0, r —» 0.
I[lput = t, > 0, y™MmeHbIas 3HAYCHUE 1", MOKHO JOOUTHCS BBITOTHEHUS YCIOBHUS

shé&,
$o

1 «n <« (80)

Ouenum uHTErpan [q,(&y,n), Ast aToro npoaudGpepeHIrpyeM ero mo napamerpy
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d'ulz(fo’n)=_E.M+iarct %—iarct i
dn w A +sh?g, wd 9 d  wd " Yd

OTKy/a rpu yciaoBuH (80) MoxydnM OLEHKY, KOTOpasi He 3aBUCHUT OT &

dlulz (50177) ~ 1

dn 2n
Eciii IpOMHTErpUpOBaTh HOCIEIHEE COOTHOLIEHHUE 110 1), MOKHO TIOJIYYHTh
. 1
tiz(&o,m) = Eln n +Inny (&)

Oyukus 1y (€y) onpenenurcs u3 GopmMysbl

e /'112(50 vn)
No($o) = i

rje 17 yIoBieTBOpseT ycioBwuio (80).

(81

(82)

(83)

(84)

Yucnennwli cuer (pucyHok 12) mokasan, yro npu ycinosuu (80) BenmumnHa 174 (&o)
JICHCTBUTENBHO HE 3aBUCUT OT 1), 0oiee TOro, 3aBUCHMOCTb BEIMYHHBL 1o (§o) OT &,
HEe3HAYMTENbHA U MPHUOIMHKEHHO MOYKHO CUUTATh 1 (§y) MOCTOSHHBIM K03 uUIeHTOM, paBHBIM

No = 2,0.

2o

5 10 15 “En®

Pucynok 12 — Jluaus 1 cootBetcTBYyeT 3HaueHusM (o npu t/r = 10°; munus 2 —nopu t/r = 107,

munus 3 - npu t/r = 108, nunua 4 - mpu t/r = 10°.

[Tpu sToM 3HaueHHs QYHKIMH |1, (&) ,7) TPUOTIIKAIOT TOUYHBIE 3HAYCHUS HHTETpana [y, (§y,7)

(Tabmuna 1).
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Tabmuna 1 — CpaBHEHHE aCUMIITOTUYECKUX 3HAYCHUH g, = U], C TOYHBIMH 3HAYCHHUSIMHU [, =
H12

No Hac Hr n
2,1760 3,8847 3,8842 500
2,1757 4,2312 4,2301 1000
2,1752 4,5776 4,5754 2000
2,1748 4,9239 4,9197 4000
2,1741 5,2702 5,2617 8000
2,1728 5,6162 5,5991 16000
2,1701 5,9615 5,9273 32000

3HayeHMA No U ILlT IMMOJIY4CHbI U3 TOYHBIX (1)OpMyJ'I C IIOMOIIbIO YHCJIICHHOI'O HTCIPHUPOBAHMUA,

3HAYEHUS U, . TIOJTYYEHBl M3 ACUMITOTHYECKOH opmynsl (83), t/r = 10’. Toraa u3 (opmysbl

(62) mpu @ = m, t > 0 HOJYyYUM OLEHKY

0*w(r, m,t) gv2  ri/?
Tz " nn, mROR (85)

Ecnu npounrterpupoBaTh nocineanow Gopmyiy mo t U MoN0KUTh KOHCTAHTY MHTETPUPOBAHUS
PaBHOM HYIIIO, TO MOJIYYHM CJIEAYIOIIYI0 (PYHKIIHIO

ow*(r,mt) 2v2 q rt/? 1

~

ot T %771/2 1/2

(86)

ow*(r,m,t)
ot
u3 opmynsl (86), ACHMITOTUYECKH MPUOIIKAIOT TOYHBIE 3HAUEHUSI W, CKOPOCTH MepeMelleHUH,

Uucnennsiii cueT (Tabauia 2) MoKa3bIBaeT, YTO 3HAYEHUS W, QYHKIIUN , TIOJTyYEHHBIE

noJry4eHHsle o ¢popmyie (78).
3HaYeHHUs CKOPOCTH W, TONy4YeHBl W3 TOYHOW (OPMYIIBI UYHUCICHHBIM HHTETPHUPOBAHHEM,

3HAYeHUs W, MOIydeHbl U3 acCMMITOTHYECKOH (opMynsl mns ckopoctu (q = —1073, t = 10%,
n = 103%).
. . _ ow'(rmt)
Tabmuua 2 — CpaBHeHHE aCHUMOTOTHYECKUX 3HAUEHHH CKOPOCTH W, = o C TOUYHBIMHU
. _ ow(rmt)
3HAYEHUSIMU W, = ————
at
r Wy, +10° W, -10°
0,01 0,1420 0,1431
0,02 0,2008 0,2024
0,03 0,2459 0,2481
0,05 0,3175 0,3209
0,10 0,4487 0,4559
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Ecnu npounTterpupoBats Gpopmyiy (86) U MOJT0KHUTH KOHCTAHTY HHTETPUPOBAHUS PaBHON HYIIIO,
TO HOJIYYUM CIEAYIOIYIO0 (QYHKIUIO

42 q

w*(r,m,t)  — —
No

N| -

(87)

= |ﬁ
N[ N

YucneHHslii cuet (Tabmuia 3) moka3bplBaeT, YTo 3HaUCHUS QyHKIUH W** (1, 7T, t) aCHMITOTHYECKU
MPUOIIIKAIOT TOYHBIC 3HAYCHMs (PYHKITUU TTepeMeNIeHUH, mojydeHHbie o gopmyite (80).

Tabnuma 3 — CpaBHEHHE aCUMIITOTHYECKUX 3HAYCHHM JUTS ITepeMeneHut w,. = w**(r,m,t) ¢
TOYHBIMHU 3HAUCHUAMH W, = w(r, T, t)

r Wy 10 w; -10
0,01 0,2840 0,2845
0,02 0,.4016 0,4015
0,03 0,4919 0,4907
0,05 0,6350 0,6313
0,10 0,8980 0,8860

3HaueHUS TIEPEMENICHUN W, TIOJy4eHbI YUCIICHHBIM HHTEIPUPOBAHUEM TOUHBIX opmyi (80),

3HAYEHUs W, M0JIy4eHbl U3 aCHMITOTUYECKOH GopMyisl (88) s nepememennii (@ = —1073,t =
104, p=105.
CrnenoBarenbHO, B OKPECTHOCTH KOHIIA pa3pbiBa
N 1
42 r2 1
w(r,m,t) ~ — 4 — t2 (88)
T To nz

U3 dpopmyist (80) creayeT 3HAKOONPEAEICHHOCTh MPOU3BOIHBIX 110 I OT GyHKIMH W(T, T, t)

ow(r,m,t o*w(r,m,t
( )>0 ( )

ar ’ PR (89)

VYuuteiBas ragkocte GyHKIuu w(r, T, t) B OKPECTHOCTH BEPIIHHBI pa3pbiBa u3 GopmMyis (88)
Qg QepeHIIMPOBaHUEM [0 7' TOIYYUM aCUMIITOTUKY HAIPSKEHHIH

K(t,n)
TT‘Z (T, T[) t) = (27'[7')1/2 (90)
rac
1
4 q t2
K(itn) =——— 91
1 eI 77% OD

Hccnenyem Tenepb ABMKEHHE OeperoB paspbiBa mpu 1) >> 1 B TOUKE 7 B MOMEHT BpeMeHH t,
YIIOBJIETBOPSIOIINNA YCIOBUIO
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tkn— 92
U (92)
VYuursiBas, 4To 1npu yciaosuu (92)
,Ll11 (77) ~ 7]—1' 1u12 (EOJT]) ~ T]_l
u3 popmyisl (78) I CKOPOCTH JABMKEHHUS OSPEroB pa3phiBa MOJYyYUM COOTHOIICHUE
ow(r,m,t) ¢ q
Dt A SR S 93
ot 2n ¢ 2n ©3)
rie
1
E KK —
Inn

CrnenoBatenbHO, pu ycaoBuH (92) 0CHOBHOM BKJIAJ] B IBH)KEHUE O€pEroB pa3pbiBa JaeT IIOCKast
BOJIHA ¥ CKOPOCTh JIBMKEHUS paBHA

ow(r,m,t) q
SRR AP 94
ot 2n 4

OTcrozia BBIBOJ: €CJIM TPEHUE MEXKAY Oeperamu JIOCTaTOYHO BEJIMKO, TO B TCUCHHE HEKOTOPOTO
WHTEpBaJIa BpeMEHU t BIIMSHUE KOHIIA pa3pbiBa HA JBM)KEHUE €ro OEperoB CYIIECTBEHHO JIUIIb B
HEKOTOPOM €ro OKPECTHOCTH, BHE JTOH OKPECTHOCTH CKOPOCTh MOCTOSSHHA M KOd()HIIHEHT
BSI3KOCTH CBSI3aH CO CKOPOCTBIO JIBIKEHUSI OeperoB paspeiBa (opmynoit (94). Bennunna obmactu
BIIMSIHUS OLIEHUBAETCst hopmyroit (92).

BriBoabl

IlocraBnena u aHanMTHYeCKH pelleHa MeTonoM Bunepa-Xomga 3amada o BHeE3alTHOM paspbiBe
CIUIOIIHOCTH IPeBapUTEIbHO HAPSHKEHHOW YIpYyroi cpelibl BAOMb MOMYOECKOHEUHOW MOJIOCH C Y4eTOM
BSI3KOTO B3aMMOJIHCTBUS OEperoB paspblBa B YCIIOBUSIX AHTUIUIOCKOM JedopMali. AHAIM3 pEIIeHUs
BBISIBUJT OOJIACTH HYJIEBBIX, ITOJIOKUTEIBHBIX Y OTPUIATEbHBIX YCKOPEHMI BO3MYILIEHHOH 30HBL. B yacTHOM
CITydae OTCYTCTBUSI B3aUMOJIEHCTBIS OEperoB paspbiBa 3TH OOJIACTH CBA3aHbI AJIEMEHTApHBIMU (popMyIamMu
C opueHTaLuel paspbiBa. @opMyIIbl, COOTBETCTBYIOIIME 3TOMY CITy4ar0, COTIACYFOTCS C pe3yJIbTaTaMH IPYruxX
aBTOpoB. [lomydeHs! 3aBUCHMOCTH CKOPOCTEN U YCKOPEHHUI OT BEMUYMHBI BSI3KOI'O B3aMMOJIEUCTBUSI OEpEroB
pazpbiBa. s Oonblmx BeMWYMH KOI(QUIEHTa BSI3KOCTH TOMydeH KOI(D(DHUIMEHT HHTEHCUBHOCTH
KacaTelbHBIX HAlpsHKEHWH B BEpIIMHE pa3phiBa; ITOKA3aHO CYIIECTBOBAHWE '"OOiacTw BMsHUS' -
MPOCTPAHCTBEHHO-BPEMEHHOW OLICHKH, KOTJla BJIMSIHMEM BEpIIMHBI pa3pblBa Ha JIBIDKEHHE €ro Oepero
MOKHO TIpeHeOpedb. [1oka3aHo, YTo MpU HATMYKK BS3KOTO B3aUMOJICHCTBHUS OEperoB pa3pbiBa B MOMEHT €ro
00pa30BaHMsl MPOMCXOUT YaCTUYHBIM cOPOC HAMPSHKEHHH, B OTIIMYKE OT MOJHOro cOpoca HarpspKeHWH Ha
paspbiBe, Oepera KOTOpPOro He B3aMMOJEHCTBYIOT. C BO3pacTaHHEM B3auMOJEHCTBUS OeperoB cOpoc
HaNpsUKeHWH Ha paspblBE B MOMEHT €ro 0Opa3oBaHMsl CTpeMHUTCS K Hymo. [lomydyeHHOe aHaIMTHYecKoe
pelieHue 3araud 0000IIEHO Ha Ciydail TpaHCBEPCATbHO-M30TPOIHOM Cpeibl, KOrna IUIOCKOCTh Pa3phbiBa
COBIA/IACT C TIOCKOCTBIO M30TpOrHH. [Ipy 3TOM (DpOHT IMIMHIPHUYECKON BOJHBI, WCXOMAIIMN OT KOHIA
pa3pbiBa ¥ UMEIOIIMI JUTSl K30TPOIHOTO CiTy4dast popMy OKpPY>KHOCTH, IEPEXOIUT B SILTHIIC.
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Paboma evinonnena no npocpamme «I panmosoe punancuposanue Hayunwix ucciredosanuiiy PK
8 pamkax memvl «Mamemamuueckoe MOOEIUPOBAHUE 0UALOBbIX 30H U TUMOCHEPHO-UOHOCHEPHBIX
ces3ell ¢ UCNONIb30BAHUEM 2eOUHPOPMAYUOHHBIX CNYMHUKOBLIX mexHoo2uly (epanm 0079/ D4).
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TECHNOLOGY OF RADICAL DECALINE BROMINATION REACTION

Nuraliev R. M., Korulkin D. Yu., Muzychkina R. A.
al-Farabi Kazakh National University, Almaty, Republic of Kazakhstan
e-mail: Dmitriy.Korulkin@kaznu.kz

The results of research of the main thermodynamic patterns of radical decaline bromination reaction have
been represented. The influence of temperature, duration of reaction, process frequency, ratio of components,
type and the amount of initiator on the degree of decaline bromination was researched. Process technology
of chain-radical decaline bromination is optimized for the first time ever. Optimal technological parameters
of synthesis of each of 14 obtained bromoderivatives of decaline have been determined.

Keywords: decalin, reaction, technology, perbromodecalin, radical bromination.

Hexanunniy paoukanowviy 6pomoay peakyuscbiHblY He2i3ei MepMOOUHAMUKAILIK 3AHObLILIKMADLIHbIY
Homucenepi YColHblA2aH. JleKanunniy OpoMOany oOapedcecine memnepamypd, peaxkyus Y3aKmbvlibibl,
yoepicmiy eceniei, bacmankbl KOMHOHEHMMED KAMbIHACLIHbIY, UHUYUATNOD MOAulepl MeH MUuniuiy acepi
3epmmenzen. JleKanuHHiy paouxaiovl-mizoekmi OpomoaHy yoepici MmexHON0SUACHIHbIY OHMAUAAHObIPYbL
Oipinwi pem KemipineeH. JlekanuHHiy 2p OH mMoOpm OPOMMYbIHOLLIAPLIHbIY MUIMOI  MEXHOLOSUALBIK
napamempuepi aHbIKMAIEaH.

Tipex co30ep: Oexanun, peaxyus, MexHoL02us, NepOPOMOEKANUH, PAOUKATObIK OPOMOAY.

IIpeocmasenenvl pe3ynrbmamsl U3Y4eHUs OCHOBHBIX MEPMOOUHAMUHECKUX 3AKOHOMEpHOCmel peakyuu
paoukanbio2o 6pomuposanus dekanuna. beino uccnedosano enusanue memnepamypel, nPoOOIHCUMETLHOCTIU
peaxkyuu, KpamHocmu npoyeccd, COOMHOUEHUs UCXOOHbIX KOMHNOHEHMO8, MUnd U KOIu4ecmea UHUYuamopa
Ha cmeneHb Opomuposanus Oexkanuna. OnmMuMusayus MexHONO2UU NpoYecca pPaouKaIbHO-YEenHo20
bpomuposanus 0ekaruna npugooumcs enepguvle. Onpedenenvl ONMUMaibHvle MmexHoao2UIecKue napamempol
cunmesa Kaxcoo2o u3 14 nouyueHubix OPOMRPOUIBOOHBIX OEKATUHA.

Knrouegwle cnosa: oexanun, peakyus, mexHonio2us, nepopomMoeKaiut, paoukaibHoe OpoMuposarue.

The topicality of the research project is connected with the priorities of economic development of
Kazakhstan, outlined by the President of the Republic of Kazakhstan — the Leader of the Nation
N.A. Nazarbayev. One of the priorities is creation of own pharmaceuticals industry, increase in cost-
effectiveness and competitiveness of the existing production operations, as well as the fastest
increase in the share of domestic medicines up to 40-50 %.

Starting from 90-ies of XX century, the number of donors in Kazakhstan has been reduced by
more than twice. As per the data of the Ministry of Health of the Republic of Kazakhstan the
shortage of donated blood and its medicines in Kazakhstan in 2014 amounts to 58-64 %. One of the
most effective ways of solution to the specified problem is a usage of modern blood substitutes,
which are currently used more frequently than donated blood. The menace of infecting with AIDS,
syphilis, hepatitis and other infections transmitted during whole blood and its derivatives
transfusion, post-transfusion complications do require maximum reduction of the amount of blood
transfusions. Moreover, economically in the most cases it is more cost-effective to use blood or
plasma substitutes than use blood and its elements. One of the most effective and non-toxic
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hemotransfusion medicine is perftoran medicine, which, being a blood substitute with a function of
oxygen transportation is widely used for acute and chronic hypovolemia, microcirculation
disturbance, for correction of tissue gas exchange and metabolism in case of blood loss, shock of
different origin, intoxications, cerebral and coronary blood circulation, cardioplegia, regional
perfusion. Perfluorodecaline is also necessary during long-terms preservation of organs intended
transplantation [1].

Perfluorodecaline is obtained in industry by means of naphthalene fluoration, however, high self-
cost of the obtained product, limited possibilities to control process cycle and extreme hazard of this
method to environment [2] sets topicality of search for perftoran synthesis methods, which do not
have the specified disadvantages.

The purpose of the work was development of optimal technology radical decaline bromination.

To resolve this problem it was necessary to: research the main patterns of decaline bromination
reaction; set optimal conditions for synthesis of perbromodecaline in radical process conditions;
prepare process flow diagram of perbromodecaline obtainment and material balance for the first and
further component loadings.

Try-out of process parameters of radical decaline bromination reaction included research of the
main patterns of radical decaline bromination reaction, research of temperature influence, reaction
duration, process frequency, ratio of initial components, type and the amount of initiator on the
degree of decaline bromination and reaction product yield [3].

The following method was chosen as the basic
method of synthesis of bromine-derivatives: B8 1 ml if decaline and 6 ml of bromine was poured into
round-bottomed flask (50ml), after that it was quickly connected to return condenser and heated on
water bath up to 60 °C at UV-lamp ray treatment within 2 hours. Upon bromination completion, the
product of dark-brown color was obtained. It is water-insoluble product but well-soluble in
chloroform and partially in benzene. The reaction product was rinsed with water to eliminate
unreacted bromine.

Similarly, experiments are repeated at 80, 100 °C. And experiments at 120, 140, 160 °C are
performed using sand bath (Figure 1).

100
80
60
40
20
60 80 100 120 140 160
m decaline m 2 6-dibromodecaline 1,5-dibromodecaline
m 1,3 5,7-tetrabromodecaline 1,4,5,8-tetrabromodecaline

Figure 1 — The results of analysis of reaction products in stoichiometric ratio

It follows from the data represented in Figurel that UV-initiation in stoichiometric ratio of
reagents of bromination reaction lead to maximal substitution of 4 hydrogen atoms irrespective of
the temperature of the process. However, vigorous evaporation of bromine at the temperature higher
than 80 °C make the reaction lightly controlled in process pattern, and increase in temperature
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higher than 140 °C results in sintering of reacting mass. Consequently, the optimum bromination
temperature should be deemed 80 °C.

To increase the degree of bromine conversion and technological controllability of the process, the
influence of frequency of adding bromine was researched during the whole process. The frequency
of adding bromine was changed in interval from 1 to 5 with increment equal to 1, adding equal
portion of bromine, in accordance with chosen frequency (Figure 2):

100
80
60
40
20

1 2 3 4 5
mdecaline ®2 6-dibromodecaline ®1,5-dibromodecaline ®1,3,5,7-tetrabromodecaline

Figure 2 — The results of analysis of reaction products depending on reaction rate at 80 °C

It is evident from the data on Figure 2 that the optimum frequency of adding brominating agent is
a three-stage mode. At 80 °C during heating of reaction mixture bromine evaporates much less, on
the one hand it increase its conversion degree, on the other hand it decreased uncontrolled losses.

To research the influence of bromination duration on the decaline conversion, the synthesis was
performed under the conditions from 2 to 30 hours described above (Figure 3).
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50

40

0 II I I_ I. 1: if1 Il
2 6 10 14 18 24 30

mdecaline ®mdibromodecalines tetrabromodecalines ™ hexabromodecalines

o

N
o

=
o

Figure 3 — The results of analysis of products depending on process duration

It follows from the data represented on Figure 3 that during increase in reaction duration, starting
from 10-hour heating, and an amount of hexabromodecalines starts accumulating. The reaction
reaches optimum efficiency at 24-hour heating, and increase in chemical yield of bromine-
derivatives is much less essential if heating exceeds 24 hours. The optimum duration of bromination
process can be deemed 24 hours.
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To research the influence of the ratio of components in the reaction on decaline conversion
degree, we performed the reaction in excess of bromine from 2 to 15 % out of stoichiometric one.

It follows from the data represented on Figure 4 that during increase in bromine content from
stoichiometric one the degree of decaline conversion increases (from 2 to 15 %) as well as
simultaneous full bromination process for 2,6- and 1,5-dibromoderivatives took place with increase
in the content of tetra- and hexabromoderivatives (from 32.5 to 35,9 % and from 11,3 to 21,4 %
respectively).

40
35

3
0

2
2

2% 4% 6% 8% 10% 12% 15%
B dibromodecalines  ®tetrabromodecalines  ®hexabromodecalines

o un O

1
1

o wun

Figure 4 — The results of analysis of products depending on the ratio of the components

The influence of different initiator of peroxide type on radical decaline bromination reaction was
also researched. The reaction was performed in the following conditions: temperature — 80 °C, time
— 24 hours, frequency — 3, bromine excess — 8 %; UV-initiation). The alternate parameters were the
type and the number of peroxide initiator (Figures 5, 6).

40
35
30
25
20
15
10
- 1 0 0 I 0
0 _ - ] [ | I B I _
1% 2% 3% 4% 5% 6% 7%
®m dibromodecalines W tetrabromodecalines m hexabromodecalines
m octabromodecalines ® decabromodecalines

Figure 5 — The results of analysis of reaction products in case of usage
of dinitrile azo-bis-isobutyric acid as initiator
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® dibromodecalines m tetrabromodecalines hexabromodecalines

B octabromodecalines  ®decabromodecalines dodecabromodecalines

Figure 6 — The results of analysis of product during usage of BaO, as initiator

The data analysis shows that during usage of DAA (dinitrile azo-bis-isobutyric acid) as initiator
in the content up to 7%, no more than 10 atoms of bromine are introduced in molecule. However,
during usage of BaO, as initiator, even 80 °C we were successful in producing a sum of two
dodecabromoderivatives at the amount of 7,3 %. To increase the amount of bromine atoms
introduced we performed the process with BaO, it higher temperatures (Figure 7).

100
90
80
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60
50
40
30

20
: |_ ls.. il = [
80 100 120

m decaline conversion degree ®dibromodecalines tetrabromodecalines
® hexabromodecalines ® octabromodecalines decabromodecalines

® dodecabromodecalines m tetradecabromodecalines ~ ® hexadecabromodecalines

Figure 7 — The results of analysis of reaction products in case of using barium peroxide
as initiator at different temperatures

The analysis of GC-MS-chromatogram of reaction products, even at bromine evaporation of not
less than 20 % from added one, in the conditions of three-staged process shows that 16 bromine
atoms can be introduced in decaline molecule. However, their total content in the mixture does not
exceed 19,9 %. To stabilize bromine radicals, filled activated carbon was introduced in the reaction
medium (Figure 8).

The analysis of the obtained data proves demonstratively that the optimum conditions for
synthesis of perbromodecaline is temperature equal to 80 °C, reaction time — 24 hours, reaction
rate— 3, bromine excess — 8 %; combined UV and BaO»-initiation at the presence of 5 % activated
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carbon. In our opinion, more perbromodecaline chemical yield can be obtained in case of increase in
the temperature of process in the specified conditions up to 110-120 °C. However, uncontrolled
bromine evaporation with partial sintering of reactive mass in laboratory conditions does not allow

doing that.

100

80

1% 2% 3% 4%

m decaline conversion degree ® dibromodecalines

® hexabromodecalines m octabromodecalines
®m dodecabromodecalines

B perbromodecaline

W tetradecabromodecalines

60
40 |
o M (L T LI alinunl wlnanl JE— J— JE—

5% 7% 10%

tetrabromodecalines
decabromodecalines
m hexadecabromodecalines

Figure 8 — The results of analysis of reaction products in case of using stabilizer

Based on the above experimental data optimal process flow diagram of perbromodecaline

synthesis was developed (Figure 9).
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Figure 9 - Process flow diagram of decaline perbromination
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Decaline bromination process includes such main stages as: initial substances preparation,
decaline bromination, product refining.

Preparation of a raw material including activated carbon milling, obtainment and dray-out of
barium peroxide. As a rule, commercial bromine is used but as needed it is refined by means of
distillation.

Process procedure-1. Activated carbon milling on production pressing machines with further
separation of dust-like activated carbon from bigger necessary particles on vibration screens.

Process procedure-2. Barium peroxide is obtained by mixing barium chloride and ammonium
hydroxide in reactor with gradual addition of hydrogen peroxide at heating up to 70°C. After that, it
is separated from mother liquor with further drying in vacuum.

Decaline is brominated in reactors - brominizers, they are simpler than chromators as bromine is
a liquid and it is soluble in organic liquids. To protect against corrosion they are usually enameled or
equipped  with nickel bushing (much less frequently). The value of heat exchanging
surface does not limit the process rate.

Process procedure-3. Bromine loading is technologically inconvenient stage of the process,
which is quite hard to mechanize. Therefore, bromine is loaded in different time intervals between
loadings. In addition, along with bromine loading barium peroxide is loaded in parallel.

Bromine is expensive and not easily available raw material. To use it fully the process is
performed either using oxidizers or bromine is regenerated from hydrogen bromide. In some cases,
it is cost-effective to entrap hydrogen bromide using alkali solutions and extract commercial sodium
bromide from them.

Process procedure-4. Bromine is regenerated as per two main reactions:

1. Oxidation of sodium bromide solution using chlorine:

2HBr + 2NaOH———> 2NaBr _C2 . Br, 2HBr + 2NaOH——»> 2NaBr_<k . Br,
-Hy0 NaCl -Hy0 NaCl

Releasing hydrogen bromide is absorbed by sodium hydroxide solution. It is the solution bromide
water is also added to. Bromine waters are formed after separation and rinsing of target product
solutions with water. Water solutions of bromine salts are acidified up to pH 3+3.5, heated up to 80-
85 °C and fed from above into packed columns. Chlorine gas and open steam come to lower part of
column. Overhead water and bromine vapors come and unreacted chlorine come to fridge, where
water and bromine vapors are condensed and go to water separator by gravity. After water
separation, bromine is drained through hydraulic lock into container and returned to bromination.
Chlorine is routed from water separator to scrubber and is absorbed by sodium hydroxide solution.

For additional refining bromine is distilled in rectification column. Bromine chemical yield is 80-
85 %.

2. Interaction of sodium bromide with sodium hypochlorite:

2 NaBr + 2 HCl + NaOCl —> Br, + 3 NaCl + H,0

Preliminarily evaporated NaBr solutions are loaded into standard reactor made of acid-proof
steel, acidified with hydrochloric acid, heated up to 60-65 °C, and sodium hypochlorite solution is
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added within 1 hour. Then bromine is eliminated into container. The chemical yield of bromine is
85%. The advantages of the method is simplicity of implementation, less hazard during work.

To reduce bromine losses bromine trap is installed in the reactor. Bromine in the trap and does
not need preliminary refining for loading into brominizer.

Process procedure-5. The first stage of refining is washing of product with distilled water to
remove unreacted bromine, soluble barium salts, its oxide and hydroxide.

Water layer is separated from the second layer and routed to water and bromine regeneration.

Process procedure-6. Extraction with chloroform. The second layer is heavy oily liquid of dark-
brown color with coal particles, well-soluble in chloroform. To separate this mass it is extracted
with chloroform resulting in production of chloroform extract and coal.

Process procedure-7. Chloroform elimination. Then chloroform extract is sent to distillation and
chloroform is eliminated.

Thus, as a result of the performed research the main consistent patterns of radical decaline
bromination have been researched for the first time ever. It was experimentally proved that the
optimal conditions for the synthesis are: reaction temperature - 80 °C, reaction time - 24 hours,
reaction rate - 3, amount of initiator BaO, — 5 %; amount of stabilizer — activated coal — 5 %; excess
of Br,— 8,33 %.

The advantages of the developed process flow diagram are significant decrease in process
pyrogenicity, increase in technological controllability connected with that, no special requirements
to method implementation as well as much lower amortization costs for equipment due to full
exclusion of fluorine and perfluoro compounds of metals from process flow.

The scientific novelty of the experiment is establishing of previously unknown laws of influence
of influence of thermodynamic parameters on completeness of bromination of bicyclic decaline.

Practical importance of the experiment is development of optimal process flow for
perbromdecaline production, the key product in synthesis of effective blood substitute — perftoran
and establishing process parameters of directed synthesis of 14 partially substituted products of
decaline bromination reaction. Antibacterial and antifungal activity of these products was described
by us before [4].
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The article represents the results of research of the main thermodynamic laws of mono- and di-N-
aminoacid acylation of alizarin. Main thermodynamic and kinetic parameters of synthesis of derivatives
were researched. The influence of temperature, pH, reaction time and the presence of auxiliary components
on the yield of desired reaction product has been researched. Using developed technology, eight new N-
acylamino-derivatives were obtained and their analgesic activity has been researched.

Keywords: anthraquinone, alizarin, N-acylation, technology, analgesic activity.

Makanaoa  anuzapunniy ~ Mouo-dicaHe  Ou-N-aMUHOKLIWKBLIOVIK — aiuyuioey  peaxyusiColHblH
MePMOOUHAMUKATBIK 3AHOLLILIKMAPLIH 3epmmey Hamudicenepi kenmipineen. TyblHOAnapulHbly CUHMESIHIY
Hezi32l MepMOOUHAMUKANIBIK HCIHE KUHEMUKANbIK napamempiepi sepmmenzen. Temnepamypanuiy, pH-muiy,
Ppeaxyus YaKbImvIHblY JHCIHEe KOMEKUI KOMIOHEHMMEPOTY MAKCAmmbl OHIM WbIZLIMbIHA acepi 3epmmenol.
Onoencen mexnono2us OoublHWa ce2i3 dcaya N-ayuramuHOMybIHObLIAPbl ANbIHRAH JHCIHE  O01apObIH
AHAIb2eMUKANILIK, OeNCceHOINizl 3epmmenzen.

Tipek ce30ep: anmpaxuron, anuzaput, N-ayunoey, mexnonozus, aHaIbeeMUKALLIK DeaceHOiiei.

B cmamve npugedenvi pe3ynibmamel U3yUeHUs. OCHOBHbIX MEPMOOUHAMUYECKUX 3AKOHOMEPHOCMell
peakyuu MmoHo- u Ou- N-amunoxuciomnozo ayunuposanus anusapura. bvuiu  usyuenvi ocHosHbie
mepmoounamuieckue U KuHemuieckue napamempsl cunme3a npousgooHuvix. HMccneooeano enusHue
memnepamypul, pH, epemenu peaxyuu u HATUYUA BCHOMOSANENLHBIX KOMNOHEHMOS8 HA BbIX0O YeNe6020
npoodykma peaxyuu. Ilo paspabomannou mexuonocuu nomyyeno 8 noswvix N-ayunamunHonpou3goonvix u
U3YUEHA UX aHATbeeMUYECKAs AKMUBHOCMb.

Knwuesvie cnoea: aumpaxunon, anusapur, N-ayunupoeanue, mexHonro2us, aHANLEMUYECKAS
AKMUBHOCMb.

Chemical modification of natural substances aimed at enhancement of their bioactivity is
currently one of the most topical ways of development of medical and pharmaceutical chemistry in
the top-ranked scientific centers of the world. In this connection, goal-oriented change of structures
of the most widely-spread anthraquinones, available for industry, which originally have wide
spectrum of physiological action, and introduction of new pharmacophore groups in their structure
often leads to significant enhancement of already existing and appearance of new types of activity,
that, apart from creation of domestic BAS, will allow detect the influence of these structural
fragments in synthesized substances on activity of initial compounds — this is the way to goal-
oriented creation of domestic BAS of wide spectrum of bioactivity

Currently over 50 pharmaceutic chemicals, which active substances are, different anthraquinones
are used in medicine of different countries. The most important in medical practice are
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anthracyclines, N- and S-containing derivatives and condensed anthraquinones with different types
of chemical bond. For these structures high levels of antitumor, hepatoprotective, radioprotective
and sedative effects are typical. The principal number of these substances was obtained as a result
of 9-17-staged syntheses, that essentially complicates industrial production and introduction of them
in practical medicine [1,2]. However, if to modify natural hydroxyanthraquinones, staging of such
syntheses is significantly reduced (odwn to 2-3 stages), the yields of synthesized substances will be
higher and they will definitely have biological effect, as initial anthraquinones initially demonstrated
definite activity, at that being low-toxic.

The purpose of the research was to study the main parameters of reaction of goal-oriented
synthesis of potentially biologically active medicines based on natural anthraguinones.

The synthesis of N-substituted derivatives was performed as per standard methods [2] based on
alizarin available in industry. Aspartic and glutamic acid as well as phenylalanine and tyrosine
pairwise close in structure were used as acylating agents.

Figure 1 — Scheme of alizarin N-acylation reaction

To perform reaction of substitution of one (two) hydroxyl group of alizarin with N-end part of
four selected amino acids, several reaction media were tested: 5% ammonia, which concentrations
was not enough for full polarization of bonds and performance of reaction with good yield (13,7%).
The yield on the base reaction was 28,3%.

To increase chemical yield of products and selectivity 5% AICIl; was added to 25% medium of
ammonia. AICIl; contributed to increase in selectivity in reactions of substitution. As a result,
chemical yield was successfully increased up to 42,4%.

To increase in a yield, selection of AICI; optimum concentration was carried out. The obtained
data are represented in table 1.

