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IloToxu B ceTsixX M AJIT'OPUTMBI PCIICHUA HA rpa(])ax

CeTKa}IanI MMOTOKTYH l"paq)Tal”bI YbITAPbLJIbIIIBIHBIH
AJAropuTMachl

Flow in Networks end algorithm decisions in the graph

Annomayusn:. 6 smou pabome 015 UCCI008AHUSL NPEOCMABIEHA MOOETb CEMEeB020
HOMOKA 6 CUMMEMPUYHOM 2pagoeom coedunenuu. s smotl moodenu paspabomaua
npoepamma. Pewenue yoosiemeopsiem oyenke O(-|V|3 y aneopumm OJ151 HAXO0XCOCHUs.

MAKCUMANLHO20 NOMOKA 8 CENSIX.

Annomayusn: cumMmMempanik  epag KOOOHEOH cemkaoazyvl nomox
Moldendewmupunun  Oya  wwme Kapaneauw. Moodendu uwmemkenee NpocpaAmMMA
Oatiapoanean. Cemxadacbl MAKCUMANIObIK NOMOKMY aiean 0yl npocpamma O(-|V|3 )

baadaevl anzopummoe uwimenin.

Annotation: in this work presentation the model of network flow in testing
symmetrical graph connectivity. Prepared for this model program. Decision content
oneself with an oc |V|3 N algorithm for finding maximum flows in networks.

Knroueevie cnoea: ucmoxk-monvko ucxodﬂmue ()yeu; CMOK-MOJIbKO 3ax00;zu4ue
dyeu; pebpo-0yea; Tunusl, 6em8b, 0yed - OPUEHMUPOBAHHOE PeOPO.

Hezuzzu co300p: uvicyyuy-sicanay uvieyyuy oyeanap;, Kupyyuy-dcaian Kupyyuy
Oyeanap, Kanman-0yea; Cbul3bIKYd, mMaApMaKmapvl, oOyeda- 6azvblmvl KOPCOMYICOH
Kanmad.

Keywords: source - only the proceeding arches; a drain - only the coming arches;
edge arch; line; branch; an arch - a directed edge.

BBenenne. Kaxmoit BeTBM M BepuinHe Trpada MOXKET COOTBETCTBOBATH
HEKOTOPOE  YHUCIO  MapaMeTpoOB,  XapaKTEPUBYIOLIUX  €CTECTBEHHBIC
OTpaHWYECHHS W BO3MOXXHOCTH BeTBEeH M BepInH. Hampumep, sHepreTHuecKas
CUCTeMa MOXeT OBITh MpeJAcTaBiIcHa B BuAe rpada, B KOTOPOM BETBU
COOTBETCTBYIOT JIMHHSIM DJIEKTPOIIEPENadr, a BEPIIHHBI - AIIEKTPOCTAHIUSM,
MOACTAaHIMSIM M TOTpeOuTenssM. BakHbple mapameTpbl CHCTEMBI BKIIOYCHBI B



MOJIeTb B BHJE YHCEI WM BECOB, NPHUITMCAHHBIX BETBSAM M BepIIMHAM Tpada.
OTh Beca MOTYT OBITh Kak (PMKCHPOBAHHBIMH, TaK M CIy4aWHBIMA. Tak, mis
SHEPTOCHCTEMbl THUIUYHAs BEPIIMHA, MPEACTABISIOMAs 3JICKTPOCTAHIIMIO,
MOXET UMETh CIIeIYIOIINe Beca: MAKCUMAIBbHYIO BEIXOAHYIO MOITHOCTB, YUCIIO
TCHEepPaTOPOB Ha CTaHIWHW, HAASKHOCTh KaXKIOIO TeHeparopa U CTOUMOCTD
OJHOTO KWJIOBATT 4aca. TUNHWYHAs BETBb MOXET HMETh TpH Beca,
COOTBETCTBYIOIIMX MAaKCHMAJIBHO JIOIyCTUMOMY 3HAYCHHIO  BEIWYHUHBI
nepeaaBaeMoOll MOIIHOCTH, HAIEKHOCTH JMHAM M ee CcTouMOocTH. Llemnb
BBE/ICHHS BECOB BETBCH M BEPIIMH COCTOMT B TOM, YTOOBI BKJIIOYHTH B
CTPYKTYPHYIO TEOPETUKO-TPaOBYI0O MOJEIb HECTPYKTYPHYIO HH(OPMAIHIO.
[Ipeanonoxum, uro nana cuctema ¢GabpHK, CKIAAOB U Mara3uHOB, CBSI3aHHBIX
MEXKIy co00i aBTOMOOHMIBHBIMH U JKEJIE3HBIMH JIOPOTaMH M BOAHBIMH IYTSIMHU
[2]. Dra cucrema Moxer ObITh HpencTaBieHa B BuAC rpada C BETBAMH,
COOTBETCTBYIOIIMHU TPaHCIIOPTHBIM KaHaJaMm, u BEpILIMHAMU,
COOTBETCTBYIOIMMH (pabpukam, cKiaaM u MarasuHam. B rpade ¢dabpuku
COOTBETCTBYIOT BXOJHBIM BEpIIMHAM, Mara3WHbl - BBIXOAHBIM BEpIIMHAM, a
CKJIQJIBI TIPOMEXYTOUHBIM BEepIIMHAM. MOKHO BBECTH Pa3iIM4Hs Ul BEPIINH
OJTHOTO M TOTO K€ BHJA, HAIIPUMEP MPOM3BOJACTBO PA3IMYHBIX TOBAPOB JUIS
BXOAHBIX BepiirH. Cpenn BECOB BEPILIMHBI MOXKHO yKa3aTh, HallpUMep, 00beM
HPOU3BOJICTBA I-r0 TOBapa, CTOMMOCTh MPOM3BOJICTBA €IUHUIIBI I-T0 TOBapa
BpeMs, HEoOXOoAMMOe Ui TIPOW3BOJCTBA COMHHUILI I-r0 ToBapa. Jlis
NMPOMEXYTOYHBIX BEPIIMH MOKET OKa3aThCs JOCTAaTOYHBIM yKazaHHE o0beMa
CKJIaJICKOTO TIOMeIIleHHs. BBIXOHBIM BepIIMHaM MOTYT OBITh MTPUITHUCAHBI Beca,
yKa3bIBAIONIME THUIBI TPOJABAEMBIX TOBAPOB, IIEHA KaXJIOTO TOBapa, o0beM
MECTHOTO CKJIaJICKOTO NMOMENICHUS] M MOTPeOHOCTh B TOBape KaXKJOro BHIA.
TUNUYHBIMA BeCaMH BETBEW MOTYT ObITh MAaKCHMAIBHO JIONyCTUMBIH 00BeM
TPaHCHOPTUPYEMOI B €IMHHIy BPEMEHHM NPOIYKIHH, CTOMMOCTb IEPEBO3KHU
SIIUHHUIIBI I-TO TOBapa U BpeMs TIEPEBO3KH EAMHHIIBI -i-TO TOBapa.

Pemaemble 3agaum. llenecooOpa3HOCTH HOCTPOEHUS MOJEIH B
Buzne rpada 3aBUCUT OT (U3WYECKOH MNPUPOABI peEHIaeMOl 3aJauu.
Hawnbosee oueBuaHa 11€J1€COO0PA3HOCTh HCIONB30BaHUS rpada Ipu
pelieHuu 3amadm cBA3HOcTH. Jlis 3alaHHOM cucTeMbl M ee rpada Hac
MOXKET WHTEPECOBaTh, HAIIPUMEP, BOIIPOC O TOM, MOXKET JIM ONpeaeIeHHBINA
TOBap OBITh MEPEBE3CH M3 OJIHOTO MecTa B Jipyroe. Hac mHTEpecyeT myTh
MEXIy IBYMS 3aJaHHBIMH BEPIIMHAMH, IO KOTOPOMY MOXKET OBIThH
nocTaBieH ToBap. MoskeT OBITH MocTaBieHa Oosiee oOmias 3amada, MOXKET
T JaHHBIA TOBap OBITH NOCTaBIEH U3 JII0OOOH TOYKH B J00yI0 Apyrywo. B
3TOM cllydyae HeoOXOAMMO YCTAaHOBUTD, CYIIECTBYET JIH, MO KpaifHeil mMepe,
OJVH MYTh U3 JTI000H BEPIINHBI B TIO0YI0 APYryio. JTO 3aaada CBA3ZHOCTH



SIBIIIETCA CTPYKTYpHOHU 3amadeii [6]. CymecTBOBaHNE IIYTH MEXIY ABYMS
BEpIIMHAMHU O3HAYAeT BO3MOXKHOCTH MEPeNadl HEKOTOPOTO IMOTOKA MEXIY
Humu. OJHAKO 3[eCh He yKa3aHa BeJIMYMHA BO3MOXKHOTO MOTOKA. UTOOBI
BKJIIOYUTH 3Ty HWH(GOPMANHUIO, CJIEAyeT paccCMaTpuUBaTh B3BCIICHHBIC
rpadel. IIpeamonoxumM, 4To MBI NPUNHLIEM KaKIOW BETBH M BEPILHHE
YHUCJIO0, YKa3blBalollee MaKCUMaJIbHYIO BEIUYUHY MOTOKA, KOTOPYIO OHH
MOTYT IponycTuTh. KakoBo ke MakCHMalbHOE 3HaYCHHE MOTOKA, KOTOPBIH
MOXeT OBITh TPONYyIIEH MEXAy 3aJaHHOH mapoi BepmuH? B
HEPreTUYECKOW CHCTEME 3TO YHUCIO MOXKET COOTBETCTBOBATH MaKCUMYyMY
SHEPTHH, TOCTYMaWINed ¢  JJIEKTPOCTAHIUU K  ONpeJcICHHOMY
norpedburento [4,7]; B cuctemMe TenerpadHOW CBA3M OHO OTOOpaxaer
MaKCHMaJTbHBIH 00beM WHQOpPMAIUH, KOTOpas MOXET OBITh mepeaaHa Mmpu
oO0MeHe MEXIy IBYMS TelierpadHbIMU CTaHIUIMHU. 3ajada ONpeieeHHUs
MaKCHMaJbHOTO 3HAYCHUS MOTOKA MEXIY I6yMs TOYKAMHU H3BECTHA Kak
«3ajaga 0 MaKCHMaJIbHOM HoToKe». OO0oOmeHne 3TOW 3ama4u COCTOUT B
TOM, LITO6I:.I HalWTH MakKCHUMaJbHOE 3HadeHHE IIOTOKOB HECKOJBLKUX
TOBapoOB, KOTOpPbIE OJHOBPEMEHHO MOTYT OBITH IepemaHbl NMpu OOMeHe
MEXJy HECKOJbKUMHU TMapaMH BEpIIWH, 3ajada M3BECTHA KaK «3ajada o
MHOTOTOBApDHOM MaKCHMaJbHOM mOTOKe». OO0e 3TH 3agaud SBISIOTCS
3ajayaM¥l aHanM3a. 3a/aeTcs CHCTeMa M ee Mojaenb B Buae rpada. Mol
MOKEM MONBITATHCS MPOAHATU3UPOBATh Tpad M HAHTH MaKCHMalbHOE
3HaueHue notoka. Chopmynupyem Takxke 3agady cuaresa. [Ipeanonoxum,
4qToO 3aaHBbl MHOXECTBO CTaHHI/Iﬁ u Tpe6OBaHI/I5[ K BCIINYUHE
MaKCUMAJIBHOIO 1O0TOKa. HyXHO IOCTPOUTH ONTHUMAJIBHYK CHUCTEMY,
YAOBIETBOPAIOMYI0 3TUM  TpeboBaHUsAM. OmHUM HM3  BO3MOXHBIX
KPUTCPUCB ONITUMAIIBHOCTH MOXET CIIYXXHUTh MUHUMYM CTOUMOCTH. 3az1atla
CHHTE3a uMeeT Ooyblloe 4YUCIO BapuaHToB. Hampumep, eciu
NpEeaAnoONIOXHNTh, YTO IMOBEACHUC HpOCKTpreMOfI CCTHU MOXET 6I)ITB TOYHO
npeackasaHo, Tpe60BaHI/I$I K BCJIMYHMHE IIOTOKa MOTYT OBITH IOJIHOCTBIO
yaoBiIeTBOpeHbl. EciaM ke B KOHCTPYKLUMH WM B TOBEIEHHUH CHCTEMBI
MPUCYTCTBYIOT ~ 3JIEMEHThl  CIIy4alHOCTH, (paza  «yIJOBJIECTBOPCHUE
TpeOOBaHUH K BeJIMYMHE IIOTOKA JOJDKHA OBITh MHTEpPIpPETUpPOBaHA
BEPOSATHOCTHO>> [3].

33}13‘11/1 O CBJA3HOCTH H MAaKCUMAJIbBHOM IIOTOKE€ TECHO CBs3aHbI C
TpyNnon 3amay, KOTOpble MOTYT OBITh OOBEIMHEHBI MOJ Ha3BaHWEM 3a1ad O
’KHMBYYECTH WM HAIGKHOCTH. Peub et o cucreme, kotopas paboTaer B cpene,
CHOCOOCTBYIOIICH BO3HWKHOBEHHUIO YCJIOBHH ISl TOBPEXKICHUH U TMOJIOMOK
obopynoBanus. CleAcTBUEM 3TOTO SABJSETCS HapylleHHe CBsi3U. Eciu Mbl
UMEEM peallbHyI0 CHUCTEMY, TO MBI JOJDKHBI IIPOAHAIM3UPOBATH €€ U



ONpEIEINTh BO3MOXHBIE €€ MOBPEeKICHUA. IIpyu 3agaHHBIX KpPUTEPUIX
(hYHKIIMOHUPOBAHUS MBI JOJDKHBI TIOCTPOUTH CHCTEMY, B KOTOPOW BO3MOKHBIE
HapymeHus paboTel ObuTH OB MUHUMaNBHBL. Kak 3aga4ya aHanuza, Tak U 3aqada
CHUHTE3a MOTYT OBITH CHOPMYIHpPOBaHBl W KaK AECTEPMHHHAPOBAaHHAs, M Kak
BeposiTHOCTHAs 3aaaud. OOBIYHO AaHHYI0 WH(POPMALMIO MM TOBap MOXKHO
JNOCTaBUTh Pa3sHBIMH 10 KadecTBY MyTsAMHU. HeymadHblil BBIOOp MyTH MOXKET
MPUBECTH K TOMY, YTO OYAyT 3a0JIOKHPOBAaHBI APYTHE TOTOKH, KOTOpPHIE B
MPOTHBHOM ciy4ae MOTJIX Obl OBITH 00cTyx)enbl. Cpenu 3ajad, KOTOpsle OyayT
B JaJbHEUIIEM PACCMOTPEHBI, HAXOIATCS 3alayd HAXOXKACHUS KpaTdyaullero,
HanboJiee IEMIEBOT0 MM CaMOTr0 HAJCKHOTO IMYyTH JOCTaBKH TOTO WIIM WHOTO
ToBapa. Bo MHOrmx (u3mueckux cucTeMax BEeNUYMHBI MOCTYMAIOIINX B CETh
[IOTOKOB 3aBHUCSAT OT BpeMEHH. MOXKET OKa3aTbCs, YTO BCE BO3MOXHBIE ITyTH
MEXIy JIBYMS HEKOTOPBIMHU Y3JIaMH Y>K€ 3aHSAThl M YBEIUYHUTH IIOTOK MEXIY
HAMH HEBO3MOXHO. Takum oOpa3oM, aOOHEHTy TPHUAETCA OXHUIATh
OCBOOOXIEHMS KaHama. BpeMs OXWIaHWS MOXET CIYKUTh BaKHBIM
[apaMeTpoM, XapaKTepU3YIOIIUM cHCTeMy. TUNMYHON 3amauyedl aHanmusza
SIBJISIFOTCSL OIIPEACIICHUE CPEAHEr0 BPEMEHU OXKUAAHUS U U3yUYCHUE BIUSHUS Ha
€ro CTPYKTYpBl CETH M alTOPUTMOB IMOWCKA IMyTH JOCTaBKH HH(MOpMAIINH.
[IpuBeneHHbIE BBIIE TPHUMEPHl JIOKHBI OBLTH  CBUIETEIHCTBOBATH 00
YHUBEPCANbHOCTH OMHCAHHOM MOJIEIM M O BO3MOKHOCTH €€ NMPUMEHEHUs K
3ajlayaM pa3iMyHON (U3MYeCKoW mpupojbl. [l pelieHus 3THX 3ajad Ham
MTOHATO0ATCS TIOHATHUS U Pe3yIIbTAaThl Teopuu Tpados [6].

