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This article introduces the methods and techniques for improving of the spectral resources
utilization effectiveness for GSM mobile network. We suggest the combined use of orthogonal
multiplexing and dynamic frequency and channel allocation as an optimal solution for radio access
network. Speech quality is an important measurement for the performance evaluation in a wireless
mobile communication system since voice is still the most used service. The speech quality
evaluation considered in this paper for GSM system employing narrowband and wideband AMR
codecs with Orthogonal Sub Channel (OSC) technique. OSC feature proposes the way to double
circuit switched capacity for GSM networks. It has introduced two new channel modes, namely
Double Full-rate (DFR), and Double Half-rate (DHR), which have doubled capacity in comparison
to legacy AMR channel modes. Many of the efforts in standardization are concentrated on studying
hardware improvements lead by AMR DHR usage over AMR HR channel mode. Although AMR
DFR has not brought hardware efficiency improvements over legacy channel modes, in this paper it
is shown that speech quality is improved over AMR HR with the same blocking capacity.
Therefore, it is a good solution for some interference-limited networks. Furthermore, we also
investigate the speech quality of wideband AMR DFR codecs, which provides a substantial
improvement when compared with narrowband AMR. As GSM uses the combination of frequency
division multiple access and time division multiple access, the radio channel determines by the
frequency slot and the timeslot. When a channel assignment needs to perform because of a newly
initiated connection or handover, DFCA will evaluate all the possible channels and then choose the
most suitable one in terms of CIR for the assignment. For this reason, an estimate of the CIR is
determined for each available radio channel. The pairing of two users in the same radio channel is
one of the most critical of all the aspects of radio resource management. The BSC can take
advantage of the software-based pairing capability of DFCA to search for the best pair among
several candidates. Although the BSC uses part of the DFCA algorithm for pairing, it is not
necessary to synchronize BSS, as is usually the case when introducing DFCA. In standard mode,
each GSM frequency channel can handle 8 or 16 users when using the FR-and HR-channel mode.
Accordingly, the application of OSC to FR and HR calls, the 16 and 32 persons can occupy one
frequency channel by double-FR (DFR) and double-HR (DHR), respectively. To maintain QoS
parameters, there were introduced the restrictions for a range of using orthogonal subchannel.
With use of OSC technique, we propose to distribute the subscribers to three service quality classes.
Simulation results confirm the effectiveness of proposed methods, in terms of calls lost probability.

Keywords - orthogonal multiplexing, space division, bit error rate, spectral resource,
mobile network



B crarri npoaHaisi3oBaHO MeTOAW Ta TEXHOJIOTII migBMINeHHS e(eKTHBHOCTI
BHKOPHUCTAHHS CHEKTPAJbHUX pecypciB Mepesxki modinbHoro 38’s;3ky GSM. 3anpononoBaHo
CyMiCHe 3aCTOCOBYBAHHSI OPTOTOHAJILHOTO 00’€THAHHA KaHAJIB Ta JUHAMIYHOI Mepe0yl0BH
YacTOTHO-4acoBUX pecypciB. s 30epe:xkenHs mapamerpiB QOS BBegeHO 00MekeHHs 3a
JajabHicTIO il opToroHanbHOro o06’c¢aHanHs. B 3oni gii OSC 3ampomoHoBaHo po3mogia
a0OHeHTIB JMIIe HA TPH KJIacH 3a AKICTI0O HajgaHHA cepsicy. Pe3yabTaTm MopeaoBaHHS
NiATBEPIAKYIOTh  e(eKTHBHICTb BHKOPHCTAHHA MeETOAIB  YIIITbHEHHA 3MeHIICHHAM
iMOBIpPHOCTI BTPaTH BUKJIMKIB.

KarouoBi cioBa - opTroroHajbHe 00’€¢IHaAHHSI, MPOCTOPOBE PO3dileHHs, KoediumieHT
0iTOBMX MOMMJIOK, CIIEKTPAJIbHHUI pecypc, MOOiJIbHA MepexKa.

