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AHHOTanusl. 3HAYEHUE MPEJCTABICHHBIX B CTAaThe PE3YJIbTATOB MCCIEJOBAHUIM COCTOMT B ONpPEAECICHUU
MOTEHIMAIbHBIX BO3MOXHOCTEH aHATMTHYECKUX METOA0B CHHTE3a IUPOKOMOIOCHBIX COMNIACYIOIINX YCTPOUCTB
JUISl PEILICHNUs] CIIOKHBIX CXEeMOTEXHHUYECKHX 3ajad. PaccMoTpeHa mpobieMa cHHTE3a COTVIaCyIOIUX YCTPOMCTB
C MHOTOIIOJIOCHOH (DyHKIIMEH Iepesad MOUTHOCTH. AKTYaIbHOCTh MCCIIEIOBaHNI 00ycCiIOBIeHa TPUMEHCHUEM
pe3yIabTaTOB B COBPEMEHHBIX TEIEKOMMYHUKAIIOHHBIX CUCTEMAX, C OJHONU CTOPOHBI, U OTCYTCTBHEM Pa3BHUTBIX
AQHAINTHYECKUX METOMUK, C Apyrou. [IpennoxeHa aHamuTH4YeCKas METOAMKA PELIEHUS 3a7a4 IUPOKOIOIOCHOT O
COTJIACOBAHUSI C MPOHU3BOJIBHBIM KOMIUIEKCHBIM COTPOTHBIICHHUEM JJIsl YCTPOHCTB C MHOTOITOJIOCHOM (yHKIMEH
niepegadd MOIHOCTH. OCOOEHHOCTh METOJJMKH COCTOUT B MCIIOJIB30BAaHUN 000OIIEHHOTO MeToa JlapauHrToHa
JUIs  3aad  IIMPOKOIIOJIOCHOT'O COTJIaCOBAaHMSI B COCPEIOTOYCHHOM OJJIeMEHTHOM Oasmce. YacrorHas
XapaKTEepUCTHKA COIIACYEMOr0 YCTPOMCTBAa MOJIyd€Ha C HCIOJIb30BAaHHUEM JBYXIIOJIOCHOIO PEAKTAHCHOIO
npeoOpa3oBaHus YacTOTHl Ha 3Tane (akropuzanun koddduimenra orpakeHust. MeTonnka no3BOJSIET BBISIBUT
BAYKHBIE ISl NMPAKTUKH 3aKOHOMEPHOCTH M IOJIIyYUTh KOIHYECTBEHHBIE OLIEHKU IOKA3aTeNed COrJIacOBaHMUSL.
Taxxe BHOEpBbIE MNOIYYEHbl AHAIUTHYECKUE PELICHUS 3aJad COIJIaCOBaHMsA M HArpy30K, MMEIOIIUX
IpakTHYeckoe 3HaueHne. Ha mpumepe pe3oHaHCHOM Mozpenu conportuBieHust (RLC Harpys3ka) IpH MOMOIIN
pa3paboTaHHOW METOAMKH ITOKa3aH MOATANHBIA CHHTE3 corjacyromel nenu, GpopMHUpYIOMIEH BYXIIOIOCHYIO
annpokcuMupyromyio Qynkmmio bartrepBopra 2-ro mopsiaka. J[oCTOMHCTBOM pa3pa0OTaHHOW METOIUKH
SIBIISIETCS. TO, YTO IOJIyYEHHBIC PE3yJbTaThl MPEICTABIAIOT COOOH aHAIMTHYECKHE 3aBUCHMOCTH IapaMeTpoB
COIJIACOBAHUSI OT MAapaMETPOB COIJIACYEMBIX HArpy30K, 4TO IO3BOJIIET HAa HA4dallbHOM OJTale CHHTE3a
OIIPEZIENIATh KadecTBO coracoBaHMs. [lomoOHas 3aBHCHMMOCTbH JUISi PE30HAHCHOM MOJENN CONPOTHBIICHUS
(RLC narpy3ka) B JHTEepaType OTCYTCTBYeT W OblJJa TOIydeHa BIIEPBbIE Ha OCHOBE pa3pabOoTaHHOU
U IIPE/ICTABJICHHOH B TaHHOH CTaTbe METOAUKH.

KnroueBble ci10Ba: MHOTOIOJIOCHBIE COIJIACyIONIME YCTpOiicTBa, 0000meHHBI Meron JlapnuHrToHa,
MHOTOIIONIOCHAsT (DYHKIIWS TIepeaadH.

