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CTpyKTypHaH cxeMa cTa6HnHaaTopa 

Dnst rrHT8H HH paaH o o6pa3H bi X s neKTpOHHhiX cxeM UlHpOKO Hcrrorrb3YIOTCH cTa6HnH38TOphi 

H811pS! )KeHHH C o6p aTHOi\ C BH3b i0, B hiiTOnHHeMhie K8K H8 118MI18X, T8K H H8 rronyrrpoBOUHHKO

~hlX 11pH60pax . 06hl4H O 11pH 8H8nH3 e H p8C4eTe CXeM CT86HrrH38TOpOB HCITOnbayeTCH BeCbM8 

rpoM03 U KH ii a rrrrap a T : a nst Ka>Kao ii cxeM hi c'ocTaBrrstiOTCH H pewaiOTCH ypaBHeHHH anst TOKOB 

u /1 2 3/ 
H H8 11pst >K eHH H H8 OCHOBe 38K O HOB K HpXr o<}Ja ' ' • npeacTaBm;eTCH uerreC006p83HhiM 11pH 

p8CCMOT pe HHH C Xe M CT8 6 HnH38TOpO B C o6paTHOJi CBH3bl0 11pHMeHHTb o6wHJi ITOUXOU K CXeMaM 

C paanH4H hiMH S neMeHT8MH H 8 H811H3Hp0B8Tb HX pa6oTy C ITOMOUlbiO 811118p8T8 TeOpHH 8BTOMa-

TH4eCKOrO p erynHpOB8 HH S! . 

4awe Bcero Hcrrorrb3 Y IOTCst cTa6HrrHaaTophi Harrpst>KeHHst rrocneaoBaTerrbHoro THrra. B 

COCT8B T8KOrO CT8 6 HnH38TOpa BXOUS!T peryrrHpyiOll!HJi srreMeHT, aerrHTenb BhiXOUHOrO H811pst

>KeHHS!, HCT04HHK 0110 pHOrO H811pst >K eHHS! H HHBepTHpyiOll!Hlf yCHITHTenb uerrH o6paTHOJi CBS!3H 

/ eM., HarrpHMep, cxeMy pH c . 11. 

CTa6HrrRaaTop aon)!(eH rrpeacTaBrrstTb co6oli cHcTeMy c oTpHuaTenbHOii o6paTHoli cBst3biO, 

ITHHeiiHyiO B U8HHOA T04Ke H ee OKpeCTHOCTHX. EyaeM 11pOH3BOUHTb 8H811H3 CHCTeMhl 6ea 

yqeTa HHepUHOHHOCTH 3BeHbeB, T.e. B yCT8HOBHBWeMCS! pe)!(HMe, KpoMe TOr01 rrpHMeM, K8K 

STO 06hi4HO aenaeTCS! B TeOpHH 8BTOperynHpOB8HHS!, 4TO K8 )KUOe srreMeHTapHOe 3BeHO o6na-

aaeT "HarrpaBneHHh!M' a e ifCTBHeM, T.e. BhlXOUH8S! Bei1H4HH8 38BHCHT OT BXOUHOH, a o6paTHOe 

Boaael!cTBHe He HMe e T MecTa. PeaKUHst rrocneay10wero aBeHa Ha rrpe a hiaywee Y4RThiBaeTcst 

rrpH Orrpe a erreHHH COOTBe TCTBY IOlllHX rrepeaaT04HhiX KOS <}l<}JHUHeHTOB 3B 8 HbeB. npHMeM cne a y10-

u 011 

UBhiX 

U BX 

UBxy 

orropHoe Harrpst>KeHH e ; 

Bh!XOUHOe Harrpst>KeHHe; 

BXOUHOe H811pS! )KeHHe CT86HI1H38TOpa; 

Harrpst>KeHHe rrHTaHHst ycHnHTenst B uerrH o6paT

Hoii CBH3H; 

t 0 
TeMrrepaTypa oKpy>KaiOweli cpeahi; 

[ H TOK Harpy3KH. 

