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METO/ AHAJIN3A KOPHE TPEXYJIEHHOI'O YPABHEHUS
ISITOU CTENNEHU

B namre Bpemst BO MHOTHX 3a/1auaX pasHbIX cepax IesTeIbHOCTH, TaK WM HHAYE CBSI3aHHBIX C
TOYHBIMU HayKaMH, TPeOyeTcsl pelieHUe pa3IniHbIX YPaBHEHHH, B IEPBYIO OUepeb, alredpaniecKux.
U ecnu oObIuHBIC TMHEWHBIC WIN KBaJpaTHbIC anreOpanieckue YpaBHEHHS CIOKHOCTEH He BBI3bIBA-
0T, TO HAXO)KACHUE KOPHEH anre0panyecKoro ypaBHEHHUs TpeTheil 1 Oojiee BHICOKUX CTEHCHEH MOXKET
BBI3bIBaTh 3HAYMTENIBHBIE TPYAHOCTH. M3BECTHBIM ()akTOM SIBISETCSI TO, YTO [UI YPAaBHEHHS IISITOM
CTETICHH U BBILIE B OOLIEM ClIyyae OTCYTCTBYET (DOPMYJIbI BBIPaKCHHSI KOPHEH 4epe3 KOHEUHYIO0 KOM-
OMHAIMIO paguKaioB oT ko3¢ ¢unueHToB (TeopeMa Abens). [lpu 3ToMm, IpU penIeHHH KOHKPETHBIX
NPUKJIaIHBIX 3a7]ad Jaleko He BcerJa HeoOXOIMMO TOYHOE 3HAayeHHE KOpHEH, BhIpaKEHHBIX depe3
TPOMO3IKYI0 KOMOMHALIMIO PaAMKanoB. YacTo AOCTAaTOYHO 3HATh YMCIO IEHCTBUTENBHBIX KOpHEH U
MMETb IPEACTABICHUS O UX JIOKAJIN3ALIH.

HecmoTps Ha TO, YTO MPaKTUYECKH BCE YPABHEHUS B HACTOSILEE BPEMsI pEILatOTCs IPUOIIKEH-
HO C IIOMOMIBIO KOMIIBIOTEpA YHUCJICHHBIMU MCTOAAMH, AKTYAJIbHO IIOIYYCHUC IMYCTh U HpI/I6J'II/I)K€H-
HBIX, HO aHAJIMTUYCCKUX AJTOPUTMOB BBIPAXKCHUS KOPHEH alreOpandecKuxX YpaBHEHUH depe3 Kodd-
¢unmenTsl. To ecTh TpeOyroTCS KOHKPETHBIE KOHEUHBIE (DOPMYJIbI, JOCTATOYHO MPOCTO BBIPAXKAIOLIHE
KOpHH depe3 KO PHUIIHEHTHI.

[Tpoananu3upoBaB pa3IUyYHbIC THIIBI adreOpandecKux ypaBHEHHH, BO3HUKAIOUIMX B IPHIIOXKE-
HUAX TOYHBIX HAYK, 6I)IH CACJ/IaH BBIBOJ, YTO JOCTAaTOYHO PACHIPOCTPAaHCHHBIM BHUIO0M ypaBHCHI/Iﬁ SAB-
JIACTCA TPEXYJICHHBIC YpaBHCHUA, T. €. YpaBHCHUA BUJA:

X"+ px"+qg=0 (n>m>0,p=0,q= 0).

VpaBHEHMs Takoro BHUJA BO3HUKAIOT B 33[a4ax CaMOM pasnuuHoi HampaBieHHOCTH. Hampumep, B
a’pOAMHAMUKE TIPH aHATU3E YCTOMYMBOCTH JBMIKCHUSI CaMOJIeTa; B 3a/1a4€ O PABHOBECHH TOHKOH MAaHEIIH,
00TeKaeMoii TOTOKOM BO3/IyXa; MPH ONPECICHUH TeMITepaTyphbl JJisl paboThI JieTaTeNibHOTO anmapara [1—
3]; B 3amagax (PMHAHCOBOM MaTEMAaTHKH TIPH OIIPEISIIEHUH BeTMIUHBI TIPOIICHTHOM CTaBKH [4, 5] 1 MHOTHX
Japyrux. M B 3TuX 3a/1a4ax BayKHBIM SIBIISIETCS ONpEesieHHe Yrciia JeHCTBUTENBHBIX KOPHEH ypaBHEHHS U
UX JIOKaJM3a1ys 1o ko3 duimentam P u q. Takke H3BECTHO, YTO K TPEXWICHHOMY BHILy MOXXHO IIPHBECTH
Jr000€ aNireOpanyecKoe ypaBHEHUE YETBEPTON M TISITOM CTETICHEH.