Kondaukrt untepecoB. ABTOPHI 3asIBISIOT 00 OTCYTCTBUH KOH(IMKTA HHTEPECOB.

Juas uutupoBanusi. SHueBnd M. A., Oununnosuy ['.A. MeToauka CHHTE3a MHOT'OIOJIOCHBIX COINIACYIOLINX
ycrpoticts. Jokmaaer BI'YUP. 2019; 7-8(126): 66-72.
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Abstract. The purpose of this work is to provide the estimation of the potential abilities of analytic broadband
matching methods for complicated load terminations. The article covers the problem of synthesis of mylti-band
frequency response matching circuits. Results presented in the article are of prime interest for communications
systems from one point and the lack of advanced analytic methods from another. The problem of multiband
impedance matching is under consideration. Presented is the method of synthesis of multiband matching circuits
for arbitrary complex loads, based on the generalized Darlington approach to the lumped circuits design.
Frequency response for the synthesis is obtained as a result of double-band reactance transformation
in the process of reflection coefficient factorization. The factorization results in the analytic representation
of the reflection coefficient function on the complex surface. This method allows to identify functional
limitations on broadband matching and for the first time to obtain analytical solutions for the loads of practical
value. Application of the method is demonstrated in the detailed procedure of realization of double-band
Batterworth frequency response for the resonance load (RLC-load). It would be pertinent to stress, that presented
results concerning the double-band synthesis of resonance load have no coverage in technical literature.
The method also features the analytic description of the design parameters as functions of load termination
parameters which provides a road-map to conceptual design of multiband matching circuits.

Keywords: multiband matching circuits, generalized Darlington synthesis, multiband transmission function.
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BBenenue

I[Ipu mnocTtpoeHuM psAga paguoOTEXHUYECKUX YCTPOICTB BO3HMKAEeT 3ajJadya CHHTE3a
PEaKTUBHOIO YETBIPEXIMOMIOCHUKA, COIJIACYIOUIET0 3aJaHHble MMMMTAHCHI HCTOYHHUKA CHUTHajla
W Harpy3Kd B HECKOJIBKMX [Hama3oHax pabounx uacTor. lllupokoe mpuMeHeHHe MHOTOMOJIOCHBIC
COTJIACYIOIIME IEMM HAllIM B TEIEKOMMYHHUKAIIMOHHBIX CHCTEMax, MOJAEPKUBAIOIINX cpa3y
HECKOJIBKO MOMYJISAPHBIX CTaHAAPTOB CBsA3H, Takux kak GSM, WLAN, LTE u np.

W3BecTHBIC MyONMKaIMK, TMOCBALICHHBIE CHHTE3Y MHOTOINOJOCHBIX (Yalle ABYXIOJOCHBIX)
COTJIACYIOIMX IeNel KaK aHaJUTHUYECKMMH, TaK M YHCICHHBIMH METOJAaMH, OTPaHUYMBAIOTCS
MPOTOTUIIOM HU3K0YacTOTHONH RC Harpy3ku [l], 9TOo Janeko HE HUCYEPIbIBACT MOTPEOHOCTH
B pEAJIbHBIX MOJENSAX COIVIACYEMBIX CONpPOTHBIEHUHA. A WHXXEHEPHBIM TIOAXOJZ, OCHOBAaHHBIN
Ha epedope CTPYKTYpbl W MapaMeTpoB COrJacyrolledl Lenu, NPakTHUYeCKd HE ONpaBAbIBacT
OXKHUJAEMOro pe3ynbTaTa. HEBIHEMIHee COCTOSHME AaHATUTHUYECKOW TEOPHH IIMPOKOIOIOCHOTO
COrjlacoBaHMsI HE JaeT HcueprbiBalounleld MHQOpMAMU O BO3MOXHOCTSAX W TOTEHLMATE CHHTE3a
MHOTOITOJIOCHBIX COTJIACYIOIINX YCTPOMCTB.

Pemenne momoOHOro Kilacca 3aAay Uil MPOM3BOJBHBIX KOMIUIEKCHBIX HAarpy30K BO3MOXKHO
MIpH NTOMOILM Pa3BUTOrO METOAA, MPEJCTABICHHOIO B [2].

