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NEITI'Y®TOP

AHbBaHaU HEK acT, K1 xamacoia Jorumroxu muwumn ToqukucToH «Xadran uimm»-
po 60 Oapry3zopuun KoHpepeHcusn uaMi-Ha3apusSBUU XallaTH YCTOJOHY KOPMaHIOH,
JIOKTOPAHTOHY ACMUPAHTOH Ba MAarWCTPXOBY MOHUIMTYYEH Tawiwil MeKyHan. H magupan
HEK Jap JaBpaW COXUOMCTUKJIOIMHM KHUIIBAPHU a3W3aMOH IIYKyXy IIaXOMaTH To3a Kach
Kapaa, Jap OH CaHAaxXOM MYXUMMH TabpUXMPO 4YallH Merupada. [ap wH 3aMuHA
KOoHpepeHcusin wumcoila 0a «25-comarmm  Mcruxymonuaru  gaBiatun  Yymxypuwu
TouukrcTOH» OaxImaa MemaBa.

Boxkean, McTukionusaru qaBnati Oy3yprrapyuH JacTOBap.l BA OPMOHHM MIJIIUECT, KU
MO — TOYMKOH Oabj a3 YaHAWH cajcoiaxo 06a oH Howna ramreM. Yu TaBpe Acocry3opu
cynxy Baxgatu M, [lemBou musiar, Ipesunentu Yymxypun Touukucron, Myxrapam
Omomanit Paxmon Ttabkun Hamypaadn: «MCTHKIOAMAT HUIIOHAW XYBHST Ba 030/,
npTHXOp Ba HOMYC, PaAM3H CA0JaT Ba MAPTH 0AKOM MIJIJIATH COXHOMXTHEPY COXMOAABIATH
TOYUK MeGomam». XycycaH, 1ap acpu OapXypau TaMaJJayHXOBY YaXOHHUIIIABUM AP3HIIXO
Max3 XaJKUAT Ba MUJUIATE METAaBOHAJ a3 MYKaJIacoTy ap3WIIXOW MWUIMH XyJ XUMOST
KyHaJl, Ki 02 ICTUKJIOJIUSTH IaBiaTh AacT épraacty map maiu xud3y mocaopuu OH YU3epO
naper Hamemopan. Max3 Hcrtuxinonusaru naBiaTéd MMKOHUAT MEOUXald, KU MIJUIAT
JIACTOBAPAXOU MOJIMBY MabHAaBHM XyJIpo Oapou Oaxow Xym uctudoaa HaMoOsI Ba Aap
Oapobapu 3x&m Oy3yproHu rysaiira HOMHU XyJIpO Jap Tabpux 00 Kamonu udtuxop cadT
cozas.

Nmpy3 Mo pap apadau 25-ymun conrapau MCTUKIOMUSTH TaBiIaTi Kapop JOPEM.
Hap un 25 con TouMKUCTOH MapXWIaxou Cy3aHIaBy CO3aHIAaepo a3 cap ry3apoHu Ba 0o
cabplo Tayiom Ba TamabOycy uOtukopu IlemBou mMusinat 6a uctukpopu cyinxy Baxmatu
MWUTA HOWI TallT Ba a3 BapTaW MAapElIOHIIABUIO HECTHA Oa cynxy mrykydo#n pacua, 0a
TryHae K UMPy3 00 Machaaary30puxou MyXTajaudy NeIHUX0IN POXH XaJIX0M MyHOCHO 1ap
Oaitnu xama kumiBapxou Cosmonn Musanun MyTTaxuj 4oilu Hazappacy HaMOEHPO HILFOJI
MeHaMosT. Ba mMmpy3 60 udtuxop MeTtaBoH MH 25 coynpo 25 COMM COXTaHXO, 25 COIHu
JIAaCTOBAPAX0, 25 coiii 6aXxaMOMX0 Ba 25 COM 3XEU ap3UIIXOU MIJLTA HOMUI.

Jouumroxu MWUTHN TOYUKUCTOH, XaM4yH Oy3yprrapuH JOHUIITOXH YYMXYpH J1ap
25 comu HMcTukion xaMmenia MaBpUau TaBaqy4yXd XyKymaTu KumBap, 06a Bumxka CapBapu
dap3onan oH, IlemBom MWUIAT Kapop MAOIITaacT. XaMHH acT, KU Jap COJIXOH
Uctuxnomust 6a JJOHUITOXHW MIUUIA CTAaTyCH MAaKTaOW OJIMM XYyAMYXTOP Ba XyAHIOpau
JaBJIATHA 1oj1a myaa, 6a srona JJoHUmroxu Muumiu TOYUKUCTOH TaOAMIIA HOM Kap/.

Hap Tynu 25 conu COXUOUCTUKIIONNU YyMXypUU Max0y0aMoH [JOHUIITOXU MUJUIUU
ToyukncTon Hadakat Aap TABIMMH KaJAPXOW OaJaHIUXTHCOCY MapyaMOapaopu MHUILIAT,
O0anku Jap caMTHU CaMapaHOKWU WIMHA SKEe a3 MyacCHCaxoW Tembap Ba Oy3ypru WIMHHA
KumBap Maxcyo €Edra, macroBapaxo Ba HUXTHPOOTY HABIOHHMXOW JIOHHUIIMAHIIOHY
9YOJIKOPOHHU WH JAaprox Myappudrapy WiIMH TOYUK Jap Xopudy a3 KumBap meboman. ba
9pTUPOGU KOPIMMUHOCOH 3uéna a3 40 mapcaau macTOBApAXOW WIMM Iap caTXd YyMXypi
Max3 0a JJoHummroxu Muuu TOYHMKHUCTOH POCT MEOSI.

Koundepencusn nnmit-nazapusisii a3 20-ymu anpen oro3 épra, To 27-yMu XaMUH MOX
unoma meeban. lap mH mymmamat 2868 mMabpy3a, a3 yymmna 1251 mabpyzam ycTOHOHY
kopmaHioH nap 118 6axmr Ba 1617 mabpy3an 1oHUIIYYEH Aap 93 6axin maBpuau 6appaci
Kapop xoxaa rupudr. Mmrupoku (avogoHanm xap sSKd MO 00 Mabpy3aBy Oapomaaxo
Ooucw nap caTxu OallaHa Ty3allTaHU KOH(PEPEHCHSW Ma3Kyp Trapauaa, yMea acT K
XaHTOMH Oappacul Mabpy3axo map Oaximixo a3 TEXHOJOTHSU UTTHUIOOTHIO UPTHOOTUHU
MyOCHUp caMapaHOK ucTudoaa Oypaa MemraBa.

Pexropu IMT,
akanemunku AU YT,
JOKTOPH WJIMH (PUJI0JIOTHS,
npodgeccop Umom3zona M. C.



BAXIIIU NJIMXOU TABUN

OB YUIOBUAX CXOJAUMOCTU METOJA KBASWINHEAPU3ALINN
PEHIEHUS OJHOI'O KJIACCA KBASWINHENHBIX YPABHEHHUU

Xocabekos O. — K.¢h.-m.H., doyeHnm Kaghedpvl yHKYUOHATLHO20
ananuza ouggpepenyuanvuvix ypasnenuti THY

PaccmarpuBaeTcs ypaBHEHUE BHIa
Lu=f(x,y,u,u ,u,), (1)

riae L-paBHOMEPHO OJIUTMIITHYECKUN JUHEHHBI audQepeHInaabHblii  onepaTop 2-To
nopsiaka. Uimercs pemenue u = u(x, y) ypaBHenus (1) B obmactu G ¢ OCTaTOUHO 1A IKOM

rpanuuei I', y1oBieTBopsIoIIee KpaeBoMYy yCIIOBHUIO.
u/.=0

B nokiage HaliieHbl AOCTATOYHBIE YCIOBUSI MOHOTOHHOM CXOOMMOCTH MeEToja
KBa3WJiMHeapu3auuu pemieHuss 3agaud (1)-(2). DTu ycnoBuUsT COCTOST B TOM, 4YTO

Sy, uu u ,) ¥ e€ JacTHbIE POU3BOAHBIC 11O U, U U, SBISIFOTCS nudhepeHIUPYyEMbIMU
’
Gynkuusimu, ipudem f, (x, y,u,u ,u,)>0 B paccMaTpuBaeMoii 06acTH U NOPSIOK pocTa

GyHkuuu ' ¥ €€ YaCTHBIX NPOM3BOIHBIX IO u,u, ,u, HE NPEBOCXOAUT 2-&, T
& >0 ocratoyHo Manmoe uuciao. Takxke (QyHKuusa f  SABISETCS  BBIMYKJION 1O
TIEPEMEHHBIM U, U , U , VI CYIIECTBYIOT QYHKIMK u(x, ),v (x,) € C,(G) (u=v) | UL KOTOPBIX

B (1) u (2) BBINOJHSIOTCS] COOTBETCTBYIOLIE HEPABEHCTBA.

I[OK&?)&HO, YTO IIPU BBIITIOJTHCHUN YKA3dHHBIX YCJIOBI/IP'I KPac€BbIC 3a1a4n

Lun+1 =f[un]+fu'[un](un+l _un)+fux'[un](un+l(/\’) _un(y)) fu '[un](ur(:f—)l _uiX))

v

u, =0 (n=012; u,(,y)=u(x,y)),

rae o6osHaueno |u,]|=(x,y,u,,u,"” u,")

, OOHO3HAYHO pa3peliuMbl W ONPEIACIISIIOT
MOCIIeI0BATEIbHOCTD U, (X, ), KOTOpas SIBISETCS MOHOTOHHONH M OTPaHUYEHHOH. DTO

OCTIEI0BATENBHOCTE CXOMUTCS Mo HopMe npocTpancTtBa C'(G) k pemenuro 3agauu (1)-(2),
eIMHCTBEHHOMY B Kj1acce GyHKIUN u(x, y), YIOBIETBOPSIONINX HEPABEHCTBAM

min u(x, y) <u(x,u) <max u(x, y).

3aMeTuMm, 4TO B OJIHOM paboTre D.Myxamaauesa u B.Sl. CrelieHKO aHAJIOTUYHBIN pe3ysbTaT
MOJIy4eH JJ1s1 YacTHOTo ciyyas 3agauu (1)-(2), korma L=A.



®OPMYVYJIAU XUCOBKYHI BAPOU XOCHUJIU 3APEU
Y AJIAJIA A3 m BA n 3EPAJIAJIXOU AKXEJIA
UBOPATBY/IA BA YAJIBAJI OHXO

Awypos M. — H.u.m., domceHmu Kagheopau Mmamemamurau
xucoboapopii 6a mexanuxau JIMT

Awppos X. — H.u.u., 0omcenmu Kageopau mexHonro2usxou
ummunoomil 6a upmuoomuu JIMT

Bucép BakT map amanus 3apypusT MMaimgo MeniaBaj, Ku XOCUIU 3apOu Iy agaan a3 m
Ba N 3epaJaJXOU PAKaMXOSIIOH T'YHOTYH HOopaTt Oymapo xuco® KyHeM. Arap MUKIOPH
3epa/laIXOr m Ba N Ba paKaMXOU OHXO XeJIe KaJIOH OOIIaH, XUCOOKYHUH XOCUJIU 3apOy MH
aJaIX0 BaKTU 3UEACPO METHPAIL.

bunobap un, Mo 6ab3e GopMyIaxou XUCOOKYHUPO TMENTHUXO KapJaHi XacTeM, K1
00 épum oHx0 Aap dhocuiiau KyTOXTapUHU BaKT (0ab3aH, XaTTO a3 KAJIKYJISTOP XaM Te3Tap)
HaTUYau XOCWIM 3ap0 Ba € KBaJApaTH OHXOPO O XUCOOKYHH IKOOpa HAaBUCEM.

®ap3 MmekyHeM, O6a Mo my amamu Oucéppakamaum A Ba B a3 m Ba n 3epagaaxou

SIKXeJIal PaKaMXOSIIIOH TYHOTYH Jlap HaMyIH 3€pHH JI0/1a Iy 1aaHT:

A =005 8,00, .. 0y =" Oy 0y -y, (1)

™

Ba

FE =

1 1 1 1 1 1 1 1
yby b by by .. by - bbby, (2)

[

KU Jap UH 40 K MUKJIOPU paKaMXOHU T'YHOTYHHM 3epagaaxopo udoaa MeKyHa.
bapou OGapoBapmanu  Qopmymnaum  XUMCOOKyHMHM 3apbu S = A-EF  Oab3e
TaOAMIINXUXOPO UUPO KapAa XOCUIT MEKYHEM:

]
™ o

_ _- .1 1 1 1 3 1 3 1 1 P
£§=4-F= Q105 . Qp Qs o Ty " GOy Gy - BBy BBy by Dy, D =
Qy0; .. a, - byb, .. by
= — .99 )9 8 99,..900..0 1 [3]
99 ..9- - -
- kn—-1 kim-n) kn-1

k
dopMyiian XOCWIKapAaly1a IMKOHUAT MEIUXad, KU 0apor KAMATXOU TUIIXOXH M1, 1
Ba k xocwiu 3apou amaaxou A Ba B — po HucbataH te3rap xucoO kyHem. Bakre xku m>n
act, nap ¢popmyiau (3) MaBkeum Ba n UBa3 Kapja MeIlaBa/l.
Hap BaktTu m=n, &, = &, = *+=a, = apa b, = b, = =b,_=b OynaH,
dbopMynan XoCHIKapaalryaa HaMyIu coaTapy 36pUHPO METUPA/T:

-0
'99..98 99..900..0 1 (4)

S=aa..a-bb..b=

m n n—1 m—rn n—1
Hap acocu dhopmysnan xocuiakapaamyaau (4) yaaBajl XOCWIM 3apOu agaxou
Gd ..a- bh..bOapou kumaTxon a = 1,9 Ba b = 1,9 TapTUO 10/1a Iy1aacT.

™ n

Anabuér
1. Mupymap AmypoB Macsanaxou maBkoBapu Mmatematukit. Kuemu 1 (2004c), kuemu 2 (2009c¢)
Ba kucmu 3 (2014c).



I'PAHUYHBIE 3ATAYU JJIA OAHOI'O KIIACCA CUHI'YJIAPHBIM
AAPOM UHTEI'PAJIBHOI'O YPABHEHUSA BOJIBTEPPA

Paoocabos H. — akademux AH PT, 0.¢h.-m.n., npogheccop
Kagheopvl mamemamuyecko2o ananusa u meopuu @ynkyuu THY

Ilycts I' = {x:a = x < b} MHOECTBO TOYEK Ha BellecTBeHHOI ocu. Ha I
paccMOTPUM MHTETPAIbLHOE YpaBHEHUE

o) + [F gy a1 (2]

L A

odt = (x), @D

rae A (1< j < n)- u3BeCTHbIE MOCTOsIHHbBIE, f(x) m3BectHas QyHkums Touek I u @ (x)
nckomasi ¢ynkums. Pemienune unterpanbHoro ypaBHenus (I) Oyaem uckate B Kiacce
dyukimit  @(x) € C(T), obpamammuxcs B Hylb B 0co0O0il TOuKe * = @, TO €CTh
@(x) =¢[(x —a)®]le = 0 npu x — a.Pasu4HbIM cl0cO0aM UCCIEN0BAHMS UHTEMPATLHOTO

ypaBHeHUs (1) B 4acTHBIX ciaydasx U B OOIIEM ciydyae, MOCBSILIEHO psJl padboT aBTopa,
ONyOJIMKOBAHHBIX B U3BECTHBIX MEKIYHAapOIHbIX XypHamax Poccun u CIIIA.B HacTosmiei
pabote s ypaBHeHus (1) mpu n = 3 MPUBOAUTCS MOCTAHOBKA FPAHUYHBIX 3aa4 U €ro

WCCIIEIOBaHUS, KOT/Ia B MHTErpajibHOM ypaBHeHuH (1) 1 = 3, mapameTpsnl AJ,-[:L zjz3)c
YHUCIIAMU p;(1=j=3) CBSI3aHBI CIIEAYIOIINM obpazom Ay =py T,
A =P, T 43,245 = 1y, TOE Py, P2-KOAD(UIIMEHTHI CIEIYIOIEro alredopandyeckoro
ypaBHeHUs A~ +p;A +p, = 0, p; — 5TO NapaMeTp MHTErpajbHOIO ypaBHEHHUS

H_,_,E[t,ﬂ') = wl(x), n.ﬂz(wj = (x) + 7y Jf_-ﬁ-%dr ,

o -

w(@) =)+ [ o, +p, In(22) | 224t

t—allt—a
st ypaBHenus (1) craBaTcsl W uccleayercs ciaenyrolas rpaHuuHas 3agaua

3adaua R,. Tpebyercs HaliTu perieHue ypaBHeHus (1) mpun = 3 u3 KJ'IaCCEIC[_F}
npup; =0,y =0, p; =00, =044 = 0,4, =0,4; < 0) 1o rpaHUYHBIM YCIIOBUSIM

[(x— )P0 (0], = = E;
e~ o) {1, (0) - D2 (1, (o) )]

(e~ a)2 ({1, (0) - D2 (1,,(0) )]

. =E,,

xX=0

| =E"'_|

=

[ SN S —

x=a

raeE (1 = j = 3)- 3aJaHHbIe TOCTOSTHHBIE.

3ameuanue 1. AHaTOrM4HbBIE 33/1a4M CTABSITCS U UCCIIEAYIOTCS BO BCEX OCTAIBHBIX CIIydasix
KOPHEH XapaKTEepUCTUUECKOTO YpaBHeHUus A~ + pyd +p; = 0.



OB OJIHOI HEJJMHEMTHOM MATEMATUYECKON
MOJIE/I 3ALIUTBI PACTEHUI C YYETOM
BO3PACTHOI CTPYKTYPBI HACEKOMBIX

Oounaes P.H. — K.¢.-m.H., Ooyenm Kageopwl
Mamemamudeckoe mooenupogarue THY
Xomuoosa A. — couckamenwv kageopwt ungopmamuxu THY

MatemMaTH4YeCKyI0 MOJENb, OIMCBHIBAIOIIYIO COCTOSTHUE arpoleHo3a ¢ y4éTom e€
BO3pPACTHOM CTPYKTYpbl, MOXHO ONHUCAaTh MpPU TOMOIIM CIEAYIOUIEH CHUCTEMBI
nuddepeHIaabHbIX ypaBHEeHUN[ 1]

T
'l-l_l

A(NDN, —my Ny,

NN, =V (N Ny —m,Ny, Myl=g = NE (a) t)

Vo (N, INg — eNJ —mgNg, Nyl.op = N{(a)

&t Ny NS (E ) dE,

(€.t NN (8, 1) dE,

rae N, = N.(f) — COOTBETCTBEHHO OMOMACCHI (YMCIEHHOCTH) | — 'O TPOPHUECKOTO YPOBHS,
Q, g, m;, K, £ — OUOJOTNYECKUE MapAMETPHI MOIMYJISIUNA, BXOASIINE B arpoueHos, V;(.),i
=1,2 - tpoduueckast pynkuus, 5,(.) ,i =2,3 — K03pPUUHUEHTHI POKAAEMOCTH BPEIHBIX U
TMOJIE3HBIX HAaceKOMbIX, N.=N.(t), i =2,3- cymMMapHble YHCICHHOCTH COOTBETCTBEHHO

BpEIHBIX U IOJIE3HBIX HACEKOMBIX 10 TEM BO3PACTaM, KOTOPBIE BPEAAT CEIbXO3KYIbTYPE U
YHUYTOXAIOT BPEIAUTEIIEH,
t- Bpems, t € [0,t,], t, = const < ,a — sozpacm,a € [0,0).

Teopema. Ilycmoy Vi(.) = OZ— = 0, Z =0,
N N
Vive(8))  _ Vo (No(a,t))
0= mn —vigy GEel=mn e T
I:-_;é: Ny (1) l:-_EErE: Ny(a,t)
— — , 1 -t
&, -, = const,i = 1,2, mozoa 01151 mo2o, umoodwvl umeno mecmo yciogue _jfc_ N,(t)dt = N7,
NI € [N¥", N* ] 20e
o m, 1 InN,(a, 1)
] r-1 = 1 ; +— max -
k., d&,t Ny(a,0)
1
ymEx — Ko @
"1 &, InN, (1)
st T' =

N, ()
HeobX00UMO U 00CMAMOYHO, YMoObl 8bINOJHAIUCL CedYioujue HepaseHCmad

" __4 = b
"ME('D) E'.;._'-fp_J 0=t =1,

it = nF Ll 1B
?jc_ .I"u:[l“)ﬂrfl.l"u:, ?jc_ N [f)(’ffEhE,

NP = Ko 2 N (
e N OB, B, N (0

NP o= Ko ppp  ma 1 AT N (ar)

L3 @, 1 By @yt a Nglal

|



Jlutepatypa
1. Onunaes P.H. WccnegoBanme TOUEYHON MAaTeMaTHUYECKOW MOJIENH 3aIlUThl PACTEHUU C
MPON3BOJIBHBIMU Tpoduueckumu ¢yHkimsamu. — Hoxmaasr AH PT, tom 39, Ne 9-10, JymanGe,
1996.-113-119 c.

OB OJTHOM KPAEBOM 3AJAYE B ITIOJYITPOCTPAHCTBE
JUIA OJHOT'O KITACCA SJIVIMIITUYECKUX CUCTEM

Pywanos b. H. — accucmenm xagedpwi svicuteti mamemamuxu THY

3adaua. I[lycmo X = (x4, %4, x5); X € R®. Haiimu pezynspnoe pewenue U cucmemb
—AU+AZDU =0,(1)

6 nonynpocmpancmee R, ={(x,t):X € R®,t =0} ydosnemeopsiowee na eunepniockocmu

t = 0 Kkpaesvim ycro6uUAM

U, (x,t)] =g = [ (x),
Bay (xat) (2)

=

20ef = 1,2,3, U = (Uy, Uy, Uy, Us) — uckomolil gekmop-gpynryus, & — onepamop Jlannac, A —
geujecmeenHulli napamemp, a D — mampuunwiii Oughepernyuanvhviii onepamop 8uoa.

/0 d d d -
(§_81'1 _Sx: _81'3\

d a d a
D= 5‘11 at 5‘1_5‘1:
d d 4 d

5 38 2
I\. d%, - dx, dx at )

®Oynxumuf;(x)i = 1,2,3 sgBnsarorca HenpepblBHO auddepeHmupyemble a g(X) —
HEeIpepbIiBHAsE B NOJYNPOCTpaHCTBE R, (yHKIUS YHAOBIETBOPSET HAa OECKOHEYHOCTH

OIICHKMH.

filx) =0(p%), 2 = 0(pP ™), g(X) = O(p**) Lj=13. (3

af;
E,'.r_;-
Cucrema (1) pu 4 = 1 sgisieTcs smmunTraeckoid, mo [lerpoBckoMy, HO mpu 4 < 1

MIPUHAJIEKUAT Kiaccy P (a ToOuHee, CWIIBHO JIMITUYECKON), a MPpU A = 1 NPUHAIIIEKUT

KJaccy .
ITocTaBnenHas 3ajgaum peuraercss MeToAaoM IpeoOpa3oBanHus Dypbe, U pelieHue
3aMMCBIBACTCSA B SBHOM BUJIE.



KUHEMATHUYECKHNHN AHAJIU3 IIJIAHETAPHOTI'O
MEXAHUM3MA C IIEPEMEHHBIMU ITAPAMETPAMUA

Xonamypamos T. P. — cmapwuti npenodasamens Kageopbvl
BLIMUCTUMENbHOU MamemamuKu u mexanuku THY

OCHOBHBIM TpeOOBaHMEM, MPEIBABIIEMBIM K CO31aBacMbIM MeXaHU3MaM U
MallliHaM, SBJIsIeTCsS OOecIeuyeHue TEXHOJIOTMYECKOTO IpoIlecca MPU UX MHHUMAJIbHBIX
rabapurax, JOCTATOUYHOM MPOYHOCTH K IKCILTyaTallMOHHOM HaIC)KHOCTH.
Pucynok 1. [1naHeTapHbIit MEXaHU3M C YIPYTUM BOJIHIIOM:

1 — cosiHeUHOE KOJIeco, 2 —CaTeUIUT, 3 — BOJAWIO, 4 — yIIPYTUil SJIEMEHT,S —
CTOMKa, 6 — HAIPABJISIOIIUE TTIPYKUHBI.

M3 Bcex BHIOB Tepenad, OCYIIECTBIISIEMBIX KOMIUIEKCOM MeXa-
HU3MOB, 3THM TpeOOBaHUSAM HamOOJee IMOJHO OTBEYAIOT IUIAHETAPHBIC
nepegayd, OTIMYAIOIIMECS CYIIECTBEHHO MEHBIIUMU TabapuTaMu U
BECOM, 110 CPABHEHUIO C APYTUMH nepenadamu [1].

OnHako HamboJIee YacTO MPUMEHsIEMbIE TTaHeTapHbIe (PPUKITMOHHBIC MEXaHU3MBI C
MTOCTOSIHHOW JUIMHOW BoOAWIAa B PsAIE CIydyaeB HE YIOBICTBOPSIOT TEXHOJOTHYECKUM
TpeboBaHUsIM [2].

DTO CBS3aHO C TE€M, YTO C ITOMOIIBID TAaKUX MEXaHW3MOB HE IPEICTABIISIOTCS
BO3MOJKHBIM TTOJIYYUTh ITEPEMEHHBIE CKOPOCTH CATEJUTMTHOrO KoJjeca. [JlaHHoe TpeOoBaHMe
TEXHOJIOTHH SIBJISICTCS BAXXHBIM B PEIICHUH IMPHUKJIAIHBIX 33,144 OOIIEeH TEOPUH MEXaHU3MOB
MalllfH, T.K. €0 MOYKHO PEIIUTh pa3pabOTKOH IIaHeTapHOTO0 (PPUKIIMOHHOTO MEXaHU3Ma C
IEpeMEHHBIMUA MapaMeTpaMH, JUIMHA BOJWIA MEHSCTCS B (PYHKIUHM T€OMETPHYECKUX
rapaMeTpoB HEKPYIJIOTO COJTHEUHOTO KoJjeca (puc.l).

PaccmoTpeHbl psi 3aj1ay KWHEMAaTHUECKOTO CHHTE3a IUIAaHETApPHOTO MEXaHHW3Ma 110
3aJJaHHOMY 3HAYCHHUIO TEPEMEHHOTO IEPEIaTOYHOrO YHCIa M CHHTE3MPOBAHBI MPOdHH
COJIHEYHOTO KoJieca [2].

[Tony4yeHbl OCHOBHBIE KMHEMATHYCCKHE 3aBHCHUMOCTH HCCIIEyEeMOTO MEXaHU3Ma C

yuerom yrma «PaccormacoBanus» o. Ilpum srom Cad -l 1. IIEPEMEHHBI  paanyC

IIEPEHOCHOTO BpAIEHHS OTHOCHUTEIBHO OCH BpAIIEHHS; -17 = € - IepeMeHHBIH pauyc
COCTAaBHOI'o BoOAWJIA.I— paauyC CaTCIDIMTHOIO KOJIECa. N3MeHeHNe KHMHEMaTHUYECKUX
napamMeTpoB XapaKTEPU3YETCS CIECAYIOUIMMUA T€OMETPUUECKUMHU ITapaMETPAMMU:
Yy =a A, = R;:‘iﬁ’ =]
3aKOHOMEPHOCTh U3MEHEHUS MEPEMEHHOM IJTMHBI COCTABHOTO BOAMJIA OTIPEALIISETCS
BBIPAXKEHUEM

2= x{er — 2% gingy — acos + !
Jlutepatypa

[1].AproGoneBckuit 1.1. Mexanusmbl B coBpemeHHol TexHuke. T.I11.M.: MammHocTpoeHue,
1973.

[2]. Tunoes C.,XonmypaTtoB T.P. u np. Mamnstii nmatent PT Ne 201 ot 25.12.08. bron.Ne 52
« IT;maneTapHbIil MEXAHU3MY.



O ITPOBJEMAX MOAEJINUPOBAHUA
IKOCUCTEM BOJHBIX OBBEKTOB

Komunoe @. C. — 0.¢h.-m.H., npogheccop,
3asedyrowuil kagheopoil ungpopmamuxuTHY.

Kak o0ObIYHO BOJHBIE OOBEKTH, OCOOCHHO WCKYCCTBEHHBIC(BOIOXPAHIIIUIIA,
pBIOOBOAHBIE TPYABI W T.O.), CO3MAIOTCS JUIA YIPABJICHUS WMHA W ONTHUMH3AINH
OMOJIOTUYECKUX TPOIIECCOB, MPOUCXOISAIINX B MX IKOCUCTeMaX. BBICOKOI 3 heKTUBHOCTH
WCIOJIb30BAHUSI TAKUX OOBEKTOB MOXHO JOCTHTHYTH JIMIIb MPHU BHIOOpPE ONMTUMAIBHBIX
3HAYCHWI TAKUX YIPABISIONINX [MaPaMETPOB, KaK PEryJIMPOBAHUE YPOBHS BOJIbI, BHECCHHUE
KOPMOB, yIOOpeHuH, aspanus U T.J. Takue ynpaBieHUs, HECCOMHEHHO, BO3ICHCTBYIOT Ha
BCIO IKOCHUCTEMY BOJOEMA, BBI3bIBAS IMOPOH HEMpencKasyemMble M JajieKo He BCeraa
KeJlaTeJTbHbIE U3MEHEHUS B €ro sKoauHamuke. [ ydé€ra MoCienCTBUN MCIOIb30BAHUS
TeX WIM WHBIX PEKUMOB YIPABIEHUS W OIICHKM BO3MOXKHBIX IPEBpAIEHUN BO BCEM
KOMIUIEKCE TIPUYMHHO-CIICICTBEHHBIX CBSI3ed B JKOCHCTEME TPYAHO OOOWTHCH 0e3
MPUBJICYCHUS] METOJOB MATEMAaTHUYECKOTO MOICTTMPOBAHMSL.

@opMHUpOBAaHUE COBPEMEHHBIX IMPEACTABICHUH O TPUHIUIAX U MOAXOJaX K
MaTEMAaTHUECKOMY MOJEIMPOBAHUIO 3KOCHUCTEM BOJHBIX OOBEKTOB CBSI3aHO C WMEHAMH
MU3BECTHBIX 3apyOeKHBIX U OTEeUeCTBEHHBIX wuccieqoBarterneit: Moucees H.H., Caupexen
FO.M., BounoB A.A., Jloroder H.0., Tapko A.M., Anekcee B.B., Bopoukosa O.B.,
JykpsanoB H.K., Toukux A.Il., I'opctko A.b., [lom6posckuit JI.B., Menmytkun B.B.,
BunGepr I'.I'., AaucumoB C.M., Oaym IO., JorgensenS.E., LeonovA.V., ChenC.W.,
OrlobG.T., Straskraba A., Di ToroD.M., Ikushimal., ParkR.A., SteeleJ.H.,
VollenweiderR.A., VolterraV., FOnycu M.K., Komunos ®@.C., Haspy3os C.H, Illapamnos
H.C., Mupzoes C.X., Kocumon N.JI., Axobup3ona ®.u ap.

K coxanenuto, BBUAY Cyry0oi CelMPpUIHOCTA IKOCUCTEM BOJTOEMOB UCIIOJIH30BAHHIE
y’Ke pa3pabOTaHHBIX, MyCTh JaX€ BeChbMa JACTAIBHBIX MOJIEJICH, KaK MpPaBUIO, OBIBAET
HeBO3MOXXHO. C OJHOW CTOPOHBI, KOHKPETHAasl JKOcHUCTeMa o0JiajlaeT OCOOECHHOCTSIMH,
KOTOPBIE OKAa3bIBAIOTCS HE MPEAYCMOTPEHHBIMU JaXXe€ B paMKaxX JAeTAIM3UPOBAHHBIX
Mozernel (criermupuiyeckie BUIbI PbIO, 0COOCHHOCTH YPOBEHHOTO PEXXHUMA MIIA BaXKHAS POJIb
Makpo¢uro). C Apyroil CTOpOHBI, TOCKOJIBKY IMOKa cl1abo pa3BUTa CTAHIAPTHAS CXeMa
9KCIIEPUMEHTATPHOTO M3yYeHUST W MOHHUTOPUHTA BOJOEMOB, TIOCTPOCHUE MOJIEIHN
OKa3bIBACTCS OTPAHUYEHHBIM Y3KUMH pPaMKaMU KOHKPETHBIX MAaCCHBOB JaHHBIX IS
KOHKPETHOT'O BOJIOEMA.

B coBpemenHOM JTame pa3BuUTHS OOIIECTBA CpEeIUd HCCIEAOBATENe BOJHBIX
9KOCHUCTEM OOJIBIION PE30HAHC TMOJYYMIA KOMIUICKCHBIE HCCIIeIOBAHUSI OOBEKTOB C
MPUMEHEHNEM COBPEMEHHBIX TEXHOJIOTMH  MaTEeMATHUYECKOr0 M  KOMIIBIOTEPHOIO
MOJIEIUPOBAHUS U BBIYUCIUTEIHHOTO IKCIIEPUMEHTA. B BBIUMCIMTETBHBIX IKCIIEPUMEHTAX
peann3oBaHbl 3()p(QEeKTUBHBIE METOMBI M aJITOPUTMBI B BHJE KOMILIEKCOB IPOOIEMHO-
OPUEHTHUPOBAHHBIX MPOTPAMM.

OtnuunTenbHass dYepTa pa3paOOTaHHBIX HAMU KOMITBIOTEPHO-MAaTeMATHIECKUX
MOJIeleil 3KOCUCTEM MPECHOBOAHBIX BOJOEMOB OT APYrUX paboT, MOpexae BCero,
MPOSBIIIETCS B crocoOe omucaHus 3((dEeKToB pacmpenesieHus BEIECTB MEXIy BOIHOM
TOJIIIBIO U CEAUMEHTaAMU.

Hampumep, B 0/1HOI W3 HAIIMX MOJENIEH BIEPBBIC MIJI1 PHIOOBOIHBIX MPYAOB FOKHOU
30HBI Ta/KMKHUCTaHA B KAYECTBE OCOOOT0 OOBEKTA UCCIIEMOBAHUS PACCMATPUBAIICS OEITbIit
aMyp — OJHA W3 IICHHBIX, MPOMBICIOBBIX PACTUTEIHHOSAHBIX pBIO. [Ipoanamm3mpoBaH
MPOILIECC 3apacTaHusi B PHIOOBOHOM TPYIY BBICHICH BOMHOW PACTUTEIBHOCTU W yUTEHO
BIIUSIHUE Omomacchl MakpohuUTOB (M3IIFOOJICHHOTO KOopMma Oelloro aMmypa) Ha Jpyrue
KOMIIOHEHTBI 3KOCUCTeMBI. [[J11 y4éra 3JeKTUBHOCTH MHUTAHUS PBHIO BBOIMIICS (DYHKIIHS
BEPOSTHOCTU MOTPEOJICHUS 3aMEHSIIOIIETO WM BBIHY)KIEHHOTO KOPMOB.

Hpyroii OTIMYUTETHHOW OCOOCHHOCTHIO HAIIMX WMHUTALMOHHBIX MOJENEed B
CpPaBHEHUU C TMOAOOHBIMH pabOTaMU O MOJEIMPOBAHUIO SKOCHUCTEM TMPYIAOB SIBISETCS
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oOparieHue 0coO0OTo BHMMAHHUS Ha POJIb OaKTepUil B Ipolleccax XUMHU3Ma BOJbI U €€
ra30BOTO peXnMa.

O MATEMATUYECKOM MOJIEJINPOBAHNUU
JANHAMUKU PBIBOBO/IHOT O I1PY IA

Mupszoee C. X. — K.(h.-M.H., 0oyenn, ucnoIHuNeIbHblil
oupexmop Qunuana MIT'Y um. M. B. Jlomonocosa 6 2. /[ywanoe.

Mogens — 3TO HUHCTPYMEHT, OPUEHTUPOBAHHBIM HaA WCCIIEIOBAHUE TOBEIACHUS U
CBOMCTB KOHKPETHOM CHUCTEMbI. MOJETUPOBAHUE — 3TO METOJ MO3HAHUS OKPYKAIOIIETO
MHpa (CUCTeMbI, 00BEKTA, Mpolecca, COOBITUS U T.1.).

CaMbIM Ba)KHBIM TIpeIHA3HAUYCHUEM JIFOO0M MOJIeIN CUUTACTCS €€ TPUMEHUMOCTD ISt
MU3yUYEeHHUS U MIPOTHO3UPOBAHUS MOBEICHUS TON CHUCTEMBI, I KOTOPOW OHA M MOCTPOEHA.
Mopens mo3BOJISIET UMUTUPOBATH MCXOAHYIO CUCTEMY, BKJIIOYAs WM OTKJIIOYasl T€ WIU
HUHBIE CBSI3M, MEHSTh MX MECTaMM, UTOOBI MOHSTh BAXXHOCTh ITHUX CBSI3€H B MOBEICHUU
cucTeMbl B IiesioM. [lyTeM ampoOuMpoBaHMS pa3IUYHBIX BapUAHTOB (DYHKIIMOHHPOBAHUS
CHUCTEMBI MOJIEJIb MO3BOJISIET HAYUUTHCS YIIPABIISITh 3TON CUCTEMOI.

Ilon  xoHuenTyadbHOW  MOJEIBIO  IMOHUMAIOT  COJAEPXKATEIbHOE  OIHCAHUE
MOJICIUPYEMOTO O0BEKTa, KOTOpPOE Oa3upyeTcs Ha ONpeNesIEHHON KOHIENMIIUU UJIM TOUYKe
3peHus Mojenbepa. KoHienTtyajabHass MOJEIb BCeraa MNPEeaIIecTBYET  CO3IaHUIO
dhopmanbHOM (MAaTEMATUYECKOM WIJIM KOMITBIOTEPHOM) MOJIEIIH.

ITpu pa3zpaboTke MaTeMaTUUECKOW MOJIEJIM BO3HUKAET BOIPOC BHIOOpA MEPEMEHHBIX.
Hampumep, oqHOM M3 OCHOBHBIX XapaKTEPUCTUK JTIOOOTO BOJHOTO OOBEKTA SIBJISIETCS €ro
NepBUYHas MPOAYKTUBHOCTh, T.e. Onomacca Bojopocieil. [losToMy B kauecTBe mepBOi
MEPEeMEHHOM €ro MaTeMaTH4YeCKOW MOJeIu HEeoOXOAMMO BbIOpATh KOHIEHTPALIMIO
¢urormrankToHa. Pa3BuTHE (QUTOIUIAHKTOHA, ITOMHMO 3K30TCHHBIX, KIMMATHUECKUX
($aKTOpOB, MOXKET JUMUTHPOBATHCS KOHICHTpPAIME IUTATEIbHBIX BEIIEeCTB. A
JUMUTUPYIOIIMUMU OMOTEHHBIMM 3JIEMEHTAMH B BOJIOEMAaxX, KakK IMPaBWIO, BBICTYHAIOT
yriepo, a3oT u (ocdop. CrenoBaTeIbHO, B KAYeCTBE CIIEAYIOMIMX MEPEMEHHBIX MOJIEIN
MOTYT OBITh BRIOpPAHBI KOHIIEHTPALIMHU ITHUX IJIEMEHTOB.

Ecmm paccmatpuBaTh TpaHchOpMAIlMIO BEIIECTBA IO TPO(UUECKOW IIeNd, TO B
arperupoBaHHOM BHJI€ HUMEET CMBIC] YYECTh KOHIICHTPAIMI0 KOHCYMEHTOB. 3HAUWT,
CIEIYIOIIMMU TIEPEMEHHBIMU MOJIENIU OYTyT KOHIIEHTPAIIUU PhIObI, 300IUIAHKTOHA, OEHTOCA
U JIpyTUe BOJIHBIC )KUBOTHBIE.

KpyroBopoT BemiecTB B 3KOCHCTEME 3aMbBIKAETCSl 4Yepe3 OTMEPIIYI0 OpPTraHUKY
(meTputa), KOTOpass BHOBB pas3jaraercs a0 OWOTEHHBIX 3JIEMEHTOB TMOJ JeUCTBUEM
Oaktepuii. [ToaTOMy KOHILIEHTpAIlUU AETpUTA U OAKTEpUH MOTYT BBICTYINIaTh B KadeCTBE
MOCJIEAYIOINX MTEPEMEHHBIX MAaTEMAaTHYECKON MOJIEIN BOJTHON 3KOCUCTEMBI.

MartemaTtuyeckass MOJEIb 93KOCUCTEMBI PBIOOBOJHOTO TIpyAa, Kak IPaBUIIO,
pa3zpabaTbhIBaeTCs HA OCHOBE €€ KOHIleNTyallbHOU Mozenu. Llenpio e€ pa3zpaboTKu sBIISIETCS
M3y4eHHUEe 3aKOHOMEPHOCTEeH (YHKIIMOHUPOBAHUS 3KOCHUCTEMBbI PBIOOBOJHOTO TIpyda C
MOMOIIbIO  (HOPMAJIBHOTO S3bIKA MAaTEMAaTUUECKHX COOTHOILIEHHH — MHCTPyMEHTa
HCCIeA0BaHUS BOAHBIX MpoiieccoB. OHa, KaK U €€ KOHIIENTyaIbHasi MOJIe/Ib, OCHOBBIBAETCS
Ha (opMaJlbHOM OMHUCAHMU OUOTHUAPOXHMMHYECKUX KPYTOBOPOTOB BEILECTB, U3MEHEHUU
OMOTHUYECKUX U XMMHUUYECKUX 3JIEMEHTOB M MpPHU3BaHA JJII MAaTEMAaTUYECKOTO TMPEICTABICHUS
€€ KOMIIOHEHTOB, a TaKXXe TPOPUUECKUX, YIPABIISIOMINX U HHOOPMAIIMOHHBIX CBSI3EH MEXTY
HUMH.

Takum o0Opa3oM, MaTeMaTH4ecKas MOJIe]Ib 3KOCHUCTEMBbI PBIOOBOJIHOIO TIpyjAa
dhopMHpyeTCs Ha OCHOBE OTMCATEIIbHOM (hOPMBI ITOTOKOB BEIIECTBA €TI0 IKOCUCTEMBI U, KaK
O0OBIYHO, TIPEACTABIISIET COOOW CHCTeMy OOBIKHOBEHHBIX NH(pGEpEHIINAIBPHBIX ypaBHECHUN
WU cucteMy TuddepeHIIMaIbHBIX YPaBHEHUH B YaCTHBIX MPOU3BOAHBIX. B mepBoM citydae,
MoJIy4aeTcsi TOYeuHasi MOJIeNIb SKOCHUCTEMbl PBIOOBOJHOTO IIpyAa, a BO BTOPOM,
MPOCTPAHCTBEHHO-PACIPEACIICHHAS.
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KOMIIBIOTEPHBIE DOKCITEPUMEHTbBI
C MOAEJBbIO OKOCUCTEMBI PBIBOBOJJHOI'O ITPY A

Kocumos U. JI. — cmapuwuit npenooasameins kagheopwt ungopmamuxku THY

MaremaTtuyeckass MoAellb MAaKpO(UTHON 3KOCUCTEMBI PHIOOBOJHOIO Mpyaa ¢ OelIbIM
aMypOoM peaIM30BaHa Ha si3bike nmporpammupoBanust Borland Delphi-9. C Hero nmpoBeneHbl
KOMITBIOTEPHBIE 3KCIIEPUMEHTAJIbHbIE PACUETHI, & TAKXKE MHOTOYHUCICHHbIE CLIEHAPHBIE
BApPUAHTHl  MPOTHO3MPOBAHUSA [IUHAMUKHA  Pa3BUTUS  MAKpPOPUTHOH  IKOCHCTEMBI
PBIOOBOIHOTO TpyAa C OelblM aMypOM Ha KOHEUHbIM MOMEHT BpemeHH. I[lonydyeHHast B
pe3ysIbTaTe MMUTAITMOHHBIX JKCIEPUMEHTOB TUHAMHKA TIEPEMEHHBIX MOJIEIH aJCKBATHO
OTpakaeT pealbHYI0 KAPTUHY PAa3BUTHS SKOCUCTEMBI NIpyAa B TEYEHHE OJJHOT'O CE30HA.

J17151 TOBBILIEHUS] TPOTHOCTUYECKUX CBOMCTB MaTEMATUUYECKOM MOJIEIN pa3pabOTaHbI
MPOLIEAYPHI UTEPAIMOHHON BepuPHUKAIIMK 3HAUCHHH e€ K03(h(DUIIMEHTOB U MmapaMeTpoB Ha
OCHOBE OOHOBJISIEMBIX 3HAUCHUH KIMMATUYECKUX (DAKTOPOB U aHTPOIIOTECHHBIX HATPy30K
(KOpMOBBIX M OHMOTEHHBIX) [JI1 pbIOOBOAHBIX MpynoB. [Ipoueaypsl anpodbupoBaiuch B
YCIIOBUSIX PBIOHOTO X03siicTBa M. A. JIkamu o61eit ruromansio B 20 ea.

Ha xommbrorepe Ob1IH pa3bIrpaHbl 23 KIIMMATHYECKUX U YIIPABICHUECKUX CIIEHAPHBIX
BAPUAHTOB MPOTHO3UPOBAHUS TUHAMHUKU PA3BUTHS MEPEMEHHBIX MOJEITBHOU IKOCHUCTEMBI
JUUIS1 BBISIBIIEHUSI 3aKOHOMEPHOCTEN 3BOJIIOLIUMA SKOCUCTEMBI pbIOOBOIHOTO npyaa.llepsrie 4
CLEHApUS OTPaXAIOT TUHAMUKY NIEPEMEHHBIX 3KOCUCTEMBI B YCIOBUSIX 00JIe€ XOJIOAHOIO U
0oJiee TEIUIOro Ce30HOB, & TAKXKE CE30HOB IpPHU OOJbILIEH U MPU MEHbIIEH OCBEIIEHHOCTH.
[TonyuyeHHble pe3yJabTaThl CBUIAETEIBCTBOBAIA O TOM, 4YTO, BHAMMO, B YCIOBHSX
KOHTUHEHTAJIBbHOTO KJIMMaTa TeMIepaTypa W COJHeuYHas paJualusi HUKOrJAAa He
JUMUTUPYIOT POCT MPOAYLIEHTOB, YTO B KOHEUHOM HUTOre 3TO OyAET CKa3bIBaThbCS U HaA
KOHIICHTPAIIUU PHIOHOM MOITYJISALINU.

CueHapuii 15 neMoHCTpUpPOBaI pa3BUTUE IKOCUCTEMBI C OJTHUM BUJIOM PBIO — O€IbIM
amypoM. KoHueHTpanust 6e10oro amypa B KOHIE C€30Ha ObljIa HUXKE UCXOIHOTO BapUAHTA.
Otcroga MOXHO 3aKJIIOYUTh, YTO POCT PbIO B NPYyAy B 3HAYMUTEIBbHON CTENEHU SIBISIOTCS
He3aBUCHUMBIMU. bBoree Toro, ux coBMecTHas [€ATEIbHOCTb MOJXKET IOJIOKUTEIBHO
MOBJIMSTh HA UX O0lee pa3BUTHE.

Cuenapwuii 16 OCBSIIEH Pa3BUTHIO 3KOCUCTEMBI C BYMSI BUJIAMH PACTUTEIHHOSTHBIX
pbIO — OenbIM aMypoM U OerbIM TosicToioOoukoM. KoHueHTpanust 6enoro amypa B KOHIIE
Ce30Ha HUXeE, YeM B UICXOJHOM BapuaHTe. BUauMo U Takoil BapuaHT pa3BUTHS IKOCUCTEMBbI
HE BBITOJIEH [ POCTa U PA3BUTHUS PbIO.

Cuenapun 19-21 mpeamnonaraid pa3BUTHE 3KOCUCTEMBI B YCIIOBHUSIX YMEHbIIEHHOMU
nocaaku peid6. MakThl ykazaiaud HAa TO, YTO JABA NEPBBIX CIIydyasl Pa3BUTHUS 3KOCHUCTEMBbI
COBCEM HE BBITOAHBI IS BbIpamuBaHus pbiO. Tperuil ciydail MOXKET MOAXOAUTH IS
BBIpAIIMBAHUS Kapra M Oeloro TOJICTOJOOMKa, a Oeblii aMyp B 3TOM ciydae, Oyner
YyBCTBOBATH C€0S1 YTHETCHHBIM.

ITocnenuuii 23-it cueHapuii  mpeamnosiaraj pPa3BUTHE 3KOCHUCTEMBI PBIOOBOIHOTO
npyaa B YCIOBUSX MOJYTOPHOM mocaaku Oenoro amypa. Kapm ¢ TOYHOCTBIO 110
KWIOTpaMMa TOBTOPSUT  pe3yJbTaT HMCXOAHOTO BapUaHTAa pPa3BUTHUSL  3KOCHUCTEMBI
pPBIOOBOJIHOTO TIpyAa, O€Nblid TOJCTOJOOMK OYEeHb OJIM3KO MOJOMIEN M K HCXOJHOMY
BapHAHTY, U K CBOUM 3KCIIEPUMEHTAJIbHBIM BBIIIOBAM, a OEJIBI aMyp HE TOJIBKO MPEBBICHIT
pe3yiabTaT UCXOJHOTO BapHaHTa, HO M MEpelarHysjl CBOM 3KCIepUMEHTAIbHBIM BBIJIOB HA
uenbix 735xe. Bee ocraipHble IEPEMEHHBIE OCTAIMCH MOYTH TAKUMHU K€, KaK B UCXOJHOM
BapuUaHTe.

3aKIII04YaeTcs, 4TO MPHU MOCAIKE PhIO B 9KOCUCTEME KOJIMUECTBO T'OJTOBUKOB OEIIOBOTO
aMmypa HaJ0 YBEJIMYMBATh B MOJITOPA pPa3a.
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IPOEKTUBHOCTD PEAIIMBALINMU INJAKTUYECKOI'O OBECITEYUEHUA
HA OCHOBE UKT B OBPA3OBATEJIBHOM ITPOLIECCE CCIIMO

Paooicados b. @. — acnupanm Kypean-mwoouncko2o
T'ocyoapcmeennoeo ynusepcumema umenu Hocupa Xycpasa

YCTaHOBIIEHO, YTO 3aJa4H, CBS3aHHBIE C OIIGHKOH 3(h(GEKTUBHOCTH peaTu3aIiin
TUAAKTUYECKOTO  OOecreueHuss Ha OCHOBE HMH(POPMAIMOHHO-KOMMYHHKAITHOHHBIX
texHonoruii (MKT) u ouenkoit adpdexktuBHOCTH TipuMeHeHus: camux cpencts MKT mo
CBOMM CTPYKTypaM SIBIIIOTCS MOA33aJadaMM CHUCTEMbI OLIEHKHM KadyecTBa OOpa30oBaHUA.
HNcxons wu3 3TOro, CTaHOBIEHHWE CHUCTEMBbI aHain3a 3(PPEeKTUBHOCTH pean3aiuu
nunakTuaeckoro obdecrneuenust Ha ocHoBe MKT B oOpa3oBaTenbHOM MPOLIECCE CUCTEMBI
cpeaHero crenuaiabHoro MeguuuHckoro oo6pazoBanus (CCIIMO) B PT MoxHO TBEpIO
CBSI3aTh C €€ OLIEHKOM KauecTBa 0Oy4eHMs, KOTOpasi, HECCOMHEHHO, JIOJDKHA OMUPAThCS KaK
Ha OTEYECTBEHHBIM, TaK M HAa MEXKIYHAPO/IHbBINA OMBIT OLIEHUBAHMS KauecTBa 0Opa30BaHMUs.
O3HakomIieHHE ¢ mpoleccamMu BHenpeHust U ucnoinb3oBanusd MKT B AByX MeAUIIMHCKHUX
KOJUIe/DKaX XAaTJIOHCKOM 00JIaCTH TOKAa3bIBa€T, YTO HA JAHHBII MOMEHT 3TH IPOLECCHI
MPOTEKAIOT CTUXUHHBIM 00pa3zoM. CuTyalusi B OCTAJIbHBIX OOpa30BATENbHBIX YUPEK-
nenusx CCIIMO TakukucTaHa BBINVISIIUT HE JIy4lmiuM oOpa3oM. B uém ke mpuumHa
BO3HMKHOBEHMSI TaKOW cuTyalru? Mbl npearnosaraem, 4To, Mpex/ie BCEro, OHa CBA3aHA C
OTCYTCTBHUEM €IMHOM TEOPETUKO-METONOJOTUYECKOM OCHOBBI wucrnoyibzoBaHus MKT B
chepe CIIMO. DOty curyanui MOXHO 0e300J1€3HEHHO HCHPAaBUTh, €CIIM IMPOBOJIUTH
KOMIUIEKCHBIE ~ UCCIIEAOBAHUS  JUJAKTUYECKHUX  ACHEKTOB IIOJTOTOBKH  CTYAEHTOB
MEJIMITMHCKUX Kojuteke K ucnonb3oBanuio MKT B ux Oymymieid mpodeccuoHaaibHOM
JIeATETbHOCTH.
OddexTuBHOCTh peanuzauuu auaaktudyeckoro obdecrneuenuss B CCIIMO Ha ocHOBe
UKT onpenensuyiack HaMu C TOMOIIBIO CPAaBHUTEIBHOTO aHaIM3a IMO3HABATEIbHOU
MOTHUBAIMU, WH(OOPMAIIMOHHON KOMIIETEHTHOCTH W YPOBHEH YCIEBA€MOCTH CTYIEHTOB-
MEIMKOB MPU WU3YyYEHUU IUCUMIUIMH TYMAaHUTAPHOTO M €CTECTBEHHOHAYYHOI'O ILIMKJIOB C
WCIOJIb30BAaHUEM  HMH(POPMAIMOHHBIX  TEXHOJOTHMH  OTHOCHUTEIBHO  TPAIUIIMOHHOTO
oOyueHusi. C 3TOM 1ENbI0O Mbl MPOBOAWIM OTOOP colepkaHUs OOy4YeHUs AUCUUILIIMH
€CTECTBEHHOHAYYHOIO0 M TYMAaHUTAPHOI'O IMKJIOB, pa3palbOTaji MOJEIU OpraHU3alu
neparoruyeckoro nmpomecca Ha ocHoBe HWMKT, B 3skcnepuMeHTalbHBIX TI'pynmnax
opranu3oBajiu ¢GopMUpyrollee 00yUYeHHE U ONPEIETUIN KPUTEPUHN K CPEICTBAM KOHTPOJIS
U OLICHKM 3HAHWM, YMEHUN U HABBIKOB CTYJACHTOB-MEINKOB.
ITocne ananmusza OOOOIIEHHBIX PE3YIBTATOB 3KCIEPUMEHTA BBISBIICHBI CIEAYIOIINE
3aKOHOMEPHOCTHU:
® 110 CPABHEHMIO C KOHTPOJIbHBIMHU T'PYNIAaMHU B 3KCIIEPUMEHTAIBHBIX TPYyMIIax Mepexoj] C
HU3KOTO YPOBHSI HA CPEIHUI, U Jajiee CO CPEIHEr0 YPOBHS HAa BBICOKUN MPOUCXOIUT
HaMHOTO OBICTpeE;

® B CpeJHEM MepPeXo/Ibl Ha BHICOKUM YPOBEHb B AKCIIEPUMEHTAJIBHBIX I'PYIINAaX BbIIIE, YEM B
KOHTPOJIBbHBIX IPyIIIaX.

