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Bin penaxiiiitHol kKoJieril

IITaroBHI unTawi!

Bu Tpumaere B pykax Jpyruii BHIIYCK <«30ipHHKa HAyKOBUX IIpallb (DI3UKO-
MaTeMaTuIHoro ¢akyabrery CJI0B’sIHCHKOIO JIepyKAaBHOIO IearoriaHOro YHiBep-
cureTy». BugaHHs HAyKOBUX IIpallb BUKJ/Ia/Ia4diB, CTYJACHTIB Ta MOJIOJINX HAYKOBIIIB
disuko-maremarnunoro daxyiabrery CUIIY zamouarkosano y 2010 porii, KoJin
pe3yJIbTaTi HAyKOBUX JIOC/II?KEHB OYJI0 OIyOJIiIKOBaHO OKpeMoto cepieto «Dizuko-
MaTeMaTU4IHI HAayKi» B 30ipHUKY HAyKOBUX Ipallb «IlomyKn i 3Haxigkn» 3a Ma-
TepiajaMu HayKoBO-IpakTHIHOI KoHdepeniiii CHITY «AxTyaabHi nuTaHHs HAYKH
i ocituy (CITY, 20-22 ksiTHs 2010p.).

Metoro 30ipHIKa € IiATPUMKa HAyKOBOI aKTUBHOCTI SIK cepejl CTYIEHTIB, Tak
i cepes mostonux Buksagadis CHITY ra inmux BH3.

OcHoBy 30ipHIKA, CKJIa/1al0Th IOBHOTEKCTOBI CTATTI JOIOBiIeil Ha IHOrOPIdHiik
BeeykpalucbKiit HayKOBO-IIpaKTUUHI KOH(epeH il « AKTya IbHI TUTAHHA HAyKH 1
ocsitny (Cmo’srebk, CIITY, 24-26 ksiTHst 2012p.). OCHOBHI pe3yabTaTn 010~
BiJIa/INCh Ha CEKIITHUX 3acilaHHgIX Ta OyJiM PEKOMEHJIOBaHI JI0 JIPYKYy TI'OJIOBaMU
CEKIIiil, 3aBiyBadaMyi BUIIYCKOBUX Kaep Ta HayKOBUMH KE€PIBHUKAMK BUITIYCKO-
BUX POOIT.

3acHOBHUKN 30ipHUKa MaiOTh HaMip 3p0OUTH HOro MakKCUMAaJIbHO BiJIKPUTUM
sIK JIJISI aBTOPIB, Tak 1 JUIsd 9uTadiB. BiH BUXOIUTL OJIMH pa3 Ha PiK y IPYKOBAHOMY
Ta eJISKTPOHHOMY BHUIVIsIII. EJieKTpoHHa Bepcisd »KypHaJy Ta iHdopMallis o0
CHiBIIpalll 3 aBTOpaMu JIOCTYIIHA Ha CTOPiHKax odimiiiHoro caiity 30ipHHKa 3a
ajipecoto http://slavdpu.dn.ua/fizmatzbirnyk/begin.htm.

Bamnpoinyemo g0 croiBnpairli. HacHaru Ta TBopYmnx ycIixiB!
YneHnn peaakiiiiiHol KoJierii.



Jlo 75-pluus
HeuBosioga Mukoian Kysbmuua

HeuBosoa MukoJsa Ky3bMud napoamns-
ca 11 ciamga 1937 poxy B micti Kym'saHebk
XapkiBcbkol obsacti. 3akinuns Ky siH-
p—— coke megarorivne yuaminme (1955), Xap-

,
o

| —

KIBCHKUI JIepKaBHUI ITeJaroriaianii 1HCTH-
tyr im. [NC. Cxosopomu (1961), acrmi-
PaHTYPy YKPaiHCHKOro (Pi3UKO-TEXHIYHOIO

HAyKOBO-JIOCTITHOTO 1HCTUTYTY 3a (haxoMm
isuka TBeporo Tiga (1967).
Yuntenb BaskiBchbKOI cepeiHbol KO-

JIA, IHCIIEKTOP PallOHHOIO BIJIJILTy HAPOJIHOL
OCBITH, CTapIInii BUKJaJad, JOIEHT 1 3a-
Biryrounit Kadepoio dizuku, mpodecop,
IIPOPEKTOP 3 HABYAJILHOI 1 HAYKOBOI pobO-
TH, pexkTop, 3 2003 poKy — paJIHUK peKTopa
i mpocecop kadenpu disuku (3a cymicHU-
irBoM) CJIOB’STHCHKOTO JIEP?KABHOTO T1€/1a~
roriaxoro incrutyry (3 2002 poxy — yHiBep-
CUTET), OYECHUIT PEKTOP YHIBEPCHUTETY.

JokTop disznko-mMaTeMaTHIHNX HayK, 1podecop, akaaemik Akajemii HayK Te-
XHOJIOTIYHOI KibepHeTnkn Ykpainu, Miknaponol akajaeMil HayK, TEXHOJIOTIH Ta
imkuHipraTY, MizKHapOoaHOT KaJIpOBOI aKaIeMil.

€ HAYKOBUM KEPIBHMKOM HayKOBO-TEXHITHOI0 HaNpsAMKY «HwnsbkoTemiepa-
TypHa TMOB3YYICTh AJIMA30IOIOHNX HAMIBIIPOBIIHUKIBY, HAYKOBO-JIOCIIHUX Jia-
boparopiit yHiBepcuTeTy 3 (Pi3UKN TBEPJIOTO Tija 1 HAIIBIIPOBIIHUKIB.

Mukosia Ky3pMud maropojizkennit
e 30JI0TUMI MEJIAJISIME Ta OPJEHOM «3a PO3BUTOK HayKu i ocBiTuy [ TucsgomitTs
Amepukancbkoro oiorpadiunoro incrutyTy Ta MiKHApPOIHOT KapPOBOI akaIeMil;
e 3osiororo Mepasaio [omann AMepukn K BUIATHNN iHO3€MHNN BUEHMI;
e Menansmu «3a mobsecny mpario», «Berepan nparmi», A.C. Makapenka, «10
POKIB HE3aJIEXKHOCTI YKpaiHuy ;
e 3HAKOM IIOMIAHN «3a 3HA4YHI JIOCATHEHHS B OpraHisallil HayKOBO-IOCJ/iIHOI pO-
O0TH CTYJIEHTIBY;
e [louecnmmu rpamoramMu MinicTepcTBa OCBITH 1 HAYKH Y Kpailu.



OcaoBHI gaTu x)kXutTtd Ta migabHocTi M. K. HeuBosioga

1937, 11 ciunsa — HapoauBcd B M. Kyn'sHecbKy XapKiBCbKoI 00/1aCTi.

1955 — zakinunuB KyI'ssHCbKe TeJlaroridyie yaIuaunIe.

1961 — 3akinumB cralioHapHe BiJIlIeHH PI3UKO-MATEMATUIHOTO (haKyJIbTe-
Ty XapKiBCbKOIo JiepxKaBHoro rejparoriguoro incrutyty iM. [LC. CkoBopou.

1967 — 3aKkiHUYeHHSsT acIipaHTyPH 1 3aXUCT KaH/IMATChKOI JucepTaliii, OyB Ha-
npapjenuii Ha podoty y CJI0B'ssHCbKIIT JIepKaBHUI 11eIaroTiIHIi IHCTUTYT.

1967 — 1969 — crapmmuit BukIaga4d Kadeapu pisuku.

15 mrororo 1968 p. — npucyikeHa BUeHa CTYIIHb KaHaugara (i3mKo-
MaTeMaTUIHIX HayK.

1969 — 1970 — zaBinyrounii kadeaporw izuKu.

1970 — 1974 — npopekTop 3 HaBYAJIbHOI 1 HAYKOBOI POOOTH.

27 grotoro 1977 p. — HaropomKeHuit 3HaYKoM «BiaMiIHHIK HapOIHOI OCBI-
TH>.

1984 — 3aBepiiieHHA JOKTOPCHKOI JlUcepTallll.

1989 — npucy/kena BUeHa CTYIHb JOKTOpa (Pi3MKO-MaTeMaTHIHUX HayK.

1990 — npucyzkeHo BUeHe 3BaHHSA Ipodecopa 3a Kadeaporo (pisukim.

1999 — npucsoenns Ykazom IIpesujenta Ykpaiau [lodecHoro 3sannus «3a-
CJIyKEHWH TTPaIliBHUK HAPOJIHOT OCBITH Y KpaTHU».

1986 — 2003 — pexkTop CJI0B’IHCHKOT'O JIEP?KABHOIO [1€IarOMIHOI0 IHCTUTYTY.

1992 — sucrynus Ha 3amnpomenuss JOHECKO 3 ponosigmio «Ilegaroriuna
OCBITa, COIaJIbLHIII IIPOIPec Ta MizKHapOIHE CIIBPOOITHUIITBO B €110XY IV100aJIbHUX
CBITOBUX 3MiH».

2001 - oys zanpormtennit KOHECKO B3saTtu yuyacts y Miknapogaomy dpopymi
B Oxcdopi (AHrTist) 3 mpobseM BUIOI OCBITH.

2001, >KOBTE€Hb — HAropoJIzKEeHHil 30J10T0I0 MegasLIio MixKHapoiHOT KaJIpoBOl
Axkajiemil «3a 3acyiyr B OCBITi».

2001, sucTonaa — 3a JIOCATHEHHSI B TajIy3i HAyKH i oCcBITH AMepuKaHCHKUI
oiorpadiunnii incruryt, akpegurosanuii npu FKOHECKO, npucsois M.K. Heuso-
JIOJTy TIOYecHe 3BaHHs «Bugarna JogmHa CBITY ».

2003 — 3a 3HAYHI JIOCATHEHHS B raJjy3i pisuKo-MaTeMaTHIHIX HayK iM’s IIpo-
decopa M.K. Heusosiona Baeceno AmepukaHchbKuM OiorpadiaHuM iHCTUTYTOM J10
MEPIIOTO BCECBITHLOTO Oiorpadivunoro aoBiannka «Bemuki ymu XXI cTomiTTs».

3 2003p. mo maHwmit 9ac — Pagnuk pexropa CJioB’IHCHKOIO JIepPrKaBHOI'O
11e/1arOrivHOTIO YHIBEPCUTETY.
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Muxosia Kysemua € apropom (criBasropom) monast 100 HayKoBUX mparib.
OcnosHI Ta Haltbiasm Baromi npamni M.K. HeuBojiona

1. Heusosmog M. K. Brmms yabTpa3ByKoOBOTr0O OMPOMiHEHHS Ha, TOB3YYiCTh MOHO-
kpucraiais Li F / M. K. Heasosog, 1. A. T'uapus, I'. H. Masuk, 1. /1. Crapoy6os
/) Yxp. dus. xypuasa. — 1966. — T. 11, Ne 11. — C. 1243 — 1246.

2. Heusonon M. K. Ilpo crymingacry moB3ydicTh MoHOKpHcTasdiB Li F /
M. K. Heusosnon, . A. T'ungun, f. JI. Crapogy6os // YKp. dus. KypHaa. —
1966. — T. 11, Ne 10. — C.1121 — 1127.

3. Heusononm H. K. Ynpounenne KpucTaJImIecKuX TeJl MeTOJIOM CTYIeHYaTO
ruskoremieparypuoii nonsydect / H. K. Heasomog, U. A. T'napnn, 4. /1. Cra-
poay6os // doka. AH CCCP. — 1967. — T. 174, Ne 1. — C. 73 — 75.

4. Heusonon H. K. Bausinue cryneHdaToil HU3KOTEMIIEPATYPHON IOJI3YYECTH
Ha 9JIEKTPOCOTIPOTHBIIeHNEe 1 Mexanndeckue coiictBa meman / H. K. HeuBosogn,
N. A. Tunpun, 4. JI. Crapoay6os // @usuka mMeTasioB u MeTaiioBeenne. — K.,
1968. — T. 26, Ne 4. — C. 688 — 695.

5. Heusonon H. K. Biugnue yibTpasBykoBoro oorydenus Ha 00JaCThb JIeiCTBUAA
MeXaHU3Ma UCTOIEHNs JIUCIOKAIII B MPOIecce CTYIMeHIaTOo MoaI3ydecTH MOHO-
kpucraios / H. K. Heusosom, U. A. T'uapun, I'. H. Manuk // Ykp. dus. xypHa.
—1968. — T.13, Nell1. — C. 1823 — 1827.

6. Heusonon H. K. /Tucnokarnumonnas cTpykTypa MOHOKpucTa/LioB Li F' B yeio-
BusAxX pesknx tepmudecknx m3menenuit /| H. K. Heusomon, B. A. Hagrouwmit //
Ykp. dus. xkypaaia — 1969. — T. 14, Ne 6. — C. 1046 — 1049.

7. Heusonon H. K. ITonsyuects osoBa B TemmepaTypHOil objacTu (ha3oBOro
npesparenns /| H. K. Heasoson, . A. T'unpnn, f. /1. Crapogy6os // ®usnde-
cKasl TIpUpOoJIa IJIACTUYECKOil jjecbopMalii 1 pa3pyiieHust MerasioB. — K., 1969.
- C. 95 -102.

8. Heusoson H. K. Usmepenne DJIC Xosuta Ha repeMeHHBIX 3JIEKTPUIECKUX 1
marauTHbIX nosisix / B. A. Hagrouwmit, H. K. Heusosion // Ilpubopsr n Texanka
skcrepumenTta. — 1970. — Ne 2. — C. 167 — 168.

9. Heusonon H. K. HekoTopble 3aKOHOMEPHOCTH CTYHEHYATON MOJI3YUECTH MO-
HOKPUCTA/LTNIECKOrO TepMaHisl W KpPeMHUsl [PH KOMHATHON Temieparype /
B. A. Hagrounit, H. K. Heusosnon, B. II. Anexun, M. X. [lopmmopos // [le-
dEeKTHI CTPYKTYPbI B MOJIYITPOBOJIHMIKAX: MaTepuaJibl Bcecolo3Horo coperanns. —
Hosocubupck, 1973. — C. 138 — 141,

10. Heusonox H. K. O mnacrudeckoii gedopMaliun repMaHisg 1 KPEeMHUsI IIPH
KOMHATHOfI TeMIiepaType B yCJOBHSX ojHoocHOro cxkatusi / B. A. Hagrounii,
H. K. Heusosion, M. X. [lopiiopos // [ledekTsbl CTPYKTYPbI B MOJIYITPOBOJIHIKAX
: MmatepuaJibl Beecotosznoro coserianns. — HoBocubupek, 1973, — C. 142 — 145.
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11. Heusosox H. K. HekoTopble 3aKoHOMEPHOCTH CTYIIEHYATON O3y IECTH MO-
Hokpucramdeckoro repmanust mpu 300 K / B. A. Haprounii, H. K. Heusosop,
B. I1. Anexun // @usnka u xumust 06paboTkn Marepuayon. — 1974. — Nej. — C. 112
- 119.

12. Heusosiop H. K. O 3akoHOMEPHOCTSIX IJIACTUYIECKOI jiehopMaliui KpeMHIs
npu KomHaTHO# Temmeparype / B. A. Hagrounit, H. K. Heusosion, B. I1. Anexus,
M. X. Ilopuiopos // @usnka 1 xumusi 00pabOTKN MaTepranoB. — 1974, — NeG. —
C. 103 — 108.

13. Heusosox H. K. O mractuueckoit jedpopmarnumi repMatnst Mpu KOMHATHOM
tremieparype / B. A. Hagrounit, H. K. Heusosion, B. T1. Anexun, A. I1. Tuxonos,
M. X. Ilopuiopos // @usnka 1 xumusi 00pabOTKN MaTepuanoB. — 1974, — Ne3. —
C.83-90

14. Heusonox H. K. Ycranoska ijist uccaeIoBaHus OJI3YUEeCTH aJIMA30I10]100-
HBIX T10JTyTPOBOJIHUKOBBIX MaTepraJoB pu KOMHATHOI Temriepatype / B. A. Haj-
roumit, H. K. Heusosion, A. I1. Tuxonos // 3asojckast taboparopust. — M., 1974.
— T.40, Ne1. — C. 112 - 114.

15. Heusonog H. K. Ocobennoctu HU3KOTEMITEPATYPHON MHUKPOILJIACTHIECKO
nedopmarun  KpemHus 1pu  komuarHoit Temmeparype / H. K. Heusoson,
B. II. Anexun, B. A. Hagrounit, M. X. Illopmiopos // CriiaBel pejiKux MeTas-
JIOB ¢ 0coObIMU (br3myeckuMu cBoiicrBamu : MaT. Beec. coBemanusg. — M., 1975, —
C. 72 - 76.

16. Heusonon H. K. Bimganne tepMonukampoBannusg Ha CTYIEHYATYIO ITOJI3Y-
gecTh MOHOKpucTa/ioB Li F B obsiactu jmeficTBust MexaHn3Ma, HCTONIECHUST JIHCJI0-
karuit /| H. K. Heusosion, A. 4. Benomanka, B. 4. Besomanka, B. C. Pomanyiia,
B. E. llIkyparos // Ykp dus. xypuau. — 1976. — T.21, Ne12. — C. 2052 — 2053.
17. Heusonox H. K. O mractudeckoit jpedopmaliun repMaHis U KPEMHUsT [IPH
KOMHATHOfI TeMIepaTrype B ycJoBusX ojHoocHoro cxkartus / B. A. Hagrounit,
H. K. Heusoson, B. I1. Anexun // Merammdeckne monokpuctaLibl. [lonyaenne
n uccjaegopanue cpoiicts. — M., 1976. — C. 180 — 184.

18. Heusoson H. K. Ocobennoctn MukporiacTudeckoit jedopMaliun repMaHist
B YCJIOBHSIX OJIHOOCHOT'O C2KaTHsl TP KOMHaTHOI Temmeparype / B. A. Hagrouni,
H. K. Heusosog, B. I1. Anexun, M. X. [Ilopiopos // Merajiindeckine MOHOKPH-
crasiibl. [loyuenue n nccienosanne coiticts. — M., 1976. — C. 186 — 193.

19. Heusonon H. K. Huskoremmeparypnas jedopmaliusg B MOHOKpPHUCTaJLIAX
repmannst n kpemunss / B. A. Hagrounmit, H. K. Heusonon, B. TI. Anexun,
B. II. Bapena, A. 3. Kamumber, M. X. Ilopmopos // MoHOKpHCTALIBI TYTO-
IJIABKUX 1 PEJIKNX MeTaJsljIoB, CIIaBoB u coexunennii. — M., 1977. — C. 150 —

156.
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20. Heusosiog H. K. TTonzyuects Kpucta/mmieckux TeJl IPpU HU3KUX TeMIlepa-
typax / H. K. Heuoson. — K.: Bumia mxosa, 1980. — 184 c.

21. Heusosmon H. K. Bimgnaune crynenydaToil moa3ydecTn B peyKnuMe NCTOIIEHUS
JIICTIOKAIIT Ha WHQpaKpacHble CIEeKTPhl MPOIYyCKaHUsd MOHOKPHUCTALIOB LiF
npu 300 K / H. K. Heusosnon, B. A. I'eisa, B. II. 3apsa, B. A. Bomoryxus,
I. H. Pomanenko // @usnka u xumng ob6paboTkn marepnasos. — 1983. — Nel. —
C. 92 - 98.

22. Heusosiog H. K. Penrrenorpadudeckoe n 371eKTPOHHO-MUKPOCKOIINIECKOE
UCCJIeJIOBAHIE JTUCTOKAIITMOHHON CTPYKTYPbI MOJUKPUCTAINYECKON MeJI MOCe
crynendaroii moasydectu B reMieparyprom narepsase 300-77 K/ H. K. Heuso-
nox, B. A. Bpycunoscknii, B. A. T'eisa, JI. I Xaer // @usnka TBepgoro tesa. —
K., 1987. — Bem. 17. — C. 55 — 509.

23. Heusosiog H. K. Pacuer auciiokammoHHBIX JIOHOPHBIX YPOBHEM B IIEJIOYHO-
raJIJIONJIHBIX KPUCTAJLIaX Ha OCHOBE SKCIEPUMEHTATbHBIX JAHHLIX 0 HU3KOTEM-
neparyproii nossydectn / H. K. Heusosnon, B. A. Hajgrounii, B. A. Somoryxun
// ®@usuka TBepgoro tea. — K., 1988. — Beim. 18. — C. 60 — 62.

24. Heuasosion H. K. ITpobiemuoe obyvenue Kak yCJI0BUE PA3BUTUS TBOPUECKOI'O
mbiiennst /| H. K. Heusosion, JI. C. [lypsiruna // Merojosorndeckue, Jujia-
KTHYECKUE W TICUXOJIOTMYECKHE acleKThl ITPOOJIEMHOTO 00ydeHUsi (pU3UKE : Te3.
oK. 1-oit Mexmynapos. nayd. — metoj1. koud. — donenk, 1990.

25.  Heusoson H. K. Ilpo6emubie cuTyannu mpu u3ydeHHn HEOOPATUMOCTH /
H. K. Heusomop, JI. C. llypeiruna // Metomoorudeckue, JaujgaKTudecKue i
MICUXOJIOTTYECKHE aclleKThI TPoOJIeMHOro odbyvdennd pusnke : te3. jokJ. [1-oit Me-
JKJIyHapo/I. Hayd.-MeTol. Koud. — Honerk, 1990.

26. Heusosiog H. K. IIpobsiemubie cutyamyuu npu pOPMUPOBAHIE ITOHSITHSA TEM-
nepatypel / H. K. Heusosog, JI. C. lllypsiruna // Metogooruaeckue, g aKkTi-
JecKue U TMCUXO0JOTMIeCKe acleKThl TPoOJIeMHOTO 00yUennsd (pu3nKe : Te3. JOKII.
[I-oit Mexkaynapoj. Hayd.-meTol. KoHd. — Jonenpk, 1990.

27. Nechvolod M. Social progress, pedagogical education and international
partnership / M. Nechvolod // Teacher education in an ERA of global change
. International Council on Education for teaching, 20 — 24 July 1992. — Paris,
1992. — P. 98.

28. Heuosog M. K. [docaizKeHHsT MoBepxXHEeBOl Mirpallil BakaHCiii B HaIiBIIPO-
BIIHUKAX MepMAaHiio B OCIUIIOIIOMY 10/ MexaHiuHux Hanpyzkenb / B. O. Haro-
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I[MPUBJINKEHUE INEPNOANYECKIX ®YHKIINIT MHOTX
ITEPEMEHHBIX ITPAMOYI'OJIbBHBIMI METOJAMN

[Tostyuernl HHTErpaIbHbBIE IPEACTABICHIS YKIOHEHUH METOJIOB MPUOJINIKEHNs, KOTOPBIE OIIpe-
JIEJISTIOTCS TIPSIMOYTOJIbHBIMU MATPUIIAMU, Ha KJraccaX (DYHKINUNH MHOTHX TePEMEHHBIX.

We obtain integral representations of the deviations of methods of approximation, which
are defined by rectangular matrices, for classes of functions of several variables.

Keywords: Fourier series, classes of functions

BBenenue

Knaccnl 9 -unrerpasios GyHKIM MHOTHX IEPEeMEHHbIX OB BBEJCHLI B pa-
oore [1] (em. rakxke [2-4]). B 91ux paborax u3ydaroTcsi BOIPOCH MPUOJIMKEHUS
KJIACCOB 1) -MHTErPAJIOB MePHOINYeCKIX (DYHKINH MHOTHX IEPEeMEHHBIX MPIMO-
YTOJIbHBIMU JINHEHHBIMU METOJIAMHU, 33/ [aBAEMbIMI TPEYTOJIbHBIME CYyMMUIDY IOTIH-
MU MaTpuiiamMi. B JIaHHOI cTaThe 110/IyYeHbl MHTErPaJIbHbIe TPEeJICTABIEHUs JIJIs
BEPXHUX I'DaHell YKJIOHeHUil MPsIMOYTOJIbHBIX JIMHEHHBIX cpeHuX psajgoB Dypbe,
3a/[aBAEMbIX [PAMOYTOJBHBIMI CYMMUPYOMUMI MATPUIIAMU Ha Kjaccax (yHK-
Uit MHOIUX TlepeMeHHbIX. st asibHeiliero n3jioKeHus BBejieM psiJi 0603Haue-
Huil u onpejesiennii. B oJlHOMEPHOM CJiydae BOIPOCHI TIPUOJINZKEHHsI TIPSIMOYTOJIb-
HBIMU METOJ[AMU U3yJajnch B pabore [6].

Crenyst [5], BBesiem psigi @ypbe (byHKINE MHOIUX [EPEMEHHBIX U JINHEfiHbIe

METO/IbI UX CYMMHUPOBAHUS cjeayromnmuM oopaszoM. [lycrs  R™ — npocTpaHCTBO
m

M -MEPHBIX BEKTOPOB T = (1, X2, ..., Tpy), 1™ = [[[—m; 7] — m-mepubrit ky6
i=1
¢ pebpom 27,

N"={Zfe R"z; €N, i=1,2,...m},
N"={Z€ R"|z; € No=NU{0}, i=1,2,...,m},
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Hosuxkor O.A., Posenckas O.I., Ilymuk T.B. Ipubmxenne npsMOyTroJIbHBIMUA METOJAMHI
N'={Z € R"z; €N, z; € N,, i # j}.

[Iycte E™ — muoxkecTBO ToueK n3 R'™, xoopauHaTbl KoTophix 0 mianm 1. Yepes
L(T™) 0603HaIMM MHOXKECTBO 27 ~IEPUOJINUECKIX 110 KAYKJIOM epeMeHHOil, cyM-
mMupyeMbix Ha Kybe nepuogos 1™ dyuxiuit f(Z) = f(x1, T2, .oy Tin)-

_ lyers f € L(T™). Crenys [12, c. 546], xaxmgoit mape Touek § € E™,
ke N

* )

rmoctaBuM B cooTBercTBrE KO3 dunment Pypbe pyuknnn f

B

a

1 - S;T
= — T cos | k;x; — —) dx;.
(1) = 5 [ 0 T eon (ki = =)
Kazxj1oMy BeKTOpPY ke N nocraBuM B COOTBETCTBHE rapMoHUKY (byHknnu f ()

(f) ﬁcos (kzazz — S;W) :

Cremys [5], psit @ypbe dyuakimn f () ompeae/nmM CIe oM COOTHOIEHN-

E i

Aff; D) =D a

seEm

eM

eSS ﬁfl,;(f;f), 1)

—

keNm

- —

rie ¢(k) — KOJMIeCTBO HyJIEBBIX KOODJIMHAT BeKTOpa k .

Cremyst 6], onpeaenM IpsSMOYTOIbHBIE METOBI CyMMUPOBaHUs psiioB Py-
pbe byHKINIT MHOTHX HepeMeHHbIX. [Iycers jysa kaxoro ¢ = 1,2, ..., m 3aJj1aHo
mnozxectso B C (1;400), s KOTOPOro +00 ABJISETCA TIPEIEILHOI TOUKOIL.

Dementbl MmuozkecTBa BY 06osmaumm 6, 6 € B .(Ka)Kg:Loﬁ nape unces § € B
0,8) (6,9)

u k= 0;1;2;..., nocTaBuM B COOTBETCTBHE 4ucjao A"~ , Ay~ = 1. s KazxKg0ro
N k=0,1,...
. 67 (it}
durcupopannoro ¢ = 1,2, ...,m, obosuaunm A; = {)\]g Z)} o
djeBl
B BW =N, i=1,2 AP = A
caydae =N, 7=1,2,...,m, nomygaem A, = A\, W IIPH BBITOJIHE-

HUN YCJIOBUSA )\,(fn) =0 g k > n, maTpuna

A {)\(5,’i)}k0’1"" _ {)\(n)}ko,l,...
! K 0eN k nenN

OKa3bIBaeTCA TPEYTOJIHHOI.
B ofuiem ciyuae kazkgomy suadenmo 0 € B = 1,2 ....m, cooTBeTCTBY-

8,
er OecKOHEUHast CTPOKa (IOC/IeI0BATE/ILHOCTD) BEJININH )\EC Z),k; =0,1,2,..., a
(5,2) k:O,17 . .
MHOZKeCTBO Aj = ¢ A; ., lpecTaniser co0oIi ceMeiicTBO CTPOK:
seBU
(0,8) (d,) y(3,9)
Ao AL AT
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KazKJ1asl U3 KOTOPBIX COOTBETCTBYET CBoeMy dukcnposannoMy 3uadenuio 6 € B,
Eciu muoxecrso B cuernoe u BY = {§1,8,,...} , To coorsercrByiomee Muo-
JKECTBO A\; MOKHO IIPEJICTABUTDL C B BUJIC MATPHIILI, KOTOpad B 00IIEM ciIydae He
SIBJISIETCSI TPEYTOJILHOM

)\(517i) )\(51,1') )\(51,i)

A(()(SQ’Z) AS.CSQ,Z) )\g(SQ,Z)

BoifepeM u3 kaxkaoro muoxkecrsa B = 17 -y M, 11O OJIHOMY SJIEMEHTY

50 e B u obosuaunm 6 = (60, 6@, .
)

2,.
(m)) | Toma BEKTOP 5 Hpo6eraeT
! 2

,z 1,, LM, 561_[ B | O6o-

JIEKAPTOBO IPOH3BejeHne MHOKecTB Bl

3Ha4Y1UM
. m

6,1 0,7)
A]i) = AP0 HAE@

BekTopy S u dbyunun f € L(T™), umerorneit psip @ypbe (1), mocraBuMm B coOT-
BETCTBUE Ps1JL

QY m
_ k_A(Ff ) 8 (1)

=) — T H HZ 2q(E)Ak(f,x),(5EHB (2

keNm™ keNm i=1
IIpu coorsercTBytomem Bhibope Habopa Muokects Ay = (Ap, Ag, ..., Ay)
TN Psjibl sABiAOTCH psjiami Dypbe HEeKOTOPHIX (DYHKIMIL, KOTOpbie 0003Ha-
anm Up(f, #,A). Hanpumep, ecim )\Ef’l) = 1 jana Beex kK = 0,1,2,...,

6 € BW i=1,2, .., m, 1o Us(f,Z,A) = S[f]. Takum obpasom,
L IR N L
S £ 3 M) = 7 o - T A4(r ), 3)
keNm i=1

Wsyunm sonpocer npubmzkenns oneparopamu Ug(f, ¥, A) xnaccos dbynximii
MHOI'HX TI€PEMEHHBIX, KOTOpbIe, cieys 1|, BBegem ciieyionmmM oOpasoM.

[Iycte 0 = {1,2,...,m} u depe3 p 0603HATEHO HEKOTOPOE TTOJIMHOKECTBO U3
™, |p| KommIecTBO 3/IEMEHTOB MHOXKECTBA (i, Yepe3 [i(1r) — BCSIKOe I -3JIEeMEHTHOe
TOJIMHOYKECTBO U3 T Tak, aro |u(r)| =r.

['apMOHUKOI1, CONPsSI?KEHHOII ¢ AE( fi f) 110 IIepEMEeHHOI X, , OyJIeM Ha3bIBATb
BEJIMUNHY

A% (f;2) =Y a( Hcos(m )Cos(k x—%)

seEm iem\{r}
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Mycrs ;= (Y (k), via(k)), Wi = (Wi (k), Uin(k)), i €, k =0,1,2,...,
— Habopbl CHUCTEM YHUCET TaKWX, 4YTO JJd BceX ¢ € m, k € N, BBIIOJHAIOTCA
yesoBust: ¥;1(0) =1, W(0) =1, 1;5(0) =0, ¥;5(0) =0,
-9 —2
Vi (k) = i (k) + (k) # 0, T (k) = T (k) + Th(k) # 0.
Ecin 1151 PUKCHPOBAHHOTO 1 € T cymectyer dyHKIms for (7)) € L(T™)
TaKasi, ITO

U] — L . (7)) — byo (kA (f: T
S %ij%w(kr)(r<kr>Ak<f, ) —va(k)AT(FiE), @

rae N — MHOXKeCTBO TOUYEK ke N]", y kotopbix k, % 0, T0 OyJemM TOBOPUTH,
qTO0 fd’ *(Z) sBIgeTcsa "acTHOl 1), -iponsBoAnoil dbynknun f(F) 1o nepemMenHoii

z, . s dynkinun Y (F) Gymem Takze HCIOIb30BaTh eCTECTBEHHOE /IS JACTHBIX

9" (&)
ox, o
Hns uxcuposannoro nabopa jo C M, fi = {ry, 72, ..., 7|y}, cMemannoi ¥, -

IIPOUBBO/IHBIX 0003HAYEHIE

IIPOM3BO/IHOI 110 TIEPEMEHHBIM &, i € i OyJaeM Ha3biBaTh MYHKIMIO fT#, KOTO-
past 3a/1aeTcsi COOTHOIIEHNEM

f@(f) _ 8 U \8 "1 a‘I’nf( )

&Ewﬁxm - 0T,

Mmnozkecrso dynxumit f € L(T™) Taknx, 4ro Jid MOObIX ¢ € T Cylie-
CTBYIOT 1) ~-IIPOU3BO/IHbIE fw v g BeeX o C T CyINEeCTBYIOT CMelIaHHbIe
\I/u -IIPOU3BO/IHbIE f‘I’l' , OyjieM 00603HAaYATh Lm¢, & HOJIMHOZKECTBO HElPEPbIBHBIX

bynxmmit n3 L™ 6ynem 0603HauaTh C™ . MHOKeCTBO bynxmmit 3z C™ | yo-
BJIETBOPSIIOIINX YCJIOBUSM

esssup| fYi(Z)| < 1, esssup|fY#(Z)| <1, i em, pCm,

OyJieM 0003HAYATD C@ .

OcHoBHad 49acCTb

HaﬁgeM NHTEr'PpaJIbHbIE IIpedCTaBJICHUA OJId BEJIMYNH

df .
Hnst sroro nonanodutest cieiyollee yTBepKenne, HoydeHHoe B pabore [1].
Jlemma. [1] Iyers f € C™. Torga aist esikoro k € N, §eE™ pcCm,
BBITIOJIHSAIOTCS DABEHCTBA

s, s+ (1) —
i) =3 T vt [ITatb) D= " = (%, (0

CCpiep\¢ JEC
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B vactHocTH, g k € N[, 1 € m,

aZ(f) = P (k)ai(f™) — (=1)*va(k)a. (7). (7)

Cnenyss AWM. Crenanmy [6, c. 56|, gepes {N(v)}, ¢ = 1,2,..m

v € [0,400), obozHAUNM HAOOD MOC/IEOBHOCTE, 3a/[aHHbIX 1 HEIPEPbIBHbIX HA
[0, +00) dyHKIWi, TaKUX, 9TO A; < ) = )x()(k:), i € m.

Kazciomy Bexropy 5 1OCTABUM B COOTBETCTBHE HAGOD HENPEpLIBHLIX HAa

[0; +00) dynkunmit )\Z@(u),i =1,2,...,m, TaK, 9To Kaxk10i koopaunare 6 sro-

5
'O BEKTOPa COOTBETCTBYET (DYHKI[US )\E )(u) TaKasd, 9To

HyCTb dbyHKIUN Tl(f)(fl}), ngé)(v) g 1= 1,2,...,m, j = 1;2, Ha npome-

KYyTKe [ 5 +00) orpe/Ie/ieHbl COOTHOTIEHUSIMU
(2

- - - -

5 @ 1)
my () = (L= A7)y (60), T (0) = (1= A7 (@) Ty (niv),  (8)
a Ha poMexyTke |[0; (%] orpeJiesIeHbl TaK, 9TOObI 3TN (DYHKINN ObLIN HENPEPbIB-

HbIMU Ha [0; +00) ¥ BBIMOJHSIICEH YCIOBUST Tz(j )(O) = Ti(j)(O) =0, 1 em.

UssectHo |7, ¢. 54|, ato B ciaydae, Korja dbyHKIUs T(w) OIpeIesieHa I Helpe-
peiBHa Ha [0; +00) u uMeer cymmupyemoe Ha R 1mpeobpaszosatue @ypbe

o0 1 oo
/—/T(U)cos(utJr%T)du dt < oo, [ E€R,
7
0

—0o0

0 Yu € [0;+00) crpaBeIiBbl PaBeHCTBA

% / /T(v) cos (vt + %) dv cos (ut + %) dt = 7(u),

—00

//7‘ Ccos (UZHL%T) dv sin (utJr%) dt = 0. (9)
—oo 0

/Tg)(v) cos (vt _U ; 1)7T> dv.

0

B IIPUHATBIX 0003HAYEHUSIX CIIpaBEJINBO CJIEAYIOIIEC YTBEPZKIACHUE.

3|

[TostoxxkuMm
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- -

Teopema 1. [lycms ¢ynxuyuu TZ(](S)(?)), Tl(j)(v) onpedessemvle CoomHoOUEHUAMU

(8), umerom cymmupyemovie na R npeobpazosarus Oypve
/| t)|dt < oo, /|T5 )dt < o0, i=1,2,....m, 7=1,2. (10)

Tozda dan ecaxoti pynwyuu f € C™Y 6 xasicdoti mouke T € T™ 6vinoanAemcs
PABEHCMEO

(0.9]

m 1 B " o0 _ ~
ps(f: T; A):Z;/fwk (f— 5(—],1)51@)/(715?(0) cos vty + Tlgg)(v) sin Utk) dvdty+
k=1""_ 0
= 1 - t
r+1 \IJH r _ _]_’
YD A EED S I
r=2 p(ryicm — pr Jeu(r)
X H /(Tg)(vy) cos v, t, —|—TZE§)(”UV) sin fuyty) dv,dt, . (11)
veu(r) o

HokazarenbcTBo. Nnes B By coorHomienus (3), (5), norydaem

Slpsl = > k( Hw) (f: ).

EeNm

[Ipumensigs paBeHCTBO

D =0 ST (A7)
=1 =1 i)cm jeu(i

1oJ1y HaeM

S[Pg]Z#Zﬁ > (-1 IT (1= A2 | axtr) =

keNm =1 (i) Cm jep(i)
N 1 (5:) Sy
T F () g S £ 8
=1 fenm =2 iycm keNm
5 N m B m Z
<TT (1= M) A LY s+ > (- Y 8 (12)
jeu(i) i=1 1=2
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Jlastee BOCIIOJIB3yeMCsT CXEMOIT JIOKAa3aTe/IbCTBA, MPEJJIOKeHHOT B pabore |7,
c. 53|]. Haitnem kosapdunmentor Dypbe GyHKImit

t.
RS-
7T7’/f ‘ 5(]’)6] %

Jeu(r)

X H / (T )(v,,) cos v, t, + Ty(g)(vy) sin Uyty) dv,dt,, p= p(r) Cm,
veu(r)

TO(F) =T (&), = p(r) = {i},

YuautsiBas yciaosue (10), MoxKeM MPUMEHUTh H3MEHEHUe MOPsIIKa UHTerPUPO-

BaHUs B CJIEJIYIONINX ITPEOOPA30BaHUSIX
o

. 1 = =
//f ( e]) H —/(Ty(f)(v) CosvtV+TV(g)(v) sin vt, )dvdt, X
T
Tm Rr JEN(r veu(r)
ST @ o ST
X Hcos (k T )dxZ /ﬂm /f cos (kzlzz 5 )x
R Zem\u( )
X H cos( ( > )Hd% H —/(Ty@(v) cos vt,+
vep(r)

jen(r

+T£§)(v) sinvt, )dvdt, = / /fq/ (%) oS (kaZ — S?) X
ZGm\M (r)

T

X H (cos <k Tj— —7T> cos lg—t sin (k:jxj ) sin —t >Hdmz><
) J J

jen(r

-

X H 15(15 cos vt +T( )( )sinvt, )dvdt,,.

VE,U 0
HpI/IMeHHH N3BECTHOEC PaBEHCTBO

I[ @ =oy= 2 [lallt

jeu(r) CCpu(r)iep\¢  JEC

[oJIy 4HaeM

a% /Wm/f‘l’ COS (k:m — SZW) Z ( H cos (k; xT; — Sﬂr)
Zem\u CCpu(r) \iep\¢

36ipHuK HayKOBHX Ipalb ¢izuko-mareMarudnoro dakyaprery CHIIY
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-

k; : Si I 7(®)
X COS _.tiH<_ sin (k;zazz — 7) ))Hdwl H —/ "1 (v) cosut,+
0

1

JEC veu(r)
+Ty(g)(v) sin vty )dvdt, = [/ /f‘l’ H oS (k T; — >d ; X
ccu(r iem\(
. SjT 1 5 Ny s
X H sin (k;jxj — ]7> dx; H - /(TlEl)(U) cos vt, + Ty(z)(v) sin vt, )dv x
jed veu(r)\¢
k, 1[G ; k
X cos —t,dt, H — /(Tv((ls)(v) cos vty + Tv(g)(v) sin vt, )dv sin 5—7t7dt7(—1)|§| :
o e 7
0
(13)
Tak kak it s € E™, ( Cp
FHY(—1)%ie; %5
a e <f\1' = /f H COS (k T — ) dx; X
iem\(
S+E( ) zé’i o .
stm(k z — SJ”) de;, ke N a. = (f“P) —0, ke N"\ N
Je¢
to npumMensst (9), aa ocrosanun (13) mosyTaem
. S s FE (1)
a];; (I\I/u> — Z( 1)16(: aE S <f\I/ ) H TI/l <n ) H ( >
(cp veu\ Y7 le¢
FenNr, af (%) =0, FeN"\N. (14)
Vuurbisast pasenctso (6), nmeem 11 k € N L, SEE™
¢ (77 (55 TR
ap (%) =TL (1= 287) 3= TT watk TT woatko)ey (™) =
JEM CCpicp\¢ Vel
s\ 5
JE
CiietoBaTesibHO,
Ap (2%:7) =[]0 = NI Ae( i), Fe Ny (15)
JEW

Bumyck N2, 2012 21



MaTremaruka

TakmmM 0Opa3oM, yunTbIBas (12 MOZKEM 3allucarb, 9TO

sfE™] = ¥ o ( o) a(f) = Su(f:3).

Fenym
- 1
V] — — -7
B wactaoctu  S[ZVi Ig e (1 ) P(f;T) = Si(f; 7).
S

Ob6bennnsst nocaenne aBa coorHomenns ¢ (12), moaydaem

D TU(E) D (=) Y TS f)] .

pCm

DTO 3HAYNT, 4TO JJIsT BCIKOM (yHKIun f € Cg;@ CIIPpaBEJIJINBO PABEHCTBO
(11). O
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IMPUBJIN2KEHNUE NHTEI'PAJIOB ITYACCOHA
r—IIOBTOPHBIMI CYMMAMMU BAJIJIE ITYCCEHA

O6umciieni 3HAYEHHS IHTErpaJIiB y TOJIOBHOMY HJIEHI aCHMIITOTHIHIX (POPMYJT JJIsT TOYHUX BEPX-

HIX MeXK BijxmieHb 1 —1moBTopHux cyMm Base Ilyccena na kimacax inrerpaJis [lyaccona.
Calculated values in the main term of asymptotic equalities for upper bounds of the

deviations of the r-repeated de la Vallee Poussin sums taken over classes of Poisson integrals.
Keywords: Fourier series, asymptotic equalities

BBenenue
Cremyst |1], obosHaanm CgHw — KJIACC HEIPEPBLIBHBIX 27 —IePUOITIECKIX

dbyuximit f(x), KOTOpble MOXKHO MPEJCTABUTD TIPH TIOMOIIN CBEPTKH

™

Fla) = Ao+ - [ oo+ OPY) .

—T

B KOTOPOI1

PUt) = eos(ht + 50, g e (0:1), B R

k=1
— apo [lyaccona, a dyukius (+) yIOBIETBOPSIET YCIOBUE

[(t) = (") < w(lt' —t"]), V¢, t" € R,

riae w(t) — MpoM3BOJIBHBIN (DUKCHPOBAHHBIN MOJIYJIb HEIPEPhIBHOCTH. VI3BeCTHO
12, c. 32|, aTo kracchl CgHw , KOTOpbIE TIPUHATO HAa3bIBaTh KJIACCAMU UHTErPAJIOB
[Tyaccona, coctosT n3 GyHKIU f, KOTOpbIE SIBJIAIOTCSA CyKEHUsIMU Ha, JIeiicT-
BUTEJIbHYIO OCh byHKImit F(z), anamurnaeckux B mosoce [Imz| < In % /2In2.

© Kagyb6osckmit A.A., Hosukor O.A., Posenckas O.I., lllynuk T.B., Baitayra E.B., 2012
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[Iycts  S,(f;x) — wgacruunbie cymmbl psiga @ypwe dyukimm f(x), p,

P1, P2,.--,Dr — IPOU3BOJIbHbIE HaTypaJibHble YHUCJIa Takue, 4ro p < N,

e Y
> ok d 3, < n. Torna cymmbr Bame Ilyccena dyuxinuu f(z) € LY[—m; 7]
k=1

obbrannste V,, ,(f, ) n r-nosropuble Vn(%)( f, ), COOTBETCTBEHHO, 3a/IaI0TCS CO-

OTHOIIIEHNAMU )
1 —
Vn,p(fa l’) - - Z Sk‘(f7 l’),
p k=n—p
1 n—1 1 ]fl 1 kr—l
Viifay=— > — Y = Y Su(fe).
Py S P2 it Pk pot

Bompocam u3ytenus npubsizkennii Kiiaccos narerpaion Ilyaccona mocssimnen
psiyt pabor C.M. Huxosibekoro (3], C.B. Creuknna, A.W. Crenanna [1], B.I1. Py-
kacoBa u C.0O. Yaiiuenko [4], A.C. Cepmioka [5]|, u apyrux. B pabore [1| 6110
MOKA3aHO, UTO TP N — OO BBIMOJHAETCS PABEHCTBO

w/2
4q"

£ (CiH.:8,) = —K(q)@n(w)/w (%) it i o 0"
0

mw(l/n),

2 n

rie 0,(w) € [1/2;1], npuuem 6, (w) = 1, eciu w(t) — BBITYKJIBIT MOJIY/Ib HEIIpe-
PBIBHOCTH.

B pabore [4] mist Bepxuux rpaneit orkionennit cymm Basiie Ilyccena mosryae-
HbI ACUMIITOTUYeCKHe (hOPMYJIbI

us

2

20, (w)q" P!
£ (C’gHw;Vn,p) = /w
0

) sin tdt+

mp(1 — ¢?) n—p

1 qn—p—|—1 qn
FOWWE— p) (p(n —pA—qP p(i- q2)> Lepsn

[Ipumensisi paccyzKjienus: paboThl 6], MOXKHO MOJYYIUTh AHAJOTHIHYIO (HOPMYJTY
JIUTsl BEPXHUX I'paHeil yKIOHEHUI MMOJIMHOMOB Vn(g (f;x) r € N or dyukuit u3
KJIACCOB CgHw

Teopema. Ilycts ¢ € (0;1), 8 € R, >/ pi =%, <n u w(t) — npous-
BOJILHBIN MOJ1yJIb HenpepbIBHOCTU. Torja npu n — X, — 00 ClpaBe/JInBa aCUMII-
ToTH4IecKkad hopMmyia

™

() / 70 (2)da+

0

2qn72p+r

E C’qu'V@ = ——e,_
( B ) n,p) 7T2H;:1p¢€ Xy
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Kany6osckuit A.A., Hosukos O.A., Posenckas O.I., IIpubamxenne cymmavu Basre Ilyccena

¢ w ((n—X,)7) 1 1
[[ioipi (n—5%)) [(1 —q)*? " (1- q)”} i

1 g =N
—1—0(1)1_[77_1]% Z 1o w([n—Ep } ) M — 2, —> 00

a 1Cr

+0(1)

rae 7= {1;2;..;r}, X5 = > pj, a(i) — MHOKECTBO, cojiepzalliee i 3JIeMEeHTOB,

JEx
Z,(x) ! / (2 sinrd
x) = ,nz w2r(n — % sin 7dr,
! \/ 1 —2gcosx + ¢> /
O.(n) € [1/2;1], npuuem 6,(n) = 1, eciim w(t) — BBILYKJIBIT MOJY/Ib Helpe-
peisHocTH, O(1) — BesmYMHA pPABHOMEDHO OrpaHWYeHHast 10 1, ¢, [, p;,
1=1,2,..r

OcHOBHaY 4aCTb

OcHoBHBIM peE3YJIILTaTOM rZLaHHOIL/’I pa60Te ABJIETCS BbIYUCJIEHUE 3HAUYEHUIT Be-
0

auanH [ Zg“(x)d:c JULA IIPOU3BOJILHBIX HEYETHDBIX T .
0

Teopema 1. Jlaa ecaroeo 1 =2v —1, v € N,

m 4 r—1
dt s 2
Z’I‘“rl dr = / — Ck: 2k 1
/ g (@)dz (1+¢2 —2gcost)” (1— g1 ( ) (1)
20e OF = n—k) Koappuyuenmot OUHOMUANLHOZ0 PA3AOHCEHUA.

HoxkazaTejabcTBo. O003HAYNM UV = %1 B pabore [7| mokazano, 4To crpaseji-

JmBa, (hopmyia
™

/Zg“(x)da: =

0

)2v—1 Z 2' ?5”_—;3_—1)1!))2! (1— Q)%(l + Q)2<V_k_1)a (2)
k=0

41/1

rjie V:%.

BbImo/iHsIst 971eMeHTapHbIe IIPeodpa3oBaHusl, 0JIydaeM

V—

V—k—l))

k=0 (v—Fk—1h?

- 2(v—k-1) _
2(1/1 1_q 21/1 (1 Q) (1+Q)
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v—1 2k
T v—1-k) 1 - q
- 22(1/—1)(1 — )2 1 Z C%C (v—1- k (1 i q> -
B T (1 + q)21/—2 v—1 kol %) (1 . q)Zk B
20v—1)(1 _ \2v—1 w1 2k~ 2(v—1-k) -
22 0(1 = g1 (1 4 )t I

ey (1=q\*
ChCai oy (HQ)
Tax kak B cuity cootHotienus 1.2.7.38 pabotsr [§]
> ChOf e =2, (5@ + ;>)’
k=0

rie P,(z) — mosmaoMm Jlexkanipa, To

2k v—1
y 1—q _ 1—q 1{1—-q 14¢
C C ].k :22(V 1) ny _ et
Z 2k V1k<1+q) 1+q A0 E

_ e (L= ”‘1P (! 120+ @+ 1420+ ¢
1+gq i\2 1—q?

o f1=g\"! 1+¢2
_ Q2-1) <_q> Py_l( qz). (4)
1+4+g¢ 1—gq

NseectHo Takzke, uro ([8], ¢.625)

- (1) - Sk

1—y k=0

v
= P )

[losTomy npnt ¥y = ¢%, n = v — 1 cIpaBeIBO PaBEHCTBO

v—1
v 1+ ¢
(1-¢*)""'P ( 2) =) (C)_))%™,
h—

o

T.C.

v—1
1+¢° 1 kN2 2k
P (7558) = s ™
CiresioBaTesibio, Ha OCHOBAHUK COOTHOIIeHHs (4)

ZC Culk 1—g¢q k:22(y1) l—q Vﬁl. 1 (Ck )2q2k:
2k~ 2(v—1—k) 1_|_q 1+q (1_q2)y_1 r—1

k=0
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Kany6osckuit A.A., Hosukos O.A., Posenckas O.I., IIpubamxenne cymmavu Basre Ilyccena

1/—1

_ 2(1/1 22k

k‘:

ComocTaBJisist mocsIe/iHee COOTHOIIEHIE ¢ PABEHCTBOM (3), HOJIyIaeM

—_

s «— (2K (2(v — k —1))!
22~ 1(1 — @)t = (K1)? ((v — k — 1)1)?

(1= )" (1 + ¢ =

>
I

0

[t

v—

m . 92(r-1) 1
POVA— g (1+q) (1 +g D

_ }: 22k
o 21/1

HOSTOMy Ha OCHOBaHMM COOTHOIICHMA (2) HEMEIJIEHHO II0JIy4d9aeM pPaBE€HCTBO

(1).
JIuteparypa

(Ck; )2 2%k _
0

e
Il
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KuarounukoBa A.P., JleneneBa A.C., Kaunna FO.M.,
Macaakosa O.HO., Pyxmnosa N.FO., I11araaoBa E.A.

L crynenter 5 kypca pusuko-maremarmieckoro gpaxyiprera, CIITY

e-mail: sgpi@slav.dn.ua

I[MPUBJIN>KEHUNE KJIACCOB ®VYHKIII MHOT'IX
IIEPEMEHHEIX ITPAMOYT'OJIBHBIMI JINMHENHBIMI
OIIEPATOPAMN

OTtpumani acuMIITOTUYHI POPMYJIN JIJId BEPXHIX IpaHeil BiAXUICHb MPAMOKYTHUX OIEPATOPIB
Ha Kjacax (v, f) —mudepeHIiitoBHnx (HyHKIIH 6GaraTbox 3MiHHUX.
Keywords: Fourier series, asymptotic equalities

BBenenue

Kiacenr (¢, B) -muddepennupyeMbix byHKIHH MHOITX IEPEMEHHBIX, C JTBYMST
rnabopamn dyuxiumit (k) obun BBegensl B pabore [1| (em. takske [2-4]). B srux
paboTax M3ydaroTcsl BOIPOCHI MPUOIMKEHNST TPAMOYTOIbHBIMI JTNHEHHBIMI Me-
TojaMu KaaccoB (1, ) -muddepeHimpyeMbx nepuoandecknx (byHKIUH MHOIIX
[IepeMeHHBIX, B KOTOPBIX JIJIsI OIIPEIe/IeHUs ITPOU3BOIHBIX 110 OJHOMN ITepeMeHHOi
U 110 HECKOJIbKUM I€PEMEHHBIM IPUMEHSIeTCs JIBa PA3/IMUHbIX HAOOpa MYJILTH-
IJINKATOPOB. B JaHHON cTaTbhe M3ydaroTCsl aHAJOTMYHBIE BOIPOCHI Ha, KJlaccax
(¢, B) -muddepentmpyembix bYHKIHHA M T€PEMEHHBIX, ONPeIe/IsieMbIX M Habo-
paMy MYJIbTUILIMKATOPOB sl KazKJI0ro ducja nepeMeHHbix. Ha stux kiaccax 1o-
JIy9eHbI aCHMITOTHYIECKIEe (DOPMYJIBI JI/IsI BEPXHIUX I'PaHeil YKIOHEHUH pa3InIHbIX
PSIMOYTOJIBHBIX JIMHEHHBIX CPEIHNX PsII0B Dyphe, B3ITHIX 110 KiaccaM (DyHKIIIT
MHOT'UX IIePEMEHHBIX MaJIoi riiajKkocTu. B yacTHOCTH, HaliIeHbl AaCUMIITOTHYECKIE
paBeHCTBA, KOTOPhIE 0OeCIIeunBaIOT pelenne 3a1adu Koamoroposa—Hukobckoro
(em. [5, C. 8]) Ha sTHX KJIaccax s MPSIMOYTOJIBHBIX orepaTopoB Pypbe Kiiaccu-
JecKmnX, 000OIEeHHbIX oneparopoB 3urmyHia, Basie Ilyccena n Pucca.

[tst nasibHediero n3/oKeHns BBeJAeM psiJi 0003HAYCHUI 1 Olpe e/ IeHui.

[Iyctb  R™ — mpoCTPaHCTBO M -MEPHBIX BEKTOPOB T = (1, X2, ..., Tpy),
m
T™ = [[[—m; 7] — m-mepusIit Ky0 ¢ pebpom 2,
i=1

N"={Ze Rz, €N, i=1,2,..,m},

© Kimounukosa A.P., Jlenenesa A.C., Kauuna FO.M., Maciakosa O.1O., Pyxmiosa I1.1O.,
Iarasosa E.A., 2012
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N"={Z e R"|z; € No=NU{0}, i=1,2,...,m},
N"={Z € R"™z, €N, z; € N,, i #j}.

Yepes E™ 0603HAUNM MHOXKECTBO ToUeK U3 R, KOOp/IMHATHI KOTOPLIX MTPH-
HUMAIOT OJIHO U3 ABYX 3Havdenuii: 0 mim 1.

Yepes L(T™) 0603HAUNM MHOYKECTBO 27 -TIEPUOJNIECKUX 110 KazKION Tepe-
MEHHO, CyMMEPYeMbIX Ha KyOe repuojios T | dyukmuit f(¥) = f(x1, 22, ..., Tp) -

[lyctes f € L(T™). Crenys [1], kaxoii mape Touek § € E™, ke N™,
1ocTaBuM B cooTBeTcTBrEe KodddummentT Pypbe pyHKIUN f

Bl

a

(f) = Wim Tmf(f) Hcos (kle _ S;ﬂ) dzx;.

1=1

Kaxkaomy BekTopy k € N!" 1nocraBuM B COOTBETCTBUE TAPMOHUKY (PYHKIINN

@ )
Ap(f; @) = Z azi(f) Hcos </€2ch — S;W) :

sepm =1

Crenyst 3], psim @ypbe dbyuximn f(Z) omnpegesnmM cie Ty oM COOTHOIEHN-
eM
1 —
SIfl = ) —=Ai(f; ), (1)

9q(k)

—

keNm™

— —

riae ¢(k) — KOJMMIeCcTBO HYJIEBBIX KOODIMHAT BeKTOpa k .

[lycts m = {1,2,...,m} u pu — Kakoe-IuOO TOIMHOYKECTBO U3 717, 0003HA~
GUM Uepe3 |f| KOJIMUecTBO 9JIEMEHTOB MHOXKECTBa fi U depe3 [i(r) — BCsKoe
7 -9JIEMEHTHOE MOIMHOXKecTBO n3 M (|u(r)| =1).

[lo anajioruu ¢ 0JIHOMEPHBIM CJIydaeM, TApMOHUKOI, conpszKennoii ¢ Ay(f; 7)
110 IIEPEMEHHON X, , Oy/IeM Ha3bIBATH BEJIUYMHY

Az}(f; T) :Zag(f) H oS (/czacZ — S%) oS </<;ra:r — w> :

SeEm iem\{r}

Bynem BBO/uTH moHSTHE (1), 5)-NPOU3BOAHBIX (DYHKIINIT MHOTUX IEepeMeH-
HBIX, UCIIOJIB3YsT CXeMbI BBeJIeH st (1), ) -IIPOM3BOAHBIX (DYHKIIN{T OJIHOIT IIepeMeH-
HOit (cM. [1]) 1 OOBIKHOBEHHBIX YACTHBIX TPOU3BOIHBIX (PYHKINI MHOTUX TIEPEMEH-
HBIX.

[Tycrs ¢ (ki),i = 1,2,...,m,r = 1,2,....,m, k; € N, — duxcuposanusie
Habopbl PYHKIUI HATYPAILHOIO apryMeHTa, 8. = (Birs Bary ves Pmy) — uxcn-
poBanHbIe BeKTOPHI ( B € R, i =1,2,...,m ). Eciu qys buxcuposamuoro r € m
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CyIIeCTBYeT (PyHKIINSI %(1) € L(T™) rakasi, 910

(1 _ 1 (e Binm e 0
Sle; ]—EZN 2q(E)¢i1(ki) {Ak(f,x) coS 5 AE (f; ) sin 5| (2)
e ’,’{TL I’

TO OyjieM cuuTaTh, 9T0 f(Z) nMeer B KadecTBe 9acTHOM (1);1; [ 1) ~IPOU3BOHOM
110 IIepeMenHoil x; , PyHKINIO cpgl)(f), KOTOPYIO OyJieM 0003HAYaTh fgll(f)
1t UKCHPOBAHHOTO T —3J1EMEHTHOI0 MHOZKeCTBa (1) C T, fi = {i1, ..., 0y},

cMemmannoii (1P, (yy; 3) ~TPOM3BOAHOI 1O IepeMeHHbIM T4, 1 € fi(r), OyJeM Hasbl-

BaTh pyHKIMIO f4 V) (%), psagom Pypbe KOTOPOIl SIBJISIETCS PE3YJIBTAT MOCJIEI0-
BATEJILHOTO IpUMeHeHust (hOpMyJIbl (2), OJHAKO € MCIIOJB30BAHUEM JIJIST OIIPEeie-
JIEHNsT [IPOM3BOJIHOf 110 TepeMenHoii x; BMecto dyukimit ¥;1(k;) u aucen B,
coorBercTBenno, ¥;,(k;) n wncen B, i € pu(r),r =2,3,....,m

Vpu(r) a%raglr 1“ 8%117]0( )
f”r( )_ ir,T iy T 11,7

83:2-70331-7__1...8:131-1

Muozkectso byuknuit f € L(T™) Takux, 9T0 ist JHOOBIX § € T CYIIEeCTBYIOT

IPOU3BOJIHBIE fg“(f) m pist Beex 1 = 2,3, ...,m, u(r) C T CYIIECTBYIOT CMe-

Ypu(r) (7).

mannble (1,5 3) -upoussojnie fg Oyaem obo3HAYATD L "4 MOJMHO-

»KECTBO HEIPEPbIBHBIX (MYHKIUI U3 Lﬁw Oyaem obo3HaYATh Cﬁ . MHO)KeCTBO

bynkIwmit u3 Cg“l), VJIOBJIETBOPSIIONTAX YCTOBHSIM
esssup|f"' ()| <1, esssup|f;

Oyem obo3HAYATD oY o

Crenys [1], BBesiem muokectBa M, M, M. Bynem nosarars, aro dbyHK-
i Y (v), 4,7 =1,2,...,m; ABIdI0TCA QYHKINAMEA HEIPEPBIBHOIO apryMeHTa
v > 0, coBuagaiomuMu upu v € N ¢ 3jleMeHTaM# OJIHOUMEHHDBIX CUCTeM YHCeI
Vi »(k), KOTOpBIE NCIOJIBL30BAJICH BBIIIE [T onpejestenns (1), §) —1pOn3BOHbIX.

Yepes M ob6o3HATIM MHOKECTBO QYHKIUN 1(x) , HEIpepbIBHBIX 1pu = > 0,
MOHOTOHHO yOBIBAIOIIMX, BLIIYKJILIX BHA3 IPU X > 1 U yIOBJIETBOPSIONINX YCJIO-

B0 lim ¢ (z) = 0.

T—00
Yepes M’ obo3HaunM 10AMHOKECTBO ByHKIUI 1 € M, 118 KOTOPLIX

7W)
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Oyukiuu  (z) mocraBuM B coorBercTBHe (DyHKIWMIO () = (1, T),
cesi3anmyo upn « > 1 ¢ ¢ (z) coornomennem ¥(n(z)) = 5¢(z).
[Tojiozkum

n(t) = p(,t) = M

Yepes M, obozHaunM MHOZKECTBO QYHKIWI 1) € M| 11 KOTOPBIX BeIMINHA
p(1, t) orpanmyena ceepxy. Yepes Mo obosHaunM MHOXKECTBO QyHKIHi ¢ € I,
JIIST KOTOPBIX HaifjayTes KoHcTanThl K7, Ky Takme, 9To mpu Beex T > 1

0< Ky <p(y,t) < Ky < +o0.

Ecou st § = 1,2, ..., m, Boinosneno ;. € My \Me, To bynknun f € C¥
10 AHAJIOTUH C OJIHOMEPHBIM CJTy9aeM eCTECTBEHHO Ha3bIBATH (DYHKIUSIMU C MAJIOH
T8/ IKOCTBIO.

Crenys [6] (cm. Taxwke [1], |2]), mpaMoyrosibHble JTHHEHHbIE CPEHUE DPSIIOB
Dypbe oIpeIe/InM CJICYIONIM 00Pa30M.

[Iyctre A = {A1, Ao, ..., Ay} — durcupoBantbiil HaOOp GECKOHEUHBIX Tpe-
YTOJIBHBIX YHCJIOBLIX Marpull, A; = {)\](;i)}, i=1,2,...m, "€ N™ keN"
— m
)\éni) = 1mn )\,(;Zi) = 0 mua k; > n,;. llycrn npanee /\](_;) = H)\,(gm) u
i=1
m

Gz = [[[0;n; — 1] — npsiMOYTOJIbHBII HapaJiIe/Ienuiie 1, COOTBeTCTBYIONIIN BeK-
i=1
— n —
Topy n € N™. Ilongarno, 4uro )\%) = 0 st mobbix k & Gj.
Oyukiuu [ € L(T™), umetorneit psj @ypoe (1), mocraBuM B cOOTBETCTBUE
CeMeiiCTBO TPUTOHOMETPUICCKIX TOJIMHOMOB

Us(f: @A) = Y 2 "NV AL(f; 7). (3)
EGGﬁ
Ecim )\é?i) =1, k€ G, TO cooTHOIeHHE (3) 3aaeT MPSIMOYTOJbHBIE YaCT-

uble cymMbl psga Pypoe Uz(f; 7 A) = Sz(f; @) . lyers 9= (p1,p2, -y Pm) , L€
pi € Nyy pi < ny, © = 1,2,...,m. Ecin Besinannbl A]%n), ke Gz, ne N™
38J1a10TCS. COOTHOIICHUAMI

)\(ni)_{ 1, 0 <k <n;—pi,

;o ki—ni+p; . —
ki 1_#4—]7’ nz_pzSkzgnl_lvplEN:plgnuZE{lam}7

. df S
to muorowrensl Uz(f; @A) = Vi(f; @) asnsorea cymmamn Baste Ilyccena
HopsAJIKa P
[Tpn )\,(;:i) = k?/n?, k € Gy, muorounennt Uz(f;T;A) = Ra(f;Z) Oynem
HA3LIBATD HPAMOYIOJLHBIMU CyMMaMu Pucca.

Bumyck N2, 2012 31



MaTremaruka

[Tpn )\,(:i) = k'/n]', si > 0, i = 1,2,..,m, kK € Gy, MHOIOWIEHbI
Un(f; 2, N) = Zz(f; ) 6yaem Ha3bIBATH MPAMOYTOJBHBIME CyMMaMU SUTMYH/IA.

[lycrs @;(x),i = 1,2,...,m — HenpepbIBHbIE, MOHOTOHHO BO3PACTAOIIIE MPH
x > 0 rakue, ato ¢;(0) = 0. Ecim Besumannbr )‘,(gn)v ke Gz, ne N™, samgaiorcs
COOTHOIICHIAMU

LAY — P
t0o Muorounensl Uy (f; @5 A) = ZX(f; ) Oynem Ha3biBaTh 0OOOIIEHHBIMI TIPSMO-
YIOJBHBIME CyMMaMU SUIMYHJIA.
Cymmamu @apapa mnopsiaka © = (11,79, ..., Tp) OyJIeM Ha3bIBATH MOJTHMHOMbI
Ui(f; %, A) = ©g#(f; T), koTOpPBIE OIPEIETSIOTCS TPEYTOIBHBIMI MaTpuiiaMu A,
1 =1,2,...,m, c31eMeHTaMu

T > v 1 1 _
5\(”) 1 - kz 231(—1) - ((ZVniki)ri + (2V’/’Li+k’i)rz‘) y T = 2l7 NS N,

B i = 1 1 o
L=k 21 ((2ym—ki)w B (2yni+ki)7”i> ) ri=2—1,1€N.

V=

574

Bemmauner 057(f; %) = f(Z) — Uz(f; &) ABAAIOTCS YKIOHEHUAME MHOIOYJICHOB

Un(f; %), i€ N™, or dyuknun f(T).
[lenbio JaHHoi PabOTEI SABJISIETCA Oy YCHIe ACUMITOTUYCCKAX PABCHCTB /IS
BeJIMUIH

E(CH2;Un) = sup [163(f;3)]|c

fecyy
nupu n; — 00, t=1,2,....m.
OcHoBHast 9acThb
Teopema 1. IIyemo ), ; € My, Bi; € R dpynwyuu 1, j(x)pi(x), i,7=1,....,m

MOHOTMOHHO 603PACNAIOM, U COTPAHAIOM, Taparmep 6vinyriocmu npu r > 1.
Tozda npu n; — 0o, ©=1,2,....,m, cnpasediusa acCuMNMOMUIECKAL HOPMYAG

B,007 ﬂ-

£ (me Z“’) _ 3 sin 47 / W ) gt

2 o Biam oo%‘,l(ﬂ?) — e
+ﬂ;sm 5 / " dx + O(1) ;w,jl(m)—F
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+§: H %r(ng)—ksmﬂg [ %’( d —I—/%T ] >

r=2 p(rycm jeu(r) .IQOJ
(4)

HokazareabcTrBo. Yepes {)\m(v)}, n = (ny,ng,..ny) € N™ obo-
SHAYMM CEMEHCTBO 3aJ[aHHbIX ¥ HerpepbiBHBIX Ha |0;1] dyHKIWmMIA Takmx, 9T0
MWD =0, (5 ke Gy

Bgejiem gbyHKLLMH

1 .
mir(0) = { i(pl _(n/\nl)( e il_<§1) f 11 2,. (5)

kotopbie Ha |0 ni] 3a/IaHbl TaK, ITO T;,(V) HEHPEpPBIBHBI HA HOJIOKHTEIbHOT
(]

1oJIyocH ¥ BblnojHeno ycaosue 7;,-(0) =0, ¢,r =1,2,...,m
B pa6ore |7] nokaszano, aro jyist byHKiwit 7., 4,7 = 1,2, ..., m, 33 aHHbIX
cootHotereM (5), n uMenux cymmupyembie Ha R npeobpasosanus Pypbe:

o0 o0

A(Tiy) = % / /Ti,r(a:) cos(xt + %)daz dt < o0,
—o0 '0
npu n; — 00, ¢ =1,2,...,m, clpaBeJIMBO PABEHCTBO
sin 2= 51 u T
€ (Cglgw Us ) Z / /¢Z,1(TLZ$) sin xtdz|dt+
i=1

dt+0(1 Z / dt+

o0
/ ) cos xtdx
\t|<1 0

dt—I—Z a(ti1) —|—Z Z HAT]T>

r=2 p(r)Cm jeu(r)
(6)

/ ) cos( xt—i—ﬁ )dx
0

1
/ ) sin xtdx
0

—|—Zsm5 AT /

<1

e
o0 o0
1 78
a(ri1) = — / COSZCt+51 Ydx|dt.
T 2
=i 10

Takum oOpa3oM, nsydenue pejndnt & (C?fo, A @) CBOJNTCA K BBHITUCJICHUTO

COOTBETCTBYIOIINX OAHOMEPHDBIX HEeCOOCTBEHHBIX NHTErpaJioB.
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Oyuxrmun 7;,-(x), i,r = 1,2,...,m, j = 1,2, KOTOpBIE ONPE/ETCHBI COOTHO-
menueM (5), jyist 060BIIEHHBIX CyMM 3UTMYH/Ia TIPEJCTABUM B CJIEJLYIOIIEM BH/IE
Vi (Dp(Une, 0<z <L

Tiﬂ“(x) = wz,r<nz ) (nzx), n% <zxr<l1,
Vi (niw), 1<z, 1=1,2,...,m.

[Tpumensist paccyzkaeHust paboThl (8], ToIydaeM aCUMITOTHIECKUE (DOPMYIIbI

1 0.}
—/ /wi71(nix)sinxtdx
m

t<1 1

dt — %/%17@:)0@ + O(1)4i 1 (i),

% . Biar _ .
% / ﬁzﬁ)dﬂf dt = S;I:(ni) /@b%l(x:z)c%(x)der0(1)%,1(”2’)7
0 1
a(ri1) = O(1)ia(n,),
in Bixrm i . .
A(Ti,r) = O( sin 6@ rT / ¢l7’ S(p_(n?) ww ($i¢z(x) dx + wi,r(ni) )

/ / ) cosvtdv| dt = O(1)1; 1(n;).
0

[t]<1
[Togcrasiisist 3ru cooTHoIeHust B hopmy.ty (6), morydaemMm acCuMIITOTUIECKY 0 Gop-
myay (4). O
[Ipumensist aHAJIOMTYHbBIE PACCY K IEHNUsI, IOy IaeM CJIeLYIOIIe Y TBEPIK TeHIUSI.
Teopema 2. IIycmo ), € MG, Bir € R dpynwyuu ¥, (x)x*, i,r =1,2,...,m
MOHOMOHHO 603PACMAIOM. U COTPAHAIOM TAPAKMEP 6binyKi0cmU npu T > 1.
Tozda npu n; — 0o, ©=1,2,...,m, cnpasediusa aCuUMNMOMUYECKAL HOPMYAG

BH
£ (Cg‘fo,ZS) = iz s /wu 5 a4+

=

m

N / Pt gy 4 o) (Z Yialn)+

1=1

. . e n
s 1} [ /wﬂ ai +/ irl®) gy »D

r=2 p(r)Cm j
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Teopema 3. Iycmv v ; € M, Bij € R dynwyuu v j(z)2?, i,j=1,2,....,m
MOHOMONHO G03PACTNAIONM, U COTLPANAIOM TAPAKMEDP 6uinykiocmu npu T > 1.

Tozda npu n; — 0o, ©=1,2,....,m, cnpasediusa acuMNMOMUIECKAL HOPMYAG

& (O Re) =
2 m : 62’,171— :

:;ZSHI”—Q_/q/) x)rdr+— z:smﬁ”ﬂ/le dx+0(1 (Z%l n;)-+

-_ 1
=1 1

+§m: [ /wgr :cdx+/¢” dx +wﬂ(ng)]) (3)

r=2 p(r)ycm jeu(r)

Teopema 4. IIycmo 1, j € Me, Bij € R, 4,5 =1,2,...,m, lim,,_,pi/n; =0,
1= 1,2,...,m. Toeda npu n; — oo, i = 1,2,...,m, cnpasediusa acumMnmomu-
Yeckas Gopmyaa

m

g (ng; Vﬁﬁ) = i Z @Di’l(ni) 111 %‘{‘
i=1 !

T2

Z%l(nz)-FZ Z H Y (nj) ln
i=1

r=2 p(r)cm jep(r) pj

Teopema 5. Ilycmov 1, € Me, 1,7 =1,2,...,m, B, € R.
Tozda npu n; — 0o, = 1,2,...,m, cnpasediusa acuMnmMomMuUIeckas Hopmyra

E(CmY; Sp) 22% n;) Inni+

Z%’,l(ni)-l-z Z H Yjr(n;) Inn;

r=2 p(r)cm jep(r)

[ToBTOpSsist paccyzkaennst paborsl [1| BepXHUX rpaHeii YKIOHEHH MPSIMOYTOJIb-
npix cymm @aBapa 1mepBoro nopsnaka, r; = 1,7 = 1,2,...,m, nojaydaeM cJeayio-
1ee yTBepKJIeHne.

Teopema 6. ITycmv ;. € My, i,r = 1,2,....m, dynkyuu x*;,.(x), dan
x> 1 MOHOMOHHO 603PACMAOM U COTPAHAIOM TAPAKMED BBINYKAOCTNAU.
Tozda npu n; — 0o, ©=1,2,...,m, cnpasediusa acuMNMOMUIECKAL HOPMYAG

& (Chts@n) =
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s sin
- EZ

™ . 5’,7“77 1 j I w T (.T)
+Z | sm]T n—?/@/)j’r(a:)xdan/]Td
1 n;

r

62 171— g

/¢7 z)zrdr+= Zs 5“”/“1 da+0(1 (Z%”@

=1

+ ¢y (ny) ) :

=2 p(r)cm jep(r)
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Boxko B.O., Benrox O.B.

L kamy. piz.-mar. Hayk, gouent Kageapu Maremarmanoro anauizy, CAITY

2 crymentka 5 Kypey ¢izuko-maremarmanoro ¢gaxymsrery, CAIIY

e-mail: olga.benjukh@mail.ru

ITPO ITEPIOJINYHI PO3B’A3KMN I ITPO METO/, MAJIOI'O
ITAPAMETPA JdJI4d CUHI'YJIAPHO 35YPEHUX
JANOEPEHIIAJIbBHUX PIBHAHD

Posrnsnaorses nutanns 1po iCHyBaHHs, TOOYIOBY 1 IIPO aHAJITUIHY CTPYKTYPY ME€PIOJIMTHAX
PO3B’I3KIB CUCTeM 3BUYANHUX JIMepenIiaJIbHuX PIBHAHD 3 MAJUM ITapaMETpOM € TIPU CTap-
Tl moxigHiil. B HEKpUTHYIHOMY BHIIQJIKY PO3TJISIAIOTHCS CIIOYATKY JIHIIHI cucTeMu, a MOTiM
CHUCTEMHU 3arajbHOIO BUIJISLY. B KPUTUIHOMY BUIIAQJIKY PO3IJIAIAETHCSA CKaJsIPHE PIBHSAHHST (J1i-
Hiiine, a notim Hesiniitue). [lokazano, mo nepioguyui po3B’s3ku icHYIOTH jist GisbimocTi (1o
mipi Jlebera) 3HaveHb £ B JIEIKOMY IHTEPBAJII.

KirouoBi caioBa: masrcoparma, pieHoMIpHa 301CHICMD, TMEPALE HHI0MONHIBCHKO20 MUNY,
BAACHT BHAYEHHA, AMNAIMYOQ 3MIHU, Padiyc 30THCHOCTNI.

Bceryn

B 1iit cTaTTi po3T/Ig1acThCsd Pl MUTaHb ICHYBAHHA, METO/IIB ITOOY/I0BY 1 aHATi-
TUYHOI CTPYKTYPH MEPIONIHNAX PO3B A3KIB CHCTEM 3BUYAHIX T epeHtialbHmX
PIBHSIHD, 3araJbHUIl BUTJIS] AKNX TaKNii:

d
e d—f — P(t)z+e- F(t,z), (1)
ne € — majmit mapamerp, P(t) — T-mepioguana marpurs, P(t,z) — nHesiniii-

Ha, audepeHniioBaHa QYHKIS T, 10 MPEJICTABISIETbCS CTEIIEHEBUM PsJIOM 200
CKIHYEHHUM IIOJIIHOMOM 110 x 1 T-nepiojuyna 110 t.

OcHOBHA 4YacCTHHA

1. Posrsiremo criouatky mpoctuii dacTuHHUi Bunagok cucremu (1), a came
JIHIIIHY HEOHOPIJHY CUCTEMY
s-d—x:Aa:JrF(t), (2)
dt
ne A — crajiia MaTpulld, 110 He Ma€ BJIACHUX 3HAYEHBb 3 HYJILOBOIO JIIICHOIO Ya-
CTUHOIO (HEeKPUTUYHUI BUIAIOK). AHaJ3 Ii€l cucTeMu JO3BOJISE BUSBUTH DSl

IiKaBuX (PaKTiB.

© boxko B.O., Benrox O.B., 2012
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AK BUILINBAE 3 BIJIOMIX BJIACTUBOCTEl JHHIHUX CUCTEM, IePioJnIHI PO3B -
30K x(t,€) cucremu (2) icHye /st BCiX € 1 MoKe OyTH BHpayKeHuMit

t+T
x(t,e) = R(t,T,¢) - / e = F(0)do, R(t,T,¢) =
i (3)
1 {e—g‘ (t+T) _ —2 t}_l
£

Ha migcrasi (3) moxe OyTu oTpuMana OIiHKa

lz(t,)ll < Msup |[F(E)] (4)

ne crania M B JiessKOMy CeHCi ¢1aDKO 3aJIe’KUTh BiJl € 1 3aJIMIIaEThCs CKIHYeHHOTO
upu ¢ — 0. Hanpukiaz, Hexail BjaacHi 3HAUEHHS A1, Ao, ..., A, marpumi A Bci
Biji'eMHi, a HaiiMeHIe cepel HUX 3a MojyJieM ([O3HAYHNMO HOro depe3 A, ) Bij-
noBizae mpocromy esnementapromy gimbanky Marpumi A. Toxi [[eft]| < ce™@t
-«a = |\, ¢ — jgedka crana, i Mmoxna orpumatn M = < - 11__0%, Q=e% s
THX 3HaUeHb €, st akux ¢ < 1. IIpn € — 0 maemo M — <.

MozkHa ckazaTu, Mo OliHKa aMIUITYu 3MiHu Z(t, €) 3a/1€2KUTh, B OCHOBHOMY,

B/l TI06AMBHIX BJIACTHBOCTEH mpasoi dactuan F(t) Buxignoro piBHsHHS (BiX
supl||F'(t)|| i ciiabko Bij € (TuM MeHIe, 9UM MEHIIE € ).
t

3BepHeMOCh JI0 MUTaHHSI PO PO3BUHEHHsT X(l,€) B cTeleHeBuii psiji 110 €,
gxio F(t) — meckinuenno nudepentiiioBana GyHKIs. 3 M€ METOK 3aCTOCO-
BYI0UH 710 (3) iHTerpyBaHHs YacTHHAMHE, 3/100y/IeMO DO3BIHHEHHST

n—1
w(t,e) = —A'F(t) — (Al)Q% — = 5”1(141)"0;75T_€7 +R,, ()
e R, — 3aaumkoBuil djieH
t4+T .
R, = 8"_1R(t, T, e) / e_?'e(A_l)"ciitf do, (5%)

t

R(t,T,e) — ta x dyukuis, mo i B (3). Leit ke psa (663 3aMIIKOBOrO diieHa)
MU JTiCTaHeMO, 3HaXO/sTan (hopMajibHe PO3BUHEHHSI MEPIOJNTIHOrO PO3B’sI3Ky (2)
3a crenensivu € . Bupas (5%) Binpisusierses Bij (3) TUIbKE JI0ATKOBUMHI YJI€HAMH,
1 M orpuMmaemo A R, OIHKY

4" F(t)
dtn

, (6)

IR < "M A" sup
4
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ne M — rta x crana, mo i B (4). 3HAIUTH TOJI, JOCTATHST yMOBa 3012KHOCTI DLy

(5) mo mepioquIHOro Po3B’sI3Ky (2):

d"F(t)
dtm

[crorHo TaAKpecanTH, 1mo (6*) € 1 HeoOXIIHOI YMOBOIO PIBHOMIDHOT 3012KHOCTI

— 0, piBHOMIpHO TIO ¢ (6™)

n—oo

e[| A" sup
t

o t psia (5), OCKIIbKH, SIKIO BOHA HE BHKOHYETHCS, TO 3araJibHUN UJIeH Dsijia
(5) He mpsiMye PIBHOMIPHO 110 ¢ 1IpU 1 — 0O JI0 HYJIS.

Ymosa (6%) 703B0JIsIE, TAKUM IHHOM, BU3HAYUTH PaJiiyc 3012KHOCTI TI0 € psijia
(5) miasg x(t,e). Mu Gaunmo, 1o 1eit pajiyc 301KHOCTI 3a/1€KNTH BiJl BIACTHBO-
creit oxigaux dbynknii F(t) (a #e Bij rodajbHUX BIACTHBOCTEIR).

Hanpukiau, sikino (2) — ckassipre pisasinast (A = a - ckasap, Re a #0) i
F(t) = sinmt, To pajiyc 36ixKkHOCTI € = ‘% 1 3BMEHIIYEThCS PA30M 3 M .

dxmo F(t) upescraBisieTbest OBHUM (HecKinueHHUM) psiiom Dyp’e, TO
€ =0, 10670 psizt (5) - 6e3 3aJUNIKOBOTO WICHA - PO3DIra€ThCsI 1 HE MPEJICTABISIE
MIyKaHuil repioguannii po3s’s30k. MixK iHmmM ¢akT iCHYBaHHS caMoro Iepio-
JMIHOTO PO3B’I3KY 1 OIHKM aMILTTy i (4) He MOPYIIYIOThCs [PU JIOBLILHOMY
surisii F(t).

Takum 9UHOM PO3BHHEHHS EPIOMIHOTO pO3B’si3Ky x(t,€) cuctemu (2) € ifo-
ro JIOCUTH CIENUPITHOIO0 BJIACTUBICTIO, 3aJIEZKHOIO BiJI TOHKOI CTPYKTYpPU TTPABOI
qactuan F(t) i, mo cyri, He 3B’93aHOI0 3 CAMUM ICHYBAHHSIM 1 aMILTITY/I0[0 3Mi-
o x(t, £). MoxkHa BUCJIOBUTH JyMKY, IO CTEIIEHEB] Psijii 10 € MaJso eGeKTHBHI
JJTsT TIOOY/IOBHU 1 aHAJI3Y MEpIoMIHIX PO3B’s3KiB (2) 1 TiM OijbIne Jijis PiBHIAHb
3araJbHOro BUMIs LY (1).

2. Posryignemo Terep cuctemy 3 HepionIHIMN KoeillieHTaMn

dx
5$ = P(t)z + F(t) (7)

B HEKPUTHYHOMY BUIAJIKY (BIMOBIIHI XapaKTepucTHIHI MOKA3HUKE BCI BiMiHHI
Bt Hysist). B npuHnumn nuraHHs iCHyBaHHS, OIIHKY 1 PO3BUHEHHS B PsiJl 38 CTEIe-
HAME € TIEePIOITIHOr0 PO3B’sI3KY PO3B’SI3yIOTHCS Tak, K 1 st cucremu (2). Mu
JiCTAaHEMO JIJIsT TIbOTO PO3B’si3Ky (ICHYI0YOro TpH BCIX € ) BUpas

z(t,e) = R(t,T,e) 7Tc1>1 (g) F(©)de,
R(t,T,e) :é ! <ttT > — 3! <£> h : (8)
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e O(t) — dyngamenTaabHa MATPUIA PO3B A3KIB OTHOPITHOT CHCTEME ‘fl—f = P(t)x.

Mae wmicre anasoriuna (4) oninka. Moxkaa Takox gicrarn amasgoriane (5) po3Bu-
HEeHHSI:

o(te) = — P-Y (1) F(t) — 5”_1P_1(t)% (P-LF)—
9)
d d (
_ 2p-1 - -1 -1 .
e2p (t)dt (P p (P F)) ...+ Ry,
e
n pasiB
o 0\ d d 4 \
L =c" TR, T /cb—l —)l— (P '— (P'...— (P'F
Ry = "R T, o) (g)d@( d@( 2 )))d@
t
(10)
[Ipu npbomy

| Rl <e"M sup

% (p—lé (P—1 L %(P‘lF)))‘ . (11)

YmoBa (Heobximma i jgocrarus) 36izkuocTi psga (9) R, — 0,n — oo. Ile-
peBipka 11 BUKOHAHHs OLIbII CKJIaHA, HIXK y BUIAAKY (6), HABITH Jist TPOCTUX
P(t), F(t). Hamu we orpumanuii npukiaj (HeTpuBiaJbHN) CKIHIEHHOTO paJiy-
ca 301KHOCTI £ Jiist sIKOI-HEOY/ b KOHKpeTHOI cucteMu (7), Xo4da TakKi IPUKJIAJIN,

HaleBHe, MOXKHA, 3HalTH. AJjie K 01 TO He OYJI0, MOYKHA BUCIOBUTU JAYMKY IIPO
HeeDeKTUBHICTL PO3BUHEHD 33 CTEHEeHsIME €. BLIbII JOIIJIbHO BUKOPUCTOBYBATH
abo ckinuenny dopmyiy (8) abo GesmocepesHbo myKatn x(t, €) y BN Psia
Dyp’e.

