3amio U KaKk Ja NpeBbPHEM €HA CTAH/JAapTHA 3a1a4a
B MAJIBK U3CJI€10BATEICKHU r[poﬁ.HeM1
Xpucto ITono

BbB Besika rUMHAa3usl, ChC CUTYPHOCT HE BCSKa OJIMHA M HE BbB BCSKa Mapaielnka, ce
NOSABSIBAT YYCHHUIM, YUUTO TO3HABATEIIHU MOTPEOHOCTH OCTAaBAT HE33JJOBOJICHU OT PaBHHU-
IeTO Ha 00I000pa3oBaTeIHaTa MOATOTOBKA 10 (u3uka. ToBa ca ObAcIK (HU3HIM, THXKE-
HEpH, JIEKapH 1 BbOOIIE CIIeUATNCTH, crenurdukara Ha padoTaTa Ha KOUTO U3KUCKBA 3aIbJI-
0oyeHH 3HAHUS MO (PU3MKA U YMEHHUS 3a TSIXHOTO MpakTH4ecKo mpuiarane. [Ipuunnure 3a
TOBA MOJIOKEHHE Ca KOMIUJICKCHH U HE Ha MOCIIEAHO MACTO CPeJl TAX € JePUIHUTHT Ha y4eOHO
BpeMe. AKO OT4eTeM, ue, IbPBO, JHEC BEPOSATHOCTTAa TOBAa BpeMe Ja C€ YBEIUYM € HYIa,
BTOPO, MacoBO B rumHazuuTe B 8. — 10. kiac He ce u3y4aBa pasmupeHo ¢pusuka, a B 11. u
12. knac T He e npoduiaupaly NpeaMer U, TPETo, Y€ B MOBEUETO ClIydyau 1Mo 00SICHUMU MpU-
YHHU TaKbB YYCHUK HSIMa BB3MOXHOCT Ja IMOCTHIIM B IKoiara Ha Teogocu Teomocues, To,
3a J1a He TO M3ryOUM KaTo ObJel] CHEeIHalUCT, TpIOBa 1a ThbpcUM JApyru ¢GopMu 3a 3aJ10BO-
JISIBaHE Ha HETOBUTE MOTPEOHOCTH.

Enun HauuH 3a npeojionsBaHe Ta3u Cl1abOCT HA CHCTeMara MpeloCTaBsl MHIWBUyall-
Hata paboTa ¢ yueHuka. (Tyk U 1mo-HaTaTbK TEPMUHBT yueHUK C€ YNOTpeOsBa caMo 3a MpH-
TeXaBalllUTe KayecTBara U aMOMIIMUTE HAa MOTEHIIMATHU YYACTHHUIM B Ka3aHJIbIIKATA IIKO-
7a.) JIOMbIHATENHO W, HEUIO MOBEYE — HEOTYUTAHO JJOCETra OOCTOSATEIICTBO, KOETO CHIIECT-
BeHO oOsex4aBa Ta3u (popma Ha paboTa, MPOU3TUYA OT HAJMYMETO HA Pa3HOOOpPA3HHU BbH3-
MOXXHOCTH 3a BpB3Ka, MPEJOCTaBSIHU OT HaBJIE3NIUTE B OUTa WHPOPMAIMOHHO—
KOMYHUKAIIMOHHU Cpe/icTBa. biaromapeHue Ha TX 3a HHAMBUIyalHa paboTa Be4ye HE € HEO-
OXOIUM TPSK KOHTAKT MEX/Y YUUTEINS U YIEHUKA, KOETO OT CBOSI CTpaHa J1aBa Bh3MOXKHOCT
32 MHOTO TI0-4€CTH, MaKap U BUPTYaTHH TEXHHU CPEIIH.

3a cera pemraBaHeTO Ha 33Ja4YM B KJIAC C€ M3IOJI3BA MPEAMMHO 3a 3aTBBPJAsSBaHE Ha
3HAHUATA U MPOBEPKA U OIICHKA HA YMEHHUATA 32 TAXHOTO MpuUiaraHe. 3a Te3u Lelu € JocTa-
ThYHA HAW-TIPOCTaTa CXeMa, B KOSTO PEHICHHWETO 3aBBbpIIBA C HAMHpPAHE HAa OTroBOpa. AKO
Ta3u CXeMa ce€ OTBOPH, ChBKYIHOCTTA Ha MOCTHKMMUTE 00pa30oBaTEIHM LEJIN MOXeE Jia ce
o0oraTy 3HAYMTEIHO, KaTO BKIIOYHM W 3aCHJIBaHE Ha MHTEpeca KbM (pru3mkara, U pa3BUBaHE
Ha JIOTHYECKOTO MHCJICHE, U 3all03HaBaHE C METOJIM Ha HAyYHOTO MO3HaHME, U pa3HO00pa3si-
BaHE Ha MEXJyNpeIMEeTHUTE BPb3KU, U pea Apyru. Ilpu ceramHure orpaHuyeHus Ha y4ueo-
HOTO BpeMe, TOBa HUTO € BB3MOXKHO MpH padoTara B Kjac, HUTO € HEOOXOAMMO Ha BCHUKU
yueHunu. To obadye Moke Ja ce OKa)ke MOJIE3HO MPH MHIUBHIyaaHaTa paboTa ¢ OHE3H, KOu-
TO 0sixa BU3UPAHHU [1O-TOpE.