Table 1 — Influence of AICI3 concentration on the yield of desired reaction product, %
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AICl3, % Yield of product, % AICl3, % Yield of product, %
3 34,6 7 43,6
4 38,3 8 45,1
5 40,4 9 48,8
6 42,9 10 48,9

The data in table gives the evidence that chemical yield is increased by up to 9% of concentration
of aluminum chloride, after that, it remains practically unchanged.
Considering the obtained results, the dependence of chemical yield on the reaction time was
researched. The obtained data are represented in table 2.

Table 2 — The influence of reaction time on chemical yield

Reaction time, h Yield of product, % Reaction time, h Yield of product, %
1 42,6 5 53,2
2 48,8 6 53,1
3 52,4 7 53,0
4 52,8 8 54,3

Based on the obtained results, the optimal conditions to be confessed are 9 % content of AICl;
and reaction time equal to 3 hours (yield is 52,4 %).

To increase selectivity of the process and increase the yield of desired anthraquinones, KOH
content also varied in the reaction medium.

To establish dependence of yield on concentration and optimal KOH content, the reaction was

performed within 2 hours on boiling water bath at 97 °C. The results are represented in table 3.

Table 3 — The influence of KOH concentration on chemical yield of N-substituted alizarins, %

KOH con- | 1l-as- | 1,2-di- | 1-glu- | 1,2-di- 1-phe- 1,2-diphe- | 1-ty- | 1,2-di-

centration | partyl | aspartyl | tamyl | glutamyl | nylalanyl | nyl-alanyl rosyl | tyrosyl
1 67,4 63,5 68,6 62,3 53,9 47,3 52,4 46,9
2 68,2 65,8 69,4 64,9 54,5 49,4 55,3 48,1
3 69,8 67,9 70,2 66,3 56,8 50,2 56,9 50,2
4 76,6 69,1 75,1 70,3 58,1 52,4 57,6 52,0
5 80,8* | 715 79,8 73,5 60,4 53,7 59,1 52,8
6 81,3 73,6 | 80,5* 76,5 61,9 56,9 60,5 55,6
7 82,6 76,5 80,9 77,9 62,5* 59,1 62,4* | 58,4
8 82,3 | 78,1* | 813 79,1* 62,8 60,6* 62,8 | 60,3*
9 83,1 78,9 81,6 79,3 62,7 60,9 63,0 60,4
10 82,8 79,3 81,7 79,6 63,4 61,5 63,3 60,9
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To obtain the maximum desired product yield the concentration marked with asterisk in table
were selected.

On the second stages of the researches, the time reaction was matched to reach maximum
yield on the reactions performed (table 4) phenylalanylalizarin, mono- and di-N-tyrosylalizarin.

Table 4 — The influence of reaction time on chemical yield, %

Time, h | 1-as- 1,2-di- | 1-glu- 1,2-di- 1- 1,2- 1-ty- 1,2-di-
partyl | aspartyl | tamyl | glutamyl | phenyl- diphenyl- rosyl | tyrosyl
alanyl alanyl

1 68,4 53,4 55,8 56,4 40,6 43,4 45,1 39,4
2 81,6* 78,9 80,6* 79,1 62,5 60,6 62,4 60,3
3 81,9 82,6 81,0 81,6 66,7 62,4 65,7 64,8
4 82,2 83,1* 80,8 83,7* 70,5 65,1 68,1 68,1
5 82,6 83,3 80,6 84,9 75,1 67,9 72,6 73,9
6 82,4 83,6 814 84,8 78,9* 72,6 76,8* 77,4
7 83,0 84,0 81,5 84,7 81,6 78,9* 80,4 79,7*
8 82,8 82,9 81,3 85,1 81,9 82,4 80,9 82,6

The represented data were analyzed and optimal time of reaction for each of synthesized
derivatives (marked with asterisk) was determined. It has been established that reaction time
directly depends on steric hindrances connected with introduction of bulky substituents in ortho-
positions to each other.

Reaction was controlled and product was analyzed by means of paper and thin layer
chromatography with authentic samples.

In addition, mobile phases were selected for completer separation of reaction mixture (benzene :
acetone (from 9:1 to 5:5), benzene:ethanol (from 9:1 to 5:5), benzene:ethyl acetate in ratio 6:4.
Final refining of synthesized anthraquinones was performed by means of preparative HPLC on
columns with Lichrospher RP1g using mixture acetonutrile : water 65:35 as mobile phase, and UV-
detector (254 nm) [3].

As a result, using proven technology eight new anthraquinones were obtained individually —
mono- and di-N-aspartylalizarin, mono- and di-N-glutamylalizarin, mono- and di-N-
phenylalanylalizarin, mono- and di-N-tyrosylalizarin.

Bio-screening of N-aminoacid derivatives was performed in Pharmacological Research
Laboratory of N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry.

Research of analgesic activity of the derivatives: to determine chemical pain stimulation acetic
writhing test was used. The test is a model of acute peritonitis. Pain reaction occurs as a result of
irritation of visceral receptors with chemical agent, accompanied by abdominal muscle contraction,
extension of hind limbs and animal body stretch. Acetic writhing was stimulated with
intraperitoneal administration of acetic acid (0,75 % by 0,1 ml/mouse), within 3 minutes 3 minutes
and 5 minutes after acid administration the stimulated convulsions were recorded.

Activity of agents to visceral pain is represented in the form of average number of convulsions in
the group. ‘Hot plate’ and ‘Tail abduction’ tests were used as the models of thermal pain
stimulation [4]. Animals were placed onto a copper plate heated up to 54 = 0,5 °C, confined with a
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cylinder made of organic glass (15 cm x 15 cm), and pain latent reaction time was fixed — pad
licking and jumping up.

‘Tail abduction’. This test imitates spinal reflex of tail abduction. Using YLS-12A tail abduction
was recorded starting from the moment of exposure of focused beam of light, latent time of pain
reaction was assessed. The researched compounds were injected in dose equal to 20 mg/kg
intragastrically [4].

The data was statistically processed using Statistica 6.0 standard software, the reliability was
determined using Student t-test and Wilcoxon-Mann-Whitney nonparametric test. The results are
represented in table 5.

Table 5 — Analgesic activity of alizarin derivatives

Control 1,2-di-N-aspartyl- 1,2-di-N-glutamy!l- 1,2-di-N-phenylalanyl-
anthraquinone anthraquinone anthragquinone
5,92 5,53 5,50 5,29
2,91 4,81 4,35 5,70
3,41 6,85 4,00 6,02
5.11 3,93 7,27 8,52
4.3 5,00 4,92 4,40
4.39 4,83 4,18 7,35
6.38 7,93 5,94 5,46
4.6+ 5,60+ 5,20+ 6,10+
0.5 0,50 0,40 0,50
‘Hot plate’ test, sec.
Control 1,2-di-N-aspartyl- 1,2-di-N-glutamyl- 1,2-di-N-phenylalanyl-
anthraquinone anthraquinone anthraquinone
12 15 19 6
12 10 11 10
13 8 20 15
11 25 10 10
6 14 16 8
12 11 14 6
12 14 11 6
11,1+ 13,6+ 14,4+ 8,7+
0,9 2,1 15 13
‘Acetic writhing’ test, (number of convulsions per 3 min.)
Control 1,2-di-N-aspartyl- 1,2-di-N-glutamyl- 1,2-di-N-phenylalanyl-
anthraquinone anthraquinone anthraguinone
3 4 8 6
3 4 6 7
6 7 6 0
1 1 4 10
8 1 4 4
4 0 1 6
5 4 9 5
4,3+ 3+ 5,4+ 5,5+
0,9 0,9 1 11

44



N3BECTHUA HAYUYHO-TEXHHUYECKOI'O OBIIECTBA «KAXAK», 2015, Ne 2 (49)

As a result of in vivo researches it has been demonstrated that 3 researched compounds are
promising as analgesic agents.

Thus, the possibility of directed modification of obtained anthracene derivatives on carboxyl
group was researched.

Analgesic activity of alizarin derivatives which was not described before, has been established
for the first time ever.

Optimal process parameters of reaction of N-aminoacid acylation of alizarin have been worked
out for the first time ever. The influence of temperature, pH, reaction time and the presence of
auxiliary components on chemical yield has been established.

The advantage of the developed methods is their single-stage nature, generally a precursor to
significant decrease in self-cost of desired products of synthesis. Moreover, as the final purpose of
alizarin modification was search for BAS, development of technology to obtain them based on
initially non-toxic natural substances significantly decreases the risk of allergic reactions and other
side effects during therapeutic use of them in future.
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BJIUAHUE MOHOCJIOEB IOBEPXHOCTHO-AKTUBHBIX BEIIECTB
HA UCITAPEHME BO/Ibl

Myca6ekoB K. b., Carbim0aii A. b., JlaxoaeBa 7K.A.
Kaszaxckuit nayuonanvhwiti ynusepcumem um. anv-Papabu, Armamol, Pecnyoruxa Kazaxcman
e-mail: kuanyshbek.musabekov@kaznu.kz, altinai_S@mail.ru, jansaya2589@mail.ru

H3yuena xunemura ucnapenus 800vl U3 ee c80OOOHOU NOGEPXHOCMU U NPU HATUYUU HA Hell MOHOCN0es8
NOBepPXHOCMHO-akmugHvlx eeuwjecms ([IAB) — oneama wuampus, Oodeyuicyibgpama Hampus, cmecu
2eKCa0eyuio8o20 U OKMadeyun08020 chupmos. Ilokazano, 4mo ¢ nosvluleHuem memnepamypvl 8 UHmMepsaie
om 293 K 00 323 K ucnapenue 600vl yckopsiemcsi. B npucymemeuu conu (NaCl) amom npoyecc samemmno
(na 20-25%) 3ameonsemcs. Booopacmeopumvie I[IAB (oneam nampus u O0oldeyuicyiogpam Hampus) He
OKA3bI8AIONM CYUECMBEHHO20 GIUAHUA HA CKOPOCMb UCHApenus 0adxce 8 obnacmu 6blCOKUX KOHYEHMPAayuti
IIAB. Yepe3 MOHOMONEKVIAPHLIL CAOU CMeCU Hepacmeopumvix 6 600e HeuoHoceHnvix I[IAB -
2eKCa0eyunngo20 U  OKMAdeyuio8o2co CNupmog 600a UCHApemcss ¢ MeHbuell ckopocmulo. M3
meMnepamypHou 3a8UCUMOCMU CKOPOCMU UCNAPeHUsi 800bl, NOAb3YACL YpAeHeHUeM Appenuyca, oyeHenbvl
snepeuu axmusayuu (E,) uzyyaemozo npoyecca. 3navenus E, okazanuco OIU3KUMU K IHePSUU 800OPOOHBIX
ceszell. Omo ceudemenbcmeyem 0 MOM, YO JUMUMUPYIOWEN Cmaouei npoyecca UCNAapeHus 600bl
ABNAEMCS PA3PLIE BOOOPOOHBIX CEA3EU MOTIEKYI 800bl, PACNONIONCEHHBIX HA NOBEPXHOCIHBIX CLOSX.

Knioueevle cnosa: cxopocms ucnapenus 800ut, monociou [IAB, okmadekanon, eekcadekano, 3Hepeus
akmusayuu

Cyoviy bynany xKumemukacvl OHbIH O0c Geminen dcone beminde bemmix axmuemi 3ammap (BA3) —
Hamputi onleamvl, HAMPULL 000EYUICYTbPAMbL, 2eKCAOCYUTL HCIHE OKMAdeyusl CNUpmmepiniy KOCNACbIHbIY
MoHoKabammapwl 6ap boneanda sepmmenoi. Temnepamypa 293 K-nen 323 K unmpesanvinoa oecyinen cyouiy
oyaamy sHcvln0amowievl Jcocapuvliaimoinsl kopcemindi. Ty30uiy (NaCl) kamwiceinoa oyn npoyecc andexaiioa
(wamamen 20-25%) momenoenidi. Cyoa epumin BA3-0ap (nampuii oneamoi, nampuii dodeyuncyispamuot)
minmi onapobly HCOLAPbl KOHYSHMPAYUsL AuMAebIHOa 0a CYObl OYAAHY HCLIOAMObIZbIHA acep emnetiol. An
cyoa epimetimin  uoHo2eHOi emec bBA3 — eexcadeyun owcome oxkmaoeyunr Ccnupm KOCNANAPLIHLIY
MOHOMONEKYNANbIK Kabamvl apKblivl CYOblH OYlaHybl MOMEHIPEK JHCbLIOAMObIKNEH dcypedi. Appenuyc
menoeyin KoNOaHbIn, CYOblH OVIaHY IHCLIIOAMOBIZbIHbIY MEMNEPAMYpPanvlK Mmayenoilicinel 3epmmenin
omvipean npoyecmiy axmusmeHy suepeuscol (E,) 6azananovl. E, Moni cymexmix OailiaHblc SHEPSUSACHIHA
Jlcakbln  6010bl. Byn oicazoati cy Oyaamy npoyeciniy aumummeyuili camolcbl bemmix Kabammapoa
OPHANACKAH CY MONEKYAANAPbIHbIY CYIMEKMIK OAlIAHLICMbIPLIHbIY Y3ILYi O0bIN MAOBLIAMBIHbIH KOpCemeoi.

Tipex co30ep: cyoviy Oyaamy ocvlioamovievl, BA3 monoxabammapel, OKmMAOEKAHON, 2eKCAOEKAHOI,
aKmuemeHy IHepeUsChl

The kinetics of waterevaporation from its free surface and in the presence of surfactants monolayer -
sodium oleate, sodium dodecyl sulfate, a mixture of hexadecyl and octadecyl alcohols was studied. It was
shown that with temperature increase in the range of 293 K to 323 K evaporation of water is accelerated. In
the presence of salt (NaCl), this process significantly (20-25%) is slowed down. Water-soluble surfactants
(sodium oleate and sodium dodecyl sulfate) have no significant effect on the rate of evaporation, even at high
concentrations of surfactants. Through the monomolecular layer of water insoluble nonionic surfactants
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mixture - hexadecyl and octadecyl alcohol, water evaporates at a slower rate. From the temperature
dependence of the rate of water evaporation, using the Arrhenius equation, the activation energy (Ea) of the
studied process was estimated. E, values were close to the energy of hydrogen bonds. This indicates that the
limiting step of the water evaporation process is the break the hydrogen bonds of the water molecules on the
surface layers.

Keywords: the rate of water evaporation, monolayers of surfactants, octadecanol, hexadecanol, sodium
dodecylsulfate, sodium oleate, activation energy

C pa3BUTHEM YEIIOBEYECKOr0 OOIIECTBA U YBEIMYEHUEM HApOJOHACEIECHUS IUIAHEThl BO3HUKIIA
ocTpas npobiema - neduUMT BOAbI B Mupe. OTa Ipobiema akTyaiabHa W A8 PecrnyOnuku
Ka3zaxcran, B 4yacTtHocTH, mnpoOineMa Apanbckoro Mopsi sBisgercd rnodanbHod. CornacHo
CTaTUCTUYECKUM JaHHbIM B 2012 rony wu3-3a ucnapeHus ApaibCKOrO MOpPST M BCIEICTBHE
UCIOJIb30BaHUs BOJbI peku ChIpAapps Ui OpOLICHUs MOpe yTpaTwio 12 kM® BOJIBI, UTO CO3ZAN
OTpHULATENbHBIM BOAHBIM OamaHc Mopsa. B cBa3um ¢ 3TuM pa3zpaboTka ONTHMaIbHOrO crocoda
WCTIOJIB30BAHUSI BOJHBIX PECYpPCOB SIBISETCA aKTyalbHOW 3amaueil. OmHuM u3 3P PEeKTHBHBIX
METOJIOB PAllMOHAIBHOIO HCIIOJIb30BAHUS BOJHBIX PECYPCOB SIBIISIETCS 3aMEIJIEHUE CKOPOCTH
HCIIApEHUs BOJbl M3 BOJOEMOB, B YAaCTHOCTU M3 ApPaIbCKOrOo MOps, NMyTEM HAHECEHUS Ha ee
HOBEPXHOCTh MOHOMOJICKYJISIPHOTO Closi HepacTBopuMbIx [TAB [1].

W3yueHne CKOPOCTM HCHApEHUs MOJEKYJ]1 BOJbl 4Yepe3 TIpaHMIly pasjesia BoJa/BO3AYyX,
MOJIUGUIMPOBAHHYIO aM(PUPUIBHBIMU MOJIEKYJIaMU ITOBEpXHOCTHO-aKTHBHBIX BemecTB (IIAB)
MO3BOJISIET MOJIyYUTh LIEHHYI0 MH(pOpMALMI0 0 (GU3UKO-XUMHUECKUX CBOMCTBaX IpaHUIIbl pa3jena
¢da3 u 00 0cOOEHHOCTSX TpPaHCIOPTa MOJEKYJI BOJIBI uepe3 3Ty rpanuny [2]. U3 TemmeparypHOit
3aBHUCHUMOCTH CKOPOCTH HCIApPEHMsI MOJIEKYJ BOJbI MOXXHO BBIYMCIUTH OSHEPTUI0 aKTUBALUU
mpolecca HCMapeHusi BOJbI, IMOJIE3HYIO Ul BBIICHEHHS MeEXaHM3Ma M3y4aemoro sBiieHus. B
KauecTBe aMpUPUIBHBIX MOJIEKYJ U1 MOAU(UKALIMU TpaHULbl pa3aena (a3 Bo/1a/BO31yX U3YUYEHbI
BOZIOpPAcTBOpPUMBIC (KaTHOHHBIC, AHUOHHBIC W HEWOHOTEHHbIC) [3], W BOJOHEPACTBOPUMBIC
(mmuaHOIEeHBIE criupThi) [TAB [4,5].

YcraHoBieHo, 4To BojopacTBopuMblie ITAB X0Ts 1 GopMHPYIOT HACBIIIIEHHBIH a1COPOLIMOHHBIN
CJIOM Ha TrpaHMIIe pa3zieNna BO/a/BO3AYyX, HO HE OKa3bIBAalOT CYLIECTBEHHOI'O BIUSHMS Ha CKOPOCTh
ucnapeHuss Bojabl [6]. B cucreme BOAa-3TUICHINIMKOIb OOHApY)KEHO CHI)KEHHE CKOPOCTH
UCIIapeHUsI BOJIbI IPU IOCTATOYHO BHICOKUX COJCPIKAHHUSIX dTHICHIITUKOIS [7].

OpHako HCCIEAOBAaHUIO BIMSHUS COJIEpPXKAHUS COJM B BOJIE HAa CKOPOCTh HCIAPEHMs €€ U
SHEPTHUI0 aKTUBALIMHU 3TOT0 MPOIEcca HE YIEIEHO JOCTaTOYHOE BHUMAaHUE.

B cBs3u ¢ aTuM B Hacrosimielt paboTe, ¢ LIETbI0 MOAETUPOBAHUS YCIOBUS UCMIApEHUS! BOJABI U3
COJIEHBIX 03€pP, B YACTHOCTU U3 ApPaIbCKOI0 MOPsI, U3yYEHO BIMSHUE COJIM HA CKOPOCTh MCIApEHUs
BOJIbI U3 €€ CBOOOHOI MOBEPXHOCTH U M3 MOBEPXHOCTH C MOHOMOJIEKYIISIpHBIM ciioeM [TAB.

OkcnepuMeHTallbHas YacTh. KMHETHKY ucnapeHus BoJbl U3ydald BECOBBIM METOAOM. B vamky
IleTpu mnomansto ~ 56 cm? HanmBai 50 T BOIbI riny6unoi 0,7cM. M3mMepeHne Beca yaliku ¢ BOJOH
MIPOU3BOJWIIM HA aHAIUTUYECKUX Becax npu Temreparypax 293-323 K ¢ tounoctsro +0,0001 r.
TepmocTaTpoBaHHE CHCTEMbI OCYIIECTBIISIM C MOMOINBI TepMoctata Lauda ¢ TouHoCThIO +
0,1°C.

B pabote wucnonb3oBanu AUCTWIUIMPOBaHHYIO Boay. B kauectBe IIAB wucnonszoBanu osear
HaTpusi Mapku «x.4.» mpomsBoactBa I10 «Xumbpapm» (Kazaxcran), mnogeumsncynbpaT HaTpus
Mapku «x.4.» mnpousBoiacTBa «Merck» (I'epmanus) 0e3 JONMOJHUTENBHON OYHMCTKH; CMEChH
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TeKCaJCIIMJIOBOTO M OKTAJEIHIIOBOrO CIHUPTOB Tmpom3BoacTBa «Sigma» (CIIA) co cremneHbio
qUCTOTHI 95,5 %; Xmopua HATpHUst Mapku  «X.4.» mpousBoactBa [10 «Xumbpapm» (Kazaxcran).

Kunernky cHuxkenuss Beca  vamku lletpy ¢ BOAOM Hayalln pEruCTpUpPOBATH IOCIIE
YCTAHOBJIEHUS CTALlMOHAPHOTO peXuMa hcrapeHus Boasl (uepe3 12-15 yacos).

Pesynbratel u ux obcyxaenue. M3yueHo BnusHue TemnepaTypbl Ha HCHApEHHE MOJIEKYJ BOJbI
U3 ee CBOOOJHOM MOBEPXHOCTH. DTU JAHHBIE HCHOJIB30BAIMCH I CPABHEHHUS CO CKOPOCTBIO
WCIIApEHUs BOJBI IIPH PAaCTBOPEHUU B HEH COJIM, a TAKXKE IIPM HAHECEHMHM HA €€ IOBEPXHOCTHb
MoHocnos [TAB. CkopocTs ucniapeHuss BOAbI BBIYHUCISUIM M3 HAKJIOHA KPUBBIX 3aBUCHUMOCTH Beca
BOJBI OT BPEMEHH 8 WMCIIAPEHHS B MX MPSMOJMHCHHBIX YYaCTKAX M BBIPAKAIN B MOJIB/CM>-CEK.
3aBUCUMOCTD BeCa YalllKU OT BPEMEHH OIMCHIBAETCS MI€aIbHON MPSAMOM, HAKIIOH KOTOPOM 3aBUCHUT
OT TeMIeparypsl (PUCYHOK 1).

Ag, mons/cm? -103

1-293K, 2 - 303K, 3 - 313K, 4 - 323K
Pucynoxk 1 — 3meHneHne Macchbl BOJIBI BO BPEMEHU TP PA3JIMUHBIX TEMIIEpaTypax

AHanoruyHple KpHBbIE OBUIM MOJYYEHBbl TaKXke A MCIapeHus Bojbl, coiepxamiei 30 %
pactBopennyto conb (NaCl) (pucynok 2). Bo Bcex M3ydeHHBIX CHCTeMaX HAOJIOAAeTCsl yCKOPEHHE
UCIApeHHUsT BOJAbI C IIOBBIIICHHEM TEMIIEpPaTyphbl, XOTS B MPHUCYTCTBUU COJIM 3TOT MpoIecc
Heckoubko (Ha 20-25 %) 3ameyisercs.

Ag, momb/cm? -108

1-293K, 2 -303K, 3-313K, 4 - 323K

Pucynok 2 — MI3MeHeHre Macchl COJIEHOM BOJIBI OT BPEMEHH MPH PA3IMYHBIX TEMIIepaTypax
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Ha pucynke 3 mpeacraBieHa 3aBUCHMOCTb CKOPOCTH HMCIAPEHHs BOABI OT TemrepaTypbl. Kak
BHJIHO M3 PHCYHKA, C POCTOM TEMIIEpATypsl CKOPOCTh HCIAPEHHS BOJBI 3aMETHO IOBBIIIAETCS.
PacTBopeHHast COJb CHHXKA€T HWHTEHCHBHOCTH 3TOrO MPOIECcCa BCIEACTBHE YMEHBIICHUS
AKTHMBHOCTH MOJICKYJI BOJABI. BOMOpO/HAs CBSI3b MEXy MOJCKYJIaMH BOJbI clabee, YyeM HOHHO-
JMTONbHAS CBSI3b B THIpATaXx HOHOB. BCIENCTBHE 3TOro 4mcTas BOAa WCHAPSIETCS Jierde, 4eM
cosenas [8].

20 - 1
18 -
16 -
14 -
12 -
10 -

k-107 Mmonn/cM2-cex

o N B OO
1

290 295 300 305 310 315 320 325
T,K

1 — nqucTuIIMpoOBaHHas Bojaa, 2 — Bojda, coaepxkamias 30 % NaCl
Pucynok 3 — TemnepaTypHasi 3aBUCUMOCTbh CKOPOCTH UCTIAPEHUS BOJIbI

Nzyuenne BmustHusi [TAB Ha 3TOT mporecc mokaszano, yto BojgopacTBopumbie [IAB (oneat
HATpUs U JOACIMUILCYIb(}AT HATPUSI) HE OKa3bIBAlOT 3aMETHOTO BIUSHHUSA Ha CKOPOCTh HCMAPEHUS
BOJBI laxke B oOnactu kKoHueHtpanuu [TIAB, Hamaoro npesbimatomuii ux KKM, koraa oOpasyercs
HACBILIEHHBIA MOHOMOJIEKYJISPHBIN ciioi [9]. AHanoruyHble JaHHBIE OBLTH MOJIYYEHBI SITOHCKHUMHU
YUEHBIMHU TIPU UCCIIEIOBAaHUU BIUSHUS BOJOPACTBOPUMBIX AHUOHHBIX, KATHOHHBIX U HEMOHOT€HHBIX
I[TAB Ha ckopocts wucnapenusi Boasl [1l]. JInsi oOBsICHEHUS OTCYTCTBUSI 3aMETHOTO BIIHSTHUS
ykazaHHbIX [IAB Ha KMHETHKY ucnapeHus BOJbl IPEJIOkKEHa HOBAsk MOJIEIb aJICOPOIIMOHHOTO CJIOS
I[TAB, npennonaratomas (opmupoBanue oOucioss [IAB He Ha camoil TpaHuile paszena BOJHBIN
pacTBOP/BO3yX, a HECKOJIBKO TIIy0Ke — B MPHUIMOBEPXHOCTHOM ciioe [1]. Takoi aacopOImoHHBIHA
cioit ITAB He cMOXeT 0Ka3aTh 3aMETHOE BIMSIHUE HA CKOPOCTh UCIIAPEHMSI BOJBI.

W3BecTHO, 4YTO CHHUPTHI C JUTMHHOIICTIHBIMHU YTJIEBOJOPOJHBIMU PaIUKaIaMu (aaKaHOJbI-1),
M0 CPaBHEHUIO C JKUPHBIMU KHCIOTaMU M UX MEepHTOPUPOBAHHBIMH IMPOU3BOJHBIMH CUIIbHEE
3aMEJISIOT CKOPOCTh HCHMapeHHs BOJbL. DTOT 3¢¢eKT mo MHEHHIo aBTopoB [1], oOycioBieH c
OJIHOM CTOPOHBI YKPEIUISIOUIUM BOJOPOJHBIE CBSI3U MEXKIY MOJEKYJIaMU BOJbI B IMOBEPXHOCTHBIX
ciosix gAeiictBueM KapOokcuibHbIX rpynn I[IAB, a ¢ agpyroit — c OGomblieil 1O CpaBHEHHUIO C
THIPOKCWIBHBIMU  TPyHIamMH THAPOPHIBHOCTbIO KapOOKCHIIBHBIX TPYII JKUPHBIX KHCIIOT.
Jlucconumanusi MOCIEeTHUX B aJCOPOIIMOHHBIX CJOSIX BOJBI MOMKET TPHUBECTH K pPa3pyIICHUIO
creprueckoro 3 ¢exra JIbI01n0100HON CTPYKTYPhI BOJBI M, TAKUM 00pa3oM, 0OJIETYeHUIO yIaleHus
Moniekyn Boasl [10]. B cBs3u ¢ »TuM B JaHHON paboTe Ui 3aMeMICHUs CKOPOCTH HCHapeHHs
COJICHOM BOJIbI, HA TIOBEPXHOCTH IOCIIEAHEH HAHOCHIM MOHOMOJICKYJISAPHBIN aJCOPOIIMOHHBIN CIION
CMECH TeKCaJIeKaHOJIa U OKTaIeKaHoIa (PUCYHOK 4).
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Pucynok 4 — Kunetnka u3MeHEHHs Macchl BOJbI, COJEpKalleld MOHOMOJIEKYJIISIPHBIN
a/IcOpOIIMOHHBIN CIION CMECH I'eKcaZieKaHoIa U OKTaleKaHoJIa IPH Pa3INYHbIX TEMIepaTypax

Kax BugHO 13 pucyHkoB 4 u 5, ykazaHHble ciupThl 3aMeTHO (Ha 10-12 %) cHMXKaOT CKOPOCTh
WCTIApEHHsI BOJIBI B MIPUCYTCTBUM COJIM. B paccMmarpuBaeMoii 001acTH KOHIEHTPAIMK YIOMSHYTHIE
CIUPTHI, POPMUPYIOT JIBYMEPHO-KHIKUE IUICHKH [9)].

Jns monmydeHHs JIOTOJNHUTENBbHOW HHGoOpManmuu 00 OCOOEHHOCTSIX HCHapeHUs BOJbI B

3aBUCHMOCTH OT YCIIOBUH MPOBEICHUsS SKCIEPHUMEHTa, U3 TeMIieparypHoi 3aBucumoctd Ink ot
o0OpaTHOI TeMIlepaTyphl, MOIb3YysACh YpaBHEHUEM AppeHuyca

Ink = A-E./RT,
rae K — CKOpOCTh HCIIApeH s U3 CAMHAIIBI TTOBEPXHOCTH (MOIb M 2cek ), Eq — SHeprus akTHBaImm

(xlx/monb), T — abcomtoTHass TemmepaTypa, R — ra3zoBas moctosiHHas, A — MpPOU3BOJbHAs
KOHCTaHTa, PACCUUTHIBAIN SHEPTHIO aKTUBAIIMH ITpoliecca (Tabauna).

20 -
18 - 1
16 -

0

310 - 2

=

S 6 -

S 4

402
O T T T 1

290 300 310 320 330

TK

1 — nucTwiMpoBaHHas Boja, 2 — Boja, coaepikarias 30 % NaCl

Pucynok 5 — TeMrieparypHasi 3aBUCUMOCTb CKOPOCTH MCIIaPEHUS BOJBI Yepe3
MOHOMOJIEKYJISIPHBIN aJICOPOLIMOHHBIN CIIOM CMeCH rekcaieKaHojIa U OKTaeKaHoIa
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Tabnuua — DHepruy akTUBAIIMK UCTIAPEHUS BOJIBI IIPU PA3JIMYHBIX TEMIIEpaTypax

T,K 293 303 313 323

E. Bona, kJ[x/M0Ib 53,0 51,5 490 475

E, conenas Bona, kJ[>k/M0JIb 52,0 51,0 50,5 47,0

E. Boga+ITAB, x/[>/Monb 51,0 50,0 48,0 46,5

E. conenas Bona + ITAB, 50,5 50,0 47,0 46,0
kJ>x/Monb

Benmnuunbl E,; BKIIOYAOT DJHEPIUM pa3pylleHHWs BOJOPOIHBIX CBS3€H MOJIEKY] BOIBI U
corpotuBiieHuss MoHocnosi ITAB ynaneHuto Mosekysn BOAbI M3 €€ NOBEpXHOCTU. 3HadeHus E,,
ONMM3KHE K DHEPTUU BOJOPOJHBIX CBA3€H MOJIEKYJI BOJBI, CBUICTEIBCTBYIOT 00 OCHOBHOMU
JUMUTHPYIOIIEH CTaguu MpOLEecca HCIAPEHHs BOABl — pPa3pyLIEHUE BOJOPOIHBIX CBA3EH.
CnenoBarenbHO, 3aMEUICHHE CKOPOCTM HCHApEHUs BOJbl 4YE€pPe3 MOHOMOJIEKYJSPHBIM  CIIOM
paccMaTpUBaeMbIX CIHPTOB MOXKET OBITh CBSI3aHO C YKpEIUIEHUEM BOJOPOJIHBIX CBs3ed B
IIOBEPXHOCTHBIX CJIOAX BOJABI, @ TAaK)K€ POCTOM YNAKOBAHHOCTH HEIOJISIPHBIX YIJIEBOAOPOIHBIX
ueneii [IAB B MOHOMOJIEKYJISIPHBIX a1COPOLIMOHHBIX CIIOSIX.

Takum o0pa3oM, Ha ocHoBaHuM wu3yuyeHus BiusHus IIAB Ha mpouecc wucnapeHust BOAbI
MoKa3aHo, 4To BogopacTBopumblie IIAB (omemHOBas kucinoTa M JOACHMIBCYIb(AT HATpUs) HE
OKa3bIBAIOT 3aMETHOT'O BIMSAHUS HAa CKOPOCTh ATOr0 IIPOLECCA, B TO BPEMS KaK MOHOMOJIEKYJIIPHBIN
aICOPOLIMOHHBIN CIION CMECH TIeKCaJeKaHOoJa U OKTaJEKAaHOJIA CYLIECTBEHHO CHHMIJKAET CKOPOCTh
ucnapenus. Bennuuns! sHeprum axktuBauuu (E,), olleHeHHBle M3 TeMIepaTypHOH 3aBUCHUMOCTH
CKOPOCTH HCIIAPEHHs BOJBI, CBUIETEILCTBYIOT O TOM, YTO JIMMUTHPYIOIIEH CTaauel Iporecca
ABJISICTCSL  paspylLI€HUE BOJOPOAHBIX CBA3CH MOJIEKY] BOJABL. YCTaHOBJICHO HE3HAYUTEIILHOE
yMeHblIeHue E; ¢ OBBIIIEHHEM TEMIIEPATYPBI.

