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Ilesxp paboThI:

[TonyunTh mIpaKkTUUYecKyie HaBbIKYM PabOTHI C IIOACICTEMOI XpaHEHNS B
Linux, HayuYnTHCI CO3aBaTh pa3ieiibl, GaiioBble CUCTEMBI, paboTaTh C
toMamu xpaHeHus LVM u HactpanBath NAS cucremy Ha nnpumepe NFS.

Yacts 1. [TogroroBka KoHUryparmm.

sl moaroTOBMII IBE BUPTyaIbHbIE MAaIINMHEI Linux Ha ubuntu24.

¥ 198:45 PM

File Edit View Help

Name - CPU usage
~ QEMU/KVM

ubuntu24.04
- Shutoff

ubuntu24.04-clone
- Shutoff

A TakXe HACTPOWII CeTh B MallnHax B pexume Cerb NAT”.

O @1:31 PM 1 2 3 4 5.

File Virtual Machine View Send Key

Overview Details XML
0S information

@ Performance
CPUs

Virtual Network Interface
Network source: Virtual network 'default' : NAT-
Device model: virtio -

Boot Options MAC address: 52:54:00:d3:6e:da
VirtIO Disk 1 IP address: 192.168.122.33

SATA CDROM 1 Link state: @active

NIC :d3:6e:da
Tablet

Mouse
Keyboard
Display Spice
Sound icho9




C 91:32 PM

File Virtual Machine View Send Key

Overview Details XML
0S information

@ Performance
CPUs

Virtual Network Interface
Network source: Viptual network 'default'

Device model: virtio -
Boot Options MAC address: 52:54:00:76:1f:db
VirtI0 Disk 1 IP address: 192.168.122.214

VirtIO Disk 2 Link state: @active

SATA CDROM 1
NIC :76:1f:db
Tablet

Mouse
Keyboard

Nicnlav Snice

51 II€epeEMMEHOBAII B COOTBETCTBUM C 3adaHMEM:

Taxxe a1 caeiiajl CHUMKU COCTOSHMIA BUPTYAJIbHBIX MAIIIVIH.

snapsho..

VM State:..

Yacts 2. [TIogkaroueHne gucKka 1 MOHTHpOBaHNe (GallIOBON CUCTEMBI.

[Ipu momorru pyukuun “Add Hardware” st mo6aBuit quck K Mammse c7-2.
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Displ

Controller

Sound Network Details XML

Serid Input OCreate a disk image for the virtual machine

Chann | g gohics o - Jois

Chann Sound

Video Serial OSelect or create custom storage

Ll Parallel

Seluizy Console

Sl Channel

EO”“ USB Host Device Bus type:  VirtIO-
tn .

U:; E PCI Host DEVl?e »Advanced options

MDEV Host Device

USB R o yideo

RHCR Watchdog

@ Filesystem

Smartcard B

Device type: @ Disk device

J manmmcan CKPUIIT, KOTOprf/I BBIBOOVIT HAa KOHCOJIb I/IH(l)OpMaHI/IIO O OJICKeE:

disk="${1:-/dev/vdb}"

name="$(basename "$disk")"

uuid="$(blkid -s UUID -o value "$disk" 2>/dev/null || true)"
size="$(lsblk -dn -o SIZE "$disk")"

sector size="$(cat "/sys/block/$name/queue/hw sector size")"
sectors="$(cat "/sys/block/$name/size")"

echo "disk name: $name"

echo "disk uuid: ${uuid:-none}"

echo "disk volume: $size"

echo "sector size: $sector size"

echo "# of sectors: $sectors”



nikRc7-2:~$ nvim info.sh
nikac7-2:~$% ./info.sh
disk name: vdb

disk uuid: none

disk volume pAC
sector size: 512

# of sectors: 4194304
nikRc7-2:~$

3areMm s co3mal Ha AuCKe paspaen, oobeMoMm 110, a Ha HeM ¢aIoByI0
cucreMmy ext4:

nikdc7-2:~$ sudo fdisk /dev/vdb

Welcome to fdisk (util-linux 2.39.3).
Changes will remain in memory only, until you decide to write them.
Be careful before using the write command.

Device does nmot contain a recognized partition table.
Created a new DOS (MBR) disklobel with disk identifier @xd4814789.

Command (m for help): g
Created a new GPT disklabel (GUID: CABB7900-9472-455F-9C52-843C559A7EC9).

Command (m for help): n

Partition number (1-128, default 1):

First sector (2048-4194270, default 2048):
<size{K,M,G,T,P} (2048-419427@, default 4192255): +16

Created a new partition 1 of type 'Linux filesystem' and of size 1 GiB.

Command (m for help): w

The partition table has been altered.
Calling ioctl() to re-read partition table.
Syncing disks.




nikac7-2:~$ 1sblk
NAME SIZE RO TYPE MOUNTPOINTS
sre : 1024M rom
vda : 256 disk
vdal - 1M part
vda2 : 26 part /boot
vda3

part
L—ubuntu——vg-ubuntu——lv lvm /
vdb

disk
Lvdb1 part

20 0 00 ® 0 ®

nikRc7-2:~$ sudo mkfs.ext4 /dev/vdbl
mke2fs 1.47.0 (5-Feb-2023)
Discarding device blocks: done
Creating filesystem with 262144 4k blocks and 65536 inodes
Filesystem UUID: 84641520-5242-4593-9773-a66ac568f3a3
Superblock backups stored on blocks:

32768, 98304, 163840, 229376

Allocating group tables: done

Writing inode tables: done

Creating journal (8192 blocks): done

Writing superblocks and filesystem accounting information: done

nikac7-2:~$

ITocne aToro, B kKatajore /mount g co3main xataior diskl.

nikac7-2:~$ sudo mkdir -p /mount/disk1l
nikac7-2:~$ 1s -1d /mount/diskl

IToToM CMOHTHMPOBAJI HOBYIO CUCTEMY B 3TOT KaTaJIOr:

nikRc7-2:~$ sudo mount /dev/vdbl /mount/diskl
nikRc7-2:~% df -h | grep vdbl

/dev/vdbl 974M 24K 907M 1% [mount/diskl

CxonmpoBaJ Ha HOBBIV AVICK TeCTOBBIN (ari.



nikRc7-2:~$% nvim test.txt

nikRc7-2:~$ cat test.txt

hello world!

nikac7-2:~$ sudo cp test.txt /mount/diskl/
nikac7-2:~$ 1s -1 /mount/disk1

total 20

2 root root 16384 Oct 6 11:39 lost+found
-rw-r—pr— 1 root root 13 Oct 6 11:47 test.txt
nikac7-2:~$

Omnpenenni 06beM CBOOOTHOIO MeCTa Ha BCeX MUCKAX, IIOTKITIOUEHHBIX K
cuCTeME:

nikRc7-2:~$ df -h

Filesystem Avail Use% Mounted on
tmpfs 391M /run
/dev/mapper/ubuntu—vg-ubuntu—1v 5.86 47% /

tmpfs 2.06 0% /dev/shm

tmpfs 5.8M 8% /run/lock
/dev/vda2 1.76 6% /boot

tmpfs 3924 1% /run/user/1000
/dev/vdbl 907M 1% /mount/disk1l
nikRc7-2:~$

Yactsp 3. IameneHue pasgesa u ¢aiiioBoi CUCTEMBL.

S, ¢ momorrpio yrunuTkl fdisk, caesan Tak, UToOBI pa3ges 3aHIMAJ BECh
IVICK:



nikRc7-2:~% sudo fdisk fdev/vdb

Welcome to fdisk (util-linux 2.39.3).
Changes will remain in memory only, until you decide to write them.
Be careful before using the write command.

This dizsk 1s currently 1im use - repartitioning 1s probaobly a bad 1ldea.
It's recommended to umount all file systems, and swapoff all swap
partitions on this disk.

Command (m for help): p

Disk fdev/wdb: 2 GiB, 2147483648 bytes, 4194384 sectors
Units: =ectors of 1 % 512 = 512 bytes

Sector size (lopgical/physical): 512 bytes f 512 bytes
L/0 size (minimum/optimal): 512 bytes / 512 bytes
Disklabel type: gpt

Disk i1dentifier: CABBT9B8-9472-455F-9C52-843CS550ATECD

Device Start End Sectors S5ize Type
fdev/vdbl 2048 2899199 2897152 16 Linux filesystem

Command (m for help): d
Selected partition 1
Partition 1 haos been deleted.

Command (m for help): n

Partition number ([1-128, default 1):

First sector (2848-4194278, default 2848):

Last sector, +f-sectors or +/-size{l,M,G,T,P} (2848-4194278, default 4192255):

Created a new partition 1 of type "Linux filesystem' and of s1ze 2 GiB.
Partition #]1 contains a extd signoture.

Do you want to remove the signoture? [Yles/[N]o: N

Command (m for help): w

nikac7-2:~$ sudo partprobe

nikRc7-2:~$ sudo resize2fs /dev/vdbl

resize2fs 1.47.9 (5-Feb-2023)

Filesystem at /dev/vdbl is mounted on /mount/diskl; on-line resizing required
old_desc_blocks = 1, new_desc_blocks = 1

The filesystem on /dev/vdbl is now 523776 (4k) blocks long.

nikac7-2:~$ df -h | grep vdbl
/dev/vdbl 2.0G6 28K 1.9G 1% /mount/diskl




3arem, onpeaesnI TOCTYITHBIN pasMep aitIoBOIL CICTEMBL.

nikac7-2:~$ df -h | grep vdbl
/dev/vdbl 2.06 28K 1.9G 1% /mount/diskl

nikac7-2:~$%

ITocie, g yBesmumi pasMep (aiyIoBOI CUCTEMBI O MaKCUMaIbHOTO
IOOCTYITHOTO.

nikac7-2:~$ sudo fdisk -1 /dev/vdb

Disk /dev/vdb: 2 GiB, 2147483648 bytes, 4194304 sectors
Units: sectors of 1 * 512 = 512 bytes

Sector size (logical/physical): 512 bytes / 512 bytes
I/0 size (minimum/optimal): 512 bytes / 512 bytes
Disklabel type: gpt

Disk identifier: CABB7900-9472-455F-9C52-8043C559A7EC9

Device Start End Sectors Size Type

Jdev/vdbl 2048 4192255 4190208 2G Linux filesystem
nikac7-2:~$ sudo resize2fs /dev/vdbl

resize2fs 1.47.0 (5-Feb-2023)

The filesystem is already 523776 (4k) blocks long. Nothing to do!

nikac7-2:~$ df -h | grep vdbl
/dev/vdbl 2.06 28K 1.9G 1% /mount/diskl
nikac7-2:~$

Yactp 4. Padbora ¢ LVM.

