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+.)&'&3+: (.%!%/% %,*"1"#5(+'",#+ ;<= +."8'%>&3+:). 
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1"#5(+'",#+ *'%&#*"'3"2" (+23%$% ;<= 3% +3*&',%$%7 ,'&)&3+ 

('%,3+)67 ( +3*&',%$") (+3*&.% %4&'*5'6, ,".3+#%?@+: ,($&!(*,+& 

,6("#": !+3%)+#+ 4"$&*% )%$67 $&*%*&$A367 %44%'%*",.  
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)+3+)5)% $"#%$A3": C3*'"4++ + 2%')"3+/&(#%- )"!&$A *'%&#*"'367 

3&(*%8+$A3"(*&: $&*%*&$A3"2" %44%'%*%. D'+,"!-*(- 

C#(4&'+)&3*%$A36& '&.5$A*%*6 4'+)&3&3+- %$2"'+*)% !$- 4"$5/&3+- 

+."8'%>&3+: ,6("#"2" '%.'&9&3+- %,+%0+"33": ;<=  L-!+%4%."3% 
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1.   !"!#$! 

/@?@H@ S<L>=JA<CLJ JK<UA@RDEJG A@?J<P<L@B<A<C = =JEBDKJA<C@EE<G @IDAB>A<G @CJ@NJ<EE<O< U@KJA<C@EJQ =B@P@ 
@LB>@PVE<G C =CQKJ = I<CFWDEJDM JT IA<=BA@E=BCDEE<O< A@KADWDEJQ ?< >A<CEQ D?JEJN MDBA<C J MDEDD C L<END 80-T J IDAC<G 

I<P<CJED 90-T O<?<C. 5A<UPDM@ UFP@ CFKC@E@ BDM, HB< =<CADMDEEFD E@CJO@NJ<EEFD =J=BDMF ED M<O>B = ED<UT<?JM<G 

B<HE<=BVX <UD=IDHJBV JKMDADEJD BA@DLB<AJJ IDADMDYDEJQ S@K<C<O< NDEBA@ @EBDEEF #.', HB< QCPQDB=Q ED<UT<?JMFM 

>=P<CJDM I<P>HDEJQ CF=<L<O< IA<=BA@E=BCDEE<O< A@KADWDEJQ. 
8B@ IA<UPDM@ C U<PVWJE=BCD =P>H@DC UFP@ >=IDWE< ADWDE@ A@KA@U<BL<G @PO<AJBM<C NJSA<C<G @CB<S<L>=JA<CLJ #.' 

JK<UA@RDEJG. !KCD=BEFD E@ =DO<?EQWEJG ?DEV @PO<AJBMF @CB<S<L>=JA<CLJ M<RE< A@K?DPJBV E@ ?C@ <=E<CEFT LP@==@ [1]: 

I@A@MDBAJHD=LJD, L<O?@ EDJKCD=BEF <?JE JPJ ED=L<PVL< I@A@MDBA<C BA@DLB<AE<O< =JOE@P@; EDI@A@MDBAJHD=LJD, L<O?@ 
IAJT<?JB=Q C<==B@E@CPJC@BV EDJKCD=BEFG =JOE@P NDPJL<M [1,3]. 2=PJ K@?@H@ EDI@A@MDBAJHD=L<G S<L>=JA<CLJ C<KEJL@DB C 
<=E<CE<M C=PD?=BCJD ZSSDLB<C A@=IA<=BA@EDEJQ =JOE@P<C #.' C @BM<=SDAD [3] J T@A@LBDAE@ C U<PVWDG =BDIDEJ ?PQ #.' 

L<=MJHD=L<O< U@KJA<C@EJQ, B< =P>H@G I@A@MDBAJHD=L<G S<L>=JA<CLJ =CQK@E, L@L IA@CJP<, = BA@DLB<AEFMJ <WJUL@MJ J 

ED=B@UJPVE<=BQMJ @CJ@NJ<EEFT J L<=MJHD=LJT E<=JBDPDG [2].  