MoHOMOIIEKYIISIpHBIE CJIOM HEPACTBOPUMBIX CIIMPTOB CHHXKAKOT CKOPOCTh HCIIAPEHHUs, XOTsS Ha
BeIMYUHY E, CyIECTBEHHOIO BIIMSIHUS HE OKa3bIBAIOT.
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TOMNBIPAKTATBI KEMBIP MUKPOOPT AHU3M/IEP CAHBIHA JKOHE
OHBIH KYPAMBIHJIAFBI OPTAHUKAJIBIK 3ATTAP MEH KOPEKTIK
SJIEMEHTTEPIIH )KUHAKTAJYBIHA ®UTOBUONPENAPATTBIH
OCEPI

'Yemanos C., "Toiinacosa Y. M., lOMapOBa I. T, ’PeiiMoB A. M., ’Msunna O. B.
1
«O.b.bexmypos amvinoazel [umus vlivimoapol uncmumymsiy AK, Animamet,

Kazaxcman Pecnybnukacul

203P FA XKannwi scone betiopeanukanvix xumus Hucmumymeot, Tawkenm,
O36excman Pecnybnuxacol
e-mail: tuljan@mail.ru

Tonvipakmuly KYHAPIbLIbIRbIH CAKMAY MeH Kauma KainblHa Kenmipy MemaeKemmiy 6eHOIpicmik
Kayincizoiei MeH XaniblKmvly dAeYMEemmiK JHCAeO0aublH Kemepyoi KaAMMmAamacels ememin ey MAanbl30bl
UHHOBAYUANBIK MacenenepOin 0Oipi. Byn maceineni wewly yuiin munepanovl muiHaumysiuumapowvly [1O0K-in
apmmulpyMeHn Kamap, ociMOiKmi Kopekmi 3ammapmeH MONblK KaMmAamacsl3 ememinoeu, KypamblHOazbl
KYHapvl deMeHmmepine Kapail mulHaumKblumap ayKblMull KeHeumy Kepek JicaHe Oe 03iHOIK KYHObLIblebl
MoMeH MUHEPanObl MulAUMKLIUMAP OHOIPY MEXHOIOSUACHIH HCACAY KAMCEM.

ConObiKman Oy JHCYMbICMA albIHEAH Hamudcenep OOUbIHWA aAMMOoC JHcaHe KapbamuoneH
canvicmeipeanoa — gumobuonpenapamner  0QUbIMbIIAH — OPSAHOMUHEPANObl  MbIHAUMKLIUMAPObL
nAatoananean HYcKauiapoa dicoHe Oaapobly MONwepin 2 ece azauimvln NAUOANAHRAH HYCKAIApOd a30m
JHCUHAKMAUMBIH  (epKiH emip cypemin) muxpoopeanusmoep cauvl 9-10 ece, ¢hocghop omcunaxmavimoin
Muxpoopeanusmoep canvl 2,1-3 ece apmamuinwl, denumpuguxamopaap canwl 1,7-2,5 ece, onueompogpmap
canvt 1,4-2,2 ece kemumini dicone Oe OCIMOIK NEH JHCIHOIK-IICAHYApAp KALObIKMAPbIH blObIPAMAMbIH
baxmepusnap canvinviy 1,15-1,27 apmamueinsl anvixkmanovi. Convimen, ecep ammopocmuiy P,0s [IOK-i 20
%-0an acnaiiovl decex, oHOa OailLIMBLIZAH OpP2AHOMUHEPANObl mbiHaumksiwmapoazel P,0s xondamny
Menwepin azaumy monvipakmuly @ocpammany ypoicin memenoemeoi. Ezep kapbamuomezi azommoiy
IIOK-i 30-32 % 6oaca, an xanean 70-68 % NO, owcone NO mypinoe ammocghepasa beninin 0301 Kabamuin
bl0bIpamadvl 0ecek, OHOA OalbIMbLIZAH OP2AHOMUHEPANObl MbIHAUMKLIUMAPOAZbl A30MMblY KOJIOAHY
MOIUepIH a3atimy KOPUazan opmansly IKON02UANBIK JCALOAUBIH CAKMAN KAY2ad bIKNAJ JHCACAUODL.

Tipexk co30ep: pumobuonpenapam, MUKpoOOpeaHu3M, Kapawipix, KOpekmi s1emenmmep, MONvlpax.

Coxpanenue u 60ccmaHoOGIeHUE NOYGEHHO20 NA0OOPOOUs ABNAEMCA NEPEOCMENEeHHOU UHHOBAYUOHHOU
3adaueii 8 obecnedeHuy NPoO0BOIbLCMEEHHOU DE30NACHOCMU 20CY0apCmea U NOGbIUEHUU  O1a20COCMOSAHUS
Hapooa. [[na amozo Heobxooumo nosvicumsv KIIJ munepanvhvix y0oOpenull, pacuupums ux accopmumenm
N0 2NIeMEHMAaM ¢ Yenvlo NOJTHOYEHHO20 0OecneveHus pacmenus NUmaHuem, paspabomamsv MmMexHOA02UIO
NOMYYEHUs MYKOE C HU3KOTU CeDeCmoUMOCmuylo.

Takum obpasom, no pezyrbmamam, NOAYYEHHLIM 6 IMOU pabome, 8 6APUAHMAX, 20€ UCHOJL3VEMCsl
obocawjeHnvlll aMmopoc u Kapbamud, a maxdice 6 eapuanmax, 20e 6 2 paza CHUNCAemcs HOpMd Ux
NPUMEHEHUs YCIMAHOBNIEHO, YMO KOIUYECHE0 A30M@PUKCUPYIOUUX (C80000HONCUBYIUX) MUKPOOPSAHUSMOS 8
9-10 pas, a dochopmodbunuzupyiowux muxpoopeanusmos 6 2,1-3 pasza yeenuuusaemcs, a KOIUYECMEO
Odenumpuguramopos 1,7-2,5 pasza, oaucompogos 1,4-2,2 pasza ymeHvwiaemcs, a maxdice NOGbIUAENC
KOUu4ecmseo 6axmepuii pasiazarouux HCusommsle u pacmumenvhvie ocmamxu. Kpome moeo, ecau KIIJ[ P,0s
ammoghoca cocmaensiem moavko 20%, Mo cHudceHue HOPMbl NPUMEHeHUs 00602aujeHno20 ammogoca
ymeHvuiaem npoyecc sagocgauusanus nous. Ecau cuumamo umo KIIJ[ azoma 6 xapbamuoe cocmaensiem
30-32 %, a ocmanvnas uacme 70-68 % 6 sude NO, u NO gvioensemcs ¢ ammocgepy, mo CHUICEHUe HOPMbl
npumenenus 0002aujeHno20 Kapobamuoda No360IUM YIYHWUMb IKOIO0UYECKYIO CUMYAYUI0 OKpydscaroujell
cpeoul.

Knioueswie cnosa: humodbuonpenapam, Mukpoop2anusm, cymyc, NUmamenvHole 21eMeHmbl, No46d.
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Conservation and restoration of soil fertility is the primary task of innovation in ensuring food security of
the state and welfare of the people. To do this, increase the efficiency of mineral fertilizers to expand their
range of elements with a view to ensuring full power plant, to develop technology for the production of
mineral fertilizers at low cost.

Thus, the results obtained in this work, in embodiments which use enriched ammonium phosphate and
urea, as well as in embodiments where a two-fold reduced rate of application found that the amount of
nitrogen-fixing (free-) microorganisms in 9-10 times, and phosphorus mobilizing microorganisms in 2,1-3
times increased, and the number of denitrifying 1.7-2.5 times oligotrophs 1.4-2.2 times decreases and
increases the number of bacteria decomposing remains of animals and plant residues. In addition, if the
efficiency of P,Os MAP is only 20%, the reduction in the rate of application of enriched MAP process
reduces an excess of phosphorus of soil. If we assume that the efficiency of nitrogen in the urea is 30-32%,
and the remainder of 70-68% in the form of NO, and NO is released to the atmosphere, the reduction in the
rate of application of enriched urea to improve the environmental situation of the environment.

Keywords: fitobiopreparat, microorganisms, humus, nutrients, soil.

TomnbIpakThlH KYHApJIBLUIBIFBIH CAaKTay MEH KaiTa KalllbIHA KENTipy MEMIICKETTIH OHIipICTIK
KAyINCI3[IrT MEH XaJIBIKTBIH OJICYMETTIK JKarlalblH KOTepydl KaMTaMachl3 €TETiH €H MAaHbBI3JIbI
WHHOBAIMSUTBIK MOceIenep iy Oipi.

MuKpOOHOTHIHAMTKBIIITAD MEH Ouompemaparrapisl KOJJaHy Ke3iHjeri QaxTopiapisl,
UIBIFBIHIAP/IBIH OTEIY1 )KOHE aJbIHAThIH OHIMI€ dCepiH Taljan Kapacak, oCIMIIKTEpll KOPEKTEHAIPY
MEH KOpFayAblH ISCTYpJl >KOIJapbl TUIMCI3 eKeHMiri kepiHeni. COHIBIKTaH, ocipece oleMIiK
SKOHOMHUKAIIBIK KYJIIbIpay Ke3eHIH/Ie, OCIMIIK IapyallbUIbIFbIHAA OUOIpenapaTTapabl KOIIaHy IbIH
MmoHi 30p [1].

Bypeir KazakcraH TOIBIparbIHBIH KYHAPIIBIFBI Oipimama »KOFapbl OOJIATBIH, allaiiia COHFBI
KbUIAApel Oyl KepceTkim TeMeHJereH. JKenm 3po3usickl KeCIpiHEH TOMbIPAKThIH O€TKi KaOaThl
YKOFaJIbIN, ThIH ©HIPJEP/IIH TONBIPAKTAPBIHBIH €pPEKIIENIKTepl eckepiiMelt urepuireH. Kymsl xone
casJbl JKEepJIEP/IiH TOMBIPAKTaphl 4-5 KbUT UTEPUITEH COH TY3/aHBII, OJlap OCIMJIK MIapyallblIIbIFbI
MakcaTbhlH/la KOJIJJaHyFa >KapaMchbl3 OOJIbIN KalaJbl, COHbIMEH Oipre TOMBIPAKTHIH KYHapPJIBIFbI
Hamapiaier [2].

Kazipri tanna Kaszakctanjga aybll mIapyalblIbIFbl pecypcTapbIMEH (COHBIH ILIIHJE caralibl
MUHEpaJIJIbIK THIHAMTKBIIITAP MEH OCIMIKTEp/l KOpFay IpenapaTTapbl) KAMTaMachl3 €Ty TYPaKChI3
OoNFaH/IBIKTaH OMONOTHSUIBIK (haKTOpJIapibl TONBIKTAN MaiianaHy ©3eKTi Mocesie OOJbIN OThIp. All
OyJ1 3 Ke3eriHJe aybll MIapyallbUIbIFbl OHIIPICIH 3KOJIOTH3ALUSIAYABIH MaHbBI3/IbI OYBIHAAPBIHBIH
Oipi OoJyia OTBIPBIN, TOMBIPAK KYHAPJBIFBIH KaJIblHA KEJTIPIIN, YKOFapbl camalibl Kell eHIM allyFa
MYMKIHIIK Oepei.

OCIMIIIKTEPIIH OCIM KETUTYIH/IET1 THIHAUTKBIITapIbIH yiecl 5 %-nan acnaiiapl, an Kaiaran 95 %
TOMBIpAaK pecypcrapbiHa THecuTl. COHABIKTAH TONBIPAK KYHApJBIFBIH CaKTay MAaKCaThIHIAFbI
arpoTeXHUKANbIK IIapaiapAblH  Oipi - ecIMIIKTepAi ecipy MeH Kopraylda OHMOJIOTHSIIBIK
npernaparTapAbl 0ackiM MeJep/e KOIJIaHyAbIH HHTErPalMsIIbIK KYHecl KaxKeT.

Ocbl  MakcaTHeH MOJENBJIK  TONBIpaK  yiruiepinge  ammodoc, KapOamHJ  JKoHe
¢buToOnonpenaparTap Heri3iHAe ajblHFAaH OPraHOMHUHEPAJIbl THIHAUTKBIIITAPIbIH KapallipiKTiH
TY3UIyiH, ©CIMIIKTEP/IIH KOPEKTEHYIH KOHE TOMBIPAK A30THIHBIH BIIBIPAYBIH KaMTaMachl3 €TETIH
TOMBIPaK MUKPOOPTaHU3MEPIHIH CaHbIHA dCEeP1 3ePTTEIN/II.

3epTTey YIIIH KypamblHIA OCIMIIK KaJJBIKTapbl 0ap MaKTa €TuUIreH TOMBIPAK KOJIIAHBUIJIbI.
TonbipakTbiH XuMUsIIBIK Kypambsl: N — 22,5 mr/kr Tonbipak; P2Os — 15,3 MI/kr TonsIpak; Kaparipik
-1,3 %.
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Mogenpaik TombIpak yiariiepi ammodoc, kapbamun xoHe QuroOMonpenaparrtap HeriziHae
QIBIHFAaH OPraHOMUHEPAIBl THIHAUTKBITAPIbI MaKTa KaJIABIKTAphl 0Oap TOMBIPAKKA CaJIbII
apayiacThIpy apKbLIbl AaiibiHIanAbl. Tomnbipak yirici 17 macc.% Medmmepae putFaagasabipsi, 20-25
°C Temmeparypaaa 30 KyH 00Mbl cakTanabl. OpOip 3 KyH caiiblH TONBIPAK bUIFAIALIFBI 17 Macc.%
0oaThIHAAN eTIM bUIFAIIaHIBIPBUIIBL.

TomnbIpaKkThIH MUKPOOHOJIOTHSIIBIK 3epTTEY KYMbICTapbl 30 TOyJIIK ©TKEHHEH COH JKYPri3iiim,
aJI KOPEKTIK AJIEMEHTTEp MEH Kapamipik aHainu3i op0oip 10 Toymik calibiH Kacall bl

1-5 Cyperrepae ammodoc, KapOamua >koHe QuTOOHONpenapaTTap HETI3IHAEC aJIbIHFaH
OpPraHOMUHEPAIABl  THIHAUTKBIITAPABIH ~ TOMBIPAK  MHKPOOPTaHU3MIEPIHIH  CaHbIHA  dcepi
KOPCETIITeH.

[

MHKpPOOpPraHH3MIeD CaHBI,
wiH. KTB Tonsipakre 1,0 ©

1 2 . . .
A ~
Hyckanap 5

1 — GakpuTay — MaKTa KaJIBIKTaphl Oap TOMBIpaK; 2 — Oakpuiay MeH amModoc; 3 — 0aKbplIay MEeH
kapOamus; 4 — Gakpliay, aMModoc xoHe puroduonpenapar; 5 — 6akpuiay, KapoamMH1 )KoHE
¢uToOuonpenapar

1-cyper — AMmodoc, kapbamua xoHe PUTOOHOIIpenapaT HET131H/1€ albIHFaH OpraHOMUHEPAIAbI
THIHAUTKBIIITAP/AbIH a30T)KUHAKTAYILIBI MUKPOOPTaHU3MIEP/IiH (€PKIH eMip CYpeTiH) caHblHa dcepi

ANbIHFaH MaJTiMeTTep OOMBIHIIA:

- aMMooc IeH KapbaMuJl a30T)KUHAKTayIlIbl (EpKiH eMip cypeTiH) Oakrepusuiapabiy (1-cyper)
CaHBIHA 1C JKY31HJIE 9cep eTmeimi, ay OalpIThUIFAaH OPraHOMUHEPAIIB THIHAUTKBIIITAD OJap.IbIH
caHbIH 3,5-3,9 ece apTThIpaibl;

- OpraHoMHMHEpanJbl THIHAUTKBIIITAp aMMOQOCIIEH CcalbICThIpFaHaa (Qochop-KuHAKTAYIIbI
6aktepusinap (2-cyper) canblH 3,3-3,5 ece apTThIpabl;

- aMMO(OCThl KOJJIAHFaH Ke3Jle TONBIPAKTBIH HUTPATThl A30ThIH BIABIPATATHIH, KapalIipiKTi
MUHepaIJaiThIH JeHuTpudukaropnap (3-cyper) MeH onurotpodrap (4- cyper) canbl OaKbplIayMeH
calbICThIpFanaa 2,5-2,6 ece, an OallbITBUIFAaH OpPraHOMHHEPANIbI THIHAUTKBIITAp Ke3inae 1,9-2,1
ece KeMU/I1;

- OCIMJIIKTEp KaJABIKTapbhIH BLABIPATHIN, OacKala Kapamlipik TY3ULy YpIICTepiH KamTamachl3
€TeTIH TeTepoTpodThl OakTepusgap MEH alllbITKbl CaHbIpayKyJlakTap (5-cyper) caHbIH
OpraHOMHUHEPAJIIBI THIHAUTKBIIITap aMModoCTieH canbicThipranaa 1,2-1,3 ece, am OaxpuiaymeH
canbicThIpranga 1,5-1,6 ece kebeiTeni.
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2-cypetr — Ammoddoc, kapbamu sxoHe puTOoOHONpenapar Heri3iHAe ajJblHFaH OPraHOMHHEPAJIIBI
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il = =
L

MugpoopraHH3MIep CaHEL
MmH. KTE TonepakTed 1.0 T

= M = o ee

y ‘ AAA

Hyckamap
1 — GakpuTay — MaKTa KaJAbIKTapbl 0ap TOMbIpak; 2 — 6akplay MeH ammodoc; 3 — 0akbuiay MeH
kapOamua; 4 — Oakpuiay, ammodoc >koHe ¢durobuonpenapar; 5 — Oakpuiay, KapOamua >KoHE
¢duTobuonpenapat

3-cyper — Ammodoc, kapdamu skoHe (uTOOHMOTpenapar HeTi3iHAe aJbIHFAaH OPraHOMHHEPAIIIBI
THIHAUTKBIIITAPABIH JeHUTPpH(PHUKATOPIAp CaHBIHA dcepi

¥ ‘ biaa

Hycramap
1 — GakpuTay — MaKTa KaJAbIKTaphl Oap TombIpak; 2 — 6akpiay MeH ammodoc; 3 — 6akpuiay MeH
kapOamua;, 4 — Oakpuray, ammodoc koHe ¢urodOmonpenapar; 5 — Oakpuiay, KapOaMmua KoHE
¢duTobuonpenapat

=
'S

=
P

=
=

MHUKpOOpPTaHH3MIEP CaHEL,
mnH. KTb Tonerpakteig 1,0 T

4-cyper — AMModoc, kapbamus skoHe puToOHONpenapar Heri31H/1e aJbIHFaH OPTraHOMUHEPAIIbI
TBHIHAUTKBIIITAPIBIH OJIUTOTPOdTAp CaHBIHA dcepi
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L4 A

12 |

0.3 -

0.6 -

0.4 -

0I2 | & r g
1 2 3 4

Hycramap
1 — Gakputay — MaKTa KaJabIKTapbl 0ap Tombipak; 2 — 0akpiay MeH aMmModoc; 3 — 6aKpliay MEH
kapObamun; 4 — Oakpuray, ammodoc koHe (urobmomnpemapar, 5 — Oakpliay, KapOaMuy >KoHE
¢dbutobuonpemnapar

MiIH. KTB TonelpakTeid 1.0 T

MugpoopraHisMaoep caHsl,

5-cyper — Ammodoc, kapbamu i sxoHe puTOoOHONpenapaT HEeTi3iHAe ajJbIHFaH OPraHOMHHEPAIIIBI
THIHAUTKBIIITAPIBIH TeTePOTPODTHI OAaKTEPHSIIaAp MEH alllBITKBI CAHBIPAYKYJIAKTAp CAaHBIHA dcepi

6-8 Cyperrepae KOPEKTIK S3JIEMEHTTEp MEH KapallipikTiH MeJIiepi Typaiabl MOIiMeTTep
kepceTuiren. durolOuornpenaparrap HeriziHjae OalbITBIIFAH OpPraHOMHUHEPANbl THIHAMUTKBIIITAD
TOXKipuOe COHBIHAA TOMBIpAaKTa OHAW TUApoNU3AeHEeTiH a30TThl 35-37 % (6 cypert), dhocdop
HNEeHTAOKCUIHIH KbUDKbIManbl TYpiH 30-32 % (7 cyper) xoHe Kapamipikti — 0,05 % (2 1/ra) (8
CypeT) *KUHaKTaiiabl, OyJl a30T)KMHAKTaWTBhIH, (POCPOPKUHAKTANTHIH JKOHE OCIMJIIK KaJIbIKTapbIH
BIIBIPATaThIH TOTIBIPAK MUKPOOPTaHU3MAEPIHIH CaHBIHBIH apTYbIMEH TYCIHAIpLIEII.

W30 Taynik

Hycramap

W20 Taynik

10 Taynik

0 5 10 15 20 25 30 35

A30T MeIIIepi, MI/KI TOIBIPAK

1 — Gakputay — MaKTa KaJabIKTaphl 0ap TombIpak; 2 — 6akpiay MeH amModoc; 3 — 6aKpiay MEH
kapbamua; 4 — Oakputay, amMmodoc xoHe (uToOHomnpenapar; 5 — Oakpulay, KapOamMH[I >KOHE
¢buToOuonpenapar

6-cyper — TonbIpakThIH MOAEBAIK YITUIEPIHIET1 KEeHJT THAPOIU3ACHETIH a30TThIH OpTallia
MeJIepi
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W30 Taynik

Hycramap

W20 Taynik

10 Teynik

[I] 5I ll[] lIS 2‘0 2‘5 3‘0 3‘5
Pocdhop Memmepi, MI/KI TOIBIPAK
1 — GakpuTay — MaKTa KaJABIKTaphl Oap TOMBIPaK; 2 — OaKpLiay MEH aMMOdoc;
3 — Oakputay MeH kapOamun; 4 — 6akpuiay, ammodoc xoHe GpuToduonpenapar; S — 6akpuiay,
KapOammu 1 xoHe puTodHonpemnapar

7-cypeT — TomnbIpakThIH MOJENB/IIK YATLIEPIHAET] KbUDKbIMAbBI (ocop MEeHTAOKCUIIHIH
opraiia MeJepi

Kapanripik Memmepi, %

1 — Gakputay — MaKTa KaJabIKTapbl O6ap Tombipak; 2 — Oakbuiay MeH ammodoc; 3 — 6akpuiay
MeH kapbamun; 4 — Oakpuiay, aMModoc koHe puToOuompenapar; 5 — Oakpuiay, KapOaMua *KoHe
¢uToOuonpenapar

8-cypet — TomnbIpakThIH MOJENBIIK YATLIepiHAEr] KapammipikTiH oprama Memmepi (30-1mbl ToyIiK)

AnbIHFaH HOTHXKenep OoifbiHIIA aMMoQoc >XoHE KapOaMHINEH calbICThIpFaHaa (UTOOHO-
npenapaTieH OallbIThUIFAH OPraHOMUHEPAIbl THIHAMTKBIIITAP/bl MaiilalaHFaH HyCcKalapa *KoHe
oJlapJIbIH MeJIIEpiH 2 ece a3alThill NaiianaHfaH HycKajapla a30T XUHAKTAaUThIH (EpKiH eMmip
CYpeTiH) MuKpoopranusmzaep caubl 9-10 ece, pochop KkMHAKTAWTHIH MUKPOOpraHU3MIEp caHbl 2,1-
3 ece apraThIHbI, AeHUTpUDUKaTOpaap canbl 1,7-2,5 ece, onmurorpodTap cansl 1,4-2,2 ece KEeMUTIHI
XKOHE JIe OCIMJIIK TIEH KOHIIK-)KaHyapJyiap KalIbIKTaPhIH BIABIPATAThIH OaKTepUsiiap CaHbIHBIH 1,15-
1,27 apTaTbIiHbl AaHBIKTAJI/IBI.

ConbimeH, erep ammodoctbiH P05 [MOK-i 20 %-man acmaiiapl jgecek, oHAa OailbIThUIFaH
OpraHOMUHEPATIBI THIHAUTKBIITapAarsl P2Os Kongany MeIepid a3aiTy TOMBIPaKThIH GocdarTany
ypaicin temenaereni. Erep kap6amuareri a3oTThiH [IOK-1 30-32 % Gonca, an kanran 70-68 % NO,
xoHe NO TypiHzme atmocdepara OesiHII 030H KaOaThIH BIIBIPATAbI JIECEK, OHJA OaMBITHUIFaH
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OpPraHOMUHEPAIIB THIHANTKBIIITAPIAFbl a30TTHIH KOJJIaHY MOJIIEPIH a3aiTy KOpIlaraH OpTaHbIH
SKOJIOTUSJIBIK JKaFJaliblH CaKTall KaJyFa bIKIIAJI )Kacaibl.

Ineouerrep Tizimi:

1. VYcmanoB C. buomnpemapatel u OuoynmoOpenus, miuojopoaue mouB, ypoxkaid. CooOmenue 1.
Muxkpobuoynobpeanie MOPC — ocHOBa MOBBIIIEHHS MOTEHIIHANIA arpoaHamadTa Mo4B M ypOKaHHOCTH
CEeNbCKOXO3AUCTBEHHBIX KynbTyp Ha 35,0-50,0 %, mnony4eHus SKOJOTHMYECKH YHCTOH MPOAYKLHH
PacTeHHEBOCTBA C HU3KOM cebecToMMOCThi0. — AnMatsl, 2006 . — 121 C.

2. Tlousennnie pecypcol Kazaxcrana http://ekonom-priroda.ru/voprosy-po-predmetu-ekologiya/215-
pochvennye_resursy_kazahstana.html

Iocmynuna 19 mas 2015 2.
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®UTOBUOIPENAPAT HET'T3IHJE BAWBITBLIFAH
OPTAHOMMHEPAJIJIbI TBIHAMTKBIIITAPABIH ATPOXUMMSLIBIK
"KOHE DKOHOMUKAJIBIK TUIMILTITTH MAKTA
ETICTITTH/IE 3EPTTEY

'Yemanos C., "Toiinacosa Y. M., 2OMapOBa I. T, 2Mbmmacapona I.O., 333Knp03 b. C.

1((8.E.Eel<mypoe amvinoazel Xumus vinsimoapsl uncmumymsly AK, Aimamel,
Kaszaxcman Pecnybnuxacot
28ﬂ-®apa6u amwvinoazvl Kazax ¥nmmuolx Yuueepcumemi, Aimamot, Kazaxcman Pecnybauxacol
303P FA JKannwl scone betiopeanukanvik xumus Uncmumymeot, Tawkenm,
O36excman Pecnybnuxacol
e-mail: tuljan@mail.ru

Byn oicymvicma 3epmmencen ghumobuonpenapamnen OQubimulizan MUHEpaiobl MulHAUMKbIUMAPOblH
ACDOXUMUSLIBIK,  JICOHE IKOHOMUKANLIK MUIMOiniei ome 30p, SIeHU MUHepanobl MbIHAUMKbIUMAaPMeH
canvlcmulpeanoa OaubImvlieaH MuIHAUMKbIUMApP Koldauzan keszde 1,2-1,7 y/ea Kocvlmuwia 6HIM any2a
bonamuiHbl  anvikmandvl. Dumobuonpenapamner OAULIMBIIZAH MLIHAUMKLIUINAPOLIY  IKOHOMUKATLIK
MUIMOINIZIH MUHEPANObL MbIHAUMKBIUIMAPMEH CANBICIMBIPLIN KAPACMbIPAMblH 00JCAK, aMMopOoCmpl JcaHe
¢umonpenapamnen dOaublmvlizan AMMOGOCmbl KOIOAHEAH Ke30e O3IHOIK KYHBIHLIH JHCIHE 0NaApObl KOJLOAHY
Menwepiniy memenoiei ecebinen IKOHOMUKanvly muimoiniei — 3820 owcone 4510 menee/ea 6onadwi, an
Kocvlmwia oHim ecebinen — 9000 ocane 5250 menze/za Kypaowl, cOHbIMEH Kamap KapoamMuomi dicaHe
umobuonpenapamnen oOaivimuliean KapOamMuomi KONOAH2AH Ke30e O3IHOIK KYHbIHbIH JHCIHE OAapObl
KOOaHy Meuepiniy momerndiei ecebiner SKoHOMuKanwviy muimoiniei 3820 scone 10310 menee/za 601advl, an
Kocvimuia onim ecebinen 12750 sicane 3750 menee/ea Kypatiovl.

Byeinei manoa munepanovl mulyaimbluumapowly 63iHOIK KYHbIHbIY JiCoHe 0ARACHIHBIY JHCO&apbl OOIY b
011apObl AYLLIUAPY AUBLILIK 3aMMapobl 6HOIpyuiiiepee MmovlK Kejiemoe KOAOAHY2a MYMKIHOIK myavl30at
myp. Byn ocymvicmaser komepineen macene, SA2HU MbIHAUMKLIUMAD MOAUEPTH A3atmyObll 2blAbIMU MIHI
eme 30p.

Tipex ceo30ep: umobuonpenapam, OpeaHOMUHEPALObl MBIHAUMKbIUL, —AMMOPOC,  ASPOXUMUSLILIK
MUIMOLNIK, IKOHOMUKAILIK, MUIMOLIIK.

Hccnedosannvie 6 O0annou pabome obozaujenuvle Gumoduonpenapamom MuHepaivbivie YOoOpeHus 6
CPABHEHUU C MUHePATbHbIMU YOOOpeHusmu 6e3 0602awenuss NoKaA3bléaiom GblCOKUe aA2pOXuMudecKue u
IKOHOMUYECKUE NOKA3AMENU, MO eClb NO360JISII0M NOLYYUMb OONOJHUMENbHbII ypoxcall 0o 1,2-1,7 y/ea.
Oxonomuyeckuii d¢pghpexm Ha eOunuyy NOCeSHOU NAOWAOU 3d CHEM CHUJICEHUS HOPMbl UCNOTb3068AHUS
obocauwennoco ammogoca 6 2-3 paza u OONOIHUMENbHO2O YPOJICAs 6 CPASHeHUu ¢ ammogocom 6e3
obozawenusi npu ee NOJHOU HOpMe NpuMeHeHusi Ha noceeax xionwamuuxa cocmaesnsem 3820 - 9000
menee/2a. Dxonomuueckuil dpgexm Ha eounHuyy RnOCe6HOU NAOWAOU 34 CHUEM CHUNCEHUST HOPMbL
UCNOIBL308aAHUSL 0002aUeHH020 Kapbamuda 6 2 pasa, a makdice OONOJHUMENLHO2O YPOXNCAs 8 CPABHEHUU C
Kapbamudom 6e3 obozawjenuss npu ux NOAHOU HOpMe NPUMEHEHUs HA NOCe8aX XJIONYAMHUKA COCTNAGUT
37450 menee/za.

Bovicoxas cebecmoumocmov u OmMRyCKHASL YeHa He NO380IAI0M NPOU3EOOUMENSIM CeNbCKOXO3AUCTEEHHBIX
Mo8apos 8 NOIHOM 0bveme UCNONb308amb MUHepanbivle Y0obpenus. CHudCeHue HOPMbl NPUMEHEHUS. IYKO8,
npeocmasieHHbIX 8 OaHHOU pabome, umeem OOIbULOE HAYHUHOE 3HAUEHUE.
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Knrouesvle cnosa: gumobuonpenapam, opeanomuuepanivHoe y0obpeHue, ammoghoc, aspoxumuyeckas,
IKOHOMUYECKAsL I HeKmUsHOCmb.

Studied in this paper enriched phytopreparation fertilizers compared with mineral fertilizers without
enrichment show high agrochemical and economic indicators, that is possible to obtain an additional yield of
up to 1.2-1.7 t / ha. The economic effect per unit of cultivated area by reducing the rate of use of the enriched
ammonium phosphate 2-3 times and additional yield compared with ammophos without enrichment when it is
fully normal use on cotton crops of 3820 - 9000 tenge / ha. The economic effect per unit of cultivated area
due to lower utilization rates of urea enriched 2-fold, as well as additional yield compared with urea without
enrichment with the full rate application on cotton was 37450 tenge / ha.

The high cost and the selling price does not allow agricultural producers to make full use of mineral
fertilizers. Reducing the use of the fat standards presented in this paper is of great scientific importance.

Keywords: phytotobiopreparat, organic fertilizer, ammonium phosphate , agrochemical, cost-effective.

XXI Facblp GuorexHosiorust facelpsl. Kasipri tanaa namblFadH enjiepie KyHbl JOCTYpIll ecipy
TEXHOJIOTUSUIaphl OOWBIHINIA ecipiireH a3blK-Tydik KyHeiHaH 70,0 - 100,0 % kbsiMOar Ooinca na
OKOJNIOTHSIJIBIK ~ Ta3a OHIMIECpP OHMIIpiCiHe KbI3bIFYIIbUIBIK apThil  oThip [1]. Compbikran
ayblIILIapyallbUIbIFbI OHIMJIepiH ecipy MaKcaTbIH/1a Ouonpenaparrap MEH
MHUKPOOHOTHIHAUTKBIIITAP KAPKBIHABI TYpAE KoinaHbutyaa. Ojap TOMBIpaK MHUKPOOPTaHU3MAEPIHIH
KoOCI0iHE KOJAMIIBI JKaF1ail Kacaidl OTBIPHII, OCIMIIKTEP CiHIpe aJMalThIH TOMBIPAK TY3AAPBIH iCKe
KOCaJlbl JKOHE arMoc(epasiblk a30TThl (PUKCANUsATIAy apKbUIBI ©CIMIIKTEpi KOCHIMIIA KOPEKTIK
AJIEMEHTTEPMEH KaMTaMachI3 €TeI.

AybUT MIapyambUIBIFEI MEH TaMaK OHJIPICIHAE KOJJJIAHBUIBIT OTBHIPFAaH OMOTEXHOJOTHUSHBIH
oneMaik HapbIFbl 2005 xbutsl 45,0 mapa. AKII nonnapeina Garanansii, skeuibiHa 20,0 - 30,0 %-ra
©CIIl OTBIP.

Kazakcran nyHuexy3i OOMBIHINA JOHII JakpUIAaplaH TUIMAI ©HIM any OOWBIHIIA TOMEHTI
careiapaa Typ [2, 3]. XKaibuieiM skepiep/IiH AerpaaaliisCblHaH KeJIeTiH MIBIFbIH KbUTbiHA $ 963,2
witH. [1aOBIHABIK XKepiiep 3pO3UsACHIHAH JKOFaIaThIH Maiiia xbuibiHa - $779 MuH. Kalita Ty3aanran
xep kesiemi 100 MBIH ra, OCBIHBIH HOTHKECIH/IC KbUTbIHA $375 MITH. Maiiia sxoFasiaibl.

