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K.H. JIyHry, npogeccop kagedpw: ougpgbeperiuansioix ypasreruii Mockoscrkoz2o
20CY0apCMBEHH020 OMKDPbINO20 YHUBePCUmMema

W3MEPEHWUE NAPAMETPOB
MATEMATUYECKOWN 3AAYU

Pentenue 3a1a4 — BOXKHEINIIAA COCTABHAA
YaCTb OOYUEHUA MATEMATHKE B BY3€ X OCHOBHOU
BUJ UHTEJUIEKTYAIbHOU IEATENBHOCTH, 4 HAYIHO
OOOCHOBAHHBII X TIOA00P — OJUH U3 3(PdeK-
TUBHBIX ITyT€ll OOHOBJIEHUA MATEMATHYECKOTO
COZIEP’KAHUSL M COBEPIIEHCTBOBAHUSA TEXHOJIO-
T O6YYEHUS B KOHTEKCTE COBPEMEHHBIX OJI-
XOJIOB K BBICIIEMY OOPA30BAHUIO.

Pornb 1 MeCTO 327124 B O6Y4EHNN MaTEMA-
THKE, 4 TAKKE JUIAKTUIECKUE U METOAUIECKUE
MX OCOOEHHOCTU Y IPUMEHEHUS ObLIN UCCIIEN0-
BaHBI B PA060TAX MHOTUX YUEHBIX.

B mesarorudeckoi NCUxXosIOruu yuedHas
32/1a494 3aHUMAET BTOPYIO ITO3UIUIO BO BHENTHEH
CTPYKTYPE YIEOHOI AEATENbHOCTH, PACCMATPHU-
BAE€MOM KaK CUCTEMA, COCTOAAS U3 CIEAYIOMUX
IATH KOMIIOHEHTOB: MOTUBALINS; yaeOHas 33/1a-
4a;, yueOHbIE JIEVUCTBUsA, KOHTPOJb, NEPEXOA-
UM B CAMOKOHTPOJb; OLEHKA, MEPEXOAAIas
B CAMOOLICHKY.

B mocnegHue rofpl, OCOOEHHO B CBA3U
¢ BBeZeHUEM B cTpaHe EI'D Kak yHUBEPCATbHON
(POPMBI KOHTPOJIA IIKOJIBHBIX 3HAHMI BBITYCK-
HUKOB CHJIBHO BO3POC MHTEPEC IIEAaroroB
U METO/JUCTOB K TEOPUU MEAATOTMYECKUX 33/1a-
HUI, 0O0bEUHAIONIEH EJaTOTUUECKHE, METPIYE-

CKUE, CTATUCTUYECKUE U MATEMATUYECKUE METO-
JIbl UCCIEIOBAHYS. AKTYAIBHOCTD TAKOU PabOThL
OOBACHAETCA TAKKE U TEM, UTO 33/JaHUS HAYMHA-
10T IIPUOOPETATH BEAYIIYIO POJb B OPraHU3ALIUY
KOMIIBIOTEPU30BAHHOTO NIPOLECCa OOPA30BAHNUA
Y CAMOOOPA30BAHMs, B CAMOCTOSTENBHOM paboTe
CTYAEHTOB U AUCTAHLIUOHHOM OOY4CHUU.

B 31011 CBA3U CUMTAEM BOXHOU IIPOGIEMY
CO3[aHUsI TEOPUU U METOAUKU U3MEPEHUA [Iea-
TOTUYECKUX 33/IaHUI. THBIMU CJIOBAMU, KAKJOM
33/1a4€ HY)KHO COIIOCTABUTb YHCIO WA apud-
METHUYECKUI BEKTOP, KOMIIOHEHTHI KOTOPOI'O
XAPaKTEPU30BAIU OBl T€ WIX UHBIE OCOOEHHO-
CTHU 337124 (UJEHHBIE, CTPYKTYPHBIE, BHIYMCIIN-
TEJIbHBIC, AHAIUTUYECKUE, TEXHOJIOIMYECKUE,
HAITIA/THBIE, BEPOAIBHBIE, CAMBOJIMYECKUE U T.JL.).
McXOOHBIMM TIOJIOKEHUAMU KOHLENINU [JIUA-
THOCTUKHU 344N ABIAIOTCA WJesd HU3MEPEHUA
oTaenbHbIX €€ mapamerpos (BIL becnanbko)
u cucreMHas mMoaenb 3agaun (I0.M. Komarun).
B KauecTBe TAKUX MAPAMETPOB /11 MATEMATAYE-
CKOH 3aJa4d MBI NPEIAraeM: HH(POPMALIUOH-
HYIO éMKOCTb, JIOTUYECKUE (CUCTEMHBIE) CBA3M
U TPYAOEMKOCTD PEMIEHNA 33/1A4H.

