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The main task of any information control in the network is to analyze the behavior of the network
and simulate options for its development based on real information. The more complex the network
topology and configuration, the more information is required to conduct its adequate analysis. When
analyzing or designing large monitoring networks, the problem of chosen control devices (b-nodes) for
gathering information is often arised. After some pre-processing or directly b-nodes transfer information
to central node (c-node) by reliable channels. One of the main indices of quality for such networks is
a size of area that is under reliable monitoring, which may be estimated by MENC — a mathematical
expectation of a number of nodes that are connected with one special node.

Earlier this problem of optimal placement of control devices was described in [1]. But model was
limited by graph only and no algorithm was offered for optimization. In present paper random hypernet
with unreliable branches are considered. Simulated annealing algorithm was applied to optimize the
cost-consuming placement of b-nodes.

As need in adequate presentation of multi-layered networks is urgent, many researchers propose
their models, mainly while solving special tasks. Yet there are some papers that consider the problem
in general terms. Most known are such models as sandwiching graphs [2], graphs with different kinds of
edges [3], and layered complex networks (LCN) [4]. All these models lacks fundamental and systematical
mathematical description. At the same time, more than 30 years ago Russian scientist Vladimir Popkov
invented conception of hypernets that allows description of multi-layered networks of different kinds
using common basics. Unfortunately, first mention of this model in English occurs in 2005 only [12].
Later some papers had been published concerning solving some special problems based on the hypernet
model: the task of optimal placement of the monitoring devices on channels of communication network
[6]; design of utility network [7-8|; optimizing transport network [9]. Last two use random and fuzzy
hypernet, respectively.

The task of accurately calculating the connectivity probability of a random network with unreliable
elements belongs to the class of NP-hard ones; therefore, various approximate methods were previously
used in practice, while exact calculation methods were mostly of purely academic interest. However,
the development of computer technology has led to a revival of interest in the use of exact methods
in practice, since it became possible in a reasonable time to calculate the reliability of small and
medium-sized networks (up to tens of nodes). Of the exact methods for determining the probability
of a network being connected with unreliable elements, the factorization or Moore-Shannon method
is most widely known. This method consists in recursively breaking a hypernet into several simpler
branches, respectively, where the vertex is “reliable” (the probability of presence becomes equal to one)
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and where it is removed. Recursion continues until a reliable path connecting the selected vertices is
obtained, or until an unconnected secondary network is obtained; the recursion also ends when a two-
vertex hypernet is received. Due to the fact that the number of recursions grows exponentially with
the number of vertices, additional techniques are required to accelerate this method. The following
methods are used: before calling a recursion, edges in hanging trees and in connected components that
do not contain selected vertices in the secondary network are deleted, when the vertex is deleted, the
network connectivity is checked and if both selected vertices are in the same connected component,
then the reliability is calculated in this component, if the selected vertices lie in different components,
then we get a disconnected network. In both of the above methods, the number of elements of the
hypernet decreases, the reliability indicator does not change.

Classic cost-reliability model is considered for optimization. Each placement of b-node on branch
changes hypernet elements. First we get b-node that split branch and also creates new edges in
secondary network.

It is required to design a hypernet taking throughputs of channels and route length into account.
For solving this problem we search the shortest route for each pair of nodes from X on branches of a
primary network. Breadth-first search algorithm is used. By solving this problem the embedding of the
secondary network into the primary is obtained, and therefore hypernet is obtained.

Various heuristic algorithms have been considered. Simulated annealing (SA) algorithm seems quite
appropriate because it does not require too much calculation MENC in condition (3). As a negative
example, a genetic algorithm can be cited, which requires frequent computation of this condition. On
every step of SA algorithm we found solution that satisfy condition (3) by one-point random change.

