MHUHUCTEPCTBO OBPA30OBAHUS 1 HAYKH POCCHUH
DenepanbHOE rocyapcTBEHHOE OrO/KETHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIIET0 MPO(ECCHOHAIBHOTO 00pa30BaHHs
«ToMckuii rocynapcTBeHHBbIH NeJarorn4ecKuii yHuBepcuTen

II Becepoccniickuii (pecTuBaIb HAYKU
XVI MexkayHapoaHas KoHgepeHuus
CTYICHTOB, ACHPAHTOB U MOJIOABIX Y4eHbIX
«Hayka u odpa3oBaHue»,
nocpsimennas 110-areruro TI'ITY
(23-27 anpeas 2012 r.)

TOM 1
ECTECTBEHHBIE U TOYHBIE HAYKH

Tomck
2012



BBK 74.58 [leuaraercs 1o peleHUI0
B 85 PpeAaKIMOHHO-U3/1aTeNIbCKOr0 COBETa
ToMCKOro TocyIapcTBEHHOTO
ME/IATOTHYECKOTO YHUBEPCUTETA

II Becepoccuiickuii pecTUBaIb HAYKHU:

B 85 XVI MexnyHapoaHas KOHGEpEHIUs CTYACHTOB, aCIIUPAHTOB U MOJIOABIX
yuenbix «Hayka u oOpazoBanue», nocesmenHas 110-neruro TI'TIY (23—
27 anpens 2012 r.) : maTepuasnsl koHpepenuuu : B 5 1. — Tom | : EcTectBen-
Hble U TouHble Hayku ; PI'BOY BIIO «TomMckuii rocynapcTBeHHBIH nena-
rorudeckuii yausepcure». — Tomck : U3narensctBo TI'TIY, 2012. — 416 c.

BBK 74.58+65

Hayu4Hnsle penakTopsr:

O.1" I'envghman, 0-p nen. Hayk, mpodeccop;
A. U 3abapuna, xaua. pus.-mMat. HayK, JOLCHT;
E. A. Pymbewma, n-p nen. Hayk, nmpodeccop;
H.JI. Yynpuxos, 1-p Gu3.-MaT. HayK;

B.I" Tromepes, n-p dus.-mart. HayK, mpodeccop;
B.I1 Ilepegosxun, kaHA. OUOJ. HAYK, JOICHT;
A. C. Munuu, n-p 6uon. Hayk, mpodeccop;

C. B. Kosanésa, n-p XuM. HayK, mpodeccop;
U A. lllabanosa, KaH[I. TIeH. HAyK, TOLCHT;
E.E. Ily2auésa, Kan[. T€0JI.-MUHEPAJL. HAYK, IOLEHT;
A. B. Pooukosa, xaH]. OHOII. HAayK;

M.JI. Cedokosa, KaH[. OMOI. HAyK, TOLEHT

Cmamvu nyOIuKyomes 8 agmopckoil peoaxyuu

© TomckwHii TOCyTapCTBEHHBIN TTeAarornieckuii yausepeutet, 2012.



CEKIHUs
TEOPETHYECKAS PU3HKA






PEI'YJIAPHBIE U XAOTUYECKUE ABUKEHU A
B 3AJJAYE TPEX TEJI

T. A. Epetuna, 1O. A. Pribanos
Tomckuii 20cyO0apcmeeHHblll neda202uecKutl YHugepCumen
Hayunweiii pyxosooumens — kano. gus.-mam. nayx, ooyenm 1. C. boponenko

B nannoli paboTe paccMaTpHBaIOTCSl BOIPOCHI, CBSI3aHHbBIE C BO3ZHUKHO-
BEHUEM Xa0TUYECKON TUHAMMKHU B KOHCEPBATUBHBIX CUCTEMAX, B YACTHOCTH,
B 3aj1aue Tpex Tel. bonee moapoOGHO m3ydaeTcs orpaHHYCHHAS 3ajada Tpex
TeJ Ha IpUMepe Janekux cnyTHUKoB lOmnuTepa, nIBUKEHHE KOTOPBIX IEMOH-
CTpUpPYET CIOXKHYI0 AMHAMHUKY. [IpUBOASTCS IpUMEpbI YUCIEHHOTO UHTET PH-
POBaHMS PETYISPHBIX U BOBMOXKHBIX Xa0THYECKUX OPOUT ITHX OOBEKTOB.

[Ipobnema Tpex Ten B HEOECHOM MEXaHMKe — IepBas 3aja4a, aHaJIU3UPys
KOTOPYIO HCCIIE0BATENH CTOJIKHYIUCH C BOSHUKHOBEHHUEM CI0XKHOW TMHAMU-
K# ¥ Xaoca. ICTokM 3TUX Hccaen0BaHIi MOXKHO HAWTH B TPy1aX BBLIAIOLIETO-
cs1 ppanny3ckoro matremaruka AHpu Ilyankape. B konue XIX B. A. [Tyankape,
3aHUMAasACh pabOTOM 110 JTUHAMUKE TPeX Tell, Ha MPOTSIKEHUH JECATH JIeT UC-
KaJl 00BbsICHEHUE NOJIyYEHHOT'O MM Pe3yJIbTaTa O HEyCTOHYHBOCTH HEKOTOPBIX
JIBUKEHUH OrpaHUYEHHOH 3a/1auu Tpex Tel. B maneHelineM, oH nokasai, 4To
Cpely TaMUJIBTOHOBBIX CHCTEM MOXKHO BBLIEIUTH KJACC HHTETPUPYEMBIX
Y HEMHTET PHPYEMBIX CHCTEM, a TaK)Ke, 4TO0, B CIy4ae Ynciia cTerneHel cBo0o-
JIbI OOJIBILIE JIBYX, HEHHTETPUPYEMbIE CHCTEMBI SBIISIOTCS OOJiee THITUYHBIMU
U UMEHHO 3TU CUCTEMBI JEMOHCTPUPYIOT CIOXKHYIO JUHAMUKY U Xaoc [1].

B cepenune XX B. B pe3yibraTe pa3BUTHUSI TEOPUU BO3MYIIEHUH OBIIO
00Hapy»eHO, YTO BCE CHCTEMBI, OTHOCSIIUECS K KJIaCCy TaMUIIBTOHOBBIX He-
HUHTErPUPYEMBIX CUCTEM, MOTYT NEMOHCTPUPOBATh Xaoc. ONHUM U3 MEPBBIX
IPUMEPOB KOMIIBIOTEPHOT'O UCCIIEIOBAHUSI CIIOXKHOIM TUHAMUKY cTaja pado-
ta (ppannysckux acrpopusukos (M. Henon, C. Heiles, 1964), paccmorpes-
HIMX MOJEIb ABM>KEHUS 3BE3/bl Uepe3 raJJakTUUECKUH JHUCK.

[IprMeps! HEPeryIsIPHOTO ABHXKEHUS MOXHO IT0Ka3aTh Ha IIpUMepe 00b-
extoB CoiHeYHOH cucTeMbl. B Haleil paboTe MBI paccMaTpuBaeM CHCTEMY
Connue — Onurep, n u3yyaem nBHKEHHE MPOOHBIX YacTUIl B 00jacTu da-
30BOr0 IPOCTPAHCTBA, COOTBETCTBYIOLIETO ABHXKEHUIO HEPET YIS PHBIX CITYT-
HukoB lOnurepa.

B da3oBoM mpocTpaHCTBE paccMaTPUBAEMBIX CHCTEM BO3MOXKHO IOSIB-
JICHHEe XAaO0THYECKHX O0JIacTel, mpuyeM, TECHBIM 00pa3oM HepeMelIaHHbIX



¢ obnacTsiMu peryinsipHoro nosefenus. Eciou Ovbl B paccmarpuBaeMoM (azo-
BOM IIPOCTPAHCTBE BCE TPACKTOPHH OBUIN PEryJSIPHBIMH, TO OHO OBIIO OBI
CILIOIIB 3aII0JIHEHO TOPAaMU C TAKUMU TPAEKTOPHUSAMHY, JIeXKAIUMH HA UX HO-
BEpPXHOCTSX. [l 3a7a4 CO CIOXKHBIMU BO3MYILIEHUSIMU MEXIY TOpaMH IHO-
SIBJISIFOTCS IPOMEXKYTKH, KOTOPbIE MOTYT OBITh 3aIlOJHEHBI XaOTHYECKHMHU
TPaEKTOPUSIMH.

PaccmoTpuM, 4TO IPOUCXOIUT € TOPAMU CUCTEMBI IIOA IEHCTBUEM BO3MY-
mieHus. BausHue Bo3MyIleHUI Ha HeBO3MYIIEHHOE JBUKEHHE HUCCIENyeTCs,
KaK IpaBuJIo, ¢ moMouibio otodpaxenus [lyankape, kotopoe onpezaeisiercs
NIepeceueHreM TPACKTOPHH C KaKOW-TMOO TMIIepHOBEPXHOCTHIO B (pasoBoM
IpocTpaHCcTBe. B HaleMm ciaydae, Korjaa BO3MYILEHHUS CYLECTBEHHBI, HCXOA-
HBIE TOPBI OyIyT PacIIEIIATHECS Ha BCE MEHBIIWE M MEHBIIHE TOPHI U CO-
rnmacio KAM-teopeme [1], HeKOTOpbIe N3 BOSHHMKIINX TOPOB OyAyT YCTOM-
4yuBBIMHU. B pe3ynaprare MBI NOTYyYHMM YCTOMYHUBBIE TOPBI C HEPETYISPHBIM
JBUKEHHEM MEXY HUMU.

HepeeynspHbie
opbumel

Puc. 1. I'mo6anbHast yCTOHYUBOCTD Puc. 2. Tuddysus ApHonbaa
HEepeTyIsPHBIX TPAeKTOpUil JUISI TAMIJIBTOHOBBIX CHCTEM C YHCIIOM
JUISL CHCTEMBI C IByMsI CTEIIEHSIMH CBOOOIBI cTeneHeil cBOOObI, OOIBIIE ABYX

Ha puc. 1 o6mactu ¢ HeperynIsipHbIMHU, XaOTHUYECKUMH TPACKTOPUSAMH 3a-
HITPUXOBaHbL. DTH OOJIACTH 3aMepThl PETyIsIPHBIMU Topamu. B 3ToM u co-
CTOUT CyTh INI0OANBHON YCTOHYHMBOCTH CHCTEMBI, HECMOTPS Ha HaNH4Yue 00-
JIaCTEH Xa0TUYECKOTO IBUKECHUSL.

st cucteM ¢ GOJBIIUM YHCIOM CBOOOIBI, TOPBI YKE HE AeAT (hazoBoe
IPOCTPAHCTBO, M BOBMOXKHO TOSIBJICHUE XaO0THYECKHUX OJYKJAIOIUX TpacK-
TOpUH, KaKk 3TO IOKAa3aHO Ha pHC. 2.

3amayeit maHHOW PaOOTHI OBLIO HAXO0XKICHUE BO3MOXHBIX XAaOTHUYCCKUX
TpaeKTopuil B 0b6JacTu (a3zoBoOro MpoCTPAaHCTBA, 3aHUMAEMOT0 HEPEryJsip-
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HbIMH cnyTHHKaMu Onurepa. COKHOCTH IBM)KEHHS CIIyTHHUKOB (pHC. 3)
00BsICHAETCSI OONBIIMMH COJIHEUHBIMHM BO3MYIIEHHUSIMHU, U3BECTHO TaK XKe,
YTO OPOWTHI 3TUX CIYyTHUKOB HEYCTOMUYMBEI Mo Xuiuty [2]. DTo o3Hadaer,
YTO M3-32 OOJIBIIMX DKCLUEHTPHUCUTETOB 3TH CIYTHUKH MOTYT IPOXOIUTH
B aMoLEHTPE JIOCTaTOYHO OJIU3KO OT TOYKHU JTMOpalnu L, i€ BO3MOXKHO BO3-
HUKHOBEHUE Xa0TUYECKUX JIBUIKEHUM, T. €. IBUIKEHUE CTAHOBUTCS HACTOIBKO
HEMpeaCcKa3yeMbIM, YTO, B IPUHIUIIE, BO3MOXKEH OTpPbIB OT Onurepa u nepe-
XOJl Ha TeIHOLEHTPUYECKYI0 opouTy. B mociennune necarunerust Obu10 OT-
KPBITO MHOT'O HOBBIX HEPETYISPHBIX CIIyTHUKOB. OfMH U3 HUX, Merakinure
[3], paccmaTpuBaeTcs B HacTosIIIEeH padboTe.

Puc. 3. [Ipoexius Ha MIOCKOCTH Xy
op6utsl cnyTHHKa FOnuTepa Merakinure
B IONUTEPOLEHTPUIECKOH cHCTeMe KOOpAUHAT

J171s1 u3yYeHus IBIKSHUS JaJIeKuX cry THUKOB FOnuTepa Oblia UCIob30-
BaHa OrpaHMYEHHAs 3a]a4a TpexX Tell, T. €. ObLII0 PACCMOTPEHO JIBUKEHHUE TPEX
MaTepUATbHBIX TOYCK. [IpryeM JBe U3 HUX UMEIOT KOHCUHBIC MAacChl U JBU-
JKYTCSl TI0 KEIIJIEPOBCKUM OpOMTaM OTHOCHTEIBHO UX LeHTpa Macc. Tperbe
TEJI0 UMeeT OECKOHEYHO MaJlylo Maccy.

Iycte M, m v m, — TpH TPaBUTALMOHHO-B3aMMOJICHCTBY IOLIIHE MATEPH-
albHBIE TOYKH, UMErOIMe Macchl M, m u m, (M >> m; M >> m; m, ~ 0).
3nece M — macca Connua, m, — macca Onutepa, m, — Macca CyTHHUKa, ¥ —
paccTosiHue MeXJy m, U m,, R, — pacctosnue mexay M u m, R, — paccros-
Hue oT M 1o m,.



ypaBHeHI/IH JABUXKCHU A ILaHHOﬁ 3aJa4yu UMCHOT BHU:

R R T
dr’ 'R
- . M
d’ 2 R,
2 - a5
dt R]
rae paanycC-BEKTOPbI UMCHOT KOOPDAUHATHI:
Rl(xls ylazl)a Rz(xza yzszz)s 7=R1_R2' 2

B ypasrenusax (1) ko>p(QuUIMEHTH HAa3BIBAIOTCA: [, — MACCOBBIM Iapa-
meTp Connna, |, — MaccoBbli mapameTp IOmnTepa, a p, = p, + p,.

W =fxM,apn, =fxm,f=k, k- nocrosanas I'aycca. [Ipuaumaem, 4To
M=1,am =1/1047.

Jlist peteHnst 3Toi 3a1aun GepeTcs TeTMOLEHTPHUIEcKas CHcTeMa KOop-
JVHAT, ¥ 32 OCHOBHYIO IUIOCKOCTh B3Ta IUIOCKOCTH 3KBaTtopa 3emin. Huxe
MIPUBENIEH PUCYHOK MOSACHSIOUIMI T€OMETPUIO TaHHOH 3a/1auH.

Jupiter

Satellite

Sun Y

Puc. 4. TeomeTpus orpaHu4eHHOMN 3a1aUu TpeX Tel

WaTterpupoBanue ypaBHeHHH (1) TPOBOOMIOCH YHCIEHHO B IIAKETE
«MaremaTtuka». HauanpHble maHHble OBITH B3SATH Ha caiite Bropo moiror
(IMTapmx) ma 1 seBaps 2000 1. [4, 5]. JInsg HaXOKOSHHUS XaOTHIECKON OpOH-
THI OBITTM BHECEHBI N3MEHEHUS B HadaJbHBIC JaHHBIE OpOUTH MerakiuTe.
s ukTHBHOTO 00BEKTA M, OBLIH MOTYYEHBI CIENYIOIHE pe3ynbTaThl. Ha
pHc. 5 TTIOKa3aH MOMEHT OTphIBa M, U3 cephl Bausanus IOnuTepa uepes At =
=41 rox.



4 2.5
2 - 10
-8 2 4
-12.5
Puc. 5. [lepexox o6bexTa M, Puc. 6. LleHTpanbHblil KPyroBoil 00beKT
Ha TeTHOLCHTPUIECKYI0 OPOUTY IIOKa3bIBaeT MOJIOXKeHNe opOuTh! I0muTepa

Hanee ObUT U3yYeH XapaKTep ABUKCHHU 00bEKTa M| Ha IPOMEKYTKE Bpe-
MeHu At = 410 net. OpOuTa mokazaHa Ha puc. 6. ITo TUIIHYHAs OpOuTa acte-
poua B reTMOLEHTPUIECKOH CHCTEME KOOPANHAT.

[omy4enne xaoTHUeCKOi OPOUTEHI ABIAETCS HEMPOCTOU 3aadeit. [ aTo-
o HE0OXOIMMO BRIOpATh HEKOTOPYIO peanbHyro opouty (Merakiaure) u my-
TEM MHOTOKPATHBIX IIPOCYETOB OTHICKATh BO3MOKHYIO XaOTHUECKYIO OpOUTY
B paccMaTpuBaeMoit ob6macT. JTa 3a1a4a U OblIa pemieHa B JTaHHO! paboTe.
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B3ANMOCBA3b L-KOH®OPMHBbLIX AJITEGP
TI'AJIMJIEA 1 HBIOTOHA - T'YKA

U.B. Macrtepos
Tomcxuii norumexHudecKuil ynugepcumem
Hayunvii pyrosooumens — 0-p gpus.-mam. Hayk, npogpeccop
A. B. I'anasicunckuii

[ocnenHne nOCTIKEHUS B OONIACTH HepenaTHBUCTCKON Bepcun AnC/
KTII cooTBeTCTBUSA CTUMYIUPYIOT H3YyUCHHUE HEPENATHBUCTCKUX KOH(OPM-
HBIX cuMMeTpuil. Cpenn Beex anreOp, XapaKTepU3yIOMNX TaKUe CHMMETPHA
MOXHO BBIIEIUTH HA0OOPHI TaK Ha3bIBAEMBIX /-KOH(POPMHBIX anreop Iannies
n Hetotona — ['yka. AnreOpsl B 3THX Habopax XapaKTEpH3YIOTCS ITOJIOKH-
TEJBHBIM TapaMeTpOM /, KOTOPBIH MOKET MPUHUMATh IENbIe W TOIYIEIbIe
3HadeHus [1-3], B gacTHOCTH, B HaOope [-koHpopMHBEIX anredp [ammmes
[ = 1/2 cootBerctByeT anredpe lpenunrepa (SA), a [ = 1 — koHPOpMHOIH
anrebpe lanuines (CGA). OTu nBe anreOpsl SIBISIOTCS BaXXHBIMH 00bEKTa-
MH HCCIIEJOBAaHUH B 00JaCTH TEOPETHUYECKOM M MaTEMAaTHIECKOW (PU3HKH.
K mpumepy B HemaBHUX paboTax [4, 5] paccMaTpuBarOTCsI BOSMOXKHEIC JHHA-
mudeckne peanmzanuu CGA; AnC/KTII coorBetcTBre CGA 00Cy)matoTcs
B pabortax [6, 7, 8], a cTpykTypsl HetoToHa — Kaprana, cBsi3aHHEIE ¢ 3TOU
anreOpoi, paccmarpuBaroTcs B pabortax [9, 10].

CornacHo aHanu3y, IpoBeACHHOMY B pabote [9], KOHGOPMHYIO TPyHITy
lanmnest MOXXHO peasn30BaTh Kak I'PyMITy TpeoOpa3oBaHNN MPOCTPAHCTBA-
BpemeHH HproToHa — ['yKa ¢ OTpHIIaTENbHON KOCMOIOIHYECKON TOCTOSHHOI.
B cBoto ouepens peanuzanus -koHhopMHOI anreOpsl [anuest B HepeasITH-
BHCTCKOM IIPOCTPAHCTBE-BPEMEHH C KOCMOJOTHYECKHM CXXAaTHEM/OTTaJIKH-
BaHHEM ObLIIa pacCMOTpeHa B padoTax [1, 2], Ho mrockoro mpezaena B hopmy-
J1aX, MPEACTaBICHHBIX B 3TUX paboTax, HE CyIECTBYET. DTO 0OCTOSITEIBCTBO
MIPOTHUBOPEUNT C TeM (akToM, 4To anredpa Heiorona — ['yka momkHa mepe-
XOIUTH B anrebpy ['ammres nmpu cTpeMIIeHNH KOCMOJIOTHYECKOH KOHCTAHTHI
K mymo [11, 12].

Hens manHOM paboTH cPOopMyITHPOBATE /-KOHDOPMHOE pacIIupeHHE aJl-
reOpsl Hetotona — I'yka B 6a3uce, B KOTOPOM INIOCKHI TIPEIET CyIIECTBYET.
s permreHus 3To# mpobaeMsl MBI OyieM omupaTthes Ha paboTsl [13, 14], mo-
CBSIIICHHBIC YACTHOMY ciy4aro / = 1/2, 000011ast MX Ha CIryJaii MpOu3BOIHHO-
'O TIOJIOKHUTEIHFHOTO [IEJIOTO U MOTYNENIOoro 3HaueHIH mapamerpa /.
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PaccmoTpum peanuzannio /-koHdopmHO# anreOpsr [anumnest:

[H,D]=H, [H,C"]=nC"™,

[H,K]=2D, [D,K]=K,

[D,C"]=(n—-DC™, [K,C"]=(n-2)C"™, 1)
[M,,C"]=-8,C" +8,C", [M,,M,]=

= _6iijl - 6leik + 6i1Mjk + 6,’ka1’

B TUIOCKOM (d + 1)-MepHOM IpoCTpaHCTBE-BPEMEHH [2]

H=0, D =10, +Ix,0,, K =70, +2Itx,0,, )
(n) _ n _
¢V =t"0,, M, =x0,-x,0,
. 0 0
rnen=0,1,..2lni=1,...d; 0, =a—, 0, =—, CyMMHUPOBaHHe T10 TIOBTO-
t X

PAIOLIMMCS UHIEKCAM IIPEAIIONIaracTes. OnepaLTopLI H, D n K renepupyor
TPaHCISAIUH 110 BPEMEHH, UIIATALUU U CIIel[MalIbHbIe KOHPOPMHBIE ITPe0d-
pasoBauusi, cootrBeTcTBeHHO. 'enepatopsr C.” B ciaydae n=0wun= 1 coot-
BETCTBYIOT TPAHCIISIIIUSAM B IIPOCTPAHCTBE U TAIIUIICEBCKUM OyCTaM, B CBOIO
ouepe/Ib, GOTIBIINE 3HAYCHHS HOMEPA 71 COOTBETCTBYIOT YCKOPEHHUSM.

Jiist Hayana paccMOTpPUM cily4ail OTpUllaTeIbHON KOCMOJIOTUYECKOM 1o-
CTOSTHHOM, a 3aTeM 00CYIUM Cydail MOJ0KUTETbHOM.

s Toro 4To0bhI MOCTPOUTH /-KOH(OPMHOE pacmupeHue aareops! Heio-
ToHa — ['yka [1], BBemeM KOHCTaHTY R (XapaKTepUCTHUYCCKOE BpeMsl)' W Jie-
dhopmupyem rerepatopsl D u K 1o aHanoruu co ciaydaem [ = 1/2, paccMoT-
peHHBIM B pabore [13]:

D =lein 2)@ +lcos(2jx,@i,
2 R R

©)
K = R’sin’ (Lj 0, +IRsin (zj x,0,.
R R

! XapaKTepI/ICTI/I‘IeCKOC BpEMs CBSI3aHO C KOCMOJIOTHYECKOW MOCTOSHHOU TIOCPEACTBOM COOT-

1
Homenus A ~t——.
(cR)
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I'eHepaToOphl TPAHCIISIIMK [0 BPEMEHH U BPAICHHUS OCTABUM 6e3 H3MeHe-
) mpeoGpasyeM K BULY

n 21
C™ =R"| tan (Lj COS(L) 0,. )
R R

MOHO MMOKa3aTh, YTO MOJYYCHHBIC TAKOH AeopMainueii reHepaTophl 00-
pa3yloT 3aMKHYTYIO ajre0py, B KOTOpOH BCE KOMMYTAallMOHHBIE COOTHOLLIE-
HuUs coBnaaaiot ¢ (1), 3a UCKIIIOUEHHEM CIIEAY FOIINX

HUS, B TO BpeMs KaK BEKTOpHbIE TeHepaTopsl C;

(” 21) (n+l) )

[H,D]=H —%K, [H,C"]=nC"™" +
[onyumnBmasicss TakuM 00pa3oM anredpa SBIseTcs [-KOHPOPMHBIM pac-
mupenueM anreopsl Herotona — ['yka st ciryyasi oTpuIiaTenbHOR KOCMOIIO-
TUYECKOH MOCTOSHHOM.
Jist ciiy4ail yHHBEpCAJIBHOTO KOCMOJIOTHYECKOTO OTTAJIKHUBAHUS OMSTh
nMeeM Ae(hOpMaLHIO TOIBKO TPEX CIEAYIONUX I'eHePaTOPOB

D:lemh( j@ +lcosh(2 jxa
2 R R

K = R?sinh? (%) 0, +IR sinh(%)x,@[, 6)

n 21
C” =R"| tanh (Lj cosh (Lj 0,.
R R

KOMMyTa]_II/IOHHBIG COOTHOLICHUS MOJYUYUBHINXCA I'CHEPATOPOB OIIATH KE
COBIAAAOT C KOMMYTAallMOHHBIMH COOTHOLICHUAMUA (1), 34 UCKJIFOYCHUEM IABYX

(n— 21) C(n+1) 0)

[H,D]=H +%K, [H,C"]=nC"" ~

OTH COOTHOIIECHHS OMPEACNIIOT /-KOHGOPMHOE paCUIUpPEHHE anreOpbl
HproToHa —I'yka aJis citydasi HOJI0KUTENBHON KOCMOJIOTMYECKOM IIOCTOSIHHOM.
CTOHUT OTMETHUTH, YTO, BO-IIEPBBIX, IPH CTPEMIICHHUH KOCMOJIOTHYECKOM
KOHCTaHTBI K HYJIIO B IIpeziesie B 000MX ciIydasx nonydaeM /-KoHPOPMHYIO
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anreOpy [anmunes (B T.4. 1 Ha ypOBHE TeHepaTopoB). B aToM oTiuune ¢ pe-
3ynbraTaMu pador [1, 2], B KOTOPBIX TIOCKOT'O IIpe/ieia He CyIeCTBYET.

Bo-BTOpEIX, 11151 1F000T0 BO3MOXKHOI'O 3HaYCHMs mapameTpa / COOTBET-
cTByromas /-kondopmHas anredpa [anunest n3oMopQHa aHaTOTUYHOI /-KOH-
(opmHoii anredpe HeroTona — ['yka. DToT n3oMopdu3M CBs3aH C TUHEHHON
3aMeHoit 6a3uca /[-koHdopMHOIt anreops! [annmnes

H—)H:F%K, ®)

T/ie HOKHUW/BEPXHUH 3HAK COOTBETCTBYET OTPHUIATEIHHON/TIOI0KATEIBHON
KOCMOJIOTMY€CKON IOCTOSIHHOM.

CpasuuBast Beipakenust (2) u (3), (4), (8) MOXKHO TOCTPOUTH KOOPIUHAT-
HBIE Tpe0Opa3oBaHUs

21
t‘:Rtan[Lj, x,'= cos(ij X, )
R R

MPY IOMOIIY KOTOPBIX MOKHO U3 (2) monyuuts (3), (4), (8) (oOcyxneHue 3To-
ro ¢gakra MOXHO HalTu B pabdote [5]). Jns yactHoro ciyuas / = 1/2 npe-
oOpasoBanue (9) B TOUHOCTH BOCHPOM3BOAUT OCIMIIISTOPHBIE KOOPAMHATHI
Hupnepepa [15]. Ananoruunsie npeodpazoBanusiM (9) GopMybl HUMEOT Me-
CTO OBITB U JUIS CITy4ast TIOJIOKUTEIHLHON KOCMOJIOTNYEeCKOH TOCTOSIHHOM (He-
00X0AMMO 3aMEHUTH TPUTOHOMETPHUYECKHE (QYHKIIMH THIIEPOOTNIECKUMHU).

I-xondopmuas anredpa ['anmes nonyckaer 6eckoneuHoMepHoe Bupaco-
po — Kan — Monu pactupenue [3, 7, 16]. DTo pacnirpeHue MOXeT ObITh pea-
JIN30BAHO NPY TIOMOIIY OIIEPaTOPOB

L =¢"™'9, +I(n+1)t"x.0,, C" =1t"0,, M, =1"(x0,-x,0,), (10)

rJie 7 IPUHUMAET IPOMU3BONIbHBIC Ielble 3HaYeHUsI. CTPYKTypHbIE COOTHO-
[ICHUST OECKOHEYHOMEPHOTO PACIIMPEHUS UMEIOT BU/T

(L, L] = (m=m)L"™, (L7, G =[m=1(n+DIC"™,
(L, M 1=m M, [M",C"==8,C"™ +8,C"™, (11)
[M,;-n) > M/El’n)] = _SikM;'JnW) - SﬂMi(kHM) + Sile(‘ZW) + SjkMi(JHm)'
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B wactroctu LY, LO) LV, Bocpoussoast reweparopst H, D, K B (2).

Beckoneunomeproe pacuinpenue /-koHpopMmHoit anredpst HetoTona — Iy-
Ka MOXeT OBbITh nocTpoeHo u3 (10) aHamoru4Ho TOMY, KaK CTpOMJIach KOHEY-
HOMepHast nojajiredpa, pacCMOTpeHHas BBIIIE. J[s1 oTpuIaTenbHONH KOCMO-
JIOTUYECKOH OCTOSHHON UMEEM

™ = R" tan(Lj 1Rs1 (2_}6 +1/ n+COS[2tJ xiai P
R 2 R R
21
c" =R [tan j [cos j 9, (12)
M;/»n) :Rn[tan(RJj (xa —x 0, )

3aMEHa TPUTOHOMETpPUYEeCKUX (GyHKIHMHA Ha runepOomnyeckue B 3TUX (op-
MyJlaX BOCIIPOM3BOJUT T'€HEPATOPHI, COOTBETCTBYIOIINE CIYdYalo ITOJIOKH-
TEJIbHON KOCMOJIOTHYECKON MTOCTOSHHOIA.

Takum 006pa3om, B JaHHOH paboTe MOCTPOCHA peanu3anus /-KOHHOPMHOTO
pacmmmpenus anredpsl Hetotona — I'yka B 6a3uce, B KOTOPOM IUIOCKHHN TIpe-
Jen cymecTByeT. HaliieHbl KoopAMHATHBIE TPe0Opa30BaHMsI, CBSI3BIBAOIIIE
npenctaBieHus [-koHPopMHBIX anredp anmmes u Hetotona — ['yka.

Paboma evinonnena 6 pamxax 2ocyoapcmeennozo 3akasa eyzam P® (npo-
exm Ne 1.604.2011).
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JIBUKEHUSA 3APSI)KEHHON YACTHUIIbI
B IOJIE NIPEHECCUPYIOLIEI'O
MAT'HUTHOI'O JUITOJIBHOI'O MOMEHTA

M. A. MacTepoBa
Tomckuii cocyoapcmaennwviii nedazo2udeckutl yHugepcumem
Hayunwiti pyxosooumens — 0-p gpus.-mam. nayk, npogheccop B. A. Onn

[Tosle MAarHUTHOTO MUIOJBHOTO MOMEHTA U JABUIKEHUE 3apsSIKEHHBIX ya-
CTHII B 3TOM I10JIc UMEET OOJIBIIOE MPAKTUYCCKOE 3HAUCHUE B aCTPO(U3HKE.
MarHuTHBIE MOJIS IJIAHET U 3BE3/1 B XOPOIIEM TPHOIMIKEHUH MOYKHO CUUTATh
JUIOJIBHBIMU. XOPOIIO KCCIEI0BAH CTAllMOHAPHBIN Cilydail, Korja MarHuT-
HBIII MOMEHT HEOECHOIo Teja COBMAJacT C OChIO BpalleHHs. B yacTHOCTH
JIOBOJIBHO TOJAPOOHO HCCIICAOBAHO JIBHKEHUE 3apsDKEHHBIX YACTHUIL B TIOJIE
3eminu. Pemenune ypaBHEHUN ABUIKEHUS B MAarHUTHOM IOJI€ MOKOSIIETOCS
JIUTIONS TAeT 3aMKHYThIC 00JaCTH, B KOTOPBIX MOTYT JBUTAThCS 3apsiKeH-
HBIE YaCTHUIIBI ONIPENETIEHHOTO Juana3ona 3Hepruil. [{js mianet 3ty obnactu
Ha3bIBAIOTCA PaJMallMOHHBIMU Tosicami [1].
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Tax>ke U3BECTHBI Tela, Y KOTOPbIX HAalpaBJIC€HUE MAarHUTHOIO MOMEHTA
OTJIMYAETCsl OT HAIpaBJIEHUs OCHU BpallleHUs. B aToM ciydae BOKpyTr Tena
MPUCYTCTBYET HE TOJBKO AIEKTPUUECKOE, HO U MarHuTHoe mnoiie. [lpumepom
TaKUX TeJl MOT'YT CIYXUTbh HEUTPOHHBIE 3BE€3/bl, U B YACTHOCTH IMYJIbCAPBHI.
[Tosist TakuX TeJ XOPOILIO ATPOKCUMHUPYIOTCS MOJIEM MPELECCUPYIOIIEr0 Mar-
HUTHOTI'O IUTIOJIBHOIO MOMEHTa [2].

JAunamuka 3apsiKeHHO# yacTunsbl. Haiinem ¢ynkiuto Jlarpanxka nis
3apsiia B MOJIe IPELECCUPYIOIIEr0o MAarHUTHOTO JUIIOJIBHOIO MOMEHTa [3]:

@

— —

A€ v — BCKTOP CKOPOCTHU YaCTHUILIBI, A - BeKTOprIfI IIOTCHIUAJ. HCpr,I[HO
y6e,I[I/ITBC$I B TOM, 4TO BCKTOpHHﬁ IIOTCHI A

o [ [7]
d=-t2t @)
r re
rae 7 — eIMHUYHBIM BEKTOP HOPMAJH, i — BEKTOP MarHMTHOTO MOMEHTA,
JIaeT I0JIe MPELECCHPYIOMIero MarHUTHOTO AUIIOIBHOTO MOMEHTa [4].

B cdepudeckoii cucteMe KOOPIUHAT HUMEEM:

4 =0,
4, =%sina(sin‘c+pcosr), 3)
r
A4, = —%[(cosasin@—sinoccosecosr)+psinocsin 1],

r

rae 0003Ha4YeHO: T= 0t' — @, p =ro/c, t' =t —rlc.
Honcrasnss B pynakuto Jlarpanxa, HalgeM:

72 +0r +@*r’sin’ 0 L
C2 cr

L=-mc*,[1- {Gsinoc(sinr-i-pcost)—l- @)

—psinOcosOsin o (cost—psint)+sin’ Ocos ad}.
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[Nonyuennas ¢ynkums Jlarpanxa coIepXUT Bce 0000IIECHHBIE KOOPAH-
HAaThI U SIBJISIETCS SIBHOW (DYyHKIMEH BpeMEHH, KOTOPOE BXOJUT TOJIBKO B CO-
YeTaHuu ot — Q.

IloncraBuB (4) B ypaBHeHue JlarpaHka MOXHO HONYYUTHh YpaBHEHUS
JBHOKEHUS 3apsDKCHHOW YacTHUIBI B II0JIE MPEIECCHPYIOIEr0o MarHUTHOTO
JIUIIOJIBHOTO MOMEHTa [4].

[anee paccMOTpHUM JIBUXKEHUE HEPENSTUBUCTCKOM 3apsyKeHHOW 4acTH-
161, BBenieM HOBBIE 0000IIEHHBIE KOOPAMHATHL: p = po/c, Y = ¢ — Of.

Torna B koopauHaTax p, 0, y, HepensTuBUcTCKas GpyHKus Jlarpanka npu-
MET BHJ

L:

2
”;cz [0 +p™07 +p* (Y + )’ sin’ 0] —

—ﬂsina[é(siné—pcos§)+(\if +m)sin6c056(cos§+psin &)]+ })
P

+ 9% B cos a( + ),

rae &=y + p. Teneps dynxuus Jlarpanxa, a ciegoBarenabHo, 1 pyHknus [a-
MMJIBTOHA CUCTEMBI HE 3aBUCAT SIBHO OT BpeMEeHU. B 3TOM cilyyae BennunHa

2 2
H= mcz [pz +p’07 +p’y’ sin’ 9] —lmczp2 sin? 0— M cosasin® 0+
o 2 P ©)
2

epo
p

+

sin20sina (cos&+psin&),

[Mpeacrapisiomas coboit pyHkIMO ['aMHIIBTOHA ABISETCS MHTETPAJIOM

nBmkeHus. llepBoe ciaraeMoe B 3TOM BBIpaXKeHHH K =

2
me' ., a4
5 [p +p 0"+

®
+p°y’ sin® OJ BCET/a IOJIOKHUTEIFHO U MOXET UTpaTh pPOjb KMHETUYECKOU
sHepruu. OcTaBUIyIOCS YacTh OOBIYHO HA3BIBAIOT A(P(PEKTHBHONW MOTEHIH-

anpHOM 3Heprueii. Ee MokHO 3amucath B hopMme:

2 in?2 2N, sin’ 0
v, _me —p’sin 9+M+N(Cos§+psin§)—T , ()
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2
epm
-
mc

roe N, = Nsina, N, =Ncosa, N =

B aTx 0o603HaueHusx ¢popmyiy (6) ynoOHo nepenucarsb B Buae: K = H —
- Vw Hepagenctso H — sz 0 HakTaIbIBAaeT OrpaHUYCHUS Ha JOMYCTHMYIO
00acTh IBUKCHHS YaCTHUIL.

CranuoHapHble TOYKH 3¢ PeKTUBHOI MOTEHIIUAIbHOI Heprum. Vc-
cienyeM 3(QQEeKTUBHYIO MOTEHIHMAIBHYIO SHEPrui0. B cTalMOHApHBIX TOY-
Kax 3(QeKTHBHON MOTEHIMAIBLHON 3HEPrUM YaCTHIIA MOXET HAXOAUThCS
B COCTOSIHUH PAaBHOBECHS — YCTOWYMBOTO, HEYCTOWYMUBOTO N Oe3pa3aud-
Horo. Jlsist Toro, 4T00bI HANTH CTAI[HOHAPHBIE TOYKU (YHKIIUN VW, HaXoJIuM

pelIeHne CUCTEMBI ypaBHEHUH:

ov.
eff
— _,
aq, ®)

i

e ¢, = p, 0, y. OTCI0/1a MOMyYMM CHCTEMY U3 TPEX yPaBHEHHH:

—2p’sin” 0+ 2N, sin” @ — N, sin 20(cos y + psiny) = 0, 9
—p’sin20—2N, sin 20+ 2N, cos 26(cos y +psiny) =0, (10)
N, sin20siny = 0. (11)

VYpaBHenue (9) uMeeT JBa peIICHHUS:
y=0,m, (12)
0="" (nez). (13)
2
Jns nepBoro pemenus (¢ = 0, 1), TOIXYYUM CICTYIONINE CEPUU KOOPIH-

HAT KPUTUYECKUX TOYEK s QPyHKIUU Veﬂ IUIS TOJOKUTENBHON Y4acTULIBI
B cirydae korna sin26 # 0:

o; :%[cosa+\/9—sin2a}
tan 0, = — ! [3cosoc+x/9—sin2a}, v, =0,

2sino

(14)

18



N -
o3t =Z[cosoc+\/9—sm2 a},

tan@, =

Simnao

Jns oTpyuuaTenbHON 4YaCTULIBL:

N :
o =Z[cosa—\/9—sm2 oc},

tan 0, = — [—3cosa+x/9—sin2a}\y3=0
2sino
N -
i =Z[cosa—\/9—sm2 a},
tan 0, = — [3cosa—x/9—sin2a},\y4=n.
2sina

[3cosot+\/9—sin2 a}, v, =T

(15)

(16)

(7)

Takum o6paszom, pemnienust ypaBHenuit (9)—(11) mis cmyvas sin26 # 0

JIAI0T HaM JIB€ CTAI[MOHAPHBIE TOYKU JJIs TOJOXKUTEIBbHON U BE JJIs1 OTPU-
LaTE€NBHON YaCTHIILI.

U3 (9)—(11) cnenyeT, uTto BAOAL ocu BpameHus (8 = 0, m) Bce mepBbie

Mpou3BOAHbBIC 3((EKTHBHOIN MOTCHIIUAIBLHON SHEPrUU 00paIlaTcs B HOJb
TOJILKO B TWIOCKOCTH W = 0, T 1 [J1s JTI00BIX p. ITO 03HAYAET, YTO Ha OCH O =
=0, T HET CTAIMOHAPHBIX TOYEK.

B nnockoctu 8 = n/2 ypaBaenus (9)—(11) umeror ciegytonue pereHus:

p= N

[ cosy =0, NH = 0.

Jns v momyvaem aBa 3HaueHHs, Tak Kak y € (0, 2m).

(18)

Taxum oOpa3oM, 1 cirydas 6 = /2 uMeeM JIBe CTAllMOHAPHBIC TOUKH

b g T _T.
Ps _NHS’ 0, _E’ Vs _E’
1 i 3n
:NA’O =—, = —
Ps I 675 Vs >

(19)

(20)
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U3 (18) ciremyer, uto ecosa > 0. ITO 03HAYAET, YTO TOUKHU C KOOPAMHATA-
Mmu (19), (20) COOTBETCTBYIOT MOJIOKUTEIHHOMN YaCTHUIIE, €CTH oL < /2, ¥ OT-
pHULATENEHON YacTHIIe, €CTH o > /2.

YacTuna, HaXoAsIascs B CTAIMOHAPHONW TOYKE, MOXKET HAXOAUTCS B CO-
CTOSIHMM paBHOBecHs. [IpoBeprM, yIOBICTBOPAIOT M KOOPAMHATHI YaCTHUIIBI
HaxoMsIIEHCs] B KPUTHYECKOM TOUYKE ypaBHEHHUSIM ABMXKEHUs. Bo Bcex Haii-
JCHHBIX CTAIMOHAPHBIX TOYKAX BO3BPATUMCS K cUcTeMe KoopauHaT (p, 0, ).
ITpu moncTaHOBKE BCEX MOJTyYEHHBIX KOOPIMHAT CTAIIMOHAPHBIX TOUCK B ypaB-
HeHUs IBMKeHNA [4] momyunm ToxkaecTsa. OTcloAa ClIeayeT, 9TO Hal ICHHBIC
CTALlMOHAPHBIE TOYKH SIBISIOTCSI YACTHBIMH DPEIICHHUSMH NAHHOM CHCTEMBI
YpaBHEHUM JBUKECHHUSL.

TakuM 00pa3oM, MOTYUYHIH YETHIPE TPACKTOPHH, IO KOTOPHIM MOMKET
JIBUTaThCs yacTruua. [IpudeM, paanyc ABMOKEHUS W YTON IS TTOJIOXKHUTEb-
HOW M OTPULATEIBHON YAaCTHIBI pa3lIWyYHEL. Tak ke B IIJIIOCKOCTH O = /2
MIOTYYNIH JBE TPACKTOPHH, AJII KOTOPHIX YACTHIIA MOXET ABHTAThCS IO
OKPY>KHOCTH C IIOCTOSIHHOH CKOPOCTBIO.

Jlist onipeneneHust CyImecTBOBaHUS MaKCUMyMa MM MHUHUMYyMa HOTEH-
LMaJIBHON PHEPTUH B CTAIIMOHAPHBIX TOYKaX 0OpaTtuMmcs K kputeputo Cuib-
BECTpPA: MYCTh B HEKOTOPOH OKPECTHOCTH CTal[MOHApHOW Touku M (p,, 0, y)
OTIpe/IeTICHBI BTOPBIE MIPOM3BOAHBIC (DyHKIIHH Veﬂ.(p, 0, v). OyHKIHS UMeeT
JIOKATBHBI MaKCUMYM, €CITH KBaJIpaTudHas Gopma dZI/gt/.(A/[i) OTpPHLIATEITHHO
ONpEeNENICHa, U JOKaJIbHbI MUHUMYM, €CIIH dzl/;ﬂ.(Ml.) IOJIO)KUTEIBHO OIpe-
nenena. Ecim xe dZKﬂ.(M) HEOIlpe/ieIeHa, TO IKCTPEMYMOB HeT [4].

Haiinem Bce BTOpBIE YacTHBIE IIPOU3BOAHBIE M 0003HAUYNM HMX 3HAYCHUS
B cTaninoHapHBIX Toukax (14)—(17).

2 o , 2 o
a, =-4+cos’ a—gcosan9—sin’ a, a,, = =6p’,

mc? op’ mc® 00°
2 0%V  Nsin‘a - 2 oV
Uy =—5— =—-————(cosa—gV9—sin’a), a,, =— =0,
mc” 0@ 3p mc” 000¢p
2 oV Nsin® o . 2 oV
a, =——5—=———/(cosa—gy9-sin’a), a, =— =0
mc” 00 3p mc” 0po®
Beripaxenue 1714 a,, MOXKHO TIepenucaTh B BUE a,, = —6sin’0. Kax BunHo,
a,, IPUHUMAET TOJILKO OTPHUIATE/bHBIC 3HAUCHHUS.
Brruucnaum:

20



a, a
D =" " :—Msinzexw—sinzoc,

ay A4y p

Ouerunno, uto D, <0 Kak At OTPULATENBHBIX, TAK U JUIS IOJOKHUTEb-
HBIX YacTull. Tak Kak a,, = 0, D, IPUHUMAET TOJBKO OTPULIATENLHEIE 3HA-
yenus. KBanparnynas ¢opma siBisiercst HeonpezeiaeHHod. Takum obpazom,
TouKHM ¢ koopauHaTamu (14)—(17) He ABAIOTCA SKCTpeMyMaMu QyHKIUK V, i

Beruucium BTopble Ipon3BoHbIE 1 ciaydas 0 = 1/2:

ol —ENDB Y 0w O = =N NS
a, =-6; a, —6NH ;a53,=0; a, =0; a;, =0; a,, —2NLNH d.

Jlerko npoBepuTh, YTO KBaApaTuyHas (popMa sSBJISIETCS HEOIPEeIeIeHHO.

B pesynbrare MbI MONy4HIM LIeCTh CTallMOHApHBIX Touek (14)—(17) u
(19), (20).

PaccMOTpeHHBIE TOUKU HE UCUEPIIBIBAIOT BCEX PELICHUN YPAaBHEHU JBU-
JKCHUS JJ1S KpYTroBbIX opOuUT. [IpH mmojcTaHOBKE B ypaBHEHUS IBUKEHUS p =

= const MBI HaiijieM elie OJ{HO peleHue s ecosa > 0: 0 =7n/2, p= (2N)%,
¢ = Qt + ¢, rne Q = (1/2)o, ¢, — Npou3BOIbHAA KOHCTaHTa. DTO pENIEHUE
CIPABEIJIUBO IS MOJIOXKUTEIBHBIX YaCTHUI, €CIH O < 7/2, U JJIsS OTPHIa-
TEIbHBIX YACTHULI, €CIIU O > T/2.

Takum 00pa3oM, B paboTe HCCleOBaHA JMHAMHUKA JBH)KEHUS HEpEIs-
THBUCTCKOM 3apsKEHHOM YaCTHUIIBI B TIOJIE TMPEIECCUPYIOIIEr0 MATHUTHOTO
JUTONBHOTO MOMeHTa. Haliien unterpan apmwkenust U 3p(GeKTUBHAS TOTEH-
[UabHas PHEPrus YacTuIibl. HaliIeHo ceMb YaCTHBIX PELICHUN ypaBHEHUN
JIBUOKEHUS 3aPSHKCHHOU YaCTHUIBI B TIOJIE MPEIECCUPYIOIMIETO TUIOIBHOTO
MoMeHTa. [IpoBe/IeHO UX UCCIIeIOBaHUE HA YCTOWUYHUBOCTb.
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OHEPATOP 2BOJIIOIUU ! OITEPATOP CUMMETPUH
HEJIOKAJIBHOI'O YPABHEHUSA
OUIITEPA — KOJIMOI'OPOBA

E. A. JleBuenko
Tomckuii nonumexHuuecKull yHusepcumem
Hayunwiti pyxosooumens — 0-p gpus.-mam. nayk, npogeccop
A. IO. Tpughonos

B MaremaTH4eckoi OHONOTMH KJIACCHYECKOE MOMYJSIIHOHHOE ypaBHE-
Hue @umepa — Konmoroposa (Y®K) [1, 2] onucsiBaeT NpoCTpaHCTBEHHO-
BPEMEHHYIO JBOJIOIHMI0O MUKPOOHOIOTHYECKHX OIS (0akTepuu uiiu
KJIeTKH). YTOOBI yUUTHIBATh JaJbHOACHCTBYIOIIEE B3aUMOACHCTBHE MEXKIY
OpraHu3MaMH KOJOHHAJIbHBIX MUKPOOHBIX MOMyJsiui [3], ucrmonb3yrorcs
HeJloKapHbIe 0000meHus YOK [4, 5]. HenokanpHble MOIEIH HAPABIICHBI,
B YAaCTHOCTH, Ha ONUCAHUE CTPYKTYp B OAKTEPHAJBHBIX KOJIIOHUSX [4], 4TO
BHOCHT CYLIECTBEHHBIN BKJIaJl B U3y4eHHe MOp(doreHesa, KOTOPBIN SBIISIETCS
OJIHOM M3 (pyHIAMEHTAIBHBIX MPOOIEM COBPEMEHHON MUKpoOuosoruu [3].

Omnepatop 3Boounu ypasHennss @umepa — Koamoroposa. PaccmoT-
puM ypaBHeHne ®uiiepa — Konmoroposa cienyromero suaa:

[-0, + D@i +a(t) —J.j:b(x, v,Hu(y,)dylu(x,t) =0, (1)

rne b(x, y, ) — MOTEHIIMAJ, OTBEUYAIOIIHH 3a TIOTEPH B pe3yJIbTaTe 00pHOBI 32
MUIIEBbIE Pecypchl; a(f) — MPOU3BOJIbHAS (PyHKIMS, OTBEYAOLIas 3a POXK/Ie-
Hue OakTepuil. UroObl OoJiee HAMIISIIHO MPOJEMOHCTPHUPOBATH MPOLIECC BbI-
YHcIeHus oneparopoB cumMerpun ypasaenus OKIIII, Bozemem b(x, y, f) =
=k, a(f) = a = const.

3anuuieM ypaBHEHUE B SKBHUBaJIEHTHOI (opme:

[-D3, + H [u](¥,)]u(X,1) =0, )
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rae D — koadpouruent nuddysuu; I:Inl[u] ONepaTop XapaKTepU3yeT peakiiu-
OHHYIO KMHETHKY ypaBHeHus. Takum obpasom, H [u] B popmyne (2) 3anu-
CBIBAETCS B BUJIE

Hlul=Du_ +au—kmu. ?3)

Junst ypaBaenus (1) B kinacce pyHKuui u(x, £), yObIBaIOIUX MPH |x| — o0,
noctaBuM 3anauy Komru. [Tpeanonoxum, 4To GyHKIUA (X, £) TPUHAIISIKAT
npoctpancTBy llIBapma § mo nepemenHsiM x € R” paBHOMEpHO 10 ¢ > 0:

u(x,0) |-, =v(x), y(x)eS. @

BBenem 0603HaueHns

m ()= j:u(x £)dx, )

X ()= m;(t)jj:xu(x, 1)dx, 6)

u

m (f)~ MOMEHT HyIeBoro nopsjaka GyHKIuu u(x, ¢); X (f) npeacTaBiser co-
00I1 epBbIii HOPMUPOBAHHBIH MOMEHT (DYyHKIUY U(X, f).

[Mponuddepenunpyem (5) u (6) no nepemenHoit ¢ ¢ yuetom (3). Torna mst
m (f) 1 X (f) HONy4MM ypaBHEHHUS

m, =am, —kmj, 7
X =0. ®)

U3 onpenenennii (5), (6) 1 HAYaJIBHOTO yCIOBHUSA (4) ClIeAyeT, 4TO QyHK-
uuu m (f) 1 X (f) yIOBIETBOPSAIOT yCIOBHAM

v

+00 1 +o0
m(O)],= m,. m, = [ y()dx, X,(0)],.= X, X, = — [Txyeode. ©)
Y

Cootaomenust (7), (8) MOXXHO paccMaTpuBaTh Kak CUCTEMY ypaBHEHUH
nist onpenenenust Gyukuuit m(f) u X(¢):
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m=am—km*, X =0. (10)
Cucremy (10) 6ymem Ha3pIBaTh cUCTeMOll DitHIITeHHA — Operdecra. Pe-
mIeHne cucTeMbl DifHmTelHa — Dperdecta (10), ymoBieTBopsroOnee HaAYaIb-

HBIM ycnoBusM (9), 6ynem ob6o3nagars m[y](¢) u X[y](¥). Herpynno 3ameTuts,
4TO

m, (t) = mly](®), X, () = X[y]@®), m, = m[y](0), X, = X[y](0).

Jns BeIuMCIEeHUS oniepaTopa dBOIIoNUK ypaBHeH U (1) 3anuiieM ypaBHe-
Hue (2) c yuetoM (10) B BuzC

-Do, + D3’ Lp™MIO =0, (11)
' m[y](?)

BBeaem BcrmoMorareabHy 0 GyHKITUIO

u(x,t) = myJ()w(x = X[y](0),0). (12)

Honcrasus (12) B (11), momryuum miist yHKIUN w(x, f) Cleayroiee ypas-
HEHUe:

[-0, + DO Tw(Z, 1) = 0. (13)

Hauansnoe ycnoBue nis ypaBaeHus (13) ¢ yuerom (4) u (12) mmeer Buj

W 1) | o= () = miﬂx +X) (14)

v

VYpaBuenue (14) — ypaBHEHHE TEIUIONPOBOTHOCTH, ero GyHKIHs [ prHa
XOPOIIIO U3BECTHA. 3alHIIEM €€ B CIETyIOIEeM BUIE:

Gy [Y](r ) = ‘/zgl—ﬂ% exp{—% " ((j ; (- M, (r)yf}, (15)
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rae M, (f), M(¢), M (¢) — 6110k¥ MaTpuIaHTa CUCTEMBI

M =H_ [YI(OM, M(@)|_,=1,.,, (16)

M) 0 0
e M=M[y](t)=(M O M (r)J H. . [Y]() = [ 0]

Snpo onepaTopa dBOJTIONNH JJIs1 HETWHEHHOTO ypaBHeHus (1) B oqHOMEp-
HOM Clly4ae:

mly ]() m[y](#)
G )= G, X X[v](0 AR
[V1(x, y,0) = [110) [v1(x = X[y1(®), y — X[v1(0),£) = [110)

&)
M, (1) -1 M@ B ) X
\/MTM(I) e"p[w 1oy X0 =M, (00 = X)) }

rae m[y](?) u X[y](¢) ynoBaeTBopsitoT cucteme DiiHmiTeiHa — Dpendecta (10).
Iycts orepatop U(t, y)(x) onpesie/ieH COOTHOICHHEM

m[v](t)
[v10) =,

Oty = b [ Gy (e X0, = XTO). 01y, (19)

rae G, (¢, x, y) onpenenena cootnomenueM (15), a pynxmun m[y](?) u X[y](®)
SBIISTIOTCS pEIICHUSIMU CHCTeMBI DHHITeHa — DpeHdecra (10) ¢ HagabHEI-
mu ycrousmi (9). Torna GpyHKITIS

u(x,t) = U(t,y)(x) (19)

SIBJISIETCS TOYHBIM perenunemM 3agaun Ko nis ypasaenust @umepa — Koi-
moroposa (1) ¢ HauanbHBIM ycnoBueM u(t, x)|,_ = y(x), a oneparop U, y)(x)
SIBJIIETCS ONIEPATOPOM IBONIOIMHU ypaBHeHUS (1).

B kadectBe mpumepa nmoctaBum s ypaBHeHus (1) 3amauy Komru:

U6, o= 7(x) = 4/ { (x=2)° } (20)
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Oynkums u(x, f), BBIYUCIECHHAsE ¢ ToMouIbio hopmysl (19), paBHa

B M, (@) x
u(x,r) = m[v](t)\/ 2nD(M, () + M, (t))
1 M, (1) - 2=
o9\ S X[”“”} -

ae” 1
= o eXI{ ——(x— )}
a+k,(¢" —1)\ 2nDQe +1) 2D(2t+1)

Oneparop cumMeTpun ypasHeHusi @umepa — Kosmoroposa. Cornac-
HO ompeneieHuto, onepaTtop A(x, ), onpeneasseMblid U3 yCIOBUS

(—D3, + H 1, 1(x,0)) A(x,1) = B(x,t)(=D&, + H ,[u)(x,1)), (22)

A(x D) —o= a,(x), 23)

€CTh OIepaTop CHMMETPHH JUIsS ypaBHeHHs (2). 31ech UMeeT cMbIc B(x, 1)
MHOXuTens Jlarpanka. YcTaHOBMM, Kak OIEpaTop CHUMMETPUHM ypaBHe-
HU4 (2) CBsI3aH € €ro 0IepaTopOM IBOJIOIUH. J{J1g 3TOT0 3anuieM ypaBHEeHHE
JUISL HAXOXKJICHH S OTlepaTopa CHMMETPUH YpaBHEHNUS (2) B ClIeAYIOLIeM BUJIE:

LAy (0 = Bt Ly, Ay (5,0)| = 4 (), 24)
rue
L =-Dd,+H,[u,l, L, =-Da, + H,[ul. (25)
[ycTs pynkmums u(x, f) aBnseTcs peuieHneM ypaBHEHUS
Lyu(x,1) =0, u(x,1) | =v(x). (26)
Pemenune ypaBHeHus (26) MOXKHO 3alKcaTh B BUAE
u(x,) = U6, 7)(x), @7
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e U(t, ¥)(x) — onepatop 3BOMIONUH ypaBHEHHs (26), ONpeIeIeHHbIH COOTHO-
menueM (19). J{ns BeimonHeHus paBeHCTBa (24) HE0OX0AUMO, YTOOBI (HyHK-

s u,(x,t) = z:ln] (x,t)u(x,t) ObLIA penIEHUEM YPaBHCHHUS:

Lty (6,0 =0, 1, (5, ], = G (D)7(0). (28)

Pemenne ypaBaeHus (28) MOXKHO 3arucarb aHaJIOTUYHO PEIICHHIO yPaB-
HeHus (26):

u, (x,0) =U(t,7,)(x), (29)

e U(t, v ' )(X) — OTIEPaTOp SBONIOLUY ypaBHEHHUS (28). YUHUTEIBAL, 4TO ¥, (X) =
=a4,(x)y(x)u y(x) = U™ (t,u)(x), 3anuiuem cBssb MeRIY U, (x, 1) 1 u(x, ?):

u, (x,0) =U(t,a,0" (t,u))(x). (30)

N3 cootnomenus (30) cieqyeTt, 4To onepaTop

A, =U (4,07 (1,)(x) 31)

SIBJISIETCS OIIEPATOPOM CUMMETPUU ypaBHEHUS (2).

B xauecTse mpumepa moctpouM (yHKUIHUIO u (X, f) C HCIONb30BAaHH-
em omneparopa cummetpun (31) ypaBuenus (2). B xauectBe u(x, f) BO3bMeEM
bynkuuto, onpenensemyto coornomenuem (21), a 4(0) mpumeM paBHBIM d, =
= Do, + 2x. Torma 7y,(x)=d,y(x)=(2+x)y(x). AHAIOrHYHO C IOMOMIbLIO
orepatopa 3OOy (19) BEIYHCIHM (yHKITHIO U L (x, 0):

R S
ualnh) = \ 2eD@r+1)

mly,](®) (x B XVA +2(2- XVA )

m 2t+1

T4

+XYA +2]>< 32)

XeXp[ 2D(2t+1)( B )}

27



Ha puc. 1 npusenen rpadpuk GyHKIMA u ,(x, {) B MOMEHTBI BDEMEHH ¢ =
=0,1,2,4upua=2,k=0,1,D=0,1.

uy(x,t) -
sF A =0

Puc. 1. I'padux pynkunu u (x, 7)
B MOMeHTHI BpemeHu t =0, 1, 2, 4

Paboma evinonnena ¢ pamxax I'ocyoapcmeennozo 3adauust 8y3am Ha
2012 2., pecucmpayuonnviii Ne 1.604.2011. u npu noodepocke @LIII «Kaopvin:
xoumpaxmul Ne [1691 u 11789.
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O MATKOM HAPYIIEHUU BPCT CUMMETPUUN
B ®OPMAJIN3ME BATAJIMHA - BUJIKOBBICKOI'O

O.B. Paguenko
Tomckui 20cyO0apcmeeHHblll neda202utecKutl YHugepCumen

B pabGote paccmarpuBaroTcs MpoOJeMbl, CBSI3aHHBIE C 3aBUCHMOCTBIO
¢yskuit I'puHa oT KanMOPOBOK IPH TaK Ha3bIBAEMOM MST'KOM HapylIeHUH
BPCT cummerpun B hopmanusme baranmna — Buiikossickoro [1, 2], npen-
JIOXEHHOTO B padoTax [3, 4].

Taxoe HapylIeHHe B Teopusx SIHra — Muiica cBsi3aHO C OrpaHUYEHUEM
001acTé HHTErpUpOBaHUs B (DYHKIIMOHAJIIEHOM MHTErpaje, 00yCIOBICHHBIM
ropu3oHToM ['prboBa [5] u BBenenueM aerictus [ pudosa — L{Banmurepa [6,
7]. OTH nccnenoBaHus B AAHHBIX TEOPUAX OBLIN IPOBEICHBI TOJIBKO B Ka-
nubposke Jlannay (cM., Hamp., CTaThio [8] M IUTEpaTypHBIE CCHUIKH B HEH).
B TO e Bpems M3BECTHO, 4TO ()M3UYECKHE BEIMYMUHBI M, B YACTHOCTH,
S-MaTpuLa MOTyT OBITh BBHIYMCIIEHBI B Pa3HBIX KaJIMOpOBKaxX B paMKax Me-
tTona barannna — BHIKOBBICKOTO KBAaHTOBaHUS KaJIMOPOBOYHBIX TEOPHii, HO
oT BbIOOpa KaTMOPOBOYHOI'O YCJIOBHS OHHM 3aBUCETh HE JIOJDKHBI. HemaBHO
B paborax [3, 4] ObLJIO MpenIoxKeHO 0000IICHHE MOHITHS MIATKOTO HapyIIe-
Hust BPCT cumMmeTpun aiist KalmOpOBOYHBIX TEOPUI OOIIEro BUa B IPOU3-
BOJIBHBIX KaJInOpoBKax B (hopmannime baraninna — BuikoBbICKOTrO.

Lenbto Hamed paboOTHI ABISETCS AETaIU3aLMs CBOMCTB ollepaTopa, Mc-
NoJNb3yeMoro B [4], mpu 3anucu Bapuanuii NPOM3BOASIINX (YHKIIMOHAJIOB
¢ysxuuit ['puHa npy BapbupoBaHUH KaTMOPOBKH.

Ms1 OyneM HCHONb30BaTh KOHIEHCHPOBAHHBIE 0003HAUCHHS, NPUHSATHIC
b. IeButToMm [9]. IIpor3BoaHbIE IO UCTOUHHUKA U AHTUIIOJISIM IOHUMAIOTCS KaK
JIEBBIE, A T10 TOJISIM — KaK IpaBble. [ paccMaHOBY 4€THOCTD JII000H OTHOPOIHON
(B cMBICIIe TpacCMaHOBOW YETHOCTH) BEJIMUMHBI A 0003HadaeM Kak £(4).

PaccMoTpyM KOHOUTYpalMOHHOE IPOCTPAHCTBO, IapaMeTPU30BAHHOE
nonsmu O = {@'} = {4, ...} c (@") =¢ , T71e Toukamu 0003HAYEH MOJIHbIN HAGOP
MOJICH, JOMONHSIOMINNA KaTHOPOBOYHBIC TONS A’ UCXOMHON KaTuOpPOBOYHOM
Teopuu B MeTofe baranuHa — BUIKOBBICKOrO B 3aBUCHMOCTH OT €€ CTaAHuH
npuBOAUMOCTH. J{J1s1 Kaxk 1oro rosist @7 3Toro KOHPUTY palHOHHOTO IPOCTPAH-
CTBa BBOJMTCA TaKkXke COOTBETCTBYIOIIee aHTHIone @ = {CDZ} = {A:,...}
IPOTHBOTOJIOKHOMN rpaccMaHoBOi yeTHOCTBIO &(D ) =¢, +1..
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B pabote [4] ObLTO TIOKAa3aHO, YTO JJISI MPOU3BOASIICTO (DYHKIIMOHAIA
¢byukuuii [puna Z(J, ©°),

Z(J,0") = chD exp {%(S(CD,Q)*HJACD" )} (1)

C KBaHTOBBIM JeiicTBHEM S(D, D), B CBOIO 0YepeIb, ABISIONIMMCS aJUTHB-
HBEIM pAaCHIMpPEHUEM OOBIYHOTO KaTHOPOBOYHO-(DUKCUPYIOUIETO IEHCTBUS
S, (@, @) nocpencTsoM GozonHOro Qynkiuonana M(®d, @), sapuamus

Z(J, ®") 3amuceIBaeTCs B BUIE:

52(J,0") =~ JA+MA(Ei,cD*j S —LM”‘*(Ei,d)*j ‘
h Y, 3o, ho \ias

xs\y(ﬁi}w(ﬁi,qu Z(J, D).
i &J i &J

@
l

[Ipu BBIBOAE cooTHOIIEHUS (2), BO-TIEPBBIX, ObLIO yuTeHO B pabote [4],
4TO Hecosnanaromue Gpynxuuonans S, (O, @) u (-M) ynoBIETBOPSIOT 110
OTJICIIBHOCTH KBAaHTOBBIM MacTep-ypaBHeHMsIM MeTona baranuna — Bunko-
BBICKOT'0, BO-BTOPHIX, ./, 0003Ha4al0T 0ObIYHbIE BHEIIHUE UCTOYHUKH K TI0-
M 4, e(J)) = €, M, B-TPETHUX, BBEJEHBI 0003HAYEHUSL:

MA(EE’Q*jESM(Q;Q)
idJ oD

oS
idJ

Y (Ei (D*j= SM (D, D)

id&J 3D,

CI)~>£_1£
1

3necs M = M(®, ") u sBiIseTCS TEM (YHKITHOHATIOM, B TEPMHHAX KOTO-

poro onmceiBaeTcs Msarkoe Hapymenne BPCT cummerpun B [4].
BBejieM HeveTHBIN onepaTop § :

i=|, +MA(h 0 ,cb*j 0 _Iy+ (Ei,qf‘j .0
Y 5o, no \ias
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o hd
OTINYAOIIMUCA HAJIWMYHUEM HCHYJICBBIX CJIaracMbIX, M[ &] (D* X

xM* (Z%,(D* j, OT aHAJIOTMYHOTO oreparopa B pabore [3]. Torma dZ(J, O)
1

(2) nepenumiercs B BUIE:

8Z(J,d")=— { S\P[Eij+6M[Ei () ﬂzu,qn*).
& &J

o~ ~ A2
JloxaxkeM CBOMCTBO HWJIBIIOTEHTHOCTH oreparopa ¢ , T.e. 4to ¢~ = 0.
[Tpu BBIBOJAE MJIs KPATKOCTH OYyZEeM HCHOJIB30BATh Clieqytomue 0003Ha-
YCHU A

M,=M, (Eiq)j M* =M* [Eiqn}
i &J i d&J

~2
Omneparop ¢ MOXHO HENOCPEICTBEHHO MPEICTaBUTh B BUIE CyMMBI ye-
TBIPEX OIEPATOPOB,

[l i) £

5 5 5
=(J, +MA)ﬁ(JB +M3)ﬁ—é(h +MA)E(JB M )ME — @)
“\2
—(J MM (J,+M )aqi (;j (J + M )M* (J, + M, )M™.

PaccMmoTpuM nepBblii wieH B pas3yioxeHuu (4),

SM*B 8* 8 8* (_1)s4+1. (5)
5D, 5D,

DIZ(JA+MA) +(JA+MA)(JB+MB)&F8F
B A

B cBoro ouepenn, BTopoe cinaraemoe D, B (5) IMEET BUL:

£+ €45 h ) o
(—I)A I(JAJB+MAMB+JAMB+(_1) JBMA-F?MABJEE, (6)
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IJie YUTEeHO, 4TO cynepkommyTarop [M ,,J, | = EM 5 » IPUYEM
i

M (D,D)
4 3D5D” R

(]

uM,, = (=1 My,. (7)

i8J

3aMeTHM, YTO IIPH 3aMEHE UHIIEKCOB 4 <> B cBOiicTBa 0000IICHHON CUM-
METPUU BBIPAKEHHU S, CTOSIIETO B CKOOKaX, ¥ BTOPON MPOU3BOIHOM 110 aHTH-
TIOJISIM — IIPOTHBOIOJIOKHBI, BCIEACTBHE 4ero (6) oOpaaeTcs B HOJb, a YJIeH
D, onpenenseTcs TONBKO NEPBBIM CIAaraeMbIM.

O6pamasce k cnaraeMomy D,, BUIUM, YTO MOCIIE NEPECTAHOBKU TIPOM3-
BOJHBIX [0 AaHTHIONAM D, IPUHUMAET BH/I;

. SM .
D, === (J, + M, ) =2 M* (] + M) (], +M,)x
h 5D, h
5 , (©)
XSM (_1)(;4”);5 _L(J M )(J M )MB* 1) (_1)5/,“
3D, R AR R 3D, '
VYuuThiBas CBOHCTBO 0000IIEHHONH CUMMETPUH
SMB* _ SM/L _ 1\(e4tD(ep+D)
FTTS =D ; ©
A B
BTOPOH 4JieH B npesicTaBiennu (8) ais D, 0OpaTUThLCS B HOJIB.
st ciaraemoro D, mocie cepuu peoOpa3oBaHuN IMEeM:
3 P peoop
D=t M Mg, S e v, S =
3 h A A4 B 6®Z h A A B 5@;
= —é(JA +MA)[E.MA’B +JyM* (—1)““*”)%—
l B
| (10)
LAY Yy .
h oD,
— _(JA +MA)MA”BL*_L.(JA +MA)(JB +MB)MA 8* (—1)8”(8’”1),
oD, ©n oD,
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A€ HaMHU UCIIOJIb30BAaHO CJICAYIOIIEC 0003HauYCHHE:

4 OM(®,0)
B . 1D
3P 3D, P

i8]

Haxoner, Tox1eCTBEHHO TTpeoOpasys 4eTBEPTOE craraemoe D, B pasino-
skeHuu (4) cnenyromum 06pa3om:

.\2
=2 100, ) Bart, e st
1
l, 2
J{Ej (JA +MA)M"*MB*MB =
i 2 i 2
:(ﬁj [JA +MA)MA*BMB* {Ej Jpd MEM™ (-1 +
iY(h
+(gj (—.MAB +JyM (1) jM"*MB’ (=D 4
1
i 2
+[EJ [JA +MA]MA*MB*MB,
MOJTYy4YUM OKOHYATCIILHO,
i A, B. l ? A B. ep
D4:E(JA +MA]M M +(Ej Jpd MM (~1) +
. .\2
+éMABMA*MB” (=1)° D +&) JM MM (-1 - (12)
l. 2 l 2
_[%J J M M% M (—1) J{Ej M M M M5 (=1)7 D,

Jlerko BUE€TH, YTO BTOPOM, TPETHUH U IIECTON YJIEHBI B IIOCJIEIHEM BbIpa-
JKEHUH TOXKJIECTBEHHO OOpaIIaroTCs B HOJb BCIEACTBHE CBOMCTB 0000IIEH-
HOM CUMMETPHUM IIPU 3aMEHE UHIEKCOB 4 <> B. JIelCTBUTENBHO, BETUYUHBI

/), M ,,— 0600IEHHO CHMMETPHHIHBI, TOT/IA KAK (M EME(=1)% ) —0606-
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2
MEHHO aHTUCUMMETPHYIHBI, a (M M* ) =0. CymMa 4eTBEepTOTO U ISITOTO
4jIeHOB paBHa Hyo. CiesoBaTenbHO, D, onpenenseTcs JIUIlb IePBbIM UJle-
HOM B BBIpakeHuu (12).
C y4eToM BBIIIECKAa3aHHOTO, IMEEM OKOHYATENBHOE PEACTABICHUE JIJIs
D,D,,D,D;,

SM, 3§
D=+ M) som 13
= ")6q>;5q>’; (13)
D, :_%(JA J"MA)sz M* -
' v (14)
_%(JA +MA)(JB _l,_MB)j\ll’,v ﬁ(_l)s/ﬁrl’
D3 =_(JA+MA)MA‘BL*_
3D, )
i 5 ep(e, +
_E(JA+MA)(JB +MB)MA* ﬁ(_l) 5 (24 +1)

OTcro/la HEMOCPECTBEHHO MOy 4aeM, BO-IIEPBBIX, 4TO CyMMa Oleparopa
D, u nepBoro ciaraemMoro B oneparope D, paBHa HyJI10, BO-BTOPbIX, YTO CyM-
Ma D, ¥ IEPBOTO CIIaraeMoro B oneparope D, 3aHyJISAETCS, M, B-TPETbUX, YTO
CyMMa BTOPBIX ClIaraeMbIX B oneparopax D, u D,, COOTBETCTBEHHO, TAKKE
obpariaeTcst B HOJIb.

Taxnum 06pa3oM, HUJIBIIOTEHTHOCTH ONlepaTtopa ¢ JoKa3aHa.
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IOCTPOEHME JIAT'PAH)KUAHOB
JJISI MOJEJIEM CKAJIIPHBIX ITOJIEH

JI.JI. PrickuHa
Tomckuii 20cyoapcmeeHHblll neda202utecKutl YHugepCcumen

I[aHHaH CTaTbs HOCUT O630pHBII>i XapakTep, JJarpaHxuaH CKaJIApHOIO 110~
JIl — U3BECTCH, OAHAKO OCHOBHAA €€ LICHHOCTDH 3aKJIIOYAaCTCs B IMPUBCACHUUN
HEKOTOPBIX TEXHUYCCKUX HIOAHCOB, MMO3BOJIAIOINX FJ'Iy6)KC OCMBICJINTBH BO-
MpoC 0 NOCTPOCHUHU JIAaTrPAHIKUAHOB IJIsI pa3JIMYIHBIX MOILGHeﬁ Hucxoas u3 pe-
JIITUBUCTCKOM TEOpHHU.

1. MoaeJib cKaJSIPHOTO MOJS

IIpenmonoxkenne o CTPYKType JarpaH;kuana. PaccMoTpum Mozelnb Teo-
puH mos ¢ HabopoM moieid ¢'(x)! u nelicTBUEeM CIIeAYIONIEero BUaa:

Sle]=Jd'x 2(0.9,0).

CrhenaeM HEKOTOPBIC MPEATIONOKEHUS O CTPYKTYPE JIarpaHKHaHa:

— BCE MOJISI ('(X) — SIBISIOTCS HEKOTOPBIMU CIIMH-TEH30paMU;

— JIarpaH)XMaH JTOJKCH OBITh JIOPEHIIOBCKUM CKAJISIPOM, T.€. BCE CITHH-
TEH30PHBIC UHICKCHI TIOJICH 1 IIPONU3BOIHEIX ITOJICH OIKHBI OBITh CBEPHYTHI,

— JarpaHXuaH MOXeT ObITh IPEJCTaBIEH B BUAE CYMMBL: &£ = & + & ;
&K, — c60000HbII TacpandHCUaH, KBaApaTUdeH 110 HOISIM U IIPOU3BOIHBIM I10-
nel; X — 1aspandicuan 83aumoo0eticmsusi CONePKUT CYMMY TPOU3BOIHBIX

nt

BBICIIUX MOPSAIKOB (T. €. BBILIE 2-T'0 MOPSAIKA).

0k _o Ok _ | O 5 O | (1.1)
o' " 00,0 9" " 00,0

Tak Kak & — KBaJpaTU4€H IO MOJIAM U IPOM3BOAHEIM IIOJIEH, TO JIEBask
4acTh 3TOr0 ypaBHEHUs OyZeT JIMHEWHa 0 TOJISIM M COAEPKaTh POU3BOA-
HBIE HE BbILIE BTOPOro nopsaka. [foaromy:

! lanee, py BHIYUCICHUAX, MBI OyI€M OIyCKaTh 3aBHCHMOCTb OIS  OT X.
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—eciu &, =0, B 3TOM Cllyuae ypaBHEHUE JIBIDKCHUS OyleT JTUHEHHBIM
auddepeHnnanbHbIM ypaBHEHHEM B YaCTHBIX IIPOM3BOJIHBIX HE BBIIIE BTO-
POro HnopsjKa ¢ OCTOSHHBIMU Kod(duiueHTamuy;

—ecin &, # 0, OTIMYHBIN OT HYJIS JarpaH)XuaH B3aUMOJEHCTBHS T'OBO-
PUT O B3aUMOJAEHUCTBUH MOJIEH.

PaccmoTpuM ypaBHEHHe ABHKEHUS, OTBEYalollee CBOOOJHOMY JlarpaH-
JKUaHy &, OHO Ha3bIBAETCs CBOOOIHBIM ypaBHEHHEM JBUKeHU. [Tockonbky
HONSL SIBIISIOTCS. CIIUH-TEH30paMHM, TO ypaBHEHHE IBHKCHUS — JIMHEIHOEe
muddepeHnnanbHOe ypaBHEHNE B YaCTHBIX NMPOM3BOIHBIX. Ecnu moTpedo-
BaTbh, YTOOBI B TOM ypaBHEHHH CIIUH-TEH30PBI COOTBETCTBOBAJIH IIPEACTAB-
nenuto rpynmnsl [lyankape, To ypaBHEHHE IBHKCHUS SBIACTCS HU 9YeM HHBIM
KaK PeJIATHBUCTCKUM BOJIHOBBIM yYPaBHECHHEM.

B pesynbrare, 3aa4a 0 IOCTPOSHHUH JIarPaHKUaHa & CBOAHMTCA K 3a7a-
4e HaXOXKJICHN JIarpaHKHaHa, TeHEPUPYIONIEr0 H3BECTHbIE ypaBHEHHUS. OTa
3ajja4ya penreHa B nuTeparype. OCHOBHas IMpoOiieMa 3aKJII04aeTcsl B HaX0XK-
JEHUY JarpaH>KuaHa B3aUMOIEHCTBUS £ , TaK KaK HE CyILECTBYET OOILETo
aIrOpPUTMA €ro OTEICKaHMs. [locTpoenne narpamxuana & NogoOHO UCKYC-
CTBY, TaK KaK MOXKET OCHOBBIBATbCS TOJIBKO Ha JOTajIKax, IPOJUKTOBAaHHBIX
camoii [Ipuponoit.

IHocTpoenne Jarpan:kuaHa JJisi MoJeJIM CKaJIsApHOro noJjs. Paccmor-
PHUM BEIIECTBEHHOE CKaJIPHOE MOJe ((X), ypaBHEHUEM IBHIKEHUS Ul JaH-

HOTO TIOJIA Oy/IeT CITYKUTh BOTHOBOE ypaBHeHHe Kirefina — ['oproHa.
(O+m* ) =0. (1.2)

Hama yers cOCTOUT B MOCTPOCHUU JIarpaHKHaHa MJIsi MOJCTH BEIeCT-
BEHHOI'O CKaJIIPHOTO MOJISL.

JlarpanxuaH JOIKEH OBITh KBaIPATHIHOW (POPMOIL IO TTOIISIM ((X) ¥ TIPO-
W3BOAHBIM TOJIEH OQ(x), MOXKET COlepIKaTh m?, MOCKONBKY ypaBHeHHe Kitei-
Ha — [opoHa He comepXKUT 0OpaTHBIX CTEHEHEW MAacChl, TO UX He JOJDKHO
OBITB U B JIarpaHKHaHE.

[NepeuncnuM Bce BETHYUHBI, H3 KOTOPBIX MOXKET OBITH MOCTPOCH HCKO-
MBI JIarpaHKHaH: @, 0,¢, m’. MOXKHO MOCTPOUTB BA IOPEHIOBCKHX CKAIs-
pa, UMEIONINX OJMHAKOBYIO PAa3MEpPHOCTB! n“ﬁﬁm(paﬁ(p U m*Q?, HIO3TOMY Hau-
Oonee oOLIMIA BH] JarpaH)XKHaHa HMEET B

1 1
a4 =5016a(p 6°‘(p+5c2m2q)2, (1.3)
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7€ ¢, ¥ C, — IPOM3BOJIbHBIE BEIIECTBEHHBIE KOHCTAHTHI. Jlarpamkunan (1.3)
3ammcaH ¢ TOYHOCTHIO 10 Kodddunuentos. Takum o6pa3om, 3ajada CBOJUT-
Csl K HAXOXK/JICHUIO TIOCTOSHHBIX ¢, ¥ C,. Terneps HAJI0 MOTYUUTh ypaBHEHUE
JIBIKCHHS U CPaBHUTH €ro ¢ ypaBHeHueM Kuelina — 'opaona.

VYpaBHeHHE NBHKEHHS YCTPOEHO CIESAYIOMNM 00pa3oM: 9% _ . (;—ﬁ(" =
¢ u@
= 0. [Iponuddepennupyem narpanxuat (1.3), momyunm:

0%,

_ 2
=c,m o,

oo

0% 1 5
- =—¢cm™ (850,0+0850,0)=
00,4 zcm ( wOpP 1 0Op a(P)

= Clnuvavq)'

oo

=%cl (n"0,0+n"0,0)

HOﬂy‘leHHbIe BbIpaXXCHUA TIOACTABJIAEM B YPAaBHCHHUEC JBUIKCHUA!
cn*0 0 ¢ — c,m* = 0. Ucnonbsyem coornomenue N6 8 = L. Tlocne 3a-
nov 2 pov
MeHbl umeeM: (¢, [ — ¢,m?*)¢ = 0, cpaBHUM TO COOTHOIIEHHE C yPAaBHEHUEM
Kneiina — Topnona (1.2), cnenosarenbHo: ¢, = —c,. Mcnone3ys narpamxkuan
(1.3), monyuum:

1. 1
X =c (En 0,0 6B(p+5m2(p2j. 1.4

Temepr ocTaeTcss TONBKO pa3o0paThes C MOCTOSAHHOM ¢, ComepyKamencs
B narpamkuane (1.4). Miconbs3yeM ycnoBre Toro, 4To U3 JJarpanXuaHa JOIKHO
BBITEKaTh ypaBHeHHe Kueiina — ['opaona, n motpeOyem, 9ToObI SHEPTHst OblIa
TIOJIOXKHUTEIBHON. DHEPTHsI ONIPEACIISIETCS U3 BEKTOPA SHEPTHH-MMITYJTbCA:

P =jd3x T’ =jd3x % 5 G-8'% |, (1.52)
v A a(p A \

B=| d}x(%fw%j —af e 3@ L0000 e |-
(1.56)

= clj‘d3x{%(p2 +%(6i(p)2 +%m2(p2},

37



rie P, u3 ypaBHenus (1.5a) Ha3bIBAETCA 6eKmMOPOM dHepuu-uMnyivca, Py u3
ypasHenust (1.56) Ha3bIBaeTCS 9Hepeuell nosi.

Taxum 06pa3oM, SHEPTHUs TOJNOKHUTETBHA IIPH JT1000M ¢, > 0. B nanbuei-
hIeM, UCXOAst U3 ynoOcTBa, OyneM HCIonb30BaTh ¢, = L.

CBOGOIHBIH JTarpaHKKMaH CKANAPHOTO MONS MMEET BUJIL:

X, =%8“(p 6“(,0—%m2(p2. (1.6)

BxitoueHnne B3auMoeCTBYSI, B TPOCTOM CiTydae, 10CTUraeTcs Jo0aBiie-
HUEM K cBOOOJHOMY JIarpamkuany &, GyHkuum V(o), rae V(p) — aTo Bemie-
CTBCHHAs CKaJisipHas (QyHKIMS, 3aBUCAIIAs OT (O(X) M HE 3aBHUCSILAs OT MPO-
W3BOIHBIX MOJICH, ee pa3noxeHue B psa Teinopa HaunHaeTcs ¢ . meeM:

L= %8”(;)8“({) - %mch2 - V(o). (1.7)

TIOTeHUI M
KUHETUYECKHii uieH MAacCcOBBIi WieH B3aUMO/EHCTBUS

Bripaxenune U(@) = %mz(p2 +V(¢p) HaA3BIBAECTCA CKANAPHLIM NOMEHYUA-

JIOM VTV NOMEHYUAIoM cKaaapHozo noia. O0sraHO V() BEIOUPAIOT B BUAE:

A A
2ot .+,

_7\'1 3
r@)=3,0 47, nl

rae A, A,... A, — KOHCTaHTBI CBS3H.
n-2
Tunuuseli 4deH B narpamxuane: A, ¢f, tae k = 3, 4 ... n. U3BecTHsIit
(akT U3 KBaHTOBOIl TEOPUH IOJIS, YTO MOAETh UMEET BBIACICHHBIN Clydai
1pH k = 4, TOT/Ia KOHCTaHTa CBA3H A, — 6€3pasMepHast, ¥ MOIENb SBJISAETCS TI€-
peHopMHpoBaHHOH. O603HAYNM A, = A, IOy IMM BBIICTCHHBIH ITOTCHIIHAIL:

A
JORETS (1.8)

OcHoBrIBasich Ha Jarpamxuane (1.7), MOXXHO MOCTPOHUTH OoJiee CIIOKHEIE
MOJIEJIN CKaJISIPHOTO MOJISL.
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2. lIpumepst

IMocTpoenue NarpaHKUaHA JUISI MOJEJH KOMILIEKCHOTO CKAJISIPHO-
ro mojsi. PaccMOTpuM MoJIeb TEOpHH TONsE ¢ HAGOpPOM moJel Buaa: @ =

=2 (@, +ip, ). anmmem arpamkuan s Tonei ¢,(x) 1 ¢,(v):

1 1 | |
X ==0"0,0,0 —Emzqﬁ +50"0:0,0, —Emzﬁpi -V (0,9,)- (2.1
[P )-

B3aVIMO)Z[eI7ICTBl/I6
JUIsl OIS @y JUTS TOJIST @ roneit ¢; v @,

3anuineM noJie, KOMIUIEKCHO CONPSKEHHOE K MO0 ¢: ¢F = V2 (¢, —ip,).
[epenuiiiem Jarparkuan B TEPMHHAX TIONEH G(X) 1 ¢*(x):

L=0"9*0,0-m9*o-V (¢*,0). 2.2)

®yukuus V(¢*,¢), B narpamkuane (2.2), MOXeT GbIT 3aIIHCaHA B TEP-
MMHaX TIONeH ¢, (x) 1 ¢,(x):

V((P*a(P)zV((Pw(Pz)L oot _9=o*
EEN RSN TN ]

OOpaTuM BHUMaHUE, 9TO CBOOOIHAS YaCcTh JIarpaHkuana (2.2), HHBapu-
aHTHA OTHOCHTEIHHO TaKoro mpeodpa3oBanus rpymmsl U(1):

(Pv:eiot(PH (pv*:e—iu(P*.

EcrecTBeHHO IPEaIIONOKHUTE, YTO ¥ MOTEHIIHAI V((p*,(p) o0nafaeT uH-
BapHaHTHOCTHIO (TEM CaMBIM BeCh JIarpaHXHaH OyJIeT HHBApHaHTECH OTHOCH-
TETBHO 3THX IpeoOpa30BaHUil), ’TO O3HAYAET, YTO MBI TpeOyeM BHITIOTHEHHE
CJICIYIOLIEr0 COOTHOLICHHUSL:

V(e g*.e"0) =V (¢*.0),
Te V= V((p*,(p), pasznoxuM B psa Telsopa A0 MepBOro mopsijika mo o:
4
— = (@*—— — 3TO EAMHCTBEHHOE PEIICHNE, CIEI0BATEIHHO, ONSATH NMe-

Y20 =" 20"

o o~ * 2
€M BBIJICJICHHBIN caydait Mo, 9)°.
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IMocTpoenue JarpaH:kuaHa 1Jjisi MOJeJ 1M MHOTOKOMIIOHEHTHOT0 CKa-
JISIPHOTO MOJs. PaccMOTpUM MOJIENb TEOPHH MOJIsS ¢ HAGOpoM more ¢l(x),
rae/=1,2 ...n. Ucxons u3 narpanxkuana (1.7), MOxHO 3anucarh JarpankxuaH
BUJIA:

=—5u@”(p 2,¢" - mucp o' =V(e"), 2.3

T/le BEIMUMHA 7, — MaccoBas MaTpuia. Eciu orpaHuuuTCs TONbKO 6e3pas-
MEpPHOU KOHCTAHTOH CBS3H, TO

V((P )= IJKL(P 0} (P (P >

e A, — 3TO KOHCTaHTa CKaJSPHOH CBS3H.
[ocTpoenne narpan:kuana ajsi curma moaeju. B (2.3) monoxum m,zj =

=0u V(") =0,3amensem d, Ha g, (), e ¢ = {(p’ I = 1,2} , TOT/a [TOJTyJaeMm:

1
X =Egu ((P)au(Plap(PJ~ 24

[otpebyem, uToOb! hopma narpanxkuana (2.4) ObLIa HHBApHAHTHA OTHO-
CHTEJIPHO MTPOU3BOJILHBIX MMpeobdpa3oBanuii Buaa ¢! = f1(¢'):

09" w09 o
- G“QK&;D.L 0,0" =

1
%:Egu

1
= (moTpedyeM paBeHCTBO) = S8n (¢)"¢"™ 0,0"
CpaBHUBasI JIEBYIO U TIPABYIO YaCTH PABEHCTBA, MOy IaeM:

op- 0p
a(p 1K a(P 1L

8k ((P') = 8y ((P) (26)

CootHoutenue (2.6) Ha3pIBaeTCs MpeoOpa3oBaHNEe KOMIIOHEHT KOBapHUaHT-
HOT'O TeH30pa OTHOCHTENIBHO NMPe00pa30BaHNs KOOPIMHAT.

W3 narpamxkuana (2.4) cienyer, 4to g, = g, AOJKHA OBITh CUMMETpPUS
nHaekcoB. [IpuHrMaeTcs caeqyromas HHTepIpeTalys NOJy4eHHOrO Pe3yib-
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Tara: roiue ¢’(x), TpakTyTCs KaKk KOOPAHHATHI Ha HEKOTOPOM MHOT000pasuH,

g,,(¢) — Kak pUMMaHOBa METPHKA Ha 3TOM MHOroo0Opasuu. B nemnom, narpan-

»uaH (2.4) TOIHOCTBIO (POPMYJINPYETCS B TEOMETPUUYECKUX TEPMUHAX.
Mopiesnb TeopHH OIS C JIAarpaH)KUaHOM (2.4) Ha3bIBaeTCsl CUTMa MOJIEIIBIO.
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MOJIEJIN B3AUMOJENCTBY IO X CKAJISIPHBIX
1 CIIMHOPHBIX MOJIEA

JI.JI. PrickuHa
Tomckuii 2ocyoapcmeeHHblll nedda2oeutecKutl YHugepcumen

I[aHHaH CTaThs HOCUT O630pHI>II7[ XapaKkTep, IPUBCACH METOA IIOCTPOCHUSA
JlarpaHzkvaHa AJis1 CHMHOPHOTO IMOJIS B peJ’IfITHBHCTCKOﬁ TCOpHHU. Tak >xe mo-
CTPOCH JIarpaH>KHaH, OHI/ICBIBaIOH.II/Iﬁ BBaHMOﬂCﬁCTBHG CKaJIIPHOTO U CIIH-

HOPHOTO TIOJISA, IEMOHCTPUPYIOIIUANA CITOCOO BBEACHUS B3AUMOICHCTBUS IS
Pa3IUYHBIX MOJETIEH MONeH.

1. MoaeJib CIHHOPHOTO MOJIS

PaccMoTpuM Mozestb TEOpHH CHUHOPHOTO MOJS Y(X), ypaBHEHHUEM JIBHKE-
HUS TSI JaHHOT'O NOJIst OyJIET CITY )KUTh PENIATHBUCTCKOE ypaBHeHue Jupaka:

"o,y —my =0. (L)
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Hamra yens cOCTOUT B OCTPOEHUHM JIarpaHKHAHA I MOAETU CIUHOPHO-
ro Nojsl, KOTOPBIH reHepupyeT ypaBHeHus J{upaxa.
Haubonee oOmnii BU TarpaHXHaHa UMEET B

& =iy o,y —myy. (1.2)
YpaBHEHHUE ABMXKCHHS yCTPOEHO TAKMUM 00pa3oM: 6;{?0_ 8%0_ =0.
oy " a0,y
Bropoe cnaraemoe oOpamiaercsi B HOJb au 686‘%_ =0, Tak Kak JarpaHxu-
v
u

ad (1.2) 3aBucuT oT Y JMHEIHO. Bruncnum nepBoe ciaraemoe, ISl 3TOro
nponuddeperunpyem narpanxkuat (1.2) mo Y , moaydum:

0%y

—=i0"0, y —my,

5 W my
OTKy/Ia

i0"0,y —my = 0.

[ToxaxkeM, uTo narpanxuat (1.2) sBiseTca ABYXKOMIOHEHTHBIM CKajlsi-
POM, IS 3TOTO HepeieM K ClIely oM 0003HaUCHUAM:

.
v“{; ‘;],w{‘;;'j,m:(i“ %),

e ¥° ¥ @, KOMIUIEKCHO COIpPSKEHbI ¥ U ¢, COOTBETCTBCHHO:
%= (1) 9, =(0.)*%. (13)

PaccmoTpuM mpowusBeneHne mosieil Y M\, IO NPaBUIy NPOU3BEACHUS
MaTpul, UMEEM:

- —a - .a
VY =% ¢, +0,X -
O06a ciaraeMble ABISIOTCS CTMHOPAMH. YUUTHIBas Beipaxxenus (1.3), mo-
JydaeM, 9TO UX cyMMa OyJIeT BEIIECTBEHHBIM YHCIIOM.
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AHaJIOTUYHBIM 06pa30M BbIYUCIIACM CJICAYIONIEC TPOU3BCACHUEC!

Py =7 (c") 1 +5,(5")" o,

Kakmoe u3 3THX ciiaraeMbIX BEKTOD, a ¢ y4eToM cooTHomeHus (1.3), mo-
JTy4aeM, 4TO UX cyMMa OyeT BEIeCTBEHHBIM YHCIIOM.
bazoBoe cooTHOIICHNE IS Y-MaTPULL:

VYTt =2,
rae [ — eqmHUYHAS MaTpHIa pasMepa 4 x 4.
MOoKHO paccMaTpUBaTh Y-MaTPHIIBI KaK UCXOJIHBIE, TOT/Ia MOXKHO COBEp-

IIATH IpeoOpa3oBaHue MOJICH Y , ¥ M Y-MaTpHILl, KOTOPbIE HE MEHSIOT popMy
JarpaHXKuaHa.

y=Sy'ny=y's".

[Mepenumem narpanxuan (1.2), HOBbIe oM ' U ' Ha3BIBAIOTCS Hec-
CRUHOPBL.

& =y'iS" Y S0, y'-my'S Sy
IMotpebyem, 4yTOOBI MaTpuIia S ObLIa YHUTAPHOM:
StS=1y"=8"y"S,
Torza
& =Yy oW -my'y'.
PaccmoTpuM cBONCTBA Y-MaTpHIL:
TEyT YTyt = ST Q?LYVSJrSW“ &fjv“S =

=S (v 'yt ) S =PI ST =2
—— 1
T

43



[ony4nian, 4TO0 MaTPULBI Y* YIOBIETBOPSIOT TOMY K¢ 6a30BOMY COOT-
HOUIEHUIO, YTO U UCXOAHBIE Y* MAaTPUIIBI, @ 3TO O3HAYAET, 4TO (hOpMa JlarpaH-
JKUaHa 0CTaaach HEM3MEHHOIL.

PaccmotpuM Bompoc o BBeneHUU B3auMoAeHCTBUsA. Ecnu cienoBaTs 1no
AQHAJIOTHH CO CKAJISIPHBIM I10JIeM (OITMCaHHOE B IMPEABIAYIIEH CTaThe), TO HO-
JIy4HM JIarpaHXXHaH CIeyIOIero Bua:

X =iy" o,y —myy =V (y,y). (1.4)

CBOGOIHBIN JTarpaHXHaH HOTEHLHA

CBobOoxHas gacTs arpanmxuana (1.4) nHBapHaHTHA OTHOCHTEIHHO TaKo-
ro mpeoOpa3oBaHMUS:

szeiaw u \ijze—ia\l—j,

0. — TPOM3BOJILHBIH BELIECTBEHHBIN MapaMeTp.

[TorpeOyem, uT0OBI M MOTEHIHAT V (\T/,\y) ObLT MHBApHAHTEH OTHOCH-
TENBHO 3THX ITPeo0pa30oBaHuil (TeM CaMBbIM BECh JIarpaHXUaH OyIeT HHBApH-
aHTEH OTHOCHTEINIEHO 3THX MpeoOpa3oBaHmii), 3TO 03HAYALT, YTO MBI TPeOy-
€M BBIIIOJIHCHUE CIIEIYIOIIEr0 COOTHOIICHHUS:

V(e g.ey) =V (F.v),
ciezoBatensho V=V (,y), Hanbolee IpocToi ciyJaii:
V(w) =AW v) . *)
MoKHO NOCTPOUTH:

v (.w) =2 (7)) (Wr,w)- (**)

INocTosHHBIE A ¥ A, HA3BIBAIOTCS KOHCTAHTHI CBA3H, 00a moTeHnuana (*) u
(**) HazeBaroTCA nomenyuaramu Pepmu uemvipexmMepHo2o 83aUMO0etCMBUsL.
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2. Moaean B3aI/IMOI[ei;ICTBy10[[Il/IX CKAJISIPHBIX U CIMHOPHBIX noJiei

HOCTpOI/IM JlarpaHXuaH AJid OImMCaHust BSaHMOﬂeﬁCTBHH CKaJIIpHOI'O U CIIU-
HOpHOTrO ToJieil. JlarpanuaH AJ1s1 ONUCaHUs CKaJIIPHOTO MOJIs MOTyY€eH B Ipe-
JBIAYIIEN cTaThe.

Jlarpanxuan Jlupaka HHBAPUAHTEH OTHOCHTEIBHO TAKUX TPEOOpa30BaHHIA:

Wv:eia\u " \T/':eim\'_/.

EcTecTBenHO HOTp€6OBaTB, 4TOOKI U JlarpaHKuan B3aPIMOZ[eI>iCTBPIH TOXKEC
OBLIT HWHBApUAaHTCH OTHOCUTECIBHO 3THUX npeo6pa30BaHI/H‘/i.

”@‘,imt ((p’\Tl’ W) = ‘%nn ((P, eiia\l_/a ei“\‘/).
Torpa &, =&, ((Pa\T/,\l/). Paznoxxum B psii, HOTYYUM:

f\p’mt ((P!\Tj’\v) = _h(P\Tf\V +...

OCTaJIbHbIC YJICHBI COIEPKAT CYMMapPHBIE CTEIEHH TOJICH BBIIIE TPETHEro Mo-
psaKa (BBICIIHE TIOPSIKH).
IpuBenem Hanbosee npocTyto Gopmy narpaHKuaHa B3auMOICHCTBHS:

Ko = —hOYY +... 2.1

Bripaxkenue (2.1) mpexacraBisier coOOi nomenyuan 63aumooelucmsus
IOxkaesuw1. TlapameTp /i — KOHCTAHTA FOKABCKOH CBSA3H.

C yuetom (2.1) HONTHBIN TarpaHXHaH CUCTEMBI CKaJIIPHOTO U CIITHOPHO-
T0 IOJIEN 3aITUIIETCS B BULE:

1 1 Ao _ _
K=20" 6pq>—5mf o’ _Z(P4 Yy O,y —mygy —hoyy,  (2.2)

TJie m, — 3TO Macca CKalAPHOTO MOJIs; /71, — Macca CIIUHOPHOTO MOJs; A — KOH-
CTaHTa B3aMMOJIEUCTBHS CKAJISIPHOTO MMOJIs; /1 — KOHCTAHTA IOKaBCKOU CBSI3H.
B (2.2) MoxHO 100aBHUTH YieH —/,QYY Y, Tae

0,1,2.3 v.o,pB

. i
Ys =YYy =ZZWBY“Y Yy
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O06001enne HA cJydyail MHOTOKOMILJIEKCHOTO CKAJISIPHOTO moJst. J{iis
CJIydass MHOTOKOMILIEKCHOTO CKaJISIPHOTO TIOJST MOXKHO BBECTH FOKaBCKOE
B3aMMOJICHCTBHUE CIIEAYIOIMINM 00pa3oM:

hIJK(PI\T/J‘VK Wi h 111K(PI\T/J75\VK'

HpI/I paccMOTpPCHUH BOIIPOCa B q)eHOMCHO.TIOFI/II/I JJICMCHTAPHBIX YaCTHIL
HCIOJIB3YCTCH JIar paHKHUAH B3aPIMO,I[eI>iCTBPI5[ C IPOU3BOAHBIMH 11O HOJIAM:

gy v 0,0 Wiu g,yy v,y 0,0.
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KOI'EPEHTHOE U3JIYYEHHUE ATOMOB
U KAHAJIUPYIOIIEN YACTHUIIbI

M. A. CocenoBa
Tomckuil 2ocyoapcmeentblil nedazoeuiecKull yHusepcumenm
Hayunwui pyxosooumens — 0-p puz.-mam. nayk, npoghyccop B.A. Onn

KananupoBaHue yCKOPEHHBIX YaCTHUI] HCCIETOBAHO TOBOJIEHO MOAPOGHO
KaK TeOPETUUYECKH, TaK M IKCIIEPHMEHTAIBHO. D(PPEeKT KaHaTHPOBAHUS TIO-
CITy>KWI GYHIAMEHTOM ISl CO3JaHMS HOBBIX SKCIIEPUMEHTAIBHBIX METOOB
HCCIIEOBAHUS COCTaBa U CTPYKTYPBI TBEPAOTO Tela.
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B nponecce B3auMoAecTBUS KaHAIUPYIOWIEH YacTULbI ¢ KPUCTAIIIOM
TeHEepUPYETCs DJIEKTPOMarHUTHOe u3inydyeHue. B pamkax kiaccuueckoi
9JIEKTPOAMHAMUKHU 3TO U3TyUYEHHE MOXKHO MPEACTaBUTh KaK U3JIy4YEeHHUE U3
Pa3HBIX HCTOYHUKOB (HATIPHMEP, H3TYYCHUE YACTHUIIBI, U3ITYUYCHHUE FICKTPOH-
HOT0 Ta3a, U3Ty4eHue BO30YKICHHBIX aTOMOB KPUCTAJUTHYECKOW PEIICTKH).

Br11o nmokazaHo 4To, 3aBUCUMOCTD MOJISI U3JIyUYE€HHS aTOMOB OT UX 4acTOT
MMeeT pe3oHaHCHBIN xapakrtep [1]. OxHako, u3llyuyeHrue caMoil YacTULIbl He
OBLIO MPUHATO BO BHUMaHUE. B HacTosimel paboTe Mbl paCCMOTPHM CYMMY
noJied W3JIyYeHHUs] KaHAIUPYIOIEeH YaCTULIbI U @TOMOB C MIOMOILBIO METOJOB
KJIACCUYECKOU AJIEKTPOJUHAMUKH.

JluHAMHKA aTOMOB KPHCTA/UIMYECKOil pemeTkH. PaccMoTpuM cuiib-
HO YIPOUICHHYIO MOJEb KPUCTAJUIMYECKON perieTKu. [ kaHanupoBaHust
3apsSKCHHBIX YaCTHUI[ HEOOXOMUMO, YTOOBI YIroj, 00pa3yeMbIii CKOPOCTHIO
YACTUIIBI U OCbIO aTOMHOTO Psifia, HE MPEBbIIIAl HEKOTOPOTO KPUTUYECKOTO
yria \y, Ha3siBaeMoro yrioM Jlunaxapna [2]. IlycTs pensiTUBUCTCKasL, OJIO-
JKUTEJIBHO 3apsiKEHHAs YacTHULA, C 3apsJIOM e, BJIETAET B KPUCTAJT MEXIY
JIByMS IIETTIOYKaMH aTOMOB, BAOJIb ocu OX. O003HAYNM PacCTOSHUE MEXIY
COCETHUMU aTOMaMHU, JISKAMUMU TapajuiensHo ocu OX, uepes b, a paccTos-
HUE MEXY LIeTToYKaMu aTOMOB 4epe3 2D.

Y,

b

O O
Q@ @

N

Y 20

9
|
QO O ©
X
: O O
1 2 3
Puc. 1. Monenb 1ByMEepHO#H KPUCTAIITNYECKON PEIIETKH

ByneMm cuurtarh, 4TO 3HEPrus 4acCTULBI BEIUKA 110 CPABHEHHUIO C €€ I10-
TepsAMHU Ha U3JIy4YCHUE U B3aUMOJCICTBUE C BELIECTBOM. Torma cKopocTh
3apsKCHHOM 4YacTHIbl IIPU JABUYKEHUH B KPUCTAJIe OCTAETCs IOCTOSHHOMN
U PaBHOU CKOPOCTH BJeTa V.

Ilone pensATUBUCTCKON KaHAJIUPYIOUIEH YacTHIIBI OTHOCHTENIBHO Jabo-
PaTOPHOM CUCTEMBI OTUETA COCPENOTOUEHO, B OCHOBHOM, B ILIOCKOCTH, IIEp-
NEHAUKYJISIPHON HalpaBJIeHUIO IBMKeHUs yacTullsl [3]. Ee B3aumozeiicTeue
c aroMoM BeliecTBa 3()()EKTUBHO OCYIIECTBISIETCS B TEYEHHUE KOPOTKOTO
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OTPE3Ka BpEMCHU U CBOAUTCH K IE€peaAavuc UMITyJIbCa B HAIIPpaBJICHNUU, OPTOT'O-
HAaJIbHOM CKOPOCTH KaHannpylomeI‘/i YaCTHUIbI.

W3 sTOr0 BBIpaXeHMs BUIHO, 4TO P >> P . 3necs y — JlopeHu-gakTop,
B =Vlc, c — ckopocTs cBeTa. [ToaTomy paccmarpruBaeM KoeOaHUs S1pa TOIb-
Ko B0k ocu OY.

Haunbonee cymecTBeHHBIM I JaJbHEHIINX PACUETOB SBISCTCS YUET 3a-
TyXaHHs KoJeOaHW aTOMOB B y3JIaX KPHCTAIIINYECKOH permeTku. Ha s3p1ke
KBAaHTOBOH MEXaHUKH 3TOT IPOIECC OMUCHIBACTCS KaK U3TydeHre (POHOHOB.
[Ipenmonaras, 9To HEpPrust (OHOHOB MHOT'O MEHBIIIE SHEPTUU KOJeOaTeb-
HOTO COCTOSHHS aTOMa, MBI MOXKEM y4eCTh 3aTyXaHHe KOJeOaHWi, BBOIS
SKCHOHCHITNAIBHBI MHOKHTENb B aMIUTUTYy KOIeOaHUH.

-

X;
) () s
Ae "sinw| t—=L|,t>L
vV Vv

e o — Ko3(QUIHEHT 3aTyXaHus; A, — aMIUTMTYy/1a KOJ€OaHui i-ro AUIIONb-
HOIO MOMEHTA:

2eq’K Qx,
A —Lcos—’,

" mVD'o ¥V
rae K n QQ — aMIIuTyna ¥ 9acToTa KoeOaHui KaHAIUPYIOMIeH YaCTHIIBL, § —
3¢ GeKTHBHBIN 3aps aToMa, SKPaHUPOBAHHOTO BHYTPEHHUMHU 000IOYKAM;
® — 9acToTa KoNeOaHut Aapa aToMa; /711 — Macca JacTHIIBL; X, — KOOPAUHATHI
aTOMOB, X, = ib.
ONEeKTPUUECKOE TI0JIE M3JIYUYEHHUS] AMIMOIBHOTO MOMEHTA OINPENENIsIeTCs
cnenyromeit popmynoii [3]:

Er.0)=—[m[n 0] W
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I7ie eIMHUYHBIN BEKTOP A ONPEICIACTCS PAaBEHCTBOM M = F/r, ¥ — BEKTOP,
COETMHSATOIIMI JUIONb ¢ TOYKOH, ISl KOTOpO# 3amucan Bektop E, r = |r],
JHIIONBHBIA MOMEHT p, CIIEyeT OpaTh B MIPEAUIECTBY IOIIMA MOMEHT BPEMEHH
'=t—rl.

CrpoektupyeM ypasaeHue (1) Ha opTsl chepryecKoil CHCTEMBI KOOPAH-
HAT, TOT/Ia MOy YUM:

€ . ..
Rgz P, (t")sin6.

E.(R,t) =

VYron 0 orcunteiBaeTcs ot ocu OY.

[TycTh aTOMHAsI 1IETIOYKA COCTOUT K3 OOJIBIIOT0, HO KOHEYHOTI'O YKCIIa aTO-
MOB N. PesynprHpytoniee mojie U3y4YeHUs SBISCTCA TUCKPETHOH CyMMOMH
MOJICH OTIEIBHBIX aTOMOB KPHCTAJLJIA.

E(R,1) = iE,. (R,1).

IlockonbKy paccTosiHUE MEXAY aTOMaMU MHOI'O MEHBLIE JJIMHBI BOJHbI
U3JIyYEHHU S, MOXKHO IIEPEUTH K HENIPEPBIBHOMY PACIPEIEIICHUIO TUIIOIBHOIO
MoMeHTa 1o ocu OX, a CcyMMUPOBaHHE 3aMEHUTh HHTeTpupoBaHueM. Torna
(hopmyIa aJis OISt U3TYUSHHs IPUHUMAET BUJ

A0 {2aQ'3 sinQ’t+cosQ't[(0L2 +m2)+Q‘2 (30L2 -’ )]}

Eot)=—— » @
k |:((X2+(D2—Q'2)2+4(XZQ'2:|
2eq’K .
e b Dbk

D10 ecTh Gopmyra I U3TYyUYCHUS aTOMHOMN IEMOYKH, BO30YKICHHOMN
KaHaJUpYIOeH yacTuieil. ITo U3IydYeHHe TeHepUupyeTcsl Ha JBYX 4acTo-
Tax — Ha 4aCTOTE KOJIeOaHUH aTOMOB KPUCTAJIIMYCCKON PEIICTKH M Ha YaCTO-
Te KoJeOaHUU KaHATMPYIONIeW YaCTHUIbI, CMEUICHHOHN 3(dekTom Jlommepa
Q' =Q/1-Bn).

IoJsie kananupyomei yactunbl. [locuntaeM nose U3NyyeHUs KaHAIU-
pytouieit yactuiibl. Bocnosias3yeMcst IpoCcThIM 3aKOHOM JABUKEHU S YACTHUIL:
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x(f) = Vt, y(t) = KcosQt, z(f) = 0, V' = const,

KOTOpBIH BeinonHseTcs npu K << D. Tlone nBuxyuierocs 3apsijaa UMeeT BUA:

=9 [e[(r-pr)V .
E cz(r—Br)3[ |:( ﬁ ):|V] (3)

IMockonbKy YacTHIa ABUKETCS BAOTH 0cH OX, TO OTHOCUTEIHFHO MEIJICH-
HBIMH KOJICOAHUSIMH YaCTHIIBI BAOJIB ocu OY, MBI IpeHEOpeKeM.

B chepuyeckoii cucteme KOOpIMHAT KOMIIOHEHTHI BEKTOpPa UMEIOT BH/
r = r(sinfsing, cos, sinBcose), rme yroa ¢ oTcYUTHIBacTCs OT ocu OZ.

Torna BekTOpHOE MpousBencHue B hopmyiie (3) OyaeT paBHO:

[r [(r —[ir)Vﬂe =—(Be, )r(rV)—(Vee)rz (1-Bn), @
[r [(r —Br)Vﬂ(p = —(ﬁeq,)r(rV)—(Veq,)r2 (l—ﬁn). ®

Moncrasnss (4) u (5) B hopMyity I 1oJsl M3Iy4YEeHUs YacTHLHI (3) 1 1e-
J1asi HECJIOXHbIE BEIYMCIICHUSI, TIOJTy4aeM KOMIIOHEHTHI 1T0JIs1 YaCTHIIBI B ce-
PHYECKOH cUCTEME KOOPJIMHAT:

3 ek’ (Bsin(p—sine)cosQ‘t
¢’R(1—PBsinBsin (p)3

®)

Oc

_ eKQ’Beos@cosOcosQ't

2 NPNURE ©)
c’R(1-PBsinBsin )

@c

Cynepno3uuus noJjeii u3nydenus. Pesynsrupyrolmiee moje U3JIydeHUs
€CTb CyMMa I10JI€i1 aTOMHOM LIENIOYKH KPUCTAJLjla U KaHAJIUPYIOLEH YaCTULLBL.
CknanpiBas ¢popmyisl (5), (6) u (2) nonyuyaem:

ES = Eea +E9L” E(p = Etpc‘ (7)

E,u E¢ B3aMMHO OpPTOrOHAJbHbIE KOMIIOHEHTHI NOJsipu3anuu. Beipaxe-
Hue (7) ects OpicTpoOCILIHpYTOmas GyHKIHS. M3MepuTenpabe TPUOOPHI
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OOBIYHO PETHCTPUPYIOT SHEPTHIO, MOCTYIAONIYIO 32 TepuoA. YToOBI TOCYH-
TaTh €€ HeOOXOIMMO YCPEAHHUTH 110 BPEMEHH.
Bo3sBoas B kBagpar u yepeauss hopmyiny (7) umeem:

2 _ g {l (Bsin @ —sin0)’ Lo sin’ 9[((12 +0°)’ +4a2§2'2}

0T ) (1 BsinBsing) 2 (a2 4AT) (o +AY)
®)
(Bsin@—sin0)’ sin 6] (o” + &)’ + Q"> (30” — ") |
(1-BsinOsin)* (o® + A’ ) (o> +A?) ’
— E_O2 B* cos® pcos’ O )

® 2 (1-PsinBOsing)*’

24° eQ’K

rme N=—————, F,=————.
1 Q*bmpD?’ ° r(1-Bn,)

B dopmynax (8) u (9) crenaem 3ameny: & =a/m, Q'= QY . Tak Kak Ml

paccMmarpuBacm MaJibIi yroi nmaaeHusi, ToO MOXXHO HpI/I6J'II/I)KeHHO 3alucarhb:

T T
0==-80, p==-3¢,
2 P o0
Y807 =3, yi8¢’ =i, ¥ +WI=V¥"

o 1 1
U coorBercTBeHHO: 1—-PsinOsing = Ey‘z (1+\|12 ), B= l—zy'z.

Torna B aToM npubimxennu (8) u (9) NpUHUMAIOT BHUI:
(1= +¥2)
+¥2)

2
E} = E}{2y* =) +”7
+

(67 +1) +4a2Q7

(62 +1) +20%@* -+

2(1_\Pi+‘p§)z [(a2+1)2+f2'2(3d2_1)} 5 - pr16es ‘Pf‘l’i
(1+¥2)"  (@+1) +20°@ -n+0r | " ! (1+97)"

+2ny
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Tenepp mocTporM rpadUK 3aBUCHMOCTH PE3YJIBTHPYIOIIETO MOJS OT
GbyHKIHA Y, ay.

YacroTa ) 3aBUCUT OT HENPEPHIBHOI'O B3aMMOACHCTBUA MOTEHLHAJA
ATOMHBIX IIEMOYCK ¢ KaHAIMPYIOMIeH YacTHIlel, U oHa mopsanka Q =~ cy/D,
rae y — yroa Jlunaxapaa.

rae £ — sHeprus 4acTULBL.

Bynem cumutarh, 4TO 4YacTHIla, BIETAOMAs B KPUCTAJI, — 9TO IPOTOH.
KananupoBanue Takux TSDKENBIX YacTHIl, KAK MPOTOHBI M MOHBI, HaOII0qa-
€TCsI TIPH YHEPTUAX OO0JIbIIIE HECKOIBKUX KB ¥ IpH 04eHb MaJbIX yTiax Ia-
JICHHS YaCTHUIBI HA OCh WJIH IJIOCKOCTb.

Bun pe3ynsrupyrommero noss U3JIy4eHus B 9TOM Cllydae MpPEeICTaBICH Ha
PUCYHKE HUXKE:

Puc. 2. Cynpno3unus nonei u3nydeHus

3akiioueHne. B nanHOl paboTe paccMOTPEHO CyMMapHOE M3IyuYeHUE
YaCTHILBI K aTOMOB KpUCTaININ4YecKo perieTku. Korga Mbl cKilaJbIBaeM Io-
Jie KaHAJIMPYIOIIeH YacTHUIIBI U 10JIe aTOMOB, II0OTY4aeM KOr€peHTHOE H3Iy-
YeHue HOJIeH, ¥ B pe3ylbTaTe Mbl HAOII0aeM OCTPBIH BCIJIECK IIOJ] OIperie-
JIEHHBIM yTJIOM (pHC. 2).

OTH pe3ynbTaThl paHee HUIJE He MyOJIMKoBainCh. OHU BHOCST HOBBIN
BKJIaJ] B MICCJICIOBAHHE 3TOI0 HHTEPECHOTO (HPU3HUECKOr0 (peHOMEHa.
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TEOPHS H METOIHUKA
IIPEIIOAJABAHHUA PU3UKH






®OPMUPOBAHUE CUCTEMbI
OBIIEYYEBHBIX YMEHU 1 HABBIKOB (OYYH)
Y IKOJIBHUKOB

H. . AprémoBa
Tomckui 20cyO0apcmeeHHblll neda202utecKutl YHugepCcumen
Hayunwiii pyxosooumens — 0-p neo. nayk, npogpeccop 3. A. Cxpunko

CoBpeMeHHOE HIKOJIBHOE 00pa3oBaHUE ONHpAaeTCs Ha TaKHe MOHSTHUS,
KaK «KOMIIETEHIIU», «YHUBEpcalbHble yueOHble neiicteusy» (YY), «obuie-
y4yeOHbie yMeHus U HaBblki» (OYYH). JlaHHBIC MOHATUS OYCHHb OIHU3KH,
a B HEKOTOPBIX CUTYyalMsX U B3aumosamenseMbl. CoriacHo PenepaabHOMY
rocyJapCTBEHHOMY CTaHAapTy OCHOBHOrO oOrmiero oopasoBanus Y Y] (min
OYVYH) BkJII04aIOT B ce0s1 COBOKYITHOCTh KJIFOUEBBIX KOMIIETEHIIUH, B TOM
yucie yueOHO-To3HaBaTenbHble KomnereHuu [1]. K HUM oTHOCATCS KOM-
NETeHLMU YYEHHKa B cepe cCaMOCTOsITENbHOM 1T03HABATEIBHON e TeIIEHO-
CTH, BKJIIOYAIOIINE 3JIEMEHTHI JIOTHYECKOH, METOM0JIOTMUYECKOH, 001meyued-
HOH gesrenbHOcTH. Cloma BXOIAT crocoObl OpraHM3alud HCCIIEOBAHUS,
IUTAHWPOBAHUS, aHaln3a, pe(IeKCHH, CaMOOLIEHKH. YYEHHUK OBJIAJEBAET
KpeaTHBHBIMH CIIOCO0aMHM JOOBIBaHMSI 3HAHUH NP N3y4YEHUH OKpYKarouien
JEUCTBUTEIEHOCTH, OPraHU3allMi JEUCTBUI B HECTAHAAPTHBIX CHUTYAIUIX.
B pamkax yueOHO-TI03HaBaTEIbHBIX KOMIIETEHIINH JISKUT €CTECTBEHHOHAY Y-
Hasi TPaMOTHOCTh: YMEHHUE OTJINYaTh (PakThl OT JOMBICIIOB, BlIaJICHUE H3Me-
PUTEIBHBIMU HaBbIKAMH, UCIIOJIb30BAaHHE BEPOSTHOCTHBIX, CTATUCTHYECKUX
Y UHBIX METOJIOB ITO3HAHUS U T. II.

Kaxap1it npeaMeT, n3y4aeMblii B paMKax MIKOJIEHOM IIPOrpaMMBl, OJKEH
CTaBUTH LEeNbI0 hopmupoBanue cucteMbl OY YH y mikonpHHKOB. DHU3MKa Kak
OlHa M3 HayK, (QOpMHUPYIONIMX HAyYHOE MHPOBO33pPEHHE, HE SIBJISETCS HC-
KJIIOYEHHEM, TIOCKOJIBKY HaBBIKM, IPUOOPETEHHBIE B paMKaxX M3Y4YCHUs JlaH-
HOT'O IIpeAMeTa JOJDKHBI Pa3BHBATh CIIOCOOHOCTH IPUMEHSATH IOJIy4YEHHBIE
3HAHUS B PeaIbHOM XKU3HU JJIs PEILICHNS IIPAKTHYECKUX 3a/1ad.

Cunraercs [2], 4To pemeHne KOMIETEHTHOCTHO-OPHEHTUPOBaHHBIX 3a-
JaHWi criocoOcTByeT (hopMUpOBaHMIO O0IIEYyYeOHBIX YMEHUH M HaBBIKOB,
KOTOPBIE B CBOIO OYEPE/Ib MOJKHO pa3JeIuTh Ha KOMMYHUKATHBHbIE, OIIEHOY-
HbIE, UHTEJJIEKTYaIbHbIE, OpraHU3allHOHHEIE.

Onnaxko, Gpopmupyst OY YH Ha ypokax pu3ukH, ciegyer yYuTbIBaTh, YTO
(u3uka — npuKIaxHas HayKa U OJHOM M3 Ba)KHBIX €€ COCTABIISIIOIIUX SBJIS-
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ercst 1aboparopHas pabora. [loaTtoMy crenyer yaensTh NPUCTAIEHOE BHH-
Manue GopmupoBanuio OYYHoB npu BBIIIOTHEHUH 1a00paTOPHBIX padoT
B IIKOJIEHOM Kypce (hu3HuKe.

B nanHOI1 paboTe MBI peNIMIN IPOBEPUTH, KaK BJIHSET BHIIIOJHEHHE JIa-
6opaTopHBIX paboT Ha popMuUpoOBaHME O0IIEYIEOHBIX YMEHUH U HABBIKOB.

OkcnepuMeHT npoxonwi B ['mmHazuu Ne 56 1. Tomcka Ha 6aze 8-x kiac-
coB. Beero B skcniepumMenTe yuactBoBaio 108 uenosek, pa3qeICHHBIX Ha KOHT-
ponbayto (KI') u skcnepumenTtanbhyto rpynmnsl (O). [lepen mpoeneHem sxc-
MEPUMEHTA KaK1asi TPYIIIa BBIIOIHAIA KOHTPOIBHOE TECTUPOBAHUE MO KYPCY
(U3MKH 3a IepBbIe TPU YETBEPTH 8-T0 Kiacca. 3aaHusl OXBAThIBAIHM 3HAHUS
OCHOBHBIX (PM3NYECKUX BEJINYHH, (GopMyII, PU3NUECKUX TOHATUH U SBICHHH.
Tect cocTosin n3 20 BOIpocoB, 3a Kax bl BEPHBIH OTBET CTABUIICS OIMH Oaul.
HauanbHble pe3ynsTaThl KOHTPOIBHOM M KCIEPUMEHTAIBHON T'PYMIT UMENU
6mu3kue 3HadeHus (13,7 6amnoB U1 KOHTPOJIBHOM Ipynmsl U 13,9 — st ake-
NEPUMEHTAIIBHOM).

Hamu Ob110 cpenaHo mpenmosokeHue, YTO BBEJCHHUE TaK Ha3bIBAEMBIX
«KPaTKOCPOYHBIX» MIIH «BBOIHBIX» JJaOOPATOPHBIX pabOT MPUBOAMT K (op-
muposanuio OY YHos. B nanHOM ciry4ae mo KpaTKOCPOYHOM 1ab0paTopHOU
paboToii moHnMaeTcs Habop 3aJaHuid, /ISl BBIIIOJHEHUST KOTOPHIX HE0OXO-
JIUM HeOOJIBIION TPOMeKyTOK BpeMeHH (7—10 MUHYT) ¥ HaTM4ue peaybHbIX
(u3HYECKUX TPUOOPOB.

KonTponshas rpymnmna cocrosya u3 52 uenosek. B nanHol rpynme 3a-
HSATHS POXOJIIN B CTAHIAPTHOM opMe: cHayasa U0 U3JI0KEHUE HOBOT'O
MaTepuajla yYyuTeleM, IOcCiIe KOTOPOro ydamumces Ipeaaarajgoch 03HAaKo-
MUTBCS C YCIIOBHEM JIA00OPATOPHBIX PabOT I0Ma M Ha CIIEAYIOIIEM YPOKE BbI-
TIOJTHUTH JAHHYIO JJaDOpaTopHyIo padoTy.

OKcnepUMeHTallbHas IpyIna coCTosa U3 56 UenoBeK U UMela Ipyroi
IJIaH AeATeNbHOCTU. OTIIMYNE COCTOSIO B TOM, UTO TOCHE U3JIOKEHUS yUH-
TeJIeM HOBOIO0 MaTepuaia, KaXXJOMy YYEeHUKY MpPeyarajioch BBIIOIHUTH
KPamKocpounylo 1abopamopHyio pabomy, najnee ydaliuecss 3HAKOMHUIINChH
C ycioBUeM J1abopaTopHOi pabOTHI B TIOMANIHUX YCIOBHUSIX U Ha CIEAYIOIIEM
3aHSATUU €€ BBIIOTHSAIN.

JlaboparopHsble pabOThI TPOBOAMIINCH 110 TEME «DINEKTPHIECKUH TOK» [3].

KoHTposbHas rpymnmna BHIOIHSIA TPH 00s3aTeNIbHBIE 1a00paTOPHBIE pa-
00TBI, TPENYCMOTPEHHBIE MAHHBIM Y4E€OHO-METOIUYECKUM KOMIUIEKTOM,
9KCTIEpPUMEHTAJIbHAS TPyIIa IOMUMO TPeX 00s3aTeIbHBIX, BHIIOJIHSIIA mpU
KpamrocpouHuix 1abopamopruix. CHIUCOK 1ab0paTOPHBIX IPUBEIEH B Ta0I. 1.
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Ta6numa 1

Ilepeyenb J1a00paTOpPHBIX padoT

OO6s3aTenbHbIe

Kpartkocpounsie

1. COopKa 3JIEKTPUUECKON LIENH U U3Mepe-
HHE CHJIBI TOKA Ha PAa3JIMYHBIX €€ y4acTKax
(JL.p. Ne 1).

2. V3smepeHune HaNpsHKEHUS HA PA3IUYHBIX
y4acTkax anekTpudeckoit nenu (JI. p. Ne 2).
3. 3mepeHue CONPOTHBICHHE IIPOBOJHHUKA
IIPY [IOMOIIM BOJIBTMETPA U aMIIepMeTpa
(JL.p. Ne 3)

1. COopka 31eMeHTapHOI IIEKTPUUECKON
L[CIIH.

2. IoaxmoueHne BOIBTMETPA K PA3THYHBIM
3JIEMEHTAaM LICIH.

3. COopka 11emnu ¢ BOJITMETPOM

U aMIICPMETPOM

OIICHKa BBIIIOJHEHHBIX 00s3aTEIbHBIX J'Ia60paT0pHI)IX pa60T npoBOaAU-

JIaChb MO CIICAYIOHNIUM KPpUTCPUAM:

1. CobnroieHre TEXHUKN O€30IMacHOCTH.

2. [IpaBuIbHOCTH OOPMIICHHUSI OTYETA JTA0OPATOPHOI pabOTHL.

3. BepHOE BEITIOTHEHHE CXEMBI DIIEKTPUICCKOI [IEMH.

4. YMeHue BepHO ONPeNeATh IICHY JCJICHHS MPUoopa.

5. YMeHue MpaBUIIBHO PACCUUTHIBATH aO0CONIOTHYIO MOT'PEITHOCTH MPH-

OopoB.

6. YMeHue paBUIIbHO CHUMATD TIOKa3aHNe TPHOOPOB.

7. YMeHue CONOCTaBIATh SKCIIEPUMEHT U TEOPHIO U IENIaTh BEPHBIE BEIBOJIBL

Kaxaplit U3 9TUX KpUTEpUI IPU BEPHOM BBITIOTHEHUH OLIEHUBAJICS B J]Ba
6ana, Ipyu YaCTHYHOM BBITIOJTHEHUH — B OJMH OAJIJT U TIPH HEBBITIOJTHEHUH —
B 0 6ammoB. Takum 00pa3oM, MaKCHMaJIbHOE KOJINYECTBO OalsIoOB COOTBET-
cTByeT 14, a MuHNManbHOE — 0 6asuIoB.

Pesynbrarsl mpoBeaeHus 0053aTeNBHBIX 1a00paTOPHBIX PabOT MpecTaB-

JIEHBI B Ta0IIL. 2.

Tabnuma 2

Cpennuii 6a/171 32 BbINOJIHEHHE J1a00PATOPHOIi padoThI
B KOHTPOJIbHOI M KCIIePMMEHTAJIbHOM rpynmnax

JlabopaTopnas pabora

Cpennuii 6ann
KOHTPOJIBHOM I'PYIIIBI

Cpenuuii 6ann
9KCIIEPHMEHTAIBHON I'PYIIIIBI

JLp. Ne | 8,6 10,4
JLp. Ne2 9,1 11,1
JLp. Ne3 9.4 11,8

UTOrO 9,0 11,1
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JlaHHBIE pe3yJIbTaThl IOKA3bIBAIOT, YTO BHEAPEHHE B IPAKTUKY ITPOBEE-
HHUE KPaTKOCPOYHBIX JIAOOPAaTOPHBIX paboT crocoOCTBYET (POPMHUPOBAHUIO
psana OYYH.

Jlumepamypa

1. @edepanvubiii TOCYIAPCTBEHHBIH CTAaHAAPT OCHOBHOTO 001Iero oOpazoBanus ot 17 ae-
kabps 2010 . Ne 1897.

2. CoopHuK CUTYallMOHHBIX 3a1a4 : mpakTUKyM / oTB. pex. O. A. Kpbicanoa. Camapa : U3n-
B0 «Camapckuii yHusepcuteT», 2010. 103 c.

3. @Qusuxa. 8-i k1. : yueb. qus obmeobpazosart. yupex. / H. C. [lypeimesa, H. E. Baxees-
cKkasl. 6-¢ u3n., crepeorun. M. : JIpoda, 2010. 255 c.

POJIb 3BHAHUEBOI'O KOMIIOHEHTA
B KOMIIETEHTHOCTHOM ITOAXOIE

A.C. bapmamiosa
Tomckuii 2ocydapcmeenHblil nedazo2uiecKull yHusepCcumen
Hayunweiii pyxosooumens — 0-p neo. nayk, npogeccop 3. A. Ckpunko

B Poccun mueT craHoBiIeHHE HOBOM CHCTEMBI 00pa3OBaHMsI, OPUEHTH-
POBaHHOTO Ha BXOXJEHHE B MHPOBOE 0Opa3oBaTesbHOE IMpocTpaHcTBo. Ha
JAaHHOM JTalle €e pa3BUTHUSA, KaKk oTMedaeTcs B KoHuenuy MogepHU3anuu
poccuiickoro odpazoBaHus 3a mepuon 10 2010 T., «HYKHBI COBpEMEHHO 00-
pa3oBaHHbIC, HDAaBCTBEHHBIE, IPEAIIPUUMYHUBBIC JIIOH, KOTOPBIE MOTYT Ca-
MOCTOSTEIBHO IIPUHUMATh OTBETCTBEHHBIE PELIEHUS B CUTYallMu BBIOODA,
MIPOTHO3MPYS MX BO3MOXKHBIE IIOCJIEICTBUS, CIIOCOOHBIE K COTPYIHUYECTBY,
OTIIMYAIOIINECS] MOOMIIFHOCTBIO, THHAMU3MOM, KOHCTPYKTHBHOCTHION [1].

[To oTHOmEeHNIO K 0011€00Pa30BaTENBHOM MIKOJIE TPOrpaMMa MOAEPHH-
3alHUN IIPEATNOJIaraeT OPHEHTAINIO HEe TOJBKO Ha YyCBOCHUE 00yYarommumcs
OIIpeIeICHHOW CyMMBbI 3HaHUH, HO ¥ HA PAa3BUTHE €TI0 JINYHOCTH, €ro IM03Ha-
BaTEJNBHBIX ¥ CO3UAATEIBHBIX CIIOCOOHOCTEN» [2, ¢. 12].

3aaueil MWKOJBI ABJISETCS CO3JaHUe YCIOBHH sl Gosee MOIHOro ompe-
JIeTICHNsI TPaHUI] 3HAHNS yUYeHHNKa, GopMUpOBaHUE y AeTeH JKeIaHUs U yMe-
HUS YYUTHCSL, IPUMEHSTH NOIYUYEHHbIE 3HAHUSI HE TOJIBKO B IIPUBBIYHON /IS
HEero 00OCTaHOBKE, HO U B HOBOI, HECTaHAaPTHOW. 3HAHUS ITPOIOJIKAIOT OCTa-
BaThHCSI OCHOBHBIM KOMIIOHEHTOM COJIEPKaHUS 00pa30BaHMs, HO TPOUCXOIUT
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YTOYHEHHUE CTPYKTYpPHI 3HAHUS U CIIOCOOOB €r0 OCBOCHHUS. 3HAHUS JICXKAT
B OCHOBE KoMIeTeHIMH. [1o1 BO3AeiiCTBUEM U3MEHSIOIIUXCS LIeJIeH U 3a1a4
IIKOJIEHOT'O 0Opa30BaHMUsI B €r0 CONCPKAHUU TIOMIMO MIPEIMETHBIX HAYYHBIX
3HAHWUW MOSIBJISIOTCS U JPyrue, 00yCIOBICHHBIC MOTPEOHOCTIMU COBPEMEH-
HOT'O IKOJIbHUKA.

O.H. Kpsinosa [3] oTMedaeT, 4TO B HAacTOsLIEe BpeMs KJIIOUEBOU 3aja-
4yell 00pa3oBaTEIBHOW MPAKTUKH MPOIOKACT OCTaBaThCs 3ajiada (hOpMHU-
POBaHUS CUCTEMBI 3HAHUH y4allUXCsl KaK OCHOBBI JIJIs1 pa3BUTHS KJIIOUEBBIX
KOMIICTCHIIH, 9TO 00YCIOBINBACT OOHOBJICHUE COJCPKAHUS 00pa30BaHUS.
Yaurtbcs TOMY, Kak TpaHCPOPMHUPOBATH HH(OOPMAIHIO B HOBBIC 3HAHHUS, TIPE-
BpalaTh UX B KOHKPETHbBIE ACHCTBUS, OLICHUBATh, IOHUMATh 3HAYEHUE ITUX
3HAHUH JJIS caMoro ce0si, 3TO CTAHOBUTCS 00Jiee BaXKHBIM, YeM 3alIOMHUHAHHE
KOHKPETHOU MH(POPMAIIHH.

OCHOBHBIM YCJIOBUEM HIpPOAYKTHUBHOM pealu3alud W3MEHEHHI coBpe-
MEHHOTO COJICPKaHUsI NIKOJBHOTO 00pa30BaHMs HA OCHOBE 3HAHHEBOH Tpa-
JULUU SIBJISIETCS Pa3BUTHE AUAAKTHYECKOW KOMIIETEHTHOCTH YUYUTENs —
CHIOCOOHOCTH MPUMEHSTH B MpoIecce OOYUYCHUS pa3JIMIHBIC BH]IBI 3HAHHM,
TEXHOJOTHIO PabOTHI C yYEOHBIM COACPIKAHHEM, MPOCKTUPOBATH YUcOHBIC
MaTepHalbl, KOHCTPYHUPOBATH TEKCTHI B 3P(PEKTUBHO UCIIOIH30BATH CUCTEMY
METOANYECKOr0 COPOBOXKICHUS AESITEIbHOCTH yuauuxcs [3].

OmHUM W3 COCTAaBISAIONIUX 3JIEMEHTOB pabOTHI COBPEMEHHOIO Mexarora
BEICTYyMaeT 3(PEKTHUBHOE M OOBEKTUBHOE WCIOIH30BAaHUEC METOMOB OICHU-
BaHUS 3HAHUH yUalUXCsl.

Heo0xomquMbI HOBBIE OIICHOYHBIE CPEICTBA, MIOCTPOSCHHBIC HA OCHOBE CO-
BPEMEHHBIX JIOCTHIXKEHUU TEOpUM MEeAAroruyeckKuxX H3MEpPEHUM, MO3BOJIS-
IOIIUX H3MEPSATh YPOBEHb C(HOPMUPOBAHHOCTH MHOTOIUJIAHOBBIX XapaKTe-
PUCTHUK BBIITYCKHHKOB, KOTOpPbIE HE JOJKHBI CBOAUTHCSA K MPOCTOM CymMMe
MpEeIMETHBIX 3HAaHUH U yMeHui. B mporecce o0yueHuUs MKOIBHUK JOIKEH
JIOCTUYb OIPEJEICHHOIO JOCTATOYHO BBICOKOI'O YPOBHSI CaMOCTOSTENIBHO-
CTH, OTKPBIBAIOIIETO BO3MOXKHOCTD CIIPABUTHCS C PA3HBIMU 3aJlaHUSIMHU, J10-
OBIBaTh B IpoIlecce PenIcHus YUeOHBIX 3a/1ad.

HekoTtopeie coBpeMeHHbIE YU€HblE OTPULIAIOT Ba)KHOCTh 3HAHUEBOM CO-
CTaBJISIONICH COBPEMEHHOTO O0pa30BaHUS W YTBEPKIAIOT, YTO YCBOCHHE
BCEX BHJIOB 3HAHUI MOXXHO MIPOBEPATH Yepe3 (OPMUPOBAHUEC KOMITCTCHITHIA.
Ho, Bo-mepBbIX, anmapaT OTCIEKHBAHUS PA3IUYHBIX KOMIETEHUMH elle
OKOHYATEIHHO HEe c(hOPMHUPOBaAH, a BO-BTOPHIX, HEKOTOPBIC BUIBI 3HAHHI ITPO-
SIBJISIFOTCS] B KOMIIETEHIUAX OMOCPEAOBAHHO, M OU€Hb TPYAHO OIPENIEIUTh, Ha
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KaKoOM 3Tare 00y4arolHuecst He YCBOMIIM OIpE/ICICHHBIE JIEMEHTHl 3HAHMSL.
Kpome Toro, mist Oyaymux yuutenei (GU3NKH BaXKHBIM MOMEHTOM SIBIISIETCS
(opMupoBaHUe Te3aypyca, HEOOXOAMMOTO /IS IPETIOaBAHUS IIPEIMETA.

B nutane pemeHust 1aHHBIX TPOOJIEM CTyAEHTaM — OyIyIIUM YUHUTEISIM
(U3UKHY, N3YyYaIOUIMM METO/bI OLICHUBAHMSI 3HAHUH ydYalluXcs, U3JIaraeTcs
METOJ MTO3JIEMEHTHOI'0 aHaIM3a 3HAHUH. YdYaluMcs Ipeasaraercs Tabnuna
[4], re Bech yueOHBIN MaTepHrall IPEACTABIEH B BHJIE Pa3/IEIIOB, IIOCIIE H3yYe-
HUSI KOTOPBIX, OHH OTBEYAIOT HA Psi BOIPOCOB, BBIOIHAIOT OIPEEIICHHBIE
3a/laHusl, @ TAKXKe PEIIAt0T KOMIIETEHTHOCTHBIE 3a7auu. KoMIneTeHTHOCTHEBIE
3a/lauu COCTaBIISIOTCS TaK, YTOObI B HUX OBLIM BKIIIOYEHBI IPHOOPETEHHEIE
LIKOJIbHUKAMHM 3HaHUS, yMEHUS ¥ HaBBIKH, CIIOIb3yEeMbIe B KOHTEKCTE KOH-
KPETHBIX MPaKTUYECKHUX CUTYyalUnH.

Oco0eHHOCTHIO0 KOMIIETEHTHOCTHBIX 3314 SIBJISIETCS COOCTBEHHOE perlie-
HUE, BBITIOJIHEHHOE U IIPE/ICTaBIEHHOE YUCHUKOM, YTOOBI €r0 MOTJIH OLEHUTh
YUHUTENb U IPYTUe yJaliuecs.

Takum 00pa3oM, 3HAHUEBBII KOMIIOHEHT SIBJISIETCSI OCHOBOH (pOpMHUPO-
BaHUs MH(OPMALMOHHON KOMIIETCHIIMH, BEICTYIAIONIE COCTABHON 4acThIO
po(heCCHOHATIBLHON KOMIIETEHTHOCTH.

Jlumepamypa
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METOJIUKA U3YUYEHUS
MMPUKJIAJTHOI'O MATEPHUAJIA B KYPCE ®U3NKU
JJ1S1 CTYJIEHTOB MEJMIIMHCKOI'O KOJLIEIKA

C.C. Cesprorusa
Tomckui 20cyO0apcmeeHHbll neda20eutecKutl YHugepCumen

Ceifuac Hame OOIIECTBO BCTYIMJIO B NMOCTHHAYCTPUAIBHBIA HEpHOJ,
B OOILECTBEHHON )KM3HH IPOUCXOAT 3HAYUTEIbHBIE TepeMeHbl. U st Toro
YTOOBI Pa3BUBATHCS, YyBCTBOBAThH ce0s KOM(POPTHO HYKHO 00y4aThcsi BCIO
JKU3HB, KPOME TOT0, B HACTOSIIMI1 IEpHOJI 00IIECTBO CTAHOBUTHCS MH(OpMa-
IIUOHHBIM, I0O3TOMY KaXkJIOMY HWIEHY 00IIecTBa HEOOXOAMMO MTOCTOSTHHO pa-
6oratsb ¢ nHpopmanueit. {1 koM(pOopTHOI )KU3HHU B COBPEMEHHOM 001IIeCcTBE
HEOoOXOIMMBI TIEPBUYHBIC IIPUKJIaIHbIE 3HAHUS U IPAKTUYECKUE YMEHHUSL.

[TosTOMY K BBIITYCKHMKaM IIKOJ KaK 4ieHaM OOLIecTBa NPEAbsBISIOTCS
ornpesesieHHbIe TpeOoBaHus. TpeOoBaHM K BBITYCKHHUKY IIKOJI IIPEICTaBIIe-
Hbl B OT'OC.

U naunbornee BaXXHBIM SIBJISICTCSI TIOHUMaHUE (PU3NYECKUX OCHOB U ITPUHIIH-
OB ieficTBUS (pabOThI) MAIIMH U MEXaHU3MOB, CPEACTB NEPEBIKEHNUS U CBSI-
31, OBITOBBIX TPUOOPOB, TPOMBIIITIEHHBIX ¥ TEXHOJIOTHYECKUX IPOLIECCOB.

UroObl pa3BUBAThCSl YUEHHK JOJDKEH CaMOOOpPa30BBIBATHCS M paboTaTh
¢ uadopmaruen, s yCIenrHoro oopa3oBaHus Hy)KHO YYEHUKAa MOTHBHPO-
BaTh, TaK Kak JIt00as JeITeIbHOCTh 0€3 MOTHBAIINY ITyCTA.

YueHuku OBIBaIOT pas3HbIE, y BCEX CBOM MHTEPECH! (pedb HaeT o dapma-
LEBTHYECKOM Kouieke). [leppoHadaibHO OBLIO BBISICHEHO, YTO MM HPaBUTCS
NOJy4aTh 3HAHUS O OBITOBBIX PHOOPAX M METUIIMHCKOW TEXHUKE, KOTOPYIO
UCTIONB3YIOT MEIUKH.

Bbu10 BBICKa3aHO MOXETaHMs M0Jy4aTh NOX00HBIE 3HAHUS TIPU TTOMOIIH
MH(QOPMAITMOHHBIX TPOEKTOB.

Lenb paboTsl — IpoOYyAUTH HHTEPEC K PU3HUKE U 00YUUTH CAMOCTOSTEIIb-
HO TOJIy4aTh HH)OPMALHIO, CHCTEMAaTH3UPOBATD, IPEIICTABIIATS.

3agaun:

— npoananusuposars OI'OC, Bbiaemnsiss TpeOOBAHUS ISl yUAIUXCS, U3Y-
yaromux GU3NKy;

— OIPEACTUTH HHTEPECH YUaIUXCS;

— BBISIBUTH COJIEpXKAaHKE NMPUKJIIaHOIO MaTepuaia Kypca QU3NKY;
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— IpoaHaTN3UPOBATh PAabOTHI, HATIPABJICHHBIC HAa Pa3padOTKy METOXMKU
M3YUYCHUS MPUKIAIHBIX BOIPOCOB Kypca (DM3UKU, MOBBIIICHHUS MOTUBAIIUU
yYaIuxcs 1 OPraHu3aIiy MPOCKTOB;

— pa3paboTaTh METOAWKY NPHMEHCHUsS HH(POPMAIMOHHBIX MPOCKTOB
Y IPUMEHUTH €¢ B 00yYCHHE YUAIINXCS KOJUICIKA;

— OIKCAaTh METOUKY PabOTHI C YICHUKAMHU.

A.H. JIeoOHTBhEB TOBOPUT B CBOHMX TPYyJaX O MOTHBAIMH, YTO YUSOHO-TIO-
3HABaTEIbHBIC MOTHUBHI MPOSIBISIOTCS HAa YPOKE: KOTAA MPUCYTCTBYET CaMO-
CTOSATENbHOE OOpalieHrue NIKOJFHUKA K MOUCKY WH(POpPMAIUHU, CaMOCTOS-
TEJIBHO, HO MPH MOIJCPKKE YUUTENS KaK HAMPABIAIONMIEr0 HA MPaBUIBHBIN
«IYTh UCTUHBDY.

A.K. MapkoBa MHIIIET, YTO MOTUB — BHYTPEHHEE MOOYKICHUE TUIHOCTH
K TOMY HWJIM HUHOMY BUAY aKTHBHOCTH (IEATEIBHOCTH, OOIICHHUE, TOBEICHHE)
K JOCTHXKEHHIO LIEIIH.

MoTtuBaIus y4eHHs — 3TO HAIPABJICHHOCTh YUYCHIKA Ha Pa3IUYHBIC CTO-
POHBI y4eOHOH AEATeNbHOCTH, CBSI3aHHAs C BHYTPCHHUM OTHOIICHUEM yUe-
HUKA K HEH.

CyniecTByeT J1Ba TUIIA MOTUBALMIA — BHYTPCHHS S U BHEIITHSSL.

BeLuTH TpoaHaTu3uPOBaHBI CICAYOIIHAE THITH ITPOSKTOB.

HccnenoBareabckne MpoeKThI. Takue TPOSKTH TPEOYIOT XOPOIIIO IPO-
JyMaHHOH CTPYKTYpPHI, 0003HAYCHHBIX IeNIel, aKTYallbHOCTH IPEAMETa HC-
CJICZIOBAHUS IS BCEX YYACTHUKOB, COIIMAIEHON 3HAYUMOCTH, POy MaHHBIX
METOJIOB, B TOM YHUCJIC IKCIIEPUMEHTAJILHBIX U OMBITHBIX PadOT, METOIOB 00-
paboOTKU pe3yNbTaToB. Takue MPOESKTHI TOTHOCTHIO TIOAYNHEHBI JIOTHKE UC-
CJICZIOBAHUSI M UMCIOT CTPYKTYPY, IPUOIHKEHHY IO WU MOTHOCTHIO COBIAIa-
FOIIYIO C MOJUTHHHBIM HAYYHBIM HCCIICIOBAHUEM.

TBopueckne MpoeKkThl. TBOpPYCCKUE MPOCKTHI IPEAONATAIOT COOTBET-
CTBYIOIIIee OPOPMIICHHIE PE3YJIBTAaTOB. TaKue MPOCKTHI, KaK MPaBUIIO, HE IME-
0T JICTAJBHO MPOpPabOTaHHOW CTPYKTYPHI COBMECTHOU NIESATEIBHOCTU y4Ya-
CTHHUKOB.

PosieBblie, HITPOBBIE MPOEKTHI. B TakKUX MPOCKTaX CTPYKTYpa TAKKE TOIb-
KO HAMEUAeTCsl M OCTAETCS OTKPBITOW IO OKOHYAHUS MPOEKTA. YUaCTHUKU
MPUHUMAIOT Ha ce0s1 OIpeieIeHHbIC POTH, O0YCIOBICHHBIC XapaKTEPOM U CO-
JepKaHUEM MPOEKTa. DTO MOTYT OBITh JINTEPATYPHBIC IEPCOHAKH HUITH BBIITY-
MaHHBIC TepOU, IMUTHPYOIIUE COIMAEHBIC HIIX JICTOBBIC OTHOIICHHUS.

O3HAKOMHUTEIbHO-OPUEHTHPOBOYHbIE NN WH(POPMAIMOHHBIE MPO-
€KThI. DTOT THII MPOCKTOB U3HAYAIFHO HAIMpaBICH Ha cOOp WH(OpMauu
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0 KaKOM-TO OOBEKTE, SIBJICHHH; O3HAKOMJICHUE YYACTHHKOB ITPOEKTa C 3TOU
nHpOpMaIe, ee aHaIu3 1 00001IeHNe (PaKTOB, IPeAHA3HAYEHHBIX /IS M-
pokoii aynuropun. Takue MPOEKTHI TaKXkKe, KAK U MCCIIE0BATEIbCKHE, TPe-
OyIOT XOpOIIO NMPOAYMAHHOH CTPYKTYPBI, BO3SMOKHOCTH CHCTEMaTHYEeCKOU
KOPPEKIHH 110 X011y paboThI HaJ IPOEKTOM.

CTpyKTypa Takoro IpoeKTa MoXXeT ObITh 0003HaYeHa CIIey oMM 00pa-
30M: LIeJIb ITPOEKTA, ero0 aKTYaJbHOCTh (MCTOYHUKN MH(OPMAIMK — JIUTEpa-
TypHBIE UCTOUHUKH, cpeacTBa CMU, 6a3bl JaHHBIX, B TOM YHCJIE JJIEKTPOH-
HbIE, HHTEPBbHIO, aHKETUPOBAHUE, B TOM YHCIIE M 3apyOeKHBIX HapTHEPOB,
IIPOBEJICHUE «MO3IOBOW aTakmWy», W Ip.), 00paboTka MHPOpPMALUK (aHAIU3,
0000111eH1e, COITOCTAaBIICHUE C U3BECTHBIMU (paKTaMHu, apryMeHTHPOBaHHBIE
BBIBOJIBI), pe3ynbrar (cTaThs, pedepart, MoKiaj, BUAEO, Ip.), MPEe3eHTAUs
(myOnukanus B ceTH, 00cyXIeHHe B TeJeKoH(pepeHnnu, Ip.) IepBoHavyaib-
HOTO HalpaBleHUs (eciu TpeOyeTcs); JanbHEHIINI MOUCK HHPOPMAIUH 110
YTOYHEHHBIM HAIPABJICHUSM; aHAJIN3 HOBBIX (hakTOB; 0000IIEHHUE; BHIBOBI
U T.7. 70 OJIY4YEHHUs JaHHbIX, YJOBJIETBOPSIOIINX BCEX YUYACTHUKOB IIPOEK-
Ta; 3aKII0UYEHHE, 0(OPMIICHHE Pe3yNIbTaToB (00CYKIEHUE, PEAAKTHPOBAHNE,
MpE3CHTAIUs, BHEIIHSS OLICHKA).

IIpakTHKO-OpHEHTHPOBAHHBIE MPOEKTHI. DTH ITPOEKTHI OTIMYACT YET-
KO 0003HAYeHHBIM C caMOro Haudaja pe3yJbTaT AESTeNIEHOCTH YYaCTHHKOB
npoekTa. [IpuyeM 3TOT pe3ynbTar 0053aTeIbHO OPHEHTUPOBAH Ha COIUAIIb-
HBIE MHTEPECHl CAMUX YYaCTHUKOB (JIOKYMEHT, CO3JJaHHBIIl HA OCHOBE I10JTy-
YEHHBIX PE3YJIbTATOB UCCIIEJOBAHUS — 110 SKOJIOTHH, OMOJIOTHH, reorpadu,
arpOXUMHH, UCTOPUYECKOTrO, JINTEPATyPOBEIUYECKOTO M JPYroro Xapakre-
pa, mporpaMma JAeHCTBH, PEKOMEHJALlMH, HalpaBJIEHHbIC Ha JIMKBHJA-
IIUIO BBISIBJIICHHBIX HECOOTBETCTBHH B MPUpPOJE, OOIECTBE, IIPOEKT 3aKOHA,
CIPaBOYHBIH MaTepHal, ClIoBapb, HAPUMEpP OOMXOMHOW HMIKOJBHOW JIEKCH-
KM, apI'yMEHTHPOBaHHOE OOBSICHEHHE KaKOT0-TO (PM3MUECKOTr0, XUMHYECKO-
0 SIBJICHUS, IPOEKT 3UMHETO CaJia, LIKOJIBI U IIp.).

BriOpaB mH}poOpMaOHHBIE TPOEKTHI, MBI IIPONHCAIH METOIUKY HU3yde-
HUS MaTepuaa OCHOBBI IIPOEKTA.

Oransr:

1. Aranu3upyem Kypc (HU3MKH Ha BBISIBICHHE 3HAHUI NPHUKJIaJHON Ha-
MPaBJICHHOCTH.

2. Ha ocHoBe aHanu3a Kypca (GpU3MKH BBIJENSIEM BOIIPOCHI, KOTOPHIE Oy-
JIyT UHTEPECHBI JIJIS YIALTUXCSL.

3. PacnpenensieM TEMbI IPOEKTOB.
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4. Bmecre ¢ y4amuMmucs ONpeAessieM JAesTeNIEHOCTh IPH BBIITOJIHEHUH
MIPOEKTA!

— 3HAKOMCTBO C IIPOEKTHOM A€ TEIBHOCTHIO;

— COCTaBJICHHE ILJIaHa;

— KOHCYJIBTAIlMH 110 TPOEKTaM;

— opraHu3anus padoThl B TpyIIax.

5. 3amuTa NIpOEKTOB COINIACHO IIaHY:

— MCTOPHSI BOSHUKHOBEHUS pHO0pa;

— NIPUHIIMII ACHCTBHS;

— MHTEpecHBIE (PaKTh;

— MepBbI IPEJOCTOPOKHOCTH.

6. Opranuzyem BOIIPOCHI OT ayJUTOPUU.

7. BeIcTaBIIsIEM OLIEHKH.

ITo oxoHYaHWIO TPOEKTHOM NEITEILHOCTH BBISIBHIIOCH CIIEIYIOLIEE:

1. Jlo BeimonHeHus npoekta 20 % BeICTyNalu Y JOCKHU, IOCJIE IPOEKTHOM
nesiteapHoCcTH — 100 %.

2. CTy/ieHThI Hay YHJIUCh CHCTEMaTH3HPOBAaTh MaTeprall B BUIe KOHCIICKTA.

3. CTyIeHTHI HayYHIIMCh BBICTPAaNBaTh JJOTHKY CBOETO JOKJIaa.

4. CTyzneHTbI HayYHJIUCh padOTaTh C HCTOYHUKAMH JIUTEPATYPHI.

OT3bIB cTyzieHTa (hapManeBTHIYECKOro Koyleka: « Mbl HeJaBHO IIPOXO0-
JIVUTH Ha ypoKe pU3NKH IPUOOP ,,MUKPOBOJIHOBAS I1€Yb ‘, U s HE 3HAJI, II0YEMY
MMEHHO B MHUKPOBOJIHOBKE €CTh OJIIOAIIE M OHO KPYTHTHCS, a TENepb 3HAIO
Onaromapsi nmpeamMery ,,pusuka“. 9to oueHb uHTEpecHo» (Pycnan, cTyneHT
rp. 914 1-ro xypca).

Jlumepamypa
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®OPMUPOBAHUE
MHPOBO33PEHU S IIKOJIBHUKOB
B NTPOLIECCE BBIIIOJIHEHU A
JIABOPATOPHBIX PABOT

1O. CmupHOBa
Tomckuii 20cyOoapcmeeHHblll neda202utecKutl YHugepCcumen
Hayunwiii pyxogooumens — 0-p neo. nayk, npogheccop 3. A. Cxpunko

JlaboparopHsble padOTHI IO (PU3UKE CBSA3aHBI C YMEHHEM IPOBOAUTH (H-
3n4yeckue u3MepeHus. B ¢Qusnke mamepeHusiM Bcerda yaensuioch ocoboe
BHUMaHHe. Ho mpu onmcanuu abopaTopHbIX paboT 0OBIYHO peann3yercs
OIepalMOHaIBHBIA MOAX0A K PU3MYECKUM M3MEPEHHUSIM, OITUCHIBACTCS ITPO-
1ecc IpoBeJeHNs U 00pabOTKH Pe3yIbTaTOB H3MEPEHUSI.

OnHako (u3MUYECKUE U3MEPEHHs] MUMEIOT OoJblIoe 3HaueHue st (op-
MHUPOBaHHS HAYYHOTO MHPOBO33PEHUS. BOJNBIIMHCTBO YUYEHBIX OTMEYaloT,
Y10 (PU3UKa UMEET IPHUOPUTETHOE IOJOKEHHUE CPEAM LIKOIBHBIX yUeOHBIX
IpeaMeToB 1o (JOPMHUPOBAHUIO MUPOBO33peHHs. V3yueHne GpU3nKu BaKHO
JUISL BCEX y4YallMXCs, HE 3aBUCHMO OT TOTO, IUIAHUPYIOT OHH MJIM HET J1ajb-
Helimee u3ydyeHue Gpuanko-MaTeMaTH4ecKux HayK. OJHAKO 4acTo y4eHUKH
Ha ypoKax 3aJaloT CIeIyIOIUi BOIpoc: ISl 4Yero BooOIIe HyKHO U3y4aTh
(u3uKy B IIKOJIE BCEM yHallMMCs, HE3aBUCHMO OT WX MHTepecoB? Dusuka
3HAKOMUT HaC C yHHUBEPCAIbHBIMH CIIOCOOaMU ITO3HAHUS MUPA, YUYUT KPUTH-
YECKH MBICIUTh, 3HAKOMUT C KYJIBTYPHBIMH IEHHOCTSIMH, HAKOIJICHHBIE Ye-
noBeuecTBOM. IMeHHO ¢u3KKa Kak HanboJiee pa3BUTasl ECTECTBEHHAs HayKa
3aHHMaeT 0co0oe MecTO B 0OIIEUEI0BEYECKOi KYJIBTYpE, SIBISISICH OCHOBOU
COBPEMEHHOT0 HayYHOI'0 MUPOIIOHUMAaHHSL.

Cy1ecTByeT MHOTO OIpeNeNIeHHH Hay4YHOro MUpoBo33peHus. O6o0mas
9TH OIIpEeIeHus, MOKHO CKa3aTh, YTO HAyYHOE MHPOBO33PEHHUE IPEICTAB-
JsieT co00i TEOPETHUECKYIO CHCTEMY 000OIIEHHBIX HAyYHBIX 3HAHUH 0 MUpe
U 0 MecTe yesioBeka B HeM. [louemy ke MMEeHHO B (hu3MKe Kak yueOHOM Ipea-
MeTe Hanboyiee OCTpPO 3aJaeTCsl BOIPOC O MHUPOBO33PEHYECKOH (yHKIMH?
CortacHO OIpezieIeHUIO, JaHHOMY B PH3MUECKOM SHIMKIIONEINYECKOM CII0-
Bape, pusnka — HayKa «o GopMax MaTrepuu... KOTOpbIE BXOAAT B COCTAB JIIO-
OBIX CIIOXHBIX MAaTEPHAIBHBIX CUCTEM, O B3aUMOJIEHCTBIH 3THX (OPM Marte-
pun 1 ux asuxeHun» [3]. Takum oOpasom, ¢pu3KMKa B €CTECTBEHHOHAY YHOM
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IJIaHE PacCMaTpPUBAET TaKUE KaTErOPUH, KaK MaTepus, POCTPAHCTBO U Bpe-
Msl, IBUKEHUE U B3aUMOAEHCTBIE, MPUUYUHHOCTh U 3aKOHOMEPHOCTH. Bee 3T
KaTeropuu MUPOBO33PCHUCCKUE, M TIPH PACKPBHITUHU MPEACTABICHUNA (PU3UKU
KaK HayKH 10 3THM IPOOJIeMaM Yy y4aIuxcs (pOpMHUPYETCss HAyIHOE TIOHUMa-
HHE MUpa.

JlabopaTopHbIe pabOTHI SBISIOTCS YACTHBIM CIIy4aeM HaONIOACHUS B (Pu-
3UKe. YUEHbIE OTMEUaloT, YTO TOJIBKO CO3HATEIBbHOE BOCIPHUATHE MPEBpa-
mjaetcs B HaOmroneHue. HampaBieHHBI XxapakTep sIBISCTCS HEOThEMIIEMOU
4epToi HaOTIOICHUS, YTO OTINYACT €ro OT BOCHPHUATHS. BocnpusTue Moxer
OCYILECTBIISATHCS HA PA3JIMYHBIX YPOBHSX: €CJIM HAa HU3LIUX YPOBHSX MPOLIECC
MPOTEKaeT KaK ObI CTHXUHHO, TO B BEICIINX (POpPMaXx, CBI3aHHBIX C MBITILICHH-
€M, BOCIIPUSITHE MPEBPAIIAETCS B CO3HATENBHO PETYIUPYEMYIO €SI TEIbHOCTD
HabmroneHus. OCo3HaHHOE HAOFOJICHHE, UMCIOIICE TICTICBBIC YCTAHOBKH U CH-
CTEMaTUYECKUN XapaKTep MpeBpallaeTcs B METO HAYYHOT'O [TO3HAHUSL.