XKpun caiibin KazakcTaH TOMBIpaFbIHBIH KapallipiriH skorantysl $2,5 mipa.-ka OaranaHajbl, al
OyJT Ke3/ieri ociM/IIK OHIMICPIH Makaanany kejemi $2 MiIp.-aaH acmanpl.

KazakcTanapIK aybll MapyallblIblK TayapeHAIpYIIUIEPiHiH a3 )KoHE TYPaKChI3 OHIM ally, OHIMHIH
aJIFallIKbl KYHBIHBIH KOFapBUIBIFbI, MaJl a3bIFbIHBIH JKETICIEYIL1Tir, ©HIM carachblHbIH
Hallapiaybl, TONBIPAK KYHAPJBIFBIHBIH TOMEHJIECYl JKOHE KOpIIaFraH OPTaHbIH JACTaHYbl CHUSKTHI
Mocenenepi 6ap. OcbIaH Kemin MapyallbUIbIK PeHTA0eNbITHIH TOMEHIIT], JKaJaKbIHBIH a3/bIFbI
KOHE aJaM eMipiHe KayilTi >KaFjainap TybslHOaiabl. byn Mocenenepal ImIemryaiH —THIMOL
KOJIIApBIHBIH Oipl KeweHal ocepi Oap OuornpenapaTTap[bsl KOJIJaHa OTBIPHIN, XEepJl WUrepyaiH
AKOJIOTHSITBIK KayITIci3 )KYHECiH TaHaay.

Kypambinga ¢urobuomnpenaparsl 06ap OpraHOMHUHEpPAAbl THIHAUTKBIILITAD aMMO(OC KoHE
kapOamua TyHipiiikrepiHiy OetiHe gurobuonpenaparnex 6ipre 0,1 macc.% OeTTiK aKTHBTI 3aTThI
(bPA3) (marpuit naypuicynbhoHatel) OYypKy apKbUibl anblHaibl. PurobHompenapaT HerisiHzae
OalbITBUIFaH OPTaHOMHUHEPANIbI THIHAUTKBIIITAP/IBIH CUIIATTaMachl 1-KecTeie KOpPCeTIIreH.

Bys1 TBIHAUTKBIIITAPABIH arpPOXUMMSIIBIK, KOJOTHSUIBIK JKOHE SKOHOMHUKaNbIK THiMaitiri OKO
Makraapan aynansl «Xaszpar-Anu-AxoOap» XXIIC-HiH aysUimapyalbuIblK ©HIIPICTIK alaHIapbIHIa
MakTa ecipy Ke31H/e 3epTTe/Ii.
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l-xecre — Kypambinna ¢Qurobuonpenaparsl 0ap OpraHOMHHEPAIIbl  THIHANTKBIIITAPIBIH
CUIIATTaMaChl

Meumiepi, %

Kepcerkimrep BaiiprTeuiFran aMmmodoc baitpiTeuran
KapOaMuT
Kyprak 3aTka 1rakkaH arsl 9,4-9,8 45-46
KAl @30TTHIH MACCaJIBIK Yieci
Cinipimai pochaTTbiH MaccanbIK yieci 43,4-44.9 -

®duToOHOIIPEeNnapaTThiH MACCAIIBIK YiIeci 1,0 1,0
JKab6wickpiin BA3-ThIH MaccalbIK yieci 0,1 0,1
CynabIH MaccaibIK yieci 0,5 0,2

* Eckeptry: CanbICThIpy YIIiH OacTanks! bUTFaNAbUIBIFBL 0,5% ammodoc sxoHe 0,2% kapOamMun anblHFaH

Exi eHIIpICTIK-IEeMOHCTPAIIUSIIBIK TOHKIpUOE €Ki KaWTaldaHblll KOWBUIABI, Oip KaTap eTim
OTBIPFBI3BUILABI, apbIKTapAblH ayaanbel 0,7 ra: Nel Ttoxipube — 5,6 ra, Ne2 Toxipube - 4,2 ra.
Toxipubenik aqaHHBIH aTFaIKb KbIPTHUTYBI 2013 k. 7 sxentokcanna xypri3inai. Apeikrapast 2014
K. 14 coyipne maiipiaaan, i3iHie 2 Kaiitapa KOIChITY dKYMBICTaphl XKYpri3inai. AMModoc, kapdbamua
*oHe (huToduompenapariner 6albIThUUIFAaH OPraHOMUHEPANIBIK ThIHAUTKbITap 2014 x. 14 coyipae
TYKBIMJIBI ce0y aJIbIHAA apbIKTapAbl JalbIHAAY Ke3iHae Oepiiii.

Makra TYKBIMBIHBIH cOpThl Makraapan-4005, Gipinmi penponykiusi. Makra ecipyniH €TiCTiK
TOKIpUOECIHIH CXeMachl 2-KecTeie KOPCeTUITeH.

2-xecte — Makra ecipy/iiH ericTiK TOKIpHOeCiHIH CXeMachl

duTobHoIpenaparieH 6anbi-

Kapbamun, Awmmodoc,
Hycxkanap <r/ra cr/ra TBUIFaH OpraHOMHUHEPAIIIbI
TBIHAWTKEII, KT/Ta
1 2 3 4

Ne 1 ToxkipuOe
1. bakpuiay - -
2. Oranon 1 — ammodoc, 383 (46 kr 100 -
N) kr/ra
3. Ammodoc, 383 (46 kr N) kr/ra, + 383 383
¢uTobuonpenapar, 2 n/ra
4. Ammodoc, 191,5 (23 xr N) kr/ra, + 1915 191,5
¢uTobuonpenapar, 2 n/ra

Ne 2 Tokipube
5. Dranon 2 - xap6amun, 100 (46 xr 100 -
N) kr/ra
6. Kapoamu, 100 (46 xr N) kr/ra, + 100 100
¢dbuTobuonpenapar, 2i/ra
7. Kapbamuu, 50 (23 kr N) kr/ra, + 50 50

¢uTobuonpenapar, 2 a/ra
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3-KecTelle MaKTaHBIH ©CIM KeTiTyl MEH eHiMi »aiiel Momimerrep KepceTinreH. 383 kr/ra
aMMo(OCTBI KONJaHy Ke3iHae OakpulayFa KaparaHaa OCIMIIKTIH Heri3ri JiHreri, TYJaep CaHbl,
XKeMmic OepeTiH IIHreKTepi, KayallaKTapbl >KOHE COFaH COMKEC ajbIHATBIH ©OHIM JKaKChl OOJIIbI.
Koceimma enim 9,1 1/ra kypassl.

3-kecTe — MaKTaHbIH OCIIT KETiTyl MEH OHIMI JKaliJIbl MOJIIMETTEP

Kemic Oe-
Hyc- Herisri giHrexTi Tyanep eili\;[{lc ? e— Kayawaik- 3Taﬂ0HFa'
¥ . H H i CaHBhlI, P A Tap CaHsbl, OHiwm, i/ra | KOCHUIFaH OHIM
Kajap OHIKTIrI, CM TEKTEp CaHBbl,
AaHa JaHa
Aana n/ra %
mep3imi | 1.06.14 | 1.09.14 | 1.07.14 1.08.14 1.09.14 20.10.14
Ne 1 Toxipube
1 9,5 59,7 41 4,0 4,2 17,8 - -
2 11,5 65,3 45 5,2 6,5 26,9 - -
3 12,7 67,7 47 54 6,6 28,1 1,2 44
4 12,8 67,6 4,6 54 6,6 27,6 0,7 2,6
Ne 2 Toxipube
5 12,5 66,7 6,2 6,0 7,0 29,3 - -
6 12,8 68,2 6,8 6,2 7,5 31,0 1,7 5,8
7 12,7 68,1 6,5 6,0 7,4 29,8 0,5 1,7

Toxipubenin 1 Hyckacel, sFHM N 46 Kr/ra 5KBUBaNEHTTI Meumepi ammodocTbiy 383 Kkr/ra TeH
MUHEPAIIABIK THIHANTKBINI KOJJAHBUIFAH MAaKTa eriCTITIHIH (EHOJOTHUIBIK OaKbuIaybl MEH
OHIMILIIrT OOWBIHIIA MoJiMeTTep OyJl TBHIHAWTKBIIITHIH KOPCETKIIITEPIHIH »aKChl EKEHJITH
nonennenai. Hotmwxkecinae ammodoc Konmganran Hyckana 26,9 m/ra MakTa eHiMmi OoJica, ajabIHFaH
OaMBITBUIFaH THIHAMTKBIIITEI KOJJaHFaH ke3¢ 28,1 11/ra MakTa ©HIMI aJIBIHABI, SFHH KOCBIMIIIA OHIM
1,2 w/ra TeH. AMModocTarsl N TOJBIK MeJIIIEPiH KOJJAaHFaHFAa KaparaHJla ThIHAWTKbBILITAFbl N-H
MeJepiH 2 ece a3aifTa OTHIpbIN, 6HIMHIH MemmepiH 0,7 w/ra ketepy, OalbITbUIFaH
OpPraHOMHUHEPAJIBIK THIHAWTKBIIITAPABIH THIMALIITT AKOFaphl €KEHIITH KOpceTesi.

Makra OHIMJIITITIHIH  >KOFapliaybIHaFbl OCBIHIal 3aHIBLUIBIK KapOamu J)KoHeE
¢uToOuonpenaparineH OalbITBUIFAH OPraHOMHHEPAbl THIHAUTKBIIITHI (2 TOXIpHUOE) KOJIJaHFaH
ke3inae ne Oalkanabl. A30TThIH Oipaeil Memmepinne (46 kr/ra) OalbITbUIFAaH OPraHOMUHEPAIIbI
THIHAWTKBIIITHIH KapOaMHIIEH CalbICThIpFaHaa 1,7 1/ra KOCBIMIIA ©HIM ajyFa JXOHE KOPEKTIK
3arTapaeiH MemepiH 2 ece 0,5 1m/ra TeMeHmeTeTiHIIr monenneHal. durobuonpenapaTneH
OalBITBUIFAH  OPraHOMMHEPAIbl THIHAWTKBIIITAPABIH SKOHOMUKAJBIK KepceTkimrepi 1, 2
CypeTTep/ie KOPCeTUIreH.

1-Cyper Ooitpinma erep (1 Toxipube) Oakbuiay HYcKachlHAa Makra eHiMi 17,8 1/ra, an
aMMO(OCTBl ATAJIOH peTiHAe KOJJaHFaH Ke3leri eHiM 26,9 m/ra Oonapl. dutobHonpenapaTieH
OalBITBUIFAH OPTaHOMUHEPANIBIK THIHAWTKBIIITH KOJJIaHFaH Ke3Zle aMMO(OCIEH calbICThIpFaH/1a
KoceiMina exim 0,7-1,2 1i/ra.
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Magra eHIML, 1T/Ta
1 — Oaksutay, 2 — ammocdoc, 383 (46 kr N) xr/ra; 3 — ammodoc, 383 (46 xr N) kr/ra
+¢urodbuonpenapar, 2 i/ra; 4 — ammodoc, 191,5 (23 kr N) kr/ratdurodbuonpenapar, 2 n/ra; 5 —
kap6amug, 100 (46 kr N) kr/ra; 6 — kapoamun, 100 (46 kr N) kr/ra, + ¢uroduonpenapar, 2i/ra; 7 —

Hycxramap

kapbamuz, 50 (23 xr N) kr/ra+durobuonpenapar, 2 ji/ra
1-cyper - Makra eHiMmi

CoHBIMEH, 3KOHOMUKAJIBIK THIMIUTIK (UTOOHOIpEenapaTneH OaWbITHUIFaH THIHAWTKBIIITAPIBIH
©31H/IIK KYHBIHBIH J>KOHE OJapbl KOJJaHy MeJIepiHiH TemeHuiri ecedinen 3820 sxone 4510
TeHre/ra 6o1apl, an KocbiMia eHiM ecebineH 9000 xxone 5250 tenre/ra (2-cypeT) Kypazbl.
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IKOHOMHKATEIK, THIMIITK, TeHTe/Ta

1 2 3 4 5 & 7
Hycramap

a — ©31H/1IK KYHBIHBIH KOHEe MUHEPAJIJIbIK THIHAUTKBIII MOJIIEepiH a3aiiTy ecebiHeH; O — KochIMIIIa
OHIM eceOiHeH

1 — OGakpimay; 2 — ammodoc, 383 (46 xr N) kr/ra; 3 — ammodoc, 383 (46 kr N) kr/ra, +
¢durobmonpenapar, 2 a/ra; 4 — ammocdoc, 191,5 (23 r N) kr/ra, + ¢urobuonpenapar, 2 a/ra; 5 —
kapOamun, 100 (46 kr N) kr/ra; 6 — kap6amun, 100 (46 kr N) kr/ra + ¢urobuonpenapar, 2n/ra; 7 —
kapOammug, 50 (23 kr N) kr/ra + ¢putoOuonpenapar, 2 i/ra

2-cypeT — @utobuonpenapatineH 0albITHUTFAaH OPTaHOMUHEPAIIbI THIHAUTKBIIITAP IIH
ATAJIOHMEH CaBICTHIPFaHIaFbl YKOHOMUKAIBIK THIMJILITIT1

2 ToxipubeHiH HOTIKeIepi 1 ToxipuOenmeri 3eprreyliep HOTIXKECiHe Ccolikec. ByHmarsl
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SKOHOMHKAIIBIK ~TUIMIUTIK (uToOMONpenaparneH OalbITBUIFAaH THIHAUTKBIIITAPIBIH ~ ©31HIIIK
KYHBIHBIH JKOHE OJlapJbl KOJAaHy MedmepiniH Temennuiri ecebinen 3820 sxome 10310 Tenre/ra
Oomazel, an KockiMia eHiM ecedineH 12750 xone 3750 TeHre/ra Kypabl.
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TEXHUYECKHWE HAYKH

YK 004.04:629.7

OBIHIUE TPEBOBAHUSA U ITPUHIUIIBI OBECIIEYEHUA KAYECTBA
ITPOT'PAMMHBLIX CPEJICTB KOCMHUYECKOI'O HASHAYEHUA

HUcemana E. E.

HTOO «Hncmumym xocmuueckou mexuuxu u mexuvonoeuin AO HLKUT, Anmamul,
Pecnyonuxa Kazaxcman
e-mail: ismaile@rambler.ru

B nacmoaweii cmamve paccmampusaromcs 80npocwl obecneueHus Kaiecmea npocpamMMHbiX cpeocme
rkocmuueckoeo Hasnawenusa (I[ICKH). C yenvio ycmauosieHus ocobenHocmell u mpebo8aHuii K Kawecmasy
TICKH npogedena ux kiaccuukayus ¢ yuemom Uux HA3HAYeHus, YCA08UUl IKCHIyamayuu, mpeboeaHul K
Haoedcnocmu, 6ezonachocmu u Op. Ilpoananuzuposanvt ocodvennocmu [ICKH kpumuyecko2o npumeneHus..
Obocnosanbl 0bwue mpebosanus u npuryunsvl odbecnevernus kavecmsa I[ICKH.

Knwuesvie cnoea: npocpammnoe cpeocmeo, KOCMUYECKAs CUCMeEMd, Kauyecmeo, 6e30nacHoCcmy,
ocobenHocmu, Kame2opusi KpUMu4YHOCMuU, mpedo8anus, NPUHYUNbl 0becneyenus Kayecmasa.

byn maxanada eapeiw maxcammaegvl bagoapramansiy Kyparoapoviy (FMBK) canacvin kammamacols emy
Macenenepi  xapacmuipviiadvl. FMBK —cunammamanapel MeH KOUbLIAMblY —MAlanmapovl aHblKmay
MAKCamvlOa 01apObiy KOIOAHY MAKCAMbIH, HCYMBIC ICIey Hca0alliapuly, CeHIMOINI2IH, Kayincizoieiy jcone
m.0. eckepe omulpvin Kiaccuguxayusacel ycvinvlizan. Kayincizoxe eme manwvizovl FMBK epexuinekmepi
manxsiianzan. FMBK canacein kammamacel3 emyoin dcannvl maianmap i#caue Kazuoammapsl He2i30en2eH.

Tipex co30ep: baz0apramanvlk KYpau, 2apblid CUCIEMAChl, Cand, Kayincizoix, epekuinikmep, Kayincizoix
Kame2opusicvl, Maianmap, Canacvli KAMmMAamMAacvl3 emy Kazuoammapbi.

The given article considers the issues of quality assurance of software for space application (SSP). In
order to establish the characteristics and requirements for the quality SSP have been done classification in
accordance with their purpose, operating conditions, the requirements for reliability, safety and others. The
analyses are carried out on peculiarities of the SSP critical applications. The general requirements and
principles of quality assurance SSP are justified.

Keywords: software, space systems, quality, safety, feature, category criticality requirements, principles of
guality assurance.

Kak mnokaspiBaeT mNpakTHKa, BBICOKUH YPOBEHb 3aBUCHUMOCTH BBIMOJIHEHUS KOCMUYECKON
CHCTEMON OCHOBHOH IIeNieBON ()YHKIIMU M 0€30IacCHOCTU OT MCMOJIb3YyeMOIro B HEil MpOorpaMMHOrO
obecrieyeHns: MOPOXKJIAET HEOOXOAMMOCTh MPHJIAHHUS NPUMEHSEMBIM IPOIPAMMHBIM CPEICTBAM
3aJJaHHbIX CBOWCTB KauecTBa M OE30MAaCHOCTH, CHOCOOHOCTH TPOTHUBOCTOATH pPa3pyLICHHUIO,
HapylweHussM (YHKIMOHUPOBAHUS CUCTEeMBI, cOosiM. Curyanus emie 0osee YCIOXKHSAETCs, KOTraa
pedb HAET O KPUTUYHOM IPOTPaMMHOM OOECIEeUeHUH, OT MPABHIBHOTO (HYHKIMOHUPOBAHUS
KOTOPOTO HANpsIMYyIO0 3aBHUCUT YCHEIIHOCTb BBIMOJIHEHHS MUCCHUH U 0€30IMacHOCTh KOCMUYECKOM
cucteMmbl. K KauecTBy M HaJEKHOCTU IMOAOOHOrO MPOTPaMMHOroO obecredeHus (MporpaMMHBIX
cpenctB kocmuueckoro HazHaueHus - [ICKH), npenbsaBistorcs 0co60 BhICOKHE TpeOOBaHMUS.

Ocobennoctu u xapakrepuctuku kadectsa [ICKH 3aBucsat ot Toro, ans KakoW wemH, AJis
KaKoOro MmoTpeOuTeNss U sl KaKUX YCJIOBHUH SKCIUTyaTallkd OHM HpeAHa3HadeHbl. OIUMH U TOT e
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IIPOrPaMMHBIM TMPOAYKT, IHPOU3BEACHHBIM [ pPA3NIMUYHBIX LENed M TNpU Pa3sHBIX YCIOBHSIX
IIPUMEHEHUSI, MOXKET MMETh HECKOJBKO pA3JIMYHBIX IPEACTABICHUNM M OLEHOK KadecTBa. B
COOTBETCTBUM C MPUHLMIIUAIBHBIMA OCOOEHHOCTSIMU IIPOTPAMMHBIX CPEJICTB JIOJIKHBI BHIOUPATHCS
HOMEHKJIaTypa M 3HAUeHUs II0Ka3zaTelell KauyecTBa, HEOOXOAMMBIX JUIsl €ro 3¢ (eKTUBHOrO
IIPUMEHEHMS I0JIb30BATEISIMY, a TaKXKe TpeOOBaHUs K Ipolieccy Bepudukanuu.

B peanbHbIX MPOEKTax 4acTO OTCYTCTBYIOT MJIM HEJOCTAaTOYHO YETKO (POPMYIMPYETCs MOHATHE
kauectBa [ICKH, XxapakTepuCTUKM KOTOPHIMM OHO ONMCBHIBAIOTCS, KAaK UX CJIENYyET U3MEpATh U
CpaBHHBATH C TPEOOBAHMSIMH TEXHUYECKOTO 3aJaHus WK crierudukanuu [1].

B cBs3u ¢ 3THM sBiAeTCS akTyalnbHOM 3amadedt anHanu3 ocobennocrerd IICKH c¢ menbro
YCTaHOBJICHUS TPEOOBAHUN K XapaKTEPUCTHKAM MX KauecTBa.

1. Amnanu3 ocoOeHHOCTEH MPOrpaMMHBIX CPEACTB KOCMUYECKOIO Ha3HAUCHMSI

C wuenbio yCTaHOBJIEHHUS OCOOCHHOCTEH M TpeOOBaHMH K XapaKTEpUCTUKAM KauecTBa MU
0€30I1aCHOCTH NPEICTaBIIAETCS 1es1eco00pa3HbIM MPOBECTH Kiaccudukanuio nporpaMmmusix IICKH
C YU4ETOM UX Ha3HAu€HUs, YCIOBUN HKCIUTyaTalluy, TpeOOBaHUM K Ha/IeKHOCTH, O€30aCHOCTH U JIp.

C y4eroM CyHIECTBYIOIIUX MOJIXO00B K KJIacCH(UKALUU MPOrPAMMHBIX CPEICTB LIEIECO00pa3HO
npoBectu knaccudukanuio [ICKH mo cnenyromum npuzHakam:

- npunaiexxHocTh [ICKH k 00bekTaMm KOCMUYECKON TEXHUKH;

- (hyHKIIMOHAJIbHOE HAa3HAYCHHE;

- CTeNeHb anpoOUPOBAHHOCTH;

- BIMsIHME Ha 0€30MaCHOCTb.

ITo mpuHaAIEKHOCTH K 00bEKTaM KOCMUYECKON TEXHUKH MOXKHO Bblienuts IICKH:

- OOPTOBBIX KOMILJIEKCOB YIIPABIEHUS MUIOTUPYEMBIMH M aBTOMATHUYECKMMM KOCMHUYECKUMH
anmnaparamy;

- OOPTOBBIX BBIYUCIUTEIBHBIX KOMIIJIEKCOB PaKET-HOCUTENIEH, Pa3rOHHBIX OJIOKOB;

- TEXHHYECKMX M CTApTOBBIX KOMIUIEKCOB, HA3€MHBIX aBTOMAaTU3HPOBAaHHBIX KOMILIEKCOB
yIpaBieHUs] KOCMUUYECKUMH annaparaMu, Ha3eMHOT0 000PYAOBaHUS U COOPYKEHUI;

- TIOJIE3HBIX HATPY30K;

- DKCIIEPUMEHTOB U MOJIEITMPOBAHUS.

[Tpunagnexnocts IICKH k o0bexkTaM KOCMHYECKOH TEXHMKHM ONpeaesser cnenuduueckue
TpeboBaHus, Hanpumep TpeboBanusa k Ge3omacHocTH [ICKH xocMuyeckux ammapaToB, MOJIE3HBIX
Ipy30B U oTiauuyaercs oT TpeOoBaHuit k OesomacHoct I[ICKH nis skcnepuMeHTOB U
MOJIETTUPOBAHUSI.

K nporpammuomy oOecneuenuto (IIO), Bxogsmemy B cocTaB OOPTOBBIX KOMIUIEKCOB,
TPaIUIIMOHHO TMPEIbSBIAIOTCS MOBBIINIEHHBIE TPEOOBaHUS K HaJle)KHOCTU U Oe3omacHocTH. [lomumo
3TOro, K BaXHBIM CBOMCTBAM TaKOTrO IMPOrpaMMHOIO 00ECHeueHUs OTHOCST BBICOKOE KauyecTBO,
noJy1aroIeecs MpoBepKe, HEMPOTUBOPEYMBOCTb, BO3MOXKHOCTh MIOBTOPHOTO UCIIONIB30BaHUsI, OBICTpast
MHTErpalus ¢ anmnapaTHbIMU CPEICTBAMHU, BO3MOXHOCTB IEpeHoca Ha JIpyrue rmiatgopmsi [1].

ITo ¢pynxnuronansHoMy HazHaueHuto [ICKH nonpasnensior Ha:

- obmiee (MU CUCTEMHOE);

- IPUKJIaJAHOE (UM QYHKIIMOHAIBHOE);

- TEXHOJIOTHYECKOe (MHCTPYMEHTAJIbHOE), KOTOPOE MCIOJIB3YIOT MPHU pa3paboTKe, TECTUPOBAHUU
U BepUpUKaUU.

[IpusHak «pyHKIMOHATBFHOE HA3HAYEHWE» OmpeeiseT crnenuduaeckue TpeOoBaHMs, KOTOPbIE
OPEObSBISAIOT K  MHCTPYMEHTAIBHBIM  CPEICTBaM,  HEOOXOOUMBIM  JUIsl  pealu3aliu
COOTBETCTBYIOMUX PyHKIMIA TpuKiIaaHoro (pyHkuunonansHoro) [10 u obmero (cucremuoro) I10.

67



MN3BECTHA HAYYHO-TEXHHYECKOI'O OBIIECTBA «KAXAK», 2015, Ne 2 (49)

ITo cTenenu anpoOupoBaHHOCTH paznuyaroT crieaytomue Tunsl [ICKH:

- HOBO€, pa3pabOTaHHOE BIIEPBHIE;

- CyIIeCTBYIOIIee COOCTBEHHOE (pa3paboTaHHOE paHEe) WU CYIIECTBYIOIIEE TPUOOPETEHHOE;

- KOHQUTYpUPYEMOE U3 TUIIOBBIX MOTYJIEH.

[Ipu3Hak «cTemeHp anpoOMpPOBAHHOCTU» OIpenesseT o0beM TpeOoBaHUM K pa3paboTke U
Bepuuxkanun IICKH B 3aBucuMocTH OT MpPHUHAUICKHOCTH W HAa3HAUYEHUs, KaTeropuu
0€30MacHOCTH.

Pazpaborka HOBoro IIO TpebGyer Oosee BBICOKOW KBanmu(uKauu pa3pabOTYMKOB, OOJBIINX
MaTepHalibHBIX 3aTpaT W ycwiuil. Bepudukamus momKHA TPOBOIUTHCA IOCIE KaKIOro dSTama
xu3HeHHoro mukiaa IIO B momHOM o0beMe, € YpOBHEM HE3aBUCHMOCTH, OOYCIIOBJICHHBIN
kareropueit 6e3onacHoctu pynkiuii I10.

BapuanT pa3paboTKM HOBOTO MPOTrPaMMHOIO IPOAYKTa HMMEET TO MPEUMYILECTBO, YTO
yIIpaBJIeHUE [TPOLECCOM BepUPHUKALIMM MOKHO OCYILECTBIIATh B HayaJe.

IToBTOpHOE MCHOIB30BaHKE CYIIECTBYOIEro coocrsenHoro [10 umeer To MpeuMyIECTBO, YTO
Bech 00beM IO sBisieTcst Bcerna MOCTYMHBIM. JOTMONMHUTENBHBIE 3aTpaThl TPEOYIOTCS TOJIBKO Ha
CO3/IaHHE HEOOXOMMMBIX HM3MEHEHUH NPWIOKEHUH M MOJITOTOBKH JaHHBIX KOH(UTYpauuu u
JOTIOTHUTEIBHON BepUPHUKAIIHH.

Hns cymecrByromero npuoOperenHoro IO wcxomHblii KOX W NEpBUYHAS JOKYMEHTAIUS, B
OOJIBLIIMHCTBE CIIyyaeB, HE JOCTYIHBI JJis Bepudukauuu. B 3Tom ciaydyae HeoOX0AMMO NMPOBOAUTH
aHaJIM3 OIIBITA SKCILIyaTalluy ¥ (PYHKIIMOHAIBHOE TECTUPOBAHHUE.

Kongurypupyemoe nporpaMmHoe oOecriedeHrne pa3padaTblBalOT C UCIOJIb30BAHUEM THIIOBBIX
IIPOCTHIX U HAJIEKHBIX MOAYJIel (0a30BbIX MPOLIECCOB, TAKUX KaK BBOJ CUTHAJA, IPOBEpKa CUTHANIA,
Olepaluy WHUIHMAIM3ALMY, JOTMYECKOr0 KOHTPOJIS, YNpaBJIeHUS NaHHbBIMM M Ap.). MHTerpauus
MOJTyJIe OCYILECTBIISIETCSl C HCIIOJIb30BAaHUEM CTAHIAPTHBIX MOJIENIE HAaCTPOWKH OOBEKTOB H
MPOIIECCOB M MOXET COIPOBOXKIATHCS BBEJACHUEM JAHHBIX IS ONPEACICHUS W W3MEHEHHS
XapaKTePUCTHK ISl ONpPEACICHHOTO 00bekTa. Bepudukanuio mpoBOIAT B MOJTHOM O0beMe M Ha
BCEX JMara3oHax BXOJHOW WH(POPMALINY, KOHCTAHT yIPaBICHHS U Ha TUAla30HaX PEryIHPOBaHUSI.

ITo BaustHMIO Ha Oe3zomacHocTh paznuyatoT IICKH, kotopoe:

- BusieT Ha Oe3onacHocTh (kputuueckoe [10);

- He BJIUsET Ha 6€301aCHOCTb.

[Ipusnak «BnusHue Ha Oe3omacHocTh» ompexenser Tpeboanus k IICKH mo peanuzanun
KPUTHYECKMX (YHKIUH B 3aBHCUMOCTH OT MPHHATHIX KaTeropuii omacHocTH. Hampumep, B
3aBHCUMOCTH OT KaT€TOPHH OMACHOCTH TPEIBSIBISIOTCS pa3Hble TPeOOBaHUS K 00BEMY, TOIHOTE,
JTOKYMEHTHPOBAHHUIO OTYETHOCTH U HE3aBHCHUMOCTH TIPOIIecca BEPHUPHKAIIHH.

[Ton nmonsaruem «xputuueckoe [10 (Safety-Critical Software)» 00bIYHO MOHMMAIOT MPOrpaMMHOE
obecrieueHHe, BBINOJNHAIONIEE KPUTHYECKHE (YHKIUM, BaKHbIE JUIs O€30IacHOCTH, OTKa3 B
BBINTOJTHEHUH (DYHKLMI KOTOpOro (MoTepsi WM JAerpajalys) WM €ro HeNmpaBWIbHAs SKCILTyaTalus
MOT'YT TPHBECTH K KaTacTpopUUECKUM WM KPUTHYECKHX MocneAcTBUsAM [7]. MHorma stum xe
TEPMHHOM Ha3bIBAIOT MPOTPaMMBbI, pa3pabOTaHHbIE B COOTBETCTBUU CO CHELUAIBHBIMH CTaHIapTaMHu,
MPUHSATHIMA JIJTSI KPUTUYIECKH BaXKHBIX 00JIaCTeH.

2. Ocobennoctu [ICKH kputHueckoro npuMeHeHus

Ocobennoctu u TtpeboBanus k [ICKH 3aBucsat oT peanusyeMbIX KpUTHYECKUX (YHKIH,
TpeboBaHU# K 6€30MaCHOCTH CUCTEMBI, B COCTAaB KOTOPOW OHA BXOJIUT.

B nHacrosimee Bpemst CymecTByeT KiacCU(UKALUS KPUTHUECKOTO MPOTPaMMHOTO OOECTIeYeHHS
M0 KaTeropusM Oe30MacHOCTH MPUHATHIC JJIS aTOMHBIX CTaHLWN, aBUAIMOHHBIX U KOCMUYECKHUX
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cucreM [2-6]. DT KIaccU(pHUKAIMA OCHOBAHBI HAa YCTAHOBJICHUU KAaTErOpUil OMAaCHOCTH OTKA3HBIX
CUTyallUd CHUCTEM WM OOBEKTa YIPABJICHHUS, BbI3BAaHHBIE COOEM WM OTKAa30M IPOrPAMMHOTO
obecrieueHre. YPOBEHb KPUTHYHOCTU WM Kateropusi 6e3omacHocTH [IC ompenensercs TSHKECTHIO
MOCJICACTBUH €ro aHOMaJIbHOTO (PYHKIIMOHUPOBAHUS C YIETOM BEpOSTHOCTH MX HACTYILJICHUS.

C ydeToM HEOOXOOMMOCTH CTaHAAPTH3ALMM W TapMOHHM3AaLUHM TpeOOBaHUI, I1eIeco00pa3Ho
ycTaHaBnuBaTh kareropun kputuaHoctr 11t [ICKH Ha ocHOBe eBponeiickoro crangapra ECSS-Q-
ST-80C [2]. Kareropuu xputnunoctu [ICKH 1 ux ocoOeHHOCTH IPUBEICHBI B TA0JIHIIE.

Tabmuma — Kateropuu KpUTHYHOCTH MPOTPAMMHOTO 00€CIIeYeHUsI KOCMUYECKOTO Ha3HAUCHUS

Kareropus XapakTepucTuka

[TporpamMmmMHOe oOecrieueHre, KOTOPOE B ClTydae HEMCIIOJTHCHHS UJTH HEBEPHOTO
UCTIOJTHCHU S, MM aHOMAJIBHOTO TTOBE/ICHUS, MOKET BBI3BATh HIIU CIIOCOOCTBOBATH
A OTKa3y CUCTEMBI, IPUBOSIIEMY K:

— kamacmpoghuyeckum nocireocmsusm (rubenb JOACH, yrposa HUX KH3HHU,
paspylieHue, MoTepsi TEXHUKH);

HpOFpaMMHOG O6CCHC‘ICHI/IC, KOTOPOC B ClIyda€ HECHUCIIOJIHCHUSA UJIKH HEBECPHOTO
HUCIIOJTHCHUS, HJIM aHOMAJIBHOI'O ITOBCACHU A, MOXKCT BbI3BAaTh UJIN CIIOCOOCTBOBATh
OTKa3y CUCTCMBbI, IPUBOAALICMY K:

— Kpumuueckum nocieocmeusim  (ymep0, HE YrpoXKalOUIMHA IKU3HU JIFOJCH,
3HAUYUTENILHOE TIOBPEXKJECHUE mMeXHUKU, BPEIHOE BIHMSHUE HAa OKPYKAIOMIIYIO

cpeny);

[IporpammHuoOe obecrieueHne, KOTOPOe B CiTydae HEUCIIOTHEHHS MIIK HEBEPHOTO
UCTIOJIHEHU S, UM QaHOMAJIBHOTO TTOBE/IEHUS], MOKET BBI3BAaTh MJIU CIIOCOOCTBOBATH
0TKa3y CHCTEMBI, IPUBOJAIIEMY K:

— cywecmgennviM  nocreocmeusim  (CyIECTBEHHOE CHHXKEHHE BO3MOXHOCTEN
o0beKTa  yOpaBJIEHUST WJIM  CIIOCOOHOCTH  TEpCOHajla  CIpaBUThCA  C
HEOJIaroNpUSTHBIMU PEKUMAMH);

[TporpamMHoe oOecrieueHue, KOTOpOE B CiIydae HEUCIIOIHEHUS MIIM HEBEPHOTO
HUCIIOJIHEHU S, NI aHOMAJIBHOI'O ITOBEACHUA, MOXKET BbI3BATH NI CII0COOCTBOBAThH
OTKa3y CHCTEMBbI, IPUBOJAIIEMY K:

— He3HAUUMENbHLIM WU HUYMOJCHLIM — nociedcmeusm — (He3HaYUTETLHOMY
YMEHBILIEHUI0 0€e30MacHOCTH O00beKTa yhpaBieHuss Hu TpeOyer JedcTBUM
HIEpPCOHAa, KOTOPBIE OCYIIIECTBUMBI B TIPEJIENaxX UX BO3ZMOKHOCTEN).