This paper continues research of finding optimal placement in monitoring network. Instead of
well known graph model, hypernet model are considered. Also was offered appropriate optimization
algorithm. Future works may concern parallel realizations of algorithm, extension of model (e.g. adding
lengths for channels), consideration of reliability maximizationation problem with limited number of
b-nodes.
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[Tpu ananuze wim TPOEKTUPOBAHUN OOJILINUX CETEH MOHUTOPHWHIA YaCTO BO3HUKAET IIPODeMa Bbl-
6opa KoHTpOJbHBIX ycTpoiicTs (b-y3710B) mis cbopa mudopmanuu. Ilociae HekoTopoil mpensapu-
TeBHON 00PAbOTKK MM HANPIAMYIO b-y3/1b1 1€peatoT nHMOPMAIMIO IIEHTPAJIBHOMY Y31y (C-y3i1y)
110 HaJIeKHbIM KaHasaMm. OQJHUM U3 OCHOBHBIX ITOKA3aTesell KauecTBa TaKWX CeTell gBJIseTCH pas-
MEp TEPPUTOPUU, HAXOAAIIENCS IO/ HATEKHBIM KOHTPOJIEM, KOTOPYIO MOYKHO OIEHUTD C TOMOTIBIO
MENC — MATEeMATHUYIECKOTO OKUJaHUA KOJNIECTBA Y3JI0B, CBA3aHHBIX C OJHUM CIEINAJIHLHBIM y3-
jioM. I'uniepceTy UCHOJIB3YIOTCA I TpejcTaBienus: cetu. 3ajgada Borauciaerus MENC seisgercs
NP-cnoxmoii 3aaaqeii. [losTomy mad onTUMAU3AINT JOPOTOCTOLAIIETO pa3Mertennd b-y37108 ObLT npu-
MEHEH AJITOPUTM UMHUTAIIUH OTKUTA.

KimroueBbie cjioBa: HAJIEXKHOCTH CETH, MUIIEPCETH, OMTUMUBAIUS PA3MEIIEHUS KOHTPOJBHBIX
YCTPOHCTB.

Brenenue. OcHoBHOI 3aa1eil 1100010 WHGMOPMAIMOHHOTO YIIPABIEHUSA B CETHU SIBJISETCS
aHAJIN3 [TOBEICHUSI CETU U MOJICTMPOBAHIE BAPHAHTOB €€ PA3BUTHS HA OCHOBE peasbHOU HHbpOP-
Maruu. Yem ciioxkHee TOIOJIOTUS ¥ KOH(UTYpaIust ceTH, TeM OoJIbIe HHpOpMaIun TpedyeTcst
JIUIsT IPOBEJICHUS ee aJIeKBATHOrO aHaju3a. [Ipw anannze wim npoeKTUpoBaHUU OOJIBIIUX Ce-
Teli MOHHTOPHHTA YaCTO BO3HUKAET MpobJjeMa BhIGOpa KOHTPOJbHBIX yeTpoiicTs (b-y3/108B) mis
cbopa mndopmarmu. [loce nekoTopoil npeaBapuTeILHON 00pAOOTKH MJIM HAIPAMYIO b-y3JIbI
nepearT WHMOPMAINIO NEHTPATBHOMY Y31y (c-y3J1y) 10 HajexkHbIM KaHadaMm. OJIHUM U3 0C-
HOBHBIX IOKa3aTeseil KauecTBa TaKUX ceTeil saBjdeTcd pa3Mep TepPUTOPUH, HAXOISIIeHcs 01
HAJIE2KHBIM KOHTPOJIEM, KOTOPYIO MOXKHO oneHuTb ¢ nomoinbio MENC — Mmaremaruaeckoro oxu-
JIAHUS KOJIMIECTBA y3JI0B, CBSI3AHHBIX C OJHUM CIEIHAIbHBIM y3JI0M.