1 cosman 5 HOBBINT SATA nuckoB 1o 10r6 KaXkablit ¥ yOequics, UTO KaTaJor
/dev/ uX yBUIeI:

nikac7-2:~$ lsblk

NAME MAJ:MIN RM SIZE RO TYPE MOUNTPOINTS
sda 8:0 160G disk

sdb 8:16 106 disk

Y [o 8:32 160G disk

sdd 8:48 106 disk

sde 8:64 160G disk

nikac7-2:~$% 1ls /dev/sdx*
/dev/sda /dev/sdb /[dev/sdc /dev/sdd /dev/sde
nikac7-2:~%




JlJtst TOrO, UTOOBI CO3IaTh HAa BCEX HOBBIX AVICKAX Pa3fieibl, 3aHMMAIOIIIVIe
100% mecTa, 9 MCIIOJIb30BaJI CKPUIIT:

for disk in /dev/sd{a,b,c,d,e}; do

sudo parted -s $disk mklabel gpt

sudo parted -s $disk mkpart primary 0% 100%
done

nikac7-2:~$ ./part.sh
[sudo] password for nik:
nikac7-2:~$ lsblk

NAME

sda

Lsda1

=
>
(]

00 0O 00 00 0O 0O 00O 0O OO

TYPE MOUNTPOINTS
disk
part
disk
part
disk
part
disk
part
disk
part
rom
disk

sdb
Lsdb1

sdc
Lsdc1
sdd
Lsdd1
sde
Lsde1
sre
vda

[os]
O 0O 0O OO OO ®

Nunumanusuposan 1 LVM Bce co3gaHHbIe pasaeibl.

nikaRc7-2:~$ sudo pvcreate /dev/sd{a,b,c,d,e}l
Physical volume "/dev/sdal" successfully created.
Physical volume "/dev/sdbl" successfully created.

Physical volume "/dev/sdcl" successfully created.
Physical volume "/dev/sddl" successfully created.
Physical volume "/dev/sdel" successfully created.
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nikac7-2:~$ sudo pvs
PV VG Fmt
/dev/sdal lvm2
/dev/sdbl lvm2

/dev/sdcl lvm2
/dev/sdd1 lvm2
/dev/sdel lvm2
/dev/vda3 ubuntu-vg lvm2

Cosman LVM rpynnser gr0l Ha OBYX HEPBBIX OVICKAX:

nikac7-2:~$ sudo vgcreate gr@l /dev/sdal /dev/sdbl
Volume group "gr@l" successfully created
nikac7-2:~$

Cosman LVM toMm volOl:

nikac7-2:~$% sudo lvcreate -1 10@%FREE -n vol@l grel
Logical volume "vol@l" created.
nikac7-2:~$

[TpoBepun pasmep:

nikac7-2:~$ sudo vgdisplay grel | grep "PE Size"
PE Size 4.00 MiB

nikac7-2:~$%

Cosman ¢aiyioByIo cucreMy exté4 :

11



nikac7-2:~$ sudo mkfs.ext4 /dev/gr@l/volel
mke2fs 1.47.0 (5-Feb-2023)
Discarding device blocks: done
Creating filesystem with 52408832 4k blocks and 1310720 inodes
Filesystem UUID: c949475a-a435-4104-bal19-4450ddb6f3e9
Superblock backups stored on blocks:
32768, 98304, 163840, 229376, 294912, 819200, 884736, 1605632, 2654

208,
4096000

Allocating group tables: done

Writing inode tables: done

Creating journal (32768 blocks): done

Writing superblocks and filesystem accounting information: done

nikac7-2:~$

3areM CMOHTUPOBAJ TOM B Katajor /mnt/volol:

nikRc7-2:~$ sudo mkdir -p /mnt/volel

nikac7-2:~$ sudo mount /dev/grel/volel /mnt/volel

nikac7-2:~$ df -h | grep volel

/dev/mapper/grél-volel 206 24K 196G 1% /mnt/volel
nikRc7-2:~$

Ho6asui tpetuii nuck B VG grol:

nikac7-2:~$% sudo vgextend gr@l /dev/sdcl
Volume group "gr@l" successfully extended
nikaRc7-2:~%

Pacimpun Tom vol01 Ha 100 % HOBOTO AMCKA.

nikac7-2:~$ sudo vgextend grel /dev/sdcl
Volume group "gr@l" successfully extended
nikac7-2:~$ sudo lvextend -1 +1@@%FREE /dev/grel/volel
Size of logical volume gr@l/vol@l changed from 19.99 GiB (5118 extents) t

0 <29.99 GiB (7677 extents).
Logical volume gr@l/vol@l successfully resized.
nikac7-2:~$

Pacuimpun daitnoByro cucremy:

12



nikac7-2:~$ sudo resize2fs /dev/gr@l/volel

resize2fs 1.47.0 (5-Febh-2023)

Filesystem at /dev/gr@l/vol@l is mounted on /mnt/vol@l; on-line resizing re
quired

old_desc_blocks = 3, new_desc_blocks = 4

The filesystem on /dev/gr@l/vol@l is now 7861248 (4k) blocks long.

nikac7-2:~%

nikac7-2:~$ df -h /mnt/volel

Filesystem Size Used Avail Use® Mounted on
/dev/mapper/gr@l-vol@l 306G 24K 286G 1% /mnt/volel
nikac7-2:~$

Hob6aBu ocTaBiImecs AucKu B HOBY©0 VG gro2:

nikac7-2:~$ sudo vgcreate gr@2 /dev/sddl /dev/sdel
[sudo] password for nik:

Volume group "gr@2" successfully created
nikRc7-2:~%

Cosgan 3epkaibHBIN TOM VOl02 B 3TOJ IpyIIIIE.

nikac7-2:~$ sudo lvcreate -L 106G -ml -n vol@2 gre2
Insufficient free space: 5122 extents needed, but only 5118 available
nikac7-2:~$

nikac7-2:~$ sudo lvcreate -L 9.96 -ml -n vol@2 gr@2
Rounding up size to full physical extent 9.9@ GiB
Logical volume "vol@2" created.

nikRc7-2:~$

Cospgan daiutoByro cuctemy exté4:
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nikac7-2:~$ sudo mkfs.ext4 /dev/gr@2/vole2

mke2fs 1.47.8 (5-Feb-2023)

Discarding device blocks: done

Creating filesystem with 2595840 4k blocks and 648960 inodes
Filesystem UUID: 94897d69-fcbf-49a7-bebl-732d8062bd@c
Superblock backups stored on blocks:

32768, 98304, 163848, 229376, 294912, 819200, 884736, 1605632

Allocating group tables: done

Writing inode tables: done

Creating journal (16384 blocks): done

Writing superblocks and filesystem accounting information: done

CMOHTHUpOBAJ TOM:

nikac7-2:~$ sudo mkdir -p /mnt/vol2

nikac7-2:~$ sudo mount /dev/gre2/vol@2 /mnt/vol2
nikac7-2:~$ df -h /mnt/vol2

Filesystem Size Used Avail Use% Mounted on
/dev/mapper/gre2-vole2 9.76 24K 9.26 1% /mnt/vol2
nikRc7-2:~$

YacTs 5. yIIPaBJIeHI/Ie MOHTHIPOBAaHMEM NUICKOB.

s cospman karanor nis moHTrpoBaHus u moxyunit UUID ¢c Ha 3epkanpHOM
TOME:

nikac7-2:~$ sudo blkid /dev/gre2/vole2

/dev/gre2/vole2: UUID="94897d69-fchf-49a7-bebl-732d8062bdec" BLOCK_SIZE="40
96" TYPE="ext4"

nikac7-2:~$ nvim /etc/fstab

nikac7-2:~$ sudo nvim /etc/fstab

nikac7-2:~$ 1s

info.sh part.sh test.txt
nikac7-2:~$ sudo nvim /etc/fstab
nikac7-2:~$

3aremM, B ¢ain /etc/fstab g mobaBumi CTpOKy:

UUID=94897d69-fcbf-49a7-bebl-732d8062bd0Oc /nfs ext4
defaults 0 2

[IpoBepuM pabOTOCIIOCOOHOCTH:

14



nikac7-2:~$ sudo umount /mnt/vol2 2>/dev/null

nikac7-2:~$ sudo mount -a

mount: (hint) your fstab has been modified, but systemd still uses
the old version; use 'systemctl daemon-reload' to reload.

nikac7-2:~%

nikac7-2:~$ df -h | grep /nfs
/dev/mapper/gre2-vole2 9.76 24K 9.26 1% /nfs

Memory usage: 6% IPv4 address for enpls@: 192.168.122.214
Swap usage: 0%

Expanded Security Maintenance for Applications is not enabled.
@ updates can be applied immediately.
Enable ESM Apps to receive additional future security updates.

See https://ubuntu.com/esm or run: sudo pro status

Last login: Mon Oct 6 13:28:28 2025 from 192.168.122.1
nikac7-2:~$ df -h | grep /nfs

/dev/mapper/gre2-vole2 9.76 24K 9.26 1% /nfs
nikac7-2:~$

Yactse 6. Pabora c NFS.
Ha mammue c¢7-2 ycranoBui ciny>k0y nfs-kernel-server, paspermi
3aIlyCK U 3aIlyCTUII €€:
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nik@c7-2:~% sudo systemctl enable nfs-kernel-server

Synchronizing state of nfs-kernel-server.service with SysV service script with /usr/li
b/systemd/systemd-sysv-install.

Executing: /usr/lib/systemd/systemd-sysv-install enable nfs-kernel-server

nikec7-2:~% sudo systemctl start nfs-kernel-server

nik®c7-2:~% systemctl status nfs-kernel-server

WARNING: terminal is not fully functional

Press RETURN to continue

® nfs-server.service - NFS server and services

Loaded: loaded (/usr/lib/systemd/system/nfs-server.service; enabled;
Active: active (exited) since Mon 2025-10-86 13:50:19 UTC; Smin ago
Main PID: 1117 (code=exited, status=@/SUCCESS)
CPU: 8ms

Oct @6 13:50:19 c7-2 systemd[1]: Starting nfs-server.service - NFS server
Oct 06 13:50:19 c7-2 systemd[l]: Finished nfs-server.service - NFS server
nikRc7-2:~%

j paspemm gocty1 K Katasnory \nfs uepes cers:
¥ p4:59 PM \ 2 4 A ni 8 @ €5

# /etc/exports: the access control list for filesystems which may be exported
# to NFS clients. See exports(5).

#

# Example for NFSv2 and NFSv3:

# /srv/homes hostnamel(rw,sync,no_subtree_check) hostname2(ro,sync,no_subtree_ch
eck)

#

# Example for NFSv4:

# /srv/nfs4 gss/krb5i(rw,sync,fsid=0,crossmnt,no_subtree_check)

# /srv/nfs4/homes gss/krb5i(rw,sync,no_subtree_check)

#

/nfs 192.168.122.8/24(rw,sync,no_subtree_check)