% E@=B<QYDD CADMQ JKCD=BEF ?CD <=E<CEFT OA>IIF @PO<AJBM<C I@A@MDBAJHD=L<G @CB<S<L>=JA<CLJ: @PO<AJBMF <=E<C@EEFD 
E@ J=I<PVK<C@EJJ P<L@PVEFT =B@BJ=BJL #.' JK<UA@RDEJG J @PO<AJBMF, J=I<PVK>XYJD L<AADPQNJ<EEFD =C<G=BC@ 
A@=S<L>=JA<C@EEFT JK<UA@RDEJG [1,2]. % U<PVWJE=BCD =P>H@DC, ZBJ @PO<AJBMF <UD=IDHJC@XB ?<=BJRDEJD K@?@EE<O< >A<CEQ 
A@KADWDEJQ, <?E@L<, C =P>H@D, L<O?@ #.' >=B@E@CPJC@DB=Q E@ PDB@BDPVEFT @II@A@B@T PDOL<O< LP@==@ (M@P@Q @CJ@NJQ, 
CDAB<PDBF, UD=IJP<BEFD =@M<PDBF) C@AJ@NJJ I@A@MDBA<C S<L>=JA<CLJ =B@E<CQB=Q =A@CEJMF = JEBDAC@P<M =JEBDK@ @IDAB>AF. 

% ZB<M =P>H@D I<P>HDEJD K@?@EE<O< >A<CEQ A@KADWDEJQ BADU>DB J=I<PVK<C@EJQ U<PDD @?DLC@BEFT M<?DPDG BA@DLB<AE<O< 

=JOE@P@ J @PO<AJBM<C @CB<S<L>=JA<CLJ.  

 

2. %&'()$*+ (,)%,(*-$  

,@L UFP< >L@K@E< CFWD B<HE<=BV KE@EJQ I@A@MDBA<C <BE<=JBDPVE<O< ?CJRDEJQ #.' J <BA@R@XYDG I<CDATE<=BJ <IAD?DPQDB 
=BDIDEV I@A@MDBAJHD=L<G ED<IAD?DPDEE<=BJ @KJM>B@PVE<O< Q?A@ (3) JEBDOA@PVE<O< >A@CEDEJQ (1).  
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 !  ! !  ! ! (3)                                                                             exp,exp, 00 #*)"#)"# jtjK A ++&'  