3. O6mme TpeboBanus k kauectsy [ICKH

OcHoBoit  msi popmupoBanusi TpeboBanud Kk [ICKH sBasercs aHamm3  CBOWCTB,
XapaKTepU3YIOIUX KayecTBO ero (PyHKIMOHUPOBaHMS C Y4YETOM €ro Ha3HA4YeHUs M YCIOBHH
sKcIuTyaTtanuu. B coorBerctBUM ¢ mpuHUUnuanbHbIMEH  ocobeHHocTsimu  [ICKH  mpu
IPOCKTUPOBAHUU JOJDKHBI BBIOMpPATbCS HOMEHKJIATYpa W 3HAYEHUs IIOKa3aresledl KadecTsa,
HEOOXOAUMBIX Ui ero 3((EeKTHUBHOTO NMPUMEHEHHUS IOJIb30BATENSIMU, KOTOpPbIE BIOCIEACTBHU
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OTPaXalOTCSI B TEXHUYECKOW JOKYMEHTAlMM M B crenu@ukanuy TpeOOoBaHMI Ha KOHEYHBIN
IIPOJYKT.

Pa3zpaborunk mnporpaMMHOro obecredeHusi mocjae NpoBeaeHUs (YHKIMOHAIBHOIO aHaiu3a
TpeOOBaHUN K IPOEKTY JOJDKEH ONpENeIuTh KaTteropuu Oe3omacHocTd BbimosHsembix [ICKH
(GYHKIMH U yCTAaHOBUTH KaTETOPHUIO €ro KPUTUYHOCTH (KaTeropuio 6e3omnacHocTH). B cooTBeTCTBIM
c kareropueil kputnuHocTu [ICKH nomxHbl ycTaHaBiuMBaThCsl TpeOOBaHUS K XapaKTEPUCTHKAM
KauecTBa U 0E30MacHOCTH, a TaKXe TpeOOBaHMS, OTHOCALIUXCS K BepU(pHUKALUU, BATUIAIUU U
YPOBHSIM J0Ka3aTeNbCTB.

C yuerom ocobennocteii [ICKH kak mporpaMMHOro odecredeHusi KpUTUIeCKOro MPUMEHEHUS,
Uig oOecredeHHs] UX HaJeKHOCTH M 0€30IMacHOCTH HEOOXOIAMMO NPUIEPKUBATHCS CIIETYIOIINX
NPUHIUIOB: €IMHUYHOTO OTKa3a, Pe3epBUPOBAaHUS, HE3aBUCUMOCTH, Pa3HOOOpa3Wsi, 3allUTHI OT
OTKa30B 1O O0IIeH MpuInHe.

IHpunyun edunuynozo omrasza 3axiouyaercss B ToM, uTo [ICKH momxHO BBHIMONHATH 3aJaHHBIC
GyHKIIUHM pU JTI0O00M MPEIyCMOTPEHHOM BBIXOJHOM COOBITHH U MPH HE3aBHCHUMOMN OT BBIXOJHOTO
COOBITHS OTKa3€ OHOTO M3 €T0 UX AIIEMEHTOB.

[IpuHIMI €AMHUYHOTO OTKa3a HEOOXOIUMO COOIOIaTh MPU OTKa3ax J00O0ro THMA, B TOM YHCIIE
MIpHU OTKa3ax Mo oOuIeil mpuunHe, a TaKKe B CIy4yasX, KOTJa He3aBUCHUMbBIN OT UCXOJHOTO COOBITUS
OTKa3 OJJHOT'O 3JIEMEHTA BBI3bIBACT MPSIMO WJIM KOCBEHHO 3aBUCALINE OT HErO OTKa3bl COOCTBEHHBIX
AJIEMEHTOB.

[IpuHIMI eAMHUYHOTO O0TKa3a HEOOXOAUMO COOMIOAATh TaK)Ke B TEX CIIy4asX, KOTJa OTJEIbHbBIE
AJIEMEHTHI BBIBE/ICHBI U3 PA0OTHI Il TEXHHUECKOTo o0cmyxuBanus (Hanpumep, Hazemubie [ICKH).

Ipunyun pesepsuposanusi coctouT B Tom, 4to 1 [ICKH pomkeH ObITh HCIIONB30BaH METO[
MOBBIIIEHUS] HAJISKHOCTU IyTeM MPUMEHEHUs CTPYKTYPHOH, (pyHKIMOHAIBbHOM, HHPOPMALIMOHHOM
U/UIM BPEMEHHOW HM30BITOUHOCTH B 00BEME, KOTOPBIA SIBISETCSI MUHUMAIbHO HEOOXOAMMBIM U
JOCTaTOYHBIM JUIsl BHIIOJTHEHUS 3aJaHHBIX (DYHKIUH.

Ipunyun nezasucumocmu 3axmodaerca B ToM, 4To IICKH kputndeckoro npuMeHeHus JOKHO
COXPAHSTh CIIOCOOHOCTh K BBIMOJHEHUIO 33/JaHHBIX (YHKUMH OpU OTKa3e WM BBIBOJE U3
KOoHurypamnuu Jrodoro 3apesepBupoBaHHoro kananma [ITK wim mro0oit cBA3aHHON C HUMH
cucrembl. CobmonieHne npuniuna HezaBucumoctu B IITK mpemycmarpuBaeT: BBIOOP CTPYKTYpPBI
cBs3el, MHTEep(EHCOB U TPOTOKOJIOB OOMEHa Mexay 3ape3epBupoBaHHbIMU KaHanamu [ITK,
KOTOpbIE 00€CIEeYNBAIOT IMPU OTKa3€ OJHOIO U3 HUX COXpPAaHEHHE BO3MOXHOCTU 0€30IIMO0YHOro
oOMeHa JaHHBIMU MEXIY APYTMMHU KaHaJIaMH.

Ipunyun paznoobpasus. (MHOTOBEPCHOHHOCTH)

B TICKH, BemonHsOmMX KpUTUYecKue (DYHKIUHU, JOJKEH MPUMEHSTHCS METOJ MOBBILICHHS
HAJEKHOCTH U OezonacHocmu GYHKITMOHUPOBAHUS nYymeM 66€0eHUs 6ePCUOHHOL U3DbIMOYHOCMU -
08yx unu bonee cnocobos (eepcuti) pearuszayuu OTHON U TOH ke QYHKIUH.

CobmroieHue npuHIMna pa3Hoo0pas3us NpernoaaraeT UCIoIb30BaHUE:

- Pa3JIMYHBIX AITOPUTMOB BBITIOJTHEHUS OJJHOM U TOU ke QYHKIIUU;

- [pOrpaMM, peaJu3yIIIMX COOTBETCTBYIOIMN alrOPUTM, HAIOpHUMEp, CO3JAaHHBIX C
UCIIOJIb30BAHUEM  pa3HbIX  S3bIKOB, pPa3HBIX CPEJICTB MPOTPaMMHUpPOBAHUS,  Pa3IMUYHBIMU
pa3paboTYuKaMu  T.1.;

- paznuuHbIX Bepeuit 110 ¢ paznnuHol GyHKIMOHATBHOCTBIO;

- pPa3IMYHbBIX METOJIOB (TEXHOJIOTHI1) MPOEKTUPOBAHUSI IPOTPAMMHBIX CPE/ICTB.
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Tpebosanus k 3auume om omrazos no oowell npuyune

B IICKH xpuTH4ecKoro mpUMEHEHHs JOJKHBI OBITH MPELyCMOTPEHBI HEOOXOTUMBIE MEpHI B
OTHOIICHUU OTKA30B U 3alllUThI OT OTKA30B IO 00IIel TpUYNHE.

Kak enunuuHble COOBITHS WM NPUYMUHBI, CIHOCOOHBIE BBI3BATh OTKAa3 MO OOIIEH HpUYUHE,
paccMaTpuBaioT:

- otka3 snemenToB I1TK;

- nedexrsl [10;

- OIIMOKHM [IepCOHANA MIPH IKCILTyaTalluu;

- BJIUSIHE aHOMAJIbHBIX IPUPOHBIX SIBICHUH (3€MIIETPSICEHHE, yIapbl MOJHUH U T.1.);

- OTKJIOHEHMS YCIOBMH OJKCIUIyaTaluu (TemmepaTypa, AaBJIEHUE, BIAXHOCTb, IapaMeTphbl
AJIEKTPONHTAaHM) B MecTax pacroyioxeHus [1TK.

[ICKH pomkxHO mpeaycMaTpuBaTh 3allUTy OT COOCTBEHHBIX J1€(DEKTOB, KOTOpPHIE MOIJH Obl
BBI3BATh OTKA3 MO OOIIEH MpUYNHE.

3ammTa OT OTKa30B MO 00Imel mpuurHe, Bei3BaHHBIX nedekramu [ICKH, obecnieunBaor myrem
HCIOJIb30BaHUs IPOIPaMMHOI0, (PYHKLMOHAJIBHOTO U IPYTUX BUIOB pa3HOOOpa3usl.

IIpoepammnoe pasznoobpasue 00eCreUMBAIOT IYTEM HCIIOJIb30BAHMS PAa3IMUHBIX AJTOPUTMOB,
Bepcuil I10, kak ¥ cpeacTB aBTOMAaTU3alUU MPOTPaMMHUPOBAHUS, ONEPALMOHHBIX CUCTEM U TOMY
1o100Hoe.

DynKyuoHanvHoe pazHoodpasue OOECIEUUBAIOT IMYTEM HCIONb30BaHUS 0Oojiee YeM OTHOTO
KpuTepus Uil HMACHTU(UKALIMKA KaKIOW cuUTyanuuu, TpeOyromeld BblAaud —YIPaBISIOLUIUNX
BO3JICHCTBUIA.

Jua TICKH xpuThueckoro mpuMEHEHHUs Kaxxias aBapHuilHas CHUTyalusl JOJDKHA IPOSBISTHCS
HECKOJIbKUMHM ~ CHOoco0aMM  C  Pa3HbBIMM  (PM3UYECKHM  B3aMMO3AaBUCHMBIMM  TEXHHUUYECKUMH
napaMeTrpamu, npuueM oOpaboTKa JaHHBIX O 3HAYEHUSX ITHX MapaMeTpOB JOJKHO MPOBOJUTHCS
paznuaHbiMu Moayisimu [10.

g [ICKH kpuTHuecKoro NpuMeHEeHUs JOJKHBI ObITh:

- IpOaHAIM3UPOBAHBl BO3MOXKHBIE MCTOYHMKHM OTKa30B MO OOIIed NpUYMHE, BBbI3BAaHHBIC
nedexramu 10 (ommOku cneunpukanuii, omMOKH MPOSKTUPOBAHUS, HENIPEIBUACHHBIE BXOIHbIC
JAHHBIC U T.I1.);

- ONpeiesIeHbl oceACTBUS nposiBiieHus aedextos I10;

- MIPelyCMOTPEHBI HEOOXOIMMbIE IPOTPaAMMHBIE CPEJICTBA JUIsl UCKIIIOYEHUsI OTKa30B 10 00IIei
MPUYMHE WK YMEHBIIEHUS X MOCIEACTBUNA O MPUEMIIEMOTO YPOBHS;

- IpoBeAeH aHanu3 BiusAHUA Takoro IO Ha Oe30macHOCTb, 3aI0KYMEHTUPOBAHbI PE3YJbTaThl
aHaJIn3a U MPUHSTHI MEPHI.

Tpebosanus k kauectBy [ICKH kak mporpaMMHBIX CpeJCTB KPUTHUECKOTO IPUMEHEHHUS JTOJKHO
0a3MpoBaTHCS HA peaTU3aluy B TIOJHOM MUJIM COKPAIIEHHOM 00beMe CIeAYIOMMX (YHKIUIL:

a) IPOTHO3UPOBAHHE BO3MOXHOCTH IMOSIBIICHUS
(mposiBieHust) AedeKTa ¥ BOSHUKHOBEHHsI OTKa3a BeiencTBue aToro Aedekra (fault forecasting);

0) mpemynpexacHHe TOsBICHUs (MposBIEeHUs) JedeKkTa U BO3HHUKHOBeHHs oTkaza (fault
prevention);

B) BbISBJICHHE TMOsBIEHUS (MposiBieHus) nedekra, OMMUOKKM BblUMCIeHHM, oTkaza (fault
detection);

) uIeHTUPUKAIUA TIPUYMHBI, BUJIa U MecTa aedekrta (oTkasa) (fault diagnosis);

1) MapupOBaHUs MOCIEICTBUM eeKTa 1 BOSHUKHOBEHHsI oTKaza (fault tolerance). Ota ¢pyHkims
BKJIIOYAET:
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1) oTkiroYeHUE AJIEMEHTOB (KOMIIOHEHTOB, MOJYJICH apXWUTEKTYPhI), KOTOPBHIE OTKa3ald, W/WIN
M30JIMPOBaHMS UCKaXeHHOU nHpopmanuu (fault isolation);

2) peKkOHUTYpaLUIO CTPYKTYpPhl (APXUTEKTYpbl) IMyTeM YJaJeHHUs KOMIIOHEHTa, KOTOPBIH
OTKa3aJl U3 KOH(PUTYpAIlUU U 3aMEHbI ero paborocrnocoOHbIM (fault removal);

€) BOCCTAHOBJICHHE BBIYMCIMTEIBHOTO TIpolecca ImyTeM (OpMHUpOBaHUS TMPABUIIBHOM
uHbOpMaMK WM BO3BpaTa K MpPENbIIyIIeH TOYKe W MpojoibkeHus (yHkuuoHupoBanus (fault
recovery).

TpeboBanust k xadectBy [ICKH KpuTH4ecKOro mpuMeHEHUs JOJDKHBI 00S3aTENbHO BKIIIOYATH
CJIEYIOIME KI0YEBbIE TOKA3aTENN:

- Oe3otkazHocTh (reliability) - CBOWCTBO HENMPEPHIBHO W KOPPEKTHO BBHIMOJHATH 3aJaHHBIC
¢byHKIMU (IPeAOCTaBIsATh KOPPEKTHBIE (HEOOXOAMMBIE) YCIyrd) B TEUEHHE 33JaHHOTO BPEMEHHU
(napabotku). TpeOoBaHuUs K ATOMY TIOKA3aTENI0 YCTaHABIMBAIOT coryiacHo [7,8];

- JKHMBY4YecTh (survivability) - CBONCTBO MHMHMMH3UPOBATH CHIDKEHHE PabOTOCIOCOOHOCTH U
COXPaHATh B MPUEMJIEMBIX Mpefesiax 00beM M Ka4eCTBO BBIMOIHAEMBIX (DYHKUIUN MPH Pa3IUYHBIX
OTKa3ax, OOYCIIOBJICHHBIX BO3JCHCTBHSMHU pA3IUYHOM NPUPOABI, B TOM UHCIIC BHEUITHHMH.
TpeboBaHwusI K ATOMY [MOKA3aTeN0 YCTAHABIMBAIOT coryiacHo [7,8];

- ¢yukuuonampHas Oe3omacHocTh  (functional safety) - cBoiicTBO wHCKIOYaTh WK
MUHHMH3HPOBATH JIsl TIOJIB30BATENIEH, IPYTHX CHCTEM M OKPYKAIOWIEH cpelbl omacHble (BKIIFOYast
KartacTpo(uyeckue) TMOCIEACTBUS B CIydae OTKa30B Ui I[OJIb30BaTENei, APYTUX CHUCTEM H
OKpy>karolei cpensl. TpeOoBaHMs K 3TOMY MTOKA3aTEN0 YCTaHABIMBAIOT COTIACHO [9].

['maBHBIM U TOCcTaTOYHBIM ycinoBueM obecrnieuenus kadectBa [ICKH kputrueckoro nmpumeHeHuUs
SBIIAETCS XapaKTEepPUCTHUKA TapaHTOCIOCOOHOCTH, 3aKIoyaroniass B CIOCOOHOCTH CHUCTEMBI
NPaBUIBHO, HAJEKHO, JIOCTOBEPHO WM YCTOHYMBO paboTaTh 3a CuUeT COXpaHEHUs pabouux
MapaMeTpoB B 3alaHHBIX [HAlla30HaX WX W3MEHEHHS W TPABWIBHOTO (DYHKIIMOHUPOBAHHS TPU
peleHnH 3aa4, HeB3HUpasi Ha BO3HUKINNE BHYTPEHHHE U BHEITHIE BO3MYIICHHSI.

I'maBHBIM U TOcTaTOYHBIM ycioBueM obecrneueHus kadectBa [ICKH kputnueckoro npumeHeHus
ABIISICTCA TapaHTUsl (JOKAa3aHHAs YBEPEHHOCTH) TMPABHIBHOTO, HAJEKHOTO, JIOCTOBEPHOTO W
YCTOMYMBOTO BBIMTOJHEHHUSI HEOOXOMUMBIX (DYHKIMH B TEUCHHE 33/JaHHOTO BPEMEHH, HEB3Hpas Ha
BO3HUKIINE BHYTPEHHHE U BHEIIHHE BO3MYILICHMs. YKa3aHHbIE CBOICTBAa OINpeNeNsioT
XapaKTepUCTUKY TapaHTOCIOCOOHOCTH, IMOJ] KOTOPOM MOHMMaeTcs: KoMmIulekcHoe cBoicTBo IIC,
COYETAloIlee acCHeKThl HAAeKHOCTH, (PYHKUMOHAJIbHOM M HH(OPMALMOHHOW OE30MACHOCTH U
obecreynBaroniee CIOCOOHOCTh BBIMOJHATH 3aJaHHbIE (DYHKIMH, KOTOPHIM MOKHO OIIPaBJIaHO
nosepsaTh [10].

TpeboBanust k xapakrepuctukam KkadectBa [ICKH pomkHBI ycTaHaBIMBaThCS C y4eTOM
COBOKYITHOCTH Pa3JIMUHBIX (PAKTOPOB.

3T0 TeXHUYECKHEe PaKTOPHI:

- HOBH3HA pa3paboTKH;

- CJIO)KHOCTb U 00BEM;

- YPOBEHb KPUTHUYHOCTH;

- HAIM4#e TpeOOBaHUI K TOBTOPHOMY HCIIOJIb30BaHHIO;

- YPOBEHb HCIIOIB30BAHMS TOTOBBIX KOMMEPUECKHX KOMIIOHEHTOB I cyiecTBytomiero 110;

- YPOBEHb CTAaOMIBHOCTH TPEOOBAHHM MMOJIB30BATEINS.

DKcIlyaTallMOHHbIE  (PAKTOpBI, KOTOpbIE HEOOXOAWMO YUHTHIBaTh MPHU YCTAHOBIEHUU K
xapakrepuctukam kadectsa [ICKH:
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- HazHaueHue [ICKH B coOTBETCTBUU C TUIIOM KOCMHUYECKHX CHCTEM WJIM UX 4acTeil (Hampumep,
OeCWIOTHbIE WJIM TNWIOTHPYEMbIE ammaparbl, ITyCKOBbIE YCTAaHOBKH, IIOJIE3HBIE TPY3BI,
AKCIICPUMEHTHI );

- KOJINYECTBO NOTEHIIUAIbHBIX T10JIb30BATEIICH;

- IPEJII0JIAraeMO€E BPEMS UCIIOJIb30BAHUS;

- KoyimuecTBo cucteM, B Kotopbix [ICKH OyzaeT ucnonb3oBaThes;

- OTpaHMYCHHE PEKUMOB PabOThI, TEXHUYECKON MOIEP’KKH, UCTIONB30BAaHUS B IPYTHX CHCTEMax
U U3BATUE U3 UCIIOIb30BAHMSL.

Taxoke He0OX0IMMO YYUTHIBATh OPraHU3aLMOHHBIC (PAKTOPHI:

- HeoOxoaumeie 1uist paspadborku [ICKH o6bembl paboT 1 BpeMeHH;

- HeobxoauMmele 1 pazpadboTku u skcrutyaranuto [ICKH ¢dunancoBbie, uenoBeueckre pecypesbl;

- IPUEMJIEMBIH JJIS IPOEKTa YPOBEHb PUCKA;

- TUI MOJIEJIH )KU3HEHHOTO ITUKJIA;

- TpeboBanus rpaduka pazpadorku [ICKH.

CnoxHocTh mporiecca paspabotku u compoBoxaeHuss [ICKH Bo mHorom o0ycnaBinuBaeTcs
0coOBIMH TPEeOOBaHUSMH, MPEIBSIBIIEMBIMH K MX KadecTBY. HemomHoTa, HEOnmpeneneHHOCTH WU
pa3Hasi TpakTOBKa B ornpezesieHnu u popmanuzanuu xapakrepuctuk kadectsa [ICKH u tpeGyembix
UX 3HAYEHUN OCTABJIAIOT LIMPOKOE OJIE JJIs IPOU3BOJIa IPU ONMCAHUU U OLICHUBAHUU UX KauyeCTBa.
Otu dakTopbl 00O0CHOBBIBAET HEOOXOIUMOCTh Pa3pabOTKH U MPUMEHEHHUS U KaKIOTO MPOEKTa
[ICKH cnenuanbHbpIX IIJJAHOB M IPOrpamMM, METOAOJOTMU M HHCTPYMEHTAIbHBIX CPEACTB,
dbopMann30BaHHBIX METOAOB OINHMCAHMS M OIEHKHM KayecTBa, OOecleyuBaroumx Tpedyemble
KauecTBO, HAJEKHOCTh U Oe3omacHOCTh (QpyHKIHOHUpOBaHUsA. Metonsl oueHku kadectBa [ICKH
JOJKHBI 0a3MpOBATHCS HA CIEAYIOUIMX OCHOBHBIX KOMITOHEHTAX:

- mogzenu kauectBa IICKH, cogpepxamelr MexaHu3Mbl 17 (OPMalbHOIO OMNpPEEIIECHUs
XapaKTePUCTHK Ka4eCTBA U UX OTHOLICHMUI;

- moaenu metpuk [ICKH, dbopmupyromeld MexaHu3Mbl JUIsi KOJUYECTBEHHOTO OIPEACIICHUS
ToKa3aTeJiel KauecTBa,

- METOJIMKH OLIEHKH KayeCcTBa, ONPEEIIAIONIEN ATalbl nporecca oneHku kadectsa [ICKH.

HIupokuit crnexktp TpeboBanuit k kadectBy [ICKH, B 3aBUCMMOCTHM OT HMX Ha3HaueHWMs,
NPUHIUIHATIBHBIX OCOOEHHOCTEM M YCIOBUM SKCIUTyaTallud, HPUBOAUT K HEOOXOIUMOCTH
ajanTalMd M JeTaNu3alMM  PEeKOMEHJAIMH  CYIIeCTBYIOUIMX  0a30BBIX  CTaHIApTOB,
pEerIaMeHTHPYIOIIUX KauecTBO IporpaMmHoro obOecnedeHus. lIpexne Bcero, 3TO OTHOCHUTCSA K
[NIKCH xpuTHU€CKOro NprMeHEHHUSI.
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TpeboBanus. — Been. 2007-12-27. — M.: Crangaptundopm, 2008. — 50 c.: .

10. Basic Concepts and Taxonomy of Dependable and Secure Computing / A. Avizienis, J.C. Laprie,
B. Randell, C. Landwehr // IEEE Trans. on Dependable and Secure Computing. — 2004. — Vol. 1. - P. 11-33.
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IPPEKTUBHOCTb BHEJAPEHHUA IVR-CUCTEMBI
B COBPEMEHHbBIN CALL-HEHTP

KanueBa C.A., U6aToBa A.
Eepasutickuii nayuonanvuoiil ynusepcumem um. JI.H. ['ymunesa, Acmana, Pecnyonuxa Kazaxcmarn
e-mail: s.kaliyeva@mail.ru

Paccmompenvt cmamuueckas u ounamuueckas INR-cucmemvi, HeobOxooumvie Ons asmomamuszayuu
ob6pabomxu 3anpocoé Kkauenmos. dpgexmusnocmv enedpenus IVR-cucmemol 6 cospemennviii call-yenmp
MOMCHO UCCNe008amb HA umumayuonHou mooenu. Ioxkazano, umo npumenenue IVR-cucmemvr npugooum K
ymenvuenuto  epemenu  odxcuoanus. Cucmema aoanmuposana Ons KpYeIoCYyMOUHO20 OOCIYHCUBAHUS
KAUenmos 6e3 npusieyenist OONOIHUMENbHO20 NePCOHAN.

Knrwowuesvie cnosa: yenmp obcuyxcusanus 6v1306068, IVR-cucmemol, 6pemsi 0xcudanus, epems
00CIYIHCUBAHUSL, 3A2PY3KA ONEPAMOPO8, 20JI0COBbLE COOOUJCHUSL.

Knuenmmepoiy cypanvicoin  oy0eyoi asmomammanovlpy Ywiin —KAdCemmi CMAmuKanblK —coHe
ounamuxanvis 1VR-scytienep xapacmouipoinovi. Kasipei s3amanewst  call-opmanvizeina 1VR-scytienepin
eHei3y0iy MuiMOINiein UMUMAayUsIbLIK yicicinoe 3epmmeyee Oonadvl. 3epmmey Homuoiceci IVR-gicyiiecin
navodanany Kymy yaxblmvin azaumyea 6oramuiubin keopcemedi. Kyiie Kocvimua Kvismemxepaepciz maynix
Ootivl Kiuenmmepze Kbizmem Kopcemyee Detlimoen2eH.

Tipex co30ep: xowwipaynapza Kvizmem kepcemy opmanvidvl, 1VR-dcyiienepi, kymy yaxwimvl, Kbl3mem
Kepcemy Yaxulmol, Onepamopaapobl ICYKmey, 0ayblCmulk xabapuap.

The static and dynamic IVR-systems needed to automate the processing of customer requests had been
considered. The effectiveness of the implementation of 1VR-system into a modern call-center can be explored
on an imitating model. It has been shown that the use of IVR-System reduces response time. The system is
adapted for day-and-night customer service without additional staff.

Keywords: a call-center of service, IVR-system, a response time, a service time, operators load, voice
messages.

Copemennblie Call-11eHTpbI TOCTPOEHBI C UCIOIB30BaHUEM METOOB paclpeieieHUs] BEI30BOB U
aBTOMaTH3aluK pabOThlI ONEpPaTOpoB Ha Oa3e HUGPOBBIX TEICPOHHBIX CTAHIUNA M KOMIBIOTEPHBIX
cucreM. /[lns obecriedeHuss aBTOMaTH3alMM pPaOOTHI OMEPATOPOB B ILIEHTPE U YCKOPEHHUs
00CITy’KMBaHUS KIMEHTOB HCIOIb3YIOTCSI aBTOMaTU3UPOBAHHbIE 0a3bl TaHHBIX, TOCTYN K KOTOPHIM
OCYILIECTBISIETCS] C pabOYMX MECT ONEepaTopoB, 00OPYAOBaHHBIX MEPCOHAIBHBIMU KOMITbIOTEpAMHU,
BKJIIOUEHHBIMH B JIOKQJIbHYIO BBIYUCIUTENbHYIO CeTh IIeHTpa. OueHb BaKHOH OCOOEHHOCTHIO
coBpemeHHoro Call-nieHTpa siBisieTcsl UCMOIb30BaHUE aBTOMATUYECKUX I'OJIOCOBBIX MH(POPMATOPOB,
KOTOpBbI€  IO3BOJISIOT 4YacCTUYHO OTBEYaTh HA  BONPOCHl  KIMEHTOB W INPOU3BOJUTH
MHTEJJIEKTYAJIbHYI0 MapIIPYTU3allMI0 BBI30BOB Ha COOTBETCTBYIOIIMX OMNEPATOPOB (PUCYHOK 1).
Taxum 00pa3oM MOXHO CYIIECTBEHHO pa3rpy3uTh paboTy onepaTopoB 1eHTpa [1,2].
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Pucynok 1 — I'onocosoii mopran IVR

B nacrosiee Bpemsi B Call-nienTpax B KauecTBe aBTOMATHUECKHX TOJOCOBBIX MH(OPMATOpPOB
ucnone3ytorcsi [VR-cuctemsr (Interactive Voice Response). |IVR-cuctema npeaBapuTensHO
3aIMChIBACT TOJIOCOBBIC COOOIICHUS, BBIMONHACT (DYHKIIMIO MapIIpyTH3alluK 3BOHKOB BHyTpH Call-
[EHTpa, MOJIL3YICh MH(OpMaIel, BBOAUMON KIMEHTOM Ha Tene(oHe C MOMOIIBI0 TOHAIHHOTO
Habopa. brarogaps npumenenuto B coBpemennbix Call-nientpax IVR-cuctem, cokpariaercst Bpems
00CITy’)KUBaHMsI BBI30BOB, JJIMHA OYEeped U MUHUMM3UPYETCS 3arpy3ka onepaTopoB. Tem caMbiM
MOBBIIIAETCS KauecTBO 0OCIyXHBaHUS BbI30BOB. MHaue rosops, IVR — 3710 uHTepakTHBHas
MH(POPMALMOHHO-CIIPAaBOYHAsl CUCTEMa, HeoOXoauMas Jjsi aBTOMaTH3alud oOpabOTKH 3alpocoB
kiueHToB. Ilpu moctpoennu IVR mMoryt Bo3HMKaTh OMIMOKH, KOTOPBIE BBI3BIBAIOT HEIOBOJILCTBO
KJIMEHTOB, BO MHOTHUX CJIy4asiX OIpaBJaHHOe: 0€3lyMHOE YCTaHOBJIEHHE I'0JIOCOBOIO MEHIO OTHIOIb
He pemaeT Bcex mpooOsiem. K cokanenuto, HenmpaBwibHO opraHuszoBanHas [VR moxker, ckopee,
HaBpCIUTD. Tem He MCHECC, OTa CUCTEMA - MOJIC3HAA BCUIb, U IMPU MPABUIIBHO CIIPOCKTUPOBAHHOM
rOJIOCOBOM MEHIO OHa TIOMOXET OCTaBUTh MIPUSATHOE BIieuaTiieHue oT oopamienus B Call-uentp.

OcHoBHoe Ha3HaueHHe [VR — 3To moBbllIeHHE KadecTBa OOCIYKMBaHUS KiIWEHTAa. YUTOObI
JIOOUTHCS PACIIONIOKEHUS KIMEHTOB U MOJyYUTh MaKCHUMAaJbHYIO OTIAdy OT BHEAPEHHS CHCTEMBI
IVR, Hy)XHO TIIAaTEIbHO MPOAHATU3UPOBATh, Kakie (PYHKIIUHU MOAAI0TCS aBTOMAaTH3aIMH U KaK UX
BBINOJIHEHNE MOXXHO 3(dexTuBHO nepenoxuth Ha IVR . IIpu 3ToM HE06X0IMMO MOHUMATh, YTO HE
Bce (DYHKIIMU NOJIIAt0TCs aBToMaTu3auuu. Hanprumep, npoBepka ocTarka Ha KpeIUTHOW KapTOUKe -
3TO Ta omepauus, KoTopass 0e3 mpobiieM MoxkeT ObITh aBTOMaTu3upoBaHa. llepeBosa ¢ Tekyiiero
cyera JCHEr 3a TOBap TOXKE BIIOJIHE MOXKET OBITh aBTOMaTH3uMpoBaH. OpHaKo MpU odopmIIeHUU
C/IETIKU KJIMEHT MPEANOYUTAET O0UIaThCsl HEMTOCPEICTBEHHO C ONEPaTOpPOM.

[TosToMy mepen TeM Kak 3aHATbCSA aBTOMAaTH3alMed Kakoi-mubo (QyHKIUM, CleqyeT B3IISHYTh
Ha 3TOT IpoIlecC INla3aMu KiIueHTa. Ecnu joruka aBTromMaTru3anuu Mmporecca JOCTaTOYHO CIIOXKHA
JUIE TIOHMMaHHsI CPEJIHECTAaTUCTMYECKUM KIMEHTOM WJIM aBTOMAaTH3alUs ClelaHa B yuepo
nHPOPMATUBHOCTH, KIMEHT Oyner HemoBosneH. Ha ocHoBe Ooraroro ombiTa pa3paboToK U
BHeapeHus cucreM IVR MoHO copmynupoBaTh peKOMEHJAalUK, KOTOpble OyIyT MOJe3HBl Kak
Ipu opraHu3annu cucreMsl [VR.