3. Posrustremo 3araibhy cucremy (1) B HEKPUTHIHOMY BHIAJKY. 3aCTOCYE-
MO JIJIsI TTOOY/IOBH MIEPIOMIHOTO PO3B 13Ky METO/I ITPOCTHUX iTepalliil, BU3HAYAI0UN

MOC/TIOBHICTE TiepiognyHnx HyHKIHH x1(t, €), x2(t,€), ..., 10 330BOJIBHSIOTH
PIBHSIHHSIM
d.ij . _
e =P(t)x;+ecF(t,z;—1), 7=1,2,3,..., zg = 0. (12)
Mu maemo orminku Bursiay (4)
|zt €)ll < eM sup [ F(E, )| (13)

st anastizy 36ikH0CTI HocstitoBrOCTI {2(t, €)} 3acTocyemo MeTos dyHKILiO-
HaJIbHUX MayKOPAHTHUX PIBHSAHB (JIUB., HAID., [5]). 3rigHO IBOMY CKJIAIAETHCST HA
mijcrasi orinok (13) dyHKIOHAIbHE PIBHSIHHS

u=eMU(u), (14)
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e U(u) — Binnosigna maxkopanta niasa F(t,x). Le piBugnnsg Busnadae u sk
dynkigio €. 36ixuicTs nocigosnocti {x;(t,€)} 10 po3s’sa3Ky BUXiAHOIO PiBHSI-
HHSI FaPAHTYEThCH TP BCIX €, Jits gkux (14) mae moparnuii (gifichuii) po3s’a30K
u(e), a e mae wmicte mpu 0 < & < &, npudomy & epeKTUBHO 3HAXOJUTHCS [PU
anasizi (14) (qus., vanp., [3]). Takum qunom npu € € (0, 8] MOKHA MpECTABATH
MTYKAHWIT PO3B’SI30K Y BUTISI 3012KHOTO psijias

x(t,e) = x1(t,e) + [x2(t,€) — x1(t, e)] + [x3(t, ) — @ao(t, )] + .. ., (15)

IPUYOMY ) — Th_] MAIOTh HOPsIoK €F. Mu jicrainu psii, k-ifl €ieH sIKOro Mae

IIOPSIIOK sk, aJie 1e He YNCTUil CTeleHeBuil pda 1o €.

4. Ilepeiiiemo 110 aHa i3y KPUTUIHOI'O BUIAIKY, aJie 0OMEXKUMOCH OJHUM CKa-
JsipHUM piBHsAHHAM. CIIOYaTKY PO3IJISTHEMO JIiHIfIHE PIBHAHHS:

d
gt f(t), a = 0oi, o — uije qncso (16)

dt

1 Hexall niepiojt 110 ¢ JAOpPIBHIOE 27 .

[Tepiomuanuit poss’si3ok (16) icHye mpu BCix Takux €, M0 BiJHOIIEHHS Z ne
JOpiBHIOE 1ioMy ducy. Leit po3s’s30k BupazkaeTbest Takox dhopmysioro (3). ITpo-
Te Ha JoBlIbHOMY 0 < € < €* 3HalljleThbcd HeCKIHUeHHa MHOYKIHA 3HAYEHb € , JIJId
AKUX < JOPIBHIOE IIJIOMY YHCITY.

Hicratn 3 (3) s Beix € € [0,e*] oninky sursity (4), sika 38’sa3ye x(t, €)
i sup |f(¢)|, memoxkna. Leit hakT m106pe iLa0cTpy€eThest (DOPMYJIO0 JjisT EPioi-

YHOrO PO3B’s13Ky piBHsHHs (16) y Bursii dpopmaibHoro psiyia Oyp'e:

- fk ikt
r(te) =) e, (17)
-l

ne fr — xoedinientu psa Pyp’e (B kKomiuiekcHiit popmi) mst f(¢) . 36ixkuicTh
boro psijia st Beix € € [0,e*] rapaHTyBaTU HEMOYKHA, OCKLIBKHU 3HAMEHHUK
ek — o npu BiAmoBIHEX k 1 € MOXKYThH OyTH piBHUME ab0 OJU3BKUMU JIO HYJIA.
Pisauii ek—o MoxKHA PO3IVISLIATH SIK YACTUHHUI BUIIAI0K JOBLILHIX KOMOIHAIII{
ki€ + koo 3 IOBLIBHUMHE IIJIUMU ducjiaMu ki, ko .

Mu 3ycTpivaeMoch, TaKUM YUHOM, 3 MPOOJIEMOIO TaK 3BaHUX <«MaJMX 3Ha-
MEHHUKIB», XapaKTePHOIO JIJIsi TeOpil YMOBHO-IIEPIONIHIX PO3B’si3KiB. Tomy Jiis
aHaJ13y 1IbOI0 BUIIA/IKY 3aCTOCYEMO METO/IU 1€l Teopil.

3rijiHo Teopil AificHUX 4uce/l MU MaeMO Ha JOBLIbHOMY Biapisky [0,e*] mis
oisprmocti (o mipi Jlebera) suatdens € :

ek — ol = K(1+ |k[)%, (18)
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e K — nesika craJia, sika 00epHEeHO IPOIoPIiiiHa Mipi BKasaHoi Oij1bInocTi. fKpas
JJTsT TIi€] MHOXKUHY 3HaUeHb € (mo3HaunMo i1 L. ) MOYKHA rapaHTyBaTH iCHYBAHHSI
epioIMIHOrO po3B’sa3Ky piBHsAHH:A (16) 1 HACTYIIHY OIIHKY, SIKY OTPUMYEMO MPH
anasisi psaa (17) 3 Bpaxysanmsam (18) i ominok (auB.[4]) koedimienris @yp’e fj
s f(t).

Axmo |f(t) < M Bemysi |[Imt| < p, 1o nia € € L.

a(te) < M9 g =1

_7762:? (19)

B Ol1bIn By3bKiit emysi [Imt| < p— 20, ne 0 — JOBLIbHE YNCI0, MEHITE

N

5. 3 MeTOI0 HACTYIIHOIO aHaJIi3y HEJIHIHHOTO PIBHAHHSA PO3IJIIHEMO PiBHSIHHS
BULJISA LY

dx

e = (a+ep(t))x+ f(t), (20)

ne a, f(t) —rixk, moiB (16), a p(t) — HenepepBHa nepiognana dyHKIia. OCKiib-
KU Tieplouanuii po3s’s30K x(t,£) BUparKaeThCsi B CKiHUeHHIH (opMi, TO BHUsIB-
JIE€TBC MOXKJIMBUM oTpuMati 1npu € € L., sxmo |f(t)] < M, [Imt| < p,
OIIIHKY

MQ@,

2t )] < —55— Imt| < p—25, (21)

ne M,Q — 1i x, mo B (15), a crama ()1 BusHAYAETHCA Jiuine 1o HyHKIT p(t) .
[s1 ominka rpy0a, aje gKiCHO 3aJI0BlIbHA.

6. [lepeiizemo 0 aHasi3y HETHITHOIO (CKAJSIPHOTO) PIBHSIHHSI:

efl—:f =azr + f(t, ) (22)

B KPUTHIHOMY BHUIIAJKY (@ = 0%, 0 — 1ije qucio). Hexait B jgesikiit (Komwie-
Keniit) obmacti z € D inpu |[Imt| < p

[F(£,0)] < My, |fo(t,2)| < My, |fz.(t,2)] < 2N, (23)

ne My, My, N — nesxi crani. Bymyemo itepattii x;(t,€), 7 = 1,2,3,... HbIOTOHOB-
CKOT'O THILY, IO BOJIOJIIOTH MPUCKOPEeHOIo 30iKHicTIO (/uB. [1]) 1 BusHadaroThest 3
PIBHSIHD

42 36ipHuK HayKOBHX Ipalb ¢izuko-mareMarudnoro dakyaprery CHIIY



Boxko B.O., Bentox O.B. IIpo nepiogmaHi pO3B’sI3KH i PO METOJ MAJIOTO TTAPAMETPA ...

dczl ary +£f(t,0) (24)

5% = (a+efi(t,x1))ys +[f(t,z1) — f(£,0)], T2 = 71 + yo (25)
5% (a + Ef;(t, 562)93 + €[f(2f, r1 + y2) — f(t, 561) — f;(t, xl)yQ]’

T3 = T2+ Y3 (26)

[Ipu € € L. Mmu jicTaneMo JUid IepioJIMYHNX PO3B 93KIB OIIHKHN 34 JIOIIOMOI0IO
&

(19), (21) i (23):

4
ra(1, )] < g =, [Tmt] < p 2, Qo= 1
M
ya(t, )| < gm()% —m, |[Imt| < p— 49, (27)
1
lys(t,e)] < eN %% =mg, [Imt|<p—46—201, 06 =m],
1

lya(t,e)| < eNmy—5— =ms3, [Imt| < p—40 —201 — 20, & =my,

e Qp = e* i T-neske uncio. MoxkHa [0KA3aTH, 1110, KOJIN

4
eNQyQ101 <1, T > 1 ,0<a<, (28)
—«
oo
T0 Mg < mi *, m3 < my *, ... 1ipan Z ys(t,€), a pasoM 3 THM i MOC/IIOBHICTD
5=2

{x;(t,e)} s6iraerbes g0 nepioguunoro poss’s3ky pisusinust (22). Lle — npuckope-
Ha 301KHICTh, 6/IM3bKA JI0 KBajpaTHIHOl 3612KHOCTI. YMOBU (28) 1af0Th OIIHKY
(mpasga, rpy6y) obsacti 361:KHOCTI TI0 €.

TaknM 9MHOM MU MA€MO KOHCTPYKTHBHE JIOBEJIEHHs iCHYBaHHS JUid € € L.
i MeTO/IUKY 1OOY/I0BU TEPIOJNIHIX PO3B’sI3KiB piBHsIHHSA (22) B KPUTHYHOMY BU-
aJIKYy.
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BucunoBkn

PesynbraTi mpoBeieHUX JIOC/TIKEHb JI03BOJISIIOTH KOHCTATYBaTH, 1110 PO3BHU-

HEHHS IePIOANYHIX PO3B A3KIiB B CTEIIEHEBUIT PsIJ] [0 MAJIOMY IIapaMeTpy, B3araJi

KayKydn, MaJjio epeKTuBHI. A 10BeJIeHHSs, IPUBEIeHE Y BUIIAIKY OJHOTO PiIBHSHHS

(22), GesrocepeIHBO HEe TOUTHCS Y BUIIAIKY CHCTEME PIBHSIHB 3araibHOTO BUTJIS-
NIy B KPUTUIHOMY BHIAJIKY. AJie, HalleBHe, aHAJIOTTIHUI pe3y/IbTaT CIIpaBelInBHii

i y Bumajky cucrem (aus. [2]).
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Y3ATAJIBHEHHA METO/AY IIOBYJ0BU
THTEPIIOJIAIINMHOI'O MHOTOYJIEHA
JIATPAH2KA-CUJIBBECTPA

B pobori 3amporionoBano HOBUit, YHiBEpCATbHII, HAKOLIBIT JAKOHIYHUN METO/T PO3B’ A3aHHA 3a-
Jadi irTeprosanii GyHKIl aaredpalaarMu mosiHoMamu. CyTTEBO CKOPOYEHO TLIAX OTPUMAHHS
HEOOXI/THUX CITiBBI/IHOIIIEHD, 3alMCAaHUX KOMIIAKTHO — Yepe3 BU3HAYHUK BaH/iepMoH/Ia, 10 J1a€
MOZKJIMBICTb CIIPOCTUTHU BLIIIOBIHI PO3PaxXyHKU.

KuarogoBi ciioBa: twmepnoaauia, inmepnossauisa Epmima, susnawrnux Bandepmonda, mro-
eounen Jlazpanoca—Cunveecmpa.

Beryn

Haitmpocrima 3agada IHTEPIOJIAII] TOJIATaE B allPOKCUMAIIi] IesIKOI HellepepB-
n

moi dyuxmii f (x) mominomom W, (z) = Z !, mo npuiivae B 3 1aHIX TOYKAX
1=0

rr€e X, X: {:Uk, k=05, n<s, ap=a; k= l} Ti ’K 3HAYEHHS, 1110 1 PYHK-

uist f(z), robro Wy (k) = f(xk).

JLJ1s1 3ara/IbHOrO BUIIAIKY, JOBLILHO 338/ JaHUX BY3JIiB IHTEPIOJIAIIL, T1eil pO3B’s-
30K BHU3HaYaeThcs popmysioro Jlarpamka. Sk gacTwmaai BUNaAKWM, 3 Hel MOYKHA
oTpuMaTHu Bijgomi iHTeprossniiini ¢popmysn: Heiorona, I'aycca, CtupJinra Ta iH.
[1,3,5,6].

dxmo f (x) HemepepBHa pa3oM 3i CBOIMHU MOXITHUMIE TO y3arajbHeHa 3a/ada
inrepriosistnii (inTeprossiisa Epmita), mossirae B mody1o8i Muoroaiena W (x) | 1o
dikcye He TIMbKU 3HAYeHHS (PYHKIII, a i JOBLIbHE YUCI0 MOCTIIOBHUX TOXITHUX.
Ouesujro, W (x) € po3B’si3KOM CHCTEMHU DiBHSIHB

k=0,s,
ikIO,mk—l.

WO (2) — 709 () = 0, { 1)

3posymizio, mo ko my = 1 ra nig f© (x) posymiemo 3uadenns camoi
DYHKIIT, MU MaeMO HafirpocTimuii BUNa oK po3s’sa3ky cucremu (1), a came, MHO-
rousen Jlarpamka. Y Bunagky my = 2, (1) moxe OyTn po3s’sizaHa 3a J0TOMO-
roro MHorodjenna Epwita.

© Boakos C.B., 2012
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B inmux Bunajkax po3s’s;3ok cucremu (1) 3HAYHO YCKJIAIHIOETHCS, 1 38189y
Ha Horo BYANIYKAHHS HA3WBAIOTH 3arajibHOIO0 1HTEPIOJIsIieo EpMiTa, npu 1bo-
my W (z) masuBarorh iHTeprossmiiinum MuorodieHom Jlarpamka—CuibBecTpa
2,4,6].

Bijlome 3arajibHe IpaBMJIO 3HAXOJKEHHSI Ta I00YJI0BU PO3B’sI3KIB CHCTEMU
(1), ceHc sIKOTO TOJIATAE y 3aCTOCYBaHHI, TaK 3BaHUX, DA3UCHUX MHOTOUJICHIB
lyi (), 9K BOJIOJIIOTE BiAMOBIHIMI GA3UCHUMU 1HTEPIOAIIHHUME BJIACTHBOC-
M. BpaxoByioun li; (), MOXKeMO CKJIACTH IHTePHOJSIIIHIIT MHOTOUJIEH, aJle
iX cTpyKTypa Ta crocib mobyioBu € rpomizakumu (2,4, 6].

OcHOBHA 4YaCTHUHA

B poboTi nmponoHyeThest HOBa KOHCTPYKIIist OOYI0BI po3B’si3KiB cuctemu (1),
sIKa, OCHOBaHa Ha BU3HAYHUKY BaHiepMoHa.

TBepmxkennst 1. Poss’asok cucmemu (1), mnozouren Jlaeparorca-Cunveecmpa,
anarodumoca y sueasd eusnaunukra (2), (3)

Zy () : Zy (x) Zs (x)
(x — x)™ (x — )™ (x —xs)™
W)=| @—2)™™ . (z—a)™ . (@-z)"™ |, ()
(I’ o $0)8+m0_1 (I’ o LL‘k)S+mk_1 (x o $3)8+m8_1
abo 6 CNPOULLHOMY NOZHAYEHHT
W (@) =det |Z () i (@ =) ™| 3)
de
mk—l _(2)
J (g i F [z
Zw =3 L oy )= b
i=0 & det [1 ; (ZL’ — $k)2 1
i=1, k=0
Hosenenns.  Beranosumo, no nepie, mo W (z) € MHOrodwIeH crereHi He

OlbI 32 E my — 1 (3abe3nednTsb OJfHO3HAUHICTH O3B 53Ky cucremu (1)) i,

k=0
o Jpyre, 3a,10BoJbHsI€e cucTemi (1) .

[Iepiie BcTaHOBUTH HEBayKKO. 3aCTOCOBYIOUHN Teopemy Jlalliaca, po3KJialeMo
BU3HATHUK (2) 3a MepImM PsiJIKOM 1 BUHECEMO CILIbHI MHOXKHUKH 3 KOXKHOTO
aJIre0OpaliHoro JIONOBHEHHSI

W) =3 (-1 Z@) [[ - det [ -] . @)
i=0 ki=0 k=0, 1=2
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ocTaHHl MHOKHUKN B (4) € He M0 iHIe, siKk BU3HAYHUKN BajgepMon/a

det 1;(:1:—:Uk)l_1} o =

k=0, (=2

1 . 1 1 . 1
(x —x9) . (v—miq) (x —xi1) . (x—xy)
=| (@—=20)" . (w-z1) (@-mn) . (-z) |,

(x — 33'())5_1 . (IL‘ — ZCi_l)S_l (x — xi+1)5_1 ) (IL‘ - :Us)s—l

a, OTKe,
s S

det [1; (x — a:k)l_l} - = H (xp — 1)

k=0,1=2 k<l=0
l,k#1

He 3a/1eKNTh BiJT 3minnol « i na creninbe W (z) me Bumsae [1], [3]. Bpaxosyrotm
11e, MAEMO PIBHICTH

deg W () = max | deg Z; (x) + deg H (x — )™ | =

k#i=0
=m; — 1+ Z mk:ka—l,
k=0, ki k=0

sKy i Tpeba OyJI0 BCTAHOBUTH.
Jlist mepeBipKu JApyroro, 3ayBazkumMo, 1o Muorodien W (x) Gyje poss’sskom
cucremu (1) ko

W)= f(o)=]](x—a)™ F(x), (5)

ne F(xp) #0, k=0,s.

Buxostan i3 TBep pKeHHs, pisHuiio (5) 3amuiineMo y BULJIS/I BUSHATHIKA

(6)

S

W (z)— f(z)=det [(Zk () = f) 5 (z — xk)ierkl}

)
i=1, k=0

3 MEePIIUM PSIJIKOM, Y BULJISA

m—1 (1) —(mk)
Z) =T = Z() = Y I (o -y = LS
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Bpaxosyioun (6) ta (7), maemo

mg)

—(my)
W (x) — f (x) = det [f—(g’f) (x — )™ ; (x — azk)”mkl] =

Orxe, BusHauHWK (2) Oylae IHTEPHOIAIIHIM MHOTOUIEHOM JlarpaHka—
CubBecTpa. O

Crmparounch Ha JoBeeHy dopmyity (2) MOKHA OTpUMATH PsiJT HAC/IJIKIB.

Hacmigok 1. Poss’asox cucmemu (1) 3a ymosu my = 1, mnozousen Jlaepan-
oHCA, MAE BUO:

flxo)  flz) oo f(x)
r — Xy r — T . r — Ty
_ 1 2 2 2
W, () = — (x —xg)” (x—21) . . (x—my)" | (8)
H (@i — ;)
i< (x —x0)" (x—21)" . . (x—m)"
Hacmigok 2. Poss’asox cucmemu (1) 3a ymosu my = 1 i pisnosiddanrenux

8Y3A16 THMepnorauii, dopmysa Hvromona, mae 6uo:

f(xo) flx) . . f(zn)
(4{)% q qg—1 . . qgq—n
Wy(z)=——— ¢ (¢—1° . . (g—n)"}, 9)
i . . o .
j—H) " (g-1)" . . (g—n)
de q=25", h=wx—x;, 1=0,n.
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Hacninok 3. [loxiona k-20 nopadky (k: = L_n) MHo20unena Jlazpanoica mae

6u0:
f(xo) flz) .. flz)
1 1 . 1
T — Zo T — T o T — 1,
W () = k! - o )
n n (z — )t (x =) .. (z—x,)
g (z; — ;) (2 — zo)"*L (2 —21)" . L (2 — )k
(x —x)"  (x—z)" . . (x—x,)"

Bpaxosyioun dhopmysy (10), KoHCTPYKIIio BusHadHUKa BaHiepMoHa MOyKHA
3aCTOCYBATH 1 JIJis1 00YUC/IeHHs (He PEKYPEHTHO) CKIHUeHHUX PI3HUIb JIOBLIBHOIO

OPAJIKY.

Hacaigok 4. 3a ymosu, wo [x;, x;11] = ﬁayj = i’i z ,oaa Vi=0,n—k, mae
MiCue Gopmyna:
- [Tir1, o Tik] = (@0, Tig1, o, Tigho1) o
[T, Tit1, o Tig) = =
LTivp — X
Yi  Yi+1 - - Yitk
( 1)k(k;1) ]_ ]_ . . 1
x rr . . TE | 11
k " k (11)
H (i — ;) hl kel Lhe1
i<j 0 1 co n

Hacainok 5. 3a ymosu, wo Ay, = yiv1 — yi, & Ax; = x;41 — x; = const, o
Vi=0,n—k, mae micue dopmyaa:

Yi Yi+1 - - Yitk
1 1 . . 1
—1)* '
AFyy = (k_l) o 1 .. k| (12)
oo 10

Bucaosku

3anporonoBaHa KOHCTPYKIlis OOy I0BU IHTEPIOJIAIINHIX MHOTOUJIEHIB € YHi-
BepcasibHO0. Ha 11 6a3i MoxKjuBa 1100y 10Ba iHTEPIOJISIIHHIX MHOTOYJIEHIB, Ha-
BiTb, JUId PYHKINH 6araTboX 3MIHHUX.
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HaiimmpocTimmuit Buma ok Takol peaJizaliil BCIM BiIOMUIT K PIBHAHHS ILJIO-
IUHA Yepe3 TPHU 3aJlaHl TOYKHU, IO He JeXKaTb Ha OjHiil npsimiit. OdeBuiHO,
PIBHSHHS TIJIONIUHU, € PO3B’SI3KOM 3aJladi iHTeproJidiil QpyHKIHI JTBOX 3MIHHUX
f (z;y) MHOrOUIEHOM TIEpIOro HopsiKy 2z = az + by + c¢. Tobro, 3a ymosH, 110
zi = f(x;y:), i=0,1,2, MoKHA 3ammcaT:

1| ~0 <1 22
z=W(ryy)=—|ax—290 T—21 T—29 |, (13)
U3
Y=Y Y=Yy Y—Uy
Jle U3 — JBOMIDHUII aHaJIOr BU3HAYHIKa Bamjiepmona.
Y MezKkax 3amporoHOBAHNX y3araJbHeHb ByKe OTPUMaHl PIBHSHHS 1HTEpIIOJIsI-

MITHIX MHOTOYJICHIB (DYHKINT JBOX 3MiHHUX. Ha Temepimniii gac y3arajabHIOETHCS
sajada EpMmiToBol inTeprosmii Ha GyHKil 1Box (6araTbox) 3MiHHUX.
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k-KOJIbOPOBI XOPIOBI n-AIAI'PAMU

B crarTi posrisiaeTbes Kiac k -KOJIBOPOBUX XOPJIOBHUX Jiiarpam 3 n Xopaamu. JLis HaTypasib-
Hux k > 2 1 2n = k - p BcranosjaeHo GOpPMyJIH JId MJIPAXyHKY dAK YHCIa HEei30MOPQHIX
(3 TOYHICTIO JIO TIOBOPOTY), Tak 1 YMCJia HeeKBIBaJEeHTHUX (BIHOCHO Jii e IpasbHOI TPyIin)
JiarpaM i3 3a3HaveHOro KJjacy. TakoyK HaBeJIEHO IMOYATKOBI 3HAYEHHS YHC/Ia HEi30MOpMHUX
k -xosibopoBux n-giarpam i 1 <n < 15.

KurouoBi cjioBa: zopdosa n -diazpama, dis 2pyniu Ha MHOMCUHTL, 2pyna diedpa.

Beryn

OiHi€r0 3 OCHOBHUX 33189 OaraTboxX rajy3eil MaTeMaTHKH € 3a,/1a4a PO KJIaCH-
dikario gocIiKyBaHIX 00 €KTIB, K&, B CBOIO YepTy, BUMAara€e o0y 0By TOBHIX
inBapiaHTiB. B OinbiocTi BULIaAKIB J1JIsl O3B’ si3aHHs OCTaHHBOI e(DEKTHUBHO 3aCTO-
COBYIOTH IIeBHI I'pacdu 3 J1oJaTKoBo iHpopmaliieto. KoHcTpyKIIil, cxoxi J10 KoJjia
3 BIJIMIYEeHMMHU TOYKaMU, e(DEKTUBHO BUKOPUCTOBYBAJUCH, HAIIPUKJIAJL, B POOOTAX
12, 12, 13]. dobpe Bigomo TakoxK, 10 XOPJOBI jJiarpaMii BUKOPHCTOBYIOTE 1 Jist
OIMCAaHH¢ iHBapiaHTIB BY3J/iB Bacuibesa.

Berojin HuzKYe 1111 XOp/I0BOO JIiarpaMolo MOpsJIKy 7 0yJIeMO pO3YMIiTH KOH-
dirypariito Ha MJIONNHI, IO CKJIAJAETHCA 3 KOJa, 2N TOYOK Ha HLOMY Ta 7. XOP/I,
SKI CIIOJIyHal0Th BKa3aHl TOYKHU.

[TnTannsavu mepestiky MeBHUX KJIACIB XOP/IOBUX JliarpaM 3aiiMajach IMijia Hiu3-
Ka BIJIOMHUX MaTeMaTHKiB, 30KpeMa aBropu pobit [3, 4, 5, 6].

Bajada mpo mipaxyHoK 9uc/ia HeisoMopdHuX (BiIHOCHO Jil IHKJIYHOT IPyIIH )
Ta HeeKBIBaJICHTHUX (BiTHOCHO [T /i€ IpabHOT IPYIIHN) 7 -Aiarpam Oysia MOBHICTIO
po3B’a3ana B poborax [3], [6].

JIsokosiboposi xoposi O-1 N -piarpamu 6y/iu Bukopucrani B pobori 8] npu
TOTIOJIOTIUHIM Kracudikallil pyHKIIiH TeBHOrO KJacy Ha 3aMKHEHIX OPIEHTOBHIX
Ta BIJOBITHO HE OpiEHTOBHUX MOBEpxHsIX (bikcoBaHoro poy. B [9] Bcranosieno
dopMyn JIs MiIpaxyHKy YUCIa Hei30MOPGHUX Ta HEeKBIBaJEHTHUX JBOKOJIHO-
posux O- i N-mgiarpam 3 n xopgamu. B [10] Beranosieno dbopmynn Jiist i
PaxXyHKY 4ncJia Hei3oMOp(HUX Ta HeeKBiBaJIEeHTHUX JIBOKOJIbLOpoBUX O -jiarpam,
SIKI MAIOTh OJINH JOpHUii (200 K OLIHIA) UKL

© Kagyb6osebkuit O.A., Ip3a B.1., 2012

o1
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B pob6ori |7] migpaxosano uuncio weizomopdaux O -piarpaM MakCHMaJbHOTO
pojty (3 OHUM YOPHUM Ta OJHUM OijmM 1uk/oM). Yucmo weizomopdHUX Ta Hee-
kBiBasienTHUX TiaHapuux O -miarpam (posy 0) migpaxosato B pobori [1].

Pesysibrarn, 1moB’si3aHi 3 MijipaxyHKOM 4YHC/Ia HEI30MOPMHUX Ta HEeKBiBa-
JIBHTHIX Kk -KOJIbOPOBUX N -JiarpaM, aBropaM € HeBijomumu. JlocsizKeHHIO Ta
PO3B’I3aHHIO 3a3HAYEHUX 3a/1ad if IPUCBIYEHA JlaHa CTATTS.

1. OcHoOBHI IIOHATTH Ta IIOIEpPeaH] BiJIOMOCTI

OszunavenHst 1. Hexatd na naowuni 3a0aH0 K040 & 20 MOYOK HG HHOMY, AKL €
BEPULUHAMU NPABUNLHO20 2N -KymHuka. Po3ib’emo ui mouku na n nap i KooHcHy
napy 3’ednaemo ropdoro. Ompumany KOHCMPYKYL0 Oydemo Ha3dusamu ropdosoo
diaepamoro 3 n zopdamu abo, xopomko, n -diazpamoro — puc. 1 a).

O3znaaveHHd 2. K040 3 2n moukamu Ha HbOMY, AKL € BEPUUHAMU NPABUALHO20
2N -KYymHuxa, i Pikcosanoro HYMeEPayier 0CMaHHix 36 200UHHUKOB010 CMPLAKONO
oydemo nazusamu 2n -wabironom — puc. 1b) .

Hanami Oygemo BBazkaTu, 10 BCl n-jiarpamu OyAyIOTbCsd Ha OCHOBI 21 -
abJI0HY, & MHOXKIHY JiarpaM, oOyZ0BaHUX Ha HbOMY, IO3HAUATH <3, .

e)
Puc. 1: a) 4-niarpama (O -niarpama); b) 2n-mabioH; c¢) OIpaBUILHEUN 21 -KYTHHK Ta HO-
ro Bici cumerpii; d),e) ekBiBaJieHTHI, ajie He i3oMopdHi 4 -miarpamu (N -giarpamn)

Osznauenns 3. /{61 xopdosi n -diazpamu 6Yyoemo HA3UBAMU 130MOPHHUMU, AKULO
00HY 3 HUT MOHCHA OMPUMATIU 6 PEYALIMANTE NOBOPOMY THULOT (HABKOAO CNIAL-
1020 yeHmpy) Ha deaxutl Kym p =1 - g—g 1< < 2n.

OszunauenHnst 4. /lei xopdosi n -diazpamu 6ydemo Ha3u8amu eK6IBANEHMHUMU,
AKWO BOHU 130MOPPHT ADO CYMIULAIOMBCA 68 PESYALMAME 03EPKAALHO20 8100UMMA
YU KOMNO3UYLE 03ePKaNbH020 6100UMMA | NOBOPOMY HA NEeSHUL KYmM.

Jlobpe Bigomo (Hamp. [11]), mo Bei cumeTpii mpaBuibHOrO 2n-KyTHUKA (pyXu

IJIOIINHNI, TIPU SIKUX BiH CAMOCYMIIIYEThCsI) BUYEPITYIOThCS:
2w

2n moBopoTaMu (HABKOJIO fOTO TEHTpa) Ha KyTH, KPATHI KYyTy ¢ = 53
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N OCBOBUMHI CHUMETDIsIME BIJIHOCHO TpsiMux (oceil cumeTpii), Mo MpoXosaTh
Jepes3 MPOTUJIEKHI BEPIINHU, Ta
N OCBOBUME CUMETPISIMU BiTHOCHO MpsiMuX (Oceil cuMeTpil), Mo MPOXOITh
yepes cepeJInHU IPOTUIEKHUX CTOPIH.
1 2 ... 2n—1 2n

Hexalt o ={ o o 7 ) = (12,2m)
12 .. n+1 .. 21—1 2n
T = (1 om . m+l . 3 X >_(1)0(2,2n)o...o(n,n—i—2)o(n-|-1).

Toni cumeTrpil MPaBUILHOTO 2N -KyTHUKA MOXKHA OIMCATH B TePMiHAX 3a3Ha-
YeHNX ePecTaHOBOK Ha MHOXKMHI HOMEPIB #ioro BepiiuH. A came:
1) moBOpOT 2n-KyTHHKA HABKOJIO HOrO IEHTpa Ha KyT (; = %, 1 <7< 2n za
FOANHHIKOBOIO CTPLIKOIO BU3HAYAETHCS IIEPECTAaHOBKOIO 07 1 HaBIAKMH;
2) 0cbOBA CHMETPisi BIJIHOCHO MPSIMOT S1, IO MPOXOJNTH Y€pe3 CepeIMHI CTOPIH
[1;2] i [n+ 1;n + 2], BusHauaeTbess JOOYTKOM T - 0! | & BIIHOCHO NIPAMOT S, 1110
IIPOXO/IUTH Uepes cepennu cropin [2;3] i [n 4+ 2;n + 3], — g06yTkoM T - 03
3) 0CbOBa CUMETpIisT BITHOCHO MPSIMOT ¥ , IO MPOXOIUTH Yepe3 BEpIINHE 3 HOMe-
paMu 1 1 n + 1, Bu3HavaeThCsd IepecTaHOBKOIO T, a BIJHOCHO IIPAMOI Vo, IO
IIPOXOJINTD Uepes BePIIMHI 3 HoMepaMu 2 1 n + 2, — 100yTKoM T - 02 i T.jI..

OueBnjHO, 1O cUMETPil 2n -111abJI0HY MOYKHA, OIIUCATU B aHAJIOIIUHMI CII0CiO.
Tomy enementu o' i 7-0' (i = 1,...,2n) — BCl 4n pPI3HUX eJeMEHTIB IPyIu
Do, = {o!, 7-0'|i=1,2,...,2n} cumerpiii 2n-mabony.

HukaiaHy rpyiry, HOPOJXKEHY IIePECTaHOBKOIO ¢ , OYJIEMO Ha3UBATH I'PYIIOI0
IUKJIIHIX [1€PEeCTaHOBOK MOPsiJKy 2n i nozHadatu Cy, = {ai li=1,2,...,2n}.

Binbmr noBHy indopMaliio 11010 HaBeJeHUX IIUTaHb MOYKHA 3HAWTU, HAIIPU-
Kiaj, B [11].
ki 1 ... ko  kopq

Ha MHOKHHI HOMepIB nj BepHIMH 2n-11abJI0Hy, sKa BU3HAUYa€ XOp/IU, a TOMY 1 ca-

Hexait gam a = — mijicTanoBKa (IHBOJTIONS)

My xopsioBy n-miarpamy D = D(«). Toxmi KoxkHY jiarpaMy MOKHA OTOTOKHUTH
3 BIJIIOBIJIHOIO I1iJICTAHOBKOIO, 9Ky OYyJeMO Ha3uBaTH CKJIeHKO. MHOXKUHY CKJie-
floK, IO BIJIOBIIAIOTH JiarpamMam 3 Kjaacy <, , Oyiaemo nosnadaru Bay .

Bigomo (wamp. [3, 8, 9]), uo rpyrmu Cy, Ta Dsy, JIOTH HA MHOYKUHI XOPJIOBUX
miarpam (Ha MHOXKEHI Bay, ) K cripsizkenns. TobTo

TBepmxkenns 1. Jliaepama D (o) i3omopdna diaepami D (ag) modi i auvwe
modi, koau I € {1,2,....,2n}: oy =0 'oayoo’;

diaepama D () exsisanenmna diazpami D (ag) modi i auwe modi, koau
Iy €Dy ar=7vloagon.
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2. OcHOBHA YacTHHA

Posriissnemo Jiesiky n-giarpamy. 3anymepyemo 11 ayrn dncaamu Big 1 10 2n,
pyXalounch 3a NOJMHHUKOBOIO CTPLIKOIO BiJT JesKol (hikcoBaHOI AyTH, 1 po3cdapOy-
eMo iX B k pisuux xosbopiB (k|2n, k > 1) tak, mob ayru, HOMepH SKUX Jat0Th
OJIHAKOBY OcTady IIpu jijeHHI Ha k , Oy/in 3adapOoBaHi OJHUM KOJIBOPOM.

B nojabinomy 6yaemMo BBayKaTH, M0 MUKJITTHIH MOPAI0K k PI3HUX KOJIHOPIB
(KOJIBOPIB JIyT JiarpaMu 3a OJMHHUKOBOIO CTPLIKOIO) € CTPOro (biKCOBAHUM.

OszuauenHst 5. Xopdosy n -diaepamy, dyeu koara axoi nogpapbosani 6 k pianux
KOABOPIB 3A3HAYMEHUM CNOCoboM, 6Yydemo Haszusamu k -koavboposot n -diazpamoro
i noswavamu Dy, — puc.2 a).

Pozrisinemo 2n-mabion (puc.2 b)). B sxocti HOMepa 1yru BisbMeMO HOMED
BEPIINHN, sika € 11 modaTkoM (Hampukaa), ayra (1,2) mae nomep 1; gayra (2,3)
mae Homep 2 1 T.1.). Posdapbyemo myru B k pisanx koibopis (k|2n, k > 1) Taxk,
1100 JIyTI'u, HOMEPU AKUX Jal0Th OJIHAKOBY OCTady IIPH JlJIeHH] Ha k, Oy/n 3adap-
OOBaHI OAHUM KOJLOPOM. 2n-1ab/IoH, JIyTH KOJIa SIKOro 11ohapboBano y BKa3aHuii
crioci6, 6yieMo HazuBaTH k-KOJBOPOBUAM 21 -IIAGJIOHOM — DHC. 2 C).

! 2
16 67 g 3 1 2
3
158 NG
" \5 11 4
76 10
Iy
7 9

110..... o /'8 g -
10 9
a) b) 9 d)
Puc. 2: a) 3-xompoposa 6-miarpama; b) 2n-mabion (n = 8); ¢) k-KoabopoBuit 2n -

mabsion (n =8, k=4); d) Bici cumerpii 2-koybopoBoro 12 -mabiony

2.1 Cumertpii k-KOJHOPOBOTO 2n -ITa0JIOHY

['pyna cumerpiii 2-KoJIbOPOBOIO 2n-11abJIOHY CKJIAJAETHCST 3 7. IOBOPOTIB
Ha «mapHi» Kyt (KyTn By w; = 2i%, 1 < i < n) Ta n OCLOBUX CHMeTPiit
BIJIHOCHO OCeif, 110 MTPOXO/IATh Yepe3 CepejinHu IPOTUIeXKHIX JiyT mab/ony [9]. B
SIKOCT1 TBIPHUX 3a3HAYEHOI IPYIIN CUMETPiil MOXKHA 00paTH IepecTaHOBKH

12 .. 2n—-1 2n 1 2 e 2n—1 2n
— 42 —
g_"_(34... 1 2)’)\_<2n -1 .. 2 1)'(1>
[ Tomy rpyna cumerpiit 2-KoJbopOoBOro 2n -1ab/IoHy MozKe OYTH IIpeJicTaBie-
Ha y Busi Dy = {ﬁi,)\ ollli=1, ,n}
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Tenep docaidumo cumempii’ k -x04v0po6020 21 -ulaONOHY.

TBepmKkeuus 2. Hexati k > 2 i k e dinvnukom namyparorozo wucaa 2n . Tooi
epyna cumempiti k -koavopo6ozo 2n -wabiony craadaemvea 3 22 enemenmis —

k
nosopomis na kymu eudy @; =kj- =, je€{l,2, 27”}

HoBenennsi. IIpu obepranusax k-KOJbOpOBUil 2n -MIAOJIOH CAMOCYMIIILYEThCS
JINITIE KOJIM KYT HOBOPOTY € «KpaTHUM Kk », TOOTO JinIle IpU MOBOPOTaxX Ha Ky-
™ @p = km -,

nokasatu, 1o npu k > 2 k-KoJbopoBuil 2n -1mabJjion He Ma€e oceil cuMeTpil.

1 <m< 27” Tomy 111 J10BeJIeHHSI TBEPJKEHHS JIOCTATHBO

[Ipunycrumo, 110 k-KOJIbOPOBUil 2n -11abJ/I0H Ma€ Bich CUMETpIl, siKa, IIPOXO-
JUTH 9epes3 MPOTHIEZKHI BepITHHN Mab/IoHy (HATPUK/IA/], BEPITHHN 3 HOMEPAMH i
ta i+n ). le osmauae, mo ayru (i—1,4) Ta (i,i+1) 3adapbosani ograxoso. [Ipo-
Te IBOr0 OYTH He MOXKe, OCKLIbKI HOMepH 1uX Jyr (¢ —1 Ta ¢ BiAmoBigHO) Jat0Th
pisHi octadi npu Jiistenni Ha k (k> 2), 1 ToMy, 3a BU3HAYEHHSIM K -KOJIBOPOBOTO
2n -mabJiony, modapOOBaHi PISHUMHU KOJbOPAMHU.

[Ipumyctumo Tenep, 1mo k-KoJbopoBUil 2n -1mabJjioH Ma€ BiCh CUMETPil, dKa
POXOJIUTH Yepe3 CepelHI MPOTUIeKHNX Jayr (Hampukian, ayru (i,7 + 1) Ta
(t+n,i+mn+1)). Le osnauae, mo gayru (i —1,4) Ta (i + 1,7+ 2) marorb OyTH
3acapboBaHi 0JHAKOBO. AJie 11e HEMOXKJIMBO, OCKLIbKI HOMepH 1ux ayr (i — 1 Ta
i+ 1 Bignosigno) mafoTh pisui octadi npu misenni na k (k> 2). O

TakuMm 9uHOM, rpylia CUMeTpiil k-KOJIHOPOBOIO 27 -MadJOHY CKJIAIAEThCS 3

27” eneMenTiB. I Oymemo noznavatn D3, = {U’”\ j=1,.. 27"} Ta Ha3UBaTU
k

I'PYIIOIO Jiejipa k-KOJTBLOPOBOTO 21 -1Ma0JIOHY.
BayBaxkenHnd 1. IIpu namyparvruxr k, wo diramv 2n, epyna D3, € epynoro
k

% YUKATMHUT NEPECTRANO6OK NOPAOKY 2, U0 NOPOOHCYEMBCA NEPECTNANOGKO
I (1 2 o 2n—k 2n—k+1 ... 2n—1 2n> @)

ST T\ k41 k42 .. on 1 k=1 Kk

2.2 IzomopdisMm Ta eKBiBaJIEHTHICTh k-KOJBOPOBHUX N -AlarpaM

Jlobpe BiIoMO, IO 9HCI0 XOPJOBUX 7 -miarpam (mobyIoBaHuX Ha 21 -11abJio-
(2n)!

2n.pl *
HOPSIJIOK Kk PIZHUX KOJILOPIB (KOﬂbOpiB JIyT' jJglarpaMiy y HallPIMKY 3a T'OJUHHU-

KOBOIO CTPLIKOIO) € crporo (dikcoBannm. OCKIIbKU KOXKHY 7-JiarpaMy MOYKHA

Hi) craHoBuTh d, = (2n — 1)!! = Ak 6yn0 3a3HAUEHO paHilie, UKIIIHIH

posdapbyBaru k pizHuME criocobamu 3i 30eperKeHHsIM IUKJIIYHOIO MOPSIAKY KO-
JIbOPIB, TO, 3 ypaxXyBaHHAM 03HGY€HHA O., B AKOCTi unucia dy, k-KOJbOPOBUX
n-JlarpamM cJiJy IpURHATH BeJuduny di, = k- d, .

[TpoTe, OCKIIBKU Kit1,e68010 MeMOI0 € TiJIPAXyHOK YHC/Ia caMe Hei30MOpQHUX
k -KOJTLOPOBHUX M -JiarpaM, JI0BeJIeMO HACTYITHE JIONMOMiXKHE TBEPIKCHHSI.
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TBepmxkenus 3. Yucio neizomopdprux k -xoarvoposux n -diazpam 3 @ikcosa-
HUM YUKATYHUM NOPAOKOM KOALOPLE Jye cnienadae 3 4uciom Hetzomopdrur k-
KoAvbOposux N -diazpam, nobydosanur 1a k -xoavoposomy 2n -wabaoni 3 MaKum
CAMUM YUKATYHUM NOPAIKOM KOALODIG.

HoBenennsi. /g 1oBeeHHs TOCTATHBO MOKA3ATH, IO J/IsT KOYKHOI JliarpaMu
Dy n(), o € Bay, nobyosanol na k-kojboposomy 2n-mabsioni (3 dbikcoBannm
MUKJIIHIM TTOPSIIKOM KOJIBOPIB), icHyIOTh 1me k — 1 miarpam (mobygoBaHux Ha
bOMY K 11a0JI0HI ), 1K1 pH BiOBITHIil MK/ivHI{ 3MiHI KOJIBOPIB € i30MOpdOHU-
mn 3 giarpamoro Dy, («) . Hagam muoxkumny giarpam, modygosanux Ha ¢ikcosa-
HOMY k-KOIbOpOBOMY 21 -11abJ10H], Oy/1eMO HO3HAYATH S}, -

Orxe, Hexait a = (ay,b1) o ... o (ay,b,) — 10BiTbHA, ae dikcoBaHa CKJIEHKa

3 Ban, a Dy, = Dy p(a) — puc. 3 a).

A NN
' l

Sy,

N

a) b) ¢) d)

Puc. 3: a) Dy,(a); b) Din(aq); ¢) Dgn(as); d) Dygn(as)

Posrisinemo ckieiiky a3 = a + 1 mod(2n) =
= (a1 + 1 mod(2n), b; + 1 mod(2n)) o ...

... 0 (a, +1 mod(2n),b, + 1 mod(2n)) € Bay,.
Ouesnjno, mo giarpama Dy, (a) Hamexxurs MuoKnHI S, (puc. 3 b)) . fAxio
ayru giarpamn Dy, (o) nepedapOysaTn Tax, mob KoKiHa Jyra «OTPHMAay KO-
Jp motnepeiHbol Jiyru (y HAIPSIMKY 3a NOJUHHIKOBOIO CTPLIKOIO), TO OJlepKaHa B
Taknii cioci6 niarpama Dy (a1) Gyne isomopduoro niarpami Dy, (a) .

Taknm annoM, ckiefiku o (j =1,2,...,k—1), o BusHadators mrykani k—1
aiarpaMm Dy (o), MOxKHa nofaTu y BumIsi  «; = o + j mod(2n). IIpu ko-
xkHoMy bikcoBanoMy j nuksiiune nepedapbysanns jayr giarpamu Dy, («;) Bii-
OyBaeThbCs 3a HPABUIOM: KOKHY Jyry (miarpamu Dy () ) mix Homepom 4 ciiij
nocapbyBaTn y KoJip Jyru mabony mijg #HomepoM (7 — 7 mod(2n)). O
3ayBaxKeHHH 2. 3 ypaxrysannam nonepednnbozo meeporcenna 6 AKOCML YUCAG
din k-woavoposux n -diazpam 3 Pikco6anUM YUKATYHUM NOPATKOM KOAOPIE Y2
npupodno obpamiu wucio diazpam 3 Kaacy Sk, , uo nobydosant na @ircosaromy
k -xoavoposomy 2n -wabaoni (3 610n06I0HUM YUKATYHUM NOPAIKOM KOAOPIE Oye
wabaony). Tobmo, 6 axocmi wucaa dy, MmodtcHa nputnamu wucio dy, . Omoice

|%k‘,n| = dk,n — dn = (2n — 1)” (3)
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3 ypaxyBaHHSIM meepdotcents 1., Mae Miclie HACTYIHUI KpuTepiit i30Mop-
dbuocti miarpam 3 kinacy S, -

Hacainok 1. Jliaepama Dy, (o) i3omopdra diaepami Dy, (a2) modi i auwe
modi, xoau 3j € {1,2,...,2—”} g =0 I oayo0dit.

2.3 YucJao zHeizomopdHUX Ta HeeKBiBaJeHTHUX JiarpaM 3 KJjacy i
. . ,

Teopema 1. /laa dosinvroeo namypasvnozo n > 2 wucao dj , Heizomophrux

diaepam 3 Kaacy Sk MOAHCHA 0OUUCAUMU 3G JONOMO2010 HACTNYNHUL HOPMYA

I (D DI ) VN B

kjl2n, kj#2n

kj
(kj—1)!!-(§—§)2, M9 41
Pl ki) =4 w2 SN
> O (2= (E) L m=y

de ¢(q) — apupmemuuna pynruis Eisepa.

HoBenennst. 3 ypaxysaHuaM sayeasrcenna 1. 1 nacaidky 1. aucno dy , cuis-
najae 3 dncjaoM opbir il rpymn C3, Ha MHOXKHHI jgiarpam 3 kiuacy Si, (Ha
mMHOKIHI Bay ). I Tomy 3a siemoro BkepHcaf/ma (mamp. [11]) Ta 3 ypaxyBaHHsIM
pe3yIbTaTiB poboTH [3], myKate 9uc/io d}., MOZKHa 001nCUTH 38 POPMYIIOH0

1 2n
=gy (9l+ 3 o(5) otk )

kj|l2n kj#£2n

ae p(n, kj) — aucio marpam 3 Kiaacy S, , SKi caMOCyMINIYIOTbCA IPH TOBOPOTI
Ha KyT @y ; = kj- T 3a roaunnukosolo crpinxoio. He Bazkko Gaunru, mo p(n, kj)
CIIBIIAJIAE 3 TUCJIOM 3BUYARHUX M -aiarpaM (3 kiaacy ), sKi caMoCyMilyoThCs
DY IIOBOPOTI H& KYT @ j 34 FOJUHHUKOBOIO CTPLIKOIO.

B po6orax [3] i [6] Oysio BeTaHOBIIEHO, 10 1T KOXKHOTO JUIBHUKA ¢ 9HCIa 1
BeJIanHy p(n, 1) MOKHA 00UUCTUTH 3a (DOPMY/IaMu

(i — Dl ()7 9] 41
n,i) =< [i/2 . 7
p(n. ) SO (2r =1 (), 22 =2l )
r=0
[Toxkmasmu B (7) i = kj, onepxumo dopmynn (5). O
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BayBaxkeunst 3. IIpu k=1 1 k=2 cnissionowenna (4),(5) maroorc eusna-
warms Yuco rneidomophrur xopdosuxr n-diazpam (I, = 1) ma wucao reido-
mopruz dsoxorvoposux n -diaepam (3 waacy So,) 6idnosiono. Kpim mozo, y
sunadxy k = 2n woorcna diazpama 3 Kaacy Sop, MOIACE CYMICTIUMUCA GUKAIOYHO
13 00010 1 Auwe npu nosopomi Ha kym 27 . Ile osnavae, wo 6ydv-axi dei dia-
epamu 3 Kaacy Sopy, HE € 13omopPrumu, mobmo wo dy, , = doy, = (2n — DI
IIpu k = 2n cnissionowenns (4),(5) daroms maxud camut pesyivmam.

Teepazxennsa 4. IIpu k > 2 wucao neexsisarenmuur diazpam 3 xiacy Skp
dopisrroe wucay neisomopdprur diaepam 3 Kaacy Sk -

CrpaBe JINBICTb TBEPJIZKEHHSI € HACIIJIKOM meepdicenns 2. Ta 3aysaxncerms 1.

Beronn Bure nuk/ianuit mopsijok k (pisHUX) KOJBOPIB (KOJBOPIB JIyr 71-
Jiarpam 3a TOJMHHUKOBOIO CTPIIKOIO) OyB 9iTKO dikcoBannm. O9eBHIHO, MO Ha
2n -1m1abJioHi y HAIPSIMKY 3a (400 MPOTH) TOJANHHUKOBOIO CTPLIKOI0 MOXKHA 3ahik-
cysatu (k — 1)! pisHux mukaivHUX MOPsijiKiB KoJbopiB. Kpim Toro, npu k > 2
JIBl k-KOJIbOPOBI 7 -JliarpaMi 3 Pi3HUMHU IUKJIYHIMU HOPSIIKAMI KOJbOPIB JIyT
He MOXKYTh OyTH i3oMopdHUMU. Tomy Mae miciie

Hacninok 2. Hexaii k> 2 e diavrukom wucaa 2n . Todi wucao dj. .~ neizomop-
prux k -xoavoposuxr n -0ia2pam MOHCHA BUSHAMUMY 34 HOPMYAOI0

dy, = (k= 1) dy,. (8)

Hukdge na pucynkax 4, 5, 6, 7, 8 1 9 300parkeHo Bci HeizoMOpdHi jiiarpamu
3 KaciB Ss3, Sosz, S, Sia, Soa Ta Syg BILAIOBLIHO.

% H h

Puc. 4: Bcei 11 nveisomopduux giarpamu 3 K1acy s 3

DOV PLR

Puc. 5: Bei 7 neisomopdnux giarpamu 3 K1acy a3
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Kamy6orcekuit O.A., Ip3za B.1. k -KOJIbOpOBI XOpJIOBI n -JliarpaMu

05
K¢
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2

Puc. 6: Bci meizomopdHi giarpamu 3 kmacy 3

A
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Puc. 7: Bci meizomopdmni giarpamu 3 knacy 4

QOO
O
(OO

QOO 5
DO O
OO
D QOO

Puc. 8: Bei 35 neisomopduux agiarpam 3 knacy o4
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Kamy6orcekuit O.A., Ip3za B.1.

k -KOJIbOPOBI XOPIOBI

n -fiarpamMn

n | 2n | k|2n di. n n | 2n | k|2n di..n
2] 4 1 2 10 | 20 1 32 743 182
2| 4 2 3 10 | 20 2 65 486 307
21 4 4 3 10 | 20 4 130 945 875
31 6 1 5 10 | 20 5 163 715 822
3| 6 2 7 10 | 20 10 327 431 363
3| 6 3 11 10 | 20 20 654 729 075
3| 6 6 15 11 | 22 1 624 999 093
4| 8 1 18 11 | 22 2 1249 937 335
4| 8 2 35 11 | 22 11 6 874 989 963
41 8 4 65 11| 22 22 13 749 310 575
41 8 8 105 12 | 24 1 13 176 573 910
5| 10 1 105 12| 24 2 26 353 147 811
5| 10 2 193 12| 24 3 39 529 719 560
5| 10 ) 513 12| 24 4 52 706 295 033
5| 10 10 945 12| 24 6 79 059 439 095
6 | 12 1 902 12 | 24 8 105 411 386 745
6 | 12 2 1799 12 | 24 12 158 118 876 449
6 | 12 3 2 688 12 | 24 24 316 234 143 225
6 | 12 4 3 483 13| 26 1 304 072 048 265
6 | 12 6 5 363 13 | 26 2 608 142 583 137
6 | 12 12 10 395 13| 26 13 3 952 936 627 361
7| 14 1 9 749 13 | 26 26 7 905 853 580 625
7| 14 2 19 311 14 | 28 1 7 623 505 722 158
7|14 7 68 219 14 | 28 2 15 247 011 443 103
7|14 14 135 135 14 | 28 4 30 494 006 668 251
8|16 1 127 072 14 | 28 7 53 364 540 054 860
8 | 16 254 143 14 | 28 14 106 729 080 101 235
8 | 16 4 508 277 14 | 28 28 213 458 046 676 875
8 | 16 8 | 1016 481 15 | 30 1 206 342 800 616 597
8| 16 16 | 2027 025 15| 30 2 412 685 556 939 751
9|18 1] 1915951 15 | 30 3 619 028 401 803 731
9| 18 2| 3828921 15 | 30 5 | 1031 714 003 081 693
9| 18 3| 5747 843 15 | 30 6 | 1238 056 670 727 375
9| 18 6 | 11 486 745 15 | 30 10 | 2 063 427 784 696 215
9| 18 9 | 17 243 105 15 | 30 15 | 3 095 142 009 014 843
9] 18 18 | 34 459 425 15| 30 30 | 6 190 283 353 629 375

Ta6u1. 1: [louarkosi 3Havenns Yncia neizsomopduux giarpam 3 kinacis Sy, (1 < n < 15, k|2n)

BucunoBkn

Beranosiieni B poboTi (hopMysIi JIJIst MTiIpaxyHKy dnc/ia Heil3oMOp(HUX Ta He-
eKBIBaJICHTHHX JiarpaM 3 Kjacy i, € y3arajabHEeHHSM aHaJOriuHUX Pe3y/IbTaTis

JIUIsT XOPJIOBUX, 30KpeMa, JIBOKOJILOPOBUX N -jiarpam. IIpore sajuinaerbest Hes si-

COBAHUM HHMTaHHs 1IPO IJPAaxXyHOK 4ucia d;" HeeKBIBaJeHTHHX K -KOJILOPOBUX

n-jgiarpam npu k > 2.
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MaTremaruka

Ha maymky aBTOpiB, IIIKOM JIOCSKHUM € OJepKaHHd aHAJOTTIHUX y3arasib-
HEeHb {1 151 OLIbII crienudigHUX KJIaciB XOPJIOBUX 71 -iarpaM.
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PEAJII3AIIIS 3AJIAYI TTOALIY TAEMHUIII B
MATEMATUYHOMY IHTAKETI MAXIMA

B poboti ipoBejieno anaJIi3 riTepaTypu Mo/I0 JOCTKeHH 3a/1a4i Moy TaeMauIl. Po3poo ie-
HO TIpOTrpaMHy peaJiizaliiio JaHol 3ajadi B MareMaTuanoMy IrakeTi Maxima. IIposeneno mopis-
HsIJIBHUI aHaJ I3 IporpaMHol peasizaliil 3a1ati Moy TAaEMHHUIN JIBOMA CIIOCODAMM: 38 CXEMOIO
[MTamipa Ta cxemoro Acmyra-Biryma.

KirouoBi cioBa: sadavwa nodiay maemmuyi, nostnom Jlaeparorca, xumaticvka meopema
npo ocmayy.

Beryn

Kpunrorpadiuna 3amada moiny Taemuunii (anri. Secret sharing) Bunukae y
BUIIAIKY HEOOXiTHOCTI 3a6e31eden s KolerialbHOCTI IpuilHATTa pimenns. [ cyTsb
1OJIsATaE B TOMY, 1110 CYKYIIHICTD JIAHUX, SIKa JIO3BOJISIE IOBHICTIO BIJTHOBUTH CEKPe-
THUH K0 (TAEMHUIIO), PO3MO/ILISIETHCS MizK WIEHAMU MEBHOT TPYIN 3 1 0cib B
TaKuil crocio, Mo KOKHOMY 3 HUX JIiCTae€Thes ot taeMunii (anra. Shadow), i
O/IaJIbIIIe BiTHOBJICHHST KJIFOUa MOKJIMBE JIMINE 3a MPUCYTHOCTI BCix (abo meBHOT
MiHIMAIBHOT KIJIBKOCTI k) 4jieHiB rpymm. Y pas3i HeBUKOHAHHS T1ET YMOBH CeKpe-
THUI KJIIOY TapaHTOBAHO He BITHOBJIIOETHCS.

3aj1aua Moy TAEMHUIN MICTUTH JIBa aJrOPUTMU: NEPIIUil Mpu3HAIeHU J1J1s1
o0YnC/IeHHs JI0J1ell 3a 3aaHNM 3HAUEHHSIM CEKPETHOrO KJIoYa (PO3MOJLIT TaeM-
HUIL) 1 ApYTHit — JIJIsT BIIHOBJIEHHST KJTIOUA 38 BIJIOMUMHE JIOJISMHI (PEKOHCTPYKITisT
TAEMHHIT] ).

OcHoBHe TpU3HAYCHHS PO3IOJILITY TAEMHUI — 3aXUCT KJI0Ya BiJl BTpaTH. 3a-
3BUYAll JIJId 3aXUCTY BiJl BTPATH KJI04Ua POOJISTh JIeKlJIbKa KO, 31 3011bIIeHHIM
queia KOl KJIoda 3pocTae IMOBIPHICTH HOro KOMIIpOMeTariii (pO3roJIoIieHH s ),
SIKINO 2K YUCJIO KOIiit MaJie, TO 3pOCTae PU3UK BTPATH KJI04Ya, Yepe3 MOXKJIUBICTh
zaryouTtn itoro. Tomy Kpailile «pO3MOJIIINTHY KUY MiXK JIeKiJIbKOMa 0co0aMH B
Takuil crocio, 1mobd OyJia MOXKJIMBICTD HOr0 BiJHOBJIEHHS IIPU PI3HUX 0OCTaBUHAX:
KIJIbKOMa, YITOBHOBayKEHUMU I'PyIIaMU 3 ITEBHUM CKJIJ0M YYaCHUKIB. THUM camMuMm
3aI1100iral0Th IOBHOI BTpaTH KJIIOYA.

© Psabyxo O.M., Isanosa K.}O., 2012
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MaTremaruka

Ilopozosoro cxremoro abo cxremoro nNodiny MaeMHUYUL HA3UBAECTHCI CXe-
Ma, sIKa JIO3BOJISIE «PO3IOALINTIY TAEMHUIIO MIXK JIeK1JIbKOMa, yYaCHUKAMU B Ta-
KT cI1ocio, 1mo0 3a3/1a/eriib BU3HaueHi YIIOBHOBaXKEeHI 0coOU MOIJIA OJIHOZHAYHO
BIJIHOBUTHU TAEMHUITIO, a HEYIIOBHOBayKeHI — He OTpUMaJId »KOJIHOI JOJATKOBOI 1H-
dopmariil Ipo MOXK/INBE 3HAUEHHS TAEMHUII.

Y (k,n)-moporoBux cxemax IMOBIOMJIEHHSI JUINTHCS HA N 9aCTHH TakK, M0
OyIb-s1Ki k YacTUHU MOXKYTb BIJIHOBUTH IIOBIJIOMJICHHSI.

Meta poboTwm: J0C/IiAUTH Ta IPOrpPaMHO peaslisyBaTH 3ajady IHOJILIY Ta-
emunil 3a cxemoro [lamipa Ta cxemoro Acmyra-Biyma. 3pobutu mopiBHsIIbHMI
aHaJI13 BLIIOBLJIHUX ITPOI'PaM.

3araJibHi BIJIOMOCTI ITpO 3a/a4y MO/IiJly TAEMHUIII 32 cXeMa-
mu ITTamipa Tta Acmyta - Biayma

Liest moporoBoi cxemu OyJia He3aJIexKHO 3alpornoHoBata B 1979 pori Axi [la-
MipoM Ta JIxkopmxem Buexi. s ctBopenns moporosoi cxemu [llamip xopn-
CTyBaBCs TOJIHOMIAJIBHIMI PIBHSHHAME B CKiHdeHHoMy 1o [3]. Crouarky obu-
paeThes MpocTe Iucao P sike Gijibliie KiJIBKOCTI MOXKJIMBUX YacTOK (J10J1eit) i
O1/IbIIIe HAMOLIBIIOI 3 MOXK/IMBUX TaeMHUIL. 11106 3poduTn TaeMHUIIO 3araabHOIO,
reHepyEThCs JIOBLIbHMIT MHOTOUJIeH cTenieHs k — 1. Hampukiai, aKmo HeoOXiTHo
crBoputi (6,10)-110pOroBy cxemy, TO TeHepyeThCsT MHOTOUJIEH H-TO CTEIeHsT:

f(z) = (a2’ + ba* + ca® + da* + ha + S) mod P,

jge P — ne Bunajkose mnpocte 4ducso, Oibiie Oy/b-sKoro 3 KoedilieHTis;, S —
Ta€MHUIIS (TTOBIIOMJICHHS).

Koedimientn a, b, ¢, d, h obupaioTbcsi BHIIAJKOBO, BOHH 30epiraioTbcs B
TAEMHNI 1 BIAKNIAIOTHCA MM Po3MoiTy JacToK. IIpocre vmeynio P 1moBWHHO
OyTu omyObJiiKoBaHe.

YacTku (J10/11) OTPUMYIOTHCST 38 JOTIOMOTOI0 OOUNC/IeHHsT 3HAUEHHST MHOTOUTe-
Hy B 1 pizumx toukax: S; = f(z;)

Jl 151 BiTHOBJIEHHST Ta€MHUI HeOOXiHA HasiBHICTH 6 dacTok (moseit). Il He-
00X1JIHICTb 3yMOBJICHA THM, 1110 JIJIsI BIAITYKAHHS HEBiIOMIX KOeilieHTIB MHOT'O-
qjeHy 4-1o creneHs 3 6-Ma HEBIOMUMEI MOTPIOHO 6 OyIb-sIKNX 3HAYCHB YaCTOK.
Tprox Un 40TUPHOX OYJIe HEJOCTaTHBO, & MIeCcTH abo BOCBMU OY/e 3 HaJIUIIKOM.
st Binnosaennst taemuuii S 3a 6-ma gactkamu St, So, S3, Sy, S5, Sg Oy1ye-
Thest MHOTOWIeH f(x) 3a inTepnossiiiinoo dopmysiown Jlarpanxa

k .
f)y =3 s []—- (1)
e=1 j#e € J

64 36ipHuK HayKOBHX Ipalb ¢izuko-mareMarudnoro dakyaprery CHIIY



Pabyxo O.M., Isanosa K.1O. Bajtava 1moiry TaeMHHI

Tosi BlibHEI wieH mosiHOMYy 1 Oyiie Taemuureio S = f(0) = ag.

B 1983 pori B poborax C. Acmyra, /1. Bayma ta M. Minbora Oyiau omnucami
IHII HIIXOAW 0 PO3B’d3aHHA 3aJadi MOJILIy TaeMHMIN. BoHM 3allponoHyBa/ii B
SIKOCT1 BUXiJHOI 6a3m oOpaTu Kijblle IIIuX 4uces. B 1bOMYy KiJIbIl B sIKOCTI Ta-
€MHUIII ITPOIIOHYBAJIOCS OpaTu JiesiKe Ifijie YUC/I0, a B sIKOCTI YaCTKOBOI Ta€MHUII
yYaCHUKa — HOro KOHIPYEHITIO 3a JIedKIM MOyJieM. BiIHOB/IEHHS TaeMHUII B Ta-
KIX CHCTeMaX BiOYBA€TbCs HMIIAXOM PO3B sI3aHHSI CUCTEMU KOHI'DYEHIII, Halida-
cTile, 3a JIOIMOMOI'OI0 KUTaliCbKOI TeopeMu IIpo JUIIKU. TakKi cXeMy Ha3UBaIOThCs
MOJLYyITPHUMM.

st (k,n)-moporoBol cxeMn 06UPAEThCs BEJIMKE IPOCTE YUC/I0 P, Oiibiie S .
[Torim obuparoTbest ducia, Merin p — dy, do, ..., d,, JJIs0 TKIX:

1) suadenHs d; BIOpPsiIKOBaHI 3a 3pocTaniaM, d; < dji1;

2) Bci gncsa nocstioBHOCTI dy, do, . . ., d,, TOMAPHO B3a€MHOIIPOCTI;

3) dl-dQ-...-dk>p-dn_k+2-dn_k+3-...-dn.

[I1o6 po3moiInTI YaCcTKHU, CIOYaTKy OOMpPaEMO BHUIIAJIKOBE UUCJIO ' Ta 00-
quemoemo s = S + rp. Yactkamu (monsmu) € s; = s mod d;. O6’eqaapiim
Oyab-siKi k 1acToK, MOKHA BIIHOBUTU S, BUKOPUCTOBYIOUN KUTACHKY TEOPEMY

upo jumku. g joBibHux £ umcen S;, ..., S, €JIUHUM DPO3B’S3KOM CHCTEMU

k
KOHI'DYEeHIIi

.................. 2)

OyJle TAEMHUI KJII0Y S .
[Iponeaypa BiIHOBJIEHHS KJ/IOYa HEMOXKJIMBA, JJIsi MEHINOI HiXK k KIJIBKOCTI
JacTOK. TaK mia noBiapHUX k — 1 wmcen s;,...,S;_, CHCTeMa

MaTuMe 0e3J1i4 PO3B’I3KIB.

ITporpamua peaJizamis 3ajJadi IIOALIIy TAEMHUIII B IaKeTi
Maxima

AaropurMm moginy taemHUMl S € Zp 3a cxemoro lllamipa
1. Obupaerbcst n pi3HUX, HEHYJILOBUX €JIEMEHTIB 3 Lp .
2. BunajkoBum unHoM B Zp obuparorhed k — 1 eleMeHTu aq, ..., Gp_1.
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MaTremaruka

3. st koxxuoro 1 < i < n obuucmoorbea S; = f(x;), e

k-1
flz) =S+ Zajxj mod P.

J=1
4. Koxnnit yaacauk 1 < i <n orpumye jgoso (S;, P).
Anzopmm 6i0HOBAEHHA MAEMHUYL 30 HAACHUMU O-MG YACTVKAMU.

1. Bynyemo nosninowm Jlarpamxa 3a dpopmysioro 1.
2. Buaxojumo ioro 3uadens npu r = 0, orpumaemo Taemuuiio S = f(0).

AnroputrMm noaisty TaeMHUIL S € Zp 3a cxemoro AcmyTta-Biyma
1. Obupaerbcs npocte dncjiio P Ta n B3a€MHO MPOCTUX UNCE.
2. IllepeBipsiorbest ymosu: Vi @ d; > P, dp < ... < d; < ... < d, Ta
dldk>Pdk+1dn
3. ObupaeThCst BUIIAIKOBE YUCIO T Ta O0IUCTIOEThCsT § = S + rP.
4. O6UnCII0ITHCI YacTKH 3a hopmysiorn s; = s mod d; .

Anzopmm 6101H0BAEHHA MAEMHUYT 30 HAABHUMU O-MG UACTNKAMAL.

1. Byjayemo cucreMy KOHI'PYeHIII# BUly 2 Ta po3B’sa3yeMo 11 3a JIONMOMOTOI0 KH-
TalicbKOl TeopeMu PO JIUIIKU.
2. BijgHOBIIIOEMO TAEMHUIIIO SIK PO3B’SI30K CUCTEMU KOHI'DYEHIIiil 2.

Ilpuknam 1. Hexati neobxiono posdiaumu maemmuuro S = 97 miorc 10 yuacru-
KaMU MaKUM UM, U006 6Ydb-aKt 0 3 HUT MO2AU B1OHOBUMA U0 MAEMHULIO.
Peanisyemo (6,10) -nopozosy cremy.

Cxema Illamipa Cxema Acmyrta-Biayma
ObupaeTbest  jlesike  1pocTe 4nciao | B sgkocTi mpocroro umcsia  obepemo
P =101 P =101

Bymyemo MmHOTOUIEH B gxocTi B3a€MHO TPOCTUX

flx) =(64-2°+27- 2" +18 -2+ | Vi:ie {103,107,109,113,127,131,
+31-22+7-2+97) mod 101 137,139, 149,151}, i > P = 101

103 < 107 < 109 < 113 < 127 <
<131 <137 < 139 < 149 < 151
131 > 101 - 137 -139 - 149 - 151
103 -107-109 - 113 - 127

r=>51, s = 5248
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Pabyxo O.M., Isanosa K.1O.

Bajtava 1moiry TaeMHHI

Orpumani ot

{413, 49}, {432, 48}, {451, 71},
{470,50}, {489, 78}, {508, 38},
{527,40}, {546, 50}, {565, 24},
{584, 42}.

BinHnoB/ieHHst Ta€MHUIT
{432, 48}, {470,50}, {489, 78},
{508, 38}, {565,24}, {584, 42}

BymnyeMo iHTepIOIAiiaT MOTiHOM

Jlarpamxka
o (x—470)-(x—489)-(x—508)
flx) =48 (132—470)-(432—489)- (432508
(v-565)-(v—584) | gy (v—432)-(v—489)
" (432—565)-(432—534) +oU- (470—432)-(470—489) -
(2—508)-(2—565)-(z—584) 7g. (2=432)
" (470—508)-(407—565)-(470—584) aatles (489—432)
(2—470)-(2—508)-(2—565)-(z—584)
" (489—470)-(489—508)-(489—565)- (439—534) +
38 (x—432)-(x—470)-(x—489)-(x—565)
+ " (508—432)-(508—470)-(508—489)-(508—565)
(x—584) 21 (x—432)-(x—470)-(x—489)
" (508—584) taa (565—432)-(565—470)-(565—489)
(x—508)-(x—584) 49 (x—432)-(x—470)
" (565—508)-(565—584) taz (489—432)-(489—470)
(2—489)-(2—508)-(z—565)
(489—508)-(489—565)- (584—565)
BinbHuil 4jeH nogiHoOMa 1 € TAEMHUIIS

Orpumani josti

{101, 103,98}, {101,107, 5},
{101,109, 16}, {101, 113, 50},
{101,127, 41}, {101, 131, 8},
{101, 137,42}, {101, 139, 105},
{101, 149, 33}, {101, 151,114}

BinHoBjieHHsT Ta€MHUIIL

{101,107, 5}, {101, 109, 16},
{101, 113,50}, {101, 131, 8},
{101,139, 105}, {101, 151, 114}
CxJ1aJ1eMo BIJITIOBIJIHY CHCTEMY
KOHTI'PYEeHITiii

Posp’szaBimm  cucreMy KOHI'DYEHILii

BIJTHOBUMO TAEMHUITIO

IlopiBHANBHMIT aHAJI3 peaJli30BaHUX CXEM

Cxema ITTamipa

Cxema Acmyrta-Bayma

[ToTpebye renepailiii JIBOX HPOCTUX UM~
ceJl.

[ToTpedye renepariii 2+ n NPOCTUX K-
ceJt, IPUIOMY 7 IIPOCTUX YHUCEJ HeoO-
XiJIHO 0OpaTH y MOPSIKY 3POCTAHHS.

KigbKicTh ya9acHUKIB, IKi MOXKYTH BiJI-
HOBUTHU TAEMHMUITIO 3aJJa€ThCs OJIPa3y.

HeooOxinna mepesipKa 3asiB/I€eHIX
JnoJeil Ha MOXKJIMBICTDL BlJIHOBJIEHHS
TAEMHMUII].

st obunciennst jrogeit Oy yeThes
noJjinoM crenend k — 1.

st obuucenns Jioeil oOMpaeThes
BUIIA/IKOBE YUCJIO.

Ob6uIBi cxemu KPUITOCTIHKI 70 aTax.
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OrnucaHi cxemu TakoxK Oy/in peaJiizoBaHi B MareMaTudHOMY Iakeri Maple, B
cepenonuti Delphi ta va moBi mporpamysanns PHP. Maremarnuni makern Maxi-
ma Ta Maple onepyiorb ogHakoBuMHU BOYyI0BaHUMH (DYHKIIAMU Ta BUKOHYIOTD
YUCEeJIbHI PO3PaxyHKN BHCOKOI TOYHOCTI. 3aBIAKH IIbOMY, Ha eTalll BiJIHOBJIEHHS
TaeMHUI, OyB 1MOOYJI0BaHMil iHTEepHOJIsANiiHII MHOrOWIeH Jlarpan»ka Ta po3B’s-
3aHa CUCTEeMa KOHI'PYEHIIi 3a JIOIIOMOIo0 KUTaiichbkol Teopemu 1po k. 1o
Jla€ MOYKJIMBICTD BiHOBJIEHHST Ta€MHUI. AJie MizK ITUMI MaTeMaTUIHIMU [1aKeTa-
MHI € neBHI Biaminnocti. [Ipu BuBegenni pe3ysnbTaTiB KoMana Maxima BUBOINTD
KiHeBuit pesysbrat, a Maple BUBOIUTDH 1oeTaHe BUKOHaHHST BKa3aHOT KOMAH M.
Ha sijminy Bij kKomepiitnux Maple, Ta Delphi maremarwanuii maker Maxima €
BLIBLHO PO3TOBCIOIZKEHOIO CUCTEMOIO KOMIT I0OTEPHOT aJiredpH, sika po3paxoBaHa Ha
IIIPOKE KOJIO KOPUCTYBaiB.

Mosa PHP wna BigMiny Bij Bulle 3rajlaHnX MaTeMaTHIHUX ITaKeTiB € cep-
BEPHOIO MOBOIO Web-1porpamyBaHHs i Ma€ PO3BUHEHY OOUUC/IIOBAIBLHY YaCTHHY.
HasgBHicTb B MOBI IOBHOIIIHHOTO HAOOPY KEPYIOUNX KOHCTPYKILiil, T03BOJISE peaJti-
30BYBaTH aJrOPUTMU OY/Ib-s1KOT CKJIaiHOCTI. CHHTaKCUC MOBU Maiixke CIIiBIIa A€ i3
cuaTakcrcoM MoBu C, TOMY IpaIfOBATH 3 HEIO MOXKe BY3bKe KOJIO KOPUCTYBAUiB.

Delphi nae MOXKUBICTH CTBOPIOBATH MPOT'PAMU B CTUJI Bi3yaIbHOI'O KOHCTPY-
1oBaHHA (POPM, PO3SMICTUBIIN Ha HUX OyIb-sIKi BizyaJibHi ejemenT. CepegoBuiie
Delphi mae cknagnuii intepdeiic. IIporpama B cepenosuii Delphi peasnizye me-
SIKIiT KOJI TIIBKH SIK PEaKIfio Ha MOJil, siKi 3yMOBJICH] JisIME KOPUCTYBAUiB (Ha-
TUCKAHHsT KHOIIOK, PyX MHUII 1 ToMy moj1ibHe).

BucaoBknu

B craTTi HaBeeHl MPUKJIAIN peasizalil 3a1adi Moy TAEMHUIN 38 CXeMaMu
[Ilamipa Tta Acmyra-Biayma B cucremi kommoreproi agredbpn Maxima. I1posese-
HUIl TTOPIBHSAJIbHUIT aHaJll3 peaJsii30BaHUX CXeM B PI3HUX IIPOIrpaMHUX CepeJIOBU-

max.

Jliteparypa
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68 36ipHuK HayKOBHX Ipalb ¢izuko-mareMarudnoro dakyaprery CHIIY



[4] Yuurapés E.A. Komubiotepnas maremarnka ¢ Maxima. PykosojcTBo s
MKOJBHUKOB U cryjenToB /| E.A. HYuakapés. — M.: ALT Linux, 2009. — 233 c.

5| IInatiep b. Pasnenenne cekpera : [nep. ¢ auri.| / B. [naiiep // Ilpuknaanast
kpunrorpadus. [IpoToKoJIbI, ajlropuT™Mbl, KCXOJHBIE TEKCTHI Ha si3bike Cu. —
M.: Tpuymd, 2002. — C. 93 — 96.

6] IInatiep B. Anroputmbel pasneserust cekpera : |mep. ¢ anri.| / B. [luxaiiep
/) Tpuknagnas kpurnrorpadust. [IpoTOKOIBI, aJIrOPUTMbI, HCXOHBIE TEKCThI

Ha sizbike Cu. — M.: Tpuymd, 2002. — C. 588 — 591.

YK 512.53
Psa6yxo O.M., Typka T.B., JInrBuneuko JI.II.

U kamn. ¢piz.-mat. nayk, jouent, 3as. kapeapu aarebpu, CAITY

2 acucrent xacbenpu anrebpu, CAITY

3 crynentka 5 Kypcy isuxo-maremarmanoro ¢paxyasrery, CIITY

e-mail: kafedra_algebry sdpu@mail.ru

HATIIBI'PYIIA BIAIIOBIJHOCTEM CKIHYEHHOI I'PYIIA

JloctiKeHHs 1oJidrae y BUBYEHHI HAIIIBI'PYIIU BiJIIOBIHOCTEH CKIHYEHHOI TPYIIH, 30KpeMa 00-
YHCJIEHO TIOPSJIKU HAIIBIPYIIU BiITOBITHOCTE 3HAKO3MIHHOI rpyIin YeTBepToro mopsijiky S(Ay)
Ta rPyIu KBATEPHIOHIB BOCbMOro mopsiaky S(Qg) -

KurouoBi ciioBa: nanisepyna eidnosidnocmet, nopadok Hanieepynu, 3HAK03MIHHA 2pYyna,
2PYNa KeamepHioHI6.

Bceryn

[TonaTTsa HamiBrpynu Ta BiAMOBIIHUIT TepMiH BUHUK/IM Ha MOYATKy XX CTO-
JITTH, & CUCTeMaTHIHI JIOCIJIKeHH HAINIBIPYII novajuncd B Kinmi 20-x pokis. /o
60-x poKiB Teopisl HAIBrpyI copMmyBajacd B 00JaCTh aaredbpu, 1Mo JUHAMIYHO
PO3BUBAETHCA, 3 HAraTo MPOOJIEMATUKOIO 1 PI3HOMAaHITHUMK 3aCTOCYBaHHsAMU. B
Il pOKU 3’sIBUJINCS 1 1epini MoHorpadil, siKi IIJIKOM IPUCBSYeH] Teopil HalliBIPYyII.

[leprium 3aa4y BUBYEHHST HAIIIBIPYII BijnosignocTeit nocrapus Kyporr O.I'. B
CBOEMY Kypci 3 Teopil yHiBepcaibaux aarebp (aus. [1]). Onak 3podieHo B oMy
HanpsiMKy Hebararo. € kisbka pobit (Hanpukia, lekanmgep (2], [3]), ne BuBuaacs
oynosa HamiBrpymu S(G) K pemnniTKA BiJIHOCHO TPUPOIHOTO TaCTKOBOTO HOPSIJI-
Ky. AJle HAIBrpymnu BijNMoOBiHOCTEHl KOHKPETHUX YHIBepcaJbHUX ajredp Maiixke
He JIOCJIJIZKYBaJIUCS.
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Y pobori [4] obuncaeno nopsgok namisrpyn S(G), komm G € CKIHUEHHOIO
rpymoio. 30KpeMa, sIBHO BKazaHO HOpsiok |S(G)| it TphoX KiracHIHUX cepiit
CKIHYEHHUX IPYIL: MUKJIIYHEX, JieIpaIbHIX Ta eJIEMEHTAPHUX a0CICBHX.

[IponoBxKytoun pobOTy HaJ BUBYEHHAM HAIIBIPYI BIAIOBIIHOCTEH CKiHYeH-
HUX IPYII, ME OOYMCJIMJIN ITOPSIIOK HAIIIBI'PYII BiIIOBIIHOCTEl 3HAKO3MIHHOI IPYIIN
crenenst 9otupn S(A4) Ta Tpynu KBaTepHIOHIB BOCBMOTO MOPsIKY S(Qs) .

Ilopsimok HaImBrpynm BiAOOBIIHOCTET

Hexait G — yniBepcaJsibHa aJyiredpa. fximo migaaredpy 3 G X G posrisigarn
sk GinapHe Bijguoinennst Ha G, 1o Muoxkuua S(G) Beix niganredp 3 G X G €
HAITIBIPYIIO0 BIJIHOCHO JIeMOPTaHiBChKOro Jo0yTKY BigHoienb. Hamisrpyna S(G)
HA3UBAETLCST HaNi82pynoto sidnosidnocmert aaredbpun G .

Y pobori [4] nokazano, 1o kogu G — rpyna, To ejementu Hamisrpynun S(G)
MOYKHA OTOTOKHUTH 3 1 sitipkamu suryisiiy (Hy, Gy, Ho, G, ), ne H1<G1 < G,
Hy<1Gy < G, a ¢ — isomopdism dakroprpyiu G/ H; wa dakroprpyiy G/ Hs .
[Tpu mpomy BijmosiaMit estement wamisrpynn S(G) — gk miaMuokuHa i3 G X G
— MAa€ BUIJIsII

(Hl,Gl,HQ,GQ,QO) = U (CLHl X gD(CLHl)).
aceGy
Muoxkunu Burssiny aHy; X bHy, ne bHy = @(aH;) € GiokaMn ejemeHTa
A= (Hl, Gl, HQ, GQ, QO) .

Adxmo H/N < G i N < H, to dakroprpyna H/N HasuBaerbcs (hakTo-
pom rpynu G . Bubupaemo 3 KoxkHOTO KJjacy izomopdHux daxTopis rpynu G 110
IpeJICTAaBHUKY 1 To3HadaeMo depe3 §(G) MHOXKUHY IUX npeacTaBHuKIB. Tomi st
KOKHOI'O 3 MOXKJINBUX (pakTopiB F' € § uncio Kp € HOTYKHICTIO BiJIIIOBIIHOIO
KJacy izomopdHux GhakTopis, TOOTO

Kp=|{(N,H)N < HiH/N =~ F}|.

Teopema 1. /las 6ydv-axoi ckinvennoi epynu G nopadox vaniezpynu 6i0nosio-
nocmet S(G) dopisnioe

S(@)| = ) Kp-|Aut F]. (1)
Feg(@)

[Mopsiiok HamiBrpymnm BijgmosigHocTeir S(Ay).

A4 — rpyna napHux migcraHoBok crenens 4. [ligrpymun E, Ay 1 K4 € Hop-
maspEnMn B rpymi Ay, Ipyma Ky = {e,(12)(34), (13)(24), (14)(23)}, Tak 3Ba-
Ha derBepHa rpyna Kugitwa, mae niarpynn F, Ky, ((12)(34)), ((13)(24)),
((14)(23)) . Bei Bonu Oymyrs HOpMasbHuMu B rpyti Ky .
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CKopucTaBIINCh TEOPEMOIO PO IMOPSIJIOK HAIBIPYIINM BiJIIOBiHOCTEH CKiH-
YEeHHOI I'PpYyIN 3HalijIeMO MOPs10K HAIIBIPYIIN BLIOBIIHOCTEN IPpyIN HAPHUX 111
cTaHoBOK crerenst 4, To6To |S(Ay)].

Bamgada 1. Obuucaumu nopsadox wnanieepynu eidnosidnocmets S(Ay)  snako-
aminnol epynu Ay, moomo |S(Ay)].

Pose’azanna.  3rigao Teopemnu 2 4] miist 6y/b-siKOI CKIHIEHHOI I'PYTIN, 30KpeMa
rpyiu Ay, mopsiJIoK HamiBrpynu Bignosigaocreit S(A4) J0piBHIOE

[S(A)| = > Ki-|Aut F|, (2)
FGS(/LL)

ne §(Ay) — MHOXKUHA BCiX IpeCcTaBHUKIB KJiaciB i3oMopdunx dakropis F' rpy-
mn Ay
S(Ay) = {E, Cy, C3, Ky, Ay}

o xkoxkuOl miarpymu rpynn Ay, Kiracu i3oMopdHIX (haKTOPIB, X MOTYKHICTD
(qucio Kp ) Ta MOTYKHICTB MPYITE ABTOMOPDI3MIB ITPOLITIOCTPYEMO 38 JJOIIOMOTOIO

TaOJINIII:
H§A4><A4 ‘H| F KF |AutF|
E 1 E | Kp=10| |Aut E[=1
02 3 E, CQ K02 =06 \Aut 02| =1
Cg 4 E, C3 KCg =5 \Aut Cg| =2
K4 1 E,CQ,K4 KK4 =1 \Aut K4| =06
A4 1 E,K4,A4 KA4 =1 |AU_t A4‘ =12

Tenep ckopucTaBmnCh (POPMYJIOIO 3 00UNCIIMO MOTYKHICTb HAIIIBIPYIIN BiJl-
MOBITHOCTEl 3HAKO3MIHHOI I'PYIU cTereHs 4.

|S(As)| = K3 - |Aut E| 4+ K¢, - |[Aut Cy| + Kg, - |Aut Cs|+
+ K7, - |Aut Ky + K3, - |Aut Ay| =
=10 14+62-1+5%-2+12-6+1%2-12 = 204.

[Topsiyiok HaniBrpynu BigmosigHocTeit S(Qs) .

B Teopii rpym, rpyma kBaTepHioHIB (Jg € HeabeJaeBOo IPYIO0 HOPSIIAKY 8, i30-
MOP(MHOIO MHOYKIHI BOCbME BU3HAUYEHHUM KBATEPHIOHAM 3 OIEPAIi€I0 MHOYKEHHS.
B rpymi Qs maemo migarpynun E, Qs, {£1}, <i>, <j >, <k >. Bci Bonn €
HOPMaJILHIMH.

Bamaua 2. Obuuciumu nopadok wanisepynu sionosidnocmets S(Qs) epynu xea-
mepnionie Qs , moomo |S(Qg)].
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Poss’azarmna. 3rigHo Teopemu 1 jis Oylib-gKOI CKiHUEHHOT Ipymu (Jg HMOPSIOK
HamiBrpynu Bignosignocreit S(Qg) 1opiBHIOE

S(@s)| = > Ki-|Aut F|, (3)
Feg(Qs)

1e §(Qs) — MHOXKIHA BCiX MPEJICTABHUKIB KJIaciB i3oMopduux dakTopis F' rpy-
mn Qg

§(Qs) = {E, Ca, Cy, Ky, Qs}.

o koxkHOI miarpymnu rpyuu (Jg, Kiacu i3oMopdHux GpakTopis, X MOTYKHICTb

(qrcio Kp ) Ta HOTYKHICTB MPYITE ABTOMOPDI3MIB ITPOLIIOCTPYEMO 3a JJOIIOMOTOIO
HACTYTHOI TabJINII

H < Qs x Qs | |H| F Kr [Aut F]
E 1 E Kg=6| [Aut E|=1
Cg 1 E,Cg KC2 =7 \Aut 02| =1
Cy 3 E.Cy, Cy KC4 =3 \Aut C4| =2
Qg 1 E,CQ, K4, Qg KK4 =1 \Aut K4| =6
KQS =1 \Aut Qg‘ =24

Teniep ckopucTaBIIUCH (POPMYJIOI0 3 OOUNCNMO ITOTYXKHICTH HAIIBIPYIIH Bijl-
MOBLJIHOCTEl Py KBATEPHIOHIB MOPSJIKY 8.

