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OIMMCAHUE THITA CPEJICTBA U3MEPEHUI

AHanuszaropsl Lemnei BeKTOpHbIe ES061B, ES072A

Hasunayenne cpencrsa usmepenuii

AHaIM3aTOPBI LeTiel BekTopHEe ES061B, ES072A (HaJiee - aHANTH3ATOPBI) MpeIHA3ZHAYCHBI
AUIA M3MEPEHUH KOMILIEKCHBIX S-IIapaMeTpoB KOAKCHAIBHBIX MHOIOIIOIFOCHHKOB.

Onucanue cpexcrsa nuamepennii

IlpuHIMD feHCTBHS aHATM3ATOPOB OCHOBAH HA BO3MOKHOCTH Pa3e/bHOrO U3MEpEeHHus I1a-
PaMETpOB Najaloled i OTPaKCHHOH BOJHEI CHTHANA ¢ TIPHMEHEHHEM HaNnpaBJIEHHBIX OTBETBUTEJIEI.
B cBoém cocrase ananusarop CONCPUT ICHEPAaTOP KAYArOIIEHCS YACTOThI, IBYXKAHATBHBIN TIPHEM-
HUK C IBYMsl ONIOPHBIMH CMECHTENAMH H GJI0K H3MepeHMii S-napameTpos.

KOHCTPpYKTHBHO aHAIM3aTOp BBINOIHEH B BHIE HACTONBHOLO MOHOOJI0Ka. B ananmusarope
HUMECTCA BCTPOCHHAs CHCTEMA CAMOIHATHOCTHKH.

AHanH3aTop 00eCHIeYnBaeT H3MEPeHHEe YACTOTHBIX U AMILTHTYIHBIX XapPaKTEPHCTHK pas-
MHYHBIX yCTPO¥CTB. B amammsatope peannsoBanbl Bce BHIBI BEKTOPHOH KOPPEKIHH CHCTEMHBIX
OIHOOK, B TOM YHCJIE TI0UIEPKHBAKOTCS MOJYJIH 3/IEKTPOHHOH KanmuGposku. [TyTém Tpanchopmarmu
AQHHBIX H3 YAaCTOTHOH 00/1aCTH BO BPEMEHHYIO aHATH3ATOP MO3BOJIET TOUYHO JOKAIH3OBATE MECTO
o0psIBa.

OyHKIHOHAIBHBIE BO3MOKHOCTH dHANTH3aTOPOB ONPEEIAIOTCA COCTABOM OILHH, BXOIS-

IMMX B KOMIUIEKT aHAIH3aTOpoB. COCTaB ONLMUM, UX (YHKIHOHAILHBIE BO3MOXKHOCTH MIPUBEACHBI B
Tabmuuax 1, 2.

Tabnuua 1 - Onuun ananu3aTopos ueneii BeKTOpHBIX ES072A

Omnius Onucanue onuuu
008 PexuM cMelnenns 4actoTel
LES BeicokocTabuIbHELA rerepatop OMOPHOH YacTOTBI
010 AHaJIN3 BO BpeMeHHO obracTu
017 H3BnexaeMbli sxecTKuil 1HCK
019 BeTpoeHHbli skecTKuit nuck
245 2-X IOPTa, YaCTOTHBIH AUanasoH oT 30 k[ un04.5ITy
285 2-X IOpTa, YaCTOTHBIN AMANa30H OT 30 k[’ oo 8,5 T

Tabnuua 2 - Onuun aHanmM3aTopoB nemeit BeKTOpHEIX ES061B

Onwucanune onuumit
M3mepsiemble BennunHbl Muanason yactor  |Mmmnenanc
3L5 HY-BY ananu3zatop uenei ¢ HCTOYHHKOM Ha- oT 5 I'umo 3 I'Tu
NPSUKEHKS IOCTOSIHHOTO TOKA
LES BricokocTabuibHBIi resepaTop omopHoit
YacTOTHI
005 Onuus aHaIM3a HMIEIaHCca B HU3KOYACTOTHOMN U
BBICOKOYACTOTHOH 00acTu
010 AHalu3 BO BPEMHHOM 001acTu/onpeeneHue Me-
CTONOJIOKEHHUS HEOTHOPOAHOCTEH
115 W3Mepuue kosbduunenTa oTpaxeHus/nepesaun | ot 100 kI'm mo 1,5 [T | 50 Om
135 WsmepHue ko3ppunnerta oTpaxkeHus/nepenaur | ot 100 xI'umo 3 N 5000Mm

Omnuus
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219 W3mepenne S napaMeTpoB or 100 k['m o 1,51 T | 50 Om
2235 W3mepeHne S napamMeTpoB oT 100 kIm mo 3T 50 OMm
117 H3mepHue ko3bdunuenTa otpakenus/mepenadn | ot 100 kI po 1,5IT | 75 Om
137 | W3MmepHue ko3 dunuenTta orpakerns/nepeaadn | ot 100 k'm0 3 [T 75 Om
217 M3mepenue S napameTpoB or 100 k' g0 1,5 1T | 75 Om
237 H3mepenue S napamMeTpos oT 100K o 31T | 75 Om

BHemHui# BH aHaNM3aTOPOB IIPHBEACH HA PUCYHKax 1-4.

[Tpu odopmieHHH BHEIIHETO BHA aHATH3ATOPOB MOTYT HCIIOIB30BATHCS JIOTOTHITBI KOMIIa-
Huit «Agilent Technologies» umu «Keysight Technologies».

Mecro HaHeceHUs HakKJeHku «3HAK yTBep:KIeHHA THIIa» IpHBeICHAa Ha pUCYHKax 1, 2, a

cxXeMa HHOM6HPOBKH AHATU3aTOPOB OT HECAHKIIMOHHPOBAHHOTO JOCTYIIA IPHUBEACHA Ha PHCYHKAX 3,
4.