Panee sra mpobiiema onTHMAaIBHOTO PA3MeNIeHnsT KOHTPOJIBHBIX YCTPOWCTB Obl/Ia OMMCaHA B
[1]. Ho Moziesth orparnduBaiach ToJbKO rpadoM, U He HPeJIarajoch HIKAKOTO aJIrOPUTMA JIsl
ontTuMu3anuu. B Hacrosiieit pabore paccMaTpuBaeTcd clydaiiHasi THIEPCeTh ¢ HeHAIeKHbI-
MU BETBSAME. AJITOPUTM MMHUTAINN OTXKHUTa OBLT MPUMEHeH I ONTUMUZAINHA JOPOTOCTOSIIETO
pasmertenus b-y3/10B.

[TockobKy MOTPEOHOCTH B aI€KBATHOM IMPEICTABICHUN MHOTOYPOBHEBBIX CeTeil siBJIseTCst
OCTPO#, MHOT'HE HCCJIE0BATE/N IIPEJJIaraloT CBOM MOJIEIH, B OCHOBHOM, IIPU PEIICHUU CIICIH-
aJbHBIX 33a4. [loka uTo ecTh paboThl, B KOTOPBIX Hpob/IeMa pacCMaTPUBAECTCS B OOIIHUX YepPTaxX.

Jlanubie paboThl BBITIOJIHEHBI 110 rocyaapcTBeHHoMy KouTpakTy ¢ UBM uMIT CO PAH 0251-2021-0005
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Puc. 1. Bo3amozkHbIe cydan pa3pyIieHnst

CaMMu U3BECTHBIMU ABJISIOTCS TAKHE MOJIENTH KakK CoHaBuI-rpadsl [2], rpadsl ¢ pasHbiMu BuIa-
mu pebep [3] m muoroyposuessie croxkmbie cetn (LCN) [4]. Bo Beex 9THX MOJEISIX OTCYTCTBYET
dyHIaAMEHTATbHOE W CHCTeMATHYECKOe MaTeMaTHdIecKoe omucanue. B To ke Bpems 6osee 30
Jler HazaJ poccuiickuit yuenniit Biragumup [lonkos nzobpes konmnenmnuio 2unepcemeti, KOTopas
HO3BOJIET ONUCHIBATH MHOTOCJIONHBIE CETH Pa3JIUYIHBIX THIIOB C UCIIOJIB30BaAHUEM O6H.[eﬁ OCHO-
BbI. [lo3/1HEE OBLIH OIYOTMKOBAHBI PAOOTHL IO PEIIEHNI0 HEKOTOPBIX YACTHBIX 33,129 HA OCHOBE
IUIIePCeTeBON MOIENH: 333493 ONTHMAJIBHOIO pa3sMelleHrns MOHUTOPHHTA YCTPOHCTB Ha KaHa-
JIaX CeTH CBsI3U [5|; mpoekTHpoBaHie WHKEHEPHOl ceTn [6—7|; onTuMu3anust TpPaAaHCIOPTHOU CeTH
[8]. TTocaennue aBa UCMOIB3YIOT CIyYalHyIO U HEYETKYIO PHIEPCETH COOTBETCTBEHHO.

OcrajibHast 9acTh CTATbU OPraHW30BAHA CJAEAYIONUM O00Pa30M: B pas3jese 2 Mbl J1aeM Ma-
TeMATHIeCKyI0 IOCTAHOBKY 3a/a4dn. B pasmenax 3 u 4 Mbl 00Cy:KJaeM BBIYHCJIEHIE KPUTEPH
MENC u onTUMH3AIKIO CTPYKTYPhl COOTBETCTBEHHO. B pasjene 5 MblI pejicTaBisgeM TeMaTH-
YeCKHe UCCJIeTOBAHNS IPeIIaraeMoro arOpuTMa, a pa3aen 6 SBaseTcs KpaTKIM 3aKII0YeHIEM.

1. Mogens runepceru. Obiiee onucanue Mozesu rutepeeru aano B |9]. Momenpb coyvaii-
HOIi THIepceTH, OCHOBAHHAs HA STOM ONHMCAHWH, Tpenioxkena B [10].