0TKI10HeHHS! BenH4HH OT yCT8HOBHBWHXCH 3H84eHHH 6yaeM o603H848Tb COOTBeTCTBYIOWelf 

6 yKBOll c rrpHcTaBKOli * ~ *. PaccMaTpKBaeM biH cTa6HnHaaTop K8K CHCTeMa aBToperynHpo-

B8HKS! M0 1K eT 6h!Tb rrpeacTaBneH CTpyKTypHOA CXeMOH p KC. 2a. 3BeHbS! STOH CTpyKTypHOA 

cxeMhi cooTBeTcTByiOT orrpeaeneHHhiM sneMeHTaM sneKTpOHHOii cxeMbi /pHc. 1/. He cneayeT 

OTO>KUeCTBnHTb CTpyKTypHyiO CXeMy CHCTeM hi C 6noii.-CXeMOH, p8CCM8TpHB8 e MOH 06hi4HO 11pH 

/1-3/ 
8H8nH3e CT86HnH38TOpOB nepeLl8T04Hbie KOS<}J<}JHUHeHThl perynHpyiO w ero SneM e HT8, 

aenHTenH H yCHnHTenH 0603Ha4eHhl COOTBeTCTBeHHO K8K k3 • OrropHoe Ha-

11pHX<eHHe 11pRKn8UhiB8eTCS! 4epea 3BeHO C rrepe.n aT04Hh!M KOS <}Jri'JHUHeHTOM, p8BHhiM - \, KO 

BXOUy YCHI1HTenH. 

KaK H3BeCTHO H3 TeOpHH 8BTOperynHpOB8HHH, mo6o e B03MyweHH e MO X< HO 11pHnO>KHTb 
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B mo6y10 T O'IKY CXeMbl, HO npaKTH'leCKH TO'IKH npH110>KeHHSI B03MJ IL\e HHH He05XO Ll HMO Bbi5H

p aTb TaK HM o5p a30M, 'IT05bi II01ly 'la11HCb HaH5onee IIpOCTbie B blpa >K 0 HHH Ll llll nepe a aTO'IHbiX 

KoacpcpHuH e HT O B. CTpyKTypHaH cxeMa c yKaaaHHeM Bcex BOaMyllla JO lU HX cpa K T o poB H n e peaaTO'l

HbiX KOa cp cp HUHeHTOB, KOTOpbie IIpHBOLli!T B03MylUeHHSI K OIIpeaeneH HOJi TO'!Ke CTpyKTJpHOJi 

CXeM bl , H3 05paii<eHa Ha p11C~25 . 0epe a aTO'lHble K03cpcp11UIIeHTbi 3BeHbeB, q e pe3 KOTOpbie nepe

aa !OTCII B 0 3My llleHIIH, 0503Ha'leHbi COOTBeTCTBeHHO KaK: 

k4 - n e p ea aTO'lHhlli K03cpcj:JIIUHeHT, KOTOphlli IIpHBOAHT 113MeHeHIIe BXO A HOrO HanpH>KeHH~ 

cTa5HnHaaTopa K BXOAY perynllpy10wero arreMeHTa I K 5a a e Tplloaa Tl/; 

k S - n e peaaT O'lHbiH K03cpcp11UHeHT, KOTOpbiH npiiBOAHT 113Me HeH 11e TOKa Harpy3KII K 

B x o a y perynllpYIOWero arreMeHTa; 

k
6 

- nepea aTO'IHhlli K03cpcpHUHeHT, K OTOphiit npHBOAHT H3M e HeHIIe Ha!IpS!>KeHHSI niiTaHHSI 

yCH1111Te11SI K BXOAY perynHpJ!OWero 31leMeHTa; 

k7 - nepeaaTO'lHhili KO<lcpcpHUHeHT, KOTOphili npHBOAHT 113MeHe HHe TeMnepaTyphl K BXO-

AY YCIIIIHTerrSI. 

TaK KaK CIICTeMa lliiHeHHa, TO noBeaeHHe ee IIO OTHOWeHHIO K 111050My 113 B03MylUeHIIli MO>K

HO paceM aTpHBaTb 5ea yqeTa Be ex apyrHx. ,LlelicT Bile BoaMywe HilS! oueHHBaeTcH nepeaaTO'I

