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Hcnone3ysa mpousBeqeHUe IIUHBL KPUBOH Dy, vy
Ha 3HaYCHUC KOAPPHUIIUCHTA OOLIETO COMPOTHUBIICHHS
JOPOTH (Wep.s6.), OTPENEISIETCS CIIOKHOCTD JOPOXKHO-
TPAHCIIOPTHBIX YCJIOBHHA C Y4E€TOM YacCTOTHI, aMILIHU-
Tyasl U pacnpenencHus (/) IO MapmpyTy, BBIpa-
JKEHHOE€ B OTHOCUTEIBHBIX €INHULIAX, UMEET BHI:
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CpenHeB3BellieHHOE 3HaueHHe Kod((HUIHEeHTa
OO0ILETO COMPOTUBIIEHUS AOPOTH (Wep.s6.) OMPENEIs-
€TCsl TI0 M3BECTHOMY BBIPAKEHHIO, MMO3BOJISIOLIEMY
YCTQHOBHUTh (PAKTHUECKOE 3HAYEHHWE Y MO JUIMHE
MapIipyTa.

Vcnonp3oBaHue MOKa3aTens CIOKHOCTH JOPOXK-
HO-TPAHCMOPTHBIX yCIoBHUi (K) TpU ONpeaeneHuu
crielupUKA U3MEHEHUs] TPAHCIOPTHBIX IMEPEBO30K
MO3BOJISIET YUECTh MpPEAEbl H3MEHEHNUS, BEca U pac-
Mpe/IeieH sl YYaCTKOB C Pa3IUYHBIM COTPOTHBIICHHU-
€M Ka4eHHIO [0 BCEMY MapIlpyTy.
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CoBepIICHHO OYEBHIHO, YTO aKTHBHO BHEIpsie-
MBbIE€ MPOTPAMMHO-ANMAPATHBIE KOMIIJIEKCHI MOHH-
TOPUHTa TPAHCHOPTHBIX CPEACTB, (QYHKIHOHHUPY-
ome Ha 0a3e HaBUTaNMOHHBIX Moayned GPS wu
KaHaJIOB CETEl COTOBOM CBS3M, HPEACTABIAIOT CO-
00l TEXHUYECKYI0 OCHOBY TaKOi CHCTeMBI. FiTorom
ee peanu3aluy JI0JDKHA CTaTh eAMHAs CeTh MH(OP-
MAaI[MOHHO-aHAJIUTUYECKOTO W MOJENBHOro obec-
MeYeHHs! MPOLECCOB NMPUHSTHS pelleHui B cepe
TPAaHCIOPTa M CMEXHBIX 00JIACTSIX, KOTOPbIE OyAyT
YUUTBIBATh HE TOJIBKO JJIMHY, CKODOCTHOH PEKUM,
3arpy>KeHHOCTh MapuipyTa ABHXKEHHS HO U CIICIH-
¢uky pacupeneneHus kod3pQUIIIEHTa CYMMapHOTO
COIIPOTHBIICHHSI JOPOTH Ha MPOTSHKEHUH BCEH IITH-
HBl MaplIpyTa JBW)KEHHS, B YaCTHOCTH CITyCKH,
MOJIBEMBI, Ka4eCTBO JIOPOXKHOTO MOKPBITUS (HAIH-
yne e(eKTOB JOPOKHOTO MOKPHBITHS) IMOCIEIHEe
JOJDKHO BHOCHTBCS B IIPOrpaMMHOE OOecredeHHe
Ha YpOBHE BHECEHHs B PEaJIbHOM BPEMEHHU 3aTo-
poOB, MPOOOK U T.O. JOJKHBI KOPPEKTUPOBATHCS
C YYETOM.
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[lupokoe pacnpocTpaHEHUE TEXHOJIOTHM, HC-
MOJB3YIOINX AaTOMHYIO SHEPTHI0 M HOHH3UPYIOIIee
m3nyderne (mamee — MM), NMOTEHIMAIbHBIE PHCKH,
CBSI3aHHBIC C BEPOSITHOCTBIO aBapuii Ha SIEPHBIX
00BbekTax (YMCIO KOTOPHIX B MUPE YBEIUUUBACTCSI), &
TaKXe HeO6XOJII/lMOCTb YTUIM3aluy paguOaKTUBHBIX
OTXOJIOB NPHBEIN K CO3JIaHUIO CIIEHUAIbHOrO (KaK
MPABUJIO, CTAIIOHAPHOTO) 00OPYIOBAHKS M aBTOMa-
TU3UPOBAHHBIX CHCTEM paJUalMOHHOTO KOHTPOJIS
[1-4]. B mocienane roapl HApsILy ¢ pHECKaMH 0OBEK-
TUBHOTO XapaKTepa, CBSA3aHHBIMH C MCIOJIb30BaHUEM
atomHO# sHeprun u MU, Bo3pactaroT mpoOiIeMsbl
SAEPHOTO TePPOpHU3Ma, HE3aKOHHOTO 000pOTa paIro-
aKTHBHBIX MaTepHalioB H T.H., KOTOPBIE OMPEIEIISIOT
HEOOXOANMOCTh CO3aHMS MMOPTATHBHOTO U MOOWIIb-
HOT'0 000pYIOBaHMs pPaIHallJHOHHOTO KOHTPOJIS.