TpaH3uTHBHOE 3aMbIKaAHHME MEXKAY BCeMH NMapaMH BepIIMH. 33134y
OTIpE/ICTICHHUSI PACCTOSIHUS MEXJy BCEMH IapaMH BEPIIMH MOYKHO PELIUTh,
HCIIONIB3Ys
N pa3 mooyepenHo Al KaXIOW BEpIIMHBI OT (PUKCHPOBAHHOW BEPILWHBI.

. 3
Takum 06pa3oM, Mbl TIOJTydaeM HOXOXMH alropuT™ co cioxkHocThio O([ )

2
npu ucnons3oBanun Metona Popaa-bemmana, nm co cnoxnoctsio O(N)

s OSCKOHTYpHBIX TIpadoB M HEOTpULATENBHBIX BecoB [8]. Omnako
OKa3bIBaeTCsl, YTO B O0IEM cilydae N-KpaTHOE HCIojb30BaHue Merona dopna-
bennmana He sBisercss HawiaydmuMm MmeTtonoM. Ilokaxem Tenepb oguH Oosiee
s¢dexTuBHBI MeToa. s 3TOro paccMOTPUM OpPMEHTUPOBAHHBIA Tpad
G=(V,E),

rae V=v( Vieores 'V") u npeanonoxum, uro E=(@,, @ j) ©CTb MaTpHULa BECOB

m 9
OGo3HauMB uepes Dij JUMHY  KpaTdaiimero myrm w3 \/ 10 \/,,

comep)kamero He Oolee M  ayr, mojydaeM CIEAyIOIHe OYCBUIHBIC
ypaBHEHUSI:



O, e 1=j

D, = ().

oc, ecmu 1+ |

m+1 . m .
D; :mln{ dite,: 1<ks<n] ).
OtmernM, 4YTO YypaBHeHHE (2) OOHAapyXHMBaeT HEKOTOPOE CXOICTBO C

OIMPEACICHUEM NMPOU3BCACHUA NBYX KBAaJAPATHBIX MATpUII. Ecau Oorepanuro min
TPaKTOBATh KaK «CYMMY», a OII€palnuio «t»- Kak (IIPOU3BEACHUEC), TO MaTpHUlla

m+1 m
Dij SABJIACTCA «HPOU3BCACHUCM» MATPHUILL d J u eij' O003HauYnuM TaKoe

«MPOU3BECHUE» NIBYX Marpull depe3 U M OTMETHM, YTO AJISl 3TOH ONeparuu
CIMHUYHBIM DIIEMCHTOM CIy:KUT Marpuua |, . Torna us ypashennit (1) u

(2) Temeps NeTKO ClIEAYET, UYTO

u=d; «  dj=dj =d,v) @
HIIH dz_lidz (5).

®opmyna (5) o3Ha4aer, UTO CYLIECTBYET KOHTYP OTPHUIATEIbHON ATUHBI.
[Ipomssenenune (A *B) nByx MaTpuil pa3MepHOCTH nXn MOXHO

BouMCIuTh 3a BpeMsi O (n®). Tak kak N cnoxenuit u N-1 cpaBHeHmil Ha
KXl 13 N? d1emenToB TpousseneHus ( A *B). ClenoBaTenbHO, MATPHILY
d:} 1. W TEM CaMbIM PAacCTOSHUE MEXIYy BCEMH IapaMd BEPIIMH MOXKHO
BeruncnTh 32 Bpema O (n*). TIoka CIOKHOCTB TOTO aNTOPUTMA TaKas ke,
KaK U AJIs cilydast N-KpaTHOro MCHONIb30BaHusg u anropurMa ®oppa -bennmana.
OnHako MBI MOXEM €€ CHH3HUTb, €CIIM 3aMETHM, YTO ONepalus YMHOXKEHUS *
acconuaTuBHa (T. €. (A *B)*C=A*(B*C)). D10t paKkT M0O3BOISICT BEIYUCIISTh
MIPOM3BEICHUE MATpPHIL, [MOOYEPETHO BO3BOAS MaTpuily A B KBaipaT U TeM
caMbIM 3aMeHsia N- 1 ymHOxeHue marpunpl [l0g n | ymHoxenusmu. Takum
00pa3oM, MBI TostydaeM anroput™ cnoxuoctu O (n®log n), oreickuBarommii
paccTosiHUST MEXJy BCEMH TapaMH BepmiMH B Tpade ©Oe3 KOHTYpOB
orpuuaTenbHoi JumHbl. C 3amadeii ompeneneHus KpaTdyalmx myteil B rpade
TECHO CBfA3aHA 3aJa4a TPAH3UTHUBHOTO 3aMBIKAHUS OMHAPHOTO OTHOIICHHS.
BcrnomMHuM, 4TO 11071 OMHAPHBIM OTHOIICHUEM HAa MHOXKECTBE V MbI IOHUMAaeM
IPOU3BONILHOE ToAMHOKkECTBO E SV X V. Takoe OTHOIIEHHE SBISETCS
TPaH3UTUBHBIM, €CIIM YIOBIECTBOPSETCS yCIOBHE, eciit (X, y ) € E u (y,Z)
CE, 10(x, Z)CE

JUIS1 IPOM3BOJIBHBIX X,y,Z ©E.

1
OrmeTum, yTo OuHapHoe oTHomeHne ="V X V. MOKHO OJHO3HAYHO

MpeacTaBuTh opueHTHpoBaHHBIM rpadom G=(V,E). Jns mpousBoasHOroO
TaKOTr0 OTHOIICHHs MBI onpenensieM E *={(x,y): B (V,E) cymecTByeT myTh
HEHYJICBOM JJIMHBI M3 X BY}.



Herpyano 3ameTuts, uro E*- TpaH3uTHBHOE OTHOIIIEHNE HA MHOXKeCTBe V 1 E
c E*.

bonee Toro, E* sBHNsSeTCS HAUMCHBIIUM TPAH3UTUBHBIM OTHOIICHHUEM,
conepxamuMm £, T. €. Ui IPOU3BOJIRHOIO TPAH3MTUBHOTO OTHOMIEHHs1 F =E
BBIONHsACTC ~ BKmodenne E*SF.  Otnomenne E*  HasweiBaeTcs
MPAH3UMUBHBIM 3AMbIKAHUeM OTHOLIEHUS E.

Ecnmu otHomenue E npexacraButh B Buue rpada (V,E ), B koTopom kaxkmas
Iyra mMeeT Bec 1, TO TpPaH3UTHMBHOE 3aMbIkaHWe E * MOXKHO BBIYHCIUTH 3a
speMs O (n%); nocie 3aBepuieHns paboOTH ATOPHTMA UMEEM

(Vi Vp e B «—Dli j]< e,
[Tocrne 3aBepmieHNss MOAUPUIMIPOBAHHOTO PabOTHI ANMTOPUTMa UMEEM
1 ecnul\/, ’Vj> e E*
0 ecnulyy, V2K

3nech cieayeT OTMETHTh, YTO U3BECTEH aJTOPHTM IOCTPOCHUS TPAH3HUTHBHOTO
3ambIKaHusi, Oosee 3(dexTuBHBIN, YeM mpensiaymmii. OH UCIOIB3YeT CBS3b
9TOH 3aJ1a4u C yMHOKEHHEM MaTpULl, 00CYKIaBIIYIOCs B HavYale.

Iotoku B cetsix. [log cemsro M1 Oynem moHNMaTh napy S = <G, ¢>,
rae G=(V,E)—mnpousBoibHblii OpHeHTHPOBaHHBIA Tpad, a C(U,V)yHKIwHS,
KOoTOpasg KaxJoW nyre <uU, V> CTaBUT B COOTBETCTBHUE HEOTPHUIIATEIHHOE
BEIIECTBEHHOE YUCIIO C, Ha3bIBAEMOE NPONYCKHOU CHOCOOHOCMbIO ITOU
ayru. MaoxxectBa V 1 E Ha3pIBalOTCSl COOTBETCTBEHHO MHOKECTBOM BEPILUH U
MHOXECTBOM JIyT CETH S.

Jlnst mpousBonbHOM (QyHKMU T(U,V)H TPOM3BOJIBHON BEPIIMHBI V CeTH S
pPaccCMOTPHM BEITHYHHY

W (f)=> fuv)- > fuv
uv-u uu—-v
Ecmu f(u,v) mMbl uHTEpnpeTupyeM Kak moTok u3 U B V, To BemmuuHa W (f )
OIIPE/ICNISET «KOJIMYECTBO MOTOKA», BHIXOSIIETO U3 BEPIIMHBI U. DTa BEIMYUHA
MOXXET OBITh TOJOXKHUTEIHHOW (€CTM W3 BEPIIMHBI V OOJNbIIE BBIXOAWT, YEM
BXOJUT B Hee), OTPHUIATEIbHOW (€ClM B BEPIIMHY BXOIHMT OOJBILIE, YeM
BBIXO/IUT U3 Hee, T. €. HACTyNaeT «HAKOIUIGHHE» I0TOKa B BEpIIWHE V) W,
HaKoHeIl, paBHOW Hymro. [locnmeanuit cmydaii Hac OyaeT MHTEpecoBaTh Ooliee
BCero. BelieMM B Hallel CETH JBE BEPUIMHBI - HCTOYHHMK S ¥ CTOK t (S #1).
IMog nomokom m3 S Bt B cetm S Mbl OyieM MOHMUMATh NPOU3BOJIEHYIO
¢bynkmio Buaa f(u, V), 15t KOTOPO# BEIMOIHSIOTCS YCIOBUS
0< f(u,v) <c(u,Vv) mns kaxmoit nyru (uU,v) €E .

DI[i, j]1=

u

W(f) = 0 mnst kaxoit Bepumnsl VE V\{s, t}.
CoriacHO ONHMCaHHOMY BBIIIE, MBI IMEEM 3/IECh JIeJIO C MOTOKOM, KOTOPBIil He
BO3HHMKAeT M HE HAKAIUIMBACTCSl HU B OJJHOW M3 BEPIIUH, OTIMYHBIX OT S,t, H
KOTOPBI YIOBIETBOPSIET CICAYIOIIEMY YCIOBHUIO: Yyepe3 ayry <U,V> Mbl MOXKEM



MPOITyCTUTh HE Ooliee YeM c(U,V) eauHuI MOTOKa. Takoi TOTOK MOXKET
ONMCHIBATh TOBEJCHUE Ta3a WIH >KUJKOCTH B TPyOONpPOBOJE, TOTOKH
aBTOMOOMJIEH B CETH aBTOCTpaJ, MEPECHUIKY TOBAPOB II0 JKeJIe3HOH nopore (6e3
XpaHEHUS MX Ha MPOMEXYTOUHBIX CTAHIUAX ), Iepeaady HHpopMaIuu B HHPOP-
MaIMoHHOM cetn. Mpbl  OyJneM  UWHTEpecOBaThCsl  TNIABHBIM  00pa3om
HAXOXKJICHUEM MaKCHMAJIBHOTO MOTOKAa B 3aJIaHHON ceTh. BenmuuHa Kamaoro
MOTOKAa U3 S B t HE MPEBOCXOJUT MPOITYCKHYI0 CIIOCOOHOCTh MUHUMAJIEHOTO
paspesa, pa3iessIiomero s W t, IpU4eM CYIIECTBYET MOTOK, JTOCTUTAIOIINN
3TOTO 3HAYCHUSI.

AaroputMbl pemieHuss Ha rpadax. Bce U3BeCTHBIC alTOPUTMBI
MMOCTPOCHUS MaKCHUMAaJLHOIO TIOTOKAa OCHOBBIBAIOTCS Ha IOCJICIOBATEIHBHOM
YBEIUYCHUH TMOTOKA, MpPUYEeM MOAMGMUKAIUS IOTOKA, YBEIHMYUBAKOIIAS €r0
BCJIMYMHY, 4Yall€ BCCTO OIMHUPACTCd Ha METOA YBCIMYHUBAIOIINX uenef/i.