OCHOBHA8 CTPYKTYPHas1 €IMHULA COAEP-
JKAHUA OOYUEHUS, TUIAKTUIECKAs. OCOOEHHOCTD
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KOTOPOI COCTOUT B €€ NPOCTOTE, 3aKOHUEHHO-
CTU ¥ OJHOPOJHOCTU UH(POPMALIUY, — YHeOHbLL
anemenm (YO). B MaTEMATHKE MBI UMEEM JIETIO C
y4EOHBIMU 3JIEMEHTAMU YETBIPEX BUJIOB:

1) 0GBeKTBI (UnCia, GYKBbI, (DYHKIHM,
BEKTOPBI, MATPHUILIBL, ONIPEAETUTENN, UHTETPAJII,
CJIy4YaiiHbIC BEIMYMHDL);

2) mpoueccsl (CIOXKEHUE, BHIYUTAHHUE,
JIOrapu(pMUPOBAHUE, UHTETPUPOBAHUE, pEIe-
HUE),

3) ABaeHuA ((POPMYIBL, TUHUH, IOBEPX-
HOCTH, MOHOTOHHOCTb, BBIIYKIOCTb, CXOJIHU-
MOCTb);

4) MeToapl (BLIYMCIECHUS, IOCTPOEHUE
MO/IENH, IPEOOPA30BAHUSA, MOJU(PUKAIINL).

CoBpeMEHHAS HayKa MO3BOJIET TOBOPUTD
0 KOJIMYECTBEHHBIX OTINYUAX YUEOHBIX JJIEMEH-
TOB. Hanpumep, NCXOAA U3 TOTO, 4TO OIHO CTIOBO
POIHOTO A3bIKA HECET MH(POPMALUIO IPUMEPHO
B 12 6ur (BILBecnanpKo), IpecTaBiIsieTcs BO3-
MOKHBIM U3MEPATS UH(OPMAITMOHHYIO EMKOCTb
TOT'O WJIK THOTO OOBEKTA, ONIPE/IETIEHNUS, YTBEPXK-
JICHUSA, METOZA U JiaXe (DOPMYJBL, €CIM OHU
IIPE/ICTABIICHBL B CIOBECHOI (POPME.

Hanpumep, CpaBHUBAEM CIIEAYVIOIUE TPU
OIIPE/IENICHUSL.

1) I'pacpukoM (pyHKIMHU Y=f(X) HA3BIBACTCA
MHOKECTBO BCEX TOYEK INIOCKOCTU OXy € KOOp-
JUHATAMH (X)) = (X, f(x)), x D(f).

2) Cucrema BekTOpoB A, B, ..., K Ha3piBaer-
Csl TMHEHHO HE3aBUCHUMOH, €CIM  PABEHCTBO
HYJ/IIO UX JIMHEUHON KOMOUHAMY gA + bB + ... +
+ xK =0 ¢ 1pOU3BOIbHBIMY YUCIAMUA BO3MOXHO
TOJBKO NpU yaIoBUA d =b = ..=x =0.

3) Yucno A Ha3pIBAETCA NPEAEIOM (DYHK-
UM f(X) B TOUKE X = ¢, €CIIU 1 Mo60ro & > 0
Hangercs 4uaio § > 0 Takoe, 4To IPU BCEX X
Takux, uTo 0 < [r—a| < §, UIMEET MECTO HEPABEH-
cTBO Jf(x) — A <.