Karto npumep 3a monoOHO M3IM3aHE M3BBH CTaHIAPTHATA CXEMa MOXKE Ja MOCIYXU
pEIIeHNEeTo Ha ClIeIHATa 3a/1a4a OT MaTepuaia 3a 8. Kiac:

Hea niamnoxooa K’ u K nnasam nacpewno ¢ nocmosinuu ckopocmu v’ u v”. Koecamo
pazcmosiHuemo medxcoy max e o, om K’ kvm K cve ckopocm V nonuma ebav62. Cred cpe-
wama ¢ K evavovm nemu obpamno, npecpewa K’, omnogo nemu xvm K’u maxa cnose
doxkamo kopabume ce cpewpam. Konko e usmunamusam om 2vivoa nvm L?

B HesiBeH BHJ yCIIOBHETO Ha 3a/a4yara Mpe.rosara, 4¢ TPUTEe CKOPOCTH H3ITBIHSIBAT
HepaBeHcTBara V' <V u V" <V, T.e. IbIBOBT € M0o-0bp3 OT Kopabure, 3all0TO B MPOTUBEH
CIIy4dail Te 1Ie ce cpenfHar, npeau Toi ga ce BbpHe Ha K. OcBeH ToBa pasriexaame V, V' 1
V" KaTo roJleMHHHM Ha CbOTBETHUTE CKOPOCTH, T.€. — KaTO HEOTPULIATEITHH YHCIIa.

! Pasmmpen BapuaHT Ha AOKJIaI, MOATOTBEH 3a 48. HarmonanHa KOH(pEpEHIHs 10 BRIPOCHTE Ha 00YUISHHUETO 10 P H-
3MKa.

? B ipyru BepcHH Ha yCIOBHETO BMECTO KOPabH I IbIb6 yuacTBa MyXa, JIETSIIA MEXIy HACPEIIHO JABHMKCIIN CE BIIa-
koBe. Pa3bupa ce, kaTo Mo-eK30THYEH, TO3H CiIydail € M O-MHTPHUTYBAIll, HO TOH € HepeaJieH, 3aIl0To, ITbPBO, MyXaTa
TpyIHO O M3IpeBapuiia BJIaK U, BTOPO, I'BIBOBT € KAKTO NO-0bp3 OT KOpaObHTe, TaKa M MO-M3IbPXKIMB B MOJIET OT
Mmyxata. (B exHa MojepHa BepcHs Ha 3a/1auaTa BMECTO MyXa WJIM T'bJIb0 OM ydacTByBas ApOH.)



A. Cmanoapmmno peuwienue

CraHIapTHOTO pEIICHUE OTYUTA, Ye BpeMeTo t 10 cperiata Ha KOpaOUTE HE 3aBUCH OT
JB)KEHUETO HA T'bIB0A, T.€. YCIOBUETO BCHITHOCT MPEIUTUTA JBE €JICMEHTAPHU 3a/1a4H:

— Crneo koo epeme t ce cpewyam 06a kopaba, Koumo ce HaAMUpam Ha pa3cmMosHue
So U ce 0sudicam eOur cpeuty opye Cbc ckopocmu v'u v’ cbomeemno?

PerienneTo e mouTH O4YEBUIAHO: B MOMEHTA Ha CcpelllaTa cymara OT IIbTHIaTa Ha Kopa-

OuTe ¢ paBHA Ha HAYAJTHOTO pa3cTosiHue (vt + vt = Sp) U ThbpceHOTO BpeMe et = sy/(v'+v”).
—  Kaxwe nvom L usmunasa 3a epeme t = syl/(v'+v”’) evav6, riemsuy coc ckopocm V?
OTroBOPBT € CHIIO OUYCBUIICH:

L= # So- (1)

KakBu mpoabiDKeHHS JOITyCcKa 3aa4yara cJjael moixyyaBade Ha orroBopa? [Ipenu Bcuu-
KO TYK CHaJaT pa3ln4Hu ciaencTBus ot ¢opmyna (1). dakrsT, ue L ~ s, Moxe 1a ce cMmara
TPUBHUAJICH, TaKa Y€ TIO-UHTEPECHO € KaK MBTAT Ha I'bIb0a 3aBUCH OT TPUTE CKOPOCTH.

[IspBusT u3Box ot (1) e, ue oT 3HaueHue 3a L ca He ckopocTHTEe HAa KOpaOUTE MOOT-
JIEITHO, a CaMOo TSIXHATa cyMa v’'+v ", KOATO, M0 ChIIECTBO, MPEICTABIIsABA TOJIEMHUHA HA OTHO-
CUTEIIHATa CKOPOCT Ha eIMHUA Kopabd crpsMo Apyrus. ToBa 00CTOATEICTBO MO3BOJISABA (TIPH
dukcupano sy!) ga pasriexaame (1) kato GyHKIIMOHATHA 3aBUCUMOCT OT BUJA!

