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IIpumenenue Pacemaker aj1 moBbIlIeHUS
HAIECKHOCTH J0CTYIIA K KPUTUYECKUM JAHHBIM

I'.M. Muxaiinos', M.A. Ku:kuenko!, A.M. YUepuenon'~

I Boruucnumenvnoni yenmp um. A.A. Jopoonuywina OUL 1Y PAH
? Hayuonanvnolil uccneooéamenvckutl yuusepcumem « MOy

AHHoTanus. B noknane paccmarpuBaercs 3a1a4a MOBBIIICHUS HAJIS)KHOCTH
(YHKIIMOHMPOBAHUS PECYPCOB OpraHU3allMM, JOCTYNl K KOTOPBIM SBISETCA
KpUTHYHBIM. PaccmarpuBaercs ciaydail JBYXY3JIOBOIO KJAacTepa BBICOKOH
nocrynHoctu (High Availability) na 6a3ze Pacemaker m pacmpeneneHHON
¢aitnosoit cuctemsl DRBD, obecnieunBaronuii paboty caiita opraHu3aluu H
cepBepa 0a3 manHeix MySQL B pexume active-passive. IlpuBenena
KOH(Uryparnus Ui O0JBIINHCTBA UCTIONb3YeMBIX pecypcoB HA-kmacrepa.

KuarwueBbie ciaoBa: PaceMaker, DRBD, MySQL, oTka3oycroiiuuBbie
CUCTCEMBI

Using Pacemaker to Improve Reliability
of Access to Critical Data

G.M. Mikhaylov', M.A. Zhyzchenko', A.M. Chernetsov'?

I Dorodnicyn Computing Centre FRC CSC RAS
? National Research University “MPEI”

Abstract. The problem of improving the reliability of the organization's
critical access resources is discussed in this article. We consider the case of a
two-node high availability cluster based on Pacemaker and a DRBD distributed
file system, which ensures the operation of an organization's website and a
MySQL database server in active-passive mode. The configuration is shown for
most of the used HA-cluster resources.

Keywords: PaceMaker, DRBD, MySQL, High-Availability Clusters

1. BBeaenue

B AOKIIaJ€  pacCMaTpuBaACTCA 3agadya IIOBBIIICHHA HaJACKHOCTHU

(GYyHKIMOHUPOBAHUSI PECYpCOB OpraHU3alldd, JOCTYN K KOTOPBIM SIBJISETCS
KpUTUYHBIM. B KayecTBe NpPUMEPOB TaKUX CHCTEM MOXHO TPUBECTH
MH(OPMAIMOHHBIE CUCTEMbI, 00€CIIEUNBAIOIINE BBIIIOJHEHUE TOCY1apCTBEHHBIX
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yCIyT, yCIIyT 1o o0paboTke oOpalieHuil rpaxkaad, 0aHKOBCKHUX ycnyr. Jlis Bcex
IIPUBEICHHBIX MMPUMEPOB BAXKHBIM SIBIISIETCS oOecrieueHrue paboToCoCOOHOCTH
CUCTEMBI TIPU PA3TMYHBIX COOSX, KaK MPOTPaAaMMHBIX, TaK U allapaTHBIX.

3amaga TOBBINICHUS HAAS)KHOCTH JAJIeKO HE HOBa. AKTYaJlbHOCTh
pemieHus 3TOM  TPOOJIEeMbl OCTaeTCs HEW3MEHHOW B TEYEHHE BCETO
HUCTOPUYECKOTO Pa3BUTHS KOMIIBIOTEPHBIX TEXHOJIOTHA M uWHGOpMaThKu. B
YaCTH TOCTPOCHUS WH(GOPMAIIMOHHBIX CHUCTEM M 0a3 JaHHBIX €IMHCTBEHHBIM
peasbHO pabOTaAIIMUM CIIOCOOOM  SIBIIETCS yONMpoBaHuE (HU3HUIECKOTO
(BUpTyaJpHOTO) OOOpYAOBaHHUS M HACTpOWKa Mepenaydl JaHHBIX U PECypCcoOB
MeXIy y3namu. Jlaxke mpu MCHOJIb30BAHMM CUCTEM BUpTyaiuzauuu [1] mpu
YBEJIMYCHUH HATPY3KU Ha Y3JIbl PEIICHHUE MPOOJIEMbI MPUBOAUT K TOSIBICHHUIO
HOBOTO (PU3UYECKOTO O00OpYJOBaHUS M 00ECIICUCHUIO B3aUMOJICUCTBUS MEXKIY
y3namu. Takum o0pa3oMm, Mbl TOBOpUM 00 oOOeCleYeHUU anmapaTHON
H30BITOYHOCTH.