OueBUIHO, YTO HH(OPMALUOHHAA EM-
KOCTb 3THUX OIpeJeNeHni pasHad. B coorser-
CTBUM C 3TUM Y4EOHOMY 3JEMEHTY (TIOHATHIO,
IIPABUJLY, CBOMCTBY) NPUITMCHIBAEM: BeC 1, ecin
€0 OIUCAHUE, ONPEIENICHUE COCTAB/IACT IIPO-
CTOE NPELIOKEHUE; BEC 2, €C/IU €I'0 OIUCAHUE
COCTOUT U3 JIBYX IIPOCTBIX IIPEVIOKEHUL; BEC 3,
€CIIM €ro OIPENENIEHUE COCTOUT U3 HE MEHee
TPEX TPOCTHIX NPENIOKEHUI. DT BeCa epe-
HOCATCS Ha JJCHCTBUSL, CBA3AHHBIE C IIPOBEPKOK
COOTBETCTBYIOLIEIO ONPEAENIECHU WIA UICHTH-
(pukanyer yueGHOTO IEMEHTA.

AHQJIOIMYHO ompepensaerca nHhopMaLu-
OHHad €MKOCTD 33712491, C 3TON TOYKU 3PEHUA
PaCCMOTPUM CIIEAYIOLUE TPU 3aJa4M.

3ayaua 1. Cpeau 100 10TEpENHbIX OMIETOB
€CTb IIATh BHIMIDHINHAIX. HalTH BEPOATHOCTH
TOTO, YTO /IBA HAYAAUY KYIUICHHBIX OUIETA BBIM-
TDBIIIHBIE.

3azaua 2. Ha fanHoM (prpMe ISt BBITIOTHE-
HUA IBYX BAZIOB pAOOT HYKHBI 10 CIIELIUATUCTOB,
IO IIATH YEJIOBEK JUIA KKA0TO BU/id. CKONBKUMU
CIIOCOOAMU MOKHO BBIOPATD IPYIITY CIIELUAIN-
CTOB JUIL 9TUX PaboT, ecnu umeercs 21 Kaugu-
JaT, IpU4YEM BOCEMb Y€JIOBEK XOTAT BBIIOIHATD
HEPBYIO pabOTY, MIECTEPO — BTOPYIO, 4 IS CEMe-
PBIX 6E3PA3IUYHO, KAKYIO?

3amava 3. Ha geTnIpéx cxnamax 4, B, C, D
HAXOJIUTCS COOTBETCTBEHHO 32, 30, 18, 20 TOHH
TOpIOYEro, a B MyHKTAX 1, 2, 3, 4, 5, 1 6 moTpe6s-
0T 3TO roproyee B Konuuectsax 19, 10, 14, 20, 21
1 26 TOHH, COOTBETCTBEHHO. [1epeBO3Ka OHOM
TOHHBI TOPIOYET'O CO CKIANIOB 4, B, C, D B IIYHKTHI
1,2, 3, 4,5, 6 3amaércs cnenyromeit TapudHoL

548 9 25

2 97 2 53
marpuneit T =

12 2 6 10 7 4

9 3 510 3 6
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COCTaBUTD TAKO! IUIAH NEPEBO3KU I'OPIO-
Yero, Mpu KOTOPOM TPAHCIIOPTHBIE PACXOABI
OyfyT MUHHUMAJIbHBIMM, U YKA3aTb 3TU pac-
XOJIBL

3agauam 1, 2 u 3 conocraBuM Bec 1,2 1 3
COOTBETCTBEHHO.

OO6paruMcs Tenepsb K AUarHOCTUKE JIOTU-
YECKUX CBA3EH YUEOHBIX 3JEMEHTOB 33/1a4m.
PaccmoTpuMm  KOHKpeTHble cuTyanuu. Ilpnm
peLIeHNH CUCTEM JIMHENHBIX YPABHEHUI MOKHO
UCIIONb30BATh MeTOA Taycca (31eMeHTapHBIX
npeobpazoBanuii), MeTos Kpamepa (onpeaenu-
TeJler) U MATPUYHBIN (CUMBOIMYECKUI) METO,
DTH YUEOHBIE 3NIEMEHTHI (BOIIPOCHI) — JIEMEH-
TApHBIE IPEOOPA3OBAHUA,  ONPEACTUTENN
U MATPULIl — ABJAIOTCH JIEMEHTAMU OJHOI'O
paszena JIuHeltHas anredpar. [lj1g IpuBeeHUA
YPABHEHUI BTOPOI'O MOPAJKA K KAHOHUYECKOMY
By MOXKHO UCIIO/Ib30BATb METO/, OACTAHOBKU
KAK JIEMEHT AHAIUTUYECKON TEOMETPUN WU
MaTPUYHBIM METOJ KaK 3JIEMEHT NPEIbIIYIEIO
paspena, TMHENHON aireOpbl. CUCTEMBI JIMHEN-
HBIX JU(PQPEPEHIIUATBHBIX YPABHEHUH C TIOCTO-
AHHBIMA KO3(D(PULIUEHTAMU MOXHO DEIIUTD
METOZIOM IIPUBE/IEHUA CUCTEMBI K OJHOMY YPaB-
HEHUIO 60JIEE BEICOKOTO MOPAAKA (KaK /IEMEHT
PACCMATPUBAEMOIO PA3AEIA) WIM MATPUYHBIM
METOAOM (KaK 3JEMEHT [JaNEKOTO pasfena
JIMHEMHOU arebph).