® 110 BCEM OILICHMBAEMbIM IMOKA3aTEIsIM IO CPABHEHUIO C KOHTPOJBHBIMU TpyNIaMH B
SKCIIEPUMEHTAJIbHBIX Tpynnax HaOmojanack OoJiee BBICOKAS JUHAMHUKA IEpexoja C
HU3KOTO YpOBHS HAa CPEOHUNA M BBICOKMUA YPOBHHM. DTa TEHACHLIMS OCOOEHHO SIPKO
BbIpaXkeHa IO YPOBHSM YCBOCHMS H3Yy4YaeMOIO0 MaTepuaja M KOMIIETEHTHOCTH
CTYJIEHTOB-MEIMKOB 1-ro Kypca. DTO SIBIIEHUE MOXHO OOBSICHUTH TEM 4YTO, C OJHOM
CTOPOHBI, BUJIUMO CETOJHS B MEAKOJUIEIKAaX IOCTyHalT aObuTypueHTbl ¢ OoJee
BBICOKMMU HAaBbIKaMHU pabOTbl Ha KOMIIbIOTEpEe M OoJjiee MOATOTOBJIEHHBIE K
ucnojb3oBaHnio Ha npaktuke MKT BbiyckHUKK 0011€00pa30BaTEeIbHBIX IIKOJ, U C
JpyrOil  CTOPOHBI, BEPOSITHO, CTAHOBJIEHMEM CaMUX MEIKOJUIeIkel, OoJee
YKOMITJIEKTOBAHHBIX KOMITBIOTEPHOMN U CETEBOM TEXHUKOM.
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3ABUCUMOCTb OBEMEHHOI1 SHEPT U
IMPYJ10OBOMU PbIBbI OT BHEHLIHUX ®AKTOPOB

Cauoos U. M. — accucmenm kagheopot ungpopmamuxu THY

[TutaHue sIBISETCS OCHOBOM KU3HEAECATEIbHOCTH PHIOBI U JIIOOOTO IPYroro BOJHOTO
opranm3Ma. IloTpeOnéHHas mwuma Tmnpeodpa3yeTcs B IMUIIEBAPUTEIBHOM TpPaKTe
rupobuonTa. Pa3Hunia Mexay sHeprueil morpeOGIEHHOTO KOpMa U €ro 3KCKPEMEHTOB
SIBJISIETCSI TIepeBapuBaeMas sHeprus. [Ipu cocTaBiaeHUHU pallMOHOB B PHIOOBOAHBIX MpPyaax,
HEOOXOUMO 3alporpaMMHUPOBATh HUX TaKuM O0O0pa3oM, 4YTOOBI KOpMa IMOJIHOCTHIO
YCBAMBAJIUCh OPTAHU3MOM PBHIOBI.

PanmmoHoMm Ha3bIBAIOT COCTAB M KOJHUYECTBO KOPMOB, IMOTpeOJIsIeMbIX pbIOOM 3a
€AUHUIY BpeMeHU. PalMoH cuMTaeTrcss TMOJHOLEHHBIM, €CJIM OH COAEPXKHUT BCe
HeO0OXOIUMBIE JIJISI HOPMAJIbHOT'O POCTA U Pa3BUTHS BEIIECTBA.

CoBpeMeHHbIE TEXHOJOTUM KOPMIIEHUSI PBIOBI U PELEenTyphbl KOPMOB MO3BOJISIIOT
JIOCTUTATh TaKOM JI0JIU TIepeBapuBAEMON SHEPTUU, YTO MPHU MOTPeOIeHUU PbIOOH 1 TOHHBI
KOPMOB B Bojy BbifeisieTcss Bcero 50-80ke 3KCKPEMEHTOB. DTU TEXHOJOTHUU HE TOJBKO
o0OecrieunBaroT 3¢(HEeKTUBHOE UCIOIb30BAHUE KOPMOB, HO U MO3BOJISIIOT TAK)KE YMEHBIIIUTh
3arpsi3HEHUE BOTHOM Cpeibl OPraHMYECKUM BEILIECTBOM.

IlepeBapuBaemasi sHeprusi yCBOGHHON YaCTH MHIIU PACXOIYyeTCsl Ha SHEPreTUUecKue
HYXJbl pbIOBI, B BHUJIE OOMEHHON SHEpPTUU, M Ha €€ POCT, B BHUAE SHEPIrUH pPOCTAa.
CnenoBaTeabHO, PHIOOBOIBI TOJDKHBI OPraHU30BaTh U YIIPABIISTh MPOILIECCAMU Pa3BEICHUS
U BBIpAIIMBAHUS PHIO TAKUM 00pa30M, YTOOBI OOMEHHAsSI SHEPIHUS Y PbIO YMEHBbIIUIACH, a
SHEPrusi uX pocTa, HA00OPOT, YBEIUUNBAJIACS.

ITpecHOBOHBIE IKOCUCTEMBI PA3HOTO THUIIA XapPAKTEPHUIYIOTCS Pa3IMYHBIMU THIPO-
JIOTUYECKUMH, aTMOCHEPHBIMH, OUOJIOTUYECKUMH H (PU3UKO-XUMHYECKUMHU YCITIOBHUSMH.
Ponp BHemHuxX (akTOpoOB, TAKMX KaK TeMIepaTypa BOJbI, aBJIEHUE, COJIEHOCTh, Fa30BbIN
pPeXUM BOAOEMA, UHTEHCUBHOCTH COJIHEUHOM pagualiiy, OCBEIICHHOCTb W T.A. B XXWU3HU
PBIOBI U IPYTUX HACEJSIONIUX BOJHYIO Cpey OPraHu3MOB OTPOMHA, YTO M OOYCIABIMBAET
UX pa3zHoOOpasue.

1 HOpMaabHOTO (PYHKIIMOHUPOBAHUS BOJAHBIX OPTAHU3MOB BOHAS Cpe/ia SBIISICTCS
UJeaIbHO CTaOWIbHOM cpenoil. MHorume CcBOHCTBA BOJBI 0OOECIEUMBAIOT MEJIEHHOE
U3MEHEHHME €€ MapaMeTpoB, UTO MAET OpraHu3MaMm BpeMms I aJIeKBATHOW MEPEeCTPOUKU
(bU3UOJIOTUYECKOTO TOMEOCTa3a.

Bopaa BMecTe ¢ rpyHTOM, (PUTO- ¥ 3001IEHO30M €€ XpaHUJIUIIA SIBJISIETCS OKpYKaroIen
cpenoi mis pelOHONM Tomyssanuu. PU3MUecKrue YCIOBHUS OKPYXKAIOIIEH Cpeabl, Ipexae
BCEro, OKa3bIBAIOT BIIMSHKME Ha (PU3HOJIOTHUECKHUE ITPOIIECCHI PHIOHI.

Bueminue ¢usuueckue ycloBUs, TaKHME KaK THIPOMETEOPOJIOTHYECKHUE, THUIPOJIO-
rU4YecKue, TMIPOJAMHAMUYECKHUE, a TaKKe XMMUUECKHe, aHTPOIIOTeHHbIE U Ipyrue (pakTopsl
OKpYyXXaloIliel BOJHOM cpeabl OuYeHb OBICTPO U JOBOJIBHO CHJIIBHO BO3JIEMCTBYIOT Ha
(bU3UOJIOTUYECKUE MTPOLIECCHl OCOOEHHO TeX PbIO, KOTOPHIE BRIPAIIIMBAIOTCS B PHIOOBOTHBIX
npyJaax.

Jst TOCTUXKEHUSI BBICOKHUX PE3YJIbTATOB IO IMPOW3BOJICTBY PBIOHOW MPOAYKIINH,
HeOoOXOIUMO  YBEIMYMBATH  IUIOTHOCTh  MOCAJKU  PbIOBI  HAa  BBIpAIllMBAaHUE,
3alpOrpaMMHUPOBATh PEKUM IMHUTAHUS PHIOBI MOJHOLIEHHBIMM KOPMOCMECHSIMH, YTOOBI
o0oraiare €CTECTBEHHBIH KOPM PbIOBI, HEOOXOJIMMO PEryJISIpHO YAOOPSTH 3KOCUCTEMY
npyJa MHUHEPaJbHBIMM W OPTAaHWYECKMMH BEIIECTBAMH W T.M. A IIMPOKOE BHEAPCHHUE
COBPEMEHHBIX TEXHOJOTUM BBIpAIIIMBAHUS PBIO U MHTEHCUBHBIX METOJ/IOB UX KOPMJICHUS B
MPYJOBOM PBIOOBOJACTBE, KPOME IMO3UTUBHBIX MOMEHTOB, MOXET TaKXe OOYCIOBIUBATH
HAKOIUIEHWE OPTraHMYECKUX BEIIECTB B O3KOCHUCTEME MpyJa, YXYAUIUTh KUCIOPOIHBIN
OaylaHC BOJJ0EMA, MPUBECTHU K MOBBIIIEHHONW KOHIIEHTPAIIMU YIJIEKUCIIOTHI B BOJIE U T.JI.
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Ob UT'POBBIX TEXHOJIOT'UAX
B BUPTYAJIBHOU OBPA3OBATEJ/IIBHOU CPEJE

Tazcoes I1I. X. — accucmenm kagpeopwt ungopmamuxu THY

Hrpa u urpoBbie METObI BCETIa UCIOJb30BAIUCH KAK B CeMbe, Tak W B Ikose. Co
BpEMEHEM HTIpa MPEeBPATWIACh B OJHO M3 MOTYIIUX MEIarOruuecKux CpeacTB oOydeHUs U
BocniuTaHus. UrpoBbie METO/1bl 00OYUEHHUSI HbIHE HA3bIBAIOTCS UTPOBBIMH TEXHOJIOTHUSIMHU.

B Hacrosiee Bpemsi Urpbl, OCOOEHHO MYJIbTUMEIUMHBIE, U UTPOBbIE TEXHOJOTUU
MEepPeXKUBAIOT TIEpUOJ CcBoeoOpa3zHoro pacusera. M dyem ke o0OYCIOBIEHO TaKoOM
BO3paCTAIOIINN UHTEPEC K UTPOBBIM TexHOJIorusM? B nepByto ouepeib, Ha HAIll B3IJISI, 3TO
CBSI3AHO C pACIpPOCTpPaHEHUEM M YIIIyOJieHHMeM MpoOJjieMHOTO oOydeHus. Bo-BTOpPBIX, OHO
BBI3BAHO TE€M, YTO IPOM3OIIET MPOPHIB B Nemarorudeckoid Hayke. Ilemaroruka cmoriia
MOJIHBIM XOJOM ITPOJIEMOHCTPUPOBAThH ce0s, B KaueCTBE OCHOBOIIOJAraroiiei Hayku o0
00y4YeHUU U BOCIUTAHUHU. B TpeThUX, MHTEPEC K UTPOBBIM TEXHOJIOTHSIM BO3POC B CBSI3U C
SKOHOMHUYECKMMU M COLMAJbHBIMU TOTPEOHOCTSIMU B (HOPMUPOBAHUU BCECTOPOHHE
pa3BUTOMN U AKTUBHOM JIMYHOCTH.

MynbTUMenuitHasT urpa — 93TO WIpa, B KOTOPOM MPOUCXOAUT B3aUMOJCHCTBHUE
oOyyaeMoOll ¢ BHUPTyaJlbHOW Cpenol, MOCTpOeHHOU KommbioTepoM. MHpopmanmonHoe
COCTOSIHUE BHUPTYaJIbHOU Cpeabl MepenacTcs UTPOKY pas3IMUHbIMU criocodamu. B Takoit
Urpe MOXXHO UTrpaTh Kak B OJMHOYKY, Ha JIOKAJbHOM KOMIIBIOTEpE, TaK U B KOMaHJe, B
KOMITBIOTEPHOH CETH.

LlenTpanbHOe MeCTO B NEAArOTMUYECKUX MYJIbTUMEIUNHBIX HIPOBBIX TEXHOJIOTHSX
3aHMMAET MHTEPAKTUBHOE B3aMMO/JICUCTBUE UTPOKOB (yUaluecs) Kak Mexay coboi, Tak u
MEXK/1y UTPOKAMU U UX TPeHepoM (YyUUTesIeM WIM MpernoaBaTeeM). DTUM Me1arorudyecKum
UrpaM CBOMCTBEHHBI 3aKJIIOYUTENIbHbIE PETPOCIEKTUBHBIE 0OCYXKIEHUS, B KOTOPBIX UTPOKU
COBMECTHO aHAJIM3UPYIOT XOAbl U PE3YJIbTAThl UTP, COOTHOIIEHUS UTPOBBIX U PeabHBIX
CUTyalu.

CeroaHs (PYyHKIMOHUPYIOT MHOKECTBO CAMbIX Pa3JIUYHBIX MYJIbTUMEIUA CUCTEM,
KOTOpblE KOPEHHBbIM 00pa3oM IpeoOpa3zoBajid MHOrHEe OOJACTH  UYEJIOBEYECKOM
NEATeIbHOCTH, U B IEPBYIO ouepedb chepy oOpazoBaHus. BHeapeHue MyJIbTUMETUHHBIX
TEXHOJIOTMH B CpeAcTBa HMHGOPMATHU3AIMKM CYIIECTBEHHO TOBBICHIIO 3()()EeKTUBHOCTH
0o0ydeHus. DKCIEpPUMEHTAJIbHO YCTAHOBJIEHO, YTO NPU YCTHOM H3JIOKEHUU Y4EOHOTO
MaTepuaja y4eHUK 3a OJIHY MUHYTY MOXET BOCHPHUHMMATh U TepepadoTaTh 10 OJHOMU
TBICSAYN YCIOBHBIX €IUHUIl HWHOpMAIMK, a TpH TOAKITIOYCHUU MYJIbTUMEIUNHHBIX
texHojiorut — 10 100 ThICSY TakuX eAuHUIl. BUAHO, YTO TEXHOJOTMYeCKOe BIIMSHUE Ha
SMOIIMOHAIBHYIO c(hepy YEeITOBEUECKON ICUXUKU SIBIISIETCS OYEHb Ba)XXHBIM (DaKTOPOM IIpH
00yUYEeHHH | CITOCOOCTBYET Oostee 3P(HEeKTUBHOMY YCBOSHUIO 3HAHUH.

CoBpeMEHHBIM  HAIPABJIEHUEM  MYJIbTUMEIUMHBIX  TEXHOJIOTHMUA  CUMTAETCs
BUpTYyaJibHAsl peajbHOCTh. KMMEHHO 3ToMy MYyJIbTUMEAUWHOMY HAIPABICHUIO ceidac
yaensieTcss 00jblliee BHUMaHUEe, O YéM FOBOPUT €ro HEYKJIOHHOE U UHTEHCHBHOE Pa3BUTHUE.
[Ton BUpTYaIbHOM pealbHOCTHIO MOHUMAETCS MOJIYyUEeHHE TICEB/IO PEASIbHBIX OIIYIIIEHUN OT
HepeaTbHOTO MUpa. MyJIbTUMEINIHBIE KOMITBIOTEPHBIE CPEACTBA MOTYT HACTOJIBKO IMOJHO
MOJICIUPOBATh W CO3/1aBaTh 3BYKOBbIC, 3pUTEJIbHBIE M JAPYrUe OIIYIIEHHUS, YTO
M0JIb30BaTEIb HA BpeMs ceaHca 3a0bIBAET O PEaIbHOM OKPYIKAIOLIEM MUPE U C YBIIEYEHUEM
MOTPY)KAETCSd B BBIMBIIUIEHHbIM MHUpP. BO3MOXHOCTU CBOOOAHOTO TEpEeMEICHHUsT B
BUPTYaJIbHOM pPEaJIbHOCTH, U TeM 0o0Jjiee BO3JCUCTBUS Ha HeE, MPUOABISIOT ClelHMaIbHbIC
3(PeKThI TPUCYTCTBUS B ITOU peaTbHOCTH.

CaMbpIM TIPOCTEMIIMM U HAaUMEHEEe YTOMUTEIBHBIM CIIOCOOOM BXOXIEHUS B
BUPTYAJIbHYIO PEAIbHOCTH SIBJISIETCSl MCMIOJIb30BAaHUE 3KpaHa KOMIbIoTepa. B aToMm ciyuae,
NepeMelleHue M BO3/EHCTBHE HA BUPTYAIBHBIM MHUP MOXKHO OCYIIECTBUTH C MOMOIIBIO
MBIIIIH, JDKOWUCTMKA W (WiM) KiaaBuUaTypbl. OOBbEMHOE BOCHPUSATHE MYIbTUMEIUNHOIO
U300paKeHUsI MOKHO 00ECTIEUUTh C MIOMOIIIBIO0 OYKOB C PA3HBIMU CTEKIIAMH.
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O BHEJAPEHUE COBPEMEHHBIX I PAOUYECKUX
TEXHOJIOI'MA B ITPOLHECCE OBYUEHUA

Qaiizynnoes @. P. — accucmenm xaghedpvl ungpopmamuxu THY

OOyueHue — 310 Nepenava nHGopMauu yueHuky. MHbopMallMoHHbIE TEXHOJIOTUN —
MPOILIECChl, CBs3aHHBIE ¢ TepepaboTkoii  mHpopmanmu.JlroOble  METOAMKUA — WU
MeIarOTUYECKe TEXHOJIOTUU OIMCHIBAIOT, KaK mepepaboTaTh W mepeaaTh WH(OPMAIIHIO,
yTOOBI OHA ObLJIa HAWITYYIIIUM 00Pa30M YCBOCHA YUAIIIMMUCS.

YUToObl y4YeHUKU MPOAYKTUBHO U JEITEIbHO paboTaln Ha ypokKax, TpelOyercs
HCIIOJIb30BATh MHTEPAKTUBHBIC METOIbI OOYUEHUSI, T/Ie HAPSAY C IPYTUMH BO3MOXKHOCTSIMU
HCIIOJIB3YIOTCS COBPEMEHHbIe TIpaduueckue TeXxHOJOoruu. B OCHOBE HWHTEPAKTUBHBIX
METOJI0B I'paUUECKOro Xapaxkrepa JIeKUT MPUHLUI HEMOCPEACTBEHHOTO Yy4acTus, KOTO-
pbIii O0S3BIBACT YUMTENS CHelaTh KaXKIOrO Yy4yallerocs y4acTHUKOM Y4ueOHO-BOCIUTA-
TEJIBHOTO IIpoliecca, ACHCTBYIONIMM, BEAYIIMM IIOMCK IyTed M CIOCOOOB peIIEHUs
M3y4yaeMbIX B yUeOHOM Kypce poOieMm.

ITonoOHBIE METOBI OTIIMYAIOTCS BHICOKOM BOBJICUYEHHOCTHIO O0y4aeMbIX B y4eOHBIN
Mpol1iecc, MOoOYXKAAIT IIKOJILHUKOB OBITh akTUBHBIMM. Ha ypokax ¢ HCHOJIb30BaHUEM
MHTEPAKTUBHBIX METOJOB C BHEAPECHHEM TIpadUUECKUX TEXHOJIOTHH ydJalluecs caMo-
CTOSITEIIHPHO NIPUHUMAIOT PEIICHHS. A 3HAHMS, KOTOpPbIE OHU JOOBIBAIOT CAMOCTOSITEIIBHO,
3allOMHMHAIOTCS HA 00Jiee IIIMTEIbHOE BPEMsl, YeEM 3HAHMS, TPENOJHECEHHbIE UM KaK (haKT.

NHTepakTUBHBIE METOABI OOYYCHHS C HMCIOJIb30BAaHHEM TpadUUECKHX TEXHOJIOTHUM
0o0ecreurBalOT HAINPABJICHHYIO AaKTUBHOCTh IICUXHYECKHUX IPOLIECCOB OOy4YaeMbIX:
CTUMYJIUPYIOT MBIIUICHUE TPU HUCIOJb30BAHUU MPOOJEMHBIX CUTyalluid, 0OECreyuBalOT
3allOMMHAHME TJIABHOTO HA YPOKax, BO30YKIAIOT MHTEPEC K M3y4aeMOMY IpEAMETY U
BbIPA0ATHIBAIOT MOTPEOHOCTh K CAMOCTOSITEIIbHOMY MPUOOPETEHUIO 3HAHUH.

OnHUM U3 METOJOB HHTEPAKTUBHOTO OOYYEHUsS C BHEAPEHUEM COBPEMEHHBIX
rpapuueckux TEXHOJIOTUH sBJIseTCsl JenoBas urpa.B AenoBoil urpe ¢ puCOBaHUEM
MMPOUCXOAUT YCBOEHHE YYEHMKAMH OTJCIbHBIX 3HAHWUW, YMEHUH, HABBIKOB U
BbIpA0aTHIBAIOTCS UX JTUYHOCTHBIE KauecTBa. JJ1s Je10BOM UTPHI XapaKTEPHO HAJIMYHUE:

* UMHUTAIIMOHHOMN MOJEH AESITEILHOCTU U MTPOU3BOJICTBEHHBIX OTHOIICHU;
* MIpoOJEMHON cUTyallly;

* poJiei, poJIeBBIX LieJIei 1 O0Ie 11eT1 BCero KOJIIEKTUBA;

* B3aUMOJICHCTBUS YUACTHUKOB, UCTIOJTHSIONINX T€ UJIUM UHBIE POJIU;

* KOJUIEKTUBHOM JAEATEIHLHOCTH;

* IEMOYKH pPEIICHUH.

AHanmu3 BKIIOYEHHS WUIP M HUIPOBBIX MOMEHTOB C BHEIpPEHHEM TI'papuUecKux
TEXHOJIOTUM B y4EOHBIA MPOIIECC BBISBUI PSJ IMEIArOTUYECKUX MPEUMYIIECTB TaKOM
METOJIMKH Mepea TPaIUIMOHHBIMU (h)OpMaMU U3JI0KEHUSI MaTepuaa:

* AKTUBU3AIUS MBICIUTEIILHOMN AEATEIbHOCTH;
* TrJ1yOMHHOE 3alIOMUHAHUE MaTepHualia;

* 00OyuyeHUe OPraHU30BAHHOCTH;

* (popMHpOBaHNE KOMMYHHUKATHBHBIX KAUECTB.

HNrpoBeie GopMbl 3aHSATUM C TOMOIIBIO PUCOBAHUS M TpaPUUECKUX TEXHOJIOTHM
pa3zpabaThIBalOTCS HA 0a3e IPYyrux UTPOBBIX TEXHOJIOTHI — METO/I0B, MPUEMOB U CUTYAIIUH,
KOTOpbIE CIPOBOLIMPYIOT TOJbKO AKTUBU3ALMIO ITO3HABATEIBbHON  JIESTENIbHOCTH,
YIOBJIETBOPSIS BO3PACTHBIE y4yeOHbIE MOTPEOHOCTH JIIOOONW KaTeropuu OOyYarolnXcs
(Y4EHUKOB WJIM CTYIAEHTOB). B UIrpOBBIX 3aHATUIX Y4eOHO-TIO3HABATENIbHAS JESITEIIbHOCTh
00y4aeMbIX B OCHOBHOM TTOJTUUHSIETCS MPABUIAM UTPHI.
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HATYJIbHBIN PBIBOBO/IHBIN TTPY/]] -
TEXHOJIOTUS BHIPAILIMBAHU S PbIb

Axobupszoda @. — acnupanm xaghedpvl ungpopmamuxu THY

Beicokne moxaszatenum OT BBIpAlIMBAaHHUS PBIOBI B PBIOOBOAHOM TPYAY MOKHO
MOJIYYUTh TOJBKO B TOM ClIydae, €CId B €ro OJKOCHUCTeME 3apaHee IPOBOISTCS
COOTBETCTBYIOIINE HOPMATHBHO-CAHUTAPHBIE MEPOTIPUSATHSL:

— TIPOCYIIKA JIOXKA TMPYAa;

— TIepernaiika JOHHBIX OTJIOXKESHHH Mepel BOOBBITYCKOM;

— 00paboTKa XJIOPHOU U3BECTHIO MECT CKOTICHUS HE MPOCHIXAIOIINX MIIOBBIX OTIIOKCHMIA;

— TIEPEHOC HeTaleHO! N3BEeCTH Ha OCTAIBHYIO YaCTh PHIOOBOTHOTO TIPYAA;

— yJaJeHHe BBICOXIIEH MPOIUIOTOHEH pacTUTETLHOCTH, TIOTIABIIEH MO/ 3JIUTHE BOJOMH;

— 3aB03 HaBO3a B MPY/I;

— 3aChINIKa TPYHTOM MecCT (PUIbTPAIMH BOIBI Yepe3 JaMOBI;

— 3aJIUTHE IIpyAa BOAOU;

— 10 JOCTH)KCHMIO OINTHMAJIbHOW TEeMIlepaTypbl BOJBI, BHECEHHE MHUHEPATbHBIX
y10OpEHMUI;

— C UVHTCHCHBHBIM pPa3BUTHEM BOJOPOCICH, 3apbIOJIEHHE HATyJIbHOTO PBIOOBOIHOIO
pyaa;

— KOpMJICHHE Kaplia KOMOMKOpPMaMHU M KYKOJIKOM TYTOBOTO HISTKOMPSIa B 3aBUCUMOCTH
OT TIOE€TAEMOCTH;

— KOopmJieHHe O0eJoTo amMypa KOPMOBBIMH pACTEHUSMH TakKKe€ B 3aBHCHUMOCTH OT
MOETaeMOCTH;

[TpoBenénHble McCIenOBaHUS B PBHIOOBOIHBIX MPYAaX PHIOHOTO XO3siCTBA MM. A.
Hxamu PT moxaszamu, 4To Temm pocTa OeIoro TOJICTOJIOOMKAa OBUT CBSI3aH C BBICOKOM
TeMIepaTypoi Boabl B IpyAy B utoHe-utoje (27-29 °C), a Takke ¢ yCUJIEHHBIM BHECEHUEM B
MpyI  MHUHEPAIBbHBIX  YyAOOpEeHWd U, COOTBETCTBEHHO, XOPOIIMM  DPa3BUTHUEM
¢uToruiankToHa. Temm pocTa kapra, Mpexk/e BCero, 3aBUCEN OT HOPMbI BHECEHUSI KOPMOB
B TPYA, @ TEMII pocTa Oeoro amypa — OT KOJWYeCTBAa MU OMOMACCHI BBICIICH BOIHOU
PACTUTEITLHOCTH B TIPYAY.

[Toxa3zaHo, 4YTO BBICOKOMPOAYKTUBHAS JKOCHCTEMa PBIOOBOIHOTO TMpyna Mpu
HOPMATHBHBIX IOCaJKax OEIOTro TOJICTOJIOOMKA TIO3BOJISIET MOJYYUTh BBICOKHUN ypOXKail
BCETrO KOMIUIEKCA TOCAKEHHBIX BUIOB pbIO (1986 1. — 50 y/ea). [1pu yBenmueHnn IIIOTHOCTH
MOCaJIoK 0enoro ToJICTOJIOOMKA oO0Ias MNPOAYKTUBHOCTh MOCAXEHHBIX B MpPYA pPbIO
HECKOJIPKO yMeHbImiIach (1987 1. — 49 y/2a). B cBs3u ¢ aTnM:

1. BpicOKO# pPBHIOONIPOAYKTUBHOCTH MOYKHO JTOCTHTHYTH TOJIBKO IyTEM MPaBUIHHOTO
mogdoopa BUIAOBOTO COCTaBa PHIO, KOTOpble OBl MaKCHUMaJIbHO HCIIOJIB30BAIN
BBICOKOTIPOJIYKTUBHYIO KOPMOBYIO 0a3y PhIOOBOJHOTO MPY/aA.

2. DKocucTeMa PHIOOBOAHOTO TPYyJa MOXET CTaTh BBICOKOTPOIYKTUBHOM TOJIBKO B TOM
ciydae, eciy OMOJIOTHYECKHE IMPOIeCChl BCEX 3BEHBEB €€ OMOTHYECKOW Ienmu OymyT
MPOTEKATh HA BHICOKOTIPOAYKTUBHOM YPOBHE.

3. Bbicokmii TPOIEHT PBIOONMPOAYKIIMM MOXHO TIOJYYUTh B TMOJUKYJIBTYpPE PBIO,
cocTosllel U3 Kapma, 0eroro Tojactoinobuka u 6emoro amypa. I[IpunsaTo cuurars, 4yTO
9TO COOTHOIIEHUE BUIOB ONTUMAJBHO M3-32 HAMOOJIee MOJHOTO HCIOJIb30BAHUS UMU
€CTECTBEHHOW KOPMOBOU 0a3bl Ipy/ia: Oelblil TOJICTOJI00UK MOTPeOIseT (PUTOTIAHKTOH,
KapIi — OEHTOC U 300TUIAHKTOH, Oelblil aMyp — MakpoQuT.

4. TTomuKyIbTypa MO3BOJISIET TMOJMYUYNUTh BBICOKUH YpOXKail BCEro KOMIUIEKCA MOCAKEHHBIX
BUJIOB PbIO TOJBKO TMpPU HOPMATHUBHBIX IOCAgKax OEIOro TOJICTOJIOOWKA, T.K.
pPBIOONPOYKTUBHOCTh MpyAa TECHEHMIIMM oOpa3oM CBs3aHa C MNPOAYKLHEH
OpPraHMYEeCKOTO BelecTBa 3a CU€T (OTOCHMHTE3a (PUTOIUIAHKTOHA, T.€. IUIOTHOCTH
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ITOCAa’KCHHBIX pI)I6 JOJIDKHA COOTBCTCTBOBATH YPOBCHb JIICPBUYHO-IIPOAYKIMUOHHBIX
IIpoueCCCOB.

NCCIEAOBAHUE CUEHAPUEB BU®YPKALIMOHHOT' O ITOBEJIEHUS
CUCTEM C MEUIEHHO MEHSIOIUMHACSA 1 CTABOOCHWINPYIOIINMA
ITAPAMETPAMM B OKPECTHOCTHU BU®YPKALIMOHHBIX 3BHAYEHUUN

Hypos U. [[oic. — 0.¢h.-m.1, npogheccop kagpedpwt modeneposanue THY

Hacrosmuit qoki1aa nocBAIleH 3ajjaue BOZHUKHOBEHUS MEPUOINYECKUX KOJIeOaHUI
MaJIO aMIWITYIbl B ATOHOMHBIX AU GEPEHIINATBHBIX YPaBHEHUSX NMPU (PUKCUPOBAHHBIX
3HAYEHUSX MMapaMeTpoB, OJM3KUX K KPUTUYECKUM. B mpakThueckux 3ajadax mapameTpbl
JTUHAMHYECKON CHCTEMBI 3BOJIIOLIMOHUPYIOT BO BpeMeHU. PaccmarpuBaercss cuTyauus
MEUICHHOTO HW3MEHEHUM MapaMeTpOB B OKPECTHOCTH OUDYpPKALMOHHBIX 3HAYEHU.
OCHOBHOH LIENIBIO JOKJIAJa SIBJIAETCS M3JI0’KEHUE BOIIPOCAa O TOM, BO YTO NpeoOpasyeTcs
TOT WJIM MHOM NIapaMeTp IUHAMUYECKON CUCTEMBI.

Nzyuaercsa nuddepeHniranbHoe ypaBHEHNE BUIA

' =A(A)x+alx i), xeER" AR,

rae A(A)—xBagparHas MaTpuna mopsika N, 3aBHcsmias OT CKaJIPHOIO Iapamerpa, a
(x, A)-HenmHeHas BeKTOpHAs (PYHKIUS, PABHOMEPHO 4 YIOBJIETBOPSIONIAS YCIOBUIO

la(x,d =0 (lxll), x|l = o.

Cucrema (1) mpu Bcex 4 wuMeeT MojOXKeHUE paBHOBecUs x = 0 mMpuU U3MEHEHUU

XapaKTepa YCTOIXHHBOCTH KOTOpOIro MOTYT HNPOUCXOOIUTH JIOKAJIIbHBIMU 61/1(1)yp1<au1/11/1:
BO3HUKATb HOBBIC HCHYJICBBIC IIOJIOKCHHUA PABHOBCCUA WIIN IICPUOJNYICCKUC KOJIeOaHMsI.
PaCCMOTpI/IM CUTyallMO, Korga mapamMcTp A MCIOJICHHO MCHACTCA I10 IICPHUOIUYCCKOMY

3aKOHY B OKPECTHOCTH TOYKU OMPYypKALUU Ay
A=f(1) =2y +de(1),
@(t+T) = @(2),
|§] << 1.

YcraHaBnuBaeTcs, 4To B CHCTEME  BO3HHMKAIOT OWGypKaIlud  BBIHYXJICHHBIX
KOJIEOaAHUN.

KAYECTBEHHBIV AHAJIN3 NEPMOJUYHOCTU ®A30BOI'O
ITOPTPETA B 3AJIAYE CITPOCA U IIPEUVIOKEHU S

Hlapugszooa 3. U. — acnupanm kagpedpwvt mooenuposarus THY
Kapumosa M. X. — acnupanm kageopwvt mooenuposarus THY

Crenyer OTMETUTh, B UTO 3KOHOMHUKO-MATEMATUYECKOE MOJIEITMPOBAHUE SBIISIETCS
3¢ (EeKTUBHBIM METOJO0M HMCCIIEAOBAHUS CIOXKHBIX COLIMATIbHO-3KOHOMUYECKUX OOBEKTOB U
npoueccoB. IIpakTuuecknMM 3a4a9aMi MOAETUPOBAHUS SBJISIOTCS AHAIN3 IKOHOMUYECKHUX
00BEKTOB; SKOHOMUYECKOE IMPOTHO3UPOBAHUE, MPEABUICHUE DPA3BUTHUSL XO35AWCTBEHHBIX
MPOLIECCOB U BhIPAOOTKA yIPABIEHYECKUX PELICHUH.

Hacrosimas paborta nocpsieHa KaueCTBEHHOMY MCCIIEAOBAHUIO 3a/1a41
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crpoca ¥ MpeaIoKeHUH.
BBenéM B paccMOTpeHUE ypaBHEHUE BUIA:

Q' =K, [5[:7&[?)} — D[:jﬂ[l“)}:], Kk, =0 (1)

Llena p(t) saBnsierca ¢yHkuueir BpemeHu. Ee wu3MeHeHUe MNPOMOPIUOHAIBHO
OTKJIOHEHUIO KOJIMYECTBA TOBAPOB {(t) OT paBHOBECHOTO HECTAIIMOHAPHOTO YPOBHS ()

P = = (S(®) - 0(e®)), x>0 @

Takum 00pa3zoMm, AMHAMHMKA LIEH YAOBJIETBOPSIET XOPOIIO HM3BECTHBIM B TEOPUU
paBHOBecus nu(depeHIMaIbHBIM YPABHEHUSIM HepBoro nopsaka (1) u (2).
ITpocreiimas nayTuHooOpa3Hasi MOJAEIb CIIPOCA U MPEIJIOKEHUSI UMEET BU!

j[ﬂ[f)} _D[:TGU)} = (b, — by )p(t) — (b.— ba)p,(t) = bp(t) —bp,(t), (3)

rae b=(b, — b, ).ITostomy muddepenimansHoe ypaBHeHue (1) ¢ yueToM TpeHga MOXKHO
MPE/ICTABUTh KaK

Q' = 51 (5(p(0)) = D(p(D)) = kabp(t) — kybpo () — Kibgst, (4)
rae kqb = 0.
Huddepeniupys ypaBHenue (2) umeem
Bry = —K2Q: + K28 ©)
C yuerom (4) HaxoauM

Pip + xkp(t) = ayt + a, (6)
Pemienne ypaBHenue (6) mpuMeT CIeIyIONIUNA BU/L:

p(t)=C, cos(vkt) + Csin(Vke —%H# (7)

L

[Tomryuennoe perenwe (7) MO3BOISIET YUCIEHHO MOJIEIMPOBATH U
MMPOTHO3UPOBATh 3KOHOMUUYECKHE IPOIIeCChl. PealbHBIMU IpUMepaMu TaKUX IPOIIECCOB
SIBJISICTCS] TMHAMKMKA MUPOBBIX IICH.

B 3akmroueHne OTMETHM, YTO JAWHAMHUKA IICHBI 3aBUCHT OT BPEMEHH U SIBIISICTCS
MEPUOTUYECKHM.

AHAJIN3 CYIIECTBOBAHMWS ITPEJAEJIBHBIX ITUKJIOB
B HEJIMHEVHBIX TMHAMUNYECKUX CUCTEMAX

Apabos M. K.,Cobupos X. H. — acucmenmot kagheopwi
UHGOPMAYUOHHOT U KOMMYHUKAYUOHHOU mexHoroeuu THY

Ha CCFOI[HHIHHCﬁ ACHb, IIPCACIbHBIC LII/IKJ'II)I[z] HallJId IIUPOKOC IMPUMCHCHUC BO
MHOTHUX O0JIaCTSIX €CTECTBO3HAHMS: paI[I/IO(l)I/ISI/IKa, TCOpUAd KOHC68.HPII>'I, MaTeEMaTHYCCKaAa
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6I/IOJ'IOFI/I$I, XUMMUs, aBuanwus, ABTOMATHUYCCKOC  PCTYJIMPOBAHUC, MaTEMaTN4dYCCKas
O9KOHOMUKA, ACTPOHOMUA, MCIUTIUHA U T./.
HaCTOHIHaH pa60Ta ITOCBAIICHA UCCIICJOBAHUIO YPABHCHUA BTOPOTO IMMOPAIKaA

-1.‘.-.'.' i ':I_‘I"I"I n b}r — Cl-.l.‘..-' _ ‘p(}.‘l _1"hl:| |_. (1)
rae a, b, ¢ - BellleCTBEHHbIE uncia, a GyHkuMs @ (v, v') HenpepblBHO nuddepeHmpyemas 1
OrpaHUYEHHas, TO €CThb CYLIECTBYET M = 0, TaKOE YTO

sup |e(v.y")| < M.

VpaBueHue (1) 5KkBUBAJIGHTHO CUCTEME

L )

X, = —ax, — bxy + c|x, —@(xy,x,)],

rie =V, x,=y. Ilpeamonoxum, uTo cucreMa (2) uMeeT €IMHCTBEHHOE
M30JIMPOBAHHOE COCTOSTHUE PaBHOBECHS (x4g, 0, TIIE X4, SBIISAETCS PEIIEHUEM YPABHEHMUSI

b':".'ll:' T CI‘,?[.)-'IE.J 'D)l =0

Hns cmyyast, korma @ (x4, Q) = 0, muaeapusyem [1] ypaBuenue (1) B okpecTHOCTH 0CcOO0M
TOYKHM [ %,5.0) (cmyuait @(x,,, 0) < 0 paccMaTpuBaeTCs aHAJIOTUYHO):

w'+Au'+Bu=0. (3)

de )
rz[e_£1=a—.:'a——r:, B = b—ca—, U= Xy —Xq.
) .

Teopema 1.11ycts k03 PuneHTs ypaBHeHUs (1) yAOBIETBOPSIOT HEPABEHCTBAM:
4b =max{(a+ )’ (a—¢)’} u a=0.
Torma Bce pemeHust cuctemsl (2) orpaHndeHsl npu t = 0, ecnmn a- ¢ > 0, u npu t = 0, ecnu
arc=0.
Teopema 2. ITycts k03ppuumeHTs ypaBHeHUS (1) yIOBIETBOPSIOT YCIOBUSIM:
4b=max{(a+tc)’(a—c)laz=0 u A <4B,
Torna npu BeinoaHeHUU yciaoBus A = O ypaBHeHue (1) uMmeer npeaenbHbINA HUKII.

Jlutepatypa
[1]. Katok A.B., Xaccenbnar b. BBenenue B Teoputo nuHammdeckux cucreM. — M.: MITHMO,2005.-
454 c.
[2]. Myxamaaues 3.M., Hypos U.[., Xamunoa M.III. Ilpeaenbuble HUKIBI KYCOYHO-TUHEHHBIX
muddepeHINaTbHBIX YPABHEHUH BTOPOTO TMOpsAIKa.-Y UMCKHA MaTeMaTHUeCKHH JXypHal, T. 0,
2014, Nel, c. 84-93.
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UCTUPOJAU YCYJIXOU PUEZA-UKTUCOMA
BAPOM XAJUIM MACBAJIAXOU KUILIOBAP3H

Kypoonos K. IO. — n.u.u., 0oomceumu kageopau
mexHono2usxou ummunoomi éa upmuoomuu JJMT

Baxre ku cyxaH nap 6opaum TaTtOUKM pUEINET Iap COXAaXO0, a3 OH yymiia, uctudoaau
YCYJIXOM PUEN-UKTUCOANA Jap coXau KUIIOBap3d MepaBal, ¢GaxkaT Ty30pOHUAAHU
XMUCOOKYHUXOM TYHOTYHPO Jap Hazap HajopaHi, Oanku ouna O6a ucrudomabapuu pueésmeér
0apou OMYXTaHM KOHYHHUSITXOM COXaXOU KHIIOBap3d, a3 OH Yymyla HMKTUCOIUETH
KHUIIIOBAp3#, Mal0 KapIaHU XyJIOCAaXOW HazapusBd, €hTaHM XalIxo Ba KaOylId KapopXou
UIOpaKyHUU UKTUCOAA MepaBad. Ad3amusaTu acocuu pué3nér XaMuyH BOCHUTAW JTOHHIITH
WM 1ap OH acT, KU Jlap BaKTU COXTAaHU MOJIEIXOM PHUE3N Jap MYHOCHMOATXOU MyaMsiH
OO0BEKTH OMYXTalllaBaHAApPO HMBAa3 MEKyHaJ. Mojenu pué3ur HUKTUCOAUET, KU 00 Epuu
TaHOCYOXOM pUE3 XOCHUSATXOM aCOCHHM pPaBaHAXOW MKTHUCOAW Ba XOAaucaxopo wudoma
MEKYHa/l, 0OJIOTH CAMapaHOKU TAAKUKOTH MyaMMOXOHU MypaKkKkabu UKTUCOI MeOoIIaI.

Puésuér xamMmuyH uiMu JaKUK UMKOHUST MeAuXal, KU MyHOCHOATXOU MUKJIOpHUE, KU
Jlap UKTUCOAUETH KUIIOBap3#t oW mopaHa, oMmyxTa maBaHa. Mcrudonabapuu ycyixou
pué3nn 6a WIMM UKTUCOAUET SIK KyBBaW HaB Mebaxinaa, 0a TaAKMKOTH UKTUCOI# cudaTu
HaB MeIMXajJ, AYPYCTUM HATUYAaXOU TAJKUKOTpo Oanana Mmebapaopan, MempaBd Ba
CaMapaHOKUU OHPO TAbMUH MEHAMOSII.

Coxaxou TYHOTYHM XOYaruu XaJdkKM MamilakaTaMOH, a3 OH YymJia CcoXau
UKTUCOAUETU KUIIIOBAp3h, XaMOH BAaKT TaKMHJI MeE€OaHJ, KU arap a3 4Yy3bXOU PHUEZHUET,
STbHE YCYJIXOU PUE3N— UKTUCOH ncThU(dOoaa OapaH/.

Bbapou wucrudomanm ycynxom puE3n-UKTUCOAM Aap paBaHAM XaJUIM Macbhbalaxou
KHUIIIOBAP3#, a3 OH YymJia ucTU(o anu 3aMUHXOHU KUIIIOBAP3H, SIKE a3 OMUJIXOM OH COXTOPH
3aMHHXOH KHUIIIOBap3it 6a Xxucodb Mepana.

Uctudonanm ycymxom  puesn-uKTucoAim Oapou Xauld Machajaxow HUCTH(OIAN
caMapaHOKM 3aMUHXOM KHUIIOBap3#l, OajaHa OapAOIITAHM CAMAapHOKHHM HCTEXCOJOT Jap
XOYAruxXOoU KHUIIOBAP3W KYMaKM ap3aHIae MEpacoHall, KU Jap HAaTU4Ya Ba3bU UKTUCOIUU
Xoyaruxo 0exrap rapauaa, apoUTH HEKYaXxBOJIMU KOPrapOHAIIOH Xy0 Merapaa.

IMPOAYKTUBHOCTD I'VIATI'OJIBHBIX
IMPE®PUKCOB TA/TZKUKCKOI'O A3bIKA

Cooupos JI. JI. — couckamenw kagedpvt unpopmayuontoii
U KOMMYHUKAYUoHHoU mexnonocuu THY

B cratbe npuBOASTCA ~ pe3yNbTAThl  ABTOMATU3UPOBAHHOIO  U3MEPEHUS
MPOAYKTUBHOCTH TJIATOJIBHBIX MPEPUKCOB MO KOPITYCY TEKCTOB TAKMKCKOTO SI3bIKA.

B nocnennue ronsl UccaeT10BaHUS TAIKUKCKOTO SI3bIKA KOMITBIOTEPHBIMU METOIAMU
JaIli OOIIMpPHBIE U JETAIM3UPOBAHHBIE CTATUCTUYECKUE AaHHBbIE MO €ro MopdeMHOMY
coctaBy [l]. I[ToaTomMy NOSBWIMCH BO3MOKHOCTH IO MPAKTHUUYECKON pean3aiuu CUCTEM
ABTOMATHUYECKON 00paObOTKHU TAI)KUKCKUX TEKCTOB C BBICOKMMH MOKA3aTENIMH TOYHOCTU U
MOJIHOTBHI.

B Tteuenune 2011-14 romoB B paMKax HAy4YHOM IIKOJIBI MO KOMIIBIOTEPHOMH
JTUHTBUCTUKE TaDKUKUCTaHA OBLUIH MTOCIIEA0BATEIbHO pa3paboTaHbl MH(OOPMAITMOHHBIE [2],
METOJOJIOTUUECKH € M ajaropurMuueckue [3, 4] OCHOBBI JIsI CO3JaHUS MPOOJIEMHO-
OPUEHTUPOBAHHOTO MPOrPAMMHOI0O oOecrneueHus - J1a0OpaTOPHOro CTeHaa s
WCCIIEIOBAHUS TJIATOJIbHBIX KOHCTPYKIIMH TAIKUKCKOro s3bika [S5]. [IpumeHeHne nfaHHOTO
CTEH/Ia TO3BOJIMIIO U3YYHTh PA3HOOOpa3HbIE aCMEeKThl ()YHKIIMOHUPOBAHUS B SI3bIKE TAKOUH
CHHTAKCUYECKOM KaTEropuu, Kak CKa3yeMoe, B TOM YHUCJIE €€ JIEKCUUECKUE aCIEKThI.
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Hwxke mnpeacraBieHbl HEKOTOPBIE TNPEABAPUTEIbHBIC TaHHBIE CTATUCTHYECKOTO
WCCIIEIOBAHUSI ~ NPOAYKTUBHOCTU  IJIATOJIBHBIX  MPEPUKCOB  TAHKUKCKOTO  SI3BIKa,
MOJIYYCHHBIE C UCIIOb30BaHNEM pa3pab0TaHHOTO CTEH/IAa HAa KOPITYCe TAPKUKCKUX TEKCTOB
o0beMoM cBbIie 2,5 MIH. cJI0B. [IpOIyKTMBHOCTH OIICHMBAJIACh IO YaCTOTHOCTHU
MPUCOETUHEHUS MPe(UKCOB K TIArOJIbHBIM OCHOBaM (IUIsl ClydyaeB, KOT/a TJIaroJl UMes
npeduxc).

CaMbIM TTPOAYKTUBHBIM NMPE(YUKCOM TAHKUKCKOTO SI3bIKA SBIISETCS MTPUCTABKA «Me»
(72,8% ot oO1ero yucita MpucoeaANHEHUH Mpe(UKCOB) U ee OTpHUIlaTelIbHas popma «HAME»
(5,4%). OtpenpHO TIpUCTaBKa OTpULAHUS «Ha» TMOKpbiBaeT 11,8% cmyuaeB. Takum
00pa3oM, npedUKChl «Me» U «Ha», a TaKkKe UX KOMOMHAUUsS «HaMme» MOKpbiBaloT 90%
CIlydaeB MPUCOEANHEHMS MpeduKca K OCHOBE TaPKUKCKOTO TJIaroJja.

OcraBmmiicss TNPOUEHT NPHUCOCAUHEHWI pachpenesiecH B OCHOBHOM  MEXIY
npeduxcamu «o6ap» (3,2%), «rap» (1,6%), «Bo» (1,1%) u «603» (1%). Ha ocranphble 25
npedukcoB npuxoaurcs Mmenee 3,1% ynotpebiaeHui.

Brpouem, cTpykTypa NpOIyKTUBHOCTH (YACTOTHI MPHUCOCAWHEHHUS K Pa3IMYHBIM
[JIaroJiaM) JJIsl IEPEUYHCIICHHBIX MPe(UKCOB HE OTHOPOTHA.

Hampumep, npedukc «0ap» NpenMyIIECTBEHHO MPUCOCIUHSIETCS K TJIArOJbHBIM
ocHoBaM «omam» (19,4%), «oapa» (14,3%), «pac - pacuman» (13,1%), «mzomt» (10,7%),
«rapa» (6,4%). OcraBiuecs OCHOBBI TOKPBIBAIOT 36,1% ciiyyaes.

[Mpeduxc «map» TPEUMYIIECTBEHHO MPHUCOEIUHSIETCS K TIJIATOJBHBIM OCHOBAM
«oMany (25,9%), «oBapa» (16,2%), «Ed1» (8,0%), «o» (8,2%), «xoct» (5,2%), «60p» (5,2%).
OcraBuiuecs 0OCHOBBI TOKpbIBatOT 31,3% cimyuaes.

[Tpeduxc «Bo» MpenMyIIECTBEHHO MPUCOETUHSETCS K TJIATOJIbHBIM OCHOBaM «0acT»
(60,6%), «mop» (17,0%), «ryzop» (7,6%), «Hamym» (5,6%). OcraBumecss OCHOBBI
MOKpPBIBAIOT 9,2% cityuaes.

[Tpedurc «603» MpenMyIecTBEHHO MTPUCOSTUHSIETCS K TJIArOJIbHBIM OCHOBAMKT AP
(21,6%), «momrr» (15,9%), «ramr» (13,7%), «top» (10,4%) u «xoct» (6,5%).OcraBmmuecs
OCHOBBI ITOKpBIBAIOT 31,9% cinyuaes.

[TpuBeneHHble AaHHBIE TPeOYIOT YTOYHEHMsS] HA KOPITyCce TaKUKCKUX TEKCTOB
OoybIIer0 00BEMa M MOTYT OBITh HCIIOIB30BaHBI TMPHU peaU3alliid aBTOMATHYECKHX
CPEIICTB KOPPEKIINH OMMUOOK M PACIIO3HABAHUS TJIATOJIOB JIJISI TAKUKCKOTO SI3BIKA.

Jlutepatypa
[1]. YemanoB 3.1., HdosymoB I''M. ®opmupoBaHue KOJUIEKIIMH MOP(OB TAHKUKCKOTO S3bIKA:
MoHorpadus. - Aymanbe: Jonum, 2014. - 109 c.

AJITOPUTMBbI U ITPOI'PAMMBI KOMITBIOTEPHOI'O
MOIEJINPOBAHUSA HEI'JTAAKUX IBYMEPHBIX CUCTEM

Xanunosa M. IIl. — K.¢h.-m.H., cmapuuil npenodasameltv
Kagpedpvl uHGOPMAYUOHHOU U KOMYHHUKAYUOHHOU MEXHON02UlU,
Iicymaesa H. D. — accucmenm xkageopvl uHpopmMayuoHHo
U KOMYHHUKayuonHot mexuoaocuu THY

Marematuyeckue MOJENIM MHOTMX JUHAMHUYECKHMX CHUCTEM IIPUBOIAT K
nuddepeHInaIbHbIM WIM PA3HOCTHBIM YPABHEHUSIM, COAEPKAIUM HETJIaJK1e, pa3pbIBHbIC
Gyukuuu [1— 3], TakoBBIMH SIBJISIOTCS CHCTEMBI, COIEPKAIUE HEIUHEHHOCTH TUIIA

NACAJIbHBIX WJIIN HCHUACAJIbBHBIX PCJIC, TUCTCPC3UCHBIC 3BCHbA PA3JIMUHbIX BUIOB, CUCTCMBbI C
30HaAaMH1 HCUYBCTBUTCIIbHOCTU WJIN HACBIIICHUA, YIAPHbIC MCXAHU3MbI U AP. K YKa3aHHbIM
MOJCIISIM ITPUBOOAT MHOTHUC 3ala4Y MCXaHUKH, (1)I/I3I/IKI/I, 6I/IOJ'IOFI/H/I, 9KOJIOTHHU, S3KOHOMHKH
n T.40. HpI/I 9TOM HCTIIAAKOCTb MOKCT IPUCYTCTBOBATH M KdK BO3MYILICHUSA I/ICXOI[HOP'I
FJ'IaI[KDfI CHUCTCMBI, U KaK HpI/IHLII/IHI/IaJ'H)Hblf/'I QJICMCHT MOJICIIN.

AHammTHyeckoe PCIICHUC ITPAKTHYCCKUX 3aJa4 BO3MOXHO B PCAKHX ClIydasX. HOSTOMY
uccijeayemas 3agada Hy>KaacTcs B aHFOpI/ITMH‘ICCKOﬁ u HpOFpaMMOI;'I IO AJCPIKKE.
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Hacrosimass paboTa TOCBSIIIIEHA  BBISIBJICHUIO  OMQYPIMPYIONIUX  peIIeHUi
HEeJIMHEHHOTO MU(QepeHIInaTbHOTO ypaBHEHUS BUAA

¥ +ay(Dita(ADx +c()x— Al + olx, i) =0, (1)
IJle XapaKTepUCTHKA HeluHeHHocTdu umeeT Bua @(x,4) = 0lx|, |x| = 0, A — ckanapHbIit
napamerp.

ITyctp mpu HekoTOpOM A=Ay KoO3(p(UIMEHTh ypaBHeHUs (1) yIOBIETBOPSIOT
CIIEAYIOIIHUM YCIOBUSM

a; (Ag) = c(dy) = 0,d,(3,) = ¢(Ay) = 0,a,(4,) = 0. (2)
BBCI[CM B paCCMOTPCHUC CIICAYIOITYIO THIICPIIIOCKOCTD
Yo ={v:(v.by) = 0} (3)

3neck b, = [0,1] - BEKTOP M3 IIIOCKOCTH.

Teopema. Ilycmo svinonnenvt ycnosus (2) u (3). Toeda Ay sensemcss moukoi
ougyprayuu cmayuoHapHvlx pewenuil ypasrenus (1).

CocrositHueM paBHOBECHS CUCTEMBI OYAYT TOJIBKO

2,(M)x+@(xd) = 2e(d), y=0. (4)

WNuTepec npeacrasiseT ciyyaid Bapualiy HEMMHEHHOCTH B (4).

ABTOpaMH Ha OCHOBe makera Matlab mpemIokeHbl alIropuTM W Iporpamma
YUCJICHHOTO MOCTPOCHUS OM(ypKalluK CTaIlMOHAPHOTO peleHus ypaBHeHus (1).