2. OTKa30yCcTONYMBbBIC KIACTEPbI

JlomyctuM, 4YTO Tieped OpraHM3allied CTOMT 3ajjadya OOEeCICUCHHS
HEIPEPHIBHOTO JOCTyMa K HEKOTOPBIM MPHUJIOKEHUsAM (caliT, 0aza JaHHBIX H
np.). Eciu goctyn K KaKuM-TO pecypcaM CIMIIKOM BaKE€H, TO PECYpPChl MOXKHO
nyOnmupoBaTh. DTO H3BECTHOE TMOHATHE OTKa3zoycroiumBoro kiacrepa (High
Avalaibility) [2]. HA-kiactepsl NpOEKTUPYIOTCS B COOTBETCTBUH C METOJIUKAMU
oOecrieueHnsT BBICOKOW TOCTYITHOCTH W TapaHTHPYIOT MHUHHMAJIBHOE BpEMsI
IIPOCTOS 32 CYET anmapaTHOM M30BITOYHOCTH. be3 nmpuMeHeHus Kiactepusaluu
coon cepBepa MPUBOAAT K TOMY, YTO TOMICPKUBAEMBIC UM TPUIOKEHUS WM
CETEBBIC CEPBHUCHl CTAHOBATCS HEAOCTYHNHBIMH 0 TEX TOp, IOKa
paboTOCTIOCOOHOCTh cepBepa He Oyaer BoccTaHoBiieHa. OTka3oycTOWUYMBas
KJIacTepu3alus HUCOpaBIsAeT »J3Ty mpobiemy, oOecmeunmBas —Mepe3amyck
MPWIOKEHUS Ha JPYTUX y3JaxX KiacTepa 0e3 BMEIIaTelbCTBa aIMUHUCTPATOPA B
citydae OOHapy>KEeHHUS anmapaTHbIX WK MPOrPaMMHBIX COOEB.

OTKa30yCTONYMBBIE KJIACTEPHI IIUPOKO HCIOIB3YIOTCS MJIs MOAAEPKKA
BaXKHBIX 0a3 TAHHBIX, XpaHEeHUs! (ailIoB B CETH, OU3HEC-TIPUIIOKEHUH.

Kommepueckue pemenust st HA-kimactepoB, cpeawt KOTOPBIX MOXKHO
ynomsiHyTh IBM PowerHA SystemMirror[3], HP Serviceguard [4] u Oracle
Solaris Cluster [5], a Ttaxxe Microsoft Windows Failover Cluster [6],
HEonpaBJaHHO Joporue. KpoMme TOro, BEpOSTHOCTh TMOSIBICHHS PA3THUYHBIX
HOBBIX CAaHKIUN U «IIPABUJIO» UCIOJIb30BAHUSI OTEYECTBEHHOTO MPOrPaMMHOIO
obecnieuenus (I10) no3BossieT caenaTh 3aKIOYEHUE, YTO HYKHO HCIOJIb30BATh
open-source pemeHus. K TakoBeIM oTHOCsATCS B 4vacTHocTH OpenStack[7],
LinuxHA [8] u ero pa3Butue RedHat Cluster (Pacemaker) [9].