Beryn
OpHi€elo 3 mpo0OsieM BOPOBAPKEHHS MEPEK YETBEPTOrO MOKOJIHHA B ICHYIOUOMY MYJi 4YacTOT €
HEJOCTaTHICTh PaiiouaCTOTHOTO pecypcy Iid 3a0e3MeveHHs] MOKIMBOCTEH TEXHOJIOTr1i B MOBHOMY 00CA3i
Ta 3 BHCOKMM piBHEM SKOCTI ais KiHueBoro abonenta. [l ¢(yHKUioHyBaHHA Mepexi HEOOXiJTHOIO
YMOBOIO € HasIBHICTh MIMPOKOI HENEPEPBHOI CMYTH YaCTOT.
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Puc. 1. HR i FR ¢ GSM-mepeacax

B peanpHux yMoBax y omepaTopa HE 3aBXAW MOKE OyTH BiJIbHA 4acTOTHA cMyra HEoOXigHOT
BeNWYMHHU. J[1s1 BHIINEHHS YACTOTHHX PpECYpCiB IMiJi MEpeXi HACTYyNHUX TIOKOJiHb HEOOXiTHO B
JUHAMIYHOMY PEXKUMIi MPOBOJUTH MOHITOPHUHT BIJIbHUX YaCTOTHHX KaHAJIB i 3[ificHIOBAaTH iX pedapMiHr
TaKHM YMHOM, 11100 3a0€3MeUNTH MAaKCUMAJILHO IHPOKI BUTbHI CMYTH 9acToT [1].

Ha cydacHomy eTami 3 METOIO €KOHOMIii BUKOPHUCTOBYBAHOTO CIIEKTPY B Mepexkax ctanaapty GSM
BukopuctoByroThcs kogekn HR (Half Rate) Ta FR (Full Rate) na 6a3i metonis komysanust AMR (Adaptive
Multi Rate) (puc. 1).

B 3arampHOMY Bumanky onuH dYacToTHMHA KaHanm mmmpuHOO 200 xI'm Moxe omHOYAaCcHO
obciayroByBatu BichMox aboHeHtiB (FR), a BukopucroByroum komek HR wmoxmmBo oOciayroByBaTH
[ICTHAAISATHOX.

Metoau e(l)eKTPlBHOFO BUKOPUCTAHHA YaCTOTHO-YaCOBHUX KaHaJIiB

OanuM i3 METOJIB TIiJBUIICHHS €()EKTUBHOCTI BUKOPHUCTaHHS pPajiio4acTOTHOTO pecypey €
3acrocyBanHs TexHounorii OSC (Orthogonal SubChannel) — oproronansHOro 00’ €JHaHHS KaHAMTIB.
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Anroputm OSC 3mateH OyOnoBaTH TOJOCOBY €MHICTh B Kanaimax GSM, nme nBa KopHcTyBaya
MOXYTh BHUKOPHUCTOBYBAaTH OJMH 1 TOH e i3uuHuil pamiopecypc ogHowacHo. [y MpaBHIBHOTO
PO3IiJICHHS] CUTHAJliB KOPUCTYBauiB KOXXEH KOPUCTYBau [OBHHEH BUKOPHCTOBYBATH Pi3HI TpeHYBalbHi
MOCHIIOBHOCTI, SIKi IOBUHHI OyTH B3a€MHO KOPEJIbOBaHi ISl JOCSTHEHHS MAaKCUMAaJIbHOT MPOAYKTHBHOCTI
OSC.

[Ipu OSC y nanpsaMky Big aboHenta UL (kananm “BBepx”) Ha 0a30Biil cTaHLil 3aCTOCOBYETHCS
MIMO po3ninieHHs CHTHaIIB BijJi aDOHEHTIB Ha OCHOBI IPOCTOPOBOro po3aiieHHs kaHaniB (SDMA — Space
Division Multiple Access). CyTb mpoCTOpPOBOrO PO3IIEHHS HOJSIra€ B TOMY, IO Pi3HI MepelaBalibHi
AHTEHH TepeaaBaTUMYTh Pi3HI YaCTHHHU OJIOKY iH(opMamiifiHuX cuMBOJIiB abo pi3Hi iH(popMaliiHi O10Ku.
[lepenaua ngaHux BeAeThCsl MapaieiabHO 3 ABOX ab0 3 YOTHPHOX aHTeH. Ha mpuiimanbHili cTopoHi
3MMIHCHIOETHCS TIPUHOM 1 PO3IOJILI CHUTHANIB Pi3HUX aHTEH, 1 CTAE MOXKIIMBUM 30UIBIIICHHS MAaKCUMAJIBHOT
IIBUJIKOCTI TIepeiayi 1aHux B 2 a00 B 4 pa3i.