1S(Q)| = K% - |Aut E| + K%Q - |Aut Cy| + Ka - [Aut Cy|+
+K%, - [Aut Ky| + K, - |Aut Qs| =
=62 147-1+3%2-24+12-6+1%2-24 =133.

Bucaosknu

B poboTi M IpOMOBXKUIN BUBYATH IOPSAJOK HAIIBIPYI BiAIOBIIHOCTEI
S(G), ko G € CKIHYeHHOIO TPYIOI0. 30KpeMa, OOTMCTIIN TOPSIKH HATIBIPYI
BijioBiiHOCTEl 3HAKO3MIHHOT rpytin | S(A4)| Ta rpynu kBareprionis |S(Qg)].
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IIOBYJIOBA I'PVII TAJIVA JEIKNX TUIIIB PIBHAHDb

B po6ori HaBejeHa OCHOBHa Teopema Teopii Iaiya, ommcama xapakTepusaiis rpyn Iasya 6i-
KBa/IPATHUX MHOI'OYJIEHIB, ITOKA3aHO MPUKJIAJ [IO0YI0BU I'PYIIN faﬂya.
Kunrouosi caoBa: meopia Larya, epyna Larya, me3sinuii muozouien.

Bceryn

7 smcronana 2011 poxky naykoBuit maremaruyunuit cpiT Biaznauus 200-1y
pIiUHUINO 3 IHA Hapo/zKeHHs EBapicTa faﬂya (1811 — 1832), ojHOrO 13 HANHOLIBII
BUJIATHUX MaTeMaTukiB 19-ro crosirTs. Iel faﬂya IIPOTATOM KLIBKOX JIECATHIITH
3aJIAIIAJINCT HE3PO3YMUIMMH JIJII MaTeMaTUKIB CBITY, aJie B IOJAJILIIOMY BOHH
oJleprKaJil BU3HAHHSI 1 MaJIi BeJIMKHIl BILIUB Ha PO3BUTOK Beiel maremaTuku. CBol
11el faﬂya 3aJIMIIUB Y TPOMAJbHOMY JIUCTL JIJI JIpyTra, HAllMCAaHOMY Hallepe0/iH1
Jlyesti, sKa Tpariaao odipBaJjia Horo »KUTTS.

OcHoBHa 1pobJieMa, HaJl SIKOIO IPAIfoBaB MOJIOJNN MaTeMaTHK — Ie Hpo-
OJieMa pO3B’sI3HOCTI 3arajbHUX ajredpaldHux piBHsIHb. Hesnaiiomuit 3 poboTamu
[1.Pydini Ta H.Abess1, BiH He TiIbKM He3aJ€KHO BiJl HUX NPUNIIOB JIO TOIO K
pe3yJsIbTaTy, aJje i 3HAMIIOB KpUTEpiii po3B’sI3HOCTI 3araJibHIX ajaredpaldHux piB-
HsHb y pajinkaiaXx. CTBopeHa HUM Teopis, BijloMa sK Teopis I"anya, olucaHa B
TepMinax Teopil rpyn. Tum camMuM TeHiaJIbHUIT MaTeMaTHK 3aKjJIaB OCHOBHU TEO-
pii rpy1. Bin BBIiB HOHATTS PO3B’3HOI I'PYNH, IIPOCTOI I'PYII, HOPMAaJIbHOL
MIJTPYIIA, siKi i JOHMHI 3a/IMIIaI0ThCs HAMOLILIIT BUKOPUCTOBYBAHUIMU Y 3ara Ib-
Hiit Teopil rpyn. Bin ke BBiB 1 cam Tepmin rpyna: (le groupe), xoua i He naB
CTPOTOro BU3HaUYEHHs. B ¢BOIX JIOCIIIIXKEHHSIX faﬂya JIOBIB IIPOCTOTY 3HAKO3MIH-
Hoi rpynu A, , 1e n > 5, A0BIB TeopeMu IIPO NPUMITUBHI IPYIN IIEPECTAHOBOK,
IIPO TPAH3UTUBHI I'PYIIN IIPOCTOIO CTEIEHs, sIKi CTaJIl IPooOpa30M 3araJbHIX KJla-
cudikalliiHIX pe3y/IbTaTiB, OJepyKaHUX Yepe3 IMiBTOpa, CTOJITTS IIOTOMY.

Jana poboTa IPHCBSIUEHA XapaKTepU3aIii MHOTOWIEH]B 3a 1X rpyramu | ajya.

MeTa J0C/ZKEHHS oJIsATae y BUBUCHH] OCHOBHIX II0JI0ZKeHb Teopil [ astya Ta
1106y108u rpy1 [asya jyist JesKUX THIB PIBHSHD.
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B poboti HaBOIUTbCs XapaKTepu3allisi IPYII faﬂya OiKBaApPaATHUX MHOIOYJIe-
HIB, OIHCYETHCS IPHK/IAL 00y I0BH rpyin L anya.

OcHoBHa TeopeMa Teopil L aaya

Hexait p(z) = [] (x —a;) = 2 + a2 + ba® + cx + d — muorousen 3 mnoJjem
1<i<4

poskay F naj ocnophuM nojiem K i nexait K? = {k* k € K} nosnauae MHo-
JKUHY KBaJIpaTiB Beix eementis i3 K . fkmio p(x) Hessianmii i cenapabebhuit
(e Mae KpaTHEX Kopenis), To rpyna Laxya Gal (F/K) jiie Tpan3uTHBHO Ha MHO-
JKIHI flor0 YOTUPHOX KOPEHIB, OTKe 130MOpdHa OJIHIil 13 TPAH3UTUBHUX MIAIPYI
Sy werBepwiit rpyni Knsitna Ky ; mukaivniit rpyni yerBeproro nopsijiky Cl; ii-
efapaJibHiil Tpymi 8 mopsaky Dy, 3Hako3MiHHIE rpymi Ay abo gopiBHIOE camiii
Sy . Mu npumnyckaemo, 1o xapakrepuctuka moja K # 2. Ile rapanTye Ham, 1o
He3BiqHUiT MHOTOUIeH p(x) Oyle cenapabebHUM.

Teopema 1. Hexati K — noae xapaxmepucmuru # 2. Hpunycmumo, wo p(x)
ne3eionut mrozovaen nad K, r(x) — doeo kybiuna peaosveenma, noie po3Kia-
dy axoi dopiemwoe E, D — duckpuminanm r(x). Todi

(1) Gal (F/K) = Sy, modi i miavku modi, Koau icuye mmozovaen r(x)
nessionuti nad K i D & K?;

(2) Gal (F/K) = Ay, modi i misvku modi, Koau icnye muozouner 1(x)
neaeionuti nad K i D € K?;

(3) Gal (F/K) =V, modi i miavku modi, kKoau mmuozousen r(x) posdkaa-
daemubea Ha NMHITHT MHodchury Had K

(4) Gal (F/K) = Cy, modi i miavku modi, kosu mnozouser 1(T) mac
miavku 0dun xkopins t 6 K i p(x) = (2> —tx+d)(2* +ax+ (b—t)) — posraad
g() ma mmoorcnuru nad E;

(5) Gal (F/K) = Dy, modi i miavku modi, xoau mHuozousern 1(x) mae
miavku odun kopins t 6 K i g(x) ne posxaadaemocs na mmoscruky nad E.

Tocaimkenns rpyn Lanya 6iKBaJIpaTHIX MHOTOYIEHIB

PosrisginemMo He3BLIHI MHOIOYJICHN BUJLY
h(z) =2 + b’ +d; b,dcK,

ne K — xapakrepuctuku # 2. Crogarky chOpPMY/IIOEMO HACTYITHUN KpHUTEPIiit
HE3BIJIHOCTI JJIsI TaKNX MHOI'OYJIEHIB.

Teopema 2. Hewaii h(x) = x* + ba? + d mmoezousen nad nosem K, npunomy

rapaxmepucmuka # 2, 1 o, £ xopeni. Todi nacmynui ymosu exei6aseHMHI
(1) h(x) messidnuii nad K ;
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(2) 0627 a+67 Oé_ﬂgK;.
(3) b*—4d, —b+2Vd, —b—2Vd ¢ K?.

Teopema 3. Hexati h(x) = x* + ba? + d nessionuti nad K , xapaxmepucmuru
K # 2. Hexatli o, £8 xopeni i3 tio2o noas poskaady F . Todi:

(1) Gal(F/K)=2V +—de K?+ af € K;

(2) Gal(F/K) = Cy+— d(b? —4d) € K?; K(apB) € K(a?);

(3) Gal(F/K) = Dy<+— did(l® —4d) € K? < af € K(a?).

[TpukJaau 3HAXOMKEeHHs rpynu L aaya
IMTpukaan 1. Hexatli k,j — pisni 6iavni 6id weadpamise uiai wucaa i r # 0,
s € Q. 3uatimu epyny Laaya mmozouneny r(x) = x4 —=2(r2k+s2§)x?+(r?k—s25)?

Pose’asanna. Hexait k,j — pisni BUIbHI Bij KBajparTa i aucaai r #0, s € Q.
Toui
r(z) = 2* = 2(r’k + s%5)2® + (r’k — s%j)?
He3BIHui HaJl mosieM (), TOMY, 110
v’ — 4d = 16r25°k],
~b+2Vd = 4%k,
—b—2Vd = 45%j

He € KBajparamu B (). 3 reopemu 3. Buruiubae, mo Gal (F/Q) = V| romy, 1o
d = (r’k — s%j) € Q*.

Hopmasbie posmupennst (Q Mae rpyny [asya, isomopduy V, o i Tinbku
TO/1, KOJTU BOHO MOKe OyTU TIpeJiCTaBJIeHe Y BUTJISA Q(\/E, V/7) JUg IBOX pi-
3HUX BUJIBHUX B KBaJipaTiB mimx uucenl k 1 j. Tak gk KopeHi :I:(r\/E + $v/7)
i +(rvk — sv/7) 3 u(z) smaxomarses B Q(Vk;/7), TO KOXKHE HODMAJIBHE PO3-
mupenns 3 rpynoio Lasya V' MOKHA 0epKaTH sIK 110JIe PO3K/IA/LY MHOIOUJICHY
IILOT'O BU/TY.

IMpuknan 2. Hexati m,n € Z, de m*> +n? € Q. Bnatimu 2pyny Tarya mro-
couneny v(x) =zt — 2(m? + n?)z? + n?(m? + n?).

Posze’sasanna. Hexait m,n € Z, ne m?> +n? € Q?. Toxi Muorousien
v(z) = 2t — 2(m* + n?)a® + n*(m* + n?)
He3BiaHMI HaJsl mosteM (), ToMy, o 3 yMoBH m? + n? € () BUILIHMBAE, 110
b? — 4d = 4m?*(m? + n?),

Bumyck N2, 2012 5



Maremaruka

—b+ 2Vd = 2(m? + n?) + 2m/m? + n?
He € KBajipataMu B (). 3a Teopemoio 3. orpumyemo, mo Gal (F/Q) = Cy, Towmy,

110
d(b* — 4d) = 4m*n?*(m?* 4+ n*) € Q*.

Mpukian 3. 3natimu epyny Laiya mrozouseny w(z) = a' — pr® +q, de p,q
D06IALHI NAPU PIBHUT HENAPHUT YUCEN.

Poss’azarna. Jng JoBUIBHUX TIap PI3HUX HENAPHUX YUCET P, q MHOTOUJIEH
w(z) = 2t — pr? + ¢ € messimnum nax Q. Lle Gesmocepeqnbo BUILIMBAE i3 Te-
opemu 2. 3Bijkn Mu MoxKkeMo BuBecTH, mo b? — 4d = p? — 4q € Q?, Taxk AK
pEt2,/q¢ Q2.

Bes BTpaTn 3aragbHOCTI MOYKHA IPHITYCTHTH, 10 p°—4q > 0. [lokmaaemo, 1o
p? —4q = t? g gedxoro mijoro yncaa t > 0. Toni ¢ Hemapre i KoxkHUI i3 MHO-
KuukiB 4q = (p+t)(p—t) napuuii. Ockinbku g npocre ncioi 0 < p—t < p+t,
Top—t=21ip+t=2.

OjHax 3BijicH BUILINBAE, MO P = ¢ + 1, a 1e cylnepeduTh IPUITYIIEHHIO, 110
p 1 q HenapHi.

Bimnosiano, d = q i d(b* —4d) = q(p* —4q) ne € kpajipaTamu B Q) , 3HAUUTD,
Gal (F/Q) = Dy 3rigao Teopemi 3.

TaxuM 9nHoM, GLIBII 3arajbHi IPUK/IATN MHOTOWIEHIB 3 rpynoo Latya Dy
JTaloTh Ti, IO MAIOTh MMapy JAICHUX 1 mapy KOMILIEKCHIX KOpeHiB. BimMmiTuMo, 1o
muorouwien w(x) Mae Bei jificni Kopeni, axmo p? — 4q > 0.

Bucaosknu

B crarTi HaBegeHI OCHOBHA, TeopeMa Teopil faﬂya, xXapakTepusallisg I'pyll Ta-
Jlya OIKBaIpaTHUX MHOI'OYJIEHIB Ta ONKUCaHI MPUKJIAIN 1TOOYI0BH TPYII faﬂya He-
3BIAHUX Ha/l 11ojieM () OiKBaJpaTHUX MHOI'OYJIEHIB.

Jlitrepatypa

[1] Apmin E. Teopis Tanya : [nep. 3 mim.| / E. Aprin. — K.: Pagsuaceka mikoia,
1963. — 220 c.

2] Ban dep Bapden B.JI. Anrebpa : [nep. ¢ nem.| / B.JI. Ban gep Bapgen. — M.:
Hayka, 1979. — 623 c.

3] Yebomapes H.I. Ocuoser Teopun lanya : B 2-x 1. / H.I. Yeborapes. — M.:
OHTH, C. 1934 — 1937,

|4] Hocmmnurxos M. M. Teopus 'anya / M.M. [Tocraukos. — M.: @usmatiut, 1963.
— 200 c.
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JOCJIIIPKEHHS A.K. CYIIKEBIYA 3 TEOPII HAITIBIPVII
ITEPETBOPEHDb HA/I HECKIHYEHHUMU MHOXKMNHAMU

Hapomurhest KopoTka XapakTepusallis HayKoBHX Jocikerb mpodecopa A.K. Cymkesuda 3
Teopil HAIMBIPYII TIepeTBOPEHD HaJT HECKIHIeHHNMI MHOKuHaMu. OIICAaHO BiTHOIIIEHHS eKBiBa-
JIEHTHOCTI Ha HaITIBI'PYTIi IEPETBOPEHD HA/T 31i9€HHOI0 MHOXKIHOIO, sIKe y3arajJbHIOE BlIHOIIEHHS
CITPSI?KEHOCTI Ha Hiil.

Kurouosi cioBa: A.K. Cywrkesuu, nanieepyna nepemeopens, CUMEMPUwHG 2pyna, CnpAtces
NEePEmMeopeHH.Aa.

Bceryn

50 poKiB TOMY MIIIOB 3 YKUTTS BUJIATHUN YKPAIHCHKUIT MaTeMaTuk, mpodecop
Xapxkiscbkoro yHiBepcurery Anton Kasumuposna CyIkeBudY, siKnii 3ac/IyzKeHO
BBaKa€ThCs OJHNM 3 (hyHIAATOPIB cydacHol Teopil HamiBrpyi. Auron Kaszumupo-
Brd CymkeBud OyB OJHUM 3 IHIIATOPIB JIOC/IIXKEHHSI HAIIBIPYII [1€PETBOPEHD
HaJI HeCKIHYeHHIMU MHOKuHaMu. [1iif npobjeMaTuil npucBsdeHi, 30Kpema, fioro
npari [2-5] 1 poszuin monorpadii [1]. A.K.Cymkesua ymepire BBiB 10 pO3IJIs LY
HAITIBIPYIIN 1H €KTUBHUX 1 CIOP’€KTUBHUX NE€PETBOPEHb HaJl HECKIHUEHHUMU MHO-
JKMHaMM, OXapaKTepu3yBaB 1X OCHOBHI BJIACTUBOCTI 1 MIOKa3aB, Ky POJb BlJITI'Da-
I0Th 1Ii HAIIBI'PYIIM IIPU BUBYEHHI OyJIOBU BCi€l HAIIBIPYIIN HEPETBOPEHb JIaHOI
MHOXKUHE |2—4].

MeToro HaIIOT 3aMITKHI € KOPOTKA XapaKTepru3allist HaAyKOBUX JOC/IIJIKEeHb ITPO-
decopa A.K. CymikeBnya 3 Teopil HaAIiBIpyN MepeTBOPEHb HaJ| HECKIHUYEHHUMU
MHOXKMHaMH Ta OINC BIIHOIIEHHS €KBIBAJEHTHOCTI Ha HAIlBIPYIl MepPeTBOPEHb
Ha/I 3J19€HHOI0 MHOYKMHOIO, K€ y3araJbHIOE BlIHOIIEHHS CIIPIXKEHOCT1 Ha, Hiil.

Kurresnit nuiax A.K. CynikeBuua

Cymkesud Anron Kasumuposud wnapouses 10 (22) cians 1889 poky B Bopn-
corniebebky Tambosebkol rybepnii. B 1906-1911 pokax naBuascs B bepJiini, ciryxas
nektil I. lypa, JI. IlIsapmia, M. branka Ta in. [loepunysmuch na baTbKiBmmHy
(1913), 31aB excrepHOM JieprKaBHi icnimtu B [leTepOyp3pKoMmy yHiBepcuTeTi, a B
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1917 pormi ckjaB Maricrepchbki ek3aMeHn B XapKiBcbKOMY yHiBepcuTeri. B 1925
POTIi BiH 3aXUCTUB JOKTOPCHKY JUCEPTAINIO B M.XapKOBI.

Cpoto neparoriuny mistibHicTs A.K.Cymkesud posmnodas y 1916 pori, Koy
BiH BUKJI&JIaB MaTeMaTHKy y PI3HUX riMHa3idx MicTa Xapkosa. 3 modyarky 1918
POKY BIiH IIpaIlioe pUBaT-JI0IeHTOM XapKiBCbKOro yHiBepcuTeTy, 3 1920 poky —
a1’ toHKT-1Ipodecopom. 3 1921 o 1929 pik A.K.Cymkesua — mpodecop Bopo-
Hexkebkoro yHiBepcutery. Hanpukinmi 1929 poxky A.K.CymikeBua 0OyB obpanmii
JificHuM wieHoM YKpaincbkoro Haykoso /JlociijiHoro iHCTUTYTY MaTeMaTUKH i
MeXaHiKN Ta TepeixaB J0 XapKoBa.

Boanouac A.K.Cymkesud mpaiioBas mpodecopom XapKiBChKOIO Te0/1e3MTHO-
ro inctutyty. 3 1933 poky 1 /10 KiHIls CBOTO YKUTTS Bill IIPAITIOBAB B XaPKIBCHKOMY
nepxxasrHomy yaiBepcuteri imeri M.A.T'opbkoro (3apas me XapKiBCcbKuil jieprkan-
uuit yaisepcurer imeni H.K. Kapasina), ne ouosoBas kadepy ajaredbpu ta Teopii
qncesn. 3 1937 poxy A.K.CymikeBud — He3MiHHIIT KEPIBHIK XapKiBCHKOTO MaTe-
MATHYHOI'O TOBAPUCTBA.

Hocaimxkennsa A.K. CymkeBuda 3 Teopil HAIIIBIPYII

Hayxkogi inTepecn A.K.CyrikeBuya 1oB’si3ani 3 pisHOMaHITHUME TATY3sMU aJl-
rebpu. Haiibisbia KijbkicTs pobiT, i 30kpemMa HaiiBusHauHii [1], BiHOCATHCS J10
Teopil y3arajabHeHUX Py, TOOTO JIO TeOpil MHOXKUH 3 OJIHI€I0 aJredpalaHoIo ore-
parieio. Bin mokjaB moyaTok cuCTeMaTHIHOMY BUBYEHHIO ITi€l Tasy3i. Bumiaus i
PO3IJISIHYB OCHOBHI BJIACTUBOCTI JIifl, BUBUUB 3B’s130K MixK HUMU. Hakpecup psij
HAITPSAMKIB B 3ara/ibHiil Teopil ajredpaiaamx Jiif, BU3HAYEHNX HagBHICTIO TUX YN
inmux Biaactusocteii. [pamgavu A K.CymkeBnda mOK/Ia1€HO TOYATOK JTOCTIIzKe-
HHsI JIIKUX TUINB CKIHYEHUX KBa3irpyll, BCTAHOBUB IX 3B’30K 31 CKIHUCHHUMU
IrpylaMmu, a caMe, po3TJIAHYB JIiI0, 0OepHEHY JI0 Ji1 MHOYKEHHS Y T'PYIIL.

Hocrimkennss CylikeBUYeM HAIIBIPYI IiJICTAHOBOK 3allOYaTKYBAJN 1HIIINI
BasKJIMBUI HaIlpsIMOK B TeOPil HaIiBIpyIl — HAIBIPYIH ITIepEeTBOPEHb. byrto JoBe-
JIEHO, 1110 KOYKHa CKiHYeHa a0CTpaKTHa HAIBIpyIla MoyKe OyTH i30MOPQHO Ipe/I-
CTaBJIEHOIO HAITIBIPYIIOIO OJIHO3HAYHUX Bij00paxkKenb B cebe jiesskol MuoxkmHu. Ha-
CTYIITHE PO3IOBCIOJIZKEHHS 1LOTO PE3YJIbTaTy Ha JOBLIbHI HaIIBI'PYIN OKA3aJIo,
0 KOYKHY acCOIlaTUBHY /1110 MOYKHa PO3MVIAJATH K CYIEPIO3UII0 3arajbHUX
(oboporHux ab60 HEOOOPOTHUX) TepeTBopeHb. CYIIKEeBUY BIEpPIe PO3TJISHYB Ha-
MBrPYIH BiJI0OpazkeHb 3/1i9eHHOT MHOYKIHH B cebe (Tak 3BaHi HeCKiHUeHH] 11i1cTa-
HOBKH ). Bin mobyryBaB mpejicTaBIeHHs JesKIX KIaCiB HAIBIPYI CKIHUCHUMIE Ta
HeCKIHYeHNMHU ITijicTanoBKamu. [1izHimme HamiBrpymnm mepeTBopetnb Ta MpejicTaB/ie-
HHsI HAIIIBI'PYTI ItepeTBopentsiMu posrisiganucst B.Baraepom (CapaTtoBebka asire-
opaiuna mxosa), JL.Imyckinnm (Xapkis), €. Jlaninnm (Jleninrpas), A.Masbresmv
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(Hosocubipenk). Cepen gociimkens CymkeBHda KOHKPETHHX HAINBIPYII, KPiM
I JICTAHOBOK, CJILJI 3raJlaTu PsiJi pe3yabTaTiB, sIKi CTOCYIOTHCS HAIIBIPYI 0COOJIN-
BUX Ta HECKIHYEHHNX MAaTPHUIb 1 TPeJICTaBJIeHb HAIIIBIPYIT TAKUMU MaTPHUIISMIA.
Marpuani mHaniBrpynn misaime posristgann A.Masenes, €. Xage3os, JI.Iyckin,
[.ITonn3oBchbKMit Ta iHI aaredpaicTH.

HeobOxigHi Bu3HaveHHs i JOIMOMIXKHI pe3yJIbTaTh

Mu OTOTOKHIOBATUMEMO 3JIIYEHHY MHOXKUHY 3 MHOKHHOIO HATYPAJILHUX UH-
cen N. Hexait T(N) — mamiBrpyna Bcix (CKpi3b BH3HAYEHHX) IEPETBOPEHb
vuokuEn N | In(N) — 1T migsaniBrpyma in’eKTHBHUX mepeTBopenb, a Sur(N)
— TiJHAMIBIpyIa CIOpP’€KTUBHUX IepeTBopeHb. [lepernrom wamisrpym In(N) i
Sur(N) e, oueBujiao, cumerpuyta rpyna S(N), a HAIIBIPYIOO, 110 HUME [TOPO-
mKyerbest, € Best T(N) .

Jlami Mu CKpi3b BBaKaTHMeEMO, 10 KOMITO3HIlist (JI00yTOK) TepeTBOPEHD i3
T(N) pgie wa qucia i3 N 3iiBa Hampaso, To6To jyisi poBiibaux f,g € T(N) Ta

reN
(f - 9)(@) = g(f(z)).
Y pobori [3| moBeseno Take TBEPXKEHHS:

Jlema 1. /Jlasa dosinvhoi nidecmanosku f € S(N) ichyroms nepemeoperhs
g € In(N) ma h € Sur(N) maxi, wo mae micue pieHICMb

NPULOMY NEPEMBOPEHHA § MOHCHA BUOPAMU DOBIALHUM YUHOM, 0 NEPEMEBOPEHHA
h npu gixcosaromy g — KIALKOMG CROCOOAMU.

3 Jjiemu 1 BUILIMBAE, 110 JIJI KOKHOT Hijctanosku f € S(N) icaye 6e3/1i4 pos-
ki 0B Burisiy (1). 3okpema, 1e 6yjie IpaBUIbLHO 1 JIJisT TOTOXKHOI T1i/[CTAHOBKH

ec S(N) .

Osnauenns 1. Ilapy nepemesopersv (g,h), g € In(N), h € Sur(N) nassemo
dONYCMUMOI0 NAPOI0, AKWO GUKOHYEMBCA YMOBG ONYCMUMOCTIV

g-h=e.

Hexait U — MHOXKHIHA JIONMYCTUMEUX Tap mepeTBopedb i3 HamiBrpymu T(V).
Toni muoxkuna U Mae TMOTYXKHICTH KOHTHMHYYM, OCKIJIBKH I1epIia KOMIIOHEHTa
JOTYCTUMOI TTap Mozke OyTu JoBUIbHUM meperBopertsiM 3 In(N), a HamBrpy-
ma In(N) Mae nmoTykKHicTh KOHTHHYYM. BBememo Ha Muoxkuui U 1110 MHOYKEHHS
3r1IHO 3 IIPABUJIOM

(91, h1) - (g2, ha) = (91 - g2, ha - h), (2)
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e g1,92 € In(N), hy,ho € Sur(N).

Jlema 2. Mnoowcuna U 6idnocno 0ii mmoscenns, eusnauenoi pienicmio (2),
YMmeoproe MoHoi0.

Harasaemo, 1o nBa neperBopentst g, h € T(N) HA3UBAOTHCS CHIPSIZKEHIMH,
AKITO icHye migcranoBka u € S(N) Taka, 10 Mae Micie piBHICTb

g=ut-h-u.

Bignormenns Crps»KeHoCTi € BiTHOMIEHHSIM eKBIBAJEHTHOCTI Ha BCiil HAITIBIPYyTIi
T(N). Voro knacu eKBiBaJeHTHOCTI HA3UBAIOTHCS KJIACAMH CIIPSIZKEHOCTI.

Jlema 3. Ilepemeoperna, cnpaocene do nepemeopenns 3 In(N) , micmumovces 6
In(N), a nepemeopenns, cnpascene do nepemeopenms 3 Sur(N), micmumovcs

6 Sur(N).
Hoseiennst — Ge3rocepe/ st epeBipKa.

Crpsixkenicts y cenci CylnkeBuda

BuKoOpncTOBYIOYH MOHATTS JIOMYCTUMOI TTApU IEPETBOPEHD MOZKHA TTPUPOTHIM
IUHOM BU3HATUTU HOBE BiJTHOIIIEHHSI CIIPSI?KEHOCTI esieMenTiB y HamiBrpymi 1T'(NV),
dKe € y3araJilbHeHHsM 3BUYAliHOI CIIPAXKEHOCT], BU3HAYEHOI BUIIIE B II. .

Oznavenns 2. [lepemsopenns f, g € T(N) mnazeemo cnpascenumu 3a Cy-
wresuvem (noswavuumo fo~g g), axwo icnyromo donycmumi napu (gi, hy),
(g2, ho) € U maxi, wo maromyv micue pierhocmi

J=g91-9-h1, g=go- [ ho. (3)
Teopema 1. Cnpaocernicmv 3a Cywresuvem € 610HOWEHHAM €KBIBANEHTIHOCTN
na T(N).
HoBenennsi.  IlepecBigunmMocsh, 1mo cupsKeHicTb 3a CyIIKeBHUeM ~g € pe-

(bJIeKCUBHIM, CUMETPUIHUM 1 TPAH3UTUBHUM BijHomenHsaM. [losask napa (e, ¢)
€ JIOIyCTUMOIO, TO BiJHOIIEHHs ~g € pediekcuBauM. Axmo f ~g g, ge f,
g € T(N), 1o icaytors napu (g1, h1), (go,he) € U Taxi, 1m0 BUKOHYIOTHCS PiB-
HOCTI (3). A OCKUIBKE I PIBHOCTI CHMETPUYHI MO0 3aMiHu f Ta ¢, TO TAKOK
MaeMo g ~g f.

Hexait f ~g g ta g ~g h.lle o3nauae, 1o icuyiors momycrumi mapu (gi, hy),

(927h2) Ta (glluhll)v (géuh,Q) TaKi: 1o
f=q-9g-h, g=g2-f-hay g=9g,-h-h, h=gh-g-hb.
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3Bijcu JicTaeMo piBHOCTI
f=g1-91-h-hy-hy, h=g5-ga-f-ho-hi.

Ockisbku In(N) ta Sur(N) — HamiBrpymnm, TO HEpeTBOPEHHS ¢1 - 1, J4 * §2
mictaroest B In(N), a hy - hy, hg - by nanexars g0 Sur(N). Kpim Toro,

Gr-gi-hyi-hi=gi-e-hi=g-h=e.

Anasioriato gh - go - ho - hl, = e, To6ro napu (gy - gy, by - h1) Ta (gh- go, ho - hY) €
nonycrumnmu. [e osnauae, mo f ~g h, i BiHOIIeHHST ~g TpaH3uTHBHE. TaknM
YIHOM, ~g € €KBIBaJEHTHICTIO. O

Bucaosknu

Koxkni nBa meperBopentst 3 T(N), cupsizkeHi B 3BHUaifHOMY CeHCi, OymyThb
crpsizkenuMu B cenci CyrikeBu4a.

Cupas/i, sKkio nepersopetts u,v € T(N) € cipszKeHUME, TO iCHY€E T1ijcTa-
nopka f € S(N) rmaka, mo u = f~lvf, a orxe, v = fuf~'. Tomy gomycrumi
napu (f71, f) ma (f, f7!) GyayTh BUBHAUATH CIIPSAKEHICTDb IIEPETBOPEHb U Ta v
B cerci Cymkesnda. ObepHeHe He € IPABIILHUM, & CaMe, i3 CIIPSI?KEHOCT] IIepPeTBO-
penb y cenci CylikeBrYa He BUIJINBAE TX CIPSAZKEHICTD y 3BUYARHOMY PO3YyMIiHHI.

Jlitrepatypa

1] Cywresuw A.K. Teopusi o0600menubix rpynn / AK. Cymkesna. — K.
JHTBY, 1937. — 176 c.

2] Cywresuw A.K. Uccienosanust o beckonednbix mojcranokax /| A K. Cyrike-
sra // Bammcku HO 1 IM XJIV i XapkiBcbKOro MaTeMaTuIHOrO TOBAPUCTBA.
— Xapkis, 1940. — Ne 18. - C. 27 - 37.

3] Cywresun A.K. Uccnenosaiust o beckoneannix nojcranoskax /| AK. Cy-
mkeBnd // COOPHUK MOCBAIIEHHDI TaMaTh akajgeMuka JIMurpust Ajtekca-
aposuda ['pase / moj. peg. O.FO. Hlvuara, B.H. Henone, H.I. Yeborapesa.
— M.; Jlenunrpaz, 1940. — C. 245 — 255.

|4] Suschkewitsch A.K. Uber einen merkurdigen Typus der verallgemeinerten
unendlichen Gruppen / A.K. Suschkewitsch // Bamuckn Xapkisebkoro Ma-
TeMaTHIHOro ToBapucrTsa. — X., 1934. — T. 9, cep. 4. — C. 39 — 44.

5] Suschkewitsch A.K. Uber suchungen uber verallgemeinerten Substitutionen
/ A.K. Suschkewitsch // Atti del Congresso Internaz. del Hatem. — Bologna,
1928. —T. 2. — P. 147 — 157.
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PEIITETO EPATOC®EHA J1JI4 T'AYCOBUX YUCE/JI

[Tobymosano anasor Bizomoro perera Eparocdena g raycoBux uncesn. Ouucano ioro ajro-
purM. B gKocTi npuKay 3HaIEHO BCI TPOCTI raycoBl 4mcia, MO/ILY/Ib IKUX He TepeBHILye 12.
Hagesieno npukiiaj o0y 0B KAHOHITHOI'O PO3KJIAY rayCOBOIO UHUCJIA.

KurouoBi ciioBa: zaycosi wucaa, peuwemo Epamocgena, npocmi wucaa, acouitiogams -
CAG, KAHOMIYHUL PO3KAGO

Beryn

B Teopil dhakTopiaibHIX KijJellb OCHOBHUM € ITUTAHHS KAHOHIYHOI'O PO3KJIAJLY
ejleMeHTiB. /st 1Iboro JOC/IiIKYIOThCsS 000POTHI Ta, IPOCTI €JIeMEHTH.

Bijomo, 1110 Bci €BKJIJI0BI Kijiblist € pakTopiajibHUMU. JJoCTaTHBO J0C/IIKe-
HIUM € eBKJILIOBe Kijblle Z mijmx unces. Moro 00OPOTHUMU eJIeMEHTAMU € YUCTIa,
11 —1, Bcl npocTi 1o/1aTHI YUC/Ia P 3HAXO/IAThCS 3a JIOIMIOMOI'OI0 BIJIOMOTO pelieTa
Eparocdena, a Tomy Bci mpocTi aucaa OyayTh +p.

Harajaemo, 1mo pemiero EparocdenHa BUKOPUCTOBYETbCs I 3HAXOIZKEHHSI
MIPOCTUX YNCeJI, MO He MePeBUINYIOTH 7. BUKpecioBanusg CKJIaJennxX dnucesl 3a-
KIHIY€EThCsI, KOJIU IPOIEC JOXOUTh JI0 IIPOCTOrO YUC/Ia, 10 nepesuiiye /n . Ka-
HOHIYHUI PO3KJIaJ HATYPAJIbHOIO YUC/Ia ¢ 3HAXOIUTHCA BiIOOPOM IPOCTUX JI1/Ib-
HUKIB YUCJIa G .

EBkiaizioBe Kinblle MHOTOYJIEHIB HaJl IIOJIEM PAIllOHAJLHUX YHCE] HEe Ma€ Ta-
KOI IPOIEaypH, siKa O J03BOJIsLIA IePEBIPATH HE3BIIHICTH MHOIMOYJICHIB, SIKIIO 1X
crerteni n > 5. Towmy 3aja4a 3HAXO/ZKEHHS KAHOHIYHOTO PO3KJIAJy HE 3aBK/IN
pPO3B’sI3HA.

Muoxuna nismx raycosux qucen Zi] = {a+bila,b € Z} yrBOpIoe eBKIIiI0BE
Kisbiie, y gkoro d(a + bi) = va? + b?, 10610 6(z) = |z|. Hac nikaButh nuran-
H¢l 1ITPO MOKJIMBICTH 3HAXO/?KEHHS KAHOHIYHOT'O PO3KJAJLy JIOBLILHOI'O I'ayCOBOT'O
yncsta. Jlociikenns BeayThes 110 aHaJIorIl 3 KiJIbIEeM IIJIUX Yuce.

B Kijbmi raycoBux 4dmces o0OpoTHUMU € ducia 1,4, —1,—1. AKmo p — npo-
cTHUii eJIeMEHT Kiblisg Z [i] , SKUit 3HAXOUTHCS B MEPIIii 9BepTi KOMIICKCHOT T1JI0-
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IIIUHU, TO BCl acoliifoBaHl 3 HUM YHCIa, P, —p,—pi — TAKOXK IMPOCTi, 1 OYyIyTh
3HAXOJIUTUCH Y JIPYT1il, TpeTiii, 4eTBepTIil YBEPTI BIJIIIOBLIHO, OCKIJIbKIA MHOXKEHHIO
Ha i,—1,—7 BINOBIIAE MOBOPOT Ha KYTH 5,7 , % 3T Bim0BiTHO.

Tomy pocTaTHbO 3HARTH BCI TPOCTI YnCIA, MO 3HAXOAATHCS B ITEPIIiil IBEpTI.
s nporo moOyoBaHO aHaJior peniera Epartocdena Jiisd raycoBUX 4mces, CyTh

JKOI'O BUKJIaJleHa B Iiif cTaTTI.

OcHOBHA 4YaCTHUHA

TeopeTnuno0 OCHOBOIO JIIsA 1MOOYI0BU aHaJjory periera Epartocdena s ra-
YCOBUX 4YHUCEJI € HACTYIIHI TEOPEMU:

Teopema 1. Modyav menuoz20 3a Modysem MAbHUKG U4IA020 20COG020 YUCAAL Z
ne nepesuuye +/|z| .

Hosenennst.  Hexait 2y € Z[i] — menmmit 3a Moysiem JIBHUK 2z, TOJ

Az € Z[i] 1 |zo| > 21| 1 2= 21" 2.
A sHaunTh |z| = |2z1| - |29] .
Axmo |z1] > /|z], 10 |22| = |—|| \/_ = +/|z| < |z1]. Tobro maemo, mio
|z9] < |21], mo cymepeanTs ymOBi. O

Hacnijgkowm 11iel TeopeMn € HACTYITHA TeOpeMa.:

Teopema 2. fxwo 2aycose wucio z He JAUMDCA Wi 1A AKE NPOCME YUCAO MO-
dyas menwoezo, wiole \/|z|, mo z — npocme.

3ayBarKnMo, 10 BCI THCIa MepInoi YeTBepTi KOMILIEKCHO! IIomuHn Z[i] , sKi
JIIATBCA HA P = ¢ + di, MAlOTh BUIJISA;

(te+t1|p|?) + (td + ta|p[P)i, t €N, ti,ty € Zy.

Kpim Toro, sikmo p € Z, 1o (a + bi)ip, gkimo a = p-t1 1 b = p-ty ,
tl,tQEN.

BayBaxkxenHda 1. Yucaa nepwoi usepmi, xpammni ¢ + di,d # 0, 3nazrodamuvcs
3016, CNPA6a, 36€pPTY Ma 3HU3Y 3 Kpokom ¢ + d* 6id wucen eueaady ct + dti,
t € N, mobmo xpoxom xpamnocmi € keadpam modyars wucia ¢ + di .

3ayBaxkeHHd 2. Yucaa nepwoi weepmi, xpamui c,c € N, maromsv 6u2rmd
ct1 + dtoi , t1,ts € Ny, mobmo kpokom xpammocmi € Mooysb YUCAA C .
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3HaiieMo BCi MpOoCTi il raycoBi dmcsia, MOAY/Ib SIKIX He IEPEBUIILYE 38/ IaHOI0
qucyia 1 (anajgor pemiera Epartocdena).

1. Posruistremo Bei raycosi uncia a + bi nepimoi usepti (@ > 0, b > 0) Taxi,
mo va?+ b <n.

Bynemo 1X po3TaloByBaTH y BUIJIAJ TAOJNI, dKa BIJIMOBIIae 300parkKeHHIO
KOMIIJIEKCHUX YHCEe Ha KOMILIEKCHIH MIomuHi. fAKINo X po3TalioByBaTH B I10-
PSLAKY 3POCTAaHHSI MOJLYJISA, TO 1X MOYKHA 3allUCATH TaK:

1,144, 2,14+2¢,2+4,2+2¢,3, 1+3¢, 3+, 243, 3+ 21,

Pemero Epatocdena s raycoBux dmces MOYMHAETHCS 13 HAMEHIIINX 328 MO-
ayiaem dncesn #= 1. OdeBuaHO, 10 HaifiMeHIe 3a MOJIyJIeM raycoBe 9ucio — 1 +1,
ToMy 3a Teopemoro 2 BOHO 1IpocCTe.

TaknuM YMHOM, BUKPECJIOEMO BCI IayCcoBi 4mcIa, M0 JIAThcd Ha 1 + 4 : cIo-
9aTKy BUKDECTI0eMO Bci uncna Burysigy (1 + i)k, k € Z, nani Bupaso, BIIiBO,
BBEDX, BHI3 BiJl BxKe BUKpecsieHux unces surisiny (1+i)k, k € Z Bukpecaoemo
KOYKHE JIpyre 49ucio, tak sk |1+ i\2 = 2. Bukpecmoorbea yucaa: 2, 2 + 2i,
1+3:, 3+1,

2. Bei uncna z € Zpi], z # 1+ 3 nafiMeHImmmmM MojysieM, 1o 3aJuIm/IICh
He BUKpecJieHnMu, € npoctumu. A came: 1421 1 2+1.

Bubupaemo aucio 1+ 2¢ 1 BUKPeECII0EMO BCl 9HCIa, 0 JiIsThCsl Ha HBOIO.
Bukpeciioemo Bei uncsia surssiay (1 + 2i)m, m € Z . 3HaXoAuMO KBaJPAT MO-
ayast qancaa 1+ 26 |1+ 21'\2 = 1+ 22 = 5. Jlani BupaBo, BJIBO, BBEPX, BHU3
BUKPECIIOEMO KOzKHe 1'site unc/io (tak sk |1+ 24> = 5), nodunaioun Bij Bxe
BUKpecaeHnx Buryisiay (142i)m, m € Z . Bukpecsoworbes ancia: 3+, 2+ 4,
5, 4+4+3, 3+61, 14 71,

Bubupaemo umcio 2 + ¢ 1 BUKPECJIIOEMO BCi 4mC/Ia, IO JISTHCSI HA HBOTO
(anasoriano). Bukpecmoorbest ancia: 1+3i, 4+2i, 5, 3+4i, 2+6i, 6+ 30,
5+ o,

3. 3 4uceJi, MO 3aJUIIIIINCH HE BUKPECJIEHUME, BUOMPAEMO HaliMEHIIIe 38 MO-
ayJieM, Boro Oyje npocrum. Ile ancino 3, |3| = 3. Bubupaemo uuncio 3 i BUKpe-
CJIIOEMO BC1 YUCTIA, MO JIIATHCS Ha HBOTO.

CrouaTKy BUKPECJIIOEMO BCl 4mcia BUISLLy 3-c¢, ¢ € N, JaJji 110 BepTUKaJIi,
MOYMHAIOYN BiJl ByK€ BUKPECJIEHUX YUCe] BULISIY 3 - ¢, ¢ € N, BUKPECIIOEMO
KOKHE Tpere dnciio (tak sk |3| = 3). Bukpecsoorsest ancia: 3+ 3i, 6, 3+ 67,
6+3t,6+6:1,9, 349, 94 3¢,

4. asi BubupaemMo HaiiMeHII 3a MOIYJIeM YUC/Ia cepej TUX, [0 3aIUIIININCH
He BUKPECJEHNMH, 1 BUKPECIOEMO 1M KpaTHl 1 T.1I.

[Iporiec MPoOAOBKYEMO 10 TUX TP, JOKK MO/LYJIb HE BUKPECIEHUX TUCEs, KPiM
3HaliIeHnX 1IpocTuX, He Oyje HMepeBUILyBaTH 4uciIo /n. Bel ni me Bukpecseni

84 36ipHuK HAyKOBUX IIpalpb (izuko-maremarudaoro akyaprery CHIIY



[Tamenko 3./1., ILiaxorsa O.B. Perrero Eparocchena sist I'aycoBux dmcern

qurcCJia AOITOBHIOIOTH MHO2KMHY IIPOCTUX YHCEJI, MOAYJ/Ib AKNX HEC IIEPEBUIILYE 11 .

Hagenemo mpukJia 1 3HAXOIZKEHHS BCIX TTPOCTUX TAYCOBUX UNUCEJT, MOTY/Ib KX
He liepeBuIIye 12.

BukopucroByemo anaJjor pertera FEparocdena g raycosux dmcest. [Iporec
OyJIeMO TIPOJIOBXKYBATH JI0 THX Iip, JOKU MOJIyJIb He BUKPECJICHUX dnces He Oyjie

nepesuiyBaTu v/ 12.
1. 3obpasumo y Bursal Tabauii Bei raycoBi dmcia a + bi 1epiiol uBepTi

(a >0, b>0) raki, mo Va?+b> <12,

i | 2+ | 3+ | 4+1G | S+11

1+10i | 2430 | 3+10i | 4410+ | 54+10i | 6-+10+

++9+ | 2+9+ | 3+9+ | 4+9i S5+9- 6+9¢ | F+9¢

3+8+ | 2+8- | 3+8 | 4+8i | 5+8i 6+8: | 7+8i | 8+8¢

T | 2+ 7i 3+ | d+FH | S+FH | 6+FH | F+FH | 8+Ti | 9+F4

1+6i | 24+6i | 3+6i | 4+6i |5+60i | 6+6i | F+6i | 8+6i | 9+6i | +O+6i

145+ | 2450 3+5+ | 4+50 545 | 6450 F+5+ | 8+5i | 945+ | 10+5¢

1+4i | 244 | 344 | 44+4i | S5+4i | 64+4i | F+4i | 844 | 9+4i | 10+4¢ | 11+4i
43 | 2+3i 34+3; | 443+ | 5+3¢ | 6+3F | F+3+ | 8+3i | 93+ | 10+3i | H+3+
1+2i | 242+ |3+2i | 4+2 |5+2i | 6+2¢ | 7+2 | 8+2¢ | 9+2¢ | +0+2¢ | H+2¢
1+1i 241 3+ 4+i S 6+i T4+i | 84+ | 94+ | 1047 H+i
1 2 3 4 5 6 7 8 9 10 11 12 |

2. Bukpeciroemo Bci 4mesia, M0 AISTbCS Ha, Iepiie mnpocre ducyao 1 + ¢,
KPOKOM KPATHOCT1 € YUCJIO 2.

3. 3 Tux, Mo 3aJANININCH, He BUKPECJTEHUME, BUOMPAEMO HafMEHII 3a MO-
ayiem: 1+ 2¢ 1 2 4+ ¢. BukpecaioeMo Bci 4yucsa, Mo JIIThCA Ha ITPOCTI YNC/Ia
1+2¢1 2+ 4. KpokoMm KpaTHOCTI € YUCTIO 5.

4. 3 [mce/, MO 3aJUNTIIICH He BUKPECJIEHNMI, BHONPAEMO HafiMEHIIIe 38 MO-
nyneM. e ancyio 3. Bujiisgemo uncio 3 1 BUKPECTIOEMO BCl UncIa, MO JIIAThCS
Ha HBOTO.

5. 3 4wmce), MO 3AJUNNINCH He BUKPEC/JIEHUMU, BHOMPAEMO HAMEHIII 38 MO-
mysenm. He wnena: 2+ 3i, 34 2i. Ane |2+ 3i| = |3+ 2i| = V13, a V13 > V12,
TOOTO TIPOIEC BUKPECTIOBAHHA 3aKiHYEHO 1 BCl YHCIa, 0 3aJUIIIINCh He BUKpe-
CJIEHUMU Y BU3HAUYEHOMY Jl1alla30H1, € IIPOCTUMU.

OtKe, IPOCTUME YUCJIAMU, MOJLYJIb SIKUX He mepesuitye 12, e 1+4, 14 27,
244, 3,243, 3+2¢, 14+40,4+72,2+5:, 54+21, 1+6:¢, 6417, 44 51,
S+4e, 7,247, 7T+2t,5+61, 6+51, 3+8i, 8+31, 5+8i, 8+5H1, 4+ 91,
9+4i, 1410z, 10+4¢, 34+ 102, 10+ 3¢, 11, 748, 8+ 7T¢, 4+ 112, 11 +4s.

[li mpocTi raycoBi 4mcaa po3TAIOBaHI B MOPSAKY 3POCTAHHA MOJYJIA, 1 CTae
OYEBUJIHIM, IO HE BCI MPOCTI YuC/Ia Kijblist Z € MPOCTUME B Kibii Z[i].
Hanpukian, 2 i 5 we € npocrumu B Z[i], Toxi sik 3, 7, 11 — npocri sk B Z |
Tak i B Z[i].
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Pemero Eparocdena € 3pyaHuM orepaTopoM i 3HAXOIZKEHHsT KaHOHIYHOTO
po3KJaLy raycosux uncen. Hampukiay, z = 89 4 86i. |z| = 1753 < 123,
\/|7\ < 12, 70670 BCi f1Or0 IPOCTI AIIBHUKHI 3HAXOAATHCS Cepejl YKCeI, 3HAIeHIX
y noriepegaboMy npukaaai: 1+¢, 1+2¢, 2414, 3, 2+3¢, 3+2¢, 1+4i, 441,
2451, 5+21, 14+6¢, 6419, 4+5¢, 5+4e, 7, 2471, T+2i, 5+67, 6+ 5,
3+8t, 8+3i, 5+8i, 8+5i, 449, 9+4:, 14107, 10+, 3+ 102, 104 3¢,
11, 7+ 8, 8+7i, 4+ 117, 11 4+ 4i.

3BudaiiHuM 1epedbopoM NUX Uuces 3Haifjgemo npocti giabHukn 2. [leprmm
TaKUM [JIbHUKOM BUSIBISIEThC 4 + 11 2z = (4 + i) (x + yi) . Leit ninpauk nepesi-
PAEMO Ha KPaTHICTDL: 2 JnThes Ha (4+414)% )1 2 He gimutbest na (4+41)3 — To6TO
kpaTHicTh 2: z = (4 + )?(7 + 2i). Ockinbku 7 + 2i — npocre raycose 4mcIIO,
z = (4+1)%(7 + 2i) - KAaHOHIUHUX PO3KJIaJ 'ayCOBOr0 YUC/IA, Z .

BucuooBkn

[TobyoBano ajaropuT™ 3HAXOJZKEHHS MPOCTUX TAYCOBUX UMUCE, MOIY/Ib SIKUX
He TIePEBUIILY€E JIOBIILHOIO B3ITOr0O JOJaTHHLOTO 4ncia. lle g1ae MOKINBICTH CTBO-
PUTH NIPOIEIyPY IEePEBIPKU Ha, MPOCTOTY YU CKJIAJIEHICTh JOBLIBHOTO I'ayCOBOI'O
YUCIa, & TaKOoXK 3a0e31edye MIJIKOBUTY PO3B s3HICTH 3a/a4l 3HAXO/PKEHHS KaHO-
HIYHOT'O PO3KJIAJy T'ayCOBUX HUCEJL.
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N3MEPEHUE ITAPAMETPOB PEKOMBUVHAIINN
HEPABHOBECHBIX HOCUTEJIEN 3APSAJA B
ITPUITIOBEPXHOCTHBIX CJIOAX
MOHOKPUCTAJIJIMYECKOI'O Ge

PaccmoTpena KOHCTPYKITUS yCTPORCTBA JIJIsl OIIPeJIe/IeHUs] BpEMEHU YKU3HU HEPABHOBECHBIX HO-
curesieil 3apsia B IPUIOBEPXHOCTHOM JieheKTHOM CJIO€ MOHOKDPHUCTA/LINIECKOIO NePMAHUS 110
pe3yJibTaraM u3Mepennii 3(hPeKTUBHOrO BpEMEHN XKI3HU, BpDEMEHH *KI3HU B 00beMe 1 CKOPOCTH
MMOBEPXHOCTHOM PEKOMOMHAIIAH.

KunroueBbie cjoBa: noaynposodruk, spdexmusroe epemsa HCu3Hu, CKOPOCMb NOGEPT-
HOCTVHOTL PEKOMOUHAUUL.

BBenenue

M3mepenne cTPyKTYpPHO-IYBCTBUTE/ILHBIX IIapaMETPOB IIOJIYIIPOBOIHUKA JIa-
eT BO3MOYKHOCTDH OIIPeJeUTh KaueCTBO MaTepuaJsia JJjisi U3rOTOBJIEHUS IIOJIYIIPO-
BOJIHUKOBBIX IIpnOopoB. B nanHoil paboTe paccMoTpeHo pa3paboTaHHOE aBTOPaMU
U3MEpPUTEIbHOE YCTPOICTBO JIJIsl OIIPeiesIeHIsI IapaMeTPOB PEKOMOMHAIINN HEPAB-
HOBECHBIX HOCHTe/Iell 3apsija ¢ y4eToOM II0BepXHOCTHOI pekomOunanuu. [ToBepx-
HOCTHAsI PEKOMOMHAIINST N3MEHSIET He TOJIBKO CTAIIMOHAPHYIO (DOTOIPOBOINMOCTD,
HO 1 KHHETUKY €e YCTAHOBJICHUSI 1 3aTyXaHus. PaccMOTpIM 3TOT BOIIPOC JIJIs T11a~
CTUHKH, KOI'JIa €e TOJIIMHA HAMHOI'O MEHbIIe JBYX APYIuX maMepenuii. MoxKHO
IIPOAHAIN3UPOBATH YObIBAHIE BO BpEMEHU N30BITOYHBIX HOCUTE Il ¢ MOMEHTa, BbI-
KJIIOUEHUsT MX NCTOYHNKA. B 3TOM ciiydae Mbl JJOJIZKHBI pacCMaTPUBATh 3aBHUCSIIIEE
OT BpEMEHH ypaBHEHIE HelIPEPbIBHOCTU

0 0? o
9 _plk_ & (1)
ot 022 71,
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dDizuka

3jaech D — xkoadpdbunment auddysnn, z — KoopawHaTa 110 TOJIINHE ILIaCTHHBI,
0P -KOHIIEHTPAINS HEPABHOBECHBIX JIBIPOK, T, — 00bEMHOE BpeMs KU3HU JIHIPOK.
Ob1miee perrrenne ypasaernst (1) MOXKHO 3aIicaTh B BHJIE

(0.}
op(t,z) = Z U, exp% cos maz (2)
m=1

rjae m — HeJble 9UCHA, y,Tm U a — nocrosuaube. [logcrasmss (2) B (1), Mbr
HAXOJMM, UTO 9TO YpPaBHEHUE YJIOBJICTBOPACTCS IPU YCJIOBUN

11
— = — + Da’m?*. (3)
Tm Ty

Ecan nckimounTs HavaIbHBII nepunon 3aTyXaHud CbOTOHpOBO,ZLI/IMOCTI/I 1 OCTaBUTDH

B (2) qJIeH ¢ m =1 MOYKHO IMOJIyIUTh, YTO 3(PPEKTUBHOE BpeMs YKU3HI

1 1 1
— =, g

Teff Ty Ts
a Jiyist obpasiia ¢ jeeKTHBIM IPUIIOBEPXHOCTHBIM cjioeM [1]

1 1 1 1
— =t =+ (5)

Teff Tl Ts Ty
B dopwmyie (5) 7.r; — u3MepesieMoe BpeMst KU3HN, T; — BPeMsl KU3HU B HPHIIO-
BEPXHOCTHOM cJioe, Ty = b/2s, riae b — kosbdUIuenT, yInThBaomnii pasMepbl

obpasiia [2|, s — cKOpOCTh MOBEPXHOCTHON PEKOMOUHAIIIIL.

OcHoBHaY 4YacCTh

B namuoii pabore mpejioxena KOHCTPYKIUS YCTPOHCTBA, MMO3BOJISIIONIETO
OIPEACTUTD Teff,S, T, Ty, JNIMHY cBOOOJHOrO Ipodera n Koadduiuent auddy-
sun D HOCHUTesell 3apsijia Ha OJJHOM M3MEPUTEJbHOM CTOJINKE, UCIIOJIb3YsT He0OX0-
JMMBIE METOJIUKHI. B 9JIEKTPIYIECKUX CXeMaX M3MEPEHUil BBITOJHEHBI HEKOTOPBIE
YCOBEPIIIEHCTBOBAHSI 110 CPABHEHUIO ¢ U3BECTHBIMU B JIATEPATYPE, MO3BOJISIIOIINE
[PU MAJIBIX 3aTPAaTaX BPEMEHH M0JTy9aTh XOPOIIO BOCIPOU3BOIUMbIE PE3YJIHTATHL.
B koncrpykimn (puc. 1) MOXKHO BBIIEIUTH OOIIIE JeTaTl W OT/IeJbHbBIE, UCIO h-
3yeMble [IJisT OTIepPAIil U3MEPEHNUs OIPeIeIeHHOr0 napaMeTrpa. OCHOBOI SBJISTETCS
Kpyruiast crajibHas mwinTa (1), Ha KOTopoii KpernnTest HHINKATOP MepeMerreHuii (2)
C 4YBCTBUTEJIbHOCTBIO 1 MKM/ei., npegenamu (0-1) MM. U JBYXKOOD/MHATHbII
crosiuk (3). Ero mepemernienne o X (BJIeBO - BIIPABO) OCYIIECTBIISIETCST PYKOSIT-
Koit (4), a m3MepeHne - MUKPOHHBIM HHMKATOPOM (2) WM OTCIETOM TI0 MEpOU-
woit Jinneiike (5). Ilepemernenne crosmka (3) mo Y (Brepes - Ha3ajl) OCYIIECTB-
asiercest pyKosaTkoil (6), a ero 3madenne orcunThiBaercs 1o Juneiike (7). Taxm
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0Opa30M OCYIIECTBIISIETCsT IBYXKOOP/IMHATHOE TlepeMerienne obpasna (8), yKper-
JIEHHOTO TIPY2KUHHBIM 3a2KuMoM (9); pykosgTka (10) ciyKuT [yist 0cBOOOXK IeHMI,
LepEyCTAHOBKHU MJIM CMEHBI 00pasia.

[. VIMmmy/ibeHBIN MEeTO T, MOJTYJISIINN TTPOBOJINMOCTH. BoIpoc 0 BpeMenn »KIu3Hn
HEOCHOBHBIX HOCHUTEJICH 3apsija IPU U3MEPEHUsIX 9TUM METOJOM PaCcCMOTPEH B
[14], Tae usoxkeHa Teopust MeXaHU3Ma PEKOMOMHAINN Yepe3 JIOKAJIbHBIE [EHTPbI
1 IpuBejeHa OJIOK-CxeMa. DJIeMEeHTAMU KOHCTPYKIMK JIJIs U3MEPEHUH JaHHbIM
MeToJIoM siBJisieTcst jetasb (11) BepTukagbHOI mojadn jepzkaress 30H71a (12),
KOTODPBIil yKperieH Ha npyxkuHe (13) u cBOGOJHO IepeMeInaeTcss B OTBEPCTHH
miasku (14).

Puc. 1: Qororpadus nuamepuTe/ibHON yCTAHOBKI

Takoe kperienne JepzkaTesist TO3BOJISIET IJIABHO PETYJINPOBATD JIaBIeHNE 30H-
Jla Ha, TIOBEPXHOCTH MOJIYNpoBOAHUKA. [lepes Hadaiom m3mepennit obpaserr ¢ Jie-
dexTamMu B MPUITOBEPXHOCTHOM CJIOE, BBEJIEHHBIMU, HAIIPUMED, 1e(hOPMUPOBAHI-
em ipu T = 300K [3-4], nporpasiusator B Kutisitiieit iepexucu Bogopoa HyOs
IPOMBIBAIOT B JIUCTUJIINPOBAHHON BOJIE M CyIIAT B IOTOKE T'OPSYEro BO3JYXA.
3arem 6e3 3arps3HeHnil Kpensar B 3azkume (9) MpeMeTHOrO CTOJIMKA; [PU ITOM
Me>KJ1y TOPIIEBOIT TTOBEPXHOCTHIO 00pa3Iia 1 JiepzKaTesieM JI0JzKeH ObITh obecrieveH
OMMYECKNI KOHTAKT. KOHTAaKT MeXK 1y 30H]I0M 1 00pa31ioM J0JIZKEH ObITH MaJIOITy-
MSIIIUM, YTO JIOCTHIA€TCS B 9JIEKTPHYECKON cxeMe n3Mepenus T.ry (puc. 2). s

Bumyck N2, 2012 89



dDizuka

9TOTO KPATKOBPEMEHHBIM HayKaThueM KHOIKK KH 1 1epeBosioM ee B IOJIOKeHne 2
POU3BOAAT POPMOBKY KOHTAKTa MMILYJIbCAMU TOKa U JOOMBAIOTCS HEOOXOIMMO-
IO COOTHOIIEHUsI CUTHAJ /TIIYM [IPU MIUHUMAaJIbHOM HalpsizKeHun. B mpeiaraemom
BapHaHTe 3JIEKTPUIECKON CXeMbl (pUC. 2)HUCHOIb3YETCsT TeHEPATOP MPSIMOYTOJIb-
HbIX UMITYJAbcoB ['5-7 A, umeromuii cucremy 3aJIepKKi, KOTOPasi MO3BOJISIET 110~
JIYIUTH Ha BBIXOJI€ OMOPHBII UMITYJILC U UMITYJIbC, 3aJIeP2KAHHbBIN Ha OIpe/Iie/1eH-
HOE BpeMsI 110 OTHOIIIEHNIO K ortopHoMmy. HalpsizkeHne Ha obpazely 1ojgaercs: depes
pesuctop R, obecnieumBaromuii pexkuMm rereparopa Toka. Jluogasr I, - /I, Tuna
3105 w3 vux ;, Hy m I, - Koppextupyiomme dhopmMy UMIyIbcoB, a /[j -
BBITIOJTHSAET POJIb OFPAHUYHUTENS, T.€. MO3BOJISIET BBIJIEIUTH BEPXHIOIO YaCTh M-
IIyJIbCA HAIPSXKEHN, I3MEHSIIONLYIOCA B Pe3yJibTaTe MHXKEKINN 1 PEKOMOMHAIINN
HocuTesieit 3apsiaa. HeobxonMblit ypoBeHb OrpaHUYIEHUST YCTAHABINBACTCS PE3H-
cropoM Rj3. Cxema npu MaJjibIX BpeMeHax 3aJepP:KKI U3MEPUTEIHLHOINO UMITYIbCA
JaeT BOSMOXKHOCTL OMPEE/IATh BpeMs *KU3HN HEOCHOBHBIX HOCHUTENICH 3apsiia T;
B IIPUIIOBEPXHOCTHOM CJI0€ 00pasiia, a Ipu OOJIBIINX BpeMeHaX — T, B ero 00beme
[5]. Tlepemerniasi obpaser; 1o JIByM HalpaBJIEHUSIM, MOYKHO HAXOJIUThH T B JII00OIi
TOUKE Ha TOoBepXHOCTH [6].

I'T1 I'5-7A
é 5 +250B
J11
Bl RN
10k
2 R3
p-THl'[ R] []f%}{ 330[(
Ku | My [C,0,25mk®
@Eﬁ‘% ‘ > —
n-tun 2 Ry in RI;Ia QG
Obpazen  |5,1m 9100Mm
n +
-
ot @ R 110k OB
20mx®, | 27K N

Puc. 2: Dnekrpuyeckas cxeMa U3MEPEHUs BPEMEHHU *KU3HU HEPABHOBECHBIX HOCHUTEICH 3apsia
AMIIYJIBCHBIM METOJIOM MOIYJIAINA IIPOBOIMMOCTHI

II. ®oroanexkrpuieckuii meron. Oupenenenne auddy3uMOHHON JJIMHBI OCHO-
BAHO Ha N3MEPEHHUN TPOCTPAHCTBEHHOTO PACIIPE/ITCHNST KOHIEHTPAIINN HEPABHO-
BECHBIX HOCHTE el 3apsiyia, Bo30y K 1aeMbix ceetoM |7,8|. Tlepen usmepenusivu L
mwiasky (14) (puc. 1) BMecte ¢ mepxkarenem 30H1a (12) CHUMAIOT I yCTAHOB-
Ki HaJ| 00pasioM (8) MCTOUHIKA CBeTa ¢ ONTHYECKOil cucremoit (cm. puc. 3). B
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ee cocTaB BXoAUT KoujeHcopHas Jjnnza (K) u menesas muadparma (1), mexmy
KOTOPBIME TIOMerieH Moy iatop csera (M). Cucrema obecriednBaer ocBeleHne
obpasiia MOJYJINPOBAHHOI 110 MHTEHCUBHOCTHU I10J10COil cBeTa, Tosmuuoin < 0,1
MM. B yerpoiicTe (pylc. 1) HCIIOJIb3YETCs TaKzKe BTOPOIl, 3aKPEIJICHHBIN Ha IIep-
BOM (3), moBIKHBI cTomK (15) ¢ nepzkaresnem 3o0u1a (16). [Tepemernenne ero mo
X (BJIEBO - BIIPABO) OCYIIECTBIIsSIETCsT PYKOATKOM (17), a 0TcYeT mpon3BOAUTCST 110
mneiike (18). Takum obpasom B ycTpoiicTBe MPeyCMOTPEHO KAK IepeMeIeHne
obpasiia (8), Tak 1 OTHOCUTETHLHO HEro — jepzkaresist 30H1a (16), gem jgocTuraeTcst
m3Mepenne Lp Ha yIJIMHEHHLIX 00pasnax 6e3 ImepeycTaHOBKI MIKPOMETPUYECKO-
ro matdnka (2) ¢ BepxHmM mpegenoM 1 mMMm. B ommume or [7-9] B cxeme m3me-
pernsi Lp (puc. 3) nmpuMeHeH, U3rOTOBJIEHHbIH aBTOPAMU BBICOKOCTAOUILHBII 110
4acTOTe MOJLYJISITOP MHTEHCUBHOCTU CBETa Ha OCHOBE KAMEPTOHHOI'O I'€HepaTopa.
cronib30BaH KaMepTOH ¢ COOCTBEHHOM 4acToToil Kostebanuit fy = 294 I'm,.

Ci TCgZO,OIHMK(D

R3 N 50k

0,02

C3z =MKD

R1=R2=68k

5 H
CaT0,025MED o e
R4 1270k BOJIbTMETP

O6pasenr (popMOBKHM KOHTAKTa

Puc. 3: Dyekrpuueckas cxema uzmepenus Juddy3nOHHON JIUHBI HOCUTE el 3apsiia (poTo-
JIEKTPUIECKUM METOJIOM

Ha koniax ero BubparopoB OblL/I HallasiHbl TOHKUE ILIACTHHKI, MEXKIy KOTO-
PBIMU CO3J1aBaJICsl TOHKHIT 3a30p B Bujie miesin. 11o obenm croponam BOJIM3M BUOpa-
TOPOB KPEIIICHL MaJIorabapuTHBI JUHAMIYIECKUH MIKPOMOH U 3JIeKTPOMATrHUT;
MUKPOQOH BKJIOYAIN Ha BXOJ HU3KOUIACTOTHOI'O YCUJINTEJIS, a K €ro BhIXOIY - B
1Iellb 0OPATHOI CBSBHU - 9JIGKTPOMArHUT, YeM o0ecliednBajIn caMoBO30Y K IeHUe re-
Heparopa. [Ipu cobrronennn omnpeie/IeHHbIX YCIOBUIT B 110100HOTO BIJIa aBTOINEHE-
paropax [9] MOKHO JTOOUTHCST TPAKTUIECKN PeaTu3yeMoil CTabIIbHOCTH TaCTOThI
Ha mopsiZiok Gosiee Boicokmii, veM B LC' - u RC' - reneparopax. B cxeme (puc.
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3) WCIOJIb30BaH TaKzKe CEJeKTHUBHBIN yCHIUTe b ¢ JBOiHbIM T-00pasubim RC -
dbubrpom [10], HacTpanBaemblil Ha YacToTy MOAYJIATOpPa pesucropom Rs. [Tpu
Y3KOIl I10J10Ce MPOITYCKAHNA YCUJIUTEJISI CYIIIeCTBEHHO MOBLIIIAETCS COOTHOIICHNE
currasi/mym. B dorossekrpudeckom MeTosie uaMepennst Lp HCIONB3YeTCs Mo-
JIBUKHBII CBETOBOI 30H]I ¢ dHeprueii (hoToHOB, OOJIbIIEH INPUHBI 3aIIPEIeHHOIT
3oHbl. CBeT, reHepupyIoNuil 3J1eKTPOHHO-IBIPOIHbIE MAPhI, TONJIONAETCS B TOH-
KOM IIPHUIIOBEPXHOCTHOM cJjioe. [loaTomy j1eeKThl CTPYKTYPhI, CO3/IAIOIIIe IIy-
OoKMe ypPOBHU B 3allpelIeHHON 30HE U SBJIAIONIECs SPMEKTUBHBIMU IIEHTPaAMU
peKoMOnHaIumm, MOTYT CyIIECTBEHHO M3MEHATH Lp, & MO3TOMY U BpeMs YKU3HU
T HEOCHOBHBIX HOcHUTesell 3apsijia. 3HaUeHne T MOYKHO OIPeIesaTh 110 popMyJie
7=L% /D npu uzsectnoii pesinunne kosdpdunpnenta quddysun D (cm. nuxe).

ITI. MeTox nBuKyImerocss cBeTOBOIO Jiyda IO3BOJIACT U3MEPUTH CKOPOCTH T10-
BEPXHOCTHOI pekoMOuHarmu, kodddumnuerT auddys3un u 1uddy3MoHHYIO JIIITHY
HEOCHOBHBIX HocuTesteit 3apsia [7,11|. B ycrpoiictse (puc. 1) ucnosb3yercst ocse-
TUTEh, (DOPMUPYIONINI Y3KYIO TI0JI0CY CBeTa Ha 0bpasiie, 3epKaJio, YKPeILIeHHOe
Ha MUKDPOJIBUTATEJIC, MOIBIKHBIH cTosmK (15) ¢ mepxarenem 3018 (16) u do-
tognozn (19). Ilpu Bpamennn 3epkajia TOHKas 1 IHPOKAsi MOJI0CA CBETA BO30YZK-
JIaeT UMITYJIbC TOKa B Iern (DOTONO/Ia U MeHepalllnio HEPaBHOBECHBIX HOCHTEJIel
sapsijia B obpasie [8,11]. Doroquo/iHble UMITYIBChI HCIOJIB3YOTC JIJIsT CHHXPO-
HU3aIK ocIiorpada n reHepaTopa MMITYJIbCHBIX curHajoB. IIpu mogade Ha
BXOJI 7/ 9TH UMITYJIbCHI CO3AI0T METKI BPEMEHN Ha OCIIIJLIOIPAMME, KOTOPAasT Me-
eT BUJI HECUMMETPUIHON KYII0J1000pa3HOil KPUBO 1 IPEJICTABIISIET 3aBUCUMOCTD
KOHIIEHTPAIMI HEPABHOBECHBIX HOCHTEJIEH 3apsija OT BPEMEHH B KOHTAKTE 30H-
Jla C IOBEPXHOCTHIO IOJIYIPOBOHNKA. VI300parkeHne cuUrHaJia MOYKHO CMeIIaTh
pykosiTKoit (20) B mosiozkenue, ymobnoe st (ororpadbupoBaHisi, U3MEHssT €ro
BPEMEHHYIO 3aJIePKKY OTHOCUTEJILHO UMIIYJIbCa, 3aIlyCKa Pa3BePTKH.

BriBoabl

B pabore pazpaboTaHo 1 M3rOTOBJIEHO YCTPOMCTBO JIJIsI M3MEPEHUS IapaMeT-
POB peKOMOMHAIINN HePaBHOBECHBIX HOCHUTeJIeil 3apsijia B IIPUIIOBEPXHOCTHBIX CJIO-
six MoHOKpucrasiioB Ge. Pesyyibrarsl nsmepeHuii B pacCMOTPEHHOM yCTPOIiCTBe
B 3HAYUTE/ILHON Mepe 3aBHUCAT OT KadecTBa MOHTaXKa, SJIEKTPUIECKHX cxeM. [lrs
HIOJIYYEeHHsI XOPOIIO BOCIPOU3BOAUMBIX PE3YJILTATOB CJe/yeT IIPUHUMATh Mepbl
110 YMEHBIIEHNIO IIIYMOBBIX COCTABJISIONINX B CUIHaJe U ypPOBHs (DOHA OT CETU
[epeMeHHoOro Toka. PaccMoTpeHHOe m3MepHUTeIbHOEe YCTPONCTBO MOKET OBITh MC-
[I0JIb30BAHO B YUEOHBIX IEJISIX U JIJI TeXHOJIOTTIECKOr0 KOHTPOJISI U3Ie/ il MUK-
PO3JIEKTPOHHOI TeXHUKHU.
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NCCJIEAOBAHVE HAHOCTPYKTVYP HA ITOBEPXHOCTU
MOHOKPUCTAJIJIMYECKOI'O Ge METO/10M
ATOMHO-CIJIOBOVM MUKPOCKOIINN

B nannoit pabore MeTOIOM aTOMHO-CUIOBOI MUKPOCKOIIMH BBIMIOJTHEHBI UCCIEI0BAHUS TOBEPX-
HOCTH O0Pa3I0B MOHOKpUCTAJINYeCKOro (e, MUKINYIeCKH JI1ePOPMUPOBAHHBIX OJIHOOCHBIM
cXKaTheM € OJHOBPEMEHHBIM YJILTPa3BYKOBBIM obsydenueMm mpu temmeparype 310K . ledop-
MUPOBaHNE KPUCTAJIJIOB MOPOXKAET Ha MOBEPXHOCTHU MEPUOINTIecKHe TedeKTHBIE CTPYKTYPHI,
00yCJIOBJIEHHBIE MaCCOIIEPEHOCOM IIPU HAJIMYHNH I'Pa/IeHTa HAIPSAYKeHWT 1 BOSHIKHOBEHUH Ha-
paBJIeHHBIX U DYy3UOHHBIX TOTOKOB. J[MCIOKAIIMOHHBIE TeT/IH B TPUTIOBEPXHOCTHOM CJIOE sIB-
JISIIOTCSl UCTOYHUKAMU 3aPOKJIEHUs] HAHOCTPYKTYP THUIIA SIMKA-OCTPOBOK. [Ipu o0benunenuu
OCTPOBKOB Ha CTa MU CO3pPEBaHUs 00pa3yloTcs rpeOHU HAHOMETPOBOW BBICOTHI, UCTOTHUKAMUI
KOTOPBIX SIBJISTIOTCS JIUC/IOKAIMOHHBIE TIeT/IU, JTUHEHHO OPUEeHTHPOBAHHBIE MOJISIMU TOYETHBIX
edeKToB.

KirroueBbie ciioBa: noaynposodnuk, nanocmpykmypa, ouddysus, 2paduenm Hanpatce-
HUA, OUCAOKAUUA.

BBenenue

B nocriesinee jiecatuierne yjaenadeTcd MHOTO BHUMAHUS MCCJIEIOBAHUIO CBOT-
CTB HU3KOPA3MEPHBIX TBEPJOTEIbHBIX CTPYKTYD C JIMHEHBIMU pa3Mepamiu I10-
psijiKa JecsTKOB HaHOMeTpoB u MeHee [1-4]. CTpyKTyphl €TOJIb MaJIbIX pa3sMepoB
OOBITHO HA3BIBAIOTCA HAHOCTPYKTYPAMK U MOTYT HPOSIBISTH YINBUTEIbLHbBIE CBOII-
CTBa OTJIMYHbBIE OT CBOMCTB 00 bEMHBIX MaTeprasioB. VceremoBanns 1o 1Moy IeHnio
HAHOCTPYKTYP, UX JAUArHOCTUKE U IMPAKTUYCCKOMY HPUMEHEHUIO IMOJIYYUJIN Ha-
3BaHne padoOT B 00/JACTH HAHOTEXHOJOIWHU. BarKHEeHIIylo poJib UIPAIOT MEeTOMbI
JIMAIHOCTUKU HAHOCTPYKTYP.

OJiHUM 13 MHTEHCUBHO Pa3BUBAEMbBIX HAIIPABJICHUI JIMATHOCTUKN HAHOCTPYK-
TYp Ha CEroJHsIINHUN JIeHb SIBJISIETCS aTOMHO-CHioBasi MuUKpockormst (ACM).
ACM — 310 ceMeiicTBO 3SKCIEPUMEHTAJbHBIX METO0B M3yUYeHHUsT JIOKAJIbHBIX
CBOIICTB IMOBEPXHOCTHU, OCHOBAHHBIX Ha PErucTpalui B3auMOJEHCTBUS TBEPJIO-
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TEJIbHOI'O OCTPOI'0 30HJIA € M3y4IaeMOil ITOBEPXHOCTHIO. ATOMHO-CHJIOBas MUKPO-
CKOIINS TaKXKe MPeIOCTaBIgeT BO3MOXKHOCTDL JIJIA MPOBEJIeHNsT HAHOJIUTOrpadun
— JIOKAJIbHOI MOJINMUKAIINE IOBEPXHOCTH IOJ 30HI0M. Takmm obpasom, ACM
MOKET pacCMaTPUBATHCA M B KAUECTBE TEXHOJIOTMIECKOT0 HAIIPABICHUS IO MOIH-
dbukanuu 1 pabpuKarun HaHOPA3MEPHBIX CTPYKTYD [4].

OcHoBHaAY 4acCTh

Cozanne rpajueHTa MeXaHnIeCKNX HalPAKeHUil 1, COOTBETCTBEHHO, I'Pa/JIN-
eHTa XUMHUYECKOI0 TOTEHIMaa TOUYEUHbIX JIedeKTOB HopoxjiaeT jnuddy3uio B
MPUIIOBEPXHOCTHBIX CJIOSAX aJIMa30I0I00HBIX KpHCTaLIoB (Si, Ge) mpu temiepa-
typax Hmxe 0,357y [5,6]. Ilpn Masbix qimresbHOCTSX (HECKOIBKO MUHYT) Jie-
dopMupoBanus B yKa3zaHHbIX KPUCTAJLIaX T'eHEPUPYIOTCsI, B OCHOBHOM, TOUEUIHbBIE
JeheKThI, a MpHU JTUTETLHOCTIX B HECKOJIBKO TacOB MM CYTOK B IPUIIOBEPXHOCT-
HBIX CJIOSIX, TOINNHON < 5 MKM, 3apOK/JIAI0TCS U JIUCIOKAIIMOHHBIE 11eT/iu. [Ipo-
1ece nccaeoBanns 1 dy3un B TOHKAX HPUIOBEPXHOCTHBIX CJIOAX C MOMOIIBIO
ONITUYECKOI MUKPOCKOITMH 3aTPY/THEH N3-3a HEBBLICOKON pas3penialonieil criocobHo-
ctu Metoza. [losromy B jannoit pabore uccnosbzaBagn ACM s obHapyKeHust
nposiBjieHust 1updy3un B Mpolecce HU3KOTeMIIepaTypHOro j1ehbopMupoOBaHUs MO-
Hokpucrasios Ge. Obpasnbl Ge pasmepamn 3 X 4 X 10 MM 1uKInIeCKH J1edop-
MUPOBAJIM OJTHOOCHBIM CYKATHEM C OJITHOBPEMEHHDBIM YJILTPA3BYKOBBIM 00Ty YeHIEM
npu 310K .

B pesyiabrate ACM wuccienoBanust 1mojiydeH CHUMOK TPEXMEPHOro pesibeda
IIOBEPXHOCTH KOTOPBIil IpuBejieH Ha puc.l,a, a ero npodujiorpaMMa B yKa3aHHOM
CTPEJIKOII HallpaBJIeHIH 1300paykeHa Ha puc.l,0.
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Puc. 1: a — ACM usobparkeHnne mepuonvieckoii crpyKTypbl noBepxaHoctu Ge, 6 — mnpoduiio-
rpaMma, IojyderHas ckanuposanneM 30H1a ACM 1o HampaB/IeHHAIO, YKa3aHHOMY CTPEJIKO Ha
puc.l,a
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Oba pucyHka CBHIETEJILCTBYIOT O TOM, YTO BBICOTA IIO'LEMOB B BUjIe IpedHeit
Ha MMOBEPXHOCTU U BIAMH OTHOCUTEIHHO CPeJHEro (HyJIeBOTO) YPOBHs IPUOJIU-
3UTEJIbHO OJIMHAKOBBIE.

WuTepecHoe siBjieHne HAOJIOJAETCS Ha PUC. 2,a, IJie BUJHO 00pa30BaHUe M-
paMuIATBHBIX OCTPOBKOB (OHU Ke BBIJEJICHBI paMKoii 1 #a puc.1,a) 3a cuet jaud-
y3MOHHOTO MaccollepeHoca BelecTBa ¢ 00pa30BaHUeM JIYHKH B MeCTaX BBIXOJA
Ha IIOBEPXHOCTb JIUCJIOKAIMOHHON ITOJIyIeT/IN. 3JIeCh Ke YKa3aHO HallpaBJIeHHe
CllaJla HallpgzKeHHns OT KOHIIEHTpPaTOopa, II0 KOTOpOMy CﬂeﬂyeT 02K J1aThb HpGI/IMy—
IIECTBEHHOE IIepeMelleHne MexKy3e/JIbHbIX aToMoB. Ha pucynke cripaBa mokazaH
BHJ| Ha, OCTPOBKOBYIO CTPYKTYPY MEePHEHINKYIAPHO TOBEPXHOCTH, TJI€ BUIHO, ITO
JCTIOKAIOHHAST sSIMKa 1 OCTPOBOK B OCHOBAHWHN Ha JAHHOM T10cKoCTH (112) nme-
10T rekcaronajbayo ¢opmy. CKaHHpOBaHUE Yepe3 JIHO SIMKHM U BEPIINHY PsIOM
HAXO/IAIIEroCsi OCTPOBKA (puc.2,6)MoKa3a/I0 PABEHCTBO ILIOMIAeil MexK Ty MpsiMoii
CPpeJIHErO YPOBHS MOBEPXHOCTU W JIUHUAMHI T'PAHUIL IMKI U OCTPOBKA.
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Puc. 2: a - nupamuaabable OCTPOBKU U JIYHKH, 0Opa30BaBIINECd Ha ITOBEPXHOCTH 0Opa3Ia

repMaHns 1ocjie aedOopMUPOBaHUSA B pe3ysbTaTe nud@y3MOHHOTO MacCOIepeHoca; CIpaBa -

BHJI Ha CTPYKTYPY cBepxy. l300pakenue MOJIydeHO C yYacTKa, BBIJIEJIEHHOIO paMKoil 1 Ha

puc.l,a ,6 - npocdusorpamMma, moJIyueHHas [IPU CKAHNPOBAHUHU [TOBEPXHOCTU 00pa3Iia repMaHust

B HallpaBJICHUU, MPOXOJIAIIEM 4Yepe3 JIHO fAMKU U BEPIIMHY PsAJIOM HaXO/AIIEerocs OCTPOBKA;
KPY2KKaMU OTMeYeHbl TPAHUIbI CTPYKTYPhI

[TpoduiorpaMmbl, HOJIyYEHHBIE CKAHUPOBAHUEM 30HJ/a B HAIPABJICHUU Bep-
IIIIH OCTPOBKOB (pHC.3,a) U HIYKHUX TOYEK JINCJIOKAIMOHHBIX AMOK (puc.3,6) mo-
Ka3bIBAIOT PABEHCTBO BLICOTHLI OCTPOBKOB U IUIYOMHDLI 00pa30BaBIINXCA SIMOK. Pa-
BEHCTBO 00HEMOB JHMCIOKAIMOHHOI IMKI 1 OCTPOBKA CBUJIETEILCTBYET O TOM, YTO
CaMOOPraHM30BaHHBI POCT MUPAMUIAILHOIO OCTPOBKA IIPOUCXOMMIL 38 CYET ero
JIOCTPOHKY B OCHOBHOM aTOMAaMU KPHUCTAJLIA, HAXOJAUBIIUMUCS B 00bEME JHC/I0-
KAIlMOHHOM AMKH.
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Puc. 3: lIpoduiorpammbr, o/rydeHHBIE TTPU CKAHUPOBAHUY ITOBEPXHOCTU 0Opa3Iia repMaHus B
HAIPaBJIEHUN BEPIINH OCTPOBKOB (a) M HUYKHUX TOYEK JIUCIOKAIMOHHBIX sIMOK (0); KpyZKKaMu
Ha (a) OTMEeYeHbI TPAHUIBI OCHOBAHUIT OCTPOBKOB, Ha (6) - TPAHUIBI JIUCTOKAIMOHHBIX AMOK

PaccMoTpuM 0COOEHHOCTD HAIIPSIZKEHHOI'O M CTPYKTYPHOI'O COCTOSHUS KPU-
craJiia BOJIM3K AUCIOKAIIMOHHOM ey, Ha Juc/ioKalnoHHy 0 oIy IeT/ 0 BOJIM31
cBOOO/IHOIT TTOBEPXHOCTH JIEHCTBYET CHJIa 3€PKAJILHOIO M300parKeHust U JINHEHHOTO
HATSIPKEHISI, B Pe3yJIbTaTe 4ero ee yuacTKU BOJIN3U IOBEPXHOCTU OPUEHTUPYIOTCS
110J1 OOJIBIIIM YTJIOM, UTO IOJITBEPIKIAeTCsI IPHU IOCJIOMHOM XMUMUYECKOM TPaB-
nernn [7]. B ycnoBugx skcriepuMenTa Ha JAUCIOKAIIIO JIEICTBYET CUIa ¢ COCTAB-
JISIOMUME [apaJIIeIbHO TOBEpXHOCTH (prc.2,a) M0 HOPMaJN K JUCIOKAITHOHHOI
JIMHUKM ¥ BJIOJIb JIMCJIOKALNK, HallpaBJIeHHON M3 IVIyOMHBI K HOBepxHOCTH. Kpo-
Me TOro, JIMCJIOKaIllsl HCIIBITHIBAET OJHOBPEMEHHO JIeliCTBUS YIbTPa3ByKa, SHEP-
I'isT KOTOPOI'O MOZKET ITOTJIOIIATHCS CEJIEKTUBHO, 8 KOMIIOHEHTa BOZHUKAIOIIEH TP
9TOM CHJIBI, IT€PIIEeH/INKYJIsipHAs PABHOBECHOMY IOJIOXKEHUIO KOJIEOJIIONIeiicsT JIuc-
JIOKAIIMOHHO JIMHUU, MOKET OCYIIECTBJISITH OTKPEILJIEHHe U IePexo] TOYeUHbIX
1edeKToB B ee OKpecTHOCTH [8]. MHOTOUNCIeHHBIE SKCIIEPIMEHTATBHBIE U TeOPe-
THYecKue uccaeoBanust 1uddysnun BIOJb JUCJIOKAINI CBUIETEIbCTBYIOT O Ha-
JINYMHE B HUX YCKOPEHHOI'O IepeHoca. YckopeHue auddy3un BAOJIb IICIOKAIII
Jalie Bcero 00bsICHSIIOT HAJIUINeM BaKaHCHUi, KOHIIEHTPAIUS 1 MOABUKHOCTh KO-
TOPBIX 3HAYUTEIBLHO BBIIIE, YeM B 00beMe. D deKT yBeandeHns: KodpuimeHTa
camouddy3un BI0Ib JUCIOKAIINN MOYKET ObIThH O O JIBIIIM B IIPUIIOBEPXHOCTHOM
CJI0€ 13-32 MOBBIIIEHHO! KOHIIEHTPAIMN BaKaHCcuil ipr Y3 00J1yueHnn KPUCTALIa
1 HAJINYUsI TpaJeHTa HAIIPSIZKEHIST B MECTe BBIXOJa YIIPYTOro MOJISA JUCTOKAIIN
Ha TIOBEpXHOCTH. [lo-BuanMomy, nuMeHHO (haKTOp HAIPSI?KEHIsT BOKPYT JIHC/I0Ka~
I U CYIIECTBOBAHIE ero I'PaJeHTa CIIOCOOCTBYET BBIXOAY aTOMOB 3 Hallpsi-
»KeHHOIT 00J1acTi Ha IIOBEPXHOCTDH, OIPEJIe/isieT pasMephbl sIMKHM Ha ITOBEPXHOCTH,
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a 0cOOEHHOCTL KpucTaJiorpadun - ee hopmy. BuxKyitmeiics cuioit obpa3oBaHms
ocrpoBKa Ge Ha jehopMUPYEMOil TOBEPXHOCTU KPUCTAJLIA, SIBJSIETCS pPa3JIMdre
B IOCTOSIHHBIX DPEMIeTKN IepeHaIPsS2KEeHHON JacTh MOBEPXHOCTH BOJIM3U SIMKHU I
HapaIIBAEMOI0 OCTPOBKA.