67



Hoknager BI'VUP DokLapy BGUIR
No 7-8 (126) (2019) No. 7-8 (126) (2019)

JTanbl CHHTE3a MHOTOMOJOCHBIX COrJIACYIOIMX YCTPOHCTB

Meron cuHTe3a [2] ycTaHaBIMBaeT aHAJUTUUECKHE 3aBUCHMOCTH MTapaMeTPOB COTJIACOBAHUS
(mapaMerpsl QyHKIMH Tepeadd) OT MapaMeTpPoB COrIACyeMBIX HArpy3oK B OJHOHM IOJIOCE YacToT.
[IpencraBnsger WHTEpeC OLEHKA BO3MOXXHOCTH HCIOJB30BAaTh 3TOT METOA JUIA pEUIeHUs 3ajad
HIMPOKOIMOJIOCHOTO COTJIaCOBaHMS B HECKOJBKHX YAacCTOTHBIX JHana3oHax OXHOBpeMeHHo. Hinke
MpEACTaBIeH B OOLIEM BUE AITOPUTM pEIISHHs 3aJad IIHMPOKOIOIOCHOTO COTJIaCOBAHUS HATPY3OK,
00YCITOBIIEHHBIX MHOTOIOJIOCHOH TMepeaaToOuHON (QyHKLIUEH.

1. AHanu3 Harpy3KH C LENbIo ONpeeNieHNsl HyJlel nepeaayu.

2. BeiOop anmpoxkcumupyomieid GyHKINH.

3. dakropuzauusa GyHKINH KO3DHUIHMEHTa OTPasKECHHSL.

4. IlpuMeHeHue dYacTOTHOTO TpeoOpa3oBaHus [3], TPEICTABICHHOTO aHATUTHYECKOU
3aIUChI0, B QYHKIMH KO3()(QUIIUEHTa OTpaskEHHSL.

5. Beigenenue QpyHKIMM BXOAHOTO CONPOTUBIIEHUS TI0 BapraHTy A min B.

6. CocTaBiieHHE CUCTEMBI Z-ITAPaMETPOB.

7. OnpeneneHue aHATUTUYECKUX OFPAHUYCHUH.

8. Ompeznenenne QyHKIUHA BXOAHOTO (BBIXOTHOI'0) COMTPOTHBIICHHUS.

9. CuHTe3 cornacyromei ey o BXOAHOMY WJIH BEIXOJHOMY CONPOTHUBICHHIO.

OTnMYuTENbHOM OCOOCHHOCTBIO BBIIICHU3IIOKEHHOTO QITOpPUTMa SABJSIETCS MPUMEHEHUE
Ha OIHOM M3 3TaIoB CHHTE3a (ITyHKT 4) 4aCTOTHOr0 MpeoOpa3oBaHusl aHATUTHYECKONW (HOPMBI 3aIIHCH.
[IpeoGpazoBanue mo3BoseT GOPMUPOBATH TPEOYEMYIO MHOTOTIOJIOCHYIO YaCTOTHYIO XapaKTEPUCTUKY

W Tony4ath (YHKIHOHAJIbHBIE OFpaHUYCHHS, HaKJaJblBacMble Harpy3koi Ha mapamMerpbl QyHKOHUU
nepenadyy MOITHOCTH.

MeTtoanka cMHTe3a coryacylonei menu

B coOTBETCTBHM C BBIIICU3IOKCHHEIM AJITOpUTMOM MOSICHUM MCTOAUKY PCHICHUA 3ada4
ABYXIIOJIOCHOT'O COIJIaCOBaHUA Ha MpUMEPEC, MPCACTABJICHHOM B 06H.[€M BHUJC Ha puUC. 1. PaCCMOTpI/IM
OKBUBAJICHT HArpy3ku B BUAC MApPAJIJICIbHOIO PC30HAHCHOI'O KOHTYpA. Ha IMMPAKTUKC TakKad MOICIIb
Harpys3kKu B Ka4CCTBC NpUMEpa MOXKET COOTBCTCTBOBATL COMMPOTUBJICHUIO IMATY aHTCHHBIL [4]
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Puc. 1. 3amaya coriacoBanus
Fig. 1. Task matching

1. qDYHKL[I/IH BXOJAHOT'O COIPOTUBJICHUS HAT'PY3KHU ONPCACIIACTCA BhIPAKCHUCM

SR L m_+n
ZH (S) — 5 H _H — 1H 10 ,
S RLC +sL . +R, m, +n,
rae m,, (s), m,, (S), n, (s), n,, (S) — UYETHBIE W HEYCTHBIC YacTH MOJUHOMOB (DYHKITUH

COIIPOTUBJICHUSA COOTBCTCTBCHHO.