Hanmmewm ycnosuio, 4to ayra @, ;cetn S ABJIACTCS AOMyCTHMOM Iyroit u3 \/,

W \/; OTHOCHTEIIbHO MOTOKA f, ecin

CizVi Vis ¢y <0 ).
B 3aBHUCUMOCTH OT TOI'O, KaKO€ U3 yCHOBI/H/I HMECT MECTO, GYI[GT COFHaCOBaHHOﬁ
" HC COFHaCOBaHHOﬁ. CMOTpI/ITe pI/ICyHOK OAHH, TaM B3iTa OHpeILeJ'IeHHaH CCThb

oT S:908:, S..<S,

Jlig Tako# ceTd yBeJIMYMBAIOLIEH LETbIO , T. €. U4

SlB SlZ

RES 1y <c (

nanHoro mortoka f(€) w3 Ha3bIBACTCS  MPOM3BOJILHAS

V. e,

3HAKONCPEMCHHAAIIOCIICAOBATCIBHOCTh BCPIIMH W OYyT . 3HaHHe

YBCHH‘IHBaIOIHeﬁ Oenu BHOA r‘ll'IO?:BO.]'ISIeT JICTKO YBCIIMYUTH BCINYUHY

fle) Al
. C(g)— f(g) ecm -dyea- @, - coznacosano

IIOTOKa

Ale)

rae = |0~ f(p) ecm -dyea- @, - necozracosaro
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Pucynoxk 1.
Jlis storo joctatouno yeenmuuth  Ha  A(@) moTok Mo Kakoi

COIJIaCOBAaHHOM

ayre @, n ymeHbunth Ha A(@,) NOTOK MO KaKIOH HECOTJIACOBAHHOM 1yTe

e
W)= f(g) +-Alg)
W)= f(g) —-Alg)

Ompenenennas Takum odpazom Gyukims W(F) maist ayru €, He mpuHaUISKAIIIX

St do Si

uenu N, SBISETCS MOTOKOM. J[jis Takoil ONpeeIeHHO CeTH OT

cocTaBJIeHa IPOrpamMmMma.
MBI TakKe MCIOJIb30BAIM M3 CTAHAaPTHON OMOIHOTEKH MIPOLIETYPbI
(Procedure PBC u procedure PPPBC) s mocTpoeHHsT MOJIHOTO alropuTMa
MaKCHMAaJIbHOTO TIOTOKA B CETH.
Hama mporpamMMa mpaBHIIbHO CTPOUT MaKCHMAJIbHBIH TIOTOK 338 BpeMs

3 (V3
0(N ), Tak kak [y IUIOTHBIX CeTel BCerja 9T OleHKa BhinonHsercs. Ecnn

BCE TMPOIMYCKHBIE CIOCOOHOCTH Jyr SBISIOTCS LENBIMH YUCIAMH, TO
MakcuMaibHbIi motok W( f ), mocTpoeHHBIH mporpaMme, SBISETCS LEIBIM
YHUCIOM U KaxJIod ayru e. OTMETHM, YTO aHAIM30M 3TOTO aJrOpuUTMa MBI
elle pa3 MoKa3alHu CYNIeCTBOBAaHHE MAaKCHUMAaJbHOTO MOTOKA B MPOHM3BOJIBHOM
CeT M TeM CaMbIM MPeJOCTaBWIM HeNOoCTalomui  ¢QparMeHT s
JI0Ka3aTeNIbcTBa (DYHIAMEHTATBHOM 3aJadd O MaKCUMaJbHOM IIOTOKE U
MHHUMAJBHOM pa3pes3e, OJHAKO METOJ, MCIOJIB30BAaHHBIH B ATOM aJrOpPHTME,
MOXHO CYHTaTh OOOONIEHMEM METOMVKH YyBenuuuBaromux ueneil. [Ipn
COCTaBJICHHH IPOrpaMMbI HCIIOJIB30BaHa cieytomias auteparypa [1,8]:
program Algorithms and Complexity;



uses crt, graph; const pi=3.14;
var a, b: real; s,n,x,y,x1,yl,gd,gm,i,h,k,count:integer;

ch:char; z:real; f,fl:array[1..9] of integer;
Function PMPC ( Var s[i],s[1],s[12],v[i],v[1],v[12],v[i]€ V, W(T),

c[vivi2],vivl2eV, s[1],5[12] €V: real);

Begin
for v[1] ey do
for v[12] ey do W[v1,v12]:=0; (* HyneBoii HayaIbHBIN MMOTOK *)
repeat procedurePBC; if L[S12] # oothen (* morox W(f) <maxm *)
begin procedurePPPBC;

(* mepeHecTH MOTOK U3 BCIIOMOTATENBHOM CETH B TJIaBHYIO *)
For v[k]e XV do (* XV— MHO0XeCTBO BEpIIIHNH BCITOM-HOM ceTH *)
For v[k+n] e XV do
begin W[v1,v12]:=W[v1,v12] +XW[vkv(k+n)];
if W[vi,v12] >C[u,v] then
begin
W[v1i2,vl]:= W[v12,v1]-(W[v1,vi2]-C [u,Vv]);
W[v1,v12]:= C[u,v];

End; End;

End ; (* koner a3sbr *)
until L[S12] =o0; (* motox W[v1,v12] MmakcuMampHBIi*)
Writeln(* Makcumanbhsiii motok W[v1,v12], vi,vl2eV.%)
End;
begin
ki=i; s:=s+1:h:=h+1;
if i>100 then h:=h-100*count;
if i>100 then count:=i div 100;
if k>100 then k:=k-100*count;
if k<50 then begin x:=round(320-(200+k)*sin(i));
y:=round(240-(200+k)*cos(i));  {circle(320,240,200+k);}  end;
if s=1 then begin f[1]:=x;f1[1]:=y;end;
if s=2 then begin f[2]:=x;f1[2]:=y;end;
if s=3 then begin f[3]:=x;f1[3]:=y;end;
if s=4 then begin f[4]:=x;f1[4]:=y;end;
if s=5 then begin f[5]:=x;f1[5]:=y;end;
if s=6 then begin f[6]:=x;f1[6]:=y;end;
if s=7 then begin f[7]:=x;f1[7]:=y;end;
if s=8 then begin f[8]:=x;f1[8]:=y;end;
if s=9 then begin f[9]:=x;f1[9]:=y;end;
if s/10=round(s/10) then begin
setcolor(2);
line(f[1],f1[1],f[2],F1[2]); line(f[1],f1[1],f[6],F1[6]);
line(f[2],f1[2],f[3],f1[3]); line(f[6],f1[6],f[5],f1[5]);
line(f[3],f1[3].f[4],f1[4]); line(f[4],f1[4],f[5],F1[5]);



setcolor(7);
line(f[7],f1[7].f[8].f1[8]); line(f[7],f1[7].f[9].f1[9));
line(f[8],f1[8],f[91,f1[9]);
setcolor(5);

line(f[2],f1[2].f[7].f1[7]); line(f[7],f1[7],f[6],f1[6]);
line(f[2],f1[2],f[8].f1[8]); line(f[6],f1[6],f[9].f1[9));
setcolor(6);
line(f[3],f1[3].f[8].f1[8]); line(f[8],f1[8].f[4].f1[4]);
line(f[4],f1[4].f[9].f1[9)); line(f[9],f1[9],f[5],f1[5));
delay(1000); clearviewport;

s:=0;  end; end; repeat;
gotoxy(10,12); write("); until keypressed; end.
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Peryasipu3zanus HeJIMHEHbIX HHTErPAJbHBIX YPABHEHU I
BoabTeppa nepsoro poaa

Bupunuu typaery BoJsibTeppaHbIH CHI3BIKTYY IMeC HHTErPaJAbIK
TeH/IeMeJIePHH PeryJsipioo

Regularization of nonlinear Volterra integral equations of the first
kind

Annomayun: 6 pabome usyuaOMCs GONPOCHL PeSYIAPUIAYUU HETUHEUHO2O0
uHmezpanvbHo2o ypasHenus Bonvmeppa nepsozo pooa ¢ ougpgepenyupyemvim a0pom,
KOmMopoe  8blpoiCOAemcs 6 HAYAAbHOU MmouKe OudeoHanu. B npeononoswcenuu
CYujecmeo8anus peuleHs 6 NPOCMPAHCIMEe HeNnPepbiGHbIX PYHKYUL paccmampugaemoe
ypasHenue C8OOUMCA K UHMESPATbHOMY ypasHeHuio Borvmeppa mpemvezo pooda, Ha
0CHOBe KOMOpPO2o NoJyueH pezyaspusupyiowuii onepamop. [oxasana pagnomepHas
CXOOUMOCIb  PecYIAPUI0BAHHO20 DeuenUuss K MOYHOMY PeuweHuio UHmMezpaibHO20
ypasuenus Boremeppa nepeozo pooa, nonyuenvt oyeHKka 00nycKaemou noepeuHocmu u
YC08UA  eOUHCINBEHHOCTNU  PeueHUsl UCXOOH020 YPAGHeHUs 6 uape HenpepbieHbIX
GyHryuil.

Aunnomayun: maxanrada s0pocy oOugpepenyupnenyyuy oicaHa Ouazonaun
YeKummepuHoe Hoeo alianyyuy Oupunuu mypoezy Bomvmeppawvin cvisvikmyy smec
UHMe2PANObIK meHoeMelepur pe2yiapooo maceiecu uzuioeHem. TenOemenun ueuumu
Jrcauaim OeceH 0OONICONOOOHYH He2u3uHOe aHbl YuyHuy mypoezy Bonemeppanvin
UHMeSPanobiK  menoeMecute Kelmupun, pezyiapoamviicad Onepamop my3yaoy.
Pezynapoanean uvleapvinviuumoin Oupunuu mypoezy Borvmeppanvin unmezpandvix
menoemMeCUHUH Max YbleapblIblUbIHA OUP KATLINMA JHCLLUHATYYCY OANUAOEHOU IHCAHA
KemupuieeH Kamanvikmvl 0aanoo 6apabapcvi30biebl, HbleapblibIUIMbIH Y32YAMYKCY3
DYHKYUAIAD WAPBIHOA HCANSBIZObICHIH KAMCHI30A2aH WAPMMAP AHbIKMAA0bL.

Annotation: in this paper we study the regularization of a nonlinear Volterra
integral equation of the first kind with a differentiable kernel that degenerates at the
initial point of the diagonal. Under the assumption of the existence of a solution in the
space of continuous functions, the equation under consideration reduces to the Volterra
integral equation of the third kind, on the basis of which a regularizing operator is
obtained. The uniform convergence of the regularized solution to the exact solution of
the Volterra integral equation of the first kind is proved, an estimate of the admissible
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error and the uniqueness condition for the solution of the initial equation in the ball of
continuous functions are obtained.

Knioueswie cnosa: ypasnenue Bonbmeppa, manwiii napamemp, pagHomephas
CXOOUMOCHID.

Hezuseu ce3oep: Bonvmeppa menoemecu, Kuuu napamemp, Oup Kaiblnma
JICHIUHATLY ).

Keywords: Volterra equations, small parameter, uniform convergence.

PaccmoTpuM  HenuMHEMHOE HWHTErpajibHOE ypaBHeHUE BoabTeppa
MIEpBOroO poja

X

fNO(x, t,u(t))dt =g(x), @Y

0
rae Ny (x, t,u(t)) =K(x,tu(lt) + N (x, t,u(t)). [lycts u3BecTHBIC (HYHKIIUU
K(x,t), N (x, t, u(t)), g (X) NOAUHHSAIOTCS YCIOBHUSIM:

a) g(x) € C1[0,b],K(x,t) € CYO(D), D = {(x,t)/0 <t < x < b},
g®0)=0, i=0,1,k(x) =K(xx) k(0) =0, 0< k(x)Vx € (0,b],
k (x)—neyObiBaromias QyHKIHS,
6) G(x)=d;,G(x) =L(x,x)+C,9(x), L(x,t) = C,K(x,t) + K, (x,t), 0<
dq, C1,C, = const;

6) N(x,t,u) € CY9 (D x RY), My(x,t,u) € CO%1 (D x RY),
Mo(x, t,u(t)) = CZN(x, t,u(t)) + Nx(x, t,u(t)), s x>t (x,5),(t,s) €
D, (x,s,u), (x,s,w),(t,s,w),(t,s,u) € D X R umeer MecTO HEPaBEHCTBO

Mo (x,s,u) — My(x,s,w) — My(t,s,w) + My(t,s,u)| < Ly(x —t)lu—wl|,0
< Ly = const.

HeiictByss omeparopom C,I +D + C;T, tone | — TOXIECTBEHHBIH
omneparop, D — oneparop nuddepenuuponanus mo x, T - oneparop Bombreppa
suga (Tv)(x) = f(;c u(t)v(t)dt, uz (1) monyunm[1] wuHTErpajsbHOE ypaBHEHHE
Bonbsreppa Tpersero ponal2, c.23]

X

k(x)u(x) +fG(t)u(t)dt = | M(x, t,u(®))dt +

0 0
+C; | u(t)dt | K(s,t)u(s)ds + C; N(s, t,u(t))u(s)ds dt
[roe] /]
+f (), (2)

rae M(x, t,u(t)) = —Mo(x, t,u(t)) + (L(t, t) — L(x, t))u(t), fx) =
C29(x) + g'(x).



PaccmoTpum ypaBHeHI/Ie

(e + k(x))ue(x) + f G(t) u(t)dt = fM(x t, ug(t))dt +C f u(t)dt x
0

0

X | K(s,t)ug(s)ds
/

X X
+C f f N(s, t, ug(t))ug(s)ds dt + u(0)
0t
+f(x), (3)
r7e & - Manbli mapamertp u3 uarepsana (0,1).
G(t)
e+p(x)

C noMo1bsio pe30IbBEeHTHI Sapa (— ) ypaBHeHue (3) npuBeneM K

BHIY
17 [ G(s) G(t)
ue(x) = _S T k(X)Ofexp <__!€ + k(s) dS)E + k(t) X

¢ x
X {j M(t, S, ug(s))ds - f M(x, s, us(s))ds
0 0

t

t
+C; | us(s)ds | K(v,s)u,(v)dv
fuon

S
X tt

—C
X
Of

exp

ug(s)dsf K, s)u.(v)dv + ffN(v s, us(s)) ue(v)dvds —

N(V s, ug(s)) u.(v)dvds + f(t) — f(x) }dt + f T k) X

FG(s)
[z {frcaicra

+C; | us(H)dt | K(s,t) ug(s)ds +
fro]

/\m: ><o< %

+C; f f N(s, t, ue(t)) ug(s)dsdt + su(0) + f(x)} = (Au,)(x). (4)
0t

s . (x), i.(x) € Q[0,b] = {u(x) € C[0,b]: [u(x) —uyl <
70,0 < Uy, 1y = const} ouenum pasHocth oneparopos (Au,)(x) — (Atig) (x).



|(At,) (x) = (Ae) (x)] <

1 [ G 40!
e+ k(x) bf exp <__! e+ k(s) dS)s + k(t) %
t
X {f[M(x, s, u.(s)) — M(x,s,ti.(s)) + M(t, s, ﬁg(s)) — M(t,s, ﬁg(s))]ds +
0

M(x s, ug(s)) M(x s, ug(s))]ds -C lf T (s)ds %

KW,s) (2:(v) — @i (v))dv + fug(s)dsf K(,s) @.(v) — @.(v))dv —

N
X

(ug(s) — ﬂg(s))dsjl((v s)u.(v)dv + f(us(s) — us(s))ds X
t

t
t

N(v,s,u:(s)) (@:(v) — %(v))dv ds +

[N(v,s,uc(s)) = N(v,s,@:(s))]a.(v)dv ds

f

/

t

|
X {K(v, s) . (v)dv + Of ! N(v,s,u:(s)) (@ (v) — fic(v))dv ds +
/

t

|

/

j[N(v, s, ﬁg(s)) — N(v, s, ﬁs(s))]ﬁs(v)dv ds +
t

}dt ;