HhiM KOacpcp iiUHeHTOM. EcrrH f (t) - BOaMyweaHe, TO nepe.aaTO'IHhiii KOacpcpllulleHT .CIICTeM hi no 

k /'). U BhiX O 
B03MyWeHIIIO l(t) =---- • 03TOMY B 

f (t) 
UlleHTOB OT AellbHhiX 3BeHbeB k

1
- k? IM hi 5y A eM 

aanbHeliw e M 
1 

KpoMe nepeaaTO'IHhiX xoa¢<PH

II01lb30BaTbCH ne peaaTO'IH hiM II K03cpcpHUHeH-

TaMil CIICTeMhi no pa31111'1Hh!M B03MylUeHHSIM: kon • kBx•kBxy•kH • kT · 

PaccMoTpHM BllHHHHe oTaenbHhiX B03MyweHIIH aa BhiXOAHoe HanpS!>KeHHe. BocnollbayeMCSI 

/4/ 
anSI aToro MeTOAOM 3KBHBaneHTHoro npeo5paaoBaHHSI cxeM /eM . , HanpHMep, I. 

1. Onopaoe aanpH>KeHHe 

EcnH B peayrrbTaTe cTapeHIIH aneMeHTOB H aelfcTBHSI apyrHx ¢aKTOpoB npoHaowno 113-

MeHeHHe OnOpHOrO Hanpg>KeHHH, TO STO H3MeHeHHe MO>KHO paCCMaTpiiBaTb KaK B03MyWeHHe. 

0npeaeniiM nep e a aTO'IHhili KO<llPlPIIUHeHT CHCTeMhl no STOMy B03MyWeHHIO k 0 II • CTpyKTyp-

HaS! CXeMa llllll aaHHOrO B03MyllleHIISI HMeeT BHA, 11305pa>KeHHhlli Ha pHC. 3a Ha pHC. 35, 3B, 

3r anSI IIPHMepa npHBeaeao nocrreaoBaTenbHOe npeo5paaoBaHHe cTpyxTypHoli cxeMhi A11H on-

peae neHIISI nepeaaTO'lHoro KoacpcpHuHeHTa 

STOrO KOScpcpHUIIeHTa: 

k on • B peayrrbTaTe aanHweM Bhlpa>KeHHe anSI 

kon = /'). U 
OII 

k1 kJ 

1 + k1k2k3 

Ecnll C051110AaeTCH COOTHOllleHHe f 'ITO HMeeT MeCTO npaKTH'IeCKH BO BCeX CTa5R11H3aTO-

pax / 

Toraa 

H 

k1k2k3>>l, 

k 
OII 

1 

k2 

/'). UBhlx= -
1 - · /'). u O!I 
k2 

4 

Ill 

121 



2. BxoaHoe HanpH>KeHHe 

P8CCM8TpHB81l CTpyKTypHyJO CXeMy no B03MyLUeHHIO /'}. U BX iJ.!3MeHeHHe BXOL(HOrO Ha

npSPKeHHH cTa6HnH3aTopa / , aHanorl!qHo npeahiLlyLUeMy Hall aeM Bbi pa >KeHHe a nH nepeaaToq-

k BX no STOMY B03MyLUeHHIO: 

k 
BX 

C yqeTOM COOTHOLUeHHH /1/ 

(':. fkhiX 

3. ToK Harpy3KH 

/ 4/ 

/ 5 / 

CTpyKTypHaH cxeMa anSI pacqeTa nepeaaToqHoro Koa¢¢HuHeHTa kH no H3MeHeHH IO To-

Ka Harpy3KH /'}. f H MO>KeT 6b!Tb COCTaBne Ha no paCCMOTpeHHbiM npaBHnaM aHanorHqHO TOMy, 

KaK aTo caenaHo anH paC'IeTa k on. B bipa>KeHHe a nH nepeaaToqHoro Koa¢¢ HUHeHTa k H 

HMeeT BHLl: 

1'1 I 

C yqeTOM COOTHOLUeHHH /1/ MO>KHO 38nHC8Tb 

16 1 

/'}.fH 171 

4. HanpH>KeHae naTaHHH ycanaTenH 

CTpyKTypHaH cxeMa anH pacq eTa nepeaaToqHoro Kca¢¢HuHeHTa k no B03Mywe-
BXy 

HHIO /'}. U BXY I H3MeHeHHe H8llpH>KeHHSI nHT8HHSI YCHnHTenSI uenH o6paTHOH CBS13H / COCT8BnSI-