Jlutepatypa

1. AugponoB A.A., Burt A.A., Xatikun C.2.Teopus xonedanuii. — M.: ®usmarrusz,959,913 ¢
2. ®uwumrnos A.D. [IuddepeHnmanbHbie ypaBHEHUS C pa3pbIBHON 4acThi0. — MaTeM.
cbopHuk,1966,51,P2K- Mart,960,317 c.

3.Nurov 1., Yumagulov M. — Italian Journal of Pure and Applied Mathematics., 2003,71-81 (in
Italia).

K ITOJIMTOHAJIBHOI MHTEPIIOJALIMN KPUBBIX B R™

Llabozo6a A. A. — acnupaum Kageopvl 8bIYUCIUMETLHOT
mamemamuxu u mexavuku THY

DKcTpeMaibHas 3aa4a OThICKAHUSI TOYHOM BEpXHEN IPAHU OIIEHKU MOTPEUIHOCTH
NpHUOJIMKEHNsT HEKOTOPBIX KIIACCOB TJIaIKNX KpUBbIX I € R™, 3amaHHBIX

mapaMETpUiICCKUMHN YPABHCHUAMUA

x. =@ (t)i=1m, 0=t=L(L—duwmal), (1)

BIIMCAHHBIMHM B HUX MHTEPHOJISLMOHHBIMU JIOMAHBIMU, B CIy4asx, KOT1a KOOPAWHATHBIN
byskuun @, (t),i = 1,m ,ABISAIOTCS HENPEPHIBHBIMU U AU GEPEHIIMPYEMBIMU HA OTPE3KE

[0,L] byHkuusaMu, paccMoTpeHa HenaBHo B pabore [1].Uepes H¥:= H“ [0,L] o6o3nauum
MHOXeCTBO GyHKuui [ € C[Q, L], KoTopbIe UIst IIOOBIX IBYX TOYEK
t',+ [0, Llynosrersopsitor yenosuo |f(t') — f(t )| € w(|t' —t|), rae w(t)- 3anannbiii Ha
oTpeske [0,L] MOaysib HEMPEPBIBHOCTU. AHAJIOTUYHO, Yepe3 W B+ [0,L] 0603HaunM
knace pynkuuit [ € C[Q,L], y koropeix f'(t) € H*[0,L]. Bcroay nanee uepes
H=vSrsm = Hersr =m0, L] 0003HaYMM KJTacC KPUBBIX [, onpeneiéHHbIX
napaMeTpUIeCKMMHU ypaBHeHUsAMH (1), M TaKUX, y KOTOPBIX @, (1] € H*:[0,L], a yepes
W g wwsig et i [ (U g@esipe®@m [0, L]-kiTace TIaAKHX TApaMETPHUCCKUX 3aaHHBIX
kpuBbix (1), y koTopsix @, (t) € W H<[0,L].
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Iycrs I, G € R™. Eciu @, (t)-xoopaunatabie pynkuun I,a 10, (t)- KoopauHaTHbIE
GyHKIMM G,TO pACCTOSHUE MEXKIY STUMH KPUBBIMH OIIPEIEIUM PABEHCTBOM

p([6) = (Tl — ¥, ll¥on}
VcnoBumes, uto ecnu KpuBble I i G COOTBETCTBEHHO OIIPE/EIIEHBI
HapaMeTPUIEeCKIMHU YPABHEHUAMHE ¥, = @ (1) u v, = . (t),i = 1, m, u GyHKIMN
@, e C[0,L], To uepes I'! 1 6! 0603HAUNM KPHUBBIE, KOOPANHATHBIE (DYHKIIMH KOTOPHIX
COOTBETCTBEHHO 3aJIaHbl ypaBHEHUSIMHU I - x! = p.(t); v =/(t),i = 1,m. Tpebyercs
HAMTH TOYHBIE BEPXHKE TPAHH BEIMYNHBI

e (WS ) = sup (p( 10,1 )T & wigesesonl 1251 (2)

Teopema.Ilycmo I - npouszsonvras kpusas, npunaonesxcauas Kuaccy
W gesszesim Eenu Iy - enucannas 6 kpusyto I iomanas ¢ sepuiunamu 8
moukax, Py = P~ (@ (kh),¢,(kh),~, @, (kh)) €L,k =0,N;h= L/N, mo o

nPOU3BOIbHBIX MOOYel HenpepvisHocmU w () (i = 0,m ; 0 =< t = L) umeem mecmo
PaseHcmeo

T 1_.".-.
D (W geseson ) =Xl5m (e, (9ary)

Jlutepatypa
1. HIa6o0308 M.ILI., [lIa6o30oBa A.A. [Tpubmmkenne KpuBbIX JIoMaHbIMU. // BectHrk CaHKT-
[TetepOypckoro yausepcuteta,2013, Cepust 1, Boimn.2.,C.68-76.

HNEPEOINPEAEJTEHHAS CUCTEMA TN®@®EPEHIIUAJIBHBIX
YPABHEHUU B YACTHBIX ITPOU3BO/IHBIX BTOPOI'O
MMOPAAKA C OJHOU CBEPXCUHI'VJISAPHOU JIUHUEU

Hloiimxynos b. M. — K.¢h.-m.H., 0oyenm Kagpedpwl mamemamuieckozo
ananuza u meopuu pyuxkyuii THY

Bobmactu D ={f =0,§=n,n= a,:_} paccMOTPUM CUCTEMY

(0%u u  d*u  al(&En) I:E:?u E-‘H,J _ff'[mf, n)

12 + = -
9¢? a&dn  an’? ¢ Ndnp d¢ g
d%u d*u al(&,n) jou  uy  fL(En)
T v e b et R (1)
dé- dn* £ dn  d¢ £
8*u 8*u  8*u _ ai(fn) I:ﬂu E:‘u) L&)

- — 2t
Vi lde gfdn an°

TV
Ij'

rae ¢ = const = 0,F = const = 0,y = const = {, r.[':[ﬂf, 1) f':[ﬂ;", (1 £ j £ 3) — 3anaHHBIE

¢ynxmmm kaacca C1(D) N C(D), u(& n)eC* (D) — nckomast GyHKIHSL.
.'1—3'- .'1—3'-
B xapakrepuctuueckux KOOpAMHATaX * = -—,¥ =-— 00JacTb D NepexoauT B

obmacte G ={v=0,x—v=0,x + v = a,} ucucrema (1) umeer Buzg
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(9% u 0y (x.¥v) du  fi(x¥)
Ay - (1. _ },jca - (1. _},)n”
d*u _ax(xy) du  fi(xy)

dxdy - (x —w)fdy  (x-— _1,).5?’ (2)
Pu _as(xy) du  fi(xy)
LAy (x—v)Yay  (x — )Y '
st cuctemsl (2) yCIOBUSMU COBMECTHOCTH SIBJISIFOTCS
a [ﬂs (x, ) _9 [ﬂ: (2, v) -
P [T R [P T
0 [ay(xy)] eyl vay(xy) 8 [ay(xw)] | aylxylaslxy)
dx [(1 L (x — )28 - ay | (x— )= x—y)=r (4)
ilf:(l':_‘»') _ﬂ:(x, vifs(x v) _ i-fi(xi v) ] B a, (6, v) s () -
dx [j_. _ _L.).? [1. _ .1":':3 a_l, _[J.' - -.l.‘,)c_"- (1_ _ _L') ary
0 [£@)]  sw@NAEY) 0 [AEY)] ea®nhAkY)
al(l-__u-)}- T (1._},)3—}- :a-(l._},)g. T (1__}_)3_}. . (5)

ITpu BbINIONTHEHNHU ycroBUsl coBMecTHOCTH (3),(4),(5),(6) HaliieHbl HHTErpajbHbIE
MPEACTABICHUS MHOT000pa3usl pelieHUui CUCTEMBI (2) B SIBHOM BHJIE, Uepe3 TPU
MPOU3BOJIbHBIX TOCTOSIHHBIX.

Jlutepatypa
1. Pamxabos H.  HMurerpanbHble NpeACTaBIEHUS W TpPAHUYHBIE 3aJaud IS HEKOTOPBIX
muddepeHINaTbHBIX YpaBHEHUH C CHUHTYJISIPHOW JIMHUEH WM CHUHTYJISPHBIMH TIOBEPXHOCTSIMHU.
Hyman6e, m3g. TI'Y, . Ne I, 1980r, 126 ctp., a. Ne II, 1981, cTp.170., a. Ne I11.1982r, 170 cTp.

IMPEJCTABJIIEHUE PEHIEHUI OTHOM TMITEPBOJIMYECKON
CUCTEMBI C OCOBEHHOCTSMMU HA TPAHUIIE

LlIyxypos X. P. —k.¢p.-m.H., doyenm xagheopot svicuieti mamemamuxu THY

N3yuenue cucreM ¢ mepeMeHHBIMU KO3((PUIIMEHTaMU SIBIISIETCS OJHUM W3 BaXKHBIX
paznenoB Teopun AupdepeHUUATbHBIX YpPaBHEHUH C YAaCTHBIMM HPOU3BOAHBIMU. B
WCCIIEIOBAHUSX 3TOrO HAIPABJIEHUS OCO0OE€ MECTO 3aHMMAeT CHUCTEMBbl YpPAaBHEHUH C
CUHTYJISIpHBIMH(0COOBIMH) Kod(pdurmentamu. [ToaTroMy mpencrasisieT OOJBIION MHTEpeC
M3yY€HUE MOJEIbHBIX CHCTEM C CHHIYJISPHBIMM KO3((UIIMEHTaMU U HaXOXJIECHUE
MPEACTaBICHUI MHOTr000Opa3us peuieHuit B sBHOM Buie [1].

B obnmactu D:x = 0,y = 0 paccMOTpUM CUCTEMY

1

a b
T, T UV, = — Ul ——uw
* Yy yE
o (1)
a b
'n'.;-""l.i:l. T "I.i'n'.}"_.«. = I_G_"I.i'i'.:-" T V_S"I.I-T.}"_.

A

1 1 1"I 1
C XapaKTepUCTUUECKUM omnpeaenuteneM Q (A, 4,) = ww(A] — 13),
rnea =0,b=0,a = 0,F = 0 3agaHHbIe BEIIECTBEHHBIE YNUCIIA.

PC3yHBTaTOM CHCTCMbI (1) ABJIAOTCA CIICAYIOIHNC YPABHCHUA
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_ 2a B 2b
@, T @, = P @, y, —p, = —_T—ghﬂJ

re ¢ =uv,y =—

Korna « = 1,5 = 1, obuiee pelieHre cuctemsl (1) mpeacTaBuMo B BUJIE

| @ (x—v
u=4tx G_‘»'Sx-"'@1 [A. _},)@_ [x 1 _,',)J,_.; = 1y n'},—.? ! (= j,
. *'.; @2 Ex __V:,I

rae P4 u P, - mpous3BOIbHBIE HENMPEPHIBHO AuddepeHnpyembie GyHKImu u P P, = 0.
Korma a # 1, f # 10 oOmiee pemeHue cucteMsl (1) mpeactaBuMo B BUJE

e VP (x = ¥)Da(x + ¥),

-

220t | Dy (e—y)

;= tpi-x 1-F

- ,\_5 D (x+ ) '

rne @4 u P, -npou3BoIIbHBIE HeNPephIBHO AuddepeHunpyemplie GyHkuu u ® d, >0.
Jlutepatypa

1. SAnymayckac A. MHOroOMepHbIE 3JUIMIITHYECKUE CHUCTEMBI C IEPEMEHHBIMU KO3 UIIMEHTAMU.

BumbpHioc: Mokciac, 1990. -180c.

MOWTOXU 1OJAXOU JEMOTPA®I

Hlapunos C. A. — accucmenmu Kagheopau mexHonro2usxou
ummunoomil ea upmuoomuu JJMT

HNctndona HamymaH a3 TEXHOJOTHSIXOM MYOCHD Jap yoMmMeaun MMpy3a, ryé xu Oa
XyKMH aHbaHa napomajnaact. Jlap yaxoH maxcepo €pTaH MyIIKWI acT, KA a3 XypATapuH
JTACTOBAPAXOM TEXHOJIOTHSIU MyocHp ucTudoma Hamebapan. SAbpHe, HOBoOacTa a3 XOXHMII
MO, aJUTaKai, a3 UH TEXHOJOTUSIXO McTudoAa MedapeM Ba Toxo Jap WH Oopa GUKp Xam
HaMeKyHeM, 3epo Ku wuctudoga a3 oHXO Oapow MO XOAHWcCaW MyKappapd IIymaacT.
YoMmean yaxoH! Oapou OCOH KapAaHU padTH KOp Iap COXaxou MyXTam(] aHAemaxou
Myduapo nemkan Ba 6appacit kapaaacT. A3 yymia, 0apHOMaHABHCOHU COXau KOMITIOTEP
O6apHOoMaxou O6ucépe 6apou 6a3akyHOH# Ba 0a TaBpU OCOH KOP KapAaH 00 MabIyMOTXOPO
nemkam kapaaana. ba monanmu Oracle, Microsoft SQL Server, Borland InterBase,
Embarcadero, Clarion, Microsoft Visual FoxPro, xCase Ba raiipa 6apHOMaxo Ku Mo
MeTaBOHEM 0a3am Xyapo coXTa Ba 60 OH Oa OCOHIT KOP KyHEM.

Mo npap wH OapHOMauW Ky4aKW XyJ MEXOxeM jJap Oopau MOWUroXy IOJAaxOH XypIe
cyxaH ryeMm, ku “Iloiiroxu momaxou aemorpadit” HoMm rupudrTaact. HyHOHUM a3 HOMAII
MabJIyM acT, UH MOUTOX MabIyMOTXOU ACOCHUU 3apPypUH JIaBIATXOU YAXOHPO OPOCT. A3
pyiln HakmaOaHAN, KM a3 XapuTaum YaxoHM ucTudoaa mynaacT, a3 KUCMATXOM 3€pUH

ubopar acr:
o Howmu naBnar
o [ToitTaxTn naBnat
J 3a00HM 1aBiaTit Ba 3a00HU JyIOM
o [Tym My
o [IIymopan axomni
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Nu xucmatxom MabiiymoTin map OapHomam Microsoft Office Access Oap TaBpu
OapHOMaB# Tapxpe3it I1yaa, MabIIyMOTXOSII XaM Jap KUCMAaTXOU aCOCH TOXIIT IITyaaHT Ba
cunac MH MaHOam nmojaxo Oa sike a3 3a0oHxoum OapHOMaco3uu oauu 3amoHaBin Borland
Delphi 7 naiiBact mynaact, ki a3 oH 6a 0oCOHit MeTaBoH ucTUdoaa Oyp/.

MABIYMOT JAP BOPAU TAXIANIXO BA
BEXATAPUU UKTUCOANU BOHKXO

Awppos X. M. — n.u.u, domcenmu xageopau
mexHoao2uaxou ummuioomi éa upmuoomuu JJMT

davousaT MybTAOAWIM OOHKXO Oa OexaTapuM HUKTUCOJAMU OHXO BoOacTaruu
6eBocuta nopaa. A3 uH cabab xam, Aap OOHKXO XM3MATPACOHMXOU OexaTapuu UKTUCOIA
YOpH Kap/Ja MelaBaHI.

Madxymu Oexatapuu OOHKXOpo Oa OexaTapuu MKTHCOAM Ba Oa Oexatapuu MOIIA
qyao MekyHaHI. [lap xap ske a3 WH coxaxo 00sii MyTaxacCUCOHM JOHAHAAU Basu(axou
Xyad ¢aboiusaT HaMosiHA. MyTaxaccucu coxau OexaTapuu HMKTUCOAM Oosii IypycT Ba
Oerapa3 MYpO LIyAAHU AMAJUMETXOM MKTUCOAMPO TAbMUH HAMOSHIY MYTAaXacCHCH COXau
OexaTtapum Mo OexaTapuu MoOIuU OOHKXO, ©Oa MOHAHIM JAOPOUU MOJIMBY YU
OOHKX0 Ba OexaTapuu KOPMaHJIOHU OHPO TaAbMUH HAMOSHI.

bapou TapmuHN OexaTapun pabOIUATH UKTHCOIUHA OOHKXO, MEI a3 Xama, OOsIT ISITN
pOXM xama T'yHa KaJuIoOMXOoW MOJIMSIBA TupudTa 1Iyaa, 40pabMHUXOU 3apypi Oapou Kam
KapaaHu XaB(pu amMaIuéTxou XaTapHOKU OOHKHA aHAeIInAa [IaBaH/I.

Taxauau Taxauaxou OOHKA Ba XaB(MXOW XaTapHOKU aMaUETXOM OOHKH HUIIOH
MeIuXaHa, Ku 0apou TabMUHHU OexaTapuu HMKTUCOAUU OOHKXO 00s7 TajnaboTXOou 3epHH
KOHEB TapAOHUIA IABAH/I:

e coxau GaboMATH Xap SK KOpPMaHIM OOHK caxex MyalstH Kapja IIyJa, yXIaaop
KapJa maBaj, Ku Jap O6opan aMaiMEérxou OOHKMAII Aap IIAKIM MyKappapllyaa
XHCOOOTH Myppapo capu BAKT MEMIHUXO] HAMOST;

e XaMau aMainuérxo ouja Oa Kap3auxid (KpeauTry3opd) Ba MaOIarry3opuu
(MHBECTUTCUSIM) WYPOIIaBaHIan OOHK, 00 3epH TaXIMId XamaTapada Oomas;

e OexaTapuM KOPMaHJIOHM OOHK Ba OexaTapuu UKTUCOIMBY MOJIMU OH 0osa 0Oa
TaBpU JJOUMiT TABMHUH OOIIaI.

Anabuér
1. Kpymskosa YO. Dxonomudeckas 6e3omacHocTs//Puck — 2003 - Ne2, - C. 45-46.
2. CynomatoB A. DkoHoMudeckas 6e3omacHocts // Ctatyc-kBo, — 2003. - Nel—C. 42-49.

MEXAHWU3M IMOBBIIIEHUS KAYECTBA
BBICIHIET'O OBPA3OBAHU A

Pycmamosa X. P. — accucmenm xageopvt ungopmayuormwix
U KOMMYHUKaAyuoHHvlx mexuoaoauti THY

s TOBBIIICHUS KadyecTBa BBICIIETO 0O0pa30BaHUsS HEOOXOIWMO pa3paboTaTh
MEXaHU3M, IMO3BOJISIONINA MPOEKTUPOBATh WH(GOPMAIMOHHBIE CHCTEMBI, KOTOPBIM CIIO-
CcoOEH CIIeIUTh 3a KAYeCTBEHHBIMU XapaKTEPUCTHKAMHU JICHCTBYIOIIEH CHUCTEMBI OOpa-
3oBaHus. [Iporecc mpoekTupoBaHus 00bEKTa BKJIIOYAET TPU OCHOBHBIE IMOCIIEIOBATEIHHO
BBITIOJTHSIEMbIE COCTABJISIOININE: TPEINPOSKTHOE OOCIENOBAHUE CYIIECTBYIOIICH CHCTEMBI
ynpaBiieHuss (pa3paboTka aBTONEPOTPAMMBI, MATPHUIBI CMEKHOCTH M  MAaTPHUIIBI
MHIMJIGCHTHOCTH  JOKYMEHTOB), pa3paboTKa TEXHHMUYECKOTO TIpoekTa (pa3paboTka
TEXHUYECKOTO 3aJaHusl M OIpEAe/IEHuE CII0COOOB pEIIeHUs TOCTaBJICHHBIX 3ajad),
paszpaboTka paboyero mpoekxTa.
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PesynpTaTOM TIPEANpPOEKTHOTO OOCIIEAOBAHUS  SIBJSIOTCS TPEAJIOKEHUS IO
peopraHu3aIii  CyIIECTBYIOMIEH CHCTEMBbI YIPAaBICHHS, KOTOPBIE BKIIOYAIOT: COBEP-
IICHCTBOBAHME CUCTEMY YIIPaBJIeHUS NHGOPMAIIMOHHBIMU ITOTOKAMH, COBEPIIICHCTBOBAHUE
CHUCTEMBl YTPABJICHUS JTOKYMEHTOOOOPOTOM, COBEPIICHCTBOBAHME OPTraHU3AIMOHHOMN
CTPYKTYpBl yIpaBieHUs, pa3paboTka MexaHW3Ma (QYHKIMOHMPOBAHUS IpearaeMoi
CUCTEMBI yIIPaBJICHHUS.

CoBepIIIeHCTBOBAHUE MEXaHM3Ma TOCYJAapPCTBEHHOTO PEryJIMPOBAHUS IOBBIIICHUS
KadyecTBa 0Opa30BaHUs B HACTOSIIEE BPEMSI CTAHOBHUTCS aKTyaJIbHBIM M CBOCBPEMEHHBIM.
MexaHu3M pealu3allud CTpAaTeTUd YIpPaBIICHUs MEHCTBYIOIICH CTPYKTYPBI YIIPaBJICHUS
OCYIIIECTBIISIETCSI TIPU BHEAPEHUM HOBOM CTpAaTeTUU OMNpPEACTICHUS IBWKEHUS] HHPOPMALIUH
10 MPEJI0KEHHOMY PYCILy.

CymiecTByIOT TpH TUIIA YIIPABJICHHS B YCIOBUSIX U3MEHEHUS BHEIIHEW W BHYTPEHHEH
CpeIbl: YIIpaBIIEHUE B YCIIOBHUSIX OTHOCUTEIHHO CTAOWIHHOM BHEIIIHEN CPE/Ibl, YITPABIICHUE B
YCIOBUSX TUHAMUYHOW BHYTPEHHEH Cpelbl, YITpaBIIeHUE MPU KPU3UCHON CUTYAIIMH.

[Mpennaraercs ruOKWII MeXaHWM3M pacueTta JIPQPEKTUBHOCTH HCIOJIb30BAHUS
JIOKYMEHTOO0OpOTa B CHUCTeMe OOpa30BaHHUS TIPH MCIOJb30BAHUU WH(POPMAIIMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTHH.

[Tpu onenke 3PPEeKTUBHOCTH MOKHO OIPEACIIUTh KOJIMYECTBO THIIOBBIX OTEpaIlnit
(OKTO), BxIOUAONIYI0 MOATOTOBKY AOKyMeHTa. [[JIsi 3TOro HEOOXOAMMO BBINOJHUTH
cienymoliee: oOImee KOJIMYeCTBO  BhIMoJHsAeMbIx orepanuii  (OKBO), mnoxkazarenb
TPYAOEMKOCTH TpH cyliecTtByomeil cucreme ynpasieHus (TCCY), MOKa3aTesb
TpyJaoéMKOCTH mpu HOBOU cucteme ymnpasieHus (THCY), cpenHee KOIU4ecTBO THUITOBBIX
onepauuii B Hacrosiniee BpeMs (CKTO), koTopoe omnpeznensieTcss Kak OTHOIIEHHE OOIIEero
KOJIMYECTBa OIepaluii Ha KOJIMYeCTBO pabouunx aHel B Mecsil, T.e. CKTO=500 /24 = 20,8.

Takum 00pa3zom, MoKa3aTelb, XapaKTEPU3YIOUIUNA TPYyIOEMKOCTh MHpPHU CTApoil u
HoBoli cucteme ynpasienus (ITHCCY), paccunurbiBaeTcs Tak:

[THCCY = (TCCY - THCY)/100%
OKTO onpenensiercs CleayommuM 00pa3oM:
OKTO =ITHCCY * CKTO

ITyctp mokazaTenb TPYHOEMKOCTH MPHU CTApOH CUCTeMe ynpaBiieHus paBeH 50
gacam, TO €CTh MbI TpaTuiu 50 4acoB Ha pabOTy C TOKYMEHTAMH.

[Tokazarens TpPymOEMKOCTH TP HOBOUW cucTeMme ympasieHus paBeH 20 dacawm.
Paznocts Mexnay Humu omnpenensercs yepe3 [THCCY u cocraBnser 30 uvacoB. Takum
obpaszoM, addexkTuBHOCTh oueBHIHA U DKTO onpenensercs kak: IKTO = 30 * 20,8 = 625
YaCoB.

Takum o0Opa3oMm, NpW UCIOJH30BAHMUM HJAHHOW METOIUKH HuMeeM 625 dYacoB
9KOHOMHMH BPEMEHH €XEMECSYHO Mpu paboTe ¢ JOKYMEHTOOOOPOTOM, BKJIIOYAIOIINM
BBIJJaYy BBIXOJIHBIX JOKYMEHTOB COTPYIHUKAM CTPYKTYPHOTO IMOAPA3IEICHHUS.

MPUBJIWNKEHUE ®YHKIIWN IBYX ITIEPEMEHHBIX
MHOI'OI'PAHHBIMU ® YHKIIUSIMH

Mexmonzooa C. H. — acnupanm xagpeopot pynkyuonavro2o
ananuza u oupgepernyuanvrvix ypasuenuii THY
Mycte @ ={{x,v):0=<xv =1} u ¢yaxkuua feC(Q). Tlpu NOMOIIU CHUCTEMEI
PaBHOOTCTOSIIMX TOUeK M, = M(x,,¥,), rae x, = L k=0,m, v, = : , i=0,n,mneh

KBagpar '!? p21306I)CM Ha YaCTUYHBIC ITPAMOYT'OJIbHUKH Q.‘-c:' C BCpIIMHAMU B TOYKAX

M., M

Lad

Myay oo Myoy g (k=0,m—Li=0n—1)

kitlr e+
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Onpeoenenue 1. Mnozoepannoti pynxyueti, enucannoti 6 f(x,v) 6 yznax M., nasvieaemcs

maxas gynkyua L, . (F:x..v.), 014 Komopoi:

a) £ (fix.v,) =f[1‘k,_1.':-)[:k =0,mir=0,n)

0) Kastcowvlil npamoy201bHUK Qs MOMCHO pazoums Ha 08a Mpey20bHUKA ¢ 6ePUIUHAMU 6 V31AX,
na komopwix GynxyuaLl,, . (f:%,., v, Juneiina no kaxcoomy us nepemennvix xu v.

JI71s1 KpaTKOCTU TOUKHU KBajpaTa & Oyaem o0603HauaTh uepe3M = M(x,v), a y31bl
peméTky pa3oueHust FHa YACTUUHBIC IPSIMOYTOIBHUKH s — Yepe3 TOUKU My, = (i, ¥, ).
Bynem paccmatpuBath kinacc HX () dyHkmit f(x, V), 33aAaHHBIX U HEPEPHIBHBIX HA
KBaapare g, U TAKUX, 4TO

[F(M) — F(M)] £ wlp, (M, M)],
rae

p,_,(_-'uf', M) = Vi —x P+ly —v[P.1<p <.
PaccmatpuBaeTcs axcTpeMalibHas 3a/1aua OTHICKAHUS TOYHOM BEpXHEH I'paHU
HNOTPELIHOCTU NPpUOKeHust GyHKIUH kinacca H () MHOTOIpaHHBIMU (DYHKIUSMU

L (fix,v) = C(Q). upIMu clioBaMu, TpeOYETCS HANTU BEIUUUHY

e (HE (@)L n(F) = sup {[|f = £y (A o :F € HE(@).

yctex, = k/m(k=0,m), v=i/n, (i=0,n) -
MPOM3BOJIbHAS PEMIETKA y3/10B M,.; pa3OueHune KBaipata @Ha 4aCTUYHBIC TPSIMOYTOJIbHUKHU
Q... Bnucannyro B pyHkuuio f(x, v) B y3max M,,pemérku §,,; MHOTOIpaHHYIO (YHKIIHIO
0003HaunM yepesLf,, . (f:x, v).

Teopema. /st npoU380.IbHOL 8LINY KB MOOY]Ib HenpepblgHocmu w(tnpu 100bix
1, LCNPaseoiugsbl paseHcmed

Emn(HE(Q) L, () = w

O TOYHBIX 3HAYEHUAX BEPXHUX T'PAHEI MOJYJIEN
KO3®OPUIMEHTOB TEWJIOPA IJISI HEKOTOPBIX
KJIACCOB ®YHKIMUA B ITPOCTPAHCTBE XAPIN

Xypomonos X. M. — acnupanm xagheopul
mMamemamu4ecko2o ananuza u meopuu gyuxyuit THY

IMycts U = {z € C: |z| = R} —xpyr pamuyca R = 1 B KOMIUIEKCHOH IIOCKOCTUL,
A(Uz) — MHOXeCTBO aHAIUTHUecKuX B U QyHkumii. [ns npousBoibHOM f € A(Uz)
CUMBOJIOM H, - (1 <p < =,R = 1) 0003Ha4UM IPOCTPAHCTBO Xapau, 11l KOTOPO HOpMa

I li I—l _

Ly — m
f s R o—+R—0 2 J
.__ o

— v 1fp
T I

|F(pe™)|” df)) <w , 1

o

T
1

p
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CumBosioM f(z), + € M 0603HAUMM ITPOU3BOIHYIO -I'O MOPSIKA TI0 TIEPEMEHHOI Z
¢ynkuun f € A(U; ). PaBeHcTBOM

w, (f, zer_: o = Sup {| f[::ef“"'} — 2f(z) + f(ze _f“"'j| . |x| = r}
ONpPENENUM  MOJYNb THafkocTu Gynkumn f € H, . Ilycts ®(t), t=0 - mpousBonbHasA

HenpepbIBHAs Bo3pacTatomas Gpynkuus,®(0) = 0. BeenéM B paccMOTpeHUH Kinace GpyHKIHI

|:.
rne reElM1<p=wx R=1

B teopun nmoamHOMHAIBHOTO MPUOIMKEHHUST aHAIUTHYECKUX B Kpyre Uz QyHKuMM

MPU PEIICHUU PA3IUYHBIX 3KCTPEMAJIBHBIX 3a1ad TpeOyeTcss HAaWTH TOYHOE 3HAYCHUE
BEpPXHHX TpaHeil MojyJieit koaddunmeHToB Teimopa

1 iy ~
fn(f)=§ TV A(E)dE, 0<p=R
N

el

Py

Ha HEKOTOPBIX KJIacCaX aHAJTUTUYECKUX B Kpyre Uy QyHKIMiA. 31ech TPUBOIUTCS PEIICHUE
o o o Sy
3TOM SKCTPeMaIbHOM 3a/1auul Ul OnpesieNieHHoH Bbile kinacca W (@),

Teopema. Cnpaseonuso ciedyroujee pagencmeo

i

sup{le,(Pl:f €W ()} = T ()

2(mr—2) I T 2n—r)
enrEM, n=vr, R=21, 1<p<wa,,. =nn—1)(n—r+1)n=r
Amabuér

1. Ta60308 M.III., XypomonoB X.M. O mornepedHrKax HEKOTOPHIX KIACCOB ()YHKIIUH B BECOBOM
npoctpancTBe beprmana. // U3B. Tyabckoro rocynuBepcurtera, EcrectB. Hayku, 2015., Boin.4., c.
91-106

3AJJAYN HA CYMMUPOBAHMUE 110 TPUTOHOMETPUN

Oobnobepoues P. — cmapuuil npenodasamenv kageopot ceomempuu u MIIM THY
Xaumos @. A. — accucmenm kagedpwt ceomempuu u MIIM THY

3amaun HA CYMMHMPOBaHUE HMMEIOT OOJIBIIIOE 3HAUCHHE JUII MaTeMaTHYECKOTO
Pa3BUTHUS yUAITUXCS M [IO3TOMY HEYIMBUTEIBLHO, YTO IMOIOOHBIE 3a1a4l UMEIOTCS TIOYTH BO
BCEX 3aJlauHMKax 10 TpuroHoMeTpur. OCHOBHBIM M HauOoJjiee YHOTPEOUTEITHHBIM B
TPUTOHOMETPHUHU CITOCOOOM CYMMHUPOBAHUS SIBJISETCS MPEACTaBICHUE OOIIIEro YieHa CyMMBbI
Pa3HOCTBIO OIPEIACIICHHBIX (DYHKITHA.

Ipumep 1. Hatitu cymmy: S = tga + 2tg2a + 4tgda + -+ 2"tg2"a

Pewenue: Tax xak apryMeHT B KaXJIOM 4YJICHE CYMMBI SIBJIIETCS JBOWHBIM IO
OTHOIIICHHUIO K apTYMEHTY B IPEABIIYIIEM UJIEHE CYMMbI, TO €CTECTBEHHO BOCITOJIb30BATHCS
dhopmyioii:
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-

tgla = ——. OTKyJa tga = ctga — 2ctg2a v tg2”a = ctg2™a — 2ctg2™ ta.

1-tga’

Brinosnnss B ﬂaHHOﬁ CYMMC COOTBCTCTBYIOIIUC 3aMCHBI, ITOJIYUNM:

S=ctga — 2ctp2a+(ctgle — 2etgda)+4(ctgde — 2etgla)
+e+ 2" ctg2a — —2ctg2™ ta) = ctga — 2" erg 27 o

Hpumep 2.Haiiti cymmy: § = sin® (a + £) + sin® (o + 26) + -+ + sin” (a + nf)

Pewenue:s = = — ;._--i“g (2sinf cos(2a + 2F) + 2sinf cos(2a + 4f) +-- +
+2sinf cos(2a + 2nf)) = HEEHg_E:IM%::fa_{n_i'llg],‘

Hpumep 3. Haiitu cymmy: § = sinx — sin2x + sindx — - + (—1)" ‘sinnx

Pewenue:  Taxk kax apryMeHTBI OOpa3ylOT apU(PMETHUYECKYIO MPOTPECCHUI0 C
Pa3HOCTBIO % a BBIpaKEHUE Sinacosf mpeoOpasyeTcs B CyMMY, TO, YMHOXHB 00€ 4acTH

MPEIBIIYIIEro PAaBEHCTBA HA 2¢os = MOIYIHM:

X . x x - X
25cos—-=sinxcos— — sinlxcos— — - + (—1)" "2sinnxcos -
TN
x X heq . 2n+1
25cos— =sin—+(—1)" "sin x
2 2 2
OTKyJa

x , ntl
CO 5T — 5l
- -

s= E__ 2
cos—

i

HCprI[HO y6CJII/ITBC$I B TOM, 4YTO B obomnx ClIydadax OTBCT MOKHO 3dMCHUTb TAKHUM

1 { (n+(x+n) <in n(x +m) )

S=- = | Sin i
CO5 — 2 2

Ilocnennee BBIPAXKCHUEC MOKHO IOJIYUHUTH Cpa3dy, €CIIN JAHHYIO 3HAKOIICPEMCHHYIO CYMMY
3aMEHHUTH TAKOM 3HAKOIIOCTOSHHOM:

S =sinx +sin(2x +7) + sin(3x + 27) + sin(4x + 37) + -+ sin (nx + (n— 1)7)
B KOTOPOU apryMEHTHI 00pa3yoT apupMETHUUECKYIO ITPOTPECCUIO C PA3HOCTBIO X + TT.

AHAJIOTI' TEOPEMBI BOJIE-BPAYJPA B 3ATAYE ITOCTPOEHUS
NEPUOINYECKUX PEHHEHUUN HET'JIAIKOU CUCTEMbI

Axmeoos [oc. T. — accucmenm xagedpwt ungpopmamuxu THY

B pabote [1] mpoBenéH KadyecTBEHHBINM aHAlU3 M CpaBHEHME (Da30BBIX MOPTPETOB
CHCTEMBI, COOTBETCTBYIOIIUI YPABHEHUIO BUAA

v +av + byv+ .-:|_1.' — f{| =0, (1)
3]1eCh a, b, C BEIECTBEHHBIC UNCTIA, a A — CKAJIIPHBINA ITapaMeTp.

YcTaHoBIIEHO, 4YTO mpH Moadope KOIPEPUIMEHTOB «, b, ¢ W BBINOJIHEHHE
OTIPEICTICHHBIX YCIIOBUI B ypaBHEHHUH (1) BO3HUKAIOT MPEACTbHBIE IIUKITBI.
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N3BecTHO, UTO MTMHAMUKA MHOTHUX (PU3WYECKUX U MPUPOIHBIX SBICHUI MEHSETCS CO
BpeMeHeM. MHTepec npencTasisier, Koraa ypaBHeHue (1) mpuMeT uHyto hopMy

v +av +by+ c|_1,"—i[r)| =0 (2)

Hacrosimas paboTta nocssilieHa UCCIeA0BAHUIO MEPUOINUECKUX PEIIEHUN ypaBHEHUS

(2).

Beenem o6o3Hauenus v(t) = vy (t), vy (t) = v, (t) ¥ pACCMOTPHUM CHCTEMY

{.‘»"1 () =y, (1)

v, (1) = —ay; (£) — by, (£) + ely2 () — A(B).

3)

Cucrema (3) 5KBUBAJIEHTHA CIIEYIOUIEN CUCTEME UHTETPAJIbHBIX YpaBHEHUI

{"’1 (t) =y, (02 + _J]; v, (s)ds, @
vy (1) = ¥2(0) + [ (—aya (s) — byy (s) +clyy (s) — A(s)]) ds,

Jemma 1. IMapa ¢ynxuun v, (t), v, (t) asnsiorcs T- mepuoAMYECKMMH pELICHUSIMU
cucteMsl (3) Toraa u ToJibKo, korna npu t [0, T] onn npencraBumsel B BUae (4).

21.]'[9[ TOrOo, YTOOBI YCTAaHOBUTHb TICPUOANYHOCTDH peHIeHI/Ifl CUCTCMBbI, HCIIOJIb3yEM
alrapart BpallCHUA BEKTOPHBIX MOJICH.

Teopema 1.T1ycTh BeITIONHEHB! yenoBud (a = c)” < 4b. [lycts Gynkuns A(t) asusercs
nepuognyeckoi GpyHkuuen, 1.e. A(t + T)=A(t), ¥ T = 0. Torna ypaBHeHue (2) umeer XOTs
ObI OIHO MeproAUYECKOe penieHue nepuoga T.

Teopema 2.T1ycTh BBIOTHEHBI yciaoBus (a + c)” < 4b. ITycTh GyHKIMS A (t) sBIsETCS

OrpaHMYEHHON (yHKUMeH, Toraa ypaBHeHHe (2) uMeeT XOTs Obl OJHO OTrpPAaHMUYEHHOE
pelIeHHuE.

TAXJINJIN MOJEJ/IN KYBBAU KOPUU 3AHXO
BO NCTUDOIA A3 CUCTEMAU MATIJIAB

3uéesa X. M. — accucmenmu kageopau ungopmamuxau JIMT

Masbiiym acT, KM MOJEJICO3MM MAaTeMAaTHUKl Ba Jap aCOCH OH COXTaHU MOJEIXOHU
KOMITIOTEpA affHM 3aMOH Jap TaMOMH cOXaxo Oa TaBpu Baceb uctudona Oypaa MelaBa.
bapHoMaxoun 3ué€ne Oapou TaxJwiIM KOMIIIOTEPUM MOJEIXO XM3MaT MepacoHaHn. fke a3
yyHUH OapHOMaxo CcUCTeMau HHTerpoHupamynam «Martmab» 06a xucod wepaBaa. bo
uctudona a3 nacran «CUMYJIMHK», KU Aap TapKUOM MH cHUCTeMa MaB4yJl acT, Fy3apOHUAaHU
TaTKUKOTXO Ba MOJIEJICO3UM KOMITIOTEPH XeJle KyJUlai acT.

Mopenu KyBBaum Kopd OO HA3apIOLITH YMHC Jap XOJaTU CTATCHOHAPA Hamyau
3epUHPO AOPAL:
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rdN,

—_D1(3)N11 0 < a< 2, O'ifith
da
dN,
— = =D, (a)N,, 0=<a<uw 0=t =t
da - -
‘:K l
N, (0)= J B, (a)N,(a)da, (1)
C.
N,(0) = J B, (a)N, (a)da.
o

\
Myonunaxou skymy nyromu cucteman (1)-po myBodukan 6a o, (a) Ba ¢, (a) 3ap6

HaMmyja, HAaTU4apo KUCM 0a KUCM MEMHTEIPOHEM Ba Oab/ a3 TaOAWIOTH JIO3UMa XOCHII
MEKYHEM:

meax

" |d
0N, () — | [% +Dy(2)e, (2) + By (2)0,(0) + By (2)o,(0)| Ny ()da

|:.

Amex
.

- [d“}f—rr:(a)q::ta)

N,da=0.

da

Asbackn ¢, (2) Ba @,{2)pyHKCMXOM MXTHEPMAHI, OHXOPO YYHOH MyaHsH MEKYHEM, KH
crcTeMau 3epHH Yoii Jo1ra Gorma.

fdd— +D,(a)e,(a) + By (a)e, (0) +B,(a)e,(0) =0,

|22+ D.(2e, (@) = 0.

MA®XYMU CUMMETPUS JIAP T'YPYXXO

Komunos O. O. — accucmenmu kagpedpau mexnono2usxou
ummunoomi éa upmuoomuu JJMT

Kanmuman cummerpusi 1oHOHA Oyna, MabHOM MYTAHOCHOW, MyBoguUKaT €
MyTOOUKaTpo Aopal. OH MadhXxyMu HHBUKOCH OMHATUPO HU3 U(oaa MEKYHAI.

Cummerpust 6a MabHOM Baceh, MH XOCUSTU reomeTpun ¢purypau @ mebomam, Ku oH
XaHTOMH XapaKaTXOsII Ba MHBUKOCH OWHAruall OeTariimp MemMoHaJ. ba mMabHOM maurap,
¢urypau @ nopou XOCUITH CUMMETPH acCT, arap IMIAKIU JUTAPU COXTAITydald OPTOTOHAJIUE
MaBuyj Oo1aa Ba oHpo (durypapo) 6a xyaam OGaprapaoHala. Mauymyu xaMau MIAKIXOU
opToroHanue, ki purypam @-po 6a Xymair xaMm4osi Meco3al, TYpyX HOM METHpal.

Pacwmu 1.
MacanaH, durypam reoMmerpue, KU Aap pacMu | HHBUKOC €QdTaacT, XaHTOMH
UHBUKOCU ouHari 6a xya tadawin me€bas Ba OH HUCOAT 6a TUPU POCTU a CUMMETpPH acT.
Hap uH 4o rypyxili cUMMETpH a3 ay3jaeMeHT ubopat act. durypam gomamryaa HUCOATH
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TUPU POCTU @ CUMMETpH Oyna HykTaun M XaHTOMH MHBUKOCH OWHATA HUCOATH THPH
poctu a 6a Hykrau M rabaun me€ban. durypau aMrape, KU gap pacMu 2 TacBUp €praact
Oucép KyHYaWm MYHTa3aMH CUTOpAIIAKI Oyaa, XOCHSITH CHUMMETPHUH TapTubu §-ympo
HUCOATU MapKasW Xyn aopana. SIbpHe, arap XaHTOMH YOWMBAa3KyHUHU (uUrypam reomerpit
(HucOaTu xyna), Macodau 6alfHM HYKTaXO0W OH Tarvup Haébaa, OHPO CUMMETPpUSIU Urypaun
Jojainyaa MeHoMaHa. Macanas, XoJ1aTXou YornuBa3kyHun HykTaxou cekyHuyau ABC (1) —
U gap pacMmu 3 TacBUpEPTA rypyXu CHMMETPUPO Jap UH CEKyHYa TALIKWI MEIUXAH/.

Pacmu 2.bucépkyHuan MyHTa3am.

A B c
1 2 3
B C . c B A
Pacmu 3. Xonatxou yoiinBa3KyHuu HyKTaxou cekyHyau ABC
Anabuér

1. IToropenos A.B. 'eomerpus, yu. airs 7-11 k. O6meo0p. yupexa. —M.: I1poc.1995.
2. lTadponosckuit U.1. Cummetpus B mpupoae. Jlenunrpana: Henpa, 1985. -168 c.

NCUIENOBAHUE OTHOT'O KTACCA CUCTEM UHTETI'PAJIBHBIX
YPABHEHUU, COLAEPXKAIIINX IBYMEPHBIE CUHI'YJIAPHBIE
OIIEPATOPBI U OITEPATOPBI BEPTMAHA

Hnonos M. —0.¢.-m.H., npogpeccop kagheopol (hyHKYUOHATBHOCO aHAU3A
u oughepenyuanvrvix ypasnenuii THY
Jowcaneuberkos I'. — 0.¢h.-m.H., npogheccop Kageopvl pyHKYUOHATbHO2O AHANUZA
u oughpepenyuanvrvix ypasnenuii THY
Yopwanouesa M. — accucmenm kagpedpwi svicuieti mamemamuku THY

[Tycte D — kOHeUHast OTHOCBSA3HAS 00J1aCTh KOMIUICKCHOM MIIOCKOCTH Z
,OTPaHWYCHHAsI TPOCTOM 3aMKHYTOM KpuBoi JIsimynosa [: D = D U T, B(z,{) obo3Hauaer

KepH - pynkiuio beprmana o6iactu D (em.[1,c.252])npencraBumas B Bujae

(1= o(z)e())*

B(z.{) =
PaccMoTpum cucteMy ypaBHEHUI
(A2 = a(2)F(2) + ZNzp b (2 (5,0f)(2) + c(2) (BF)(2) + d(2)(Bf) (2) + 8(2) (Bi)(2) =

g(z), zeD,
(1)

Harmmeit nenpto siBrisieTcst mostydeHue it cucteMsl (1) a ek TUBHBIX HEOOXOIUMBIX U
JIOCTATOYHBIX YCIIOBHI HETEPOBOCTH M (POPMYIIBI JJTSl BBIYMCIICHUS MHICKCA.
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Teopema./[1a nemeposocmu cucmemvt (1) 6 L¥(D), 1 < p < 0 Heobxooumo u
00CMamo4Ho, 4moowl bINOJIHAIUCH CIe0VIOuUe YCIL08USL.

1) det{alz) + Z {™b,,(z)}=0 npu, zeDI|{|=1;
m=1

2) det{al(t) +c(t)} # 0 nput €T,
3) det{a(t) +d(t)} = 0 nput € I,

Ilpu smom unoexc cucmemvl pagem

k = 2Inddet{a(t) + d(t)} — det{alt) + c(t)}.

Jlutepatypa
1. Kypant P. ITpunuun dupuxiie, KOHGOPMHBIE OTOOpakeHHss MUHUMAJIbHBIE TOBepXHOCcTH. M., 1953. 310 c.
2. Bekya H.I1. CructeMbl CHHTYJISIPHBIX MHTETpaibHbIX ypaBHeHuit. — M., Hayka, 1970, 379.
3. Ixanru6ekos I'. 13B. By3. Matematuka. 1991. — 1. ¢. 19-28.

OB OJITHOM AJITEBPE JIBYMEPHBIX CHUHI'YJISIPHBIX
HUHTEI'PAJIbHBIX OITIEPATOPOB C YHETHOU
XAPAKTEPUCTUKOU U OIIEPATOPE TUITA BEPITMAHA

Xyoorcanazaposa I'. — K.¢h.-m.H., doyenm Kaghedpuvl hyHKYUOHATILHOZ0
ananuza u oupgepernyuanvnvix ypasuenuit THY

Ilyctrb D — KkoHeuHas OJHOCBSI3HASI 00JIACTh KOMIUIEKCHOM IUIOCKOCTH,
OTpaHMYCHHAs 3aMKHyTOW KpuBoi JlsmyHoBa [. B neberoBoM mpocTpaHCTBE

L "(D)(<p<o0<p<2)
ﬂ_f
P
PaccmaTtpuBaercs anrebpa onepatopos

M=al+bS K+ (v 1+v,K)B,+(ul+u KB ]+T (1)
n=l
JlokazaHa
Teopema. J[na moco, umobvl npoussonvhslii onepamop M u3 ancebopvr R Obin
HEMePoBvIM 8 NPOCMPAHCHIGE Lﬂ P(D)1< p<o0< B <2) HEOOXO0UMO U OOCMAMOYHO,

P
ymoowl

det0M<Z,t)¢0 ma D XT .m .c.
‘a(z} # ‘d(z){ npute D
HdetDn(t);tO npu t € T (2)

n=l1

Ilpu svinonnenuu smux ycuosuil unoexc onepamopa M pagen,
20e mampuywt D umerom euo

K= i [arg detD, (l‘)] , 20e mampuywl D, umerom 6uo

1
T n=I r
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a)+>Y v () Y o (1) 0

D)= v.t) a+> u. () d(0)

K=n K=n

0 d (1) a(t)

MACBAJIAXOU U3O0IEPUMETPH BA TATBUKHU OHXO

Paynos U. III. — domcenmu kagheopau maxaunu
@yHrcuonanii sa myoounaxou oupgepercuaruu JJMT

Macpaaxon U30NepuUMETPH a3 3aMOHXOU X€JI€ KaJUM JUKKATH MHCOHMATPO Oa
Xy 4ajio HaMyJaaH/.

Hap Oopau TagbuKu MachajlaxOd HM3O0NEPUMETPU KUCCA Ba PHUBOSITXOU 3HENE
MaBuyAaHA. bosa kailn Hamya, KM MacbhajaxOM H30NEPUMETPH XaHTOMM XaJlIM OUCEp
Machajdaxou WIMXOM TaOMATIIMHOCK XAaHTOMH €(TaHU XaJIXOUW ONTUMalil (OexTapuH)
XU3MaT MEHAMOSHI.

1. I'yzopumin Macwkana. [lap Macbanaxoum H30MNepUMeTph TajabKapaa MellaBaj:
Cucreman uyHuH QyHKCHXOH y, (x), y, (x),...y, (x) ébra masazx, ku GpyHKCcHOHANIT

' Y )dx (1)

!

ybmywwa=IF(mnywywywy2m

OKCTPEMYM MC6aXIHaHI[ Ba TOOEH mapTxXon

IT [ T N I )dx =/ (k =1,m,m < n)

K

(L, amagxou noaamyaa).
I1. Kongau 3ap6 masangaxou Jlarpanx.

Arap ¢yukcusxou WV, (K.....1';m) 6a kaapu 3apypii cydra Gomans, oH rox 6apou xauiu

Machaljla Koujaau 3apoKyHaHaaxou Jlarpanxpo ncrtugona Mmedapas.
®yHkcuau Jlarpanx 4yHHH acT:

CDZF—!-ZlklPk (3)

be nymBopi MeOuHeM, K1 cUCTeMau MyOIujiaxou Ditsiep 6apou GyHKCUOHAIU

S(y)=J.¢a’x (4)

HaMyau
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d
q)y_a(q)y’)_o (5)

Jdonmuxoun /11 ’ /12 5" /lm -po 3apOiaBangaxou JlarpaHx MEeHOMaHI.
JlouMUX0ou UXTUEPUU XAJUTM YMYMHUU CUCTeMau Myoaminaxou  (5)

C,,C,,---,C,, Ba3apbmaBaHgaxou Jlarpamwkpo a3 mapTxou KaHOPHU

Y. (a)=4,,Y.(6)=B,(k=1,n

Ba IIAPTXOM U30IepUMeTpud (2) Me€OaHI.

O ®POPMHUPOBAHNUA HH@OPMAHHQHHOﬁ n
KOMMYHUKATHUBHOU KOMITIETEHLINU YUUTEJIEN

Tymanosa Ill. — accucmenm xagedpwt modenuposanus THY

D¢ eKTUBHOCTh MPUMEHEHHSI KOMIIbIOTEPA B MPENOJAABAHUN YUE€OHBIX MPEIMETOB B
IIKOJIE B OCHOBHOM 3aBHCUT OT MpPOQECcCHOHATbHOW W UPOPMAIIMOHHO  —
KOMMYHUKALIMIOHHOM KOMIIETEHTHOCTH YUYMTENsd, M €ro TOTOBHOCTH MHCIOJIb30BaTh B
y4eOHOM mpoliecce HUH(DOPMALMOHHBIE TEXHOJOTMM OT €ro Kpyrozopa M YMEHHUE
HCIIOJIb30BaTh MPOTPAMMHBIE CPEJICTBA KaK OOILero, Tak U y4eOHOT0 Ha3HAYEHUS.

ITo muenuto Xanona K.C., popmupoBanue nHPOPMALIMOHHO — KOMMYHUKALIUOHHO M
KOMITETEHTHOCTH YYUTEJIEH MOKHO pa3/ieuTh Ha YEThIpE ITamna:

IlepBbIii 3Tam — 3HAKOMCTBO C KOMIIBIOTEPOM, C ONEPAlMOHHON CHUCTEMONH U
OCHOBHBIMH MPUKJIAAHBIMU porpammamu  MSoffice;

Bropoii aTam — yrirybiieHHOE n3yueHue OTASTbHBIX MHPOPMAITMOHHBIX TEXHOIOTHIA;

Tpetuii aTan — npuMeHEHNE COBPEMEHHBIX MHPOPMAIIMOHHBIX U KOMMYHHUKAITMOHHBIX
TEXHOJIOTHUI B TpO(deccuu yUuTens;

qCTBépTBIﬁ 9Tall — HCIIOJIB30BAHUC I/IH(i)OpMaHI/IOHHLIX N KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH B y‘-IC6HI)IX npeameTax.
I/ICXOI[H 3 J3TOIro0 MOXHO OIPCACINTD KOMIIOHCHTBI I/IH(l)OpMaHI/IOHHO -

KOMMYHUKAIIMOHHON KOMIIETEHIIMU YUMUTEIIsl, KOTOpas BKIIIOYAET B ceoe:

- HaBBIKU pabOTHI ¢ UHPOPMAITMOHHOM 062301 TaHHBIX, UCIIOIB3YEMBIX B OOYUCHUU;

-3HaHHE MO/JIEJTUPOBAHUS CpPEACTB, KOTOpbIE MOIYT MCIHOJIb30BATbCA B
MPENoIaBaHNM YIEOHBIX TPEIMETOB U MPO(ECCHOHATLHON OPUEHTAIINU YUAIITAXCS.

- BIIQJICHHME MOJEIUPOBAHUEM CPEACTB MJIs Pa3pabOTKU 3JIEKTPOHHBIX Y4YEOHBIX
MAaTEpPHUATIOB IO yUeOHOMY IIPEIMETY;

- BJAJICHUE METOJaMU U CPEACTBAMHU IUIAHUPOBAHUS M OpraHu3aluu y4eOHOTO
IIpoLEecca € UCTIOIb30BAHUEM MOJEIMPOBAHUS CPEJCTB.

ITpodeccnonanbHass KOMIETEHUHMS YUMTENs] MO MCIOJIb30BAHUIO KOMIIbIOTEpA U
JIpYTUX CPEICTB  MOJEIMPOBAHUA B IMEJArOrMYECKOM JeATEeIbHOCTH, MPEAIoaraet
BJIaJIeHHEe MH(POPMAIMOHHBIMU PECYpCaMU, CPEICTBAMHU ONTUMU3ALMHU MTPO(HECCHOHAIBHO-
MeJArornyecKou JesaTeIbHOCTH.