JIumib B HEKOTOPHIX paboTax M3MEpPEHUE PACCMATPUBACTCS IO CBOCH Cy-
TH KaK SBJICHHE (DU3MYECKOTO B3aUMOJCHCTBHS 00BEKTA C IIPUOOPOM, OHA-
KO 3TO PACCMOTPEHHE OCTACTCS TEOPETHUSCKU OOIINM, OCTHBIM B IPUKJIIAI-
HoM 11aHe [4]. [Ipobnema GopMupoBaHKsT MHPOBO33PEHUS TIPU TPOBEACHUN
(U3MYECKUX W3MEpPEHUH KaK HCCIeNOBaTelIbCKas MpodiieMa BOOOIIE HE
CTaBHUTCS, XOTS U3 CKAa3aHHOTr'O CJIEIYeT, YTO Ha COBPEMEHHOM 3Tare COBEp-
IICHCTBOBAHUS TCOPHH U MPAKTUKU 00y4eHUs (HU3NKE PA3BUTHUE IIKOITHHU-
KOB CpEeACTBaMHM IpeaMeTa HOCUT MPUOPUTETHHIA XapakTtep. Ha mpeamer
c(OPMHUPOBAHHOCTH y YYAIIMXCS YMCHHH IPOBOIUTH (DU3HUCCKHE H3MeE-
pEHUS PSIOM aBTOPOB OBLIO MPOBEACHO TecTupoBanue. OIUH BapUaAHT I10-
JOOHOTO TecTa MPUBOAKUTCS B padote [5]. OO0OIICHHBIC Pe3yIbTaThl TAKOBBIL:
75 % Y4YEHUKOB MOHUMAIOT, 339eM MTPOBOMISITCS H3MEPEHUS BETUYNH B (PH3H-
ke, 35% — 3Hal0T, 3a4eM ONpPEeAeISIIOT NOTPEIIHOCTh MPU U3MEPEHUSX, HO Ha
MPaKTHKE CBOM 3HAHUS HE MOATBEPXKIAIOT (3aJaHUC HAa U3MEPCHHE JTHHBI
u obvema Tena Bce 100% y4YCeHHKOB BEITIONHSIOT HA OBITOBOM YPOBHE, 0€3
MTOTPEITHOCTH), TEOPETHYECKHA YMEIOT ONMPEICNATh HOrPEITHOCTh HAa YPOB-
He 7-ro kiacca ToJbKO 24 % TecTupyeMbIX, HO Ha MPAKTUKE U 3TOrO HET.
[[IkoTpPHUKY HE MOHHMAKOT, KOTJa M KaKuM 00pa3oM HEOOXOAMMO BEITION-
HSITh MHO>KECTBEHHBIC H3MEPEHUS JUISI TOTO, YTOOBI YMEHBIIUTE CITy4YaiiHbIC
MOTPEITHOCTH, KaKHe (PU3UYCCKUE BEIMYMHBI MOXKXHO MU3MEPUTH MPSIMBIMU
HU3MEPEHUsIMH, a KaKKe JIMIIb KOCBeHHO (80 %). MHOTHe U3 y4eHUKOB OHU-
MAaIOT, YTO COCTOSIHUE MPUOOpPa MPH U3MEPEHHUIX MEHSCTCS BCETIa, HO JIMIIb
2% OTMEYaroT, 4YTO M 0OBEKT U3MEPECHUS TOXKE BCET]a MEHSCTCS.
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AHaJu3 MoJyYeHHbIX JaHHBIX, HAII OMBIT MPENoAaBanus GU3UKHU, a TaK-
e HAOJIoIeHHs y4eOHOro Mpolecca B CPEAHEH IIKOJIE MO3BOJISIOT YTBEPIK-
JIaTh, YTO TUIHUYHBIMH SBIISIOTCS CIEAYIONHE HEJOCTATKU: 00yYarOIIHnecs,
MIPOU3BOS U3MEPEHHUSI, YACTO HE YMEIOT BBIUUCIISATH [TOIPEUIHOCTH U3MEPE-
HUll, a abCONMIOTHOE OOJBIIUHCTBO HE TOHMMAIOT, 3a4€M MX BOOOIIE HYXHO
BBIUUCIISATD, HA MPAKTUKE 38 TEXHUYIECKOU CTOPOHOM U3MEPEHHI OTXOIUT Ha
JATbHUH 11aH (PU3UKa mporecca.

Yro6bl MOCTABUTh M3MEPEHHUs B Ja0OPaTOPHBIX paboTax Ha JOJKHBIN
YPOBEHbB, MOKHO PEaTU30BaTh CIEIYIONUE UICH:

a) pu3nUYeCcKre U3MEPEHHUS KaK IKCIIEPUMEHTAIBHBIN METO] UMEIOT CaMO-
cTosiTeNbHOE 3HaueHue. Kak ajeMeHT Qu3nueckue U3MEPEHUs BXOISAT B CO-
JiepKaHue T000ro (PU3NIECKOro IKCIIEPUMEHTA;

0) mrkonpHOE yueOHOe (PHU3MUYECKOE M3MEPCHHE — CIIOKHEIN 10 MaTepu-
ajy, MpoleccaM U MprueMaM BUJl yueOHOH JesTeTbHOCTH, KOTOPbIH J0JIKEeH
OBITH CIEIUATBHO OPraHU30BAH M YCBOEH; B KAUECTBE MaTepHasa u MpUeMoB
paboThI MOT'YT OBITH HCIIOJIB30BAHBI BCE M3BECTHDIC 3HAHUSI U BUIBI JICITEIb-
HOCTH, HO OHU JIOJDKHBI OBITh IMOYUHEHBI JIOTUKE TPOBEICHUS U CMBICTY (H-
3UYECKUX M3MEPEHUN;

B) CONlEPYKAHUE IIKOJIBHBIX YUeOHBIX (DU3UUECKUX H3MEPEHUU JOJIKHO
BXOJHUTh B pa3Hble (JOPMBI JIESITEIBHOCTH (JEMOHCTPAIIMOHHBIMH, (PPOHTAIb-
HBIN, HHAMBH/YaJIbHBIN SKCIIEPUMEHTHI, 1JabopaTropHas paboTa u JIp.);

r) 10 MHUPOBO33PEHUYECKOMY 3HAUEHHIO (PU3MUYCCKHE U3MEPEHUS ITOJIK-
HBI PACCMATPUBATHLCS KAK METO/] IO3HAHUS PEabHBIX O0OBEKTOB U SBICHUN
B pa3HbIX cepax JAeATEILHOCTH YeJOBEKa — OBITY, IPOM3BOJCTBE, HAYKE.

OcyuiecTBIsis 3TH HJIEH, MOXKHO YIYUIIUTh CUTYAUIO ¢ (U3HUECKUMU
MU3MEPEHUSIMH B IIKOJIE, BRIBECTU X HA MUPOBO33PEHUECKUIN YPOBEHb.
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OCHOBHOE TOXIECTBO BITEOMETPUU PUMAHA

A.C. I'amuzoBa
Tomckuii 20cyO0apcmeeHHblll neda202utecKutl YHugepCumen
Hayunwiii pyxosooumens — 0-p gpus.-mam. nayx, npogpeccop I1. M. Jlaspos

OnHUM U3 BaXXHBIX 00BEKTOB U HepeHIINAIEHON T€OMETPHH, UCIIO0JIb-
3yeMbIX B COBPEMEHHOH TeOpeTH4ecKoW (u3MKe, SBISETCS METPHUYECKOE
MHOroo6pasue M, OCHaIlleHHOE METPHKOH g, KOTOpast JIOKAJIbHO OIHMCHIBAET-
Cs1 HEBBIPOXKAEHHBIM CHUMMETPUYHBIM TEH30pOM [1]

8= gl,/.dxjdxi, 8y =&

®opmynnpoBka oOmel TEeOPHH OTHOCUTEIHFHOCTH HCIIONIb3YyeT MMEHHO
MeTpudeckoe MHoroodpasue. [Ipu 3ToM ocHOBHBIE ypaBHEHUs (YpaBHEHUS
OHHIITElHA) JaHHOW TEOpUU UMEIOT BUT [2]:

1 . e ok s
— — | ik i
R, _Egin =-81IGT}, R; = Ry, R=¢"R;, g"g,; =3},

rae R,.’,‘g. — TE€H30p KpUBHU3HBI PuMana, Rij —TeH30p Puuun, R — TeH30p ckansp-
HOHM KPHMBM3HBI (JaHHBIE OHSATHUS MBI PACCMOTPUM UYTb No3Xke), G — rpaBu-
TalMOHHas nocTosHHas HpioToHa, T/, — TeH30p SHEPrHU-MMITYJIbCa, IPHYCM,
MBI YYUTHIBaEM TOT (PAaKT, 4TO CYIIECTBYET €IMHCTBEHHAs CUMMETPHYHAs
CBSI3HOCTh (F = (F ;k )) (xoBapnanTHas mpousBoaHas V = (V)), cornacosan-
Hasl ¢ JaHHBIM METPHYECKUM TEH30POM:

1

i 1 i
I =5g’(g,,,k +8u, =8 ) Vi8y = &s — Thgy —Thg, =0.

Tenzop Prumana MOXXHO OIpeeauTh U3 paCCMOTPEHUS KOMMYTaTopa Ko-
BapUaHTHBIX IPOM3BOJHBIX, JACHCTBYIOIINX HA BEKTOpHOE moJie T’

[V, V. |T"=-R,,T". R, =-R,,. (1)

mjk

OTOT TeH30p 00najgaeT psJoM CBOWCTB CHMMETDPHH, KOTOpBIE YIOOHO
(opMynupoBaTh B TepMUHAX TeH30pa Ry, = g, R}, :
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Ry =—Rju> Ry = Ry @
W nmoguuHsAETCA CIETYOMUM TOXKACCTBAM:

— TOXAeCTBO SkoOu:
Rl;.k + R}kl + R,’dj =0, 3)

— TOXJECTBO BHaHKM: eclii CBSA3HOCTh CHMMETPUYHA, TO BBHIIIOIHIETCS
paBeHCTBO

V,R!

mkj

i i
+ Vj Rm/k + Vk ij[ =0 (4)
U1 BeeX I, j, k, [ =1, ... n.

W u3 Toxx iecTBa BruaHku clielyeT OCHOBHOE TOXIECTBO B reOMeTpru PrMana

o1
J
R! = ER”" ®)
B coBpemeHHOl MaTemaTnke M (pU3MKe UCIOIB3YIOTCS 00JIee CIOXKHBIE
00BEKThI, TAK Ha3bIBa€MbIE CYNEPMHOT000pa3us [3], KOTOpble MOKHO pac-
CMaTpPUBAaTh Kak 0000IIcHIEe OOBIYHBIX MHOT'000pa3Hii Ha TOT CAyYaid, Korma
JJIA OTTMCAaHUA TOYEK 3TOI'0 MHOXKCCTBA IMPUBJICKAIOTCA aHTUKOMMYTUHPYIO-
oue rnepeMEHHbIC.
JanHble TepeMEHHbIE YIOBIETBOPAIOT CleAyIomeMy CBOHCTBY: &, +
+&,&,= 0, B wacTHOCTH, E_,l.z =0, tae §, — obpasyrommue, i = 1,2, ... q.
[Iycts cynepmHoroodpasue M, OCHaIIIEeHHO METPUIECKO CTPYKTYpOH g:

g=g,dvdx’, g, =(-1)" g,.¢(g,)=€(g)+e +¢, ©)

U CHMMETPUYHOH CBS3HOCTBHIO A (KOBapHaHTHOW Ipom3BOLHOU V), coria-
COBAaHHOM € 3aJaHHOI MeTpuKoii g, To gV = 0. B koopamraTHOM 6asuce 31O
yCIIOBHE UMEET BH:

&V =8 _g[mA;ﬂ'k _gij;z (_I)E‘f/ =0, 7
M g, = g,.mA’/’?k +gij;’,: (—I)E‘f’ . ®)
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Mertpuueckoe cynepmHoroodpasue (M, g), ocHaIIeHHOe (YETHOH MIIH He-
YETHOW) CHMMETPUYHOM CBS3HOCTBHIO A, COTJIACOBAHHOM C 33 aHHON METpH-
YECKOH CTPYKTYpOH g, ompenensieT (YeTHOE MJIM HEYETHOE) PUMAHOBO CY-
nepMHoroo6pasue (M, g, A).

TeH30p KPUBU3HBI BBOAUTCS T10 CIEAYIOLIEMY TPABUITY:

T'[V,.V, ]==)"“"T'R,, R, ==(-1)"* Ry, ©)

e [V,.V, |=VV, —(-)"V V..
HenocpenctBeHHOE BEIYHCICHIE IPUBOIUT K CICIYIOMIEMY BUIY TEH30-
pa R, [4]:
i i i €56 i n €€ i pn & (6+¢;)
Ry =~1,,+T,, (—1) +I, T (—1) -, 17 (=1) i

Tensop R, obnamaeT cBOHCTBOM 00OOIIEHHONH CHMMETPHH IO TIepecTa-
HOBKE T1ap UHIEKCOB!

R =(_1)(6,+f/)(q+e,) Rkl;‘/' (10)

ijkl

Tenzop Pudun MokeT OBITH OMPECICH CBEPTKOM IBYX HHICKCOB TCH30pa
KPUBU3HBIL:

R,'j - R* (_1)‘k(‘i+') _ glmRm‘kj (_1)‘i‘k+(‘/¢+‘n)(‘(g)+1) , (11)

ikj

rae e(Rij) = ¢+ €. 3 BeIpaxenus (10) cnenyert, uTo Ten3op Puuun obnanaer
CBOHCTBOM 000OIIEHHOH CHMMETPUH:

R, =R, (1) (12)

ij

OTcroma MOXKHO CZIeTIaTh BBIBOA, UYTO B 4eTHOM ciydae (e(g) = 0) TeHsop
Puyun sBRsieTCS CHMMETPUYHBIM, a B HEYeTHOM ciydae (e(g) = 1) — anTH-
CUMMETPHYHBIM.

CBepTka 00paTHOr0 METPHYECKOTo TeH30pa g¥

g’ = (_1)ﬂf/+‘(g) g (13)
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C TCH30pOM Puaun ornpeaeadaeT TCH30Pp CKaJ’IﬂpHOf/'I KPUBU3HBI:

R=g'R, (1) c(R)=c(g). (14

KOTOpBIA B 00IIeM ciry4dae B HONb He oOpamaercs [S5]. Jiist HedeTHOH MeTpH-
YEeCKOM CTPYKTYPbI KBaIpaT CKaJISIPHON KPUBU3HBI paBeH HYII0, R? = 0.
TeH30p KpUBU3HBI YAOBJIETBOPSIET CYNIEPTOXKAECTBY SKOOM:

(D™ Ry + (=D R}, +(=D*" R}, =0 (15)
U CymepToxaecTBy bnanku:
(_l)m R:zjk;i + (_l)w Rr:ij;k + (_l)fm Rl'rllki;j = 0, (16)
TJIE UCTIOJIb30BaHo o0o3Hauenne R, =R V.

W3 maHHOTO TOXAECTBA MOKHO BHIBECTH OCHOBHOE TOXXECTBO B TEOMET-
puu Pumana Ha cynepmHorooGpasusix [5]:

<(g) j < (G+1)
R, =[1+ (=1 R, (1) (17)
JlaHHOE TOKIECTBO 00JaJaeT CIENYIOMMMU OCOOEHHOCTAMU:

1. Ins geTHO# reomerpuu Pumana (e(g) = 0) TOXKIECTBO IMpeBpamiacTcs
B CIICIYIOIIEEe COOTHOIICHHUE:

R/.=—R.. (18)
Ty
OTO TOXKAECTBO COBIAAACT (JOPMAIBHO ¢ H3BECTHBIM TOXKJIECTBOM B I'€0-
MeTpuu Pumana Ha MHOTOOOpa3usXx.

2. ns HedeTHOU TeomeTpun Pumana (e(g) = 1) 3T0 TOXIeCTBO mpeBpa-
IaeTCsl B COOTHOIICHHUE:

U3 KOTOPOTO CIEAYET, 9TO CKaIspHas KPUBU3HA ABJISIETCS TIOCTOSHHOMN
R =const, R*?=0.
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Takum 00pa3om, MBI paccMOTpenu 0000IIeHHEe OCHOBHOI'O TOXJIECTBA
B reoMeTpuy PrmaHa Ha cirydail cyniepMHOToo0pasusi.
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MOJAEJIA CUCTEM C YIIPABJISAEMbBIM PE3EPBOM

B.H. I'y6un, B. B. TpaBkuna
TomcKuti 20Cy0apCcmeeHHbIl YHUSEePCUMem

B pabote paccMOTpEHBI 1B€ MOZIENIH ONTHUMAIBHOTO PE3EPBUPOBAHMS Ha
0GECKOHEYHOM NPOMEXYTKE BPEMEHH O KPUTEPUIO MaKCUMaJIBHOTO BpeMe-
HU 0€30TKa3HOW PabOTEHI.

Moneas 1. 3azaua MoBeIICHHUS HAAEKHOCTH anIapaTypbl OCTaeTcs ak-
TyaJIbHOH, HECMOTPSI Ha 3HAYMTEIbHBIH MPOTPecC B TEXHOJIOTHU HU3TOTOB-
JICHNS OTIEIBHBIX OJIOKOB M YCOBEPIIEHCTBOBAHUE CTPYKTYPbI Pa3iMuHBIX
ycTpoiicTB. Mcnonb30Banre CBOWCTB ONTUMAaJbHBIX cTpareruit [1-3] mo3so-
JSeT B 3HAYMTEIHHON CTEIICHH COKPATHTh AJIFCOPUTM X IToncKa. Mozaenu pe-
3epBHPOBaHMUS C APOOHOI KPaTHOCTHIO OBLTH n3yueHBI B. A. Tommenko [4].

B nanHOM paboTe aHaNM3UPYIOTCS TIOBEJCHNE U CBOMCTBA ONITUMAIBHBIX
CTpaTernii BKJIIOYEHUH PE3ePBHBIX IIEMEHTOB 110 KPUTEPHIO CPEIHETO Bpe-
MEHH 0€30TKa3HOH pabOThl CHCTEMBI.

IMocranoBka 3amaum. [IycTh cuctemMa COCTOMT M3 KOHEUHOTO YHCia Ia-
paIsIeNbHO BKJIIOYEHHBIX (B CMBICIIC HAJIS)KHOCTH) ACHTUYHBIX SJIEMEHTOB.
Yepes GUKCHPOBaHHBIA NPOMEKYTOK BPEMEHH A B MOMEHTHI £, = 0, ¢, = A,
t,=2A... IpONU3BOAUTCS MPOBEPKA HCIIPABHOCTH BKJTIOYEHHBIX B paboTy J1e-
MEHTOB. BpeMs Ha MpoBepKy M Ha BKJIIOUYEHHE HOBBIX 3JIEMEHTOB CUMTACTCS
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MIPEeHEOPEKMMO MAJIBIM U B JajbHEHIIEM He yunuThiBaeTcs. K MOMeHTy Ha-
yaJia paboThl CUCTEMbI UMEETCS 7 HCIIPABHBIX 3JIEMEHTOB.

YacTb 31€MEHTOB HaXOIUTCS B XOJIOAHOM Pe3epBe (3TH 3JIEMEHTHI CBOETO
pecypca He pacxonyioT). Berxon n3 crpos 31eMeHTa, BKIFOYEHHOT0 B padoTy,
HE BJIMSIET Ha UCIPABHOCTD JPYTHX 3JeMeHTOB. OTKa3 CHCTEMBl HACTYIIAET,
€Clli B IIPOMEKYTKE MEXY MPOBEPKaMHU BBIHAYT M3 CTPOSI BCE DIEMEHTHI,
BKJIIOYEHHBIE B paboTy.

O06o03Ha4MM 4epe3 ¢ BEepOSTHOCTh OTKa3a dJIEMEHTa Ha MHTEpBAJIC JJIH-
HOW A, depe3 p = 1 — ¢ — BEpOATHOCTH 0€30TKa3HOW pabOTHI AJIEMEHTA Ha
9TOM ke uHTepBaie A. Bcrogy B ganbHeiieM npuaumaem p > 0,5.

BemecTBennyo ¢GyHKIMO k(r), OnpeaerIeHHYI0 HAa MHOXECTBE HATy-
PaJNBbHBIX YHCEN, MPUHUMAIOIIYIO HOJIOKUTEIBHBIE 1EJIOYHCICHHBIE 3HaYe-
HUS U YAOBJICTBOPSIOIIYIO HepaBeHCTBY | < k(r) < r, Ha30BeM cmpamezuell
pesepsuposanus. PyHKIUs k(r) AIMEET IPOCTOM CMBICIT: €CJIM B MOMEHT IIpO-
BEPKHM MMEETCS B HAJIMYUH ¥ UCIIPaBHBIX AJIEMEHTOB, TO B paboTy cienyer
BKJIIOYHUTH k(r) 37€eMeHTOB. Tpebyercss HAWTH CTPATETUI0 PE3EPBUPOBAHNS,
OIITUMAJIBHYIO TI0 KPHUTEPHUIO CPEIHEr0 BpEMEHH 0€30TKa3HOi paboThl cH-
CTEMBI.

Bgenem o6o3HaueHus:

k,(r) — cTparerus, onTHMabHas O KPHTEPHIO CPEIHETO BPEMEHH OE30T-
Ka3HOi paboThI;

T(r) — MaTeMaTH4eCKOE OXKHJaHWE BPEeMEHHU 0E30TKa3HOH paboThl NpH
OIITUMAJILHOW CTpaTeruy;

T(r, k) — MaTeMaTH4ecKOE OXKUAAHUE BPEMEHN 0E€30TKa3HOH pabOThI pH
CJIEIyIOIIEH cTpaTeruy: MMeeTcsl » MCIPAaBHBIX JJIEMEHTOB, B HadaJIbHBIN
MOMEHT B paboTy BKJIIOYAaeTCs k JIEMEHTOB, B ITOCIEAYOLINE MOMEHTHI HC-
MIOJIb3YETCs ONITHUMaJIbHAsI CTPATET U

[TycTs B paboty BKIIOUEHO k 3reMeHTOB. Torna 10 MOMEHTa Cleayonei
TPOBEPKH MOKET NPOM3OMTH OJIHO M3 k PasiIM4HBIX COOBITHI: E, E, ... E,,
rie E, ecTb COOBITHE, COCTOANIEE B TOM, YTO 32 BPEMS OT BKIJIIOYEHHUS CH-
CTEMBI JI0 TIEPBOM MPOBEPKH BBIIIET U3 CTPOSI TOYHO i JIEMEHTOB M3 YHCIIA
BKJIIOYEHHBIX B paboTy k aieMeHTOB. BeposiTHOCTh HACTYIUICHUS COOBITHS
E paBua C,p*"'q'. MuoxectBo coGbithii E,, E,, ... E, 06pa3yloT HOIHYIO
rpynny cooeituil. Hanee, 11 0 <7 < k— 1 peinonneno M(T/E) = M(T(r — i) +
+ 1). Hakoneu, M(T/E)) = 1.

Teneps o popmyrne nmoHoro MaremaTuyeckoro oxunanus ME= MM (&/m)]
[5, c. 123—124], rne & u M — ciydaiiHbIe BETHYHUHBL, UMEEM
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T(r k)= EM(T/E,)P(E,HM(T/Ek)qk, (1)

i-0

T(r.k)= 2c; Cg (T(r-i)+1)+4" _Zc,;pk ‘q'T(r-i)+1. (1.2)
i=0
Curma-onepartop. Onepatop o. B paboTe mccnenyorcs onTuManbHBIE
CTPATETruH C HOMOIIBIO THHEHHOT 0 OIIepaTopa G, KOTOPBIN ONpeaesIeTCs s
ONITHMAJIFHOM CTPATEeTUH pe3epBUPOBAHMS COOTHOIIEHUEM 61 (r) = T(r — 1):
Curma-oriepatop oOmpeneliecH Ha MHOXECTBE BceX (QYHKIHHA BHIa

S
Z a,T(r—b,), rne a,, b,—BeleCTBEHHbIE HEOTPUILIATENLHBIE KOHCTAHTHI, b, <.
i=1
Iepennmewm (1.2), ncnons3ys c-onepatop. Jdns pyukmnuu 7(r, k) moryuum
PaBEeHCTBO:

k-1 k-1
T(r. k)= ZC,ﬁp’""q[ ((S[T(l") + 1) +q" = ZCZ:pk’[q"G[T(r)—i-l.

i=0 i=0

Ortkyna:

T, k)= [(p + 90)* = (q0)1T(n) + 1. (1.3)

HasoBem ypaBHeHue, conepkaliee curma-onepaTop, 6-ypaBHEHUEM, a JIH-
HeWHYy0 KOMOWHAIMIO CTENEHEH G-olepaTopa ¢ BEIECTBEHHBIMU KO3 du-
IIUEHTaMH — G-MHOrowieHoM. Tak, (1.3) siBisieTcsi IpUMepoOM G-ypaBHEHHS,
a mpaBasi 4acTbh 3TOT0 PAaBEHCTBA CIIYKUT IIPUMEPOM G-MHOroulIeHa. BriepBrie
CHIMa-oIeparop ObUI BBEJEH B [2].

Curma-onepatop okazaicst 3p(QeKTHBHBIM OpyIHEM HCCIIEI0BAHNS CBOHCTB
ONTUMAJIBHBIX CTpaTeruil pesepsupoBanus [1, 2, 4]. OCHOBHYIO pOlb IPU 3TOM
UTPAeT ONpeNIeNICHNUE 3HAKOB CUTMa-MHOT O4JIEHOB.

JlemMma 1.1. 7(r) MOHOTOHHO BO3PAacTaeT C POCTOM 7.

Jlemma 1.2. [Ipu duxcupoBanuom k < r ¢dynkuus 7(r, k) cTporo MoHo-
TOHHO BO3pPacTaeT C pOCTOM 7.

Jlokazamenbcmeo HEMOCPENCTBEHHO cienyet u3 (1.2).

Jlemma 1.3. [Ipu Bcex HaTypanbHBIX k, ¥ UMEET MECTO HEPaBEHCTBO
Tr+ 1, k+1)>T( k).

B camowm gene,

Tr+ Lk+D)-Tr kh=Tr+ 1L, k+1)—ocT(r+ 1,k =
={l(p +40)*"" = (q0)" '] - ol(p + q0)" = (q0) BT(r + 1) =
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=[(p + g0)'p(1 —0) — (g0)'p(1 — ) T(r + 1) + (g0)'p(1 — ©) — 6(q0)"(-p)T(r) =
=p(l —=o0)T(r+1,k) + (q0)'pT(r + 1) =
=plr+1,k)—plr k) +g'Tr+1-k>0.

Teopema 1.4. IIpu ¢puxcupoBanHom » pynkuus 7(r, k) 1) BeImyKiIa BBEpX
no k B obmactu 1 < k < k(r) + 1; 2) npuanMaeT HauboNbLIEE 3HAYEHHE HE

Oomnee, yeM B IBYX Toukax; 3) npu 1 < k < k (r) BospacraeT; ipu k(1) <k <r
yOBIBaeT.

Joxazamenvcmeo. 3anmmem pasnocts A = T(r, k+ 1) — T(r, k) — q[T(r, k) —
T(r, k — 1)], nepexons k curma-cootHomeHus M. [Tomyynm:

A=[(p+qo)" ' —(go)" ']~ [(p + q0) - (g0)] -
—4ql(p + o)~ (g0)] - [(p + g0)* ' = (q0)*'].
=4[ (p+40)" —(qo) [(c-DT()+ p(go) T(r) -
-4’ [(p+40)" =(q0)™ |(6-DT(r) - gp(g0) ' T(r) =

Packpoem kBazipaTHbIE CKOOKH U T0OaBHM U BBIYTEM CJIaraeMoe
qp(go)*~ (o — DT().

A=q(p+q0) (6 -DT(r)-q(g0) (6 -DT(r)+
+p(q0) T(r)=q*(p+q0) " (c=DT(r)+
+4°(q0)" " (o =DT(r)~gp(g0) "' T(r) = gp(go) " (6 - DT (r) +
+ gp(g0) " (6 -DT(r) =

CrpymmpyeM NEpBOC CllaracMoe ¢ Y€TBEPTHIM, BTOPOC C IATBIM U CCb-
MBIM, TPETHE € MIECTHIM U BOCbMbIM:

=q(p+q0) " (c-D(p+qo-@)T(r)-
- q(qo) (o =D)(p+qo-@)T(r)+2gp(q0) " (6 -DT(r) =
=q[(p+99)™" = (qo)" [(p-9)+g0)c-DT(r)+
+2pg* " (o -DT(r) =
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PazouBas INEPBOC CjlaracMoc Ha ABa, UMECM:

=q(p—-QIT(r-Lk-0)~T(@r,k-D)]+q’[T(r-2,k-1)~T(r—1,k-1)]+
+2pg" [T(r—k)-T(r—k+1)]<0,

TaK KakK M0 MPUHATOMY COIJTaleHuto (¢ < p), up —q > 0.
Urak,

T(r k+1)=T(r,k) - q[T(r,k) = T(r,k =1)] < 0. (1.4)

N3 aToro HepaBeHcTBa cnexyet, uTo korna 1(r, k) — T(r, k — 1) > 0, To
[T(r,k +1)— T(r,k)] - [T(r,k) -T(rk —1)] < 0. DT0 o3Havaer, uto 7(r, k) BbI-
nykna no knpu 0 < k <k (r)+1, rae k (r) — 3Hadenue k, npu kotopom 1(r, k)
JnocTuraet Mmakcumyma. M3 (2.4) Beitekaet, uto T(r,k)—T(r,k—1) <0, Bue-
uetr T(r,k+1)—T(r,k) <0. Takum obpasom, T(r, k) B obnactu 0 < k < k(r)
BO3pacTaeT 1o k, a B obnactu k (1) <k <r—y6eisaer. [lanee, pynkuus I(r, k),
KaK (QyHKIMs OT k, BBITyKJIa Ha y9acTKe [1, k()] ¥ IpHHUMaET HATypaIbHBIE
3HayeHus. CienosarensHo. OHa MPUHUMAaeT MaKCUMAaJIbHOE 3HAaUeHUE He 60-
Jiee, 4eM B JIByX TOUYKaXx.

Caencreue 1.5. Ecu T(r, k — 1) < T(r, k), 10 k(7) = k; ecm T(r, k — 1) >
> 1(r, k), 70 k(r) < k.

Teopema 1.6. Ecnu & (v) u k() — 1Be ONTHMANBHBIE CTPATETUH PE3ECPBH-
pOBaHMs, TO IIPU BCEX 7 BBIIONHEHO | k(1) —k,(r) [<1.

Hoxaszamenvcmeo: IlycTs, k, 1 k, — 1Be oNTUMAaNbHbIE CTPATETHH PE3EP-
BupoBanus. Ecnu 11 HekoToporo r umeeM k() = k,(r), To |k (1) — k(1) < 1.
I[Tycts k (r) # k,(r) n, s onpenenenHocTy, k (r) < k,(r). Torma, no ompene-
JICHUIO ONTUMANBHON cTpareruu, T(k (r), ) = T(k,(r), r). Ha mpomexyTke [,
k,(r) + 1] dynkus T(k, r) Beiyknas. Eciu 6wl |k (r) — k,(r)| > 1, To, B cumy
BBINTYKJIOCTH k(¥), Mexay k (r) u k(r) Hamutock OBl HaTypajbHOE k,, Takoe
uro T(k,, r) > T(k,(r), r) = T(k,(r), r) — npoTuBOpeunme. Urak, u B 3TOM Ciydae
k() — k,(r)| < 1, uTo 1 TpebOBaIOCE.

Teopema 1.7. ImeeT MecTO HEpaBeHCTBO: k(¥) + 1 = k ( + 1). UnbiMu
CJIOBaMH, TIPY BO3pACTaHHUM pe3epBa Ha 1, ONTUMAaIbHOE KOJIHYECTBO BKIIIO-
YaeMbIX paboTy DJIEMEHTOB HE MOXKET BO3pacTu OoJiee, YeM Ha eIUHUILY.

Hoxazamenvcmeo: Yoenumcs, 4To pa3HOCTh

[T+ Lk+D)-TF+ 1, k) —q[TF k) — T(r, k—1)]
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OTpULATCIIbHA. HpeHCTaBI/IM 9TO BbIPAKECHUEC KAK CUT'Ma-MHOT'O4JICH!

[T+ 1, k+1)— T(r+ 1, k)] — g[T(r, k) — T(r, k— 1)] =
=[(p+q0)" ' —(g0)"" — (p+ qo) + (o) T(r) -
—gol(p +qo) — (g0)* - (p + qo)* ' = (q0)* '1T(r) =
={l(p+qo)" ' —(p+q0)]-

—gol(p +qo)' - (p + q0) "N} T(r) =
=pq(c—1)(p +qo)*~'T(r) <0.

Urak,
[Tr+ 1L, k+1)—-T@+ 1, k)] —q[T(, k) —T(r, k—1)] <O0. (1.5)
Ioncrasum B (1.5) k= k (r + 1) — 1. lonyuum

[T+ 1, k+1)-Tr+ 1, k(r+1)-1)]-
—qlT(r, k,(r+ 1) = 1) -T(, k,(r+1)-2)] <O0.

Orcrona T(r, ky(r +1) = 1) = T(r, k,(r + 1) — 2) > 0. Teneps 10 cnencTauo 1
umeeM k (r) = k,(r + 1) — 1, 4To 1 TpeOOBAIOCE.

AJITOPATM MOHMCKA ONTHMAJILHOA cTpaTernmu. Halinem ctpareruio kg,
KoTOpas Makcumusupyet (7, k).

Ji1st ee HaXOXKAEHUS BOCIOJIB3YEMCsl PEKYPPEHTHBIM COOTHOILICHUEM

k-1
T(r,k)=).Cip""'q'c,T(r)+1. (1.6)

i=0

B ananorn4HeIX 3a7a4ax B clryyae KOHEYHOI'O IIPOMEXKYTKA JJIS OTHICKA-
HUS ONITHMaJIbHOM cTpaTerud 3ppeKTHBEeH METOA TMHAMHYECKOT0 IPOTrpam-
muposanus bennmana [8]. B cirygae 6eckoHEUHOT0 TPOMEXKYTKA ITOT METOJ
HYXJIaeTCs B MOIU(HUKAIIH.

3aduxcnpyem 3HaUeHue * U 0003HaINM Kk (1) = k. Umeem:

ko—1

T(r)=T(ky,r)= D, C; p"'q'c,T(r—i)+1.
i=0
Boienaum u3 cymmsl cnaraemoe npu i = 0:
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ko1 o
T(r)=.C, p""q'c,T(r—i)+ p"T(r)+1. (1.7)

i=1

OTcrona

T()=(1-p") " Y.C\p" g0 T(r—i)+1. (1.8)
i=1

Tenepp 3a1aAuM aNTOPUTM BBIYUCICHUS ONITUMANIBHBIX CTPATErHil:

a) o4eBUIHO, 4TO k(1) = 1. Tloatomy 7(1) = pg +2p*q + ... + np"q + ... = plg;

0) myctb yxke Berauciensl 1(1), 7(2), ... T(r — 1). mem MakcuMyM mpa-
BOl gacTu popmyisl (1.8) Mo BceM HaTypadbHBIM k; < #. DTOT MaKCHMyM
ecTb 3Hauenne 7(r). To sHagenue k, k, < ¥ KOTOpPOE NOCTABIAET MAKCUMYM
npagoi 9act (1.8), ecTs k(7).

Mopeus 2. Cpennee BpemMs pabOTHI CUCTEMBL S, _ .

ITocranoBka 3agauyn. CucreMa TakoBa, YTO B HEH OZHOBPEMEHHO B pa-
00Ty MoxeT OBITH BKJIIOUEHO He Oomee (k + 1) aMeMEHTOB, COeMMHEHHBIX
MapajuIeNbHO B CMBICIIE HAJIS)KHOCTH, TA€ k — QUKCHPOBAHHOE HATypaJIbHOE
gucio. Yepes PpuKCHpOBaHHBIA TPOMEXKYTOK BpeMEeHH A B MOMEHTHI ¢ = 0,
A, 2A... TpON3BOJUTCS MPOBEPKA UCIIPABHOCTH BKIIIOYEHHBIX B paboTy 6J10-
KOB. YacTh OJIOKOB HAaXOAUTCS B XOJIOJHOM pe3epBe. B MOMEHTHI ITpOBEpOK
HEKOTOpBIe OJIOKM U3 pe3epBa MOTYT OBITH BKJIIOUEHHI B paboTy, a OJOKH,
BKJIIOYEHHBIE B pabOTy, MOT'YT OBITH IEPEBEACHBI B PE3€PB. DIEMEHTHI, HAX0-
JSIIMECS B XOJIOAHOM PE3€pBe, HE MEHSIOT CBOMX XapaKTEPUCTHK, HHAYE I'0-
BOpSI, HE PacXOLyIOT CBOETro pe3epBa. BepoaTHOCTH TOro, 4To BKIIOUEHHBIN
B PabOTy 3JIEMEHT BBIMJET U3 CTPOS 32 BPEMs MEKIy POBEPKAaMH, paBHa g.
Bbixox U3 cTpost BKIIOYEHHOTO B paboTy 0J0Ka HE BIUAET HA HCIPABHOCTH
JIpyTrux OJIOKOB. B HayanbHBIM MOMEHT UMeEeTCs 7 HCIIPAaBHBIX 0y0koB. OTKa3
CHCTEMBI HaCTYIIAeT, €CJIM KOJMYECTBO BKIIIOUEHHBIX B PabOTy 3JIEMEHTOB
CTaHOBHUTCS MEHbIIE, 4eM k. TpeOyercs: 1) HAHTH CTpaTErHIO yNpaBICHUS
Pe3epBOM, ONITHMAJIBHYIO II0 KPUTEPHUIO CPETHETO BPEMEHH 0€30TKa3HOM! pa-
OOTHI CHCTEMBI; 2) IOTYYHUTh OLIEHKY BpeMEHH 0€30TKa3HOW paOOTHI CHCTe-
MBI IIPY ONTHMAJIBHOM CTPATETHH YIIPaBJICHHUS PE3CPBOM.

Oty Momenp 0003HaunM uepes S, . . PaccMoTpuMm cienyromiue n1Be cTpa-

k+1°

TETHH YIIPABJIECHHS PE3EPBOM B MOZIEIHU S, .
Ctparerus 1: Ha mepBoM mare BKIto4daeM (k + 1) HCIIpaBHBINA 3JIEMEHT,

a Ha CICAYIOUIEM INare rnepexoarm K CTpaTeruu, OIITUMAJIBHOM II0 KpuUTe-
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pHIO cpeHEro BpeMeHH 0e30TKa3HOoi paboTel. O003HAUNM MaTEeMaTHIECKOe
OXXUJaHue BpeMeHH 0e30TKa3HON padOThl CHCTEMBI IIpU cTpaTreruu 1 yepes
T (k +1, r).

Crparerus 2: Ha IEPBOM IIIare BKIIOYAEM k SJIEMEHTOB, a 3aTeM IIepeX0-
JVIM K ONITHMAJIbHOW CTPATETHUH 110 KPUTEPUIO CPEAHEr0 BpEMEHHN 0e30TKa3-
Hol paboTel. O003HAYNM MaTEMaTHIECKOE OKUIaHNE BpEMEHH 0€30TKa3HON
paboTsl cucteMsl npu crpareruu 2 yepes 7'(k,r).

UYepes 7(r) 0003HaYMM MaTeMaTHYECKOE OXHJIaHUE BpEMEHHU 0e30TKa3-
HOHW pabOThI CHCTEMBI IPU ONITUMAJIBHOHN TI0 CPEHEMY BPEMEHH CTPaTEruH,
€CIIi B HAJTMYNHU UMEETCS 7 MCIIPABHBIX 3JIEMEHTOB.

Boruncinm cpennee Bpemst T'(k+1,7) paGoTel cUCTEMBI S, | IpH CTpa-
Teruu 1.
Bocnoasiyemest popMyInoi TOTHOTO MATEMaTHYECKOTO OXUIaHUS [9]:

- -
T(k+l,r) _ chiﬂpkﬂ—iqi (T(r—i)+1)+Ck2+lpk71q2 +ot gttt =
i=0

=p'T(r)+(k+1) p*qT (r-1)+1.

Haiinem cpemxHee BpeMs pabOThI CHCTEMBI B MOJICNIH 2 TIPH CTPATETUH 2.

T(k,r) = pk (T(r)+1)+C,1pk’1q +C,fp"’2q2 + C,Zqu3 +--~+qk,

T(k,r):ka(r)+1.

Teopema: s Bcex k, ¥ € N, Takux uto k + 1 < 7, BBIIIOJIHEHO

T(k+l,r) >T(k,r).

Jloxaszamenvcmeo NpoBeAEM OT IPOTUBHOIO.
[Ipeamnonoxum, 4T0 ONTUMAIIEHOE BPEeMs padOTHI CUCTEMBI JOCTUTAETCS
NpY CTpaTEeruu 2.

5

WUwmeem T(k,r)=T(r)=p"T(r)+1=>T(r)= -

Iycts r = k + 2. Tak xak k(r — 1) <k (r), To k,(r — 1) = k.
AHAJOTUYHO MPENbIAYIIEMY, Oy IHM
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T(k,r—l):T(r—l):ka(r—1)+1:>T(r—1): -

I-p

Taxum o6pasom, T (r—1)=T(r) Ass IPOM3BOIBHOIO 7, UTO HEBEPHO.

3HauuT, IPEATIONIOKEHUE O TOM, UTO k (¥) = k HEBEPHO.

Urax, k(r) = k + 1, cnenosarensho, T (k+1,r)>T (k,r).

Yro u TpeboBaOCH.

Taxum 00pa3om, cTpaTerus, Ipyu KOTOpoil B Ha4yaJdbHBIH MOMEHT BKJIIO-
4eHo B paboTy (k + 1) anemeHTOB, mpeanodTuTenbuee. CienoBaTrenbHO, OIl-
TUMaJIbHasd CTpaTerus IJisd MOICIN Sk+] TakoBa. Ecinn nuMmeeTcsa He MCHBIIIC,
yeM (k + 1) ucipaBHBIX 2JIEMEHTOB, TO BKJII0YaeM B paboty (k + 1) anmemeHr.
Ecimu B lIaHHBIﬁ MOMEHT UMECTCSA TOJBKO k HUCIIPaBHBIX 3JIEMEHTOB, TO BCEC
OHU BKIIIOUAIOTCS B paboOTYy.

3anuuieM pekyppenTHyto Gpopmyny s T (r). Umeem

T(r)=p*'T(r)+(k+1)p"qT (r—1)+1.

Otkyna
— (k+1)p'qg—— 1
- U T L
O06o03HauNM
k+1)p*
a:(lflz,ffl"; bzl_;k”; T(r)=al (r—1)+b.

Wuaykuueii 0o r Terneps Jerko BEIYUCIUTE T(r).

_ r—1
T(r):a"’1£+b1 a .
q l-a

HOI[CTaBJ'I?I;I 3HAYCHUA a U b, MNoJIy4YumM

m:(%]” [§+ (kq+ll)pk —1} 1—(kq1+l)pk '
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1 k
(k+ )pq<1

Jlerko BuaeTh, uto 0 < o

I-p
[To3TOMY HpH 7 — 00 3HAYEHHE CPEHETO BPEMEHH 6e30TKa3HOH paboThl
1
CHCTEMBI S, | | MOHOTOHHO BO3PACTasi, CTPEMHUTCS K BEINIHHE —————————.
1-(kq+1)p

HonyqaeM HCO)KI/I}_IaHHHﬁ pe3yJibTaT: CpeaHEC BpEMA pa60TLI CHUCTCMBI

S, ., HE IPEBBIIIAET BEJTHINHBI -~ Jla)e IIPH CKOJIb YTOJHO 00JIb-

1- (kq + 1) p
LIIOM pe3epBe 7.

Jlumepamypa

1. Ilecmos, I I UccnenoBaHue ONTUMANIbHBIX CTPATEruil B 3a/1aue JMHAMMUYECKOT 0 pe3ep-
supoBanus / [.T. Ilectos, JI. B. Yurakoa // U3B. AH CCCP. Texuuueckas kubepuetuka. 1973.
Ne 5.

2. llecmos, I''I" OnTHManbHble CTPATErud B 3ajJade JHHAMHYECKOTO pPe3epBUPOBaHUs /
I.T. Ilectos, JI. B. Ymakosa // i3B. AH CCCP. Texuuueckast kubepueruxa. 1971. Ne 5.

3. l'epybax, U. 5. O6 onTUMaIbHOM YNPaBICHUU BKJIIOYCHHEM PE3EPBHBIX JJIEMEHTOB /
WU.B. I'epubax // U3B. AH CCCP. Texuuueckas kuoepHetuka. 1966. Ne 5.

4. Tomunenxo, B. A. O6 ogHOM 3aga4e THHAMHYECKOro pesepBupoBanus / B. A. ToMuieHKo
// N3B. AH CCCP. Texuunueckasi kuobepraetuka. 1975. Ne 4.

5. Paiixun, A.JI. DneMeHTHI TEOPUHU HAJICKHOCTU TeXHUYEeCKUX cucteM / A.JI. Paiikun. M. :
Cogerckoe paauo, 1978.

6. Bonpocer MaTeMaTH4eCKO# TeopuH HaaexHocTH / mox pea. b. B. I'nexenxo. M. : Paguo
CBs3b, 1983.

7. Renyi, A. Wahrscheinlichkeitsrechnung / A. Renyi / VEB Deutscher Verlag der Wis-
senschaften. Berlin, 1966.

8. Benniman, P. lunamMmuveckoe nporpammuposanue / P. bemman. M. : Mup, 1960.

O HEKOTOPBIX KPUTEPHUAX
JAUCTPUBYTUBHOCTHU PELIETKH

0. A. JIémuna
Tomckuii 2ocydapcmeenHulil nedazoeuiecKutll yHusepcumem
Hayunwvui pyxosooumens — kano. ¢pus.-mam. nayx, ooyenm A. M. 3abapuna

Kak HOBOe caMOCTOSTENBHOE HalpaBICHHE TEOPHS PEIETOK c(HhOPMUPO-

BaJIach B cepennHe X X B. B CBsI3U ¢ myOnmkanueit kuuru I bupkroda «Teopus
pemeTok». TeopeTHKO-pemeTOYHbBIMHE OHATUAMH MPOHU3aHbl MHOTOUYHC-
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JICHHBIE Pa3JeNibl COBpeMEHHOH anreOpsl. CyIIeCTBYIOT JIBa paBHOCHIIBHBIX
MOJXO0/Ia K ONPEICICHUIO PENICTKU: KaK alre0pandeckoi CUCTeMBI <L, +, =,
YAOBJIETBOPSIOLIEH HEKOTOPOH aKCUOMATHKE U KaK YIOPSIA0YEHHOI'0 MHOXKe-
cTBa <L, <>, B KOTOPOM KaXK][bI€ JBA 3JICMEHTa UMCIOT Sup U inf.

Henp pabOTH — MO3HAKOMHUTHCS C OJHUM M3 KJIACCOB PEIICTOK — C TaK
HA3BIBAEMBIMU TUCTPHOY THBHBIMH penieTKaMu. JIoka3aHHBIC HUXKE YTBEPK-
JIeHU sl IPeJIOAKEHBI B KauecTBe 3a7a4 B [1] u [2].

Onpeoenenue. PemeTka <L, +, = Ha3bIBACTCSA TUCTPUOYTHBHOM, €CITH IS
TMOOBIX TPEX €€ 3JEMEHTOB d, b, ¢ BBITIOIHSICTCS PaBEHCTBO:

(@ + b)c=ac+ bc.

Tak, A7 MPOM3BOJNILHOrO MHOXECTBA A penetka <24, U, N> — IUCTpH-
OyTHBHa, TaK KaK olepanuy U 1 M Ha OyJieaHe CBS3aHbl 3aKOHAMHU JHCTPH-
OyTHBHOCTH.

HanpoTus, npuBeneHHBIH HUKE IIPUMEpP TOKA3bIBAET, YTO pelIeTKa Moj-
MPOCTPAHCTB MPOU3BOJIBHOIO JIMHEHHOr0 IMPOCTPAaHCTBa HE 00s3aHa OBITH
JUCTPUOY THBHOM.

PaccmoTpum perietky <L(R*), +, N> U clieqyIOLIKE ee JIeMEHTHL:

M =A@, 1,7, rl)|ri € R},
M, = {(sl, 0,s, 0) s, € R},
M,={0,1,0,¢)|t, € R}.

HemnocpencTBeHHble BRIYMCIEHUS MOKA3bIBAIOT, uTo M, N (M, + M) #
#M, " M,))+ (M, " M,), Tak Kak JIeBas 4acThb PaBEHCTBA paBHa M|, a npaBas
{(0, v, u, 0) | v, u € R}. CnemoBaTenpHO, peleTka He TUCTPUOY THBHA.

HexoTopsle cBoiicTBa TUCTPUOY TUBHBIX PEIIETOK YKa3aHbI B CIeAYONIeH
TeopeMe.

Teopema 1. Ilycts <L, +, > — pelIeTKa; CIEAYIOLUE YTBEPKACHUS dKBH-
BaJICHTHBIL:

(1) L — nuctpubyTHBHA;

(2) nna Ya,b,c e Lab+c=(a+c)(b+ o)

() nnsa Va, b, c € L ab+ ac+ bc=(a+ b)(a+c)b+c)

(4) ecnu 1St HEKOTOPOTO 3JIEMEHTA € € L CIIpaBeJINBbI paBEHCTBA @ + ¢ =
=b+cuac=bc,Toa=>h.

[TpuBenem rpadsl IBYX pa3idYHBIX J0KAa3aTeIbCTB JAHHOW TEOPEMBI
W OMH U3 (PparMeHToB ToKazaTtenscTsa: (2) — (3).
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1 1
[ o
NS R
® ° ® @ °
[ [
3 2
[yctb ab + ¢ = (a + ¢)(b + ¢), moKaxeM, 4TO
ab+ac+bc=(@+b)a+c)b+oc).
HNwmeem:
ab+ac+ bc=ab+ (ac + bc) = (a + ac + bc)(b + ac + bec) =
=(@+bc)(b+ac)=(bc+a)actb)=(@+b)c+a)b+a)c+b)=
=(@+b)a+c)(b+o).
Ipumep 1. Paccmotpum pemietky <N, :>, tae Va, b € N sup{a, b} = [a, b]
u inf{a, b} = (a, b). Yoenmmcs, 4To 3Ta pemeTka 1ucTpudyTuBHa. [IpuMeHnM

yTBepKIeHuE (4) U3 Teopemsl 1.
[ycrs, [a, c] =[b, c] u (a, ¢) = (b, ¢), Oynet mu Torna a = b?

ac bc
W3 Teopum ymcen u3BECTHO, 4YTO [a, c] = —), [b, c] = b_) Cre-
ac C
ac bc
JIOBATEJILHO, = a Tak kaxk (a, ¢) = (b, ¢), To ac = bc. Imeem, ¢ € N,

(a.c) (b.c) ’

noinydaeM a = b. Takum obpazom, <N, :>— nUCTpUOyTHUBHASI peLIeTKa.

Ipumep 2. Obparumcs Teneps K KOJNbIly HeJbIX ynuces <Z, +,>. VI3BecTHO,
YTO KaXKbIH UJea 3TOr0 KOJbIa SIBISICTCS TIaBHbIM: J = (@) = {z € Z | z: a}.
JlokakeM, 4TO peleTKa Bcex MaeaoB Koibua <J(4), +, M> sBIseTCs TUCT-
puOyTHBHOH.

[ycts (a), (b), (¢) — uneansl konbua Z, Takue, 4to (@) N (¢) = (b) N (¢)
u (a) + (¢) = (b) + (c¢), mokaxem, 4to (a) = (b). 13 onpeneneHnst CyMMBI U Tiepe-
CeYeHUs UJeaNoB cuenyeT, 9To (x) + (1) = ((x, »)); ) N (») = ([x, ¥]).

3ameTnm, 4TO B KoJblle Z V X, y(x) = (¥) <—>|x|: |y| VYuuteiBas, 4uTo [a,
bl u (a, b) € N, nmeem: ([a, c]) = ([b, c]) u ((a, ¢)) = (b, ¢)); U3 3TOTO BHITEKA-
eT, uto [a, c] = [b, c], (a, ¢) = (b, ¢). DTa 3amaua ObLIa pemieHa B mpumepe 1.
CnenoBarenbHo, a = b, orctona (a) = (b).
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OnHako He B KaXkJIOM KOJIBLIE peleTKa WealioB KoJblla OyaeT AUCTPH-
OyTuBHa.

Pemrena cnenyromas 3anada [1, c. 158, 12.16]: Ha mHO)ecTBe 4 = {a, b,
¢, d} IOCTPOUTH KOMMYTAaTHBHOE KOJIBIIO 0€3 eqUHHIIBI TaK, YTOOBI MHOXKeE-
CTBOM €r0 uaeanos owwio: J, = {a}, J, = {a, b}, J, = {a, ¢}, J, = {a, d}, J, = {a,
b, ¢, d}. Yoenutbcst 4TO pemeTka uaeaoB 3Toro konela <J(4), +, N> — He
JUCTpUOY THBHA.

IIpuBenem coorBeTcTBYIOUIME Tabuubl Kann onepauuii + n X Ha MHO-
xKecTBe A:

+lalb|c|d xla|b|c|d
ala|b|c|d alalalala
blbla|d|c bla|a|al|a
cle|d|alb clalalala
dld|c|b|a dlal|lalala

HetpyaHo yOeauThes, 4TO BCe aKCHOMBI KOMMYTAaTHBHOI'O KOJIbIIa Oe3 enu-
HHUIIBI BBITIONHEHBI, 1 MHOKECTBO BCeX ero uaeanos J(4) = {J,,J,, J,, J,, J}.

byner mu J, N (J, +J) =(,nJ) +(,NJ)?

Boerauenam: J, N (J, +J) = J,.

,NJ)+U,nJ)=J,.

Takum 00pa3om, perreTka uaeanoB <J(4), +, N> — He TUCTPUOYTHBHA.

Ipeonoocenue. Kaxxaast nuenb <L, <> SBISIETCSI TUCTPUOYTHBHON PEIICTKOM.

Jloxazamenvcmeo. Tak kak <L, <> —nienb, T0 Va, b € L a + b = max{a,
b}, ab = min{a, b}.

Bocmonb3yemcst yrBepkenneM (4) u3 teopeMbl 1: mycTh max{a, ¢} =
=max{b, ¢} 1 min{a, ¢} = min{b, c}, mokaxem, 4to a = b.

PaccmoTpuM aBa ciyyas:

1. Ecaun max{a, ¢} = a, 10 ¢ < a, cnegoBarensHo, min{a, ¢} = ¢. Tak kKak
min{a, ¢} = min{b, ¢} = ¢, T0o ¢ <b, Torma max{b, ¢} = b u maxi{b, ¢} = max{a,
c}, momydaem a = b.

2. Ecnu max{a, ¢} = ¢, Torna, Tak kak max{a, ¢} = max{b, c} =c, b <c,
crienoBarenbHo, min{b, ¢} = b. I3 Toro, uto max{a, ¢} = ¢, BBITEKAET, YTO
min{a, ¢} = a. Ho min{a, ¢} = min{b, c}, nonydaem a = b.
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B vacTHOCTH, 0OpaTHMcs K CAMMETPHYECKOH Tpynmne S, ¥ pacCMOTPUM
PENIETKY BCEX €€ HOPMANbHBIX fenutened L(S,) = {e, V,, 4,, S,}. OueBnano,
<L(S,), => — uenb. CornacHo npeuioxennto <L(S,), => — 1ucTpuOyTHBHASA
peleTka.

Yo6enumcs, uTo B 00IIEM cirydae 3TO He Tak. J[eHCTBUTEIBHO, paccMOT-
puMm abeneBy rpynmy V,, B KOTOPOH, Ka/1as MOArPyIIa SBJIAETCS HOPMaJlb-
HeIM genuteneM. Torma pemetka <L(V), +, > = {{(D}, {(1), (12)(34)}, {(1),
(13)Q24)}, {1, (1H@3)}, V). Tyers H, = (1), (1234}, H, = {(1), (13)24)},
H, = {(1), (14)(23)}. UmeeT nu mecTo pasenctso (H, + H,)) " H, = (H "N H,) +
+(H,"H,)?

Beraucanm: (H, + H)NH,=H,,(H " H,)+(H,"H,)=e. Taxxak H, * e,
To pemetka <L(V)), +, M> He AMCTPHOY THBHA.

Jlumepamypa

1. Kpoinos, 1. A. YupaxHeHus 1o rpynnam, koisiiam u noisim / I1. A. Kpeuios, A.A. Ty-
ran6aes, A.P. Yexnos. Tomck : U3a-Bo Tom. roc. yu-ta, 2008. 482 c.

2. CropHaxos, JI. A. DnemenTsl Teopuu cTpykTyp / JI. A. CxopasikoB. M. : Hayka, 1970. 148 c.

3. CropHnskos, JI. A. DnemenTsl o0wei anredps / JI. A. CkopHsikoB. M. : Hayka, 1983.272 c.

HEKOTOPBIE CBOMCTBA
JEJEKWUHJIOBOM PEHIETKHA

E.C. 3axapoBa
Tomckuii 2ocydapcmeenHbvlil nedazoeuieckKull YHusepCumen
Hayunwiii pyxogooumens — kano. Qus.-wam. nayx, ooyenm A. M. 3abapuna

HcTtoku Teopum pemieTok (CTPYKTyp) OTHOcsTCS K cepenuHe XIX B.
Crporoe ompeznenenne pemerku Obio chopmymnuposano P. JleneknHaom
B paborax 1894 u 1897 r. Kak camocTosiTenpHOE HampaBieHHe anreOpsl 3Ta
Teopus chopmuposanack B 30-x rT. XX B.

B nannoii paboTe MBI pacCMOTPUM HEKOTOpPbIE CBOWCTBA OHOTO U3 HaW-
OoJiee BaKHBIX KJIACCOB PEUIETOK — ACACKMHIOBBEIX. JloKa3aHHBIE HUXKE YT-
BEp KJIEHU sl IPUBEJIEHBI B KauecTBe 3a1a4 B [1, ¢. 34; 2, c. 119; 3, c. 75].

Onpeoenenue 1. Ctpykrypa <L, +, > Ha3bIBaeTCs IENCKUHIOBON (MM
MOZYJISIPHOM), €CIH IS 00X a, b, ¢ € L, Tie a < ¢, cipaBeyTMB MOZYJISIP-
HEIH 3aK0H: (@ + b)c = a + bc.
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OmHUM W3 TPOCTEHIIMX MPUMEPOB NEACKHHIOBOW PEIICTKH SIBIISCTCS
CTPYKTypa BCEX MOAMPOCTPAHCTB IMHEHHOTO TIpocTpancTBa: <L(V), + M>.
Joxkaxem ato. Ilycts 7, S, U — noanpocTpaHcTBa TMHEHHOT O IPOCTPAHCTBA,
takue, uto T < S. Yoenumcs, uto (T+ U)NnS=T+UNS.

1. Bo3zbMeM Mpou3BOJIbHBIN 3J€MEHT U3 JIEBOW YacTH PaBEHCTBA U IMOKa-
JKeM, 9YTO OH IIPUHAJJICKUT IIPABON YaCTH:

ae(T+U)NS =2ae(T+U)rae S Takkaka € (T+U), Toa=t+u,
rnet e T,u € U.llo ycnoBuro T S, 1.¢. t € S. CnenoBarensHo, u = (a—1t) € S.
Orcroma: u € UN S. 3vaunt, a € T+ (UNS).

OO0paTHOE BKIIFOUCHHE JOKA3BIBACTCS aHAJIOTUIHO.

Jas Toro, 4ToOBI mpuBecTH Oo0JIee CIOXKHBIC MPUMEPHI JTCACKIHIOBBIX
CTPYKTYP, TOKAXKEM TCOPEMY.

Teopema 1. Cnenyromue CBOWCTBA CTPYKTYPHI <L, +, > 3KBUBAJICHTHBI:

(1) <L, +, > — nenexuH0Ba;

(2) ab + ac = a(ab + ¢);

(3) ecniu @ > b W I HEKOTOPOTO ¢ € L cupaBeiiuBo a + ¢ =b + ¢, ac =
=bc, T0 a=Db;

@ ecmma<c<a+b,Toa+bc=c.

Cxema J0Ka3aTelIbCTBA TEOPEMEI ITPUBEICHA Ha Tpade.

(1)
°

\ . (4)

A o

[IpuBenem ofuH U3 PparMeHTOB JOKa3areiabcTBa. JloKkakeM paBHOCHIIb-
HoCcTh yTBepxkaeHui (1) u (3).

1. IlycTh maHo, 4TO perieTka L — NeJeKHHI0BA, ¢ > b U 1151 HEKOTOPOTr'O
c € L cipaBeqnuBo @ + c=b + ¢, ac=bc. Tormab=b+bc=b+ac=a(b+
+c)=al@a+c)=a.

2. aHo, uto BeImoHseTcs (3). JlokaxkeM, 9To L — NeAeKWHIOBA.

Tomoxum x <z. Yoegmmcest, 9To (x + )z =x + yz.

B xaxpoii pemetke [3, c. 68]: xz + yz < (x + y)z. O603HaYUM X2z + yz = a,
(x + y)z = b. CormacHo (3), ecitu CymIecTByeT IEMEHT ¢, TaKoii, 9To a + ¢ =
=b+c,ac=bc,T0b=a.

Ilokaxem, uto ¢ = y. Umeem:
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aty=xztyz+ty=xz+ty=x-+y; 6))
b+y=(x+yz+yx+y+y=x+y CnenoparensHo,
b+ysx+y. 2)

C npyroii cTopoHbl, b +y=(xt+y)z+y>xz+yz+ty=x+yz+y=x+y
To ecTs,

b+y=x+y. 3

U3 (2) u (3) cenyert, uto b + y =x +y. Ucnons3ys (1), umeem a +y =b + .
Amnanoruuso, ay = (x + yz)y < (z + yz)y = yz;
yzyz,
ay = (x + yz)y > yz, Tak KaK
xX+yzzyz.

CrnenoBarensHo, ay = yz.

C npyrotii croponsl, by = (x + y)zy =yz. Toectb ay =byuna+y=>b+y.

CoracHo yTBepXkAeHUIO (3), moiydyaem, uto @ = b, T.e. xz + yz = (x + y)z.
Tak kak x <z, To (x + y)z =x + yz. Jlokazanu, 4T0 pemerka L — JeeKIH/I0BA.

Hcnons3yss noka3aHHYH0 TEOpEMY, HPHUBEAEM HEKOTOPHIE MPUMEPHI
1 KOHTPIIPUMEPHI JEIeKIH/IOBBIX PEIIETOK.

Ipumep 1. Jloxaxem, 4TO MHOYKECTBO BCEX HOPMAJIBHBIX Aenutenei L, (G),
MIPOM3BOJIEHOM Tpynmbl G 00pa3yeT NEeJeKHHJOBY DEIIETKY OTHOCHTEIBHO
onepanuil yMHOXKEHUS ¥ IEPECEUCHHUSL.

1) Yoenumcesi, 4To nepecedeHne AByX HOPMAJIBHBIX JAEIHUTENCH I'DyIITbI
G — HOpMaIbHBIN AenuTens rpynmnsl G.

Iyctes H < G, H, < G, nokaxewm, uro H N H, < G. JleUCTBUTENBHO,

heHNH =heHwheH =g'hge Hug'hg e H = g'hg
€ H N H,. YuuTelBas, 4TO MEPECEUCHHE JIBYX TOArPYIIIN — MOArPYIINa, 0-
nyyaem H N H, < G.

2) Noxaxewm, urto H H, < G. Tak xak MpOM3BEJEHHE JBYX IOATPYII HE
BCEr/la ABJIAETCS MOATPYIION, TO CHauana Jlokaxem, uro H H, — noarpyn-
na G. O6o3naunm H H,= H. Ilyctb a € H, b € H. Yoenumces, uto ab™' € H.

Uwmeem, a = h h,, b= h,h,. Torna, ab™ = h, (h, Kk = hh,, b =
=h,( ) h)h., b = (h,, h) (I h)= hh,, = ab™t € H.

IToxaxxem, uto noarpynmna H < G. Bocnonb3yeMcs KputepueM HopMalib-
HOT'O AETUTEIS.
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Ilycte hh, € H. Jloxaxewm, uto g '(h,h,)g € H. Tak xak h, € H , h, € H, =
=g'hgeH,g'hgeH = (g'hg)g'hg) e H=g'h(ggHh,g=g'hhge
e A

MeI iokasanm, uro <L,(G), -, "> — pemeTka, rae sup{H , H,} = <H,, H>=
=HH,inf{H H}=H NH,

3) Bocronbs3yemcst yTBepxkaeHueM 4 Teopembl | n goKakeM, YTO Haiua
peleTKa JeJeKHH/I0Ba.

[ycts H, < H,  H H.. Ilokaxem, uto H, = H (H, " H,):

a)BoseMeM h € H(H,"H))=>h=h},tne h, € H,h' € H, " H,. Ilo yc-
nosuto, H c H,. Tornah, € H, = h € H;

0) umeem h € H,. Tak xak H, © H H,, T0

h=hh, @)

rIae hl e H I/Ih3 € H.

Hoxaxem, uto h, € H,. Beipasum h, u3 (*): h, = h''h,tne b e H ; Tak
xak H c H,unh e H,= h, € H.3nauur, h, € H, N H,. CnefosarenbHo, 1 €
€ H(H,n H).

Takum o6pazom, pemerka <L ,(G), -, N> ABJIgeTCA N€IEKHHI0BOM.

Ortcroa ciefyer, 4To eCiiu rpymma adejaeBa, TO BCe e¢ MOATPYIIbI 00-
Pa3yroT JeJeKUH]IOBY PEIIETKY.

JlocTaToyHO 3aMETHUTh, UTO B a0ENIeBOM IpYyIIIe JIJIs KaXK 10U HOATPYIIIbI
gH = Hg, 1.e. xaxaas NOArpyNIIa SBISETCS HOPMAJIbHBIM JICITUTEIIEM.

Teopema 2. Tlycth G — xoneuHas rpynna. Ecnu nopsgok G paBeH mpo-
M3BEICHUIO JIBYX PA3JIMYHBIX MPOCTHIX YHCEN p U ¢, TO BCE €€ TOArPYIIIbI
TaKke 00pa3yroT AeAEKHH]IOBY PELIETKY.

Hoxazamenvcmeo. Ilycts A, B, C — npou3BoiIbHbIE NOATPYNIEl G, TaKkue,
yt0 A < C C <4, B>. Torna, coritacHo Teopeme 1 (1. 4), 10cTaTOYHO yOeIuTCs
C =<4, B C>.Ilo Teopeme Jlarpan»a noArpynmsl rpynnsl G MOryT UMETh
MOIIHOCTS: 1, p, ¢, pq. Paccmotpum 3 ciyuast.

1) |4A|=1= A4 = {e}. Tornaumeem A — C — B. Batom ciiyuae <4, BN C>=
=<e,BN(C>=BnN C=C,Tak xak C C B.

2)|4|=pg, 1.e. A =G. Tak kak A c C = <4, B>, t0o C=Gu <4, B>=G.
Otcrona nonyyaem, uto <4, BN C>=<G, BN G>=G=_C.

3)|4|=p. o ycnoButo A c C= C =G unu C = 4:

a) C =A4. Umeem A — <4, B>. CnenoBarenbHo, <A, BN C>=<4, BN A>=
A=C;

91



0) C = G. Torma <4, B> = G. [lony4aem, uto <4, BN C>=<4, BN G>=
=<4,B>=G=C.

AHaJOTMYHO YTBEPXKACHUE JOKA3bIBACTCS A |4| =

Y6enumcst, 4TO 1151 TPOU3BOJIBLHOM I'PYIITBI JOKA3aHHAsS BBIIIE TEOpeMa
HEeBepHa.

Ipumep 2. PaccmoTpuM crienytomuii rpad.

/\
/

OueBunHo, <{a, b, ¢, d, e, <}> — pemetka. OnHAKO, U3 HepaBeHCTBAa d < e
He cienyet, uto (b + d)e = be + d. [lokaxkem 3T0:

e

.—).

b+de=ce=e,
betd=a+d=d.

Takum oOpa3om, 3Ta perreTka AeIeKNHI0BON He SBISETCS.
Bocnosnbssyemcs rpadoM peleTKH BCeX MOATPYIIN TPYIIIBI A ,, TPHBEIEH-

HEIM Ha 00JIOKKe KHUTH [1].
Ilyctb c=A,, e=V,, d=<(12)(34)>, b =<(134)>, a = <(e)>.

<(134)> -/
/ <( 12)(34)>

Taxum 06pa3zom, permeTKa BCeX TOATPYTIT TPYTIIEL S, HE ABJIAETCS JAeHe-
KHUHJIOBOM.

[ ]
e
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OOPMYJIbI IIEPEBOJA
CTAPUHHBIX EJJUHUL] USMEPEHU A

A.U. BaHOBa
Mynuyunansrnoe 61002cemnoe 06ueobpa306amenbHoe YyupeicoeHue
cpeoussn obueobpazoeamenvras wkona Ne 36
Hayunvui pyxosooumens — yuumenv mamemamuxu U. B. Jlemuyx

B cBoux mpenpinyniux paboTax 0 CTapUHHBIX €IUMHHUIIAX MU3MEPEHUS s
paccMaTpuBasia TOJIBKO UCTOPUIO IIPOUCXOXKICHUS U HCIIOJIB30BAaHUS MEp
B ObITy. B 3TOl HOBOIi padore s peninyia caMOCTOSTEIbHO COCTABUTH (op-
MYJIbl IEPEBOJA.

Ienu u 3agauu Moeil nccnenoBaTenbCKON paboThI:

— paccMOTpeTh U U3YUUTh UCTOPHIO MPOUCXOKACHUS SIUHUI] U3MEPEHHUS,
MCTob3yeMbIxX B KHUTaX JKronst BepHa «/letn kanutana ['panta» u «Baanars
TBICSAY JILE IO/ BOIOM;

— mpuAyMaTh GOpMYJIbl IEPEBOJIA CTAPUHHBIX SAMHHII H3MEPEHHS;

— pacIIMPUTH CBOU KPyro30p.

Ho nockonbky CTapuHHBIX €IMHUL CYLIECTBYET OYEHb MHOTO, 5 pelIniIa
HCTIONB30BaTh JIMIIE T€, KOTOPbIE YIIOMHHAIOTCS B CTOJb JIOOMMBIX MHOIO
kaurax JKions Bepna «B nouckax xanutana I'panta» u «J{Baanars Teicau
JIbE O] BOOM.

Mopckast MUJIS — €IUHULIA U3MEPEHUS PaCCTOSIHUS, IIPUMEHsAeMas B MO-
pennaBaHuy U aBuauuu. [lepBoHadanbHO MOpPCKas MU OIPEAEIsIIach KaK
JUIMHA AYTH OOJNBIIOr0 Kpyra Ha MOBEPXHOCTH 3€MHOIrO IIapa pa3MepoM
B O/IHY YIJIOBYIO MUHYTY. Takum o0pa3oM, nepeMeleHne Ha OHY MOPCKYIO
MUJIIO BJIOJIb MEpHAHaHa MPUMEPHO COOTBETCTBYET U3MEHEHHIO reorpadu-
YECKUX KOOPAUHAT Ha OJJHY MUHYTY IIUPOTHL. [Io coBpemeHHOMY ompenere-
HUIO, MEXTyHapOJHas MOpCKas MIJIS paBHa poBHO 1852 meTpam.

93



Spn — OpuTaHcKas M aMepHKaHCKas SIUHHIIA M3MEPEHUS PacCTOSHHSL.
Ceituac MeTpHYeCKU# sIpA paBeH TpeM MeTpuueckuM dyTtam (36 aroiimMam)
unu 0,9144 metpa. He Bxogut B CU. CyuiecTByeT HECKOIBKO BEPCUI POUC-
XOXKJICHHS Ha3BAaHUS W BEJIWYMHBI sipna. bonpias Mepa AnnHBL, Ha3BaHHAS
sipioM, ObljIa BBE/ICHA aHIIIMHCKUM KOPOJIeM DrapoM M paBHsJIach paccTos-
HHUIO OT KOHYMKA HOCA €ro BeJIMYeCTBa 0 KOHUMKA CPEAHEro Mabla BhITS-
HYTOH B CTOPOHY pyKH. Kak TOJIBKO CMEHMIICSI MOHAPX, P/ CTaJl MHBIM — Y-
JIMHUJICS, TaK KaK HOBBIM KOPOJIb ObLT 00Jiee KPYyITHOTO TEIIOCIOKEHHUSI, YEM
€ro NMpeAlIeCTBEHHUK. 3aTeM, NpH CIEeAyIOIIeld CMEHEe KOpOous, SpA CHOBa
cTan kopoue. Takue yacTble U3MEHEHUS €AUHULB] JUIMHBI BHOCUIN HEUMO-
BepHYIo myTaHuy. [lo 1pyrum BepcusM sipJ — OKPYKHOCTh TaJIMH MOHapXxa
WU JJUHA €ro Meda. bplio mpeanpuHsATO HECKONBKO MOMBITOK CTAHAAPTH-
3allMY BEIMYUHBI Ip/a, TAKUM 00pa3oM, B pa3HOE BpeMs sipJ MMeJl pa3HYyIo
JnHy. COBPEMEHHBIH SIpJ SBJISETCS KOMIIPOMUCCOM MEXJy OpHUTaHCKHM
1 aMEpHKaHCKHM CTaHJapTaMH U OTKaJIHOPOBaH C IPUBS3KOH K METPY.

@y (cTynHs, «paBHBII AJIMHE CTYITHU KOPOJIS») — EAMHULIA U3MEPEHUS
paccTosHMS, TOUHOE JIMHEHHOE 3HaYeHHE KOTOPOr0 Pas3IMyuaeTcs B pa3HbBIX
crpanax. He Bxogut B CU. O0bI4HO 1O/ ()yTOM MOHUMAIOT TaK Ha3bIBAEMbIH
«MEXTYHApOIHBINY, NN «aHTITMHUCKUI» QyT, KOTOPBINA paBeH 12 MexayHa-
ponHbIM AroiiMaM u ¢ 1958 r. npuBsizan Kk MeTpuueckoi cucreme. Jlo BBene-
HUSI METpHUECKO# cuctemsl ¢yT onpeaensuics B EBpone vame kak 12 mioii-
MoB/masbleB (pexe 10 niu 16).

®ynT (0T 7am. pondus — Bec, TUPs) — EAMHNULIA U3MEPEHUsT Macchl. Tep-
MHUH IPOUCXOIUT OT stam. pondus — Bec. MlcTopuyeckn HCHONb30BAJCS BO
MHOT'HIX €BPOIICHCKHUX CTpaHax, MpUYeM B 30Xy (eomanbHOi pa3apoliieH-
HOCTH B HEKOTOPBIX CTpaHax (Hampumep, B0 PpaHIIMK) €ro 3HaUCHUE NMell
IIpaBO YCTaHABIMBATh Kbl (eomarn, nmosromy naxe B Hagasne XVIII B.
B EBpomne 65110 60151ee 100 pasubix ¢pyHTOB. DYHT (aH2a. pound, cokpalneHue
1b) — onHa 13 HanboJee pacIpOCTPaHEHHBIX €INHUI] MacChl B AHTJIOA3BIYHBIX
crpanax (CLIA, BenukoOpuTtanus u 1p), CyIIeCTBOBAIO HECKOJIBKO (DyHTOB
(Tpoiickuii, TOHIOHCKUH, OameHHbIH u 1p.). Celivac MeTpudeckuid GyHT co-
OTBETCTBYET:

— B aHrMiickoii cucreme Mep 1 gyHT = 16 yHIIUsAM = 7000 rpaHoB;

— B MeTpudeckoit cucteme 1 gpyHT = 0,45359237 xr.

[una (maiin, 60TT) — Mepa oObeMa, puUMeHsieMast K BUHY U nuBy B Ce-
BepHOi Amepuke, BennkoOpuranuy, a takxe (B nmpomuiom) B [lopryranun
n VMcnanuu. Pa3mep 3aBUCHT (MM 3aBHCEN) KaK OT MECTHOHM TpaaWIMH, TaK
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M OT BHJA HanWTKa. BeanunHa UMbl BUHA HAXOIUTCS, COTJIACHO Pa3HBIM
UCTOYHUKaM, B mpenenax ot 450 no 486 nurpos. [lo noBony nuBa pasHbie
MCTOYHUKH COOOIIAIOT COBCEM pas3Hble HUQPHL, TAK YTO MOHITH HUYETO He-
BO3MOJKHO, KPOME TOT'0, UTO 00BeM ITUIIBI TMBA HUT/E HE ObLI paBeH 00beMy
IUIBI BUHA, KaK U BOOOIIE BEIMYMHA BCEX SIUHUI] C OJUHAKOBBIMU Ha3Ba-
Husimu. [Tuna (auen. pipe: naiin, unu butt <— gp. botte) — crapast anrnuickas
Mepa BUHA, okoso 477 nutpoB. B Bpuranckoil umnepun pasHa 105 ranmo-
HaM. B CIITA ona umeeT 4yTh MEHBIINN pa3Mep, XOTs paBHa 126 rajyioHaM —
TaMOIIIHHE TaJJIOHBI MeJbue. B 00onx ciyvasx numna (00TT) paBHa MOJIOBHHE
TaHa u 1ByM xorcxenam. [Tuna (pipa) B [lopryranuu n Mcnanuu nis BuHa.

Appoba (ucn. arroba) — TpaauIHOHHAs HOepHiicKas Mepa Beca u 00beMa;
COKpallleHHO 0003HayaeTcs CUMBOJIOM (@. Ha3zBaHue mpoucxonut ot apad-
CKOT'O CJIOBa ap-py0, 4To 3HAYUT «4eTBepTh». B Mcnanun ncropuyecku Obli1a
paBHa 25 kactuibckuM GyHTaMm (11,5023 k1), B [Topryranun — 32 nopryraib-
ckuM (ynram (14,688 xr). [locne nmepexona Ha METPHUECKYIO CHCTEMY MeEp,
9Ta eAMHUIIA U3MEPEHHS MacChl yTpaTHiia MONYJIIPHOCTh M OblIa MPHUBsI3a-
Ha K KMJIOTpaMMaM, IPUYeM B Pa3HBIX CTPAHaX U PETHOHAX 3TO IPOU3OILIIO0
no-pasHomy. B Banencun appoba crana paBna 13 kr, B Aparone — 12,5 kr,
B [lepy u B DxBanope — 11,5 xr. B Ilopryranuu u B bpasunuu nocie nepexona
Ha METPUYECKYIO CHCTEMY appoba craia paBHa 15 K.

V3en — eMHMIA M3MEPEHHs CKOPOCTH, PaBHAas OIHON MOPCKOil MHIe
B yac. Tak Kak CyIIECTBYIOT pa3HbIE ONPEAEIEHHSI MOPCKON MUIJIH, COOTBET-
CTBEHHO, U y3€J1 MOXET MMeThb pa3Hble 3HaueHus. [lo MexayHapogHOMY
OIIpeICTICHIIO, ONMH y3ei paBeH 1,852 km/4 (Touno) wiu 0,514(4) m/c. DOra
€AMHUIIA U3MEPEHUS, XOTS U ABIAETCS BHECUCTEMHOM, JOoMycKaeTCsl A7 UC-
nonb3oBaHus Hapany ¢ ennHunaMu CH. TIpoucxoxkaeHne Ha3BaHUs CBSI3aHO
C IPUHIUIIOM HUCIOJIB30BAHUS CEKTOpHOro jara. CKOpocTh CylHa Ompese-
JsIach KaK YHMCIIO Y3JI0B Ha JIMHE (TOHKHUI TPOC), MPOIIEALINX Yepe3 PYKy
M3MEPSIOIIETo 3a olpeesieHHoe BpeMst (00bIuHO 15 cekyna uinu 1 MuHyTa).
IIpu 5TOM paccTosiHUE MEXAY COCEOHUMU Y3JIaMH Ha JTUHE U BpeMs H3Me-
peHHst ObUTH MOAOOPAaHbI ¢ TAKUM Pacu€TOM, YTO ATO KOJIMYECTBO YHCIICH-
HO PaBHSJIOCh CKOPOCTH Cy/IHA, BEIPAXKEHHON B MOPCKUX MMJISIX B yac. Y3el
U MEXyHapOoJHas MOPCKas MUJIS MIHUPOKO HCIOIb3YIOTCS B MOPCKOM U BO3-
JyIIHOM TPaHCIOPTE. Y3JIbl CYUTANIUCH CAMBIM PACIIPOCTPAHEHHBIM U3MEpPe-
HueM B AHrnuu 10 1965 1., Ho Mo3:Ke OHU CTaIl UMEHOBATHCA MUISMU.

JIs€ wim npe — crapuHHas (paHIly3cKas €AMHULA U3MEPEHHS PaccTo-
auus. CyxonyTHoe nb€ paBHO 4445 merpam (1/25 rpamyca Mepuauana;
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4,16 BepcTsl), Mopckoe — 5557 merpam (1/20 rpagyca MepuauaHa), IouToO-
Boe — 3 898 meTpam.

I'panyc Lienscus (0603Hauenue °C) — MHPOKO PACIPOCTPAHEHHAS €IMHH-
1a u3MepeHus teMmneparypsl, npumensiercss B CU. I'panyc Llenbcus Ha3Ban
B 4eCTh MIBEACKOro yueHoro AHaepca Llenbcus, npeanoxusmero B 1742 1.
HOBYIO LIKAIy ULl H3MEPEHUS TEMIICPATy PhL.

I'panyc dapeHreiiTa — eMHAIA U3MEPEHHS TEMIIEPATYPhl C IMHEHHOM
mkaioit. Jlonroe Bpems mkana @apenreiita Ob1a OCHOBHOW B aHTJIOTOBOPSI-
[IUX CTPaHax, HO B KoHIE 1960-x — Havaie 1970-x TT. 0Ha ObLIIa TPaKTHYECKU
BbITecHeHa 1kanoi lleascus. Tonsko B CIIA u benuse mkana ®apenreiita
JI0 CHX TIOp IIMPOKO UCTIONB3yeTcs B OBITOBBIX essiX. [lkana Ha3BaHa B yecThb
MIpeUIoKuBIIEro ee B 1724 r. Hemenkoro yuenoro ['abpuenst @apenreiita.

JlomanuHas cuna (11 C.) — BAGCHCTEMHAs eIMHHIA MOIIHOCTH. B Mupe cy-
LIECTBYET HECKOJBKO €JUHUL] U3MEPEHUs O] Ha3BAaHUEM «JIOIIaJuHAas CH-
na». B Poccun, xak nmpasuino, moj JIOIIaAWHON CHIION UMEETCsSl B BUAY TaK
Ha3bIBaeMasi «MEeTpUUecKas JIOIIaJUHAs CUJIa», paBHAs IMPUMEPHO 735 BaTT.
B nacrosimee Bpemst B Poccuu (opMaibHO JioniagiHas cuia BBIBEJICHA U3
YHOTpPEOJIeHNs, OTHAKO JI0 CHX IIOp IPUMEHSETCS JUIsl pacyeTa TPaHCIIOPT-
Horo Hajora. B Poccun 1 Bo MHOTMX ApyruX CTpaHax OHa BCE €IE OYEHb
LIMPOKO paclpocTpaHeHa B aBTOMOOMIIBHOI cpene. B MexxnyHnaponHoii cuc-
teme enuanl (CU) opunuansHO yCTAHOBIICHHON SAMHUIICH H3MEPCHHS MOIII-
HOCTH sIBJIsieTCs BaTT. B aHrmiickoii («MiMnepckoii») cucteme Mep, eAMHUIIEH
M3MEpPEHHs] MOLIHOCTH CUUTaeTCsi PyHTO-QYT B CEKYHAY, HO B PEabHOCTH
B AHIIMH OH yXke He ucnonb3yercs, a B CIIA — ucrnonb3yeTcst HCKIIFOUUTENb-
HO PEIKO.

[pubnm3urtensro B 1789 T. MIOTIAHICKHWIA WHXKEHEP M H300peTareihb
JxeiiMc YaTT BBeN TEPMHH «JIOLIaJWHAs CHJIa», YTOOBI IOKa3aTh, paboTy
CKOJIBKHX JIOIIaJIel criocOOHBI 3aMEHUTH €0 IapoBble MAlIMHEL. B yacTHO-
CTH, YTBEPXKIAETCS, YTO OAHY U3 IEPBBIX MAIIMH YaTTa Ky IXBOBAp, 4YTO-
Obl 3aMEHHTD €10 JIOIIa b, KOTOpas IPUBOJMIA B JEHCTBHE BOASHOW HAcoC.
Hab6nronas 3a TpagMIIMOHHBIM HCTOYHUKOM SHEPTHUH — JIOIIA/IbI0, YaTT IpH-
11eJ K BBIBOJY, YTO B CPEIHEM 3a MUHYTY OHA IIOAHUMAaeET Ipy3 B 180 ¢pyHTOB
Ha 181 ¢yT. OxpyrnuB pacueTsl B pyHTO-PyTaxX 32 MHHYTY, OH PEIINI, YTO
nomaguHast cuia Oynet pasHa 33 000 aTuX caMbIX QyHTO-(DyTOB B MUHYTY.

CaeHb, HIH CAXEHb — CTAPOPYCCKasl eIMHHIA H3MEPEHHS PACCTOSHHUSL.
C BBenenueM B 1924 r. B CCCP MeTpudeckoil CCTEMBI Mep BBIIILIA U3 YIHO-
TpeOnenusi. CaxkeHb (WM NpsiMasi Ca’keHb) NEPBOHAYAIEHO O3HAYAJIO pac-
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CTOSIHUE, HAa KOTOPOE MOXKHO IIArHyTh (110 JpyToi Bepcuu Oblia paBHA pac-
CTOSIHUIO OT KOHIIa MAJIBIEB OIHOW PYKH 10 KOHIIa mainsleB apyroi). Camo
CJIOBO «CaKE€HBb» M0 OJHON BEPCHH IPOUCXOAMT OT IJIAroja «csAraTb» (Io-
CTaBaTh 10 4Yero-nudo, XBaTaTh, JOCTUIATh, CP. TAKKE: «IOCATATBY, «I0-
CSITaeMBIi»), KOTOPBIH, B CBOIO OYepellb, IPOU3O0IIEN OT CTapOCIABSIHCKOTO
CIATHATH — «IPOTITUBATH pyKy»). Ilo npyroif Bepcun Ha3BaHHE NPOUCXO-
JUT OT CJIaBSIHCKOIO CIIOBa «cAr» — mar. B Jlpesneit Pycu npumensnacs He
0JIHa, a MHOXECTBO PA3HBIX Ca’KEHEIl.

Taxxe B «JlBaguaTu ThICHIUAX JbE O] BOAOI» MBI BCTPEUAEM TaKYIO
Mepy Kak Tya3. Tya3 — ¢ppaHIry3ckas e1MHUIA JIUHBI, UCTIONb3yeMas 10 BBe-
JIEHUSI METPUUYECKON CUCTEMBI:

1 tya3 =1,949 m;

1 Tya3 = 6 mapmxckux gyToB = 72 mroiima = 864 TuHUM.

Y3akoHeHHas JUTMHA Tya3a ObLia n3roToBiicHa B 1735 1. Mexanukom JIanr-
Iya U3 XKeJesa.

CJ0BO «Tya3» HMPOM3OLLIO OT Jlam. «BBITATHBATH» Yepe3 (paHIy3cKoe
«IpOTATUBaTH». B OCHOBE Mepbl JIEXKHUT PACCTOSHUE MEXJYy KOHUMKAMU
NaJbLEB BBITSIHYTHIX PYK YellOBEKa (CP. Ca’KeHb — OT «CSATaTh).

MupuameTp — 3TO €AUHUIA JIUHBL, paBHasd 10 kM.

B atux ¢popmynax: 4 — Bce 3HaUeHHE MHOCTPAHHOM MephI; jajiee 3Ha4e-
HUE 3TOH Mephl Ha OJJUH IpaMM; B — 3HaueHUEe B COBPEMEHHON €AMHHUIIE.

Mepa ®opmyaa
Mopckast Muis A=1852%xB
Spn A=0,9144 x B
Dyt A=0,3048 x B
OyHT A=0,45359237 x B
Tlumna A=477xB
Appob A=13xB
CaxeHb A=2,16xB
I'panyc dapenreiita
JIe A=555TxB
Tya3 A=1949 x B
Mupuamerp A=10xB
I'panyc Llenbcus

Takske OHUM M3 PE3yIBTATOB MOCH pabOTHI CTAIH MPHyMaHHbIE MHOIO
3a/laui, KOTOPBIE PEINAIOTCS C MOMOLIbI0 (GopMyl. XoI pemeHHs! MpocCT:
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BCEro B OAIHO AECWCTBUE IPU YCIOBUH U3BECTHOCTU BCEX OCTAJIBHBIX KOMIO-
HEHTOB. BOT HEKOTOpBIE U3 ITUX 3a4a4:

3aoaua Ne . Kynen NOJDKeH 3alOJIHATH JOKYMEHTHI ISl IPOe3/a Yyepes
rpanuny. s 3Toro Hy»KHO IepeBeCTU paccTosHue B 260 kM mepeBecTu
B MECTHYIO €IMHULY U3MepeHus — apabl. [loMorute emy caenars 3To.

Pemenue: 260 x 0,9144 = 237,744 apnos..

3a0aua Ne 2. luma 3amymall HalmucaTh ApYyry U3 AMEpUKH O TOM, YTO
ero cobaxa Becut 48 xr. Ho OH X04eT JOCTaBUTH €My yIOBOJILCTBUE 3HAHHEM
aMEpUKAHCKUX €IMHHII M3MEPEHUS M HAaIlucaTh Yucio B nunax. [TonpoOyiite
u BbI cienars Takoii nepeBo.

Pemenne: 48 x 477 =22 896 num.

®opmyiel moMoraioT 6€3 0co00ro TpyAa NpocTo U yA00HO MEPEBECTH O1-
HY Me€py B COBpEMEHHOE ucuucienue. He cMOTpsl Ha HECCOMHEHHYIO MOJIb3Y
B HCIIOJIB30BAaHUM (OPMYJI, OHU OTCYTCTBYIOT B KHUTax u MHTepHeTe. [lan-
Hasi paboTa MO3BOIUT OOJIErdYnTh MPOOJIEMBI, CBI3aHHBIE C TIEPEBOIOM Pa3-
JINYHBIX €IUHUL] U3MEPEHHUS.

Jlumepamypa

1. Bepn, JK. JIBaauats ThICSY Jbe moJ Bojol : poman / XK. BepH ; nep. ¢ ¢p. M. : Mup kuu-
ru, Jluteparypa, 2006. 400c.

2. Bepn, K. lletu kanutana ['panTa / JK. Beps ; nep. A. bekerooii. M. : U31-Bo «DKCMO»,
2005. 640 c., u.

3. Aneebpa: yueOHuk nus 7-ro kiacca odmeoOpa3oBaTenbHbIX yupexaeHuit / 10.H. Ma-
kapsryeB. M. : [IpocBemenue, 2003.

4. URL: http://ruwikipedia.org/wiki/®@yT.htm

5. URL: http:/ru.wikipedia.org/wiki/SIpa.htm

6. URL: http:/www.proseptic.ru/information/slovar-s/sazhen.htm

O BIHOJIHE YIIOPAJAOYEHHBIX MHOKECTBAX

E.1O. UBoukuHa, A. . 3abapuna
Tomckui 2ocyoapcmeeHHblll neda20eutecKull yusepcumen

HaHOMHI/IM, YTO YIIOPAAOYCHHOC MHOXKECTBO <A, <> Ha3bIBAa€TCH BIIOJIHE

YHOopsaA04€HHBIM, €CJIN KaKA0€ €ro HENyCTOC MOAMHOKECTBO 06naz[aeT Hau-
MCHBIIHM 3JICMCHTOM.
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OTHOCHUTEIBHO €CTECTBEHHOI'O IOpPsIKA CPEAM KJIACCHYECKHUX CHCTEM
<N, <> <Z, <> <0, <> <R, <> TONBKO HaTypalbHBIC YHCIa 00pPa3yIOT
BIIOJTHE YIIOPSIIOYEHHOE MHOXKECTBO.

Kak MO>XHO MOCTPOUTH JpyTHe NPUMEPHI BIIOJHE YIOPSIOYEHHBIX MHO-
s)kecTB? Kakumu cBoiicTtBamu oHM 00J1a1aroT?

ITocrapaemcs B KakOH-TO Mepe OTBETUTH Ha 3TH BOIIPOCHL. YTBEPKICHUS,
JIOKa3aHHBIC B paboTe, MpeIoKeHkl B KadecTBe 3a1a4 B [1], [2], [3].

Teopema 1. ITycts <4, <> nUHENHO yNOpsA0YEHHOE MHOXKECTBO, TOra
CJIEIYIOIINE TP yTBEPXKACHUS SKBUBAJICHTHBI:

(1) Kaxnoe HemycToe MOJMHOXKECTBO MHOXeCTBa 4 o0JyiajjaeT HAMMEHb-
IIMM 3JIEMEHTOM.

(2) He cymecTByeT GECKOHEYHO YOBIBAIOIICH LETIOYKH 3JIEMEHTOB MHO-
KecTBa <4, <>a,>a, > a,>... WK, IPyTUMH CIIOBaMH, ectu b, > b > b, > ...
(b, € A), To cymecTByeT b, Takoi, uto b, = b, =b, = ...

(3) Ilyctp P(x) — OMHOMECTHBIH MpPEANKAT, 3aJaHHBI HAa MHOXECTBE 4,
torza BbickassiBanue Vx[Vy(y <x — P(y)) — P(x)] — VxP(x) uctunHo.

Jlokazamenvcmeo:

(1) = (2). [Ipenmnonoxum, 4TO BO MHOXKECTBE <4, <> 6€CKOHEYHO yObIBa-
omas Neno4ka CymecTByer: a, > a, > a, >... Toraa paccMOTpUM MHOXECTBO
A = {a,, a, a,, ...}: Tak xaK A' ¢ A, To A' 0693aH0 0071aAaTh HAMMEHBIITHM
aeMeHTOM. [Ipuium K IpoTHBOPEUHIO.

(2) — (). Iyctb Bc A A B+ & n B He 001ajjaeT HAMMEHBIIUM 3JIEMEH-
ToMm. Torma paccMoTpuMm b, € B: Tak Kak b He ABIAETCA HAUMEHBIIUM, TO
B B CyIIECTBYET BJIEMEHT b, Tako, uTo b, > b u b He HaMMEeHbLIHH B B.
Paccyxnast aHOJIOTMYHO, OIYYHM OECKOHEUHO yOBIBAIONIYIO IIETIOUKY 3Jie-
MeHTOB B. [Ipunumm k npotuBopeuuio ¢ (2). 3HauuT B B eCTh HaMMEHBIINH
JJIEMEHT, a CJIe0BaTeIbHO, A BIIOJIHE YHIOPSI0YEHO.

(1) — (3). IlycTe <A, <> BHOJHE yHOPSIAOYCHHOE MHOXKECTBO. JJoKaxkeM,
YTO BBICKa3bIBaHHE

Vx[Vy(y <x = P(y)) = P)] — VxP(x) ™

WCTHHHO.

PaccmoTpum npenukar S(x):[Vy(y <x — P(y)) — P(x)], Torga (*) nmpumer
Bu: VxS(x) — xP(x). CoriacHo ornpeneneHnio NMIUTHKAIMH, AJIS TOTO, YTO-
OBl ITOKa3aTh UCTHHHOCTH JAHHOTO BBICKA3bIBaHMSI, JOCTATOYHO PacCMOT-
peTh ciryyaii, korga A(VxP(x)) = 0. Jokaxxem Toraa, 9yto A(VxS(x)) = 0.
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Urak, mycts MVxP(x)) = 0, cienoBarenbHo, P(X) OpoBEep>KUM Ha MHO-
xecTBe 4. O003HaUMM Yepe3 P~ MHOKECTBO, COCTOSIICE U3 SIEMEHTOB 4, Ha
KoTOopoM mpenukatr P(x) moxen: P~ = {a € A|MP(a)) = 0}.

Cornacno (1), B P~ cymecTByeT HaMMEHBLINH 3JIEMEHT, 0003HAYUM €ro
x,. Pacemorpum S(x,):(Vy(y < x, — P(y)) — P(x,)] ¥ nOKaxeM, 9TO JaHHOE
BBICKa3bIBaHHUE JIOKHO.

Ilycts 10 He Tak. Torma, Tak kak MP(x,)) = 0, smauut MVy(y < x, —
— P(y)) = 0. CnenoBarensHo, mpeaukar (y <x, — P(y)) olpoBep)KuM, 9TO To-
BOPHT O TOM, YTO CYIIECTBYET y, TakoH, uto A((y, < x, — P(y,)) = 0. Otcrona
MP(y) =0, a My, <x,) = 1. Ho torna y, € P~ u, B TOKE Bpems, y, < X, —
TPHILIA K TPOTHBOPEYHIO C TEM, YTO X, HAMMEHBIINH 37€MEHT P-. 3Ha4uT
MS(x,)) = 0, cnenosatenbHo, mpeaukar S(x) onposepxuM. Ilo onpenenennio
kBaHTOpa BceoOmuocTH A(VxS(x)) = 0, orcroga A(VxS(x) — VxP(x)) = 1.

(3) — (1). Ilycrb BeIcKaszbiBanue Vx[Vy(y <x — P(y)) — P(x)] — VxP(x)
HCTHHHO IS II000ro npeankara P(x), 3aJaHHOr0 Ha JIMHEWHO yIIOopsiJ0ueH-
HOM MHOXecTBe 4. JlokaxeM, 4To <4, <> BIIOJIHE YHOPSOYEHO.

ITycTs B A HanIOCh NOAMHOXKECTBO B Takoe, 4TO B B HET HAUMEHBIIETO
anemenTa. Jlokaxem, 4to B = .

Paccmotpum npenukat P(x):x ¢ B. Torna (*) nmpumer Bu: Vx[Vy(y <x —
—y ¢ B)—>x¢B]—> Vx(x ¢ B)

CornacHo onpeneneHuo P(x), 10CTaTOYHO /J10Ka3aTh HICTUHHOCTDH BBICKA-
3pIBaHMs VxP(x). B Buny ncruanocty (*), 1ocTaTroyHo yOenAnTHCS B UCTHHHO-
¢ty mocbUTKU. [lycTh x* € 4 u Beicka3biBanue Vy(y <x* —y ¢ B) > x* ¢ B
noxHo. Torma M(Vy(y <x* — y ¢ B)) =1, a Mx* ¢ B) = 0. CnexoBarenbHo,
Mx* € B) =1, Ho Tora x* — HANMEHBIINI 3JIEMEHT B, Tak KaK BCE 3JIEMEHTBI,
MEHBIINE €T, He ABISIOTCS neMeHTaMu B. [Ipunum kK mpoTHBOpeYHIo, 3Ha-
4uT B = J 1 MHOXKECTBO <A, < > BIOJIHE yTIOPSI0UCHO.

[NokaxkeM, 4TO MUCTIONB3YsI BIOJIHE YIOPSAOUYEHHOCTH N, MOYXKHO MOCTPO-
UTH BIIOJIHE YIIOPSJOYEHHOE MHOXECTBO HA €r0 IEKapTOBOM CTENEHH.

PaccmoTpum mMHOXecTBO N* 1 3a1anuM Ha HeM OMHApHOE OTHOLICHHE <
TaKoe, 4YTO

@,a, ...a)>0b,b, ...b)<=>a>bv@=bnra_,> b _)va=
=bnra,_,=b_,ra, ,>b _)v..Vv(@=bnra, =

=b,_,na, ,=b_,A.Aa,=b,na >b),

r7ie a, 1 b, cpaBHUMBI OTHOCHUTEIBLHO €CTECTBEHHOTO MOps/IKA Ha V.
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Mpennoxenune 1. MuoxectBo <N°,< > BIOJHE yIOPSAI0UEHO.

Jlokaszamenvcmeso:

1) U3 onpeneneHus GHHAPHOTO OTHOIICHUS > HAa N° HEMOCPEACTBEHHO
BBITEKAET, YTO OHO 00J1a/1aeT CBOHCTBAMH TPAH3UTUBHOCTH, CBI3HOCTH U aH-
THCUMMETPHYHOCTH, T. €. <N, <> JIMHEIHO yHOPSI0YEHO.

2) IokaxeMm, 4to <N?, < > BronHe ymopsnodeHo. CornacHo teopeme 1,
JOCTATOYHO JI0Ka3aTh, YTO LEMIOYKA 31EeMEHTOB N*(a
a,,) > ... PaHO UJIH MO3JJHO CTaOMJIU3HPYETCS.

W3 onpenenenus nopsanka u Toro, uTo N BIOJHE YNOPSIOUYEHO, CIEAYET,
YTO B LEMOYKE TPETHUX KOOPAMHAT HAIIMX BEKTOPOB @ , 2 @,, = d,; = ...
CYIIECTBYET DJIEMEHT @, , TAKOW, 9T0 &, , =4, ,, =48, ,, =

PaccMoTpuM Temneph HernovYKy BTOPEIX KOOPAWHAT, HAYMHAS C k-0 HOMe-
pa,a,_ =a >a > ... aHAJIOTHUYHO, B HEW CYUIECTBYET A, TAKOH, YTO

k2 — Tk+12 — Tk+22
a

T 12T Agi0n T

U, HakoHel, B LIeMOYKe NEPBBIX KOOPMHAT, HAYMHAS C S-TO HOMEpa, a | >
511 = 0., > ... HAUUHASA C HEKOTOPOrO HOMEpA M, @
. Taxum 06pa30M MOy YUIIH LIEIOUKY (al pa,a,)=a,,a,,,a,,)>

a a . CIIEIOBATENbHO <N, < > BIIOJIHE

>
1.1° al.z’ a1,3) - (az,l’ a2.2’

S.2

> = = =
a m.1 am+ll am+2l

I \%

>(aml’ m2’ m3) (an1+ll’ m+l3)

YIIOPSI0YEHO.
3ameuyanue. AHAJIOTHYHO MOXKHO MPOBECTH JIOKA3aTENbCTBO s N,
a TaK»kKe PaCCMOTPETH CIyYaid, KOT/Ia OPSIOK 3a7aH CIACTYIONIIM 00pa3oM:

m+12°

@,a,...a)>0b,b, ...b)<=>a >b v =b nrna,>b)v
via,=b rna,=b,na,>b)v ... v
via,=b ra,=b,na,=b,A...Ana, =b,_ ~Na>Db).

IIpuMeHUM CBONCTBO BIOJIHE yIOPSAI0UEHHOCTH N* TS peleH s 3a/1a4:

3anaua 1. buzHecMeH 3aKkiII0UYUII C YEPTOM TAKYIO CACIKY: KaKAbIHA JeHb
OH OTJIACT YePTy OJHY MOHETY U B OOMCH MoJTydaeT 000l HabOp MOHET IO
CBOEMY BBIOOPY, HO BCE 3TH MOHETHI MEHBIIECTO JTOCTOUHCTBA (BHJIOB MOHET
KOHEYHOE YUCII0). MEHSITh WITH MOTyYaTh ICHBI'H B IPYTOM MECTE OM3HECMEH
He MoxeT. Korma MoHeT y Ou3HecMeHa OOJIbIIe HE OCTAHETCS, OH IPOUTPHI-
BaeT. Jloka3arh, YTO PAaHO WIIM MO3THO YEPT BEIUTPAET, KAKOB OBl HU OBLI
HaYalbHBIH HA0Op MoHeT [1].

Jlokazamenvcmeo. IlycTb k — KOTMYECTBO HOMHHAJIOB MOHET, HMEIO-
IUXCA y KyNna, a (1, n,, ... 1,) — TOCJIEN0BATENbHOCTh MOHET, HMMEFOIIASACS
y KyTnia 10 oOMeHa, I/l /7, — KOIMYIECTBO MOHET HAMMEHBIIETO HOMHHAA,
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a n, — KOJIMYECTBO MOHET HAWBBICIIEr0 HOMHMHaa. Ilpu kaxaoi BCTpede
OM3HEeCMeH 00s3aH JaTh YepPTy OAHY MOHETY, a 4epT B3aMeH J1I000€e KoJnie-
CTBO MOHET, HOTPeOOBaHHBIX OM3HECMEHOM, MEHBIIET0 T0cTOMHCTBA. [Tocie
NIepBOro OOMeHa y KyIIa KOJINYeCTBO MOHET i-I'0 HOMHUHAJa YMEHBIIIIOCH
Ha 1, a KOTMYECTBO MOHET MEHBIIETO, YEM | HOMHMHAJA yBEJINYIIOCH (BO3-
MOYKHO HE BCEX), T.€. (1, 1, ... n) — (m, m,, ... n,— 1, n .n), i <k,
m >n,s € 1,i—1. CornacHo onpeseNeHuIo MopsiKa Ha N* (n,n,..n,..
n)>m,m, ...n—1,n_,.. n) Hanpumep: (6,7, 3, 5, 8, 6) > (100, 54, 67,
4, 8, 6). AHaITOTHYHOE HEPAaBEHCTBO MMEET MECTO TOCiIe KaKI0ro oOMeHa,
T.€. UIMeeM yOBIBAIONIYIO MOCIIEN0BATENEHOCT KopTexei N* (n,, n,, ... n) >
>(m,m,,...n—1,n_,...n)>.. 3aMETHM, 9TO C KAKOIO-TO MOMEHTA y OU3-
HECMEHa OCTaHYTCSl MOHETHI TOJIbKO HAMMEHBIIET0 HOMUHAIA, a TaK KaK OH
00513aH OT/HaBaTh KaX/bIil ICHb 110 MOHETE, TO HACTAHET MOMEHT, KOT/1a MO-
HeT y OM3HeCMeHa HE OCTaHEeTCs, a 3HAYUT OH ITPOUTPAET.

Hanpuwmep: (6, 7, 3, 5, 8, 6) > (100, 54, 67, 4, 8, 6) > (1009, 876, 66, 4, 8,
6)>...>(2346,0,0,0,0)>(2345,0,0,0,0,0)> ... >(0, 0,0, 0, 0).

3agauya 2. PaccMOTpUM MHOXECTBO BCEX MHOIOYJIEHOB OT OJHOMU mepe-
MEHHOH X, KO3 PUIUEHTHI KOTOPBIX — HAaTypaJIbHbIe YHUCIA. YTIOPSJOYHM
€ro Tak: MHOro4jeH P Ooibiie MHorowsneHa (J, ecnu P(x) > Q(x) mus Bcex
JocTaTouHo OomnbiuX x. [TokaxuTe, 4TO 3TO OMpeIeeHUEe 3a1aeT TMHEHHBIN
TOPSIIOK U YTO MONYYHUBIIEECS MHOKECTBO BIIOJIHE yHOps1049eHo [1].

Joxazamenvbcmeo. YTOUHNUM ITOCTAHOBKY 3a/1a4H:

[yets fix) € R[x] f(x) =ax"+ax""'+...+a" 'x+a, . Tak xak Ha yuCIIO-
BOM MPSIMOI MHOXKECTBO KOpHEH f{x) KOHEeUHO, TO A f(X) cymecTByeT ¢ € R
Takoe, 4to Va > ¢ f(a) # 0. B Buny HempepsiBHOCTH f{x) sgn f(x) Ha mpome-
XKYTKe (¢, +00) mocTosiHeH. M3 CBOHCTB MHOTOWJICHOB BBITEKAaeT, 4TO Ha (C,
+00) sgn f{x) = sgn ax".

Torna, ecn @, € N, To cymecTByeT ¢ > 0 Takoe, 4To Ha (¢, +o0) sgn f{x) > 0.

O6parumcst Tenepp K MHOXKeCTBY N[x] W 3amaauM oTHoOmIeHHue: f(x) >
> g(x) <=> crapmmii ko3ddunuent pasHocTH f(x) = g(X) ecTh YNUCIO HATY-
pajbHOE.

OueBUaHO, BBEJCHHOE OTHOIICHHWE COBMAJACT C OTHOIICHHEM, yKa3aH-
HBIM B ()OPMYJINPOBKE 3a/1a4H.

1) IMokaxkem, uto <N[x], <> TUHEHHO yNOPAI0YECHO.

W3 Teopun 4MCIOBBIX CUCTEM M3BECTHO, YTO B KOJbLE Z[X] MHOXECTBO
S={fwla, € N} — onvH U3 MONOKHUTETBLHBIX KOHYCOB, CIIEIOBATENBHO MHO-
KECTBO Z[X] TNHEHHO YyNOPAI0YEHO:

i+12 "
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V), gWf(x) > g(x) <=> (f(x) — g(x)) € S. CrnenosarensHo, Tak KaK
Nlx]cZ[x], To N[x] — Takke TUHEHHO YIOPSIA0UYECHO.

2) IokaxkeM, uTo <N[x], <> BHOJHE YIOPSAOUEHO.

Paccmotpum MHOXKECTBO A # & A AcN[x] 1 mOKaxkeM, 9TO B HEM €CTh
HaMMEHBIINH 3J1eMeHT. 3aMeTnM, 4To eciu deg f(x) > deg g(x), To f(x) > g(x).
ITosTOMy paccMoTpuM B A Bce MHOTOUWIEHBI HAMMEHbIIEH cTenenu k. [Tycts
B = {f(x) € A|deg f(x) = k}. OroxxaecTBUM KaKJbplli MHOTOWIECH f(x) € B
¢ (k + 1) — MepHBIM BEKTOpPOM (@, 4, ... d,), KOOPAMHATAMH KOTOPOTO ABJIS-
10TCs1 KOOQPUIUEHTHI 3TOro MHOTrouJIeHa. COrJIacHO ONpeNesICHHIO MOpsaKa
J)>gx)<=>a,>b,v (@,=b,na,>b)v(a,=bra=b ra,>b)v ...
v(@,=bjna =b rna,=b,A...na, =b,_ Aa,>b)TReq,a, ... a,—Ko-
3¢ puumrenTs MHOrounena f(x), a b, b, ... b, — k03pGUIUEHTH MHOTOYJIEHA
g(x). Takum 0Opa3oM MOPAJOK, 3aJaHHBIH Ha B, coBmagaeT C MOpsAKOM Ha
Nt CneoBaTeIbHO MHOKECTBO B BIIOJNIHE YMOPSIIOYCHO, 8 3HAUYUT UMEET
HAUMEHBIIUN JIEMEHT. 3aMeTuM, 4To eciu u(x) € A\B, a b(x) € B, To u(x) >
> p(x). Takum 00pa3oM, HAUMCHBIIUN 3JIEMEHT B SIBIACTCS HAUMCHBIIUM
3JIeMEHTOM A, clieIoBaTeIbHO MHOXKECTBO N[X]| BIIOJIHE yHOPS JOUEHO.

Ipennoxenne 2. O0beMHEHNUE IBYX HETIEPECEKAIOIINXCS BIIOJIHE YIIO-
PAIOYEHHBIX MHOKECTB <A, < > H <B, <>, MOXHO BIIOJIHE YTIOPAIOYHTh.

Jloxazamenvcmeo. Paccmorpum MHO)kecTBO C = A4 U B, 3apanum Ha HEM
OMHApHOE OTHOIICHHUE

¢,c,€dne <, C,
<Ve¢,c,eCc <c, <1¢,6,€Bac <, C,

c €dyc, B

HecnoxxHo mokasarh, YTO OTHOIICHHE < SBIISICTCS mopsakoMm Ha C, T.e.
<C, <> — yHopsI04eHHOE MHOXECTBO.

Iycte ScC, S # . Tlokaxem, uto S 001aTaeT HAMMEHBIITUM 3JICMEHTOM.

1) ScA: Tak xak A BIOJHE yHOPSAOUEHO U MopsiAoK Ha C IPOIOIIKAET Io-
psasiok Ha A — B S €CTh HAUMEHBIIUN DJIEMEHT.

2) Sc¢B — aHaJIOTUYHO.

3 Mycte SNA=S'"#DASNB=B'#. Tak kak A N B=J, 10 V,aV, b
a <b. C npyroii croponsl, S'c4. Cormacuo mynkry 1, B S' 3¢V a(a” < a). Ta-
KUM 00pazoM, Vx(a” < x). To ecTb, a” — HauMeHbIIHH 271eMeHT S.

CrnemoBarenbHO, MHOXKECTBO C BIIOJIHE YIIOPSTOUYCHO.
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Tenepb MBI MOXEM ITPUBECTH €IIE OIMH IPUMED BIIOJIHE YIOPSIIOYSHHOTO
MHOKECTBA.

Tak Kak KaXJ[0€ MOJMHOXECTBO BIIOJHE YIOPSIOYCHHOTO MHOXECTBA
SIBJISICTCS BIIOJIHE YIIOPSJOYCHHBIM, TO MHOXKECTBO HATypPallbHBIX YHCEN,
YHOPSAOYEHHOE CleyIomumM oopazom: 0 <2 <4 < ... <1<3<5... BruonHe
YIOPAIOYEHO.

O003HaYMM 3TO MHOKECTBO <N, <, >.

3aMeTHM, 9TO 3TO MHOKECTBO <N, < > HEM30MOPPHO <N, <>, TaKk Kak
B <N, < > 15 BCEX 3JIEMEHTOB, KPOME HAUMEHBIIETO, CYIIECTBYET MPEIIbI-
JIyIIHiA, a 11t 1, KOTopasi OYeBHUTHO HE SBISICTCS HAMMEHBITUM SJIEMECHTOM
B <N, < >, OPEABIIYIIErO HET.
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KOBAPUAHTHOE JU®PEPEHIIMPOBAHUE
HA CYHHEPMHOI'OOBPA3UAX

A.H. Hacub6oBa
Tomckuii 2ocydapcmeenHblil nedazo2uiecKull YHusepCumen
Hayunwiii pyxosooumens — kano. Qus.-wam. nayx, ooyenm O. B. Paduenko

Wzyuenue cynepMHOrooOpasuii BKJIOYaeT B ce0st MaTeMaTHUECKUE UAEH
13 TEOMETPHH, aHAJN3a, aJIreOpsl ¥ TOMOJIOTHU. B TO Bpemst kak OCHOBHas
MOTHBALUS U3YYEHUS 3THX OOBEKTOB MJAET M3 (U3MKHU >JIEMEHTapHBIX Ya-
CTHII, TTOHATHS W S3BIK CYNEPMHOr000pa3uii OKa3aJCh MOIIHBIM HHCTPY-
MEHTOM IPH PEIICHUH IPOOIeM MHOTHX pa3/ieax TeOpeTHUECKOl (QU3NKH
1 MaTeMaTUKH, ¥ AUANA30H UX IPUMEHEHUS IPOJOIIKAET PACIIUPITHCA.

[IpucTaBka «cynep» HUCIOIB3yeTCs CO MHOTUMH MaTeMaTHYeCKUMHU 00b-
eKTaMH 1 0003Ha4YaeT paclIMpeHHe MCXOTHOTo IOHSATHS Ha CiIydail, Korzna
IIOMHUMO KOMMY THPYIOIIMX EPEMEHHBIX UMEIOTCS 1 aHTHKOMMY THPY IOIIHE.

104



Takum o6pazom, 1oJ cynepMHOroodpa3zueM NOHMMAETCs paclIupeHHe Kiac-
CHYECKOTr0 MHOT000pasus Ha Cirydai, Korzia Cpeay IepeMEeHHBIX BCTPEYatoT-
Csl aHTUKOMMYTHPYIOIIME BEITHYHHBI.

PaccMoTpuM psl OCHOBHEIX ONpeAeaeHUI.

PaccMoTpuM aHTUKOMMYTHPYIOIHE BETUIUHBI, KOTOPBIE €CTECTBEHHBIM
00pa3oM BBOAATCA B paMKax MaTeMaTHYecKOoil KOHCTPYKIIMH, Ha3bIBaeMOU
rpaccMaHoBoOU anreopoii [1].

Auredpoii I'paccmana Ha3pIBaeTCs accolMaTHUBHAs ajredpa ¢ eauHH-
1Iei, eclTi B HEll CyIIECTBYET CUCTEMA 00pa3yIoIINX, COCTOSIIAs U3 3JIEMEH-
ToB &, i= 1,2, ... ¢, yIOBIETBOPSAIONINX CBOKCTBY:

DEE, +E.E =0,BuactHocTn 7 = 0. (1)

JIro60it anemenT anreOpsl ['paccmMana MOXKHO ITPEACTaBUTH B BUIE:

f =f(§)222f[,,__.[A g[l ...E_.[‘ > (2)

k20,

T. €. 3J'IeMeHTfBLIpa)KaeTCH B BUJC IIOJIMHOMA OT 06pa3y101111/1x E—’i‘

Ecnu cJlara€MbIC, CTOAIIUEC B npaBoﬁ qaCTu ,HaHHOﬁ 3arucCu, OTJINYHEBI OT
HYJIA JAIIb C YCTHBIMU k, TOoraa 3J'IeMeHTfHa3LIBa€TC${ YemmnuviM 110 OTHOLIC-
HUIO K CUCTCMC KaHOHHYCCKUX 06pa3yfom1/1x E—’i‘ Ecnu xe B CYMME OTJIMYHbI
OT HYJIA cJiara€MbI€ C HCUCTHBIMU k, TO 3J'IeM€HTfHa3BIBaCTCH HeyemHbviM 110
OTHOIICHHUIO K CUCTCMC KAHOHHNYCCKHUX 06pasy}0nmx éi'

Kaxk YCTHBIC, TaK M HCYCTHBIC JJICMCHTBHI HA3BIBAIOTCs OOHOPO()HblMM
B CMBICJIC YCTHOCTH.

I[J'U{ OAHOPOAHBIX 3JICMCHTOB BBOJUTCA (I)yHKIII/ISI e(f), Ha3bIBacMasd
ZPGCCM(ZHOBOMV UenmHocnvio.

0, 119 YETHBIX JIEMEHTOB,

e(f)= ©)

1, 1T HEYETHBIX JIEMEHTOB.

3aMeTuM, 4YTO KaHOHHYECKHE 00pa3yIole BCeria HeYeTHBI.

[lepeitneMm K paccCMOTPEHUIO OCHOBHBIX OMPENEICHUN U COOTHOIICHUH
TEH30pPHOT'0 aHaJIN3a Ha CYNIEPMHOTr000pa3usiX, KOTOPHIE UCTIONb3YIOTCS IPU
MPOBEJCHUY BEIYUCICHUIM.

[Tycts M — cynepmHoroo6pasue, dim M = N. PaccMoTpuM kacaTelbHOE
7;) M 1 KOKacaTenbHOe ]; *M mpocTpaHCTBa, MOCTPOCHHBIC ISt TOYKU p € M.
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T sBnsieTcs men3opom TMNA (1, M) B TOYKE p, €CJIN JUJISl BCEX IJIEMEHTOB
0,0 € ];*M, Beex X, Y e TLMI/I BCEX 0L € A OHO yJIOBJIETBOPSET CIEAYIOIUM
MYJIBTUINHEIHBIM 3aKOHAM:

T(.X+Y.)=T(.X.)+T(..Y..),
T(...00,0...)=T(...0, ac...), 4
T(...00, X...)=T(...0, a.X...),

T(..Xo, ¥..)=T(.. X, al..),
T(...Xo) = T(... X)a.

3akoHOM MpeoOpa3oBaHus s TCH30pa THHA (11, m) B TOYKE p MIPH Tepe-
XO0ZIe OT OAHOW JIOKAJIbHOW CHUCTEMBI KOOPAMHAT K APYToil: mpu mepexoae

) — ) [2]

icd, _ i 00X O ¥t axt
oeedn TRk i T SR G T ot S
et m oo . ®)
S epey e i3 e, 00 )3 S e, (o 0a,)
=l

s=1 p=s+1 s=1 p=I s=1 p=s+1
x (—=1)\ ’ .

Jl1s TEeH30pOB HPOCTEHIIMX THUIIOB 3aKOH MpPeoO0pa3oBaHUS BBITIAIUT
CIEeYIOMUM 00pa3oM: COOTHOMIEHUs (5) B MPOCTEUIINX CAydasx IJIsl BEK-
TOPHBIX I10JI€H U KOBEKTOPHBIX I10JIEH UMEIOT BUJ:

; ox' o.x"
T =T T =T, ©)
ax ax
a JUIsl TEH30PHBIX MOJIEH BTOPOr0 paHTa pa3IMuHbIX TUIIOB paBeHCTBA (5) 3a-
[IUCBIBAIOTCS KaK

i axj axi‘ e (e+€,)
sz :Tmn_ _1/‘ m, 7
P ax"’( ) @
ox"ox" € (e +e
=T, S (<), ®
/ ox’  ox'
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7 =g OO0 e, ©)
/ ox’/ ox”

W3 TenzopHoro nons tuna (n, m) para n + m, rae n # 0, m # 0, MOXXHO
MOCTPOUTH TEH30pHOE Toje Tuma (n — 1, m — 1) panra n + m — 2 cBepTKOH
OITHOTO BEPXHETO M OJJHOTO HMKHETO WHIEKCA 10 MPaBHITY, OIPEACISIEMOMY
3HAKOBBIM MHOXKHTEJIEM B CIIEAYIOLIEM BBIPAXKCHUU:

€ (G, ooFE, FEy tote

Tty (1)

Ji---Jg1¥ge1---Jm

l+1)

(10)

B wacTHOCTH, NIt TeH30pHBIX Toelt Tuna (1,1) cBepTka naeT cynepcien
T/ (-1)". (11).

U3 1By X TEH30pHBIX nojiel U " u Vj, ;. © HOMOILbIO ONEPALHH YMHO-

JKCHUA MOKHO MMOCTPOUTH HOBBIC TCH30PHBIC ITOJIA 110 ITPpaBUJIAM

UilminkV — Til...r.” (12)

L/ Jieidm?

e(V)(ql +ot6, 6 )+5k

=D

KOTOpBIE IEHCTBUTENBHO MPeoOpa3yoTcsl COTIACHO OCHOBHOMY TEH30PHOMY
3akomny (5).

Kak u B ciiydae TEH30pHOTO aHaJIM3a Ha MHOroooOpasusx [3], Ha cymep-
MHOroo0pasusx M MO>KHO BBeCTH KoBapHaHTHOe nuddepeHunpoBanue (1im
aQQUHHYIO CBA3HOCTD) Kak oToOpaxenne V ¢ kommoneHTamu V, (V) = ¢
HaOopa TEH30pHBIX IoJyie Ha M camoro B ce0sl, yAOBJICTBOPSIONIEE ABYM
TpeOOBaHMSIM: BO-TIEPBBIX, OHO JIOJDKHO OBITH TEH30PHOW oneparuei, JencT-
BYIOIIEH CIpaBa M 00aBIISIIONIEH OJMH HUXHUH HHJEKC, BO-BTOPHIX, B CITy-
yae, KOrJja BO3MOXKHO BBE/ICHHE JIOKAJIBHBIX JIEKAPTOBBIX KOOPIMHAT, OHO
JIOJDKHO CBOAMTHCS K OOBIYHON (IIpaBOii) IPOU3BOAHOM.

ITycTs (x) siBiIsIEeTCst IEKapTOBOW cUCTEMOW KOOpAMHAT, a (x') — mpoms-
BOJIbHOI! cucTeMoi koopauHat. PaccMorpum BektopHoe mose 7. Torna B cu-
cTeMe (X) MBI UMeeM:

v, =Tj, (13)
a B KOOpAMHATHOMH cucteme (x°), ¢ yaerom (9) u (8), MBI MOITyduM:
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7'V, = (T’;")ar_x‘"%(_l)@(sm) _

J axj ox"
_ Tk' % 8_ra,xv" axiv (_1)51(5,+e,,,) _
oxt )jox" ox/ ox"
_pe[@x") o, o ox' (1)) 4 0,1 0" ax" o.x" ax' _ (14)
ok ox" ol ox" ol ox" ot ax/ ox”
K 2..m
a T 6[ 61 6 'x a ( l)ek(e +l)
o' o ok o’

_ i ki _1\& &+
=T 4 TET (<),
rac F;j‘ — KOMITIOHCHTHBI a(l)(bHHHOﬁ CBA3HOCTH:

;o ox ax”
K ox axtoxd
Io ompemeneHnio OHU 06TaIAI0OT CBOMCTBOM OGOOIIEHHOW CHMMETPHH
10 HUKHUM HMHJIEKCAM:

—F’ (=)™, (15)

AHaNoru4yHo, IefCTBHE KOBApHMAHTHOM NPOM3BOJHONH Ha KOBEKTOPHBIE
noJist T, 1aeTest COOTHOLIEHUEM:

TV = (T, ) S O Lyt
o R
k n m
|7 a},x 8r arx arx (_l)cj(qﬂm):
Foox™ Jox" ox’ ox'
K n m
_7 0,x" |0, 6rxj 6,_xll (_1),(5,+e,,‘)+ (16)
Floox™ Jox" ax’ ox'

N 0, T, 6x 0.x" 0, x* 6 x"

8x. 5)6 ox’ ox" ox

a 2 K n m e .
__r k 81 81 a a X arx _1)61(61 ) — T . +T1—~k
ox' % ox"ox" ox’ o' Lok
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rne I ;k — KOMIIOHEHTHI a))HHON CBSI3HOCTH:

2.0 !
~ arxl 8rx ﬁrxp G (e, +e) i i
* S arad o o D D= e
ox’ox' ox* ox’ ‘ ‘

W yanTeiBas momy4eHHOE paBEeHCTBO, hopmyia (16) nepenumeTcs B BUIE:

Z’V(/‘ = 7:; _Y;crljk'

B o0mem ciygae Ha IPOU3BOIBHOM cynepMHOT0o00pa3nu M appuHHBIE
CBSI3HOCTH HE OMPEAEISAIOTCS YaCTHBIMHU NPOM3BOJHBIMU TI0 KOOPIWHATAM.
BasTre xoBapmaHTHON TPOM3BONHOW V ompexnemnsercs kKak mpaBoe audde-
PEHIIMPOBAHHUE W MOCIEAOBATEIbHAS CBEPTKA BEPXHUX M HUKHUX MHACKCOB
C KOMIIOHEHTaMH CBS3HOCTH aHAJOTHYHO CIIY4ar0 BEKTOPHBIX M KOBEKTOP-
HBIX HOJEH.

Mps1 npuBeneM 31ech GOpPMYIBI ISHCTBUS KOBapUAHTHOW MPOU3BOIHON
HAa IPOU3BOIBEHBIC TEH30pHBIC MO BTOporo panra tuna (2,0), (0,2) u (1,1):

TV, =T] + 7T} (-1 + T/ (=)™, a7
LV, =T, _];lri'k _erfk (=)™, (18)
T)V, =T}, =TT + T[T, (<), (19)

KommonenTs! adprHHOM CBA3HOCTH HE MPE0OPa3yIOTCs KAaK KOMIIOHEHTHI
CMEIIAHHOT'O TEH30PHOTO TTOJIS:

yo.x , 0x"0x" 0x 0x"
ox' " oax) ot o ax’oxt

Eciu T, 06nasaloT cBo#cTBOM 060GUIEHHOH CHMMETPHH, TOT/IA TOBO-
PAT, 4TO Ha M3aL[aHa CUMMETPpUYHAs CBA3HOCTD.

KOBapI/IaHTHaH MMpOn3BOJHAA UCTIOJIB3YETCA JJId MOCTPOCHU A, HAIIPUMCED,
TEH30pa KPUBU3HBI, KOTOPBI UI'PACT CYILIECTBEHHYIO POJIb B PA3JIMYHBIX
pasnenax TeopeTHUCCKONW (HU3UKH.

Paccmotpum cynepmHoroo6pasue M u OyJeM CYMTaTh, YTO OHO OCHa-
IIEHO CHMMETPHUYHON CBSI3HOCTHIO (KOBapHaHTHON MpPOM3BOIHON). TeH30p

i € (6, ¢;
I, =) C0)
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KPUBU3HBI R, B KOOPIMHATHOM Ga3uce OMpeseNseTcst AeHCTBUEM KOMMY-
TaTOpa KOBAPUAHTHBIX IPOM3BOJHBIX [Vi,V /} =V,V,=(-1)""V,V, Ha Bek-
TOPHOE IOJIE TI0 PaBUITY:

T [Vj,vk:| _ —(—1)61(6'+1)T1R2k, (21)

HenocpencTeennoe BEIYUCIEHHE IPUBOLUT K CIETYIOIEMY BUAY TEH30-
i
pa Ry :

Rl =T+ T (A7 T, (A1) T, @)

KoMMyTaTop KOBapHaHTHBIX MPOU3BOJHBIX YIOBIETBOPSET CYHNEPTONK-
necTBy SIkoOu:

[Vl VoV 0 +[ V[ VLV, )0 +[ VL[V D™ =0,

13 KOTOPOTO BBITEKAIOT CYNEPTOXIeCTBO SIKoOH 1 cynepToxxaecTBo buankn
JUTSL TCH30pa KPHUBHU3HBI.

Takum 00pa3oM, MBI BUIUM, YTO KOBapHaHTHOE Iu(epeHIINPOBaAHNE
TIO3BOJISIET OMPEACTUTH OOBEKTHI, KOTOPHIE UTPAIOT KJIFOYEBYIO POJIb B MaTe-
MaTHYeCKOH (usnke.
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HNCTOPUA N HEKOTOPBIE UHTEPECHBIE ®AKTbI
OYUCJIE ©

M. M. Iloropenoga, 1. C. BopoHoBa
TomcKuti 20Cy0apcmeeHHbIl YHUSePCUMem
Hayunweiii pyxosooumenv — T. B. Emenvanosa

Yucino T (IPOU3HOCUTCS «IIM») — MaTeMaTH4decKasi KOHCTaHTa, BRIpaXkato-
11asi OTHOILEHUE JJIMHBI OKPYXKHOCTHU K JJIMHE ee quameTpa. Yucno m — up-
palnMoHaIbHOE YHCIIO, T.€. €ro 3HaYeHHEe HE MOXET OBITh TOYHO BBIPAXKEHO
B BUJe 1podu m/n, rne m u n — uensle yncia. CienoBaTesbHO, ero AecsATHY-
HOE MPEACTABJICHUE HUKOIa HE 3aKaHYMBAETCS U HE ABIISIETCS Iepuojude-
cKkuM. Uuncio m Takke He MOXKET OBITh IIPE/ACTaBIEHO KaK KOHEYHas I10CIIe10-
BaTEJILHOCTH aJITreOpanvecKux onepanuii Ha i IeJIbIMH YUCIaMU (BO3BEIICHHE
B CTEIEHb, U3BJICUCHHE KOPHS, CyMMHPOBAaHHE U T.J.). Ynucno m — TpaHc-
LEHJICHTHOE, 3TO O3HAYaeT, YTO OHO HE MOXET OBITh KOPHEM KaKOro-Inbo
MHOTO4YJIEHA C LENBIMH KO3((HUIIMEHTaMH; J0Ka3aTelbCTBO 3TOro (hakra
®. JInnnemMaHOM OBLIO KPYTTHBIM AOCTHXKeHHEM MateMaTuku XIX cronerus.

Ha BceM mpoTsi’KEeHUM UCTOPHH MAaTEMAaTHKH ObLIO MHOXECTBO IOIIBITOK
Gosee TOYHO ONPENETUTH U TOHATH MPUPOIY YHCIA T, OHO IPHUBIIEKAET HE
TOJIKO MaTeMaTHKOB. BriepBbie 0003HaU€HHEM 3TOr0 YHcia Ipedeckor Oyk-
BOW BoCToNIb30BasIcsi Oputanckuit Maremaruk Jxonc (1706), a odbmenpuns-
TBIM OHO cTaJIo nocie padot Jleonapaa Ditnepa B 1737 [1]. OTo o6o3HaueHHE
MPOMCXOIUT OT HAYaJbHOW OYKBBI I'PEYECKHX CIIOB TEPLPEPELDL — KOKPYHK-
HOCTBY, «Tepudepus» u mepilletpog — «nepumerpy». Mcropus yucna © nuia
NapajuleIbHO ¢ pa3BUTHEM BCEH MaTeMaTHKH M JIEJIHUTCS Ha TPU IEepHOa:
JpEeBHUI NEepuoj, B TEUEHHE KOTOPOT0 T U3ydaloch ¢ MO3UIUU F€OMETPUH,
KJIACCUYECKUHN MEpHUOoJ, MOCIENOBAaBIIMM 3a pa3BUTUEM MaTEMaTUUYECKOrO
ananuza B EBpone B XVII B., n nepuo nn(ppoBbIX KOMIIBIOTEPOB.

To, 4TO OTHOLICHHE JJIMHBI OKPYXKHOCTU K AMAMETPy OJUHAKOBO MIJIsS
7M000i1 OKPY’KHOCTH, U TO, YTO 3TO OTHOLIEHNE HEMHOTUM Oostee 3, ObIIIOo 13-
BECTHO €Ill€ JPEBHEErNIIETCKUM, BaBUJIOHCKUM, IPEBHEUHAUNCKUM U JPEB-
HerpeyeckuM reomerpaMm. Camoe paHHEE M3 H3BECTHBIX INPHOIMKEHUN
narupyercs 1900 r. 1o H.3.; 970 *%/, (BaBuiion) u **°/, (Erunet), 00a 3Hade-
HUSl OTIMYAIOTCS OT UCTHHHOTO He Oonee, yeM Ha 1 %. MHnuiickuil Texkcr
«Maranarxa bpaxMaHna» gaet © Kak 339/108 =~ 3,139 [2]. Apxumen, BO3MOXKHO,
HEePBBIM IPEAJIOKIII TeOMETpHUECKUi crioco0 Berancienus nt [3]. Jist aToro
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OH BITMCHIBAJ B OKPY>KHOCTH M OITMCHIBAJ OKOJIO HEE IPaBHJIbHBIE MHOTO-
yronpHuKH. [IpuHUMast TuamMeTp OKpY>KHOCTH 3a €IUHUILY, ApXUMeZ pac-
CMaTpHBaJl IEPUMETP BIIMCAHHOTO MHOTOYTOJIBHUKA KaK HHIKHIOIO OLIEHKY
JUIMHBI OKPY’KHOCTH, a NEPUMETP OIUCAHHOTO MHOTOYT'OJbHHMKA KaK BEpX-
Hioto oueHKy. Oxoio 265 1. H.5. Matematuk JIro Xyail u3z napcrsa Baii npe-
JOCTaBHJI IPOCTOM W TOYHBIM WTEPATUBHBIA aJITOPUTM ISl BEIYUCICHUS T
c 110001 cTeneHpto TouHOCTH. OH CaMOCTOSITEILHO IIPOBEIT BEIUNCIICHHE JIJIS
3072-yroiapHHKA U MOy YHII TPUOIMKEHHOE 3HAYSHHUE JIJIS T 110 CIIEAYIOoIIe-
MY IIPUHLHAITY:

TR Ay, =3-2° 4242+ 2+\/2+\/2+\/2+\/2+\/2+\/2+1 ~3,14159.

[oznnee JIro Xyaii npuyman ObICTPbI METO/ BEIYNCICHUS T U TTOJTY YHJIT
npubimxenHoe 3Hadenue 3,1416 ToapKo IUIb ¢ 96-yroIbHUKOM, HCHIONB3YS
IIPEeUMYIIECTBa TOro (aKTa, 4YTO Pa3HHUIA B IJIOMAIM CIEAYIOMINX IpyT 32
JpPyrOM MHOTOYTOJIEHUKOB (DOPMHUpPYET I€OMETPHYECKYIO IPOTPECCHIO CO
3HaMeHaTeneM 4. Mtak 3HaueHNe YKCia MU C IIECThI0 3HAKaMU MOCIE 3ars-
TOM, BeruucieHHoe JIto XysiieM, 0cTaBaoch caMbIM TOYHBIM IPUOIMKEHH-
€M B TedeHHnH nocaenyromux 900 aert.

Ho II teicsaueneTus Obu10 M3BecTHO He Oosee 10 nudp n. JansHeimme
KpyIHBIE JOCTUXKEHHUS B U3yUEHUH T CBSI3aHBI C pPA3BUTUEM MaTEMATUUECKO-
r'o aHaJIn3a, B 0COOEHHOCTH C OTKPBITHEM PSJIOB, TIO3BOJISIOMINX BEIYUCINUTD
T ¢ 110001 TOYHOCTHIO, CYMMUPYSI MOJXO/sIIEe KOJTHUECTBO YICHOB PsAa.
B 1400-x rr. Maaxasa n3 CanraMarpama Halies NepBblid U3 TAKUX PSIOB:

4 4 4
T=———F+———+..
1 3 5 7

[lepBbIM KpYIHBIM €BpPONEHCKMM BKJIQZAOM CO BpeMeH Apxumena ObLil
BKJIaJ rojiaHackoro Matemaruka Jlynonsda Ban Leitnena (1540-1610), 3a-
TPATUBLICTO ACCATDH JIET HAa BBIYMCIICHUE YHCJia TT C 20 JACCATHYHBIMHA IJ,l/I(l)-
pamu (3TOT pe3yibraT Obu1 onmyOiaukoBaH B 1596 r.) [4]. IlpumenuB meTon
Apxumena, OH J0BEJT YABOCHUE 10 n-yroibHHKA, TAe n = 60-2%. N3n0xuB
CBOM pe3yJbTaThl B counHeHHH «O0 OKpyXHOCTHY, JIynonbd 3aKOHYHII ero
cioBaMu: «Y KOro €CTh OXOTa, MMyCTh WAeT nainbliey. [locie cmepTH B ero
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pyKomucsix ObLIH 0OHapyskeHs! enle 15 Tounslx nudp yucna n. Jlynonsd 3a-
BeIllajl, YTOObI HaliIeHHbIE UM 3HaKM OBLIN BBICEYEHBI HA €r0 HaJArpOOHOM
KaMHe. B 4ecTb Hero 4mciio T MHOTAA Ha3bIBAIH JIyHOJIb(OBBIM YHCIOMY,
wim «koHcTaHTol Jlymonbgay. [IpumepHO B 3TO e Bpemsl Ha4alu pas3BH-
BaThCSI METOABI MaTEMAaTHYECKOr0 aHAJIN3a, TEOPUs PSIIOB U OECKOHEUHBIX
npousBeneHuil. [lepBbiM TakuM npencrasieHreM Obia popmyrna Buera:

2 V2 2442 2442442
T 2 2 2

HaiiieHHast uM B 1593 1. [S]. JIpyrium U3BECTHBIM Pe3yiIbTaToM cTana Gpopmy-
na Bannuca:

m 22446688

2 133557797

BbIBeIcHHAs B 1655 1. [6].
IepByro 3 dexktuBHyto dopmyny Hamen B 1706 . [>xkon Mauun (John
Machin) [7]:

T 1 1
” = 4arctg——arctg—

239
Pa3noxus apkranrerc B psa Teitnopa
arctgx = x x + x _x +
3.5 7 7

MOYKHO TOJIy4HTb OBICTPO CXOASIIMKCS Psi, HPUTOAHBIN ISl BBIYUCICHUS
yucia 1T ¢ 00JIBIIOH TOYHOCTEIO.

®opMyIbl TAKOTO THIA, B HACTOSIIEE BPEMs U3BECTHBIE KaK (hOPMYIIBI
MbunHa, UCTIONB30BANNCH ISl YCTAHOBKM HECKOJIBKUX IOCIIEN0BATENbHBIX
PEKOPAOB M OCTAJIUCH HAMIYYIINMHU M3 BCEX M3BECTHBIX METOJOB I ObI-
CTPOTO BBIYMCIICHUS T B 3II0XY KOMIBIOTEPOB. Dilnep, aBTOp 0003HAYECHUS
m, noxy4wi 153 BepHbIx 3Haka. Hanmyummuii pesysnsrar k koHy XI1X B. Obu1
NOJy4eH aHrmu4aHuHoM Bunssmom Illenkcom, y kotoporo yuuio 15 net gis
TOr0, 4TOOBI BEIYUCINTE 707 1udp, XOTS U3-3a OMIHUOKHU TOIBKO IEepBble 527
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6butn BepHbIMH. OmnOKy Illenkca oOHapy>kKHJI OAMH W3 MEPBBIX KOMIIBIO-
TepoB B 1948 I.; OH k€ 32 HECKOJIBKO YyacoB noacuutan 808 3HaKOB YuCIa 7.

Onoxa nudpoBoii TexHUKHU B X X B. IPUBEJIa K yBEINYESHNIO CKOPOCTH MO~
SIBJICHH S BBIYUCIUTENBHBIX pekopaoB. /xoH ¢on Heitman u np. ncrons3osa-
1 B 1949 r. DHUAK (ENIAC, cokp. ot Electronic Numerical Integrator and
Computer — DIeKTPOHHBII YNCIIOBOM MHTErPaTOP M BHIYUCIUTENb) ISl BbI-
yucieHus 2 037 uudp gucna nt, kotopoe 3anso 70 gacos. Emie ogHa ThICS4a
uudp ObuIa TOJIyYeHa B MOCIIEAYIONUE JeCATUIIETHS, 8 OTMETKAa B MUJUIMOH
Obuta mpoiineHa B 1973 1. B Havane XX cTONCTUS WHIUHCKUNA MaTEMaTHK
CpunuBaca PamanymkaH oOHapy K1 MHOXKECTBO HOBBIX (hOPMYJI IUIS T, HE-
KOTOpBIE U3 KOTOPBIX CTAJIX 3HAMEHUTBIMU U3-3a CBOEH 31EraHTHOCTH U Ma-
TeMaTndeckoi r1yonHsl. OnHa u3 3TUX GOpMYI — 3TO Pl

1 22&

225 (4k)!(1103+26390k)
mo9801{T  (k!) 396"

U T0X0XKas Ha Hee, HalifieHHas OpaThsiMu Yy 1HOBCKUMHU (aHTIL.), B 1987 .,

42688010005

i (13591409 + 545140134k)
i k)!(k!)’ (~640320)™

KOTOPBIH BEIYHCIACT M0 14 1udp 3a xox [8]. Uy THOBCKHE HCIIOIB30BAIN 3TY
(dopMyIty A TOrO, 4TOOBI YCTAHOBUTH HECKOJIBKO PEKOPOB B BHIYHCICHUN
7 B KoHIle 1980-X IT., BKJIIOYAsl TO, B Pe3yJbTaTe KOTOPOro OBLIO MOITYUYCHO
6onee mumuapna (1011196 691) nudp aecatuanoro pasmoxerus (1989 r.).
Ora QopMmyna UCHONB3yeTCS B IPOrpaMMax, BBIYUCISIONIMX T Ha TEPCO-
HaJBHBIX KoMIbIoTEepax. B 1975 r. Puuapx Bpent (anrin.) u FOmkun Canamun
(aHTJ1.) HE3aBHCUMO JAPYT OT APYTa OTKPBLIN aJTOPUTM, KOTOPBIHA U OBbLI Ha-
3BaH B UX YeCTh. B anropur™e ncronb3yercs TUIIb apuMeTHKa, Ha KaXI0M
1Iary yJIBanBaeTcsl KOJIMYECTBO M3BECTHBIX 3HAKOB. AJITOPUTM COCTOMT U3
YCTaHOBKH Ha4YaJIbHBIX 3HaYCHU

U UTEpaLMii:
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a, +b
— n n —
an+l - 2 > bn+l anbn s fntl T tn - pn (an n+l ) pn+1 2pn’

noKa a, u bn HE CTaHYT JOCTaTO4HO Om3kH. Torna oneHka 1t naetcst opMynoit

(an +b, )2
4,

T~

IIpu ucnonb3oBaHUU 3TOM CXEMBbI 25 UTEpalluil JOCTATOYHO AJISI TOTY-
YeHUs 45 MUIJIMOHOB JIECATUYHBIX 3HAKOB. BaKHBIM pa3BUTHEM HEIaBHETO
BpeMeHHM ctana ¢popmyna baiinu — Bopyaiina — [Tnagda (Bailey — Borwein —
Plouffe formula) (popmyna BBII), otkpsitas Caiimonom Ilnaddom u Ha-
3BaHHAas 110 aBTOpaM CTaThd, B KOTOPOI OHa BIIEpBbIE ObljIa OITyOJIMKOBaHA —
David H. Bailey, Peter Borwein and Plouffe [9]. Ota ¢opmyna,

o iL 2 11
Z16\(8k+1 Sk+4 8k+5 8k+6)

MpUMeYaTeIbHa TEM, YTO OHA ITO3BOJSET H3BIECYh JIFOOYI0O KOHKPETHYIO
MIeCTHAANATCPUIHYIO FIIA TBOMYHYIO MU(PY YHCIa T Oe3 BEIYUCICHUS Tpe-
mernymux. C 1998 mo 2000 r. pacmpenencHHbIH mpoekT PiHex ucmons3oBan
Bugou3MeHeHHYI0 hopmyny BBIT ®abprca bennapa s BEIYHCICHUS KBa-
prmmurorHoro (1000000000000 000) 6uTa yrcna T, KOTOPHII OKa3aJICs HyJIeM.

Taxum 00pa3oMm, JIFOIU MBITATNCH Y3HATH BCE OOJIBIIE 3HAKOB YUCIIA T I10-
cie 3anaroi. Ho naBaiite 3aganumcst BOIPOCOM: 3a4eM OHHU 3To aenanu? Hy,
BO-TIEPBBIX, JJISI O9CHb TOYHBIX BBIYHUCICHHH KaKOW-HUOYIb OPOUTHI CITyT-
HUKa JKeJIaTelbHO HMETh ITUX 3HAKOB MOOOIBINE, a TO MOXKHO U B JIyHY He
nmornacth. JlJIsi CTPOUTENBCTBA TUIOTHH U TUTAHTCKUX MOCTOB TOXE HY)KHA
TOYHOCTH. A BO-BTOPBIX, X 3TO TTIABHOE, YHCIIO T IMEET U COOCTBEHHYIO Ha-
YYHYIO IICHHOCTh. B mpoliecce BRIYUCICHUH 3THX CaMBIX 3HAKOB OBLIO OT-
KpPBITO MHOKECTBO Pa3HBIX HAyYHBIX METOJOB M obnacTeil Hayk. Ho camoe
TJIaBHOE — B JACCATHYHOW YaCTH YHCIIA T HET IMOBTOPCHHM, KaK B OOBIYHOM
MEPUOIUYCCKON TPOOH, a YHCIIO 3HAKOB IIOCIIE 3aIATOH y Hero — 0eCKOHed-
HO. [TocKONBKY B MOCIEOBATEIFHOCTH 3HAKOB YHCJA T HET MOBTOPCHUM —
9TO 3HAYUT, YTO MOCIEIOBATEIHLHOCTH 3HAKOB T IOAYUHSIETCS TEOPUH Xa0ca,
TOYHEE, YUCIIO T — 3TO M €CTh Xa0C, 3aliCcaHHbIi udpamu. bonee Toro, mpu
JKEJIAHWH, MOXHO 3TOT Xa0C MPEICTaBUTh I'paduuecKu, 9TOOB yOeaUThCH,
YTO OH MOXET OBITh Pa3yMHBIM.
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B 1965 r. amepukaHCKuil MaTeMaTHK MOJIbCKOro mpoucxoxaenus Cra-
HucnaB M. Ynam (MMEHHO eMy NPHHAJUIEKUT KIF0YeBast Hest KOHCTPYKIHU
TEPMOSJICPHONH OOMOBI), IPUCYTCTBYSl Ha OJHOM O4YEHb JUIMHHOM M OYEHb
CKYYHOM (II0 €ro CJIOBaM) COOpaHUH, YTOOBI KaK-TO Pa3BJIeUbCsl Ha4asl ITH-
caTh Ha KJIeT4aToi Oymare udpsl, BXoAsIue B yucio . [locTaBuB B IIEHT-
pe 3 ¥ ABUTrasch 10 CHUPAJIM MPOTHUB YaCOBOM CTPENIKH, OH BHIHUCKHIBAI 1, 4,
1,5,9,2, 6,5 u npoure nudpsl mocie 3ansaToi. be3 Beskoii 3aHel MBICITH OH
MOy THO OOBOMJI BCE NMPOCTHIE YHCIIa YEPHBIMH KpyXKaMu. Bekope, k ero
YIUBIICHUIO, KPY)XKH C MOPAa3UTEIbHBIM YIIOPCTBOM CTajld BBICTPaHBaThCs
BJIOJIb NIPSIMBIX; TO, YTO MOJyYHIIOCH, OUYEHb OBIJIO MTOXOXKE Ha HEUTO paszyM-
Hoe. OcoOeHHO, ociIe TOro, Kak YjaMm CreHepHupoBasl Ha OCHOBE 3TOTO pH-
CYHKa [IBETOBYIO KapTHHY, C TOMOIIBIO CIIEI[HAJIEHOTO aJIFTOPUTMA.

CoOCTBEHHO, 3Ty KapTHHKY, KOTOPYIO MOXHO CPaBHHUTB M C MO3T'OM, U CO
3BE3/IHOH TYMaHHOCTBIO, MOXHO CMEJIO Ha3bIBaTh «MO3TOM 4HCIiIa TT». Yepes
YHCIIO T MOXKET OBITh OIpeziesieHa Jito0as Apyrast KOHCTaHTa, BKII0Yas OCTO-
STHHYI0 TOHKOH CTPYKTYpHI (0l), KOHCTaHTY 30JI0TOH nmportopunu (f= 1,618...),
HE TOBOPS YK O YUCIIE € — MMEHHO TI03TOMY YHCIIO 7T BCTPEUaeTCs HE TOIBKO
B T€OMETPHH, HO ¥ B TEOPHH OTHOCUTEIIEHOCTH, KBAHTOBOI MEXaHHKe, s/ep-
HOH (H3HKE U T. 1.

Bosee Toro, HenaBHO yueHble YCTAHOBHMJIM, YTO HMEHHO Yepe3 T MOXHO
OIIpPEJeIUTh MECTOIOJIOKEHNE DIIEMEHTapHBIX YacTull B Tabiuue sieMeH-
TapHBIX YaCTHUI], a COOOLIEHWE O TOM, YTO B HEJaBHO pacIIN(ppPOBAHHOM
JHK 4yenoBeka yucino m orBeyaet 3a camy crpykrypy JHK (mocrarouno
CJIOHYIO, HaJI0 OTMETHUTH), IpousBeso 3ddekr pasopsasmieiicss 60MObI!
IIpusenem muenue Yapnp3a Kantopa, nox pykooactsom kotoporo JHK
u 6b110 pacmmudpoBaHo: «Takoe BreYaTIeHHE, YTO MBI ITOAONIIH K pa3rajike
Hekoel (yHTaMeHTaIbHON 3a/1a4KH, KOTOPYIO HaM ITIOJJKMHYJIO MUPO3/1aHueE.
Yucno 1 — NOBCIOAY, OHO KOHTPOIUPYET BCE U3BECTHBIE HAM IIPOLIECCHI, OCTa-
BasCh IIpH 3TOM Hen3MeHHBIM! KTo ke koHTponupyeT camo uucio n? OtBera
noka HeT». Ha camom nene, KoaHTOp JIyKaBUT, OTBET €CTh, MPOCTO OH Ha-
CTOJIBKO HEBEPOSTEH, YTO YUEHBIE MPEAIOUYNUTAIOT HE BHIHOCUTH €T0 Ha IIH-
POKYIO IyOJIMKY: YHCJIO T caMo ce0si KOHTPOJIUpYeT, OHO pazymHo! B3mop?
He cniemure. Benp ere @oHBU3MH rOBOPHIL, YTO «B YEJIOBEYECKOM HEBEXKE-
CTBE BEChbMa YTEIIMTEIbHO CYMTATh BCE TO 32 B3/I0P, YEr0 HE 3HACIIbY.
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O HEKOTOPBIX CBOMCTBAX BBIITOJTHUMbBIX
N HEBBIITIOJTHUMBIX MHOXECTB

C.JI. Tlonomapesa, A.U. 3abapuna
Tomckuii 2ocyoapcmaennwiii nedazo2udecKutl yHugepcumem

O)lHOI‘/II U3 OCHOBHBIX 3a1a4 MaTeMaTUUYECKOM JIOTUKH SIBIISIETCS HaX0oX/Je-
HUe d3PPEKTUBHBIX CIIOCOOOB PeIIeHHs BOIIPOCA O JIOTHYECKOM CIISIOBAHUU:
ABJIETCS JIH (OpPMYJIa O JIOTHUYECKUM CIIEJACTBUEM MHOXKecTBa (Gopmyi I.
Ora 3aja4ya CBOAMTCS K BOIPOCY O BBHIMOJHUMOCTH HEKOTOPOTO MHOXKECTBA
hopmyir.

B pabote uccnenyroTcsi HEKOTOpbIE U3 CBOWCTB KOHEUHBIX MHOXECTB
XOPHOBCKHUX AU3BIOHKTOB, a TAKXC OJAUH M3 aJITOPUTMOB IMPOBEPKU BBITIOJI-
HHMOCTH JaHHBIX MHOKECTB. PemeHnble 3a1a4u chopmyaupoBans B [1].

Beenem Heckonbko onpenenenui [1]:

1. Jusvionkmom OyzneM Ha3bIBaTh JIIOOYIO SIEMEHTAPHYI0 AU3BIOHKIIHIO,
HE COIEPIKAIILYI0 OAMHAKOBBIX JIUTEP:

AvBvC,Bv _C;C,—D.

2. JIN3BIOHKT Ha3bIBAETCS JU3BIOHKTOM XOpHA (WJIH XOPHOBCKUM OU3b-

IOHKMOM), €CIIA OH COIIEPKUT He 00Jiee OJTHOM MOJIOKUTETBbHON JTUTEPHI:
“Av-Bv~C,Av —B;D.
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3. Eounuynbiil Ou3i0HKM — TA3BIOHKT, COCTOSIINI JIUIIB U3 OTHOM JIUTEPHI.
—A; B.

4. Iosumuenwlii Ou3bIOHKM — TN3BIOHKT, CONEPKAIIUI TOIBKO MOJI0XKH-
TEJTbHBIC INTCPHIL.

Av Bv C;D.

5. ITycmoii 0u3vioHKm — IyCTO€ MHOXXECTBO JUTep. [lycTol MTU3BIOHKT
0003HaYaeM B TATFHEHIIICM CHMBOJIOM @ U CYUTAEM, YTO MTYCTON TU3BIOHKT —
TOXICCTBEHHO JIOXKHAsI hopMyIa.

[lycte A — HemycTOE KOHECYHOE MHOXKECTBO XOPHOBCKHUX TU3BIOHKTOB.
PaccmoTpuM BOIIPOC O €ro BHIMTOJTHUMOCTH.

OGoznaumum A = A. 3aMeTHM, 4TO €CIH @ € A, TO, IO ONPEETEHHIO My-
CTOTO IM3BIOHKTA, A HEBBITIOJIHUMO.

bynem cuurars, uto ¢ € A,. IlycTte B A HalinyTca A, (e1MHUYHBIN MO-
SUTHBHBIA JU3BIOHKT) U JU3IBIOHKT O, TAKOH 4TO O = A, v &%, rie IU3BIOHKT
0*, BOBMOXKHO, MyCT. JIU3BIOHKT 0* Ha3bIBACTCS pe301b68eHMOl TU3HIOHKTOB
4,10, 8* =Res(4,, 5) [1].

Toctpoum MHOKECTBO A, cnemytomum obpazom: A = A {8} U {5%}.

PaccMOTpuM MHOKECTBO A, U YCTAHOBUM CBAA3b MEKAY A U A .

CBoiicTBO 1. A| — MHOJICECME0 XOPHOBCKUX OUSHIOHKIMNOG.

Bee dopmyner MHOXKecTBa A {8} coepxaTcst BO MHOMKECTBE A, @ 3HAYHT,
SIBJISTIOTCS] XOPHOBCKUMHU TH3BbIOHKTaMu. Dopmyna §* — moadopmysia XOpHOB-
CKOT'0 IU3BIOHKTA O, MOITOMY TaKXKE SBISCTCS XOPHOBCKUM JTU3BIOHKTOM.

CBoiicTBO 2. Panz cymmul 6cex hopmyn A, menviue panaa cymmot 6cex
dopmyn A,

KonuuecTBo TOrHYecKuX CBS30K (GOPMYIIBI 0* MEHBIIEC KOJIHYECTBA JIO-
THYECKHX CBSI30K O.

Omnpenesenne. HazoBem nBa Mmuoxkectsa hopmyin I' u [ skBUBaseHTHBI-
mu 1 Oyem ucath [ ~ I, eciiu kaxkias u3 popMyIt OTHOTO U3 3TUX MHOXKECTB
SIBJISICTCS JIOTHYECKUM CIICICTBHEM JIPYroro MHOXxecTBa opmyin [1, c. 61].

OueBugHO, yTO MHOXecTBa ' u "' UMEIOT OJJHU U Te e MOJAENU TOrJa
U TOJIbKO Toraa, koraa I' u [ sKBUBaeHTHBI.

Mpennoxenne 1. AO ~ Ar

Jloxazamenvcmeso. JIns moka3aTenbCTBA JOCTATOYHO MOKA3aTh, YTO KaxkK-
1ast MOJIENIb MHOYKECTBA A ABJIAETCA MOJIENBIO MHOXECTBA A W Ha00OPOT:
Kak/1asi MOIENb A, ABJIAETCS MOIENBIO A .

Ilycte @ — mpown3BoIbHAsA MOJIETb MHOMXECTBA A . 3HaYHUT, Kaxaas ¢pop-
MyJia U3 MHOKECTBA A B 3TOM MOJIENI IPUHUMAET 3HaueHue, paBHoe 1. Bee
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dopmynsl A, kpome 6* = Res (4, =4, v &%), npunannexar A. Takum obpa-
30M, JOCTaTOYHO BBIYHCIUTH 3HAYCHHUE TU3BIOHKTA 0¥B HHTEPIPETALHH (.

Takkax 4, € A n—4,v* e A,T0p(A)=1uo(4,vd)=1=0(4)=
=0=¢(0*)=1= ¢ —momens A,.

AHAJIOTHYHO JI0Ka3bIBaeTCI 00pPaTHOE YTBEPIKICHUE.

Caencraue 1. A BBIIOTHUMO <> A BBITIOTHUMO.

CaencrBue 2. ¢ € A, = A HEBBINOTHUMO.

Takum obpaszom, B 3TOM ciiydae (@ € A|) BONPOC O BBIMOIHUMOCTH A,
paspenied. B IpoTHBHOM Cilyyae, NPUMEHUM TE e PACCYKACHUS K A, U, 110
BO3MOKHOCTH, TIOCTPOUM MHO#KECTBO A1 A, = A \{§'} L {3"*}.

Bynem mpopomxaTe mpolecc MOCTPOSHUS IMOCIEN0BATENBLHOCTH MHO-
JKECTB XOPHOBCKHX IH3BIOHKTOB {A,, A, A , ... A } N0 Tex nop, noka B A He
OKaXXETCS MYCTOr0 JU3BIOHKTA, THOO B A He HalJeTcs maphl JU3bIOHKTOB,
C MOMOIIIBIO KOTOPBIX MOJIydaeTcs pesonbbenta: A = A~ {8 '} U {8 *}.

O06o3HaUNM A = A, rae A' — 3aKIOYUTENTBHOE MHOXKECTEO.

OO0paTuM BHUMaHHUE HA HEKOTOPBIC CBOMCTBA TOYYCHHBIX MHOXKECTB:

CaoiicTo 3. [TocnenosarensHocts A, A, ... A, A' KoHEUHA.

CornacHo CBOMCTBY 2, MOJy4aeM yOBIBAIONIYIO ITOCIEIOBATEIEHOCTD Ha-
TypaJbHBIX YUCEIL

CBoiicTBO 4. A BBINOITHUMO <> A' BEITIOTHUMO.

Ilo cnenctruio 1 A BEITIOTHUMO <> A BBIOTHUMO <> A| BBINOIHUMO <>

. < A' BBITIOJIHUMO.

Takum 00pa3oM, BOIPOC O BBHIITOJIHUMOCTH MHOXKECTBAa A CBEJCS K BO-
Mpocy O BBIMOJHUMOCTH MHOXecTBa A'. Cneayiouiasi TeopeMa MOMOTaeT
B €r0 pa3pelIcHuu.

Teopema 1. A BeINOTHUMO < 0 ¢ A\

Jlokazamenvbcmeso:

1) Ecnu A BeimonHuMO, To A' BEITONIHUMO (cBO#cTBO 4). O4eBHIHO, YTO
B 3TOM city4ae ¢ ¢ A' (cieacTaue 2).

2) [Tyctb @ ¢ A IlocTponM MHTEpIPETALUIO O* U TOKaKEM, UTO OHA 5IB-
nseTcst Mozienbio A

P*:9*A)=14,eN(i=1,2,...0.

3) CornacHo anropuTMy MOCTPOEHHS TOCIENOBATENBHOCTH {A, A,
A'}, Kax Il U3 TUIBIOHKTOB A' IMEET OJWH U3 CICIYIOIINX BUIOB!

— A, (eNMIHUYHBIA MO3UTHBHBIHA TU3BIOHKT);

-4, v—B v..v~B, (IM3BIOHKT CONEPIKHUT OJTHY MOJIOKHUTEIHHYIO Iepe-
MEHHYI0, KOTOPasi BXOJIUT B OJMH U3 MMO3UTUBHEIX CIHHUYHBIX TU3BIOHKTOB);
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——=B v
P

... V 7B, (IU3BIOHKT HE CONEPKUT MOJNOKHUTEIBHBIX TIEPEMEH-
HBIX);

- ﬂBp V...V B V...V 7B (ITU3bIOHKT CONEPKHUT OHY MOIOKHUTENBHYIO
NIEPEMEHHYI0, KOTOpasi He BXOJUT HHU B OJWH M3 MO3UTHUBHBIX €IMHHYHBIX
JTIU3BIOHKTOB).

3aMeTnM, 4TO Cpeay AU3BIOHKTOB A' HET HU OJTHOTO TU3BIOHKTA CIIEYIO0-
mwero Buja: ~A, v =B, v ... v 7B, IOCKONbKY, B IPOTHBHOM Cily4ae, MPOLEeCce
MIOCTPOEHHUS MTOCIIE0BATEILHOCTH MHOXKECTB OBIJT OBl HE 3aBEpIIICH.

4) BeruncnuM 3HaueHNE KaXKJ0Tr0 M3 YEThIpeX AM3BbIOHKTOB B HHTEPIpE-
Tanuu Q*.

—@*(4) = 1 10 MOCTPOEHHIO UHTEPIPETALIHH (*;

- (p*(Aj vVTB vV —B) = 1, Tak KaK (p*(Aj) =1;

- (p*(ﬁBp V...V 7B) =1, Tak kaK (p*(BP) =0,...9%B)=0=> (p*(ﬁBp) =1,

LQ*(B) = 1;

- (p*(ﬁBp V...V B v..v™B)= 1, aHaJOrM4HO MyHKTY 3.

5) Takum 00pa3oM, MOCTPOEHHAsT HHTEPIPETAUs O — MOAEIh MHOXKE-
ctBa A' = A' BBINIOJHUMO, @ 3HAYUT, MHOKECTBO A TaKKe BBITIOJTHUMO (CBOM-
CTBO 4).

[pounmtocTpupyeM HpHMEHEHHE OIMCAHHOTO BBIIIE AJITOPUTMA, MO-

3BOJIAIOUICTO OTBETUTH HAa BOIPOC O BBINTOJIHUMOCTH MHOXKCCTB XOPHOBCKUX
JU3BIOHKTOB.