B nanomy Bumaaky mpu BukopucTanHi TexHonorii OSC mocraTHbo ob6nagHyBaTH 0a30Bi CTaHIIl
nBoMa mnpuiiManbHuMu MIMO aHTeHamMu (OBI mepegaBaibHI aHTEHM — JABI MOOWNBHI CTaHMil), IO
30UIBLINTE TPOIMYCKHY CIPOMOXHICTH MEpEXi y JABa pa3u, TOOTO 0OCIyroByBaTH IBOX aOOHEHTIB y
OJTHOMY 4aCTOTHO-4YaCOBOMY KaHaJI.

VY nanpsMky Big aboneHTa 10 6a3oBoi cranmii DL (kanan “BHM3”) 0a30oBa cTaHIis MOCHIAE ABOM
kopuctyBauaM OSC equnnii QPSK (Quadrature Phase Shift Keying) moaynboBanuii curnain, skuii MOxe
Oyt mimmHoxuHoro 8-PSK cy3ip'a, ne Halicrapmmii OiT MicTHUTH iHQOpMamilo [yis KOpHCTyBaya
niakanany 0, a MOIOAIIMK OIT MICTUTh CUTHAI AJIsl KOpUCTyBaya migkaHany 1. 3aBasku texHomnorii EDGE
(Enhanced Data Rates for GSM Evolution), sxa npu mnepemaBaHHI JaHUX BUKOPHUCTOBYE (ha3oBY
Gararonosuiiiiny Momyssiito (8-mosutiitny) 8-PSK (Phase Shift keying), anropurm OSC ‘“‘3ammBae”
QPSK y 8-PSK, nepenarou juiiie Y0OTHPH TOUYKH Cy3ip’s [2].

MoOinsHUIA TepMiHAT 37aTeH ASKOMyBaTH Iieil cymapHuii curHai sk 3Budaitanii GMSK (Gaussian
Minimum Shift Keying) curaan. OnHak, yepe3 0araTonpoMeHeBe MOMIMPEHHS, OPTOTOHAIBHI BIACTHBOCTI
MiX CHTHaJaM# 000X aOOHEHTIB 3MEHIIY€EThCS Ha MDKCUMBOIBHIHN iHTEepdepeH i MiX JBOMa CHTHAJIAMHU.
OpmauM 13 IPUKITAIIB AJIS TONABIEHHS MiKKaHAJIBHOI iHTEp(epeHIlii Ha TpUHMaNbHIA CTOPOHI € aJTOPUTM
SAIC (Single Antenna Interference Cancellation). Came BiH BUKOPHCTOBYETHCS Y MOOUTBHUX MPUCTPOSIX 3
2003 poxy 3aBASIKH CBOIM €KOHOMIYHHM Ta SIKICHUM TTOKa3HHKaM.

(H.a

(0,0)

(H.a.)

(nigkanan 0, nigkanan 1)

Puc. 3. I[Tiomnooicuna cysip s 8-PSK y xanani "enu3s"

Haii0inpm cyTTeBUM HEJOTIKOM METOAY OPTOTOHANBHOTO 00’ €THAHHS KaHAiB € OOMEXCHICTh 30HU
i1 1aHOoi TEXHOJIOTI].

s 3acTocyBaHHS METOLy OPTOTOHAJIBHOTO 00’ €IHAHHS KaHAIB BBOJUTHCS YMOBHE OOMEXKCHHS, a
came PeKOMEHJI0BaHO ii 3aCTOCOBYBaTH y OJMMKHIN Ta cepeaniil 30Hax aii 6a30Boi craHuii (Buie piBHA -93


http://en.wikipedia.org/wiki/Phase-shift_keying

nbm) [3]. lane oOMeXeHHS BKUTO JUIsl 30€peKEHHS TapaMeTpiB SKOCTI Mepeaadi royiocy s KiHIEBOTO
aboHeHTa.

Buznaunmo edektuBHy Bigctanb mis gii OSC y rycroHaceneHoMmy myHKTi. st 1bOro
BUKOpHUCTaeMO Mojesb Okamypa-Xata, ska 03BOJISIE BU3HAYUTH BTPATH HPU MOLIMPEHHI PaliOXBUIIb B
3aJIe)KHOCTI BiJ BICTaHi MpH 3aJaHili 4acTOTi HECy4oi, TYCTOTI HaceJIeHOCTi TepUTopii, BUCOTI 6a30Boi
craHmii (edexkruBHe 3HaueHHs I GSM cucremu BBakaemo 30 M) Ta BUCOTI MOOUIBHOI CTaHII
(edextuBHe 3HaueHns it GSM cucremu BBakaemo 1.5 M). BisememMo Momens s ypOaHi30BaHHX
(TycToHaceneHunx) TepUTOPiH.
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Puc. 4. Moodenv Oxamypa-Xama ona OSC

