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)L]����� SRVâXJXM �	� L� ZHNWRUDPL 

SCENARIUSZ LEKCJI 

+DVâ 
�� URJUDPRZH  7HPD ��� H � MD � QD]Z � VXJHUXM ��� R�ZL
FRQ � MHV � ZSURZDG]HQL � �JLPQD]MXP � O ���
powtórzHQL ��� RG�ZLH*HQL � �OLFHX � - SRZLHG]P\�  G]LDáD� !#" ZHNWRUDFK� 

7HPDWH $ ZLRG�F\ %'& QDV]\ % SURJUDPL ( QDXF]DQL ) MHV * ZV]HFKREHFQ + UXFK , 1DMOHSV]\ % VSRVREH %
ilustracji ruchu jest – MH� - . VL
 P ) Z\REUD(QL
 – ]DSL / ZHNWRURZ\��DOE 021 UDZLGáRZ 0 VSRU]�G]RQ 3 Z\NUHV�� 

Po co uczniom wektory? 

 'O 4 üZLF]HQL 4 Z\REUD(QL 5 EDUG] 6 ZD*QH7 XPLHM
WQR�F 8�9 VWXGLRZDQL : SU]\URG\ ; 1XW < QDSLVDQ =
FKRüE < QDMEDUG]LH7 SRSUDZQLH 5 GO 4 MHGQ\F > ]XSHáQL =@? L A QL = ]QDF]� 5�4@: LQQ\F > Z\ZRáXM� PLá = RGF]XFLH��

�JG < V� ]DSLVH BCB LáHD PHORGLL� E :HNWR F W G WH* ]DSLV HJI NWyUHJ K W\ON K WH L NW K ]Q M N K�N SRWUDI O RGF]\WD P
ÄPHORGL
´ Q 'REU R ]DSL S ZHNWRURZ\ T SRGREQL U MD V GREU R Z\NUH SXWZY[R GREU R U\VXQH V PR* U VNXWHF]QL U
]DVW�SL \ ZLHO U VáyZ��7 ] SRVWDUDP R VL
 - PL
G Y[R LQQ\P ^ - Q _ WH̀ OHNFM ^ SRND]Dü� 
a

W\P b * c ZLHONR�F d IL]\F] e#c PRJ� E\ f VNDODUQ c O g�h ZHNWRURZ c2i�j ZLHG]LH k d VL
 XF]QLRZL cml JLPQD]MXP��

:WHG n WH* SR]QD k d VSRV oph ]DSLV g�d PHWRG
 GRGDZDQL q ZHNWRUyZ r  
 

=DJDGQLHQL s JâyZQH��= t2u#v PRF� ZHNWRUyw PR*Q txvpu LV\ZD y ]MDZLVN t IL]\F]QH�� 

 

&H z { NWyU| FKFHP | RVL�JQ�ý: Chcemy, ab } XF]H� ~ SDWU]\� Q � ZHNWR � MD ���#� ]DNRGRZDQ� LQIRUPDFM
 �
XPLD� W
 LQIRUPDFM �m��� F]\WDü � SRWUDIL� RSLVD � REVHUZRZDQ � ]MDZLVN � ] ���#� PRF� ZHNWRUyZ � ]GDZD� VREL �
VSUDZ
 � Uy*QL � PL
G] } G]LDáDQLH � Q � ZHNWRUDFK �p��� ]LDáDQLH � Q � OLF]EDFK oraz XPLD��� RWDF]DM�F\ �
g � �ZLHFL � ]QDOH( � ]MDZLVNR��NWyU � SDVRZDáRE } G � RSRZLHG]LDQH� ZHNWRUDP � KLVWRULL 
 

 

Przebieg 45 minutowej lekcji:  