Hpnmep 1.
A:=Av—-Bv—-C Bv—C,C,D,
Ay:C,~Av—=Bv—=C,Bv~C D,
A,:C,B,~4 v —B,~D;
A,:C,B,—4,~D.
A= A3. g ¢ A = A — BBINOJIHUMOE MHOXECTBO XOPHOBCKHX JU3BIOHK-

ToB = ¢: Vi 4, € AN 9*(4) =1, rnie A, — eAMHUYHBIA MO3UTHBHBIN TH3BIOHKT.
A umenno ¢*: (0, 1, 1, 0).
IIpumep 2.
A:=Av—B,—~BvC, B, Av—C,
Ay:B,~Av—B,~Bv C,4Av~C,
A, B, C,—4,4Av G,
A, :B,C,A, 4,
A,:B,C 4,0
A=A, 8 ¢ AN = A — HEBBINOIHUMOE MHOXKECTBO XOPHOBCKUX [IM3b-
IOHKTOB.
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OueBUAHO, YTO JJIsl IPOU3BOJILHOTO BHINIOJITHUMOIO MHOXKECTBA (hopMyI
MOXET CyIIECTBOBAaTh HE OJHA MOJENb. BBeneM MOHATHE MEepeceueHus Mo-
Jienen.

Onpenenenne. [Iycte ' — nponsBossHOE MHOXXECTBO (OPMYJI JIOTHKH
BBICKa3bIBaHMH. [lepeceueniiem HEKOTOPOTO ceMENCTBA €ro Mojened {}, _,
HA30BEM HHTEPHpPETALHIo ¢’ :ﬂ(p[ , B KOTOPOH IJIs1 Ka)KIO0W IPOIO3ULIU-

iel

OHAJIEHOW OYKBBHI Aj MBI IOJIaraem (p'(Aj) = 1 Torma ¥ TOJBKO TOIJa, KOrjaa

9(4) =1 nns seex i € I[1].

IIpumep 3.

I"4,BvC,Av—C,AvB.

MopnensiMu MHOKECTBA TU3BIOHKTOB [ ABISAIOTCS:

o1, L1, e:(1,1,0),¢,:(,0,1).

[lepeceuennem Bcex Tpex mojenel spisieTcss uHTepnpetanus ¢ (1, 0, 0).

3aMeTHM, 4TO IepecedeHre MPOU3BOIBHOTO ceMeiicTBa MoseIel npous-
BOJIBHOTO MHOXeCTBa (hopMyJ I' MOKET yke He ObITh MOJEIBIO 3TOr0 MHO-
xectBa Gopmyn (cMm. npumep 3: mHTepnperauus ¢ (1, 0, 0) He sBisercs
MOJIENIbI0 MHOXECTBA I, Tak Kak Iu3BIOHKT B v C B 3TOH MHTEpIpeTanuu
MpUHUMAET 3HAUYE€HUE, paBHOE HYJIIO).

OnHaKo CIpaBeIUBO CIEAyIoIIee YTBEpKICHHE.

Teopema 2. IlepeceueHne Mpou3BOIBLHOIO CeMEWCTBA MoOeNeld KOHeu-
HOTO BBITIOJITHUMOT'O MHOXECTBA XOPHOBCKHX JIU3BIOHKTOB CHOBA SIBIISETCS
MOJIENIBIO ITOT'0 MHOKECTBA.

Hoxazamenvcmeo:

1) ITycTh A — KOHEYHOE BBIMTOJIHUMOE MHOKECTBO XOPHOBCKHUX JU3BIOHK-
TOB; {Q}, _,— CeMeHCTBO Mozeneh A; ¢' =ﬂq),. . Joxaxewm, uTo mHTEpIpeTa-
nus @' — MoJenb A.

2) [IpuBenemM A K 3KBHBAJIEGHTHOMY MHOECTBY A' C TOMOIIBIO aJITOPUT-
Ma, yKa3aHHOro BbIme. CorimacHO MPeIIoKEHNIo 1, T0OCTaTOuHO /0Ka3aTh,
4qTo @' — Mojenb A 3amumieMm A' B clieayIoeM BUe:

A:{4,A4, ...A4,8,  ,...0} T.e NoCTaBUM Ha IepBble k MeCT BCE eHu-
HUYHBIC IO3UTHBHBIE TU3BIOHKTHI (4, 4, ... A,), IPEICTaBICHHbIE IEPEMEH-
HBIMH, KOTOPhIE MBI HA30BEM TJIaBHBIMH. OTIUYHBIC OT IJIaBHBIX MEepeMeH-
Hble B, B, ... B, KOTOpBIE BXOAAT XOTS ObI B OJIMH U3 JTU3BIOHKTOB 1)
0 , Ha30BEM CBOOOJHBIMU.

IMokaskeM, uTo Kaxkaas u3 hopmys A' HCTHHHA B HHTEPIPETALIAU @,

PRSTIER
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3) Bocnob3yeMcst cTpoeHHEM MHOXKecTBa A', yKa3aHHBIM B JIOKa3aTelb-
ctBe Teopembl 1 (myHKT 3). [Tomydyaem, 4TO TOCTATOYHO PACCMOTPETH CICIY-
FOIIIUE YETBIPE CIIydas:

1. Tak kaK B K% 104 MOJIENH (P, 3HAYEH WS ITIABHBIX IEPEMEHHBIX 4, = 1, TO
TI0 ONpeNEeNeHHnIo lepeceueHns ¢'(4) = 1.

2. CornacHo myHKTY 1 (p'(Aj) =1, cnegoBarenbHO (p'(Aj v7™B v..v~B )=1

3. Kaxnas ¢, — Monenb (ﬁBp V ... VvV 7B). 3apukcupyem i, (piO(Bp) =0,
a 3HAYUT 110 OMPECIICHHUIO TIePEeCeUeHU st (p'(BP) =0= (p'(ﬁBp V...v7B)=1

4. Kaxnas ¢, — Mozenb (ﬁBp V..VvBVv..v7B).

Ecnn Vig (B) = 1, To o onpenencnuio nepecedenus ¢'(B) =1 = (p'(ﬁBp v
V..vBv..voB)=1

Ecnu xe Ji: (pl.o(Bx) =0, To Ip: q)io(Bp) =0= (p'(Bp) =0=>0'(B,Vv ...V
VB v..v7™B)=1

Takum oOpa3om, mepecedeHne MPOU3BOJIBLHOTO CEMEHCTBAa Mojenel KO-
HEYHOTO BBIIOJTHUMOT'O0 MHOKECTBA XOPHOBCKUX AU3BIOHKTOB A CHOBA SIBJISI-
€TCSl MOZIEJTBIO 3TOTO MHOXKECTBA.

W3 moxazarensCcTBa TEOPEMBI HETIOCPEACTBEHHO CIIENYyeT, YTO IPU eIU-
HUYHBIX 3HAYCHUSX TJIABHBIX M HYJEBBIX 3HAUCHUSAX CBOOOIHBIX MEPEMEH-
HBIX (hopmyIibl U3 A' (a ciaeoBaTenbHO U A) IPUHUMAIOT 3HAYCHUSI, PABHBIC
eIMHHUIIC.

CaencrBue 3. Kaxxoe BEIIOTHIMOE MHOYKECTBO XOPHOBCKHUX AU3BIOHK-
TOB A mmeeT Moziens 0*: p(4) =1 4, € A(=1,2,..).

HasoBeM Takyio MOZENb MUHUMANLHOL MOJEIIBIO MHOXKECTBA A.

OueBuHO, UTO TIEPECEUCHHUE BCEX MOeNel ¢' MHOXKEeCTBa A coBmagaeT
C MHHHMAaJIBHON MOJENBI0 (O 3TOro MHOXKECTBA.

[IpoumrocTpupyeM NoaydeHHBIE Pe3yIbTaThl Ha CIEAYIOMEM MHOXKECT-
BE XOPHOBCKHUX JU3BIOHKTOB.

IMpumep 4.

A:=Av—-Bv—-C, Bv—C.

MHOXkecTBO A — MHOKECTBO XOPHOBCKHX IHU3BIOHKTOB. O4EBHIHO, YTO
A=A.

Ero mozmensiMu OynyT ClieAyromIne HHTEPIPETAIIIH:

¢,:(0,0,0),9,:(0,1,0),¢,:0,1,1), ¢,:(1,0,0), ¢, : (1, 1, 0).
3amMeTHM, 9TO MEepecedeHne BCeX MOAENeH @' — MHHUMAaIbHAS MOJAETH,
KOTOpas B HAlIEM CJIydae CoBHaneT ¢ Mouennio ¢, : (0, 0, 0) (rmaBHbIC HIEpE-
MEHHBIE OTCYTCTBYIOT).
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Bo3MoxHBI 26 pa3nuyYHbIX HETPUBHAJIBHBIX MEPECEUEHUH, TOKAXKEM He-
KOTOPBIE U3 HUX:

0,Ne,Ne,=0,1,00n(0,1,1)n(1,1,0=(0,1,0)=¢,
¢,N9,=(0,1,00n(1,0,0)=(0,0,0)=0o,.

Takum 00pa3om, eciii B Ka4eCTBE MPOU3BOIBHOTO MHOKeCTBa [ mMeeT-
Cs1 KOHEYHOE€ MHOXECTBO XOPHOBCKHUX JTM3BIOHKTOB, U CTOUT BOIPOC O €ro
BBITIOJTHUMOCTH, TO HAMH OOOCHOBaH OJIMH W3 aJTOPHUTMOB OTBETa HA HETO
M CIOCO0 HaXOXKJICHUS OTHOW U3 MOJIEJICH 3TOr0 MHOYKECTBA.

B 3aknroueHue npuBeseM MpumMep, B KOTOPOM ONPEAETUM, BBIITOJIHUMO
JI1 cJelyIollee MHOXKECTBO XOPHOBCKUX JU3BbIOHKTOB U, O BO3MOXKHOCTH,
HaieM ero MozeIu.

IIpumep S.

A=A v A, v A v A v Ay A
A,
—A,v A v A v A
A,
—A,v A, v A
A
—A,v A, v A v A
—A,v A, v—A,vA v A,

AjrA; AL A

—A, v—A, v A v A v —A Y A

—A,v A v A v A

—A,v A, v Ay

—A,v A, v A v A,

—A,v-A, v A, v A v AL
ApAy AL A

—A, v A, v A v Ay A

—A,v A v A v A

—A v Ay

—A,v—A;v A

—A,v A, v A VAL
A Ay Ay A

—A, v A, vA, v A A

—A,v A v A v A

—A, v A

—A, v A

I

[=
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—A,v A VA,
Ay Ay Ay A Ag Ay
—A v—oA, v A VA
—A,v A, v A v A
—A,v A VA,
Apdydg Az Ag Ay
—A, v A, v A,
—A, v A v AV A
—A,v 4,
Ay dyAiAsAg Ay
—A, v A, v A,
—A,v A v A
—A,v 4,
Tak kaxk ¢ ¢ A ), TO MHOXKECTBO A' BEITIOJIHUMO, & 3HAUUT, A — TAKKE BbI-
oJHUMOe MHOXKecTBO. OJTHAa U3 ero MojIeNieii — MUHUMaJbHAs MOJICIb
¢0:(0;1;0;1;1; 1; 0; 0; 1; 0).
Ilepeuncnum Bce npyrue Moaenaud MHOXKeCTBa A B BUJe cleAyiouleil Ta-
omunbl. Kaxknast u3 Mozeneit mpeactaBiseT co00i TecATUMEPHBIA BEKTOD,
KOOPAHHATHI KOTOPOTO 00pa3yT CTPOYKU TaOTHUIIBL:

4 4, 4 4, 4, 4, 4, 4, 4, | 4,
1| 2 3 4 5 6 7 8 9 1 11
o | 0 1 0 1 1 1 0 0 1 0
0, 0 1 0 1 1 1 0 0 1 1
0| 0 1 0 1 1 1 0 1 1 0
0,| © 1 0 1 1 1 0 1 1 1
o.| 0 1 0 1 1 1 1 0 1 0
o | 0 1 0 1 1 1 1 0 1 1
o,| 0 1 0 1 1 1 1 1 1 0
0| 0 1 0 1 1 1 1 1 1 I
o, | 0 1 1 1 1 1 1 0 1 0
o, 0 1 1 1 1 1 1 0 1 1
0, 0 1 1 1 1 1 1 1 1 1
o, 1 1 0 1 1 1 0 0 1 0
o] 1 1 0 1 1 1 0 0 1 1
o | 1 1 0 1 1 1 0 1 1 0
0. 1 1 0 1 1 1 0 1 1 1
o] 1 1 0 1 1 1 1 0 1 0




IMMpomonxkxenue Tabdm

1 2 3 4 5 6 7 8 9 10 11
[0 1 1 0 1 1 1 1 0 1 1
0, 1 1 0 1 1 1 1 1 1 0
[OR 1 1 0 1 1 1 1 1 1 1
[N 1 1 1 1 1 1 1 0 1 0
0, 1 1 1 1 1 1 1 0 1 1
0, 1 1 1 1 1 1 1 1 1 1
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1. Pomanosuu, B. A. Jlekuyu 1o MareMmatudeckoii joruke / B. A. Pomanosuu. Tomck, 2005.
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HUKT B [IPOIECCE OBYUYEHUSA 'TEOMETPUHN

M. H. bapaHoBa
Tomckuii 20cyO0apcmeeHHblll neda202utecKutl YHugepCumen

He cekpet, 4To H3yueHHE reOMETPUHU BBI3BIBAET Y MHOTHUX ydYalluXcs
3aTpyqHCHUS, YCBOCHUE MaTepralia OOBIYHO CTPOUTCS HA 3aydmBaHUU. Mc-
MOJIb30BaHUE KOMITHIOTEPA 3HAYUTEIIBHO 00JIeryaeT MPOoIecC H3yYeHUs I'eo-
METPHH Yepe3 PeaH3aIuio OTHOTO U3 TPHHIIUIIOB 00y YEeHHU S — HATJISTHOCTD.
HarmspaocTs — «3050TOC nipaBmio auaakTukm» (1. A. KomeHnckwuit) cocras-
JISIET COoNlepKaHUE OJJHOT'0 M3 BEAYIIUX MPUHIIUIIOB 00y4eHwus. Llenecoobpas-
HO IIPUMEHSATH KOMITBIOTEP Ha YPOKaX TCOMETPHH B 00yYAIOIIEM PEKIME U B
peXUMe rpapuIecKoi WILTIOCTPAINU H3ydaeMoro Matepuana. Cieayomum
maroM B MPUMEHEHUH KOMIIBIOTEPAa Ha YpOKax CTall Mepexoj K CO3JaHUIo
9JIEKTPOHHBIX Mpe3eHTalui. JleMOHCTpallMOHHbIE Claljbl, UCHOIB3YIOT-
csl Ipu OOBSICHEHUH HOBOTO MaTepHalia, pellieHuH 3ajad, moBTopeHuu. HMc-
nons3oBanue VKT mo3BonseT yBenWYHTh 00BEM HU3JIAracéMoOro Ha ypoke
MaTeprania 6e3 ymep0a I BOCHPUSTHS HOBBIX 3HAHUH ydamumucs. Tak
Ha yPOKax reOMETPHH TPOAYKTUBHAS pa0d0Ta MOBHINIACTCS 32 CYET COKpaIIe-
HUSI BpEMEHU Ha «II€PEPUCOBBIBAHUE)» YEPTEKEH CHaUasla Ha JIOCKY, a 3aTeM
B TETPaJ¥ YYCHHUKOB. B pesynbraTe ObIcTpee MPOXOIUT MMOBTOPEHHUE OIOP-
HBIX 3HAHUH, U pemmaercs Oonbliee KoaudecTBo 3a1ad. Vcronp3opanne UKT
MOXKET BJOXHYTb HOBYIO HU3Hb B ILJIAHBI CTAPBIX YPOKOB U yBEIUYUTH MO-
THBAIINIO YICHUKOB. [IJIsi TPOBEACHUS YPOKOB F€OMETPHUH YI0OHO UCIIONB30-
BaTh CJIANABI C 3JIEMEHTaMH aHUMAIIUH C OCIEI0BAaTEILHON IEMOHCTpALIeH
o 1IeNuKy. JlnHaMuyecKue 3JIEMEHTHI Ha cllaii1ax MOBBIIIAIOT HATISIJHOCTD,
CHOCOOCTBYIOT JIYUIIIEMY IIOHIMAHHIO M 3aIIOMIHAHHIO Y4eOHOI0 MaTepuaa.

IIpu npoBeneHUU ypoOKOB MaTeMaTUKH HUCHOIb3YIOTCS MYJIbTUMEAUNHBIE
npe3eHTauuu. Ha Takux ypokax peain3yroTcsl IPUHIUIBL JOCTYTHOCTH, Ha-
TIISTHOCTH. YPOK-IIPE3CHTAIUs 00eCeYrBacT MOIyYeHHEe OOIBIIEero o0bemMa
HHPOPMAIIMU U 3aJJaHHWi 32 KOPOTKHU mepuoa. Bcerga MOXKHO BEpHYTHCS
K MIPEbIIyIIeMy Ciaiiy (0ObIYHas MIKOJIBHAS JOCKA HE MOXKET BMECTUTH TOT
00beM, KOTOPBIH MOXXHO ITOCTaBUThH Ha ciaiin). [Ipyn u3ydeHnH HOBOH TEMBI
MIPOBOAUTCS YPOK-IEKIUSI ¢ MPUMEHEHHUEM MYJIbTUMEIUHHON Ipe3eHTaluu.
MOoKHO HCHONB30BaTh MPE3CHTAIMIO TPU 3aKPCILICHHH YYeOHOr0 MaTepu-
ana, IJis IPOBEPKU IMPABHIILHOCTH BBIIIOJHEHUS 3aJJaHUsl BCEMU YUEHUKAMU
kiacca. [Ipu mpoBepke TOMaNTHero 3aJanusi OOBIYHO MHOTO BPEMEHU YXOIHUT
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Ha BOCIIPOM3BEJICHNE YEPTEKeH Ha JOCKE, 00BSICHEHNE TeX (parMeHToB, KOTO-
pble BbI3BaJIM 3aTpyAHeHH. [103TOMY MHOT/IA TpeiaraeTcst KoMy-HHOyAb n3
YYEHHMKOB TTIOJIrOTOBHUTH JJOMALIHIOK paboTy B BHJIE IPE3EHTAIINH, TEM CAMBbIM
BOBJIEKAsI MX B IIPOLIECC CAMOCTOSITENBHOM paboTsl. [Ipe3eHTauo MOXHO nc-
TIOJIB30BaTh JUJISl YCTHBIX ynpakHeHnH. Takast paboTa HO3BOJISIET YBEJINIHUTh
00beM 0TpadaThIBaEMOr0 MaTepHrala U BhIpadOTaTh YCTOHUMBBIE HABBIKH pe-
mieHus 3a1ad. Pabora o roroBoMy 4epTeXy CHOCOOCTBYET Pa3BHTHIO KOH-
CTPYKTHBHBIX CIIOCOOHOCTEH, OTpab0TKe HaBBIKOB KYJIBTYPBI PEUH, JIOTHKH
U TIOCJIEIOBATEIBHOCTU PACCy X AEHUH, YUUT COCTABICHUIO YCTHBIX IIAHOB
pelIeHus 3a1a4 pa3IndHoOi clI0KHOCTH. OCOOEHHO XOPOIIO 3TO NMPHMEHSTH
B CTapllMX KJIACCaX Ha YPOKax reoMeTpuu. MOKHO IPEAJIOKUTh ydaliuMcs
00pas3isl 0(OpMIIEHHS PELIEHHH, 3aIIMCH YCJIOBHUS 3a/1a4H, IOBTOPUTH AEMOH-
CTpPAIMIO HEKOTOPHIX ()ParMEHTOB IOCTPOCHHH, OpPraHW30BaTh YCTHOE pe-
LIIEHHE CIIOXKHBIX IO COICpP)KaHHI0 U (HOPMYJIUpPOBKE 3aaad. Mcrmonb3oBaHue
MHPOPMALMOHHBIX TEXHOJIOTUI O3BOJISIET MILTIOCTPUPOBATH BAXKHEHIIINE 110-
HSTHSl Kypca TeOMETpPHH Ha ypOBHE, 00ECIeYHnBaIOIIEM Ka4eCTBEHHBIE IIpe-
MMYIIECTBA [0 CPAaBHEHMIO C TPAJAULUOHHBIMHM METOIaMH u3ydeHus. B ux
OCHOBE 3aJI0KEHO CYILECTBEHHOE IOBBILIICHUE HATTSAJHOCTH, aKTUBU3ALUs
TI03HABATEJIFHOM JIESITEIBHOCTH YYEHHKA, COUYSTaHUE MEXaHH3MOB BepOajib-
HO-JIOTHYECKOro u obpasHoro MeinuteHus. Kak paHee cka3aHo, TPUMEHSATH
KOMITBIOTEPHBIE ITPOrpaMMbl MOXKHO Ha JII0OOM 3Tare yueOHOH IeITeIbHOCTH:
IIpY W3yYeHNW HOBOTO MaTepHajia, 3aKpelyIeHuH, Ha 0000IalomuX ypoKax
U TP MTOBTOPEHHUH. 3a7a4a YUUTENsl — MPaBUIBLHO OPraHU30BaTh 3Ty pabdo-
Ty. Hanpumep, u3BecTHO, Kak TpyJHO JAIOTCS MEPBbIE YPOKH CTEPEOMETPUU
B 10-M Kkilacce, Tak Kak y OOJIBIIMHCTBA y4alluxcs He COPMHUPOBAHO IPO-
CTPAHCTBEHHOE BOOOpa)XKCHHE, OHM «HE BUISAT» CBOWCTBA T'€OMETPHYECKHX
IIPOCTPaHCTBEHHBIX ¢uryp. Ha manHOM 3Tare, HMEHHO Ha HEPBBIX YpoKax
OKa3bIBaeT HEOLEHMMYIO IIOMOIIb, 00ydaromasi nporpamMmma Mo reoMeTpHu:
«Crepeomerpust. OTKpbITass MaremMaTnka» (PU3MKOH). DTa MporpaMma cro-
COOCTBYET BH3yaM3allU MPOCTPAHCTBEHHBIX (UI'YP, MO KOTOPHIM MOXKHO
OIpENeNNTh CBOMCTBa Gurypsl. JlaeT BulIeHHE QUTYP KaK T€OMETPHUECKHX
00BEKTOB, CITY>KUT HEKOTOPOH MOJIEIIBbIO, KOTOPYIO MOXKHO IepeMeIarTh B IIpo-
CTpaHCTBE, HA0JI0/1asi B3aMOCBSI3b BCEX JIEMEHTOB, 3 KOTOPBIX COCTOUT JIaH-
HOe reoMeTpudeckoe Tei0. GopMabHble NOHATUS U KOHCTPYKIIMY T€OMETPUU
HAIOJHSIOTCS (PAKTUYECKUM U HATJISIIHBIM COAEPKaHHUEM.

[Ipn n3yvenuu crepeoMeTprun 0COOEHHO BO3pacTaloT TpeOOBaHUS K Ka-
YeCcTBY M HarJSAHOCTH depTexa. Hanbonee BaskHbIe TpeOOBaHUS CBOASITCS
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K TPEM CBOMCTBaM: BEPHOCTH, HAIJISIAHOCTH U MpocToTe nocTpoenus. Crona
BXOJSIT BBIOOP ONTHMAJIEHOTO TIOJIOKEHUS U300pakaeMoro Teina, BEIOOp pa-
Kypca U IPOEKLNH, YMEHUE CTPOUTh CEUYEHUS U NMPOEKIUU Ha IIOCKOCTD,
YMEHHE BBLACTUTH HA IIPOCTPAHCTBEHHOM YepPTeXe INIOCKOCTHYIO KOHPUTY-
panuro, JaIOMY0 K04 K PELIEHUIO 3a1a4u.

Urak, Henb3sa otpuuath, uto UKT — peanbHOCTH COBPEMEHHOTO YpOKa.
OnBIT UCNIONB30BAHMS KOMIIBIOTEPA Ha YpOKax MaTeMaTHUKHU MOKa3all, 4To
oOyuatomuecs 0ojiee aKTUBHO IPUHUMAIOT y4acTHE B YPOKE, MEHSETCS OT-
HOIIIEHHE K paboTe Jake y caMmbIX MPOOJEMHBIX YYEHUKOB. A OT Y4UHTENs
Tpebyercst ocBoeHue BosMoxHocTsiMH MKT, TmiarensHoe mpomyMbIBaHHe
COZIEp)KaHUsl ypoKa M IIJIaHMpPOBaHUE pabOTHl YUCHUKOB Ha KaXkJIOM dTare
ypoka. OHaKo HeJIb3sl CKa3aTh HABEPHSKA, YTO PE3yJIbTaThl 00y4alomuxcs
3HAYUTENIBHO TOBBICSITCs Onaromapst ucronszoBanuio KT, HO oHu OymyT
GoJblIe MHTEPECOBATHCS TEM, UTO IPOUCXOAHUT Ha YpOKe, OylyT akTHBHEE
pabotath 1 ObICTpee 3aIOMUHATh MaTepral. Ba)kHO MOHUMATh, YTO HCIIOIb-
3oBanue MKT He pemnt Bcex npobiieM MOMEHTAIIBHO.

HUcnons3oBanue UKT nossonser:

— clenarh mporecc 00ydeHus 6ojiee HHTEPECHBIM, SIPKUM U YBIIEKaTEIb-
HBIM 3a c4eT 0OorarcTBa MYJIBTHUMEIUHHBIX BO3MOXKHOCTEH COBPEMEHHBIX
KOMITBIOTEPOB M HOBU3HBI TAaKOH (hOPMBI pabOTHI JIsl yUaIIUXCS;

—3(¢dexTuBHO pemarb NpodyieMy HarJIsIHOCTH OO0y4eHUs, PaCIIUPHUTh
BO3MOXKHOCTH BH3yaJIM3ally yu4eOHOr0 MaTepuaa, jienas ero oouee moHsT-
HBIM ¥ JIOCTYIIHBIM IS yYalIuXCs;

— OpraHu30BaTh CAMOKOHTPOJIb, 00YYarONINi N UTOTOBBII KOHTPOJIb;

— OpraHU30BBIBATH y4EeOHO-NCCIIEIOBATENIECKYIO JEITEIBHOCTD YYalliX-
cs (MoziennMpoBaHUe, METOJ] IIPOEKTOB, pa3paboTKa Mpe3eHTauui, myoInKa-
Ui U T. I.), pa3BUBasi TEM CaMbIM y IIKOJIbHUKOB TBOPUECKYIO AKTUBHOCTb.

3aMeueHo, 4TO y4Jallrecs MposBISIOT OONBIINKA HHTEPEC K TeMe, Kora
npu OOBSICHEHWH HOBOI'O MaTepuaia IPUMEHSIOTCS Npe3eHTanuu. Jlaxe
caMble NTACCHBHBIE U3 HUX C OTPOMHBIM JKEIaHHWEM BKJIIOYAIOTCS B paboTy,
C UHTEPECOM IMPOCMATPUBAIOT CIANbI U OTBEUAIOT HA BOMPOCHL. JleTu ¢ He-
TEpIICHHEM XAYT YPOKOB, IIOMOTAIOT I'OTOBUTH HEOOXOAMMBIE MaTEpHaIbl
u obopynoBanue. Pasymeercs, nrobast mpeseHTanus Uil A€TEH MHTEpecHa
U TOJIE3HA, KOT/1a OHA COIPOBOXKIAETCS CIOBOM YUUTENSL.

I'eomerpus siBisieTcsi onHON M3 (DyHIAMEHTAJBHBIX yUEOHBIX JHCIIHII-
JUH JU1s MHOTUX nipoduielt o0ydyenns. OHa Hy>kHa OyJyIIUM apXHUTEKTO-
pam, CTPOHMTENSIM, XUMUKaM, YePTEKHUKAM H JIOIAM APYyTHUX Tpodeccuii.
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JluarHocTuka reoMeTpUYECKON rPaMOTHOCTH OCYIIECTBIISIETCS C MOMOLIBIO
3aJ1a4, KOTOpbIE JJOJDKHBI OBITH HE TOJIBKO JIMYHOCTHO OPUEHTHPOBAHHBIMH,
HO M NPaKTUKO OPUEHTHPOBAHHBIMH, ITPO(ECCHOHATIBLHO OPUEHTHPOBAHHBI-
Mu. [IpuMeHeHre MEeTOJ0B MaTEMaTHUECKOr0 MOJIEINPOBAHUS, UCIIOJIb30Ba-
Hue IIDBM ycunuBaeT mpakTUUYECKYIO0 HAIpPaBIEHHOCTh MHOTUX I€OMET-
pudeckux 3agad. B pesynbrare AeATENbHOCTh IO M3YUYEHUIO NpEAMETa
CTaHOBHTCS O0Jiee MHTEPECHOM, KaueCTBEHHON 1 3 PEKTHBHOM.

Kaxxapiii yueOHBIN IIpeAMET MOXKET TIOMOYb BBISIBUTH M Pa3BUTh pa3iind-
HBIE CIIOCOOHOCTH yuamuxcs. [eomeTpust nMeeT OONbIINE TOTEHIUATbBHEIE
BO3MOXKHOCTH [UIsl Pa3BHTHUS ITPOCTPAHCTBEHHOTO BOOOPaXKEHHUS, JOTHYE-
CKOT'0 MBIIIJIEHHS], TPAKTUYECKUX JEHCTBUM, CBSI3aHHBIX C MOJECIUPOBAHNEM
TreOMETPUYECKUX U PeabHbIX 00bEKTOB.

B coBpeMeHHBIX YCIIOBHSIX CTAHOBUTCS Bce Oojiee akTyasbHOI mpobieMa
KadyecTBa cpegHero oopa3zoBaHus. [loaroTroBka KOMIETEHTHOTO BO BCEX 00-
pazoBaTeNbHBIX 00JIACTSX BBITYCKHHMKA 3aBUCHT OT MHOTOUYMCICHHBIX (ak-
TOPOB, B TOM YHCJIE OT Ka4eCTBa MaTEMAaTHYECKOro 00pa3oBaHUsI.

VYBenuueHne yMCTBEHHOM Harpy3KkH Ha ypoKaX MaTeMaTHKH 3aCTaBIsAeT
3ayMaThCcs HaJ TeM, Kak MOAAEpXKaTh Y ydalUXcd MHTEpeC K M3ydaeMo-
My NpEeAMETY, UX aKTUBHOCTb Ha MPOTSKEHUH BCero ypoka. Mcnonb3oBanue
K€ KOMIIBIOTEepa IpH 00YYEHUH MO3BOJISIET CO37aTh MHOOPMAIMOHHYIO 00-
CTaHOBKY, CTUMYJHUPYIOIIYI0O MHTEpEC M INBITIMBOCTH peOeHKa. B mikoie
KOMIBIOTEP CTAHOBUTCS MOCPEJHUKOM MEXIY YUUTENIEM U YUECHHKOM, IHO-
3BOJISIET OPraHM30BaTh Mpolecc 00y4YeHUsI N0 WHAMBHAYaIbHONH MpPOrpam-
Me. Y4eHHK, 00yJaloIMiCs 3a MyJIbTOM KOMITBIOTEPa, MOXKET caM BBHIONPATh
Haubosiee ymoOHYIO JJIsi HETO CKOPOCTH IMOJa4Ml M YCBOCHMsI MaTepuala.
B sTOM mposiBisieTcs Ti1aBHOE MPEMMYIIIECTBO KOMITBIOTEPA B Ipolecce 00y-
YeHUs: OH paboTaeT ¢ KaXJAbIM YYEHUKOM B OTIIEJIEHOCTH.

[Ipu n3ydyeHny reoMeTpUIECKOro MaTepuana 5—6-x KJ1accoB BaXHO IpHU-
YUHUTh y4alllUXCsl HAXOAUTh B OKPYKAIOIEM MHPE COOTBECTBYIOILUE MPEA-
METHI, IPHYEM CBOEOOpa3He OTPAXKCHUS MAaTEMaTHKOH AEHCTBUTEIBHOCTH
HeJIb3sl IOHUMATh Y3KO, TOJIBKO KakK oOpalieHne HEIOCPEACTBEHHO K BeliaM
OKpykaroliell Hac AeHCTBUTENbHOCTH. [IlupoTe NOHUMaHUS MOT'YT IOMOYb
Pa3JIMUHOTO POJia MOJIENHU, YEPTEXKH — BCE MATEPHAIN30BAHHBIE Pealln3allii,
a TaKXKe uJieanbHble 00pa3bl, CBSA3b KOTOPBIX C JEHCTBUTEIEHOCTBIO YKE BOC-
MPUHSATA yUaIIUMUCA.

[Nocie o3HaKOMIIEHUS ¢ PA3UYHBIMH IIPEIMETaMu, UMEIOUIUMH (HOpMY
reoMeTpu4eckux (uryp, HeoOXoauMo oOpaliaTh BHHMaHHUE ydalluxcs Ha
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Ba)XHEHIIME CBOMCTBA 3TUX (PUT'Yp: paBHOMEPHYIO KPUBU3HY KpPyTa, «KECT-
KOCTB» TPEeyroJbHHKaA (IPU3HAKH Oy[yT M3Y4YEHHI B 7-M KJlacce), IByKpat-
HYI0 CUMMETPHUIO IPSIMOYTOJIBHUKA U T.J. Bocniuranue y nerell mpuBbIYKU
BUJIETh T€OMETPHUUYECKHE PUTYPHI B OKPY KAIOLINX HAC IIPEIMETa UMEET Iep-
BOCTEIICHHOE 3HAUCHHE, TaK KaK B pe3yJibTaTe JEeTH ydarcsi 0OHApy KHBATh
3aBHCHUMOCTb MEXIY I'€OMETpHUEN U NPAKTUUYECKON e TENbHOCTBIO JIIOAEH,
YCTaHABIMBATh UCTOUHUKHU Pa3BUTUS HayudHoro 3HaHus. Ha »Toll cTynenu
00yueHus clielyeT 00paTuThes K 1a00paTOpHBIM paboTaM, Ha KOTOPBIX ITPH-
y4aTh U3MEPSATh BEIUYHMHBI, pad0TaTh ¢ KAPTOHOM MJIM OyMaroi Juis mocie-
JYIOIIETr0 KOHCTPYHUPOBAHUS Pa3IMYHBIX TE€OMETPUUYECKUX QUTYD.

B 7-9-x knaccax, BBINOJHSS MHOTHE 3aJaHUsl Ha IEPCOHAIBHOM KOM-
IBIOTEPE, UCIOJIB3YS €ro rpaguueckie BO3MOKHOCTH, yUalluecst CioCOOHBI
pacmMpuTh U yriayOuTh CBOM 3HaHUS 1O reomerpuu. Kpome mocrpoeHus
yepTexel K 3ajjadyaM 0 TeOMETPUHU, HEMAJIOBAXXHYIO POJIb UTPAIOT IIPeod-
pa3oBaHus QUTYD HA IJIOCKOCTH, U3y YEHHIO KOTOPBIX ITOCBSIIEH LIEJIbIH pa3-
JieJl HIKOJIBHOrO Kypca reomeTpuu. KoMnbroTepHbIE CpelcTBa MO3BOISAIOT
BBITIOJIHSATS JIIOOOH BUJI IBUKEHUS QUTyp O€3 3aTpyAHEHHH.

Kaxxapiii yueOHBIH TpeAMET MOXKET BBISBUTH M Pa3BUTh DPa3InYHbIC
CrocoOHOCTH ydamuxcs. ['eoMeTpus uMeeT OoblINe MOTeHIUAIbHbIE BO3-
MOKHOCTH TSI Pa3BUTHS IPOCTPAHCTBEHHOTO BOOOpPaXKEHUsI, JIOTHIECKOTO
MBIIJIEHUS, IPAKTHUECKUX JEHCTBUH, CBA3aHHBIX C MOACIUPOBAHUEM IEO-
METPUYECKHX U PeabHbIX O0OBEKTOB.

BaxxHyro ponb urpaet ucnonb3oBanue KT npu 00yuennn perrenuro reo-
METPHYECKUX 3a/ad. UTOOBI TOOMTHCS XOPOLIMX I'€OMETPUUYECKHX 3HAHWM,
CIIOCOOCTBYIONINX Pa3BUTHIO MPAKTHYECKUX YMEHUH ydalinuxcsi, He0O0X0au-
MO TPUBHUTH UM HE TOJIBKO HABBIKM PHUCOBAHUS OT PYKH, HO U rpaduiecko-
T'0 MOZISJIMPOBAHMS C IIOMOIIBIO KOMITbIOTepa. st Toro 4To0s! 3 QeKTHBHO
00y4aTh pEIICHHIO T€OMETPHYECKUX 3ajad YUUTEII0 MaTeMaTHKH IPHXO-
JUTHCS OPUEHTHUPOBATHCSI HE TOJIBKO Ha BiajeHHe (QyHIaMEHTAJIbHBIMU Ma-
TEMaTUYEeCKUMHU OCHOBAMH, HO M Ha Pa3BUTHE CIIOCOOHOCTH K 00OOCHOBaHHUIO
COOCTBEHHBIX METOIUYECKUX JICHCTBUI, YMEHHS OCYLIECTBIATH HEIaroru-
YeCKYI0 pe()IeKCHIO, CTPEMIICHHS YUUTHIBAaTh COOCTBEHHBIE MHANBUYalIb-
HbIE 0COOEHHOCTH IIPH MPOEKTHUPOBAHUH U IIAHWPOBAHHMH I1€1ar O NYeCKON
JIeATEIBHOCTH, HEOOXOIUMO YIeNATh OOJbIIOE BHHUMaHUE KOMITBIOTEPHOU
KOMIIETEHTHOCTH.

Yuurtens MaTeMaTUKHU JOJKHBI BIaAeTh METOJUKON CaMOCTOSATEIBHOIO
IIPUMEHEHUS B CBOEH IMOBCEAHEBHOM paboTe HOBOT'O Y4eOHOr0 HHCTPYMEHTA,
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HOBOM ()OPMBI BeJICHHsI YPOKa, HOBBIX THUIIOB ITPEJICTABIICHHS yUCOHBIX MaTe-
pHaoB, 3 (GEeKTUBHO U TBOPUYECKH HCIOIB30BATh T€ 00yUalOIINe TPOAYKTHI,
KOTOpbIE MMEIOTCS B HacTosee BpeMs. IIpi 3ToM Ha ypokax HeoOXoIuMo
MI0Ka3aTh TaKHE PEUICHUs FEOMETPHUUECKHX 3a]1a4, KOTOPbIE UMEIOT IPEUMYy-
LIeCTBa NepeJl TPaJULUOHHBIM PEIICHUEM.

Heob6xonumocTs BKIiII0YeHUsT HHQOPMAIMOHHBIX TEXHOJOTHH B IIPOLECC
00y4eHH s TeOMETPHUH 00yCIIOBJI€Ha HECKOJIIBKUMHY TpuarHaMu. O1iHa U3 HUX
COCTOUT B TOM, YTO NPHUMEHEHHE WHPOPMAIIMOHHBIX TEXHOJOTHH BO BCEX
cdepax YeJIOBEUECKOH >KHU3HENESITEIbHOCTH HA CETOAHSIIHUI JIeHb CTaJo
HEOOXOIUMBIM YCJIOBHEM YCIEHIHOTO (PyHKIIMOHUPOBAHMS B COBPEMEHHOM
MH(POPMALIMOHHOM O0LIECTBE U 3HAYUT, JOJKHO KacaTbCsl ¥ MIKOJIBHOTO 00-
pa3oBaHHUsL.

Bropas oOyciioBnena npeagMeTHBIM copepkaHueM. Ha ypokax reomer-
PHH ydalrecss MHOro paboTaroT ¢ TpaMuecKuM H300pakeHHeM IIPOCTpaH-
CTBEHHBIX T'€OMETPHUECKUX (UTYpP, KOTOpPBIE HE BCEraa HaIJISIAHO OTpaxka-
10T UX cBOHMcTBa. [loaTOMy 0COOBIH MHTEpEC MPEeACTaBISAIOT rpaduyecKue
penaKTOpHl, MO3BOJISIONINE CO3AaBaTh U U3MEHATHh KOMIBIOTEPHBIE MOJEIH
reOMETPUYECKUX 0OBEKTOB.

U, HakoHel, BO3MOXKHOCTH MH(OPMAIIMOHHBIX TEXHOJOIMH B IPOBEAE-
HUH KOMIBIOTEPHOT 0 KCIEPUMEHTA C LENbI0 CAMOCTOSITEIBHOTO IOy YeHUsI
HOBOT'O 3HaHMS O FEOMETPUYECKOM OOBEKTE Ha OCHOBE M3yUEHHS KOMIIbIO-
TEpHOW MOAENH, AeJaeT 3TH TEXHOJIIOTHH B IIpolecce 00ydeHHs! OJHHUM U3
WHCTPYMEHTOB To3HaHUs. OcOOEHHO cleqyeT Y4YHUTHIBaTh, YTO COBPEMEH-
HBII CTaplIEKJIAaCCHUK OTIMYHO BJIAJEET MeKTpoHHbIMU pecypcamu, UKT,
IIpaBJia UCIIOJIB3YET ITH YMEHHUS HE BCer/ia B 00pa30BaTEbHBIX LENSX.

Hcnonp3oBaHue KOMIBIOTEpPA Ha YPOKE MO3BOISAET YUUTEII CO31aTh
MH(POPMALMOHHYIO 00CTaHOBKY, CTUMYJINPYIOIIYIO HHTEPEC U MBITINBOCTD
y4YaIIuXxcsl, CIOCOOCTBYET MOBHIIICHUIO Ka4YeCTBA 3HAHUH, pacuIupseT ropH-
30HTHI LIKOJIBHON MaTeMaTUku. Kpome TOro, koMnsroTep NOTEHLUAIBHO IO-
TOBUT y4YaIlIMXCS K )KM3HH B COBPEMEHHBIX YCJIOBHSX, K aHAJU3y OOJIBIIOr0
M0TOKa WH(GOPMALIUH U TIPUHATHIO PEIICHUH.
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®PAKTAJIBI, IX CBOVMCTBA,
KOMIBIOTEPHOE TTPEJICTABJIEHUE
W MPUMEHEHME K PEHIEHUTO YPABHEHUIA

P.B. bunskoBckuit
Axademuueckuil 1uyetl
Hayunvie pykosooumenu — kano. gus.-mam. nayxk UOIIM CO PAH
A. A. Pewemmusik,; yuumenv mamemamuru I K. E¢ppemosa

CDpaKTaJ'Ibﬂoe MHOXECTBO Ha HpHMOﬂ, Ha IMJIOCKOCTH, NOBECPXHOCTHU UIIN
MPOCTPAHCTBE MPEJCTABISAET COO0W reOMeTpHUYECKHil 00BEKT, 00JIa1atomni
CBOHCTBOM €aMON00006Usl, T.€. COCTABICHHBII U3 HECKOJIBKMX YacTel, Kax-
Jast U3 KOTOPBIX MOJ00HA BceMy OOBEKTY LEIUKOM C OMPENeICHHBIM KO3 (-
(urieHTOM 1oIo0HsL.

Orumosoruyecku «ppaxran» o3HaudaeT ¢ zam. oT fractus— apoOieHsIi,
CJIOMaHHBIH, pa30UTHIN, FTEOMETPUUYECKH MOXKET HE OBITh CBS3HBIM MHOXE-
CTBOM, T. €. MOXKET 00JIaJJaTh pa3pbIBaMU U IOTOMY He ObITh (UTyPOii B CTaH-
JapTHOM CMBICIIC.

Cpenu ero xapakTepHBIX CBOUCTB MOXKHO BBIICIIUTH TAKHE, KAK:

— obnajaHne HEKOTOPO HETPUBHAIBHOM CTPYKTYPOit BO Bcex MacuiTadax;

— (hpakTa IBIAETCSI CAMONOAOOHBIM UITH MPUOIMIKSHHO CaMOIIO00HBIM;

— (hpakTaybl UMEIOT O0JIee €CTECTBEHHYIO Pa3MEPHOCTD OOJIBIIYIO €0 TO-
MOJIOTHYECKOH (0OBIYHOMN) pa3MepHOCTH. DTO TaK Ha3bIBaeMasi Pa3MEPHOCTh
Xaycnopda — be3ukoBuua.

cDpaKTa.]'l]:uI SABJIAKOTCA OCHOBHBIMU p€aJIbHBIMU 06’beKTaMl/I B €CTCCTBCH-
HOHAy4HBIX 001acTsX 3HaHus. Tak, B )M3MKE OHM BO3HUKAIOT MIPU MOJEIH-
POBaHMH TaKUX HEIMHEHHBIX MIPOLECCOB KaK TYpOYJIEHTHOE TEUCHUE HKHIKO-
cTH, nuddy3un BelecTs, ITMHAMHUKY TOPEHHU ST, MOZIEIMPOBAHU S IIOTOABI U T. 1.
CDpaKTaJ'lbI HUCHOJB3YIOTCA MPU MOACIUPOBAHHUU PA3JIMYHBIX MaTCPUAJIOB,
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HampuMep, B HeTeXUMHUHN ¥ HaHO(pH3MKe. B OMOJIOruy OHU MPUMEHSIOTCS
JUTSL MOJICTTUPOBAHUS TIONMYJISALNNN, IS OMMMCAHUS CHCTEM BHYTPEHHHX Opra-
HOB, B YaCTHOCTH, CHCTEMbI KPOBEHOCHBIX cOCYJ10B. K mpumepy, moBepXHOCTh
TOJIOBHOTO MO3Ta MPEACTABIACT U3 ce0sl MMEHHO (hpaKTaIbHOE MHOXECTBO,
Ybsl IJIOMIAh OCCKOHEYHA, €CIIU CIYUTATh, YTO MMOBEPXHOCTH 00JIaJacT TOIO-
JIOTHYECKON pa3MepHOCTEI0 2. HakoHelr, mocnennee BpeMs (PpaKTaibl CTaiu
MOMYJISIPHBIM WHCTPYMEHTOM y TPEHIEPOB JUJIS aHANIN3a COCTOSTHHS OMpiKe-
BEIX PBIHKOB, TJIe 00JIACTH Xa0ca MEHSIOTCS o0acTsaMu opska [1-7].
[lepBBIM IPUMEPOM CaMONOZOOHOTO MHOXECTBA C HEOOBIYHBIMHU CBOW-
cTBaMH ObLIO MHodicecmeo Kanmopa, npennoxennoe B XIX B. (cMm. puc. 1).

— — — —
- - - - - - -
- - we . - ue - ue
weoun - weown - o - o -

Puc. 1. MuoxectBo Kanrtopa
3neck u3 enurnunoro orpeska C, = [0, 1] ynansercs cpequss TpeTs, T. €.

12
HWHTEpBaJI (—;— . OcTrapmieecs TO4ETHOE MHOKECTBO 0003HaUMM depes C.

3
KOTOPBIX yIAJIAM CPEIHIOI TPETh, U OCTABIIEECS MHOXKECTBO 0003HAYNM
uepe3 C,. [IoBTOpUB 3Ty MpOUERypY ONATH, YAAJSAs CPEAHUE TPETH Y BCEX
4eThIPEX OTPe3KoB, nonydaem C,. Jlanbuie Takum xe obpasom nonydaem C,,
C,, C,... O6osnauum yepe3 C mepeceuenne Beex C,, KOTOPOE Ha3BIBAETCA
KanTopoBbiM MHOKeCTBOM. PasmepHocTs Xaycmopda — be3nkoBuua Takoro
¢pakrana In2/In3 = 0,6309, a Tonosoruyeckas paamepHocTh paHa 0.

1
MmuoxectBo C, =|0;—|U E;l COCTOHUT U3 ABYX OTPE3KOB, B Ka)KJAOM M3

Puc. 2. Kpusas Koxa

Jpyrum npumepoM ¢pakTaia, HoJIy4aeMoro U3 MpsiMOH, SIBISETCS KpUeas
Koxa. Ins ee mocTpoeHus 6epeTcs MPsIMO OTPE30K — TaK Ha3bIBAEMBIN UHLU-
yuamop. B xadecTBa mabioHa 6epeTcs paBHOCTOPOHHUH TPEYTOIBHUK (TaK
Ha3bIBAEMBIN 2eHepamop), CTOPOHBI KOTOPOT'O PABHBI TPETH JUTHHEI OOJIBIIIETO
OTpe3Ka. DTH TPEYTOJIBHUKN A00ABISIIOTCA K CEpPEAMHE KaXkJIOr0 CETMEHTA
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cHoBa u cHoBa. KpuBas Koxa numeer pasmepHocts Xaycnopda — besukoBuua
In4/In3 = 1,261859, a Tomonornyeckyio pa3mMepHoCTb 1.

®pakramamu Jpyroro poja sBISIOTCS MHOXKecTBa MaHaens0poTa, XKio-
nua u 6acceitHbl HproToHA.

Mnoocecmeo Mandenvbpoma — 310 BpakTai, onpeneIeHHbIH KaKk MHOXe-
cTBO ToueKk C Ha KOMILJIEKCHOU IJIOCKOCTH, ISl KOTOPBIX WTEpaTUBHAS MO-
CJIE/IOBATEIBHOCTS (C # — HOMEPOM UTEPALlNH) HE YXOJUT Ha OECKOHEUHOCTb.

_ _ .2
z,=0, z, =z +c

Mnooicecmeo Kronua — 310 hpakTai, ompeaeneHHBIA KaK MHOXKECTBO TO-
yek C Ha KOMIIJIEKCHOHN IJIOCKOCTH, /JIsSI KOTOPBIX HTE€pPAaTHBHAS IOCIIEI0Ba-
TEIBHOCTD HE YXOANUT Ha OECKOHEYHOCTb.

_ 2
z,., =2z, +c, ¢, —const.

bacceiinvt Hoiomona ocHoBaHbl Ha MeToAe HproToHa, nmpeacTapisionie-
ro co00i UTEPAMOHHBIA YHCICHHBIA METOI HaXOXICHHUS KOPHS 3aIaHHOU
(yakurr. Meton ObLT BIEPBEIC MPEIJIOKCH aHTTTHHCKUM (PU3UKOM, MaTeMa-
THKOM U acTpoHoMoM Mcaakom Heioronom (1643—1727), mog mMeHEM KOTO-
poro u oOper CBOI M3BECTHOCTH. [IOMCK pelIeHusT OCyIIeCTBIICTCS ITyTeM
MOCTPOCHHS TOCIIECIOBATEIFHBIX MPUOIMKCHUA M OCHOBAH Ha MPHHIIUITAX
npoctoit utepanun. Meto o01amaeT KBaIpaTHIHOW cxoguMocThio. Kopau
0 JAaHHOMY METOy PEIICHUs HaXOIATCS 10 CleAyromei hopmyire

X =Xy — S, X, =X, T,

Ijie X, — HayaJbHOe pUOIMKEeH e, f(X) — ypaBHEHHE 3aJaHHOE KaK QyHKIHA,
a f(x) — ee mpou3BOIHAS.

B paGote OpL1a penieHa mpakTUdeckas 3aada KOMIBIOTEPHOTO IOCTpoe-
Husi MHOXecTB JKionna 1 Manzaenb0poTa ¢ LeNbIM U PallMOHAJIbHBIM 3Ha-
YeHUEeM I0Ka3aTelisi B MOBTOPHOM OToOpa)keHWu U OacceitHoB HploToHa.
EcrecTBeHHO, 0000IICHNE MOBTOPHBIX KBaJpaTUYHBIX OTOOpa)KCHWH Ha
KOMILIEKCHOW MJIOCKOCTH Ha Clly4ail CTEeIIEHHBIHBIX U PallHOHAIBHBIX 0TOO-
pakeHHH OBITTM PacCMOTPEHBI B JINTEPAType U T€OMETPUUECKHE CBOWCTBA,
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MMONYYCHHBIX (hpaKkTaioB m3ydaiauch. C Hallel TOYKHM 3PCHHS aKTyallbHOU
SIBJISICTCS MIMEHHO 3aJiava IparuecKoro mpeCTaBICHHUS STUX MHOXKECTB.
Jns uccnenoBaHus pakTalioB, TAKUM OTOOpa)KeHHSIM, ObLila HaIMCaHa
aBTOpCKas mporpamMma Ha si3eike C#. It 3Toro ObLITH UCTIONB30BaHbI anre0-
paudeckasi ¥ TpUroHOMeTpruYeckas (opMa 3amicy KOMITJIEKCHBIX YHCE, pea-
JU30BaHHBIC MporpaMMHO. Cama mporpaMmma mo3BoJiseT u300paxaTs 0000-
IIeHHBIC MHOXKecTBa MannensOpora u JXKromua, a Tak sxe 6accelinbl HproToHa.

Puc. 3. MHoxecTBO Manens0poTa
npuz,=0,m=5n=1

OHa MO3BOJISET BBIMOJHATH ClieAyonue (yHKIMH, CBI3aHHBIC CO CBOM-
CTBOM CaMOMoao0us (GpaKTasos:

— yBeJIMUCHHE MaciTaba n300pakeHus GpparmeHTa ppakrana;

— TOJIyYeHHE KOOPIMHATHI yKa3aTeIsl MBIIIH Ha (pakTae;

— COXpaHCeHHE MOJIydeHHOro (hpaKTaia B OTACIHHOM (aiiie;

— UCTIOJIb30BaHUE TTOTOKOB JIJISI IOCTHXKEHUS BEICOKOTO OBICTPOACHCTBUS
MPOTrPaMMBI.

3aki0ueHde M MepPCNeKTUBBI. B MpOBECHHOM HCCIENOBAaHUM pac-
CMOTpEHA KOMITBIOTEPHAS peanu3anusi 0000IIEHHBIX TEOMETPHUCCKUX MHO-
skecTB XKionma u Manaens0poTa Ipu MPOU3BOJIBHOM CTENEHHOM M pallho-
HaJILHOM 3HAYCHMAX p = "/ B UTEPATUBHOM OTOOpaxeHuu: Z, , =Z! +c,
KOMIUIEKCHOW IIepEMEHHOM z Ha TIOCKOCTH, U OacceitHoB HeloToHa Kak Me-
TOJIa peIIeHUs aNre0pandecKuX ypaBHEHNH BRICIIUX cTeneHer. [t Harmsa-
HOTO TIPEICTABICHUS H3yYaeMbIX 0000IIeHHBIX MHOXecTB JKronna u Mas-
nenp0poTta, ObacceitHoB HploToHa ObLiTa HalrcaHa aBTOPCKasi MporpaMMa Ha
00BEKTHO-OPHEHTHPOBAHHOM SI3BIKE ITporpammupoBanus CH.

[Ipenmonaraercs pacmIIPUTH UCIIONB3YyEMbIH METOHA MONyYCHHS (pak-
TaJOB Ha IJIOCKOCTU Ha cllyyall TPEXMEPHOI'O MPOCTPAHCTBA C BBEIECHUEM
B 0000IIEHHEIE TIOBTOPHBIC H300PaXKECHUS TaK Ha3bIBAEMBIX THIICPKOMILIECKC-
HBIX YHCEIL.
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N3YYEHUE TEMbI
«ITPU3HAKU PABEHCTBA TPEYI'OJIBHUKOB»

U. C. bypaukoBa
Tomckuii 2ocyoapcmaennwvili nedazo2udeckKutl yHugepcumem

[Ipu3HaKu paBEeHCTBA TPEYTONBHUKOB SBJISIOTCS OCHOBHBIM Pa0OYHM afi-
mapaToM Bcero Kypca reomeTpuu. JlokazatennbcTBa O0IbIICH 4acTH TEOPEM
Kypca CTPOSITCS MO CXEME: TIOUCK PaBHBIX TPEYTOJIbHUKOB — JOKAa3aTEIbCTBO
WX paBEHCTBAa — CJEACTBUS, BBITEKAIOUIME U3 PABEHCTBA TPEYTrOJIbHUKOB.
[Ipu3Haku paBeHCTBa TPEYTOAbHUKOB OTKPBHIBAIOT MIMPOKHE BO3MOKHOCTH
JUISL pEIICHUS 3a1a4 U, TAKUM 00pa30M, MO3BOJISIOT HAKAIIJIUBATh OIBIT J[0-
Ka3aTeNbHBIX paccyxJaeHuil. Jloka3aTenbcTBa NEPBOrO U BTOPOT'O MPHU3HAKOB
COCTOAT B TOM, UTO OJMH TPEYTOJIbHUK COBMELIAETCS C APYTUM NyTEM Ha-
JIO)KEHUS, a 3TO 03HAYAET, UTO TPEYTOJIbHUKHU PABHBI MO ONPEIEIECHUIO pa-
BEHCTBa (PUTYp. DTOT MPHEM HATIIAJCH, MOHATCH YYalllUMCs, BIIOJIHE COOT-
BETCTBYET MX MPEACTABJICHUSIM O PAaBEHCTBE QUTYD.

Ha nHauanbHOM 3Tame u3y4yeHHs NPU3HAKOB PABEHCTBA TPEYTOJbHUKOB
MOJIC3HO OOJIBIIIC BHUMAHHS YIEISATh PCIICHUIO 3a/1a4 10 TOTOBBIM YepTe-
’)kaMm. B nanpHeimeM npu peleHnu 3a1a4 JaHHOM TIaBbl HY>KHO HalleJINBaTh
yualiuxcsl Ha CaMOCTOSITENIbHOE BBIMIOJIHEHHWE PUCYHKA 110 YCIOBUIO 3a]a4H,
YTO BO MHOTHX CJIydYasX IMOMOraeT ObICTpee HAWTH U MPUMEHHUTH MMOIXO/S-
MY MPU3HAK PAaBEHCTBA TPEYTOJbHUKA.

Bropoii BaxHBII MOMEHT JaHHOI INIaBbl — BBEJIEHUE HOBOI'O KJlacca 3a1a4
Ha [IOCTPOEHHE C MOMOUIBIO0 HUPKYJIS ¥ IMHEHKH.
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Haznauenwue naparpadga «[lepBbiii mpu3HaK paBeHCTBA TPEYTOJIEHUKOBY —
BBECTH MOHATHS TPEYTOJIBHUKA U €0 AIEMEHTOB, TIOHATHUS TEOPEMBI U JOKa-
3aTebCTBA TEOPEMBI, 10KA3aTh IEPBbII IPU3HAK PABEHCTBA TPEYTOJbHUKOB.

[lonsiTHE TpeyroNbHUKA 3HAKOMO YYalIUMCs, T03TOMY M3yU€HHUE TEMBI
MOJKHO Ha4aTh C JEMOHCTPALIMH Pa3INYHBIX MHOTOYTOJIbHUKOB, U3TOTOBJICH-
HBIX W3 TIPOBOJIOKH MO0 M300pakeHHBIX Ha IUIAKaTe WIIM KJIACCHOM JOCKe.
Cpenu HUX yyaliMecs BBIAEHSIOT TPEYTOJbHUKH, YKA3bIBAIOT U HA3BIBAIOT
UX CTOPOHBI, BEPIIMHBI U YINIbl. YYalUecs JOJIKHBI 3HaTh, YTO B TPEYTOJIb-
Huke ABC ctopoHa BC u yron A sSBASOTCA NPOTUBONEKAIIUME IPYT APYTY
(MOXXHO CcKa3aTh M Tak: CTOpoHa BC sBISETCS IPOTHBOIOJIOKHON BEpIIM-
He A), yriel B u C npunexar K cropoHe BC, yroin 4 3aKII04eH MEeXIy CTOpO-
HamMu ACu AB u T. 1.

B cBs131 ¢ 9TUM N0JI€3HO BBINOIHUTH CIEAYIOIIEE MPAKTUUECKOE 3aAaHHE:

1. Haueptute TpeyroabHuk ABC U mpoBeaUTE OTPE30K, COSAUHSIOMINI
BEpIINHY A C CEpEeANHON NPOTUBOINOJIOKHOW CTOPOHBI.

2. Hauepture TpeyroiabHuk MNP. Ha ctopone MP oTMeThTE IPOU3BOJIb-
HYIO TOUKY K ¥ COEITUHUTE €€ ¢ BEPIINHON, IPOTUBONIEKAIEeH cTopoHe MP.

3. HazoBure yriusl:

a) TpeyroiabHuKa DEK, nipriexaniye K ctopone EK;

6) TpeyronpHuka MNP, npuiexamue K cTopore MN.

4. HazoBute yrom:

a) TpeyroiabHuka DEK, 3akimoueHHbIH Mexy cropoHamu DE u DK;

0) TpeyronbsHuka MNP, 3aKITI0YCHHBIN MexX Ty cToponamu NP u PM.

5. Mexay KakUMU CTOPOHAMU:

a) rpeyroiabHuka DEK 3akitoueH yron K;

0) Tpeyronbsauka MNP 3akitodeH yroi N?

Jns nydiiero yCBO€HHUs MOHSITUN TPEYTOJbHUKA M €r0 JJIEMEHTOB Ke-
JIATEJIBHO BBITIONHUTH 3aAanus 87 u 88. 3aTeM MOXKHO BBECTH MOHSTHE Ie-
pUMeTpa TPeyroJbHIKA U PEMIUTh 3a1ady 91 ¢ odopMiieHHeM Ha JIOCKE U B
TeTpaasax ydalluxcs.

Bo3moxxHOE 0hopMIteHHE pelIeH s 3a1a4H.

Hauo: P, =48 cm, AC= 18 cm, BC— AB =4,6 cm.

Haiitu: AB u BC.

Pemenue. OG03HaUUM JUIMHY CTOPOHBI AB B caHTHMeTpax OyKBOH X,
torna BC = (x+4,6) cm; 48 cMm=AB + AC+ BC= (x + x + 4,6 + 18) cm, oTKyza
2x =254 cm, x = 12,7 cm.

Uraxk AB=12,7 cm, BC= (12,7 +4,6) cm = 17,3 cMm.
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OTBeT: 12,7 cmu 17,3 cm.

Janee nenecooOpa3Ho HAIOMHUTH YYaIIUMCs, KaKUe (PUTYpBI HA3bIBAIOT-
Csl paBHBIMH, 1 OOPaTHTh BHUMAaHUE HA TO, YTO U3 PABEHCTBA TPEYTOJIBHUKOB
ClIeIyeT PaBEHCTBO COOTBETCTBYIOIIUX, T. €. COBMEIIAIOIINXCS IIPH HAJIOXKE-
HUU, CTOPOH U yTJIOB 3THUX TPEYTOJFHUKOB M YTO B PABHBIX TPEYTOJIBHUKAX
MPOTHB COOTBETCTBCHHO PAaBHBIX CTOPOH JIC)KAT paBHBIC YINIBI U 00paTHO,
MPOTHB COOTBETCTBCHHO PABHBIX YTJIOB JIC)KAT paBHBIC CTOPOHBL. B cBs3M
C 3THM MOJIC3HO MPEJIOKUTH YUAIIUMCS BHITIOJIHUTH CICIYIONICE 3alaHuE.

C [ ] P M
Puc. 1 Puc. 2

Ha xaxxgoMm u3 puc. 1 u 2 u300pakeHbl paBHbIC MEXy COO0H TPEeyroib-
HUKH. YKaXXHUTE COOTBETCTBEHHO PABHBIC AJIEMEHTHI 3TUX TPEYTOJIBHUKOB.
Jlanee MOXHO YCTHO PEIINTh 3a/1ady 92 U CIeAYIONIYI0 3a7a4y:

Tpeyronsauku ABC u MNP paBusl, ipuueM LA = /M, /B=/ZNn £LC =
= /P. Haiinute cropoHs! Tpeyronsuuka MNP, ecniu AB =7 cm, BC =5 cwM,
CA=3cwm.

Pemenue. AABC = AMNP 110 yCJIOBUIO, TO3TOMY YTJIbI U CTOPOHBI TPE-
yroiapHuKa ABC COOTBETCTBEHHO PaBHBI YIJIaM U CTOPOHAM TPEYTOJbHUKA
MNP. V3 ycnoBus 3aiauu CIEAYET, YTO COOTBETCTBEHHO PABHBIMU SIBJISIFOTCS
ctoponbl AB u MN, BC u NP, CA u PM. Takum o6pazom, MN =7 cm, NP =
=5cMm, PM=3cm.

W3y4eHune nepBoro npu3Haka paBeHCTBA TPEYTOJIBHUKOB CIIEAyeT HauaTh
C Pa3bACHEHHUS CMBICIIA CJIOB «TEOPEMa» U «JI0Ka3aTeNbCTBO TEOPEMBI», MO-
CKOJIBKY C 3TUMH MOHATHUIMH ydalluecs BcTpedaroTcs BrnepBsie. HyxHo oT-
METHUTh, YTO B TEOMETPHUH KaXKJI0€ yTBEPKCHUE, CIIPaBeIIINBOCTh KOTOPOTO
YCTaHaBIMBACTCS IIyTEM PacCyXJACHUI, Ha3bIBaeTCd TEOPEMOM, a CaMU pac-
CY’>XKJICHHSI Ha3bIBAIOTCS JI0Ka3aTEIbCTBOM TeopeMbl. Ilone3Ho HamoMHUTH
MPUMEPBI PacCy>KJCHUH, IPOBEICHHBIX paHee, U CKa3aTh, YTO ITO OBUIH J10-
Ka3aTelbCTBA TEOPEM, XOTS MBI UX ellle Tak He Ha3biBaiu. Crofa oTHOCATCA
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yTBEpXKJIeHHE (TeopeMa) O PaBEHCTBE BEPTHKAJIBHBIX YIJIOB, YTBEPXKACHHE
(Teopema) 0 CBOMCTBE JIBYX MPSIMBIX, HEPHIEHANKYISPHBIX K TPEThEH MPSIMON.

[epen Tem kak cOpMyIHPOBATH NEPBBIA NPU3HAK PABEHCTBA TPEYTOJIb-
HUKOB, KEJIaTEeJIbHO IIOBTOPUTH C yYAIIMMHUCS IOHSTHE paBeHCTBA (QUTYD
(OTpe3KkoB, YIJIOB, TPEYTOJIBHUKOB), UCHONB3Ys IIPH 3TOM IJIAKaThl, MOJE-
JIY ¥ BBITIOJHUTH 3aanue 89, a. 3aTeM yuuTemno cienyer chopMyInpoBaTh
U J0Ka3aTh TEOPEMY, BBIPAXKAIOIIYIO MEPBBIHA MPU3HAK PABEHCTBA TPEYTOJIb-
HUKOB. [locne qoka3aTenbcTBa HYKHO Pa3bsICHUTB CMBICI CIIOBA IIPU3HAKY,
OTMETHB, YTO AOKa3aHHBIM NpPU3HAK JaeT BO3MOXKHOCTb YCTaHaBIUBATh
PaBEHCTBO JBYX TPEYT'OJIbHHUKOB, HE MPOU3BOAS (PaKTHUECKOTO HAJIOKEHUS
OJJHOTO U3 HHUX Ha JIPyroi, a CpaBHUBAsS TOJbKO HEKOTOPBIE JIEMEHTHI TPEY-
TOJIbHUKA.

Ha nauanpHOM 3Tamne NpUMEHEHUs MEPBOro MpH3HAKa PABEHCTBA TpEy-
TOJIBHHUKOB XKEJaTeIbHO PACCMOTPETh KaK MOXKHO OOJIbIIE 3a1a4, pelIaeMbIX
10 TOTOBBIM 4epTekaM. [Ipy 3TOM MONE3HO MpUydaTh yYalIUXCcs OTMEYaTh
HA 4epTEkKEe COOTBETCTBEHHO PABHBIE HIEMEHTHI U AeIaTh COAepXKATEIbHbIE
CCBUIKM Ha NPU3HAKH (TPEyTOJIbHUKH paBHBI 110 JIByM CTOPOHAM M YTy
MEXJy HUMH»), a He (opMmaibHbIe («TPEYroJbHHKH PaBHBI IO NEPBOMY
NIpU3HaKY»). B kilacce pexomenayercs pemnts 3axaun 93, a, 6; 94, 96, 98.
[IpoBepuTs yMeHHE ydallUXCsl IPUMEHSATh U3yUYEHHBI IPU3HAK IPU pelie-
HUU 3a]1a4 MOKHO C TIOMOIIbI0 caMocTosiTesibHOM paboTsl (111 u IV BapuanTh!
IpeJHa3HaYeHbI U1t O0ee MOATrOTOBICHHBIX YUaIUXCs).

CamocTosiTesibHasI paboTa.

Bapuanm 1.

Joxaxure paBeHCTBO TpeyronsHUKoB ADC u ABC, m300pa»XeHHBIX
Ha pucyHke, ecniu AD = AB u /1 = /2. Haiinute yrnsl ADC u ACD, ecnu
ZACB =38°, LZABC = 102°.

Puc. 3
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Bapuanm 11.

Joxaxure paBeHCTBO TpeyronbHUkoB ABC u ADC, u300pakeHHBIX Ha
puc. 53 yuebnuka, ecnu BC = AD u /1 = /2. Hatiqute yraet ACD u ADC,
ecinu LABC = 108°, £BAC = 32°.

Bapuanm 111.

UssectHo, uT0 AABC = AA B C , npuuem /4 = /A4, /B = /B, Ha cro-
ponax AC u 4 C, ormeuensl Touku D u D, tax, uro CD = C D,. Jlokaxwurte,
uro ACBD =AC B D,.

Bapuanm 1V.

UssectHo, uto AMKP =AM K P, npuuem /M= /M, /K= /K .Hacro-
ponax MP u M P, ormedensl Touku £ u E|, Tak, uto ME = M E|. Jlokaxurte,
uro AMEK =AM EK.,.

B pesynbrare uzydyeHus maparpada ydaiuecs IOJKHBI YMETh OOBsC-
HUTB, KaKas QUrypa Ha3pIBacTCS TPEYTOJBHUKOM, H HA3BaTh €r0 AJIIEMCHTHL;
3HaTh, YTO TaKOE MEPUMETP TPEYroibHUKA, KaKue TPEyTroJbHUKU Ha3bIBa-
I0TCS paBHBIMH, ()OPMYIUPOBKY H JIOKA3aTEIHCTBO NEPBOTO MpH3HAKA pa-
BEHCTBA TPEYTOJILHUKOB; YMETh pewmaTh 3aaa4uu tuna 90, 92, 93, 94, 95, 97.

BTopoii 1 TpeTHii NPpU3HAKN PAaBEHCTBA TPEYroJlbHUKOB.

Hasnauenue maparpada — U3y4uTh BTOPOH M TPETUH NMPHU3HAKU PABCH-
CTBa TPEYTOJBLHUKOB M BEIPa0OTAaTh HABBEIKHM HCIIONB30BAHUS ITHX MPH3HA-
KOB IIPU pELICHUH 3a]1a4.

B nauvase nepBoro ypoka no 3Toi TeMe Mojie3HO pelInTh HECKOJBKO 3a71a4
[0 TOTOBBIM YEPTEXKaM C LENbI0 MOBTOPEHUS EPBOro MpU3HAKa PAaBEHCTBA
TPEyTroJIbHUKOB:

E B D
C
O
D K A C F
Puc. 4 Puc. 5

1. Ha puc. 4: DE = DK, £1 = /2. Haitnute EC, ZDCK n £DKC, ecnu
KC=1,8 nm, ZDCE = 45°, Z/DEC = 115°.

2. Ha puc. 5: OB = OC, OA = OD, LACB = 42°. ZDCF = 68°. Haitnute
ZABC.
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[epen n3ydyenneM BTOPOro NMpu3HaKa paBEHCTBA TPEYTOIBHUKOB TI0JIE3-
HO IPEMAJIOKHUTH yUaIUMCS CIeqyIolee IPaKTHIeCKoe 3alaHue:

C nomoIpl0 TpaHCHOPTHpPA M MAacIITaOHOW JIMHEHKHM HauepTUTEe Tpe-
yroiasHUK ABC Tak, 4T0081 LA = 46°, /B = 58°, AB = 4,8 cMm.

[Ipn moxazarenbcTBE BTOPOTO IMPU3HAKA JKEJIATENFHO OTMETUTH aHaJIo-
THIO C JOKa3aTeJIbCTBOM IIEPBOTO NMPH3HAKA: B TOM U JIPYI'OM Cllydae paBeH-
CTBO TPEYT'OJIbHHUKOB JOKA3bIBACTCS ITyTEM TaKOTO HAJIOXKEHUS OJJHOTO Tpe-
YTOJIBHUKA Ha IPYTOH, TPH KOTOPOM OHH IOJTHOCTHIO COBMEIIAOTCSL.

Jist mydiero ycBOGHHsI BTOPOTO IpU3HAaKa pPaBEHCTBA TPEYTOJIbHHKOB
TI0JIE3HO I0CJIE €T0 JO0KA3aTeNbCTBA PEIINTh HECKOIBKO 3a1a4:

1. Ha puc. 6: L1 = £2 u /3 = £4. lokaxure, uto AABC = AADC.

2. Hapuc. 7: AC = CB, LA = ZB. Joxaxure, uto ABCD = AACE.

3. Ha puc. 8: myu AD — 6uccekrpuca yrina BAC, /1 = /2. Jlokaxxute, 4TO
AABD = AACD.

4. Ha puc. 9: BO = OC, £1 = /2. YkaxuTe paBHblE TPEyTOIbHUKU Ha
9TOM pHUCYHKE.

5. Hapuc. 10: L1 =422, ZCAB = ZDBA. YkaxxuTe paBHbIE TPEYTOJbHUKU
Ha 3TOM pHCYHKE.

B B E B
A
A Vi B X A D
D L A c
Puc. 6 Puc. 7 Puc. 8
D A B
o
(o)
A
c C D
Puc. 9 Puc. 10
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3aTeM B KJlacce MOXHO peluTh 3aaaun 121, 123, 126, 132. B pemenusix
3amau 127, 129-131 ucnonp3yroTcs NepBbIA U BTOPON MPU3HAKU PABEHCTBA
TPEYTrOJIbHHUKOB; 3TH 3a/1adu Oojiee TPyIHBIE, BO3MOXKHO, YTO KOMY-TO U3
ydamuxcst norpedyercst nomomps y4dureins. [loaTomy dacTs M3 HHX Kela-
TEIbHO PELIUTh B KJIacce, 3alIUCaB PEIICHUS Ha IOCKE U B TETPaIsX.

Bosmoxxnoe odopmitenue pentenus 3agaun 127:

Hauno: AABCuAABC.AB=A4B,BC=BC,/B=/B,DeAdB,D, e

€ A B, ZACD = LAICIIDI1 (}lmc. 11). o H

Hoxaszates: ABCD=ABCD,.

Pemenue: AABC = A4 B/C, mo 1ByM CTOPOHAM U YIJIy MEKIY HUMH
(4B =AB,BC=BC wu /B = /B, no ycnopurw), cienoparenbto, ZACB =
=/ACB,.

/BCD=/ACB-ZACD, /B ,C D = /A CB - /A C D, Takkak ZACB=
ZA,C B n ZACD = ZA4 C D, (no ycnosuio), To ZBCD = £/B C D,.

ABCD = AB/C D, 1o CTOpOHE W TIpuiexamuM K Hedl yraam (BC = B,C,,
4B= /B, ZBCD = /B ,C\D,), uTo n Tpeb0Banoch 10Ka3arh.

B 8,
Z& R
A C A, C,

Puc. 11

3amaun 127, 129—131 MOryT OBITH HCIIOJIB30BaHBI TAK)KE B MHIUBHIYaJIb-
HOH paboTe ¢ HanboJiee NOATOTOBICHHBIMH YYaITMHCS.

Ilepen u3yueHUEM TPETHErO MpPU3HAKA PABEHCTBA TPEYTOJLHUKOB JKe-
JIAaTCJIIBHO yCTHO 110 TOTOBBIM qepTemaM peH_II/ITI) 3aJa4u Ha HpI/IMEHeHI/Ie
MEPBOT0 U BTOPOTO IIPU3HAKOB PABCHCTBA TPEYTOJBHUKOB M CBOMCTB paBHO-
OepEeHHOr0 TPEYTONbHUKA:

1.Ha puc. 12 £1 = £2, L5 = £6, AC = 12 cm, BD = 5 cMm, L4 = 27°.
Hatinute AD, BC u /3.

2. Hapuc. 13 MN = NP, ZNPK = 152°. Haitnute ZNMP. Jloka3aTeinbCTBO
TPETHEro MPU3HAKA PAaBEHCTBA TPEYTOJILHUKOB OTIIMYACTCS OT JOKAa3aTCIbCTB
MEPBOTO U BTOPOTO MIPU3HAKOB TEM, YTO 3/I€Ch HE MMPOBOIUTCS HAJIOKECHHUE O/I-
HOI'0 TpeyrojbHUKA Ha ApPYyrod. B mpouecce u3yd4eHUss TEOPEMBI O TPEThEM
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IIpU3HAKe BecbMa Iojyie3Ha pabora c¢ puc. 70, 6, ¢ ydeOHHKa, 10 KOTOPOMY
MOXHO I10Ka3aTh, YTO B cily4ae, koraa iyd C C COBIAAET ¢ OJHOU U3 CTOPOH
yrna A, C A, vy IPOXOAUT BHE 3TOTO YIJIA, I0KA3ATENbCTBO POBOJAUTCS aHa-
JIOTUYHO ciy4aro, koraa iyd C,C npoxoauT BHYTpH yria (puc. 70, a). MoxHo
TaKXe II0CJIe TOTO, KaK JO0Ka3aTeIbCTBO TEOPEMBI M3JIOXKEHO YUHUTEIEM IO
puc. 70, a, IPeUIOKUTH OTHOMY U3 YUaluXcsl JOKa3aTh TPETHH IPU3HAK pa-
BEHCTBA TPEYTOJIBHUKOB JJIS CIIydasi, n300paxkeHHOro Ha puc. 70, 6.

c
A N
o M P K

Puc. 12 Puc. 13

3aTeM MOJIEe3HO PEUIUTh YCTHO 33/1a4y 10 TOTOBBIM YepTEKaM:

1. Ha puc. 14 KT = DM, KM = DT. [loxaxwure, uto ATKM = AMDT.

2. Ha puc. 15 BC = AD, BE = DF, AE = CF. Jlokaxure, uTo: a) AADF =
= ACBE; 6) AABE = ACDF.

K D A D
Puc. 14 Puc. 15

[ocne sToro mMoxHo mepeiTu Kk permeHuto 3anad 135 (ycrHo), 138 (3a-
MMACATh PEIICHUE Ha JIOCKE W B TeTpamsx), 139 (pa3o0Oparh IUIaH pelieHus
s crydas 6). 3agaun 140—142 mMoryT OBITH MCIIOJIB30BAHBI B WHUBHIY-
aTpHON paboTe ¢ HauboJiee MOATOTOBICHHBIMY ydamuMucs. [Ipu penreHun
3agaun 142 yyamuecs, Kak IpaBUjo, paCCMaTPUBAIOT OAUH U3 BO3MOXKHBIX
CJy4aeB pacroyiokeHus: Touek 4 u B oTHocuTenpHO npsimort CD, mosTomMy
JKEIATeIbHO 00pPaTHTh UX BHUMAHHUE HA TO, YTO TOYKHA A U B MOTYT pacmo-
JlaraTbcs Kak 0 OJHY CTOPOHY OT npsiMoit CD, Tak U MO pa3Hble CTOPOHBI OT
Hee, T. €. HY’)KHO PacCMOTPETh JIBa clyyasl.
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B 3axiroueHrne MOKHO IIPOBECTH CaMOCTOSTENBHYIO paboTy mpoBepod-
HOTO XapakKTepa.

KenarenpHo BBIIENUTH BpeMs Ha MPOBEICHUE aHAIN3a PELICHUS 3ajad
9TOH CaMOCTOSTENEHOIM paboThl (MOXKET OBITH HEKOTOPBIX OTAENBHBIX (par-
MEHTOB pPEUICHUs 3a1aY).

OcHoBHBIC Tpe0OBaHUA K ydammumcs. B pesynprare usyueHus marte-
pHana yJaniiecs: 1oJDKHBI 3HaTh (OPMYJIMPOBKH U JI0Ka3aTeIbCTBA BTOPOTO
U TPEThEro IMPHU3HAKOB PABEHCTBA TPEYTOJbHUKOB, YMETh peIlaTh 3aJadd
tuna 121-123, 125, 129, 132, 136-139.

Jumepamypa

1. 'eomempus : yueOHUK 1711 7-9-X Ki1accoB o01eo0pa3oBarenbHbIX yupexaenuii / JI.C. Ara-
HacsiH, B. ®. Byty30B, C.b. Kagomues u np. 20-¢ u3n. M. : IIpocsemenue, 2010. 384 c.

2. I[locopenos, A.B. Teomerpus : 7-9-¢ knaccel / A.B. Iloropenos, JI.}O. bepesuna,
H.b. Mensnukosa, T.M. Mumenko, 1. JI. Hukonsckas, JI. }O. Yepusiesa. 2-e u3a., nepepad.
u om. M. : Dk3amen, 2008. 431 c.

HNCIIOJIB30BAHUME 3JIEMEHTOB TEOPUU I'PA®OB
B IKOJIBHOM KYPCE MATEMATHKH

E.C. Baruna
Tomckuii 2ocyoapcmeeHHblll neda2oeutecKutl yHugepcumen
Hayunwiii pykosooumens — kano. ned. Hayk, ooyenm A. I [loocmpueuy

B Hamie Bpems ycrex 4eJIoBeKa 3aBHCUT OT €r0 CIIOCOOHOCTH MBICIUTH
YEeTKO, KPEaTUBHO, JIOTHYECKH PACCYXKJaTh M SICHO M3JIaraTh CBOM MBICIH.
VMeHHO O3TOMY pa3BUTHE 0OPa3HOTO M JIOTHYECKOT0 MBIIIJICHUS SIBIISIETCS
OCHOBHOMH 3a/1aueii IIKOJIBHOTO Kypca 00y deHusI.

CunTaeM, 4TO HCHOIB30BAHUE JIEMEHTOB TEOPUH I'pahOB KaK CIICIHAIIb-
HOTO 5I3bIKa, MHCTPYMEHTA IIOMOXET PEUINTh Y4eOHO-METOANYECKHUE 3a1aun
00y4yeHHsI MaTeMaTHKE U MTOBBICUTH KAYECTBO 3TOI'0 OOyUYEHUSI.

Wrax, 1nenplo UCCIIeIOBaHUS SIBIJIOCH BBEJCHHUE JIEMEHTOB TEOPHUH T'pa-
(OB B HIKOJBHBIN KypC MaTeMaTHKH KakK CPEACTBA Pa3BUTHS JIOTHUECKOTO
1 00pa3HOT0 MBIIIJICHUS IIKOJIEHUKOB.

3aauu UCCIIEOBAHMUS:

— aHaJu3 TOHATUS «MBILIUICHHE» B MCHXOJIOTO-TIEJarornyeckon JuTe-

patype;
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— BBISIBJICHHE OCHOBHBIX TIOJIOKEHUH UCIIOIB30BaHUS I'padoB LI pa3BH-
THsI 00PA3HOTO W JIOTHYECKOT'0 MBIIILJICHUS YYaIIHXCS;

— pa3paboTka y4eOHO-METOAMYECKHNX MATEPHAIOB C WCIIOJIH30BAHHEM
2JIEMEHTOB TEOPUU rpad)oB B IMIKOTHLHOM KypPCe MATEMATHKHU;

— IPUMEHCHNE B IIKOJIEHOW MpPaKTUKE pa3pa0OTaHHBIX MaTepUajoB Ha
pa3HbIX dTanax ypoka MaTeMaTHKHU.

Pa3BuTHe 00pa3HOro W JIOTMYECKOTO MBINUICHHS B IIKOJC B 3HAYHTEIb-
HOW Mepe UJCT CTUXHUITHO, TOTOMY OOJIBITMHCTBO YUCHUKOB, TaXKe CTapIIe-
KJIACCHUKOB, HE OBJIaJIEBA€T HAYaJIbHBIMU IPUEMAMU MBILLIIEHUSI: CPABHEHU-
€M, aHAJIN30M, CHHTE30M, a0CTParupoBaHUEM M KOHKPETHU3AIHECH.

Ponb MaTeMaTHKU B pa3BUTHH JIOTHYECKOTO U 00Pa3HOTO MBIIIJICHHS HC-
KJIIOUYHUTEIBHO OOJIbIIAs.

B ®enepanbHOM rocyiapcTBEHHOM 00pa30BaTEIbHOM CTaHIAPTE HOBOTO
MTOKOJICHHUSI TIPOITUCAHO, YTO TJIABHOW LENbI0 00ydeHUs sIBIsETCS (HOPMHUPO-
BaHHE YHUBEPCATbHBIX YUCOHBIX ACUCTBUM, TAKMX KaK: TUIHOCTHEIC, PETy-
JISITUBHBIE, TO3HABATEbHbIE, KOMMYHHUKAaTUBHBIE. B COOTBETCTBUU cTaHAAp-
TaM MO3HABaTEIbHbIC YHUBEPCAIBHEIC ICHCTBIS BKIIOYAIOT: 00IICyYeOHbIE,
JIOTUYECKUE, a TAKKE MOCTAHOBKY W PEUICHHUE ITPOOIIEMBI.

K nornueckum yHUBEpCalbHBIM JEHCTBUSIM OTHOCSTCS:

— aHaH3 00BEKTOB C IENIBIO BBIICIICHUS IPHU3HAKOB (CYIIECTBEHHBIX, HE-
CYLIECTBEHHBIX);

— CHMHTE3 — COCTaBJICHHUE IICJI0T0 U3 YaCTeH, B TOM YHCIIE CAMOCTOSTECIIb-
HOE JIOCTpauBaHUE C BOCMIOJHEHUEM HEAOCTAIOIINX KOMIIOHEHTOB;

— BBIOOp OCHOBaHUH ¥ KPUTEPHUEB JJIs1 CPABHEHIS, KIIACCU(PHUKAIIMN OOBEKTOB;

— MOJBEACHHME 10T IIOHATHE, BEIBEACHHE CICACTBUM;

— YCTaHOBJIEHUE TPUYMHHO-CJIEICTBEHHBIX CBS3€EHl;

— IOCTPOEHHUE JIOTUYECKOM LIEMU pacCy KACHHUI;

— JIOKa3aTelbCTBO;

— BBIJIBUKEHHE TUIIOTE3 U UX 000CHOBAHUE.

Ilepen yuurenem MaTeMaTHKH CTOUT 3ajJlaua — HE IPOCTO JaBaTh 3HAHUS,
MPENYCMOTPEHHBIE MPOrPaMMOH, a CHOCOOCTBOBATh (POPMHPOBAHUIO BBICO-
KOTO YPOBHS JIOTHYECKOU KYJIBTYPHI ydamuxcs. MaremaTuka uMeeT 00JIb-
1K€ BO3MOXKHOCTH 151 peain3alii 3TOHN 1IeJIH.

YUeHUK ¢ MepBBIX THEH 3aHATHH B IIKOJE BCTPEYACTCS C y4eOHOH 3a-
nmadeil. [IpuHATO CYUTATh, YTO PA3BUTHIO JOTMYECKOTO M OOPa3HOTO MBIIII-
JICHUS YYAIIHXCS CIIOCOOCTBYET PEUICHHUE UCCIIC0BATEIIBCKUX, HECTAHIaPT-
HBIX 3a/1a4. JIeHCTBUTENBHO, 3a/1a4i TAKOI'0 POJIa BBI3BIBAIOT Y HIKOJIBHUKOB
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MHTEPEC, aKTUBU3UPYIOT MBICIUTEIBHYIO AESTEIBHOCTD, (OpMUPYIOT caMo-
CTOSITEIBHOCTD, HEIAOJIOHHOCTh MBIIIICHHSI.

TonbpKo pemieHne TPyAHOW, HECTaHIAPTHOM 3aJadll MPUHOCHT PaJoCTh
no6ensl. [Ipy permeHnn JJIOrn4eckux 3a1a4 yYeHUKaM MPeJoCTaBIsIeTCsl BO3-
MOXHOCTB IT0J{yMaTh HaJ HEOOBIYHBIM YCIIOBHEM, IOPACCYKAaTh. ITO BBI3BI-
BaeT U COXpaHsCT MHTepec K MareMarnke. OO1yMbIBaHHE 3a/1a4H U MOTIBITKA
paccy1aTh, KOHCTPYHPOBATh JIOTHUECKH 00OCHOBAaHHOE pELIeHHE — JIyd-
MK CTI0CO0 PACKPBITUS TBOPYECKUX CIIOCOOHOCTEH YUSCHHUKOB.

3HAUUT, A TOTO YTOOBI HAYYHUTHCS pemarh 3aa4u, HaJo pa3o0paThes
B TOM, YTO COOOI OHM IPEICTABISIOT, KAK OHM YCTPOEHBI, U3 KAKUX COCTaB-
HBIX YacTel OHM COCTOSIT, KAKOBBI MHCTPYMEHTHI, C IOMOLIBIO KOTOPBIX ITPO-
W3BOJUTCS pELIeHHUE 3a/1ad.

OIHUM M3 TAaKUX HHCTPYMEHTOB SIBIISIETCS Tpad.

I'padbr — MaTemaTnueckue 0OBEKTHI, C IOMOLIBIO KOTOPBIX MOXKHO pelIaTh
00JIBIIIOE KOIMYECTBO Pa3HOOOPA3HBIX, BHEIIHE HE IOXOXKUX JAPYT Ha Apyra
3aja4. ['pad ommyaercs cBoei HarMsIJHOCTHIO, ’TH MOJEIH JIETKH JUJISl BOC-
MPUSATHUS ¥ 9aCTO JIONYCKAIOT 3aHUMATEIbHY0, HTPOBYIO HHTEPIIPETALIHIO.

[TpaBuia nmoctpoeHus rpada o4eHb MpocThie. PrcyeM Mozenb: 00beKTH
n300parkaeM TOUKaMH, a CBSI3U MEXAY HUMH — JINHUSIMU.

JlanHOE MCcrenoBaHNe TOCBSIIEHO HCIIOJIB30BAaHUIO rpadoB B KadecTBE
HEKOTOPOT'0 BCIIOMOTATEIBLHOTO CPENCTBA, IMO3BOJISIOMIETO OOJErYUTh IPO-
necc oOyueHHs] MaTEeMaTHKE W TOITOTOBUTH YYEHHKOB CPEIHHMX KJIACCOB
K BOCIIPHUSITHIO CJIOKHBIX TEM B CTapIINX.

B paboTe paccMOTpeHBI cleqyrolnue BUABI 3a7a4d, KOTOPbIE PEelIaoTcs
¢ oMouisio rpada:

— 331244 IPAKTUYECKOT'0 COAEPIKaAHUS;

— 33/1a4M TEOPETUYECKOTO COACPKAHUS;

— 33/1a4M Ha JABIKCHHUE;

— 33/1a4M MaTeMaTHYecKoro KOHKypca-urpel «Kenrypy»;

— KOMIIETEHTHOCTHBIE 3a/1a4H;

3agaya NpaKkTHYeCKOro cofep:kanus. B rsaTu kop3nHax sexar s1670-
KM TISITH Pa3HBIX cOpTOB. SI0JIOKM IepBOro copTa Jexar B kop3uHax I' u [I;
s0JI0KM BTOpPOTo copTa — B Kop3uHax A, b u I'; B kop3unax A, b u B umerorcs
SI0JIOKH IISITOTO COPTa, B KOP3UHAX B MMeloTcs K TOMY ke 10JI0KH YeTBEPTOrO
copTa, a B kop3une /[ — Tperbero. TpebyeTcs naTh Kak 10 KOp3UHE HOMED,
HO Tak, 4ToOBI B Kop3uHe Ne 1 ObuTH SI0JI0OKH IEPBOTO COpPTa (XOTS OBI OTHO),
B Kop3uHe Ne 2 — BTOpOro U T. 1.
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Pewenue. O603HauuM Kop3uHHI A, b, B, I' u J| ToukamMu, TakKe TOUKaAMH
0003Ha4YNM coprta 0JI0K. JIMHUSIMU COeTMHUM copTa S0JIOK C TEMH KOpP3HHA-
MH, B KOTOPBIX OHH Jiexkat. Ternepb Hy»KHO U3 JIeCATH BBIOpaTh ISATh pedep, He
nMeromux odmux BepmuH. Caenars 3To Jierko. JlocTaToqyHo 3aMETHTb, YTO
B BEpUIMHBI 3 ¥ 4 BeaeT 1o ogHOMY pebpy, u3 BepmH /[ u B cooTBeTcTBEH-
HO. 3HauuT Kop3uHa [l nomydaet Ne 3, a kop3uHa B — Ne 4. Teneps 3ameuaem,
4yTo copT Ne 1 coenunen ¢ kop3uHamu I u [, HO kop3una [l oTnagaeT. 3HauuT
kop3uHa I momyuaet Ne 1. Tenepb paccmotpum kop3usbsl A u b. O6e atu kop-
3MHBI COETUHEHHI ¢ copTaMu 516710k Ne 2 u 5. [Tomywaercs 3anaya nmeeT aBa
pemeHus. Ileppoe A —Ne5, b —Ne2, B—Ne4, I' — Ne 1 u JI — Ne 3. Bropoe
A-Ne2, B—Ne5 B-Ne4, "' —NeluJ[—Ne3.

3agaua Ha aBmaxeHue. Typuct npoexan 288 k. IloesnoM oH exan ue-
THIpE Yaca, a Ha Jomaasx — Tpu yaca. C Kakoi CKOPOCTBIO €Xajl TypHUCT Ha
JIOMIAISIX, €CIIH TOE3]T e CO CKOPOCThIO 60 KM/4?

Peuwenue. 60 x 4 =240 (kM) — Ha TIOC3]1C.

288 — 240 = 48 (kM) — Ha JIOMIAAIX.
48/3 = 16 (kM/4) — Ha JIOIATAX.

3agaua koukypca «Kenrypy». Kaxaplit U3 4eTbIpex MaJb4MKOB MO0
BCerJa FOBOPUT IpaBAy, MO0 BCeraa JHKET. AJIEKC TOBOPHT, uTo Huk BpyH,
Huxk rosoput, uro Mapk BpyH, Mapk roBoput, uto Huk BpyH, ToHH TOBOpHUT,
410 Anekc BpyH. CKOJIBKO BCEro BPYHOB CpelIH HUX?

Pewenue. O603HaYMM TOUKaMHU KaXkJJ0ro Manpurka. COeIMHUM CTpeKa-
MH T€X MaJTbUUKOB, KTO Ha KOTO HATOBapUBAET.

KoMmneTeHTHOCTHBIC 32/1a4l HA NPHMEHeHHe rpad)oB B Pa3IHYHBIX
00JIaCTAX HAYKH U TEXHUKHU:

1. I'padpr n xumus.

2. I'pacher 1 Gronorusi.

3. I'padsr u Pusuka.

4. I'padsr 1 nHPOpMAITHS.

5. I'padsr 1 ucropusi.

6. I'padbr 1 SKOHOMHKA.

7. I'pachpr 1 MaTeMaTHKa.

PaccmoTpuM 3aauy U3 SKOHOMUKH:

[Ipennonaraercs NpoNOKUTH KEIE3HYIO JOPOTY, KOTOPask COEAUHUT He-
CKOJIBKO KPYIHBIX TOpo1oB. [j1st 11000# Iapsl ropoioB N3BECTHA CTOMMOCTh
MIPOKJIAIKH ITyTH MEXTy HUMH. TpeOyercs HaiiTu HanboJee AeeBblii BapH-
aHT cTpouTenbeTBa. [IponeMoHCTpUpyeM ero Ha IpUMepe J0POTH, COSIUHSI-
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touiel nath ropopos: 4, B, C, D u E. CToUMOCTb NPOKIAAKU MIYTH MEXAY
Ka)XI0} Iapoii TopoJIoB yKa3aHa B Ta0JIuIIE.

Pewenue.
A B C D E
A 0 1,5 1 2 2,5
B 1,5 0 1,2 3 0,8
C 1 1,2 0 1,1 0,9
D 2 3 1,1 0 2,7
E 2,5 0,8 0,9 2,7 0

CHauana CTpOMM Ty JIOpPOTY, KOTOpasi MMEET HANMEHBIITYI0 CTOMMOCTb.
B namem ciyuae 31o mapupyT B — E. Tenepb HallileM caMylo ACLIEBYIO JIU-
HUI0, COETUHSIOYI0 ropox B win E ¢ KaKUM-TO U3 OCTAJIBHBIX TOPOJOB. DTO
nyTh Mexay E u C. Bkiouaem ero B cxemy. Jlanee NocTynaeM aHaJlorud-
HO — MILIEM CaMblil ACIIEBbIN U3 MMYTEH, COEAUHSIOMUX OAUH U3 FOPOJIOB B,
C, E c onauM u3 octaBimuxcst — A winu D. Jleniesie Bcero coequHuTh ero ¢ C.
[Moxyuum ceTh, N300pa’keHHYIO Ha PUCYHKE.

PazpaboTranHble y4eOHO-METOANYECKNE MAaTEPHAIBI MOT'YT OBITH HCIIONb-
30BaHBI Ha Pa3HbBIX ATallaX ypOKa MaTeMaTHKH B 5—9-X Kiaccax, a Takxe JJIs
npoBeneHus (HaKyIbTaTUBHEIX 3aHATHH 10 Teopru rpados B 10—11-x kmaccax.

IIpuBenem conepkanne GakyIbTaTUBHOTO Kypca:

1. Micropust pa3BUTHS HOHATHUS «Tpadb»

2. DneMeHTHI Teopuu rpados

2.1. llonstue rpada

2.2. OpueHTHpOBaHHBIE Tpadbl

2.3. Tumsl KOHEYHBIX TpadoB

2.4. CMEXKXHOCTh, HHIUJECHTHOCTD, CTCIICHU
2.5. Marpunsl rpagos

2.6. Uzomopdusm

2.7. IlnanapHOCTB

2.8. MapupyThl, eNH, UUKJIBI U Iy TH
2.9. CBsA3HOCTB

2.10. Paccrosinue

2.11. DiinepoBs! HUKIIBI U Iy TH

2.12. JlepeBbs u Jiec

2.13. Onepanun Ha rpadax
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3. 3aa4u TEOPETUUECKOT0 COlEP KaHUS

4. 3aiaun MPaKTUYCCKOTO COJCPKAHUS

I'padsr HE BXOAAT B IIKOJIBHEBIN KypC MATEMAaTHKH, HO HX OBLIO OBI MHTE-
PECHO, TO3HABATEIEHO PACCMOTPETh MHOTHM yYaITUMCS U Ja)Ke YIUTEIAM.

Hcnonp3oBaTh rpadsl B mporecce 00yUeHUs MOXKHO, Jake HE YUTas CIie-
HAJEHBIX KypcoB U (pakynbTaTiBoB. C OHOI CTOPOHBI, 337a49H, PEIIacMbIe
C MOMOIIBIO I'padoB, 03 COMHEHUS, HY)KHO UCIOIb30BATh JIJISL pa3BUTHUS CO-
00pa3UTETBHOCTH, JIOTHYECKOTO MBINUICHHS YYCHUKOB HA MATEMAaTHUSCKUX
KpYyKKax, IPH NOATOTOBKe K onummnuagam. C Ipyroi CTOPOHEI, UCIIOJIB30Ba-
Hue rpadoB KaK s3bIKa HA YPOKAX IMOMOXKET PElIaTh METOAMYECKUE 3aaun
00ydYeHHUs MAaTEMAaTHUKE U TIOBBICUTH Ka4€CTBO 3TOr0 O0YUYCHHUS.

KOHCTPYKTUBHASA 'EOMETPUSA

M. A. BockoOoiHHnKOBa
Tomckuil 2ocydapcmeenHbll nedazoeuiecKull YHusepCumen

Oco0y10 ponb B pa3BUTHH JUNYHOCTH y4aIIerocsi, B GOpMUPOBAHUU TBOP-
YEeCKHX CIIOCOOHOCTEH MrpaeT MareMaTnka. CoBpeMeHHasl KOHIEIUS pa3-
BUTHSI 00pa30BaHUS IIPEAINOIAraeT MOUCK HOBBIX (hOPM M METO/IOB OpPraHH-
3anMu y4eOHOro Iporecca, KOTOpbIE MO3BOJIAIOT MakCHMajIbHO PAaCKPBITH
WHIVBHYaIbHbIE OCOOCHHOCTH IIKOJIBHUKA, OPHEHTUPYSICh Ha CIIOCOOHO-
CTH M CKJIOHHOCTH yuyaierocs. OcyIiecTBIeHNE TaKOTO IT0X0/1a BOZMOXHO
IIPHU U3yYEHUH KOHCTPYKTHBHON Fr€OMETPUH.

BkurroyeHne KOHCTPYKTHBHOM reOMETPUHN IPECIeAyeT IIaBHYIO IElIb —
10Ka3aTh ydJalluMcsl OOrarcTBO MaTeMaTHKH, pa3HooOpas3ue maremarnye-
CKUX UeH, NpoOyIUTh U Y MHOTHX 3aKPENUTh HHTEPEC K TOH BEYHO KHBOH
1 pa3BHBAIOLIEHCS HayKe.

3T0 0cOOEHHO Ba)XKHO B YCIOBHSX AH(D(HEpEeHIIUPOBAaHHOTO O0yUCHHS —
JUTSI IPOOY K AEHUSI MHTEepeca K U3YUCHUI0 MaTEeMaTHKHU ¥ Pa3BUTHS CIIOCO0-
HOCTEH K Hell clieyeT NpeACcTaBUTh yUalluMCs TeOMETPHIO B BUIE, HANOOIb-
MM 00pa3oM COOTBETCTBYIOLIMM €€ PeasbHOM CYIIHOCTH.

3aauy Ha IIOCTPOEHHE SABIISIOTCS TPAAUIMOHHBIMU 33a]ja4aMH B Kypce Te-
oMeTpuu. Pa3paboTKOI METONOB pemIeHns STHX 3a]ad MaTeMaTHKN 3aHUMa-
1oTcs eme co BpeMmeH J[pesneii ['perun. Yke matemaTiku mkois! [Tudaropa
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(VI B. 10 H.3.) penIuyin J0BOJIEHO CIOXHYIO 3a7[ady NOCTPOCHUS IPaBUIIb-
HOT'O ISTHYTOJBHUKA. B TeyeHne MHOrMX BEKOB MaT€MaTHUKH IPOSBIUIN
JKUBEHIINM MHTEpec K 3ajayaM Ha noctpoeHue. MHTepec k 3TUM 3ajadam
00yCIIOBJIEH HE TOJBKO UX KPAcOTOH U OPUTHHAIBHOCTHIO METOJIOB PEILICHNUS,
HO ¥ OOJIBIION PaKTUYECKOH IEHHOCTHI0. [IpOeKTHPOBaHNE CTPOUTEIHCTBA,
ApPXUTEKTYpPa, KOHCTPYUPOBAHKUE PA3IUYHOM TEXHUKH OCHOBAHBI HA TE€OMET-
PHUYECKUX NMOCTPOECHHUSIX.

TpynHO mepeoLeHUTh poib 3a]ad Ha MOCTPOEHHE B MATEMaTHYECKOM
Pa3BUTHUM IIKOIBHUKOB. OHU MO CBOEH MOCTaHOBKE U METOAAM PELICHUS HE
TOJIBKO HAMJIY4IIUM 00pa3oM CTUMYIUPYIOT HAKOILICHHE KOHKPETHBIX T'e0-
METPUYECKHX IPEACTABICHNH, HO M Pa3BHBAIOT CIHOCOOHOCTH OTYETIMBO
MPEICTaBIsITh cede Ty WIM HHYIO reOMeTpHUYecKyto Gurypy u, 6oiee Toro,
YMETb MBICJICHHO ONEPUPOBATh JIEMEHTaMU 3TOH (QUTypsl. 3ajaun Ha I0-
CTPOEHHE MOTYT CIIOCOOCTBOBATh HOHMMAHHUIO YUaIIUMHUCS IIPOUCXOKACHUS
Pa3IMYHBIX T€OMETPHUECKUX (PUTYp, BOBMOKHOCTH UX IpeoOpa3oBaHUs —
BCE ITO SIBISAETCS Ba)KHOW MPEANOCHIIKOM pa3BUTHS MPOCTPAHCTBEHHOIO
MBIIJIEHUS IIKOJBHUKOB. OHU CUIIBHO Pa3BUBAIOT JIOTHYECKOE MBIILIECHUE,
TreOMETPUYECKYI0 MHTyHnHio. Ilnan pemeHus 1000 3a1a4n Ha TOCTpPOe-
HUE — [IENI0OYKY OCHOBHBIX MOCTPOEHUIH, MPUBOASIIUX K LIETU — MOXHO pac-
CMaTpPUBATh KaK HEKOTOPBIM allrOPUTM M, CIEJOBATEIbHO, UX MOXHO HC-
MOJIB30BaTh M B CTapUIMX KJlaccax KakK COJepXKaTelbHBIH MaTepuan Kypca
MH(QOPMATHKHU U BEIYUCIUTEIFHON TEXHUKH. B ponecce penienuns 3aaad Ha
MOCTPOCHHUE YUYHUTENb MOXKET 3PPEKTHUBHO (HPOPMHUPOBATH JIEMEHTHI AJT0-
PUTMHYECKOH KyJIBTYPBI INKOJIEHUKOB, CHCTEMAaTHUECKH TpeOys OT HUX YeT-
KO 1OCIIe0BaTEIBHOCTH OCHOBHBIX nocTpoeHuil. Kak u3BecTHo, 3a1a4a Ha
MOCTPOCHHE B IUNIAHUMETPUH COCTOMT B TOM, UYTOOBI, HCXO/s M3 3aJaHHBIX
Ha IIJIOCKOCTH T€OMETPUYECKHX (GUTYp, IPUMEHsS 3apaHee MpeJicaHHble
cpencTBa (MHCTPYMEHTHI), [IOCTPOUTH HOBYIO F€OMETPUYECKYIO (GUTYpY, Ha-
XOISAIIYIOCS B OIPE/ICIEHHBIX OTHOIIEHHUX C JaHHBIMU (urypamu. B kaue-
CTBE CPEJCTB MOCTPOECHUS Yalle BCErO BBICTYMAOT KIACCHUECKHUE UHCTPY-
MEHTBI — HUPKYJIb U JINHEHKA.

I'eomerpruueckue GUTypbl UMEIOT MHOTO PEAJbHBIX MOJENeH B OKpyXkKa-
IOLIEM MHpPE, YTO OTKPBIBAET BO3MOXKHOCTH B XOJ€ HM3YUCHHS T'€OMETpUU
IIMPOKO I0JIH30BATHCS HAOIIOAEHUEM, CPAaBHEHHEM, BBIIBUKEHUEM THITOTE3,
JKCHepUMeHTOM. [IoHMMaHHIO yUaIlMMHUCS IPOUCXOKICHHU S PA3IMUHBIX T€0-
METPHUYECKUX UTYP, BOSMOKHOCTH HX TPeoOpa3oBaHUs CIIOCOOCTBYIOT Ieo-
METpHUUYECKUE 3a7a4i Ha nocTpoeHune. OHU 1O CBOEH MOCTaHOBKE U METOAAM
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pemeHns 0ObeKTUBHO MTPHU3BAaHBI Pa3BUBATh CIIOCOOHOCTH OTYETIMBO IPE.-
CTaBJIATH ce0e Ty MM MHYIO TEOMETPUYECKYI0 (UTYpYy, YMETh MBICICHHO
OIIEpUPOBATH 3JIEMEHTAaMH 3Tol QUTypsl. B mporecce penienus 3aiad Ha 1o-
CTPOCHHUE YUYUTEIh MOXET 3P(PeKTHBHO (HOPMHPOBATH AIEMEHTHI aITOPHUT-
MUYECKOH KYJIBTYPBl IIKOJIBHUKOB, CHCTEMaTHYECKH TPeOys OT HUX YEeTKOU
NOCIIEI0BATENBHOCTH OCHOBHBIX IOCTPOEHUH.

3aja4yy Ha NOCTPOEHUE Pa3BUBAIOT IOMCKOBBIE HABBIKY PEILICHUS IPAKTH-
YEeCKHX Mpo0IIeM, TPUOOIIAIOT K MOCHIIBHBIM CaMOCTOSITEIIEHBIM HCCIIEI0Ba-
HUSIM, YTO OYE€Hb BKHO B QOPMUPOBAaHUH YMEHHUI U HABBIKOB YMCTBEHHOI'O
Tpyaa. IlocpencTBoM KOHCTPYKTUBHBIX 3a]lad, M AK€ CaMbIX IPOCTEHIINX
13 HUX, OoJiee IIIyOO0KO OCO3HAIOTCS TEOPETHUECKUE CBEICHHSI 00 OCHOBHBIX
reOMETPHYECKUX (PUTYPaX, TaK KaK B IPOLIECCE PEIICHHS ATHX 3aJ]1ad yUEeHHK
CO3JIaeT HAIJISJHYIO MOJIENb U3y4aeMbIX CBOMCTB M OTHOIIEHUH 1 paboTaeT
C 3TOH MOJEIIBIO.

PaccmoTpuM 31€MEHTBI KOHCTPYKTUBHOU reoMeTpur. OCHOBHBIM MOHS-
THEM KOHCTPYKTHBHOM F€OMETPHUHU SIBIISETCA MOHSITHE «IOCTPOUTH I'EOMET-
prueckyio Gurypy». KoHKpeTHBIH ero cMbIci U3BECTEH U3 PAKTHKH, T/I€ OHO
03HAYaeT TO )K€, YTO KHAYECPTUTHY, KIIPOBECT) (JINHHIO), COTMETHUTH) (TOUKY)
U T.1. B uHTEpecax nornyeckoil CTPOrocTy M3J0KEHNST HEOOXOJUMO CTPOTrO
(opMyJIMpOBaTh T€ OCHOBHBIE TPeOOBaHUS (IIOCTYIATHI), KOTOPHIMH XapaKTe-
pHu3yeTcs 3To MoHATHE. DTH TpeOoBaHUSI OOBIYHO HE POPMYIUPYIOTCS B YC-
JIOBUSIX LIKOJIBHOTO Kypca 3JI€MEHTapHOH F€OMETPHUH, HO OHU IOApa3yMeBa-
I0TCS B IIpOIEcCe PeUIeHus 10001 reoMeTpHYecKoil 3aa4y Ha IIOCTPOEHHE
KaK He4TO caMo co0oii pazymeromeecs. OcHOBHBIE TpeOOBaHUs (IOCTYIIATHI)
KOHCTPYKTHUBHOM TeOMEeTpUH BBIpaXkatoTcs B abcTpakTHOH (hopme Hamboiee
CYILLIECTBEHHBIE MOMEHTBI U€PTEXKHOU NPpakTUKU. OHU ABIAIOTCA AKCHOMAMH,
IIpUHUMAIOTCs 03 10Ka3aTenbCTBa U CIy’KaT B JaJbHEHIIEM JIOrn4ecKol oc-
HOBOI KOHCTPYKTHBHOI reomerpuu. IlepeiineM k pacCMOTPEHHUIO 3THUX OC-
HOBHBIX IOJIOKEHUH (AKCHOM) TEOPUH F'€OMETPUUYECKHUX ITOCTPOCHUH.

Ecnn o kakoii-nn6o ¢urype ckasaHo, 4TO OHa JjaHa, TO IPHU ITOM €cTe-
CTBEHHO IOApa3yMeBaeTcs, YTO OHa y)Ke M300pakeHa, HayepyeHa, T.e. Mo-
CTpOEHA.

Takum 00pa3om, mepBoe OCHOBHOE TpeOOBaHNE KOHCTPYKTHBHOW F'eOMeT-
pHUU COCTOHUT B CIEAYIOLIEM:

L. Kaocoas oannas gpueypa nocmpoena.

3aMeTunM, 4TO He ClielyeT CMEIINBATh HOHSITHUS «AaHHas Gurypa» u «pu-

rypa, 3alaHHast (MM ONpeJiesieHHAast) KAKMMH-TO JaHHBIMHU €€ JIEMEHTaMI».
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B NoCJIEAHEM Clly4dac JlaHa HE caMa q)Hpra, a JIMIIb HEKOTOPLBIC €€ IJICMCH-
Tbl, KOTOPBIC OMPEACIAIOT MOJIOKCHHUC 3TOM (bHprI)I.

HaanMep, €CJIM JaHbl 1B€ TOYKH HpHMOﬁ, TO CYIIECTBYCT €AUHCTBCHHAA
npamasi, COCAUHAOMAasA 3TU TOYKH, T. €. 3Ta IpsAMaA OIPCACTICHA ABYMS TOY-
KaMH, HO 3TO HC O3HA4YacCT, YTO IpsAMasd 5Ta NOCTPOCHA (Haqepqua). Touno
TaK K€ LICHTP OwuTouka A Ha OKPYIXKHOCTHU OINPCACIIAIOT 3TY OKPYIKHOCTD I10
BCJIIMYHUHEC U ITOJIOKCHUIO, HO €CJIM CKa3aHO TOJIBKO, YTO JaHbl TOUKH Oun A,
TO €1Ie HE CJIICAYCT CUUTATh, YTO JJaHa CaMa OKPYXKHOCTb.

m

n
Puc. 1 Puc. 2

IIpencraBuM cebe, 9TO MOCTPOEHA TONXYOKPYKHOCTE AmB (puc. 1) u mo-
JTYyOKpYy>XHOCTb AnB. KoHedHo, mociie 3Toro Hajio CYUTaTh, YTO HOCTPOCHA
BCSl OKPYKHOCTb AmBnA. ToUHO Tak ke, eciu NOCTPoeH Jiyd A M HEKOTOpoi
npsaMoit (puc. 2), a 3aTeM J1yd BN TO# e IpsIMoii, TO, eCTECTBEHHO, CYUTa-
€TCsl, 9TO TOCTpoeHa npsiMast MN, SBISIOMASACS COCIMHEHUEM 3THUX JIyUeH.
Ecnu nmoctpoensr tpu orpeska AB, BC u CA, ToO HET HaOOHOCTH CTPOUTH
YT0-IN00 e1le, YTOOBI TOCTPOUTH TPeyTronbHUK ABC. JTn npuMepsl pasbsic-
HSIIOT CMBICT ITOCTYJIaTa:

II. Eciu nocmpoensi 0ge (unu bonee) puzcypsl, mo nocmpoeno u coedute-
Hue 3mux gueyp.

IIpencraBum cede, 9TO TOCTPOEHBI IBa OTpe3Ka OAHOM npsimoit: AB u CD.
EctecTBeHHO, cuMTaeTcsi BO3MOXHBIM OTBETUThH Ha BOIPOC, IPUHAIIICKUT
mm oTpe3ok CD nenukoM oTpe3ky AB (puc. 3) unu Het (puc. 4).

A C p g A C B D

Puc. 3 Puc. 4

Ecnu MOCTPOCHBI OKPYXKHOCTb U TOYKaA, TO IPU HETTOCPCACTBEHHOM pac-
CMOTPCHUU YCPTECIKA MOKHO OTBETUTH Ha BOIPOC, JIC)KUT JIU MOCTPOCHHAA
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TOYKa Ha HOCTPOCHHOM OKPYXHOCTH MM HeT. BooO1ie, eciti MocTpoeHs! 1Be
(GUTYpBI, TO CYUTACTCS] U3BECTHBIM, SIBIISIETCS JIM OHA U3 HUX YaCThIO Apy-
TOM WM HET. A Tak Kak (urypa siBIseTcs 4acTbhio (UTYypbl B TOM U TOJIBKO
B TOM ciydae, KOTAa pa3HOCTh MPEACTaBIseT COO0I MyCcTOe MHOXKECTBO, TO
TpeThe TPeOOBAaHUE TEOPUU FEOMETPUIECKHUX ITOCTPOSHUI MOXKHO BEIPA3HUTh
B cleayomei dpopme:

1. Ecau nocmpoenvt 0e ghucypsi, mo MOANCHO YCMAHOBUMb, SAGIAEMCS
S UX pazHocmuv nycmoim muodxcecmeom unu vem. Ilycts 4, B, C, D — ueTsipe
TOYKH MpsMoi (puc. 5).

A B C D

Puc. 5

Honyctum, uto otpe3ku AC u BD noctpoeHsl. Torma Mbl, KOHEUHO, Oy-
JIEM CYHUTATh IOCTPOSHHBIMHU KaK OTPE30K (TOUHEE OTyHHTEpBad) A B, KOoTo-
PpHIii sSBIIsIETCS pa3HOCTHIO OTpe3koB AC u BD, Tak u otpe3ok CD, KOTOPHIHA
SIBISIETCS Pa3HOCTHIO 0Tpe3koB BD u AC. JlpyToit mpuMep: eciid mocTpoeHa
OKPY>KHOCTB ¥ Ha HEH TOYKa, TO MBI CYNTAEM ITOCTPOEHHOH TaKke Ty QUTy-
pY, KOTOpasi OCTaeTCs, €CIIU U3 OKPYKHOCTH yJATUTh 3Ty TOUKY, T.€. CUUTA-
€M IIOCTPOEHHOM pa3HOCTbh MEKY OKPY’KHOCTBIO U TOUKOU.

IV. Ecau pasnocme 08yx nocmpoenuvix ueyp He A61iemcs Nycmvlm
MHOIHCECMBOM, MO IMA PAZHOCMb NOCHPOEHA.

ITocTpous nBe mpsMbIe, MBI BCET]a CIUTAEM BO3MOXKHBIM CKa3aTh, Mepe-
CEKAIOTCS JI OHM MM HeT. TOYHO Tak *e, eClii JBE OKPY>KHOCTH ITOCTPOe-
HBI, TO MBI CIUTAaEM BO3MOXHBIM YCTAHOBHUTH (II0 YEPTEKY), UMEIOT JIN OHU
00IIre TOYKU. DTO KE€ OTHOCHUTCS K JIFOOBIM ABYM HOCTPOCHHEBIM (QUTypaM.
Taxum o6pazom:

V. Ecnu 06e gpucypvl nocmpoensl, mo MOACHO YCMAHO8UMb, AGNAEMCS iU
ux nepeceuerue nyCmviM MHONICECHEOM U HEM.

C TOUYKM 3peHMs YEPTEIKHON NMPAKTHUKH IOCIEIHEE YCIOBHE OTPAKACT
oIlpefeNcHHbIC TPEOOBAaHMUS K KaUeCTBY BBHINOJIHCHHBIX YepTexel. Tak, ecrnu
MIOCTPOEHBI HEKOTOPAsI OKPYKHOCTh M TOYKA, TO JOJKHO OBITH SICHO, JICKUT
TOYKA HAa OKPY’KHOCTH WM HEeT. EClin MOCTPOEHBI 1BE OKPYKHOCTH, TO MOXK-
HO CKa3aTh, UMEIOT OHHU OOIIME TOYKHU UIIH HET.

Ob6patumcs eme pa3 kK puc. 5. IlycTs H3BECTHO, YTO MOCTPOEHBI OTPE3KH
AC u BD. B 3ToM cirydae MBI OyIeM Tak e CIUTaTh IIOCTPOSHHBIM OTPE30K
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BC, xOTOpBIi SIBASETCS IEpECEUeHUEM 3TUX ABYX OTpe3KoB. Eciu Hauepue-
HBI JIBE TIEPECEKAIOITUECS OKPYKHOCTH, TO MBI OyJIeM CYUTATh MMOCTPOCHHON
TaK>Ke Mmapy TOYeK UX nepecedyeHus. Takoro poja coryameHus BIpaxkaoTcs
CIIEIYIOIINM 00pa3oMm:

V1. Ecru nepeceuenue 08yx nOCmpoeHHbIX Quzyp He nycmo, mo oHo no-
CMpOEHO.

B crnenyrommux IByX OCHOBHBIX TPEOOBAHUSX TOBOPHUTCS O BO3MOXKHO-
CTAX MOCTPOCHHUS OTJEITBHBIX TOUEK.

VII. Moosicho nocmpoums mouxy, 3a6e00M0 NPUHAONEHCAWYIO HOCMPOECH-
Hotl ueype.

VIIL. Moosicno nocmpoums mouky, 3a6e00MO He NPUHAONEHCAUWYIO NO-
cmpoennotl hueype (ecau 6 Kauecmse NOCMPOEHHOU puypbl He bepemcs 6cs
NAOCKOCHY).

B nanpneiiniem Tpe6oBanus [-VIII Mb1 Oysem Ha3bIBaTh OOIIMMH aKCHO-
MaMH KOHCTPYKTHBHOM F€OMETPUH.

Axcuoma VII ycraHnaBiuBaeT BO3MOXKHOCTh CTPOUTh TOUKHU, IPUHAJJIE-
JKalue y)Ke ImocTpoeHHol gurype. Akcuoma VIII mo3BosnsieT cTpouTh HEKO-
TOpbIE HOBBIE TOYKH, HO 3TUM TOYKAaM HE MPUIIUCHIBAETCS HU KaKUX OMpeJie-
JICHHBIX CBOWCTB, KPOME CBOMCTBa OBITH HOBBIMH, PAHEE HE MOCTPOCHHBIMH
TOYKaMHU.

AKCHOMBI JIMHEHKH, MUPKYJIS W MPAMOTo yria. J[Js mocTpoeHus Ho-
BBIX TOYEK, 00JIaJJAFOIUX HEKOTOPEIMH OIPE/ICICHHBIMY, YKA3aHHBIMHU CBOM-
CTBaMHU, a TAKXKE JJIsl TOCTPOCHUH JIMHUH MONB3YIOTCS PAa3IMYHBIMU UHCTPY-
MEHTaMH F€OMETPUUYECKUX TTOCTPOCHUH.

JI1s KOHCTPYKTHBHOW T€OMETPHUU HEOOXOAMMO pPAacCIoiiaraTh TOYHBIM
U I MATEMaTHYCCKUX TeJIeH MTOTHBIM OITUCAHUEM TOT'0 YT HHOT'O UHCTPY-
MeHTa. Takoe omucaHue AaeTcs B BHUJIC aKCHOM. DTH aKCHOMEI B a0CTpaKT-
HOW MaTeMaTH4ecKol (popMe BRIPaKarOT TE CBOMCTBA PCaIbHBIX YePTEHKHBIX
MHCTPYMEHTOB, KOTOPBIE UCTIOIB3YIOTCS A5l TEOMETPUUECKUX MOCTPOCHUH.

Hawubonee ymoTpeOUTEIBHEIMUA HHCTPYMEHTAMHU T€OMETPHUCCKHUX TOCT-
POCHUIA SIBISIOTCS JTUHEIKA (OMHOCTOPOHHSS), IUPKYIh, IBYCTOPOHHSIS JTH-
Helika (C mapaJuIeIbHBIMU KpasiMH) U HEKOTOPBIC IPYTHE.

IepeiinemM k GOPMYITUPOBKE COOTBETCTBYIOIIUX aKCHOM.

1. Akcuoma nuHeliku. JInHelka Mo3BOMISET BBIOIHSITH CIAEAYIOIIHNE Ie0-
METPUUYECKHUE TOCTPOCHUS:

a) TIOCTPOUTH OTPE30K, COSTUHSONINH JIBE TOCTPOCHHBIC TOUKHY;

0) MOCTPOUTH MPSAMYIO, MPOXOASAIIYIO Yepe3 IBE TOCTPOCHHEIC TOUKH;
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B) HIOCTPOUTD JIy4, UCXOASALINHA U3 MOCTPOEHHON TOUYKHM U MPOXOASIINI
yepe3 JpYyrylo IOCTPOECHHYIO TOUKY.

2. Axcuoma nupkyis. L{lupkynb No3BoseT BBIIOIHUTD CIEAYIOIIHE T€0-
METpHYECKHE NOCTPOECHHUS:

a) MOCTPOUTH OKPY>KHOCTB, €CIIM IIOCTPOEHBI LIEHTPHI OKPY)KHOCTH U OT-
PE30K, PaBHBIH paguyCy OKPY>KHOCTH (MJIH €r0 KOHIIbI);

0) IOCTPOUTH JTI00YIO U3 IBYX JOMOJHUTEIBHBIX YT OKPYKHOCTH, €CIIN
MIOCTPOEHBI LIEHTP OKPYKHOCTU U KOHI[BI ATUX AYT.

3. AkcuoMa JIByCTOpOHHEN TUHENKU. [[ByCTOPOHHSA INHEI KA TO3BOIAET:

a) BBIIIOJIHATH JIF000€ U3 MOCTPOEHUH, IEPEUHCIEHHBIX B aKkCHOME 1;

0) B Ka)XJIOH M3 MOJYIIIIOCKOCTEH, ONpeensieMbIX HOCTPOSHHOM IPSMOH,
MOCTPOUTH IPSIMYI0, MapaJIENbHYI0 3TOH NPSIMON U IPOXOAAILIYI0 OT Hee
Ha paccTOSIHUM /4, TA€ h — GUKCUPOBAHHBINM JJI JaHHOW JIMHEHKH OTPE30K
(mmpuHa JIMHEHKN);

B) €CJIM IIOCTPOEHBI ABE TOYKU A U B, TO YyCTaHOBUTD, OyIeT 1 AB 60ib-
111€ HEKOTOPOTo (PMKCHPOBAHHOTO OTPE3Ka /i (IIMpHHA TMHEHKN), U ecau 4B >
> h, TO IOCTPOUTH JABE MAPhI HapajIeIbHBIX IPSIMBIX, TPOXOASIINX COOTBET-
CTBEHHO 4epe3 TOUKH A U B M OTCTOSAILINX OfHA OT IPYTOi Ha PacCTOSIHUH /.

PeanpHOE conepxanue MyHKTa B) NOsICHsETCS puc. 6. U3 pucyHka BUAHO
TaK e, YTO KaKJast U3 yIIOMSIHYTHIX PSIMBIX 00pa3yeT ¢ npsiMoii AB yroin ¢,
3aBUCSIIUN TOIBKO OT LIUPUHBI IUHEHKH U pacCTOAHUS AB.

NN
N \-\
o\A/ o \8

-

/\ (p (p
N\

Puc. 6

4. Axcuoma nipsiMmoro yria. [IpsiMolt yron no3Bonisier:

a) BBIIIOJIHATH TIOCTPOCHUS, IIEPEUUCIICHHBIE B AKCHOME JTMHEHKH;

0) uepe3 JaHHYIO0 TOUYKY IUIOCKOCTH IIPOBECTH MPSIMYI0, HEPIEH IUKYIISP-
HYI0 HEKOTOPOW MOCTPOCHHOMN IPSIMOI;
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B) €CIIM IIOCTPOEHBI OTPe30K AB u HekoTopas ¢purypa @, To yCTaHOBHUTB,
COZICPIKHUT JIM UTypa TOUYKY, U3 KOTOPOH 3TOT OTPE30K BUAEH MO/ MPSIMBIM
YIJIOM, ¥ €CIU Takasi TO4Ka CyLIECTBYET, TO HOCTPOUTH TAKYIO TOUKY.

Puc. 7 nosicHsieT cMBICT 3TOr0 MyHKTA.

Puc. 7

IToMuMoO nepeunciIeHHbIX HHCTPYMEHTOB, 115l TeOMETPUIECKUX ITOCTpOoe-
HUN MOYKHO TIOJIB30BAaThCA U JPYTUMHU HHCTPYMEHTaMU: IPOU3BOJIBHBIM yT-
JIOM, YTOJIBHUKOM, JIMHEHKON C OTMETKAaMU, N1apoy IPSMBIX yIJIOB, Pa3jIny-
HBIMH IPUCTIOCOOJICHUSIMH IS BBIUEPUMBAHUS CIICIIHATBHBIX KPUBBIX M JIP.
3aMeTHM, YTO T€OMETPUUYECKHE MOCTPOCHUS MPOU3BOIATCS KaXIBIH pa3 ¢
OIpeAeTIeHHBIMH, Halepe] yKa3aHHBIMU UHCTPYMEHTAMHU, IPUYEeM KaxAbIH
Ha0Op MHCTPYMEHTOB XapaKTePU3yeTCsl ONPe/IeIEHHOI CUCTEMON aKCHOM.

IlocTpoeHus, 0 BO3MOKHOCTH KOTOPBIX cka3aHO B akcuomax VII-VIII,
BMECTE C IOCTPOCHUSIMH, IEPEUNCIICHHBIMHI B aKCHOMaX Te€X HHCTPYMEHTOB,
KOTOpBIE U30paHBbl J1JIsI IOCTPOCHUS, MBI B JaJIbHEHIIIEM OyieM Ha3bIBaTh OC-
HOBHBIMH MOCTPOCHHUAMH (IJ1s1 JAHHOTO HAOOpa MHCTPYMEHTOB). B wacTHO-
CTHU, IUPKYJIb U JINHEHKA IO3BOJIAIOT BRIIIOJIHUTH CIIEIYIOIINE OCHOBHBIE TO-
CTPOCHUS:

1. TIocTpouTh OTPE30K, COSNUHSIOMMNM IBE TOCTPOCHHBIE TOYKH.

2. ITocTpouTh MpSIMYI0, IPOXOASIIYIO Yepe3 ABE MOCTPOSCHHBIE TOUKH.

3. ITocTpouTh Nyd, HCXOASAIMMNX U3 MOCTPOCHHOIN TOUKU M MPOXOASAIIHI
gepes Apyrylo MOCTPOSHHYIO TOUKY.

4. IlocTpoUTh OKPY>KHOCTbH, €CIIH ITOCTPOEHBI IIEHTP OKPYXKHOCTHU U OT-
PE30K, paBHBIHM pagnyCcy OKPY>KHOCTH (UM €TO KOHIIBI).

5. [TocTpouTs M100yI0 U3 IBYX JOMOJHUTENBHBIX YT OKPYKHOCTH, €CIIU
MOCTPOEHBI IEHTP OKPY>KHOCTH U KOHIIBI 3TUX AYT.

6. ITocTpouTs J11000€ KOHEUHOE YHCIIO OOLIMX TOYEK ABYX MOCTPOCHHBIX
¢buryp, eciu Takue TOUKH CymecTBYIOT (akcuomsl VI-VII).
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7. IlocTpoUTb TOUKY, TPUHAMISKANTYIO KAaKOH-TNOO0 MMOCTPOSHHOH (ury-
pe (akcuoma VII).

8. [TocTpouTh TOUKY, 3aBEJOMO HE IPUHAJIEKAIIYIO KaKOH-T1100 MoCT-
poeHHo# durype (akcuoma VIII).

[MomoOHBIM ke 00pa30M MOKHO COCTaBHTH CIIMCOK OCHOBHBIX ITOCTPOE-
HUH 715 1I000T0 yKa3aHHOTO Habopa MHCTPYMEHTOB. JlJis pemeHus 3axad
Ha MOCTPOCHUS TPEeOYIOTCS ClelnaibHble U3MEPUTEIbHBIC U YePTEXKHbIC HH-
CTPYMEHTHL.

3adaua. TTocTponTh TPEYTOJIBHUK 110 BBICOTE, OJTHOM U3 OOKOBBIX CTOPOH
U Pa3HOCTHU YIJIOB IPU OCHOBAHMH.

Puc. 8

Hdano: h — BbicoTa; @ — OOKOBasi CTOPOHA; 0. — PA3HOCTh YIJIOB IPH OC-
HOBaHMUH.

Ananu3s: nycts A4ABC — uckoMslif, B KoTopoM AB — ocHoBanue, CD —
BbIcOTa /i, BC — OOKOBasi CTOpPOHA d.

Tenepp Hy’KHO OTMETUTh Ha PUCYHKE 3aJaHHblil yroiu o. s 3Toro or
0O0JIBIIIETO YIJIa IPU OCHOBAHUHU 4B Hall0 OTHATH MEHBIIUN yrou (puc. 8).

Bbynem cuurares LA > /B. Torna, ecniu ZBAK = 4B, o ZKAC u ecThb
yroi o.

MoxHO cpa3y YyCTaHOBUTH HEKOTOPBIE YCIOBHUS, KOTOPBIM JOJKHBI YAOB-
JIETBOPSTH 3TH JIEMEHTHL. Tak Kak /i U a SIBJISIOTCS COOTBETCTBEHHO KATETOM
u runotenysoit ACDB, To h < a.

Yro kacaeTcs yriia o, TO KaKOBbI Obl HH ObLIH LA U /B, UX pa3HOCTH,
OYEBHUIHO, €CTh OCTPBIN yTou, T. €. o < 90°.

[lepeiinem k moucky crnocoba pemeHus 3Toi 3agaun. CTaBUM mepen co-
00i1 BOITPOC: MOXKHO JIW Cpa3y IO JaHHBIM 3JIEMEHTaM MOCTPOUTH UCKOMBIH
TpeyronbHUK. OueBHIHO, HeT. Ho MOXeT OBITh, MOKHO NMOCTPOUTH KaKyo-
160 yacTh uckoMoit purypsi? [lpurnsapiBasich k puc. 1, BUIUM, 4TO B Mpsi-
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MOYTOJIbHOM TpeyroibHuke BCD xarer CD u runortenys3a BC sBISIIOTCS
JaHHBIMH. [103TOMY 3TOT TPEYroJbHUK MOXHO MOCTPOUTH. TeM camMbIM OII-
penenutcs 4B, a 3Has Za, clefoBaTeNbHO, cymeeM Kk ABCD mpucTpoutsb
AACD wn TeM caMbIM IOJHOCTBIO HOCTPOUTHh MCKOMyto ¢urypy. [lnan mo-
CTPOEHUSI HalJIeH.

Iepeiinem k nocTpoeHuto. bynem 3anuceiBaTh M1aru NOCTPOEHUs, CChLIA-
SCh Ha HOMEpA dJIEMEHTAapHBIX NOCTPOCHUH (puc. 9).

Puc. 9

ITocTpoeHnue:

1) ctpouM npsAMOYTOIBHBIA TpeyronbHUK BCD no runortenyse BC = a
u karery CD = h;

2) ctpoum LCBM = ZCBN = q;

3) npooaum BE nepneHaukynsipao DB,

4) ctpoum £/DCA| = ZMBE;

5) crpoum /DCA, = Z/NBE.

[Monyuennsie Tpeyronsuuku 4, BC u A,BC — HCKOMBIE.

Jloka3aTtenbcTBO:

1) B Ka)XJIOM U3 3TUX JIBYX TPEYTOJbHUKOB BeIcoTa CD, omyllieHHas Ha
ocHoBaHue A, B unu A,B, paBHa 10 NOCTPOEHHUIO JAHHOMY OTPE3KY /;

2) B Ka)KJIOM U3 3THX JIBYX TPEyTrOJIbHUKOB O0KOBas ctopoHa BC paBHa 110
MOCTPOCHUIO JAHHOMY OTPE3KY &;

3) paccMOTpUM TeNeph PasHOCTb YIVIOB NPHU OCHOBaHuM 4 B wiu 4,B.
B tpeyronsuuke 4 BC Gonbmum yriom asisercs £A,. Torna LA, — ZB =
=(90°~-2£4,CD) - £/B = (90° — LMBE) - /B= /MBA, — /B = ZCBM = q.
B tpeyronbuuke 4,BC GonblIUM yIJOM SBIAETCA £B, NOITOMY HaXOAHM
pasHoCTh /B — /A, n 10Ka3bIBa€M aHAJIOTHYHO, YTO U OHA PABHA Q.

HNccnenoBaHue: yCTaHOBUM, IPU KAKUX YCIOBUSX MOXHO BBIIIOJHUTH
yKa3aHHBIE MITh MAroB nmocTpoeHus. OueBUIHO, YTO NMEPBBIE TPHU IIara npu
ycnoBusix (1) u (2) BEINOTHUTE MOKHO BCETAA.
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A BOT nocieqHue ABa Il1ara Hy»Kal0Tcs B JONOJIHUTEIBHOM HUCCIIEN0Ba-
HUU. JIen10 B TO, 4TO KaKABIN U3 HUX COCTOUT U3 ABYX IOCTPOEHUIL: HOCTpoOe-
HUE yIJla, paBHOTO yKa3zaHHOMY (cooTBeTcTBeHHO /MBE n /NBE), u mo-
CTPOEHUE TOUKHU EPECEUEHHU S IOy UEHHOT 0 JTyua ¢ psaMoit BD. [octpoenue
yria, PaBHOTO JaHHOMY, BCET/1a BO3MOKHO, @ BOT HaXOXK/JCHHE TOUKHU Hepe-
CEUEHUs MOTYUYEHHOrO JIy4a C NPsIMON HYKIAa€TCs B UCCIEJOBAHUM.

Ecnu nyy BM npoxonut BHyTpH yrina CBE, To 4-ii mar Bcerjia BEIIOJIHHM.

Ecnn xe BM poxonuT BHe yKa3aHHOTO yria (Ha puc. 9 cripaBa ot BE), To
3/1€Ch BO3MOXKHBI TPU CIIydasi:

1. JIyu BM npoxoauT npasee Tak, uto LBEM > ZDCB, T.e. o.— (90° — £B) >
>90° — /B, unu 0.+ 2/B = 180°. B atom ciyuae iy CA, poiiner Bue /DCB,
H09TOMY TPEYTroNbHUK A, BC MOCTPOUTE HENb3SL.

2. Ecniu BM poxonut npasee BE, tax, uto /BEM < /DCB, to CA, npoit-
net BHyTpu £DCB, Torna TpeyronbHuk 4 BC OyI€T TyTIOyTONBHBIM.

3. Ecnu e BM coenaner ¢ BE, To TpeyronsHuk 4, BC coBnagaer ¢ Tpe-
yroasuukoM DCB. Torna nonyuyaeM B KaueCTBE PELICHUS NMPSMOYTOIbHBIN
TPEYTOJIbHUK.

Takum >xe oOpazom uccnenyem 5-if mar. Ecnu myd BN npoXoauT BHYyTpU
ZDBC, 10 noctpouts TpeyroibHuk 4,BC moxHo. Ecinu ke BN coBnanaer
¢ BD wnu ipoxonut Bue ZDBC, o yron NBE > 90°, noatomy CA, He mepece-
ueT DB crneBa oT D, CleJI0BATENBHO, IOCTPOUTE TPEYTroibHUK A, BC Henb3s.

Wrak, BUaUM, 4TO IPU pa3HBIX COOTHOIIEHUAX MEXAY yIiaaMu o U B 3a-
Jladya MOXKET He UMETh PEIIeHUs, UMETh OJHO PEIICHUE U UMETh [Ba pelle-
HUs. 3a]la4a pelieHa.

3ajayu Ha NOCTPOEHUE PAa3BUBAIOT MOUCKOBBIE HABBIKM PELICHUS MpaK-
TUYECKHX MTPOOJIeM, TPHOOIIAIOT K MOCHUIIBHBIM CAMOCTOSITEIILHBIM HCCIIENI0-
BaHUSM, YTO OUYEHb BAXXHO B (JOPMUPOBAHUH YMEHHUIl U HABHIKOB YMCTBEH-
Horo Tpyaa. IlocpencTBoM 3ajad Ha NOCTPOEHUE, AaKE MPOCTEUIINX U3 HUX,
Oonee IIIyOOKO OCO3HAIOTCS TEOPETHUYECKHE CBEIEHUS 00 OCHOBHBIX I'€O-
METPUYECKHX (UTypax, TaK KaK B IPOIECcCe PEIICHHS 3THUX 3a/1ad yUYEeHHK
CO3JIaeT HAIJISJHYIO MOJIENb U3y4aeMbIX CBOMCTB M OTHOIIEHUH 1 paboTaeT
¢ 3TOl Mozenbio. Pemenue 3aaa4 Ha NOCTpPOEHNE PA3BUBAET TAKHE KauecTBa
JINYHOCTH, KaK BHUMaHHE, HACTOWUUBOCTD U LIEIeyCTPEMIEHHOCTh, UHUIUA-
THBY, U300pETaTEIBbHOCTD, AUCIUIUINHUPOBAHHOCTb, TPYI0TI00HE.
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N3YYEHUE TEMbI «®YHKI U
HA OCHOBE MEXITPEJIMETHBIX CBSA3EN

N. A. [lepsruna
Tomckuii 2ocyoapcmaennviii nedazo2udeckKutl yHugepcumem
Hayunvui pyxosooumens — kano. neo. nayx, ooyenm B. H. Kcenesa

BonpmIMHCTBO MaTEMAaTUYECKUX NOHSATUN MPOLIIN AOITUM YTh pa3BU-
Ths. CIOXHBIN MyTh MPOLLIO U MOHATHE «(PYHKIIHSI.

BnepBbie nosiBuIMCh pogeccroHaIbHbBIC yUeHbIe, KOTOPBIE H3YyYallu ca-
My MaTeMaTHYECKYIO0 HayKy, B JIpeBHelt ['pernu. OHU 3aHUMAIUCh CTPOTUM
JIOTUYECKUM BBIBOZOM OJJHUX YTBEPXKICHUM U3 Ipyrux. HecmMoTps Ha To, 4TO
JIPeBHHUE TPEKH U3yYaJIM 3aBUCUMOCTH MEXy OTpE3KaMHu TUaMETPOB U XOPJ
B KpyTe, SJUIMIICE U JPYTHUX JIMHUAX, OHU HE CMOIJIM CO3/1aTh OOIIEro MOHs-
TUS «DYHKIUSD.

I'pexu paccMOTpeNH JTHUILIB BOIIPOCH], UMEIOIINE «TEOMETPUUECKYIO» IpHU-
POy, OHU HE CTAaBUJIU Tepen co0oi 3amauy 00 00IeM H3YUYCHUU Pa3THUHbIX
3aBucuMocTeld. ['paduueckoe n300pakeHne 3aBUCUMOCTEH IIMPOKO HCIIONb-
3oBanu [. Tanuneit (1564—-1642), I1. ®epma (1601-1665) u P. [lexapt (1569—
1650), KOTOPBI U BBEJ MOHITUE IIEPEMEHHON BEITHMYHHBI.
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B cBoro ouepens pasBUTHE MEXaHHMKHM M TEXHHKH IOTPeOOBajio BBEE-
HUS OOIIETO MOHATHS «(PYHKIUS», 9TO OBIJIO CHAENaHO HEMEUKUM (uioco-
¢om u maremaruxoM I Jleliounnem (1646—-1716). Cnenyrommii mar B pa3Bu-
THU MOHATUS «DYHKIMS» chenan yuyeHuk beprynnu, unen IlerepOyprcekoit
Axkanemun Hayk Jleonapn Diinep (1707-1783). On nucan: «BeauunHel, 3aBU-
CsIIME OT APYTUX TAK, YTO C U3MEHEHUSIMU BTOPBIX U3MEHSIOTCS U NEPBEIE,
MIPUHSTO HA3bIBATh (DYHKIUSIMUI.

@yHKIMS — OTHO U3 OCHOBHBIX MaTeMaTHUECKUX M OOLIEHAYYHBIX ITOHS-
Thi. OHO CHITPAJIO ¥ IOHBIHE UT'PAET OOJIBIIYIO POJIb B IIO3HAHUU PEAIbHOIO
MUpa.

Hecmotpst Ha Gounbiioit 00beM, IUPOTY U CIOKHOCTH IOHATUS «(yHK-
LIUS», €ro MPOCTEHIINI BapuaHT AaeTcs yKe B CPeIHUX Kiaccax IKoisl. Ha-
YHHAs ¢ 7-T0 KJacca, UJET MMOCTEIIEHHOE U3y YeHHEe CBOMCTB (DYHKITUI 1 (hyHK-
LIMOHAJIBHBIX 3aBUCHMOCTEH. PaccMmaTpuBaroTcsi JHMHEHHBIE, KBaJpaTHYHbIE
¢yHKInM, GyHKIUN OOpaTHON MpPONOPLHOHAIBHOCTH. B crapmmx kiaccax
BBOISITCSL TPUTOHOMETpHYECKHE (DYHKLINH, U, HAKOHEL, T0Ka3aTeJIbHbIE U JIO-
rapupmuueckue. Bee aTu QyHKIIMM paccMaTpuBaIOTCS TOIBKO Kak (QyHKIMK
OIHOW NEpEeMEHHOM, IPUYEM CaMH IIEpPEMEHHBIE HE BBIXO/IAT 32 pAMKH MHOXe-
CTBa BELIECTBEHHBIX YHCEIL.

B uem 3akiroyaeTcs OCHOBHasI TPYJHOCTH B M3y4eHHHU «pyHKuumn»? [lep-
BOE, C YeM CTAJIKMBAIOTCS ydallluecs, — 3To onpezenaeHue. Ero MoxxHo BBe-
CTH, UCIIOIb3Ys IIPUMeEp:

X —nepemMeHHas Y — nepeMeHHas
X — He3aBUcUMas IEpeMeHHast Y — 3aBUcHMas llepeMeHHas
X — aprym™mesr Y — pynkuns

3anuiieM Mpou3BOIBHOE YHUCIIO, HapuMep 1, Bo3BeneM ero B KBajapar —
nosy4yuM Toxke 1. Bo3sMmeM ele ogHO NMpoU3BOJIBHOE YMCIO — 2, B KBaJpa-
te — 4; 3 B kBagpare — 9; 0 B kBagpate — 0; (—2) B kBagpate Toxe 4, Kak
n 2. O603HauMM 3HAYEHU S IIEPBOTO cTONIONA OyKBO X, BTOporo — OykBoii Y.
B cronbie X HaxomuTces HecKoIbKo 3HaYeHui: 1; 2; 3; 0; (—2). Mok HO cKa3aTh,
4yTO X MOXKET IPUHUMATh pa3Hble 3HAUEHU, IOITOMY X — Ha3bIBaeTCA Nepe-
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MeHHOi1. [lepeMeHHast — 3TO BeJIMUMHA, KOTOpast MOXET MEHAThH CBOE 3Haye-
Hue. Y Toxe nepemenHas. Utak, X u Y npeactaBisiioT coOol nepeMeHHBIE.
X He 3aBUCUT HU OT YE€ro U MO3TOMY Ha3bIBA€TCSl «HE3aBUCUMOU MepeMeH-
HOI», a ¥ 3aBUCHUT OT X, U MO3TOMY Ha3bIBAETCS «3aBUCUMON MEPEMEHHOM.
HesaBucumasi nepemeHHasi Ha3bIBaeTCsl TaK )K€ «apryMEHTOM», 3aBHCHUMAs
nepeMeHHas — «pyHKIuei». Terneps MBI MOXKEM JaTh MATEMAaTHYECKOE OTIpe-
JICJICHUE MOHATUS QYHKIHUH: GYHKIHS — 3TO 3aBUCHMOCTH IIEPEMEHHOH Y OT
MepeMEeHHOM X, IprUeM Takasi, YTO KaKJIOMYy 3HaU€HUIO NepeMeHHol X co-
OTBETCTBYET €JUHCTBEHHOE 3HAYEHHUE TIEPEMEHHOH Y.

[Mocne Toro, kak BBENU ONMpEACIICHUE MOHATUS «(PYHKIUS», MOKHO IIPH-
CTYIUTH K U3YYCHHUIO cCaMUX (YHKIUH. MareMaTH4ecKue NOHSTHS, CHMBO-
JIbl HUKAK HE CBSI3HBI C HallleH )KU3HbIO, TIO3TOMY CJENIYEeT MoKa3aTh, KaKk Ma-
TEMaTHUKa OMUCHIBACT C TOMOIIBIO (PYHKITUI peaibHbIC TPUPOTHEIC IBICHHS.
IousTHE QYHKIUH HCIIONB3YETCS MPAKTHYSCKU BO BCEX ITKOJIBHBIX MIPEAME-
Tax, U €CIIU MPUBJICKATh HA YPOKaX MaTEMaTUKH TPUMEPHI 13 OHOIOTHH, (HH-
3UKH, aCTPOHOMHUHU U JIa)Ke, HAlpUMeEp, JUTEPaTyphl, TO IPOLECC U3YUEHUS
CTaHOBUTCS MOHSITHEE.

Oo6patumcs k ouonorun. C MOMOIIBIO MOKa3aTeIbHON (PYHKITMU MOXKHO
OIMKCAaTh 3aKOH OPTaHWYECKOT0 Pa3MHOKCHHU: NPH OJaroOmpUsTHBIX YCIIO-
BUSX (OTCYTCTBHE BParoB, OOJNBIIOE KOJHMYCCTBO IHIIHU) JKHBBIC OPraHU3-
MBI Pa3MHOXKAJIUCh OBI 10 3TOMY 3akoHY. OIHa KOMHATHas MyXa MOXET 3a
neto npousBectu 8 X 10" ocobeit moromcTBa. X Bec coCcTaBUI ObI HECKOJIb-
KO MHJUTHOHOB TOHH (2 BeC IIOTOMCTBA Maphl MyX IIPEBBICHI OBbI BeC HaIIeH
MJaHETHl), OHH OBl 3aHSUTM OTPOMHOE IPOCTPAHCTBO, & €CIU BBICTPOUTH
MyX B IICTIOYKY, TO €€ JUTHHA OyAeT OOJbIIe, YeM PacCTOSHHE OT 3eMIH J0
Connua. Ho, Tak kak KpoMe MyX, CYLIECTBYET MHOXKECTBO APYTUX JKUBOT-
HBIX U PACTEHUH, KOTOPBIE SIBJISIIOTCS UX €CTECTBEHHBIMH Bparamu, TO KOJIH-
YECTBO MYX He Tak Beiauko. [lokazaTeabHOMY 3aKOHY MOJYUHSIETCS U POCT
KOJIMYECTBA KIJICTOK FeMOrJIO0NHA B OpraHU3Me YeIOBEKa, KOTOPBIH MOTEPSLT
MHOTO KpoBH. TakuM 00pa3oM, MPakTUYECKOE 3HAUCHUE IMOKA3aTeIbHON
(yHKIMHE B OMOJIOTHMU OYECHb BEIUKO, OCOOCHHO B TaKMX €€ pa3ieiiaxX, Kak
9KOJIOTUSl U MEIUIIMHA.

B ¢usuke ToXKE €CTh BEIUUYUHBI U 3aKOHBI, KOTOPBIC OMHCHIBAIOT C TIO-
MOIIBIO TIOKa3aTeNbHOW (hyHKImu. Hampumep, mporecc n3MEeHEHUs TeMIIe-
paTypbl YaliHMKa TPY KMIIEHUH BhIpaxkaeTcs Gopmydtoit: 7= T, + (100 — 7)) x
X e~ —3T0 MpUMep MPoLeCcca BEIPaBHUBAHMU S, KOTOPBIH B (PU3UKE TAKIKE MOXK-
HO HaOIIFOJIaTh IPU BKJIFOUYCHUH U BBIKITIOYCHUHU IEKTPUUYCCKUX IIETIeH, Tpu
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naaAcHnuu Teja € MapamroToM. Taxxe HIUPOKO MPUMECHSACTCS IMMOKa3aTCJIbHAA
q)yHKL[I/ISI IIpu OIMMMCAaHUU MPOLCCCOB HZ[epHOfI (1)I/I3I/IKI/I. KOF,Z[& paaroaKTUB-
HOC BCUICCTBO pacrnagacTcs, €ro KOJIUYCCTBO YMCHLINACTCA, Y€PE3 HEKOTO-
Ppo€ BpEMs OCTACTCH IMMOJIOBUHA OT IIEPBOHAYAJIBHOTO BCIICCTBA. YemMm GoJibiie
nepuona nmojrypacnazia, TeM MEAJICHHEES pacliagacTCsa BEIIECTBO. ITO sIBJICHUE
HCIOJB3YIOT AJIs1 OIPEACTICHU A BO3pacTa apXCOJIOrniUCCKNX HaX040K.

B N
A A

[epen Hamu aBe KapaHOTrpaMMBbL. BepXHsist OKa3bIBaeT HOPMaJIBHYIO pa-
00Ty ceplla, HIXKHSSA CHATa y OonbHOro. Bpau, uccnemyroniuii 00JIBHOTO,
MOXET 0 KapJUOTpaMMe CyJUTh O HapYIIEHHUSIX CEepACYHON NeITEIbHOCTH;
H3yYeHHUe KapAHOTPaMMBbl IIOMOTAeT IPABHIIBHO MOCTaBUTh JAMArHO3 3a00-
JICBaHMUSL.

M1 Toxe siBisieMcs (GyHKIIUEe MHOTHX IIEPEMEHHBIX, OJTHA U3 KOTOPBIX —
Bpemst. [IpoxoasiT roasl, ¥ MBI MeHsieMcsl. MBI Tak)Ke 3aBHCHM OT CBOEH Ha-
CJIC/ICTBEHHOCTH, KHHT, KOTOPbIE MBI YHTAEM, TEMIIEPaTyphl OKpy Karomen
Hac cpebl ¥ MHOTHX JIPYTHX (aKkTOpOB.

UroO6Bb!I HarJISTHO MPOMILITIOCTPUPOBATH XapaKTEPHBIE CBONCTBA (DYHKITHH,
oOpaTuMcs K IMOCIOBHIIaM. Beb OCIIOBUIIBI — 3TO OTpaskeHNE YCTOHYNBBIX
3aKOHOMEPHOCTEH, BRIBEPEHHBIX MHOTOBEKOBBIM OIIBITOM HapoJa.

Urak, nepBblii Bompoc 3By4HT Tak: «Kak n3MeHseTcss KOIU4ecTBO JPOB
o Mepe npoasuxkeHus B aec?» IlocaoBuna rmacur:

| " =
1. qu Aanbme B nec’ TeM ﬁnnbme Annn FopusoHTanbHasa 4Yepta — 31O riecHas gopora. Mo
BepTukanu 6yaem oTknagbiBath (AonycTMM B M)
WN3ao6paaum  rpacmkom, KONM4ecTBO TONnMBa Ha AaHHOM KM floporu (puc.1).

Kak HapacTaeT KonuvecTtso
APOB MO Mepe NPOABIDKEHNA B
rny6b neca — OT ONywWkM (S),
rae AaBHbLIM-4aBHO BCe

co6paHo, AO Yawobbl, KyAa
ewe He clynana Hora
3aroToBuTens.

KonvrecTso apos

Npopaukenme a nec

Bropoii Bompoc: «MoXHO JM MacioM HCHOpTHTH Kamry?» [locioBuiia
TJIACHT:
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Ilo TOpU30HTAIHA 6yz[eM OTKJIaAbIBaTh KOJIUYCCTBO Macja, a 10 BEPTHUKaA-
JIN — Ka4€CTBO KalllH.

2."Halwn Macnom He ucnopTMub!" 2."Kaum Macnom He ucnopTHub!"

KauecTBo Kawy MOXHO
paccmarpusathb, KaK
dyHKUMIO Konu4ecTBa macna
B HEeW.

CornacHo nocnosuLue,
KayecTBoO Kawm He Konuuectao macna

noHuMxaercs ¢ Ao6askon
Moao6Horo poaa hyHKUMMN Ha3bIBAKOTCA
MOHOTOHHO He y6biBaloWUMu

Macna.
HWraxk, TpeTuii Bompoc 3ByunT Tak: «Kak MoxxeT ckakath KoHB?» HapogHas
MYZIPOCTh INIaCHUT: «BbIie Mepbl KOHb HE CKaueT».

J. "Bbiie Mepbl KOHb He CRauet” 3. "BbiiLie Mepbl KOHb He CKaueT’

PaccTonHue

OyHKIUH TOI0OHOT0 poa N3yYaroTcsl B IIKOJIBHOM Kypce ainreOphl v Ha-
yaJI aHaln3a. OTo PyHKINHU ) = SINX U ) = COSX.

INANKNIMYHEUMKAL Y=SINX 1 Y=COSK

YetepThiit Bompoc: «YUem nepeces xyxe Henocesa?» [locnmoBuna riacur:
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1, "enecen MRs DeN06eRa"- 4."Mlepeces Xy:xe HeA0CeBa”

usnasHa rosopunu
3emnenenblbl. Bexoson
onbit cBUAeTenncTBYeT:
YPOXaHu NUIb 40 HEKOTOPOM
nopel pacrer BMecTe ¢
NAOTHOCTBI  nocesa, a

Wio6paium 310 B
Bsune

JEB3) - maccumym doyrimn | puc.a).
MaKcumanen, Koraa

3
SARhNIRY
"@ PN b
Y none aaceaHo B
i Mepy. Makcumym —

aT0  Haubonuiwee

JHaveHne DyHKuMM

nanbwe OH  cHWkaercs,
MOTOMY 4TO NPy YpesMepHoR
ryCTOTE pPOCTKM HauMHAKWT
«IRYMTE» APYT ApYTa.

TouKax. 370 KaK Obl
«BEpwMHa ropLin, C
KOTOPONi BCEe [10pO-
M Bedyr BHM3,
MnoTHOCTL nocesa | kyaa Hu warku.

[ocnenunii Bonpoc: «Kak xuBet ToT, KTO BT A0 AHA?» Hapoxuas my-
JIPOCTH TTIACHT:

DYHKUNSA, KoTopas
nokKasbliBaeT, KaK WUu3-
MeHseTca Mepa yma

no wmepe notpebne-

HUSA ankorosns, MOHo-
TOHHO  yGbiBalowas
cbyHKUMNA

KonuyecTeo ankorons

TakuM 00pa3oM, CIOKHBIH BOIPOC U3YUCHHS CBOMCTB QYHKINHA MOKHO
C TIOMOIIBIO TIOCJIOBUI] TIPEBPATUTh B MHTEPECHBIM M YBIEKATEIbHBIN MPO-
riecc. Slpkue 06pa3bl MOMOTaroT yYalIuMCsl HE TONBKO YCBOUTH TPYAHBIE O-
HATHA, HO U OIICHUTH OOTaTCTBO CMBICIIA M KPATKOCTH HAPOIHOTO SI3BIKA.
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MNOATI'OTOBKA YYAIIUXCA
K HTOI'OBOM ATTECTAIIMHU 11O TEOMETPUH

A. A. Ubpamer
Tomckuii 2ocyoapcmeennwviii nedazo2udeckull yHugepcumem

Kax rorosuts k 'MA u EI'D o reomeTpuu? 3TOT BOIPOC BOJIHYET Cell-
gac MHOTMX METOJUCTOB U yuHTeNlell MaTeMaTUKH. AHaIU3Upys OMNBIT pa-
601s1 moaroroBku K I'MA u EI'D 3a mocnennue rofpl, MOKHO MPEIJIOKUTH
HEKOTOpPble KOHKPETHBIE MEPBI, CIOCOOCTBYIOIINE YCIEIHOM c/laue MIKOJIb-
HUKAaMH UTOTOBOW aTTECTAIMH 110 3TOMY IPEIMETY.

KonnuecTBo reoMeTpuyeckux 3a1ad B BapuaHTax dK3aMEeHallMOHHOII pa-
60ThI U3 rofa B rox ysenuuuaercsa. B nemosepcun I'MA 2012 r. u3 23 3agau
6 — reomeTpuyeckie. B 0a30Boi yacTu UMEIOTCS 4 TEOMETPHUECKUE 3a1aun
u3 18. B nemoBepcuu EI'D u3 20 3anmau 6 — reomerpuueckue. Cpenu HHUX
B 0a30B0il yacTu uMmerTcs 4 reomerpudeckue 3amaun u3 14. lIkonbHUKH
OOBIYHO MOKa3bIBAIOT HEBBICOKHME PE3yJbTAThl IPU PELICHUU IeOoMEeTpUYe-
ckux 3ajad. [IpITatoTCs peuIuTh reoMeTpuUecKHe 3a1auk, Kak MpaBuilo, 10-
CTaTOYHO CHJIbHBIE pedsita. OJHAKO MHOTMM M3 HUX HE XBaTaeT 3HAHUU MK
yMEHUI NPUMEHUTH CBOM 3HaHHA. Hy>XHBI KOHKPETHBIE METOIUKH IO pas3-
BUTHUIO U YKPEIUIEHUIO CHOCOOHOCTEH ydalllMXCs pelarb reoMeTpudecKue
3aaaqu. [Ipyuem HaJj0 HAUMHATH 3TO KaK MOYKHO PaHbIIIE.

3a1a4M 110 TEOMETPUH — IPEKPACHBIE yIIPAXKHEHHSI, CIIOCOOCTBYIOLIHE pa3-
BUTHUIO IIPOCTPAHCTBEHHBIX NPEACTABICHUH, YMEHHUS JIOTHYECKH MBICIUTD,
Oosee r1yOOKOMY YCBOGHHIO BCETO IIKOJILHOTO Kypca MaTeMaTHKH. Perienue
CTEPEeOMETPUIECKO 3a/1auy Yallle BCEro CBOAUTCA K PELICHUIO IITaHUMETpH-
geckux 3anad. IloaTomy, pemas 3agauu M0 CTEPEOMETPHH, BCE BpeMsl NpH-
XOJIUTCS BO3BpALIAThCs K MJIAHUMETPUHU, TIOBTOPSITH TEOPEMBI, BCIOMUHATh
(hopmybl, HeoOXonuMBbIe aJisl peuieHus. [Ipu penieHuu crepeoMeTpHUeCcKIX
3a/1a4 eie B OoJblleil Mepe, UeM B IUTAaHUMETPHH, UCTIONb3YIOTCA CPEACTBA
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anreOpbl 1 TPUTOHOMETPUH, IPUMEHSIOTCSI BEKTOPHBIN U KOOPAMHATHBIN Me-
TOABL, TuddepeHIpoBaHNe U HHTErpupoBaHue. TakiuM 00pa3om, cTepeoMeT-
pHUECKHE 3a/1a41 CIIOCOOCTBYIOT TBOPUECKOMY OBJIAJICHUIO BCEH COBOKYITHO-
CTBbI0 MaTEMaTUUECKUX 3HAHUM.

Jl1st ycrienHoro pemeHtsi FeOMeTpUYECKHX 3a/1ad cileayeT (OpMHUPOBATh
y YYaIuxcsl CHCTEMHbIE 3HaHUS O CBOHCTBax ¢uryp. Pemas 3anaun B kiac-
ce, He00X0IMMO OMHHTb, YTO IIeIb 3TOH pabOTHI COCTOUT HE B TOM, YTOOBI
pEeIINTh KOHKPETHYIO 331ady, a B TOM, YTOOBI C()OPMHPOBATH HABBIKH pe-
eHus nono0HbIX 3aau. [loaToMy, paccMarpuBas JTaHHYIO KOH(UTYpaIHIo,
HY>KHO 00palaTh BHUMaHUE y4alluxcsl Ha TO, KaKie reoMeTpuieckre (ak-
THI MOXXHO OBIJIO OBI IPUMEHUTS IS PELIeHNs 3a]ja4i, U Ha BEIOOp criocoba
pewenust. bospmias poibs B GOpMUPOBAHUYM CHCTEMHBIX 3HAHUN 00 M3y4deH-
HBIX B Kypce purypax oTBOIUTCS IIOBTOPEHUIO MaTepuaa. FimeHnHo npu 1o-
BTOPEHHH MOXHO T'PYIIIUPOBaTh MaTepHasl BOKPYT OIpEeNeHHBIX QUTyp.
B nmanuMerpun 3THMH GUTypaMu MOTYT OBITH TPEYTOJIBHUK, Hapaieso-
rpamm, Tpaneuus, OKpy>KHOCTb. B crepeomerpun — nupamuaa, npusma, Ko-
Hyc, map. Ocoboro BHUMaHUS TPEeOYIOT BOIPOCHI, CBSI3aHHBIC C BBIYHCIIC-
HUEM PACCTOSIHUM U YTIJIOB B IPOCTPAHCTBE, IPUMEHUTENBHO K KOHKPETHOU
¢urype. OHH OCTAIOTCS TPYIHBIMHU JUJIsl OONBIIMHCTBA y4aniuxcs. K Takum
3aladaM OTHOCHUTCSI, K IPUMEPY, 3aJa4a O HAXOXKJICHUH yIia MEeXAY MIJIOCKO-
CTBIO OCHOBAHUS U C€UEHUS IPU3MBL.