/etc/exports
— VISUAL LINE —

nikac7-2:~$ sudo exportfs -ra

nikac7-2:~$ sudo exportfs -v

/nfs 192.168.122.0/24(sync,wdelay,hide,no_subtree_check,sec=sys,
rw,secure,root_squash,no_all_squash)

nikac7-2:~$

C ¢7-1 ocyuiecTBUJI MOHTUPOBaHNE CETEBOTO pecypca nfs B KaTajor
/var/remotenfs.
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nikac7-1:~$ sudo mkdir -p /var/remotenfs

nikac7-1:~$ showmount -e 192.168.122.214

Export list for 192.168.122.214:

/nfs 192.168.122.0/24

nikac7-1:~$ sudo mount 192.168.122.214:/nfs /var/remotenfs

nikac7-1:~$ df -h | grep remotenfs

192.168.122.214:/nfs 9.7G @ 9.26 0% /var/remotenfs
nikac7-1:~$

nikaRc7-1:~$ sudo nvim /var/remotenfs/test.txt
nikac7-1:~$ cat /var/remotenfs/test.txt
hello, world!

nikac7-1:~$

nikac7-1:~$ 1s -1 /var/remotenfs/
total 20

? root 16384 Oct 6 13:38 lost+found
-rw-r-—r-- 1 nobody nogroup 14 Oct 6 14:13 test.txt
nikac7-1:~%

nikac7-2:~$ 1s -1 /nfs
total 20

2 root root 16384 Oct 6 13:38 lost+found
-rw-r--r-- 1 nobody nogroup 14 Oct 6 14:13 test.txt
nikac7-2:~$ cat test.txt
hello world!
nikec7-2:~$

Yactse 7. Padbora ¢ RAID B Linux.

Ha mammnuy c7-1 4 mo0aBMII 3 KeCTKUX MUCKa 1o 1ro.
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nikac7-1:~$ 1sblk

NAME = TYPE MOUNTPOINTS
sda : disk

sdb disk

disk

rom

disk

part

part /boot
part

lvm /

sdc :
sro algls

vda 253:
vdal 253:
vda2 253:
vda3 253:

L—ubuntu--vg-ubuntu--lv 252:
nikac7-1:~$

OO OO OO0 OO ®

3areMm co3nan RAID-5 maccus:

nikac7-1:~$ sudo mdadm --create /dev/md@ —level=5 -—-raid-devices=3 /dev/sda /dev/sdb /dev/sdc
mdadm: Defaulting to version 1.2 metadata

mdadm: array /dev/md@ started.

nikac7-1:~$

Personalities : [raid@] [raidl] [raidé6] [raid5] [raid4] [raidie]
mde : active raid5 sdc[3] sdb[1] sda[@]
2093056 blocks super 1.2 level 5, 512k chunk, algorithm 2 [3/3] [uuu]

unused devices: <none>

Coxpanun kouduryparmio RAID, uToObI MacCUB ITOTHUMATICS
aBTOMaTMYECKI IIPU 3arpy3Ke:

nikac7-1:~$ sudo mdadm --detail --scan | sudo tee -a /etc/mdadm/mdadm.conf
ARRAY /dev/md@ metadata=1.2 UUID=96@5cea2:06c9ffcl:7d50b830:F2dc9260
nikac7-1:~$

O6HOBUI initramfs:

nikac7-1:~$ sudo update-initramfs -u

update-initramfs: Generating /boot/initrd.img-6.8.0-85-generic
nikac7-1:~$
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nikmc7-1:~% sudo mdadm --detail /dev/mde
Jdev/mde:
Version : 1.2
Creation Time : Mon Oct 6 14:29:21 2825
Roid Level : raid5s
Array Size : 2893056 (2044.00 MiB 2143.29 MB)
Used Dev Size : 1846528 (1022.08 MiB 1071.64 MB)
Raid Devices : 3
Total Devices : 3
Persistence : Superblock is persistent

Update Time : Mon Oct 6 14:29:27 2825
State : clean
Active Devices : 3
Working Devices : 3
Foiled Devices : @
8

Spare Devices :

Layout : left-symmetric
Chunk Size : 512K

Consistency Policy : resync

Name : c7-1:2 (locaol to host c7-1)
UUID : 96@85cea2:@6cOffcl:T7dS@b838:T2dc9268
Events : 18

Number Major Minor RoidDevice Stote
@ 8 8 e active sync /fdev/sda
1 8 16 1 active sync /fdev/sdb
3 8 32 P active sync /fdev/sdc
nikec7-1:~%

1 cospgan daiutoByro cuctemy ext4 ma RAID maccuse:
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nikac7-1:~$ sudo mkfs.ext4 /dev/md@
mke2fs 1.47.0 (5-Feb-2023)
Creating filesystem with 523264 4k blocks and 130816 inodes
Filesystem UUID: 62735a038-b214-4391-9891-73397dac9614
Superblock backups stored on blocks:

32768, 98304, 163840, 229376, 294912

Allocating group tables: done

Writing inode tables: done

Creating journal (8192 blocks): done

Writing superblocks and filesystem accounting information: done

3areMm 4 CO34aJI KaTaJIoTr I CMOHTVIPOBAJI MaCCUB:

nikac7-1:~$ sudo mkdir -p /mount/raid5
nikac7-1:~$ sudo mount /dev/md® /mount/raid5
nikac7-1:~$ df -h | grep raid5