PaccmoTpuM Tenepb MeXaHH3M 00pa3oBaHusi IPeOHS Ha ITOBEPXHOCTH KPH-
crasuia (puc.4).

Puc. 4: ACM-u3ob6paxkenue rpebHsi, 0OPa30BAHHOTO Ha MOBEPXHOCTU OOpa3lia repMaHusl U3
COBOKYITHOCTH OJIN3KO PACIOJIOKEHHBIX OCTPOBKOB; TOJIYIEHO C YIaCTKA, BBIJIEJIEHHOTO PAMKOI
2 na puc. 1,a

Ero dopmupoBanme ¢Bg3aHO ¢ IIPOLECCOM 00beINHEHNST OCTPOBKOB Ha CTa 1N
cO3peBaHus, a JIMHEIHOCTh — ¢ 0COOEHHOCTHIO OPUEHTAIIMN X UCTOUYHUKOB — JIUC-
JIOKAITMOHHBIX I1€TeJIb BOJIb [IOJIOCKI, I'/ie HAOJIOAAETCsI TEPECHIINEHNe 110 MEeXKY3-
nusiM. Hukimdaeckoe jedopMupoBane oOpasiia MopoXKIaeT MePUOINIeCKoe MoJe
CKaTuil U pacTsizKeHUil Ha [IOBEPXHOCTU U C HUM CBsI3aHHbBIE YepPeIyIoIIecs I10-
JIOCBI TI€PECHIeHnil o BakaHcusM u MexxysanaMm [9]. [lpu sTom MexKysesbHbIe
[eTJIN [IEPEOPUEHTUPYIOTCA BJIOJb 1I0JIOC, & IPU YJIBTPA3BYKOBOM BO3/ICHiCTBUN
SIBJISTIOTCST ICTOYHUKAME MaccolepeHoca i (pOPMUPOBAHISI OCTPOBKOB.

BruiBoanbl

B pabore mpaMbIM MeTO/I0M HaOJIIOIEHNS C TTOMOIIHIO aTOMHO-CUJIOBOM MUK-
POCKOIINU TI0Ka3aHa BO3MOKHOCTbh MaCCOIIEPEHOCa B MOHOKPUCTAJIJIMYECKOM I'ep-
MaHHMU BJOJb ITOBEPXHOCTU W BJIOJIb JUCJAOKAIMIT Ha MOBEPXHOCTH PN HAJINYIUN
rpaJiieHTa MeXaHn4eCKUX HallpszKeHUI.

Onucan HOBBIi CIIOCOO TIOJIyYeHHsT HAHOCTPYKTYD Ha IOBEPXHOCTH MOHOKPU-
crayindeckoro Ge, MO3BOJIAIONINI, B OTJINYNE OT IITHPOKO MPUMEHSAIEMOTT I THX
Tesielt MOJIEKYJISTPHO-JTy9eBOil SMuTakcuu (T/ie UCIOIb3YeTCsT CBEPXBBICOKHI BAKy-
yM ~ 107° Tla u BBICOKHE TeMIepaTyphl), BBIIOJHATL HEOOXOAUMbIE ONepalliu
JIJIsT POCTa P KOMHATHOI TeMIiepaType U aTMochepHOM JIaBJICHIH.
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BIIJINB PISHUX TEPMIYHUX 3MIH HA JIOTAPUOMIYHY
IIOB3YUICTh MOHOKPUCTAJIIB LiF B OBJIACTI MAII
®IZNYHOTI'O MEXAHI3MY BUCHAXKEHHS JTUCJIOKAIIIN

JloctizKeHnil BIUIUB MONEPEITHBOTO BiIAJIY 1 TEPMOIUKJIITHOT 0OPOOKHM Ha CTYIHYACTY JIOTapu-
dmivgry oB3yUicTh B 06s1acTi Ail (HI3MIHOrO MeXaHI3My BUCHAaYKeHHH JUcIoKalliil. BecranoBieHo,
0 IIeil BILIUB 3a/IeXKUTh BiJl IIIJIBHOCTI JUC/IOKAI B KPHUCTaJIl, a 3MIIHIOIYNH edheKT Takol
MIOB3YYOCTi OB’ 3aHU 31 3MEHIIEHHAM IJILHOCTI JMC/IOKalliil B mporieci mos3ydocti. [Ipose-
JICHUI TEOPETHUYHUI aHaJi3 OTPUMAHUX EKCIIEPUMEHTAJBLHUX PE3YyJIbTAaTiB 1 BKasaHi MOXKJIUBI
MEePCIEKTUBY 1X BUKOPUCTAHHS B TEXHIIIL.

Kuro4oBi caoBa: LiF, ducioxauis, 6idnan, mepmoyursivna 06podxa, so2apudmivra nos-
3YHICMo.

Beryn

Bimomo [1-7], mio pisHi TepMmiuHi 3MiHE ICTOTHO BINIMBAIOTH Ha JIeeKTHY CTPY-
KTYpY KPUCTaJITHUX MaTepiaJiB, 1 BIIMOBIIHO Ha X (Pi3UYHI BJIACTUBOCTI, Y TOMY
qucsi 1moB3ydicTh. 3okpema, Heusostomom H.K. i3 criBpobiTHuKaMu B pe3y/ibra-
Ti TPOBEJIEHNX paHiliie Moc/izKerb [1-3] 6y/10 BCTaHOBJIEHO, 0 TEPMOIUKIITHA
o6pobxa (TIIO) npu TemmepaTypHux inreppasiax mukiay pisaux 50, 100, 150°C
3HAYHO BILJIMBAE Ha JIMCJOKAIIHY CTPYKTYpYy MaTepla/iB 1 3MiHIOE 1X MeXaHI4HI
BJIACTHBOCTI, y TOMY 4uC/I Xxapakrepuctuku noe3ydocri [3]. Ilpore, Bijomocti po
BILINB CTaIlioOHAPHOTO Bijmasy 3 nojabiinoo TTIO na jorapudmivny HU3BKOTEM-
neparypry noBsydicts (mpu T < 0, 5Tiapenns ) MEBHOI MIpOIO OOMEsKeHi.
OcobsuBuii iHTepec mpecTaB/isie 3°siCyBaHHs 3a/1e2KHOCTI tedopMaliil Ha repexi-
JIHIIT cTa/Ill MOB3Yy4YOCTl € B HIIJILHOCTI JUCJOKAIll p, IPUBHECEHUX JIO0 KPUCTa-
Jla KIJIbKICHO pisHMMHU KOMOIHAIisiMU cTalioHapHoro Bijanasy i mojasbinol TIIO.
[cToTHO Oy/I0 TAKOXK BU3HAYNTH aKTHBAINNHI mapamerpn (akTuBaIliiiHuii 06’em
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Ta eHeprifo aKTHBaIlil) HI3bKOTEMIIEPATYPHOI CTYIIHIACTOT TIOB3yYOCTi B pEXKUMI
BUCHAYKEHHSI JIUCJIOKAIIlll 1 1X 3a/1ezKHOCT1 Bl TPUBAJIOCTI IOIIEPEJHBOIO BlIIIATY
Ta Mi"iMasbHOro umncia nukiaiB TIO 3 mocriifiHuM TemiepaTypHUM iHTEPBAJIOM
TEPMOIUKJIA, 1PN IKUX T'€HEPYIOTHCS HOB1 OJIMHUYHI JINCJOKAIII.

OcHoBHa 9acTHHA

JlocizKeHHsT MTPOBOAMINCA Ha MOHOKpucTayiax dropucroro Jjitiio (LiF).
3paszku po3MipoMm 4 X 5 X 7 MM BHKOJIIOBAJIHICS 110 ILIOMIMHAX criaiitnocTi. Bigmasr
i = 0,5 rom;
24 ron. IIBuakicTh HarpiBy 1 OXOJOIXKEHHS 10 1 MICJs BiANay He IepeBHUILyBasa

BijI0yBaBca 1pu Temieparypi 600°C’ mporsrom piznoro uacy t

30 rpaji/roauny. Sk auciokamniitHuii TpABHUK BUKOPUCTOBYBABCsI CIAOKUIT BOHMIT
posuun FeCl [8]. Criocrepexkentsi JUCIOKAIIHHUX CTPYKTYDP 3iHCHIOBAIICS 110
dirypax TpaBieHHS 3a JIONOMOro0 MeTajorpadidanoro mikpockora MIM-7, 3’1~
HaHoro 3 1udposoio dhorokameporo CANON - EOS 550D 3 moga/ibimmm KOMII 10~
TepHIM aHaJ1i30M doTo3HIMKIB. [louaTKoBa MiNTbHICTE ancIoKamiit 4,5 - 10%cm 2.
[Torpimuicts BUMIpiB milabHOCTI Aucaokaniii ne nepesuinysaia 3%. Ioganbie
TEPMOIMKJIYBaHHS 3Pa3KiB, 1110 He BIIIIAIIOBAJINCS 1 BIIIAIIOBAJIMCS, ITPOBOJINIOCS
pu TemiepaTypHoMy inTepsadi mnkiay AT = 50°C . IIpu Bkasamiii TemmepaTypi
3pa3sKu BUTPUMYBAJIUCA B My(DeIbHIH 1edl 5 XBUIMH 3 MOIaIbIITIM 3aHYPEHHSIM B
tanyunit iy, Yac surpuvkn npu 0°C' ckimagamno 5 cexkyn. [Ipomizkok gacy Mizk
3aKiHYEHHSIM HArpiBy 1 IOYATKOM OXOJIOJXKEHHSI CKJIaJIajI0 He OlIbIe 3-X CEeKYH/I.
TemmepaTypa KOHTpOJIOBAJIACS 3a JIOMOMOTOIO JIBOX TEPMOIap.

[Ticstsa cepiit TepMONUKIIIB 3pas3Kyu BUIPOOOBYBAINCA Ha CTYIMIHYACTY TOB3Y-
JicTh TLIIXOM ojHoBicHOTO cTtucHenus npu 300K Ha ycTaHOBII, ONHUCAHIil B
[9]. YeranoBka jo3Bosisie ikcyBaTu jedopmariio mos3ydocti jo 0,25 Mrm. Vi
3pa3Ku BUIIPOOOBYBAJNCA Ha TOB3YYICTb MPU OJHAKOBUX CTYIEHSX BaHTayKEHHS
Ao =1/ an® . Yac BUTPUMKHU Ha KOXKHOMY CTYyIIeHI cKaagaB 30 XBUIUH, IO BiJIIIO-
B1JIaJI0 BUXO/Ly TTOB3YYOCTI Ha CTaIllOHAPHY CTa/Iif0, 31 MIBUJIKICTIO, PIBHOIO HYJIIO.

Ha puc. 1 nokazani Kkpusi cTymindacTol no3y4vocti 3pa3kis LiF, Biamasiennx i
tepmornnkaosannx npu AT = 50°C' 3 Bignosiano pisHnMI TpUBATICTIO Bignamy i
KLTBKICTIO TepMOIUKJIiB. KpuBi 115t 1imx 3paskiB MatoTh [eBHI 0COOINBOCTI: &) J1Jist
ycixX 3paskiB cTpuboK Jedopmallil i MoB3y4icTh Ha HepexijaHiil cTajdil i3 3pocTaH-
HsM CTYIIeHeil 3MeHIYIOThCsI; 6) BeqmanHa cTprOKa 1 gedopmariii Ha mepexijiHiii
cTa il Jisd 3pa3KiB, BLAAJ 1 TEPMOIUKJ/IYBAHHSA AKUX [IPOBOJIUJIOCH BLIIOBIJIHO 3
HEBEJINKOIO TPUBAJIICTIO 1 KIIBKICTIO IIUKJIIB, MEHIIe, HizK 3pa3Ka, 10 111/ 1aBaBCsd
TpUBAJIIIOMY BijilIasTy i OB KITBKOCTI TEPMOTMKIIIB; B) MIBUJIKICTH TTOB3YY0-
CT1 Ha CTAI[lOHAPHII cTa/ il Jijid YCIX 3Pa3KiB JOPIBHIOE HYJIIO.
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Puc. 1: Kpusi noszyyocri 3paskis LiF npu 300K mnicisa nonepennboro Binnamy i TILO.

CriocTeperkenHs 3a 3MIHOIO JINCJIOKAIITHOT CTPYKTYPH M0 siMKaX (iryp Tpas-
JIEHHS JIO3BOJIAIOTH 3pOONTH BUCHOBOK, IO MOB3YYIiCTh Y BUOPAHOMY PEXKUMIi BU-
3HadaJIacs (PISMYHUM MEXaHI3MOM BHUCHAYKEHHS JIMCJIOKAIIN: MIJIbHICTD JUCI0KA-
Ii{l pY TOB3YYOCTI Y BUOPAHOMY PEXKUMI 3MEHIIyBaJIacst, reHepaillis HOBUX JIMCJIO-
Kalliit He BugABJeHa. /lig mporo MexanizmMy HalisicKpaBilile TPOSIBIASIETHC Ha 3Pa3KY,
nedopMariist sKOTo B X011 TIOB3y4Y0CTi OyJ1a Oi/IbIIOI0 B TIOPIBHSIHHI 3 iHIINIMIE (3pa-
30K IC/Ist TIOIepeIHbOrO Bijnasy Biupoosx 24 rojun i 8 nukiais TIHO) (puc. 2).

Puc. 2: JluciokarniitHa cTpyKTypa, oTpuMana Ha 3pa3ky LiF xiMidamMm TpaBiieHHAM: a — J0
BHUIIPOOYBaHb HA IMOB3YYiCTh; O — Ta K MOBEPXHS MiCJI BUIIPOOYBaHb Ha 1MOB3ydicThb 1pu 300K,
CTPIJIKAMM BKa3aHi JUCJIOKAIIil, 0 BUAIIN B pe3yJIbTaTi BUIIPOOYBaHb.

Y 3pasky, 110 He BianasroBascs i npoiimos 4 mukian TIO mijbHicTb aucioka-
it M/t CTYIIHYACTOl TOB3YYOCTI 3HU3UIACA Ha O,2 B OPIBHIHHI 3 TOYATKOBOIO.
Jlns 3pas3KiB, 1o miggaBaancs Biamasay Bapogosxk 0,5 1 24 roaud i BignosigHo 4 1
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8 TepMOIMKJIaM, 3MEHIIIeHHS MI1JIbHOCTI JIUCJ0KAIIl{l BIJTHOCHO ITOYaTKOBOI'O CTaHy
ckJa1o Bianosigao 2,5 1 12. Ha ocHOBI ekcliepuMeHTaJILHUX KPUBUX TTOB3YYOCTI
spaskiB LiF (puc. 1) 6yB orpumManuii rpadik 3amexkHocTi gedopmariii Ha mepexi-
JHIA cTajiil moB3yvocTi € Bij miabHOCTI ucaokaniit p (puc. 3).

€, MKM
0,8 -
0,7
06 -
05 -
0,4

0,3 \._ _ e
0,2
0,1
0 | | o p, 10°cen’
3,00 3,50 4,00 4,50

Puc. 3: Banexnicrs gedopmariil Ha mepexiaHiii cTa il MOB3yvI0CTi Ha MEPINiil CTyIeHI HaBaH-

TaXXeHHs Bl MIIJIBHOCTI JIUCJIOKAIfl KPUCTAJIIB, MO MJJIaBAJIACA PI3HUM TEPMIYHUM 3MiHaM,

mic/is BUIPOOYBaHb Ha MOB3y4YicThb: 1 - 6e3 Bimmasy micias 4 mukiais TIO; 2 - micaa 30 xBuinn

Bigmasy i 4 mukiis TIIO; 3 - 6e3 Bignany i 6e3 THO; 4 - miciasa 24 roxun Bianamy i 8 mukmin
THO;

[IpoBesennit namMm aHa i3 pe3yabTaTiB JOCHKEeHb Ha CTYHMIHIACTY ITOB3Y-
vicTh 3pa3kiB LiF npu 300K nokazas, 1m0 jgedopMaliis TOB3YYOCTI Ha ITepexiIHIX
CTaJIisIX yeix 3pas3kiB (auB. puc. 1) miaKopoeThest JorapudMiTHOMY 3aKOHY:

e = aln(t) (1)

Jle o — JIesdKnii oCTifiHuiT KoedilieHT, piBHUIT TAHTEHCY KyTa HaXWJIy MpsiMOl B
koopauHaTax € — In(t) (puc. 4).

£, MR
0.75

i /< d
/7 )

1

7 75 s Int

Puc. 4: Sanexwuicts gedopmariii moB3ydocTi Ha nepexijiniit crajil 3paska LiF micisa momepe-
JIHBOTO BimaJry BIposioBxk 24 roaus i 8 mukiaiB nojgasibinoro TILO Big morapudma gacy.
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3a OTpUMAHUMEI HAME eKCIIepUMeHTaIbHUME Janumu (puc. 1-4) Gy Bu3Ha-
JeHi akTUBAIHI apaMeTpu JiorapudMidHOT MoB3ydocTi (akTuBaliiinmii o6’em V/
i eneprito akrusanii H ). Jlis mporo BukopucroByBasucs Bigomi [10] criBsimgHo-
menng Mixk €, V', H 1 a:

kT
o= (2)
e h — koedinieHT 3MIITHEHHS,
Ao do
h= lim — = —
A}-glo Ae  de’
kT
V=—
ah’
ne k — crana boabimana,
H = Vhe. (3)

Y HamoMy BHIAJKY Jjisi [OYATKOBOTO 3paska (0e3 momepejiHix Bigmaay i
TIO) V = 1,110 Y¥em®, H = 0,199 »B. [lns 3pa3kis, M0 TPOHILIN IO-
nepejuiit Bigmaa i THO akrusariiini mapamerpu JiorapudMidHol 1mo3ydocTti V'
i H 30UIbIIyIOTHCS B MOPIBHSIHHI 3 1OYaTKOBUM 3paskoM. OueBHJIHO, 31 3MiHOIO
MITBHOCTI JIUCIOKAI p BIAIOBIIHO 3MiHIOIOTHC 1 apamerpu d i [ (jiamerp
00J1acTi, Jie BiJlOyBaeThCs TepMidHa aKTUBAallisl, 1 cepejiHsl BiJIcTaHb MiXK JINC/IOKA-
IisIMIT), 10 1 TPU3BOJUTE [0 criocTepexkyBanux 3min V' i H . MabyTb, Beuauny
[I0YaTKOBOI I'yCTUHU JINCJOKAIII B HAIUX yMOBaX MOXKHA 3B’s13aTH 3 TOYKOIO A
Ha mpasiit rimi Bigomol [11] kpusol Bousapa-Oinra, 1m0 BijjoOparkae 3a/1€2KHICTH
MIIHOCTI KPUCTA/IB BiJ| MLILHOCTI Juc/I0Kaniil B HuX (puc. 5).

AK BUJIHO 3 TPUBEJIEHOI KPUBOI, TTOIIEPE/IHIM BiITal i TepMOIMKIYBAHHS MO-
JKyTh PyXaTH IJ0 TOUKY sIK BJIIBO, TaK i BIpaBo Ha KpuBiit Bousapa-Ouinra, 1o
i criocrepiraeTbest B HAIMX JIOCHAKeHHsIX (fuB. puc 1-3). 3 oTpuMaHUX eKcIie-
PUMEHTAJIbHO 3HAYEHb aKTUBAIITHIX [TapaMeTpiB, 0YeBUIHO, MOXKHA 3POOUTH BU-
CHOBOK, III0 y pa3i KpucraJjiB LiF, ocHOBHUM MexaHi3MOM, KOHTPOJIIOIOYUIM IIBH/I-
KiCTh pyXy aucjokariit B xoji mos3ydocti npu 1" = 300K | € mexanizm Ilaitepiica-
Habappo (meperutna Mojieb pyXy JAUCIOKAIiHOrO cermenty) [12].

Ax BugaHo 3 puc. 11 3, yci Kpusi crymindyacTol moB3yvocTi 3pa3kiB LiF Ho-
cATh Jorapudmivnnii xapakrep. [Ipndomy 31 30L1bIIeHHAM YHCIa CTyleHell Ha-
BaHTaykeHHss Ao Beamunna jedopmarnil Ha mepexigniil crafil mo3ydocti (K i
BeJIndnHa cTpubka jgedopmariil) 3MeHITYEThCst. BiimosigHo 31 3011bIeHHIM -

do
| | o et
MIBUJIKICTH MMOB3YyYOCTI Ha IepexiiHiil cTajil 3 JacoM 3MEeHIIYEThCH, K 1 b

ciaa cryneHeil HaBaHTaxkeHHa Ao 3pocrae KoedillieHT 3MilHeHHsT h =

HICTH JUCIOKaliil B KpucTaiax. JInnaMika BKazaHOTO MPOIECY MATBEPIKYETHCS
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i anasizom Bijgomoro |10| piBHSIHHST JIsT IIBUIKOCTI JIOrapuOMIdHOT TTOB3YTOCTi:

d s
= = At (4)

ne: A — nedka crasa, a H — eHepris akTuBallil 1OB3y4OCTi.

oreor (Fe)

3500 4

1300+ HEK (Fe)

"j‘{’} PEATTBHA
\ MILHICTD
\ MATEPIATTY
\
.II'|.. o
L RN R DR SRS RT RO - c AL
3[]0 __"""'-'\" ----------------------------------- : H']|ﬂE¢|
\ 3MILH.  T.O.
JIETTIP.
20} :
) MOHO : ITOJIKPIICT.
L i - : T—— i i »>
100 A 10% 0% 1
Pree

cM”

Puc. 5: Kpusa Bousapa-Ouinra (KpuBa 3aj1€2KHOCTI MIIHOCTI KPUCTAJIB BiJl TYCTUHU JIUCJIO-
Kalliii B HIX)

Y HAIUX eKClIepuMeHTaX T'eHepyBaHHS HOBUX JUCOKAIll B ITPOIEC TMOB3Y-
YOCT1 He BUSBJIEHE, CIIOCTePIraBcs JesdKuil 1epepo3Io/i 1 3MeHIIeHHs 1JIbHOCTI
oYaTKOBUX Aucaokariil. Or:xe, jjorapudmiuna cTyniHIacTa I0B3YYicTh BigOyBa-
Jacs B 30mi il dizndunoro Mexanismy BucHazkenns juciokariit [10]. Smenensa
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ITBUJIKOCTI MTOB3YYOCTI Ha MEPEeXiHiil cTalil KOyKHOTO CTYIIeHd 1 301/bIIIeHHS KO-
edinienra 3minHennst h 1noB’s3ane (K BUIINBa€e 3 piBHsiHHS (4)) 31 3pOCTAHHSIM
eneprii akTupaiii A B mporeci moB3ydocTi Ha nepeximniit crazii. [Ipmaomy, gepes
HasgBHICTH Bijgomoro [10] crekTpy posmojiny aucaokariil 3a HapyraMu aKTHBa-
Iil, B MEpIIy 4Yepry pyXaloThCs JUCIOKAIII, 0 MaloTh HAHOLIBINT HU3LKY Halpy-
I'y akTHUBaIlil cTtapTy. 3 i€l TPUIMHU HAIpyTra aKTHBAIil cTapTy JUCIOKAIiil B
IIPOIIEC] MOB3YYOCTI 3 YaCOM 301IBIMYETHCH, MBUJKICTD MOB3YYOCTI 3MEHITYETHCH,
MaTepias 3MIIHIOETHCsT. AJte Ha BiIMIHY BiJl 3BUYaiiHOrO HaKJemy (3MilHEeHHsT 3a
PaxyHOK 30LIbIIEHHST TIIHBHOCTI AeeKTiB B KPUCTATIYHIX MaTepiagax) mpu CTy-
HiHYacTiil JJorapndMidHiit TOB3y40CTi B 30HI il (DI3UIHOTO MEXaHi3My BUCHAYKCH-
H¢l JIUCJIOKAIllN OJITHOYACHO ITOBUHHI IIBUIILyBaTUCS He JIUIIe MEXaHIYH1, aJie 1 1HIII1
dbisnuni BracTuBocTi Marepiasiip (eseKTpudHI, ONTHIHI 1 iH.) BHACIIIOK 3HATHOT
3aJIE2KHOCT1 OCTAHHIX Bifi Mipn JiepeKTHOCTI cTpyKTypu. Lle miarsepaKyeThed iy
psizii paHinie mpoBeJieHNX HaMu JocTiKerb [10], y ToMmy [ducsi Ha MeTasax, Ha-
HiBIPOBIIHUKAX, JIY?KHO-TaJIOIIHIX KpUCTaIax. 30KpeMa, 3aCTOCOBYIOUHN CTYIIiH-
4JacTy JiorapuMiuHy IOB3Y4iCTb B 30HI Jil (PIZBUYHOIO MEXaHi3My BHCHAXKEHHSI
JIMCJIOKAITINT MOXKHA 3HAYHO IOJIMIIIUTH Pa3oM 3 MeXaHIYHUMU 1 ONTHUYHI BJIACTH-
BOCTI MOHOKpHucTaiB LiF, siKi Mupoko 3acToCOBYIOTHCS B ONTHUIL IH(DPAIepPBOHOIO
mianasony [13]. 3okpema, npu BUBejIEHH] Ha OPOITY KOCMIUHUX TEJIECKOIIB 3 OIITH-
KOIO iH(padepBoHOTO Mianaszony Ha LiF Bunukaiors TepMmivni nepenajiu, ki mpu-
3BOJIATE J0 MIABUINEHHS MIJAbHOCTI aucaokariil B LiF, 1 BiAIOBIIHO 10 3HMYKEHHSI
ONTHYHUX HapameTpis [4].

3acTocyBaHHsSI BKa3aHOI BUIIE METOJUKN CTYIIHIACTOI JIOTaprPMidHOT ITOB3Y-
YOCTI B PeKUMI BUCHAYKEHHSI JUCJIOKAIIil, JO3BOJISIOTH 1 B I[bOMY BUIIAJIKY OTPU-
MaTH HO3UTUBHUN e(eKT.

Bucaosknu

1.V pociimpkeHHsax, MpoeJennx Ha MoHokpuctasax LiF, Bcranoseno, 1o
TOTIepEeTHIN Bijila pi3HOI TPUBAJIOCTI 1 MOJIAIbIIe TePMOIUK/IYBAHHS (/0 TTOSIBH
HOBUX OJIMHUYHUX JIUCJIOKAIllil 1 MOCTIiHUM TeMIepaTypHUM IHTepBaJaM TepMO-
UKJIA) ICTOTHO BIUIMBAIOTH Ha CTYTHYACTY Jorapudmiany no3ydicts mpu 300K
B 30HI /il PI3UYHOTO MeXaHi3My BHCHaXKEHHs JUCJOKAI 3a/1e2KHO BiJI IIIJIbHO-
cTi guesokariit. B mporeci Takol oB3ydocTi MaTepiaj 3MIIHIOETHCS 3a PaxyHOK
3MEHIIEeHHs I1JILHOCTI JIMCJI0KAIIA.

2. 3a eKkclepuMeHTaJbHUMH JaHUMHU PO3paxOBaHI aKTHUBAIIiiHI mapaMeTpu
sorapudMidHOT OB3y4OCTi: aKTUBALLHIIT 06’eM 1 eHeprist akTuBaii. [x BesmumnHa
JIO3BOJISIE 3pOOUTHU BUCHOBOK ITPO T€, IO OCHOBHUM MEXaHI3MOM, KOHTPOJIOIOUNM
MBUJIKICTD pyxy auciokariit 8 LiF B mponeci moszydocti npu 300K € mexanizm
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[Taitepsica-Habappo (mepernana Moesib pyxXy JAUCTOKAIIHHOIO CEIMEHTY ).

3. llpakTnuna Bak/JMBICTH IPOBEIEHUX JOCJIJIZKEHD II0JIATa€ B TOMY, 110 B

YMOBaxX TpHUBaJIOI'O HaBaHTazKCHHA IIPalllOI0Th ,ZLeTaJIi Cy49aCHUMX Malll1H, MeXaHi-

3MiB 1 TIpUCTPOIB (JIOMATKN aBiamiiiHux ra30TypOIHHUX JIBUTYHIB, BAJU BEPCTa-

TiB TapsiI0l MPOKATKH, MmTaMiy Ta if.). OTpuMani pe3yibraTn HeOOXiHO TAKOK

BPaxOBYBATU TPU PO3POOINl TEXHOJIOTIH OTpUMAHHS KPUCTAJITHIUX MaTepiasiiB 3

i IBUIIEHIM KOMILIEKCOM (PI3MIHUX BJIACTUBOCTEl, sIKi BUKOPUCTOBYIOTHCA B CY-

YacHIl TeXHII, 30KpeMa B HaIlIBIIPOBIIHUKOBUX IIPUIAJIaX, ONTUYHUX ITPUCTPOAX

iH(padepBOHOTO JialTa30Hy 1 THITIX.
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NCCJIEJOBAHUVE CBOPAYVIBAHUA AJIB®A-CIIMPAJIBHOI'O
BEJIKA METOJOM VIIPABJISEMOI MOJIEKYJ/JIAPHON
JMNMHAMUKN.

B pabote ucciaenoBamch mporecchl pa3BopavuBaHus U CBOPAYMBAHUSA MOJIEKYJIbI HEOOJIBITIONO
aJTbda-CIupabHOro 6€/IKa METOJIOM YIIPAB/IAeMON MOJICKY/IIPHON TUHAMUKU, KOMITBIOTEPHBIM
aHAJIOIOM aTOMHOI CHJIOBOIT MEUKpocKonuu. [loyrydennbie JanHble MMO3BOJISIOT TIPEJJIOXKUTH CJIe-
JIVIOIIYIO TI0CJIE/I0BaTEIbHOCTD coObITHI. Ha HavabHOM STare caMocOOpKU CIIMPaJIbHOM CTPYK-
TYPBI TPATUTCA OTHOCUTEIHLHO OOJIBIIOE BpeMsl Ha WHHUITHAIUIO CIIUPAJIU, [OABICHAE €€ «3apo-
JIBIIIIEI», 3aTeM CJIEJIYIOT CPABHUTEIHLHO OBICTPBIE ITPOIECCHl 00PA30BaHUs CITUPAJIH, CJIETY IO
TpeTuii Sram — JIJIUTEeJbHBIN ITONCK KOHEYHON KOH(OpMAIUN OesIKa.

KirodeBbie ciioBa: JuHamMuka MOAEKYADL Deka, CE0PAMUBAHUE OEAKA, KOMMBIOMEPHOE
MOJeAUPOBAHUE.

OJ1Ha U3 caMbIX HHTEPECHBIX MTPOOJIEM MOJIEKY/ISIpHOiT Onodusnku — mpobJiema
caMOCOOPKH (CaMOITPOU3BOJIBHOIO CBOpaunBaHus) OeTKoB. B muonepckux paborax
Anduncena [1] ynocroenubix B 1972 rogy HobesieBckoit mpemun, ObLI0 JOKA3aHO
9T0 KOHeUHast KoHpopMalyst 6eka (puOyHOK/Iea3bl) OMPEIeisieTCst ero mepBid-
HOM XUMHYECKON CTPYKTYPOH W YTO IPOIECC caMOCOOPKHU TOJTHOCTBIO OOpPaTHUM.
Takasi 06paTUMOCTD MO3BOJINIA PA3BEPHYTH B MOC/IE/IYIOIIIE TOIbI UCCIIEI0BAHIS
MHOI'UMHU (PU3TIECKIMU METOJaMI BO MHOI'UX Hay4HBIX KoJLIeKThBax. Hecmorps
Ha BCE YCHUJIHSI, KOJMIECTBO BOIIPOCOB 110 MEXaHU3MY CaMOCOOPKU CKOpee BO3pac-
TaeT, YeM yMeHbInaercs. HekoTopble, panee HesiCHbIE 3aKOHOMEPHOCTHU IIPOIIECCA
caMOCOOPKH XOPOIIIO YK€ BbISICHEHBI, HO IIPU 9TOM IOsSIBJIAIOTCSA BCE HOBBIE M HO-
BbI€ BOIIPOCHI, OTHOCAINNE K JETaJIIM MEXaHI3MOB CBOPAUMBAHUSI, Pa3BOpadnBa-
HUsI U JIMHAMUYECKOH cTadbuIn3alli KOHEYHOM HATHUBHON CTPYKTYPhI MOJIEKYJIbI.
B gacTHOCTH HET SICHOIO IIOHUMAHUSI OT Y€r0 3aBUCUT CKOPOCTH CBOPAYHMBAHIS MO-
JIeKyJIbl. [ HeKOTOPBIX OEJIKOB 9TOT MPOIECC MPOUCXOIUT 38 BpEMeEHa MOPsIKa
MUKPOCEKYH/I, JIJIsI JIPYTUX — 9TH BpeMeHa JieXKaT B MUJIJIMCEKYHTHOM JIHalla30He.
st HabuttoieHnsT 38 TaKIME IIPOIECCAMI MCIIOIB3YIOTCSI, KaK IIPABIIO, METOIbI
HCCJIe/IOBAHUS, JIAIOINe MHTEI'PaJIbHbIE XapaKTePUCTUKI MOJIEKYJI B 0Opa3Iie, T.e.
U3MEPSIIOTCs ITapaMeTphbl, YCPe HeHHbIe 110 0YeHb OOJIBIITIM aHCaMOJISIM MOJIEKYJI
B 00pasiie (CTaTHCTHIeCKNe 3aKOHOMEPHOCTH ).
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B Teuyenne nocsieHUX JIeT Bce O60JIbIIIee BHUMAaHUE UCCIEI0BATEIE TPUBIIEKa-
10T METO/IbI, TTO3BOJISAIONTNE HAO/IIOIATH OTAETLHYIO MOJIEKYJITY, BO3/IeiCTBOBATD Ha
Hee Pa3/InIHBIMU CII0CO0aMU U U3YYaTh OTKJIMK MOJIEKYJ/IbI Ha TaK1e BO31eiiCTBHSI.
OjuH U3 TakuxX MeTo0B mosiBuics okosio 20 jer Hasajg — Amomnas Cunosas
Muxpocronus (ACM). B sTom MeTojie MOZKHO KOHTPOJNPOBATE CIUTBI B3aUMO/IETi-
CTBUIT MEKJTy UCCJIeyeMbIM 00pa3IOM U 30HJIOM Ha, PACCTOSTHUSAX 0 HECKOJIHLKIX
JIeCITKOB aHrcTpeM. K HacTosIeMy BpeMeHU MeTOJI YCIIEITHO IIPUMEHSAeTCs JIJIsI
HCesIeIoBaHusT OMOJIOTHYeCKIX MAaKpPOMOJIeKy./1. B ojHoit 3 nepsbix pabor [2|, ne-
nosib3ytomux Metrox ACM jyis mccelie/loBaHus Mpolecca pa3BopadnBaHus OeJKa,
aBTOPaM yJIaJI0Ch IOJIyINTh MHTEPECHbIE JJaHHbIe O MeXaHMIeCKIX CBOMCTBAX MO-
JIEKYJIbI TUTQHTCKOI'O MBIIIIEYHOI'0 OeJIKa TUTHHA. B TedeHue 1mocjeiHero aecaTuie-
Tusi Bo3aMozkHocTH MeToga ACM 3aMeTHO pacHupuInch, B 9aCTHOCTH CyIIEeCTBEH-
HO BO3POC/Ia TOUYHOCTL m3Mepennit. [lapaaiesbno ¢ 9TuM MeTOI0M Pa3sBUBAJINCH
METO/Ibl KOMITBIOTEPHOI'O MOJIEJINPOBAHUS JUHAMUKN MOJIEKY/IbI, KOTOPYIO IOIBEP-
raloT MexaHn4deckoMmy BozjieiicTBuio. [Iporeaypa KOMIIbIOTEPHOTO MOJIETMPOBAHIA
HOCHUT HazBaHue Ynpasasemas Morexysapran Junamura (YM/L). B sroii pore-
JIype MOJIEIMPYeTCs JIMHAMIKa MOJIEKYJIbl B YCJIOBUSIX, KOI'/Ia OJIMH 13 €e aTOMOB
guKcupyercss B NPOCTPAHCTBE, a Ha JI00OM Jpyroil aToM JieficTByeT yIpaBJisie-
Mag cuja, pacTarubatoras Mojekysry. @akrudeckun Merojanka Y M/l mosHOCTHIO
MOJIETUPYET IMPOIECCHI, TTPOUCXOJIAINE ¢ 00pa3IOM B METO/e aTOMHOI CHJIOBOI
MUKPOCKOITHH.

Arropam paborsl [3] yaanoch mokasarb, uro Meton ACM MOXKHO HCIOJTB30-
BaThb HE TOJILKO JIJIsI PA3BOPAUYNBAHUsT MOJIEKYJIbI, HO JIJIsi KOHTPOJUPYEMOI'O CBO-
padnBaHmsI TOM »Ke MOJIeKyJIbl. B 9Toit MeToinKe i pa3sBopadruBaHUs MOJIEKYJIbI
UCIIOJIB3YeTCs pacTsruBatomast cuia nopsiaka 500 nH, a jurs 3amycka obpaTHOro
IpoIiecca PACTATUBAIONIYIO CUJIY YMEHBIITAI0T B HECKOJIBKO pa3, TaK 9YTOObI MOT
IPOUCXOJIUTD IIPOIECC CAaMOIIPONU3BOILHOIO CBOpAaunBaHus MOJIEKy bl [Ipu sTom
110/I00POM 3HAYEHUsI CHJIBI YJIAeTCsl 00eCIeYnTh JOCTATOYHO MeJJIEHHOE YMEHb-
IIEHUE JIJIMHBI BBITSHYTOI OEJIKOBOI IEIOUKHM, TT03BOJIAIOINIee HAOII0IaTh MIPOIECC
CBOpAYUBAHUS JTUHEIHON 1EIMOYKI B KOMIIAKTHYIO HATUBHYIO CTPYKTYPY B PeaJib-
HOM BPEMEHH.

B nannoit paboTe MbI IPUMEHIIN KOMIILIOTEPHBIII BapHAHT TOI »Ke MeTOIU-
KI, 9TO U aBTOPBI |3]| B peambHOM sKcrepuMenTe ¢ ucnojib3oBannem ACM. s
HAIUX UCC/Ie0Banmii ObLT BhIOpaH HeOoJIbINoN Gesok (ko Gesnka 1bdd), cocro-
amuit 13 60 aMIHOKHCJIOTHBIX OCTATKOB, MOJEKYJIAPHBIN Bec — 6738 danbromn.
Besiok npejcrapisieT coboit Tpu « -crmpasin, 00beIMHEHHBIX B OJIUH «IIydeK». Ha
puc.1 nokazan oot Bu1 3TOro OesKa, «-CliupaJjbHble YIaCTKHU IIOKa3aHbl B BIJIE
IITPOKUX JICHT, HECTPYKTYPUPOBAHHbBIE YIACTKU — B BUJI€ TOHKUX JIeHT. st mc-
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caepoBanmit metogom Y M /I ncronb3oBadics imbo Bech 610K, JIOO ero (pparMeHtT,
nosinnenTtuaaasd menb ¢ 40 mo 60 aMIHOKHUCIOTHBIIT OCTATOK — 9TO COOTBETCTBYET
a-crimpasin Ha C-koniie MojieKysbl. Ha prcynke Ha 9Toit 9acTn OeJiKa MOKa3aHbl
aroMbl C ' COOTBETCTBYIOMNX aMUHOKUCIOTHBIX OCTATKOB.

Puc. 1: Besnok 1bdd, npeacrapisiomuii «iyueks n3 Tpex ciupaJieil, K KOTOpoOMY IPUMEHSLICS

METOJI yIPaBJIAEMON MOJIEKYIApHO# auHamMukn. Ha cnumpajbHOM ydacTKe, KOTOPBIH I0JIBep-

rajicsd pacTATMBAHUIO, MMOKa3aH HenoaBMKHBIN atoM C o ocrarka Serd) m ympapjsieMblili aToM

Ca ocrarka Ala60. K nocieanemy ocraTky npujioxkeHa cuja F, HalpaB/ieHHas Kak ITOKa3a-

HO Ha pucyHke. Ha pucynke mokasanbl Takzke aToMbl C v aMUHOKHUCJIOTHBIX OCTATKOB, MEXKLy
KOTOPBIMU U3MEPSIINCh PACCTOAHUS, ITIOKAa3aHHbIE Ha PUC.2

s peanmsanum MeTo/1a KOMITBIOTEPHOTO MOJIEKYJIAPHO-TNHAMIYECKOTO MO-
JeJTUPOBaHNST MCIOJIb30BaIach mporpamma mojeuposanust NAMD [4]. s Bos-
JleficTBIIT Ha OEJIOK, TPUBOJIAIINX K HAPYIIIEHUAM €ro IPOCTPAHCTBEHHOM CTPYKTY-
PbI, UCIIOJIB30BAIN METOJIbl MEXaHNYIECKOT0 BO3AEHCTBUSA Ha MOJEKYJIbI — yIIPaB-
JIIEMYI0 MOJIEKYJISIpHYIO0 nuHaMuKy. [Iporenypa moAroToBKu MOJIEKYJIbl K KOM-
IBIOTEPHOMY MOJIEJTUPOBAHUIO JMHAMUKK ITPOBOJIMIACH 110 HaIleil cTaHapTHOI
meTojuke [5], B KOTOPOii MPUCYTCTBOBAIN CJIeJyIome 0bs3aTe/IbHble TPOIETy-
pbI: pacTBOpEHME B BOJIe, NPUBEJIEHNE B pPABHOBECHE CHUCTEMbBI OETOK-BOJA IMPH
HOPMAJIbHBIX YCJIOBUSX (TeMIepaType U JIaBJICHNN ).

B namux uccjaeoBaHUAX OBIIO BBIIOJHEHO HECKOJIBKO CEepHil CUMYJIATIHIT,
KayKjias X KOTOPBLIX COCTOsJIa W3 JBYX dacTeil. B mepBoil 4acTum KaxKjoil cu-
MYJISIIIN OEJTOK MK ero (hparMeHT PACTATUBAN C 33[aHHOI cuiioii (Kak mpaBu-
710, 500 mH). B nocemytormeit cuMysimn ciuty yMeHbIIa I He MeHee, 9eM B 10
pas3, B HEKOTOPBIX CJIyYasdX 3Ta CHUJa MOJHOCTBIO yeTpandiach. [lepsas yacTh Ta-
KUX CUMYJISIUN TPUBO/INIA K PA3BOPAYMBAHUIO OEIKA, 38 CUET ero MexXaHnIecKo-

Bumyck N2, 2012 111



dDizuka

ro pacTdaruBanust. Bo BTOPOil 9acTw CUMYJISIUN MOJIEKYJIa UMeJia BO3MOYKHOCTD
BEPHYTBHCS B UCXOHOE COCTOSHUE, ITPUOOPECTU TIEPBOHAYAIBHYIO TPOCTPAHCTBEH-
HYIO CTPYKTYpy. Takum oOpas3oM, BTOpasi 4acTh HAIINX CUMYJISIINI ObLIa IIpu3Ba-
Ha MOJICJINPOBATDH ITPOIIECC CBOPAYNBAHUS MOJIEKYJIbI, €6 CAMOCOOPKY B YCJIOBHUSIX
MaKCUMaJILHO MPUOJIMZKEHHBIX K €CTeCTBEHHBIM YCJIOBUAM, BOCIIPOU3BOIUMBIM B
npobupke. [uTe/IbHOCTH BTOPOil YaCTH CUMYJISIUN OBLIM Ha MOPSAJIOK JOJIbIIIE,
JeM JJIUTEIbHOCTD MePBON JacTh CUMYIAnn. Ecim mepBasdg 9acTb BBITOJHAIACD
3a HECKOJIbKO YaCcOB PeasIbHOr0 BpeMeHHU pabOThl KOMIIbIOTEpPa, TO BTOPas 4acThb
IIPOJI0J/IZKAJIACh HECKOJILKO CYTOK.

B pesysibrare TaKux SKCHEPUMEHTOB MbI OOHAPYKUIN, YTO €CJIi OEJT0OK WIN
€ro CIUpaJIbHbIN (parMeHT MOJHOCTBIO BBITSATUBACTCS B JIMHEHHYIO IIEIIOYKY, TO
3a BpeMs nopsjika 10 HC He yjaeTcsd Ha0J10/IaTh CKOJIbLKO-HUOY/Ib 3aMETHOI'O BO3-
BpaTa K crupasibHOil cTpykType. OTCIola ¢j1e/loBajIo, 9TO HEOOXOAUMO JIN0O 3a~
METHO YBEJMIUBATD JIJINTETHLHOCTE HAOIONCHUA, UTO JOJZKHO TPUBOJINTE K YBe-
JINYEHUIO JJINTEJBHOCTH CUMYJISIIUN, JINOO KAKMM-TO 00pa30M U3MEHUTH IE€PBYIO
4acTh SKCIEpUMeHTa (pacTsruBaHue MoJjieKy/ibl). Hanbosee yuadnbiMu jijist Ha-
MUX CUMYJIATII OKa3aJnch cjefytonue ycaosud. [Ipornenype passopadnBanms
IojIBeprajach He Bcsd MOJIEKYJa, a TOJIbKO ee dacThb. Ha pmnc.l 3Ta 9acThb cooT-
BeTcTByeT ydacTKy Ha C-KOHIE MOJHUIENTHIHON HMENOuYKN MOJEeKy/abl oT Serd()
(bukcupoBanHbIii, HeMOABIZKHBIH aToM ajibda-yriepoga) 1o Ala60 (ymnpasiise-
MBIt aroM asibda-yriepoja). U3 pucyHka BUIHO, 9TO HAa 9TOM yYaCTKE HMEETCs
Tpu crmpasbbix BuTKa (Alad3-AladT7), (Alad7-Lys51l) u (Lysb1l-Alabb). Suauenne
CUJIbI, KOTOPYIO MBI ITPUKJIAIBIBAIN K yIIpaBseMoMy aTomy cocTtassiio H00 mH
(mukoHbtoToH). PacrsruBanne mpoBomin He J0 OJHOTO Pa3BOPAYNBAHUST ITOIO
yJacTKa, & JI0 MePBBIX MPU3HAKOB UCUE3HOBEHUS CIUPAJILHON CTPYKTYPHI.

Ha puc.2 M0OXKHO BHJETH HEKOTOPHIE PE3YJIbTATHI OJIHOTO U3 TaKUX SKCIIEe-
puMenToB. B Tedenme mepBbix H00 MUKOCEKYH] IMTPOUCXOINIO pa3BOpPAUNBAHIE
YKa3aHHOI'O y4aCTKa MOJIEKYJIbI, IIPU 9TOM PACCTOSHHS MEXKJIy aToOMaMu ajibda-
yrjiepojia KaKJIoro BUTKa CIUPAJIN YBEJININBaJIOCh OT 6 A Jio 12 A. urepecno,
yto u3 H00 11Cc MOYTH IOJIHOE pa3BOpavMBaHUE BUTKOB CIUPAJIM ITPOUCXONIO 38
nepsbie 50 ¢ 3aTeM BeCh PACTATUBAEMBbII yIaCTOK MEJICHHO UCIBITHIBAJT HEOOJIb-
11oe JIOTIOJTHUTE/IbHOE yIJINHeHne. 3aTeM MPUIoyKeHHas CIUIa YMeHbInaaach 10 H0
nH u nponoszkaioch HabJIOJcHNE 3a MOJIeKyJs0ii. I3 pucyHka 2 BUJHO, YTO B
npejacrapaennom skciepuMmente B Tevenne 1000-1500 nmukocexkyng 2-it u 3-it BUT-
KU CIIAPAJIN BO3BPAIIAJIICEH MPAKTUIECKH K HCXOIHOMY BUJLY, a 1-if BUTOK (IIpaBblii
BepxHUil rpaduk) BOCCTAHABINBAJICS JI0 HECKOJBKO PACTAHYTOrO cocrostHust (10
A Bmecto 6 A) Habmoienue 3a tem ke mporeccoM B Tedenne 10 He (Ha pucyHKe
MOKA3aHbI [IePBbIe 4 HC) He MPUBEJIO K MOSBJICHUIO0 KAKIX-TI00 HOBBIX TEHIEHIIHII.
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Puc. 2: BaBucumoctn OT BpeMeHH PACCTOSHHI Mexk7Iy mnapamu aromMoB Ca COOTBETCTBYIO-

[UX aMUHOKHUCJIOTHBIX OCTATKOB B IPOIECCE YIIPABJISIEMOl MOJIEKYJISIDHOM JUHAMUKA. Bepx-

Huit jeBwrit rpaduk — Alad3-Alabb, Bepxuuii npassiit rpaduk — Alad3-Alad7, HuKHWiT JeBbIT —
Alad7-Lysb1, auxamit npasbiit — Lysb1-Alabb.

3aMeTHM, UTO €CIM B aHAJOIMYHOM 3JKCIEDUMEHTE MOJIEKYJy DPacTsIUBaJII
TAK, 4TO pacCTOsHus Mexkiy atomamu Ca BHTKA yBeImamBaioch He 10 12 A,
a 1o 14 A, mpomece caMocGOPKH CIMPATIBHOIO YUACTKA PE3KO 3aMeyisics. B
HAIINX HaOJIOeHNAX B TedeHne 10 HC IPU3HAKN OTJIENBbHBIX BUTKOB CIIHPAJIN
HOABJISLINCh, OJHAKO, IIpoliecc COOPKM BCEX BUTKOB CIHUPAJIN B TeUEHHUE HAIIErO
BpPeMEHH CUMYJIAIMN HaM He yaajoch HadsogaTh. KoJsmdecTBeHHON XapaKTepu-
CTHKOIl cOOPKHM BUTKOB CHHPAJN MOTYT CJIy’KHTbH cjejylomue gaHuble. [lepsbrit
BuToK (Alad3-Alad7) ocrapascs pacramyTei 10 14 A B Teuenue Bcero Haero
Bpemenn nabsmosenus, 1 2-ro (Alad7-Lysbl) n 3-ro (Lysb1-Alabb) BuTtka gepes
2 me 14 A yMeHbIIumch 10 10 Au Jlajiee M3MEeHEeHUT Mbl He HaOJIIOIAJIN.

Harmm pe3ysnbTaTsl O3BOJIOT 3aK/II0UYNATD, YTO B IIPOIIECCE TPOTEKAHNST CAMO-
cOopkn OeJika, J1azke TAKOI'O IIPOCTOrO, KaK «Iy4eK» U3 TpexX clupaJieil, nCcIob-
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30BaHHbIIl B Haleil paboTe, Ha MEPBOM dTalle JOJIZKHBI OSBUTHCS «3aPOIbIIIIITY
BTOPUYHOI CTPYKTYpbl. B ganHom ciydae, 370 (pparMeHThl CIUPAJIbHBIX yIACT-
KoB. [loc/ie TosiBJIeHNsT TAKIX «3aPOJIbIIIIEli», MPOIecC yIOpsI0INBaHusA 1 00pa30-
BaHs1 OOJIBIINX YIACTKOB KOHEUHOI CTPYKTYPBI (B JIAHHOM CJIydae — CIIIPAJTLHOTO
yaacTka Mexkay 40-M 1 60-M aMUHOKHUCTIOTHBIMU OCTATKAMIE) MPOUCXOIUT CyIIe-
cTBeHHO ObicTpee. Ha cieyrorem stare, TpedyoIeM JOTOJTHUTE/ILHOINO BPEMEHH,
cIpaJibHble YIacTKN JOZKHBI HAlTH KOHEUHYT0, YHUKAJILHYTIO KOH(OPMAIIIIO, 3a-
BepIIaoNyo caMocOopky Oeska. [lo-Bujgmmomy /it MHUIMAIUN CIIUPAJIU, TTOSB-
JIEHUSI «3apo/Iblliieiis, TpebyeTcs mpeojioJieHne aKTUBAIIMOHHOTO Oaphepa U MOTO-
My oOpazoBaHme MEpPBOTO BUTKa CIUpaIn TpeOyeT MHOTO OOJIbIle BPEMEHU, TeM
ee TOC/Ie/IyIolIee VI TMHEHNe ellie Ha OJUH BUTOK.

MOo2KHO HPEe/III0JI0KUTD, UTO 0] «3aPOJIBIIIAMIY CJICAYET IIOHUMATH COJTIZKE-
HUE COOTBETCTBYIONINX MOJIEKYJ/ISIPHBIX I'PYIIIT Ha Ollpe/ie/ieHHbIe paccTosgHns. CKo-
pee BCEro 3TO PACCTOSAHUS TPHW KOTOPBIX HAYMHAIOT MPOSBISATHCS BOJOPOIHBIE
CBst31. XOPOIIO W3BECTHO, YTO MMEHHO BOJIOPOJIHBIE CBSI3M SIBJISIIOTCS OIPEJIEIs-
IONIUMU JIJIsT CO3JIAaHUST U CTabUIu3alun < -crupaJieil. B namem ciydae Takmum
paccrosiinem 6bu10 12 A Mezk1y aroMamn abha-yriaepoia TeX MOJIEKYJIAPHBIX
I'PYIII, KOTOPbIE CIIOCOOHBI 00pPa30BaTh BUTOK CIIHPAJIH.
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BNKOPUCTAHHSA KOMITAKTHUX JIIOMIHECIHEHTHUX
JIAMII JJIA TPAAYIOBAHHA MOHOXPOMATOPA

[IpoBesieno MOpIBHSIBLHUN aHAI3 JYTOBUX PTYTHUX JIAMIT HAJIBUCOKOT'O THCKY 1 KOMITAKTHHUX

JIIOMIHECITEHTHUX JIaMIl. BusBjieHi nepeBarn KOMIIAKTHUX JTIOMIHECIIEHTHUX JIAMIT JJO3BOJIAIOTH

BUKOPUCTOBYBATH 1X JIjIsI BUKOHAHHS J1a00OPATOPHUX POOIT 3 Pizuku y Bumrax ta 3OIII.
KarogoBi caoBa: cnekmp, 2padyrosanms, MOHOTDOMAMOD, AOMIHECUEHMHE AAMNG.

Bceryn

[IporpayoBaTit MOHOXPOMATOD — I1e O3HAYAE KOXKHOMY MOKA3HUKOBI (v (BijI-
HOCHI TIOJIIIKK — Tpajycn) Ha IKaal ObapabaHy NpUIay MOCTABUTH Y BiJIOBIJI-
HICTDb JIOBXKUHY XBUJII BUIIPOMIHIOBAHHSI A . 3a3BUUail 110 BiIIOBIIHICTH yCTaHOB-
JIOIOTH Y BUDJIsLI rpadika dyHKIIoHATBHOT 3amexkHocTi A = f(a) .

s rpagytoBaHHS BUKOPHUCTOBYIOTH JIZKEpesa, B CIHEKTPl SIKUX JOBKUHU
XBIIb JIoOpe BijioMi. JIo Takux JizKepes HajeykaTh ra30po3psi/iHi TPYyOKN HaloB-
HeHl BOJHEM, Ta iHepTHHMHU rasamu (resiem, HeonoMm Ta iH.). Ta Ha#bGlibrmii
CIIEKTpaJbHUI Jliala30H OXOILIIOIOTH PTYTHO-KBAPIOBI JaMiu. Lle moryzkmi 1xKe-
peJia cBiT/ia. BuiipoMiHIOBaHHS JIaMII Mag€ JIIHITYaTHl ClIeKTp 3 Oe3repepBHUM (o-
HOM. [X BUKOPUCTOBYIOTH Y PI3HUX ONTUYHIX IPHUIAIAX [l OTPUMAHHS BY3bKOIO
ImydKa CBITJIa BeJMKOl iHTeHcuBHOCTI. [le mo3Bosisge obuparn 6itblie gcKpaBuXx Ji-
HIil B CIIEKTP1 BUIIPOMIHIOBaAHHS IIPU I'PaIylOBaHHI MOHOXPOMATOPA.

3a paJisiHCbKUX daciB MoHOXpoMmaTopu ¥ M-2 RN y KOMILIEKTI 3 pTYTHO-
KBapIloBOIO KyJboBoio Jiammoto JIPIIT-250. Ilyabr »Kusjienns monoxpomMaTopa
YM -2 zabe3neaye HopMabHy podboTy Takol jJammu. Ha nepesniit manesi mybTa
KpIM BUMHUKAYIB MeperKi KUBJIEHHs Ta JaMIIM PO3zKapiOBaHHS, € TaKOXK ITYCKOBa
KHOIIK& Ta BUMUKAY PTYTHOI JIAMIIN.

Jlammn JIPTIT — 1me mayroBi pTyTHI JlaMI HAIBUCOKOTO THUCKY 3 MPUPOIHUM
OXOJIOJIZKeHHAM. MaloTh KysasgcTy hopMy 1 JaloTh CHIbHE YabTpadioseToBe BH-
npoMiHioBaHHsA. ToMmy, IpU KOPUCTYBAHHI JIAMIIOI0, MalOTh OYyTH BXKUTI 3aX0JIN
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JUUTSl 3aXUCTY JIOCIIHUKIB BiJT /i1 TIOTY>KHOTO YJIBTpadio/IeTOBOr0 BUITPOMIHIOBaH-
Hsl JIAMIIM, 9Ke HaJI3BUUaiiHo Hebe3leuHe — BUKINKAE HE3BOPOTHI IOIIKOIKEHHSI
30Dy, CUJIbHI OIIKM Ha HIKIPi, & 030H, 10 BUJLISETbCS IIPU POOOTI, MA€ TOKCHIHY
gito. ITig uac poboTu B amIi po3BuBaeThed THCK mona 10° H / M , TOMY PTYTHO-
KBapIOBa JaMIla 3aKPUTa 3aXUCHUM METAJEBUM KOXKYXOM 1 IOBOJIMTUCS 3 HEIO
cJIi1 00epexKHO, 1100 MIpalfo0yi IoO/IN3Y JaMId Oyl 3aXUIlNeH] Bij IMonaj aHHs B
KOYK, TPUBAJNI 9ac posropanHst (2 =+ 5XB.) 1 OXOJIOJZKEHHs IIC/IsS BUMKHEHHST
7uist moBTopHoro 3anasmoBanis (10 + 15xs.) [1]. [lorpibna migsuimena Hanpyra
st mignasy. Came 1 HEJOMIKKM YCKJIaIHIOIOTh 3acTtocyBanns Jjamn JIPII s
BUKOHAHHS JIaOOPATOPHUX POOIT 3 PI3UKKM y BUIIAX Ta 3araJbHOOCBITHIX IIKOJIAX

(301I).

OcHOBHA 4YaCTHUHA

Ak BijoMoO, mapu pryTi MicTAThC 1 B moMmirectienTHIX Jammax (JLJT), ame i
3HAYHO MEHINNM THCKOM. Ha BHYTPINIHIO TOBEPXHIO JIaMITH HAHECEHUIT TI1ap JIIOMi-
Hodopa, KWl IepeTBOPIoE yabTpadioseToBe BUPOMIHIOBAHHS PTYTI y BUJINME.
CyuacHa TPOMECJIOBICTE BUTOTOBJIsAE KoMmmakTHi JjitoMinectienti samrm (KJLT),
sIKI MAIOTh BUTHYTY (pOPMY KOJIOH, IO J03BOJISIE€ POZMICTUTH JIAMITY Y CBITU/ILHU-
Ky MEHIINX PO3MIpiB i3 cTaHIapTHUM MOOYTOBUM ITATPOHOM. ¥ KOJ6aX CydacHUX
KJLJI BMiCcT BITbHOI PTYTI 3HMZKEHO B¥Ke 70 O -~ 7 MI' Ha JIAMITYy CEPEeHBOI TO0-
TY’KHOCTI (& B JIeSIKUX THUIIAX aMaJbraMHUX KOMIAKTHUX JIOMIHECIIEHTHUX JIAMII
PTYTI B YUCTOMY BUTJISIII MPAKTUIHO HEMAE — BOHA 3HAXOJUTHCA Y 3B A3aHOMY
cTaHi , KOJIN JJaMIia BIMKHeHa) [2].

Bukopucrantst 3aMicTh 9ncTOl PTYTI BHCOKOTEMIIEPATYDHUX amaJjbram (Ha
ocuoBi C'd i In) n03BoJIste 3a0e3METNTH ONTUMAJBHIUT THCK TAPIB PTYTI B JIaMIIi
(Ppgy = 0,8 + 1,0 ITa). Li samnn mMaiorTs inTerpoBanuil (BJAIITOBaHUN B I0-
KOJIb) €JIEKTPOHHUIT IycKoperymoBasbauii armapar (ITPA), mo saadtno Gesmnedniiie
BiJI 1yckoperyroBajibHoro npuctpoto jiami JPI. 3aBjsgku 3acTocyBaHHIO ejie-
krponHoro ITPA KJIJI mators noutiniieni XapaKTepUCTUKN B IOPIBHSHHI 3 TPa/ i~
MIAHUME JIIOMiHECIIEHTHUMU JIAMIIAMU — OLJIBIN IIBUJIKE BKJIIOUEHHS, BiJICYyTHICTD
MepPeXTIHHA 1 B3rKIanis [3).

Crekrpu JIJI, 3arasom-To, cxoxi (y BCix JlaMIl BcepeIuHi nmapu pryTi) i iHep-
THU{T Ta3 (3a3BUYail apron), Jis moJeriieHns 3anamosanns [4]. IIpu nporikamui
CTPyMy B JIAaMIIi BUHWKA€E, HEBUNME JTIOJCHKIM OKOM, YIbTpadioseToBe BUIIPO-
MiHIOBaHHS. B3aeMojisg 3 JoMiHOMOPOM, 3aBIAKKM SBUILY JIIOMIHECIEHIN, MTPH-
3BOJIUTDH JIO [€PETBOPEHHsI [HOI'0 BUIIPOMIHIOBAHHSI Y BHJMME. 3MIiHOIO CKJIaLy
JIOMIHOGOPIB MOXKHA 3MIHIOBATH BIATIHOK CBiUeHHs JlaMii (OTPUMYBATH JIaM-
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1 3 PI3HUMHU CIIEKTpaMil BUlIpoMinioBanHs ) [5]. Aste Ha 3arajbHe po3TallyBaHHs
JIMCKPETHUX CIIEKTPaJIbHUX JIHI PTYTI 1€ HE BILJIUBAE.

[ITupoke 3acToCcyBaHHS IIi JAMIIN OTPUMAJIH 3aBJISKI CBOIM BUCOKUM TE€XHIKO-
eKOHOMIYHIM XapaKTepPUCTHKaM: IX CBITJIOBa Bijjiada, abo eHeproedeKTUBHICTD
(To6TO KUIBKICTD JIIOMEHIB CBiT/Ia HA OfnH Bar CrokuBaHOI eJIeKTpOeHepril) cra-
HOBUTH 75 -+ 90.m/Br, Tomi gk y JslaMim poskapioBaHHsST - Bchoro 10 -+
15 v/ B, 3amexxuo Bij notyKmocti i tamy [6].

[Ipr 1boMy JIFOMIHECHEHTHI JiaMIi MaloTh TepMiH cjyxkomu He 1000 rojuH,
MOKJIaJIeH] 3a CTaHIAPTOM JiaMIlaM PO3KapioBaHHs (Ha KaJib, BOHU HaildacTiiie
He JIOTATYIOTH 70 cTangapry!), a 12 <+ 15 Tuc. romun, To6To B 12 =+ 15 pasis
OlyTbITIe.

Ceitiiosa Bijyrada jgamru JIPII-250 cranosurs 6/usbko 50 v /Br [7]. Crio-
JKuBaHa noTyzkuicTsb g gammu AP - 250 cranosuts 250 BT, Tomi gk aaa KJIJI
— K1LJIbKa OJIMHMIL Bar.

Came 3asnadeni nepesarn JIJI nepes smamnamu JIPI waguxayan nac Ha ekc-
HepuMeHTaJIbHI JIOC/IKeHHS 1110710 3acTocyBanis KJIJI y napuaibnomy isnano-
My eKCIIepUMEHTI, 30KpeMa, JIJId IpajyloBaHHs MOHOXPOMATOPA.

Y T1abji. 11 Ha puc. 1 HaBeJIEHO eKClIepUMEHTAIbHI pe3yJIbTaTi I'Pa/lyOBaHHIg
MoHOXpoMaTopa ¥ M -2 3a HalOL/IbIT ICKPABUMU CIIEKTPAJIbHIMU JITHISIMU BUIIPO-

minoBanns pryTi KJIJI PLEOMAX CE 9W.

Ne i/ | Koaip Jtiniil pryTi A, HM | «, TpaJ.
1 Yeprona, sickpasa 690,7 2890
2 2KoBra, mpaBa 3 JaB0X 0/iu3bKO po3Minienux | 612,0 2608
3 2KoBra-momapaniena 585,2 2488
4 2Kosra, npaBa 3 Box 6Jin3bKO posmirtienux | 577,0 2456
5) 2KoBro-3esena, sckpasa 546,1 2268
6 birakurna 491,6 1850
7 dioseroBa 435,8 1188
8 Byskosa 404,6 636

Tabs. 1: B3aemo3B’s130K MixK JIOBXKMHAMU XBUJIb HAfOLIbINT FCKPABUX CHEKTPAJILHUX JIiHIM

PTYTi i 3HAUEHHSAMM KyTa «, BiJJIIMEHUMH 3a IIKaJoio Oapabana mMoHoxpomaropa YM-2, 1o
6y0 Bcranosyeno s KJIJI PLEOMAX CE 9W.

JoBKUHN XBUJIb CHEKTPpaJbHIX JIHIT PTYTi, Mo croctepiraan mu s KJLJI,
IIOPIBHIOBAJIUCH 3 BIJNOBIIHUMU JIOB?KUHAMU XBUJIb CIEKTPaJbHUX JIHIII PTYyTI
mutst rammn JIPTIT- 250 [8].

3ayBaKnuMo, 1110 IHTEHCUBHOCTI JUCKPETHUX CIIEKTPAJbHUX JIHIH BUIIPOMIiHIO-
Banus pryTi KJIJI PLEOMAX CE 9W nocrarabo jijist iX Bi3yaJabHOTO CIIOCTEPe-
JKeHHsT 0e3 0COOIMBOTO HAIIPYKEHHS 30DYy.
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Puc. 1: I'pagyoBaiabuuii rpadik MmoHnoxpomaropa ¥ M -2, 1o Oy/1o 1modyioBaHo 3a pe3y/ibra-
TaMu TadJI. 1.

Bucaosknu

Hageneni Bume nepesarn KJIJI mepen JIPIII-250 3 Toukn 30py mpocToTH,
€KOJIOIYIHOCTI, TeXHIKN O€3IeKM 1 eKOHOMIYHOCTI BUKOPHUCTAHHSI, J03BOJISIIOTH pe-
koMen, tyBaTn Bukopuctanus KJLJI st BUKOHaHHS J1TaO0OpaTOPHUX POOIT 3 (pi3uKM
y Bumax ta 3OIL. Sokpema, Jjist TpajlylOBaHHS MOHOXPOMAaTOPA.
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CTATUCTUYHNN AHAJII3 PE3VJ/IBTATIB EKCIIEPUMEHTY
B EJIEKTPOHHUX TABJINIIAX OpenOffice.org Calc

CrarucTuaHuil aHaJIi3 Pe3yJbTaTiB Oy/Ib-9KOr0 eKCIIEPUMEHTY Teper0atiac BUKOHAHHS IMEBHOT
KIJIbKOCTI O0YHUC/IeHb. 3PO3YMiJIO, 10 TaKi OOYMCJIEHHs] 3PDYYHO BUKOHYBATH B €JIEKTPOHHUX
tabsnisggx. KpiM Toro BOHU MIiCTATH BEJIMKY KiJIBKICTh CTAHJIAPTHUX CTATUCTUYHUX (DYHKILN i
iX BUKOpHUCTaHHs Oyjie KOPUCHUM JIJIsT CTATUCTUYIHOTO aHaJji3y pe3y/abTaTiB eKCIIEPUMEHTY.

Kiro4doBi cjioBa:  mamemamuyHa CmMamucmukra, pe3ysvomami eKCnepumMenmy, ese-
KMPOHHL MabAULL

Beryn

AHaJiiz pe3y/abTariB eKCIepUMEeHTY 3a JOIIOMOI'OI0 MaTeMATHYHOI CTATUCTH-
KU 3a3BUYail 3BOAUTHCS JIO 1IEPEBIPKU CIIPaBEJIMBOCTI NPUITYIIEHb, a00 Tilnores,
BIJITHOCHO BUBYAEMOI'0 (PISMYHOTO ABUIIA sIKE 33JIa€ThCA OTPUMAHUMU 1111 9ac eKC-
nepuMeHTy JaHux. Hampukiai, 10 nepeBipku IPUIIYIIEHb PO PIBHOCHILHICTD
pe3yabTaTIB BUMIPY OJIHIET 1 Ti€l 2K MOCTIiHOT BEJIMYNHY, SIKIIO BUMIPU BUKOHYIO-
ThCSA JBOMa HE3AJEKHUMU JIOCTIITHTKAMEI Ha PISHUX YCTaHOBKAX.

['imoTe3010, 9Ky HAJJIEXKUTH IIEPEBIPUTH, MOYKE CTATH IIPABOMIPHICTH BUKO-
puctanisg pismaHOl MOoJjiesi, dKy Oya0 BUOpaHO JjId ONUCAHHS €KCIepPUMEHTY.
OCKUJIBKH MOJIEJIb JI03BOJISIE TEOPETUUIHO IepegdaunTu BUJl (PYHKIIOHAJIBHOIO
3B’S3KY MiXK BEJIMIUHAMU, sIKI BUMIPIOIOTHCSA, TO CTATUCTUIHUI aHa/Ii3 eKCIepu-
MeHTaJIbHOI 3aJIe2KHOCT1, IKUil IPOBOJAUTHCA 3 BpaxyBaHHSIM BHCHOBKIB MOJIEJI,
Ja€ iHMOPMAIIIIo PO Te, YN JOCTATHBO CIIPpaBEIJIMBUAI MOJAEIbHII OIIUC.

OcHOBHA 49acCTHUHA

[Tokstajiemo, mo Januii CTaTUCTHIHUI PO3IOJLI BUPIBHAHUI 3a JOIOMOIOIO
nestkol Teoperndnoi Kpusol f(x). fk 6u me rapHo He Oysa migibpaHa TeopeTu-
YHA KPUBAa, MK HEIO 1 CTATUCTUYIHUM PO3IMO/ILJIOM HEMUHYY1 JiesdKi po30ixKHOCT.
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[IpuposHo 1mocTae MUTAHHSI: MOSICHIOIOTHCS 1 IUTAHHS TLILKKM BUIIAJIKOBUMU 00-
cTaBUHAMU, SIKI IIOB’s3aHI 3 00OMEXKEHICTIO KiJIbKOCTI CIIOCTepekKeHb, abo BOHU €
CYTTEBUMH 1 IOB’SI3aHUMU 3 THUM, IO IIii0paHa KpuBa IIOraHo BUPIBHIOE 1l cTa-
TUCTUYIHUI po3110/1ij1. BimoBi o Ha mocTaBieHe MITaHHS € TaK 3BaHUIl KpUTepiii
Y3I'OJI2KEHOCTT.

Ha ocHoOBI jgaHOro crarmcTUYIHOrO Ma-

TepiaTy nepeBipsdaioTh rirnoresy H | dka 1o-

’ /\ JIATa€ B TOMY, 1110 BUTI&/IKOBa BeJMUnHa X

MIOPSAIKOBYETHCS JIEAKOMY 3aKOHY PO3-

noginy F(x). Hnsa Toro, mob npuiinarn

’ / abo crpoctyBaTu rinoresy H , posrisHe-

MO Jesiky Besmauny U, sika XapaKTepusye
CTEIIHb PO3XOJZKEHHsI TEOPETUYHOTO 1 CTa-
TUCTUIHOTO Po3mojiaiB. Bemmunna U Mo-

. 2 s s s s 7 s s 1 u 2KeOyTH 3ajlaHa PISHOMAHITHUMU CII0CODa-
Mu. Tum He MeHIIT BOHA € BUIAJIKOBOIO Be-

Puc. 1: Cratuctuananit po3nojia ta Teo-

JIMTYUHOIO 1 3aKOH PO3MOJILIY i€l BUIAKO-
pernuna kpusa f(x)

BOI BEJIMINHN 3aJI€2KUTH BiJ] 3aKOHY PO3IIO-
JIJIY BUIAJIKOBOI BeJIUIUHU X , HAJI SIKOIO
BUKOHYBAJIUCH JIOCJIIJIZKEHHSI, 1 BiJl 1ncIa JocaiizKeHb n . fkmo rinore3a H Bip-
Ha, TO 3aKOH PO3MOILTYy Beindnan U BU3HAUAETHCA 3aKOHOM PO3IIOLTY BETUINHA
X 1 uncaom n.

PosriistneMo ojna 3 6araTboX KpUTEPIiB y3roJ»KeHOCT] sIKMil HaifyacTiile BuU-
KOPUCTOBYETbCA — «KpuTepiit x?» Ilipcona. [IpumycTumo, 1o BUKOHAHO 7 He3a-
JIEXKHUX JIOCTIJIIB, B KOXKHOMY 3 KX BHUIIQJIKOBA BeJMUnHa X TpHiHAIA JIesdKe
3HaUYeHHA. Pe3yibraTi J0C/IiIiB 3BejieHl B k Po3ps/iiB 1 opopM/IeH] Y BUIJISI
CTATUCTUIHOTO PSAJLY:

*

L || wyms | msas | . | oz
* E3 *
D; H D1 ‘ %) “ Dy,

Tabu. 1: Posmnomgin BuakoBol BeJIUYUNHNA 3a IHTEPBAJIAMU.

HeobxiHo nepeBipuTH, 9u y3roJizKyI0ThCs €KCIIEPUMEHTaJIbHI JlaHl 3 TilmoTe-
3010 PO Te, MO BUIAJIKOBA BeJUUYMHA X Ma€ JaHUl 3aKOH PO3MOJILITY 38 aHMil
dbyuxiiero posnompiay F(z). Hassemo 1ieit 3aK0H PO3IOJILTY TEOPDETUTHUM. 3Ha-
09U TeOPEeTUYHNI 3aKOH PO3IOJILLY, MOXKHA 3HAWTU TEOPETUYHI IMOBIPHOCTI I10-
naJalfs BUIAKOBOI BEJIMUNHN B KOXKEH 3 PO3PSIIB: Pi, P2, - - - , Pk - LlepeBipsioun
Y3IOJIZKEHICTh TEOPETUIHOI'O 1 CTATHUCTUIHOI'O PO3IIOALIIB, OYIeMO BUXOIUTH 3 PO3-
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OiKHOCTEH MiXK TEOPETUIYHUMU HMOBIPHOCTAMU p; 1 9acTOTAMU sIKi OTPUMAJIHA B
pesy/ibTaTi ekciepumMenty p; . K. Ilipcon nokaszas, 110 Ipu BeJIMKUX 3HAYCHHAX
N 3aKOH PO3IOJLITY

~ (0 —pi)’
U:XQZnZ p; .pz
i=1 pi

MPAKTUIHO HE 3aJ1e’KUTh BiJ| DYHKIHT posnoiay F(x) i Bij uncia gocaiais n, a
3aJIE’KUTH TIIBKK BiJl YnCIa po3psiiB k, 30KkpeMa, Ieil 3aKoH Ipu 301/IbIICHH] N
Hab/IMZKAETHCs /10 Tak 3BaHoro posuoxiny x2 [1].
Posnoznin x? 3ane:kuThb Bij napame-
45 TPy T, AKUIl HA3UBAIOTh YUCJIOM «CTEIleHEeM
cBOOOIM» 1 sIKe PiBHE KiJIBKOCTI PO3Psi/IiB
; k MiHyC 9HCTIO HE3aJeKHUX YMOB («3B’s13-
25 KiB» ), siKi HakJaeni va gacroru p; . [Ipu-
KJIaJIaMI TaKUX YMOB MOXKYThb OyTH: CyMa
fimoBipHOCTEll piBHA OUHUIN (TAKy YMOBY
05 HaKJ1a/J1al0Th SaBmm/I), PIBHICTH MaTeMaTu-
0 YHUX CIIO/I1BaHb, PIBHICTH JIUCIIEPClii TOIIO.
Jliist posnogtisy x? cKiajieni creniaibhi Ta-
Puc. 2: Craructuyuna KpuBa Ta TEOPETH- 6JII/IH,1, KOPUCTYIOUUCH (AKUMU MOXKHa J1J1d
ura kpusa. f () KO’KHOT'O 3HadeHHdA Y2 1 4ucia CTeleHin
cBOOO/IM 7 3HANTH IMOBIPHICTH p TOTO, IO
BeJINUNHA, K& PO3IOJIiJIeHa 3 UM 3aKOHOM, TTepedLIbITUTD 1€ 3HAYeHHS.
TaknM IMHOM, CXeMa BHKOPHCTAHHS KPHUTEpilo Y2 0 OIIHKH y3TOzKeHOCTI
TEOPETUYHOIO 1 CTATUCTUYHOIO PO3IOJLTY HACTYIIHA!

1. BusHavaeTbcs Mipa PO3XOIZKEHHS Y2 3a HaBEICHOIO (hOPMYJIOL.
2. Busnagaernca 4mcsio cremneHis cBOOOIN 1 K r = k — S.

3. 3a r i x? 3a 10HOMOro0 TAOJNUII BU3HAYAETHCSA IMOBIPHICTH TOrO, IIO Be-
JIMYIHA, $Ka Ma€ PO3MOAl X2 3 T CTeleHsMH CBOOOJIN, IePEBEPITHTE TaHe
3HaueHHs 2. YIKINO 15 iMOBIpHIiCTB MaJia, TioTe3a BiIOpaKoBYeThCA AK He-
BepHa. KO IMOBIPHICTH BeJIMKa, TOTe3y MOXKHA BBarKaTU TaKOIO, IO He
HPOTUPIUNTL JOCITHUM JTaHUM.

Cutiji 3a3Ha9UTH, 110 TUTAHHSA PO Te, KOO IMOBUHHA OyTH IMOBIPHICTD, 11100
BIIXMJIUTU TilIOTE€3y HEe BU3HAUYEHUIT 1 HEe MOxKe OYyTU pO3B’si3aHUil 3a JOIMOMOI'OIO
MaTeMaTUIHIX MipKyBaHb.

OjiHuM i3 3ac00iB BUKOHAHbL OOYHCJICHB 3 BEJIMKOIO KIJIBKICTIO JaHUX € eJle-
KTpoHHI Tabsmii. Ile ojaun i3 3pyuHUX 3aco0iB 00UYMC/IEHb Ta aHaJi3y JaHUX, B
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TOMY YHUCI i cTATHCTUIHOrO ana i3y. HasgBHaicTs rpadidHoro mpeacTaBienns jia-
HUX B €JIeKTPOHHUX TaOJUIAX TLIHLKN TMOKPAILye OTPUMAaHi Pe3y/IbTaTH.

EsexTponni Tabauni OpenOffice.org Calc BinHOCATBCsST 10 TPOrpaMHOIO 3a-
Oe3lleueHHs BIJIbHOIO KOPUCTYBaHHSI, TMM HE MEHII Iie ITporpamMHe 3abe3leveH-
Hs MICTUTH 57 BOYJOBAHUX CTATHUCTUYHUX (PYHKINH, 3a JOMOMOTOIO0 IKUX MOXKHA
PO3B’sI3yBaTU JIOCUTH CKJIAJIHI CTATUCTUYHI 3a/1ai.

OpHiero 3 TakKux 3aJad 1 € 3aja4da BU3HAYEHHsI KPUTEPII0 Y3rOIKEHOCTI cTa-
TUCTUYHUX €KCIIEPUMEHTAJIbHNX JIAHUX Ta TEOPETUIHOTO PO3Iojiay. Bizbmemo,
T TIPUKJIaTy, Pe3yabTaTu Jiedkoro ekcrepuMenty. Hexait mi pesysnbratn 3ae-
’KaTh BiJI IapaMmeTpa, KNl BIJIUBA€ Ha OTPUMAaHUil pe3y/bTaT. BUKOHABIIN BU-
MipH 3Ha4YeHb 110 JIEKLJIbKa pa3 JJisi KOXKHOIO IapaMeTpy 1 OOUYUCIUBIIN CepeTHE
apudMeTnyHe po30UBAEMO Ha IHTEPBAJIN 3a MapaMeTPOM 1 TAKUM YNHOM OTPUMY-
€MO PO3IOILT BUIAJIKOBOI BeTMINHU. ZKINO, A71d NpUKIaLy modyayBaTn rpadik
TEOPETUUHNX 3HAUYEHb Ta CTATHUCTUIYHUX 3HAUYEHH TO MOYKHA OTPUMATH <«Mafizke
cxoxi» rpadikn (puc 2).

Jlns obumcnenns kputepito 2 B ede-

2 KTPOHHUX TaOJINIAX 3HANIEMO MaKCIMAJIb-
we (pysxiigs MAX) ta minimanbhe (yH-
kiigs MIN) sHadenns mamoro inTepsa-
ay. Tlogisimmo inTepBas 3HAYEHbL Ha TIEB-
HY KUIbKICTh HiJIIHTEPBaJIB 1 3a JOIOMO-

05 / \/ roto ¢pyuxiii COUNTIF 3 napamerpamu,

1110 OyIyTh 3a8JI0BOJILHATH IT00YIOBAHIM iH-

0

2 TepBaJiaM, MiJIpaxyeMoO KiJIbKICTb 3HAY€Hb
Puc. 3: CraTncrnana Kpusa posnoziy ta AKL BXOIATH 10 KOXKHOI'O 3 IJIIHTEPBAJIB.
TeopeTuvIHa KpuBa posnomaity f(x) Orpumany Tak 3BaHy (DYHKIHIO PO3IOILITY

BUTIAIKOBOI BeJIMYMHU a00 IMe KayKyTh —
QYHKII0 9acTOT BUITAIKOBOI BejnduHu. [loaiinBIIM OTpUMaHi 3HAUYEHHs Ha 3a-
rajibHy KiJIbKICTh BXITHUX JIAHUX OTPUMYEMO TaK 3BaHy (PYHKIIIO MIIJILHOCTI cTa-
TUCTHUIHOIO PO3IOJILTY. AHAIOrIUHI /il BUKOHYEMO 1 JIJIsT HAIIOT TEOPETUIHOT KPH-
BOI, TOOTO (DYHKINT KA MaKCHMAaJIbLHO OJIM3HKO OMUCYE OTPUMAHI pe3y/IbTaTh, Ha
TUX CAMUX 3HAUEHHSIX apryMeHTy abo rmapaMerpy Ha SKIX OTPUMYBaJIU CTATHCTH-
qHi 3HaYeHHsA. OTpuMyeMo JiBi QYHKIII PO3MO/LIY BUIIAIKOBOI BeJiuduHN (puc 3.)
3a naseenolo hopmystoio Kputepiio [lipcora oGuncIoeMo BeImIiHy Y2 Ta quciIo
crereriB ¢cBobou. ITorim 3a gormomororo ¢gyuknil CHIDIST 3a obuuncienum 3Ha-
JeHHAM X2 Ta, YUCJIOM CIIETEeHIB CBOOO/IM OOYMC/IIOEMO IMOBIPHICTD BiJITOBIIHOCTI
CTATUCTUIHUX JIAHUX Ta TeopeTndHol KpuBoi. OTpuMmana iMOBIpHICTS 1 Oyje ¢Bij-
YUTHU PO Te, HACKLILKU Hallle TMPUITYIeHHA PO PIBHOCUJILHICTH CTATUCTUYHUX
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Bemnuko B.€., Barynina B.IL. Crarucrudanuii anaJii3 pe3yjabTaTiB eKCIEPUMEHTY

JIAHUX Ta 3HAYCHb TCOPETUYHOI KPUBOL.

Cutig 3a3Ha49UTH, 10 Y BUIIAJIKY, KOJIHI Oy/ie JOCTAaTHIM HasIBHICTD TIIBKH OTHO-
0 3B’43KYy, TOOTO = k— 1, MOY»KHa CKOpHUCTaTUCh cranaapTHoio dyukiiero CHI-
TEST, qoro inkosin Oyje 1 gocraTbo. B pasi Ko MU HaKJIaJIa€MO J10/1aTKOBI
YMOBH (TOOTO «3B’I13KM» ) HEOOXITHO CKOPUCTATUCH BUITIEHABEICHIM CIIOCOOOM 06~
YUC/IEeHHs 38 JOIOMOIOI0 eJIEKTPOHHUX TaOJIUIIb.

BucaoBknu

Po3Butox indopmaliifHuX TEXHOJIOrii, a 0COOJMBO TEXHOJIOr 0OpOOKU 1n-
cJI0BOT iH(opMallil J03BOJIsIE€ IPOBOAUTH CTATUCTHIHUI aHAII3 OTPUMAHUX €KCIIe-
PUMEHTAJbHUX JIAaHUX, 1110 B CBOIO YepIry MOKPAILy€ He T1JIbKN HaO4YHI Pe3y/ibTaTu
eKCIIEPUMEHTY aJie 1 aHaji3ye sKicTh Horo nposejients. HasgBHICTD B €JIEKTPOHHIX
tabuigx OpenOffice.org Calc jocuTh 3na4HOT KiTbKOCTI BOY/I0BAHUX CTATHCTH-
JHUX (PYHKIH J103BOJISIE BUKOHYBATH HECKJIQHUI CTATUCTUYHUI aHaJsi3, sIKMii
Oy/e KOPUCHUM JIJIsT OCMUCJICHHS OTPUMAHUX JIAHUX OY/Ib-SKOr'0 €KCIIEPUMEHTY.

Jlitepatypa

|1] Karl Pearson On the criterion that a given system of deviations from the
probable in the case of a correlated system of variables is such that it can be
reasonably supposed to have arisen from random sampling. — Philosophical
Magazine, Series 5 50 (302). — P. 157 — 175.

2] Kendaan M. Craructudeckue BuiBojbl u cBst3u /| M. Kenmasr, A. Crbroapr.
— M.: Hayxka, 1973. — 900 c.

|3] Basa 3manuit: Calc. Crarucruaeckne dyukuun // Undpa-Pecype. lara
obnonsienns: 28.01.2012
URL: http://wiki.i-rs.ru/wiki/RU /kb/module/calc/function /statistical
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®OPMYBAHHYI KOMIT'IOTEPHOI TPAMOTHOCTI TA
THO®OPMAIIIVHOI KYJIBTYPU Y CTYJIEHTIB
T'VMAHITAPHUX CIIEIIIAJIBHOCTEN HA 3AHATTIX 3
THOOPMATUKN

Jlana cTarTsd MpUCBAYeHa MiATOTOBII MaiiOyTHIX BUNTE/IIB 10 BUKOPUCTAHHS 3aCO0iB CydacHUX
iHopMAIITHIX TEXHOJIOTI# y HABYAIbHO-BUXOBHOMY IPOIIECI.

KirouoBi cjioBa: cyuachi inopmaniting mexrnonozii, thhopmamusdanis oceimu, KomMn 1o-
MEPHA 2PAMOMHICNDG, THHOPMAUTTHG KYALTYPG.