C2. CropoHa 0CHOBaHUS MPABUIILHON TPeyronbHoi npusmel ABCA B ,C,
paBHa 2, a AMaroHaIbh OOKOBOH I'paHH paBHA 5 . Haitzure YIroJl MEX Y ILIO-
CKOCTBIO A, BC 1 TIIOCKOCTHIO OCHOBAHHU S ITPU3MBI.

G Pemenne: Ob6o3naunm H cepenuny pedpa BC
(cMm. pucynok). Tak kak TpeyroiasHUK ABC paBHO-

CTOpOHHHH, a TpeyronbHuk 4 BC — paBHOOENpEH-

Hblid, otpesku AH u A H nepnenpukynspusl BC.

CrnenosarenbHo, L4, HA — TUHEWHBIN yTON IBYTpaH-

Horo yria ¢ rpausmu BCA u BCA,. VI3 TpeyroibHuKa

AIAB HaiigeM AAl =1.

U3 tpeyronsuuka AHB Hatinem AH = V3.

U3 tpeyronbuuka HAA, waiinem tg/A HA=

AA 1
—L = — Vckomslii yron pasen 30°.

AH 3

OtseT: 30°.
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OnHa 13 BaKHBIX NMPOOJIEM IIPU TECTUPOBAHUM — PUCYHOK K 3ajade. Ha
9K3aMeHe y NIKOJIBHUKA HEeT JIMHEHKH, KapaHaalia Win jJactuka. [lepen Hum
reyieBasi py4ka u Oenblit muct Oymaru. CTpouTh NPUXOAUTHCS OT PYKH Kak
MOXHO OBICTpee, TouHee, akKypaTHee. UToOb! y yuaierocs He ObIJIO C 3TUM
pobieM, HeoOXOAMMO MPOBOAUTH IMPAKTHUECKUE PaOOTHI Ha abOOMHBIX
HEJIMHOBAHHBIX JINCTAaX, CTPOUTH T€OMETPHUYECKUE (DUTYPHI, IIPOBOJIUTH OT
PYKH BBICOTBI, OMCCEKTPUCHI, MEIUAHBI, ¥ BHIIOIHATH JPyTHE IIOCTPOCHUSI.

BaxHo moypo4yHO (OpMHpOBaTH y ydalMXcs 4yBCTBO BpeMeHH. J{is
3TOr0 MOXKHO YCTaHaBJIMBATh PETJIAaMEHT Ha pelIeHHe KIJIFOYEBBIX 3ajad Ha
caMOM YpOKE, a JIoMa IIPEAJIOKHUTH pedsTaM IpH BBHIIIOIHEHUH 3alaHUs CTa-
BUTH II€pe COOOH NEKTPOHHBIE Yachl, YTOOBI CO3/[aTh CUTYAIHIO, TOX0XKYI0
Ha HK3aMEHALMOHHYIO.

Eme onHa TpyIHOCT — aHANKM3 TeKcTa 3aqadd. Ha kax oM ypoke HeoO-
XOIMMO HaYMHATH PEIICHHE 3a/1a4M C aHAJIN3a YCIIOBHSI, BBIJEISISI KJIIOYEBbIC
cJI0Ba. YBHUJIET CIIOBO «OMCCEKTPHCa» — HIU PaBHBIE Naphl yIJIOB, TUOO0 HC-
NOJNB3YH Ipyroe ee CBOHCTBO. M IeT peds 0 nepeceKaronuxcsi BBICOTax B Tpe-
YTOJIBHUKE — HAXO/IU TI0JI00HBIE TPEYTONBHUKH, paboTail ¢ MpsSMOYTOIBEHBIM
TPEeYroJIbHUKOM. BUIHUIIE CI0BO «MeraHay — 3HaUNT, BCIIOMHU BCE €€ CBOH-
CTBA M OIpEeNH, KaKoe U3 HUX HaJ0 IIPUMEHUTH K TBOEH 3ajaye.

OueHb BaXKHO IPUYUYUTH PEOAT KiIacCU(PUIIMPOBATH 334K U HAYUYUTh CO-
CTaBJIATH NAMSTKH 110 PEIICHUIO HEKOTOPBIX 3a/1a4, BHIBOJOB (OPMYJI U TEO-
pem. Ilporece pemeHus 3a1adyu yCIOBHO MOXKHO pa3OUTh Ha JIECATH JTAIoB.
B nuteparype naercs maMsaTka (CM. HUKE), B KOTOPYIO HYXXHO IPUACPKH-
BaThCs IPH PElIeHUH 3aaad. Pemas 3ajmaqy, maMsTKy MOJE3HO UMETh Hepen
rJla3aMu M CTapaThCs MOCJIEA0BATEIBHO BBIMOIHATH I€pEYHCICHHbIC B HEH
JTansl paboTHL

IHamsaTka:

1. UreHue ycnoBus 3aJauH.

2. BrlnoiHeHUEe yepTeka ¢ OyKBEHHBIMU 0003HAYCHUSIMH.

3. Kparkas 3anuch ycnoBus 3aaa4u ((popMHupOBaHUE 0a3bl JaHHBIX).

4. 3anuch TpebyeMbIx (opMyI M TEOpEM Ha 4epHOBHKe ((popmMupoBaHue
0a3bl 3HAHM).

5. «JleTanupoBka» — BhIYEpUMBAHUE OTAEIBHBIX JETajell Ha JOIOJIHHU-
TEJBHBIX YepTexax.

6. AHanmM3 JaHHBIX 3a/1a4, IPUBS3Ka MCKOMBIX BEIMYUH K DJIEMEHTaM
yepTexa.

7. «CHUHTE3» — COCTaBIICHNE KIENOYKI» NeHCTBUH (aIropuT™Ma peIeHHU ).
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8. Peanu3anus anroputMa perieHus.

9. I[IpoBepka MPaBUIBHOCTH PELIECHHUS.

10. 3anucs oTBeTa.

PaccmoTpuM naHHbBIE TyHKTHI TAMSITKH ITOJPOOHO.

1. Ymenue ycnogus sadauu.

[Ipoutute ycnosue 3amaun. Ecny npu 4TeHUH ycnoBUs 3a7a4u BO3HUKA-
10T BOIPOCHI, 3aIIUIINTE UX HAa YEPHOBUKE.

B ycnoBusix 3amau MOryT yNOMHHATbCS Pa3JIMUHbIE MOHSITUS, KOTOPbIE
BBl HE Cpa3y CMOXKeTe BCIIOMHUTbH UM HE 3HaeTe uX BoBce. Hailnute co-
OTBETCTBYIOIYI0 HMH)OPMALHIO B JINTEPATYPE M BHIMHUIIUTE HA YSPHOBUKE
HY>KHOE ollpejieNieHne, (POPMYIHPOBKY TEOPEMBI HIIH (OPMYITY.

2. Buinoanenue uepmedica ¢ 6yKgeHHbIMU 0003HAYEHUAMU.

UYepTtex — 310 pabouee MECTO, T.€. IPOCTPAHCTBO, KOTOPOE HYKHO Opra-
HHU30BaTh TaK, 4TOOBI paboTarh ObLIO ynoOHO. [ToaTOMy HE Hajo MENBUYNUTH
1 9KOHOMUTH OyMary, Beib XOPOIIMH YepTeX MOMOXKET BaM yBHAEThH CBS3H
MEX]ly 3JIEMEHTaMH W3y4aeMbIX T€OMETPHUECKUX (PUryp, mocie yero ocra-
HETCs TOIBKO 0hopMUTH penieHue. JKenarenbpHo, YTOOB! Ha YepTexe ObuIH
COOJIIOZIEHBI TIPOTIOPIIMH JAJINH OTPE3KOB U BEITUYH-
HBI yTJIOB.

MexaHU3M HOCTPOCHHUS YepTexka Halo 000CHO-
BbIBaTh. IlycTh, HallpuMep, HaO MOCTPOUTH Ipsi-

o MOYTOJIbHBIH TPEYTOJIbHHUK, BHUCAHHBIA B OKPYX-

HOCTb. BHauasne cTpouM OKpyKHOCTb A € LIEGHTPOM

O (cM. puc.). 3aTeM MpoBOAUM B Hell tuamerp AB.

Jlrob6as otnmuuHas ot 4 u B Touka okpyxHoctH C

SIBJSICTCS. BEPLIMHON MpsIMOro yria TpeyroibHuka ABC, Tak Kak 10 CBOM-

CTBY BIHCAHHOI'O yTIja, ONUPAIOILErocs Ha AMAMETpP OKPY»KHOCTH, yroia C
paseH 90°.

3. Kpamxkas 3anucs ycrogus sadaqu ((popmynuposanue 6a3vl OaHHBLX).

KpaTkas 3anuchk ycnoBus 3afaui BBIIOIHSETCS C UCIOJIb30BAHHEM BBE-
JICHHBIX Ha yepTexe OyKBEHHBIX 0003HaYCHUH.

4. 3anuce mpebyemuvix hopmyn u meopem Ha HepHOBUKE.

Uwuras yciioBue 3a7ja4yl, BRINUIINTE HAa YEPHOBUKE BCIO HH(POPMAILINIO, KO-
TOpas CBSI3aHA C KaXKJbIM U3 TEPMHHOB, UCIIONb3YyEMBIX B YCIOBUU 3aJadH.
3arem, eciin MOHATHO, KaK CrPyNIIHPOBAaTh HHOOPMALIHIO, PACIIOIOXKHUTE €€
B HY)XHOM ropsiike. Dta uHdopmanus siBisiercst 6a3oi 3HaHuid. Yem mo-
Hee ¥ TouHee Oyner 0aza 3HaHWH, TeM OOJbIIE MIAHCOB, YTO B HEE MOMAAYT

C
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MMEHHO T€ (popMyJIbI, OTIpeieNICHH s ¥ CBOMCTBA, KOTOPbIE MBI Oy1eM HCIIOJIb-
30Bath. [ToaTOMY eciu cpas3y pemuTh 3aaady He yaaeTcs, TO aHaJu3upyeT-
Csl U OCMBICIIMBAETCSI BECh OTHOCSIIUICS K HEH TEOPEeTHUYECKUIl MaTepHall.
B nporniecce paboThl MOXKET OBITH Haii/IeH IIJIaH PEICHUS.

5. «[lemanuposka» — eviuepuusanue OMOEIbHLIX Oemanell Ha OONOIHU-
MeNbHBIX YEePMEIHCax.

3ot 3Tan paboTsl Heobs3areneH. Ero mpuxonuTcs BBIIOIHATE B TEX CITy-
yasx, KOoIjia 4epTexX K 3ajade TPOMO3JKUN U He o0najaeT 10CTaTOuHON Ha-
TJISITHOCTBIO JIJIS1 [TOCIIEAYIOIIETo aHau3a. JleTainpoBka rosie3Ha TakKe TOor-
Jla, KOrJa He sICHO, Kakasl purypa noy4dusiach B pe3yJIbTaTre reoOMeTPHUECKIX
MOCTPOCHUH, KaKHe MpsIMbIe TTapaJlIebHbl, IepPIeHIUKYISpHbl U T.1. CyTh
JIETAIMPOBKY 3aKJI0YaeTcss B TOM, YTO (UTYyphl Ha JIONIOJHEHHBIX YepTe-
JKaxX MOXKHO Pa3BOpPAaYMBATh YAOOHBIM IS X U3y4eHHs oOpa3oM. McxonHas
CJIOXKHAsI 33/1a4a B pe3ysIbraTe JeTaJIMPOBKU pa30UBaeTCs HA HECKOJIBKO 00-
Jiee TIPOCTHIX.

6. Ananusz Oaumnblx 3a0ayu, NPUBSA3KA UCKOMbBIX GEIUYUH K INEMEHmam
yepmeoica.

Ha sTom sTane BbICHSIEM, CYILIECTBYET JIM (Urypa, KOTOpast CONEPKHUT
HCKOMYIO Benu4uHy. JlomycTum, na, cymecTtByeT. Torga BBISCHSIEM, Kakue
3JIEMEHTHI 3TOH (PUTYpPBI HAJI0 3HATh, YTOOBI HAMTH HCKOMYIO BeMYMHY. EcTh
JIM OHHU B JIaHHBIX 3a7a4u? Eciy HeT, To M3 KaKuX JaHHBIX 33241 UX MOXKHO
HaliTu?

7. «Cunmesy — cocmagnenue yenouky 0eucmeuil (a12opumma peueHus,).

B ciokHBIX 3a7a4ax 1Mo XOAy PEUIeHUs] MOTYT HCHOJB30BaThCS U He-
CKOJIbKO (PUTYp M JETAIHPOBOK, ISl KAXKIO0H (QUTYypHl aHAIU3UPYETCS TEO-
pEeTHUYECKUI MaTepual U JaHHbIE YCIOBH 3a1auu (6a3a TaHHBIX), 3aTEM CO-
CTaBJISIETCS LIENIOYKA, aJITOPUTM PELICHUSI.

8. Peanuzayus aneopumma peuienus.

Ha sTom 3Tane B 3aBUCMMOCTH OT CTOSIIEH Nepesl HaMH 3a/1a4i MBI 0CY-
IIEeCTBIIsIeM TpeOyeMble JJ0Ka3aTenbCcTBa, TIOCTPOCHUS WK BeluucieHus. [1o-
CJIE/I0BATEIBHOCTD HAIIMX AEHCTBHI COOTBETCTBYET IIPU 3TOM ITYHKTaM BbI-
CTPOEHHOM LIETIOYKHU.

9. Ilposepxa npagunvHocmu peuietusl.

3agaun B yyeOHHKE OOBIYHO CHA0XKAIOTCSl OTBETaMH, IIO3TOMY ITPOBEPUTH
MPaBUIBHOCTh pe3ysibTaTa MOKHO 0e3 0co00ro Tpyna, CBEpUBILUCH C OTBE-
ToM. OZTHaKO Ha KOHTPOJIEHOH paboTe MK SK3aMeHe TaKOH BO3MOKHOCTH HET,
MOATOMY HY’KHO HAy4YHTHCSI CAMOMY BBIIIOJIHATE HEOOXOANMYIO ITPOBEPKY.
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XapakTep NpoBEPKH 3aBUCUT OT THUIIA pelIaeMOM 3a/1adyu.

Tak, B 3aJjauax Ha JI0Ka3aTEJIbCTBO IMOJIE3HO 3aHOBO MPOCIEAUTH JIOTH-
Ky TPOBEICHHBIX PACCYXKICHHUI U YOSIUTHCS B TOM, YTO OHU HE COAEpIKAT
MIPOTUBOPEUHH.

B 3amauax Ha HOCTPOCHUE OCHOBHBIM OOBEKTOM IPOBEPKH SBISETCSA 000-
CHOBAHHOCTH BBIMOJIHEHHBIX AeicTBui. [Ipu nmpoBepke 3a7au Ha BbIYUCIIE-
HUE HYKHO YOCIUTHCS, YTO HAlICHHBIC BEJIMYMHEI UMEIOT T€OMETPHUCCKHMA
cMmbici. Tak, HanpuMep, JJIMHBI CTOPOH TPEYTOJIbHUKA JOJKHBI YJOBJIETBO-
PATH HEPABEHCTBY TPEYTOJIbHUKA. JITMHBI OTPE3KOB U IUIOMAIH PUTYp — 3a-
JTABATHCS TOJIOKHUTEIFHBIMY YUCIaMH. BaxxHO yOeAUThCS B MPAaBUILHOCTU
pa3MEPHOCTE: HAaIpUMeEp, AJIMHBI JOKHBI U3MEPATHCS B JIUHEHHBIX BEJIH-
ypHaX (MeTpax, ACHHMETpaxX, CAHTHMETPax), a IUIOMAIN — B KBaAPaTHBIX
(M2, iM%, cm?). TIpoBepka BBIUKUCIIEHHI MyTEM MX MOBTOPHOTO BBIMOIHEHUS
He cIUIKOM 3G (EeKTHBHA, TaK KaK MPH 3TOM HE KOHTPOIHPYETCs JIOTUKA
peurenus. [Tone3sHee HaWTH OMHY M TY K€ BEIIMYMUHY Pa3HBIMH CIIOCOOAMHU
" yOeUTHCS B TOM, YTO PE3YJIBTATHI OJJUHAKOBEI.

[Ipu mpoBepke pelieHus 3a/1a4 BCeX THIIOB HEOOXOAMMO TaKkKe YOS IUTh-
Csl, UTO UCHOJIb30BaHbl BCE JAHHBIE YCIOBUSL.

10. 3anuce omsema.

B Hamm qHU MIKOJIBHUKAM B a0OUTYPUCHTAM BCE YaIle MPUXOJUTCS CTaI-
KUBATKCS C TECTOBON (OPMOIT KOHTPOIIS 3HAHU, OTHUM U3 TIPUMEPOB KOTO-
poit siBnsiercst EI'D. Tlpu BBINOJHEHUH TECTOBBIX 3a/laHUil TPUHIUIINAIBHOE
3HauY€HUE UMEET HE TO, KaK pellaiu 3ajlauy, a TO, KAKOH MOJy4YUJIu OTBET.
OnHaKo U B TPaIUIIHOHHBIX KOHTPOJIBHBIX Pa00TaX 3alHCh OTBETA SBISACTCS
00513aTeTFHBIM JJIEMEHTOM pelieHus. Kak roBOpHUTCs, KOHEI] — ISy BEHEIl.

OdopmirsieTcs 3amuch 0TBeTa cieayomuM oopasom. [Tumrem cnoBo «OT-
BET», CTAaBUM JIBOETOYME. 3aTE€M 3allUChIBaeM HallJleHHbIE BEJIUYUHBI C YKa-
3aHUEM EIMHHI] U3MEPEHUS, €CITU TAKOBbIe (QUTYPUPYIOT B YCIOBUH 3a1a4H.

OTMeTHUM, 9TO MPH PEIICHUH KaK 10 KOHKPETHOU 3a7a9u HEe 00s3aTeb-
HO BBITIOJTHSITH BCE IEPEUNCIICHHEIC 3TAIBl Pa0OTHI (HAIPUMEP, MOXKET HE TO-
HaJOOUTHCS YESPTEK WU ICTATMPOBKA, HE BCETa YAaeTcs 3apaHee BBICTPO-
UTh AJTOPUTM PEIICHUS U T. II.).

XopomuM MOMOIIHUKOM B moaArotoBke k EI'D sBusercss koMmbroTep.
I oTpabOTKHU 3IEMEHTAPHBIX, KIIOYEBBIX 3a]1a4 MOXKHO COCTABHTH TECTHI
Ha BpeMs. OTa GopMa paboThl IPOJOKUT (POpMUPOBATH KOMMYHHKA0Eb-
HOCTbH yYaITUXCsl, TOBOJIUT JIO aBTOMAaTH3Ma IIPUMEHEHUE OCHOBHBIX (hOpPMYIT
U TEOPEM F€OMETPHHU.
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BonpmrHCTBO ydYanmuxcs, KOTOpbIE 00JIaJaI0T XOPOIIUM YPOBHEM TOJ-
TOTOBKH, JOCTAaTOYHBIM JJisl PELICHHUS F€OMETPUYECKUX 3ajay, MoMellae-
MbIX B BapuaHThl EI'D, npocTo He TOBEPSIIOT CBOMM 3HAHUSAM U YMEHUSIM, U,
npeanoaras, 4YTo 3aJjaud O4eHb TPYAHBIE, HE NBITAIOTCS UX PELIUTh. 3ECh,
BUJITUMO, MOTJIO OBI TIOMOYB 00JIee aKTUBHOE O3HAKOMJICHUE yYaIlIUuXCs C 3a-
JladyaMu, KOTOpPbIE MCIOJb30BAJIUCh B BapHaHTaxX MPOLUIbIX JeT. Takue 3a-
JIa9¥ IPEJICTABICHBI B COOPHUKAX, CONCPIKAIIMX 3aJaHUSI U BAPUAHTHI KOHT-
POJIBHBIX U3MEPUTEIBHBIX MAaTEpPUAJIOB, UCIIOJIB30BAHHBIX MPHU MPOBEACHUU
EI'D. 3Hakomsich ¢ HUMH, Y4alIUMeCs He TOIBKO NOBTOPSIT HEKOTOPbIE FEOMET-
pUYECKHE CBEACHUS U MPUEMBI PEILIEHUS], HO TaKXKe YBUIST, YTO 3a/1a4u 110
MJIAaHUMETPHUH MIPU PALIHOHAIBEHOM CITOCO0E PEIICHUS HEe TPEOYIOT ITMHHON
LENOYKHU PAcCyXJACHUH U BBIKJIAIO0K, @ CTEPEOMETPUUYECKUE 3aJaul TOBbI-
LIEHHOT'0 YPOBHSI IOCTPOEHBI Ha JOCTATOYHO TUIUYHBIX CUTYallUsX U TOXKE
pematores B 2—3 nedctBusi. CleqyeT OTMETUTb, YTO B HACTOSILIEE BpeMs
HMMEETCS] MHOT'O ITOCOOHIA, MpeIHA3HAYCHHBIX IS MMOATOTOBKH K crade ET'D.
C ToukH 3peHuss HHOOPMUPOBAHUS yIaNIUXCs 00 YPOBHE CIIOKHOCTH 33724
U IIHPOTE UCIIOJIB3yEMOTO COJICPIKAHUS B IIpoIiecce 00ydeHUs 1Iesiecoodpas-
HO paccMaTpuBaTh 3aJja4M, HEIOCPEICTBEHHO UCIIOJb30BaBIINECS B BapUaH-
tax EI'D.

ITonroroskoii k EI'D HyHO 3aHUMATbhCs IOCTOSIHHO, U3 YPOKa B YPOK. 3a
OJTMH TOJ] MMOJTOTOBKH BBICOKUX PE3YJIBTATOB JOOUTHCS HEBO3MOXKHO. [1aB-
HOE — He00XOIMMO HAYYUTh IIKOJIBHUKA YUUTHCS, IOITOMY YUUTETh JOIKECH
W3 HOCUTEIISI TOTOBBIX 3HaHUI MPEBPaTUTHCS B OPraHU3aToOpa MO3HABATENb-
HOM JesITeIbHOCTH CBOMX YUEHHKOB. Pa3BUBasi CaMOCTOSTEIbHOCTh MBICIIH,
MBI o0oramaem AeTei, moMoracM uX oOIICHUI0 MEXy coOoii. PebeHok 3a-
MIOMHHUT TO, YTO €MY HMHTEPECHO, IO3HABaTEJIbHO, aKTyajbHO. BciomMmHuM
CJIOBA BBLIAMOIIETOCS POCCHIICKOTO MyOnunucTa, nenarora u ¢miocoda Cu-
MoHa JIpBoBrua ConoBeliunka «YdyeHue ¢ yBiedeHuem»: «Kaxapiii yuurenb
JIOJKEH OPraHU30BaTh YUCOHBIH MPOIECC TaK, YTOOBI €ro YPOKH MPUHECITH
MaKCHUMAaJIbHYIO MOJIb3Y U YAOBOJILCTBUE €r0 YUCHUKAM).
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OCHOBHBIE JTAIIbI PABBUTHUSA JIOTUKHU
HA IIYTH K MATEMATHYECKON
1 KBAHTOBOH JIOTUKE

M. H. U3oToBa, JI.JI. Prickuna
Tomckuil 2ocydapemeenHblil neda2oeuiecKull YHueepCcumen

Jloruka Autuunoctu (VI Bek 10 H.3.). B kadecTBe caMOCTOSITENHHON
HAYKH, JJOTHKA 3apOArIIach OoJiee ABYX THICSY JIET Ha3a. B JIOHE (rutocodhuu
KaK MHCTPYMEHT OpaTOpPCKOT0 MCKycCTBa M Hay4yHOTo 3HaHUA. Ee ocHoBa-
TEJIEM NPHUHATO CUUTATh JpeBHerpeueckoro ¢uiaocoda Apucrorens, KOTO-
pBI B CBOMX HAyUYHBIX TPyAax Jaj CUCTEMATHUYECKOE H3J0XKEHHE JIOTHKU
Y Ha3Ball €€ «TPaJAULIUOHHON» (POPMaIILHOI JIOTUKOM, TaK KaK OHa BO3HUKJIA
Y pa3BUBajach Kak Hayka o popMax MbILIUICHHS.

B T0 Bpems TpaauuuonHas (opmabHas JOrMKa BKJIOYaia B ce0s cie-
JIyIOIIHMe pa3fesibl: MOHATHS, Cy)KA€HUS, 3aKOHBI MM MPUHIUIIBI IPABHIIb-
HOT'0 MBIIUIEHUS, YMO3aKIIOUeHUs (JeNyKTUBHbBIE, HHIYKTUBHEIE, 110 aHa-
JIOTUH), JIOTHYECKHE OCHOBBI TEOPHH apTyMEHTAIlMH, a TaK e T'HIOTEe3bl.
DopMaNBbHYIO JIOTHUKY Ha3bIBAIOT TaKXKe TPaAUIIMOHHOMN, NI apUCTOTENEB-
CKOH JIOTHUKOM.

VYyeHne ApUCTOTENS O CHIIJIOTM3ME TIOCIIY KO0 6a3ucoM 11si JopMupo-
BaHMS OJIHOI'O U3 HANIPABJICHUI COBPEMEHHON MATEMAaTU4E€CKON JIOTUKH — JIO-
TUKH [IPEIUKaTOB.

Haubosnee 3HauMMBIM 3TAriOM B pa3BUTHH apUCTOTEIEBCKOTO YUCHUS 5IB-
JI4J1ach JIOTMKA aHTUYHBIX CTOMKOB. JIOrMKa CTOMKOB — OCHOBA JIPYTOro Ha-
MpaBJICHUSI MATEMaTHYCCKOM JIOTMKHY — JIOTHMKH BbIcKa3biBaHUU. HeoOxoaumo
OTMETHUTh, YTO MMEHHO CTOMKaMH 3€HOHOM M XPHU3HIIIIOM ObLJI BIEPBbIE BBE-
JICH TEPMHH <«JIOTHKa» JJ11 0003HAUSHHS CAMOCTOSTEIBHON HAyKH

Jloruka CpenneBexoBbsi (V-XI BB.). Jloruka B CpeaHue Beka ObLia
B 3HAUMTEJILHON Mepe MmpHcIiocolieHa /i 000CHOBaHUS PEIMTMO3HON 10T~
MaTuKHU. [Tonck TeopeTHuyecKkux OCHOB BEETCS B JIOTHKE MTyTEM HUCTOIKOBA-
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HUS IPUPOJBI O0MUX NOHATHH. OJHAKO 3/1€Ch BO3HUKAIOT J[Ba Pa3IMYHBIX
HANpPaBJICHUS: PEAJUCTH U HOMUHAJIUCTHIL.

[MpencraBuTenu peanansma, CUUTANH, YTO OOIINME TOHITHS CYIECTBYIOT
peanbHO HE3aBUCUMO OT €JUHUYHBIX BEIlel, CTOUT OTMETUTD, YTO TaKas TOU-
Ka 3peHus oTpaxaeT yueHus [lnarona. Takoll mo3HIUMM MpUIEPKUBAIUCD,
Hanpumep, AHcensM KenrepOepuiickuii, DomMa AKBHHCKHH.

B 10 BpeMs kak mpeacTaBUTENM HOMHMHAJIM3MA, HAIPOTUB, MOJaraid,
YTO peaibHO CYIIECTBYIOT JIUIIb €AMHUYHBIC TPEIMETHI, a OOLIHE TOHSTHS —
CIIy’KaT IJi1 HUX MMeHaMu. Takoll TOYKH 3peHus npuiaepxkusanuce Hoann
Pocuenun, Yunesam Okkam u ap.

[IpencraBuTenn 060MX HANPaBICHUH OBLIN COMUAAPHBI JIMIIb B OJHOM:
KaK OfIHH, TaK U JPpyTue NPUHUKAIH POIb JIOTHYECKOrO 3HAHUS.

Jloruka Bo3poxaenus (XV-XVII BB.). [lepuox xapakrepusyercs cTpe-
MUTEIBHBIM Pa3BUTUEM HAYKHU, Ba)KHEHIIUM STAllOM SIBUIACh TE€OpUS HH-
JyKTUBHOH JIOTHKH, pa3paboTanHas aHranyannHoM @pencucom BakoHOM.
HoBaropcTBo ero unei 3axkiro4anock B IEPEOCMBICIEHUY 3HAUUMOCTH JIOTH-
KM JJ151 pa3BUTHUS HAyKH, €CIIH MPEXK e OHA BBICTYyIAa TOJIbKO KaK CPEACTBO
IIPOBEPKH M 0OOCHOBaHMsI UCTHHEL, TO Onarogaps . bakony, noruka crana
BBICTYNATh B poiIH 3()(heKTHBHOTO OPYHS JAJIs OCYLIECTBICHUS HAYYHBIX OT-
kpbiTuil. CornacHo paccyxjaeHusM @. bakoHa, OCHOBHOI 3ajaueil JTOrUKU
ABJISETCS 00OOCHOBaHME WHAYKTHBHBIX BBIBOJIOB, COTJIACHO KOTOPHIM pac-
CY>KJICHHUS YeJIoBeKa UAYT OT YaCTHOTO K 00IeMy 3HaHHUIO. Tak ke eMy Ipu-
Ha/UISKHUT 3aciiyra pa3paboTKi HHIYKTUBHBIX METOJIOB OIPEEIICHNS CIIea-
CTBEHHO-NIPUYMHHOM CBSI3U MEXAY SBJICHUSMHU, & UMEHHO: METOJ CXO/CTBA,
METOJ pa3JIMuUsl, COEJUHEHHBIA METO CXOACTBA U PA3JIMUUSL, METOJ, COMYT-
CTBYIOIIMX N3MEHEHUH, METOJ] OCTaTKOB. Pa3paboranusie bakoHom MeTobI
Hay4YHOM WHAYKIUH OBLIH BIIOCIEACTBUN CUCTEMAaTU3UPOBaHbl aHTIIMHCKUM
¢unocodpom u norukom JI>xonom Ctroaprom Musutem. @paHiry3ckuit Gpuio-
cod Pene Jlexapt (1569-1650) copmupoBan deTbipe mpaBuia HAYYHOTO
uccienoBanusd. PesroMupys Bce BbIlIE CKa3aHHOE, MOKHO 3aKJIIOUUTH, YTO
JIAaHHBIH MEePUOA XapaKTEPHU30BAJICS BO3POXKAAIOIIEICS POJIBIO JIOTUKH B MO-
3HaHUU MUDA.

Jloruka HoBoro Bpemenn (XVII-XIX BB.). PeBoitoLiOHHbBIE U3MEHE-
HUS MPOUCXOASAT B JIOTUKE: HA CMEHY TPaJULUOHHOM JIOTHKE IPUXOAUT Ma-
TeMaTudeckasl UJau cuMBoiIndeckas. OCHOBOIOIOKHUKOM MaTEeMaTHYECKOH
JIOTMKH cuMTaeTcss HeMeukuil yuenslit [ordpun Bunsrensm Jleitonun. Ero
UJIEU O BO3MOXHOCTH MPEJOCTABIECHUS IOKA3aTEIbCTB B CIIOpax MPU MOMOIIU
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MaTeMaTHYECKUX BBIYUCICHHH OBLINM NPOrPECCHBHBI JIJISI TOTO BPEMEHH.
3HauUTENbHBIN BKJIa/ B pa3BUTHE JIOTUKH BHECTHU pycckue yuensie M. B. Jlo-
MoHocoB U A.H. Pagumes, koTopsle pa3paboTany KiIacCUPHUKALHUIO yMO3a-
KJIro4eHu# 1o cxoactBy. ®unocod u noruk C. 1. [loBapHuH Hadaa OMHUM U3
MEPBBIX Pa3BUBATh JIOTUKY OTHOLIEHUI.

Jloruka coBpemennoctu (XIX-XX BB.). Bo BTOpoii nonosune XIX B.
BJIOT'MKE HAUMHAIOT IMPOKO IPUMEHSTH pa3padOTaHHBIC B MATEMATHKE METO-
JIbl NCUNCIICHM S, JaHHOE HallpaBiieHue pa3pabaTsiBaeTcs B Tpyaax Jxopmxka
Byns, Yunesama Crernu [IxeBoHca u ap. B 310 e mepuox Obuta co3mgana
TaK Ha3blBaeMasi KBAaHTOBAsl JIOTHKA, KOTOPAsl SIBISETCA Pa3[esioM JIOTUKH,
M3y4aroluil IpUMEHEHUE JOrMYeCKUX METOAOB B KBAHTOBOM MexaHuKke. Mc-
TOPUYECKHU HAYAJIO JIOTHUECKUX UCCIIEOBaHUN CTPYKTYp KBAHTOBON TEOPUHU
CBSI3BIBAIOT ¢ MOHOTpadueit Jxona pon Helimana «Maremarniyeckue 0CHO-
BbI KBAHTOBOM MeXxaHUKMW» (1932).
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HAYYHAS IEATEJBHOCTH JJEOHAPIA MJIEPA
B POCCHUH

V.T. KopoOkuna, JI. JI. Peicknna
Tomckuil 2ocydapcmeenHbvlil nedazoeuieckKull YHusepCumen

Jleonapn Diinep (1707-1783) — TaaHTAMBBIN MaTeMaTHK, MEXaHUK, (PU3UK
1 aCTPOHOM, €0 IIBEHIAapCKOe MIPOUCXOXKICHNE HE MELIAET CYUTATh €r0 «OC-
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HOBaTeNeM PyCCKOM MaTeMaTudeckoil mxkons». HayuHnoe Hacnenue Jleonapna
Olinepa Oe3rpaHUYHO, a MHOTOYHCIICHHbIE PabOTHI MO MaTeMaTHYECKOMY
aHan3y, 1uddepeHanbHOi TeOMETPHUH, TEOPHH YHCEN, TPUOITNIKEHHOMY
UCUHCIIEHUIO, BHEC/IM 3HAUUTENbHBIN BKJIAJ B pAa3BUTHE MAaTEMaTHKU.

B tpunagnarunernem Bo3pacte Jleonap Dinep ctan cTyieHTOM (haKyIib-
Terta uckyccTB bazenbckoro yHuBepcutera. OnHako 1r000Bb K MaTeMaTHKE,
HNpUBHUTAs €My OTIIOM, HallpaBuia Diyiepa B HECKOJIBKO HHOM HaIllpaBICHUMU.
TanaHTIMBBIN IOHBIH CIIyIIAaTENb, yBICYEHHBIH MaTEeMaTHKOH, 0OpaTHl Ha
cebs1 BHnManue npogeccopa Moranna bepHyiin, KOTOpBIH BIIOCIENCTBUN
CTaj NPOBOAUTH MHAMBHUAYAIbHBIC 3aHATHUS C OJAPEHHBIM MOJIOJBIM YeJIo-
BekoM. biaromapst octpore yma u TpyJ0CHOCOOHOCTH MOJIOROH Ditnep ObL1
YIOCTOEH YECTH CTaTh YJIEHOM TOJIBKO YTO 00pa30BaBIICHCS yHHKAJIBHOTO
MaTeMaTHYECKOTro Kpy»KKa Bo IiaBe ¢ Oparbsimu SIkodom u Morannom bep-
Hyu. HayuHble ucclneqoBaHUs BEJIHCh CTOJIb aKTUBHO, @ YPOBEHb pella-
eMBIX 33/1a4 WiIeHaMH 0a3elIbCKOr0 «IIMTOMHHMKA I'eHHEB» OB Ha CTOJBKO
BBICOK, YTO B T€UEHUE MATUIECATH JIeT ropod basens yaepxuBan nouyeTHoe
OpOH30BOE MECTO Cpeay BaKHEWIIMX HAay4YHBIX IEHTPOB EBpomsl, ycrymas
nepBeHcTBo nulb [Tapuxy u Jlongony.

B 1724 1. o Benenuro Iletp I 611 yTBEpKICH MPOEKT yeTpoiicTa [letep-
Oyprckoit akagemuu. OnHOH M3 NEPBOCTENEHHBIX 3a/ad akaJeMHUHU cTalia
MOATOTOBKA OTEYECTBEHHBIX KapoB. J{Jisl peainzannn qaHHOM 3a1a4u ObLIN
npuriamess! 22 npodeccopa U aJAblOHKTa, B YUCIIE KOTOPBIX OBLIH CBIHOBBS
W. bepuynnu: Hukonail u Jlanuun, a tak xe Jleonapn Ditnep, npuriameH-
HBI Ha JOJDKHOCTH aIBIOHKTA 10 (Qu3nonoruu [1]. XoTs 3To HE mOMEIIao
JI. Diinepy HanucaTh O4eHb JOCTOHHOE «PyKOBOACTBO K apudMeTHKe» Ha He-
MEIIKOM $I3bIKe, KOTOpO€e OBIJIO MEPEeBEICHO Ha PYCCKUH S3BIK U JJINTEIIBHOE
BpeMs CIIy)KHJIO B KadecTBe 6a3oBoro yueOHuka. B 1731 1. oH 3aHs1 oCcBO-
OommBmIeecss mecto nmpodeccopa ¢pusuku. Eme yepes nBa roma Ditnep cran
aKaJeMHUKOM M mpodeccopoM Kadeapsl YUCTOH MaTeMaTHUKH, 3aHSB MECTO
BepHyBIuerocs B IlIseiinaputo Jlanuuna bepuymnn.

[IpeObiBanue Diinepa B Poccnn MOXXHO yCIIOBHO pa3lesinTh Ha JBa Iie-
puona. 3a nepBbIi nepron npedbiBaHus B Poccnn uM ObLto Hanmcano Oonee
90 kpynHBIX HayyHBIX paboT. Kpome Toro, oH aenan JOKIaabl Ha HayYHBIX
CeMHMHapax, YNTaJ MyOJIINYHbIEC JIEKIIUU B aKaJeMHYECKOI THMHA3HHU, pado-
TajJl B acCTPOHOMHMYECKOH 00CEepBaTOpHH, BEJ OOUIMPHYIO PEAAKIMOHHYIO
paboTy B akaJeMUYeCKUX M3aHUAX. DIIIep yaemsia MHOTO BpEMEHH U IpakK-
THUYECKOU 1€ TENbHOCTH, UCIIOJIHSSL MHOTOUHCIICHHBIE NOPYUEHUS aKaJeMUH
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Hayk. Tak, B 1735 r. akajgeMusl Nmoayduiia 3aJlaHHE BBIIOIHUTH CPOUYHOE
U OYEHb IPOMO3JKOE aCTPOHOMUYECKOE BhluncieHue. [lo MHEHHIO Tpynmsl
aKaJIeMHKOB, JJaHHas pabdoTa JOJDKHA ObLIa 3aHATH HE MEHEE TPeX MecsleB
KPOTIOTIMBON paboTHl, OHAKO Diyiep B3sUICS BBINOJHUTH paboTy 3a 3 nHS
1 CIIPaBUJICS caMOCTOATENbHO. O/THAKO, BCIICACTBHE IIEpEHAPSKEHHU S, 3a00-
JIeJI HEPBHOIO FOPSYKOI0 ¢ BOCMAJIEHUEM IIPaBOro Ijia3a, KOTOPOro OH BIIO-
cleAcTBUM NHIIUICS. Beckope nmocie atoro, B 1736 I., BBIILIK B CBET J1Ba TOMA
aHAJINTHYEeCKOW MexaHHKH. HeoOXoaMMOoCTh B 3TOM KHHTE ObliIa KOJI0CCalIb-
HOH, TaK Kak B Heil ObUIN CHCTEMaTH3MPOBAHbI paHee HAlMCaHHbIE CTaThH M0
Pa3JIMUHBIM BOIPOCAM MEXAHUKH.

[ocne cmeptn umneparpunbl AHHEI MoanHoBHBI, [leTepOyprekas aka-
JeMHs Hayana CAaBaTh CBOM MO3UIMU, caM DWIIEp TaK OMMCHIBAI 3TO Bpe-
Ms: «IIpeaBuaenocsr HEYTO OMACHOE... MOJO0XKEHUE Hadyaylo MPEeNCTaBIsATh-
csi HeyBepeHHbIM». JleoHapn Oiinep MpUHHMMAET MPENJIOKEHHE IPYCCKOro
xoponst @puapuxa Il crare qupexkTopom Maremaruueckoro aenapTaMeHTa
B bepnunckoil akanemuu. Ilpoxxuanue B bepnune He memaer Dilnepy uH-
TEHCHBHO paboraTh Ha Oyaro IlerepOyprckoii akaneMuu HayK: 3TO pelak-
TOpCKasl AeATEIbHOCTh U Hay4YHO-OpraHu3aluoHHas nepenucka ¢ M. B. Jlo-
MOHOCOBBIM, HeolleHMMa nomoinps JI. Diinepa B mpuoOpeTeHHHM Hay4HOU
JIUTEepaTyphl U 000pynoBaHus. OOCTOSATENHCTBA CIIOKHUINCH TAKUM 00pa3oMm,
470 DiiNepy NpuIiIoch pakTHUECKH PYKOBOAMUTD aKaJeMHUEH, IOCiIe CMEPTH
ee niepsoro npesugenta I1.JI. Momneprion, ogHako 0(UIIMAIBEHO STOH JOJIK-
HOCTH OH TaKk WM He Mosyuun. 3a 25 1eT xu3HU B bepnuHe OH mOATrOTOBHI
okoto 300 paboT, cpenu HUX psig OONBIIMX MOHOTpaduii.

Jlerom 1766 r. Ditnep npuHumaeT npurnameHue Exatepunst Benukoit
n Bo3Bpamaercss B Cankr-IleTepOypr — Tak HauMHaeTcss BTOPOU IpHE3N
Oiinepa B Poccuto. B Tom xe 1766 1. Diinep MOYTH MOJHOCTBIO MOTEPSLI
3penue. OHAKO 3TO 0OCTOSATENHCTBO HE CTAJIO MPEMSITCTBUEM ISl TPOJIOTI-
XKEHUs ero nesareabHocTH. COTHH Hay4YHBIX pabOT «yBHJENH CBET» Oiaro-
Jlapsi TIOMOILM yYEHHKOB Dijepa, KOTOpPble 3aUCHIBAIA U OPOPMISUIH HX
IOl TUKTOBKY cBoero Bemmkoro Yuurens. BepHocTh pabore u HEyKpOTH-
Masd KakJa TBOPUTh HEe MOKUAAIHN DWepa A0 caMoil cMepTH, KOTopasl Ha-
CTuUIJa ero Ha 77 rogy *u3HU. «OH IepecTal BBIYUCITh U AKUThY, — CKasall
Konnopce Ha rpaypHom 3acenanuu Ilaprkckoit akanemun Hayk (¢p. Il cessa
de calculer et de vivre).

Heouenumsl 3acnyru Jleonapaa Oiinepa kak BUJIHOTO JESTENs HayKH,
MIPOBOAMMBIE UM HAay4YHbIE MCCIEJOBAHMS MONYUYUIN BbICOUYANIINE OLEHKU
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eIlle MPH XU3HU aBTOPa, a OTKPBITUS OyLyT €lIe A0JTO CIYy)KUTh HOTOMKAM.
BoT nu1b HEKOTOPBIE U3 €r0 OECTCENIEPOB CBSI3aHHBIE C MATEMAaTHYECKUMHU
JUCLUILTMHAMMU:

— IIECTUTOMHBIN KypC MaTEMaTUUYECKOr0 aHATIU3a Ha3bIBAEMBbIIl «aHaIH-
THYECKOH TpUIIOrHeii», BKIIoYaronnil « BBenenue B anammu3 OECKOHEYHO Ma-
ae1x», «Auddepennnansaoe ucuncienue» n «MHTErpanbHOe UCUUCICHHUE
(1748-1770);

— OCHOBHBIE YPaBHEHHSI BAPUAL[MOHHOTO UCUHUCIICHUS HU3JI0KEHBI B MOHO-
rpadun «Meroq HaXOKJCHUS KPHUBBIX JHHHH, 00JafalomuXx CBOMCTBaMHU
MaKCHUMyMa Ui MUHUMYyMay (1744);

— pasBuTHe TeopuH (GYHKIUH, 1upPepeHINaIEHON reOMETPUH, BEIUNC-
JIUTENbHON MaTeMaTUKU, TEOPUU YHCEN MPUBEAEHBI B JIBYXTOMHOM Kypce
«ITomHOE pykoBozacTBO 1O anredpex» (1770);

—nAtuToMHas «MareMaTudeckas SHUUKIONEOUs» coaepxkut 20 mare-
MaTH4YeCKUX 00bEKTOB (YpaBHEHUH, (OPMYII, METOZOB), KOTOPBIE HOCST CeHi-
yac ums Ditnepa.

OOmuii 00beM counmHEeHHH Jiiyiepa OrpoMeH, OH HacCUMTHIBAET CBBIILE
800 omyOnMKOBaHHBIX HAYYHBIX PadoT, 4To cocTasisieT okoio 30000 neuar-
HBIX cTpaHuill. Kpome Ttoro, IletepOyprckuii apxus Poccuiickoil akagemMun
HayK XpaHUT THICSYU CTPaHUI] HEOITyOJMKOBAHHBIX HUCCIIEOBaHUI Ditnepa,
MPENMYIIECTBEHHO B 00JIACTH MEXaHUKH, OOJIBIIOE YHCIIO TEXHUYECKHX IKC-
HNepTU3, MaTEMATHUECKUE «3aMHCHbIE KHUKKUY) U KOJIOCCAIbHYI0 HAYUHYIO
KOPPECIOHAECHLIHIO.

Hayunsiii aBTopurer JleoHapna ODiinepa ObuUl IpoMaJieH NpPH KHU3HH.
Iomumo IletepOyprckoit u BepauHckol akageMull OH SBIISUICS MOYCTHBIM
YJEHOM KpyIHEHIINX HAay4YHBIX YUpeKJIeHHUH, Takux Kak: [lapukckas axa-
JeMHust HayK, JIoOHJOHCKoe KoposieBcKoe o01iecTBa u ap. BinsHue ero Tpynos
Ob110 BecbMa 3HaunTENbHBIM, U Kapi ["aycc nucan B 1849 r.: «M3yuyeHune Bcex
paboT Diiepa OCTaHETCS HABCET/IA JIYyUlIeH, HUYeM He 3aMCHIMOH, IITKOJIOH
B Pa3JINYHBIX O0IACTAX MAaTEMaTHKN.
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MATEMATHUKA BPEMEH APABCKOI'O XAJIUPATA

O.B. Kynpsimosa, JI. JI. Peickuna
Tomckuti 2ocydapcmeentulii nedazo2udeckutl yHugepcumen

Tpyano npeactaBuTh coBpeMeHHbIH MUp 0e3 matematuku. «Koponesa
Hayk», kak Ha3piBaa ee Kapn @puapux ['aycc, urpaet oueHb BaKHYIO pOJib
B Halleil )Ku3HU. MHOrMe yueHble BHECIU CBOM BKJIaJl B pa3BUTHUE ITOM Kpa-
CHBOM HayKH, MHOTHE U3 3TUX yUEHBIX ObUIM MyCyJibMaHaMmu. Penurus u Ha-
yKa, peMeciio ¥ OBIT — BCe CMEIIAJIIOCh B UCIAMCKOM MHUPE, OAHAKO OCTaHO-
BHMCsl Ha BKJIa/IC UCIIAMCKHUX CBETWJI HAYKU B MATEMATUKY.

B ornuuue ot gpeBHErpeueckoil MareMaTuku, MareMaruka Bocroka,
BCEI/la HOCUJIA NPUKIAJHOW XapakTep. UTO M03BOIUIO MOAHATH Ha BBICO-
Yal Wi ypOBEHb HAYYHYIO pa3paboTKy BEIYHCIHTEIbHO-AITOPUTMUYECKUX
aCIIEeKTOB MaTeMaTHKHU. Pe3ynbraToM CTallo 3HAYUTENIbHOE pa3BUTHE apud-

a.n 7y METUKHU, pa3sBUBACMOM H3HAYAJIBHO B LEIAX YHUCTO
f Wm KOMMEPUYECKOI'0 XapaKTepa, OHa IIOCTEIIEHHO [IEPETEK-
2 : J1a B HAyYHOE PYCII0, U IIOCIYKUJIO TOJIYKOM JUJIS 1aJlb-
loe=twapSosohdsst  yejimero mporpecca TOUHBIX HAyK, TAKMX Kak anredpa

H2 cndedootind b i

M U TPUTOHOMETPHSI, KOTOpPbIE BIEPBbIE (HOPMHUPYIOTCS
e 3/1eCh B OOJIBIINE CAMOCTOSITEIIbHBIE HAYKH.

Cead Pa3BuTre Hayku B HCIAMCKOM MUpE OIUPAECTCS
| R

B 3HAQUUTEJILHOW MEpEe Ha HACJIEAUE I'PEUYECKUX U UH-
IUICKUX MblicauTesnei. biarogaps nepeBoay Hay4yHbIX TPYJIOB C CAHCKPUTA
Myxammagom Anb-®azapu B MCIaMCKUN MUpP ObLIM BBEAEHBI MHJUIICKHE
4yCJIa, BIIOCJIEACTBUM CTABIINE JOCTOSHUEM BCETO YEJIOBEUYECTBA.
Ipousseneuus Erknuna, Apxumena, [Itonemes ObLIH MepeBeCHBI APY-
UM BbIAaromuMcs MatematukoM Tadut ubu Kypa. Han nepeBomgom «Havam
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EBximna padoran Xamkamk nox FOcyd, BociaencTBuyu CBOM KOMMEHTApUN
K 9TOMY MPOU3BEACHUIO Hanucal Amb-/xaisx.

IlepeBoabl TpyIOB aHTUYHBIX YUEHBIX U MBICIUTENEH ChITPau BaXKHYIO
POJIb B CTAHOBJIEHUU HAyKU HUCIAMCKOTO MUpPa, 3 HEKOTOPBIE U3 HUX JOLLIN
JI0 Hac Oarogapst STUM NEPEBOAAM.

Maio KTo 3aAyMBbIBaiCs, YTO MHOXKECTBO TEPMUHOB, KOTOPBIMH MBI TI0JIb-
3yeMcsl — 3TO HacJleIne BOCTOYHOM KYJIBTY Pbl, TAK HAIIPUMEP CJIOBa «aredpay,
«aIropuTM», «uHdpay UMEI0T apadbckoe npoucxoxaeHue. CioBo «anredpa»
MPOU30ILIO OT Ha3BaHUs KHUTH MEPCHJICKOI0 MareMarnka MyxaMMana uOH
Myca anb-Xope3Mu, 0T apabCKOro «alib-Ikadp» — «BOCCOETUHEHHEY, «CBS3bY.
Anp-Xope3Mu, OT UMEHH KOTOPOTO IPOU30LIET TEPMUH «aJITOPUTMY, SIBIACT-
Cs1 OTHUM U3 CaMbIX BBIJAIOIIKXCA MATEMATUKOB BCEX BPEMEH.

Kuura Xope3mu crana n3BectHa B EBpore Oiaromapst ee nepeBony Ha
natelHb PoGepTom UecTepoM. DTa KHUTA COCTOUT U3 TPEX YaCTeH.

IepBast yacTh NOCBSIICHA IECTH Pa3HbIM BHIAM ypaBHEHHI: (ax* = bx),
(ax* = b), (ax = b), (ax*> + bx = ¢), (ax* + ¢ = bx), (bx + ¢ = ax?). Bropas
4acTh KHUTH MOCBSIIEHA BEIYUCICHUIO U H3MEPEHHUIO IIJIoIaeld 1 00beMOB
reomerpudeckux ¢uryp. [locneaHsss 4acTb MponU3BEACHUS COACPKUT MaTe-
MaTUYeCKHe 3aJ1a4l, BO3HUKAIOLINE IPH pa3felie HacleACcTBa, KOTOPBIM yie-
JI€TCS BaXKHOE 3HAUEHHUE B UCIIAMCKOM IIpaBe.

Xope3MH Tak)ke MPOIOJKIII Pa3padOTKy WHIMHCKUX YHCeN, BBEI B 00-
pAalllEHUE YUCIIO «HOIIb.

«KHHra M3MepeHus MIOCKUX W MIapOBBIX GUTYp» ChIHOBeH Mychl OMH
[Takupa cTana BBIAAIOUIMMCS TPYIOM 110 TEOMETPHH, U BIIOCIECICTBHU ObLIIa
HepeBeCHa Ha JIAThIHb. B cBOEH KHUTe, HECMOTPSI Ha CXOKECTh C METOJIaMU
ApxuMena, OHU IPOABUHYJIUCH 3HAUUTEIBHO JAJIbIlIe TPEKOB B ONIPENEICHUN
omaaeii 1 00beMoB B BHJie unces. TakuM o0pa3oMm, X BKJIAJ B Pas3BH-
THE HOBBIX ITOJXOJI0B B MaTeMaTHKe 3acily)KMBarOT ocoboro BHUMaHus. Ha-
MIpUMEP, OHU BBIPA3UIIU YHUCIIO «TT.

W3BecTHBIN BO BCeM MHpe BbLIAArOLIHiics mo3T 1 Guiocod Omap Xaiisam
Takke OBl IpeycreBaronMM MaTeMaTukoM. Ero camas usBectHas pabora
no anredpe — «TpakTar o JokazarenbcTBax MpodieM anredpe». B aToi kHu-
re XalsM NpUBOAUT apUPMETHIECKHE U T€OMETPHUECKUE METO/IBI PELICHUS
KBaJPAaTHBIX yYPAaBHEHUU, TaKkKe MOKA3bIBACT IPUMEPHI pElICHUs KyOude-
CKHMX YPaBHEHUII METOJIOM «II€PECEUCHUSI KOHUYECKUX ceueHu». Kpome To-
T'0, OH OTKPBLI «OMHOMHAJIbHBIE KO (PHUIUEHTHI», KOTOPBIE CIIOCOOCTBOBAIN
JATBHEHUIIIEMY Pa3BUTHIO alireOpBl U MaTEMATHKH.
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Hpyroii uzBecTHslit MaTemaTuk Tabut nbH Kypa caenan MHOro oTKpsbI-
TUH B CBOIO A10XY. OH BHEC CYIIECTBEHHBIH BKJIA]] B U3y4YE€HUE HATYPaJIbHBIX
YyCcell, THTErpaJbHOr0 UCUUCIIEHUS, TPUTOHOMETPUHU, T€OMETPUHU, HEEBKIIH-
JoBOW reomMeTpuH. Takke OH N3BECTEH CBOEH paboTOl HaJ Mpeodpa3oBaHu-
€M reoLeHTpUUECKON cucTeMbl Mupa [ITonemes B aCTpOHOMUH U OTKPBITHEM
CTaTUKH B MEXAHUKE.

Eme onuu ucmaMmckuii mareMaTuk A0y Kamuib, BBen anredpandyeckue
MeToAbl B reoMmerputo. OH M3yyan KBaApaTHbIE YPaBHEHHS, YMHOXEHHE
U JenieHne anredpandeckux yuces. Paborel A0y Kammuisa takke BKIIOYaOT
CJIOKCHHE W BbIYMTaHuE KopHeld. OH OTKpPBUI ClenyIolue aaredpandecknue
bopmynsl: ax-bx = abx?, a(bx) = (ab)x, (a — x)(a — x) = a® + x> — 2ax.

Tax:xe Xo4deTcsd OTMETHUTH BKJIAJ B pa3BUTHE MATEMAaTUKH €ILE OJHOTrO
BHJIHOTO yueHoro Myxammana an-Kapanku, KOTOpbI H3BECTEH KaK NEePBbIT
MaTeMaTHK, KOTOPHII Hayaj MCIIOIb30BaTh ajireOpanveckue ornepanuy BHE
F€OMETpHHU.

Ocob0e MecTo B MCTOPHH TPUTOHOMETPHUHU 3aHUMAET TPYJl €lle OJHOI0
BBIJIAIOIIErocst MycyiabMaHcKoro ydeHoro Hacup an-un ar-Tycm (1201-
1274) — «TpakTar 0 IOJTHOM YETHIPEXCTOPOHHHUKE». JTOT TPaKTaT CUUTAET-
Csl JIyulield KHUToH no TpuronomeTpun CperiHEeBEKOBbs, OH BHEC OTPOMHBIN
BKJIaJ[ B Pa3BUTHE INIOCKOCTHON M CepHUIECKON TPUTOHOMETPHH.

Bxnan MycynpMaH B HayKy 4acTO HEJOOLICHHBAaeTCs. XOTsS B AEUCTBU-
TEIBHOCTHU JESITENBHOCTh MYCYJIBMAHCKHUX YYEHBIX Jajla OTPOMHBII TOIYOK
Pa3BUTHIO TaKUX HayK, KaK MaTeMaTHKa, aCTPOHOMUSI, reorpadus, Gpuioco-
¢us1, MenuIHa, UICKYCCTBO, apXUTEKTYpa U IPYruX HayK.
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MATEMATHUYECKHUE COPU3MBI U ITAPA TOKCbHI

O.H. Jlorunosa, JI.JI. Peickuna
Tomckuil 20cyO0apcmeeHHblll neda202utecKutl YHugepCcumen

E>xeHEBHO, HAM MIPUXOMUTCS CTAIIKUBATHCS C OIIUOKAMU B PacCy K ICHU-
X, HeIIPEIHAMEPCHHBIC JIOTHYCCKUE OIUOKH, ILOHyHIeHHLIe B JIOKAa3aTellb-
CTBE, HA3BIBAIOTCS MAPaJIOTU3MEI (OT 2peu. =
paralogismos — HENpaBIJIBHOE paccyxie- SE
HHUE), a YMBIIUICHHO HE BEPHBIC PacCyXk-
JneHus — copuszmamu (ot epeu. sophisma —
XUTPOCTh, W3MbINUICHHE). Yro Kacaercs
MEPBBIX, TO UX MOXHO H30€XKaTh IyTEM II0-
CTOSTHHOT'O TIOBBIIIICHUST YPOBHS JIOTHYECKON
KYJIBTYPBl ¥ OCBOCHUS IIPAaBHJI H 3aKOHOB
noruku. B To Bpems kak codu3MBI IelieHa-
MPaBJICHHO HUCIONB3YIOTCSA s TMPUIAHUS
JIOTUYECKH HECOCTOSTECIEHOMY pPacCyxkie-
HUIO BHJMMOCTHU JIOTHYCCKOW MPABUIBHO-
ctu. Mcnons3oBanue copru3MOB XapaKTepHO
JUIL TeX CydYaeB, KOTJa 3aTPOHYTH CyOh-
SKTHBHBIC WHTEPECHI, MOOYKIAIOIINE JIFOCH U3MEHUTH MPaBUJIaM JIOTHKH
U JICCTBOBATh B CBOMX MHTepecax. Jltomu, mpuberaromye TakuM mpueMam,
Ha3BIBAIOTCS COPHUCTAMHU.

BosHukHOBEeHHE CO(QU3MOB OOBIYHO ONIMOOYHO CBS3BIBACTCS C (PHIIOCO-
tueit copuctoB (ApeBusis 'penns, V-1V BB. 10 H.3.), KOTOpast 000CHOBEI-
Balla M OIIpaBIbIBaIIa TIOJOOHEIC PACCYKACHHUS, OJHAKO CO(PH3MBI CYIIECTBO-
Baly 3a707T0 10 priocodoB-copucToB. BriepBeie TepMHUH «CODU3M» BBEI
ApucTOTENb, OH 0XapaKTePU30Bal COPHUCTUKY KaK MHUMYIO, a HE JICHCTBU-
TEeIbHYI0 MyIpocTh. OH Ha3bBal cOQU3MOM «MHUMBIC JOKa3aTelbCTBAY,
KOTOpBIE OOOCHOBEIBATU JIOTMYECKHE 3aKJITIOUYCHUS, OCHOBAHHBIC HA YUCTO
CyOBEKTHBHOM BIICYATIICHHUH, BEI3BAHHEIC HEIOCTATOYHOCTHIO JIOTHUYECKOTO
WJIU CEMaHTHYECKOT'0 aHATU3a. YO IUTEIHHOCTh Ha MEPBBIN B3I MHOTHX
CO(H3MOB, UX «JIOTHYHOCTHY OOBIYHO CBSI3aHA C XOPOIIO 3aMaCKHPOBAaHHON
CEMHUOTHYECKOW OMIMOKOM, CBSI3aHHAS C TIOAMEHOW OCHOBHOW MBICITH, TIPHHSI-
THE JIOKHBIX IOCHLIOK 32 HCTUHHEIE. THOTIa 3TO Nake IPUMEHCHIE «HEepas3-
PEIICHHBIX» WU JaXKe «3allpeIleHHBIX)» MPAaBIII WIH ICHCTBUH, HATIpUMED,
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P JICJICHUU HA HYJb B MaTEMaTUYECKUX COPHU3MaX MPOUCXOAUT HApyIIIe-
HHE MPABUJI JIOTUKH.

OOBIYHO COUCTHI BRICTYTANH TyOIUYHO, C IIETBI0 033/Ia9iTh, 32y TaTh
U MTOCTaBUTh B HEJIOBKOE TOJIOKEHUE CBOETO COOEeCEeTHUKA U 3a0IHO TTOBECE-
JIUTH MyOJHKY.

Hapsiny ¢ copu3zmamu cymecTByeT Takoe MOHSATHE, KaK «IapajioKcy, ero
MOSIBJICHUE HEJIb3s O0BACHUTD JKeJIAaHHEM CO3HATEIbHO UCKA3UTD MOJI0XKCHUE
JIeJT UIU He3HaHHEeM KaKoW-TO JeTanbHON mH(popMmanuu. Ero xopHU Iexar
rITy0sKe, a MOSIBIICHUE CBHICTEIBCTBYET 00 00BEKTHBHO CIIOKUBIIEMCS MTPO-
TUBOPEYMBOM COCTOSIHUM Jie1. OT BOBHUKHOBEHU S NIapaJ0KCOB HE 3aCTpaxo-
BaHa HU OJIHA U3 HbIHE CYIIECTBYIOIIMNX HAYK, UX J1a)K€ HA3bIBAIOT «IATOJIO-
TUSMI» HAYKH U CTPEMSATCS KaK MOXHO CKOpee OT HUX U30aBUTHCS. OTHAKO
9TO He Bcerjaa yjaercsa. B HacTosee BpeMsi He CYLECTBYET HayKH, B KOTO-
poii ObI HUKOTJ]a HE BO3HHKAJA IMapaJoKcoB. VX HaXOIWIH B TICHXOJOTHH,
JIMHTBUCTUKHY, (PU3UKE U TAKUX TOYHBIX HAyKaX, KaK JJOTUKA U MaTeMaTHKa.

TpagunuonHas knaccupukanus, uaymas ot Pamces (1926), nenut na-
PallOKChl Ha JIOTUUECKUE U ceMaHThuueckue. OIHaKO Mbl IPUBEAEM KJIACCH-
¢ukanuio M. M. HoBocénoB, KoTOpast HO3BOJISIET Pa3iNdust MEXKIY YUCTON
U MPUKJIAHOMN JIOTUKOM:

— NApaooKcyl, C8sA3AHHbIE C MAMEMAMUYecKol UHOYKyuel: TTapaioKe Ky-
YW, KOCMOJIOTHUECKHUE NapaJIOKChl; mapajokc Xao-BaHa, cBA3aHHBIN ¢ HEOMI-
HO3HAYHOCTBIO HATypajbHOrO psilia B aKCHOMAaTUYECKOH TEOpUU MHOXKECTB
1 hOopMaTH3yeMOCThIO TOKA3aTEIhCTB HEIPOTHBOPEIHBOCTH;

— Napaookcyl peeeaHmHOCmU, B OCHOBE KOTOPBIX JICKHUT JOMYUICHHE
0 BO3MOXKHOCTH UTHOPHPOBATH MOJPOOHOCTH CMBICIIOBBIX CBSI3CH;

— NapaooKcyl 0ModICOecmeaieHutl, B OCHOBE KOTOPBIX JIGKHUT JIOMYIICHHE
0 HE3aBUCUMOCTH TOXJIECTBA OT OTOXKIECTBJICHU, OHU TAK)KE CBS3aHbI C Ia-
pallokcaMy MaTeMaTUYeCKON HHAYKIMHU U MapaJoKcaMy aKTUBa-11acCUBa,

— cemanmuuecKkue napadokcel, OCHOBaHHEBIC Ha JOMYyIIEHHUE 00 OCMEIC-
JICHHOCTH OTHOIIEHHUs 0003HAYCHUS,

— MeopemuKo-MHOICECMBEHHblE NAPAOOKChl, KOTOPBIE CBOIUMEI K TIpe-
JBLLY LM

— NapaooKcyl aKMuUa-naccusa: 0TOXKACCTBIICHUE TPOUCXOSAIIETO C MPO-
M3BOAMMBIM H T.I1.; K HUM OTHOCSATCS ITapaJOKCHl O HEOOXOJUMOCTH HaJaia
mupa, antuHoMuu Kanra;

— NApaodoKcvl MOOAILHOCH N, KOTOPEIE JIOTYCKAIOT TATbHEHIITY IO KIIACCH-
(bUKaLHIO: OTOXKICCTBICHUE BO3MOXKHOTO C JICHCTBUTEIBHBIM, OIINOKA CMe-
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IICHUS [eJIeH, MPUBOASIIAS K TOMY, YTO IOCTATOYHOE CYMTACTCS HEOOXOIH-
MBIM H T.IL.;

— NapaooKcyl U3-3a CMeUjeHUss URMYUMUGHbIX NOHAMUL C YSTKO OIpee-
JICHHBIMHU.

Wrak, HOABITOXXHM CXOJICTBO M Pa3lIMYUs JIBYX MOHSTHH 3asBICHHBIX
B TeMe: copu3MBbI U mapagokchl. CoPU3MBI — 3TO BHEIIHE ITPABIIIBHEIC JTOKA-
3aTeNIbCTBA JIOKHBIX MBICIIEH, B TO BpEMSI KaK JIOTHYECKUE MAPaJOKChl — «yIU-
BUTEJIbHBIE» CUTYyaLUH, B KOTOPBIX JIBa NPOTUBOPEUALIUX CYXKACHUS OJHO-
BPEMEHHO SIBIISTFOTCS HCTUHHBIMH U CIIEAYIOT ApyT U3 1pyra. CohusMbI — 3TO
YIJIOBKH, KOTOPBIE MOKHO Pa3001a4yuTh, B TO BpeMs KaK MapagoKChl — 3TO
JIOTUYECKHUE «TYIUKHY», 32 BCIO UCTOPHIO JIOTHKU HE OBIJIO HAWACHO €UHOTO
Y OKOHYATEIBHOTO CITOC00a MPEOH0JICHUS MapaioKCOB.
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OBYYEHMUE PEHIEHUIO
OJIMMIINATHBIX 3ATAY ITIO 'EOMETPUUA

A.B. [1aBieHoB
Tomckui 20cyOoapcmeeHHblll neda202uecKutl YHUugepCumen

B coBpemeHHOI IporpaMMe 1o MaTeMaTHKe JJIsl 001eo0pa3oBaTeIbHON
IIKOJIBI TOBOPHUTCS O TOM, YTO IeNW OOydYeHHS] MaTeMaTHKE OIpeessioT-
Csl ee pOJIBIO B Pa3BUTHM OOIIECTBA B LEJIOM U (POPMHPOBAHHU JTHMYHOCTH
KaXXZ0TO OT/AENBHOTO YejoBeKa. TakuM oOpa3oM, BBIAEISIOTCS 1Ba OCHOB-
HBIX HaIpaBJIEHUs B IOCTAHOBKE Kypca MaTeMaTuku. [lepBoe onpexnensercs
0O0IIECTBEHHBIMHY 3aITPOCaMHU, TIPEABSBISIEMBIMH K IIKOJIE, 2 BTOPOE CBSI3aHO
C BBISIBJICHHEM U Pa3BUTHEM 3aaTKOB, CKJIOHHOCTEH, HHTEPECOB, CIIOCOOHO-
CTeH yyaluxcs.
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B cooTBeTCTBHM C 3TUM ONPEAEISIOTCS CIEAYOLINe e 00yYeHUs Ma-
TEMaTHUKE B LIKOJIE:

a) OBJIaJICHNE KOHKPETHBIMH MaTeMaTHUYECKIMH 3HAHUSIMH, HEOOXOAUMBI-
MU U151 IPUMEHCHHUS B IPAKTHUECKON e TETbHOCTH, ISl U3y YEHUS] CMEXXHBIX
JVCLUILINH, JUTSl TPOJOJDKEHUS! 00pa3oBaHus;

0) MHTEJUIEKTyaJIbHOE pa3BUTHE YUAIIUXCs, POPMHUPOBAHNE KAYECTB MBILI-
JICHUS], XapaKTEePHBIX [ MATeMaTHYECKOH JIeITeTbHOCTH U HEOOXOIMMBIX IS
MIPOSYKTHBHOM >KU3HH B OOIIIECTBE;

B) popMHpOBaHKE MPEACTABICHNH 00 HIAESSIX K METOIaX MaTEMaTHKH, O Ma-
TeMaTHKe Kak (popme onucaHns ¥ METOAE TO3HAHMS AeHCTBUTEIBHOCTH;

r) GOpMHpOBaHKE MPENCTABICHUH O MaTeMaTHKE KaK 4acTu olleyesoBe-
YECKOH KyJIBTYPbI, TOHUMaHU €€ 3HAUMMOCTH JIJIs 0OIIECTBEHHOT' O ITPOrpecca.

CchopmynnpoBaHHbIE LIeJIM B PABHOW CTEIIEHU OTHOCSITCSI KO BCEM pa3-
JieJ1aM IIKOJIbHON MaTeMaTUKH, B TOM UUCIIE U K T€OMETPUHU.

Teneps, Hcxo/s UX HTUX OOLINX LEJIeH, pACCMOTPHUM CIICIIHAJIbHBIE LEIIH,
paayu KOTOPBIX IPENOJAETCsl TEOMETPUS.

ABTOp HM3BECTHOTO y4YeOHMKa IO TEOMETPUH I CpEeJHEH IIKOJIBI
A. 1. AnexcanapoB, FOBOPsS O LeNX NPENojaBaHus T€OMETPUH, YKa3bIBaET,
YTO OCOOCHHOCTH T€OMETPHH, BBIAEISIONIAS €€ HE TOIBKO CPEld OCTAIBHBIX
yacTell MaTeMaTHKH, HO M CPEIH IPYTUX HAyK BOOOIIE, COCTOUT B TOM, YTO
B Hell caMas cTporas JIOTMKa COSIMHEHA C HArJAJHBIM MPEACTABICHUEM.
I'eomeTpust B CBOEH CYITHOCTH U €CTh TAKOE COSIMHEHNE KUBOT'O BOOOpaxKe-
HUSI U CTPOTrOH JIOTHKU, B KOTOPOM OHHU B3aMMHO OPraHU3YIOT U AOHONHSIOT
Jpyr apyra. 3ajada IpenojaBaHusi FTEOMETPUH — PA3BUTh Y IKOIBHUKOB CO-
OTBETCTBYIOIINE TPH KAUeCTBa — IPOCTPAHCTBEHHOE BOOOpaKEHNE, IPAKTH-
YEeCKO€ TIOHUMAHUE U JIOTHUECKOE MBIILIICHHE.

leomeTpust, Kak HU OAAMH JPYTOH MPEIMET, 00J1a1aeT INHPOKUMH BO3MOXK-
HOCTSIMU JIJIsL Pa3BUTHS 000MX MOIYLIApHA I'OJOBHOTO MO3Ta, TaK KakK B HeH
WHTYUTHBHO IOHTHBIE, HATJISIAHBIE (PAKTHI OJIYYar0T CTPOTrOe JIOTHYECKOE
000CHOBaHHUE U JI0KA3aTeIbCTBO. JIefCTBUTENBEHO, T€OMETPHs, 110 00pa3Ho-
My BblpaxeHHIO A. Jl. AnekcaHaApoBa, 3TO IeH U IIaMEHb.

Kpome sTOro, mpu M3y4eHHWM IeOMETpPUH BBIpAaOaTHIBAIOTCS HEOOXOAH-
MBI€ TPaKTUYECKNE HABBIKH H300pa)keH !SI, MOJICIINPOBAHUSI, KOHCTPYHPOBa-
HUS T€OMETPHUECKUX (PUTyp, a Tak)Ke NU3MEPEHUs] OCHOBHBIX I€OMeTpUYe-
CKUX BEJIMYUH — JITMH, BEJINYMH yTJIOB, IUIOMIa1eii, 00BHEMOB.

Haxkonen, reomerpust HHTEpeCHa U cama 10 cebe, Tak Kak UMEeT SIPKYyIo
HCTOPHUIO, CBI3aHHYIO C IMEHAMH BBIJAIOLIMXCS yUEHBIX, TAaKUX Kak [Tndarop,
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Eskmun, Apxumen, 1. Kemnep, JI. Ditnep n MH. z1p.; OGorarble npuKJIaaHbIe
ACIIEKTHI, B TOM YHCIIE B KpUCTAIIOrpaduu, 5)KUBOIIHCH, aPXUTEKTYPE, CTPOH-
TEJBCTBE U T. 1. | eOMeTpus 3aHNMAaTEeIbHA, U3yYaeT KPaCUBbIE 0OBEKTHI, Cpe-
JI KOTOPBIX 0CO00 BBIAEISAIOTCS TPaBUIIbHBIE, 0Ty IPABUIIbHBIE, 3BE314aThIe
MHOTOIPaHHUKH U JIp. OHa cBs3aHa ¢ pa3BUTUEM MHOTUX pa3leloB COBpE-
MEHHOI MaTEMAaTUKH U €€ IPUIIOKEHUH.

CraTucTuka UTOrOB MaTeMaTUYECKUX OJIUMIIMAJ Pa3IUYHOIO YPOBHS
MIOKa3bIBAET, YTO K PEIICHUIO T€OMETPUUYECKHX 3a/1a4 IIPUCTYIIAIOT OyKBaJIb-
HO €JUHULBI KOHKYPCAHTOB. Jlaxke pelieHre NpoCThIX 3a1a4 U3 HIKOJIbHOIO
y4eOHMKa BBI3BIBACT 3aTPYAHEHHUS] Y MHOTHX ydaniuxcs. YToObl mproOImuTh
yYaIuXxcst K peIeHHI0 IeOMETPUYECKUX 3a/a4, yOenInTh UX B MOJIE3HOCTH
TaKMX 3aHATHH, HEOOXOIMMO YJENsATh BHUMaHHUE Pa300py reoMeTpUYECKIX
3a/la4 Ha ypOKax MaTeMaTUKHU B 5—06-X Kjlaccax, Ha BHEYPOUHBIX 3aHATHSIX,
Ha 3Tane NOATOTOBKHU K onummnuagaMm. OnuMMINaaHbE T€OMETPUUYECKHUE 3a-
Jladyl TI0JIE3HBI HE TOJIBKO JUISl MPOBEPKH MaTeMaTHYECKHUX CHOCOOHOCTEH
U YPOBHSI MaTEMATUUECKON MOATOTOBIEHHOCTH yYAIUXCA B )KECTKUX COPEB-
HOBATEIbHBIX yCIOBUAX. Ha 3aHATUAX MaTeMaTH4ECKOr 0 KpyXkKKa, B CIOKOI-
HOM 00CTaHOBKE, KOHKYpCHas 3ajadya SIBJISETCS UCTOUHUKOM HEOOJIBIIOro
CaMOCTOSITEIBHOTO UCCIIEI0BAHUS, TBOPYECKOIO OTKPBITUS. 3BECTHBII ne-
nparor-matemaruk JI. Iloia mucan: «KpynHoe Hay4HOE OTKPBITHE JAeT pe-
IIEHUE KPYIMHOH Mpo0IeMbl, HO U B PEIICHHH JIF0OOH 3aa4i IPUCYTCTBYET
Kpynuua oTKpeITHs». Heo0x0quMo Kak MOJKHO paHblIe HauuHaTh paboTarh
C ZETBMH N0 Pa3BUTHIO MaTeMaTHYECKHX CHOCOOHOCTEH, BBI3BIBATh MHTE-
pec K mpeaMery, noOyXkaaTh pedsAT K CUCTEMATHYECKUM 3aHATHSIM MaTe-
MaTukoi. IToaToMy ¢ 5-ro kj1acca Hy»HO BECTU MATEMaTUUYECKUN KPYHKOK,
MpUBJIEKaTh yUalllUXCsl K y4acTHIO B OJTMMINAAAX U KOHKYpCaxX pa3InyHOro
YpOBHS (LIKOJBHBIHN, pAHOHHBIH TYP OJIMMIINAJ, PECITyOJMKaHCKUH dTal Ma-
TeMaTH4YecKoi onuMnuazs! Junior math, MeXayHapOIHBIH MaTeMaTHYECKUN
KOHKYypc «KeHrypy», paznuuHble HHTEpHET-onuMInansl). HTepecHo, 4To
pedsiTa BKIIOYAIOTCS B 3TOT MapadoH, MEepeKUBAIOT 3a HEyJauH, pagyroTcs
CBOUM ycIexaM, CpaBHHUBas IPEABIAYIINE pe3yabTaThl ¢ HOBBIMHM M Ha0II0-
Jas «pocT». I'maBHOE, pa3xkeub B HUX COPEBHOBATENBHBIH yX, KOTOPBIH MO-
CIIY’KUT BaXXHBIM CTUMYJIOM K JaJIbHEHIINUM IeJICHAPAaBICHHBIM 3aHSATUAM.

PexoMeHnanun y4aCTHHKY OJIMMIIHABI:

1. BuuMaTenbHO U3y4H TEKCT IPEII0KEHHBIX 3a1a4.

2. Ilpucrynaii K pemeHuto Toi 3a1a4n, KOTopas KaxxeTcs Tede boiee 10-
CTYIHOH.
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3. [TomHM: Ha OMMITHAZE «JIETKUX) 3a/1a4 He ObiBaeT. Vmy « M3IOMHHKY»!

4. Ecnu 3a/1aua BBI3BIBAET TPYIHOCTH, ONPOOYH YIPOCTHTH €€ YCIOBHE,
IIOCMOTPETh YaCTHBIE I MPENENIbHBIC CIyYaH.

5. Pemnnm 3aauy — cpa3y odopMisiiiTe ee pemeHne. To NOMOXKET BaM
MIPOBEPUTE JIOTUKY U OCBOOOAMTD MBICIIHU JUJISl IPYTUX 3a7ad.

6. Ecnu 3ajmaua He HONydaeTcs, OCTaBbTE €€ Ha BpeMs U MEPEXOAUTE
K IpYTOH.

7. 3agada CTAHOBUTCSI IIPOLLIE, ECIH €€ OKPYIKUTh POACTBEHHBIMU 3aJJa4aMU.

OnuMnuansl 3aHUMAIOT BaXKHOE MECTO B Pa3BUTUU JeTei. MIMeHHO Ha
TIepBO CTyNeHU 00ydYeHHs IMPOUCXOAST MepBble OTKPBITUS pedenka. Ilycts
OHU J1a)ke HeOOJIbIINe U KaK OyTO HE3HAYNUTEJIbHBIE, HO B HUX — POCTKHU Oy-
JYILIETo HHTepeca K HayKe. Peann3oBaHHbIe BO3MOXXKHOCTH Pa3BUBAIOT peOeH-
Ka, CTUMYJIUPYIOT HHTEPEC K Pa3IUYHbIM HaykaMm. OIuMIuaabl MO3BOISAIOT
YUEHHKY ITO3HATh Ce0sl, Jaf0T BO3MOXKHOCTH B OOJIBIIICH CTENEHN YTBEPIUTHCS
B COOCTBEHHBIX IIa3ax M Cpey OKPY KAIOMMX. B 11e0M oHM ciry’kaT pa3Bu-
THIO TBOPYECKO MHUIIMATHBEI peOCHKaA.

OO0mue npuHOMNGLI (PJOPMHUPOBAHHS KOMILIEKTOB 3aJaHUil MaTeMa-
THYEeCKHX OJTMMITHAN:

1. HapacTaHue C10>KHOCTH 3aJJaHUH OT IEPBOro K nociennemy. Ilpu atom
UX TPYAHOCTB J0JKHA OBITH TAKOH, YTOOBI C IEPBHIM 33/1aHUEM MOIJIH yCIIen-
HO cIIpaBUTHCS puMepHO 70 % y4acTHHUKOB, CO BTOpBIM — Oosee 50 %, ¢ Tpe-
ThUM — 0K0JI0 20 %, a ¢ MOCIeIHUMU — JIyYIlIHE U3 YYaCTHUKOB OJMMITHAJIbL.

2. Temarndeckoe pazHooOpa3ue 3aJaHUi: B KOMIUICKT JOJIKHBI BXOJIUTH
3a/lauu 10 reoMeTpuH, anredpe, KOMOMHATOPHKE, B MIIAJIIINX Kjlaccax — Mo
apugMeTHnKe, JJOrnYecKHe 3a/1a41; B CTapIINX KJIAccax KeJaTeIbHO BKII0Ue-
HUE 3a/1a4 110 TEOPUU YUCEN, TPUTOHOMETPUH, CTEPEOMETPUH, MaTeMaTUde-
ckoMy aHanu3y. IIpu 3TOM IOMyCTUMO U JJaXe PEKOMEHAYETCS BKIIOUEHHE
B BapUaHTHI 33/1a4, OObEAMHSIONMX Pa3IMYHbIC pa3zesbl IKOJbHON MaTe-
MaTHKH.

3. O0s3arenbHas HOBU3HA 3a1a4 JUUIsl yHYaCTHUKOB OJIMMIHUanbl. B ciydae
KOI'/1a 3aJJaHusl BBIOMPAIOTCS W3 MEUaTHBIX M3JIaHUI uiu U3 ceTn VHTEepHeT,
METOAUYECKass KOMUCCHSI COOTBETCTBYIOILETrO 3Tana JOJIKHA HCIOJIb30BaTh
HUCTOYHUKH, HEU3BECTHBIE YUaCTHUKAM.

4. HenonycTUMOCTb BKJIIOYEHHS B 3aJaHMS 3a4ad IO pa3jienaM MaTeMa-
THUKH, HEU3yYCHHBIM I10 BCeM 0a30BBIM yUeOHHKaM 110 anredpe U TeoOMeTpHU
B COOTBETCTBYIOLIEM KJIacCE€ K MOMEHTY MPOBEJECHUS OJIMMITHABL.

Kpurepuu oneHuBaHus:
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3afaHust MATEMATUUYECKUX OJIMMIIHAJ ABJISIOTCA TBOPUECKHUMH, JIOMTYCKa-
IOT HECKOJIBKO pa3jMYHbIX BapHaHTOB peuieHnid. Kpome Toro, Heobxoqumo
OLICHMBATh YaCTUYHBIE MTPOJIBHKEHUS B 3a7a4ax (Harpumep, pazdoop oIHO-
ro U3 Cly4aeB METOIOM, NO3BOISAIOLUIUM PEUIUTh 3aJady B LIEJIOM, J0Ka3a-
TEIbCTBO JIEMMBI, UCIIONb3YEMOM B OHOM M3 J0KAa3aTelIbCTB, HAXOXKACHHE
IpUMepa WU JOKA3aTeNbCTBA OLIEHKH B 3aladaX THUIA «OLEHKa + IpUMep»
u T.1.). HakoHen, BO3BMOXHBI KaK CyIIECTBEHHBIE, TaK W HE BJIMSAIOLINE Ha
JIOTMKY paccy X I€HH JIOTHYecKre U apu(pMeTHIECKHE OIINOKH B PEIICHUX.
OxoHyYarenbHbIe 0auIbl 10 3a/1aue JOJKHBI YUYUTHIBATH BCE BBILIETIEPEYHC-
JICHHOE.

Henonyctumo cHuMaTh 6aiibl 3a TO, YTO PELICHUE CIMIIKOM JTMHHOE,
UJIH 32 TO, YTO PEIICHUE MIKOIbHUKA OTINYAETCS OT IPUBEACHHOIO B METO-
JUYECKHX pa3padOTKax WM OT APYTUX PEIICHH, U3BECTHBIX XIOpH. BaxkHo
OTMETHUTh, YTO MCIPABICHUS B paboOTe (3a4epKHUBAHUS paHee HAIMCAHHOTO
TEKCTa) He SBISIOTCS OCHOBAHHUEM JJISl CHATHUS 0aJlIoB.

B 10 ke BpeMst 11000¥1 CKOJIb YTOTHO JTMHHBIN TEKCT pelIeHus, He coliep-
JKaIUH MOJIE3HBIX MPOJIBUKEHUH, TOJIKEeH OBITH olieHeH B 0 6aJisos.

[ToGenuTenu M npu3epsl OIUMIHNAIEI ONPENEISIIOTCS KIOPU B COOTBET-
CTBHUM C UTOTOBOM Tabnuueit. Cimcok nodeauresneld n Mpu3epoB yTBEpKIa-
€TCs OpPraHU3aToOpPoOM COOTBETCTBYIOLIEro dTama onuMmnuajnsl. KomudecTBo
nobeguTeNne 1 NpU3epoB OJIMMIINAIBI HE TOJDKHO MpeBbIarh 45 % oTt 00-
IIEro 4YKcia yYaCTHUKOB OJIMMIIHAJbl. BaKHO OTMETHTH, 4TO HOOECTUTENIMHU
onmumnuansl asigiorces BCE yuacTHuku, HaOpaBimne HanOonblIne Oaibl.
[TosTOMY XKIOpH MOXKET ONPEAEIHUTD B IF000M Kitacce OoJiee 4eM OJHOTO I10-
Oenurens.

B coBpeMeHHBIX yueOHMKAX, TOCOOUSX U PA3JINYHOTO POAa 3aaYHHUKAaX,
K COXaJICHUIO, yJEJSIETCs MaJlo BHUMaHHS IICUXOJOTMUECKUM (QaKTopam,
BIIUSIIOIIMM Ha YCHEUTHOCTHh 00yUCHHsI MaTeMaTHKe. A HMEHHO: BOCIIUTaHHE
y ydallluXcs YBEPEHHOCTH B CBOMX CHJIaX, PA3BUTHE YMEHUS MOJIb30BATHCA
MPOLLIBIM OIBITOM.

[IpuBenem npumeps! TOro, Kak HaJ0 MOAOUPATh MaTepra K 3aHATHIO.

Tema «Cucrema MaTeMaTH4YeCKHX 32]a4, pelIaeMbIX METOAOM ILJIO-
magen»

Bepetcs yrBepkaeHue, kotopoe sBisiercss 6a3oBbIM. Ha ocHOBe 3TOTO
YTBEPKACHUS BBICTPAauBaeTCA «LEMOYKa» 3a4a4 [0 HapacTAIOIEMY YPOBHIO
CIIOKHOCTH. Perrenus 3anad B 3TOH «lLlemoyke» OCHOBaHO Ha 0a30BOM YT-
BEPOKICHUU U Ha PEHICHUU IPEAbIAYyLIIUX 3a1a4.
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Vmeepoicoenue. JIBa TpeyronpHUKa SIBISIOTCS PAaBHOBEIUKHMHM, €CIU
PaBHBI UX BBICOTHI 1 OCHOBAHUS.
3a0aua 1. [lokaxkurte, 4TO JAMAroHAJIb NapajulejorpaMma JIeJUT ero Ha
JIBa PaBHOBEJIMKUX TPEYTONBHUKA.
B c Pemenue. BeicoTsl TpeyronsuukoB ABD u BCD
paBHbl. AD = BC (110 CBOWCTBY IapajuienorpamMmma).
Torna B cuny yreepxaenus 1 S, =S, ...
A D

3adaua 2. Ha cropone CD napanienorpamma 4BCD B3sTa HIPOU3BOIbHAS

Touka E. 3nas, yro S, , - = S, HalauTe momae napauienorpamma ABCD.
B Pemenue. IlpoBenem n0ononMHUTEIBHOE OCT-
X poenue: KE||AD. Torna u3 3aga4u 1 ciaenyer, 4To
E _ _ _
SAKBE - SACBE’ A0y ke ™ SAADE‘ Orcrona SABCD =28.
A D

3adaua 3. B napannenorpamMmme ABCD nHa croponax AB u CD B3sTHI 1po-
U3BOJBHBIE TOUkU M u N. JlokakuTe, 4TO IUIOIAJb YETBIPEXyrOJIbHUKA
KMEN paBHa 1utonain 4eTelpex 00pa30BaBIINXCS TPEYTOIBHUKOB.

B M c Pemenue. IIpoBenem otpesox KE. Torma
K B CHHy sazaiu 2 SAKME = SAKMB + SAMEC’ a SAKNE =
E = SAAKN T SAEDN'
R OTC}OHa SAKMEN = SAKMB t SAMEC t SAKNE + SAEDN'
N D

3adaua 4. Baytpu mapamienorpamma ABCD B3aTa MPOU3BOIBHAS TOY-
ka O. 3Has MoIaab TPEX TPEYTOJbHUKOB C BEPIINHON B Touke O, HaluTe
IJIOUIalb YETBEPTOTrO TPEYTOIbHHKA.
Pemenune. Ilycts S =S8, S =S

K
E ¢ AADO AABO 2
v, S, soc = S, [IpoussesieM JOMOTHUTENLHOE MOCTPO-
enue: KE|| AB. Beenem crnenyromnue 0003HAYCHHUS:

A D SAEOD -a, SAKCO =b, SABKO ) SAAEO =d.
TornaS,=c+d,S,, ,.=a+bhS +S,=a+b+
+c+d. Orcroma S, ., =S, +5,-8,.

3aoaua 5. Kaxcz[aﬁ AuaroHaljib 4YCThIPpEXYroJibHUKa ACJIUT €ro Ha Tpe-
YTOJIbHUKHN OHHHaKOBOﬁ jiomaiau. ,HOKa)KI/ITC, YTO 9TO NapaJiIeJIorpaMm.
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Pemenue. 13 ycnoBus cieayert, 4TO BEPHBI B ,C

pagenctBa: §, + § =S +§ u S + §, = V
=8, +S,. Otkyna nony4nm, uto S, =S§,,a§,=S,. n

Ormetnm, uto S8, = 400C, §,S, = AOOC. 4
Kpome 3TOro, coorBercTByIOLINE BBICOTBI TpE-
yroiasaukoB BOC, COD n AOB, AOD paBHBI, COOTBETCTBEHHO, ILIOLIAAN OT-
HOCSATCS KaK JUIMHBI OCHOBaHMH. U3 Toro, uto S, = S, u §, = §, cnenyert, 4to
AOOC=AOOC. Cnenoarenbho, A0 = OC. AHaIOTHYHO MOXHO JIOKa3aTh, 4TO
BO = OD. MoxHo caenaTs BbIBOJ, 4YTO AUArOHAJIN YETHIPEXyTOJIbHIKA TOUKOM
HepecedeHus IeNATcs MoNoiam, a 3T 3Ha4uT, uTo A BCD — napannaenorpamm.

Tema «PaBHbIe TpeyroabHuKu. IlpusHaku paBeHcTBa)

3aoaua 1. Touku A, B, C, D nexaT Ha OZHOM IPSMOH, IPUYEM OTPE3KH
AB u CD numerot oburyto cepenuny. Jlokaxure, 4To, €ClIi TpEYTroiabHUK A BE
paBHOOEIpEHHBIN ¢ ocHOBaHUEeM A B, To TpeyronsHuK CDE TOXe paBHOOE-
peHHbIi ¢ ocHoBaHueM CD.

ITonckaska. IIpuMeHnuTe IpU3HAKU PABEHCTBA TPEYTOJIBHUKOB.

Pemenue. Ilycts M — obmas cepenuna orpe3koB AB u CD, a Touka C
nexutT Mexxty Toukamu A u M. Torna AC = AM — CM v DB = BM — DM, a Tak
kak AM = BMw CM = DM, to AC = BD.

Iockonbky TpeyroinbHUK ABE paBHOOEIpeH-
HbIA ¢ ocHOBaHWEeM AB, To0 AE = BE u CAE =
= DBE. CnepnoBatenbHo, TpeyronbHUku ACE
u BDE paBHBI IO IByM CTOpPOHAM U YTy MEXIY
HuMu. [lostomy CE = DE, 1.e. Tpeyronsauk CDE A / \
paBHOOepEHHBIH ¢ ocHOBaHueM CD. ¢ M D

3aoaua 2. Ha okpy>xHOCTH paauyca 5, ONMCAaHHOH OKOJIO NMPaBHJIEHOTO
TpeyTOJIbHUKA, B34Ta Touka D. M3BecTHO, 4TO paccTOsHHUE OT TOUKH D 10
OJHOM M3 BEpILIUH TpeyronbHUKa paBHO 9. Halinute cyMMy paccTOSHUN OT
Touku D 10 ABYX APYTUX BEPLUIUH TPEYTONbHUKA.

IMonckaska. Ilycte paccrosHue oT BepumuHbl 4 TpeyroiabHuka ABC
1o Touku D paBHo 9. Jlokaxute, 4To Touka D JexuT Ha MeHbluel nyre BC
uBD + CD = AD.

Pemenune. Ilycts paccTosHue oT BepmuHbl 4 Tpeyronsauka ABC no
Touku D paBHO 9. Ecinut a — cTOpoHa paBHOCTOPOHHETO TPEYTroiIbHUKA, a R —
paanyc OMUCAaHHON OKOJIO HErO OKPY>KHOCTH, TO

5

a=2Rc0s30° = 1073: 54/3.
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Iockonsky AD=9>35 V3= a, To Touka D nexut Ha MeHbIIel ayre BC.

OtnoxuM Ha nyude AD otpe3ok AK, paBuelil BD. Torna tpeyronsHuk AKC

c paBeH TpeyronbHUKy BDC 1o IByM CTOpPOHaM H yIily

Mexay HumMH (LKAC = £ZDAC = ZDBC kax BOucaH-

HbIE YIJIBI, OMUpAONUecs Ha ofHY Ayry). [loatomy

CK =CD, atak kak ZKDC=/ZADC= ZABC=60°, T0

TpeyronbHUK CKD —paBHOCTOpPOHHUH, 3HauuT, DK =

= DC. Ilockonbky AK = BD < BC = a < AD, 10 TOU-

ka K nexut Ha orpe3ke AD. CnenoBarenbHo, BD +
+CD=A4AK + KD = AD =0.

3aoaua 3. Touka D B3siTa Ha Mennane BM tpeyronsauka A BC. Yepes Tod-
Ky D mpoBejieHa npsimasi, apajuleabHasi CTOpoHe AB, a uepes Touky C mpo-
BeJieHa IpsiMasi, HapajienbHas MenuaHe BM. J[Be mpoBeneHHBIE MpsIMbIE
nepecekatorces B Touke E. Jlokaxure, uto BE = AD.

E IMonckaska. UYepe3 Touxy M mpoBenute
HIpsAMYyI0, Hapayensuyo DE.

Pemenue. Ilycts mnpsmas, mpoxonsimas
uepe3 Touky M mapamnensHo DE, mepecekaeT
npsamyto CE B Touke F. Torna yeTblpexyroabHUK
MDEF — napannenorpamm, nosromy MF = DE.
Tpeyronsauk MFC paBeH TpeyronsHuxky ABM
IO CTOPOHE U JIByM NPUIIEKALIUM K HEeH yriam
(AM = MC, £ZBAM = LFMC, ZAMB = ZMCF). 3nauur, AB = MF = DE,
a tak kak AB||DE, to ABED — taxxe mapaiienorpamm. CrenoBarenbHo,
BE = 4D.

Hcnonp3oBarh cucTeMy pa3BHUBAIOIIMX 33ad MOKHO Ha YPOKax JI000ro
BHJa KaK IO CIIOCO0y IPOBEACHUs, TaK M M0 (GopMe MPOBEICHUS — YPOKH
B (hopMe COpPEeBHOBaHMH W WTpP; YPOKH, OCHOBaHHbBIE Ha (OpMax W >KaHpax
OOIECTBEHHON MPAKTUKH U MyOIMYHBIX GopM OOIIEHUs; YPOKH, OCHOBaH-
HBIE HAa UMHUTAIUU KaKOW-TMOO e TENEHOCTH; C HCIOIb30BaHUEM Ha YPOKE
TPaJNLIUOHHBIX ()OPM BHEKJIACCHOW PaOOTHI; HHTEIPUPOBaHHBIE YPOKH, CO-
YeTaHue pa3IudHbIX GOPM.

HeobOxonuma Takast TexHOJNIOTHs 00ydYeHHs, KOTOpasi MO3BOJISIET peOeH-
Ky YXe Ha OOBIYHOM IHOBCEHEBHOM YPOKE MMETh BO3MOXXHOCTH HE TOJIBKO
JUTsL 000TaIeHus CPEACTBAMHU M3ydaeMoro MaTepuaa, Ho M JIJIsl YCKOPEHUs
B U3yUYCHHH IO €T'0 CIIOCOOHOCTSIM.

A
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®PAHCYA BHET — OTEIl COBPEMEHHOW AJITEGPBI
U TEHUAJIBHBIN IIAD®POBAJIBIIUK

H. A. Pomamues, JI. JI. Peickuna
Tomckuii 2ocyoapcmaennviii nedazo2uieckKutl yHugepcumem

HckycceTBo, KOTOpOE 51 M3J1arato,
HOBO WJIU TI0 KpaifHel Mepe ObLI0
HAaCTOJBKO UCIIOPYCHO BPEMEHEM
1 MCKaXX€HO BIUSHUEM BapBapoB,

YTO 5 CUeJl HY)KHBIM NPUJATh EMY
COBEPILIEHHO HOBBIH BHI.
@. Buem

IOpucT no o6pazoBanuio, MaTEMaTHK 110 pu3BaHuio, PpaHcya Buer cHu-
cKkall cebe claBy B YHCIIC BETHMKHUX YUEHBIX. TaJaHTIMBBIN YeJIOBeK, KaK H3-
BECTHO, TAJIAHTIIUB BO BCEM, IIOATBEPKAas 3TU ClI0Ba, Buet, myrem marema-
TUYECKUX PaCCyXAECHHUH cymen pacinpoBaTh CIOKHBINA IUQp (TaiiHONNCH)
[epeXBauYCHHON NIEPENUCKH, KOTOPBHIM I0JIb30BaNack Mcnanus B BoliHe Mpo-
tuB ®Opannuu. biraroxaps paciumdpoBke 3Toro Kojaa, kopoib OpaHunu ObLT
MOJTHOCTBIO B Kypce NeHCTBUN CBOMX MPOTHBHUKOB. CTOUT OTMETHUTH, YTO
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KOJI OBLI JOBOJILHO CIIOXKHBIM, cojieprkal 10 600 pa3inyHbIX 3HAKOB, KOTOPbIE
NEPUOJUYECKH MEHSIINCE.

Hecmotps Ha ycnexu B paciindpoBKe TaHHOIKCH, «I€TI0M BCEH KU3HM»
9TO 3aHATHE HE CTaJo, TaK Kak IiaBHOW crpacTblo dpancya Buera Obuia
BCe ke MaTeMaTHKa. HempephIBHO COBEPILEHCTBYS CBOM ITO3HAHUS B 00Ja-
CTH TOYHBIX HayK, BueT riry0oko n3y4ui1 COYMHEHUs KJIACCUKOB ApXHnMena
u Jlnodanta, Ommwkaimux npegmecTBeHHUKOB [xeponamo Kapnano, Paga-
anst bombemn, Cumona CreBuHa n ap. OnHAKO BOCXHUINEHHE WX TPYAaMHU
CMEHWJIOCHh HEOOJIBIINM pa30oyapoBaHUEM, TaK Kak, 10 MHEHUIO Buera, Bce
OHH COJEpXKalHu 3HAYUTENIbHBIN U3bsH, 3aKIIOYAIOIUNACA B CIOXKHOCTH MHO-
HUMaHHs U3-3a CJIOBECHON CUMBOIHUKH.

Nwmenno ®pancya Buer cTasn 0CHOBONOJIO)KHUKOM OYKBEHHOW CHMBOJIH-
ku B anreOpe. Ha camom nerne, ero 0603HaueHHs 3HAYUTEIBHO OTIINYAIOT-
Csl OT T€X, KOTOPBIMU MBI NOJIb3yeMCsl ceifuac, MporpecCHBHOM Obla MBICIB
O TOM, YTO BO3MOJKHO BBINIOJHSTH ajireOpanyeckue mpeoOpa3oBaHus Hal
CHUMBOJIAMH, T.€. BBECTH IOHATHE Maremarnieckod ¢opmyisl. [IpuBenem
IIpuMep anredpandeckux CHMBOJIOB, KOTOPBIMU I0JIb30BaJICs caM Buer: ky-
6uueckoe ypaBuenue x> + 3bx = d on 3anuceiBan A cubus + B planum in A3
aequatur D solido.

CrpaBeJIMBOCTH palu OTMETHM, 4TO /10 Buera B anredpe Obliia u3BecT-
Ha HEKOTOpasi CHMBOJIMKA, U OBIJIM M3BECTHBI CIIOCOOBI PEeIIeHNs] ypaBHEHUI
TpeThell U YeTBEPTOU CTENEHU B paJuKallax, HO UMEHHO BueT nan B cBoux
TPyZAax OCHOBHI 0011Iel TeopuH anredpandeckux ypaBHEHUIL, 3a UTO U TOJTY-
YT TIOYETHOE 3BaHHE «OTIa COBPEeMEHHOI1 anreOpsr». . BueT nepBeiM BBeI
OyKBeHHBIE 0003HAYEHHU S HE TOJIBKO JIJIsS HEU3BECTHBIX, HO U JISI KO HHUIIH-
€HTOB YPaBHEHUH (JJaHHBIX BEJIMYNH).

N3BecteH ciyyaii, Korja rojijlaHACKuil MaTeMaTuk AHApuaH Bad Poymen
peunt OpocUTh BBI30B MaTeMaTHkaM Bcero Mupa. OH pa3ociiaji BO BCe €BpO-
NEeHCKUEe YHUBEPCUTETHI ypaBHeHUE 45-1 cTeneHu:

x* —45x" +945x" —=12300x” +---+95634x" —3795x" +45x = a.

®pancya Buet, prHsUII BEI30B M HAILIENl OYSHb U3SIIHOE PEIICHNUE JaHHO-
ro ypaBHeHHUs. OH 3aMETHUIL, YTO ¢ €CTh CTOPOHA IIPaBHUIIBHOTO 15-yronbHuKa,
BIIMCAaHHOTO B KpYT paamyca 1, a mo ko3 duunueHTaMm BTOPOro M IMOCIeaHe-
TO YJICHOB 3aKJIFOYMJI, 9YTO X €CTh Xopaa 1/45 3Toit xyru, kKak OHO U OBLIO Ha
camom pnene. Ogaako Buet Hamren numb 23 KOpHS JAHHOTO YpaBHEHHS, TaK
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Kak ocTajbHble 22 KOpHS — OBbIIIM OTpULaTeNbHble, a Buer octaBun nx 6e3
BHUMAaHUsI, OH HE IIPU3HABaJl HU OTPULIATEIbHBIX, HI MHUMBIX KopHeil. [locie
3TOro ypopa, cocTaBUTENb JAaHHOTO ypaBHeHUs1 PoyMeH ctan nounrareiaem
tananTa O. Buera.

B tpynax Buera Opl1a onrcaHa BO3SMOYKHOCTB BEIPa)KEHUSI CBOUCTB ypaB-
HEHMH M nX KopHel oomumu Gopmynamu. M Oblay HalineHb! 001IMe METO-
JIbI JUUTSL PELICHUS! ypaBHEHUH BTOPOH, TPEThEH U 4eTBEPTOH CTENEeHH, a TaK
ke OBIIIM BBENICHBI ()OPMYJIBI CYMMBI M TPOU3BEACHUS KOPHEH KBaJpaTHOTO
YpaBHEHHUSI, KOTOPbIE HBIHE HOCAT ero umMs (hopmyisl Buera):

ax* +bx+c¢=0,

c
X +X, =——, XX, =—.
a a

Bce cBon maTemaTuueckue Tpyasl Buet omyonukosai B 1591 1. B kHuUTE
«Isagoge in artem analiticamy». Bropoe counnenue Buera «Recensio cand-
nica effectionum geometricarum» ctajgo 6ACHCOM JJIsi aHAJTUTHYCCKOM r'eo-
METpHH. 3HaUWTEeJeH BKJIaJ Bueta u B TPUTOHOMETPHIO, TaK KaK OH HaIIeln
MOJTHOE PELICHUE MIOCKOTO U c(hepruecKoro TpeyrolbHUKOB MO TPEM JaH-
HBIM 3JIeMeHTaM. Tak jke UM OBLIO MPUBEICHO Pa3IoKEHHUE BEIIUYUH COSTTX
M SINTIX B PSI IO CTEIICHSIM COSX H Sinx.

[To3nanust @. Bueta OblIM TOCTATOYHO OOIIMPHBI, & HAydHas JEATEIb-
HOCTH BCECTOPOHHEH, OJHAKO €ro paboTHl HE HAILIX IMIMPOKOT'O PaCIpOCT-
paHeHHs TpH KU3HU aBTopa. Ero paboTel ObUIM HANMCAaHBI TPYAHBIM IS
MOHUMAaHHMS MATEMaTUYECKUM A3BIKOM, UTO HE TOJTYUHIIN ITUPOKOTO PacIpo-
CTpaHeHHsI, KOTOpPOro 3aciaykuBaiu. Jlume crmycts 40 net mocie cMepTu
®pancya Bueta ero npousBenenus Obuth u3nansl @pancom Ban CxoTeHoM
moj; oomuM 3armaBueM «Opera mathematicay.
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MHOI'OT'PAHHUKHN
A.A. CeméHoBa

PaccMoTpuM TeMy «MHOTOTPAaHHUKHY B JIEKTUBHOM KypCe.

MHoOrorpaHHUKOM HA3BIBACTCS TEJO, TPAHHIIA KOTOPOTO SIBIISIETCS 00B-
€IMHEHNEM KOHEYHOT' 0 YK CJIa MHOTOYTOJIbHUKOB.

IlepBble ynOMHUHAHUSI O MHOTOIPAaHHUKAX U3BECTHBHI €lI€ 32 TPU THICSYU
net 1o Hawel 5psl B Erunte u BaBusione. Ho Teopust MHOrorpaHHUKOB SIB-
JISIETCSl U COBPEMEHHBIM pa3zesioM MaTteMaTuku. OHa TECHO CBA3aHa C TOMO-
Joruei, Teopuei rpadoB, UMeeT OONBIIOE 3HAYCHHUE KaK ISl TCOPETUICCKUX
HCCIIEIOBAHUI 110 T€OMETPHUH, TAK U JJIs1 NPAKTUUECKUX PUIIOKEHUH B IpY-
TUX pa3/ieiax MaTeMaTHKHU, HAIIPUMEp, B aJiredpe, TCOPHH YUCEIT, MPUKIIAI-
HOM MaTeMaTUKU — JIMHEMHOM MpPOrpaMMUPOBAHUM, TEOPUU ONTHUMAJIBLHOTO
yIpaBJICHHUSL.

MHororpaHHUKH HMMEIOT KpacuBbie (DOPMBI, HANpUMEp, MPABUIBHBIC,
MOy NPAaBIUIBHBIC ¥ 3Be3q4arThlec MHOrorpaHHuku. OHHM oOnajgaroT Oora-
TOM MCTOpHEH, KOTOpas CBs3aHA C UMEHAMH TaKUX y4YeHBIX, kKak [Tudarop,
EBxinn, Apxumen. MHOTOTpaHHUKH BBIJICISIIOTCS HEOOBIYHBIMU CBOWCTBA-
MH, camoe SpKoe U3 KOTOPEIX (popMynupyeTcs B Teopeme Diiiepa O 9ucIie
rpaHel, BEpIIUH U pedep BBITYKIOr0 MHOTOTPAHHUKA: JUIS JIFOOOTO BBIITYK-
JIOrO MHOTOIpaHHUKa cripaBeiyinBo cooTHowmenue '+ B—P =2 rae I’ — unc-
70 TpaHel, B — uncno BepmuH, P — wncno pedep TaHHOTO MHOTOI'PAHHHKA.
Teopemy Diinepa HCTOPUKU MaTeMaTHKH HA3bIBAIOT IEPBON TEOPEMON TOMO-
JIOTUM — KPYITHOT'O pa3zelia COBPEMEHHON MaTeMaTUKHU.

C npeBHENIIUX BPEMEH HALIU MPEICTABICHUS O KPacOTe CBSA3aHbI C CUM-
MeTpuei. HaBepHOe, 7TUM 00BICHICTCS HHTEPEC YSIOBEKa K MHOT'OI'DAHHH-
KaM — YJUBHUTEJIbHBIM CHUMBOJIAM CUMMETPHUHU, NMPUBJIEKABIIMM BHUMaHUE
BBIJIAIOLIUXCS MBICITUTEIICH.

HcTopus npaBUIBHBIX MHOTOTPAHHUKOB YXOIHUT B TITYOOKYIO IPEBHOCTB.
[Mudaropa 1 ero yueHUKOB MoOpakajia KpacoTa, COBEPIICHCTBO, TAPMOHUS
atux ¢uryp. [udaropeiipl cauTany npaBUILHBIC MHOTOTPAHHUKHU O0XKECT-
BEHHBIMHU (PUTYpaMU U HCIOJIB30Balld B CBOMX (PHIIOCO()CKUX COYMHCHHSIX:
IIEPBOOCHOBAM OBITHS — OTHIO, 3eMJIe, BO3YXY, BOJie MpHaaBaitack Gpopma
COOTBETCTBCHHO TETpa3apa, Kyba, OKTadapa, MKocasapa, a Bcs BeenenHas
nMena popmy momekaszapa. [lodke ydeHue mudaropelneB o mpaBHIBHBIX
MHOTOIPaHHUKAX U3JI0KHUJ B CBOMX TPYJax APYroi IpeBHErpeuecKkuil yue-
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HBIH, prtocod-naeanuct I[lnaron. C Tex mop npaBUIbHbIE MHOTOI'PaHHUKH
CTaJly Ha3bIBaThCs MIATOHOBBIMU TE€IaMHU.

CymiecTByeT IATh BUJIOB IPABUIIBHBIX MHOTOTPaHHUKOB: T€TPadAp, MeK-
casap (ky0), okTasap, noxekasnp, ukocasnp. Ilouemy npaBuiIbHBIE MHOTO-
TpaHHKH MOJIYyYUIU Takue HMMeHa? OTO CBSI3aHO C YMCIOM HUX TIpaHeil.
TeTpasnp uMeeT yeThlpe rpaHi, B IEPEBOAE C TPEUECKOT0 TETPa» — YETHIPE,
«aupon» — rpanb. [excasap (ky0) uMeeT mecTb I'paHel, «reKca» — IIeCTh;
OKTa’Ap — BOCBMHUIPAaHHUK, «OKTO» — BOCEMb; JOAEKa’Ap — JBEHaJUATH-
TpaHHUK, «JI0JEKa» — JBEHaALaTh; ukoca’ap umeer 20 rpaHel, «UKOCH» —
JIBA/IIIATh.

IIpaBunbHBIM MHOTOI'PaHHUKOM Ha3bIBAE€TCSI MHOTOTPAaHHUK, Y KOTOPOTO
BCE€ I'PaHU MPABUIIBHBIE PaBHbIE MHOTOYTOJbHUKHY, U BCE IBYT'PAHHBIE YIIIbI
paBHBL. Ho ecTh 1 Takue MHOrOrpaHHUKH, Y KOTOPBIX BCE MHOIOI'PAHHBIE yT-
JIbl PaBHBI, @ TPAHU — IPABUIIBHBIE, HO PA3HOUMEHHBIE TPaBUIBHBIE MHOTO-
YrOoIbHUKH. MHOTOIpaHHUKYU TaKOI'O THUIA Ha3bIBAIOTCA PaBHOYTOJIBHO-IO-
JyIpaBHIBHBIMU MHOTOI'paHHUKaMU. BriepBble MHOTOIpaHHUKY TaKO€ THIA
oTKpbul Apxumen. VM noapoOHO omucanbl 13 MHOrOrpaHHUKOB, KOTOpHIE
MI03)KE B YECTh BEJIMKOIO YUYEHOrO OBUIM Ha3BaHBI TelaMu Apxumena. DTo
YCEUCHHBIH TeTpad]p, YCEUEHHBIN OKCa’Ap, YCEUEHHBIN MKOCadAp, yCeUueH-
HBIH KyO, YCEYEeHHBIH J10AeKasap, KyOOOKTasp, NKOCOMOICKAdp, YCCUeH-
HBIH KyOOOKTasap yceueHHBIH MKOCOJ0/eKadlp, pOMOOKYOOOKTasIp, POM-
OOMKOCO0/IEKAdIP, «ILIOCKOHOCHIH» (KypHOCHIH) KyO0, «IJIOCKOHOCHIM»
(KypHOCBIi1) Tomekasap.

Kpome nonynpaBuibHBEIX MHOTOI'PaHHUKOB U3 IPaBUIBHBIX MHOTOI'PaH-
HUKOB — [1JIaTOHOBBIX Te€JI, MOXKHO MOJIYy4YHTh TaK HA3bIBAEMbIE IPABUIBHBIE
3Be34aThle MHOIOIPAaHHUKHU. X BCEro ueThIpe, OHM Ha3bIBAIOTCS TAKXKE Te-
namu Kennepa — Ilyanco. Kennep oTkpsli Manblii foekasap, Ha3BaHHBINA UM
KOJIIOUMM WJIM €XOM, U OoJbinoi monexasp. [lyaHco oTKpbUI aABa Apyrux
MpaBUIBHBIX 3BE€31UaThIX MHOIOIPAHHUKA, ABOUCTBEHHBIX COOTBETCTBEHHO
MEPBBIM JIByM: OOJIBINON 3BE314aThIi OeKadp U OOJIBIIONH HKOCAdIP.

C aHTUYHBIX BpeMeH ObUIN M3BECTHBI ISATH MPAaBUIIBHBIX Teld [lmaTona —
TeTpaszap, rexkca’ap (Ky0), okTasnp, nkocasap, noaexasap (puc. 1, mozunun
1-5). Apxumen OTCEK y HUX YTJIBI M MOJYYHNJ €IIe MSITh HOIYIPaBHIBHBIX
MHOTOTPaHHUKOB. YCEUEHHBIN TETPadAp COCTOUT U3 YETHIPEX MECTUYTONIb-
HBIX FpaHel U TAKOTo JKe YKcia TPEeyTroNbHbIX T'paHeil. Bce rpanu yceueHHOro
TeTpaszpa NpaBUIbHbBIE, IPUUEM CTOPOHA HIECTUYTOJBHUKA PAaBHA CTOPOHE
TPEYTOJIbHUKA. YCEUEHHBIN reKcasap COCTOUT U3 IIECTU BOCBMUYTOJIBHBIX
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I'paHeil ¥ BOCBMHU TPEYTOJIEHBIX, @ YCEUEHHBIH OKTa3Ap — U3 IIECTH KBajapa-
TOB M BOCBMH IIECTHYTOJIBHHUKOB, IPHYEM J[BE IIOCIICIHUE YCEUCHHBIE (U-
T'ypbl HMEIOT paBHOE YMCIIO BEPIINH, pebep U rpaHeil. B Tabinne 3aHeceHs!
Bce 13 monynpaBHJIBHBIX MHOTOTPaHHHUKOB ApxuMmena, KOTOpble Ha puc. |
3aHsun no3unuu ¢ /0 no /4. Ilozunun /2 n 13 3aHUMaIOT poMOOKYOOKTas1phI
B IBYX MOAH(DUKAIUAX, OTINYAIOUINXCS TOBOPOTOM BEPXHEH YacTH MHOTO-
rpaHHMKA OTHOCHUTEIIBHO €0 HIDKHEN Ha yron 90°.

Tlo3umnus f n m
MHororpaHHUKH
(puc. 1) I'pann Bepuinast Pebpa

Terpasap 1 4 4 6

Texcasap (ky0) 2 6 8 12
OxkTasap 3 8 6 12
Jonekasnp 4 12 20 30
Hkocasnp 5 20 12 30
YceueHHslit TeTpa’ap 10 8 12 18
YceueHHbIH rekcasap 11 14 24 36
Pomboky6ookTasap 12, 13 26 24 48
ITnockonoCHIH Ky0 14 38 24 60
VYceueHHBIH KyOOOKTadIp 15 26 48 72
Ky6ooxkTasap 16 14 12 24
YceueHHbIH OKTadIp 17 14 24 36
YceueHHbIH JoaeKasap 18 32 60 90
PomGoukocomoaeka’ip 19 62 60 120
YceueHHbIH HKOCO0AeKAdIP 20 62 120 180
Hkocononexasip 21 32 30 60
YceueHHbIH HKOCAIP 22 32 60 90
IImockoHOCHIH TosIeKka’p 23 92 60 150
IIpaBunpHas npusma 24 k+2 2k 3k
AHTHIIpH3MaA 25 2k+2 2k 4k

B Hosoe Bpemst Kennep BBen 3Be3muarsiii oktasnp (stella octangula),
KOTOPBI Mojrydascs B pe3yiibraTe B3aUMHOTO IIPOHNKHOBEHHE JABYX TE€Tpa-
9/IpOB, MOCTPOCHHBIX BHYTPH KyOa. Y HEro mojy4miioch, 4TO U3 Ka)JOW
IpaHU OJHOTO TETpa’apa TOPYUT BEpUIMHA APYroro Terpasapa B ¢dopme
TPEXI'paHHON MUpaMHIbL. DTa PUTypa yiKe HE OTHOCUTCS K BBIITYKIIBIM MHO-
rOrpaHHUKaM, TaK KaK ee HEBO3MO)KHO IIOCTaBHTh, CKaXXEM, Ha CTOJI OJHOU
KaKo#-TO rpaHbpl0. BBITyKIIBIM Ha3bIBaeTCs TAKOW MHOTOI'PAaHHHUK, KOTOPBIN
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0CTaeTCsl O OJHY CTPOHY OT ILTOCKOCTH JIF000# cBoel rpaHu. B MHOTOrpan-
Huke Kemepa okazanoce 14 Bepurus, 24 rpanu u 36 pedep.

Puc. 1

K 3Be3guaTeimM oTHOCSATCS 1 Tena Ilyanco (Ha puc. 1, no3unun 6—9), y ko-
TOPBIX UMEIOTCsI caMonepecekaronuecs rpand. OHM, kak u 3Be3aa Keruiepa,
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HE IPOTUBOpPEYAT ONPENEICHUI0 MHOIOIPAHHUKA, a 3TO ONpEJeeHue Tpe-
OyeT, yTOOBI Kaxx10e peOpo MHOrOrpaHHHMKA Pa3Jelsiyio IBE U TOJIBKO JBE
rpanu. Ecim, nBurasce 1o rpassm u nepecekast pedpo 3a pedpoM, Mbl MOXKEM
000l TH BeCh MHOT'OI'PaHHUK 10 BHEITHUM, BCET/Ia BUAUMBIM CTOPOHAM, HE
PHCKYSI OKa3aThCs ¢ BHYTPEHHEH CTOPOHBI KaKOH-HUOYb U3 rpaHel, To Ta-
KO MHOTOTPaHHUK Ha3bIBAETCS OPUEHTHUPOBAHHBIM, B IPOTUBHOM CIydae —
HEOPUEHTHPOBAHHBIM. 3Be34aThle M BCE IIPOYNE MHOTOTPaHHUKH, H300pa-
JKCHHBIE Ha PUC. 1, ABIISIOTCS OPUEHTUPOBAaHHBIMU. MOXHO MO3HAKOMUTHCS
C HEOPUEHTUPOBAHHBIM Ie€NTa’ApOM, y KOTOPOr0 €CTh NEPECEUEHUsI TPaHEH,
He oOpa3yrouux pedpa. s Takux Tel, Kak rernrtasip, HEBO3MOXKHO B IIPUH-
LUIIe HAWTH IIOIAJ(b TOBEPXHOCTH U 0OBEM TeJIa, XOTSI HOMCK ITHX FeOMET-
pUYECKUX BEJIMUMH Y OPUEHTHUPOBAHHBIX MHOTOTPAHHUKOB TOXE MPEACTAB-
JISIeT HEMaJlylo TPYyIHOCTb. B wacTHOCTH, HaxoXJeHne 00beMa 3Be314aThIX
ten IlyaHco siBisleTCs CIIOKHOM 3aaueil, ¢ KOTOPOH, OAHAKO, aBTOP ATHX Tell
6J1aronoIyYHO CIIPABHUIICS.

3Be3uarsie GOpMBI BMECTE C NMPABUIIBHBIMHU M IOJTYPABUIBHBIMH TE-
JaM# 00pa3yloT 66 Tea. DTO YHCIIO MOYTH YABOUTCS, €CIM K HUM JJOOaBUTh
HEBBINYKJIbIE OJHOPOAHBIE MHOTOIPAHHUKH, Y KOTOPBIX 4acThb paHeH, co-
CTOAIAs U3 MPABUIIBHBIX MHOTOYTOJIBHHUKOB, SIBISETCS BBIIYKIJIOH, a 4acTh
OKa3bIBAETCS B/IABJICHHOW BHYTPh 00bEeMa. DTO CBOMCTBO Tell, C OITHOH CTO-
POHBI, POJHUT UX C MPABUIBHBIMY U MONYNPABUIBHBIMU TE€IaMH, a C JpYy-
roil — o0BbEUHSET U CO 3BE€3MYaTHIMH TEJIaMHU, KOTOPbIE MOTYT ITOKOHTHCS
Ha MJIOCKOCTH, TOJIBKO ONMUPAsCh Ha HECKOIBKO BEpIINH MK pedep. OcoObIii
KJIacc 00pa3yloT Hapaiesiodipbl, KOTOPHIMH MOXKHO 3aIIOJIHUTh BCe OecKo-
HEYHOE IPOCTPAHCTBO, HE OCTABIIAS IYCTOTHl U 0€3 TOro, 4ToObl UX BHYT-
peHHHE 00beMBbI Tepecekanuck (puc. 1, nozunuu 26—-30).
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TEMA «3AMEYATEJIBHBIE KPUBbIE»
B QJIEKTUBHOM KYPCE

O.M. Cuyxuna
Tomckui 20cyO0apcmeeHHblll neda202utecKutl YHugepCumen

Dnexmugnvie kypcwl (0T 1am. electus — «M30paHHBIIN») — 3TO KYPCHI, 0051~
3aTeJIbHBIC JUUISl U3Y4YEHUs, HAIPaBJICHHOCTh KOTOPBIX yYalIWics BEIOMpaeT
caMocTosITeNbHO. [Ipy 3TOM 3TH KypCHI HE IIOBTOPSIOT IIporpaMMmy 0a30Boro
cpenHero obpa3oBanus. Cxema 00y4eHUs Ha AIEKTUBHBIX Kypcax J1I0CTaTou-
HO NpocCTa. Yyaluecst CaMOCTOSITENIEHO BBIONPAIOT 3—5 3IIEKTUBHBIX KYPCOB
U3 NPEeIJIOKEHHBIX B y4eOHOM IUIaHe IIKOJIBI U ITOCEMIAI0T UX B TEUCHHE BCe-
ro yueOHOro roja.

PaccMoTpuM 311€KTHBHBINA Kypc «3aMedaTesbHbIe KPHUBBIE).

Henu xypca:

— pacIIMpeHHue Kpyro3opa y4anxcsi B 00JacTH IIpIMEHEHH S MaTeMaTHKH;

— BBISIBJICHHE B3aUMOCBSI3M MaTEeMaTHKH C Pa3iIMYHBIMH OOJACTSIMH ye-
JIOBEYECKOH NEeITEIbHOCTH U SBJICHUSIMH, IIPOUCXOSIIINMH B IPHPO/IC;

— BOCIIMTaHHE YYBCTBA YBAKCHUS K MaTEMaTHYECKUM AMCIUILINHAM KaK
K HayKaM, 0€3 KOTOPBIX pa3BUTHE LIUBUIN3AIMH ObLIO ObI HEBO3MOKHO;

— IIOMOIIb YYaniumMcs B BbIOope poduiist o0yueHus..

[lo okOHUYaHMIO JAaHHOTO JIEKTUBHOI'O Kypca ydaliuecs JTOJKHBI 3HATh
CBEJICHHSI O 3aMEYaTeJIbHBIX KPUBBIX, O TOM, Tl OHU BCTPEUYAIOTCS B IPUPO-
JIe 1 KaK UCIIOIB3YIOTCS B TEXHUKE, HCKYCCTBE; YMETh CTPOUTH 3aMeyaTeib-
HBIE KPUBBIE pa3HBIMHU CII0CO0aMH, B TOM YHCJIE U C TIOMOIIBIO CaMOJIEIBHBIX
npuOOpOB.

YuebHo-TeMaTHYeCKOe IJIAHUPOBAHHE 110 Kypcey «3aMeyaTebHbIe KPHBbIE

Kon-Bo dopma 3aHATUSA
Tema kypca Harnsgnocts
4acoB U BHJL ICSATEIIBHOCTH
1 2 3 4
Becena: «Takue pa3usle cimpanu» | Mimoctpauun paznnd-
(c paccMOTpeHHeM 3ajiay, TalolIUX | HBIX CIUpaJIei, BCTpe-
TIpeACTaBJICHUE O Pa3HbIX BUJAX YJaloUIuXxcs B IpUpoe
Cnupanu 1 criuparneii).

BBenenune nonspHoi cucTeMbl
KOOpAWHAT JJIsl pEeLICHHS ITOCIEey-
IOLUX 3a7a4
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IIpononxeHnue Tabi

3

4

Coobmenue: «I'ne BcTpedaercs
9BOJILBEHTAY.

Pucynku, rae Bugna
3BOJIbBEHTA (KO3a Ha

Cnupans Kopaio

CIHpaJU B IOISAPHOIT cHCTeMe
KOOpAMHAT 110 popMyne r = a»

DBOJIbBEHTA
(passeprica) IpaxTuyeckas pabora: BEPEBOYKE BOKPYT
«H3rorosienue npudopa 1is KOJIBIIIKA, JICMEHTEI
OKPY’KHOCTH
BBIYCPUUBAHUS SBOJBBCHTHI. 3alCTUICHUS] MEXaHU3-
TlocTpoeHue 5BOIBBEHTHD) MOB H JIp.)
Pas6op 3amau, obnapyxusatonux | Ilpocreiimuii npudop
crmpans Apxumena. JUIS BEIYEPYHMBAHUSA
IpakTuyeckas pabora: crnupanu Apxumena
«ITocTpoeHue cimpanu ApxuMeaa | M WILTIOCTpanuu 6omee
Crupans C HOMOIIBIO OKPYXHOCTH U C TO- CIIOXHBIX TPUOOPOB.
Apxuvernia MOIIBIO CAMOJICIIBHOTO TTPHOOpa» Wnnroctpanus uc-
(mpu6Op MPUTOTOBHUTH 3apaHee) 0JIb30BAHUS CIIUPAIN
ApxuMe/a B MaIllMHAX,
peoOpasyromux Bpa-
IATENbHOE JBUKCHUE
B IIOCTYMAaTEIbHOE
Co0O0ImeHN yIamuXxcs: Wnmoctpanuu co3na-
1. 3aaun, 0OHAPYKUBAIOLIKE 30JI0- | HUIl PUPOIBI B BULIC
TYIO CIIHPAJIb. JIOTapu(pMUIECcKOi
2. Yro Takoe g0kcoapoma? crupanu (pakoBHUHBI,
Tlorapud- 3. CBs13b 30JI0TOM CITUPAJIN U «30J10- | COL[BETHS, POra, rajak-
MHdecKas TOT'O CEUCHU Y. THKH H T.11.), 2 TaKKe
(sonoTas) 4. 3o010Tas ciupaib B HCKYCCTBE — | IPOU3BENICHUI KHUBO-
3aCTHIBIICE MTHOBCHHE. IIUCH, HATIUCAHHBIX IO
CIHpab
5. 3omoTas cnupanb B IpUpPOJIE. 3aKOHY CIHPAJIH.
IIpaktnueckas paboTa: IIpocTeiimee ycTpoii-
«IlocTpoenue 30110TOMH criupatn CTBO JUISI HOCTPOCHHS
C TIOMOIIIBIO ,,30JI0TBIX " IPSIMO- crnupanu
YTOJIEHUKOBY»
Paccka3 yuurens o ToM, rae BeTpe- | MiuttocTpariust Harmsi -
YalTCs TAKHE CIUPAIIH. HOTO M300paKeHHs ITHX
KBazxparuunas IpaxTugeckas pabora: crnmpaseii (TpaeKTopust
CIHpAJb. «ITocTpoeHue KBaapaTHIHON JIBIDKCHHMS [IAPHKa 110

BPAIIAOIEMYCSI TUCKY,
KpHBasi 115 3aKpyTiie-
HUS K/I Ty TH)

Konxounaa
Hukomena.

Cnupanb Kophio

Vnurtka [lackains.

IIpakTryeckas padoTa: mocTpoeHue
9THX KPUBBIX I10 IIAHAM HOCTPOEHHS,
UCCIIEZIOBAHUE UX POJCTBEHHOCTH.
Becena: «I'ie Mbl MOXKEM BCTPETUTD
9TH KPUBbIE?»

MNnnoctpanuu KpuBbIX,
BCTpEUAIOIINXCA B OBITY,
TEXHUKE
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IMIpononxenue Tabim

3

4

Tpaktpuca

IpakTuueckas padoTta:
«IlocTpoenue TpaKTPUCHI HA MECT-
HOCTH H Ha JIUCTE».

Jlexnus: «IlceBnocdepa — nosepx-
HOCTb, IIOJyYeHHAsI IIyTeM Bpalle-
HUS TPAKTPHCHI — MOJIEIIb CTPAaHHON
reomeTpuu Jlo6aueBckoro»

Mnmoctpanuus nces-
nochepbl, TPeAMEThI
B (hopme niceBochephl

Hennas nuHus

[paktuueckas padora: «Co3nanue
THPJISTHIBI U3 BCEBO3MOXKHBIX MIPE-
METOBY.

Becena: «I'ne MOXXHO BCTPETUTD
LEMHYO THHUIO?Y.

[paktuueckas padora: «Co3nanue
MHUHHMAaJIbHOI HOBEPXHOCTH —
KaTeHouzaa, oOHapyXeHHe 37eCh
LICTTHOM JTMHUW

CamonenbHbli Tprbop
JUIS CO3aHUS MBIITBHOM
IUICHKHU B opMe KaTe-
HOMJA.

Wnnroctpannu TBOpe-
HHUH PyK YEJIOBEYECKHX
B hOopMe LIeNHOH JTMHUH

IMpaxTudeckas pabota «IlocTpoenne
IUKJIOUIBI C TOMOIIBI0 KAPTOHHOTO
Kpyra H THHEHKNY.

Co00ImeHHs yJanuxcs:

1. ®usnyeckue cBONHCTBA ITUKIIO-
1791058

CamonenbHbBIC
KapTOHHBIE KPYTH
OIpENICIICHHBIX PaJin-
YCOB JIJISl TIOCTPOCHUS
IUKJIOUIBI U THTIOIUK-
noua. Unnoctpanun

Huxnonna 2. VIIMHEHHAs ¥ YKOPOYCHHAs LUKJIOUIBI, YIUTMHEHHOM
LUKJION]Ia — TPACKTOPUHU Pa3HBIX ¥ YKOPOUCHHOI [IUKJIIO-
TOYEK KoJieca Xx/JI Kojeca. U Ha QOHE ABHKYIIE-
IIpakTryeckas paboT: rocs Kojeca, a Takxke
«ITocTpoeHHE TUIIOUKIION T yacoB ['toiireHca
C TIOMOII[BIO TA0JIOHOBY
[paktuueckas pabora: TIpubopsl st mpakTH-
«IlocTpoeHne CHHYCOU/IBI C TOMO- | YECKOTO IOy UYESHHUS CH-
B0 OKPYKHOCTH M TIPAKTHYECKUM | HYCOHIAIbHOM KPUBOT
My TEM C TOMOIIBIO TPYOOUKH 13

Cunyconaa IJIOTHON OyMaru v Kadaromerocst
mpeaMeTay.
Coo0IeH S y4auxcsi Ha TEMY:
«KosebaTenbHble IBUKEHUS BO-
KpYT Hac»
IIpakTrueckas padoTta: Konyc, n3rotoBieHHbII
«Pacceyenune KOHyca M HCCIIEAOBA- | M3 MATE€pUaa JIETKO

Konunueckue N

ceucHms HHUe ceueHui». Pacckas yuurerns: paspe3aemMoro (MOKHO

«TpaexTopuu ABUXKEHHs Tel, Opo-
HIEHHBIX MO YIJIOM. 3aBUCHMOCTh

13 OBOILIIEH).
Wnmoctpanuu K Kaxa0it
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IIpononxeHnue Tabi

3

4

TPAEKTOPHUHU OT CKOPOCTHU TEIa».
Pasbop Teopem (6e3 nokasza-
TEJILCTB), OTNUCHIBAIOIINX HE-
0OBIYHbIC CBOMCTBA OKPY)KHOCTH:
1) nopusm llreiinepa;

2) reopema B. [oncene;

3) TeopeMa O 3Ur3arax.
TlocTpoeHHe «OKPYKHOCTH ACBATH
ToueK» Diepa

13 TEOpEM U 3aja4e
Diinepa Ha ITUCcTaX

IpaxTuyeckas pabora:
«Pa3nnuHbIe CIIOCOOBI HOCTPOCHHS
3JIIMIICA, TTapaboItkl (B TOM YHCIIe
C HOMOIIBIO MTPOCTEHIINX MPUCIIO-
coOIeHu ).

CooOrmeHus:

1. AKyCTHYECKHE CBOWCTBA JUIUII-
THYECKUX CBOJIOB.

2. OnTuyeckue CBOWCTBA Mapa-
60JIBI (3a)KUTaTeNIbHbIC 3epKaa
Apxumezna — mpoobpa3s cOBpeMeH-
HBIX JIa3€POB)

IIpocteiimue
HPUCIOCOOICHUS LISt
HOCTPOCHHUS 3JIIHIICA,
napaboJbl.

ITnakarsl co cxeMaMu
HOCTPOCHHUS 3JITUIICA
1 mapa0doJIbl pa3HBIMU
crnocobamu (B LesAX
SKOHOMMH BPEMEHH)

IIpakTnueckas paboTa:
«IlocTpoenue runepOOIB! pa3HEIMU
criocodamMm».

Co0O0mmeHNs yJamuxcs:

1. OnTnyeckue cBONCTBA THIIEP-
OOJIBL.

2. 30Ha CJBIIIUMOCTHU CBEPX3BYKO-
BOT'O caMoJIeTa.

Paccka3s yuuresns 00 syiunTuye-
CKOM Hapaboonne u runepoo-
JIMYECKOM 1apadoJIonie, a TakKe
JIBYTIOJIOCTHOM U OJHOIIOJIOCTHOM
runepbononse, U 0 TOM, Iie UX
MOXHO YBUIICTH

Wnnroctpanuu npen-
METOB U COOPY>KEHUH,
HMEIUX hopmMy
ITHIITUYECKOTO apa-
Ooonna, runepooIn-
4yeckoro napabomnonna,
JIBYTIOJIOCTHOTO U OJJHO-
MOJIOCTHOTO TUTIEPOO-
JIOUJIOB

PozeTku

IIpakTuueckas paboTa:
«IlocTpoeHue 31eMeHTapHBIX
PO3ETOK B HOJIIPHON CHCTEMe
KOOpAMHAT»

WnmiocTpanuu pas-
JIUYHOTO POJIa «I[BETOB,
MOCTPOCHHBIX DBM»,
BUTpakeil B BUE
PO3eTOK
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(I)pal"MeHT Ypoka «Takue Pa3HbIEC CIIMPATH»

CaMmble pacpoCTpaHEHHbIE KPUBBIE — CIIMPAH — MJIOCKUE KPUBBIC JIH-
HUU, MHOTOKPATHO 00XO/sIIME OAHY M3 TOYEK IIOCKOCTH. JTa TOUKA Ha3bl-
BaeTCs MOJIOCOM CITUPAIIH.

1. Cimpans Apxumena.

2. Cnupans Kopsro.

3. JlorapudMuyeckas Criupalib.

o

©

Honapuas cucmema koopounam — AByMepHasi CHCTeMa KOOpAUHAT, B KO-
TOPOI1 KaXk1asg TOYKa Ha IIOCKOCTH ONPEACTISETCS IBYMS YHCIaMH — ITOJISIp-
HBIM YTJIOM U TIOJISIPHBIM PaJyCOM.

IonspHas cuctemMa KOOPAWHAT 3a7aeTCsI Ty9IOM, KOTOPHIH HAa3bIBAIOT HY-
JICBBIM WJTH NOAAPHOU OCbIO.

Touka, U3 KOTOPOH BBIXOAHUT 3TOT JIyd, HA3bIBAETCS HAYaJIOM KOOPAWHAT
WITU NOIOCOM.

JIro6as TOYKa MIIOCKOCTH XapaKTePU3YyeTCsl AByMs KOOpAUHATaM: paau-
AJIBHOM p U YIJIOBOH .

ITapy TOJSPHBIX KOOPAMHAT H MOXKHO MIEPEBECTH B 16~
KapTOBBI KOOPAWHATHI MyTeM IPUMEHEHUS TPUTOHOMET- P
pudeckuX GYHKIHUNA CHHYCa H KOCHHYCA! [

CBs13b MONISIPHBIX KOOPIWHAT C MPAMOYTOJIBHBIMH Jie- @

KapTOBBIMU KOOpPAUHATAMHU. x

Jlorapudmuueckasi cnupaJjib. Jlorapupmudeckas
COUpaib WIM W30TOHANbHAS — OCOOBIH BHI CITHpaH, /;\\
4acTo BeTpeuawmuiics B mpupose. Jlorapupmudeckas N
cnupanb ObUTa BIEpBBIC omucaHa JlekapToMm U Mo3xke
MHTEHCUBHO MCCJIEZIOBaHA bepHyIIM, KOTOPBIM Ha3bl-
BaJ ee Spira mirabilis, «yAHBUTENbHAS CIIUPAIIB, OITH-
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CBIBAETCS yPaBHEHUEM 7 = q®, TI€ ¥ — PACCTOSHME OT TOYKH, BOKPYT KOTOpPOH
3aKpy4HMBaeTCsl CIIMPab (€€ Ha3bIBAIOT MOJIOCOM), 1O TPOU3BOIBHON TOUKH
Ha CIIMPAJIH, (¢ — YToJl IOBOPOTAa OTHOCUTENBHO MOJII0CA, @ — MOCTOSIHHASL.

Ceoticmeo: ecnu BpalllaTh CUpalb BOKPYT MOIIOCA 10 YACOBOH CTpEIKE,
TO MO’KHO HAOJIOATh KaXKYyIeecs PacTsHKEHUE CITUPATH.

Jlocapupmuueckasn cnupans 6 npupooe:

— OIlMH M3 HauboJee pacrpoCTpaHEHHBIX NayKOB, dIeilpa, crieTas nay-
THHY, 3aKpyYHBaeT HUTH BOKPYT LIEHTPA I10 JOTapu(hMUUECKON CIIUpaIu;

— XUIIHbIE NTHIIBI KPY>KaT HaJ A0ObIYei Mo JIorapuMHUUIECKOH CITUPATIH.
Jeno B TOM, 4TO OHM JIy4Ille BHJAT, €CIH CMOTPST HE MPSIMO Ha JIO0OBITY,
a 4yTbh B CTOPOHY.

Cnupanas KopHio, uiau kjgodouaa. Jta kpuBas Ha3zBaHa MO HUMEHHU
¢bpanmysckoro gpuszuka XIX B. A. KopHto.

«Knodo» — ot epey. «upsicte». Kitodonna Gosplire 3HaKOMa XKeJIe3HOI0-
POXHHKAM KaK paJuouaalibHasi ciupaib. [10 ypaBHEHHIO KIO(QOUABI OHU

pacCUHTHIBAIOT, B KAKOH TOYKE OKAXETCS TMOE3]I, PO 1Mo KIodouae Ka-
KOe-TH00 paccTosiHUe. YpaBHEHUE

a
r=—.
K

I'maBHON 0COOEHHOCTBIO CIIMPANH SBISIETCS TO, YTO €€ KPUBHU3HA MIPSIMO
MPONOPLUOHANIBHA JJIMHE IPOUIEHHOT 0 IO HEH NMYyTH.

ITpu 3ToM IpsAAMOH y9acTOK ITyTH IOJKEH MEPEXOANUTDH B OyTY CHHUPAIN
Kopnio, HaunHas ¢ ee HeHTpa. A ¢ MyTeM 0 OKPYHOCTH cniupaiib KopHio
CTBIKYETCS B TOW €€ TOUKe, I'7le €€ KPHBH3HA PABHSETCS KPUBH3HE JaHHOMN
OKPY>KHOCTH.

[Ipu cTpouTenabCcTBE KENE3HBIX U IOCCEHHBIX JOPOT BO3HUKAET HE00XO0-
JUMOCTbH CBA3aTh IIPSIMOJINHEHHBIEC yYaCTKH C yUYaCTKaMU Iy TH, T/I€ CPEACTBA
TpaHCIOPTa JIBUXKYTCSA MO JyraM OKpy>XHOcTei. IIpm 3ToM BaskHO, 4TOOBI
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KpHBU3HA ITYyTU U3MCHAJIACh PABHOMCPHO, U CIIMPAJIb KOpHIO SABJIACTCA UOC-
aJbHOU HepeXOI[HOfI KpHBOﬁ JJIS 3aKPYTJICHU A KEJIE3HOAOPOKHOI'O Iy TH.

Cnupans Apxumena. Cnupanb Apxumena — 3TO TPaeKTOpUsS TOUKH,
JIBHKYIIENCS € TOCTOSHHOM CKOPOCTHIO OT IEHTPa OKPYKHOCTH 110 PaAnyCy,
BpAIAIONIEMYCs TAKXKE C TOCTOSIHHOM YIJIOBOM CKOPOCTBHIO.

VYpaBHeHne ApXuMe0BOM CriMpaliyd B MOJSPHOM cUCTeMe KOOpAUHAT 3a-
MUCBIBAETCS TaK:

r=ko,

rae k — cMerieHue TOUKu M 1o J1yuy 7, Py MOBOPOTE HA YTOJI PABHBIH OJTHO-
MY pajiuany.

Crupans Apxumesa
3

un
8

Kax nocmpoums cnupanv Apxumeoa:

1. lenuM panuyc OKPYKHOCTH Ha OJMHAKOBOE YHCIIO PaBHBIX YacTeil
(B mpumepe Ha 8).

2. JlenuM OKPY>KHOCTh Ha TaKOe e YHUCIIO PABHBIX YaCTeH.

3. IlpoBoAMM JIy4H U3 IIEHTPa Yepe3 TOUKH JEICHUSI OKPYIKHOCTH.

4. Ha nepBoM Ily4e OTKJIAABIBAEM OJIHO JIEJICHHE pajuyca.
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5. Ha BropoMm nyde OTKIaabIBa€M J1Ba JEJIEHUS pajuyca U T. 1.

6. Ecniu cTpouTh cnupans Jaiblle, To Ha 1yde 1 oTkiageiBaem 8 + 1 ne-
JIeHHe paanyca (nomydaeM Touky 1X).

7. Ha BTOpOM J1y4e oTKIaabIBaeM § + 2 neeHus paanyca (ImojydaeM To4-
Ky X).

8. Ha Tperbem syue oTkianbiBaeM 8 + 3 neneHus paauyca (ojydaem
touky XI) u 1. 11.

METOJAUKA U3YUEHUSA NHBEPCUU
B NTIPOPUJIBHBIX KJIACCAX

J.C. LlykaHoBa

Tomckuti 2ocydapcmeentulii nedazo2udeckutl yHugepcumen

[IpodunsHoe 00yueHne — cpeacTro quddepeHnanuy 1 HHINBUAYaIH3a-
U 00y4YeHN s, TO3BOJISIONIEE 32 CUET N3MEHEHHH B CTPYKTYPE, COAEPKaHUN
W OpraHu3anyu o0pa30BaTENBHOrO Ipolecca Oosee IMOJHO YYHUTHIBAIOTCS
HWHTEPECHI, CKJIOHHOCTU M CIIOCOOHOCTH y4aIlUXcs, CO3/1aBaTh yCIOBUS IS
00y4eHus! CTapIIEKIACCHUKOB B COOTBETCTBHH C MX NPO(ECCHOHAIEHBIMU
WHTEpecaMH M HaMEpPEeHHSIMH B OTHOLICHHWHU IPONODKEHHSI 00pa30BaHMSL
[IpodunbHas mKona ecTh MHCTUTYLMOHANIBHAS (hOpMa peau3alny 3TOH 1e-
7M. DTO OCHOBHAsi (popma, OHAKO MEPCHEKTHBHBIMU B OTAEIBHBIX CIydasix
MOT'YT CTaTh HHbIE (POPMBI OpraHu3auy NpoQUILHOr0 00yUSHHUS, B TOM YUC-
JIe BBIBOJISIIIIME PEaJIN3alluI0 COOTBETCTBYIOINX 00pa30BaTeIbHBIX CTaHAAp-
TOB M IIPOI'PaMM 32 CTEHBI OT/IEJIEHOT0 00I11e00pa30BaTeIbHOIO YUPEXK ICHHS.

[IpodunsHoEe 00yueHe HAPaBIEHO HA PEeaU3alUIo0 JINYHOCTHO OpPUEH-
THPOBAHHOIO y4eOHOro mpouecca. [Ipu 3TOM CymIecTBEHHO PacHIMPSIIOTCS
BO3MOKHOCTH BBICTPAaBaHMsI Y4EHUKOM WHAMBHyaJIbHOW 00pa30BaTeIbHON
TPAaeKTOPHH.

[epexoxn k mpoduIbHOMY 00y4EHHIO IpeciielyeT ce yonie OCHOBHBIE
LeIu:

— o0ecneyuTh yriyOJeHHOE 3YUYeHUE OTAEIbHBIX MTPEIMETOB IPOTrpam-
MBI IOJTHOTO 00111eT0 00pa3oBaHus;

— CcO3/aTh YCJIOBHS JUIsl CYIIeCTBEHHON auddepeHnuanuy coaepxanus
00y4eHHN s CTapIIEKIACCHUKOB C IIMPOKUMH ¥ THOKUMH BO3MOKHOCTSIMH TI0O-
CTPOCHHMSI MIKOJIBHUKAMU HHINBUIYaJIbHBIX 00pa30BaTeNbHBIX IIPOrPaMM;

210



— CcII0cOOCTBOBATh YCTAHOBJIEHUIO PABHOTO JIOCTyHa K IOJHOLEHHOMY
00pa30BaHUIO Pa3HBIM KaTErOpHsIM 00y HarONINXCsl B COOTBETCTBUH C UX CIO-
COOHOCTSIMM, HHJINBUYaJIbHBIMHU CKJIOHHOCTSIMH U IIOTPEOHOCTAMH;

— pacmMpuTh BO3MOXXHOCTH COLIMAJIN3ALINN YYALTHXCsl, 00ECIIeUnTh Ipe-
€MCTBEHHOCTh MEKy OOIMM U IpodeccuoHanbHEIM 00pa3oBaHueM, Ooiee
3¢ (GEeKTUBHO HOATOTOBHTH BBHITYCKHHUKOB IIKOJBI K OCBOCHHIO IPOI'PAMM
BBICIIIETO MTPO(ECCHOHATILHOr0 00pa3oBaHusI.

B xoHnenuuyu npoduiasHOro o0y4yeHus 0003HaYeHBI LIENU Iepexo/a K po-
¢upHOMY 00yUeHHIO, Cpeln KOTOPBIX BBIAETHM LIEJIb CO3/IaHMs YCIIOBUH 1I1sl
CYLIECTBEHHOW IuddepeHnnanuy coaep>kaHusi o0ydeHusl CTapIIeKIacCHH-
KOB C IIMPOKMMH M I'MOKMMH BO3MOXXHOCTSIMH ITOCTPOCHHSI IIKOJIbHUKAMHU
WHAMBUYaJIbHBIX 00pa3oBaTenbHbEIX HporpaMM. C 3Toi LEeNbio TOMUMO ITPO-
(ubHBIX 0011e00pa30BaTEIBHBIX ITPEIMETOB BBOJSTCS 3JIEKTHBHBIE KYPChI —
00s13aTeIbHbIE /IJIS TOCEIIEHMSI IO BEIOOPY YUaILHXCH.

Temoii Takoro 3JeKTHBHOTO Kypca MOXKET cTaTh «HBepCHs».

B reomerpuu cyniecTByeT MHOKECTBO BUJIOB IIpeoOpa3oBaHmid. X Moxk-
HO pa3feiuTh Ha JBe OOJNBIINE I'PYNIbI — JUHEHHBIC ¥ HeIuMHeHHbe. Kak
TOMOTETHS, TaK U JBHIKEHUS SIBISIIOTCS JIMHEHHBIMU NPEOOpa3oBaHUIMH,
TO €CTh TAKUMH IIPH KOTOPBIX NPSMbIE EepeXoAsT B npsimble. Mnm npyrumun
CJIOBaMH B JIEKAPTOBOW CHCTEME KOOPIMHAT 3TH NPeoOpa3oBaHms 3a0at0TCs
JMHEWHBIMH YPaBHEHUSIMH.

BesycnoBHo, Ki1acc TMHEHHBIX TpeoOpa30BaHNi MIIOCKOCTH ropa3ao UIk-
Pe ¥ OTHIOJb HE HCUEPIIBIBACTCS JINIIb ABMXKCHUSIMH U roMoTeTusiMu. OnHa-
KO MHOTJa ObIBaeT MOJE3HO PaCcCMOTPETh M HEJIMHEHHbIe TpeoOpa3oBaHusl.
OnHUM 13 BUJOB HENMHEIHBIX TPeoOpa30oBaHNH SIBISIETCS HHBEPCHSL.

IIpeo6pa3oBanue reomeTpuyieckoii nuBepcuu. IlpeoOpazoBanue reo-
MeTpuieckoil HHBepcHH (inversive geometry) — 3To 0coObIi THII TIpeoOpas3o-
BaHUs TOUEK Ha miockoctu. [IpakTuueckas moiab3a 3Toro npeoOpa3oBaHuUs
B TOM, YTO 3a4aCTYyI0 OHO IT03BOJISICT CBECTH PELICHNE T€OMETPHUECKOM 3a1a-
YU C OKPY>KHOCTSMH K PELICHUIO COOTBETCTBYIOLIEH 3a/1a4H C MPSIMBIMU, KO-
TOpast 0OBIYHO UMEET ropaszio Oolee IPOCTOe PEeLICHHE.

ITo Bcelt BUAUMOCTH, OCHOBOIIOJIOKHUKOM 3TOTO HAlpaBJiCHUs MaTema-
tuku 6611 Jltonsur Ummanyans Marnyc (Ludwig Immanuel Magnus), koTto-
poiii B 1831 1. omyOnmkoBai cTaThio 00 MHBEPCHBIX TPE0Opa30BaHUSAX.

Onpenenenne naBepcuu. [IycTh B €BKJINIOBOH IJIOCKOCTH 3aj1aHa HEKO-
TOpasi OKPY>KHOCTh ® ¢ HeHTpoM O u panuycoM. [loctaBuMm kax ol Touke P
(otmmunoi oT O) TOUKY P, nexanyto Ha nyde OP u Takato, uto | OP |-| OP | =r>.
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Takoe npeobpazoBanue Has3bIBaeTcs unsepcueti. Touka O Ha3bIBaeTCs 110-
JOCOM, ATTU YeHmpOM VMHBEPCHH, YNCIIO ¥ — CHenelbio HHBEPCHH.

B TepMuHaxX KOMIUIEKCHBIX 4HCeN IpeoOpa3oBaHUE HHBEPCUH BBIpaXa-
€TCsI JOCTAaTOYHO MPOCTO, ECIIH CUUTATh, YTO IIEHTP OKPY>KHOCTH COBIAAaET

z
o
C IOMOIIBIO CONPSIKEHHOT0 SIIEMEHTA MOKHO TOJIYIHTh O0Jiee IPOCTyI0
2
bopmy: z = rt
z

HuBepcop. CymecTBy0T IPHOOPHI, C MOMOIIBIO KOTOPBIX MOYKHO 0€3 BCs-
KHX BBIUUCIICHUI 1 O€3 MpUBIICYEHNUS OOBITHBIX HHCTPYMEHTOB, T€OMETPHYE-
CKHX MTOCTPOEHHH BBEIUEPTUTD JINHUIO, MHBEPCHYTO JII000I JTaHHOHW THHUN.

Mexanunsm Jlnnkuna — [loccense, n3obpereHHsIi B 1864 1., OBLT IEPBEIM
MIJIOCKUM MEXaHU3MOM, CHOCOOHBIM NPEOOpPa30BBIBATH BPAIATEIBHOE BH-

JKCHHE B COBEPIICHHOE NPSIMOIMHEHHOE (WHBEpCOp),
u HaobopoT. Ha3Ban B 4ects (panIy3ckoro oduuepa
Huxomna IToccenbe (1832—1913) u nuToBIa eBpeHcKOro
NIPOUCXOKIEHHU S Moma Tosa JIunkuna.
Martemarnueckoe onucanue Mexanusma JInnkuna —
IToccenbe npsiMO CBA3aHO C HHBEPCUEN OKPYKHOCTH.

I'eomeTpus MexaHnu3mMa. Ha reoMeTpH4ecKux OCTPOCHUAX MOXKHO yBH-
JIETh MIECTh 3B€HbEB MOCTOSHHON aiaunbl: OA, OC, AB, BC, CD, DA. InunHa
3BeHa OA pasHa mmae OC, u AnuHE 3BeHbeB AB, BC,
CD, DA paBHB Mex1Iy coboi, oOpas3ys mapajuiesno-
rpaMM. B To ke Bpemsi, Touka O 0CTaeTCsI HETIOJBIXK-
HoMl. Ecniu Touka B pou3BOAUT BBIHYKJICHHOE JABUXKE-
HUE 10 OKPYKHOCTH (Ha PUCYHKE ITOKa3aHHOU KPACHBIM),
npoxonsimeii yepe3 Touky O, To Touka D 00s3aTeNbHO
C Oyzer mBUTATHCA MO MPSIMOM JIMHWH (TTOKa3aHa TOINY-
651M). C IpyTOif CTOPOHBI, €CIIN TOUYKA B OyAeT BEIHYX-
JIEHHO BUTATHCS MO MpAMOil (He mpoxomsimeit yepe3 O), To Touka D Oyzaer
JBUTATHCS M0 OKPYKHOCTH, poxoasimei gepes O.

IIpumeHenne npeoOpa3oBaHusi HHBEPCUH NPH pellleHNH 3aaad. [Ipu-
MEHEHHUE Mpeo0pa3oBaHUs WHBEPCUU MPH PEIICHUU 3a/ad Ha MOCTPOCHHE
1 JI0Ka3aTeIbCTBO MO3BOJSIET PEIINTh Psi 3a7ad, KOTOPBIE TPYAHO PEIINTh
C TTOMOIIBIO APYTHUX METOAOB PELICHUS ON00HBIX 3a1ad.

. 2
C Ha4YaJIOM KOOpAUHAT: z =71 -

O

/N
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MeTon HHBEPCHH SBIISIETCS] MOILIHEHIIIMM CPEIM METO/IOB PEIICHUS 3a/1a4
Ha IOCTPOEHHUE, KOTOPhIE MOTYT CBII'PaTh CEPhE3HYI0 POJIb B MaTeMaTHie-
CKOH IOATOTOBKE HIKOJBHUKA, BEJb HU OJUH BUJ 3a7a4 He JaeT, MOKaIyH,
CTOJILKO MaTepuasa JUlsl pa3BUTHSI MaTEMaTHYeCKOH MHUIIMATUBBI U JIOTHYe-
CKHX HaBBIKOB yYaIIMXCsl KAK TeOMETPHYECKHUE 3a]1a4l Ha IIOCTPOCHUE.

[IpuBenem npumep pemieHns 3a0auu:

JlokaxkuTte, 4TO BO BIMCAHHOM B OKPY>KHOCTb YETHIPEXYTOJIBHUKE ITPO-
W3BEICHUE JAMaroHaJell paBHO CyMMeE IPOM3BEICHHH IPOTHBOMOIOKHBIX
CTOPOH.

Paccmotpum ueTsipexyronbHuk ABCD, BOUCAHHBIH B HEKOTOPYIO OK-
pykHOCTH . [IonBeprueM 3TOT YeTHIPEXyTOIbHIK HHBEPCUH OTHOCUTEIIEHO
OKpPYXKHOCTHU (A4, r) mpousBoasHOro paauyca. Ilpu stom Bepmunst B, C, D
npeoOpa3yroTcs COOTBETCTBEHHO B HEKOTOpPbIe Touku B, C, D, pacnonoxeH-
HbIE Ha OJHOM MPsIMOH 0, COEANHSIONIEH TOUKHU NepeceueHuss OKPY>KHOCTH @
¢ 0a3MCHOM OKPYKHOCTEIO.

Homyctum, uto Touka C J1exUT Mex 1y Toukamu B u D. Torna, oueBuIHO,
|BD| = |BC| + |CD|.

C npyroit CTOPOHBI:

2
|BD| = |BD|- ———, |BC| = |BC|-———, |CD|=|CD|- ———.
|4B|-|AD| |4B|-|AC| |AC|-|4D|

IoxcraBnsis 3TH BeIpaskeHus B paBeHCTBO |[BD| = |BC| + |CD|, npuaem no-
clle OYEeBUIHBIX ITpeobpa3oBaHuii k cooTHomenuo: |AC|-|BD| = |AB|-|CD| +
+|BC|-|AD|.

OTO COOTHOUIEHHE BBIpAXKAeT M3BECTHYIO TeopeMy Iltonemes: Bo BIH-
CaHHOM B OKPY’KHOCTH YETBIPEXYTOJIbHHUKE ITPON3BE/ICHIE IHaroHajIel paB-
HO CyMMe€ ITPOU3BEICHIH TPOTHUBOIOIOKHBIX CTOPOH.
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IHPUMEHEHMUWE UKT
JJISA PA3BBUTUSA HABBIKOB CAMOKOHTPOJIA
HA YPOKAX MATEMATHUKH

O.B. Yeuepuna
Tomckuti 2ocydapcmeennulii nedazoeudeckull yHugepcumen
Hayunwitl pyxosooumens — kano. ned. nayx, ooyenm B. H. Kcenesa

B coBpeMeHHO# JIHIaKTHKE CAMOKOHTPOJb CUHTACTCS «BAXKHBIM JHaK-
THYECKUM CPEJICTBOM, CIIOCOOCTBYIONIHM CO3HATEIIBHOMY U TPOYHOMY YCBOEC-
HUIO COZIEPKaHus 00pa30BaHus». Pa3BUTHE HABBIKA CAMOKOHTPOJIST HEMBICITH-
MO 03 pa3BUTHSI TAKHX TICHXHUCCKUX Ka4eCTB, KAK BHUMAaHHE, BOOOpaKeHHE,
MBINIJICHUC U ITAMATH. HeO6XO}II/IMO Ha ypOKax MaTE€MaTUuKu yJACIsATb BHUMaA-
HHUE 110 GOPMHUPOBAHUIO U COBEPIICHCTBOBAHUIO 3TUX KAYECTB, ISl Yer0 MOK-
HO HCIIONIb30BATh CIICIUATBHBIM 00pa30M MOMOOpaHHbIC 3aaHHsL.

CaMOKOHTPOIIb — OIMH M3 BXKHEHINX (HaKTOPOB, 0OCCICUNBAOIINX Ca-
MOCTOSTENBHYIO JACATEIBHOCTH 00yUarorierocs. Ero Ha3HaueHHe 3aKIIt04acT-
Csl B CBOEBPEMEHHOM IIPEIOTBPAIICHUN OUIMOOK MM OOHAPYKEHHUHU yiKe CO-
BEpLICHHBIX. MeX Iy TeM IpOBeACHHbIE HAOIIOIEHNUS TOKA3aJIH, YTO UMEHHO
HaBBIK CAMOKOHTPOJIS Harboiee ¢1abo chopMUPOBaH y 00y IAFOLITHUXCSI.

Pa3BuTHe CaMOKOHTpOISI MOTYMHEHO 3aKOHOMepHOCTsM. CHayana 3TO
oTaeNbHast popMa eITEIbHOCTH, 3aTEM CAMOKOHTPOJIb MOCTEIIEHHO MPEBpa-
1I1acTCsa B 06H3aTeHLHLIﬁ DJICMCHT BBIIIOJJHCHU S OCHOBHOI'O 3a/laHUA. Taxk xak
H3MEHSETCS OTHOIICHHE 00YYaeMOr0 K CAMOKOHTPOIIIO, MCHSIETCS M YPOBEHB
€ro cpopMHUPOBAHHOCTH.

K mokasarensiM copMHPOBAHHOTO CAMOKOHTPOJIS OTHOCATCS:

— YMEHUE CIJIaHUPOBAaTh PaboTy;

— YMCHHUC U3MCHATH CBOU ﬂeﬁCTBHH, YUYUTBIBast U3BMCHUBIIHECA yCJIOBUA,
HaXOAUThb pallMOHAJIbHBIC CHOCOGLI peUICHUA 3a1a4u;
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— YMEHHE OCO3HAHHO NEPEXOIUTH Ha 3HAKOBBIE CUMBOJIBI U CXEMBI;

— YMEHHE OCO3HAHHO YePEA0BaTh Pa3BEPHYTHIE U COKpAIlCHHBIE (POPMBI
KOHTPOJIS;

— YMEHHUE CaMOCTOSITEIbHO COCTABIISITh CUCTEMBI IPOBEPOUYHBIX 3aJaHUH,
anroputm nposepku [10].

B cBoe Bpemst I1.I1. biionckuM ObLTM HAMEYEHBI CTaNU IPOSIBICHUS Ca-
MOKOHTPOJISl IPUMEHHUTENBHO K YCBOGHUIO MaTepuana. Ha naHHBIN MOMEHT
BBIICTISIIOT YETHIPE TAKUX CTAJUU:

Omcymcmeue 6csaKko20 CaMOKOHmMpoas. DTy CTaUI0 YUYECHHK MPOXOAUT
B [I€PHOJ] HAYAJIEHOT'O 03HAKOMJICHH I ¢ MaTtepuaiioM. OH ele He pa3zoOpaJcs,
KaKue BONPOCH B MaTepHalle TIaBHbIe, KAKUE — BTOPOCTEIEHHBIE, KAKOBBI
JIOTMYEeCKHEe CBA3HM MEXAy ero yactsmu. JKenaemblid o0pa3 pe3yibraTa jaei-
CTBUS 110 OCBOCHHUIO JAHHOT'0 MaTepuaa eme He chopMUpOBaICs, CAMOKOHT-
POJIb HEBO3MOJXKEH.