% ZB<M CFA@RDEJJ:  !"#$ ,  - L<ZSSJNJDEB <BA@RDEJQ I<?=BJP@XYDG I<CDATE<=BJ;  !)jh  - 

L<MIPDL=E@Q <OJU@XY@Q K<E?JA>XYDO< =JOE@P@;  !)jK AT
 - Q?A<, <IJ=FC@XYDD ADSA@LNJX 

K<E?JA>XYDO< =JOE@P@ C ADO>PQAE<G @BM<=SDAD;  !  !)) jKjK TRE
   - IDAD?@B<HE@Q 

T@A@LBDAJ=BJL@ @II@A@B>AE<O< BA@LB@; ),( "#%& kTt  - ADO>PQAE@Q H@=BV CADMDEE<O< 

K@I@K?FC@EJQ =JOE@P@ C @BM<=SDAD;  !#* - SP>LB>@NJ<EE@Q L<MI<EDEB@ CADMDEE<O< 

K@I@K?FC@EJQ =JOE@P@ C B>AU>PDEBE<G @BM<=SDAD (?PQ L<=MJHD=LJT #.'); kTt, - L<<A?JE@BF 

(K@?DARL@, E<MDA K<E?JA>XYDO< =JOE@P@); "# , -   L<<A?JE@BF ZPDMDEB@ I<?=BJP@XYDG 

I<CDATE<=BJ (@KJM>B, ?@PVE<=BV); Ag  J Rg  CDYD=BCDEEFD S>ELNJJ <IJ=FC@XYJD ZSSDLB 
M<?>PQNJJ <BA@RDEE<O< =JOE@P@ IAJ BDPD=L<IJHD=L<M <UK<AD. 
3@ IA<=BA@E=BCDEE<D A@KADWDEJD #.' <L@KFC@DB CPJQEJD L<ZSSJNJDEB <IAD?DPQXYJG LC@?A@BJHEFG S@K<CFG E@UDO C 
CFA@RDEJJ (3), <IAD?DPQDMFG CFA@RDEJDM (4). 
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% ZB<M CFA@RDEJJ  pF - S>ELNJQ, <IJ=FC@XY@Q CPJQEJD =AD?F A@=IA<=BA@EDEJQ;  !#
c

R - CDLB<A I<P<RDEJQ PDB@BDPVE<O< 

@II@A@B@;  !"# ,R  CDLB<A, <IJ=FC@XYJG OD<MDBAJX <BA@R@XYDG I<CDATE<=BJ. 

5<=L<PVL> H@=B< BA@DLB<AJQ IDADMDYDEJQ S@K<C<O< NDEBA@ @EBDEEF #.' ED QCPQDB=Q IAQM<PJEDGE<G, B< ?@EEFG 

L<ZSSJNJDEB QCPQDB=Q S>ELNJDG BA@DLB<AE<O< CADMDEJ. 5<ZB<M> K@IJWDM L<ZSSJNJDEB S<L>=JA<CLJ HDADK 
“ZLCJC@PDEBE>X” =L<A<=BV IAQM<PJEDGE<O< ?CJRDEJQ (5). 
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8LCJC@PDEBE@Q =L<A<=BV, L@L MF CJ?JM JK ZB<O< CFA@RDEJQ, =CQK@E@ = M<?>PDM CDLB<A@ 
=L<A<=BJ J IA<DLNJDG >=L<ADEJQ E@ E@LP<EE>X ?@PVE<=BV, @ B@LRD = L<ZSSJNJDEB<M, 

<BA@R@XYJM CPJQEJD ADO>PQAE<G J SPXLB>JA>XYDG @BM<=SDAF (“MD?PDEEFD” 

SPXLB>@NJJ). 

 JLPJHD=L<D =MDYDEJD @KJM>B@PVE<O< =IDLBA@ A@?J<P<L@NJ<EE<O< JK<UA@RDEJQ (#(!) 

(E@KFC@DM<O< C K@A>UDRE<G PJBDA@B>AD ?<IPDA<C=LJM NDEBA<J?<M [2]) <UFHE< =CQK@E< = 
PJEDGEFM S@K<CFM E@UDO<M BA@DLB<AE<G S@KF. $?E@L< C (4) JMDDB MD=B< B<PVL< 

LC@?A@BJHEFG S@K<CFG E@UDO. 8B< =CJ?DBDPV=BC>DB < B<M, HB< KE@HDEJD ?<IPDA<C=L<O< 

NDEBA<J?@ K@CJ=JB B<PVL< <B <AJDEB@NJJ ?J@OA@MMF E@IA@CPDEE<=BJ @EBDEEF #.'. $NDEL@ 
?<IPDA<C=L<O< NDEBA<J?@, QCPQDB=Q ED<UT<?JM<G, IAJ L<AADLNJJ PJEDGEFT J=L@RDEJG 

M@=WB@U@ #(! [2], E< =<U=BCDEE< E@ DO< L@HD=BC< (IA<=BA@E=BCDEE<D A@KADWDEJD) ED CPJQDB. 
4@EE@Q K@?@H@ IAD?=B@CPQDB=Q E@ ?@EEFG M<MDEB ?<=B@B<HE< I<PE< J==PD?<C@EE<G J C 
?@EE<G A@U<BD ED A@==M@BAJC@DB=Q. 
-T>?WDEJD A@KADW@XYDG =I<=<UE<=BJ #.', C=PD?=BCJD <WJULJ C <IAD?DPDEJJ I@A@MDBA@ 
S<L>=JA<CLJ, M<RDB UFBV E@G?DE@ I< =PD?>XYDG IAJUPJRDEE<G S<AM>PD: 

(6)                                               44 22

HssHa RVTVTRV *: +++9+++'&  

O?D: Ts  - JEBDAC@P =JEBDK@ #(!, *V - <WJUL@ I< ZLCJC@PDEBE<G =L<A<=BJ. 