5 Agitset Techaclogin E‘?m .huml:'mu-u

Hold o0 Gatlel . SM1O0N

* - MECTO HaHEeCEHHS HaKIeHKH «3HakK YTBEPAKACHHA THIIA»

Prucynok 1 - BHelnHHE BU JTMIIEBOM ITaHEIH aHATH3aTOPOB Leneit BeKTopHbIX E5072A
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** - MECTO HAaHECEHHs HAK/IEHKH «3HaK YTBEDIKICHHSA THIIA»

Pucyrok 2 - BHelmHuit BHI THIIEBOM MaHEIH aHATA3aTOPOB Lemneil BekTopHbX ES061B

** « MecTo n1oMOMPOBKH OT HCCAHKIIHOHHPOBAHHOTO AOCTYIA
Pucynox 3 — Bremrnuii Buz 3a1Hei TaHe I aHATM3aTOPOB llenel BekTopHbeIX ES072A
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*#% . MecTo mIOMOHPOBKH OT HECAHKIIMOHHPOBAHHOIO IOCTYIIA

PucyHOK 4 — BHeIIHHI BHJI 3a/THel MaHeTH aHAIH3aTOpOB lienei BekTopHex E5061B

IIporpammHoe obecniedeHue

AHanuM3aToOpsl MMEIOT BCTpOeHHoe mnporpammHoe obecnedenue (I10). Merposorudecku
3HauuMas yacThk 10 aHaIM3aTOpOB mpeacTaBiseT coboit mporpaMMHbIi npoayKT «I10 ams BekTOp-
HBIX aHaam3aropos meneir E5072A u E5061B». MnenrudukanuoHHble JaHHBIE (IIPU3HAKH) METPO-
JIOTHYECKH 3HauyuMoii yacTH I10 ykasansl B Tabmuine 3.

Tabmua 3
W nenTHUKaIMOHHEIE JaHHbBIE (TIPH3HAKH) 3HaueHHE
s ES072A s E5061B

Wnentudrkamponnoe HauMeHoBanue 110 E5072A Firmware E5106B Firmware
Homep Bepcunm  (MAeHTH(UKALMOHHBIH
HoMmep) 110 A.01.03 A.02.06
[Mudporoii naertuduxarop 10 02081 AEA29BFE49C65 | C2DFDO7COE3E4

CE3D05CBD247B6 727A5294AE9566

02196

AJITOPUTM BBIYHCIIEHHS IH(POBOTO HIECH-
tudukaropa [10 MD35 MDS5

3ammura 11O oT HenpeaHaMEpEeHHBIX H NpeJIHAMEPEHHBIX H3MEHEHHWI COOTBETCTBYET ypPOB-
Hi0 «Breicokuii» mo P 50.2.077-2014.
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MeTpoorayecKkie H TeXHHYECKHE XapaKTePHCTHKH
MeTtposorudyeckue W TeXHMYECKHe XapaKTepHCTHKHM aHAIM3aTOPOB TMpPHBEIEHB B
tabaunax 4, 5, 6.

Tabnwna 4 - MeTponorayeckue XapakTepHCTHKH aHATH3aTopoB Lenell BekropHeix ES072A

HaumMeHoBaHUE 3HayeHHe XapaKTePHUCTHKH

XapaKTePUCTHKH Onuus 245 | Onuus 285
KonuyecTBo MopToB 2
J[uama3oH 4acToT ot 30 k't mo 4,5 T | ot 30 k' 1o 8,5 Tt
Pa3permHue 1o 4acToTe 1I'a

[Ipenens! nomyckaemMo
OTHOCHMTEJBHOM Iorper-
HOCTH YCTaHOBKH 4acTo-
THI OTIOPHOT'O T€Heparopa: +7-10°®
:l:1-10'6(c ommeit 1ES)

! BO3MOJKHO YCTaHOBHTB 4acToOTy 0T 9 KI'1, Ho 0 30 KI'I] METPOJIOrHYeCKHe XapaKTePUCTHKH He
HOPMHPYIOTCS

JluHaMH4YeCKH# auana3oH, ab: pu nosoce [T4
3kl 10 I'n
o1 300 k' mo 10 MI'g 82 107
oT IO MI'm no 6 I'Tx 08 123
or 6 10 8,5 I'Tx 92 117
[Ipenens! morryckaeMoi OTPELMIHOCTH H3MEPEHUMH amiuitya, 1b daza, rpaayc
B JUHAMHYECKOM JHANa30He Py 3Ha4eHHUH BBI-
XOITHOTO CHT'Haua: + 0,210 + 5,0
10 nbm + 0,045 + (.3
munyc 30 n1bm + 2,000 + 15,0
MuHyc 100 1bm
Magnitude Phase
10 100
g A
3
- ) N N S (N I B
M 0 -0 -20 .30 -40 50 60 -70 -80 90 -100 0.1

10 0 -0 20 -30 -4 50 60 -70 80 80

Testport Power (dBm) TastpaitPewar (dBm)

VpOBEHb YCTAHABIHBAEMO# BEIXOTHOM MOIIHOCTH ", 1BM:

ot 30 xI'x mo 300 kI' ot MuHyc 85 10 10
ot 300 x['m 70 10 MI'n ot muHyc 85 10 16
or 10 MI'm no 6 I'Ty oT MuHYC 85 110 12
ot 6 I'Tu 1o 8,51 Ty ot muHyc 85 10 10

% — MeTPOJIOTHYECKHE XapaKTEPHCTHKH HOPMHPYIOTCS TOIBKO UL IIOpTa 1
3 _ BBIXO/IHAS MOIIHOCTH MOKET YCTAHARIHMBATCA B quanasoHe oT MuHyc109 1o Munyc85 1 10 20
nBM, HO 3HAYEHHS METPOJIOTHYECKUX XapaKTEPUCTHK HE HOPMHPYIOTCA
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[Ipenensl nOMycKkaeMoil MOrpeHOCTh YCTAHOBKH BBIXOTHOH
moiaocTH (0 1bMm, 50 MI'n), 1b

+0,65

Henuneitnocts AUX ucrounuka (0THOCHTEIBHO YpoBHS 0 1bM
Ha 50 MI'11) B yactorHom auanazone ot 300 kI'n no 8,5 I'Tn, ab

&1.0

JIMHEHHOCTD BBIXOJHOTO YPOBHSA (0T MHHYC15 1bMm 10 MakcH-
MAaJIbHO 3asBIeHHOMN) (OTHOCTUTENEHO YporHs 0 1bM) B uac-
toTtHOM auanazone ot 300 kl'u no 8,5 I'T'n, nb

+0,75

VpoBeHb cOOCTBEHHBIX IIYMOB, n1b/T11:

npu nosoce [T4

3xI'1t 10 'y
ot 300 k' go 10 MI'ng MuHyc 101 MHHYC 91
or I0MI'mno 3T munyc 117 munyc 107
or3ITumo 6T MmuHyC 121 muHyc 111
or 61T o 8,51T1 MHHYC 117 MuHyc 107