[Ipy MOCTPOEHUM JIMHUI YPOBHA (DYHK-
L[UY JIBYX [IEPEMEHHDIX, IO/ HANIPABJIEHUN [
IpPEePEHIMATBHBIX YPABHEHUH HUCTIONb3YIOT-
Cs1 3JIEMEHTBI (YPABHEHUA KPUBBIX) aHAIUTUYC-
CKOI reoMeTpud. TakuM 06pa3oM, OUEBU/HBI
33/1a4y, cojepxamue YO OJHOIO pasfiena,
COCEJHUX WU JAIEKUX PYT OT JPYra PA3ZIEIIOB,
BPEMEHHOM JIAT MEXIY KOTOPBIMHU JOCTATOYHO
O0bIION. 3a7a4aM 3TUX TPEX Pa3HBbIX TUIIOB
(peuieHue JMHEMHBIX CUCTEM; IPUBEJEHUE

YPaBHEHMSA BTOPOTO NMOPAJKA K KAHOHUUECKOMY
BUIY MZ{TpI/I‘{HbIM METO/IOM; pCH.ICHI/IC CHCTEMBI
JMHENHBIX JU(POEPEHIIUATBHBIX YPABHEHUI
NIEPBOTO MOPSAKA C MOCTOAHHBIMU KO3 HULIN-
€HTAMM MAaTPUYHBIM METOOM) IIPUIMIIEM
COOTBETCTBEHHO BeC 1, 2 Wiu 3.

DBonee TO4YHAA AMATHOCTHUKA 33/1a4U IO
3TOMY IAPAMETPY OIMPAETCA HA BBHIABICHHUE
JIOTMYECKOH CTPYKTYPBI YIEOHBIX TEM, PA3/IC/IOB,
JUCIUIUIAH. TIpr JIOrHYeCcKoy CTPYKTYPU3ALIN
HEOOXOJUMO YUYECTb TAKUE XAPAKTEPUCTUKU
Y4€OHBIX BOIIPOCOB KAK MX BAKHOCTD, MIHUPOTA
1 ryorHa. OnpejencHie JTJOTHYECKUX CBA3EH
MEXy YYEOHBIMU BOIPOCAMU IIPU IIOMOIIH
KOMIIBIOTEPHBIX IIPOrPAMM IO3BOJIWIIO OB YCTA-
HOBUTb IOCTATOYHO TOYHYIO IUATHOCTUKY JIOTH-
YECKUX CBA3EH 3a7aun. bonee Toro, s Iorude-
CKOH CTPYKTYPBI MOKHO BBECTU HOJIEE TOUHYIO,
HATIPUMED JECATUOAUIBHYIO, KAy, TAK WIN
MHAY€e YYUTHIBAOMYIO (DAKTUYECKOE TOMONOTU-
YECKOE PACCTOAHUE MEAKIY YIEOHBIMHU JJIEMEH-
TaMH 33/IA4N.