1 ; G x
et <_ 6{ . +(;‘2$) ds) { f [M(x, t, 7, () — M(x, t, i1, (£))] dt +

0

X X X

(ug(t) — U (t))dt | K(s,t)us(s)ds + | ti(t)dt | K(s,t) X
J f [

t 0 t

+C;

(ﬂg(s) - ﬁg(s))ds + f f[N(s, t,u.(t)) — N(s, t, ﬁg(t))]ﬁg(s)ds dt +
0t

()

+jJN(s, t, U (t)) (U (s) — tig(s))ds dt” .
0t

Orennm HeuHEHHYO YacTh (5)



1 [ G(s) G(t)
et k() Of exp <__!£ k() ds>g kD>
f[MO (x, s, ﬁs(s)) — Mo(x, s, ﬁg(s)) — Mo(t, s, ﬁs(s))
0

+ M, (t, s, g (s))] dsdt

Ly | [ G(s) G()
Ss+k(x)0fexp<_,[s+k(s)ds>s+k(t)(x
t

s f 1 (s) — %, (s)] ds dt

<

< f 7:(6) — ()] dt;

[ G(s) L )_6®
£+k(x)0 exp _,t[£+k(s) Slex k™

X f[MO(x, s, Ue(s)) — Mo(x, 5,5 (s))] ds dt| <

t

X exp <—!%ds)!|M0u(x, s, us(s))| |t (s) — tig(s)|ds dt <

Ky r ; G(s) G(t) - ~ 3
e J exp <_ tj €+ k(s) ds) e+ k(o) Jlug(s) ~Ue(9)ldsdt <

[ G
:»:+k(x)6[e+k(t)><

Ky
< 4 17 ()
= U ()lcop,  Kn= g;c}?flMOu(x: t, ug(t))l Allerop = T[%Cllﬁd |

o [ G(s) G(t)
et k(x)ofexp <__!s n k(s)ds>s ek
t x

Xf J N(v,5,8.(5)) [ (v) — e (W) ]dvds de| < 2P [ GO
0t

e+ k) ) et k(D)




X exp (—f . 4(—512(55)> flﬂg(v) — 1t (v)|dvdt

C,Myb
dy
rne My = ErgggﬂN(x, t,ug(t))|;

o [ G(s) G(t)
s+k(x)fexp <_fs+k(s)ds>s+k(t) %

0 t

<

Ize (x) — e )l o, b1

CMy [ GO
e+ 1)) e k(D)

X exp <_[ < f_(:zs) dS) (x - t) E!-lﬁs(v) - ﬁg(V)ldV dt <

<

xffN(v,s,ﬁs(s))[ﬁs(v) —iig(v)] dvds dt
t s

X
C:M
< LN f () — % (6)] dt;

1

o [ G(s) G(t)
s+k(x)_[exp <_,[£+k(s)ds>s+k(t) %

0 t

t x
X {f f[N(v, s, Ue(s)) = N(v,s,(s))] @l (v)dv ds +
0t

+ f f[N(v, s, Ue(s)) = N(v, s, @ (s))] i (v)dv ds} dt| < - +Clz(x) %

3 [ GEs) co (7
i j - <_ J e+ lf(s) ds) e+ k() {f j [N (v, 5, e ()] 126 (5) = e ()]
0 t 0t

X

X |t (v)|dvds + J J|Nu(v, S, ug(s))||ﬂg(s) — ﬁs(s)llﬁg(v)ldvds} dt <
t s

CirKy x x G(s)ds G0 x ) )
e J P (‘ tf e+ k(s)> crk@* Y dtoflus(t) — @()]dt <

CirKy ; _ B
< f l2.(0) — % (0)] dt;
1
0



1 [ 6\ [ ] )
e+ k(o) P\ T f Tt Of [Mo(x, t, T () — Mo (x, t, @i () ]dt| <

<t f TRORROILE

C X G( ) X X ) i )
€+;(X) P _!T’f@)ds U!N(S’ t, e (1)) [Te(s) — Te(s)]ds dt +

+fj[N(s, t,us(t)) — N(s,t, 1. (t)] . (s)ds dt} <
0t

ﬂe (t) - ﬁe (t) | dt.

Takum 00pa3oM, HCIONB3ysl BBIMICTIPUBEACHHBIE OLEHKA u3 (5)
HOJTy4YUM CIIEIyIolIee HEPaBeHCTBO

|(Atie) (x) — (Ate) )l cpo,p) < qlltie(x) — Te () llcpo,p), (6)
Fﬂel ) q=q1+42 q2=[b(Ly+ CiMy) + (Ky + bCi(My +7Ky))(1 +
e )ldi,

Gy = b[L, + CoLy + 2C,Mr](2 + e Dd, "
CymiecTBOBaHNE €IWHCTBEHHOTO peuieHus ypaBHeHus (3) mpu q < 1
MOKHO JIOKa3aTh TaKHM K€ CII0co00M Kak B [3, ¢.392].
Teopema. IlycTh BBINOJHSIOTCS YCJIOBHSA @) - 2), q < 1 u ypaBHEHHE
(1) umeer pemienne u(x) € C[0, b]. Torna npu € = 0 penieHne ypaBHeHus (3)
PaBHOMEpPHO CXOAMTCA K pelleHuto ypaBHeHUs (1), mpu 3TOM crpaBeaiuBa
OLICHKA

lte () = () lcpo
< (1 - )7t (#(dre) e () llcpo

+ wu(eﬁ)), (7)
rae wu(sﬁ) = sup |u(x)—u(t)|, 0<pB<I1

|x—t|<e
Joxa3zaTenbcTBo. BBeleM M0CTaHOBKY:

e (x) = ug(x) — ulx). (8)

Torma u3 (5) cnemyeT ypaBHEHHE

) — - [ 6 | _6©

1
s+k(x)bfexp _t e+ k(s) s <€+k(t)><



X {f [M(¢t,s,uc(s)) — M(t,s,u(s)) + M(x,s,u:(s)) — M(x,s,u(s))|ds +
0

X

t
+ [M(x, s, ug(s)) —M(x, s,u(s))]ds -C lf ne:(s)ds f K(,s)u,(v)dv +

t
X

ng(s)dst(v,s) ug(v)dv+fu(s)dsf1((v,s) ne(v)dv

T efu®) —u®)] t

X

u(s)dsf KW, s)n:(v)dv +

N

x |
|

+

H\RH\R

+ N(v,s,us(s))n.(v)dv ds +

o\ﬁ

+ jN(v,s,ug(s))nE(v)dv ds +

N

X u(v)dv ds + j j[N(V, s, us(s)) — N(v, s,u(s))] u(v)dv ds
t s

”%RH%X

f[N(v, s, us(s)) — N(v, s,u(s))] X
t

}dH

1 [ G(s) ‘
IO N <_ of e+ p() ds) {of [M(x.tue (D) = M t,u(@)] de +

X

+C; ng(t)dt K(s,t) ug(s)ds+C1fu(t)dth(s, t)n.(s)ds +
0

t

ORROSX

+C; jN(s t, u(t)) ne(s)ds dt — e[u(x) — u(0)] +
t
+C; [N(s, t,u, (t))
/]
— N(s, t,u(t))]us(s)ds dt}. 9

C nomousio onieHkH (6) u3 (9) nomyunm

Im:Clcro.p < qllneCllcro,py + I CH) () llcpo,p)-
Torma, yunteBas ycinoBue q < 1 m omenky [1,4] mis omeparopa (Hou)(x),
MOy IUM

e G)llcop) < (1= @)™ (4(ds) 2 Flu(@llcpo,) + wu ().
Otcrona, yIuTHIBas TIOJCTAHOBKY (8) mpuxomuM K oreHke (7). CiegoBaTensHo,
bynkuus ug(x) = u(x) paBHomepHo, eciu € — 0. Teopema gokazaHa.



CaeactBue. [Ipy BEITOTHEHUH YCIIOBUI TEOPEMBI PEIICHIE YPaBHEHUS

(1) enuacTBenHO B [0, b].

3ameTM, 9TO pETyJspu3anvs WHTETPadbHBIX ypaBHeHUI BombTeppa

MEPBOTO POjia C CYMMHUPYEMBIM SIIPOM paccMatpuBaercs B padore [5].
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Toktogonov SA, Murzakulova 1.Ch.
J. Balasagyna KNU, Bishkek

DoT03/IEKTPHYECKHE CBOMCTBA COJHEYHOr0 3JIEMEHTA HA
ocHoge TiO2.

TiO2 HerM3uHIern KYH 3JIeMEHTHHUH (POTOIIEKTPUKAIBIK
KacHueTTepH.

The photovoltaic properties of solar cell based on TiO:.

Annomauusn: ¢ pabome uccied08arnvl d1eKmpuieckue u Gomosiexmpuieckue
CBOUCMBA CONHEYHbIX JJIeMEeHMO8 HA OCHO6e OUOKCUOd mMumana u KpeMHUAL.
91<cnepuMeHmanbHo noJjiy4ensl 60JlbmamnepHvle u zj)omOMempuquKue
XapakmepucmuKku COJIHEYHblX JJ1eMeHMmOe6. Toxaszan nOpOZO@blﬁ xapakmep yeeiuderus
domo 3/[C npu yeeruuenuu 0ceeujeHHOCMU U NPAMOIUHEUHbIN XAPAKMED Y8enuyenus
qbomomoxa om oceeuieHHocmu.

Annomayus: TiOp ocana xKpemnuiloun He2usuHoe2u KyH INEMEHMEPUHUH
JleKmp ofcana d)omoaﬂekmpukaﬂbm Kacuemmepu UBUNIOCH2EH. KYH dJlIeMEeHMEePUHUH
BOILMAMNEPOUK  HCAHA  (POMOMEMPUKATILIK  MYHO30OMONOPY  IKCNEPUMEHMATIObIK
anvinean. Kywn anemenmmepune sxcapoix bepyyny kebeumyyoe gpomo IKK-nyn ecyycy
YEKMUK MYHO320 99 IKEHU HCAHA POMOMOKMYH MY3 CbI3bIKMYY MYHO300 KOOOUOepy
KOpCOmyn2eoH.

Annotation: in the given work the electrical and photoelectric properties of
solar cells based on titanium dioxide and silicon are investigated. The volt-ampere and
photometric characteristics of solar cells have been experimentally obtained. The
threshold character of increasing the electromotive force power at the light increasing
and straightforward nature of the increase of the photocurrent from the ling is shown.

Kniouesvie cnosa: conneunviii s1emenm, OUOKCUO MUMAHA, KDEMHULL
s8oJlbmamnepHas xapakmepucmuxa, d)OWZOWIOK,' JIIOKCmemp.

Hezu3zzu co300p: KyH snemenmu, mumanobliH OUOKCUOU, 80TbINAMNEPOUK
MYHO300MO, POMOMOK, TOKCMEemp.

Keywords: solar cell; titanium dioxide; silicon; volt-ampere characteristic;
photocurrent; light meter.

Ilouck anbTEpHATHBHOW DHEPIrHH, KOTOpas Oblia OBl HEIOPOTOH,
MMOCTOSTHHOW M 3KOJOTMYECKU YUCTOM, MPUBET YUYCHBIX M MPOMBIIUIEHHOCTh K
¢doroanekrprueckomMy 3hdeKTy: MeXaHU3MYy IS TPeoOpa3oBaHMs CONHEYHOM



SHEPTUH B UCHOIb3YEMYIO 3JIEKTPHUUECKYIO S3HEPTHIO UIM XMMUYECKOE TOILIUBO.
B nacrosmiee Bpems UCTIONb3yeMble HA NIPAKTUKE (POTORIEKTPUUECKUE STUEHKHY,
B OCHOBHOM, SBIISIFOTCS TBEpAbIMM MaTepuaiaMy, P-N  KOHTAKTHBIMHU
YCTPONCTBaMH, HalpuUMep, KPEMHHUEBBIC COMHEYHbIC SUCHKHU. DTH COJIHEYHBIE
SYEHKH SIBJISIFOTCS. OYEHb JOPOTOCTOALIMMHU B CBS3H CO CTOMMOCTBIO JOOBIYN
CIWJIMKOHA, NPOU3BOJICTBA COBEPIIEHHBIX KPUCTAIIOB U MUKPOTEXHOJIOTHEN UX
m3roToByeHus [1].

CBeTOYYBCTBHUTEIBHBIC COJHEYHbIC SYCHKH MPEACTaBIAIOT COOOH
aNbTEPHATHUBY CYILIECTBYIOIIUM [-N KOHTAKTHBIM YCTPOWCTBAM. OTH SYEUKHU
HCTIONB3YIOT MPOBOJIHUK — 3JIEKTPOIUT — KOHTAKT B OTJIMYKE OT KJIACCHUECKOTO
TBEpIOro KOHTakTa. l[BeToceHcHMOMNM3NpoBaHHble conHeunble syeiiku (L[CS)
COCTOST W3 HAHOMOPHUCTOH IUIGHKH C OOINBINONH BHYTPEHHEH IUIOMIAIbI0
MTOBEPXHOCTH, TMOKPHITON CJI0EM CBETOMOIJomarone kpacku. OKpalleHHbIH
cJI0i mpeoOpasyeT GOTOHBI, IOCTYIAOIIYE B HAHOIIOPUCTYIO IJICHKY, B 3apsi.
LCA cpaBHUTENBHO HE MOPOTH LTS TPOM3BOACTBA U OOECIIEUHUBAIOT YUCTYIO U
Hemoporyto sHepruto. Kpome Toro snektpuueckas dHeprusi obpasyercst 0e3
KaKOT0-THO0 XMMHUYECKOTo TepeHoca koMroHeHToB B LICSI, uTo obecnieunBaeT
JIOJITOBEYHOCTh stueek. Ha ceropusimuuii nenn 3¢ dexrusrocts LICS u3BectHa
mexxay  7-11%  [2-4].  Jlis KOHKYPEHTOCIIOCOOHOCTH € OOBIYHBIMHU
¢doroanexkrpuueckumu sueiikamu LICA HyXxHO yBennuuth 3QQPEKTHBHOCTD,
YCTOWYMBOCTh W YMEHBIIUTH cebecToMMocTh. [loTeHIMan Takux YCTPOWCTB
JenaeT MX OYeHb BAXKHBIMU IJIl SKCHEPUMEHTAJIBHOTO M TEOPETHUYECKOTO
HccienoBanus [5,6].

B nannoif paboTe cTaBWiIach CIIEAYyIOMIasi IEIh: IKCIEPUMEHTAILHOE
H3yUYCHHE HIEKTPOPHU3NUECKUX CBOMCTB COTHEUYHBIX 37ieMeHTOB (CD) Ha OcHOBE
TiO; u cpaBHEHHUE C TPATUITUOHHBIMU COJTHEYHBIMH JJICMEHTAMH U3 KPEMHHUSI.