Hecmotpst Ha orpoMHOE KOIMYECTBO MIATGOPM UIsl MOCTPOEHUs: U agMuHHCcTpupoBanus [VR-
CHCTEM, ITPAKTUYECKH BCE PELICHUS BKIIOYAIOT CTaTH4YecKue 1 JuHaMmudeckue [VR-cuctemsl.
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Cratnueckast [VR-cuctema ocHOBaHa Ha 3JIEMEHTax TI'OJIOCOBOTO MEHIO, B KOTOPOM a0OHEHTY
MPEJOCTABIIACTCSl CTPOTO OTPAaHUYCHHOE KOJIMYECTBO MHGpopManud B (opme mpenBapUTEIbHO
3alMCaHHBIX TOJOCOBBIX cooOmenuit. Jlanuwii Bua [VR-cucrem, kak mpaBuio, MOXKET
UCIIOJIb30BAaThCA B KOHTAKT-IIEHTPE MJIs TMPOWTPHIBAHUS PA3JIMYHBIX BAPUAHTOB IPUBETCTBUSA,
nH(OPMUPOBAHUSI O BpEMEHHU MpeObIBaHUS B OYEpPEH, MPOKPYTKH PEKIAMHBIX COOOLICHHH BO
BpeMs oxkuganus. Bosmoxknoctu crarudeckoro IVR, 3auactyro, «3akinaabIBatoTCsS» B CTaHIAPTHBIN
(GyHKIIMOHAJ pelIeHHH sl KOHTAKT-IEHTPOB JIM00 peann3yroTcs Ha 0a3e JOMOTHUTEIbHBIX IIaT.

Junamuueckas [VR-cuctema mpenmnosaraetr u3BiedueHue HeoOxoaumon wHpopmanuu u3 06a3
JaHHBIX B COOTBETCTBMH C TMpaBWJIAMH MapIIpyTH3alMH, pPa3paOOTaHHBIM B KOMIIAHHH.
Juuamuyeckas [VR-cucteMa J0CTaTOYHO CUJIBHO OTJIMYAETCS OT CTAaTUYECKOW HE TOJIBKO IO
(GYHKIMOHATBHBIM BO3MOKHOCTSIM, HO W IO LIEHOBBIM XapakTepuctukam. HecMoTpst Ha TO, 4TO
nuHamuyeckas [VR-cucrema npenmyInecTBEHHO peanu3yercs 3a CYET MPOrpaMMHBIX CPENICTB, €€
MIOCTPOCHUE TPEJICTaBIsIeT cOO0M NOCTaTOYHO CIOXHBINA mpouecc. Hanbonee yacto IVR-cuctemsr
UCIOJNIB3YIOTCS JUIsI MapUIPYTU3allUU TeIe(POHHBIX 3BOHKOB B KOHTaKT-LIEHTPE, HHPOPMAIIIOHHOM
CIIy>KObI, OIIEHKM KayecTBa pabOThl KOHTAKT-LIEHTPAa WU MPEJOCTABISEMBIX YCIYT, UCXOJSIIETO
003BOHA U T...

DddexTuBHOCTH BHEAPEeHUs [VR-crucTeMsl B coBpeMeHHbI Call-iieHTp MOKHO HccienoBaTh Ha
UMHUTAUMOHHOW Monenu. [lpu peanu3anuy WMHUTAMOHHOW MOJENNM HEOOXOIUMBI HCXOJHBIC
nanHble. OCHOBHBIMU M3 KOTOPBIX SIBIISIFOTCSI YMCJIO OINEpaTopoB, Bxojnsmias Harpyska [3]. B
pe3yabTaTe MOJETMPOBAHUS MOXHO IIOJYYUTh OCHOBHBIE IOKA3aTelH KadecTBa OOCITYKHUBaHHS
MOCTYMAIONINX BBI30BOB: BEPOSATHOCTh OTKa3a B OOCIYy)XMBaHUM, CpPEIHEE BpeMs OXHIAHHS B
ouepenu, CpeAHIo0 AuHy ouepean. C moMoIIbIo
MOJIETM MOXKHO peliaTh U OOpaTHble 3aJadyd, a HMEHHO ONpEeNeNsTh YHUCIO OIepaTopos,
obecrieynBaroIUX TpeOyeMblii ypOBEHb KauecTBa 00CTYKHUBaHMUS.

B nporpammuoii cpene JMT (Java modeling tools) 6suta paspaborana HUMUTAIIMOHHAS MOJIETb
call-tienrpa.

B kayecTBe KOJNMYECTBEHHBIX XapaKTEPUCTHK M IMapaMeTPOB B MOJETH pacCMaTpUBAIOTCS
CIIEAYIOIINE BEIINIHHBI:

1) t - TpPOIOIKUTETHLHOCTH 3BOHKA;

2) M - KOJMYECTBO OMEPATOPOB;

3) A - IEpUOUYHOCTH TOCTYTIIICHUS 3BOHKOB;

4) C30 - cpenHss 3aHATOCTb ONEPaTOPA;

5) p — wnHa nepuoa;

6) CCO — cpenHsst CKOPOCTh OTBETA;

7) tt — xemaeMoe BpeMsl 0XKUIaHUS,

8) U — MHTeHCUBHOCTh TpaduKa;

9) N — KOJIMYECTBO 3BOHKOB;

10) W(t) - BepoSITHOCTH OXKHIaHUS MEHBIIIE, UM KeTaeMOoe BpeMst OKuIaHus; |

11) E; — BeposSTHOCTH OTKa3a B OOCITY’)KUBaHHHU.

HepI/IOJII/I'-IHOCTI) IMOCTYIIICHHUS 3BOHKOB - 3TO KOJHMYCCTBO BXOJAINIUMX 3BOHKOB 3a CEKYHOY

BpPEMEHHU:
N
A=— 1
. (1)
WNHTeHcuBHOCTh Tpaduka — OTO YHUCIO, 3aBUCAILIEE OT MEPUOJUYHOCTH TOCTYIUICHUS U

MpOAOJIKUTCIIBHOCTH BbI3OBA:
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Pe3ynbrarsl MoAeIMpoBaHysl IPEACTABIEHbI HA PUCYHKaX 2 U 3.

] Simulation Results... m
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Average queue time for each chosen class at each chosen station.
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Simulation results table
- | e 1 2 : 4 5 6 7 8 9
Mean value (s) 5512 5434 5417 5.506 5.438 5.522 5489 5.522 5432 5.425
Max (s) (Conf Int] 3603 2324 5.503 5.591 5.525 5605 3.583 3.628 5.523 3310
Min (5} {Cenf Int] 3419 3344 5.330 3421 5.350 5438 5.303 3416 3340 3341
The values in red could not be computed with the requested precision

Pucynok 3 - Bpems oxxunanus B ouepeau ¢ momoiisio IVR

[Ipumenenne cuctembl IVR mo3BosiseT yMEHBIIUTH BpeMsl OXHUIAHUS B O4YE€peId Ha
oOciyxuBaHue. B pe3ynbTare aBTOMaTH3allMd OTBETOB Ha MPOCTHIE BOMPOCHI COKPATUTCS BPEMS
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OYKUJIaHUS COCIMHEHUS C ONEePaTOPOM M YMEHBIIUTCS YUCIIO ADOHEHTOB, HE JTOXKAABIINXCS OTBETA.
Hcnons3oBanue cucrembl IVR Tmo3BONsET KPYyrJIOCYyTOYHO OOCTY)KMBaTh KIMEHTOB O3
MPUBJICYECHUS JUISl OTOM LEIU JOMOJHUTENBHOTO nepcoHana. Tem He MeHee [VR ocraercs ogHuMm
u3 HamboJsiee PacHpOCTPAHEHHBIX MHCTPYMEHTOB IMOBBIIICHHUSA 3(P(EKTUBHOCTH pabOTHl KOHTAKT-
LIEHTPOB.
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THE STUDY OF THE EFFECT OF (U.g0PUg.20)O2.00 URANIUM-PLUTONIUM
MIXED FUEL FISSION PRODUCTS ON A LIVING ORGANISM

'Kim D. S.,°Naoki Matsuda, *Zhumagulova R. Ye., *Tazhigulova B. K.,
$Zharaspaeva G. Zh., *Azhieva G. 1.
YInstitute of Nuclear Physics, Almaty, Republic of Kazakhstan
Nagasaki University, Nagasaki, Japan
®International Educational Corporation, Almaty, Republic of Kazakhstan
e-mail: kimds@gmx.com

The article describes the results of experiments on pigs to determine the effect of plutonium, which is the
most radiotoxic and highly active element in the range of mixed fuel (U sPUo.,)O; fission products, on living
organisms. The results will allow to empirically predict emergency plutonium radiation dose for various
organs and tissues of human in case of accident at the reactor running on mixed fuel (Uq gPug2)O5.

Keywords: mixed fuel, reactor breakdown, accidental irradiation, plutonium, internal exposure.

Maxkanaoa mipi 0Ootivina NIYMOHUHLL YUSAPLIMHBIY 2cepl YuliH OOHbI30apMeH KCnepumeHmmepoiy
nomuoicenepi cypemmen. Iltymonuit (UggPUg2)O, Oypeceit omoinnbly 6on scapkvinuiasel chekmpoe e
PAOUOMOKCUKANBIK, JicoHe bencendi snemenm 6onvin mabwvliaovl. Anean nomuoicenepi (UggPUg2)O, oypeeeit
OMBIHMEH Peaxmopobl anamviHOA A0AMHbIY MYPAL OP2AHOAPHIHA JHCIHE MAMATAPLIHA ANAMMbIY 003ACbIH
NJLYMOHUOAH JHCY2IH IMIUPUIMOIK OOINCAY KOSIObL.

Tipex co30ep: apanac omviHbl, Peaxmopobly ANAmMbl, ARAMMbIK CIYAENEHY, NIYIMOHUL, [UKI Caynelen).

B cmamve onucanvl pe3ynbmamvl dKCHEPUMEHMOS HAO CEUHbAMU Ol ONnpeoeieHus. 6030elicmeus
NAYMOHUSA, AGNAWE20C HaAuboree pPaouomoKCUYHbIM U  6bICOKOAKMUBHbIM DJIeMEHMOM 6 CHeKmpe
npooykmos oenenus cmeutannozo monausa (UggPUg2)Oy, Ha orcusoti opeanusm. Ilonyuennvle pesyivmamol
NO380JIAM IMAUPULECKU NPOSHOZUPOBAMb ABAPULIHYIO 00308Y10 HASPY3KY HA pA3IUYHble Opeambl U MKAHU
yenosexka om NIYMoHUs npu asapuu Ha peakmope, pabomaroujem Ha cmewarnrom monauge (UggPug2)O,.

Kniouesvie cnosa: cmewannoe monniugo, aeapus Ha peaxkmope, AasapuiiHoe 0OxyueHue, NIVMOHUL,

6HYympeHHee 00nyuenue.

Using the installation of nuclear fuel laser-induced heating to a temperature above 2,000 °C in
out-of-pile experiments, shown in Figure 1, it was found that radioisotope composition of
emergency emissions from mixed fuel reactor core, constituting radiation dose to human, is rich in a
stable compound of PuO,, as well as a large number of pure plutonium Pu®®, pu®®, pu®, pu®*,
Pu* which is long-living and most radiotoxic compared to the other components of the expected
emission [1]. The installation of fuel laser-induced heating is mounted at K.I. Satpayev Kazakh
National Technical University (Satpayev Str., 22, 050013, Almaty, Republic of Kazakhstan).

When calculating radiation doses as a result of leakage of fission products from mixed fuel
reactor core, it is required to take into account complex, diverse and interrelated factors related to
plutonium behavior. For calculations, it is necessary to have data or make appropriate assumptions
on exposure conditions, including the composition of radioactive products, particle sizes,
concentration of activity and exposure time.

Monitoring Methodology. During the experiments, the methodology was applied involving
artificial radiation treatment of pigs with plutonium; in-depth investigation of metabolism of
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radioactive substances in the living body; slaughter of pigs tested; spectrometric analysis of various
exposed organs and tissues of pigs for subsequent evaluation of internal exposure of human to
products of salvo emission from mixed nuclear fuel reactor core. Spectrometric analysis of
biological samples was conducted using Progress-2000 measurement system, developed by Doza
Research and Production Enterprise (Str. No. 4806, 6, 124460, Moscow, Russian Federation) and
being a property of the Institute of Nuclear Physics of the National Nuclear Center of the Republic
of Kazakhstan (Ibragimov Str., 1, 050032, Almaty, Republic of Kazakhstan).

To assess the degree of plutonium retention in human tissues, organs and their systems,
experiments on pigs were conducted is because human body has more similarities with pig body
than with organisms of other land mammals. According to the information of the Institute of
Molecular Biology of the Academy of Sciences of the Russian Federation, announced at the VI
International Seminar on Individual Dosimetric Control (IWIMIR-2010) [2], humans and pigs have
almost the same content of hemoglobin and proteins in blood, as well as the size of red blood cells
and blood group; pigs, like human are omnivorous, they have similar digestion processes; human
skin is like pig’s, it can bake (sunbathing); moreover, there are many common features in the
structure of teeth, eyes, liver, kidneys: pig heart weighs 320 g, human heart — 300 g, lungs weight —
800 g and 790 g respectively, kidney — 260 and 280 g, liver — 1,600 and 1,800; diseases of the
newborn piglets are similar to infants, and somatotropic hormone molecular structure of pigs and
humans is 70% alike. Analogies revealed as of today allow successful transplantation of many
organs and tissues of pigs into human body.

In total, 32 pigs were involved in the experiment. Three major paths of plutonium penetration in
pigs were studied in the experiments: inhalation (with inhaled air), oral (with food) and contact
(administration of subcutaneous injection).

For inhalation of plutonium by pig body, experimental animals were placed in the airtight
plexiglass chamber 15, where plutonium was pumped through plenum ventilation 16 formed in
vacuum chamber 12 of the installation of the samples of nuclear fuel (UggPug2)O, laser-induced
heating to a temperature above 2,000 °C as shown in Figure 1. Plutonium continuous inhalation
period was on the average 2 hours depending on respiration rate of each experimental animal. The
volume of air inhaled by pigs (with a single breath) was 0.4 - 107 ...0.5 - 10°° m®, and respiration
rate ranged between 15 ... 20 breaths per minute; therefore, within 2 hours about 1 m* of air
containing plutonium penetrated into pig body, as required to meet the conditions of spectrometric
studies of the samples.

In the course of experiments on laser-induced heating of the samples of mixed fuel (UggPuo2)O-
with a total mass of 1 kg to a temperature above 2000 °C, it was found that total volumetric activity
of plutonium contained in the resulting evaporations is 54 PBg/m® (Table 1). Thus, 54 PBq of
plutoniumwas inhaled by pigs within 2 hours.

Ingestion of plutonium in pig body was provided by feeding experimental animals with grain
forage previously placed in vacuum chamber 12 of the installation of laser-induced heating over the
sample of nuclear fuel (U gPuo2)O,and irradiated by evaporations containing isotopes of plutonium
Pu®8 pu®, pu*, pu**, pu*? [1]. Specific activity of plutonium-239 in irradiated feed was 12
PBq/kg (12 - 10" Ba/kg); levels of content of other plutonium isotopes did not exceed the level of
spectrometer sensitivity. Feed dosage of each pig equal to 1 kg provided single ingestion of 12 PBq
of plutonium-239 in the body of each experimental animal.

Because the skin of experimental pigs had no damages, artificial infliction of which is prohibited
by the European Convention for the Protection of Vertebrate Animals used for Experimental and
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1 — gas laser beam with CO,; 2 — plasma breaker; 3 — shutter; 4 - vacuum scales; 5 —
compensating circuit; 6 — ballistic collector with an opening for the beam; 7 — turntable for
targets; 8 — fixed mirror; 9 — the opening for the beam; 10 — lens; 11 — moving mirror; 12 —
vacuum chamber; 13 — rapid-acting micropyrometer to measure the temperature in focal spot and
evaporation time; 14 — chamber to monitor gas jet; 15 — plexiglass chamber for experimental
animals; 16 — fan providing the influx of evaporations from chamber 12 into chamber 15.

16

Figure 1 — Schematic diagram of the installation for laser-induced heating of the samples
of nuclear fuel to a temperature above 2000 °C

Table 1 — Volumetric activities of plutonium isotopes contained in evaporations of fuel (UggoPUp.20)O2.00 at a
temperature of 2,000 °C [1]

PVA (permissible

Measured nuclide

Nuclide activity,

Nuclide Half-life period volumetric activity), a‘éﬁ'\;‘ig‘ftﬂ)‘g ;/(‘;’tf&:;tg:c
Ba/m[3] Bg/m® evaporations
28py 87,7 years 0,53 2 0,0003
2%y 24100 years 0,53 24 0,002
240py 6540 years 0,53 8 0,0009
#py 14,4 years 50 13 0,001
22py 376000 years 0,57 7 0,0007

Total volumetric activity of plutonium

54 - 10" Bg/m’

82



N3BECTHUA HAYUYHO-TEXHHUYECKOI'O OBIIECTBA «KAXAK», 2015, Ne 2 (49)

other Scientific Purposes (ETS N 123, Strasbourg, March 18, 1986), contact administration  of
plutonium in pigs was conducted by intramuscular injection of physical solution in a volume
of 20 ml with Plutonium-239 concentration equal to 1 g/ml.

Results and Discussion. The data in Table 1 show that among plutonium isotopes, the dominant
contribution to the total activity measured in evaporations above uranium-plutonium oxide
(Uo.sPug2)O, is made by plutonium-239 (Pu-239) [1]. It is logical that this radioisotope will be
deposited in vivo the most, and its excretion will subsequently require integrated medical and
rehabilitation measures.

In order to develop a course of treatment for excretion of radiotoxic plutonium from the body, it
IS necessary to calculate radiation doses for the main locations of isotope accumulation.

As a result of experiments on pigs, it was found that most of plutonium enters the body by
inhalation and is deposited mainly in the lungs, bones, liver, and in the organs of internal sexual
secretion.

At the present time, internal exposure dose of internal organs and bones from the particles of any
radioactive substance penetrated into the body is calculated based on the assumption that the
radiated energy is evenly distributed throughout the organ tissue [4]. The average value of the dose
for the whole organ is taken as the resulting value.

Plutonium dioxide emits alpha particles with energy of 5.14 MeV and the free path in the tissue
of less than 40 microns, the recoil atoms with average energy of about 0.084 MeV and a low-energy
X-ray and gamma-ray radiation characterized by the energy of less than 0.01 MeV for decay. It is
considered that any organ absorbs all alpha particles and recoil atoms, and a portion of X-ray and
gamma-radiation; it depends on organ size [5].

Effective radiation energy (Ees) is calculated for each particular radioisotope in a separate organ.
In case of uniform deposition of radioactive substances in each of several organs,
the absorbed dose can be calculated. For convenience of calculations, obtained values of the
effective energy are shown in Table 2 [6].

Table 2 — The values of the effective energy of different radiation types emitted by putoniem-239 [6]
administered to the living organism

Radiation type Energy E, Coefficent of Eerr, MeV

MeV/decay | quality, CQ Bone Gastroenteric |  Other
tissue tract organs

Alpha radiation 5,14 10 257 0,51 51,4

Recoil atoms 0,084 20 8,4 0,01 1,68

X-ray and gamma-ray 0,0085 1 0,04
radiation
Total 270 0,52 53,0

However, radiation load from the particles of radioactive substance penetrated into the body
should be evaluated based on the equivalent (not absorbed) dose, because, firstly, various types of
radiation have different characteristics, as well as the functional role of the organs for the body and
their sensitivity varies, and secondly, in most cases radioactive substance are unevenly distributed
in the tissue.

For radiation protection, equivalent dose (Deqy, SV) is defined as the product of the absorbed dose
(Daps, GY), coefficient of quality (CQ) and coefficient of dose distribution (CD) [7]:
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D = Dabs : CQ -CD (1)

eqv

Equivalent dose of 1 mcCi - day is determined by the following equation:

D E
e gy (2)
mcCi - day m

where: Ee. is the effective radiation energy;

m is the mass of organ, g.

The coefficients given in Table 2 were used to determine the effective energies of other
components of mixed nuclear fuel. The effective energies for each of fission products of
(Uo.sPUuo2)O2 [8] in the lungs, bone tissue, liver, and ovaries are given in Table 3.

Table 3 — The effective energies to various components of mixed fuel (UgsPuq.)O, [8] contained in the
lungs, bone tissue, liver, and ovaries

Radioisotope Radioisotope Eetr, MeV
activity po_rtion, Lungs Bone tissue Liver Ovaries
Bq / Bq of isotope
mix
Uranium-238 1,9-107? 43 220 43 43
Neptunium-237 1,36-10" 49 250 49 49
Plutonium-238 2,83-107° 53 270 53 53
Plutonium-239 2,46 102 57 284 57 57
Plutonium-240 8,58-10° 53 270 53 53
Plutonium-241 1,3-107 0,053 14 1,0 1,6
Plutonium-242 6,78 - 107 51 250 51 51
Americium-241 5,89- 10 57 283 57 57
Americium-243 3,31 10 54 272 54 54
Curium-242 1,84-10° 64 400 78 78
Curium-244 589-10" 60 300 60 60

In laboratory conditions of exposure, it was found that some fraction of plutonium penetrating
with air (f;) is deposited directly in the lungs, wherein 40% of the initial amount of deposited
plutonium eliminates with the effective half-life of 1 day (24 hours) and the remaining 60% — with
the effective half-life of 500 days (12,000 hours).

Only small amounts of plutonium get in the blood by inhalation. Low solubility of plutonium in
fluids covering respiratory tract leads to its deposition and rapid release from nasopharyngeal and
tracheobronchial regions. Nevertheless, prolonged retention of the particles in the lung region leads
to absorption of approximately 5% of PuO, in the blood; about 15% of the deposits in the
pulmonary region transferred to pulmonary lymph nodes eventually reach the circulatory system.
Thus, approximately 20% of the particles deposited in the pulmonary region, after a while will be
transferred into other organs with the blood or circulating lymph.

Thus, it can be assumed that ingestion of 1 Bq of plutonium will result in dose 1 [9, 10]:
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| = f, (40% 24+ | 0% '12’OOOTJ =10404 - f, Bg/h, 3)
0,693 0,693
where f5 is the activity of plutonium entered into pig body with inhaled air, Bg.

The values of internal exposure dose of human largely depend on the mass of its organs and
respiration rate, which in turn, are subject to age-related changes. Radiation dose from plutonium ro
the internal organs, accumulated 70 years of age depending on the time of plutonium-239
penetration in the body can be calculated using the equation [9, 10]:

D, = K [L(i_iﬂ Sv/Bq, 4)

Inm,—Inm, {m m,

where D, is the dose of multiple human exposure; K is correction factor depending on the organ
and tissue: K = 47,36 - 10° for the lungs [10]; K =5,30 - 10° — for bone tissue [9] and K = 1,39 - 10°
— for liver [9].

Calculation results are given in Table 4.

Table 4 — Radiation doses of human lungs, bone tissue and liver expected by the age of 70,
depending on the time of plutonium-239 penetration in the body

Age when activity has Proposed mass, g Average respiration | Radiation dose, Sv/Bq of
penetrated into the rate, m*h deposited activity
a Qo= — = c = £

Newborn 66 500 100 0,033 0,03 0,09 0,15

1 year 170 2000 250 0,16 0,02 0,09 0,13

10 years 450 5900 844 0,62 0,009 | 0,07 0,09

20 years (female) 764 6800 | 1450 0,88 0,006 | 0,06 0,07

20 years (male) 955 | 10000 | 1810 0,95 0,005 | 0,04 0,06

Besides Pu-239, there are other plutonium isotopes in the mixed fuel of a nuclear reactor with
relative amounts depending on the nature of fuel rod use. If we consider the effects of plutonium on
human apart from all other radioisotopes, radiation doses can be calculated on the basis of the data

given in Table 5.
If the share of inhaled plutonium (f;) is not determined, radiation dose from plutonium deposited
in the lungs can be determined using the following equation [11]:

IZL 04.L. 1— @ 0.6%t Ty, +1 +0.6- 500-T,), 1 e0set, Ty, +500 )
0693  T,,+1 T, " T,,+500 500-T,,,

where t =50 -365=18250 days, T, is half-life period.
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Table 5 — Expected composition of plutonium isotopic mixture in the fuel

Radioisotopes Share of activity*, Half-life period, | Dose per unit of activity, deposited in
Bq/Bqg of isotopic days the bone tissue, liver and ovaries,
mixture Sv/Bq of deposited activity
Plutonium-238 0,0028 3,3-10* 0,06
Plutonium-239 0,025 8,9 - 10° 0,07
Plutonium-240 0,0085 2,4-10° 0,07
Plutonium-241 0,013 4,8 -10° 0,02
Plutonium-242 0,0068 1,4-10° 0,07
Total 0,29

* Specific activity is 17,113 - 10* Bg/kg of plutonium isotopic mixture [12]

Thus, each mcCi of plutonium-239 deposited in the lungs will result in exposure of 426.9 mcCi
per day:

| 21.433-[0,4+0,6-493] = 426,9 M"Y (6)
m

IPUZSQ

However, only 0,025 of the total activity of plutonium isotopic mixture falls on Pu-239, so the
contribution of Pu-239 to the total dose will be 10,67 mcCi/day per each mcCi of isotopic mixture
deposited in the lungs [7]:

mcCi, .., - day

| =0,025-426,9 =10,67 :
mcCi,;,

(7)

In this case the daily dose from each mcCi of Pu-239 deposited in the lungs will be 3.82 rem [7]:

_ D _51p.Ber _519.57 _ggp TEM
mcCi, .z m 764 mcCi - day

(8)

and the cumulative dose (CD) due to Pu-239 will be 0,15 - 10~ Sv/Bq of isotopic mixture deposited
in the lungs [7]:

CD, ., =10,67-382=40,76 "™ ~ 015.10° >V | ©)
P mcCi Bq

Table 6 shows predicted values of radiation doses to the lungs, bone tissue, liver and ovaries of
people exposed to radiation at 20 years of age, depending on the activity of isotopic mixture
deposited in the lungs, at the end of 50 years.
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Table 6 — Radiation doses to the lungs, bone tissue, liver and ovaries depending on the activity of
isotopic mixture deposited in the lungs (unit of measure — mcSv/Bq of isotopic mixture deposited in

the lungs)

Radioisotope Radiation Radiation dose Radiation dose to the | Radiation dose to the
dose to the to the bone liver ovaries
lungs tissue

Plutonium-238 52,17 529,84 655,44 210,46
Plutonium-239 148,11 1459,28 1832,09 593,04
Plutonium-240 67,71 685,24 841,23 272,32
Plutonium-241 4,81 1000,48 446,81 231,32
Plutonium-242 0,07 0,74 1,04 0,29
Total 272,87 3675,58 3776,61 1307,43

Data on the total radiation dose to the lungs, bony skeleton, liver, and ovaries from isotopic
mixture of Pu-238, Pu-239, Pu-240, Pu-241 and Pu-242 deposited in the lungs is given in Table 7.

Table 7 — Total radiation doses to the lungs, bone tissue, liver, and ovaries depending on the activity
of isotopic mixture deposited in the lungs

Mass, g Deposited dose of plutonium Total radiation dose, mcSv/Bq of
parts of the body penetrated into the body by isotopic mixture deposited in the
inhalation lungs
Lungs 764 e 272,88
Bone tissue 6800 0,39 3675,58
Liver 1450 0,59 3771,41
Ovaries 8 0,00093 1308,54

Taking the reference value of specific activity of plutonium isotopic mixture in biological tissue
equal to 17,113 TBq/kg (17,113 - 10 Ba/kg) [12], we can calculate total radiation dose to the
lungs, bony skeleton, liver and ovaries of a human in relation to the mass, and not to the activity of
isotopic mixture deposited in the lungs. The results of calculations are given in Table 8.

Table 8 — Total radiation doses to the lungs, bone tissue, liver, and ovaries depending on the activity
of isotopic mixture deposited in the lungs

parts of the body Mass, g Total radiation dose, Sv/kg of isotopic mixture deposited in
the lungs

Lungs 764 0,341

Bone tissue 6800 4,594

Liver 1450 4,714

Ovaries 8 1,634
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The data in Tables 6-8 show that plutonium absorption from the lungs causes deposition of 56%
of the amount penetrated into the body in the liver, 42% — in the skeleton, and 2% — in other
tissues.

Spectrometric analysis of biological samples of pigs slaughtered a day after feeding with grain
contaminated with plutonium, showed that absorption of a small amount of PuO, from the
gastrointestinal tract occurs as a result of partial dissolution. The upper limit of the intestinal
absorption of plutonium was 0.007% of the activity entering pig body orally, and the degree of
digestion was not more than 0.003%. Such a low percentage of plutonium absorption can be
explained by the fact that the intestinal mucosa is an effective barrier for plutonium absorption
during exposure. Plutonium absorbed from the gastrointestinal tract comes into the blood in ionic or
diffusing complex form and as a result is deposited in the bones.

When assessing the internal exposure of pigs from contact receipt of plutonium, the most
vulnerable external organs — eyes were considered. Rate of deposition of plutonium particles on the
surface under normal conditions is about 5-10° m/s, and the area of the pig eye is about 4-10* m>
Thus, the total plutonium absorption by the pig eyes was twice integrated exposure (Bq - s/m?).
However, it is known that the greatest danger for the living organism is contact introduction of
radioactive substances through damaged skin. To simulate the introduction of plutonium through
epidermal damages, intramuscular injection of a concentrated solution containing plutonium-239
was administered to pigs.

The results of spectrometric analysis of biological samples of pigs slaughtered 12 hours after the
introduction of intramuscular injection of plutonium, showed that about 60% of absorbed plutonium
was deposited in the bones, 4% — in the liver, and 30% is excreted.

To quantify the excretion of plutonium from the living body, 12 experimental animals exposed to
plutonium contained in the inhaled air, in the feed and in the injected solution, were slaughtered 4
years after the initial experiments conducted with all 32 pigs. Before the experiments, faster
excretion of plutonium was predicted from the liver than from other organs and bone tissue, but the
results obtained after the experiments showed a much higher plutonium potential deposition danger
in the liver. It turned out that within 4 years only 20% of deposited plutonium was excreted from
the liver. Time of plutonium retention in the liver does not differ significantly from time of
retention in the bone tissue. Thus, the initial conservative assumption that there is no substantial
excretion of plutonium from the liver is apparently true.

Plutonium concentration in the ovaries is approximately 20 times higher than in skeletal muscles,
and approximately 6 times higher than in the heart. This was true for both monomer and polymer
plutonium even 4 years after the initial exposure.

The experiments proved that the rate of plutonium excretion from the main locations of deposits
in a living organism is very low, so when assessing internal exposure dose, biological excretion
may be neglected; only therapeutic plutonium excretion acceleration is of practical interest.

Long-term forecast of internal exposure by a mixture of plutonium isotopes is made taking into
account single inhalation of the particles in the body and their subsequent distribution to individual
organs. The dose per unit activity of Pu-239 (Bq) deposited in the bone tissue, liver and ovaries was
0.07 Sv. The entire range of plutonium isotopes formed a radiation dose equal to 0.29 Sv/Bq of
deposited activity.

Predicted radiation dose from a kilogram of plutonium isotopic mixture deposited in the lungs
expected at the end of 50 years after accidental exposure of a person should be 0.34 Sv for the
lungs; 4.59 Sv for the bone tissue; 4.71 Sv for the liver; 1.63 Sv for the ovaries.
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Thus, human internal plutonium exposure doses contained in evaporations of mixed nuclear fuel
(UogPuo2)O2 with the mass of 1 kg, heated to a temperature above 2000 °C will not exceed
permissible limits of radiation safety standards [3]. However, fuel element column of nuclear power
reactor core can exceed 50 tons; in case of accidental exposure to nuclear fuel fission products of
such mass, radiation doses for the human body will increase tens of thousands times.
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OIIPEAEJIEHUE OCHOBHBIX TAPAMETPOB MAIIIUH
CTPOUTEJIBHOI'O NPOU3BOACTBA C HUKJIOUJAJIBHBIM
ABUXKXEHHUEM PABOYUX OPI'AHOB
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Kazaxckas asmomobunvrno-ooposicnas axademusi um. JI.B. ['onyaposa,
Anmamot, Pecnybnuxa Kazaxcman
e-mail: lee.sergei@list.ru

IIpusedennvie 6 pabome OCHOBbI paciema 2eOMemMpUHecKux U KUHEMAMuYeckux napamempos Mauiun
CMPOUMENbHO20 NPOU3BOOCHEA NO360AI0M HA CMAOUU NPOEKMUPOBAHU Onpedenums ece Heobxooumble
napamempbvl mawuH. Bcneocmeue usmenenus cxkopocmu  Osudicenuss PO eo3nuxaem umnynvbcHoe
(subpayuonnoe) 6o030eticmeue Ha paspabamvléaemvill MaAmepuar, uYmo HPUGOOUM K  CHUNCEHUIO
9HepeoemMKoCcmu paboyezo npoyecca.

Kniouesvie cnoga: mawiunvl cmpoumenvbHo20 NPOU3BOOCMEA, NPouU3E00UMENbHOCMb, YUKIOUOATbHOE
o8udICeHe, paboyull Op2aH, OCHOBHbIE NAPAMEMPbI.

Kymvicma  Kypuiibicmol  6HOIpicmiy — MAUWUHACHIHBIY — 2€OMEMPUATLIK — JHCOHEe  KUHeMAMUKAIbIK
napamempiniy eceOiniy Keamipy Hezizoepi bac kezey 2cobanay aHblKMaybl MAUUHAHBIY OAPIbIK KAXCemmi
napamempnepin kenmipineen. Cebenmi K032anblCmuly JHCblI0amMoviebinbly o32epiciniy KO ocymvic opeansi
azipaey mamepuanza oe2en UMNYIbCMIK (mepbeameni) acep myaosl, OYi HYMbICMbLY YOepICiHiY IHePUANbIK
memeHnoemy 0e2eHin Kopcemeoi.

Tipex ce30ep: KypbliblcmblK OHOIDICMIY MAWUHANAPLL, OHOIp2iW, YUKIOUOATLOLIK —KO32ATbIC,
JHCYMBICIbIY OP2aHbL, He2i32l napamempiep.

These bases of calculation of the geometric and kinematic parameters of construction machinery
production allow the design stage to determine all the necessary parameters of the machine. Due to changes
in speed pulse occurs PO (vibration) subjecting the developed material that reduces the energy consumption
of the working process.

Keywords: machine building production, productivity, cycloidal motion actuator, the basic settings.