— H = (PN,SN,F) — runepcerh cOCTOUT u3 TepBu4Hoil cern PN, sropudnoit cetn SN u
oTobpazkenus F'.

— PN = (X,V) — meopueHTUpOBaHHbBI rpad ¢ MHOKecTBOM y37a0B X (y3JIbl 00mIHe JI/Is
IEPBUYHON M BTOPUYHOM cern) u MHO)KecTBOM Bereil V. Kak/ast BerBb (KaHau) umeer WH-
dopmarmo o cBoeil MPONyCKHONH CIIOCOOHOCTH.

— SN = (X,R) — HeopueHTHpOBaHHbI Ipad ¢ MHOKECTBOM y3710B X M MHOXKECTBOM pebep
R.

— F : R — 2V — orobpaxenne pebep B MapmpyTsl PN. JInHa KazKI0ro MapHipyTa He
MOKeT OBITH OOJIBIIE OIPeIeIeHHOTO 3HaYeHus [.

— n = |X| — koau4uecTBO y3JI0B.

— m = |V| — xom4aecTBO BeTBEI.

— k = |R| — kommdecTBO pedep.

— p; — BEPOSITHOCTB TOTO, YTO BETKA i ucnpasHa (6e3 HOBPeXKIeHUI, aBapuii u T.11.).

— ¢; = (1 — p;) — BEPOSITHOCTH TOTO, YTO BETBH HE PAbOTAET.

— Ri(p1...pn) — BEPOATHOCTH TOTO, YTO THIEPCETH COCAMHMIIA Kk BHIODAHHBIX y3J10B B SN.
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NumpmaeaTHOCTH 1 cMexKHOCTE B PN 1 SN onpeaensiioTcss aHAJOTHYHO /1 rpadoB, a 0T00-
paxkenue F' maeT 9T MOHATHS /I TUIIEPCETH B TeJIOM. F' MOZKeT OBITD MPe/ICTaBIEH CIeIab-
HBIMH MaTPUIIAMH CMEKHOCTH, OMHCHIBAIONIMMEI CMEKHOCTH pebep (v-CMeKHOCTh, eclii pebpa
MHITUIEHTHBI OJIHON BEpINUHE, H Z-CMeKHOCTD, eCJii pebpa Jieskar B ojiHoil BerBn). Ecau pebpo
HPOXOJAUT CKB03b BEPINMHY, HE SIBJISIIONIYIOCA €l WHIMJIEHTHOH, TO uMeeM cAaby10 WHIMIEHT-
HOCTh THX BEPITUH U pebep.

Bo3MoHbI pazindnabie pa3pynieHns TUIepceT, OHU N300parKeHbl Ha puc. 1, 3aMMCTBOBaH-
HoM u3 [10]. B mexymieit pabore ucmnonb3ytorest Bapuantsl I, IIT u IV s yiaasrenus ysiios,
BeTBeil 1 pebep COOTBETCTBEHHO.

ITepBbiM paccMarpuBaeMbiM KpUTEPUEM HaJlexKHOCTH OyjierT Ry BEPOSITHOCTb COEJMHEHUS
napbl y3/J10B BO BTOPUYHON ceTr. BoiOpanubie y3/bl 0003HAYAI0OTCA KaK S, t.

OHuM 13 BO3MOZKHBIX a[TNTUBHBIX KPUTEPHUEB, KOTOPHIH MOYKHO MOJIYIATh U3 TOTO KPUTE-
pus, spagerca MENC(H) = ;. Rone,(H). LUenrpanbusiit ysen nomeden kak CN. DToT
KPUTepPUl UCMOTB3YeTCsd KaK XapaKTepPUCTUKA KadecTBa CeTH MOHUTOPWHTA ¢ TOYKH 3DEHUs
0XBaTa KOHTPOJUPYEMOil TEPPUTOPHH.