eTcH no o6LUHM npaBHnaM. Bbipa>KeHHe anSI Koa ¢¢HuHeHTa k BXY IIMeeT BRA: 
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Y'IHT biB8 51 B bipa >KeH H e / 1 /, nony'IHM: 

k k6 / 8/ 

sxy k2 k3 

/9/ 
k6 

L\UBblX= k2 k3 L\ U BXY • 

5. TeMnepaTypa 

Y1aMeHeHHe TeMnepaTypbi oKpy>KaJOweA cpe.nbi, a TaK>K e caMopaaorpes aneMeHT OB 

CXeMbl npi!BOL!IIT K H3MeHeHI!JO HX napaMeTpOB, BClleL!CTBHe qero Me H >IeTC51 Bb!XOLlHOe H8np51-

>KeHHe. Y'leT aToro RBneHI!l'l I!MeeT oco6eaao 6onbwoe 3Ha'!eHHe .n nH c x eM Ha nonynpoBOllHH-

KOBb!X TpHo.nax . BnHHHIIEi M' H8 Bb!XOL!HOe HanpS!>K9HH9 X8p8KTep113yeTC51 nepe.naTO'iH bJM 

K03cpcp HUHeHTOM kT , Bblp8>K9HHe KOTOpOf'O H8AlleM, npHM 9 HHB np8BH118 3KBHB81teHTHOf'O 

npeo6paaosaHH51 cxeM: 

k = 
T 

L\ UBb!X 

L\ t o 

kzk3kz. 

l + kl k2k3 

C y'leTOM COOTHOrueHH51 /1/ MO>KHO 38llHC8Tb 

k T = _!_z_ 
k2 

kz L\ t o . L\ UB bl )("' ---r; 

Onpe.neneaHe nepe.naTO'iHbiX Koa<jl<jlauHeHTOB cHcTeMhi 

no B03MyweHH51M qepea napaMeTpbi aneMeHTOB cxeMbi nocne.nosaTenbHoro 

CTa6H1tH38TOp8 H8 nonynpOBOLlHI'IKOBbiX TpHOLl8X 

/10/ 

/11 I 

Eo n bWHHCTBO nepe.naTO'IHbiX KOacpcpHuHeHTOB aseabeB I k
1 

- k 
4 

H k
6 

I ae HMeeT 

p83MepHOCTI'I, COO TBeTCTByJOLUH9 3BeHb51 SIB1151JOTCSI YCH1IHT91ISIMH Hanp51>K 9HH51. noaTOMy npH 

8H811H3e pa60Tbl CX9M CT86H1tH38TOpOB y L!06HO n01Ib30B8TbC51 cne.nyJOLURMI'I napaMeTp8MII 

Tp8H31'1CTOpOB: 

B - K03cpcpRUR9HT nepe.na'IH TOK8 6a3bi; 

S - KpyTH3Ha xapaKTepRCTHKH Ik = f(U6); 

R BX- BXOllHOe· COUpOTHB119HIIe; 

Rk - .nHHaMH'IecKoe conpOTH~neal!e KOnneKTopa B cxeMe c o6w11M 

3MHTTepoM; 

f1 - Koa<jlcpHuHeHT ycHneHHR no Hanpst>KeHIIJO, 

B paccMaTpHsaeMoA cxeMe /p11c, 1 I BBHLlY Toro, 'ITO BbiXOLlHOe LliiHBMH'IeCKOe conpo

TRBneHI!e CT86HitH38TOp8 M81IO /o6bi'IHO C0Tbl9 Ll011H OMa/, perynllpyiOLUIIII: TpiiOLl MO>KHO 

C'IHT8Tb pa60T8JOLUHM no CXeMe C 06LUHM K011119KTOpOM UpR COilpOTHB119HHII B U9illl SMHTTe

pa, p8BHOM HY1IIO, KOT0p851 9KBHB8119HTH8 CXeMe C 06LUHM 3MHTT9pOM. 

npH nOCTpOeHHH CT86H1IH38TOpOB H8 3H8'1HTe1tbHble TOKH B K8'19CTBe perynHpy JOLUHX 

TpHOLlOB HCn01Ib3 Y JOTC51 COCT8BHbie TpHOLlbi, npeL!CT8B1151JOLUHe co6ol% COBOKYUHOCTb LlBYX HIIR 
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Tp e x T pHO L!Ol.'. ITpanaHeTOphl Tl, T2, T3 /, rrpH aTOM o6eerre'lHBaeTeSI Heo6xo.QHMbiA K09 cPcPH-