1 � WDEOLF\ � SU]H � OHNFM� � PR*HP } QDU\VRZD ��� LON � V\WXDFM ��� :V]\VWNL � U\VXQN � SRZLQQ } E }#� Z\UD(QH��

SRQXPHURZDQH��WD � E } PR*Q �2� \á � ZLG]LH � M � � ND*GH � � PLHMVF ��� NODVLH�� 

7DNL ��� U]\JRWRZDQL � OHNF��� QL � ]DELHU � ZLHO � F]DVX ����� RPDJ � SRWH � UR]PDZLD ��� NODV� VWRM� � F] }
VLHG]� ��� GRZROQ\ ��� LHMVFX� 
2W �2� U]\NáDG� 

 



 

 
Przedyskutujmy z uczniami nasze zapisy. (10 minut) 

 

Niech pierwszy wektor (a) oznacza SU
GNR�
���

URSO � GHV]F] � VSá\ZDM�FH� S � V]\EL � VDPRFKRGX��

obserwowanej SU]H � � RJR� VWRM�FHJ � Q 	 ]HZQ�WU] QLHUXFKRPHJ � 	 XWD 
 1LHF �� R]RVWDá � GRW\F]� WH�
VDPH� NURS � � � � REVHUZDWRUD ��� FKZLODF ����� (QLHMV]\FK � & � PRJ� R]QDF]D � NROHMQ � U\VXQNL � 0R* ��� EH �
uprzedQLH ��� SODQRZDQLD  SROHJDM� ! Q � IDQWD]M " F] # Z\REUD(Q " XF]QLy$ ]DM� � ZV]\VWNLF % Z\P\�ODQLH &
EDMNL��NWyU � MD ' ZV]\VWNL � EDMNL��QL �)(*� ZL �����,+-#�� SR]EDZLRQ � ORJLNL� 
 

Nr. 

rysunku 

0R+OLZ . RGSRZLHG) XF]QLD��O /10 VXJHVWL 2 QDXF]\FLHOD 

b. samochód stoi, kropla porusz 3 VL
 V]\EFLHM 4 PR* 576 URVá 378:9HSLH; VREL 5 UDG] 8=<
SU]\OHSQR�FL�� > -H� ? @ U\VXQH A MHV B ]URELRQ CEDED DFKRZDQLH F SURSRUFML G PR* H�IKJ NUH�OL L Z]URVW�
SU
GNR�FL� 

c. VDPRFK M�N MHG]L OQP OHZ JQP UH]XOWDFL O NURSO I SRUXV] I VL
 XNRVH R�S Gyá T *G\E\ R QL U VWDV
obok i nie wid]LDá W * UYX[Z W \ UXV]\á \ PyJáE\ R UyZQL U GREU] U SRP\�OHü W * U W \ ZLDW ] ]DZLDá��
-H�O ^ NURSO X E\á X_\�` VWURQ a ZHZQ
WU]QHb PyJáE\ Rdc U\VXQN Z�\ NUH�OL egfhcia ENR� e DXW X
]QDF]QL U PQLHMV]� QL* V]\ENR� ejf SDGDQL X NURSOL T 0R* k�X ]ZUyFL e XZDJ
 W MDNL U WUXGQR�F ^ VL

SRMDZLDM� l NURSO X�k�X V]\EL Umk�X ]HZQ�WU c MHV n XQRV]RQ X SU]H c MDG�F a SRMD]G W DO U SRS\FKDQ X
SU]H c S
 ` SRZLHWU] XoS NLHUXQN Zqp U]HFLZQ\P T 1L U ZLHO U ZL
 r PR*Q Xq\ V]\ENR�F ^ DXW X
SRZLHG]LHü� 

d. Z\JO� `sX Q X WR W * U NURSO
 ZRG atr R� PXVLDá \ ]DWU]\PDü T*u PL
G]\F]DVL U VDPRF v�w�̀ – PR*e 

p�\ Z\FRIDQL Z VL
 c PLHMVF X SDUNRZDQL X – SRMHFKDV MX* QLHF \ V]\EFLHb XQRV]� ryx URSO
 ] U
VRE�� 

 



.LHG
�
RFHQLP\��* � VSUDZ � MHVW�Z\MD�QLRQD��SURSRQXMHP� XF]QLR � FKZLO
 ]DVWDQRZLHQL � Q ���

QDVW
SXM�F\ � SUREOHPHP���-D 	 W
 VDP� KLVWRU\MN
 QDU\VRZDáE 
 NLHURZF � DXWD � 3R  ND*G\ � U\VXQNLH ����
WDEOLF� SU]HGVWDZP� ZHNWR � SU
GNR�F � NURSO � WD � MD � W � ZLG] � NLHURZFD��:HNWR � ]HURZ� R]QDF]DMP�

PDá\ � NyáHF]NLHP. 2W � F]HJ ����� ZLQQL�P� RF]HNLZDü��� 
 

Rys.2. 
 