Ockinbku Mozeis OkaMmypa-Xata 300pakye 3aJIeKHICTh BTPAT, 110 3a3HAE CUTHAN IPHU MOIIUPEHHI,
TO BHECEMO JOJAaTKOBHM NOAAHOK, SIKHHA XapaKTEPHU3y€e PIBEHHb MOTYKHOCTI mepenada 0a30BOi CTaHINT Ta
BimHIMeMO BTpaTH (puc. 4). baunmo, mo edekTruBHe Bukopuctanus TexHoiorii OSC e y mexax Bix 400 1o
500 metpiB Bix po3mimieHHsS 60a30Boi cranimii. [Ipore, 3 iHIOT CTOPOHN, OOMEXKEHHS 10 JAITBHOCTI pOOOTH
TEXHOJIOT1] OPTOTOHAIHHOTO 00’ €JHAHHS KaHANIB CyTTEBO HE BIUIMHE HA YIIUTFHEHHS YaCTOTHO-4aCOBOTO
pecypcy Ha TepuTopii 3a MICTOM, € BiACTaHI MK 0a30BHMH CTaHISIMH MOXYTh CSTaTH IEKIJTBKOX
KiJIOMETpiB.

BuxopuctoByroun kozexku FR i HR Ha 06a3i amroputmy komyBanHs AMR Ta TexXHOIOTIiIO
OpPTOTOHAJFHOTO YIIUTFHEHHS KaHATIB aOOHEHTIB MEPeXi YMOBHO MOXKHA PO3IUTATH HA YOTHUPH KIIACH 32
SKICTIO 00CIyroByBaHHs (puc. 5).
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Jis KinbKiCHOT OLIIHKM CTHCHEHHS CIIEKTPY CTIIBHUKOBOI MEPEsKi BBEIEMO HACTYITHI KOe(illieHTH:
o fr—mokasye uactky abonenris FR;
e dfr — noka3sye yactky abonenriB FR+OSC (DFR);
e hr - mokasye gactky abonentiB HR;
o dhr — nmokasye uactky abonentis HR+OSC (DHR).
Brenemo Takok MOHATTS KOSPIIIEHTY yIIITEHCHHS:

A= fr+1/2dfr +1/2hr +1/4dhr (1)
BukonaBmm eneMeHTapHi apuMETHUHI Oneparii, OTpUMAa€EMO:
A= fr+1/2(dfr + hr)+1/4dhr )

KoedilieHT yIIiIbHEHHS IOKa3ye SIKYy YacTKy CIIEKTPaIbHUX PECYPCiB MOXKHA BHBUIBHUTH. Tomi y
3oHi 11ii OSC OyayTh HasBHI JiuIe abDOHEHTH TPHOX KiaciB, a came: FR, DFR, DHR.

F HR+~OSC

' FRAOSC [FROSC | | | [
FiIR+OSC | F s osc [ [ | ]

200 My

—y

4,62 mc
Puc. 6. Knacu abonenmis y 6audicHiti ma cepeoHiti 30Hax

Ille omHUM METO/IOM ITiIBUIIICHHS €(DEKTHBHOCTI BUKOPUCTAHHS CIIEKTPAIBHUX PECYpPCiB TEXHOIOTIl
GSM e DFCA (Dynamic Frequency and Channel Allocation) [4]. Jlanuii MeTon Oa3yeThcsi Ha 300pi
CTATUCTUYHHUX JAHUX TPO CTaH MEPEXi Ta BHOIp YaCTOTHO-9ACOBOTO KaHATY Pealli3ye€ThCsS Ha OCHOBI
HaWKpaIoro BiAHOMIECHHS CUTHAJ / TITyM.