Beryn

XXI cToiTTs — vyac nepexoj1y JI0 BUCOKOTEXHOJOTTIHOTO CYCHIJIbCTBA, B TKOMY
AKICTh JIIOJICHKOT'O MMOTeHIIa Yy, PIBEHb OCBIYEHOCTI it KYJILTYPU BCHOI'O HaCeJIeH-
Hs HAOYBAIOTH BUPIIIAILHOIO 3HaUeHHs. [HdopMaTn3allisi Cy4acHOro CyCcHibCTBa
BU3HAYAE TaKl COIaIbHI SIBUINA sIK 301JbIIEHHs] KIJIbKOCTI HIPAIIOI0YNX B 1HOOP-
Marliituiii ccepi, iHTeIeKTya i3alliio 6araTboxX BUIIB Mpalli, MiIBUIIEHHST BUMOT JI0
3araJJbHOOCBITHBOI TIITOTOBKN CHEIAIICTIB, MPOodeciitHol MiArOTOBKN Ha OCHOBI
HOBUX iH(MOpMAaIITHIX TeXHOJIOrI. 3BiACH 0YeBUIHO, 110 iH(MOPMATHU3aIlisT OCBITH
€ BEJIIHHSIM 4acy 1 KJIIOUOBOIO YMOBOIO PO3BUTKY CYCIIL/ILCTBA.

[Ti1 KoMIT'TOTEPHOIO TPAMOTHICTIO PO3YMIIOTH BMIiHHS 3HAXOUTH 1 ClIpwitMa-
T iH(OPMAIIiI0, 3aCTOCOBYIOUYN KOMIT FOTEPHI TEXHOJIOTII, CTBOPIOBATH 00 €KTH i
BCTAHOBJIIOBATHU 3B ’SI3KHM B TIillepCepeJIOBUII, KOHCTPYIOBATH 00'€KTH Ta Jil y pe-
aJILHOMY CBITI Ta 1100 MOJIEJIsIX 3a JIOIIOMOI'0I0 KoMIl'toTepa. BoHa € ejlemeHTOM
indopMalliitHol KyJIbTYpH, dKa Iepejdadae 3JaTHICTD JIIOJUHNA YCBIJIOMUTH 1 3a-
cBOITH iH(OpPMAalIiHY KAPTUHY CBITY $IK CUCTEMY CHMBOJIIB Ta 3HAKIB, IPSIMUX Ta
3BOPOTHUX 1HMOPMAIIITHUX 3B’SI3KiB 1 BLILHO Opi€HTYBaTHCA B iH(MOPMAIitHOMY
CYCILJIbCTBI, aJIallTyBaTUCS JI0 HbOTO.

OcHOBHA 4YaCTHUHA

Komi'torep — 11e yHiBepcaJbHUI 3acid HaBUYaHHS, sIKWiT MoOyKe OyTH 3 yCITi-
XOM BUKOPHUCTAHUI Ha PIZHOMAHITHUX 3a 3MICTOM 1 OpraHi3alll€l0 HaBYaJIbHUX
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3aHATTAX. BiH clipusie akTHBHOMY BKJIFOUEHHIO YUHIB Yy HaBYaJbHUI 1TpoIiec, i
BUINEHHIO IHTEPEeCY JI0 HaBYaHHs, KPaIIoOMy PO3YMIHHIO Ta 3amam STOBYBaHHIO
HaBYaJIbHOIO MaTepiajy. Komir'torepizoBani HaBUYaIbHI MaTepiaan 3JaTHI OiIbIil
MOBHO aJAaITyBaTHCS JIO IHAWBIIyaJbHUX OCOOJMBOCTEN yUHIB. Bukopucramms
KOMIT'IoTepa y JiSJIbHOCTI BUNTENS Tepejgdadae opranizalliio, MmaTPpUMKY 1 KOH-
TPOJIb HABYAJIBHOTO IIPOIIECY, & TaKOXK PI3HOMAHITHI BUAW HaBIAJIbLHO-METOIUIHOL
Ta OpraHizaliiiHO-MeTOINIHOI JIislIbHOCTI, TOOTO BUKOPUCTAHHSI KOMII IOTEpa JIJIsd
1/ITOTOBKY HEOOXITHUX HABYAJIBHUX MaTepiasiB (10ypoUHe IJIaHyBAHHS, METO/II-
qHi po3poOKY, 1HIUBIYaTbHI 3aBAHHSI, KOHTPOJIbHI POOOTH 1 T.II.), TPOBEJIEHHS
[ICUXOJIOTO-TIEJIATONIYHUX JOC/IL/?KEHD, PI3BHOMaHITHUX TECTyBaHb 1 OIPAIIOBAHHSI
X pe3y/ibTaTiB 1 T.]I.

CryjeHTn TyMaHITapHUX CleliaJIbHOCTell BUBYAIOThH JucHuILIiHN «[HpOpMAa-
tuka Ta T3H», «Cyuacui indopmariiini Texnosoriiy. MeTta nux KypciB — 0BOJIO-
JIHHS MaiiOyTHIMI BUATEIIME 3acO0aMU CYyJacHUX 1H(MOPMAIIITHITX TEXHOJIOTH i
TEXHIYHUMHI 3ac00aMi HABYAHHS 3 TOJAJIBLIINM BUKOPUCTAHHIM 1X Yy HABYAHHI Ta
npodeciituiii 1igaIbHOCTI.

BifbIIicTh cyvacHUX CTYAEHTIB MalOTh TIeBHI 3HAHHS, BMIHHS Ta HABUYIKU PO-
00T 3 KOMII'TOTEPHOIO TEXHIKOW0. AJie siK MPaBUJIO 11l 3HAHHS HE CHCTeMaTH30Ba~
Hi, He OPIEHTOBAHI Ha 3aCTOCYyBaHHs Yy HaBYaJbLHO-BUXOBHOMY Iiporieci. Tomy Ha
BAHATTAX 3 IHPOPMATUKH CTYAEHTH TYMaHITApHUX CIeliaJbHOCTel He TI/ILKU BU-
BYAIOTH OCHOBHI OHATTS iH(DOPMATUKN, CTPYKTYPY, IPUHIUATH (DYHKITIOHYBAHHSI,
IporpaMue 3ade31edeHHsT KOMII I0TePiB, POOOTY Y KOMIT IOTEpHIX MeperKax, aJjie i
HaOyBaIOTh 3HAHHS IIPO 3aCTOCYBAaHHsI IMX 3aCO0IB y IHeJaroriufiil JisJIbHOCTI,
3HAOMJISITHCS 3 METOJIMKOIO BUKOPHUCTAHHS CyYaCHUX 1H(MOPMAIITHIX TEXHOJI0-
riit Ta T3H na sangarTax. Hanpukiiaa, npu BuBdenti remn «EjieKTponHI Tab/InIy,
«Cucremn yrpapiHHs Oa3aMu JaHUX» CTYIEHTH 3HAKOMJ/ISITHCS 3 MU 3aC00aMI
OIIPAITIOBAHHS CKJIQIHUX CTPYKTYP JaHUX, & TAKOXK 3 MOKJIMBOCTSIMU BUKOPUCTAH-
He 1X Yy HaBYAJIBLHUX 3aK/1ajgax. Ha JabopaTopHux 3aHATTAX CTYJACHTH BUKOHYIOTD
3aBJIaHHS, Kl Iepei0avaloTh CTBOPEHHS 0a3u JIaHUX IIKOJIM, TO00YJIOBY Jliarpam
VCIITHOCT] YYHIB, CTBOPEHHS €JeKTPOHHUX TabJINIh, sIKI MICTATH BIJIOMOCTI PO
VUHIB KJIacy, PO3KJaJ 3aHAThH TOIIIO.

Bark/iiBe 3HaYeHHS Ma€ BUBUEHHS CTYeHTaMI TYMaHITAPHUX CIeIiaTbHOCTE
TEKCTOBOI'O pejlakTopy. KpiMm HaOyTTs cTy/eHTaMu 3araJbHUX BMiHb Ta HABUYOK
IJI'OTOBKU TEKCTIB 3a JIONOMOI'0I0 TEKCTOBOT'O PEeJIaKTOPY, HPULIIETHCI yBara
MOYKJINBOCTI HOrO BUKODHCTAHHS Ha ypokKaxX MOBH (mepeBipka opddorpadii, rpa-
MATHUKN, KOPUCTYBAHHS CJIOBHUKOM TEKCTOBOTO PEJAKTOPA).

Ha ypokax Takok MOXKyThb OYTH 3aCTOCOBaHI cj1aiijioBi pe3eHTarii. Bouu j1o-
[oMaralTh BUUTE/I0 YHAOUHUTU BUKJIQJIAHHS HOBOT'O MaTepiajy, y3araJbHUTH i
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CUCTEMaTH3YBaTN ByKe HaOYTI 3HaHHs, BUSHAYUTH PiBEeHb HABYAJIBHUX JOCITHEHD
VUHIB, BPaXoByBaT! 1HINBIya bHI 0cOOMBOCTI yuHiB. Tomy MaiibyTHIM BumMTe-
JIsiM HeOOXiJIHO OBOJIO/ITH 3ac000M CTBOpeHHd Ipe3eHTaliii Power Point. Busua-
104U 1110 1IPOI'paMy, CTYJEeHTH CTBOPIOIOTH IIpe3eHTallll, TeMaTUKa SKUX BlJIIIOBIIA€
crierfianzallil cTyJIeHTiB, 3HaAOMJIATHCI 3 METOJAMYHUMHU Ta ICUXOJIONTYHUMEI OCO-
OJIMBOCTSIMU 1X 3aCTOCYBAHHA HA yPOKAX.

OcranHiM gacoMm HaOyJIM BEJIMKOI IOIYJISIPHOCTI KOMII' IOTEPHI MepexKi. ¥ cu-
cTeMl IIKIJIbHOI OCBITU BOHU BUKOPUCTOBYIOTBCS JIJIsl JIOCTYILYy JIO PI3HOMaHI-
THOI HaBYaJbHOI iHMOpPMAIIil, MiIBUIEHHS epEeKTUBHOCTI CaMOCTIITHOT TisIbHO-
CTi YUHIB, IIOB’sI3aHOIO0 3 PISHUMHU BHJIaMHI TBOPUYMX POOIT, & TAKOXK B OpraHizaliil
JMUCTAHIINHOTO HABYAHHSA. Y BUIIIH MIKOJI 1X BUKOPUCTOBYIOTDH ISl IIPOBEIEHHS
HAYKOBUX JIOCJIJIKEHb, OIEPATUBHOIO OOMiHY iH(MOPMAI€0, JUCTAHIIITHOrO Ha-
BUAHHS, IIPOBEJIEHHS KOHCYJ/IbTalliil TOIIO.

[Ipu Bupuenni pucnuiniinm «CydacHi indopMalliitHi TeXHOIOrT» CTYIeHTH I'y-
MaHITApPHUX CIIeliaJbHOCTEell 3HAOMIATBCS 3 poOOTOI0 Y KOMII'IOTEPHiil Mepexi,
inopmaliitHuMu pecypcaMu Mepexki [HrepHeT, MOXKIMBOCTAMU TOMIYKY 1HGOP-
Mallil 3a JIOIOMOIOIO IONIYKOBUX cucTeM. Lli 3HaHHS Ta BMIHHS MOXKYTh OyTH
3aCTOCOBaHI CTYJEHTaMI Y HaBUYaHHI, HAyKOBiil poOOTI, y MaitOyTHiil mpodeciiiniii
JsLIBHOCTI.

BucHoBknu

[ndopmaTuszallisi ocBiTH TPUBOJUTHL JIO KOPIHHOI 3MiHU (DYHKIIINH Iiejiarora.
Buureni crodaTh nepej HEOOXiTHICTIO 3aCBOEHHSI HOBUX TEXHOJIOTI HaBYAHHS Ta-
KHUX 9K KOMII'IOTepHI HaBdatodi IporpaMu, eJIeKTPOHHI APy YHUKU, MYJIBTIMeTiii-
Hi cucremu, TejiekKoH(MEepeHIll, eJIeKTpOHHa TomTa Tolo. [le Bu3HaYae akTyaJib-
HICTb 1 BayKJIMBICTH OBOJIOJIIHHSI OCHOBaMU iH(MOPMAIITHOI KYJIbTYPHU CTYIEHTaMU
BCIX cIlellaJibHOCTel IleJaroriyiux HaB4daJIbHUX 3aKJIa/liB.

Jliteparypa
[1] Cmenanos A.H. Uadopmaruka: yuebHoe mocobue Jijisi BBICIINX yIeOHBIX 3a-
BeJICHWIT 110 TYMaHUTaPHBIM ¥ COIMAIbLHO-9KOHOMUYIECKUM HAIPBJICHUSIM 1
crienmasbrocTsiM / A H. Crenanos. — Cu6: ITurep, 2002. — 605 c.
2] Kodocacnuposa I'M. Texuudeckue cpejicTBa 0OyUeHHsT U METOJNKA WX
ucniosibzoBanus / [.M. Komxacmnuposa. — M.: Academia, 2001. — 255 c.

3] Yeprunescrkui /J.B. Jlumaxkrtudeckne TEXHOJIOTHE B BBICIIEH IIKOoIE /
J.B. Yepunnescknii. — M.: FOuuTn-lana, 2002. — 437c.
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ITPOBJIEMA BUKOPUCTAHHY PEKVYPCII HA ITPUKJIA I
KOHKPETHOI 3AAUI

Posriisiaerbesa oJiMH 3 METOMIB IOMIYKY PEKYyPCUBHOIO PO3B’s3KYy 3aJadi Ta IMaXid AKuil J10-
3BOJIsI€ 3pOOKTH IIEPEXiJT BiJl peKYyPCUBHOTO PO3B’sA3KY Jist JIHIHOIO (MaTeMaTHIHOTO).
Kuimo4doBi ciioBa: pekypcia, arzopumm, enyukaonedis nocaidosHOCEN ULAUL HUCEN

Beryn

y>ke H6araTo yBaru npuaiseThbcsd 3ajiadaM siKi MaloTh PEKypPCUBHUI PO3B -
30K, aJie, SIK BiJIOMO, He 3aB:K/I1 3a/1a4l Ha, SIKi JIET'KO 3HAHTH PEeKYypPCUBHUIT PO3B’si-
30K IIOBUHHI PO3B’sI3yBaTHCs caMe UM METOJO0M. 3arajbHOBIJIOMO, IO PEKYyPCist
€ MEeTOJIOM SIKMII 3aJIe?KUTh BiJI KIJIbKOCTI IMaM’siTi sIKy BUJIIJIEHO JIJIsi PillIeHHS
3aJa4i, TOMY 3aBKJI1 IOTPIOHO pOOUTH CIPOOK 3HAXOIXKEHHSI aHAJIOTTYHOIO iTe-
paTUBHOTO abo JIHINHOrO po3B’a3Ky. PosrysgHeMo Taki MijgXojnd Ha KOHKPETHii
3aJ1ad1.

B sepuwunar pewsimru n X N Micmumoca n’

MO0k (KONHCHA KOMIPKA PeuLi-
mxu — xeadpam poamipy 1 X 1 ). Criavku icHye 6Ciaakur xk6adpamis 3 6epuil-
HAMU 8 UYUT MOYKAT (CMOPOHU K6adpamie He 0006 A3K0680 NAPANEALHI PAIKAM |

COBNUAM peuimuku)?

OcHOBHA 4YaCTHUHA

3a JI0IOMOr0I0 PUCYHKY (puc. 1) BUSHAYNMO KITBKICTh PI3HUX KBaJIpaTiB Mpu
n = 4. Jlerko 6aunTtu, mo KBajpartis Oyje piHo 1 +4 4+ 9+ 4 + 2 = 20 mryK.

SRR

9 4

Puc. 1: Pisnosuau xBajgpatris (n =4).
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BuaiigemMo 3arajabauii po3s’s30k. [lozuadmmo depe3 S(k) zaraibHy KiibKicTh
pIZHIX KBaJIpaTiB dKi MOKHa MoOyayBaTu Ha penmntii k£ X k, 1e k — JI0OBXKHUHA
30BHIIIHBOI MPAHUIIl PEIiTKE, TOOTO perriTka ckiagaerbes 3 (k + 1)2 TOYOK.

3posymiso, mo S(1) =1, Tobro Jyuie OH KBAJPAT MOKHA MOOYIyBaTH HA
permitii posmipom 1 x 1. st Toro 1mob 3uaiitu 3nadennst S(k + 1) momitnmo,
110 IIPU PO3IINUPEHH] peniTKN po3Mipy k X k 10 po3mipy k+1 X k+1 jogarkoBo
YTBOPIOEThCs piBHO (2k+1) kBagpar posmipom 1x 1, (2k—1) kBagpar posmipom
2x2, (2k—3) xBajparis poamipom 3 X 3, ..., 3 KBajipaTu k X k Ta OJMH KBajpar
k+1xk+1. Takum 9uHOM OTPUMAEMO HACTYIHY PEKYPEHTHY (POPMYIIY:

S(k+1) = S(k)+ 2k + 1)+ (2k — 1) + (2k —3) + -+ 3+ 1

k
S(k+1)=S(k)+ ) (2i+1) (1)

Aute nipu 3uaxoyzkenni opmysn (1) 6ya BpaxoBaHa Jinie KiJIbKiCTh pi3HO-
MaHITHUX KBaJIPATiB CTOPOHU SKUX TapaJiebHl PEemtiTI.

——

Puc. 2: Orpumanns r-KBaJparis mnuisixom obepranus (n = 6).

st 3Hax0/zKeHHs TTOBHOT (pOPMYJIH, MOTPIOHO JIOIATKOBO 3HAMTH KIJTbKICThH
PISHOMAHITHIX KBAJPATIB CTOPOHU SIKUX He MHapasefbHi pemnnTii (Ha3BeMo ixX
r-KBaJ[paTaMi). AHAJOIIYHO HONepejHIM MIDKYBaHHSIM 3HANHIEMO KUIBKICTH 7 -
KBa/IpaTiB (BIAMOBIIHIX PO3IMIPIB) sIKi YTBOPIOIOTHCSI IIPU MEPEXO/Il Bijl PEITiTKE
kxk no k+1xk-+1.IlomiTumo, 1o r-KBajpaT yTBOPIOIOTHLCS IIiJ 9ac OIHO-
JaCHOTO 3MIIEHHs BCIX BEPIIUH B OJHOMY HANPsIMKY Ha OJHY TOUKY (puc. 2 —
r-KBaJIpaTu gKi oTpuMai Jjis perritku 6 X 6 ). HeBaKKo BIeBHUTHCH ITI0 3araJib-
HY KIJIBKICTH 7 -KBaJIPaTiB, dKa OTPUMYETHC TP MEePEXo/ii Bij| penniTku k X k J10

k+1xk+1, piBra:
k

S (20 + 1) (k — i)
i:() . . . .
TaKI/IM YMHOM, JIJIgd 3HaXOJ2KCHHA 3al'aJIbHOl KIJIBKOCT1 KBaJdpaTIB CJI1JA BHKO-

PUCTOBYBATHU TaKy (POPMYIIY:
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k k

S(k+1)=S(k)+ > (2i+1)+ > (2i+1)(k—i)=

1=0

=S(k)+> ((2i+1)+(2i+1)(k—1i)) =

=S(k)+ > (Q2i+1) (k—i+1)=
— S(k) + (k+1)(kj;2)(2k:+3)'

1 1
A6o B 6ibmn 3pyaniit popmi:  S(k) = S(k—1) + (k+ )Z(Qk i >7 (*)

Jie k — JIOBKHHA, 30BHINIHBOI IPAHUIN PEINTKH.
[Iporpamua peaJizaliiss JaHoro pimrenasd Ha MoBi Pascal:

1 function sq(k:int64 ):int64;
2 begin

3 if (k =1)

4 then sq:=1

5 else sq:=sq(k—1)+kx*(k+1)x(2xk+1) div 6;
6 end ;

7var n:int64:

8 begin

o read(n);

1o writeln(sq(n));

11 end .

Aste HaBeseHa rnporpama npu o0UYNCIeHH] 3HadYeHHs Jjist 1 > 7802 BuBeje
HOMIJIKY — MEPENOBHEHHs CTEKY IIiJ1 Yac 00UnCIeHHsT PEKYpCil, TOMY CJIij| 3HANTH
iHIMit HepekypcnBHUiT po3B’st30K. ist 1boro 3BepHeMo yBary Ha opmyity (%) —
JIJIsT 3HAXOJIZKEHHsT KOYKHOTO HACTYITHOTO 3HadeHHs1 S(k) BUKOPHUCTOBYETHCS BIKE
obumcene 3uadents S(k—1), ToMmy SIKIIO MpU TApaxyHKY 30epiraTn monepeHe
S(k — 1), To Jierko OTpUMATH HEPEKYPCUBHUN AJITOPUTM.

1var n,s,s0,1:int64;

> begin

3 read(n);

4 s:=0; s0:=0; 1:=1;
5 while (i <= n) do
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6 begin

7 s:=s0 + ix(i+1)x(2«1+1) div 6;
8 sO:=s;

9 1:=1+1;

10 end;

11 writeln(s);

12 end .

Jannii po3B’s130K BrKe 11030aBJIeHNIT BHUIIE OINCAHOIO OOMEXKEHHSI SKe CTOCY-
€THbCsI TIEPETIOBHEHHSI CTEKY (BUKJIIOUAIOUN BHUIIAKN [IEPEIOBHEHHST THITY int04 ),
TOMY caMe Horo 06akKaHo BUKOPHCTOBYBATH sIK OCHOBHHIA.

Posrysty s gonarkoBo psift Biamnosizgeit (1, 6, 20, 50, 105, 196, ...), ski oTpu-
MYIOTBCSI 1IiJ] 9ac 00UNC/IeHb, Ta BUKOPUCTABIIN online eHIMKJIO0Ie /1110 IIOC/IiI0BHO-
creit minmx ancen (The On-Line Encyclopedia of Integer Sequences) moxkHa 3Ha-
fiTu Ha3BY 1€l MOC/IIOBHOCTI — mipaMifaibhi ducia 4 nopsiiky (4-dimensional

2 n2(n? —

1
pyramidal numbers) Ta hopMyJTy 3araabHOTO €JIeMeHTa ?”2 abo T) . Bu-

KOPUCTOBYIOUN OCTAHHIO (DOPMYJIY JIETKO OTPUMATH JIHIHHNNE aJIrOpUTM PO3B’si3-
KY.

Bucaosknu

Orpumani pe3y/abTaTH iJKPeCcI0Th Toi (hakT, 10 3a J0IOMOIOI0 PEKyPCil
BeJIMKa KiJIbKICTh 3a/1a9 PO3B’A3YETHCs JIEMKO Ta KPACUBO, SIK KayKyTh «B OJIUH Psi-
JIOK». AJte 1iJ1 9ac BUKOPUCTAHHSI PEKyPCil JOCUTH 9acTO BUHUKAIOTH IIPOOJIEMIH
npu i1 BUKOpUCTaHHI, dK Oy/I0 HaBeJeHO Ha MPUKJIA/Il, TOMY B JIedKUX BUIIAJIKAX
CJILJI ITpOpaxoByBaTH TakKl BapiaHTH, Ta Y Pasi, SIKII0 PeKYPCUBHUI PO3B’sI30K MO-
JKe MPUBECTH JI0 XUOHUX ab0 IMOMMJIKOBUX PE3YJbTaTiB, TO Kpallle BUKOPUCTATH
fforo iTepaTuBHUil anasor abo B3araJi, sIKIIO 1€ MOXKJINUBO, JIHIHHMI.

Jliteparypa
[1] Azo A. CrpyKTypbl JaHHBIX U AJIrOPUTMEI : [1iep. ¢ anrit.| / A. Axo, Jlx. Xo-
nkpodT, /. ¥Yibman — Mocksa: Bunbsame, 2007. — 400 c.
2] I'poxem P. Konkpernas maremaruka. OcHoBbl nadopmaruku /| P. I'paxem,
. Kuy, O. [Taramuuxk — M.: Mup; BUHOM. Jlabopatopus snanmii, 2006. —
703 c.

3] Illenw» A. Ilporpammuposanue: teopembl n 3ajgadu /| A. Illens. — 2-e usm.,
ucnp. u jgoi. — M.: MITHMO, 2004. — 296 c.
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NCITIOJIbSOBAHUE 'EHETUYECKNUX AJITOPUTMOB /1JIA
TECTUPOBAHINS BYJIEBEIX ®YHKIINN

B pabore mpesjioxKeH T€HETHYIECKUN AJTOPUTM IMMOCTPOCHHUSA KOHTPOJIBHBIX TECTOB OYJIEBBIX
dyHKIMii. DTOT aArOPUTM BBIOMpAET Te HAOOPHI 3HAYEHMIl MePEMEHHBIX, HA KOTOPBIX TEeCTH-
pyembie (DyHKIIUU TPUHUMAIOT pas3/jndHbie 3uadenus. [Ipesoxkena mporpaMmHuas peaan3alius
asiropuT™ma B cpejie Delphi.

KuroueBnie cjioBa: mecmuposarue, 2EHEMUNECKUTT anz2opumm, %OHWOPOJLbH’bLﬁ mecm

BBenenue

Bynesbl dynkimn 3hPeKTUBHO UCIOJIB3YIOTC MPU JIOTUIECKOM TPOEKTHPO-
BaHUU U POBOIT 1 MUKPOIIPOIIECCOPHOI TEXHUKHU, B TECOPUN KOJMPOBAHUS U KPUII-
Torpadun, a TakyKe B MaTeMaTHIECKOM MojienpoBannn. Vx HasBanne mponcxo-
JINT OT (paMUJIMHU BBIJAIONIETOCd aHTJIMIICKOro MaTeMaThKa 1 Jioruka JIxkopka
Byis, KoTopblIil BliepBbIe NCIIOIB30BaJ X JJ1s TPUMEHEHUS CUMBOJIN3Ma K JIOTTKE.
[lepBonavya/ibHO Oy/IeBbI (DYHKITMH PACCMATPUBAINCH KaK JIOTHYeCKUe (pOPMYJIbl
1 WCTIOJIb30BAJNCH TIPEXK/JIe BCETO [T PelrleHnss KOMOMHATOPHBIX JTOTHIEeCKIX 3a-
nad. B 1938 romy Kuon Illennon mokaszaj, 9To pejefiHble CXeMbl MOTYT OBITh
OIMUCAHBI U MPOMOJIEIUPOBAHBI ¢ TIOMOIIBIO OyJIeBbIX yHKIMI. B jganbHeiiem
OyJIeBBI (DYHKITUU CTAJIN MMUPOKO MCIOIB30BATHCA B pa3spabOTKe Pa3InIHbIX BbI-
YUCUTETbHBIX W YIPABJISIONINX CUCTEM: 3aKOHbBI (DYHKIIMOHUPOBAHUST CUCTEMBI 1
BCs cUCTeMa BOODINE, OOBIYHO ONMUCHIBAIOTCA OyIeBbIMEI (DYHKIUAMUI. B cBsa3m ¢
9TUM BO3HUKJIO HAIpaBJIeHWE B JIUCKPETHON MaTeMaTuKe, 3aHIMAIOIIeecs NCce-
JloBaHueM OyJIeBbIX (DYHKIINIA.

C yBesim4ueHneM CJI0XKHOCTU BBIUNCINTE/IbHBIX U YIIPABJISIIONIIX CUCTEM, & TaK-
JKe C MOBBIIIEHIEeM TPeOOBAHUI, MIPEIbABIIAIONINXC K HAJIEXKHOCTH UX (DYHKITHO-
HUPOBaHNs, HEOOXOINMO YETIAThH OOJIBITIOEe BHUMaHNE KOHTPOJIIO UCITPABHOCTH 1
JINArHOCTUKE HEeNCIIPaBHOCTEH 3TUX cucTeM. Fc/m HeMCIpaBHOCTU YITPABJIAIONUX
9JIEMEHTOB CUCTEM SABJILAIOTCA JOCTATOYHO YCTOWUMBBIMU, TO JJIs BBIABJIECHUS U
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IIPOBEPKH TAKNX HEHCIPABHOCTEH MOXKHO HCIOJIH30BAThH IPOBEPOUHbBIE KOHTPOJIb-
Hble TecThl. [I0CKOIbKY TOBeJ/IeHNne OT/Ie/IbHBIX 9JIEMEHTOB CUCTEMbI OIUCHIBACTCS
OysieBBIMEI (DYHKITSIMI, TO KOHTPOJIbHBIE TECTHI YaIlle BCETO IPUMEHSIIOT NMEHHO
K Oy/1eBbIM (PYHKIIMSIM: UX CPABHUBAIOT C 9TAJOHOM IIOBE/ICHUSI.

JlokazaHo, 4TO MOCTPOEHNe TaKUX TecToB siBJisteTcst NP-crioxkuoit 3aaqeit |2,
3, 5, 6], mosTOMY BCE M3BECTHBIE AJTOPUTMBI SBJIAIOTCS IBPUCTHIECKUMIE H JAI0T
IpUOJIMZKEHHBI K ONTHMAIbHOMY pe3y/bTaT. BbL1o paszpaboTaHO MHOIO METO-
JIOB 17151 OoJ1ee-MeHee 3P MEKTUBHOIO TOCTPOEHUS KOHTPOJIbHBIX TECTOB, KOTOPHIE
JIAIOT BBICOKOKAYECTBEHHBIN pe3y/IbTaT 3a HEeDOJIbIoe BpeMsi. BoJibInoit BKIa| B
pasBUTHE TeCTUPOBaHUs NN(POBBIX CXeM BHecIn oredecTBennble yuenbie C.B.
Abnoncknit, O.B. Jlynanos, C.A. Jloxkkuu, H.II. Pexpkun, I1.II. ITapxomenko,
FO.A. CkobuoB u 3apybexxknbie ucciejoaresn Por, 3opuan, Arpasaj, Oymku-
Bapa u MHorue jipyrue. VcciegoBanusi B JJAHHOM HalPaBJICHUH TPOJIOJIZKAIOTCS,
IIOCKOJIBKY HCIIOJIb3YIONINECsT METOIbI He BCEr/Ia MO3BOJISIIOT CTPOUTE TECThI HE00-
XOAUMOIT ITOJTHOTBI U3-3a HEeYIOBJIETBOPUTEIbHBIX IOKa3aTe el ObICTPOIeiCTBHS.
HawnboJtee rnepcrieKTUBHBIMU SIBJIAIOTCS aJTOPUTMBbI IOCTPOEHUST TECTOB C UCIIOJIb-
30BaHIEM METO0B TEOPUN NCKYCCTBEHHOIO NHTEJIEKTa, B IEPBYIO 0YepPe/ib, TeHe-
TUIEeCKNX aJropuT™MoB. [losTomy st 9dpHeKTUBHOIO MOCTPOEHNsT KOHTPOJIbHBIX
TeCcTOB OyJIeBBIX (DYHKIIUI MBI HCIIOJIH30BAIN UMEHHO T'eHeTHYECKIe aJrOPUTMBbI.

ITocTanoBka 3axa4n

Bajiaueii paboThl SIBJIIETCs pa3pabOTKa I'eHEeTHIEeCKOrO aJrOPUTMa IIOCTPOe-
HIsI KOHTPOJIBHBIX TECTOB 3aJJaHHbIX OyJIeBbIX (DYHKIIUIT 1 €ro mporpaMMHasi pea-
jnmsanus B cpejie Delphi. Mexogabie dyHKIMN MOIYT ObITh 3a/laHbl KaK TabJIuIeil
UCTUHHOCTH, TaK 1 aHajmTudecku B Bujie JH®. HeobxomumMo BbIIeINTDb TaKie Ha-
OOpbI 3HAYEHUIT [IEPEMEHHbBIX, Ha, KOTOPBIX BCe (PYHKIUK IPUHUMAIOT Pas3/JInIHbIe
s3HadeHns. KoamdecTBo Takux HaOOPOB JOJIZKHO ObITh MUHMMAJIBHO BO3MOXKHOE
i OJin3Koe K HeMy. 3a1af0Tcsi OTPAHIIeHHsT Ha KOJIUIeCTBO TIePeMEHHBIX (710 8)
1 KOJIMIECTBO TeCTUPYEMbIX Oy/ieBbix dyHKImii (10 10).

OcHoBHaAY 4YacCcTh

ByjieBbiMu Ha3bIBAIOT (DYHKIWK, apIyMEHThl i 3HAYCHUsI KOTOPLIX IIPUHAIJIC-
xkar MuoxkectBy {0,1}. OcHOBHBIME OYJIEBBIME OIEPAIUAMIE SIBJISTFOTCST OTPHIA~
Hue (0003HAUAETCST IePTON CBEpXY ), KOHbIOHKIWsI (0O603HAYAaeTCsT A, - WM 3HAK
IIPOITYCKAETCST KAK 1 JJTsT YMHOYKEHUsT ), T3 bIOHKINS (0003HaTaeTCs V ), IMILIN-
Kaiyst (=), 9KBuBaseHnus (<) u cymma no momayio gsa (@) |1]. Kaxmas,
oTMYUHAs OT HyJst, OyaeBa (PYHKIUS MOXKET OLIThH 3allMCaHa B BUAE U3 HIOHK-
TuBHOI HOpMasTbHON (hopmbl (JIHD), s1a 3amuce sasisercs Hanbosee yao0HON 1
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9acTo UCHOJb3yercs. Bynesa dyHknnsa or N mepemeHHBIX mMeeT 2V Bo3MOXK-
HbIX KOMOMHAIMI 3HAUYEeHUIT ITepeMEHHBbIX, TaKylo (DYHKIUIO MOXKHO IOJIHOCTHIO
onucarb tabumnneit ¢ 2V crpoxamu. B ka0l cTpoke GyieT yKa3aHO 3HAUEHHe
GYHKIUHU JIIs pa3IndHbIX KOMOMHAINI 3HAUYeHT 11epeMeHHbIX. Takas Tad/IuIa
Ha3bIBaeTcs Tabsuneil ncruanoctTn. CTpoKu TabJIMIbl ICTUHHOCTH OyJjieM Beerja
pacriojiaraThb B HOPsIJKE JIBOMIHOIO BO3pacTaHUsl 3HaUYEeHUIT 1epeMeHHbIX. [109To-
MYy CTPOKHU MOT'YT OBbIThH IIPOHYMEPOBaHbI.

st obecriedueHnst HaJIesKHOIO (DYHKIIMOHUPOBAHUSI CHCTEMbI HEOOXOIUMO Pe-
IIATH 33849y KOHTPOJISI MCIIPABHOCTU €€ 3jieMeHTOB. st perenns 9Toil 3amadn
C.B. d6ionckum npeiozkensl [6] Jorndeckne MeTo/bl KOHTPOJIS, CYTh KOTOPBIX
3aKJ/II0YAETCI B TOM, YTO Ha BXOJbI CUCTEMbI II0JAI0TCA HEKOTOPbIE CIIeIUaJib-
HbIM 00pa30M I110J00paHHbIE «IIPOBEPOUYHBIE» HAOOPHI 3HAUEHUIl IIepEeMEHHBIX U
Ha OCHOBE BBIXOJHBIX 3HAUEHUI CHUCTEMBI JIEJIAeTCsI BBIBOJ O €€ MCIPABHOCTH U
xapakTepe HencipapHocreil (pu nx Hajmaun). Kaxk npaBuio, BO3MOKHBIE BUJIbI
HENCIIPABHOCTU U3BECTHHI 3apaHee. TakimM 00pa3oM, Mbl MOYKEM BbIJICJIUTH OyJIeBY
QYHKIINIO, COOTBETCTBYIOILYIO UCIIPABHOI cucTeMe n (DYyHKIUNH, COOTBETCTBYOIIIIE
HEUCITPABHOCTSIM, TO €CTh MOXKHO ¢(hOPMUPOBATH HEKOTOPOE KOHEYHOE MHOXKECTBO
ucciuejyeMbrx 0yiaeBbix dpyuknuit M momnoctn k. st onpejenienusi, siBJIsgeTcs
JIN CHUCTeMa HCIPABHON U BbIsIBJCHUS TUIIa, HEUCIIPABHOCTU HEOOXOIMMO pa3Jjiu-
YUTH MEXKTy co0oii Bce pyHKIMN MHOKecTBa M . Takum obpaszoM, TecTupoBaHue
OyJIeBBIX (PYHKIINI B HAIIEM CJIy4Yae COCTOUT B TOM, YTO JIJIsi HUX MbI TTOJCTaBJISIEM
HEKOTOpPBIIT HAOOP 3HAUYEHUT IIepEMEHHBIX U HCCjeyeM 3HadeHrne OyHKIIL.

Oyukiust f(x) = 2° npum Bo3pacTaHnu & pacTeT odeHb ObicTpo. [losTomy,
mist byHknuii or cpegrero kojmdectsa (40-50) mepeMeHHbIX, UCIOJIB3YEMbIX B
peaJIbHbIX BbIUNCJIUTEIbHBIX U YIPAB/ISIOMNX CUCTEMAaX, IIPOTECTUPOBAThL 3HAUE-
HUsI Ha BCceX Habopax BBIYUCIUTE]BHO CJIOYKHO. BejegcTBue 3TOro HeoOXOIMMO
BBIOPATH JIMIIb HEKOTOPbIE HAOOPHI 3HAUEHUIT IIePEMEHHBIX, HAa KOTOPBIX HCCJIE/Ty-
eTcd 1nopejienne pyHKIun. s Toro, 9To0bI pazimanTb MexK Ty co0oit k yHKImii
HeoOXOMMO He MeHee, deM [log,n] Habopos sHadenuii (dbyHkIms [z] o3HAUA-
er JomnoJiHeHne 10 O/mKaiimiero nesoro). Harma 3agada coctonT B TOM, YTOOBI
BbIOpaTH Taknue HADOPbI 3HAUEHUIT, KOTOPbIE PA3InYaloT MKy cOoDOM 3a/laHHbIe
Oysesbl byHkuuu. [Ipu 5TOM B 1epBYI0 O4Yepejib UHTEPECYIOT TeCThl MUHIMAJIb-
HOM JIINHBI, KOJIMYIECTBO HAOOPOB B KOTOPBIX paBHO [logy n| U TecTbl, y KOTOPBIX
JIMHA OJIN3Ka K MIHUMAJILHOM.

st perienns 9Toft 3a/1a9n MOJHBIN TIepebop BceX BapraHTOB TaKUX HADOPOB
HeapDEKTUBEH BBUJY OIPOMHOIO KojmdecTBa omneparuii. OJHUM U3 MOIXO0JI0B K
PEIICHUIO TIOJIOOHBIX 3aJa4 SABJISIeTCsl DBOJIIOIMOHHOE MOJIe/INPOBaHNE, BIIEPBHIC
copmymupoannoe B 1966 romy JI. @orenem, A. Oysuun u M. Yosmem B pa-
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6ore «lIcKycCcTBeHHBI MHTE/IEKT 1 9BOJIOINOHHOE MOJICIUPOBAHHEY. DTOT IO/~
XOJI, UCIIOJIb3YeT NMPUHIUI IPUPOIHOI 9BooIuN 1poriecca. CyTh 9TOro Mmojxo/ia
3aKJIIOYaeTCd B TOM, YTO U3 HEKOTOPOI'O HAa4aJIbHOT'O MHOXKECTBA BO3MOYKHBIX Pe-
meHnit (Ha9a IbHOI MOIyJISIIUN ) BBIONPAIOTCS HAMTY IIIHe, 13 KOTOPBIX CIeIfa lb-
HBIM 00pa30M I0JIydaeM JIONOJHUTEIbHbIE PEelIeHnsI. 3aTeM 0TOOpaHHbIE PEIIeHHs
00beTMHAIOTCS ¢ HOBBIMU B IIepBOe MOKOJIeHne pertenuii. VI3 mepBoro mokoJienns
AHAJIOTTIHBIM 00Pa30M IOJIy9aeM BTOPOe U TOCeayIomne moKoaennsa. Canraer-
cd, YTO 4epe3 OlpeJIe/IEHHOE JIOCTATOUYHO OOJIBIIOE KOJUYIECTBO ITOKOJIEHUI MbI
[OJIYYUM HAWJIYUIINil pe3yJIbTaT.

DTOT TOJIXOJT TIOCTYKIJT OCHOBO MOsIBJICHNSA M€HETUIECKUX aJIrOpuTMOB. Pac-
CMOTPUM OCHOBHBIE TOHSTHS, CBI3aHHbIE C T€HETUYECKUMHU aJrOPUTMaMN. XPO-
MOCOMOIT OyjIeM CUUTATh OTJIEJbHBIN BAPUAHT PEIeHrns 3a/a41l — HEKOTOPYIO 10~
CJIEJIOBATETHLHOCTH CUMBOJIOB, KAk IbIi CUMBOJT Ha3bIBAETCS TeHOM. | eHeTnyaecKnii
AJITOPUTM CJIYIafiHO MM 0COOBLIM 00pa30M TeHepUpyeT HAYaJIbHYIO TOIY/ISIINIO
xpomocom. CuuraeM, 4TO BCe MOIYJISIUU COCTOAT U3 w XpomocoMm. s Kaxk-
JIOT XPOMOCOMBI C TIOMOIIBIO «(PUTHECC-PYHKIMIY TOJICUNTHIBAETCH HACKOJHKO

w
OHA IOJIXOJUT JIJIsI pelieHnd 3aa4un. VI3 HauaabHO MOIyJIAun BbIOnpaeM 5 110
HAMJIY IIIIM 3HAUEeHUsIM X PUTHECC-PYHKIMI. DTU XPOMOCOMBI IIEPEXOJIAT B CJIe-
w
Jytoniee moxkoJjieHue. V3 BbIOpaHHBIX XPOMOCOM IIOJIydaeM ele 5 XPOMOCOM C TIO-

MOTITBIO OJTHON M3 TpeX orepalnii: MyTallud, CJIBUTA I KPOCCUHTOBepa. MyTarms
COCTOUT B TOM, 4TO HeKOTOpblﬁ I'€H MeHAeT CBOEC 3Ha4YcHUue. C,ILBI/H‘ COCTOUT B IIUK-
JITYECKOM M3MEHEHUU TO3UIMHU BCeX I'€HOB Ha OIPe/JIeJIeHHOe KOJMYEeCTBO €JIMHUIL.
Kpoccurrosep (B inteparype 0 reHETHIECKIX AJTOPUTMAX TaKyKe UCIOJIb3YeTC s
Ha3BaHNe KPOCCOBED WJIM CKPEIBaHNe) — 9TO Olepallis, IIPU KOTOPO U3 JIBYX
XPOMOCOM TIOPOZK/IAIOTCS JBE HOBBIE XPOMOCOMBI. OIHOTOUYEUHBIII KPOCCHHIOBED
paboTaeTr Tak: cHavdaJIa CJIydaiiHbIM 00pa30M BHIOMPAETCs OJHA 3 TOUEK PA3phIBa
— YY9aCTOK MeKJIy COCEIHUMU TeHaMi B cTpoke. Obe ponTe/beKie XpOMOCOMBI
pPa3pLIBAIOTCS Ha JBa CEIMEHTAa II0 9TOH TOYKe. 3aTeM IIEPBbIi CerMeHT I1epPBOii
XPOMOCOMBI CKJIEMBAETCs CO BTOPBIM CEIMEHTOM BTOPOIl XPOMOCOMBI, a IepBbIil
CEI'MEHT BTOPOIl XPOMOCOMBI CKJIEMBAETCSI CO BTOPBIM CEIMEHTOM IIEPBOIT XPOMO-
coMbl. B pesyiibrare mo/iydaoTcs JiBe HOBbIE XPOMOCOMbBI. AHAJIOTUYIHO padboTaeT
JIBYXTOYEUHBII KPOCCUHTOBEP, Y KOTOPOI'O JIBe TOUKM pas3pbiBa n T.J. Hanpumep
xpomocombl 011111011 u 110000111 B pe3y/ibrare 0fHOTOYEYHOI'O KPOCCUHIOBEPA
110 TpeTheil Touke pa3pbiBa Ja/yT Xpomocombl 011000111 n 110111011.

Pabora renermdeckoro aaropuTMa IIpejcTaB/isgeT coboil UTeparmoHHbIi mTpo-
1ece, MPoJI0JIZKAIONINIics 10 TeX 1oP, IOKa He TPOiiJIeT 3a/JaHHOe YUCJI0 TOKOJIEHN
11 HEKOTOPBI JApyroil KpUTepuii OCTaHOBKU.
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Onpenesienne onepannii reHETUYECKOTO aJITOPUTMA JIJIsI MO-
CTABJIEHHON 3aJ1a4u

CunTaeM 49TO B 3a/a49€ PACCMATPUBAIOTCS k TECTUPYEMbIX OYy/IeBbIX (PYHKINIT
OT N IEepeMEHHBLIX. Bce XPOMOCOMBI ABJIAIOTCS IOCEI0BATEIbHOCTAMI JIJTTHOI
2" cocrosiye u3 HyJeil u exauHuIl. KaxKaplil reH orBedaeT 3a HAOOpP 3HAYEHMUI
TaOJINIBI UCTUHHOCTU C COOTBETCTBYIOIIUM HOMEPOM 110 mpaBuiay: 0 — Habop He
BKJIIOYAETCA B TecT; 1 — BKJIIOYAeTCsI B TeCT. TakuM 00pa3soM KOJIUIECTBY €JIMHMIL
B XPOMOCOME COOTBETCTBYET KOJINUYeCcTBO HaOOpoB B TecTe. Bo Bcex xpomocomax
HAYATBHOTO TIOKOJIEHNST KOJTMIECTBO eJINHUI] paBHO |logy k.

durHecc-PYHKIHS 3a0aeTCsd KaK KOJNIEeCTBO Pa3INIHbIX 3HAYEHU TeCTupy-
eMbIX (DYHKIINIL, TO eCThb XPOMOCOMA, IIOJIyUUBIIIasl OLEHKY kK, SIBJISIETCS pelleHn-
eM 3aJlaul U IPUBOJUT K OCTAHOBY IIpOIlecca IOUCKa pelreHus. s mosaydeHue
XPOMOCOM CJICJTYIONIUX TTOKOJICHUI MPUMEHSIOTCS Olepallii CJABUTa, MYTAIMU 1
OJIHOTOYEUHBIN KpoccuHroBep. IIpu MyTanun HekoTopswIil ren MensieT 3HadeHue ()
Ha 3HadeHne 1, a HEKOTOPBIH Jipyroil ren - 3Hadenne 1 Ha 3unadenne 0. [Ipu kpoc-
CHHIOBEpe TOUYKa pa3pbiBa BLIOMPAETCs TaK, 9TOOBLI KOJMYECTBO €JUHUI] B 00enx
HOBBIX XPOMOCOMaX COBIIAIAJIO ¢ KOJINIECTBOM €JIUHUI] B POAUTEILCKIX XPOMOCO-
Max. Taxkum obpazoM reHeTHYecKue Oolepaluil He YBeJIUINBAIOT KOJINUECTBO €J11-
HUII B XpPOMOCOMaX.

Eciin va nporsizkenun 100 1mokKoJieHUT OTBET He IOJYYeH, TO (POPMUPYETCst
HOBOE Hada/IbHOE TOKOJIEHNE XPOMOCOM C KOJIMYECTBOM €JIMHUIL Ha OJTHY OOJIBIIIE.

Paszpaborana nporpamMmHast peansalis aJropuTMa B cpejie TporpaMMIPOBa-
Husi Delphi. ITo pesysibraTam TecTupoBaHust IPOrpaMMbl BHIOPAHbBI OIITHMAaJIbHBIE
IapaMeTpbl BeposiTHOCTeH reHeTndeckux oneparuit: mytamus 0,1 - 0,15; casur
0,1 - 0,15; xpoccunrosep 0,7 - 0,8. C 3TUMHI BEPOSITHOCTSIMEI KOJIHMIECTBO HADOPOB
IIepEMEHHBIX, YUACTBYIOIINX B TecTe Oy/eBbIX (PYHKIMI HUKOTIa He IPEBBIIIAJIO0
Besimanny [logy k| + 1, To ectb HuKOrA He 100aBIIsLIIOCH HOJIee OJIHOTO HAabopa.

BriBoan:

B paboTe mpemioykeH TreHeTUYeCKUil aJropuT™M I TeCTUpOBaHus Oyire-
BbIX (DyHKIMII. PaccMoTpen BapuaHT KOJIUPOBAHUS NCXOJHBIX JAHHBIX, OINEHKA
duTHecc-pyHKIINM 1 cIOCOOBI BBITIOJIHEHNs TeHeTUIeCcKnX orepanuii. Pazpadbora-
Ha IIPOrpaMMHas Pean3aliid aJrOPUTMa, BEIOPAHBI ONTHMAJIbLHBIE Ha HAII B3I
BEPOATHOCTU MCHETUYCCKUX OIlePaInii.

Hanbueiimme nceretoBaHns JOKHBI PACCMATPUBATH OCOOEHHOCTH BBITIOTHE-
HUS FeHeTUYECKNX ollepalliil 1 UX BEPOATHOCTD JIjis OT/AEJAbHBIX CIy4YaeB BUJIa Te-
CTUPYEMBIX OYJIEBLIX (PYHKIINI, B YACTHOCTH JIJI Caydasi, KOTJIa NCXOTHbIe (DYHK-
IUN OTJIMYAIOTCS JAPYT OT JIpyra OueHb cJiado.
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AJITOPUTM PACIIOGHABAHUYA I'PA®A TPEMSA ATEHTAMMUAX

PaccmarpuBaerca mpobiieMa pacro3HaBaHKsg KOHEYHBIX HEOPUEHTHPOBAHHBIX I'PadOB TPeMs
arentaMmu. [loryden ajaropuTM pacro3HaBaHUs, BpEMEHHasi 1 eMKOCTHAasl CJIOYKHOCTH KOTOPO-
ro pasubl O (n?). Ilpu pabore jiBa arenTa, NepeJBHraolEecs 110 rpady, UCIOML3YIOT 110 JIBe
pasudHble Kpacku (BCEro Tpu KpackH).

KuroueBblie ciioBa: pacnosnasanue epaga, 06x00 6 2ay0uny, obpammoe pebpo, nepewees.

BBenenue

AKTyaJIbHbIM HallpaBjIeHIEeM MaTeMaTHIeCKON KHOEPHETUKHU SBJISIETCS TEOPHs
JCKPETHBIX JuHamudecknx cucrem [1|. B obmeit cxeme imyiikosa — Jletudaescko-
ro 9Ta cucTeMa IpPeJICTaBIeHa B BUJIE MOJEIN B3aUMOAECHCTBUS YIIPABJISIONIEH 1
yipasisieMoii cucrem [2|. Panee momobHoe B3anmoieiicrBue ObLIO PACCMOTPEHO
B [3], B mpenoiozKeHnn, 9TO OHO IPEJICTABIEHO MOO0YEPEHBIM IepeMeIeHueM
JIBYX areHTOB-UCCIe10BaTe el (AI/I) 10 HEU3BECTHON cpejie, 3aJaHHON KOHCYHbIM
rpadoM |2], 1 0OMEHOM JJAHHBIMU C ar€HTOM-9KCIIepUMEHTATOPOM (AD), KOTOPBIl
BOCCTaHABJIMBACT MCC/IEyeMblil I'pad, 10 JIaHHBIM MMOoJydeHHbIM 0T All.

annas pabora IMOCBSIEHa WCCJIEIOBAHIIO PaCCMATPUBAEMOIO B3aMMO/ICH-
CTBUA, B TIPEJANOJIOKEHIN, UYTO OHO IIPEJICTABIEHO ITPOIECCOM OJHOBPEMEHHOIO
nepemertiennsi jiByX Al A u B 110 Heu3BecTHO#l cpeje, 3a/laHHON KOHEYHBIM
rpacom (AUl MoryT okpammBaTh BepIIUHBI, pedpa U UHINIEHTOPB Ipada, Boc-
IPUHUMATH 9TH OTMETKHM U Ha WX OCHOBAHWU OCYIIECTBJISITH TE€peMeIeHne), i
obmenoM JlaHEbIME ¢ AD (BoccTanaBinmBaeT rpad, MO JAHHBIM TTOJIyY€HHBIM OT
AW u nepegaer AU undopmanuio, HeOOXOMUMYIO UM Jjijist (DYHKITMOHUPOBAHNSI ).
B pabore npejioxken ajaroputm moctpoennsi Mapuipytos AU o rpady, mo3BoJis-
formux AD ToUHO BoccTaHOBUTH rpad cpebl. s storo y kaxkjgoro AU ects jiBe
kKpackn: y Asrorub, y B—y unb. Anropurm ocHoBan Ha MeTojie 00xoa rpada
B iy6uny. [Ipu ero onncanuu uCob3yIOTCsT PE3YIBTATHL 1 0003HAUEHUs U3 [3)].

OCHOBHBIM PE3YIBTATOM WCCJIEIOBAHUS SBJSICTCS ONTHMU3AINS aJrOPUTMAa
pacrio3naBaHus IepeniefikoB 1 0OpaTHBIX pebep, UTO MO3BOJINIO, B UTOTE, YIIyd-
IINTH BPEMEHHYIO CJI0?KHOCTD C O(n3) 3] 110 O(nz), e n—4nc/I0 Bepinnd rpada.
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OcHoBHBIE onpeelieHsI 1 0003HAYEHUS

B pabore paccMaTpuBaloTCsl KOHEUHbIE, HEOPUEHTHPOBaHHbIE Tpadbl 0e3 Te-
TeJIb 1 KpaTHBIX pebdep. IloHsaTHsI, KoTophle HE pacCMOTPEHBI HUZKE, OOIEN3BeCT-
HBI U ¢ HUMHI MOXKHO o3Hakomuthes B |4-6| [lycrs G = (V, E) — rpad, rae V
— MHOXKECTBO BepIIiH, F — MHOXKeCTBO pebep (JIByX3JIEMEHTHBIX MOJMHOKECTB
(v,u), toe v,u € V). Tpoiiky ((v,u),u) Oymem Ha3bIBATH HHIIHIECHTOPOM Deb-
pa (v,u) u BepmmHbl %. MHOXKeCTBO Takux Tpoek oboznaunm [ . MuoxkecTBoO
L = V U FE U I nasoem MHOKeCTBOM 3jieMeHTOB rpada G . Oyukimeil pac-
kpacku rpada G Hazoem orobpaxkenme p : L — {w,r y,ry, b}, tie w uH-
TepIpeTupyeTcss Kak OeJblil IBET, r — KPaCHbI, Yy — »KeJTbI, Yy — KpacHO -
xkereiit b — qepnbiit. [lapa (G, @) HasbBaercs packparienubiM rpadom. [lo-
CJIeJI0BATE/IbHOCTD U1, U, ...UE TTONAPHO CMEXKHBIX BEPINNH HA3bIBAETCS IIyTEM B
rpade G, a k — pnunnoit mytu. [Ipu yeaoBum uy = uy MyTh Ha3BIBAETCS ITITKJIOM.
OxpectrocTbio () (V) BepIUHBL ¥ OyJeM HA3BIBATH MHOXKECTBO JIEMEHTOB I'Da-
a, cocrosiiiee U3 BEPIMHBL U, BCEX BEPIINH U CMEKHBIX C ¥, Bcex pebep (v, u)
u Beex unnugerTopoB ((v,u),v), ((v,u),u). MouHocTs MHOXKECTB BepiiuH V
u pedbep E o0o3HaUMM 4Uepe3 m U M COOTBETCTBEHHO. flcHO uro m < @
zomopdusmom rpada G u rpacdha H nHazoBeM Taxyio omeknuio ¢ : Vg — Vi,
aro (v,u) € Eg Touno torna, korjaa (¢ (v), ¢ (u)) € Ey . Takum obpasom, u30-
MopdHbIe Ipadbl PABHBI ¢ TOYHOCTHIO JI0 0003HAUEHHSI BEPIINH U PACKPACKH HX
9JIEMEHTOB.

Arentsl A u B nepeasuraiorcs mo rpady U3 BepIINHBI U B BEPIIUHY U IO
pebpy (v,u), MOIYT U3MEHSITh OKPACKY BEPIHH v, u, pebpa (v,u), HHIHJIEHTOPOB
(v,u),v),(v,u),u). Haxonsice B Beprimue v, AVl BocipuHnMaeT METKH BCeX 316
MeHTOB OKkpecTHOCTH (Q(v). U Ha OCHOBAHUU STHX METOK OIPEJIEIsieT, 10 KAKOMY
pebpy OyIeT mepeMenaThest, 1 Kak OyJIeT OKpallnBaTh 3JIeMeHThI I'pada. AD nepe-
JIaeT, IPUHIMAET U UACHTUPUIUPYET cooldInenus, moaydentbie or A, obraiaer
KOHEYHOM, HeorpaHNYeHHo pacTylleil BHyTpeHHell maMATbio, B KOTOpoil (ukcu-
pyercst pesyiabrar (byHkimonnposarus AVl Ha KaykIoM Iare m CTPOUTCS IIPe-
crapjenne rpada (G, BHaUaIe HEN3BECTHOIO areHTaM, CIIICKaMu pebep U BepINnH.

OcHOBHA YaCTHUHA

Crparerust pereHust 3a/adu aHaJOTHYHa CTPATErnn, PACCMOTPeHHOiT B [7], co
3HAYNTE/ILHBIMU U3MeHEeHUsIMI B pexknmax pabotsl AU ¢ nepemeiikamu n obpat-
HbIMU pebpamu. PaccMoTpum 3Tu pexkuMbl H60J1ee 10 IpoOHO.

1) Ecnu, npn jpukeHWn BIiepes, B BepiinHe v ObLIO 0OHAPYZKEHO 00pat-
Hoe pedbpo, To AU mpekpaiiaer padoTy B OOBIYHOM PEXKHMe U IIePEKJII0TIaeTCs
B PEXKUM pacnodnasarus obpamunx pebep. AVl Kpacut B «CBOIi» IBeT OJIMKHIE
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UHIIIJIEHTOPBI BCeX 00paTHBIX pedep MHIUICHTHLIX BEPIIMHE vU. 3aBEpIINB I10-
Kpacky mnnuenTopon, AUl nepejBuraercst Ha3a L 110 CBOEMY IIyTH, JIO OOHAPYKe-
HUsT BEPIINHBI UHIINJAEHTHON MoMeIeHHOMY ob6paTHOMY pebpy (1oj] MoMeUYeHHbIM
oOpaTHBIM pedpPOM MOHUMAETCA Oejioe pedpo, y KOTOPOro JlabHII NHIIMICHTOD U
JaJIbHsIsT BEPIIHHA OKPAIIEHBI B «CBOII» 1IBET), MEPEXOIUT IO ITOMY pebpy, OKpa-
IBasi ero B 4epHbiii iiger. Ha s1oM sTame BosamoxkHbI j1Ba ciaydas: 1.1) Pacmnosna-
HBI He BCe, IIOMedeHHbIe paceMaTpuBaeMbiM Al obpaTHbie pebpa. B sTom ciayuae
AN BosBpamaercs: Haza/l 10 IPOMJIEHHOMY Ha IIPEJIbIIYIIEM Iare pedpy, oKpa-
IIBas B YEPHBIH IBET OJIVXKHII WHITUACHTOD, U IIPOJIOJIZKAET JIBUKEHIE Ha3a,/1 110
CBOEMY TIYTH, JI0 OOHAPYZKEHUS CJCAYIONEN BePIIMHBI, WHITUACHTHON MTOMETIeHHO-
My obpatHOMY pebpy. 1.2) Pacriosnatb! Bee, oMedeHHble paccMaTpuBaeMbiM Al
obparubie pedbpa. B sTom ciyuae AW okpammBaer OJiMzKHIIT UHIIMIEHTOP pebpa,
110 KOTOPOMY OH TIepelies Ha MPEeJIbIIyIIeM Iare, B YepHbIi BT U 3aBepIiaeT
paboTy B pexKuMe paclio3HaBaHusi 0OpaTHBIX pedep.

2) Ecim B mporiecce obxona rpada B BepiinHe v ObLT OOHAPYZKEH Ieperie-
€K, TO IIPpU yCJIOBUU, YTO BCEe paHee momedeHHble janabiM AVl mepemneiiku ObLin
PACIIO3HAHBI, Ar€HT TEPEKIIOTACTCS B PEAHCUM NOMEMEKEU NEPewetikos. B 3ToM pe-
xxume AU okparuBaer OJIMKHIE WHIMIEHTOPBI BCEX MeperieiikoB, MHINIEHTHBIX
BepIInHe ¥, B YepHbIil 1BeT. B janHOM pekume padboThl areHT A mMmeeT mIpu-
OpUTET HAJI areHTOM B | M03TOMY B CUTyallnu, KOrja o0a areHta OJIHOBPEMEHHO
OOHapPYzKaT OJIMH U TOT »Ke Ieperieek, oH Oyer nmomedex arearom A . Ha kaxkmom
mrare AU odmenuatores jannabivu ¢ AD. 1o 3aBepiiiennio pexkuma MoMeTKH Ie-
pernreiikoB AD cojiepKuT mHMOPMAIINIO O KOJINYECTBE MOMEUYeHHbBIX IIepenieiikos.

3) Hosyuaus or AD KoMaHIy 0 HEOOXOJUMOCTH PACIO3HABAHUSI [EPEIIeiiKOB,
AU nepekrogaeTes B pestcum pacnodnasarus nepewetikos. Ecim B 3T0T MOMEHT
areHT paboTaeT B pexKuMe paciio3HaBaHusi oOpaTHoro pebpa, To AU nepekmoant-
Csl B PEXKUM PACIIO3HABAHUS MTE€PEIIEHKOB, JIUIIh 110 3aBEPHICHUIO PACIIO3HABAHIS
obpatnoro pebpa. Ilpu mepekstodennn B sror pexkum Al nposepsier Hajmdue
13 BEPIIUHBI, B KOTOPOIl OH HAXOJUTCS, JPYTUX BO3MOYKHBIX ITyTeil IepeMerre-
HUsI KpOMe KaK JIBUXKeHne Ha3a/l 110 cBoeMy IyTH. Ecin takue myTu ecthb, 1o AU
BO3BpAIAETCs Ha3a/l 110 CBOEMY IIYTH, HUYEro He OKpaIlnuBas, JI0 OOHAPYKEHHs
OJIKaiiieil BepIImHbl, NHIMJIEHTHON ITOMEYEHHOMY Ieperieiiky (HO,ZL IIOMeYeH-
HBIM IIepereiikoM IMoOHuMaeTcs Oesioe pedbpo, y KOTOPOro JaJbHUI HHITHICHTOD
OKpAIIleH B YePHBIii [[BET, & JajibHsisi BEPIIMHA OKPAIIeHa B «1yzKoii» 1Ber). Ecm
JKe TaKMX IyTeil HeT, TO BO3BpaIllasich Ha3a/l 1o coemy myTu, AVl okparmmBaeT ero
B YEepPHBIIT TIBET JO TeX TOp, MOKa He TMOSBUTCS BEPIINHa ¢ JIPYTUMU BO3MOXKHBIMI
nyTsIMu 1iepeMertiernst, gajgee AVl BozBparnaeTcs Ha3aj| 110 CBOEMY IIyTH JIO 00-
Hapy»Kenus OJnzKaiiineil BepInabl, WHINIEHTHON TTOMedeHHOMY Teperteiiky. [1pn

Bumyck N2, 2012 139



Indopmaruka Ta MeToauKa 11 BUKJIaJaHHS

OOHAPYKEHNH TIOMEYEHHOTO Tepereiika BO3MOXKHbBI JBa ciydas: 3.1) Ilomeueno
odun nepeweex. AVl okpamuBaeT OJIMZKHII WHIMJIEHTOP MTOMEYEHHOT'O Tepereii-
Ka B 4YepHbIl 1BeT. ajee JABHUXKeTCs BIEpe]] 110 CBOEMY IIyTH, IIOKa He BEpHETCH
B BEPIINHY, B KOTOPOil OBLIO IIPOM3BEJICHO IEPEK/II0UECHNE B PEXKUM paclio3HaBa-
Hust eperteiikos. 3.2) Ilomeueno ne menee deyr nepewetixos. AVl okparmunsaet
OJIMZKHUIT WHIMJIEHTOP MTOMEYEHHOI'o Iepelieiika B «cBoit» mpet. lanmee AU nBu-
JKeTCsl Ha3aJl 110 CBOeMYy IIyTH, I0Ka He OyJIeT HalijeH CJIeIyIONuil IToMedeHHbI
nepereek. [Ipu obHApYKEHNN TTOMEUEHHOTO Ieperieiika BO3MOXKHO JIBa BapuaH-
ta: 3.2.1) Caedyrowut nomevwennui nepeweer ne nocaednud. AV oxpamunsaer
OJIMKHIIT MHIMAEHTOP B YepHbIl mBetT. Ha ciemyromem mare AU cHoBa Bo3Bpa-
MAeTCsT Ha3aJl 110 CBOeMY IYTH JI0 CJIeYOIIero MoMedeHHoro meperieiika. 3.2.2)
Caedyrowuti nomevernvili nepeweek nocaednudi. AVl okpaimpaer OJIVMKHUNA MH-
IUJICHTOP B «CBOit» npeT. Ha ciemyromeM 1are AVl nepexoguT 1o rmocjejHeMy
nepenieiiky B 4y»kKyio 00J1acTh, OKpallinBas OJIMKHUN WHIIMACHTOP B YePHBIIT IIBET.
Ha crnenyromem mare AV mepexoanT 1o 1epBOMYy pPaCIiO3HAHHOMY IIepeIeiiky B
CBOIO 00J1aCTh, OKpaIllnBast JaJbHUIl nHIMIEHTOP B YyepHbiil niBeT. laniee AU Bo3-
BpAIIAeTCs B BEPIINHY, B KOTOPOIl ObLIO IIPOU3BEJIEHO IEPEKJII0UEHNEe B PEXKUM
pacIrio3Hannyd MMeperieinkos.

4) Odnospemerinoe nonadanue deyxr AU 6 0dny eayro sepuiuny. pu omno-
BpeMenHnoM rnornajanun JByX AU B ojny Oesyto Bepiiuny, kKaxkjpiit Al okpa-
[IIIBAET BEPIINHY HAIIOJIOBUHY, M OHA CTAHOBUTCSI KPAaCHO-KeaToil. Arent B Ha
CJICJIYIOIIEM Iare OTCTYIaeT Has3aJl 1o cBoeMy IyTH. IIpu sToMm yiaaiser Kpacky
¢ OJIM2KHEro MHIMJIeHTOpa 1 pedpa, OKpallluBaeT JaabHuil HHIIUJICHTOD B YePHbIi
[BET U EPEXOJUT B PEXKUM MOMETKH Ieperieiikos (1pu 3ToM pebpo, 110 KOTOPO-
My OH BEPHYJICS y»Ke IOCUMTAHO KaK IIePBBIil Iepelieek, a JIINHa KEeJITOr0 IIyTH
yMeHbIIleHa Ha OJHy BepiuinHy). AreHT A BHJNT PasHOIBETHYIO BEPIIHHY KaK
CBOIO, HO IIPU PACIIO3HABAHUU OKPAIINBACT B YEPHBIH 1IBET 00€ MOJOBUHK.

Aneopummur 06xoda u soccmanosaenus. Pacnosnasanne rpada IpoBOIIT-
Cs1 TIOCPEJICTBOM JIBYX THIIOB ayiropuTMoB: «O0xo» n «Boccranosinenues. Ilep-
BBIIf THII aJIFOPUTMa OIHUCHhIBAaeT 00X0/ Heum3BecTHOro rpada G areHTaMu-
HCCJIe/IOBATE/IIMU, C TEJIBIO IPOBEJICHUST CEPUN DJIEMEHTAPHBIX SKCIIEPUMEHTOB 1
obmeHoM JaHHBIMI ¢ AD. Bropoit Tum anropuTMma ONKUCHIBAET aHAJN3 areHTOM-
9KCIIEPUMEHTATOPOM PE3Y/IbTATOB JIEMEHTAPHBIX SKCIIEPUMEHTOB 1 UX 00be [MHe-
HUe, B pe3yJibTare KOTOporo OyjeT moctpoeH rpad H , nzomopdHbIil pacno3Ha-
BaemoMy rpady G .

Aneopumm pabomu, aeernma A: Bxod: rpad G memssectubrit A m A, Bce
seMeHThl rpada (G oKpallleHbl KpacKoil w, areHT A IoMelleH B IIPOU3BOJIbHYIO
BEPIINHY 0.
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Buoizod: Bee snementhl rpada G (Kpome TepereiikoB, 00Hapy KEHHbIX B [IPOIECCe
pabOThI AreHTOB-UCC/IeIOBATE el ), KOTOPBIE TONaIyT B 00JIACTh PabOThI areHTa
A, okpalennl Kpackoil b, arenT A HAXOIUTCA B MCXOIHON BepUIMHE U, OIIAIOBO
BbIJaHbLl KOMaHbl AD.
Hannwvie: v — pabouast Bepiiuia rpada G, B KOTOpoil HaXoAuTcst areHT A .
1. Arent A xpacut (p(v) :=7);
2. sampoc AN ;
3. if AN #1 then do
4 zarpoc BN ;
5. if BN =0 then METUM_IIEP A (v);
6 else BBIBOP_XO/A A (v); end do;
7. else PACII _IIEP_A(v);
PaceMoTpyM IpoLeyphbl, HCHOIL3yeMbIe B JAHHOM AJIOPUTME.
METHM_IIEP_A(v):
1. if B Q(v) ectb pebpo (v,u), y KOTOPOTro
(1 ((v,u),v) =w)and (u((v,u) ,u) =w)and (u(u) = y) then do
arenT A Bwinosnuser uponeaypy METHUM AB (v);
go to 1 manHoil nmpouenypsl; end do;
else do
zanpoc F;
if E =0 then do BBIEOP_XOJ[A_A(v);
else do

© 0N o otw o

arear A Boinosinstet nponeaypy PUKC A (v);
10. go to 2 anropurma odxoja; end do;
11. end do;

[Ipu Bomosnennn tnporeaypel METUM AB (v), arenr A Boibupaer u3
okpectHoCcTH @ (V) Pebpo (v, u), KOTOPOe YIOBJIETBOPSIET CJIEYIOMEMY YCIOBUIO
(1 ((v,u),v) =w)and (p((v,u) ,u) =w)and (u (u) =y), OKpamuBaeT OIMAK-
auit wammaentop u ((v,w),v) = b u 3anuceBaer B crmcok M coobienue:
METUM AB.

BBIBOP_XOJIA_A(v):

1. if B Q (v) ectb pebpo, y Kotoporo (u@,u)=w)and(puw)=p @) =r) then do

2. arear A Bomosaser npoueaypy PACI A (v);

3. go to 2 aaropurma obxoja; end do;

4. else if B Q (v) ectb pebpo, y koroporo (u(v,u) = w)and (pu(u) = w) then do
5. arenT A Bwinonnger uponeaypy BIIEPE/] A (v);

6. go to 2 anroputMma obxojia; end do;

7. else if B @ (v) ecTb pebpo, Y KOTOPOTO
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(1 ((v,u),v) =w)and (p((v,u) ,u) = w)and (u (u) = y) then do
8. arenrT A swinosnsier nponeypy CTOUT A (v);
9. go to 2 aiaropurma odxoja; end do;
10.  elseif B @ (v) ectb pebpo, y KOTOPOTO
(10, ), ) =wand(p(v, w) , w) =band(u) =y)or (v, u) =) then do
11. arenrT A Beinosusier nponenypy CTOUT A (v);
12. go to 2 anropurMma obxoja; end do;
13. else if B @ (v) ectb pebpo, y KOTOPOrO
(n(v)=r)and (u((v,u),v) =r)and (u(v,u) =1) then do
14. arenT A Beinosasier nporenypy HA3AJ A (v);
15. go to 2 anropurMma obxoja; end do;
16. else arenr A Boimosaser npoueaypy CTOII A (v);
PACII_A(v):
1. while 8 @ (v) ectb pebpo, y kotoporo (p@) = @) =r)and(uw,uw)=w) do

2. arear A kpacutr (u((v,u),v)):=r;
3. arenr A zammcoiBaer B M : METKA OP _A; end do;
4. arenr A BeIOUpaer u3 okpecraoct ) (v) pedbpo (v,u), y KOTOPOro

(1w, v ,v)=rand(p@, w) =rand(pu@) =1), MIEPEXOIUT 1O HEMY B BEPIINHY U;
D. V:I=u;
6. arent A zamuceiBaer B M : OTCTVII _A;
7. if B okpectroctn @ (v) Her pebpa (v,u), y Kotoporo (u(v,u)=w)and
and(p((v,u),u)=r)and(p (v)=p(u)=r) then go to 4 nanHoit TpoIEITYPHI;
else do

9o

9. arenr A nepexojut 1o pebpy (v, u), Kpacut p(v,u) :=b;

10.  v:i=w;

11. arentr A zamnuceiBaer B criimcok M : BIITEPEJI OP A; end do;

12. zanpoc UDOBR__A;

13. if UDOBR_A — TRUE then do

14.  arenr A BwiOupaer u3 @ (v) pebpo (v,u),y xKoroporo (u(v,u) = b)and
and (p ((v,u),v) =r)and (u(v) = p(u) =r) nukpacur pu((v,u),v):=b;

15. arear A sammcoiBaer B crncok M : PEBPA  PACIIO3HAHBI A; end do;

16. else do

17.  arent A Bwibupaer u3 @ (v) pebpo (v,u),y Koroporo (u(v,u)="band
and(p(v,u),v)=r)and(ul) =

18. arenr A xpacur p((v,u),v):

19.  wv:i=wu;

20.  go to 4 nannoit nponenypsr; end do;

(e ) T) U IEePeXOJUT 10 HEMY B BEPIIUHY U ;

[Ipu Beimosnenun tnponeaypbl BIIEPEJ] A(v), arenr A BbiOupaer u3
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okpectaoct @ (v) pebpo (v,u), y kotoporo (u(v,u) = w)and(pu(u) = w)
U TEepexojuT [0 HeMy B BepuiuHy w. llpu srom okpammBaer p(v,u) = 7,
p((v,u),u) == r,pu(u) ;= r, BHIIOIHAET IPUCBAMBAHNE U = U U 3aINCHIBA-
et B crincok M coobmmenne: BITEPE[ A.

Beimostasist iporieiypy CTOHUT A (v) , arenT A He BBIOJHSIET HUIKAKUAX JIEHi-
CTBUIL.

B mporecce Boimosnenust mponenypel HA3AJ[ A(v), arenr A BbOU-
paer u3 okpectHocTH () (v) PeOPO, IS KOTOPOTO BBIMOJHSIETCS  YCJIOBUE
(n(w)=r)and (u((v,u),v) =7r)and (u (v, u) =), 1 TEPEXOJUT 110 HEMY B BEP-
miy . [lpu atom, nmpoussogut okpamusaiue 4 (v) = b, u((v,u),v) := b,
f(v,u) = b, BBINOJHSAET TIPUCBAMBaHUE ¥ = U W 3alUChIBAeT B CIUCOK M
coobmenne: HASAJ[ A.

[Tpu Boimosaenun mpoteaypel CTOI A (v), arenr A okpammuaer pu(v)=b,
sanuceiBaeT B cicok M coobmienne: CTOII A u 3aBepimaer padboTy.

Beimosasist nporieypy @UKC A (v), arenr A samuceiBaer B criicok M co-
obmienne: PUKC A.

PACII_IIEP_A(v):
1. if B Q (v) He obHApYXKEHO pebpa, y KOTOPOro
(1 ((v,u) ,v) =w)and (u ((v,u) ,u) =b)and (u(v,u) = w) then do
2. if B Q(v) obuapyxkeno pebpo, y koroporo ((p(v,u)=w)and(u(u)=w))or

or (0, 1)=r)and(u(0.1) 1) =ror(u0.) =w)and ()=o) =) o

or((p (v, u) , u) =w)and(p(u) = y)or(p (v, u)

and(p (v,u) ,u)=b)and(u (v,u)=w)) then do

3 arenrT A Bwinosnser nponeaypy OTCTYII A (v);
4 go to 1 nanHoit npoueaypsr; end do;

5. else do

6. arenr A Bwinosnser npoteaypy HA3AJ A (v);
7 go to 1 nanHoit npouenypsr; end do;

8. end do;

9. else do

10. zanipoc UDP B

11. if UDP_B =TRUE then PACII _AB (v);

12. else PACII _ABb (v);

13. zanpoc K ;

14. if K # 0 then go to 1 maHHOit IPOLEAYPHI;

15. else do

16. areaT A Bormosasiet nponeaypy OBH A (v);
17. if B Q(v) obHapykeHO pebpo, ¥ KOTOPOTo
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(1 (v,u) = w) and(((u ((v,u) ,v) = 7) and (p ((v,u) ,u) = b)) or
or ((pn((v,u),v) =b)and (u((v,u),u) =7))) then do

18. arenT A seinosnsier nponenypy BIIEPE/] AR_N (v);
19. go to 17 nannoit nponeaypsl; end do;
20. if B Q(v) ectb pebpo, y KOTOPOTO
(1 (vy,u) =7r)and (p((v,u) ,u) =r)and (u(u) =) then do
21. arenT A Beinosnger nponenypy BIIEPEJ] AR (v);
22. go to 20 nannoit nponeaypsr; end do;
23. else go to 2 anropurma obxona; end do;
24. end do;

Beimosusst nponenypy OTCTYII A (v), arear A BBIOUpPAET U3 OKPECTHOCTH
Q (v) pebpo (v,u),y xoroporo (p ((v,u),v) =7r)and (u(v,u) =r) U nEPEXOAUT
110 HEMY B BEPIIUHY 1 , BLIIOJHAET IIPUCBAUBAHKE U := U U 3aICLIBACT B CIICOK
M coobmenne: OTCTVIT _A.

[Ipu Bemoaaennn uponeaypbt PACII AB(v), arent A BbIOUpaer u3
okpectHoCcTH () (V) 1pousBoJibHOE PEOPO (v, u), JJisi KOTOPOIO BBIIOJIHAETCS
yesosue  (p((v,u),v) =w)and (p ((v,u),u) =b)and (u (v,u) = w), oKkpau-
Baer (1 ((v,u),v) :=r u 3amucbBaer B crincok M coobmenne: PACIT  AB.

[Iponeypa PACII ABb(v) amnasnornana uporieaype PACI AB (v), ¢ ot-
JIMYUEM JIMIIL B TOM, YTO MHIMJIEHTOP OKPAIIUBAETCS CJEAYIOMNM 00pa3soM
p((v,u),v):=b.

[Tpu Bormonnenuu nporeaypst OBH A (v), arenT A 3ammchiBaeT B CIHCOK
M coobmenne: OBH A;

Boinosusist nponeypy BIIEPEJ] AR_ N (v), arentT A BblOupaer n3 OKpecT-
Hoct () (v) mpomsBosbHOE pebpo (v, u), KOTOpPOE YIOBIETBOPSIET YCJIOBHUIO
(nlvy) =wand((p(vy) ) =r)and(pvy),u) = Bor (plww) v =bYand (v w) =1)
IIEPEXO/UT 110 HeMY B Bepimiy u, okpanmmBast (v, u),v)=b, u((v,u),u)=>b u
BBLIIIOJIHACT IIPUCBAUBAHNE U = 1.

[Ipu Boimosenun nponenypet BIIEPEJ] AR (v), arear A BbiOupaer u3s
okpectHocTu () (v) mnpomsBojibHOE PebpPo (v, u), I KOTOPOTO BBIMOJIHSIET-
cst yeaosue (p (v,u) =) and (u((v,u),u) =r)and (pu(u) = r), nepexomut mo
HEeMy B BEPIIMHY U ¥ BLIIOJIHSET IPUCBANBAHUE U = 1.

Aneopumm pabomwr azenma B: Bxod: rpad G memssBectuniit AL u AD, Bce
ssieMenThl Tpada G OKpalleHbl KPacKoil w, areHT B MOMEINeH B IPOU3BOILHYIO
BEPIIUHY S .

Buixod: Bee anementsl Tpada G (KpoMme nepereiikoB, 00Hapy KeHHBIX B IIPOIecce
paboThl areHTOB-HCCIe0BaTe el ), KOTOPhIE TONayT B 00JacTh paboThl areHTa
B, okpallenbl Kpackoil b, areaT B HaXoIUTCs B UCXOIHOI BEPIINHE S, IOIIAroBo
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BBIJAHBI KOMaH bl AD.

Hannwvie: s — pabodast Bepminta rpada G, B KOTOpOil HaxoauTcs arenT B.
1. Arent B xpacur (u(s) :=vy);

2. zanpoc BN ;

3. if BN #£1 then do

4.  3ampoc AN ;

5. if u(s)=ry then do

6 arenT B Boiosasier nporienypy BOSBPAT B (s);

7. arenT B Boimosasier nponeaypy METUM IIEP B (s); end do;
8. elseif AN =0 then METHUM IIEP B (s);

9. else BBIBOP_XOJ/[A_B(s); end do;

10. else PACII_IIEP_B(s);

[Iponeaypnl arenra B, KOTOpbIe HE PACCMATPUBAIOTCA HUZKE, aHAJOTMYHDI
mporeaypaM arenra A .

Beimosasist mponieypy BO3BPAT B (s), arear B BbIOUpaer u3 OKpecTHO-
cru @ (s) pebpo, y koroporo (i ((s,z),s) =vy)and (u(s,z) =y) u nepexoaur
0 HeMy B BepmmmHy 2z, yaasss kpacky (u((s,z),s) = w)and (u(s,z) :=w).
[Ipu nepexojie mo pebpy, areur B okpammbaer i ((s,2),2) := b, BBIIOJHSIET
npucBanBanue S := z u 3anucbiBaer B ciucok N coobmenune: BOSBPAT B.
METHM_IIEP_B (s):

L. if B Q(s) ectb pebpo (s, 2), y kKotoporo (u((s, 2) , s) =w)and(u((s, 2) , 2) =w)and
and((pu(z)=r)or(u(z)=ry)) then do

2. if B Bepiune z pebpa (s,z) Haxomurcs arent A then do

3 arenT B oimoJsasier npouenypy CTOUT B (s);

4 go to 1 naHHoil pouetypol; end do;

5. else do

6. arenT B Boinojasier npouenypy METUM BA (s);

7 go to 1 nanHoil pouenypol; end do;

8

9

end do;

. else do
10. 3ampoc L;
11. if L =0 then BBIFOP_XO/A B (s);
12. else do
13. arenT B Boinosasier npouenypy PUKC B(s);
14. go to 2 anropurMma obxoja; end do;
15. end do;

Beimostasist iporietypy METHUM —BA (s), arent B BuIOUpaeT U3 OKPECTHOCTH
Q (s) pedpo (s, 2),y koroporo (u(s, 2) , ) =w)and(u((s, 2) , 2) =w)and(p@) =r)or

Bumyck N2, 2012 145



Indopmaruka Ta MeToauKa 11 BUKJIaJaHHS

or(u(z) =ry)) , okparmmBaet 4 ((s, 2) , §) =b u 3anucsBaeT B criucok N coobIIeHne:
METUM BA.
BBIBOP_XOJIA_B(s):

L. if B Q(s) ectb pebpo, y kotoporo (u(s,z)=w)and(u(s)= pu(z)=y) then do

2. arenr B swinosnser nporneaypy PACII B (s);

3. go to 2 anropurma obxojua; end do;

4. else if B Q(s) obHapyxkeHo pebpo, y KoToporo (fi(s,z) =w)and(u(z) =w) then do

5. arent B oeinosnsier nporneaypy BIIEPE/] B (s);

6. go to 2 anropurma odoxona; end do;

7. else if B Q () ectb pebpo, y Kotoporo (u((s,2),s) =w)and(u((s,z),2) =w)and
and((u(z)=r)or(u (z)=ry) then do

8. areat B Boimojasier mpouenypy CTOUT B (s);

9. go to 2 aaropurMma ooxoja; end do;

10. else if B Q) (s) ecTb pebdpo, y koToporo (u(s,2) =w)and(u((s,2),s) =w)and

and(j((s,2),2) =b) then do

11. arent B oinosasier npouenypy CTOUT B (s);

12. go to 2 anropurma obxoja; end do;

13. else if B Q) (s) ectb pebpo, y Kotoporo (u(s,2) =y)and(u(s) =y)and

and(j((s,2),8) =y) then do

14. arenT B Boimojasier npouenypy HA3AJ B (s);

15. go to 2 anropurMma ooxoja; end do;

16 else arear B Boinosinsier nponenypy CTOII B,

PACIT_IIEP_B(s):
1. if B Q(s) ne obuapyzxeno pebpa, y koroporo (i ((s,z),s) = w)and
and (1 ((s,2),2) =b)and (u (s, z) = w) then do
2. if B Q(s) obrapyzxeno pebpo, y koroporo ((p(s,z) =w)and(u(z)=w))or
or((pls,2) =yand(p((s,?),2) =y)or (us,2) = wand(uls) = p) =y)or
or (1(65,,9 = wand (1) =or () = rg))or
or((p((s,2),9) =yand(u(s,2),2) =band(u(s,z) =w)) then do
areat B Bomosasier mponeaypy OTCTVII B (s);
go to 1 mannoit upouenypsr; end do;
else do
areat B Boimosaser npouenypy HA3A B (s);
go to 1 nmanHoil nmpouenypsr; end do;
end do;
9. else do
10. 3anpoc UDP B,
11. if UDP_B =TRUE then PACII BA(s):

P NSO W
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12. else PACII_BAb (s);

13. zampoc F';
14. if F 0 then go to 1 nanHOil MpoIELyPHI;
15. else do

16. areaT B Boimosaser npouenypy OBH B (s);

17. if B Q(s) obrapyzxeno pebpo, y KOTOPOro
(15, 2) = w) and{ (1 (5, 2) , ) = y) and (1 (5, 2) , 2) = b)) o
or ((1((s,2),s) =b)and (1 ((s,2),2) =y))) then do

18. arenT B Boimojasier nponeaypy BIIEPEJ] BR_ N (s);

19. go to 17 namnoit mponeypsr; end do;

20. if B Q(s) ectb pebpo, y KOTOPOro
(1 (s, 2) =y)and (u((s,2),2) = y)and (1 (2) = y) then do

21. arenT B Boimosasier npouenypy BIIEPEJ] BR(s);
22. go to 20 nannoll poneayphrl; end do;

23. else go to 2 anropurma obxona; end do;

24. end do;

Beimonusist nponenypy PACII BA(s), arentr B BbIOHpaeT u3 OKPECTHO-
cru () (s) mpousBosibHOE pebpo (s, z), [JIsi KOTOPOTO BBIMOJIHSIETCS  YCJIO-
Bue (u((s,2),s) =w)and (n((s,z),z) =b)and ((u(s,z) = w)), oxpamusBaer
i ((s,2),s) =y usamuceiBaer B criucok N coobmienne: PACIT  BA.

[Iponeypa PACIH _BAb (s) awmamormana mpouenype PACII BA(s), ¢ or-
JIMIUEeM JIMIIbL B TOM, YTO WHIMJIECHTOP OKPAIUBACTCS CJCAYIONUM 00pa3om
p((s,z),s):=0b.