 
3U]\SDGN � D � E��F��  "!# %$ RV]� VL
  #! NURSO � ZHZQ�WU &(' DPRFKRGX��D´��E ) F )%* G ) GRW\F]� NURSO *�+�,
]HZQ�WU]��,Q -/. �QL* W 021 U]HGVWDZLRQH3 ]DFKRZDQL 4 VL
 NURS 5 6�7�8 ]HZQ�WU 9 QL* ZHZQ�WU 9 PR* 4;:%<#=
spowodowane podmuchem powietrza np. w kierunku przeciwnym do kierunku jazdy samochodu. 
 
8ZDJD��W
 F]
� >@? XUV\Z� ]DSLVDQ� PR*HP A ]LJQRURZD > JGA PDP ACB#D F]\QLHQL E(F NODV� GO E NWyUHGHG HVW�
to zbyt trudne.  
 

 

Zmieniamy temat I ]DSUDV]DP J XF]QLyK G L Z\NRQDQL M;N R�ZLDGF]HQL M;N#L NWyU O#P#L"QRL WU]HEQ J QD S
E
G]L O NDZDáH T V]QXU M O U#V VNDNDQND W -H�O I G\VSRQXMHP J ZL
NV]� LOR�FL� V]QXUyZ X PR*Q M Z\NRQD Y
do�ZLDGF]HQL OZK JUXSDF []\RM NLON U VWRáDF [ UyZQRF]H�QLH� 

 
 



 

'R�ZLDGF]HQLH
� (15 minut) 

'ZyF
�
VLOQ\F
�
FKáRSFy � SURVLP\ � DE ��� WRM� � S �	��
� VWURQDF � VWRá ��� DSU
*\ � � V]QX � QLVN � Q �� VWRáHP��

']LHZF]\ ��� MHGQ\ � SDOFH � QDFLVNDM� � �URGH ��� ]QXU � SRWUDI � GRWNQ� ��� ]QXUH � G ��
 ODW � VWRáX � 7 � URE �
ZUD*HQL ��� U] ��� ZV]\VWNL � ��� W\FK � NWyU !"� QDFL�JDM� �#� ]QX � QL � V� � VWDQL �$� U]HFLZVWDZL �%� L
 VLO �
FL�JQ�FH&'� F � � VWURQ
 VWRáX�� 

0R* ��� MDN � FLHNDZRVWN
 SU !(� WH& RND]M � SRZLHG]LHü � * �)� GDZQ\F
�
F]DVDF

�
�NLHG � MHV]F] � QL ��
 \á �

Dawida &RSSHUILHOGD * SRGREQ � GR�ZLDGF]HQL � Z]EXG]Dá �)� RG]L � WáXPy �+���)� ODFDF � PLHMVNLFK � 7\ON �
WD � QL � FKáRSF\ �,� NLON � NRQ � UR]FL�JDá � OLQ
 � ]D� PL]HUQL � Z\JO�GDM�F � G]LHFN �-! WáXP � Z\EUDQH��

SU]\FLVNDá � OLQ
 VáDE� U�F]N� G � ]LHPL � �'R�ZLDGF]HQL �.!/�0� NOX��VLá
 PR* ��� GRZROQL �1� RPQD*Dü� 

3 2 Z\NRQDQL 3 GR�ZLDGF]HQL 4 U\VXMHP 576�4 WDEOL 805 ÄVFKHPDW 9 GR�ZLDGF]HQL 4;: ]D]QDF]DP 5 SXQNW�

�URGNRZ 5�< �QL 8 V]F]HJyOQHJR = ND*G 5 LQQ 5 SXQN >?> H* MHV > GREU\ = �URGNRZ 5 QDMZ\JRGQLHMV] 5A@�B Z]JO
 C�3
6�4 V\PHWUL
� D  