BelmM  M3roTOBNIEHBI  COJIHEYHBIE  UIEMEHTBI C  Pa3IUYHBIMH
KpacuTeIsIMH: OJIMH C pyTeHueBoii kpackoit, CI(RuU), u BTOpoii - ¢ Kpacutenem
E121, CO (E121).

Wsmepenue BombrammnepHoil xapaktepuctukn (BAX) comHeyHBIX
AJIEMEHTOB TPOBOJMIICS C MOMOIp0 uctounuka toka TEC-42 (puc.l). Ha
COJIHEYHBIH 3J€MEHT MOoAaBaIoch Hanpsbkenue B uaTepBasie U = -1 +~ +1 B. Ha
puc.2 u 3 npencraBnersl BAX mis comHeuHoro snementa Ha ocHoBe Ti O2 B
0ojee KpyImHOM M MEJNKOM MacimTabax cooTBeTcTBeHHO. Kak BHMAHO oTCiOfa,
i oboux uccnenyembix CO mpsiMasi BETBb pe3K0 Bo3pacTaeT, HaunHas ot 0,4
B, n umeer mnpsMoIMHEHHBIA Xapaktep, a oOparHas BetBb — npum 0,2 B.
IMpuyem xpyrnsna BAX xkak s onpeaeneHHoro CD  mpuOIU3UTETHHO
OJMHAKOBA Kak Ul MpPSAMOW, Tak W A oOpaTHOW BeTBU. BeposTHO, 3TO
00yCIIOBIIEHO OJM30CTHIO 3HAYCHHM compoTuBiIeHNH CD Kak IS MPSMOTo, TaK



u obparHoro monkimoderns. Ho kpytmsna BAX CD ¢ pyreHHeBOW KpacKoit
MeHsIe, ueM kpyTtu3Ha BAX c kpacurenem E121, 4ro, BeposiTHO, 00YCIIOBIEHO
0oJbIIMM 3HaUYeHUEM conpoTuBieHUss CD C PYTEHUCBOW KpacKoM, deM
conpotusieHne CO ¢ kpacutenem E121.

(R
B

c3

Puc.1. Cxema coedunenus 0ns usmepeHus: 60JbMAMNEPHBIX XAPAKMEPUCTNUK
COIHEUHO20 dNeMenma Ha OCHO8e QUOKCUOA MUMAHA

Kak BugHO 13 puc. 3, TOK paBHsAETCS HYJIO HE B Hadaje KOOPAWHAT, a CABHHYT
B oTpHIaTeasHyio 00macts Hanpsprerus U Ug(0) = (0,21) B amsa CO(Ru) u Uo(0)
~(0,4) B ms CO (E121). Oto cBsizano ¢ HamuuueM cobctBeHHOTo PoToD/|C 1
TOKOM KOpPOTKOTO 3ambIKaHus |l (mpu U=0 B) CO npu naHHOM OCBEIIEHHOCTH.
OTH /Ba mapamerpa XapakTepusyloT BozmoxkHoctd CD. [y mpakTU4ecKoro
MPUMEHEHUS JTH IapaMeTpbl CONHEYHBIX JJIEMEHTOB JIOJKHBI  OBIThH
HanOONBIIUMH JUIS peaNbHBIX YCIOBUH HMX TEXHOJOTMHM M TpHUMEHeHus [7].
[TosTomy manee Obumu m3yuyeHs! 3aBucuMocTH (HoToDIC M TOKa KOPOTKOIO
3aMBIKaHUsl OT 3HAYEHHUS! OCBEIIECHHOCTH moBepxHoctd CO. Jlns u3MepeHus
OCBEIIEHHOCTH OBUT HCHONb30BaH JokemeTp FO-116. DxcnepuMeHTanbHO
nojy4eHHast 3aBUCUMOCTb (GoToI/IC comHEeyHOro »sJeMEeHTa Ha OCHOBE
nvokcuaa tutana ot ocsemennoctn U( F) mpeacrasnena na puc.d. Orcroma
BHJTHO, YTO C YBEJIUYECHHUEM OCBEIIEHHOCTH NpH e€ HadanbHbIX 3HaueHUs (0 —
15 srokc) dororodIC pe3ko yBenuumBaeTcs. 3aTeM  HaOOJaeTCs
ymenbiieaue pocta GporoI/C (15 — 40 miokc) u mampHeIas e€ cTaduII3aIus
(6ombmie 40 mroKC).

Jannupifi GakT MOXET O3HayaTh HAJIMYME HEKOTOPOTO IOPOTOBOIO
3HadeHus (GoTtoDIC CD, CBA3aHHOTO ¢ HAIMYHEM MEXaHH3Ma OTPaHUYCHUS
pocra ¢oroDAC CD. Ananmormunoe moBeacHue HaOmromaercs misi CO Ha
oCHOBe Si, HO YPOBEHb CUTHAJIA HA ]AHHOM WHTEPBAJIC OCBEIIIEHHOCTH MEHBIIIE

(Uer = -0,3 B), yem s C3 (U = -0,45 B) Ha ocHOBe JHOKCHIA
THTaHA.
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Puc.2. BAX conneynozo snemenma c kpacumenem EI21 (1) u pymenuesoii
Kkpackotl (2).
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Puc.3 BAX conmeunoco snemenma kpacumenem EI21(1) u pymenuegou
Kpackotl (2) npu Manvlx 3HAYEHUSIX MOKA U HANPSINCEHUSL.

Ha pucynke 5 npuBezieHa 3aBUCMMOCTb TOKa KOPOTKOTO 3aMbIKAHUSA |
CONTHEYHBIX JJIEMEHTOB Ha OCHOBE [JHOKCHIAa THTaHA W KPEMHHUS OT

H

OCBEMIeHHOCTH €€ ToBepxHOCTH. Kak oTcioga BHIHO, C YBEITUYCHHEM
OCBEIIEHHOCTH |, pacTEeT MPSIMOIMHENHO B MIpeJieNax ONIMOKA U3MEPEHUS,



kak g CO uHa TiO,, tak u s CO Ha ocHoBe Si. Ho kpytusna lip(F)
kpemHaueBbIx CO Gosbie, yeM CO Ha JHOKCH]IE TUTAHA.

ISt

3aBucumoctb ¢oto3[C CI Ha Ha TiO2 oT ocBelweHHOCTH, U(F)

0
-0,05
-0,1

-0,15
-0,2
025 ——TiO2
= Si

-0.3

f3

-0,35

choToIC, U, BonbT

04
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ocBeleHHocTk F, JNTioke

Puc.4. 3asucumocmo Gomod[C conneunoeo snemenma HA OCHOGE

OuoKcuda mumana(o) u KpemHus (M) om oceeuyeHHOCmU e€ NOBEPXHOCHIU.

JasvcumMmocTs oToTora T3 wa TIOZ or ccaewenHnocTa, [|F)

=—#=C3 Ha S5i

1, mich
- 888288838

o 20 40 (=] 80 100 120
OCBAWBHHOCTE F, noxc

—m—C3 Ha TIOZ

Puc.5. 3asucumocmv moxa KOpOMKO20 3aMbIKAHUA pr COJIHEYHO20

NeMEeHma Ha OCHOBe OUOKCUOA MUMAHA (0) U KpemHus (M) om 0C8eweHHOCMU

€€ NoBepxXHoCcmu.
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Tomypak MHKpOOPraHM3MAEPHUHUH HWYWHEH, AKTHHOMHLETTEPANH
Streptomyces ypyycyHa KupreH OakTepusUlapblH MEAMLMHAala, albUI-yapbana
KaHa eHep jXaillaplla KOJIOHYJIyydy aHTHOMOTHKTEpAM Haija KbUIYyCYyHa,
OCYMAYKUYIYKTO  KOJJOHYIYydy BUTAaMHUHJAEPAH,  TOPMOHIOPAY,
(dbepMeHTTepaH, AMHHOKHCIOTANap/Abl KaHa Oallka KONTereH OHOJIOTHSIIBIK
aKTUBIYY 3aTTapabl OeJylyll ublrapyy >KOHIOMAYYJIYI'YHe OaiiaHbIUTYY
OYWHOHYH KeIl eJIKeJIepYHAeI'Y OKYMYIUTYyJlap e3reue KbI3bIIyy MEHEH
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W3WIJCN KEeJNWIIKeH, al 53MH OYI'YHKY KyHAe Oyl TeHAEHIMsS ©3YHYH
aKTYaJIIyyJIyT'yH )KOTOTKOH JKOK.

CTpenTOMHULIETTEpAUH  TYPAOpY KemTereH  (UTOMATOTCHICPANH
aHTaroHuctrepu [7, 2], OINOHDOW dJ€ OCYMIOYKTOPAYH ©OCYYCYHYH
CTUMYJISITOPIOPY [4, 5] KaTapbl OCNTHIYY.

AKTUHOMHIETTEPANH KyNbTypajlapblHaH OHOTHH, THaMuH, puOodIaBuH
CBISIKTYYy, NAHTOTE€H, HHUKOTHH KHCJIOTajaphl, AayKCHHIECP JKaHa Oamka
OCTYPYYUY 3aTTap OedyHYN ajblHraH. AKTHHOMHLETTEPIUH AIIPIUK OapablK
KyJIbTypajapel B ToOyHOarsl BUTaMHUHIACPAM HIUTEN YbIrapyyra XeHIOMIYY
SKEHIUTW WM3WIACHIeH. OcyMAyKTepae KesfeminereH Bi» BUTaMUHUH
(aHemusira Kaplibl BUTaMWH) aKTHHOMHIICTTHK OaKTepHsHBIH Streptomyces
olivaceus maiima Kputaapbl OenrHiayy. AKTHHOMHIETTEPIMH TOIMYPAKThI
KaJIBIObIHA KENTUPYYYY ap KaHJai GyHKUIUSUIAPhI Ja KaKIIbl U3WIJICHTeH [5, 2].

ABBIpKBI ~ ME3TWJIAE  JKOTOPKY  akTHBAYY  JKaHa  CTaOMiayy
MHUKPOOPTraHU3MICPANH KYJIBTYpajlapblH Oenyn anyy 3aMaHOaI
MUKPOOHOJIOTHSIHBIH JKaHa OMOTEXHOJOTHSIHBIH HETM3TH OarbITTapblHBIH OHpH
OOy KasIbl.

N3ungeenyHn MakcaTbl — KbIpreI3cTaHIbIH TEXHOTEHANK 30HAJapbIHAH
(Tomypak 6moT00Yy) OONmyHYN allblHTaH OaKTepHsUIapIbIH Ta3a KyJIbTypalapsl -
Streptomyces  mTaMMIAphIHBIH  KYJbTYypPaJAbIK-MOP(OJIIOTHSUIBIK  JKaHa
OMOXUMMUSITBIK KACHETTEPUH HM3WIIT00, aHBIH HETU3NHIIE HICHTH(PUKAIHSIOO.

N3na1060HYH 00bEKTHCH KAHA METOLAOPY

W3unneenyH OOBEKTHCH KaTapbl JabOpaTOpAyK KOJUICKIUSIaH
Streptomyces ypyycyHa KupreH OakTepusuiapabiH 17 MmTamMMbl KOJJIOHYJITY
(tabn.l.). Konpmonynran mmrammaap - KeIprel3cTaHablH TOO-K€H ©HED
KainapeiHeiH - OpnoBka, OprnoBka-Kamka, Kaxwr-Cail KOMOMHATTapBIHBIH
pPaaMoOaKTUBAMK  ypaH  KaJJBIKTapbl  CaKTaliraH  (XBOCTOXPaHWIIUILA)
aliMaKTapbpIH ap KaHIal TUITETH TOMypaKkTapblHaH OOIYHYT ajIblHTaH.

Aranran Streptomyces ypyycyHyH OakTepusiapbl 00p METaJlIIapIblH
XKOTOPKY KOHLEHTpAaLMSUIapbIHA TYPYKTYy WHAMKATOPJIOP KaTapbl TaHAAJBII
anpIaTaH [§].

Streptomyces HWHOKYJIATTapbIHBIH KYJIbTYPATIBIK, MOP(}OIOrusijIbIK
JKaHa OMOXMMMSJIBIK KacueTTepu aHblkTannael [1, 3, 6]. JAuarHocTUKaIbiK
OenrmiaeprH aHBIKTOO YYYH CHOpa aibll KYpyydy aba wMunenuitiepuHe
XKarsIMAyy IapTTapAbl TY3reH a3bIKTHIK Yeipesiep MuHepanayy arap 1 - ISP4,
cyny arapsl ISP3 sxana Uanek yelipeniopy KOJIOHYIIY.

CTpenTOMHULIETTEpANH CepUsl ’KaHa CeKUUSIIApbl CYyJlIy arapbiHaa
ectypyiayn  asmblkTanael  (A.C.bonmapueBaHblH  eHAepPAYH  IIKAaJachl



KOJJIOHYITY). Streptomyces GakTepusuIapbIHBIH HIACHTU(DHUKAIMACH [ ay3eHuH
aHa BepriuHUH aHBIKTarbIYTAPBIHBIH JKapJaMbl MEHEH aHBIKTAIIG [1, 9]

H3u11660HYH KBIABIHTHITBITBIH TAJIKYYJI00

Streptomyces 6akmepusiiapbl YblHbIZbl AKMUHOMUYEMMEPOUH dH HOH
YPYYCYHA KupeeH obaueammulk a’pobOyK MORYpaKk opeanusmoepu 6o0ayn
cananam.

Cmpenmomuyemmep ouyeyy npoyeccunoe 03 aioblHua KilemKaza
adxcvlpabazan  HcaKulbl OHYKKOH aba Muyemutiiepun natoa KolIbluam.
Cnopaneusiiapbl my3 dce CRUpailb MypyHOO UUPUTLEH KbIUMBLICHI3 CHOPATLYY
ysiHocLipuaniapoan mypam. Knemxa xepeeecunun mubu 1 ( L-JJAIIK mypam).
Tonypakma kez0ewuuiem, Kyumyy aHMUOUOMUKATLIK —JHCAHA  XUMUHOU
asicelpamyy akmugoyynyey Menen MyHo30040m. Axmunomuyemmep HCOHOKOU
asvlkmulk  woupenepoe cakuwl ocywem. 28..37°C memnepamyoa;,  pH
6,8...7,4 enyeo anviam.