FL,v,v+v") =0
HE MEX/y YSTHPH, a CaMO MEXKIy TpH BenuuuHH. Pemena cripsimo L, v, v’ wim v, Ta3m 3a-
BHCHUMOCT J]aBa Bb3MOKHOCT JIa U3CJe/IBaMe BPb3KaTa I C OCTaHAIIUTE, KOETO OT CBOSI CTpa-
Ha pa3KpHBa Bb3MOKHOCTH 32 rpauHO OHATJICASIBAaHE HA PE3yJITATHTE.

e [IpaBaTa mponopuMOHATHOCT MEXAY L U V chIo MoXke Aa ce mpeaBuau IpH elIuH
KauyecTBEeH aHaJu3 Ha cuTyanusata. @opmyna (1) mokasBa, ye u KaTo (GyHKIUS HA CKOPOCTTA
Ha I'bJIL0A, M KaTo (PYHKIHMS HA OTHOCHUTEIIHATA CKOPOCT, IbJDKMHATA Ha ITBTS HA T'hIb0A ce
n3meHs B uaTepBaia 0 < L < oo (¢wur. 1 u dur. 2).

I A L4
v’ + v" = const v = const

Y

@wr. 1. ®wr. 2.

[Tpu obcwxknaHe Ha MpaBaTa MPOMOPIMOHATHOCT MeXAy L u V Moxe na ce oObpHE
BHHUMaHUE Ha CJIEJHOTO NPUBUIHO NpoTuBopeune. dur. 1 nokassa, ue npu V=0 wu L e Hyna.
Ot npyra ctpana V = 0 o3HauaBa, 4e I'bIILOBT HE JIETH, a IHTYBA BbPXY Kopaba K, Taka 4e
JI0 cpelaTta Ha KOpaOUTe U3MUHATHUAT OT HETO BT HsAMA N1a 0bae Hyna. O4eBUIHO TPOTHUBO-
peureTo ce AbKU Ha ¢akTa, 4e ¢ L o3HagaBame HE Pa3CTOSHUETO U3MUHATO OT I'blIb0a Kak
Jla €, a TOBa, KOETO TOM € MpeJieTsJI.

ThIKyBaHUE 3acTy’KaBaT U ABaTa €KCTpPEeMHU (TpaHUYHM) CiIydas mpu (pUKcHpaHa CKO-
pocT Ha TBAB0a (¢ur. 2). [IpeaBua HaPaBEeHOTO B HAYAIOTO YTOUYHEHHE, Y€ CKOPOCTHTE Ca
HEOTpHUIATeNIHU yKcna, To v'+v” = (0 o3HauaBa, e u v’ =0, u v” = 0, T.e. — ¥ ABaTa Kopada
ca HEMOABMXHU. B TO3W cirydail Te HUKOTa HsIMa Jla Ce CPEIIHAT, ThILOBT I11e JIeTH Oe3Kpai-
HO JBJTO BpeMe MEeXIY €IUHUS U JIPYTHs U, C KAKBaTO U CKOPOCT Jia JIETH, HETOBUSAT BT L
e Ob11e 0e3kpaitHo ABIBr. [IpyrusaT rpaHuyueH ciydaid — KOraTo OTHOCUTETHATA CKOPOCT Ha
KopabuTe e 0e3KpaifHO ToJIsIMa, TIPHU BCAKA CTOWHOCT Ha S, TE€ 1€ C€ CPeNTHAT MUTHOBEHO H
OBTAT HA ThIH0A, C KOJKOTO U TOJISIMAa CKOPOCT Jia JieTH, e 0bae L = 0.

¢ Ot (axta, e L 3aBucu oT v’ 1 v” HE IOOTAEITHO, a OT TAXHATA CyMa Clie[iBa U U3BO-
6T, 4e L Moke Ja MMa eHa U ChIlja CTOMHOCT MPH Pa3INYHU CKOPOCTH V' Ha €AMHHS KO-
pab, ctura ckopocTtTa v’ Ha Apyrus Kopad 1a WMa MOaXOJsIa rojieMrHa. ToBa JaBa Bb3-
MO>KHOCT JIa C€ MOCTaBH CJIeJHATa AOIbJIHUTEIHA 3a7a4a:



Kakwve e unmepsanvm om cmotuHomu Ha CKOpOCMma v’', 3a Koumo modce 0a ce noooe-
pe maxasa ckopocm v’’, ye nomsam Ha 2vbavba 0a uma onpeoenena cmounocm L.

Pemrenuero u3ncksa popmyna (1) na ce pasriiexna KaTo ypaBHEHHE 3a HeuzBecrara v’
U pe3yATaThT €:

S
v =-v'+2v. (1a)
B 3anauara ce ThpCcH B KAKBB MHTEPBAI MOXKE /1 ce u3Mens v'. To3u unTepBan ce on-
PEZENs OT YCIOBHETO, Y€ JABETE BENMYMHK v’ 1 v” ca Heorpunareanu. OTTyK Cie/Ba, ue:

OSU'SSTOU.

To3u pesynrat craBa mo-pasoupaem, ako ce npeacraBu rpadpuyano (dur. 3). Ha pury-

para e mokKaszaHa OTCeYKaTa B ITbPBU KBaapaHT (3apaau ycinoBuero 0 < v’, 0 <V”) ot npaBa-
Ta ¢ ypaBHeHnue (1a), kosTo ckimouBa bru 135° = 90° + 45° ¢ aGenucara. Ot rpadukara ce

S
BIDK]IA, Y€ aKO CKOPOCTTA Ha IIbPBHS Kopab € v’ = TO v, 3a 1a ObJe IIBTAT Ha I'bIB0a 10

cpeiara paBeH Ha L, BropusT kopab TpsOBa ga Ob1e HENmoABMKEH, T.€. V' = 0 u oOpatHo. 1
THH KaTo 1Mo Havajo V' <V, TO CliefBa, 4e MoJ00Ha CUTYaIUs MOXKE J1a Ce peau3upa camo
npu ycioBue, ye L < sg.