Takum 00pa3oM, B HacTosIIel padOTe MOCTaBeHa MeJdb — MPEIOKUTh SD(EKTUBHBINA CIIOCO0
JUTS aHaJIM3a JeHCTBUTEIbHBIX KOPHEH TPEXUICHHBIX anreOpandeckux ypaBHEHUH.

st nocTrKeHus ey HeoOX0ANMO PELINTh CIeIyIOLIHe 3aJa4H:

— onpezeseHue chep AeaTeIbHOCTH, B KOTOPBIX BO3HUKAIOT UCCIIEyEMbIE YPAaBHEHNS;

— aHaJM3 CYNIECTBYIOMIMX paboT, KacaloIMXCsl TPEXWICHHBIX YpaBHEHUI;

— ajanTauus OJHOIO M3 aJrOPUTMOB aHAJIM3a KOPHEH YpaBHEHHUs TPETbEW CTEIICHU Ha aHaJlo-
TUYHBIN Clly4ail ypaBHEHUS ISTOU CTEIEHU;

— npoBepka 3PPEKTUBHOCTH METO/1a Ha KOHKPETHBIX pUMepax.

OcHoBHast yacTb. CaMbIM U3BECTHBIM IIPUMEPOM TPEXUJICHHBIX YPAaBHEHHUH ABJISIETCS KBaApaT-
HOE ypaBHEHUE BUJA:

X*+bx +¢c=0.
YpaBHEHHS TaKOTO BHJIA ¥ CBOASIIMECS K HEMY MU3y4aroTCs B IIKOJIE, B UX PEIICHUH HET HUYETO
cinokHOTO. CIIOKHOCTH MOTYT BBI3BIBATH ypaBHEHHs 00Jiee BBICOKMX CTENEHEH, HapruMep, ypaBHEHUE
nsToi crenenu B hopme bpunra:

X°+ px+q=0. 1)

HamoMHuM, 49TO MPOM3BONIEHOE anre0pandecKkoe ypaBHEHHE MATOW CTETeHHW BCETAa MOXKHO
IIPUBECTU K 3TOMY BULY.
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Jlns maHHOTO YpaBHEHHUS OCYIIECTBIISIEM IMOJICTAHOBKY X = Kk g / P, roe k # 0. Hocxne nox-

CTAaHOBKH IMOJTYYUM:
5

5 O _
k>—<+kq+q=0
P
DTo MO3BONAET HAM BHIPA3uTh (yHKIHI0 K = k( p, C]) B BHJE HESIBHOW 3aBHCHMOCTH Yepe3
5 p5
ko3¢ dunreHTs ypaBHenus (1): =——.
k+1
Taxum 00pa3om, KOTHMYECTBO IEHCTBUTENHHBIX KOPHEH ypaBHeHNUs (1) M MX JOKaIM3aIus 3aBH-
k5
CAT OT ToBe/IeHNs QyHKIHH | (k) = m, rpadK KOTOpPO¥ IIpeCcTaBlIeH Ha pUCYHKe 1.
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Pucynok 1 — I'pagpux gynkyuu £ (k) = 1
+
[TpousBomHas 3To¥ QYyHKIUM UMEET CICAYIOIINIA BU/I;:
(k) k*(4k +5)
= —2 .
(k+1)
U3 31oit hopMyITBI MOXKEM HAiTH 3Ha4YeHHE K, IPH KOTOPOM JIOCTUTAeTCs JIOKATbHBIH MUHUMYM
5 3125
K. = —Z . 3uauenne | (k*) =——— Jluaus K =—1 wna rpaduke sBusercs BeprHKaIbHOI

ACHUMIITOTOM U HE SIBJIETCS PEIICHUEM YPaBHEHMS.
U Teneps Mbl MOXXeM CHOPMYIHPOBATh 3aBUCMMOCTh KOJIM4ecTBa KopHeil ypaBHeHus (1) ot
3HaYeHHH P U (.

p° 3125

—ecli BbINOJIHEHO — —— >

q* 256

, mo ypasnenue (1) umeem 3 paziuunvix OelcmeUMenbHbIX

KOpHS,
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=———, mo ypasHenue (1) umeem ropemv X. KpamHocmu 06a, pagvlil

p° 3125
q* 256

— eciu -

va
X, = (— gj , U OOUH NPOCMOU KOPEHb;

p° 3125

— ecnu cnpasedauso evipasicenue — —r <———, mo ypasuenue (1) umeem 6cezo ooun
q 256
OeliCmeUmenbHblil KOPEHb.