Kamyy  asvikmbik — uoiipedo  oCMypyneoH — aKmMuHOMUYemmepouH
Muyenutinepu 3 munke OOAYHOM: CYOCHPAMMBIK, YCHIYHKY CYOCMpammuolK
scana aba muyenuitniepu. Cyocmpammbslk Muyeiuli 46UPOHYH ACMbIHOA
oHyeom. YCmyHuKy mMuyenutl aeapovbik a3vlk YOUPOHYH YCMYHKY OemuHOe Kaably
KOJIOHUsL naida Kulnyy MeHen ocom. Aba muyenuiiepu KOIOHUSHbIH YCMYHKY
bemunOe oHy2om. AnapOvin dcunyenepu Muyeiutiiepoer 6myn, KOJOHUSIAPbl
Kanvly Oapnaiiean, 6apxam cCwlaKmyy dce VH CbIAKIMYY MACCAHbl MY3YULOM.
Kononusinap xamyy aseikmouix uotpodo kamyy, xkammap 601yn ueipoezo bexun
oecyweom. Maiioa xononusinap 0,5...2mm envemoe, yoyoopy — lcm scana anoan
0a uonypaax eauemoe 6Goayuiam. Kononusiapovin demu dcolimakau, Ovbipblu
ac.6. borywam. Konuynyk axmunomuyemmep ap KaHOQu: KYASYH Kbl3bLl,
KbI3bLI, HCAWBLL, KYPOY, KAPA MYCMO2y nueMeHmmepou OOIyn 4bleapbliiam.

BenyHyn — anplHTaH ~ CTPENTOMUIIETTEPIUH KYJIbTYPaJJIbIK,
MOpP(ONOTHANBIK ~ KacHeTTepUH HW3WIAee MaKCaThlH[a, KaipajaH Tasa
KyJIbTypajapra, ajapJiblH KaKIIbl OCKOH a3bIKTBIK YOHpeNepyHe: Kpaxmal-
ammuaktyy arap (ISP4), cymy arapst (ISP3) >xama Yamek deiipenepyHe
OTYpTy3YJILy.

OmwenTH, CTPETTOMHUIICT [ITAMM/IaPbIHBIH KYJIBTYPaJIbIK-
MOP(DONOTUSANBIK KaHA OUOXUMISUIBIK OCNTWICPUH H3WIAOOHYH HETU3UHIC
TOMOHJIOTYIOU TYPIOPTe KUPIIPH aHBIKTAIIBI:

1. IVOR-K  wmammer  Streptomyces  fumosus  xamaper
uoenmupuxayusnanovl, cepus Chromogenes, cexyus Cinereus, boopoy (Kemun
pationy,Oprogxa waapuacvl)  paduOaAKmMugoOux  Ypaw Kanovikmap
CAKMAHIYBIHAN SKM AIbIC APATLIKIMA KEHOU Kaupa ma3anoody JHCaublHblH aUblK
Kypoy munmezu monypasvblHan 6OIyHYN ATbIHeAH.



Mopdonorusacsl: cropa YbIHXBIpYaTapbl KbICKAa HITHY JKaHa Tyypa
9MEC CIHpanb ChIKTYy. ISP4 delipecyHme aba munenuiin - OOpPIOH KHIH3
CBISIKTYY CTPYKTypala, KHUPTHAT aK ke O0030MTyK TYCT®; CyOCTpaTTBIK

munenuiin (CM) - caprelu-KbI3rbUITBIM KYPOH, YeHpere adblK-KYpPeH TYCTery
MUTMEHT YbITapraH.
Yanek ueiipecynne - aba muuenuitn - 6o3oMtyk ak; CM - caprbid,

Yyelipe e MUrMeHT X0K. Cyny arapeiaia - aba Muneianiin - 003 KpeM ChISIKTYY,
areim Tycto; CM - aubIK-KYPOH.

2. IIOR-K  wmammol Streptomyces luridus  kamapu
uoenmuguxayusianovl, cepus Fradiae, cexyus Roseus, oHOp acatlObiH CYIOK
MawmanovLIapvl Mmecyneon dcepoen lkm anvic apanvikman 003 munmeau
MONYPAKman OOIYHeOH.

ISP4 weiipecyHnie aba MULIETUIM - aK, OPTOCY — a4YbIK KYJTYH TYCT®;

CM - aubIK capsl.
Yamek dgeiipecyHne - aba MUNEnnidn - adblK-KynryH; CM — agbik

CaprbIU-KYPOH.
Cyny arapeiHAa - aba MHUIENUIN - ayblK-KbI3reDIT, CM - KYpeH-

KBI3TBUIT capsbl, (D11) ueiipere kypeH MUrMEHT ybIrapar.
Mopdonoruscel: crnopa YblHXbIpYaiapbl WITHY JKaHa Tyypa 3MecC CIHpallb
TYPYHAS.

3. M3.2/0R wmammoer Streptomyces griseoruber  xamapwi
udenmughuxayusnanovl, cepus Violaceus, cexyus Cinereus, Oproexa ypau
Kanovikmap cakmazviubinan 200m anvic apanvikmaum anibiHeaH MONYPAK
yreycyHon 661yH2oN.

ISP4 yeiipecyHne aba MULEIHHAN - KYHYPT-003 (TYTYHAYH ©HYHI6H ),KbIpIapbl

— KOYKYJI-KbI3bLI; CM - KOYKYJI-KbI3bLI, OPTOCY — KaHbIKKaH KOYKYJI-KbI3bLII.
CVJ'IV arapbigjaa - aba MHHCHHﬁH - KOYKYJI-KbI3bIII; CM - KOYKYJI-KbI3bLT .

Uanmek ueifpecynne aba wmmumenuitn - Hadap; CM — KOYKYN KBI3TBUIT,

cybcTpaTTa MATMEHT KOK.
Mopdooruscel: criopa YbIHKbIpYANaphl WITHY JXKaHa Tyypa 3MeC CIupaib
TYpYH/I®.

4. Ne3.1/OR wmammer, Streptomyces chromofuscus xamaper
udenmughuxayusnanovl, cepusi Chromogenes, cexyus Cinereus, Oproexa
Kanovlk cakmazviybihan 200m anvic apanblkmau anblHeaH MONYPAKman
O6NYHEOH.

ISP4 weiipecynne aba MUICIHAHM - KBIpJapbl aK, HETH3W — KBI3TBIITHIM-
CBISIKOryII, 00pNOH cTykTypana; CM — KYHYpPT caprbld-KypeH.

UYanek yeiipecyHe - aba MUIICIIMHUHUH 6CYYCY aKTHBIYY dMeC, 003, arbiill TYC
6ap; CM - caprerd-ax.




Cyiry arapeiiia - aba Manenuin - ceisikerymr; CM - caprblu-KYpeH .
Mopdomorusacer: crmopa YBIHXKBIpYAIapbl CHHPAITb TYPYHA®, CIOpajapbl
JKbIJIMaKai.

5 OR-K(1) wmammor, Streptomyces roseochromogenes xamapol
uoenmugurayusnianovl, cepusi Fuscus, cexyus Roseus, Opnoska Kaiobik
CAKMAzbldbl HCAUAUKAN AUMAKMBIH 003 MUnme2u monypaxmarn 601yHoH.
ISP4 geiipecyHnne aba munenwitn - 6030MyK ak; CM — KypeH-caprsId.

UYanek ueiipecyHsie - aba MUIEIUAN - KBIpJaphl ak, adblk-xamrsuit, CM -

KUPTHAT capbl. MOpQOJIOTHICH: CHOpa YBIHXBIPIAPHl HUPWITEH CIHpaliTra
YeiuH.

6. OR-K(2) wmammeur, Streptomyces lincolnensis  xamapuot
uoenmugurayusananovl, cepus Lavendulae-Roseus, cexyus Roseus, Oproexa-
boopdy kandvixk cakmaewviubl  JcauieAWKaH  auMakmeld 003  munmeau
MONYpPaKmaH OONYH2OH.

ISP4 weiipecynne aba Murenniin - YeTTepu ak, adblK-KyaryH; CM — agwik

caphbl, cyOCTpaTka O6JYHTOH ITUTMEHTH YKOK.
Yamnek geiipecyHze - aba MUIETUHN KYJITYH TYCTO, OPTOCY- KUPTHIT aK TYCT®;

CyOCTpaTThIK MHIEIMHM — KYPOH Caprbld, 4YeuWpere adublKk KYpPeH TYCTery
MMUTMEHTHH OeITyN YblrapraH.

Cyiy arapbiijia - ada MULEITHAN - a9bIK-KbI3TUIT; CM - capbl.
Mopdooruscel: criopa YbIHXbIpYaIapbl Ty3 K€ HHPHIITEH.

7. MNe3.3/OR wmammor, Streptomyces rubrogriseus xamapuol
uoenmuguxayusinianovl, cepusi Violaceus, cexyus Cinereus, Opnoska
KALObIKMAP CaKmacblublHaH OONYHeOH.

ISP4 deiipecyHne aba MUIENWHAU - YETTEPH aK >XaHa KOJIOHHSHBIH OPTOCY

KOYKYJI- KbI3bLT; CM — anmgazaii KeI3bul, KW9uHE 603 TyC 6ap, MUTMEHT KOK.
Cyny arapbinja - aba MALEnuiin - Kyaaeit 603; CM - KOUKyJI-KBI3bLIL.
Yanek ugeifpecyHne - aba munenwiin - areim-003 tycte; CM — KBI3THUIT,

HETHU3TH TYCY - 003.
Mopdosioruscel: criopa YbIHXKBIPIAPBl  CIIHPab  TYPYHA®, CHOpajiapbl

JKbUIMaKai.

8. IHIOR-K  wmammul, Streptomyces mellinus  xamapuor
udenmughuxayusnanovl, cepus Fradiae, cexyus Roseus, Opnoexa-boopoy ypan
KANObIK CaKmazblyblHan 3KM alblC apaivlkman - 003 dcana Kapa munmeau
MONYpax yai2yCynoH OOIYHYN anblHeaH.

ISP4 xana Yamek yeifpenopyHnae ada MUIETHMHAN - KYATYH KBI3BUI, YETTEpH
kuprunt ak; CM - capel. Cyny arapbeiHja - aba MULETTMHN - a4bIK-KbI3TBUITHIM;

CM - 6030MTyK-KYP6H.



Mopdonoruacel: cnopa YbIHXKBIpIaphl COHpallb TYPYHI®, CIIOpaiapsl

JKbUIMaKai sMec.

9. MN3-OR wmammol, cepus Helvolus, cexyus Helvolo-Flavus,
Streptomyces londisporoflavus xamapor uoenmugpuxayusnanoor.
ISP4 ueiipecyHne aba muneaniin - 6030MTyK ak; CM - KaIlrbuIT- Capbl.

UYamnek yelipecyHe - aba MUK - YETTEPU aK, OPTOCY caprbry- 003 TyCTe;

CM — kyHYpT-KYpeH TycTe. Cyiy arapelHma - aba MALETUHN - caprbra, CM —
KAIITBUIT-KYPOH. Mop(hOJIOTHSCHL: CIIOPA YbIHXKBIPIAPE! CIIUPaIb TYPYHIO.

10, ml-3.5 wmammer, Streptomyces  viridogenes Kamapul
uoenmugurxayusnanovl, cepus Chrysomallus, cexyus Cinereus, Opioska oHOp

Jcaibina  dcaxvin  dicatieawikan  «Mepmeoey KOIMOCYHYH mezepecunoesu
MONYPAK YACYAOPYHOH OONIYHYN ANIbIHEAH.
ISP4 d4elipecyHme aba MUICIUHAM - 4YETTEPU KUPTUAT aK, HErusu 003,

KBI3TBUITHIM OHAYH u3aepu 6ap; CM - 6030MyK KYpeH.
UYanek deiipecyHne - aba munenwmitn - kuprunt ak; CM — kypeH, Oup a3

KaIreIT Tycre. Cyiy arapblHjia - ada MUIEIHiK - arbii ; CM - yKallibuL.

MophoIIOTHACHL: CITOpa YBITHKBIPIIAPHI TY3 KE TOJKYH ChIMal, KOOYHYO KBICKBI.
11. ml-3.6 wmammer,  Streptomyces  heliomycini Kamapol
udenmughuxayusnanovl, cepus Aureus, cexyus Cinereus, Oprosxa oHop

JHCAUBIHA JHCAKBIH JHcaticauKkan «Mepmeoey KOIMOHYH YO2YHOYCYHOH ANbIHSAH.
ISP4 ueiipecyHne aba muneiuiin - 603; CM - aublK KYpPOH.

Yanek qeﬁpechﬂe - aba MHI.IeJ'IPIfIPI - UCTCpH aK, OPTOCY aYbIK XAIITbUITBIM-

003; CM — capreiu. Cyiy arapeiaja - aba munenuidn - 603; CM — tyccys

MophOTOTHACH: CIIOpa YBIHKBIPIAPEI CITUPATH TYPYH/IO.
12.  Ne2KG1 wmrammbl,  Streptomyces — albiianatus KaTapsbl
uaenTuUKanusanasl, cepus Fradiae, cexums Roseus, Kaxer-Cait enep sxait

koMOuHatbiHaH 200M apajbIKTa alblHTaH TOIypaKTaH OeJyHIeH.
ISP4 deiipecynne aba MHIEIUHM - a4bIK KYJITYH-KBI3BUI, YETTEPU aK, a4bIK

kyaryH; CM - adplk KYpeH, cyOcTpaTKka MHTMEHTHH dblrapraH smec. Cyny
arappiHia - aba MUIENUAN - a4BIK-KBI3TBUITEIM; CM — KBI3bUI-CapThIu-KYpeH,
MMMTMEHT Jarsl yIIyHJai Tycre.

UYamnek ueiipecyHzie - aba MULENHHN - Kerymr-ak Tycte; CM - KOUKyJ KYpeH,

A3bIKTBIK qeﬁpere OPUI'CH KOYKYJI-KYPOH IMUTMCHTHH 4YbII'apraHbl KOPYHYII

Typar.
MopdonoTHACH: CTIOpa YBIHXKBIPIAPHI TY3, TOIKYH ChIMAIL.

13. No2KG?2 wmammol, Streptomyces tauricus Kamapul
uoenmugurayusianovl, cepusi Roseoviolaceus, cexyus Roseus, Kaocwvl-Cail
oHep dcail komounamvinar 200m apanbikma anbinean monypaKkmar 661yHe6H.



ISP4 geiipecyHae aba MUIIENUHN - YETTEPH aK, KOUKYN Kb3bU1; CM - KHPTHAAT

aK, JKalrbUIT-KoK. Yamek yelipecyHne - aba munemuiin - ak; CM — arsli-

KA.
Cyny arapbeiaaa - aba MUTETAAN - KBI3TBUITBIM-KOK; CM — adbIK-KYpeH .
MophoJIOTHSACHL: CIIOpa YbIHKbIpYATIAphl UIATHY, CITUPATb TYPYH/S.