Tonnwiii camoxonmpons. DTa CTaAus pa3BEPTHIBACTCA BO BPEMs MOJTO-
TOBKH y4YEHHKOM JIOMAIIIHETO 3aJJaHusl 110 JaHHOMY Marepuaiy. Y Hero gop-
MUPYIOTCS IPEACTABIEHUS O TOM, KAKOBBI KPUTEPUHU ITAJIOHHOTO BJIaJICHUS
MaTepHaJioM, IIPOSIBIICHUS MTOJyYSHHBIX 3HAHUH 1 c(HOPMUPOBABIIUXCS yMe-
Huil. Ciexyst 3TUM KPUTEPHSIM, OOyYaroluiics IpoBepseT NOIHOTY M Ipa-
BUJIBHOCTH CBOETO BOCIIPOU3BEICHUS U IOHUMAHUs yCBAUBAEMOI'0 MaTepHua-
J1a, HO HE BCEr/la yBEPEH B 3TOM MOJIHOTE U IPABUIIBHOCTH JJO KOHIIA.

Buibopounwiii camoxonmpoib. OOBIYHO 1OCIIE pACCMOTPEHHSI HECKOIBKUX
TeM, COCTABIISIIOIIMX €AUHBIH pa3/ieNn Kypca, IPOBOAUTCS KOHTPOJIb 3HAHUH
YYaIIMXCsl: cCaMOCTOATEIbHAas paboTa, MOBTOPUTEIHHO-0000MatoNuil YpoK,
3a4yer ¥ T.11. [Ipn monroroBke K TakoMy BHJY paboThl oOydarouuiics Boc-
CTaHaBJINBAET B NIaMsTH YCBOGHHBIH MaTepHaj HE B IIOJTHOM 00beMe, a Ipo-
BepsieT TOJBKO CBOE NOHUMAHUE INIaBHBIX BOIIPOCOB, OPUEHTALUS B KOTOPBIX
U CIIyKUT KPUTEPUEM YCBOEHUS JAHHOTO pa3nena.

Omcymcmsue uoumoz2o camoxkonmposisi. CaMOKOHTPOJIb OCYIIECTBIISIET-
csl Kak Obl HAa OCHOBE IIPOLLIOTO OIBITa, HA OCHOBE KaKUX-TO HE3HAYMTEINb-
HBIX AeTaneil. Ecnu u3yueHHbIN MaTepHal NpUMEHSIETCS IS JalbHENIIero
MOYYEHUs 3HAaHWMH, TO BIIaJICHUE UM TIOpa3syMeBaeTcsi Kak Obl caMo COOOi.
OOyuatomuiics: 0oJKeH OBITh IOJIHOCTBIO YBEPEH B TOM, YTO OH 3HAET Mare-
pHal, U He JOJKEH MPUIIAraTh CO3HATENbHBIX YCUIIUH K €ro KOHTpoto [9, 12].

B meTonuueckoil nuTepaType BOIPOC CAMOKOHTPOJISI IOJITO€ BpeMs pac-
CMaTpPUBAJICA B ILJIAHE CO3JaHUS CPEACTB JJIs MPOBEPKH PE3yJBTAaTOB JEii-
cTBuil. [IpobiemMa caMOKOHTPOJISI aHAIM3MPOBAJIACh B paboTax BEAyLIMX
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MeTonucToB-MaTeMaTnkoB M. A. Balitosoii, I'. B. bensriokoBoii, M. B. bor-
nanosuya, H. ®. Banusp, 0. M. Konsiruna, M. . Mopo, A.M. Ilslkano,
N. ®. Tecnenko, 1. b. Dnbkonuna, B. B. laBeiaoBa, I[1. M. Opauuesa u np.

Hamnpumep, [I.b. Onpkonnn u B.B. J[aBpII0B 3aHUMANUCh pa3pabOTKOMH
YPOKOB TI0 Pa3BUTHIO CAMOKOHTPOIISI M CAMOOICHKH 3HAHHUI 00YYarOIIHXCsl.
I'maBHO# ux 3amaveii Op110 GOpMUPOBAHKE Y O0YUYAIOIINXCS HABBIKOB CaMO-
KOHTPOJISL U CAMOOIIGHKH KaK 3JICMEHTOB y4eOHOU e TEIPHOCTH. DTO BO3-
MO>XXHO TOJIBKO B TOM CIIy4ae, €CJM YUMTelb, KaK IPaBUiio, HE BBHICTABIISIET
omeHKH (0aypl). YUHUTENb MOJKIFOYACTCS K KOHTPOJIO M OICHKE TOJBKO
B TOM Clly4ae, eCclid IIKOJIBHHUK HE CIIPABISAETCS C CAMOOIICHKOH U oOparia-
ercs 3a NoMoIb0. [Ipy 5TOM KOHTPOJBHO-OLIEHOUHBIH MEXaHU3M BKJIIOUAET
B ce0sl 1Ba KOMITOHEHTA: CAMOKOHTPOJIb U CAMOOLICHKY [2].

ITockonibKy CaMOOLIEHKA U CAMOKOHTPOJIb BIUSIOT HA YCBOEHUE 3HAHUU,
o0ydYeHne CaMOKOHTPOJIO Ba)KHO HA Pa3TMYHBIX dTANaX y4eOHO! IesaTelb-
HOocTH. [lepBBIM BaXKHBIM YCIOBHEM OOYYCHHS CAaMOKOHTPOJIO SIBIISCTCS
YCTAHOBKA YUHUTEJsl HA €ro OCYIIECTBIIEHHE, BTOPHIM YCIIOBHUEM SIBIISIETCS
[IeJICHATIpaBiIeHHOEe (DOPMUPOBAHHE CIICIIUATHHBIX HABEIKOB CAMOKOHTPOJISL.
K TpeTbemy yciioBHIO OTHOCHTCSI 00yYeHHE HaBBIKaM PaOOTHI MO TIJIaHYy, MO-
CKOJIBKY CIIOCOOHOCTh K CAMOKOHTPOIIO B YUCOHOU ACATEIHHOCTH TPE/IIO-
JaraeT HaJIMYue YMEHUS CAMOCTOSTEIBHO OTCIICKUBATh COOCTBEHHEIH MTyTh
K JOCTHIKCHHIO ITOCTABJICHHOW 11enu. YeTBepToe BaxkHelee yciaosue Gop-
MHPOBAHUS CAMOKOHTPOJIS — 3TO BOBJICUCHHE yYalIUXCsA B Pa3HOOOPa3HBIC
¢dopmsl B3aumonposepku [11].

CoBpeMeHHOE TTOKOJICHUE 00y YarOIIAXCS TOyYaeT OTPOMHOE KOJIMYECT-
Bo mH(popManuu yepe3 teneBuneHue, Murepuer. UcnonszoBanue UKT nHa
ypOKax MaTe€MaTUKHU MPEAOCTaBISET YUUTEII0 KOJOCCAIbHBIE BO3MOXKHO-
ctu, UKT mo3BonsioT caenaTs mpomecc 00y4eHust MOOMIIBHBIM, CTPOTO Tu(-
(hepeHIMPOBAHHBIM U MHAUBUAYAITEHBIM.

[Ipu 3TOM HEOOXOAUMO YUUTHIBATH TOT (PAKT, UTO HY)KHO HAYYUTH KaxkK-
JIOT0 00y4YaroImerocs: 3a KOPOTKUH IMPOMEKYTOK BPEMEHU OCBaMBaTh, IIpe-
00pa30BBIBATh M HCIOJNB30BATh B IMPAKTHYECCKON AEATEILHOCTH OT'POMHBIC
MaccuBbl nH(popMaruu. [103TOMy OYeHB Ba)KHO OPraHU30BaTh MPOIECC 00Y-
YeHHS TaK, YTOOBI OOYYAIOIIHUICA aKTUBHO, C MHTEPECOM M YBIICUYCHHEM pa-
0oTal Ha ypoKe, IPH STOM BUJIEI TUIONEI CBOETO TPYJIa H MOT HX OICHHUTH.

IToMo4b yuuTeNI0 B PELICHUU 3TOM HENPOCTOM 3aJayd MOXKET coueTa-
HUE TPAIUIHOHHBIX METOIOB OOYUYCHHS M COBPEMEHHBIX HH(OPMAIIMOHHBIX
KOMMYHHUKAI[MOHHBIX TEXHOJIOTUH, B TOM YUCIIE U KOMIbIOTEpHBIX. Couerast
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B ceOe BO3MOXKHOCTH TEJIEBU30pPa, BUIEOMarHnTooHa, KHUTH, KaIbKYJISATO-
pa, ABISSICH YHUBEPCAJIBHON UTPYIIKOW, CHOCOOHOW MMHTHPOBATH APYTHE
UTPYIIKUA U CaMble Pa3IM4YHbIe UTPBl, COBPEMEHHBINH KOMIIBIOTED SIBISETCS
JUIsL 00y4aroIerocsi paBHOIIPaBHBIM IapTHEPOM, CIIOCOOHBIM OY€Hb TOHKO
pearupoBaTh Ha €ro JIedcTBUsA U 3ampockl. KommberoTep BecbMa HpHBIe-
KaTeJIeH M JUIsl yYWTeNeHd, Tak Kak MOMOraeT UM Jydlle OLEHHTh CII0CO0-
HOCTH M 3HaHHUS OOydYaromerocsi, MOHATH €ro, NoOy»XJaeT MCKaTh HOBBIC,
HETpaJAuIHOHHBIE (GopMBI U MeToAbl 00yueHus. Mcmonp3opanne UKT Ha
YpOKax MaTeMaTHKH OyAeT TeM Oojiee yCHEUTHBIM, €CIIH YUYUTEIN0 yaacTces
c(hopMHPOBaTh y 00YUAIOLINXCS C yUYETOM BO3PACTHBIX 0COOEHHOCTEH HaBbI-
KM M YMEHHSI CAMOCTOSITENIFHO padoTaTh ¢ HHpOpMaIiel, KOHTPOIMPOBAThH
npouecc ycBoeHus 3HaHud. [Ipumenenue Ha ypokax marematuku UKT cro-
COOCTBYET TaK >X€ 3MOIMOHAJIBLHOW HACHIIIEHHOCTH, HOJIHOLEHHOCTH U Ha-
nIsLTHOCTH; ) EeKTHBHOM OpraHU3alyy MO3HABATEIBHOM IS TEIHPHOCTH yUa-
muxcs, GopMUPOBAHUIO BHICOKOT'O YPOBHS MOTHUBAIMH, HHTEpECa K y4eOHON
JIeSITEIBHOCTH; COKPAILEHUIO BPEMEHH [JJIs1 KOHTPOIS M IMPOBEPKU 3HAHUU
o0yyaroniuxcs; 00y4eHHIO HaBBIKaM KOHTPOJISI U CAMOKOHTPOJIST; Pa3BUTHIO
CaMOCTOSITEIbHOCTH.

Oco0eHHOCTBIO yUeOHOro ITpolecca ¢ IPUMEHEHHEM HH(POPMalnOHHBIX
TEXHOJIOTUH SIBISETCSA TO, UTO LEHTPOM AEATEIbHOCTU CTAHOBUTCS YUEHUK,
KOTOPBIM MCXOASI U3 CBOWX MHIMBUAYAJIBHBIX CIIOCOOHOCTEH M MHTEPECOB,
BBICTPAMBAET MPOLECC MO3HAHUSA. YUUTEIb YaCTO BEICTYNAET B PO IIOMOUI-
HUKA, KOHCYJIbTaHTa, NOOUIPSIIOLIEr0 OpUTrMHAIbHbIE HAXOAKH, CTUMYIIHPY-
IOLLEr0 aKTUBHOCTh, MHULIMATUBY, CAMOCTOSTENbHOCTS [13].

OcTtanoBuMcs Oosee nmoapoOHO HA paccMoTpeHnu U npuMmeHennn UKT
B [IPAKTUKE PA3BUTHUS IOJTHOTO CAMOKOHTPOJISI Ha puMepe TeMbl: « OqHOUIIEH
Y €ro CTaHJapTHBIN BUI.

Ienu ypoka:

1. O6pa3oBarenpHas:

— o0ecneyuTs B X0JIe YPOKa YCBOCHHE OCHOBHBIX IOHSATHH: OJHOYJICHA,
OJTHOYJICHA CTaHJapTHOTO BUJA, ero KO3 (HUIMEHTA U CTEIICHH.

2. Pa3BuBaromue:

— cI1oco0CTBOBATh PAa3BUTHIO YMEHUH BBIAENSATH IJIABHOE, CYLIECTBEH-
HOE, Y JJOTMYECKH U3JIaraTb CBOM MBICIIY, Pa3BUBAaTh CAMOPETYJISIINIO0, CaMO-
KOHTPOJb.

3. BocniutarenbHasi:

— COIEICTBOBATH B XOJI€ ypOKa ()OPMUPOBAHUIO O3HABATEIILHOM aKTUBHOCTH.
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Ypok MOXXeT OBITH OpraHM30BaH CIEIYIONUM 00pa3oM:

Bapuanm 1. KomnbroTepHas MOLJAEpikKKa HCHOIB3YETCSl KaK BCIIOMOra-
TeJNbHAs 4acTh ypoka. B TeyeHue Bcero ypoka oOydaromiuecs: 3arojHsIoT
CBOI0 KapTy ypoOKa, IPOUCXOJUT MHAMBHUAYAIbHOE BBIIIOJHEHUE 3aJaHUM,
3aTeM NPOU3BOJUTCS NMPOBEPKA, IPU 3TOM HEKOTOPBIE yUalIUeCs BBINOJIHS-
10T 33J1aHUsL, BBIXOJS K IIPOEKTOPY.

Bapuanm 2. OGyu4aromuecs: cafsTcs 3a KOMIBIOTEPHI, 3aITyCKalOT IPO-
FPaMMHYI0 HNOAAEPXKKY, U B MPOLECCE U3yUEHUs TEMBbl YPOKA BBIIOIHSIOT
3a/laHusl, 3aNO0JTHSAIOT CBOIO KapTy YpPOKa, B KOTOPOH OHM CAMOCTOSATEIBHO
OLICHUBAIOT CBOM 3HaHUs M yMmeHHs. OOyuarommuecs: pabOTalOT caMOCTOs-
TEJIBHO, B CBOEM PEXKMME, YUUTEIb HA JAHHOM yPOKE SIBISETCS KOHCYJIbTaH-
TOM-IIOMOILITHUKOM.

Xon ypoka:

1. Ilocmanoexa memvl ypoxa.

Ha sTom srane nepesx oOy4aroniuMucs CTaBUTCS 3ajladya OTrajgarbh TeMy
ypOKa, JUIsl 4er0 UM HE0OX0UMO pasraiaTh pedyc.

1M %/’ﬂ"_‘,"

Pasranas Temy ypoka, yuamiuecss QUKCHPYIOT €€ B CBOMX KapTax.

2. Ilocmanoexa yenu ypoxa.

Kaxxapiii oOyuaromuiics cTaBuT 1epes co0oil CBOIO Ielb — CTPOUT TUIAH
W3yYeHUsl TaHHOH TeMbl (popmuposanue camoKOHMPOsi UCTOAb308AHUEM
6 pabome niaHos).

[Hanee oOyuaromuecs IpoxXoAsT B labopaToprio « OXHOUYIECHBD.

B mutan neficTBH# Kaxa0oro pedeHka 00s3aTeIbHO BXOIUT TaKOH MYHKT,
KaK 3HAKOMCTBO C MOHSTUEM OJHOWIEHA JJISl TOTO MOXHO HCIOJIb30BaTh
JUKTAHT 3HAKOMCTBA.

3. Juxkmanm 3naxomcmsa.

Ha cnaiine mpencraBieHsl BapHaHThl OTBETOB Ha BOMPOCHL. Y4YalUMCS
HEOOXOIMMO CaMOCTOSITENIFHO U3 MHO)KECTBA OTBETOB BHIOPATH IIPABUIIbHEIE
U IEPEHECTHU MBIIIKON B COOTBETCTBYIOIIYIO AUEHKY.

JHanee oOy4aromumMes peyiaraeTesl IpoBECTH MPOBEPKY ITUKTAHTA, CO-
IJIACHO KPUTEPUSIM, U 3aHECTH MOIYUYHUBIIHUKCS pe3ynbTar (OTMETKY) cebe
B KapTy ypoka (ocywecmeienue camoKOHmMpoOs 00y4aomuxcs).
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3aTeM «HOBEIE 3HAKOMEIC) NOoJIy4ar0T CBOM HUMCHA: «Bce BbIPAKCHUSA

MEPEYUCIICHHBIC B TUKTAHTE, UMEIOT OOIllee Ha3BaHWE ,,0JJHOWICHBI WU
,,MOHOMEI‘».

[X1%] om0 1 Bosrosomos: 0 4o 20
3. uktaHT 3HakoMcTea.
Orsetere Ha
1.Cxonbko Mecsies B t ropax?
2.CKONLKO MUHYT B N yacax? C
3.Cxonbko METpoB B kunomeTpe?
4.Nnouwjanb NPAMOYTONLHAKA CO CTOPOHAMH a 1 B paBHa... 1
5.[innHa OKPYXHOCTH paBHa... (
6.N, NATOM CTenenw nep: W X n pTOW CTeneHu y?
7 .
8.0 i X
Hay KyG aTof i
9.Mnowaae kBaapaTa co CTOPOHO C. : =
[ 5 I[Cxsyna [ 2 | 4 [ eom | 12t ][ sxms ]
[2 [ eon  J[ 1000 J[ av2+s |[ 3 J[2w2aws [ 3sas
[(2x%syna |[2%prr | 2w2 [ etz [ e [ eon  |[ s0
OtsetuTs
= (S]] om0 1 Bcoro garmon: 0w 20
MoaBoAVM MTOrM AVKTAHTa, COTNACHO KpUTEp nocraskTe COO: OTMeTKy B Bawy
KapTy ypoka.
Kputepuu oyeHvsanmna
“5" - 10 3apaHuii;
“4"- 8, 9 3apanui;
“3" - 6, 7 3apnaHuii
Mposepe ceba:
1.Cronbko mecsues B t ronax? 12t
2.CKONbKO MUHYT B N yacax? 60n
3.CKONbKO METPOB B kKunomeTpe? 1000
4.Mnowaab NPAMOYTonbHNKA CO CTOPOHAMM @ U B paBHa... as
5.[inUHa OKPYXKHOCTYU paBHa... 2 pir
6.N, nATOM 7 X 1 4eTBEPTON CTENEHN y? X A5 'y A4
7.y) npeablayuee Bb 2*x A5y A4
8.N, i X
Hay i ky6 aToR 7 27xh2 +3"x"3
9.N; aApaTa Co CTOPOHOM C. cr2
10.Mo6asn otmeTka. 5
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Hanee oOyyarommMmest peiaracTcs MpoaHaln3upOBaTh CTPOCHUE BCEX
BBIPKCHH, I IONPOOOBATh CAMOCTOSITEIIFHO JIaTh OMPEICICHUE OTHOYICHA.

«Kakue BbIpaXeHHS MOTYT OBITh OJHOWICHaMH? 3alHIIUTE CBOE OIpe-
JICICHUE B KapTOYKy. 3a4uTaiiTe cBOE ompeneicHuey. [lociae oOCyxIeHUs
yJamuecs QOpMyIUPYIOT BEPHOE ONPECIICHUE OTHOUJICHA.

4. 3nakomemeo ¢ 0OHOUIEHAMU.

OOyyJaromuMcst peaaracTcsi HECKOJIBKO XapaKTEPHBIX IMMOPTPETOB He-
KOTOPBIX OJJHOUYJIEHOB U cepus BolpocoB: «Kak Bbl Aymaere, moyemy UX Tak
30ByT? UTO y HUX OAMHAKOBO?» 3aTeM BBOAMTCS IOHATHE MOJOOHBIX OJTHO-
yseHoB. [IpoucxoguT pasneneHue OJHOUYJICHOB Ha CTAaHJAPTHbIE U HECTaH-
JapTHEIE.

5. B3aoanue «Hatioume nacy.

Crnenytoniee 3aJaHi€ HAMPABJICHO HA PACIIO3HAHUE OJIHOUJIEHOB U CaMO-
KOHTPOJIb YCBOCHHUSI BBEJICHHOTO OHATHS. «PebsTa ceromns B 1aboparopuu
co0Opayioch 0OYeHb MHOTO HApONAY, W HAIIU JTAOOPAHTHI-OMHOUICHBI 3aTepsi-
JIUCH B 3TOM TOJINE, TIOMOTUTE HAWTH UX. BrIOepuTe U3 BEIpaKeHUN OTHOY-
JICHBI ¥ IOMECTUTE WX B KAPTOUKY JTaOOpaHTOBY. OOydJaronuecs: BEIOUPAOT
BEpHBIC BBIPAKCHHUE U IOMEIIAIOT B SUCHKH.

lBonpocSus7 v|[< Pl Bannoi: 0 / Beero 6annoe: 0 us 20

3apanue «Hawgute Hac» []
PebsaTa cerogHs B8 naGoparopun co6panocb O4eHb MHOTO Hapoay, U H
Halwmn nabopaHTbl OAHOUNEHb! 3aTePANUCL B 3TOIM Tonne, NOMOrU HauTU
nx. Buibepute U3 BbipaXeHWi i OAHOUNEHbI U NOMECTUTE WX B KApTOuKY = Q]

OAHO4NEHbI:

I | ]

[ cMO ] a(-0,8) I 22| -0,7xy*2 ]
[ sax2y | ab ] X\2+x I 06 ]
[ (araym 3 *n'mr2 || X2 *x [ -03xy2 |

OtBeTuUTL { 3aKoHuUTL
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6. 3aoanue «Yzaoaii, kmo ecmv Kmoy.
«Harmmu oHOYWICHBI PEUIMIU TIOUTPAaTh U PAa3/ICIHINCh HA JIBE KOMAH/IbI,
yrajai, KTo U3 HUX KTO U KTO BCTAJl HE B Ty KOMaHy?»

‘@ﬂ"‘ @!meq<ﬂil;:41

OIHOYICHBL," OHOYWIEHB, ‘3aITHCaHHbIE B
3aICaHHbIe B* HecTaHAapTHOM Buey
cTaHAapTHOM BHzeY ==
Fosm-2n' lsp3,2 x2x, [ 25
im 2 lopp 'y

o = = | — 2aba,

||i’f!/J ||=—b;a" | —=20qy

Ha Bompocs! 3aanust 00y4arommuMest peiaraeTcs OTBETUTh CaMOCTO-
ATEJIBbHO, ITOCJIE Yero OHM MEHSIOTCSI CBOMMHU KapTaMH ypoKa M HPOBEPSIOT
MPAaBUIBHOCTH OTBETOB JIPYT y ApyTa.

TekcT Ha Jocke (B KapTOYKe): IO OCHOBHBIM HOHATHSIM. B kapmaHumke
crpsiTaHbl OTBEeTHL. [locie 3amosiHeHus: pedsTa MPOBEPSIIOT cedsi cCaMOCTOsI-
TEJIBHO.

-6 — K03 drLEeHT,
8 — cTereHb OHOWICHA.

26°(-3) ec2=2 (-3)¢ 7 ec? =@e

(4

K09(GUIFEHT ~CTeleHb OHOWIEHA

Crnenyroniuii aTamn paboThl HOCBSIICH aHATM3Y CXEMbI HAX0XK ICHHUS KO3 (-
(uIMeHTa U CTEICHHU OJHOYICHA M CAMOCTOSITEIIBHOMY MOUCKY aJrOpUTMa
MPUBEACHHUS OJHOWICHA K CTAHAAPTHOMY BHIY.

7. Hepa «Haiimu napy».

3aganwue. JJisg Kax0r0 OTHOUJIEHA U3 MIEPBOTO CTOJOIA MOJOEPHUTE CO-
OTBETCTBYIOIIMI OMHOUYJICH CTAaHAAPTHOTO BHIA M3 BTOPOro CToybma. Yya-
IIHECS COCAMHSAIOT COOTBETCTBYIOIIME BBIpa)KCHUsI. Ilociie BBIMTOJHCHHUS
3aaHKs 00YYAONUECs] MCHSIOTCS KapTOYKaMH, IPOBOISAT IIPOBEPKY U BbI-
CTaBJISIOT MMOJYyYCHHBIC OTMETKH B KapTy ypOKa.

8. 3aoanue «Kocmwomepuas oOnouieHay.
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«Y KaXJOoro OJHOYJICHA MMEETCS HECKOJIBKO KOCTIOMOB, JaBalTe IO-
poOyeM HMOCMOTPETH, YTO JIOJKHO BXOJUTH B COCTAB €ro KOCTIOMEPHOI».
3amnonHUTE NPOMYCKU.

Wrpa “Haiitu napy™.

Bna kaxaoro OAHOuneHa W3 nepeoro cronbua
CTaHAAPTHOTO BYAA U3 BTOPOrO CTonGua.

[ 3xbx

C% L%54abc5

{3bca5a C{ (/JI 15a%bc

’—6ac3(—9)bc2

o i

Ortsetuts

3akoHumnTs

OpHoulleH Koadpduuuent | BykpeHHas Crenens | CTaHaapTHbIi IIpumep
4acThb OfHOUJIeHA BHJ nogoGHoOro
O/IHOWIeHa
Tx'y® 7 . 10 7x'y® —15x*y°
4 14
Faxz (— Tasxs) a4_x7
12 atb’e? 16
o X6, Hxy 8 6

B 3akmrodeHmne mpoBOIUTCS CaMOCTOATENbHAS paboTa M B3aUMOIIPOBEP-
Ka. 3aTeM 00ydJaroniiecs HOABOAAT UTOTH YPOKa, aHATU3UPYIOT BBIIIOIHEH-
HBIE 33JaHN, BHICTABIAIOT COOTBETCTBYIOIINE OTMETKH B KapThl yPOKa.

I papuaHT

II papuaHT

s Bblpa)KeHl/lﬁ BBITHIIIHATE:

1. OnHOUITeHOB CTaHAAPTHOTO BHJA,
2. OmHOUITeHOB HECTAHAAPTHOTO BHA 6
3. TMomgo6HBIX OTHOUIEHOB :

hd

3anuIIITe NPUMePbI

1 1. OmHOUWITEHOB;

A7 21l 4 5

a) 4xy 0) 4x'y B) 4x Ey #H 2. BsIpaxkeHmit, He ABIIONMXCA
OHOUIEHAMIL,

2% =7 ) 352y (-7)y'x 3. TTomoGHBIX OHOUIEHOB;,

4. OpHOYIIEHOB, He ABJLAIOLIMXCA
TIOAO0HBIMIL,
ORHOWIEHOB CTAHAAPTHOTO BH/A;

OpHOWIEHOB HECTAaHAAPTHOTO BH/IA.
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CaMOKOHTPOIb SBJISIETCSI OAHUM U3 BaXKHEUIINX KOMIIOHEHTOB B CTPYK-
Type yueOHOH NesTeIbHOCTH, U, CIeI0BaTeIbHO, 00yUeHHe Oe3 [eJIeHaIpaB-
JICHHOT'O ()OPMUPOBAHUS HABBIKOB CAMOKOHTPOJISI HE MOXKET OBITh J1OCTATOY-
HO nonHoueHHbIM. Mcnons3oBanue MKT Ha ypokax MaTeMaTUKU HE TONBKO
MOMOXKET y4aleMycs yCBOUTh y4eOHBII MaTepHall, HO ¥ O3BOJIUT YUHUTEIIO
ycIemHo GOpMUPOBATh HABBIKM CAMOKOHTPOJISL.
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®OPMHUPOBAHUE MATEMATUYECKOM KYJIbTYPbI
CTYAEHTOB-I' YMAHUTAPUEB

JI. H. IllexoBmoBa
Tomckuii 2ocyoapcmeeHHblll neda2o2utecKutl yHugepcumen

B COBPEMCHHBIX YCJIOBUAX MOACPHU3AINN 06p2130BaHI/I$I 0COOEHHO 3HAYHU-
MbIM CTAHOBHUTCS BOIPOC MOBBLIIIICHU I Ka4eCTBa MaTeMaTHIeCKOI IOATOTOBKH
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CTYJCHTOB T'YMaHUTAPHBIX (PAKyIBTETOB. DTO OMPEHCIACTCS HE TOIBKO BO3-
pocirMu TpeOOBaHUSIMH K Ka4eCTBY MPOQECCHOHATBHOW MOATOTOBKH BBI-
ITyCKHUKOB BY30B, HO ¥ TE€M, YTO MaTeMaTH4YecKasl MOATOTOBKA MOXKET OBITh
OTHECCHa K Ba)XXHOMY (PakTOpy, 0OECIIEYHBAIONIEMY TOTOBHOCTH YEJIOBEKa
K HEMPEPEIBHOMY 00pa30BaHUIO M caMOOOPa30BaHUIO B Pa3HBIX 00JIACTIX Ye-
JIOBEYECKOU JICSITEIEHOCTH.

«MareMaTHKa SBIACTCS HE MPOCTO 00IACTHIO 3HAHUH U YHHBEPCAIEHBIM
WHCTPYMEHTOM, BCE IIMPE MPOHUKAIONINM B T'YMaHUTAPHEIC Pa3aeiibl HAYKH,
HO TIPEXJE BCEr0 HEOTHEMJIEMOW YaCThIO IHMBHIIM3AINH, CYIICCTBCHHBIM
AJIEMEHTOM O0IIEeH KYIBTYPBI, S3bIKOM HAYYHOTO BOCIIPUSTHSI MHPA», — OT-
meuaeT H. X. Pozos [1].

MaremaTHka OXBaTHIBACT IMUPOKUH CIEKTpP Y4YeOHBIX, 00pa3oBaTeib-
HBIX, PA3BUBAIOIINX H JPYTHX CaMBIX pa3HBIX Lened. [[eHHOCTh MaTeMaTH-
YECKOro 00pa30BaHMsI, Kak Jisl 00IIeCcTBa, TaK U I OTACIbHOU JIMYHOCTH
COCTOHT B TOM, YTO «MaTeMaTHKa ObLIa BCET/Ia HEOThEMJIEMOW U CYIICCTBCH-
HOW YaCThIO YCIIOBEUCCKOW KYIBTYPHI, KITFOUOM K MTO3HAHHUIO OKPYKAIOIIETO
Mupa, 6a30i HAyIHO-TEXHUYECKOTO IPOTrpecca, BaXXHOW KOMIOHEHTOU pa3-
BUTHS JINYHOCTH, B TOM UHCIIE U €€ MUPOBO33peHus» [2]. [loaTomy oT ycBoe-
HUSI ATOTO MPEAMETa CTYyICHTAMU BO MHOTOM 33aBHCHUT UX YCIIEX B 00y4YeHUU
JPYTUM JTHCIUTIITAHAM.

BaxHBIM SABISETCS U TO, UTO «...MaTEeMaTHYECKOE 00pa3oBaHUE CIIOCO0-
CTBYET Pa3BUTHIO TCOPETUUYECCKOTO MBINIJICHHS (CpaBHCHUE, IBPUCTUKA, aHa-
JIOTUS, UHTYUIUS, aHAIN3, CHHTE3 U T.I.), €T0 OTIMYAI0T JOMUHHPOBAHUE
JIOTUYECKOHN CXEMBI PacCyKACHUS, JIAKOHU3M, YETKas pacIpeIeICHHOCTh XO-
Jla PacCy>KJIeHUH, yMEHHUE BBIJCISATD INIaBHOE, CIIOCOOHOCTH K 0000IIeHMIO,
aHaiu3y, cuHTe3y» [3]. JlaHHBIe KauecTBa XapaKTEPU3YIOT W PACKPBIBAIOT
MTOHATHUE «MATeMaTHUYCCKask KYJIBTYPay.

Bomnpoc 0 MmareMaTH4eckoi KyJIbType U MaTeMaTHIeCKOM 00pa3oBaHUU
HCCIIENOBAJICS B pab0OTaX MHOTHX MaTEMAaTHKOB, IENAroroB, IICHUXOJIOTOB,
¢unocodos u meroguctos (JI. M. Auaproxuna, 1. U. baspun, B. @. ByTy30B,
H. 4. Bunenkun, I. Beiins, I. 1. T'meiizep, B.A. I'yce, F0.M. Komsrus,
JLA. Kynpsisues, IJI. Jlykanues, B.JI. Marpoco, A.I. Mopakosuy,
A. 1. Mpiikuc, C. M. Hukonbsckuii, M. K. [lotanos, H. X. Po3os, 1. M. Cmup-
HoBa, H. ®. Tane3una, M. U. lllabyuwnn, M. . IlIBapuodypn, I. H. SIkoBies
U Jp.) ¥ UX YYECHUKOB [4].

dopMuIpoBaHUE MATEMATHYCCKON KYIIBTY Pl HAUMHACTCS B IITKOJIC U ITPO-
JOJKaeTCsl B By3e. 3a cYeT PEeMCTBEHHOCTH Pa3HBIX CTyICHEH 00ydeHHUs,
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cleqyeT MPEeeMCTBEHHOCTh 3HAHUN M YMEHUM y4YalluXcsl OT LIIKOJBI K BY3Y.
«IIpu oOyueHum mnpegmMeTaM B By3€ HEOOXOIHMMO ONMHUPATHCS Ha MIKOJIb-
HBIE 3HAHUS, YMEHHUS, U B TO k€ BpeMs paboTa B IIKOJIE JOJKHA CTPOUTHCS
C ONpeAeNeHHON NepCHeKTUBHOM HANpPaBIEHHOCTBIO, C OPUEHTUPOBKON Ha
Te TpeOOBaHMs, KOTOpbIE OyIyT MPEAbSIBICHBI BBHITYCKHUKAM IIKOJ B BY-
3e», — nmunret A.I1. [lekuna [5]. Ho ceroans cnadbyio B3anMOCBSI3b B IIpeeM-
CTBEHHOCTH IIKOJIBHOM M BY30BCKOH MaTeMaTHUKH OTHOCST K HEAOCTaTKaM
B MaTeMaTU4YeCKON MOArOTOBKE CTYAECHTOB neABy3a. IloaTomy Bompoc mpe-
€MCTBEHHOCTH COJIep)KaHUsI MaTEMaTHYECKOro 00pa3oBaHus B IIKOJIE U By3e
U rpo0JiemMa pa3BUTHSI MAaTEMaTHUECKOM KyJIbTYPhI Ha Pa3IMUHBIX CTYHEHSIX
MaTeMaTHYECKOro 00pa3oBaHUs SBISIOTCS 3HAYMMBIMH B jiene (OpMHpOBa-
HUS MaTEMAaTUUECKON KYJIBTYpPBI CTYACHTOB.

OTMeTuM, 4TO BOIPOC IPEEMCTBEHHOCTH COAEPAKAHUS MaTEMaTHIECKOr0
00pa30BaHU B ILIKOJIE M By3€ paccMaTpuBaiy B cBoux padortax C. M. I'onHuK,
0. A. Kycros, J. 1. Cutaukosa, A.I1. Cmanuep, 1. 5. Kypammun, A.I1. [e-
kuHa, B.M. Typkuna, E.E. CumasHKMHaA U IpyTHe aBTOPBHL.

A mpobiemMe pa3BUTHS MaTEMaTHUECKON KYJIBTYPBI Ha pa3IU4HbIX CTyIIe-
HSIX MaTeMaTH4ecKOro 00pa3oBaHMs HOCBSIIEHBI Pa3IMYHbIE HCCIIEIOBAHUS.
Tak, Jx. Mkpamos, B.H. Creryposa, X.III. [lluxanues u3ydanu MaTema-
THUYECKYIO KYJIBTypy HIKOIbHUKOB; B.H. XyndKkoB — yuammuxcs HauaJabHOrO
npogeccuonanbHoro oopazosanus; 0. K. UepHosa u C. A. KpslioBa — yua-
MIHUXCS TEXHUUECKUX ITpodeccroHanbHbIX Kojutemkeit; C. A. PozanoBa — cry-
JICHTOB TEXHUUYECKUX By30B; [ M. BynbIk — CTyA€HTOB S5KOHOMUYECKUX BY-
30B; O.B. Aprebskuna, [Tyrunosa E. B. — cTy1eHTOB leJarorn4eckux By30B.

Ha 6a3e nposenennoro uccienosanus E. B. IlyTunosa [6] otmedaeT, 9To
(hopMHpOBaHHE MaTeMaTHUECKOI KyJIBTYPHI CTYJEHTOB I'YMaHUTAPHBIX (a-
KYJIBTETOB NeJarorn4eckux By30B JOJDKHO OCYIIECTBIISITHCA Ha O6aze oOrie-
M3BECTHBIX AUJIAKTUYECKUX PUHIUIIOB. B KauecTBe HEOOXOAMMBIX YCIOBUS
OHa BBLJEJISIET: IPUHLUI UCTOPU3MA, IPUHLIUII TUAJIEKTUYECKON B3aUMOCBSI-
31 MaTeMaTU3aluy I'yMaHUTApHOI'O O0pa30BaHMs U TYMaHUTAPHU3aLHU Ma-
TEMaTH4YeCcKOro o0pa3oBaHus, NPUHIUN y4eTa clenu(pUKA IyMaHUTAPHOTO
CTHJISL MBIIJICHHS], IPUHIMI NPO(ECCHOHAIBHON HalpaBIEHHOCTH, MPHH-
LU IPHOPUTETA Pa3BUBAIONIEH (QYHKIIMH B 00y YESHUH.

Takum 06pazoM, «pOpMHUPOBAHUE MATEMATHIECKOH KYJIBTYPBI — 3TO CIIe-
UAJIbHO OpraHU30BaHHBIN, MJIAHOMEPHBIH, IeJIEHANIPABICHHBIN U MOATal-
HBII IpoLecc MPUCBOECHUS TUYHOCTHIO IPOU3BOAUMOM KyIbTYpOH Ueanb-
HOW MPEIMETHOCTH B KOHTEKCTE CTAHOBJICHHUS MaTeMaTUUYECKON KyJIbTYpPbI
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U B COOTBETCTBHHU C TPEOOBAHUSIMH, IPEIBABISIEMBIMHU K OYAYIIEMY CICIIH-
anucty», — nuet T.I. 3axaposa [7].

OnHHUM U3 OCHOBHBIX MyTel (hOPMUPOBAHHS MATEMATUICCKON KYIBTYPHI
CTYIICHTOB TYMAaHHUTAPHBIX (PaKyIbTETOB MEJarOTMYCCKUX BY30B MOXKET CITY-
KUTh Kypc «OCHOBBI MaTeMaTHYECKONH 00paboTKu mHPOpManum». BaxHoe
3HAYCHHE TPH MMOCTPOCHUH Kypca, Ha HAIl B3I, JOKHO OBITH YICICHO
OTMCUCHHBIM BHIIIIEC TPEOOBAHUSAM M HA3BAHHBIM JTUJAKTHYCCKAM MPHHIIH-
raM, KaK yCJIOBUIO YCIIELIHOTO OCBOEHHUS CTYAECHTaMHU BY30BCKOW Iporpam-
MBI U OCYUIECTBJIEHUSI IPEEMCTBEHHOCTH ILIKOJIa — BY3.

B pesynbraTe H3yueHUs Kypca y CTYCHTOB JOJDKHEI OBITh Pa3BUTHI HABBI-
KU MaTe€MaTU4eCKOTo MbIluIeHHsI. OHU JOJIKHBI YMETh UCIOJIb30BaTh MaTe-
MaTHYECKUE METOIBI H OCHOBEI MOJICTUPOBAHMS B CBOCH MPodecCHOHATEHON
JESITEIIBHOCTH. 3/1eCh OJHUM U3 CPelncTB (popMupoBaHus NpodecCHOHATHEHO
3HAUYUMBIX MAaTEMaTUYECKUX 3HaHUHN U yMeHul, 1o MHeHUI0 O. A. OkyHeBoi
[8], BEICTYyIaIOT MEXIPEAMETHBIC CBSI3U, KOTOPhIC B O0YyYEHUU SBISIOTCS
KOHKPETHBIM BBIPAKEHUEM HMHTEIPALMOHHBIX MPOLECCOB, MPOUCXOASLIUX
CETONHS B HAYKe M B *U3HU oOmecTBa. C 3TOW LENbIO MOJIE3HBIM OyIeT pe-
LIEHUE 3a7a4, OPUEeHTUPOBAHHBIX HA MHTETPALIUIO MATEMAaTUKH U TPEAMETOB
T'YMaHHUTApHOTO I[UKJIA.

Pentenue 3amay sBIIsIeTCS OCHOBHOM JEATEIFHOCTRIO IpH 00YYEHUU Ma-
TeMaTuke. BrICTymas kak cpelncTBa u 1ellb 00y4YeHUs MaTEMAaTHKE, OHH pa3-
BHBAIOT IIOMCKOBBIC HABBIKY PEIICHUS IPAKTUICCKUX MPOOIIEM, TPHUOOIIAIOT
K TOCHJIBHBIM CaMOCTOSITEJIbHBIM HCCJIEIOBAHUSIM, C UX IOMOINBIO Oojiee
TIIyOOKO OCO3HAIOTCS TEOPETUUYCCKUE CBEIICHIS.

B pamMkax mocTpoeHHs Kypca U B IIpoliecce 00ydYeHHsI HaMU paccMaTpH-
BaFOTCSI 3aJIa4H, PEIICHUE KOTOPBIX MOXET OBITh MPEACTABICHO HECKOIBKH-
Mu criocobamu. OHU MPEANONaraT He TOJBKO aHATTUTHYCCKOE pElIeHUe, HO
1 BO3MOXKHOCTb PELIEHHUS C MOMOUIBI0 KoMIbloTepa. CpaBHUB pa3iUyHbIE
ITOJIXOJTBI, CTYCHTHI TIOTYYal0T BO3MOXKHOCTE BBIOPATh JIIs ceOst Haubosee
MMOXONSIIUAN ¥ MOHSATHBIA COCO0 pemIeHus 3aadu. DTO CO3/aeT YCIOBUS
IS IPUBJICUYEHHUS K PEILECHUIO 3aa4l CTYIEHTOB C Pa3HbIMU MO3HABATEb-
HBIMU CTHJISIMH, YTO SIBIISICTCS MOTHBAIIMEH K U3yYCHHUIO TEMBI U 00oraIaer
HMEIOIIMECs CTUIIEBbIE TpeanouTeHus [9].

A.M. Kneiiman mucai, 9TO ydYaliuMmcs HEOOXOAMMO IIpeiaraTh s
pelIeHUs OIHOW 3aJayd UCIIOJh30BATh HECKOJIBKO CIIOCOOOB, C TEM YTOOBI
OTBICKATh HanboJIee OPUTHHAIBHOE, KPAaCHBOE, 3KOHOMUYHOE pemeHue. J{s
JOCTHDKEHUS 3TOH LeH UM TPeOyeTCs BCIIOMHHATH TEOPSTUICCKHUE TIOJ0XKE-
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HUSI, @ TAKXKE METOABI U MIPUEMBI PELICHHUs 3a/1a4 U aHAJU3UPOBATh BCE ITU
CpeACTBa C TOUKH 3PEHUSI IPUMEHUMOCTH K OIMMCAaHHOW B 3a1a4e€ CUTYyalluu.

IIpu 3TOM clienyeT IOMHHUTB U O TOM, YTO aKTHBU3alUs yIeOHO-TI03HABA-
TEIBHOHN NI TEIPHOCTU CTYACHTOB HE JIOJDKHA OBITH TOJIBKO IIPEepPOraTHBOM
npenogaarens. CieqyeT BKJIIOYAaTh CTYJIEHTOB B aKTUBHBIN mpouecc yde-
HUS, BBIIBHIKCHHS U PEIICHUS IMO3HABATEIBHBIX 33a/1a4 C TEM, YTOOBI CTY-
JICHTHI IPOYYBCTBOBAJIH, YTO MaTEeMaTHKa BCErla ObLIa U OCTACTCS BaXKHBIM
Y HEOOXOIMMBIM OPYIUEM MPHUKIATHON e TESITHHOCTH.

BaxHoe 3HaueHune B Kypce OTBOJIUTCS peau3alld MPUHLKINA HATISIA-
HocTH. [I[puMeHEeHHEe HATIS THBIX CPEACTB 00yYCHHS 00JIeryacT BOCIPHATHE,
OCMBICJIEHHE U3YYaeMOro MaTepHasa U BHICTYINAOT B KaYE€CTBE UCTOYHUKA
HOBBIX 3HAHUH, O3BOJISICT (POPMUPOBATH U Pa3BHBATh 00pa3HOE, a0CTPAKT-
HOE, BU3YaJIbHOE, MPOCTPAHCTBEHHOE MBIILICHUE yYalluXcs, 9TO obierda-
€T UM 3aJlauy BOCIPUSITHUSI, IOHUMAHUSI, OCMBICIIEHUS] U YCBOEHHUS IOPOM He
MPOCTOr0 y4eOHOr0 MaTepraa.

TIpuHLIMT HATTISIAHOCTH M KOMIIBIOTEPHbBIE TEXHOJOTUH TECHO B3aUMOCBSI-
3aHbl U UX FPAMOTHOE COUYETaHHE MOXKET IPUBECTH K XOPOLIUM PE3yIbTaTam
B 00ydeHuu. Mcnoiap30BaHNE KOMITBIOTEPA B O0OYUYCHHH PACIIUPSIET BO3ZMOXK-
HOCTH 00pa30BaTEIBHOTO MPOIECcca, BEAET K IOUCKY HOBBIX, 3 ()EeKTHBHBIX
[IPUEMOB U METO/IOB €I'0 UCIIOJIb30BaAHUS.

IonoxuTenpHOE BIUSHUE KOMIBIOTEPA HA Bech 00IIe00pa3oBaTeIbHbIN
Mpolecc, B TOM YUCIIE Ha MPenoJjaBaHue MaTeMaTUKU OTMeUYalid MHOTHE yye-
Hele (1. A. Barpamenko, 2.U. Ky3uenos, C. Ileiinept u ap.). Bnusiaue xom-
MBIOTEPA HA [OBBILLIEHUE [T03HABATEILHON aKTUBHOCTH yUaIUXCSl OTMEYAOT:
B.C. T'epmrynckuii, E. . Mambui, B.M. Monaxos, 1.B. Pobept u MHOrHE
JpyTHe.

H.T. CemenoBa B cBoeil crarbe «MynbTUMENUIHBIE MEAATOrUYECKUE
CpEICTBa B CHUCTEME OOIIEANTaKTHISCKIX MeTOIOB 00yueHus» [10] paccmar-
pUBAET METOAMKH MPOBEACHHS JICKIIMOHHBIX, MPAKTHYSCKUX U J1aO0paTop-
HBIX 3aHATUH C NIPUMEHEHUEM MYJIbTUMEIUNHBIX TEXHOJOTHI B 3aBUCUMO-
CTH OT UCIIOJIb3yEMbIX METOIOB OOy UYCHHUSI.

T.II. Kypstuenko B crarbe « Bo3M0OXXKHOCTH UCIIOJIb30BaHU S KOMIIBIOTEPA B
00y4eHHUH OCHOBaM MaTEMaTHUYEeCKOTO aHAIN3a B [IEIarOTHIecKOM By3e» [11]
oTMedaeT 0co0yI0 pOJIb KOMITBIOTEpa KaK CPECTBA HATIISAHOTO M JUHAMUY-
HOTO TpeacTaBieHus nHpopMaruu. OTMedaeT u TOT (akT, YTO BH3yallh3a-
MU B BBICIIEH IIKOJIE HE yIETAETCS JOJKHOIO BHUMAHUS. YCTaHOBJIEHO, YTO
90 % Bcex cBeneHM 00 OKPYIKAIOMICH TEHCTBUTEIIBHOCTH YEJIOBEK TOTYYaeT
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yepes3 3pUTeNbHBIN aHanu3aTop, 9 % — ¢ nomoubto cinyxa u 1 % — ¢ noMoIbio
oca3aHus. Bee 3To monTeepxkAaeT, 4TO UCMONb30BAaHUE BU3yaIHM3al[UU OT-
KpBIBaeT HOBBIC BOBMOXKHOCTH JJIsI IOBBIIIEHN S KauecTBa M 3PPEKTUBHOCTH
o0ydeHUsI.

[NonoxxuTenbHBIM (aKTOPOM B IIOCTPOEHUH Kypca SBISETCS U TO, YTO
IIPU TIOATOTOBKE y4EOHBIX MAaTEpUaoOB TUIATEIHHO MPOILYyMBIBAJICS BOIIPOC
0 TOM, KaKHM JI0JXKHO OBITH COJIEpKaHNE, 4YTO HEOOXOIUMO YCBOUTH CTYJICH-
taM. O0OBbEM TEOPETHUECKHX IMOJOKEHHH B U3y4aeMOM M ITIOBTOPSEMOM Ma-
Tepuaje OblI KOHKPETH3UPOBAH, YTO II03BOJIMIIO BBIACIUTH BEIyIIUE TEMBL.
B noctpoeHHOM Kypce NOJYEpKUBAIOTCS. T€ BOIPOCHL, KOTOPBIE CBS3BIBAIOT
HOBBII MaTepHall C paHee U3yUYEHHBIM U MOArOTABIUBAIOT CTYAEHTOB K OC-
MBICJIEHUIO NOCIEAYIOMMNX 3HaHUH. ITo OyAeT naBaTh CTyJEHTaM OPHEHTH-
POBKY B paboTe, KOHIEHTPUPOBATh MX Y4EOHO-IIO3HABATEIBHYIO JEATEb-
HOCTb Ha OBJIJICHUE BaXKHEUIINMHU MOJI0XKEHUSIMH U3y4aeMOro MaTepuaa.

B xadecTBe BbIBOZa OTMETHM, UTO OTMEUEHHBIE BBIIIE KPUTEPUU TOCTPO-
eHHS Kypca IPEACTaBISAI0OT co0oi myTH GpOopMUPOBaHHUS MaTeMaTHYECKON
KYJbTYpBL 3a CUeT MOBTOPEHUS M CUCTEMAaTH3al[UU PaHEEe U3YUYEHHOI'O Ma-
Tepraja IMOSBHJIACH BO3MOKHOCTh 00OTaTHTh M PACKPBITh HOBBIE HAIPaB-
JIEHUS B U3YyUYEHUU OTHENbHBIX TeM. [100XKUTEeNbHBIE PE3YIbTATHI AAN YUET
Pa3IUYHBIX THIIOB BOCIPHSATHS, B IUIaHEe BCeil pabOTHI U MPH pPEeLIeHUH 3a-
Jlad ¥ UX BU3yallM3alMM, B 4aCTHOCTU. IIoTOMY UTO 3HAaHMS, KaK OTMEYaeT
[1.M. DpnHues, BolIeANINe B CO3HAHUE 0€3 JIOKHOW SMIMPUIECKON 0a3bl,
6e3 HeoOXOAMMBIX BU3YaJIbHBIX MOAKPEIIJICHNH, PUCKYIOT CTAaTh HEAEHCTBEH-
HBIMHM U HETPOYHBIMH, XOTS M OBLIM TOJYYEHBI JIOTHUECKH Oe3yNnpedHo.
Takoe 3puTesbHOE OCBOCHHE MaTeMaTHKHU o0oraiaeT Habop IpeAcTaBIeHNH
U accolUalyui, JexKaluX B OCHOBE MaTeMaTH4YeCKIX 3HAaHUHU CTYAEHTOB, IO-
MOTaeT pa3BUBATh UX MAaTEMATUUECKYIO KYJIBTYPY.
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POJIb DJIEKTUBHBIX KYPCOB
B ITPO®UJIBHOM OBYYEHUU MATEMATUKE

E.B. IOcynosa
Tomckuii 2ocyoapcmaennwiii nedazo2udeckKutl yHugepcumem
Hayunvui pyxosooumens — kano. gus.-mam. nayk, ooyeum A. Y. Kynyog

CeronHs 00IIECTBO HYXKIaeTcsi B 00pa30BaHHBIX, MOOMIJIBHBIX, TBOpYE-
CKUX, NTHUIUATUBHBIX JIIOAAX, KOTOPLIC CHOCO6HI)I JICTKO aJallTUPOBATLCA
K 6]:ICTpO HU3MCHAIOIMUMCA YCJIIOBUAM KU3HU, TEMIIAM S9KOHOMHYECKOI'0 pas3-
BUTHS, 00JIaJIaOIIMX MOTPEOHOCTHI0 U CHOCOOHOCTBIO K CaMOCOBEpILEH-
cTBoBaHuto. opMupoBaHHUe TaKUX JIIO/IEH — TiIaBHAs 3a/1a4a oOpa3oBaHus,
KOTOPOE B CBETE HOBBIX MPEJCTABICHUI HEM30€KHO TpeOyeT KaueCTBEHHBIX
U3MEHEHUH U U3MEHEHUH €0 KayeCTBa.

B nauane XXI B. pocculickas 11K0JIa aKTUBHO BKJIOUMWJIACH B peasIn3a-
nuto nporpamMMmbl KOHECKO «O0pa3oBanue Juist BceX», OpUSHTHPOBAHHON
Ha pacuIMpeHe AOCTYIHOCTH KaueCTBEHHOr0 00pa30BaHUs JUJIs BCEX yda-
muxcs. OIHUM U3 MyTeW peanu3aiu JaHHOM MpOrpaMMbl B POCCHUHCKOM
HIKOJIC ABJIACTCA BBCJICHUHC HpO(l)I/IJ'II)HOFO O6y‘leHI/l)I B CTapliux KJjaccax,
MO3BOJISONIETO MAKCUMAJIBHO Y4YeCTh 00pa30BaTe/IbHbBIC MOTPEOHOCTH U 00-
pa3oBaTeNbHBIe BOBMOKHOCTH ydamuxcs [1, c. 1].
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Hns noctrxkeHus »Toi nepcnekTuBsl, HaunHas ¢ 2001 r., B Poccuu pea-
JIU3YETCSI CTPaTerust Mooepruzayuu 0opasosanus. OCHOBHAS HJIEsI CTPATEI U
MOXET OBITh BBIpa’keHa IMPOCTOH (POPMYJIION: «JIOCTYITHOCTB — KaueCTBO — 3¢-
(dexTuBHOCTEY. Llenb MonepHU3anMyu 00pa30BaHUsI COCTOUT B CO3IaHUH Me-
XaHHM3Ma yCTOWYHMBOTO PAa3BUTHUS CUCTEMBI 00pa30BaHMs, 00ECIIeYeHNs ee CO-
oTBeTCTBHS BbI30BaM X X1 B., coMaNbHBIM M SKOHOMHUYECKUM IOTPEOHOCTSIM
Pa3BHTHSI CTPAHbI, 3aIIpOCcaM JIMYHOCTH, O0IIEeCTBa, rocynapersa [1, c. §].

OcHOBHBIE NTpe0Opa3oBaHMs IPOBOASTCS B COOTBETCTBHHU C BO3PACTOM
yuamuxcs. Ha crapmeii crynenu o0ydeHns BBOAUTCS MPOQUIIbHAS TOATO-
TOBKa, KOTOpPasi, C OTHON CTOPOHBI, I0JIXKHA 00€CIIEYUTh Pa3BUTHE yKe CPop-
MHUPOBABIINXCS T03HABATEIILHBIX HMHTEPECOB YUAIINXCs, a C IPYTroi, co31aTh
YCIIOBHSI 7151 KAU€CTBEHHOM MOATOTOBKHU K MOCTYIJIEHHUIO B By3 [1, c. &].

HeobOxonumocTs BBefeHHSI B COBPEMEHHOM IIKOJIBHOM 0Opa30BaHUU
HMMEHHO NTPpOoHIBLHOT0 00yueHHs 00yClIOBIeHa TeM, YTO CETh TMMHA3UH, JIU-
LIeeB LIKOJI C yIIIyOJIEHHBIM U3yUSHHEM NPEIMETOB, YUNTHIBAIOIINX 00pa3o-
BaTeJIbHbIE MHTEPECH CBOMX yYaIlMXCsl, B MAJIBIX Topoaax Poccuu u B ceib-
CKOI MECTHOCTH II0Ka pa3BUTa HeJ0CTaTouHO. KpyIHble roposa-MuIInoHepbl
TaK>Ke HCIBITHIBAIOT TOTPEOHOCTH B ee pasutuu [1, ¢. 15].

Ilpogunvroe 0bOyuenue TOHHMAETCS KaK CPEACTBO AUQQepeHIHAIIH
1 MHIMBHTyaJTN3a1H 00y YeHU s, IO3BOJISIOIIEE 32 CUET U3MEHEHHH B CTPYK-
Type, collep>kKaHUH 1 OpraHn3alui 00pa30BaTeIILHOTO IIpoliecca Oosee OJIHO
YUHTHIBaTh MHTEPECHI M CIIOCOOHOCTH yuamuxcs. CTparerus peajau3aluu
MPOGHIEHOTO O0YYEHUs MPEIyCMaTpPUBAET BBIJICJICHUE YPOBHEH M3y4YeHUs
y4eOHBIX NTPeMETOB: 001Ie00pa3oBaTeabHOro 1 npoduisHoro [1, c. 18].

Tpogunvras wixona sBISETCS NMHCTUTYLIMOHAIBHON (POPMOH peann3aiuu
9T0i menu. [IpoduipHas mKona — 3To He Pa3HOBUAHOCTh THMHA3UH MIIH JIU-
1iest, 5TO He HOBOE MMsI JIsI ILIKOJIBI C YIITYOJICHHBIM H3y4YeHHEM psijJia Iperme-
TOB, 3TO HE 0COOBIH cTaTyc JUIs 00Ie0Opa3oBaTeIbHOM MKkl [IpodunsHas
IIIKOJIa — 3TO HE CTOJIbKO MHOE Ha3BaHUE, CKOJIBKO MHOE KayecTBO 00pa3oBa-
HUS1, THOH YPOBEHb IOCTYITHOCTH Ka4eCTBEHHOr0 00pa3oBanust. OOpa3oBaHus
B TOM JIByE€IMHOM CMBICJIE 9TOT0 CJI0Ba — Ipolece U pe3ynsTar [1, c. 18].

Ipoghune npencrapisieT KOMOMHAIMIO 0a30BBIX ¥ MPOPUIIBHBIX YUEOHBIX
MIPEIMETOB U IEKTUBHBIX KypcoB [1, c. 18].

basoswie npedmemst —3T0 00111€00pa30BaTEIBHBIE IIPEAMETHI, 0053aTEIb-
HBIE ]ISl U3YYEHH I BCEMH YUYaIlUMUCSI HE3aBUCHMO OT BBIOPAHHOTO IIPOQHIIS
1 110 CBOEMY COJIEPKAHUIO COOTBETCTBYIOIIUE TPEOOBAHMIM EINHBIX 00IINX
9Kk3ameHoB [1, ¢. 18].
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Tpogpunvrvie npedmemuvl — 3T0 y4eOHbBIE IPEIMETHI, H3y4aeMble yUalllH-
MHCS yTIIYOJICHHO WJIM HA TIOBBIIICHHOM YPOBHE, UX COJEp)KaHHE COOTBET-
CTBYEeT NPOQUILHBIM 00pa30BaTENbHBIM CTaHIApTaM M TPEOOBaHMSIM €IH-
HBIX NMPOQUIBHEIX 3K3aMeHOB. [IpoduiibHBIE penMeTsl BHIONPAIOTCS s
W3yYCHHS yHaIIUMHUCS (BEIOMpaeTCst He MEHee JBYX IPO(MIIBHBIX IPEIMETOB)
W SIBJISIIOTCS JUJTSl HUX 00513aTeIbHBIMHU, TaK KaK OHH OIPE/ICIISIOT ClIenaIn3a-
U0 Ka)KJI0r0 KOHKpETHOro npodwitst o0yuenns. BeiOpannsie nis u3ydeHus
npoduIbHBIE IPeAMETH Ha 0230BOM YpOBHE yike He u3ydatorces [1, c. 19].

Onexmugnvie Kypcwl (OT aam. electus — N30paHHBIN), T.€. KYpPCHI 11O BBI-
60py — 3TO 00s3aTeNbHbIE IPEAMETHI, TAK)KE N3ydaeMble YHalIUMHUCS 110 BbI-
00py U MO3BOJISIOIINE:

— 0O pacUIMPUTH MPEICTABICHHS yYalIuXcs B KaKoH-1u00 o0pa3oBa-
TEJIBHOW 00J1acTH;

— n0O0 MOJATOTOBUTHCS K ClIaue BBIITYCKHBIX 9K3aMEHOB;

— 0O JIOTIOTHUTENBHO YTIIYOUTh CBOW 3HAHHS 1O M30paHHOMY IIpO-
(unpHOMY IIpEIMETY;

— mn0O0 M3YYHUTH KYPCHI HCXOAS U3 CBOUX HHTEPECOB.

VYuamuecs, o0yuaromuecs B OTHOM U TOM e MPOQHIBHOM KJIacce, MOT'Y T
BBIOpATh pasHble 3JIEKTHBHBIE Kypchl. [10 3IeKTHBHBIM KypcaM elnHbIe 00-
1Iue 3K3aMeHsl He mpoBoastes [1, c. 19].

BriOupas pasnuuHble codeTaHHs 0a30BBIX M MPOQMIBHBIX YYeOHBIX
MPEIMETOB M yYHUTHIBasi HOPMaTHBBl y4eOHOrO0 BpEMEHH, Kaxkaoe o0pas3o-
BaTeJIbHOE YUPEXKJICHHE, a B MPHHIHNIC U KOKIBIH 00ydaromuiicst BIpase
(hopmMupoBaTH COOCTBEHHBIN yueOHBIH maH. Takol moaxox ocTaBiseT o0pa-
30BaTEIBHOMY YUPEXACHUIO IIMPOKHE BO3MOXKHOCTH OPraHHM3alMy OHOTO
WU HECKOJBKHX MPpOoQuiieH, a 00yJaromuMcs — BBIOOp MPO(HIBHEIX yueO-
HBIX IIPEAMETOB M 3JIEKTHBHBIX KYpCOB, KOTOPBIE B COBOKYITHOCTH M COCTa-
BSIT €0 MHAMBHIyalIbHYI0 00pa3oBaTellbHyI0 TpaekTopuio [1, c. 20].

IoaroroBka y4ammxcs K OCO3HAHHOMY BBIOOPY Tpoduiast oOydeHus Ha
CTaplIlel CTYNeHH OCYIIECTBISETCS B paMKax MpeanpoQuiIbHON ITOArOTOBKH
y4Yalmxcst B OCHOBHOH 1ikosie. HopMaTHBHBIE TOKYMEHTHI TPO(HIIBHOTO 00Y-
YEeHUs] PEKOMEHAYIOT BBE/ICHHE MPEANPO(UIBHON MOATOTOBKH B 9-X Kilaccax.
OnHaKo MPAaKTUYECKUH OMBIT IIKOJ ITOKA3bIBAET, YTO 3Ta IMOATOTOBKA MOXKET
OBITH HauaTa ropas/o0 paHbIIe — C IEPEXOIOM YUAIUXCS U3 Ha4aJIbHOM IIKO-
JIbl B OCHOBHYIO, T.€. B 5-M kiacce [1, c. 38].

Ipeonpogunvhas no02omoexka opueHmuposana Ha:

— BBISIBJICHHE HHTEPECOB U CKJIOHHOCTEH, CIIOCOOHOCTEH IIKOIBHUKOB;
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— OKa3aHHe IICHXOJIOT0-IIeJarorn4eCKON MOMOIIIH IIKOJIBHUKAM B BBIOOpE
npo¢ st 00pa3oBaHus;

— pa3BUTHE IHPOKOTO CIIEKTPa IMO3HABATEIBHBIX HHTEPECOB U TI03HABA-
TEJBHON aKTUBHOCTH;

— (opmupoBaHue CrIOCOOHOCTH MPUHUMATh aJ€KBaTHOE PEIICHHE O BbI-
6ope najpHelIIero HanpasiaeHust oopasosanus [1, c. 38].

[peanpodunbHas MOATOTOBKA SBISETCS YPE3BBIYAIIHO Ba)KHBIM 3IIe-
MEHTOM ILIEJIOCTHOW CUCTEMBI MPO(UIBLHOr0 00y4eHUs], TaK KaK MOATOTOBKA
YHALIUXCSI K 0COZHAHHOMY 66100y IPOGUIIS TajbHENIIero 00yYeHst MHOTO-
KpPaTHO CHM)KAeT PUCKH HEYIOBJIETBOPEHHOCTH yYaluxcst oOpa3oBaHueM [1,
c. 47].

DJeKTUBHBIE KYpCHI 110 MaTeMaTHKe, Ha HaIll B3I, 3aHUMAIOT 0c000e
MECTO B IpeanpoIEHOM 00y4eHHH, TaK KaK MaTeMaTHKa KaKk HayKa sIBJIs-
eTcst OHOI 13 (hopM 00IIECTBEHHOr0 co3HaHus Jrozei. [loaTomy, HecMOTpst
Ha M3BECTHOE KayeCTBEHHOE CBOEOOpasne, 3aKOHBI, YIPABIISIONINE ee pa3-
BHUTHEM, B OCHOBHOM, 00IIHMe 15 BceX (OpM OOLIECTBEHHOI'O CO3HAHUSA [2,
c. 12]. Urak, nake eciiv y4yaliuiics Ipy Iepexo/ie Ha CTapIIyi CTYIeHb 00y-
YeHUs MPeANouTeT NpodHib, He CBA3aHHBII C MAaTEMAaTUKON (MJIH J1axe I10-
KHHET HIKOJIY, HOCTYIIUB B Cpe/iHee MpodecCHOHaIbHOE yueOHOe 3aBeieHue),
MaTeMaTHKa IOMOXKET IIKOJIBHUKY Pa3BUTh MBIIIJICHUE U CHOCOOHOCTH, pac-
LIMPUT €ro KPyro30p, 03HAKOMUT y4aIlerocs ¢ a3aMu JIOTUKH (paccyXAeHH-
€M, aHaJIM30M, 0000IIeHeM | T. 11.). Benb yMeHue paccysxaaTh, aHaJIN3UpPO-
BaTh, JOKa3bIBaTh HEOOXOIUMO YEIIOBEKY Jt00oi mpodeccun. Kpome toro,
6e3 mproOpeTeHusI HABBIKOB YMCTBEHHOT'O TPY/1a, KYJIbTYPbl MBIIIUICHUS HE-
BO3MOJKHO YCIICIITHOE OBJIAJICHHE OCHOBaMU Hayk [3, ¢. 29]. Takum oOpazom,
3HAYEHHE HJICKTHUBHBIX KYPCOB I10 MaT€EMaTHKE HE BBI3HIBACT COMHEHH.

MpI pazpaboTainy ABa 3JEKTHBHBIX Kypca [0 MaTeMaTHKe: «YTIOpsII0YeH-
HbIE MHOXKECTBa» JIJISl IIKOJIBHUKOB U «PeImeTkn» uIsl CTyIeHTOB.

OcrtaHoBUMCsI BHaYasle Ha Kypce «PemeTku», KOTOPBIH yxe Ipolen ar-
pobanuio (ObUT MPOYMTAH CTYAEHTaM BTOPOTO Kypca (HU3MKO-MaTeMaTHye-
ckoro dakynsrera TI'TIY B pamkax npenmera «CrienuaibHbIE TaBbl ajre-
OpbI»). JlaHHBIH crienKypc npencTaBiseT co00il OTHOCUTENIFHO 3aBEPLICHHBIH
paszznen obuiell anreOpsl, ONMPAIOIIUICS Ha YK€ 3HAKOMBIE CIYLIAaTeNsIM T10-
HSITHSI MHOXECTBA, TIOIMHOXKECTBA, OMHAPHOT'O OTHOLIEHU S, aIredpandeckon
olepaliy, KOJIbla U APYyTrHe IMOHATHS HAa4aJbHOI'O Kypca BhICHIEH anreOpsl.
Kypc cocrout n3 nsitu naparpados: «Ilopsiaok, ero BUIbI, NPU3HAKH, TIPH-
MepbI», «YIOPSA0UEHHBIE MHOXKECTBay, «PeIeTouHo-ynopsaJ04eHHbIe MHO-
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KecTBay, «JucTpuOyTuBHEBIE pemeTkn», «byneBsl pererku. MonyisipHEIE
pemietkuy. [1o xony U3yueHUs JaHHBIM KypC MPEANoiaraeT yCBOeHUe orpe-
JICIICHUH ¥ TeopeM, pa300op MPUMEPOB U3yYEHHBIX MATEMATHYCCKUX KaTero-
pHi U BEITIOTHEHUE 3aJJaHUH JUISI CAMOCTOSTEILHOM paboTHI (JIOKa3aTeIbCTBO
TEOpEM, BHITIOIHCHUE YIIPAXKHCHH).

Uro ke kacaeTcst Kypca «YNops10ueHHbIE MHOXKECTBa», TO OH TIOKa €Ille
HE Onmpo0OBaH, HO MPAKTHYECKH TOTOB. OTIIMYNE TaHHOTO Kypca OT OIHCaH-
HOTO BBIIIE COCTOUT B TOM, YTO OH PACCUMTAH Ha IIKOJIBHUKOB, T. €. ClIyLIaTe-
JIeH, He UMEIOINUX 0a3bl M0 HAYAIBPHOMY KYPCY BBICIICH aireOpsl, a MOTOMY
BKJIFOUAeT B ceOs maparpadpl, MOCBSIIIECHHBIC MHOXKECTBAM, a TaKXKe OWHap-
HBIM OTHOILIEHUSM U UX CBOMcTBaM. Jlajsee uznaraeTcsi MaTepual o mopsaKax
U YIIOPSIOYEHHBIX MHOXKECTBAX U3 Kypca 00IIel ainreOpsl, HILTIOCTPUPOBAH-
HBIH KaK MaTEMaTUYECKUMHU MPUMEPAMU, TaK U MPUMEpPaAMU U3 APYTUX HAyK
U OKPY’KAaIoIIel INKOJBHUKOB JICHCTBUTEIBHOCTH (TAKOTO pofa MpHMEPHI
JTAIOTCS HAMH M3 COOOpa’keHUH HATISIHOCTH M JOXOAYUBOCTH). Marepuan
nepepaboTaH B COOTBETCTBHH C BO3PACTOM YUAIIAXCS.

O0a 2MeKTUBHBIX Kypca BOMAYT B MATUCTEPCKYIO AMCCEPTAIUIO aBTOpa
3TOH CTaThH.

Iocemenre JaHHBIX IEKTHBHBIX KYPCOB MOMOXKET IIKOJIbHUKAM OOHA-
PYXUTb MHTEpPEC K MAaTEMATUKE U ONPEIEIIUTh CEPbE3HOCTh ITOrO YBIEUe-
HUSI, T. €. yYalllhecs CPeIHUX KJIACCOB B Pe3yJIbTaTe MOCEIICHHS JIEKTUBHBIX
KYpPCOB CMOTYT 00Jice CO3HATEIBEHO BEIOPATh MPOo(HiIb 00YUSHUS B CTAPIIHX
KJlaccax.
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TEXHOJIOI'USI OBYYEHU S
I1.51. TAJIBIIEPUHA U H. ®. TAJIBI3UHON
KAK CPEJICTBO ®OPMHUPOBAHUSA
YHUBEPCAJIBHBIX YUEBHBIX JEVMCTBUM

E.B. IOcynosa
Tomckuil 2ocydapcmeenHbvlil nedazoeuiecKutl YHusepCumen
Hayuynwiii pyxosooumens — 3.1 T'envghman

«B mHUpPOKOM 3HAYCHUHM TEPMHH ,,yHUBEPCAIbHBIC yUYeOHBIC ICHCTBHSI
03HAYaeT YMEHHUE YYUTHCA, T.€. CIIOCOOHOCTH CyOBEKTa K CaMOpPa3BUTHUIO
U CaMOCOBEPILEHCTBOBAHUIO IMYTEM CO3HATEJIbHOI'O U aKTUBHOI'O MPUCBOE-
HUSI HOBOTO COITMAJIBHOTO OMBITa. B Oosiee y3koM (COOCTBEHHO TCHXOJIOTH-
YECKOM) 3HAYCHHUH 3TOT TEPMHUH MOKHO OIIPEJCIIUTH KaK COBOKYITHOCTH CITO-
co0OOB JICHCTBUS yYaIIerocs (a TAKKe CBSI3aHHBIX C HUMU HAaBBIKOB y4eOHOU
paboThI), 00ECIEeYNBAIOIINX CAMOCTOSTEIBHOC YCBOCHHE HOBBIX 3HAHMUIMA,
(hopMUpOBaHHE YMEHHUIA, BKIIFOYAsl OPraHU3aIIII0 3TOTO mporeccay [1, c. 2].

B coBpeMeHHOM OBICTPO MEHSIOIIEMCS MHpPE OYCHb BOCTPEOOBAaHO Ta-
KO€ KaueCTBO YCIIOBEKa KaK MOOMIBHOCTH, KOTOpPasi, B YACTHOCTH, O3HAYaeT
CIOCOOHOCTh CAMOCTOSITEIBHO MPHOOPETATh HOBBIC YMCHHS, OCBAMBATH HO-
BBIC TIpHUEMBI paOOThL. [I1s pa3BUTHUS 3TOH CIOCOOHOCTH HEOOXOAMMO €IIe
B IIKOJIBHBIC TOJBI HAYYUTHCS PabOTaTh M0 MHCTPYKIIUHU, ONACAHUIO, 00pa3-
1y, T.¢. cOopMHpPOBATh YHHBEpPCATIbHBIC yYUeOHBIC neiicTBus. JIJIsi JOCTH®XKe-
HUS 3TOH 1IeTTW HanOonbmui 3Q ekt gJaeT npuMEeHEHHE TEXHOJIOTHH TO3TAll-
HOTo ()OPMUPOBAHUST YMCTBEHHBIX JICHCTBHIA.

«KoHIenus no3TamHoro GopMUPOBAaHUS YMCTBCHHBIX NCHCTBHI ObliIa
paszpaborana Ha ocHOBe cooTBercTBytomei Teopun II.S5. Tlanpnepuna n
H. ®. Tans3uHoi. Ee MOKHO NpeAcTaBUTH B BUJE psifia 3TAIOB.

Tlepguvuii sman npenmnonaraeT akTyaln3alUl0 COOTBETCTBYIOLIEH MOTH-
BallMU y4allerocs, NpeiBapuTesIbHOE O3HAKOMJIEHHE C LIeJIbIO IEHCTBHUS, TaK
KakK TOJIbKO B TOM cllyyae, KOrja Lejib 3a1aHusl COBIAIaeT C MOTUBOM, MOYKHO
CUUTATh AEHCTBUS A TEIbHOCTHIO.

Bmopoii sman cBsi3aH ¢ 0CO3HAHUEM CXEMbl OPUEHTUPOBOUYHON OCHOBBI
JESITCIIBHOCTH (NIEHCTBUS). YUaluecs MpeIBapuTEeIIbHO 3HAKOMSTCS C XapaK-
TEPOM JAESTENbHOCTH, YCIOBUSIMU €€ MPOTEKaHUsl, MOCIEeI0BATEIbHOCThIO
OpPUCHTAIIMOHHBIX, MCIIOJHUATEIBHBIX M KOHTPOJIBHBIX (YHKIHHA. YPOBEHBb
0000IICHHOCTY ICHCTBUH, a 3HAYUT, U BO3MOKHOCTHU MIEPEHOCA UX B IPyTHE
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YCIIOBHS 3aBHCUT OT MOJHOTHI OPUEHTHPOBOUYHONW OCHOBBI 3THX JEHCTBUIL.
BoraensroT Tpu THIA TaKOM OCHOBBIL:

— JlaeTcs HEeTloIHAasl CHCTEMa OPHEHTHPOBOK B TOTOBOM BH/IE, 110 00pasiy,
HeoOxonuMasi JIJIsl OIepaTUBHOI'O MCIIONHEHHUs (HarpuMep, OBJaJeHHs die-
MEHTaMU TEXHUKHU YTCHHUS);

— JaeTcd NoJHasi OPUEHTUPOBOYHASI OCHOBA JIEHCTBHUS B TOTOBOM BHIE;

— OPUEHTHPOBOYHASI OCHOBA JIEHCTBHSI IPEICTABIISETCS B 0000IIEHHOM BUJIE.

Tpemuii 5man — BHINIOIIHEHHE EHCTBUS BO BHENIHEH (hOpMe — MaTepraib-
HOHM WJIM MaTepHaIn30BaHHOM, T.€. C TOMOLIBIO KAaKNX-THOO0 MOJIEIel, CXeM,
yepTexkeil U T.1. DTU AEHCTBUS BKIIOYAIOT HE TOIBKO OPUEHTAIL[MOHHBIE, HO
Y MCHOJIHUTENIbHbIE U KOHTPOJIbHBIE QyHKIKU. Ha 3ToM 3Tane ot yyamunxcs
TpeOyeTcst MporoBapuBaHue BCIYX COOOIIEHHH O COBEPIIAEMBIX OIEPALHIX
U UX OCOOEHHOCTSIX.

Yemeepmulii 5man NpeAnonaracT BHEIIHIOK pedb, KOraa JeiicTBHUe MOJ-
BepraeTcs AajipHelneMy 0000meHuo Onarogapst pedeBomMy (YCTHOMY HIIN
MUCbMEHHOMY) O(OPMJICHHUIO U OTPHIBY OT MaTe€pUaIM30BAHHBIX CPEICTB.

ITamuuii sman — 31an BHYTPEHHEH peun, Ha KOTOPOM JieiicTBre prodpe-
TaeT YMCTBEHHY10 (opmy.

Haxoneu, wecmoii sman cBsi3aH C BBIIIOJHEHUEM JEHCTBUS B YMCTBEH-
HOM IJIaHe (MHTEPHOPHU3ALs ICHCTBUS).

JIOCTOMHCTBOM TEXHOJIOTHH II03TAITHOrO (POPMHUPOBAHUS YMCTBEHHBIX
JIEWCTBUI SBIISETCS CO3aHUE YCIOBUH sl pabOThl yYeHUKA B WHIUBHAY-
aJBLHOM TEMIIE M JIIS MOTHBHPOBAHHOI'O CaMOYIIpaBJICHHS y4eOHO-TT03HABA-
TEJILHOU JIeaTeIbHOCTRION [2, c. 192—193].

H. ®. Tanbi3una, usyyas scies 3a JI. C. Beirorckum u I1. S1. Tansnepunsim
IPOILIECCHl YCBOGHUSI 3HAHUI M (POpPMUPOBaHUS IOHATHH y JOIIKOJIBHUKOB
Y MJIA/IIINX IIKOJBHUKOB, JIENIAeT BHIBOIBIL:

«...MCCJICIOBAHUS MOKa3aH, 4To 0000IIeHe HAET HE IPOCTO Ha OCHOBE
o01ero B mpeaMeTax — 3T0 He0OX0IMMOe, HO ellle He IOCTaTOYHOE YCIIOBHE:
0600Wenue 6cec0a udem aUb NO mem CE0UCMEAM NPeoMemos, KOmopbie
BOWLTU 8 COCMAB OPUEHINUPOBOUHOU OCHOBLL OCliCNBUL, HANPABIEHHbIX HA
aunanus smux npeomemos» |3, c. 386].

«B ycioBusax ynpasisiemoro (opMupoBaHHs 0000IIeHHE ¢ CaMOro Ha-
yaJia UAeT 1O 3aJJaHHOH CUCTEME NPU3HAKOB, KOTOPBIE MOTYT OBITH M HE Ha-
rsaHeIMA. [Ipy 9TOM Halm4ue B npeaMeTax oOIIMX HArJISIIHBIX CBOWCTB HE
OKa3bIBAET CKOJIEKO-HUOY b CYIIECTBEHHOT'O BIMSHUS Ha X0/ M COlEpKaHHE
0006mmenus» [3, c. 388].
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Cawm II. f. TanbprepuH Tak ONMMCHIBAET CBOIO TEOPHIO MOATAITHOTO (POPMH-
pOBaHMS YMCTBEHHBIX JEHCTBHIL: «...C HEKOTOPOrO IBOIIOLUOHHOIO YPOBHS
MOJBUXKHOCTb JKUBOTHOT'O CO3Ja€T TAKy0 U3MEHUUBOCTH yCIOBUH JEHCTBHS,
YTO TOJIBKO HJECaJIbHOE NMPUMEPHBAaHKE B I0Je 00pa3a OTKPHIBAET BO3MOXK-
HOCTB IIPUCHOCOOUTD IOBEJCHHE K MHINBUAYAJIbHBIM OCOOEHHOCTSIM CHTY-
alyy; U CAeNaTh 3TO, Kak TpeOyIOT HOBBIE YCIIOBUS, Oe3 (uiznyeckux npod
U CBSI3aHHOT'O C HUMU PUCKA.

Takyto nieasbHYyIO AESTEIBHOCTH B 1ToJie 00pa30B, 10 ee 00LeMy 3Have-
HUIO I MOBEJCHUS, Mbl Ha3bIBAEM OPUEHTHUPOBOYHON UIH, MPOCTO, OPH-
S€HTHPOBKOM, U B Ka)KJIOM JIeHCTBUU CyObEKTa pas3jindaeM ero OpUEeHTUPO-
BOYHYIO U HCIIOJHUTENBCKYIO YacTh. He mpeameTHOE conepikanue NeUCTBUS
camo 110 ce0e, a JIUIIb OPUEHTHPOBKA IEUCTBU S, €r0 OPUEHTHPOBOYHAS YACTh
COCTAaBJISIET IPEIMET ICUXOJIOTHH.

OpHeHTHPOBKA SBIAETCA ICUXOJOTMYECKUM MEXaHU3MOM JEeHCTBHUS:
u ipouecc GopMUpOBaHUS IEHCTBUI U MOHATUH, U UX 3aKJIIOYUTEIHHOE Ka-
YECTBO, U YCHEIIHOCTh UX JaJbHEHIIEro NPUMEHEHUS — BCE 9TO 3aBUCHUT OT
TOro, Kak MOCTPOEHAa OPUEHTUPOBOYHASI 4acTh JeiicTBus. I[loaTOMy MBI cTa-
paemMcsi OpraHu30BaTh €€ TaK, YTOOBI 00eCIeunTh JKenaeMble KauecTBa Gop-
MHPYEMBIX ACUCTBUI, a HA UX OCHOBE — M NOHATHUH. U Tak Kak 3TO Henb3s
crenaTh B 00X0/ CyObeKTa, TO Hallla IepBasi M BTopasi 3ajada 3aKJII09aeTcs
B TOM, YTOOBI TaK OPUEHTHPOBATH peOEHKA B IIPEeIMETE, KOTOPBIM €My Ipe-
CTOUT OBJIAAETh, YTOOBI IS HETO OTKPBIJIOCH CBOOOIHOE M YCIEUIHOE JBH-
JKEHUE K SICHO MPEACTABICHHON 1IeIN.

IlosTomy B Hamiell MeTOAUKE HEPBBIN 3Tal OTBOJUTCS ,,COCTABICHUIO
OpUCHTHPOBOYHON ocHOBHI jaedicTBus” (OO/). B Heit mMbl pa3numvaeMm aBa
OCHOBHBIX KOMIIOHEHTA: cXeM) OCHOBHOW CTPYKTYDBHI SIBJIEHUH, 00beANHse-
MBIX B IOHATHUH, U aleopumm JEHUCTBUH MO €e paclo3HaBAaHUIO B ITUX SIBJIE-
HUSX WIM UX BOCIIPOU3BEACHUIO 0 3TOW cXxeMe. DTH KOMIIOHEHTHI H300pa-
XKaroTcs Ha yuebHolU kapme B yAOOHOM [UIsl paboThl BUae. Takum obpazom,
nepes peOeHKOM ¢ CaMoro Hadaja sSICHO BBICTYIAIOT 00pa3Ibl TOro, YeM eMy
MPEACTOUT OBJIAJETh; JaJIbIlE OHU CTAHOBSITCS OPYAUSIMU €ro AeATEIbHOCTU
n KapkacoM (opMHUpyeMBIX IeWCTBHI M moHsTHH. Ha cinenyromem srarme,
B TakoM mamepuanuzogannom sujae OO/ ucnonbzyercs IJs pelieHus: CU-
CTEeMBI 3a/1a4. 371eCh-TO, COOCTBEHHO, BIIEPBBIE CXEMa M alllOPUTM IIpeBpa-
IIAI0TCSl, COOTBETCTBEHHO, B MOHATHUS U JEUCTBUS caMOro pedeHKa. 3ajaun
MOAOUPAIOTCS TaK M MPEIBSIBISAIOTCS B TAKOM IMOPSAKE, YTO ASHCTBHS H T10-
HATHS CUCTEMAaTHYECKH 0000mIaloTcs B HaMeueHHOM oObeme. Ha TpeThem
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JTtane yueOHas KapTa youpaeTcs, HO KaX10€ ee yKa3aHHe IIPOroBapuBaeTcs
Y OpPUEHTHPOBKA TYT JK€, B PEUH, BHINOIHACTCS (ONSATH HA BCEM JAMANa3oOHE
3a1a4). B aTol rpoMKoii, connaIN3NpOBaHHON peur reiicTBHE 0OBEKTUBHO
npuHUMaeT GopMy CyKAeHus U paccyxjeHus. Korna oHo craHoBuTcs Oe-
30IIMOO0YHBIM U OBICTPBIM, €r0 NEPEHOCST B YMCTBEHHBIH IUIaH KaK ,,BHELI-
HIOIO pedb Ipo ce0s*. 31ech OHO BIIEPBbIE CTAHOBUTCS YMCTBEHHBIM JICHCT-
BHEM, TOXKE IIPOBOJUTCS 110 BCEMY JUANa30Hy 3a4ad U JOBOJUTCS A0 TEX XKe
nokasarenei. Torna momaroBslii KOHTPOJIb CHUMAETCS, U 3TO OTKPBHIBAET
NyTh K COKPAIIEHHUIO JEUCTBHUS U €ro Mepexoqy BO ,,BHYTPEHHIOIO PEub’”.
INocnennsis npencrasiseT coOOON HeYJIEHOPAa3AEIbHBII OTOK PEUEBBIX 3Ha-
YeHUH, 0e3 SIBHOTO MPUCYTCTBHUS YyBCTBEHHBIX 00pa30B BEIlEi, 3ByKOBBIX
00pa3oB CJIOB U pedeBbIX KMHecTe3nl. EcTtecTBeHHO, uTO B caMoHa0I0e-
HUH ,,IeCTBHE BO BHYTPEHHEH peun‘ yxKe U CyObEeKTHBHO IPEICTaBISIETCS
MBICJIBIO, — MBICIBIO 00 3TOM JEHCTBUH; OJTHOBPEMEHHO €ro 00ObEKTHl HaYH-
HAIOT ,,HENOCPEACTBEHHO BBICTYNATE B BOCIIPHATHH (CMOTPSI 110 XapaKTepy
UX IPHU3HAKOB) KaK TaKHWe-TO 00pa3bl W TOHSITHS.

Wrax, Mbl HaYMHaeM He ¢ OOIIEro W He C YaCTHOTO, a CO CXEM, OTBEYa-
IOIIMX HaMe4YeHHbIM oOpa3uaM. HudTo He 3ayumBaercs, Bce ycBamBaeTcs
TOJIBKO B IEUCTBUHU. Tak Kak COAEp KaHUE MOHSATUS U OpraHu3alus AeHCTBUS
CHaJaJia MpeCTaBIICHbI M BHIIOIHAIOTCS B MaTepHAIN30BaHHOM BHJIE, TO Oy-
Jylie YMCTBEHHbIE AEUCTBUS U MOHATHS CTAHOBSITCS JOCTYITHBIMU B rOpas-
Jo Gonee paHHeM Bo3pacre. X copepkaHue ycBamBaeTcs Bce cpa3y U 0e3
MOCTOPOHHUX mNpHuMecei. OO00IIeHNe MPOUCXOIUT HE MyTEeM BbIJCICHUS
CXOIHOTO, a Ojarojapsi MPUMEHEHHIO IIPaBuia K pa3HOOOpa3HOMY MaTepH-
any. Ilcuxonmorudeckast 2BONIOLMS MAET OT Pa3BEPHYTOrO BHELIHEro Jeii-
CTBUS C YACTHBIMU 00BEKTaMH K MAKCHMaJIBHO 0000IIEHHOMY, COKPaIleHHO-
MY, CIMTHOMY M aBTOMAaTU3UPOBAHHOMY JAEHUCTBUIO, KOTOPOE BBINOIHSAETCS
B UJICAJIGHOM IIJIaHE U C IOHSTHSAMU, KaK HOBEIMU 00bekTamMu» [4, c. 26-28].

B pesynbrare paboThI 10 3TOH TEXHOJOTHH Yy HIKOJIEHUKOB 00paszyercs
MIOJTHOLIEHHOE 0000I1IeHNe, T.€. MOJHOE YCBOSHHE IMOHSATHH. A IIpH MOJIHO-
LIEHHOM 00001eHnN (POPMUPYIOTCS IIPABUIIbHBIC YMCTBEHHBIE JIEHCTBHS, T. €.
YHHUBEpCaJIbHbIC yUeOHBIE ICHCTBUSL.

IIpumenenne Texnoaoruu II. 5. IN'asbnepuna k 00y4eHnio MaTeMaTH-
Ke y4Yalluxcsl CPeIHUX KJIACCOB HA MpuMepe u3ydeHus Tembl «Haxox-
AeHHe Apodu oT yMcaa». B umeromeiica B HallleM pacnopsyKeHUU JIUTepa-
Type MBI HE HAaIlJIX IPUMEPOB NPOBEIEHUS 3aHATUN 110 JaAHHON TEXHOIOTUH,
Y TIO3TOMY cocTaBuiIM yueOHyto kapty (OO/l) u cucteMsl 3a/1a4 110 CBOEMY
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YCMOTPEHHIO. 3a/laud 1O00paHbl 10 NMPHHIHMITY MTOCTEHEHHOI'O YCIIOXKHE-
Hus. CucTemsl 3a7a4, IPOPEIINBAEMBIE B IPUCYTCTBUHU YUUTENS U MOJ €ro
KOHTPOJIEM, ¥ CUCTEMBI 33/1a4, KOTOpPhIE 3aJaf0Tcs Ha JIOM, IT0JI00paHbI MO
MIPUHIMITY aHAJOTHYHOCTH (3a/laHUs HA JIOM PELIAIOTCs aHAJOTMYHO 3aja-
HUSIM, PEIICHHBIM B KJlacce, T. €. OHU OJIHOTHITHBI).

Ilepeswiii sman. Pemaem 3anauy 1:

«IlyTremecTBeHHUK Ipomieln 3a ABa aHs 20 kM. B nepBelil geHb OH npo-
e */, 37oro paccTosius. CKOIBKO KUJIOMETPOB MPOILEN MyTEMEeCTBEHHHK
B IepBbIH 1eHb?» [5, c. 74].

Pemenne: [nuna '/, nytu papna 20/4 = 5, T.e. 5 KM, a AJIuHA */, IyTH
paBHa 5-3 =15, T.e. 15 kM. Tot xe oTBET nonyuutcs, eciau 20 yMHOXKUTD Ha
/,» 1.€.20-%/, = 15.

OrserT: 15 kM.

Bmopou sman. PemuB 3anaqy 1, MBI MOXXeM C(OPMYJIHPOBATH MPABHUIIO
HAXOXJICHUS APOOU OT YKCIa U COCTaBHTh YUeOHYI0 KapTy, T.e. OO/I:

Ymoo6wt naiimu Opoob OMm wuUCA, HYIHCHO YMHONCUMb YUCTIO HA IMY OPODOD.
Hanpumep: Yro6st Hatitu */, ot 20, ymroxum 20 Ha ¥/, 1.€. 20 - ¥/, = 15

Tpemuii sman. Tlonb3ysck kapToid, mporoBapuas Bciryx OO/l, IIKoJbHH-
KU MIPOPEITNBAIOT IO/l KOHTPOJIEM yUHuTeNs cucteMy 3anad: Ne 471 (a, 8, 0, o,
u, 1); 472; 475; 483; 478 [5, c. 76].

ITpu pemenun Ne 471 (1) moBToputh TEMY «IIpOLIEHTHI».

Yemesepmuiti sman. llons3ysck kapToi, mporoBapuBas Bciyx OO/,
IIKOJTBHUKHU CaMOCTOSITENBHO (IO HAOIIOASHUEM YUHUTENS WIM JOMa) MPOo-
pemmBaroT cucteMy 3anad: Ne 471 (6, ¢, e, 3, k, m); 473; 476; 479; 481 [5, c. 76].

Ilsmovui sman. He monb3ysce kaptoi, mporoBapuBas OO/l mpo cebs,
IIKOJTFHUKU CaMOCTOSITENHHO (0] HAOMIOEHNEM YUYUTEN ) MPOPEITUBAIOT
cuctemy 3anad: Ne 474; 477; 482; 480 [5, c. 76].

Illecmoti sman. He monb3ysch kaptoi, mporoapusas OO/l mpo cebds,
LIKOJBHUKH CAMOCTOSITENIBHO (HAIIPUMeEp, J0Ma) IPOPEUIMBAIOT CUCTEMY 3a-
nad: Ne 484; 486; 490 [5, c. 77].
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JIEKTUBHBINA KYPC
«YIOPSITIOYEHHBIE MHOKECTBA U PEHIETKW»
KAK CPEJICTBO PA3BUTHSI
HUCCJIEJOBATEJBCKHUX CHIOCOBHOCTEN
OBYYAIOIIUXCSA

E.B. IOcynosa
Tomckuii 2ocyoapcmeennwviii nedazo2udeckutl yHugepcumem
Hayunvui pyxosooumens — kano. gus.-mam. nayk, ooyenm A. Y. Kynyog

[Tox pykoBOICTBOM Hay4HOTO pyKoBoauTes, mpogeccopa A. 1. Kynmosa
BO BpeMs IIeAaroru4ecko npakTuku ¢ 6 ¢espans no 12 mapra 2012 r. Ha-
MU OBUI NIPOBEJICH TeIarOTHYeCKUi SKCIIEPUMEHT 110 Pa3BUTHIO HCCIIEIOBA-
TEJIBCKUX CHOCOOHOCTEH CTYJEHTOB CPEIICTBAMH JIEKTHBHOIO Kypca «Y1o-
psIIOYeHHbIE MHOXECTBA M PEIIETKW», HO CHadaja HaM HeoOXOIMMO ObLIO
OIPENENIUTHCS, UTO TAKOE KHCCIIENOBATENBCKHE CIIOCOOHOCTHY», KaK UX pa3-
BUBATh U HACKOJIBKO HeO6XOZLI/IMO O9THUM 3aHHUMATbHCA.

«W3BecTHBIH... yueHblid A.1. CaBeHKOB yCTaHOBUII, YTO TOHSITHUE ,,HC-
CJIEJIOBATEIBCKUE CIIOCOOHOCTH “ KpaifHe PEIKO BCTPEYACTCS B CICIIHABHOM
MICUXOJIOTHYECKOH JTuTeparype, HECMOTPsI Ha €ro MIHPOKOE HCIOJIb30BaHUE
B [1€/1arOrMYECKOU MPAKTHKE. . .

HccnenoBarenbckue ciocobHoctn A. M. CaBeHKOB MPEACTABIISET KaK UH-
JIMBH Y aJIbHO-TICUXOJIOTNYECKUE 0COOCHHOCTH JIMYHOCTH, SIBJISIOIINECS CyOb-
C€KTUBHBIMU YCJIOBHUAMU OCYHICCTBIICHUA I/ICCJ'le)IOBaTeJ'H)CKOI‘/II JCATCIBHOCTH.
OnHu 00HAPYIKUBAIOTCS B CTEIICHU MPOSIBIICHHSI IOUCKOBON aKTUBHOCTH, a TaK-
)K€ TJTyOHHE, IPOYHOCTH OBJIA/ICHUS CIIOCO0AMHU M TPUEMaMHK UCCIIEI0BATENb-
CKOI JCATCIBHOCTU, HO HC CBOJAATCA K HUM. ..
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TeopeTnyeckas MOJEIb HCCIESIOBATEIBCKUX CIOCOOHOCTEH, pa3paboTaH-
Hast A./. CaBeHKOBBIM, IPEICTABJICHA B BUI€ KOMILJIEKCA TPEX OTHOCUTEb-
HO aBTOHOMHBIX COCTABIISIIOIIMX (KOMIIOHCHTOB): IOWCKOBAas aKTUBHOCTE;
JMBEPreHTHOE MBIIIJIEHUE; KOHBEPr€HTHOE MBILIJIEHUE, PE3YJIbTAT B3aUMO-
JIEACTBUS KOTOPBIX CIENYET pacCMAaTpUBAaTh B KAUECTBE HCCIEA0BATENbCKUX
criocobHocTe» [1, . 165].

«Jlnst Toro, 4TOOBI OBITH YCHEITHBEIM, COBPEMEHHOMY YEJIOBEKY HE00XO-
JIMMO MPOSIBJISITH MOMCKOBYIO aKTUBHOCTBY [2, ¢. 1], mo3TOMY NpH MOATOTOB-
K€ TOPACTAIONIETO TTOKOJICHUS K CAMOCTOSATEIBHOMN NEesITSNIEHOCTH HE00XO0-
JIUMO Pa3BUBATh Y 00YYAIOIIUXCSI UCCIIETOBATEIBCKIE CIIOCOOHOCTU. A Kak
K€ UX pa3BUBaTh? DTy 3aJady MeJaroru-MeTOAUCTHI MPEAJIaraloT pelnTh
PAa3JIMYHBIMU CITOCOOAMH.

«CoBpeMeHHBIE UCCIIEOBAaHUS MOKA3bIBAIOT, YTO PA3BUTHUE HCCIIENIOBA-
TEIBCKUX CIIOCOOHOCTEH JIeTel MPOUCXOIUT HE TOJNBKO Oarojaps BKIKOYE-
HUIO UX B UCCJIEOBATENIbCKYIO MPAKTUKY, HO U B YCIOBHSX CHELUATIBLHOTO
00ydYeHHUs Pa3BUTHIO HCCICIOBATEIBCKUX YMECHHA W HABBIKOB, HEOOXOIH-
MBIX B IIOUCKOBOI1 iesiTennbHOCTIY [1, c. 165].

«IlouckoBasi akTUBHOCTb, XapaKTEepHU3yIollas MOTUBALIUOHHYIO COCTaB-
JISFOIIYIO0 HCCIIEOBATEIBCKUX CIOCOOHOCTEH, SBISCTCS MEPBOMCTOYHUKOM
U TJIABHBIM JIBUTATEJIEM HCCIICOBATENIBCKOTO MoBeneHus. Ha Hamuuue mo-
HCKOBOM aKTMBHOCTH YKa3bIBAIOT BBICOKAS MOTHBAIUsl, HTHTEPEC, IMOLIUO-
HaJIbHAsl BOBJICUCHHOCTH; 0€3 3TUX COCTABJISIONINX HEBO3MOXKHA YCICIITHAS
HCCIIeIOBATENIbCKAS AesTeNILHOCTBY [1, c. 165].

«VccnenoBarenbckas IEATEIBHOCTh MPENCTABISAET co00i crenuduye-
CKYIO YUEOHYIO JEATEeIHHOCTD, MPEANOIATAIONIYI0 HAJTHYHEe OCHOBHEIX 3Ta-
MOB, XapaKTEePHBIX IS HAyYHOI'O0 HCCIENOBAHMUS U OPUEHTHUPOBAHHYIO Ha
OTKPBITHE INYHO 3HAYUMBIX IS yYAIIETroCs 3HAHUH, (POPMUPOBAHUE UCCITC-
JIOBATEIbCKUX YMEHU» [2, c. 1-2].

«...Pa3BHUTHE HCCIIEIOBATEIBCKUX CIIOCOOHOCTEH JeTel MPOUCXOIUT HE
MPOCTO B YCIOBUSAX CAMOCTOSTEIBHOMN UCCIIEOBATEIHCKON MPAKTHKH, a OJ1a-
rojaps crielaibHOW OpraHu3aluy NeJaroroM CUCTEMbI BOIIPOCOB, HAIIPaB-
JIstroten moucky [1, c. 166—167].

«JleuuT BOCIHTATEIHHO-TIO3HABATEIFHOI'O OOMICHHUS CO B3POCIBIMU
U CBEPCTHUKAMH MPENSITCTBYET MPOSBICHUIO IOMCKOBOM aKTUBHOCTHU U pa3-
BHUTHIO MBIIIUICHUS, KOTOPBIC SBIAIOTCS HEOOXOJUMBIMU KOMITIOHCHTaAMH HC-
CJIEZIOBATENbCKUX criocoOHOcTel. CieoBaTenbHO, Meaarornyeckas padbora
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JIOJI’KHA COCTOSTh B CO3JaHUH YCIOBUM JJI OBJIAJCHUS IOCTAaHOBKON BOIPO-
COB — CTUMYJIa UCCIIEJOBATEIbCKOM akTUBHOCTUY [1, c. 167].

W3 BhIIECKa3aHHOTO CIIEAYET, YTO IJIs Pa3BUTUSI MCCIEIOBATEIbCKHUX
CIOCOOHOCTEH MpEX/e BCEro HEOOXOANMO CTUMYJIMPOBATH MIOMCKOBYIO aK-
THBHOCTH. B cBsI3M ¢ 3THM nepen HaMH BCTaJI BOIIPOC: KAKOH ke MeTol 00y-
YEeHHU S, Pa3BUBAIOLINH UCCIIEJOBATEILCKUE CIOCOOHOCTH, HAM BHIOpAThH?

Ha nepBoM kypce maructpatypsl npoeccop B. U. PesiknHa untana Ham
Kkypc «llemaroruka u mcuxosorust npouinzanuu obueodpa3oBaTebHON
W BBICIIEH IIKOJIBI», B paMKaX KOTOPOr'0 3HAaKOMHUJIa HAaC ¢ METO/IaMu 00yde-
HUS B BBICILIEH IIKOJNe. MeHs OueHb 3aMHTEepPECOBAI paHEee HE3HAKOMBIA MHE
METOJ| «JIEKLUs BIBOEM.

«B aT10i1 nexnuu yueOHBIH MaTeprall IpoOJIEMHOI0 COJEp)KaHUs JaeT-
Csl CITyLIAaTeNsIM B )KMBOM JHAJIOTMYECKOM OOIIEHUH JBYX IperojaBareien
MEXy co00H. 371ech MOJEINPYIOTCS pealIbHbIE CUTYallnu 00Cy KICHHSI TEO-
pPETUYECKUX BOIPOCOB C Pa3HBIX MO3ULUN ABYMs ClENUATUCTaMH, HAlpH-
Mep TEOPETUKOM M MPAKTHKOM, CTOPOHHHUKOM HJIM NPOTHUBHUKOM TOM MU
WHOM TOYKH 3peHHUS U T. I1. [Ipr 3TOM HY>KHO CTPEMHTHCS K TOMY, YTOOBI Ha-
JIOT ITperojaBaresel Mexx 1y co00i JEeMOHCTPUPOBAJ KYJIbTYPY COBMECTHOTO
TIOMCKa PEIICHHsI pa3bIrphIBaEMOI IPOOIEMHOMN CUTYaIMH C [IPUBJICYCHHEM
B O0IIEHHE CITyIIaTesel, KOTOphIe 3aJIal0T BOIIPOCH, BBICKA3bIBAIOT CBOIO MO~
31110, POPMHUPYIOT CBOE OTHOLIEHHUE K 00CYIK/ITaeMOMY MaTepHally JEKIIHH,
MOKa3bIBAIOT CBOM 3MOLIMOHAIBHBIN OTKJIMK Ha MPOUCXOIAIIEE.

Jlekumst BABOEM 3aCTaBIIsIET CIOyIIaTeaeld aKkTHBHO BKIIIOYATHCS B MBICIIH-
TeNbHBIA nponecc. C mpeAcTaBIeHueM ABYX HCTOYHHKOB MH(pOPMALUU 3a-
Jlada ciryuareneil — CpaBHUTh pa3Hble TOUKH 3PEHUS U CeIaTh BIOOD, IIpH-
COEAMHMTHCS K TOW WIJIM MHOM U3 HUX MJIU BBIPa0OTaTh CBOIO.

Bbicokasi akTMBHOCTH IIperojaBaTesiedl Ha JICKIUU BJBOEM BBI3BIBAET
MBICIIUTENbHBIA U MOBEJEHUECKUH OTKJIMK CIIyLIaTelel, 4To sBIASETCS Of-
HUM M3 XapaKTEPHBIX IPU3HAKOB aKTUBHOTO OOy4EHUs: yPOBEHb BOBJICUCH-
HOCTH B IO3HABaTEJIbHYIO AEATEIBHOCTh CIIyLIaTeledl COMOCTaBUM C akK-
TUBHOCTBIO NpemnogaBaTeneil. [IoMuMo BCEro 3Toro, CiymaTeny HodydaroT
HaIISIAHOE MIPENCTaBIICHHUE O KYJIBTYPe JUCKYCCHH, CIIOCO0axX BEJCHUS ua-
Jlora, COBMECTHOTO MOMCKA U MPUHSATHS peleHuit...» [3, c. 7].

M1 pemim BEIOPATh 3TOT METOJ (IEKIUSI BBOEM, WM OWHApHAS) IS
IIPOBE/ICHUS SKCIIEPUMEHTA 110 Pa3BUTHIO HCCIIEIOBATENBCKUX CIIOCOOHOCTEH
CTYJEHTOB. DKCIEPUMEHT IIPOBOAUICS CO CTYAEHTaMH BTOporo kypca ®Md,
rpynmna 401 (a). Hayunsiii pykoBogurens, npodeccop A.U. Kynmos, u aBTop
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CTaThU COBMECTHO IPOBEIH BOCEMb JICKIIUH TI0 KypCy « YOS I0YCHHBIC MHO-
JKECTBA U PEIICTKI» B paMKax mpeamera « CrelriaBel aareopsn.

B mpormecce mpoBeneHUs JIEKIHA MBI 3aaBajd BOIPOCH CTYACHTAM,
MPUBJICKATH HX K 00CYKACHUIO MPEACTABICHHBIX TOYCK 3PCHUS TI0 Pa3Iny-
HBIM TIpo0JIeMaM Kypca, a Takke K 00CYKJICHHIO CIIOCOOOB JI0Ka3aTeIbCTBA
TeopeM, TaBalli UCCICIOBATeIbCKHE 3aJaHusI.

Hanpumep, npu BBEJICHUU MOHSATUH CTPOTOr0 M HECTPOTOrO IMOPSIKOB
KaXXJIBIH JICKTOp MPEACTABHII CBOIM CIOCO0O X01a paccyXaeHui U GpopMyItu-
POBKH MOHSITH, 3aT€M MBI TPEIIIOK I CTYACHTaM O0CYAUTh, KAKOH CITOCO0
npenmnourutenabiee. CTYICHTH MPOSBUIN HENOAACITBHBIA )KHBOW HMHTEpPEC
K 3TOMY 00CYICHUI0, OBLITH SMOIIMOHANEHEI (KaK, BIPOYEM, H JIEKTOPEI), aK-
THBHO BBICKa3bIBaIM CBOe MHeHHUe. CTYJCHTaM IpeiarajJock UCIpoOoBaTh
CBOHM CHJTBI B JIOKA3aTEIIBCTBE TEOPEM, OHU C HHTEPECOM OTHECIHCH K ITOMY
3aIaHUI0 B JJOOPOCOBECTHO CTapajuCh 3TO chelaTh. He Bce ynaBaiock, He
BCEIla pe3ysibTaT ObLI IPECKa3yeM, OJHAKO 00yYCHHE 1aJl0 CBOU TUIOEIL.

Heszamonro 1o okoHYaHUS Kypca ObLI MPOBEIeH KOHTPOJIb 3HAHUH B HT-
poBoii popme: cTyaeHTaM OBLIO MPEJIOKEHO pa3rajaTh KPOCCBOPI IO POH-
JIeHHOMY Matepuaiy. KpoccBopn ObLT COCTaBJICH W3 YETHIPHAIATH TCPMHU-
HOB, a UMCHHO: HYJIb, MOPSIOK, IMONypEIIeTKa, CTPOTHMA, IMETs, CANHUIIA,
HauOOJBIINNA, YaCTHYHO, HAUMEHBIIHA, WHOUMYM, HIDKHSS, HECTPOTHH,
cynpeMyM, ynopsgoueHHoe. CTYICHTHI ¢ OOJNBIINM JKEIaHHEM H a3apToM
3aHUMAJTHCh Pa3raJibiIBAHUEM KPOCCBOPAA U YCIEUTHO €T0 PEIIHIIH.

Bce BeImecka3aHHOE TOBOPHUT O TOM, YTO CTYACHTHI MOKA3alld HAIMYUE
3HAHHH U UCCIICAOBATEIIBCKUX CIIOCOOHOCTEH, TaK KaK OHH IPOSBIISLIIA ITOHC-
KOBYIO aKTUBHOCTB IIPY BBITIOJTHCHUH 33aJJAHUN U IEMOHCTPHPOBATH BIaje-
HUE TIPHEMaMHU UCCIEIOBATENBCKON AesaTenbHOCTH. CleI0BaTeaIbHO, METO/
00y4YeHUS «JICKIHS BIBOEM» MOXHO YCIICIITHO TPUMEHSITH JIJIs Pa3BUTHUS HC-
CJIEZIOBATEIIBCKUX CIIOCOOHOCTEH CTYCHTOB CPEACTBAMU NEKTHBHOTO KYyp-
ca «YTOpsAI0YCHHBIC MHOXKECTBA U PEIICTKIY.
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KOMIIBIOTEPHA S ITPOT'PAMMA
JJIA UHCCIEJOBAHUA CEMAHTUKHA
CUMBOJIMYECKOI'O MBIIIVIEHU A

Barsipxan Tuneiixan
Tomckui 20cyO0apcmeeHHblll neda202utecKutl YHugepCcumen
Hayunvie pykosodumenu — kano. ncuxon. nayk JI. B. Axmemosa,
Kkano. mexu. nayk A. H. Cmaco

PaspaboTanHass Hamu yHHBepcajbHas KOMIIBIOTEpHAsi MporpaMma
«ALIDCC —Tect 2012» npeana3zHaueHa 115l ICUXOJUArHOCTUYECKOT O HCCIe-
JIOBaHUSl CEMAHTHKH CHMBOJMYECKOIO0 MBINUICHUS JUYHOCTH YEJIOBEKa,
aZipecoBaHa PYCCKOS3BIYHBIM M MOHTOJOS3BIYHBIM II0JI30BATEINSM, B T.d.
YYaIIMMcsl CPEHUX U CTapIIMX KJIACCOB, CTYICHTaM, CIIEIIHaIUCTaM IICHXO-
JIOTO-TIe1arorMuecKoil chephl A TEIBHOCTH.

Lenp pa3paboTKN KOMIBIOTEPHOM MPOrpaMMBbl — MOBBICUTH 3((HEKTHUB-
HOCTb IICHXOJUAarHOCTHYECKOTIO HCCIIJOBaHHUS Ha OCHOBE y4yeTa MHIUBHIY-
AJIBHO-TICUXOJIOTHYECKHX, STHUYECKIX 0COOCHHOCTEH JIMUHOCTH; YBEINYCHHE
OllepallMOHAIBHBIX BO3MOXKHOCTEH IMPOLEAYpPbl TECTHPOBAHMS M 00pabOTKH
PE3YJIBTaTOB UCCIIEOBAHMUS.

Lenb NMCHXO0JIOTMYECKOr0 TECTUPOBAHMS 3aKJIOYAETCsl B M3yYEHHH Ha
OCHOBE aCCOIIMaTHBHOI'O METOAA CEMAaHTHKH CHMBOJIMYECKMX 00pa30B JIN4-
HOCTH, OCHOBHBIM COZEP’KaHHUEM KOTOPBIX SBJISETCSI HEKOTOPBIA CMBICII, BBI-
paskaeMblil €10 B CyObEKTHBHBIX apXeTHIIMUECKUX, [IEHHOCTHBIX M AMOLIHO-
HaJIbHBIX B3aUMOCBSI3SX.

3aauu UCCIIEIOBAHMUS:

— BBISIBUTH Ha OCHOBE aCCOILIMATUBHOI'O METO/A HAJIMYHE HJIU OTCYTCTBHUE
JIOCTOBEPHO 3HAYMMBIX B3aMMOCBs3€H MEXJy 00pa3aMu CHMBOJIOB U CIIO-
BaMU-CTHMYJIaMH, 00O3HAYAIOMIMMH apXETHIIbl, HOMHUHAJbHBIE IIEHHOCTH
Y SMOLIHH;

— M3YYUTh CEMAaHTHKY CHMBOJINYECKMX O0pa30B JMYHOCTH, HA OCHOBE
CyOBEKTHBHBIX apXETUIUYECKUX, [IEHHOCTHBIX M 3MOLIMOHAIBHBIX perpe-
3€HTaLHH.

TexHOJIOrMYecKoi OCHOBOH M1 pa3pabOTKH KOMIBIOTEPHOI IIPOrpaMMBbl
aBiseTcs cpena nporpammupoBanus Delphi. Cpena obecrieunBaet BU3yasib-
HOE NPOEKTHPOBAHHUE T0JIb30BATEIBCKOr0 HHTEp(delica, B OCHOBE KOTOPOTO
JISKUT Pa3BUTHIN 00BEKTHO-OPHEHTHPOBAaHHEIH 361K Object Pascal. Delphi
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COZIEPKUT IOTOBBIE OMOIMOTEKN BHU3YalIbHBIX 00BEKTOB, IMTO3BOJISIOIINE CY-
IIECTBEHHO YIIPOCTUTH CO3/JaHUE II0Jb30BAaTENbCKOro uHTepdeiica, aus
MIPOrpaMMHUPOBaHUS KOTOPOT'O MHBIMHU CPEACTBAMH IOTPEOOBAIO OBl MHOT'O
BpEMEHH, 0COOEHHO €CJIM IporpamMma J0JKHa padoTaTh MOA yIpaBIeHUEM
HauboJiee pacnpoCcTpaHEHHON onepannoHHON cucteMbl Windows u MMeTh
rpaduyecknil noib3oBarenbekuil naTepdeiic. B Delphi mpocrora u yno6-
CTBO COYETAIOTCS C THOKOCTHIO ¥ YHHUKAJIBHOCTBIO MO CBOEH NMPOCTOTE Cpea-
CTBaMH JIOCTyTa K 0a3aM JTaHHBIX.

Ha puc. 1 npencrasiena pa3paboTaHHast HAMH B Cpezie IPOrpaMMHpPOBa-
Hus Delphi 610k-cxema kommnbloTepHoi mporpaMmel «ALIDCC — rect 2012».
[Iporpamma cOCTOUT M3 CIEAYIONIMX OCHOBHBIX OJIOKOB: BBOJ JJAHHBIX, OJIOK
TECTHUPOBaHMUs, 010K 00pabOTKM U BU3yaIU3aMH JaHHbIX, BHIBO/L.

3adaHue Ne 1

@oxpaHeHue 0aHHbIX C

Puc. 1. binok-cxema mporpammsl «ALIDCC — tect 2012

[Iporienypa paboOTHl (TECTUPOBAaHUS) C KOMIIBIOTEPHOH MPOrpaMMOit
«AILIDCC — tect 2012y sBAsAETCS TOCTYIHOMN U yAOOHOH IS IOTB30BATEIS.

[porpamma « ALIDCC — Tect 2012» mMeeT OpurnHATBHBIN AU3aiiH, CHa0-
)KE€Ha YHUBEPCAJIbHBIMH HACTPOHKAMH, ITO3BOJISIOIINMH II0JIB30BATEIIO Ol
THMHU3HPOBATh CBOI PaboTy BO BpeMs TECTHPOBAHHS, T.€. NOA0OpaTh OIl-
TUMAaJIBHBIH 1151 ce0sl IBETOBOM ()OH M HACTPOUTH CKOPOCTD MPEAbSIBICHHS
MaTepuaina (puc. 2).
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HoctounctBom nporpammbl « ALIDCC — tect 2012 siBiisieTcst sI3bIKOBast
HAcTpoiKa, MO3BOJIAIONIAs TPOBOAUTD MICUXOJOTHUYECKOE TECTUPOBAHUE KaK
PYCCKOSI3BIYHBIX, TAK U MOHTOJIOSI3bIYHBIX MOJIb30BATENEH.

B cpennem, nponenypa trectupoBanus 3aHuMaeT 38—42 MUHYTBI, BKJIIO-
YaeT CIEeNYIOLIKe ITaIbI.

[lepBbIii 3T — BBOA JAHHBIX HCIBITYEMOTO (pHC. 3).

Qaitn  Momouss: ®aiin  Momows  Oopmar
Tasssre |

g SCC ~mee 20 1 2 3upascryiite. BeenuTe caov TarHBe, NOCTe Hero HaXMHTe Ka KoMKy lasme’!
I[5CC - meem O i i

Morron O
© Cpemnee

Mz € Cpenne-cnewnamsoe
Orgecteo € Beicmee

Danimna

@ Bian pestemsocri|
I Jamsme
Puc. 2. ['maBHas nmaHenb MporpaMMbl Puc. 3. ®opma s BBOA AaHHBIX
e O Howoupm@opusr
Jasusie Sanasee 1 | Hassaste | 3anasute 1| esstocrs | 3anasmee 2 Apremmss |
Ha sxpasie 6yayT noc/efoBaTenbHO MOABAATECA PUCYHKH H CIOBA. ApXxeTHnsl
‘Eeat Bt camTacte, 170 CI0BO MOAXOANT K picyHKy, Haxamze Ja’. Ecmu cioso \ 100% 5 Myapeu-525%
He NOAXOANT K PHCYHKY, HaxaniTe "Her". Bymsre srimnaremsst! Bpeas npemsas- soxd | I(_:nm;—ﬁ;z_ﬁss
nexua 1.5 cexynast. Obm¢ 3anaHmen opa-
e 1 passo 16 MumHyT. 0% LE 575.15"{5 :2.5%
70% H Mars - 57,5%
Beero pucysioe 40 eox}| TR Kenua - 42,5%
0%
Tipocmorpero: 1 0%
Ocranocs: 39 o
0%
0%
O6menne g g §
3 o
Ja Her | Jamme | STt
Puc. 4. I1anens 115 nccne0BaHUS Puc. 5. Jlnarpamma 4acToT accouanui
accoIMaIyi MeX Iy 00pa3oM CHMBOIIA CJIOB-CTHMYJIOB
¥ CIIOBaMHU-CTUMYJIaMU C IIPEABSIBISIEMBIMI CHMBOJIAMU

Bropotii sTan — uccnenoBanue acCOLMATUBHBIX CBS3EH MEX Yy CUMBOJIAMHU
U IeHHOCTAMH. Ha 3TOoM 3Tame ucmpITyeMOMY IpeiiaraeTcst Habop, COCTo-
samuii 13 40 CHMBOJIOB M CIIHCOK 15 HOMHHANBHBIX EHHOCTEH, MEXIY KO-
TOPBIMH UCIIBITYEMOMY IpeIIaraeTcsi yCTaHOBUTH accoruanuu (puc. 4). ITo
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3aBEPLICHUIO TOr0 STana UCIBITYEMbIN MOXKET 03HAKOMUTBCS C PE3YJIBTaTOM,
B BHJI€ TUCTOTPaMMBI, TOKa3bIBAIOIIEH COOTHOIIEHUE HOMUHAIBHBIX LIEHHO-
CTEH M BBICOKOYACTOTHBIX CHMBOJIOB, BBISIBJICHHBIX ITPH 00pabOTKe TaHHBIX.

Tpertuii 3Tan — uccae 0BaHNE ACCOLUATUBHBIX CBA3EH MEXJy CUMBOJIA-
MU ¥ apxeTunamu. Ha 3ToM 3Tane UCIBITyeMOMY IPEIaraeTcs yxKe U3BecT-
HBIH Ha0Op cocTosnyi 13 40 CHMBOJIOB U CITUCOK, BKJIFOUYAIOIIUH 15 apxeTH-
noB (puc. 5). VcnpiTyeMoMy npeuiaraeTcs yCTaHOBUTH aCCOLMAILIUN MEXIY
CHMBOJIAMHU U apXETUIIAMH, KaK ¥ Ha [IEPBOM dTarle.

UeTBepThlil ATal — UCCIIEAOBAHUE ACCOLIMATUBHBIX CBSI3€H MEXAY CUMBO-
1amMu U 3MonusaMu. Ha 3ToM 3Tane ucnelTyeMOMy BHOBB IIPEAJIAratOTCs 3TH
’ke 40 CUMBOJIOB M CIIUCOK, cocTosuid u3 6 amouuid. [Ipouenypa uccieno-
BaHUS HAa YETBEPTOM JTalle aHAJOTHYHA NPEABLAYIUM JIBYM H 3aKJII0YaeTCs
B YCTaHOBJICHMH aCCOLUATHUBHBIX OTHOIIEHUH MEXAY CUMBOJIAMH U 3MOLIM-
sIMU UcnbITyeMoro. [lonydeHHbIe pe3ynbTaThl UCCAEJOBAHMS HA 3TOM dTama
TaKJKe BBIBOASITCS HAa SKPaH MOHHUTOPA.

@aitn  Momows  Dopmar

Iencocrs | 3anasune 2| Apxerums: | 3anasute 3| morwmt | Peaymrar Cinvpomst | 4| »
COJIEPKAHUE CHMBOJIOB

‘Tarrsa kpyr cioTmEpyeT 8031y E€ KaecTsa: NPHROCHT G1aro 1apyer

CHacThe, ‘Hapoz, saummaet. Ci

Oaiin Mowows Qopwar

Tassuste | 3anase 1| Lesmocrs | Sananee 2| Apxersrs: | Sanane 3 | Sncomme |

B Bamem CHMBOJIHYECKOM MBIIIICHHH
MPeoGIanaroT CHMBOJIBI |
B KonuyecTae: 12

H HETPEPLBHOCTS.

TaTTsa HOTyMECH CHMBOTEIPYET THCTOTy, HepBodeenT Boms. E&

KIECTB AT YMBRTEISHYIO CATY H NPOBCTAHHE BCEMY AHBON,

IIPOCBETIACT HHTEIIEKT M Comanme. Y MOHTOTOB. KAX JIEMERT cofbo

@seca ~ orem:

TIeRTarpasn(a - CHMBOT TI0GeH AYXOBHOTO HaX MITEPHATHHEDN, CHMBAT
oxpasenn, ry oMot

Tlpeasiaymssi

Tarma oras, commemit E¢
KatecTBa: 370 BemHKiii Hexrap 418 AmBymx. Tax e OTHOCHTCA X
anemenTy 3
0 MOHTOMECKIN BOI3PEHHAN, OBEPHYTOE BHH3 OCTPHE BECTYIACT Kak
PP HTe s Ml IHAK 1% BPATOB BHEMHAX K BHYTPEHHIX.

IB>%CO

HIHTeprpeTanisa CHMBOJIOB: Janee I
Toevroms RENTITHRON RAWR — TVAHKH RERCKOE RATATO0 XONOT W ITOW -
Puc. 6. [Tanens, JeMOHCTpUpPYOLIAs Puc. 7. Ilanens onucanusi CHMBOJIOB

KOJIMYCCTBO BBICOKOYACTOTHBIX CHMBOJIOB

[IstTeit 9Tam. [To OKOHYaHUH UCCIICTOBAHUS UCIIBITYEMBIH TIOTY4YaeT UTO-
TOBBI pe3ynbTaT TECTUPOBAHUS, C MOCIEeNYIOUIeH HHTepIpeTanueil conep-
JKaHUS CUMBOJIOB (pHC. 6, 7) U JOMOJHUTEIBHBIMU MOSICHEHUSIMH 3KCTIEPTa.
HcnpiTyeMblii Ha OCHOBAaHUHU PE3yJTaTOB TECTUPOBAHMS MOJTydaeT HHDOP-
Malyio 0 IpeoliajaronuX B €ro CHMBOJMWYECKOM MBIIUICHHH CHMBOJAxX
1 00 MX IICHHOCTHO-apXCTHITUIECCKOM COJICPIKAHUU.

[lecToli 3Tam. 3aBeplIAlONIMM 3TAoM Pa0OThI ¢ KOMIIBIOTEPHOMH MPO-
rpammoit «ALIDCC — tect 2012» aBiseTcS BHECEHUE UHIUBUAYAIBHBIX Pe-
3yJIBTaTOB HCCIIEOBaHUs B 0a3y maHHBIX (popmat Excel).
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B HacTodA1eC BpEMS KOMIIBIOTECpHAs NporpaMmMa nmpoxoauT anp06aumo
B paMKaX KYpPCOBBIX, JUIIJIOMHBIX pa60T, OPOBOASAIINXCA B XOAC NCUxoauar-
HOCTHYCCKHUX HCCHGHOBaHHﬁ.

Jumepamypa

1. Apxaneenvckuii, A. A. llporpammuposanue B Delphi 7 / A. 5. Apxanrensckuii. M. : bu-
HoMm-IIpecc, 2004. 1152 c.

2. Bobposckuii, C.H. Delphi 7. Yuebnsiit kype / C.U. bBobposckwuii. CII6. : ITutep, 2004.
736 c.

3. Ilpoepammuposanue ua Delphi. URL: http:/delphi.od.ua/article/view/Algorithms.html

4. Kynep, [oc. Duuuknonenus cumbonos / Jlx. Kynep. M. : 3onotoit Bek, 1995. 401 c.

MOJAEJINMPOBAHUE COPTUPOBOYHbLIX AIIIIAPATOB
HA BA3E KOMIIVIEKTA LEGO MINDSTORMS NXT 2.0

P.K. I'myxos, O.C. HerecoBa
Tomckuii 2ocyoapcmeeHHblll neda2o2utecKutl yHugepcumen

B o0mem cirydae COpTHPOBKY cleqyeT MOHMMaTh KakK IpPOLEcC Iepe-
TPYyHIIMPOBKH 33JaAHHOT'O MHOXKECTBA 00BEKTOB B HEKOTOPOM OIIPEJICIICHHOM
nopsake. Llens copTHpOBKM — OOJIETYUTH MOCIEAYIOMNK TOMCK 3JIEMEHTOB
B TaKOM YIOPSIZIOYCHHOM (OTCOPTHPOBAHHOM) MHOXKECTBE. DTO IOYTH yHH-
BepcajibHas, QyHIaMEHTaJbHas AEATEIBHOCTb. MBI BCTpedaeMcsl ¢ OTCOp-
THPOBaHHBIMH OOBEKTaMH B TeIe(hOHHBIX CIIPABOYHUKAX, OMOINOTEKaX, CII0-
Bapsix, Ha CKJIaJjax — IIOYTH Be3/Ie, TA€ HYKHO NCKaTh XPAHUMBIE OOBEKTHI.

Pa3noobOpa3ue copTHPOBOYHBIX MEXaHU3MOB OYEHb BEJIMKO U Pa3indaTh
MX MOXKHO II0 CJIOKHOCTH M ObIcTpozeiicTBHI0. Mconp30BaHnEe COPTUPOBOY-
HBIX MEXaHHU3MOB Ha ITPOU3BOJICTBE CIIOCOOCTBYET MOBBIMIEHHUIO TPOU3BOAH-
TEJIBHOCTH, KauyecTBa O0CITyXKMUBaHMS KIMEHTOB, YMEHBIICHUE TOTPEOHOCTH
B CKJIa/ICKHX IUIOLIAAX, a TAK)KE COBEPLIICHCTBOBAHUE YUeTa TOBAPHO-IIPO-
M3BOJICTBEHHBIX 3aI1aCOB 1 CKJIAJICKUX ONEpaIii.

Haubonee npocteie n aeneBble HU3KOCKOPOCTHBIE COPTUPOBOYHBIE YCT-
poiicTBa 4acTo paboTalOT B KOMIUIEKCE ¢ OOBIYHBIMHU POTMKOBBIMH HIIH JICH-
TOYHBIMU KOHBEHepaMH, a UX CKOPOCTh COPTHPOBKH 00bIyHO HIke 30 en.
B MUH. B 01HOM 13 BapHaHTOB HCIIOJHEHUS TAKOTO 000pPYOBaHUS TOTIEPEK
KOHBeliepa, y MyHKTa CheéMa, PaclojaraloT CTAllMOHAPHBIA WIIHM MOABMKHON
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pbryar-ngeduektop aubo miacTuHy. Unymuii no koHBerepy sIUK HaThIKaeT-
Csl Ha pblYar M CTAaJKUBAeTCs C KOHBeliepa B CTOPOHY Ha IPYroi KoHBehep
WJIH B )KeJ00.

HekoTopblie TUIIBI COPTHPOBOYHBIX MAIIKUH CIIOCOOHBI BBITIOTHSTH PaboOTy
co cpenHel ckopocThio (mpumepHO 30—150 ex./mMuH), u Hanboee pacIpocT-
paHEeHbI Cpey HUX YCTPOHCTBA ¢ MOTHUMAIOIIUMHUCS PAOOYMMU OpraHaMHu.
OOBIYHO OHH CIBHUTAIOT IPY3bI C JEHTOUYHBIX KOHBEHEPOB M 00ECICYMBAIOT
TOYHYIO OpHEHTalUI0 Ipy3a. Korga sImuk MOAXOTUT K MECTy CheMa, MO
€ro JHOM MOJHUMAIOTCS KOJeca WM PONUKH, MPUIOAHUMAIOT SLIMK Hal
KOHBEWEPOM M TPAHCIOPTUPYIOT €r0 B CTOPOHY, 00BIYHO o7 yriioM 30—45°
K HaIlpaBJICHUIO JBIKCHUS KOHBeilepa.

JLJ1sl BBICOKOCKOPOCTHBIX COPTHPOBILIMKOB, CIIOCOOHBIX paboTaTh CO CKO-
pocteio npumepHo 150—400 ex./muH, TpeOyIOTCS He 0OBIYHBIE KOHBEHEPHI,
a crequanu3npoBaHHoe obopynosanue. [IpoayKThl MOXKHO MOJaBaTh HA HUX
BPYYHYIO WJIH aBTOMATHYECKHU C TIOMOLIBIO MOJAIOIIEro KOHBeHepa.

HawuGonplee pacnpocTpaHeHUE HMONYYUIH YETHIPE THIIA BEICOKOCKOPO-
CTHBIX COPTHPOBOYHBIX MauInH. KoHBeilepbl ¢ HAKJIOHIIOIMMHUCS JTOTKAMH,
C MIOMEPEYHBIM JICHTOYHBIM KOHBEHEPOM-ChEMHUKOM H C Pa3IBUTAIOIIUMHUCS
JIOTKAMH OOBIYHO MCHOJIB3YIOT JJIsl COPTUPOBKH €AMHUYHBIX I'PY30B IO OT-
JeTbHBIM 30HaM, a TaK JKe ¢ OTKJIOHSIOIUMHE KyJadKamH.

4 J

CuUHue Moaobpats kyBuk,
onepeaeniTb KOP3uHY
donblune

| AoexaTe A0 ONOPHON TOYKK

v

MpoexaTe MapwpyT oT
OI'IOPHOﬁ TOYKM A0 KOP3WHbI

v

BepHyTbCA B ONOPHYIO
TOMKY

v

MpoexaTb B HKHYIO
ceanky

|

Puc. 1. ITone nns poboTa-cOpTUPOBIIUKA Puc. 2. Anroputm aeiicTBuii podoTa

KpacHbie

BbIrpysuTe kybuk |
ManeHbKkue I

I
|
2
I
I

3HaHHE a30B YCTPONCTBAa COPTHPOBKM IIKOJIBHHUKH M CTYAEHTHI MOTYT
NOJYYUTh HA OCHOBE n3yueHus: Lego Mindstorms, Ha 6a3e KOTOPOro MOXHO
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€03J1aTh poO0OTa-COPTUPOBIINKA, pa30MPAIOIIEro MPEeIMETHI 110 LBETY U pas3-
Mepy. ANrOpUTM AEUCTBUS JJIsl HUX MUIIETCS B CpeAe NPOrpaMMHUPOBAHUS
NXT-G, tak kak umeHHo B NXT-G mogaepxuBatorcs Lego Color ceHcop
W IporpaMMa II03BOJSIET OONbIIE 3aHUMAThCs peaju3alield anropurMa,
BMECTO peaJIn3aluy KOHKPETHOH (QyHKIIMOHAIBEHOCTH (pHC. 1).

PaccMmoTpuM pemieHne 3a1a4n IepeMelieHus TOJIbKO OJHOro0 KyOHKa 3a
OJIUH IIPUEM.

Urak, BeiOMpaeM KyOHMKH IO OJHOMY CHadajla C OJHOW CTOPOHBI CBaJ-
KM 1 COPTHPYEM HX, 3aTeM T€ e MAaHUIYJISIUH IPOJEIbIBaeM C KyOuKaMu
C Ipyroil cTOpoHbI cBajKu. O4YEeBUHO, YTO B 3TOM Cllydae HaM Tpedyercs
CUETYHK, KOTOPBIH ObI CUMTAJ, CKOJIBKO KyOUKOB C KaKOH CTOPOHBI CBAJIKH
ocranock. Kak ToJNbKO KyOMKH C OJHOH CTOPOHBI 3aKOHYHJIUCH, TO €XaTh
K 9TOM CBaJIKE HE UMEET CMbICJIAa, HAUMHAEM JABUTaThCA Cpa3y K NPOTHBOIO-
JIOXKHOH.

Jnst pemieHust 3a1a4n nepeMenieHuss podoTa 1o 3aJaHHOW TPaeKTOpHUHU
TPaJMLIMOHHO HCHONB3YETCsl IBI)KEHHE poOoTa YepHoi inHuy [1].

3TOT crocob XOpoIll TeM, UTO IPH HEM, ONepEUHbIe YEPHbIE TMHUH MO-
TyT CIIY)KUTh OPHEHTUPAMU IS TIepeABkeHus poboTta. Camoe mpocroe —
POOOT BCeTAa NCIIONIB3YET CPEINHHYIO YEPHYI0 JIMHHIO — ABUTAETCSI 110 KapTe
BI0JIb Hee. Enu B mporpaMme po6oTa, IIpH €ro NepeaBHKeHUH, BEAETCS yUeT
KOJIMYECTBA IIEPECEYCHHBIX YEPHBIX JIMHHM, TO TAKOH poOOT CMOXKET BCerna
«TIOHSITB» B KAKOHM 00JIaCTH KapThl OH ceifuac HaxonuTcs. J{Bnxenue podora
IIPY 3TOM METOJIE MOXKHO OIKCATh CIEAYIONINM 00pa3om.

st nepemenienust poboTa, B JAHHOM cilydae, Ha CpeIMHHON YepHOIt J1H-
HUH BBIOMPAIOT OMOPHYIO TOYKY — MECTO Ha KapTe, OT KOTOPOTrO CTPOSTCS
Iy TH-MapuIpyThl BO Bc€ BO3MOXKHBIE MecTa Ha3HaueHus (puc. 2). Takum 00-
pa3oM, poboT Bcerna OyaeT 3HaTh, OT KaKOH TOYKH €My HYXHO Bcerja oT-
MPaBJISATHCA K TOW WIIM UHOU Kop3uHe (puc. 3).

Kaxapiii MapmpyT yaoOHO NMpencTaBuTh B BUAE OTIEIBHON MPOLEYphI
(My Block).

[Ipn ucrons3oBaHUK OJIOKOB BO3HUKAET €IE MOJOXKHUTEIbHBIN OpraHu-
3aIlMOHHBIA MOMEHT — KaXK/IbIi OJIOK MOXKET OBITH 3alncaH U OTTECTHPOBaH
OTJIENbHBIM YETOBEKOM.

Ha ocHoBaHNM NpoBeIeHHOr0 MOJAENUPOBAHMS COPTUPOBOYHBIX ammapa-
ToB Ha 6a3e komIutekToB Lego Mindstorms NXT 2.0 Mo>XHO 3aKJIIOYHUTb, YTO
UCIIONIb30BaHKE JaHHOW TEXHOJIOTMH B Y4eOHOM ITpoliecce IO3BOJISET yda-
HIMMCSI O3HAKOMUTBCS € JIMHUSIMU aBTOMATH3UPOBAHHOIO MPOM3BOJACTBA HA
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IMMPAKTUKE, YTO IMOJOXKUTECIBbHO CKA3bIBACTCA Ha HpO(bOpI/IeHTaIII/II/I B C(bepe
TCXHUYCCKUX CHGHHaHLHOCTCﬁ.

Jumepamypa

1. @unnunos, C.A. Pobororexnuka mis gereid u poaurenei / C.A. ®unnunos. CII6. :
Hayxka, 2011. 263 c.

Ob AJITOPUTMHUYECKOM MbBIIIVIEHUA
BYJAYIIUX YUUTEJEA HHOOPMATUKH

H. ®. lonranosa, B. M. Jlonranos
Tomckuii 2ocyoapcmeeHHblil neda2o2utecKutl YHugepcumen
Hayunwiii pyxosooumens — kano. mexu. nayk, ooyenm A. H. Cmaco

Hcxonst n3 denepanbHOrO rocy1apcTBEHHOTO 00pa3oBaTEIbHOTO CTaH-
JlapTa OCHOBHOT'O 001Iero 00pa3oBaHMs OJHOW U3 COCTABIISIOMINX ITPEIMET-
HBIX PE3yJIbTaTOB M3y4EHUs IpeIMEeTHON obnactn «Maremarnka u nH}pOp-
MaTHKay SBISIETCS pa3BUTHE aJITOPUTMUYECKOTO MbIIIIeHHS [1].

Jnst obecniedeHns JOCTYXKEHHS IIOCTABJICHHON IENIM PEIIeHHe BOIpoca
O COBEpPLICHCTBOBAHMH METOAMKH M TEXHOJOIMHA OOy4eHHs B paMKax 00-
mero o0pa3oBaHus SBISIETCS HeLOCTaTOYHBIM. Ha Ham B3misix, 1oOWThCs
Ka4eCTBEHHBIX PE3YJIbTaTOB HEBO3MOXKHO 0€3 M3MEHEHHH, Kak B obiactn
MIEPENOATOTOBKH YK€ UMEIOLINXCS MIEAarorn4ecKux KaapoB, Tak U B cepe
BBICIIIETO ITPO(ECCHOHANBHOTIO NeAarorn4eckoro o0pa3oBaHus IpHU IOAT0-
TOBKE OyIyIIUX y4nuTesei, B TOM Ynciie NHPOPMATHKH, BEb UMEHHO UM He-
00xoanMo OyzeT BEICTpanuBaTh MpoIecc 00yUYEHHS B «HOBO IIKOJIE.

CrenoBarenbHO, aKTYaJIbHBIM SIBJISIETCS BONPOC O BHICTPaMBAHHUHU IIPO-
1ecca MoAroTOBKYM OyAyIIMX yuuTene nHPOPMaTHKH TaKMM 00pa3oM, 4To-
OBl OHM HE TOJIBKO MOTJIM OBJAJIETh NpUEeMaMH (OPMUPOBAHUS U Pa3BUTHUS
AJTOPUTMHUYECKOTO MBIIIJICHNS 00yYaronIiXcsi, HO U caMu 00Jalain Tako-
BBIM Ha JOJKHOM YPOBHE €T0 Pa3BUTHSL.

PaccMoTpuM NOHSTHE AJITOPUTMHUYECKOTO MBIIIJICHHSI, HAUWHAS C €0 CO-
CTaBJISIOIINX, — AITOPUTMA M MBIIIUICHUSI.

B nenaroruke noa aaropuTMoM OOBIYHO HOHMMAIOT MPEIHCAaHuUE, 3a1a-
I0Illee Ha OCHOBE CHCTEMBI ITPAaBHJI IIOCIIEN0BATEILHOCTD ONepaIiii, TOUHOE
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BBIIIOJIHEHHE KOTOPBIX MMO3BOJISET pelIaTh 3aa4u ONpeAesIeHHOro Kiiacca [2].
OnHako ciieyetr oOpaTUTh BHUMAHUE Ha TOT (DaKT, YTO HE SBISCTCS TOCTa-
TOYHEIM [IPOCTO 3HAHKE AJITOPUTMOB M UX BOCCO3JIAHUE, HEOOXOAMMO, TIPEK-
JIe BCEro, OBIIAJICHHE OOIMMH CITOCO0aMU ACWCTBUM, MPUEMAMH, CPEICTBA-
MM CO3JIaHUS ¥ IPUMEHEHHUS aITOPUTMOB.

C TOYKH 3peHUS IICUXOJIOTHH, MBIIIUICHHE — 3TO OIOCPENOBaHHOE U 0000-
LIEHHOE OTpaKeHHE ACUCTBUTEIBHOCTH, BHUJI YMCTBEHHOH NESTEIbHOCTH,
3aKJIIOYAIOIIEHCs B MO3HAHUM CYIIIHOCTU BEIIEH U SIBJICHHM, 3aKOHOMEPHBIX
CBs3€H M OTHOLIEHUM Mex 1y HuMH [3].

CrnemyeT OTMETUTB U TOT (DaKT, 9TO B IENArOrHYECKOM IUTEepaType BCTpe-
yaeTcs OnpelieleHUe LEeIOCTHOrO MOHSATHS alrOPUTMHUUECKOE MBIILICHHE.

Tak, nanpumep, T.H. JleGeneBa mox aiaropuTMHYECKHM MBIIUICHHEM
MOHUMAETCSl TMO3HABATEIbHBIM MPOLECC, XapaKTEPUIYIOUIUNCS HAJUYUEM
YETKOM, [eIeco00pa3Hol (MM pallHOHATBHOM) MOCIEI0BATEIIEHOCTH COBEP-
IIAEMBIX MBICTUTEIBHBIX POLECCOB C MPUCYILEH NeTadu3alue 1 OnTUMHU-
3anuell yKpYIMHEHHBIX OJIOKOB, OCO3HAHHBIM 3aKPEILICHHEM IPOIecca MoITy-
YeHHsI KOHEYHOTO Pe3yJIbTaTa, MPEICTaBICHHOTO B (hOpMaTM30BaHHOM BHJIC
Ha SI3bIKE MCIIOJIHUTEIS C MPUHITHIMU CEMaHTUUYECKUMU U CUHTAKCUYECKUMU
npasuiiamu [4].

Jpyrue aBTOpbl CUUTAIOT, YTO AJTOPUTMUUYECKUM CTUIIb MBIILICHUS —
9TO CHCTEMa MBICIIUTEIBHBIX CIIOCOOOB JICHCTBUI, IPUEMOB, METOJIOB M CO-
OTBETCTBYIOLUIMX UM MBICIUTEIbHBIX CTpaTeruil, KOTOpble HalpaBJEHbl HA
pelIeHue KaK TEOPETUUYECKUX, TaK U MPAKTUUYECKUX 3a7ad, U PE3yIbTaToM
KOTOPBIX SBISIOTCS aITOPUTMBI KaK CIeNH(DUYCCKUE MPOTYKTHI YeI0BeYe-
CKOU JIesATeIbHOCTH [5].

A.W. l'azeiikuHa N0 MOHATHEM «aJTOPUTMHUYECKUN CTUIb MBILIICHUS»,
moylaraeT CHelu(pUUSCKUd CTHIb MBIIUICHUS, MPEANONIaraloinid yMEHHE
CO3/IaTh AJNTOPUTM, JJIS Yero HEOOXOAMMO HAJMYUE MBICITHTCIBHBIX CXEM,
KOTOpBIC CIIOCOOCTBYIOT BHJICHHUIO IIPOOJIEMBI B IIEJIOM, €€ PEHICHUI0 KPYTI-
HBEIMU OJIOKAaMU C TIOCJIEOYIOMIEeH JIeTann3alueii 1 0OCO3HAHHBIM 3aKperie-
HUEM IIpoIlecca MOTyYeHUsT KOHEYHOTO Pe3yIbTaTa B S3bIKOBBIX (hopmax [6].

O06001mas, cieayeT OTMETUTh, YTO KAaKUMH OBl pa3HBIMHU HE OBLTH OIpe-
JIeJIeHus], MpejiaraeMple pa3jinyHbIMU aBTOpPaMU, MOHSATHO, YTO Pa3BUTHUE
AJNTOPUTMHYECKOTO MBINUICHUS y O0YYarOIIUXCsI, B TOM YUCIE W OYIyIIHUX
yuuTesei nHQOpMaTHKH, JOJKHO 00€CIICYHTh HATUINE TAKHX HABBIKOB KaK
YMEHHE CPaBHHBATh, aHAIM3UPOBATH, 0000IaTh, KOHCTPYHUPOBATH, a0CTpa-
TUPOBaTh, BUAETh CBSI3U, COCTABIISATH aJITOPUTMBI, U Ye€pe3 HUX OMHUCHIBATH
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aJTropUTMHYECKUe rpouecchl. s obecrieueHusl TaHHBIX HABBIKOB, B ITPO-
1ecce pa3BUTHS AJITOPUTMHYECKOTO MBIIIICHHS, IpH 00ydeHnn uHpopma-
THKE OOJIBIIYIO POJIb UTPAIOT MPAaBHJIBEHO IOJ00paHHBIE AJITOPUTMUYECKHE
3a1auy, T. €. 3a7a4H, IJIsl pEIICHNUsI KOTOPBIX TpeOyeTcs OonpeaeIeHHbIe alro-
PUTMBI M METOJIBI UX penieHus. K TakuM MeTozaM OTHOCSTCS: BHITIOJIHCHHE
3aJJaHUi 10 aNTOPUTMY, BEIPa0OTKA MOCIIEIOBATENBHOCTH IeHcTBUH ¢ 000C-
HOBaHHUEM, COCTABJIEHHUE U anpoOaIys alropuTMOB, KOHCTPYHPOBAHHUE AJIT0-
pUTMOB U 1p. [7].

Hcxonst 13 BEIIEU3II0KEHHOT0, Ha HAIII B3TJIS, OJTHON U3 COCTABIISIOLINX
B IIPEIMETHOH MTOATOTOBKE OyAyIIHUX yduTeaed HHYOpPMaTHKH, C TOUKH 3pe-
HUSl Pa3BUTUS UX AJITOPUTMHYECKOTO MBIIIJICHHUS, SBISETCS AMCLUIUIMHA
«OEeMEeHTBI BEIYUCIUTEIBHON TeOMEeTpUN». B paMKkax JaHHON TUCHHIIIINHBI
CTYIEHTHI paboTaloT ¢ peain3alusIMU Pa3IMYHBIX aJITOPUTMOB IS 3a]ad
BbIYUCIUTENbHONU TeomeTpuu [8]. [Ipu aTOM paccMoTpeHue 3a1ad pa3iesion
JUCLHUIIIMHBI OCYIIECTBIISIETCS HAa Pa3iMYHBIX YPOBHSIX NMO3HaBaTEIbHOM,
AJTOPUTMHUYECKOHN JIESITETbHOCTH:

— HA4aNbHBLLL YPOBeHb — aHAIIN3 TOTOBOT'O IPOrpaMMHOT0 IIPOLyKTa (0co-
3HaHHE TOTOBOTO aJITOPUTMA);

— 6a3086b11l yposensb — NOpadOTKA IPOrpaMMHOTo ponykra (popmuposa-
HUE YMEHUI IPOBOAUTH aHAJIN3 PEAIIECTBYIOMINX JEHCTBUH, CIIOCOOHOCTH
WCIIONIb30BAHMSI TPEBITYILETO OIBITA);

— NPOOBUHYMbLIL YPOBEHb — CO3IaHUE COOCTBEHHOT'O IIPOIPAMMHOTIO IIPO-
JIyKTa (MJIaHUPOBAHUE CAMOCTOSTEIBHON 1SS TEILHOCTH).

3TO MO3BOJISIET Ha OCHOBE 3aJIJaYHOT0 IOJX0/a MOCTEIIEHHO MEePEeUTH OT
(hopMHpPOBaHUS HABBIKOB HCIIOJIB30BaHMSI TOTOBBIX pa3pabOTOK /10 aKTUBHO-
r'0 CO3JJaHHsI COOCTBEHHBIX IIPOrPaMMHBIX CPE/ICTB.

[TpuBenem npumep: B paszaene JUCHUIUIMHBI « AJITOPUTMBI TIOCTPOEHHS
BBINTYKJIOH OOOJIOUKH» TeMa «AJITOPUTM MOCTPOSHMSI BHIITYKJIOW 000JIOYKH
MeTonoM obxozna I'paxema» nzydaercs Ha 6a30BoM ypoBHe. CHavasa paccMar-
puBaeTcs uesl JAHHOTO aJrOPUTMA, MO X0y U3JI0KEHHU ST KOTOPOH Iepes CTy-
JICHTaMH CTaBSITCSl BOIPOCHI, MO3BOJISIONINE UM OCO3HATh CYTh MaTepHala.
CJenyIomuM 3TanoM B U3y YEHUH TEMBI SIBISIETCS] IPAaKTUYECKas pean3anus
anroputMa ['paxema oOyyaromumucs. CTyaeHTaM HEOOXOAMMO 3aIlONHUTH
IPOITYCKH B JIMCTHHIE€ KapKaca MporpaMMbl B COOTBETCTBHHU C IIPUBEJICHHBI-
MU KOMMEHTapHSIMH 1 METOINYECKUMHU peKoMeHaanusMu. [Ipu 3ToM MOKHO
UCIIONB30BaTh MPEABIAYIIMHA MPOrPaMMHBINH MPOIYKT: HOCTPOEHUE BBITYK-
701 00OJIOYKM C IIOMOLIBIO YHOPSJOYHMBAaHUSI KPaHHUX TOUEK MHOMKECTBa
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B COOTBETCTBUH CO 3HAYCHHUEM IIOJSAPHOIO YyIJa. Takoit noaxoa IO3BOJIACT
0Tpa6aTLIBaTL OCHOBHBIC MBICIIUTCIIBHBIC OlCpalru: CPaBHCHUEC, aHAJIU3
U CUHTC3, a6CTpaKHI/IIO, O606HI€HI/IC 1 KOHKPETU3alUI0, a TAKIKE OTCICAUTD!:
BI)Ipa6OTKy IOCJICA0BATCIBHOCTH ﬂeﬁCTBHﬁ C O60CHOBaHI/I€M, COCTaBJICHHUC
u anpo6aumo AJITOPUTMOB, KOHCTPYHUPOBAHHUC AJITOPUTMOB, YMCHUC UCTIOJIb-
30BaTh HpCﬂI)IHyHII/Iﬁ OIIBIT U T. 1.
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OBPATHAS CBA3b

A.T. 3y6axun, P.O. [Tontopangues
Tomckuil ynugepcumem cucmem ynpasienus u paouosieKkmpoHuKu

OCOOEHHOCTEIO JICKOUOHHOI'O KypcCa 10 OCHOBaAM HpeO6paSOBaTCJ’ILHOﬁ
TEXHHUKU SIBIISETCS OOJIBIIONH 00BeM JACMOHCTPALIMOHHOI'O MaTepualia — rpa-
(1)I/II(I/I, oCHUJIJIOrpaMMBbl, CXEMBbI, PACYCTbI, BBIBOABI. Hpe,I[CTaBJ'IGHI/IG €ro Ha
JOCKE, MCJIOM CBsA3aHO C HC OYCHb BBICOKHMM Ka4€CTBOM BaHHCSﬁ, PUCYHKOB
H 4TO 00JIee BaXKHO C CYHICCTBCHHBIMHU NOTEPAMHU BPEMCHU IJIS1 JICKTOPA.

HOCJ’IGHyIOH.IGG KOHCIICKTUPOBAHUC PE3YyJIbTATOB, BbBIBOJAOB YBCJIMNYHUBA-
0T 3TH IIOTEPH. Ha YsACHCHHUE MaTepHrajia JICKIIUW BPpEMCHHU NPAKTUYCCKU HE
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ocraercs. [IpennonaraeTcst, 4To 3TO MPOUCXOIUT IPH BHITIOJIHEHUH IPAKTH-
YECKHX U JIa00OPaTOPHBIX PadOT, HOATOTOBKE K IK3aMEHAM.

C apyroil CTOPOHBI 3aIUCh, KOHCIIEKTHPOBAHHUE JIEKIIMH MOAKIIOYAIOT
MOTOpHY0, 00Jiee JOJITOBPEMEHHYIO NaMsiTh CTyIeHTa. MOXHO IOCTaBUTh
BOIIPOC, 4TO Oojiee Ba)KHO 3allOMHHAHHME MaTepHala JISKIUU MK MpoIecc
€ro OCMBICTIEHUA?

Hcnons30BaHne COBPEMEHHOW OPIrTEXHUKU — KOMIIBIOTEPA B COUCTaHHUU
¢ HU(POBBIM ITPOSKTOPOM ITO3BOJISIET B CYIIECTBEHHOI ME€pe COKPaTHTh IT0Te-
PH BPEMEHH, YTO 3aMETHO IOBBIIIAET Ka4eCTBO, MH(YOPMATUBHOCTD JICKIUH,
0cBOOOXIAET JIEKTOpa OT PYTUHHOH paboTHI, JaeT €My BO3MOXKHOCTH KOHT-
ponupoBaTh paboTy CTYIEHTOB, KOMMEHTHPOBATh, JIOMOIHSATH ITPEACTaBIIse-
MBIl MaTepua.

Hano orMeTuTh M AMHAMU3M JIEKIMH, KOTAAa MOXKHO B JIFOOOH MOMEHT
BEPHYTHCS K IPEABLIYIIUM MOJIOKSHHIM JEKIIHH.

[Tpy MOATOTOBKE JIEKTOP MCHOJIB3YET BCE MHOTr0oOpa3ue HMEIOLIErocs
y4eOHO-METOIMYECKOro Marepraia. Hemioxo BBITISIAUT TEKCT, T'paduKH, pU-
CYHKH, BBITIOJTHEHHBIE OT PyKH. B TakoM Buze ero Mo>kHO OBICTPO TOATOTO-
BUTH, OTCKaHUPOBATh.

Jl1st MOATOTOBKY ciaii/10B Mcnonb3yercs nporpamma PowerPoint, koTo-
pasi uMeeT 0OoJIbIIE BO3MOXKHOCTH IO OPraHU3aLMU U JEMOHCTPALINHU UILTIO-
CTPaLlMOHHOT0 MaTepuaia.

B Toi1 xe Gpopme npencTaBiaeHns Ha JIEKLIIUU OPraHU3yeTCsl IPOMEKY TOU-
HBIH KOHTPOJIb B BUJIE CIIai/I0B C BOIIPOCOM M HAOOPOM aJIbTePHATUBHBIX OT-
BETOB.

Jist camocToATENbHONW padOTHI MOATOTOBJIEHA TECTUPYIOIIAs Iporpam-
Ma. CTyzieHTHl, B yI00HOE JUIsl HUX BpPEMs, OTBEUYAIOT Ha IIOCTAaBJICHHBIE BO-
HPOCHI.

B nporpamMMe HCIONB3yIOTCS OTBETHI B (JOpME aIbTepHATUBHON BBIOOPKH
W yuciaa ans pacyetoB (puc. 1). B yeTbipex M3 BOCEMH BONPOCOB MCXO/HBIE
JIAHHBIE JJIs PEIIeHHsI 3a/1a4i (POPMHUPYIOTCS TEHEPATOPOM CITyUYaiHBIX YHCEIL.

Pe3ynbraThl TECTHPOBAaHUS NIEPEAAIOTCS JIEKTOPY MPOTOKOJIOM B 3aIIH(-
poBaHHOM BHIe. B mpoToko: 3anuckiBaeTcs: amMrins, 1ata, BpeMs Ha OTBET
0 KaXXJOMY BOINPOCY, GUKCUPYIOTCSI OTBETHI U OLIeHKa 0TBeTa. [IpoTOKOIBI
nemudpyrores u oobenuHsoTcest B Excel Tabnuue ¢ rpaduueckum oTodpa-
JKCHHEM PE3YJIBTaTOB KOHTPOJIS.

KonTtponupytomas nporpaMmMa HCI0JIb30BaIach B KaYeCTBE IK3aMEHYI0-
mei. beutn nonbiTky AemmppoBKy npoTokoia. Mcnonbs3oBanue reveparopa

257



CJIy4alHBIX YHCEJ JUJISl TeHEepPallud MCXOJHBIX JTaHHBIX CBEJH ITH MOIBIT-
KH K MUHUMYMY. Tak Kak MPOTOKOJIBI NEPEAAOTCS JIEKTOPY IO IEKTPOH-
HOH IOYTE, CIIEAYIOIINM LIaroM, CHHKAIOIUM BO3MOXKHOCTH JeUIN(pPOBKH,
SIBUJIOCH UCIOJIb30BaHUE TECTUPYIOLIEH MporpaMMsl uepes ceTb MHTepHeT.
AnanTtanus CeTeBO BEpCUU MPOrPaMMBI BBIIIOJHEHA CTYAEHTOM TPETHEro
Kypca, COaBTOPOM JaHHOH paOOTHI.

w BpemaA:1:36:47 PM

o] 6 T T

P Lo

Ea= 200 beta= 20.rpaq Yemy paBHO (pasHoe HarnpsiKkeHe BTOPUYHON OGMOTKM 3aBHUCMMOro MHBEpPTOpa Mo
cxeme MuTkeBnua?
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Mpu BBOAE YKCAA UCTONLIYHTE
pasnenuTensHYI0 3anaTyio

|

PaBoTy BbINOSHAT CTYAEHT 3y0akuH l Beon

Puc. 1. 'maBHas manenb NporpaMMbl TECTUPOBAHUS

Hcnonws3oBanue TECTUPYIOIIUX HOpOrpaMM HNPHUBJICKJIO BHUMAaHHUE CTY-
JCHTOB. TeCTI/IpOBaHI/Ie OPpOBOAUIIOCH CTYJACHTOM HECKOJIBKO pa3 a0 IoJjyyde-
HUS TOJIOKUTEILHOK OLCHKH. Ilocne gero 3aI1yCKaJiaChb IporpamMmma KOHTpO-
JIis1, pe3yJibTaThbl KOTOpOﬁ emMy OBLIH HEU3BECTHEI U OIpeACIdIUCh JICKTOPOM
13 COOTBECTCTBYIOIIETO NPOTOKOJIA.

B 3akirouenne MOXKHO OTMCTUTH, 4YTO 6J1arouapﬂ Hpe}IBapHTCHLHOﬁ
pa60Te 0 NOATOTOBKE AJEMOHCTPAIITMOHHOI'O MaTe€pHraja YMCHbIINIIACh HA-
T'Py3Ka JICKTOpa BO BpEMs JICKIIUU, CTYACHTY AAa€TCsA 0oJIbIIIE BpEMCHU OJIsd
YACHCHHS OCHOBHBIX MOJIOXKEH I JICKIUH, JICKTOP MOXKET YJCIATH Ooublie
BHUMAHUA ayJUTOPUH, OTCJICIKUBATH PCAKIIUIO cnymaTeneﬁ Ha paccMaTtpu-
BacMbIC TCMbI.
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YTOUYHEHHBIN PACUET BBIIIPSIMUTEJIS
C EMKOCTHOM HAT'PY3KOM

B. A. Unozemues, H. H. Kongakos, A. A. OBuapeHko
Tomckuii ynugepcumem cucmem yYnpasieHus u paouodieKmpoHUKu
Hayuynweiii pyxosooumens — kano. mexu. nayx, ooyenm A. 1. 3ybaxun

B paGore [1] paccmarpuBatoTcst 1B€ MOJIENIN BBIITPSIMHUTENS C EMKOCTHON
Harpy3koi. B nepBoii Mozxeu TOK 3apsiia KoHIeHcaTopa puibTpa orpaHudm-
BAETCsl aKTUBHBIM M MHAYKTHBHBIM COIIPOTHUBIICHHEM (a3bl TpaHCHOpMaTo-
pa, conpoTuBiIeHHEM AuoA0B. PopMa ToKa TaM OIpeseseHa aBTOPOM — CHM-
MeTpu4Has. Bo BTopoil — ¢ Oe3rpaHc()OpMaTOPHBIM BBIIPSIMHUTEEM, «TOK
OrpaHUYMBAETCS EMKOCTHBIM COIPOTUBIEHUEM, IIOCKOJIBKY CONPOTUBIICHUE
(ha3pl U TMHAMHYECKOE CONPOTHUBIICHHE TMOAOB Majbl». PopMa ToKa B AH-
0JaX UMEET aCCUMETPUYHBIN XapakTep ¢ Pe3KUM HapacTaHUEM TOKa Ha Ha-
YaJpHOM 3Tare (puc. 1).

a y1 v3 r 1 Id
| o !

* — UC
Ubx & =[|R
6| Ubx TUc

V2 V4 I S t t

Puc. 1. Cxema 6e3TpanchopMaTOpHOro BEIIPAMUTENS (@);
(hopma HanpsKEHUS U TOKA JJ1 IEpBOH (6) U A BTOPOIi () Moneneit

['panuiyy cyuiecTBOBaHMS NEPBOM MOJIETN aBTOP OMPEIEIUI BbIpaKEHUEM

r 10
R (RoCP M

[Tpu BBITIOTHEHUH ATOT'O YCIIOBHS MOYKHO IIpeHEOpedb BIMSHUEM KOH/ICH-
caTopa (puUIBTpa Ha 3HAYEHHE BBIPSIMIICHHOTO HANPSDKEHUS, M TEM CaMbIM
CYIIECTBEHHO YIPOCTUTD, OOJIETYNTH MPOLEAYPY pacyeTa.
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BBIIPAMIICHHOE HAIPSKEHHE B 3TOM HIEAITU3MPOBAHHOM CIIydae
unean __
U =U,mcos(0), )
IJie yroll OTCEYKH O HAXOAUTCA U3 PElIeHUs TPAHCIEHIEHTHOTO yPaBHEHUS

160-0=""_
mR

B nanHoO#t paboTe npeaiaraeTcsi yTOYHUTh, HACKOIBKO I1eJIeCO00pa3HO MpH-
MeHeHue 3Toro Kputepusi. C 3TO# 1eTbi0 MPOBOAUTCS YTOUHEHHBIH pacyer.

[pu pacueTe BRIIPAMUTENS C EMKOCTHOW Harpy3Koi HEoOXOmAUMO yHH-
THIBaTh HETMHEIHBIC 3JIEMEHTBI — THOJIBI B CUIIOBOM IIETIH, U TO, 4TO (hOPMH-
pOBaHKe HAMPSHKSHUST Ha HATPY3Ke MPOUCXOMUT B JIBa dTama: 3apsja u pas-
psiia KOHeHcaTopa GUIBTpA.

Cucrembl muddepeHIIHaIbHbIX YPABHEHHUI, OMUCHIBAIOIINE 3TH JTAIBI,
OyIlyT OTIUYATHCSL:

IIpU 3apsjie IIpu paspsjie
ir+u. =u(t) ozca”C Lle
_ e e o R
ot R

B 3THX BhIpaXXeHUAX R, » — CONMPOTUBJICHUS HATPY3KU U (Da3bl BBIIIPS-
mutenst, C — eMKOCTh KOHJICHCATOpa B Harpy3ke, m — (pa3HOCTh CXEMBI BbI-
MIPSIMUTEJIS,

u(t) = U,msin(wt) |.

PesynbraT pemeHus 3Tol CUCTEMBI YpaBHEHUH MPEICTABIEH Ha pHC. 2.
Ha pucynke moka3aHO M3MEHEHHE HArpy304HOM XapaKTEPUCTUKH BBIIPS-
MHTENS B 3aBUCHMOCTH OT eMkocTH U, = f(C, Id). VI3 rpaduka BHIHO, 9TO
Harpy30o4Has XapaKTEepUCTUKA ITOYTH HE 3aBUCUT OT EMKOCTH KOHJIEHCATOPa
U TOJIBKO MIPH CYLIECTBEHHOM yMEHBIIEHUH €€ BEJIMYNHBI CTAHOBUTCS 3aMET-
HBIM €€ BIUSHHE Ha HArPy30UHYIO XapaKTepUCTHUKY.