Pabouee oGopynoBanue CJIM c nukiougansHeiM ABkeHHeM PO, npenHazHaueHHOE IS
BBITIOJIHEHUS] ONPEAETCHHBIX OMepaluii, COCTOUT H3 pabouero opraHa, HEMNOCPEICTBEHHO
B3aMMOJICHCTBYIOIIETO €  pa3padaTbIBaéMbIMH, IEPErpy)KaeMbIMH WJIH  IE€pEeMeIIaeMbIMU
MaTepHalaMH U TPy3aMu; UCIIOJHUTEIBHBIX MEXaHU3MOB, 00€CIICUNBAIOIINX 3a/laHHbIE JIBUKECHUS
pabouero opraHa, ¥ HECYIIMX KOHCTPYKIIMH, BOCHPUHUMAIOIINX HAarpy3Kd OT pabodyero opraHa u
MepeslalolMX HX OCTOBY 0a30Boil MamuHbl. B pabouem oOopymoBaHuMM C IUTAHETAPHBIM
IBIDKEHUEM JBIDKYIEE YCHIME OT TPUBOJAa K COOTBETCTBYIOIIMM DJJIEMEHTaM pabouero
o0OpynOBaHUS ~ TeperaeTrcs depe3  OIKCIEHTPUKOBBIM  BaJ—BOAWIO HAa  CaTeIUINTHl U
COOTBETCTBYIOLINI poTOp (OOBIYHO IUIAHETAPHBIN PEIYKTOP BBIMOIHSAETCS BCTPOSHHBIM B KOPITYC
pabouero oprana).

Kpome TpaekTopuu IBMKEHHUS U Pa3MEpOB 3BEHBEB pabouero o0OpyIOBaHUS, ONPEACISIOMINX
KOHQHUIypalMio H pa3Mepbl 30HBI €ro JeicTBUsA, KHHEMaThka pabouero oOOpYyIOBaHUS
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ONIpEEIAETCS TaKXKE CKOPOCTAMHM M YCKOPEHHUSMU €ro OTIENbHBIX 3BE€HbEB (poTopa M
HKCIEHTPUKOBOTO Baja). OUeBUAHO, YTO €CIM HET KaKUX-THOO OTrpaHMYEHUl, HalaraeMbIXx Ha
CKOpPOCTH pabOuYuX OpPraHoB, OOYCIIOBJIEHHBIX MX CHEUM(UKON B3aUMOJCHCTBUS CO CPENOH, TO
YBEJIMUEHUE CKOPOCTH, C TOYKM 3PEHMS IMOBBIIIEHUS IPOU3BOAUTEIBLHOCTH MAIIMHBI, SBIISETCS
BECbMa 3HAYUTEIIbHBIM.

Kunemarnyeckas cxema npusosa PO peanmsyercs ¢ NOMOLIbIO IUIAHETAPHOIO MEXaHU3Ma
JlxeiiMca, KOTOPBIM COAEPXKUT LIEHTpalIbHOE 3y04yaToe KoJeco BHYTPEHHEr 0 3aleIICHHsI, BOAUIIO U
caTeJUUT (IUIaHeTapHbIN) BHELIHETO 3alleIUIeHUs], 0OKaThIBAIOIIUICS BHYTPU KOPOHHOI'O 3y04aToro
Kozeca. Boauio nosydaer BpalieHue OT IPUBOJHOTO JIBUraTENs.

Pa6ouwnii opran mammab! (MCII) cOOCHO CBSI3aH C CaTEUIUTOM H COBEPIIAET C HUM IUTAHETAPHOE
IBIKEHUE, TIPU 3TOM BEPIIMHBI OMHCHIBAIOT Ty, WIM WHYIO THIIOTpoXouay. B olmem ciyuae mpu
YHCIIe BEPIIUH pab0vyero opraHa paBHbIX Z, OTKJIIOHEHHE PaJnyCcoB KoJieca U cateiuuTa [1]:

R_z+1
r z
TOrga
R z+1
rooe
HepezlaTquoe OTHOIICHHUC INIAHCTAPHOT'O MEXaHHU3Ma OT BOJAUJIA K CATCIUINTY
r ze

-7 1)

i: = =
r-R ze-e€+1_

IPONOPIMOHAILHO YHCITYy BEpIIMH pabouero oprana z. [Ipu yBeMdeHnH epeIaTOYHOrO Yncia |
IUTAHETapHOTO0 MEXaHHW3Ma YMEHbBINAeTCs 4YacToTa BpallleHusl caTejuiuTa pabouyero opraHa u
YBEIIMUMBAETCSA KPYTAILIMNA MOMEHT Ha HEM IIPU HEM3MEHHOW IMOJBOJMMON MOIIHOCTH. B yacTHOM
ciyyae npu Z = 3 u € = 3 mepenaroyHoe OTHOIIEHHE IUIAaHETAPHOIO MEXaHU3Ma PaBHO

|:3e/_e:_3, a BCPIINHBI pa60qer0 OopraHa OIIMCBIBAKOT THUIOTPOXOUAY — KBaApaT C

MPSAMOJIMHEHBIMA CTOPOHAMH.

Ba)KHLIM HapaMCTpOM, oT KOTOpOFO 3aBUCUT HpOI/ISBOI[I/ITCJ'II:HOCTI) MallIuHBbI, ABJISICTCA CKOpOCTL
JBKEHUS paboyero opraHa.

CKOpOCTH TOYKH, ONMHUCHIBAIOIIEH TUIIOTPOXOUITY MOKHO ONPEACIIUTD, MpoaudhepeHIIupoBaB 1Mo
BpeMCHI/I ypaBHeHI/IC FI/IHOTpOXOI/II[I)II

Vx = — w1r (sin zw + ¢ sin w)
Vy = w1l (-cos zw + ¢ cos ) |. (2

CnenoBatenbHO,

V =i\ I1+¢” — 2¢ cos (z+1) w, (3)

rae @, = dy//dt — yrnosas ckopocTb TOUKH.

Ananu3 BeipaxkeHns (3) mokassiBaer, uto ckopocth v = f @/ mepuoguuecku M3MeHsIeTCs OT

MHHHUMAJIBHOTO 3HaUeHus: V.. = o F € —1 10 MakCHManbHOTO 3HAUECHUS Vi = Off (I + 1/.
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Cpenusisi CKOPOCTh TOUKH pabOyero oprana

VvV —
q
P T

Iv(/ﬁwzgwlr I\/1+c2—2ccos(+1]yd¢//. (4)
0 T 0

Hpome U C JOCTaTOYHOM IJIs HHKXCHCPHBIX pPaCYCTOB TOYHOCTHIO CPCAHIOIO CKOPOCTH TOYKH
pa60qero opradHa MOXHO OIIPCACIIATh KaK CPpCAHCEC KBAAPATUYHOC UM CPECIAHEC apI/I(l)MeTI/I‘ICCKOG
3HaYCHHE MaKCUMAaJIbHOM ¥ MUHHUMAaJIbHOU CKOpPOCTH.

Bripaxkenue i1 cpeiHel KBapaTUYHON CKOPOCTH:
1/2

/2
Vap s = % [9°€dw | =orl+c? (5)
0

Bripakenue 1st cpetHeit apuMeTndeckoil CKOPOCTH
V + V.
— __max min __
Vepap. = —2 = w,Z€. (6)

Hcnonb3yst oTydeHHBIC BRIPAKEHUS, MOXKHO ONPECIIUTh HA CTaINU IPOSKTUPOBAHUS CKOPOCTh
mo00ii Touku padbouero oprana MCII.

[TosrydeHHBIE 3aBHCHMOCTH TIO3BOJISIIOT ONPEISIHTh HAa craguu  npoektupoBanus MCII
OCHOBHBIC KHHEMATHUYECKHE ITapaMeTphl padoUyero opraHa u IiaHeTapHOTo MexaHnu3ma. Hampumep,
npu Z =3 u ¢ = 3 MpoU3BOAIIAs TOYKA OMUCHIBAET THIOTPOXOUTY, MPAKTUYECKH COBMAIAOIIYIO C
KOHTYpOM KkBajpara. 13 (24) BunHO, 4TO NpH i = 45°, 135°, 225° 315°, r.e. korma MIPOU3BOIAIIIAS
TOYKAa HAXOAUTCS B CEPEIMHE BETBH THIIOTPOXOMU/IBI cos€ +lZ// =-1 u cxopocTs npousBoaAIIEit
TOYKU PaBHA Vimax. lIpu y = 00; 900; 1800; 2700, T.€. KOTJla MPOU3BOAIIAS TOYKA HAXOAMUTCS B
BEPIUMHE TUIIOTPOXOUBI COS( +1Z// =1 CKOPOCTb B JTOW TOYKE paBHA Vmin. LIpu 3TOM
OTHOIIICHHE Vm—ax = n+1

V A—1

00J1bI1IE, YEM B BEPIIHHE.

= 2, T.C. CKOPOCTb TOYKHU B CCPCAMHE BCTBU THIIOTPOXOUJBI B ABA pa3a

min

Takum 00pa3oM, TMpU TEpPEeMENIeHUH OT BEPIUIMHBI 10 CEPEIMHBI BETBH IPOHM3BOJAIIAS TOUYKA
JIBUTAeTCs C YCKOPEHUEM, a OT CepeMHbI BETBU JI0 CIEAYIOIIEH BEpIIMHBI TOYKA JIBUXKETCS C
3aMeasieHneM. FIMeHHO 3Ty 0COOEHHOCTh JBM)KEHUSI TOUKH MOKHO MCIOJIb30BaTh, HAIIPUMED, IS
OCYILECTBIICHHSI HHEPLIMOHHOM pa3rpy3KH KOBIIEH MUTATENS POTOPHOT'O MOTPY3UHKa.

Vcnonb3ys nojydeHHbIe BBIPAXKEHUS, MOKHO ONPEICTUTh HA CTaJUH TPOEKTUPOBAHUS CKOPOCTh
060 Touku padoyero oprana MCII.

Y cKopeHne TOYKH, ONMHUCHIBAIOIIEH THITOTPOXOHTY:

W:a)fze\/zerc2 —2zc-cos(z + 1)y, @)

VCKOpeHI/Ie W U3MEHSIETCA B npeaciiax:
2
Whnin = @y ze(c-2z), (8)
W =alze(C+1). ©)
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[IpencraBneHHble BbIlIe yHpoueHHbIE (GopMyinbl (2-9) BHONHE MPUTOAHBI AT MHKEHEPHBIX
METOOB OIPEJICIIEHUS] CKOPOCTEH U YCKOPEHHH TOYeK pabovero opraHa MaliiHbl.

Hamu paspabotan anroputm pacueta Ha [I9BM TpaekTopwmii, CKOPOCTEH M yCKOPEHUH TOUYEK
LHUKIOUIanbHbIX padounx opranoB MCII, KOTOpbIN MO3BOJSET paccunuTaTh BHAYaje TPACKTOPUU
JBMDKEHUS] TOUEK IPU pa3iMuYHBIX 3HAYEHUSX Z, € U ¢, U MOCJIe UX aHalu3a U BbIOOpa Hambosee
palMOHAIBHOIO BapUaHTa IMPHUCTYNHUTh K pacyeTy CKOPOCTEH M YCKOPEHMM TOYeK i 3TOro
BapuanTa [1].

Kak ObU10 OTMEUYEHO BbIIIE, B HACTOsAIIEE BpeMsl B3aMEH MAIIMH (TPAaJULMOHHBIX) C MOCTY-
NaTeJbHBIM JABMKeHHEM PO Bce dalle NPUMEHSIOTCS 00Jie€ IPOrpecCHMBHBIE MAILMHBI C Bpa-
matomumMesd PO (poropom). OnHako, MHOTHE U3 MPEAJIOKEHHBIX CXEM POTOPHBIX MAIMH HMEIOT
Cepbe3HbIE HEIOCTATKU, OCHOBHBIE U3 KOTOPBIX CJEIYIOIINE: HEPABHOMEPHOE IBM)KEHUE pabOumx
OpPraHOB BCJIEACTBHE JEHCTBUS CHJI COIPOTUBIICHMSI BHEAPEHUIO (BBI3BIBAIOILINE 3HAYUTEIIbHBIC
MHEpPLUOHHbIE HAarpy3KH); HeOJaronpusTHbIE YCIOBHUS pabOThl JeTaleil CHUCTEeMBbl YIUIOTHEHMS
(eTanmy MmoJBEpraroTCsl BBICOKMM TEIUIOBBIM M MEXaHMUYECKUM Harpys3kam) M, camblii OOJIbIION
HE/I0CTAaTOK 3TO TO, YTO MAIIMHBI ITOJIY4AIOTCsl OYeHb OOJIBIIMMHU (IO rabapuTaM) U TSDKEJIbIMU (IO
Becy) [2].

I'eomerpust pabouero opraHa MalldHbl C LUKIOUWJAJIBHBIM  JIBUKEHHUEM IIOJIHOCTBIO
omnpejenseTcss TpeMs BEIMYMHAMM: UYUCIOM BeplIIMH pabodero oprasa (poropa) Z,
SKCIIEHTPUCHTETOM € [Mimu pagmycoM omHoil 3 mectepun R =€€ +1 wm r=2ze] u
napameTpoM (GOpPMBI ¢ (WIH TPOU3BOISAIIMM PAJUYCOM a).

B nepByro ouepenbr OCTAaHOBUTCS Ha BbIOOpE IapaMmerpa ¢, OT KOTOPOrOo 3aBUCAT
reOMETPUYECKUE M KUHEMaTHMYeCKHE COOTHOLIEHUS pabouero opraHa (potopa) U KOTOPBIA B
3HAYUTENbHOM CTENeHM OmpeAessieT paaualbHblii rabaput potopa.. HaumeHnsiiee 3HaueHue
napameTpa ¢ oka3bIBaeTcs 00JIbIIe TEOPETUYECKOT0 MUHUMYMa 1,67 1 npeBbImaet 2.

CpenHsisi CKOPOCTh BEPIIMHBI POTOpa onpeaeisercs GopMynoit:

T

z+1
v =Z—+1w1r j\/1+c2—2ccos(+1§/dl// (10)
4 0

e

Y OHA He 3aBUCHUT OT Z (Tiocie nmpeoOpa3oBaHmii):
2 NE -
Vep :—a)lr(+lE — |=aorf € . (11)
T c+1 -

BenuunHa sKkclieHTpUCHTETa e BHIOMpAETCs TaK, YTOObI AMAMETPhI HIECTEPEH COOTBETCTBOBAIU
CTaHJIAPTHOMY pslly Moaysel. BennunHa sKCIEHTpUCUTETA JOKHA 00ecreynBaTh JOCTaTOUYHYIO
KECTKOCTh IEepeJHENd IIEMKH SKCUEHTPUKOBOTO Bajla, IPOXOAAIIEH Yepe3 HEMOABHKHYIO
HIECTEPHIO.

OcHoBHbIe mapameTpbl padounx opranoB MCII ¢ HUKIOMAATBHBIM IBUKEHUEM MIPH U3BECTHOM
dopmMe moOmepeyHoro ceuyeHus poropa (TPEYroibHMK, KBajapar, MATHYTOJIBHUK ©  T.J.)
OTIpeIeNAIOTCS Yepe3 BelIMuMHy JKcleHTpucuTeTa € = R —I . 3amaBmuch BeIMuMHONW e MOXKHO
OIIPENIeNIUTh BEIUYMHY paguyca IMPOU3BOIAIIEH OKPY)KHOCTH (caTeiuiuta) I = Z€; BeIMYUHY

pagnyca HANpaBIAIOmEi OKPYKHOCTH (LEHTpaTbHOro 3ybuaroro komeca) R =e€€ +1 ;

2
BEJIMYMHY Mpou3Bosmero paguyca d = CZ = Z €. 3arem, HCIONB3ys MOJYICHHBIC BBIPAKCHUS
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(2-9), MOXXHO oOmpeAeaNTh Ha CTaIUM TPOCKTUPOBAHHUS CKOPOCTh M YCKOpPEHHE JHOOOH TOYKH
pabouero oprana (poropa).
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VJIK 621.395

OLHEHKA KAYECTBA PABOTBI OIIEPATOPA KOHTAKT - HEHTPA

Yexumbaena K. C.
Anmamunckutl yHusepcumem suepeemuku u ceasu, Aimamol, Pecnyonuxa Kazaxcman
e-mail: katipa67@yandex.ru

Ilposedeno umumayuontnoe mooeruposanue pabomuvl onepamopa Kowmaxm-yenmpa. Paccmompenvi
KOu4ecmeeHHble U KayecmeenHble NoKazamenu, Komopbvle xapakmepusylom pabomy onepamopa. Ilokasano,
umo 6ce NOKA3amenu OOJICHbL OYEHUBAMbCSA KOAUYECTNBEHHO 8 COOMBEeMCMEUY C YCMAHOBNEHHbIMU
Hopmamu. Kasicoomy noxazamento npuceausaemcs 6ecosoli Kodgguyuenm. B pe3yiomame 6biducisemcs
UHMeZPalIbHAA OYeHKA Kauecmaa pabomel onepamopa.

Knwouesvie cnoea: xoumakm-yeHmp, UMUMAYUOHHOE MOOEIUPOBAHUe, ONepamop, OYeHKa Kayecmed
pabomvl, UHOEKC YO0BIeMBOPEHHOCMU.

baiinanvic opmanvizbl onepamopaapuinbly HCYMbICOIH UMUMAYUATBIK MoOenvoey dicypeizindi. Onepamop
HCYMBICOIH — CUNAMMAUMBIH — CAHOBbIK  JCOHE  CANANblK — Kepcemiiwimep  Kapacmulpwvliosvl.  bapnvix
Kepcemkiwmep OenciieHeen CIMaHOapmmapea calkec canovl mypoe baganiany Kasjcemmici kopcemindi. Op
KepcemKiwKke caimakmsly Koapguyuenmi masgativinoanradvl. Homuoicecinde onpeamopaap HcyMuicol
CAnacviHbly UHMe2paiobl OAACHL WbIZAObL.

Tipex co30ep: baiiianblc OPMANBLIELL, UMUMAYUSIBIK MOOEIbOey, ONePaAmop, HCYMblC Candcblh 0asanay,
KaHa2ammawy UHOEKCi.

The operator work imitating modeling of the contact center had been carried out. The quantitative and
gualitative indicators characterizing the operator work had been considered. It had been shown that all
indicators should be quantified in accordance with the established norms. A weight factor is assigned to
each indicator. As a result a cumulative assessment of the quality of the operator work is calculated.

Keywords: a contact center, a imitating modeling, an operator, an evaluation of the quality of work, a
satisfaction index.

O(dekTHBHOCTH pabOTHl COBPEMEHHOTO KOHTAKT-IIEHTPAa BO MHOTOM 3aBHCHT OT KadecTBa
pabotel omeparopoB. OmnepaTop KOHTAaKT-IIEHTpa OOCITY)KMBAeT 3asBKH, TIOCTYNAIOIIUE U3
tenedonHoit cetn obmero momp3oBanus (ThOII), u3 MuTepHera, n3 cereil MOOMIBHON CBSI3H.
3asBKU MOTYT OBITh KaK BXOJSIIUMHU, TAK U BBIXOIAIIUMH [ 1].

CoBpeMeHHBIN KOHTAKT-IIEHTP MPEACTaBIsIeT OO0 4eTOBEKO-MAITMHHBIA KOMIUIEKC, TTOITOMY
Ha Ka4yecTBO OOCTY>KMBAaHUS BIUSAIOT HE TOJIBKO XapaKTEPUCTHKU MPOTPAMMHO — allapaTHBIX
CPEICTB, HO M MOKa3aTellu KayecTBa 00CTyKUBAaHUS OTIEPATOPOB.

3amaya wWccneAoBaHUS U pa3pabOTKM METONIOB YIPaBJICHHS] KA4eCTBOM pPAaOOTHI OMEpPaTOpOB
KOHTAaKT — IIEHTPOB SIBIISICTCS aKTyalbHOU 3amaueil. [Ipu permenun naHHON 3aauu MPEXKIE BCETO
HEOOX0JMMO pa3paboTaTh METOIUKY OIEHKH KadeCTBa pabOThI orieparopa KOHTAKT-IIeHTpa [2].
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B KOHTakT-IIEeHTpax CO3MAI0TCS CHEIUAIbHBIE TPYINBL, KOTOPHIE OICHUBAIOT padoTy
OIIEpaToOpOB, OMpeACAOT KiroueBbie mokasatenu 3ddexruBnoctn KPI (Key Performance
Indicators).

PaccMmoTpuM mokasarenu, KOTOpbie XapakTepu3yroT paboTy omnepartopa. X MOXHO pa3ie/iuTh Ha
KOJINYECTBEHHBIC U KAUCCTBEHHBIE.

K OCHOBHBIM KOJIMYECTBEHHBIM ITOKA3aTEISIM MOXHO OTHECTH:

- cpeHee BpeMsi 00pabOTKH BBI30BA;

- TPOIICHT BBI30BOB, KOTOPbIE OOCIIY>)KMBAIOTCSI B T€YEHHE TPeOYyeMOro Mo HOpME MPOMENKYTKA
Bpemenu, SL (Service Level);

- IPOLICHT NOTEPSHHBIX BHI30BOB;

- IPOLICHT BBI30BOB, MOJIYYMBIIUX OTBET ¢ nepBoii nonsitku, FCR (First Call Resolution).

Jljig KaXK0ro rmoKasaressi yCTaHaBIMBAIOTCS HOPMBI.

Kpome yka3aHHBIX KOJMYECTBEHHBIX IOKazarened mnpu omnpeneinenun KPl ucnonessyrorcs
[ (S13% {01115 (H

- cpeqHee BpeMs OKUAAaHUS OTBETa 0OCTYKEHHBIMH A00OHEHTaMU;

- MaKCHMaJIbHOE BpeMsi OKUaHHs OTBETA OIepaTopa;

- TPOLIEHT /03BOHA (IIPOIIEHT OOCITY)KEHHBIX 3BOHKOB OT OOINEro KOJMYECTBA MOCTYMUBIIMX
BBI30BOB B LIEHTD);

- Harpy3Ka Ha oreparopa B 4ac;

- Ring Time (dpaxkTrueckoe BpeMs, B T€YEHHUE KOTOPOTO 3BOHUT TeJIe()OHHBIH ammapar).

TexHuyeckue cpeacTBa COBPEMEHHBIX KOHTAKT-1[EHTPOB MO3BOJIIOT JOCTATOYHO TOYHO OLIEHUTH

[ePEeYHCIICHHbIE KOJIMYECTBEHHBIE I0KA3aTEIH.

B kaxzaom koHrtakT-nieHTpe npu onpeneneHuu KPl npumensrorcs nokaszaTend U HOPMBI,
pa3paboTaHHbBIC C YIETOM CIICHH(PUKN PaOOTHI.

Takoii mokasarenb, Kak IPOIEHT MTOTEPSHHBIX BEI30BOB, 3aBIUCHUT OT KOJMYECTBA PabOTAIOIIIX
oreparopos [3].

Cpennee BpeMst OKUIAaHUS OTBETA JUTSI Pa3HBIX
KaTeropui 3asBOK OTIMYAIOTCS APYT OT Apyra (odepens s 3a1Bok oT THOII nnu ouepens 3as1Bok
OT noJjb3oBarenet IHTepHera).

MMuTaloHHOE MO/JICTIMpOBaHUe paboThl omepaTopa KOHTakT-lieHTpa B cucteme GPSS World
MIO3BOJIMIIO MOJTYYUTh PE3y/IbTaThl, IPEACTaBICHHbIC HA pUCYHKaX 1 1 2.

2| GPSS World - [contact1.2:2 - TABLE WINDOW]
@ File Edit Search View Command Window Help BEE]

Ol =ikl

VREMYA

Mean: 1.165 5.D.: 0.658

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 .8

For Help, press FL Reportis Complete (Clock
€ 4, (2 D e f1Ee 17:15

Pucynok 1 — Pacnipenenenue BpeMeHH 0XuIaHus B ouepean 3a1Bok oT THOII
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& GPSS World - [contact1.3:2 - TABLE WINDOW]

@ File Edit Search View Command Window Help -8 x
D= d =iRALs

CVREM

Mean: 3.194 5.D.: 3.292

2 4 B 8 10 1 14 16" LE]

FFor Help, press F1 Report is Complete, Clock.

74 nycKk | e cessworldstudent . 2 GPSS World - [contac..

Pucynok 2 — Pacnipenienenue BpeMeHu oxxuganust 1uist 3asBoK U3 HTepHer

B pesynbrare MonenupoBaHHS YCTAaHOBIEHO, YTO MaTeMaTHYECKOe OXXKUIAHHE BpPEMEHU
OXKUJAHWS B OdYepead s TeneOHHOTO BBI30Ba cocraBiseT 1,165 MuH., a JuIsi 3asBKH,
nocrynusuiei o ceru Murepuer — 3,194 muH.

Bonee oObekTHMBHAS OICHKA OMpeNneicHHs pabOThI omepaTopa peaim3yeTcs NpPH ydYeTe BCeX
ToKa3aTesiei.

Kak noka3biBaeT npakTHKa, Cpeu MEePEeUUCICHHBIX MOKAa3aTeNeil OCHOBHBIMU SIBJISIFOTCS IIEPBBIE
4eTeipe, 0c0o00e BHUMAHUE MPU ITOM HeoOxoaumo ynensaTh mokazarento FCR [3]. ITokxazarens
FCR xapakrtepusyeT He TOJIbKO pabOTy OTAEIHHOTO ONepaTopa, HO SIBISIETCS MHAUKATOPOM O0IIen
3¢ (HeKTUBHOCTH  pabOThl  KOHTaKT-LIIEHTPa, TOCKOJIbKY TMOKa3blBa€T CTEMEeHb  XOpOIlel
OpPTaHW30BAHHOCTH W YJOBJICTBOPCHHOCTH KimeHTOB. [loBwimeHue mokasarens FCR mpuBoaut k
SKOHOMUU CPEJICTB, COXPAHSIET KJIUEHTOB M YBEITUYUBAET JOXO/IBI.

[Tokazarens FCR ompemensieTcst Kak MPOIEHT IMEPBOHAYAIBHBIX 3BOHKOB OT OOIIETO KOJIMYECTBA
MOCTYNMUBIINX TIEPBOHAYATBHBIX 3BOHKOB. TpPYIHOCTh B ONpPENEIEHHWU JAHHOTO TOKa3aTels
3aKJIIOYAETCSl B TOM, YTO TPYAHO OTJIUYUTH NIEPBOHAYATIBHBINA 3BOHOK OT MOBTOpHOTO. [Ipu ornenke
JAHHOTO MOKa3aTessl He0OXOIMMO YUUTHIBATh TaKHE 0OCTOSATENHCTBA, KAK 3BOHOK OBLI OT OJHOTO U
TOTO K€ KJIIMEHTa, 10 OJHOW MpUYNHE Mepe3BaHNBACT KJIMEHT, 3BOHOK ObLI MOBTOPHBIM B TEUCHHUE
3a/IaHHOTO MPOMEXKYTKA BPEMEHHU.

Anroputm nipu pacuere nokazatens FCR 10mKeH yuduThIBaTh MEPEUUCICHHBIE (PAKTOPHI.

Ecnm nepBbie Tpy OCHOBHBIX TTOKA3aTeIIs 3aBUCAT HE TOJIBKO OT CKOPOCTH pabOTHI omieparopa, HO
M OT TeXHMYECKHUX IMMOKa3aTeJIeil KOHTAaKT-IIEHTPa, W MOTYT OBITh M3MEPEHBI aBTOMATHYECKU, TO
nokazarenb FCR gBisieTcs HE TONBKO KOJWYECTBEHHOM OLIEHKOW, HO M KaUECTBEHHOM, MOCKOJIBKY
OH OTpakaeT TaKhe XapaKTEPUCTUKHU OMEepPaToOpa, KaKk KOMIIETEHTHOCTh U YMEHUE BECTH JTUAJIOT.

VY4yeT KaueCTBEHHBIX TOKa3areliel sBIIIeTCs OoJee CIIOKHBIM, YeM KOJWYeCTBEHHBIX. OleHKa
KaueCTBEHHBIX MOKa3aTelied MPOU3BOJUTCS MPU HEMOCPEACTBEHHOM MPOCTYIIMBAHUU JHAJIIOrOB
orepaTopa ¢ KIMEHTaMH WIH MPOCIYIIMBAHUN 3amuceii. BoIMomHseT JaHHyo paboTy crienuanbHas
rpynmna pabOTHHKOB KOHTaKT-IieHTpa. [lpu 3TOM HeoOXoauMa rpaianus BhICTABISEMBIX OIEHOK H
COCOTBETCTBYIOIIME HOPMEI. [loydeHHBIC MOKa3aTeny MO3BOJSIOT OOBEKTUBHO OIEHUTH padoTy
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OTIepaTOPOB M YYUTHIBATH MX MPU JalibHelIeM o0yueHuu. [Ipu MOHUTOpUHTE pabOTHI OIIEpaTOPOB
VUUTHIBAIOTCS HABBIKK BEJCHUS JHMANIOra, COOMIOJCHUE BCEX IMPOLEIYP, KOMIETCHTHOCTh, YMEHHE
pabotath ¢ 0a3amMu JaHHBIX. B 3TOT mepedeHb KaxIbli KOHTAKT-ICHTP B 3aBUCUMOCTU OT
crenupuKA pabOThl MOXKET BBECTH CBOM HOBBIC ITYHKTHI.

Bce mepeunciieHHBbIC BBINIE IMOKA3aTENM OIPEIESISIOTCS MEHEDKepaMH KOHTAKT — IEHTpa.
CymiecTByeT elme OJUH TO0Ka3areinb paboThl OnepaTropa, a MMEHHO HHIEKC YIOBIECTBOPEHHOCTH
kaueHToB (CSAT). JlaHHbI IOKa3aTedb OMNPEAEISIETCS IMPOBEICHHEM OIPOCOB KIMEHTOB O
KadyecTBe MX oOchmyxuBanus. Kimentam 3agaercst BOpoc 00 X yIOBJIETBOPEHHOCTH OT PabOTHI €
ormeparopoM mo mkaie oT 1 mo 5. Ompenensrorcs BCE KOIUYECTBEHHBIE W KauyeCTBEHHBIC
nmokasarenu paboThl omeparopa KOHTAKT-IEHTPA, KaXKIOMY M3 HHX IPHUCBAWBACTCS BECOBOU
KO3 (DUIIUEHT, U OTpeIeNIIeTCss MHTETpalIbHEIN mokazarens KPI.

Takum o00pa3om, mpU OICHKE KadecTBa PabOTHI OmepaTopa KOHTAKT-IEHTPA JOJDKHBI OBITh
OTIpeJIeJICHbl BCE KOJIHMYECTBEHHBIC W KAayeCTBEHHBbIC MoOKaszareiw. [Ipu 3TOM Bce MOKa3aTelu
JIOJDKHBI  OI[CHMBATHCS KOJIMYECTBEHHO C YCTAHOBICHHBIMH HOpMaMu. KakaoMmy moOKas3arenro
MIPUCBAaUBACTCS BECOBOW KOA(P(UIMEHT, 3aTeM BBIYHCISICTCS WHTETrpajbHas OIEHKA KadyecTBa
paboThI oniepaTopa.
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PA3BBUTUE U COBPEMEHHOE COCTOSAHHUE UCITIOJIb30BAHUSA
MOJ3EMHBIX BOJI FO)KHO-KA3AXCTAHCKOM OBJIACTH

HlammmanuoBa A. A., Amupsies K. 1.

Kazaxckuu nayuonanonvii mexnuueckuul ynueepcumem umenu K.1M. Camnaesa,
Hnemumym apxumexmypol u cmpoumenscmea um. 1.K. bacenosa
Anmamot, Pecnybnuxa Kazaxcman
e-mail: ai.sulu.92@mail.ru

B cmamve npoananusuposanvr damnvie FOxcno-Kazaxcmanckoii obracmu no  UCHOTb308AHUIO
NOO03eMHbIX 800 OCHOBHbIMU ompaciasimu dKkoHomuku 3a 2004-2010 ece. 6 paspese admumucmpamugHvix
obnacmeti, 8000x03aUcmeeHHbIX baccelinos u 8 yerom no FOxcno-Kazaxcmarnckol obnacmu, paccuumarnst
NPOCHO3HbIE GEIUYUHBL UCNOIb308AHUS NOO3eMHBIX 600 Ha 2015 u 2020 ze., ycmanoeieHvl MeHOEHYUU 8
U3MEHeHUU CIMPYKmMYpbl UCNOTIb30BANUSL.

Kntouesvle cnosa: noosemuvle 600bl, XO03AUCMBEHHO-NUMbEBOE B000CHADIICEHUE, NPOU3BOOCMBEHHO-
MexXHUYeCcK020 8000CHAbIICeHUE, B00OCHADIICEHIE CeTbCKO20 XO3AUCMEA.

byn maxanaoa 2004-2010 scorc. apanvizvinoa Oymycmix  Kazaxcman O6nvicbl OOUbIHUA IKOHOMUKA
CananapwbiHOazbl HCepacmol CyLapbiHbIY RAOAIAHBLIYbL HCAULIHOAbL MatiMemmep mandanaaw, 2015 scane
2020 oac.oic. ocepacmul  CYnapvblH  RAUOANAHYObIH  OOANCAMObIK, MOIUepaepl ecenmencer, Naudaiamy
KYPbLIBIMbIHbIY 632epYiH0eci 6acbim OAbimmap aHbIKMAai2aH.

Tipek ce30ep: dcep acmbl Cynapwvi, WAPYAWBLIBIK AYbl3 CYMEH HabDObIKMAy, OHOIPICMIK-MEXHUKANbIK
cymen aHcabObIKmay, aybliuapyaubliblk CyMen #caboblkmay.

Data on use of underground waters by primary branches of economy for 2004-2010 in a cut of
administrative areas, water economic pools and as a whole across the South-Kazakhstan region are
analysed, look-ahead sizes of use of underground waters on 2015 are calculated and 2020, are established
to a tendency in change of structure of use.

Keywords: underground waters, economic and drinking water supply, water supply agriculture, rational

using.