Pazbupa ce, hopmyia (1) 1aBa Bb3MOKHOCTH U 33 APYTH 3aKIIFOUCHUSI.

b. Hecmanoapmmno pewenue

HezaBucuMo ot TOBa, Aaju ce cieaBaT Bb3MOKHUTE MPOABIDKEHUS HA CTaHJAPTHOTO
pelieHre, Bb3MOXKHO € J1a C€ MOThPCH APYro, HECTAHJAPTHO PELICHHUE, KaTO IBUKEHUETO Ha
rpab0a ce mpocienssa B aetaiinu. Ha ¢ur. 1. ca mokasaHu TpaeKTOpUUTE HA TPUTE Tela:
KopaObT K’ ¥ reab0bT TphrBar ot T. O, a KopadbT K’ — 0T T. 4, OTCTOSIIIA Ha Pa3CTOSHUE S
ot T. O. Hauynenara muaust OA1B1 nipeficTaBisBa MbPBU €Tal OT MoJieTa Ha I'biab0a. B kpas
Ha HeroBaTa MMbpBa yacT (MOMEHT tyq) B T. A1 TBIBOBT cpema kopaba K, cies KoeTo mpe3
BTOpaTa 4acT Ha eTana 3a BpeMe t, ce Bpblla Ha K. B Kkpas Ha IbpBUs €Tall, YUETO BpeMe-
tpacHe € (tyq + t12), Pa3CTOSHUETO MEXKIY Kopabute € S;. Bropusar eram (HauyneHara Ju-
Husl B14,B5) € no00eH Ha IbPBHs, KaTO Pa3jIMYHO € CaMO HAyaJIHOTO Pa3CTOSTHUE MEXITY
kopabure. Taka moneTpT Ha I'bIbOa ce pas3ziens Ha 0e30poil eAHOTHUIIHH, BCE MO-KPAaTKU
eTarnu.

CyMata OT ITbTH Vty; Ha TBIB6A M BT VU to; Ha K~ mpe3 mbpBata yactT OA; Ha IHp-
BUS €Tall, € paBHAa Ha HAYaJIHOTO Pa3CTOSHUE MEXy KopaOure, T.e.:

So = vt01 + v"t01. (2)

OTTyK HaMHUpaMe BPEMETO JI0 IIbpBaTa cpeiia Ha Ibisoa ¢ K
So

tor = 3)

v+v"’



[ : | 7B TpaeKTOpHA Ha:
0 —  , TEIIEDaA
— . —» Kopaba K~
P i - - -+ KopabaK”

— 1 —’ir*—ﬁz—*i
—
®wur. 1.

!
b » v
3a BpeMe ty; KopadwsT K’ cKkbCsiBa pa3cTostHueTo 10 K ¢ v'ty; =

=So. I'bi KaTo
+v

v
99 " v
3a ChILOTO BpeMe K~ M3MHHABa pa3CTOSIHUE VU oy = — S0 IPH o0paTHMSI TIOJIET CUTYyalU-

ATa € KaTO Ha4YajlHaTa, HO PAa3CTOSSHUCTO MCIKIAY K0p8.6I/ITe € HC S, a:

!/

= So- 4)

v+v"

4

S0 = So — V'tgy — Uty =

CnepnoBarenHo BpeMeToO ti, 3a oOpaTHMs MOJET Ha I'bab0a 10 K’ U pa3CTOSHUETO Sy
MeXy KopaOuTe B Kpasi Ha IbPBUS €Tall e MOoay4uM, kKato BbB ¢opmyna (3) u (4) pazme-
HMM MecTaTa Ha V' U V™, a Sp 3aMEHUM C Sg. Taka Hamupame:

sy v—v’

bz = viv!  (v+v))(v+r") So (%)
_vv ,  (v=v)(v-v")

$1= v+v! So = w+v)(v+v") So- (6)

Ot (3) u (5) nonyyaBame 001I0TO BpeMe t; 32 U3BMHUHABAHE HA IIBPBUS €TaIl:

2v
b =tot bz = G onn ) S0 ()

TakKa 4e Mpe3 IbpBUsI €Tal OOIIMAT BT Ha I'bIIH0A €:

L = pp, = — 20" (8)
1=V = w+v")(v+v") So-

Topcenust o6 6T L Ha reb0a € cyma oT abiokuHuTE |1, I, |3 ... Ha Bcruku eramnm.
3a mo-roJisiMa MPerJieIHOCT Ha CJICIBAIIUTE PAaBEHCTBA € YAO0OHO J1a BbBeIeM JiBa Oe3pas-
MEpHHU MmapaMeTbpa p u (:

__ _ =)v)
T ) (v+v") " q= w+v)(v+v")’

p 9)

C TaxHa oMot popmynute 3a Bpemeto t; (7), 3a mbTs [ (8) u 3a pasctosinuero s, (6) ce
3aMMcBaT BbB BU/JIA:



ty =Psv_0’ li =pso n s1=4S. (10)