UH9HT yeH n eHHH !10 T OKy K yBe1IH'l l!B89TeSI BXO.QHOe eOIIpOTKB119HH9 perynKpy!O IUero sneM e HTa 

/He npoHeXO .QH T WYHT HpOB8HHH yeHliHTeng/. napaMeTpbl eoeT8BHOrO Tp8H3HeTopa / B 
e 

R BXO , S e R Ke /L e /, B 38BHeHMOeTH OT IIapaMeTpOB eOeT8BliSIIOIUHX ero TpHO,QOB, 

M o ryT oupeaenSITbeH UO cPo P MY11 8 M , UpHBe,QeHHbiM, H8IIpKMep, B 
/1/ 

B blpa)l{eHI!e ,QliSI n epe.QaT O'i HOrO K OS cl:Jcj:lHUHeHTa perynHpy!OIUero 9119M9HT8 IIO BXO,QHOMY 

eHrHany M O)I{HO 38II He8Tb K aK : 

k 

1 + k 
rae 

R H - eoupoTlmn enHe HarpyaK H , uosToM y 

EenH 

TO 

k 

Be>> 

k1 = 1 . 

RBxe 

R H 

R Bxe 

RH 

+ Be 

nepe.Qa T O'lHblll. KOS cl:JcP!!IlHeHT .Qenl!TeliSI 

R2 
k2=-- --

R1 + R2 

/12/ 

/13/ 

/14/ 

nepe.Q aTO'l H b! ll. K 0 9cPcPHUHeHT yeKnHTenSI B 38BHeHMOeTH OT IIapaMeTpOB Tpl!O.Qa H 

B X O ,Q HOll. UeUH B enyqae p83H OeTHOrO yeHliHTenSI MO)I{9T 6b!Tb onpeaeneH K8K : 

Sy(Ry\\ R Bxe )= By(Ry \\ RBxe) 

2 2R 
BXY 

By Ry R Bxe 

2R 
BXY 

(Ry+R ) 
BXe 

B q,opMyny e HHaex e oM • y BXO,QSIT BeliH'lHHhl, OTHOeSIIUKeeSI K yeHnKTeniQ. 

/15/ 

nepe.QaTO'lHblll. K09cl:JcpHUH9HT aBeHa, 'lepea KOTOpoe ,Qell.eTByeT H3MeH9HKe BXOLlHOrO 

H8UpSI)I{eHHSI 1'1 UB x H a BXOLl perynHpy!OIUero a neMeHTa /6aaa T 1/, onpeAenSieTeSI Klllt: 

1 /16/ 
R xeS e 

n epeAaTO'lH b! ll. K09 cP cPHUHeHT k 
5 

onpeAenSieTeSI H3 eneAyiOIUHX eoo6pa)l{eHHA. VlaMe-

HeHHe TOK8 HarpyaKH I'l l 
H 

PYIOIUero aneMeHTa 1'1 U6e 

B OeiipHHHM8eTeSI K8K H3MeHeHK9 H8IIpS1)1{9HHSI H8 BXOLle perynH-

, HO 

/). [ Ke 
~ =-~-

L'1 U6e L'1 U6c 

noaTOMy YK838HHOe B03MyiUeHHe IIpHK118LlhiB8eTeSI K Ll8HHOll. TO'IK9 KOHTypa 'lepea KOScPcPHUH

eHT, KMeiOIUHll. paaMepHoeTb eorrpOTHBneHHSI H paBHb!ll. 

k - 1 5 ---s c /17/ 

nepeaaTO'lHb!ll. K09cPcPHUH e HT k
6 

H8XOLlHTeSI K8K K09 cP cPHUHeHT AeneHKSI: 

R BXe 
/18/ 

Ry + R BXC 
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npe>KLle '!eM 38IIHC8Tb Bbipa >KeHHH rrepeLl8TO'!HbiX K09cpcpHUHeHTOB, 38MeTHM cneayiOWee • 

.QnH CT86RflR38TOpa B8>KHO 3H8Tb !"8p8HTHpOB8HHbie rrapaMeTpbi, KOTOpbie He LlO ll>K Hhi 6h!Tb 