B coBpemenHoii meparoruke  MHGOpPMAIMOHHAS KOMITETEHTHOCTh YUMTEIs
paccMaTpHUBaeTCsl  Kak NpOo(EeCCHOHAIBHO - JIMYHOCTHOE KauyecTBO IeJarora,
WCIIOJTB3YIOIIETO COBOKYITHOCTh 3HAHMM, YMEHMI K 3(P(PEeKTUBHOMY HCITOJIL30BAHUIO HOBBIX
MHQOPMALIMOHHBIX  TEXHOJIOTUI B yueOHOM Iipouecce B IkoJie. lcronb3oBaHue
MOJIEJIMPOBAHUS TEXHOJIOTUM OOYy4YeHHsI B KOpPHE HU3MEHSIET CTPYKTYypy OOpa3oBaHUA,
CYILLIECTBEHHO TMOBBIIIAET MPO(PECCHOHATBHBIE BOZMOXHOCTU YUUTEIISI PACIIMPSET TPAHUIIBI
ero  npo(eccHOHAIbHOW  KOMIETEHTHOCTH,  IOBBIIIAET  PE3YJIbTATUBHOCTH  €r0
MeJArornyecKou aesTeIbHOCTH, TEM CAMBIM MOBBIIIAET KAYECTBO 0OPa30BaHUS.
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KPAEBBIE 3AJAYU TUITA KOLIN-IVUPUXJIE IS
OBOBIIEHHOM CCTEMBI KOIIIM PUMAHA
IMEPBOI'O ITOPSIIKA C CUHI'YJISIPHOM JVMHUEN
B UCKJTIOYUTEJBHBIX CIYYASX

bonmaes K. C. — k.¢h.-m.1., doyenm Kageopwvt mamemamuieckoo
ananuza u meopuu pyuxkyuiit THY

B pa60Te paccMaTpuBacTCs CUCTEMA CIICAYIOIICTO B4

dJu v —5 . B . (l)
oy Tox LIl = £ons

BoOmactu M=T"UN",rnell” ={(x,v);—w <x < 00,0 <y =< w},
N ={(x,v);—w<x=<ow—ow=<y=<0]

Cnyuaiti p=—(2m—1), g=2m-+ 1 OymeM Ha3bIBaThb UCKIIOUUTEILHBIMHU, TIE
m = 0 — 1enoe 4uco.

Yepes A_ (1) o6o3HaunM Kiacc QyHKUMEA (%, V), IPEICTABUMBIX B BUJIE

==

wlx,v)=|v|= 2 w,, () [vl¥,

=0

rae wo(x) - 6eckoneuno quddepeHmpyeMble QYHKIHH.

Yepes £ o0ozHauumM kiacc QyHkmmii  f(x),  MMEIOMMX HENPEPBIBHBIE
MIPOU3BOIHBIE TIOOOT0 MOPSAIKA, KOTOPbIE OTPAHUYEHBI OJJTHOM KOHCTAHTOH.

Pemenne cucremsr (1), KoTOpoe BhIpa)kaeTcs 4yepe3 OJIHY IMPOU3BOJIbHYIO (DYHKIIUIO
u3 Kjacca 5™ M KOHEYHOE YUCIIO MPOU3BOJIBHBIX OCTOSHHBIX HA30BEM PEIICHHEM KJlacca
Wy (IT).

B [2] nns cucremsr 1 B obmactu I mpu i = —(2m — 1), p= 2m + 1 nosydeHsl
MPEACTABICHUS MHOTOOOpa3us PEelIeHH B BUJIE PAIOB, a TAKXKE PEllIeHbl KpaeBble 3aJaun
TUIA JIUHEHHOTO COMPSIKEHUSI.

B [3] mna cucrembr 1 B obGnactu Il B HCKJIIOYUTENBHBIX CIIydasX ITOJIy4EHBI
MPEACTABICHUSI MHOTO0Opa3usl pellieHui B BUJE PSIIOB.

B nannoit pabGote s cucTeMbl | B MCKITIOUUTEBHBIX CIIydasiXx peIleHbl KpaeBble
3anaun tuna Komwm — {upuxie.

Jlutepatypa
1. Pamxabos H.P. WurerpanbHble NpeAcTaBIeHUS M TPAHUYHBIE 3a]a4d IS HEKOTOPBIX
g hepeHIInaTbHBIX ypaBHEHUHU c CHUHTYJISIpPHOU JIMHUENR  WIHN CHUHTYJISIPHBIMU

noBepxHocTsaMu. dymanbe, 1980, 1.1, 127 ¢; 1981,4.2, 170 ¢; 1982, 14.3.170 c; 1985, 4. 4. 174 .

2. Pamxabo H.P., bonraee K. C. KpaeBwie 3agaun Tulla JIMHEHHOTO CONPSDKEHHUS IS
0606menHol cucrembl Ko — Pumana nepBoro mopsiika ¢ CUHTYJISIpHOW JMHUEH. Marepuaibl
TpeTbero MexayHapoanoro Poccuiicko — Kazaxckoro cummnosuyma. Hansunk 2014, 239 c.

3. bonraes K. C. Ilpencrasienrne MHOTrooOpas3us pemreHnit ;s 0000meEHHON cucteMmbl Komm
Pumana mnepBoro mopsiika C CHHTYJISIPHOW JIMHWEH B MCKIIIOYWTENBHBIX Clydasx. MaTtepuaisl
MEXKIyHapOJHOW HAay4YHOH KOH(EPEHIINH, IMOCBAIIEHHONW 75-metuto mpodeccopa Cadbuposa T. C.
Hyman6e, 29-30 oxts6ps, 2015 .
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O PELIEHUH OJHOT O KJIACCA HEJIMHEINHBIX CUHI'YJIAAPHBIX
ANPPEPEHIINAJBHBIX YPABHEHNN

bonmaes K. C. — 0.¢.-m.H., npogheccop kageopwt ungpopmamuxu THY
Paumzooa @. — acnupanm kagheopot ungpopmamuxu THY

PaccmoTtpum criemyroniyto 3agaqy

8N aN Q(Nqa_)+qNﬂ—OO<x<OOa>Ol‘>O

o 8a * ox ox
<
I 1
N(.0,1) = [ By(EIN(0,E.1),£,00E,1 2 0, W
0

rac DO 9 QD o 9 ﬁ ITIOJIOKUTCIBbHBIC KOHCTAHTHI, B() (a) -3alaHHAaA HCOTpUIATCIIbHAA

¢ynkmusa, N = N(x,a,t) ssnsercs uckoMoii Hem3BecTHOI (ynkuueit. Creayer

OTMETHUTD, YTO JJAHHAS 3a/1a4a BO3HUKAET IIPU MOJIETMPOBAHUN MHOTHX ITPOIECCOB U3
OMOJI0TUH, SJKOHOMUKH U cortnonioruu[2-5]. CrnpaBeaiuBa ciieAyomas TeopemMa.

Teopema.IIpeononoxcum, umo B 0(05) >0, .[BO (a)da <1, y pynkyus f=f(y)

A675eMmcs peuleruem ciedyioue2o oughepenyuanbio2o ypasHetus

(1), =B - A= P =0, —m< <o

Tozoa pewenue 3a0aqu (1) npeocmasnsiemces 6 cedyrowem suoe
1

N(x,a,0) = p(t—a)1—g(B-Du "t -a)al * f(»), (2)

20e Y =X / 4 (a,t - a), 4 (Cl, t ) onpeoenaemcs cieoyIiouum 00pazom:

5+1-8 s+1-p

p(a,t—a)= %u 2 (t-a)l-q(B-Du 7't - a)a]*P™

a pynkyus U= U (f ) yoosnemeopsaem cieoyioujemy uHme2paibHoMy YPaeHeHUuo

u(0)=[B(@)l-q(f-Du"(t~a)a] " p(t - a)da
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METOAUKA ITPUMEHEHUS MOAEJIN
JAEPEBO YUCEJ B METAJUIYPT'UU

FOunycu M. — 0.¢.-m.n., npogheccop kageopot ungpopmamuxu THY
Jasnamos A. — acnupanm xagheopol ungpopmamuxu THY

PaGora mocsimieHa BompocaM NPUMEHEHUsl JIepeBa YHUCENl, BO3HUKAIOIIUX MPHU
aHAJIN3€ YHUCIOBOM UM TEKCTOBOM MH(pOpPMAIMM B pEUIEHHWE HEKOTOPBIX 3ajay
METAJUTyPTUYECKUX ITPOLIECCOB-ITOIyYEHUE HOBBIX CIUIABOB C 3aJaHHBIMU CBOMCTBAMHU.

IMycte N - HekoTOpOE mMonokUTENbHOE yrciio. CkaxeM, uto uncio N obpasyer
JIEPEBO YMCENl, €CIIM HAWIyTCsl HATypajbHble YKucia p>1, n, m > 2 W TaKue MOJIOKUTEIIbHbIE

yucna dy,dy,...,d,, , A KOTOPBIX MMEET MeCTO npeacTrasienue([1-3]):
p _ . n n n
NP =al +ay+..+a, , m>l (1)
H B CBOIO 0YepPe/ib HEKOTOPLIC d ; (w1 Bce) mpeACTaBUMBI B BUJIE

n
myj?

p _ n n
a; =a;;+a,; +..+a

M HEKOTOPBIC d; 13 (2) (WK BCE) TAKKE MOTYT OBITh IMPEICTABIICHDI B BUAE

m, <m 2)

p _ n n
d; =4y +---+am2,~ja m, < m, ..., oo Tex nmop noka

He IIOJIYHAaCTCs JICMCHTAPHBIC PA3JIOKCHUSA THUIIA

p
ljjl Jmk

n n

= Dy T By (3)

B KOTOPBIX WICHBI MpaBoi yacTv (3) HE MOTYT OBITh MPEACTABJICHBI B BHUJE KOHEUHOM
CyMMBI CJIaTa€MbIX N-bIX CTENEHEH HEKOTOPBIX JIPYrUX IMOJIOKUTEIBHBIX YHCENT TakK
Ha3bIBAEMbIX OCHOBOM (0a3uc) nepeBa. MTak, MocieqHUN ypOBEHb JIepeBa COCTOUT W3
cymMbl Tuna (3). bacuzHbie 371eMEHTBI MOTYT BXOJIMTh B KaX/IbI YPOBEHD JIEpPeBa, IOITOMY
C KaXJ0r0 YpOBHs OepeM TOJIbKO T€ 3JIEMEHTHI, KOTOPhIE HE MpeJcTaBUMBI B BUe (2), (3).
Torna B pe3ynbTaTe 4YUCiIO N eTMHCTBEHHBIM 00pa30M MPEICTABISETCS B BUJIE

NP =D kg ah, 4
Jq

rac k]. - UHUCJIO BCTPCHACMOCTH 6a3I/ICHOFO JJIEMEHTA d B ACPEBC YUCCII.
Jq

iy

Teopema. llpencraBnenus (1)- (4), m JaepeBbs 4YUCE COOTBETCTBYIOIIUE ITHUM
MIPEJCTABJICHUSAM SIBIISIIOTCS ONTUMAJIbHBIMU K JiepeBo umcen (1)-(4) sBisieTcsl peleHueM
CIIeyIoIel ONTUMU3AIIMOHHON 38/ 1a4H

S P m n
N =max, , (a,a’) M={a=(a,...a,): 0<a; <l, Zajn—s=1} , >8>0
A
m CpGm2) )"
Kpowme Toro umeer mecto N 7 = (x ’”“)“ + > T T.€.
)
N = X "' 4 Z 4.xX "7, A=YZ? Y=y Z=2",N=N".

i= 2
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KOMITBIOTEPHBIV AHAJIM3 MO/JIEJIU
IOHYCU JIEYEHUSA CAXAPHOI'O IUABETA

Hasnamos II. — acnupanm kagpedpwt modenuposanusi u UC THY

Kax wu3BecTHO, caxapHblil 1UabeT SIBISETCS OJHOM M3 HIMPOKO PACIPOCTPAHEHHBIX
Oore3Hell BO BceM Mupe. B opranmszmax Jrofed ¢ caxapHbIM JUabeTOM HapylIAITCA
MPOLIECChI, CBSI3aHHBIE C OKHUCICHHMEM caxapa W BbIpaOOTKON 53HEpPruu, a TakKke
yYBEJIMUEHHEM caxapa B KpoBHU. IlepBbIMM MOJEISIMU, IO-BUIMUMOMY, SBIISIIOTCS
nuddepennmanpupie  mMoaenu  M.JDxk. [aBuc, a 3atem u M.K. FOnycu. Ilycts

- 1 r7 - 1 -r o
x = ch_ :a.'(l“) df " y = __—_J;_ _1'(1‘) dt COOTBETCTBEHHO Cp€aAHNH 3a IIPOMEXKYTOK BPEMCHU T

ypOBEHb caxapa B KpoBU M HUHcyIuHA. [IycTh x¥- mOporoBblil ypoBeHb caxapa B KPOBH.
TpebyeTcst HAWTU TaKOW YPOBEHb UHCYJWHA ¥ 1T KOTOPOTO UMENIO OBl MECTO CIIEAYIONINE
HepaseHcTBa (FOnycu M.K.) :

¥T < xPyP e [:L..'r::.v!J x!r:n:.x]

T E 1.‘-.'—1

31ech

( dx
dt
—a; (x — x¥)H (xF —x) + azZ(t),

0= t<t,

= —a;xv—a,(x¥ —x)H(x¥ — x)

dy
a by(x —xP)H(x —xP) —byy +byw(t), 0=t =t
\ x(0) =x5  vi0) = v,

x = x(t)-ypoBeHb caxapa B KpoBW, H(T)-Qpynkims XeBucaiina,it; = z(t) -BelnuMHA

ke

MoTpeOIsieMOl TMHWIMM B MOMEHT BpeMeHU I, U, = W(i)- BEIUYMHA BBOJIUMOTO
WHCYJIUHA, @, b;-TI0JIO)KUTENIbHbIE KOHCTAHTBI, KOTOpPBIE MPEANOIaraloTCsi U3BECTHBIMU.

Crenyer OTMETUTh, YTO MEpBBIA uieH 1 — ro ypaBHeHus (1) B paMkax Hameil MOJIEIU Mbl
OymeM wusMeHsaTh Ha —a,x08(v), roe ¥ = v(v) — QyHKUMA HACHILEHUS, HAIIPUMED
ot .

3 (v)= s ..m k>0, Takum o00pasoM, CyI[HOCTb [JaHHOH MOJEIM 3aKIIOYAeTCs B
HaXOXIEHUU IMOPOTOBOTO BBOJMMOIO 3HAYEHMS] MHCYJIMHA 10 33JJaHHOMY YPOBHIO caxapa

x¥ W3 gomycTuMou o0acTu [x"“”’, x "'“":“"'] . 3mecy x ™™, x™®*. MUHMMAJbHBIE W

MaKCUMaJIbHbIE MOPOTrOBbIE 3HAYEHUS YPOBHS caxapa s pas3nuyHbIX drojei. Crenyer
OTMETHUTh, UTO €CIM 3ajaya (2) He uMeeT pelieHue, To, T.e. x' = x* v < y¥, T0Q
HEOOXOIMMO PEIINTh 3a4auy ONTUMAJIbHOTO YIPABJICHUS, CBA3AHHYIO C MPUEMOM IHUIIU
Uy = U4(t), ¥ BBEACHHEM MHBEKIUHU 1, = U,(f), Tak, 4TOOBI BBIPAOOTKA SHEPIUU IIPU
OKHCIIEHUU caxapa U BBOJIa MHCYJIMHA OblJIa MUHUMAJIbHOH.
Hns mogenu FOnycn Hamu 6bu1a HanucaHa nporpamma Ha MATJIAB-e

U TPOBEACHBbl BBIYUCIHUTENIbHBIE AKCIEPUMEHThl. KOMIBIOTEpHBIM aHAIM3 MMOKa3aJl
MPUTOJTHOCTh MOJIENIU K PELICHUIO MPAKTUYECKUX 3a1a4.
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KOMIIBIOTEPHBIN AHAJIN3 OLIEHKU
YUCJEHHOCTU XUIHUKOB B DKOCUCTEMAX
3ATIOBEJHUKA «JALLITU-TUKYM»

Oounaesa C. A. — K.¢h.-m.H., doyenm kaghedpwt modenuposanus u UC THY

PaccMoTpuM cienyronyto MaTeMaTHIeCKyI0 MOENTb OUOTIOTUUECKON TTOMYJISIINN:

L a.N, —
%Ni:biNi-i_ +Z mNj—i_ Ql.(t),izl,m

J=1 it

: a8 , 8 , 8 3 3 . .
rae :_‘_ =5 ot Vv, o z e_ (Df ﬂ—j- napabonuyeckuit onepatop, N~ OGuomacca i-ro

BHUIa (WM i-TO TPOGUUIECKOTO YPOBHSA), b, - KOAPPUIIUEHT CMEPTHOCTH (MK KOIPDUITUSHT
POKIAEMOCTH, B3SIThII ¢ 0OpAaTHBIM 3HAKOM) i-r0 BUAA, Q,(t) — GyHKUUS,
XapaKTepU3yollas BHEIIHUE BO3IEHCTBUS Ha i-i BUM, A=(a;) — MaTpulia B3aMMOIEUCTBUS
O6uocucreMbl. YHCIIEHHBIE SKCIIEPUMEHTHI J1s1 OIIPEIeNIEHNs HEU3BECTHBIX

K03 ULIMEHTOB. BbluncaeHns: TPOBOIWINCH ISl PA3JIMYHBIX BXOAHBIX JAHHBIX
napaMmeTpoB. MaTpuiia B3aUMOJAEUCTBUS IKOCUCTEMBI:

— J—

0.0 -0.1 0.0 0.0

0.09 0.0 0.6 0.01
A= 0.0 0.5 0.0 -1.2

0.0 0.001 0.5 0.0

CkopocTh TIOCTYIUIEHHS BHelmHero pecypca paBHa 1000. VYcpemHeHHBbIE KO3(DQHUITMEHTHI
CMepTHOCTH cOooTBeTCTBEHHO paBHBI 0.1; 0.9 u 0.8. YUncaeHHOCTH TPaBOSTHBIX KHUBOTHBIX,
XUIIHUKOB coctasisiroT 8.0, 10.0. 2.0.

MatpHIa B3aHMOeHCTRHS:

0.0 -0.7 0.0 0.0
0.5 0.0 -0.8 -0.01
A= 0.0 0.6 0.0 -0.7
0.0 0.005 0.5 -0.7
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YMYMUKYHOHHN XAHIT'OMU XAJIJIM MACBAJIAXOU
TEOMETPH BO EPUU BEKTOPXO

Xoaukos A. — H.u.n., oomcenmu
kagheopau mamemamuxau oauu JJMT

To 6a kagoM aHA03a HAKIIM MyXUM JIOLITAHW YMYMUKYHOHH 1ap Yapa€Hu TabIUMU
MaTeMaTHKa Ba 1ap paBUIIM TabIuM 0a akcapu OMY3rOpOH MabiIyM acT.

MyHaapuyan UMpy3aum Kypcu MaTeMaTUKau MakKTabil Ba MaTeMaTHKAau OJIii OHPO
TaK030 MEKYHaJ]l Ba UMKOHMAT MEOUXald, KU Jap O0ab3e MaBPUAXO YMYMUKYHOHUPO Jap
XJUIM Machajlaxou amnmapatd aiaredpad BeKTOpH camapaHOK uctudonaa Oapem. Baine,
O6oucu Taaccy@ acT, KU Ha XxaMau YCTOAOH JUKKATH XOHAHIAroHpo Oa MH Machaja 4yald
KapJa METaBOHAHJ.

Jap KUTOOXOM MMpy3au JTapCUU FeOMETpUsl XaJUId Ay Machallam MyXuMm goup Oa
ucOoT yoitm xyapo HaédTaact, Ku WUH Ooucu HurapoHin act. MHak, MO MaTHU WH
MachaIaXopo XOXEM OBap/I.

Arap O nykranm mwixoxu (azo Ba M Mmuénayoiiu nopyau AB, € MH KU HyKTau
Oypuimniu MeauaHaxou cekyHyau ABC 0omag, oH rox MyHOCHMOATXOU 3€pUH HYPO
Merapaan:

OM =1/2(04+O0B) Ba OM =1/3(0A+ OB +0C)

Bapobapuxon BEKTOPXOW HABHINTAIIYAApO XaMUyH TeopeMma Jap XOTHP HUTOX
JIOIITAaH CyJIMaHJ acT, YyHKHM UH MYHOCHOATXOM BEKTOPUPO JIOHHCTA, MAChaaxou 3UEIH
TEOMETPUPO XaJI Kap/1aH MyMKHH acT.

Mo TaBcust MenuxeM, KU UH Machallaxo 00 yCyJM 3epHH Xajl Kapaa maBaH: arap M
MmuéHavyoitu nopuau AB Ba O HykTau quiixoxu ¢gaszo Oolaja, OH rox

OM + MA = OA
OM + MB = OB
20M +0 =04+ OB

A3 uH4yo OM :1/2(@+@)

Ad3anusaTu 4YyHUH Xall a3 OH HOOpaT acT, KU OHPO YMYMi KYHOHHMIaH MyYMKHUH acT.
Macanan, arap 6a uH OapobOapuxou BEKTOpH 003 SKTOU OUTap WIOBA KYHEM, XaJUIU
Machajiau JyIoMu Aap 00J10 KaaKkapaaiyaapo Xxocuia MekyHeM (pacmu 1).

OM + MA =04 OM + MB = OB
OM+MC=0C
30M +0 =0A+O0B+0C OM =1/3(0A+ OB +0C)

Kaiin kapaan 6amaBpu acT, KU UH Tap3W YMyMHH XaJl IMKOHUST Meauxald, K1 Oa
JUrap Machbajlaxom yMyMUSITAalIOH 0a XaM Ha3AuK TaTOMK HAMOEM: a3 ITopya Ba ceKyH4a 0a
napajuiesiorpaMMm, TeTpas3ip, NapajelIoNuIle]] Ba Faiipaxo ry3aliTaH MyMKHUH acT.
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KOMITBIOTEPHBIV AHAJIN3 OLIEHKU
BEJIMYMNHBI PBIBHOI'O YPOKAS

Heemamosa I'. — accucmenm xagedpwt mooenuposanue u UC THY

ITycts 3amanbl HAOMIOIEHUST 32 OMOCUCTEMOW B MOMEHTHI BpeMeHHu f,, k= 1,2...n,
KOTOPbIE HE3aBUCHMBI M HCKAXEHBI CIlydalHbIMU momexamMu:N; = N, (1) + &,rne &~
OoIUOKK HAOIIOIEHUH, KOTOpbIE, KakK MpeAnojaraeTcs, YIOBJIECTBOPSIOT CIIEAYIOIINM

. — -1 — = — -1
YCIIOBUSM: M[E, &) = A(y), M [§]=0, M [&,E,]=A"(t),rne M- cumBon

MaTEMaTUYECKOTO OKMAAHUSA, & A~ IUCIEPCUOHHAs MATPUIla BEKTOPa OIUOOK, & - (& ...
&) - KoabduumeHTsl MaTpUIbl B3aMMOJEUCTBUA A ONPEIETISAIOTCS B PE3YIbTATE PELIEHHS
cnenyromei 3amaun MuHUMm3anuu: I(A*)=minl(A), A eQrne Q— HekoTOopasi 00JIacTh
npoctpaHcTBa R”, BbIOMpaeMass U3 YUCTO NMPAKTUYECKUX COOOPAKEHUU, a TaKkKEe TaKuM
00pa3oM, 4TOOBI perieHus] CUCTeMbl AU(GEPSHIINATBHBIX YPAaBHEHU ObUIM OTpaHUYECHBI
KOHCTQHTOMN [Nmax: ‘Ni (t) | <N i=1,...m, NmMax_ganpumep, MaKCHUMalIbHOE YHCIIO,
KOTOpPOE€ MOXET ObITh 3aJJaHO MalllMHEe, Ha KOTOPOH pean3yeTcsl yKa3aHHBINA aJIrOpUTM.
®yHkimoHan I(A) onpenensercs ciaeayomuM o0pa3om:

n.

](A): Z Pk[Nk _N(tk’A)]TA(tk)[Nk _N(tk’A)]

k=1

WJIN B Pa3BCPHYTOM BUC!

m

[(A):i‘,szm‘,z;t;,j[ﬁxk_N;(tk’A)] [ﬁjk_Nj(tk9A)]

k=1 i=1 =1

rae P, — BecoBasi (pyHKIIMS, (z P, = 1J , Px>0, Aj — 3]1€eMEHTBI MAaTPULIbI
k=1

A'(t,), N, -Ppe3ynbTaThl HAOIIOAEHUH 3a i-M BUIOM B MOMEHT BpeMEHHU 1, N,(1;, A) —
pelieHue CUCTEMBI ITpH 3aJaHHOM MaTpulle A. s HaxoXIeHHsI MUHUMyMa (pyHKIIMOHAJIa
CTPOUTCSI MUHUMU3HUPYIOIIAs MMOCIIeI0BATEILHOCTh MAaTPpUIl {AS} METOAOM I'PaUEHTHOTO
cnycka. [IpuBeneM pe3yabTaTbl KOMIIBIOTEPHOTO AHAJIM3A.

TSR P 1 EER O 1S TP =l "7,
-1 S0 .

B == T R e
B [ 1 o T N s o -

V2O - - - - - - - - - — - — - - — — — e e - - - — -
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Ob OJHOM KJIACCE CUCTEMbI MOJAEJIBHOI'O
AN OP®EPEHIIMAJTBHOI'O YPABHEHUS ITEPBOT'O ITOPSIKA
C OJHOU JEBOU CBEPX-CUHI'VJIAPHOU TOYKOU

Paooicabos H. — 0.¢h.-m. 1., npogheccop kagedpvt mamemamuuecko2o
ananuza u meopuu pyuxkyuiit THY
Menukosg O. U. — accucmenm xageopvl MamemamuiecKo2o
ananuza u meopuu pyuxkyuii THY

Ilycte = {x:a = x < bYMHOXXeCTBO TOuUeKk Ha BeleCTBeHHOH ocu. Hal

PacCMOTPUM JIMHEWHYIO CHCTEMY OOBIKHOBEHHBIX TH(PQPepeHIINATIbHBIX YPABHEHU TTEPBOTO
MOPsIIKA CIEIYIOLIEro BUa

¢ n Ay (x) Fi (=)
i+ T e = e (1)

riae 4, ; (1 =1j = n)-3ananele nocrosHuple ¥y () (1 =k =n) - uckomble GyHKIMH.
Ipeanonoxum, 4ro QyHKIMH f; (x) (1 =j =n) B cucreme (1) mpencraBuMBbl B

CITE/lYIOIIEM BUJIE a

F(x) = Ty fge™ et eat) ®

; 1
TJie f, ; - U3BECTHBIE OCTOSIHHbIE, ¥ = const > 0, w_(x) =

(e—1)(x—a) "2

HomyctuM, uto psn (2) cxoautcs: aOCOMOTHO U paBHOMEPHO. YacTHbIE pelieHus
cuctemsl (1) OyaeM UCKaTh B CIIEAYIOIIEM BUIE
. . _ o . _'-'.I\:_'I.'.' N.:...'.
vilx) = i vy e FT e (3)
[ZI€ V', ; - HEU3BECTHBIE IIOCTOSHHBIE.

[ToncraBnas 3nauenwe f.(x] m  v:(x) B dopmyny (1) mocine mpupaBHHBAS
KOOpPUIIMEHTOB mpu e~ “*7V'“a'*) crega W copaBa UId ONpPEICTICHUS HEM3BECTHBIX

ITIOCTOSHHBIX -1'r.'{_." ITOJIYYUM CIICAYIOIIUC BBIPAKCHUS!

.
Vi = ﬂ:__i"_-d_ . U‘J k= D,l,E,---] (4)
HalineHHble 3Ha4eHUA 7V, ; U3 PABEHCTBA (4) MOJICTABIIAA B PABEHCTBO (3), OIy4nM
Fr: i1y F
-Lr_."[""-.) :E:::cl{__:'d_n‘_:‘ WETY i ghEs (5)

Mo3HO 10Ka3aTh, UTO €CIM psiA BUAa (2) cxoaurtcsi, Toraa psa Buaa (5) Toke CXOIUTCS.
Jlutepatypa
1. Pamxabo H. OO0o0OmieHHble 3a7a4M TUMA JIMHEWHOTO COMPSDKEHUS ISl OOIed IMHEeHHOU
CHCTEMBI OOBIKHOBEHHBIX ITU(GEPEHIINATBHBIX YPaBHEHUI C OJHOW CHHTYJISIPHOW U CBEpX-
CHUHTYJISIpHON TOUKOH. - Tpyasl 9-ro MexnyHapoanoro cummnosuyma MJIO3d-2000. - Opén, 2000,
29 mas, 2- uroHs, ¢.367-369.
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O MATEMATUYECKOM MOJIEJINPOBAHNUU
JAEHEKHOI'O OBPALIEHU A

Haumos H. M. — cmapwuii npenodasamens kagheopwt ungopmamuxku THY

CoriacHO KOJIMYECTBEHHON TEOPUM JIEHET 3aBUCHMOCTb MEXIY KOJIUYECTBOM
MPOU3BEJAEHHON TPOAYKIMHU, TMPEIbIBISIEMON IOKYMATEILCKUM CIPOCOM U OOIIUM
YPOBHEM 1I€H(T.€. COBOKYIHBIN CIIPOC B JEHEKHOM OOpPAIICHUU) BBIPAXKAETCS C MOMOIIBIO
COOTHOIIEHHUS
MV=Py,rne M — npejioxkeHue aeHer, V' — cKopocTh obpalleHus AeHer, P — ypoBeHb 1IeH, a
y— KOJIMYECTBO MTPOU3BEICHHBIX TOBAPOB U YCIIYT.

OTO ypaBHEHUE VYTBEpPXKOAeT, UYTO MPEIJIOKEHUE JEHEr OIpeAensseT O0O0beM
MPOU3BOJICTBA B HOMUHAJIbHOM BBIPAXKEHUHU, KOTOPOE B CBOIO OUEPE/lb, 3ABUCUT OT YPOBHS
LIEH ¥ KOJINYECTBA MPOU3BEACHHON MPOAYKIIUU:

1
M=xk,Py, k,= v

_. 1 M N
Orcrona P=x,-, K =-—, W, CIENOBAaTEIbHO, MEXJIy YPOBHEM ILIeH U OOBEMOM

v

IIPOU3BOACTBA CYLICCTBYCT O6paTHa$I 3aBUCHUMOCTD.
Takx xkax 00BEM IPOU3BOACTBA OMPCACILICTCA PA3JIMYHBIMU BUI4AMH ITPOU3BEACHHDBIX

npoaykuuit y=(y, ¥, ,...V,) U ¢ HUM CBsI3aH BEKTOp ypoBHi ueH P=(P, ,P,
...P,),0CHOBHOE ypaBHEHHE OYJIET ONMPEAEISITHCS B CIEIYIOIIEM BUJIE:
(v, P)=MV,tne (p.y)=%PY,. (1
i=1

[Tpennonaraercs, 4To YPOBHM LIEH U 00BEM MPOU3BOJCTBA P, SIBISIOTCS (PYHKUUSIMU
HEKOTOPOro mapamerpa, 7 = (¢,7, e, X),T1ae { — BpeMs, I — pealibHasi CTaBKa MPOIICHTA, e—
OOMEHHBI KypC, X— NpocTpaHcTBeHHbIH (akTop. Torma,Ha ocHoBe ypaBHeHus (1)
CKaJISIpHOE ITpou3BeneHue (P, y) onpenensercs B BUJIE:

max

(p,y)= fr e i P (t,r,e,x)y;(t,7,e,x)dredx .

emin
i=lemin

Ecim wepesP; () u P, (£)—CcOOTBETCTBEHHO 0003HAYMTH MHHMMAJILHBIE WU

MaKCHMAaJIbHBIC YPOBHU LICH B MOMEHT BPEMCEHU f, TO U3 (1) IIOJIYYUM HEPABCHCTBO:

Pmin (t)y(t) < M(t)v < Pmax (t)y(t)ao <t< tk ’

F max
rae y(t)=z j L.:i J'R v, (t,r,e,x)drdedx ABIAETCS OOIIMM OOBEMOM IPOU3BOICTBA.
i

MuHUMAaJIbHEIM M MaKCHMaJIbHbIM YPOBHAM LEH COOTBCTCTBCHHO OTBCYHAIOT
MUHHUMAJIbHBIC 1 MAaKCUMAJIbHBIC ITPCIJIOKCHUA JCHCT . Torz[a

P ()= Vi Mmin (t) _ Mmax (t) ,
y) Pmin (t) Pmax (t )

OTHOIIIEHUE MUHUMAJIbHOI'O MPEIOKEHUs JIeHeT Ha MUHMMAJIbHBIM YpOBEHb 1I€H PAaBHO
OTHOIIEHUIO MAaKCUMAJIbHOTO TPEJIOKEHUS JIeHeT Ha MaKCHUMaJIbHBIA ypPOBEHb IIEH. DTO
OTHOILIEHUE HA3bIBAETCS 3a1IACOM JECHET.

N Ttaxum o6pa3om, mpu MOCTOSIHCTBE 00BEMA MPOU3BOJICTBA IO IMapamMeTpaM (7, e, x)
3aIachl J€HET HE U3MEHSIOTCS.

M
min (t) , u Pmax (t) — V

Otcrona T.€.

M i (1)
y
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OINIPEAEJEHUE KPUTUNYECKUX 3HA}IEHI/II71
3AJJIAYNA 3AIIUTBI PACTEHUUA

Oounaes P. H. — K.¢h.-m.H., doyenm kagepvl mooeauposanuss THY
Kocumos IlI. H. — cmapwuii npenodasamens kageopwvt moodenuposanus THY

PaccMoTpuM HEKOTOPYIO MOJEIBHYIO 3KOCHCTEMY, MMEIOIIYIO TpU TPOPUUECKUX
YPOBHS, B KOTOPYIO M3BHE IIOCTYNAeT BHEIIHMA pecypc N, (ynoOpeHue win Boja,
WCIIOJIb3yeMasi JUIsl TIOJIMBa, UJIM COJTHEUHAas 3HEprusi) co ckopocThio Q. B oOmem ciayuae
CyMMapHble OMOMacchl (WJIM YHUCIEHHOCTH BUJOB, MPUHAJIECKAIINX COOTBETCTBYIOLIUM
TpouueckuM ypoBHsIM, UX 0003HaumMm uepe3 N,, i=12,3), B paBHOBECHOM pEKUME
YIOBJIETBOPSIOT CUCTEME aJIreOpandecKux ypaBHeHui [1]

O+ Fy(Ng, N,) =0

N F(Ng,N,,N,) =0 (1)
NLFy(N,, N, N;) =0
N;F(N,,N;)=0

rae F,=F.(),i= 03 - ylieJIbHasl CKOPOCTh POCTaA i -I'0 TPOPUUECKOTO YPOBHS, IPUUEM

< ] ] —
Ego, OF, |<0, i<j ..

oN, ON, |20, i>j

ChopmynupyeMm 3ajadyy B TEepMHUHAX MOJEIbHON sKocucTeMbl. lIpenmonoxum,
yTo N/ -00603HauaeM Oumomaccy KynbTypbl, HE MeHee KOTOPOW MbI XOTHUM TIIOJIyYHUTHh C
HEKOTOPOTO IOJIA

T.C.
N, =N/ ().

Benuuunel Ny, NJ -Ha30BeM MOPOTOBBIMU 3HAYECHUSMU JJII HHTETPUPOBAHHOTO
MeTtoda OOpbOBI ¢ BpeAuTeIsIMHU (COOTBETCTBEHHO YPOBHEM BPEIOHOCHOCTH BpEeAUTENIeH
N7 1 ypoBHeM 3((EKTUBHOCTU IOJE3HBIX HACEKOMBIX N7 ), ecnmu s Bcex N,, N,

yrnosierBopsiomiux N, < N7 u N, > NJ, umeeT MeCTo HepaBeHCTBO (2).3aaua COCTOUT B

HaxoxaeHuu N7, N7 mpu BapHali CKOPOCTH MTOCTYIUICHHS BHELTHETO pecypca.

HpI/IBCI[CM croco6 OMpCACIICHUA COOTBCTCTBYIOIINX ITOPOTOBBIX 3HAYCHUM JJIsL
YHUCJIICHHOCTHU BPCAHBIX BHUIOB N;I/I YUCJICHHOCTH ITIOJIC3HBIX HACCKOMBIX Nf I/ICHOJ'II)3YH

nepoe ypaBHeHue (1) m HepaBeHcTBO (2) M ycinoBusi, umeeM Q—F (NO,NI”)Z OT.c.
F, (NO,N]” )S Q, cinemosatensHo N, < F, (Nl” ): NY. OTcrona u U3 BTOPOrO ypaBHEHUS
cucreMmsl (1) moayyum HepaBeHCTBO F, (N S NP,NY )2 0. B xauectBe NJ BO3BMEM pelieHne
ypaBHEHUS F| (N (f ,NI',NY ): 0, mpuYeM OYEBUIHO, UTO JI000E pelieHHue MOCIeIHETO
HEpPaBEHCTBA YAOBJIETBOPSET HepaBeHCTBY N, < N7 . W3 Tperbero ypaBHeHus (1) wu

IIPEAbIAYIIEro HEPABEHCTBA CIIEAYET, UTO F, (N P N?,N 3)3 0. B kawectBe Nj BO3bMEM
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peleHue ypaBHCHUS Fz(NIP ,N{’,N3)=O U Torga s Jo0oro Ny, yIOBIETBOPSIOLIETO

HocjeAHEMY HEpaBEeHCTBY, UMeeM. N, > N7

Jlutepartypa
1. FOrycoB M.K. MaremaTuueckue MoOAETH OOpBOBI C BpPEOUTEISIMU arpoIEHO30B. —
Hyman6e: Jonwm, 1991. — 146¢.H

JAOUP BA BAZUCHU PUCC BYJJAHU CUCTEMAU ®YHKCUAXOU
PEIIATUU SIK OIIEPATOPU IU®GPEPEHCUAJIUU MYKAPPAPHU

Aboykapumos M. D. — H.u.gh.-m., Myaniumu KaioHu Kageopau
Mamemamukau xucoooapopii éa mexanuxau JJMT

bucépe a3 macpanaxou (puzMkanm MaTeMaTUKHA Oa MyailsiH KapJaHU KUMAaTXO Ba
(YHKCHSIXOU XOCCHU SITOH orepaTtopu AuddepeHcuanit Ba MaxH KapAaHd PYHKCUSIN JUIXOX
0a KaTopu cucteMau (PyHKCHSIXOM XOCCH MH orlepaTop oBapaa Memasaa. ba ubopau gurap,
XOCHUATH 0a3ucpo MOMTaHU (YHKCHUSIXOU pemarud (QyHKCHUSXOU peraria - MayMyu
(YHKCHSIXOM XOC Ba XaMPOXIIYIau OMEpaTop) UH € OH OmepaTopu MUMEPEeHTCHANTA Xele
Machajgaun MyxuM meboman. TabpuxaH, 0aba a3 OH KM XaJUIM MachajlaXxOM MEXaHUKAu
KBaHT#A 0a BocUTaM KMMAaTxXo Ba (yHKCHUAXoW xoc udoja kapaa UIyAaHI, Ha3apusu
CIEKTpaliuu onepaTopxou nuddepeHcranit ske a3 Machajlaxou aCOCHM WJIMU MaTeMaTHKa
rapau.

babn a3 o ku madxymum 6asucu Pucc 6a Mu€H oman, Machaja paHIM JUrap
ruput. AKHYH JUKKATH OJIMMOHM COXapo Macbhaiau 0a3ucu Puccpo tamkwi gogaH Ba €
HaJ0JJaHU cHCTeMan (YHKCHSIXOW pellaruu orneparopu auddepeHcuanuu gofanyaa 6a
Xy 4aJi0 HamyZ. XOTUPHUIIIOH MEeKyHeM, Ku Mapxymu O6a3ucu Puccpo aBBasmH MapoTuda
omumu pyc H. K. bapu moxun namymaact. UyHuH cucremaxopo OOopu aBBajl OJIUMH
HopBerit @. Pucc myaiisiu kapna 6ya. A3z uH Xxotup, 6a mapadu HoMu UH 0IMM OHpo bapu
0azucu Pucc Homu.

Hatnyam mapkasin map uH caMmT 6a omumu Oy3ypru pyc B. A. WmiinH Taamiyk
nopan. Max3 § maprtxou 3apypit Ba kudosirum 6asucu Puccpo Tamkwi gomaH Ba €
HAJIOJJaHU CcUCTeMau (PYHKCHUSIXOW pelaruv ornepatopu auddepeHcnanmnu mykKappapuu
TapTUOU AYIOMPO XOCWUJI KapaaacT [1].

Hap uH xop Mo TatOuku Teopeman MiiimHpo nap Xaiu sk Machbajgad MyIIaxxac
nuaa MedapoeM.

Omneparopu quddepeHcuannu

Lu=-u (1)
-po nap dazou L, [0,1] 00 MapTXoN FAUPUIIOKATIMHA KAHOPUU
u(0) =0, u(l):lou[%j—mu[ﬂ (2)

nuaa MedapoeM.

Teopema. Dynxcuaxou xoc éa xampoxuyoau onepamopu (1)-po 60 wapmxou (2) uyHon
UHMUX00 KapoaH MYMKUH dacm, Ku 0ap Hamuya cucmemau @QYHKCUsxou pewiacii oazucu
Puccpo mawikun meouxano.

Bapon wncOotu wWH Tacouk, aBBajd cHUCTeMan (YHKCHSIXOM pellarud machaiaau
criektpanuu (1) Ba (2), 6aba cucreMan (YHKCUSXOU pEIIarvui Machbajlal XaMpOXIIyJIapo
nap Hamyau omkop Mme€oem. Curac, HUIIOH MEIUXEM, KM XaMaW IIapTXOW TeopeMaun
WNnitne nupo MemasaH/I.

Macpaian MyoUHAIIyIapo yMyMUST OaxIIWaaH MyMKHUH acT. AHUKaII, maptu (2)-po
00 mapTH 3epyH UBa3 KapJAaH UMKOH JTOPa/I;:
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" 1
u(0)=0, u(l)= ; aku(z—k}

Anmabuér
1. Uneun B. A. Hzopannsie mpyosr.- M., 2008,- 1.2.-C. 264-283.

KOMITBIOTEPHBIV AHAJIM3 YN CJIEHHOCTU
MONvJALUNN DKOCUCTEMbI 3ATITOBEJHUKA PAMUT

FOuycu M.K. — 0.¢h.-m.n., npogheccop kagpedpwt ungpopmamuxu THY
Oounaes A.X . — accucmenem xageopvl MOOUIUPOBHUE
u ugpopmayuonvix cucmemu THY

PaccMoTpuM  clienyroniyro MOJENbHYIO 3KOCHCTEMY, HMEIOIIYI0 TPH TPOPUIECKHIX
yYpOBHS

dN
to :Q+FO(NO’ Nl)’

dN
_t]:Nl 'Fl(No’NlaNz)a

d (1)

dN
l‘2 =N, -F,(N,, N,, N3),
dN
d; =N,-F,(N,, N;), 0<t<t,

rae N, = N,(¢) —6uomMacca pecypca B MOMEHT BPEMEHHU £, IOCTYMNAOLIAs C NEPEMEHHON
ckopocTbio Q = Q(f); N, = N,(t) —6uomacca (UUCIEHHOCTb) IOIYJISALMH i-OT0 YPOBHS,
i=1,2,3. Ilycts t=0, 3HaYeHUs

N’ =N,0), i=0,1,2,3 ()
M3BECTHBI. B manpHeimeM OymeM mpenmnoiarath, YTO COCTOSIHUE TTOMYJISAIAN, BXOISIIINX
B MOJIeJTh (1) 3KOJIOTUYECKOH CHCTEMBI, OMUCHIBAETCS TIPU TTOMOIIHM 3aKoHa BonbTepa

Fy ==, NyN,,
F =k ,Ny—oyN, —m,
F,=koyN, —a,N; —m,, 3)
F,=k,a,N, —eN, —m,
rne o, >0, i=0,1,3; m >0, i=1,2, 3; £€>0 03HaA4aI0T OMOJIOTMYECKUE ITAPAMETPHI

MOJIENTbHOM 3KkocucTeMsl (1), k-monm i-ro pecypca, WAYIIETO HAa BOCIIPOU3BOJACTBA i+1-
ro Buna. Ha ocroBe mozenu (1) chopMynmpyeM HeCTAIIMOHAPHYIO 3aa4y OXPaHbI JIs
9KOJIOTUUECKMX CHCTEM, COCTOSIIIUX U3 CJICAYIONIUX BHUAOB: PACTHTEIIBHOCTH,
TPaBOSTHBIX XUBOTHBIX W XWUIIHWKOB. BBeaeM mMoHATHE cpeaHed YHCIIEHHOCTH i-OM
MOMyJIAIIMA  Ha NOpoMexyTke BpemeHu 0<&E<7 mo ¢dopmyre paborsl [I]

:

N :lJNi (&)dE; i=1,2,3 nana moboro 7 >0. 3amaya oxXpaHbl LIEGHHOTO BUAA IS
v 0

MOJIeIbHOM 3KocucTeMbl (1) B HecTalMOHAPHOM (HEMPEPBIBHOM) Cllydyae CTaBUTCS

crenyromuM obpasom [60]. IMycre |[N™, N™ | kemaemblil JMana3oH W3MEHEHHUS

YUCJIEHHOCTH i-T'0 BUJIa MOMYJISLUU, BXOSIIEro B 3KocucteMy (1) TakoB, 4To

N™ <N <N™ 1=0 (4)
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rae [ — 3adukcupoBaHo, i-1,2,3. 3amaya oxpaHbl 3TOM «UEHHOW» i-i MOMYJISIUU
Nmin Nmax o
COCTOMT B HaxoxiaeHuu LV, , [V, 1IMana3’OHOB M3MEHEHMS OCTAIIbHBIX IOIyJIALWIA,
BXOISIINUX B 9KOCUCTEMY
min i max . . . .

N <N; <N, j=12,3; j#i, (%)
KOTOpBIe obecrieunBan Obl ycitoBue (4) mrst mo60ro GuKCUpoBaHHOTO T == Q.
CHMXEHHUE YUCIICHHOCTH TIOIYJISIIIUK TOPHOTO KO3J1a IMMoKa3aHo Ha puc.l .

8]

Lo ]

1

1
—ooooboo
—————p -

1

1

1

1
I

1

1

1

1

1

1

1

1
—oooolbo

1

1

1

1
—ooo=boo
—ooooboo
—————p -

—
n
1
1
1

=1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

n
L
£

[ e
(AU B

L]
[

(4]

Puc. 1
YcKkopeHre YUCICHHOCTH TOMYJISIIMY TOPHOTO KO3J1a MOKa3aHo Ha puc. 2 .

T I
1 1 I 1
1 1 1 1 1
1 1 1 1 1
g | R | S [ P T
£? 1 1 1 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
e T 1 1 1 1
___________________________________________
Fd o | |
1 1 1 1 1 1
1 1 1 1 1 1
- 1 1 1 1 1 1
___________________________________________
e 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
- 1 1 1 1 1 1
B I il B I R
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
e " o M. - o " .
e L 1 1 1 LI L 1 1
1 2 3 2 3 5 T ] 5

Ob OTHOM KJIACCE MOJEJbHBIX UHTEI'PO-IN®P®EPEHIIUAJIBHbBIX
YPABHEHUMU ITEPBOI'O ITOPAJAKA C JOT'APUO®OMHUYECKOU
OCOBEHHOCTBIO B SIIPE

3apunos C. K. — accucmenm xagheopvl mamemamuyeckozo
ananuza u meopu pyukyuu THY

ITycte F={x:a<x<b} - MHOECTBO TOYEK Ha BemlecTBeHHoit ocu. Ha I

paccMOTpuM  UHTerpo-aud@epeHunalbHOe  YpaBHEHHWE  IIEpBOro  MOpsaka ¢
JorapupMUYECKO 0COOEHHOCTBIO B sIIpe

y(x)+ y<x>+I[P,+em(”j+---+emwl(““j} X i 7). )

X—a ’ t—a t—a (t—a)

rne P, P,..., P, - mocrosiHuble uncna, f (x) - 3ajanHas QyHkuus Ha 1, y(x) - UCKOMasl
GyHKLMS.
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NzBectHO, uto H.PagxaboB B pabote [l] mocTpoust HOBYIO TEOPHUIO I U3YUYEHUS
HEKOTOPBIX KJIACCOB MHTErPaJbHbIX YPABHEHUN C CHUHTYJISAPHBIMU U CBEPXCHUHTYJISIPHBIMU
anpamu. Taxxke H.PamxaOGoBpiM ObUIM HCCIEIOBAHBI HHTETPAJIbHBIE YPABHEHUS C
Jorapu(pMU4YecKoil 0COOEHHOCTBIO B sape. Bompoc o paspaboTke mogoOHON Teopuu st
uHTErpo-auddepeHanbHbIX ypaBHeHUH Buaa (1) A0 HaAcTOAIEro BpPEeMEHU OCTaETcs
OTKPBITHIM.

VpaBuenne (1) Ha30BEM MOAEIBHBIM HHTErpO-IU(PGEepeHIIMATIBHBIM YPABHEHUEM C
Jorapu(pMU4YecKoil OCOOEHHOCTBIO B SIIpE.

Kax B pabotax [1—5] pemrenue ypaBHeHHs (2) OyaeM mckaTh B Kiacce (QyHKIUN

y(x)e C'[a,b] U oOpamarmmuxcds B Hylb B TOYKE X=a CO CIEIYyIOIIUM

ACHMITTOTHYECKUM TIOBEICHUEM y(x) = 0[(x — a)yl ] , 7, >a—1.

Jlerko MOXHO TOKa3aTh, YTO XapPAKTEPUCTUUYECKOE ypaBHEHHME, COOTBETCTBYIOLIEE
OJHOPOJAHOMY ypaBHeHUIO (1) umeeT Bu:

(A+P)A-1) +P(A-1)"+1P(A-1)"+2P(A=1)"+--+(n—1)P, =0.(2)

B cnywae, korga KOpPHM XapaKTEPUCTUUECKOTO ypaBHEHUsS (2)  SBISIOTCS
BEILIECTBEHHBIMU U Pa3HbIMHU, MOKHO COPMYJIUPOBATH AHAJIOT TEOPEMbI 00 aJbTepHATUBE
®pearonbMa g UHTErpo-AudepeHnanbHoro ypaBHenus (1) B Takom Buje:

AHajior Teopembl 00 aiabTepHaTuBe Dpearonbma s uHTerpo-auddepeHHAILHOTO
ypaBHenusi (1) B ciiyuae, KOrja KOPHM XapaKTePHUCTHYECKOro ypaBHeHHsi (2) sIBJSIOTCA
BElIECTBEHHbIMH M pasHbIMU: Eciu  KopHu Xapakmepucmuuecko2o ypasHenus (2)

yoosnemeopsiiom ycaoguio A, <A, <--+<A <1, mo oonopoonoe ypasnenue (1) umeem
MOAbKO MPUBUATIbHOE pelleHue, d HeoOHOpOOHoe ypasHenue (1) 0ns Kadxcooil yHkyuu
f (x) eC [a,b] u f (a)z 0 umeem pewenue u npumom eduncmeennoe, Komopoe 0aémcs no

popmyne:

x _ 4 _ At
et YR e PRSNG0S

t—a

Ecnu xopnu xapakmepucmuueckozo ypasnenus (2) npu k=1, n  yoosnemsopsiom
oonomy uz ycaosuii A <A, <---<A <1<A_ <--<A

umeem HempueuaibHble peweHus u e2o obwee peuterue cooepicum N —k +1 npouseonvrvix
NOCMOSIHHBIX, d HEOOHOPOOHOe YypagHeHue (2) paspeuumo moaoa u moabko mozod, Ko2oa e2o
npasas 4acmy y0osiemeopsiem yciosur.

mo 00HopooHoe ypaeueHue (1)

n+l’

f)=olx-a)],7,> 2, 1 npu x>a. (3)
B smux cnyuasx neooHopoonoe ypaeuenue (1) umeem 6GeckoHeuHoe 4ucio peuwieHutl u

€20 obwee pewenue mooice cooepycum N—k +1 npouszsonsmvix nocmosnmwix, Komopoe
oaémces no gopmyne:

51



y(x) = (x - a)/lk+I Cen Tt (x - a)%2 Crop Tooo t (x - a)/lﬁI ¢

n+l

X

1 (x—a)" S x—a\™
—— A A -1 e+ A (A -1 dt =
(}’Z—l)’PﬂAO'!:|: 1( 1 )(Z__aj + + n+l( n+l )(Z__aj :|f(t) t

= E1+[09 O"'"O’ck+l’ck+2""’cn+l’ f(x)]

Ecnu  xopnu  xapaxmepucmuueckoz2o ypaenenus (2)  yO061emeopsiom  yCaoguio
l<A <A, << A ., mo oonopoonoe ypasnenue (1) umeem n+1 nuneiino nesasucumvie

pewenus u e20 obwee pewenue codepycum N+1  npouzsonvnblx  nocmosmmblx, a
HeoOHOpoOHoe ypasHeHue (2) paspewtumo mo2oa u moJibko mozod, Ko2oda e20 npasdas 4achiv
yoosnemesopsiem yciosuio (3). B amom ciyuae mooice HeoOHOpoOHoe ypasHenue (1) umeem
beckoneunoe uucio pewenuti u e2o obwee pewenue 3asucum om N+1 npouzsonvrvix
NOCMOSHHBIX, KOMOpoe 0aémcs no hopmyie:

n+l’

y(x) = (x —a)i' c + (x —a)lz c, t-+ (x —a)l”*'c

n+l

_mj{w‘ _1)”(’““)% N _1)”(’““)“ } Floe =

A, t—a
EE?[CI, CryeeesCis f(X)]

3ameuanne 1. [looodOubie pe3ynrbmamsl nonayueHvl 6 Clyuae, Ko20d KOPHU
Xapakmepucmuiecko20 ypasHenus (2) AGNAIOMCA  BEUECMBEHHLIMU U  PAGHLIMU  UTU
KOMNJIEK CHO-CONPAICEHHbIMU.

Jlutepatypa

1. PamkxaboB H. MWuTerpanpHbie ypaBHeHHS THUNOB BonbTeppa ¢  (QUKCHpPOBaAaHHBIMH
TPAaHUYHBIMU ¥ BHYTPEHHUMH CHHTYJISIPHBIMH U CBEPXCHUHTYJISIPHBIMU SIIPAMH U UX TIPHIIOKEHUS /
H.Pamxa6os. —dyman6be: desamtuy, 2007. — 221 c.
2. 3BapumoB C.K. O6 omHOM Kjacce HEMOETHHOTO HHTETpO-Tu((GepeHIINaTbHOTO yYpaBHEHUS

IIEPBOro TOpsAJKa ¢ OAHOUN cuHrylspHoi Toukoit B sape / C.K.3apumos // BecrHuk

TamKUKCKOro HallMOHAIBLHOT'O YHUBepcuTeTa. -Jymanote, 2015. -Nel/3(164). -C. 27-32.