 
=DSUDV]DP 5E8 K
WQ\F F G 2�3 ]XSHáQLHQL 4 U\VXQN 3 ZHNWRUDP : VLG G]LDáDM�F\F F 6�4 SXQNW�3��=ZUDFDP 5 XZDJ

6�4 IDN >H= * B WD I SR- MD I : SU]H C ]DG]LDáDQLH J NROH*DQN : �VLá\� =LK ND*G\ J PLHMVF 3 OLQ 5 G]LDáDá 5 GZL B VLá 5
�OL 6�4 E\á 4#6 DSU
*RQD� D 3U] BC ]DG]LDáDQLH J NROH*DQN : Z\SDGNRZ 4 W\F F V : G K PLHMVF 3�< �MD I :MK ND*G\ J
LQQ\P N E\á 4 UyZ 6�4 ]HUR D 7HUD @ NLHG 5 W B GZL B VLá 5 WZRU]� N� > Uy*Q OAPQ ���o RTS P LF U Z\SDGNRZ V PXV W E O�X
Uy*Q Y[Z\ ]HUD ]A^ ZáD�QL _ W
 Z\SDGNRZ� VLá
 NROH*DQN Y ÄVSURZRNRZDáD ` �RHDNFMD a	b ]UyZQRZD*\á Y
naciskiem palca (Akcja). 

Na rysunku powinn c E\ d ZLGRF]Q _ F]WHU c ZHNWRU c GZ Y%Z GQRV]�F _ VL
 \Z QDSL
FL Y OLQ\ egf U]HF b'\Z VLá c
nacisku (A� ] 7U h c G]LDáDM� i Y OLQ
 j SXQNFL _ P ] &]ZDUW c ZHNWRU e'f Z VLá Y NWyU Y�\ ]LDá Y i L _ i Y V]QX k Y Q Y
SDOH l G]LHZF]\QN b �UHDNFM Y ���WXWDm ZDUW Z�n U]\SRPQLH d XF]QLR o WH� d WU]HFiej zasady dynamiki. 

7HUD h PDP c RND]M
 SRG\VNXWRZD dpZ Uy*QL l0c PL
G h c G]LDáDQLH o Q Y OLF]EDF q –  skalarach i wektorach. 

7XWDm Z\UD(QL _ ZLGDü��* _ Z\QL r GRGDZDQL Y PR* _ E c�d h QDF]QL _ PQLHMV h c QL* ND*G c ] _ VNáDGQLNy j VXP\� 

7 _ WU h c ZHNWRU c GRGD i _s\Z VLHEL _s\Y M� wekWR k ]HURZ\ ] 3RGREQ� V\WXDFM
 G Z SRND]DQHm j W\ o
GR�ZLDGF]HQL t ]Q Y ND*G c PX h cr JUDM� u0v1w�x1y LWDU]H z VNU]\SFDF {�u0|"v ZLRORQF]HOL } %DUG] ~ PRF w�~ QDSL
W �
VWUXQ v SU]\FLVN x G ~ V]\MN � LQVWUXPHQW �.��� V]NLH � SDOFD��3XV]NLH � SDOF x Z\GáX* x QDSL
W v VWDORZ v GUXW� 



Ten malutN
�
ZHNWR � VLá ��� W � MD ���	� DKDGO 
 VSU
*\QRZ\ � ZHNWR � VLá ��� LHUXM�FH� �WH� SURSRUFMRQDOQH� G �

Z\FK\OHQL  � SU]HFLZQL 
 G � Z\FK\OHQL  VNLHURZDQHM � RGSRZLHG]LDOQH� ]  GUJDQL 
 VWUXQ\ � ] �� L
NQ� QLHUD �
PX]\N
 � =ZUyüP ���� W ��� ZDJ
 XF]QLR � - PR* 
�� VZRLF � XOXELRQ\F � ]HVSRáDF � ]REDF]� LO 
 W 
 ]HVSRá �
� VZRMH� G(ZL
F]�FH� G]LDáDOQR�F � ]DZG]L
F]DM� IL]\FH� 