MeHb We orrpeae lleHHhiX 3H8'!eHRII BO BCeU 38 Ll8 HHOM LlH8Il8:00He B03MyWe HRH M , t::.. U 
H BX 

t\U Bxy ' 
/':,. t 0 

" upyrRx rrpH rrpe Ll 'hHB 1 e HHH onpe ueneHH hi X Tpe6osa HHii K nap aM eTpaM ane-

MeHTOB f TpROLlOB, RCTO'!HRK8 OnOp HO!"O HanpH >Ke HHH H Llp. / . noaToMy B Ll 8flbHel!weM 6yaeM 

OnpeuenHTb 3H8'!eHR51 nepeL18TO'! HbiX K09cpcpHUH9HTOB B H8HXYL1WHX pe>KKM8X. 

nollb3YHCb Bh!BeLleHHhiMH paHee COOTHOWeHHHMH /2/, /4/, /6/, /8/, /10/, /14/, /15/, 

/}6/, / 17 / , / 18/, 3anHw eM Bhipa>i<eHHH Ll liH nepeLlaTO'!HhiX K09cpcp HUReHTOB no COOTBeTCTByiO-

WHM B 0 3M yWe HHHM : 

k 
BX 

1 R1 + R 2 2 R sx/Ry + ~xc) 
By Ry R BXC 

-- -----
Sc R Kc R2 

1 
kH = S C 

RJ+ R2 

R 2 

k 
BXY 

R1+ R 2 

R2 

k = 
R1 + R 2 

Oil 
R2 

R1 + R 2 k.r = k7 
R2 

2Rsxy (Ry+ R sxc 

By Ry R BXC 

2Rs2 

By Ry 

MB 

----rpm:r 

OM 

/19/ 

1201 

1211 

1221 

1231 

.QnSI Xap8KTepHCTHKH rrapaMeTpOB CT86HflH38TOpOB 'l8CTO Il0flb3YIOTCSI He rrepeaaTO'!HhiMH K09cp

cpHUHeHT8MH, 8 K09cp cpH UH9HT8MH CT86H1IH38UHH IIO BXOLlHOMy H8IIpH>KeHHIO perynHpYIOWero 

aneMeHTa 6 BX , no BXO LlHOM Y H8IIpSI>K e HHIO IIHT8HHH yCHliHTenH (ii) BXyH BHyTpeHHHM co-

IIpOTHBlle HH9M CT86H flH38TOpa. JHa H rrep9Ll8TO'!H hie K09cpcpHUHeHT hi, MO>K HO nerKO Bhi'lHCliHTb 

COOTB9TCTBYIOWH9 BenH'!HHhi: 

e = /':,. U BhiX Usx = lsx U BX 1241 
BX 

/':,. UBX U BbiX k BX UBhiX 

e = l'1UBhiX U BX;i = 1 u Bli;Y ; / 25/ 
BXY t::..U u ksxy U Bhi~ 

BXY B hiX 

R· = LlfkhiX 
= \t · l 

t::..rH 

1261 
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3 a K n ~ q e H H . e 

npHMeHeHHe arrrrap8Ta TeOpHH 8BTOM8THqeCKOrO perynHpOB8HHH DITH 8H8nH38 CXeM CT8-

6HITH38TOpOB ITOCTOHHHOrO H8ITpH)!(eHHH ll03BOITHeT pelllHTb 38D8qy B 05uteM BHDe; D8eT B03-

M0)!(H0CTb 05XODHTbCH 5e3 rpOM 03DKHX y p8BHeHHH, COCT8BnHeMbiX 05biqHo H8 OCHOB8HHH 38-

KOHOB KHpXrOcp8, qTO 3H 8 qHTenbHO yrrpOut8eT Bbl"IHCneHHH; IT03BOITS!eT ITpOCITeDHTb H8riTHDHO 

nelicTBHe H8 CHCTe M y p 83ITHqHbiX B03MYllt8 ~lltHX cpaKTOpOB. 

AsTOpbi rrpHHOCHT rny5oKy ~ 6naron8pHOCTb A.H. CHa8esy 38 PHD ueHHbiX coseTos H no

MOuth npH BbmonaeHHH p860Tbi H M.H. OMenbHHeHKO 38 none3Hbie o5cy)!(neHHH. 
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