Twi KaTo eTanuTe ca eAHOTUIIHU, U3PA3HUTe 3a BT |, Ha IbIB0A U 32 PA3CTOSHUETO S;
MeXly KopaOHTe B Kpasi Ha BTOPHS €Tall 3allicBaMe, KaTo B ChOTBETHUTE u3pasu ot (10)
3aMeHHUM uHaekcure ,,0” ¢ ,,1”u,,1” ¢ 2

l, =ps1=pgsy ™H Sz = 451 = q°So. (11)

[To chImara noruka u3pas3uTe 3a BEIMYUHUTE CIIE TPETHS €Tal Iie ObIaT:

I3 =ps; = pq®s; W S3 = qs; = q°s,
Y T.H., TaKa Y€ ThPCEHHUAT o0 mbT L Ha reaboa e:
L=1+1,+13+ = psg+pseq+ pseq? + pseq® + . (12)

[To-HaTaThIIHUTE NEUCTBUS 3aBUCAT OT TOBA, B KOW KJIAC € YYEHUKBT, C KOMTO ca pa-
ooTH.

Bapuanr 1: Yuenukst € B 8.—10. kiac.

B To3u ciydaii mo3HaHusATa Ha Y4€HHKA [0 MaTeMaTHKa He ca JOCTaThbUHU U TOW HE
MOJKE JIa TPEeCMETHE cymaTa Ha 6e30poil MHOTO BEIMYMHHU, KOUTO Y4acTBAT B JsICHATA CTpa-
Ha Ha (12). Be3amoxHO e 06aue ga ce Bb3moi3BaMe OT (akTa, 4e BCHUTHOCT OTTOBOPHT Ha
3a/1a4ara € Beue M3BECTCH. ToBa 0OCTOSITENICTBO TO3BOJISABA J1a OOBPHEM JIOTUKATA HA pa3-
CHXKJEHUETa U Ja mpupaBHUM aecHuTe ctpanu Ha (1) u (12). ITo To3m HauymH ,,le U3BEAEM
¢u3ndeckn” egHa MaTeMaTuiecka (hopMysa, KOATO ce M3ydaBa eBa B MpoduInpaHaTa moj-
roToBKa 1o Maremaruka B 11. kiac [1].

Crnenpaiiku Ta3u jnoruka, ot (1) u (12), cnex oruurtane Ha (9) nonydaBame:

(v+v")(v+v")

PSo +PSod +PSoq” +PSoq” + 1 = PSo = i (13)
C nomorrra Ha (9) npoOta B asicHata ctpana Ha (13) Moxke J1a ce mpeICTaBu BbB BH/IA:
(v+v)(v+v") 1 _ 1 _ 1
2v(v/+v") ZV(V’H"). - : 21;(1;’+1J")' - T 1g (14)
(v+v")(v+v") (v+v")(v+v")
", CJIe]l ChKpalllaBaHe Ha PS,, oT (13) mony4yaBame ThpceHata Gopmyiia:
1+q+q2+q3+---=ﬁ. (15)

Cam 1o cebe cu TO3U pe3yiTar € Beye J0CTaThbuHO BIEeUaT/sBalll: C IIOMOIITA Ha eJl-
Ha eJeMEeHTapHa KMHEMAaTU4YHa 3ajJada yCcrsxme ,Ja u3BeneMm’ Qopmyara 3a cyma Ha 0e3-
KpaifHa reoMeTpu4Ha mporpecusi!

Pa3bupa ce, oT maremaTu4Ha TJIeHa TOYKa ,,u3BOABT Ha (15) mma cBouTe crabu
ctpanu. IIpenu BCHYKO TOM He M3ACHSABA MPH KaKBHU YCIOBHUS € MpUiIokUMa (GopmyrnaTa.
(ITpumep 3a HenmprIOKKMOCT: 3a cymata 1 + 21 + 22 + 2% + 2%+, popmymna (15) naBa a6-
cypanust pesyarat —1.)

OcgeHn ToBa npu npexoaa oT (13) kM (15) chbkpaTHXMe Ha pSy — ONepanus, U3UCK-
Ballla MpUJIaraHe Ha MPaBUIIOTO 3a M3BaXKJIaHE Ha OO MHOXXHTEN mpei ckoOu. 3a cyma ot
0e30poif MHOTO chOMpaeMu o0ade TOBa MPABWIIO CHIIO HEBHHATU € Mpuiokumo. Kato mpu-
Mep OTHOBO MO3Ke 1a mociyxu cymara 1 + 21 + 2%+ 23 + 24 + . Ako s 03Ha4mM ¢ x u pu-
JIOKHMM TOBA MIPABUJIO, MOJTydaBaMe ypaBHEHHE:

x=1+2+4+8+..=1+2(1+2+4+.)=1+2x,
YUETO pEelIeHUe € OTHOBO abCcypabT x = —1.

[To cpmiata jJoruka, HO 3HAYMTENHO MO-JIECHO M3BOA Ha (15) MoXxe Ja ce HampaBu
KaToO ce M3I0JI3Ba anopusaTa Ha 3eHOH 32 AXMJI U KOCTeHypKaTa [2], 3a11oto B To3H ciyvai
Ce pasriiek/a IBIKEHUETO Ha caMo JIBE, a He KaKTO TYK — Ha TPH Tefa.