2=PJ MF JMDDM JES<AM@NJX < B<HE<=BJ JMDXYJT=Q E@CJO@NJ<EEFT ?@EEFT, B< M<RE< 

<IAD?DPJBV <IBJM@PVE<G JEBDAC@P =JEBDK@ #(!, IAJ L<B<A<M U>?DB <UD=IDHDE< E@JP>HWDD 
?PQ ?@EEFT B<HE<=BDG @KJM>B@PVE<D A@KADWDEJD, B.D., B< A@KADWDEJD, IAJ L<B<A<M DYD ED 
U>?>B =L@KFC@BV=Q BA@DLB<AEFD <WJULJ. 

 ! (7)                                               24 2

RHVHs RVVRT "": +%+++'  



/@CJ=JM<=BV I@A@MDBA@ S<L>=JA<CLJ <B 
BA@DLB<AE<O< CADMDEJ, QCPQDB=Q LAJBJHE<G 

B@LRD J ?PQ =J=BDM =AD?EDO< A@KADWDEJQ, 
A@U<B@XYJT C ?PJEE<C<PE<C<G H@=BJ ?J@I@K<E@ 
H@=B<B #.', B.L. C ZB<M =P>H@D B@LRD JMDDB 
MD=B< JKMDEDEJD I@A@MDBA@ S<L>=JA<CLJ E@ 
JEBDAC@P@T CADMDEJ, =A@CEJMFT = JEBDAC@P<M 

=JEBDK@. 
0<PVWJE=BC< @PO<AJBM<C @CB<S<L>=JA<CLJ 

#.' [1], >=B<GHJC< A@U<B@XB, B<PVL< D=PJ 

=XRDB #(! =<?DARJB QAL< CFA@RDEEFD 
B<HDHEFD <U[DLBF. 5<ZB<M> <=E<CEFD ZB@IF 

C<==B@E<CPDEJQ #(! C >=P<CJQT 

I@A@MDBAJHD=L<G ED<IAD?DPDEE<=BJ 

<BE<=JBDPVE< I@A@MDBA<C ?CJRDEJQ 
PDB@BDPVE<O< @II@A@B@ ?<PREF UFBV 
=PD?>XYJD: 

1. “)A>UFG” =JEBDK A@?J<P<L@NJ<EE<O< 

JK<UA@RDEJQ = IA<=BA@E=BCDEEFM 

A@KADWDEJDM, <IAD?DPQDMFM I< 

S<AM>PD (7), <?EJM JK JKCD=BEFT 

UF=BAFT @PO<AJBM<C; 
2. %F?DPDEJD SA@OMDEB<C O<P<OA@MMF 

IDA=IDLBJCEFT ?PQ <NDEJC@EJQ 
I@A@MDBA@ S<L>=JA<CLJ (IA<ND?>A@ @CB<M@BJHD=L<O< <UE@A>RDEJQ B<HDHEFT NDPDG). 

3. "<L>=JA<CL@ CF?DPDEEFT SA@OMDEB<C; 
4. !EBDAI<PQNJQ I@A@MDBA<C S<L>=JA<CLJ E@ C=X <UP@=BV O<P<OA@MMF; 

5. “*<HEFG” =JEBDK A@?J<P<L@NJ<EE<O< JK<UA@RDEJQ (@PO<AJBM IAQM<G =CDABLJ) = 
J=I<PVK<C@EJDM JEBDAI<PJA<C@EE<G K@CJ=JM<=BJ I@A@MDBA@ S<L>=JA<CLJ JPJ 

=<<BCDB=BC>XYDG I@A@MDBAJHD=L<G M<?DPJ. 