SJIEKTPOITPOBOJHOCTDb UCXO/JHBIX 1 ®YJUVIEPEHCOAEPXKAIIINX
INJIEHOK ITIOJIMMETU/IMETAKPUJIATA, COOPMOBAHHBIX 13
OBLINX PACTBOPOB B APOMATUYECKUX PACTBOPUTEJAX

Hlaumos 3. J]. — accucmenm xagheopul ¢husuxu meepooeo meaa THY
A6oynnaes X. M. — 0.¢h.-m.n1,, npogpeccop xaghedpul husuxu meepoozo mena THY
Kaowipos P. T. — k.¢h.-m.1., cmapwuii npenooasamev Kageopvl
Quzuxu meepooeo meaa THY
FOnoawes U. — cmapwuii npenodasamenv kageopwt uszuxu meepooeo meaa THY

M3ydyeHa 37IeKTPONPOBOJHOCTh HUCXOMHBIX U ¢ymmiepeHcoaepx)amux (1-10%Ceo)
wieHok mnonauMetwimetakpmwiata (IIMMA), chopMoBaHHBIX M3 OOIIUX pPAcTBOPOB B
TOJyoJe, OpoMOeH30Ji€ W OpPTO-KCWiIoje. TemmepaTypHble WCCIEIOBAHUS 3JIEKTPO-
MPOBOAHOCTH TMPOBOJAWINCH B IIMPOKOM TeMIlepaTypHoM wuHTepBajie (293-473K),
OXBaTBIBAIOIIEM CTEKJI000pa3HOe U BBICOKOAIacTuIeckoe coctosiHust [IMMA.

B Hm3koTemmepaTtypHOi oOsacTu (CTEKIIOO00pa3HOE COCTOSIHHE) IMOJISIpU3AIMOHHBIC
TOKH OOYCIIOBJICHBI YCTAHOBJICHUEM JUITOJIBHOW TMOJIIPU3AIMU, ITI03TOMY BEJIWYHUHBI
yJICTbHON TMPOBOIUMOCTH PACCUMUTHIBAJIUCh 110 OCTAaTOYHOMY TOKY. B  BBICOKO-

9JIACTHYCCKOM COCTOSHUUN 3HAUCHUSA Gy HE3ABUCAT OT BPEMCHH U BCIIMYUHBI ITPOBOIUMOCTH,
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paccuMTaHHbIE IO OCTATOYHOMY TOKY (Gocr), COBMAAAIOT ¢ u3MepseMbIMU. [losTomy
3HAYEHUS 3JIEKTPOIPOBOJIHOCTH PACCUUTBHIBAIUCH IO TOKY, IPOXOSIIEMY uepe3 obpasell,
KOTOPBIN HArPeBaJICS C IMMOCTOSTHHON CKOPOCTHIO (3 rpaji/MUH) ¥ IIPU HEMIPEPHIBHOM ITO1a49e
HAIPSDKEHUS.

W3 cpaBHEHHUST BEIMYMH 3JIEKTPOIPOBOJHOCTH MCXOMHBIX M (DyJUIepeHCOaepKAITUX
wiéHok [IMMA, mojiydeHHBIX B pPa3HbIX PACTBOPUTENSX CIEIYyeT, YTO IPUCYTCTBHUE
Moiiekyl Ceo B COCTaBe KOMIIO3UTOB HE IMPUBOJUT K 3aMETHOMY HU3MEHEHUIO HX
NeKTponpoBoAHOCTH. Cle0BaTeIbHO, MOXKHO TOJIaraTh, YTO MOJIEKYJIBI (yJUIepeHa He
y4acTBYIOT B IpOILIECCE TMEPEeHOca 3apsiaa M 3JIeKTPOMPOBOTHOCTH (YIUIEPEHCOIEPIKAIINX
KOMITIO3UTOB OCYIIIECTBJISECTCS, B OCHOBHOM, 3a CUET UMEIOIIUXCS B MOJIUMEPHOU MaTpHlIe
HOCHUTEJIEH 3apsiaa.

Biusinne Monekyn Ceo Ha 3JIEKTPONPOBOAHOCTh OINPEAEIISIETCS] Yepe3 BO3AEHCTBUE HA
crpykrypy IIMMA, noapa3ymeBaroliee yCHIeHHe (PU3NUECKON CETKH MEKMOJICKYIISIPHBIX
KOHTAKTOB, YMEHBIIIEHHE IJIMHBI CBOOOAHOIrO MpobOera HOCUTENIEeH 3apsiia B pe3ysibTaTe
pocTa yuciaa LEHTPOB pacCessHUs, U3MEHEHUE T'eTePOreHHOCTH KOMITO3UTa W, BO3MOXHO,
XapakTepa HaJAMOJIEKYJISIpHBIX oOpa3oBaHuil. Paznmuune B 3HAYEHUSX  BEJIMYUH
3JIEKTPOINPOBOTHOCTU OOpA3IOB, MOJYYEHHBIX B PA3HBIX PACTBOPUTENSX, OOBICHSICTCS
BJIMSTHUEM TIPUPOILI PACTBOPUTEIIS HA CTPYKTYPY IUICHOK.

JNDJIEKTPUYECKHUE CBOVICTBA MTOJVMETWJIMETAKPWJIATA,
COJIEPJKAILETO ®YJUIEPEH Cs

Hlaumos 3. /. — accucmenm xkagheopul ¢husuxu meepooeo meaa THY
A6oynnaes X. M. — 0.¢h.-m.1,, npogpeccop xaghedpul husuxu meepoozo meaa THY

B wunTepBane temmepatyp 20-200°C wu3ydeHBI TeMIlEpAaTypHBIE 3aBUCUMOCTH
JIU3JIEKTPUYECKON MPOHUIAEMOCTH M TaHI€HCAa yIia IMAJIEKTPUUYECKUX IMOTEpPh IUICHOK
I[IMMA, conepxamux 0, 1, 3, 5 u 10% macc. ¢pymiepena Ceo.

ITokazaHo, 4yTO IpU KOMHATHON Temmepatype ¢ Bo3pacrtaHueM copaepkaHus Ceo
JU3JIeK-Tpuueckre cBoiictBa IuieHOK I[IMMA  ynyuymaroTcs; Ha KOHIEHTPALMOHHBIX
3aBucuMocTsax ¢ (T) u #go (T) nabmromaercss MpakTUYECKU WUJICHTUYHAS TEHJCHIUS K

CHIDKEHUIO TU3JICKTPUYCCKON MPOHUIIAEMOCTH M TaHIe€HCA yIJIa JTUAJIEKTPUUECKUX TTOTEPh
(Tabnuna).
Tabnuma. 3HadueHUs TUAJIEKTPUUICCKUX TapaMeTpoB IieHok IIMMA, conepixammx

dymreper Ceo (Tromn.)

C, % 0 1 3 5 10
g 2,88 2,59 2,51 2,26 2,02
1g65 -10* 2,06 1,65 1,35 1,30 0,82

Ha temneparypnoit 3aBucumoctu tgd IIMMA (C=0) nabmomaercs 001acTh
JTU3JICKTPUIECKOH penakcanuu ¢ MakcumymoM Iipu T=84°C. J1ns oO6pa3ios, coaepkamux 1
nu 3% Ceo 3HaUEHUs (g6 YMEHBINAIOTCS MO BEIUYMHE W MAKCUMYyM JHUIIOJIBHO-
CErMEHTAJIbHBIX MOTEPh CMEIIAETCs B CTOPOHY Oosiee BbICOKMX TeMmriiepatyp (88°C mpu

C=1% u 98 C mnpu C=3%). Poct xonuenrpamuu Ce 10 5 u 10%Cso mpUBOIUT K
JMATbHEUIIIEMY CHIDKEHHIO MaKCHUMyMa IOTepb M €ro OOpAaTHOMY CMEHICHHIO IO OCH
temriepatyp A0 86°C. OnHOBpeMEHHO TMoOsBisieTcss ciaabo 3amMeTHass o0JacTh

JURJIEKTPUYECKUX MTOTEPh B Iuarna3zoHe temiepatyp 50-60° C.
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B paGorax [1, 2] yCTaHOBIIEHO, uTO BHeApeHue (ymiepena Ceso B MaTpuiyy IIMMA
MMPUBOAUT K BO3PACTaHUI0O MHKPOTETEPOTeHHOCTH CTPYKTyphl [IMMA, mpuueM oHa
YBEIIMYUBACTCSI C POCTOM KOHUeHTpauuu QymiepeHa. Momekynbsl Cso B TOJTMMEPHOU
MaTpUIle MOTYT HAaXOAUThCA B CBsI3aHHOM (00pasys arperatsl, coaepxainue g0 80-100
MOJIEKYJT) U CBOOOTHOM, HECBSI3AHHOM COCTOSIHUSIX.

MOJHO MoJIaraTh, YTO PacCIOJiarasch B MeX(GUOPWUIIPHBIX aMOP(HBIX ydacTKax
nonuMmepa, arperatol QymiepeHa Cg YCHIMBAIOT CTEPUUYECKOE TOPMOXKEHHE TOJISIPHBIX
rpynm, 4to Ha 3aBuUcHUMOCTsX fgd (T) BeIpaxkaeTcs B pacCHIUPEHUHM CIEKTpa BpeMEH

penakcanuu ¢ poctoM KoHIeHTpauun Cgo, CHUKEHUM BEJIMYUHBI /g0 UM CMEIICHUU

MaKCUMyMa JUIOJbHO-CETMEHTAIBHBIX MOTEPh B CTOPOHY 0O0Jiee BBICOKMX TEMIIEPaTyp.
[TosiBeHnue cmaboro, HU3KOTEMIIEPATYPHOTO MAaKCUMyMa MOTEpbh, MO BCE BUIMMOCTH,
O0OYyCIIOBJIEHO HAJIMYMEM CBOOOJHBIX, HECBSI3aHHBIX MOJIEKY1 Cgo, KOTOpBIE, pa3aBUTaAs
MaKpOMOJIEKYJIbl MATPHIIbI, CIIOCOOCTBYIOT MEPErPyNITUPOBKE JUTIOJICH.

Temnepatypy miasiaeHus [IMMA, u3-3a pe3koro Bo3pacTaHUs 3HAUYEHUH AJIEKTPO-
MIPOBOJAHOCTHU TOJUMEpPA, 3aUKCUPOBATh HE yaaeTcs, ogHako u3 3aBucumocteit 1go (T)

00pa3IoB CJeIyeT, 4YTO BBICOKOTEMIIEpATypHass OOJIACTh TUANEKTPUYECKUX TIOTEPh
dyiepeH-coaepKamuX IJICHOK CMEIIAaeTcs B CTOPOHY 0OoJiee BBICOKMX TEeMIIepaTyp IO
CPaBHEHUIO C TIOJIMMEPOM, He comaepkariM Ceo.

TEOPETUYECKHUE OCHOBBI PABOTOCITOCOBHOCTHU
ABTOMOBWJ/IEN B I'OPHBIX MECTHOCTAX

Tapapos @. A. — accucmenm xaghedpul gpusuxu meepoozo mena THY
Coubos A. A. — doyenm kageopwt ghuzuxu meepoozo meaa THY

B cootBerctBumn ¢ IlpaBunamu Nel3 EDK OOH paByXocHble aBTOTPaHCIOPTHbBIE
CpEACTBA JOJKHBI OTBEYATH CIEAYIOIINM TPEOOBAHUSIM:
1. Hna 3Hayenwit kosdp¢uumeHToB cuerienns ¢ B mpenenax 0,2 mo 0,8 Bee

KaTCropuu TpaHCIIOPTHBIX CPCACTB JOJDKHBI YAOBJICTBOPATH COOTHOIICHUIO!:
z2>0,1+0,85-(¢p—0,2), (1)

rae z - KO3QpGUUHUEHT TOPMOKEHHSI TPAHCIOPTHOTO cpeacTBa (yaelIbHasi TOPMO3Has CUJIA);
@ - K03 (PUIIMEHT CLIETUIEHUS] MEXy IIIMHAMU U TOPOTOM.

2. Jma Bcex YCIOBMI HArpy3kd TpPaHCIOPTHOTO CpeACTBa Kateropuu M, B
nuarnazoHe KodgduimeHToB TopmoxkeHus 0,15...0,8 cpemgHssi KpuBas pean3yeMoro
cuerieHus: (yIeIbHON TOPMO3HOW CHIIBI) TIEpeIHEH OCH JOJDKHA paclojlaraTbCsl Hal
KPUBOH peain3yeMoro cleruieHus (YAeIbHOM TOPMO3HOM CHITbI) 3aTHEH OCH.

Crenyer otMetuth, uTto 1o IlpaBuimam Nel3 kpuBBIe peann3yeMOro CIETIICHHS
CTPOSITCS TOJBKO ISl TIOCTOSTHHBIX KO3(D(UIIMEHTOB TpeHUs TOPMO3HBIX HAKIATOK IPHU
MPEIETbHBIX HATPY30YHBIX COCTOSIHHMSX [7]. B peanpHBIX yCIOBHAX 3KCIUTyaTamu Kodg-
(GUIIMEHTH TPEHUS HAKIAIOK M3MEHSIOTCS B JIOBOJIPHO IIMPOKUX Tpeneiax, 4To IpHu
HEOJIATOMPUSITHBIX COUETAHUSIX MOXKET MTPUBECTH K U3MEHEHUIO PACTIPEIEIIEHUS TOPMO3HBIX
CHWJI TIO OCSIM aBTOMOOWJIS C TOTEPEH YCTOMYMBOCTH IMPU TOPMOKECHHH.

B cBs3u ¢ 3TUM BO3HMKAeT HEOOXOAMMOCTh ONTHUMHU3ALMU TOPMO3HBIX CHCTEM
ABTOMOOWIEH C 1IN0 YMEHBIIEHUS MOTEPH CUEMHOTO Beca MpU TOopMokeHuU. JloipkHa
OBITH yBeNHMUYEHA IIMPUHA TOPMO3HOTO OapabaHa WM MUPUHA TOPMO3HOHN HAaKJIAIKH, YTO
MOBJICYET yBEIMYEHUE IIMPUHBI OapabaHa.

Takum ob6pazom, il O0e30macHOM M HAAEKHOM paboThl IPy30BBIX aBTOMOOMUIIEH,

TOPMO3HAs CHUCTeMa 3aJHUX KOJIEC 3aJHEH OCH JOJDKHA OBITh MOACPHHU3UPOBAHA IS
CHI)KEHUSI SHEPTOHATPY)KEHHOCTH BCEX TOPMO3HBIX MEXaHU3MOB.
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Jlutepatypa
1. AxcenoB U1.5. Enunas TpancniopTHas cucrema: Y4e0. s By30B — M: Bercm. mik., 1999.
2. ABnonbkuH, ®@.M. TeopeTnyeckue OCHOBBI TEXHUYCSCKON IKCILTyaTallMM aBTOMOOWICH. — M.:
Tpancnopr, 1985. - 215c.
3. TexHHMuecKas sKCIUTyaTalus aBToMoouiei: Yueouuk s By3oB / ITox pen. E.C. Ky3Henosa. —
M.: Hayka, 2001.
4. Jlykuuckuii, B.C., 3aitues E.W. IlporHosupoBanme HaaekHOCTH aBToMoOumert. — JL.:
IMomurexnuka, 1991. - 224c.

5. TypcynoB A.A. HagexHocTh aBTOMOOMIICH B TOPHBIX YCIOBHSX //ACIIMPAHT U COUCKATEb.
M.,2001. c. 48-48.

6. TypcynoB A.A. I[IpoGaemsl agantamuu aBTOMOOMIICH K TOPHBIM ycinoBusaM. [ymanOe: 3HaHue,
2001. -18c.

7. EmuHOOOpa3Hble MpeANHCcaHus, Kacarommecs O(QUIIMAIBHOTO YTBEPXKIECHUS TPAHCIIOPTHBIX
cpencts B oTHomneHnu Topmoxkenus. [Ipasuna EOK OOH Ne 13. M3marensctBa OOH, 1973. -
41c.

CKOPOCTU BBIBPOCA METEOPOUJHBIX YACTUL N3 AIPA KOMET

Hoaounos X. U. — 0.¢p-m.n., unen-xopp. AH PT,
npogheccop xkagheopvr acmponomuu THY
Cagapos A. I'. — cmapwuii npenoodasamenv kagheopwvt acmporomuu THY

OrmpeneneHbl BpeMsI U CKOPOCTh HW3BEPXKEHUS M3 sApa KOMET IBUICBBIX YaCTHI
aHOMaJIbHOTO XBocTa. CKOpocTH BbIOpOca MbUIEBBIX YacTull u3 siapa komet C/1851 Ul,
C/1877 G1, C/1921 El, C/1925 V1, C/1962 C1, C/1969 T1, C/1975 V2, 2P/1924 u 26P/1927
F1 pocrurarorue 1o 0.4 kM/C MOKHO OOBSCHUTH BBIHOCOM KPYITHBIX IBIJIEBBIX YACTHUIL C
MMOBEPXHOCTH JICISTHOTO SIAPA KOMETHI CyOJIMMUPYIOIIMMHI MOJIEKYJIAMHU.

VY xomer C/1823 Y1, C/1844 Y1, C/1882 R1, C/1883 D1, C/1888 R1, C/1892 El,
D/1894 F1, C/1910 A1, C/1921 El1, C/1922 U1, C/1930 D1, C/1930 O1, C/1931 P1, C/1932
M1, C/1935 A1, C/1954 Ol, C/1961 O1, C/1963 A1, C/1968 H1, C/1973 E 1, C/1980 P1,
C/1984 N2, C/1987 P1, C/1995 O1, C/1999 H1, C/1999 T2, C/1999 S4, C/2002 T7, C/2004
F4, C/2004 Q2, 6P/1950, 7P/1869 G1, 7P/1933, 10P/1930, 19P/1918, 34P/1938 J1, 35P/19309,
67P/1982, 73P/1930 J1, 96P/1986 J1 u 109P/1862 O1 ckopoctu BbIOpOCa (IO HECKOIBKO
KM/C) W3 sIpa 4YacTUI[ aHOMAaJbHOTO XBOCTa 3HAUYUTEIBHO IPEBOCXOIAT TEIUIOBHIE
CKOPOCTH CYOJIMMUPYIOUIMX MOJIEKYJ JIbJOB siApa. Takue CKOPOCTH MOXKHO OOBSICHUTH
BBIHOCOM YACTHI[ C TIOBEPXHOCTU sApa TIOCIE CTOJKHOBEHHS SApa KOMETBHI C
METEOpOUIAMMU.

MYAUWUSH HAMYJAHU IMTOBY BOCAMAPH YAHT'YAXOU
AYMU KOMETAMU C/1995 O1

Hooounos X. H. — 0.u.¢p-m., y3zeu éobacmau AU YT,
npogpeccopu kagpeopau acmponomusiu JIMT
Cagapos A. F. — myannumu xanonu xagedpau acmponomusiu IMT
boooes III. C. — accucmenmu kagpeopau acmponomusiu JIMT
Arbos JI. — acnupanmu Hncmumymu acmpoguzuxau AU T

Hap acocu mymoxunan komeran C/1995 O1, ku 5, 7 Ba 9 maptu 1997 ryzaponuaa
IIyJaaHa, MaBKed HyKTaxoM CHHXPOHHaXo Oapou akcu 5 Mmapt 11 - Hykra, 7 MapT 8 - HyKTa
Ba 9 MapT 12 - HykTa MHTUXO00 Kapaa mrya. Japosit Ba KyHUM MaBKEeU CHHXpPOHHAxXo &ra
mrygaact. A3 ycynu MouceeB uctudona 6ypaa KOOpAMHATAXOM KOMETau MapKasit MyalsiH
Kapaa Iyaa, mutoou O0ocamMapu YaHr4axou CHHXPOHHA aHWK Kapaa mynaact. Llaxmm
JlyMH KOMETa HUIIIOH JI0/1a IIIy1aacT.
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TEOPYA TEHEPALIMM OCHOBHOI T'APMOHWKU HEJIMHEMHOT O ®OTOAKYCTUYECKOI'O
CUT'HAJIA OIITUYECKUN HEOJJHOPOAHBIMMU TBEPIBIMU TEJJAMU

Maxmanamugh A. — accucmenm xagpedpwvt meapumuueckoii puzuxu THY
Xooorcaes FO. I1. — K.¢.-m.H., accucmenm kageopwvt meapumuseckoti pusuxu THY
Canuxos T. X. — 0.¢h.-m.1., npogheccop, sedywuii Hayunviii compyonux HUH THY

Llenbio Hacrosmeil paboThl SBISETCS PA3BUTHE TEOPUM T'€HEPALMU OCHOBHOMU
rapmonuku  (OI') HemmueiliHoro QoTtoakyctudeckoro (PA) curHama B ONTHYECKHU
HEOJHOPOJHBIX TBEPAOTENbHBIX oOOpasunax. Hamu mnosydyeHa — cienyromasi cUCTEMaA
muddepeHIMaIbHBIX YPABHEHUH I @, . (¢, x) - HETMHEHHON COCTaBIAIOIIEH aKyCTHYECKOTO

KoJebaHus TeMIepaTypbl Ha OCHOBHOM TapMOHHMKE [JIsi ra30BOro Cjos, oOpas3ua u
notoxxku B @A — kamepe:

82q)lNg 1 aq)]]vg 62 6g 6
Ox?2 - X(gO) ot = _(62g A2 - ng()) E)[T()g (), (7, )] )
D,y 1 0D * S, 0
= s iy ) Los ()P (x, 1)) —
A | "

= Be" " (5,[ 0 + By (0,0)]+ 8, [ [Tys () + B [ Tos (1)dy]+ By (x,0)+ B [ @y (v, )y}
0 0

'd,, 1 oD, o* 8, 0
_ = (5, =~ 2L INT (x)D,, (¢ x 3
8}(2 Xg()) ot ( 2b axz Xg()) 8t)[ Ob( ) Lb( )]’
rae C;?) =C,(Ty), k" =x(T,), A =AT,), B = B(T,)- nauajbHble 3HAYEHHS
TEIJI0EMKOCTH eIUHAIBI  00bema, TEILIONPOBOJAHOCTH  COOTBETCTBYIOIUX  CJIOEB,

NOrJI0LIATE/ILHOH CNOCOOHOCTH M K03 uLHeHTa MNOrJIoueHus: 00pa3la COOTBETCTBEHHO, a
§=(/CHEC /al), 5, =(1/c)H@) /D), &=xes/a, s=1/A"¥aven, &, =(1/B)oB /0T)-
TepMuueckue koddduuuentsl >rux Beamunn, B=054"B°1K"Y'; I, m ® - uHTeHCHMBHOCTL W

4acToTa MOAYJISIIIUU NaJAI0IIero JIy4a.
IllecTh rpaHMYHBIX YCJIOBHii, HEOOXOAUMBIX AJis pemieHusi cuctembl (1)-(3), umeroT
cJeayouui BUa:
chs (t,O) = chNg (t,O) > q)ws(t»_ls) = q)le(t»_ls) > q)wb(t’_ls _Zh) = q)lNg(t’Zg) =0, (4)

CATGEN B M, ()| e ko)
Ox k9 ox ‘ ’ ox Y o

x=0 g x=0

; (5)

x=—(lg x=—(l

rie WV, (6,x)=D,,(t,x)+06,T,(x)D,(¢,x).
ITonyyeno pemenne cucrembl (1)- (3) u HaiifeHo siBHOe Bblpaenue aas @, (7,x) -

HEJIMHEHHOr0 COCTABJISIIONIEro KoJIeOaHus TEMIIEPATYpPbI Tra3oBoro CJjios B DA - KaMepe Ha
3TOM YacToTe. I[a.nee, UCNOJIb3YylT M3BECTHOC BBLIPAKCHUEC

2mu
o 27, — :

Py (@) =D (0) = 00 [@, (@) (6)
00 g 00°g 0

Hanum oOmyoo  (Gopmyiay, ONHUCHIBAIOIIYIO OCOOCHHOCTH TE€HEpPAIMU  AKyCTHYECKOTO
KoJiebaHust maBieHus: B 3Tol yactu PA — xamepsl. BeimosHeH aHanm3 miisg HamOoJee
MHTEPECHBIX CIIy4aeB, KOTOPBIE PEATIU3YIOTCS B OKCIIEPUMEHTE.
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BJIMAHUE PACTBOPUTEJIA HA CITEKTPAJIBHBIE ITAPAMETPBI
ITOJIOC B UH®PAKPACHBIX CIIEKTPAX MOJIEKVYJI

Datizuesa M. P. — cmapwuii npenooasamens kagedpsvr onmuku u cnekmpockonuu THY
Mynnoes H. V. — k.¢h.-m.H., doyenm kagedpvl onmuxu u cnekmpocxkonuu THY

B nannolt paGoTte McciaenoBaHO BIMSIHUE MPUPOABI PACTBOPUTENS Ha MapaMeTpbl
MOJIOCHI TOTJIOLIEHUSI BAJIEHTHOTO KosiebaHus rpynmnbl N —H cBOOOAHBIX MOJIEKYII
(V by, )TETEPOLIMKIIMYIECKUX ~COCAMHEHUSI a30MHOro psga. [ mosydeHus Ooiee
JIOCTOBEPHBIX JAHHBIX OBLIIO BBIOPAHO COENMHEHUE C OJHUM IETEPE0aTOMOM - KapOa3oll.

HccnenoBanue mpoBOAWIOCH IO TOJI0CAM TIOTJIONICHUS] BAJCHTHOTO KOJIGOAHMS TPYIIIIBI
N — H cBOOOTHBIX MOJIEKYI.

Ha pucyHok moka3aHbl MOJOXE€HHE M (popMa KOHTypa IOJIOCHI IOIJIOIICHUS
BAJICHTHOTO  Kojebauus rpymnnbl N —H CBOOOJHBIX ~ MOICKYIV,,  Kapba3oiga B

Pa3JINYHBbIX PACTBOPUTCIIAX.

[TonyyeHHble pe3yslbTaThl MOKAa3bIBAIOT, YTO MPUPOJA PACTBOPUTENS BIMSET HA
CHEKTpPAJIbHbIE  XapaKTEPUCTHKU MOJockl N —H cBOOOAHBIX MOJIEKYJd KapOasoua.
ITokazaHo, 4TO MOJIEKYJIBI XJI0POGOPM U OEH301 BeAyT ceOs HE COBCEM HEUTPAIBHO IIO
oTHomleHMI0 K N —H -coxepxamue rerepouukisl. Habmoganocs  oOpasoBanue
BogopoaHoit cBsizu tuna CL,CH --- N — H Mexny Mosekynoil xiaopodopma U MOJIEKyIaMH

kap6azonma UNH...n-cBsi31 MeXy MOJIeKyJlaMu KapOa3oa 1 6eH3071a.

ITOJIHOE YN CJIO 3APA)KEHHBIX YACTUL] HA BBICOTE 4259M

Kamonuoounos @ — accucmenm xagheopol sioeproii ¢husuku THY
Tankun B. U. — 0.¢h.-m.1., npogpeccop xkagheopul ¢pusuxu kocmoca MI'Y
Maxcyooe b. H. — 0.¢h.-m.1., doyenm xaghedpul sioeproti ¢pusuxu THY

N3 monenn Taittinepa IIAJI u3BecTHO, 4TO, U3MEPSIA MOJTHOE YUCIO 3aPSKEHHBIX
4acTull MMUpOoKoro atMocdepHoro muBHsI(LTAIL), MOKHO OIpPEACIUTh JHEPTUI0
MEePBUYHON yYacTulibl. B yactHocTtH, B pabortax [1,2] paccuuTaHbl 3aBUCUMOCTH MEXKIY
SHEpPrueil MepBUYHOM YACTHUUbBI U YHUCIOM 3apsbkeHHbIX dYactull. [lomHoe wwucno
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3apSHKEHHBIX YAaCTHUI] MOXHO TocuuTaTh (hopmyiioi (1), ecmu MbI 3HaeM pacmpe/eeHre
YACTULI.

Ngy, = 2m [ p(r)rdr (1)

p() —yHukims mpocrpancTeennoro pacnpenenenus (PIP) 3apsKeHHBIX YaCTHIL.

Tak kak TamKuKUCTaH SBIISIETCS BBICOKOTOPHOM CTpaHON M MUMEET OOIbIIONW MOTEHUUAI
JUI8  U3YyYEHUsS] CBOMCTB KOCMHMYECKOIO M3JIy4y€HUs, B JaHHOM paboTe OLEHEHbI
BO3MOKHOCTH YCTAHOBKHU, KOTOpasi OyAeT pacnojoxkeHa Ha BbicoTe 4250M HajJ ypOoBHEM
Mops B ropax Ilammpa. IIAJI monenupoBanace nporpammoir CORSIKA. B kauectse
Mojienu B3auMojericTBuil B3sita Mojenb QGSJET(I). HdeTekTophl MMEIOT IUIOMAAL 1M? M
pacnojio)keHbl Ha  pacrosiHusx-1,2,4,8,10,20,30,40,50,...,490,500M oT ocu  JUBHS.
[TepBuuHO# yacTulelt siBsieTcss MPOTOH ¢ 3Heprueid 10153B. 3eHUTHBIN yroy nmepBUYHOMN
yactuilpl paBeH 0°. Mcmonb3ys 4MCIO MAJAOIIMX HA KaXAbl JETEKTOP YacTUl, MbI
annpokcumupoBain OITP 15 kaxaoro coObITUs oTaenbHO(puUcC. 1).

Pucl. Annpoxcumanust ®IIP wactun mnga 1-ro coGweituda. IlepBuunas wyactuia
npoToH ¢ sHepruei 1I113B. JIunus— OIIP, kpyxouku — yCpeaHEHHOE MO PaAUYCy UYUCIIO
MMAJAIOIINX 3aPSDKEHHBIX YACTHUIL HA JETEKTOPHI

B pe3ynbTaTe nanHOM paboOThHI
yIQJIOCh OLIGHUT BO3MOXKHYIO
OIIMOKY OMNpeeeHUs] MOJTHOrO
YHCiIa 3aPsHKEHHBIX YACTHII.

Jlutepatypa

[1] M.A.K. Glasmacher, et al.,
Astropart. Phys. 12(2000)1-17

[2] R.Engel, et al., in: Proc. 26t
ICRC, vol.1, Salt Lake City,
1999, p.415

TAXKMKHU TAXABBYJIM XACTAU KOMETAXO JAP ACOCH
MO/IEJICO3UM JABOPATOPH BA TAJIKMKOTHU KAIXOHM

Paxmonos A. A. — n.u.gh.-m., myoupu kagheopau acmponomusiu JIMT
Haumos O. — myannumu xanonu kagheopau acmponomusu JJMT
Jymeunnoes H. — myoupu nabopamopusu mavaumuu xageopau acmponomusiu JIMT

Xacraun kometau 67P/UypromoB-I'epaciMeHKO, 3XTUMOJ, Jap HAaTWU4YaW Oapxypau
YUCMXOM MpoTo3eManu kaHopu Cucremam o¢rodit (tacmam Koiinep) Ttamkuin mryga
Oo1aja, k1 6abIaH Jap caTXu OH BoOacTa a3 Macoda Ba MyXUTH OaitHucaliépaBit MO1aXx0u
3YAryJ103 TapoKyM Iuynaani. Jlamenum oH FallpusKYMHCArMM XacTa acT, KU BobOacra a3
cypbpaTh cyOonuMatcusi MOpPQOJIOTHSH caTX IIakiIu Mypakkad rupudraacr. Mojgenu
TepMO(MU3NKAN KOMETAa HHIIOH Meauxaa, Ku Kabatu 3epuodrtobmm 67P map HaTmyam
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dhabosr OyTaHu MOJIAXOSII TO caaxo MeTp Oyxop myma Ooman (Sierksetal., 2015;. Kemrep
etal., 2015). lap HaTu4aum TaxaBBYJIM MaJOpH KOMETa Jap 3epU TabCUPU Yo3uOau
Mymrap#t Ba Tariup €praHn mMacodau MEpUreit CypbhaTH TAY3HsIM XacTau KOMETa 3UEN
mynaact. Tariupéounm wmopdonorusy KadaTu caTXUM KOMETa, XycycaH Jap coxau
«rapjan» HaTH4au (pabosr OyJaHu CypbhaTU CyOIMMATCUSIH MOJIaX0U TYHOTYHXOCHST acT.
Uynun yydrxactaxom Bacmmymapo nap mucoian komeraxou 1P/Halley, 19P/bopemmu Ba
103P/Xaptinu 2 au3 auman myMkuH act (Harmonetal., 2010). Ouxo 10-20%-u uupmxoun
ACTEPOU/IHA, TPOSHCXO, KEHTaBPXO Ba OOBEKTXOM 0abJa3HENTYHUPO TAIIKII MEIMXAH] Ba
SIKYaHJT MEXaHU3MXOHU MalIoUuIId OHXO nemHuxo myaaact (Scheeres 2007; Nesvornyetal.,
2010).

Hatnyam taypubaxou mnabopatopuu OO MOJEIXOM T'YHOTYHH XacTaul KOMETaxo
ry3apoHyjalllyia HUIIOH MeIuxajJd, KU XapopaT, CcypbaTH MXPOUYM MOAIaX0ou
cyOoMMaTCUsITyia Ba XOCWIIIABUM KabaTXOU caTX# a3 TapKUOU Moaaan HOTUI0R BobacTa
act. MaBuymusaTu KabaTxou caTXMpo a3 Sk Tapad adTHIIM AypaxIIOHHH KOMETaXou
MYIIIOXH/IAIIyda HUIIOH qoAa Oommas, a3 Tapadu aurap oH a3 IUIA JaCTTOXXOM KalXOHM
0a kaitg rupudra mygaact (komeraxou lamneit, Temnenl, Yypromos-I'epacumeHko Ba F.).
MaByyausaT FalpUSIKYMHCATUXOU TapKUOU XacTa a3 MOJJIaxou 3YyAryno3 cababu
XocuamaBuu (GaBOpaxou razy 4YaHTd Ba BaWpOHIIABUM caTX Merapjaai, Kd OHpO Jap
MHCOJIM KOMETaxoMu Jap 0o0Jio uimopaimyga AugaH MyMKUH acTt. Hatuyam taypubaxou
nabopaTopi, MOJIETICO3H, TAXKUKU KoMeTaxo a3 Macodaun Ha3auk («BEIA-1, 2», «HoTTo»)
Ba OeBocuTa a3 catx («Pozerra») mamenu map caTxu XacTaum KOMETAaxO XOCWJI LIyJaHU
KabaTu YaHT# 1ryga MeTaBoOHa.

HEUTPOH®ABLOJIN BA TAXVIWJIN MUKJIOPUN
MABOIXOU I'EOJIOT'U 3APYPATHU TAAKUKOTXO
BA UMKOHUATXOU KA®EJAPAU ®PU3ZNUKAU XACTA

Abbocos O. — n.u.m., domcenmu kapeopau ¢usuxu xacmau JJMT
Maxcyooe b. H. — 0.u.¢h.-m., domcenmu xagheopau xacmau JIMT

bo nHazapmomTu 6a poX MOHJIAaHW XaMKOPHUXOU WIMUU Kadeapaxou MyXTaudu
(daxynTeTxXou TaOMATIITMHOCUU JOHUIITOX ((hU3uKa, OMOJIOTHUS, TCOIOTHS, XUMHS B M.H.) MO
3apyp JOHHCTEM, KU JOUpar UMKOHHUSITXOW WIMUU Kadeapan u3MKau xacra OUgu yCyJId
HEUTPOH(ABOII Ba TATOUKU OH MabJIyMOTH 3apypHl TUXEM.

Taxauau HeUTpoH(pABONHA-IKE a3 YCYJIXOM XHCCHETH OajaHIIOIITau TaXJIWIN
(GU3UKUM MUKJIOPU 3UENM YHCYpPXOM 4YaaBaid AaBpi MmeOomana. MH ycyn 6a Taxjawiu
M30TOIXOU PAJIMOAKTUB, KU Jap HUIIIOH 00 TabCUPU HYPOOPOHKYHUH HEUTPOHXO (Oermrap
xapopaTi) 6a aMayn MeosiHI, paBoHa Kapnaa mynaact. dakat gap yHcypxou cabyk (6a
MOHaH/IU OOp, OKCUTEH, a30T Ba KapOOH) Oapou TaXJIUIu HEUTpPOHGabOoI 60 HEUTPOHXOU
XapopaTi H30TOMNXO Maiio HamemaBaHA. JIekuH, UH YHCYpXOopo HHU3 00 HEUTpOH-
OOpPOHKYHMM HEUTPOHXOU cypbaTaiioH 6aman ( To 50 MaB), ku peakcusixou napemxypiau
YaHIMPHA aMaJlii MeIllaBa/i, MyaisiH KapJaH MyMKHH acT.

HypGoponkynii 60 HEHUTpOHXOM XapopaTé amanil kapaa wemasaja. I[lac a3
HEUTPOHOOPOHKYHH! HUIIIOHAXO sAKYaHA Mymaat (24-48 coaT) HUTOX JOIITAa MEIIaBaHI, TO
WH KM HypadKaHUW H30TONXOM KYTOXYMp aHJake macrrap maBaHa. Taxiaun 60 ramma-
Hypxou sHeprusmoH a3 0,1 To 3,0 MsB xeme kymiait meboman. MH Hypadxanit 6o
XMUCOOTUPAKXOM CHHTWUISTCUOHHA € JUTHH-TepMaHUN Ba Taxjmirapxou Oucépkanana O6a
Kaiin rupudra MemaBa.

bapon wuneHTudukaTcusu w30TOmMe, KM HypadhKaHMM OH Jap TaXJIWIu
HeHWTpoH(paboI Oa Kaia rupudTa MemaBas, JaBpd HUMKOXHIIIM OH Ba SHEPTUSH ramMMa-
KBaHT MyalsH Kapjia MellaBa/.

bapou wmyailisH HaMymaHU MUKIOPH YHCYpH KHUMHEBH Jap MaBOAXOU TeOJIOTH
JIOHHCTAaHU YaHJl TTapaMeTpXo 3apyp MeOomaa: BOsM HypadKaHA Jgap MyXJIaTH MyalssHH
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BaKT, CAMapaHOKNH Hypa(dKaH Ba IeTeKTOp Oapou Taiipu ¥- HypadKaHii; ceTln HEUTPOHXOU

XapopaTi; BaKTM HYPOOpPOHKYHH, MyXJaTH HUIOXJOPUUM HHUIIOH Oabau KaTbhu
HYpOOpOHKYHII Ba raiipaxo. ®Paboiuu yHCYypH MyalssHIIaBaHIAa a3 MapaMeTpXxou
HOMOapiryaa BobacTari J1Iopajl Ba WH TaBp MyalisH Kap/ia MellaBa:

o(t) = (ﬂﬂf[:l — g TAtEVES }e““‘*

Hap uH 4o ¢- XKccan M30TOI Iap OMEXTau U30TONMXOU TaAOUH; 1 —MUKIOPU XaCTaxou
MyailsiHIlIaBaHa; ©- OypUIIM CaTXUM peakcus, KU O0apou NaWJOUIIU H3O0TOMHUHU
TaxJIWIaBaHaa uctudoa Memasai; A- COOUTH KOXUIITYA U30TOMU TaXIWIIIABAHAA; tuyps.-

BaKTH HypOOPOHIIIABUY HUIIOH ; f- 3MYMU celar HEUTPOHXOM XapopaTit. A3 UH YO Maccau
YHCYPH TaxJIWIIIaBaHAa UH TaBp MyalsiH Kapaa MeIIaBa;

M, B Mo (t) . @it
""n_r - -"-.r‘_l.fgf( 1 — g—Ateypd

A

WNH yo M- maccau atomuu yHCyp; N,4- anaaum ABoraapo. Jakukuu taxjmmixo 60 uH pox 20-

50% -po Tamkuia menuxald. Poxu nurapum MyaisiH HaMyJaHU YHCYp, MH yCyJIu HUCO#R
Mebomaa, Ku Gabojiud HUIIOH- ¢, 00 (abojuu 3TAIOH- ¢,, KU Jap MIAPOUTXOHU SKXela
HypOOPOH Ba YeH Kap/Ja MellaBajl, MyKouca Kap/iaH JIO3UM acT:

my = crf:'xm-'-'"acp:-'
Hap nH maBpua Jakukuu Taxiaui 1-10%-po tamkun meauxa.

Hazapus Ba amanusu ycynu HEWTpOH(ABONA HUIIOH MEAMXAI, KU Jap MaBPUAM Xap
Kajmap 3ué€n OylmaHW 3WYMM CelMM HEUTPOHXOM (aboIKyHaHIa (Gabojud 3WEIU HU30TOIH
YHCYpM MyaWsiHIIaBaHga Oa By4YyJ OBapJlaH MyYMKHUH acT, ¢ UH KU MHUKJIOPU KaMu OH
MYyaiisiH Kapaa MelaBaJl.

3uuynu cenu HEUTpoHXOM MaHOam panuouszoronuu P, —EB_, ku map kadenpaun
¢usukan xacta Maqyn acT ~10° meiirp./ cM? coH MeGoman Ba WH MaHOab Gapou
ry3apOHMIAaHU KOPXOU JIabopaTopit, YPOU YaH] KOPXOU KypcH Ba AUIUIOMI ucTHUdOIa
O0ypna memasan. [apoutu xyOu XuMos a3 HEUTPOHXO MaBuya MeOOoIIaI.

Hap Hazap acr, ku gap xamkopin 6o KBJ[ «Hadty rasz» manbam HEHTpOHUU
Huc6ataH mypkysBaT ( ~10° HefiTpon /cM coH) 6a macT oBapja IIaBaj Ba UH MMKOHHUST

Meauxal, K 00 MH yCyJI MaBOJIXOU T€0JIOTH, OMOJIOr# Ba KUMUEN TAIKUK KapAa IaBaH/I.

O BJIVSIHUY OBbEMHOM J10JIY JUCITEPCHBIX YACTULL HA
PEOJIOTMYECKUE CBOVICTBA MATHUTHBIX JKUJKOCTEM

Komunos K. — 0.¢h.-.m.1., npogheccop xaghedpvr meopumuueckoii puzuxu THY
3apunos A. K. — K.¢h.-m.H., doyenm kagedpwt meopumuueckoii puzuxu THY

MarHuTHbl€ KUIKOCTH BCE 0OJIbIIIE BBI3BIBAIOT MHTEPEC UCCienoBaTeNel 0aaroaaps
Goratomy HaOOpy YHHMKAJIbHBIX CBOWCTB, HAaXOJSLIMX CBOE MPUMEHEHHE B Pa3JIMUYHBIX
TexHoJorusx. llIupokoe mpuMeHEHHME MATHUTHBIX >KUAKOCTEH CBSI3AHO C TEM YTO IO
JIEICTBUEM BHEIIHETO MATHUTHOTO IIOJIS MX JIETKO MOJKHO HAIpaBUTh II0 HYXHBIM
HaMpaBJeHUsIM, (UKCUPOBATh B MPOCTPAHCTBE M MPHUIATh OmpeneiéHHyo dopmy [1, 2].
JApyrumM BaXHBIM CBOWCTBOM MATrHUTHBIX JKUJKOCTEH SBISIETCS OOJblIAsi 4YyBCTBU-
TEJIbHOCTh MX PEOJIOTUYECKUX CBOWCTB HA [JEWCTBUE BHEIIHENO MATrHUTHOTO IIOJIS.
Hanpumep, BA3KOCTh MATHUTHOM KUAKOCTH, IIOMEIIEHHON BO BHEIIHEE MATHUTHOE TOJIE C
BO3pACTAHMEM BEIMYMHBI HAMNPSOKEHHOCTU IIOJII MOXKET OO0paTUMO B COTHH pa3
yBenMuuBaThesa. M3Mepenust mokasaiau, 4TO 3TU CBOMCTBA B OOJIBIION CTENEHU 3aBUCAT OT
KOHILICHTPALMNA JUCIIEPCHBIX MATHUTHBIX YACTHUL, BBEAEHHBIX B KUAKOCTb-HOCHUTENIb U HX
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PasMEpoB. B 3aBucmmoctu OT (bHBI/I‘{CCKI/IX XapPaKTCPUCTUK IKUAKOCTU-HOCUTCIIA U
HUCIIOJIb3YyCMbIX MAIHUTHBIX YaCTUl OJIA Ka)I()IOfI MarHUTHOM KUAKOCTU CYyHICCTBYCT
OHpCI[CJ'IéHHaH KOHIOCHTPALIMOHHAA MEpa UCITOJIb30BaAHUA TUCIICPCHBIX YACTUII.

B cBi3u ¢ atuMm OCJIbO JAaHHOI'O COO6HICHI/IH ABJISACTCA YUCIICHHOC HCCICOOBAHHNC
3aBUCHUMOCTH CI[BHFOBOfI BA3KOCTH MAIrHHUTHBIX )KI/II[KOCTefl OT KOHUOCHTpALIUHN TBépI[I)IX
qaCTull MarueTura.

I[J'IH IPOBCACHUA YUCIICHHOT O pacqéTa BOCITIOJIb3YyCMCs BBIPAKCHUCM IJIA CI[BI/IFOBOfI
BA3KOCTHU MAIrHUTHBIX )KPII[KOCTCﬁ, IMOJIYYCHHBIM B [3]

()= nkTr, _|_27z71203
- 1+ (o7, )’ 15

St ([ 9} %8
28 09 ) . |or

B kauectBe nmpumepa ObUIM BBIOpAHBI MATHUTHBIE )KUIKOCTH, IPUTOTOBJICHHBIE HA
OCHOBE BOJbI, KEPOCMHA W CHHTETHYECKOTO TMOJUIPUPHOTO Macia. Pe3yabTaTs
YUCJIEHHOTO pacyeTa KOHILIEHTPAUMOHHON 3aBUCUMOCTH BSI3KOCTU MArHUTHBIX KUAKOCTEU
MPEACTABJICHBI HA pUCYHKax 1 u 2.

F dd | ~
!drﬁ 0 !Gl(r,rl,a) 1+ rdr. .

n,(®),Mac n,(@),Mac

25 4

6)
1.5 4 2.0 4
a)
2 — J

10 4 T=293 K 15

1.0 T=293 K
0.5 4

0.5
0.0 T T T T T T Qoo . . . . . . . . —

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16  0.18

Puc. 1. 3aBucumocth KO3ddunreHTa Puc. 2. 3aBucumoctu 17, (®) or koH-

CABUTOBOM BSI3KOCTH OT KOHLIEHTPAllMU B
MAarHUTHOW  JKUJKOCTH Ha  OCHOBE:
kepocuHa (1) 1 Bogsl (2).

LEHTpAlMd B MAarHUTHOM JKUJIKOCTH Ha
OCHOBE CHUHTETHYECKOI'0 MOJUIUPHOTO
Macia: a) TEeOpeTHYeCKHil pacuer, O0)
pe3yJbTaThl paboThI [4].

Kakx BUIHO W3 3TUX PHUCYHKOB, BSI3KOCTh MAarHUTHBIX JKHJIKOCTEH HMMeeT OOIIuid
Xapaktep Bo3pacTaHus. I[IpM OIMHAKOBBIX KOHIIEHTPAIUSIX OBICTPOTA BO3pacTaHUS
BSI3KOCTU [T KaXJIOW MArHUTHOW JKMJIKOCTH pa3Has WU, B OCHOBHOM, 3aBHUCUT OT
BHYTPEHHEU CTPYKTYpPhI BRIOpAHHOM JKUJIKOCTH U IIPUPOIBI pelaKCAallMOHHBIX IMPOIIECCOB B
3TUX KHJIKOCTSIX.

Ha puc. 2 (6) npencraBieHbl pe3ysbTaTbl 3KCIEPUMEHTAIBHOTO MCCIICIOBAHUS,
npoBen¢HHOTO B [4]. Kak BHUIHO, MOJIyYEHHBIE TEOPETHUECKUE PE3yJIbTAThl KaueCTBEHHO
COBIMAJAOT C pe3yIbTaTaMH IKCIIEPUMEHTAIbHBIX TAHHBIX.
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POJIb 1 MECTO ITPAKTUKYMA 110 PEHHEHUIO ®PU3NYECKUX
3AJJAY ITPU ITOATOTOBKE YUUTEJA ®U3UKU

Banues C. — accucmenm xagheopoi
suuucIUmMenbHou mexuuku u cucmem THY
Kypoonxonos T. T. — accucmenm xageopor MIIC THY

AHanu3 uccleOBaHUM ITOKA3bIBAET, UYTO 3ajJaya SBISIETCS BECbMa CIIOKHBIM
MOHSITUEM M UYTO MOJHOLIEHHOE M CO3HATEJIbHOE pElIEHUE 3a]1a4 BO3MOYXKHO JIMIIb TOT/A,
KOIJla POl MMeeT JOCTATOYHbIE MPEACTABIEHUS O CYIIHOCTH M OCOOEHHOCTSIX
pemaeMblx 3a7ad, O MeXaHu3Max UX pelmeHusix. PaccmaTtpuBass pojib U MeCTO
«IIpakTUKyMa MO penieHnio (GU3MUECKUX 3a7au» B CIOKHUBIICHCS CUCTEME MOATOTOBKHU
yuutens: GU3NKHU, YKa3bIBACT, UTO 3TOT KypC 3aHUMAET 0CO00€ MECTO B PAAY (PU3HMUECKHX
JUCUMIUIMH, HW3y4yaeMbIX B By3aX H oOmieobopas3oBaTelnbHbIX IKojdax, B TIY wu
MEJUHCTUTYTE.

AHanu3 TNCUXOJIOrO-NeAAaroruyeckol M METOAUYECKON JIMTepaTyphbl MO Mpodieme
MOATOTOBKH yUUTENS (PU3UKH MTOKA3BIBACT, YTO MPU OOYUCHUH yUAIIUXCsl PEIICHUIO 3a1a4
Ha3HA4YeHHUE IeJarora 3akiovyaeTcss B TOM, YTOObl TIOMOYb YUYEHHUKAM OTKPBIBATH HOBOE,
pPa3BUBATh Y HUX YMEHHUSI CAMOCTOATENbHOCTH MbIlUIeHUs. Ho 1711 3TOTO yuuTenp J0KEH,
BO-TIEPBBIX, YMETh peUIaTh 3aJaYd CaM, a, BO-BTOPBIX, JTOJDKEH YMETh O0y4aTh ydalluxcs
pPEUIEHUIO 3371a4, YUUTh J1€JIaTh OTKPBITHSI.

OIHOBpPEMEHHO MPENoaaBaTeNsIM, BEAYIIUM MPAKTUKYM, MPEIOCTABIsAETCI CBOOOAA
BbIOOpA COJIEPKAHUS U COOTBETCTBEHHO METOAMKH IO CIEAYIOIINM HAIIPBICHUSIM:

- cUCTeMaTu3allMsl 3HAHUM O BEAyIIMX METOJax pelIeHusl 3ajaud ILIKOJIBHOIO Kypca
buzuku:

- cUCTeMaTu3allisl 3HAHUWA O CBOMCTBAX MOHSITUH M METPUYECKUMX COOTHOIICHHSIX B
du3nYecKux 3a1a4.

- BBIOOp MaTepmana s KOHTPOJS CPOPMHUPOBAHHOCTH y OyIYIIMX YYUTEIIEH yMEHUN
pelaTh 3a1a4M MIKOJIBHOTO Kypca (PU3UKH:

- 0TOOp 3a1a4 (3HAHUMN) I yueOHO-UCCIIeI0BATEIHLCKON PabOTHI:

- OIIpe/ieIeHUe MEePEeUYHs 00sI3aTeNIbHBIX PE3YIHTATOB 00YUEHHUS 10 pa3fesiaM MPaKTUKyMa.

- popMupoOBaHUE TPUEMOB YMCTBEHHOH 1€SITEIbHOCTH.

-BbIOOD NIPUEMOB KOHCTPYUPOBAHUS 33/1a4 U TBOPUECKON pabOThI C HUMHU.

Amnanu3 HaOmrogeHui 3a paboToM mpemnogaBaTeleil U CTYAEHTOB BO BpeMs ayau-
TopHbIX 3aHATUN [TPD3 noka3piBaeT, YTO B OOIBLUIMHCTBE CIyYaeB HET MPUHUUITUATbHBIX
pa3nuuuii MEXAy ~ METOJAWKON TPOBEACHUS AayIUTOPHBIX 3aHITHH TpaKTUKyMa W
MPAKTUYECKUX 3aHATHSIMU IO OCHOBHBIM (U3MUYECKUM KypcaM. Mexay TeM 3aHATHS 10
[TP®3 — 310 o0OcobObie 3aHsaTUsS. OHU AOJDKHBI CTaTh CBOCOOPA3HON METOAUYECKOM
nabopatopueii Oyaymiero yunurtens GU3NKH, TAe MPOUCXOIUT MPOIecC TpaHCHOPMAIIMH €TO
y4eOHOM IeATeTbHOCTH B Y4eOHO-IPOGECCUOHATBHYIO AESITETbHOCTD.

[TpuuuHy co3gaBuierocs MOJIOKEHUS CIEAYeT MCKATh IPEXIe BCErO B MOATOTOBKE
CTyIeHTOB Ha 3aHATHIX «[IpakThkyma Mo pemeHuto (U3NYECKUX 3a1ad», B CHIIy TOTO
0CcO0Oro TMOJIOKEHUS, KOTOPOE 3aHMMAEeT MHAHHBIM KypC B CIOXHUBIIEHCS CHCTEME
METOIMKO-(DU3NYECKON MOATOTOBKHU OyayImmx yUUTEIEeH.

B cBsa3u ¢ atuM 0cobO aKTyallbHOM SBIISIETCS NpoOJjeMa  COBEPIIEHCTBOBAHUS
coaepkaHusa U MeToauku nposenenus: [TPM3, penienne KOTOpoil MO3BOJIUIO Obl OTBETUTH
Ha BOINPOC: YeMy M Kak oOydaTh Ha 3aHITUSAX AAHHOTO Kypca I JOCTUXKEHUS
IIOCTABJICHHBIX LIEJICH.

Jlutepatypa
1. Useponosoit B. . ®usnuecknii npaktukym - M.: @uzmarrus, 1962.- 956 c.
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OBYYEHUE OFBEKTHO-OPUEHTUPOBAHHOMY ITPOI'PAMMMWPOBAHUIO
C UCITOJIb30BAHUEM CUCTEM BU3YAJIIBHOI'O ITPOEKTUPOBAHUA N
IMPOT'PAMMMPOBAHUA

Mapaoscabos C. H. — accucmenm kageopwi
suuucIumMenvHou mexuuku u cucmem THY

JIro6as npodeccuoHaabHask AESITEIBHOCTh TPEOyeT CrielUalIbHbIX 3HAHUN, HABBIKOB
U yMeHU, GOpMHUPOBAHUE KOTOPBIX COCTABIIAET BAXKHEUIIYIO 3a/1a4y MpU OOy4YeHHH TOU
WM UHOM Hayke. IIporpaMMupoBaHue TakKe B CBOIO OuU€pelb €CTh Hayka, TpeOyroas
HEMAJIOTO TPyAa U YCWIMI IPOTPaMMUCTa, KOHEUHO, IS pelIeHus OoJiee CI0KHbBIX 3a1ad.
[TosTOMy pOrpamMMHUCT JOJKEH ObITh OOYYEH TaK, UTOOBI UMETh BCE HUKEMPUBEICHHbIE
KayecTBa:

" XOpOIIO OPUEHTHPOBATHCS B CHENM(PHUKE CBOETO Tpyna M pa3OUpaThCs BO BceX
CIEIMAJIBHBIX BOMPOCAX M TOHKOCTSAX Jella, KOTOPhIM OH 3aHUMAETCS, U YMETh
MPUHUMATh BCECTOPOHHE 0OAYMaHHBIE PELICHUs IS JTIOObIX 3a/1a4;

" 3HATh HAYYHbIE OCHOBBI CBOErO TPY/1a, MOCIEAHUE TPAKTUUECKHN 3HAUNMbIe HAyUYHbIE
pa3paboOTKM U PEKOMEHJAIMU, YMETh HMCIOJIb30BaTh MX B CBOEH MOBCEIHEBHOMU
TPYAOBOM AESTEIBHOCTH;

" 3HATh COBPEMEHHbIE MHPOPMAIIMOHHO-KOMMYHUKALMOHHBIX TEXHOJOTMU U YMETh
MCIOJIH30BATh UX IS TIOBBIIEHUS 3PPEKTUBHOCTH CBOETO TPY/Ia;

" yMETh OPraHU30BBIBATH CBOU TPY/, IO ONPEJIEICHHON CUCTEME;

" yMeTh C OE€3yKOPM3HEHHBIM KAa4Ye€CTBOM BBIIOJHATH BCE CIELUANIbHBIE AEHCTBUS,
MPEAyCMOTPEHHBIE LIETSIMHU, 3a]]a4aMU U T.1.;

" yMETh MWCIIOJIb30BaTh YCIOBMS, BO3MOXHOCTM M CpEACTBA [Jid MPEOOJICHUS
TPYAHOCTEH, CTOSIIIIMX HA IMyTHU K HEOOXOAUMOMY PE3yJIbTATY.