Ha noruveckue CBA3M 33/Ja94U MOTYT BJIU-
ATb 1 CAMU MATEMaTUUECKUE OOBEKTEL, KOTOPbIE
¢urypupyor B 3ajgade. Hanpumep, padora
C TPUTOHOMETPUYECKUMHU (DYHKIMAMU NIPEATIO-
JIATA€T YMEHUE PAO6OTATD C LIEIBIMU U JPOOHBIMI
BBIPAKEHUAMH, T.€. JIOTMYECKUE CBA3W OJHUX
3JIEMEHTOB ONOCPE/IOBAHDI CBA3SIMU JAPYTHX, LIS
IIEPBBIX CBA3U 60JIEe PA3ZHOOOPA3HBL, 4EM JULL
BTOPBIX. CIEJOBATENBHO, 3a1a4aM Ha BBIYUCTIE-
HUE NIPEAETIOB
VI+2x +41—-x—-2

. .

1) lim

x—0

2 Tim a* +2e* +3° =3
) x>0 In(1+3x)
3cos3x+4cos2x—7

3) lim -
x=0 sinx-tg2x
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MOKHO COTIOCTaBUTD BeC 1, 2 1 3 COOTBET-
CTBEHHO.

Tpy#OEMKOCTb 32/1a4U MBI OIIPEAEIEM 110
KOJIMYECTBY U KAYECTBY NPUMEHAEMBIX [Ci-
CTBUH, HEOOXOJUMBIX [UIi €€ pEIICHUS.
O6paTuMCA K IPUMEPAM.

3azaua 4. COCTaBUTb YPABHEHUE KACATEIb-
HOW K rpaduKy PYHKIMH y = —x2 + 2X + 4, IPOXO-
jameit yepes Touky 4 (1, 5).

Touxa A 1eXXUT HA rpaUKe JAHHON (PYHK-
LUK, TIO3TOMY PEIIECHUE 33/Ja4l MOKHO OCYIIe-
CTBUTD CTAH/IAPTHBIM CIIOCOOOM JIByMsI IIPOCTHI-
MU IEUCTBUAMHU, OHO 3AHUMAET MaJIO BDEMEHU U
MECTA.

3azmaua 5. COCTaBUTb YPABHEHUE KACATEIb-
HOI K IpapuKy (PyHKINH ) = X3, IPOXOJAIEN
yepe3 TOuky 4 (2, 4).

[Tockomeky A (2, 4) He NEXUT Ha TPApUKe
JTAHHON (PYHKIIMH, TO 33/1a4y MOXKHO HAa3bIBATD
HECTAaHJAPTHOM. [I11 €€ pemeHust HEO6XOAUMO
BBECTH HEKOTOPBI MapaMETP, ONpPEICTICHUE
KOTOPOT'O MOTPEGYET BBIOIHEHUS JONOIHU-
TEJIbHBIX JIEUCTBHU.

Ecnuy, Hanpumep, 0603Ha4aTh 4depes (X,
o) KOOPAUHATBI COOTBETCTBYIOMIEH TOYKN KaCa-
HUf, 3TO MO3BOJAET COCTABIATb IPUEMIEMYIO
MOJIEJTb /I KX OIPE/IETICHUS, TTOCTIE YETO 3371242
CBOANTCA K CTAHAAPTHOI. MIMeem

y():xg
v, =k(x,=2)+4 = x;-3x;+2=0
k=3x;

[Ipocroe KyOM4YecKoe YpaBHEHHE HMEET
TPU KOPHS, 4 TOTOMY U 33/1a4a UMEET TPH perie-
HUA. Boree mpocTas cucteMa MOMyYUIach Obl,
€CJIM BMECTO KyOUUECKOI 6pay OBl KBAJPATHY-
HYI0O (QyHKUUIO. TakuM 06pa3oM, Xapaxrep
CHUCTEMBI BIMAET HA XAPAKTEP U OOBEM PAOOTEL

3amaua 6. CoCTaBUTbh YPABHEHMS OOUINX
KACATENbHBIX K IPAUKAM QYHKIHI

y=x2 +4x+9 u y=—x2 +2x+4 .