HcnpaBieHHBIe XapaKTEepUCTHKH aHATN3aTOPOB (C UCIOIB30BAHHEM KATHOPOBOYHOIO Habopa
85032F) (nonoca IT4 10 I'u, remneparypa (23 = 5) °C)

Huanas3ox e Cornacoeannbiit | CornacoBanHas | Kosdduuuent o0 e
JIEHHOCTB, HEHT
4acToT e UCTOYHHK, 1b Harpyska, 1b OTpakeHHe S——
300 k' - 10 MI'ng 49 41 49 +0,011 +0,007
10 MI'm -3 I'T'y 46 40 46 +0,021 +0,029
3ITu-61Tn 40 36 39 +0,032 +0,074
61Tu-851Tn 38 35 37 =0,054 +0,088

[Mpenens! fomycKaeMoi MOrpeIIHOCTH H3MEepEeHHi Ko3hduuHeHTa nepeaadn (aMIuIATya 1 Baza)

Magnitude Phase
T I = 777 100 i i I 1
- o= = 30 KHz 10300 kHz ’,% - e 30 KHz to 300 kHe y J
— 00 KHz 10 10 M2 b p w — 00 KHz 10 0 M2 75
o - 10 MHz 02 GH f’ ,’-'. § - 10 MHz 03 GH /’ ﬁ
g i 0 MHz 103 GHz ’/ < E ] MHz 10 3 GHz ," ‘/'o
= | | esese 3 GHz 1o B GHz ’ = - | | reees A6GH210 B GHr | v A
= . jo s 2 | ’ &°
E = « BGHz10BEGH ’ ,;.' = = o BGHz10B5GH: | ’ I
£ - = 3 : | & "
‘E 3o ‘® | l%lf
T} o = ¢ £ | g
E V) e ~ E 8 ! e Tl FTeuetes ﬂ:w. = = o
o ! | & Q -
0.01 ' ‘ 0.1
10 0 -0 -20 30 -40 50 -60 -70 80 -90 10 0 -0 200 30 40 50 B0 -70 80
Transmission coefficient (dB) Transmission coefficient (dB)
[Ipenens! nomyckaemoit MOTpeNIHOCTH H3MepeHHH K03 PUIIMeHTa OTpaKeH
Magnitude Phase
Sy —————————— T | 10 . o et
- 0Kz 1o 300Kz W\ ——— w300k |
U e 300KHzt0 10 MHz - ] E 8 1 -_." — S00KRI W0Me |
= - e MMz 3 GH: - @ \ . - = 0MHlEH: |
= 003 4 = 36Kz 10 § GH2 - " g 5 [ AN os 3GHzI BGH2 :_
£ ol - o = S N sgH: |
‘E - nGH;mB.SGH: " - ......o = \\ “ '\ & GHzw 85 GH2 |
= 4ot - E \ ‘s .
é 0.02 = L Y -t g - g 4 \ ———
g i IR L ) -;,?/ 2 \ | iy ]
g 0.01 penEast - - _..-—-—- - . :=; 2 - 'ﬁ:‘ - *Preesesaa e
= — | | “-—..__--7___?__
0 ; 0 b }
] 0.2 04 08 08 1 0 0.2 04 0.6 08

Reflection coefficient (linear)

Reflection coefficient (linear)




JIricr Ne 7

Bceero mucros 15

HcnpasneHHble XapaKTepHCTHKY aHATH3ATOPOB (C UCTIONB30BaHHEM KaTHOpOBOYHOro Habopa

85033E) (nonoca IT4 10 I'n, Temneparypa (23 = 5) °C)

JlnanazoH H Koadpduuu
anpas- "
YacToT e Cornacopannrsri | CornacopanHas | Koapduuuent eHT
B | ucTouHHK, Ob Harpyska, 1b | oTpaxenme, 1b | mepenaum,
1b
300 kI'm - 10 MI'n 46 43 46 + 0,006 + 0,007
10MIa-31To R 40 44 + 0,007 + 0,032
3ITu-61Tn 38 37 38 + 0,009 + 0,074
61Tu-8,51Tn 38 36 38 = 0,010 + 0,079

[Tpenesnsr qomyckaeMoi MOrpeIIHOCTH H3MepeHHH K03 puumenTa nepegayn (aMILIUTY 1A U

hasa)
Magnitude Phase
P 100 ] I i
- e 30 KHz o 300 kHz ”' - = e 30 KHz 10 300 kHz Fl
— 300 KH2 10 10 MH2 +% 7 E — 300 KHz 0 10 MH2 ’I, ‘
= o == 10 MHz to 3 GHz # ."- 2 - iz to 3 GHz ’
g Ll — S 30":::53:, 4;: -/ Lk =: [WoOe 305:::.5::: ' f
= y ) I' po ® = ) '/ Fa
= == o« §GHzwB5GH: ’ . = « §GHzto850H: ’ =
4 -l E & ~
e } Ty 7 = T - h"’
@ b |- |- 2 .E 5; .t"ﬂ
g 01 & 14 ) el TV
= ] = Jeseeqotney ,r
=2 s -~ - —
S RGP
i \
0.01 : 0 1 i
10 0 -10 -20 -30 40 50 -60 -70 -BO -90 10 0 -0 -20 30 40 -50 -60 -70 -BO
Transmission coefficient (dB) Transmission coefficient (dB)
[Tpenesisl JoIycKaeMol NOrPeIIHOCTH U3MepeHUH K03 PUIHEHTa OTPaKEHUS
Magnitude Phase
1 f 10
- 50Kz 10 300 KH: A - 30 N0
004 A = 300z 10rK: = ] - 1 '_'\ — 00Kt 10N ||
= - 10MHzIo3 BHE - . g \ '.. . - = OMHr3GH: |
g 003 +— 7 T S - = _.".. 3 6 “ 0, | ] SR £ L 3GHz10 6GHz Il—
; ) w= + BGHzt 85 GH: - -1 _.--".. % \\ ..'.'\ e R l
5 002 = L i g PO L T
a & '..-" .'.n-'. o \ .. ®
§ 00 "‘_-......--n..---" __-—:_;-“/ E 2 \‘ 'l....__:"'_ M ) [ —
S 001 +° — (e = s o e AT
0 0 | |
0 02 04 08 08 1 0 02 04 06 08
Reflection coefficient (linear) Reflection coefficient (linear)
HewucnpaBneHHbIH XapaKTepUCTUKA aHATTH3aTOPOB, 1b (0e3 nenonb30BaHUS KaTHOPOBOYHBIX
HabOpOB)
Juanason Hanpasnennocts, | CornacoBaHue Kosdpduument Kosppumment
4acToT b HUCTOYHHKA, 1b oTpaxkeHue, 1b nepenayu, ab
300 kI'u-3 1T 25 25 £1.0 +1,0
3ITu-6 Ty 20 20 +1.5 +1,5
6 [Tu-8,51Tn 15 15 1,5 +1.5
CornacoBaHue Harpy3ku
300 x['u-100 MI'n 22
100 MI'u-2 I'Tx 15
21Tu-4,51Tn 11
451Tu-8,51Tu 8
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Tabnuua 5 - MeTposioruueckue XapakTepHcTHKH AHAIM3aTOPOB LieneH BekTopHbIX E5061B