2. Brruucsienue ¢cBA3HOCTU ruriepceTu. V13 TOIHBIX METO/I0B OIpeIe/IeHusT BEPOATHOCTH
CBA3HOCTH CETHU C HEHAJAC?KHBIMU JJICMCHTAMMN HaI/I6OJIee HNINPOKO U3BECTECH METO/, CbaKTOpI/ISaHI/H/I
win mero, Mypa-Illennona [11] (cMm. mpumep Ha puc. 2):

Rst(H) = pRst(H/vzy) + (1 = p) Ryt (H \ vy ),

7€ Uy, — CIydaiiHas BeTBb runepcetn H, p — BEPOSTHOCTD HAINYNS BETBU Uy, H /v,, — rumep-
CETb, I/Ie BETBb U,y HAJEKHA (BEPOATHOCTD HAJININS BETBU CTAHOBUTCA PaBHOl exunune), H\v,,
— T'HIIepCeTh, NoJlydeHHad u3 H ynajeHueM BeTBU Ug,. OOpaTuM BHUMaHHUe, UYTO IIPHU YIaJeHUH
BETBU MOXKET OBITh YHHUTOXKEHO Oojiee 0JHOTO pebpa, 160 HU OJHO. DTOT METO, 3aKTI0UAETCS
B PEKYPCUBHOM pa3OMeHUN THIEPCETH 110 BETBH HA HECKOJILKO 00JIee MPOCTHIX, COOTBETCTBEHHO
IJle BeTBb HaJeKHad U IJe OHa yJajeHa. PeKypCcHsa MpoaoIzKaeTCs 10 MOy TeHHs:

1) Hagexkroro myT, coenHSIIONEro BhIOpaHHble y3ibl. Pekypcust 3aBepiinaercs W BO3Bpa-
maer Ry = 1.

2) Hecwsazaunoit BropuuHoii cetu. Pekypcust 3aBepiiaercs u Bosspaiiaer Ry = 0.

3) Iunepcers ¢ aBymst y3aamu. Pexypeust 3aBepinaercss u Bo3spamaer Ry = pg.

Jlst cokparteHnst TpOCTPAHCTBA, MePEUNCICHNS TPEIIAralTCa MEeTOIbI PeAYKIIUNA THIEPCe-
TH:

1) Vnarenue pebep (cM. mpuMep Ha pUc. 3) B BUCAIUX JIEPEBbAX U KOMIOHEHTAX CBSI3HOCTH,
He cojepzkamux 00a BBIOPAHHBIX y3J1a, BBINOJIHsSETCS Bo BropuuHoit cetu SN. Hazosem 3T0
1peobpa3oBanue pejykiueit pedep.

2) Penykiust MocTa (CM. mpuMep Ha pHC. 4) TPOUCXOUT, KOT/IA IPH YAAJEHHH BETBH MBI 110-
JIydaeM HeCKOJIbKO KOMIIOHEHT CBSI3HOCTH B nepBudHOil cetn PN. Ecin ogHa n3 HUX COAEPKUT
oba BBIOpAHHBIX Y3JIa, TO PacdeT HaJIeXKHOCTH BBIIOJIHSETCS B 9TOH KOMIIOHEHTe CBA3HOCTH. B
HPOTUBHOM CJIYYae MBI IOJIyYaeM HECBA3AHHYIO BTOPHYHYIO CETh.

3) Pemykiust «IpocThIXy Henedi (WIu peayKius Terneil) B mepBUIHON ceTu (cM. mpuMep Ha
puc. 5). Iemnb Gyaer Ha3bIBATHCS IPOCTOI, €CIIM OHA «KOPPEKTHAsI», T. €. IIPU yIaJeHIH JI000H ee
BETBU OY/1yT y/aJieHbl Bce pedpa Iemn, 1 3TOT caydail Takyke MOYKHO 0O0padboTarh. B HacTosImit
MOMEHT 06pabaThIBAIOTCS CJIyYan, KOoraa pebpa ¢1abo HHIIIeHTHBL (¢cM. TepM B [9]) y3uam nemnwu,
U eCcJIM MHIUJCHTHOCTH UMEIOT CTelleHb JIBa.