PaccmoTtpum  3amauy oOecriedeHusi OTKa3oycTouuuBor cBsizku 110
Apache+Mysql. MoxHO HCHONB30BaTh pa3Hble OOIIEAOCTYNHbBIE PEIICHUS, HO
HamMu Obl1a BhIOpaHa TUmoBas cxema pcs/corosync (Pacemaker), a B kadecTBe
pacnpenenennoit cucrembl xpaHeHuss (SAN) — DRBD [10](Distributed
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Replicated Block Device). [ns pa3BepTeiBanuss Oblla HCIOJB30BaHA

CTaHJapTHasg UHCTPYKIMSA 1O ycTaHoBKe [11].

OpHa 13 BO3HMKAIOIIUX 3a/1ad — 00ecrieYeHre HEMPEePhIBHON peIUIMKallun
JAHHBIX MeXAy y3namu. J[js sToit 1enu Oblia BbiOpaHa daiimoBas cucTeMa
DRBD v.9.

®aktruecku DRBD oGecnieunBaeT MeKy3J0BYI0 CUHXPOHU3AIMUIO MEXTY
BblesieHHbIMU  y3namu. Kondurypamuss DRBD naxoautcss B KaTanore
/etc/drbd.d/. Boinensercs rtnobanpHasi KoOHPUTYypaluss ©  KOHGUTypaius
yctporictB DRBD (ampeca kaxkmoro u3 yszmoB, mopt paborsi DRBD). Ha
KOKIOM Yy3le co3natorcst ycrpoiictBa Buga /dev/drbdX. [lns ympasnenus
pacnpeneneHHoi ¢aiioBoii cucteMod ucnonb3dyercs komannaa drbdadm.
[Tocne wHunManu3anuu HeoOXoaAMMoO TpoBecTH (opmaThpoBaHue (HalIoBOM
cuctembl (®C). ABTOpBHI OOpamaroT BHUMaHUE, 4yTO XOTsA ¢dopmanibHo DC
MOXeT ObITh J00OM (ext4, btrfs, xfs, ...), HO B peanbHOCTH HEOOXOAUMO
yunthiBaTh ocoOeHHoctu PC. Tak, ®C ext4d npu Bcex e€ mpeuMyIIecTBax
KaTeropuyecKy MCIOJIb30BaTh Heb3s. [IpuunHa cBs3aHa ¢ T€M, YTO HKCTEHTHI
@C 3anuchIBalOTCA HAa AUCK CO 3HAYMTEIBHOW 3aJI€PKKOW IO BPEMEHH, YTO
HEJIOYCTUMO TpU CUHXpoHM3auuu AaHHbIX B DRBD. Hcnonb3oBanue ext4
MPUBOAUT K COOSIM PEIUIMKALIMU U TIOTEPE JAHHBIX.

JIist KoppeKkTHOM paboThl cUCTEMbl HEOOXOAMMO UMETh MUHUMYM 3 y3Iia
(11 KOPPEKTHOTO TIOJOCOBaHUS). YBBI, aBTOpaM B paMKaX JIOCTYIHBIX
pecypcoB ObLIO AOCTYIHO TOJBKO ABa. Pacemaker nmeer cnennanbHbli peskum
paOoOThl, YUMTHIBAIOIIMA 3Ty CHUTyalMl0, U B pe3yJbTaTe cUcCTeMa Oyner
¢byHkuoHupoBarh. CylIeCTBEHHBIM HEJIOCTATKOM B 3TOM Cllydae SIBJISETCS
dakTuueckass HepaborocnocoOHocTh pacnpenenenHon ®C DRBD. Xors
dbopmasibHO OHa paboTaeT U 0OecIeurnBaeT PEIIMKALNIO TAHHBIX MEXY Y3JIaMH
CUCTEMBI, B PEAIbHOCTH NPHU COOSIX BOCCTAHOBJIEHHWE MPEBPALIAETCS B OYEHb
JOJITUA U MYYMTENBHBIN nporecc. Ecnm ecTh cpeacTsa, Jiydille NOTPATUTh UX Ha
TPETHUid y3eJ XpaHWUJIUINA JAHHBIX U UCKIIOYUTH 3TH MPOOIEMBI.