$NDEL@ I@A@MDBA<C S<L>=JA<CLJ M<RDB <=>YD=BCPQBV=Q @CB<M@BJHD=LJ (@CB<S<L>=JA<CL@) 
JPJ = J=I<PVK<C@EJDM JEBDA@LBJCEFT MDB<?<C <UA@U<BLJ (“A>HE@Q S<L>=JA<CL@”). 

 

2. .-/0!)$+!#*%&1#2! )!34&1*%*2 

$=<UDEE<=BJ IAJMDEDEJQ ?@EEFT MDB<?<C, JPPX=BAJA>DB IAJMDA C<==B@E<CPDEJQ #(! 

=@M<PDBE<G #.' L - ?J@I@K<E@ C =<=B@CD #(, +ARS (-LA@JE@). 4@EEFG #(, A@KA@U<B@E C 
!#8 '3 -..# (C E@=B<QYDD CADMQ !==PD?<C@BDPV=LJG  DEBA #@?J<SJKJHD=LJT +DB<?<C 
4J=B@ENJ<EE<O< /<E?JA<C@EJQ /DMPJ JMDEJ '.!. ,@PMFL<C@). $UA@U<BL@ I< L<<A?JE@BD 
E@LP<EE<G ?@PVE<=BJ C ZB<G =J=BDMD <=>YD=BCPQDB=Q E@ @II@A@BE<M >A<CED, I<ZB<M> 

NJSA<C<D C<==B@E<CPDEJD #(! <=>YD=BCPQDB=Q B<PVL< C =DHDEJJ I>BDC<G ?@PVE<=BJ. 

4PQ <NDELJ I@A@MDBA@ S<L>=JA<CLJ C P<L@PVE<G <UP@=BJ J=I<PVK<C@P=Q @PO<AJBM 

@CB<S<L>=JA<CLJ I< LAJBDAJX MJEJM>M@ P<L@PVE<G ZEBA<IJJ [1]. .>BV @PO<AJBM@ C 
EDPJEDGE<G <IBJMJK@NJJ MDB<?<M E@J=L<ADGWDO< =I>=L@ I< I@A@MDBA@M ZLCJC@PDEBE<G 

=L<A<=BJ J ?PJED @IDAB>AF P<L@PVE<G ZEBA<IJJ SA@OMDEB<C #(!, =<?DAR@YJT “QALJD” 

<=<UDEE<=BJ. /E@HDEJD ZEBA<IJJ CFHJ=PQDB=Q I< P<L@PVE<G OJ=B<OA@MMD SA@OMDEB@ #(! I< 

S<AM>PD ZEBA<IJJ ?J=LADBE<O< J=B<HEJL@. ,@L I<L@K@P< M@BDM@BJHD=L<D M<?DPJA<C@EJD, 
ZB<B @PO<AJBM C E@JU<PVWDG =BDIDEJ ZSSDLBJCDE IAJ S<L>=JA<CLD QALJT B<HDHEFT 

<BA@R@BDPDG J A@U<B@DB = MJEJM@PVEFMJ A@KMDA@MJ SA@OMDEB@ #(! [1]. #DK>PVB@BF <NDELJ 

I@A@MDBA@ S<L>=JA<CLJ I< AD@PVE<G O<P<OA@MMD #.'  I<L@K@EF E@ #J=.1. 5< ZBJM 

ADK>PVB@B@M CJ?E<, HB< ZLCJC@PDEBE@Q =L<A<=BV MDEQDB=Q C IAD?DP@T (=15 M/=) E@ JEBDAC@PD 
I<AQ?L@ 10= (<BMDBJM B@LRD, HB< M@L=JM@PVEFG JEBDAC@P =JEBDK@ @IDAB>AF ?PQ ?@EE<O< 