Baxxnoil 3amauveid oOydyeHUs] OOBEKTHO-OPUEHTUPOBAHHOMY MPOTPAMMUPOBAHUIO B
By3aX SIBISIFOTCS IOJrOTOBKA CTYAEHTOB K IIPOAOJDKEHMIO OOpa3oBaHusi B padore,
TpeOylollel TanbHENHIIEro n3y4yeHus MPOrpaMMUPOBAHUS U €r0 MPUIOKEHUM, OCOOEHHO C
pPa3BUTHEM BU3YAJIbHBIX METOJOB MPOrPAMMHUPOBAHUS, BOCIUTAHUE Y HUX CTPEMIICHUS K
HEMPEPbIBHOMY IOMOJIHEHUIO CBOUX 3HAHUW B MW30paHHOM HAlpaBJICHUU IyTEM
caMO000Opa30BaHUs, IOCKOJbKY HAET HENPEPhIBHOE pPa3BUTHE U COBEPIICHCTBOBAHHE
00BEKTHO-OPUEHTHUPOBAHHBIX SI3BIKOB M CO3AIOTCS HOBBIC, Oojiee 3(P(EeKTUBHBIC SI3BIKH U
TEXHOJIOTHH MPOrPAMMHUPOBAHUS.

N3zyuenune nmporpaMMupoBaHUsl OT KaXXIOTO CTYJEHTa TpeOyeT OOJbIINX YCHINN U
MHOro BpemeHH. [lomydyeHHble NpH 3TOM HaBBIKK Y4YE€OHOrO IHpeaMeTa MO3BOJISIIOT
CTyJEHTaM B MX JaJbHEHIIeH TpodecCHOHATbHON NeATeIbHOCTH, I3((GEKTUBHO OBJIA/IeBATh
HaBbIKAMU BBINOJIHEHUSI paOOThl M C JIOJDKHBIM NMOHUMAaHHEM OTHOCHUTBCA K TOMY, UTO
XOPOIIIee BBINOJTHEHUE JII000N paboThl TPeOYEeT 3HAUNTEIbHBIX YCUJIUA U OTBETCTBEHHOCTH.

Bbicokuii TeMIl pa3BUTHE TEXHOJOTMH MPOTPaAaMMHPOBAHUS, OCHOBAHHBIX Ha
O00BEKTHO-OPUEHTUPOBAHHOM MOJAXOJE, IMO3BOJWIO PEIINTh MHOTHUE NpoOsembl. bbinu
CO3MIaHbl Cpeabl ISl SI3bIKOB  OOBEKTHO-OPHUEHTUPOBAHHOTO  IPOTPaAaMMHPOBAHUSA,
noaaepxuBaronme «BusyanbHoe nmporpamMmMmupoBanue», Hanpumep, Delphi, C++ Builder,
VisualC++ u 1. 1. I[lpu ucrioap30BaHUM MHOTHUX SI3bIKOB BU3YaJILHOTO TPOTPAMMUPOBAHUS
W BHU3yaJIbHOW CpeAbl, y MPOrpaMMHUCTA TMOSBJISETCSI BO3MOXXHOCTh IPOEKTUPOBATH
HEKOTOPYIO 4YacTh, HANpUMEp, HHTEPQEHChl Oyaylmero MNpoayKTa, C IMPUMEHEHUEM
BU3yaJbHBIX CpEACTB [J00aBJIEHUS M HACTPOWKU CHEUUATBHBIX OUOIMOTEYHBIX
KOMITOHEHTOB. Pe3yIpTaToM BU3yaJIbHOTO MPOEKTUPOBAHMS SIBJISIETCS 3arOTOBKA OyylIen
MPOTrPaAMMBI, B KOTOPYIO YK€ BHECEHBI COOTBETCTBYIOIINE KOBI.

Takum 00pa3zoM, UCHOIb30BAHNE BU3YAIBHBIX CPEJCTB SI3IKOB IMPOrPAMMHUPOBAHUS
MIPU PELLIEHUN CIIOKHBIX 3a/1a4 NO3BOJISET 3(h(PEeKTUBHO U B 60JIee KOPOTKHUE CPOKHU CO3/1aTh
HAJIe)KHYI0O M Ka4eCTBEHHYIO MPOrpaMMy pelleHus 3agaud. Hampumep, u3ydeHue si3bIKa
VisualC++ ¢ maketamMu BHM3YyallbHBIX CPEICTB TporpaMMupoBaHus miss Windows,
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OE3yCIIOBHO, TOWJIET Ha TOJb3y mporpammucty. Ilotomy uto, B cpeme VisualC++
CYLLIECTBYET OTPOMHBIE BO3MOXXHOCTHU [UISI CO3JAHUS PA3JIMYHBIX IPOEKTOB U PELICHUS
pa3IUYHbBIX 33144, HAUMHASI C OUYE€Hb MMPOCTOM 10 CAMBIX CIIOKHBIX.

Jluteparypa:
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TAXKUKU ITAPAMETPXOU CIIEKTPAJI BA JAPE®TU KOBUJIUSATH
MPOTOHAOHOPUU KUCJIOTAXOU KAPBOHH BO YCYJIN
CIHEKTPOCKOITUAYU UH®PACYPX

Hypynnoes M. — 0.u.¢.-m., npogheccopu kagheopau onmuka éa cnekmpockonusiu JIMT
Ucnomos 3. 3. — H.u.¢h.-m., domcenm, myoupu kageopau onmuxa éa cnekmpocxkonusiu JIMT

Hap xopu WwiMHM Ma3Kyp HaTH4aXou TabCUpPH TaOuaTu nBasmasaHaa (rypyxu CHs,
ATOMXOM XJIOp-, (TOp-) T€HAOA Ba YOWUM HMCTOAM OHXO J1ap COXTOPU MOJIEKYJIaXOH
KHCITOTaxou KapOOH#t 02 XOCHATXOU ONTUKUHN OHXO (KUCIOTau MypUari, KUCJI0Tau yKCYCH,
MOHOXJIOPYKCYCH, IyXJIOPYKCYCH, CeXJIOpyKcych Ba cedropykcych 60 ycymm
CHEKTPOCKOMHSIN WMH(PpacypX TaxXKUK Kapma mrygaana. TaxKuKOT, acocaH, 00 OMY3UIIN
cnektpu wuHbpacypxu Oanmau xumussuu  V(OH), Moyexkyraxou KaTOpH KHUCIOTaxo
ry3apoHuAa IIyIaHaH.

TaxkuKOT MyalissH HAMy[, KM Jap MaxJIyJId Xama KHCJIOTaxou KapOoH#t 00 Momman
xycycuaru HedutpanupomTa (CCLy) coxau ¢pypyoypau v(OH) sikTtonn O6yna, MakCUMyMu
OHX0, acocaH, agap coxaxou 3500 - 3530 cm! mymoxuna memaBaHa. Hamyam coxau
bypyoypau v(OH), acocan, cummerpnt Oyaa, a3 OH IIaxoJaaT MEANXad, KM Jdap MaxJIyll siK
HaMy/ MOJIEKYJIaX0 By4yI AOpaH/ (MOJIEKYJIaXxou Aap X0JaTh MOHOMEpUOyaa).

TaxkukoT 003 MyalssH HAMY[l, KM TaOMATH MBa3IaBaHaa (ATOMXOH XJI0p- GTOp- Ba
rypyxu CH3) Tebaoa Ba Yol UCTOM OHXO 0a TAaFHMPOTH MaKCUMYyMHM coXau (pypyoypaun
v(OH) kaTopu KuCI0Taxo MeoBapa/.

MyaiisH Kapaa nrygaact, Ki MaBpuau 0a MaxJyiu AydaHaa (KUCIoTau KapOoH# map
MoJIau XycycusiTu HeuTpamugomita, macaiad CCL4) xamMpox HaMydaHu MOJJIaXOH
XYCYCHSITH TPOTOHAKCENTOPUIOIITA (aTCETOHHUTPUJI, AaTCETOH, TUMETHI(POPMAMUL,
MMUPUINH, CEITUIIAMUH) aJIOKaW THAPOTEHUN OATHIMOJIEKYIUN HaMy !

RCOOH + CH3CN = RCOOH?+*NCCHj;
xocws1 MemaBanA. [laiigonmy amokan TUAPOTeHUH OaifHUMOJIEKYIl XxaTMaH 0a Ky4uIlu
MakcuMmyMu coxau ¢pypyoypau v(OH) —u kucnoraxou kapOooH#n Tapadu 6GacoMaaxou Mmact
MeoBapa.

Bavnan 60 uctudomam ycynmu map kadeapa KopkapAmyna KOOWIMSATH TPOTOH-

JIOHOPUM TYPYXU peaKCMOHUM KHclIoTaxou kapoounit (6anau OH) napédt kapaa mynaHs.
Hap Typyxu KHCIOTaxou KapOOHWHM TaXKUKIIyJa KUCIOTaW Mypdyarit cogaTapyH
Oyna, OoHpO XaM4YyH MOJIaW J3TaJOHH KaOysl HaMynaH MyMKHH acT. MH a3 oH maxomar
MeAnXaa, Ki KOOWIMSTH MPOTOHAKCENTOPUU OHPO XaMYyH MOJJau 3TajJoHW Oapobapu
BOXMI KaOyn HamynaH MyMKuH acT. Jlap rpadukxo ounm 6a mapédtu KOOWIHMSITH TPO-
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ToHIOHOPH (Avi, AAi, AH; a3 uH Oy3ypruxo 06apou KHUCIOTaW HWBA3IIABAHAAHAIOLITA —
Mypuari) Bodacrari 60s1 45° TAIIKWI JUXAT.

Humon nonma mymaact, ku Basudam acocupo nap ad30Ulld KOOWIMSITH TPO-
TOHJIOHOPUHU MOJJIaXOM Oa sIK KaTop JOXWIOyJa TaOuaTu UBa3llaBaHaa, IIyMopa Ba YOUH
UCTOAU OHXO MYpo MekyHaHn. Kain kapnma mymaact, ku 60 cexiiopuBazHamonn KII-u
KaTopu KucioTtaxopo 1o 1,35 Mmapotuba 3uén HamyaaH MyMKHUH acT. bo xmopuBazHamoit
KIIJ xucnoraxopo 1o 1,30 mapoTtuda Ba 60 dropuBaznamonn KIIJl —u kucioraxopo To
1,35 mapoTtuba 3uén HaMmyJlaH MyMKHH acT.

Kaiin xapaga mymaaact, ku Oapouw 3uEATap TAardup MOJAaHM KOOWIMUSTU HPOTOH-
JIOHOPUM KHUCIIOTaXOM KapOOHH a3 Jurap uBasllaBaHAAXO, KM XYCYCHSITU 3JIEKTPOMAH-
burum 3uénrappo nopo Medomana, ucTudoaa HaMyJaH J03UM acT.

Humon nona mynaact, ku KIT Moamaxou TaxkKUKIIyga a3 JOUMHXO, KU XOCHSTHU
MBa3lIaBaHAAXO0PO TaBCU( MEIUXAH[, XaTTi acT. MIH manen a3 OH maxoaar Meauxai, Kda
KIIA xap monexkyna noumi Oyna, XapaKTEpUCTUKAU Xap KaaoM MOJJau ajoXuaa acT.
KIIJI xoccu xap xkagoM Mojjaa Oyaa, KOOWIMSTH XOCWJI HaMyJaHHW ajoKau TUJIpPOTeHUU
OafHUMOJIEKYJIil Ba CAXTUU UH aJI0KapO TaBCU( MeIuxas.

CPEACTBA KOHTPOJIA IHOJYITPOBOAHUKOBBIX MHTETI'PAJIBHBIX
CXEM ITPU BO3JAENCTBUU PA3JIMYHBIX ®AKTOPOB

Tagypos O. B. — k.¢h.-m.1., doyenm kaghepwi s1exkmporoil pusuku THY
T'aooes C. M. — K.¢h.-m.H., doyenm xaghepot snekmponoti puszuxu THY

B Hacrosiee BpeMsi HAKOIUIEH 3HAYUTEIbHBIA OMBIT MO M3MEPEHUIO PA3TMUYHBIX
napamerpoB MC npu 1ecTabMIM3UPYIOMINX BO3IECHCTBUSIX. PaccmoTpenue BompocoB
KOHTPOJISI OCHOBHBIX Tpynm napamerpoB 1nuppossix TTJI MC ynobHO HayaTh ¢ aHaImM3a
HUX CTaTHYECKUX MapameTpoB (Tabmuua 1). OObIYHO OTrpaHMYMBAIOTCA 2-4 OCHOBHBIMU,
Hanbosee ONM3KO CBSI3aHHBIMM C U3MEHEHHMEM NapaMETPOB 3JIEMEHTOB BXOJHBIX U BBbI-
XOIHBIX Leneil KonTposupyeMod UC; oHu, Kak NpaBUIIo, U ABIISIIOTCS MPOTHO3UPYIOIIUMH.

JAMCTaHIMOHHBIE YCIOBHSI KOHTPOJIS 3aTPYIHSIOT JOCTOBEPHbIE U3MEPEHUSI HEKOTOPBIX
MapaMeTpoB, CBSI3AHHBIX C 33JlaHUEM M WU3MEPEHUEM MaJIbIX HAIpPSOKEHUM U TOkKOB [1].
OCOOEHHO 3TO CYIIECTBEHHO IMPU UMIYJIbCHBIX M3MEPEHUSIX, KOTOPbIE COMPOBOXKIAIOTCS
3HAYUTEIbHBIMU 3JIEKTPUUECKUMU MoMexaMu. B tabnuue 1 mpuBeneH nepeyeHb u3Mepsie-
MbIX cTatudyeckux mnapamerpoB psina MC ¢ ykazanueM Heobxoaumoct O U HOpUH-
LUNHATIBHON BO3MOXHOCTU HX KOHTpoisist B. Ilapamerpsl, OTUCTAaHUMOHHBIM KOHTPOJIb
KOTOPBIX B JAHHBIX YCIOBUSIX 3aTPYAHEH, OMYIICHBI.

PaccmoTpum Bompoc KOHTpPOJIST TMHAMUYECKMX MapameTpoB. Ilpexae Bcero ykaxewm,
YTO KOHTPOJb MapamMeTpPOB HEMOCPEICTBEHHO BO BpEMS MMITYJIbCHOTO BO3ICHCTBUS B
SBHOM BHUJE HEBO3MOXEH, T.K THUNUYHOE BpeMs nepekiatoueHuss MC mpeBblliaeT BpeMs
Bo3aeicTBUS. [Ipu HempepbIBHOM BO3AEHCTBUM KOHTPOJIb TUHAMUYECKHX MapaMeTpoB, B
MPUHIIMIIE, BO3MOXEH B IIOJHOM OOBEME C YYE€TOM E€IUHCTBEHHOI'O OTpPaHUYEHUS,
CBSI3aHHOTO C TIOCTOSIHHBIM HW3MEHEHUEM IapaMEeTPOB TaKUX VY3JI0B H3MEPUTEIbHOU
CHUCTEMBbI, KaK JIOTMKa BBIBOJIOB M KaOenbHble JuHMM. KannbpoBka u mocieayromas
KOPPEKIIMSl Pe3yJIbTaTOB BO3MOXKHA, OJHAKO CBSI3aHAa CO 3HAYUTEIbHBIMH 3aTpaTaMH.
D¢ deKTUBHOCTD OLEHKU AMHaMH4ecKux nmapamerpoB MC o pa3nuuHbIM IpyIam 3aBUCUT
ot tuma UC. [ns paccmatpuBaembix MC moctaTtouHo HHGOPMATHBHOH SIBIISIETCS TPYyIIa
KOHTPOJI MPeIeIbHbIX YACTOT U IUKIIOB paboThl. B JaHHOM cllydyae onpaBaaH nepexos OT
HEMOCPEJICTBEHHOTO M3MEPEHUs] TUHAMHYECKUX TMapaMeTpoB K HX (YHKIMOHAIBHO-
apaMeTprU4YecKOMYy KOHTPOJIIO, IPH YCIOBUU OOECIIEUEHUS 1OCTATOYHOU TouHOCTH[1].

C uenbio obecrieyeHus NpOrpaMMoO COBMECTUMOCTH MPU UCTIOJIb30BAHUM PA3TAYHBIX
9MB u xonTpomnepos JIKII, mporpamMmMsl  00paboTki Hammcansl Ha s3bike  BEMCHK,
JIOTIOJIHEHHOM JipaliBepaMu maructpaiu. PazpaboTtanHass MHOTro(QyHKIIMOHAJIbHAS CHUC-
TeMa oOecreynBaeT aBTOMATUYECKUI KOHTPOIh U(PPOBBIX U IMHEWHBIX M C 1 aKTUBHBIX
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KOMIIOHEHTOB B YCJIOBHUSAX BO3ACWUCTBHS ASCTAOMIM3UPYIOMUX (PaKTOpOB, oOecreunBast
MEPBUYHYIO 00pabOTKY U MPEIOCTABICHUE PE3YJIbTATOB B yIOOHON sl MHTEpIpETaAlluU

dhopwme[2].
TABJINLIA 1
CTATUYECKUWE ITAPAMETP bl HU®POBbBIX NC
Unowm ITomexoycroiunBocts npu jor. I u
O Ha BxoJI€.
Unowm. B Knaccuduxanmonnoe
apaMeTpsl
Prior. ITorpebisiemast MOITHOCTD B "
Usbix, UpbIx Beixognbie Hanpspkenus jgor. I MO | O HN3mepsiembie
napaMeTpsl
Isx, IBx Bxomusre Toku jior. 1 u O B ="
Inor Tox noTpebeHus O -
Unop IToporoBbie HaNPsKEHUS 0) -"-
Unop Jlor.Iu O
Iop ITpsimoii Tok uepe3 BXojaHOUM nuon | B ="
NC
O06o3HaueHus: TepMuHBL: Peamuzanuu: Ilpumeuanus:
CTATUYECKUE ITAPAMETPbHI JIMHEMHBIX
Kyu Koaddument ycunenus 0) Knaccudukanmonusie
napaMeTpsl
UcMm HanpsbxkeHue cmenienus 0)
Inor,Inor Toxu norpebiieHus B Nzmepsembie
apaMeTpsl
Uspix. ,UBbix MaxkcuMasbHbIe BBIXOJIHBIE | O -0
HATPsHKEHUS
Koc. co. Koaddunment ocnabnenus | B -
cHuH(}a3HOU MOMexXu
Kpnun Koaddumment BIusiHUS | B -".
HMCTOYHUKOB MUTAHUS
Jlutepatypa
1. OpnoBa b.B., Tlonens JI.M. u ap. M3Mmepenne mapaMeTpoB HHU(PPOBBIX HWHTETPATBHBIX

cxeMm. [Tox. Pen. Opnora.b.B. -M..: Paauo u cBs3p, 1995 - 368 c.
2. Maitnunr.B.,lllepouna.A.CtanmapTHbie HHTEP(ENCHI T N3MEepUTENbHON TeXHUKH. [lep. ¢ Hem.

—M.: Mup, 1992- 304 c.

3. Takxkeiim. P. OcHOBBI I poBOIi anekTporuKky [1ep. ¢ Hem. — M.: Mup, 1988.-392 c.
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NCCIEAOBAHUE CIIEKTPAJIBHBIX XAPAKTEPUCTUKU
JJEKAPCTBEHHOI'O PACTEHUA OAYBAHYUKA, COBPAHHOI'O
B HEKOTOPBIX CTPAHAX

HHasnammamaoosa C. L. — accucmenm kagpedpwvt onmuxu u cnekmpockonuu THY
Hlykypos T. — 0.x.H., 3a8edyrowuii 1a60pamopuett MOaeKyI[apPHO
cnekmpockonuu PTH um. C. V. Ymaposa AH PT

Oxkosiornyeckre (aKTOpbl Ha MOBEPXHOCTH 3€MHOIO IIapa 3a IOCIEIHHE ecs-
TUJIETUSI CYIIECTBEHHO M3MEHWJINCh, CIIEAOBATENbHO, IPEACTABIISIET NHTEPEC UCCIIEIOBAHME
npoiecca 6uocuHTe3a U GOPMUPOBAHUS (PUBUKO-XUMUYECKUX KOMIIOHEHTOB pacTeHus. B
paboTtax [1-2] 6pUIM HccIeTOBaHbl COCTABHBIE YAaCTU (JIMCTHEB M KOPHEBUIIE) OAyBAHUYMKA,
CcOOpaHHbIE B HEKOTOpBIX peruoHoB Ta/ukukucTaHa. BpUlo yCcTaHOBIIEHO, YTO 3KOJIO-
ruyeckue (aKTOpUM MecTa NpOU3pacTaHUsl BIMSAIOT Ha Ipolecc OMOCHHTE3a W
dbopmupoBaHuEe (PUIMKO-XMMUYECKUX KOMIIOHEHTOB PAacCTeHHUs, O YEM CBHUAETEIbCTBYET
pazmuune otaenbHbiXx MK-monoc mnornomenuit mo (opMe TIOJIOKEHUH YaCTOTHI
MAaKCUMYMA (Vyake.) I THTEHCUBHOCTU.

Hacrosimas pabota mnocBsinieHa MCCIENOBAHMIO CIEKTPAIbHBIX IMOKa3aTelel
COCTaBHBIX YacTel (JIMCThEB M KOPHEBUIA) JIEKAPCTBEHHOTO PACTEHUSI OJyBaHUYMKA
(TaraxacumofficinaleWigg.), coOpaHHBIX W3 OTHAJEHHBIX MECTHOCTEH, OTIIMYAIOIIUECS
KJIINMAaTO-3KOJIOTHYecKuMHU (pakTopamu. OOpasubl OIyBaHUMKA IS UCCIIEAOBAHUS ObUIH
coOpanbl Bo Bpemsi 1BeTeHus. B Tamxukucrane u3 7 paiioHoB, Poccun — Kammmpckas
obmnacte, benopyccuss u3 okpectHoctedt r. MuHcka U I'epmMaHuu — U3 OKPECTHOCTEH T.
Jeinuura. 3anuce MK- cnekTpoB npoBoawnack metogoM TtabnetupoBaHus B KBr, B
cootHomeHnuu 8:600 mr B tuarna3one yactot 4000 — 400 cm-!, cormacHo [1].

ITpu unccnenoBanuu coOpaHHBIE B PA3HOM 3KOJIOTMUYECKON 30HE OOpasllbl JIUCTHEB
OJyBaHUMKA IIOKA3bIBAIOT BHEIIHEE CXOJCTBO, OJIHAKO CIEKTPbl OTIWYAIOTCA IO
MOJIOKEHUIO YaCTOThl MAKCUMYMA (Viake.), MHTEHCUBHOCTU U COOTHOUIEHUIO MHTEHCHUB-
HOCTEH MOJI0C norioleHuil. Bocex crnekTpax uccieqoBaHHbIX 00pa3lioB B 001aCTU YaCTOT
3800 — 2400 cm'! HabromarOTCs MUPOKAsT MHTEHCUBHAS T0JIOCA MTOTJIONIEHUSI, CBSI3aHHAS C
MOTJIONIEHUEM MEX - U1 BHYTPUMOJIEKYJISIpHBIX BogopoaHbIx cBs3eit OH — u CH — rpynn. B
00aCTU MAaKCUMyMa, B CIEKTPaX HEKOTOPBIX OOpa3loB HAOIIOAAIOTCS CleAbl cIaboro
pacliueryieHus, Ha ayOJeT U TPUIUIET, B criekTpe oOpasnoB u3 TaBuwibaape u MuHCKa Ha
HU3KO- U BBICOKOYACTOTHOM KpbUle nonockl OH — rpynm crieapl moioc mnorioueHus. B
crekTpax o6pasuoB u3 HMcrpasmana, cmabas mosnoca CH — rpynm, pacuierieHa Ha
MetrenbHble (CH3) u mermnenoBble (CH»z) rpynmbel. IlonoxkeHuss 4acToThl MaKCMMyma
kosnebanuii OH — rpyni 1u1st ucciieJOBAHHBIX 00pPA31I0B JIUCTHEB OJyBAHUMKA MEHSIOTCS OT
3220 o 3400 cm'l.

Bonee 3aMeTHble pa3nuuus B COEKTpax Mo (Gopme, COOTHOIIEHUHM UHTEHCUBHOCTEHN U
MOJIOKEHUU Vyaxc, HAOTIONAIOTCA U1 MOJIOC MOTJIOUIEHUHN, MPOSBISIOMIMNXCS B 00J1acTu
gactoT 1700 — 400 cM'!, T11e MpOSIBISAIOTCS B OCHOBHOM BajIeHTHBIE koyeOanus — C = O, —
C = C -, nedpopmanuonnsix konedanuit OH, CH — rpynn u ap.

Taxkum o6pazoMm, anamu3 WMK-CrieKTpoOB JMCThEB OAYBaHUYMKA, COOpPAHHBIX U3
Pa3HBIX PETUOHOB, TOKA3bIBAET, YTO MECTO MPOU3PACTAHUS BIUSAET HA MPOIlecC OMOCHUHTE3a
n  QopMupoBaHME  (PUIMKO-XMMHUYECKMX  KOMIIOHEHTOB  JIMCTbEB  OJYBaHYHKa,
CJIeIOBATEIIbHO, OHO MOJXET TaKXe OTpaxaThCsi Ha (PapMaKOJIOTMUYECKMX CBOMCTBAX
pacTeHusl.

JINTEPATYPA
1. T. llykypos, 3. M. XautoBa, AH. A. Ixypaes, P. Mapynos. ®opMupoBanmne BOJIOPOIHBIX
CBsI3eil B OJlyBaHUMKE JICKAPCTBEHHOM (taraxacumofficinalewigg) B 3aBUCHMOCTH  OT MeCTa UX
npouspactanus. JAH PT, T.50, Ne 4, 2007, c. 334-339.
2. P. Mapynos, T. Ulykypos, J.A. llykyposa, C.IL. [JaBmatmamanoBa. CHeKTPOCKOITMUECKHE
cBolicTBa MATHI asuarckoil (MentheasiatcaBoriss.) B 3aBHCUMOCTH OT MecCTa IPOU3PACTAHUS.
Hzeectus AH PT, 2011, Ne 1(142), ¢.39-46.
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HABJIOJEHUS KOMETBI C/2011 L4 (PANSTARRS) B TAJIVKUKNCTAHE

Hoaounos X. U. — 0.¢h.-m.1., npogheccop kagedpwt acmponomuu THY
bypues A. M. — cmapwuii npenodasamenv kageopwt acmponomuu THY

[Tosurmmonneie HaOmomenuss kometrsl C/2011 L4 (PANSTARRS) mposeneHbsl B
Iuccapckoit actpoHOMHMYECKOW oOcepBaTopur U MexAyHApOAHOW ACTPOHOMHUYECKOM
oocepBatopun Canrinox MWucruryra actpodumsuku AH PT B wmae-mrone 2013 .
OnpeneneHsl MOJIOXKEHUST U opOUTa KomeThl. OmpeneneH OJecK KOMETbl M IOCTPOEHA
kpuBas 61ecka koMeTsl B BVRI punbTpax. OlieHeH pazMep sipa KOMETBHI.

BJIUAHUE ITAPAMETPOB HAHOCTPYKTYP HA TEMIIEPATYPHYIO
SABUCUMOCTD U3JIIYYATEJ/IBHBIX XAPAKTEPUCTUK NTHXXEKLIMOHHbIX
JIABEPOB HA OCHOBE ACCUMETPUYHBIX 'ETEPOCTPYKTYP

Maxcyooe b. H. — k.¢h.-m.n1., 3a6. kagedpot sdeproit puzuxu THY,
Jorcypaes X. I, — k.¢h.-m.H., 3a8. Kaghedpwvl ebluuciumenvHole
mawunsl, cucmemol u cemu THY
Kapumos 3. /. — accucmenm kageopul 8bryuciumenshvie
mawunsl, cucmemot u cemu THY

NmxekImoHHbIe Ja3epbl HA OCHOBE HAHOCTPYKTYP HEYKIIOHHO BBITECHSIIOT Ta30BBHIE,
TBEPJOTENIbHBIE U JIPYTMe€ MCTOYHUKM KOTEPEHTHOTO H3IIyUYeHUs M3 BceX obacTedl ux
MPAKTUYECKOTO TpUMeHeHHsl. B mociennee BpemMsi TOCTUTHYTHI PEKOP/IHBIE PE3yTbTATHI 1O
YBEIIMYCHUIO ONTHYECKOW MOITHOCTH W3IYYCHHUs] OSTHUX Ja3epOB. OTU JTOCTHIKCHUS
0a3MpPYIOTCS Ha CHUKEHUH BHYTPEHHUX ONTHUYECKUX IMOTEPh B JIA3EPHBIX TETEPOCTPYKTYpax
pa3aenbHOro orpaHnyeHus. Jisi CHIDKEHUs BHYTPEHHUX ONTHUYECKUX IMOTEPh B Jazepax
pa3aenbHOrO OTPAHWYEHUs YBEJIUYMUBAIOT TOJIIMHY BOJHOBOJA JIA3€PHOU TIeTepoOCT-
PYKTYpbl. ECTeCTBEHHBIM OT'paHUYCHHEM TOJIIMHY BOJIHOBO/IA B CUMMETPUYHOM JIa3epPHOM
TETEPOCTPYKTYPE pPa3deIbHOTO OTPAHUYECHMS SIBIISIETCSI YCIOBHUE BO3HUKHOBEHHS MO/
BBICIIETO Mopsiaka. Jljis moaaBiaeHus: Mo BBICHIETO MOPSIKA UCIOJIb3YIOT ACCUMETPUUHYIO
TETEPOCTPYKTYPY, B KOTOpPOl aKTHMBHasg oOJIACTh CMEIEHA U3 IIEHTpa BOJIHOBOJA. B
ACCUMETPUYHON TeTepPOCTPYKTYpE CO CBEPXTOJICTBIM BOJHOBOJIOM YIA€TCS MOJaBUTh
TeHEepaIMI0 MOJI BBICHIMX TOPSAKOB 3a CYET pa3nuuus ¢(HaAKTOPOB ONTHYECKOTO
OTPaHUYCHUSI.

Omnoit W3 (QyHAAMEHTAJBHBIX TPUYMUH, OTPAHUYUBAIONINX MAKCUMAaJIbHO JOC-
TKUMBIE OTNITUYECKHE MOIMHOCTH B HEMPEPHIBHOM W HMMITYJILCHOM PEXUME TeHepaIln,
SBJISIETCSl TEIJIOBOM pAa30rpeB aKTUBHOM OOJIACTU. YCTAHOBJIEHO, YTO B HEMPEPHIBHOM
pexuMe TeHepallud pa3orpeB aKTUBHOM OOJIACTHM MPOTEKAIONIUM TOKOM OrPaHUYMBAET
MaKCUMAaJIbHO JOCTHMKHMMbIE ONTHUYECKHE MOIIHOCTU. PaHee HaMu ObUIO MOKA3aHO, UTO
CHIDKCHUE TEMIIepaTypHOU UYBCTBUTEIIBHOCTH IOPOTOBOM IUIATHOCTH TOKa SIBIISETCS
OCHOBHBIM DPBIUaroM YyBEIWYEHHUS MOIIHOCTA B HENPEPHIBHOM PEXKHUME T€HEPAIHH.
OnTuMu3upyst mapameTpbl TeTePOCTPYKTYPHI, MOXKXHO YMEHBIIUTh XapaKTePUCTUIECKYIO
temnepatypy To aTux nazepos [1-3].

N3BecTHO, 4YTO HamMuue aCUMMETPUU  yXYAIIAeT BOJHOBOJHBIE CBOMCTBA
TeTepOCTPYKTYpbl. B 3TOM ciy4ae MODKHBI HU3MEHSATHCS M YCIOBUS ONTHUMM3ALINH
MapamMeTpoB TETEPOCTPYKTYPHI, C TOUKU 3PEHUS TEMIEepaTypHOW 3aBUCHUMOCTH H3JIy-
YaTeIbHBIX XapaKTePUCTUK MHKEKIIMOHHBIX JIA3€POB.

B noxnane mpeactaBieHbl pe3ysbTAThl UCCIEAOBAHUS TEMIIEPATYPHON 3aBUCUMOCTH
M3ITy4aTeNIbHBIX XapPaKTEPUCTHUK MHOTOCIOWHBIX ACCUMETPUYHBIX JIA3€PHBIX TETEPOCT-
PYKTYp pa3neiabHOr0 OrpaHWYeHHs B cucTeMe TBepablX pacTBOpoB AlGaAs/GaAs/GalnAs
(mmHa BosHbI u3nyueHus: 1060 um). [Tokazano, 4TO B J1a3zepax HA OCHOBE aCCUMETPHUUYHBIX
TeTePOCTPYKTYP C MHUPOKUM BOJHOBOJOM ONTUMM3AILIUS IMAPAMETPOB OyIeT OTIMYATHCS
10 CPABHEHUIO C CHMMETPUYHBIMH T€TEPOCTPYKTYPAMHU.
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Crnucox nuTepaTypbl

1. MaxcynoB b.M. Marpuunsiii MeTon pacu€ra BIUSHHUS [apaMeTpOB CTPYKTYphl Ha
M3JIyJaTeNbHbIC XapaKTepUuCTUKU rerepoiiasepos / b.M. Maxcynos // Joxmaner AH PT. — 2012.
—T.55. Ne§. — C.631 — 637.

2. Ixypaes X.III. Meron wmonmymupyromux GYHKIUNA ¢ €ro NpUMEHEHHE TpH HN3yUYeHHH
BOJIHOBOJIHBIX CBOMCTB MHOTOCIONHBIX KBAHTOBOpa3MepHBIX rerepoctpyktyp / X.I1I. Ixypaes,
B.1. Maxcynos, 3./1. Kapumos // BectHuk TamkHKCKOro HAIlMOHAIIBHOTO YHUBEPCUTETA. —
2014r. — T.134. Nel/3. — C.70-76.

3. HxypaeB X.III. OOpatHBIe 3amauu MPH H3YYEHUH BOJHOBOIAHBIX CBOWCTB MHOTOCITOHHBIX
KBaHTOBOpa3MmepHbIX rerepoctpykryp / X.I. [Ixypaes, b.M. Maxcynos, 3.d. Kapumon
Hayuno - Texunyeckuii BectHuk [1oBomoxsst. Ne5. 2015r. — Kazans: — C.25-27.

TEOPUA TEHEPAIIUN ®OTOAKYCTUYECKOI'O (®A)-CUT'HAJIA B
CBEPXTEKYYEM I'EJIMM C ITOIJIOIHAIOIIENA ITOUIOKKOU

Oounos O. Ill. — K.¢.-m.H., Ooyenm kagpedpwvt meopemuueceoii usuxuii THY

B pabGote mpemimoxkeHa Teopus reHepauun Qortoakycruyeckoro (MA)-curHama B
CBEpXTEKydeM Teluu, Haxojsmemcs B PDA-kamepe, rae posib OydpepHOro rasa MOTYT
BBIMOJIHATh JIMIIb Mapbl TeIus, HO MPU 3TOM MOJJIOXKKA CUMTAJIACh MPO3PAUYHON IS
nazepHoro yyda. Llenbio janHOro cooOiieHus siBiseTcsa 0000IIeHne pe3yabTaTOB JaHHON
paboThI HA CiTy4ail MOTIOIIAOIIEH MOITTOKKH.

byaeM cuuTath, 4TO KIOBETA, 3aIlOJTHEHHAs cBepxTekyuuM renueMm  He-II,
COCYILECTBYET CO CIIOEM COOCTBEHHOTO TMapa, KOTOPBIM B JAaHHOM Cllydae UIPaeT poJib
Oydepnoro raza. I'a3 cuuraeM mpoO3payHbIM, a MOMJIOKKY moriowaroumeid. byrem
HCXOJINTh U3 CHUCTEMBbl YPABHEHUM, COCTOSINENH W3 YpaBHEHUS TEIJIONPOBOJHOCTH [IJIs
ra3oBOTO CJIOSl M MOJJIOKKH, a TaKKe BOJIHOBOI'O ypaBHEHHUs sl BToporo 3Byka (B3) B
He-II [1]:

oT, 0°T,
piCr 2t =, =, 0525l (1)
1 o°T 27
10T T 140 T oy )
; Ot 0z pC,u; ot
T, °T, A
,C, %sz%m.sﬁlloe%&, LI<z<—(+1), 3)

rae f=0.5p1,e"e”, I, i @ MHTEHCUBHOCTD U YACTOTA MOYJISALMH TTAJAIONIEro iyda, f3 -
KO09(p(QUIMEHT TIOTNIOMIEHUsS CBEPXTEKYUero remus; B, -Ko3(pQUIMEHT IIOTJIONIEHUS
nouokku K, 1 C,  KOIPOUIMEHTHI TEIUIONPOBOAHOCTH M yIENbHAS TEIMIOEMKOCTh

COOTBETCTBYIOLIUX CJIOEB.

Hnst coBMecTHOro peuienus (1-3) HeoOXOAMMO UMETh CEMb I'PAHUYHBIX YCIOBUM - 1IECTh
JUIS. TIpUpAILEHUs] TEMIIEPATYP U MMOTOKOB TEIUIa W OAHO JJIsl HOpMaJIbHOM COCTaBIISIONIEH
IIOJIS1 CKOPOCTEM:

oT, oT 09 or
g _ n _ _
Tyl =0, Ty|e0= T2 > Ky o |0 TR0 = 00 Z:_[’Tb sy =0 (4
_ oT, oT' o7,
RK] (T_Tb) z=—1 = _Kb L z=—] ° —-K z=—1 +ID0TOG()19”Z =] = _Kb . 9 (5)
0z z 0z |,_,
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rae R, - conporusnenne Kamumupsl. Cucrema (1-3) mo3BossieT vccie10BaTh OCOOEHHOCTH

@DA- curHama B CBEPXTEKY4YeM TeIMHM C TOTJIOMIAMOMENH MOMIOKKOW. OTINIUTETbHOM
YepTO MaHHOW MOCTAHOBKM 3aJaud SIBIISIETCS TO, YTO MPH 3TOM MOXXHO OTPAHUIUTHCS
CITa0BIMM UHTEHCUBHOCTSIMHU JIA3€PHOTO JIy4a.

1. CamuxoB T.X., Omgmio O.II. OcobeHHOCTH TeHepaluu (HOTOAKYCTUYECKOTO CUTHAjIa
ceepxrtekydero remus. //JJAH PT. -2009. -T.52. - N9. —C. 688-696.

PACYET KO9®OUIHUEHTOB BA3KOCTU BOJAHbIX PACTBOPOB
AJIEKTPOJIMUTOB C YYHETOM JUIIOJIB - AUITOJBbHOI'O B3BAAUMOIENCTBUSA

Oounaes C. — axademuxk AH PT, 0.¢h.-m.H., npogheccop, suye-npesudenm
Axademusn nayk Pecnyonuxu Tadxcuxucman,
AK00008 JI. M. — K.¢h.-m.1., doyenm kaghedpuvl ooweti puzuxu THY

N3yueHnto CTpYKTypbl KUAKOCTEM M HMX pacTBOPOB, SBIECHUN IIEpEHOCA U
MEXaHU3Ma pEIaKCAUUOHHBIX IPOLECCOB, IMPOTEKAIOUINX B HHUX, IOCBSIIEHO MHOTO
TEOPETUUECKUX M OIKCIIEPUMEHTAIbHBIX paboT. BaxkHyro wuHpOpMaAlMIO O KHHETHKE
HEOOPATUMBIX MPOIECCOB B KHUIKOCTSIX U PaCTBOPAX IEKTPOJUTOB JAIOT KOIDPUIIUEHTHI

CIABUTI'OBOM 1) M OOBEMHOH 1], BSI3KOCTH, & TAKXKE CIABUIOBOM 4 U 00BeMHON K Moayinein
YIPYTOCTH.

B [1,2] nmony4eHo BeIpakeHHE 711 KHHETUYECKUX KOI(PQUIIMEHTOB CIBUTOBON 1, U
00BEMHOM 7], BS3KOCTH, KOTOPBIC OMPEICISIOTCS TOCPEACTBOM MOTEHIMAIa SHEPTHUS
B3anmozeiicteust @, (|7 |) u panuanpHOil ¢yHkumu pacnpenenenus g, (|7 |). B [2,3], npu
ontuMaibHoM BbIbope D, (|7|) m g,(|7|), TpoBemeHBI UUCICHHBIE pPACUYETHI 3TUX
ko3¢ ¢uIreHToB s BogHbIX pacTBopoB NaCl B mpubmmkenun teopust Mak-MwuntaHa-
Maiiepa. Bxnan pactBoputenss B Ko3QPUIMEHTHI 1y U 1], YYUTHIBAE€TCS MOCPEACTBOM
ko3(dumuenTa IUIIIEKTPUUECKOW IMPOHHMIAEMOCTH &£  PACTBOPUTENISA, a TaKxke
Ko3(puiueHToB Tpeus [, U [,U0HOB copTra a u b. OgHAKO B peajbHON MoOjeH
pacTBOPOB 3JICKTPOJIMTOB MEXKIY CTPYKTYPHBIMU €IWHUIIAMU €I¢ HMMEIOTCS HWOH-

JUITOJIBHBIC N JUITOJIb-IHUIIOJIBHBIC B3aHMOHCﬁCTBHH.
HCHBIO HaCTOAIICTO COO6HICHI/IH ABJIACTCA IMPOBCACHUC YUCIICHHBIX PACUCTOB IJIA

Ko3(ppuimeHToB ng M 1, MNodydeHHBIX B [1,2] ¢ yuyeToM Hambosee IOJHOrO ydera
b

B3aUMO/JICUCTBUS MEXAY CTPYKTYPHBIMHU €IWHUIAMH pPACTBOpPA, T.€. MOH-UOHHBIX, WOH-
JIUIIOJIbHBIX U JUIOJIb-IUIIONbHBIX B3auMoAeUCcTBUN. [1orydyeHHbIE pe3ysIbTaThl HAXOISTCS
B YAOBJIETBOPUTEIILHOM COTJIACUU C 3KCIIEPUMEHTAJIbHBIMU JAHHBIMU.

Jlutnpatypa
[1] OmunaeB C., AnxamoB A.A. MonexyasipHas TEOpHsl CTPYKTYPHOM pellakcanuu ¥ SIBICHUH
repeHoca B KuUAKocTsaX. — Jymanoe: Jonum, 1998. -230 c.
[2] Omunaes C., Axkmonos .M. // Kypuan ¢pusmueckoit xumun, 2013, Tom 87, Ne7, c. 1154-1159.
[3] OmunaeB C., Axmonos /., lllapudor H., Mupzoamunos X. // KyprHan ¢puznueckoil Xumum,
2010, 1.84, Ne6. c. 1063-1068.
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TEHAEHIIUSA N3SMEHEHUS TEPMUYECKOI'O PEXUMA U
BJJAT'OOBECIIEYEHHOCTU ITAMUMPA 3A TIIEPHUO/ 1960-2015

Mupszoxonosa C. O. — accucmenm kageopwvt memeoponouu u Kiumamonoeuu THY

DOnoxa W3MEHEHUsI KiIuMaTa Hadajgack okoio 150 rjer Ha3zaa, CMEHUB Tak
Ha3bIBAEMBIN «MaJblii JIGAHUKOBBIN Meproa». PocT riaobaapbHON TeMIepaTyphbl BO3ayXa B
MOCJIeTHEe CTOJIeTHE cocTaBWI uyTh Oounbie 0.79C. Ognako 3a mocneaune 30-40 et 3ToT
pocT ycunmwics. B TOT ke mepuo 0TMEUeHO MOBHIIIeHHe ypoBHSI MupoBoro okeana Ha 1.7
MM B roJ1 B XX BeKe, HO B TIOCIIEHUE IECATUIICTHS TTOBBIIICHUE YPOBHS MOPS YCUIUIOCHh U
nocturiio ceiiyac 3 MM B roa. [IpwumHBI 3TOr0, OYEBUAHO, CBSI3AHBI C TOBBIIICHUEM
TEMIIEpaTypbl, KOTOpOE, C OJHOW CTOPOHBI, BEAET K PACIIUPEHHUIO0 TETUICIOIIEH
MMOBEPXHOCTHOM TOJIIIM OKEeaHa, a C IPYTrOi — BBI3bIBACTCS TAsTHUEM JICITHUKOB U TEM CAMBIM
YBEJIMYEHHEM MMPUPOCTA BOJIbI B OKeaHe[1].

M3ydyeHne pervoHanbHBIX KIMMATHYECKUX W3MEHEHM Ha (OoHe TJI00aJIbHOTO
MOTEIUICHUs KJIUMaTa B COBPEMEHHBIN MEPHOJ UMEET OOJIBIIOEC HAYUHOE M IPAKTUUECKOE
3HAUeHHE. DJTa 3ajJaya OCOOEHHO aKTyaJibHa B OTHOIIGHMHM TeMIepaTypbl BO3AyXa U
OCaJIKOB, OTJIMYAIOIINXCS M3MEHUMBOCTHIO BO BPEMEHM M MpocTpaHcTBe. CoIocTaBlIeHUE
JIAaHHBIX MHOTOJICTHUX HAOJIONEHUN 3a KIMMaTHYeCKUMH Iapamerpamu [lammupa.
HccmenoBanue TEpUOINYECKUX W3MEHEHUH IPEICTaBIISET OOJBIION HHTEPEC C TOUKHU
3peHHUs] TPOTHO3WPOBAHMS OYIyIIMX IPHUPOJHBIX YCIOBUH Ha W3MEHEHHE JpPYTIHX
KOMITOHEHTOB TIPUPOTHOM CPEIbI.

M3ydyeHne mPOCTPAHCTBEHHBIX U BPEMEHHBIX OCOOCHHOCTEH W3MEHUYMBOCTH
TEMITepaTypbl BO3AyXa U OCaAKOB Ha Tepputopuu [lamupa mmeeT OOJIbIIIOE 3HAUCHHUE HE
TOJIBKO ISl pa3paOOTKH PErMOHANIPHBIX CIICHApUEB OYAYIUX W3MEHCHUN KiIMMaTa, HO
TakkKe JUIS PEIICHWS psAga MPaKTUYECKUX 3ajJad, CBS3aHHBIX C palllOHAIbHBIM
HCIIOJIb30BAHUEM arpOKINMATHYECKUX PECYPCOB U COCTOSIHUEM OJICACHEHUSI.

AHanu3 JaHHBIX CTAHIIWM, PACIOJIOKEHHBIX Ha Tepputopuu Ilamupa, 3aBUCHUT OT
($U3UKO-reorpaMIecKoro MxX pacloJIOKEHUS W BIMSHUS ITUKIMYHOCTH. MccnemoBaHue
TEMITepAaTyPHBIX JaHHBIX ITOKA3bIBACT POCT TEMIIEpATypPhl BO3/IyXa, KaK IO BBICOTAM, TaK U
10 IIUPOTAM, HO 3TH U3MEHEHHS pa3IMIHbIC B 3aBUCUMOCTH OT oporpadun mectHOocTH. Ha
Tepputopuu BynyHKyIsS n AMUIbKyIIsS TeMIepaTtypa Bo3ayxa MOHMKAETCsI, BO3MOXKHO, 3TO
OOBSICHAETCS TE€M, YTO 3TO MECTO PACHOJI0KEHO B KOTJOBHHE, W XOJOMHBIA BO3AyX
MOJITEKaeT B JOJIMHY OOJIbIIIE 3a CUET CBOErO Beca, W IO3ITOMY TemIepaTypa B 3TOH
MECTHOCTHU JiaeT nmoHmwkeHue. Eciau qis temnepaTtypHoro ¢oHa BCe UJIET B CTOPOHY pocTa
Ha TEPPUTOPHH, TO OCAJIKU OYEHb HEOJTHO3HAYHBI U MX U3MEHEHUE 3aBUCHUT OT OpoTrpadun
Y TUKJIUYHOCTU BO3YIIHBIX MAcc, KOTOPBIE JTOCTUTAIOT BEICOKOTOpHOE aTo I[Tamupa. Ha
BeicoTax oT 1000 1o 2100 MeTpoB HaJl YPOBHEM MOPSI KOJMYECTBO OCATKOB BO3POCIIO OT
6.2% no 14,0%, ot BbIcOTHI 2500 10 4000 KOMMYECTBO OCAKOB YMEHBIIWIOCH OT 5,1% 10
50%, 3a uckmouenue Illaiimaka u MpxTta, 37eCh KOJIMYECTBO OCAJIKOB yBEIWYMUIIOCH Ha
12,5% B UpxTe u [aiimake Ha 34,8%. Ha BricoTe 4000 KOIMYECTBO OCAIKOB BO3POCIIO HA
3,6%.

[TorerieHne npuBEeAET K TOBBIMICHUIO YPOBHS PEK, TasSHUIO JICIHUKOB, HO
TMOHUXKAETCS 3aI1ac MPECHOU BOJBI.
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1. Kotmsiko B.M.. UTorn MmexxayHapoiHOro NOISIPHOTO roja ¥ mpodiieMa n3MeHeHU !
oneneHeHns B Apkruke. 2009r.
2. Mereoponoruyueckue AaHHbIe cTaHIMi 3a nepuoj 1960-2014rr.

PAANALIMOHHO-AKYCTUYECKHUE METO/Ibl NCCIIEAJOBAHUSA
KOHAEHCHUPOBAHHBIX CPE/

Xooorcaes FO. I1. — K.¢.-m.n. accucmenm xkagheopowt sioeproii ¢pusuku THY

UccnenoBanue B 001acTH paJUallMOHHON aKYCTUKH OTKPBIBAET HOBBIE BO3MOX-
HOCTHU B M3YYEHUH CAMOTO MPOHMKAIOLIErO0 U3IyYeHHUs! (aKyCTUYECKOE NEeTEKTUPOBAHUE U
paIvallMOHHO AKyCTHYeCKasl JO3UMETpPHsl), B MCCIEAOBAHUU (PU3NUYECKUX IMapaMeTpOB
BellleCTBA (paAuAllMOHHO-AKyCTUYECKAass MUKPOCKONUS), B PEHIEHUH HETPAIUIIMOHHBIX
NPUKJIAJHBIX 33a7a4y Hepa3pyllalollero KOHTPOJS (paguallMOHHO-aKycThuecKas aedex-
Tockomnust M Bu3yanuzanusi). [losBIsSOTCS Takke YHUKaJIbHbIE BO3MOXHOCTU HAIpaB-
JICHHOTO PaJMaIllMOHHO-aKyCTHYECKOTO BO3/IEHCTBHUS HA (PU3NKO-MEXaHMIEeCKHe CBOWCTBA U
XMMUYECKHeE TTapaMeTphl BemecTBa[1].

Hccnenosanue paavalMOHHO-aKyCTUYeCKNX 3(p(EeKTOB ObUIM CTUMYJIMPOBAHBI
[JIABHBIM 00pa3oM MporpeccoM B oOJIacTU (PU3UKHM BBICOKHX SHEPTHH W 3JIE€MEHTapPHBIX
YacTHII.

OnHMM W3 YHUKaJIbHBIX SIBJICHUN MPHU MOTJIOLIEHUHA IPOHUKAIOUIETO H3IIy4YECHUS
SBJISIETCS] BBIIENICHUE TEIUIa, KOTOPOE PA3IMUYHBIMHU CIIOCOOAMU IPEBPAIIAETCS B 3HEPTHUS
3BYKOBBIX BOJIH. [Ipoiiecc o6pa3oBaHust U pa3BUTUS HEPIreTUUECKOTO TPEeKa B TBEPIbIX
TeJax OMUCHIBAETCS B paMKax JABYXTEMIIEpATYPHON MOJeIu (MOJEIb TEPMUYECKOTO MMHKA).
B BoxaT Temmepatypy pemieTku 1M 3JEKTPOHHOIO rasa 71, M pelarT CUCTEMY JBYX

HEJIMHEMHBIX ypaBHEHUH TEIIONMPOBOJIHOCTU, KOTOPHIE B IIIMHAPUUYECKUX KOOPAMHATAX
UMeIoT BUI:[2]

o, 10T, 0T, o°T,
+ +

C =) (- —o(T —T)+ A (r,z,t 1
e at e(r a]’ 0r2 azz) g( e z) e(r Z ) ( )
oT 10T &*T O°T
C LA (——t+—L4 =y o(T -T 2
>y ,(r o o aZz) g(T,-T) ()

I'me Ci u C. ynenbHblE TEIIOEMKOCTH pELIETKH U JIEKTPOHHOTO Tasza AU

A, TeMIIepaTypOIPOBOIHOCTh 3JIEKTPOHHOTO ra3a M PeIIeTKH, g-MMOCTOSHHAS 3JIeKTPOHHO-
(h)OHOHHOTO B3AUMOICHCTBUSI.
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A (r,z,t)=b,S,.,(2) exp(— (tz_—tg)zj exp(— L] (3)
o

t

OObEMHAas MIIOTHOCTh YHEPTOBBIIETICHUS.

HyXHO OTMeTHTh, YTO pacyeT TeMIepaTypHOro TOJsl B TBEPAbIX Telax IMpH
00JIy4yeHNH MOHHBIMM MYYKaMM SIBJISETCS IJIaBHOW 3ajaueid, 0 TaKXke ee paclpeielieHue,
KOTOPOE SIBJIAETCS PE3YJITATOM HACTOSIIENH PAOOTHI.

1. bomikoBckuii M.A., BonoBuk B.JI. Bo30yxneHue yiITpa3ByKOBBIX BOJH IpH
MPOXOKACHUH OBICTPBIX 3JIEKTPOHOB uepe3 metasnt. // [Tucema B XKOTD. 1971. T. 13. Nel0.
C. 546-549.

2. Karanos M.W., Jlupmuu M. M. Tanatapos JI.B. Penakcanus mMexay 37eKTpoHaAMU U
pemretkoi. // KKOTD. 1956. T. 31. No2(8). C. 232-237.