HauMmenoBanue 3HaueHHE XaPaKTEPHCTHKH

XapaKTePUCTHKH Onumug 3L5 Onuuu 115,215,117,217 Onuuu 135,235,137,237
Juanazon gacror orSTmno3 1T oT 100 k' 0o 31T oT 100 kI'mmo 31Ty
Paspewaroias
CIIOCOOHOCTB 110 YacToTe I mI'g
[Tpenens! nonyckaemoi

OTHOCHTEJIBHOM I10-
TPELIHOCTH YCTAHOBKU
YacTOTBI ONIOPHOTO re-
Heparopa:
CTaHJapTHOE

omus 1ES

+7-10° £ 1 Mg
+1-10°%+ 1 M

Omus 315

Omumn 115,215,117,217,135,235,137,237

Junamuyeckuii quana-
30H YCTAHOBKH BBIXO]I-
HOW MOIIHOCTH, 1bM

oT MuHYc 45 10 10

OT MuHyc 45 10 5 (ot 100 o 300 xI'w)
ot MuHyC 45 10 10 (o1 300 k' 1o 3 I'T)

Ommus 3L5 Omuuum 115,215,117,217,135,235,137,237
[Ipenens! nomyckaemoii
MIOTPEIIHOCTE YCTAHOB-
KH ypoBHS MOLIHOCTH (0
abM, 50 MI'm), ab
+0,8 +0,8

[penens! nonyckaemoii
IOIPEIIHOCTD YCTAHOB-
KH YPOBHS MOIIIHOCTH
(otHOCHTENBHO 50 MI 11,
0 nbm), nb

*1,0 (or 5Ty mo 1,5
I'Tw)
£1,5 (ot 1,5 10 3 I'T')

+1,5 (ot 100 kI'x mo 300 kI'i)
+1,0 (o1 300 k['y 10 3 I'T)

Henuneitnocts AUX
HCTOYHHKA (OTHOCH-
TensHo 0 nbMm), 1B

+0,75 (oT Munyc 10
1o 10 obm)

+0,75 (ot munyc 10 g0 5 nbwm,
ot 100 mo 300 kI'u)
0,75 (ot munyc 10 go 10 gbm,
ot 300 k['u go 3 I'T')

Paspermaromas crioco6-
HOCTb I10 YPOBHIO, Nb

0,05

YpoBeHb COOCTBEHHBIX
IIYMOB, 1bM:

Onuus 315

Onuun 115,215,117,217,135,235,137,237

mosoca [TY 3 kI'g

munyc 80 (o1 100 x['1x 10
1 MI'n)
MuHyc 85(ot 1 MI'n no 3 I'T'n)

munyc 70 (ot 100 go 300 xI'u)
muHyc 80 (ot 300 k['1t 1o 1 MI'n)
Munyc 85 (ot 1 MI' o 3 I'T'w)

monoca [TY 10 '

munyc 80 (ot 5 'y 10100 Ix)
munyc 90(ot 100 I'n 1o 9 k')
munyc 100 (ot 9 no 100 xI'u)
MuHyc 105 (ot 100 x['x mo
1MI'n)
munyc 110 (ot 1 MI'u mo 3I'T)

muHYc 95 (ot 100 mo 300 I'u)
muHyc 105 (ot 300 k' mo 1MTI ')
muHyc 110 (o1 1 MI'x o 3 ')
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JIMHAMUYECKHI THANA30H " ;

Omnuuu

[uana3zon gactot ITonoca ITY 3HayeHue

L5 Ot 100 kI'y 70 1 MI'g 3xly 90 1b
Or 1 MI'u mo 3T 3kl 95 n1b

Or5Tumo 100 T 2T 90 nb

Ot 100 I'n o 9 k[ 10 ' 100 n1b

Ot 9 xI'u 1o 100 kTt 10Ty 110 nb

Ot 100 xI'y o 1 MI' 10T 115 ab

Ot 1 MI't o 3 I'Tx 10 ' 120 1B

118, 135, 215,235, 117, Ot 100 I' mo 300 k[ 3kl 75 nb
137,217, 237 Ot 300 kI'u 1o 1 MI' 3kl 90 nb
Or I Mmoo 31T 3kl 95 nb

Ot 100 ' mo 300 xT'1g 10 T 100 ob

Ot 300 k' o 1| MTI' 10T 115 n1b

Ot 1 MI'm no 3Ty 10T 120 b

> — IMHAMHYECKHH IHATIA30H H3MEPHTEJIBHOTO II0PTa PacCUHTBIBAETCA KakK pasHocTh Mexay CK3 cober-
BEHHBIX IIYMOB H3MEPHTEILHOTO TIOPTA M €10 MAKCHMAJIBHBIM YPOBHEM BBIXOIHON MOLIHOCTH
JE XapaKTCPHCTHKH MOIIHOCTH He HOPMUPYIOTCS Ha YacToTax: 1,4 MI'u; 4,0 MIMu; 4,33MI1g;

6,333 MI'n; 25 MI'n 1 90 MTI'

[Tpenesbl fomycKaeMoli IOIPEIIHOCTH IPHEMHOTO 1opra,

ab:

Onuun YpoBeHb B 1nanazoxe AMIutaTyna Dasza
4acToT (otHOCHTENBHO MuHYC 10 1BM)
3L5 10 n1Bbm +0,303 +2,04”
muHyc 30 1Bm +0,087 +0,58"
munyc 100 1BM +2,141 +16,23°
115,135,215,235. ot 1001 no 300k 11
117,137,127, 237 10 1Bwm +0,383 +2,58°
MHHYC 30 1bm +0,167 +1,11°
munyc 100 1By 42,221 +16,94"
oT 300 k[ mo 3 I'Ty
10 xbM +0,303 +2,04°
MuHYC 30 n1bm +0,087 iO,SSO
muryc 100 1Bm +2.141 +16,23°

XapaKTepHCTHKH OIIMH HH3KOYaCTOTHOTO

Bbixoaa LF-RF (Tompko anis onmuum 3L5)

Juanaszon yacror

oT 5 T'u no 30 MI'n

Pa3spemaromas cnocobHoCTE YCTAHOBKH YaCTOTEI

1 M

OTHOCHTENBHAS TOrPEIIHOCTE YCTAHOBKH YaCcTOTHI
- CTaHIapT
- onus 1ES

+7:10%+1 Ml
+1-10%+ 1 Mg

JlMana3oH yCTaHOBKH MOILIHOCTH

0T MHHYC 45 10

10 nbm

Hepasromeprocts AUX HCTOYHHKA, 1b:

onopHas yactora 200 I'u, 0 n1bm +1
OTHOCHTeJIbHO YacToThl 200 I'n, 0 nbm £
[Ipenensl nomycKaeMoi NIOTrPeNIHOCTH YCTAHOBKH

YPOBHS HCTOYHHKA (0T MuHyc 10 1m0 10 1BM, oTHOCH-

TensHo 0 nbMm), nb +1

BuyTpennuii atteHioarop

20 1b
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[penensr nomyckaemoit aGeomorHas IIOTPEIHOCTD U3-
MEpEHHS YpOBHSA, 1b:

MuHyc 15 1bwm, artentoarop 0 n1b +1,5
3 nbM, artentoarop 20 nb 1.3
YPOBEHb NEPEKPECTHBIX MTOMeX (HOPMHpYETCs 4715 Hac-
TOT 10 25 MI'n), nb

- s R/T munyc 110 (ot 5 I'u mo 100 k')
- A Bxoza R (mpul0 aBm, 20 1B arrenioarope) muHyc 120 (ot 100 k' no 10 MI, Fria = 10
- ans Bxona T (npu 0 ob artenoatope u K3) ')

muHyc 110 (o1 10 10 30 MI'y, Friu = 10 ')

IIpenenst fomyckaeMol OTHOCHTE IBHAS TOIPEIIHOCTE
M3MEPEHHUS! aMILTHTY kY a3kl IPU pa3jIMyYHbIX 3HAYE-
HHUAX BBIXOJHOH MOIIHOCTH (OTHOCHTE/BHO OTIOPHOTO
YpoBHA MHHYC 25 nbM, BHyTpennuii arrentoarop 0 b,

50 Om), nb/°
IIpH MHHYC 5 1bMm + 0,303 /= 2,04
npu MuHYC 15 1bm = 0,09 /£ 0,6
IIpH MHHYC 25 n1bm + 0,056 /£ 0,37
npy MUHYC 35 1bM +0,073 /£ 0,48
pu MHHYC 45 nbm + 0,087 /£ 0,58
Ipu MEHYC 55 n1Bm +0,103 /+ 0,68
IIpH MHHYC 65 nbm +0,121 /+ 0,81
IIp¥ MHHYC 75 n1BbMm £ 0,15 1,00
npu MuHYyC 85 n1bm +0,211 /£ 1,41
pH MHEHYC 95 nbm +0371 /£25
npu MuEHYC 105 nbm + 0,841 /£ 5,83
npd MuHHYC 115 nbm 2,141 /£ 16,23
HewucnpasneHsEle XapakTepuCTHKE aHATH3aTOPOB
Onuus 3L5 Onuun Omnun
115,135,215,235 117,137,127, 237
Hanpasnennocrts, 15 25 20 20
(ot 100 xI'x 1o 300 xI'w) (ot 100 xI'y mo 300 xI'm)
25 25
(O1 300 k' o 3 I'T') (o1 300 k' no 3 I'T'w)
CornacoBanbiit 25 20 20
HCTOYHHK, 1b (ot 100 xI'x 1o 300k ) (ot 100 k' mo 300 kI'w)
25 25
(o1 300 k' o 3 I'T) (ot 300 xI'ty o 3 I'T'm)
Cornacosanue 15 10 10
Harpysku, 1b (ot 5T mo 2 I'T') (ot 100 xI'y 10 300 I'1x) (ot 100 kI'x o 300 k')
12 15 15
(o012 no 3 I'T) (o1 300 x[' oo 2 I'T') (o1 300 I’y mo 3 I'T'y)
12
(ot 2 mo 3 I'T'1y)
Koaddunuent +1.0 1.3 1.5
nepeaayn, nb (or 100 Ty 70 3 TTw) | (ot 100 k' g0 300 kI'm) (ot 100 xI'y mo 300 kI'w)
=10 =1,0
(o1 300 k't mo 3 I'T'ry) (o1 300 k't 1o 3 I'T)
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Koapdurment
oTpaxenus, 1b

+1,0 1,5 1.5
(or 100 I'm mo (o1 100 xI'r mo 300 xI'm) (ot 100 kI'u mo 300 k')
3ITo) +1,0 +1,0
(o1 300 k' mo 3 I'T'w) (ot 300 k' 7o 3 I'T)

McnpaBneHHble XapakTepucTHKH aHanu3atopoB E5061B ¢ ommeit 315 (¢ Hemoabp30BaHHEM KaauOpo-
BoyHOro Habopa 85032F) (momoca ITY 10 I'u, remneparypa 23 + 5 °C) nosHas 2-X IOPTOBas KalnOpOBKa