 

1 � SR]RVWDâ ����� PLQX  PDP! LQQ� SURSR]\FM� "  
:F]H�QLH# SU]\JRWRZDQ $ NRSL $ ÄKLVWRU\MH % ZHNWRURZ\FK´ & UR]GDMHP ' XF]QLR ( LQIRUPXM� ) UyZQRF]H�QLH��
* * RVWDWQL *,+ PLQX - OHNF.0/ SR�ZL
FLP 132�4 WHV - GRW\F]� 561 SU]HGVWDZLDQL 4 Uy*Q\F 7 V\WXDF.8/ SU 9:1 SRPR 5;1
wektorów. Oto „historyjki”. 

 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 



 
3U]HDQDOL]XMP

���
XF]QLDP � SLHUZV]� V\WXDFM
��3RGSRZLHG] � ] � VWURQ � NODV � SRZLQQ � E\ � � DZV] � PLO �

widziane.   
Oto jedna z propozycji: 
0DP

�
W ��� L
 � Z\UD(QL � ]D]QDF]RQ\F 	 SR]LRPyZ��� 

/LF]E 
 RER � PRJ� SU]HGVWDZLD �� ROHM ��� MHGQRVWN � F]DVX�� 
.WR� XSX�F � � SLáN
�� 
Spada swobodnie pionowo. 
7 ��� URVQ� ��� ZHNWR � W � ZHNWR � SU
GNR�F � – SU
GNR� � ERZLH � UR�QL � PLDURZ ��� XSá\ZH � F]DVX� 
W peZQ\  ! RPHQFL "$# FKZLO %�&(' QDVW
SXM " LGHDOQL " VSU
*\VW "�)+* ELFLH��1L "-, U]\]QD .�) *DGQHJ ) F]DV /
trwania tego odbicia.  
3RWH  SU
GNR�ü��NWyU %-. DJO " ]PLHQLá % ]ZURW��WD 021 DP ) PDOHMH��MD 0 SU]HGWH  URVáD 3

yVP\ 4 �W\NQL
FLX 5 ]HJDU 6 SLáN 6 ]QDOD]á 6 VL
 WD 4 VN� 7 Z\VWDUWRZDá 6 –  sytuacja idealna. 
Przebyta droga? – GZL 8 Z\VRNR�FL�� 
Przemieszczenie? zero 9
F :;: ]QDF] < W =�> PDá ? ZHNWR @ ]DZV] = WDN A VDP B 7 :;: F]\ZL�FL = PR* =-CD?�E SU]\VSLHV]HQL = JUDZLWDF\MQH F

< PR* = WH* R]QDF]D E VLá
 FL
*NR�F A SLáNL��7 = ZLHONR�F A V� VWDO =�G GyH VNLHURZDQH��V� ZHNWRUDPL�� AI>�< WD J
QLHZLHONLHK SU]HVWU]HQ A QL =$L OHJDM� ]PLDQLH� 
 
'áXJ < W :-C \á < KLVWRU\MN <�< O = FK\ C�< SRXF]DM�FD�� 
 
3URSRQXMHP ? XF]QLR M E ?NG GRP L QDGD O A ZáDVQ� LQWHUSUHWDFM
 IL]\F]Q� MHGQHP LQP WU]HF R;S�: ]RVWDá\F R
rysunków. 
 