SlcHo, 9TO 314 3aj1aYa CJIOKHEE, YeM Ipe-
AbIyIIas. FIMeeT CMBICI TOBOPHUTS O ABYX TOYKAX
kacauua My(xy, y1) u Ma(xp, y2), nep-
Bas U3 KOTOPBIX JIGKUT Ha MEPBOIT Mapabore,
BTOpad — Ha BTOPOH. YeThIpe HEM3BECTHBIE
KOOPJIMHATBl 3THX TOYEK JOJDKHBI YAOBJIETBO-
PATD CIIEAYIOWIEN CUCTEME U3 YETBIPEX ypaBHe-
HUAN (TIOC/IEAHEE JIBOMHOE YPABHEHUE JIETKO
peo6pa3oBaTh B CUCTEMY):

V= x12+4x1+9,

V2 =—x§ +2xy +4,

Y2=nN
X2 =X

2x1+4=—2x2 +2=

Heo6xoAuMOCTh pEIIEHUs TAKOU HEU-
HENHOU CUCTEMBI YKA3BIBAET, HACKOJILKO BAKHO,
YTOOB! CTY/ICHTBI BI4EIN CUCTEMATU3UPOBAH-
HBIMH 3HAHUSIMU Y TIOHUMAHUEM 3HAKOBO-CUM-
BOJIMYECKON JIEITETIBHOCTH KAK CIIOCOOHOCTD
1 YMEHUE YCTAHABINBATH CBA3U MEXY YUCOHBI-
MU 3JIEMEHTAMH, UX NPU3HAKAMU U CBOICTBA-
MHU. DTU YMEHHUA IO3BOJAIOT CPABHUTEIBLHO
JIETKO NIPUBECTU CUCTEMY K OJHOMY YPABHEHUIO
C OIHOU HEU3BECTHOU, U3 KOTOPOI'O BUJHO, YTO
331442 UMEET /1B PEIICHUA

xlz +x1-6=0, xy=-3, x;=2.

JTUM TPEM 3a[a4aM COIOCTABIAEM BEC
TPYROEMKOCTH pemeHud 1, 2 u 3, COOTBETCT-
BEHHO.

TaxuM 06pa30oM, NIPEAIAracMas METOINKA
JUArHOCTUKHM 33Jja4d 110 TPEM IMapaMerpam,
IIO3BOJIAET CTPOUTD 27 THUIIOB Y4EOHBIX, TIOMUC-
KOBBIX, TBOPYECKUX, KOHTPOJIbHBIX 33/1aHUI
PA3HOIO YPOBHA CJIOXKHOCTH U TPYAHOCTH.
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Taxoe fie/ieHue BeCbMa YCI0BHO, HO OHO TI03BO-
JI€T OOOCHOBATb OLIEHKY B OA/IAX MOCTPOEH-
HOM 32Ja4M, 3TA OLIEHKA OOBEKTHUBHA M OHA
NPUHUMAETCA CTYJEHTAMU. 3Hasg COOTBETCTBY-
IOIYI0 JUATHOCTHUKY, CTYAEHTHl BBIOMPAIOT
U pelIEHUs MOAXO/AIINE MM THII U YPOBEHb
3a/1d4.

BaxHYIO pOsb B PENICHUU 33/1a4 UTPAET
CBEPTBIBAEMOCTD JEUCTBUI. YPOBEHD CBEPTHIBA-
€MOCTU B IIOCIEHUE TOAIBL, MOCIE BHEAPEHUA
ElD, CymECTBEHHO ymal M CEN4YaC HAXOAWUTCA
Ha KaTaCTPO(PHUUECKU HHU3KOM YpOBHE. Cry-

JICHTBI IIEPBOI'O KypPCa AOIYCKAIOT OMUOKH 1KE
B JIECUCTBUAX C LIEJABIMU YMCJIAMM B IIPEAETAX
IIEPBOTO IECATKA. DTO CBUAIETENBCTBYET 00 AKTY-
ATBHOCTU TIPOOJIEMBI IUATHOCTUKU IMKOJIBHOMN
MATEMATUYECKON 3amaun. OTAENBHO HYXHO
M3MEPATh TAKUE 1APAMETPHl MATEMATUYECKUX
JENCTBUH, KaK O60OIEHHOCTD, COKPALEHHOCTD
U OCBOEHHOCTD. IMEHHO 3T TAPAMETPHI XapaK-
TEpU3yeT MOHUMAHME AEUCTBUA KaK YMEHHUE,
CTIIOCOOHOCTh YCTAHABINMBATD KOMIIOHEHTHBIN
COCT4B U CBSI3U MEXJy BBUIBICHHBIMH KOMIIO-
HEHTAMHU.