OnpeneneHHol XapakTepUCTUKON aKTyaJIbHOCTH
pa60T, IMMPOBOAUMBIX B 3TOM HaIIpaBJICHUHU, ABJIACTCA
MATeHTHAsI aKTHBHOCTD U KOJIMYECTBO HOPMATHBHBIX

nokymeHToB (manee — HJI), paspabotaHHBIX CTpa-
HaMH, OIPEIEeNAIONMA TEHIACHIUH  Pa3BUTHA
aTOMHOM PHEPTeTHKH 1 000pynoBaHUs (B TOM YUCIIE
KOHTPOJIFHOTO) JUIS UX peann3anui (PUCYHKH 1, 2).

le/l CKECAHCBHOM I10JIb30BaAHUU MMOPTATUBHBIM U
MOOWJIBHBIM 00OPY/IOBAaHHUEM PAAUAIMOHHOIO KOH-
TPOJISE BaKHBI MaccorabapuTHBIC MapaMeTphl, JHEp-
romotpeOIeHne, a Takke BO3MOXHOCTH PaOOTHI B
PAa3IMYHBIX TTOTOHBIX YCIOBHUSX.

B naweil ctpaHe OOHUM U3 MPOU3BOIAUTENEH
000pyAOBaHUS PAIHAMOHHOTO KOHTPOJS, B TOM
yucie u nopraTuBHoro, seisgercs OO0 «lommma-
crep». Brwmmyckaemsnii  mpenmpusituem  WCII-
PM1703GNA-II mpennazHadeH i Moucka (oOHa-
PYXEHUS U JIOKAJTU3aIllUH) PaINOAKTUBHBIX U sAEp-
HbIX MaT€pHUaJIOB II0 HUX BHCIIHEMY TIaMMa- H
HEUTPOHHOMY H3JIy4EHUSAM, U3MEPEHUS MOIIHOCTH
WHAVNBUAYAJIBHOIO OJOKBHUBAJICHTA IO3bI (Jlanee -
MDJI) ramma-usnyuenus [5].
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Pucynox 1 — IlaTeHTHas aKTUBHOCTh
CTpaH-IIPOU3BOAUTENCH 000PYHOBAHUS
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Pucynok 2 — Konmuuectso H/I:

1 — MexnyHaponHble cTaHaapThl; 2 — HarmoHanbpHbIe
crangaptsl CIIIA; 3 — MexrocyqjapcTBeHHbBIE CTAHIAPTHI;
4 — EBponelickue cranaaptsl; 5 — HanuonaibHble
cranaaptel Pecrryonuku Benapychb

Jannbiii  M3Meputenb-cUrHanu3aTop IMOUCKO-
BhIii (manee — VCII) umeer Cleyronyo CTPyKTyp-
HYIO CXeMy Mpe/ICTaBICHHYIO Ha PUCYHKe 3.
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Pucynok 3 — Crpykrypnas cxema PM1703GNA-II:

C — curnan; 5/JH — 010K NeTeKTUPOBAHUS HEHTPOHHBIH;
BJ]C — 610K NeTeKTUPOBAHUS CIUHTHIISIIIMOHHBIN;
MK — MEKPOIIPOLIECCOPHBIN KOHTPOJLIEP;

5O — 610K 00padoTku; CB - cUrHANN3aTOp BUOPALIMOHHBIH
C3 — curHanusarop 3ByKOBO#; MII — MOIyIIb IUTAHUS

[Tpubop ocHamieH OBYMSI BBICOKOYYBCTBHUTEIb-
HBIMA JIETEKTOPAMHU: CHUHTHIUIAIIUOHHBIM JIETEKTO-
pom Csl(TI) u HEHTPOHHBIM AETEKTOPOM Ha OCHOBE
6Lif/ZnS. Taxke B ero coctaB BXOIAT JBa MHKPO-
MPOLIECCOPHBIX KOHTPOJUIEPa, OJIOK 00pabOTKH, MO-
Iy7Th THUTaHUS, JABA CHUTHATN3aTOpPa WM JKAIKOKPH-
crayumdeckni uaauKaTop (ganee — XXKKU).

biok jmerektupoBaHuUs mnpeoOpasyeT PerucT-
pUpyeMble ramMma KBaHTbl WIM HEUTPOHBI B
ANIEKTPUYECKHE UMITYJIbChI KBa3UrayccoBoi (GopMmbl,
KOTOpBIE 3aTE€M IOCTYIAIOT B OJIOK 00pabOTKH.

Biiok 00paboTKKM OCYIIECTBISCT TECTUPOBAHHE
npubopa, yNpaBisieT BCEMH pPEXHMaMH pPabOTBHI,
BEJET MaTeMaTHYecKylo 0O0paboTKy CHTHAIOB M
ocymecTisier BbBoA HHpopMmanuu Ha OKKU,
CBETOBOM, 3BYKOBOM W BHOpalMOHHBIA CHTHa-
nmu3aTophl. Brigaua nHGOpMAI Ha CUTHATTN3aTOPEI
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OCYLIECTBIISICTCS. NPU  NPEBBIICHUN
YCTaHOBJIEHHOTO IOPOTOBOTO 3HAYCHHSI.

B pexume mnoncka mnpHOOPBI OCYHIECTBISIOT
CpaBHEHHE YHCIIa MMITYyJIbCOB B €AMHHILy BPEMEHH,
MOCTYHAIOLIUX C BBIXOJOB OJIOKOB JETEKTUPOBAHUS
raMMa- U HEHTPOHHOIO M3Iy4eHHs, C TOPOrOBBIMU
3HAYEHHUAMH, PACCUNTAHHBIMHM Ha OCHOBE 3HAYCHUH
panuanuoHHoro (oHa, M3MEPEHHOTo IIpU Kalluo-
POBKe npubopa B €CTECTBEHHBIX YCIOBHUSX C Y4ETOM
yCTaHOBIIEHHBIX K03 ¢uuuentos. [Ipu obHapy-
JKCHUM WCTOYHMKA BBIACTCSl CHTHAJI TPEBOTH H
OCYIIECTBIISICTCS] KATErOpH3aLysl 110 IPUPOJIE PAIHO-
HyKIHAa (IPUPOIHBIA MITH TIPOMBIIIUICHHBIHN) [6].

[IpuHIMn nedcTBHS TPHOOPOB B pEXHME
M3MEpEeHHs] OCHOBAH Ha IOJICYETe YHCIIa UMITYJIbCOB,
MOCTYNAOMIMX C BBIXOAA JIETEKTOpa ramma-
M3My4deHnd, W BbraucieHnn MOJ] mpu m3mepeHHH
raMMa-u3JIydcHusI.

B osrom pexume nHa XKW wunaumupyercs
u3mepennoe 3HaueHune MO B uSv/h, mSv/h, Sv/h
(umu B pR/h, mR/h, R/h). B HmkHel cTpoke
WHIUIMPYETCS  CKOPOCTh  cyeTa  HEHTPOHHOTO
KaHana, s’

CurHamm3aTop BBIIIONHEH B MajiorabapuTHOM
KOpIyCce U3 yAapONpPOYHOH IIACTMACCHI, 3alHIICH-
HOM OT TONAJaHWsA BOABI M NbLIM. BHemHuid BuA
npudopa MpeACTaBIeH Ha PUCYHKE 4, a pacrooxe-
HUE JIETEKTOPOB NMprOopa u Mx 3(PQeKTHUBHBIX 1IEH-
TPOB MOKa3aHbl HA PUCYHKE 5.