Ha puc. 3 orpaxeHo pa3nuuue peadbHON U UAEANTU3UPOBAHHON MOBEPX-
HOCTEeH
U.-UZ*"

unean
UC

A=
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Ha puc. 4 GenbiM 11BETOM olpenesieHa 001acTh CyIeCTBOBAHUS Hjea-
JU3UPOBAHHOW MOJENN BBHIIPSMUTENS 110 KpuTepuio (1), Ipu morpemHoctu
0TOOpa’keHMsI MEHBIIIE IISTH MpoleHToB. Ha pucyHke 3aMeTHa 0051acTh, B KO-
TOPOH MOTPEUIHOCTh OTOOPAKEHN ST MEHBIIIE MISTH TPOLIEHTOB, HO KOTOpas He
BXOJUT B 00JIACTH CyIIECTBOBAHUS MOJIEIIH.

Uc/U2

12

0.08
0.06
0.05
0.03
0.01
08 2
-0.02

o

C
Puc. 2
0o 2 4 6 8 0 2 4 6 8 ¢
o | | | | | E 0_[ | | | | |
/l/ as}0.05 a3jo.05
54 5
10 10—
o 1d
Puc. 4 Puc. 5

B nanHoit paboTe mpemsiaracTcsl UCHOIb30BaTh IPYTOW KPUTEPHA IS
orpe/esieHHs 00JIacTH CyIECTBOBAHUS MIEPBOI MOACITH:

RoC>1 3)

Kputepuii onpenensiercs OTHOLIEHHEM aKTHBHOI'O CONPOTHBIICHUS IO-
TEPb BBIIPSIMUTENS K EMKOCTHOMY COIIPOTHUBIICHUIO HArpy3KU U UMEET J10-
CTaTOYHO MOHSTHBINH (PU3MYECKUIT CMBICII.

261



[Ipu Toi1 e norpemHocT! 0TOOpakeHus, MeHbIIE 5 %, 10 3TOMY KpHUTe-
puto (3) obnacTh CylecCTBOBAHUS MOJENHN yBelIn4duBaeTcs (puc. 5), 4To Io-
3BOJISIET CHEJIATh BBIBOJL O IIPEATIOYTHUTEILHOCTH €0 UCIIOJIb30BaHMSI.

Jlumepamypa

1. Hsanos-Lviecarnos, A. M. dnekrponpeodpazoBaTenbHbie ycTpoiictBa POC/ A.U. ViBaHOB-
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METOAUYECKHUE ACIIEKTbBI UCIIOJIb30OBAHUSA
IJIEKTPOHHbBIX OBPA3OBATEJIBHBIX PECYPCOB
HOBOI'O ITOKOJIEHU A
HA YPOKAX B LIKOJIE

H. A. Jleroctaesa, JI. M. ApTuiuesa
Tomckuii 2ocydapcmeenHblil nedazo2uiecKull YHusepCumen

DneKTpoHHbIE 00pa3oBaTeIbHbIE pecypchbl HoBoro nokoieHus (SOP HIT) —
3TO OTKpBITHIE 0Opa3oBareibHble MoaysbHbIEe cucTeMbl (OMC). OCHOBHBIM
MIPUHIUIIOM opranu3anuu JaHHbIX B OMC sBisieTcs paszelieHHe COBOKYII-
HOTO KOHTEHTA I10 NMPEIMETY Ha MOIYJIH, COOTBETCTBYIOINE TEMaTHUECKUM
3JIEMEHTaM M KOMIIOHEHTaM ydeOHoro nporecca. [Tpu 3ToM Kax bl MoayIib
MOXET UMETh aHAJIOT (BapHATHUB), OTIIMYAFOLINICS SIIEMEHTaMH COAEPKAHMUS,
METOINKON, TEXHOJIOTUEH UCIIOIHEHHSL.

Kaxxgomy TemMaTnieckoMy 3JI€MEHTY COOTBETCTBYET TPH THUIIA MIEKTPOH-
HBIX yueOHBIX Moayiel (OY M): U-tun — nHpopMaioHHbIH Moxynb; [1-Tun —
MIPaKTHYECKUI MOIyJTb; K-THII — KOHTPOJIEHBIH MOZYIIb.

OcHoBHbIe 3agaun DOP HIT:

— ITOMOIIb YYHUTEIIO IPH HOATOTOBKE K YPOKY;

— ITOMOIIb YYHUTEIIO IPH POBEICHUH YPOKOB;

— ITOMOIIb YYaruMcs JJIsl TOATOTOBKH JOMAITHUX 3aJJaHUH U CaMOCTOsI-
TEJIBHOTO 00y YeHUsI.

O dpexruBHOCT Hcnonb3oBanuss DOP HII B yuebHoM npouecce obectie-
YUBaeTCA 32 CUET CJIENYIOMNX BO3MOXKHOCTEH:

— MYJIBTUMEIMHHOCTD;

— MOJEITUPOBaHME;

— UHTEPAaKTHUBHOCTD.
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ONeKTpOHHBIA y4eOHBIH Monynb (OYM) sBisieTcsi aBTOHOMHBIM, CO-
JiepKaTebHBIM M (YHKIIMOHAJIBHO MOJHBIM 00pa30BaTEeNbHBIM PECYPCOM,
IpeaHa3sHaYeHHBIM IS PELICHUs ONpeieeHHo yueOnon 3anaun. Mudop-
MaIMOHHBIN 00beM DY M — mopsiaka 10 MO, Tak 94TO HOITyYEHHUE ero o ce-
TEBOMY 3alpOCy HE NMPEACTaBIIIeT NPUHIUINATBHBIX TPYIHOCTEH Aaxe A
Y3KOIOJIOCHBIX KOMITBIOTEPHBIX TII00aJIBHBIX CETEH.

CoBokynHOCTE DOYM pa3melaeTcst Ha cepBepe INI00aNIbHONW KOMIIBIO-
TepHOH ceTu. MHTepHET-NOCTYN K XpaHUIUIly U AocTaBka OYM no cetu
ocymiecTBisieTcss B pexkuMme on-line. JlocTaBneHHbIH MOLyNb pa3Meniaercs
B JIOKQJIBHOM XPAaHMIJIMIIE Ha KOMIBIOTEPE MONb30BaTeNsd A AajlbHENIIe-
ro ucnonab3oBanus. Onepanus Mo A0CTaBKe KOMIOHeHTa DY M, opranusa-
LUs ¥ BEICHUE JIOKAJIBHOI0 XPAHWINIIA OCYLIECTBIISIETCS C IOMOLIBIO MPO-
TpaMMHOI'0 HHCTPYMEHTA — IEPCOHATILHOIO OpraHaii3epa Mojib30BaTes.

Jns BocIpou3BeleHHUST MOAYJEH UCHONb3yeTcs ClelualIu3upOBAHHBIN
OMC IIneiiep, KOTOPBIH B OTINYHE OT Opay3epa MOKET BOCIIPOU3BOJIUTH BCE
W3BECTHBIC HA CETOJHS MYJIbTUMeIHa KOMIIOHEHTHI, a Takke paboTarh co-
BMECTHO C IJIEEpaMH JPYTUX IPOU3BOAUTENECH.

[Ineiiep n opraHaiizep — KJIIMEHTCKOE MporpaMmMHoe obecneyernue. [1omnb-
3oBaTens DOP HII npeaBapuTenbHO yCTaHABIMBAET €r0 Ha CBOEM KOMIIBIO-
Tepe, 3alPOCHUB MHCTAJUISIIIMOHHBIH MTaKeT, KaK ¥ yu4eOHbIe MOJIYJIH, [0 CETH.

IIpeumymectra S0P HII:

1. TIporpamma-peanus3aTop AJisl BC€X MOAYJIEH O/1HA, OHA IEPEKAuUBACTCs
OJUH Pa3 B Hauaje U3yueHus MpeIMeTa U XPaHUThHCS Ha KOMIIBIOTEPE MOJIb-
30BaTelNsl, TaM e HAKaIlJIMBAIOTCS PaHEee MOy YCHHbIE KOHTEHTHBIE MOYJIH,
B COBOKYIHOCTH IpenacTtasisaoomue DOP no npeamery.

2. IlonHOE MCTIONBb30BaHNE HOBBIX ITE/Iar OTMYECKUX HHCTPYMEHTOB (MHTEP-
AKTUBHOCTB, MYJIBTUMEINA, MOJICIIMHT) COYETACTCSI C BOSMOXKHOCTBIO PACIIpO-
CTpaHEHUS B IJI00AIBHBIX KOMIIBIOTEPHBIX CETSX, B TOM YHCIIE M Y3KOIIOJIOC-
HBIX, TIOCKOJIbKY 00beM DY M cocrtasisier ot 1 1o 7 MO.

3. BapuaTUBHOCTH MOAYJIEH MO3BOJSAET MEeJaroraM co3/1aBaTh aBTOPCKUE
y4eOHbIe KYPCHI, @ yJalluMcs peali30BbIBaTh NMHANBHIyalIbHBIE 00pa30oBa-
TeIbHBIE TPAEKTOPUH

4. ITockonbKy KaXKIblid y4eOHBIH MOIy/Ib aBTOHOMEH, a CUCTEMa OTKPBI-
ta, OMC sBIIsIeTCSl AMHAMHUYECKH PacIINpsieMbIM 00pa30BaTEIbHBIM PeCyp-
COM, He TPeOYIOIIHNM CYIIECTBEHHOH I1epepaboTKU B 1I€JIOM IIPH U3MEHEHNUHN
COJEPKATENBHBIX U TEXHMUYECKMX BHEIIHUX YCloBUH. B cucremy nerko
BKJIFOUAETCS HOBas TE€Ma, HOBBIE IEarOTHYECKUE METOIUKH U T. 1.
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Hamnpasnenus ucnonszoBanus JOP HII B yueOHOM mporiecce:

— B YCJIOBHSIX KJIACCHO-YPOYHOH CUCTEMBI;

— B YCJIOBHSIX peaJI3allii MHHOBAIMOHHBIX IIEJarOrn4eCKUX TEXHOJIOT Uid;

— B YCJIOBHSIX IIEpEX0/ia K HOBBIM HETPaJUIIMOHHBIM MOJIEIISIM 00y YeHUSI.

3O0P HII umeror Gosbiine BOZMOKHOCTH ISl OPTraHHU3alUK JESITEIbHO-
CTHU M YUYUTENs, U YUCHHUKA B YCJIOBHUSIX KJIACCHO-YPOUHON CHCTEMBI IPH MPO-
BEJICHUU TPAJAMLIUOHHBIX YPOKOB. IIpH 3TOM clenyeT y4uThIBaTh, YTO TaKHe
HX XapaKTEePUCTUKU KaK MyJIbTUMEIUNHOCTb U UHTEPAKTUBHOCTb, KOPEHHBIM
00pa3oM MEHSIOT HPUBBIYHYIO JIEATEIEHOCT YUUTENS U JEATEIBHOCTD y4a-
merocs. OcoOeHHO cyniecTBeHHOE 3HaueHne umeeT npumenenue DOP HIT muis
OpraHU3aluu CaMOCTOATENbHON T03HABATEIBHON AESTENIBHOCTH yYaIUXCSL.

B Toxe Bpems ucnonb3oBanue DOP HII BauseT u Ha mpouecc peanu-
3allid U pacIpOCTPAHEHUs] HHHOBAIIMOHHBIX MeJarorMueckKuX TeXHOJIOT i,
C O/IHOW CTOPOHBI, MOBBIIAA dPPEKTUBHOCTh X IPUMEHEHHS B YCIOBHAX
KJIACCHO-YPOYHOM CUCTEMBI, C IPYTOH CTOPOHBI, HHULIUUPYSI IOSBICHHUE HO-
BBIX ()OPM, METOJIOB M TEXHOJIOTUH.

OcHOBHBIE 3Tanbl ypoka ¢ ucnonszosanuem DOP HIT:

— aKkTyalu3alus 3HaHUW U yMEHUM;

— BBEJICHUE HOBOM MH(OpMAIUHY;

— IepBUYHOE 3aKpEIICHIE MaTepuana;

— IPUMEHEHME NOTYyYEHHbIX 3HAHUN B CTAHAAPTHBIX U HOBBIX YCIOBHSIX;

— IMarHOCTHKa Ipoliecca yCBOCHUs yueOHOro MaTepuania.

Bruta paspaboTana cepusi ypoKoB 1o HH(OPMATHKE C UCIIOJIb30BaHHEM
30P HII. Huxe npuBeneHs! 1Ba U3 HUX (Tabi. 1 u 2).

Tema ypoxa: «IlepeBon uncen U3 OQHON CUCTEMBI CUUCIECHUS B APYTYIO).

Llenv ypoxa — chOpMHUPOBATH y YUAIIUXCSl HABBIKM 1 YMEHUS IEPEBOJAUTH
4yClla U3 OAHOH CUCTEMBI B APYTYIO.

Ipoepammno-annapamnoe obecneuenue: KOMIBIOTED, mpoektop, L{OP
HII, OMC-nneiiep. B Tabxn. 1 npuBeseH nepedeHs 3TanoB IIEPBOToO YpoKa.

Tab6numa 1
Xon ypoka «IlepeBoja unceJs1 U3 0JHOM CHCTEMbI CUHCJIEHHUS B APYTYIO»

Hazpanue ®dopma
Oran ypoka HCTIONIb3yeMbIX npenbsBiaeHus | ['mmepcchlika/ceblaKka Ha pecype
D0P HIT uHboOpManuu
1 2 3 4

Opranuzanus
HayaJia 3aHATH
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IIpononxenue Tabm I

MaTepuaa (Tect)

(Ne 119342)

1 2 3 4
Axtyanuzanus | PasBepHyTas IIpesenranus http:/files.school-collection.edu.
3HaHUU (dhopma 3anucu ru/dlrstore/a96df437-5ae3—4cab-
yucia (Ne 128629) 8c5f-8d4cd78c5775/9_108.swf
Wzyuenue IepeBon IpesenTanus http://files.school-collection.edu.
HOBOTO JECATUYHBIX ru/dlrstore/78ba290c-0f7c-4067-
Marepuaia YHCeN B APYTHe aaf4-d72f40f49f3b/9_109.swf
CHCTEMBI CUHCIIE-
Hus (Ne 128625)
Uzyuenne IepeBon nenecs- | [IpesenTanus http:/files.school-collection.edu.
HOBOT'O TUYHBIX YHCEIl ru/dlrstore/1a264912-eca9—4b45—
MaTepHana B ICCATUYHYIO 8d77-¢3655b199113/9_110.swf
CHCTEMY CYHUCIIe-
Hust (Ne 128615)
3akpernieHne TpenupoBounsiii | MHTepakTuBHOE | http:/files.school-collection.edu.
HOBOI'O Tect Ne 3 3alaHHe ru/dlrstore/19d0fb95-871d-4063—

961d-e7dc5725e555/9 121.swf

13

Tema ypoxa: «Tabnuunslii mporeccop MS Excel».

I]env ypoxa — 3HAKOMCTBO Y4aIllMXCs C HA3HAYEHUEM, CTPYKTYpPOH U OC-
HOBHBIMH IIpHEeMaMu paboThI ¢ TaOMWYIHBIM nporieccopoM MS Excel.

Ilpoepammno-annapamnoe obecneuenue: KOMIbIOTEp, npoekrop, LIOP
HIT, OMC-nneep. B Tabu1. 2 npuBeneH nepeyeHp 3TarnoB BTOPOro YPoKa.

Tabnuma 2

Xon ypoka «Taéauunblii npoueccop MS Excel»

(Ne 119365)

Haszpanue ®dopma
Dran ypoka UCHOJIB3YEMBIX | NpeabsBICHHs | ['MIepcchbuIka/cChliIKa Ha pecype
D0P HIT nHpOpMALIUT
1 2 3 4
Opranu3anus
Havasa 3aHATHS
AxTyanuzanus
3HAHUHI
Wzyuenue Ha3znauenue IIpesenTtanus http://school-collection.edu.
HOBOT'O 1 BO3MOXKHOCTH ru/catalog/res/348ca965-
Marepuana NEKTPOHHBIX b75a-40bd-b7ce-
TadIHI 0edfa982d056/?from=a30a9550—

6a62—11da-8cd6—-0800200c9a66
&&class=51&subject=19
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IMIpononxenune Tabmu 2

1 2 3 4

IepBuunoe CrpykTypa WHuTepakTun http://school-collection.edu.

OCMBICIICHHE 3JIEKTPOHHOU JUIs caMocTos- | ru/catalog/res/70abd155—

U 3aKpeIUICHHE | TaOJIUIIbI TenbHO# pabo- | 0275-4¢56-b0c9—

MaTepuaia (Ne 119354) THI yYal[UXCs 0d7ea20078e8/?from=a30a9550—
6a62—11da-8cd6—0800200c9a66
&&class=51&subject=19

[pakTHueckas IpakTHueckoe WntepaxtusHoe | http:/school-collection.

pabora 3aganue Ne 14 3aJaHue edu.ru/catalog/res/

(Ne 119409) c71d79¢5—5e5d-410c-ba2f-
982£34c4093a/?from=a30a9550—
6a62—11da-8cd6—0800200c9a66
&&class=51&subject=19

J1/3
Jlumepamypa

1. Vuebnouii nopran no ucrnonb3oanno DOP B oOpasoBarenbHoii nestenpHocTH. URL:
http://eor.it.ru/eor

2. Eounas xonnexuus mudpoBbix oOpa3oBaTenbHEIX pecypcoB. URL: www.school-col-
lection.edu.ru

3. @eodepanbrbiii IEHTP HHPOPMALIMOHHO-00pa3oBaTebHBIX pecypcoB. URL: http: //fcior.
edu.ru

NH®OPMAIIMOHHASA CUCTEMA E-DECANAT
IS ABTOMATU3ALIMU PABOT JEKAHATOB BY3A

A.A. MBITHUK
Tomckuti 2ocydapcmeennulii nedazo2udeckutl yHugepcumen
Hayunwiti pyxosooumens — 3a6. cmyoenyeckou
Hayuno-uccaedosamenvckol rabopamopuett UT A. I1. Knuwun

IIpumeHeHuUe B IET0BOM Cpeic aBTOMATH3UPOBAHHBIX HHPOPMAIIHOHHBIX
cucteM (AUC), kak MOKa3bIBAIOT OMBIT 1 MHOTOYUCIICHHBIE UCCIIEIOBAHUS,
obecrieunBaeT OONBLIYIO TPOAYKTHBHOCT U Ka4€CTBO pabOoTHI IIepCcoHaia 1o
CPaBHCHHIO C TPAJAMIIMOHHBIM TOAXOJ0M K YIPABICHUIO 00pa30BaTEIbHBIM
yupexaenuem [1, 2]. Ucnons3oBanue coBpemeHHbIXx AUC mist yripaBiieHus
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BY30M II03BOJISIET O0Jiee JeTaIbHO U OIIEPaTHBHO YIPABISATH yUYEeOHBIM ITPO-
neccoM. B cBsizu ¢ 3THM, pa3paboTKa HOBBIX aBTOMAaTH3UPOBAaHHBIX HH(OP-
MAI[MOHHBIX CHCTEM YIIPABJICHHUS BY30M SIBISCTCS BaXXHOU HAYyYHO-TIPAKTH-
YEeCKOM 3a7jaueii, CTOSIIEH mepel pOCCHIICKOI cucTeMoi 00pa30BaHHMs.

J1J1st OBBILIIEHU S KauecTBa YIPaBJICHHs y4EOHBIM ITPOLIECCOM OBLIO MPH-
HSTO PEIICHHE O CO3JaHUM WH(POPMAIIMOHHOW CHUCTEMBI AJisi oOecredeHus
aBTOMAaTH3alUU OM3HEC-TIPOLIECCOB JICKaHATOB By3a. B pamkax 3Toi paboTs
penIannch 3a1a4yu: IUIaHUpOBaHKWE Y4eOHOro Impolrecca B paMKax JieKaHaTa,
yYeT aKaJeMU4YeCKOl yCcIIeBaeMOCTH U BE/ICHHE aKaJIeMHUUYECKHX BEOMOCTEA,
(hopMupoBaHUEe pa3HOOOPa3HOW OTYETHOH HHPOPMALIHH.

Cucrema E-Decanat peann3oBaHa ¢ HCIIOIb30BAHUEM aPXUTEKTYPBI KIIH-
eHT-cepBep U siBisieTcs rich-knnenToM. COBOKYITHOCTH JaHHBIX B MH(pOpP-
MaIlOHHOW CHCTeMe Iojpas3/ielieHa Ha o0Iue, Teé KOTopsle 00padaThIBaloT
pa3iIMyYHbIE TOJpa3AeiIeHus By3a, U JIOKaJIbHbIE, HEOOXOJUMBIE TOJIBKO IS
OTJIETIFHOTO JIEKaHaTa C LEJIbI0 JOCTH)KEHUS OajlaHca Harpy3KH npu oopadot-
Ke U repeaade JaHHBIX. J[1s 3TOro ncrmonb3yrorcs aBe 6a3bl JaHHBIX, OHA
U3 KOTOPBIX pa3MellleHa B JIeKaHaTe, a Apyras Ha OJHOM M3 LEHTPaJbHBIX
cepBepoB By3a. B meHTpanbHOI 0aze MaHHBIX XpaHUTCS oOmias nHpopma-
s, HeoOxonumast 1J1st paboThl BceX (aKkyIbTeToB By3a. B nokanbHOl 6aze
JAHHBIX XPAaHUTCS MHPOpPMAIHs, HEOOXonuMasl JIJIs JeKaHaTa: aKaJeMude-
CKHeE BEeJIOMOCTH, Y4eOHbIE TUIAHBI U APYTas COIyTCTBYIOMAs HHPOPMALUS.
B ponu CYB/] ucnione3ytorcs npa pemenus: MS SQL Server mns oOreid b1
1 MySQL s nokansnoit BJI.

OcHOBHBIE OM3HEC-TIPOLIECCH, KOTOPBIE MMOIEKAIN ABTOMATH3aIMH: Be-
JICHVE TMYHOW KapTOYKH, BbIIa4ya CIIPaBOK CTYAEHTaM, OIepaliy ¢ y4eOHbI-
MU IIJIaHAMH, OTIEPalMHU C aKaJJeMUYECKIMH BEIOMOCTsIMU [3].

Jliist aBTOMaTH3aMyM ATUX OU3HEC-TIPOIIECCOB B MH()OPMAIIMOHHON CHCTe-
M€ peasin30BaH CJIENYIOMNH HHCTPYMEHTAPHA:

— BBOJI, IIOHCK, IIPOCMOTP JIMYHBIX KAPTOUEK CTY/ICHTOB,;

— IIPOCMOTP MPUKA30B, IPOEKTHI IPHKA30B;

— MEHeKep yueOHOro miaHa — KOMILIEKC padoT 110 (OpPMUPOBAHHIO y4eo-
HOT'O IIJIaHA: CO3/IaHKe, PEAaKTHPOBAaHNE, XpaHEHUE YUeOHBIX IIaHOB,;

— MEHEKep BEeJOMOCTeH — KOMILIEKC padoT 1o (GopMHpOBaHUIO yueo-
HBIX BEJIOMOCTEI1: aKaJieMIIecKasi BeZIOMOCTh, 9K3aMEHAIIOHHAS BEZIOMOCTb,
KOHTPOJIbHAS TOYKA;

— CIIPaBOYHHK JUCHUIUIMH — KOMILIEKC paboT 10 GOPMUPOBAHUIO U Xpa-
HEHHIO KOMITOHEHT y4eOHOro ImiaHa: OJIOKH, KOMIIOHEHTHI, IUCIUITIINHBI;
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— PEUTHUHT CTYAECHTOB — pacdeT PEUTHHIOBBIX MIOKa3aTeNel;

— CIIPAaBOYHUKH;

— OTYETHI, CBOAKH, 3aIIPOCHI O PA3IUYHBIM TEMATHKAM.

st 06paboTKH IOKYMEHTOB pealin30BaHa MHTErparus ¢ OQUCHBIM I1a-
keroM OpenOffice.org ¢ UCIIOIB30BaHNEM HKCIIOPTA JAHHBIX B MIA0IOHBI.

AUC E-Decanat mpenHa3Ha4YeHa I aBTOMATH3aIlMU y4eOHOTO IPO-
L[ecca M HE 3aTparuBaeT HYKOHOMHMUECKYIO U XO3SICTBEHHYIO AEATEIbHOCTh
By3a. VlHpopManmoHHasi cucTeMa He SBJISETCS M30JMPOBAHHOW OT BHEII-
HUX CHUCTEM, OPraHMYHO MHTErpUpOBaHa B OOIIYI0 MH()OPMAIOHHYIO UH-
¢pactpykrypy By3a. AUC E-Decanat HampaBiieHa Ha B3aHMOAEHCTBHE C
WHOOPMAITMOHHBIMHU CHCTEMaMU «DIIEKTPOHHAS Kadenpa», « AOUTYpUCHTY,
«A-Cadryy, cucrema aBTOMaTH3anuu TOKyMeHTO000poTa «A-Deloy (puc. 1).

A-Delo

OnekmpoHHble

AoKyMeHmMbl
'_1: [ Omyems!, c8o0ku
[
n KeH
o nmnsonms

gedomocmu A-Cadr

OnekmpoHHas B Cadry
kacpedpa || Petimunzogsie |
nokazamenu | . =
YyebHble 3ayucneHue
nnaHbl abumypueHmos
YuebHoe AbumypueHm
ynpaeneHue

Puc. 1. Bzaumoneiicteue AUC E-Decanat ¢ BHemrnumu UC By3a

Pa3paborannas vamu VC peann3oBaHa ¢ TOMOIIBI0 TEXHOJIOTHH Java Ha
nnardopme Java SE. I'paduueckuit naTepdeiic nonp3osaresns pazpaboTan
¢ nomompto oudnnorexn Swing. I1pu paspaborke 6b111 Hcionb30BaHbl: IDE
NetBeans; CYB/] MS SQL Express Edition, CYBJl MySQL.

[IpennoxenHoe perIeHne SIBISETCS KpoccraaTGOpMEHHBIM U ONTUPAETCS
Ha OTKPBITHIE CTAHIAPTHI CBOOOAHOTO MTPOrPaMMHOT0 00ECIeYeHH s, UTO 3a-
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METHO paclIupsiaCT €To C(bepy NPUMCEHCHUS IJIs1 HYK/ BBICHICTO npoq)eccno-
HaJBHOI'O 06p330BaHI/IH.

Jumepamypa

1. @uonosa, JI. P. Pa3paboTKka KOMIIOHEHTOB HH(GOPMALIMOHHOW CUCTEMBI JJIsl YIIPaBJICHUS
y4eOHBIM ITPOLECCOM Ha OCHOBE KOMIIETEHTHOCTHOT0 noaxoxa / JI. P. ®uonosa, T. A. 3onoToBa
// Nudopmatuzauus obpasoBanus u Hayku. 2011. T. 12, Ne 4. C. 14-28.

2. Benopos, A. M. CASE-texnonoruu. CoBpeMEHHbBIE METO/BI U CPEACTBA MPOCKTHPOBA-
Hus nHGopManoHHbIX cucteM / A. M. Benapos. M. : ®unaHcsl 1 cratuctka, 1998. 176 c.

3. Aoamanckuii, A. B. UadopmaioHHast MOJIeNIb YIPaBJICHHS BBICIIUM y4eOHBIM 3aBejie-
uureM / A.B. Anamanckuii / Bectauk HI'Y. 2010. T. 8, Ne 3. C. 21-25.

OCOBEHHOCTH JEUCTBUA IBETOBOI'O IATYUKA

U. A. Throt, JI. A. Thror, I1. FO. UBamrytenko, FO. O. JIo6oxa
Tomckuii 20cyoapcmeeHHblll neda2o2utecKutl YHugepcumemn

PobGoTorexuuka (anen. robotics) — mpUKIaTHAS HayKa, 3aHUMAFOIIASCS
pa3paboTKOi aBTOMaTH3MPOBAHHBIX TEXHUUYECKHX cHCTeM. PoOoToTexHMKa
OnupaeTcs Ha TaKKe TUCIUILINHBI KaK 2JIEKTPOHUKA, MEXaHNKa, TPOTpaMMHU-
poBaHue. B coBpeMeHHOI1 cucTeMe poCCHHUCKOro o0pa3oBaHUsI POOOTOTEX-
HUKa mpuobpeTaeT Oonpuioe 3HaueHue. LIIKOIBHUKN aKTUBHO 3aHMMAIOTCS
KOHCTpyHpoBaHueM H nporpammuposanneM LEGO-po6oTos. K coxanenuro,
METOANYECKNX pa3pabOTOK Mo y4eOHOH poOOTOTEXHMKE KpaiHe HemocTa-
TOYHO.

B nannoii paboTe mpeacTaBiIeHBl MPUMEPHI IPOrPaMM, XapaKTepHU3yIo-
mue padoty nseroBoro cencopa LEGO-po6oTa (puc. 1). L{BeToBoii cencop
BXOJINT B CTaHJAPTHEIN HaOop AatuynkoB Lego Mindstorms 2.0 1 oTBewaer 3a
I[BETOBOCTIPHSTHE POOOTA.

enp Hamed yueOHO-METONNIECKOW paOOTHI 3aKITIO-

YaJlach B HCCIIEZIOBAHNN BO3MOXKHOCTH I[BETOBOT'O JIaTYH-
ka Lego Mindstorms 2.0. 11st KCTIONB30BaHMS B y4eOHOM
Iporecce B cpefHeil mKoje B paMKax (paKkyIbTaTHBHBIX

KYPCOB.
IBeTOBOI MaTUYHK pabOTaET B TPEX PEKUMAX:
— pacno3HaBaHWEC HCKOTOPBIX LIBETOB CICKTPAa U MO- Puc. 1. IiBeToBoit
HOXPOMHBIX 11BETOB; cerncop LEGO-po6ora
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— M3JIy4YeHHUE IBETOB 3€JICHOT0, KPACHOTO M CHHETO (CBETOAMOIbI);

— pacno3HaBaHHE OCBEIICHHOCTH.

Hatunk LEGO ncnons3yeT cBeToauo/ ¢ 1iBeToBoit Mozaeisio RGB, xoto-
PBIH IOCIENOBAaTENBHO OCBENIaeT 00BEKT KPACHBIM, 3€JICHBIM U CHHHUM CBe-
TOM. OTpa)KeHHBIﬁ CBET YJIaBJIMBACTCA CBCTOBBIM JaTYMKOM, YYBCTBUTECIIb-
HBIM K BOJIHAM pa3H0171 JJIUHBI.

Hatuuk LEGO HyX1aeTcs TOIBKO B 2,5 MUJUTUCEKYH1aX JJIsl ONpeselie-
Hus nserta [1]. B cBoeii paboTe MbI OAPOOHO MCCICIOBAIH AJITOPUTMBI JIJIsI
JBHO)KCHHMS 110 JIMHHUM U omipezesieHus BeToB. COOpaHHBIE MOJIENH PEIIA0T
3aJlauu [BETOBOM MU PepeHIInalnm, UCTIONb3Ysl Pa3IMuHbIC aITOPUTMBI.

B paboTe npencraBieHsl YeThIpe MOJIEU: 0a30Basi I'yCEHHYHAs! MOJIEIb,
oIpesesAoNas I[BeTa M0 MyTH CBOETO CIEAOBAHHUS, MOJEIb pOOOT-COPTH-
POBLIMK; IIYTTEP-00T, KOTOPBIH AEMOHCTPUPYET pabOTy CBETOIMOIOB, U PO-
00T, IIepeIBUTAIOLIHIACS 110 JTHHHH.

AJNTOPUTM COPTHPOBKH IO IIBETY, pa3padaThiBAEMBbIil B XO/€ HAIIUX HC-
CIIeZIOBaHUMN, NMeeT Oojee CIOKHBIA XapakTep. IIporpamMmMHuas peanusanus
0a3upyeTcsl Ha OMKMCAHHOM HWXe anroput™me Modeau I, B KOTOpBIH 100aB-
JICHBI JAaTYUKW KaCaHUA U CEPBOMOTOPLI, OTBCYAIOIIUE 3a MMONaJaHu A HIapu-
Ka B Hy)XHYI0 sueiiky. CepBoMOoTOp B OTBEUaeT 3a MEPEIBUKECHHE KOPOOKH
¢ mapukamu, ceppoMotop C OTBEYaeT 3a ABI)KEHUE Kapycelu C s4yeiikaMu

(puc. 2).

Onucanne MojeJieii, NpUMepbI IPOrpamMm

Onucanue MoJenu IIporpamma
1 2

Mooenws 1. Ilporpamma Juist
pacmo3HaBaHUs LIBETa BO BpeMsI
nepeaBkeHre podoTa no
pacKpaleHHOH MOBEPXHOCTH,
poboT onpenenseT CooTBET-
CTBYIOIIUH I[BET, HA3BIBAs €TI0

1| 43 cicrcioioicioe: [
Er % . BB
st a
Bjcicic

e

L/
FSeloeloeoere

orrE _ =
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Mooenw 2. OCHOBOI TaHHOTO
aJITOpUTMa SIBIISIETCS] BETBIICHHE
Ha 0a3e aT4rKa pacCTOSTHHUSL.
Ecnu poOoT HE BUTUT OOBEKT,
TO 3aropaeTcs 3eJICHBINH CBETO-
MO ¥ POOOT IBUXKETCS 110 KPY-
ry. Ecniu 00beKT HaxoquTes Ha
paccrosinue 40 CaHTUMETPOB, TO
3aropaeTcs CHHUI CBETOAMO,
pobOT OcTaHaBIMBACTCS, IPO-
HM3HOCHUT «OOBEKT» U 3aMUPACT
Ha 1 c. Ecin 00beKT He YXOIUT
¢ oporu poboTa, TO 3aropaercs
KpacHBIN CBETOUOMA, pOOOT
TPOU3HOCUT KOMaH]y «OIac-
HOCTB» U CTPEIISIET

5 1550 MnosTomns rext
e gt Toor b

- DN ]
szoppe Lol —

588 i

joiciotoior|

Mooenw 3. [IBUKEHHE TIO JTUHUH,
JaTYMK pabOTaeT B peIKUME
pAacro3HaBaHUs OCBEILICHHO-
ctu. PoGoT ABMXKETCS BIONIB
TPaHHUIBI YCPHOH JINHUH, CCITN
OCBEIICHHOCTh yBEINYNBACT-
csi, poOOT MOJTyyYaeT KOMaHy
BEpPHYTCS Ha JIMHUIO. 3aaua
JBHXKCHUS pobOTa 110 INHUH
SIBIISICTCSL OHOM U3 CAMBIX
PacmpoCTPaHEHHBIX 3a1a4
POOOTOTEXHUKH

e cm—) ]

Robo Center.

Puc. 2. PoboT, peanusyomuii anroputm
COPTHPOBKH I10 LBETY
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PaspabaTreiBaeMblif HAMH ITOJIXO0]] TIO3BOJISIECT MTOSTAITHO U3YYaTh CBOWCTBA
[BETOBOTO IATYHKA, UTO SBJISACTCS BaXKHBIM JOMOTHeHHEM K padote C. A. dui-
smnosa [2].

Jlumepamypa

1. URL: http://www.exoforce.ru/?action=show_product&catalog=33&page=36597&query
2. Quanunos, C.A. Pobotorexnuka ans gerei u poxuteneit / C.A. @unnunos. CIIO6. :
Hayxka, 2011. 263 c.

ABTOMATU3UPOBAHHAS CUCTEMA
SMS-PACCBIJIKHA
JJIA HYXATO HUYC TI'I1y

A.B. Ilony3os
Tomckuii 2ocydapcmeenHblil nedazoeuiecKull YHusepCumen
Hayunwiii pyxosooumens — 3a8. cmyoenueckoil
HayuHo-uccaedosamenvckol rabopamopueti UT A. I1. Knuwun

B coBpemMeHHOM MUpe NpH BCEH Pa3sBUTOCTH TEXHOJIOTUH HEPEIKO CITy-
yaroTcs upesBbruaiinsie cutyannu (YC), KoTopble MOI'yT IPUYUHUTH yIIepo
1 Bpen yenoBeky. Kak mpaBuito, HEBO3MOKHO TEXHHYECKH MTPECKa3aTh, KOT-
Ja u rae uMeHHo ciaydutcs YC — ceronHs uiaM 3aBTpa, HA yJIHIE WK B HO-
MEILEHHH, T/I€ HAXOIUTHCS OONBIIOE KOJIMYECTBO JIIONEH.

HeBo3moxHO mpenckasaTh 3apaHee, 4YTO CIYyYUTHCS, HO BOZMOXHO OITe-
paTtuBHO onoBecTUTh. OXHUM U3 3PPEKTUBHBIX METOJOB, IPH ITOMOIIH KO-
TOPOT'O MOYKHO OCYLIECTBUTH OIIOBEUICHUE JIFOJCH SIBISIETCS METOH 3JIEKT-
POHHOH PacChUIKH € UCIIOIb30BaHMEM MOOMIIBHBIX TexHosoruil. Hanbomnee
MIEPCIIEKTHBHOMN U3 MOOMIIBHBIX TEXHOJIOTUH HA HAI B3I SIBISIOTCT SMS-
COOOIIIEHN S, KOTOPBIE B HACTOSIIEE BPeMs HAIIIHN IIHPOKOE MCIIOIb30BAHNE
CPEeaH I'PaXkIaHCKOTO HACEIICHHUS.

Cy1iecTByeT MHOKECTBO CEPBHCOB U KOMIIAHUM, IIPEIOCTABISIONINX IPO-
rpaMMBbl paccbUlkd SMS-coobmienuii. K HenocTarkam coBpeMEHHBIX CUCTEM
PaCChUIKH CIEAyeT OTHECTH: OOJIBIIOE KOJIMYECTBO JOMOTHUTEINBHON HHOP-
MalliH, KOTOpasi XpaHUTHCS B IIPOrpaMMax, HEOOXOIMMOCTh YCTaHABIMBATh
MIPUJIOKEHHUE HAa KOMITBIOTEP, JOCTYITHOCTh IIPHIJIOKEHUS TOJIBKO C TOI'O KOM-
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IBIOTEPA, TAE€ OHO YCTAaHOBJICHO. BOJIBIIMHCTBO COBpEMEHHBIX Web-caliToB
MPEAOCTABISIOT KIMEHTaM (GopMy aiist oTnpaBku SMS, Ho, Kak paBuiIo, 6e3
BCTPOEHHBIX 0a3 TaHHBIX ¥ IPOrPaMMHBIX HHCTPYMEHTOB UX 00padoTkH [1].

Lenb HacTosIeH pabOTHI 3aKII0YAETCS B pa3paboTke web-IpHIIoKEeHUs
st SMS-pacchliiku cepBUCHOH ciy>x0b1 yHuBepeuTeTa ('O n UC TTIIVY).

B cBsI3M ¢ TOCTaBJICHHOM LIEJIBIO PELIAINCh 3a/1aui 10 CO3JaHuI0 web-
MPUJIOKEHU ST, KOTOPOE OBl 0TBEYAJIO OCHOBHBIM TEXHHUECKUM TPEOOBAHUSIM:

— IIPOCTOTA B UCIMOJI30BAHUY;

— BO3MOXXHOCTb HHTETPAIMH B 33JaHHYI0 00J1acTh caiTa;

— XpaHeHHe 1 00paboTKa JaHHBIX A0OHEHTa.

B tabnuie npuBeneHo cpaBHEHNE CO3JaHHONW HaMU IporpaMMbl A-SMS
C CYLIECTBYIOIUMHU aHATOTAMH.

CpaBHHTe/IbHbIE XaPAKTEePHCTHKHI
(yHKIHOHATBHBIX BO3MO:KHOCTel web-npuito:kenus A-SMS

dynKuHK A-SMS SM%‘;ZC[C;]‘“” FireSMS 2.5.3 [3]

1. UMnopT KOHTAaKTOB " n i
U3 IPYTUX Nporpamm
2. I'pynibl KOHTAKTOB + + +
3. Ilepconanuzanus 4 4 _
coo0IIeHust

Kupunnuna —
4. OTnpaBKa AITMHHBIX 70 CUMBOJIOB, . +
COOOIIEHU I JIATHHHLA —

160 cumBONIOB
5. Ilonyuenue oryera " n .
0 JI0CTaBKH
6. DKCIIOPT KOHTAKTOB + + +
7. OTnpaBKa HHAUBUTYaIb- + 4 +
HBIX COOOIIEHUIT
8. Uuctka HOMEPOB + + +

W3 tabnumsl BUAHO, 94TO A-SMS IpakTHUECKH HE ycTynaeT B (PyHKIIHO-
HAJIBHOCTH JIPYTHM IIPOTpaMMaM, KOTOPbIE IHPOKO MCIOIb3YIOTCS B HACTO-
smee Bpems. Ho caMbIM rmaBHEIM penMyniecTBoM A-SMS sBaseTcs To, 4TO
MPHJIOKEHHUE TOCTYITHO C JIF000r0 KOMIIBIOTEPa, NMEIOIIEro Beixon B HTep-
HeT. Takum 00pa3oM, BO3pacTaeT BEpOSATHOCTH, 4yTo onosemenue o YC ¢ uc-
noib30BaHneM SMS-coo0uieHni Mpon3oiIeT OBICTPO U B HY KHBII MOMEHT.
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Ha puc. 1 npencrasieno riaBHoe okHO A-SMS ¢ 3arpy»xeHHOH Tabiauuei
aOOHEHTOB.

BH Orcomon x

Paccbiika CMC

TnasHas

CMC paccbuka
" | [smsdelivery.ru |

cme Roasurs | vaanurs [ Pepaxr. | MoGasurs || yaanwrs enaKr.
pacceinka | rpynny rpynny. rpynnei (| abowewra | aGowewra [ aGowewros

Texynti Sananc: 0 Crc

Texcr coobwennn:

160 omaonor)

| te6nmua aboreros || Tabmmuarpynn |

Jr— — Bubpars scex:

Patowm 79029813456 5]
Pabown rreszesanrs 5]
Coyxaum “rser23a1293 5]

Puc. 1. I'maBHOe 0KkHO A-SMS c 3arpy»keHHOU TabnHIeH a00HEHTOB

I Orsemanc x

< > ¢ | ®testzrusms_form prpvtadiez * i a
~ ~ — = S ——— o S|

Paccbuaka CMC

Tnasas |

CMC paccbika cme RoGasuTs yaanute Peaaxr. Robasurs. YasauTo Peaaxr.
smsdellvery.ru pacceuka || rpynny rpynny rpynnos | aGowewra || aGowewra || aGowewros

Texyuni Ganasc: 0 Cuc

Texct coobuenns:

s coobusamna rmprmash

| _Ta6nua aborertos || Tabavuarpynn |
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Fpynna

Tenedon

Bubpats ecex:
o

PaGounn

79029813456
+77832453476

Cryxawmn

79872341243

Puc. 2. 'naBHOE 0KHO IporpaMMsel A-SMS ¢ Tabiuueit rpynn




B nentpe ¢opmbl pacrnosoxkeHa 00JIacTh BBOAA COOOIIEHUS C AByMS yII-
PaBIISIIOIMMH KHONKaMu — «OTnpaBuTh» 1 «Ounctuthy». Ilon HUMH pactio-
JIOXKCHBI JIBE KHOIKH IS TICPEKIIFOUeHI S Ta0uil (a0oHeHTOB/Tpy1i). B Tab-
yuie rpyni (puc. 2) BEIBOASITCS HAMMEHOBAHUS TPYIII U COOTBETCTBYIOIINE
HOMepa a00HeHTOB. VIMeeTcs: BO3MOKHOCTB /IS BBLACICHU S HY KHBIX TPYTIIL.
AHajornyHbI{ BEIOOD MpecTaBiIeH B Tabnuie abOHEHTOB.

BepxHee MeHIO OCyLIECTBISICT HaBUTaluio B web-npuioxenuu. C uc-
MOJIb30BAHUEM KHOIOK MEHIO MOXKHO BBIIOJIHHTBH CIEAYIOUINE JNEHCTBUS:
J00aBUTH/yIaTUTh TPYIIITY, PEAAKTHPOBATH I'PYIILY, 100aBUTH/y1aIUTh a00-
HEHTa, pelakTHPOBaTh abOHeHTa. Bee neiicTBUS MPOCTHI B MCHOIb30BAHUN
1 He TpeOyIOT MHOT'O BPEMEHH JUJISl KX OCBOCHHUSI.

IIpu pazpaboTke MporpaMMsbl UCIIOIL30BAINCH coBpeMeHHbIe M T-TexHo-
noruu: HTML, CSS, PHP, 6a3s1 manasix MySQL u JavaScript.

IIporpamma A-SMS criocoOHa NMOBBICUTH YPOBEHb OTOBELICHHUS JIIOJEH,
Oyaronapsi HCIONB30BAHNIO MOOMIIBHBIX TEXHOJOTUH M TEM CaMbIM YBEJIH-
YUTH CTENEHb NX 0€30MacHOCTH.

Jumepamypa

1. Buxkuneous [9n. pecypc]. URL: http://ru.wikipedia.org/wiki/Cmc_paccblika

2. Ungpopmayuonnasn cucrema «CMC Paccoinka 2012» [On. pecypc]. URL: http:/www.
smsdelivery.ru/sms_delivery features.shtml

3. Ungpopmayuonnas cucrema «download.ru ropsium 3arpysku» [2m. pecypc]. URL: http://
download.ru/products/firesms-2—5-programma-dlya-rassylki-sms

ITPOI'PAMMHWPOBAHHUE MOBUJIBHBIX POBOTOB
B CPEJE NXT-G

M. IO. Tkauena, O.C. HerecoBa
Tomckuii 2ocyoapcmeeHHblll neda2oeutecKutl YHugepcumen

Kak TobK0 He Ha3bIBAIOT HEIHEIIHEE CTOJICTHE: «aTOMHBIH BEK», «KOCMH-
YECKHH BEK», «BEK NIEKTPOHUKM». C HE HANMEHBUINM OCHOBAHHUEM MOKHO
CKa3aTh, YTO 3TO BEK poOOTOB. XOTs €lle COBCEM HEeJaBHO 3TH YCTPOUCTBA —
POOOTHI CYIIECTBOBAJIM JIMIIb HA CTPAHNIAX HAYYHO-(DAHTACTHUECKUX KHUT.
CeronHs Ha MHOTHX IPEANPHATHAX POOOTHI aKTUBHO ITOMOTAIOT YEJIOBEKY
B ero HenerkoMm tpyzne. OHM Bce yBepeHHEH M yBepeHHEH BXOIST B HAIly
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XKU3Hb. 1] €CTECTBEHHO MBI HE MOXXEM HE MHTEPECOBATHCS TAKUMH Mallu-
HaMH HE3aBUCHMO OT TOr0, Kakylo npodeccHro Mbl HaMepeHbl M30parhb
B cBoeM OymymieM. ITbITiHBEIIl yM JKIET OTBETHI HA AECATKH BOIPOCOB MPH
BCTpeue ¢ 0001 MamuHOM, OyAb TO IPOCTHIE Yachl MM MOIIHAS paKeTa.
PoGorexanueckue miuargopMbl IPUMEHSIOTCS HE TOJIBKO B HAyYHBIX, BOCH-
HBIX 1 MEAUIMHCKUX LEJAX, HO ¥ IHPOKO UCIIOIb3YIOTCS AT PAa3BIICUCHHH.

CaMBIM ONITHMAaJIBHBIM BO3PACTOM IS 3HAKOMCTBA C POOOTOCTPOCHUEM
1 IpOrpaMMHUpOBaHNE poOOTOB ABIISETCS BO3pacT oT 5 go 12 ner. J{ns nereit
pOOOTHI BEI3BIBAIOT 0COOBIH HHTEpec. [Tocnennnii Bonmpoc 0cOOEHHO BOJIHYET
IOHBIX JIIOOUTENEH TEXHUKH, MBITIUBBIX SHTY3UACTOB, TEX KTO CaM C yBJeUe-
HUEM H300peTaeT, KOHCTPYHpYeT, cobupaet. KaxxeTcs, rue yx pasodparbces
U CIIPAaBUTHCS CO BCEMU CI0XHOCTSAMH IIKOJIBHUKY, HE UMEIOLEMY €IlE Jaxe
3aKOHYEHHOTO cpeaHero obpasosanus. Ho uem paHbie Hamm Oyaymire KoH-
CTPYKTOPBI MaIlIMH OBJIAACIOT a30yKOi POOOTOCTPOCHHMSI Ha CAMBIX TPOCTEH-
LIMX MOJIEINISAX, TeM OOJbIIE OHU CIENAIOT B Oy TyIeM.

o —
e Edt Took Hep

ST EEERES DK El e o) T3
N e

b

neu:Ee

Paboyee none nporpammbl

OEIO
@)

KoMaHgHbli
LeHTp

ManwuTtpa komaHa %Tj

|
OkHo oblyero Biga &

-8

MpOrpamMbl 7}
o s et .
OKHO HacTpOeK NapaMeTpOB KOMaH, stra b, ik e bl i

Puc. 1. Untepodeiic cpeasl nporpammupoBanus NXT-G

Po6ot 3anmporpammupoBanHbiii B cpeae NXT-G crnocoOeH BBHITIONHSITH
nm000e 3a1aHne, HAPUMEP CJIeI0BATh JUHUU, OPOCUTH MsIY, TOAMECTH ITOJI.
IIporpammupoBanue NXT BkiirouaeT B cebs HaMcaHUe MPOrpaMMBbl Ha KOM-
IBIOTEPE, 3aTEM TIEPEHOC €€ B MUKPOKOHTPOJIIEP — «MO3I» — pob0Ta, KOTO-
pHIii 3anyckaeT u BeimoiHsieT nporpammy. NXT-G — 310 rpaduueckuii a3b1k
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POrpaMMHPOBAHHUS, B KOTOPOM MOXKHO CO3/1aBaTh MPOI'PAMMBI C TIOMOIIBIO
Ha)KaTHUs KJIaBHIIEH MBIIIM U IIPOCTHIM NEPETACKUBAaHUEM OJIOKOB KoJa Ha
skpane [1]. Uroos! yBuners nuntepdeiic NXT-G u Hauats paboTy, HE0OXO-
JIIMO CO371aTh HOBYIO IIPOTrpaMMy HJIM OTKPBITh CyIIECTBYOUIYIO (puc. 1).

WnTepdeiic rnmaBHOM HOPMBI COIEPKUT pabouee MoJIe MPOrpaMMEI C pac-
TIOJIO)KCHHBIM Ha HEM KOMaHJHBIM LIEHTPOM, MAJUTPOH KOMaH]l, OKHOM Ha-
CTPOEK MapaMeTpoB KOMaH] 1 OKHOM IIPOCMOTpa OOIIEro BU/a MPOrpaMMBl.
Jnst nmpuMmepa paccMOTpPHM IHMKTOrpaMMy OJI0Ka yHpPaBiCHHUS MOTOpPaMHu
«Move Block» (puc. 2). IlukrorpaMma onpenensieT 3Ha4eHUE, YCTAHOBIICH-
HOE JUJISl XapaKTEPUCTUKHU «ITPOIOJKUTEIBLHOCTD BPALLICHU .

©H
Puc. 2. TTukTorpamma Giioka ynpaBieHHs Puc. 3. [Ipumep NOAKIIOYECHUS
motopamu «Move Block»: 1 — mopt LIMHBI JAaHHBIX

yCTpO¥CTBa; 2 — HAIPABICHHE JABHKCHHS
poboTa; 3 — ypOBEHb MOILIIHOCTH;
4 — IPOAOIKUTEIBHOCTD BPAILCHUSI.
ITukTOrpaMMma OmpeaesseT 3Ha4CHHE,
YCTaHOBJICHHOE JUISI XapaKTEePHCTHKH

MHorue 6J'IOKI/I HMCIOT KOHICHTPATOPhI JaHHBIX, KOTOPBLIC MO yMOJ4a-
HUIO CIIpATAHBI. I[J'IH UX U3BJICUCHUSA NOCTATOYHO HICIKHYTH MBIIIIKOH 10
HWKOHKE B JICBOW HUXKHEH 4acTH 0JIOKa MOMEIICHHOTO B pab04y0 001aCTh.

Mex 1y ABYMS KOHIIEHTpaTOpaMH co3/aeTcs IuHa AaHHBIX (puc. 3). Ha
MOAKJIIOYAa€MBbIX pa3beMax OJMH U3 HUX JOJIKCH BO3BpalllaTh JaHHBIC, 4 1pY-
rou MMpUHUMATh. Ecmu IMWHY NOAKIIOYUTH HE MpaBUJIbHO, HA HE COBMECTH-
MBI€ pa3beMBbI, TO OHa Oy/IeT BBITJIAIETh MOBPEXKICHHOM, B BUJIEe Ty HKTUPHON
JIMHUH.

[TpoBeneHHBIH aHATU3 U ONBIT TPOIPAMMHUPOBAHH S MOOUIIBHBIX POOOTOB
B cpene NXT-G maet BO3BMOXKHOCTH TOBOPUTH O TOM, UTO JaHHAs Cpe/a mpo-
rpaMMUpPOBaHUS MMO3BOJIACT yUallIUMCH Ha4yaJIbHOM IIKOJIBI aKTUBHO MCIIOIb-
30BaTh 3HAHUS OCHOB aJITOPUTMHU3AIIUU B IPAKTUYCCKOM IIJIaHC, 3aKjIaJgblBast
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B JaJIbHENIIEM YCTIEITHOCTD B U3YUYEHHUH TUCLUIUINH €CTECTBEHHOHAYYHOTO
LIUKJIA.

Jlumepamypa

1. Qunnunos, C.A. Pobororexuuka st aereil u poaurenerd / C.A. ®unnunos. CIIO. :
Hayxka, 2011. 263 c.

PA3PABOTKA KOMIBIOTEPHOI ITPOTPAMMBI
JUISI UICCJIEJIOBAHUSI CTUJIEI
YYEBHOW JEATEJBLHOCTH
B YCJIOBUSIX MEXXITHUUYECKOI'O OBPA3OBAHUS

baacanxaB Yyranxyy
Tomckuii 2ocydapcmeenHblil nedazo2uiecKull YHusepCumen
Hayunvle pykosooumenu — kano. ncuxon. nayx JI. B. Axmemosa,
3as. rabopamopueti CHUJIAT HITN A. I1. Kauwun

[NonsTHe «cTHib yueOHOH AeATENbHOCTH» B c(epe MCHXOJIOro-TIeaaro-
THYECKOH TEOpHHU U MPAKTUKH 3apyOe)KHBIMH M OT€YECTBEHHBIMH CTICIIHAIIH-
CTaMHM TPAaKTYEeTCS M0-Pa3sHOMY: &) C MO3UINI KOTHUTUBHBIX CTHIIEH; 0) Kak
MHOXKECTBO CTHJIEH, NMPOSBIISIOIIMXCS B KAX/IOW OTAEJIBHOIN CHUTyaluu o0y-
YEeHUsl; B) KaK JIEITEIbHOCTh, (DOpPMHUPYIOLIAsics 0] BO3ACHCTBUEM OIpese-
JICHHBIX NEIaroruuecKuX TEXHOIOTHi oOydeHus u mp. Hampumep, nzBect-
HBIH aMepuKaHCKUii nccienosarens B. CtepHOEpr CBA3BIBAET CTHIIb YIeOHON
JEATENBHOCTH, B OCHOBHOM, C INCHXO(MHU3HOJIOTMYECKUMH W JIMYHOCTHBIMHU
pecypcamu, KOTOPBIMH pacHoyiaraeT 4eI0BeK B JTaHHBIH MOMEHT JIeSITeIbHO-
ctu. Ilpruem, B 3aBUCHMOCTH OT COJAECpP)KaHUS ACATEIBHOCTH «HCIONB3yeT-
cs» HanOoJee aJleKBaTHBIN, C TOYKU 3peHNs YPPEKTUBHOCTH IESITEIBHOCTH,
ctuib [1]. B. CreprOeprom pa3zpaborana ounomnsipHast Kiiaccu(UKaIus, B KO-
TOpOH cTHIN 00ydeHMs A epeHIIPOBAHBI IO CIEAYIOMINM OCHOBAHHUSIM:

— 10 (QYHKIHAM: 3aKOHOAATENBHBIA (CBOH CIOC00, MpaBHIIa), UCTIOTHH-
TEITBHBIN (MCIIONB30BAHNE y)KE TPUIYMAHHOTO), CYyACOHBIH (OIIEHKA);

— 10 ¢opme: uepapXuuecKuil (pamHoOHAIN3aIHs), MOHAPXHUSCKHN (CTe-
ZyeT OJHOU TTIAaBHOH i), ONUrapXudeckuii (0oppOa jxeranmii), aHapXxude-
CKHii (HayTan);
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— 110 YPOBHSIM: INIOOAJTBHBIN CTHIIb (pacmupeHue, 0000IIeHNe), T0KaTb-
HBIN (IeTanu3anms);

— 110 00J1acTAM: BHYTPEHHHUH CTHIIb (MHTPOBEPT), BHELIHUNA CTHIIb (IKCT-
paBepT);

— [0 TEH/ICHIIMSIM: KOHCEPBATUBHBIN CTHIIb (TpaJULIMOHHAS JIeITeJIbHOCTB),
MIPOrPECCHBHBIN CTHIIb (CTPEMJICHHE K HOBOMY).

IMupokyro nomynsipHOCTs uMeeT Taxxke koHuenuus M. Onpu-Jlyuc, co-
TJIACHO KOTOPOH JINYHOCTHBIE YEPThl HUHAUBHUA, €TO TUI MOBEJEHUS U COLEP-
JKaHre 0Oy4YeHHUsl B COBOKYITHOCTH OIPEIEISIOT CTHIIb yueOHOH AesTeIbHO-
ctu. [lo MHEHHIO aBTOpa C IMYHOCTHBIMU YE€PTAMU UHAMBHUAA COOTHOCATCS
KOH(OPMHBIH, HE3aBUCUMBIN ¥ cOLMAOCIbHBINA CTHIIH; TTOBEICHHE paccMat-
pHBaeTCsS C TOYKH 3pEHUSI aKTUBHOCTH M PEe(IEKCHBHOCTH; C COZIEpKaHUEM
00y4eHHsI COOTHOCUTCS TNI00AJIBHBIN 1 JIOKAJIBHBIA cTHIH. B 3aBucHMocTH OT
CHTYyalnu, KOTOpas, B CBOIO Ouepelib, B OOJIbIIEH CTENEHH OIpeiesIseTcs rea-
TOrMYECKUMH METOJJaM1 00yUYeHHsI, CTHIIb 00YUYECHUST MOXKET U3MEHATHCS [2].

B oTeuecTBeHHON NCUXOIOTUU CTUNb AEATEIBHOCTH OIpENeNseTcs B 0c-
HOBHOM COBOKYMHOCTBIO CEHCOPHO-NEPLUENTUBHBIX, MOTOPHBIX U YMCTBEH-
HBIX IIeJIeHaIpaBICHHBIX JeHCTBUH. VIHANBHya IbHBIN CTHIIL YUeOHOH nes-
TEIBHOCTH PACCMATPUBAETCS KAaK ONPEAEICHHOE COUETaHUE ITUX ACHCTBUH,
peann3yeMblX WHAMBHIYaJIbHO-CBOCOOPAa3HBIM CHOCOOOM B Iponecce jes-
tenpHocTH. B. JI. lllanpukos, JI. A. Kapramesa [3, 4] BKIIIOYAIOT B MOHSITHE
Y4eOHOT0 CTUJIS IeSITETbHOCTH KOTHUTUBHYIO Cepy JINYHOCTH, OCHOBHBIMHU
KOMITOHEHTaMH KOTOPOH SIBJISIOTCS: ) LeJernoiaranue (o OTHOIICHHIO K 3a-
JladyaM 00pa30BaHusl, K KOHKPETHBIM y4eOHBIM 3a/1a4am); 0) mporpaMMupoBa-
HUE e TENFHOCTH (C IOCTAHOBKOW BOIIPOCOB «UTO?», KKAK?», «KOTHa?» U M.
JUISL TOCTHIKEHUS TTOCTABJICHHOH IIeH); B) MHpOpManuoHHOE obecrieueHue
(6a3a maHHBIX, JINYHBIC 3HAHUS U OIBIT, HEOOXOIUMBIE JJIsI OCBOCHUS Ipea-
METHBIX, a0CTPaKTHBIX 3HAHWH JUIsl camonio3HaHus). Ha ocHoBanuu paznny-
HOT'O COYETaHNsI KOTHUTHBHBIX KOMIIOHEHT (LI€JI€BBIX, IPOrPaMMHBIX, HH(OP-
MAaIMOHHBIX) aBTOPBI pa3INyatoT TPU HHIUBUAYAIBHBIX CTHIISI 00y YEeHUSI.

1. Pe3ynpraTuBHBIN (MHGOPMALIMOHHAS OCHOBA JAESTEIIEHOCTH PEAYLIUPO-
BaHa, PaMKH UCIIOTHUTENBHOH NeITeIbHOCTH OI'paHUYEHBI, IPOrpaMMa Jes-
TEJIBHOCTU He pa3BUBAETCs, TUOO IpescTaBieHa ciaabo, OpueHTanus Ha MU-
HUMaJIbHBIN pe3yJbTar).

2. Pe3ynbTaTUBHO-HOPMATUBHBIA (OPUEHTHPOBAH HAa HOPMAaTHBHBIA pe-
3yJIBTaT, Pa3BUBAIOT IIPOTrPaMMYy JEATEIbHOCTH, HH(pOPMaLnoHHOe obecre-
YeHHUE MPEJICTABICHO €1a0o).
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3. [IpoueccyanbHO-BapHaTUBHBIN MIIM TIOMCKOBBIM (OPHEHTHPOBAH HE Ha
pe3yibTaT, a Ha MpoIecc, Ha MOMCK Pa3JIMYHBIX CHOCOOOB JESTENLHOCTH,
npenacTaBiicHa HHQpOpManmOHHAs 0a3a, BRICTPAUBAIOT Pa3lIMYHBIC IPOrPaM-
MBI JIeSITEILHOCTH, TPEIOYTUTEIbHBI IEMOKPAaTHYECKHE CIOCOOBI yueOHOT0
B3aMMOJICHCTBUS).

Teopernueckuii anamu3 Tpy0B OTEUECTBEHHBIX U 3apYOEIKHBIX UCCIIE0-
BaTeJIeil MO3BOJIIET OTMETHUTD, YTO OOJIBIIMHCTBO CIIEIIMAJINCTOB, B KAYECTBE
OCHOBaHUH JJIs1 KilacCU(PUKALNY CTHIIEH AESTEIbHOCTH UCIONIb3YIOT ICUXO0-
JIOTHYECKUE OCOOCHHOCTH JIESITEILHOCTH YE€JIOBEKa, €ro NMOBEJAESHNE U OTHO-
[ICHHE K OKpYKaromiei cpene [5]. HaMu BBISBIICH ele OJ{UH acleKT, 00beau-
HSFOUINH Cy)XJICHUS CIICLUAJIINCTOB O CTHJIE Y4eOHOH HesATeNbHOCTH — 3TO
cTpykrypa. bonsmmucTBo uccnenosareneil (K. Tompamreitn, M. Ilepep,
B. Crepubepr u 11p.) IOHUMAIOT CTHUIIb Y4EOHOH JeITEIbHOCTH KaK CHCTEMY,
HMEIONIYI0 OHIONISIPHYIO CTPYKTYpy [6]. He TpyaHO 3amMeTHTh, 4TO MHIH-
BUJlyaJbHBIN CTHIIb JESITEIBHOCTH BO MHOI'OM OIPEAEIISIeTC UHIUBUIYallb-
HO-THUIIOJIOTHYECKUMHU PEryIATOPHBIMU XapaKTEPUCTUKAMU, KOTOPBIE TOXKE
HUMEIOT CBOIO CTPYKTYDY, 11€1b, MOTHBBI 1 ()YHKIIMOHUPYIOT CAMOCTOSTENb-
HO, HO KaK €JJMHOE LIEJIOE B OTBET HA BHELIHUE U BHYTPEHHUE pa3pakuTeNn

(puc. 1).

MpupodHbie ceolicmea MpuobpemeHHble cNocob-
yesoeeka HOCMU UYHOCMU

] ]

WHousudyasnbHbIl cmusb
camopezynayuu

1

»> KomnoHeHmb!

KOZHUMUBHO- _
nosederyeckull

MOMUBAYUOHHIU

Pcoo®OoT®L Y

DS TO®XVT SO T

CEHCOPHO-
nepyenmueHbiu

v

[LesmenbHocmb
2

Puc. 1. Ilcuxonorudeckuii MEXaHU3M d)OpMI/[]I)OBaHI/IH CTUJIA O€ATCIBHOCTHU
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Wrak, moaBosst HTOT TEOPETHUECKOMY OITUCAHUIO KJIACCU(HUKAIINH, CTPYK-
TYPBI, ICUXOJIOTHH CTHUJIEH y4eOHOH AesATeNbHOCTH, MOXKHO 3aKJIIOUNTh, YTO
UHJUBUAYaIbHBIA CTUIIb AEATEIBHOCTH — 3TO UHTErPAJIbHASL CUCTEMA, OCHOB-
Hble KOMIIOHEHTBI KOTOPOM MPEACTABJICHB] IEPLENTUBHON, MOTUBALIMOHHOM,
KOTHUTUBHOW COCTaBISIOMUMU. [IpuponHble CBOMCTBA JTUYHOCTH BIMSIOT
Ha BOCIIPHUSTHE U KOTHUTHBHYIO OLEHKY cuTyanuu. CyObeKTHBHBIE 0COOCH-
HOCTH BOCIIPHSTHSI CYIIECTBEHHBIM 00pa3oM OTpa)KaroTcs Ha SMOLIMOHAIb-
HO-MOTHUBALIMOHHBIX M KOTHUTUBHO-IIOBEAECHUYECKUX PEaKLUUAX IUYHOCTH,
KOTOPBIE MPOSIBIISIIOTCS. HEMOCPEICTBEHHO B €€ UHAMBHUyalbHOM CTUIIE JEs-
TeapHOCTH (pHC. 1).

[Ipu pa3zpaboTke KOMIIBIOTEPHOH PO PAMMBI, ITpeJHa3HAYSHHON JIIs HC-
CJIEZIOBaHMSI CTUJIEH yueOHOH e TeIbHOCTH HHOCTPAHHBIX CTY/IEHTOB, 00y-
YAIOMIMXCS B POCCUIICKUX By3ax, Mbl UCIIOJIB30BAIH onpenenuTens A. I'pa-
ropKa.

Awmepukanckuii megaror A. I'paropk paspadoTail AByXypOBHEBYIO OUIIO-
JSIPHYIO MOZENb CTHIICH y4eOHOH nesitenbHOCTH. [lepBBIli ypOBEHb BKIIIO-
YaeT KOHKPETHO-NOCIIEAOBATEIbHBII U KOHKPETHO-Pa30pOCAaHHBIH CTHIIN
JesITeIbHOCTH. BTOpoii ypoBeHb — aOCTpaKTHO-MIOCIIEOBATENbHBIA U a0CT-
paxTHO-pa3OpocaHHbIi cTvH [7].

Crenyer 3aMeTHTbh, 4TO paboTa 10 CO3JaHUI0 KOMIIBIOTEPHOI Iporpam-
MBI, IPEAHAa3HAYEHHOH /JIsl BBISIBICHUS CTHIICH Y4eOHOH NesITeTbHOCTH, 5IB-
JSIETCS OYEPEIHBIM 3TAIlOM HCCIIEJOBAHUH, MOCBSAIIEHHBIX H3YUYCHUIO (ak-
TOPOB ¥ MEXaHU3MOB, IPEAOIPEAEIISIIOIINX U PErYIUPYIOUIUX AEATEIbHOCTD
yenoBeka. B Gonee paHHuX paboTax HaMH OBIJIO YCTaHOBJIEHO, YTO WH[IU-
BUyaJIbHBIE ITOJIOBO3PACTHBIE XapaKTEPUCTHKH BIHSIOT Ha (YOpMUpPOBaHHE
cTUIs y4eOHOH aestensHOCTH [8, 9]. HampuMep, ManpunKaM-IISITHKIACCHU-
KaM C MpeodialaloliM KOHKPETHO-TIOCIEOBATEIbHBIM CTHIIEM JAESTEINb-
HocTH (0K0J0 50 %) HEoOXOAMMBI YeTKHE MHCTPYKIHMH K BBHITIOJHEHHIO 3a-
JaHuil. [IponyKTUBHOCTB JESATENBHOCTH CYIIECTBEHHO BO3PAaCTaET B XOPOILIO
OopraHu3oBaHHON y4eOHOI oOcTtaHOBKe. ONHAKO, B 7-M KJacce Y MaJbYHKOB
KOHKPETHO-IIOCJIE/IOBATENBHBI CTHJIb CYIIECTBEHHO CHMXKaeTcs (27,3 %),
yale HposBISETCS KOHKPETHO-pa3OpOCAHHBIM CTHIIb, T.€. yBEINYUBACT-
Csl IOTPEOHOCTh B CaMOCTOSITEJIBHON, pa3HOIUIAHOBOM, MOOMIPIEMOIl 4acTo
CBSI3aHHOM C puCKOM aesitenbHocTH (32 %). Y neBouek ke, Ha000poT, OT Isi-
TOTO K CEABMOMY KjlaccaM HaOJIIOAAeTCsl POCT KOHKPETHO-MOCIIEA0BATEb-
HOT'O CTHJISL [IESTEIBHOCTH, KOTOPBIH SIBJISETCS MPeolIaatonuM y )KeHIIUH
(40,4%) ¢ HU3KHM ypPOBHEM IUTACTHYHOCTH B MPEAMETHOH M COLMAIBHON
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JesITeNbHOCTH. JKEHIUHBI ¢ BBICOKUM YPOBHEM COLUAIBHON U MPEIMETHOU
racTuYHOCTH (64 %), KaK IPaBUIIo, IPOSIBISIIOT KOHKPETHO-pa30pocaHHbIN
CTUIb AesaTenbHoCcTH [9]. OTcroaa clenyeT, 4To NIaCTUYHOCTh KaK OfHA U3
(yHIaMEHTAJIbHBIX COCTABISIOIINX B CTPYKTYpE TEMIIEpaMEHTa UTPaeT Cy-
IIECTBEHHYIO POJIb B JOPMUPOBAHUH CTHIIEH NEITEIBHOCTH.

Bei6op meTonuku A. I'paropka aiist pa3paboTKy KOMIIBIOTEPHON TPOrpam-
MBI HE SBISETCS ClydyailHbIM. Pe3ynbTaTsl UcclienoBaHMs, MONLYUYEHHBIE IO
Metoauke A. I'paropka, Bo-IEpPBBIX, COIIACYIOTCS C MOJOBO3PACTHBIMU MH-
JUBH1yaJIEHO-TICUXOJIOTHYECKUMH OCOOCHHOCTSIMH, JOCTOBEPHO 3HAYMMBI-
MU KOppeIsATaMU KOTOPBIX BBICTYNAIOT TEMIIEPAMEHTAIbHbIE XapAKTEPUCTH-
KM, HallPaBJICHHOCTH JIOKYca CyOBEKTUBHOI'O KOHTPOJIS, yCIENIHAS IIPAaKTHKA
Nelaroru4ecKon JesITeIbHOCTU. BO-BTOPBIX, UMEIOT BBICOKYIO PETECTOBYIO
HaJEKHOCTb. B-TpeThuX, [UarHocTU4ecKas MpoLeaypa He ABIseTcs TPyI0-
€MKOM, SJKOHOMHA 10 BPEMEHH, BKJIIOYAET MIMPOKUI BO3PACTHON JUaa30H.

PazpaboTanHass HaMM KOMIIBIOTEpHAsi IpOrpaMma i HCCIEIOBaHUS
CTHIIeH yueOHOM 1esiTeIbHOCTH Ha OCHOBe onpenenutens A. [ paropka nmeer
pAI IpeuMyIIecTB, IpU3BaHa PEIIaTh CIEAYIOIUE 3a0a4u:

— BO3MOXKHOCTb ONEPATUBHO MPOBOAUTH IPYIIIOBOE MIJIM UHIUBUIYAIIb-
HOE UCCIICIOBAHUE;

— BO3MOXHOCTb UCCIIEJIOBATh CTUIIb YUEOHOM AESTEIBHOCTH KaK POCCHI-
CKHUX, TaK ¥ THOCTPAaHHBIX (MOHT'OJILCKUX) CTYJICHTOB;

— BO3MOXHOCTbh KOPPEKIIMM METOJOB 0Oy4YeHHsI Ha OCHOBE JAaHHBIX HC-
CJIE/IOBAHUS YUYEOHOTO CTHIISL POCCUHCKUX M HHOCTPAHHBIX CTYAEHTOB;

— BO3MOXXHOCTh MOHUTOPHMHTA CTUJSI Y4eOHOH NEATEIbHOCTH C LEJBIO
TIOA/IePXKaHMsI BEICOKOTO YPOBHS ITPOAYKTHBHOCTH Y4eOHOI eI TEeIbHOCTH;

— BO3MOXHOCTb ()OPMHPOBaHUsI 0a3bl JaHHBIX, C IEJIbI0 HAYYHOTO HC-
CJICIOBAHUS Pa3IMYHBIX ACIIEKTOB CTHJISL yUeOHOW JeITEeIbHOCTH KaK HHTE-
IpabHOTO 00pa30BaHUs;

— BO3MOXHOCTb ()OPMHUPOBaHUS 0a3bl JAHHBIX, C LEJBIO0 ITOCTPOCHUS
MIPOrHO3a AANTAUH ¥ YPOBHS 3 (hEeKTHBHOCTH yu4eOHOT0 B3aUMO/ICHCTBHL.

Jis peanuzanyy KOMITBIOTEPHON NPOrpaMMbl OB BBIOpaH SI3BIK ITPO-
rpammupoBanus Pascal, pazpaboTka ocyIiecTBisjIach B CBOOOIHO pacrpo-
crpansiemord (GNU GPL) unrerpuposannoii cpene Lazarus st KOMIuiasiTo-
pa Free Pascal [10—12]. Lazarus conep>uT, B CpaBHCHHUH C HHTETPHPOBAHHOM
cpenoii Delphi, mmpokuii Habop BusyanbHbIX KommoHeHT LCL. B Hacros-
11ee BpeMsi IPaKTHYECKH IOJTHOCTHIO MOAJIEPKUBAET 3JIEMEHTHI HHTep(eiica
GTKI1 u Win32. PaccmarpuBaemasi cpejia IBISCTCS CPeAoit 1ist ObICTPOiA pas-
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paborku npunoxenuiit (RAD) n umeer co6cTBeHHBIH (opMar ynpaBieHUs
naketramu. [Iporpammel, pazpaboTaHHbIe B MHTETpUPOBaHHON cpene Lazarus,
MOJIEP)KUBAIOTCS B OCHOBHBIX COBPEMEHHBIX OIEpAllMOHHBIX CHCTEMax:
Linux, Microsoft Windows, MacOS, FreeBSD, uTo nmociy»Kuio eme oqHuM
BaXXHBIM (PaKTOPOM ITPH BEIOOPE HHCTPYMEHTAPHS IIPOrPaMMHUPOBAHHU .

| Bgod |_.
HH

basa daHHbIX
napamempos

yuebHbIx cmunell

NS

bnok
aHanuaa 0aHHbIX
\\‘
I Bu3syanusayus
0aHHbIX
Bbigod

Puc. 2. Biiok-cxema 00pabOTKH JaHHBIX
B KOMITBIOTEPHOU TPOrpaMme
JUTSL ICCITETOBAH S MHINBUIYAIbHBIX YICOHBIX CTHIICH

KomneroTepHas nporpamMmMa peajn3oBaHa B BUJAE JIOKAIbHOTO MPUIIOXKE-
Hus. B kauectBe CYB/] ncnonb3yetcst cCBOOOTHO pacipoCcTpaHseMbIil TaKeT
MySQL. IIporpammHoe npuioxeHre opopMIIeHO B BUJIE CTaHJAPTHOTO Ta-
KeTa C TJIaBHOU (OPMOI, U3 KOTOPOI BBI3BIBAIOTCS HEOOXOMUMEBIC MaHEIH
(cM. puc. 3).

B Hacrosimee BpeMst peaan3oBaHa NMaHelb TECTUPOBAHUS, C UCIOIb30Ba-
HUEM KOTOpOI MPOU3BOJUTCS TECTHPOBAHUE B paMKaxX IPOBOJUMBIX HAMU
uccienoBanuil. Ha paccmarpuBaeMoil MaHENIM TECTHUPYEMBbIM IMPOU3BOIMUT
BBIOOp M3 CHHCKa IpejiaraéMbIX aJbTEpPHATUB, MTOCIE YETO JaHHbIE 3aHO-
csTcs B 0a3y JaHHBIX MapaMeTpoB y4eOHBIX cTuied. OTMETHM, 4TO CoBa
HE MOT'YT OBbITh OLIEHEHBI OJTHMM U TEM K€ 0aJlJIoM B OJHON FOPH30HTAIBHON
rpacde. B ogHO#t ropu3oHTanbHON Tpade MOTYT OBITH TOJNBKO pa3HbIe OAJITBI
Y B CyMMe€ OHH JIOJDKHBI COCTaBIISIThH 10 06aioB.

Ilocne mpoBeneHUs MPOLENTYPHl TECTUPOBAHUS PE3yIbTaThl MOXHO BBI-
BECTH Ha CIEIUATBHYIO MaHeNb (CM. puc. 4), Ha KOTOPOIl MpenCTaBIeHbI pe-
3yJBTaThl CTATUCTUYECKONH 00paboTKU B (opMe AuarpaMMbl COOTHOIICHHUS
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WHAVBHyAJIBHBIX CTHJIEH yueOHOH aestenbsHOCTH. [TomydeHHbIe pe3yibTaThl
MOCTYTAIOT OTHOBPEMEHHO U B 0a3y JaHHBIX NTapaMeTPOB YUEOHBIX CTHIICH.

®aiin O nporpamm

A noHsaTtue B noHsaTue C noxsaTve D noxatue

Meaant Viccneaosanme Usernoit He 6onrca puera
B =) [ =) [ =) l =)

Mponmkarowmis
soym

[ =) B 9] [ =) [ =)

ny 2 Mepcnexmnea

B =) [ =) [ =) [ =)

Crypnynesweiii Viaen Ocosame Teopuecxuii

l =) [ =) [+ =) E =)

Puc. 3. [Tanens TecTupoBanus

@ammnua:  Bascarokas Boapacr: 21
Wun:  Yyraoyy Mon:  Myscxoi
Orvecteo:  Cawr Crpama:  Monronua

Baw 6ann= 32.
Baw i crun yuenon RO

CooTHowenie MHanEnayanbHX CTINEH

(€61oR AeaTensHoCTH (%)

Crunu yue6noi aeatensHocT

AANbLIE

Puc. 4. Tlanensb ¢ BHIBOZOM pE3YIBTaTOB TECTHPOBAHHS

Pa3zpaboTaHHas KOMIIBIOTEpPHAS NpOrpaMMa s UCCIENOBAaHUS CTHIEH
y4eOHOM NesITeTbHOCTH IMO3BOJIMIIA aBTOMAaTH3UPOBATh IIPOIECC TECTHPO-
BaHM, cOopa M 00paOOTKU NaHHBIX, CBA3aHHBIX C ITapaMeTpaMu y4eOHBIX
ctuiiedl. IlpuMeHeHne KOMIBIOTEPHOM HpOrpaMMbl, UCHOJIB3YIOIIEH Ompe-
naenutenb A. I'paropka, co3maeT ycuoBus sl HCCIEAOBaHMS, MOHUTOPHHTA
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JUHaAMHKH ajalnTalonuy K O6y‘leHI/IIO B BY3€ HC TOJIBKO pOCCHfICKPIX, HO 1 UHO-
CTpaHHBIX CTYJACHTOB.

Bnaroz{apﬂ HCIIOJB30BAHUIO COBPEMEHHBIX I/IH(l)OpMaIII/IOHHLIX TCXHO-
JIOTHHM CTaJI0 BO3MOXKHBIM CO31aTh CETeBOIl aHaJor nporpaMmel, KOTOprﬁ
B HACTOALICC BpEMA HNPOXOAUT TCCTUPOBAHUC. B HacTod1eC BPEM A KOMIIbIO-
TEpHas nporpamMmma npoxoauT anp06aumo Ha Oase MeX(HyHapOHHOﬁ CTyACH-
YeCKOM Haquo-o6pa3OBaTean0171 J'Ia60paTOpI/II/I KOrHUTHUBHO-aJallTUBHBIX
TEXHOJOTHUH IICUXOJIOTHU O6pa30BaHI/I$I npu Q)aKyHBTGTC IICUXOJIOIrnuHu, CBA-
3el ¢ 06III€CTBCHHOCTI)IO, PEeKIJIaMbI Tomckoro TOoCyAapCTBCHHOI'O Iegaroru-
YCCKOI'0O YHUBCPCUTCTA.
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MOHUTOPHHI 3AT'PSI3BHEHU S
BO3JIYIIIHOI'O BACCEMHA T'OPOJIA BUMCKA
AJITAUCKOI'O KPASI BEH3(A)IIMPEHOM

E.B. lyTr
Tomckuii 20cyO0apcmeeHHblll neda202utecKutl YHugepCcumen

ATMOCQepHBIH BO3AYX SIBISETCS OJHUM M3 OCHOBHBIX )KM3HEHHO BaX-
HBIX KOMIIOHEHTOB OKPY>KaIOLEl IPUPOJHON CPeNbl, HEOTHEMIEMOM YaCThIO
cpezbl 0OuTaHMs YeJIOBEKa, pacTeHUH U KUBOTHHIX. [Ipobiema 3arps3HeHus
aTMocdepsl OCTaeTcsi OJHOM M3 IJaBHBIX B COBPEMEHHBIX I'OpOAAX, B TOM
yucne B I. buiicke Anrtaiickoro kpas. B HacTosmee Bpems I. buiick siBisiercs
BTOPBIM 10 YHCIECHHOCTU HACEIEHUS U B IPOMBIIIIEHHOM OTHOLIEHUH FOPO-
JIOM B ANITaliCKOM Kpae, B KOTOPOM HaxoAUTCs 132 MpOMBINUIEHHBIX Ipea-
HPUATHSL, U3 HUX — 44 OOJIBIINX U CPEAHUX, 88 — MaJIBIX.

OCHOBHBIM UCTOYHHKOM 3arpsa3HEHHs OKpYy XKarolled cpelbl, B T. 4. U aT-
Moc(epBl, SBISIOTCS NpeanpusiTus TomnBHol sHepretuku (OAO «buiick-
9HEPro», OTOIUTENIbHBIE KOTENIbHBIE), a TaK)Ke HMPEATPUSATHS XUMHUYECKOU
npomsinuieHHOCTH (OAO «buiickas xumudeckas komnauus», OIYII «buii-
ckmii oneyMmHbIN 3aBon», OI'YIT «DHIIL] Anraii»), mammuaocTpoeHus (I'YII
BIIO «Cubnpubopmam», OAO «butickuii kotenpHbIH 3aBoa», OO0 TTKD
«buiickuif MalIMHOCTPOUTENEHBIN 3aBON»), AepeBOOOpadaTHIBAIOIEH MTPO-
mpinuteHHOCTH (3AO «buiickast mebenbHas Gpabpukay) u np. [5].

OcobenHocThio T. buiicka siBisieTcss TO, YTO OCHOBHBIE NPENNPHITHS
XUMHUYECKOU mpoMbliuieHHOCTH U TOLl-1 HaxonsATcs B €ro Iro-3amajgHou
YacTH, YTO IPHU NMpeodafaomuX Oro-3arna HbIX HallpaBIeHUsIX BeTpa He-
OJaronpusATHO CKa3bIBAETCS HA KOJIOIMUECKOI 00CTaHOBKE MPaKTUIECKH BO
BCEX JKMJIBIX paifoHax. DTO MOATBEPKAAETCS MPUOIN3UTEIHHO OJUHAKOBBIM
YPOBHEM 3arpsi3HEHUs BO3AYyXa B pPa3HBIX pallOHax ropoja, BMECTE C TEM
B palioHe TPaHCIOPTHOM pa3Bsi3ku nep. KomMmyHapckoro, Giaroxapst BKiamy
aBTOTPAHCIOPTA 3TOT YPOBEHb BO3pacTaeT BABoe [1, 4].

OreHka 3arpsi3HEHUs] aTMOC(EPHOro BO3JyXa B COBPEMEHHOM Topojie
SIBJISIETCS] BAYKHENIIMM METOJOJIOrMYE€CKMM BOIIPOCOM MOHUTOPUHTA 3arpsi3-
HEHUS OKpY XKalolled Cpeasl, TaKk KaK OT 3TOr0 3aBUCAT IPUPOJOOXPaHHBIE
meponpusaThs. CoxpaHeHHe OJIArONPUATHOIO COCTOSHHS aTMOC(HEpPHOro
BO3/lyXa — HE0OXOAMMO uIsi 00ecreueHusl ONTHMAaJIbHBIX YCIOBHH >KH3HU
U XO35IICTBEHHOH €A TEIbHOCTHU UEI0BEKA.
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B pabore ocHOBHOE BHHMaHHE Yy/JEJICHO MOHHUTOPHHTY KOHLEHTpPALUU
6enz(a)nupena (bII) B armocdepe. BIT oOpa3yeTcst TONBKO aHTPOIIOr€HHBIM
IIyTeM B TEXHOJIOTMYECKUX BBICOKOTEMIIEpaTypHBIX mpoueccax. bII cnoco-
O€H MepeHOCUTHCS Ha OOJIBIINE PACCTOSIHUSA, YTO 3aTPYJHSET ONpeeiIeHnE
HCTOYHHKOB 3arps3HEHUS BO3/lyXa Topo/ia JaHHBIM HHIPEJUEHTOM.

Bens(a)nupen — mpeacTtaBuUTeNb CeMEHCTBA IMOJIHIIMKIMYECKUX apoma-
THYECKHX YTIIEBOJOPOIOB, OTHOCUTCA K 1-My Kiaccy onacHoctH [3]. Ob6pa-
3yeTcs IIpU CrOPaHUH yTIEBOJOPOIHOIO KUIKOT'0, TBEPIOT0 U ra3000pa3Ho-
r'o TOIUTMBA (B MEHBIIEH CTEIIEHH IPH CrOPaHNUHU I'a3000pa3Horo). OcobeHHo
6ospmioe konuuecTBO BII mocrynaer OT MENKHUX KOTENBbHBIX: CKUTaHHE
B HMX BCEX BHIOB TOIJIMBA CONPOBOXKIAETCS SMUCCUEH OOJIBIIEro Koinye-
CTBa NOJMIOMKIMYECKHX apoMmaTrhyeckux yriaeBomoponoB (ITAY), gem Ha
kpynsbix TOL[ u TOC. IlpucyTcTBYeT B ra3000pa3HbIX OTXOAAX MTPOMBIII-
JICHHOCTH, BBIXJIONAX aBTOMOOMJIeH (OCH3MHOBBIX M IN3EIbHBIX), B TAOaUHOM
neiMe. HeMannoBa>kHBIM UCTOYHIKOM BEIOPOCOB caxk, conepxkarieid bI1, sB-
JISIETCS XKEJIe3HOJOPOXKHBIM aBTOTPaHCHIOPT.

CpenneronoBast MHOTOJIETHSISI KOHIIGHTpalus OeH3(a)[TMpeHa COCTaBIseT
3,01 mr/m*- 1076, uto BhILIE MpeaenbHO qomycTuMoil konueHTpaunu (ITIJIK).
[IpenensHO noOmycTHMasi CpeaHECyTOYHAash KOHIEHTpauus OeH3(a)mpeHa
0,000001 mr/m? (0,1 Mxr/100 m* mm 1 mr/m®- 10°9) [1, 2].

Ha puc. 1 nokazana quHamMuKa CpeIHErOI0BbIX KOHIIEHTpanuii 6eH3(a)-
nvpeHa B I. bulicke.
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Puc. 1. /lnuHaMuKa CpeTHErOJOBBIX KOHIIEHTpaHi OeH3(a)nupeHa, I. buiick

Konnentpanus Oen3(a)uupena ompenensiercs Tonsko Ha [TH3-11 (oc-
TaJIbHBIE WHTPENUEHTHI onpexnerstores eme Ha [TH3-2 u [TH3-5). 3a nepu-
ox 1990-2009 rr. aHanu3 KOHIEHTPAIMH ITOKA3bIBAET, YTO CPEITHETOHAOBBIC
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YPOBHHM 3arpsi3HEHUSI IPEBBIIIANIN PEIEIbHO AOMYCTUMYIO KOHIIEHTPALHIO
B cpenHeM B 2—4 pa3a. MOXXHO IpeanonaokuTh, uTo Ha Apyrux ITH3 kon-
nentpanus Bl eme Oomble, OCHOBBIBAsCh Ha KOHLIEHTPALUU APYTUX MH-
rpenreHToB. Hanbonbliee mpeBbIIeHHEe CPEAHEr010BO HOPMBI OBLIIO 3ape-
ructpupoBano B 1991 r. u cocraBuio 10,86 mr/m* - 1076, [ToBbllLeHUsT YPOBHS
KOHLIEHTpAIMH BemiecTBa 06110 B KoHIe 1990-x u cepennne 2000-x . B 00-
I11eM HaOJII01aeTCsl TSHICHIIMS K CHIDKEHHIO KOHLIIEHTpaluy OeH3(a)mupeHa.

[Janee Obuta paccMOTpeHa JUHAMMKA CPEIHEMECSYHBIX MHOTOJETHHX
KOHLIEHTpaluii. B pa3HbIe ce30HbI roj1a UMEI0TCsl CBOM 0COOEHHOCTH (pHC. 2).
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Puc. 2. MHoroneTHue cpeiHeMeCsYHbIe KOHIIEHTpanuu OeH3(a)nupeHa, r. buiick

JluHamMuKa cpeHeMeCSYHBIX MHOTOJICTHUX KOHLIEHTpAIUil MOKa3bIBaeT,
YTO HauOOJIbIINE 3HAYCHUs KOHLEHTpanuil 6eH3(a)nupeHa XxapakTepHsbl 15
XOJIOAHOTO Teprojia roja (¢ okTAopst mo MapT). [Ipu aToM HaubombIINE TIpe-
BoimeHus [1/IK nabmronarorcs B ssHBape — eBpase. B neTHee BpeMs KoOH-
neHTpauuu BII B HECKONIBKO pa3 HUXKE, YEM 3UMOM, IIOCKOJBKY JIETOM IO,
nercrteueM Y®-uznyuenus bII paspymaercs.

Konnentpanus BII u ceifuac ocraercst BbIE MPEAEIbHO JOMYCTUMON
KOHLIEHTPAIMH, 4TO TPEOYET MPHUHSITHS MEp M0 yMEHBIICHHIO COACPIKaAHUS
JTAHHOT'O MHTPEINeHTa B aTMOC(EPHOM BO3]lyXe ropoa.

Jumepamypa

1. Esceco0nux COCTOSHUS 3arpsi3HEHHsI aTMOC(EPHOro BO3AyXa B TOPOJaX U IMPOMBINI-
JICHHBIX [IEHTPAaX, PACIIOJI0KCHHBIX Ha TEPPUTOPHHU AesATeIbHOCTH 3ana Ho-CHOMPCKOTO MeX-
PETHOHAIBHOTO TEPPUTOPHUAIBHOTO YIPABICHUS [0 THAPOMETEOPOJIOTHH M MOHUTOPUHTY
okpyxaromieii cpes 3a 19862010 rr. HoBocubupck : HoBocuOHpcKuii EHTP 10 THAPOMETEO0-
POJIOTMM M MOHUTOPHHTY OKpy:Katomieit cpensl, 1991-2010.
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2. Pyko8oOsiuyyuti TOKyMEHT. PyKOBOJCTBO 110 KOHTPOJIKO 3arpsisHeHus: arMochepsl. M. :
T'oc. komurer CCCP 1o ruipomereoposnoruu ; Munucrepctso 3apasooxpanenust CCCP, 1991.
693 c.

3. 3aepsasusowue Bemectsa [Oi1. pecypc]. URL: http:/www.chelpogoda.ru./pages/606.php

4. Oxpana armocepnoro Bo3ayxa [Dm. pecypc]. URL: http://www.air-protection.ru/

5. [lpomviunennvie npennpustus r. buiicka [On. pecypce]. URL: http://www.biysk.secna.
ru./nauka

PEKPEAIIMOHHBIN MOTEHIIUAJI I. TOMCKA

0. A. Knumnosa
Tomckuil 20cy0apcmeennblil Neda2o2uiecKull yHueepcumem
Hayunvui pyxosooumens — kano. neo. nayxk, ooyenm E. FO. I[lemposa

IloBcenHeBHast )KU3Hb JOJEN YCTPOEHA TaK, UTO 3HAYUTEIBHOE KOJIUYe-
CTBO BPEMEHHU OHHM IMOCBSIIAIOT padoTe, yuede, APyruM HEOOXOAMMBIM 3a-
HSTHSIM U, KaK IPABUIIO, KIYT BEIXOIHBIX, YTOOBI YCTPOUTH MUKHUK HA MPH-
pOJie, WIIM OYEePEIHOr0 OTIIYCKa, YTOOBI OTIPABUTHCA B IyTemecTBue. M BO
BCEX ITUX CIIy4asix, CAMH HE MOA03peBast 00 3TOM, OHH OCYIIECTBISAIOT pa3-
JINYHBIE BUJIbI AESATEIIBHOCTH, HAYYHO UMEHYEMbIE pEKpealuei.

ITo muenuto H.C. Muponenko, U.T. TBepaoxsie60Ba, pekpeaius eCTh
COBOKYIIHOCTb SIBJIGHMI U OTHOUIEHWM, BO3HUKAIOIIUX B MPOLIECCE UCIOJIb-
30BaHUsI CBOOOMHOTO BPEMEHH JJIS O3J0POBHUTEIIBHOW, MMO3HABATEIHHOM,
CIIOPTUBHOM M KYJIBTYpPHO-pPa3BIIEKaTEIbHON NEATEIBbHOCTH JIFOACH Ha clie-
UHUATU3UPOBAHHBIX TEPPUTOPHUSIX, HAXOAAIINXCS BHE HACEJIIEHHOIO MYHKTA,
SIBJISFOIIETOCS] MECTOM MX MOCTOSHHOTO MPOoXuBaHus [3].

C nmpocTpaHCTBEHHON TOYKH 3PESHHUS BBIIEISIOTCS IBA TUIIA PEKPEALH —
[IaCCUBHBIM U akTHUBHBIN. [lox maccuBHON pekpeanved MOHUMAETCsl OTIAbIX
B IIpe/iesiaX CBOEr0 OCHOBHOT'O )KUTEJIbCTBA, CBSI3aHHBIA C HE3HAYUTEIIbHBIMU
MEPEMEILEHUSIMU B IPOCTPAHCTBE; aKTUBHAS peKpealus IpeAnoiaraeT 3Ha-
YUMbI€ NIEPEMEIIECHU 3a IPEEIbl OCHOBHOIO MECTA )KUTEJILCTBA.

Ha ocHoBaHuuM KpUTEpUS NOBTOPSIEMOCTH PEKPEALMOHHOMN IEATENBHOCTH
J1.B. Hukonaenko [2] BelienseT NATh THIIOB pEeKpeaIuu: CyTOYHBIA OTABIX,
HEJENbHBIA OTIbIX, «KBAapTaJIbHbIN» OTABIX, €KETOAHBIA OTHBIX, )KU3HEH-
HBIM OT/IBIX.

Tak>xe Bce BUABI peKpealuy MOKHO Pa3deUuTh Ha JIB€ KaTeropuu IMo-
MyJSAPHOCTH:
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1. Hanbonee momymsipHble BUIBI pekpeannu. K naHHON KaTeropuu ot-
HOCAT TPU CaMBbIX PACIPOCTPAHEHHBIX BUJA: NEIINE NIPOTrYJIKH, OTABIX C Ce-
Mbell U Ipy3bsIMU Ha NIPUPOAE, IOXObI IO UCTOPUIECKUM MECTaM U OCMOTP
JIOCTOIPUMEYATEIbHOCTEN, JOMUHUPYIOLIUM CPEAN KOTOPBIX SBIISIKOTCS TIe-
1Iye NporyJaKu.

2. Buasl pekpealin, NoJb3YOIKECs HAUMEHbIIEH NOMYIsPHOCThI0. DTO
BUJIBI, KOTOPBIE O0BETUHSIOT JIFOAEH 110 UX YBJIEYEHUSIM (IIOXOABI, PHIO0JIOB-
CTBO, OXOTa | JP.).

CornacHO AyXOBHO-HPaBCTBEHHOIO IOAXOJA, BBIACISIOT BUJbI peKpea-
L[UU, COBMEIIAIOIINE OTABIX JIOAEH ¢ MO3HAHUEM IPUPOIBI U OKpYyXKaIoIen
cpensl. JTO Tak Ha3pIBaeMble 00yUalomKe U JYXOBHO 00O0TaIlaloine BUIbI
pekpeanuu. K HUM OTHOCSTCS: MOCEUIEHHE IPUPOJHBIX U KYJIbTYPHBIX Ia-
MATHHKOB, HCTOPUYECKUX MECT, apXEOJOTMUECKHX PACKOIOK, a TaK¥Ke Ha-
OurozieHNe 32 NTUIAMH, TUKUMU )XUBOTHBIMH, IIPUPOJION, H3yUeHHE pa3iny-
HBIX IPUPOJHBIX 0COOEHHOCTEH BOJOEMOB H T. 1.

Jliist ocy1ecTBICHHS PEKPEalMOHHOM eI TeIbHOCTH Ha KaKOW-TM00 Tep-
pUTOpPUH, HEOOXOAMMBIM YCIIOBHEM SIBIISIETCSI HAIMYUE HA HEH peKpealuoH-
HBIX pecypcoB. PexpealinoHHble pecypcbl — KOMIIOHEHTHI IPUPOAHOI Cpekl,
00BEKTHl XO3SHUCTBEHHOW JEATENbHOCTH, KOTOpBIE Oiaronmapsi onpeselieH-
HBIM CBOMCTBaM MOTYT OBITh MCIIOJIB30BAaHbI JUIsl OPraHNU3aluU Pa3IMIHbIX
BUJIOB U ()OPM PEKPEAIMOHHON e TeNIEHOCTH [2].

Iox nmpuponHBIME peKpeallMOHHBIMU PECYpCaMi HIOHUMAIOTCS IPUPOJHO-
TEPPUTOPHUATIBHBIE KOMILIEKCHI, UX KOMIIOHEHTHI U CBOMCTBA, TAKUE KaK MpU-
BJIEKaTEJIbHOCTh, KOHTPACTHOCTD U YepeIOBaHKE TaHAIIA(TOB, 3K30THYHOCTD,
YHHUKaJIEHOCTb, pa3Mepbl ¥ (POPMBI OOBEKTOB, BOSMOXKHOCTh UX 0030pa.

KynbrypHO-HCcTOpHYecKre peKpeallnoHHbIE pECyPChl BKIIIOYAIOT B ce0sL:

— MaTepuaiabHble — BCE CPEACTBA MPOU3BOJICTBA M MaTepUaIbHbIE LEH-
HOCTH 00mIecTBa (MaMsITHUKN UCTOPUH U KYJIBTYPbI, HPEANPUATHS BCEX OT-
pacieil HapoJHOTO XO3SCTBa), MOT'YILIHME yJIOBJIETBOPATH ITO3HABATEIIbHBIC
MOTPEeOHOCTH JIFOJICH;

— JIIyXOBHBIE — JIOCTHKEHUSI 00IIeCTBa B TOCYAapCTBEHHO-00IIECTBEHHOM
JKU3HHU, HayKe, KyJIbType, HCKYCCTBE.

Heo0xonnMbIM yciioBHEM pa3BUTHS PEKpEallMH SBIISETCS TakXKe HajH-
YUe PEeKPealMOHHOI0 NOTEHI[UaIa MECTHOCTH, KOTOPBII MOXKET OLICHUBATh-
csl B pa3HBIX MacuITabax: Ha ypOBHE MUpa, CTPaHBI, paiioHa U T. 1.

TepMHHOM «peKpealMoHHbIH ITOTEHIMa» 0003HaYaeTcsl HAIMYKe Ha Tep-
PUTOPUU ONPEJENCHHBIX YHUKAIbHBIX WJIU, N0 KpallHEH Mepe, HHTEPECHBIX
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HE TOJIBKO JUIsl MECTHBIX >KUTEJIEH, OTHOCHTEIIBHO JIETKO J0CATaeMBbIX IPUPO-
HBIX 00BEKTOB [2].

I'opon ToMck nMeeT BBICOKMH MOTEHIMAN JJs Pa3BUTHs aKTUBHOM pe-
KpealroHHo# aesitensHocTH. K (hakTopam, onmpenensiommuM MnepCreKTHBBI
pa3BUTHS peKpeanny B I. TOMCKe, OTHOCSITCSL:

— BBICOKHH IPUPOAHBIN NOTEHIIMAJ PETHOHA U TOPOJia — BOJIHBIE, JIECHBIE,
3eMeJIbHbIEC, MUHEPAJIbHO-CHIPBEBBIE PECYPCHI, OJaronpusTHhIC JaHAMA(T-
HBIE YCIIOBUS;

— BBICOKMH Hay4HO-00pa30BaTEebHBIH M UCTOPUKO-KYJIBTYPHBIH MOTEH-
1uax — COOCTBEHHAs Hay4yHasi ¥ BBICIIAs IIKOJIbI, MHOTOYHCIIEHHBIE YUPEK-
JICHUS KYJBTYPBl M UCKYCCTBA, IEHHBIE NMAMSATHUKH apXeOJOTHH, HCTOPHH,
I'PaJOCTPOUTENBCTBA U ADXUTEKTY PBI.

K pekpeanuonsusiM pecypcam Tomcka OTHOCATCS OOBEKTHI W SIBICHUS
MIPUPOIBI, KOTOPbIE MOXKHO MCIIONIB30BATh B LESAX OTABIXA, TYPH3Ma U Jede-
HUS, a TAKXKEe KYJIBTYPHO-HCTOPHUYECKHE JOCTONPUMEYaTEeIbHOCTH.

B mepByto rpynmy BxomAT moGepexbs ¢ Hanbosiee OJIaronpusATHBIMU
KJINMaTHYECKUMH YCJIOBHSIMH, Oepera pek U 03ep, CKaJbHbIE OOHAKECHHUS,
JIECHbIe MacCUBBI. B palioHax ¢ TakMMH peKpeallMOHHBIMH PecypcamMu CO3-
JIAr0TCs 30HBI OT/BIXA U MPHUPOAHBIE Mapku. Hampumep, reonornveckoe 00-
HaxkeHue «JlarepHslii can», Habepexnas p. Tomu, 1T «UrymeHckui».

Ko BTOpOIi rpynme oTHOCATCS MaMATHUKH UCTOPUHU, apXUTEKTYPHI, ap-
XEOJIOTMH U UcKyccTBa. KyabTypHO-UCTOpUYECKHE TOCTOIPUMEYATEIbHOCTU
HMEIOTCS BO BeeX pailioHax I. ToMcka, BCEMUPHYIO U3BECTHOCTb UMEIOT Je-
peBSIHHAsI apXUTEKTypa U Hay4YHO-00pa3oBaTeIbHbIN KOMILIEKC ropona. Ha
TEPPUTOPUU TOPOZA COXPAHUIOCH OKosIO 700 NepeBsHHBIX 34aHUM, KOTOpBIE
HMMEIOT HCTOPUYECKYIO IEHHOCTb, N3 HUX 200 31aH1i 0UIHaTIBLHO OTHECEHBI
K MaMsITHUKaM JepeBSHHOTO 30q9ecTBa (18 denepanbroro 3Hadenus, 98 pe-
THOHAJIEHOTO M 84 «BHOBB BBISBJICHHBIX»). K M3BECTHBIM MaMSITHHKaM Jie-
PEBSIHHOTO 30149ecTBa oTHOCATCA: «JloMm ¢ marpom» (yn. KpacHoapmerickas,
71), «[lom ¢ npaxonamm» (yi1. Kpacnoapmetickasi, 68), «lom ¢ XKap-ntunamm»
(yn. Kpacnoapmeiickasi, 67a), ycanpba apxutextopa C. Xomuua (yin. benun-
ckoro, 19), nerckoro Bpaya B. Bacuiskosa (yn. Kysnenosa, 30) u ap. Cymie-
CTBYET HECKOJIBKO OXPAaHHBIX 30H, B KOTOPBIX IOCTEIIEHHO BEAETCS pecTaBpa-
1usl 00BEKTOB JiepeBsiHHOTO 3014ecTBa. Cpenyu HUX — BockpeceHckas ropa,
Tarapckas cnobona, benosepoe, 3aozepne, Enanckas u T. 1.

Bbnaronapst paszBuroii Hayke U obOpa3oBaHuto Tomck oGnagaer pemyrta-
LMeH OHOTO W3 CaMbIX «YMHBIX» roponoB Poccun u HocUT 00pasHoe UMs
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«Cubupcknx Apun». B Tomcke peiictBytor 6 yuusepcureros (TTY, TIIY,
CubI'MY, TTACY, TTIIY, TYCVYP), 2 HerocynapCTBEHHBIX HMHCTHUTYTA,
a Takxke 9 (uIHaIOB WHOTOPOJHUX BY30B. HaydHBIMH HCClIeOBaHUSMHU
U pa3padOTKaMM B PErHOHE 3aHMMalOTCsl OKoslo 60 opraHmzanuii: uccieno-
BaTeIbCKUE MOAPA3AEICHHUS TOMCKUX YHHBEPCUTETOB, aKaJ€MUUYECKUE HH-
ctutyThl, orpaciessie HUU u npyrue Hay4yHble OpraHu3aiiu.

Tomck obsagaeT HanOOIBITUM KOIMYECTBOM IIPHUPOJHBIX IOCTONIPHIMEYa-
TEJIBHOCTEH, CpeIv KOTOPHIX OOJIBIIOE 3HAYEHHUE HMEIOT JIECOIIAPKOBBIE 30HBI.
Haubonee ncronszyemsble sieconapkosbie 30HbI B I. Tomck — bacannaiickoe
ypouniue, Tumupssesckoe ypouuiue, Ky3oBnesckoe ypouulle 1 J1ecomnapKko-
Basl 30Ha BJ1oJb MpKkyTcKoro Tpakra.

Ilo pexpeanioHHBIM IpU3HAKAM B 3€JIEHBIX 30HAX I. TOMCKa BbIAEICHBI
CEyIOIHE KaTErOPUH:

— 30HBI KOMIUIEKCHOM pEKpEanny, BBITOIHSIOMINE CIIeAYIOMHNE QYHKIUH:
03/I0pOBUTENIbHYIO0, 3aHATHE (PU3NYECKOH KYJIBTYpOH, OpraHM30BAaHHBIN
JIOJITOCPOYHBIN OTABIX, MUKHUKOBBIN OTABIX, COOMPATEIHCTBO I'PUOOB U I10-
3HaBaTeIbHY0. B TakuX 30HaX HAXOAATCA MUOHEPCKHUE JIareps U creruaim-
3MPOBAaHHBIC YUPEXKJCHHS IS O3JOPOBJICHUS U OT/AbIXa HaceleHus (palioH
. Kanraii, n. borameso, Cunuit Yrec u ap.);

— 30HBI KOMIIJIEKCHOH pEeKpeanuu ¢ mpeodiajaHueM 3aHsATUH Qusnye-
CKOH KyJIBTYpOH U criopToM (TeppuTOpus cTannoHoB bypesectHuk, Kenp);

— 30HBI aKTHUBHOI'O OT/IbIXa HACEJIEHUS BKJIIOYAIOT YYaCTKH Jieca, Ipuie-
rarouye K OTIeIbHBIM HACEIEHHBIM IyHKTAM U JKMJIBIM KBapTaigaM ToMcka.
IluprHa 3THX y4acTKOB, COIJIacHO HOpMaruBaM, B ToMckoil oOiacTu co-
cTaBisieT 10 1 KM (J1ecornapkoBasi 30Ha BIOJIb IpKyTCKOTO TpakTa);

— neyeOHas 30Ha, npuieratomas K O01acTHON KIMHUYECKOH OOJIBHHUIIE;

— IIPOYHE — YUACTKH FOPOJICKOH TEPPUTOPUHU C HU3KUM PEKPEALMOHHBIM
HNOTEHLUAJIOM.

AHanu3upys THAPOPECYPCHl Ha NMPEAMET PeKpealuu, MOXKHO CHeNaTh
BBIBOZI, YTO o3epa I. Tomcka oOyajaroT 3HAYMTEIBHBIM PEKPEaAMOHHBIM
noreHnuagoM. Hanbosee nepcrieKTUBHBIMU JUUIsE OPraHU3AIMH HEOOJIBLINX
IUBSDKHBIX 30H C TOYKH 3pEHHS JaHIMAa(QTHONW CTPYKTYPHI SBJISIOTCS TT00e-
pexbs 03ep bosipckoro, MaBsntokeesckoro, boranuueckoro cazna, I[lecuanoro
(Tumupszeo), cucremsl BogoeMoB Kpusoe — [lecuanoe, 3aHsATBIE TPUPOA-
HBIMH ¥ IPUPOAHO-aHTPONOr€HHBIMH JIaHAIapTamH [1].

Bnaronapst GoraTelilemMy HCTOPHKO-KYJIBTYPHOMY HACJIEIUIO PETHOH UMe-
€T IPEKPaCHbIE BO3MOXKHOCTH AJIs Pa3BUTHS pekpealy. ToMCK mpuTsArareieH

295



CBOMMH KYJIBTYPHBIMHU TPaAHLUSAMU. 37eCh OBIBAJIM 3aMedaTeNbHbIe PYCCKHE
nucatenu: Paguies, YepHsiesckui, JloctoeBckuit, Koponenko, YcneHckui,
Uexos. Ha tomckoii 3emiie popunuck aktep MHHOKeHTHN CMOKTYHOBCKUIA,
kommo3uTop Onucon JlenucoB. OcoOblli MHTEpEC B PEKPEAIMOHHOM OTHO-
LIEHNH TIPEACTABIISET CaMOOBITHAas KyJIbTypa KOPEHHBIX MAaJIOYHCIICHHBIX
HaponoB Tomckoil obnacTu M TepeceneHleB. TOMCK MpPUTITaTeNeH TakKxke
KynbroBbIMH nocTpoiikamu X VIII — nagana XX B. 1 ApeBHUM IIPaBOCIaBHBIM
Boropoaune-AnekcCueBCKUM MYXKCKUM MOHACTBIPEM, B KOTOPOM XpPaHSTCA
Moty crapia @enopa Kyssmuua, no nerenae, umneparopa Anekcannpa .

B xauecTBe 00BEKTOB 117151 00yUaIOMINX BUJOB PEKPEALINH UCTIONB3YIOTCS
JeiictByromue my3eu. B ToMcke HacCUMTBIBAa€TCS OKOJO 35 pa3sIudHBIX My3e-
eB. Hanbonee mocemaemMbIMu SIBIISIIOTCS KpaeBeIUECKHUH, Xy10KECTBEHHBIH,
My3€el HCTOpUU TOpoJa.

KynsrypHo-ucropuueckoe Hacinenue ToMcka MO3BOISAIOT MO3HATh U Ma-
MATHHKH apxeosioruu. Ha Teppuropuu ropoaa pacrnonoxeno 6onee 50 ma-
MITHUKOB. CaMbIll [peBHUHN U3 HUX — ToMCKas majaeonuTHYeCKasl CTOSHKA
B JlarepHoM cany, Bo3pacT KoTopoit okosio 18 Thicsta stet (XVII — X VI BB.
JI0 H.2.).

B nenom pexpeanrioHHbIe pecypchl ropofa OpUEHTHPOBAHbl HA KPAaTKO-
BPEMEHHBIN OTABIX MECTHOIO HacelleHus. PexpealMoHHBIE 30HBI Ha Tep-
putopuu r. ToMcka U B IPUTOPOAE, HAXOASINIMECA B IIpeeaaX 4acoBOU J10-
CSIFTa€MOCTU OTHOCATCSA K MECTaM MaccoBOro otabixa TomMuueil. K mecram
MacCOBOrO KPaTKOBPEMEHHOTO OTABIXa T'OPOXAH OTHOCSTCS: TEPPUTOPUS
HUCTOPUYECKH CIOXKUBILIErocs neHTpa I. Tomcka — «I'yOepHaTOpckoro KBap-
Tajay; TeppUTOpUs NapKoBoi 30HBI ['0poACKOro cajna; TeppUTOpHs MIOMAU
HoBocobopHoii; TeppuTopus ropojckoro napka Jlarepuslii cal; Teppuropus
ckBepa benoe o3epo; Tepputopus napkooii 30Hs! by d-cana; Teppuropus,
Ipuieraromas K 3JaHuio J[BopLa 3penuin U CIopTa, a TaKkKe TEPPUTOpUs
IJIOUIaAM Nepesl yKa3aHHBIM 3JJaHueM; TeppuTopus bepe3oBoii pouy, Ha ne-
peceyennn np. Mupa u yn. Kapna Unemepa; Teppuropus OynbsBapa «50-ie-
tus [oOensr», Bkitouas cksep y MJIITY «Ilonukiamanka Ne 10»; Teppuropus
ckBepa Berepanos no yin. ®@. MioHuxa; TEppUTOpUS CKBEPA MEpes 3AaHUEM
peunoro Bok3asa 1o yi. K. Mapkca, Bkirouast tepputoputo Habepexxnoit
pexu Tomu [5].

Takum 00pa3om, MOXKHO cenaTh BEIBOJ, 4YTO TOMCK 00J1a1aeT 3HauNTeIb-
HBIM PEKpEealOHHBIM MOTEHIaNIoM. B ropoae pa3BUTHl MOYTH BCE BUIBI
peKpeanuu: OT TPaJWLIUOHHBIX (IIPOMBICIOBO-TIPOTYJIOYHAS, PHIOOJIOBHAS
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W OXOTHHYbS) IO 00YUAIONINX U TyXOBHO 000TaIalonIuX BUIO0B (IOCEIICHHE
MPUPOIHBIX U KYJIbTYPHBIX MAaMSITHHKOB, HCTOPHYECKIX MECT, apXCOJIOTH-
YECKUX PACKOIOK, M3yYCHHUE PA3IMIHBIX MPUPOIHBIX 0COOEHHOCTEH BOJO-
€MOB H T.]11.).
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TEPMOJVUHAMMNYECKHUE UHJIEKCHI ATMOC®EPHI
B HOBOCUBHUPCKOMN U TOMCKOM OBJIACTSIX

O.A. Knunosa
Tomckuii 2ocyoapcmeeHHblil neda2o2utecKutl yHugepcumen
Hayunwiii pykosooumens — kano. gus.-mam. nayx, ooyeum 1. B. Epuoga

OnHOl M3 caMBIX aKTYaJbHBIX IPOOJIEM JUJISi CHHOITHKOB SIBISIETCS CO-
BEPLICHCTBOBaHNE METOMOB IIPOTHO3a TPO3 U JUBHEH I Teppuropun Ho-
BocuOupckorr 1 Tomckoit obnacteid. [IporHO3bI TPO3 U TUBHEBBIX OCAJKOB
UCTIONB3YIOTCS 11 METEOPOJIOTHYECKOT0 00ECTIeYeH s M0JIETOB CAMOJIETOB
MeXyHapoaHoro aspornopta «HoBocubupck». Tomckuit asponopt B bora-
IIEBO B OJIMKaNIIINE TOABI TAKXKE CTAHET MEeXAyHapoaHbIM. [TosTomMy ananu3
METEOPOJIOTMUECKOM U a3pOJIOrMUeCcKOil HH(POPMAIIMH O TPO3axX M JIMBHSX 32
MIOCJIETHNE TOBI OCOOCHHO BaXKEH.

Lenb maHHOTO MCCIEAOBaHMS — aHATU3 IMHAMUKH KOJIMYECTBA CIydaeB
C TPO3aMH M JINBHSAMH, a TAaK)Ke TEPMOIMHAMHYECKUX MHIEKCOB st HoBo-
cubupckoii u ToMckoit obnacTeit.
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MatepuanamMu HCCIEIOBAHMS CIYXKUIHM JaHHBIE IO 11 MeTeoponoruue-
ckuM ctaniusM ToMckoii oOnacTy, mpencTaBieHHble Ha cepepe Pocrunpo-
meta «Iloroma Poccuny [1]. Beero 3a netHue mecsiisl nepuoga 1999-2011 rr.
ObUIO TpoOaHaNM3MpPOBaHA MH(OpPMAIMA IO TPO3aM U JIMBHSIM ISl YEThI-
pex MereoctaHumi (tadm. 1): «AuekcannpoBckoey, «Bamxmib-KbHaky,
«Cpennuii Bactoran» u «Ilyaunoy». 3a 6onee kopoTkuit nepuon ¢ 1999 (unm
¢ 2000 r.) mo 2011 r. OpUTa IpOaHaTM3NpPOBaHa HHPOPMAIUS Il CEMH CTaH-
umit: «MomnuanoBo», «CrenaHoBkay, «Terynpaet», «YcTb-O3epHoey, «Cta-

puuay, «Bepe30BKa» u ((HpOXOpKI/IHO».

Tab6numa 1

Ilepuoan! uccaeroBanuii 1js MerTeopoaornyeckux cranuuii Tomckoii o0acTn

Hassanwue ctanuuu

Tepuoxn HabGnroneHMI (TO/1bI)

AJeKcaHIpOBCKOE 1999-2011
Bepesoska 2000-2004
Bamxunb-Keinak 1999-2011
Mon4yaHOBO 2000-2004
ITpoxopkuHo 2000-2004
Ilynuno 1999-2011
Cpennuii Bactoran 2000-2011
Crapuua 2000-2004
CremnaHoBka 2000-2004
Terynabaer 2000-2004
Yerp-O3epHoe 2000-2004

JIist kKoM M3 9TUX CTaHIMA 1 it TOMCKO# obnactu B 1ienoM (Tabi. 2)
OBLIH pacCUHTAHBI CIICAYIONINE XapaKTEPUCTUKH 32 MECSAI] U JICTHUHN CE30H: KO-
JINYECTBO CITyYaeB U JHEW C JIMBHSIMU; KOJTMYECTBO CIIy4aeB U JHEH C TPO3aMU.

Tabnauma 2

KonnuecTBo cayuaeB ¢ iuBHAMHE/Tpo3amu 115 Tomckoii 06.1acTn

Tox Mecsig
Wronp Wronp ABrycr WroHb — aBryct
1 2 3 4 5
1999 25/0 22/9 48/1 95/10
2000 19/6 26/8 42/1 82/15
2001 31/8 40/7 33/12 104/27
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IIpononxenue Tabm 2

1 2 3 4 5
2002 33/3 28/8 38/3 99/14
2003 20/10 27/8 5/1 52/17
2004 32/11 26/3 26/7 84/17
2005 9/3 8/7 35/14 52/21
2006 16/16 16/6 41/0 73/24
2007 51/8 11/4 40/10 102/22
2008 38/5 22/3 33/6 93/22
2009 38/2 27/6 22/2 87/14
2010 17/8 27/8 33/5 77/10
2011 26/15 47/0 53/5 126/21

Cymma 382/102 352/83 446/72 1126/234
Cpennee 27/7 25/6 35/5 87/18

AHanu3upys Tadi. 2 10 JUBHIM, MOKHO OTMETHTb, YTO MaKCUMaJIbHOE
KOJIMYECTBO 3a Mecs1] oTMeuanuch B aBrycre 2011 r. u B urone 2007 r., co-
OoTBETCTBEHHO 53 u 51 ciaydaeB. CpegHee KOIMYECTBO 3a JIETO COCTABIAIIO
87 cioydaes.

MakcuManbHOE KOJIMUECTBO Irpo3 3a Mecsl — 16 u 15 cayuaeB — oTMeua-
nock B uroHe 2006 u 2011 r. CpenHee KOTHMYECTBO Ipo3 3a JETO COCTABUIIO
18 ciyuaes.

’g:%‘ 140 —— JlugHu 7308
‘é’ 120+ —— [Ppo3bi 1 25%
g 100+ P
I 80+ 5
N + 155
S 60+ 3
g 401 1108
3 153
Z 20+ 5
S Of o+ 0
1999 2001 2003 2005 2007 2009 2011

Puc. 1. BpeMeHHas JuHaMMKa KOJIMYECTBA CIy4aeB JIMBHEH
u Tpo3 3a nepron 1999-2011 rr. ni1s MeTeocTaHIit
«Anekcanapockoe» (ceBep ToMckoli obmacTn)
BpemenHoit xon nuBHeH u Tpo3 3a nepuos, 1999-2011 rT. He HOCUT CUH-
XpOHHBIN XapakTep. Hampumep, 11 METEOPOIOTHUECKON CTaHITUU «AJIeK-
CaHJIPOBCKOE», MaKCUMaJIbHOE KOJIIMYECTBO JMBHEW oTMedasnoch B 2011 T
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(puc. 1), a Muanmansaoe — B 2003 n 2005 rr. MakcumanbHOe KOJIMYECTBO
rpo3 ormeuasiocs B 2001 r., a MunumansHoe — B 1999 1 2009 rr.

Crenyromym IaroM uccie0BaHu Oblila cHCTEMaTH3aIMs ¥ aHAJIN3 Tep-
MOJMHAMUYECKUX HMHAEKCOB MO JAaHHBIM PaJUO30HIUPOBAHMS IIPU Ipo3ax
W JIUBHAX JUIsl AnekcaHaposckoro, Konmanieso n HoBocubupcka (radi. 3).
Ha teppuropuu Tomckoii 001acTn pacroiokeHsl JIBE a3pOJIOTHIECKHE CTaH-
nuu: «AnexcanapoBckoe» U «KonnameBoy». {11 JaHHBIX CTaHLUNA EpBOHA-
YaJIbHO OBIIIM ITPOAHAIM3UPOBAHBI JIHU C TPO30H U IUBHSMHU, 3aTEM, HCIIOb-
3y WHGOpPMAIMIO C caliTa aMepUKAHCKOrO yHUBepcuteTra Baitomunr [2],
ObUIM TPOAHAIN3UPOBAHBI TEPMOJUHAMUYECKIE NHJICKCHI 32 JIETHHE MECSIIIbI
nepuona 20052011 rr. s 12 yacos BCB (BcemupHOE CKOOPAMHUPOBAHHOE
BpeMsi) niK 18 4acoB MECTHOI'O BPEMEHH.

TaG6numa 3
XapakTepHCTHKA HCXOIHOI0 MATEPHAJIA [0 TPEM CTAHIMAM PATHO30HIUPOBAHHS

Asponornueckas | [eorpaduueckas Tepuox KonunuectBo cinyyaen
CTaHIIHS LIpoTa rposa JINBEHb
HoBocubupck 54°57' 2004-2011 50 68
Konmnameso 58°18' 2005-2011 30 51
AJIeKCaHIPOBCKOE 60°26' 1999-2011 40 174

JIuBHEBBIE OCAKH M MOJHHH CBS3aHbI C KOHBEKTUBHOM 00s1auHOCTHI0. BO
MHOTHX CTpaHax MUpa JJisl IPOTHO3a Pa3BUTHS IPO3 U JIUBHEH HUCHOIb3YIOT-
Cs1 KOJIMYECTBEHHBIE 3HAUCHU HHAEKCOB, XapaKTepU3yIOLINe KOHBEKIIUIO IO
psany napamMeTpoB [3—4]. OTH HHAEKCHI pACCUNUTHIBAIOTCS 110 JAHHBIM Ka3KJIOTO
PasAMo30HANPOBAHUS M NPEJICTABICHBI B CBOOOIHOM JlocTyne B MIHTEepHETE.
OnHuME U3 HanOoJee 4acTO UCHONb3yeMBIX sBistoTcs uHaeke LIFT (pas-
JIMYUE TEeMIepaTypsl OKpY’XKalolled CpeAbl M YacTUIbI, MOAHHMAOIIECS
c ypoBHs 500 M u 850 rlla, coorBeTcTBeHHO), KIND mumekc (temmeparypHo-
BIIAXKHOCTHOE cocTosinne armocdepe B cioe 850-700 rlla) u manexc TOTL
(KOMIIJIEKCHas! XapaKTEPUCTHUKA CTATHYECKOH CTAOMIBHOCTH M BIA’KHOCTH
B cioe 850500 rlla). Hen3aMeHHBIM IPEAUKTOPOM B TPOTHO3E I'PO3 M IUBHEH
SIBASICTCS BEIUYMHA YJHEPT MY HEYCTONYUBOCTH. BpICOKUI ypOBEHb MOTEHIU-
AJBHON PHEPrUM aTMoc(ephl SABISETCS HEIPEMEHHBIM YCJIOBHEM TOT'O, YTO
MTOHUMAIOIIASACS YacTHUIa KOHBEKTHBHOTO 00J1aKa JOCTUTHET 3HAYUTEIEHO
OOJIBIINX BBICOT, YEM YPOBEHb CBOOOTHON KOHBEKITUH. DTy XapaKTEPUCTUKY
cocTossHus atMocdepsl noctarouHo 3¢ dexTnBHO oTpakatoT nuiaeke CAPE
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(Convective Available Potential Energy). Munexkc SWEAT, kpome Temnepa-
TYPHO-BIKHOCTHBIX XapaKTEPUCTHUK, COACPKUT UHHOPMAITHIO O BETPE, T. €.
00BeAMHSICT KHHEMATUICCKYIO U TEPMOIUHAMUYECCKYIO HH()OPMAIIHIO B OJI-
HOM WHjeKce. bonee moagpoOHOe onucaHe WHICKCOB IPUBEIEHO B [2].

AHanu3upyst U3MCHECHUS 3HAYCHUH WHICKCOB B 3aBHCUMOCTH OT T'eorpa-
(bmdeckolt NIMPOTHI, MOXKHO OTMETHUTH ciexyroniue: 3a nepron 2005-2011 rr.
3naueHus unjaekcoB SHOW, LIFT, CINS, EQLV, LFCT yMmeHbLIaluch ¢ yBe-
nuuenueM mwupoThl, a uaaekcsl SWEAT, KIND, TOTL, CAPE — yBenuuu-
BaIIACh C YBEIMYCHUEM IIUPOTEHL.

B 1abn. 4 nmpuBeneHbl 3HAYCHUS MHACKCOB, XapaKTEPU3YIOIMIUX COCTOS-
Hue atMocdeps 1t Tepputopun HoBocnbupcekoit u ToMmckoi o0nacTsx mpu
JUBHSX U IPO3aXx.

Tabnuma 4
CTaTHCTHYECKUE XaPAKTEPUCTHKH TEPMOANHAMUYECKHX MH/IEKCOB
JJISl CUTYallHH € JINBHEM/TP030ii, OCpeIHEHHBIE 110 TPEM CTAHIUAM
(«HoBocuoupcx», «Kosinameso» u «AJIeKCaHIPOBCKOE»)

TepMmoauHaMHUueCKHE HHOCKCHI Cpennee MakcuMalibHOE MuHumansHoOE
SHOW 4/1 17/15 3/-4
LIFT 3/-1 20/11 -9/-10
SWEAT 131/180 341/436 29/39
KIND 25/30 36/39 2/-3
TOTL 46/49 56/57 25/12
CAPE 118/489 2006/1972 0/0
CINS —17/-49 0/54 —195/-288
EQLV 605/368 926/922 184/200
LFCT 852/813 974/969 584/715

B pesynbrare anannza Tabu. 4, MOXKHO C/AEIATh CIEAYIONINE BEIBOIBL:

—IIpH I'po3ax TEMIEpaTypa IOJHUMAIOLIEHCS JYacTHLBI O0OJaKka 3HauYH-
TEIBHO IIPEBOCXOOUT TEMIIEPATypPy OKPY’KAIOIIETO BO31yXa IO BBICOTHI
5,5 kM (LIFT), koHTpacT TeMmepaTyp MOXKeT 1oxoauTh 10 10 °C;

—npu rpo3ax nagexc KIND (30 °C) mpeBpimaeT 3HaYeHHE IIPU JTUBHIX
(25°C)na 5 °C, T.e. ns peaTu3aliy MOJTHHUH TpeOyeTcs: OONMBIIII KOHTPACT
TeMIIepaTyp MexAy ypoBHSAMHU 1,5 u 5,5 kM u Ooiblee 3HAYCHHS BIJIAYKHO-
CTH, 4eM IIPH JIUBHSIX;

—apu rpo3ax TOTL B cpexrem Ha 3 °C mpeBOCXOIUT TOT )K€ TapaMeTp MpH
JUBHSIX, T. €. B TPO30BBIX 00JIaKaxX KOHTPACT TEMIIEPATYP MEXAY YPOBHIMH 1,5
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1 5,5 KM M HaChIILIEHHOCTH BO3/yXa (pa3HHIa M1y TOYKOH pOCHI U TeMIlepa-
Typoii) OoJIblIIe, YeM B IMBHEBBIX O0JIaKaXx;

— xoMIuiekcHbld napametp SWEAT npu rposax Ha 49 enuHuI npeBoc-
XOIUT TOT K€ MapaMeTp NpPH JUBHSX, T.€. XapaKTEPUCTUKH TEMIIEPaTyphl
1 TOYKH POCHI Ha BbIcOTax 1,5 U 5,5 KM B Ipo30BBIX 00JIaKaxX MPEBHIILIAIOT TE
K€ XapaKTePUCTHKH B JINBHEBBIX 00JIaKax;

— cpefHHue 3HAYEHUs] KOHBEKTHUBHON MOTEHIUAIbHON 3HEPTrUH MpPH I'po-
3ax (489 JIx/kr) Ooiee 4eM B YETHIpE pa3a MPEBOCXOST 3HAYCHUS IIPU JIUB-
Hax (118 Ix/kr). [Ipu 3TOM MakcuManbHbIe 3HAUYSHHUS [P I'PO3aX U JIMBHAX
CPaBHUMBI U COCTABISIOT 0K0JI0 2 000 JIx/KT;

— ypoBenb cBobomHo# koHBekiuu (LFCT) u ypoBens paBHoBecus (EL)
B I'PO30BBIX O0JIaKaX BEIIIE, YeM B TUBHEBBIX Ha 200 M 1 Ha 3,5 KM COOTBET-
ctBeHHo. TonmuHa cnost mexay yposHsiMu LFCT u EL B rpo3oBsIx oOmakax
MIOYTH B JIBa pa3a MPEBOCXOAUT ITY JKE BEIMUNHY B JINBHEBBIX OOJIaKaXx.
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IMAPAMETPBI SKCIIOHEHIIUMAJBHOM MOJEJIN
BEPTUKAJBHOI'O ITPODNJISA
KO2®PUIIMEHTA TPEJJOMJIEHU SI
HAJI CEBEPHOHM YACTBIO
ATJIAHTHYECKOI'O OKEAHA

H. A. MansneBa
Tomckuil 20cyO0apcmeeHHbIl YHUSepCUmem
Hayunwiii pykosooumens — kano. eeoep. nayk, ooyenm JI. M. Kuoicnep

O,I[HOfI M3 BAXHBIX XaPAKTCPUCTHUK, OTpaXAIOIIHUX BJIHUAHUC aTMOC(l)G—
PbI HA paCIpOCTPAHCHHUEC YKB, SABJIACTCA OTHOCUTCIIbHASA AUIJICKTPUUCCKAA
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MPOHUIIAEMOCTh BO3JIyXa €, KOTOpas CBsi3aHa ¢ K03 duuueHTom mpeiaomie-
HUS BO3AyXa 1 COOTHOILIEHUEM: 1 = Je.

U3BecTHO, 4TO KOAPDHUIIUCHT MPEIOMIICHUS OTIIMYASTCS OT SAMHUIIBI Ha
JIleCATUTBICAUHbIE a0H. [I03TOMy Ha MpakTHUKe KCIMOJIB3YIOT MHIEKC Mpe-
nomuenust N. JIns Bonmn YKB-nauana3ona N MOXHO paccuuTaTh ¢ OOJIBINON
TOYHOCTBIO 110 3HAYEHUSIM METEOPOJIOTUUECKUX BEIMYHH:

77,6 4810e
= P+
t+273,2 t+273,2

; ey

TZie ¢ — TeMIeparypa Bo3yxa; P —aTMocdepHoe qaBiieHNe; e — apHalbHOe
JIaBJICHUE BOJSHOTO Tapa.

B mpomnecce pacrpocTpaHeHHs paJdOBOIHBI UCIIBITHIBAIOT BIUSHUE W3-
MEHEHHI1 COCTOSHUS aTMOC(Ephl B IPOCTPAHCTBE U BO BpeMeHH. [Ipu sTom
BaXXHO yUYECTh KaK PEryJsipHbIe N3MEHEHHUS B aTMOcdepe, Tak U KpaTKoBpe-
MeHHbIe. [IepBbIe onpeaensoT 00mme 3aKOHOMEPHOCTH B PACIIPOCTPAHEHNN
YKB, BeI3BaHHBIE pedpakiiueii. XaoTHUeCKHue HEOJHOPOTHOCTH € H N MOTYT
MPUBECTH K NCKAKEHUIO HAIIPABIICHUS PACIIPOCTPAHEHUS PanoBOIH [1].

B cooTBeTcTBHU ¢ MI3MEHEHHEM TI0 BHICOTE COCTABIISIONNX MHAEKCA IIpe-
JIOMJICHHUSI aTMOC(EPHOTO AABICHUS, TEMIIEPATypbl M BIAXXHOCTH BO3IyXa
OH YMEHBIIIAETCS C BBICOTOU. BbII0 Mony4eHo, 4To usmMeHeHue N ¢ BbICOTOM
OJIM3KO K SKCIIOHECHIIMATILHOW 3aBUCHMOCTH:

N,= N, exp(-1/H -H), )]

e N,, — HHAEKC NPENTOMIIEHNS Ha HyJIEBOM YPOBHE SKCIIOHEHIINAILHON MOTIE-
nm; H — MaciITad BEICOTHI OKCIIOHEHIIHAJIBHON MOIENIH, KM; [ — BBICOTa, KM.

Macmmtal BRICOTHI IPEACTABISIET COOOH BBICOTY, HAa KOTOPOi 3HaueHne N
YMEHBIIIAETCSA B € pa3 0 CPABHEHUIO CO 3HAYCHUEM Ha TOBEPXHOCTH.

W3 nurepaTypHBIX UCTOYHUKOB [2] M3BECTHO, YTO SKCIOHEHIMATHHASL
MOJIEINTb TaeT XOPOIINe Pe3yIbTaTHl IIPH ONMHCAHUH CPETHETO BEPTHUKAIBHO-
ro npodmns N B mpenenax Tporocdepsl. SIBHBIM JOCTOMHCTBOM SIBIISIETCS
yIoOCTBO MOZIETH B TEOPETUUECKOM paccMOTpeHnH. HemoctaTok 3akitoda-
€TCs B TOM, 9TO 3Ta MOZEIb, OTPaXKas CpEIHHE 3HAYCHI S, HE YUUTHIBAET KOH-
KpETHEIE ITOTOHBIE YCIOBUSA [2].

Hecmotps Ha GompIIoit 06beM HcceIoBaHMi, BEITIOTHEHHBIX 32 ITOCIIEI-
HUE HECKONBKO ACCATHIIETUH, CTENICHb U3YUYCHHOCTH TPOIOC(Ephl HE yI0B-
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JIETBOPSIET TPEeOOBAaHMUSIM, BO3HUKAIOIIMM IIPU PEIICHUH 3aJlad pacueTa pa-
Juo(pU3NIecKoro noist. B ToM yucie HeOCTaTOYHO U3yUeHa BEPTHKAIbHAS
cTpykTypa Tpomnocdepsl. Hemocrarouno msydeHa panuorpomnocdepa Hal
OKEaHaMH.

Lensto uccnenoBaHus ABISIIOCH MONYyYEHHE MApaMETPOB IKCIIOHEHIIU-
AJBHOW MOJIEJIM BEPTUKAIBHOTO MpoduiIst N Hall CeBEpPHOU YacThio ATiaH-
THYECKOr0 OKE€aHa M OLIEHKAa TOYHOCTH BOCCTAHOBJICHHS CPETHETO MPOHIISL.
PacueTs! BHIOITHEHBI 1J1s1 YETHIPEX MECSIEB: (eBpaib, Mai, aBryCT, HOSIOPb.
W3-3a 60npI0# TEIIOEMKOCTH M TypOYJIEHTHOH TEJIONPOBOAHOCTH BOJBI
JKCTPEMYMBI TEMIEPATYPbI HOBEPXHOCTU BOJBI U MPUIIETAIOLIETO CJIOS BO3-
JlyXa CMEIIEHbI BO BPEMEHU 110 CPaBHEHHUIO ¢ cyliel. [Io3ToMy eHTpanbHbI-
MH MECSIIIAMH CE€30HOB HaJl aKBaTOPHSMU OKEAHOB ABJISIIOTCS 3TH MECSIIBL.

B pabote ncrnosnp30BaIrchk MaTepHalibl 0 KIMMAaTy W LUPKYJISIUN CBO-
6omHOIt atMocdeps! [3, 4]. TaGIUIBI B 3TOM H3TaHUH COCTABIICHBI ITO MaTe-
puanaMm paauo30HIOBEIX HaOMrOMeHUH st 148 3apyOexxHBIX cTaHIuil EB-
pormel, Azun, CeBepHoii Amepuknu (Ansicka, Kanana, AneyTrckue ocTpoBa)
u ATnaHTHueckoro okeaHa. Kinumaruueckue xapakTepucTuku B [3, 4] BbI-
YHUCIIEHB] 32 MHOroJIeTHUH nepuof 1957-1965 rr. u npencraBiaeHsl Ha U30-
6apuueckux nosepxHoctax 100010 rlla.

B paborte pacyeTsl BEIIOMHSINCE B Tporpamme «Excel» u BKiouaau BeI-
YHCIIeHNE BBICOTHI [2] N 115 Kax 1ol n3obapuueckoii mosepxuoctu ot 1000
70 200 rIla (4To COOTBETCTBYET B CPEAHEM BCEH TOJIIIE TPONOC(HEPEI) C 1alb-
HEHIIMM pacdyeToM MapaMeTpPOB AKCIIOHEHTHI METOAOM HAaWMEHBIINX KBaJ-
paroB. TouHOCTH BOCCTaHOBIICHHS HPOQUIIEH Onmpenensiack 1Mo BeJINYHHE
JOCTOBEPHOCTH R™2 (KO3 PHUUIMEHTY NeTepMUHALMK). 3aTe€M HOIy4YECHHBIE
3HAYEHHS KapTUPOBAIHCH C TIOMOIIBIO TporpaMMbl «Winsurf.

B pabore mpencraBieHbl KapThl ¢ pe3yiabTaTaMH pacdera IapaMeTpoB
9KCIIOHEHTHI 3a ()eBpab U aBryCT, SIBISIOMINECS [EHTPAJIBHBIMUA MECSIIIAMU
3MMHETO U JIETHETO NEePHOIOB 1Ist okeaHa (puc. 1-4). B cooTBeTcTBHE C Op-
MyJo# (2), N, COOTBETCTBYET 3HAYEHHIO MHEKCA NPETOMJIEHHS Ha YPOBHE
Mopst; H XapakTepu3yeT CKOPOCTh yObIBaHHs UHAEKCA TPENOMIIEHHS C BbI-
COTOM.

Jis ceBepHOH YacTH ATIAaHTHYECKOTO OKeaHa HanOOIIbIIME 3HAUYEHUA N
HaOII0IAI0TCsI B IETHUH IIEPHOJI (aBT'yCT), a MUHUMAaJIbHBIE — COOTBETCTBEHHO
3uMoii ((pespaib). PacueTsl mokasanu, 4To MakCUMalbHOE 3Ha4eHue N, , paB-
Hoe 368,1 N-en. xapaktepHo aus cT. [lanama B aBrycre mecsie (paiioH Hau-
0oJIee TEIIoro U BIAXKHOT0 KIIMMara), a MUHUMaIbHOe 3HadeHne 305,9 N-ex.
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HaOnronaercst Ha cr. Hapcapcyak (paiion I'pennangum) B deBpaie mMecsie.
B nenom mpocnexxuBaeTcs 3aKOHOMEPHOCTh yBenuueHus N ¢ ceBepa Ha
for. OngHako, Ha TeppuTOopuH ceBepHbIX cranuuii (Ocno, JlepBuk, TopcxasH,
HaXOASIIMECS 4yTh HIDKE MOJISIPHOTO Kpyra B paiioHe CKaH/IMHABCKOTO MO-
JyOCTPOBa) IIPOU3BEJCHHBIE pacyeThl MoKa3anu, yto N B eBpaie Ooiblie,
YeM Ha CTaHIUAX, HAaXOSIINXCS I0KHee. DTO 00yCI0BIEHO OYeHb HU3KUMU
TeMIepaTypaMy U MaJbIM BJIarOCOAEp)KaHUEM BO3TyXa.

3HaueHus MaciTaba BBICOTHI N3MEHSIOTCS HE3HAYMTEIbHO. MaKkcuMab-
HOe 3HaueHue paccuntano Ha cT. Hopr-®pont (paiion ['mbpanrapa) B aBry-
cre (8,35 kM), a MuHMManbHOE Ha cT. [lanama B aBrycre (7,27 km). B nemom,
B FO)KHBIX IIMPOTax /{ MEHBIIE, YEM B CEBEPHBIX. B rosloBoM Xos1e MakcuMyM
npeobiasaeT B 3MMHUH IEpHOJl, 8 MUHUMYM — B JIETHUH. B 11e710M Habnrona-
€TCs 3aKOHOMEPHOCTD: YEM BBIIIE 3HAUYEHHA N, TEM MeHbLIE H , TO ECTh TEM
OpicTpee yObIBaeT N ¢ BBICOTOM.

Puc. 1 u 2 HarnsiiHO yKa3bIBAIOT Ha OOJIBIION FOPU30HTAIBHBINA IPATUEHT
K03(HUIHeHTa MPETOMIIEHHUS HaJl 3aI1aTHBIM MT00epeXbeM ATIAHTHIECKOTO
OKeaHa M MaJIbIi TPaAUEHT HaJ BOCTOUHBIM obepexbeM EBporbl.

o = ;

aaus

20

e

Puc. 1. N, despann
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P =
X

Puc. 3. H despann
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Puc. 4. H asrycr

B nernwmii meprox 0oco6eHHO TYCTO pacloiaraiTcs H30JUHUN HaJ Mek-
CHUKaHCKHM 3alInBOM U KapnOckuM mMopeM. 3uMOit xKe 3TOT OONBIIOi KOHT-
pacT 3Ha4eHWH CMEIaeTcs CEBEpHEE K COPOKOBBIM IIHpOTaM. IJTO 00y-
CJIOBJICHO OOJBIIMMH KOHTPAaCTaMH B M3MEHEHHH MO IIHPOTE BIAXKHOCTH
BO3/1yXa, OOYCIIOBJICHHBIX TeMIepaTypol. bombmine 3HadeHUs rpaueHTa
H_ B deBpane nmpocnexupaoTcs Hag KappOCcKkUM MOPEM, B JIETHAN HEPHOJ —
B paiione [IupeHencKkoro nojayocTposa.

Io 3nauenustm R*2 (0,997—-0,999) MOXHO CyIUTH O TOM, YTO IKCIIOHECH-
[MagbHAs MOJEIb JOBOJBFHO TOYHO OMHCHIBAET KPUBYIO KO3(h(huIneHTa mpe-
JIOMJICHUS B CEBEPHBIX IIUPOTaX. bimxke K 10Ty 3Ta BETUYMHA YMEHBIIACTCS
1o 3Hauenni 0,993-0,996.

Ioxyuennsle naHHBIE OyQyT WCIOJIB30BAaHBI MPH MOCTpOeHUHM Panmo-
KJIMMaTHYECKOT0 atiiaca ATIaHTHIECKOTO OKEeaHa.

Jumepamypa

1. @eiinbepe, E.JI. PacupocTpaHeHne paJHoBOH BIOJIb 3eMHOU noBepxHocTh / E. JI. Deitn-
6epr. M. : Uzn-Bo Akanemun Hayk CCCP, 1961. 546 c.

2. bun, B. P. Pannomereoposorus / b.P. buw, E. Jlx. darton. JI. : Fuapomereonsaar, 1971. 363 c.

3. Mamepuanws 0 KIMMATy ¥ LUPKYJIALUN aTMOC(EpPBI HaJ 3apyOSKHBIMU CTPAaHAMU Ce-
BepHoro nosymapus. M., 1974. T. 1, Bbin. 2: OCHOBHBIE CTATUCTUYECKHE XapaKTEPUCTUKH BET-
pa. CpeHue 3HaUCHUS TEMIIEPaTy bl U BIAXKHOCTH BO3yXa.
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4. Mamepuanv 0 KJIIUMaTy W OUPKYJSIUH CBOOOXHOI aTMocdepsl Hax 3apyOeXHBIMU
cTpaHaMu ceBepHoro nomymapus. M., 1972—-1973. T. 1, Bein. 1: OCHOBHBIE CTaTUCTUYECKUE
XapakTepuCcTUKU BeTpa. CpesiHNe 3HaYEeHUsl TEMIIEPATyPhl U BIAXKHOCTH BO3]lyXa.

MOJIHUHA HA TEPPUTOPHU TOMCKOM OBJIACTH
3A ITEPUO/ 1990-2011 rT.

O.B. IleryxoBa
Tomckuii 2ocyoapcmeentbiii nedazo2uyeckull yHugepcumen
Hayunwiii pyxosooumens — kano. gus.-mam. nayk, ooyenm T. B. Epwiosa

MonHuM, MKBaJTbHBIN BETEpP W JUBHHU SIBISIOTCA CAMBIMHU PacIpocTpa-
HEHHBIMU OMACHBIMU SBJICHUS B JIETHee BpeMs. Bce 3TH ABJIEHUS NPUBOAST
K CEpbE3HBIM aBapusIM U MOCJIECTBUSIM, BKJIIOUAs CMEPThH JIIOJIEH.

Llenbto naHHOM CTAThU ABISAETCS U3YUEHHE MOJTHUM U COITPOBOKAAIOLINUX
UX OINACHBIX IMOTOIHBIX ABJICHUH Ha TeppuTOopuu ToMCKOU 00acTH 3a MepH-
on 19902011 rr.

HabmroneHus 3a METEOPOJIOTHICCKUMU SIBICHUSIMU B TOMCKE MPOBOIUT
BCEro O/IHa METEOPOJIOTMuecKast CTaHIUs, pacloIoKeHHas B paifoHe mioma-
nu FOxwnoii. bimkaiiimas MeteocTaHIus pacroyiioxena B 14 kM ot ropoja
B aspomopty borameBo. KoHBeKTUBHBIC 00Jlaka M BCE CBSI3aHHBIC C HUMHU
siBJIeHUs (JIUBHH, TPO3bI, IIKBAJIbI, IPaj) HOCAT JIOKAJIbHBIN XapakTep, U Mo-
3TOMY HE BCE CIIy4au PETUCTPUPYIOTCA €AMHCTBEHHOM rOpOJCKON MeTeopo-
JIOTMYECKOU CTaHLIMEH.

Poccutiickue cTpaxoBbie KOMIIAHUHT HE YUUTHIBAIOT YHCIIO CTPAXOBBIX CITY-
4aeB OT MOJIHMY U IPYTUX ONIACHBIX METEOPOJIOrHUECKUX sABJIeHUN. [ToaToMy
OBLIIO TPUHSTO pemieHue nposectr 0030p CMU (06macTHBIC ra3eThl U WH-
(opMaLMOHHBIE MHTEPHET-CAWTHI) M ToJy4eHus: Oojiee mosiHoW MHGOp-
MaIuu 00 OMACHBIX SBJCHUSIX MOTOJbI, CBI3aHHBIX C KOHBEKIIHEH (rpo3ax,
JIUBHSX, IIKBaJax), ¥ MPOUCIIECTBUAX (B TOM YUCIIE aBapuii) Ha TEPPUTOPUU
Tomcka 1 obsacTH.

st Tomckol ob6acTu MHGOpMAIUK 00 OTIACHBIX SBJICHHSIX TIOTOJIbI (MOJI-
HUH, JTUBHH, IIKBAJI) U UX MOCIEACTBUSIX ObLIa CHCTEMATH3UPOBAHA U IPO-
aHaiM3upoBaHa. B pesynbrare ObUIN BBISBICHBI CICAYIONME OCOOCHHOCTH
BO3/IEMCTBUS OMACHBIX METEOPOJIOTMYECKUX SBJICHUHN. Hallle BCEero MOJIHUU
Y COMIPOBOXKIAIOIIME X OTACHBIE TIOTOAHBIE SIBJIEHUSI (JIUBEHB, IKBAJI, TPa)
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HaOnronaroTcs B ToMckol 06iacTH B MIOHE — HIONe, OoJiee PeKO OHU IPO-
UCXOJAT B KOHIIE Masi U aBrycra. [lo uMeromumMcs: JaHHbIM, MOJIHUH U ApY-
THE ONACHBIE TIOTOAHBIE SIBIEHUS, IPUBOIAIINE K aBAPHUAM U pa3pylICHUM,
KaK IpaBuIIo, HaOIIoJaIuCh B HOYHOE BpeMsi CyTOK. Yaile Bcero moasepra-
JIMCh TIPUPOIHOM CTUXUH I0KHBIE palioHbl obnactu: Tomckui, bakuapckuii,
KoxeBuukoBckuid, lerapckuii, Konnamesckuii, Kapracokckuii, Bepxue-
KeTckuii, AcuHoBckui, [lepBomatickuil. OTMETHM, YTO UMCHHO Ha FOre 00-
JIaCTH IPOKMBAET O0JIee MOJIOBUHBI HACEICHU .

K aBapusiM, CBA3aHHBIM C yJapoM MOJIHUHU U BO3JCHCTBHEM JIMBHEH,
IIKBaJIa, MOXKHO OTHECTHU IMAaJieHUE NEPEeBbEeB U BETOK, mopsiBbl JIOII, mo-
BPEXKJIEHUE U MOATOIIEHHE NMOCTPOEK, BBIXOJ U3 CTPOSl TEXHUKHU, aBapHii-
HOE OTKJIIOUEHHE HIIEKTPO3HEPTHH, TIOXKaphI (JIecHbIE U 31aHuii). Yaie Bcero
B 00J1aCTHOM LICHTPE CPEIH JIEPEBHEB MOABEPIalOTCs MAJACHUIO TOIOMS, TaK
KaK OHHM OTJINYAIOTCS 3HAYUTENIBHOM BEICOTON U Pa3BUTOM KPOHOIL, KOpHEBast
crcteMa OOJIbIICH YacThIO IIOBEPXHOCTHAS, B PE3YJIbTaTe Yero He CriocoOHa
«yJepxKaTh» AEPEBO BO BpeMs CHIIbHBIX IOPHIBOB BETPA.

OnHMM M3 TParuyecKux MOCIEACTBUH yaapa MOTHUH SIBISIOTCS YeJIOBE-
yeckue >xepTBbl. B Tomckoit obnactu Tonpko 3a nepuox 19902011 rr. or
pa3psiia MOJIHUK noru6iio 23 yenoBeka W MONYYWIJIM paHeHHs 21 uesoBek.
Jltonu moruOaroT M MoaydyaroT paHEeHHs Kak OT MPSIMOT0 NONa aHus MOJTHUH,
TaK ¥ B pe3yJbTaTe BO3JEHCTBUSA Ha OOBEKTHI CHIIBHOTO BETpa WIIH JIMBHSL.
Tak, Hanpumep, B 11 utons 1996 r. B r. Acuno u 27 utons B TeryabaeTckoM
paiioHe B pe3yJibTaTe yAapa MOJHHUHU MOrHOJIO HSATH 4YelOBEK, KOTOPHIE BO
BpeMS pa3psI0B HAXOJUIUCh HA OTKPBITOM IIPOCTPAHCTBE B oJe. B pe3ynb-
TaTe MIKBAJIBHOTO BETPA, KOTOPBIA 4aCTO CONMPOBOXKAAET MOJIHUHU, IPOUCXO-
JIUT MaIeHUE IePEBbEB, BETOK Ha KPHIIIHN 1oMOB U 00pbIB JIDII, KoTOpble Ha-
Hecsn yuiep0O 310poBeko denoBeka. Hampumep, B T. Tomcke 14 uromns 2005 1.
JKUTEIb TOpoJia MOJXYYHIJI COTPSICEHUE MO3ra M IepesioM Oeipa OT maaeHus
BETKH BO BpeEMsI yparasa.

KonuuecTBo ciaydaes, CBI3aHHBIX C yJapaMH MOJHHUI U COIPOBOXKIAI0-
HIMX UX ONACHBIX MOTOJHBIX ABJIEHUN Ha TeppuTOpuU TOMCKON, NUMEET TeH-
JeHuo Kk yBenundeHnuto. Ecnu 3a nepuon ¢ 1990 no 2000 r. ¢ mas o aBrycr
MPOUCXOAUTIO B cpeaHeM 1-2 cioydast, To yxe 3a nepuog ¢ 2000 no 2011 r. Ha-
6ur0/1a710CH OT 2 110 5 HECYACTHBIX CIIy4aeB, BBI3BAHHBIX YKa3aHHBIMU OMac-
HBIMHU METEOPOJIOTHUECKUMH SBJICHUSMH.

Ha ocHoBe nonyueHHBIX JaHHBIX ObLIa IOCTPOEHA AMarpaMma IpoLeHT-
HOT'0 COOTHOLIEHHUSI IPOUCIIECTBUN U aBapHil, CBA3aHHBIX C MOJIHUSIMU U CO-
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ITPOBOXKAAIOUIMMHUCS ONACHBIMH ITOTOAHBIMH SIBJICHUSMHU (JINBHSMH, ILIKBa-
JIlaMH, TpajioM) Ha Tepputopun Tomcka u obsactu (puc. 1).

XKepmebi
€O CMepMerbHbIM
ucxodom

Omknioyerue J191

PaHeHHble Xepmeb! [MadeHue depesbes

oxaps!

MexHUKU

Puc. 1. luarpaMMa npoLeHTHOTO COOTHOIIEHUS TPOUCIIECTBUH
U aBapuii, CBA3aHHBIX C MOJIHUAMHU U APYTHUMHU OIACHBIMH
MOTOAHBIMU SBJICHUSAMHM (JTUBHAMMU, I'PAZiOM, IIKBAJIAMHU),

Ha TeppuTopun ToMckoil obnacTi
3a epuox 19902011 rr. (mo nanueiM CMI)

CoryacHO AmWarpaMme, 3Ha4MTENbHAS YacTh aBAPHH M IPOUCLIECTBUI
13-32 MOJHWHM M COIPOBOXKIAIOUIMX ONACHBIX IOTOJHBIX SIBICHUI CBs3a-
Ha C MOpBIBAMU JIMHHUH 3J1eKkTporepenad — 22 % ciydae, NaACHUSIMU Je-
peBeeB — 19%. Ha moBpexaeHne TEXHUKH (BBIXOJ W3 CTPOS IMOICTAHIIHH,
NaJicHUE AePEBbEB HA aBTOMOOMIIH, TIOBPEXKAEHHE IIPUOOPOB CaMOJIETOB OT
yzaapa MosiHnn) npuxoautcs 8 % cirydaes, Ha moxkapsl — 6 %. Takum obOpa-
30M, B ToMckol 0067acTH 9aie Bcero OT yAapa MOJTHHUHN U IPYTHUX OMacHBIX
METEOPOJIOTHYECKUX SIBJICHUH JIETOM CTPAAaIOT JIIOAH.

Jlumepamypa

1. Byps mrioio... // Kpacunoe 3nams. 1991. 1 utons.

2. Bemep cuocun tonons / Kpacuoe 3uams. 2002. 30 mas.

3. I'posa yHecna anextpuuectBo // YectHoe cioBo. 2009. 22 urossi.
4. 3nas monuus // Kpacxoe 3aams. 1996. 27 urosnst.

5. U cnosa nonwixaet nec // Kpacuoe 3uams. 2001. 5 urons.

6. Jlecnou noxap u3-3a rpo3sl / Kpacuoe 3uams. 2005. 1 utons.

7. Mecmo, meuennoe ueptom // Kpacuoe 3Hams. 1996. 11 uromns.

8. Heobwiunoii cuiel yparas // Kpacroe 3namst. 1999. 14 uromns.

9. Om oens moctpagano 2000 ra neca // Kpacuoe 3namst. 2000. 11 uromns.
10. ITocne Bonbl — orons? // KpacHoe 3Hams. 1997. 16 utons.

11. Ce3zon moxapos nosaau // Kpacroe 3nams. 2003. 15 aBrycra.
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12. Cmepu B Tomckom paiione // KpacHoe 3Hams. 1995. 21 masi.

13. Cmepu co ckopocthio 100 kM/u // Tomckast Henens. 2005. 14 uros.

14. Cnecennvie BeTpom // Kpacuoe 3nams. 2001. 30 mas.

15. Tpu yparana naj Kaprackom // KpacHoe 3Hams. 1994. 23 urosst.
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19. Vpaeannwiii BeTep octaBui 6e3 ceera / KpacHoe 3namst. 2005. 21 uronsl.

20. Ypessviuatinas cutyauus B taiire // Kpacnoe 3nams. 1999. 13 uroins.

21. LlkoavHozo yuutens youio Monuueii / Bedepka. 2011. 23 uross.

22. B bakuape w3-3a TPO3bI TPH THICSYH YSJIOBEK Ha CYTKH OCTAJHCh Oe3 dIeKTpruecTsa //
Bce HoBocTu. Tomck: Ipoucmectus [, pecypc]. Tomck, 2009. URL: http://vesti70.ru/news/
full/?id=55646

23. [Jemckue nareps 6113 ToMcka ocTanuch HOUBIO Oe3 cBeTa H3-3a yparana / PuanoBoctu:
skosorus [Ii. pecypc]. M., 2006. URL: http://eco.ria.ru/weather/20110714/401433226.html

24. B Tomcke BO BpeMs yparana nocrpanaiu 6 yenosek / HoBoctu Poccun [Da. pecypc].
URL: http:/www.newsru.com/russia/18jun2007/uragan.html

25. U3-3a nopwisucmoeo BeTpa HECKOJIIBKO pailoHOB TOMCKa M OJHM3JIekKAIUUX IOCEIKOB
ocTaiuch 0e3 anekTpudectsa / Tomckuii 0630p [Ii. pecypc]. Tomck, 2005. URL: http://obzor.
westsib.ru/news/294243

26. Moanus ynapuia B camoneT MockBa — Tomck // Oko miraneTst [Oi1. pecype]. 2003. URL:
http://oko-planet.su/phenomen/phenomennews/37666-molniya-udarila-v-samolet-moskva-
tomsk.html

27. Iloo Tomckom Tpo3a youna crano kopos // Uureprer-razera «/Juu.py» [Di. pecypc].
URL: http:/www.dni.ru/incidents/2006/8/2/88051.html

28. Cyxue rpo3bl MOJOXKINIH Jiec B BepxHekeTckoMm paiione Tomckoit obnactu / HUA-
Tomck [Om. pecypc]. Tomck, 2009. URL: http://www.70rus.org/

29. Voap monuun cxer nom B Konnamesckom paitone / Hooctn B Tomcke. Ipouciectsust
[D1. pecypc]. URL: http://news.vtomske.ru/news/3516.html

BHYTPUTI'OAOBOE PACIIPEJJEJTEHUE CTOKA PEK
BACCEHHA BEPXHET'O EHUCES

M. B. Ilorepsiea
Tomckuii 2ocy0apcmeentvlil yHugepcumen
Hayunwiil pyxosooumens — kano. 2eoep. nayx, ooyenm JI. H. [llanmvikosa

Peunnie BOJHBIC PECYPCHI ABJIAIOTCA OAHUM U3 Ba)XXHEHIIINX KOMIIOHECH-

TOB NPUPOJHBIX OOraTCTB Halllel I1aHeThl. HecMOTpst Ha TO, YTO OHU pery-
JSPHO BO30OHOBIIAIOTCSA, UX Y4eT U PalliOHAIbHOE UCIIOIb30BaHUE OCTAETCS

311



OJTHOM U3 aKTyaJIbHBIX 3a/1a4. BHYTpPUTr010BO# peKUM PEUHOI0 CTOKA UMEET
00JIBIIIOE 3HAYCHHUE ITPU THIPOTEXHUYCCKOM IIPOCKTUPOBAHUH U CTPOUTEITb-
cTBe. B momaBistomemM OONBITUHCTBE CIIyY4aeB UMEHHO MM OIPEICISIOTCS
OCHOBHbBIE MTapaMeTPbl XO3IMCTBEHHOr 0 BOJONOIb30BaHus [1].

OcHOBHas 1[eJTb pa0OTHl — aHATTU3 BHYTPUTOAOBOTO PACIPEICIICHUS CTO-
Ka [0 Ce30HaM M MecsllaM C YYETOM BOJHOCTH JIET Ha IpUMEpPE JEBATH PEK
Oacceiina Bepxuero Enuces. 3aadeii THIIOBOTO BHYTPUTOAOBOTO pacipeie-
JICHUs SABIISIETCS OOIIee MPEACTABICHUE O BHYTPHUTOMOBOM PaCIpeICICHUH
CTOKa OTHEJIbHBIX PEK HJIM T'PYIII PEeK, OTHOCAIIUXCS K OJHOMY TMAPOJIOTH-
YECKOMY paioHy.

Pacnpenenenue cToka B TeueHUE rojia, TUI BOJHOTO pEXHUMa B OCHOB-
HOM OTPEACTAIOTCS KIMMATHYSCKUMH (AaKTOPAMH, B TO BPeMs KaK METEO-
pOJIOTHYECKUE yCIOBUS OOYCIOBIUBAIOT Pa3HYI0 AMILIUTYAY OTKJIOHCHHIMA
XapaKTEPUCTUK PEYHOr0 CTOKA OTIAENBHBIX JIET OT UX CPEAHUX MHOTOJIETHUX
3HaueHui. Hapsay ¢ KIMMaToM pexxuM peuHoro CTOKa ONpeaessieTcs reoio-
ro-Mop(OJIOTHYECKUMHU U TMOYBEHHO-PACTUTEIBHBIMU YCIOBUSIMU. B 3aBu-
CUMOCTH OT BOJONPOHULIAEMOCTH MOYB MOPUCTOCTH MOACTHIIAIOIIKNX ITOPOJ,
PACUJICHEHHOCTH peibeda U YKIOHOB MOBEPXHOCTH aTMOc(hepHbIe ocaaKi,
BBINIA/IAFOINIUE B MpEAeNiaX PEYHOro OacceifHa, 3a BHIYETOM HCIAPCHHS Ya-
CTUYHO CTEKAIOT MOBEPXHOCTHBIM IIyTEM, @ YACTUYHO MPOCAYUBAIOTCS U TO-
CTYIaIOT B PEUYHYIO CETh MOJ3EMHBIM MyTeM. BiusHue neca BbIpa)kaeTcs
B pacTSArMBaHUM IOJOBOABS 3a CUET 3ala3AblBaHUsI CHETOTasHUS B JIECY,
a TaKXKe 32 cYeT OOJBIIEH TPOIOIDKUTEILHOCTH TassHus [2]. BinusHaue o3ep-
HOCTH M 3a00JIOYCHHOCTH ISl TAHHOW TEPPUTOPHH HE OKA3BIBAIOT 3HAYH-
TEJIBHOTO BIIMSHUS Ha BHYTPUTOJOBOC paclipeleieHue (Ha paccMaTrpuBae-
MOH TepPUTOPHH 03EPHOCTH U 3a00JI0YEHHOCTH HE MpeBbIIaeT 2 %).