Y xoHTposnepi 0a30BHX CTaHIIH (HOPMYETHCS MaTPHI TEPENIKOA Uil BCiX BITRHHX YaCOBHUX
KaHaJIiB, BCiX 3amaHux HabopiB yactoT (MA - Mobile Allocation) i ctpu6kis o gacrori (MAIO - Mobile
Allocation Index Offset). Ilpu BcTaHOBIIEHHI HOBOTO BHKJIHMKY a0O0 XEHIOBEPY aHAII3yeThCS Kitac
ab0OHEHTCHKOI CTaHIlii Ta MOTpiOHE UIA Hei BiMHOMIEHHS CHUTHAI/IIYM, IMOTIM BHOWPAIOTHCS PECypCcH
(dacoBuil kaHan, Habip YacTOT, 3CyB CTPHMOKIB IO YacTOTi), mo 3abe3rneuyloTb HeoOXiJTHE 3HAYeHHS

CUTHAJI/IITyM.
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Leit meton € mieBuMm mpu OOpoTHOI 3 MiKKaHAIBHUMHU 3aBaJjaMHd Ta MpPU BHPIIIEHHI MpoOiieM
CHHXPOHI3alii, a TaKOX HOro BHKOPHCTaHHS pa3oM i3 TexHonorieto OSC no3Bossie BUOpaTH HaWKparry
a0OHEHTIB Ui 00CTYrOBYBaHHS B PEXKUMI JyOJIOBaHHS NPU OPTOrOHAJILHOMY 00’ €IHaHHI IBOX CHUTHAIIB
BiJl a0OHEHTIB.

Pesyneratn BukopuctanHs DFCA BimoOpaxkeni Ha puc. 8. [lokasaHo 3anexHiCTh BiJCOTKa
HEBJAJIMX CIpoO BCTAHOBICHHSA 3’€AHAHHsS BiJ 3aBaHTaXEHOCTI 4acToTHO-uyacoBoro pecypey (EFL -
Effective Frequeny Loaded) [5]. Ik 6aunmo, mo npu BukopuctanHi anroputmy DFCA moka3Huku podboTtu
MEpEXKi € CYyTTEBO KpalIHUMH, aHDK 0€3 HbOTO.
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Puc. 8. Epexmuenicmo anecopummy DFCA

3aBAsSKH BUKOPHUCTAHHIO TAHOTO METOIY MOKHA 30UIBITYBaTH KUTBKICTh aDOHEHTIB, SIKMM HaTa€ThCs
cepBic B pexkuMi myomoBaHHs (pu BukopucTtanHi Texuoorii OSC).

Moae/ilOBaHHS MpoLecy 00CJIyroByBaHHsI a00HEHTIB

Pobota Mozeni po3ainioeThCs Ha 1BA €TaIH:

1) Eram cTaTHYHOTO MOJEIIOBAaHHS, IIPH SKOMY HEMa€ MOy Ha KaTteropii aboHeHTiB. B 1ibomy erari
npyY HaIXOMKEHHI 3asBKM Ha OOCIYrOBYBaHHS 3/IHCHIOETHCS IMEpEeBipKa HAsSBHOCTI BIIHOTO
YaCTOTHO-4AaCOBOT'0 KaHAITy Ta MPH KO0 BiACYTHOCTi a0OHEHT 3aHOCUTHCS B Uepry Ha BiAOil;

2) [Jpyruii eram — eran JUHAMIYHOTO MOJENIOBAaHHS, NPU SIKOMY BHKOPHUCTOBYFOTHCSI TEXHOJIOTIT
OpPTOTOHAIBHOTO O0’€AHAHHS KaHAJIIB Ta JUHAMI4HOI mepeOyJOBH YacTOTHO-4YAaCOBHX KaHAIIB.
3po3ymiso, IO B IbOMY €Tarli 301IbIIY€eThCSI EMHICTH MEPEKi Ta 3MEHIIYIOTHCS! IMOBIPHICTh BTpaTu
BUKJIMKIB.

PosrnsinemMo pesynbTaTé poOOTH 3allpoNOHOBaHOI Ta omucaHoi BUIle. JlaHa MozAenb BpaxoBYE
OOMEXCHHST 30HU JIii TEXHOJIOTii OpPTOTOHAJILHOTO O0’€JHAHHS KaHANIB Ta BIJINOBIHO a0OHEHTH, SKi
3HAaXOAATHCS 1032 Li€I0 30HOI0 HE MOKYTh OTPUMATH IOCITYTH B PEKUMI TyOIIOBaHHS.

Ha puc. 9 BinoOpaskeHi pe3ynbraTi poOOTH MPOrpaMu 00CIyroBYBaHHSI BXiIHOTO HABAHTa)KEHHS BiJ|
abonentiB GSM mepexi. Sk BxiaHi napamerpu Oynu:

e mupuHa cuekTpy (3.4 MI'm);

¢ IHTCHCHBHICTh HaIXOJKEHHS BUKJIHKIB B cucteMy (80 BUKI/XB);

e cepelHs TPUBANICTh BUKIHUKY (32 CTATUCTUYHUMU JaHUMU 11 BEIWYHMHA piBHA 81 cexyHaa);
®  TPUBAJICTh MOJCTIOBAHHS (24 TOAWHM).