B nenom HA- xnactep MoxeT GyHKIIMOHHPOBATH B PA3IMUHBIX PEKUMAax
paboThI [2], cpeliid KOTOPBIX YKaXKEM CIEAYIONIUE:

e Active-passive. HMmeer momHOe pesepBupoBaHue (PaboOTOCTIOCOOHYIO
KOIHIO) Kaxaoro ysna. Peseps Bkitovaercss B paboTy TOJBKO TOT/a, KOraa
OTKa3bIBa€T COOTBETCTBYIOIIMM OCHOBHOM y3en. OTa KoHUTrypauus
TpeOyeT 3HAUYNTEIbHBIX N30BITOYHBIX aIMapaTHBIX CPEICTB.

e Active-active. YacTp Tpaduka, oOpabOaTbIBaBIIAsCS OTKA3aBIIMM Y3JIOM,
NepeHaInpaBisieTcss KakoMy-T1u00 paboTaromeMy y3iay WU pachpeenseTcs
MEXIy HECKOJbKUMH paloTaromuMu y3namu. (Cxema HCHOJb3yeTcs B
cllydae, KOT/Ia y3J7bl UMEIOT OJHOPOJIHYI0 KOH(UTYpAIHI0 MPOrpaMMHOTO
oOecrieueHus U BBIIOJIHAIOT OJMHAKOBYIO 3a7a4y.

e N+I1. Mmeercs 0MH NOJHOLEHHBIM PE3EPBHBIN Y3€l, K KOTOPOMY B MOMEHT
OTKa3a MEPEXOAUT pojb OTKazaBLIEro ys3ja. B ciywyae rereporeHHoun
IPOrpaMMHOM KOH(UTYpallid OCHOBHBIX Y3JIOB JIOMOJHUTENbHBINA Y3el
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JOJDKEH OBITh CTIOCOOCH B3SITh Ha Ce0s POJb JIOOOTO W3 OCHOBHBIX, 3a
pe3epBUpPOBAaHME KOTOPBIX OH OTBedaeT. Takasg cxema NpPUMEHSETCS B
KJlacTepax, OOCIY)XHBAIOIMX  HECKOJBKO  Pa3HOPOAHBIX  CEPBHCOB,
paboTaomMX OJHOBPEMEHHO; B CJIy4yae €IMHCTBEHHOI'O CEpBHUCA TaKas
KOH(UTypaius BeIpoxkaaeTcs B Active / passive.

Jlns  KOHTpOJdsi pabOTOCHOCOOHOCTH Y3JIOB B KjacTepe OOBIYHO
UCIIOJIB3YeTCs Tiepeaya HeMpPephIBHOTO MEPHOIUUYECKOTO CHUTHAJA («ITyJIbCcay,
heartbeat) Bo BHyTpeHHEH ceTu KiacTepa OT Kaxaoro u3 y3ioB. [lo Hammuamro
«mynbscay ynpasisomiee [0 cynut o HopManbHOU paboTe coceqHux y3ioB. C
TUM CBS3aHA CephE3Has mpobiiema split-brain — B ciiydae OJHOBPEMEHHOTO
pa3pbiBa MHOKECTBA COCIMHEHUN BO BHYTPEHHEH CETH KJlacTepa Mo KaKou-11u00
npuunHe (cO0si MUTAHMS, HEUCIIPABHOCTH CETHU W T.M.), y3€J, HE CIOCOOHBIMA
KOPPEKTHO 00paboTaTh MaHHYH CHTYaIMi0, HAaUYMHACT BECTH ceOs Tak, Kak
OyITO BCE OCTalibHBIE Y3JIbl KjacTepa BHIIUIM U3 CTposi. COOTBETCTBEHHO, OH
3amycKaeT AyOJauKaThl YK€ paloTalolMuX B KJIACTEPE PECYpPCOB, UTO MOXKET
IIPUBECTH K MOBPEKICHUIO JaHHBIX B SAN.