3apaHee
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Pucynok 5 — Cxema pacrnoioyxeHust 1eTeKTOPOB
PM1703GNA-II

W3mepurenn-curHanu3aTopsl MOUCKOBBIE IPO-
CTBI U YAOOHBI B KCIUTyaTalluH, UMEIOT MaJlblii BEC
U KOMIIAKTHBIH pa3Mmep, KOTOpBIE COUYETAIOTCA C
OOJIBIIIUM CPOKOM CIIY’KOBI OT OJHOIO KOMIUIEKTa
asemenToB nuranus (1o 1000 yacoB HempephIBHOM
paboTsl). Y 1apoIpoyHbIil U BIaroycTOWYNBBIN KOp-
ITyC IMO3BOJISIET HMCIIOIB30BaTh MPHOOP Kak B IOMe-
LICHUSX, TaK ¥ Ha OTKPBITOM BO3IyXe.
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MaxkcumanbHas 3(P(GEKTHBHOCTh OOHAPYKEHUSI
WU nabmromaetca npu pacnonoxernu WUCII x 06-
clielyeMOMy OOBEKTYy Ha paccTosHUM He Ooiee
10 cM mpu CKOpPOCTH €r0 HepeMemeHus (Tpacchpo-
BaHMs1) BIOJbL 00bekTa He Oonee 10 cm/c. TTo mepe
npubmkenust kK MM vacrora ciegoBaHusi CUTHAJIOB
BO3pacTacr.
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UNCERTAINTY ESTIMATING OF THE COMPLEX VALUES IN ELECTROMAGNETIC
MEASUREMENTS
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Electromagnetic quantities, for example, electric
voltage, current, power, resistance, magnetic flux etc
are of interest from the point of view of the concept
of uncertainty, since most of them are complex in
alternating current circuits containing capacitance or
inductance.

Models of mathematical expectations of these
quantities have three forms of notation — rectangular,
polar and exponential. The rectangular form is [3]:

Z=a+thi, )
where z -complex number; a — real part; b — imagi-
nary part; i — imaginary unit, i>=—1.

The polar form of notation involves the transition
from Cartesian coordinates (X,y) to polar ones (r,¢)
where r is the distance of the point from the origin

and ¢ is the angle, in radians, from the positive x-axis
to the ray connecting the origin of the point [3]:

Z =r(cos+ising), ?2)
where r — modulus of complex number:
r=|z| =|a+ bi| =va? + b?, 3)

¢ — argument of complex number,
@ = arctg g. “)

The exponential form of a complex quantity
is [3]:

Z=r*el?, )

where e — complex number from Euler’s formula.
The graphical interpretation of mathematical ex-
pectations of a complex quantity is a vector on a
plane, as shown in Figure 1 (the real part of the
number is plotted along the abscissa — the active

component of the quantity, along the ordinate — the
imaginary part (or reactive component)
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Figure 1 — Graphical representation of a complex quantity

Nowadays, there are guidelines [1-3] for esti-
mating the uncertainty of complex quantities, given
in rectangular form. For example, the author of [2]
work offers several approaches to describing the
uncertainty of a complex quantity: 1) using the Ja-
cobi matrix; 2) based on alternative expressions of
the law of propagation of uncertainty: a) through the
correlation coefficients, 0) using submatrix.

The Jacobi matrix has a block structure that can
be related to the derivatives of f with respect to the
individual 2D inputs [2].

IV=U0:) J2) - Jm ], (6)
where
o o
0xqj  0Xyj
II(Y) = ale ale . (7)

These blocks represent 2D sensitivity coeffi-
cients. They can be related to complex partial de-
rivatives of the function using "simple and elegant
matrix". For a complex number (1), the mathemati-
cal expectation model is as follows [2]:
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