Bmxna ce, 4e HecTaHJAApTHOTO pEIICHUE IPENOCTaBs Ha YUUTENs pPa3HOOOpa3HU
BB3MOKHOCTH 32 TPEBpBIINAHE Ha 3ajadyaTa B MPEIU3BUKATENCTBO 3a ydeHHK oT 8. — 10.
KJac. 3a menra € JOCTaThYHO JIa MPEUIOKUM Ha YYeHHKa IIBPBO JIa PEIIH 3a/1a4ara Mo CTaH-
JMApTHUS Ha4YMH, CIIe] KOETO J1a TO HaCOYUM KbM HECTaHJAPTHOTO perieHue. Toi 6u TpsaoOBa-
JI0 CAaMOCTOSITENTHO Ja CTUTHE 10 m3pasute 3a ly, o, |3 ...u 10 dopmymna (12). Cren ToBa, ¢
MOMOIITa Ha YYHUTENs, MO OMHUCaHUs MO-rope MBT TpsiOBa na HampaBu mpexojna ot (12) mo



(15). (Pa3bupa ce, MaTeMaTHYECKUTE YMEHHS Ha YUCHUKA TPsAOBa Ja MO3BOJISIBAT CBOOOTHO
OopaseHe ¢ u3pasu ot tumna Ha (14).)

C xakBo 1o100€H HAUYMH Ha Pa3CHKIACHUE MOXKE Jla yUyau YUeHHKa, Ja ChOyIu WH-
tepeca my? I[Ipenu BCHUYKO C ,,0TKPUTHETO”, Y€ € BH3MOXKHO cymMaTa OT 0e30poii MHOTO T0-
JIOXKHUTETHH YHCIa Ja ObJie KpalHO YHCio!

B o0OchxaHeTO yUuTeNAT cieaBa Ype3 CioMeHaTuTe adbcypau Aa oObpHE BHUMaHUE
Ha OrpaHHYeHAaTa MPUIOKUMOCT Ha Gopmyina (15). EnHo oueBUIHO HEOOXOIUMO yCIOBHE 32
NPUIOKUMOCTTA U € HalpuMep ChOMpaeMuTe B cyMara Ja HamansBaT. [lanu To € u JocTarsb-
YHO 00aye yYeHHKBT, I HAYyYH €/IBa B YyacoBeTe 1o MaremaTnka B 11. kiac. [TomoOHu 06-
ChbXKAaHus 0e3yCIOBHO CIIOMarar 3a pa3BUTHE Ha KPUTHYHOTO MHCIEHE U 000rarsBaT Mex-
JTYIPEIMETHUTE BPBH3KU C MaTEMaTHKATA.

®DakThT, Y€ HECTAHIAPTHHUSIT U3BOJ Ha dopmyina (15) He oTroBaps Ha ped BBIPOCH
UMa ¥ CBOSITA MOJIOKUTEITHA CTPaHA: TOW TMOKa3Ba CIIOKHOCTTAa Ha MPoOJIeMa | J1aBa Bb3MO-
KHOCT Ha yY€HHKa caM Ja ThbpCH OTroBopu. (TakbB Hampumep € BBIPOCHT 3all0 B €IHH
cnydau ¢opmyna (15) maBa cMHCIICH pe3ynTar, a B Ipyru — 0€3CMHUCIICH. )

Pasrnenanuar npumep nokassa, 4e 0e3 Ja M3MoJa3BaMe TEPMHUHHU KaTo Oe3KpaiiHa pe-
JIMIIa, TPAHUIA, KPUTEPUU 32 CXOAMMOCT, TOPH 0€3 M300I10 J1a TOBOPUM 3a F€OMETPUYHA
nporpecus, 1Mo Hai-eJIeMEHTapeH HauuH MOXKEM Ja OTBOPUM €IHO MAJKO IPOo30pue, Ipe3
KOETO YYCHUKBT JIa HAJTHUKHE B HCOOSITHHUS CBST HA MaTEMAaTHUKATA.

Bapuanr 2: Yyenuxst € B 11. — 12. knac.

B To3u ciy4ail y4eHUKBT NIO3HaBa MaTepualia OT TeMarTa 3a YHCIOBU penuii B Moayi
2 Ha YyeOHata nporpama 3a npoduimpana noAroToBka rmno maremaruka [1] u BB hopmyna
(12) pa3no3HaBa, ye cTaBa Ayma 3a cCymMa Ha eaHa Oe3kpaiiHa reOMeTpUYHA MPOrPECHs ¢ Ha-
yaJieH WIeH PSy ¥ 4acTHO (. Upes HepaBeHcTBaTa V' <V u V" <V u popmynure (9) Toit mpo-
BepsiBa M3MbIHEHUETO Ha ycioBrueTo 0 < < 1 W 1Mo TO3M HeCTaHJapTeH HAYMH Ype3 MO3Ha-
tata My ¢opmyia (15) mosryuaBa otHOBO pesynrata (1).