Bo Bcex BbIIenepevnc/JIeHHBIX PEAYKIIUSIX KOJIUIECTBO 3JIEMEHTOB IHIEPCEeTH YMEHbITAeT s,
CBSI3HOCTH THIIEPCETH HE MEHSIETCS.
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[Tpu Beraucaenunn M ENC Mbl nosydaeM KyMyJIsITUBHBIE TpaHuIlbl [12], KoTopble MOIYyT HO-
MOYb OCTAHOBUTH BBIUHCJICHUsI, KOT1a Tpedyemoe 3uadenne M ENC 6osbie BepxHeil rPaHUTIBI
UM MEHBIIIe HUYKHEH TPAHUIIHI.

3. OnTuMusanuga CTPYKTYPHI runepceTu. PaccMoTpeHa KiaaccuiecKas MOJIETb «3aTpa-
THl — HAJEeXKHOCTb»:

D> oy~ min, M)

jel,...m
MENC > R, (2)

rjae ¢; — CTOUMOCTL pasMellleHus b-y3ia B BeTBH vj; y; — iar BeIOpaHHON BeTBH vj; R —
Tpebyemoe 3HaUeHNe HA/JIeKHOCTU. [/ Bee 3aTpaThl paBHbI, TO HOJIYYaeM CJICYIONLY 0 3a/1a9y:

> v~ min, (3)

j€EL,...;)m
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MENC > R. (4)

Kazkoe pasMmemnienne b-ysja Ha BeTBH H3MEHsIET 3JEMEHTHI IHIIEPCETH, KaK IIOKA3aHO Ha
puc. 6. Cuavasia Mbl nojiydaemM b-y3es1, KOTOPBIi pa3/iesisier BETBb, a TAKXKE CO3/aeT HOBBIE
pebpa Bo BTOPUYHOIT ceTn. 3aTeM COeIUHSIEM er0 HAJIeKHON BETBBIO C C-Y3JI0M.

Tpebyercst cripoekTupoBaTh THIIEPCETh C MPOIYCKHOW CIIOCOOHOCTHIO KaHAJOB W JIJIWHO
MapmIpyToB. g permenns 3Toit 3a7a9u UIeM KpaTIalImuit MapIipyT A8 KaxKI0i mapbl y3-
JIoB W3 X Ha BETBAX MepBUYHON ceTn. Vcmonp3yeTcs aaropuTM moucka B mupuHy. Pemras a1y
3a7a49y, BKJIAIBIBAEM BTOPUIHYIO C€Th B MEPBUYHYIO U COOTBECTBEHHO IMOJIYIAeM THIEPCETh.

3aj1a4ua TOYHOTO PACUYeTa BePOATHOCTH CBSI3HOCTHU CJIYyYafHON COTH ¢ HEHAIEZKHBIMA JJIeMEH-
Tamu oTHOCHTCsI K Kiaccy NP-tpymabix 3amaq [13]. TTosromy Gblinm paccMOTpeHBI pasindHble
9BPUCTUYECKIE AJTOPUTMBL. AJITOPUTM UMHUTAIMA OTKHUTA (SA) KarKeTcs BIOJIHE HOIXOSAIINM,
IIOCKOJIbKY OH He TpebyeT cJuiikoM GoJbinoro seraucaenns M ENC B ycaosuu (3). B kaue-
CTBE OTPHUIATEILHOIO IPUMEPa MOYKHO NPUBECTH FeHeTHUECKUI aJITOPUTM, TPEOYIOIIHI IacTOro
BBIUUC/ICHUST TOTO yeaoBusi. Ha kaxkgom mmare ajgropurMa SA Mbl HAXOAUM PeENIeHHe, yI10-
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Puc. 7. Tlepuunas cetnb Puc. 8. Bropuunas cern
(ronosorus dusmdeckoil cern) (TomoJIOrYs CeTH MOHUTOPUHTA)
Tabauua 1
Pesynbrarer anroputma SA qugs R=11c¢ N =1
Penrenne pacwemwvt MENC

(5,9) 83
(5,9) 39
(8,12);(12,16) 97
(15,16) 41
(14,15) 42
(5,9) 93
(3,7) 19
(5,9) 39
(3,7) 16
(5,9) 27

BJIETBOPSIIONIee YCJIOBHIO (3) myTeM caydaiiHoil 3aMeHbl 0HON ToUKH. [IpoBepeHHbIe perreHus
COXPAHSIIOTCS B HAMSITH.