JlaHHBIX YCIIOBUH YK€ JTOCTATOYHO It OBICTPOTO PEIICHUS HEKOTOPBIX 3aja4.

st momydenns mpuOIKEeHHBIX (OPMYIT /ISl BEIYHCICHHUS NEHCTBUTENHHBIX KOPHEW ypaBHe-

k®(t)
st (1) MBI MOXKeM pasnoxuth Pynkiuo K (t), e ———— =1, B psan Teiinopa, B35B B KauecTBe
k0)+1
HAYaIbHOW TOYKH TOYKY B OKPECTHOCTH 3HAYCHUS — p5 / q“. Harpumep, npu t =1/ 2 nonyuaem

k(1/2)=1.

[IpuBenem BbIpakeHHE OTpE3Ka psiia MPH TAKUX Ha4aJbHBIX 3HAYCHUSIX

2 3
k(t)zg+ﬂt+ 248(t—3j +@(t—lj .

9 729 2 59049 2
PaCCMOTpI/IM IIPUMEP UCIOJIB30BaHUA €TO AJId HpI/I6J'II/I)KCHHOFO BBIYUCJICHUS KOPHA YPaBHCHUA
x° —2,1x+3=0.
Hns ganHoro ypaBHeHusi t = — p5 / C]4 =0,5042100000. IToacTaBnss 3T0 3HaYEHHUE B BBIPAXKE-

Hue 171t oTpeska psiaa Teitnopa, momydaem K = 1,001877171 u, yauThiBast MOACTaHOBKY X = k g / p,
Haxoaum 3HA4YCHUC KOpHA

X =-1,4312531019. IloacTaBuB 3TO 3HAYECHUE B YpaBHECHUE x> — 2,1x+3=0, MOJIyYHM 3HAUCHUE

—0,000325295.
Tenepb paccMOTpUM Ipyroe ypaBHEHHUE MATON CTENECHHU C ACHCTBUTEIBHBIMU KO3 UIIMEHTaAMU

X+ px*+q=0 (p=0,q= 0). )

JI71s1 3TOTO ypaBHEHHS OT/EIBHO HAaJ0 PACCMOTPETh J(BA MOACITyYast:
1) P, (- oxHoro 3HakKa;

2) P, (- pa3HbIX 3HAaKOB.

12
Ecin P u ( ogHoro 3Haka, TO IpUMEHSETCA MOJCTAaHOBKA X = k (q / p) (k ;ﬁO), KOTO-

o D 52
k24+1 q[qj '

YTO BJICUYCT HAJIMYUEC OJHOTO HCﬁCTBHTeHBHOFO KOpHs IpH TTFOOBIX AOMMYCTUMBIX 3HAUYCHUAX p nu q i

pasi IPUBOJUT K PaBEHCTBY

Ecau P u (] uMeroT pasHble 3HAKH, TO OJCTAaHOBKA X = k (—q / p)m (k ¢0) IPUBOJIUT
% (p 512
k-1 q/)
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K Y ~ k“(3~k2 —5)
(kZ—J (k=1 (k+1)"
k5

kZ

TO TOYKaMH, B KOTOPBIX OJOCTHUI'AIOTCA JIOKAJIBHBIE SKCTPEMYMbI CI)YHI(I_II/II/I

kl =\/§, k2 = —\/g. IIpu 31TOM,

k® 2515 kI 2515

y ABJIAIOTCA TOYKH

k-1 18 k’-1 18
k5
k-1

Ha pucynke 2 uzo0OpaxkeH rpaguk (yHKIHN f (k) = . Takum oOpazom, moydaem

CJIETYIOIIYIO 3aBUCUMOCTb.
— Ecnu 8binonneno HepaseHcmeo

q_£5/2>25\/]3 q p5/2<_25\/]3
q 18 18

mo ypasnenue (2) umeem mpu 0eucmeumenbHbIX PeueHus,
— NpU GLINOIHEHUU 00OHO20 U3 PABEHCNE

o[_P) 25 p)T_ 2515
q 18 q 18

ypasuenue (2) umeem Kpammwlii OelUCMEUMENbHbIL KOPEHb KPAMHOCMU 084 U 0OUH Npocmou oeli-
CMBUMENbHYIL KOPEHb,
— eClu 8bINOJIHEHO HEPABEHCIEO

BV (b 2515
18 q 18

mo ypasnenue (2) umeem poHo 00uH 0elcmeumenbHblll KOpeHs.

q

ftk) 127
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Jlnst apyrux ypaseemmii X + pXm +q=0 (n>m>0, p#0, g# 0) 6yzer

1/m 1/m
HCTIONB30BaThCS Apyras noactaHoBka X = K (q / p) w X =K (—q / p) , OJTHAKO aJTOPUTM

peIIeHus ¥ aHaJIH3a KOPHEH 0CTaeTCs MPEXKHNM.