HecrangapTHOTO pelieHue, Makap U JI0CTa MO-TPYAOEMKO, ChIIIO MPEIOCTaBs pa3iiny-
HU BB3MOXKHOCTH 32 paboTa cie]| MoTfydaBaHe Ha OTTOBOPA.

e [IbpBO, TO MOJKpemNs TBBPACHUETO, Y€ OTTOBOPHT HA 3a/a4ara € eOUHCMEeH
U HE 3aBHCH OT HauMHa Ha pemaBaHe. C Ipyru 1yMH MOTBBPIK/IaBa BHTPEIIHATA ChITIacyBa-
HOCT Ha W3IOJI3BAHUTE 3aBUCHUMOCTH, a TOBA TBBHPJCHNE € BeUe MMO3HAHHUE OT MO-BUCOKO pa-
BHHUIIIE, CBOETO pOJia METarl03HAaHUE.

e  Bropo, HeCTaHIAPTHOTO pelIeHUe pa3KpHBa BB3MOKHOCTH 3a PasTIekIaHe
Ha BBIIPOCH, YAUTO OTTOBOPHU Ca HEAOCTIKMMH 3a CTaHJAPTHOTO pemieHue. TakbB HAINpH-
Mep € BBIIPOCHT KOJKO Kypca 1€ HallpaBU I'bIbOBT MEXly KOpaOuTe 0 cpelara uM B e/1Ha
peayHa CHTyaIlus, B KOSTO TeJiaTa He Ce Pa3IIexkIaT KaTo MaTeprualiHi TOYKH (Bxk. Hamp. [3],
c. 363, [4]). 3a monyuaBaHe Ha OTTOBOpPA Ca JOCTAThYHH 3HAHUSATA HA JIOTAPUTMHUYHATA (YH-
KIUs, OJYYeHH B YyacoBeTe 1o Martemaruka [5]. Oka3Ba ce, ue TO3U OTrOBOP CHIIO € BIIeYa-
TIISBALL], 3AI[0TO aKO CKOPOCTTA Ha Kopabute e npumMepHo 10 M/s, a Ha reapba — 20 m/s, npu
HavaHo pascTtosuue 9 Km, mokato kopabute ce commkar Ha 30 ¢M, reIBOBT Iie HAIIPaBU
camo 4 — 5 Kypca MexXJly TAX, a 3a OCTaHAJIOTO J0 OKOHYATEeIHaTa cpella Bpeme (T.e. 3a yac-
TH OT CEKyH/1aTa) OposAT Ha KypcoBeTe € Oe3KpaitHO rojsm.

e  Tpera Bb3MOXKHOCT € C TOMOIITA Ha GOPMYIIH, OJYYEHH B X0J1a Ha PeIICHHU-
€TO J1a ce ThPCU OTIOBOP Ha BBIIPOCA 32 KOJIKO BpeMe I'bIbOBT 1€ HAIlPaBU OIpeiesieH Opoit
KypcoBe (M1 00paTHO — KOJIKO Kypca IIl¢ HallpaBH 3a OMPEJIEIICHO BpeMe).

e  UeTBbpTa € BH3MOKHOCTTA Ja C€ OOCHIM €IUH BBIIPOC, KOMTO BCHIIHOCT HS-
Ma OTTOBOp (WJIH, B 3aBUCUMOCT OT TJIeIHAaTa TOYKa, MOXKE Ja CE CMATA HEIIPABOMEPEH):

AKo 6 MOMeHma Ha cpewama 6CAKO MANO CMeHU NOCOKAMA HA CKOpOCmma cu Ha 00-
pamuama, Kvoe we ce oKaxce 2bibObm, Ko2amo Kopabume ce 8bpHam 6 UsXoOHume cu no-
3uyuu’?

Ha np®B mornen BbB BhIpOCca HAMa HUIIO 0COOEHO — JIOTMKATa IMOJICKa3Ba, 4Ye IOM
KOopaOWTe ce BbPHAT TaM, OTKBJIETO Ca TPBrHAIH, B CHIIMSI MOMEHT U T'BIBOBT 1€ ObJe Bbp-



Xy Kopaba, oT KoiTo e nosietsul. Oka3Ba ce o0aue, 4e CUTyalusiTa € I0-CJI0XKHA: B KOSITO OT
JIBETE MOCOKM Ja MOJIETH I'bIBOBT Cie]l Cpeliara, ToH e u3npeBapu Kopabda, IiaBail B Ta3u
II0COKa, ¥ M3001110 HsIMA Kak Jla CTUTHE J10 Apyrus Kopad, 3a 1a ce BbpHe. CMsiHaTa Ha 1OCO-
KHTE Ha CKOPOCTUTE 00ave € paBHO3HAYHA HA CMsHA Ha MMOCOKaTa Ha BpemeTo. Torasa Bb3-
HUKBa Jajed no-yHJaMeHTaleH pobjeM: HauCTHUHA JIM 3aKOHUTE Ha MEXaHMKATa ca UHBa-
PUAHTHU MO OTHONLIEHHE Ha 00OpaTUMOCTTa Ha BpemeTo? To3u mpobiem e 00ChKAaH MHOTO-
KpaTHO KakTO BbB BPb3Ka ca Ta3u 3aJaya, Taka M 3a ojo0HaTa CUTyalus, Bb3HUKBAILA [IPU
JBI)KEHUETO Ha KOpad KbM €IMH OT 3€MHUTE IOJIIOCH MO JIOKCOApoMa (BapuaHTH Ha OTrO-
BOpH MOKE Ja ce HaMmepsAT Harnpumep B [6] u [7]).

e [lera BB3MOXXHOCT MPEIOCTaBsl MIPOMSHATA HA yCJIOBHUETO HA 3ajadyaTa, KaTo
ce pasriefa ciydasiT, B KOHTO KOpaOHTe HE ce Cpellar, a ce HaCTUraT u ce ThbpcH (opmya,
BaJIUJHA U B ABaTa ciydas. Bp3M0OXHO € 1a ce aHanu3upa U Ha-oOLuAT ciaydail Ha npous-
BOJIHU ITOCOKM Ha CKOPOCTUTE Ha KOpaOuTe, HO B HETO PA3IJICKAAHUATA CE YCIIOXKHABAT OT
(axTa, ye KopaOuTe Morar Aa ce CpeliHaT caMo IpU ONPEAEICHO ChOTHOLIECHUE MEXAY I'0-
JIEMUHUTE Ha TEXHUTE CKOPOCTH. B TO3M citydail TpaekTopHsTa Ha I'bIb0a Beue He € Pukcu-
paHa, BBIIPEKH Y€ U3MHHATHUAT OT HErO IIBT € HaII'bJIHO OIpejiesieH. To31 BapuaHT € MoaXo-
JISIII 32 JICMOHCTPUpPAHE Ha Bh3MOXKHOCTUTE Ha rpaduynus meron [2, c. 372].