B pabote ucrons30BaHbI JaHHBIE ceTH PocruapomeTa 3a mepuon ¢ 1946
1o 2005 r. BuyTpuronosoe pacnpeneneHe CToKa IpoOU3BEAEHO 110 PeKaM Jie-
BoOepexbs (p. AbakaH, p. Tamrein) u npaBodepexbs (pexu Kaseip, Kuznp,
Bonpmoit Enuceit, Manerit Enuceit, Os;, Ambii, Ke6ex). ITnomans Bogoc6o-
poB pek konebnetrcs ot 600 no 45000 km?, cpenusis Boicota — oT 800 10
2000 m.

JleBoOepexHBIC MPUTOKU — CPABHUTEILHO HEOOMBIIINE PEKH B OEPYT CBOE
HA4YaJI0 Ha TUIOCKHUX 3a00J0YCHHBIX BOIOpa3ieiax, CO CMEIIAHHBIM T TaHH-
eM, HO ¢ IpeoOnaganreM cHeroBoro (bomee 50 %) u 6onee 30 % moxIeBOroO.
[IpaBoOepeKHBIC TPUTOKHA XAPAKTEPHU3YIOTCSI OONBIIUMH pa3MepaMH ILIO-
majeil 1 BOIHOCTBIO, UMEIOT TOPHBIN U MOIYTOPHBIN XapakTep U MPOTEKAIOT
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B y3KHX U r1y0okux monuHax Cpemxre-CrOUPCKOTro MIOCKOTOPhS C IPEUMY-
IIECTBCHHO CHErOBBIM IuTaHueM (0osee 50 %).

Mecs4HOE ¥ CE30HHOE pacIipeieIeHAe CTOKA TPOU3BEICHO METOIOM KOM-
MaHOBKH 10 Bofoxo3stiicrBenHomy rony (IV-III mecsubr). Paasl HaOnronennii
6onee 30 net, To kateropus BogHocTH ais BI'P cToka paccuuThiBaizacek mo
5 rpynmnaM BOZHOCTHU: OYEHb MHOTOBOJHBIE rojbl P < 16,7 %, MHOroBogHbIE
ronsl 16,7% < P < 33,3 %, cpenanue no BogHocTH roast 33,3 % < P < 66,7 %,
MaJIOBOJIHBIE rojbl 66,7 % < P < 83,3 %, ouenb MaoBoiHbIe TOAbI P> 83,3 %.
[Momy4yeHHbIC MeCSYHBIE 0OBEMBI CTOKA BEIPAXKAIOTCSA B JIONAX OT CPEIHETrO
o0BeMa CTOKa 3a Ce30H (C yYeTOM BOJHOCTH) M MPUHUMAIOTCSA B KaueCTBE
MOJICIIA OTHOCHTEIEHOTO BHYTPHCE30HHOTO pacipeielcHus cToka [3].

OCHOBHO¥ CTOK Ha peKax MPOXOAHT B TEILIBIN mepuon roaa (bomree 50 %),
Ha JIOJI0 3UMHET0 cToka He Ooiee 20 % OT 00IIero ronoBoro ero oopeMa.

He3aBrcuMo 0T BOZHOCTH rojja MaKCUMAaJbHBIA CTOK IUJIS peK JieBoOe-
PEeXbs M MpaBOOEPEkKbs HAOIMIOHAaeTCS B Mae, 3a UCKIoYeHHeM p. Kasbip
u p. bonbwmoit Enucel, y KOTOpbIX MakCUMaJbHbIN CTOK CMECTHUIICS Ha UIOHD
(puc. 1). CmemieHne MecsIa ¢ MAaKCUMAaJIbHBIM CTOKOM OOBSACHSETCS TEM, UYTO
3TH PEKH PACIIOIIOKEHBI B BRICOKOTOPHOM PaiiOHE, M UX OCHOBHOC ITHTAHUE
TallbIMU CHETOBBIMH BOJIaMH, KOTOPBIC MOCTYIAIOT HEPAaBHOMEPHO U3 pas3-
HBIX BBICOTHBIX 30H 0aCCEHHOB PEK, M IOITOMY BECEHHEE ITOJIOBO/IbE Ooliee
PacTsIHYTO, YeM ISl PEK JICBOOCPEIKbSI.

MuHHMANBHEIN CTOK HaOMIOAaeTcs B MapTe JUIS BCEX BOAOTOKOB. DTO
BBI3BAHO TEM, UTO B TOPHBIX PaflOHAX MOXKET OBITh COKPAIICHHIE IPYHTOBOTO
MUTAHUS 33 CYET YMEHBIIICHHUS 3a1IACOB TAJIBIX BOJ M 3SHMHHUX OCaIKOB B HUXK-
HUX 4acTsAX OacceitHOB pek [4].

TopHOCTEnHBIE peku (Takue, Kak p. TamIThIm) XapakTepU3yIOTCS MEpH-
OJIOM OBICTPOTO TasTHHUS Ha BEPIIMHAX HEBBICOKUX TOpP W 3aCYILIHBBIM Je-
TOM, TIO3TOMY B TEILIBII MEPHOJ TOJla OCHOBHOE MUTAHUE — 3TO BHIMIABIIIHE
aTMoc(epHBIC OCaIKH.

J17151 BOIOX035ICTBEHHBIX PACUETOB BaJKHO 3HATH OCOOCHHOCTH pacIpesie-
JICHHS CTOKA HE TOJIBKO OT BOIHOCTH I'0Jia, HO M C YYETOM HEIUMHTHPYIOIIETO
nepuosa (BeCHa) M JIMMHUTHUPYIONIETo ce30Ha rona (3uma). Ce30H pacrpenee-
HUS CTOKa PEK BBICOKOT'OPBS U CPEIHETOPhS XapaKTEPU3YETCsI PACTSIHY THIM
netHuM (p. Ka3sip) u BeceHHe-IeTHIM TONIOBOIBEM (p. AGakaH) ¢ mpeodia-
JTaHUEM CHeroBoro nmutaHus. Ce30H paclpelesieHUusl CTOKa PAaBHUHHBIX PEK
(p. Os1) xapakTepU3yeTCsl BECCHHE-IIETHUM TOJIOBOIEEM, CO CMEIIIAHHBIM TTH-
TaHHEM, ¢ IpeodaganueM cHeroporo (6onee 50 %).

313



Ce3onHoe pacnpeaejieHde CTOKa 3a cpenﬂuﬁ 0 BOJHOCTH I'oJx

Henumurtupyromuii nepron (BecHa) JlumuTHupyromuit ce3oH (3uma)
Peka | F, xm? IVv |V | VI EW(]?)’ XII I 11 111 EW(?)’
KM KM
W,xkm® | 0,5 | 3 | 2,4 0,30 { 0,20 | 0,16 | 0,15
I
Eé % 9 149,8| 41 5,9 37 25 19 19 0,81
g E 31300 | cason i » s
< o
%0T | s 130 |24 | o | 4 | 3|2 | 2 | 1
roza
3 W,xkm® | 0,15 | 1,5 | 1,97 0,16 | 0,10 | 0,07 | 0,07
[ 0
o= %
3 % 9160 | ceson 4 42 | 54 3,6 41 24 18 17 0,39
<
< o} 0,
= /oot 2,5 | 25| 32 7,5 4 2,5 1,8 1,8 7,5
roza
g W,xkm* | 0,1 | 0,3 | 0,2 0,019 | 0,015 | 0,014 | 0,013
| § % 17 | 52 | 32 0,6 31 25 22 22 0,06
= 2 | 2540 | ce3on ’ ’
o g ”
& T 110 3020 1,03 | 3 [25] 2 | 2 | 103
roza
E W, xm® | 0,02 | 0,1 | 0,04 0,008 0,007 0,006 | 0,005
Lz ;
—_ 0
Z g 537 12,7 64 | 24 0,2 30 26 23 21 0,03
=z CEe30H
< ) % ot
A ’ 6 30 | 12 0,3 3 2 2 1,5 0,3
roja

OcCHOBHOM BKJIaJl B TOJOBOM 00BhEM CTOKA MPUXOIUTCS HA BECEHHEE IMO-
JIOBOZIBE, MPOJAOKUTEIBHOCTh KOTOPOI'O C anpelts 1o HioHb. B cpenuuii mo
BOJHOCTH T'OJl HAa BECEHHEE MOJIOBOJbE MPUXOAUTCS 4yTh Oomee 50 %, B Mak-
cuManbHbIi — 60 % u 6oitee, MUHMMANIBLHEIN — 40 %. OcranbHas 101 00beMa
CTOKa MPUXOJUTCS Ha INMHUTHPYIOMIHH epro (JIeTo — 0OceHb, 3uMa). Ha mu-
MUTPHUYIOIIMHA Ce30H (3MMa) B MAKCUMAaJIbHBINA M0 BOJHOCTH 'O OISl CTOKA
He nipeBsimaet 11 %, B cpeguuii mo BogHoctr rox 10%, a B MUHUMAJIBHBIN —
8% oT rogoBOro oobeMa CToKa.

BbIBOI — pacmpeneieHue CTOKa M0 MECsSIiaM HMEET CICAYIONYI0 KapTh-
HY: MAaKCHMaJIbHBIH 00BEM CTOKA HE3aBUCHMO OT BOAHOCTH roja IPUXOIHT-
sl Ha Mail 1 TOPHOCTEIHBIX PEK, a Ha HIOHB — JIJIST PEK BHICOKOTOPBSI.

Pacrmpenenenne CTOKa MO CE30HAM HEIMMHUTHPYIOIIMM U JTUMHTHPYIO-
[I[UM 3aBHCHUT OT BOAHOCTH roaa. HanOonbminii mporeHT CTOKa MPUXOIUTCS
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Ha MHOTOBOJIHEIH 110 BomHOCTH rof (50—60 %) u mpumepro 40 % — Ha Mao-
BOJIHBIM.

Jumepamypa

1. Anopesnos, B. I BuyTpuronosoe pacnpezenenue peqsoro ctoka / B.I. Aunpesnos. JI.
T'unpomereounsnar, 1960. 320 c.

2. [lapomos, B. B. Pecypcel peunoro ctoka 6acceiina Bepxueit O6u : monorpagus / B.B. [Ta-
pomog. Tomck : TT'Y, 2002. 113 c.

3. Cukan, A.B. MeTonbl cTaTUCTHYECKOI 00pabOTKU THAPOMETEOPOIOrHuecKoi HHPOp-
maruu / A.B. Cuxkan. CII6. : U3g-so PTTMY, 2007. 279 c.

TEMIIEPATYPA BO31YXA —
BAJKHBIN ®AKTOP TEILVIOOHEPI'ETUKHU TOMCKA

10.H. Caxaposa
TomcKuti 20Cy0apCcmeeHHbIl YHUSEePCUMem
Hayunviii pyrosodumens — kano. zeoep. nayx, ooyeum JI. M. Kuowcnep

Temmeparypa Bo3IyXa SIBISCTCS OXHUM U3 BAXXHEHIIUX 3JICMEHTOB KITH-
MaTa, oHa 00yCJIOBIMBAET TEIJIOBEIC PA3JIMUUS BO3AYIIHBIX MAacC U CBS3aH-
HBIC C HUIMH BO3AYIIHEIC TCYCHUS, POPMUPOBAHUE OOJIAYHOCTH U OCATKOB.
OT TeMmepaTypsl BO3JlyXa 3aBUCSIT MHOIME aCHEKThl HAPOAHO-XO35MCTBEH-
HOM e TebHOCTH, B TOM YHCIIE U TeII0OAHepreTuka [1].

B pacderax TeXHHKO-3KOHOMHUYECKHX ITOKa3aTeliell u MOTeph TEILIOBON
SHEPruM Ha TerutodnekTporeHTpaliax (TILl) ucmonp3yroTes cuemyonue na-
paMeTpeL:

— (akTHUECKas TeMIepaTypa Hapy KHOTO BO3/IyXa;

— CpemHss TeMIepaTypa HapyKHOTO BO3AYXa 3a OTOMHUTEIBHEIH MTEPHOT;

— TeMIepaTypa rpyHTa.

[Ipu OATOCPOYHOM IIIAHUPOBAHUH YUUTHIBACTCS (DaKTHUUECKas TeMIIe-
paTypa Bo3ayxa 3a 5 IerT.

B TemnosHEepreTHKe HCMOMB3YIOTCA TaKHE BaXKHBIC XapaKTEPUCTHKH, KaK
OTONUTEIBHBIA MEPUOJ M €r0 MPOJOKUTEIBHOCTD. [IpOIOMIKUTETHPHOCTE
OTOIMUTEIBHOTO TIEPUOAA, XapaKTePU3YIOMIasl SKCITyaTallHOHHBIH pPEXUM
MOMEILEHUN U 3aTpaThl TomiuBa, onpenensierca B CHull nmo temmneparype
Bo3ayXa. [IpoAOIKUTENFHOCTh OTOMUTENBHOTO TIEpHOa OMPENeIseTCs MO0

315



Nepexoay CpeJHeH cyTOUHOM TeMnepaTypsl Bo3ayxa yepes 8 °C. JlaTbl, Kor-
Jla TeMIepaTypa BO31yXa CTAHOBUTCS HUKe U Bhlle § °C, OnpenensitoT cooT-
BETCTBEHHO HA4YaJI0 U OKOHYaHHE OTOIMUTENIBHOrO CE30Ha.

Kpome Temneparypsl Bo3nyxa, Ha TEIUIOBOM peXXUM 3JaHUH, a CleoBa-
TEIbHO, U HA MPOJOIKUTENBHOCTh OTOMUTEIBHOIO MEPHOAA BIHUSIOT CKO-
pOCTb U HallpaBIE€HHE BETPa, UHTEHCUBHOCTh COJIHEYHON pajualuy, BIax-
HOCTh BO3JyXa M OCaJKd. Y4eT BceX (akTOPOB METOAMYECKH TPYJICH.
VYuuTeIBasg HHTEHCUBHOCTH COJIHEYHOHN paguanuu B ToMcke B MEepEXOgHBIE
TIEPUOABI, MOXKHO OBl COKPaTUTh HPOJOKUTEIBHOCTh OTONUTENBHOTO IIe-
pHoa, OHAKO MTPe0diIaiatoIire B 3TO BPEMs I'0/la BBICOKAst OTHOCUTEIbHAS
BJIQXKHOCTD U IIPOIOJKHUTEIIBHBIE TOXKAM CO34aI0T 3aMETHBIA JucKoMdopT
B MOMEIIECHHUSX, CHI)KAsl MOJOXKUTEIBHOE BJIMSHUE COJIHEYHOH paaualui,
II03TOMY OCHOBHBIMHU (PaKTOPaMH, ONPEIENSIONIMMH OTONUTEIbHBIA ePHOLT
B ToMcKe, crieyeT cCUUTaTh TEMIIEPATypy BO3AYyXa U CKOPOCTh BeTpa [1].

Lenbio paboTHI AABNsIETCS HCCIIEA0BAaHUE BPEMEHHBIX N3MEHEHUH CpenHe-
CYTOYHOH TeMIlepaTypsl Bo3ayxXa B I. TOMCKe ¢ HO3HULIMH TeNI0HEPreTHKH.

B pabore ucronb30BaHbl KIMMaTHYECKHE JAHHBIC, OIyOJIMKOBAaHHBIC
B «CmpaBodHHKe...» [2], a Takke QakTUYecKue cBeaeHus 3a mepuoxa ¢ 2006
o 2010 . mo maHHEIM caiita [3]. «CrpaBoYHUK...» [2] maeT uHpOpMAIHIO 32
nepuon ¢ 1881 mo 1960 r. /lanHbIe NPEACTABIEHB] 33 OTONUTENBHBINA CE30H
(c 21 centsa6ps mo 13 mas) [1].

[Mo paxkTHUecKUM qaHHBIM OBLUIN pacCYUTAHBI HOBTOPSIEMOCTH CpEIHECY-
TOUHBIX 3HAUEHUI TeMIepaTyphl BO3AYyXa B pa3/IMUHBIX Ipeeax U CpeaHe-
MeECSIYHBIE 3HAUEHU s TEMIIEPATy Pl BO3yXa 32 OTONUTEIbHBIN IEPUOS.

B Tabn. 1 1 2 moMemeHsl MHOTOJIETHHE 3HAUCHUS 4Hcia AHEH co cpea-
HEH cyTO4HOM Temueparypoi yepe3 kaxapie 10° 3a 06a nepuona. IpoOHbIe
Yycia MEHBIIE eAMHULBI 0003HAYAIOT, YTO COOTBETCTBYIOIIUX TEMIIEPATYP
HENb34 0KUJATh €XKETOJIHO.

Tab6numa 1
YucJio gHel co cpeAHecYTOYHOM TeMnepaTypoii Bo3ayxa
B pa3JIM4YHbIX npeaesax 3a 2006-2010 rr.
Temmepatypa, °C Mecauet

1 2 3 4 5 9 10 11 12

1 2 3 4 5 6 7 8 9 10
—49,9...-40 0,2

—39,9...-30 5,2 1 2
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1 2 3 4 5 6 7 8 9 10
—29,9...-20 11,4 | 8,6 0,4 0,8 8
-19,9...-10 92 | 12,8 | 7,6 1 7,8 11,6

-99...0 5,0 5,2 174 | 74 0,2 7,6 142 | 98
0,1...9,9 0,6 5,8 18,6 | 15,2 16 20,8 | 7,2
10...19,9 2,6 | 154 | 132 | 24

20...29,9 0,2 0,8

Tabnuma 2
YucJ10 AHell co cpeHecyTOYHOI TeMnepaTypoii
B Pa3JIM4HbIX npenesax 3a 1881-1960 rr.

Temnepatypa, °C Mo
1 2 3 4 5 9 10 11 12
—49,9...-40 0,4 0,1 0,1 0,5
-39,9...-30 4,1 1,4 | 0,01 0,7 3,5
—29,9...-20 8,9 7,3 2,7 | 0,01 0,03 | 3,2 7,4
-19,9...—10 13 139 | 1.6 1,4 1,1 9,3 11
-9,9...0 4,6 5,2 15 12,6 | 1,5 10,7 | 14,6 | 10,9
0,1...9,9 0,01 | 04 1,7 151 | 16,6 | 4,5 178 | 2,1 2,1
10...19,9 0,9 12 23 1,4
20...29,9 0,11 | 2,55

Ecnu cpaBHuBaTh Tabm. 1 1 2 Mex 1y co00ii, MO)KHO BHJIIETh, UTO KapTHHA
JIOBOJILHO IecTpasi. B 11e7om, Kak ¥ clie0Baio 0K H1aTh, HAaHO0JIee YacThl Te
MHTEPBaJIbl, KOTOPbIE BKIIOYAIOT CPEIHUE MHOTOJIETHUE 3HAUCHHSI TEMITepa-
Typsl (Tabi. 3). OqHAKO MPOCISIKUBACTCS TCHACHIUS YBEIUYCHUS TIOBTOPSI-
eMOCTH OoJiee HU3KUX TEMIIEpaTyp 3a IOCIIeIHUE TO/IbI B STHBape u (eBpale.
Becennue Mecs1pl (MapT — Maii) XapakTepu3yroTcs 0oJiee BHICOKUMH TEMIIe-
patypamu. Takske 3a mocieqHee MATUIIETHE OTMeUYaeTcs O0IbIasi MoBTOPS-
€MOCTb IOJIOKHUTEIBHBIX aHOMAJIUI B CEHTSIOpE U OKTAOpeE.

Tabnuuma 3
Cpennue MecsiYHbIe 3HAYEHHUS TEMIEPATyPbI BO3AyXa
3a OTONMHUTEJIBHBII nepuoa, °C

Tox Mecsitbt
1 2 3 4 5 9 10 11 12
1881-1960 | —19,2 | —16,7 | —10,1 -0,1 8,6 9,2 0,9 -10,4 | -17,5
20062010 | 20,6 | —17,1 =57 2,2 9,7 10,1 2,7 -5,9 -15,6
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Ha puc. 1 npexncraBiensl cpeagHeMeCsIYHbIE 3HAUEHUS TEMIIEPATy Pbl BO3-
JlyXa 3a OTOMUTEJbHBIN NEPUO/] 32 pacCMaTpUBaeMble BpEMEHHbIE HHTEPBA-
nbl. BusiHo, 4TO 32 ocneaHue roibl NEPEX0]] CPEAHECY TOUHOM TeMIepaTy pbl
Bo3ayxa 4yepe3 8 °C BeCHOM HACTyIaeT paHblLIE, a OCEHbIO — MIO3XKE 10 CPaB-
HEHUIO C MPEANICCTBYOIIUM IEPUOIOM HAOITIONCHUH.

—— 1881-1960 2a. — - 2005-2010 2a.

Puc. 1. Cpennue MecssuHbIC 3HAYEHU ST TEMIIEPATY Pl BO31yXa
3a OTOMUTEIbHBIN EPUOT

Takum 00pa3oM, YBEITHYHBAETCS TOBTOPSIEMOCTD ITOJIOKHUTEIBHBIX aHO-
MaJIM# cpelHeCY TOYHOM TeMIlepaTypbl BO3yXa B IIPEIBECCHHUE, BECEHHME
1 OCEHHHE MecsiIbl (MapT — HOSIOpB). 3uMoH (SIHBapsb, (eBpajib) BO3pociia Mo-
BTOPSIEMOCTb O0JIee HU3KUX TEMIIEPaTyP.

o TemneparypHBIM XapaKTepUCTUKAaM MOYKHO TOBOPUTB, C OTHOW CTOPO-
HBI, 0 HEKOTOPOM COKPAIEHUU OTONHUTENHHOT O [IEPUO/a, C IPYroi — 0 HeoO-
XOJIMMOCTH yBEJIMYEHHUs TEIIOBOM MOIIHOCTH OTOIHMTEIBHBIX CHUCTEM B Ca-
MO€ XOJIOZIHO€ BpeMs Toja.

Jlumepamypa

1. Knumam Tomcka. JI. : TMU, 1982. 176 c.

2. Cnpasounux no knumaty CCCP. Bein. 20: Tomckas, HoBocubupckas, Kemeposckas 00-
nacty, Anraiickuii kpaid. Y. 2: Temnepatypa Bo3ayxa u noussl. JI. : TMU, 1966.

3. Ilo2ooa B Poccun u Mupe, mporuo3 noroasl ot Mereouentpa. [loroga B Tomcke [Dm.
pecypce]. URL: http:/meteocenter.net/29430_fact.htm
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U3YUEHME 3ATPSI3HEHU SI TOPOJACKOM CPE/IbI
ABTOTPAHCIIOPTOM:
BBIBPOCHI PE3HOBOI1 IBLIIN
(HA IPUMEPE r. TOMCK)

E.B. lllenenesa, 3. A. KapaBaesa
Tomckuii 20cyO0apcmeeHHblll neda202utecKutl YHugepCcumen
Hayunvui pyxosodumens — kano. ouon. nayx, ooyeum A. B. Pooukosa

T'opon Tomck, W3BECTHBIM CBOEil BBICOKOW Hay4HO-00pa30BaTEIbHON
U IPOMBIIIICHHO-MHHOBALIUOHHON aKTUBHOCTBIO, OTHOCUTCSI K YMCIY IO-
ponoB Poccuiickoil denepanuu co 3HAUUTEIBHBIM YPOBHEM 3arpsA3HEHUS
IpU3eMHOro Bo3ayxa. OHUM U3 OCHOBHBIX 3arpsi3HUTENEH SIBIISIETCS MbLIb.
I'maBencTByrOmMHA (hakTOp BHICOKOW 3anbliIeHHOCTH TOMCKa — aBTOMapK, Ha-
cuuThIBaromui okoso 100 ThIC. enuHUL, HAa AoNt0 KoToporo B 2002 r. mpu-
XOZIUJIOCHh OKOJIO 78 % Bcex 3arps3HEHHH Bo3AyIIHOro Oacceitna [1].

AKTyaJabHOCTH MCCIIEIOBaHMS 3arps3HEHUs] YpOaHN3NPOBAHHBIX TEPPH-
TOpHil nucnepcHol (pakiueil, BHIOpackIBA€MOW TPAaHCIOPTOM, B HAacCTOS-
11ee BpeMsi npuobperaeT Bce Ooblliee 3HaUCHHE, TaK KaK U3yUeHHe JaHHOU
poOJIEMbI JUKTYETCsl HEOOXOIMMOCTBIO OXPaHbl U PAllHOHAIEHOTO HCIIOJIb-
30BaHMS OKpY KaloLleld Cpeibl U COXpaHEHHs ONaronpusTHOW DKOJIOrHYe-
CKOH 00CTaHOBKHM B rOpPOAIAX.

IIb11Bb10 Ha3BIBaETCS BUJ adpO30Jis, JUCIIEPCHAs CUCTEMA, COCTOSIIAsT U3
MEJIKUX TBEPABIX YACTUL, HAXOASAMINXCS BO B3BEIIEHHOM COCTOSIHUU B ra3o-
Boi1 cpene. OTaeNnbHbIe YaCTULIBI MU UX CKOILIEHUS, OT YIBTPAMHUKPOCKOIH-
YECKHX /10 BUAMMBIX HEBOOPYKEHHBIM IJ1a30M, MOT'YT UMETH JII00YI0 hopMy
u coctas [3].

TBepzble YaCTHIIBI SBISIOTCS OMHUM U3 BAKHEHIIINX areHToB MoauduKa-
UM COCTOSIHHS OKpPY’Kalollel cpelbl: OHM HapyIlaloT U TPaHCHOPMHUPYIOT
€CTeCTBEHHBIE OMOIIEHO3bI, BILUIOTH /10 MX TMOEIH, BBI3BIBAIOT PA3INYHBIC 3a-
GoseBaHUs YeJI0BeKa (BBICTYIIAIOT IPUYMHOIM 000CTpeHus 0os1e3Hel OpraHoB
JIBIXaHMS, KPOBOOOPAIIEHHS, & TAK)KE AJIJIEPTUU PA3JIMIHOTO I'eHE3UCa).

Haubonee nepcrneKTUBHBIM IS PELICHUs JaHHOW MPOOJIEeMBI SIBIISIETCS
Iy Th NPENYTPEXICHHS WK CHIDKCHHSI 00pa30BaHus 3TOH TOHKOH (Gpakuun
yTeM HaONIOEHUH M KOHTPOJIS C y4eTOM BCETO MHOI000pasusi HCTOYHH-
KOB IOCTYIIJIEHUS €€ B BO3AYIIHOE MPOCTPAHCTBO. Tak, CHCTEMaTUUYECKUI
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Ha/J30p 3a 3arpsi3HEHNEM aTMOC(EpPHOro BO3/1yXa MbUIbIO B I. TOMCKe TPOBO-
autcst TOMCKUM HEHTPOM 1O THIPOMETEOPOIOTUN U MOHUTOPUHTY OKpyXKa-
o1LEeHd Cpebl.

B 3umnwmit nepuoa 20112012 rr. (dheBpaisb) Bo BpeMst HPOXOXKASHHS ITPO-
W3BOJICTBEHHOM M ITpeIKBaIN(UKAMOHHOM IPaKkTHK Ha Kadeape reorpadun
TT'TIY Oblia u3ydeHa cTeneHb 3arps3HeHns I. ToMcka pe3suHOBOI ITBUIBIO OT
aBTOTpPAHCHOpPTA, cornacHo pacyeTHoi metoguke H.B. Ckanona [2]. CyTs
JAHHO! METOIMKH 3aKJII0YAeTCs B TOM, UTO HA OCHOBAHUU MOJICUETA U yUeTa
KOJIMYECTBA U KATErOPUH TPAHCHOPTHBIX €UHUL] OIPEAesIeTcsa KOTUIeCTBO
BbIOpaceIBaeMOi pe3MHOBOM NbLIH. J[71s aTOro Ha HccenyeMbix 50 MeTpax
KJIF0YeBOro yuyactka maructpanu (yi. Kapna Unemepa, [lymkuna, np. Mu-
pa) IPOM3BOAUTCS MOJICYET TPAHCIIOPTHBIX €MHUIL 2 pa3a B CyTKH 1O 15 Mu-
HyT onuH pa3 B yac nuk (18:00), Bropoii — B o0branoe Bpemst (10:00). IIpn
9TOM /IS y4eTa Pa3InYHBIX KaTeropuil TPaHCIOPT Kiaccu(pHUHUPYETCs Ha
Mapuipytaoe Takcu (MT), rpysossie (I'A) n nerkoBeie aBTomMoOunu (JIA),
tposueitdycsl (T). YcpenneHHble 3HaYeHUS TPAHCHOPTHBIX E€AMHUIL 33 TPU
JHS penacTaBicHbl B Ta0. 1 3a 2011 1. u B Tabm. 2 32 2012 1.

ABTOp MeTOIUKH [2] aJist pacyera KoJaudecTBa MauH (0e3 yyera B HOU-
HOE BpeMsl) IpejajiaraeT NPUHSATH KOPPEKTHPYIOUUEe KOAIQQPUINSHTHI aJs
BpPEMEHH «4ac MUK» — 16 (yuuTbIBas moBTopeHue 15 MuHyT B 4 yacax), a aus
«0OBIYHOTO BpeMeHU» — 56 (y4uThIBas MoBTOpeHue 15 MUHYT B 14 yacax).
B 3aBHCHMOCTH OT BpeME€HU yuyeTa, yMHOXasi KOJIUYECTBO MAIIUH ONpeae-
JICHHOW KaTeropuu Ha oIuH U3 K03((HUINEHTOB, MOXKHO PacCUUTAaTh UX KO-
nuyecTBo B yac nmuk (KMUII) (1) u B ooberanoe Bpems (KMOB) (2). [ocre
yero 1o (3) paccuntsiBaetcs konudecTBo MarmuH B cyTkd (KMC). TTonyuen-
Hble JaHHble A4 yi1. Kapna Unemepa, Ilymkuna u np. Mupa npencraBieHsl
B TabI. 3, 4.

KMUIT = KM x 16, 0
KMOB = KM x 56, Q)
KMC = KMUII + KMOB. 3)

3Has, CKOJIbKO TPAaHCIOPTHBIX €AUHHUL COOTBETCTBYIOUIEH KaTeropuu
MPOXOJUT Ha KaXKJOM KJIFOUEBOM yUaCTKE, pACCUUTHIBAETCS KOJIMUYECTBO aB-
TOMOOHIIEHOW PE3WHOBOH NBLIH, BRIACIAEMOE Ha Uccleayembie 50 METpoB
JIOpOTH 3a CyTKH. Tak, momy4eHHOe KoimuecTBO MamuH B cyTku (KMC)
KaXJIOW KaTeropuu yMHOXKAETCS Ha CPEIHUU BHIOPOC PE3UHOBOM IBIIU OT
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OJTHOI TPaHCHOPTHOW €IMHUIBI (KOJMYECTBO BHIOpACHIBAEMON pE3NHOBON
(paxiyu s oqHOro MapmpyTHoro Takcu — 0,005 1, 1715 rpy30BOT0 aBTOMO-
owmrst — 0,008 1, nns nerkoBoro aBroMoomitst — 0,00125 1, nns Tpomneidyca —
0,008 r) (Tabm. 5, 6).

Jlanee BO3MOKHO paccUMTaTh KOJIWYECTBO BHIOPACHIBAEMOH pE3NHOBON
IBLIM 32 BPEMEHHOH MHTEpBaJl (MECSII, CE30H, I'O/T) ISl OTAEIBHBIX KaTero-
puil TpaHCHIOPTa U B LIEJIOM JJIS HOTOKA.

Tabnuma 1
Cpennee KOIM4YeCTBO aBTOTPAHCIIOPTA
3a pacyeTHOE BpeMsl Ha KJII0YeBBIX y4acTKaXx, el., 2011 r.
KunroueBoit | Y. Kapna Unbmepa V. [lymkuna IIp. Mupa
YYACTOK (16.02.-18.02.) (22.02.-24.02.) (09.02.-11.02.)
B Kareropus Tpancnopra
P IMTral ma [T [Mr[rana| 1 [mr[rafaa] T
Yac muk 6,0 [11,3]278,7| 0 | 81,0 |453|784,7| 8,0 |487|21,3|617,0| 10,0
Obsrnoe | 5619071 1277 | 0 [803 757 [7260| 117 | 523 | 62,3 | 4147 | 87
BpeMst
Hroro 451,4 1812,7 1235,0
Tabnuma 2
Cpennee KOJIMYECTBO AaBTOTPAHCIIOPTA
3a pacyeTHOe BpeMs Ha KJII0YeBbIX y4acTKax, el., 2012 r.
Kiroueoit | Y. Kapna Unsmepa V. IlymkuHa IIp. Mupa
Y4acCTOK (31.01.-2.02.) (07.02.-09.02.) (13.02.-15.02.)
Bpens Kareropust Tpancnopra
pe MT|TA | JIA | T |[MT[TA| JIA [ T [MT|TA | A | T
Yac nuk 5,0 17,0 1287 0 [78,7/48,0|957,0| 11,3 | 67,3 | 34,7 | 763,0 | 3,7
Oburinoe | 5 | 15712603 0 |590|617]7050| 113 | 43,7 | 66,0 | 3783 | 3,0
BpeMs
HWroro 4377 1932,0 1359,7
Tabnuma 3
CpeaHecyToYHOE KOJIHYECTBO TPAHCIOPTHBIX €IHHHII,
PACCYMTAHHBIX € YY€TOM KOPPeKTUPYIOIMX Ko3pduuuenTos, ea., 2011 r.
KiroueBoit
yaacTox V. Kapna Unemepa V. [Tymkuna IIp. Mupa
Bpemen- Kateropust TpancnopTa
HOMMH™  ner | A | JIA [T MT | TA | JIA | T | MT | TA | JIA | T
TepBaj
1 2 3 4 |5] 6 7 8 9 10 11 12 13
KMUYII 96,0 | 180,8 [4459,2|0[1296,0] 724,8 [12555,2]|128,0] 779,2 | 340,8 | 9872,0 |160,0|
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IIpomonxenue Tadbm 3

1 2 3 4 |5] 6 7 8 9 10 11 12 13
KMOB  [392,0(1159,2(7151,21{ 0 |4496,8|4 239,240 656,0(655,2|2 928,8(3 488,823 223,2/487,2]
KMC 488,0(1340,0{1610,4|0|5792,8/4964,0(53211,2|783,2(3708,0|3 829,633 095,2|647,2]

HUtoro|

KMC 13438,4 64751,2 41280,0
Tabnuma 4
CpeHecyTO4YHOE KOJIMYECTBO TPAHCHOPTHBIX e HHHUIL,
PACCYHTAHHBIX C Y4eTOM
KOPPEeKTHPYWIIHX KO3 PHUUHEeHTOB, ex., 2012 1.
KiroueBoi
yuacTok V. Kapna Unemepa V. [Tymkuna IIp. Mupa
Bpemen- Kareropus Tpancnopra
HOH UH-
MT | TA | JJA [T| MT | TA JA T | MT | TA JA T
TepBaj
KMUYIT |80,0(203,2(4308,0| 0|1259,2] 768,0 [15312,0(180,8(1076,8| 555,2 {12208,0 59,2
KMOB  |280,0(952,0|7207,2| 0 |3304,0[3455,2(39480,0(632,8(2447,2| 369,0 {21 184,8|168,0
KMC 360,01 155,2(11516,0| 0 |4563,24223,2|154792,0|813,6(3 524,0(14 251,2|33 392,8(227,2
Hroro
KMC 13031,2 6439,2 41395,2
Tabnuma 5
CpeiHeCcyTOYHOE KOJIHYECTBO
BbIOpachIBaeMoOii aBTOMOOUJILHOI Pe3MHOBOI NbLIN
HA KJII0YeBBIX yYacTKax, r, 2011 r.
Kiroue-
Boit | Yi. Kapna Unbmepa V. Ilymkuna IIp. Mupa
y4acToK
I Kareropus Tpancnopra
PHOATMTT TA [JIA [T] MT | TA | JIA | T |MT| TA | JIA | T
Cytku | 2,4 | 10,7 | 14,5 [0] 29,0 | 39,7 | 66,5 | 6,3 | 185 | 30,6 | 41,4 | 52
Mecs 72,0 321,0 [ 435,0 (0| 870,0 [1191,01995,0 189,0 | 555,0 | 918,0 |1242,0| 156,0
Ceson [216,0[ 963,0 [1305,0[0{2610,03573,0|5985,0 | 567,0 [1665,0[2754,0|3726,0|468,0
Tox  [876,0[3905,5(5292,5|0(10585,0{14490,5[24 272,5[2372,5/6 752,5|11 169,0({15 111,0|1 898,0|
Hroro 27,6 141,5 95,7
B CYTKY|
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Tabnuma 6
CpeaHecyTOYHOE KOJIUYECTBO
BbIOpacbIBaEeMOii ABTOMOOUJILHOI PE3HHOBOMH NMbLIN
Ha KJIIOYeBBIX yYacTKax, I, 2012 r.

Kuroue-
BOI1 V. Kapna Unbmepa Vn. Ilymkuna IIp. Mupa
Y4acTOK
Bpewmen- Kateropus Tpancnopta
HOM HH-

MT| TA | JIA MT TA JIA T MT TA JTA T

TepBa T
Cyrkn | 1,8 | 9,2 | 144 |0] 22,8 | 338 | 68,5 | 6,5 | 17,6 | 34,0 41,7 | 1,8
Mecsi |54,0|276,0 | 432,0 | 0| 684,0 [1014,0|2055,0 | 195,0 | 528,0 | 1020,0 | 1251,0 [ 54,0
0
0

Cezon |162,0| 828,0 (1296,0 0 [2052,0{3042,0{ 6 165,0 | 585,0 [1584,0{ 3060,0 | 3753,0 (162,0
Ton 657,013 358,0( 828,0 | 0 (8322,0{12337,025002,5[2372,56424,0{12410,0(15220,5(657,0

Hroro|
B CYTKH|

254 131,6 95,1

Takum 00pazoMm, MaKCUMaJIbHOE CyMMapHOE KOJWYECTBO aBTOMOOHMIIb-
HOW pe3MHOBOM IBLJIN, BEIOPOIICHHONH BCEMH KaTeTOpUsIMU aBTOTPAHCIIOPTA
Ha 50 MeTpax goporw, 3apukcupoBano Ha yi. [Tymkuna B 2011 1. u cocTas-
nset 141,5 r/cyTtku, a MuauMansHOe — Ha yi. Kapma Unemepa B 2012 . —
25,4 r/cyTkH, 9TO B 6 pa3 MEHBIIIE.

IIpu cpaBHEHHHM pPE3yIBTATOB, IOJYUYCHHBIX 332 3UMHHUI HEpHOA IIPakK-
tuk 2011-2012 rr. MOXHO CHENaTh BBIBOJ, YTO CYIIECTBEHHBIX H3MEHE-
HUM Ha ABYX Hccienyemblx yuyactkax yi. Kapna Mnemepa u np. Mupa 3a
JaHHBIA nepuo He npousowno. Ha yi. IlymknHa OTMEUEHO yYMEHBLIEHUE
KOJINYECTBA BHIOPOCOB PE3MHOBOM IBLIX, YTO BO3MOXKHO CBSI3aHO C pabo-
TaMH IO PACIIMPEHHUI0 JOPOXHOTO IMOJIOTHA HETMOAaNeKy: Ha ydJacTKe IO
ya. ansHe-KinroueBckass 10 MIKOJIBI-MHTEpHaTa TOMCKOro KaJeTCKOro Kop-
myca Ha yi. IIyIKkrHa TpON3BOIUTCS CTPOUTENBCTBO JOPOXKHOMN pa3BsI3KH,
B CBSI3U C YeM MepeKpbiTa yi. 79-if I'Bapaeiickoit Jusnzuu (ot nep. Hosoro
1o yi. Bok3anpHOIM), 9TO MOBIEKIO M3MEHEHHE MPOMYCKHOH CrocoOHOCTH
n3y4yaemoro kiroda. Ecnu B 2011 1. BEIOPOCH! pe3WHOBOM MBUTH COCTABIISLIIN
141,5 r/cytku, To B 2012 1. — 131,6 T/cyTKH, uTO Ha 9,9 T MeHbIIIE.

B menom pe3ynbTaTsl MOJOOHOTO POAa HMCCICAOBAHHHA TECHO CBSI3aHBI
C KOJTMYECTBOM aBTOTPAHCHIOPTHBIX SAUHUIIL, B CBSI3U C YEM METEOPOJIOTHIEC-
CKHE TIOKa3aTeNIHN He YIYUTHIBAIOTCS, TIO3TOMY MOJyYEeHHEIC JTaHHBIC SBIISIOT-
Csl BeCbMa IPHOIU3UTEIIBHBIMHU.
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JUHAMUKA U3MEHEHU S
MOP®OMETPUYECKNUX TAPAMETPOB
LACTUCA SATIVA L.

OJ ®OTOKOPPEKTUPYIOIIEN IIJIEHKON

C.A. Araesa, B.H. Tumkuna, H. C. 3enenpuykoBa
Tomckuii 20cyO0apcmeeHHblll neda202utecKutl YHugepCumen
Hayuynwiii pyxosooumens — kand. buon. nayx, ooyenm H. C. 3enenvuykosa

Bakneimum (akTopoM OKpyXKarowled cpenbl s pPacTeHHH SBIISIETCS
CBET, KOTOPBIil BBICTYIaeT HCTOYHUKOM DHEPrUM It (OTOCHHTE3A U Pery-
JIATOPOM BCEX CTOPOH KU3HEAEATEIbHOCTH PACTUTENBHOIO opranusma [1, 2].
B Hay4HBIX HCCIIEIOBaHUIX B Ka4eCTBE SPPEKTUBHBIX CEICKTUBHBIX (DHIIBT-
POB 2IEKTPOMArHUTHOI'O M3JIYUEHHUS HMPUMEHSIOT CBETOKOPPEKTHPYIOIINE
nonuMepHsle mieHkH [3—6]. Takue NMIeHKH 3a CYET BBEIEHUS B UX COCTaB
¢oronoMuHO(DOPOB Npeodpa3ytoT yacTb YP-A u3irydeHus B BUAUMYIO 00-
JacTh crnekTpa. Mcnonb3oBaHHe CBETOKOPPEKTHPYIOIMIMX IJICHOK B 3allu-
IIEHHOM T'PYHTE IPUBOIUT K 3PPEKTY yCKOPEHHSI IIPOLIECCOB )KU3HEACATEIb-
HOCTH PACTEHUH U MOBBILIEHUIO UX YpOXKalHOCTH [7].

Lenb paboThl — Mccnen0BaHUE BIMSIHUS HU3KOIHEPI€THUYECKOTO JTIOMHU-
HECLIEHTHOI0 M3JIy4eHHs ¢ MakcuMyMoM 612 um Ha Mopdorenes Lactuca
sativa L.

MeToaunka. B kauecTBe 00bEKTa HCCIIE0BaHUsI ObLIIO BEIOPAHO pacTeHUe
Lactuca sativa L. copra «MockoBckHii mapHUKOBEII» (oTnen Magnoliophyta,
kyacc Magnoliopsida, mopsinok Asterales, cemeiicTBo Asteraceae). VcribiTa-
HUS1 IPOBOJMIIM HA arpoOHOJIOrMYecKoi cTaHIMK TOMCKOTO I1eAarorn4ecKko-
ro yausepcureta (TT'TIY) B nepuon ¢ 28 utons mo 26 utons 2011 r. Pacrenus
Lactuca sativa L. BbIpamyBaiy B COOPYKEHHSIX 3aLIUILEHHOr0 TPYHTa apoy-
Horo tumna pasmepom 1 x 1 M, Beicoroit 0,6 M. CoopykeHHs YKpbIBAJIN IOTH-
STUJIEHOBBIMU HEMOIM(PUIIMPOBAHHOM (KOHTPOJIB) M POTOKOPPEKTHUPYIOLIEH
(ompiT — 612 — 0,2%) nneHkamMu. B cocTaB ONBITHON IJICHKH ObUI BBEICH
momuHodop (koHneHTpanus 0,2 %) ¢ MaKCHMyMOM JIIOMHHECLIEHTHOTO H3-
nydeHus 612 HM.

B npouecce pocTta pacTeHuil oTMe4ay BpeMs MOSABICHUS BCXOJAO0B, IIPO-
BOJWIJIM HM3MEpEHUsT MOPPOMETPUUYECKHUX IIapaMeTpOB WU MPOAYKTHBHOCTH
pactenuii. CTaTucTrdecKkyo o0pabOTKy pe3ybTaToOB MPOBOIMIIN C ITOMO-
B0 CIIEIMaJIN3NpOBaHHOrO nakera «Statistic for Windows» (mporpamma
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«Excel») ¢ noseputensHbsiM nHTEpBaioM 0,95. Ha pucyHkax npeacTaBlieHbI
JJAaHHBIE B BUJIE CPEIHUX apU(PMETHIECKUX 3HAYEHUH C IBYXCTOPOHHUM HH-
TEpBaIOM.

PesysbTaThl 1 00cy:xaeHue. [lepBeie 1Be HeeIU JOCTOBEPHBIX OTIUYUI
B POCTOBBIX ITapaMeTpax ONBITHBIX M KOHTPOJIBHBIX pacTeHW He HalJio-
Janu. Jlanee OTMETHIIM YCKOPEHHOE€ pa3BUTHE PACTEHUM, BBIPALIUBAEMBIX
0J] CBETOKOPPEKTUPYIOIIEH MIEHKOH, 4YTO NIPOSBUIIOCH B YBEIMUEHHH BCEX
MOpP(POMETPUUECKHUX TapaMeTPOB — BBEICOTHI PO3ETKH, KOJIMYECTBA JINCTHEB,
IIJIOIAAN aCCHMUJIMPYIONIEH ITOBEPXHOCTH, CBIPOH M CyXOi Onomacchl (CM.
Tab1.). Tak, y ONBITHEIX pacTeHui Lactuca sativa L. oTMETHIIN yBeIHUCHHE
KOJIMYECTBA JINCThEB Ha 14 %, a Ha 29-¢ cyTku — Ha 16 % (puc. 1).

PocrtoBbie napamerpsl Lactuca sativa L. B Bo3pacTe 22 cyTOK

ITapameTpbl KonTpons 612 -0,2%
KonudecTBO IMCTHEB, HIT. 5,60 + 0,39 7,00 +£ 0,00
Celpast Macca, T 0,19 £0,02 0,46 £ 0,06
Cyxas macca, MT 15,48 £ 1,37 29,46 + 2,15
Tlnomans TUCTHEB, CM? 10,74 £ 0,91 22,19 £ 1,86

12
R
§ 10
[} L.
%D ) //%'
§ 2
€ ‘ , ,

0 8 15 22 29
Boapacm pacmeHud, cymku

—e—Kormponb ---w--612-0,2%
Puc. 1. JluHaMuKa n3MEHEHHU ST KOJIMYECTBA JTHUCTHEB
Lactuca sativa L. copta «MOCKOBCKUN TapHUKOBBII»

TI0J1 CBETOKOPPEKTUPYIOLIEH MICHKOH ¢ MAKCUMYyMOM
JTIOMHUHECLIEHTHOTO U3Iy4eHus 612 HM

B 10 xe BpeMs, y pacTeHuUl, BBIPAIUBAEMBIX [10Jl CBETOKOPPEKTUPYIO-
el MiIeHKoM, k 29-M cyTkaM OTMETUIIN YBEJIHYEHHE IPOAYKTUBHOCTH pac-
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TeHHi B 2,3 pasa, 4To OBIIO CONPSIKEHO C YBETMYEHUEM IIIOIATH aCCUMHU-
JUpYIOIIEH TOBepXHOCTH B 2,17 pa3a 110 CpaBHEHHIO C KOHTpoJeM (puc. 2, 3).

8 . 350
I g, r
© 6 | g 280 I
< a
3 £ 210
o
g4 S
= S 140
S, T kS :
2 I
3 g 70
=
0 ‘ o = 0 -
Kormponk 612-0,2% Konmpons 612-0,2%
Puc. 2. Ceipas macca Lactuca sativa L. Puc. 3. [Tnomans nucrbes Lactuca sativa L.
copra « MOCKOBCKUI TAPHUKOBBII» copra «MOCKOBCKHUI ITaPHUKOBBII»
1071 CBETOKOPPEKTUPYIOLIEH TIICHKON 10]] CBETOKOPPEKTUPY IOLLEH TIIEHKON
C MaKCUMYMOM JIFOMHHECLICHTHOT'O € MaKCHMYMOM JIFOMUHECLEHTHOTO
uznydenus 612 um (29 cyTok) usnyueHus 612 um (29 cyrok)

Takum 00pa3oM, NpUMEHEHHE CBETOKOPPEKTUPYIOIIEH IUICHKH ¢ 100aB-
KO JIIOMUHO(OPa, TIOMHUHECIUPYIOIIETO B KPACHOM 00JIaCTH CIIEKTpa C MaK-
CUMYMOM 612 HM, CIIOCOOCTBYET YCKOPEHHOMY DPa3BHTHIO M YBEIHYECHHUIO
MPONYKTUBHOCTHU pacTeHuit Lactuca sativa L.
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BUOTECTUPOBAHUE BOJbI PEKH YIIAUKA

O.B. Bacuna, JI. B. JIyxbsiH1IEBa
Tomckuti 20cy0apcmeeHHblll Neda202UYecKutl YHUgepcumem

Pexa Vmaiika — conuanbHO 3HaUYUMBIN BOJOTOK, IJIUTEIBHOE BpEMs
KOMILIEKCHO UCIIONIb3yEMbIN HACEIEHUEM U MOABEPraloIuiics 3arpSI3HEHUIO.
Pexa 6eper Hauano Ha Tomb-fiickom Mexaypeuse, B 10 KM K BOCTOKY OT
c. MexxennnoBka Tomckoi o6sacTH, BiiazaeT B p. ToMb ¢ mpaBoro Oepera Ha
68 KM OT ycThsl HOCHEAHEH, a HA MPOTSXKEHUU MOCIEAHUX 22,7 KM IPOTEKaeT
110 TeppuTopuH roposaa Tomcka. OOmmas IrnHa peky — 78 KM, IJI01Ia1b BOJO-
cbopHoro bacceiina — 744 km>.

B Hacrosmee BpeMsi HACUUTHIBAETCS MHOXKECTBO HECAaHKIIMOHHPOBAH-
HBIX COPOCOB CTOYHBIX BOJ] M CBAJIOK Mycopa 11o Oeperam peku. Ilepcriektua
YIIyUIIEHUs CI0KHOM IKOJIOrMYECKON CUTyaluy, B KOTOPOM Ha MPOTSHKEHUU
JecATUICTHH HAaXOIUTCSl peKa, HaMeTHJIach, Korjga Yiialika Bouuia B ¢e-
JepajbHYIO IIpOorpaMMy 1o oOycTpoiicTBy Manbix pek. ['yoepuarop Tom-
ckoil obmactu B.M. Kpecc yTBepanin KOHIENINIO KOMIUIEKCHOTO BOIOOX-
paHHOro o0ycTpoicTBa YIIaKH U ee MPHUOPEXHBIX TeppuTopuil. PaboTs
(MHAHCHPYIOTCS 3a CUET CPEICTB (elepajbHbIX CyOBEHIMH, IpenocTaB-
neHHbIX Tomckod oOmactu. PaGoOTHI MO MEXaHHYECKOW PACUUCTKE pycia
1 YBEJIMUYCHHIO IPOIYCKHON clIOCOOHOCTH p. Yiiaiika npoBoauaucs B 2008—
2009 rr. Ha yyacTkax oT noc. CTemaHoBKa O MOCTOBOTO IMEpexojaa uepes
mp. Komcomonbckuit u 1o Kamennoro mocrta. Ho mpobnems! Yinaiiku Bce
emie octaroTcs. [IpoBeaeHre THOYTITYOUTEINBHBIX paboT 3eMiIecocoM (KOBIII-
HAacoC) HEU30EKHO NPHUBEJIO K YCHJIEHHIO BTOPUYHOTO 3arpsi3HEHUS BOIBI
(BpeMeHHOEe MOBBIIIEHNE MYTHOCTH H3-32 IIEpeXo/ia B TOJIILY BOABI 3arpss-
HUTEJIEH CO IHA) PEKH.

W3BecTHO, 9TO CaMOOYHCTUTENBHAS CIIOCOOHOCTD NMPUPOIHOI BOIBI BBI-
COKa, XOTSI B MEKCE30HbE U B 3UMHMUII IEPUOJ OHA CHIDKaeTcsd. BaxHO 3HaTh
KauecTBO BOAHI B peke. [1o «xauecTBOM BOJbI» IOHUMAIOT COUETAHUE XUMHU-
YeCKOro U OMOJIOTHYECKOI0 COCTaBa, (PU3NYECKUX CBOWCTB BOABI, ONIpENeIIs-
IOLLIME €€ TPUTOAHOCTD AJ1s1 KOHKPETHBIX BUJOB Bojonoab3oBanus [1, 3, 5, 8].

KoHTpois 3a cobutofieHneM yCTaHOBIICHHBIX HOPMAaTHBOB KauecTBa BOJIBI
MIPOU3BOAUTCS XUMHUKO-aHATUTUYECKUMU MeToAaMu. OHAKO, OTHOBPEMEH-
HOE IMPHUCYTCTBUE MHOXKECTBA BEILECTB JAXKE B KOHIIEHTPALUAX, HE PEBbI-
maronunx ux I1JIK, moxer nmopoxzaars Ouonornyeckue 3¢pdexTsi, KoTopsie
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HEBO3MOXHO IIPEACKA3aTh HA OCHOBE YaCTHBIX XMMHUYECKHUX ONpPEACICHUI.
KoHTpOIIb 32 TOKCHYHOCTBIO CTOKOB ¥ 3arpsI3HAEMbIX BOAHBIX 00HEKTOB MO-
JKET OBITh IPOBENICH METOIOM OMOTECTHPOBaHUS [7].

BuoTtecTupoBaHue — OAUH U3 MPUEMOB ONPENEIECHUS CTENEHH TOKCHYE-
CKOTO JeWcTBUS (PU3NYECKUX, XUMHUECKUX M OMOJIOrHYecKHX Hebaaromnpu-
ATHBIX (PAKTOPOB CPEJbI, IOTEHIIMAIBHO OMACHBIX JIJISl JXUBBIX OPraHNU3MOB
9KOCHCTEM, B KOHTPOJHPYEMBIX SKCIEPHUMEHTAIBHBIX JIAOOPATOPHBIX HIIN
HaTYPHBIX YCJIOBHSIX ITyTE€M PETUCTPALIMN U3MEHEHU I OMOJIOrMYECKH 3HAYH-
MBIX IOKa3aTesiel UCCIeyeMbIX BOIHBIX OOBEKTOB C MOCIEIYIOMEeH OLeH-
KOW UX COCTOSIHHUSI B COOTBETCTBHHU C BBIOPAaHHBIM KPUTEPHEM TOKCHYHOCTH
[2]. Tlon OmoTecTHpOoBaHUEM TTOHUMAIOT JIAOOPATOPHYIO MPOIENYPY, IKCIIe-
PUMEHT 10 YCTAHOBIEHUIO TOKCUYHOCTU BOJHOM CPEJbl C MOMOILBIO XKUBBIX
OPTraHu3MOB — TECT-00BEKTOB, CHTHAIIM3UPYIOLINX 00 OIIACHOCTH HE3aBHUCH-
MO OT TOTO, KAKHE BEIECTBA U B KAKOM COUYETAHUU BBI3BIBAIOT U3MEHEHUS
JKU3HEHHO BaxHBIX (yHKIui. Takum oOpa3oM, TecT-00BEKT BBICTYIIAET
B poiu NpuOOopa, BBHISBISIONIEIO MHTErpaJbHBIN Ononoruueckuii sddexr
KOMIIJIEKCca HeOIaronpusATHBIX 9KOJIOTHYECKHX (DaKTOPOB, B TOM YHUCIIE U XH-
MUYECKOU IPUPOJBL.

K ecrecTBeHHOMY cOCTaBy NPUPOIHBIX BOJ J00ABISETCS MHOMKECTBO
Yy>KEPOIHBIX COCAMHEHUH, XUMUYECKast IIPUPOJIa U OMOJIOTMYECKasi aKTHB-
HOCTb KOTOPBIX 9aCTO HE U3BECTHBL. TOKCUUHOCTH BOAHOU Cpebl U JOHHBIX
OTJIOKEHHH ISl THAPOOMOHTOB BO3HUKAET BCIIEICTBHE TTOSIBICHUS B HEll 3a-
TPSI3HAIOIUX BELIECTB IPUPOJHOIO WIIM AHTPOIIOI€HHOIO IPOUCXOKICHHUS.
Cpenu MHOrooOpasusi TOKCHMKaHTOB, MOCTYMAIOIIUX B NPHUPOJHBIC BOIBI,
HaunOoJIbIlIee 3HAaUEHHE UMEIOT TPHU KJlacca BEIECTB: TSDKENIbIE METaJlIbI, T1e-
CTULUJBI U AeTepreHThl [8]. KoMIOHeHTaMU TOKCUKOT€HHOIO CTOKA MOTYT
OBITH COOCTBEHHO PEUHOH CTOK, IPOMBIIIIEHHO-TOPOJCKOH CTOK, CEITBCKO-
XO3UCTBEHHBIN CTOK, COPOCHI C OYMCTHBIX COOPYKEHHH, YTO B IEJIOM CO3-
JIaeT HEyCTONYMBOCTh TUAPOXUMHUUECKOr0 PEXKUMA.

CrenmnanucramMu pa3paboTaHbl M MpenjiaraeTcst psi OMOTECTOB, OCHOB-
HOM NPHUHLIUI KOTOPBIX — BBIABIEHUE JOCTOBEPHBIX PA3IMUUNA MEXIY
OIBITOM (Cpena, copepiKalas TOKCUKAaHThI) U KOHTPOJIeM («YHCTas» BOJA)
M0 KaKOMY-JIMOO IOKa3aTeIbHOMY MapaMeTpy, QyHKIUU TecT-o0bekTa [1,
3, 6]. B xauecTBe TecT-mapaMeTpa MOXKET CIYKHUTh I'M0Oenb TecT-00beKTa,
U3MEHEHHE aKTUBHOCTHU JABHXKEHUS, YACTOTHI JbIXaHUS, IIIONOBUTOCTHU U JIp.
TecT-00BEKTHl C U3BECTHOM CTENEHBIO IMPUOIMKEHUS Nar0T KOJIMYECTBEH-
HYIO OLICHKY YPOBHS 3arpsi3HEHUs BOAHOH Cpelbl — NPUPOIHOM, CTOUHOM.
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JIrobast momyJsinus HEOJXHOPOAHA B OTHOUIEHWH YYBCTBUTEIBHOCTH K TOK-
CHKaHTY, B HEHl €CTh 0COOM PE3NCTEHTHbIE M TOJEPAHTHBIC, 1 TOKCUKAHT
B IIJIaHE AaJIbHEWIIel CyapObl MOMyNIINUN AEHCTBYeT Kak (hakTop oTOOopa.
OnHUM 13 TTIaBHBIX KPUTEPHEB OJIaronoayyus, ¢ TOYKH 3pEHHS MOIYJIISLINH,
SIBJSIETCS] COOTHOLLIECHUE MEXKY POKIAEMOCTBIO U CMEPTHOCTBIO. YUECTh €T0
B €CTECTBEHHBIX YCIIOBUSAX OYEHb TPYAHO, HO OHO OTYETIMBO MOXET OBITH
OXapaKTEpU30BAaHO B ONBITAX HA CHUHXPOHU3UPOBAHHON KYIBType >KHBOT-
HBIX ¢ KOPOTKUM >KM3HEHHBIM LIUKJIOM.

Meroauyecky MCHOJIb30BaHNUE TAKUX TECT-O0BEKTOB, KAK BETBUCTOYCHIH
padok Daphnia magna Straus (Arthropoda, Crustacea), B KpaTKOCpPOUHBIX (10
96 1) 1 XpPOHUYECKUX OIBITaX ONPaBIaHHO, U 3aKPEILICHO MEXIyHapOIHbIM
crangapToM [1, 4, 6, 8]. DTOT pauok y10BIETBOPSET TPEOOBAHUSM OCTAHOBKH
OIBITA, TaK KaK OH OTHOCUTEIBHO KPYMHBIX pa3MepOB, LIUPOKO paclpocTpa-
HeH B BojoeMax CuOupH, ObICTPO pa3MHOMKAETCSl M €ro JIETKO KYJIBTHBHPO-
BaTh. KpuTepusMu TOKCHYHOCTH B OIBITaxX ¢ JadHUEl cUMTaeTCsl BEKMBAe-
MOCTb, TIJIOIOBUTOCTH (B XPOHHUYECKOM OIIBITE), IOBEJEHYECKUE PEaKIIHH.

Lenbto Hameit paboThI OB HOCTAHOBKA METOIXMKH OIBITA IO OMOTECTH-
POBaHUIO U OLIEHKA CTENEHU TOKCUYHOCTH BOJBI YUaCTKOB PEKU YIIakKa.

MerTonuka OCHOBaHa Ha ONPE/IEICHUN U3MEHEHH I BBKUBAEMOCTH ad-
HUW NpU BO3JIEHCTBUU TOKCHUYECKHMX BEIIECTB, COACPXKAIIMUXCS B TECTHPY-
€MOH BOfle, 10 CPAaBHEHUIO C KOHTPOJEM. BblI MpoBeneH KpaTKOCPOUHBIN
OIIBIT, P KOTOPOM TOKCHYECKOE JEHCTBUE HCCIeAyeMOoil Boabl Ha nadHuit
OIIpeeNIIeTCsI TI0 UX CMEPTHOCTH 3a OIPEJIeNICHHBIH epHo]] BpeMeHH (4 cy-
ToK). Kputepruem TOkCHYHOCTH ciykuT rudens 50 % u Gonee ocobdeit nad-
HU# 3a 96 yacoB onbiTa (4 CYyTOK) B HCCIEAYEMOH BOJIE NPH YCIOBUH, YTO
B KOHTpoJie rudenb ocodeil TecT-o0bekTa He npesbimaer 10%. B onbitax
HCIIONIB3YIOT MOJIOABIX (BO3pacT — 1-2 cyTOK) paukoB naHUH.

J11st ONIBITOB 1O OMOTECTUPOBAHUIO IIPUPOIHON BOJIBI OBLIIO BBIOpAHO J1Ba
y4acTKa B HIDKHEM TEUCHHH PEKHU: BBIIIE OCHOBHBIX XHMJIBIX KBApTaJIOB Io-
poxna Tomcka, B paiione Mukpopaiiona CternaHoBKa (yCIOBHO «UUCTBIN» yda-
CTOK PEKH) U B YCThEBOM Y4acTKe PeKH, B paiione ruomaau Jlennna. {1 no-
CTaHOBKHM KPAaTKOCPOYHOTO OIBbITA MPUPOIHAs BOjia ObliIa 0TOOpaHa U3 peKu
16 oxTs6pst 2008 1. Cpoku onbita — 16—20 oxTs16pst 2008 1. OnbITE IO OHO-
TECTHUPOBAHMIO BOJIBI PEKH OBLIN BBIIIOJIHEHHI Ha Kadenpe oduield bnoiaorun
1 3KOJIOrMH Onosoro-xumudeckoro ¢akymnsrera TTTIV.

B xoze onsiTa B Bozie, KoTOpas Oblila 0TOOpaHa B paiioHe romanu Jlenu-
Ha, toru6io 18,6 % nadHuit. MoXHO clienaTh BBIBOJ, UTO BO/IA PEKH YIIAHKH
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OKa3bIBaJla TOKCHYECKOE JIeHCTBUE Ha TeCT-00BEKTHl B OYEHb Cl1aboii crere-
HU. Bo3MoXxHO, yacTh 0coOell B OnbITe MOrja NOrMOHYTh M3-3a MEXaHUYe-
CKHX TpaBM, B XOJIe CMEHBI BOJbI B OIIBITHBIX COCyJax; M3-3a cTpecca Ipu
nepecasike; CMEHbl XUMHUYECKOTI'0 COCTaBa CPebl.

T'ubens B ombiTe TeCT-00BEKTOB B BOJIE, OTOOpaHHOM B paiioHe moc. Cre-
naHoBKa, coctaBuia 3 %. TakuM oOpa3om, BoAa 3TOTO y4acTKa PeKH HE OKa-
3bIBaJia TOKCHYECKOTO BO3ACHCTBHS HA TECT-00BEKTHI.

Bbu10 3aMedeHo, 4TO B cocynax ¢ KOHTPOJIEHOH BRIOOPKOi TECT-00BEKTOB
B XOJI€ OIIbITa TaKKe HaOuroaanacs rudesnb paukoB. B ¢Bs3u ¢ 3TUM BO3HHKa-
€T He0OXOIMMOCTb IPOBOAUTH TECTHPOBAHUE M BOJIOIPOBOAHOM BOJIBI (BO-
JIOIIPOBOAHYIO BOAY JE€3MH(OUIMPYIOT XJIOPOM, a B MOCIEAHEE BPEMsl CTaJIN
J00aBIATH HO/), C TEM YTOOBI OLICHUTH €€ Ka4eCTBO.

B 1ienoM, MOXKHO 3aKJIIOYHMTH, YTO BOZA p. YIIaika, oToOpaHHas ¢ JBYX
y4acTKoB B rpaHuiax r. Tomcka 16 okts6pst 2008 r., He oKa3bIBasia TOKCHYE-
CKOT'0 BO3JIeHCTBUS HA HahHUIL.
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3AITACBI BUOMACCBI PAMA
KNPCAHOBCKOI'O BOJIOTA

M. B. Bonosuesa!, E. A. Tonosarnkas?, E. B. [lopoxuna!
"Tomckuil 2ocyoapcemeeniviil nedazo2uteckuil yHusepcumem
2HHemumym MOHUMOPUHEA KIUMAMUYECKUX U IKOIOSUYECKUX CUCeM

(UMKDC CO PAH), Tomck

Wzyuenne 6Gnonoruyeckoil MpoxyKTHBHOCTH PaCTHTEIbHBIX COOOIIECTB
SIBJISIETCSI OJTHOM M3 BaXKHBIX 3a/1a4 B MCCIICIOBAHUN KPYTOBOPOTA BELIECTB
B Onocdepe. B HacTosIee BpeMst B TUTepaType HAKONUIIOCh MHOT'O JJaHHBIX
0 OMOJIOTMYECKON NMPOAYKTHUBHOCTH Pa3IMYHBIX 3KOCHCTEM, B TOM UHCIIE
u 0070THEIX [1-5]. CrenyeT OTMETHUTB, 4TO B pabOTax MO U3YUYCHHIO OUOJIO-
TUYECKON MPOIYKTUBHOCTH OOJIOTHBIX 9KOCHUCTEM OOJIBIIOE BHUMAHUE Y/Ie-
JISIETCSI TPABSIHO-KYCTApHMYKOBOMY U MOXOBOMY sIpycaM, TOT/Aa KaK IPOIyK-
THUBHOCTB JAPEBECHOTO pyca 10 cuX 1op ciabo uzyudena [6—8]. MccienoBanue
3aracoB U CTPYKTYpPbl O0MOMAacChl IPOBOAMIIOCH B OCHOBHOM JIJISI OLICHKH H3-
MEHEHUS PaCTUTEIHHOT0 MOKPOBA IIPU OCYLIEHNHU OOJIOT B LEJAX JIECOMEIH-
opalnuH, a TakXe JJIs OLEHKH OajaHca yrieposia B 00J0THBIX S9KOCHCTEMAX.

Henb paboThl — NCCIIeI0BaTh 3amackl U CTPYKTYpY Onomaccsl psima Kup-
CaHOBCKOT'0 00JIOTa.

O0bexT nccaenoBanuii. OObEKTOM HCCIIEIOBAHUN SIBIISIETCSI COCHOBO-
KYCTapHHYKOBO-C(arHoBbIi puTo1eHo3 (psim) onmurorpoduoro 6omora Kup-
caHOBCKoe. bosioTo pacmonoxeHo okoio nocenka «86-it ksaptam» (Tomckuid
paiton Tomckoii oGacty). JlaHHast TEpPUTOPHS HAXOIUTCS B 30HE JIEHCTBUS
Tomckoro Bomozabopa. Mukpopensed psima KupcaHosckoro 6onora npea-
CTaBJICH MOXOBBIMH HOAYHIKaMH M IIPUCTBOJBHBIMU OyrpaMu BBICOTOH 10
50 cM, 3aHUMaroIUMU 0K0J10 50 % MOBEPXHOCTH.

JpeBecHblil sspyc cocTOUT U3 Pinus silvestris L. ¢ ennHUYHBIMEU pacTe-
HussMHu Pinus sibirica Du Tour, KycTapHHUYKOBBIH sipyc npencTasiieH Ledum
palustre L. (barynsHuK OonoTHBIN), Chamaedaphne calyculata (L.) Moench.
(Mupt GonoTHBIN), Vaccinium vitis-idea L. (OpycHnka oObIkHOBeHHas), Vac-
cinium oxycoccus L. (kmokBa 6onotHas), Andromeda polifolia L. (nonben
MHOTOJIUCTHBIH). B TpsiBsiHOM sipyce mpeobnanaetr Rubus chamaemorus
L. (mopomika), a MOXOBOM SIpyC CIIO)KEH NPEHMYILIECTBEHHO Sphagnum an-
gustifolium (Russ. Ex Russ.) C. Jens (caruym y3KoTUCTHBIN).
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MeToab! uccieoBaHuii. 3anackl U CTPYKTypy Onomaccel psima Kupca-
HOBCKoro 6ostora omnpenesnsiau B utoae 2009 u 2010 r. IIpu stom B 2009 1.
3armacbel OMOMAacChl PacCMaTpPHBAIM C Y4YETOM JPEBECHOIo sipyca. 3armachl
(uTOMAacCHl IpeBECHOTO spyca OINpeessiiii o XpaMoBy U Baixyukomy [6].
HanzeMHy0 poayKIUIO OIpeAesyii yKOCHBIM METOOM, MOJ3EMHYIO — Me-
tomoM MoHonuToB IllaneiTa B Tpex noBropHOCTAX (1960) [7].

Cratucrudeckas o0pabOTKa JaHHBIX BBINOJIHSIIACH MPH IOMOIIHU IIPO-
rpammbl Microsoft Office Excel.

Bereraunonnsrii nepuon 2009 r. B Tomckom paiione cornacuno I'TK (rua-
porepMuyecKuii K03 UIIMEHT) XapaKTeprU3yeTcsl KakK BJIAXHBIN U IIPOXJIaj-
He1i (I'TK = 1,79). OcobennocThlo BereraninonHoro nepuoaa 2009 r. sisisier-
sl U30BITOYHO BIIKHBIHA TEIUIBII MIOJb M HEOCTATOYHO YBIIQ)KHEHHBIE Mal
U CEHTSOPE.

Bereranuonnsiit nepuon 2010 r. MOXKHO 0XapaKTepU30BaTh KAK 3aCyIIH-
BBIH (runporepmudeckuit ko3dunuent uin I'TK = 0,89). OcobenHocThIO
BEreTalMOHHOI'O Neproaa ObUIN OYeHb 3aCyIIJIMBBIMU Mail U CEHTSOPb.

Pe3yabTaThl uceienoBanuid. PaccMoTpuM cTpyKTypy OHMOMacchl B O-
rogHeIxX ycioBusax 2009 r. O6mue 3amacel OnoMaccsl (0e3 yuera ApeBeCHOro
spyca) Ha psMe cocTaBistoT (4914,6 r/m?). 3amacel PUTOMACCH COCTABIISIOT
27% (1359,9 r/m?) ot ob1iero 3anaca 6GHOMacChl.
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Puc. 1. CtpykTypa 3amacoB 6uoMaccsl Ha psMe
KupcanoBckoro 6osiora (06€3 yuera JpeBeCHOro spyca)

XKusas ¢uTomacca psMa XxapakTepuU3yeTcsl OOJIBIINM KOJIHYECTBOM KY-
CTapHUYKOB U cocrasisier 4,8 % (236,4 r/mM?), a 3HAUUT, 3HAYUTECIBHO yBE-
JUYMBAETCS] BKJIAJ JUCThEB U CTeOel KyCTapHUYKOB B 3amackl (huTOMac-
Cbl. B TOXXe BpeMsi KOJMYECTBO TPAB B PACTUTEIHHOM MOKPOBE PsiMa HU3KOE
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u cocraiseT Bcero 0,05% (2,3 r/m?) ot obiiero 3amaca OuomMacchl. 3amacel
(dorocunTe3upytorieii puromaccel Ha psMe cocraBiseT 9,9% (4894 r/m?)
oT o0ImuX 3amacoB OMomaccel. 3anacsl He()OTOCHHTE3UpYIoIIEel GpruToMacch
B 1,78 pa3 mpeBbImatoT 3anacel potocuHTesnpyouieit putomaccst (871 r/m?)
U CONOCTABUMBI C TUTEPATYPHBIMU JaHHBIMH [9].

MopTMacca UMeeT BaKHOE 3Ha4deHHE, TaK KaK SBISETCS MCXOJHBIM Ma-
TepuasioM JUIsi TopdoodpasoBaHus B ¢uToneHo3ax. KommuecTBo MopTMac-
CBI OIIpEENseTCs] XapakTepoM PAaCTUTEIbHOCTH W ITOTOJHBIMU YCIIOBHSIMH.
Crenyet OTMETHUTb, YTO MaKCHMAaJIbHBIN BKJIa/ B OOIIHE 3a11ackl OnoMacchl Ha
psiMe BHOCHT UMEHHO MOpTMacca, KoTopasi coctaBiset 72,3 % (3 554,7 r/m?) ot
o01ero 3arnaca OMOMacChI.

PaccmoTpuM 3amacel GHOMACCHI ¢ y4eTOM JIPEBECHOT0 sipyca. O0mui 3a-
nac HaJ3eMHOH (uTOMacchl qpeBocTosi cocraisier 18722 r/m*. dotocuH-
Tesupyromas (uromacca coctapisier JulIb 4,5% oT Beca MX HaJA3EeMHOU
YacTH, YTO JUIS UCCICAYEMOro APEBOCTOs AaeT oleHKy 875 r/m?. Hanbonee
CJIOKHO OLIEHUTH 3aIachl KOpHeH apeBecHoro sipyca. CoriaacHo nuTepaTyp-
HbIM JaHHBIM [10], Macca kopHEH nepeBbEB cocTaBaseT 25 % OT Beca UX Haj-
3eMHOM YacTH, YTO JJIS MCCIEAYeMOro IPEBOCTOS JaeT OUEeHKY 4 680 r/m>.
B 11e110M nosyyeHHbIE pe3yIbTaThl IPEBBIIIAIOT JINTEPATy PHBIE JaHHBIE, YTO
CBSI3aHO C T'YCTOTOH CTOSIHHSI IPEBOCTOS, a TAK)Ke BIMSHUEM Bojo3abopa Ha
00BEKT UCCIIEJOBAHUSI.

Takum o0Opa3om, 00Ul 3amac OHOMACCHI C YYETOM JIPEBECHOTO sipyca
cocTaBu 23 636,6 r/m?. doTocuHTE3UpyOLIas puTOMacca ¢ y4eToM JpeBec-
HOro sipyca cocrasuna 1361,4 r/m?.

PaccmoTpuM 3amacel M CTPYKTYypy OHOMAacchl B IOTOAHBIX YCJIOBHSAX
2010 r. B 2010 r. 3armacs! 6nomaccsl (06e3 yueTa ApeBeCcHOro sipyca) COCTaBIIs-
10T 5211,1 r/M?, 9TO HECKOIBKO OOJBIIE, YEM B IPOLLIIOM TOY.

3amacse! puromaccst B 2010 r. cocraBiusitor 26,5 % (1 378,8 r/m?) ot 00r1iie-
ro 3anaca Ouomaccel, 4To He mpesblmaeT qanabie 2009 r.

OnHako B CTPYKType 3a1acoB pUTOMACCH HAOJIIOAAI0TCSl HEKOTOPBIE OT-
JIU4Msl. 3aCyUIMBbIE IIOTOJHBIE YCIOBHS B TEUEHUE BETETALMOHHOTO NEpH-
ona 2010 r. cmocoOCTBOBAIM TOMY, YTO 3amachl (PUTOMACCHl KyCTapHUYKOB
CHU3WIHCH 10 3% oT oOei 6uomaccer (159,2 r/m?), a TpaBbl MPAKTUYCCKU
OTCYTCTBOBAJIH. 3anacsl POTOCHHTE3UpYIoLIel (hPUTOMACCHl HE ITPEBHIIAIOT
3amacoB 2009 r. u coctaBisoT 9,8 % (531,6 r/m?). B yenoBusx 2010 r. 3ama-
cbl He()OTOCHHTE3UPYIOIEeH GuToMaccel Oonpire, ueM B 2009 r. u cocras-
0T 16,6 % (865,3 r/M?). 3amacsl MOPTMAcChl Ha psiMe cocTaBisiioT 73,4 %
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OT 00111el OMoMacchl, YTO HE3HAYUTEIHHO IIPEBHIIIACT JaHHBIE, IOy YeHHbIE
B 2009 1.

3akmioyenne. B pe3ynbsraTe MpoBENEHHBIX MCCIEJOBAHUN MOXKHO cre-
JaTh CJIENYIOIINE BHIBOBI:

1. Cpennue 3anacsl 6nomaccsl 3a 2009-2010 rr. nccieoBanus ¢ y4eToM
JIPEBECHOT O sipyca cocTaBisoT 23 784,9 r/m?, u3 Hux 6osee 70 % npuxoauT-
Csl Ha JIOJIO JPEBECHOTO sIpyca.

2. Cpennue 3amacel (poTocuHTE3MpYyoUmeld (UTOMAcCHl COCTaBIISIOT
1385 r/m2, 07151 IpeBeCHOTro sipyca B 3amacax (oTocuHTe3upyromeil hpurto-
Macchl cocTaBiset 63 %.

3. Cpenu huTomMacchl Kak ¢ y4eToM, Tak U 0e3 yueTa JAPEeBECHOro spyca
npeobianaeT HeoTOCHHTE3NpYomas Guromacca.

[lonyuyeHHbIE JaHHBIE CBUAETENHCTBYIOT O HEOOXOIMMOCTH ydeTa Jpe-
BECHOT0 sipyca ITPH OLIEHKE 3aI11acoB yIiiepoja 1 U3yueHHH OajaHca yriieposa
OOJIOTHBIX PKOCHCTEM.
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CPABHUTEJIBHOE U3YUYEHUE YUYACTUA
KOMIIOHEHTOB AHTUOKCHUJTAHTHOM CUCTEMBI
B BHOXUMHWYECKON ATANITAIIUUA
PACTEHU BOJIOTHBIX DKOCUCTEM

T.B. I'apanuna, A.T. Mypatosa, C. A. BoliniekoBckas
Tomckuti 2ocydapcmeentulii nedazo2udeckull yHugepcumen

C uenbr0 MOHUTOPHUHTA (DYHKIIMOHHUPOBAHMS OOJIOTHBIX DKOCHCTEM Ha
teppuTopun Tomckoii 00sacTH OBLIO MPOBENEHO CPABHHUTEIBHOE U3yUeHHE
y4acTUsl aHTHOKCHJIAHTHBIX CHCTEM PaCTEHUH-TIPOAYLEHTOB B (OPMHPO-
BaHUM YCTOMYHMBOCTH K HEOJIArONPHUSTHBIM BO3/IEHCTBHUSIM, B TOM YHCIIE U K
YCIIOBHSIM KHCJIOPOJHOI HEIOCTATOUYHOCTH KaK OJIHOMY U3 BEAYLIUX JIUMHU-
TUPYIOILIMX JUJIsl pacTeHui GpakTopos.

B apganTamuum pacTeHuil K HeOIArompHATHBIM BO3ACHCTBHAM BaXkKHas
POJIb IPUHAJICKUT HYHKIIMOHUPOBAHUIO 3(PPEKTUBHBIX aHTHOKUCIUTEIb-
HBIX CHCTEM, CIIOCOOHBIX 00ECIICUUTD 3alUTY OT aKTUBHBIX (POPM KHCIOPO-
Jla, HAKaTUIMBAIOUIMXCSI IPY Pa3HbIX popMax cTpecca. AHTHOKUCIIUTENbHbIE
CHCTEMBI COCTOSIT M3 HHU3KOMOJIEKYJSPHBIX COEJAMHEHHH (acKopOMHOBas
KHCJIOTa, KAPOTUHOUIBI, TIyTaTHOH, TOKodepo, (aBoHOMIbI) U (epMeH-
TOB (MEpOKCUIa3a, KaTajgasa, CynepoKCuaaucMyTasa u ap.) [1]. B nebnaro-
NPUATHBIX YCJIOBHSX PACTEHUS! CIIOCOOHBI K MHIYKLHUU aKTUBHOCTH aHTH-
OKCUJIAHTHOW CHCTEMBI, B DE3yJIbTaTe OHU HPUOOPETAIOT YCTOWYHBOCTH
K jAedcTBylomeMy (akropy. HakoruieH skcneprMMeHTalbHBI MaTepHall,
KOTOPBIN CBUJETEIBCTBYET, YTO PACTEHUS, yCTOWYUBBIE K HEJOCTATKY KHC-
Jopoja, 001a1ar0T 0oJiee BRICOKMM COJEpKaHHUEM ackopOarta, Tokodepoa,
AKTHBHOCTBIO 3alIUTHBIX (pepMeHTOB [2]. B mporiecce mepeHoca 3aeKTpo-
HOB, HAKaIUIMBAIOUIMXCSI B JBIXaTEIbHOW 1IENU KJIETKHU B YCIOBHSIX Je(u-
UTa KUCIOpOJa, Ha MOJIEKYJISPHBII KHCIOPOX 00pa3yloTcsl ero akTUBHBIE
(opMBI (CYyNepOKCHI-MOH, NEPEKHUCh BOJOPOJIA), KOTOPbIE aTaKyIOT JIUIUIbI
MeMOpaH, ACHATYPHUPYIOT OEIKH M HYKJIEWHOBBIE KUCIOTBI, CYLIECTBEHHO
MOBpEX/Aast paCTUTENbHbIE KJIETKH [3].
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Ilenb sxcnepuMeHTa cOCTOsIIa B CPABHUTEIBHOM UCCIIEIOBAHUN yUaCTHUs
KOMIIOHCHTOB AHTHOKHUCIIUTEIFHOH CHCTEMBI B XBOE COCHBI OOBIKHOBCH-
HOW Pinus sylvestris L. (cemelicTBo Pinaceae) n3 OOJOTHBIX M APYTHX €CTe-
CTBEHHBIX 3KocucTeM B ToMckoM U bakuapckom paiiorax Tomckoit obmactu
(oxpectHocTH c. [Tobena, Bonpmoe [Tporononoso u TuMupszeBo (KOHTPOIIB)
u TaraHn, [loneiHssHKA (OMBIT)). JJaHHEIH OIBIT TTO3BOISAET UMETH TPOTHO3 OMO-
XUMHYECKOT'O COCTOSTHUSI OOJIOTHBIX PACTEHUH B YCIOBUSX MTOTEILICHUS KITH-
MaTa ¥ U3MEHEHHs BOJHOTO PeKMMa OOJOTHBEIX 3KocucTeM. MccnenoBanus
MPOBOIMIIUCH HA IBYXJICTHEH pa3BUTON XBOE, OTOOPAHHOM B aBT'yCTE U CCH-
Ts160pe 2011 1.

CyMMy KapOTHUHOHMOB OMPEIEIIsUTH B 3TUIIOBOM CHUPTE Ha CHEKTPodo-
tomerpe UV-1650 pc UV-spectrophotometer (Shimadzu) npu miinHe BOTHBI
440,5 uMm [4]. Onpenenenrie akTUBHOCTH KaTajia3bl IPOBOAUIU MO METONY
Baxa u Omapuna [5]. Comepxanrie cBOOOIHOW U CBSI3aHHOW aCKOPOMHOBOM
KHCIJIOTBI HCCIIEA0BAIIN, HCHIONB3Ys 2,6-1uxsopdenonnuaopenon [5]. Pesyb-
TaThl 00padaTHIBAIH CTATHCTHYECKHU C TIOMOIIBIO KOMITBIOTEPHBIX IIPOTPaMM
Excel u Statistica 6.0. B Tabnunax npuBeieHbl cpefHue apupMeTndecKue
U UX CPEeIHCKBaJpATUYHBIC OTKIOHCHUS. Pa3sHHIY MeXIy CpaBHUBaCMBIMU
CpPEAHUMHU 3HAYEHUSIMU OLEHUBAJIM C TIOMOILbIO KpuTepusi CThIoeHTa IpU
ypoBHe 3Haunumoctu P < 0,05.

IIpoBeneHHBIC HCCIIEIOBAaHUS MTOKA3aNIH, YTO aKTUBHOCTHh (DepMEeHTa Ka-
Tanasbl B JABYXJCTHEH XBOE COCHBI OOBIKHOBCHHOH OOJIOTHBIX 3KOCHUCTEM
(Taran, ITonpIHSIHKA) JOCTOBEPHO YMEHBIIATACh MO CPABHEHUIO C COCHOM
3KOoCcHCTEeMBI cocHOBOro Oopa (TummpsizeBo). Tak, kaTanma3zHash aKTUBHOCTB
B XBOE COCHBI, POU3PACTAIOIICH B YCIOBUAX HU3MHHOTO O0st0Ta (TaraH), ObI-
Ja B 2 pasza HHUKE, a B ycIoBHAX BepxoBoro Oonota ([TonsiHsHKA) — B 4 pa3a
HUKE COOTBETCTBYIOLIMX [TOKA3aTeJIel XBOU COCHBI JIECHOW SKOCHCTEMBI (CM.
Tadu. 1).

Tabnuma 1
AKTHBHOCTb KaTaJia3bl B IByXJleTHeill XxBoe Pinus sylvestris L.
JK0cHCTEeM COCHOBOrO Gopa (TumupsizeBo) u 60.10THBIX I3K0cucTeM (Taran, [obiHsIHKA),
MI/T CBIPOii Macchl IePeKHCH BOJ0PO/Ia, Pa3 io:keHHOH depMeHTOM

DKocucrema AKTHBHOCTb KaTajasbl
TumupsszeBo (KOHTPOJIb) 45,33+£2,427
TaraH, nyHkT 1 (OmbIT) 24,00+1,213*
TonbIHsIHKA (OIBIT) 11,33+0, 525*

Ipumeuanue. * — pa3nu4us MeXKIy KOHTPOJIEM U ONMBITOM JOCTOBepHHI ipu P < 0,05.
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Karanaza — ocHOBHOW (epMeHT, JTUKBUIUPYIOMNN N30BITOYHBIE KOJIH-
YecTBa MEPOKCHAa BOAOPO/a, COAEPKUTCS BO BCEX adpOOHBIX OpraHU3Max.
AKTHBHOCTB KaTajia3bl B PACTCHHSIX CBsI3aHA B OCHOBHOM C MUTOXOHJIPHSIMH,
IHUTOIUIa3MON ¥ mepokcucoMaMu. Katamaza cmocobHa 3¢ dekTuBHO pado-
TaTh MIPHU BBICOKOW KOHIEHTpALMK NepoKcuaa Bogopona [1, 2].

AHTHOKHCIIUTEIbHBIE CHCTEMBI PACTEHUH COCTOSIT U3 aHTHOKCHUAAHTHBIX
(epMEHTOB ¥ HU3KOMOJIEKYJISIDHBIX coeAMHEeHNH. HuskoMonexkynspHble aH-
THOKCUAAHTBI MOT'YT OBITh THAPOQGMIBHBIMH U THAPO(GOOHBIMU. ACKOPOH-
HOBas KMCJIOTa HaXOIUTCSI B BOIHOU (pase KJIETKHU, B XJIOPOIIACTaX, MUTO-
XOHJIPHSIX U JPYT'HX CTPYKTYpax, TaKkKe B MEXMEMOpPaHHOM IIPOCTPaHCTBE
KJIETOYHBIX opraHei1. Kak BoccTaHaBIMBAIOIINK areHT, aCKOPOMHOBAs KUC-
JI0Ta crocoOHa HamnpsIMyI0 pearupoBaTh C CYNEPOKCHIHBIM, I'HAPOKCHIIb-
HBIM ¥ TOKOQEPOKCHIIBHEIM pajgukaiaMi [2]. IHTepecHo, 4TO B XBOE COCHBI,
IIpou3pacTalolei B ycnoBusx Bepxosoro 6osnora ([loasiHsHKa), 00HApYKEHO
GoJtee BBICOKOE COJIep)KaHNe aCKOPOMHOBOM KHCIIOTHI, IO CPAaBHEHHIO C XBOCH
COCHBI, KaK B 3KocucTeMe TuMHps3eBo, Tak U B 3kocTHcTeMe [IpoTononoso,
YTO, BEPOSITHO, CBUJICTENIECTBYET O €€ 3alIUTHON poiH (Tadi. 2).

TabGnuma 2
Coaep:xanne acKopOMHOBOIf KHCJIOTHI B ABYXJIeTHeil xBoe Pinus sylvestris L.
IKOCHCTEM cOCHOBOro 6opa (Tumupszeso, Ilporononoso)
u 60s10THOI IK0cucTeMbl ([ToabinsiHka), MTr%

Okocucrema ConepxxaHue ackopbaTa
TuMups3eBo (KOHTPOJIb) 374,0£0,91
ITpoTononoBo (KOHTPOIIb) 444,6+0,82
IonblHsAHKA (OMIBIT) 506,0+0,90*

Ipumeuanue. * — pa3nu4us MeX Iy KOHTPOJIEM U OIBITOM JOCToBepHHI pu P < 0,05.

K J'II/IHO(l)I/IJ'H:HI:IM AHTUOKHCIIUTECIIAM OTHOCATCA KapOTUHOUIBI. KapOTI/I-
HOUIbI CIOCOOHEI JAC3aKTUBUPOBATH MHOT'MC aKTHBHLIC (bOpMI)I KucJjiopoaa,
0COOEHHO CHHIJIETHBIH KHCJIOpoJ. He MeHee BaXKHBIMH B 3allUTE KIETOY-
HBIX CTPYKTYP SIBJISIOTCS pPEaKLUU B3aUMOJCHCTBUSI KAPOTUHOUAOB C Opra-
HUYECKMMHU paJuKallaM¥ )KUPHBIX KHCJIOT, OOpbIBalOIIUE IETIb CBOOOJHO-
paZMKaNbHOTO OKHCJICHUS, 3allMIias MEMOpaHbl KJIETKH OT JECTPYKIUH.
HccnenoBanus mokasaiy, 4To B CHOPMHUPOBAHHOM (POTOCHHTETHYECKOM atl-
napare Ipu OJIM3KUX YCIIOBUSX NMPOU3pacTanus (OMOLEHO3bI COCHOBOTO Jieca
B [loGene u bonpiiom [IpoTomnomnoBo) KOTU4YEeCTBO KAPOTHHOMIOB B JIBYXJIET-
HE¥ XBOC COCHBI OOBIKHOBEHHOM JOCTOBEPHO HE OTIUYAIKCH (Tadi. 3).
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Tabnuma 3
CpaBHHUTe/IbHASl XaPAKTEPUCTHKA COlCPKAHNSA KAPDOTHHOMI0B
B ABYXJIeTHeii xBoe Pinus sylvestris L. 3xocucTeM cOCHOBOTo 60opa
(IHoGena, IIpoTononoBo) u 60;0THBIX IK0cucTeM (Taran, [oabiHsiHKA),
MKI/T CBIPOi Macchl

Dxocucrema CyMMa KapOTHHOUTOB
TloGena (KOHTpPOIIB) 284+12
IIpoTomnomnoBo (KOHTPOJIb) 299+6
Taras, nyHKkT 1 (OnbIT) 211+5%
TaraH, nyHKT 2 (OIIBIT) 203+2%*
TaraH, nyHKT 3 (OIIbIT) 148+ 7*
TonbiasHKA (OMBIT) 95+4%*

Tpumeuanue. * — pa3nuaus MeXJy KOHTPOJIEM U OIBITOM JOCTOBepHHI Ipu P < 0,05.

HccnenoBanue TUTMEHTHOrO ()OHIA XBOU COCHBI OOJOTHBIX SKOCHCTEM
NI0Ka3aJio, YTO COJep KaHMe KEIThIX MUTMEHTOB JOCTOBEPHO YMEHBIIAIOCH
y OOJIOTHBIX PACTEHUIT 110 CPAaBHEHUIO C KOHTPOJIEHBIMH BapHaHTaMH. bosnbie
BCEro 3Ta pa3HuLa ObUIa BEIpaXkeHa ISl OONOTHBIX pacTeHHi B bakuapckom
paiione (IlonprHAHKA), 9TO, TO-BHANMOMY, OOYCIIOBIEHO CBOSOOPa3HBIM CO-
YeTaHHeM 57apUUeCKHX M KIMMAaTHYECKHX (aKTOPOB, XapaKTEPHBIX IS
carHoBeIX 0070T. OTMEUYEHBI ONpPENETICHHBIE CBSI3HU MEXIY M3MEHEHHSIMHU
B COJICpKaHHMHU ackopOara U KapOTHHOMJOB. B XBoe OOJIOTHEIX pacTeHHUH co-
XPaHsIOCh BBICOKOE COJepKaHHe ackopOaTa, HO MHTEHCUBHO PacX0OJOBaJINCh
KapoTHHOUABL M3BecTHO, YTO ackopOaT BBHIMOIHSET 3AIIUTHYIO (QYHKLIHIO
yKe Ha MepBbIX dTarnax o0pa3oBaHUs aKTUBHBIX (OPM KHCIOpPOAa B THIPO-
GuIIBHON cpeze, Torga Kak KapOTHHOMIBI 3AIMUINAIOT MEMOpaHHO-CBS3aH-
HbIe KOMIIOHEHTHI B THAPO(OOHOM cpere.

OOHapy>keHHbIE Pa3HOHAINPABICHHBIE H3MEHEHHS COAEPKAHUS aHTHOK-
CHIIAaHTOB B XBOE€ COCHBI OOJIOTHBIX H JIECHBIX 9KOCHCTEM CBHIETEIbCTBYIOT
0 BHJOBBIX OCOOCHHOCTSX PEAKIMU Ha JUTHTEIBHOE 3aTOMJICHUE aCCHMUIIS-
IIOHHOTO arapara pacTeHuil. Y4acTue BelecTB, 001aJafoluX aHTHOKHUC-
JUTENBHBIMU CBOMCTBAMHM: KaTalsla3bl, aCKOPOMHOBOM KHCIOTBHI, KAPOTHHO-
UJI0B, CO3JaeT MOIIHBII aHTHOKHUCIUTEIBHBIA Iy BEIIECTB B Hal3€MHBIX
opraHax, HOIIEPKUBAET KOPPEIATHBHEIE CBS3U MEXy KOPHEBOI cHCTeMON
1 (OTOCHHTE3NPYIOIIMMH OpraHaMH, HeOOXOAUMBIE IUJIsl BBDKHBAHHS pac-
TEHHH B YCIIOBUAX Ae(PHLIUTA KUCIOPOIa I KOPHEBOH CHCTEMBI.
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HNPUMEHEHUE 'EHEAJIOTUYECKOI'O METOJA
JIJIS BBIACHEHUSI 3BAKOHOMEPHOCTEM
HACJIEJOBAHUS MACTH
Y COBAK NTOPObI JIABPA TOP-PETPUBEP

A.A. T'pe6nes, B.I1. IlepeBo3kuH
Tomckuil 20cyoapcmeentblii nedazo2udeckull yHugepcumenn

Jlabpanop-peTpuBep B HacTOsIIee BpeMs SIBISETCA OAHON M3 MOMyJsp-
HBIX TIOPOJ B Mupe. IHTepec K mopose 00yCIoBIIeH, TPEkK/IE BCEro, ee hyHK-
[[UOHAJILHOCTBIO: CO0AKU 00JIaal0T MPEKPACHBIM OOOHSHHUEM, JIETKO MOJ-
JIaI0TCS JPECCUPOBKE U XapaKTEpU3YIOTCs YCTOMUMBOM HEPBHOI CHUCTEMOII.
B cBs13u ¢ aTHM 1aGpaiopsl HEPEIKO UCTIONIB3YIOTCS B KauecTBE MOBOJIBIpEH
JUTSL HE3PSTUUX JIIOJIEH, COCTOAT Ha cllyk0e B MPaBOOXPAaHUTEIBHBIX U Cllaca-
TCJBHBIX OpraHax, a TaKX€ U3BECTHBI KaK XOpPOIINC OXOTHUKH.

HuTepec k nopone NOI0rpeBacTes €lie U TEM, YTO IIEPBbIE JIMa MHOTUX
ToCcyaapCTB U MUPOBBIC 3HAMCHUTOCTU ABJIAJINCH WUJIW SABJIAIOTCA BJIaJIC/Ib-
aMH 3THUX co0aK, HapuMep: aHIIIHKCKas KopoJieBa, MpuHIl Yapnb3, Kopo-
JIEBCKasi ceMbsi MOHAKO, aMEPUKAHCKHM, POCCUICKUI U (PpaHITy3CcKuil mpe-
3UJACHTHI, CCMbi POTH_II/IJ'IBI[OB.

Ham uHTEpec Kk 9To Opo/ie BOHUK B CBSI3U ¢ 00palleHueM K HaM JBYX
TOMCKHUX o0JjaaTesneil codak 3TOH MOPOABI C TEM, YTOOBI BBISICHUTH '€HOTH-
IIbl UX IMUTOMIIEB B OTHOLICHHUHU MACTHU 110 UMCHOIIHUMCS (I)GHOTI/IHI/I‘-IeCKI/IM
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POMOCIOBHBIM, YTO MO3BOJIUIIO OBl AaTh IPOTHO3 B OTHOLIEHHH ITOTOMCTBA
OT 3THX NMPOOAH/IOB.

MarepuanoMm ISl UCCIIEIOBaHUs TTOCIY>KMIIM JIBE POIOCIOBHBIE co0aK
HOpOoJIbI Tabpaiop-peTpuBep. BrlsicHeHNE TeHOTHITOB aHATIM3UPYEMBIX COOaK
OCYIIECTBIISIIOCH C TIOMOIIBIO T€HEaJIOr MYeCKOT0 METO/1a, KOTOPBIH YMECTHO
WCIIONIb30BATh JUJISl H3YyUYEHUs XapaKTepa HaclIe0BaHNsI ONIPEAETICHHOTO ITPH-
3HAKa MJIM OLIEHKU BEPOSTHOCTH €ro IOSBICHUS B OyAyIIEeM, €CIIH JaHHBINA
MIPHU3HAK IIPOCIIEKNBACTCS B Uepe/ie OKOJICHUH.

CornacHo MexayHapogHomy ctannapry FCI nist mopons! yTBepikIeHbI
TPH MacTH: YepHas, KOpHYHeBast U najesas. VI3BecTHO, 4To y cobak 3a uep-
HBIH ¥ KOPUYHEBBIH OKpAac OTBEYAIOT JIBA ajljieNisi OAHOTO T'eHa: JOMUHAHT-
HBIH (B) neTepMUHUPYET YePHBIN IIBET, peliecCUBHBIHN (H) — KOpUUHEBHIH [1].

OnHako yuuThIBast TpH (eHOTHIA Yy J1abpasopoB U Oosee CIOXKHBIN Xa-
paxTep pacuieneHNs B POJOCIOBHBIX, YeM ITPH MOHOT€HHOM HacJIeJOBaHUH,
HaMH OBLJIO ONpPENETICHHO, UYTO 3a JaHHBIN NPU3HAK (MAacTh) OTBEYAIOT JBA
B3aUMOJICHCTBYIONINX I'eHa. Bropoii ren (0603HaueH (F)), Oyay4u B TOMO3H-
roTe B PELIECCHBHOM COCTOSIHWHU, HHIHOUpYeT TeH (B), uto o0ycioBinBaeT
naneBblid okpac. Takum 00Opa3oM, THIT HACIEAOBaHUS MAaCTH JAHHOU ITOPOJIBI
cJelyeT paccMaTpUBaTh KaK peliecCUBHBIN anucTtas [2].

BBISICHUB TeHETHYeCKYI0 JeTepMHHALMI0 MAacTH IOPOABI, HaMU ObLIN
paccuuTaHbl HanboJiee BEPOSITHBIEC TEHOTHUIIBI COOAK B YETHIPEX MOKOJIEHUSIX
0001X POIOCIIOBHBIX, B TOM YHCIIE MHTEPECYIONINX Mpobanaos (puc. 1).

Rl

3 q E’*i

"”/ .\ %, v,
Sy |\ W Ty J/
//.» F:- Z 7% 37 {&, ,,////
bbEe bbEe K /48
- Kop- Kop. | Kop. -/////é
% bbEESS
7 % * Kop.
bbE- B-E- BbE-
Kop. Yep. Yep. BbE-
E- bbE- BbE-
Hep. Kop. Yep.

Puc. 1. 'eneanoruueckas nuHus npodanaa-cyku (bapcenona).
O6o03Hauenus mactu: Yep. — uepnas; Kop. — kopuuHeas;
Tan. — nanesas. Ctpenkoit 0603Ha4eH npodaHa
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VY kabenst ObLT OTMEYEH €IIe OJJUH AJIEMEHT OKpaca — HeOoubmoe Oenoe
MSTHO HA TPy, U3BECTHBIN KaK «UPJIAHJCKAs MSTHUCTOCTHY, 32 KOTOPBIM
COTJIACHO JINTEPATYyPHBIM MCTOYHHKAM OTBevaeT reH (s). benast npsas mpo-
SIBJISICTCS, €CITH (S) HAXOAUTCSI B pelieCCUBHOM romo3uroTe (puc. 2) [3].

Tep. xo | e | oy
%, ’”/‘ 6% v,
it o TS « 108 « AR 1
BbE- bbE- bbE- BbEe
| Hep. Kop. Kop. | x Kop.
2%
3 I 10 < BR . g1
Has Kop. o~ [ 7%
% td bbEes's*
3 o B < 1 1 3 =
B-E- //'bbéz- BbEe Kor-
Hep- Kop. Yep.

Puc. 2. T'eneanorundeckas iuHus npodanaa-kobens (ber)

VY npyrux codak B poloCIOBHBIX JaHHBIH (DeH HE OTMEYEH, OJTHAKO, y4H-
THIBas, YTO cpeAn 18 MOTOMKOB OT MpoOaHA0B 3TOT MPHU3HAK HE IPOSBUIICS,
MBI CJI€JIAJIM BBIBOJ, UTO Y caMKu bapcesloHsl 110 JaHHOMY I'€HY — IOMUHAHT-
Has FOMO3UTOTa.

3Has TEHOTHUITBI TPOOaHIOB, OBUT ClleNIaH MPOrHO3 MAaCTH MX ITOTOMKOB!

BCE LICHKH JIOJKHBI ObITh KOPUYHEBBIMH (pHC. 3). DTOT MPOrHO3 MOJTHOCTHIO
HOATBEPAUIICS, IPUUEM B IBYX MPUILIOAAX.

P P12 2, Fl

% 7, %,

///// <4 x /// 24 // // s
bbEESS bbEess bbEESSs; bbEeSs
Kop. Kop. Kop.

Puc. 3. TTorometBo (F1) oT ckpemuBanus AByX MPoOaHIOB

Taxoxe y crbcoB F1 Oplu BRISABICHBI BAa OTTEHKA KOPUIHEBOT'O OKpaca:
MIOJIOBUHA OKa3aJlach OoJiee CBETIBIMH, APYras MOJOBHHA — 0ojiee TeMHbI-
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mu. CornacHo IMTepaTypHBIM JaHHBIM 32 JaHHbIH 3QdekT oTBeuaeT(1oT) TaK
Ha3bIBaeMblii(e) TeH(s1)-Monnudukatop(sl) [3]. Mcxons u3 xapakrepa paciuen-
JICHHS B IOTOMCTBE M IIPHU JIONYIIEHUH MOHOTCHHOW AETEPMHHAILUU 3TOTO
3¢ dexTa, y 0qHOr0 podaH/a JaHHBIN I'eH JOJKEH HaXOAUTHCS B PELIECCHB-
HOHM romo3urore (ociabiieHre MUTMEHTAlNHN), a Y APYTOoro — B TETEPO3UTOTe
(bonee TeMHast TUTMEHTALIHS).

Takum 00pa3oM, MO pe3ysibTaraM padOThl MOXKHO CHEJIaTh ClIeNyIOIue
BBIBOJIBIL:

1. IIpuznak GpoHOBOH MacTH y coOak OPOJIBI Tabpaiop-pPEeTPUBED IETEP-
MUHHUPOBaH ABYMS B3aWMOAEHCTBYIOIIMMHU I'€HAMH 110 TUIYy PELECCHBHOTO
anucrasa (B, b, E, e). I'en (e) B roMmo3urore siBisieTcss HHTHOUTOPOM reHa ¢o-
HOBOH OKpacKHU.

2. Ha ocHOBaHMHM aHaJIN3a POIOCIOBHBIX BBISICHEHBI TEHOTHIIBI IBYX ITPO-
0annoB: cyka (bapcenona) — bbEESS, kabens (ber) — bbEess. [omo3urora (ss)
00yCIJIOBIIMBAET «UPIAHJCKYIO IATHUCTOCTBY Y Kabes.

3. Cubchl IepBOTO MOKOJICHUS UMEIOT TeHOTUIT bHE-Ss v ABISIOTCS HOCH-
TEJISIMH T'€HA «UPIIaHJICKON MATHUCTOCTH.

4. Cpenu cubcos F1 3apeructprupoBaHsl 1Be GOPMBI KOPUIHEBOTO OKpa-
ca: TEMHYIO OKPAacKy 3a1a10T I0JI0KHUTEIbHbIE TeHBI MOIN(UKATOPEI, a Ooiee
CBETIIYIO OKPAaCKy — OTpHULIATENbHBIE I'eHBI MOAM(DHUKATOPHI.
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METAHOI'EHHASA 1 METAHOTPO®HA A
AKTHUBHOCTb
MUWHEPAJIBHBIX U TOP®AHbIX IIOYB

A.A. Ecekuna, M. A. Cepreesa
Tomckuil 2ocydapcmeenHblil nedazoeuiecKull YHusepCumen

MeTaH — MUKpOIIpUMECHAs F'a30Basi COCTABIISIONIAst aTMOC(HEPBI, €XKero-
Has KOHLEHTpauus kotoporo Bo3pacraetT Ha 1,0% [1]. XoTs koHLEHTpanus
armocdeproro mMerana (KAM) 3HauMTENbHO yCTyHaeT TAaKOBOH yTJEKHC-
JIOTO ra3a, METaH MOXET BHOCHUTh CYIECTBEHHBII BKJIaJ B «HapHUKOBBIH
3¢ PeKT» MOCKOJIBKY aKKyMYJIUpPyeT SHEPrHi0 MHPPaKpacHOro H3JIy4YEeHUs
B 30 pa3 a¢dexTuBHee yriaekucioTsl. JanpHeimee ypennuenne KAM Ha-
paBHE C APYTMMHU MUKPOIPUMECHBIMH ra3aMd U a’po30JISIMH MOXKET MpU-
BECTH K HEOJIATONPHUSATHBIM KJIMMATHYECKUM HM3MEHEHHSIM. BONBIINHCTBO
HCCIIeNIOBATEIIeH CUNTACT, UTO METaH 00yCIaBINBAET TPETHIO YACTh «IapHU-
koBoro addexra» [2]. B aToii cBs3M M3yueHUE pacrpeesieHus] 1 HHTEHCHB-
HOCTH MCTOYHHKOB 00pa3oBaHMs M 0COOEHHOCTEW IepepacipeesieHusl BO
MHOT'OM ITO3BOJISIET TIO3HATH €T0 INI00aNBHBIA LUK B aTMOCcdepe.

OnHuM u3 T100aJIbHBIX HCTOYHUKOB METAHA SIBJISIOTCS TOP(SHBIC U MH-
HepajbHble MMOYBBI. bronorunueckoe oOpa3oBaHNe METaHA — T€OXUMHUYECKH
BXHBI IpOIECcC, KOTOPBIH SBIISIETCS PE3YJIBTATOM METa0OIMUYecKOl ak-
THUBHOCTH BBICOKOCIICIIUAJIN3UPOBAHHON I'PYNIIBI OaKTepUil — METaHOT'€HOB,
KOTOpBIE NPEBPAIIAIOT IPOAYKTH OpOXKeHHUs, 00pa3oBaHHBIC APYTHMHU aHa-
spobamu B MeTaH. OKHCIIEHHE METaHa OCYIIECTBIISIET TOXKE CTPOIO CIIEIH-
¢duueckas rpynmna — MeTaHoTpo(dbl. B pe3ynbrare 1esTenbHOCTH 3THX TPy
MHKPOOPraHU3MOB MOJy4aeTcs BIOJIHE 3aMKHYTHIN LIMKJ METaHa.

Henbio paboThl OBUIO OLEHUTH METAHOI'€HHYIO M METAaHOTPO(HYIO aK-
TUBHOCTh MUHEPAJIBHBIX U TOPQSHBIX 1T0YB bakuapckoro paiioHa.

OO0BbeKThI M MeTOABI HCCJIeN0BaHUIl. VccaeqoBanus NpoOBOJUIUCH Ha
TEPPUTOPUU HAyUHO-HCCIIENOBATENBCKOrO MONUTOHA, uiomaaso 200 kM2,
PacCIOI0XKEHHOTO B I0XHOM YacTU H0XKHO-TaeKHOHM moa3oHb! 3anagHoi Cu-
6upu Ha neBobepexbe p. O0u, B Mexxaypeube pek bakuap — Mkca, B okpect-
Hoctsx A. [Tonsiasinka bakdapckoro paitona Tomckoii obnactu. B kauectse
O00BEKTOB JJIsl MCCIEAOBaHHUS aKTHBHOCTH METAaHOTEHOB M METaHOTPO(OB
ObUIH BBIOpaHBI MUHEpAIbHAS U TOP(sIHAS [TOYBBI 3TOTO HONHUToHa [3].
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B oTo6panHbIX 00pa3uax onpenesnsiach aKTHBHOCTh METAHOT'€HOB U Me-
TaHOTPO(OB B COOTBETCTBHU C OOLICNPHHATHIMH MeTonuKamu [4], paspa-
6orannsiMu MHCTHTYTOM MEKpOoOMonorun PAH. MukpoOuonorndeckue
MCCIIEJOBAaHUS IIPOBOIUIIMCE B TPEX HOBTOPHOCTAX, 00paboTKa pe3ysbTaToB
IIPOBOAMIIACH C UCIOJIB30BaHUEM IIporpaMMbl «Excel».

PesyabTarsl uccienoBanuii. [IpoBeseHHbIE HCCIEAOBaHUS TOKa3amy,
YTO MOTEHLIMAJIbHASA AKTUBHOCTh METAHOT€HOB B MHHEPAJIbHON MOYBE U3MeE-
usgercs ot 0,00 go 0,19 ur CH,/r-4 (nanee — en.)

C riryOuHOM aKTHBHOCTh METAHOT'€HOB YBEJIMYHNBAETCS B 3aBUCMOCTH OT
Mecsna uccienoanuii B 1,1-2 pasa. Hanpumep, B Mmae Ha rinyoune 0—-10 cm
cKopocTh oOpa3oBaHust MeTana coctaBuia 0,01 en. B mpuioHHOM ropru3oH-
te (190-200 cM) MeTaHOT€HHAsl aKTUBHOCTH yBEJIMYMBAJIACh ITOYTH B 2 pasa,
u cocraBuna 0,19 en. AnanornuHas 3aKOHOMEPHOCTh OTMEUYAETCS BO BCE Me-
CSIBI UcclieioBaHui (puc. 1).

025 012
> TopepsHas nodsa
MurepanbHas noyea 5010
- 020 =
3 S 0,08
s add|
=015 %
5 0,06
B
010 0,04
0,051
~ e 0,02 ny6una, cm
00 : TIy6uHa, cM 0,00 un
10 20 30 4050 60 70 80 90 100150160 170180190 200 10130 50 70 90 150 170 190210230 250 270 250

— mall ~B— U1 —i— CeHMA6PL —mal  —S~upnb =k ceHmAbPL
Puc. 1. MeraHorenHasi ak THBHOCTh MHUHEPAJIbHBIX U TOp(i)S[HLIX I104YB

VYBenuueHue CKOPOCTH 00pa30BaHMS METaHA C TIIYOMHON OOBsCHSIETCS
O0COOCHHOCTSIMA METAaHOTEHHBIX MUKPOOpPraHm3MoB. COTjgacHO JIHTEpaTyp-
HBIM TaHHBIM [5—8], METaHOT'€HBI OTHOCATCS K CTPOTHM aHa3po0aM, IOITOMY
MIPH OTCYTCTBHUH KUCIOPOA B TITyOOKHUX TIOYBCHHBIX TOPU30HTAX OHH (QYHK-
IUOHUPYIOT OOJiee HHTEHCUBHO.

Kax BugHO U3 puc. |, aKTHBHOCTH METAHOTEHOB U B MUHEPATbHBIX, U B
TOp(SAHBIX ITOYBAX M3MEHSETCS 33 BETETAIIMOHHBIN meproy. CpemHss akTHB-
HOCTH MeTaHOT'eHOB B Mae coctasuia 0,08 ex., B utoine — 0,05 ex., B ceHTIOpE —
0,04 en. bonee BRICOKHE MTOKa3aTeIN aKTUBHOCTH METAHOOOPA3YIOMICH MIK-
podmopsI B Mae, BEpOSTHO, CBSI3aHBI C BRICOKOH BIIAKHOCTEIO B ATOT IIEPHO].
AKTHBHOE CHETOTAastHHE B JICCHOHW 30HE M OOMJIBHBIE aTMOC(epHBIE OocaaKku
MIPUBENA K CHUKCHHUIO KOHIICHTPAIIMU KHCIOPOIa B MOYBE M 00pa30BaHUIO
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aHa’pOOHBIX YCJIOBUH, YTO CHOCOOCTBOBAJIO OOJlee MHTEHCHBHOMY 00pa3o-
BaHUIO METaHa.

B TopdsiHOIi TOUBE aKTUBHOCTH METAHOTE€HOB C ITyOMHOI Tak jke yBeIH-
yuBaeTcs (puc. 1), 4To 0OBsICHSIETCS aHAJIOTMYHBIMU IIPUYMHAMU — ITIOHMKE-
HUEM KOHLEHTPALMH KHCIOpo/a ¢ TIIyOnHOH.

B nenoM noreHumanbHas METaHOTEHHAsl aKTMBHOCTH TOPQSHBIX ITOYB
HUXXE aKTHUBHOCTH MUHEPaJIbHBIX II0UB. MaKcUMaJlbHasi CKOPOCTh METaHOO-
pazoBanust B TOpdsHbIX moyBax cocrasuia 0,11 ex., yTo mouTH B 2 paza HUXe
10 CPAaBHEHHUIO C MAKCHMaJIbHBIMHU 3HAUCHHUSIMU, 3a()MKCUPOBAHHBIMH B I10Y-
BE€ MHHEPAJIEHOT'O THUIIA.

Ce3oHHas AMHAMUKA aKTUBHOCTH TOPQSIHOM MeTaHOOpa3yromel MUKPO-
(I1opBI CX0Ka ¢ TMHAMHUKON 3TOH I'pyIIbl MUKPOOPraHM3MOB B MHHEPAJIb-
HBIX ouBax. Hanbosee mHTEHCHBHO Ipoliecc 00pa3oBaHusl METaHa IPOTEeKa-
eT B Mae (cpennee 3a mecsi — 0,06 ex.), B utose oH Hike B 1,5 paza (0,04 en.),
B ceHTs10pe cHmxaercs 1o 0,03 en.

Takum oOpa3om, nporecc 0Opa3zoBaHusl MeTaHa 0oJiee HHTEHCHBHO TPO-
TEKaeT B MUHEPAJIbHBIX II0YBaX, YTO, BO3MOXXHO, CBSI3aHO C UX CTPYKTYpPOM.

Bropoii rpymnmoli MUKpOOpPraHM3MOB, Y4acTBYIOIIUX B IIUKJE METaHa,
ABJIAIOTCSA METAHOTPOQEI, KOTOphIE TepexBatbiBaroT CH,, mocTynaromuii u3
aHa’pOOHOM 30HBI U 00Pa3yIOT TaK Ha3bIBAEMBIH «OaKTepUaNbHBII» GUILTP
y MOBEPXHOCTHU 104B [1].

B MuHEepasbHBIX IOYBAX NOTEHIMAIbHAS aKTHBHOCTh METAHOTPO(]OB U3-
mensercs ot 0,0 mo 39,38 ex.

C rimyOuHOIt MeTaHOTpO(HAS aKTUBHOCTH CHUXKAETCS B 3aBUCMOCTH OT
Mecsina ucciepoBanusd B 18-30 pa3. Hanpumep, B Mae B TOBEpXHOCTHOM I0Y-
BeHHOM ropu3oHTe (0—10 cM) aKTHMBHOCTH METaHOKHCISIOIINX MUKPOOpra-
HU3MOB cocTaBuia 32,5 ea., B IIPUAOHHOM TOPH30HTE OHA IOHM3MJIIACH 10
HYJICBBIX 3HAUCHHH.

YMeHbIIeHHE CKOPOCTH 00pa30BaHus MeTaHa ¢ TITyOMHON 00bsCHAETCS (H-
3MOJIOTHei METaHOTPO(MHBIX MUKPOOPIaHM3MOB: METAHOTPO(BI — a3pO0EL, 110-
9TOMY B INTyOOKHX MOYBEHHBIX TOPH30HTAX, IJIE KUCIOPO/Ia 3HAUUTEIHHO MEHB-
11e, 1100 OH BOOOILIE OTCYTCTBYET, OHH (DYHKIIMOHUPYIOT MEHEe HHTEHCHUBHO.
Kpome sToro 6onee Hu3KkHe TeMIepaTypbl IITyOOKHX NOYBEHHBIX TOPH30HTOB
TaK)Ke MOHMKAI0T AKTHBHOCTH METAHOKHUCIISIOIINX MUKPOOPTaHU3MOB.

Ce3oHHasl aKTUBHOCTh METaHOTPO(OB XapaKTepU3yeTCs] HOHM)KEHHEM OT
Masi K ceHTa0pto (puc. 2). CpenHsis akTHBHOCTH B Mae — 22,03 ex., B uroie —
15,20 en., B certsiope — 7,30 ex.
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Puc. 2. MeTanoTpodHas aKTHBHOCTE MUHEPAJIBHBIX U TOPQSIHBIX 10YB

MetanoTpoHass aKTHBHOCTb TOP(SHBIX MOYB, KaK M MHUHEPAIbHBIX,
¢ riryOmHOI cHMXKaeTcs: B Mae — oT 8,7 1o 0,0 ex., B utose — ot 24,4 o 0,0 ex.,
B ceHTs10pe — ot 17,5 mo 0,0 ex.

W3 puc. 2 BUAHO, 9TO B Mae OKHMCICHUE METaHA IPEKpaIlajoch yKe Ha
riry6mune 80 cM, B mrosre — 150 cMm, B ceHTs10pe — 170 cMm. D10 oTIm4aeT Topdsi-
HBIE TTOYBBI OT MUHEPAIBHBIX, B KOTOPHIX OKHCIIEHHE METaHa IIPEKPaIIaIOCh
numnrsk Ha Tiryonne 180 cM, a B Mae HEBBICOKas METaHOTPO(HAs aKTUBHOCTD
Obla 3aduKCHpoOBaHa TaXKe B IPUIOHHOM TOPH30HTE.

CpenHsis o TiTyOrnHEe TOPPSHBIX TOYB aKTHBHOCTH METAHOTPO(OB B Mae
cocrasmia 1,51 ex., B utone — 7,93 en., B ceHTsA0pe — 5,79 ex. Takum oOpazom,
B HIOJIE, KOTOPBIH XapaKTepu3oBajcs 0ojiee BRICOKON TeMIepaTypoil Topdsi-
HOH ITOYBBI M HAUMEHBIINM €€ 00BOJHEHUEM, TI0 CPABHEHUIO C APYTHMHU Me-
CsII[aMM, OTMEYaeTCs MaKCUMalbHAsl METAHOTPO(HASI aKTUBHOCTb.

[IpoBeneHHbBIE HCCIEIOBAHMS TO3BOMISIIOT CAENATH CIETYIOIINE BEIBOMBIL:

1. MuHepanbHbIE TIOUBBI XapaKTEPU3YIOTCs 00jee BBICOKOW METAHOTCH-
HOHM aKTUBHOCTBIO 110 CPABHEHUIO C TOP(SHBIMU NOYBAMH. AKTUBHOCTH Me-
TaHOTEHOB B MUHepaipHOH mouse u3Mensercs ot 0,00 mo 0,19 en., B Topdsi-
Ho# — ot 0,00 mo 0,11 ex,.

2. MeTtaHoTpodHast akTHBHOCTh MUHEPAJIBHBIX II0YBA 3@ MEPUOA HCCIIE-
nmoBarnit m3meHsutack ot 0,00 no 39,38 ex., B TopdsaHBIX mMoUBax OHA OBLIA
HIKe IpuMepHo B 1,5 pasza.

3. MeTaHOTeHBI MUHEPAIBHBIX U TOP(SIHBIX ITOYB MPOSIBIAIOT OOJIee BHI-
COKYI0 aKTHBHOCTb BECHOW (Maif), 4TO OOBICHIETCS CE30HHBIMH KOHBEK-
IUSIMU BOABI, MPUBOASIINMH K II€PEYyBIaKHECHUIO TOYBCHHBIX TOPU30HTOB
Y CHHIKEHUIO UX ad3palny.

4. Haubonee BpICOKasi aKTHBHOCTh METAaHOTPO(OB B MUHEPAIBHBIX T10Y-
Bax OpLIa 3a()UKCHpPOBaHA BECHOH (Maif), B TOP(QSHBIX — JIETOM (HIOJb).
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5. bonee MHTEHCHUBHO MPOLECC METAHOTE€HE3a MPOTEKAET B MHUHEpaib-
HBIX II0YBaX, KOTOPbIE XapaKTEPU3yOTCs BEICOKOM METAHOI'€HHOM U METaHO-
TPO(HOH aKTHBHOCTBHIO.
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HUCCJIEJOBAHUE
HNCXOJTHOM M OUYHUIIIEHHOM MU THEBOM BO/IbI
HA COOTBETCTBHE
CAHUTAPHO-TUTUEHUYECKHUM HOPMAM

9. A. Kunosa, M. A. Cepreesa
Tomckuii 2ocydapcmeenHblil nedazo2uiecKull YHusepCumen

B pacreHusx u )KMBOTHBIX, COCTOSIIMX HA JIBE TPETHU U3 BOABI, CONEP-
KUTCs 6 ThIC. KM® BOIBI. UeJIOBEYESCKU OPraHu3M HAXOAUTCS B COCTOSHHH
HETIPEPHIBHOTO BOJTHOTO OOMEHa C OKpY KaloIle Cpezoil: OH BIACIAET BOAY
B BUJIC [TOTA M MOYH U €KEJIHEBHO BOCIOIHSET BOJHBIC IOTEPH ITPECHON BO-
noi. Ecian HeT BO3MOXHOCTHM HANUTHCS, TO HACTYIMAET yrpo3a 00e3BOXKH-
BaHHUA (Aermaparanuu) oprannsMa. Ha mepBoil cTanmm ydamaercs: myJbc,
BO3HHUKAET c1aboCTh, 3aTE€M — TOJIOBOKPYXKEHHE U ofblKa. [Ipu 00e3Boxu-
BaHWU, cocTasisoneM 10% oT Maccsl Tena, IPOUCXOAAT HapyIICHHE PEUH,
3peHHsl, cIyXa U MoTepsi Co3HaHUs. [ nbenp opranu3Ma HacTyIaeT OT Heoo-
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pPaTUMBIX U3MEHEHUI B HEPBHOM U CepAEUHO-COCYIUCTOMN cucTeMax Mpu BO-
nonorepe 15-25% ot macchl Tena (B 3aBUCUMOCTH OT TEMIIEpaTyphl OKpY-
JKarome cpensl). Bauser Ha cOCTOsSHHME OpraHW3Ma 4YejIOBeKa M KadecTBO
yHOTpeOIsIeMOi UM BOJIBL.

ToT QaxT, 4TO BOJA MOXKET CTaTh MPUIMHONH MACCOBBIX OOJE3HEH, OBLIT
M3BECTEH C ApeBHHUX BpeMeH. C pa3BUTHEM MUKPOOHUOIOTHU OBLIO YCTAHOB-
JICHO, YTO BOJIA BRICTYTAET KaK (paKTOp Mepeaay CPEeIu JTIOICH MaTOreHHbIX
MUKPOOPTraHU3MOB — BO30YyAUTENCH KHIICYHBIX HHPEeKui. [ TaBHBIM 00pa-
30M peyb HIeT 00 HHPEKITUMOHHBIX O0JIC3HIX, BRI3BIBAEMBIX CAIEMOHEIIAMH,
KHUIICYHON MaJOYKON, 30J0TUCTBIM CTa(rIokokkoM. Kpome Toro ¢ Bomoi
nepesfatoTcs OpromHoN TH(, Xonepa, qu3eHTepus. bonbiol yaeabHbIi Bec
Cpeny JMHUAEMUYECKUX OOJNIe3HEeH, Mepenaroniiuxcs 4epe3 BOAY, 3aHUMAIOT
Tak Ha3bIBaeMble ocTpble kumeuHbsie nHGeknuu (OKW) He ycTaHOBIEHHOM
3THONOTUU. V3BECTHO, YTO IS KHUIICYHBIX HH(DEKIUN XapaKTepeH Opaib-
HO-(peKaTbHBIA TYTh NEPEAayu, T.e. TaKOH HHPEKIUEH MOXKHO 3apa3uThCs
JIMIIb B TOM CJy4Yae, €CIU B OpPraHu3M 4eJIOBeKa C BOJAOU MOCTYIUT KaKOe-TO
KOJIMYECTBO BBIACICHUI OOIBHOI0 WIH 0AaKTEPUOHOCHUTEIS.

Hapymienne caHUTapHBIX MPABUI M TPEOOBAHHA MPH OPraHU3AIHUH BO-
JIOCHAOXKEHU S, a TAaK)Ke B MPOIIECCE IKCITyaTallid BOJOIPOBOIA BICKYT 3a
co00¥f caHUTapHOE HEOIATONONYYHE, U B IEPBYIO OYEpEab, POCT HHDEKITH-
OHHBIX 3a0oyieBaHWil cpeau HaceieHus. CoriacHo wuccienoBanusiM BO3,
HauOoJIee YacThle MPUYMHEI PACIPOCTPAHCHUS HHPEKIUHA BOXHBIM ITyTEM —
HelocTatodHass 00paboTKa MUTHEBOW BOIBI HA BOJOIPOBOMAX, W3HOIICH-
HOCTb BOJONPOBOIHOM CETH U HApyLIEHHUE MIPABHII €€ IKCILTyaTalluu, HU3KOe
HCXOJTHOE KaueCTBO BOJBI HICTOYHHKOB BOAOCHAOXKEHHUs, OaKTepUaIbHOE 3a-
TpSI3HEHUE BOJABI B 30HAX CAHUTAPHON OXPaHbl MUTHEBBIX BOJOIPOBOAOB [1].

Jnsa obecnieuenus: HaceleHuss TOMCKOW 00JlacTM HMUTHEBOW BOJOW HC-
MOJB3YIOTCS TTOA3EMHBIC BOABI. O0IIee KOIMYECTBO MPOrHO3HEBIX AKCILTyaTa-
[UOHHBIX PECYPCOB MOA3EMHBIX BOJ MO TOMCKOH OOJACTH COCTaBISCT
38,7 MAH M3/CyTKH, U3 HUX HaJEXHO 3alIUIIEHHBIX — 31,6 MIH M*/CyTKH,
npu o6mIeit noTpeGHOCTH HaceleHus B MUTheBOi Boae 0,33 MuH M*/CyTKH.
Crenenb pa3BelaHHOCTH PECYypPCOB MOA3EMHBIX BOA HeBbIcOKas. Ilo cocros-
Huto Ha 01.01.2002 r. Ha TeppuTopuu ToMckoii ob6acTu pazBenano 29 MecTo-
POXKIEHUM MPECHBIX MOA3EMHBIX BOJ U 3 — MUHEPAJIbHBIX [2].

B mpencraBineHHO# paboTe MPOBEACHBI CAaHUTAPHO-TUTUCHUYCCKHUE HC-
CJIEJIOBaHHUSI BOJIBI, IJIAHUPYEMOH K ITOJIa4X B CHCTEMY BOJOCHAOKEeHUs AKa-
JneMroponaka . TomMcka, U3 HOBOW MOJ3EMHON CKBaXXHMHbI, PacloNOKeHHON
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B OKPECTHOCTSIX C. 3aBap3uHO. MccnenoBanus MpoBOASITCS B COOTBETCTBUU
¢ CanurapusiMu npasunamu 1 Hopmamu (CanllnH) 2.1.4.1074—01 «IIutbe-
Bas Bojia. [ urneHnueckue TpeOoBaHM K Ka4eCTBY BOJIBI IEHTPATIN30BaHHBIX
CHCTEM IIMUTHEBOT0 BogocHaOeHNs. KoHTpoib kauecTBa». B coorBeTcTBUM
C TUTHEHUYECKHMHU TPEeOOBAaHUSIMU NHUTHEBas BoJa JOJDKHA OBITH Oe3omac-
Ha B BMHUJEMHYECKOM M PaJHallMOHHOM OTHOIICHHH, OE3BpEeaHa 10 XUMHU-
YECKOMY COCTaBy M MMETh OJaronpHsTHBIE OPraHOJEIITHYECKHE CBOMCTBA.
KauecTBO nMUTHEBOI BOIBI JOIKHO COOTBETCTBOBATh TMTHEHUYECKUM HOP-
MaTUBaM Iepe]] €€ MOCTYIJIEHHEM B PacIpeAeIUTENbHYI0 CEThb, a TaKXKe
B TOYKaX Bogopa3bopa Hapy>KHOW M BHYTpEHHEH BOIONPOBOJHOM ceTH [3].

Llenv pabomsr — aHAIN3 CAaHUTAPHO-TUTHEHUYECKNX CBOWCTB IHTHEBOM
BOJIa, MOJy4aeMOH 13 BHOBb 000PY/I0BAHHOMN IOJI3EMHOMN CKBa)KHUHBI.

O0BeKTHI U MeTOABI HCcJIeq0BaHNi. B xauecTBe 00BbeKTa HMCCiienoBa-
Hus Obl1a BEIOpaHa 1moj3eMHast BoJia, IJIaHUpyeMast K 3allyCKy B BOJIOIIPOBO-
IHYI0 ceTh Akanemroponka r. Tomcka B Ommxaiimue 1-2 roga. CkBaxxuHa
6bu1a pazpabdorana B 2010 1., B 2011 . Hauaach ee mpoOHas SKCILUTyaTalus.

Jist mpoBenieHust aHaJIM3a BObI OBIIIO BHIOPAHO YETHIpE TOUYKH 0TOOpa:

Cxeaoicuna. Bona oTonpaiach HENOCPEACTBEHHO U3 CKBa)KUHBI, PacoJIo-
JKEHHOH B OKPECTHOCTSIX C. 3aBap3nHo. OTOMpaemas Boja OTHOCUTCS K I'pyTI-
TIe MOA3EMHBIX BOJ IIyOOKOTro 3ajeranus. Boga, oroOpaHHas U3 CKBa)KHUHBI,
HE TPOXOJIWJIa OYUCTKH, MOITOMY €€ MHUKPOOHOJIOTHYECKHE IT0Ka3aTeNn
JOJDKHBI COOTBETCTBOBATh TPEOOBAHUSIM, NMPENBSIBISEMBIM K IOI3EMHBIM
BOJIaM, MCITOJIb3yEMBIM J1JIs1 BOZOCHAOXKEHNU .

@Duabmp. Bona, oroOpaHHas B 3TOH TOUKe, ITPOIIJIa OYUCTKY Yepe3 CTaH-
LU0 00€3KeNIe3NBaHMUs U IECOUHBINH (HIIBTD.

Jlabopamopnuuii kpan. OTOupaemast Boia ObliIa MMOJBEPrHYTA JAOTOJIHU-
TeJNBHON 00paboTke 100aBIEHNEM THIIOXJIOPHAA JUJISl yIyUIIEeHNsS CAaHUTap-
HO-TUTHEHUYECKHX TOKa3aTelneil.

boiinepnas. D1a Touka 0TO0OpA SBISIETCS KOHEYHOW TOUKOM HOCTYIIICHHS
TIOJTHOCTBIO OYMIIEHHOU 1 00e33apakeHHOI MUTHEBOM BOAA MOCIE MPOXOXK-
JICHUS 110 BCEH BOIONPOBOAHON ceTH AKaneMIropoaka.

Jist monpo6HOTro aHa M3a M KOHTPOJISI K3MEHEHH I KaueCTBa BOABI B 3aBH-
CHMOCTH OT KJINMaTHYECKUX ¥ THJIPOJIOTNYECKHUX yCIOBHH BOZa OTOMpanach
BO BCEX UEThIpEX MyHKTAaX JBa pa3a B Mecsl, ¢ Mapta 2011 r. mo mapt 2012 1.

B oToOpaHHBIX 00pasnax ompeaensioch odliee YUCIo MHUKPOOPTaHU3-
MOB, KOJIMYECTBO OOIIMX M TEPMOTOJIEPAHTHBIX KOIMU(POPMHBIX OakTepuid
B cooTBeTcTBUU ¢ MYK 4.2.1018—01 [4].
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PesyabTarel uccienopannii. B coorserctBun ¢ Hopmamu CanlluH
2.1.4.1074—01 momyctumoe oOIliee MHKPOOHOE YUCIIO B IMUTHEBOW BOAE HE
noipkHo npesbimaTh 50 KOE/mu, obuiue konnpopMHbIe OakTepUu U TEPMO-
ToJIeTapHble KONMH(OpPMHBIE OAKTEPHH B MUTHEBOM BOAE IOJKHBI OTCYTCT-
BoBaTh [3]. [lom3emHas He ouunineHHas Boxa B coorBercTBuuM ¢ CanlluH
2.1.4.1110-02 [5] Takxe He JOIDKHA COAEPKaTh OAKTEPHH U3 T'PYIIIHI KOJIH-
(hopmHBIX, HO 00IIee MUKpOOHOE YKciIo MoxeT B 10 pa3 mpeBbIIaTh oKa3a-
T OYHMIEHHOW U TheBoi BobI (500 KOE/mun).

UccnenoBanus, npoBoaumeie B 2011 r., mokazanu, 4To BoAa U3 HOBOU
CKB2)KMHBI B HEKOTOPHIE MECSIBI HE COOTBETCTBYET TpeOOBaHUSIM. JTO OT-
HOCHUTCS ¥ K HCXOJIHOM, ¥ K OUNIIEHHOH BOJIE, OAaHHON B pacrpeelInTeb-
HYIO CETb.

OO1iee KOJMYECTBO MUKPOOPIaHW3MOB B BOZE, 0TOOpaHHOI Hemocpen-
CTBEHHO M3 CKBaXXMHBI, U3MEHsI0Cch OT 89 no 567 KOE/Ma (puc. 1). B nByx
mpodax, OTOOpaHHBIX B CEHTAOPE, KOIMYECTBO MUKPOOPTaHM3MOB ITPEBbIIIa-
10 HopMy. Tak, B mpobe, otoopannoit 10.09.2011 1., o0mee MUKpoOHOE YUCIIO
cocraBwiio 567 KOE/mi, B npobe orobpanHoit 20.09.2011 1. — 523 KOE/mu,
pu HopMe — He Ooitee 500.
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Puc. 1. U3menenue o61ero MUKpoOHOro yucna
B MCXOJHOM M OUMILEHHON BOJIE 3a MEPUO UCCICIOBAHUI

O011ee KOMMYECTBO MUKPOOPTaHU3MOB B BOJIE, OTOOPAaHHOW U3 (IIIBTPA,
u3MeHsock ot 12 1o 87 KOE/Mn nipu HopMe He 6ornee 50 KOE/mu (puc. 1).
B gethipex mpo0ax, OTOOpaHHBIX B ampelie, HI0Je U CEHTAOpe, 00IIee MUK-
pobHoe umcio mpeBbicuiio Hopmy B 1,1-1,7 pa3s. Tak, B mpobe, 0TOOpaHHOM
20 ampens 2011 ., obmee MukpoOHOe uncio coctaBuio 55 KOE/mi, dyto
He3HaYuTeJIbHO mpeBbicuiao HopmatuBel CanlluH. B mpobe oroOpanHOU
10 sstaBapst 2012 1. o0Iee KOJIMYeCTBO MUKPOOPTaHM3MOB OBIJIO BBILIE TIOYTH
B 1,7 pa3a (87 KOE/mn).
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Boga, nporueniias 04ucTKy, 06e33apakeHHast J00aBIeHHEM THIIOXJIOPHU-
Ja ¥ TIOCTYNHBLIAS B PaCHPEACIUTEIBHYIO BOJOIPOBOIHYIO CETh AKaleM-
ropojka r. ToMcka, Ha IPOTSIKEHHH BCEro MepHo/a UCCIICI0BaHH M0 CaHU-
TapHO-TUTHEHUYECKUM TPeOOBaHUSIM HE MpeBbIlaia HOpMbL KomudyecTBo
MHKpPOOpPraHU3MOB Koiiebasocs B npeaenax 7—-50 KOE/mu (puc. 2).
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Puc. 2. I3menenue o61ero MUKpoOHOTo YKcia B BOAE,
HOCTYTHUBIIEH B PaCIpeicIUTEIIBHY IO CETh
M JIOLIEIIIEH 10 €€ KOHEUHOHN TOYKH

B Boze, 0TOOpaHHOI M3 KOHEYHOH TOYKHM BOAONPOBOTHOM CeTH — OOM-
JIEpPHOH, KOJIMYECTBO MHKPOOPraHu3MoB u3MeHsuock ot 11 go 63 KOE/mun
(puc. 2). B nByx mpo6ax, oTOOpaHHBIX B ampeie U CEeHTIOpe, KOJINYECTBO
MHKPOOPraHU3MOB MPEBLICUIIO MpuUMepHO B 1,1-1,5 pa3. Yeenuuenue konu-
4yecTBa MUKPOOPraHU3MOB B MUTHEBOM BOJE, MOCIE IPOXOXKICHHS BCEl BO-
JONPOBOIHOM CETH, CBUJETENBCTBYET O TOM, YTO BOJONPOBOAOB HAXOIUTCSA
B aBapUHHOM COCTOSHHH, B PE3yJIbTaTe 4ero MUTheBasi BOJa BTOPUYHO 3a-
I'psA3HSETCS MUKPOOaMHu.

AHanu3 mpo0 BOABI O CE30HaM ITOKa3al, 4TO B CpeaHEM HanboJiee BBICO-
Kasi YUCIICHHOCTh MUKPOOPraHU3MOB BO BCEX IIpo0ax GpUKCcHUpyeTcs B IETHUN
niepuon (104 KOE/mu), naumensiuas — B 3uMaui (71 KOE/Mi), aTo 00BscHS-
eTcst pusnoorueil BOAHBIX MUKPOOPTaHU3MOB, YHCICHHOCTh U aKTUBHOCTh
KOTOPBIX YBEIMYHNBAETCS C TIOBBILIEHUEM TEMIIEPATYPHI.

AHanu3 BOIBI Ha COAEp)KaHUE KOMU(POPMHBIX OakTepuil mokazaj, 4To
BO BCEX TOYKaX 0TOOpa Ha IPOTSIKEHUH BCEro MepHo/ia UCCIeJOBAaHUH, KaK
o01ue, Tak U TePMOTOJIEpPAaHTHBIE MHUKPOOPTaHU3MBI 3TOH TPYIIBI OTCYT-
CTBOBAIU.

IIpoBeneHHbIE UCCIENOBAHUS MO3BOIAIOT CACTIATH CIEIYIOLINE BEIBOJBL:
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1. Bona 13 HOBOW CKBa)KMHBI B HEKOTOPBIE MECSIIIBI HCCIIEIOBAaHUN HE CO-
orBercTByeT TpeboBanusM CanlluH, npessimias ux B 1,1-1,7 pas. 3to ot-
HOCHUTCS KaK K HCXOJHOH, TaKk U K OYMILEHHOW BOJIE, IIPOLIE/IIeH BCIO BOJIO-
MPOBOIHYIO CETh.

2. HanbGonee BbICOKast CPEAHSS YNCICHHOCTh MUKPOOPTaHU3MOB BO BCEX
npobax ¢pukcupyetcs B netHui nepuon (104 KOE/mun), HanMeHbIas — B 31M-
Huit (71 KOE/mn).

3. O0uue u TepMOTOJIEpaHTHbIE KONH(OPMHBIE OAaKTEPHH OTCYTCTBOBA-
JIM Ha MTPOTSDKEHUH BCETO IEepHOo/ia NCCIIeJOBAHUI.

4. Ananuzupyemas o3eMHas BO/ia 110 CAHUTApHO-TUTHEHUYECKUM Tpe-
OOBaHMM JIMIIb YaCTUYHO cooTBeTcTBYeT HopMaMm CanlluH 2.1.4.1074-01,
YTO T03BOJISIET CAEIATH 3aKIJII0YEHHE O HEOOXOIMMOCTH JaIbHEHIINX HCCe-
JIOBaHUH ¢ 100aBIEHUEM XUMUYECKUX aHAJIN30B.
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JAHHBIE O PASHOOBPA3UUN
N YPOBHE PA3BUTUA 300IIJIAHKTOHA
HEKOTOPBIX BOIOEMOB TOMCKOM OBJIACTH

E. A. Makaposa, M. B. Uymakosa, JI. B. JlykbsiHueBa
Tomckuii 2ocyoapcmeeHHblll nedda2o2utecKutl yHugepcumen

I/IBBeCTHO, YTO 300IIJIAHKTOH SABJISICTCA YaCTbHO CUCTEMbI, IPOTHUBOCTOS-
H.[eﬁ 9BTpO(1)I/IKa]_II/II/I, 3arpsA3HEHUIO BOOOCMOB, T. €. CUCTCMbI OHOJIOrHYECKOTO
CaMOOYHUIIICHHU A BOJbI. HpG,I[CTaBJU[eT TeOpCTI/I‘IeCKI/Iﬁ u HpaKTI/I‘IeCKI/Iﬁ HUH-
TEPECC BbISICHUTH YPOBCHDb PA3BUTHUSA U pa3H006pa3I/I${ OTHUX LHCHO30B B PA3HBIX
THUIIaX KOHTHHCHTAJBbHBIX BOJOCMOB. HOCKOJ’IBKy MHOI'€ BOJOEMBI Tomckoit
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00J1acTH MaJIo WK BOOOIIE HE HCCIIEA0BaHbI JO HACTOSIIETO BPEMEHH, OBLIO
NPEANPUHATO NEPBUYHOE HCCIENOBAaHUE 300ILIAHKTOHA HEKOTOPBIX BOJO-
emoB ToMmckoit 06nacTu — ¢ TEPPUTOPHH, PA3ITUYAIOIIUXCS IO CTETIEHH aHT-
pororeHHOH Harpyskoil. Bo-nepBbix, HauaTo o0OcienoBaHHe 300IUIAHKTOHA
He3aJduBHBIX 03ep [lecuaHoe n benenbkoe TeppuTopun Onmkaiimero npuro-
pona Tomcka, a Takxke o3ep 3aka3zHuka [lons-To, — TpyAHOIOCTYNHOH Teppu-
TOpHH, HaXONSIIeHcs Ha ceBepe obnacTH, B Kapracokckom paiioHe.

PaBHuHHOE NI€BOOEpEXKBE B HIDKHEM T€UEHHH p. ToMH — OBIBIIIME 3aJIUB-
HBbIE JIyTa, a B HACTOsAILIEEe BpeMs BEChbMa paclaxaHo U 3acTpoeHo. B mwure-
parype 4pe3BbIYaiiHO MaJio JJaHHBIX 00 03€pax, 3/1eCh PACIOJIOKEHHBIX: IO
MopdomerpuH, ruapoxumun. C OHOJIOTHYeCcKOH CTOPOHBI 03epa TaKXe HC-
ciietoBaHbl KpaiiHe ciaabo. O3epo [lecyanoe pacronokeHo Ha TpeThel ped-
HOH Teppace cpeau cocHoBoro 6opa B 1 kM ot noc. Tumupsizesckoe. O3epo
okpyrioi ¢hopmerl, quamerpom okoio 300—400 M, Ha ceBepHON U BOCTOYHOU
CTOpPOHE MMEIOTCS necyansle misiku [1]. [lutanue cHerosoe u 3a c4eT AOH-
HBIX KJIO4ed. 3apacTaeMOCTb BOJHON pacTHUTENBHOCTBIO Okojo 70% mo-
BepxHocTH. O3epo benenbkoe, pacnonokeHHoe 3a Noc. J{3epKMHCKUI, UMeeT
MPOAONITOBaTYI0 (HOpMY MPOTKEHHOCTHIO 0KoJIo 800 M. ['myOuHBI HEOOB-
1K€, HO JIMTOpaJbHas 30Ha cJ1abo BBIpaXkeHa. 3apacTaeMocTh rUApOGUTaMU
HeBbICOKas1, okoJio 30 %.

OsepHo-peunas cucrema [loiab-To pacrosoxxeHa Ha JeBOM Oepery pexu
TrIM B 10NMHE, UMEIOLIEH YKIIOH € 3amaja Ha BOCTOK, Ha TEPPUTOPUH KOMII-
nekcHoro janamadrHoro 3akazHuka «lloms-Toy. Cuctema cocTouT u3 psiaa
o3ep. Hanbonee kpynusie u3 uux — [loas-To-3, [Tonb-To-2, [Tons-To-1 — pac-
TIOJIO’KEHBI B IOJIMHE IIETIOYKON U CBA3aHbBI MEKy CO00i HEOOIbIION peuKon
INonkra, Bnanatomeit B pexy Teim okono nocenka Hamac. Camoe kpymnHoe
u3 o3ep — [1oap-To-3 — 00OBsABIEHO MAMSITHUKOM NPUPOJBI; HMEET IUIONIab
14 kM? ¥ HAXOAMTCS B YHUCJIE MATH KPYMHEHIIMX 03ep OONACTH; HMEET BbI-
TAHYTYI0 OpMYy OKoJIo 8 KM JAIMHOH. B 03epo Bmamaer MHOro pedyluex,
py4eHKOB, POJHUKOB, a BBITEKAeT TOJIBKO peuka Ilonbra, koTOpas nmporos-
xKaeT cBoe TeueHue uepes ozepa [lonp-To-2, ITons-To-1. JIno o3epa IlonsTo-3
pa3zHOOOpa3HO 1O CBOEMY COCTaBy: NeCYaHOE, MIINCTOE, TOP(SHOE, IITNHU-
ctoe. bepera o3epa, 3a HCKIIIOYEHHEM BOCTOYHOI'0O, HU3KHE, 3a00JI0UECHHEIE,
B CEBEPHOIl YacTH 3apacTarollye CILUIaBUHOH. BciencTBue mMasbix riryOuH
1 c1abol IPOTOYHOCTH 03€PO XOPOIMIO MporpeBaercs. TemmepaTypa BOIbI
B uioHe pocturaet 24 °C. Jlerom HabmronaeTcs «uBeTeHUE» BOABI (PE3yilb-
TaT MacCOBOTO Pa3BUTHsS CHHE-3eJIeHBIX Bogopociei). Ozepo I[lombs-To-2
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OKpYTJI0# (hOpPMBI, CPAaBHUTEIBHO HeOObLIOE: MIomans ero 2,5 km?. bepera
TaK)ke HU3KHe, 3a00104eHHbIe. [[BeT BOIbl — KOPUYHEBBIH. [ pyHT MIIUCTBHII.
Cpennsis TemnepaTypa Boasl B utoHe 17 °C.

MarepuanoM sl CTaThH IIOCIYXXHMIM THIPOOHOJIOIMYECKHE ITPOOBI
300IUIAHKTOHA, 0TOOpaHHbIe B sieTHUe Mecsubl 2009 u 2011 rr. B o3epax
Ionb-To-2 u 3, pexu Ionsra (Kapracokckuii paiion); B o3epax benenskoe
u Ilecuanoe (Tomckuii paiion). Beero anammsupyetcs 8 mpo06. [Ipo6sr 300-
TUTAHKTOHA OTOMPAJINCh B BOAOEMAX ITyTEM IPOLEKUBAHUS OIPEAEICHHOTO
o0BbeMa BOABI Uyepes IUIAHKTOHHYIO ceTh U3 ra3za Ne 68; KoHcepBalys pou3-
BOJMIIACH PACTBOPOM (hOpMalibierusia, 00padboTKy npod B 1ab0paTOpPHH ITPO-
U3BOAMIIUA CUETHBIM METOJ0M [4]. B cucTemMaT4eckoM OTHOIIEHUU paccMart-
pPHUBaJINCH NIpEACTaBUTENHN Kiacca Rotatoria, monorpsana Cladocera, otpsina
Copepoda. Onpenenenne BUAOB IPOBOAMIIHN C UCIIOJIB30BaHUEM N3BECTHBIX
nocobwuii [6, 7]. [lo pacCUUTaHHBIM MMOKA3aTeNsiM OMOMACCHl 300ILIAHKTOHA
OIpeJieSieH THII 03€pa MO YPOBHIO NMPOJYKTHUBHOCTH («IIKasia TPOGHOCTH»
(mo Kuraesy, 1984)) [2].

Io cocTaBy BUIOB 300MJIaHKTOH PaCCMAaTPUBAEMBIX YUaCTKOB PEK U 03ep
KOJIOBPATOYHO-KJIaIOLEPHBIH MIIM KJaJoLepHO-KoJIoBpaTouHblid. [lo Omo-
Macce — mpeo0IajjaHie pauKoB Pyl BETBHCTOYCHIX.

B cocraBe 300m1aHKTOHa BooeMoB OacceliHa TriMa 0OHapykeHO 55 BU-
JIOB OPraHU3MOB, UTO XapaKTEPU3yeT YPOBEHb KAUECTBEHHOT'O Pa3BUTHS KaK
OTHOCHTEJIBHO BBICOKHMI. B TOM umcie B Bope 0OCieOBaHHBIX Y4YacTKOB
peK U o3ep oOHApYKEHBI: 27 BUIIOB KOJIOBPATOK, 20 BHAAa — BETBUCTOYCHIX
U 8 — BECIIOHOTUX PAuKOB, IPEUMYIECTBEHHO TMMHUYECKUX NIeIarn4ecKuX,
HEKOTOPOE YHCJIO MPHJIOHHO-3apOCIIeBBIX obuTareneil. OcHOBY Habopa BH-
JI0B 300m1aHkToHa B 2009 1. cocTaBWIM Te K€ POPMBL, YTO OTMEUEHBI JJIsl
BomoeMoB Oaccerina O6u u TeiMa B uccienoBanusax 1971-1973 rr. [3, 5, 8].
300MJIaHKTOH IPEJCTABIIEH MHUPOKO PACIPOCTPAHEHHBIMHU, & TAKIKE CEBEPHO-
T'0 pacrpocTpaHeHus Buaamu (Hanpumep, Sida crystallina (O.F.M.), Daphnia
cristata Sars, Eudiaptomus graciloides (L.), Conochilus unicornis Rousselet).
Konebanue BennunH HHEKCA BUIOBOTO ¢X0/cTBa (110 CepeHceHy) y4acTKOB
BOJI0OEMOB paiioHa Ha ypoBHe 0,44 u 0,66.

YpoBeHb KOJIMYECTBEHHOTO Pa3BUTHS 300IUIAHKTOHA B BOAE OOJBLIMH-
cTBa 00CIIEeIOBaHHBIX YYaCTKOB BOJOEMOB TEPPUTOPHH 3akazHuka [loms-To
B2009 . cunTaeM OTHOCUTEIBHO BBICOKUM JJISl BOLOEMOB paiioHa. MakcumyM
oTMeueH B mpubpexbe 03. [1onb-To-3 (4UCICHHOCTh MOYTH 74 ThIC. 9K3. M?
u 6uomacca 1,0 r/m*). OnHako, B EJIOM, yPOBEHb KOTUYECTBEHHOTO Pa3BUTHUS
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300IJJaHKTOHA PEYeK U 03ep 00CIIeT0BaHHOW TEPPUTOPHH XapaKTepHU3yeTcs
KaK «O4eHb HU3KHI» (a-0IUroTpOdHBIH THI BO0EMa), BO3MOKHO, NIEPEX0-
HBIH K «HU3KOMY» (b-0muroTpoHBIH THII BOJOEMA) IO MIKaie TPOPHOCTH
(Kuraes, 1984) [2].

B cocraBe 3001utankTOHa 03. [lecuaHoe BBISIBICHO /1Ba BUJa KOJIOBPATOK
(Keratella cochlearis (Gosse), Polyarthra minor (Voigt)); yeTsIpe BHa BET-
BUCTOYCBIX pakooOpasHbIX (Sida crystallina, Simocephalus vetulus (O.F.M.),
Ceriodaphnia megops Sars, Camptocercus rectirostris (Schoedler)); onun
BuJ BecnoHorux (Mesocyclops leuckarti (Claus)). Bcero mo nmaHHBIM IBYX
P00 BBISIBIEHO CEMb BHJI0B OPraHU3MOB 300IJIAHKTOHA.

MarepuaioB 1o 300IUIAHKTOHY 03. beneHbkoe B nmuTepaType He Haiixe-
Ho. Ilo HamMM DaHHBIM, B COCTaBe 300IUIAHKTOHA 03¢pa B aBrycre oOHa-
pY>KeHo aBa BUaa KoioBpaTok (K. cochlearis, Notommata sp.); 13 paykoB —
Diaphanosoma brachyurum (Lievin), S. crystallina, S. vetulus, S. lusaticus,
Scapholeberis mucronata (O.F. Muller), C. megops, C. rectirostris u M.
leuckarti. Bcero 10 BunmoB. Bennunna wnpekca BugoBoro cxoactra (mo Ce-
peHceHy) ABYX 03ep JieBoOepexbs Tomu coctasuia 0,82.

[Nokaszareny KOJMYECTBEHHOTO Pa3BUTHS 300ILIAHKTOHA B 03epax JIeBO-
6epexbs Tomu B aBrycte Mecsie 2010 . ciaenyromue: B Boze 03. [lecuaHoe
YHCICHHOCTh OPraHM3MOB IIAHKTOHAa cocTtaBuia 11,0 Teic. 9k3./M° u OHO-
Mmacca 137,25 mr/m®. KonuuecTBeHHO Ha NEPBOM MECTE BETBHCTOYCHIC, 3a-
TeM Ipynmna KojJoBpaTok. B Boge 03. beneHbkoe 4MCIEHHOCTh OPraHU3MOB
coctaBuia 10,3 Teic. 9k3./M*> u Guomacca 317,2 mMr/m® (Ha IEpBOM MeCTe MO
YHCJICHHOCTH U OMOMacce BETBUCTOYCHIE, HA BTOPOM BECIIOHOT'HE; KOJIOBpa-
TOK HEMHOT0).

B aBrycre 2011 r. ycnoBust ayis pa3BuUTHS ObLIM MeHee OJIarONpUsTHBI,
YTO U CKa3aJ0Ch Ha KOJIUYECTBAaX opraHu3MoB. B Boze 03. Ilecuanoe uncnen-
HOCTh OpraHu3MoB 7,8 ThIC. 9K3./M°, a Guomacca 114,8 mr/m>. CooTHoIeHHEe
KOJIMYECTB IO TpyNIaM OpraHu3MoB To ke, uTo u B 2010 r. B Boge o03. be-
JICHBKOE YUCICHHOCTh Opranu3MoB 6,1 Teic. 3k3./M* 1 Ouomacca 138,7 mr/m?.
Ha nepBom MecTe BeTBHCTOYCEIE, KOJIOBPATOK HE OOHAPYKEHO.
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300IJIAHKTOH YYACTKA CPEJHE OBH
(c. MIOJTYAHOBO)

E.H. [lemkunuesa, JI. B. JIlykpaHueBa
Tomckuii 2ocyoapcmaennwviii nedazo2udeckutl yHugepcumem

B HacTosiiiee Bpemsi cucteMa OMOJIOTMYECKOIO MOHHTOPWUHIA IMOBEPX-
HOCTHBIX BOJ (THAPOOHMOIIOTHMYCCKUN MOHUTOPHUHT) CYIIECTBEHHO OTCTACT
OT MOHUTOPHHIa a0MOTUYECKHX XapaKTEPUCTHK Cpelbl KaK MO METOAO0JIO-
T'M4Y€CKOMY, METOJAUYCCKOMY U HOPMATHUBHOMY o6ecnequmo, TakK " 110 KO-
nudecTBy HaOmoneHuid. [Ipn OHOMHIUKAIIMY UCIONB3YIOTCS, B YaCTHOCTH,
CTaTHYECKHE U CTPYKTYPHBIE XapaKTEPUCTUKHU cooOdmecTB. K nepBeiM 0THO-
CSIT BUJIOBOW COCTaB, BHI0BOE OOraTrcTBO (KOJIMYECTBO BUJOB B COOOIIECTBE)
M MOKa3aTeJad OOUJIMS: YHMCIEHHOCTH, INIOTHOCThH, OMOMacca COooOIlecTBa.
B ruzapoOuosnornueckoi JIMTepaType COBEPIIEHHO HEIOCTaTOYHO AAaHHBIX
0 3KOJIOTUYECKOM COCTOSIHMU T'MAPOLEHO30B ITIaBHOM BOJHON apTepuu Tom-
ckoii obmactu — peku O6u. Llens npennpunsatoro sierom 2009 r. uccienopa-
HUS COCTOSIA B BBISIBJICHUH M3MECHEHU S B 300IJIaHKTOHE peku O0u (B paiione
¢. MoxuaHoBo), mpou3zouiemue no cpasaenuto ¢ 2005 r., korna odcienoa-
Cs1 OTOT y4acTok [4].

Bonbl pekn O0u OTIIMYAIOTCS MUHEpaTU3alueld CpeaHel cTeneHu (0Ko-
70 199 Mr/n) u oTHeceHb! K THIPOKapOOHATHOMY KJIACCY TPYIIIIBI KaJIbIIHSL.
Bennuunel pH BOIHOH cpenbl OKOJIO HEUTPAIbHBIX 3HaUeHUU. B nocnennue
JACCATHUIICTUSA OTMEYACTCA MMOBLIIIIEHUC KOHIICHTPAallUU B BOAC PCKU XJIOPUIOB,
HaTpUsl, HEPTEIPOAYKTOB H JIP., YUTO OOBSICHSAETCSI TEXHOT€HHBIM BIUSHUEM.
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[NoBeImeHo Takxe (POHOBOE COAEPIKAHUE B IPUPOIHBIX BOAAX PErHOHA B Iie-
JIOM COeIMHEHMH Keje3a. BinusHue Ha XUMHUYECKNH COCTaB BOJ OKa3bIBAIOT
MOIITHBIE TI0 MIJIOIIAASM 3a00JI0USHHBIE IIPOCTPAHCTBA U IT0J[36MHOE ITUTaHHE
pex [8]. T'mapoxuMuueckue XapakTEPUCTUKU HAMPSIMYIO U B 3HAUYUTEIIBHOM
CTETICHH OIPEJeIIIIOT COCTaB U (YHKIIMOHMPOBAaHUE I'UAPOLICHO30B.

XapakTepu3yeMblii y4acTOK IpeacTaBisieT coboit pparmeHT OOCKoit noii-
MBI, KOTOPBIH MOXKHO OTHECTH K THITY IIPOTOYHO-OCTPOBHBIX ITOKM, /i€ TOC-
MIOACTBYIOT Pa3HOBO3PACTHbIE MOWMEHHBIE JIaH A Thl, OCHOBY KOTOPBIX CO-
CTaBJIAIOT MPOTOKH, OTWICHSIOIINE MOHMEHHBIE OCTpoBa. B pacturensHoOM
TIOKPOBE TEPPUTOPUH MTPeolIIaaloT 0COKOBO-KPYITHO3/IAKOBbIE OOJIOTHUCThIE
JIyTa, UBOBO-0€pE30BO-OCHHOBHIE Jieca B COUYETAHUU CO 3J1aKOBO-Pa3HOTPAB-
HBIMH JIyTaMH.

Oco0eHHOCTBI0 COOCTBEHHO BOJHOIM PacTHTEIBHOCTH yYacTKa IOHMBI
SIBJISIETCS ITOYTH TIOJIHOE€ OTCYTCTBUE BOJHBIX pacTeHuid. Benencrsue sroro
cooOriecTBa THIPOGUTOB JOKATU30BAaHBI, B OCHOBHOM, B HEOOJBIINX CTa-
PHYHBIX 03€pax, NMEPEeCchIXaloluX MECTaMH IIPOTOKaX, BPEMEHHBIX MEJIKO-
BOJHBIX BojioeMax. J{Jisl 3amiieHHBIX OeperoB BOJZOEMOB XapaKTEpHBI CO00-
mecTBa reqoUTOB ¢ JOMHUHHpOBaHMEM cycaka (Butomus umbellatus),
6osnotHMLBl OonoTHOH (Eleocharis palustris), xBoma nonesoro (Equisetum
arvense), precrta 31axkoBoro (Potamogeton gramineus), MSITHI 11oJeBoit (Men-
tha arvensis), ocok (Carex acuta, C. rostrata) n np. Ha rnybunax, He npe-
Bermaromux 0,5-0,9 M, Berpeuatorcst paectsl (Potamogeton perfoliatus),
BonloKpac nsarywmaduii (Hydrocharis morsus-ranae), ypyts (Myriophyllum
sibiricum), poronuctHuk (Ceratophyllum demersum) n np. B aTux xe mecro-
OOMTaHUSX MPUCYTCTBYIOT CBOOO/IHO IIJIABAOLINE PACTEHUS U3 PACOK (Lem-
na minor, L. trisulca), MmHOroKopeHHUKa (Spirodella polyrrhiza) [7).

[IpoOs1 3001TaHKTOHA OTOMpanuck, kKak U B 2005 ., B pycioBoi 4acTu
PEeKHU U B 3aTOHE JIEBOro Oepera B oKpecTHOCTsIX ¢. MosganoBo [4]. I[TpoOsr
300IJIaHKTOHa OTOMpPAIUCh U 00padaThIBaINCh OOMIETIPHHITHIMU B THAPO-
6uonorun npuemamu [2]. Beero anamusupyercs U1 HACTOSAIIETO cooOIIe-
HUSI ICBATH TPOO.