=P>H@Q =<=B@CPQDB 3-5 =). 2=BD=BCDEE<, HB< IAJ J=I<PVK<C@EJJ M<?DPJ IAQM<PJEDGE<O< 

A@CE<MDAE<O< ?CJRDEJQ =@M<PDB@ B@L<D JKMDEDEJD <U[Q=EJBV EDC<KM<RE<. 4@EEFD 
L<PDU@EJQ =CQK@EF = JKMDEDEJDM A@?J@PVE<O< >=L<ADEJQ ?CJRDEJQ =@M<PDB@ (=M. CFA@RDEJD 

110
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0,00 10,00 20,00 30,00

 !"#$%&!'&# (!#)*, [c] 

V [m/c]

)56. 1 #DK>PVB@BF JKMDADEJQ J JEBDAI<PQNJJ
ZLCJC@PDEBE<G =L<A<=BJ @CJ@NJ<EE<G #.'
“+'#.” I< SA@OMDEB> #))  O. .@M@A@
(12.12.91O.). 

)56. 2 "<L>=JA<CL@ I< ?@EEFM E@CJO@NJ<EE<G 

=J=BDMF =@M<PDB@ 



(5)).  

5<P>HDEEFD ADK>PVB@BF QCPQXB=Q ?<=B@B<HE< BJIJHEFMJ ?PQ @CJ@NJ<EEFT E<=JBDPDG J 

=<CI@?@XB = [2]. 8B<B S@LB I<KC<PQDB J=I<PVK<C@BV ?PQ ADWDEJQ K@?@HJ S<L>=JA<CLJ #(! 

M<?DPV ?CJRDEJQ =@M<PDB@ C CJ?D =>MMF PJEDGEFT J O@AM<EJHD=LJT L<MI<EDEB. !=I<PVK>Q 
?@EE>X M<?DPV BA@DLB<AEFT ED=B@UJPVE<=BDG, M<RE< A@==M@BAJC@BV K@?@H> S<L>=JA<CLJ C 
=P>H@D “UF=BAFT” L<PDU@EJG ZLCJC@PDEBE<G =L<A<=BJ, IAJHDM I@A@MDBAF  M<?DPJ PDOL< 

<IAD?DPQB=Q I< ADK>PVB@B@M P<L@PVE<G @CB<S<L>=JA<CLJ (#J=.1). 

3@ #J=.2 I<L@K@E< #(! ?@EE<O< SA@OMDEB@ =S<L>=JA<C@EE<D I< ?@EEFM E@CJO@NJ<EE<G 

=J=BDMF =@M<PDB@, @ E@ #J=.3 @CB<S<L>=JA<C@EE<D JK<UA@RDEJD I<=BA<DEE<D = >HDB<M 

JEBDAI<PQNJJ I<L@K@EE<G E@ #J=.1. 

*.<. MF =CDPJ K@?@H> <IBJMJK@NJJ U<PVW<O< L<PJHD=BC@ P<L@PVEFT I@A@MDBA<C S<L>=JA<CLJ 

L K@?@HD <IBJMJK@NJJ I< ED=L<PVLJM I@A@MDBA@M O@AM<EJHD=L<G M<?DPJ. 

  

 

4.  2 ("2 

*.<. ?C>TZB@IE@Q IA<ND?>A@ @CB<M@BJHD=L<G 

S<L>=JA<CLJ, E@ IDAC<M ZB@ID L<B<A<G 

<IAD?DPQXB=Q I@A@MDBAF S<L>=JA<CLJ C 
P<L@PVEFT <UP@=BQT #(!, @ E@ CB<A<M ZB@ID = 
J=I<PVK<C@EJDM O@AM<EJHD=L<G M<?DPJ 

JKMDEDEJQ I@A@MDBA@ S<L>=JA<CLJ 

<IBJMJKJA>XB=Q I@A@MDBAF @PO<AJBM@ >RD I< 

C=DM> JK<UA@RDEJX, I<KC<PQDB I<P>HJBV 
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