14.  Ne6KG2 wmammer, Streptomyces longispororuber  xamaput
uoenmupuxayusianovl, cepusi Ruber, cexyus Roseus, Kaocol-Cail kanovikmap

cakmaeviuvinan  S0km  anvic  (c.Bapckoon) apanvikman 003 munmeau
MONYPaKmaH OOIYHEOH.
ISP4 uelipecynne aba MUIETUIN - YETTEPU arblill, KYJTYH, OPTOCY KOUKYI

KbI13b1T; CM - a4bIK KBI3BLIL.
Yamnek yolipocyHe - aba MuLeaniin - ak; CM — ax.

Cyny arapbelHja - ada MULICIUIN - a4bIK-KBI3bUT; CM — aubIK-KBI3TBUIT .

Mopdonoruscel: crnopa YbIHXBIPEl CHHpaib, WIMEKTEH, KIdae Oup Heue

UAPUIITEH.

15.  Ne6KG4  wmammur,  Streptomyces  steffisburgensis  xamapwi
uoenmugpuxayusananovl, cepus Glaucescens, cexyus Azureus, Kaocwi-Caii (c.
bapckoon) 603 munmeau monypaxman 6OIyHOH.

ISP4 deiipecyHne aba MULETHIH - KUPTHAT aK, Y€TTEPH JKAIITBUITHIM TapThIT

TypaT, CM — aublk-capel. Cyny arapblHia - *amrsbiTeiM ; CM — KyHYpPT-

KYpOH. Mopdoorusichl: cropa YbIHXbIPhI - CIIUPAJIb TYPYHIO.
16. MNIKG1 wmammer, Streptomyces  griseomycini  kamapuol
uoenmuguxayusiianovl, cepusi Achromogenes, cexyus Cinereus, Kaocwvi-Cail

OHOP JHCall KOMOUHAMBIHBIH Me2epeutet alblHeaH MONnYPaKman O61yHeoH.
ISP4 yeiipecynne aba MuLeIUiiN - 4YeTTEpH akK, Kyinei 603; CM - capsbl.

Yanexk geiipecyHne - aba MANIETUNAN - aK, KeIpaapbl 003; CM - adbIK-caphl.

Cyny arapbinaa - aba MuULenuiiu - kyinei 603; CM — kypeH. Mopdosnorusicer:

CIIOpa YBIHXKBIPHI CIHPAIh TYPYHIO.

17. M4KG1 wmammer, Streptomyces chromofuscus  kamaper
uoenmugurayusananovl, cepusi Chromogenes, cexyus Cinereus, Kaocvi-Cail
OHOPD KANOLIKMAP CAKMA2bIYbIHAH 3-5 KM anvlC apanblkma AlblHeaH, aublk
KYpeH munme2u monypakmaH O61yH26H.

ISP4 ueiipecynne aba muuenuiin - 003, yerrepu ak; CM - caprblu->Kalibll
OHJIO.
UYanek dyelipecyHme - 6o3omTyk ak; CM — kypeH. Cyny arapeiHyma - aba

Munenuin - 603; CM — KyHYPT-KYpoH. MopdhoJIOTHSICHL: CITOpa YBIHKBIPIACHI

crupaib TYPYHI®.



Tabauua 1.

Streptomyces ypyycyHa kupeen baxmepus WmamMmoapbiHbii mMypoyK cOCHasbl

Ne Streptomyce
w/n | s kyabrypa- | Hltammaapasmn | Cexnus Cepus IITaMmmabIH 06JTYHIOH
H KOJ/UIeKI- TYPAYK JKepH, TOMypPaK THOU
K aTaJbIITAPbI
HOMepJiepu
1 IV OR-K Streptomyces Cinereus | Chromogenes | OpioBka-boopuy
fumosus paniroOaKTUBIUK ypaH
KaJIObIK CaKTarbIYbIHAH 5KM,
TOIYPaK THOU - aUbIK-KYPOH.
2 II OR-K Streptomyces Roseus Fradiae OproBka-boopy kKanasik
luridus CaKTarblublHaH 1KM,
0030MTYK.
3 Ne3.2/OR Streptomyces Cinereus | Violaceus OproBka KaJIbIK
griseoruber cakrarbiubiHad 200m
4. Ne3.1/OR Streptomyces Cinereus | Chromogenes OpJ10BKa KaJI/IbIK
chromofuscus cakrtarbrabian 200m
5. OR-K(1) Streptomyces Roseus Fuscus OpmnoBka-boopay  kammbik
roseochromogene CaKTarbI4bl
S
6 OR-K(2) Streptomyces Roseus Lavendulae- Boopny  ypau KaJJIbIK
lincolnensis Roseus CaKTarbIubl (OpioBka
11aap4achl).
7. Ne3.3/OR Streptomyces Cinereus | Violaceus OpuioBka KaJJIBIK
rubrogriseus caktarsrasiHad 200M
8. II-OR-K Streptomyces Roseus Fradiae OpunoBka-boopy  Kanpik
mellinus cakT-HaH 3kM, 003 )aHa Kapa
TUIITETH TOITYPAK
9. Ne3-OR Streptomyces Helvolo- | Helvolus OpJI0BKa KaJlJIbIK CAKTarblubl
londisporoflavus Flavus
10 ml-3.5 Streptomyces Cinereus | Chrysomallus | Opioska, «KaHchy
viridogenes KOJIMOHYH  TereperuHjieru
TOITypaKTap
11 ml-3.6 Streptomyces Cinereus | Aureus «Kancpiz» KOIIMOHYH
heliomycini YOrYH/IYCYHOH aJIbIHIaH.
12 Ne2KG1 Streptomyces Roseus Fradiae Kaxsr-Caii eHep xKait
albiianatus KoMOuHaThHaH 200M
13 Ne2KG2 Streptomyces Roseus Roseoviolace | -//-
tauricus us
14 Ne6KG2 Streptomyces Roseus Ruber Kaxsr-Cait  paanoakTHBIHK
longispororuber ypaH KaJBIKTaphbl CaKTajraH
aiimaktal 50kMm (c.Bapckoon)
15 Ne6KG4 Streptomyces Azureus Glaucescens -Il-
steffisburgensis
16 NelKG1 Streptomyces Cinereus | Achromogene | Kaxsi-Cait ypaH Kammbik
griseomycini S caktarprapiHad 200m
17 NedKG1 Streptomyces Cinereus | Chromogenes | Kaxsi-Caii KaJIbIK
chromofuscus CaKTarblubIHAH 3-5KM
Streptomyces  WmammoapovlHovlH OUOXUMUATIBIK  AHATIU3U.

Streptomyces mramMmaapbiHa OMOXUMUSUIIBIK aHATN3 KYPry3YYy YUYH, allapIbIH
caxapaJMTHKANbIK KacHeTTepH, ap KaHAal YIrIeBOIop KaHa AHApHIe
WHANKATOPY KOIIYJNraH aTalblH 4elpeyiepre alapAblH Ta3a KyJIbTypaJapbIH

KHPTU3YY MEHEH aHBIKTaNb! (2-Tabm.).



Taonuuya 2.
Streptomyces WmMammoapsiiblH OUOXUMUSALBIK AKMUBOYYILY2Y

Ne Streptomyces xyIpTypalapbIHBIH YIIEBOATOPLY hepMeHTToocy
n/ | Streptomyces
I mTaMMaapbl
3 <
S S [se] [+~ =

Sl |28 |s |8 |2 |8 |& |68

Z O ) = = % & =3 I =

2 g 5 £ g | g = 3 S £

£ g | = S | = 8 g i E =
1 IV OR-K + - + - - - - - T T

II OR-K - - - - + - - - R +

3 Ne3.2/OR + + + + B B _ ~
4, Ne3.1/0OR + _ _ _ _ _ + + + _
5. OR-K(1) + + + + + _ B B + T
6 OR-K(2) + + + + _ _ + + + +
7. | Ne3.3/0OR _ + B _ _ B _ ~ T ~
8. III-OR-K + + + + + + + + + +
9. Ne3-OR + B B B _ + + T T T
10 | ml-35 + + + + + _ _ _ _ +
11 | ml-3.6 + _ _ _ _ _ _ _ — -
12 | Ne2KG1 + + + + _ _ B + + +
13 | Ne2KG2 + + + + + + + + + +
14 | Ne6KG2 + + + + + + + + _ _
15 | Ne6KG4 + + + + + + + ~ T T
16 | NelKGl1 + - + + + + + + + N
17 | NedKGl1 + - + + + + + + + +

DcKepTME: «-» - YIIIeBOALY KOJJOHOOMT; «+» - yriaeBoALy KOJAOHOT.

BakrepusutapablH = OMOXMMUSUIBIK ~ KacHEeTTepu — Oy e31epyHaery
(depMeHTTepJIMH JKapAaMbl MEHEH CHHHUPYY JKaHa ap KaHJal XUMISUIBIK
3aTTapAbl ~ CHUHTE31e6  JKOHIOMAYYJAYKTepy.  bakrtepusimapapin  Oyx
KOHIAOMIYYIYKTOPYH H3WI0e OaKkTepusHbl Typre 4ehnH auddepeHiusioo
YUYH a0/iaH MaaHUIYY.

OmeHTHI, U3WIIOOHYH >KBIMBIHTBITBIHAA Streptomyces ypyycyHa KHpPreH
OaktepusIapasiH 17 mraMmmbIHbIH nunHeH Cinereus ceknuschbiHa — 8 mTamm,
Roseus — 7, Helvolo-Flavus ocana Azureus cexuusimapbiHa OONTOHY OUpICH
raHa IITaMM THeNIeayy OONTOHAYTY aHBIKTAIIBI.
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MouJiekyJasipHO-TeHeTHYeckuid aHaau3 reia Cu-Zn SOD
KAa3aXCTAHCKHUX IITAMMOB 0aKTepuH pojaa opyueia

Ka3zakcran mraMmmaapbiHbIH Opynenia 0akrepusiaapabsi Cu-Zn
SOD reH MoJ1eKyJISIPABIK-TEHETHKAJIBIK U3HJI100

Molecular genetic analysis of the gene (Cu-Zn SOD) of Kazakhstan
bacteria strains of Brucella genus are submitted

Annomayusn: 6  OauHOlU  cmamve  NPeOCMABNeHvl  pe3yibmamol
CPABHUMENbHO20 aHAu3a 2eHa cynepokcud oucmymasa (Cu-Zn SOD) kazaxcmanckux
wmammog bakmepuu pooa Opyyeina. CpagHUMENbHbIN AHATU3 HYKIEOMUOHBIX
nocneoosamenvrocmeir cena Cu-Zn SOD wmammos Brucella abortus, évioenennvix 6
JKamobwviackoti oonacmu noxazan, yumo wmamm Brucella abortus 0002/H omuocswuiics
K 3 buosapy omauuaemcs om wmamma Brucella abortus 0001/H 3amenoti Hykieomuoa
A na G ¢ nosuyuu 393. IlImammer Brucella melitensis 0003/H, Brucella melitensis
0004/H, Brucella melitensis 0005/H 3 6uosapa, evidenennvie ¢ 3mou dice obracmu,
omauuaromes om wmammos Brucella abortus 3amenoii 6 nosuyuu 300.

Annomayusn:. o6yn xaeas ypyynapwvina Brucella 6axmepusnap socana waeviioap
(Cu-Zn xanvibwl) Kasaxkcman wmammoapobl 2eH  CAAbIUMbBIPMALYY MALO0OHVH
JACHIULIHMBIKMAapbiy mapmyyaaium. JKambvin aimaxmaewr dicareviz Cu-Zn SOD een
Brucella abortus wmammoapObl MmusuIUWuK HYKICOMUO CAarblumvlpMd aAHATUZU
Brucella abortus wmammowt 0002/H xoizmam opdynoa G yuyn mykieomuo A Brucella
abortus wmammer 0001/H aimawmulpyy Brucella 3 ativipmausineikmapsl 6uoeap
muewenyy 393. Brucella melitensis wuimammoapovt 0003/H, Brucella melitensis 0004/H,
Brucella melitensis 0005/H 3 6uosap ane atimaxma 6onynzon, 300 xvizmam opdyHoa
Brucella abortus anmawmuipyy mypaepy ap Kanoatl.

Annotation: in present article the results of comparative analysis of
superoxide dismutase gene (Cu-Zn SOD) of Kazakhstani bacteria strains of Brucella
genus are submitted. Comparative analysis of nucleotide sequences of the Cu-Zn SOD
gene of Brucella abortus strains isolated in Zhambyl region showed that the Brucella
abortus strain 0002/H relative to biovar 3 differs from the Brucella abortus strain
0001/H by A-to-G substitution at nucleotide position 393. The biovar 3 strains of
Brucella melitensis 0003/H, Brucella melitensis 0004/H, Brucella melitensis 0005/H
isolated in the same region differ from the Brucella abortus strains by substitution at
position 300.

Kniouesvie cnosa: dpyyennes; cynepokcud oucmymasa, noIuMepasHas yennas
peaxyus; CeKGeHUpOBanue, CPAGHUMENbHbII AHAU3.



Hezeuseu co30op: o6pyyennes; cynepokcud OucmMymasd, noIuUMepas UblHNiCHID
IHCOON, CEKBEHUpOoBarUue, CalbliUmvblpmMailyy anaius.

Keywords: brucellosis; superoxide dismutase; polymerase chain reaction;
sequencing; comparative analysis

Beenenue

Boprba ¢  Opymemie3om  sBIsSETCS ~ BaXHOM  mpoOiemoit
3[PaBOOXPAHEHUs B Pa3BUBAIOIIUXCS CTpaHaxX. bpylesies sSBIIeTCs] OCHOBHOM
MPUYMHON, TOPMO3SIILEH pa3BUTHE KUBOTHOBOCTBA.

[IpumensieMble B HacTOsillee  BpeMs  BakUMHBI  00JanaroT
HEJIOCTaTOYHOH HMMMYHOTEHHOCTBIO, M HE CO3Jat0T S((EKTUBHON 3alUTHI
npotuB  Opymemne3a.  [losroMy — mpoBOmATCS — HMCCIENOBaHHS IO
KOHCTPYHPOBAHUIO W COBEPLICHCTBOBAHMIO  IPOTEKTHUBHBIX  CBOWCTB
WMEIOIIMXCSl BaKIWH, KaK Ui JIIOJCH, TaKk W sl )KUBOTHBIX. B Hacrosiiee
BpeMs IS MTOTy4eHHsI BaKLMHBI IPOTUB Opyleie3a nccaeJOBaHNs HAUMHAIOTCS
¢ MICHTU(HKAIIMY UMMYHOTCHHBIX OenkoB. MHorue Oenku Oakrepun Brucella
abortus uccrenoBaHbl sl OMPEICICHUS UX POJU B UIMMYHOM OTBETE MPOTHB
Opyuermie3a. OqHIM U3 TaKUX OEIKOB SBISIETCS cynepokcua nucmyrasa (Cu-Zn
SOD).