3. Cucrema Pacemaker

Hacrtpoiika wu  ynpaBinenne B  Pacemaker ocymectBisercs ¢
UCIoJib30BaHueM KoMaHz pes cluster. Hacrpolika u ympaBiieHue pecypcamu
(co3manue/ynaneHue, MPOCMOTP COCTOSHUSA, OJIOKUPOBKA/3aIyCK) PECypcoB
OCYILIECTBIISIETCA C UCIIOJIBb30BAHUEM KOMaH/]I PCs resource.

B n1060i1 cucteme ymnpaBieHUs KiIacTepoM, B ToMm uucie u Pacemaker,
BBIJICIISIIOT CJIEYIOIINE PECYPCHI:

-Ip ampeca. Ha xaxaoM y3iie o0g3aTeNbHO HAJIMYUE JIBYX MHTEP(ENCOB:
BHYTPEHHETO M BHEIIHETO0. BHYTPEHHUU HCNOJB3YETCS IS B3aMMOJEWCTBUSA
nponeccoB DRBD u mHBIX Hy»XI, BHEIIHMM — 3TO aApec, MO KOTOPOMY HUAET
nocTyn cHapyxku. llpu cMeHe akTUBHOTO y3jla HPOU3BOAUTCS Tpedyemas
nepeHacTpoiika (mepeBsiOop aJIpecon).

-DaitnoBeie  cucTemMbl (HampuMmep, OTAETbHBIM KaTalor — KOPEHb
pacnpenenennoit ®C).

-Pecypcel (Hanpumep, apache, mysqld, vsftpd)

HA-knmacrep [y BHEIIHMX TMOJb30Barenieil  (3ampocoB)  BBITJISIAUT
JIOTUYECKU €IMHBIM CEpPBEPOM C NMOCTOSIHHBIM [P-anpecoM. B peanbHOCTH Ha
3alpoChl OTBEYAaeT JUOO KaKOW-TO BBIACIEHHBIM y3ed Kiactepa (B ciydae
pekrma paboThl active-passive), oo 000t y3en (active-active).

V3ner HA-kmactepa MOryT pas3nmyarsCs @O anmaparype, HO IO
IPOrpaMMHOMY OOECIIEUEHHUI0 HHUKOTAA, — BE3€ JOHKHO OBITh YCTAHOBJICHO
oxuHakosoe [10.

B pamkax HacTpoiiku pabOThI €CTh B3aMMOCBS3M MEXKIYy CIIy)XKOamw,
OTIpEIEISIONIME 3aBUCUMOCTH 3aIlycKa CIIy 0 JIpyT OT apyra.

Hanpumep, CYBJl MOXHO 3amyckaTh TOJIbKO IIOCIE WHUIMATU3ALUAN
daitnoBoii cuctembl. Beb-cepBep cieayeT 3amyckaTrh TOJBKO IMOCHE TOTo, Kak
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zamyctutcs CYBJl. M1 B kaxaom u3 3tux ciaydaeB A0 3amycka DRBD «B
paboTy» morpedyeTcsi oOecreunTh (PYHKIMOHUPOBAHUE CBSI3M MEXIY Y3JIaMHU
KJ1actepa (BHYTpeHHHH TpaduK).