Honuuom N, (—s”) maeT MEPOPMAIHIO O HYJISX TEPEAYN:
N, (- s> )=m, (s)m2H (s) -n, (s)n2H (s): ~-s'R.L°.

Jnsa paccMaTprBaeMoN Harpy3Ku cCTéMa OrpaHUYEHUI B COOTBETCTBHUH C [2] UMEET BUA
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rne A, B,— Kko3bOHULUEHTH! MOIMHOMOB YMCIUTENS M 3HAMEHaTels z-mapaMerpa Zj

COOTBETCTBEHHO.
Ilepoe orpanmuenune cuctembl (1) ompenenser MaKCUMaJbHBIA YpPOBEHb IMepenavyu
MOILHOCTHU, U3 BTOPOr'0 OTPaHUUEHUS MOXKHO BbIPa3UTh MUHUMAJIbHOE TpeOyeMoe 3HaueHne L, .

2. B kauectBe amnmpokcumupyronieii (yHKuMH BbiOepeMm QyHKUuIO nepenaun barrepBopTa
2-ro nmopsiaka
K
1+s*

K, (-s")= ;
IpH S = jO.

[opsimok ~ ammpokcuMupyromeid (YHKIMA HE SBISETCS OrPaHWYMBAIONIMM  (HaKTOpOM
1 BBIOpaH C LENbI0 YIPOIIEHHUs TPOMEXYTOYHBIX BEIBOIIOB.

3. M3BecTHO BBIpakeHHE, CBS3bIBAIOIIEE KBaApaThl MOIYJIECH IeperaTodyHor (QyHKIHUH
1 K03 PUIMEHTa OTPaXEHHUS Ha BXOIHBIX 3aKMMax COTJIACYIOIIEH IenH:

K, (=s")=1=p(s)-p(=s).
B pesynerate mpoueaypel daktopuzarmm koddduimeHTa oTpakeHus, BbIOMpas HYIU

B npaBoﬁ MOJYIIJIOCKOCTHU, HAXOAUM:

b,—b -s+b,-s* 82—x/§-6-s+s2
p(s)=—— 2= , (2)

2
a,+a,-s+a,-s 1++/2 -5 +5°

rae §=(1-K)".

4. Crienyromuid 3Tam 3aKiIOYacTcs B 3aMEHE 4YaCTOTHOM TMEpeMEeHHOW B (YHKIUU
koa(umenta otpaxxkenus. PeakrancHoe mpeoOpasoBanue [3], 3HaUeHHE HYJIEH U MOJIIOCOB KOTOPOTO
Olpenensercs B pe3ynbTaTe peElIeHUs ONHOPOIHBIX CHCTEM HEIWHEHHBIX YpaBHEHHUH, HMeEeT
CIEYIONINA BU;

n
H(s2 + mof)
e
n—1 :
2 2
SH(S o, )
1

[Tpu momomu MaTeMaTHYeCKHX MpeoOpa3oBaHui BeIpaxkeHue (3) MpeAcTaBUM B CleqyIoIeM

Nird
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BUIC:

(s2 + comz)(sz + mozz)
s —> , C))
Js (82(52 + 0, ) + Bl(s2 + 0, ))

TIE M, =+/0, 0, , O, =10,0, —HadalIbHbIE [EHTPAIbHBIC YACTOTHI;
®,,0, ,0,,0 , —TPAHUYHbIEC YACTOTH]l JUANA30HOB;

BlY Y H1?

Bl=o, -o,, B2=0, —®, - IIUPUHA II0JOC IPOIyCKAaHHUS IUAIa30HOB;

VY2 —4x

2

Y’ -4X Y
®, , =4/~ —— — KOHCYHBIC ICHTPAJILHBIC YaCTOTHI,
02 2 H

Y
2’ 2

_ 2 2 _ 2 2
X_O‘)rol O 5 Y__(DrOl — 0 +B1B2.