Cymnepokcua OucMyTasa OTHOCHTCSL K TpyINIle aHTHOKCHIAHTHBIX
¢depmentoB meramodepmeHToB. OHa 3amMIIaeT OpPraHU3M OT IOCTOSHHO
o0pasyromuxcs BBICOKOTOKCHYHBIX KHCJIOPOTHBIX paluKaoB.
[epumnaszmatuaeckuit Gemox Opymemn Cu-Zn SOD akTMBHO ydacTByeT B
WHAYKIAA AMMYHHOTO OTBETa M, CJIEOBATENBHO, SIBISIETCS MOTEHIMAILHBIM
cyOCTpaToM, Ha OCHOBE KOTOPHIX MOXHO pa3paborath 3¢¢eKTUBHBIC
mpermapaTsl sl JTAArHOCTHKH W TpoduiakTuku Opyremtesa [1,2]. Takxe,
o6enok Cu-Zn SOD 3amumiaer opraHu3M OT IOCTOSIHHO OOpa3yoNIHXCs
BBICOKOTOKCHYHBIX ~ KHCJIOPOIHBIX  pagukainoB. Cymepokcua —IaucMyTasa
KaTaIM3UPYeT JTUCMYTAIUIO CYNEPOKCHIA B KHCIOPOJ M TEPOKCHI BOAOPOJA.
Takum 00pazoM, OH UrpaeT BaXKHEHINYIO POJIb B aHTUOKCHJAHTHOW 3alluTe
MPAaKTUYEeCKH BCEX KIETOK, TaK WM HHAa4Ye HAaXOISIIUXCS B KOHTAaKTe C
kuciopooM. BeizeiBaet HanpsoxeHHBIH nMMmyHHTET Y KPC [3, 4].

Lenp npaHHOH pabOTBl —  M3y4YEHHUE MOJEKYJISPHO-TEHETUYECKUX
cBoticTB rera Cu-Zn SOD juist ucionb30BaHus TIPU co3aHuu d3PPEKTUBHON U
0e30macHOM BaKIIWHBI POTHB OpyIesiesa.

MartepuaJibl 1 MeTOABI

B kadectBe OOBEKTOB UCCIENOBAaHWA B padoTe MCIOIB30BAHBI
kazaxcranckue mtammbl Brucella abortus u Brucella melitensis, xoropsie
npencrasiensl B Tabmuue 1. LltamMer mpenoctaBieHsl  JlabopaTopuei
Muxkpo6uonornn HUNUIIBB.
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http://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D1%8B%D0%B5_%D1%84%D0%BE%D1%80%D0%BC%D1%8B_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BC%D1%83%D1%82%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%BF%D0%B5%D1%80%D0%BE%D0%BA%D1%81%D0%B8%D0%B4
http://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%BE%D0%BA%D1%81%D0%B8%D0%B4_%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%BE%D0%BA%D1%81%D0%B8%D0%B4%D0%B0%D0%BD%D1%82%D1%8B

HaumenoBanue mramma Peruonst
Brucella abortus 0001/H
Brucella abortus 0002/H
Brucella melitensis 0003/H
Brucella melitensis 0004/H
Brucella melitensis 0005/H
Brucella abortus 0006/B
Brucella abortus 0007/B AJMaTHHCKas 001acTh
Brucella abortus 0008/B

Brucella abortus 8 R-popme 0009/X
Brucella abortus FOKO 198 212 S -¢ 10xH0-Kazaxcranckas

JKamoObIcKas 001acTh

Brucella abortus FOKO 2535 S -¢ obnacts

Brucella abortus FOKO198767578 S-¢

Brucella abortus Anakonsl, S -¢ AJMaTHHCKAsI 00J1aCTh,

Brucella abortus Amaxons 2, S -¢ Tanapikopranckuii peruon

Brucella abortus Atsipay 88, S -} ArtsIpayckas 06J1acTh

Brucella abortus CKO,S -¢ Cesepo-Kazaxcranckast
obnacth

Brucella abortus 544, 7 maccax B S -}

Taonuya 1 — Kazaxcranckue mraMmMmel 6akrepun pona Brucella

Buvioenenue 6axmepuanvuou /JJHK. Breinenenune Oaktepuanshoit JJTHK
npoBoIsT ¢ ucnonb3oBaHueM PrepMan Ultra Sample Preparation Reagent,
¢upmer Applied Biosystems.

Hapabomxa u cexeenuposanue (parmMeHTa TEHOMAa Ka3aXCTAHCKHX
TaMMOB OaKTepuH pojia Opyrera.

Ammumdukanus  pparmenroB  JJHK rena Oakrepun Opyuenna
mpoBeneHa Ha Ttepmonukiepe «GeneAmp PCR 9700», ¢upmer «Applied

Biosystems» 51 HCTIOJIb30BAHbI npanimMepbl c HYKJICOTHIHOU
MOCIEA0BAaTEIbHOCTRIO PF: 5'-
CGCTCGAGTTCGATCACGCCGCAGGCAAAA-3PR: 5'-

CGCTCGAGTTCGATCACGCCGCAGGCAAAA-3', pasMmep moiIy4aeMoro
npoaykra 530 m.o.

Awmmumdukanuo nposoaar B 50 pl, comepxammx 5 pl 10X IILP
Oydepa (Qiagen), 1 ul 10 mM dNTPs (NEB), 0,1 ul JHK, 1 ul xaxmoro
npaiimepa (20 pmol/ul), 0,25 ul Taq DNA nogumepassl (2,5 units, Qiagen).
Ycnous ammmudukarun: 94°C 5 mun; 3atem 30 mukioB 94°C, 1 muH; 50°C, 1
muH; 72°C, 2 mun u 1 nuka 72°C, 7 MuH.

Onexmpogopes 6 azapo3Hom eerne. IIponyxTsI ObuIH
MpoaHaJM3UpPOBaHBl  IyTeM  paszzaeneHus  amrum¢unupoanHoi  JIHK



anexTpodope3om Ha 2 % arapo3noMm rene B 1x Tpuc-6opar-O[TA Oydepa
(0,445 M Tpuc 6opat, pH 8,3, cogepxanme 0,01 M DJITA, Sigma-Aldrich)
nipu 60 V B Teuenue 50 MuH.

Cexgenuposanue J[HK. JIns CeKBEHUPOBAHHS CETMEHTOB TIE€HOMA
PEKOMOMHAHTHOTO BUpYca rpurma UCTIONB30BaH METO]
IUIeOKCHCeKBeHUpoBaHus Mo CeHrepy Ha aBTOMAaTHYECKOM |6-KammmisipHOM
cexBeHarope Genetic Analyser 3130xl, Applied Biosystems. B kauectBe
rmoyimMepa Uil KammwuisipoB uconb3ytoT POP-7. HapaGoTky TepMUHHPYIOMINX
npoaykroB JIHK mnpoBoasT METOAOM UHUKIMYECKOTO CEKBEHHPOBAHUS.
CymHOCTh JaHHOTO METOJa 3aKII0YaeTcsi B HCIONb30BAHWU Habopa i
cekBenupoBanus JTHK (ABI Prism BigDye Terminator Cycle Sequencing
Ready Reaction Kit) ¢upmer Applied Biosystems B cocraB KoTOpOro moMumo
mosumepa3 (AmpliTag DNA polymerase), cBOGOIHBIX HYKJIEOTHAOB BXOIMT
TaKkXKe cMech (IIyOpPeCIEHTHO MEUEHBIX CBOOOHBIX OJUTOHYKIEOTH/IOB.

Pe3ysbTaThl M 00CysKI1€HHME

B pesynerare ammimpukanuu noxydens! P nponykrer ¢pparmenta
rena, kogupytomme Oenku Cu-Zn SOD ka3zaXxcTaHCKHX IITaMMOB OakTepuu

Opyuesnna pasmepom 530 m.o.
™M 1 2 8 7 8 © 10 11 12 13 14 15 16 ™
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Pucynox 1 — Onexmpogopeepamma IILP npodykmos pacmenmos eenos,
xooupyiowue 6eaxu Cu-Zn SOD

Ilpogedena sxcmpaxyus  ¢paemenmos JIHK cena Cu-Zn SOD
KAas3axcmaHCKUx utmammos 6ai<mepuu

M - 1 kb Mapxkep, Invitrogen; 1 — Brucella abortus 0001/H; 2 — Brucella
abortus 0002/H; 3 — Brucella melitensis 0003/H; 4 — Brucella melitensis
0004/H; 5 — Brucella melitensis 0005/H; 6 — Brucella abortus 0006/B; 7 —
Brucella abortus 0007/B; 8 — Brucella abortus 0008/B; 9 — Brucella abortus
0009/X; 10 — Brucella abortus FOKO 198 212 S-dopma; 11 — Brucella abortus
FOKO 2535 S-dopma; 12 — Brucella abortus FOKO 198 767578 S-dopma; 13 —
Brucella abortus Amakons 1 S-dpopma; 14 — Brucella abortus Anakoms 2 S-
dopma; 15 — Brucella abortus Ateipay 88 S-dpopma; 16 — Brucella abortus
CKO S-dopma; 17 — Brucella abortus 544, 7 maccax S-hopma



opyuemna ¢ nmomomsio Habopa QIAquick Gel Extraction Kit (Qiagen),
COTJIACHO MHCTPYKIMU K HAOOpy JUIS JalbHEeHIero ux cekpeHupopanus. [locne
SKCTPAKUUH TPOBEICHO NPSAMOE CEKBEHHUPOBAHWE MONYYEHHBIX MPOIYKTOB C
ucrnoiir3oBanueM Habopa BigDye Terminator v.3.1.

[lpoBeneHsl  WCCINENOBAHUS MO  CPAaBHHUTEILHOMY  aHAIU3y
HYKIICOTHUIHBIX  TOCJeqoBaTeNpHOCTe  ydactka reHa Cu-Zn SOD
Ka3axCTaHCKUX IITaMMOB OakTepuu Opyleiuia ¢ HMMEIOMUMHUCS JaHHBIMU
MEX/TyHapOIHOTO OaHKa TeHOB.

CrenyronmM 1aroM npu usydeHmn ¢parmenta rena Cu-Zn SOD
Ka3zaxcTaHCKMX mrTammoB Oaktepuu Brucella abortus u Brucella melitensis
SIBIISIETCS NpOoBe/ICHHE CPaBHUTEIHLHOTO aHanmm3a HYKJICOTHIHOU
MOCJIeIOBATEILHOCTH CEKBCHUPOBAHHOTO YYacTKa T'CHOMa C WMCIOIIMMHUCS
reHaMU JaHHOW Oaktepuu B ['eHOaHKe.

CpaBHUTENBHBIM  aHaIU3  HYKICOTHAHBIX  IOCIEIOBATEIHHOCTEH
UCCIIeTyeMbIX 'EHOB TIPOBOJIMIIN C MIOMOIIBIO0 KOMITBIOTEPHBIX TTporpaMm Vector
NTI Suite 9 u BLAST (na caiite NCBI).

Pe3yHI>TaTI)I I/ICCHG}IOB&HI/II\/’I 10 BbIpaBHUBAHUIO W CPABHUTCILHOMY
aHammzy ¢parmenta rera Cu-Zn SOD ka3axCTaHCKMX IITaMMOB OaKTepHH
OpyIea mpeCcTaBIeHbl Ha PUCYHKE 2.

245 250 260 210 260 290 300 310 320 330 340 350 360 370

0001/H Br.a SOD

0002/H Br.a SOD

0003/H Br.mel.SOD

0005/H Br.mel.S0D

0004/H Br.mel.SOD

0006/B Br.2.50D

0007/8B Br.a SOD | 2

0008;/B Br.a SOD

0009/X Br.a SOD | 2

544 Br.a SOD

AED17224.1 Br.a str.9-941 chrom.2
i1 Br.a SOD

Alakol2 Br.a SOD

Atyrauss Br.a SOD

CKO Br.a SOD

CP000888.1 Br.a 519 Chrom.2 | 2
CP03177.1 Br.a A13334 Chrom.2 | 2
[1398381.2 Br.a Izatnagar Cu-2n SOD
UKD 198 212 Br.a SOD

UKD 198 767578 Br.a SOD

UKD 2535 Br.a SOD

Consensus | 245| CGGCTCTTGCTGCCGGCGGECATTATGATCCGGGTAATACCCATCACCATTTAGGACCTGAAGGTGATGGACATATGGGCGATTTGCCACGCCTGAGCGCCARTGC TGACGGCA AACCGTTGTC



0001/H Br.a SOD

0002/H Br.a SOD

0003/H Br.mel.S0D

0005/H Br.mel.S0D

0004/H Br.mel.S0D

0006/8 Br.a.S0D

0007/8 Br.a SOD

0008/8 Br.a SOD

0009/X Br.a SOD

544 Br.a SOD

AED17224.1 Br.astr.9-941 chrom.2
Alakol1 Br.a SOD

Alakol2 Br.a SOD

Atyrauss Br.a SOD

CKO Br.a SOD

CPO008S8.1 Br.a 519 Chrom.2
CP003177.1 Br.a A13334 Chrom.2
[1398381.2 Br.a Izatnagar Cu-Zn SOD
UKD 198 212 Br.a SOD

UKD 198 767578 Br.a SOD

UKO 2535 Br.a SOD

BEHEELEERRELUBELLEELEE

Consensus | 347| ATGCTGACGGCAAGGTGAGTGARACCGTTGTCGCTCCACATCTCAAGARATTGGCGGAAATCAAGCAGCGTTCTTTGATGGTCCATGTCGGAGGGGATAATTATTCCGATALGCCTGAGCCGCTTGGTGGCGETG

Pucynok 2 — CpagrnumenvbHbulii anaiu3 pazmenma nociedo8amenbHOCMU 2eHa
Cu-Zn SOD pasznuunvix wmammos 6akmepuu pooa Brucella, sviderennvix na
meppumopuu Pecnyonuku Kazaxcman

CpaBHUTETBHBIN aHATN3 HYKJICOTHUIHOW IMOCIEIOBATEILHOCTH IO TeHY
Cu-Zn SOD mnoxkasan, yro wramMm Brucella abortus 0002/H otrocsmnmiics k 3
OuoBapy, BblIeICHHBIM B JKaMOBLICKOW 00JIACTH, OTJIMYAETCA OT IITaMMma
Brucella abortus 0001/H 3amenoit mykmeotuma A wa G B mosmiuum 393.
Ocranpabie mrammbl Brucella abortus, Beinenennsie B PK waeHTHYHBI €O
mrammamu u3 Iernbanka — Brucella abortus, str 9-941 (AE017223.1), Brucella
abortus, str A13334 (CP003176.1), Brucella abortus, str S19 (CP000887.1) u
Brucella abortus Cu-Zn SOD (GQ398381.2). Illtammer Brucella melitensis
0003/H, Brucella melitensis 0004/H, Brucella melitensis 0005/H 3 6uosapa,
BEIIEJICHHEIE B 3TOM k