4. PacueTbl. AJIropuT™M TECTHPOBAJICS HA CETH MOHUTOPUHIA, IIPEACTABICHHON CJ1yYaiiHbIM
aepesoM (cMm. puc. 8).

DTa ceTh BCTPOEHA B MEPBUYHYIO ceTh (cM. puc. 7). Kaxkapiii KaHagT WMeeT MpOMmyCKHYO
CIIOCOOHOCTD, paBHyIo ABYyM, D = 12,

[Tapamerpsr asropurma SA: Tre. = 10,7, = 0,01, dyaknus temmeparypsi: 1T =
0,174/ k, Tie k — KommdaecTBO uTepanuii. B KauecTBe HCXOMHOTO peIieHust BHIOMPAETCST HEKO-
TOpOe KoJImiecTBO BeTBeit N ¢ HanbOJIbIel MPOIyCKHON CIIOCOOHOCTHIO. AJITOPUTM 3AITyCKAJICS
JlecaTh pa3 Juia Mojesu ¢ nmapamerpavu R = 11 u R = 12. Pesyabrarsr npejacrapienbl B TabJI.
1 # 2 cooTBeTCTBEHHO.

Ha ocnoBanuu 3TuX pe3yJbTaTOB MOYKHO CJIeJIaTh CJeIYIONIHe BhIBOIBI:

— 3Haduenue 1eaeBoil PYHKIMNA OJUHAKOBO 1T BeeX TecToB. Kpome oIHOrO /151 TapamMeTpa
R = 11. D710 103BoOJIIET IPEAIOJI0KATE PAOOTOCIIOCOOHOCTH AJATOPHTMA.
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Tabavua 2
Pesynbrarer amropurma SA mag R=12¢ N =2
Pemenne pacuemv, MENC
(6,10);(15,16) 99
(10,11);(14,15) 64
(11,15);(13,14) 54
(11,12);(13,14) 88
(11,15);(13,14) 55
(11,12);(14,15) 104
(9,3);(15,16) 86
(9,10);(15,16) 99
(6,10);(7,8) 73
(9,13);(14,15) 43

— Huna MENC = 12 neobxomumo 6oJsiee 0mHOTO b-y3a.

— Kousmmuaectro Berancaennit M ENC' pacrer ¢ poctom mapamerpa k.

— Kaxkoe pasmertienue b-y3/1a 3HAUUTENHHO YBEJIUIUBACT BPEMsl BBIUUCICHUIA.

SakgroueHne. DTa CTaTbsd MPOAOTIXKAET UCCTIETOBAHUS MO MOWCKY ONTUMATBLHOTO Pa3-
MEIIeHUsT B CETH MOHUTOpuHTra. Bwmecto wu3BecTHON rpadOBOil MO pPacCMaTPUBACTCS
runepceTeBas MoOAe b. Takyke ObLT IIPEIIOKEH COOTBETCTBYIONUNA AJATOPUTM OINTUMU3AINH.
Bynymnime paborbl MOTYyT KacarbCsd Napa/uiejIbHBIX peajn3anuil  ajropuTMa, pacliupeHus
MoJenn (HampuMep, J00aBJIeHHs JJINH KAHAJTOB), PACCMOTDEHUS 3aJadd MaKCHMU3AIIH
HAJIE?KHOCTHU TIPU OT'PAHUIEHHOM YHUCJIE b-y3J10B.
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