/dev/md@ 2.06 24K 1.9G 1% /mount/raid5
nikac7-1:~$
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nikfec7-1:~% sudo mdadm --detail /dev/mde
fdev/mde:
VYersion : 1.2
Creation Time : Mon Oct 6 14:29:21 2825
Roid Level : raid5s
Array Size : 2093056 (2044.88 MiB 2143.29 MB)
Used Dev Size : 1846528 (1822.8@ MiB 1871.64 ME)
Roid Devices : 3
Total Devices : 3
Persistence : Superblock is persistent

Update Time : Mon Oct 6 14:42:31 2825
State : clean
Active Devices : 3
Working Devices : 3
Foiled Devices : @
Spare Devices : @

Layout : left-symmetric
Chunk Size : 512K

Consistency Policy : resync

Name : c7-1:@ (local to host c7-1)
UUID : 9685cea2:@6c9ffcl:7d58bB38:F2dcO268
Events : 18

Number Major Minor RoidDevice State
8 8 8 B agctive sync  /dev/sda
1 8 16 1 agctive sync  /dev/sdb
3 8 32 . octive sync  fdev/sdc
nikmc7-1:~%

nikic7-1:~% cot /proc/mdstat
Personalities : [raid®] [roidl] [raidé] [raidS] [roid4] [raidle]
md@ : active raidS sdc[3] sdb[1] sda[@]
20893856 blocks super 1.2 level 5, 512k chunk, algorithm 2 [3/3] [uuu]

unused devices: <none>

[Tonosxun B RAID kaTajor TecToBsIit daiin:
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nikac7-1:~% sudo nvim /mount/roid5/test.txt
nikac7-1:~% cat /mount/raid5/test.txt
hello, world!

nik@c7-1:~% 15 -1 /mount/raid5

total 28

2 root root 16384 Oct 6 14:48 lost+found
-rw-r=-r=- 1 root root 14 Oct 6 14:44 test.txt
nikmc7-1:~%

Omnpenenui qOCTYIIHBIN 00beM:

nikac?7-1:~% df -h /mount/raid5

Filesystem Size Used Avail Use% Mounted on
J/dev/mde 2.8G 28K 1.96 1% /mount/raids
nikmc7-1:~%

3aTteM f ymanmi AuckK sdc.

nikac7-1:~$ cat /proc/mdstat
Personalities : [raid@] [raidl] [raidé] [raidS] [raid4] [raid1@]
md® : inactive sdb[1](S) sda[®](S)

2093856 blocks super 1.2

unused devices: <none>
nikac7-1:~$ sudo mdadm --detail /dev/md@
[sudo] password for nik:
Sorry, try again.
[sudo] password for nik:
/dev/mde:
Version : 1.2
Raid Level : raid5
Total Devices : 2
Persistence : Superblock is persistent

State : inactive
Working Devices : 2

Name : c7-1:8 (local to host c7-1)
UUID : 96@5cea2:@6c9ffcl:7d50b830:f2dc9260
Events : 20

Number Major Minor RaidDevice

- /dev/sda
8 16 - J/dev/sdb

IToOaBMII HOBBI OVICK:
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nik@c7-1:~$ lsblk
NAME

sda

L mde

sdb

L mde

sdc

nikac7-1:~$ sudo mdadm

nikac7-1:~$%

SIZE RO

16
08B
16
08B
16

0
0
0
0
0

TYPE MOUNTPOINTS
disk

md

disk

md

disk

-—add /dev/md@ /dev/sdc
mdadm: Cannot get array info for /dev/md@
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nikac7-1:~$ cat fproc/mdstat
Personalities : [roid@] [raidl] [raidé] [raid5] [raid4] [raidl@]
md@ : active raid5 sda[@] sdb[1]
2893856 blocks super 1.2 level 5, 512k chunk, algorithm 2 [3/2] [UU_]

unused devices: =<none:>
nikac7-1:~% sudo mdadm —detail /dev/md@
fdev/md@:
Version @ 1.2
Creation Time : Mon Oct & 14:20:31 2825
Raid Level : ralds
Array Size : 2893856 (2044.88 MiB 2143.29 MB)
Used Dev 5ize : 1846528 (1822.88 MiB 1871.64 MB)
Raid Devices : 3
Total Devices : 2
Persistence : Superblock 1z persistent

Updaote Time : Mon Oct & 14:47:32 2825
State : clean, degroded
Active Devices : 2
Working Devices : 2
Failed Devices : @
8

Spare Devices :

Layout : Lleft—symmetrlic
Chunk 51ze : 512K

Conslstency Pollcy : resync

Nome : c7-1:8 (local to host c7-1)
UUID : 9585cea:86ctfcl:Td58b838:F2dch268
Events : 28

Number Major Minor RaoldDevice State
B ] ] ) active sync /dev/sda
1 ] 16 1 active sync  fdev/sdb
= 8 8 2 removed
nik@c7-1:~%

nikac7-1:~% sudo mdadm —add /dev/md@ /dev/sdc
mdadm: added fdev/sdc




nikidc7-1:~$ sudo mdodm —detail /dev/md@
Jdev/md@:
Version : 1.2
Creotion Time : Mon Oct 6 14:29:21 2825
Raid Lewel : rald5
Array Size : 2893856 (2844.88 MiB 2143.29 MB)
Used Dev Size : 1846528 (1822.88 MiB 1871.64 MB)
Raid Devices : 3
Total Devices : 3
Persistence : Superblock 1z persistent