5. qDYHKL[I/IH BXOOHOT'O COIMPOTUBJICHUSA ONPCACIACTCA U3 BBIPAKCHUA
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7. (s)= 2P0
= 1+p(s)
6.1o Z,(s) wm Z,/(s) cocraBusercs cucTeMa z-IApaMETPOB 110 BapuaHry A

B COOTBETCTBHH C [2].
7. Nanee HEOOXOIMMO OIPENEIUTh AHATUTHYECKHE OrPAHWUYCHHS WCXOJS W3 YCIOBUU
¢dusuueckoit peanmusyemoctu (1). Jlas 3TOro AOCTaTOUHO MPOU3BECTU aHAIU3 Zz,, CUCTEMBI

Z-TIapaMCTpPOB. O003HaUNM ITOJIY4YCHHBIC OTHOIICHUA ITIOJIMHOMOB Zz,, B CHMBOJIbHOM BHJC:

A+ As+. Ayst

Zy = .
M
By +Bs+...B,s

22

VYcmoeue B, =0  @OpuUBOOMT K  COOTBETCTBYIOILEMY  COKPall€HUIO  IOPsAKa

z-lapaMeTpoB. B Takom ciydae, korna o0a OrpaHWYeHUs] IPUHUMAIOT BHJ PAaBEHCTBA, Z-TIAPAMETPHI
BBIPOXKJAIOTCS. OJTO O3HA4yaeT, 4YTo IONydyeHHas B pe3yiabTaTe CHHTE3a corjacyrouias Lenb
10 3alaHHON (DYHKLUU IepeJaudl yduThlBaeT Iapamerpbl Harpysku R u C, . Jlnd BbIIOIHEHUS

ycioBust B,, =0 HeoOX0qUMO 3a1aTh COOTBETCTBYIONINII mapaMeTp & . B cBoto ouepens, B,, paBHO:
B, =B =L, (Bl+ BZ)(SZRHCH (B1+B2)+5v2 ~(R,C, (Bl+B2)- ﬁ)) =0.

N

R.C,(Bl+B2)

VuuThiBas B3aHMOCBS3b mapameTpa d ¢ YPOBHEM KO3(1)(1)I/II_II/IGHT3 nepeaain, MOXKHO
YCTAHOBHUTH CJICAYIOIICC:

Kﬂ—{l—L}.
R,C,(B1+B2)

U3 BTOPOro OrpaHU4YCHUsI MOXHO BbIPAa3UTh MUHUMAJIBHOC Tpe6yeMoe 3HA4YCHHUC LH .

Otkynma 6=1-

4 = \/ERHCOOIZCOO; (B2cor012 + Bl(’)roz2 )(8 - 1) + 21'116‘)014(’)024 20.

(I—S)ﬁRH( Bl , Bzzj

erl (Dr02
2

Otkyma L, 2

B pesynbrate 0000meHMs WHPOpPMAMK MOTYyYeHB (QyHIAMEHTANbHBIE aHAJIUTHYECKHE
OrpaHUYEHUs, HaKJIaJblBacMble pe3oHaHCHOM R C L~ Harpy3koil Ha (yHKIUIO Hepenadu
BarrepBopTa MpoM3BOIBHOTO MOPAIKA:

1
an_1 [1_(1_K)2"ja,,_1 Blz " B22J
a, ., LH @, O,

TRC,(B1+B2) | R, - 2 ' ©)

K<1-|1

3amaauM JUId IpUMepa MapaMeTpbl HCTOYHUKA CUTHAJIOB M HArpys3KU, paBHBIMH R =750M,
R, =200 0m, C, =400n®, L, =100MxI'n.  [lmamazonwsl wactor —  f ....f =1...2MIn,
Sia oo Sy =0...9MI'.  Hopmupyst 3HaueHHs IapaMeTpoB OTHOCHTEIBHO —COIPOTUBIICHHS

HWCTOYHMKA M TOJOCHI MPOIMYCKAaHHUS BTOPOrO YAacCTOTHOIO JMAaNa3oHa, MOJIy4aeM CIEAYIOIIue
3Ha4yeHus HoMuHanoB: R =1, R =2,6, C, =0,565, L =25,132. IlogctaBuB mapaMeTpbl Harpy3Ku

u nepegatouHoi ¢pynknuu B (5), nomyunm K <0,99226; L >22.
8. Mcxons 13 MOyYeHHBIX Z-11apaMeTpOB, QYHKIHS BEIXOAHOTO COMPOTHUBIICHUS IPUMET BUJL
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7 (s)  2,42365-5+3,70355 5% +12,15865 -5 +4,44427 - s* +8,24041-5° +1,33328 - 5° +1,09064 - 5’
- 1+1,52809 - 5 +9,48766 - s* +6,13403 - 5° +17,81747 - s* +3,13030 - 5° +3,15708 - s°

9.B pPE3YJIbTATC CHUHTC3a YCTBIPCXIIOJIIOCHUKA TII0 ZBMX (S) noiaydyacM ImapamMeTphbl

cornacyromelt nenu. Ha puc. 2 mpencraBieHa cxema corjiacyromniei 1ernu BMecTe ¢ Harpy3Kkoi mocie
npeobpazoBanus Hoprona.