Anzopumm eoccmarosaenusn: Brod: cuucku coodbmennit M u N or Al
Buixod: cuincok Bepiiun Vg u pebep Epy rpacda H , msomopdnoro rpady G.
Hannwe: Vg, Eg cuuckn Bepiind u pedep rpada H , nsomopduoro rpady G .
Cu_A, Cu_ B — cuerdmku 4ncjia MoceneHHbIX Bepiind rpadga G arentamu A
u B coorBercrBenno. AN — nepemenHasi, B KOTOPOil 3HadeHne «l» jaer areH-
Ty A curnas Jijiss BO3BpaTa U paclio3HaHWs MOMEYEHHBIX areHToM B nepermeii-
KoB, 3HaueHne «(0» moszBossieT areHTy A paboraTh jajibiie B OOBIMHOM PEeXKH-
Me. BN — mepemennast, B KOTOpoii 3HadeHne «l» maer arenty B cuUrfaJg i
BO3BpaTa M PACIO3HAHUS ITOMEYEHHbIX areHToM A meperieiikoB, 3Hadenue «0»
103BOJIsIeT areHTy B pabortarh jaJibiine B 00braHOM pexkume. N A N B — 1e-
peMeHHbIe, B KOTOPBIX XPaHsTCs HOMEepa BEpIINH, U3 KOTOpbIX areHTthl A n B
COOTBETCTBEHHO, TOCIEJHNAN pa3 MoMedayn Ieperneiiku. F — KOJMIecTBO Mepe-
nrefikoB u3 BepiimHbl N A, IOMEYEHHBIX JI/IsI paclo3Hanusa. K — KOJIUIeCTBO
nepernieiikos u3 Bepmuabl N B, nmomedeHHbIX /1 pacnio3nanus. M, N — ciuc-
K coobriennit ot arentoB A n B cooTBercTBeHHO. F — IepeMeHHasi, B KOTO-
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poii JiesiaeTcss OTMETKa O TOM, OBbLT JIM Ha IPEeJbIayIlleM Imare areHtom A 1o-

MedeH Teperieek (3uadenue «1») win wer (3Hauenne «0»). L — mepemenHas,

B KOTOPOil JieslaeTcss OTMETKa O TOM, OBLI JIM Ha IPEJIbIIYIIEeM Iare areHTOM

B mnomeden nepereex (3Hadenue «l») wmin Her (3Hadenue «0»). 4,7 — cuer-

qUKN KMCHOJb3yeMble areHTaMu A 1 B COOTBETCTBEHHO IIPU IIOJACYETE HOME-

POB BTOPBIX BEPIINH MOMEYEHHBIX MEPENIefikoB I HOMEPOB BTOPLIX BEPIINH I0-

MedeHHbIX 00paTHbIX pedbep. STOP A,STOP B — 1nepeMeHHbIe, UCIOJIb3ye-

Mble areHTamMu A u B cooTBercTBeHHO, NI cUrHaju3anun AD, o 3aBepIlIeHun

pacriosnaBanust cpoeit obnactu. UDP A, UDP B — jiormdeckue nepeMeHHbIe,

HCIIOJIb3yeMble areHTamMun A u B cOOTBETCTBEHHO, [JIsI OIpPeIeeHns CIocoba

OKPaCKW MHIJIEHTOPOB, PACCMATPUBAEMOr0 B OIIPeJIeJIeHHbIIl MOMEHT, Iepereri-

ka. UDOBR A, UDOBR_B — jorudeckune 1mepeMeHHble, CI0Ib3yeMble areH-

TaMi A 1 B COOTBETCTBEHHO JIJIsl OIPEIEIEHNUsI sIBJISIETCSI JIN PACCMaTPHBAEMOE

obpatHoe pebpo nocaeaanm n3 nomedeHubix. KOBR A, KOBR B — nepemen-

HbIE, B KOTOpbIe areHThl A 1 B COOTBETCTBEHHO 3alllChIBAIOT KOJUIECTBO MTOME-

deHHbIX 00paTHbIX pedep. (1), 7(2),...,7(t) — crmcok HOMEPOB BEpIIIH KPACHOTO

myTH, Tae t — aymaHa 9roro crmeka. y(1),y(2), ..., y(p) — cnmcok HOMEpPOB Bep-

IIMH ZKeJITOrO MyTH, IJle p — JJINHHA 9TOro crmcka. Mes — Tekyiee coobIeHne.

1. Cu_ A:=1;

2. Cu_B:=2;

3. AN=0,BN=0,N A=0,N B=0,F=0,K=00M=0,N=9,F=0,
L=0,1=0,j=0,Eg =2,STOP A=0STOP B=0UDP A=FALSE,
UDP B=FALSE,UDOBR A=FALSE,UDOBR B=FALSE,
KOBR A=0,KOBR B=0;

4. t.=1;

5. p:=1;

6. r(t):= Cu_A4,;

7. y(p) = Cu_B;

8. Vg :={1,2};

9. while (STOP_A=0)or (STOP_B =0) do

10. if M # @ then do

11. npounTath B Mes coobieHne u yaaanThb ero u3 odepejan M ;
12. OBP_CII_A(); end do;

13. if N # @ then do

14. npounTath B Mes coobileHne u yaaauThb ero u3 odepean N ;
15. OBP_CII _B(); end do;

16. end do;

17. neuars Vg, By .
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OBP_CII _A():

if Mes = "BIIEPEJL A" then BIIEPEJ_A();

if Mes= "METUM AB" then METUM AB();

if Mes= "HABAJl A" then HABAJ[ A();

if Mes= "PACII _AB" then PACII AB();

if Mes= "OUKC A" then QUKC _A();

if Mes= "OBH_ A" then OBH_A();

if Mes = "PEBPA PACTIO3HAHDI A" then PEBPA_PACTIOZHAHBL A();
if Mes= "OTCTVII_ A" then OTCTYII A();

. if Mes= "METKA OP_A" then METKA _OP_A();

10. if Mes = "BIIEPEJ_OP A" then BIIEPEJ] OP_ A():

11. if Mes= "CTOIL_A" then CTOII _A().

BIIEPEJ] A(): Bomodtasitores oneparun: Cy_A=Cu_A+2; t=t+1; n{t) = Cu_A;
Vg =VgU{Cu_A}; Eg=FEgU{(r(t—1),r(t)};

METUM AB(): F:=F+1; E:=1;

HAB3AJ[_A(): u3 ctmeka r(1),...,7(t) ynangercs sgement r(t); t:=t— 1;
PACII_AB(): Eg :=FEgU{(N_B,r(t—1))}; K =K —1;

UDP B:=((K=2Z)or(K=1))and(Z #1));

OUKC A(): N_A:=Cu_A; BN :=1; E:=0; Q:=F,
UDP A:=((F=Q)or(F=1))and(Q #1));

OBH_A(): AN :=0; i:=0;

PEBPA_PACIIOBHAHBI_A(): i:=0;

OTCTYII _A(): i:=i+1;

METKA_OP_A(): KOBR_A:=KOBR_A+1;

BIIEPEJ] OP A(): KOBR_A=KOBR_A—1; UDOBR_A=(KOBR_ A=0);
Eg=EgU{(r(t),r(t—1))};

CTOIl_A(): STOP A :=1,

[Iporneypbl pabOThI CO CIIMCKOM KOMaHJ| OT areHTa B, KOTOpbIe He PACCMOT-

© 0N ot W=

PEHBI HIZKEe, aHAJIOMMIHBI [TPOIE/IypaM paboThl CO CIIMCKOM KOMaHJI OT areHta A .
OBP_CII_B():

1. if Mes= "BIIEPEJ B" then BIIEPEJ]_B();

2. if Mes= "METUM _ BA" then METHUM BA();

if Mes= "HABAJI B" then HA3AJ[ B();

if Mes= "PACII BA" then PACII_BA();

if Mes= "OUKC_B" then ®HKC_B();

if Mes= "OBH_ B" then OBH_B();

if Mes = "PEBPA PACIIO3HAHBI B" then PEBPA PACIIO3HAHBI B();
if Mes= "OTCTVII_B" then OTCTYII B();

O N OOtk W
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9. if Mes= "METKA OP_B" then METKA_OP_B();

10. if Mes = "BIIEPEJ_OP_B" then BIIEPEJ_OP_B();

11. if Mes = "BO3BPAT B" then BO3BPAT B();

12. if Mes = "CTOIl B" then CTOIIl_B().

BO3BPAT_B(): En = Ex\{(y(p— 1),y (»))}; Vi == Vu\{ Cu_B };
Cy B:=Cu_ B-2;p:=p—1;y(p):=Cu B, L:=1, K. =K+1.

Cesoticmea ar20pumma pacno3HasaHuA.

B nauaje paboTbl ajaropuTMma paclno3HaBAHUA, IPU 71 > 3, KAK MUHIMYM,
o OJIHOMY pasy BbinosHsTcs nporeaypbl: BIIEPEL A (v), BIIEPE/] A()
n BIIEPEJ] B(s), BIIEPEJ] B(). Bomomnss nponeaypsr BIIEPEJL A (v) n
BIIEPE/] B(s) AU nocemator 6esbie Bepimmibl uccieayemoro rpada G . [Ipo-
negaypamu arenta AD BIIEPE/L A() u BIIEPEJL B() cospatorcs jBe HOBbBIE
BEPIIUHBI (110 OJIHOM BepIIHe JIJIs KaxK 10it 13 mporieayp) rpada H .

[Tpu opnoBpementom nonafanun aByx Al B oy Gesyio BepIHY IPOIEILy-
pamu BIIEPEJI A() u BIIEPE/ B() 6yzaer co3ano jiBe HOBbIE BEPUIHHBI I'pada
H . Bepmuna coszpannas areaTroM B, Ha CJIeyIoleM mare OyeT yiaieHa KOMaH-
noit BOSBBPAT B(), tak kak ona jybmpyer BepInHy, CO3MAHHYIO areHToM A .

Takum 06pa3oM, IIPOIECC BBLIIOJHEHN OIMUCAHHOTO aJIrOPUTMa UHYIIUPYeT 0T00-
paxenne ¢:Vg— Vg Bepmnn rpacda G B Bepmunsl rpada H . [Tpuaem ¢(v) =t
(koryia BepiuHa v OKpalieHa B KpacHbiil et u t =Cu_A u (s) =p (koraa
BepIliiHa S OKpallleHa B yKeJThlil 1BeT u p =Cv_ B). YKazanHoe oToOparKeHue
eCTECTBEHHBLIM 00pa30M yCTaHABIUBAET HEesABHYIO HyMepaluio Bepiiun rpada G .
Bosee Toro, orobpaxkenune ¢ daBjgeTcd OWEKIeil, MOCKOJIbKY B CBI3HOM rpade
(G BCe BepUIMHBI JIOCTUKUMBI U3 HAYaIbHLIX Bepiini. [Ioaromy Bee BepImubl 110-
CEIAIOTCA areHTaMU, TO €CTh OKPAIIMBAIOTCA B KPACHBINA 1 YKEITLI 1[BeTa.

U3 onucanms agaropurma ciaegyet, uro AW npoxojsT Bce pebpa rpacda G,
IOCKOJIBKY 110 OKOHYAHUK aJIOPUTMa Bee pebpa CcTaHOBATCA YepHbIMU. [Ipu BbI-
nosinernn poreaypsl BIIEPEJT  A() wim BIIEPEJL B() AD pacnosnaer ape-
BecHOE pebpo (v, u) U Tak HyMepyeT BepIuHy %, 9TO pebpy (v, u) OHO3HATHO
cooTBeTCcTBYeT pebpo (p), W) rpada H . Ilpu Bomosaxennn mnporeayp BITE-
PEJ[ OP_A() wiu BIIEPEJ] OP_B() AD pacnosnaer obparaoe pebpo (v, u)
rpaca G u cTaBUT eMy B OJHO3HATHOE cooTBeTCTBIE Pebpo (¢ (v), ¢ (u)) rpada
H . lpu Bemosmennn tponeayp PACIH _AB() wm PACII_BA() AD pacnosna-
er neperieek (v,u) rpada G u cTaBUT eMy B OJHO3HAYHOE COOTBETCTBHE PeOpPO

(p(v), ¢ (u)) rpada H . CremoBaresnbHo, ¢ sBiseTcst uzoMopdusmom rpada G
Ha rpadp H .

Teopema 1. Bunosnus ar2opumm pacnodnasanus, a2eHmbvt PacnosHaom 2pag
G ¢ mournocmwvro do u3omopphuama.
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[TojicunraeM BpeMEHHYIO U €MKOCTHYIO CJIOXKHOCTH aJIlOPUTMa B PaBHOMEDHOI
mkase [6]. Pacemorpum mompobHee cBoiicTBa KPaCHOTO 1 2KeJIToro myreii. 13 omu-
CaHUs AJITOPUTMA CJIJIYET, ITO Ha KazKJIOM IIare ajropurMa KpacHbIil (ZKeaTbiil)
yTh — 9TO MPOCTON IMyTh, COCIUHSIONINIT HAYAJBHYIO BEpIIHHY v (S — B CJIy-
qae arenta B) ¢ nomepom o(v) = 1(p(s) = 2) ¢ BepmmHoit v (2) ¢ HOMEpPOM
e(u) = Cu_A (p(z) = Cu_B). CrenoBaresibHo, 00ias JJIMHA KPACHOTO 1
JKEJITOTO IYTH HEe MPEBOCXOUT 7.

[Tpu semosnennn nponeayp BIIEPE/] A (v), BIIEPEJL B(s) u HA-
BAJl A (v), HABA/] B(s) AU npoxoasat oguo pebpo. [Ipu BeinoiHeHIn mpotie-
ayp PACIT A (v), PACII B (s) AW npoxogsr ne 6osiee n—2 (n3HadaIbHO OHA
BEpIIHA Y7Ke OKpallleHa B «1Iy>Koii» 1BeT) pebep KpacHoro (xxeyroro) mytu. [Ipu
seinosinennn nporeayp METUM AB (v), METUM BA(s), PACII AB(v),
PACII ABb (v), PACII BA(s) u PACII BAb(s) AU mne coepmaior mepe-
Xojla TO Teperefiky, a MPOCTO OKPAIIMBAIOT €ro OJIMKHUIT MHIUIEHTODP. Bbi-
nostasist nporneaypsl BIIEPEJL AR (v), BIIEPE/] BR (s) u OTCTVII A (v),
OTCTVYII_B(s) AU npoxozst o100 kpacHoe (xxeitoe) pebpo. [Ipu BeinosHennn
nporeayp BIIEPEJI AR _N(v), BIIEPEJ BR_N(s) AU npoxogsT omus te-
pemteex. [Ipu Beimosaennn nporegayp PUKC A (v) PUKC B(s) m OBH A (v)
OBH B (s) AU me nepeasuraiorcsi, a TOJbKO JIEJIAIOT 3AIIICH B CBOIl CIUCOK KO-
MaH Jj1s1 AD, Ha 9TO TaK »Ke YXOJIUT OJUH XOJI.

[Ipu mojcuere BpeMEHHOMN CJIOKHOCTU AJTOPUTMa OyJIeM CYUTATh, 9TO HHU-
MUATA3AINS aJITOPUTMA, aHaJIn3 OKpecTHOCTH (Q(v) pabodueil BepIMHBI U BHIOOD
OJIHO#T U3 BOSMOKHBIX [TPOTIEJLYD 3aHUMAIOT HEKOTOPOE MOCTOSTHHOE YNC/IO €J[MHUIL
Bpemenn. Tak ke OyjieM CUMTaTh, YTO BHIOODP pedep, mnpoxo 1o HuM Al u obpa-
boTka KoMaHT AD ToJydeHHbIX Ha jaHHOM stare or AUl ocymecrsisercs 3a 1
eJIHUILy BpeMeHu. Torjga BpeMeHHasl CJI0KHOCTh ajIlOPUTMa OIPEJIEJISIeTCsT Cie-
aytormumu coorrorenusivu: 1. Iponenypsr BITEPEL A(v), BIIEPEI B(s),
HA3BA/] A(v) mw HA3AJI B(s) seimosmsiores me 6osee gem 2 X (n — 1) pas,
obIee BpeMsi WX BBINOJHEHHs oreHuBaercs Kak O(n). 2. Ha Bommosmenne
nporeayp METUM AB(v), METUM BA(s), PACII AB(v), PACII ABb(v),
PACIT BA(s) u PACII BAb(s) yxomanT Bpems, KOTOpPOE OIEHHBACTCS KaK
2x0(n) X n, To eCTh KaK O(nz) . 3. Kaxmas us nap nponeayp BIIEPEJT  AR(v),
BIIEPEJI BR(s) u OTCTVII A(v), OTCTVII B(s) sbimosnsiorcs 3a Bpe-
Ms1, onennBaeMoe Kak O(n) xn, 1o ecrb kak O(n?). 4. Ha Bbinosnenue npore-
ayp BIIEPEZ AR N(v), BIIEPEJ_BR_N(s), ®IIKC_A(v), ®UKC_B(s),
OBH_A(v) w OBH_B(s) yxoaut Bpewms, omnernBaemoe Kak 3 X (n), To ectb
kak O(n). 5. Bpewms, 3arpaunBaemoe Ha Bbinosinenne mnporeayp PACIT A(v) u
PACII_B(s), ouennsaerca kak O(n) xn, 1o ectb kak O(n?). 6. Bpemst Bbl-
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nosinennst nporegayp CTOUT  A(v) uw CTOUT B(s) B obrmeit ciioxkuOCTH OI1e-
HuBaercs Kak O(n) +O(n2) = O(n2). CiiesoBaTeibHO, CyMMapHas BPeMeH-
Hast c10kHOCTH 1'(n) anropurma ynosnersopsier coornomenmo: 1'(n) =0 (n?).
EnmKkocTHast C102KHOCTH S(n) airopuTMma ONPEAESeTCs CJIO0KHOCTBIO CIICKOB
Vi, Eg,r(1)..r(t),y(1)..y(p), cI0KHOCTH KOTOPHIX COOTBETCTBEHHO OIPEJIEisi-
erca enmaunamu O(n), O(n?),0(n),0 (n). Creposaresno: S (n) = O (n?).

Teopema 2. Bpemennas u emMKOCMHAA CAOHCHOCTIU AA20DUMMA PABHDI O(nQ),
ede n — wucAo sepuwuK 2pada, NPU IMOM GAOPUMM UCTLOABIYEM 3 KPACKU.

SaKJII0YeHue

B pabote 1pejiiozKeH HOBBIi aJIrOpuTM paciio3HaBaHus rpada cpejbl BpeMeH-
HOIT 1 eMKOCTHOII cjioxkHocTeir O (nQ) . AWl umeroT KOHEUHYIO IaMsITh, He3aBUCH-
MYIO OT 7, U UCIOJIb3YIOT MO JIBe KPACKH KaK/Iblil (BCEro Tpu KpacKu).
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INIABUINTEHHA PIBHA MATEMATNYHNX SHAHD YYHIB HA
OCHOBI AHAJII3Y TUIIOBUX ITOMNJIOK

CrarTa npucBsdena mpobjeMi yrepezKeHHsT TUIIOBUX ITOMUJIOK ITiJT 9ac PO3B’I3aHHSI MaTeMaTH-
YHUAX 3a/a4, HeOOXiIHOCTI BKJIIOUYEHHS 1X aHaJ i3y Ta PO3IJIsily B IIPOIEC HABYAHHA MATEeMATUKH
Ta PO3POOI METOANIHUX PEKOMEHIAI 1010 BUPIIIEHHS Il TPOOIeMI.

KirodoBi cioBa: ynepedrcermnn nomMuiok, munosi nOMUAKY, MAMEMAMUYHA NI020MOEKA.

Beryn

st yerminmHol y4acTi y cydacHOMY CYCILIBHOMY KUTTI OCOOMCTICTH ITOBUH-
Ha BOJIOJITH MEBHUMU IpUtoMaMi MaTeMaTUIHO! Jisl/IbHOCTI Ta HABUYKAMU 1X
3aCTOCYBaHb JI0 PO3B’d3aHHs MPAKTUIHUX 3ajad. [leBHOI MaTeMaTU4HOI Mijro-
[IpeIMETIB 3araIbHOOCBITHBOI IIIKOJIN. 3HAYHI BUMOIU J0 BOJIOIIHHSI MaTeMAaTUKOIO
y pO3B’g3aHHI MPAKTUIHUX 3aj]a4d CTaBIAThL CydacHUil PUHOK Ipalli, OTPUMAHHSI
sIKICHOI 1IpoeciitHol OCBITH, IIPOJIOBXKEHHSI OCBITH Ha HACTYIIHUX €Tallax.

YeIlix y JIOCSATHEHH] TOCTaBJIEHOT TTepe/l MKIIBbHIM KYPCOM MaTeMaTHKN METH
BU3HAYAETHCS HE T1JIbKU BJIOCKOHAJIEHHSM HOro 3MICTY, a it MeTOoJiB 1 NpUitoMiB,
oprafizauiitaux ¢opm i 3acobiB HapuaHHs. OHIEIO 3 YMOB SIKiCHONO HaBYAHHS
€ BpaxXyBaHHs Ta yIepezKeHHsl MOMUJIOK TiJ Yac PO3B’sA3aHHA MaTeMaTHIHIX
3a/1a4.

B HayKoBO-MeTOMYHIl JIiTepaTypl TPOIOHYIOTHCS PI3HOMAHITHI MIJIAXN BJIO-
CKOHAJIEHHsI YI0OBOI'O MPOIeCy, OJHAK KITbKICTh TOIWH JIJIsi BUBYCHHS MaTeMa-
TUYHIX KYPCiB IOCTIHO 3HUKYEThCA. A HOBI MeTOAmdHI cucTeMu abo mpuitoMm
oTpedyIOTh BeJIMKOI 3aTpaTn dacy. [Ipobsiemu, mos’d3ani 3 MaTeMaTHIHUMHI T10-
MIJIKAMI YYHIB, BijloOpakeHl B MpaldX yIeHUX-MaTeMaTUKIB 1 TeJ[aroriB BIPO-
JIOB2K BCI€l 1CTOPII MaTeMaTHIHOl OCBITH.
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B maykoBux poboTax, NMPUCBAYECHUX JIOCTIIZKEHHIO METOJMIHOI POOOTU HaT
MaTeMaTUYHUMU TOMUJIKAMU MIKOJSAPIB, MICTUTHCI HACTYIIHE:
— aHaJIli3 MOXKJIMBUX IIPUYNH BUHUKHEHHS MaTeMaTUIHUX ITOMUJIOK, ITKOJISAPIB;
— BUSIBJICHHS MOKJIMBUX HAIIPAMIB METOMYHOI POOOTH HAJ| MATEMaTUIHUMU 10~
MUJIKAMU TTKOJISPIB;
— PpO3p0o0Ka PI3HUX IIiIXO/IB JI0 IOOYI0BU CUCTEM BIIpaB Ha 3all00iraHHs ITOMUIJI-
KaM;
— OIIIC NPUIOMIB Ti3HABAJILHOI JIisJILHOCTI TIPU POOOTI 3 MMOMUJIKAMU;
— PO3KPUTTS PI3HUX IIJIXOIIB JIO TUIIOJOTI3alll] TOMUJIOK.

AnaJtiz npakTUKKN HABYaHHS MaTeMaTHKHU ITOKA3Ye€, 110 BIIOCKOHAJIEHHS (hOpM
Ta METOJIiB pOOOTH BUMUTE/IIB, TOJIOJAHHSA TPY/IHOIIB Ta TOMUJIOK YYHIB 3aJIHIlIa-
€THhC BayKJIMBUM KOMIIOHEHTOM B Oprafizallil yuboBol JigIbHOCTI.

OcHOBHA 4YaCTHUHA

dopmyBaHHA HABIYIOK 3aCTOCYBAHHSA MATEMATUKNI € OHIEIO 13 TOJIOBHUX ITiIeit
BUKJIaJIaHHsI MaTeMaTHKU. PajnKajabHIM 3ac000M peaJsiizaliil IpUKJ/IaHol CIIpsi-
MOBAHOCTI MIKLJILHOT'O KypCy MaTeMaTUKN € MUPOKe CUCTEMaTHIHE 3aCTOCY BAHHSI
METOJIy MaTeMaTUIHOIO MOJIEIIOBAHHS MPOTATOM YChoro Kypcey. Lle crocyernes
BBEJICHHSI IIOHSITH, BUSIBJICHHSI 3B’913KiB MiXK HIUMH, XapaKTepy LIocTpaliiil, JoBe-
JleHb, CUCTEMH BIIPaB 1, HAPEIITI, CUCTeMHU KOHTPOJIIO. [HaKIe KaxKydn, MaTeMa-
TUKH Tpeda TaK HaBYaTH, 10O YIHI BMLIN 1T 32CTOCOBYBaTH.

Y OyJb-sKiit TeMi MKIJTHHOTO Kypcy MaTeMaTUKN poboTa MOUYNHAETHCS 13 BBE-
JIEHHsI HEOOXI1JIHMX TOHATH, O3HAYEHb, Jiaji (DOPMYJIIOIOTHCA TBEP/KEHHS Ta 1X
JIOBEJIeHH, 1 OCTAHHIM KPOKOM CTa€ POV 3a/1ad Ta 1X po3s’sa3annsd. PodoTa i3
KOYKHUM 3 IIUX eTalliB € BaXKJIUBOIO 1 TOTpedye 0coOIMBOI yBarn Ta po3yMiHHs. |
Ha KOXKHOMY 3 IIX €TaliB MOXKYTbh BUHUKATH TTOMUJIKN Y VYHIB.

[Ti1 moHgTTAM PO3yMIIOTH POPMY MUC/IEHHS, TKa BijloOpakae 3arajbHi, CyT-
TeBi 1 crerudigHi 03HAKKM 1 0COOJIMBOCTI IIPeAMEeTY YU ABUIIA 1 3aKPIILIIOE 1X Tep-
MIiHOM 1/a60 CHMBOJIOM.

3 KOYKHUM IOHSITTSM I10B’si3aH] JIBl BayKJIMBI XapaKTepUCTUKI: 00Csr 1 3MicT
noHsaTTd. Ha 1iboMy erari BayK/JIMBUM 3aBJIaHHAM € HABUUTHU JITeill PO3PI3ZHATH IIi
XapaKTEPUCTUKU Ta PO3YMITH 1X CYTh.

BijiHOCHO TIOHATTS HE MOYKHA FOBOPHUTHU, 1110 BOHO ICTUHHE YU XUOHE, MOXKHA
BECTH MOBY IIPO HOTO KOPEKTHICTh. O3HAYEHHS € KOPEKTHUM, AKIINO BUKOHYIOTHCS
HaCTYIIHI [TPaBUJIA:

® IIPABMJIO B3AEMO3AMIHHOCTI — 0OCAT O3HAUYBAHOTO MOHATTS MOBUHEH CITiB-
MaJIaTh 13 TUM, IO 33JA€ThCs MOHATTAM (IIOMIJIKOI B JIAHOMY pasi Oyje Take
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O3HAYEHHS: pOMOOM HA3MBAETHCS YOTUPUKYTHHUK 13 B3AEMHO TEPIEHINKYISTPHU-
MU JliaroHaJIsIMI; 00CAT TIOHATTS poMO BYXKUHNil, HiXK MHOYKUHA, KA 3a/Ia€ThCA
O3HAYEHHSIM );

® BiJCYTHICTH MOPOIHOTO Kpyra (MOMUJIKOBE O3HAUEHHST: KOPiHb DIBHSHHS T1€
fioro PO3B’SI30K);

® [IPABUJIO HECYIIEPEUJIMBOCTI — BIJICYTHICTBH MOHSATH, {Ki cyllepedaTb Teopii,
1110 BUBYAETHCsI (IIOMUJIKOBHI TePMiH: KPYTUIHil KBaIpar);

® [IPABIJIO OJJHOBHAYHOCTI (BiJCYyTHICTH OMOHIMIT).

[Ipu poboTi 3 MOHATTAME MalOTh OYyTH chOpMOBaHi Taki HallBaXKIUBIII JTiT:

1) o3HAYEHHS TOHATTSI;

2) migBeseHHs i HOHATTs (PO3II3HABAHHS TOHSTTS);
3) BUBeJIEHHSI HACJIJIKIB 3 HOHSITTS;

4) kacudikaris TOHATS.

J11s1 KOYKHOI 3 IepepaxoBaHUX JIiil BKayKeMO OCHOBHI XapaKTEPUCTUKH Ta, OTle-
paniitHuil cKJa:
—  CTOCOBHOT'O IIE€PIIOTO IYHKTY, TO HOr0 OlMcaHo BUIIE JOBOJI JIETAJIbHO;
— JIJIs JIPYTOTI'O BayKJIMBUMU XapaKTEPUCTUKAMU € Taki: BUOpaTHu 3pydHe O3Ha-
JeHHs abo HeoOXiHuit i jgocTaTHiii Hablp YMOB, IO BU3HAYAIOTL JlaHe MOHATTH;
BU3HAYUTU TUI 3B's13KY MiK OKPEMUME yMOBaMU (N3’ FOHKTHBHUN 91 KOH FOH-
KTHBHUI{T); SKINO 3B’130K KOH IOHKTUBHUII, TO MEPEBIPUTH HASIBHICTH yCIX yMOB,
SIKITIO K I3 FOHKTUBHUIL, TO JIOCUTH OJHIET (HA JAHOMY eTalll BayK/JuBO abu ydHi
YITKO PO3YMILJIM CYTHICTH KOH IOHKTHBHOTO i JI3 IOHKTUBHOI'O 3B’ SI3KiB, aJI2Ke caMe
3 IX HEpO3yMiHHSIM TI0B’si3aHa OLIBITICTH MOMUIOK);
— B IIpoIleci BUKOHAHHS TPETHOT'O IYHKTY CJIiJI IPUTaIaT BJIACTUBOCTI 00 €KTIB
JIAHOr0 TOHSATT, dKI MOYKHA IPYIYyBaTH TaKUM UMHOM:

a) He JOBOJKYBaHi,

b) nOBOKYBaHI,

¢) BJIACTUBOCTI 00’€KTIB, SIKi PO3IJISIAIOTHCSI, SIKINO IX TI0B’sI3aTH 3 1HITHMU
00’eKTaMu;
—  kJacudikallis € HaflBayKJIMBIIIIM IIPOIECOM, AKIil J03BOJIsIE BUSBUTH OCOOJIN-
BOCTI 00cATy OHATTS. [cHye nBa Bun Kiacudikallil: JuxXoToMis Ta Kaacuikaliis
3a BIJIO3MIHEHOI0 03HaKo10. [Ipr pobOTi 3 ocTaHHbOIO CJIijT 0COOJIUBY YBATY ITPHTi-
JISITH OCHOBI KJ1acudikarliil abu yHUKaTH HelpaBUJILHIX pe3ysibTariB. Hanpukia,
PO30OUTTS MHOXKUHKM TPUKYTHHUKIB Ha PI3HOCTOPOHHI, PIBHOCTOPOHHI Ta piBHOOE-
JipeHi — HeBipHa; ab0 Ha piBHOOEPEH] 1 TPAMOKYTHI — B JIAaHOMY BUIAJIKY B3araJii
BIJICYTHS OCHOBa KJIacu@ikallii.

3 BHIlle BUKJIAJIEHOIO MOKHA OAUUTH, 110 HABITH Ha IEPIIOMY eTali podoTu
3 OYJIb-sIKOI0 TEMOIO MOXKYTb BUHUKHYTH ITOMIJIKOBI YMOBHUBOJIM, TOMY IX yIIe-
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pe/PKeHHs € HeOOXiTHNM 1 JTyKe BayKJINBUM, OCKITbKN BUHUKHEHHS TOMIJIOK Ha
[IOYATKOBOMY eTalll MOKe IIPU3BECTU JI0 TOMUJIKOBOI'O CIIPUIHATTA BClEl TEMU.

Matemaruka, 30KpeMa IMIKIJIbHA OIEPye BEJINKOIO KIJbKICTIO BHUCJIOBJIEHD.
[Ipamforoun 3 BUCIOBJICHHSIME CJIiJ] O3HAHNOMUTU yUYHIB 3 OCHOBHUMM JIOITYHUMHU
orepaligMi HaJl BUCJIOBJIEHHSAMU.

3HavHa KiJIbKICTh TOMUJIOK BUHUKAE Y YUHIB IIPH 1100Y/I0BI 3aliepedeHb PeueHb
13 KBaHTOpaMmu

VeP(z) = dzP(x), dxP(z) =VzP(x).

Haiibinpimn posnosciojzKena MOMIIKA TPU IHOMY 1€ 3aMiHa yIHAMW JIAIIIe
KBAHTOpa Ha IPOTUJIEXKHUII, a 3allepedeHHs caMOIr'o BUCJIOBJIEHHS He OYIYEThCs.
Ha 1e tpeba 3Beprarum ocobiuBy yBary. A 3ajjisi HAOYHOCTI Kpalle HaBOIUTH
KOHTP IIPUKJIAJIA OJIpa3y XK.

BaxknuBe miclie B mporieci HaBYaHHS MaTeMaTHUIll 3aiiMaloTh JI0BeJIeHHsI. Biab-
IIICTh TBEP/KEHb MIKIJIBHOI MaTeMaTUKH JIOBOIAThLCI. B mporieci 1oBeIeHHST MO-
JKyTb OyTH JIOIYIIEeH] OKpeMi ITOMUJIKH:

a)  Cun02izMu — TOMUJIKHU, sIKi JIOIMYCKAIOTHCS HABMICHE, 3 METOK HABUUTH
VUHIB OQUUTHU IOMIJIKI B MIpKYBAHHAX 1 BUIIPABJIATH 1X;

b) napanozizmu — Tie TOMUJIKH, SIKi JOMYCKAIOTHCS Yepe3 He3HAHHs, HEPO3Y-
MiHHS 91 HeJ10a IiCTh.

Hesix'emHuM ejieMeHTOM MaTeMaTUIHOI JISIIBHOCTI € 3aJ1a4i Ta podoTa 3 HI-
MH. ZIKIIO K TOBOPUTH IIPO MOKJIMBI ITOMWJIKU, SIKMX IIPUIIYCKAIOTHCA YUHI, TO
BUHUKHYTH BOHM MOYXKYTb Ha Oy/b-sTKOMY 3 eTalliB 3aja4i. [1i1 yac anasizy ymoBu
MOKJIMBE HEBIpHE PO3YMIHHS TOrO, 110 33/1aHO 1 HellpaBU/ibHE TPaKTYBaHHS TOTO,
0 TOTPIOHO JIoBecTH, abo »K HeBpaxyBaHHsI OKpeMux ejieMeHTiB ymonu. [1loj10
KOPOTKOI'O 3aIlICy YMOBH, TO TYT MOKJIMBI HEIIPaBUJILHO BUKOHAHUN PUCYHOK U1
HEeIIPaBUJILHO 3allOBHEHA cxeMma, TadJ/inllsd. BarKIuBuM eTamoM € IIOIIyK PO3B’si-
3aHHS 3a/1a4i, BiJI HbOI'O 3aJIE?KUTh PE3YJIbTaT, TOMY HEOOX1JIHO JIOBOJI JETAJIbHO
OOrOBOPUTH ILJIAH JIifl 1 4iTKO 3pO3YyMITH, SKUM YUHOM HOro BUKOHYBaTu. MoxKn-
Bl IOMMJIKY 1 Ha eTall 3/ifiCHeHHs IIJIaHy PO3B’si3aHHs, OJIHAK TYT IIe, CKOPiIe 3a
BCe, OY/IyTh BUKOPUCTAHHSI HEBIPHUX TBEP/2KEHb a00 K 00UNC/IIOBAJIBHI TOMUJIKH.
Ha erami nepeBipku orpuMaHnx po3B’si3KiB ¢ Oyt yBaskanMmu. OcTraHHi XK J1Ba
eTany HaBPAJ UM MOXKYTb IIPUBECTU 0 IMOMIJIOK, OJHAK He BAPTO CTABUTHUCH O
HUX Oe33acTeperKHoO.

Bukonasim aHaJi3 THIOBUX TOMIJIOK Hi,ZL qac pO6OTI/I 3 MaTeMaTHN4YHNMU 3aB-
JaHHAMW MU BI/I,ZLLHI/IJH/I HaCTyHHi MeTOﬂI/I‘-IHi IIPUHIAIIN, IO JO3BOJIATDL YIIEPEIZKY-
BaTU IIOMUMNJIKU Ta Hi,ZLBI/IHIYBaTI/I piBeHb MaTeMaTU4YHUX 3HaHb y‘{HiBZ
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% BUJILJICHHS 1 BpaxyBaHHsI THIIOBUX IOMUJIOK, TIOB’S3aHNX 13 3arajbHO MaTe-
MaTHUYHOIO I11JIIOTOBKOIO;

% B MeKax TeMaTH4IHOI'O ILJIaHYBaHHSI JOIIJIbHO 3POOUTH HEOOXITHIM ITOCTIli-
HUM €JIEeMEHTOM BH/IIJIEHHSI TUIIOBUX MOMUJIOK Y KOXKHII KOHKPETHI#l TeMmi;

% 000B’I3KOBE aKIICHTYBAaHHS HAa MOXKJIMBUX IOMUJIKAX YU XUOHUX YMOBHBOJAX
IIpH TIOsICHEHHI HOBOI'O MaTepiaJy;

% II17101p Ta PO3B’si3aHHs BIAIOBITHUX 3a 19 HA TUIIOBI IIOMIIKIL;

% BHKODUCTAHH: IIKaBuX (icTOpuaHUX ab0 JOCHTH BIIOMEX) 3aJad, IO TpH-
BOJATDH JI0 TTOMUJIOK.

BucuoBkn

[IpoBeiennit aHa i3 ICUX0JIOrO-IIeJarOrivHOl JiTepaTypH Ta IPaKTUKN HaB4a-
HHsI MaTeMaTUKN JO3BOJIMB COPMYJIIOBATH II€BHI HPUHIMIIN, 0 HEOOXIIHO BU-
KOPUCTOBYBATH BUUTEIAM B ITPOIEC HAaBYaHHS MaTeMaTUKN 331151 yIIepe I2KeHH s
TUIIOBUX ITOMUJIOK Ta IiJBUINEHHs PIBHS MaTeMaTHYHOI MMJINOTOBKN YYHIB.
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POPMYBAHH{ I'OTOBHOCTI YYHIB J10 CAMOOCBITI ¥
ITPOLIECI HABYAHHSA MATEMATUKUN

CrarTs npucssieHa mpobdemi popMyBaHHS TOTOBHOCTI YUHIB JI0 CAMOOCBITH. ¥ SKOCTI OJIHOTO
13 MOXKJ/IMBHX IIJIAXIB BUPIIIEHHS JIAHOT TPOOJIEMH Y IIPOIeci HABYAHHS MaTeMAaTUKU 3aITPOITO-
HOBaHO CIIeNiaJbHUIl HABYAJIBHO-METOMIHNN KOMIITIEKC.

Kuaro4oBi cjoBa: camoocseima, camocmiting Has4arbHO-NIZHABAAOHA OLAALHICD, HA6-
YAALHO-MEMOIUNHULT KOMNAEKC.

Beryn

OJiHuM i3 NPIOPUTETHUX HAIIPSIMKIB PO3BUTKY OCBITH 1odyaTKy XXI cTopidus
HallioHaJIbHA JOKTPHUHA Tepejidadae Oe3mepepBHy OCBITY, HABYaHHS OCOOMCTOCTI
poTsrom »KuTTs. HeobxiiHOI yMOBOIO IIbOTO € (POPMYBAHHS IIOTPEON Ta 3/1aTHO-
cri ocobucrocti j10 camoocsit (3.

Y 3B’43KY 3 MIBUJKIMHI TeMIIAMU HaKOIUYeHHs HOBOI iH(opMalIlii, 0codJIMBO B
HPUPOTHIUIO-MATEeMATUIHIX HayKaX, Y»Ke B IIKOJII HEOOX1JIHO IOTYBaTH IIKOJISIPIB
JIO HEIlepepBHOI OCBITH IIicJIsl 11 3aKiHYEHHs, 1110 oTpedbye popMyBaHHS B HUX ITi-
3HaBaJILHOT'O 1HTepecy Ii caMOCTIfIHOCTI BLJIIIYKAHHS ILISAXIB HOro 3a/0BOJIEHHSI.
«Tpeba 3akjgacTy B y4YHIB MEXaHI3MHU CAMOOCBITH, CAMOBUXOBAHH:, CaMOpeaJli-
3allil, CaMOPO3BUTKY, CAMOPErYJIsIlil, B3a€EMOPO3YMIHHS, CIIIJIKYBaHHS, CIIBIIpaIlli,
HeOOXIiIHI JIjIsI CTAHOBJIEHHSI OCOOMCTOCTI, 3/1aTHOI 0€3 CTOPOHHBOI JOIIOMOI'H OBO-
JIOJIIBATU 3HAHHAMU 1 CIIOCOOAMU JIisI/IHOCTI, PO3B’d3yBaTH Ii3HABAJIbHI 3aJ1adi
3 METOIO IOJAJIBIIOTO MTePEeTBOPEHHS i BJOCKOHAJEHHA HABKOJIHUIITHBOI JICHOCTI.
[ls1 BracTuBiCTH 0cOOMCTOCTI (DOPMYETHCS TOJJOBHUM YHMHOM Y XOJi CAMOCTiiTHOI
HAaBYAJIBHOI JIAILHOCTI yuHiBy. [1, ¢.44]

Bumorn cy4acHOro CycrmiJibCTBa JI0 3araJlbHOOCBITHLOI TITKOJIN 3 OJHOTO OOKY,
it iHTEpecu ocoOMCTOCTI, IO PO3BUBAETHCH, 3 1HIIOIO, BUK/JINKAIOTh HEOOXIIHICTD
HOBOI'O II1JIXO/Iy JIO0 OpraHi3allll HaB4a/JIbHO-BUXOBHOT'O IIPOIIECY.

OcobsBy akTyaJbHICTL HabyBae 3apa3 mnpodjemMa hopMyBaHHS CaMOCTIHO-
CTi MUCJIEHHSI YUHIB, CIIPOMOYKHOCTI OTPUMYBATH, aHaJIi3yBaTH iH(MOPMAIIio 1 Ipu-
fimaTn ajJeKBaTHI pillleHHs, BUKOPUCTOBYBATH B IPAKTUYHI{l Jig/IbHOCTI HOBI 1H-
dopmariiitni TexXHoI0rI.
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AmnaJiiz pobiT, IpUCBSTIEHNX IPOOIEeMaM OpraHisalll HaB4aJIbHO-III3HaBAIbHOI
CaMOCTIIIHOI JIISJILHOCT] HIKOJISIPIB Y IIPOIeCl HaBYaHHS MaTeMaTUKU, JO3BOJIUB
BUJILIUTHU TaKl HAIIPAMKH

— PO3BUTOK CaMOCTIHOI I3HABAJbHOI JISIJIbHOCTI YUHIB 3aJIE2KUThH €I 34
BCe BiJl BUOOPY BUMTEIeM METO/Iy BUBUeHHs HaBuagbHOro Marepiany (0. K. Ba-
bancekuit, B. A. Kpyrenpkuii, M. I. Jlepuep, M. M. Ckarkin Ta iH.);

— OCHOBOIO JIJIs1 (POPMYyBaHHS HABMIOK CAMOCTIHHOTO HABYAHHS YUHIB € TICH-
XOJIOTO-TIEJIATOTIIHI TIepeIyMOBH 3J1iICHEHHsT caMOCTIiTHOI poOOTH Y HaBYAIHLHOMY
nporieci (I. O. Bajur, C.A. I'purymna, B. 1. Sarsasuncekuit, B. B. €cinos Ta in. );

— OCHOBOIO PO3BUTKY CaMOCTIIIHOI HaBYaJbHOI JIsJIbHOCTI YUHIB € PO3BUTOK
camokonuTpostio (/1. B. Enbkonin, 2K. Cepikosa, B. O. IlIsens Ta in.).

CHiJIbHEM Y TOIVISJIaX YCiX JIOCIIIHUKIB € Te, 110 YCIIIIHE PO3B sI3aHHST IPO-
OyteMu BOAYAETHCA Yy BIJNIyKaHHl ePeKTUBHUX TLIAXIB OpraHizalil caMOoCTiiiHOT
HaBYaJIbHO-TI13HABAJIBHOL JI1SJIBHOCT] YUHIB.

[Ipobsiema caMoocBiTH HalidacTille pO3IISIAE€THC Y KOHTEKCTI M1C/Is1 JITLIOM-
HOI OCBITH, OJHAK OCHOB& JIJIsi PO3BUTKY BIJIIIOBIIHMX 3JIaTHOCTEl MMOBUHHA 3a-
KJIAJIATUCh Y IIKOJIL, IOYNHAIOYN 3 TTOYATKOBUX KJIACIB, PO3BUBAIOYNUCH YIIPOJIOBIK
BCbOro HaBuaHHs. OcobJIMBY POJIb IIPU IIOMY MOYKe BiJirpaBaTh MIKIJIbHUI KypC
MareMaTuKu. MeToio craTTi € XapaKTepruCcTUuKa OJHOr0 i3 MOXKJIUBUX IIJIAXIB T8~
HyBaHHS JISIbHOCTI BUNTEI MaTeMaTukn 3 (popMyBaHHs TOTOBHOCTI YUHIB JI0
CaMOOCBITH 4epe3 opraHizallilo caMOCTifiHOT POOOTH SIK IOBHOIHHOI islIbHOCTI
VUHIB T& OIUC CTPYKTYPHUX €JIEMEHTIB I1€] i/ IbHOCTI.

OcHOBHA 4YaCTHUHA

Tepwmin camoocsita (aur. self-education) TpakTyeThest siK OCBiTa, 110 OTPUMY-
€ThCsl CAMOCTIITHO, 1038 CTiHAMU OY/b-sIKOT0 HaBYAJIBLHOTO 3aKIa/1y, Oe3 JI0IoMOrn
BUKJIa 1ada; HedpopMaabHa 1HIUBITya bHa popMa HABIATHHOL JTISILHOCTI.

1o cabKux cTOpiH caMOOCBITH CJIiJI BiIHECTH BiJCYTHICTh KePiBHUIITBA, 3BO-
POTHOIO 3B’s13KYy, HecucreMaTndHicTh. OIHAK HEPIJIKO BOHU KOMIIEHCYIOThCSI CIJIb-
HUMEI cTOpoHaMu: 1) mepebopioeThest Te, mo Jxkon /Ibiol HA3UBAB CIPUYNHEHOIO
OpraHi3aIi€io KO/ HEMPOYKTUBHOI BUTPATON CIJT; 2) BUPIMIYIOTHCs (200 He
37100yBAIOTH TOCTPOTH) TIPOOJIEMHI 1HINBIya IbHOTO TIXO/Y, MOTHBAIIT it CBijTO-
MOCT1 YYIHHSI.

CamoocsiTa 1morpedye Bij cy0’eKTa OadeHHsI »KUTTEBOIO 3MIiCTy B HAaBUYAHHI;
CBIJIOMOI TIOCTAHOBKU IILJIEIT; 34aTHOCTEI 10 CAaMOCTIMHOTO MUCJEHHS, CaMOOPTa-
HizaIil i caMOKOHTpoJto. Lle pobuTh 1T HEMOXKJIMBOIO It OaraThbox, y IEpIIy
qepry, juid jgiteit. OpHak MOYMHAIOYN 3 IOHAIBKOIO BIKY CAMOOCBiTa MOXKe OyTh
CUCTEMATHIHOIO 1 JTy?Ke pe3yIbTATUBHOIO. TaKnM YMHOM CaMOOCBITa — CAMOCTIITHO
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OpraHi3oByBaHa Cyd €KTOM JlislJIbHICTH yUiHHS, 1110 3aJI0BOJIbHSIE flOro moTpedu B
mizHauHl i ocoOucTicHOMY pocTi. Y TaKOMY pO3yMIHHI CaMOOCBiTa CTa€ HeOoOXi-
JTHOIO CKJIAJI0BOIO CAMOPO3BHUTKY. |6]

Ha cyuacnomy erari po3BUTKY CYCIIJIbCTBa KapNHaJILHO 3MIHIIACSA MeTa Ha-
BUYAHHdA. ZIKINO paHilie HaBYaHHS CTAaBUJIO 3a METYy 3/I00yTH IeBHY CyMy 3HaHb,
yMiHb 1 HABIYOK, TO 3apa3 Iie He CTa€ CaMOLLLII0. AJKe 3 KOKHIM POKOM 00’ €M
indopmalii MaiizKe B KOyKHIi rajy3i HayKH IIOJBOIOETHCA, a TO i1 IMOTPOIOETHC 1
JlaJIbIlle 3pOCTaHHs 3a repe/i0avdeHHsAMI BUYCHUX ITHME B T€OMETPUYHIil Iporpecii.
TobOto, /moHa He B 3M031 MaTH MOBHUIT 00’€M 3HAHDb 3 TOTO UM 1HITIOTO TTPEJIMETY.
KpiMm Toro Besmdesni indgopMaIiifHi MOTOKU PI3HOIO CHPAMYBaHHsS MPU3BOIATH
JIO IIBUJIKOI'O «CTUpaHHsI» KOpucHOI indopmalii 3 nam’gaTi yauis. Tomy Ha mepiie
MiCIle BUCTYIIAE HE CTIILKH 37100y TTd CyMU 3HaHb, CKLJIbLKI PO3BUTOK OCOOMCTOCTI,
iT TOTOBHOCTI JIO MOIIYKY, aHAJi3y Ta ITPOJyKTUBHOI'O BUKOPUCTAHHS iH(MOPMAIIT.

Anai3 MmKiIbHOI TPaKTUKHU IIPOJAEMOHCTPYBaB HEBTIIIHI pe3yiabrarn. Tax,
npotsirom 2010-2011 nHaB4asbHOrO poKy Ha 6asi fApisebkoi 3O (Kpacromnman-
cbkuii paiion JloHerbkoi 061acTi) HaME TPOBO/IIIOCH OIHIOBAHHS PiBHSI ¢(DOPMO-
BAHOCT1 TOTOBHOCTI JI0 CAMOPO3BUTKY Ta CAMOOCBITH Y HIKOJISIPIB PI3HUX BIKOBUX
I'pyIl. 3a cHeliaJbHUMKI MeTOIUKaMU OyJIu JIOCTiIzKeHl piBeHb c(pOPMOBAHOCTI B
VUHIB BMiHb KJacuikyBaTh 1 aHaJi3yBaTH, CAMOCTIIIHO OIPaIlbOBYBATH MaTeMa-
TUYHUI TEKCT, 3/IaTHICTh PO3YMIHHS CEHCY 1 JIOTTYHUX BLJIHOIIEHb MIZK ITOHATTAMU
(3a MeTOMKOIO «AHAOrisT» ), 00'€M, PO3IOJILI 1 IepeMUKAHHST YBAru (3a MEeTOIi-
Kot0 «PoscraBysiHast qmcess ).

PesynbraTu jociizKenns moka3aJin, 110 BUCOKOTO PiBHs He JIOCAT YKOJIeH 13 57
yuHiB, 8% y4HiB MalOTh PIBEHb JICIIO BUILMI 3a cepeauiii, 33% — cepeniil piBeHb,
25% — numkue cepennboro 1 33% — Hu3LKUil Ta JyxKke HU3bKu pisui. Tpuaomy
CJILJT 3a3HAYUTH, 110 PIBEHb BOJIOJIIHHSI BMIHHSIMU 1 HABUYIKAME, HEOOXITHUMHE JIJIsI
CaAMOCTITHOTO 37100y TTS 3HaHb y CTAPIIOKJIACHUKIB MTPAKTUYIHO He BiJIPIZHAIOTHCA
B1JI, PiBHSI, IIPOJIEMOHCTPOBAHOIO YUHSAMU OCHOBHOI HIKOJIN.

Orpumani pe3y/abTaTi CBiI9aTh PO Te, 0 PO3BUTOK CAMOCTIHOCTI YUHIB 110~
BUHEH CTATU METOIO JIs/JIbHOCTI SIK BUYUTE/IB TakK 1 yUHIB, TOMY BUUTEJb ITIOBUHEH
CTBOPUTH YMOBH JIJIsi CIIOHYKAHHS YIHS JIO0 CAMOCTIfIHOT poOOTH, TaKWil pezKUM ca-
MOCTI{THOI TiA/IGHOCTI, AKWiT OU J1aB 3MOTY peasi3yBaTH TOJOBHY METY — PO3BUTOK
0COOUCTOCTI yUH, 1T TBOPYOIO MOTEHIIIaJTY.

CaMocTiitHicTb y 37100y TTI 3HAHD TIepei0adac OBOJIOJIHHS CKJIATHIMU BMIHHS-
MU 1 HaBUYKaMU OQUUTH CEHC Ta MeTy poOOTH, OpraHisallilo BJaCHOI caMOOCBITH,
BMIHHSI 110-HOBOMY IIJIXOJIUTU /IO NMUTaHb, 110 BUPINIYIOTHCH, Hi3HABAJJIbHY 1 PO-
3yMOBY aKTHBHICTB 1 CAMOCTIHICTD, 3/IaTHICTB 10 TBOpUOCTi. ToOTO, npu camo-
CTIHI JIISIJIBHOCTI yYEeHb CaM BU3HA4YA€ METY JIAJIbHOCTI, IIpeAMeT JIAJIbHOCTI 1
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3acobm JIigIbHOCTI. B mporieci MisibHOCTI yUeHb ITOCTIIHO CIIBBIIHOCUTE TIepejida-
JyBaHU Pe3yIbTaT 3 YMOBAMU 1 MIPEJIMETOM JIiSILHOCTI, 3aB/dKN YOMY BifOnpae
3aco0H JIisl/IbHOCTI, BIJAITOBIHI CIIOCOOM BUKOHAHHS il 1 BCTAHOBJIIOE IIOCJILIOB-
HicTh X 3acTocyBanHs |4, c.4]

[Iporec dpopMmyBants BKazaHUX BMiHb Ta HABUYIOK € CIIPABOIO HEIPOCTOIO 1
JoBroTpuBaJior. MaremaTnka sIK HaBYaJIbHUN IpPEJIMET 3 OJHOIO OOKY BOJIOIIE
BeJINYE3HNM IIOTEHIIaJIOM PO3BUTKY PO3YMOBOI aKTUBHOCTI Ta CaMOCTIHOCTI, 3
iHIMIoro OOKY caMoOCTiiiHe OBOJIOJIIHHS MATeMaTHUIHUM MATEPiaJoM BUSBIAETHCS
3HAYHO CKJIQ/IHIIIUM JIJII CAMOCTIIIHOTO OIpallfOBaHHs Yy TOPIBHAHHI 3 PSAJOM 1H-
ITIX JTUCITUTLIH, TTOTPeOYE BOJIOMIHHSA K IMEBHIM 3MIiCTOM TaK 1 OCOOJTMBUMHU CXE-
MaMU HOro MOOYIOBH 1 PO3TOPTAHHSI.

Buaureto JIOIIJIBHO 30CEpeINTUCh HA TAKMX HAIPsIMKAX JIislJIbHOCTI:

— ¢opMyBaTH B YUHIB CUCTEMHI, y3arajbHeHl 3HAHHSI;

— 3HAWOMUTH YUHIB i3 3araJbHIMHI CXeMaMU TOOY/I0BH MATEMATHIHUX TEOPiil, STK
TO: CIIOCOOU BBEJIEHHS 1 PO3BUTKY MATEMATHIHOTO MOHATTS, aKCiOMaTHIHA 100y~
JIOBa MaTEMaTUIHOI TeOpil; OTpUMAHHS aJrOPUTMIB Uil (DOPMAJILHUX TTPOIELY]P
JIIsT PO3B’si3aHHsA KJIACIB 3aJ1a9 TOIIO;

— NPUILILATH yBary MeTampeJIMeTHUM YMIHHAM, TOB’S3aHUM 3 OCOOJTMBOCTSAMMU
OIIPAITIOBAHHS MaTeMaTUIYHUX TEKCTIB;

— 3a0e3MeYNTH YIHAM PO3IMIMPEHUIT TIOCTYT JI0 KJIacTepy iHdopMallil, akTya bHol
[IpU BUBYEHHI [IEBHOI'O MaTeMaTUYHOT'O MaTepiaJly.

OnuremMo MOXKJIUBUN BapiaHT HaBYAIHLHO-METOIMIHOTO KOMILIEKCY, IO CIIPHU-
ATUMe 3aJIyYeHHIO YUHIB JI0 CAMOCTIHOIO OIpallloBaHHs MaTeMaTUYHOIO MaTe-
piary. Jng KoxKHOT TeMu po3poOJIIOThC MaTepian, sKi BKIIOYAIOTh HACTYIIHI
KOMIIOHEHTHU:

— 3araJibHUil aHaJ13 TeMu, 11 Miclig 1 3Ha4eHHS B MIKIJIbHOMY KypCl MaTeMaTUuKH;
— CIIMCOK PEKOMEHI0BAHOT JlitepaTypr (000B’SI3KOBOT Ta JIOJIATKOBOT) 3 aIpecaMu
JTOCTYILY]

— IepeJIiK MUTaHb JIJIs IIOBTOPEHHS 3 BKa31BKOIO JIzKepeJ1 indopMaliil Ta ajgpecamn
JOCTYILY;

— icropuuHnii MaTepias, MoB I3aHUil 3 JJAHOIO TEMOIO;

— TepPMIHOJIOTIIHII CTOBHUK (IIOXO/[?KEHHsT TePMiHIB, O3HAYEHB );

— y3araJjbHIOI4l cxeMu, TabJInIll, OaKaHo, ONMOPHUIT KOHCIIEKT;

— 3aBJIaHHS JIJIsI JOMAIIHBOTO BUKOHAHHS HA BECh TePMiH BUBYEHHS TE€MU 3 110/Ii-
JIOM 3a PIBHAMHU CKJIQIHOCTI 3 BUJIJIEHHAM 3aBJ/IaHb TBOPYOI'O XapaKTepy;

— PpOBILINDpEHUil MacuB 3aBJaHb JJis CaMOCTIHUX, KOHTPOJbHUX, I1JICYMKOBUX,
3aJTIKOBUX pPODIT;

— TeCTH JIJIA TIEePBICHOI MePEBIPKU 3aCBOEHHS OMPAIlbOBaHOI 1HMOPMAITIT.
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Haiikpari pe3ybTaTi JJocAraloThCs 38 YMOBU CTBOPEHHS KOMIT FOTEPHOI'O Ba-
plaHTy MPONOHOBAHOI'O KOMILIEKCY, OCKIJILKI BUKOPUCTaHHA 1HMOpPMAIiinnX Te-
XHOJIOT'1{l JI03BOJISIE BUUTEJIIO:

— IOCUJINTU MOTHBAIllI0 HABYaHHS 38 PaxXyHOK BUKOPUCTAHHS Cy4acCHOI TE€XHIKHU;
— 3MIHUTH XapakTep IMi3HaBaJIbHOI JislIbHOCTI YUIHIB (MiATPUMKa 0COOUCTHX Ha-
MaraHb Y9IHIB ¢(hOPMYBATH BJIACHUN CTHJIb HABYAIBHOI POOOTH);

— Bi3yaJrizyBaTu HaBYAJBLHY 1H(MOPMAIIIIO;

— MOJIEJIIOBATU Ta IMITyBaTH 00’'€KTH, 1110 BUBYAIOTHCS a00 JIOCIIJIZKYIOTHCS;

— MOOYAYBATH MPOCTHI 1 3pyYHWII MeXaHi3M HaBirallil B MeyKax MaTepiaJiB, 110
IIPOIOHYIOTHCS JIJIsl CAMOCTIITHOTO OIPaIllOBaHHS;

— BKJIIOUUTH JIO CKJIaJly eJIeKTPOHHOT'O MaTepiajly LIIocTpallil Ta cxeMu, BljgeoMa-
TeplaJiu;

— TPOBECTU TECTOBY TEPEBIPKY 3aCBOEHHS YIHAMN 3HATHOI KITHLKOCTI iHDOpMAITil.

BucuooBkn

Brinennsa y HaBdaJibHUIN TPOIieC onucanol (popMu opramisaliii caMoCTIiHO] 1Ti-
3HABAJIBLHOI POOOTH CIIPUSIE IIJIBUIIEHHIO CAMOOIIHKN YUHIB, & TaKOXK PO3BUTKY
HaBUYOK CAMOKOHTPOJIIO, CaMOPETryJIdllil, I1I3HaBaJIbHOI'O IHTepeCy 10 HaBYaHHs, 1
B PEINTi PeIT, PO3BUTKY BHYTPINIHbOI MoTHBaIl yuinHsd. [Ipu Taxiit opranizariil
HaBYAHHS Yy IKOJI YIHI OTPUMYIOTH HABUYKK CAMOCTITHOIO OIpaIlioBaHHs iH(pOP-
Mallil, 0 € 3aIlI0PYKOI0 & IeKBATHOI OPIEHTAIlll Y JOPOCJOMY YKUTTI, 3/IaTHOCTI J10
HelepepBHOI CAMOOCBITH Ta CAMOBJ/IOCKOHAJIEHHSI.

Jlitepatypa

1] I'pueyauv C.A. ®opmyBaHHs y CTAPIIOKIACHUKIB HABIYOK CAMOCTIHHOI po-
ooru nipu Busvenni maremaruku // C.A. ['purying / Maremaruka B mkosii. —
1998, — Ne 8. — C.42 — 45.

2] Kob6sesa JI.O. Camocriiina pobora yumis na ypokax maremarnkn / JI.O. Ko-
03eBa // Crapbuurg metoguaaux igeit. — Ne 1 — 2011 p. — C. 200 — 206.

|3] Hamionasibha jgokrputa po3suTky ocsiti Ykpaiau y XXI cromirti // Ocsita
Yxpaian. — 2001. — Ne 29. — C. 4 - 6 // Jlira-3akon : [esekrpornuii pecypc|. —
Pexxum ocTyiry: http://search.ligazakon.ua/1_doc2.nsf/1ink1/U347_02.html .

[4] Caparues I H. Meronuka obydenust maremaruke Ha pyoexke sekos / I.11. Ca-
panres // Maremarnka B mkose. — Ne 7 —2000. — C. 2 — 5.

[5] Cepirosa 2. Po3BUTOK CaMOKOHTPOJIIO y9HIB Ha ypOKaX MaTeMATHKH /
7K. Cepikosa // Maremarnka B mkosi. — Ne 10. — 2005. — ¢.43 — 47.

[6] Camoobpaszosanue // [lcuxomorndeckas: sHIUKIIONE M [eleKTp. pecypc|. —
Pexxum gocTymy: http://enc-dic.com/enc_psy/Samoobrazovanie-23376.html.
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HABKOJIO TEOPEMU CTIOAPTA:
HACJILIIKHN, Y3ATAJIbHEHHS TA SACTOCYBAHHA

Jlana crarTsa NprCBsSYeHA METOINIHIM acleKTaM BUBUYeHHs TeopeMu CrioapTa Ta 11 HAC/IAKIB.
TakoxK po3rIgaaloThCs JesdKi y3arajibHeHHs: Teopemu CTioapTa Ta X 3aCTOCYBAaHHS JI0 PO3B -
3yBaHHSA METPUYIHUX 3884 IJIAHIMETPil, 30KpeMa, JI0 3HAXO/I2KEHHS JJOBXKUH BiJIPI3KIB 3 KIHIISIMHA
Ha CTOPOHAX TPUKYTHHUKA.

Kirouosi ciaoBa: meopema Cmioapma, 0062cuty, 0CHOBHUL 610DI3KI6 MPUKYMHUKQ.

Beryn

Teopema CTr0apTa € OJJHUM 3 KJACUIHIX TBEP/ZKEHb I'eOMeTpPil TPUKYTHUKA 1 B
[IEBHOMY PO3YMIHHI IIOBHO IIpeJ/ICTaB/IeHa B HaBUYaJIbHI JIiTepaTypl 3 eJ1eMeHTapHOL
reomerpii [1], [6]. Haiibiabun Bijomumu Hacsigkamu Teopemu CrioapTa € hopmMyJin
JJIst O0UNC/IeHHsT JIOBKIH Me/[iaH 1 6iceKTprc TpUKyTHHUKa 3a fioro cropoHamu [2].
Memnm Bigomi 3actocyBantsm Teopemn Ctioapra Moxkua 3uafitu B [4], [7], |9].

Cuain BuszHaTu, 1mo dopmysmoBaiis Teopemu CTioapTa € JIN0 «CKJIaIHUIMY,
1 MOXKJIMBO TOMY Ile TBEP/?KEHHsI MalizKe He BUCBITJIIOETHCS B IIKIJIBHOMY KYPCi
reomeTpil. HaBiTb B Jlif09oMYy IJIPYIHUKY 3 T€OMETPil /Il KJIACiB i3 MOr/In0IeHuM
BUBYEHHSIM MaTeMaTuku |5| Teopemy CTioapra HaBeJEHO JIKIIE B sIKOCTI 3a/adi.

PesynbraTu Joc/tiKeHHs TI03BOISIOTH CTBEP/IZKYBATH, 10 TPAKTUIHE 3HATE-
HHs1 Teopemu CTroapTa Ta i1 HAC/IIIKIB, HaxKaJjlb, 3a/IMIIAI0ThCsS HEJIOOIIHEHUMI B
HaBYaJIbHII JliTepaTypl 3 reoMeTpil Jijisl 3araJlbHOOCBITHIX HaBYAJIbHUX 3aKJ1a/l1B.

B mpejcrapieniii ctaTTi HaBEIEHO JEKiJbKa CIIOCOOIB JIOBEJIEHHSI TeopeMu
Crroapra, 9K MOXKJIMBI HiAXO[H JI0 11 BIPOBaJKEHHsI IIPU BUBYEHHI BIJIIIOBiI-
HUX TeM IMKLIBHOrO Kypcy reomerpii. Kpim HuU3KHN «igocTpyodnx» 3ajgad (Ha
Oe3Iocepe/IHE 3aCTOCYBAHHS 3a3HAYEHOIO TBEPJZKEHHsT) Y CTATTI TAKOXK HaBe/e-
HO 1 JiesIKi y3arayibHeHHs Teopemu CTioapTa Ta iX 3acTOCYBaHHS 10 O0UYUC/ICHHS:
1) moBKuHE Bijipi3Ka 3 KIHIEIME Ha CTOPOHAX TPUKYTHUKA; 2) JOBXKWHU BiIpi3-
Ka, 1110 CIOJIyYa€ BePIINHY TPUKYTHUKA 3 BHYTPIIIHBOIO OO TOYKOIO, TTOJIOXKEHH
sIKOl BU3HAYAETHLCS BIJACTaAHAMU JI0 JIBOX IHIITUX BEPIINH TPUKYTHHKA.

© Kamy6osebka B.M., Kaxy6oseska O.JI., Kagaybosebkuit O.A., 2012
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Ilonepeami BimomocTi

1. Teopema Crioapta! Ta ii Hacaigkm

Teopema 1. (CtroapTa) /Jlobymox keadpama 6idcmani 6EpuuHY MPUKYMHUKG
00 MOYKU, WO HANEAHCUMD NPOMUNEAHCHIT, CMOPOHT, HaA OOBHCUMY ULEL CMOPOHU
dopienioe cymi dobymxie Keadpamie THUWUT CMOPIH HG HECYMINCHT 3 HUMU 610-

PIBKU neputoi cmoponu 6e3 dobymky uux 610pi3Kie Ha 0BHCUHY 0CHOBU, MOOMO
AD?. BC = AB*-DC + AC? - BD — BD - DC - BC,

abo ot

DC BD
2 2 2 B .
AD?* = AB* 5 + AC* == — BD - DC. (1)

Axmo (1) sanucarn y BektopHomy Bursai (nogaru sigpisku DC', BD i
BC' gk Bekropu, a jooyrok BD - DC — 9K cKaJasgpHuil JoOyTOK {ﬁ, ﬁ) ), TO
TBEPJIZKEHHST € BipHUM Jiist Oyib-akol Touku D mpsmoi BC' [7].

K B2Ke OyJ10 3a3HAYEHO paHille, POPMYJIFOBaH-
ist Teopemu CrioapTa € Jeno CKIAIHIM, IPOTE 3a-
II1C 3MICTY 1IHOI0 TBEP/XKEHHS Y CUMBOJIBLHOMY BUJI1
€ JJOCUTHh HAOUYHUM 1 HE BaXKKHUM JIJIsI 3aaM TOBY-
BAHHSI.

BBejieMo HACTYIIHI HO3HAYEHHS:

o

a = BC, b= AC, c=AB,
S = Saapc, Sy = Saapc, Sec= SAABD.

OcCKIJIbKY MAaIOTh MicIle BiJIHOIIEHHSI

BD S. DC 5

BC S’ BC §
DC  ,BD , BD DC , S, S. 5 S-S,

2 2
_g2. 22 220 P g2 8 P
et B B B gt g e

, 1o opmyiy (1) MokHA TMOJATH Y BULJISII

AD? = &

BayBaxkeunsi 1. Ananizyrouu gopmyay (1), we sascko bavumu, wo Axwo 6
ANABC sidomumu € dosorcuru 6ydv-axur womupvoxr 3 n’amu eidpiskic AB,
BD, DC, CA, AD, mo dosotcuny «n’amoz0» He 8aHCKO 3HATIMU, AKX KOPIHD
61006101020 K6a0PAMH020 DIGHAHHA.

! Teopemy masBano Ha 4ecTb anriiiicbkoro maremaruka M.Crioapra (Mathew Stewart 1717-1785), axmit
neprmuM chopMystoBas 11 B poboTi «/lesiki 3aranbai Teopemus y 1746 pori. @opmymaoBanas Teopemu CrioapTry
cnosictus ftoro Buurenb P.Cumcon, sikuii ommy0OJiKyBaB JOBEeIEHHS IILOTO TBEP2KeHHs juire y 1749 por.
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Haiibinpm Bimomumn Hac/iakamu 3 TeopeMmu CTioapTa € HACTYIIHI

Hacainok 1. Hexat a,b,c — dosorcunu cmopin BC', AC' i« AB AABC'. Tooi
JIOBXKIHY MeJIaHl My, , NPOGEIeH0T 0 COPOHU G , MONHCHA 3HATIMAU 30 POPMYA0TO

9 (B2 4 ¢2) — o2
I e 3

JoBXKuHy OicexkTpucu [, xyma A — 3a ¢opmy.roro

li:b~c-(1—(bfc)2>; (4)

JIOBYKUHY BUCOTH h, , nposedenoi do cmoponu a, — 36 (Hopmyaoto
s (a+b+c)-(a+b—c)-(a—b+c)-(—a+b+c)
h? = : (5)
4a?
SIKITIO 1M, — OPTOrOHAJIBHA TIPOEKIlist MeJ[iaHn M, Ha CTOPOHY a 1 b > ¢, mo
b — = 2mg, - m),. (6)

SIKINO TouKa [ criBmajiae 3 Toukoro JoTuky Aj srucanoro y AABC xona, mo
—b —c a+b+c
AD* = adf = P o) (p—e), p= T (D)
a a 2
SIKITIO TOYKa, [) CIIBIaIa€ 3 TOYKOI JOTHKY Ao 30BHIBINCAHOIO KOJIA& 31 CTOPO-
noio BC AABC', mo

—C —b
AD* =AMy =0 2= 4 @ E= = (p = )(p - b), )

AAZ + AAS =2+ —2(p—b)(p — c). (9)

3 nosegennusaMm (opmy (3)—(6), sk HacaiakiB 3 Teopemu Crioapra, MOYKHA
osHafiomuTHCh, HAanpukiaad, B [1]. s mosemenust (7) i (8) mocraTHbo CKOpHC-
tarucs Bigomumu dopmyinavu BA; = p—b, CAy = p—c, BAy, = p—c,
CAy =p—>b (nanp., B [4], [6]). Popmyra (9) e nacaigkom dopmyrn (7) 1 (8).

BayBaxkennst 2. [lommooicuswu 06udsi wacmunu piskocmi (5) na eupas }LaQ,

odepotcumo dobpe 6idomy gopmyasy I'epora Oaf 0O0UUCAEHHA NAOUL MPUKYMHUKA
3a dosotcunamu G020 Cmopit, a came

o2 _ (a-ha>2: (a+b+c)-(a+b—c)-(a—b+c) - (—a+b+c)
AABC 5 16 ;

abo oc Y OIAbW 36UNHOMY 6ULAADI

Saapc =/ p(p—c)(p—b)(p — a). (10)
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[Tpuktaiom 6e3mocepeHBLOro 3acToCyBaHHAM Gopmynn (2) € HacTymHA

Bagaya 3. Hexati D — mouxa na cmoponi BC mpuxymnuxa ABC . Bidomo,
wo AB =c¢, AC =b, BC =a t Saagpp = S*. Todi dosorcuny sidpiska AD
MOIHCHA BUSHAYUMU 34 POPMYN0M0

AD2:b2.§+62.@_a2.S‘(g’Q_S)’ (11)

de S = Saapo, Aky moocna susnavumu 3a gopmyaoto Tepona (10) .

[Ipukragamu Gesnocepe IHBOrO 3acTocyBanusiM (opmyn (1) e HacTymHi

Bamaua 4. Hexait D — mouxa ochosu BC' pienobedpenozo NABC . Bidomo,
wo AB=c, BD =m, DB =n. Todi mac micue pisHicmy

CD?* = ¢ —mn. (12)

Bamada 5. Hexat X — mouka na 2inomenysi AB npamoxymmnoeo NABC'.
Bidomo, wo AC =b, BC =a, AX =m, XB =n. Todi dosorcuny 6idpiska
CX mootcha susnavumu 3a Gopmy.aoto

a?-m?+ b? - n?

X% =
¢ (m +n)?

(13)

3eidku dosotcunu medianu CM | bicekmpucu CL i sucomu CH , axi nposedeni
3 sepwuru npamozo xkyma NABC', moocha 3natimu 3a Gopmyramu

/2 2
CM = a—”, CL = aby2 ol (14)

2 a+b’ VaZ+ 02
Bamaua 6. Hexait X — mouxa Ha 2inomenysi AB npamoxymmnozo NABC'.

Bidomo, wo CX =d, A X =m, XB=n1im>d>n. Todi kamemu AC 1
BC' uvozo mpuxymnuxa mosrcHa 6usHaumu 3a GopmYysaMm

B2 =" (2 2y, At =T (2 a2 (15)

m—-n m—-n

Bamaua 7. Hexatli a,b,c — dosorcunu cmopin BC, AC + AB AABC. Ha
npomeni, donosuasvromy do npomens CB , eidkaaru eidpizox CCy = q, a na
npoment, donosuasoromy do npomens BC', — eidpizox BB = p. Todi nesidomi
cmopornu mpuxkymuuxa AB1Ch mootcna 3natimu 3a gopmyramu

ABf = ¢? (1 + S) —62§+p(a+p), ACY =" (1 * %) _ng”(ﬁq)' 10
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Bamaua 8. Hexatt D — mouxa na cmopont BC mpuxymnuxa ABC' . Bidomo,

wo AB=c, AC=0b, AD =d i BD : DC = m : n. Todi nesidomy cmopony

BC mpuxymmnuxa ABC' moorcha 3natimu 3a Gopmynoto

d2 . (m + n)Z .
n m mn

Bamada 9. Hexatd D — mouxa na cmopont BC ANABC'. Bidomo, wo: AB = c,

AC =b, AD=d a BD : DC =m :n. Todi mac micue pienicmy
B*m? + n® — (m+n)?- d®\’
mn '

 mAn o min

BC?* =b*- (17)

1653 4o = 4b*c* — ( (18)

CrpasemuBicts (18) € macsigkom 3actocyBanHs (opmysu lepona y BUrisii
2
1653 4 5o = 4b*c* — (b* + ¢* — a?)” Ta Teopemu Crioapra.

Hacainok 2. (Teopema Iltosiemest) Hexati ABCD - enucanud y %040 “0-
mupurymmuk. Todi dobymoxk tioeo diazonanreti dopieHioe cymi dobymMKi6 1020 NpPo-
MUNEACHUT CMOPIH, MOOMO

AC-BD = AB-CD + BC - AD. (19)

HoBenennst. Hexait a, b, ¢, d — poBKuHU cTOpiH
AB, BC, CD i DA simnosigno, AC N BD = @Q,

B
C AQ=m,QC=n, BQ=p, QD =q.
Toui, 3riJiHO BBe/IEHUX IIO3HAYEHb, HEOOXIIHO J0Be-
CTH, 1110
(m+n)(p+q) = act+bd < (m+n)*(p+q)* = (act+bd)>.
D 3 tpuxkytauKiB BAD i BDC' 3a 1. Crioapra MaemMo

q 1 p ,nz—l—pq:bQL—FcQL.
p+q P+q p+q P+q

OckinbK mn = pq, TO JOJABIIN OCTaHHI PIBHOCTI, MaTUMEMO

2 _ (2 B2\ 4 2 | 2\_p

m+n)* = (a”+ b))+ (d* + )=

(m +n) S( + )MJrE1 + )
: : p _ ©oacBA _ absinZCBA _ ab

3 inmoro 00Ky, OCKIIbKH = e = Gesm ZADC = e O

p cd q ab

p+q — abtcd’ p+q — ab+tecd - BBLHKH

(m + n)2 - (CL2 + b2)abfed + (d2 + CQ)ab(fcd - (ac+cbz?£z:i1+b0)

. . . 2 (ac+bd)(ab+cd)
B anastoriunuii crioci6 Mozkna nokasaru, mo (p + q)° = 25—
Otxe,

m2+pq=a2

(ac + bd)(ad + bc)  (ac + bd)(ab + cd)
ab + cd ad + be

(m+n)*(p+q)° = — (ac + bd)>.

Bumyck N2, 2012 167



Meronuka Bukjaganasg marematuku B 3OIII ta BH3

OcHoBHa yacTuHa
1. Crmocobu noBenennsi reopemu CtioapTta

1.1. JloBemennsa 3a momnoMoron TeopeMu [lidaropa
ko Touka D criBmajae 3 ocHoBo0 H BHCOTH, OIyIIEHOI 3 BepuinHun A | To
nosxkuny Biapiska AD = AH me Baxkko 3HaiiTn 3a Teopemoro Ilidaropa. Tomy
JIOBEJIEHHSI TEOPEMU CTI0ApPTa IIPOBEJEMO JIJIsi BUIIAJIKY, KO TOYKa [) CTOPOHU
BC' wne chiBnajiae 3 BKazaHow 0CHOBOIO H .
Ot:xke, Hexait E 1 F — OCHOBU NepIeHINKYJISIPiB, onyIlieHnx Ha npamy AD
3 Bepmna B 1 C' Bignosigxo — puc. 1 a).
1) 3 ABED 3a meopemoro ITighazopa maemo pisnicts BE? = BD? — ED?.
3 ABEA 3a meopemoro Ilighazopa Mmaemo piBHICTD
BE?* = AB?> — AE? = AB? — (AD — ED)* = AB> — AD?> +2AD - ED — ED?,

3sigkn 2AD - ED = AD? — AB? + BD?, abo x
ED — AD?-AB?*4+BD?
2AD )
2) 3 ACFED 3a meopemoro Iipazopa maemo pisnicts CF? = CD? — DF?.

3 ACF A 3a meopemoro Ilihazopa maemo piBHICTH
CF? = AC?— AF? = AC? — (AD + DF)* = AC? — AD? —2AD - DF — DF?.

3Binku 2AD - DF = AC? — AD? — CD?, abo x
DF = AC?—AD?—CD?
- 2AD '
3) Ockinmbru (3a roctpum Kytom) ABED ¢ noxpioaum g0 ACFD | t0 Mae

micre Bigaomenuss KD : DF = BD : DC', ato X
AD? — AB?> + BD?> BD

AC? — AD?2 —CD? DC’
3BlAKU (AD2 — AB? + BDQ) DC = (AC'2 — AD? — CDQ) BD . Takum ynnom
AD?(BD + DC) = AB*DC + AC*BD — BD?>DC — DC?BD =
= AB*DC + AC*BD — BD - DC (BD + DC).
Orke, AD? = AB?-5¢ 4+ AC?.-50 — BD-DC. O

A yb oAb Y

E
D
B C > X o \r—@
F\?/ B(0;0) p(d:0) C(c;0) B - C
a) b) c)

Puc. 1:
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1.2, Koopmuratuuit cnocib noBeIeHHSA

Beenemo B maommai AABC upsMokyTHY cuctemy koopamnar X OY 3 1o-
qaTKOM y Todlll B Tak, sK nokasano Ha puc. 1 b). Kopucryouncs dopmyroro
JIJIT O0YUMC/IeHHsI BiJICTaHI MiXK JBOMa TOYKAMU, 3aJJaHUX CBOIMU KOODJIMHATAMI,
3HANIEMO JTIOBXKIHHI BiJPi3KiB, 10 BXOAATH Y (opmyiy (1):
BD=d; DC=c—d;, BC=c; AD*=(d—a)*+ (0-0)? = (d—a)*+ b*;
AB?=a>+b*; AC?=(c—a)®*+ (0—0b)*>=(a—c)* +b*.

[TisicraBuBimn HaBeieHi Bupasn y cribigaomienus (1), 6yaemo Matn

AB%*.DC + AC*- BD

— BD-DC =
BC ¢
(a2+b2)-(c—d)—|—((a—c)2—|—b2)-d
= —d-(c—d)=
c
20 2 . 29
:a(c d+d)+b°(c—d+d)+ cd 2a6d—cd—|—d2:

C
—a?+ V¥ +cd—2ad —cd+ d* = a* — 2ad + &> + V* = (d — a)* + b* = AD?.
Ll

1.3. JloBemeHHsS 3a LOIOMOTOKN TEOPEMU KOCHUHYCIiB

1 cmoci6 (puc. 1 ¢)). Hexait ZBDA = ¢, toni ZADC =7 —¢.3 ABDA
3a TEOPEMOIO KOCHHYCIB MaeMo piBHicTs AB? = AD? + BD? — 2AD - DB cos .
3BIJIKH

AB?*.DC = AD*- DC + BD*- DC —2AD - DB - DC cos . (20)

3 AADC 3a T€0peMoI0 KOCUHYCI6 MAEMO, IO
AC? = AD* + DC? — 2AD - DC cos (m — ¢) = AD* + DC? + 2AD - DC cos .
3BIIKN

AC?.BD = AD*- BD + DC?- BD +2AD - DC - BD cos . (21)

Toxi 3 piBnocreit (20) i (21) maemo
AB?.DC + AC?*- BD = AD*(BD + DC) + BD - DC(BD + DC) =
AB?.D AC? . BD
= BC - (AD?>+ BD-DC). 3sigku AD* = ¢+ AC —BD-DC'.
BC O
2 cmiocib (puc. 1 ¢) ). Hexait LZABC = . Toni 3 AABD 3a TeopeMoio KOCHHYCIB
MaeMo pisnicts AD? = BA? + BD? —2BA - BDcos 3.

3 AAB 3a TeopeMoio KOCHHYCIB MAEMO PIBHICTHL €OS 3 =

AD? = BA? + BD* - 2BA- BD - BAQ;BiC;CACQ =
= BA’+BD?~ BD-BATBCACT _ p 21 BDyy A028D —|—BD2 BD-BC =
— BA?EC + AC?BZ + BD* — BD(BD + DC) = BA? Dg + AC2 —BD-DC.

O

BA24+BC?—AC?
2BA-BC

. Tomy
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1.4. BexTopuuil crnocib noBemeHHA
Hexait D — nosinbaa Touka Ha croponi BC tpukyrauka ABC — puc. 2 a).
JloBesieMo cIovYaTKy CIpaBeInBICTh HACTYIIHOI BEKTOPHOI PIBHOCTI

@:g—g-ﬁ+%-ﬁ. (22)

Z[JIH IILOT'O BUKOHAEMO eﬂeMeHTapHi HepeTBOpeHHH y 1paBiit 1T 4acTuHi

DC.AB + B2 . AC = D¢ . AB + 22 (@ﬂ}@
:(BC+BC) AD +E2.BC = AB + BD = AD.

[ToMHOXKUBIIM OOWMIBI TaCTHHN plBHOCTl (22) craspHO Ha BeKTOp ﬁ , OJIeP-
KMo piBHicTs  AD? = <ﬁ ﬁ> <zﬁ zﬁ> <1@ /ﬁ>

Kopucryiodnch BJIacCTUBOCTIAMUI CKaﬂHpHOFO OOy TKY BeKToplB, BUKOHAEMO

HaCTYIIHI [IeEPETBOPEHH Y TIpaBiit qaCTMHi OCTaHHLOI PIBHOCTI:

be. (4B, @>+BC (AC,AD) = 8¢ . (AB, AL + BD) +

+%-<AC‘ AC‘+CI§> ABQDCB—i—éLICQBD DC <B B?> BD <B,m> _
— ABDCHAC™BD 4 DC. <1ﬁ’3?> _BD _ BD <1@ @>

_ ABZDc;éélC?BD +£D.DC. <<@ ﬁ> _ <1@ ﬁ» _

A32 DC+AC?-BD BD DC AB%*.DC+AC* BD
HAC*BD _ BD . DO (BC,BC) = + ~BD.-DC. O

BC

a) b)

Puc. 2:

1.5. Teopema CTioapTa, #K Haclilok 3 ToToxHocTi CTiapTa

TBepmxkeuns 1. Hexati Ai, As, A3 — enopadkosara mpitika pianux movox Ha
dixcosaniti npamit 1, a By © By — do6iavni mouku naowum, wo micmumo [ .
Todi mae micue sexmopHa PreHICMb
— — ——
(A1 By, A1 By) n (A9By, A2 By) n (A3Bi, A3Bs)

=1 (23)
— —— — — > —— ,
(A1As, A143)  (A2A3, A2A1)  (A3A;, Azdy)

— —
de (7, b) — ckaaapnuii dobymox eexmopie ad Qb .
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CriouaTky mokazkemo, 1o Teopema CTioapTa € HacJiIKOM TBep/zKeHHs 1.
MiiicHo, SIKIO Ha HpsaMiii 3a/1aH0 BIOPSIKOBAHY TPINiKy pi3HuX TodoK Ay = B,
Ay =D, A3 =C,aroukn By i By cuiBnajaiorh 3 TouKoio A, sKa He HaJIesKUTh
npsiMiit Ay As (puc. 2 a,b)), To Mae micrie piBHICTD

Bk, i ok _ gk ok, ak _,

(BB.5C) | (DC.0B) | (CBCB) _ (BB.BC)  (DC.BD) | (BC.OC)

OcKiJIbKI BEKTOPH Blj,BC' i DC e napaJieJIbHUMU i1 cliiBHAIIPSIMJIEHUMH,

TO OCTAHHS PIBHICTH HAOyBae BU/I
BA? AD? CA> 2, DC _ 2 2BD __ )
BD.BC ~ Bp-pC T Bope — L abo w AB®- 55 — AD” + ACgE = BD - DC.

3Binkn maemo AD? = ABQ'D%JFCflCZ'BD — BD - DC. O

Teniep noBegemo maeepdotcenns 1. JIst boro BBeIeMO HACTYIIHI ITO3HAYCHHS:

’AlAQ‘ =m, |AsA3| =n (m+n = c). Toui piuicts (23) MOxKHa mMOJATH Y
—_ _— _
. <A1317A132> <A2317A232> <A3317A3Bz>
BUTJIs1 11 — — — C.n =1, abo xk

n<m,@> — C<m,@> +m <ﬁ,@> =mnc.  (24)

3 ypaxyBaHHsSIM (22) MaeMO HACTYIHI BEKTOPHI piBHOCTI

— S S S y
{ B Ay = %BlAl + %B1A3 ) { AyB) = %AlBl + %A;),Bl
, 5 3BlJIKN ) )

(25)

% 4 7 7 4 %
BoAy = %BgAl + %B2A3, A9y By = %A1B2 + %AgBQ.