[Tom3emHble BOMBI MPEACTABISAIOT COOOM IIEHHEHIIee TMOJIe3HOE KMCKOMaeMoe, Hrparolee
UCKITIOYUTENILHO BaXXHYIO POJIb B Pa3BUTUH MPOU3BOJUTENBHBIX CUJI CTPAHBI M, 0OCOOCHHO, B KU3HU
moneil. OHM IMHUPOKO HCHONB3YIOTCSA ISl XO3SMCTBEHHO-TTMTHEBOTO BOJOCHA0KECHHSI, OPOIICHHS
CEJIbCKOXO3SMCTBEHHBIX  YIOAMW W BOJOINOA  CKOTa,  MPOM3BOJCTBEHHO-TEXHHYECKOIO
BOJIOCHAOKEHUS, JICYCOHBIX IIeJIeH, H3BJICUCHHUS psfa IICHHBIX KOMIIOHEHTOB, a TakKXke Kak
HCTOYHHK TEIlIa.

PammonansHoe u 3¢Q(eKTUBHOE HCIOIB30BAHUE TOJ3EMHBIX BOJ B OTpacisix 3KoHOMUKH PK
MIPOIUKTOBAHO HEOOXOMMOCTBIO TTEPEOCMBICTICHHUS TIPEKHETO OTHOIIEHHUS K BOJIe. MUPOBOM OMBIT
MOKAa3bIBAET, YTO MJIs CTA0MIBHOTO COIMAlbHO-DKOHOMHYECKOTO, a B TOCJIEIHee BpeMs U
HKOJIOTMYECKOTO Pa3BUTHSA, HEOOXOAWMO BOCCTAHOBUTh M COXPAaHUTh TPUPOAHBIE BOJHBIC
ucTOuHUKU. Bona, 3a0paHHas U3 MCTOYHUKA W JIOCTABIIEHHAs J0 MOTPEOUTENs] B OMpPEEICHHOM
KOJIMYECTBE W KAuecTBE, SBISACTCS HE MPUPOAHBIM pPECypcoM, a ChIphbeM, Ha J0OBIYY U
TPaHCHOPTUPOBKY KOTOPOT'O 3aTPAYC€HO 3HAYMTEILHOE KOJMYECTBO MATEPHATbHBIX, TPYIOBBIX U
(¢uHaHCOBBIX pecypcoB. OOBbEM BOJBI OTPAHWYEH M KaK MPHUPOAHBIA PECypC YSA3BUM K BHEUTHUM
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BO3JICHCTBUSM, UCIOJIH30BAHUE BOJBI JOJDKHO 0a3MpOBATHCS HAa KECTKOM U IIEJICHANPABICHHOM
BOJOCOEpEKCHIH, 00ECIICYMBAIOIIEM €€ TTOCTOSTHHOE BOCTIPOM3BOCTBO.

[Tox parmonanbHBIM U 3 (HEKTHBHBIM HUCIIOJIF30BAHUEM IMOI3EMHBIX BOJI B OTPACISAX SKOHOMUKHU
HaMU TOHUMAETCSI METOJI BOJIOTIOJIB30BAHUS BKIIOUAIONINN HIMPOKUN KOMIUIEKC TEXHUYECKHX,
OpraHMU3aIIOHHO- SKOHOMHUYECKUX, IOPUIMYECKUX U BOCHUTATEIBHBIX MEp, HAIPABIEHHBIX Ha
JOCTUKEHHE BBICOKHX IKOJIOT0-DKOHOMUYECKUX PEe3yIbTaTOB IIPH HAMMEHBIIUX 3aTpaTax .

Panmonansnoe u 3¢ (deKTUBHOE HCIOJIb30BAHUE TMOA3EMHBIX BOJ B OTpacisx skoHomuku PK
ABJIAETCS OOBEKTUBHON 3aKOHOMEPHOCTBIO B YCIIOBUSAX YCTOMUMBOIO pa3BUTUS SKOHOMHUKH. OHO
MO3BOJISIET, COXpaHssi OKPYXAIOLIYI0 Cpeay, YIOBJIETBOPATH BO3PACTAIONIME COLHAIbHBIE U
YKOHOMHYECKHE TOTPeOHOCTH OOIIECTBA, HE CHIIKAs TEMIIOB SKOHOMHYECKOTO POCTa HAa OCHOBE
BHEIPECHUS B TMPOM3BOJACTBO pecypcocOeperaromux ©  Oojiee  YHCTBIX  MPOHU3BOJICTB,
COBEPILIEHCTBOBAHUS YIPABJICHUS BOJIONIOJIB30BAHUEM U OXPAHOU MOJ3EMHBIX BOJI.

B Kazaxctane BBISBICHBI 3HAYUTENBbHBIE E€CTECTBEHHBIE 3allachl M PECYpChl, a TaKkKe
MIPOTHO3HBIE PETHOHANBHBIE OSKCIUTyaTAllMOHHBIE BO3MOKHOCTH TPECHBIX U  ClIabOMHHE-
paIM30BaHHBIX TOJ3EMHBIX BOJ. 3HAYUTENbHAS YaCTh UX MOATBEPIK/ICHA Pa3BEIOUYHBIMH PabOTaMU
U yTBEPKJIEHA COOTBETCTBYIOIIMMU TOCYIaPCTBEHHBIMU OPTaHAMHU.

OnHu npeaHa3HaueHBI U1 UCIOJIb30BAaHUS B HECKOJBKUX HAIMPABICHUSAX, B YaCTHOCTHU: a) I
X035MCTBEHHO-TIUTHEBOTO  BOJOCHAOKEHUSI TOPOAOB, PAMIEHTPOB, IIOCEJIKOB,  CEIbCKUX
HACCJICHHBIX ITYHKTOB, MPOMBINUICHHBIX M CEIIbCKOXO3SHCTBECHHBIX OOBEKTOB; 0) B KauyeCTBE
OaTbHEOJIOTUYECKUX (JICUCOHBIX ) ICTOYHUKOB | JIJISI OOBOIHEHUS TaCTOMIII.

Hcnonb30BaHre MOA3EMHBIX BOJ B TIOCICIHHE TOJbI B PA3IMYHBIX OTPACISIX SKOHOMHUKH
pecnyOIMKN W JUIsl COLIMATbHBIX HYKJ HACEJeHHs 3aMETHO COKpaTuiock. Tak, eciau B 1989 r.
o0IIHI1 BOIOOTOOP M pacXOJOBAaHHUE MX PECYPCOB COCTABUIIU B cpelHeM 76,8 M/c, T0 B 1995 1. oHH
COKpaTHJIMCh 10 55 M3/C, B 2000 r. — 10 46 M3/C, B 2007 r. — mo 35,3 M3/C, aB 2010 r. cocraBmi 40,1
M/c.

B nHacrosiee BpeMst HCTOUHUKAMU X035HCTBEHHO-TTUThEBOTO BojocHa0xeHust B PK sBisiroTcs, B
OCHOBHOM, Moja3eMHble Bonbl (51% wucnonb3oBanus B oOmem OanaHce Bopomnorpedsenus). [lo
JaHHBIM WH(POPMAIMOHHO-aHATMTUYECKOTO IeHTpa KoMuTeTa TI'eoJOrMu W HEIPOIOJb30BaHUS
MUHT PK, Bcero B Pecnyonuke Kazaxcran na 01.01.2010r. pa3zsenano 1460 mecTopoXIeHHIH,
Y4aCTKOB MECTOPOXACHHM, BOJ03a00pOB MOA3eMHBIX BoJ C yrBepxkaeHHbIMH B ['K3 u TK3
3anacamu. M3 Hux, MuHepanbHbIX — 70, IpecHbIX U cnaboconoHoBaThix — 1390.

[To maHHBIM MEXPETHOHANBHBIX JAemapTaMeHTOB KoMHUTeTa Treosorn U HepOnoIb30BaHUs s
XO03SIICTBEHHO-TTUTHEBOTO  BOJOCHAOKeHust wucnonb3dyercs ot 10,84 % mom3eMHBIX BOA B
Axmommuckor 10 99,7 % B AkTioOOMHCKOH oOnacTax. B 2010 r. miIst X03sHCTBEHHO-ITUTHEBOTO
BojmocHaOkenuss B PK wmcmomb3oBaock 49 % TOBEpXHOCTHBIX BOJ OT o0miero Oaianca
X035 CTBEHHO-TTUTHEBOTO BOIOCHAOKECHHS.

OO6mrast BeTM4MHA TPOTHO3HBIX PECYPCOB MOJ3EMHBIX BOJI OacceifHa Mo pe3ysibTaTaM pacueToB
COCTaBJISIET, TLIC.M3/cyT (MJ‘IH.M3/1"021)Z 24929,90 (9099,4), u3z nwux mo HOxno-Kazaxcranckou
obmactu — 8978,90 (3277,3), no Kensmopaunckonr obmactu — 15950,96 (5822,1). 3a orueTHbIN
NepuoJl IKCIUIyaTHPOBAIUCh W3 MpOrHO3HbIX 3amacoB mno FOKO 203,50 (74,2768), mno
Ke3suopauuckoii — 55,28 (20,177).

[IporHo3HbIe pecypchl MOA3EMHBIX BOJ Ha TEPPUTOPUU OacceliHa pachpeesieHbl JOCTaTOYHO
paBHOMepHO. bosbias 4acTh pecypcoB MPEeCHBIX TOA3EMHBIX BOJI COCPEIOTOUCHA B F0XKHOM U FOTO-
BOCTOYHOM 30HaX OacceifHa, Iie pacrmojiaraeTcsi OCHOBHas 00JacTh MX MUTaHUs. B HampaBieHun K
LEHTPAJIbHBIM U CEeBEepO-3amaJHbIM paifoHaM ChIpIapbHHCKOW BIAJAWHBI MPOUCXOAUT TMOBBIIICHUE
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MUHEpAU3allid TMOJ3EMHBIX BOJ, U OHHU CTAHOBSATCS HEMPUTOAHBIMHU JJISI MHUTHEBOTO
BOJOCHAOXEHUs. Boabpl CpaBHUTEIHHO HEBBICOKONH MHHEpAIM3alUK 37eCh BCTPEUAIOTCS B
npubOpexxHoit 30He peku CeIpaapbs Ha HEOONBIIMX YYaCTKOB IIECYAHBIX MACCHBOB B BHJIE
OTJENbHBIX JIMH3. HU3Kk0e HHPUIETPAIIMOHHOE TMTAHKUE MTOJ3EMHBIX BOJ U cllabasi 00BOJHEHHOCTh
nopoa Boctounoro [Ipuapanss co3naer 31ech OCTpbIN Ae(PUIUT BOA MUTHEBOTO KaueCTBa.

Ha paccmarpuBaeMoii TeppUTOpHM pa3BEIaHO W YTBEPXKACHO OKOJO 60 MeCTOpOKICHHI
MOJ3EMHBIX BOJI C CYMMapHOH BEIMUYMHOM OSKCIUIyaTallUOHHBIX 3alacoB IO CyMME KaTeropuit
A+B+C1+Cy 4366,67 TLIC.M3/cyT (1593.8 MJIH.M3/FO,I[). U3 vux B IOx)H0-Ka3axcranckoil odimactu
34 (5 munBOAbI) ¢ 3anacamu 2430,78 TLIC.MS/CYT (887,235 wmuiH. M/rox), 1o Kb3putopinuckoit
oGmacti 26 MecTopoxaeHHi ¢ 3amacamu 1374,05 teic. MY/cyt (501,4 MmH.M>/rox). 3a oT4eTHBII
nepuoa skcrutyarupoBaiuck no FOKO 27 wmecropoxnenuit ¢ 3amacamu 219,292 TBIC.M3/CYT
(80,0447 muH. M/rox), 1o Keputopnuuckoit -15 ¢ 3amacamu 65,69TBIC.M3/CyT (23,979munH.
M3/FO,£[).

Hamu coOpanbl U mpoaHalIu3upOBaHbl JaHHBIC 1O 3a00py U KCIOJIB30BAHUIO MOJ3EMHBIX BOJ
OCHOBHBIMH OTpacisIMH SKOHOMHUKH (1m0 Qopme 2-TIT) 3a 2004-2010 rr. B pa3pese
aJIMMHHUCTPATUBHBIX oO0NacTel, BOJOXO3SHUCTBEHHBIX OacceiHOB U B wHenom 1o HOxHO-
Kazaxcranckoii 061acT, KpoMe 3TOr0, pacCUMTaHbl OKUAeMble IPOTHO3HBIE BeIUYUHBI (Ha 2015
u 2020 rr.) 3a00pa ¥ UCIOIb30BAHUS MTOA3EMHBIX BOJ|, IOCTPOEHBI TUCTOIPAMMBbl U3MEHEHHUS ITUX
BEJIMYMH 10 T'OJIaM, PAacCUYUTaHbl KOA(D(UIMEHTHI UX POCTa MO OTPACISIM SKOHOMHKHU 33 TIEPHOJ
20052010 rr., 2010-2015 rr. m 2015-2020 T1r., YCTaHOBJIEHO COOTHOIICHHWE BEIUYHUH
WCIOJIb30BAaHUS TOJ3EMHBIX BOJI HAa pa3lIMYHbIE HYXKIbI B 0O0mIeM OalaHCe BOAOMOTPEOJICHUS
(ctpykTypa ucnonb3oBanus B %) B paspeze 2004, 2005, 2007, 2008, 2010 u 2015, 2020 rr.
(mporHo3Has).

PaccmoTpeHo wucmonb30BaHHWE TOA3€MHBIX BOJA MO CJIEAYIOMIMM OTPACIsIM SKOHOMHKHU:
XO3SIICTBEHHO-TIUTHEBOE ~ BOJIOCHAOXEHHE, IPOU3BOJICTBEHHO-TEXHHMUECKOE BOJOCHAOKEHUE;
BOJI0O0ECTICYeHNE CEIIbCKOTO XO03sHCTBA, BKITIOYAIOIIEe peryisipHoe OpOIIeHHE,
CeJIbX03BO/I0CHA0KEeHNE, OOBOJHEHHE MAacTOMIL; MPOYHUE HYXKIbl — MPYIOBOPHIOHOE XO3SICTBO,
TIOJIUB 3€JICHBIX HACAXJICHU, HAMOJHEHUE HAIMBHBIX BOJIOXPAHIIIUII, MOICPKAHNUE IIACTOBOTO
JIABJICHUS B HAITIOPHBIX BOJIOHOCHBIX TOPU30HTAX.

B Tabnuiie m Ha pUCYHKE MPHUBOJATCS AAaHHBIE MO CTPYKTYpe U AMHAMHKE HCIOJB30BaHUS
MOJI3EMHBIX BOJ] OTpacisiMu 3KOHOMUKH 0 FOxkHO-KazaxcTaHckoit o6macT.

AHanu3 NpuBeIECHHBIX TaHHBIX MOKA3bIBACT CIEIYIOIIEE:

Xozalicmeenno-numvegoe  6000cHabdiceHue.  VIcmionb3oBaHWE  TMOA3EMHBIX  BOJ IS
XO03AMCTBEHHO-IIUTHLEBOI'O BOAOCHAOXeHUs B 1ejoM 1o FOxkHo-Kaszaxcranckoii o0nact, HaunHas ¢
2007 r., mocTtosiHHO yBenuuuBaercs. Tak, ecau B mepuon 2005-2007r.r. oHO Konebamoch B
npenenax 40130,2— 31649,6 muH. M3/1"021, to B 2010 1. BBIpOCITO 10 31649,6 MJ'IH.MS, B 2015 r.
MPOTHO3UpYyeTCs  ucnoib3oBath  420,5 MJ'IH.MS, a B 2020 r. - 618, MITH.M".

Koaddumment pocra stoit Bemnunab coctasui 0,79 3a nepuon 2005-2010rr., 32 2010-2015r.T.
nporuo3upyercst ero ysenuuenue B 1,33, u B 2020 r. — B 1,47 paza, ero BeIMYMHA JOCTUTHET
61815,2 ThIC.M .

IIpoussoocmeenno-mexnuueckoe 600ocHabcenue. BemuunHa MCHOIb30BAHUS MOA3EMHBIX BOJ
Ha TIPOU3BOJCTBEHHBIE HYXAbl, HaumHas c 20006r., B CBA3M C POCTOM THPOMBIIUICHHOTO
MPOU3BOJCTBA TaK)Ke MOCTOSTHHO yBennuuBaeTca. B 2005 r. ona cocrasisiia 158,4ma.M°, K KOHILY
2010 r. yBenuuuiach 10 293,8 mie.M, B 2015 . MPOTHO3UPYETCS UCIOJIB30BATh 10 486,5 MITH. M3,
a B 2020 T. — 10 700,2 MimH.M.
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Tabmuma — CTpykTypa W AMHAMHUKA HMCIOJIB30BAaHUHM TOJI3EMHBIX BOJ 1o FOxHo-Kazaxcranckoit
obactu

Ne | Bumsl 2005 r. 2010 . 2015 r. (mporHO3) 2020 r. mporao3)
I | UICOOJb30BaHUA TBIC.M® % TBIC.M® % TBIC.M® % TBIC.M® %
1 | XOBMHCTBEHHO- | yn1a99 | 989 |316496 | 21.8 | 420506 | 205 | 618152 | 216

TUTBEBBIC HYX/bI

2 IIpousBoact-

15847,8 11,4 |29386,2 | 20,3 | 48650,6 | 23,8 | 70027,4 24,4
BEHHBIE HYKIbI

Cenbckoe

3 | Xo034HCTBO, 82156,0 59,1 |832415 | 57,4 | 113988,6 | 55,7 | 153724,1 | 53,6
B TOM YHCIIE:
PeryspHoe 56,0 0 18,6 0 24.6 0 35,3 0
OpOIIEHHE
Cemvxo3soz0- 63200,0 | 454 |64907,9 | 44,7 | 913054 | 44,6 | 124507,4 | 43,4
cHabKeHue
O0BogHEHNE 18900,0 13,6 |18315,0 | 12,6 | 22658,6 | 11,1 | 291815 10,2
nacTOmIIL
[Ipoune Hy) b1 938,1 0,7 172,2 0,5 0 0 1069,5 0,4
Bcero: 139072,1 | 100,0 |145049,6 | 100,0 | 204689,8 | 100,0 | 286636,2 | 100,0

100000
80000
60000
40000
20000

82156,0 83241,5

2005~ 2010~ 2015~ 2020 r

B X03.MIThEBBIC, THIC.M3
— [Ipon3BOICTBEHHBIE HYK/BI THIC.M3
1 CenbCKOe X03HUCTBO, THIC.M3

Pucynok — Mcnonbs30BaHue MOJ3EMHBIX BOJ OTPACISIMH SKOHOMHKHU
o IOxuo0-Kasaxcrauckoii ooimact

KoaddunmeHnT pocta UCONB30BaHUS MOA3EMHBIX BOJ B 3TOM OTpacid SKOHOMUKH COCTABUII 32
nepuop 2005-2010rr. 1,85, 3a 2010-2015rr. mporno3upyercs ero yBenuueHue ao 1,66, a B 2020r.
B 1,44 pa3za.
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Booocnaboicenue  cenvckozo  xo3saiicmaa. Ucnons3oBanne  MOA3EMHBIX  BOA B
CEJIbCKOXO3SIICTBEHHON OTPAc/Ii SKOHOMHUKHU PECIYOJIMKH B IIEJIOM YBEJIMYUBAECTCS rOJ OT rofa B
CBA3M C  MHTCHCUBHBIM  Da3BUTHEM €€  COCTaBISIOIIMX:  PEryJspHOTO  OPOLICHUS,
CeNbX03BOIOCHAOKEHUs, 00BogHeHHs mnactOum. IlporHosumpyercss yBenuueHue Kod(p@uipeHTta
pOCTa UCIOJIB30BaHUS TIOJI3EMHBIX BOJI IO OTpaciu B 1ejaom a0 1,37 3a mepuoxn 20102015 rr., T.e.
Ha 37 %, B 2020 1. oH coctaBuT 1,35, T.€. UCMOAB30BaHKE MOA3EMHBIX BOJI yBeauuutcs 3a 2015—
2020 rr. eme Ha 35% u coctaBut 153724,1 MITH.M.

C yBenuyeHHeM IUIOLIAJM OPOIIAEMBIX MACCHBOB 3HAUUTENIBHO YBEIMUYMBAETCA U BEJIMYMHA
WCIOJIb30BaHUS TIOJJ3€MHBIX BOJI JIJISl TTOJIMBA CENbXO3KYnbTyp. Tak, ecnu 3a mepuon 2005—-2008rr.
KCIIO0JIb30BaHUE COKpaTWioch oT 12,9 no 8,2 muH. M3/FOI[, B 2010r. HaOM01aeTCsl €ro yBEIHMUCHUE
g0 11,1 MiH. M3, a B 2015-2020rr. — g0 12,4-13,5 MITH.M . [Totepu Bombl, koTopsie B 2004—2007rT.
kosnebanuch ot 10,9 1o 6,2% ot 3abopa, B 2010r. cocrasuiu 4,5 %, B 2015r. oxunatores — 3,8 %, B
2020r. - 2,3 %.

Hcnonb30BaHue MOA3EeMHBIX BOJI JUIS BOJOCHA0KEHUS CEIbCKUX HACENIEHHBIX MYHKTOB B MEPUO/T
¢ 2004 mo 2008 rr. mocrostHHO yBenuuuBaiaoch (ot 155,3 mo 180,6 muH. M. K koHuy 2010r., B
CBS3M CO 3HAUMUTEIBHOW MHUTpalMell CeNbCKOro HaceleHuss B TOopoJa U yXYALICHUEM
CeJIbX03BOI0CHA0KEHUS, MPOU30IILIO yMEHbIIeHHe BogonoTpednenus oT 180,6 mo 170,6 muH. M3,
Ho Kk 2015 1. mnporHo3upyercs yBEIWYEHHWE HCIOJIb30BAHMS TOJ3EMHBIX BOJ IS
cenbpXx03BogocHadkenus no 82156,0 MJIH.M3, a k 2020 1. — no 153724,1 muH.M. [Totepu BoOJIBI
3/1ech OCTOsIHHBIE U Kosebores ot 0,7 1o 1,2 % ot 3a6opa BOJbI.

BenuunHa MConp30BaHUs MOA3EMHBIX BOJ JUIs 00BoaHEHUs mactOuny B nepuoa 2004—2008 rr.
Kosnebazach HE3HAUYMTEILHO M cocTaBiassia or 51,4 mo 54,9 MiH. M3/1"0I[. K konmy 2010 r.
HabroAaeTcst BOJONOTpeOIeHNe A ATUX 1IeJIei Ha TOM ke ypoBHe — 54,4 maa.m>. Ho x 2015 1., B
CBSI3M C MHTEHCHU(]UKAIMEH XKUBOTHOBOJAUECKON OTpaciay CEIbCKOTO XO34iCTBa U 3HAYUTEIHHBIM
pPOCTOM TOTOJIOBBSl CKOTa, MPOTHO3UPYETCS YBEIWYEHUE MCIOJIb30BaHUS MOJI3EMHBIX BOJ JIS
o0BogHeHus nactoum go 69,6 MJ'IH.M3, a x 2020 r. — mo 88,9 MITH.M. [ToTepu BoOmBI 311€ECH
He3HauMuTeNbHbIe U He npeBbimaioT 0,2—0,4% ot 3a0opa.

CooTHoOIIIeHHE BETWYMH HCIOJb30BAaHUSI TOA3EMHBIX BOJ| Ha pa3MYHBIE HYXIBI B OOIIEM
roJJOBOM OayiaHce BOJOMOTpeOIeHUs] (CTPYKTypa HMCIOJB30BaHHS) B MPOLEHTHOM OTHOIIEHUHU
MIOCTOSIHHO Ha MpoTsbkeHuu psijaa jet (¢ 2004 mo 2010 rr.). HanGomnbiiee KOIMUECTBO MOA3EMHBIX
BOJI UCTIONB3YeTCs JJIsi XO3iCTBEHHO-MIUTHEBOTO BOJOCHA0OXeHUs TopoaoB (53,6-21,8 %), nanee
CIIEAYIOT TPOU3BOJCTBEHHO-TeXHHYecKoe BopocHaOxkenue (11,4-57,4 %) u BomooGecmneueHue
CEeNIbCKUX HACEJNICHHBIX MYyHKTOB (44,7454 %). B 3HaunTeNbHO MEHBIIUX O0BEMax MOJ3EMHbIE
BOJIbI UCIOJIB3YIOTCA JUIs1 00BOJHEHUS nacToul (6,4—7,9 %), Ha npoune HyX bl (IPy10BO-PHIOHOE
XO3SICTBO, TIOJIMB 3€JICHBIX HaCAKICHUM, HAITOJHECHUE HATMBHBIX BOJOXPAHMWIUII U T.I. — 7,5-9,3
%) n nns perymspaoro opomenus (1,0-1,7 %). M3 obmero BogonoTpeOaeHUs MOA3EMHBIX BOJI
OTpaciasiMd JKOHOMHKH Ha CEJIhCKOE XO3SMCTBO B IenoMm mnpuxomutcs oT 38 mo 41 %. B
nepcnektuBe (2015-2020 1T.), B CBSI3M ¢ OOIMKM YBEIMYECHHEM HCIOIB30BAHUS TMOJ3EMHBIX BOJI
OTpaciasiMA 3KOHOMHUKHU, MPOTHO3UPYETCS YBEIMUYEHUE JOJIU MX MCIOJIb30BAaHUSI Ha XO3.NHUTHEBBIC
HYXIbI (10 22 %) u ans BogocHAOKEHUsI CENbCKUX HACEJIeHHBIX MyHKTOB (110 43,4 %). Hemuoro
YMEHBIIIUTCS OISl UX MCIOIh30BAaHUS HA MMPOU3BOJCTBEHHO-TEXHIUUECKHUE HYKIBI (10 24,4%).

B 3akitouenue cieyer OTMETUTb, UTO BBITIOJHEHHBIN aHAIN3 UCTIOIb30BaHUS TIOJI3EMHBIX BOJ B
otpacisx skoHoMHKH FOxxkHO-KazaxcTanckoit  oOjmacTh  TMO3BOJIsIET  JaTh
MIPOTHO3HBIC OIICHKM Ha Onrkaimnyro mepcrekTuBy. [Ipexne Bcero, 3p¢GeKTHBHOCTH MpPOrHO3a
3aBHCHUT OT €ro KayecTBa, KOTOPOE B CBOI ouepeib, U3MEPSAETCS PAIOM MapaMeTpoB, B TOM YHUCIIE
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TOYHOCTBIO. JIJIsl IpeIBapUTENBHON OIIEHKH KadecTBa MPOTHO3a OMPENEISIIOT €ro JOCTOBEPHOCTD,
TO €CTh CTENEHb BEPOSTHOCTH €r0 OCYIICCTBICHUS M JOBEPHUTEIbHBIC MHTEPBAJIbI, B TPAaHUIIAX
KOTOphIX (opmupyercss mporHo3. B koHeuHoMm cuete, 3()PEKTUBHOCTh BOIOXO3HCTBEHHBIX
MIPOTHO30B OIPEAEISAETCS B OCHOBHOM TOYHOCTHIO METOJIOB MMPOTHO3UPOBAHUS, TOCTOBEPHOCTHIO H
MOJTHOTOW MCXOJHON M 0OpabaTeiBaeMoii HH(pOpMAIH, a TAaK)Ke HaBBIKAMH B pabOTe MPOTHO3KCTA
Y TIPUMCHSIEMBIX BBIYHCIHTEIBHBIX CPEICTB.

JIuteparypa:

1. Axmencadun Y.M., xabaco M.X., Kypmanranues P.M. u ap. PerrnonansHele pecypchl MOA3eMHBIX
Box Kazaxcrana. Anma-Ata: Hayka, 1983. — 176 c.

2. Bonmnsle pecypenl Kazaxcrana B HoBoM TheIcstueneTrn. O630p. — Anmarsr: [IPOOH, 2004. — 132 c.

3. OxpaHa OKpyxaroliel cpeabl M ycroiunBoe passuthe Kaszaxcrana. CTaTUCTHYECKUIl COOpPHUK. —
Acrtana, 2009. — 134 c.

4. Bopnsle pecypcesl Kazaxcrana. CnpaBounuk. — Anmatsel: Feuteim, 2002. — 595 c.
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1. Xypuan «Mzectuss HTO «Kaxak» myOguKyeT HamucaHHBIE Ha PYCCKOM, Ka3aXxCKOM,
AQHTTIMICKOM U KOPEHCKOM SI3bIKaX OpPUTHHAIBHBIE CTAaThU, 0030phl. JKypHall jgaeT MHOpMAIIHIO,
CBSI3aHHYIO C JIeATEIbHOCTHIO 0OIECTRA.

2. B opurHHambHBIX CTAThSIX MOTYT PAacCMAaTPUBATHCS PE3YIbTAThl KaK TEOPETUUYECKUX, TAK U
npuknaaaeix HAP.

3. ABTOpBI, Kenawliue OnyO0lIuKoBaTh OO30pPHYIO CTaThl0, JOJDKHBI IPEIBAPUTEIBHO
COIJIacOBaTh €€ TEMAaTHKYy, MPEJICTaBUB aHHOTauUWI0 Ha 1-2 cTp. B 0030pax ciemyer ocBemarh
TEMBI, IPEJCTABIIAIONINE JOCTATOYHO OOIIMUNA MHTEpPEC MO BHIOPAHHOW TEeMAaTUKE WU OTpaXkarollue
KaKoOM-1100 Ba)KHBINM acTeKT MPUMEHEHHUS B IPOMBIIIJICHHOCTH, CEIbCKOM XO0341iCTBE, MEIUIIMHE U
T.1. Jlomyckaercs 000011eHne pe3yIbTaTOB MHOTOJIETHUX UCCIIEIOBaHUN HAYYHBIX KOJUIEKTHBOB.

4, OOwveM cratbu He Ja0bKeH mnpeBbimath 10 crpanun ¢opmara A4. CraThs T0JDKHA
HAYMHATBCS C BBEACHHA. B HEM JOKHBI OBITh JaHB: COJAEp)KaTelIbHAas TOCTaHOBKA
paccMaTpuBaeMoro B CTaThe BOIIPOCA, KPATKUE CBEJEHUS 10 €r0 UCTOPUH, OTIMYUE MpeasiaracMoi
3a/layd  OT YK€ W3BECTHBIX, WM MPEUMYIIECTBO H3J1araéMoro METOJa II0 CPABHEHUIO C
cymectByromuM. (OCHOBHasT 4YacTh CTaThu JIOJDKHA coAepKaTh (OPMYJIUPOBKY 3ajaud U
IpejiaraéMblii METOJ] €€ PelIeHus], 3aKIIOUUTENbHAs YacTh — KPAaTKoe 0OCYXKIEHUE MOTYYEHHBIX
pE3yNIbTaTOB U, €CIIM BO3MOXKHO, MPUMEP, HUTFOCTPUPYIONUH WX 3P(PEKTUBHOCTH U CIOCOOBI
MIPUMEHEHUS.

5. Bce crartbu npoxoasaT UMEHHOE pelieH3UPOBAHHUE.

6. ABTOPBI MOTYT TMPEICTAaBUTH JJCKTPOHHYIO BEPCHIO CBOCW CTaThbH 10  aJpecy:
izv.ntokaxak@mail.ru

TpedoBanus k opopmiIeHHI0 pyKonHCei

CTaThy NPENCTABISIOTCSA B 3JCKTPOHHOM BHJE B TekcToBOM penakrope Word 97, dopmyisi
HaOuparoTes ¢ momorpio peaakropa MS Equation 3.0 (2.0) ui Chem Draw.

Ipudt Times New Roman 12 pt. Mexctpounslii uHTepBai oauHaphbiid. [Tomns: Bepxuee — 2.0
cM, HIkHee — 2.0 cM, teBoe — 2 oM, nipaBoe — 2.0 cMm. AO3arl — kpacHas ctpoka — 0,5 cm.

TekcT cTaThu HOKEH HAUNHATBCS € YKa3aHUSA:
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HUdIce TIPUBOJIATCS:

- Ha3BaHMe cTaThy (MpONUCHbIE OYKBBI, (POpMATHPOBAHKE I10 LIEHTPY),

- (haMUIIMK ¥ MHUIMATIBI @BTOPOB (TIPOIMCHBIE/CBETIIbIE, (POpPMAaTUPOBaHUE N0 LIEHTPY),

- Ha3BaHWE OPTaHMU3aINU U €€ MECTOHAXOXICHUE,

- e-mail aBTOpOB

- aHHOTALlUH, COJIEPKAIIME HE MEHEE S-7 MPETTOKEHUN

- KJIIOYEBBIE CJI0BA, 00ECTIEYMBAIOIIUE ITOJIHOE PACKPBITUE COIEPKAHMS CTAaThU (5 CIIOB),

- TEKCT CTaThH,

- CITUCOK JIUTEPATYpHI,

- ®.1.0. aBTOpOB, HA3BaHUE CTATHH, PE3IOME, KIFOUEBHIE CJIOBA HA TPEX sI3bIKaX (Ha Ka3aXCKOM,
AHTJIMICKOM U PYCCKOM).

Pucynku nomKHBI OBITH HpPEICTaBICHBI B OTAENbHOM (aiine. PucyHku, TaOmUIBI B TEKCTe
JOJDKHBI UMETh 3ar0JIOBKH, Ha KaXKIYIO TaOJIUIy B TEKCTE JOJDKHA OBITH CCBUIKA.

Crarbs npencrasisercs B doc mim docx ¢opmare, a Takke uaeHrnynas konus B pdf gopmare,
Ha DIJIEKTPOHHBIA ajapec >KypHala, B OTACIBHBIX (Qaiylax IyONupyIOTCS PHCYHKH, TaOIHUIHI,
rpaduKu, CXEMBl, a TaKKe MPUBOAATCS CBEICHUS 00 aBTOpax (dhamuius, UMs, OTYECTBO, yUeHas
CTEICHbB, IOJDKHOCTh U 3BAHUE, CITY>)KEOHBIN aJipec, MeCTO paboThI M TeeOHBI JIJIsI CBA3M).

CcplIKM Ha JIMTEpaTypHbIE HCTOYHMKM B TEKCTE€ INPUBOJATCS B KBAJPaTHBIX CKOOKax.
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«bubnuorpaduueckast 3anmch. bubnuorpapuueckoe omucanue: obmMe TpeOOBaHUS M IpaBHIIA
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