YacToTHBI .. | Cornacosan- | Koapduuuent | Koabduuu-
Hanpagnen- CornacoBaHHBIH
JHara3oH Hasfg Harpys- OTpaKCHHE, JIB €HT IIepe-
HOCTB, 1b HCTOYHHK, 1b
Ka, 1b naum, nb
100 I'r -100 kT 49 41 49 0,011 0,019
100 kI'u-1 T 49 41 49 0,011 0,019
1ITu-31To 46 40 46 0,021 0,026
Hpe;[enm I[OI'IyCKaCMOfI IIOI'PCITHOCTH HBMCPGHHﬁ KOB(b(l)HI.IHCHTa Inepeaavyn
N i ~
$21 Magnitude Accuracy $21 Phase Accuracy
E50618 3L5 Full Two Port Cal Using BS032F E50618 3L5 Ful Twa Port Cal Using 85032F
L I—_— " = — T
H —wrwmee A — ‘ e —
— e 100 KHZ 10 10 M2 - | | 100 KHz to 10 MHz
- 1 -=-10MHzto 1 GHz = — / § —1 - -.mMmulﬂGm ' J/ //\
% 1 1 ~=—=1GHU IO 4 B 10 b —1ounicw ! £ o
E J— . § : — ‘ —
£ T e s e = = =1 g
S - g e
g o1 B =] g 71 e ok : : :
= o B S S S—— S —— A—
e EE%T—‘% I f
> T
!s?; S0 Caipawg—' 30 dBm Molspc:m =0 aam] | = | [Teii-s2-0ce o NG TN W pawwer = % ;:a-smL:
Bbi | | [F Berowsth = 10t Averoge Facer -1 | 2 [ [ o = 1015 Averngn Focor =1]
"1 0 -0 20 -30 40 -0 60 70 80 80 19 0 -0 20 30 -40 -5 60 -70 80 90
Transmission Coefficient (dB) Transmission Coefficient (dB)
\ A P
Hpeﬂeﬂ]&l ,IIOH}’CK&EMOFI IIOIrpCIIHOCTH HBMepCHHﬁ KOB(i)(l)I/IlII/ICHTa OTpaKCHHUA
a3 ™ &
$11 Magnitude Accuracy $11 Phase Accuracy
— E50618 3L5 with 85032F Calibration Kit o E50818 3L5 with 85032F C?ﬁblaﬁ:‘) Kt )
| [S21 = 512 = 0, Cal powar = -10.dBm_ Mess power = -10 dBm ] 1 37 < 512 = 0, Cal powe: = 1080, et pwes - 10 dB
| T mpwre | IF Bendwidin = 10 hz, Average Factor = 1] i\ ¥ Barcedt, - 10 A
0.04 —] 100 KH fo 10 Mz | 8
= | | ---romuwron: 'g' 5|‘.
5 | — ~1GHZ103 GHz (3 ‘.:‘. e
3 003 ——— g 6 [ — GBIt
e | - s = A
jw—— == | {1\
5§ | | e S : N
0.01 | gt S 2 ST
::.“-:-::’:—T zshe e et -
o | | ] i I - o L o
0 0.2 04 06 08 1 0 02 04 06 08
Reflection Coefficient (Linear) Reflection Coefficient (Linear)
\ o/ \ _

HcnpasneHnsle XxapakTepucTHKH aHanu3atopoB ES061B ¢ omumsmu 115/135/215/235 (¢ uc-
MOIB30BaHNEM KanuOpoBoyHoro Habopa 85032F) (mosoca ITH 10 ', Temneparypa 23 + 5 °C) monsas 2-
X IIOpTOBast KaJIMOpOBKa

YacTtoTHbIit Hamnpag- CornacoBannsni | CornacoBaHHa Beoliguumen | Koodthmy
IHAana3oH JIEHHOCTB, 1b HCTOYHHK, Ob s Harpyska, n1b OTpaKEHHE HCHT
nepenadyn
100 I'tg =300 xI'1g 49 41 48 0,011 0,035
300 xI'u-1 MI'n 49 41 49 0,011 0,028
1 MI'n-3 I'T 46 40 46 0,021 0,034




JIner Ne 12
Beero nmuctos 15

[Ipenesns! nonyckaeMoi MOTPeIIHOCTH H3MEPEHHH Ko3dduIMeHTa nepesayn

(ammumuTyna u daza)
N

7 N
$21 Magnitude Accuracy S$21 Phase Accuracy
i E5061B 235 Full Two Port Cal Using 85032F - ES061B 235 Full Two Port Cal Using 85032F
== ———— = s i
—— 100 Kz 10 300 KHz == = = [ — 100K w300k | I Z
300 KHz 1o 1 MHZ 2 o —_— [ o 300KMzWIMH: [T T
e - - =1 MHZ 103 GHz i g [T ---1Mz036H [ I
— L d { o
g £ 10 b - n - - et
- e = T === == § = = S et .2 ——— - —= ,4: = {
.E‘ = = e i = Q L !
£ = L |
g | — =4 E - | |
o . i 8 i = e |
0.1 = = ==
5 5 e : 8 g i ———— . on ?
- : 2 e - 1
i = i e M e - ] P e
[511 = 522 = 0 Cal power = -10 dbm: heas power - -10 dbm | | | [S11 - 522 - 0. Cal power - -10 dBm. Meas powsr — 10 dbm |
0.01 | | | - “iaf‘z“'“‘"i'ﬂ“‘”‘“ erags Factor =1 ai | | [¥ Bandwidih = 10 Hz_ Avrags Facior =1
10 0 10 -20 -30 -40 -50 60 -70 -80 90 10 a 10 20 -30 40 -50 60 -70 -80 -90
Transmission Coefficient (dB) Transmission Coefficient (dB)
N ot L
v -
[Ipenensr nonyckaeMol MOrpelIHOCTH H3MEPEHUH K03hDHUIIHMEHTA OTPAXKEHUA
5 B 2 k'
$11 Magnitude Accuracy S$11 Phase Accuracy
_— ES061B 235 with 85032F Calibration Kit - E50618 235 with B5032F Calibration Kit
[ [521 =612 - 0, Cal powst - 10 dBm, Neas powsr - 10 98m) I 521 = 512 = 0 Ca oown = 10 i, Mews power = 10 g8
E—T YT [FF Barmtwaitn = 10 Hz_Avarage Facks =1] | i ¥ Bordwillh - 101 Averesp
004 | W0 K2 T 1 Mz — ! LI ——— —_ il
o -=--1MHz103GHz : 3 1
§ - ' ¢ il
= i
3 o003 g 8 4 T
: £ 1
£ 002 B L z g N
& B N
g g 8 N
=2 T | E e
0.01 /__,,,-r-/ S 2 (Rl T Yooy s v iy
[} - d 0 1
°] 0.2 04 06 0.8 1 ] 02 04 oe 08
Reflection Coefficient (Linear) Reflection Coefficient (Linear)
\. 7 e _/