0R*HP ? ]DVXJHURZD E WDNL =!S \WDQLH T *G\E ? J WyU\� P U\VXQNyG GRW\F]\H VNRF]N < QDUFLDUVNLHJ : R U
PRPHQW L VWDUW L G : ]DWU]\PDQL < VL
 >�< SRGMH(G]LH F�VW: NWyU ? W : PyJáE ? E ?�E U\VXQHN B *G]L =-: ]QDF]\áE\�
FKZLO
��G NWyUHK VNRF]H J QDUFLDUVN A GRW\N < ]ERF] <-S U PI? O�GRZDQLX" 

 
Na podsumowaniu OHNFM AXP Z\VRQGRZDQLHP F F] ?�Y L
 SRGREDá :ZA F : QRZHJ : NODV < VL
 GRZLHG]LDá < PR*Q <
E ? OHNFM
 ]DNR�F]\ü� 

-H�O A SR]RVWDQL = F]D Y Q < VSHáQLHQL = ÄRELHWQLF\ [ W : ZDUW : SU]HSURZDG]L E J UyWN A WHV V\F DE ? VSUDZG]L E MD J
XF]QLRZL = UHDJXM� >�< QRZ = V\WXDFMH ]  
Test (5 minut) 

 
� ] 0D YIP SU]H U VRE� 5\VXQH J � F NWyU ? DQDOL]RZDOL�P ? SU]H U FKZLO� ]̂ ] �1L =_S�: WU]HEXMHV P SU]\SRPLQD E
VREL = *DGQ\F R Z]RUyZ� ` 1LHF R OLF]E ? SRU]�GNRZ =-:+UbaZU+:bc R]QDF]DM� F]D YdG VHNXQGDFK ] -H� O A ZLHV P
GRGDWNRZR F * = ZHNWR @ SU
GNR�F A RGSRZLDGDM�F e$f ]DVRZ g � h SRVLD i+j ZDUWR� k ��P� l W m MDN� SU
GNR� k
SRVLDGDá n SLáN n�o FKZLO p JG q PLQ
á msr$p Syt VHNXQG qQm+u VWDUWX" 

 
�D v 3U]\MPXM� w GDQ xsy SRSU]HGQLH z+m ]DGDQL n QDU\VX{}|�n$m VREQH{ NDUWF x NUDWNRZDQHJ m SDSLHU ~ ZHNWRU q
SU]HPLHV]F]HQL n�u O n ND*GH{Zy ]D]QDF]RQ\F � FKZLO v =Dáy*P\ � * x�� ��F � �MHGQ n NUDWND � RGSRZLDG n
GáXJR�F pXr P v  

 



 
*G\E

�
]DEUDNá � F]DV � Q ����� VW
SQ � ]DGDQLH��W � SURSRQXMHP � SR�ZL
FL �
	 PLQXW�QDVW
SQH��HNF�������

WHV � ÄQ � UR]JU]HZN
´��� 
 
 
���5\VXQH � SU]HGVWDZL � F]áRZLHND��NWyU ��� WDU � VL
 SRGQLH� ��� L
*N�
wali]N
 
&L�JQL ��� JyU
��DO � Z\UD(QL � MHVW�] � VáDE � E � M� XQLH�ü� 
0DJLF]Q

�
DSDUDW�IRWRJUDILF]Q

�
�
URE � � ]GM
FL �  

� FKZLOL��JG
� � � áRZLH � VL
 Z\W
* ��� XWUZDOL��� SRVWDF � ZHNWRUyZ� 

wszystkie VLâ� G]LDâDM�F � Q � ZDOL]N� 
 
1DU\VX� SURVWRN�W�SU]HGVWDZLDM� � � ZDOL]N
 � wektory, które 
SRND]D ��� ]RVWDá � Q � PDJLF]Q\  ]GM
FLX 
SRQXPHUX� M �!� QD]ZL� ND*G �
� W\F " ZHNWRUyZ� 
 

Uwaga: 3URSRQXMHP � DE
�
WDNL � NUyWNL � WHVW

�
MD � WH � � ZDOL]N� XF]QLRZL � UR]ZL�]\ZD � ��� SDUDF " – MH� � �

VLHG]� GZyMNDPL # 'DM � W � PR*OLZR� � G � G\VNXVML $ Z\PLDQ
� opinii i argumentów, dochodzenia do 