Update Time : Mon Oct & 15:@85:18 2825
State : clean
Active Devices : 3
Working Devices @ 3
Failed Devices : @
Spare Devices : @

Layout : Lleft—symmetric
Chunk 5ize : 512K

Conzistency Policy : resync

Nome : c7-1:8 (local to host c7-1)
UUID : Sa85cend:@ecHfcl:Td58b838 :F2dc9268
Events : 41

Number Major Minor RoldDevice State
a 8 ] 2] active sync  fdev/=do
1 B 16 1 octive sync  fdew/=db
3 8 3z 2 active sync  fdev/sdc
nikdc?-1:~% cat fproc/mdstat
Personalities : [raid@] [raidl] [roidé] [raid5] [roid4] [roidl@]
md® : active raid5 sdc[3] sda[@] =db[1]
2893856 blocks super 1.2 level 5, 512k chunk, algorithm 2 [3/3] [uuu]

unused devices: <none:
nikacT-1:~%

Yacts 8. [Tosryuenue mHpopMamuu u usMeHeHne aiiIoBoi CUCTEMBL.

Hamren kopHeBoOI1 pa3nen:

nikac7-2:~$ df -h /

Filesystem Size Used Avail Use% Mounted on
/dev/mapper/ubuntu--vg-ubuntu--1v 126 5.6 5.76 47% /
nikac7-2:~$




Filesystem volume name:  <none>

Last mounted on: !

Filesystem UUID: 1713c9bb-9744-4683-bbeT-enSIBLFT14Fd
Filesystem magic number: BxEFS3

Filesystem revision #: 1 (dynamic)

Filesystem features: has_journal ext_attr resize inode dir_index filetype needs_recovery extent 64bit Flex_bp sparse_super large file huge_file dir_nlink extra_isize metodata_csum
Filesystem flags: signed_directory_hash

Defoult mount options:  user_xattr acl

Filesystem state: clean

Errors behavior: Continue

Filesystem 05 type: Linux

Inode count: 753664

Block count: 3813632

Reserved block count: 150681

Overhead clusters: 73942

Free blocks: 1641342

Free inodes: 653410

First block: ]

Block size: 4896

Frogment size:
Group descriptor size:
Reserved GDT blacks:
Blocks per gre
Fragments per group:
Inodes per group:

Inode blocks per group:
Flex block group size:

Filesystem created: Sat Oct 4 19:83:25 2025
Last mount time: Mon Oct 6 15:11:24 2825
Last write time: Mon Oct 6 15:11:22 2825
Mount count:

Moximum mount count:

Last checked: Sat Oct 4 19:83:25 2025
Check interval: 8 (<none>)

Lifetime writes: 6825 MB

Reserved blocks uid: @ (user root)

Reserved blocks gid: @ (group root)

First inode: 1

Inode size: 256

Required extra isize: 32

nikac7-2:~$ df -ih /

Filesystem Inodes IUsed IFree IUse% Mounted on
/dev/mapper/ubuntu——vg-ubuntu—1v 736K 98K 639K 14% /
nikac7-2:~$ df -h /

Filesystem Size Used Avail Use% Mounted on
/dev/mapper/ubuntu—vg-ubuntu—1v 126 5.6 5.76 47% /
nikRc7-2:~$

Bxirount ucronb3oBaHMe 3ape3epBUPOBAaHHBIX inode :

nikac7-2:~$ sudo tune2fs -m 1 /dev/mapper/ubuntu—vg-ubuntu—1v
tune2fs 1.47.0 (5-Feb-2023)

Setting reserved blocks percentage to 1% (30136 blocks)
nikRc7-2:~$

nikac7;2:~$ sudo tune2fs -1 /dev]mupper/ubuntu——vg—ubuntu——lv | grep 'Reserved block count'
Reserved block count: 30136
nikac7-2:~§

OTBeThI Ha BOIIPOCHI:

Kak BbI yBesmmumiau pa3pgei B uactu 3?7 Kakine xomaHabI
JICIIOJIb30BAJIN. B ueM cocTosiia CyTh BBINIOJTHEHHBIX AeICTBII?

ITpu momomm fdisk, yganmi crapbiil pa3geil ¥ CO34aJl HOBBIIA,
3aHMMAIOIII BeCh OUCK:

sudo fdisk /dev/vdb
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[Tocie aToro 3aHOBO co3aaln paspaen. 3areM 0OHOBWUI (AJIOBYIO CUCTEMY:
sudo resize2fs /dev/vdbl

dusuuecku pasMep paspesna yBeJIMUIIICS, M KOMaHOo resize2fs
daityoBas cucTeMa ObLIa paclUIpeHa, UTOObI 3aHATh BCE JOCTYIIHOE MECTO
Ha JIUCKe.

Ilouemy oTamuaeTcs Mponeaypa yBeJadndeHnusd pa3feiia B yactax 3 u 4?7
Ilouemy B cniyyae LVM He mpuIiioch OTMOHTHPOBATH pa3aei?

B LVM daitnoBas cucteMa pacroiiokeHa He Ha )KECTKOM pasfele, a Ha
JIOTYE€CKOM TOMe, KOTOPBII MOKHO OMHAMMIUECK! M3MeHATh. LVM
nogaep>kuBaet online resize, To eCTh O3BOJIIET PACIIUPATH TOM, ITIOKa OH
CMOHTMPOBAaH:

sudo lvextend -1 +100%FREE /dev/gr0l/volOl
sudo resize2fs /dev/gr0l/volol

9TO BO3MOKHO, HOTOMY uTo LVM ympaBinseT ormuecKuMu 6JI0KaMu 1
abctparupyet QaiyIoByI0 ccTeMy OT (GM3MUYECKOro yCTpoiicTBa. B 06prauHOM
ciIydae Hy>KHO OTMOHTMPOBATh, TaK KaK MI3MEHSIIOTCS peajlbHble TPAHMUIIbI
pasgmeia.