APPLICATION OF REMOTE SENSING AND GRASS GIS MODELLING FOR RISK
ASSESSMENT AND RISK MANAGEMENT OF DEGRADATION OF GLACIERS OF
THE VAKHSH AND ZERAVSHAN RIVER BASINS OF TAJIKISTAN

Parviz Normatov
Tajik National University

In the Central Asia (CA), glaciers promptly thaw. Under the threat of disappearance,
there were more than one thousand objects. Water reserves in glaciers of CA were reduced
more than by a quarter. According to observation for the last 60 years average annual air
temperature in the country increased on 0,5-1°C. Thefore in mountain regions of the
country intensive thawing of snow and glaciers of that loss by Tajikistan already more than
one thousand glaciers is result is observed. According to expert estimates, in middle and a
long-term outlook it can lead to reduction of a river drain which consequences are fraught
not only for Tajikistan, but also for all region. Climate change also promotes increase of
the natural disasters which are followed considerable economic, and sometimes and human
losses. Over the last ten years, the natural disasters connected with water caused damage to
national economy of more than 1 billion US dollars and claimed hundreds of human lives.
Only in Tajikistan where about eight thousand glaciers now are, ice educations lost a third
of the area. For example, Garmo glacier became seven kilometers shorter. Now this glacier
recedes with a speed of nine meters a year, and its surface annually due to thawing settles
on four meters.Many smaller glaciers or those located at the lower altitudes have reduced
and many of them have melted due to warming. For instance from 1927 to 2010, the
Zeravshan glacier has retreated by 2.5km (10% in length), while the small glacier
'Diakhandara’ (less than 1km ) located at the upstream of Karatag river has fully melted.
The Abramov Glacier (area: 22.9 km), located in the areca of Kyrgyzstan's bordering
Tajikistan (upstream of the Vakhsh river) is considered to be representative of glaciers in
the Pamir and Gissar- Allay. From the start of observations, it has continued to reduce
whilst its annual balance was mainly negative with a loss of ice being observed. From the
middle of 20th century up to beginning of 21st century (2003-2010) the area of glaciers in
the Vakhsh river basin, including upstream of the river in Kyrgyzstan, has reduced from
3,700 km to 3,200 km (between 7.5% to 10% according to different sources). While the areca
of glaciers in Pyanj river basin, including feeder glaciers in Afghanistan, has reduced from
3,900 km to 3,600 km or from 8.5% to 15% according to different sources. The current area
of glaciers of Gissar-Alay within Tajikistan is approximately 500-550 km which is a
reduction of 20-25% during the period covered. This is similar to the trends observed in
southwestern Pamir. If the dynamics described above continue and considering the impact
of climate change, it predicted that the area of glaciers could reduce by 40-50% in Vakhsh
river basin and by 60-70% in Pyanj river basin. Altogether, this a reduction in the area of
glaciers by 3,500 km — 4,000km. Estimating the loss in the volume of glaciers is a
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challenging task given the insufficiency and lack of reliability if the data. In the middle of
20th century, the volume of glaciers in Vakhsh and Pyanj rivers was estimated at more than
400km. By the middle of this century, assuming that the temperature will increase by 2°C
and that there will not be any changes in the type and amount of precipitation, the volume
of ice in upstream of Amudarya River could reduce by 50%. Some models suggest that the
temperature increase will exceed 2°C and this will result in even faster melting of glaciers. In
view of the degradation and intensive melting of glaciers, river discharges have increased by
5% and even more in glacier and snow fed rivers.

It should be noted that the early 2000s were not conducted systematic aerial visual
observations of glaciers in the basins of the Vakhsh and Zeravshan rivers and currently
there is no new data. This complicates the forecasting of processes of formation of river
runoff of the rivers and accordingly planning the development of industries and agriculture.

BOJIHBI CTOK PEKU 3EPABIIIAH U EE ITPUTOKOB B YCIOBUAX
MN3MEHEHUSA KIMMATUYECKUX YCJIOBUUAU

Kypoanos H. b. — K.¢.-m.H., 0oyenm kagpedpwvl memeoponocuu u kKaiumamonoeuu THY
Hopmamos I1. U. — accucmenm xagheopvl memeoponoeuu u kaumamonocuu THY

Peka 3epaBmian - OaWH W3 MPUTOKOB TPAHCIPAHUYHOU peku Amymapbs, ¢op-
MUpYIOIIAsCsS Ha TeppuTOpuH TaKuKkncTaHa u nportekatomas B Pecrryonuky Y30ekucraH.
[Tpu cpenmnem MHOroeTHeM pacxonae 158 mM3/cek cpeqHEeMHOTOJIETHUI O0BEM CTOKA pPEKH
3epaBIaH COCTABIISIET OKOJIO 5 KM3. MOHUTOPUHT METEOPOJIOTHIECKUX YCIIOBHA OacceiiHa
pexku 3epaBIlaH W THAPOJOTHYECKHE TapamMeTpbl PEeKu Ha TeppuTopuu Pecrybmmku
TamKUKICTaH TPOBOSATCS HA YETHIPEX METEO- U MSATU TUAPOJIOTUYECKUX CTaHIMAX. HbrHe
(YHKIIMOHUPYET JIUIIH TOJIBKO THAPOJIOTHUECKUI TToCcT Jymymu.

OOmas miomaae ojeneHeHus OacceitHa pexu 3epaiiaH coctaBisier 437,9xm2. Cpenu 632
JIEAHUKOB OacceifHa Hanbosiee KPYIHBIM SBIISIETCS JIGAHUK 3epaBIlaH ¢ JIUHOMN 27,8 KM U
wiomaneo 132,6 km2.

CormacHo AreHTCTBY o rugpomereoposiorun Pecnyonuku Tamxukucras, 3a 0olee
60-tunernnit  mepuon  (1927- 1991 rr) npousouUIM  CYHUIECTBEHHbIE HW3MEHEHUS
FEOMETPUUYECKUX PA3MEPOB, MOTEPs MacChl JeaHUKa 3epaBiiaH. Tosbko 3a nepuoa 1991-
2009 rr JegHUK OTCTYMAJ €KEroJHO B cpeaHeM Ha 88-94 M u ero Iiomaab COKpaTUIach Ha
700 ThIc. M2, a kK 2050 roay oxumaercs ero cokparienue Ha 30-35%.

Llenpro Hacrosimeld paOOTHI SIBISETCS PENPE3CHTATUBHBIA aAHAIN3 METEOPOJIOTUUYECKUX
ycloBUi OacceliHa peku 3epaBllaH U MOHUTOPUHI H3MEHEHHMSI O0beMa CTOKa PEeKU
3epaBiuan u ee mpuToka pexku Arnoo 3a nepuoxa 1931-2011 rr.

B paboTe ObUIM UCIIOIB30BAHBI METEOPOJIOTUUECKHE JaHHbIe cTaHIMi JlexaB3, O6JIM3KO
pacnojioKeHHbIe K JeAHUKY 3epaBiiaH, u Mckannepkynb B OacceiiHe pexku SIrHoO 3a
nepuona 1931-2011rr.
bruto obHapyxeno, uto nepuoa 1931-1961 rr xapakrepusyeTcsi HOHUKEHHBIM 3HAYEHUEM
TEMIIEpaTypbl B palOHE pACIOJOKEHUs JIeAHUKA. PaccMOTpeHHBI mepuoj; Xapakre-
pusyeTcsi OOWIBHBIMU aTMOC(EPHBIMU OCaJIKaMU B BUJIe TBepIoH (a3bl (Ha BbICOTE Ooee
2500 M ocaiku BRINAAAIOT TOJBKO B BUJE CHETa). TO JA€T OCHOBAHUE MPEIIOIOKUTh, UTO
nepuon  1931-1961rr  xapaktepuszyercss  OJIarONPUSTHBIMH  METEOPOJIOTUUECKUMU
YCIIOBUSIMU ISl HAOOpa Macchl JIETHUKA. TpeHn U3MeHEeHUsI TeMIlepaTyphl MEpUoIa
1981-2011 rr. mposiBIsS€T COBEPIIEHHO MPOTUBOIOJIOKHBIA XapaKTep MO CPABHEHUIO C
nepuoaom 1931-1961 rr. KonndectBo atMocepHBIX 0CaIKOB IIPH 3TOM COXPaHSET TOYTH
CBO€ HEM3MEHHOE 3HAUCHHE.

N3zmenenne Temnepatypsl 3a nepuosa 1931-1961rr B 6acceitne peku AATHOO coXpaHsieT cBOe
MOYTH HEM3MEHHOE 3HAYeHUE M KaK B cliydae OacceiiHa peku 3epaBiiaH B mepuon 1981-
2011rr HaGIr01a€TCS €€ 3HAUUTEIbHBIN POCT.
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bruto oOHapykeHO, yMEeHbIIIEHHE pacxoa BOAbl peku 3epaBiuaH B nepuoa 1931-1961
IT U Nepexo]l Ha 3HAYUTEeIbHbIA pocT B nepuof 1981-2011 rr. YcraHoBiIeHO coKpalleHue
o6bema croka ¢ 6,08 km? mepuoma 1931-1961 rr no 5,36 xm3 B mepuos 1981-2011 rr.
Takum 00pa3oM, O HECOOTBETCTBUU JMJAHHBIX ATEHTCTBA IO THIPOMETEOPOJIOTHI
Pecnybnuku  TakukucTaH 1o Aerpajallid  JIeIHMKAa 3epaBIllaH M Pe3yIbTaTOB
METEOPOJIOTUYECKUX HAOIIOAEHMI
MO>KHO F'OBOPUTH TOJIbKO 3a 1931-1961 rr.

MN3YYEHUE ITPOLHECCOB ITEPEHOCA B3BEHIEHHBIX HAHOCOB 1
N3MEHEHUS THAPOJJOT'MYECKUX XAPAKTEPUCTUK ITPUTOKOB PEKUA
BAXII B 3ABUCUMOCTU OT METEOPOJIOTNMYECKUX YCJIOBUU

Mymunos A. O. — accucmenm xaghedpvl memeoponoeuu u kaumamonocuu THY
Hopmamos I1. U. — accucmenm kaghedpwi memeoponozuu u kaumamonocuu THY

CornacHo pe3ylbTaTaM MEXIYHApOJIHBIX SKCHEPTHBIX OLIEHOK, B Ta/KUKUCTaHE
CPEIHEroJI0OBOM CTOK HAHOCOB Ha OOJIbIIEN YacTU TEPPUTOPHUHU CTPAHbl BApbUPYETCS B
npenenax ot 20 mo 500 1/km2B ron. OgHNUM M3 HanboJee XapaKTePHBIX 0ACCEHHOB 30HBI
dbopmupoBanus croka llenrpanpHoit Asum (ILIA) sBmsercs OacceitH p. Baxm, dJacTe
TBEPIOr0 CTOKAa KOTOPOW 00pa3yercs 3a CYeT pyCIOBOM 3pO3MH, pa3pyliaronieil oepera u
JTHO PYCell peK.

N3mepenne B3BElIEHHBIX HAHOCOB peku Baxmr ¢ Havana 50-X rogoB MPOIILIOro
CTOJIETUS [0 HACTOSIIIErO BPEMEHUM TMPOU3BOJWIOCH B OCHOBHOM Ha  Tpex
rugpomMereoposornyeckux craHuusx Tytkayn, Capury3zap u Yopcaga, KoTopoe, K
COXKQJIGHUIO, W3-32 TEXHUYECKUX U THIPOMETEOPOJIOTUYECKHUX TMpodieM ux (QyHK-
LUMOHUPOBAHUSA HE SBISIIOTCA  HempepblBHBIM. (Oco0oe BHHMMaHME K IpolOieme
KOJIMYECTBEHHOT'O OIPE/IeNIEHUs B3BEIIEHHBIX HAHOCOB B TOPHBIX BOAHBIX apTEPUSIX MPEKIE
BCEro OOYCIIOBJIIEHO TEM, UTO B3BEIIEHHbIE HAHOCHI SIBJISIOTCS KJIIOYEBBIM (DAKTOPOM,
onpeaeysitoliuM  3((HEKTUBHOCTh BOJOXPAHWIUIL M COOTBETCTBEHHO 3HEProoTaavy
TUAPOTEXHUUYECKUX COOPYKEHUM, MPUBSI3aHHBIX K HUM.

CrpourenbctBo Hypekckoil iotunbl 66u10 Hayato B 1961 roay u B 1979 roay yxe Obu1
JIOCTUTHYT ypoBeHb BoAbl 890 M, a orMmerka HITY (HOpmanbHBI NOANOPHBIA YPOBEHB),
paBHas 910 M, ObL1a TocTUTHYTA B ceHTs10pe 1983 rona.

I[TpoGneme  3amnenuss  Hypekckoro  BOJOXpAaHWIMINA,  KOJUYECTBEHHOMY
OIPEAEIICHUIO TOTOKA B3BEILIEHHBIX HAHOCOB peKkH Baxi nocssiieHs! psig padot [4, 10, 11].

Hacrosmmit pazgen paOoTsl HallpaBieH HA CUCTEMATH3AIMI0 UMEIOLIUXCS JAHHBIX
10 B3BELIEHHBIM HaHocaM peku Baxm wu omnpeaenenue BiausHus Hypekckoro
BOJIOXPAHWINILA HA CTOK B3BEIIEHHBIX HAHOCOB M TEHJCHIIMIO 3aUJIEHUS] BOAOXPAHUIIUIIA
3a nepuon 1950-1980 rr.

B pabote ObUIM HCHONB30BaHbl JaHHbIE ATEHTCTBA IO THUAPOMETEOPOJIOTUHU
Pecniy6mku TaI)KMKHUCTAH MO OMNPEETICHUIO0 CTOKAa HaHOCOB 3a rnepuof 1950-1980 rr Ha
cranuit Tytkayn, Hopcana u Capurysap 6acceitHa pexu Baxii.

bruto 0oOHapyXkeHO, YTO CpEIHEMECSYHOE 3HAUEHUE B3BEIICHHBIX HAHOCOB PEKHU
Baxm nepuoaa 1952-1966 rr sBisieTcss BBICOKMM INPH MAaKCUMAJIbHOM MNAaBOAKE PEKH B
aBrycre Mecsime u cocrasiser Ooinee 10* kxr/cek. [lamee 3Tm 3HAYEHHWS TMOCTENEHHO
ymenbliatorcs oT Tytkayna go Capuryszap. CpeaHee 3HAYEHHUIO B3BEIIEHHBIX HAHOCOB
nocie 1975 rona Ha crammu Capurys3ap oTpaXaeT UMEHHO MPOLECC HAKOIUJIEHUsT HAHOCOB
BOJIOXPAHWIHILIEM.

CornacHo pe3ynbTaTaM U3MEPEHUI KOJMYECTBO B3BEUIEHHBIX HAHOCOB peku Baxi
Ha craHuun Capuryszap 3a nepuon 1975-1980 rr xapakrepusyercs MNPOSIBIEHUEM ABYX
MaKCUMYMOB, COOTBETCTBYIOUIMX MAal0 MW aBryCTy MecsiiaM. Ha mepBwlil B3IUIsiI, MOXKHO
MPEAIOI0KUTh, YTO OHU COOTBETCTBYIOT OOMJIBHBIM OCaJIKaM B OacceilHe peKu B Mae U
TasIHUIO CE30HHBIX CHEr'OB U JIETHUKOB OacceifHa pexku Baxiil B aBrycre mecsie.
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BJINAHUE TEMIIEPATYPbI 1 OCBELILEHHN I HA XAPAKTEPUCTUKU
IJIEHOK TEJUTYPUIA KAIIMUSA

Hasnamos M. M. — accucmenm xkagheopol ¢husuueckoit snexkmporuxku THY
Oounaes C. — accucmenm Kageopwt ghuzuueckoti snekmponuxuu THY
Axoobuposa A. T. — k.¢h.-m.H, doyenm kagedpwvt pusuneckoii snekmponuxu THY

Cpenu moJiympOBOJHHMKOBBIX MAaTEpPHAJIOB C MOJMKPUCTAIUIMYECKON CTPYKTYypOH
Hanbojiee MHTEPECHBIM OOBEKTOM SBJSETCA TeUTypua Kaamusa. W3MmeHsisi pasmep
KPUCTAJUIUTOB, a TaKXe PEryIupys MEKKPHUCTAJUIMTHBIE T'PaHULIbl, MOXXHO IOJYYUTh
TUIEHKU C PAa3JIMIHBIMU TEKTPOPU3MUECKUMU CBOWCTBAMM.

N3rorosienune mi€HOK HEOOXOIUMOM TOIIINHBI C PETYIUPYEMOM CTPYKTYpPOM IMyTEM
BbIOOpaA pEeXMMa HANBUICHUS] CO3MAET MEPCHEKTUBY ISl CO3IaHUSA psAa NpUOOpPOB Ha
ocHOBe noJimkpuctaumyeckoro CdTe.

B paGore mnpuBeneHbl pe3yiabTAaThl HUCCIEIOBAHUS BIUSHUSA TEMIIEPATYPhl U
OCBEIIEHUsI Ha XapaAKTEPUCTUKHM IUIEHOK TEIUIypuaa KaJaMHs, IOJYUYEHHbIX METOJ0M
BaKyyMHOT'0 HambuleHHs Ha moaoxku Si u CdTe B kBazuzaMkHyTOM 00BEMe. TommmHaa
TUIEHOK, ONpenei¢HHass MpU TOMOIM HWHTEPPEPEeHIIMOHHOTO MHUKpockona MUM-9,
cocraBimia 50-120 MKM. YCTaHOBJIEHO, 4YTO Ha KadyecTBO IUIEHOK 3aMETHO BIIUSET
TeMIlepaTypa MOAJI0KKHU, CTEHOK KBa3U3aMKHYTOTO 00bEMA U UCTIAPUTES.

VienbHOE CONMpPOTUBIIEHHE HCCIEOBAHHBIX IUIEHOK cCOCTaBaanmo ~10°  om-cMm

OTxur 1i€HOK B Mapax KaJMUs MPUBOAUI K COBEPIIEHCTBOBAHUIO UX CTPYKTYpPbl U
YMEHBIIECHUIO YJIeJIbHOTO CONTPOTUBIIEHUS O0JIee UeM Ha MOPSIO0K.

HccnenoBanbl  BONBT-aMIIEPHBIE  XAPAKTEPUCTUKUA  CTPYKTYp HAa  OCHOBE
MOJIMKPUCTAJUIMYECKHUX TUIEHOK TEJUTyPHUIA KaIMUsI B TEMHOTE U MPU OCBEIICHUU.

C pocroMm TemIiepaTypbl MOIOKKH MPU TMOJYYEHUU IIEHOK TeUIypuaa KaJIMus
yBEJIMYUBAETCS UX (DOTOUYBCTBUTEIBHOCTb, MPOSBISIONIASICS B YBEIMYEHHU TOKOB Ha
BOJIbT-AMIIEPHBIX XaPAKTEPUCTUKAX ITPU OCBEIEHUU.

VYBemuuenue potouyBcTBUTEIbHOCTH TNIEHOK CdTe ¢ pocToM TeMmepaTyphl MOIOKEK,
BUJMMO, CBSI3aHO C YJIYUIIEHUEM CTPYKTYpPhI IUNIEHOK, POCTOM PA3MEPOB KPHUCTAJUIUTOB U
YBEJIMYEHUEM ITOJIBU)KHOCTH HOCUTEJIEH 3apsiaa.

Jlutepatypa
1. Cyaronos H.C, Akobuposa A.T, Xampokyios P.b.,
BectHuk HanmonanpHoro yuusepcurera, Ne2, [{yman6e: «CruHo»

2. TlonukpucTayindeckue IMOJYIPOBOIHUKY, (PU3MYecKre CBOiicTBa, mpuMmeHeHue —Ilom  pen.
I'Xapbexe. -M: Mup , 1989,3441.

MYAUSH KAPJJAHU CATXU JJOHULIIK XOHAHJIAT'OH
A3 ®AHHU ®U3UKA BO YCYJMU TECTU

Hasnamoe M. — myannumu xanonu xkageopau ycyau mavimu guzuxau JIMT
Hacumosa J[oc. — accucmenmu xagheopau ycyau mavamu ¢usuxau JMT

Ske a3 camTxom ad3amuATHOK Aap cuécatu nemwpaptu Xykymatud YyMmxypuu
ToyukucToH, uH coxam mMaopud medomasn Ba Xykymarn Yymxypun ToumkucTtoH Gapou
pUBOUy paBHAK €pTaHu coxan Maopud, OamaHg OapaomTaHd Aapadyad JOHUIIOMY3# 1ap
XamMa 3WHAXOM TaxCWiIOT Ba cudaTu Tau€p KapgaHU MyTaxacCHCOHM OallaHmapada
JUKKAaTH Maxcyc Meauxas. (Imomanit PaxmoH)

Nmpy3 TecTxo map vapa€Hu TabiuM Oa TaBpU Baceh MaBpUIM HCTH(OIA KApOP
rupudTaana Ba 6apou MyaiisiH KapJaHU CaTX! JOHUIIA3XYAKYHIUH XOHAHIATOH a3 MH YCYJI
uctudoaa medbapem. Mamiku nonamryaa a3 15 caBosa ubopar 6yna, nap 4 BapuaHT TapTUO
noda IIymaacT. Xap 4 BapuaHT Japadadl XaJUTd TYHOTYH JOIITa, CaBOJIXO Jap Xap sK
BapHUAHT a3XyJIKyHUHU K OY3yprupo 00 pOXxOou T'YHOTYH Jap 0ap Merupas.

76



CaBonxon a3 1 1o 12 map Mamkxo, JapCcXOW OMyXTalllyda, YeHAKH KOHYHXO Ba
uctudolan OHXOPO, KU 0a XOoHaHAA IIMHOCAHM, nap O0ap merupana. Capomnxou 13 1o 15
Jap xap SK MallKk a3 XoHaHAa Tap3W uctudomabapuu OHXOPO Jap amaius Tanad
MEHaMOSTHT.

Mamk 00 UHTUXO00M YaBOOXO MMKOH MEAWXaJa, KU 0a a3XyJKyHA Ba a3XyJHAKyHUU
XOHAHIATOHM alloXuaa Oaxory3opé kapnaa masaia. bo xoHanmae, ku 0a caBojl 4yaBOOM
HOJyPYCT J0JaacT, OWAW WH MaB3ybh CYIOPHUIIM WJIOBaré jJojaa MemaBaa. TaypuOan
nctudogan Mamkxo 00 MHTUXOOM YaBOOXO HHINOH MEIHMXal, KM TaKpOPH MaBOJXOU
ryzamra 0a XOHaHIaTOH €PUHM aMaJlit MepacoHaI.

HuarpamMmman Ko3(pUTCUEHTH a3XyJIKyYHHH Xap sIK CaBOJI OBapja Iy/1aacT:
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A - YaBoOxou nypycT. m — YaBOOXOU HOJYPYCT.

Kaitn xapgan OamaBpua act, Ku arap (owsu ymMymMuH a3xyakyH# a3 75-80% 3uén
Oolaja, MabliyM MelllaBaj, KM XOHAHIArOH MaB3ybhXOM Ty3allTapo Xy0 a3 Xya KapaaaH.
Arap ¢dousn ymymiam asxyAkKyHH a3 HMIIOHAOA NacT Oomiaa, oH rox 0a XOHAHIAroH
Ba3u(dau xoHaT# a3 MaB3ybXOHU I'y3alliTa TO CAHYUIIIM OSHIA J0/1a MellaBal.

Anabuér

1. Kamyxckas M.B., Yxomosa O.C., Kamenckux WU.I'. Peittunrosas cucrema onennBanus. Kak?
3auem? [Touemy?/. — M.: Hucrtsle npyasl, 2006.—244 ¢.

2. Hacumona [Ix.b., Paxumo ®.K., laBiatoB M. Hcrmonp3oBaHue OaTbHO-PEHTUHTOBOU
CHCTEMBI OLIEHKH 3HAHWI CTYJCHTOB  €CTeCTBEHHOHAy4HbIX (akyiabTeTroB THY. // BecTHuk
THY cepus ecrecrBeHHbIX HayK. Nel/5(188). —dymanobe, 2015,-C.85-89.

3. TyseeB B.B. Ouenka, peiitunr, tect. — M.: Hapoanoe o6paszoBanue, 1998 // IlIkonbHbIC
TexHojoruu, 1998. — 135 c.

AKE A3 YCVYJIXOU TABJINMUAU MOJEJICO3NUU MATEMATUKNN
PABAHAXOU ®U3NKUN BAPOU UXTUCOCH 40020100

Bocuoos Ill. FO. — accucmenmu Kagheopau MowuHxou xucoboapop,
cucmema ea wavaxaxou J[MT

To maiigo mynanu 3a6ouxoun 6apHomacosn (macanan MATLAB) tacBup HamynaHu
MOJIENIXOM MaTEeMAaTHKA Ba (PU3WKHA SK KATOP MYIIKWIMXOPO Tell MeoBapa Ba Oapou
TaCBUPH OHXO BaKTH 3uéne capd kapma memryn. Bakre ku 3a00HXou OapHOMAco3d mango
IIyJaHI, TacBUP KapIaHW MOJIEIXOM MaTEeMAaTWKA Ba (M3MKHA Xelle OCOH Ba KyJUIai
rapaua. SpHe, 0a TaBpu ymymii, rypTaH MYMKHH acT, KM MOJIEJICO3UU MATEMATHUKA Ba
¢bu3ukin gap OaiiHM ¢aHXxoW aurap MaBkew Xyapo mnaiigo Hamyna. MH 6a oH oBapnaa
MepacoHaJ, Ku 0apoOapu a3 Xya HaAMyJaHU MOJIEIICO3MHM MaTeMaTUKi nap (usuka, map
MYXUTH 3a00HXOM OapHOMaco3in 00 JOHMIIXOM HAaBM 3aMOHaBil Ba uctudogadapuu
TEXHOJIOTHSXOM HABTAPUHM MYOCHD OIIIHOW Maiao MeHaMoOsHA. MaBKen MOJENICO3# nap
¢usuka gap MyxuTtu 3abonm OapHomaco3un MATLAB UMKOHHMSATXOM TaKMUJ JTOJAaHH
JOHUIIPO Tem Meopan. UyHMH Moneno3dl Aap paBaHAXoW (u3MKa gap MyXUTH 3a00HU
6apnomaco3un MATLAB 0o pgacroBapaxou HaBTapuHU 3a00HXOM OapHOMAco3#l OLIHOMN
naiao Hamyaas act [1].

bunoGap wH, map Mabpy3a Tamkwi Hamyganu m — file- po  map cucreman
MATLAB nuna mebapoeM, Ku Aap MOJEICO3# Aap paBaHAou (U3UKA Jap HA3apu MO
MyxuM Mebomaa. bapow Mopmenco3mm paBaHmou (GU3MKA Jgap MyXUTH 3a00HU
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6aprnomaco3zun MATLAB »sxcoc HaMmyaaH, Mmem a3 xaMa, Kypcu Iyppau TablIUMHU
dusznkapo a3z Xya HaMyJaH JIO3UM acT. Machayian Ty30IITAlIydapo Aap TABIMNMH SKE a3
KACMXOU (u3MKa - MexaHukKa auaa mebapoeMm. bapow WH sSK4aHA Machbarapo xai
MEHAMOEM: Machallapo Ba XaJIpo a3 aafaduétu [2] Meopem.

Bbapxk nypaxmuza. [lacxe oBo3u pabapo 6abau 15 ¢ mynua. Pa3psau naigonryaa a3
YH 1Iaxc 4l kagap ayp oyna?

J. 1. a.

t=15c;

¥ = 340m/c;

S=?

Xaim: Az pyiiu popMynau cypbaTu MUEHA S — po Me€OeM.

0= -:”_:1{3306: =5kM.

MyBoduxku [1], 6apou mackanau gap 6010 oBapjaa, aATOPUTMPO TAPTUO METUXEM:

1. m - file 60 HOMH OapK.m TAIIKII MEKYHEM;

2. pap m- file acocan TariinpédaHgaxou II06aIPO IBIOH MEHAMOEM;

3. amroputmu 6apHOMapo MypaTtad MeHamoeM. MyBOGUKH allrOPUTM OapHOMAPO
MypatTad Hamyzaa, Aap KOMIIOTEp KOPKapJ MEHAMOEM.

a) m- file

function 6apx

globalv t S

v=S/t;

bapnoma:

>>symstcvm S

>>t=]15%c;

>>v=340*m/c;

>>S=v*t

HaTUYau KOpKapau OapHOMa J1ap KOMITIOTED:

S = 5100*m

i

>>t=0:3:21;

>>v=34();

>>S=v*t;

>>gridon

B) HATMYau KOpKapu 6apHOMa Jap KOMITIOTED:
S =5100

>>plot(t,S)
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Nu O0y3ypri 60 Hatuyam gap kopu [2] oBappamyaa xyd myBodukaTr MekyHaa. A3
rpadguk Jax3ae, KM Cagou paJuo Aap KajaoM macoga aap adp WIyHMIa MellaBaja, MyaiisiH
Merapaaa. MyBoduku mapta machaia 6abau 15 ¢ cago aap macodaum 5100 m myHuaa
MemaBaj. XaMHUH TaBp, Ty(QTaH MyMKHH acT, KU MOJIEIIM MaTeMAaTUKUU PABaHAXOU (DU3UKA
XaMUyH a€HUATH peaiit 6apou TabluMH Puznka 60apou goHumyyeéHu mxrtucocu 40020100
XM3MAT KapAa MeTaBoHaA. MH TyHa yCyjau TabJIUMpPO XAHIOMHU T'y3apOHMIIAHU KOPXOU
nabopatopit a3 ¢puzuka uctudoaa HamygaH MyMKHH acr.

Anabuér
1. ITopuaer C. B. KomnbroTepHoe MojenupoBaHue Gpu3nueckux mporeccoB B makere MATLAB/
C. B. Ilopmues. — M. : I'opsiuas muams — Temekom, 2003, — 592 c.
2. T. A. lllykyp3ox, b. Paxumon, ®. PaxumoB. Xajum Machajiaxou Gusnkan MakTtadi. Bacoutu
TaBIMM a3 MexaHuka: Jlymanbe: Maopud Ba dapxanr 2011. — 388c.

NCCUIENOBAHUE ITPOLHECCOB MACCOITEPEHOCA METOJOM
NCKYCCTBEHHOU I'MITEPBOJIM3ALINN

Iorcypaes X 11, — k.¢h.-m.H., 3a6. Kagedpoti svruuciumenvbHuvlx mawiut, cucmem u cemu THY
Komunos K. — 0.¢h.-m.1., npogheccop xagedpwt meopemuueckoti pusuku THY
Hopmamosg 3.C. — accucmenm kagpeopwi sbruucaumenvuvlx mawiut, cucmem u cemu THY

ITpoueccsl nepeHoca a000 cyOcTaHIMM (MAacChl, UMITYJIbCA, SHEPTUU U T. 1.) KaK B
MPUPOJIe, TAK U B TOABIKHBIX CPeaX MOXET IMPOUCXOJUTh KaK MOJICKYIISIDHBIM, TaK W
KOHBEKTHBHBIM ITyTEM, W OTPEIEIISIeTCS TeM, YTO CBOWCTBA €ro CaMbBIM CYIIECTBEHHBIM
00pa3oM 3aBHUCIT OT MAaCCOMEPEHOCa, TO €CTh OT MX MEPEHOCHOTO cocTosiHus. Ilocnennee
ke, B CBOIO OYEpeIb, OIPENEISETCS YCIOBHSIMH MAaCCONEPEHOCA, KOTOPBIE OKAa3bIBAIOT
pemraroiee BIMSHUE Ha MPOIECCHl M3MEHEHHWS arperaTHOTO COCTOSHUS BEIIecTBa, Ha
TEYCHHE XMMHYECKHX pPEaKIMii, MEeXaHWMUeCKHe, 3IeKTPOU3OJIAIUOHHBIE, MArHUTHBIE W
JpyTUe CBOMCTBA TEIL.
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NMeHHO 3THMHU 0O0CTOSATENhCTBAMH U OOBSCHSAIOTCS OYpHOE pa3BUTHE TEOPHUH
MaccolepeHoca B TIOCTEIHME BpPEMS M TO HCKIIOUYUTEIbHOE BHUMAaHUE, KOTOpOe ei
yaensiercss B (U3MKE TUIAHETAPHBIX MPOIIECCOB, IJHEPTETHUKE, XMMHUECKOW TEXHOJIOTUU U B
psne ApYrux oTpaciell Hayku M TexHuku. [IpemMeTroM Teopum maccorepeHoca SBISTFOTCS
MPOILIECCHI TIEPEHOCa BEIIeCTBAa M3 OAHOM YacTU MPOCTPAHCTBA B JAPYIYIO, OHU BBI3BAHBI
pa3HOCThIO KOHIeHTpauui. IlepeHoc BemiecTBa MPOUCXOIUT C MOMOIIBIO AUPPY3UH U
KOHBEKTHUBHOTO MaccooOMeHa. uddy3us — MOJIEKyISIpHBIN MepeHOC BEIIeCTBa B Cpele,
BBbI3BAHA PAa3HOCTHIO KOHIICHTpAalui, Temrmepatyp (tepMoauddy3un) WA ITaBICHUI
(6aponuddysus).  KoHBEKTHBHBIMI MAacCOOOMEH — TIEPEHOC BEIIECTBA, BbI3BAHHBIMN
COBMECTHBIM JIEHCTBHEM KOHBEKTHUBHOTO IMEPEHOCA BEIIECTBA W MOJICKYISIPHON AUPPYy3UH
[1-3].

J1si  TEOpeTHYeCKOTO HCCIeMOBAaHMS IPOIIECCOB MaccolepeHoca, Tpedyercs
pelIeHns] HeCTaIlMOHAPHBIX CTAHIAPTHBIX 3a7a4 C M3BECTHBIMU HAYaJbHBIMHU YCIIOBUSIMH,
KpaeBbIMU YCIIOBUSIMU, (U3MUECKUE TTapAMETPbI Cpebl U T.1. ViMest B CBOeM pacropsHKeHUS
BCE HEOOXONMMbIE BEIMYMHBI, MBI MOXEM pPAacCUUTaTh MACCOTIEPEHOC BEIIeCTBA B
uccrmemxyemMoit cpeme. Takas MMOCTaHOBKA 3ajauyd HasbiBaeTcs NpsMol 3amaueil. Ho
BO3MOXHA U IpyTrasi cuTyanusi. MbI 3Ha€M MacCOIIEPEHOC BEIIeCTBa, HO HE 3HAEM 3HAYCHUI
HEKOTOPBIX OTIPEIACISIONMX (U3MUYECKHX TNapamMeTpoB. B arom ciydyae Tpebyercs 1o
MacCOTIEPEHOCY BEIIeCTBA UM HM3BECTHBIM 3HAYCHMSIM YaCTH OMPEICIIIOMNX (DU3UIECKH
MmapamMeTpoB BOCCTAHOBHUTH 3HAUEHUS HEOTMPEICTICHHBIX (U3MUECKUX MapaMeTpoB. Takas
MOJCTAHOBKH 3a/1auM Ha3bIBAETCSl 0OpaTHOM 3a7aueii MaccorepeHoca.

Jns uccnmenoBaHusi oOpaTHOW 3a7adM MaccollepeHoca, MPEANoIoKUM, YTO Cpeaa
JenuTcss Ha JBe obOnactu: 1) oOnacTth uccieoBaHMS B OOpAaTHOM HAlpaBleHUU U 2)
00yacTh mpsiMoro uccienoBanus. O0IacTh MPSMOTO UCCIIETOBAHUS MAacCONIEPEHOCA UMEET
OOBbIYHBbIE TPaHUYHBIC YCIIOBHUS: M3BECTHBI (DyHKIMS MaccomepeHoca f(f) Ha JieBOH

TPaHMUIIC W TPOU3BOJIBHBIC T'PAHWYHBIC YCIOBHUS HAa HEAKTUBHOM ITOBEPXHOCTU Cpeje.
Heo6xomquMo kKakKuM-Tu00 CIIOCOOOM MOJIYYUTh PEIICHHE YPaBHEHHS TEIUIOMPOBOIHOCTH
JUTS TIOJISl MaccoliepeHoca B 00J1acTu 2).

OmnpIT TOKa3bIBaET, 4TO IpsMas M OOpaTHAs 3aJauyd MacCOIEpeHOCa SIBIISIOTCS
OYCHb PECYpCOEMKHUMH 3aJlauaMU, WX pelieHre TpeOyeT OOJBIINX BBIYHUCIUTEIBHBIX
MOIIHOCTEH M 3HAYUTEIIBHOTO MPOIIECCOPHOTO BPEMEHHU.

JanHast paboTa TIOCBSINEHA WCCICIOBAHUIO BO3MOXXHBIX IyTE€H YCKOPEHHOTO
pelieHus mpssMON M oOpaTHOH 3aaad maccornepeHoca. OIHUM W3 METOAO0B YCKOPEHHOTO
pelieHusT TpsMO M oOpaTHOH 3ajay MaccoIlepeHOca SIBJISIETCS UCITOJb30BaHUE METO/a
HUCKYCCTBEHHOU ruriepbonuzanui [4].

JI1s1 pereHus MoCTaBIeHHOM 3aaun OyIeM UCXOIUTh U3 CIICIYIONIEro YpaBHEHUS, B
KOTOPOM YYTEH METO]T UCKYCCTBEHHOM THIEepOOTN3alINN:

2
ot ot x" ox ox

rne u=u,(x,f) — KOHIEHTpaUuW  BemecTBa, D — Koapdunuent nuddysun u
MacCOIEpPeHOca BEIIeCTBA, a o — XapakTEpHOE BPEMS pellakCallud MaccolepeHoca
(HOpMUpOBaHHAsI CKOPOCTh KOHIICHTPAIIUU BOJIHBI).

Pemenne ypaBaenus (1) oTHocuTeNTbHO YHKIMH u(X,1) UMEET BU/I:

2k g 2(k-n)
u, (x,0)= f(t)+ ng(;){)'chak-n%_

2k+1 2(k—n)
o d g(1)
—(h- —) Ckak "o
(h—x)g(t) - E Dk(2k+l)'n§0: n dr2km

2
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3Hast sBHbIA BUJI (QYHKUMM  u(X,f) BBIUUCIUM IUIOTHOCTH IOTOKAa TeIUla
2

KOHIICHTPAIIMU BEIIECTBA Ha aKTUBHOM MOBEPXHOCTH, COTJIACHO (2) cnenyroieit opmyiie:

J(x,0) =
z(h x)2n i g aZ(n m)f( ) g() z(h x)2n+] iC;an—m aZ(n—m)g(t).

2(n m)

pr N C21) | ar @n+D! 55 o

[Tonyuennoe pelieHue MPEACTABIISIET 3aBUCUMOCTh  IUIOTHOCTH  MOTOKA
KOHIIEHTPAILIUM BEIIECTBA HAa MOBEPXHOCTH OT MPOU3BOJIHBIX MO BPEMEHU BCEX MOPSIKOB,
B3SITBIX OT M3MEPEHHOM KOHIIEHTPAIMA M COOTBETCTBYIOIIEM IUIOTHOCTH ITOTOKA
KOHIIGHTpAIMU B Touke x =/ . CaM ypoBeHb KOHIIEHTPAIIMU BEIIECTBA HE UMEET 3HAUCHUS,
TaK KaK HEOOXOJUMO YUUTHIBATh TOJILKO MTPOU3BO/THBIE.

JIutepatypsl

[1]. JIeikoB A.B. Temnomaccoodmen. CripaBouynuk. Bropoe m3ganue. _M.: Dueprus, 1978, —
480 c. [2]. JTanmay JI.J. M'mapomunamuka. Teopernueckast pusuka. T.VI. 3-e uzn. /JI.J1.JIannay,
E.M.JIudpmmry, -M.: Hayka, 1986, -736 c. [3]. ['ymamo FO.I1. MaccoTteriooOMeH pearupyromumx
yactull ¢ morokom / FO.I1. T'ymano, A 1. IToasuun, FO.C. Pa3annes -M.: Hayka, 1985. -336 c. [4].
KomunoB K. WccnenoBaHue TEIUIONPOBOJAHOCTH B HEOTPAHMYCHHBIX —Cpelax METOJIOM
uckycctBeHHoO# rtumepoonu3anmu / K.Komwumos, X.III. Txypae, 3.C. HopmartoB //BecTHux
TamKUKCKOro HAIIMOHATBHOTO YHUBepcuTeTa. Cepusl ecTecTBEHHBIX Hayk. 2015, 1/4 (168), —¢.75-82.

BJIMUAHUE ITAPAMETPOB HAHOCTPYKTYP HA TEMIIEPATYPHYIO
SABUCUMOCTD U3JIIYYATEJ/IBHBIX XAPAKTEPUCTUK NTHXXEKLIMOHHbIX
JJABEPOB HA OCHOBE ACCUMETPUYHBIX 'ETEPOCTPYKTYP

Maxcyooe b.U. — k.¢h.-m.1., 3a8. kagedpoit sioepuoti pusuxu THY
Jorcypaes X 11, — k.¢h.-M.H., 3a6. Kaghedpoli 6bI4UCIUNENbHBIX
mawiun, cucmem u cemu THY
Kapumos 3. /. — accucmenm kageopul 8b14uc1umenbHbix
mawiun, cucmem u cemu THY

NHXeKIMOHHBIE J1a3epbl HA OCHOBE HAHOCTPYKTYP HEYKJIOHHO BBITECHSIIOT I'a30BBIE,
TBEPAOTENIbHbIE U JPyTHMe HCTOYHUKU KOTEPEHTHOTO H3JIy4eHHsl M3 BceX oOJacTeil ux
MIPAaKTUYECKOTO MpUMEHEHNU. B mmocineqHee BpeMst JOCTUTHYThI PEKOPIHBIE PE3YIBTATHI 110
YBEJIMYEHUIO OINTHUYECKONM MOIIHOCTU W3JIyYeHUS 3TUX JIA3€pOB. ITU JOCTUIKEHUS
0a3upyIOTCS HA CHIPKEHUM BHYTPEHHUX ONTUYECKUX MOTEPh B JIA3EPHBIX I'€TEPOCTPYKTYpaAX
pa3nenbHOro orpaHudeHud. (s CHMKEHHMS BHYTPEHHHMX OITHMYECKHX MOTEPh B Ja3epax
pa3IeNbHOTO OrPAHUYEHMUS YBEJIWYMBAIOT TOJIIMHBI BOJHOBOJAA JIA3€PHOU TeTe-
POCTPYKTYpBI. ECTECTBEHHBIM OrpaHWYEHHEM TOJILMUHBI BOJHOBOJAA B CHUMMETPUYHOMN
JIA3€pHOM TETEPOCTPYKTYPE Pa3AEIIbHOTO OTPAHUYEHHUS SIBIISIETCA YCIIOBUE BO3ZHUKHOBEHUS
MOJ BbICHIErO mnopsaka. s moaaBieHUs MOJ BBICHIETO MHOPSAKA HMCHOIB3YIOT aCCH-
METPUUHYIO TEeTEPOCTPYKTYpPY, B KOTOpPOW aKTHUBHasg OO0JACTh CMEIEHA U3 IeHTpa
BOJIHOBOJA. B accMMETpUYHON TeTEPOCTPYKTYPE CO CBEPXTOJICTHIM BOJHOBOJOM YIAETCS
MOJABHUTH TEHEPAIMIO MOJ{ BBICIIMX MOPSIKOB 32 CUET pa3inuuusi GaKTOPOB ONMTUUYECKOTO
OrpPAHUYECHHUS.

OnHoil W3  (QyHOAMEHTAJbHBIX IPUYMH, OrPAHUYMBAIOIIUX  MAKCUMAIBHO
JOCTUKUMBbIE ONTUYECKUE MOIIHOCTH B HEMPEPHIBHOM M MUMITYJIbCHOM PEXMME I'€HEpALNH,
ABJISIETCSl TEIJIOBOM pa30rpeB aKTUBHOM OOJACTU. YCTAHOBJIEHO, YTO B HEMPEPHIBHOM
pexuMe TeHepallud pa3orpeB aKTUBHOM OOJIACTHM MPOTEKAIONIUM TOKOM OrPaHUYMBAET
MaKCUMAaJIbHO JOCTHMKHMMBbIE ONTHUYECKHE MOIIHOCTU. PaHee HaMu ObUIO MOKA3aHO, UTO
CHIDKEHME TEMIIEPATYPHOM YYBCTBUTEIIBHOCTU NOPOTOBOW IUIATHOCTU TOKAa SIBIISIETCS
OCHOBHBIM DPBIYAarOM YBEJIWYEHHUS MOUIIHOCTH B HEINPEPBIBHOM PEXUME TI€HEpaAIUU.
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OnTuMu3upyst mapaMmeTpbl Te€TEPOCTPYKTYPBI, MOXKHO YMEHBIIUTh XapaKTEPUCTUUECKYIO
temnepatypy To aTux nazepos [1-3].

M3BecTHO, UYTO HaJIMyMe ACUMMETPUU  YXYJLIA€T BOJHOBOJHBIE CBOMCTBA
FETePOCTPYKTYPhl. B 3TOM ciydyae MOKHBI U3MEHSTHCS M yCIOBUS ONTUMM3ALIMU Mapa-
METPOB FeTEPOCTPYKTYPHI, C TOUKU 3PEHUSI TEMIIEPATYPHOU 3aBUCUMOCTH U3Ty4aTEIbHBIX
XapaKTEPUCTUK UHXKEKIIMOHHBIX JIA3EPOB.

B noknane npencraBiieHbl Pe3ysibTaThl UCCIECIOBAHUN TEMIIEPATYPHON 3aBUCUMOCTHU
U3JTy4aTEIbHBIX XapaKTEPUCTUK MHOTOCIOWHBIX ACCUMETPUYHBIX JIA3€PHBIX TE€TEPOCT-
PYKTYp pa3neiabHOr0 OrpaHUYeHHs B cucTeMe TBepablX pacTBOpoB AlGaAs/GaAs/GalnAs
(mmHa BosHbI u3aydeHus: 1060 um). [TokazaHo, 4TO B a3epax Ha OCHOBE aCCUMETPUUHBIX
FETEPOCTPYKTYP C HIMPOKUM BOJIHOBOJIOM OINTHUMHU3AIMS MapaMeTpoB OYJET OTIMYAThCS
10 CPABHEHUIO C CHAMMETPUYHBIMU TETEPOCTPYKTYPAMHU.

Crnucox nuTepaTypbl
. MaxcynoB b.M. MaTpuuHblif METOZ pacdy€ra BIUSHUS MAPAMETPOB CTPYKTYPHI HA U31y4YaTelIbHbIE
xapaktepuctuku rereposiasepos / b.M. Maxcynos // Jokmanet AH PT. —2012. — T.55. Ne8. — C.631
—637.
. Jxypaes X.II. MeTtox Mmomymupyonmx (GyHKIMA U €ro MpUMeHEHHE TIPU U3YISHUN BOJTHOBOIHBIX
CBOWCTB MHOTOCJIOMHBIX KBAaHTOBOpa3MepHbIX rerepoctpykryp / X.I. Ixypaes, b.1. Maxcynos,
3.[. Kapumos // Becthuk Tamkukckoro HamoHaapHOTO yYHUBepcuTeTa. — 2014r. — T.134. Nel/3. —
C.70-76.
. xypaes X.III. OOparHble 3amayul TpPH H3YUYCHUH BOJHOBOOHBIX CBOMCTB MHOTOCIONHBIX
KBaHTOBOpa3MepHbIX rerepoctpyktyp / X.IL. Ixxypaes, b.1. Maxcynos, 3.J1. Kapumos Hayuno -
texurnueckunit BecTHUK [ToBomoxbst. Ne5. 2015r. — Kazauns: — C.25-27.

NCCIEAOBAHUME 3ABUCUMOCTU CTALIMOHAPHOI'O
PACITPEJAEJIEHUS TEIIJIOBOI'O ITOTOKA OT
TEMITIEPATYPbBI B KOHAEHCHUPOBAHHBIX CPEJAX

Jorcypaes X 1. — k.¢h.-m.H., 3a6. Kagedpoii svruuciumenbHvlx mawiut, cucmem u cemu THY
Komunos K. — 0.¢h.-m.1., npogheccop kagedpwt meopemuueckoti pusuku THY
Haooremuoounos A. M. — acnupanm xagedpwvl sbruuciumensHulx mawiut, cucmem u cemu THY

[Ipn CONMpUKOCHOBEHMM T€JI, UMEIOIIMX PAa3JIMYHbIE TEMIIEPATYPbI, HMPOUCXOAUT
OOMEH »JHepruel Mexay dYacTUIlaMU, B TOM YHCJIE MOJIEKYJ, aTOMOB, CBOOOJHBIX
ANIEKTPOHOB U T.A. BciaeAacTBue 3TOro mpolecca MHTEHCUBHOCTD JABM)KEHUS YACTHUIL TEIA,
HMMEIOILIETO MEHBIIYIO TEMIIEPATYPY, BO3PACTAET, & MHTEHCUBHOCTD JBWKEHUS YACTHUIL TElIA
Oonpluel TeMnepaTypbl IOHUXkKaeTcs. B pe3ynpraTe, yero temrneparypa MeHee HarpeTroro
TeJa yBelMYuBaeTcs, a 6osiee HarpeToro ymenbiaercs. [loTok sHepruu, NepeHOCUMBI OT
0oJ1ee HArpPeTOro Tela K Majo HAarpeToOMy Telly, Ha3bIBA€TCS TEIUIOBBIM ITOTOKOM.

CrenoBaTenbHO, MJIsI BO3HMKHOBEHUS TEIJIOBOIO MOTOKA, MEXIY Pa3InYHbIMU
00acTsIMU Ccpeibl, HEOOXOAUMO 4YTOOBI B 3TUX OOJIACTAX MMENM MECTO HEOJMHAKOBbIE
TEMIIEpATypbl. 3JHAUMMOCTb IIpoOllecca TEIUIONEpPeHOCa KaK B MPUPOAE, TAK U B TEXHHUKE
OIpeAeIsieTcs] TeM, YTO CBOMCTBA T CAMBIM CYLIECTBEHHbIM OOpa3oM 3aBUCAT OT HX
TEIJIOBOTO COCTOSIHUS. TerioBOe COCTOSIHME ONpeAesseTcsl yCIOBUsIMU OOMeHa TEIUIOThI,
KOTOPBIE OKA3bIBAIOT CYIIECTBEHHOE BIIMSIHUE HA arpEraTHOE COCTOSTHUE CPEbl, HA TEUEHNE
XUMHUUYECKUX  pEaKLuid, BIIAKHOCTH, B  INPOLIECCE TOPEHUs, MEXaHUYECKHUE,
ANEKTPOU3O0JIALIMOHHbBIE, MATHUTHBIE U Ip. CBOMCTBA CpEN.

B martepuanbHOW cpene pacnpoCTpaHEHHE TeIUla BCErOa CBSI3aHO C TEIUIOBBIM
JBIDKEHHEM CTPYKTYPHBIX eauHull. OJHAKO, HEMOCPEICTBEHHBII MEPEHOC OMPEAEIIEHHBIX
MOpLUMI TEIJIOTHl M3 OJHOM OOJaCTHM B APYIYI0 MOKET IPOUCXOJUTh HE TOJBKO B
pe3yibpTaTe MOCIeA0BATEIbHOIO OOMEHA SHEPIrueil YacTHll, 3alOJHSIONIUX TPOCTPAHCTBO
MEXAY PacCMaTpUBAEMBIMU OOJIACTSMU, HO U B PE3yJIbTATE MEPEMELIECHUS] COCTOSIIUX U3
0GO0JIBIIOr0 KOJMYECTBA MOJIEKYJI 00beMOB cpefdbl. Ilpolecc pacnpocTpaHeHus Teruia B
pe3yJIbTaTe NBUKEHUS CTPYKTYPHBIX €AWHUL] CPENbl HA3BIBAETCS TEILUIOIMPOBOIHOCTHIO.
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Kak wu3BecTHO B TeopuM TEIUIONEPEHOCA PACUEThl CIIOKHOTO TerIooOMeHa
OCYIIECTBIISIIOTCS C TTOMOIIBIO METOA0B, 000OIIAIOMINX Pe3yJIbTAThl PA3IUUHBIX MPOCTHIX
MeTOA0B IepeHoca Temia. CiaegoBaTelbHO, OCHOBHOM METOJIOM TEOPHUM TEIUIONEpeHOca
SIBJISIETCSI PACUJIEHEHHME CIIO)KHOIO TEIUIOOOMEHa Ha ero COCTAaBJISIONIME M0 MEXaHU3MY
IepeHoca TeIula U U3YYEHUE 3THX COCTaBJISIONIUX METOJaMH MATEMAaTHYCCKOW (DU3UKH U
sKkcnepumenTa [1, 2] .

[TosTomMy 11€/1b HACTOSIIETO COOOIEHUS 3aKIIIOYAeTCs B HCCIIEIOBAHUU BOIPOCa
CTAllMOHAPHOTO PACIIPOCTPAHEHUS TEIUIA B HEOAHOPOIHBIX KOHACHCUPOBAHHBIX CpEaaX.

JIuteparypsl
[1]. Camapckmit A.A. T'opeHne HeTUHEHHOW Cpelbl B BHJIE CIIOKHBIX CTPYKTYp. /A.A. Camapckui,
I''T'. Enennn, H. B. 3mutpenko u ap. //doxn. AH CCCP, 1977, 1.237, Ne6, -¢.1330-1333. [2].
KypmomoB C.I1. CnoxHble MHOTOMEpPHBIE CTPYKTYpbl TOopeHus HenuHelHoi cpensl. /C.I1.
Kypmiomos, E.C. Kypkuna, A.b. Iloranos, A.A. Camapckuii // JKypHan BBIYHCITUTETBHOU
MaTEMATHKU U MaTeMaTudeckoit pusuku, 1986, .26, Ne§, -¢.1189-1205.