HMcripaBieHHBIE XapaKTepUCTHKH aHaIu3aTopoB ES061B ¢ onuumedi 117/137/217/237 (¢ ucnons-
30BaHHeM KanubpoBogHOro Habopa 85036B) (momoca ITY 10 I'u, Temneparypa 23 = 5 °C) nonHas 2-x

NOpTOBast KaTHOPOBKa

YacToTHbIH Hamnpas- CornacoBannsni | CornacoBanHas | Koadpdunuent | Koadpdunue
JHarna3oH JeHHOCTH, 1b | HcTOUHHK, b Harpyska, 1b OTpakeHHE HT
nepeiaun
100 I'g -300 k' 49 48 48 0,004 0,022
300 xI'n-1 MI'n 48 4] 48 0,010 0,028
1 MI'n-3 I'T'nx ated 35 e 0,019 0,052
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[penensl 1omycKaeMol MOrPeMIHOCTH H3MepeHud Ko3dduIeHTa nepeiayu
(ammHTya2 B Qasa)

S$21 Magnitude Accuracy $21 Phase Accuracy
- ES061B 237 Full Two Port Cal Using 850368 i ES081B 237 Full Two Port Cal Using 850368
1 ¥ 3 T T T £ T ¥ ¥ i
; T T T = 1 3 ! !
— 100Kz 19300 KHz T el 100 KHz to 300 K042 || 1 Z |
300 KHz 0 1 MHz f - ™ 300 Kz 1o 1 MH2 4
- - = =1 MH2 103 GHE E ] ~--tWz03GH o |
% 1 ! / r == 8¢ .
£ TR S 2 s Ty = o E | B N = =
8 b B e i \E | ] | ST s | B o
E 0.1 . : I — : = :
SR St E V= = _
 E— — — S S e = e s 1 e m
= — [Tau1 =500 < 0 out powsr = 10 i Maas-power =10 60m || R S11 = 592 = 0_Cal powsr - -10 6Bm_ Weas powsr - -10 5Bm |
gor L || [ T oo = ke Arage Foctr =1] i [ [iF B = 16 e Averape Facior =]
10 o -0 20 -30 40 -50 60 -70 -80 -90 " 10 o -0 20 -30 40 -50 80 -70 -80 90
Transmission Coefficient (dB) Transmission Coefficient (dB)
[Tpenessl qomycKaeMoit MOrpeHoCcTH Ko3)QUIIHeHTa OTpaKeHHs
$11 Magnitude Accuracy 511 Phase Accuracy
4 ES061B 237 with 850388 Calibration Kit E50618 237 with 850365 Calibraton K
. e - - 10 t 1
§21 = $12 = 0_Cal power = -10 dBm_Neas power =-10 dam | | ] 0, Cal powe? = -10,00m, Nas, powed - -10) s
(—wiken00mz | | IF Bandwidth = 10 Hz. Average Factor = 1] | \ W Barduwnth - 10 Hz Avarage Fact -1
0.04 — WOREWLIME | | 8 rrRer———
= - - -1 MHz 10 3 Gtz | 7 \ )Rt o ¥ M
5 I 1 . ! e
= | i = 2
d003 + = E PG e O RN — S 1
E e | R
E 0.02 | .-—"_;_'/"/»—/, i E -
@ | R E
2 N s @ i
S | L [ £ e
0.01 T == ' ‘ 5 2 e e =
— l | B
| | |
o ] ] } 5
o oz 04 oe 08 1 ] 02 04 08 0.8
Reflection Coefficient (Linear) Reflection Coefficient (Linear)

HcTouHHK HanpsHyKeHHUs NOCTOSHHOTO TOKa (TOJIBbKO Ui omuu 3L5)

Jlnana3oH BeIXOIHBIX HanpsokeHuH (U) + 40 B (Maxc 100 MA)
Pazpernaromas criocoOHOCTh YCTAHOBKH HANPAKEHUs

+ (ot 0 10 10 B) 1 MB

+ (ot 10 no 40 B) 4 mB
[Ipenensl qomycKaeMo# MOrpPeUIHOCTH YCTAHOBKH HANPSXKEHUA TIOCTOSHHOTO +(0,001U + 4 MB)
Toka Ha XX (nmpu 235 °C)

M3mepurens HaNpsKeHUs OCTOSHHOTO TOKA
(Tosbko ans onmuu 3L5) (ITH — Apro <100 ['m)

IIpenens: nomyckaeMoi MOrpelIHOCTH HM3MEpHUH Ha-

TIPSKEHUS:

TIpH TeMIIepaType okpyxkaromeit cpenst 23 °C = 5 °C +(0,004U + 50 MB)

IpH TeMIeparype okpyxaroiei cpeasl ot 5 °C no 40 °C

+(0,004U + 50 MB) - 4

[Ipenens! gonyckaeMoi MOrpelIHOCTH HU3MEpEeHHi ToKa:

IIpH TeMIIeparype okpyxarommei cpeasl 23 °C = 5 °C
IpU TeMIeparype okpyxatomei cpeasl ot 5 °C go 40 °C

+(0,011yct + 500 MmxA-+Umnoct[B]/10 xOm)
+(0,01Iyct + 500 MxA+Unoct[B]/10

KOm)-2
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Tabnuua 5 — Venosus skenyarauuu u Texnuyeckue XapaKTCPUCTHKH aHAIM3aTOPOB LieTel BeKTop-
HeIx ES072A, ES061B

HaumenoBaHue xapakTepuctuku 3HaYeHHE XapaKTEPUCTUKH
E5072A | ES061B

Hopmaibhete yenosus sxcmmyatamun:
TeMIIEpaTypa OKpyKarome cpeasl, °C 235
OTHOCHTEJIbHAs BIAXKHOCTE BO3AyXa, % ot 20 o 80
atMocdepHoe nasinenue, klla ot 84 no 106
PaGoune ycnosus sxcrtyarammu:
TEMIIEpaTypa OKpyKarowle cpesl, °C ot MuHyc 10 go 60 ot 5 1o 50
OTHOCHTEJIbHAS BIIQXKHOCTh BO31yxa, % ot 20 10 90 ot 20 no 80
arMocdeproe nasnenue, k[la ot 84 10 106 ot 84 o 106
['abapuTHEIC pasmeps! (ITHHA X BBICOTA X IIHPHHA), MM, He Gosee 426x222x472 432x235x296
Macca, kr, He 6o1ee 19,8 14
HanpsixeHue nuraromeii cetn mepeMeHHOro TOK ¢ 9acTOTOH ot 47
10 63 I'u, B or 90 mo 264
[Totpebiisiemas MomHOCTE, B-A, He Gonee 350

3HAK yTBepKIeHHs THNA

HaHOCHTCH THHOI‘pa(l)CKHM criocoGoM Ha THT}’HbeIﬁ JIHCT PYKOBOJCTBA I10 3KCIUIyaTallui U Ha KOp-
ITyC aHalIM3aTOpa B BUIE HaKJICHKH.