OT M31105)KEHOTO Ce BUX/IA, Y€ Bb3MOXKHOCTUTE 3a MPOJbJDKaBaHE HAa paboTaTa BbPXY
€/IHa 3aJlaya cje] IoJyyaBaHe Ha OTTOBOpa M ca MHOIOOpOMHU U pazHooOpasHu. Cpen Tax
ca U ThPCEHETO Ha AJITEPHATUBHU PELLeHMs], U 00CHXKAaHe Ha CIEJICTBHUS OT OTTOBOpa, U pa3-
TIIeKIaHe Ha pa3IMyHU €KCTPEeMaJHH CIy4daW, W TOCTaBSHE Ha JONBIHUTEIHHU BBIPOCH,
U30CTaBsSHE HA HAKOM ONPOCTSBAILM JOMYCKaHUs (HAIp. UIeadu3alun) C 1ea Jo0InKaBaHe
JI0 PEaTHU CUTYalluu, ¥ MH. Jip. Te mouiexar Ha u3clieIBaHe M CUCTEeMaTU3HUPaHe.

I[To TakbB HauuH, NPOIBbIKABaKKU paboTara IO 3ajlayaTa clie]l HAMUPaHe Ha OTrOBOpa
M, MOKEM J1a sl IPEBbPHEM B MaJbK M3CJICAOBATEIICKU MPOOIEM, MpodiieM, KOWTO MOCTaBs
Ipe]] yYeHHUKa pa3iIuyHu IpeIu3BUKATENCTBA. SICHO € ChILo Taka, Y€ PEeLIeHUETO Ha He BCs-
Ka 3aJ1a4a JI0IycKa MoJA00HO pa3BUTHE, HO aKO YUHUTEJIAT Mperjieaa 3adadnTe, ¢ KOUTo pado-
TH, JIECHO III€ OTKpPHE CpeJ TIX MOAXOJAIIN 3a lenTa. Te HEChbMHEHO NMpHUTEXaBaT ToJIsM
MOTEHIMAJ Ja BB30YIAT JTFOOOMUTCTBOTO, /1a Pa3MalsT BHOOPaKEHUETO, Aa YAMUBST C €Je-
TaHTHOCTTA Ha U3IOJI3BAHUTE CPEJICTBA M/UIIU C MOJIyYEHUTE HEOYaKBaHH pe3yaTaTu. A BCH-
YKO TOBa B KpaifHa CMeTKa JIOTpUHACS KaKTO 3a MOJIbp)KaHe M pa3BHBAaHE HAa HHTEpECa KbM
¢u3uKaTa, Taka 1 3a 3a7]0BOJIIBaHE HA NO3HABATEIIHUTE MOTPEOHOCTH HAa YUEHHKA.

B 3aknrodeHue cienBa OTHOBO Ja ce mojayeprae HE0OXOJUMOCTTa YUUTENAT 1o (u-
3MKa IIeJICHACOUEHO J1a U3UPBa TATAHTIUBUTE YUEHUIM U UM OTAEJS NO-TOJIsIMO BHUMaHHE
Yype3 MHIUBHUIyaTHa paboTa ¢ TsaX. M3BecTHO e, ue Jokato paboraTa ¢ Kiaca 4ecTo BOJIU 110
pa3oyapoBaHusl, 3aHUMAHUATA C TAKMBA YUCHUIU JOCTABIT HA YUYUTENsl eMOLMOHAIHO yJOB-
JIETBOPEHUE ¥ HECHbMHEHO TPE/ICTABISIBAT WHTENIEKTyalHa WHBECTHIMS B ObJemiero. 3a na
Ce OCBILECTBH 00aue €JHO TaKoBa NPEOPUEHTHPAHE HA YacT OT BHUMAHMETO OT KJacHara
KbM MHIMBHAyaJTHaTa popMa Ha paboTa, € HeOOXOMMO M3ITBIHEHUETO Ha MOHE JIBE yCIIO-
BUS: IBPBO, (PU3MUHATA KOJETHUS Clle[iBa OPraHU3aIllMOHHO J]a IIOMOTHE Jla c€ HaMepsIT HaduK-
HU 32 OTYMTAHE, MOOIIPSIBaHEe U MOMYJSIPU3NPAHE HA Ta3H JCHHOCT Ha YUYUTEIUTE, U BTOPO,
CHELHATUCTUTE 110 METOAMKA HAa 00yYEHHMETO /1a IOMOTHAT Ha YUYUTENUTe C KOHKPETHH pa3-
paboTKM 32 HHAMBHyaTHA PabOTa C YUCHHIIHUTE.
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