Puc. 2. [IpyHnunuansHas cxeMa COrIacyroLero yCTpoicTBa ¢ Harpy3Kkoit
Fig. 2. Schematic of the matching device with load

3HauYeHUS HOMUHAJIOB COTJIACYIOIICH I[ENH I10CNIe JEHOPMUPOBKH COOTBETCTBCHHO PaBHBI
C, =252,67 n®, C, =1,08 u®, C, =821,33 n®, L, =6,68 mxl'n, L, =1,118 mxI'H, L, =6,45 mk['H,

L, =3,19MkI'n, L, =2,056 MxI'H.
Hwxe npencTaBieHbl 4aCTOTHBIE XapaKTEPUCTUKH Tepeadyd MOITHOCTH (puc. 3).
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Puc. 3. YacroTHas xapakTepuCTHKa Mepeaayu MOHOCTU: 1 — Harpy3ku; 2 — Harpy3ku ¢ LLICY
Fig. 3. Power transfer frequency response: 1 —load; 2 — load with matching device

[lomydennsle orpanuyeHusi (5) Ha coriacoBaHusi pe3oHaHCHOW RLC Harpy3ku SIBISIOTCS
HOBBIMH B AQHAJIUTUYECKOM TEOPUM CHHTE3a IIHPOKOMOJOCHBIX COINIACYIOIIUX YCTPOWCTB
JUIsl ABYXIIOJNIOCHOM nepeaaToyHol GpyHkuu batTepBopra.

JlaHHBIN TOIXOA MOXHO paclpoCTpaHATh W Ha JApyrHe MOJEIM Harpys3ok, Ioiydas
aHAJTUTUYECKHE 3aBHCUMOCTH OTPaHUYCHUHN, HaKJIaIbIBAEMbIX HArpy3KoW Ha (PyHKIHIO Nepesayu.

3akjoueHmne

Ha OCHOBC O606H.ICHHOI‘ () METOoaa I[apJ'II/IHl"TOHa C MMPUMCHCHHUCM YaCTOTHOI'O
npeo6pasoBaHI/I;1 [3] BBICTPOCHA MCTOAMKA CHHTC3a MHOI'OIIOJIOCHBIX COIIaCYyROIUX YCTpOﬁCTB
(¢ 3aI[aHHOI>'I (byHKHHGﬁ nepegaun sl MpOU3BOJIBHBIX  KOMIUICKCHBIX  HArpys3oK. BHepBLIC
npeacTaBjiCHa (bOpMaHI/BOBaHHaSI AHAJIUTHYCCKaA cbopMa 3aliucCu  JABYXIIOJIOCHOI'O YaCTOTHOI'O
npeo6pasoBaHI/I;1 U aHAJIMTUYCCKOC PCHICHUC 3ada4Ui COrjlaCoOBaHUA peBOHaHCHOfI Harpys3ku. Taxoxe
JJIA paCCManI/IBaeMOﬁ MOACIN COIPOTUBJIICHUA HArpy3Ku Onlia YCTaHOBJICHA (bYHKL[I/IOHaJ'IBHaH
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3aBUCHMOCTb 3HaueHuil ee mapamerpoB (R ,C ,L ) oT mapaMerpoB (LIMPHHA MOJIOCHl JHANa30HOB,

YPOBCHL IICpCAavIn MOH_[HOCTI/I) 3a,£[aHHOI71 YaCTOTHOM XapaKTCPUCTHUKH, YTO MO3BOJIACT HA HAYaJIbHOM
OTalle CHHTE3a OIPCACIATL KauCCTBO COIJIACOBAaHUA. HOHy‘IeHHBIe PE3YJIbTAaThl TCOPCTUYCCKUX
I/ICCJ'IG,E[OBaHI/If/i 06Ha,I[aIOT HpaKTH‘-ICCKOfI 3HAYMMOCTBIO B PCIICHUU 3aJa4d IIHPOKOIIOJIOCHOI'O
corjiaCoBaHHA COHpOTPIBJICHI/Iﬁ.
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