KomniexktHocTs cpeacrsa usmepennii
Komnext nocrasku Bxrouaer:
- AHANM3aTOp Lenel BeKTopHbii ES061B mmu E5072A (no 3akasy) — lwr.;
- CeTeBO# Kabenb nuTanus — 1. ;
- PYKOBOJCTBO IO 9KCILIyaTalHH — 1T, ;
- METOJIHMKA NOBEPKH — | ImT.

IToBepka

OCYIIECTBISAETCS B COOTBETCTBHH ¢ JOKyMeHTOM 651-14-31 MII «MHCTpYKuMs. AHATH3ATOPHI LiE-

neit Bektopusie ES061B, E5S072A. Mertonuka MIOBEPKHY», yTBepKAeHHBIM DI'YIT « BHUMOTPU» B
despane 2015 r.

OcHOBHBIE CpeicTBa MOBEPKH:

- CTaHZAApT 4acTOThl pyOumuessli FS725, perucrpaunonnsiii Homep 31222-06, IIpelienbl
AOIYCKAeMOH OTHOCHTEIIbHOM MOrPeIIHOCTH BOCIPOH3BEIEHHS YACTOTEI 5,10 Mo+ 5107,

- 1aCTOTOMEp 3/ICKTPOHHO-CUETHBIH 53150A, pernctpaunonnsiit Ne 26949-10, nuanazon
u3MepeHuH 4actotel oT 10 I'u xo 20 I'Ti; mpesessi 0CHOBHOIN AOITycKaeMOM abCoMIOTHOI morper-
HOCTH H3MEPEHUH YaCTOTEI IPH paboTe OT BHYTPEHHETo reneparopa + (F-107 + AF), rne F — wacrora
curana, AF — paspemenne 1o 4acToTe, mpeIessl OTHOCHTEbHOI MOTPEIIHOCTH M3MEPeHHH YacTo-
TBI + 10'6;

- Habopbl Mep ko3 uLmenTOB Mepenaun u oTpakeHus 85054B u 85055A, perucrpaiuoH-
Hblit HOMep 53567-13, npeneibl HOMyCKaeMol OrPeIIHOCTH ONpeaeneHus AeHCTBUTENbHBIX 3HAYE-
HUH MOAyIst Koo dunmenta otpaxenus ot + 0,8 10 + 1,4 %, Tpeaensl JOMyCcKaeMOH IOrpeIHOCTH
onpenenenus haspl koapduumenta orpaxkenns or 0,5 10 1,5°, IpeJebl J0IyCKaeMOH MOrpelIHOCTH
onpeneneHus koapduiuenta nepexaun ot = 0,03 o = 0,1 1B, Ipe/iesibl JOIMYCKaeMOH MOrpeHo-
CTH onpe/eseHus $asbl kodhduumuenTa nepegaun ot + 0,3 10 = 2°

- MSMCpHTEh MouHOCTH E9304A (onuug H19) (peructpanuounnsiii Homep 573 87-14) ¢
6710k0M H3MepuTeNbHEIM N1914A (perncTpaunonHbIi HOMep 57386-14), nnanasou paGoumx yacToT
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Bceero nucros 15
ot 0,0009 zo 18 I'T'r , IManas’oH U3MepeHHH MOIHOCTH OT munyc 50 mo 30 n1bM, npexens! gomyc-

KaeMOH OTHOCHTE/IBHOH IIOrPeIIHOCTH H3MEPEeHH I MOLIHOCTH 3,7+ 5,8)%;

- ATTCHIOATOPBI CTYNCHYATHIE porpaMMupyemsle 8494H u 8496H (perucTpanuonsbil HoMep

00239-15) 3nauenue ocnabnenus ot 0 1o 110ab, npenensr oTHOCHTENBHOI MIOTPELIHOCTH OIIpeJieie-
HHA ocnabnenus ot 0,3 10 3,3 1b.

Csenenns 0 MeToauKax (MeTonax) H3MepeHuit
AHanusarops! Leneii Bektropusie ES061B, ES072A. PykoBoncTBo 1o skcmiyaranum.

HopmaTHBHBIE H TeXHHYeCKHE JOKYMEHTbI, YCTAHABIHBAOIIHE TpedOBaHUSA K aHAIH3ATOPAM
uenei BekTopHbiM E5061B u ES072A

Texuuueckas AOKYMEHTALU H3TOTOBUTEJIA.

Hsrorosurenn

Komnanus «Keysight Technologies Microwave Products (M) Sdn.Bhd.», Manaiizus
Bayan Lepas Free Industrial Zone,

11900, Bayan Lepas, Penang, Malaysia.

hhtp://www keysight.com

3asBurean

OObwecTBo ¢ OrpaHHYeHHOH OTBETCTBEHHOCTHIO «KelcaliT Texnonomxuz» (000 «Keiicaiit Tekno-
TOIKHU3»)

YOpunuaeckuii anpec: 115054, r. Mocksa, KocMomaMurcKast Hab., 52, c1p 3

[Touroserii anpec: 115054, r. Mocksa, KocMonaMHHCKas Hab., 52, cTp 3
Tenedon: (495) 797-39-00
®axc: (495) 797-39-00

HenbitareabHbIi nenTp

QenepalbHOe  rOCyNapCTBEHHOE  YHHTapHOE npeanpusitue  «Beepoccuitckuit  Haywno-
HCCTICNIOBATEIbCKMHE HHCTUTYT (PM3MKO-TeXHHYECKUX M PaTMOTEXHHYECKHX usMepenuity (OI'VII
«BHUUDTPU»).

HOpumuyeckuit anpec: 141570, MockoBckas 0611, Conneynoropckuii p-H, pabounii nocenox Men-
neneeso, npomsona BHUMOTPU, kopnyc 11.

[Toyroserit anpec: 141570, MockoBckas 061acTh, Conneunoropcekuii p-H, 11/0 MeHzexeeso.
Tenedon/dakc: (495) 526-63-00.

E-mail: office@vniiftri.ru
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