[TiscraBunMo mpaBi gacTUHN piBHOCTENH (25) y JIiBY YacTWHY CIIBBIIHOIIEHHST
(24) Ta, BUKOPHCTOBYIOUN BIACTUBOCTI CKAJISIPHOTO JOOYTKY BEKTOPIB, BUKOHAEMO
HACTYIIHI IIepeTBOPEHHS . . .

n (4B, ABy ) —c (24 By + 243 B, BALB, + 2 4B, ) +m ( 4,81, A3, ) =

=n <A1B1; A1Bz>—%2 <A131, A1Bz>—% <AlBh A3B2>—% A3 By, A132> —

(ALY + o (B ) — (- ) - (A ) -

3

Cc

— —— — — 2\ | J=r b
— <A131, A3B2> — = <A3B1, A132> + <m — m7> : <A3317 A3B2> =

[ —— R — L —
=z <A1Bb AlBQ> - <A131,A332> - <A3Bh A132> + <A331, A3B2>} =
— - |(ABy, 4B, — 4B, ) + (A3B), 43B, — 4By )| =

f ) —— s —
= % . <A1B1, A1A3> + <A331, A3A1>} = % . <A1A3,A1A3> = mnc. [
BayBaxkenust 3. Teepikenns 1. € wacmunnum sunadkom Totoxknocti Crioap-
Ta npu n = 3 (nanp. [3]), dosedenna axoi micmumvca ¢ [10]. 3 doseden-
HAM Yiel momostcrocmi y eunadry, xoau eci mouku A; (i = 1,...n) i Bj

(7 =1,...,n—1) naresrrcamov 0dniti npamii, moxcra oznatiomumucs 6 [8).
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2. eski y3arajgpHeHHsa Teopemu CTioapTa Ta X HACTIIKNA
2.1 /loBxKmHa BiJIpi3Ka 3 KIHIFIMHU HA CTOPOHAX TPUKYTHHUKA
Bamaua 10. Hexati a,b,c — dosorcunu cmopin BC', AC i AB NABC, a M

it N maxi mouxu na cmoponaxr AB i AC', wo AM = m, AN = n. Too
dosotcuny 6idpiska M N moosrcha 3natimu 3a 00HIEN 3 HACMYNHUL HOPMYAN

MN2:m2+n2—?(b2+02—a2): (26)
c
~mon  ,b—n B c—m , o5 B
_C<ab+c ; n(b n)>+ . (n mc)— (27)
n({ om ,c—m b—n ,
=3<“3”7‘m<0‘m’>+ p (o) = (29)
_ p2mn _ m_n
= a*Z2 + (me nb)(c b). (29)

HoBenennsi. 3 AAMN 3a TeopeMoi0 KOCHHYCIB
Ma€MO PIBHICTD

MN? =m?+n%—2mncos ZA.

3 AABC 3a TeopeMoi0 KOCHHYCIB MAae€MO PiBHICTH

b2 + 2 — g?
coS/A = ——m .
2bc
¢ Tomy
b2 2 9
MN2:m2—l—n2—2mn%:m2+n2—%(b2+c2—a2).

Hosegennst hopmysn (27) — (29) e 3BUYAHOIO MEPEBIPKOIO CIIPABEIMBOCTI
BIJIITOBIJTHIX TOTOXKHOCTEI.

I'parnvHi Bunaakm ta HaCJALIKN

1.1) dxmo rouka M criBnajae 3 Bepmuuoo B tpukytHuka ABC', 10 oue-
BUJIHO, 110 M = ¢, ¢ —m = 0, a ¢dopmyna (27) Habysae Bu

b—n
MN?2 =27 L 2
ab+c b

Ta CKJagae 3mict meopemu Cmroapma.
Amnasoriuno, sikio Touka N criBmnazgae 3 sepmuuaoio C', ton=5b, b—n =0,
2 _ _2m 2c—m _ _ _ 2
a dopmyna (28) nabysae sug MN® = a”% + = m(c —m) = CM* 1a
ckaasae 3mict meopemu Cmioapma njst 3HaxozKenns Binpiska CM AABC'.

—n(b—n) = BN?
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1.2) dxmo Touka M abo xk Touka N criBmajae 3 BepmHoio A, To Bijpizok
MN oyne croiBunagatu 3 Biapiskom AN abo x AM signosigmno. Togi 3a dop-
mysioro (26) mosxkuHa Bifgpiska M N cranoBuTh n abo K M BIANOBIIHO, IO
CIIIBIAJIAE 3 YMOBOIO TBEPJIZKEHHSI.

1.3) Hexait Bigpisoxk M N e napanensaum no crtoporu BC'. Toxi 3 mogibHo-
cri rpukytHukis AMN i ABC (3a Kyramn) BUILIMBaE, MO o = % [ Tomy 3a

dbopmysoo (29) mae micie piBHICTB

2
MN? = 2. (T> . spimkn MN =a- . (30)
& C

Ockinbku ot mogionux TpukyTHUKiB AMN 1 ABC' BiIHOCATHCS SIK KBaJIpaTH
JIOBYKIUH BIIIIOBIJIHUX CTOPIH, TO OCTAHHIO PIBHICTH MOXKHA TIOJATH Y BUIJISI

MN? =a?-

N W

, (31)

e S — mmoma AAMN , a S — mioma AABC. SIx maciinox 3 (31) maemo
CIIPaBeJJINBICTL HACTYIIHOI'O TBEP/IXKEHHSI:

axuo eidpizox MN e napasesvnum do cmoponu BC mpuxymmuuxa ABC
ma po3busac 020 Ha MPUKYMHUK T MPANEYLI0 PLBHUT NAOW, MO J08AHCUHY 610~
pizka M N moorcra sudravumuy 3a Gopmiyroro

MN = a_\/§. (32)
2

1.3.1) dximo Bigpisok M N € cepeiHbOIO JIHIEIO TPUKYTHHKA, TOOTO 2m = ¢,
2n = b, To 3a dopmynoo (30) oxepxumo, mo MN = §. Orxe,

00621CUHA CEPEOHDOT NTHIT MPUKYMHUKA 806141 MEHWLA 34 CMOPOHY, 00 AKOL
BOHA € NAPAAENDHON).

1.4) Hexait Bigpisok MN e anTunapanenshuM 3 Bigpizskom BC' BijHOCHO
cropia kyra BAC, tooro ZAMN = LZACB a ZANM ZABC'. Toxi 3
nogionocti TpukyTHukis AMN i AC'B maemo pigHicTb 4+ = . 3BiJKH mc = nb
a dopmysa (29) nabysae Buj

|13 ”

m n
MN =a— = a—. 33

= O (33)

Kpim toro, axwo eidpisox M N € anmunapaseavrum 3 idpiskom BC' sidnocro

cmopin kyma BAC ma pozbusac NAABC na mpuxymmuukx i “OMupuxymmuk
pieHux naow, mo dosocuny eidpidka M N marootc modcHa udnavumu 3a hop-

myaoto (32).
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1.5) dxmo touku M i N e ocHoBamu 6icexTtpuc kytiB C' i B BijmosijHo,
bc be

n = %= 1a dgopmyan (26) maemo

TO 3 ypaxyBaHHsIM DIBHOCTeHl m = =5, e

HaCTYIIHE CITiBBITHOIIIEHHS

Alp—a)(p—b)p—c) 4p— (I)SZABC.

MN? = = 34

be pbc (34)

1.6) dxmo roukn M i N e Toukamu mortuxy snucaHoroy AABC koia, 1o,
sk Bijomo AM = AN =p—a = WT_“ Toxi 3 ypaxysanusam (26) TOBKUHY

Bigpizka M N MoxKHa 00UUCIUTH 38 POPMYJIOI0

MN? = (p—a)*- (2—M> —(p—a)’- <a2_(b_c)2> -

be be

_Ap—a)’(p=b)p—c) _4p—a)Shapc
= = : (35)
be pbc
1.7)  dxmo Toukn M i N € Toukamu fpoTuky soBHiBmucamumx kin AABC 3i
croponamu AB i1 AC' Bigmosigno, TO, 9K Bigomo AM =p—b, AN = p—c. Toni
3 ypaxyBauHsMm (26) goBxkuHy Bizgpiska M N MoxKkHa 009ncanTH 3a (OPMYJIOI0

MN2:(p—b)2+(p—c)2—(p_b[))ip_c)-(quLcQ—az)

b? + & — a?
be

(D) + (=) (p—B)p—c)- (2+

o (p=b)lp—c)dlp—a)p 2 AS3 apc

-7 bc - be (36)

1.8) dxmo roukn M i N e ocmoBamu BucoT AABC', NpOBEJEHUX 0 CTOPIH

AB i AC Bignosijgmo, To, 9K BijjoMo AM = Pre—a®| AN = |BrC—a?) Tomi 3
2c ) 2b

ypaxyBanusaMm (26) posxkuny Bijpizka M N moxHa o64qucgnTi 3a GopMyJIO0

2, .2 2 2
M = (=) (s T ) e (g )

4¢2 412 4b2c2 4b2c2
3BiaKkn

a 2 2 2
MN = o - |0 + ¢ —a?|. (37)
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2.2 Biacrasp Bij BepOIMHU A0 BHYTPIITHBOI TOYKN TPUKYTHUKA.
@akTnano, Teopema CTioapTa J03BOJISIE 00UH-
4 CJIIOBATH BiJICTaHb Bij BepmmuHu A TpPUKYTHHKA
ABC' no toukn D Ha npormiaexxuiii croponi BC
y BUIA/IKaX:
1) woum Bijomi BijicTani Touku D 10 1BOX iHIINX
BEPINUH TPUKYTHUKA Ta HOTO CTOPOHM, aD0 YK
2)  gKIIO BiJIOMI CTOPOHU TPUKYTHHKA Ta BiJTHO-
IIeHHs TJIOMI OJIHOTO 3 TPUKYTHUKIB (YTBOPEHUX

NyKaHuM Bijgpiskom AD) 1o mion JgaHoro Tpu-
KyTHIKa — popmysta (2).

[IpupojiHuM YMHOM BUHUKAE HACTYIIHA 3a/la4a,
dKa, Ha MEPINii TOrJIs I, 38 CBOIM (DOPMYJTIOBAHHAM MAJIO YMM BiJIPI3HAECTHCST Bl
teopemu CTroapTa.

OOMeKNMOCsST POBIJISIIOM BUIAJIKY, KON (ikcoBaHa Touka M 3HAXOMUTHCS
CTPOT'O BCepeJInHI TPUKYTHUKA, € BijjomuMmu Bijictani MB = m i MC = n Ta
cropoun a,b,c Tpukyraunka ABC .

Beejemo HactynHi nosuadeHusi: S = Saapc; Sa = SamBo, Sy = Samca,
Se = Saman; S1=SamBp, S2 = SamDC -

TBepaxkenus 2. Hexati 3adaro dosorcunu cmopin a,b,c mpuxymnuxa ABC
ma 6idomi eidcmani m 1 n 6id (6nympiwnvoi) mouku M do tioeo eepwun B
i C' eidnosidrno. Todi dosorcuny eidpiska MA moocha 3natimu 3a donomoz20t0
HACMYNHUL CNIBBLOHOULEHD

S, (S—S.) .S -(S—S.) S-S,

2 2
AM?* =1b = +c & @ (38)
S (a®> —m?>+n?) =S, (a®> + 1 — 2
S(a2—|—m2—n2) — S, (a2—b2—|—02)
Sc - 2@2 ) (40)
de
1652 = 4m*n® — (m2 +n? — a2)2 : (41)
1652 = 4622 — (b + & — ). (42)

Hosenennsi. IIpogos:kumo Binpizsok AM no neperuny 3i croponoio BC' 'y
Touri D Ta mosHaumMmo J0BXKUHU BiApiskiB AM i MD, sk x i y BiIIOBIIHO.
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Tomi, 3 ypaxyBanusm (2), noBxkuny Bigpiska AD = x + y MOKHa BU3HAYNTH 32
JIOTIOMOT0I0 (hOPMYJIH

Se+ 51 Sy + 5 Sp+ Sy S.+ 5
2 _ 42 Pc 2 P c
— 52 : pey : . (43
(x +y) 5 +c S a S S (43)
OckiybKn % = g—i, TO 502251 = Sfcsa' AHaJIoriIHO, OCKIJIbKH @ = g—j, TO
S”gSQ = Sfli? . Tomy piBuicrs (43) nabysae Buj
S, Sh Sy S,
2 _ 12 c 2 2 c
— 2. . —a‘- . ) 44
(z+9) 5_5, "¢ 5-5, “'5-s5, S5-5, (44)
2
3 iHIIOr0 HOKY, OCKITBKH TT“Ly = % , 7o (x + y)2 = 22 (”37”)2 = 22 (SFS ) :
Taxuwm qunoM, (44) MOXKHA MOJATH Y BULJISII
S\ S S S S
2 2 ¢ 2 b 2 b c
= b~ . . — . .
v (S—Sa> S—35, "¢ 5-35, “ ' 5-5 5-5,
200 S (S—58) .S (S—8) 4SS
c’ — Ma b — Ma b Pc
w2 =0 = + ¢ = —a’ 5 (45)
1o 1 3akinaye jgoBejgentst popmyn (38).
Hosenemo dopmymy (40). st boro BBeIEMO HACTYIIHI MO3HAYEHHSI
LABM = ¢, ZMBC =1, ZABC = . Toxi maroTh Miciie piBHOCTI
1 1 1
S, = 5Cm sinp = M sin (8 — ) = Fem (sin Bcosty —sinycosB).  (46)
3a teopemoro kocuuycis 3 AM BC ta ANABC mMaeMo CIiBBIIHOIIEHHS
2., 2 .2 22 _ 2
coszb:m il : cosﬁ:L. (47)
2ma 2ac

3 dbopmyi aist obuncienss mwion; AM BC ta AABC MaeMo HACTYIIHI piBHOCTI

2 2
sin ) = ﬁ, sin 5 = 25 (48)
ma ac

[ligcrapusnin Bupasu (47) i (48) B (46), omepxunmo dbopmyay (40) .

st noefennst popmyin (39) MOCTATHBO CKOPUCTATUCS CIIBBIIHONICHHSIM
(40) Ta piBrictio Sp =S — Sy — S

Cuissignormenns (41) 1 (42) e inmunm 3ammcom dopmyn L'epona st obamc-
JIEHHSI TLJIOII BIIIIOBIIHUX TPUKYTHUKIB.
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I'paauvHi Bunaakm ta HaCIIIKHA
2.1) Hexaii Touka M Haa€KUTb OJHIil 31 CTOPiH TPUKYTHUKA, HAITPUKJIA],
cropori BC'. Toxi oueBmano, mo TpukyTHnk BMC BUPOIKYETHCS Yy BiIpi3oK
BC', a wioma S, = 0. I romy dopmyna (38) nabysae Bu

S, Sy Sp - S,
MA* == 4 22— a?
S S S?

Ta CKJlaJlae 3MicT TeopeMu CTioapTa.

(49)

2.2) Hexaii M € TOYKOIO TepeTWHY MefdiaH (IIeHTPOM TSIKIiHHSI) JIAHOTO
TPUKYTHUKA. He BaXKKO TepeBipuTH, 110 B IIbOMY BUIIAJIKY MAIOTh MiCIle PIBHOCTI
35S, =35, = 3S. = 5. I romy dopmyrna (38) nabysae BuJ

S S S S Sy S,
MA?2=p>=(1-=2 29b (4 Pa) _ 29b Pc
S( S)+CS g aS 5

:b% (1—%) +02% (1—%) —a2%-%:%<2b2—|—202—a2) (50)
Ta, Jla€ MOZKJINBICTD 32 BIJJOMEMHI CTOPOHAMU TPUKYTHUKA O0UUC/IIOBATH BlJICTAHD
BiJI TIeHTpa TsKiHHsI 110 fioro BepiiuH. Besnocepeanim vactigkom 3 hopmynn (50)
€ HACTYIIHA PIBHICTH

1
MA?*+ MB*+ MC? = 3 (a*+b°+ ). (51)

Kpim Toro, mopisatoroun dopmyny (50) 3 dopmyiow (3) st obducieHHs
JIOBKUHI MejiaHu m, 3a cropoHamu a,b,c ANABC', mMaeMo CIiBBIIHOIIEHHS

MA? 4 MA 2 )
5 = o abo K = — . 3BiIKI MaeMo IIe OJHe JOBeJeHHSIM TOr0, IO
a ma

MOYKa NEPEMUNY MENAH MPUKYMHUKG JLAUMD KOHCHY 3 HUX Y GLOHOULEHN T

m

2: 1, pyzarovucey 6id sepuium.

2.3) Hexait M € Toukoio nepeTuHy 6iceKTpuc (IHIIEHTPOM) JJAHOTO TPUKYT-
Huka. Ockinbku M B IIbOMY BHIIQJKY € IeHTPOM [ BIIMCAHOI'O KOJIa, TO HE BayKKO
IIepEBIPUTHU CIIPABE/IJINBICTD HACTYIIHUX PIBHOCTEl

S, a Sy b S. ¢

S a+btc S a+b+c S a+b+tc

Tomy dbopmyna (38) HabyBae BH/I
]A2:b2 c (1_ a )+02 b (1_ a )—CL2 b . c

a+b+c a+b+c a+b+c ( 2a+bQ—|—)c atbtc  atbte -
_ b+ 2pe _ be((b+e)°—a®) o pae :
- (a+bfc)2 “be- (b+c) — (a—ic—bb—i—cc)Q = “Orerar . — berrera - 3BLAKN
be(p — a
TA? = belp —a) ) (52)
p
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[Topisuiooun dopmyiy (52) 3 dopmysoro (4) st 06IUCTeHHs TOBXKIUHN OiceK-

T A? b 2
tpucu [, 3a croponamun AABC', MaeMo CIIiBBIIHOIIEHHST 2 = (b(—l——ci——lc—)a)Q'

. l, a+b+c [,—TA a _
3BlaKn = = . I Tomy Mae micue TBepKeHHSs

IA b+c ' TA  b+ec
b+c

iHuenmp diaumo bicexkmpucy l, mpuxkymuuxae ABC vy eidnowenni

)

a
PYTANUUCH 610 BEPULUHU.

Hacrymnni pesyabrarn He € 6e31mocepeIHIM HACIIKOM meepoiscerts 2, IpoTe
B KOHTEKCTI 3a3Ha4YeHO] 3a/1a4l aBTOPH BBaryKalOTh 1X HaBeJIeHHs JIONIJIbHUM.
2.4) Hexait M e moukxorwo H nepemuny eucom (OPTOIEHTPOM) TOCTPOKY-
tHoro AABC'. Ockinbkn B 1npoMy Bunajixy sijpisku AD i HD e Bucoramu
tpukyTHuKiB ABC 1 HBC' 3i cuiibaoio ocnosoio BC' =a, 1o AH = 2(57—5*@)

3 inmoro 6oky, ockinbkn LCHB = 180° — ZA, To Touka H', sxa e ciMe-
tpuunoio touri H Bignocno BC', nanexuts omucanomy koiy AABC. I Tomy
34 BJIACTUBICTIO XOP/1 KoJ1a Mae Micue pisuicrs BD-DC = AD-DH' = AD-HD .

. 2 ) . iy
3BlJIKH %BD.DC: AD-BC  HDBC _ g.G G — ¢ BngC-

2 2
Ockinbku BD =c¢-cos3, DC =b-cosa, T0 S, = (az_b2+ci%%‘2+b2_cz).
Tomy AH = Q(S;S“) = 22 (1652 — (a® — b* + *)(a® + b* — ¢?)) . Bsigku
a(b? + ¢ — a?)
AH = . 53
15 (53)
Ockinbku h, = 22 10 3 ypaxysanusm (42), maemo AH - (h, — AH) =

= w — (‘;—?)2 = const . 3BIAKI MAEMO TBEPZKEHHSI

opmouenmp mpuxymuuxa ABC diaumo kootchy tiozo sucomy wa 610pidku,
d0OYMOK AKUL € BEAUNUHA CNAAG, UL GUSHAMAEMBCA PIGHICMIO

AH - (hy — AH) = BH - (hy — BH) = CH - (h, — CH) =

ave AP2
5 53 5 4R”, (54)

ne R — pauiyc ommcanoro naskosio AABC koua.

a4 (abc)2_a2—|—b2+02

Kpim Toro, 3 ypaxysauusim dopmyin (53), He BayKKO BCTAHOBUTH CIIPaBe-
JUIUBICTB 11 HACTYITHOI PIBHOCTI

HA*+ HB*+ HC® = 12R* — (& + V" + &%) . (55)
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Kanyboseska B.M., Kajy6oscbka O.J1., Kany6oseskuit O.A.  Habrosio teopemu Crroapra ...

4.

3ajia4di Ha 3acTocyBaHHs TeopeMu CTioapTa

. Croponn mnapaJiesiorpama JIopiBHIOIOTh a i b, miaronasi — e i f. JloBeaiTs,

o Ma€ Micre piBHicTb € + f2 = 2 (a2 + b2) .

. Hosxkunu ocnos Tpareril jgopiaoioTs a 1 b (a < b), 6iuanx cropin — ¢ i

d . ITosnaunmo fgoBKuHE giaroHasieii Tpameril sk e i f. JdoeaiTs, 1o

(a) e — \/b(c2a2girz(b2d2) 7 f _ \/b(dQQngZ(bzcz) (a60 HaBHaKH);

(b) e*+ f2=c*+ d* + 2ab;

(c) 31/2c2 4 2d? — (b — a)? — noB:KUHA BiApisKa, MO CIOJIYUAE CEPELHHI
OCHOB Tpallellil;

(d) e =c?+ab= f?, saxmo c=d.

. Ha Binpisky AB, sk Ha jiamerpi modymoBano koJo. Touka C' HaJe’KUTb

1Ib0MY Binpisky, npudomy AC = 2r;, CB = 2ry. Ha Bigpiskax AC i CB,
sIK Ha JllameTpax IMo0Oy0BaHO KOJia. SHANTH pajiyc r 4eTBEPTOro KoJia, sdKe
JIOTUKAETHCS TIePIIOro KOoJia BHYTPIIIHIM YMHOM, & JIBOX 1HIINX — 30BHIIIHIM.

i g — Ture(ridre)
BignoBigb: r = Ea——

. JIBa kosa 3 nenrpamu B Toukax Oy i Oy 3 pajiycamu 11 i 79 (BIANOBIIHO)

JoTuKaThea 330BHI. Ha Biapisky 0104, sk Ha jiameTpi, 100YI0BAHO Tpe-
T€ KOJIO. 3HAHTH paJiyc KoJia, 10 JOTUKAETHCS TEPIINX JIBOX KiJ 330BHI, &
TPETHOI'O KOJIa BHYTPINIHIM YMHOM.

s s . _ 172
BignoBiab: r = s

. HBa koma 3 pagiycamur r1 1 ro (11 > 73) JOTHKAIOTHCSA BHYTPINIHIM THHOM.

BHaitTu pajiiyc r TpeThoro KoJa, Mo JIOTUKAETHCA JJaHUX KiJT Ta IPsMOI, siKa
MICTUTB 1X I[EHTPHU.

: s Arra(ri—ro)
Bignosiab: r = S CTn

. Ha Bigpisky AB = 2rq, 9K Ha miamerpi mobyaoBano kojo. Toukn C' i D

HaJIeXKaTh IILOMY Biipisky, npudomy AC = 2ry, DB = 2rg, 2ro+2r3 > 2ry.
Ha Bigpizkax AC' i DB, 9K Ha jiameTpax 1mo0y10BaHO KoJia. SHANTH pajiiyc
7 9eTBEPTOro KOJja, siKe JOTHUKAEThCS MEPIIOro KoJjia BHYTPINIHIM YHHOM, a
JIBOX IHIINX — 30BHINIHIM.

. s . ri(ri—re)(ri—rs3)
BignoBigb: r = e — :

. Hexait d — Bigcranb mixk nentpom srucanoro y AABC koJsia Ta TOYKOO

IepeTuny Mejian IbOro TpPUKyTHHKA. JloBemiTh, mo Mae Micie piBHICTD
9d%? = 9r? — 3p? + 2 (a2 + b + 02) , Je r — pajiyc Buucanoro y AABC
KoJa, a,b,c,p — croponn Ta miBnepumerp TpukytHuka ABC'.

. Hosenito, mo g AABC wmae wicne pisaicts BI - CI = 2r - IW,,, ne

I,r — nentp Ta paziyc Buucanoro y ANABC koma, W, — Touka nepetnny
OicekTpucu Kyta A 3 ommcanum HaBkojio AABC' KoJoMm.
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Bucaosknu

Hagenieni pesybraT 103BOISIOTH CTBEP/KYBATH, 110 3aCTOCYBAHHS TEOPEMI
Crroapra Ta 11 He3HAYHUX y3araJbHEHb € JOCTATHBO JIEBUM I1i/IX0/IOM JIO0 PO3B’S3Yy-
BaHHs MIIPOKOTO KOJIa MeTPUIHUX 3a/1ad 1aniMeTpii. Kpim Toro, € Bci mijicraBu
CTBEP/IZKYBATHU, 1110, IPU 3HAXOJI?KEHHI JIOB?KUHU BIIPI3Ka 3 KIHIEIMU HA CTOPOHAX
TPUKYTHUKa, 3acTocyBaHHs Teopemu CTioapra Jemo <«IPUCKOPIOE» caM IIPOIEC
PO3B’sI3yBaHHs Y MOPIBHAHHI 13 TPaJAUIIITHUMU I11JIX0/IaMU.

Ha jgymMKy aBTOpPIB IIJIKOM JIOCSI2KHUM € BCTAHOBJIEHHS aHAJIOTIUYHUX (DOPMYJI
JJTse OOUMCJIEHHA JIOBXKWH BIJIPI3KIB 3 KIHIEIMN Ha cTopoHax Tpamerii. [{ikaBuwm
TAKOXK 3/Ia€ThCsl JOC/IIJIZKEHHS IIPOCTOPOBOro anaJory Treopemu Crioapra Ta oro
3aCTOCYBaHb JI0 PO3B’si3yBaHHsI METPUIHUX 3a/1ad Ha TeTpaeap. JocaizKeHHs -
TaHHs 1010 O0YMC/ICHHs JIOBXKUHU BiJIpi3Ka, KiHIl SKOI'0 € IIJIKOM BU3HAYCHUMHU
BIJIHOCHO 3aJIaHOI'0 TPUKYTHHKA, TAKOXK IPHUBEPTAE JI0 cebe yBary i Moxke OyTu
rapHUM MaTepiaJioM JiIsi YIHIBCHKUX ITOIIYKOBHX POOIT.
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TEXHOJIOI'TA TPB3 - IIIJIAX /10 TBOPYOI'O PO3BUTKY
JITEN HA YPOKAX MATEMATUKNI

ZL&H& CTaTTd MIPUCBAYCHa ITMTaHHIO BUKOPHUCTaHHA TEeXHOJIOTI] PO3BA3yBaHHA BI/IH&XLZLHI/H.LBKI/IX
3a/a4 Ha ypoKax MaTeMaTuku 7-9 Kjacis.
Komo4doBi ciioBa: meopui 3adayi, KOHCMPYIO8AHHA YPOKY.

Beryn

SMiHE B OCBITI 3yMOBJICHI 3MiHAMM B CYCILJIbCTBI: 3 NPUCKOPEHHSIM TEMIIiB
PO3BUTKY CYCHIJIbCTBa TePeJ] MTKOJI0I0 TOCTAI0 BarKJINBE 3aB/IaHHS IOJI0 CTBO-
pPEHHS CHPUATINBUAX YMOB JIJIsT PO3BUTKY TBOPYOTO TMOTEHIATY KOXKHOTO YUHS,
IiJICOTOBKU YUHIB JIO KUTTs, (POPMYBAHHS Yy JIiTEll TAKUX STKOCTEl: MOOLIbHICTD,
JIMHAMI3M, KOHCTPYKTHBHICTH. CydacHo 3BydaTh cjoBa B.O. CyxXoMJIMHCHKOTO:
«JlyxoBHE KUTTA NUTUHHU ITOBHOIIHHE JINIIE TOMIi, KOJU BOHa »KUBE y CBITI I'pH,
Ka3KM, My3uKH, panTasii, TBopuocTi. Mu 1MoBUHHI BUYNTH 1 BUXOBYBATHU TaK, 11100
JIUTUHA TIoUyBaJsia cede IykadeM 1 BiIKpuBadeM 3HaHb. TiJbKHU 3a i€l yMOBH
OJTHOMAHITHA, HAIPYXKeHa, CTOMJIIOIYa POoOOTA IIKOJIApa 3a0apBIIOETHCS PaJli-
CHUM TIOYYTTSM 1 MOYKe MIPUHECTU MaJIEeHbKUM JIIOJISIM TIepeyKUBaHHs TBopIid. bes
[bOIO JINTHHA — 3acyllieHa KBITKay[3]. OHOBJIEHHST JIUJIAKTHIHO-BUXOBHOI CUCTE-
MU Ha ypOKax MaTeMaTHUKU, TBOPYOrO PO3BUTKY JiTell 3a TEOPI€l0 PO3B d3aHHA
BrHaXiTHUIbKUX 3aBnanb (TPB3) — I Asbriiyiiepa 3aauiaerbest akTyaTbHIM.
i xoua TPB3 gk maykoBa TeXHOJIOrisl BUHHUKJA B TEXHII, aje B OCTaHHI POKMU
npakTukKa 3acsigumia, mo igei TPB3 MoxKyTh OyTu BUKOpPHUCTaHI B I€JArorilii.
CtBopena mie B 1996p. B M. PiBHe ykpaincbka Jabopartopis mnejaroriku TPB3
migreepauia daxt, mo TPB3 Bijnosinae Ha oHe 3 NOJIOBHUX IIUTAHD JIMIAKTUKH
— sIK JiTeil HaBYaTu TBOPUYOCTI, 3a JOIOMOI'OIO IKUX BIIpaB, IpuitoMmiB. Kpim Toro,
5] TEXHOJIOTISI CIPUSE OBOJIOJIHHIO YIHAMU METOJaMU TIOIIYKY HOBOI T'eHeparlil
OpUTiHAJBHUX iJeil, Po3BUTKY (raHTa3il, MUCIEHHSI.

[To piBHIO 3acTocyBanHs, 3a o3HadeHHaM [. Cesieka, TPB3 i 3arajibHo-
1eIarorivHOI0 OCOOMCTICHO-OPIEHTOBAHOIO. 3a HAIPSIMKOM MOJIEpHI3allil — aJib-
TepHaTuBHOWO |[8|. BukopucranHs Ha ypoKax MaTeMaTUKH Ha MPOTS3i KiJIHKOX

© Kpwumnosa JI. 11., 2012
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POKIB €JIEMEHTIB i€l TeXHOJIOTII MiITBEP/INJIO PE3YIbTaTUBHICTL Y OCOOMCTICHO-
OPIEHTOBAHOMY II1JIXO/1 Y HABYAHHI.

OcHOBHA 4YaCTHHA

TonoHa ijiest Teopil I'. C. Asbrinysiiepa moJisira€ B TOMY, 1110 TEXHIUHI PillleHHst
BUHUKAIOTH 1 PO3BUBAIOTLCA HE CTUXINHO, a 3a MEeBHUMM 3aKOHAMM; I 3aKOHU
MOXKHA III3HATU Ta BUKOPHUCTATU JJIsi CBIJIOMOIO PO3B’si3aHHSI BUHAXIJTHUI[bKIX
3aB/IaHb.

Twopuoto ocroBoro TPB3 i jliajieKTu4Hi 3aKOHI PO3BUTKY TEXHITHUX CUCTEM,
dKl BUSBJIEHI HIJISIXOM aHaJ i3y BeJUKOI Macu MaTeHTHOI Ta HayKOBO-TEXHIYHOI
indopmariii. OcHOBHUMEI POOOYMMHU MeXaHi3MaMU BJIOCKOHAJIEHHsS] TeXHIYHUX CHU-
creM 1 cunre3y HoBux y TPB3 ciayryiors ajroputMu po3B’s3aHHsT BUHAXITHI-
IbKIX 3aBjlaHb i cucreMa crangapris. Ocobsuse miciie B TPB3 3aiimae Bropsii-
KoBaHUi iHopManiitHuit poH I, SIKNIT MOCTIIIHO IOIOBHIOETHC: IOKA3HUKI IeOMe-
TPUIHUX, PIBUIHUK, XIMIYHUX Ta OI0JOTMYHNX e(PEKTIB, SBUII, ITPABUIA MOIIYKY
IIOJILOBUX PECYPCIB.

TPB3 — 1e #He juie cucrema i PO3B sI3yBaHHS TBOPUYMX 3aBllaHb, a if CH-
cTeMa BUXOBaHHA Ta PO3BUTKY MUCJEHHS Jiogunn. ['ogoBHe wmiciie B Hifl 3aiiMae
KuTTeBa crpareris TBopuol ocodbuctocti (2KCTO) Ta po3BuTok TBOpPUOI ysiBHU
(PTYVY).

Cucrema TPB3 3anikaBuiia cydacHHUX II€JAroriB i IICUXO0JIOrB, SKi aJalTy-
BaJl 11 18 poOOTH 3 JIITbMM CHOYATKY B IMKOJI, & MOTIM 1 B JAUTAIOMY CAJIKY.
Poboru I'.C. Anbrmysiepa «AnropuTMun BHHAXOy» Ta «TBOpUiCTb 9K TOYHA
HayKa» CTa/Il OCHOBOIO TaK 3BaHOI TBOPYOI Ie€JAaroriku. 3roA0M 3’ sIBIJINCA CIIEIli-
asbai ociipkenns (B. A. Byxsasos, B. JI. Snorin, I'. iBanos, C.M. Jlagomkina,
A.O.Hecrepenxo, T.M. Cumopuyk, JI.I. IlIparina, M.H. lycrepman), B sikux Oy-
Jla po3po0JieHa cepisi MEeTO/IB 1 IpUItOMIB HaBYaHHS IIKOJIAPIB Ha Oa3i TPB3.

Mera TPB3 — #e npocro po3BunyTn (haHTasito jgiTeil, a HABIUTHU 1X MUCIATH
CUCTEMHO, 3 PO3YMIHHAM IIPOIIECIB, AKi BiJIOYBaIOThCH, JATH B PYKH BUXOBaTEJId
IHCTPYMEHT JIjIT KOHKPETHOTO MPAKTUYHOIO BUXOBAHHS Y JITell AKOCTel TBOP-
40l 0COOMCTOCTI, 3/IaTHOT PO3YMITH €JIHICTH 1 MPOTUPIYYS HABKOJUIIHBOTO CBITY,
CTABUTH 1 BUPINIYBaTH MPOOJIEMH.

Koxknomy rmemarory, gkuii mparte IMpalioBaTH 3a JIaHOI0 CHCTEMOIO, HeoO-
XIJIHO CIIMPATUCS Ha <«3allOBiJi» TBOPYOI 0COOMCTOCTI, PO3po0dJIeHi mpodecopom
K.Baitnmnsanrom:

o OyJib Xa34THOM CBOEI JI0JIi;

0 JIOCATHU YCIIIXY B TOMY, IO TH JIIOOUIII;

0 3po0H CBiil KOHCTPYKTUBHUII BHECOK Y CIIJIBHY CIIPaBY;
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Kpunosa JI. IL. Texnosoriss TPB3 — muisix 10 TBOPYOro PO3BUTKY JITEIH ...

OyIyit cBOI BIJITHOCHHMU 3 JIIOJbMU Ha JIOBIPI;
pO3BUBail CBOI TBOPUI 3/1I0HOCTI;
KYJbTHBY{l y cOOI CMITUBICTB;

HIKJIYHCST TTPO CBOE 3]10POB’S;

He BTpadail Bipu B cebe;

HaMaraficsg MUCJIUTU [TO3UTUBHO;

0O O O O O O ©

noe Nyt MarepiajbHe 6J1aromoyIUs i3 TyXOBHUM 3a/I0BOJIEHHSIM.

Buxinganm mostoxkensnsim konnernil TPB3 crocosno yunis 4-6 kiaciB € mpun-
NI TPUPOIOBI OB IHOCTI. HaBuatoun quTuny, nejaror moBUHeH WTH Bif i1 Ipu-
poJIN.

Kpim 1poro, j1ana TexHOJIOTis crimpaeTbest Ha rnojoxkenss JI.C.Burorcbkoro
PO Te, 10 JUTHUHA TAKOI'O BIKY HIpuiiMae nporpamy HaBYaHHs B Tiil MIpl, B dKIii
BOHa CTa€ 11 BJIACHOIO.

Texnosoriss TPB3 151 MoOJIOIIINX IIKOJIAPIB — 11€ TEXHOJIOIsST KOJIEKTUBHUX
irop i 3aHATHL 3 JleTaJbHIMU METOAMYHUME pekoMmengamigmu. TPB3 mokimkana
He 3aMiHSTH OCHOBHY IIPOIpaMy, & MaKCUMaJIbHO 301abIIyBaTh 11 e(peKTUBHICTD.
Ha 6a3i Oyap-gKO01 IporpaMi, 3a sIKOIO TPAIIOE TIeIaror, MoyKHa BUKOPUCTATH Tie-
peBipeHi Ha mpakTuil Meroju it npuitomn TPB3.

[rpu-3angaTTd 1epe10avaoTh CaMOCTIHHII BUOIP JINTUHOIO TEMU, MaTepiay Ta
BUJT MidIbHOCTI. BoHN BYATH JiTell BUSBIATU CYyNIEePEeHUJINBI BJIACTUBOCTI TTpeIMe-
TiB, sIBUII 1 PO3B’3yBaTH Iii IPOTUpivYd. BusiBjieHHS Ta po3B’sa3aHHSA POTUPIT —
KJIIOY JIO TBOPYOI'O MUCJIEHHS.

B apcenasii texnosiorii TPB3 € bararo npuitoMiB ycyBaHHs HPOTUPIY, STK-OT:
3MiHa arperaTHoro cTaHy pPedoBUHU, 00'€IHAHHS-PO3’€IHAHHS, 3MiHa B Yaci, Ipu-
floM KOTIOBaHHS, TPUHITAI TIOCEPETHIKA, TPOOIeHHS Ta iH. HuMu KopucTyiorses,
SIK ITPABUJIO, TPAKTUKU-TIOYATKIBI. /locBiTueni XK mejgarorn caMi 3HaAXOISATh MTPO-
TUPIdUsi, & TAKOXK CIIOCOOM IX BUPIIIEHHSI B OTOUYIOUNX 00'€KTax IPUPOIHOIO Ta
IIPEJIMETHOTO CBITY 1 BUKOPUCTOBYIOTH 1X Y pOOOTI 3 JITHbMU.

Aste ToJI0BHE 3aBjaHHs: HABUUTHU JITell IMyKaTH 1 3HAXOMUTH CBOI PillleHHS,
OyTH BUHaXIJIMBUMU, 110 BUSBIAETHCS Y TBOPUill panTasil, MipKyBaHHi, TPUTY-
MYyBaHHI 90I0Ch HOBOTI'O.

OcranniM 9acoM gK TOJIOBHE KOHIENTyaJbHe MUTaHHs IeIaroriKi MocTaja
pobsiema dopmyBanHsi TBopYoi ocobucrocti. Texnosoriss TPB3 Bosojie mupo-
KM apCeHajioM MeTO/IiB, sIKi PO3BUBAIOTH Ii3HABaJbHI Ta TBOPYI 3/IIOHOCTI JTiTell:
BMiHHSI BCTAHOBJIIOBATU IPUIMHHO-HAC/IJIKOBI 3B’SI3K1, POOUTH BUCHOBKHU, 1HTE-
I'pyBaTH if CHHTE3YBaTU iH(OPMaIlilo, aHAJII3yBaTH CUTYallil, Tepe1dadaTi HacTi1-
KI, Oy/lyBaTH TiIOTE3M, 3aCTOCOBYBATH HOBI iJIel Ta METON PO3B d3aHHd 3a/1ad Ha
NPaKTUIT; 3/IaTHICTh BUCJIOBJIIOBATA OPUTIHAJBHI 1/1€1 1 BUHAXOAUTHU IIOCHh HOBE.
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[Tcuxosor JI. O. Makpinina Bujijisie Taki KOHIENTYaJIbHI II0JI0XKEHHSI Te-
xHoJtorii TPB3:

o Teopist — KaTai3aTOP TBOPUOI'O PO3B’sI3aHHS IIPOOJIEM.

o 3HaHHs — IHCTPYMEHT, OCHOBA TBOPYOI 1HTYIIIil.

o Teopunmu 3ai0HOCTSIME HaJiJIeHA KOYKHA JIIOJMHA (BUHAXOIUTH MOXKYTh
Vei).

o TBOPYOCTI tpeba mapuarn Beix!

o TBOPYOCTI, sk i 6y/b-sikiii misuibHOCT, MOKHA HABIUTHCS. |2]

Texnosiorist TPB3 Bijpi3HsieTbCst Bl IHIINX METOIUK TUM, IO 1€ He IO/ Ha-
HHS OKpPEMMX HIPUIIOMIB, & TEXHOJIOTIsd, 3aBJIdKN K1l MOXKHa BUPIIIYBATU PI3HI
CKJIaJIHI TIpoOJIeMu, 3a/1a4i, OyTH B TOCTIHHOMY TBOPYOMY TOIIYKY.

3a jponomoroo TPB3 crBopeno npuHInIl, 3aBAsKi SIKOMY II€Jaror pa3oM 3
YUIHSIME MOXKe 3HAXOUTH JIOTTIHUI BUXIJ| 3 Oy/Ib-KOI CUTYAIIil, & yIeHb — I'PaMO-
THO BUPINIYBATU CBOI MPOOIEMIU.

TPB3 3zabezmieuye po3s’sizaHHs 3a/1a9 Ha OCHOBI JIOMYHUX OIlepalliil, aJropu-
TMIB 3aMiCTh ITOPOXKHIX CIPOO 1 MONIYKIB HAOCJIII.

Texnostoriss TPB3 — 11e HOBHil iHCTPpYMEHT JiJIsi PO3BUTKY TBOPYOI'O MICJIEHHSI
JIOPOCJIUX 1 JiTeil.

TI'onosHi npunmnnu TPB3:

O yCYBaHHSI CYIIepPeYHOCTEI;

o cucTeMHUIT MiIxij (BMiHHST GadUTU HABKOJIUIIHIN CBIT Y B3a€MO3B 13Ky BCIX
fioro esieMeHTiB);

0 BMiHHS 3HaANTH HEOOXIJIHMIT y JaHiil cuTyallil pe3eps.

Y mejarora, Mo BUKOPUCTOBYE HABITH €JIEMEHTH TeOpil, JITH 3aiiMaioThesd i3
3aXOIJIEHHAM, 0e3 IepeBanTakKeHb 3aCBOIOIOTH HOBI 3HAHHS, PO3BUBAIOTH MOBY i
MUCJIEHHS, 3aCBOIOIOTH MaTepiaj 0e3 «3yOpiHHsI».

PosBuBaroun Jioriuie MHUCJIEHHs, HECTaHAPTHUI X1 10 PO3B’sSI3aHHSI 3a-
Jlad, IHTeJeKTyaJbHy TBOPYICTb — MU JIAEMO JITAM I[OTYKHUII IHCTPYMEHT MU-
CJIEHH, SIKMIl JOIIOMOKEe IM B KHUTTI 3HAXOJIWTU CUJIbHI PillleHHS — B OyIb-sKiil
npodeciitniil raay3i Ta XKUTTEBIH cUTYyaIlil.

Huruna, mo Bosogie enementamu TPB3, Mmoxke cama pos3B’si3yBaTi ¢BOI 1IpO-
OsteMu, JI0 TOTO »K HECTAHJAPTHO, HeopAWHAPHO. Bin BMie mpuitmMaTn pimeHHd i
[epPeTBOPIOBATH TTPOOJIEMHU B MOYKJIUBOCTI.

[3 crangapTHUX OJIOKIB JUTSIYIOI0 KOHCTPYKTOPA MOXKHA CKJIACTU OYyJIMHOK
zaifunka abo IaJjal] IPUHIECH.

[3 crangapTHUX JeTajeil 30upaloThbcd adCOIOTHO Pi3HI 3a MPU3HAYEHHAM 1
CKJIQJIHICTIO «JIOPOCJi» KOHCTPYKIII: MeXaHIuHi, riapaB/idfi, eJeKTponHi. [ls
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i/1es TBOPUOro KOHCTPYIOBAHHS IOKJIa/IeHa B OCHOBY «KOHCTPYKTOPaA YPOKY» 3a-
nporionoBanoro A.O.I'irom. OnuiieMo Halll JIOCBi BUKOPUCTAHHs PI3HUX POpM i
METO/IIB OopraHiz3allil BIAIIOBIIHUX YaCTUH YPOKY.

Butimmmo Taki ocHOBHI 9acTuHN yPOKY (MOCTIIOBHICTE He JIy2Ke BayKJIMBA):

[TouaTok ypoky

[Tosicnenns noBoro marepiaJy

SakpilJeHHsI, TPEHYBaHHs, ONPAIIOBAHHSA BMiHb
IToBTOpEHHS

KonTtpoJib

Jlomaliae 3aBIaHHS

NOo Ot L=

Kinmenp ypoky.

1. Ilouamox ypoxy.

[Ipuitom «3auByii». 'eomerpiss <Koso i kpyr> — 7 KJjac.

Y 4opHiil cKpuHi BHOCUTHCA TTpeaMeT. Buntennb nosijoMiise: <Icaye Jerenja
po rperbKoro BuHaxiganka Jlemara (Maiicrep, 1o 3pobus Kpuia [kapa) i mpo io-
ro IJIEMIHHIKA TaJJaHOBUTOI'O IOHaKa, iKW BIEpIle B CBITI IPUyMaB rOHYapHUii
KpyT, MKW, Ta Te, 110 TYT y ckKpuHii. [Ipo meit npeamer nmpujymana 3arajika:
«3TOBOPUJIUCS JIBI HOI'M POOUTHU KOJIO 1 Kpyruy». BijlmoBijib: NUPKYJIb.

2. Busuenns 106020 MAMEPIANY.

[Ipuitom «IIpuBabimsa meray — 9 Kiaac. Ajarebpa <reoMerpudHa IPOTrPecis .

Berynne cioBo BunTestd: << JIiom 9acTo JUBYIOTHCS, 9K IMIBUIKO POCTYTH -
cJa B TeoMeTpuuHiil niporpecii. Icnye Taxa Jierenya. Inpificeknit nap Cupam 3a-
1pocuB 0 cebe BuHaxijHuKa rpu B maxu CeTy, 100 TiIHO HANOPOJIUTH HOI0 3a
neit Bunaxij. Cera monpocuB cobi Taky HArOPOJY: 3a HEPINy KJITKY I1axoBOl J10-
KW — OJIHY MINEHUIHY 3€pHUHY, 3a JIPyTry — 2, 3a TpeTio — 4, 3a ATy — 8 7 Tak
3a KOXKHY HacTylHy B 2 pasu Ouibine. 1Mo 2K, — BIIIIOBIB 1Iap, — TH OTPUMAEIT
CBOIO HAIOPOJLY, aJie 3Hall, 10 TBOE IIPOXaHHsT He T'1jHe MOET e POocTi. 3aBTpa TO-
01 ciIyru HpUHEeCyTh MimokK 3 mineruneo. OgHaK BpaHIll IPUIBOPHI MaTeMaTUKN
JIOTIOBLJIN, 1110 BOHM IiJIpaxyBaJii YKCJIO 3epHIH, sike xoue oTpuMaTn Cera, 9nuc/io
Take BeJIMKe, 110 3€pHUH He 30epeMo He TiJAbKM B TBOIX 3acikax, ajie 1 Ha BCiii

semul. 18446744013709551615.

3. Baxpinaenna, mpenysaivhi 6npas.

[Ipuitom «Binbua jnomkas. JlatoThes BlipaBu Jjisd CAMOCTIHHOTO pO3B d3aHHd 1
BCi 6arkatodi MOXKYTh BUITH JI0 JIOIIKY 1 3aIICATH BiAIOBIIb. SIKIIO YUeHb 3alllCy€e
MpaBWIbHY BIJIOBIIb, TO HOMY HAJIA€THCA MOYKJINBICTD MOJICHUTH YUIHAM KJIacy
PO3B’sI3aHHY 1 BIJIIOBIIHO OJEPXKATU 3a0X0UyBaJIbLHII Oal.
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4. [losmopenma.

[Ipuitom «CBosi omiopay. Y4Hi CKJIa/Ial0Th BJACHUI OIMOPHUI KOHCIIEKT 3 HOBO-
ro Marepiasy (CIyXarThb BUUTEs, IPAIIOITH 3 APy IHIKOM ). MoyKHA PEKOMEH-
JIyBaTH CKJIaJJaHHS PO3TOPHYTOTO IIaHy BiamoBiji. JloOpe, sIKIO y4IHI BCTUTAIOTh
TOSICHUTH OJINH OJTHOMY (X049a O KOPOTKO) CBOI OmopHi KoHceKT. MoKy Th 00Mi-
HATUCA HUMU 1 1epeBipuTn Temy. OmOpy MOKHA Ha3BaTU <«IIAprakoios. Mo-
JKHa TPoBecTH ypoK «Buan mmapraok i mpuifoMn iX CKJIaJaHHsg», TOOTO BUNTH
KOPHUCTYBATUCS OMOPHUM KOHCIIEKTOM. Kpallle MpoBecTH KOHKYPC <IIITapraoKs,
3aXUCTUTH 1X Tepej] KJIacoM B pobodiil mapi adbo rpyri.

5. Konumponnw.
[Tpuitom «Tak-mi». ['eomerpia <Ilapanemorpam> — 8 Kjac.
Bigragaii 3ajgymani girypu.

Vani Bunrenn
e TpukyTHUK? Hi

e worupukyTHUK? Tax
Croponn mapaJjeabHi? Tax

[Ipormnexxui croponn pisui? | Tak
Hiaronami nepuenaukynapui? | Tax
Bci kyTu piBui? Tax

Binmosigs: KBajpar.

6. Jlomawmne 3a60aHHA.

[Ipuitom «3aBIaHHI MaCHBOMSY.

Bapianns 1-2 piBHIB JIa€TbCsI MACUBOM, a yUHI BUKOHYIOTH CaMi 3a BUOOPOM
KiJIbKICTH 3aB/IaHb, MiHIMyM 00’eMy BIIPaB 0OTOBOPIOETHCS. YK IpaBuIO, CyMJIIHHI
yV4HI BUKOHYIOTH O1/IbIIIE 3aBIaHb BiJl MiHIMaIbHOIO 00’eMy. Tak, SKIIO 3aCTOCOBY-
€ThCS HABYAJIbHUIT MOJ/YJ/Ib [IPU BUBYEHHI TeMU, TO Ha 1 ypolll 1pu o3HaitoM/IeHH]
31 CTPYKTYPHO-TOJIMHHOIO MOJIEJLIIO JIaTU MiHIMYyM 3aBjaHb 15 3 60.

YUHl CTUMYJIOIOThCA TUM, 10 3 60 3ampornoHoBaHUX 3aBIaHb JacTUHA Oy-
ne 'y caMmocTiitiit podoti, na ypoui TO. Yum Oiible 3aB1aHb yIeHb CAMOCTIHHO
po3B’s3aB, TUM OLiIbIa iMOBipHICTH Kpaie Bropatuch 3 TO. IIi 60 Bipas y4uHsM
JIAI0ThCA Ha O YPOKIB. BaxkauBuii ncuxosioriaauii epekr: caMocTiiiHuil Bubip 3as-
JIaHb JIA€ JI0JIATKOBY MOYKJIMBICTH caMopeaJiizaliii, 00 BiJIOMO, K IIbOI'O HE JOCTaE
VUHSAM B yMOBax CydacHOT'O HaBYaHHS B 7-9 Kjacax 1 JiyzKe BarKJIUBO: IIiJIBUIILY-
€Tbcsd iHTEpec Ji0 npeamMery. Ha cam Kinerpb: 3 MacuBy 3aBJlaHb yueHb BHOUpAE
TOI piBEHb CKJIAIHOCTI, SIKMIT BIH MOK€ BUKOHATH, TOOTO caM y4eHb BiJIC/IIIKOBYE
piBeHBb CBO€I KOMITETEHTHOCTI. Ko gaeThest 3aBjaHHs MacuBOM, Tpeda CJIiJIKY-
BaTH, 100 OYJIN B HHOMY SIK 3aJadi, IMOCUJIbHI BCIM, TaK 1 JIOCUTH CKJIaJIHI, TOOTO
— TpeHyBaJIbHI 1 TBOPYl 3aB/laHHS.
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Bunukae armoccdepa 3marannag. MoxkHa BBecTH B 5-9 Kitacax BIIKPUTY BiJ0-
MICTbh, B fKIil Y4HI BLMIYalOTh CBOI «IIPOCYBAaHHS JO METU».

Posp’s13ami

3302491

[Terpuk I. 6,2 6,3 9,3 12,1
Kosanbuyk K. 12,1 12,2 12,3 9,3
Crobnikosa O. 9,1 9,2 9,3 12,2

OtKe, JOMAIITHE 3aBIaHHs MaCHBOM — JIOOpHIl IHOMIYHUK BUMTE/10. P0o3B’s-
3aBIIN 3aBJIaHHsI, YIHI OOMIHIOIOTbCs iH(OPMAIIi€TO, iijile 3HAlOMCTBO 3 BEJIUKUM
ob’emoMm 3aja4. Oduparodn 3aj1a4y, yIeHb BUNTHCs OIIHIOBATH CKJIAJIHICTD 3a/1a4,
PO3IINPIOE yIOOBUIT KPYro3ip, BiAOYBAETbCA CAMOY3TOJXKEHHS JIUTUHU 3 PiBHEM
3aJ1a4, siKi PO3B’A3YIOTHCS.

7. Kineuv ypoxy.

[Ipuitom «ObepHeHmit 3B’ 130K >.

A)  Vuni mMamo0Th BIpa3 obMIUs JIIOINHN, 110 BUparkae 11 HAcTpiil: Bce 3po-
3YMLJIO, 38/I0BLJILHO, HE 3PO3YMLIO.

B) Vuni migxonsTh 10 CTOMY 1 KIajyTh MPSIMOKYTHUK II€BHOIO BiJIIOBIIHOTO
KOJIbOPY: YePBOHUI, CUHIl, 3e1eHnil.

Bucaosknu

3a yMOBHU ILJIECHPSIMOBAHOI CHUCTEMATUIHOI AisibHOCTI BumTeas TPB3 me-
pepocrae y TPTO (Teopito po3BUTKY TBOPUOI 0cOOGMCTOCTI) 1 cripusie peasizariil
aKTyaJbHOI TTPoOJIeMI PO3BUTKY TBOPUYOTO TOTEHIIATY KOYKHOI'O MIKOJISAPA.

Bunaxonutu Tpeba HaBuyarw B Oyiab-gKoMy Bini. BakymBo Jmine migibpartn
BIJIIIOBIJII 10 BIKy 00’€KTH BHHAXOJIIB Ta CIIOCOOM HaBYaHHSI.

Axmo mera — nepsunHe osHaiiomyenus 3 TPB3, Bona nocszkaa B pamMKax
dakynbraTuby. Okpewmi ejnementn TPB3 MoxKyTh OyTH rapMoHiiHO BILIeTeHi B
TPaJUIiHI TpeIMEeTH, 30KpeMa B IIPOIeC HaBYaHHSI MaTeMaTHKH.

Posp’si3aHHsl TBOPUYMX 3aJlad BUMara€ 3aBK/JU KOHKPETHUX IPEJIMETHUX
3HAHb, 10 OTPUMYIOTH YYHI Ha MaTeMaTulll, (pi3uili Ta iH. MKIJIbHUX ypPOKax.
y»ke momomarae 3BUYKa JIO CUCTEMHOTO aHaJIi3y, BUIIJIEHHIO TOJJOBHOTO, JIIIOYNX
HPOTUPIY B OY/Ib-sIKOMY 3HaHHI. | 3aBakaTu I1e MOXKe SIKIIO B HpOOJIeMHIill cu-
Tyallil BUKJ/Ia/lad O9iKye €IMHOI BijlomMol itomy Biamosiji, Toai sk TPB3 npusuae
BHAXOUTHU PsIJ MOXKJIUBUX PO3B’SI3KIB.

TPB3 — ne ne negarorika. TPB3 — 1e meTon cTBOpeHHsI i BIOCKOHAJIEHHSI
TBOPYMX METOJIMK, B TOMY YMCJI 1 B rajiy3i nejgaroriku. ['ojioBHe, 11100 BC J1isljib-
HICTb IIILJIa Ha KOPUCTh HAIIIMM I'OJIOBHUM KOPUCTyBadaM — JITIM.
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OBYUNCJIEHHA EJIEMEHTIB TPUKYTHUKA YEPE3
KOOPIMHATU 110Tr0 BEPIIINH

B namniit ctaTTi Ha MPUKJIA/i OCHOBHUX €JIEMEHTIB TPUKYTHUKA PO3TJIAHYTO 3aCTOCYBAHHS KOOP-
JIMTHATHOTO METOJLY JijIs X obumcieHHs. B KOHTeKCeTi 3a3HaueHOro KoJia 3a/iad BUJILIEHO HU3KY
KJIIOYOBHUX 3aJad. Tako»K 3aIllpoIOHOBAHO KOMII'IOTEPHY peasizalliio 3a/ad 3a3HAYeHOIO THILY
Ta BIJANOBIAHI BUMOI'H 1 TIOPa U KOPUCTYBAHHS PO3POOJICHOIO IIPOIPaMOIO.

Kiro4doBi cioBa: esemenmu mpukymnuka, x00pouHammuti memaoo.

Beryn

['eomeTpid TPUKyTHUKA € HANIIKABIIINM PO3LIOM eJIeMeHTapHOl reoMeTpil.
Henapma ojniit 3 HaitmpocTimmx Giryp reomeTpii — TPUKYTHUKY — HPUCBATHIIN
CBOI JIOCJIJIZKeHHSI BEJIMKI MaTeMaTHKHU Bcix 4daciB 1 HapoaiB: Ilidparop, EBkirin,
Apximesn, Yesa, Menenait, [Tackamnn, Jleitonin, Heioron, Eitnep, Jlarpamx Ta 6a-
raro iummx (3|, [4], [5], [6]. [.II. Bers 3asnauae, 1o «BusB/eHi i J0BE/ICHI HUME
TeopeMU IIPO BJIACTUBOCTI TPUKYTHUKA — CIIPABKHI IIePJIUHA MaTeMaTUKHU 1 JIo/I-
CbKOTO MUCJIeHHsT B3araji» |1, ¢.3|. ¥V pe3yabrari Takux JOC/i2KeHb reoMeTpis
TPUKYTHHUKA [MePEeTBOPUJIACS B CTPYHKY HAYKOBY JAuCIUILIIHY. Takuil 3B’d30K TH-
CITUILIIHKA 3 00JIAaCTIO MIKLJIBHOI reoMeTpil poOUTH 11 MICTKOM Yy BHIILY I'€OMETPIlo
[3, ¢.50] it ToMy BuK/IMKae TPUPO/Hiil iHTepec He TLIBKHU BYMTEB MaTEMATHKH,
aJie i y4HIB MIKLI.

[Iporsirom 70 — 80-x pokiB XIX cropiuusg Jlemyan, Bpokap, Birap’e, Heitbepr
1 psiJ1 IHIIX MaTeMaTHKIB OIyO/IIKyBa Il 6araTo MikaBux pooiT, TPUCBAIEHUX T'€0-
MeTpil TPUKyTHHKA. Y UX podoTax OYJI0 MoKa3aHo, 110 i3 TPUKYTHIKOM 3B’ s3aHe
1iJIe «Cy3ip’st 9yJ0BUX TOUYOK», PsiJ IYJ0BUX HPAMUX, KiJ Ta IHIIIX KPUBUX.

Crorojiai B apcenaJi Oy/ib-sIKOTO JIOC/IIHUKA-BIEHOIO, METO/INCTa, BUNTEJIsT
abo y4Hd, IO Tparte MTH JaJi, HiXK I[bOTO MOTpedye MporpamMa 3araJbHOO0CBI-
THBOI IIKOJIN, — 3i0paHO JOCTATHBLO MIIHUI TEOMETPUYHUIT alapar 3HaHb PO
TPUKYTHUK 1 1010 ocHOBHI ejieMenTH. Lleit anapar jgae 3MOTy pPO3B’s3yBaTH CKJla-
JIHI SIK TEOPETUYHI, TaK 1 MPaKTUYHI 3a/1a4i, 1110 BAHUKAIOTH B IIPOIiec podeciitnol
JS1IbHOCTI.
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SHaXO/[KEeHHSI TOUOK IEePeTHHY MejiaH, OiCeKTpuc, BUCOT TPUKYTHUKA, IICH-
TPIB BIIUCAHOI'O Ta ONMCAHOTO K1JI, JIOB?KUH Ta PIBHAHb IOr0 CTOPIH Ta IHIIUX eJe-
MEHTIB, 00YMC/IeHHSI IIepUMETPY, ILJIOII TOINO B Oararbox 3ajadax € HeoOXiJTHOO
YMOBOIO JIOCATHEHHS KIHIIEBOI METH.

OcHOBHA 4YaCTHUHA

Y reomeTpil 3aCTOCOBYIOTHCS PI3HI METOJM PO3B’s3yBaHHs 3aJiad: CHUHTETH-
THUI (CyTo FeOMeTpI/IqHI/Iﬁ) METO/I, BEKTOPHMIT, MeTO/ KoopauHaT Ta ifiii. OCHOB-
HUM METOJIOM BBaYKAE€THCS CUHTETUYHUI METO/I, ajie BiH OoTpedye JOCUTH BEJTNKOL
iHTe/IeKTyaJIbHOI POOOTH, Y TOMY YHC/II IHTYIII, JTOAATKOBUX IIOOYIOB, 3/10Ta/10K
TOIO. SIKIO y Tporeci HaBYaHHA 1€ € HaWBarKJIUBIIMINMHI CKJIQJIOBUMU CAMOTO
IIPOIIECY, TO B NMPaKTUIHIN poOOTI KOXKEH Iparte JIOCATTH aJrOpUTMi3allil 00vn-
CJIeHb, 10 HaitdacTimie 3ycTpidaioTbesd. CaMe B IbOMY 1 TOJIrae rmepenara MeTo-
Iy KoopAauHaT 1epe cuHTeTnIHuM. CrpaBiii, KOOPAMHATHUN METOJI Jy»Ke dacTo
CIIPOIILY€E TIOMIYK 1 caMMii PO3B’sI30K 3ajadi, 00 B TAaKUX BHUIIAJIKAX KOXKHA reoMe-
TPUYHA 3aJlada 3BOJIUTHC JI0 aJredpaivnol, 9Ky, Oe3yMOBHO, JIeTTie aJropuTMi-
3yBaTHU.

[ToBepTatounch 10 TPUKYTHUKA sIK JI0 6a30BOI KOHCTPYKIIT 6ararbox reome-
TpUIHUX (PIryp, MO MiJUIATAI0TH aHAJII3Y B IIPOIeci PO3B’I3yBaHHS PI3HUX 3a/1ad,
MU KOXKEH pa3 MEePEeKOHYEMOCs B HEOOXIJIHOCTI MAaTH B CBOEMY apceHasi Habdip
dopMy:1, 10 JA0Th 3MOI'Yy 3a KOOP/MHATAMI BEPIINH I[bOI0 TPUKYTHUKA 3HAHTH
pPO3MIpHU 1 PIBHSAHHS OCHOBHUX HOI'0 €JIEMEHTIB, MicClle PO3TalllyBaHHsI OCHOBHUX
To4uoK. Ha kayb, Takol cucreMaTn30Banol Jo0IpKr popMy/T HAMHU He BUSABJIEHO, 1
TOMY JlaJii MU IIPOIIOHYEMO CBOI HAIIpaIllOBaHHS B IIbOMY IIPOIIEC].

[Ipu BuBejieHH] 1 OCTATOYHOMY IIPEJICTAaBICHHI (POPMY.JI 1 PIBHSIHb MU BUXOIUJIN
3 TPHOX OCHOBHUX TI0JIOYKEHD: TIO-TIePITe, HaMaraJucs JJOTPUMYBATUACS OJTHOTUITHO-
CTI METOJIiB BUBEJIEHHH, TIO-JIpyTe, OCTaTOUYHa (pOpMYysIa MaJia JJerkKo YATATUCH 1 TI0
MOXKJIMBOCTI 3allaM sITOBYBaTHCs, IIO-TpeTe, (popMysia MaJja OyTH 3PYUHOIO JIJId
aBTOMATHU30BAHUX OOYMC/IEHB, TOOTO JIJIsI IPOTI'PAMYBAHHSI.

Orpumani GpopMy/in MaOTh CBOIO «MaTeMaTHIHY KpPacy», BOHH, siK IPABUIIO,
3allliCaHl 3a JJOIOMOIOI0 OJTHUX 1 TUX »Ke MaTeMaTHIHUX KOHCTPYKIIiil 1 cyIpoBoO-
JIZKYIOThCSI CUMETPUYHICTIO IIUX KOHCTPYKITIIA.

Hexait maemo tpukyrtauk ABC 3 kooppumuatamu Beprma:  A(z1,y1),
B(x27 ZJZ) ) C($37 y3) .

JloBKUHN CTOpIH TPUKYTHUKA &,b,C 00UNCIIOITHCA 38 BLIOMIMEI (hOpMYJIa-
MU, HAIIPUKJIAJ;

a=/(r2—23)2 + (2 — y3)%
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PiBHAHHSA OCHOBHUX €JIEMEHTIB TPUKYTHHKA

PiBHSIHHA cTOpOHU @ :

(ys —y1)z — (w3 — 1)y + yaws — 21y3 = 0.
PiBusinng mejpianu my, :

(y2 +y3 — 2y1)x — (22 + 23 — 221)y + (12 + 23)y1 — (Y2 + y3)21 = 0.
PiBugnns 6icexrpucu [, :

(b(y1 —y2) + c(y1 — yg))x — (b(x1 — x9) + c(xy — xg))y—i-
+0(z1y2 — 2ay1) + c(21y3 — w3y1) = 0.
PiBusgnnga sucorn h, :

(w2 — x3)T + (2 — y3)y — (12 — w3)21 — (Y2 — Y3)y1 = 0.

JIOB2KMHM OCHOBHUX JIIHIMHUX €JIEMEHTIiB TPUKYTHUKA

JoBxxnHa Megianm my, :

1
Mo = 5/ (22 + 25 = 200) = (2 + ys — 201)*
Hosxkuna dicekTpucu I, :
p 2
(b(xl — x9) + c(x1 — xg)) + (b(y1 —yo) + c(y; — yg))
b+c '

la =

Hopxxnuna BucoTn hy, :

he =

‘@2 —x3)y1 — (Y2 — y3)T1 + T3y2 — $2y3‘

V(Y2 = y3)? + (9 — 3)?
Paniyc Bnmcamnoro koJa:

‘(xl — 23)(y2 — y3) — (y1 — y3) (22 — $3)‘
2(a+b+c) '

Pasiyc ommmcanoro kosia:

R— \/(xl —x9)? — (y1 — y2)2\/($1 —x3)% — (1 — 93)2\/(@ —23)% — (y2 — y3)2.

2| (z1 — 23)(y2 — y3) — (31 — y3)(x2 — x3))]

KOOp,Z[I/IHaTI/I AeAKNX TOYO0K TPUKYTHUKA

Touka neperuHy Mejian (IEHTD TSKIHHS):
LS e 25 e ol it Y2+ Y3
Touka nepeTuHy BUcoOT (OPTOLEHTP):

o= W= ye) (@12 + y1ye) + (Y2 — ys) (@23 + yays) + (g3 — y1) (2125 + y1ys)
r1(ys — )+£132(y1 —y3) +x3(y2 — 1) 7
y = (w2 — 21) (2172 + 1132) + (553 — x2) (2273 + yoy3) + (21 — x3) (2123 + Y1Y3)

r1(ys — y2) + x2(y1 — y3) + 23(y2 — Y1)
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[lenTp BIECAHOTO KoOJIa (TOUKA MepeTuHy OiceKTpuc, IHIEHTP):
_axy + bry + cw3 ayy + bys + cys

a+b+c a+b+c

[enTp onucanoro KoJja:

(1 —ys) (23 +93) + (Y2 — y1) (23 + 43) + (3 — w2) (27 + 47)
2(y1 (x5 — 32) + yo(21 — 23) + y3(z2 — 71))

(23 — 21) (25 + 93) + (91 — w2) (25 + y3) + (22 — 23) (2] + ¢7)
2(y1 (x5 — m2) + yo(21 — 23) + ys(z2 — 21))

[Loma TpuKyTHHUKA:

1
S = 5’(% —x3)(y2 — y3) — (y1 — y3) (22 — 51:3)’,
KyTu TpuKyTHHKA:

cos o = blc((xl — xz)($1 — 5U3) + (?Jl - 92)(91 — ys))

Komn’torepua mporpama

9

y:

st jeMoHcTpalil oTpuMaHuX y PoOOTI pe3ysibTaTiB Hamu OyJia HalllcaHa
Iporpama, 1o 3HaXOAUTh OCHOBHI XapaKTEePUCTUKN TPUKYTHUKA.

BhiuMC/ie HHe XApaKTe pHCTHI TPEYrohHHKA

KoopauHaTe: sepum

# ¥
A3 2
B[4 1

ﬂz 3

BEMOCHTE CleIYIOUQIe TaHHbIe:
VpaeHernnn

| Ypaereua cTopon

Pesyautatil
T

BB xTyH1=0

BC: 2xf3y+5=0

A Sey13=0

¥ papsero wemEaR

;3 4y-1=0

- et 3g-1=0

e Ok Syr-3=0

¥ papsscs CHECPRTRE:

la: 21072c+22003y-861 1=0
To: 56451042338 35-427530
le: 40453x-42764y-35333=0

e sewor
¥ YpabHEHUA MedMaH tha: e 2yr-5=0
B w5y 1=0
[ UpasHeHs SHoCoKTEH lhe: Teebyr3=0
T ABHAHOU CEp TG T
[ Ypaseras eeicor e
[ pasHEHIR CoPSIUHHER NEprsHuapos | b arkSy=l]
et
Tymon sopon
Amnies ILE|= 7071
¥ Danver cropon IBC|= 7,211
401 = 5098
g Tr— ; !
L N——
W Mo e = 5
[ et seicar m:?ﬂé
oo fnserpr:
OxpysxEocTn sl = 4,237
[ LLEHTp EMMESHHOH GKPYEHOCTH ol = 6,67
" P i = 4264
[V LLeHTp onucaHHoRM okpyskHOCTM Jin Brmor
_— ) Ihl = 4,715
LS EMHCSHHOM KPLRHEETH i s
¥ Panuyc onucaHHOM OKpYAHOCTH [hel = 4,808
e

0,794, w=-0,08T,

ey ormcamscit crpyamocnic
5=-0,204, 3=0,050,

Parmtye BoCaiEof OXpyHHOCTI

1,754

[Parmeys ormsassol oxpyEHOLTIC

3,224

(T oz Mepece e KUT MeTHas (LHT] Macc)
=033, 7=0;

T ovma TepeceEmer SEOT {CPTOLERTR)
1,588, y=-0,118;

ot Tpeyrom o

17

Jdpyroe

¥ Touxa nepeceuenys megusH [uerrp macc)
[V Touka NepeceseHin BslcoT (SETaUEHTE]

v Mnowane TReyrobHAKa

¥ Ui TReyronsHika

Braipars seé [ [Tt TpeyTOIG
yram & = 1,232 pagpamc = 70,56 rpamyeos
‘yran B = 0,73 pagman = 41,82 rpamyeos
wran C = 1,18 pagmean = 67,62 rpamyeos
Bbluncnntb

[Iporpama Bujia€ pe3yabTaTH sIK B aHAJITHIHOMY BHUTJIsi/ (DIBHSHHS, KOOD-
JIMHATH TOYOK, YMCJIOBI 3HAYEHHA OOpaHUX KOPUCTYBAdYeM XapaKTEPUCTUK TPU-
KyTHIKa), Tak 1 rpadivno. [Iporpama mae iHTYITHBHO 3po3yMmiauii iHTepdeiic.
Pobo1e BIKHO po3ijieHO Ha YOTHPHU 00JIacTi:
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Cromkin B.C.; Cromkina B.M. Ob64ncjieHHsT €JIeMEeHTIB TPUKY THHKA,

e V JIIBOMY BEPXHBOMY KYTi 3HAXOIUTHCSA TAaOJUI JIJIT BBEJCHHS KOOPIMHAT
BEPIINH TPUKYTHUKA. fKIO KOPUCTYyBad y sIKOCTI BEPUINH TPUKYTHUKA I10-
MUJIKOBO BBIB TOYKH, IO JieKaTh Ha OJIHIIl IpsMiii, TO Iporpama BHUBeEJIe
BIJIITOBI/IHE TTOBIJIOMJIEHHSI.

e Hwkue posramoBannii 6,0k BUOOPY OIIIIii, /e KOPUCTYBAI MA€ MOXKJIMBICTH
BUOpaTH Ti XapaKTepPUCTUKN TPUKYTHUKA, 1110 BiH Ma€ 3a MeTy 3HalTH.

e [Ipasimie po3raiioBaHe 1oJe Jjist BiloOparkeHHsI 3HaNIEHNX XapaKTePUCTUK
TPUKYTHUKA B aHAJITUYHOMY BULJISIL.

e [IpaBy cTopomny pobodoro BikHa 3aiiMae 1moJie 71 TpadidHoro BijjodpazkeHHs
pe3y/ibTaTy poOOTH IIPOTPAMIM.

st 3pydaHocTi 610K BUOOPY OIIIiil 110/111eHO Ha YOTUPU YacTHHU: « PIBHAHHSI»,
«JloBxxumamy», «Komay, «Immes.

[MIo6 obuncmTu Ta BijgoOpasuTun obpaHi XapaKTePUCTUKH, HEOOXiIHO HaTH-
cHYTH KHONKY «O0UncanTy y JIBOMY HUYKHBOMY KyTi POOOYOTO BiKHA.

MaJtionok MOXKHa, repeMintyBaTu y rpadiqnomy BikHi. s bOro moTpioHo
3axKaTH JIIBY KJABIIIY MUII i IIepecyHyTH Kypcop y HOTPpiOHOMY HaIpsMKYy. st
3MIHE MACIITady MAJIOHKA 3aCTOCOBYETHCST KOJIIMATKO MUII (CKPOJIHT).

Bucuaosknu

obipka HaBeIeHUX POPMYII, & TaKOXK IporpaMHuil 3acio « KajabKyasaTop Tpu-
KYyTHHKa» MOYKYThb CTaTH HEBEJIUIKUM JOBITHIUKOM 110 TeMi « TpuKyTHUK» 1 OyTH
3PYyUYHUM IIOCIOHUKOM Ta 3acO00M SIK B IIPAKTHYHI poOOTi 3 MareMaTuku, iHdop-
MaTUKM, TaK 1 JiJIsi 3J1fCHEHHsT CAMOKOHTPOJIIO Y IIPOIleci po3B’s3yBaHHS 3a/1ad
YUHSIMI [IpY BUBYeHH] Temu «KoopaumHaTn Ha ILIOIIINHI ».

Jlitepatypa

[1] Bess I'II. Teomerpist TPUKYTHUKA : HABYAIBHO-METOMIHUIN TTOCIOHIK JIJIsT 3~
rajbHoocBiTHIX HaBuaabanx 3akiaaiB / [LI1. Bess. — K.: 'enesa, 2005. — 120 c.

|2] Boposux B.H. l'apmonist i ecreruka tpukyTauka / B.H. Boposuk, 1.B. 3aii-
yenko, JI.M. Kobko. — K.: Ocsita Ykpainu, 2006. — C. 176.

[3] Tatdyx FO.M. Kparkuii 0630p nccjieioBatuii 1o reoMerpun TpeyrojbHuKa, /
FO.M. Taiinyk, A.H. Xosanckuit // Maremarnka B mkose. — 1958, — Ne 5. —
C. 50.

4] Teavpand U.M. Meron xoopmuuar / WM. Tenndanm, E.I. Tnaronesa,
A.A. Kupmuios. — M.: Hayka, 1973. — 88 c.

[5] E¢pemos /JI. Hosast reomerpust Tpeyrosbhuka. — Ojecca, 1903. — 351 c.

|6] Bemeav C.H. Hoas reomerpust Tpeyrosnbuuka. — M., 1962. — 96 c.
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METOJ/INKA BUKJIAJTAHHY ®I3UKUA
TA ACTPOHOMII B 30111 TA BH3

YK 531/534 (076)
Osuapenko B.II., Kipmiuenko A.B.

L kamn. cpiz.-mar. Hayk, gonent xkapeapu pizuxn, CJAITY
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e-mail: vp ovcharenko@mail.ru

BUKOPNCTAHHSA HECTAHIJAPTHUX 3AJAY B YYBOBOMY
ITPOLIECI

PosrisnyTi nuraHHs MiJIBUINEHHS MOTHBAIll HaBYaHHS, aKTHUBI3allil po3yMOBOI JIil, TBOPYIOIO

MHUCJICHHS YYHIB IIJIIXOM BUKOPUCTAHHSA HEeCTaHJIAPTHUX 3a/1a9 B yaboBoMmy Iporeci. Haseeno

PSJT METOUIHUX PEKOMEH AN, Kl JIOMOMOXKYTh YUHIM PO3B’si3yBaTH Taki 3a/1adi.
Kurowosi cioBa: cmandapmmi 3adawi, necmandapmmni 3adavt, gizuka.

OcHOBHIM 3aB/IaHHsIM BUBUYEHHs (DI3UKU B IIKOJII € PO3BUTOK (DI3UUHOIO MU-
CJIEHHsI Yepe3 HaBYaHHsI 3arajbHIM CIiocobaM it 3 pi3mIHUME MOJIEJISIMEI PeaJib-
HOT JiificHOCTI 1 criocobam 100y 10B1 X Mojiesieit. HapuanHs 1modyaoBu Mojeseil B
OCHOBHOMY 3/IIICHIOETbCS TP PO3B d3yBaHHl (piznunnx 3aja4. HaBuaabni dizu-
YHI 3a/1a41 € JTyKe e(PpeKTUBHUM 1 YaCTO HE3aMIHHUM 3aCOOOM 3aCBOECHHS yUHIMU
MOHATH 1 METO/IIB MIKIJTLHOTO KypCy (hi3UKH.

Pimenns 3aja41 cJyKNUTh JOCATHEHHSIM BCIX TUX IIiJI€l, IKi CTaBIATHCS TIepe]]
HaBuaHHda dizukn. KoxkHa KoHKpeTHa (iznmdHa 3aja9a IPU3HAYAETbCs JIJIsl JT0Cs-
FHEHHA HaildacTime He OTHIE], a JeKIIHKOX IIeJaroriyinX, JNJaKTHIHIX, HaBIaJIb-
HuX 1teit. I 1 iy XapakTepu3yioThed K 3MICTOM 3aJadl, TaK 1 MpU3HadeHHsIM,
sdKe HaJla€ 3aBIaHHIO BUNTEIb.

HaBuaapua poib ¢ismunumx 3amad. o posib dizudni 3aa4di BUKOHY-
I0Th IPpU POPMYBaHHI Y YUHIB CHUCTE€MHU 3HaHb, YMiHb 1 HaBU4YOK 3 (izuku. Crij
BUJIIJINTU KIJIbKa BHUJIIB 3a/a49 3a 1X HaBYaJbHOIO METOIO:

® 3aJ1a4i JIJIsI 3aCBOEHHST (DISUYHUX IOHSITh;

® 33J1a4i JIJIsI OBOJIOIIHHSI (DI3UUHOIO0 CHMBOJIIKOIO;

® 3314l /I HaBUYaHH JIOKA3aM;

e 33 1a4i J110 (popMyBaHHs (PI3UIHUX YMiHBb 1 HABUYOK;

© Osuapenko B.I1., Kipmiuenko A.B., 2012
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® 33J1a4i, 1110 CTBOPIOIOTH ITPOOJIEMHY CHUTYAIIIfO.
PosBuBaroga posb 3aa4. OjiHe 3 0CHOBHUX [PHU3HAYEHL 3349 MOJISATAE
B TOMY, IIOO aKTUBI3YBATH PO3YMOBY JisAJIBHICTD YUHIB Ha yporli. Dizndni 3a1aqi
MOBUHHI TP 3a Bce, OYAYBATH JIYMKY YUYHIB, 3MYIIYBATH IX MPAIIOBATH, PO3-
BUBATHUCS, YIOCKOHAJIIOBATHCA. [ OBOpAYN PO aKTHUBIZAIIO0 MUC/IEHHA yUHIB, HeE
MOKHa 3a0yBaTH, 10 TPU PO3B’A3yBaHHI (PI3MUHUX 3aJ1a9 YUHI HE TIIBKU BUKO-
HYIOTh 1100Y/I0BU, 11I€PETBOPEHHSI, 3allaM siTOBYIOTH (DOPMYJIFOBaHHSI, a i HaBUYaIO-
ThCsl YITKOMY MUCJIEHHIO, BMIHHIO PO3MIPKOBYBATH, 31CTaBJIATUA 1 IPOTUCTABJIATU
dakTn, 3HAXOMUTH B HUX CIIJIbHE 1 BiiMiHHe, poouTn BipHi BuBOou. Ilepepaxyemo
BU/JIU 3aJ1a4, sIKl aKTUBI3YIOTh 1 PO3BUBAIOTH MUCJIEHHS yUHIB!
3aJiadl Ta BIIPaBH, 110 BUMATralOTh €JIeMEHTIB JIOCIIXKEHHSI;
3a/ladl Ha JI0Ka3;
3a/la4l Ta BIIPABU Ha BLINIYKAHHSA MTOMUJIOK;

[

[

[

e IIiKaBi 3a/1a4i;
® BiIIIIYKaHHS PI3HUX BapiaHTIB pillleHHs 1 BUOIP KPaIoro 3 HUX;

® CKJIJIAHHS 3aJla4 YUHIAMU;

® 3a/1avi-3arajKu.

BuxoBHa posb 3aad nojsirae y gpopMyBaHHI 0COOMCTICHUX STKOCTEM: CUJIN
BOJII, aKypaTHOCTI, criBpobiTHuirTBa TO110 [1]. OcobinBa posib HaJIEXKUTH 3a1a9aM
3 PO3BUBAIOUO0I0 (DYHKIIIEIO, 3MICT SIKUX BIJIXOIUTD BiJl OCHOBHOI'O KYPCY, IHOCHIHLHO
YCKJIAHIOE MUTaHHs porpamu. e 3aa49i Ha KMITIIMBICTD, PO3BUTOK YUCIOBOI 1
reoMeTPUYHOI 1HTYIIII1, IPOCTOPOBOIO YsBJIEHHS, JIOTTYHOI'O MUCJIEHHS.

3a XapakKTepoM po3yMOBOI JlislIbHOCTI PO3PI3HSIIOTH CTAHAAPTHI 1 HecTaHap-
THI 3aja4i. Jlo crangapTHUX Hajekarhb 3a/adi, dKi MaloTh MEeBHUI aJrOpuTM pi-
IIeHHs. 3a/a4i, 9Ki He Mal0Th 3araJibHOTO aJrOPUTMY PillleHHsI, HA3UBAIOThCS He-
craggapTHuMu. HectangapThi 3a/1a4i MaloTh YiTKO BUPayKEHY PO3BUBAIOUY (DyH-
kiiro. OyHKIIT po3B’d3yBaHHs CTAHJIAPTHOI 3ajadl 3aJexKaThb BiJ TOrO, SKUMH
TEOPETUIHUMHI 3HAHHAMEI BOJIOMIIOTH YUHI 10 MOMEHTY 11 pimenHs. AKIo yaHsam
BIJIOMUII aJIrOPUTM BHUPIIIEHHS 1€l 3aja4i, TO 11 MOXKHA BBayKaTH IIaOJIOHHOIO.
AKIo 10 MOMEHTY BUpINIEHHs CTaH apTHOI 3a/1adl 3arajJbHI MeTo 1 11 BUpPIIeH-
Hsl HeBiJJOMUil, TO Taka 3ajada € HerepecidyHow (mpu 11 po3s’si3yBaHHI HEOOX1THO
3aCTOCYBATH 3araJbHIN MeToJ pileHHs abo OyIb-saKuil mTyaHuii npuiom). He-
cTaHapTHI Ta HermabJIoHHI 3a/1a4i (BHAC/IIOK CHLIBHOCTI X (DYHKIT y HABYAHH] )
MOKHA 00'€JIHATH B OJIHY TPYILY — IPYILYy TBOPUMX 3ajad [2].

B yuniB Haityacrimie BUK/JIMKaE TPYIHOII TpobIeMa caMOCTIiTHOr0 BUOOPY Me-
TOJIB 1 NPUIOMIB JIJIsI BUKOHaHHSI IIEBHOI'O 3aB/IaHHsA. 3a3BU4Yaii y3araJibHeHi 3Ha-
HHsT (POPMYIOTBCSI 3 JIOCBIJIOM, B IIporieci po3B’si3yBanHs 3ajadi. OTxke, mocrae
aKTyaJbHUM TUTAHHS HaBUYAHHS y3araJbHEeHUM MeTOoJlaM PO3B d3yBaHHSA 3aj1ad,
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3araJJbHOMETOIUIHAM ITPUHITAIIAM 1 BIIMOBLTHUM TMOHATTAM. L7151 po3B’a3yBaHHs
3a/ia4l yueHb [HOBUHEH BOJIOJITH IIEBHUMU IPUtOMaMU 1 METO/IaMU, He JINIIe 3HATU
3aKOHU (DI3UKM, ajie i NPOSIBJIATH 3JaTHICTD JI0 aHAJITUIHOIO MUCJIEHHS.

[IpoanaJiizyBaBIlM JIOCBiJ] PO3B’SI3yBaHHS HECTaHIAPTHUX 3aJiad BiJoMuii i3
JIITEepaTypy Ta BIIPOBa/IKEHHs HECTaHIAPTHUX 3a/1ad B yIOOBHIl IIPOIIEC BUNTEISI-
MU-HOBATOPaMU, MU CKJIAJIU MEeTO/INYHI PEKOMEHIallil, K1 JOIIOMOXKYTb YUHSM BU-
pimyBaTu 1o npobsemy. Hapejgemo okpemi MeTojin4Hi NpUiloMy HaBYaHHs yUHIB
PO3B’A3yBaTH HECTAHAPTHI 3a/1a4i:

1. Ilepmr 3a Bce Bi3HAYMMO, 1110 HABYUTHU yUHIB PO3B’A3yBaTH HeCTaHIAPTHI
3aJ1a9i MOYKHA TLIBKU B TOMY BHIIQJIKY, SKITIO B YUIHIB Oy/ie OarKaHHs TX BUPIITyBa-
TH, TOOTO SIKIIO 3a/a4i OY/IyTh 3MICTOBHIMU 1 IIKABUMHE 3 TOUYKH 30py yuHs. Tomy
3aj1a4a BUNTEJIA - PETEJIbHO BLIOWPATH ITiKaBl 3a/1a4i i pobuTn X mpuBadIMBUME
g yauiB. e MoxKyThb OyTH 3agadi->KapTH, 3a1a9i-Ka3K1, CTAPOBUHHI 3a/1a9i TO-
mo. OjHe OesnepedHo: HaOLIBIINI iHTEpeC B YUHIB BUK/JIUKAIOTH 3aJadi, B3sITi
3 HABKOJIMIIHBOI'O »KUTTSI, 3aJ1a4l, 1IOB'sd3aHH] 31 3HAlOMUMU pedaMu, JIOCBIIOM.
Bazk/imBo mokazaTu y4dHSM, 1110 Bij pimeHns (bizuvHol 3ajadi MOYKHA OTPUMaTH
TaKe K 33JI0BOJICHHS, sIK BiJl PO3raJJaHoro KpocBopia abo pedyca.