BaxkHoil 0COOCHHOCTBIO PabOTHI C pecypcaMM SIBISETCS TO, UTO HEJb3s
BPYUHYIO 3allyCKaTh/OCTaHaBIMBATh pecypchl. Bce 3Tu  NEeHWCTBUS MOXKHO
BBITIOJHATH TOJIBKO uepe3 uaTepdeiic Corosync. ITo yTBEp>KIACHHE OTHOCUTCS U
K cinyx0e DRBD.

brino pa3BepuyTo 2 romoreHHbIX y3i1a web3 u web4 B koHbuUrypauu Ha
0a3e ceppeproii mmatdopmel Intel R1304WT2GSR ( Tlpomeccop Intel Xeon
E5-2620v3 2.4GHz, onepaTtuBHas namiate 64 GB DDR4-2400 Single Rank
x4 CL17 1.2v ECC Registered DIMM, xéctkuil quck SAS HDD SAS 3,5"
1TB, 12Gb/s 7.2K - 2 mt.). XKécTkue nucku ObUIH yCTaHOBJIEHBI B pexxuM RAID
1. B kadectBe omepannoHHO# cucTeMbl Oblia BeiOpana CentOS 7.9. Ha yznax
OBLIN MPOBEICHBI OOHOBJICHUS BCEX MAKETOB Yepe3 yum update.

Bce y311b1 CHHXpOHM3UPYIOT TOYHOE BpeMsl 10 IPpOoToKoIy ntp. Ha xaxmom
y31e ObUI cO3/laH Tosb3oBaTelb hacluster ¢ OJWHAKOBBIMU HACTpPOWKaMH,
BKJIIOUas Maposb. JJocTyn mo nmpotokoity ssh o0ecnednBacs ¢ UCIIOIb30BaHUEM
3aKpBITHIX KIFOUYEH Y3710B, YTO MO3BOJIMIO M30aBUTHCS OT BBOJAA MapoJiel Mpu
BBINIOJTHEHUHU KOoMaHabl ssh. Beul HacTpoeH BHYTpeHHUU ceTeBOW MHTEpQeiic
A Tepefadyd MexAy y3iaamu ciyxeOHoro Ttpaduka. Ilpemmaraemsiii mo
ymongaHuto GuibTp firewalld Ovin oTKIIOYeH. BMECTO 3TOTO MCMONIB30BATUCH
kinaccuueckue iptables. Taxxe momHocThio oTkiarodeHa SELinux. OOpariaem
BHUMaHHe, naxe tnepeBoa SELInux B pexXuM permissive HE peliai
BO3HUKAIOIIUE TTPOOIEMBI.

JHanee Obima HactpoeHa pacnpenenenHas @OC DRBD. [lpusenem

KOH(UTypalioHHbIN (aiibl: 00II1Me HACTPOMKHU U pecypc /site:

global {

usage-count no;
udev-always-use-vnr; # treat implicit the same as explicit volumes
}
common {
handlers {
}
startup {
wic-timeout 120;
degr-wfc-timeout 60;
}
options {
}
disk {

on-io-error detach;

}
net {

protocol C;

verify-alg shal;

after-sb-Opri discard-least-changes;
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after-sb-1pri discard-secondary;
after-sb-2pri call-pri-lost-after-sb;

}
syncer {
rate SM;
}
}
resource site {
net {
allow-two-primaries;
}
on web3 {

device  /dev/drbdO;

disk /dev/sda5;

address 192.168.1.1:7788;
meta-disk internal;

}

on web4 {

device  /dev/drbdO;

disk /dev/sda5;

address 192.168.1.2:7788;

meta-disk internal;

}

}

OOpamjaeM BHHMaHUE, YTO HACTPOMKHM MPOBEACHBI C YYETOM pPaOOTHI
CYbJ MySQL wu mnpenycMarpuBalOT BO3MOXHOCTh aBTOMAaTHYECKOIO
paspelieHus cutyaruu split-brain.