ZVSyOQ\F " X]JRGQLH� # :yZF]D
�
XF]QLRZL � ZU
F]DM� MHGQ � UR]ZL�]DQL � � GZRP �&% RGSLVDPL # -H� � � QL �

GRMG� '(� SRUR]XPLHQLD��ZU
F]DM� RVRE ��� VZRM � SRGSLVDQ ��% URSR]\FM � UR]ZL�]D�� 
------------------------------------------------------------------------------------------------------------------------------------------ 

Odpowiadamy na pytania z lekcji: 
 

 

Odpowiedzi do historyjek z wektorami 

5
���

� # 5]X � XNR�Q � � LGHDOQ\F " O �() ]EOL*RQ\F " ZDUXQNDFK # 1S # *RQJORZDQL � FL
*NLP � SLáHF]NDPL. 

=D]QDF]RQ � W � V� VNáDGRZ � SU
GNR�F � �F]DUQH *+� SU
GNR� � Z\SDGNRZ � �V]DUD� $!� MHGQDNRZ\F "
RGVW
SDF " F]DVX��EH � SRND]DQL ��% U]HVWU]HQQHJ � NV]WDáW � WRU � �SDUDEROL�� 
 

5 ,�- � . 3U
GNR� / QS . SRGF]D - MD]G , Q 0 VDQHF]NDF 1 ] 2 VWRNX . =MH*G*DQL 2 S 3 UyZQ 4 SRFK\áH5 ] 2 VWDá\ 6
przyspieszeniem. 

 

5 ,�- � . 3U
GNR� / $GDP 0 0Dá\V] 0�7�0 VNRF]Q 4 – QDMSLHU 8 WD 9 MD 9 Q 0 U ,�- � : UyZQL 0 SRFK\á 0 �G 3<; �� : PL
G = ,
>@?BA

PXVLDá C QDVW�SL D Z\ELFL EGF SURJX HJI FKZ K L K(MGN VL�JQL
FL EPO�Q MZ\*V]HJ N SXQNW R ORWX H PL
G S�T<U@VXW�Y
PXVLDá Z QDVW�SL [!S HWNQL
FL \ ]H VWRNLHP ] SRWH ^ MHV]F] \ FKZLO _ ]ZL
NV]DQL _ SU
GNR�F VJ_̀ Z(abW�Y ]DF]
á Z
VL
 MX* KDPRZDQLH��ZLGD [ WH* c�d�Wfe ��* \�c ]DWU]\PDQL g VL
 SRPyJh WH* OHNN V SRGMD]G��� 
 

 



  
2GSRZLHG]L�

���
]DGD� WHVWRZ\FK 

1. ��� Sy� VHNXQG � R � VWDUW 	�
 U
GNR� � SLáN � Z\QRVLá  –  25 m/s (minu � R]QDF]D � P �
 U]HFLZQ ��� ZUR � QL* �
SRGDQH� � ]DGDQL 	�
 U
GNR�F ��� GUXJLH� VHNXQG]LH� 
�D � =ZUDFDP � XZDJ
 � * � ZHNWRU � SU]HPLHV]F]HQL �� 
G� URVá\ � � VWRVXQN 	���� �!�#"$� � % �&� WDN � VD '
VSRV ( � E
G� PDODá � G ) ]HUD� 

 
3.  

 
 
7U �*��� Lá � mg, R, F, to kolejno: sLá �+ UDZLWDF� � FL�JQ�F  ZDOL]N
 N 	 =LHPL��VLá  UHDNF� � SRGáRJ � �PQLHMV] 
QL* mg SRQLHZD* NWR� FL�JQL � ZDOL]N
 � ) JyU ��� Lá� F)��7 � WU �*�,� Lá � SRZLQQ � G]LDáD � Z]GáX* MHGQH� SURVWHM �
F i R V� WXWD� GRZROQL � ZLHONLH��E\O � ND* � -� \á  PQLHMV] -. L* mg oraz by by� VSHáQLRQ � ZDUXQHN� 
                                                   F + R  + mg  = 0 
 