B cocraBe 300mnankToHa yyactka peku B 2009 r. oO6HapyxeHo 39 BH-
JIOB U BHYTPHBHJIOBBIX (GopM (y KOJOBPATOK), YTO 3aMETHO MEHBIIE, YeM
B a”asornyHbi nepuox 2005 1. [4]. [To pasHOOOpa3uio BHIOB, KaK U paHee,
npeobnanany kKojaoBpaTku (18 BHIOB M BHYTPHUBHAOBBIX (opm); Hauboiee
BcTpeuaeMbl ObuTH: Asplanchna priodonta (Gosse), Brachionus calyciflorus
calyciflorus (Pallas) (100 % BcTpeuaemocTs), Br. diversicornis diversicornis
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(Daday), Trichocerca cylindrica (Imhoff), Tr. longiseta (Schrank), Filinia
longiseta (Ehr.) (30-50% BcTpeuaemoctr). EAMHUYHO W pelKoO BCTpeya-
JIUCH TIPENCTAaBUTETN poroB Sinchaeta, Polyarthra, Notommata, Hexarthra,
Mytilina, Keratella. He oOHapy»eHBI B cOCTaBe IUIAHKTOHA, HO BCTPEYCH-
HBIC PaHEe Ha TOM y4aCTKEe PEKH MPEICTaBUTEIH poaoB Lecane, Plathyias.
U3 THIUYHOTO U Pa3HOOOPA3HOTO MO MPEACTABUTENLCTBY B pyciie O6u poaa
Brachionus obHapyeHO B Mpo0ax TOJBKO MIECTh BUIOB U BHYTPUBHUIOBBIX
dopmM, B ToM umcne: Br. quadridentatus brevispinus (Ehr.), Br. calyciflorus
amphiceros (Eht.), Br. c. spinosus (Wierzejski), Br. c. anuraeiformis (Brehm),
Br. bennini (Leissling), Br. diversicornis, 4T0 B TIOJJOBUHY MEHBIIIE, YEM Jie-
ToM 2005 1.

W3 BETBUCTOYCHIX PAYKOB (JOMUHHPYIONUX KOJUYECTBEHHO B ILJIAHK-
TOHE Ha TOT MEPUOJ CE30HA BEreTallMK) OTMEUEHBI 0COOM BUIOB U3 POJIOB:
Diaphanosoma, Chydorus, Macrothrix, Disparalona, Acroperus, Moina,
Bosmina, Bosminopsis, Leptodora w np. B Boge 3aToHa ObLIH MHOTOYHCIICH-
HBI 0c00u BUJIOB, HantpuMep, Bosmina longirostris (O.F. Muller), Bosminopsis
deitersi (Richard), Diaphanosoma brachiurum (Lievin) u ux monoas. Hemuo-
TOYUCIICHHBI OBUTH 0co0u padku ponoB Macrothrix, Ceriodaphnia, Alona,
Pleuroxus, Ilyocryptus, BunoB Bosmina kessleri (Uljanin), Leptodora kindti
(Focke), Moina brachiata (Jurine).

BecioHorue payku B yCIOBUSIX PEKU OTMEUYEHBI ObLITN €AMHUYHBIMU OCO-
OsIMH ¥ KOJTUYECTBEHHO MPECTABIICHBI B INIAHKTOHE 0COOU MX FOBEHUJIBHBIX
craauii. Hamu 06Hapy»keHO BCero mecTh BU 0B nopotpsaaa Cyclopoida w3 po-
noB Eucyclops, Macrocyclops, Acanthocyclops, Mesocyclops, Microcyclops,
Thermocyclops n onus Bun u3 nonotpsana Calanoidae — Eudiaptomus sp.

Kak u panee, B BOJIe y4acTKa PEKH B COCTaBE 300ITAHKTOHA MPUCYTCTBO-
BaJid BUJBI: UCTHHHO TJIAHKTOHHBIE, PEOPUIIbHBIEC, MPHI0OHHO-3aPOCIIEBbIC
1 QOPMBI 03epHOT0 KOMILIEKCa (B pe3ysIbTaTe BBIHOCA C MOWMBI MU ajar-
THPOBABIIHUECS K BOCIPOU3BEACHUIO B YCIOBUAX pycia). To ecTh y pedHOro
MJIAHKTOHA CMEUIaHHBIN COCTaB MO MPOUCXOXKAEHUIO [3—5].

ITo TpodhuveckuM XapaKTEPUCTUKAM IJIAHKTOHHBIC OPTaHU3MbI y4acT-
Ka JIOBOJIHO Pa3HOOOpPa3HbI — OOJBIIMHCTBO (UIBTPATOPHI (OPaXHUOHYCHI,
6ocmuHa, auadaHo3oMa), HO MIPUCYTCTBOBAIN AETPUTO(dAru (TPUXOLEPKH,
MaKpPOTKPHUKC), XUIIHbIE (HOPMBI (ACTUIAHXHA, CHHXETHI, TIOJIUAPTPHI, JIEITO-
JI0pa, [IUKJIOTONIA).

JJist OLEHKU YPOBHSI BUJIOBOTO Pa3HOOOpAa3usl MOACUUTAH UHAECKC BHJIO-
BOro pa3zHooOpasus lllenHoHa [6]. BenmnyuHbI HHIEKCA HEBBICOKHE: B aBI'yCTE
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MecsIe B pycioBoi yacTi — 2,62 (npu 15 Bugax B mpo0de), B Bozie 3aToHa — 2,72
(mpu 23 BUaxX ¥ BHYTPUBHIOBBIX (hOpMax KOJIOBPATOK B ITPoOeE).

CXO0ICTBO BH/IOBOTO COCTaBa 300IUIAHKTOHA C aHAJOTHYHBIM IIEPHOIOM
2005 r. mo BenuuKMHE UHAEKCA BUAOBOro cxoacTBa CepeHceHa [6] cocTaBUIIO
59%. meet MecTO 3HAUMTENbHAs 10 CTENEHU CMEHSIEMOCTbh BHJIOBOTO CO-
CTaBa, YTO CBUIETEILCTBYET O AMHAMUYHOCTH MapaMeTPOB CPEAbl OOHMTa-
Hus. [IpuuuHBI 3TOMY pa3HbIe, B TOM YHCIIE TEXHOTCHHOT'O XapaKTepa.

YpoBeHb KOIMYECTBEHHOI'O Pa3BUTHSI 300IIJIAHKTOHA Ha 00CIIEIOBaHHOM
yuactke O6u terom 2009 r. Ob11 HE BEICOKUM (Tabi1.). B pycioBoii yacTu pexn
YHCICHHOCTh OPraHU3MOB Koliebanach B mpexaenax 660—7 500 sk3./m* u 6uo-
macca 7,6—135,0 mr/m*. KoiuuyecTBeHHOE COOTHOILCHHE BCEX TPEX TPYIII
300IIJJaHKTOHA ITOYTH paBHOE. OCHOBY YHCIIEHHOCTH COCTAaBJISUIM KOJIOBpAT-
KM aCIUIaHXHBI, paYKu 00CMUHA, GOCMHHOIICKC ¥ MOJIO/b IIUKJIOIIOH /1A,

B 3arone sneBoro Gepera ypoBeHb KOJIMYECTBEHHOI'O Pa3BHTHS 3aKOHO-
MEpHO BBIIIE, YEM B PYCIIOBOM 4yacTH. /[nama3oH KoneOaHHs BEIMYUH YHUC-
JeHHoCTH OT 8,8 110 56,9 ThiC. 3k3./M*, a Ouomacc ot 78,5 no 782,5 mr/m? (uto
B 2—7 pa3 meHbI1e, yem B 2005 r.). KonmdecTBeHHO B BOJIE 3aTOHA IIpeodaaa-
JIY padky u3 00cMuH, 1uadaHo30M, MOHH, a TaKXKe KOJIOBPATKH acIlJIaHXHBI
1 MOJIOAb LUKJIOTION/IA.

KoiimyecTBeHHOE pa3BUTHE 300IIJIAHKTOHA y4acTKa pekn O0u
B paiione noc. MosiyanoBo (m1Jb — aBrycrt 2009 r.)
(4HCJIEHHOCTD (ThIC. 9K3./M%)/Guomacca (r/m?))

I'pynmnsl 300mIaHKTOHA 3aron Ipubpexnbe PycnoBas yactp Ha riryOune
Kososparii 10.6+4.4 0.4+0.2 0.7£0.5
0,08+0,03 0,003+0,002 0,01+0,006
BeTBucTOYyCBIE pauKH 12.2£5.6 22204 L7£LL
0,18+0,11 0,02+0,003 0,02+0,01
Becionorue pauku B R LEsld
0,03+0,03 0,06+0,03 0,01+0,006
OO0muii 300IIaHKTOH 2612107 4.9:1.8 33£19
0,3+0,1 0,08+0,03 0,04+0,02

B oTHOmIEHNN ypOBHS 3arpsi3HEHUS BOIHON Cpe/ibl OOJBIINHCTBO BUIOB
300maHKTOHA B p. O0m snerom 2009 T. OTHOCHIIHCH K OJNHT0-0eTa-Me30ca-
npobam, GeTTa-Me3ocanpodaM. OnHAKO, OTMEYAINCH B COCTABE IUIAHKTOHA
HEKOTOpBIE BUABI U3 YHcia 0eTTa-anbha-Me30carnpoOoB (HapuMep, BUABI U3
pona Brachionus) u >BpuononToB (6ocmuHa). B memom, paccuntaHHbIe Be-
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JTUYUHBI WHACKca canpoOHocTH (1o [lanTie n Bykky) mo3BONSAIOT Xapakre-
pHU30BaTh BOAY y4acTKa PEKU KaK YMEPEHHO 3arps3HeHHy0. CrenuanucThbl
XapaKTEPU3YIOT BOABI PACIIOIOKEHHOTO BEIIIIE IO TeueHH 0 HoBocrOnpcKkoro
BOJIOXPAaHMIIMILA TAKKE KaK YMEPEHHO 3arpsi3HEHHbIE C UePTaMU U TEHJIEH-
el yeuneHus 3pTpodHocTH [1].

Uraxk, mo pesynbpraraM HallUX KCCICIOBAaHUM, B ycinoBusx p. O0u mpu-
CYTCTBOBAJIM Pa3HOOOpAa3HBIC BUABI U3 MEIArH4YeCKUX, TPUIOHHBIX, 3apOC-
JIEBBIX, peOHIBHEIX (hOpM 300IIaHKTOHA. [IpHHIMas BO BHUMaHUE Ipeod-
JaJaHue MEeIKuX (GopM (QIIIBTPATOPOB U3 PAYKOB U KOJIIOBPATOK, 3aMETHYIO
JIOJII0 «XULIHOT0» MJIAHKTOHA, HEBBICOKMH YPOBEHb KOJIMYECTBEHHOTO pa3-
BUTHS B «ITUK» CE30HHOT'O Pa3BHUTHS, MpeodIalaHue B COCTABE IIAHKTOHA
OeTTa-Me30canpoOHBIX (HOPM, TPUXOTUTCS JOMYCKATh, YTO HAPSAY C MPH-
POIHBIMU TUIPOJIOTHYECKUMHU, TEPMUUECKUMHU BIUSHUSIMHU, B BOJE YUacTKa
O0u nMeeTcs BO3ICHCTBHE TOKCHUYECKOTO XapaKTepa, TNMHTHPYIOIIHE pas3-
BUTHE OPTaHU3MOB.
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IHNPOAYKTUBHOCTDb ERUCA SATIVA
HOJA ®J1YOPECHEHTBIMU IIVIEHKAMHU

C.E. Tepckux, H.JI. Ilepmsxoga, 1O. C. Koponesa,
K. A. barpakosa, 1. b. Munuu
Tomckuil 2ocydapcmeenHblil neda2oeuiecKutl YHusepCumen

IoBbIIeHNEe TPOAYKTUBHOCTU PACTEHUN MPU aJaNTalUU K COJTHEUHOMY
W3JIyYCHHIO SIBJISIETCS] OJHOM M3 BaXXHEUIIMX 3a1a4 JIsi OMOJIOTHYECcKON Ha-
YKH, TaK KaK MO3BOJISIET BBISIBUTH MOTEHIMAJIBHBIE BO3SMOXKHOCTH PacTEHUN
U MaKCUMM3HUPOBaTh ypoxkail [1-2]. OqHUM U3 OCHOBHBIX HaIpaBJICHHUH MO-
BBIIIEHUSI MPOLYKTUBHOCTH PACTEHUI B YCIOBHUSX 3alUINEHHOrO IPyHTa
SIBJIIETCSI MICTIOJIB30BaHUE (PIIYOPECLEHTHBIX IIJIEHOK COJEpP)KAIlMX B CBOEM
cocTtaBe (poTOIIOMUHOGOPBI, KOTOPBIE 32 CUET MOTJIOMEHHs YacTH YO n3my-
YEeHUs1 JIIOMUHECIUPYIOT B KpacHOW obsacTtu cuekrpa [3—4]. Mcnonp3oBanue
(ITyOpEeCcEHTHBIX TICHOK B KaUeCTBE MOKPBITUI COOPYKEHUH 3alIMIIICHHOTO
CPyHTa MIPUBOAUT K YCKOPEHUIO MIPOLECCOB POCTA, PA3BUTHUS U MOBBIIICHUIO
MPOAYKTUBHOCTU pacTeHuil moj HumH [S]. OnHako ¢oTomoMuHODOPEL, MC-
TI0JIb3yEMBbIE ISl U3TOTOBJICHUS (IyOPECUEHTHBIX IJICHOK, JTIOMHHECIUPY-
10T C pa3IUYHBIMU MaKCUMyMaMH JIJIUH BOJH [6]. DTO MOXKET MO-pa3HOMY
BIIUSITH HA MOP(OTeHe3 U MPOAYKTUBHOCTb PACTEHUH B 3aIIMIIEHHOM I'PYHTE.

Henb paboTsl — Ucciaen0BaHNEe U3MEHEHHH MOpQoreHe3a 1 NpoIyKTHUB-
Hoctu Eruca sativa L. o ¢pnyopeclieHTHBIMY INICHKaMU C Pa3JIMIHBIM MaK-
CHMYMOM JJIMHBI BOJHBI JIIOMUHECLEHTHOIO U3y YEeHUS.

MeToauka. B kauecTBe 00beKTa HCCIIeA0BaHMS ObLIO BEHIOPAHO PACTEHHE
U3 ceMelcTBa Brassicaceae — Eruca sativa. VicnplTaHHs] TPOBOIUIIN HA arpo-
6nonornueckoit crannuu TI'TIY B mepuon ¢ 27 utons no 26 utonst 2011 r.
Pacrenus Eruca sativa BEIpalllUBaIINCh B COOPYIKEHUAX 3aLUIIEHHOTO TPy H-
ta pa3mepamiu 1 X 1 m? BeicoToii 0,6 M. MeTonuKa 3aKIJI04aeTCsl B CPABHEHHH
pe3ybTaToB ONpEeAeIeHUsT MOPHOMETPUIECKUX U OHOXMMHUYECKHX MOKa3a-
TeJeH paCTEeHUH MPU BBIPALIUBAHUY B COOPYKEHUIX 3aIUIIEHHOTO TPYHTA,
YKPBITBIX (JIyOpecCHeHTHBIMHU IUIeHKaMH (ombIT) U mieHkoi [19B/, ne 06-
Jajaomei (IyopeclieHTHBIMH CBOWCTBaMH (KOHTpouib). DiryopecieHTHEIE
IIJICHKH COAEPIKaIM B CBOEM COCTaBe pa3HbIe JIOMHUHO(OPHI, pa3jinyaroniie-
Csl MAKCUMYMaMH JUIMH BOJH JitoMuHecueHuun JI-50 — gpocdar-Bananar ut-
TpHsl, aKTUBUPOBaHHBIN eBponueM (619 HM), 612 — 0,2 %— okcucynbdun ut-
TPHsI aKTHBHPOBAHHBIN eBporneM U BUCMYTOM (612 M), DJI-580 — 580 HM.
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B npouecce pocta u pazButus Eruca sativa ormedanu (eHonorndeckue
(ha3zbl, mpoBoaMIIH MOP(HOMETPUYECKHE U OMOXUMHUYECKHE U3MEPEHH S, OIIpe-
JIEIISIITA IPOyKTUBHOCT pacTeHni. CTaTHCcTHYecKylo 00paboTKy pe3yib-
TaTOB IPOBOJIMJIM C MOMOIIBIO CIIEIMAIN3NPOBAHHOTO MakeTa «Statistic for
Windows» (mporpamma «Excel») ¢ noBepurensubiM nutepsaiom 0,95 (ypo-
BeHb 3HauMMocTH — 0,05, ypoBeHb Haie)xHOCTH — 95 %).

PesyabTaThl 1 00cyxkaeHue. Pe3ynsraTsl UCCIEOBaHUN MOKA3alH, YTO
OTHOCHTEJIBHO KOHTPOJIS 1OJ] BCEMH BBIOPaHHBIMH OINBITHBIMH IUIEHKaMHU
MPOUCXOJUT YCKOPEHHBIN pOCT U pa3BUTHUE pacTeHull Eruca sativa. Pe3ynb-
TaThl (PEHOJOTHYECKUX HAOIIONCHHH TOKa3aJld pa3IuvHble OMoIornyeckue
oTBeTHl. Tak, HaIpUMep POCT U Pa3BUTHE JIMCTHEB Y ONBITHBIX PACTEHHUH 10T
mneHkamu JI-50, 612, ®JI-580 npoucxonusl UHTEHCUBHEE, YEM Y KOHTPOJIb-
HBIX pacTeHui. B nanpHeiimem, popmupoBanue posetku u3 10—11 nucreen
y pacteHuil moj onelTHbIMU mieHkamu JI-50, 612 — 0,2%, ®JI-580 mpo-
M30ILI0 K 28-M CyTKaM, a y KOHTPOJIBHBIX paCTCHUH HAOII01aI0Ch TOIBKO
K 32-M cyTKam (Tabm. 1).

Tabnuma 1
Pe3ynbTaThl deHoTOrHYecKHX HaOMI0aennii Eruca sativa,
BbIPALICHHOM M0 HeMOAU(PUIUPOBAHHOM NJICHKOH (KOHTPO.Ib)
H (p1yopecueH THBIMH IJICHKaMH (ONbIT)

BapuaHTsl nieHok

denodazbi OBJL | JI-50 [ 612-0,2% | ®J1-580
Bpewmst 0T HayaJia IpopanuBaHus, CyTKH

Bcexomsr 3 3 3 3
PackpsiTue cemsinonei 4 4 4 5
TlosiBiIeHME IEPBOIO HACTOSIIETO JIUCTA 6 6 5 6
TlosiBIeHHE BTOPOTO HACTOSALIETO JINCTA 10 9 9 10
IMosiBiIeHHE TPETHErO-4ETBEPTOrO 16 14 14 14
HACTOSIIHX JINCTHCB

IosiBiIeHHE MSATOrO-MIECTOr0 HACTOSIINX 23 21 20 2
JTHUCTHEB

DopMHEpOBaHHE PO3ETKH JIHCTHEB 1 2% 23 )8

(10-11 nuctreB)

Bonee maTeHCHBHBIN poCT u pa3zButue Eruca sativa nopn ¢iyopecueHT-
HBIMH TUJICHKaMH OTPa3njicid B HEKOTOPBIX MOP(POMETPHYECKUX MOKa3are-
nsax. Tak, HampuMep, IUIOMIAAb JUCTOBBIX IJIACTHHOK Eruca sativa K KOH-
Iy Teproja BereTamuy Ha 28-¢ CyTKu Oblna Oombmie mop rureHkamu JI-50
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n 612 -0,2% B 1,7 pa3, nog ®JI-580 B 1,8 pa3, yeM y pacTeHUI BbIpAILEHHBIX
o [T9B/] (Tadun. 2).

Inomanb noBepxHocTH aucTheB (cm?) Eruca sativa,
BbIpanienHoii nox II9BJI (HeMoanpHIMPOBAHHOI NJIEHKOI — KOHTPOJIb)
" (p1yopecueHTHBIMH IJIEHKAMH (ONBIT)

TabGnuma 2

Bpewms ot Hauana BapuaHTBhI 1JIEHOK

MpOopaIuBaHus T119B/] JI-50 612-0,2% DJI-580
7 cyToK 1+£0,08 1,3+0,08 1,15+0,05 1,2+0,04
14 cyTok 7,35+0,7 9,3+0,9 9,58+1,2 7,75+0,2
21 cyTku 40,87+4,0 59,8+4,2 4436+4.9 50,21+£11,42
28 cyTkH 149,3+15,6 264,8+16,3 252424 275,530

YBennueHne IIomaan JTUCTOBOH MoBepXHOCTH Eruca sativa mop ¢myo-
PECIICHTHBIMH TICHKAMH IT0 CPAaBHEHUIO ¢ HEMOAU(PHUITHPOBAHHON TLICHKOH
OBILJIO COTIPSKEHO YBEIIMUEHUEM CHIPOI M CyXOi MacChl pacTeHui (Tadir. 3—4).

Ceipas macca (r) Eruca sativa,
BbIpameHHoi noa IMIIB/L (HeMonupuIMpPOBAHHON NJIEHKOI — KOHTPOJIb)
" (piryopeceHTHBIMH NJIEHKAMH (OIBIT)

Tab6nauma 3

Bpewms ot Hauana BapuaHThI 1i1eHOK

TpopaniuBaHus 1I5BJ JI-50 612-0,2% DJI-580
7 cyTOK 0,03+£0,002 0,060,005 0,05+0,001 0,05+0,002
14 cyTox 0,2+0,05 0,3+0,03 0,3+0,02 0,3+£0,2
21 cyTkun 1,3+0,1 2,04+0,1 1,6+0,2 1,9£0,5
28 cyTkH 6,5+0,6 9,4+1,05 12,2+0,8 15,5+3,2

Macca cyxoro BemectBa (r) Eruca sativa,
BbIpameHHol noa IIIB/L (HemoanduuMpoBaHHON NJIEHKOH — KOHTPO.Ib)
H (pJ1yopecleHTHBIMM NJICHKaAMH (OIBIT)

TaGnuima 4

Bpewms ot Hauana BapuaHThl 1I1I€HOK

NpopamuBaHus M2BJ J1-50 612-0,2% ®J1-580
7 cyTOK 0,003+0,0003 0,003+0,0002 | 0,004+0,0002 0,005+0,002
14 cyTox 0,02+0,003 0,03+0,003 0,03+0,002 0,3+0,2
21 cyTku 0,1+0,01 0,2+0,02 0,2+0,02 1,9+0,5
28 cyTKH 0,4+0,06 0,6+0,06 0,8+0,1 0,9+0,2
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YBenuueHue ChIpoil Macchl y ONBITHBIX pacTeHuil noxa miuenkamu JI-50,
612, ®JI-580 mpuBeno K yBEITUUYEHHIO U CYyXOH MaccChl, IO CPABHEHUIO C KOHT-
POJIBHBIMU PaCTEHUSMH.

Takum 06pazom, OOJBIIYIO TPOAYKTHBHOCT OTMETHIIN Y pacTeHuil Eru-
ca sativa, BEIPAIIEHHBIX 1OJ] (IIyOPECHEHTHBIMHY IJICHKaMH, 110 CPAaBHEHUIO
¢ HeMOIU(HUIHMPOBAHHON. YBEJIWYEHNE POCTOBBIX IOKa3aTeled W MpPOIyK-
THUBHOCTH 107 ()IIyOPECLEHTHBIMH TUIEHKAMH, BEPOSITHO, CBSI3aHbI C yCHJIe-
HUEM aKTHUBHOCTH (POTOPETYJISTOPOHOIO almapara, aKTHBH3HPYIOLIETOCs
noj, AeWCTBUEM KPaCHOU M OPaH>KEBOM COCTaBIAIOIIEH U3IydEeHHs, TaK KaK
1oz (GryopecueHTHBIMU IUIEHKaMu YacTh Y®P-A u3nydeHus npeodpasyercs
B KpacHYI0 00J1acTh CIeKTpa.

Tabnuma 5
Coaep:xanue xjopodpuiia a (mr/am?) Eruca sativa,
BbIpamenHoi nox 9B/ (HeMoauduuUpPOBaAHHOI NJIEHKOI — KOHTPOJIB)
" ¢1yopecueHTHBIMH IJIEHKAMH (ONBIT)

Bpems ot Havana BapuanTsl nieHok

NpopaIuBaHKs TI9BJ1 JI-50 612 -0,2% DJI-580
7 cyTOK 0,015+0,003 0,017+0,004 0,014+0,001 0,013+0,0017
14 cyTox 2,24+1,1 1,39+0,14 1,75+0.5 1,54+0,05
21 cyTku 1,62+0.06 1,65+0.04 1,74+0,03 1,781+ 1,1
28 cyTkH 1,48+0,2 1,50+0,07 1,65+0,07 1,55+0,05

Tabnuma 6
Copnep:xanne xjaopopuinna b (mr/am?) Eruca sativa,
BbIpamenHoi mox IMIIB/l (HeMoaudUUPOBAHHOI NJIEHKOH — KOHTPOJIb)
" ryopecneHTHBIMH NJIEHKAMHU (OMBIT)

Bpewms ot Hauana BapuaHThl nieHOK

TpOpalIMBAHUS T1I9B/] JI-50 612-0,2% DJI-580
7 cyTOoK 0,004+0,008 0,005+0,001 0,004+0,0002 0,004+0,06
14 cytox 0,9+0,4 0,5+0,07 1,1+£0,5 0,6+0,02
21 cyTkn 0,6+0,02 0,6+0,02 0,5+0,04 0,7+0,09
28 cyTKH 0,6+0,06 0,5+0,03 0,6+0,06 0,5+0,06

B npanpHeiileM Ha NDPOTSKEHMU BCErO IEPUOAA BEreTallUM PAacTEHUM
[I0Jl BCEMU BUJAMHU IUUICHOK IIPOUCXOANIIO YBEIMYECHUE CONEPIKAHUE XJIOPO-
¢dumioB a u b (tabn. 5-6). OnqHako, MAKCHMAaJIbHOE HAKOIUICHUE TUTMEHTOB
B JIUCTHSIX PACTEHHUH MOJA BCEMHU BUAAMHM IIJICHOK OTMETHUIIHU Ha 21-e CyTKH,
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B IIEPHOJ AKTUBHOTO POCTA U pa3BUTUs pacTeHUil. B nanbHeiieM kK MOMEHTY
3aBepIueHHs (POPMHUPOBAHUS PO3ETOYHBIX JINCThHEB (28-€ CyTKH), HaOnronanu
YMEHBIIECHUS COJepKaHUs XJIOPOIIIIIOB @ U b 101 BceMH BUIAMHU TLICHOK
(Tabmn. 5-6). OnHako, y KOHTPOJBHBIX M ONBITHBIX pacTeHHH Eruca sativa
HaOJII0/1a)TH TIOBBIIIEHHOE COEP)KaHUE KADOTHHOMIOB B JIUCTHSAX: BO3MOKHO
9TO CBSI3aHO C €r0 OMOXMMHUYECKUMHU OCOOCHHOCTSIMU.

Tab6nuuma 7
Conep:xanne kaporunonaos (mr/am2) Eruca sativa,
BbIpanienHoii nox II9BJI (HeMoanpHIHPOBAHHOI NJIEHKOi — KOHTPOJIB)
M (p1yopecueHTHBIMH IJIEHKAMH (ONIBIT)

Bpewms ot Hauana BapuaHThI 11JIEHOK

MpOpaIUBaHUS T19B/1 JI-50 612-0,2% DJI-580
7 cyToK 0,01+0,003 0,01+0,003 0,01+ 0,002 0,01£0,001
14 cyTok 0,8+0,1 0,8+0,1 0,8+0,2 1,1+0,1
21 cyTku 0,9+0,01 0,9+0,01 1,0+0,04 1,3+0,2
28 cyTkH 0,7+0,07 0,7+0,07 0,9+0,1 0,9+0,07

Takum 06pa3oM, OTCYTCTBHE U3MEHEHUH B ypOBHE (POTOCHHTETHYECKUX
MUTMEHTOB B JUCThAX Eruca sativa nox HeMonepUINPOBaHHOM U dryopec-
LEHTHBIMY TUICHKaMH YKa3bIBaeT Ha TO, YTO PACTCHUS MOTYYaroT J0CTaTOY-
HO AP 111 HOpMaJIEHOTO MPOTEKAaHUsA Mpolecca GOTOCHHTE3a, YTO CBU-
JIETENBCTBYET 00 ONTHMAabHON padoTe (POTOCHHTETHYECKOTO armapara
pacTeHHi U ONTHMAaJIbHOM HAKOIUICHUH PacTEHHSAMH IMUTMEHTOB B IUIACTH-
Jax MMPH BBIPALIMBAaHUH MO HEMOIU(EIUPOBAHHBIMH U (IyOpeCLeHTHBIMH
TUTCHKaMH.

Tabnuuma 8
JluHaMHKa cojep:KaHHe acKOPOMHOBOI Kuca0Thl (Mr/100 r)
cbIpoii Macesl Eruca sativa, BbIpanieHHoOM
noa II9B/I (HeMoanpUIIPOBAHHOM NMJIEHKOH — KOHTPOJIb)
" (pyryopeceHTHBIMH NJIEHKAMH (OIBIT)

Bpewms ot Hauana BapuaHThI 11eHOK

TpOpaLUBAHUS 15BN JI-50 612-0,2% DJI-580
7 cyTOK 0,09+0,007 0,11+0,01 0,12+0,006 0,1+£0,004
14 cyTox 0,09+0,03 0,09+0,0005 0,095+0,003 0,070,001
21 cyTkun 0,08+0,004 0,1+0,005 0,1+0,006 0,1+0,006
28 cyTkH 0,08+0,02 0,08+0,002 0,1+0,01 0,09+0,01
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OpHuM U3 BaXKHBIX MOKa3aTeNel KauecTBa CelbCKOX03MCTBEHHBIX KYJIb-
TYp SABISETCS CONEPKAHUE B HUX BUTAMHHOB, B TIEPBYIO OYepelb, aCKOPOH-
HoBo# kucnotsl [7]. Conepxkanre AK B TUCTBSIX CEMU CYTOUHBIX pACTEHUI
Eruca sativa, BepamieHHBIX O (IYOPECIICHTHRIMU TUICHKAMHU BEIIIE, YEM
Y pacTeHHU, BBIpAIEHHEIX 01 HeMOIe(hUIIMPOBAaHHOM TUIeHKOH. Hanmpumep,
non rienkamu JI-50, 612, ®JI-580, conepxkanune AK Boiwe B 1,2, 1,5, 1,2 paza
COTBETCTBEHHO. B nanpHeiiimem Ha 14, 21, 28-e cyTKU 3HAUYUTENIbHBIX U3Me-
HeHui B copepxanuu AK B TUCThAX PO3ETKH MO BCEMHU BUJAMHU ILJIEHOK HE
HaOIr0AaI0Ch (TadII. 8).

TakuMm 00pa3oM, JTIOMHUHECIICHTHOE H3JIy4YeHHE ()IYOPECICHTHBIX ILIC-
HOK C MAaKCUMyMaMH HM3JIy4eHus: B KpacHou 612, 615 u opamxeBoit 580 00-
JACTSAX CHEKTPa WHTEHCU(DHUIIMPYET MPOIECCH POCTAa M PA3BUTHSI OIBITHBIX
pacTeHHUI OTHOCUTEIIFHO KOHTPOJBHEIX, YTO CIIOCOOCTBYET UX YCKOPCHHOMY
Pa3BUTHUIO U MOBBIILIEHUIO TPOAYKTUBHOCTH.
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MOP®OJIOTO-AHATOMHUNYECKHUE OCOBEHHOCTHU
SMUJIEPMbBI JIUCTHEB OJJHOAOJbHBIX PACTEHUM

M. A. Hurtko, }O.C. Koponesa, H.JI. [lepmsikosa,
K. A. barpakosa, U.b. Munuu
Tomckuil 2ocydapcmeenHbvlil neda2oeuiecKutl YHusepCumen

PacTenns aganTupyroTcs K BO3AEHCTBHIM OKPYKAIOIIEH CPe/Ibl IIIaBHBIM
00pa3oM ITyTeM U3MEHEHHH NPOyKIIMOHHBIX ITPOLECCOB U MOP(HOJIOro-aHa-
TOMHUYECKHX CTPYKTYp BEr€TaTUBHBIX OpraHoB [1]. OTu n3MeHeHus Hauboee
SIPKO BBIPa)KEHBI B JIUCTHAX. JIUCT ABIISETCS BEreTaTUBHBIM OOKOBBIM Opra-
HoM nobera. OH COCTOHUT U3 NPOBOASIINX, OCHOBHBIX TKaHEH M MOKPOBHBIX.
IToxpoBHOW TKaHBIO JUCTA sBJseTcs snuaepma [2]. OnHUM U3 THAarHOCTHU-
YEeCKHUX MPU3HAKOB ISl CUCTEMAaTHYECKOTO OMMCAHUsl CTPOEHUS SIUIECPMbI
JIUCTA SIBJISIETCS: PACIIONIOKEHHUE KIIETOK, MX ()OpMa, pa3Mephl, HAJTMYHE TPH-
XOM, KOJIHMYECTBO YCTBUIl U THII yCTBUYHOIO anmnapara [3]. nuaepMaibHbIi
aHaJIN3 JINCTHEB MIMPOKO UCIIONB3YETCs B PA3IMYHBIX 00IACTAX OOTaHUKU:
B CHCTEMaTuKe, (PUIIOreHNH, aie000TaHUKH, (papMaKOrHO3UH.

Lenbio paboTs! IBUJIOCH H3Y4YEHHUE MOP(OIOTHYECKUX U aHATOMUYECKUX
0COOEHHOCTEW MUEPMBI JINCTHEB OJHOIOIBHBIX PACTECHHH.

MeToauka. OOBEKTOM HCCIIEOBAHUS CITY KHIIN pacTeHus Kiacca Mono-
cotyledoneae, cemelicTBa Araceae, IpuHAJISKAIINE K Pa3HBIM POaM U BU-
nam — Monstera obliqua, Philodendron erubescens, Spathiphyllum wallisii,
Diffenbachia picta, Alocazia macrorrhiza, Syngonium auritum, Scindapsus
aureus. Mop(oJ0ro-aHaTOMUYECKOE CTpOCHHE abaKcHaJIbHOW (BEpXHEH)
1 aJlakCHalIbHOH (HMKHEH) SNnaepMbl JIUCTHEB CpeiHeil hopManny u3ydanu
Ha XXUBBIX KJIeTKax. J{Jis aHamu3a Opajii KyCOYKH SIHUIEPMBI CPEAHEH YacTh
JIMCTOBOM IJIACTMHKH W TOTOBHJIM BPEMEHHBIE MHUKPOIIpENaparsl Mo oomie-
npuHATOH MeToauke [4]. CpaBHUTENBEHO MOP(OJIOro-aHATOMUYECKOE HUCCIIe-
JIOBAHUE MUAESPMAIBHBIX KJIETOK IPOBOJMIIM HA MUKpOCKore Anbramu-104,
pH yBenudeHuu 7 X 40, ¢ IOMOILBIO OKYJISIPHOTO MUKpOMETpa. DparMeH Tl
MHUKpoIpenparoB ¢poTorpagupoBany npu nomouu nudposoro poroanmnapa-
ta Canon A-610. ITpu onucaHuu MU E€PMBI U TUCTOBOU NIACTUHKH UCIIOJIb-
3oBas MeTonuky C. ®. 3axapesnya (1954) u Mmopdonornyeckyro kinaccupu-
kanuio ycteun M. A. bapanosoii (1985).

Craructudeckyto o0pabOTKy pe3ybTaTOB POBOJUIM C IIOMOLIBIO CIIe-
nUaTu3upoBaHHOTO makera «Statistic for Windows» (mporpamma «Excel»)
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¢ noBepuTenbHbIM HHTEpBaioM 0,95 (ypoBeHs 3HauumoctH — 0,05, ypoBeHb
HaJEKHOCTH — 95 %).

Pe3yabTaThl n 00cy:kaenune. Pe3ynsrarsl ucciaeqoBanuii Mopdo-anaTo-
MHUYECKHX 0COOCHHOCTEH abakcnaaIbHOW U aJaKCHaIbHOM SITHIEPMBI JIUCTHEB
WCCIIEJOBAaHHBIX PACTCHUH IPEACTaBIEHBI B Tabiuue U puc. 1-6. Dnunepma
nucTa abakCHaJIbHON M aJJaKCHAJIbHOM CTOPOH MCCIIE0BAHHBIX BUIOB O/THO-
CIIOWHAs, HE UMEET TPHXOM, KyTHKYyJla Xopouo pa3Buta. Kierku abakcu-
aJbHON snuaepMbl sucta 'y Monstera obliqua, Philodendron erubescens,
Spathiphyllum wallisii, Diffenbachia picta, Alocazia macrorrhiza, Syngonium
podohpillum, Scindapsus aureus ©MEIOT U30IHAMETPUIECKYI0, MHOT'OYT'OJIb-
Hy1o (opmy. OHHU IJIOTHO NMPUMBIKAIOT APYT K APYTY, HE COAEPKAT XJIOPO-
IUTACTOB, UMEIOT BTOPUYHBIE YTONIIEHUS C IPOCTHIMU TIOPaMHU.

MopdomeTprueckasi XapaKTepHCTHKA MHAePMbI JIHCThEB

Pazmep kieTok Pa3mep kietox KonndgecTBo
CemelicTBO BEpXHEH dIUIEPMbI, MM HIDKHEH MU IePMBI, MM YCTBHI Ha
Araceae Jnuna Mupuna Jnuna Mupuna 1 Mm? (HHOKHSIST
KIICTOK KJIETOK KJIETOK KJIETOK SMuUAEpMa)

Monstera obliqua 0,08+0,01 | 0,09+0,01 | 0,01+0,02 0,1+0,01 88,4+7,7
Philodendron 0,03+0,004 | 0,04+0,008 | 0,04%0,008 | 0,055+0,007 |  75,5+9,1
erubescen
fv’; ‘;ltz’l‘l” hyllum 0,09£0,01 | 0,060,004 | 0,07£0,03 | 0,06+0,009 97+3,1
Diffenbachia picta | 0,04+0,009 | 0,04+0,009 | 0,1+0,03 | 0,06+0,008 95+8.,8
Alocazia 0,05+0,006 | 0,05+0,009 | 0,060,005 | 0,06+0,02 81,6476
macrorrhiza
Syngonium 0,040,004 | 0,050,006 | 0,050,009 | 0,04+0,2 104+ 10
podohpillum
Scindapsus aureus | 0,34+0,2 0,5+0,2 0,08+0,02 0,2+0,2 48,8+5,5

KrneTku snunepMsl alakCHaIbHOM CTOPOHBI JIUCTA Y BCEX HCCIEIOBaH-
HBIX BHJIOB M30oAHaMeTpudeckoil popmbl. OHE UMEOT (HOpMY MHOTOTpaH-
HUKOB C OKPYTJIBIMH KOHIIaMH, TUIOTHO HPWJIETAIOT IpYyT K ApYyry. Mexny
OCHOBHBIMH KJICTKAMH SIHUACPMBI HaXOAATCS YCThHIA. YCTBHIA pacIioiia-
raroTcsi XaOTHYHO M MMEIOT OBaJBbHYIO (opmy. KommuecTBo ycThHL, pac-
TMIOJIOXKEHHBIX HA HYDKHEW SIHUIEPMBI, OTIINYASTCS Y UCCICAOBAaHHBIX BHIIOB
W TIpeNCTaBIeHO B Tabnuie. [ Bcex UccieayeMbIX BUJIOB ceMelcTBa Ara-
ceae XapaKTepeH TETPALUTHBIA W MapalUTHBIA THII YCTBUYHOIO ammapara
(puc. 1-6). B xneTkax HmKHeH snuaepMel y Monstera oblique, Scindapsus
aureus BCTPEYAIOTCSI KPUCTAIUTBI B popMe padun, y Philodendron erubescens,
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Diffenbachia picta xpucTaIIBI BCTPEYAIOTCS B COCTABE BEPXHEH 3MHICPMBI,
y Syngonium podohpillum xpuctamnel B ¢popme padu HaXOOATCS B KICT-
KaX BepXHEW U HUXKHEH snuaepMbl. Takue BUABL, Kak Spathiphyllum wallisii
u Alocazia macrorrhiza, He IMEIOT KPUCTAJLIIOB.

Puc. 1. ®parment snuaepmsl nucta Monstera obliqua: a — BepxHsis snuaepma;
6 — HrkHss snuaepMa (ysenndenue 7 x40, poto M. A. Llutko)

Puc. 2. ®parment snuaepmsl nucta Philodendron erubescen: a — BepxXHsisi aMuaepMa;
6 — HrxHsist anuaepMma (ysenudenue 7 x40, poto M. A. Llutko)

Puc. 3. ®parment snunepMsl aucta Spathiphyllum wallisii: a — BepXHss SIHICPMA;
0 — HKHAA snuaepma (ysenndenne 7 x40, poto M. A. Llutko)
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Puc. 4. dparment snuaepmsl nucta Diffenbachia picta: a — BepXHsis SnMUIEPMA;
6 — HrDKHsIs anuaepMa (yeenuuenue 7 x40, poto M. A. Llutko)

Puc. 5. ®parment snuaepMsl aucta Syngonium podohpillum: a — BepXHss snuAEpMa;
6 — HrDKHsIs anuaepMa (yeenuuenue 7 x40, poto M. A. Llutko)

Puc. 6. ®parment snunepmsl nucta Scindapsus aureus: a — BEpXHsIS JIUIEPMA;
6 — HrkHsA snuaepMa (ysenudenue 7 x40, poto M. A. Llutko)

CpaBHPITeJILHLIﬁ aHaJINU3 pe3yJIbTaTOB HCCIICAOBaHUH IIOKa3bIBACT, 4YTO
paCTCHH OTHOCAIIUXCA K OJHOMY CeMeﬁCTBy " KJIacCy, HO pa3dHbIM poJdaM
u BUJaM, UMCIOT oobmrue MOp(bOJ'IOI‘O-aHaTOMI/I‘IeCKI/Ie ocobennoctH. JIuct
Y BCE€X U3YUCHHBIX BUIOB HOpCHBeHTpaHBHLIﬁ, I‘PIl'IOCTOMaTPI‘IeCKPIIZ, KJICTKH
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SMUEPMBI TUCTa a0aKCHATLHON U a/IaKCHAIBHON CTOPOH KPYyIHBIE, HE Collep-
’KaT XJIOPOILJIACTOB, TUIl YCTbUYHOIO alnapara apaluTHbIA U TETPalUTHBIN.
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OINPEJAEJIEHUE
TPOPUYECKOI'O CTATYCA BOAJOEMA
C UCHIOJIb30BAHUEM BBICHIENA
BOJITHOM PACTUTEJIBHOCTH
(HA ITPUMEPE O3EPA BOSIPCKOE)

H.C. Yeunna, JI. B. JlykbsH1IeBa
Tomckuil 2ocyoapcmeenbvlii nedazoeuiecKull yHusepcumem

[TpubpexxHO-BOgHAS PACTUTENBHOCTh — OJMH M3 OCHOBHBIX (PAaKTOPOB
(OpMHpOBaHUS M PETyIUPOBaHMS KayecTBa BOABI MPHUPOJHBIX BOJIOEMOB.
BonHble pacTeHus UTparoT poiib MEXaHHUYECKOro (uibTpa, 3aTEHSIOT I0-
BEPXHOCTH BOJBI, MOTJIONIAIOT OMOTEHHI (TIpexae Bcero gocdop, a3or), Mu-
HEpaJU3yIoT ONacHble 3arps3HeHus (peHomnsl, HedTenpoayKThl). PacTeHns,
KpOME TOTO, MOILITHBIE aHTArOHUCTHI CHHE-3€JICHBIX M JPYyTHX BOIOPOCIEH,
BBI3BIBAIOIINX «IIBETEHUE» BOJBL. OIHAKO Ype3MEepHOE pa3BUTHE TPUOPEK-
HO-BOJHOH PacTHUTENBHOCTHU MPUBOAMT K 3BTPO(UpOBaHUIO [5].

BonHast pacTUTENFHOCTh pa3BUBAETCS MPAKTUYECKH B JIIOOOM BOIOEME
Y B HauOOJIbILIEH CTENIEHN B JINTOPAIH U CyOJIIMTOpay, 00pasysl CILIONIHYIO
WM TIPEPBIBUCTYIO TIOJIOCY PAa3IMYHON LIMPUHBI BIOJBL Oepera, pexe Io-
KpbIBasi Bce Joxe. [yOMHa pacnpoCTpaHeHHsI BOAHBIX PacTEHUI 3aBUCUT
OT BEJIMYUHBI, PEXKJIE BCErO, MPO3pavyHOCTH BOIBI. Pa3BuTHE BOXHOH pac-
TUTEJIBHOCTH TECHO CBS3aHO TAKXKE C THAPOJIOTHYECKUMHU OCOOCHHOCTSIMHU
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BOJI0EMa, pa3MepaMu U MOp(HOMETpHEil KOTIOBUHBI, XUMUYECKHM COCTaBOM
BOJI, XapaKTepOM M pacHpene’eHueM JOHHBIX OTIOKEHUH U PSIOM JPYyTHX
(akTopos. [ToaTOMyY 10 KOJTMYECTBY U BUJIOBOMY COCTaBY OpPraHM3MOB, HH-
TEHCUBHOCTHU IIPOJYKIIMOHHBIX U AECTPYKLUOHHBIX IIPOLIECCOB MOYXKHO OIpe-
JenuTh THH Bojoema. Kitaccudukanus cTosianx BoZoeM 110 TpOPHOCTH (KOH-
LEHTpAlMK B TOJIIIE BOABI PACTBOPEHHOI'O0 KUCIIOPO/A, JJIEMEHTOB IMUTAHUS
JUISL OPTaHU3MOB) IIPEyCMaTpPUBAET yCIOBHOE JEJICHHE MX Ha aluaoTpod-
HBIE, TUCTPO(DHBIE, OMUTOTPOdHBIE, Me30TpodHBIE U 3BTpopHBIE. Kpome To-
ro, B IPUPOAE BCTPEUAIOTCA 03€Pa U NEPEXOAHBIX CTaAUH.

TpyaHOCTH pU MCHONB30BAaHUU METOAA MHAWKAIMH 110 BOJHOW pacTH-
TEIbHOCTU BO3HHUKAIOT U3-32 TOrO, YTO MHOTUE PACTEHUS UMEIOT IIUPOKHE
reorpauuecKkue apeaisbl U HKOJIOTHYECKHEe aJallTHBHBIE BOZMOXHOCTH, I10-
9TOMY BCTPEYAIOTCS B BOJOEMax HEOAMHAKOBOTO Tpo(duyeckoro craryca.
[IpuHnun merona pacuera oOmieil TpodHOCTH BOJOEMa OCHOBaH Ha ydere
BUJIOBOT'O Pa3HOOOpasus MpeacTaBUTENeH BOAHOW MaKpo(hIIOphl U MX WHAM-
KaTOPHOM 3HAYMMOCTH. J{J151 KOTM4eCTBEHHOT O BBIPayKSHH I M pacueTa oouen
TPOMHOCTH KaXXIAOMY THITy BOJOEMa IIPUCYXKAAETCS HOMEp: aluaoTpod-
Hble — 0, auctpodusle — 1, onurorpodusie — 2, Me30TpodHBIE — 3, 3BTPOh-
Hble — 4. YacToTy BCTpeyaeMOCTH BUOB YUYHUTBHIBAIOT 110 JEBSTHOATIIBHON
IIECTUCTYNEHYATOH IKaJle 4YacTOT CO CIEAYIOUIMMH 00O3HaueHHsIMH: 1 —
OUEHb PEAKO BCTpEUaeTcs, 2 — pelKo, 3 — HepeaKo, 5 — 4yacTo, 7 — OUEHb Ya-
cro, 9 — maccoso [1].

Merton pacuera obmieli TpOohHOCTH ONMPOOOBaH IS ONPEAEIEHUsI TPO-
(uueckoro craryca BogoeMoB I. ToMcKa; HalpuMep Takoro, Kak oiiMeHHoe
o3epo bospckoe. O3epo bospckoe, sIBASAACH MO MPOUCXOXKIEHUIO TPUPYCIIO-
BOW crapuueil (B qmHy okosto 600 M, mmpuHOi okoso 100 M 1 1uIoma b0
0ko0J10 40 ThIC. M?), paCIONIOKEHO B MOWME JeBOOEpeKbs peKu TOMU IPOTUB
10HOU yacTu I. Tomcka. bepera BogoeMa J0BOJIBHO HU3KHE, BO3BBIIIAIOTCS
Ha/1 ToBepXHOCTHIO Bozbl Ha 0,5—-1,5 m. IIpubperxHas ormens pa3Bura ciabo,
CBaJI KpyTOH; TIIyOMHBI OBICTPO HapacTaroT 10 2—3 M Bcero B 1-2 M ot ype-
3a Boxbl. MakcuMaibHas rIyOHHA B BoJoeMe — OKosio 8 M. I'pyHTHI B 03epe
IUIOTHBIE TNIMHUCTHIE C MPUMEChI0 eTpuTa. [Ipo3payHOCTh BOIBI BBHICOKAS,
Gomnee 1 M. Briciiast BogHasi pacTUTEIBHOCTH 03€pa MCCIIEI0BANIACH PEAKO
[1-4, 6, 7], onHaKO 03epO UMEET PEKPEALOHHOE 3HAUEHHE [JIs HACEICHMUS,
PaCIOJIOKEHO PAIOM C aBTOMaruCTpPAJIbIO.

B aBrycre 2010 r. mpousBeneHo rugpodrosornueckoe o0cie0BaHue 03e-
pa. Beiciieit BogHOH pacTUTENbHOCTHIO 3aHATO He Oojee 20 % noBepxHOCTH
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BoJ0eMa (POEKTUBHOE IOKPHITHE OLEHHWBAJIOCh BH3YaJIbHO), YTO 0O0YyCIIOB-
JICHO OTHOCHTEJIBHO OOJBIINMU TTTyOMHAMH B 03€pe€ MPH OTCYTCTBUH JINTO-
panbHOM 30HBL. OmpenereHHe BHJOB PacTUTEIBHOCTH IPOU3BOIMIIOCH MO
nocobusim [2, 3]. ITo 3amagHOMYy Oepery M 1o KOHLIaM 03epa pacTyT KyCThI
TaJbHUKA, renodutsl u3 Carex sp., eMUHUYHBIE 0cO0U Phragmites communis
Trin., Scirpus lacustris L.; cpenu crebneit apyrux MakpoduToB ruapoduTs
raBatomne Lemna trisulca L., Spirodela polyrrhiza (L.) Schleid. Han He-
GOJIBIIMMU TTyOMHAMU pa3BUBAJIMCh HEMHOTOUUCIIEHHBIE 0co0u Hydrocharis
morsus-ranae L., Nimphaea candida J. et C. Presl.; morpy>xeHHbIX ruaApodu-
ToB (Potamogeton perfoliatus L., Potamogeton pectinalis L., Ceratophyllum
demersum L., Myriophyllum spicatum L.). Ha BocTouHOM Oepery Bomoema
ObLIO e111e MEHBIIE PACTUTEIBHOCTH, BCTPEUAINCh SIMHUYHO OCOKH, Butomus
umbellatus L. VI3 rurpoduToB TaM eAMHUYHBI ObUTH BeTpedeHbl ocodu Cicuta
virosa L., a u3 runpoduros — Alisma plantago L., Stratiotes aloides L., Sa-
gittaria sagittifolia L. 13 16 onpeneneHHBIX BUAOB pacTeHUH s 9, 1Mo Jin-
TEpaTypHBIM JaHHBIM, OIpEeieH MHAMKATOPHBIN cTaryc (T.e. IS Kakoro
THIIa BOZOEMA XapaKTepeH). BOIbIINHCTBO STHX BUJOB OTHOCAT K TUITMYHBIM
obuTaTenssM Me30TPO(HBIX BOIOEMOB.

Pacuer TpodHOCTH BOjTOEMA IO PA3BUTHIO MAKPO(QUTOB OBLI IPOU3BEIICH,
WCIIOJNIB3YS JaHHBIE 110 BUIOBOMY COCTaBY, HHIMKAaTOPHBIX XapaKTEPUCTHUK,
4acTOT BCTPEYAEMOCTH BHJIOB BOJHOM pacTUTeNbHOCTH 03epa bosipckoe [1].
[o mpousBeneHHBIM TIOACYETaM 00mIas TPopHOCTH 03epa bospckoro coot-
BETCTBYET IEPEXOTHOMY COCTOSHHIO K ME30TPO(HOMY THITY BOZOEMA.
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376



7. Axybosa, A.V. Beicuias BogHAash PaCTUTEIBLHOCTh BOJAOEMOB OKpecTHOCcTel Tomcka
/ A.1. SIxy6oBa // PeiOHOe x03stiicTBO ToMCKO# 06J1aCTH ¥ IPOXYKTHBHOCTH BOJOEMOB : TP.
Tomckoro roc. yu-ta. Tomck : TT'Y, 1951. T. 115. C. 251-262.

JTUHAMMKA KATAJIA3HOM AKTUBHOCTH
B TOP®AHDBIX I[IOYBAX OJIUT'OTPOPHOI'O
N 9BTPOP®HOI'O TUIIOB

T. A. Snronenxo, E. B. Ilopoxuna
Tomckuii 2ocyoapcmaennwviii nedazo2udecKutl yHugepcumem

Tpanchopmaius OpraHu4ecKoro BeImecTBa, MOOHIN3AIH MaKPO- 1 MUK-
PORJIEMEHTOB B TOP(SHBIX MMOYBaX OCYIIECTBIISIETCS C HOMOILBIO (PepMEHTOB,
BBIJIENISIEMBIX B JIaHHBIH MOMEHT KaK JKUBBIMU OpraHU3MaMH, TaK U HaXOsi-
IIKUMHUCS B TOpde B acCOpOMPOBAHHOM COCTOSHUM. [loaTOMY (hepmMeHTaTHB-
Hasi aKTUBHOCTH JAET IOJHOE MPEICTaBICHHE O OMOJIOTNYECKOM COCTOSTHUU
TopdsiHbIX ouB U TopdoB [1]. M3BecTHO, 4TO B mporiecce Topdhoodpa3oBaHus
B K&XXIOM TUIE OOJIOT CO3/1aeTCs ONpEeSICHHbIH yPOBEHb U COOTHOIICHHE
(epMEHTOB, UTO OINpeIeseT HHTEHCUBHOCTh M HAIPaBJIEHHOCTh OHOXUMHU-
yeckux mpoueccoB. [Ipeacranenue o0 obuieil pepMeHTaTHBHOW aKTHBHO-
CTH TOP(OB MOXKHO TOJIYYHTh Ha OCHOBAHWU OIpeelieHns: pepMeHTa, y4a-
CTBYIOLIETr0 B IpOLIECCax JbIXaTeJIbHOro oOMeHa — KaTtaniasbl. B pesynbrare
ee aKTUBHPYIOUIErO JEHUCTBHS IPOUCXOIUT PAaCIIEIIEeHHe TOKCHYHOM Jiist
JKUBBIX OPraHW3MOB IEPEKUCH BOIOPOJa HAa BOAY M CBOOOJHBIH KHCIOPO/.
OO0pa3yrouuiicss aKTHBHBIA KHCIOPOA NPUHUMAET ydyacTHe B OKHCIEHHU
OpraHMuYecKuX coefnuHeHuil [2]. HexoTopele aBTOpHI MOJIAraroT, YTO aKTHUB-
HOCTb KaTaja3bl HEMOCPEICTBEHHO CBsI3aHa C OOIIeil YMCICHHOCTBIO U Jiesi-
TEIBHOCTBIO OCHOBHBIX I'PYIIII MUKPOOpPraHU3MOB B mouse [3]. Cnexyer moj-
YEepPKHYTh, YTO JAHHBIX IO CE30HHOI JMHAMHKE Karaja3HOH aKTHBHOCTHU
B TOpQSHBIX TI0UYBaX HEMHOT'OYMCIECHHBI, YTO O0YCIIaBIMBAET aKTYaJIbHOCTh
IPOBOAUMBIX UCCIIEJOBAHUI.

[enpro maHHOW PabOTHI OBLIO M3yYCHUE NMHAMUKH KaTaja3HOW aKTHB-
HOCTH B TOP(SHBIX IOYBAX OJIMTOTPOGHOIO U 3BTPO(HOTrO THIIOB.

O0beKkTHI M MeTOABI HecaeqoBannil. OObEeKTaMM UCCIIEAOBAHUN SIBIIS-
10TCsl TOpsiHbIE OYBBI oMroTpodHoro tumna 6oxora bakwyapckoe (bakuap-
ckuii paiion Tomckas 06sacTb) 1 TOpQsIHBIE TOYBBI 3BTPOGHOro THIIA OosI0Ta
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Taran (Tomckuii paiion Tomckast o6macts). I[loqpoOHas xapakTepucTuKa 00b-
€KTOB HCCIICIOBAHII IpUBEcHA B padoTe [4, 5].

Ha 6onote bakuapckoe uccienoBanusi IPOBOAMIIMN B IIPEAEiIax HAyYHO-
HCCIIeNIOBATENIBCKOrO MONUIoHa «Bacioranbe» Ha MyHKTE 2 (BBICOKHH PSM)
u nyHkTe 3 (Huskui psim). TopdsiHble OYBBI MYHKTOB HAOMIONCHUH Mpen-
CTaBJISIIOT COOOM ecTecTBeHHBIE y4acTKH. TopdsiHON npoduis BEICOKOTO ps-
Ma, MOIITHOCTh KOTOPOTro cocTaBiseT 90 cM, CIIOKEeH JpeBeCHO-CarHOBbIM,
JPEBECHO-TPABSHBIM U APEBECHO-TYIINIIEBBIM BuiaMu Topha. B ocHoBanun
TOpP(STHOTO MPOQUIIS 3aeraeT a0l HU3MHHOTO OCOKOBOTO Topda BBICOKON
cTerneHy pasnoxeHus. TopdsHoH nTpodHIIb HU3KOTO psiMa UMEET MOITHOCTh
3 M, UMeeT cMeIIaHHOE CTPOCHHE M CJIOKEH NPEUMYIIECTBEHHO OJINTOTPOd-
HBIMH QycKyM u MeauyM Topdamu. [lopcTrnaromuM noporamMu sBISIOTCS
TJINHBL.

Ha Gonote Taran nist nccnenoBanuii ObLIM BBIOpaHBI TOPQSHBIE OYBHI
TpeX MyHKTOB HaOmopeHui. OquH U3 HUX (MyHKT 2) mpeacTaBisieT coOoi
Yy4acTOK C arposiecoMesinopanuei, 1sa 1pyrux (myHKTel 1 u 3) sBisgrorcs
€CTECTBEHHBIMU y4YacTKaMH. MOIIHOCTH TOP(SHBIX ITOYB IIYHKTOB HabIIIO-
JCHNH cocTaBisieT 0koiio 3 M. TopsiHOI TpOoHITE CII0KEH TPEeUMYLIeCTBEH-
HO TPaBSIHBIMH, APEBECHO-TPABSIHBIMU U JPEBECHBIMU TOPHaMHU U MOJCTHIIA-
€TCsl 3aNJICHHBIMH IIECKAMH.

Jist n3y4eHus: Ce30HHOM TMHAMUKHU KaTaJla3HOW aKTHBHOCTH TOP(MSHBIX
1I0YB B Mae, uroiie U ceHTsi0pe 2010 1. mpoBoaMIICS 0TOOP IMOYBEHHBIX 00pa3-
0B Ha aHanu3 TopdsaueiM Oypom TBI-1 no munepansHOro rpynra. B oro-
OpaHHBIX 00pa3nax TOpQAHBIX MOYB OMPEACISUIN KaTala3Hyl0 aKTHBHOCTh
razoMerpuueckuM meronoMm B Moaudukanuu 1O.B. Kpyrimosa n JI. H. Ila-
POMEHCKOI B TpeX MOBTOPHOCTAX [6]. AKTUBHOCTH KaTajasbl BbIpa)kajiu
B MJI O, BBIIETSIONIErocs 32 2 MUH Ha 1 T topta (manee mo Texcty —en.) [7, 8].

[NapannensHO ¢ aKTHBHOCTBIO KaTanasbl B TOPQSIHBIX MOYBAX OMpPENEIISUIN
BIIAXKHOCTH U ITPOBOAMIIM HAOJIIOACHHUS 32 YPOBHEM OOJIOTHBIX BOJI, TEMIEPATY-
PO¥1 ¥ OKHCITUTENILHO-BOCCTAHOBUTEIBHBIM PEXUMOM TOPQSHBIX 1104B [9—12].

Bereranuonnsiii nepuoa 2010 r. va Tepputopuu bakuapckoro paiioHa
XapaKkTepu3yeTcsl Kak BJIAXKHBIN (THAPOTEpMHUUECKUI KO3 (HUIIMEHT coCcTaB-
nsiet 1,4). Bereraunonnsriii nepuon 2010 r. Ha Tepputopun ToMckoro paiiona
MOXHO OXapaKTepHU30BaTh KaK HEMOCTATOYHO YBIJIAXXHEHHBIH (THAPOTEPMHU-
yeckuil koagdunuent cocrasiset 1,2). Craructnyeckas o0paboTKa JaHHBIX
MIPOBOJMIIACH TIPU HoMoIu nporpammsl «Microsoft Excel» ¢ noBepurens-
HbIM HHTepBanoM 0,95.
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PesyabTarsl nccaegosanmii. CoriacHO Mogy4eHHBIM JAHHBIM IO OKHUC-
JIUTENBHO-BOCCTAHOBUTEIBHOMY M THIPOTEPMHUYECKOMY PEKHMMaM OJIUIO-
Tpo(HBIX TOp(hsAHBIX 1MOYB OosoTa bakuapckoe, mydiine yciaoBHs aspanun
OTMEYaloTCcsl B TOPQSHBIX ITOUBaX BHICOKOTO psiMa (myHKT 2) HanGonee om-
THMaJIbHbIE TEMIIEpaTypHbIE YCIOBUS IIsi OMOXMMUYECKOH aKTMBHOCTH Ha-
OuroatoTcs B TOPQSIHBIX OYBAX HU3KOTO psiMa (IIyHKT 3).

Pesynbrarel HaONMIOJEHNH 32 OKUCIUTEIBHO-BOCCTAHOBUTEIIBHBIM U THI-
POTEPMUYECKUM DPEXHMaMHU 3BTPOGHBIX TOPPSHBIX MouB OoTa Taran mo-
Ka3bIBAIOT, YTO B TEUYCHHUE BereTarmoHHoro mepuoaa 2010 r. Oonee Giaro-
MPUATHBIE YCIOBHS a’paliy JUIsl aKTUBHOCTH OMOXMMHYECKHX ITPOLIECCOB
OTMEYaIoTCsl B TOPQSAHBIX IMOYBaX NyHKTa 2. B TO ke Bpems JTydiue Temie-
parypHbIE YCIOBHUS JIJIs1 OMOJIOrMYECKO aKTUBHOCTH CKJIaJIbIBAIOTCSA B TOP-
(bsTHBIX MMOYBAX €CTECTBEHHBIX y4aCTKOB (TyHKTHI 1 1 3).

HaubGonpiell karanga3sHOW aKTHBHOCTBIO XapaKTepH3YIOTCS TOPQSHbIE
nouBsl 3BTpodHOro Tuna (2,31-20,11 exn.). B onmurorpodHsIx TOpGSIHBIX 1M0Y-
Bax Oonora bakyapckoe akTHBHOCTB Kartayassl B 1,9 pa3 MeHblIe, 4YeM B 3B-
TpodHBIX TopdsiHBIX TOYBax Oosiora Taran u cocrasnser 0,88—11,26 en. Kak
B OJIUTOTPO(HBIX, TAK B 3BTPO(PHBIX TOPSIHBIX NOUBAX, aKTUBHOCTH KaTaJa3bl
MaKCHMaJIFHO MTPOSIBIIIETCS B BEpXHEH yacTu TopgstHOro mpoduiis, Hauboiee
KOHTPACTHOM MO TMAPOTEPMHUUECKUM M OKUCIUTEIBHO-BOCCTAHOBUTEIbHBIM
yeioBusM (puc. 1, 2). B 1ienom nosydeHHbIe pe3ysbTaThl 10 KaTala3HOH ak-
TUBHOCTH B TOP(SHBIX MOYBAX OJNUTOTPO(HOr0 M 3BTPOGHOrO THUIIOB COOT-
BETCTBYIOT JIMTE€PATyPHBIM JaHHBIM [5, §, 13].

MyHkm 2 MyHkm 3
mn O,3a 2 MuH/2 8.c.m. mn O,3a 2 MuH/2 8.c.m.
0 5 10 15 0 5 10 15

0-25 0-50 i« 1
50-75 b
25-50 1

‘ 75-100 #a‘
5075 100-150 [t

150-200 b«
75-100 1
‘ 200-250 &m

OMall B utonb BceHmsbpb

ny6una, cm

Puc. 1. /luHaMuKa aKTUBHOCTH KaTaa3bl B OJIMTOTPOPHBIX
TopdsHBIX oYBax Oosnora bakuapckoe
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Mynkm 1 MyHkm 2 MyHkm 3

mn O,3a 2 MuH/e 8.c.m. mn O,3a 2 MuH/e 8.c.m. mn O,3a 2 MuH/2 8.c.m.

0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 1520 25
Ly

0-25 0-25
25-50 | 25-501
50-75 | 50-75 g

75-100 | 75-100 ]

s 100-125 | H 100-125 |
g' 125—150_% 125-150 |
=3 1 N,
E 160-175 | B 160-175 |
175-200 175-200
200-225 | 200-225 |
225-250 | 225-250
250-275 | 250-275
275-300 | 275-300

O mad O uons B cenmsbps

Puc. 2. /IluHaMuKa akTHBHOCTH KaTaJa3bl B 9BTPOGHBIX TOPPAHEIX MouBax Oonota Taran

Ha onurorpoduom 6os0Te bakuapckoe Hanbosee BEICOKHE 3HAUCHU S Ka-
TaJa3Hoi aKTHBHOCTH OTMEYAIOTCS B TOP(SHBIX MMOYBAX MYHKTA 2 (BBICOKHIA
psam) u coctapisitot 0,88—11,26 en. mpu cpeaHem 3HaueHuu 4,65 ea. DT1o cBA-
3aHO ¢ DOTAaHUYECKUM COCTaBOM TOP(OB, clararouiux TophsHoN Mpodub,
a Takxe ¢ Oosiee OIATONPUATHBIMU YCIIOBUSIMU ad3pallyH.

PaccMoTpuM akTHBHOCTH KaTaiiasbl B 9BTPO(HBIX TOPDAHBIX MTOYBaX 00-
nota TaraH (puc. 2). Cpeny MyHKTOB HAONIOCHUI HANOOIbIICH KaTala3HOM’
aKTUBHOCTBIO XapaKTepU3yeTcs eCTECTBEHHBIH ydacTok myHkTa 3 (5,41-
20,11 en. npu cpeanem 3HaueHuH 9,42 en.). ITo 00yCIOBIEHO OOTaTHIM BOJ-
HO-MHMHEPaJIbHBIM IIUTAaHUEM TOP(SHOTO MPOGHIIs U OIU3KON K HEHTpaIbHON
0OMEHHOI KHUCIOTHOCTH TOP(HOB, KOTOpas SBISETCS ONTUMAIBHON IS JIeH-
CTBHSI Karajias3bl. BBICOKYIO KaTalla3Hyl0 aKTHBHOCTh B HEOCYIICHHBIX TOP-
(AHBIX TIOYBAX 3BTPO(GHOro THUIIA OTMEUYAH U IPYTUe uccienorarenu [13].

OcraHoBuMcs OApoOHee HAa CE30HHOM JUHAMUKE KaTajla3HON aKTUBHO-
CTH B TOP(SHBIX MOYBaX OMUTOTPOHOro U 3BTpodHOrO THIOB (pHUC. 1, 2).
Ha onurorpogHom 60onote bakyapckoe B TOp(sIHBIX TOYBaX 000UX TYHKTOB
MUK KaTajJa3HOoi akTHBHOCTH HAaOJII0ZaeTCsl B CAMOM TEILIOM U CYXOM Mecsiie
BEreTalMoOHHOT 0 repruoja — uroje. [Ipu 3ToM BbICOKast aKTHBHOCTD (hepMeH-
Ta OTMeYaeTcs 1o BceMy TopdsHoMy npoduiro. B Mae u ceHTs0pe akTHB-
HOCTB KaTajia3bl 3HAYUTEIbHO HHKE.
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JluHaMuKa KaTaJla3HOW aKTUBHOCTH B 3BTPO(HEIX TOPPSHBIX OUBAX 00-
nota Taran nmeeT Ipyryro HarpaBI€HHOCTh, YeM B OJUTOTPOQHBIX TOpQs-
HBIX I04Bax Oosiora bakdapckoe. B Top(siHBIX TOUBaX €CTECTBEHHBIX y4acT-
KOB BBICOKasl KaTajla3Hasi akTUBHOCTb OTMeYaeTcsd Ha MyHKTe 1 B Mae, a Ha
IyHKTE 3 — B HIOJIE U ceHTs10pe. BeceHHMi T MakcMMyM aKTHBHOCTH KaTajlas3bl
B TOP(SHBIX MOYBaX 3BTPO(GHOT0 THUIA HAOJIIOAAIN U JIpyTrue aBTopsl [3, 5,
14]. Ha y4acTke ¢ arposiecomenropanueil (IIyHKT 2) Ce30HHas TMHAMHKa Ka-
TaJa3HOH aKTMBHOCTH BBIpakKeHa ci1abo.

3akiarouenne. Ha ocHOBaHMM NPOBEACHHBIX UCCIEN0BAaHUI MOXKHO CJe-
JaTh CIEIYIOLINE BEIBOJBL:

1. B onurorpodusx TophsHEIX ouBax 0onora bakyapckoe ak THBHOCTh
Karanassl B 1,9 pa3 MeHble, 4eM B 3BTPOQHBIX TOPPSIHBIX HOouBax OojoTa
Taran.

2. B TOpdsAHBIX MOYBaxX OJUTOTPOPHOTO W IBTPO(PHOTO THUIOB AKTHUB-
HOCTh KaTaja3bl MAaKCHMAaJIGHO INPOSIBIISETCS B BEPXHEW yacTH TOP(HSHOTrO
npopHIISL.

3. Ce3oHHas IMHAMUKA KaTaJla3HOM aKTUBHOCTH, IPEXK i€ BCETO, OIpee-
JI€TCS OTOJHBIMU YCJIOBUSIMHU, KOTOPBIE B CBOIO OUEPE/b BIUSIOT Ha THIIPO-
TEPMHUYECKHE M OKHCIHTEIbHO-BOCCTAHOBUTEIIbHBIE YCIOBHUS B TOP(SHBIX
nouBax. B onurorpodHBIX TOpGSAHBIX MOYBaX MaKCHMMallbHasi aKTHBHOCTh
KaTtajas3bl OTMeuaeTcs B Hiosie. B 3BTpodHBIX TOPPSHBIX IOUYBAX €CTECTBEH-
HBIX YYaCTKOB BBICOKas KaTaJla3Has aKTMBHOCTH HaOIIonaeTcs Ha MyHKTe 1
B Mae, a Ha IIyHKTe 3 — B uiose u ceHTs10pe. Ha yuacTke ¢ arposiecomenuopa-
el (IMyHKT 2) aKTHUBHOCTh KaTaja3bl B TEYCHNE BET€TAIIMOHHOTO IepHoJia
U3MEHSETCS HE3HAYUTENBHO.

Paboma evinonnena npu unancogoii nodoepiicke 20c. KOHMpPAKmMa

Ne 02.740.11.0325 om 07.07.2009 2.
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CAJIMBAJIMATHOCTHKA:
BO3MOXHOCTH UCIIOJIB30BAHUA
B KVIMHUKE U DOKCIIEPUMEHTE

E.H. I'pumiko, E. B. Mensenesa
Cubupckuii 20cy0apcmeentblii MeOUYUHCKUU YHUBepCUmem
Hayunwiti pyxogooumens — kano. meo. nayx, doyeum FO. A. Konosanenro

B HacTosimiee BpeMs B KJIMHUKO-Ta0OPATOPHBIX HCCIEJOBAHUSAX LIH-
POKO HCHOJIB3YIOTCSl TaKue OMONOrnYeckue XKUJIKOCTH, KaK KPOBb M MoYa.
Wx nuarnocrnyeckas IEHHOCTh HEOCIIOPHMA, METOJUKH YHU(DHUIIMPOBAHEI,
a Tak)xe pa3padoTaH psii HOPMATHBHBIX JIOKYMEHTOB, PETJIAMEHTHPYIOLINX
paboty ¢ HuMu. OHAKO, 3a4acTylo IpU cOOpe aHaJN30B MalMeHT CTaJKH-
BaeTCsl C HEKOTOPBHIMU TPYAHOCTSMHU: WHBAa3HMBHOCTH METOJIWKH, TpaBMa-
TUYHOCTb, CTPaxX Iepe]l MPOLEcCOM B3ATHS KPOBH, €€ BUIOM, 3aBUCHUMOCTh
HEKOTOPBIX KOJMYECTBEHHBIX ITOKa3aTeJeld OT ImpueMa IHIIU, BpEMEHH Cy-
TOK, BapnaOeIbHOCTD IOKa3aTeseil B CBSI3M C MOI'PEHIHOCTHIO 3a00pa MaTe-
puana. Celiyac B Hay4HBIX KpyTax Bce Oosiee IMPOKO AUCKYTHUPYETCs BO-
poc 00 HCIOJIB30BAaHUM CIIOHBI B KaueCTBE JUATHOCTUYECKOW >KHMJIIKOCTH.
HccnenoBanue caoHBI UMEET JOCTATOYHO MHOTO IPEUMYILECTB 110 CpaBHE-
HUIO C IPYTMMH METOAAaMU JIAOOPaTOPHOH JHMATHOCTUKH, YTO MPEXK]IE BCErO
00yCIIOBIICHO MPOCTOTOW W ymoOCTBOM cOOpa, HEMHBAa3WBHOCTHIO, 0e300-
JIE3HEHHOCTBIO U aTPaBMAaTUYHOCTHIO 3TOM IPOLEAYPHI, IPOCTOTON pobo-
MOATOTOBKH, a TAKXKE OTCYTCTBHEM pUCKa HHOHUIIMPOBAHUS IPH NOITYUYECHUN
6uomatepuana Bupycamu CIIM/]a, renarura B u np. Takue ocobeHHOCTH
NOJy4YeHHs OrMoMarepuana 0COOEHHO BaXKHBI B IEUATPUUECKON IpaKTHKE
W pe3yJIbTAaTHBHBI JUIS KOHTPOJISA 32 TeUYEeHHEM OepeMEHHOCTH M POJOB [2,
c. 18]. HemanoBasxHO€ 3HaUCHHE UMEET BO3MOXKHOCTH MHOT'OKPAaTHOT'O U He-
CTPECCOreHHOr0 IOJIYUYeHHs Mpo0, HampuMmep, NpH OHOPHUTMOJIOTHYECKHX
Y TOPMOHAJIBHBIX MCCIEI0BaHUAX (0COOEHHO 3TO KacaeTcst KOPTHU30JIa, YPO-
BEHb KOTOPOI'0 OYEHb CUIIHHO 3aBICUT OT OTHOLLICHHU S MTAIIUEHTa K ITPOLeype
B3SITHSI BEHO3HOIM KPOBHU — IIPU MaJIelIIeM J1cKoM(pOpTe ypOBEHb KOPTH30JIa
JIOCTOBEPHO MOBBIIIAETCS, YTO 3aTPYyIHSICT HHTEPIPETALNIO PE3YJIBTATA).

Ecnu cMoTpeTh Ha canMBaguMarHOCTUKY C MO3MLIMU JMArHOCTHYECKOH
LIEHHOCTH JITaHHBIX, TO CJIIOHA SBJISETCS IPOJYKTOM B TOM YHCIIE U KCKpe-
TOPHBIM (BBIJEIISIOTCS BEILIECTBA U3 KPOBH), ¥ IT0 N3MEHEHHUIO COCTaBa CIIOHBI
CyIsT 00 U3MEHEHUH COCTaBa KPOBH IIPU pa3IM4HbBIX HAaTOJIOTHIX [5, . 15].
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CxroHa oTpa)kaeT HE TOJBKO OHMOXMMHYECKHH cTaTyc OOJNBHOIrO, HO
U 3[0pPOBOr0 YEJIOBEKA. DTH MPEUMYILIECTBA UMEIOT BAXKHOE MPAKTUUECKOE
3HAUEHHE NPHU OCYIIECTBICHUN OHOXHMHYECKOI0 KOHTPOJS 32 COCTOSHH-
€M 370pOBbs M30JIMPOBAHHBIX I'PYNI JitoAeH (KOCMOHABTOB, aJBIIMHUCTOB,
CIIOPTCMEHOB, BOJIOJIa30B) MJIM MIPH 00CIEIOBAHUH B SKCTPEMANBHBIX YCIIO-
BHSIX JKM3HU U TPYAA UENOBEKA, KOTJa OTCYTCTBUE MEIUIIMHCKOT 0 NEPCOHANA
3aTpyHSET B3ATHE KPOBU U HET COOTBETCTBYIOIIUX YCIOBUMN ISl IPABHUIIb-
HOH NPOOOIIOATOTOBKH.

B cocTaBe citOHBI IPUCYTCTBYET psAJ K30TE€HHBIX BEIIECTB — TSXKEIbIE
MeTaJlIbl, HEOpPraHM4eCKHe U OpraHNu4ecKHe BEIleCTBA, MPONYKThl TEXHO-
TE€HHON JEsITeNIbHOCTH Y€JI0BEKa, MHOTHE JIEKAPCTBEHHBIE BELIECTBA — ATO
0OBSICHSIET IHUPOKYIO SKOJIOTMUECKH BAXKHYIO IEPCIEKTHBHOCTD 3TUX HCCIIe-
JnoBaHUil. U, HakoHel, CyIIecTBYET PaKkTHYEcKas IIOTPEOHOCTh B M3y UYCHHH
STHOJIOTUHU M NaToreHes3a psijia 3a00JIeBaHUH CIFOHHBIX )Kele3, KOJIHYECTBO
KOTOPBIX HEYKJIOHHO yBenuuusaercs [4, c. 10].

Ecnu roBoputh 0 mociegHUX IOCTUXKEHHSX CalMBAaJMAarHOCTUKHU, TO
3/1eCh YCTaHOBJIEHBI OCOOCHHOCTH COCTaBa CIIIOHBI IIPU Pa3iIMYHbIX I1aTO-
JIOTHYECKUX COCTOSHUSX M 3abosieBaHUsAX. OYEBHIHO, YTO COBUTH B OHO-
XUMHYECKOM COCTaBE CIIIOHBI BOSHUKAIOT IPEX/JIE BCETO MPH 3a00JIEBaHUAX
CIIIOHHBIX JK€Je3 M NpHU Pa3IMYHOM cTomarosoruueckoi maronoruu. Ilpu
9TOM Hallle BCEro HAaOJIIOAAIOT yBEeIWYEHHE KOHLIEHTPALUU B CIIIOHE 00IIIe-
ro Oenka, a Tak)Ke CHHIXKEHHE COZIEPXKaHMsI XOJEeCTEpHHA, TPUTIHUIEPHIOB,
¢dochonunuaos, B-rIUrONpOTENHOB U yBEJINYEHNE aKTHBHOCTH (pepMEHTOB,
a MPH TIIOCCAIITMHM OTMEUCHBI CHeNN(HUECKOe YBEINUCHUE YPOBHS JIaKTaT-
JETUJIPoreHasbl U U3MEHEHNE B MUHEPAJIbHOM COCTaBE CIIIOHBI.

[Ipn MHOTHX XenyIOYHO-KUIIEYHBIX 3a00JIEBaHUSIX U3MEHSETCs 00beM
CeKpeLuy CIIOHBL. HanmpuMep, npyn XpOHWYECKOM TacTpUTE U S3BEHHOH 00-
JIE3HU JKeITyJKa HaOIIoaeTcs Kak TUMo-, Tak U rumnepcanuBamus [1, c. 10],
IIPH 3TOM H3MeHsieTcss pH CIIOHBI: IpU sS3BEHHON OOJIE3HU JKETyAKa — 3a-
HieJavynBaHue, a IpU pake KeayJKa U aXHIMH Ha000pOT — peaKIysl CIIOHBI
craHoBuTCs Kucioi. B ciarone 6onpubIx ¢ ABXK u JIIIK yBenuueHo conepxa-
HUE€ aMUHOKHCIIOT.

V3meHeHre XMMHYECKOT0 COCTaBa CIFOHBI Ha0JI0aeTCs U IpH 3a00ieBa-
HUSX NE€YEHU. B TkenbIxX cllydasX OCTpPOro NaHKpeaTUTa aKTUBHOCTb aMU-
JIa3bI B CJIFOHE PE3KO MOBBIIIAETCS, UTO CIY>KUT HAaJIEKHBIM THATHOCTUYECKUM
MIPU3HAKOM, HO B TO XK€ BPEMsI €CTh JaHHBIE O CHUXKEHUU CEKPELUU CIIOHBI
U ee aMUJIa3HOM aKTUBHOCTH Y OOJIBHBIX XPOHMUYECKUM TTaHKPEaTHTOM.
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Y GonbHBIX 1uabeToM cpeaHel u TsKeIoi GopM yBearunBaeTcs conep-
JKaHWE B CIIOHE TIIIOKO3BI, JIAKTATa, IIUpyBarTa, o0mero 0ejika 1 aKTHBHOCTh
JaKTaTIETUAPOTeHa3bl, U3MEHseTCs pH CIIIOHBI B KHCIIYIO CTOPOHY, U TTOBBI-
IIaeTCsl KOHIEHTPALUsl KMMYHOPEaKTHBHOTO HHCYJIMHA.

Psin paboT mocBsIIEH UCCIIE0OBAHUIO CIIOHBI IPU CEPACYHO-COCYAUCTON
naroyioru. Tak Mpu CTEHOKap/uu, aTepockiepo3e u MH(pApKTe MHOKapia
M3MEHSIeTCs )KUPHO-KUCIIOTHBIM cocTaB cioHbI. [Ipu runepronnyeckoi 60-
JIE3HH B CJIIOHE OOHAPYXKEHO YBEIMUYCHHE COJACpPKaHMS MEAHM M MapraHia,
a KOJINYeCTBO HaTpHsi, HA00OPOT, 3HAUNTEIHHO HHXKE, YeM Y 310poBbIX. I1o
MHEHHIO MHOTHX aBTOPOB, CHIDKEHHE KOHIIEHTPALUN HATPHS B CITFOHE MOXKET
OBITH HCIIOJIB30BaHO B Ka4eCTBE CKPUHUHT-TECTA JJIsl BBISBICHHS JIIOJCH,
MpeIpacloNoKeHHbIX K TUIIepTeH3uu [5, ¢. 16].

[Ipn XpoHUYECKOH ceplieuHON HEAOCTaTOYHOCTH, OCOOEHHO C OTEYHBIM
CHH/IPOMOM, TTOBBIIIAETCSI KOHIIEHTPALMsI HATPUSI M KaJIUs B CIIOHE, a Y O0JIb-
HBIX C 3CCEHIIMAIILHOM MiIi HeppOreHHON THIIepTOHNEH NOBBIIIAETCS CONEP-
JKaHWEe KaJUIMKPENHa U KaJIUs B CIIIOHE OKOJIOYIITHOH JKeJe3bl.

B nureparype MMerOTCS JIMIIb HEMHOTOYHCIICHHBIE CBEJEHUS 00 mccie-
JIOBAHMSIX COCTaBa CIIOHBI IIPU APYrux 3aboneBaHusx. Tak, HarpuMep, Ipu
rpunne pH ciltoHBI U3MEHSIETCS B KHCIIYIO CTOPOHY M CHHMIKAeTCs €€ aMuIIas-
Hasi aKTHUBHOCTB, NP THPEOTOKCHKO3€ YBEIMYEHA KOHIEHTPALUs MarHus
W KaJIbIKs, a y OOJIBHBIX MYKOBHCIUI030M B CIIIOHE OOHapy>KE€HO MOBBIIIE-
HHUE aKTUBHOCTH aMIJIa3bl 1 pHOOHYKJIeasbl, a TAK)Ke CollepKaHue PpyKTO3bI,
HaTpHsl, KaJbLus, XJIOPHIOB, hocopa, Oenka u obmero azora. [Ipu Hedpure
OTYETIIMBO MOBHIIIAETCS COAEP)KaHNE METHOHHMHA B CIIIOHE M B HECKOJIBKO pa3
YBEJIINYMBAETCS YPOBEHb OCTATOYHOr'0 a30Ta IIPU Pa3BUTHH YPEMHUHU.

OmnpenesneHne aHAPOTCHOB B CIIOHE MOXKET CIY)KMTh LIEHHBIM JHAarHO-
CTUYECKUM KPHUTEPHEM IIPH JICUCHUH PAa3IMYHBIX TOPMOHAJIBHBIX Hapylle-
HUH 110J0BOH (YHKINHU KaK Y MY)KUYHH, TaK U Y KCHIUH.

Haubonee sipkuM MOMEHTOM B SKCIIEPUMEHTAJIBHON NMPAKTHKE SIBIISET-
Cs HCIIOJIB30BAaHUE KPUCTAIIOrPA(hNIECKOI0 METO/Ia UCCIICIOBAHUS CIIOHBI.
CyTb €ro COCTOUT B aHAIIM3€ KPUCTAININYECKUX Puryp, odpasyromuxcs npu
BBICYIIMBAaHUU CIIOHBI. Tusurpadus — KpuctayaorpapuuecKuii MeTos uc-
CJIe/IOBaHMsI, OCHOBAHHBIH Ha U3y4eHHH (OPM KPHCTAJUIOB M KPUCTAIII000-
pa3yIolero BemecTsa Npu J00aBIeHUH K HEMY OMOJIOTMUECKUX CyOCTpaToB.
B 3aBucuMocTH OT cocTaBa CIIOHBI M3MEHSETCS XapakTep 0Opa30BaHHBIX
kpuctaiuioB. KoHpurypanus KpucTamioB ycTOHYUBasi, 1 B HEKOTOPBIX CITy-
YasX MOXKET CIY>KUTh IMarHOCTUYECKHM KPUTEpPHEM 3a00IeBaHM L.
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Ouenka MopdoreHe3a KprcTajia IpoBOAUTCS MO CIOCO0Yy 00pa3oBaHMs
OTPOCTKOB (CUMMETPHSI M aCHMMETPHS BETBJICHHS! KPUCTAIJIOB), 110 JJIMHE
1 110 (hopMe OKOHYaHHUH OTPOCTKOB. MOr'yT HaOJII0AATHCSI KPUCTAILIBI B BULIE
KOpOOKHM U B BUJIE KPECTa, HO B HOPME OHHU BCTpEYaroTcs peako. Takxke BbI-
SIBJIGHBI OCOOCHHOCTH KPUCTAJLIM3ALMH POTOBON KHUAKOCTH y OOJNBHBIX ca-
XapHBIM AMa0ETOM BTOPOTO THIIA: OT Tejla KPUCTallla OTXOAUT OJMH BET-
BSIIUHACSA OTPOCTOK [6, . 346]. OTCyTCTBHE KPUCTAILINYECKON CTPYKTYpPBI
B HOpME BCTpeyaeTcs y >KEHIIUH JETOPOAHOTO BO3pacTa BO BTOPYIO (azy
MEHCTPYalbHOIO LIUKJIA.

Urak, ciroHa sIBISETCS €IMHCTBEHHOW OHOJIOTMYECKOH >KHUAKOCTBHIO
C YHUKaJIbHBIM HaOOpPOM HCCIIEIOBATEICKUX BO3MOXKHOCTEH, BKITIOUAIOIINX
MOJIHY}0 HEMHBA3UBHOCTb, MHOTOKPAaTHBIM U MOYTU HEOTPAaHUYEHHBIH IO
00beMy 3a00p Marepuaia u T.11. OCHOBHOE BHUMaHHE KIMHUYECKUX CIICIIH-
AJTMCTOB IIPHUBIICKAIOT HOBBIE JJa0OPAaTOPHBIE CIIOCOOB! aHAJIN3A CIIIOHBI C IIe-
JIBIO TIOJIYYEHUsl Pa3sHOOOpa3HOW AMAarHOCTHYECKOH MH(opMaIuy, a Takxe
mporuo3a 3aboseBaHuii. [lomuMo 3TOro B Hacrosiiee BpeMs HEKOTOpBIE
(UPMBI BBITYCKAIOT OMOXMMHYECKHE HAOOPbI PEaKTUBOB, aJallTHPOBAHHBIX
JUTSL paOOTEI CO CIIOHOM.
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UCCJIEJOBAHUE
CHUHJIPOMA XPOHUYECKOI YCTAJIOCTH
Y CTYJEHTOB

IO.H. I'yaxosa
Tomckui 20cyO0apcmeeHHblll neda202utecKutl YHugepCcumen
Hayuynweiii pyxosooumens — kano. ouon. nayx, ooyenm M.JI. Cedokosa

PaboTocnocoOHOCTh OTpakaeT BOSMOXXHOCTH OMOJIOTMYECKOH MPHPOIBI
YeJIOBEKa, CIYXKHT IOKa3aTelleM ero JIeeclioCOOHOCTH, a TaK)Ke BhIpaXkaeT
€ro COLMAIIBHYIO CYIIHOCTb, ABJISISICH IOKA3aTeNIeM YCIEIHOCTH OBJIaICHUS
TpeOOBaHUIMU KaKOW-TO KOHKPETHOU AesTensHoCTH [1].

[lo pa3nu4HBIM TaHHBIM 3a00JIeBaHHE XPOHHYECKOH YCTAJOCTBIO CO-
craBnseT 1037 cnydaes Ha 100 ThIC. HaceneHus. MUPOBbIE CTATUCTHYECKUE
JJaHHBIE CBUJETENBCTBYIOT, UTO CUHJIPOM XPOHUUYECKOH yCTAIOCTH IPUMEP-
HO B 2-3 pa3a ualle BCTpedaeTcs y JKEHIUMH, 4eM y Myxk4uH. [lo HekoTo-
PBIM JaHHBIM €XEIHEBHO B Mupe peructpupyercs A0 1000 HOBBIX cityda-
€B CUHJIpOMa XpoHHUecKkol ycTanmocTd. Cpasy ke HalpalluBaeTCsl BOIPOC
«moueMy?» B aToMm Bo3pacTe KHUTENH KPYNHBIX FOPOJOB OCHOBHBIE CHIIBI
otaaroT pabore. CTpeMsch K ycIiexy U 0J1arocoCcTOsSIHUIO, MHOTHE 3a0bIBaIOT
0 coOCTBEHHOM 3/10pOBke. [locTossHHOE HanpspkeHne 1 paboTa Oonee 8 yacoB
B CYTKH, OTCYTCTBHE OTABIXA, & TAKXKE PEryJspHbIE CTPECCHL, IepeyToMIIe-
HUE, HEPETYIIPHOE NUTAaHUE IPUBOJUT K TOMY, YTO B IIOCJIEHEE BpEMS CTa-
JIY Ha3bIBaTh CUHJPOM XPOHUYECKON YCTAI0CTH [2].

XpoHHYecKas yCcTaloCTh, HIIM CHHIPOM XpoHndeckoi yeranocta (CXY) —
3abosieBaHME, KOTOPOE XapaKTepU3YeTCs IOBBIIICHHOH YTOMIISIEMOCTBIO,
CTOHKHM CHUXEHHEM paboTOCIIOCOOHOCTH, )KU3HEHHOT'O TOHYCA, MBIIICYHON
€J1a00CTHIO M MOCTOSTHHBIM OIYIIEHHEM YCTAJIOCTH, HE MTPOXOASIIIUM IIPH OT-
nbixe [3].

HenocraTouHblil IO BpeMEHHM OTABIX MIIM )K€ Ype3MepHas pabodas Ha-
rpy3ka B TEUCHHE JJIMTEIBHOTO BPEMEHHM HEPENKO MPUBOAAT K XPOHUYE-
CKOMY YTOMIJIEHUIO MJIU MEPEYTOMIICHUIO. Y JIMIl C ONPENEIEHHBIM THUIIOM
HEPBHOM CHCTEMBl HHTEHCUBHBIM, a TaK K€ Yy MOJIOJBIX JIIOJIel YMCTBEHHBII
TPYJA MOXET BECTH K Pa3BUTUIO HEBPO30B, KOTOPHIE BO3ZHMKAIOT Yallle IpH
COUYETAaHUU YMCTBEHHOI'O IEPEyTOMIIEHUS C IOCTOSIHHBIM IICUXUYECKUM Ha-
HpsOKEHUEM, OOJIBIINM YyBCTBOM OTBETCTBEHHOCTH, (PU3NYECKMM H3HYpe-
HUEM U T.11. [4].
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[epeyToMIeHHE — COCTOSIHHIE OPTaHU3MAa, XapaKTepU3yromeecs PyHKIHO-
HAJBHBIMUA HapYyIICHUSMHU, OOYCIOBJICHHBIMH UYPE3MEPHBIM OJHOKPATHBIM
YTOMJIEHHEM WJIM MPOTrPECCUPYIOIIMM HAaKOIJIEHUEM €ro 3a Psi MoCce10Ba-
TETBHBIX TIEPUOTOB PAOOTHI [5].

MHorue U3 HaC TaK WJIM MHA4Ye MCIBITHIBAIN TaKOE€ COCTOSHHE B OOBIY-
HOW KU3HU TIOCJIC TSXKEIOW, HANPSIKCHHONH pabOThl U MpPU HEIOCHITIAHWH.
OOBIYHO YTOMJICHHE MPOXOIUT IIOCJIE XOPOIIETo, MOJHOLIEHHOIO OTIBIXA
u cHa. Eciu ke CUMIITOMBI OCTAOTCs, 3TO 03HAYAET, YTO Y BAC HACTYIUIIO
nepeytomieHue [6].

JlmMTenpHBIC TePHOIBI TEPEY TOMIICHUS MOTYT OBITh IPHU3HAKOM CEPhE3HO-
ro 3a00JIeBaHMs, U3BECTHOTO KaK CHHAPOM XpoHUYecKkoro ycramoctu (CXY).

J1s MOJIOABIX JIFOJICH YKEe CTaIM MPUBBIYHBIMU PACCKa3bl O CHHIPOME
XpOHUYECKo# ycramoctu. Korma mpoceinmaembes yTpoM yCTaBIIUM, Myda-
eIIbCS TOJIOBHBIMHU OOJISIMH, Ja €Ie ¥ HAPYIICHUEC BHIMAHHS MCIIACT BbI-
moNHATH paboTy. K aTomy mobGaBnsercs OECCOHHMIIA M TPOYHE HAPYIICHUS
CHA, 1a’ke KOIJja €CTh HEMPEOAOIUMOE JKeJIaHUue OTIOXHYTh [7].

[Ipu4uuHBI, IO KOTOPEIM BO3HHKACT XPOHUYECKAs yCTANOCTh (CHHIPOM
XPOHUYECKOH yCTallOCTH), MOTYT OBITh Pa3IUYHBIMA. B OONBIIUHCTBE CITY-
YaeB XPOHUYECKAsl YCTAJIOCTh BOSHUKAET B CHIIY HE OJHOH, a I[EJIOT0 KOMII-
JIeKCa MPUIHH.

Cpenu HUX BBIICISIIOT TNIABHBIC: JIIUTEIBHOC YMCTBEHHOE M IICHXHYE-
CKO€ IepeBo30y K ICHUE, TEPEY TOMIICHUE, HHTOKCHKAIIHSI, 3aIIJIAKOBHIBAHHE
Oopranm3Ma, HapyIlIeHHE KPOBOOOpAIIeHUS M CHA0KEHUS TKaHEH KHCIOPO-
JIOM (THTIOKCHSI), B TIEPBYIO OYepeIb FOJIOBHOTO MO3Ta, CBS3aHHOE C aTepo-
CKJIEPO30M COCYJIIOB, JTUTEIIBHBIC WIJIM YaCThIe HEPBHBIC CTPECCHl Ha (hOHE
HU3KOU CTPECCOYCTOWYMBOCTH, CHUKCHHEC MMMYHUTETA, HAPYUICHHUS KIe-
TOYHOTO MeTabonu3Ma (B YaCTHOCTH, OKHCICHHS OPraHMYEeCKUX COCHMHE-
HUW JUIsI POU3BOJCTBA SHEPTUH), HENPABIIIBHOE MMUTAHUE, NSUIUT BUTA-
MHHOB, 3JIOYIIOTPEOJICHUE YTIIEBOAMU, BENYIIee K O)KUPEHUIO, 0ECCOHHHUIIA
U IpyrUe HapyLICHHUS CHA, OBITOBON aJKOTOIN3M, HEOIAronpusITHAs TICHXO-
JIorudeckast aTMocgepa, OTCYyTCTBUE KU3HEHHBIX IEPCIIEKTHB.

XPOHUYECKYIO yCTAIOCTh MOXET CIIPOBOIIUPOBATH TAKXKE ITUTCIBHBIN
HEIOCTATOK COJIHIA, HAIIPUMED, B 3MMHEE BPeMsl, IPUBOIAIIUN K ACPUIIUTY
«TOPMOHA CUACThA» — CEPOTOHUHA [3].

Jns nuarHoza CXY HEOOXOAMMO COYETaHHE JBYX OCHOBHBIX U BOCBMU
MaJIBIX CHMITOMOB. K OCHOBHBIM CHMIITOMaM OTHOCSITCS: BHE3aITHOE BO3-
HUKHOBEHHE U3HYPSIONICH C1ab0CTH, YCTAIOCTh TPOrPECCUPYET U HE IIPOXO-
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JIUT TIOCJIE OTABIXA, Y OOJIBHOTO MOYTH BJIBOE CHU3MIIACh pab0TOCIIOCOOHOCTH
3a MOCJIeAHUE 6 MECsIEeB, HET APYTUX BUIUMBIX IPUYMH UIIH OoJe3HeH, KO-
TOpbIE MOT'YT BBI3bIBAaTh HEMPEXOASALIYIO YCTAIOCTb.

ManeiMi CUMITOMaMU SIBIISIIOTCS: IPOrPECCUPYIOLIAsl MU MPOAOJIKH-
TEeJbHAs YCTAJIOCTh, 0000 BBIPaKEHHAS IOCIIE JIIOOBIX (PH3MUECKUX HArpy-
30K, KOTOPBIE IIPEXK /I HIEPEHOCHITUCH JIETKO, YacTast O0JIb B rOpJie, MbIIICYHAs
c11a00CTh, MHAJITHS — 0OJIb B MBIIILAX, PACCTPOMCTBO CHA (DeCCOHHUIIA MITH,
HaIpOTHUB, COHJIMBOCTH), T'OJIOBHAsi 0OJb, 3a0BIBUMBOCTD, Pa3JpakUTENb-
HOCTB, HEPEIIUTENEHOCTh, CHUYKEHNE MBICIIUTEIbHOW aKTUBHOCTH H CITOCO0-
HOCTH K KOHIIEHTpallul BHUMaHUs, NEIPECCUS U AP.

I'maBHBIM quarHoctudeckuM kputrepueM CXVY gBisieTcs IOCTOSHHAA yC-
TaJIOCTh CO CHMIKEHUEM pPabOoTOCIOCOOHOCTH, BOSHHUKAOMas Ha poHe 00bIY-
HOTO 3JI0pOBbsl, JJIsIIasicd HE MeHee 6 MeCsALEB U HE CBSI3aHHAsA C KaKUMHU-
100 IpyTruMH 3a00JICBaHUSIMHU.

Cumnromel CXVY nposBisaroTcs He cpasy. Yame Bcero CXVY HaunHaeT-
cs1 ¢ rpunmonogooHoro cocrosinus (turna OPBI): nmoBeienne remnepaTypsl
Tena, 60K B rOpie, yBedn4eHHue TUMQPaTHIeCKUX y3JI0B, TOJIOBHBIE OOJH.
3arem OBICTPO, B TEUEHHE HECKOIBKUX YaCOB WJIH JIHEH, IIPUCOSINHACTCS He-
00BsicHUMas MblIIeuHas c1ab0cTh, 00JIE3HEHHOCTh OTJCIBHBIX MBIIII, O0JIN
B CyCTaBax, HCTOLIAEMOCTh I0ciIe (PU3NYECKNX HArpy30K, HE BOCCTaHABIH-
BAaIOIIASCS CAMOCTOATENBHO Ha NPOTSHKEHUU CYTOK.

CuUMNTOMBI y A€Ted U B3pOCHBIX MOXO0XKU. Tak xke MmposBIdeTca ycTa-
JIOCTh, CO3/AI0IAs HENPEOJOIUMbIE TPYAHOCTH IPH JIIOOOM HarpsHKEHUH.
Jern gamie kanyoTcsi Ha roJOBHYO0 00Jb, 00JIb B TOpJIe, )KMBOTE, MBIIIIAX
W CyCcTaBax, Ha HapylIEHUE CHa, yXyIIIEHHE MaMsITH, pacCesHHOCTh U 00-
JIe3HEHHOCTH B TuMpoysnax. Kpome Toro, y Hux ObIBalOT HOBBILIEHHAS TEM-
neparypa, HOUHO€ IOTOOTAENIEHHUE, ChIIb, TOJIOBOKPY KEHUE, 3aTPyJHEHHOE
MOYEHCITyCKaHHe, CBeTOOOSI3Hb U MOBBIIICHHAS KOXKHASI YyBCTBUTEIHHOCTb.
Hepenko metsam, 3aboneBmmm CXY, MpUXOIUTCS CTaJIKHBATHCS C MPoOIIe-
MO HEZOBEpHS CO CTOPOHBI B3POCIBIX — POJHBIX, I€AAaroros, Bpadel, Beab
peOeHOK, KaK MpPaBUiIO, BHEITHE BBIMJISIAUT 340POBBIM, HO IIPHU 3TOM JKally-
€TCsl Ha MOCTOSHHYIO YCTaJOCTbh, HEKEIAHUE XOAMUTH B IIKOIY. Pa3rosopst
B €r0 NPHUCYTCTBUH — JEHCTBUTEIHHO JIM OH OOJIEH WJIH JIOBKO CUMYJIHPYET
HENyT — BPEIAT €ro IICUXUKE, OH IEPECTaeT JEIUThCA CO B3POCIBIMH CBOUMU
TPYAHOCTSIMH, OTKa3bIBaeTCs OT IIOMOILY Bpaya, 4eM TOJIBKO yCyryousier 6o-
Je3Hb. B 3TOT MOMEHT MOMOUYB peOEHKY 0JIKEH HE TOJIBKO Bpady-MMMYHOJIOT,
HO ¥ nicuxoJor [8].
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Henbto nanHol paboTHI ABIISETCS HccienoBanue pa3ssutus CXY B 3aBH-
CHMOCTH OT BO3pacTa CTYyIE€HTOB U €ro KaueCTBEHHO! YCIIEBAEMOCTH.

M1 npoBeny aHKeTHpOBaHUe y 66 cTyneHToB 1, 2, 3-x kypcos 1D TTTIY
B Bo3pacTe oT 17 no 22 net. B aHkeTHpoBaHME NPUHSIN y4acTHE JBa MO-
JIOJBIX YeloBeKa B BozpacTe 1920 yet. B cBs3u ¢ Tem, 4TO roHOIIEH OBLIO
MaJio, pe3yJbTaThl He ObIIIM yUTeHBI. Bonpockl aHkeTs! ObUH ChOPMYITHPO-
BaHBI B COOTBETCTBUH C OCHOBHBIMH M MaJIbIMU CUMIITOMaMU. K OCHOBHBIM
CHMITOMAaM Mbl OTHECIIU: YCTANIOCTh IIOCJIE CHA, BAJIOCTh B TEUEHUE JTHA.

MBI BBISBHIIM, YTO Ha IEPBOM Kypce y AeBylIEK B Bo3pacte 17-18 ner
cumntoMsl CXVY BcTpedaroTcst y Kaxaoil 4eTBeprToi, T.e. B 23 % ciyuaes
(puc. 1). Ha Bropom kypce (19-20 net) cumnromsl CXY BcTpedaroTest yamie —
B 27% cnyuaes (puc. 2). Ha Tperbem kypce (21-22 roga) cumnromsr CXY
0OHapy>XeHBI IOYTH Y ITOJIOBUHBI peclioH1eHTOB (B 40 % ciryuaes) (puc. 3).
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Puc. 1. I[Ipusznaku CXVY y crynenrtos 1-ro kypca
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Puc. 2. ITpusnaku CXVY y cTyI€HTOB 2-Io Kypca
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Puc. 3. IIpuznaxu CXVY y cTyneHToB 3-ro Kypca

VY crynentoB 1-ro kypca Haubosiee 4acTo BCTPEUAIOTCS TAKUE CUMIITOMBI
CXY, kak rojoBHbIe 00JH, YCTAJIOCTh IMOCE CHA, BSJIOCTh B TCUCHHUE IHS,
MHUaJTrusd.

VY cTyaeHTOB 2-ro Kypca, TOMHMO T'OJIOBHBIX O0JieH, yCTaJOCTH TOcCie
CHa, BSUIOCTH B T€YEHHUE IHsI, NOosBIstoTcs nmpobiemsl ¢ XKKT, a Takxe ru-
NOAUHAMMUS.

V feBylIeK 3-T0 Kypca HAMH BBISIBIICHO GOJIBIIEE KOTHYECTBO CHMIITO-
MoB CXYV, yeM y CTyJIeHTOB MJIaAIINX KypcoB. K HUM OTHOCSTCS TONOBHBIE
0011, YCTAJIO0CTh MOCIIC CHA, IPOCTYAHbBIC 3a0oeBanus, mpobiemsl ¢ XKKT,
BAJIOCTHh B TCUCHUC NHA, THIIOAMHAMUA, MUAJITHUA.

ITo nanupiM gexanara [1® TI'TIY, ycneBaeMocTh Ha 1-M Kypce cocTaBisi-
et 3,1, Ha BTopoM — 3,5, a Ha TpeTheM — 3,7.

U3 storo cuemxyet, 9TO 4eM B3pociee CTYACHT, TEM U yCIIEBa€MOCTb €ro
BBIIIIE. A HaIIN UCCIIEAOBAHUA IIOKA3aJIH, YTO C BO3PACTOM JIEBYIIKH OOJIbIIE
noaBepkeHsl CXV.

B pesymnbrare Hamiero omnpoca ObLIO BBISBICHO, 4TO B oCHOBHOM CXVY
CTpaJdarOT OTIMYHHUKHN U aKTHBUCTBI (baKyHBTeTa, a TaK»Xe€ JII0JAU, KOTOPBIC
MOMHUMO y4eObl ele U paboTaror.

Junst npenynpexaenus pazsutus CXVY y cryaeHToB 1-5-X KypcoB HE00-
X0OAMMO HNpPOBOAUTH HpO(i)I/IJ'IaKTI/I‘-IeCKI/Ie MEPOIIPpUATHA, HAIPABJICHHBIC Ha
YKPEIJICHUC 310POBbA. K takum MEPOIIPUATUAM CJICAYET OTHECTU: YMETh
MPAaBUIIBHO OT/BIXaTh, YEPENOBATh YMCTBEHHYIO U (DU3UYECKYIO HATPY3KY,
COOJIIOZICHNE TUTHEHHYECKUH TpeOOBaHMI K YCIOBHUSM CHA, PalMOHAJIb-
HOC MUTAHUC U UCKIIOYCHUC KYPCHUA, TpHUEMa aJIKOTOJId U HAPKOTHYECKUX
CPEICTB.
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MOP®O-OYHKIIMOHAJIBHAS POJIb
HNHTEPCTUIINAJIBHBIX KJIETOK KAXAJIA
B ®OPMHAPOBAHVUN MOTOPHOI ®YHKIIUN
KEJYJOYHO-KMIIEYHOI'O TPAKTA

J. A. Jonras
Cubupcruti 20cy0apcmeenHvlil MeOUYUHCKUL YHUBEpCUmem
Hayunwvui pykogooumens — kano. med. nayx, ooyeum B. b. Cmyonuyxuii

WuTepcTuinanbhble KIETKH ObutM omucaHbl BnepBble CaHThbsro Paii-
MoHJoM U Kaxans B 1893 1. OHM NPHUBJIEKIN €ro BHUMAaHUE B CIEICTBUU
TOT0, YTO SABJISJINCH HHTEPKATUPOBAHHBIMH (IIPOMEKYTOUYHBIMH) MEXIY aB-
TOHOMHBIMH HEpBaMHU U 3GPEKTOPHBIMU KieTKaMu. Vicxons U3 MOHMMaHus
MexkieTodHoi kommyHukamnuu B [IHC Toro Bpemenu, P. Kaxanp npenmno-
JIOXKUJI, 9YTO 3TH KJIETKH OMOCPEAYIOT Nepeaayy CUIHAJIOB OT HEHpPOHOB aB-
TOHOMHOHW HepBHOIT cuctembl k ' MK. B nocnenytomiem 3Tu KJIeTKHd ObLIH
Ha3BaHbl — MHTEpCTHIHaNbHBIMU KieTkamu Kaxans (ICC — interstitial cells
of Cajal) [1].

B 1914 r. Keiit (A. Keit) BeraBunyn runotesy o Tom, uto ICC sBustorces
NEHCMEUKEPHBIMU KJIETKAMU B KAILIEYHHUKE, [10 aHAJIOTUU C [IEUCMEKEPOM CH-
HOATPUAJIFHOTO y3Ja CepAla, KOTOpbIi oH omucain panee. B 1960—-1970-x rr.
MPOUCXOAMII HA0OP SKCIIEPUMEHTAIBHOIO Marepuaia: ObUIM OMUCaHBI MO-
nynauuu ICC MexXMBIIIeYHOro (MUAHTEPHUYECKOr0) U MOACIU3UCTOrOo (Cy0-
MYKO3HOT0) CIIJIETEHHsI TOHKOT'O ¥ TOJICTOTO KUIIEYHHUKA, OIPEAEIICHBI IIOT-
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HbIE€ CO€IMHEHUS MEXK Y SJHTEPUUECKUMHU YTOJICHUSIMHI OCEBBIX LIMJIMHIPOB
(BapukouuTtsl) u ICC, nnorHsle wmenessle coequuenus Mmexay [CC u nupky-
nspasiMu 'MK, a Taxxke BbIABUHYTa runoTesa, uto ICC nelcTBYIOT Kak Me-
XaHOPELENTOPH! B CTEHKE TOJICTOrO KUIIEUHUKA.

B 1982 r. L. Thuneberg ony0inkoBas cTaThlo, B KOTOPOH, CYyMMHpYs
MOP(QOJIOTHYECKHE JaHHBIE PA3HBIX HCCIEIOoBaTelNel, UMEIoIMecss Ha TOT
NepUO/l BPEMEHH, C(OKYCHPOBaJl BHUMaHHE HAa HECKOJIIBKMX IPEJIOKEHH-
AX, KOTOpBIE CTaJIM OOBEKTOM WHTEHCUBHBIX MCCIEIOBAaHUH Ha CIEAYIONIHe
25 net:

1. Imeetcsa dersipe ocHOBHBIX momynsuuu ICC B TOHKOM KHMIIEYHHKE
MBIILEH.

2. YnerpacTpykTypHbie ocobernHocTH ICC, Kak OgHOTO M3 (hCHOTHUIIOB
ME3eHXHUMaIbHOW TKaHH, COBIAJIAIOT C HEKOTOPBIMU OCOOEHHOCTSIMU CTPOE-
Hust MK u ¢pubpobnacros.

3. ImeroTcst crHanc-noo0HbIe COSAMHEHHS MEXKIY XOJIHHIPTHUECKUMHU
Heifponamu u ICC, uto noarsepxkaano runoresy Kaxans, uro ICC moryt
OIOCPENOBaTh SJHTEpUUECKUIl HelipoHanbHbINH uMmnynsc k TMK.

4. OtaeneHue TPOAOJIBHOIO INIaJKOMBIIIEYHOIO CJIOSI TOHKOI'O KMIIEUYHH-
Ka OT LMPKYISPHOTO YTHETAET T'€HEPALMIO MEJIEHHBIM BOJIH B OCTAaBUINXCS
nupkynspasix 'MK. Ha ocHoBanuu 3Toro on npeanonoxui, uro ICC mex-
MBIIIEYHOT'0 CHJIETEHHS, KOTOPBIE OCTAIOTCSI MPUKPEIIEHHBIMU K IPOAOJIb-
HOMY CJIOI0 NIpU NPENapoBKEe, OTBEYAIOT 3a I€HEPALUI0 MEAJICHHBIX BOJH
B OTZAEJICHHOM CJIO€ IUPKYJISAPHBIX MbII. Takum o6pasom, ICC moryT nei-
CTBOBATh Kak NeHiCMEKepHBbIE KIETKU B CUCTEME UHTErPALlH IIPOLIECCOB BO3-
Oy K/IeHHSI MYCKYJIaTypbl KUIIEYHNKA, aHAJOTUYHO IIEHCMEKEPHBIM KJIETKaM
B CEpALE.

Kaacenpukanusa ICC. ICC obHapyXHBaroTCs Ha HMPOTSHKEHUH BCETrO
MUIIEBAPUTEIIEHOTO TPAaKTa OT IHILEBOAA J0 aHAJIBHOTO CHUHKTEPA Y XKH-
BOTHBIX U 4YenoBeka. OIHAKO OHM IMO-Pa3HOMY pacHpeAeNieHbl B OTIENax
KKT u umeror Mopdonornieckre 0cCOOEHHOCTH B 3aBUCMOCTH OT MX aHa-
TOMHUYECKOH Jokanu3anuu. COorinacHo 3TOMY, OHHM KJacCHPHUHUPYIOTCS Ha
HECKOJIBKO cyOTHnoB. PopmMa KIETKH B yCTPOHCTBO Ka)I0ro cyOTHIa B oc-
HOBHOM ONPEAEIAIOTCS UX B3aUMOOTHOILEHUSIMH C JIOKAJTbHBIMH HEPBHBIMU
CIUIETEHUSIMU, OPHEHTALMEN IMaJKOMBIIIEYHOrO €05, B KOTOPOM OHH Ha-
XOIATCS, M YaCTOTOU CBsI3el Mex Iy cobOoii [2] (cM. puc. 1).

ICC musumepuueckozo niexcyca (ICC—MP —myenteric plexus). ICC—MP
SIBJISIFOTCSL MYJIBTUIIONSPHBIMU, UMEIOLIUMU OT 3 70 5 OTPOCTKOB, KOTOPBIE
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(OpPMHUPYIOT BTOPHYHBIE, TPETUYHBIE U J1aJiee pa3BETBIISIIONINECS OTBEICHUS,
KOTOpBIE B3aMMOJICHCTBYIOT C MOJOOHBIMHA MM OTPOCTKAMHM JPYT'HX KIJIETOK.
Onu GopMHUPYIOT CBOCOOPA3HYIO KIETOYHYIO CETh BHYTPH MEKMBIIICUHOTO
(Aysp0axoBOro) CIUIETEHHS, MEX]Y CIOSMH LUPKYISIPHBIX ¥ HPOIOIBHBIX
MbIL. BecbMa pacnpocTpaHeHbI B Tele kKellyaKa U TOJICTOM KHUIIEUYHUKE MO0
CPAaBHEHUIO C TOHKUM KHUIIEYHUKOM.

, 1CC— SMP (colon)

” e, &1CC—SM (stomach)
2,  ICC-DMP

(small intestine)

ICC - CM
(ICC - IM)

1CC - MP
(ICC - MY)

ICC~LM
5 (ICC-IM)

Puc. 1. CxemaTnueckoe usobpaxenue tTunos ICC,
JIOKAJM30BAHHBIX B Pa3IMYHbIX CI0SIX TKaHU cTeHKH KKT

ICC yupkynsaprozo mviueunoeo caos (ICC — CM — circular muscle). ICC —
CM cnoeB IupKyJISAPHBIX MBI SIBISIOTCS B OCHOBHOM OHIIONS PHBIMH KJIET-
KaMu, opueHTupoBaHHbIMU Baosb ocu 'MK. Ux pacnpenenenue u miot-
HOCTB 3HaYMTEIBHO pa3InyvaloTcs B pa3anuHbix yyactkax JKKT. B xxenynke
U TOJCTOM KHIIEYHUKE OHHU SIBJISIOTCS B OCHOBHOM BEpPETEHOOOpa3HBIMU
1 IUIOTHO PACIOJIOKEHBI BIOJIb HEPBHBIX Y3€IKOB, B OTIMYHH OT TOHKOI'O
KHUILIEYHUKA, T€ OHNU MMEIOT BTOPHUUYHBIE OTPOCTKH U PEIKO PacIioaraioTcs
B ACCOIMANNH C JJOBOJIBHO KPYIHBIMU HEPBHBIMH aHIIIHSMH, HE (GOPMUPYS
CBOIO KJETOUHYIO ceTh. OHHM TakKe OOHApYXUBAIOTCS B COCIMHHUTEIBHO-
TKaHHOM cente, rae ooo3navaroTcs kak ICC — SEP.

ICC npooonvnozo mviueunoeo cros (ICC — LM — longitudinal muscle).
ICC — LM nono6us1 ICC — CM 1o ¢popme, Ho meHee MHOrouncieHHbI B JKKT.
ICC—-LM u ICC — CM yacTto 0603Ha4aroT B INTEPATY Pe KaK BHY TPUMBIIIEY-
uele, T. €. ICC — IM — intramuscular.
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ICC anybokozo mvrmeunoeo niexcyca (ICC — DMP — deep muscular ple-
xus). ICC — DMP sBnsifoTcss B OCHOBHOM MYJIBTHIIONSPHBIMH, TECHO aCCO-
UUPYIOTCSI C HEPBHBIMU TaHIIIMSIMH TIIYOOKOT'O MBIIIEYHOTO CIJIETEHUS
TOHKOTO KHIIEYHHWKA, KOTOPHII pacroyiaraercsi AByMEpHO B IMPOCTPAHCTBE
Ha TpaHUIEe MEX/1y TOHKHUM BHYTPEHHHUM M TOJICTHIM BHEIITHUM CYOCIIOSMHU
OUPKYJISIpHOW MBIMIBL. [loOKa3bIBAalOT OJHOHANPABICHHYIO OPHUEHTAIUIO
BIIOJIb OKPY>KHOCTH M3-32 MX IUIOTHOW acCOLMAIMH C HEPBHBIMH Y3€IKaMU
Y BOJIOKHAMHY [IUPKYJISIPHBIX MBIIIIII.

ICC cyomyxoswr srcenyoka (ICC — SM) u cybmyxosnozo niekcyca moi-
cmoeo kuweunuxka (ICC — SMP). ICC — SM u ICC — SMP nokanusyroTtcs Ha
BHYTpPEHHEH MMOBEPXHOCTU MEX]y MOACIU3UCTON COCTMHUTENBHON TKaHBIO
1 HanOoJee riyOOKUM CIIOEM IIUPKYJISIPHBIX MBIIII MTHJIOPUYECKOr0 OTAeNa
JKEITyJIKa M TOJICTOT'O KUIIEYHUKA. VX KJIIETOYHBIE OCH SIBIISIOTCS Mapajuieb-
HBIMH C OCSIMH COCEIHMX LUPKYJISPHO-MBIIIEYHBIX KiIeToK. OHU conepxar
MYJIBTHIIONSIPHBIE KJIETKH CO BTOPUYHBIMU OTBETBICHHSIMH U (OPMHUPYIOT
KJIETOYHYIO CETh MKy c0o00H, B ornuuue ot cocennux ICC — CM.

ICC cybceposvr (ICC — SS — subserosa). ICC — SS umMeroT 3Be3q4aTyIO
(hopmy, pacronararorcsi B CEpo3HOM CJI0€ TOHKOTO U TOJICTOTO KHIIEUYHUKA.
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POJIb HEMPOIIEITU OB
B PETYJISIIIUU CEKPETOPHOM AKTUBHOCTH
CAJINBATOPHOI'O AIIITAPATA

A.A. EpmaxoBa
Cubupckuti 20cy0apcmeeHublll MeOUYUHCKUL YHUBEpCUmem
Hayunwuii pyxosooumens — kano. meo. nayx, ooyeum FO. A. Konosanenxo

TpaZ[I/IIII/IOHHI)Ie MMpEACTABJIICHUA O PETYIAINU CIIOHOOTACIICHUA CIIOXKH-
JINCh JAaBHO U 3aKJIIOYAIOTCA B CICAYIOLICM. CJ'IIOHOOTZ[eJ'IeHI/Ie 3aI1yCKacTCA
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KaK C peleNTOPOB, OTBEYAIOIINX 32 BOCIPHUSITHE O€3yCIIOBHO-PE(ICKTOPHOTO
pasapaXkuTess, TaK U C BOBJICYEHUEM YCIOBHO-PE(ICKTOPHOTO KOMIIOHEHTA
o W.I1. [TaBnoBy. AddepenTHas nMIyabcanusi aCHHXPOHHO MOCTYMAeT Mo
BOJIOKHAM TPOHHHUYHOIO, SI3BIKOIIIOTOYHOIO, JINLIEBOT0, OJIYX/AaIOIIero He-
pBa. KoHTpoIIb CIIIOHOOTAENIEHNS HA yPOBHE LIEHTPaIbHON HEPBHOM CUCTEMBI
OCYILECTBIISIETCSl HA Pa3HBIX €€ «3ITa)xkax» U 3aKyrodaercs B JOPMUPOBAHUH
MpEeACTaBICHUI O CBOMCTBAX NMHILM, a TAaKXKE KOHTPOJIE aJeKBAaTHOIO €My
ciroHootnenenus. Kopa 6onpmux momymapuii orBeyaet 3a (OpMHpPOBaHNE
CIIIOHOOT/IEJICHUS, HAa BUJ U 3alax MUIIY, @ TAK)KE BBIIOIHAET PEryIupyro-
1y QYHKIHIO OTHOCUTEIBHO HUKEJIEKAIUX CTPYKTYP, B 4ACTHOCTH, OKa-
3bIBACT TOPMO3SIIIUE BIHSHHS HAa THIIOTAIaMyC, KOTOPBIH (POPMHUPYET CIT0-
HOOT/IEJICHHE KaK KOMIOHEHT Pa3JIMYHbBIX IPUCIIOCOOUTENBHBIX peaKnii.

KonuuecTBo U cOCTaB CIIOHBI ONPEAEIAETCS AEATEIBHOCTBIO HH3IIUX
LIEHTPOB, PACIIOJIOKEHHBIX B MPOJOArOBaTOM U CIIMHHOM Mo3re. IIpoxonro-
BaThIi MO3T OOecneyMBaeT NapacHMIIATHYECKYI0 WHHEPBAIMIO CIIOHHBIX
JKelle3: BEpXHee CIIOHOOTISIUTENbHOE SApo yepe3 h. tympany (bapabanHyI0
CTPYHY) MHHEPBUPYET MOABSI3BIUHYIO U MOAHUKHEUEIIOCTHYIO CIIOHHBIE
JKeJIe3bl; HIDKHEE CIIOHOOTAEIUTENBHOE SIAPO — Yepe3 HUXKHIOK BETBb Ka-
MEHHCTOTO HepBa (aypHKYJIO-TEMIIOPaJIbHbIN) HHHEPBUPYET OKOJIOYIIHYIO
CJIIOHHY10 kene3y. CinHHON Mo3r Ha ypoBHe [I-1V meliHbIx cerMeHTOB 00€-
CIEYMBAET CUMIIATUYECKYI0 MHHEPBALUIO CIIOHHBIX kene3. [ToMmumo cexpe-
TOPHOT0, THHEPBAIIMIO aBTOHOMHOW HEPBHOM CUCTEMON 000OMMHU €€ OTAETaMHU
MOJIy4aeT U COCYJIUCTHIA KOMIIOHEHT CIIOHHBIX jkene3 [1]. Ha ypoBHe Hu3-
LIUX OTJEJIOB BapbUPYETCS COCTaB M KOJUYECTBO CIIIOHBI, YTO JOCTUIaeTcs
M3MEHEHUEM BO30yIMMOCTH, YUCIIa ¥ BUIa BO30YKACHHBIX HEHPOHOB M KaK
CJIC/ICTBHUE, YHCIa M BHJA WHUIMHPOBAHHBIX MIaHAYIOnHMTOB. Ha pedrex-
TOpHBIE BO3JICHCTBUS CITFOHHBIE XKeJle3bl pearupyioT apdexkraMn HeCKOIBKUX
TUIIOB: THAPOKUHETUYECKUIN — U3MEHSIETCSA CEKPELUS BOABI U JIEKTPOIUTOB;
MYKOKHMHETHYECKHH 3PEKT — U3MEHEHNE CEKPEIINH CIIM3H; TPOTEOKUHETH-
yeckuii apdext — n3mMeHenne cexpennu Oeska U HepMEeHTOB; MOPPOKUHETH-
yeckuil 3 PEeKT — N3MEHEHNE CTPYKTYPHI JKele3bl; TPOPHUUECKUN — H3MEHe-
HHe MeTabonm3Ma [1, c. 76].

VY yenoBeka nmapacuMIaTH4YeCKUe BIHUSHUS Ooyiee BBIPAXKEHBI, YeM CHM-
NaTUYECKUE, CTIOHHBIE KEJIE3bl UX BOCHPUHUMAIOT PA3IUYHBIMU IOTUIIAMU
xonuHOopenenTopo (M1-MS5), mokannu30BaHHBIX B Pa3HBIX YaCTAX JKEJIC3bI
[2, 3]. CumnaTH4ecKue BIUSHHUS BOCHPHHUMAIOTCS OTaroaps HAJIHIHIO aJl-
PEHOPELETITOPOB, KaK B CEKPETOPHOM (OeTa-aipeHOPEIeTI TOPBI, ONOCPEAYIOT
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cUHTe3 OelKa), TaK U B COCYJUCTOM KOMITOHEHTE (a1b(a-aIpeHOPEIeTOPHI,
OTBEYAIOT 332 Ba30KOHCTPHUKIIHIO).

CornacHo KJIACCHYECKHM IPEACTABICHUSAM MPH CTUMYJISIUU MapacuM-
MATUYCKON HEPBHOW CHUCTEMBI BBIIEISCTCS OOJIBIIOE KOJUYECTBO CIIOHBI,
OemHOE OENMKOM, a TIPH CTUMYJISAIHHA CHMIIATHYECKOW HEPBHOW CHCTEMBI —
HEOOJIBIIIOE KOJUYECTBO CIIOHBI, boratoe 6enkoM. OHOM U3 0cOOCHHOCTEH
HEPBHBIX BIMSHUU Ha CITIOHHBIC XKENE3bl SBJISETCS TO, YTO B 3TOM OpTaHe
cuMMaTudeckuid u napacumnaruyeckuii oraensl AHC Haxonarcs He B aHTa-
TOHUCTUYECKOM, a B CHHEPTMUYE€CKOM B3auMOJIeHCTBUH [4].

OnHaKko, HECMOTPS Ha TPAJUIIUOHHEIC CYHICCTBYIOIIUE MPEICTABICHUS
0 PEeryJISIHH CIIOHOOTACICHIS, TOSBISIOTCS UCCICIOBAHUS, TOCBAIICHHBIC
MOJYJISIMH aKTUBHOCTH CAJIMBATOPHOTO alnapaTa HOCPEICTBOM PEryIsaTop-
HBIX MENTUIO0B. B oprann3Me JqaHHBIC MOJIEKYJIBI BHITIONHSIOT PO PEryIis-
TOPOB Pa3HOOOPa3HBIX (PU3MOIOTHUSCKUX (QYHKIHHA: OpraHU3alus KOMMY-
HUKAIMI MEXAY pa3IMYHBIMU KJICTKAMHU, 00CCIIEYCHUE «HACTPOS» KIETKH
Ha BO3JIEHCTBUS TOTO HIJIM HHOTO POAA (T. H. MOAYIUpYIoIas pyHKIMs), yda-
CTHE B peajiM3aliy OTACITHHON (PH3MOIOTHUSCKOW PEaKIIUU WU CIOXKHOTO
(husmomornyeckoro axkra [5].

CyuiecTByeT OIpeneieHHAs Pa3HUIA MEKIY KIACCHUYSCKUMH MEIHATO-
pamu. HeliponenTuapl mpeJCcTaBIeHbl B TKAHAX B 3HAYUTEIIBHO HIU3KOW KOH-
LEHTPALINH, & TAK)KE MCHBIIIE KOJTUIECTBO PELIENTOPOB it HUX. O0pa3yrorcs
W3 HEAKTUBHBIX MPEAIICCTBEHHUKOB, OONBIINX MO Macce, B KAUeCTBE TUIIO-
Te3bl UX o0pa3oBaHUs mpemioxkeHa runore3a Gainer et al. (1984). Cmbicn
€e 3aKJIFOYaeTCs B TOM, YTO MPOIECCHHT (00pa3oBaHUE) OMOIOTUYECKHU aK-
THBHBIX TCNTHIOB MPOUCXOIUT B MPOIECCE MEPESABUKCHHUSI MOJCKYI MPO-
nenTUAOB 1o rpanyispaomy OI1P, kommiekcy ['onpmku U B CEKPETOPHBIX
Be3uKynax. [lenTubl, BRICBOOOMUBIINECS B CHHANITUYCCKYIO IIENb, PABHO
KaK WX HEMOCPEICTBEHHBIC MPEINICCTBCHHUKH, HE UCIOIB3YIOTCS 3aHOBO
(B oTm4me, HAIIPUMEp, OT AICTUIXOJIWHA). BRICBOOOXKICHUE TEITHIOB U3
CHHANTUYCCKUX BE3UKYJ IMPOUCXOIUT IMPHU Oojiee HU3KOH KOHIICHTpAIUU
BHYTPHKJIETOYHOrO KalblUs [6]. B HEKOTOPBIX MENTUAEPTUUECKUX HEHPO-
HaX He JeiicTByeT npuHuu Jleina (0JuH rOPMOH — OJJUH MEINATOP), TAK yC-
TaHOBJICHA COBMECTHAS JIOKATH3AIUs B HEHPOHE BAa30MHTECTUHAIBHOTO TTeTI-
tuna (VIP) u runoranaMmudeckoro aktuparopa agaeHuinatiukiassl (CABAP)
y KpbIC (T.H. komOnHupoBanHble VIP/CABAP-neipons) [7] u kxonokanu3a-
nus BemiectBa P (sP) n xanpuunii-ren-penerit-nentuna (CGRP) (sP/CGRP)
y denoBeka [8].
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Ha ceronHsmHuil neHp NpPeACTaBUTENH CEMEICTBAa PEryiIsTOPHBIX IeM-
THUJ0B OOHApY>XEHBI IPAKTUYECKH BO BCEX OpraHax M TKaHSX, B TOM YHCIE
OpraHax M TKaHAX eIyJ0YHO-KUIIEYHOrO TPaKTa, U, B YACTHOCTH, CIIOH-
HBIX Xkene3ax. [Ipyu momomu pasnuYHBIX METOAOB B CIIOHHBIX JKele3ax de-
JIOBEKa OBUIO YCTAHOBJICHO HAJIMYME CIEAYIOMNX PEryJISITOPHBIX NETTHI0B:
VIP, nentua rucruaud-mernonunH (PHM), sP, meitponienrtug tuposun (NPY),
CGRP [9, 10], xonenucrokunuH (A u B) [11]. x conepxanue B xene3e pas-
Hoe. HanmpuMep B KyIbTypax KJIETOK CIIFOHHBIX JK€JIe3 4eJI0BEKa YCTAHOBJIEHO
MpHUCYTCTBUE B yObIBatomieM konndecte: VIP — NPY —sP [10]. ¥V kpsic B 3kc-
TpaKTe CIIOHHBIX JKEJIE3 JOMOIHUTENIBHO K TIEPEUHCICHHBIM BbISBICHBI HEl-
poxuHuH A, Heliponenitug K, racrpun-penus-nentus (GRP), runoduzapusiii
aktuBarop aneHwiatukiassl (CABAP), rananus u xenocnekTpuH (y 4emno-
BEKa 3T TPH IENTHIA OTCYTCTBYIOT), HaTpuilypeTuueckuii nenrun [12].

YCTaHOBIIEHO, YTO pa3Hble MPEJCTAaBUTENH ITOr0 Kjlacca BEIIECTB UMe-
€T pa3sHyIo JIOKaIU3alUI0 BHYTPH XKEJIE3bl: B IEPUALIMHAPHON YaCTHU JKEJIe3bl
JIoKaJiu30BaHbl HelpoHsl, conepxkamue VIP, PHM, NPY; okono BEIBOAHBIX
U BCTaBOYHBIX IPOTOKOB, a TAKXKE BOKPYT COCYA0B, IOMHMO BhIIIEIEPEUHC-
neHHbIX, 00HapyxkeHbl SP u CGRP [9, 10]. MIx nokanu3anus B xele3e moapa-
3yMeBaeT BHINOJHEHNE OIPEAEICHHON poiu B QyHKIIMOHUPOBaHHH, a Oojee
JIETaJIbHOE YCTAHOBJIEHUE UX JIOKAJIN3AaLUU BO MHOT'OM OOBSICHUT XapaKTephl
a¢pdexToB. Tak, nepuanHapHoe MMOJ0KEHUE 00BSICHSIET IPOTEO- K MYKOKH-
Hetnueckue 3pdexTsl. [Tokazano yBennyeHne cekpennn Oenka U aMuiasbl
IIPH Pa3IMYHBIX BapUaHTPaX BBEICHUS B OPraHU3M (BHYTPHBEHHO, BHYTPH-
opromraHO) VIP, sP, HelipokunuHa A, Heliponentuaa K, XonenucToknHuHA,
CGRP. Ananornunsie 3¢)(eKThl MoKa3aHbl HA KyJIBTypax KJIETOK CIIOHHBIX
xene3 [13, 14]. OTHOCUTENFHO MYKOKHMHETHYECKOro 3ddekra — oTMedeHo
MOBBILIEHHU S BEIBeIeHU cnu3u noj BinusiHueM VIP. IlepuaykransHoe U OKO-
JIOCOCYIUCTOE PACHOJIOKEHHE — OOBSICHSIOT THAPOKMHETHYECKHH 3 dexT,
OIOCPEZOBAaHHBIN CeKpenrell B IPOCBET MPOTOKA HEKOTOPBIX ANEKTPOIUTOB
(kanmust), CHHXKEHHE TOHYCa aTPETHOJ U KaK CIEJICTBHE PacHIMpEHHE COCy-
JoB [15]. OcobenHocTH MOpQOKHHETHUECKOro dhQeKTa INpu BO3AEHCTBHA
perynaropHbix nentunoB (VIP, sP) 3akimouarorcss B TOM, 4TO yBeJIWYHBa-
€TCsl Macca eJe3bl, OJHaKO He 3a cueT npoiudepanun a, BEpOsSTHO, 38 CUET
runeprpodun) [13].

ITo MexaHH3My CBOEro AEHUCTBUS MENTHU]bl OTHOCAT K TaK HA3bIBAEMBIM
HEXOJIUH-HEaAPEHEPrUUeCKUM BIUSHUSAM IapacUMIIATUYECKON HEPBHOM CH-
cTeMbl. Tak OKa3aHO, YTO MPH AIEKTPHUECKON CTUMYISLUU aypPUKYIOTEM-
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MOPaJILHOTO HEPBA B MENTUAECPTUUECKUX HEHPOHAX MPOUCXOAUT UCTOLICHUE
3aracoB MeanaTopoB — VIP u sP, 4To cBueTenbcTByeT 00 y4acTHH IENTHIEP-
rudeckoro 3BeHa. C 3THX NO3UIHi 00bsCHeTCs HaOmoaeMblii peHOMEeH Tak
Ha3bIBaEMOIl aTpPONHH-PE3UCTEHTHON canmuBanuy. CMBICT 3TOro ¢eHoMeHa
3aKJIIOYAETCsl B TOM, YTO YCJIOBHSIX JUITMTEIBHOW aTpONMHU3auu (0T 2 10
4 Henenb) MPOUCXOANT «BBIKIIOYEHHE» M-XOIMHOPELENTOPOB (T. €. CIIIOHHBIE
JKeJIe3bl TIEpPecTaloT BOCIPHHHUMATh XOJIMHEepruyeckue BiMsHUs). OmHaKO
IIPU 3JIEKTPHUYECKOM Da3JpaKCHUHU NMApacUMIIAaTHUECKHX HEPBOB HaOroa-
eTcsl cTolKas cajauBanus (B MEHbIIEM 00beMe), B IPOTHBOBEC JIOJDKHOMY €e
OTCYTCTBHUIO, BBHJly TOTO, YTO BOCHPHHUMAIOLIMN anmapar jKene3bl «3a0i10-
KkupoBaH». [logoOHBIE pe3ynbTaThl OOBACHSIIOTCS TEM, YTO B JJAHHOM Cllydae
CYILECTBYET APYTOil MyTh BOCHPUSITHS U IIepeiaull HHCTPYKTUBHBIX BIUSHUN
OT IapacUMMAaTUYECKOr0 HEHpOHA: CTUMYJIALMS NapacUMIATHUKU — BbIAEIe-
HUE alleTUIXOJIUHA — BIMSHHE HA NENTUIEPrU4ecKre HEHPOHBI — BBIAETICHNE
HNeNTUAa-HeHPOTPAaHCTMUTTEpPA — BO3JAEHCTBUE HAa PELENTOPbl K MENTHAY
B JK€JIe3€ C OJJHOBPEMEHHBIM BOBJIEYEHUEM COCYIUCTOrO0 KOMIIOHEHTA — pea-
JU3alysl OTBETa XKeje3oi [16]. BeposTHO B pM3HOIOrHUECKUX YCIOBUSX TIEM-
TUJEPrUUYECKHUE PErYJISITOPHBIE MEXaHU3MBI IOMOJIHAIOT IapacCUMIIaTUYECKHE
XOJIMHEPTUUYECKUE BIUSHHUS HA JKEe3y.

TaknM 06pa3oM, ¢ y4eTOM IENTHAEPrHUeCcKOro 3BeHa, OOLIeTPUHSATAs CXe-
Ma peryJsLUU CIOHOOTAEICHH AOMOIHIETCS HOBBIM 3B€HOM, BIMSIOIIUM Ha
cocTaB ciroHbl. OOpaboTaHHBIE TaHHBIE CIIeyeT B OyIyIleM YUYUTHIBATh IpU
TPAKTOBKE PE3yJIETATOB HKCIEPUMEHTOB TI0 U3YUEHHUIO PErYyISTOPHBIX MeXa-
HU3MOB CaJIMBALlH, & TAK)KE B OOIIEH CXeMe PeryJILiuu CIIOHOOT/IENICHHUS.
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K MEXAHU3MY ®OPMUPOBAHUSA CIIOHTAHHOI'O
MHUOIJIEKTPUYECKOI'O PUTMA KKT C YYHACTHEM
HUHTEPCTUIINAJIBHBIX KJIETOK KAXAJIA

E.O. Ilectpsikos
Cubupckuii 20cy0apCcmeeHHbIll MeOUYUHCKUL YHUSEPCUmen
Hayunwiii pyxosooumens — kano. meo. nayx, ooyeum B. B. Cmyonuyxuii

Cunraercs, uto uHTepcTunHanbHbele KieTkun Kaxans (ICC) sBusroTcs
MOp]oJIOrHUecKoi OCHOBOW (hOPMHUPOBAHHUSI MEIJIEHHBIX BOJH B XKeJIyJ04-
HO-KHIIEYHOM TPaKTe XMBOTHBIX W YeJOBeKa OJjarojapsi CBOUM YHHKallb-
HBIM ()YHKIIMOHAJILHBIM CBOHCTBAM.
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Conpsxenue ICC u I'MK. YnpTpaMHKpOCKOIMYECKHE UCCIIEIOBAHUS
MOKa3bIBAIOT, 4TO OTAeNbHBIEe TUIIEI [CC NMEIOT IIIOTHBIE KOHTAKThI C BapH-
KO3HBIMHU YTOJIIICHUSIMA HEPBHBIX BOJIOKOH, COJEPXKAIIMMH OOJBITUHCTBO
CHHAIITUYECKUX BE3UKYN B OOJIACTH COCJUHEHHUsS, a Takke (OPMHUPYIOT
MJIOTHBIE TIeNieBble KOHTaKThI ¢ cocennumu ['MK Ha npyroii ctopone. Tak,
YeTKHe pa3sinyuug pacipeneneHus uMMmyHopeakTuBHocTH ICC u Genka mie-
NIeBbIX coequHeHn kKoHHekcnHa — 43 (Cx43), mokasbiBaroT, uto I MK, xopo-
110 CONPsKEHHBIE APYT ¢ ApyroM Hekcycamu (Cx43 — BbICOKast HMMYyHOpeaK-
THUBHOCTB) U (POPMUPYIOLIUE KPYTHBIE €AUHUIIBI JIEKTPUIECKOTO CHHITUTHSI,
MMEIOT HeMHorouncleHHble KOHTakThl ¢ ICC — CM, a B monynsamusax ['MK,
HE COMPSKEHHBIX IPYTr C APYroM IUIOTHBIMH IIEJNEBBIMH COCIUHEHUSMHU
(an3kas Cx43 — IMMYHOPEaKTHBHOCTB), TOJYYat0T HEPBHBIC CUTHAJIBI Uepe3
ceth ICC — CM (Bbicokas c-Kit ummynopeaktuBHocTh ICC). B oTHOmEHNN
conpsikenuss ICC — MP u 'MK XKT mieneBoiMu coeIMHEHUSMH TTOKa HET
YeTKUX JI0Ka3aTeNbCTB [3].

Poasb ICC B reHepanuu neiicMeKkepHbIX NOTEHI[HAJIOB U PAaCPOCTpa-
HEHUM MeJJIeHHBIX BOJH. CoracHo «rmeiicmekepHoit runorese» ICC — MG
B kenyake u ToHkoM kumedHuke u [CC — SM B TOJICTOM KHUIIEYHUKE, Te-
HEPUPYIOT MEAJICHHBIE BOJIHBI, KOTOPBIE 3aTe€M 3JEKTPOTOHHYECKH PacIpo-
CTPaHAIOTCA B TONIY COOTBETCTBYIOIIUX CIIOEB IIUPKYJISIPHBIX MBIIIIL] Uepe3
TUTOTHBIE LIeJIeBble COeqUHEHUs. [Ipr 9TOM U3-3a MaCCHBHOTO KaOeIbHO-TO-
nmobHoro nposeneHus mexay ICC u TMK amMmnuTya MeaicHHBIX BOJTH CHH-
JKAeTCs C pacCTOSHUEM OT MeCTa MX T'eHeparui [2].

ICC He reHepupyIOT NOTEHIIHAIBI JEHCTBHS, HO B HUX BOZHUKAIOT PUTMU-
YeCKHe U3MEHEHUsI BHY TPUKJIETOUHO# KoHIleHTpanuu Ca2+ (Cai2+), koTopsie
OIIPEIETSIOT MEPUOANYECKH BOZHUKAIOIYIO JETIOS pU3auio MeMOpaHsbl, U3-
BECTHBIE KaKk MeayieHHbIe BONHBI. Takoil ICC ocumisTop HallOMUHAET TOT,
9TO 0OHapy»KeH B pa3INyHbIX crioHTaHHBIX ['MK, HO MMeeT cyliecTBeHHbIE
otnuuus [3]. Bo3amoxHbII MexaHu3M nielicMekepHoii akTuBHOCTH ICC MOXKHO
MPEACTaBUTh B BUJE CIIENYIOIUX cOObITHH (pHC. 1).

1. Bo3HuKHOBeHHUE CIIOHTAHHOTO M3MeHeHHs1 Cai2+ sBisieTcst citydvaii-
HBIM IPOIIECCOM, KaX b1 U3 KOTOPBIX MMOATOTABINBACTCS IPEIBAPUTEIBHON
3arpy3Koi ero BHYTPUKIJIETOUHBIX XPaHMIHIL, KOTOPBIHA 3aTeM HHULIIMUPYET
€ro ocBOOOXKIeHHE, BO3MOXKHO Uepe3 aKTUBALMIO PYaHOAMHOBBIX PELENTO-
poB TpeThero tumna (RyR3), kotopsie xopomro sxcnpecupytoresa B ICC. OTo
paHHee 0CBOOOXICHNE NOHOB KaJIbIUS MPOSBIAET ce0s1 KaK MOCIeA0BaTENb-
Has IeNb JIEMEHTAPHBIX COOBITHH, TAKMX KaK HEOOIBIINE B3JIETHI U CIIAPKH.
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OHM aKTHBHPYIOT CHOHTaHHBIE TpaH3UTHBIE Bxoasanue Toku (STICs), koTo-
pBIC BO3HUKAIOT BO BpEeMs KaXK[0U TIEHCMEKEPHOH (has3bl.

2. B onpeneneHHBI MOMEHT BPEMEHH 3TH DJICMEHTAPHBIC COOBITHS CYyM-
MHPYSCh JOCTUTAIOT ONMPEACICHHON aMIUIMTYIBI U/AIN 9aCTOTHI, TPHUBOJIS
K BO3HUKHOBEHUIO BHYTpUKJIeTOUHOU Ca2+ BOIHBI, KOTOpasi paclpoCTpaHsi-
eTcsl BIOJb KIeTKku B mporecce Ca2+ — BeizBanHOr0o Ca2+ 0CBOOOXKICHUS
(CICR). Bonna 3aBepmiaercs, Koraa mpekpamaeTcst ocBodboxaenue Ca2+ u3
BHYTPHUKJIETOUHBIX XPaHUJIUIL, BEPOSITHO, KaK U3-3a UCTOLIEHHS B HUX Ca2+,
TaK U M3-3a 3aKPHITHS KaHAJIOB OCBOOOKICHUS.

Puc. 1. [IuT0o3051bHBIN OCHUIIIATOP, OTBEYAIOLIUI
3a NeWCMEKePHYI0 aKTUBHOCTh B MHTEPCTULIMATIBHBIX KieTKax Kaxais.
B3sto y M. J. Berridge (2008) ¢ mompaBkoit

3. B BocctanoButenbHbIN nepuoa Ca2+i ynansercs u3 nuroriaasmer I[CC
BCJIEZICTBHE TPEX OCHOBHBIX IporieccoB: Ca-AT®da30ii mrazMaTuueckoi MeM-
opanbl (PMCA), Ca-AT®az0ii 3HI0-CapKOIIa3MaTHYECKOTO PETHKYIyMa
(SERCA) m 3axBaThIBa€TCS MUTOXOHAPUIMHU, KOTOPHIE TUIOTHO 3aIOJHSIIOT
kietku. Canuraercs, 9To MUTOXOHAPUH B ICC BBINONTHSAIOT TACCHBHYIO POJIb
Kak BpeMeHHoe XpaHmiuiie Ca2+, KOTOPBI HMHU 3aXBaThIBAETCS OBICTPO BO
BpeMsi BOCCTAaHOBHTEIHHOTO IEPHONAa M 3a4eM MEIJIEHHO OCBOOOXKmaeTcs
BO BpeMs NEPHOAA MEXIY BO30YKICHUSAMH, YTOOBI IIOMOYb MIEpe3arpy3uTh
xparunumie. Mutoxongpun ICC TeCHO CBSI3aHBI C YHAOIIaA3MAaTHIECKUM Pe-
tuxkynymoM (ER), popmupys Tak HazpiBaeMbIe «Ie€ficCMEKepHBIE EIUHUIIBD,
YTO SIBISETCS OTIUIUTEILHOM 0COOCHHOCTHIO ociusaTopHon moaenu ICC.

404



4. Ilepe3arpy3ka BHYTPHKJIETOUYHBIX XPaHHUIIUIL 00JI€r4aeTcst MocTyIuIe-
HueM BHemHero Ca2+ (CaO2+), u 310 00BscHseT, noueMy Ca2+-0CHuuIsun
B ICC kputnuecku 3aBucsat oT Cao2+. Korna xonuentpaunus Cao2+ yse-
JUYUBAETCA WU yMEHBIIAETCS, TO COOTBETCTBEHHO YBEIIMUUBAETCA HIIH
yMeHblIaercs: 6a3oBblii ypoBeHb Ca2+i. Takue 3aMeTHBIE U3MEHEHHS 6a30-
Boro ypoBHs Ca2+i npezanonararot BBICOKHH BXxoasmuii notok Ca2+ B mokoe
HEOOXOIMMBIH JIJIsI COXPaHEHUS OCHMIUISITOPHON aKTUBHOCTH.

5. Ca2+, ocBOOOXAEHHBIH BO BpeMsl Ka)<110i BOJHBI, akTuBupyet Ca2+-
3aBucumMble Cl-kanansl (CLCA), 94TO SIBIISIETCS OTPEASIISIONNM B OPMUPO-
BaHUH MEIJICHHOW BOJIHBI Aenoisipuzannn Mmemopansl. Panaue Ca2+i moBbI-
mienust reepupyroT STICs, KoTopble BOZHUKAIOT BO BpeMs NEHCMEKepHOI
JenoNsipu3auu.

6. Cymmanusa STICs npuBOAUT K Pa3sBUTHIO TPAH3UTHOU JIEMONSApU3ALUI
(STD), mpuBoasIIIEei B KOHEYHOM HTOTe K BOSHUKHOBEHHUIO MEIIJICHHON BOJTHEL.

7. STD npuBOAUT K aKTUBAUUU MOTEHI[MAT0-3aBUCUMBIX Ca2+-KaHalloB
T-tuna (VOC), xoropoe nonoxuser popmuposanue ICC ocrmuistopa U BbI-
MOJHSIET JBE BaXKHbIE (DYyHKIUU:

a) BOIIEALINI BHEIIHUH KalblUi ciocoOCTBYeT ocBoOOXaeHuIo Ca2+ u3
XPaHWIHI IPUMEMOPaHHOT 0 SHAOIIAa3MAaTHUECKOTO PETUKYJIyMa U TEM ca-
MBIM YCKOPSIET PacpOCTPaHEHUE BHYTPUKIETOUHOH Ca2+-BONHBL;

0) yBenmmuuBaeT KpyTH3HY (poHTa HapactaHus Ca2+-BONHBI, YTO CIO-
COOCTBYET CHHXPOHH3ALNU OCIUIUISITOPHON aKTHBHOCTH OT/IEIIBHBIX KIETOK
B ICC cetn.

8. IleiicmekepHast MeasieHHas BoiHa, npoxyuupyemas ICC, obecneunBa-
et aenonspusanuio MeMOpansl coceqarx 'MK 3a cueT 31eKTpOTOHHYECKOTo
MPOBEJECHUS Uepe3 MJIOTHBIE LIEJIEBbIe KOHTAKTHL.

9. Cokpamenne I'MK Bo3HUKaeT TOJIBKO TOrAa, KOTAa AEMOISApU3ALIHL
Jocturaet nopora aktuBanuu Ca2+-kaHanoB L-Tuma v TeM caMbIM HHU-
LUUPYETCsl CONpSDKEHNE BO30YXaeHus: — cokpaieHus. CylecTByeT o4eHb
BBICOKasl KOppesius Mexay u3MeHeHneM koHueHTpauuu Ca2+ B ICC, xo-
Topoe (hOpMHpYET MEJICHHYIO BOJIHY, U BO3HMKHOBeHHeM Ca2+ TpaH3uTa
B I'MK. OnHako cymecTBYIOT BpEMEHHBIE OTJIMUUS ITUX JBYX HPOLECCOB!
B ICC stu Ca2+ orBeTsl anstcsi Oosee niuuTenbHoe Bpems, ueM B I'MK.
OYHKIHMOHAJIBHOE 3HAYEHHE JTOr0 BPEMEHHOIO OTJIMYUSA COCTOUT B TOM,
4yTO, NpOAYLUpYs nponoskutensusle Ca2+ tpan3utsl, I[CC MakCUMU3UPYIOT
nepejgady CUTHajla 4epes3 MJIOTHBIE IENEBbIE COEAUHEHUS K 3HAUUTEIbHOU
nonynsuuu I'MK. [Ipyroi mexanusm takoro Buja aktusHocTH ICC 3akito-
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yaeTcs B ONTUMM3ALUU NelicMekepHoil akTuBHOCTH 11 Beex ICC BHYTpH
UX CETH, U TakKas CHUHXpOHH3auus ocumuiaTopHoil aktuBHocTH ICC Bemer
K ()OPMHUPOBAHUIO EAMHOTO (PPOHTA PACIPOCTPAHSIONIEH MEIJICHHON BOJIHBL.
10. MHoOrue aroHuCTHl, TaKUe KaK alleTUIXO0NNH, HopaapeHanus, NO, CO
U IpyTHe, MOAYJIHPYIOT elicMekepHyto akTUBHOCTH ICC 1 TeM caMbIM 1100
AKTUBUPYIOT, JINOO ITOJABIISIOT LIUTO30IBHBIA KaJIbIIUEBbIH OCIUILISATOP.
Nmeromasicss B XKKT cers ICC xoopauHUpPYET MEKTPUUECKYIO M COKpa-
TUTEJIBHYIO aKTUBHOCTH O0mbIX nomyssaunii MK, cuHXpoHn3upys ux nH-
JUBUAYaTIbHBIE OCLILIATOPBL. Takas CHHXPOHM3aLMs AOCTUTaeTCs 3a cdeT
COMNPSDKEHMS] aKTUBHOCTU OTIEIBHBIX OCLUIIATOPOB B €IUHBIM JIOKAJIbHBIN
BOJUTENb 3a CUET JIUTEIBHOIO AEHOJISIPU3YIOIEr0 CUrHaia, KOTOpBIH pac-
MIPOCTpaHsIeTCsl 4yepe3 LieneBble coeuHeHus. CKOpOoCTh pacnpocTpaHEHUs
TaKo# BOJHBI cocTaBisieT 5—40 Mm/c, mpuBoAs K (POPMUPOBAHUIO IIEPUCTATI-
TUYECKOH BOJIHBL. Takasi ccTeMa CONPSXKEHUS OCLIMIIIATOPOB ABJISIETCS BBICO-
KO IMHAMHUYHOM, TaK KaK Ka)/1asi KJIeTKa He TOJIBKO CIOCOOHAa K MHUIIMALMU
MeJUICHHOW BOJIHBI, HO U IIPEKPACHO ITPOBOAUT CUT'HAJ UCXOISIINHN OT JIH000M
13 COCEIHUX KJIETOK. JTO JJaeT YBEPEHHOCTh B TOM, YTO PUTM Oy/IE€T CHHXPOH-
HBIM Jlake BHYTpH O0mbmoit nomynsnuu ICC, moBTOPSsICh TaKT 332 TAKTOM.
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B YIpPaBICHUM CIIOHTAHHOM MOTOPHUKOH KENyJOYHO-KUIIEYHOIO TPaKTa,
B TOM 4MCIE SIBISAIOLUIUECS BOAUTEISIMU PUTMa MIIM XKe NelcMmelikepamu,
3aal0LIUMU YacTOTY MEAJICHHBIX BOJNH B INIaJKOMBIIIEUHOW TKAHU XKeIly-
nouHo-kumedHoro tpakra (JKKT), kotopsie, B cBOIO o4epens, ONMpeessoT
YaCTOTY MEPUCTANBTUKYU PA3IMUHBIX OTJEJIOB MUIEBAPUTEIBHOIO KaHaa.

ICC umeroTcs Bo Bcex OTAeNax MUIIEBAPUTENBHOTO TPAKTa OT HMXK-
Hel TpeTH NMUILEBOAA 10 BHYTPEHHEro CpuHKTEpa aHyca M IIHUPOKO Ipea-
CTaBJICHBI B PHIXJION COCIMHUTEIIEHON TKaHU (TaKkue KJIETKH 0003Ha4aroTcs
ICC — SM), Baembrmeunsix cinosx (ICC — IM u ICC — DMP) u cnosix rimagkux
mern (ICC — MY) [1].

Haubonee u3BecTHast posib HHTEPCTULHAIBHBIX KieTok Kaxans — rene-
panus MeIJICHHBIX BOJIH B INIAJKUX MBIIINAX OPraHOB MUILEBAPUTEIBHOIO
TpakTa. OC000 CTOUTH OTMETHTD, UYTO 3aJlaBaeMble YacCTOTHI B Pa3HBIX Op-
raHax pasHble, ¥ 3TOT (DaKT SBJISIETCS LHEHTPAIbHBIM B JUArHOCTUKE MOTOP-
HbIX pacctpoiictB JKKT ¢ ucronb3oBaHHEM 3JIEKTPOracTpO3HTEpOrpaduH.
WNurepctunuaneeele kiaetku Kaxans 3agaroT clefyrolue 4acTOTHI Me-
JICHHBIX BOJIH: B XeJIyAKe — 2—4 IUKJIOB B MUHYTY, JBEHaJUATUIEPCTHON
kuiuke — 10—-12 quKIOB B MUHYTY, TOIIEH KHUIIKe — 9—12 UKIOB B MUHYTY,
MOJIB3JIOLIHOM KUIIKE — 6—8 UKJIOB B MUHYTY, TOJCTOM KullKe — okoso 0,6,
a Takxe 3—12 HUKI0B B MUHYTY [2].

3a OCHOBY JaHHOM MOJENU B3AT LUTO30JIbHBIM KaJbLUEBBIH OCLUIIISA-
TOp, OTBEYAIOIIHUK 3a neiicMekepHyro akTuBHOCTH B ICC, mpensioxeHHBIN
M.J. Berridge B 2008 1. [3]. lanHas HHTepaKTHBHAS MOJCIH TO3BOJISICT YET-
KO YBHIETHh OCHOBY (hyHKIIMOHUpoBaHus ICC u ee Bo3aeHCTBHS HA IIAIKO-
MBIIIECYHBIE KIETKH KEIyJOUYHO-KHIIEYHOI O TPaKTa.

Mopens BoinonHeHa Ha ruiatdopme Microsoft Visual Basic 6.0. Bee oc-
HOBHBIE PUCYHKH M (PUT'YPBI B IPOr'paMMe BBIIIOJIHEHBI C TOMOIIBIO 3JIEMEHTA
Shape nanno# miardopmel. [lepemerieHne Bcex 00bEKTOB B IporpaMme Mmpo-
MCXOIIUT 32 CYET UUKIUYHOIO U3MEHEHHsI KOOPJIMHAT IIEHTpa GUTYp B IBYX-
MEpPHOM IIPOCTPAHCTBE, T. €. 32 CUET U3MEHEHHU S ITOJIOKEHHSI LIEHTPa 0O BEKTOB
1o ocH abcuuce ¥ opauHar. J|ByxMepHasi MOzieNb, B OTIIMYHE OT TPEXMEPHOMH,
MO3BOJISET 3HAYUTENBHO YMEHBIIUTE Pa3Mep IPOrPaMMHOIO KOJia, U COOTBET-
CTBEHHO, YMEHBUIUTH PA3MEP CAaMOU IPOTrpaMMBl, BCIEACTBUE YEr0 MPOrpam-
Ma uMmeet pasmep okosio 100 Koaiit, a mporpaMMHBIH KO/ 3aHUMAeT OKOJIO
70 TBIC. CUMBOJIOB. AITOPUTM, 3aJ€CTBOBAaHHBIN B JaHHOI IporpamMmme, mo-
3BOJISIET Pa30HTh BCIO CUCTEMY POTPaMMHOT0 KOJIa HA OT/AEIBbHBIE CETMEHTHI,
YTO MO3BOJIAET BKIKOUUTH B OJUH IMPOLECC CPa3y HECKOIBKO MOAMPOLECCOB.
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B ocHOBY mporpaMMupoBaHus MOJIOKEHBI DJIEMEHTaPHbIE JIOTHYECKHE YCIIO-
BHUSI, 110 XOJy BBIIIOJHEHHS KOTOPBIX MPOrpaMMa aBTOMaTHUECKU MEPEXOAUT
OT OJJHOU cTaJuu AeHCTBUS K APYTOIL.

B mporpamme 3aneiicrBoBanbl GyHkunu «llaysa», «Restarty m «dua-
rpamMmmanr».

Oynkuus «Ilay3a» nmoszBosser B 1000 MOMEHT pabOTHI MOJIENHU IPH-
OCTaHOBUTH JAEHCTBH S, IPOUCXOSIINE HA IKPAHE, UTO TO3BOJISIET OoJiee 4eT-
KO paccMaTpHBaTh Bce Mpouecchl. BO3MOXKHOCTh UCNONB30BAHHUSA JAHHOIO
peXrMa TO3BOJISET HCHOIb30BaTh AAHHYIO IPOrpaMMy Kak 00ydaromlyro
MOJIEJIb Ha MPAaKTUYECKUX 3aHATUAX IIPU U3YUEHUHU COOTBETCTBYIOLIETO pas3-
Jena «OU3NOIOrUn.

Pexxum «Restart» mo3Bossiet B 11000if MOMEHT AEHCTBHSI MIIM TI0 OKOHYA-
HUU pabOTHI IPOrpaMMBbl HayaTh 3aHOBO BBINIOJHEHHE BCEX IPOLECCOB. DTO
TaK JK€ OYeHb YJJOOHO IIPU MCIOJIB30BAHUH JAHHOW IIPOTrpaMMBbl KaK yueOHO-
MIPaKTHYECKOT0 TIOCOOUS /ISl CTYACHTOB.

Oynkuus «lunarpamma odecrieunBaeT AOMOIHUTENBHY 0 T'padUIecKy o
nHpOpPMaTUBHOCTS. [IpH ee BKiIIOUeHHH Ha paboyeM IoJie TOSBIISETCs qua-
rpamMma, KOTopas B 3aBUCUMOCTH OT BBINOJIHSIEMOI0 IIPOrpaMMOil 1eHCTBUs
MI03BOJISIET OTCIICIUTH N3MEHEHHE MEMOPaHHOTO OTEHIIMAJIa Ha AnarpaMMe.

OneMeHTapHble MaTEMAaTHUYECKHE BBIUUCIIECHUS, IOCTPOCHHBIE B CUCTE-
M€ IPOrpaMMBbl, OCHOBAaHBI Ha B3aUMO3aMEHIEMOCTH 3apaHee OOBsIBICHHBIX
MEPEMEHHBIX. DTO MO3BOJSAET BHOCUTh U3MEHEHUS B CUCTEMY HMPOrpPAMMBI
1 MCIIOJIb30BATh €€ TEXHUYECKHE U rpaduyecKie XapaKTepUCTHKH JIJIS TIPH-
MEHEHUS1 IaHHOH MOJIENIN B MHBIX PA3JINYHBIX (PU3UOIOTHYECKUX B3aUMOOT-
HOILIECHUSX.

BBuny mpocToTsl, JaHHYI0 MOJENIb MOXET HCIOIb30BaTh Ha cBoeM 1K
000#i oIb30BaTelNb, UMEIOUIHNH 0a30BBIH yPOBEHb 3HAHUH B MH(OpPMATHKE.
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