[Tocne nHactpoiiku @C ObLIM HAacTpoeHBI pecypchl BeO-cepBepa u CYB/I.
s mpoBepku paboOTOCIOCOOHOCTH apache MCIONIb3yeTCsl CTaHIApTHBIN status-
page Buaa
<Location /server-status>
SetHandler server-status
Require local
</Location>

DTOT status-page MoAKIIOYEH Kak rmapaMmeTp statusurl
pcs resource create WebSite ocf:heartbeat:apache \
configfile=/etc/httpd/conf/httpd.conf \
statusurl="http://localhost/server-status" \
op monitor interval=Imin

Ananoru4yHo Ob11 co3aan pecype s CYBJ] MySQL:

pcs -f  clust cfg  resource  create  mysql-server  ocf:heartbeat:mysql
binary="/usr/sbin/mysqld" config="/etc/my.cnf" datadir="/site/mysql"
pid="/var/lib/mysql/run/mysqld.pid" socket="/var/lib/mysql/mysql.sock"

additional parameters="--bind-address=0.0.0.0" op start timeout=60s op stop timeout=60s op
monitor interval=20s timeout=30s

Obpamraem  BHUMaHue, 4Yto 1o ymomuanuio cepsep CVYB/]
pazBopaunBaetcst B /var/lib/mysql. B namewm e cinydae Bce daitiel CYB]]
nookHbl  Haxoauthcsi Ha SAN. Ilpu oOHoBinenuu Bepcuit [0  Oyner
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MPOUCXONUTh yCTaHOBKa B /var/lib/mysql u anMmuaHCcTpaTtopy Oyaer
HCO6XO,Z[I/IMO IEPECHOCUTDL OTHU OOHOBJICHUS B COOTBCTCTBYIOIIICC MCCTO Ha SAN.
ITocne co3maHusi HEOOXOAMMBIX PECYpCOB C HCIIOJIb30BaHUEM PCS
constraint ObUTM yCTaHOBJEHBI 3aBHCUMOCTH MEXIy pecypcaMmu. bbuin
MCIOJIb30BaHbl 3aBUCUMOCTH JIByX BHJIOB: 3aIlyCK OJHOTO pecypca mocie
Broporo (Ordering) u 3amyck pecypcoB OJHOBPEMEHHO JAPYr C JPYyroMm
(Collocation):
# pcs constraint
Ordering Constraints:
promote WebDataClone then start WebFS (kind:Mandatory)
start ClusterIP then start mysql-server (kind:Mandatory)
start mysql-server then start WebSite (kind:Mandatory)
Colocation Constraints:
WebFS with WebDataClone (score:INFINITY) (with-rsc-role:Master)
mysql-server with WebDataClone (score:INFINITY) (with-rsc-role:Master)

4. 3akiao4yeHue

B pamkax mnpoBeleHHOro 3KCIepuMEHTa ObUI MOJIHOCTBIO Pa3BEpHYT U
BBEJECH B DKCILUIyaTallMIO TECTOBBIM CTEHJ. 3a BPEMs SKCIUIYaTallUU BbISBJICHBI
HemocTaTku mpu padore ¢ DRBD, cBsi3aHHBIe ¢ MajgbiM 4uciIOM y370B. OHH
omnucaHbl paHee B TekcTe. Pa3paboTaHHOe pelleHre ObUIO 3alyIEHO B PEXKHUM
MPOU3BOJICTBEHHON  JKCIUTyaTalluM U ycmemHo  (GYyHKIMOHUPYET B
HanuronanbHOM Hcce0BaTEILCKOM YHUBEpcUuTeTe « MO,

Taxoke oOpaiaeM BHUMaHUE Ha Cieyrolee oos3arensHoe mpasuio. [pu
BBITIOJIHEHUN Kakux-n0o Hactpoek OC (W3MeHeHHe KOH(HUTyparroOHHBIX
¢aiinoB) win HeOOXOAMMOCTH yCTaHOBKH/00HOBIeHUS [10 HEOOX0aAMMO BCE ITH
JEeUCTBUS MOBTOPATH HA Beex y3nax HA-knacrepa.

PaGota BbIMOMHEHA B paMKax TEeMbl TOCYAApPCTBEHHOTO 3aJaHUs
«MATEMATHUYECKUE METO/bI AHAJIN3A JAHHBIX n
[TPOI'HO3NPOBAHUS» (UL Y PAH).
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