Kak MO>KHO OrpaHMUNTH JOCTYII Yepe3 ceTh K JAaHHBIM B KaTaJIore
NFS cepBepa?

Orpannuenue noctymna gesnaercs yepes ¢aitn /etc/exports, roe
yKasbIBaercs, Kakue [P-agpeca unm rmogceT MOryT MOHTHPOBATh KaTaJloT U
C KaKMMI IIpaBaMu.

/nfs 192.168.122.0/24(rw,sync,no_root squash)

31ech TOCTYII pa3pelI€H TOJBKO X0CcTaM 13 Imoacetn 192.168.122.0/24, ¢
IIpaBOM 3aIlNCH.

B uem pasuuna apxurekrypbl NAS u DAS?

ITapameTp NAS DAS
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ITonkiarouenme Yepes cets (TCP/IP, NFS, |HemnocpencrBernHo K

SMB) cepBepy (SATA, SAS,
USB)
Hoctyn HeckoabKo KIMEeHTOB OnmH KOHKpEeTHBIIT
cepBep

Macirabuposanne | Jlerko maciradbupyercs | OrpaHmdeHo
JIOKaJIbHBIMII IIOPTaMU

IIpumep Synology, TrueNAS Brytpennnit HDD nin
SSD

I'nmaBHOe oTnuume: NAS — aro cereBoe xpanunuiie, DAS — nokanbHO
IMOOKJIIOUEHHBIN OICK.

B vyacTu 4 1.7 BbI cO30aJIM 3epKAJIbHBIN TOM. OT KaKIIX PIUCKOB
NOTepU JAHHBIX 3TO 3ampuinaeTr? OT KakKux — He 3alIUIIAeT?

3ammimaeT oT 0TKasa 0OgHOTO GU3UUECKOTO MUCKA, OT OIIMOOK UTeHUsT/
3aIllICY Ha OTOEeJIbHOM HOCUTeJIE.

He sammmuiaer ot ciyuarHoro ygajaeHus Gajiios, OT BUPYCOB U JOTUYECKIUX
oIMOOK, OT BBIXO/Ia M3 CTPOS KOHTPOJLIEpA WJIN IIOTEPU BCEVL TPYIIIbI
OVICKOB OTHOBPEMEHHO.

B uactu 7 BBI cMorau 3anmyctuth RAID-MaccuB ¢ morepeii gucka.
OTkyna B3AJIMCH JaHHbIE?

RAID-5 xpaHuUT He TOJIBKO JaHHBIE, HO I YETHOCTD, paclpeeI€HHYIO 110
BceM auckam. [Ipu morepe ogHOro Aycka ocraBIINeCs OBA COOEpKaT
O0CTaTOYHO MHGOpMAINH, UTOOBI BOCCTAHOBUTD HepocTaiue 6oku. To
€CTh JaHHBbIE HE XPAaHJUINCH KOIIMEN, a BOCCTAHABIMBAINMCh MaTeEMaTUUECKI
uepe3 XOR 13 4ETHOCTY M OCTaBIINXCH TAaHHBIX.

IToueMy HeBO3MO>KHO 3amucaTthb (alirbl, ecI CBOOOTHOE MECTO €CTh,
IIpaBa ecTh U pa3fesl CMOHTUPOBAH IS 3aIIVICI?

Ha ¢aitnoBeix crucremax tuma ext4 uyacth OJIOKOB 3ape3epBUpPOBaHA IS
cynepriob3oBaTessd. Eciiv Bce mob30BaTeIbCKIE OJIOKM 3aHATHI, OOBIUHBIN
IIOJIb30BATEJIb He CMOJKET 3alMChIBAaTh (aiibl, xoTsa df Oymer IOKa3bIBaTh,
YTO HEMHOTO MeCTa eIll€ eCTh.

sudo tune2fs -1 /dev/sdX | grep 'Reserved block count'
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Bo3moxHO mepernonHeHsbI inode, pa3men CMOHTUPOBaH B pexxuMe read-only
II0CJIe OLIMOKM.

BriBon;:

B xone mabopaTtopHOIT pabOTHI 5 OCBOMII OCHOBHBIE OIlepaIU C
ITOCUICTEMOV XpaHeH!s JaHHBIX B linux: co3maHue u M3MeHeHe pa3aesos,
paboty ¢ dpaitoBeIMU cUCTeMaMI U lvim, HACTPOVIKY CeTeBOTo XPaHIINIIA
nfs n opranmusanuio raid maccuBoB. Ha nmpakTuke ObUIN M3yUeHBI
MPUHIMIIBI PACIIVPEHNS Pa3eIoB ¥ TOMOB, MOHTUPOBaHME QaiiIOBbIX
CHUICTeM, CO3[JaHNe 3epKANbHBIX I pacIpeqeéHHbIX XPAHIINIL, a TAaKKe
BOoCccTaHOBJIeHMe raid mociie oTkasa aucka. [losmyueHbl HaBBIKI
aIMMHVICTPUPOBAHNS XPAHVIINIL 11 YIIPABJIEHNS JOCTYIIOM K HUM.
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