2. 3ajia4i He MMOBUHHI OYTH HAJITO JIETKUMU, aJie 1 He 3aHaJITO BayKKUME, TOMY
0 YYHI, He BUPIMMBIIM 33ja4l ado He po3i0paBIInCch B PillleHH], 3allpOIIOHOBaA~
HOMY BYHUTEJEM, MOXKYTb BTPATUTHU Bipy B CBOI CHJIU. Y IIHOMY BHIAJKY JIyKe
BasKJIMBO JIOTPUMYBATH Mipy Jonomoru. [lepmr 3a Bce, BUUTe/ b HEe MOBUHEH 3HA-
ffoMuTH y4HIB 3 yKe roToBUM pimteHHaM. [likaska moBuHHA OYTH MiHIMaJILHOO.
Buure/b moBuHen 1mepeKoHaTH yUHIB B TOMY, IO JIJIS YCIIIHOTO PO3B’ A3yBaHHA
HeCTaHJAPTHUX 3aJad HeOOXiJIHO, IEepII 3a BCe BMITH JyMaTH, 3J00aJ1yBaTUCS.
Augte nporo masio. [lorpiOHi, 3BU9aiino, i 3HAHHSI, 1 JOCBiJ y BUpIIIeHH] He3BUYA-
HIX 3a/1a9 1 HeoOXITHO JIOCKOHAJILHO BOJIOJITH HEBHUMU 3arajbHUMUI II1JIXO1aMI
JIO BUPIIIEHHS.

3. I1o6 momomMorTu ydHsIM, BUMTE/Ib [TOBUHEH BMITH IIOCTaBUTH cebe Ha Mi-
clle yuHs, SKUil BUPIiNIye 3ajadi, cupoOdyBaTH MOOAUYUTH 1 3PO3YMITH JIZKEPEJIO
floro MOXKJIMBUX TPYAHOINIB. BMisa jtoromora BUUTENsS 3a/IUIIAE PI3HY YaCTKY
caMOCTIITHOT poOOTH, JIa€ YUHAM PO3YMHY YacTKy CAMOCTIHHOT PoOOTH, JIO3BOIUTD
YIHAM PO3BUHYTH (Di3WIHI 3710HOCTI, HAKOMIMIUTH JTOCBIJI, AKUI Y MOZAIBIIOMY
JIOITOMOZKE 3HAXOJIUTHU MIJIAX BUPIMIEHHSA HOBUX 3a/1ad.

4. Bunresb MOBUHEH BMIJIO HiIOpPATH JTOIMOMIXKHI 3aJ1a4i, IKi OYI1yTh CBIIUNTH
IIPO Te, IO YUHI ByKe BOJIOJIIOTH IIEBHUM JIOCBiIOM PO3B’3yBaHHS HECTaHIaPTHIX
3a/1a4.

5. Heobxijmno nparuyTu jio Toro, mod y4Hi BLIIYBaIu PaJlicTh BiJi pillleHHs
BayKKOI JI/Isl HUX 3aJa4i. Y UHi MOBUHHI OYTH 3HailoMi 1 BMITH 3aCTOCOBYBATH, IIEPIIT
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3a BCE, 3arajibHi METOJ/IM PO3B’SI3YBAHHS 3a/1a4, STKi 3’ BJIAIOTHCS TIEPIIOI0 CXONH-
KOIO JIO PO3B’sI3yBaHHsI HECTAHIAPTHUX 3a/lad. 3arajbHi METO/M BKIIOYAIOTh:

® MeTOJI aHa I3y (PI3UIHOI CUTYAIIIT;

® METOJI, CIIPOIIEHHS 1 YCKJIa/IHEHHS;

® MeTO/I OIIHIOBAHHSI;

® 3arajibHO - YaCTKOBI METO/IN;

® METOJI [IOCTAHOBKH 3aBJIaHHS (3aCTOCOBYETBCS /Il HEMOCTABIEHHUX 33/1a4
3)).

Hecrannaprna 3aj1a4a — 11e mocraBjena 3ajiada, Ky y4uHi BMIIOTh PO3B’d3yBa-
TU Ha OCHOBI 3araJIbHIX METO/IiB, aJie 3aCTOCYBaHHs B MPOIECi 11 PO3B’sA3yBaHHI
TLIBKHU IUX METO/IIB He MPUBOJINTH IO METU. SaJUIIAETHCA HEBPAXOBAHNM SKECh
«I10Ch» (1110 1 poOUTH 3a/1ady HECTAHJIAPTHOIO), JesTKa «POJBUHKAY, PO SIKY 10~
TpiOHO 3j10Ta1aTICsA. Be3yMOBHO, TIPO Te, AK 370TaIaTUCH, SIK 11 BIIITyKaTH HisSTKITX
3araJJbHUX 1 YHIBEPCAJTBHUX MPAKTUIHUX MOPaJ] TYT JaTU He MOKHa. Pe3ynbrar
MOYKHA JIOCATTH TIIBKN JIOCBIIOM PO3B’sA3yBaHHS TaKUX 3a/1a4. 7K 1e poOouTn Mun
MoKa3aJi Ha MPUKJIaIax PO3B’I3yBAHHS I1JI0T0 PsJTy 3a/1a4 110 PI3HUM TeMaM Kyp-
cy dizukn. 3 1ieo MeToo 0yJI0 TpoaHai30BAHO HAYKOBY JITEPATYpy 3 MPodIeMn
JIOCJIIZKeHHSI, BiJiOpaHi, cucTeMaT30BaHl 1 JOIMOBHEH] 3a/a4i, BIIpaBuU, IrpH, sIKi
O JIOIOMOTJIM OCBOITH METOJ[ HAyKOBOTO IizHaHHs y4HIB. HeBjoBuMmi i HeBu3Ha-
YeHl «IOCh» B HECTAHJIAPTHUX 3aBJ/IaHHIX HACTLILKM PI3HOMAHITHI, MO POOJIATH
cipoOy Kjacudikallil Takux 3ajad O0e3Ha/liiiHo0. ToMy MU IOKa3a/ud TiIbKHU Jie-
sIKI XapaKTepHI «Iochby» 1 crocodu ixX 3HaxozKeHHsi. Ha Harmn morsisiy npaBuibHe
Ta CUCTeMaTUYHe 3aCTOCYBAHHS HeCTaHIaPTHUX 3a/1a9 JaCTh 3MOT'Y aKTUBI3yBaTH
CAMOCTIIHY IOITYKOBO-I113HABAJIbHY Jisl/IbHICTb YUHIB, CIIPUSITUME DPO3BUTKY JIO-
IIYHOI'O MUCJIEHHSI, TBOPYOI'O IIJIXO/Y /IO CIPUIHATTS MaTepiaJy, 110 JacTh 3MOry
BUKOHATHU 3araJibHO pO3BUBa0Yi (DYHKIII B MPOIECi BUBYEHHS (DI3UKMU.

JlitepaTypa

[1] Cryoit T.B. PospsasyBatus HaBYa bHUX 3a/a49 3 (DI3UKM: MUTaHHS Teopil i
meroukn / T.B. Cky6iit, B.I1. Ceprienko; 3a 3ar. peg. €.B.Kopmaka. — K.:
HITY im M.II. Iparomanosa, 2004. — 112 c.

2] Posymoscrui B.I. Teopueckue 3aja4u o dbusnke: obimue metosnt / B.I'. Po-
3yMoBckuii. — M.: Bricimag mkosa, 1986. — 256 c.

3] Beauros B.C. Pemenne 3aja4 o dusnke: Kaura Jjisi y9€HUKOB CTapIINX
kiaccos / B.C. Beqmkos. — M.: [Ipocsemnienne, 1989. — 191 c.

|4] Cemxe A.HU. Hecrangaprable 3a1aan no dusnke: st K1accoB ecTecTBeHHO-

wnayanoro npoduiasa / AU, Cemxe. — fpociasib: Akajemusi pa3BUTHS,
2007. — 321 c.
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ITPUMEHEHIE NMHHOBAITMOHHBIX TEXHOJIOT U ITPU
IIOAT'OTOBKE BbBIIIYCKHMKOB K BHEIITHEMY
TECTUUPOBAHUIO 110 ®PU3VKE

HpO&HaJH/ISI/IpOBaHbI UTOrnm TeCTUupOBaHUA II0 CbI/ISI/IKe 3a HECKOJIbKO JIET U YKa3aHbl OCHOBHbIC

IIPpUYUHBI HU3KOI'O YPOBHA 3HAHUII 1 }/'MGHI/Iﬁ BBIITYCKHHKOB. Hawmeuennr IIYTH IIOBBIIIIECHU A 3(1)—

(beKTI/IBHOCTI/I yqe6H0r0 IIporeccCa IIyTeM BHEAPEHNA MHHOBAIIXMOHHDBIX TEXHOJIOI'UI.
KuroueBnie cjioBa: mecmuposarue, UHHOGAUUOHHBLE TMETHOAO2UU.

PedopMmupoBanne mkobHOTO 00pa30BaHus IPElyCMaTPUBAET HOBBIE T10JIXO-
JIbl K OOYYIEHUIO U OICHUBAHUIO €I'0 PE3y/IbTaTOB. Y Ke B TeUeHNe HECKOJIbKUX JIeT
BBEJICHO BHEIHee He3aBHCHMOE TEeCTHPOBaHUe 3HAHWNI W YMEHWH ydJaluxcs o
MHOTUM IIpeJIMeTaM, B TOM 4HcJie U 1o (husmke. [1aBHas 1eab ero - 00ecrednThb
00 bEKTUBHOCTD IIPH OIEHKE 3HAHWI BBIITYCKHIKOB, CO3/IaTh OJIMHAKOBBIE YCJIOBHS
JUIst mocTyrieHns B BY 3l

Ha ocnoBe anaimsa pe3y/JbTaToOB aHKETHPOBAHUS YJAIUXCS, KOTOPBIE MPO-
XOJINJIN BHEIITHEee TeCTUPOBAHME, YCTAHOBJIEHO, YTO Ha KadeCTBO 3HAHUI CHIBHO
BJIMSAET OpraHmsanus yueOHoil gesresbHocTu Ha ypoke. Bosee 70% yuamuxcst
OIIPEIeJISIIOT CBOIO POJIb Ha YPOKaX (PU3MKHN KaK MacCUBHBIX HabJrogaresneii. OKo-
70 21% ydgamumxcst HUKOTJa caMé He IPOBOJININ HCCIeJI0BaHNsI. 3HAUYNTEIbHAsA
dacTh ydamuxcs (6oee 40%) orMedaroT, 9To yUuTe sl He CBI3bIBAIOT yueOHbII
MaTepuaJl ¢ COBpEMEHHBIMU MpoOJIeMaMi B OOIIECTBE, MaJIO BHUMAaHUS YJIEISIOT
COBPEMEHHBIM JIOCTUKEHUAM HAayKH W TEXHWKH, YPOKHU MPOBOJAT He HCIOIb3YS
coBpeMeHHble TexHosornn. Huskas 3pdpeKTuBHOCTH opraHu3aln yaeOHoro mpo-
1ecca MpUBOJAUT K TOMY, UYTO HHTEPEC y YUAIINXCS K M3yUeHNI0 (DPU3UKH HEBBICOK.
JlaHHble TeCTUPOBAHUS MOKA3BIBAIOT, YTO KOJMYECTBO YUAIINXCs, BEIOPABIITUX Te-
cTUpOBaHue M0 (PU3NKE, COCTAB/ISET MAJBINH MPOIEHT OT BCEX BBIMYCKHUKOB [1].
BosamkaeT BOIpoc: KaK IMOBBICUTH MHTEPEC K eCTeCTBEHHbIM HayKaM, IPUBUTH
HABBIKK TBOPYECKOI'O MBIIIJICHUS, YMEHIE CaMOCTOSTETbHO OPUEHTUPOBATLCS B
CJIOYKHBIX BOTPOCax y4uebHOTO MaTepuaJia, CTPEMHUThCS TUIYOOKO OCBOUTDL IPEJI-
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MET, IPOSIBUTH JIFOO03HATEIbHOCTD, TBEPIOCTh XapaKTepa, WHINBUIYAIbHOCTb B
JIOCTUKEHUN [TOCTaBJIEHHBIX IeJIeil.

DponTasbHast cucTeMa 00ydeHust (OAUH yIUTe b MPOTHUB TEJI0r0 KJIacca) nMe-
eT JKeCTKHE OrpaHUYeHUs - Iejaror He MOYKET VJEJIUTb JOCTaATOYHO BHUMAHUI
KaykJI0My yueHuky. Kpome Toro, mpu Takoii cucTeMe Jiaxke CaMblil YCIeIHbIN yue-
HUK He CMOYKET OCBOUTHL OYEeHb BayKHbIE B COBPEMEHHOM OOIIECTBE HABBIKU:

® yMeHIEe CaMOMy pa3padaThiBaTh ILJIaH CBOUX JIEHCTBUIl 1 CJIe/I0BaThH €MY;

® yMeHIe HAXO/UTh HY’KHbIE PECYPChI JIJIsl PEIlleHnsl CBOe 3a/1a4u;

® yMeHUe TI0JIydaTh U IepejiaBaTh WH(OPMAINIO, PE3eHTOBAThL PE3Y/IbTaT
CBOETO TPY/a - KaUeCTBEHHO, PaIlMoHaIBLHO, 9P HEKTUBHO;

® yMEHHE HCIIO0JIb30BaTh KOMIILIOTED B JIIOOOI CUTYAIMU, HE3aBUCHUMO OT IIO-
CTaBJICHHOI 3a/1a41;

® YMeHIE OPUEHTHPOBATLCS B HE3HAKOMOI TpodecCnoHaIbHOI 001aCTH 1 MHO-
roe apyroe [2].

[TosTomy mjst TOro, 9TOOBI BBITYCKHUK BJIaJie/l STUMH YMEHHSIMU U HaBbI-
KaMi, HeOOXOUMO IIPoJieiaTh OOJIBIIYI0O padoTy, KaK YUYeHUKY, TaK U yIUTE/IIO.
OTa AuJaKTUIecKas Ie/Ib PeIaeTcs I0-pa3sHoMy: paspadaThIBAIOTCsI aleKBaTHbIE
dOPMBI, METO/IbI, CIIOCOOBI, TBOPYECKUE ITOIXO0/IbI, KOHIEITYaJbHbIe 0COOEHHOCTH
¢ yaeTom crenudukn mnpejamera. [IpuopurerabiM HalIpaBIeHneM O00yUeHUsT SBJIsI-
eTCsI MHIMBIIYAJIM3aIs JIesITeIbHOCTH YIallluXCs, a MHHOBAIUN, KOTOPhIE OIUPa~
I0TCsl Ha JIOCTUZKEHUs JTUMJAAKTUKY, IICUXOJOINN, KOHKPETHbIE METOJIUKN 1 HOBBIE
MOJIXOJIbI K WX BHEJPEHUIO B YUEOHBIH ITPOIECC, ChIIPal0T HEMAJIOBAYKHYIO POJIb
B n3ydeHnu (bu3uku, B GOPMUPOBAHUN YMEHUN U HABBIKOB, HEOOXOUMBIX JIJIs
IIPOXOZK/IEHIS BBIITYCKHUKAMU BHEIIHEIO TeCTUPOBaHUSI.

[IpumeHeHne BbICOKOA(MMEKTUBHBIX TEXHOJIOIU TO3BOJIUT, C OJIHON CTOPOHBI,
VUAIIIMCS TOBBICUTDH 3 PEKTUBHOCTH OCBOCHUA YUeOHOTO MaTepuaJa 1, ¢ JIpyroit
CTOPOHBI, IeJaroraM yJeasITh O0JIbIlle BHUMaHUS BOIIPOCAM WH/IUBUIYAJbHOIO 1
JINTYHOCTHOI'O POCTa YUallUXCsl, HAIIPABJISITH UX TBOpUYECKOe pas3BuTue. Takum 00-
Pa30M, MHHOBAITMOHHBIE TEXHOJIOIMU OYJIyT CIIOCOOCTBOBATH ITOBBIIICHUIO TPOU3-
BOJIUTEJILHOCTHU TPYy/ia yanuTess. KoHTPoJIb pe3y/ibTaTUBHOCTH 00y IeHUST KarKJI0r0
yYaIlerocsd  cucTeMa oOpaTHOIl CBA3M MO3BOJIAT 00ydYaTh YUallUXcs B COOTBET-
CTBUU C UX UHJIMBUIYAJbHBIMI BO3MOXKHOCTSAMU U CKJIaJI0oM Xapakrepa. CeromHs
TEXHOJIOTHS O0yYEeHHs - 9TO CHUCTEMHAasl KaTeropusi, CTPYKTYPHBIMU COCTABJISIO-
IIIMU KOTOPOI SBJISTIOTCS:

e 11611 00y UeHNsI;

® cojiepKaHue 00yJIeHNs;

® CpeJICTBa I1€/Iar0IMIeCKOr0 B3auMOJIEHCTBIUSI, B TOM UNC/IE UX MOTUBAINSI;

® OpraHm3alys yIeOHOIro IIpoIecca,;
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® YUCHIIK;
® YUNTEb;

® pe3y/IbTaT JeATeNbHOCTH [3].

Crparernsi THHOBAIIMOHHOTO OOyUEHUS IMPEJIIoIaraeT CUCTEMHYIO OpraHn3a-
IIUIO YIIPaBJIeHUS yIeOHO-BOCITUTATEIHHBIM MTPOIECCOM, XapaKTepHasd depTa KOTO-
poil 3aKJII0YaeTCd B TOM, YTO JTUIHOCTD YUINTES MO-TIPEYKHEMY BLICTYIIAeT B Heil
KaK BeJIYIIUIl 9JIeMEHT, HO TIPU 9TOM U3MEHSIeTCs ero MO3UITUsS 0 OTHOIIEHUIO K
YIEHUKY, K cebe caMOoMy. Y UNTe/Ib BBICTYIIAeT He TOJIbKO KaK HOCUTE b 3HAHUN 1
nH(OpMAaIINN, XPAHUTE/IbL HOPM U TPAIUINIL, HO U KaK ITOMOITHUK B CTAHOBJIEHUH 1
Pa3BUTUN JTUIHOCTH yueHuKa. [lo3urius aBTopuTapHoii BJIaCTH, IPaBO CTaPIIEero u
CIJTBHOTO YTPAINBAIOTCS, B3aMeH UX YTBEPKJIAeTCs MO3UINS JeMOKPATITIECKOTO
B3aUMOJIEICTBHS, COTPY/THUIECTBA, MTOMOIIN, BJIOXHOBEHUSI, BHUMAHUSA K WHUIIAA~
TUBE YUYeHWKa, K CTAHOBJIEHUIO W PA3BUTHUIO JTUIHOCTU.

B nporiecce Mo Ir0OTOBKYM K HE3aBUCUMOMY BHEITHEMY TECTUPOBAHUIO MBI TTPE/I-
JIOZKIJIA UCTIOJIH30BATD CJIEJTYTOIIIe TeXHOJIOTIH.

Texnon02ua KOANEKMUSHT YHEOHT 3aHAMULT - OCHOBHON OPraHM3aI[MOHHOI
dopmoit TaKIX 3aHATHI SABJIsieTCS padoTa B IMapax CMEHHOI'O COCTaBa 10 pa3/Imd-
HBIM MeTojiukaM. [IpoBejieHHbie HaMI UCC/IeIOBAHIS TTOKA3a M, YTO HECMOTPST Ha
JIOTIOJTHUTE/IbHBIE BPEMEHHbBIE 1 OpraHn3aliOHHbIe 3aTPaThl, 3Ta TEXHOJOTHI Jla-
eT MaKCUMaJIbHbII 00pa3oBaTebublil 3deKT B acrieKTe (GOpMUPOBaHUS CUCTEMBI
YHUBEPCAJIHHBIX 3HAHUIA.

Hhdusudyanvro-opuernmuposariad cucmema 00y4enus — MPOSIBIISCTCH B Pa3-
paboTKe yuaIluMuCcs WHIUBUAIYAIBHBIX 00pPa30oBaTe/IbHLIX MPOIPAMM B COOTBET-
CTBHUM C X BO3MOYKHOCTSIMH U TIOTPEOHOCTSIMU.

Hnmezpamuernas mexnoso2us pa3deusarou,ezo ooyuenus — OpueHTUpoBaHa Ha,
dopmMupoBaHue y jeTeil OCHOB yMEHUsT YUUThCsI, (DOPMUPOBAHUE ITPOIIECCOB CaMO-
OTIeHMBAHNS, MHUIIUATUBHOCTHU, YCBOEHUS HOPM YIeOHOTO B3aMMOIeHCTBUS.

Heposvie mexrosozuu. B cTpyKTYPY UT'PBI KaK JIeATEeTbHOCTH OPTAHITIHO BXO-
JIIT TeJIeTIoIaranme, peaan3aliis MMe/id, a TaKyKe aHan3 pe3yaIbTaTOB, B KOTOPBIX
JINYHOCTH TTOJIHOCTBIO peaim3yeT cebsl Kak CyObeKT.

Texrono2us unmezpayuy — MO3BOJAET (DOPMUPOBATH IEJIOCTHOE, He pa3dUTOoe
Ha «IIpeJIMeTHbIE 00JIACTU» MUPOBO33PEHUE YUallUXCsi. JTa TEXHOJOIHs CII0CO0-
cTByeT (POPMUPOBAHUIO IICUXOJOTNYECKN aJIaIITUBHON JITIHOCTH - T.€. JINYHOCTH,
JIETKO TIpUCITOcadIMBAIONIeicd K N3MeHEeHUIM BHEITHEeNl CpeIbl.

Hrnmepaxmuenvie mexrnosozuu — TpearnojaraeT aKTUBHOE B3aUMOJIeiCTBIE
ydarmerocs ¢ yuamuresneM [4, 5.

DKCIEPUMEHT 110 BHEJPEHUIO ITUX TEXHOJOTUI ITPOBOJUICA Ha 0a3e MIKOJIbI
Ne 35 1. KpamaTtopcka. V3ydenne onbiTa padOTHI yaUTe /el 9TOH MIKOJIBI TOKa3a-
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JIO, UTO MHOTHE YYHUTE/Isl MCIOJB3YIOT TaKhe TEXHOJOINN Ha Pa3/IMTIHBIX dTalax
o0ydeHus, HoO KOHKPETHO MPU TOJI'OTOBKE K BHEITHEMY TECTUPOBAHUIO He ITpUMe-
HSLJTN.

Mpbr mpeIToXKIIN UCIOTb30BATH NHHOBAIIMOHHBIE TEXHOJOTUN Ha, 3aKJII0YN-
TeJILHOM dTalle 00yJIeHUs

Becb yuebHbIT MaTepuaJ 1o gpusnuke ObLT pa3sdUT Ha MOJLYJIM U ITOJMO/LYJIN.
[To kaxkjgoMy MOJIy/I0 paspaboTanbl psiji YPOKOB MO (POPMUPOBAHWIO YMEHUN 1
HABBIKOB PEIeHNsI TECTOB Pa3HOI0 XapaKTepa U CTeleHU CJIoKHOoCTH. Ha Kark-
JIOM YPOKE TTPEeTYCMOTPEH ITPOMEXKYTOUHBIN KOHTPOJIb 3HAHUIN YIaIUXCs, & TaKKe
IIpeJICTaBIEHbl TECTDHI /I CAMOCTOATENTHHON TTOJATOTOBKI U caMOKOHTPOoJIA. [Toce
MOBTOPEHN MaTepuasia KayKJI0ro MOYJ/IA IPeIyCMaTPUBAETC YPOK 0OOOITeHMs
3HAHUI, KOTOPBII J1aeT BOBMOXKHOCTH OIIEHUTDH CTElleHb YCBOEHUS JIAHHOTO pas/ie-
na ¢pusuku. Ha 3ToM ypoke mpoBouTCs 00sg3aTe/IbHoe TPOOHOE TECTUPOBAHUE T10
TeMe MOJIYJii U UTOTOBBI KOHTPOJIb 3HAHWI W yMeHUil. Pe3yapTaThl HTOrOBOTO
KOHTPOJIS 110 OJHOMY W3 MOJIyJIeil MpeJICTaBIeHbl HUKE.

B skcriepumenTe nmpunnMaJso ydacrtue 32 ydammxcesd 11 kiacca. [Ipobnoe Te-
CTHpOBaHME OBLTIO TTPOBEJIEHO 10 MOy 0 «MosekynsapHas pu3nka U TepMOInHa~
MHIKay. 3aJaHne COCTOSIO U3 15 TecTOB pa3Hoil CTENeHN CJI0YKHOCTH, B TOM JHCJIe

3 — PeIpo/lyKTUBHOT'O YPOBHSI,

10 — aHAJIUTUKO-CUHTETUYECKOI'O0 YPOBHS, 2 — TBOPUYECKOI'O YPOBHSI.

Bosibnmaerso yuamumxcs cupasuiuch ¢ 3ajanueM, 62 % nabpaau or 160 10
190 6as10B, 35% ot 140 no 160 6amwnos, 3% - nuxke 140 HaLioB.

AHnkeTnpoBaHue yIeHUKOB 110Ka3aJ/10, IYTO IpUMEeHeHne Pa3HooOpas3HbIX (hopM
1 METO/IOB OpTraHu3alun yIeOHOIl j1esdTe/IbHOCTH Ha YPOKax (PU3NKK CIIOCOOCTBOBA~
JIO BO3PACTAHUIO WHTEpeca K M3yUEeHUIO STOTO Mpe/iMeTa, CTPEMJICHUIO YIaliXCs
K CaMOCTOSATE/IbHOMY YCOBEPIIIEHCTBOBaHNIO cBouX 3HaHuil. [lojaroroBka K BHeII-
HEMY TECTUPOBAHUIO CTaJ/Ia BOCIPUHIMATLCS He KakK 00y3a, a KaK 3aXBaThIBAIOIIee
BCEIIONIONIAIOIIee MHTEPECHOE 3aHATHE, YBICKATEIbHOE COPEBHOBAHUE.

AHaJin3 MeTomIecKoil JIuTepaTyphl, OlbITa yIUTe/IeH-HOBATOPOB 110 BHEIPe-
HUIO MHHOBAITMOHHBIX TEXHOJIOTUI B YUeOHBIN Mpollecc U pe3y/abTaThbl ITPOBEJIEH-
HOTI'O I1€JIArOTMIEeCKOr0 SKCIIEPUMEHTa Ja/Ji BO3MOXKHOCTH Pa3padoTaTh MeTO/H-
YecKre PeKOMEHJIAINN 110 MCIOIb30BAHIIO JIAHHOIO OIbITAa Ha BCEX dTarax H3y-
yeHnsi (PU3UKNU B TOM YHUCJIE U Ha 3aKJIOUYUTETbHOM IIPU MOJATOTOBKE BBIITYCKHU-
KOB K BHEITHeMY TecTupoBaHuio. lcnoimb3oBanme 3TUX peKoOMeHIaIuil Mo3BOJINT
10C/1e TIOJIBE/IEHNsT UTOTOB BHEIIHEr0 TeCTHPOBAHUS ITPABUILHO OIEHUTDH Y deK-
TUBHOCTH PAOOTHI KarKJ0ro yunTessd. HeT HUKaKmX cOMHEHUII B TOM, YTO TaKOii
II0JIXO0/1, K 00y4eHNI0 (PUBUKHU B COBPEMEHHBIX YCJIOBUSX IIKOJIBHOIO 00PA30BAHMSI
HEPCIEKTUBEH U, MOYKHO CKa3aTh, HEOOXOJIM.
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ITPO JEAKI OCOBJINMBOCTI HABYAHHA ®I3VKU B
KJIACAX I'VMAHITAPHOTI'O ITPO®IJIFO

B naniit crarTi HaBegeHi JiedKi 0cOOJMBOCTI HABYaHHSA (DI3MKHU Yy KjacaxX I'yMaHITapHOI'O IMPO-
disro, 30Kpema: Il XapaKTepHi JId IUX KJACiB, i1el BUK/IalaHHsd, TPUHIUIN BiIOOPY 3MicTy
HaBYaHHsI, 3ac00M, MeTou, (bOPMU HaBYaHHS, & TAKOXK JIEAKI METOIU ICUXOMUIAKTUKH, AKi
XapaKTepHi JIjIg YYHIB TYMaHITApHOTO MTPOMIIIO.

KurogoBi ciioBa: e2ymanimapruti npodine, 2ymanimapiaayis, Memodonozis

Beryn

Bgejienns npodisibHoro HaBdanus B crapiinx kjaacax 3OI HuHi OMiHIOETHCs
sIK OJIHa 3 HABaKJIUBIINX IHHOBAIIIN CyYaCHOT IITKOJIH; aJizKe Tpodiizallis cripu-
sie TIpopopieHTAII] Ta IMOJIIIIEHHIO BUOOPY »KUTTEBOIO IIIAXY Ha MPpodeciitHiil
HUBI.

Y 3B’SI3KY 3 UM BUHUKAE MOTpeda IMeperyisry Iijiei, MOTUBIB, 3MICTY KypCy
disuku, MeToIiB Ta 3aco0iB floro BukJIaJanHs y Kjaacax pizHux mpodisiis. Ocodiu-
BOI YBaru, Ha Hall TIOTJIsI/I, 3aC/IyTOBYE MpobJieMa aHaJ i3y 03HAUYeHNX KOMIIOHEHTIB
JUIs KjtaciB rymaHiTapaoro mnpodisio. Came B Hux isuka He € JIUCHUILIIHOIO, 110
BUBYAETHCsI YUHIME 3 0COOJIMBOIO 3alliKaBJ/IEHICTIO, IHTepeCcOM, «HEeOOXITHUME 3/1i-
OHOCTSIMI», & OTzKe 13 OarkKaHIM PE3yJILTATOM. Y UHIB I[UX KJIaciB O1/IbII IIPUBaOJIIOE
JiTepaTrypa, MOBH, 1CTOpid, My3UKa, MaJIOBaHH 1 T.II.

Mizx TuM HayKoBIIi (bi3uKu, 1UIaKTH, METOAUCTH BIIEBHEHI, 110 (pi3nKa, He3Ba-
»Karo4n Ha 1podijib HaBYaHHsI, IOBUHHA OYTH 000B’SI3KOBUM IIPEJIMETOM IIKIJIbHOI
ocBiTu. PiznKa — JUCIUILIIHA, 1110 TOK/JIMKaHA 3a0€31eUNTH PO3BUTOK CBITOIJISIILY
Mafiby THHOT 0COOMCTOCTI, BiJIITOBIIHOTO CTUJIIO MUCJIEHHS, B TOMY YHCJII KpeaTHB-
HOI'O, €KOJIOTIYHOI KYJIbTYPU, €KCIIEPUMEHTAJLHUX YMIHb 1 JOCJLIHUIIBKIX HaBU-
JOK. be3 1iel HayKu JIIoinHa He 3P03yMi€ OCHOBU CYy9aCHOI'O BUPOOHUIITBA, TEXHIKI
1 TEXHOJIOTi1, METO/IN HAYKOBOI'O IMI3HAHHSA 1 He OyJIe 3/1aTHa BUKOPUCTOBYBATH Ha~
OyTi 3HaHHd B MMOOYTI, MpaKTU4HIN Ta mpodeciiiniit aisibHOCcTi. MeToro narmoro
JIOCJTIJIZKEHHS € CUcTeMaTn3allis Ta oOrpyHTyBaHHs iH(MOpMAaIlil, 110 CTOCYEThC
ocobyimBocTell BUKJIaJaHHsl (DI3UKN y KjacaxX IyMaHITapHOro MMpodiJiio.
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Ha cTopinkax HayKOBO-METOJIMIHUX BUIaHb JIPYKYIOTbCS MaTepia/in, 1Mo OCBi-
TJIIOIOTH O3HAYEHY MpobJIeMy, ajie BOHU He y3arajbHeHl, He CKOHIIEHTPOBaHI; pi3Hi
aBTOPU HPUJLIAIOTE yBary OKpeMHUM IHTaHHAM, a BUUTEII-TPAKTUKN HaJ al0Th
pO3pi3HeH] peKOMeHIaIlll M0/10 BTIJIeHH IUX 1/1eil B HaBYaJIbHO-BUXOBHUI IIPOIIEC
S0MI. Orxke, pe3yabraToM HaIol POOOTH BOAYAETHCST PO3IVISA Ta PEKOMEHTallil
I10JI0 BUKJIaJaHHA (DI3UKU, a caMe:

— aHaJI3 0COOIMBOCTI MOTHBAIIIl HABYaHHs Y KJlacaX I'YMaHITapHOI'O HMPOdIiIio;

— POBIJIJ TOJOBHUX HPUHIMIINB, 1€l Ta MeTOJIB BUKJIaJIaHHA JUCHUILIIHA B
O3HAUEHMX KJlacaX, 0COOJIMBOCTEll 3aCTOCYBaHHS JIEAKUX ICUXOMUJIAKTHIHIX Te-
XHOJIOTIT HaBYaHHSI;

— 3’dcyBaHHs 3MICTY IIpeJIMeTy (DI3UKM, BUMOT JI0 IIKIJIBHUX I1JIPYYHUKIB;

— OIINC pe3yJIbTaTiB BUKJIaJaHHs (DIBUKHK Y KJacaX I'yMaHITapHOTO HPOMiIo y
BOIIT Ne 145 m. Jlonenbka (3 ypaxyBaHHSIM O3HAYEHUX OCOOJIUBOCTEI] ).

OcHOBHA 4YaCTHHA

Hapuanns ¢isuku, 9K 1 iHIIUX IPEIMeTiB, Ma€ 3arajbHi JUIAKTHIHI I
OCBITHI, BUXOBHI Ta PO3BUBaJIbHI. MiXK HIMI HeMae JiTKUX MEK Hi 3a 3MICTOM,
Hi 3a MeToJaMM 1 3acobaMu iX JIOCSITaHHs - BOHM MAIOTh JIOCATATHCS B €/IMHO-
My HaBuaJbHO-BUXOBHOMY Tiporieci. [3] Crerudika 1iiei Hapdanus Gisukn yIHiB
KJIACIB PI3HOTO MPOMLII0 BU3HAYAETHC B TOMY, dKi 3arajibHi IiJli HAOyBaOThH
JUTA HUX TOJIOBHOI 3HaYnMocTi. /g yaHiB TyMaHiTapHOTrO KJacy BarKJIWBI I
dopMyBaHHS ySBJIEHHS 1IPO MIIAXU Ta €Talll PO3BUTKY (PI3UKHU Y 3B’SI3KY 3 PO3-
BUTKOM CYCIILJIbCTBA, €KOHOMIKH, KYJIbTYypH, (pigocodpchbKux ijeit; dpopMyBannsd
dinocodchbKOro ocMuCIeHHsT HAYKOBUX 1CTUH; (DOPMYBaTU YSIBJIEHHS 1IPO (Pi3UKY
SIK TIPO KOMITOHEHT 3ara/IbHOJIIOCHKOI KYJILTYPH; (DOPMYBaHHs YBJIEHHS PO Te
o, i3uka BIIMBAE Ha CYCILILHUNI PO3BUTOK 1 TICHO IOB’s3aHa i3 CyCHIJIbHO-
€KOHOMIYHUMU HayKaMU.

YBaru 1norpe0ytorh 1 ijgel BukJaJands ¢pisuku. ['0JIoOBHEMEI iesiMi B Kjacax
ryMaHiTapHOro mpodijiio CTaloTh I'yMaHITapu3allisd, ryMaHizalis, JudepeHIialisi
Ta inTerparisg. [Ipo meobxiiHicTh rymMmaniTapusaliil HapoHOI OCBITH HAIIOJIETJINBO
rOBOPATH B OCTaHHINl 4ac, po3ymitoun i1, sk MOBEPHEHHS IIKOJIU JIO MTPOOJIEeMH
PO3BUTKY OCOOMCTOCTI, BUXOBAHHS TPOMAJIAHCHKIX SIKOCTEl, PO3BUTOK MUCJIEHHS,
3aJIydeHHs JI0 KyJIbTYPHUX IIHHOCTEI.

[Ipobiema rymaniTapmsallii HAPOJIHOI OCBITH TOBUHHA BUPINIYBATU HE Tepe-
PaCIo/ilJI TOJAUH MK IPUPOJHUYUMU Ta TYMaHITADHUMU IIPeJIMeTaMi Ha KOPUCTh
OCTaHHIX, & 3a PaxXyHOK I1JICUJIEHHS I'YMaHITapHOI HAIIPaBJ/IEHOCTI yCIX IIPeJIMETIB
i nacamriepet, pizukn. g nporo morpiobHo nepedy/IyBaT BUKJIAJAHHS TTKITHHO-
ro Kypcy JUCIUILIIHA TaKUM YUHOM, 00 BUABUTU Ta aKTHUBHO BUKOPHUCTOBYBATH
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T Be/Inue3Huit ryManiTapHuil morenias. s yaaiB rymMaHiTapHOTO IPOMIIIO 10~
TPIOHO NPOBOJAUTHU IHTErPaIlilo 3 IHIIMMU IIPeAMeTaMu, HAIIPUKJIaJL JITepaTypolo,
MOBaMU, IPUPOJO3HABCTBOM, Oiojiorieto i T.ir.. TyT BaskKJIMBO IiJIKPECJIUTH iCTO-
THUI PO3BUTOK iJie1 MIXKIIpEJIMETHUX 3B’sI3KiB, a TOYHIIIE iHTerparii, — rnepexi
BiJ| IIOIOJPKEHHsI BUKJIaJaHHsI (DIBUKH Ta CYMIXKHUX IIPEIMETIB JI0 JiaJeKTHIHOI
B3aeMo/Iil nipeamera «PiznKay 3 IHIIUME HABYAJbHUME JUCIUILIIHAMU, TPHTYIOMY
He TIJIbKUA TPUPOJIHUYOr0, aJje 1 IT'YMaHITapHOTO IUKJTY.

Benmmke 3HaueHHs JijIs HaBYaJIbHO-III3HABAJILHOI JISIBHOCTI MalOTh MOTUBU
HaBuaHHst. [[puitHaro po3pissiTé jBi rpynu MOTHBIB: 1) Mi3HABaJIbHI, OB sI3a~
Hi 31 3MICTOM HABYAJBHOI JIsIIBHOCTI Ta MPOIEcoM i1 BUKOHAHHS; 2) COIaJIbHI,
OB’ sI3aH] 13 B3a€MOJII€I0 YUHs 3 IHIIIIMU JIIOIbMHU.

Harme joctijpzkeHHs MOTHBIB YUHIB I'yMaHITapHUX KJIACIB JIO3BOJIUIN 3POOU-
TH BHUCHOBKH IIPO Te, IO «MOTUB — $K IOTpeday BUBYEHHsI (PI3UKU y IUX Ji-
Teil MalizkKe IIJIKOM BIJICYTHIH, yUHI-TyMaHITapil HaildacTiiie «3alporpaMoBaHi»
Ha HECHPUNHATTS MPUPOIHNYIO-HAayKOBUX, HENIpolibHUX IpeameTiB. He € BusHa-
JAJILHUMK JIJIsT HUX MOTHB, OB S3aHUil 13 TMOYYTTIM BIiJIIIOBIIAJILHOCTI, HaiiBa-
JKJIMBIMIUM JIJI9 HUX € iHTepec. B y4HIB TymMaHiTapHUX KJIaciB iHTepec BUKJINKAE
3MICT MaTepiay, XapakKTep PO3yMOBOI JIIsSJIbHOCTI; Ha BIAMIHY BIJI IIpeJICTAaBHUKIB
IHINIX HAIPAMIB JIJIs YIHIB TYMaHITapHOTO MPOdLII0 MoxKe OYTH IIKaBOIO Pi3HO-
MAaHITHICTb HaBYaJbHO-II3HABAJIBLHOL JIISJIBHOCTI, 110 I'PYHTYEThCA Ha CIIBIpPAIlll,
3MaraHHI, IHTepaKTUBI, yCIIiXy, 3B’sI3KaxX 3 MOXKJIMBOIO MailOyTHHOIO JIisIIbHICTIO.

TakyM 9MHOM, OCHOBHUM MOTHBOM BUBYEHHSI (DI3UKU B KJacax I'yMaHITapHO-
ro poiIio HABYAJIBHUX 3aKJIaJIB, 1 1€ MITBEP/XKEHO HAIIIOI0 POOOTOIO, € ITi3Ha-
BasibHmil inTepec. [lisnaBaabuuii iHTepec € ofHuM i3 HaiitieBimmx MOTUBIB. [3]

[IpoanaJiizyBaBIy HPUHIUIKM BiIOOPY 3MicTy HaBYaHHS (I3UKU BUJLIUIN
OCHOBHI 3 HUX JIJIsI KJIacy 3 IT'YMaHITapHOIO HallpaBJIEHICTIO:

e IIPUHIMII FeHepaJiizalil, sIKIil BiAHOCUTBLCS JI0 BiJIOOPY 3MICTY IIKIJILHOI'O
Kypcy izuku Ta fioro CTpyKTYPYBaHHIO, HA OCHOBI BUJIIJIEHHSI CTEPYKHEBUX 1J1eii
Ta 00’€/IHAHHS HABKOJIO HUX HaBYaJbHOI'O MaTepiaJy;

® IIPUHIUI IUKJIYHOCTI — yIPyIyBaHHS MaTepiaay HaBKOJO (PI3UYHOI Teopil,
110 JI03BOJIsI€ (POPMYBATU B YUHIB TEOPETHUYHUI CIIOCIO MUCJIEHHSI;

® HAIJISAJHOCTI Ta JOCTYITHOCTI;

® ¢€IHOCTI 3MICTOBOI Ta MPOIECYAJbHOT KOMIIOHEHT HAaBYAHHS. 4]

Hamre o3znaitomyienns 3 migpyIaukaMu (bi3uKn HaJAPYyKOBaHI 3a CTapUMU Ta
HoBuMu Tporpamamu (aBropiB sik [onuapenko C.VY., Kopmak €.B., Boxunosa
®.4., Kiproxinz M.M Ta inmi) 703B0Jisle KOHCTATYBATH, 110 MIJAPYIHUK HOBOTO
MOKOJIIHHS JIJI YYHIB T'YMaHITapHOTO MPOQII0 — Ie MiJIPYYHUK, SKHi CTBOpe-
HUil Ha 3acajiaXx HOBOI (pislocodil OCBITH, BiH Mae OHOBJIEHUN TpaHCHOPMOBAHMI
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3MICT, CTPYKTYPY i METOJMIHUIT anapat, po3pobseHuii B Takuii criocid, abu cipu-
STH OCOOMCTICHO-OPIEHTOBAHOMY HABYAHHIO, TPUJATHUIN /I cAMOHaBYaHHA, Ma€e
3B’s130K (DIBUTHUX 3HAHD 3 YKUTTAM JIOJNHI Ta CYCIILHIM PO3BUTKOM. |2]

[Io10 MeTOIIB HABYAHHS Y BIJIIIOBIIHUX KJIacaX, TO BOHU 00OB’SI3KOBO IIOBUHHI
OyTH JTBOCTOPOHHIMU, 10 TIOEIHYIOTH HaBYAJIbHY JIAIbHICTD YINTEIA Ta HaBYa b
HYy JisJIBHICTD IIKOJISApa. f1K BiZJOMO y BiAIOBITHOCTI IO BUJIB €BPUCTUYIHOI OCBI-
THBOI JISIJIBHOCTI BOHU TOJIISIIOTHCI Ha KOTHITMBHI, KpeaTWBHI, OopraHizaliiiiHo-
JisiyibHiCHI. 11 y9HIB TyMaHiTapHOro MpOoMit0 HEe MEHII BayKJIMBUM € IHTEpP-
AKTUBHUI MeTOJ| HABYAHHS, IO Mepegdadae opranizaliio KoM(MOPTHUX YMOB Ha-
BUAHHsI Ta BUXOBAHHS, 3a KOl BC1 y4UHI B3aEMOJIIOTH MiXK CODOIO 1 BUHTEJIEM,
BUKOPHUCTOBYIOUN MOJIETIOBAHHS *KUTTEBUX Ta MPOQECIiHNX CUTYaIliil TONTyKY Ta
VCIIIXY, CIIBIEPEXKUBAHHS, CyllepeYHOCTEl, pU3UKY, CYMHIBY, [IePDEKOHAHHS, 3a,/10-
BOJICHHS, aHAJII3Y Ta CAMOOIIHKY CBOIX JIifl, CIiJIbHE po3B’st3aHHs mpobJieM. Takoxk
BU/TUIIJIE METOJT HAOUHOCTI. [1]

OcnoBHOI0O GOpMOIO HaBYaHHsT (PI3UKNM B KJjacax I'yMaHITapHOro Hpodisiio
(MK iHIIIM $IK 1 Jisi IHIIKX) € 3BHYAHO, — YPOK, ajie HOro MOXKJIHMBO PI3HO-
MaHITUTHU TTPOBOJSYN:

® VPOKU — Ii3HaBaJIbHO-PO3BarKaJibHl 1I'PU;
YPOKHU — ClleHapil MOIyJIIpHUX TeJerepeiad;
YPOK — IPpodeciiitHO-POIHOBOI I'PH;
YPOKU-TIOITYKU;

YPOKU-IpaMaTu3aliil Ta 1HIii.
B Toii »xe yac jiud yuHiB TyMaHiTapHUX KJIaciB, Ha HaI MOTJIsAT, BaXKJIMBO ITPO-
BOJIUTHU €KCKYPCIl, JIEKI[Il Ta ceMiHapu, IHTerpoBaHi 3a 3MICTOM 3 1HIIUMU MIKLIb-
HUMHM I[IPeJIMeTaMu, 1110 30aradyioTh Mi3HaBaJbHUI iHTEepec 10 Pi3uKu.

[IpakTuka BUK/IalaHHs PI3UKH Y KJacax I'yMaHITapHOrO MPOodiIio CBiIJaTh,
PO Te, 10 HOPs/L 3 IHIIUMU € JIITH, K1 11le He BU3SHAUMUJIN CBIil KUTTEBUI MIJISX,
MaitoyTHIO 1Ipodeciiiny Jisi/IbHICTh; PA30M 3 I'YMaHITapHIMU HaXMJIaMU BOHH 3a-
IIIKaBJIEHI Cy4YacHOI0 TEXHIKOIO, BUPOOHUIITBOM IPUPOJHUME siBUIaMu. [l 1x
HaBYAHHS, Ha Hall MOTJIAJ, Oy yTh KOPUCHUMH PEKOMEHJIAIll aMepUKaHCHKOIro
Buenoro ta Bunte/isi C.BaitnOpennepa sKuit mporoHye BUKOPUCTaHHS TEXHOJIOT1,
edexTUBHUX y MOAIOHEX BUMaKax [1]:
® «IepIuil KpoK» — BUSBJIEHHSI TIOTPEON yUHIB,;

VIILJIbHEHHS HaBYAJIbHOI IPOrpaMu;
HaBYaJIbHI KOHTPAKTH;
«He3aJIeyKHe» HaBUYaAHHS;
TPEHIHI TBOPUYUX 3J0HOCTEI;

TAKCOHOMIS MUCJICHHI.
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Bucaosknu

OcHoBHe TIpU3HAYEHHS O3HAYEHUX TEXHOJIOTiH — JIOOMOI'TH BUYUTENIO Y PO3-
BUTKY KpeaTUBHOCT1 Yy4HIB, 110 MalOTh PI3HI Ii3HaBaJbHI 1HTEpecH Ta MOTHUBU
HaBuaHHs. |1

[ikaBUM JIJTsT HAIIIOTO JIOCJTLIPKEHHS BBAYKAEMO JIOCATHEHHS HAYKOBOTO 3HAHHS,
110 3aiiMae MexKy MixK I1eJIarorikoro Ta rcuxosiorieto. Ile obsacTth HayKu, 110 MIPO-
MIOHY€E CUCTEMY BILJTUBY HA OCOOMCTICTD, Ha3BaHA «IICUXOIMIAKTUKOIO». [l1s yamiB
ryMaHiTapHOro 1Mpodiiio BoHa po3podMIa METOJINIHI TiJIXO/U, M0 CIPUATUMYTh
OCATHEHHIO ONITUMAJILHUX PEe3yIbTATIB y HaBdabHoMYy 1porieci. Mu maemo Ha yBa-
31 icTopuKo-6ibTiorpadidHuil , MOIeJIbHNI, CUCTEMHO-JIOMTIHII 111 1X0/11, SIKi CTHU-
MYJIIOIOTH BUKJIadaHHsI (Di3uKN y ryMaHiTapHnx Kiaacax. OdmexkeHnit 06’em crart-
Ti, He JI03BOJISI€ HAM HABECTH ITPUKJIAIN PO3POOJIEHNX MaTepiaIiB Ta MPOBEJIEHIX
YPOKIB, Kl LIIOCTPYIOTH OCOOJIMBOCTI BUKJIAJaHH (PI3UKKM Y Kjaacax IyMaHiTap-
Horo mpodiato. PesyipraTn, 1Mo oTpuMaHi HaMu, i1 Yac JOCIiIHUIIBKOI poboTH,
MIATBEPJIZKYIOTH 11 aKTyaJbHICTh Ta KOPUCHICTDb JIJIs1 BUUTE/I1B-TI0YaTKIBIIIB.
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AHTPOITHBLIN ITPUHIINII B HAYKE 11 B COOEPXKAHIN
OBPA3SOBAHUA

[Iposejien HayYHO-METOIMYECKUI aHAJIN3 aHTPOITHOTO TpUHITUITA. |IpeToXKeHbl peKOMeH 1aIum
110 U3YYEHUIO OCHOBHBIX MOHATHUMN, PACKPBIBAIONINX €0 COjJepzKaHue.

KiroueBblie ciioBa: anmponnuvie ceoticmea Beeaennot, Gyndamenmanbrovie KoOHCMaHml,
CAOIAHCHDBLE CUCTNEMDL, CUHEP2EMUKA.

MbI nMeeM cUacTbhe »KUTL B CJIOZKHOM
U YIUBUTEJILHOM HEJIMHEIHOM MHUPeE.

C.II. Kamuna

BBenenue

Vzydenue aHTPOITHOTO IPUHITKAIIA TPELYCMATPUBACTCSI IIPOIPAMMOI 110 aCTPO-
HOMUU JIJIg 00IIe00pa30BaTe/IbHbIX IIKOJI. B HMIKOJIbHBIX yUeOHIKAX 110 aCTPOHO-
Mun ecTh naparpadsl ¢ cooTBerTcTByIONIM HasBanueM |1, 2|. O6cyxkaenus aH-
TPOITHOIO IIPUHIIAIIA B ITOCOOUAX [IJIsi OYAYIINX yduTeseil oOHapyKUTh HaM He
yJIaJI0Ch. YIIOMUHAHKUE O HEM €CTh B y4eOHUKE 110 KBAHTOBON MeXaHUKEe IPU Pac-
CMOTPEHHN 3aKOHA CJIOXKEHUsT aMILIUTY T BeposiTHOCTH [3, cTp. 28-30].

esib cTaThbu — HayYHO-METOINYECKUI aHAJII3 SKCIIEPUMEHTAJBHBIX (DAKTOB,
HOHATHII U IpeJICTaBIeHIl, KOTOpble HanboJee HAIJISIHO JIEMOHCTPUPYIOT TaK
Ha3bIBACMbIC AaHTPOIHBIE cBoficTBa Beesenmnoit (Antropos (rped.) — gesioBek). 91o
TeM OoJiee HEOOXOAUMO, UYTO AHTPOIHBINA HPUHINAI HE UMEeT OOIIeIPU3HAHHOIO
HAYIHOI'O OO'bSICHEHUS

OcHoBHAY 4YacCTh

Anrponsblie coiicTBa Beestennoit B yueOHUKe 2| CBOJATCS K yTBEPKJICHUIO,
«I10 TTapameTpu opbiTu 3emi, 11 Maca, pajiyc i XiMidHMI CKJ1a)| HAfOLIbIIT CIIpH-
STJINBL JI/IsT ICHYBaHHS XKUTTS ... . s Iboro TakoxK norpidbne crabdbiibue Conres
|2, crp. 132]. D10, KoHEUTHO, BepHO. HoO /1151 oHMMAaHMST aHTPOIHBIX cBOiicTB Bee-
JIEHHOII SIBHO HejocTaTouHOo. Kpome Toro, mpuBejieHHOE YTBEPXKIEHUE JTajiee OIpo-
BEpraeTcst CJACAYIOIMNMI PACCYKJACHUAME: « ... 3eMJIsd 3a 6araTbMma rapaMeTpamMu
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€ TAKOXK 3aKPUTOI0 CHCTEMOIO. 3T1IHO i3 3aKOHAMI €BOJIIOIII CKJIAJIHUX CHCTEM Y
3aKpUTIiil cucremi 3pocTae 6e31a/1 1 BHUILYETHC iHPOpMaIIist, TOMY 3aKPUTa, CIHCTe-
Ma IpupedeHa Ha cMepTby» |2, crp.135]. D10 yrBepxaeHue omubouHoe. B coBpe-
MEHHOM TepMojimHaMuKe [4| pasimaaorT n30/JnpoBaHHbIe (3aMKHYTBIE) CUCTEMBI,
3aKPBIThIE I OTKPBIThIE. 3aKPbIThIe CUCTEMbBI MOTYT IIOJIy4YaTh OT BHEIIHEH CPeibl
SHEPIUI0 WM OTJIaBaTh €€, BEIeCTBO — HE MOIYT. 3eMJid — OTKPBITas CHCTEMA.
Ho, ecin npenedbpeds 0OMEHOM BEIIECTBOM MEXKIAYy 3emJieil 1 KOCMUYECKHM IIPO-
CTPAHCTBOM (IajieHne MEeTeOPUTOB, MOTOK YaCTUI[ U T.JI.), TO 3eMJis — CHCTeMa
3akpblTas. VI3MeHeHne SHTPOINHT B TaKOW CUCTEME

dS = d,S + d;S. (1)

31ech deS — u3MeHeHue SHTPOINN, 00YCIOBJICHHOE B3AUMOJIEHICTBUEM C OKPY-
»Karolreit cpeoit, d;S — 00yCJIOBJIEHO MUCCUIIATUBHBIMU IIPOLIECCAMU BHYTPU CHU-
crembl. [lepBoe ciaraemoe B (1) MoxkKeT OBbITH KAk MOJIOKUTEJbHBIM, TaK M OT-
puraressbHbIM. BTopoe — Beerma nosoxkuresibHo. [oaTomy sHTpOIMST 3aKpHITO
CHCTEMbI MOXKET KaK BO3pacTaTh, TaK U yObIBaTb, a TaKyKe OCTABATHCS IIOCTO-
sunoii (dS 2 0). B nepBom cirydae mMpoucxo/isaT MPOIecchl CTPYKTYPOOOpa3oBa-
HISI, CAMOOPIaHM3aIlnN, SBOJIOINN, BO BTOPOM — PaCIaj CTPYKTYP, XaOTH3AIINA.
Semurst osrygaer ot CoJTHIA BEICOKOOPTaHIM30BAHHYIO SHEPIUIO U M3JIyUdaeT MOTOK
pajuaiuu ¢ OoJibiieii suTponueit. « MHoro/ieTHIe U3MepeHus TOTOKOB Pa/IHAIIIN
¢ IIOMOIIIBIO PUOOPOB, YCTAHOBJIEHHBIX Ha CIIYTHUKAX, IIOKA3aJi, 9TO dHEPreTu-
yeckuil O6ajanc 3eMJIm B CpeJHEM 3a I'oJi OJIM30K K HYJIIO, T.e. NHPUTOK M OTTOK
sHepruu npuMepHo paset» [5|. [1o JIaHHBIM CIIyTHUKOBBIX U3MEPEHUIT OTTOK H-
Tponuu s Beeil mwianersl d.S = —6,2 - 10 Br - K B cpejiHeM Ha eJIUHUILY
IJIOIIAH 3TO cocTaBisger —1,22 Br-m2- K. 9ro COOTBETCTBYET IIPUPOCTY WH-
bopmanuu I = 1,22-10Y 6ur-cm~2-¢ [5, crp. 1091] (3zech oz KommdecTBoM
nHGOPMAINT TOHUMAIOT BEJIMIUHY, COOTBETCTBYIONLYIO YMEHBIICHUIO SHTPOIINH ).
Taxkum obpaszom, Jiist 3eMJId 1 ee oOuTaTeseil BIIOJIHE BO3MOXKEH Mepexo)i B boee
OpraHn30BaHHOE, HOJIee YIIOPSAI0YeHHOe COCTOSTHIE IJIN YKe CYIIeCTBOBAHIE B CTa~
rmonapaoM pexknme (dS = 0,|d.S| = d;5). Mbr ciunkom 6JIM3K0 TOIOMLIN K
sKoJIornueckoMy kpusucy. Ho Beip Besmmauna d;S BO MHOTOM 3aBUCUT OT 00pasa
»Ku3HKM obuTareseit 3emiin. VM oueHb BaxKHO, YTOOBI BCE 9TO IOHUMAJIH.

[Toy anTponnbiMu cBoficTBaMu Beeslennoil B HaydHol JuTepaType MOHUMAIOT
cJIeIyIonee:

— CBOJICTBA OCHOBHBIX CTPYKTYDHBIX 3JieMeHTOB Bceesennoit (siiep, aTomos,
TJIAHET, 3Be3]] U T.JI.) ONPEJEeSIIOTCS 3HAYCHUAMEI (PYHIAMEHTAIbHBIX KOHC-
TAHT U TAPAMETPOB (MAaCC U 3aps/IOB 9JIEMEHTAPHBIX 9acTutl, i, ¢, OCTOSH-
HBIX I'PaBUTAIUN 1 TOHKOI CTPYKTYPhI, KOHCTAHT CBA3U CUJIBHOI'O U CJIa0O0r0
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B3anMOJIeficTBUil U T.11.);

— BO MHOI'UX CJIydasiX Jake OueHb HeDOJILINoe M3MEHEHUe XOTsl Obl OJHOI 1u3
KOHCTAHT IIPUBEJIO Obl K PaJuKaJbHOMY H3MEHEHUIO IIPOILECCOB SBOJIIOIIH
Bcestennoil 1 BOSHUKHOBEHIE YKIU3HI B U3BECTHON HaM popme ObLIO ObI HEBO3-
MOZKHBIM.

DTy CHUTyaIlio B JIUTEPATYPE TacTO XapaKTepu3yloT KakK (pakT HaJIMIus B
PUPOJIE «IAPYIKETIOOHBIX cydaiinocreii». (Cu., vapumep, |6, crp. 412]).

PaccMoTpuM TpuMepbl TAKUX «CHACTJIMBBIX CIydaifHOCTE» :

1. CoryiacHO COBpEMEHHBIM IPEJICTABICHUAM Ha HEKOTOPBIX PAHHIX dTarax
9BOJIIOINN Beejiennoit BO3HUKAIOT 1epBble CTPYKTYPhI, YaCTHIbI — TPOTOHDI, Heli-
TPOHDI, 3JIEKTPOHBI. [Ipn manbHeiieM MOHMKEHUN TeMIepaTypbl 00pa3yloTcd
ATOMBI MPOCTENINX JTEMEHTOB — BOJIOPoJia 1 Teud. g mx cymiecTBoBaHUA
Hy2KeH CTaOWIbHBIN MPOTOH. KaK M3BECTHO, MacChl HEHTpOHA W IPOTOHA MAaJIo
orMyalored: my, —m, = 1,33 MaB, m, = 938,33 MsB, m, = 0,511 MsB. boee
TSIYKeJIbII HeHTPOH HeCcTaOW/IeH, Pacaasich Ha IPOTOH, JIEKTPOH U 3JIEKTPOHHOE
AHTUHENTPUHO:

n—p+e +r, (2)

Ecmu 661 Macca nporona 6bu1a #a 0, 1% 6Gosibiie, To peakius (2) Oblia Obl 3a-
IpeIena — Pa3HOCTh MacC HeHTPOHA U MPOTOHA cTaJia Obl MEHbIIE MACChI JIEKTPO-
Ha. [ToaTomy HefiTpoH cTaj Obl CTAOMIBLHBIM, & aTOM BOJIOPOJIa — HeCTaOMIbHBIM
|7]:

e +p—o>n+r,

COBOKYITHOCTD PEAKIUil Ve +p <> n+e U e +p < N+ v, CrocobCcTBOBAIM
Obl OJINHAKOBOII PACIpPOCTPAHEHHOCTH IIPOTOHOB U HEATPOHOB I10OCJE IIEPBUIHOIO
HyKJIeocrnHTe3a. [[09ToMy OCHOBHBIM BelecTBOM BO BceesieHHOM ObLI ObI HE BOJIO-
poJ, a resmil (YHCI0 MPOTOHOB U HEHTPOHOB B siJpe reJiis OMUHAKOBO). OHAKO
BOJIOPO/I ABJISIETCS TOILINBOM JIJI OOJIBIINHCTBA YCTOMYNBBIX 3BE3/I THIIA HAIIErO
Coutana. 3Be3/1bl MOIIH Obl 00PA30BBIBATHCS U U3 T'eJIdsl, HO UX IIOBEJIeHIe ObLIO
Obl JIPYIMM U BPeMsI CyIeCTBOBaHUs 3HAYUTE/ILHO Kopode. 2ZKKu3Hb Ha ILIaHeTe He
ycresa Obl ccpbopmupoBaThesd. Kpome Toro, 6e3 Bojgopoja He ObLI0 Obl HI OpraHu-
YeCKHUX BEIECTB, HU BOJIBI.

K aHa/JIOrnIHbIM paJIuKaIbHBIM H3MEHEHUsIM [IPUBEI0 Obl U HEOOJIbIIOe M3-
MEeHEeHIe MacC 3JeKTpoHa uin HeifirpoHa. Takum obpasom, crpoenne BceesenHoi
KpaifHe 9yBCTBUTEJILHO K HEDOJIBIIIOMY <IIIE€BEJEHUI0» MacC IPOTOHA, HEHTpPOHA
u ajiekTpoHa. PaKTHIECKN HMeeT MECTO <«TOHKasl MOJCTPOiiKa» MacC KBAPKOB,
KOTOpbIe 00Pa3yloT HYKJIOHBI, I 9JIEKTPOHOB.
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2. Ins bopMupoBaHus 11aHeT 1 BOSHUKHOBEHUST M3BECTHON HaM (DOPMBI K3~
HU HY2KHBI He TOJIbKO BOJOPOJI U rejuil, Ho u Oosiee TsizKesble djeMeHThl. OHu
obpazytoTcs 6J1arogapst Mernovyke «aJIxXuMIIecKIXy TpeBpaIlleHuil B HeJlpaxX 3Be3/I.
[Ipu TemmepaType B COTHI MUJLJIMOHOB TPA/LyCOB T'eJTUil TpeBpaIaeTcs B YIJIEPO/I:

3He —»'2C + 27, (3)

rjie v — ramma-kBaHT. OIHAKO BEPOSITHOCTD BCTPEUN TPEX siJIep Me/usl B JIOBOJIHLHO
pasperKeHHOI I1a3Me 3Be3/ibl HeBesnKa. [[oaToMy MaJjia 1 BEpPOSITHOCTH TaKOro
criocoba obpazoBaHus yriepoja, a 3aTeM u boJiee TsixkeabixX sjep. CiiejloBaTe/bHO,
ux OyJeT HeJOCTAaTOYHO JIJisi (GOPMUPOBAHUSI ILIAHET.

Ho, okaswiBaercst, 3Ta peakuus ujaeT B jBa dTana. CHaudajaa u3 ABYX sLIep
resinst obpasyercs Gepuiit SBe, spo KOTOporo HecrabuibHo. He ycresriee
paCIacThCs f/Ipo OEPUIIINS CINNacTes ¢ sapoM “He:

*Be +'He =" C + 2y (4)

BeposiTHOCTD IBYXSTallHON peakIni HaMHOIO OOJIbIIEe BEPOATHOCTH PEeaKIH
(3). [aBHasi mpuvKMHA 9TOTO — BEPOSITHOCTH peakiun (4) pe3soHAHCHO YCUJTHBA-
eTcs HaJIMIueM y yrjepoja ypoBHs sHeprun 7,65 MsB. 9ToT ypoBenb Bcero Ha
0,3 MasB Bblmte cymmMbl sHepruit noxos suep * He n ® Be. Paspois B 0,3 MaB
IpeojioJIeBaeTcs HJ1aromapsi BEICOKOI TeMIlepaTrype B HeJpax 3Be3JIbl.

Yryiepo/1 B 3Be3J1€ MOXKET He TOJIbKO 00pa30BbIBATHCS, HO U «CrOPaThy OJIaro-
Jlapst peaxInm

0 +4iHe -0 (5)

O inaKo, 3Ta peaKIus oueHb MejIeHnas. Dueprerudecknii yposens 1 O | 6iu-
JKafuil K CyMMe SHepIruil IOKod s1/1ep 2CutH € , MEHbIIIe 9TOI CyMMBbI. Bbico-
Kasl TeMIlepaTypa 9Ty PasHUILY TOJIbKO yBeJnduBaeT. Takum obpaszoM, Osraroaaps
PE30HAHCHOMY XapakTepy peakinu (4) m HepesoHancHomy — (5), yriepoja, Heob-
XOJIUMOTO JI71s1 POPMUPOBAHUS TAKEIBIX 3JIEMEHTOB, MOJIYYaeTCs JOCTATOYHO.

Wmenno stn coobpazkenus: nomorn @. Xoitry B 1953 1. mpejickasaTh cyle-
CTBOBaHUE y yTrjiepojia sHepreTuvdeckoro yposasa 7,65 M»aB . Hepes nejenio mocie
TEOPETUIECKOTO IPeICKa3ainsd OH ObLI SKCIEPUMEHTAJILHO OTKPLIT B Kamudop-
HUNCKOM TEXHOJIOTMYECKOM MHCTUTYTe. «Korma cMOTpuib Ha JuarpaMmy SHep-
reTmdecKnX yposHeil sipa 2 C' ... U BHIHUIIBL IEpBble TpH ypoBHS 4,43 MsB,
7,65 MsB u 9,64 MsB, To jymnry oxBaTbiBaeT 4yBCTBO IVIYOOKOIT OJ1aroqapHOCTH
K yposHio 7,65 M»sB 3a To, uto on me cruyctmicad na 0,5 MsB mmxe. Kakoii
MaJIblil 3arac MpPOYHOCTH Y BCEro, UTo HaM Tak joporols [8, crp. 188|.
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3. OboraieHHoe TszKeJIbIMU dJIeMEHTaMI BeIecTBO pas3dpachbiBaeTCs 110 T'a-
JIAKTUKE B3pbIBaMU CBEPXHOBBIX. Koria y MaccuBHOI 3B€3/ibI KOHYAIOTCSI 3allachl
SIJIEPHOTO TOTLIMBA, SAPO €€ CTAHOBUTCHA HEYCTOWIMBLIM OTHOCHTEIHLHO I'DABHUTA-
IIOHHOTO CxKaTus. [Ipn HEKOTOPBIX YCIOBHUSX HACTYHAET T'PABUTAIMOHHBIN KOJI-
narc. Boigesnsiercss orpoMHasi IpaBUTAIMOHHAsT SHEPTHs, OOJIBIIYI0 YacTh KOTO-
poit yHOCST 1IOTOKHU HeiTpuHo. HefiTpuHo ovens crabo B3auMoIeiicTByeT ¢ 00bIU-
HBIM BEIIECTBOM. 3eMJisd, HAlpuMep, /i HefiTpuno moutu mnpospadna. Ojpna-
KO, OYEeHb IJIOTHOE, KOMIIAKTHOE sIJIPO IMPUTOPMAXKIBAET yJIeTalollne HefiTpuHO,
TEeM CaMbIM yBEJINYINBast BEPOATHOCTD MX B3AMMOJICHCTBIS ¢ BHENIHEl 000109KOi
3Be3/Ibl. [laB/ienne moToka HEHTPUHO cOpachbiBaeT BHENIHIOW 000/104Ky. T.e., s-
PO 3BE3JIbI CXJIONBIBAETCS BHYTPb, BHENIHNE CJIOM B3PBLIBAIOTCS HAPYXKY. ITO —
CBEpPXHOBasl 3Be3jia. Ts2Ke/ble 3JIeMEeHThI B3PhIBOM, OJarojapst MOTOKY HEHTPH-
HO, pas3dpachIBaIOTCs 10 KocMmocy. I1oToM 911 9/1eMeHThl BXOJIAT B COCTaB HOBOTI'O
MOKOJIEHUs 3Be3/l, B COCTAB IJIAHET U »KUBBIX OpraHm3MoB. Ecu Obl ciadoe B3a-
UMO/IeficTBIE (HEHTPHHO C BEmecTBOM) OBLIO HAMHOTO ciabee, OHN (HEHTPHHO)
He cMoryi Obl 3@EKTUBHO BO3/IEHCTBOBATL HA BHENIHIO 000JIOUKY 3BE3/bI 1
BBI3BATL B3PbIB CBepxHOBOI. Eciu Obl citaboe B3amMmo/ieiicTBre ObLIO CUIbHEEe, TO
HEeHTPUHO ObLIO Obl 3aXBavueHO sPOM 3Be3/Ibl U B3PbIBa TOxKe He ObLio Obl. T.e.
IIPU MHON WHTEHCUBHOCTHU ¢JIab0T0 B3aUMOJIECTBIsT XUMIIecKnii coctaB Beesen-
HOIT OBLTT OBl JAPYTHUM.

Kpome mpuBeJICHHBIX «CYACTJIMBBIX CIydaiiHocTeil», 663 KOTOPBIX MOsiBICHIE
N3BECTHOI HaM (DOPMBI YKU3HU OBbLIO Obl HEBO3MOXKHO, CYIIECTBYET MHOXKECTBO
apyrux (eM., Hapumep, [9], ¢ yuerom mocsieiHux OTKpbITHIT B KocMosiorun — [6]).

Kaxkjiast «JpyzKe/liodHast CaydailHOCTb» MOXKET ObITh BbIpayKeHa OIpeie/IeH-
HBIM COOTHOIIIEHUEM MeXKTy (pyHIaMeHTAJIbHBIMI KOHCTaHTaMU. KoImIecTBO Ta~
KIX COOTHOIIEHN HAMHOI'O OOJIbIIe Yncja (pyHIaMeHTaaIbHbIX KOHCTaHT. CucTema
ypaBHEHWIT, B KOTOPOil KOJIMIECTBO HEU3BECTHBIX MEHBIIIE UNC/Ia YPABHEHUIT, nMe-
eT pelleHne, ec/ii «JTUITHIe> yPaBHEHN MOYKHO KAK-TO BBIPA3UTH YepPe3 OCTAJb-
HbIe. DTU COOTHOIIEHUST JIOJIYKHBI BHIPAXKATh KaKIe-TO 3aKOHbI TPUPO/Ibl. MbI 3104~
eM, 9TO CHCTeMa ypaBHEHWH MMeeT pelieHne (IIOCKOJbKY MbI cyinecTByem). Ho
COOTBETCTBYIOIINX 3aKOHOB MPUPOJIBI He 3HaeM (moka?!).

«/Ipyxemiobnble cIydaifHoCTHy MPUBJIEKAIN U TTPOJIOJIZKAIOT ITPUB/IEKATEH BHU-
MaHUEe MHOTUX yUEHBIX. IDToil mpobsemoii ¢ 1930 r. unrepecoBajcs OJIUH U3 CO-
3jateseit kBantopoit Mexanuku I1. Jdupaxk. [Tozxke — A.JI. Benbmanos, A.B. 3eib-
mosud, V.JI. HoBukos, b. Kaprep, /Ix. Yunep, II. Hssuc, A. Jlunge u np.. O6
antporrHom tpuniuie nucai A.C. Caxapos: «HekoTopbie aBTOpbI CcUUTAIOT aH-
TPOIOJIOTMYECKNI IPUHIIAIT HEILJIOJOTBOPHBIM U Jla2Ke He COOTBETCTBYIONIUM Ha-
YYHOMY METOJy. 41 ¢ 9TUM He cOoIJlaceH. 3aMedy, B 4acTHOCTH, 4TO TpebDOoBaHUE
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HPUMEHNMOCTH (DYHIAMEHTAIbHBIX 32aKOHOB IPUPOJIBI B CYIIECTBEHHO MHBIX, €M
B Halreii BeesieHHOI, yc/loBUsIX, MOZKET UMETh 9BPUCTUUYECKOE 3HAUEHUE JIJIsi Ha-
XOKJIeHUsT 9THX 3aK0HOB.» (Llurupyercst o [8, crp. 187]).

CyIecTBYIOT HECKOJIBKO (POPMYJIMPOBOK AHTPOITHOTO TPUHITATIA. B MTKOTBHBIX
y4eOHUKaxX 110 aCTPOHOMUU IHPUBOJIUTCSA OJUH U3 BAPUAHTOB TaK HA3bIBAEMOIO
€J1a00T0 aHTPOITHOT'O TPUHITUTIA.

Caabouti armponmvil nPuHUUN:

1. MbI gBjIsSIeMCsT CBUIETEJISIMEU TIPOIIECCOB OIIPEJICJICHHOIO TUIIA IIOTOMY, UTO
IPOIECCHI JIPYTOro Tuia nporekator 6e3 ceujereseii (A.JI. 3esbManos).

2. Hame nosiozkenune Bo BeesleHHO# ¢ HEOOXOAMMOCTBIO SABJISCTCS MPUBHIICTH-
POBAHHDLIM B TOM CMBIC/IE, YTO OHO JIOJIZKHO OBITH COBMECTUMO C HAIIUM CYIIEeCT-
BoBaHueM Kak HaOJogareseit. (Kaprep B., [10]).

3. To, aT0 MBI O2KITaeM HAOJIOAATH, JOJXKHO OBITH OrPAHUYCHO YCJIOBUSIMU,
HeOOXOIMMBIMU JIJIsT HAIIIErO CyIecTBOBaHust Kak Habsmonareseii (Kaprep B.).

CusvbHb aHMPONHbLT NPUHUUN:

Beeniennast (u, ciejoBareibHo, (DyHIAMEHTAIbHBIE TTADAMETPBI, OT KOTOPBIX
OHa 3aBUCUT) JIOJZKHA ObITH TaKoil, 9TOObI B HEfl Ha HEKOTOPOM STAIE IBOJIIOIIN
JIOIYCKaJIoCh cyiecTBoBanme Habogaress (Kaprep B.).

B nocsiejinee BpemMst aHTpoIHbIe cBoiicTBa BeesieHHol aHam3upyoT B cuHepre-
THKe, 4TO BIOJHE eCTeCTBeHHO (cM., Hanpumep, [11, 12, 14]). B ukoibrOM yue6-
HUKE 110 ACTPOHOMHUN |2] CHHEPreTHKY OMPEIEIA0T KAaK HAYKY, U3y IaroILy 0 3aK0-
HbI ¥ 9BOJIIOIUIO CJIOXKHBIX CHCTEM. AHTPOIHBIH IPUHIUIT PACCMATPUBACTCA KAK
HPUHIAII CYIIECTBOBAHNUSI CJIOYKHOTO B 9TOM MUpe. « IT0ObI Ha MaKpOypPOBHE CEro-
JIHsI OBLIO BOBMOXKHO CYIIECTBOBAHUE CJIOYKHDBIX CUCTEM, 3JIEMEHTAPHBIE TTPOIECCHI
Ha MHUKPOYPOBHE M3HAYAJIBLHO JIOJKHBI OBLIN MPOTEKATH OYeHb M30MpPaTeHbHO»
|12, crp. 64]. IlonsiTie c/I0XKHOM CHCTEMBI HEe pa3 BCTpPEUYACTCs MPU 0OCY 7K ICHUN
JaHHON TeMbl. [loaTOMYy BO3HHKaET HEOOXOIUMOCTH Pa3bsSICHEHUs] COJCPIKAHIS
nanaoro nmoudaTus. OJIHAKO clie/lyeT yuecTb Myjipoe mpejocrepexenne JI.M. Man-
JeqbIITaMa 00 OIMacHOCTH CTPOTHUX OIHpeJIe el JI/isi OBICTPO Pa3BUBAIOIIENCS
teopun. ITo muenuto JI.M. ManjesnbinramMa Takue onpejesieHnsl aHaJOTMIHbI 38~
BOpaYnBaHUIO pebeHKa BMECTO IeJeHKH B KOJIIOUYIO ITPOBOJIOKY. PaccmarpuBaem
MO09TOMY «pabodees OIpejie/IeHne.

[Tost c/102KHOCTBIO CHCTEMBI TIOHUMAIOT €€ MHOI'OKOMIIOHEHTHOCTD U ITPIHITHIII-
aJIbHYI0 HECBOJUMOCTD K ITPOCTOI CyMMe COCTABJISIIONINX €€ B3auMOIeHCTBYOIINX
IOJICUCTEM, 9JIEMEHTOB. BesiecTBIM 9TOT0 B3aNMOAEHCTBIS CICTeMa ITPHOOPeTaeT
HOBBIE CBONCTBA, OTCYTCTBYIOMNIME Y mojgcucTeM. OHI Ha3BIBAIOTCS IMEP/IZKEHTHBI-
MHU. DMEP/KEHTHBIE CBONCTBa CHUCTEMbI HEBO3MOXKHO BBIBECTH M3 CBONCTB I10I-
cucteM. [Ipumep sMepaKeHTHOro cBoiicTBa — 3HTponus. CJ/I0KHbIE CUCTEMbl HE
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MOT'YT OBITh M3y4eHbI pa3bueHneM X Ha H30JUPOBAHHBIE JacTu. PeyKimonn3m
3JIeCh He MPUMEHHUM.

[Tonsite «cjoxkHOCTHY 4acTo auddepeHnupyior. C 0gHONI CTOPOHBI MOXKHO
TOBOPUTH O CTPYKTYPHOI CJIOYKHOCTH, C JIDYTOil — O CJIOXKHOCTU BHENTHUX MPOsIB-
JIEHWH cHCTeMbl OE30THOCUTENILHO K €6 BHYTPEHHEMY YCTPOHCTBY (CM., HAIIpUMep,
[14, 15]). DTn cia0KHOCTH B3aMMOCBSI3aHBI, HO HE SKBUBAJCHTHBL. Jalie nMeroT
BBy BTOpoe 3Hadenue. CroyKHoe MoBeJieHne BUJIAT B HEPABHOBECHOCTH, 00PaT-
HBIX CBSA3SIX, MEPEXOHBIX SIBJIEHUSIX, CIIOCOOHOCTU K IEPEKII0UEHNI0 MEXK/Iy pa3-
JIMIHBIMU TUITAMU TIOBEJICHUS [P U3MEHEHIH BHEITHUX YCJIOBUM, B 9BOJIIOIUH, «...
JIOCTATOYHO CJIOYKHAA CUCTEMa OOBITHO HAXOTUTCA B METACTAOUTIHHOM COCTOSTHIII»
|16, cTp. 153].

B cBsi31 ¢ aHTPOIHBIM HPUHIUIIOM B IIKOJIBHBIX yIeOHUKAX 00CYZKIaeTCsI 110-
HATHE »KU3HU W YKUBOI'O OpraHm3ma. B mocjejHue rojbl Jiisi XapaKTePUCTUKN
denomena KU3HN UCTOIB3YIOT MOHATHE ayTON033a. DTO — CAMOBOCIPOM3BEICHIIE
Oe3 u3MeHeHUs1 opranu3ainuu cucreMbl (Autopoiesis (rped.): autos — camo, poiein
— TOCTpOEeHUe Win mpou3Bejierne). TepMuH mpe/ioyKeH N3BECTHBIM IHIHHCKAM
Heiipobuosiorom ¥Y.P. MaTypaHoii: «... >KIBbI€ CYIIECTBa OTJIMYAIOTCA T€M, UTO UX
opranmu3anysa MOpoKJIaeT B KadecTBe MPOJYKTa TOJLKO UX caMux, 0e3 pasjese-
HUSI Ha [IPOM3BOJNTEJIsI U IIPOJILYKT. BbITne 1 coTBOpeHne ayTolod3HOIO €IMHCTBA
HEPACTOPXKUMbI 1 B 9TOM 3aKJ/II0YAeTCst PUCYIINN TOJBKO UM CIIOCOO OpraHmn3a-
muny [17]. ViMenHO ayTomnossHas opraHusaius HamboJiee TOIMyJsipHA ceffuac Kak
KpuTepnuii }kuBoro. C TOUKN 3peHnsl TEOPUHN Pa3BUTHUA CJIOYKHBIX CUCTEM BO3HIK-
HOBEHIE >KU3HU SIBJISIETCSI €CTECTBEHHBIM STAIOM CaMOPa3BUTHSA MaTepPUHU, OJHO
3 (opM ee caMOOpraHU3aliu.

Jlasiee KpaTKO OCTAHOBUMCs HA HEKOTOPBIX, NMEIONINXCS B HAYTHON JTUTEPATY-
pe, MOIBbITKAX 00bICHEHIS aHTPOITHOIO ITPUHITUIIA

1. Yarre Bcero npuBjeKaeTcss KOHIEHIUS MHOXKECTBEHHOCTH MUPOB. DTa KOH-
HEIlINs [MOFBUIACh B KOCMOJIOTUU B CBsI3U C Ipobsemoit madgnmu. CBsi3b aH-
TPOITHOTO TTPWHITAIIA ¢ MOJEIBIO «BEIHON» MHQIANNN B CBET€ HOBBIX OTKPLITHI
B KOCMOJIOIUH paccMarpuBaercs B |6, crp. 407-441|. «Ha nepssiit B3rJisiji aHTPOIIT-
HBIfl TPUHIUII TPOTUBOPEUYUT €CTECTBEHHO-HAYUHOMY B3IVIAJY Ha 3aKOHBI ITPH-
poabl. Ognako 310 He Tak. CyIiecTByeT BO3MOXKHOCTL TOro, 9To Bceenennas na
caMoM Jiejie Hem3MepuMo OoJIbIle, 9eM ee HabJrofaeMasl 9acThb, U UTO B Pa3HBIX
obstacTsix BeesieHHOM, TakKe 3HAUNTEHLHO OOJIBIINX HAOJ/IIOaeMOli YacTu, apa-
METPBI, KOTOPbIE MBI CIUTaeM (pyHIaMEeHTAJILHBIMI, UMEIOT HEOIMHAKOBbIE 3HAUE-
HUsT (BO3MOYKHO, PA3/IMIHBI U caMil (PU3NIECKNE 3aKOHDBI B HBIHEIITHEM TOHUMAHUH
5TOr0 TepMuHa). Ha Takyio BO3MOXKHOCTH YKA3BIBAIOT, HAIIPUMED, MOJICIH «BEU-
Holty uH@UsAnun». CorsacHo 3Toit Mojie/n Bo BeestlenHHoit nMeeTcst OrpoMHOE IUC-
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[Typeiruna JI.C., Hlypeirun E.I AHTPOIHBIH HPHHITAIT

JIo obJiacTell ¢ pa3ImIHbIM KOCMOJIOTHYeCKUM Bo3pacToM. [Ipemosiaraerces, 4ro B
pPa3HBIX 001acTAX DyHIaMeHTAIbHbIE TTapaMeTPhl TPUHUMAIOT pa3Hble 3HATEHUS.
Torpa «... aHTPOIHBIN HPUHIMII IIPOCTO OTOOparkaeT TOT (PaKT, UTO Hallle CyIle-
CTBOBaHME BO3MOYKHO HE B IIPOM3BOJILHOM MecTe BcesieHHOi, a MMEHHO TaM, IJle
JJIST 9TOTO €CTh MOJIXOJISIIIe YCaoBus> [6).

2. PaznmunbpiMu yUeHBIMU BBICKA3BIBAIUCH IPENOJOKEHNST O BO3MOYKHO-
cti POpPM KHM3HH, MMEIONUX Pa3JIUYHYI0 MaTepHa/lbHO-9HEPreTHIecKyl opra-
HU3AIINI0, He CBSI3aHHYIO C OEJKOBO-HYKJIEMHOBBIM CyOCTPATOM. DTO IIOBOJIIIO
B.Il. KasnadeeBy BbIIBUHYTH MHTEPECHYIO TUIOTE3Y, CBA3ZAHHYIO C AHTPOIHBIM
HPUHIMIIOM U HA3BAHHYIO UM IPUHIMIIOM BeJHKOro JIONOJIHEHUS: «BCIKOe Mac-
mTabHoe u3ydeHue (hopM 1 IMOTOKOB KOCHOI'O BEIIECTBa TpedyeT COOTBETCTBEHHO-
o JIOTIOJIHAIONIEr0 U3yUeHus OIPeIeIeHHOI COBOKYITHOCTH ITOTOKOB »KMBOTO Be-
mecTBa (Ky/a BXOJAUT U3yUeHUe MPUPOJIbl KUBOTO BEIIECTBA, €r0 OpraHu3allii,
B OIIPEJIeJIEHHBIX CJIydasX IIPeroJaraeTcss TakyKe U3ydeHue IPUPOJIbl O3HAIO-
mero cyobekTa, ero CO3HAHUsI, XapaKTepa MeTOJ0B MO3HAHUA u T.J1.). [Ipusnunm
Besmmkoro Jiono/iHeHs CIIpaBeIuB U B 00paTHON dopMe — OT U3ydeHusi KUBOrO
BelecTBa K KoCHOMYy» |18, crp. 57|. B coorBercTBIN € 9TOI rUMOTE30{ AHTPOITHDII
HMPUHIAI «SIBJISIETCs TIPEJICTaBJICHIEM, CIIPABEJJINBLIM JINIIb B OTHOIIEHUN OIpe-
JIeJIEHHOM 9acTu Beeil COBOKYITHOCTU (POPM KOCMOJIOTMYIECKOT0 YKUBOI'O BEIIIeCTBa»
[18, cTp. 59).

Otn uiaen Kasnadeera B.II. pe3oHupyoT ¢ yTBep:KjeHHeM 3HaAMEHUTBIX Y-
Jmiicknx Heiipoomosioros Y.P. Marypanbl n @.X. Bapesa o 61o10rmdecKux Kop-
HSIX 9€/I0BEYECKOTO TO3HaHUs. AHAIM3UPYst (DEHOMEH 1T03HaHUs OHU JIOKA3bIBAIOT,
YTO KOPHUTUBHBII OIBIT IIO3HAIONIEN0 KOPEHUTCsI B €0 OMOJIOIMYIECKON CTPYKTY-
pe, YTBEPKJIAI0T Hepas/Ie/IbHOCTh KOHKPETHOI'O CIIOCO0a CYIIECTBOBAHUS U TOIO,
KAKIM 9TOT MUD TIpeJICTaeT mnepe mosHaonmmM |17, crp. 23].

BriBoan:

Lemecoobpaszno i m3ydenne anTpOIHOTO MPUHITUIIA, €C/I OTCYTCTBYET 00Ie-
npuzHaHHoe Hay4dHoe oobsicuenne? [lo Halremy MHEHMIO, OTBET roJjioxkuTeeH. U
HayKa, 1 coJieprKaHne 00pa3oBaHmsd — OTKPBITHIC, pa3BUBaloIecs cucrembl. [Ipn
opranu3anyy yIeObHoro mporecca 3To HaJl0 yINTHIBATD.

MpI cunTaeM Takzke, 9TO COOTBETCTBYIONINI MaTepraJl MOXKET ObITh UCIIOJIH30-
BaH U HA 3aHATHAX 110 (DU3UKE. DTO MO3BOJUT CO3/IaTh PsiJi UHTEPECHBIX ITPOOJIEM-
HBIX CUTYAINii, TOMOXKET ¢pOPMUPOBATEH IUHYIO €CTECTBEHHOHAYUHYIO KApTHHY
MUpPa, COJIUBUTH «JIBE KYJIbTYPbl» — €CTeCTBEHHOHAYUHYIO W I'yMaHUTAPHYIO.
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