POJIb U 3AJIAYU N3YUEHUS ®U3UKH B COBPEMEHHOI
CUCTEME OBPA30OBAHUA

Xycpasoexos JI. — accucmenm xaghedpvl onwett pusuxuti THY
booboes T. — 0.¢p.-m.n., npogpeccop xkagheopul onweti pusuxuti THY
Myxamaooconosa M. — K.¢h.-m.H., doyenm kaghedpuvl onweti puzuxuit THY
Hemamos @. X. — K.¢p.-m.H., 0oyenm kageopwt onweit pusuxuii THY

3a mocieaHue CTOJETHS HayKa U HAydHO- TEXHUYECKUM MpOoTrpecc KapJaUHAIbHO
U3MEHWIM JKU3Hb YEJIOBEYECKOTO OOIIEeCTBA, COBPEMEHHOE IMPOU3BOJCTBO U I3KOHOMHKA
0a3upyroTCs Ha HAYYHBIX 3HAHUSIX BOOOIIE, M B YACTHOCTH Ha JIOCTMDKEHHSX B 00JIaCTH
¢u3uky 1 TeXHUKU. W Mo3ToMy CeromHs KU3Hb MeEHsET TPeOOBAaHMUS K BBITYCKHUKAM
IIKOJI ¥ BY30B. YUaiuecss JOJDKHBI OBIIAJIETh CHCTEMOUW HAay4YHBIX 3HAHWMA, yMETh IIpH-
MEHSTh UX Ha MPOU3BOJICTBE, B ObITY, BO BCeX cepax YelIOBEYECKOU MeATEeTbHOCTH, 0e3
Yero HEBO3MOXEH MAJIbHEUINN  HAayYHO-TeXHUUYECKUN Mporpecc BOOOINE U pa3BUTHE
OTJIEJIbHBIX TOCYIapCTB, B YaCTHOCTH. B OOJBIIMHCTBE PAa3BUTHIX U, OCOOEHHO, B pas-
BUBAIOIIUXCS CTpaHaX MEpPeCMaTPUBAIOT MPUOPUTETHBIE  IIEJIM OO0IIero obpa3oBaHMUS.
Taxumu LeasIsMH  CTajJd yMEHUE BOCIPHHUMATH | IepepadaThiBaTh  MHPOPMAIHIO |,
OBJIaJICHHE METOIaMU HAYYHOT'O TTIO3HAHUS, YMEHHUE JIOTUYECKH MBICIUTH U JIeJIaTh HAYYHO
00OCHOBaHHBIE BBIBOJIBL. B cucteme obiiero oopa3oBanus Gpu3nka urpaet OOIBIIYIO POJTh
B MHTEJUICKTyaJIbHOM pPa3BUTHHU IIKOJIBHUKOB U CTyAeHTOB. CeroaHsi HECOMHEHHBIM
SIBIISICTCSL  YTBEPIKJICHHUE, YTO IUIOJOTBOPHOE H3ydeHHEe (DU3UKU B yUEOHBIX 3aBEACHUSX
CTpaHbl UMEET IIEPBOCTEIIEHHOE  3HAuYeHMEe I (DOPMHUPOBAHUS M PA3BUTHUS HAyYHO-
TEXHUUYECKOI'0 U TEXHOJIOTHYECKOTO MOTEHIMaa CTpaHbl. 3a mociuennue 20 JeT uHTepec
IIKOJIbHUKOB K M3yUYECHUIO (PU3MKH U JAPYTUX TOUYHBIX HAYK HEOOOCHOBAHHO CHU3WIICSA. B
pe3yiabTaTe W CHU3WICS YpOBEHb 3HAHMI IIKOJBHUKOB U A0OUTYPUEHTOB IO (DU3UKE. DTO
OOBSICHSICTCS PSAAOM OOBEKTUBHBIX U CYOBEKTUBHBIX NMPUYMH. OOBEKTUBHBIMH SIBJISIOTCS
HeXBaTKa MpernojiaBaTeeil UX HEYIOBJIETBOPUTEIILHOE MaTepHUaJIbHOE TOJIOKEHHUE, 00II1e
Mpo6IeMbl CUCTeMbI 0Opa3oBaHus, MI0X0e obecreueHre YyueOHbIM 000pYAOBAaHUEM U PSIT
JIPYTUX MIPUYYH.

CyOBeKTUBHBIMU TPUYMHAMU SIBIISIIOTCS HEOOOCHOBAHHOE Ype3bIBaHUE YUYEOHBIX
yacoB IO (pM3MKe W MaTeMaTHKe B y4eOHBIX Iporpammax. HaydHast oOIIEeCTBEHHOCTH
CTpaHbl JOJDKHA CACNIATh BCE BO3MOJKHOE JIJIS YCIEIIHOTO OOy4YeHUs yJammuxcsl (pu3nKe u
MateMmaTuke. st 3TOoro HeOOXOAMMO YBEJIMUEHHE YUEOHBIX 4acoB MO (PU3UKE XOTS OBI J10
YPOBHSI COBETCKOM IIIKOJIBI, T.K. OHA MMeJia OOJIBIIION IOJTOXKUTEIBHBINA OIBIT B O0yUYCHUH
($U3uKe U MaTeMaTHKeE.
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TEMITEPATYPHAS 3ABUCUMOCTbD TEIVNIO®PU3NYECKUX
CBOUCTB CILTABA AKLM2, JETMPOBAHHOI'O P3M

Huszomos 3. — k.¢h.-m.H., 6edywuii nayunuii compyonuxk HUH THY
Cauoos P. X. — accumenm kaghedpwt onweti puzuxuii THY
I'ynos b. H. — k.¢h.-m.H., accumenm kagedpwt onweti puzuxuit THY
Hlapunos J{xnc. I'. — accumenm xagheopvl memeponozuu u enumomonoeuu THY

N3mepennst TEmIOEMKOCTU U €€ TEMIIEPATYPHOTO XOJa UIPaloT OOJIBIIYIO POJIb B
HCCIEN0BAHUSX CclulaBoB. B nuTepaType MNpakKTUYECKH OTCYTCTBYET 3KCIEpPUMEH-
TaJIbHbIE JAHHBIE MO TEIUIOEMKOCTU JIETUPOBAHHBIX aJIIOMUHUEBBIX CIUIaBOB. B maHHOMU
paboTe NpHUBEIEHBI PE3YJIbTATHl JKCHEPUMEHTAIBHOIO HCCIEIOBAHUS TEMIIEPATYPHOU
3aBUCUMOCTH yIENbHOUN TemmoemMkocTu crutaBa AKIM2, nerupoBaHHOTO peako3se-
MEJIbHBIMU METAJUIAMU.

DKCIIEpUMEHTAJIbHO MOJyYeHHbIE BPEMEHHbIE 3aBUCUMOCTH TEMIIEpATypPhl 00pa3oB
C IOCTATOYHO XOPOIlIel TOYHOCThIO ONTMCHIBAIOTCS yPAaBHEHUEM BUA

T =ae ™+ pe_l" ,Tne a, b, p, k —KOHCTAHTBHI, 7- BpeMs OXJIAXKICHUS.

Benmuuunnbl ko3 duiimeHTa TeIIo0Taauu a(T ) JUISL ME/TH, aJTFOMUAHUS U [IUHKA CUIIBHO
oTianyarTcsa. IloaToMy mnpu ompedelieHud YACIbHOW TEIUIOEMKOCTH OTHOCHUTEIbLHBIM
METOJIOM JUTSI UCCIIEOBAHHOW TPYIIIBI JIETUPOBAHHBIX CIIABOB HCIOJIH30BAIIH a(T ) JUTS
criaBa Al+2%Cu onpeiesieHHBIMUA HaMU paHee B paboTe:

|t (T)| =—4.7850 + 0.0418T +4.2516 - 10 °T* —5.7191-10°T",

CUMTAs UYTO, OHO HE 3aBUCHUT OT KOHILIEHTPAIlUU JIETUPOBAHHOTO MeTaslIa. [anee Hamu
BBIUMCIICHA BEJIMUMHA YAETBbHOMN TEIJIOEMKOCTH CILIaBOB.

HccnmenoBanue TeMmIepaTypHOW 3aBUCHMOCTH TEIUIOEMKOCTH crutaBoB AKIM2,
COJIeprKaIero pa3IuuHble KOHIeHTpauuu P3M, mokasajy, 4TO Npu HU3KUX TeMIepaTypax
TEIJIOEMKOCTh JIETHPOBAHHBIX CILUIABOB MpPa3eoAMMOM, UTTPHEM H HEOJHMOM MeHbIIEe YeM
HCXO/IHOTO CIVIaBa, a MPH BBICOKUX TeMmepaTypax 0oJiblie JJisi BceX KoHumeHtpauui. [dias
CIUIABOB JIETHPOBAHHBIM CKAH/HEM /I BCeX TeMIEpPaTyp TelJI0eMKOCTh JIErHPOBAHHOIO
cijiaBa 0oJibllle, 4eM HCXOAHOro. TemioeMKOCTh JIErHPOBAHHOIO CKAHIAMEM H HTTPHEM
CILJIABA He 3aBUCUT OT KOHIIEHTPALNH.

s pacyera TeMmIlepaTypHOM 3aBUCHUMOCTH SHTAJbIIUU, SHTPONMUU M JIHEPrUU
I'nb66ca ucnonap30BaIM UHTETPAIIBI OT MOJISIPHOM TEIUIOEMKOCTH.

Pe3ynbTaThl MPOBEAEHHOTO 3KCIEPUMEHTAIBHOIO HMCCIIEIOBAHUS TMOKA3bIBAIOT, YTO
JUUTSL CTUTABOB JIETUPOBAHHBIX UTTPUEM U HEOJUMOM, SHTAJBIIUS U SHTPOIMUS MEHbIIIE, YeM
JUI. UICXOAHOIO cIiaBa, a sHeprus ['mb6ca OGosbiue, T.e. jerupoBanue cruiaBa AK1IM?2
CIOCOOCTBYET TMOBBIIICHUIO €ro TEePMOCTAOWIbHOCTH. [ CIUTaBOB, JIETUPOBAHHBIX
Mpa3eoJUMOM U CKaHIUEM, SHTAJIBIIUS U YHTPOMHUS OO0JIbIIIe, YeM Il UCXOJHOTO CIUIaBa, a
sHeprusi [m606ca meHbIIe.
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HUCCIEJOBAHUE CBETOCTOMKOCTHU ®YJIIEPEHCOJEPXKAIIINX
XJIOITKOBBIX BOJIOKOH

Anosudouros A. — k.qp.-m.n., accucmenm xaghedopot MTC THY
Mucpuén C. — K.¢h.-m.H., doyenm kaghedpwl snekmponoit pusuxuii THY
Pawuoos /. — k.¢h.-m.n., 0oyenm kageopwt puszuxuii meuépoozo mena THY
Tyituues I1. — 0.¢h.-m.n., npogpeccop kaghedpuvl usuxuti meuépoozo meaa THY

B paborax [1-4], MOCBSIIEHHBIX UCCIETOBAHUIO CTPYKTYPHI M (PU3UUYECKUX CBOMCTB
XJIOTIKOBBIX BOJIOKOH B I10JI€ BHEIIHUX BO3IEUCTBUIN (MEXaHUYECKOT 0, TEIlIa, CBETA U 1Ip.),
YCTaHOBJIEHO, UTO XJIONKOBBIE BOJIOKHA OYE€Hb UYBCTBUTEIbHBI K BHEIIIHUM BO3JEHCTBUSIM
U pazpyumarTcs B 3THX noisx. [loatomy pemieHune 3agay mo CTaOWIM3AllMM CBOMCTB
XJIOTIKOBBIX BOJIOKOH UMEET BAXKHOE HAYYHOE U MPUKIIATHOE 3HAUCHUE.

B nHacrosielr pabote U3ydeHbl CTPYKTYpa U MEXaHUUYECKHE CBOWCTBA MCXOAHBIX U
(dyepeHcoepkalX XJIOMKOBBIX BOJIOKOH, MOABEPTHYTHIX Y D-001yueHuto. B kauecTse
O0BEKTOB MCCIIEAOBAHUS UCHOIB30BAIM 3pesble (70 AHEH) XJIONKOBBIE BOJIOKHA copTa
®eprana, ¢ymiepeH Cso ¢ XMMUUECKONU YUCTOTON 99.7% 1 pacTBOpUTEIb TOIYOJ MapKu
«XY». DymnepeHCeopaCTBOPSUIM B TOJyOJIE W TOTOBWJIM MATOYHOW pacCTBOp C
koHueHTpauuei 0.15%mMacc, w3 Hero nyTéM pa30aBiieHUs IOJydyalad pacTBOp C
koHIreHTparmeit 10-2%macc.ITydkn XJTOMKOBBIX BOJIOKOH IOTPYXKald B 3TH PAaCTBOPHI,
BpeMsl BBIACPKKU (MponuTku) coctaisio 10 mMuH. [IponuTKy XJIOMKOBBIX BOJIOKOH
npoBoawn npu 20°C. Cymky o0pa3loB MNPOU3BOAWIM B BO3AYIIHONW cpene B
tepmokamepe nipu 40°C B teuenue 0.5 4. Bbuin npuUroTosiieHbl 3 cepuu 00pas3LOB: cepusi

1'I/ICXOI[HI)IC XJIOIIKOBBIC BOJIOKHA; CEPUd 2u 3—o6pa3m>1, BBIACPKAHHBIC B paCTBOpAX C

koHneHtpanwueit 102 % u 0.15%, cooTBeTcTBeHHO. 3aTeM, 00pa3ibl cepun 1-3 moaBepranm
JIByCTOpOHHeMY oOiiydyeHuro Y®dD-cBeTOM ¢ IMHON BOJHBI 254HM OT HWCTOYHHUKA

xonoaHoro cBeueHus: BYB-30,paccrosiHne «o0Opaszen-ucTOYHUK COCTABISIO  15MM

WHTEHCUBHOCTH 00yueHHsA—j=28 Jx/M2.c, BpeMsl OOJydeHHUsT BapbUPOBAIIM B IIpeaeiax

t=1-150u. Mexannueckue ucHbITaHUS 0OpasnoB npooawin npu 20°C Ha pa3pbIBHOM
mammHe PM-I  cormacio TOCTI1262-68, co ckopoctbio aedopmaruu  0.01cl.
CBETOCTOMKOCT 00pPa3IOB OICHWBAIN IO OTHOCUTEIHPHOMY W3MEHEHUIO pPa3pBIBHOM
MPOYHOCTH G¢ OOJYy4eHHOro oO0paslia K pa3pblBHOM MPOYHOCTH G HMCXOTHOTO
HeOoOJyueHHOro oOpa3na Kak (YHKIUIO OT BpeMEeHH oO0ayueHus t, T.e. odo=f(t);
CTPYKTYpy 00pa3noB ucciemnoBaiu Ha ycranoBke [JPOH-3 ¢ mucnomp3oBaHueM METHOTO
M3ITy4eHUsl, (GUIBTPOBAHHOTO HUKEJIEM.

VYcraHnoBneHo, uTo Ha OosblIel YacTh YrioBbIXx peHTreHorpammax (BP) Bcex
WCCIIEIOBAHHBIX XJIOTIKOBBIX BOJIOKOH HAOJIIOAAJMCh OCHOBHBIE 3KBATOPUAJIBHBIE U

MepuanoHaiabHbie pediekcer 101, 101, 021, 002 u 040; crmocoObl MPUTOTOBJIEHUS

0o0pa3loB HE BIUSIIM Ha MapamMeTpbl bP, momepedHble U MPOJOJBHBIE pPa3MepPhI
KPUCTAJLUIUTOB cOCTaBIsUIM 4 u 16HM, cooTBeTcTBeHHO. BHenpenwe dymiepeHa Cso He
BIMSUIO Ha CTPYKTYypy o06pa3uoB. CregoBatenbHO, Moyiekylbl Cego HE BXOAAT B
KPUCTAJUTMYECKYIO PEIIeTKY MATPUIBl, a pachojararorcs B MEK(PUOPWLIIPHOM
aMOp(pHOM MPOCTPAHCTBE MEPBUYHOM CTEHKU XJIOMKOBBIX BOJOKOH. Y ®-00/yueHue npu
t<50u4 Takxe HE CONMPOBOXKIAIOCh 3aMETHBIMU M3MEHEHHSMH B CTPYKType oOpaslioB, a
npu t>504u HAOIIOAANIOCH JIMIIb TMepepachpeae/ieHe HHTEHCUBHOCTU B peduiekcax 021 u
002,410, BUIUMO, CBS3AHO C SIBJICHUEM MOJIMMOP(HU3Ma KPUCCTAIOB IEIITI003bl. OTHAKO
HUX MexXaHuueckoe moBeaeHue B mojie Y d-obimydeHus cuibHO pasznuuajiochk. Ha puc.1
MPpUBEJIEHBl U3MEHEHUSI CBETOCTOMKOCTH 00pa3iioB cepuu 1-3.
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Puc.1. CBeTOCTOMKOCTB XJIOITIKOBBIX BOJIOKOH.

1- oOpasiel cepun 1 ;2 - o06pas3usl cepuu 2;
3 - oOpasibl cepun 3 (OSICHEHUS B TEKCTE).

Bugno, wuto oOpasubsl cepum 1

MOKAa3bIBAIOT  XYAIIYIO  CBETOCTOMKOCTH

(kpuBast 1)m npu t=30u Tepstor ~80%

pecypca  mpouHoctH, a npu  t=50u

paspymatorcs. s oOpasnoB cepun 2 u 3

yYPOBHH MPOYHOCTH MCXOTHBIX

¢dyutepeHcoiepKaIUX XJIOMKOBBIX BOJIOKOH TPUMEPHO OJMHAKOBBI, HO Tipu YD-

00JIy4YeHUU KPUBBIE CBETOCTOMKOCTU (KpUBBIE 2 U 3) CMEIIAINCh B CTOPOHY OOJBLIUX t.

Hanpumep, o6pasusl cepun 2 u 3 npu BpemeHu o6ayueHus t=50u u 1204y Takxke TepstoT

~70 u 90% pecypcoB MpPOYHOCTH, COOTBETCTBEHHO, a mpu t=70 m 1504 MOJHOCTHIO

pa3pymatorcs. CpaBHEHUE PE3yIbTATOB MCIBITAHUN 00pa3noB cepuu 1-3 mokazano, 4To

CBETOCTOMKOCTEL (pysuiepeHcoaepkammux oOpa3oB cepud 3 B 2-3 pasa mpeBbllIajia
CBETOCTOMKOCTh 00pa3ioB cepunt 1 u 2.

N3BecTHO, Yro T1emwI0I03a W €€ MPOM3BOJHBIE OTHOCATCA K  KJIAcCy
JIECTPYKTUPYIOIIKUXCS TOJMMEPOB [4], moa BimsiHueM Y D-U3ITydeHHS] TPOUCXOIUT MPOIIECC
JIECTPYKIIMH TICTTHBIX MOJIEKYJI, KOTOPBIN MHTCHCU(PUIIUPYETCS B MPUCYTCTBUU KHUCIOPO/IA.
N3 pe3ynpTaToOB HCCIETOBAHMI CIEIyeT, YTO B IMPOIECCe MPOCTON MPOMHUTKHU, IIO-
BUIUMOMY, MOJIEKYJIbI (ysimepeHa Ceo HE TPOHUKAIOT BIUIyOb 00Opa3IioB, a paclolararoTcs
Ha TIOBEPXHOCTH, WTPAIOT POJIb 3alIUTHOTO JSKpaHA W TPENOXPAHSAIOT IOJUMEP OT
paspyiuaroiiero Bo3aectust Y M-obiryyeHus.

Takum ob6pazom, Mosekynbl QyaepeHa Ceo, HaXoasIIuecss B CBOOOTHOM WIIU
CBSI3aHHOM COCTOSIHUM B  XJIOIIKOBBIX BOJIOKHAX CIIOCOOCTBYIOT TIOBBIIIEHUIO UX
CBETOCTOMKOCTH.

Jlutepatypa
. T'ecc K. Xumus 1iemmron036I 1 ciyTHUKOB. —M.: ['ocxumrexuzmat, 1934, 620c.

. Lemmonosa u ee npousBoansie. [lepeBox ¢ anr.mox pea. 3.A.Poropuna. —-M.: Mup, 1974, 1.1,
500c.; 1.2, 212¢.
3. Cagop ®.U., Kopuarun M.B., Mareukuii A.M. XumMuueckas TEXHOJIOTHS BOJIOKHUCTBIX
MaTtepuanoB. —M.: Jlerkas unmgycrpus, 1968, 784c.
4. Bboseii ®@. JIeiicTBUEe MOHU3UPYIONINX M3IYYCHU HA MPUPOAHBIC U CUHTETUYCCKUE ITOJIUMEPHI.
IlepeBon ¢ aurn.nox pex. FO.C.Jlazypkunka. —M.: NJI, 1959, 295c.

N —

NCITOJIb30OBAHUE MOIIHBIX CBETOU3JTYYAIOIIUX
ANOA0B B MEJNLINMHCKOU TEXHUKE

Maxmyoos U. IlI. — K.¢h.-m.H, cmapuuii npenooasamens Kagheopvl 21eKmpoHHbLE
BLIUUCTUMETILHBIX MAWUH, KOMNaeKkcos, cucmem u cemu THY

KauecTBO cBera sBIsIeTCS OMpENENSIIOIINM (AaKTOPOM TIPU BBIOOPE HMCTOYHHKOB
CBeTa JJIsl IPUMEHEHHUs B MEAULIMHCKOW MHAYCTpUU. B 3TOM 0061acTu paccmMaTpuBaeTcs 1Ba
OCHOBHBIX HAIIPABIICHUS HCIOJB30BAHUS CBETOJMONOB: OCBEUIEHHE M MEIMIMHCKOE
obopynoBanue. HezaBucumMo OT TOro, MPeICTOUT JIM CIOKHAs ONepals Wid OObIYHBIN
OCMOTp y CTOMATOJIOra, K MapaMeTpaM MEIUIMHCKUX CBETOBBIX MPUOOPOB MPEABSBIIS-
10TCs1 0coOble TpeboBaHus. CeroaHsl BeaylIue MPOU3BOJIUTENN CBETOTEXHUKU OCTABIISIIOT
MEIUIMHCKUM YUPEXKICHUSM CAMbIM IIMPOKUM CIEKTP MCTOYHUKOB CBETA , B TOM YUCIE U
pa3IMYHBIE OCBETUTEIIbHBIE YCTAHOBKU.
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IIpu nmpoBeneHNM MEAUIIMHCKUX OIepalluii, K MpUMEPY, OCBEHIEHHOCTh paboyero
MOJISI B OTJEJbHBIX CIydasiX JOJKHA COCTABJISATH JO HECKOJBKUX JECATKOB THICSY JIIOKC.
Il cpaBHEHUsI, TapaMeTP OCBEIIEHHOCTH B OOIIEM OCBEIICHUH O(HCOB MU KBAPTUP, KaK
MpaBUIO, HAXOJUTCA B IIpeAerax HECKOJIbKUX CoTeH JoKC. COBpeMEHHBbIE MOIIHbIC
CBETOAMOJIbl HMMEIOT JOCTATOYHO BBICOKHMU YpPOBEHb CBETOOTIAYHM, Hampumep, Oelbie
CBETOAMONBI IO JaHHOMY ToKazaTemo yxe mpeBocxoasT 100-120 JIm/Bt, a cepuiiHble
R GB-cBeToMo1pI HEJABHO BILTOTHYIO MOJONUIN K mokaszartento B 200JIm/Bt [1].IToatomy
UCIIOJIb30BAHUE MOIIHBIX CBETOJIMO/IOB B OCBETUTEJIbHOM TEXHUKE CErOAHS SIBJISIETCS
ONTUMAJIbHBIM BapUAHTOM JIJISI MEAULIMHCKOTO OCBEIIEHUS.

K omHoMy u3 oOYeHb IIOJIE3HBIX CBOWCTB CBETOJIMOJOB OTHOCUTCS BO3MOKHOCTH
pPeryJIMPOBKHM IBETHOCTH U SIPKOCTU CBETOBOro MmoToka. [Ipu mpaBUIbHON 3KCILTyaTalIH,
CBETOAMOJIbl XapaKTEPU3YIOTCS CTAOMIBHOCTBIO CBETOBOIO IIOTOKA B TEUEHHE BCETO
CpOKa JKCIUTyaTalluM , KOTOopbid cocraBisier A0 100 Thic. yacoB [2]. DKOJOTUUHOCTh
HUCTOYHUKA CBETAJAJIEKO HE MOCAeAHUM (aKTOp B MEIUIMHCKOM yupexaeHuu. MoIHbie
CBETOAMOJIbI HE COJIep)KaT PTYyTH U aObCOMOTHO Oe3BpenHbl. CBETOAUOJBI AIOT
y3KOHAIIPABJICHHBI CBETOBOM TMOTOK, 4YTO MOXET  OKa3aThCsi BeCbMa IIOJIE3HBIM B
Takux chepax MEIWIMHBI, Kak, Hampumep, odprambpmonorus. CBeTOIHOIBI paboTaIOT
OecIIyMHO U JAIOT POBHBIM CBET 0€3 MyjbCalldii, UTO TaK)Xe HMMeeT OOJIbIIIOe 3HAYeHUe
B YCIIOBUSIX HAMPSDKEHHON 3PUTEIBHON NESITEIbHOCTH MEIUKOB.

Eme omHO¥W mepcneKTHUBHOW chepoll BHEAPEHUS MEIUIMHCKOTO O0O0pYA0BaHUS
Ha OCHOBE CBETOJMOJIOB SIBJISETCS Jia3epHash MEIMIIMHA, XOTS TOKa CBETOJAUOIbI
MOTYT 3((PEKTUBHO TPUMEHSITHCS JUIIb IS PEIIeHUs HEKOTOPBIX Y3KHUX 3a7au Ja3epHOM
Tepanuu . 37eCh HEMaJOBaXXHbIM MPEUMYIIECTBOM sBJIsgeTcs Oojiee HU3Kas IeHa
CBETOJMOJIOB, MO CPABHEHUIO C JIa3€paMH.

Jlutepatypa
1. Iy6ept ®.E. Ceromuonst . M.: ®usmarnur . 2008. — 496¢
2. Mommmyxk A.T'., Typxkuna A.H. // KomnonenTs! u Texnomorun. 2007. Ne 11.
3. XKapos, B.I1. Ponb cBera B sxu3HU uenoBeka / «JIaszep u 3mopoBbe 99». - M. - 1999. - C. 3-6

ALUETUWICAJIUIINIOBAS KUCJIOTA U EE
AMWHOKUNCJIOTHBIE ITPONU3BO/IHbIE

Kooupos M. 3. — k.x.H, doyenm Kaghedpwi opeanudecxoti xumuu THY
Xanukos 1. X. — 0.x.1., npogeccop kaghedpuvl opeanuueckoit xumuu THY

AneTwicanuiuioBass KUCIOTa U €€ NPOU3BOJHBIE-OJIHA M3 CTApbIX TPy
(apMaKOJIOTMYECKUX COENMHEHUH, KOTOPhIE HE TOJIBKO COXPAHMIM CBOM 3HAUEHUS KaK
neyeOHbIe CpeACTBA, HO Osiaromaps CUCTEMATHYECKOMY HM3YUYEHHI0 OCOOEHHOCTEH HX
JNEUCTBUS BCE IIHUPE WCHOJIB3YIOTCS B MPAKTUYECKOM MENWIIMHE W SBIISIOTCS
MEPCTIIEKTUBHBIMU B TUTAHE MTOJTYyYEHUST HOBBIX JIGKAPCTBEHHBIX MTPENapaToB.

AnerwicanuiuioBas KHCIOTa caMa Mo cebe, OO B COUYETAHUU C JPYrUMU
CpEeICTBAMHU IIMPOKO HCIOJB3yeTCs B LENSAX JIeUeHUS W MPO(UIAKTUKA TPU pPa3HO-
00pa3HbIX OOJIE3HEHHBIX IIpOLIECCax: peBMATHU3ME, 3a00JIEBAHUSIX CYCTaBOB, 3YOHBIX U
TCOJIOBHBIX O0JIsIX, TpoMOO(deduTax, 3a00JI€BaHUAX BEPXHUX IbIXATEIbHBIX MyTEH U Ip.
Kaxk ananpreruueckoe cpeicTBO alleTWICAIULMIOBAS KUCIOTA HCHOJIb3YETCSl €XKErOqHO B
OTPOMHBIX KOJIMYECTBAX U HECOMHEHHO SIBJISICTCSI OJTHUM U3 CAMBIX ITUPOKO MCITOIb3YEMbIX
MpenapaTos.

[TonyyeHue mNPOU3BOAHBIX ALETUICATIUUIUIOBON KHUCIOTBI OCYIIECTBIISIETCS B
OCHOBHOM II0 JBYM HAIIPABJICHUSIM: CHUHTE3 IIPOU3BOJHBIX C IIOBBIIIEHHON pacTBO-
PUMOCTBIO U BBICOKMMHU (apMaKOJOTHUYeCKUMH 3(hdekTaMu ¢ CHUHTE3 COCAUHEHHIA,
pacnagamonuxcs B OpraHu3Me Ha IMPOU3BOJIHbIE ALIETWICAIULIMIOBONW KHUCIOTHI, MPOSB-
asaomue  gapMmakosiornueckue aedctBusas. OnHoNW W3 1eneid MoauduKanuy aretruica-
JIMUUAJIOBOM KHUCIIOTHI SIBJIIETCS MOBBILIEHUE €€ PAaCTBOPUMOCTU. [Ji1 3TOro MCMOJb3yIOT
pPEaKLUIO cOJIe00pa30BaHUs  AUETUJICATUIUIOBON KUCIOTHI C MOHAMHU METAIIOB (JIUTHS,
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KaJbIvsl, MarHus). Tak, Kajaplus aleTWIcaIuuwiaT 00JiagaeT B 3TOM psiAy HaubobIei
pacTtBopumocThio. Hawnyuield pacTBopuMocThio B Bojie oOamaer D,L-1u3uHoBast colib
Al TUJICAJIUITUIIOBON KUCIIOTHI. [1pu jledeHnu CTEHOKAapAUU HCIIOJIb3YIOT MAarHUEBYIO COJIb
ALIETWICAJIUIIWIOBONA  KUCTIOTHI BCJIEICTBUE OoJiee BBICOKOW OMOIOCTYIMHOCTU IO
CPaBHEHHIO C XJIOPUJIOM MarHusl.

Emé omumMm mnyTtéM MoaupuUKaIMKM  aleTHUICATUIIMIOBON KHUCIOTHI  SIBIISIETCS
MOJIy4eHHe MPOU3BOIHBIX 110 KapOOKCHUIbHOM rpymie. Peakiueit atepudukanuy noaydyaroT
pasnuyHble 3(QUpPbl AUETUWICATULIWIOBONH KUCIOTHI, O0JaJaroNIue ACIUPUHOINOA0O0HBIM
nerictBueM. CHHTE3UPOBAHBI  aJKWIbHBIC 3(DHUPBI alleTUICATUIIMIOBON KUCIOTHI, 00J1a-
JTAIOIINe ACIIMPUHOTIOAOOHBIM OOJIEYTOISIONIUM U MTPOTUBOBOCTIATIUTEIbHBIM JIEUCTBUEM.
Tak »xe CHHTE3MpOBaHbI B KadeCTBE JICKAPCTBEHHBIX IIPENApaTOB THOJIOBBIC 3(PHPHI
ALIETWICAJIUIIMIIOBON KUCIIOTHI WJIA UX COJIU.

JI71st TIoJTydeHus aMUHOKHUCIOTHBIX MTPOU3BOAHBIX AllETUICATUIIMIOBOM KUCTOTHI 10
KapOOKCUJIBHON TpymIe, NPUMEHSIA METOAbl KIIACCUYECKOW TEeNTUIHOW XUMHUM B
pacTBope. OTUMHU MeETOJAaMH OBUI CHHTE3UPOBAH METWJIOBBIH 3dup amerwmiica-
JIULUIOWJIAIAaHUHA U PSIJ] aMUHOKUCIIOTHBIX MPOU3BOIHBIX AlleTUICAIUIIUIIOBON KUCIOTHI.

CuHTEe3 NPOBOAWIM B PACTBOPE C HUCIIOJb30BAHUEM METOJA AKTHBUPOBAHHBIX
3¢upoB (N-OKCUCYKUMHUMUIHBIX). [IpyW CUHTE3€ MCXOIHBIMHU pPEAKTUBAMHU SIBIISUTMCH
OKCHCYKIIMHUMHMJIHBI 3(Up aleTUICAIUIUIOBONH KHUCIOTHI M HATPUEBBIE COJIM  O-
AMHHOKHCIIOT. AMHHOKHUCIIOTHI TpuMeHsin B L-popme. N-OKCHCYKIMHUMUAHBI  3up
MoJIy4aJii KapOOJUMMUIHBIM METOJIOM C MCIOJI30BAaHUEM B KaueCTBE KOHAECHCHUPYIOIIETO
peareHTa IUIUKIOTeKCHIIKAPOOIMUMU/I.

YCYJIU TABJIUMU XAMITUPOU BA NCTUPOJAN
OH JAP TABJIMMU KUMHUE

Pacynos C. A. — n.u.x., 0oomcenmu kagheopau ycynu maopucu kumuéu JIMT
Axbaposa M. M. — n.u.x., 0oomceumu kageopau ycyau maopucu kumuéu JIMT

JlacToBapAXou OJMH TaMaJAyHU MyOCHPPO O€ UIITUPOKHU WIMH KUMUE, KU sKE a3
3aMHHAaXOM aCOCHUHM TempadT, OMOTEXHOIOT s, (papMaKOJIOrUs Ba IUrap WIMXo Mebolan,
TacaBBYp KapJaH FAaHpPUUMKOH acT.

Axamusata Oy3ypru WiIMH KUMHE Aap WHKUIIOPH yoMeam MyTamMaJauH a3 OH
maxonar Menuxad, K Tau€ép HaMyJdaHW MyTaxacCUCOH Ba TAAKUKOTUMEHU OallaHIUX-
TUCOCU 00 KOPXOU WIMHIO TAIKUKOTHA MaIIFyiI0yaa 3apyp medomman. YyHMH MyTaxacCUCOH
0a TagKUKOTXOM (yHIaMEHTa Il Ba amaliii, KU CaMTXOM HWHHOBATCHOHUM WKTUCOIMN
JOpaH/I, MAIIFyJl XOXaH[ Inyd. Tamkwn Ba UHKUIIOQ JOJAaHU 0a3an METOIA Ba MOJIJIHIO
TabJIMMIA Oapou PYLIAU WIMY MabpudaTu KUIMHUE Iap JOHUIITOX 3apyp acT [1].

Bapou mMybTamuin rapAoHUIAHU paBaHIU TAbJIUM JAp ITOHUIITOX OOST BOCHUTAXOU
YHUBEPCAIUA TabINM, KU (YHKCHUSXOM TYHOTYHH Mabpudatit (TabIuMA, TPEHUHTH
(Mamkit), HazopaT Ba XyaHa3opaT, Oaxoauxid Ba Xya0axoauxit, TapOusBA Ba
MHKHUIIO()EOTH)-pO MYPO MEHAMOSIT, 0O TAIIAKKYJ, KOPKap/a Ba UCTU(O/Ia IaBaH/I.

Nn amanm Oa Tamakkysl MOJAHU CHUCTEMad JOHUIIN JOHHUINYYEH MOTHUBATCHUSU
MycOaT Ba MHKHUIIO(PH XapaKTeppo TabMHH MeHamosa. ba BocuTam mOXwiI HaMymaHU
TEXHOJIOTHSIXOM WHHOBATCHOHM Jap JOHUIITOX KOpKapAu OapHOMaxou 4opaOWMHUXOE, KU
O6apou 6exTap HaMmynaHu cudaTH TabJIUM paBOHA LIyIaaH[, 3apyp Mebomany. ba ralip a3
WH, O0apou TaIKWIA TabluMu Oocudatu KuMué wuctudomanm 3axupaxou AUTaApU
MabpudaTii, 6a MOHAHAN YAMBUATH WIMHH JOHUIITYYEH, CEMUHAPXOU WIMHA, MAaKTaOXou
Ha3au MpodeccopoH Ba Faiipaxo 6a Makcag MyBo(uK Mebora.

HNctndomanm TeXHONIOTUSAXOM WHHOBATCMOHA Jap TaW€p KapJaHHM MyTaXacCHCOH
camapan Xxy0 MenuxaJa Ba Oa TexHosiorusii ypdH Xajajl HapacoHHIA, OHPO FaHM
MerapaoHan[l].

TexHomorusin MpoOIeMaBiA-TAIKUKOTHA, KU KEHC-TEXHOJOTHS, TABJIUMH MPOOJe-
MaB#l, (AabOUATH WIMHIO TaJKUKOTH, OJKCIHEPUMEHTH TpoOJIeMaBd, Machallaxou
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npob6iemaBupo aap 6ap merupaa, GUKPPOHUU IUOJAUU MAKTa00ayaroH Ba JOHUIIYYEHPO
MHKUIO(} Meamxaa. A3 4Yymia, TEXHOJIOTHS, Jap TaTOMKM TadakKypw Faipuoauu
JIOHMIIYYEH Jap MAIIFYIUATXO a3 (aHHU KUMHUE, Oa MHKUIIO(H caMapaHOKUU 3eXHH JIap
paBaHaM TabIUM rupudTaH MycouaaT MekyHan [3].

TabmumMu KUMHE JOPOU XOCHUATH XOC Oyna, Ty3apOHAaHM TaupuOaxou T'yHOTYHU
KUMUEBHPO Tanmabd MeKyHaJ. XaHrOMH TalllKWI HaMyJaHd Taypubaxo HCTH(OIAN
KOMITIOTEp TaBCHs MemiaBan. XycycaH, HCTU(OIaW KOMIIIOTEp Jap Tauypubaxo 00
MOJIIaxou 3aXpHOK (OeHzoun, (ochop, ramorerxo Ba f.) uctudoma memasana. dap uH
MaBpUJlT YaXOHHM BUPTyalli HMMKOHHMAT Meauxald, Ku Oe sSroH xarap Oa calloMaTUH
XOHAHJIaTOH, Taypubaxopo Ty3apoHeM. MH Ba3puiIT OMY3ropu KUMHEPO BasudagIop
MEKYHa/1, KA a3 MMPaKTUKYMXOH BUPTyaji uctudoa 6apa.

Kopxon wnbupomum moHUNIYyEH 00 crala-puiaMxo HU3 0a Makcaa MYBO(HK
Mebomana. bo wucrudoma a3 crnala-puiaMxo, OHXOPO METABOHAaHA OOpPXO HaBOpHU
Taypubaxou KUMHEBHUPO TaMOIIO KyHaH[, JACTyp ouja 0a oMoja COXTaHM XHUCOOOTPO
OMY3aH/, MacajaH: TapTHO JOJaHM MYOJWIAU PEaKCHSIU TaypuOau KUMHUEBH, KalllUIaHU
pacMu acboOu KUMHUEBH, IIapX JOJaHU I'y3apUILIUA XOAUCau peaKcus Ba raiipaxo [2].

CaHbpaTy IeJarorud oMy3ropu paHHU KUMUE Jap OH acT, KU TabJIMMHU aHbaHABHA Ba
TEXHOJIOTUSIXOM MHHOBATCHOHUPO, MyBO(MUKM Makcaa uctudua Oypaa, 60 HazapIoLITH
XYCYCUSTXOU MHPUPOIUU Xap K JOHUIIYY paBaHIU TaBIMMPO 0a poX MoHad. Mctudonan
TEXHOJIOTUSIXOM MHHOBATCHUOHH a3 OMY3rop, KOpJIOHA Ba coxubTaxaccyc OynaHpo Tanad
MekyHaja. OMy3rop map IMIApOUTH MYOCHP Ha TaHXO Jap MAIIFyJIUSITXOM akKajJeMi a3
dbanHn KUMUE, WHYYHHH aap (aboNMATH WIMA-TAAKMKOTA Ba JUTap YOpPaOWHHUXOU
TapOUsIB MH yCyiaxopo uctudoga Oypaa TaBOHA/I.

Anabuér
1. Omp6exnsn K.C., bemuk E.B., [TaxxutHeBa E.B., MypaBneBa A.b. IHHOBaIIMOHHbBIE TEXHOJIOTUH
oOydeHUs] XMMHH B YCIOBHUSX YHUBEPCUTETCKOTO 0oOpazoBaHus // MeXIyHApPOIHBIN KypHAT
JKCIIEpPUMEHTAIBHOTO o0pazoBanus. — 2013. — Ne 4 — C. 337-340.
2. Konakopa B.B., 3rosuna JI.®. J[lemoBass urpa kak ¢opma pean3allil PerHoOHaAIBHOTO
komroneHTa // Xumus B mkode. — 2005. -Ne 8. -C. 8.
3. CoxomoBa O.E. TexHOIOTHs MeIarornyecKiux MacTePCKHX: Pa3BUTHE TBOPUECKUX CITIOCOOHOCTEH
yuanuxcs // Xumus B mkosne. — 2001, -Ne 7. — C. 14-18.

KOMILIEKCOOBPA3OBAHUE MEJIM (IT) C N-ALIETUWJITUOMOYEBUHON
B CPEJE 5 MOJIb/JI HCI ITPU TEMITEPATYPE 298 K

Hasnamosa X. C. — cmapwuii 1abopanm kagedpwvl neopeanuyeckot xumuu THY
Asusxynosa O. A. — 0.x.H., npogeccop kagheopuvl heopeanuueckoit xumuu THY
Ioicypabexos V. M. — accucmenm kagedpwt Heopeanuyeckot xumuu THY

Llenp  HacTosmiedn  paboOTHl  3aKIOYaeTCss B HMCCIENOBAaHWM  IMpoIliecca
koMmruiekcooOpazoBanus Meau (II) ¢ N-anermrrnomoueBuHOM B cpeae S moib/m HCI pu
temrepatype 298 K, MOTEeHIIMOMETPUYECKHMM METOAO0M. VICXOTHBIM COeNMHEHHEM ObLIO
CuCl2-2H:0.

[ToTeHnmoMeTpruecKoe TUTPOBAHUE MPOBOJMIN C MCIOJIB30BAaHUEM KOMIIapaTopa
Hanpsbkenus P-3003 M1. Pa3nuyHyro KOHIIEHTPAIMIO OKHUCIEHHOM M BOCCTAHOBJIEHHOU
¢opmMbl  N-aleTWJITUOMOYEBUHBI  CO3JABAIM  OKHUCIIEHHEM YacTH HUCXOAHOTO  N-
anermtnomoueBunsl 0,1 H. pacTBopom Hoaa B cpene S moib/im HCI.

BemuuuHbl  CTymeHYaThIX KOHCTAaHT o0Opa3oBaHus N-alleTWITHOMOYEBHUHHBIX

xomrutekcoB meau(Il) onennsamu o ypasuenmo K- =1/[L] mpu i=0,5;1,5;2,5;3,5.

KpuBass oOpazoBanusi kommuiekcoB weau (II) ¢ N-ametmntTunoMouyeBHHOM,
IIOCTPOEHHAs HA OCHOBAHUM JAHHBIX MOTEHIHMOMETPUYECKOTO TUTPOBAHUS, IIPEICTABIICHA
Ha puc. l.
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35

25

1.5

05 -

3,3 3,5 37 39 4,1 43 4,5 -glL]
Puc. 1. KpuBas o6pazoBanust komiuiekcoB meau (II) ¢ N-anetuntuomoueBuHOU B cpene 5
mow/1 HCl mpu temmniepatype 298 K.
3HaueHWe CTyNEeHYaTbhlX KOHCTAHT oOOpa3zoBaHus N-aleTUITHOMOYEBUHHBIX
komrmutekcoB mMeau (II) B cpeme 5 monw/m HCI mpu 298 K, ompeneneHHble METOAOM
Breppyma u3 KpuBbIX 00pa30BaHuUsl, MPEICTABICHBI B TAOIHUIIE.

Ta6mmma 1. 3HaueHus CTyneHYaThIX KOHCTAaHT oOpa3oBaHust koMruiekcoB meau (IT) ¢ N-
aleTHIITHOMOYEBUHOM B cpenie S Mosb/1 HCI nmpu temnepatype 298 K

T,K pKi pK> pKs pKa4
298 K 4,39 3,97 3,69 3,42

[TosrydeHHbIe SKCIIEpUMEHTAIbHBIE JAHHBIE CBUACTEIBCTBYIOT O TOM, YTO IPOIIECC
koMmIuiekcooOpazoBanuss Meau (II) ¢ N-aneTUITHOMOUYEBMHOM  CONPOBOKIAETCS
TEIUTOBBIJICTICHUM.

Takum  oOpa3oMmM, Ha  OCHOBAaHMHM IPOBEACHHBIX  IMOTEHIIMOMETPUUYECKUX
ucciaeaoBaHuil mpoliecca kKomiuiekcooopazoBanus Meau (II) ¢ N-aneTuntuoMouyeBUHOM,
YCTAaHOBJICHO 00Opa3oBaHUE YETHIPEX KOMIUIEKCHBIX dacTuil B cperme 5 moinb/n HCl npu
temmnepatype 298 K, comepkamux oT OJHOTO IO YETHIPEX KOOPIMHUPOBAHHBIX MOJIEKYJ
OPraHUYECKOTO JIUTaH/a.

®U3UKO-XMMUYECKUE UCCIEJOBAHUS OKCOXUHOIMHOBBIX
KOOPJIMHALIMOHHBIX COEJAMHEHUIT MOJIMBJEHA (V)

Asusxynosa O. A. — 0.x.H., npogeccop kagheopul Heopeanuueckoit xumuu THY
Deambepoues A. Il1. — accucmenm kagpedpwt Heopeanuuecxot xumuu THY
Xonuxos III. X. — 0.x.H., npogpeccop kaghedpwt opeanuueckoti xumuu THY

Ab6oynxaesa M. U. — k.x.H., doyenm kageopuvl Heopearnudeckot xumuu THY

Koopaunanmonusie coenmHennst MmonnoaeHa (V) ¢ 8-OKCHXMHOJIMHOM CHHTE3UPOBAIIH
npu MojgbHOM cooTHomeHnn (NH4)[MoOCls] : 8 — Oxi = 1 : 2 B cpenae
KOHIICHTPUPOBAHHBIX PACTBOPOB OPTaHUYECKUX KUCIIOT.

BeinenenHoe B TBEpAOM BHUEC TEMHO-3EJIEHOTO IIBETA MEITKOKPUCTAJUIMYECKOE COCTUHEHHNE
YACTUYHO PACTBOPSETCS B BOJIE, TUMETIWI(HOPMaMHUIE, TUMETHICYI(OKCUIE, HE PACTBOPUM
B aIleTOHe, 3TaHoJIe, d3pupe U OEH30IIe.

CoctaB u CBOWCTBAa CHHTE3UPOBAHHBIX COCIMHEHWH YCTAHOBJIEHBI METOJAMH
aneMeHTHOTO aHann3a, MK-cekTpockonuu u KOHAYKTOMETPHUH.

Ha ocHoBe naHHBIX PU3UKO-XUMUYECKIX METOHAOB UCCIICAOBAHNS YCTAHOBIICEHO, YTO
CHHTE3UPOBAHHBIM COEAWHEHUSM COOTBETCTBYIOT clienyromue ¢opmynsl: [MoOLCI;s]
2H>0 1 [MoOL-Cl|ClL>-2H,0.

Hannune BHyTpeHHe M BHemIHEH cQepbl KOMIUIEKCOB OBLIO  YCTAHOBIIEHO
KOHIYKTOMETPUUECKUM METOJOM — M3YyYCHHEM MOJIIPHOU 3JIEKTPUUIECKON MPOBOAUMOCTH
JTUMETHUI(POPMAMUTHBIX PACTBOPOB CUHTE3UPOBAHHBIX KOOPIANHAIIMOHHBIX COSTMHEHU.
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[Toxazano, 4TO MOJIIpHAsl 3JEKTPUUYECKAs] MPOBOJMMOCTD AUMETHWIPOPMAMUITHOTO
pactBopa coenuHenus: coctaBa [MoOLCI3]-:2H>O pasna 28,3 — 32,5 Om'! cMm2 monb!, uTo
XapaKTepHO COCMUHEHUSM HEdJIEKTPOJUTHOrO Tuma. s coenwHEeHUs CcocTaBa
[MoOLoCI|CL2'2H2O  3HayeHHWST MOJSIPHOM  3JEKTPUYECKON MPOBOJUMOCTH JTUMETHII-
GhopMaMUIIHBIX PacTBOPOB Jiexar B wuHTepBaie 125,6 — 136,3 Om! cm? monw’!, uTo
COOTBETCTBYET OJJIEKTPOJUTAM cocTaBa | : 2. YCTaHOBJIEHO, YTO NpuU pa30aBICHUH U
HarpeBaHuM JUMeTUI(GopMaMUIHBIX pacTBopoB [MoOLCIs]-2H>O 3HadyeHHWe p MeHsETCS
HE3HAYMTEIbHO, YTO YKa3bIBaeT 00 YCTOWYMBOCTH CUHTE3MPOBAHHOTO coeauHeHus. s
coenunenuss [MoOL,Cl|Cl,-:2H>O mnpu paszbaBieHUN AUMETHIPOPMAMUIHOTO PaCTBOpA
3HAYCHHE L HECKOJIBKO YBEITMYMBAETCS, YTO MOKHO OOBSICHUTH AMCCOIMALINEH BHYTPEHHEH
cepsl ¢ OCIEAYIONNUM BXOXKICHIEM MOJIEKYJIbI pACTBOPHUTEIS M BHITECHEHHUE XJIOPUIHBIX
HMOHOB.

XapakTtep KOOpAMHALMU MOJEKYJIbl 8-OKCMXMHOJIMHA K Monuboaeny (V) Obul
ycranoBieH WK-crmekrpockonmueckum wmetogoM. IlokasaHo, 4TO B 3aBHCUMOCTH OT
COOTHOIIICHUS PEarupyolnuXx KOMIOHEHTOB MOJIEKylTa &8 — OKCOXHHOJIMHA K HWOHY
MonbaeHa (V) MOXXET KOOPAWHUPOBATHCS KaK MOHOJEHTATHO, TaKk W OumeHTaTHO. B
coenuneHnn [MoOL,CI|Cl-2H>O nBe monekynsl 8-OXi, KOOPIMHHUPYSCh OWIEHTATHO,
gyepe3 aTOMBI KUCIIOPOa U a30Ta 00pa30BhIBAIOT MIECTUWICHHBIN XETaTHBIM METaJIOIMKIL.

KOMIIVIEKCOOBPA30OBAHUE MOJIMBJIEHA (V) C 1-©EHWNJI-2,3-
JANMETUITINPA3OJINH-5-TUOHOM B CPEJE 6,5 MOJIb/JI HCL,
ITPU TEMIIEPATYPE 288 K.

Deambepoues A. IlI. — accucmenm kagedpwt neopeanuueckoii xumuu THY
A3zuszkynosa O. A. — 0.x.H., npogheccop kagedpwl Heopeanuyeckoi xumuu THY
Ab6oynxaesa M. U. — k.x.H., doyenm kageopul Heopeanudeckoti xumuu THY

B nutepaTope OTCYyTCTBYIOT CBEIEHHSI O KOMILIEKCoOOOpa3oBaHuu Mmoinbaena (V) ¢ 1-
beHm-2,3- TMMeTUIIIPAa30JIuH-5-THOHOM B cpeae 6,5 moinbs/m HCL

HacTtosmiee cooO1ieHne MmOCBSIEHO MPOLECCY KOMIUIEKCOOOpa3oBaHus MOIMOIeHA
(V) ¢ l-peHmn-2,3-nuMeTUIIIMPA30IMH-5-THOHOM B cpeae 6,5 wmomnws/n HCl npu
temriepatype 288 K.

ITponiecc xomrIiekcooOpazoBanus MoiaubaeHa (V) u3ydancs C HCIOJIb30BaHUEM
JUTAHAHOTO DJJIEKTpOJa Ha OCHOBE |-peHun-2,3-AMMEeTIIIUPA30INH-5-THOH H €ro
okucieHHoU (popmbl ipu Temnepatype 288 K meromom pH — MeTpudeckoro TUTpOBaHUSI.

VYCTaHOBIIEHO, YTO TIpU [OOABJIIEHUU OMPEIEIEHHBIX KOJWYECTB OKHCIEHHOTO
pactBopa  1-deHun-2,3-TUMETUINUPA30OIUH-5-THOHA K  COJISHOKHUCIIOMY  PacTBOPY
(NH4)2[MoOClIs] mpoucxoauT u3MeHEHHE 1IBeTa pacTBopa OT 3eJIEHOTO K KEITOMY, 3aTeM
k cuHemy. [Ipu qo6aBIeHNH MOCIETYIOMINX KOJIMYECTB PACTBOPAa OPraHUYECKOTO JIMTraHaa
HaOJo1aeTcss 0OpaTHOE M3MEHEHHE 1BeTa PEAKIIMOHHOW CHCTEMBI, UTO CBUIETEIIbCTBYET
00  oOpatuMocTH  Tpoliecca  KOMIUIEKCOoOpa3oBaHus.  M3yueHme  mporiecca
koMIuiekcoobpazoBanus mojudaeHa (V) ¢ 1-penwmn-2,3-aumMeTUmupa3onuH-5-THOHOM
MO3BOJIIJIO  OTIPENIEINTh KOHCTAaHTHI 0Opa3oBaHUs KomIuiekcoB wmoimoaeHa (V) ¢
yKa3aHHBIM JUTaHaoM. [loiydeHHbIe 3KCIIepUMEHTANIbHBIE JTaHHBIE CBHIIETEIHCTBYIOT O
00pa3oBaHUU YEThIPEX KOMIUIEKCOB MosnbaeHa (V) (Tabi. 1).
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KoHncranTsl 06pa3oBanus koMiuiekcoB MoauoaeHa (V) ¢
1-benun-2,3-nuMe T pa3oaH-5-THOHOM

pKi pK> pKs pK4
1,09-103 6,16-102 4,67-102 4,07-102

st ompeneneHus 00JIaCTH CYIIECTBOBAHMS OOPAa3yIOIIMXCS KOMILIEKCOB B CHCTEME
(NH4)2[MoOCls] - 1-dbennn-2,3-quMeTHInupa3omH-5-tuon — 6,5 mone/mn HCl mipum
temriepatype 288 K paccuuThiBaM WX KpUBBIE pacnpeneiicHus. AHalIM3 KPUBBIX
pacnpeneicHusT MOKa3bIBaeT, YTO YBEIWUYCHHBIC TEMIIEpATyphl NMPHUBOAAT K CMEIICHUIO
BEJIMYMHBI MaKCUMyMa BBIXOJIa KOMIUIEKCHBIX (JOpM B CTOPOHY OoJiee BBICOKMX 3HAUCHUMA
PaBHOBECHOUM KOHIIGHTpalu# 1-peHmI-2,3-TMMeTUIINPa30IMH-5-THOHA, YTO YKa3bIBaeT
Ha HaJIMYUe W30BITOYHOTO KOJIMUECTBA JIUTaH/Ia B pacTBOPE.

ALIMJIOJIUTAHIHBIEL2,4-TPUA3OJTUOJHBIE KOOPAUHALIMOHHBIE
COEJVUHEHU S MOJUBIEHA (V)

Xamuoosa @. P. — accucmenm xagedpwvt neopeanuyecxot xumuu THY
A3zuszkynosa O. A. — 0.x.H., npogheccop kagedpul Heopeanuueckoti xumuu THY

MonubaeH sBISIeTCS OJHUM U3 OWOAKTUBHBIX JJIEMEHTOB, KOTODPBIM HUrpaeT
CYIIECTBEHHYIO POJIb B )KM3HU PACTCHMI, )KUBOTHBIX U YelloBeka. HemoctaTok MommbaeHa B
KUBOM OPTraHM3ME BBI3BIBACT pa3INIHbIC 3a00ICBAHMUS.

Tpuazonsl M UX MPOUZBOAHBIE O00JIANAIOT IIMPOKUM CIEKTPOM OHOIOTHUECKOU
AKTUBHOCTU W B MEAWIIMHCKONW TMPAKTUKE TIPUMEHSIOTCS B Ka4eCTBE Pa3TUIHBIX
JIEKapCTBEHHBIX MPENapaToB.

B Hacrosimee BpeMs 3TOT KJIAacC JMTAHAOB HUMEIOT IIMPOKOE MPUMEHEHHE IpHU
CHHTE3¢ HOBBIX KOODAMHALIMOHHBIX COEIMHEHUH, TMPOSBISI