3aknawuenne. Takum 00pa3oM, Ha pPUMEPE YPaBHEHUS TISITOM CTENICHU HMCCIICIOBAH YHUBEP-
CallbHBIN METOJ AJIs ONpEeICHUS YUCHa NeUCTBUTENBHBIX KOPHEH TpeXwWICHHBIX ypaBHeHUul. [Ipume-
HEHHE 3TOT0 METO/AA ITO3BOJISET TONYyYaTh CBENCHHUS O PACIIONIOKEHUH JIEHCTBUTEIHHBIX KOPHEH, a
TaKXe TMPUOTIKEHHBIC (POPMYIIBI JUISI UX BHIYHCIICHUYSL.
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HCTOPUA EBPEEB MECTEYKA CYPAK

12 cents0ps 2024 rona Ha BcTpeye C MPEICTABUTEISIMH Pa3HBIX HAIIMOHAILHOCTEH, KOTOpHIC
*KuBYyT B Pecrryonuke benapyce, A.l'. Jlykamenko obpatui BHIMaHHE HA TO, YTO CETOMHS B peciry0-
JIMKe HacuuThiBaeTcs 156 HaponoB. [Ipe3sueHT akeHTHpOBall BHUMaHUE Ha TOM, YTO BCE OHH JKHBYT
B MUpE U COTJIACHH U JOOPOCOBECTHO TPYISATCS Ha Oiaro cTpaHbl. B 3TOM YHHKaIbHOCTH 3THHYECKON
cutyanuu B bemapycu. Anexcanap ['puropseBud MOAYEPKHYI, YTO CBOIO JIENTY B MHUPHOE COCYIIE-
CTBOBAHME 3THOCOB BHOCST U €BPEH, KUBYIIME Ha HAILIEH TEpPUTOPUH OOJIee ILEeCTH CTOJIETHH.

Llens Hay4HO# pabOTHI — MOKa3aTh HA TIPUMeEpe HaceseHHsl, MpoxuBaBiiero B Cypake, 4To €B-
peiickuii HapoJ| OBUT YacThIO TOJEPAHTHOT'O MHOTOHAIIMOHAIBHOTO cO00IecTBa Ha TeppuTopun bema-
pYyCH ¥ BHEC JOCTOMHBIN BKJIaJ B HICTOPUIO HAIlIEH CTPaHBbI.

OcHoBHast yacTb. Cypaxx — HeOOJIBIIOH TOPOJCKOM OCENOK Ha CeBEpPO-BOCcTOKe Brutebcko-
ro paiiona berapycu. MecTHbIe JXUTENN HA3BIBAIOT CBOM Mocénok «mectedkoy. Uctopus Cypaxa
HaunHaetcs ¢ XVI Beka, korga B 3ToM MecTe Oblla OCHOBaHa KPENoCTh Ha rpaHuie ¢ MOCKOB-
CKHM IJapCTBOM.

B kpemoctu GbL1 rapHM30H, KOTOPHIN HyXJajJcs B MPOAYKTax W Apyrux Bemiax. Heciywaiino,
YTO MEPBBIMH €BpesiMH, KoTopble monanu B Cypaxk, OblIM Kymibl. B 0HOM M3 HCTOYHUKOB coolIia-
ercs 0 eBpeiickoM Kymie Mateice I'epiikoBuye, KOTOpelid B MtoHe 1605 roga npuBE3 B KPenocTh Ba
Masbix 00ouonka Bojku B 200 kBapt. Benen 3a kynmamu B Cypak CTajid MepecessiThCsi U 00)KUBaTh
€ro eBPEWCKUE PEMECIICHHUKH M 0allarojibl, 3aHUMaBIITHECS W3BO30M. PeMeciIeHHUKH U Oanaroisl, a
TaKKe KYMIIbl HAllIK 37IeCh IPUMEHEHHUE pe3ysIbTaTaM CBOETO TPY/a.

B 1772 rogy coctosuicst nepBbliii pa3znen Peun Ilocnonutoil. B pesynsraTe Cypaxk okasancs
B cocTaBe Apyroro rocynapctBa — Poccmiickoit umnepun. B 1776 rogy HOBBIE BIacTH JapOBaiiu
MECTEUKY CTaTyCc ropojaa u IeHTpa ye3aa. B 1794 roay poccuiickue BIacTu BBEIM B UMIIEPUU
YepTy eBpeHcKol oceiocTu. DTOT (GakKT ChIrpal B MOub3y «eBpeusanuu» Cypaxa, Tak Kak OH
oKazajcs B Ipejaesax 3Toi 4epThl. JJoOOpOBOIBHO M BBIHYKJIEHHO €BPEHCKOe HAaceleHHEe 3acesieT
Mecteuko. CriocoOcTBOBaN KojgoHu3anuu eppesiMu Cypaka u ToT (DakT, 4YTO OH ObLI PacIoIONKEH

491