Ha rpadiky BimoOpakeHi pe3ysIbTaTH MOJICIIFOBAHHS IMOBIPHOCTI BTPAT BUKJIMKIB BiJ] IHTCHCUBHOCTI
BXiIHOrO HaBaHTaXeHHs. CHHSA KpuBa BiJoOpakae iMOBIpHICTh BTpAT AJISl AMHAMIYHOI POOOTH CHCTEMH
00CITyroBYyBaHHs BUKJIMKIB, @ YepBOHA KPUBA — CTATHYHOI pOOOTH.
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Puc. 9. 3anesxcuicmo imosipnocmi smpam 6i0 IHMEHCUBHOCMI GUKIIUKIG

Ilpu inTeHcuBHOCTI HaBaHTaxeHHS 100 BHUKIWKIB Ha XBWJIMHY OTPUMYEMO 3HAYHWNA BHUTpAIl B
SKOCTI 00ciyroByBaHHA - B 14 pasiB. lleli BHrpam MOXKHA BHKOPHCTATH IS ITOKPAIICHHS SKOCTI
o0ciyroByBaHHS a0OHEHTIB, TOOTO 30UTBPIIATH KUTBKICTE FR-aboHEHTIB (HAaWBHUIIOTO Kjacy SKOCTI
00cITyTOBYBaHH), 1 BTpaTH HE OymyTh 3MiHHI TIPH BBEICHHI NMHAMIYHOI CHCTEMH OOCITyTOBYBaHHS, a
SKiCTh 3pocTe. AOO X MOXHA 3BUIBHUTH CIEKTPAIBHUIN pecypc Ui BIPOBAIDKCHHS Ta PO3BHTKY
MOOUTHPHIX MEPEK HACTYITHUX TTOKOJIIHb.

BucnoBok

BuKOpHCTOBYIOUH alNrOpUTMH OPTOrOHAJIBHOTO YIIUIBHEHHS Ta JAWHAMIYHOI 1epeOyAoBH KaHAIiB,
JocsAraeMoO e(eKTUBHIIIOIO BHKOPUCTAaHHS pagiodacToTHOro pecypcy GSM-mepexi Ta, 3aBISKH iX
OJHOYACHIH po0OoTi, 3a0e3nedyeMO BHCOKMI DiBEHb SIKOCTI OOCIYrOBYBaHHS 32 YMOBH OOMEXEHOTO
JIOCTYIY JI0 YaCTOTHO-4acoBOTO pecypcy. Ilosin aboHeHTIB Ha KiTac 3a SKICTIO 00CITyrOBYBaHHS JI03BOJISIE
3IMIINTH HAaJ[AHHS CEPBICY B HATEKHUX PAMKaX.

Benenns xoedilieHTy yHIUTBHEHHS TO3BOJIIE B YHCIOBOMY BWIJISI OIHHUTH 3alHATICTE GSM-
KaHaJiB 1, K HACTIIOK, — MOKJIMBE HaJaHHs BUIbHOI YaCTHHU CHEKTPY IJIs 00CIyroByBaHHS aOOHEHTIB
MepeKi 1HIIIOTO IMTOKOJTiHHS, SIKa MPAIIOBATUMY y CIIUIBHOMY Jiala30Hi 4acToT.

ITix 9ac MoOMENIOBaHHS MPHU IHTEHCHBHOCTI HaBaHTaXeHHS 100 BHKI./XB. OTPUMYEMO 3HAYHHI
BUTpall B IMOBIPHOCTI BTpaT BUKIHKIB - B 14 paziB (Ha 5.5 %). Lle#t Burpam MokHa BHKOPHUCTATH IS
MOKPAIIEHHS SIKOCTI 00CIyroByBaHHS aOOHEHTIB, TOOTO 30UTHIINTH KUTBKICTh FR-ab0HEHTIB HalBHIIIOTO
KJIaCy SKOCTi, 1 BTpaTH HE 3MIHATHCS NPH BBEIEHHI MUHAMIYHOI CHCTEeMH OOCIYrOBYBaHHSA, a SAKICTb
3pocte; abo X MOXKHA 3BUIBHUTH CHEKTPAIBHUN pecypc A BIPOBADKEHHS Ta PO3BUTKY MOOITHHHX
MepeK HaCTYITHHUX MTOKOJIiHb.
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