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ITosicHuTeIbHAA 3anMCKA

Metoanyeckre peKOMEHJAMK K BBIMOJHEHHIO MPAKTHYECKUX pabOT Mo aucHuiinae «Dusmukan
NpeHa3HAYCHBl JUIS OpraHU3allid CaMOCTOSTENbHOW paboThl CTYIEHTOB IIEPBOTO Kypca OYHOTO
OTJEJIEHUs CIeUMaIbHOCTH  CHEHMUAJIBHOCTH 19.02.11  TexHonoruss NpOAYKTOB IUTaHUS U3
PacTUTEIBHOTO CHIPbS

CornacHo y4yeOHOro Iu1aHa o0s3aTesibHas ayquTOpHas yyeOHas Harpyska cocrasiser 108 yacos, B
TOM 4Hclie 48 4acOB COCTaBISAIOT IPAKTHUYECKHUE 3aHATUA. B CBA3M C IPaKTMUYECKON HAIIPaBICHHOCTHIO
JTMCIUTUTMHBI pa3paboTaHo 24 MpakTHYECKUX paOOTHI.

[IpakTryeckne pabOTHI MO3BOJSIOT 3aKPENUTh, CHCTEMATH3MPOBATh M ONPEACIUTh  ypPOBEHBb
3HAHUW U YMEHUH 1O CIEAYIOIIMM TeMaM JAUCLUIIIIUHBL:

— Kunemartuka.

— JlmHamuka.

— MonekynspHO-KMHETHYECKasi TEOPHUSL.

— TepmonnHamuka.

— Mexannyeckue KoyiebaHusl.

— DJeKTpOMarHUTHbIE KOJIEOAHUS U BOJIHBI.

— Ilpupona csera.

— BomHoBBIE cBOlCTBA CBeTa.

— KBaHroBas onruka.

— ®wusuka atoma.

— @usuka aTOMHOTO s1pa.

[lepen BbIMOIHEHHEM CTYyJIEHTAaMHU MPAaKTHUYECKON pabOThl MpenojaBaTesib NPOBOIUT UHCTPYKTAXK
[0 BBINOJHEHUIO 33/1aHUS, KOTOPBIM BKJIIOYAET I€JIb 3aJaHUs, €ro COJAEp>KaHUE, BPEMs BBIIOJIHEHUS,
OpPUEHTUPOBOYHBIM 00BEM pPabOTHI, OCHOBHbIE TpeOOBaHMS K pe3yibTaTaM padOThl, KPUTEPUU OLIEHKU
TECTa U MMPAKTUYECKOTO BBITIOJHEHUS 3aJaHMsL.

Bpewmst BbINOHEHUS MpaKTHUECKO paboThl cocTaBisieT oT 45 10 90 MUHYT.

KpI/ITepI/II/I OLICHUBAHMA IIPU BBINIOJIHCHUUN TECTA:

% HaOpPaHHBIX 0AJI0B Ounenka
91-100 5
71-90 4
51-70 3
0-50 2

Kputepuu onieHnBaHusI IPU BBITOJIHEHUU MPAKTUYECKOTO 3a/1aHUS:

— Oyenka «5» - cTaBUTCS B TOM CIllyyae, €ClIM CTYIEHT OOHapyXHBaeT BEpHOE NOHUMaHHE
CYLIHOCTH paccMaTpUBaEMBbIX OMNepaluii, IPaBUJILHO U B MOJHOM 00BbEME BBIMOIHSIET 3aJaHMUs,
3aJlaHu# U MpeasiaraeT Hanbosee palroHaIbHOE peLIeHHE.



- OleeHKa w4y - 3aJaHusl BBIIIOJIHEHBI B ITOJHOM 06'LCM€, HO JONYHICHBI HC3HAYUTCIIbHBIC
HETOYHOCTH.
— Oyenka «3» - TpU BBHINOJIHCHUH 33JaHUN OOHAPYKUBAIOTCSI HETOYHOCTH, BBIMIOJIHEHO
npaBuiibHO He MeHee 60% 3amanuil, npeaiaraeMbplii BAPUAHT PEILICHUS HE PAllMOHAJICH.
—  OyeHnka «2» - yqaluiicsi He OBJIaJIe] OCHOBHBIMH YMECHHUSIMU B COOTBETCTBHH C TPEOOBaHUSIMHU
IPOTPaMMBI.
B mpouecce nHCTpyKTaXxa MpenoaaBaTellb IpeaynpexaacT CTyI€HTOB O BO3MOXHBIX TUIIMYHBIX
OI_HI/I6KaX, BCTPCHAIOMIUXCA MTPHU BBIITOJIHCHHUU 3aJaHU.
IIpakTuueckas padora Ne 1

IlepeBoa Beanuun B cuctemy CHU

3aganue 1

[lepeBectu B cuctemy CU cnenyronue BeITWYUHBI TOKOB W HaNPSKEHUIL:

Ne DNEKTPUYECKUE BETUYHNHBI

Bap

1 481 MB | 57xB | 440B | 04xB | 23mMB | 45mMxA | 480 A | 64xA | 40mMA | 03kKA | 0,8 MA
2 57 xB 4400B | 54xB | 681 MB | 09xB | 400 MxA | 32 kA | 3,8MA | 45MA |51 A 3,4 KA
3 48MB | 6,75xB | 4 B 14xB | 230MB | 5 MxA 11,8A | 35xA | 400mMA | 1,3 kA | 25MA
4 57xB | 44vMB | 54B | 6,1mMB | 129xB | 78 MmxA | I5IxkA | 0,8 MA | 45MA | 5,1 kA | 04 KA
5 481 MB | 57xB | 440B | 04xB | 23mMB | 45mMxA | 480 A | 64xA | 40mMA | 03kA | 0,8 MA
6 518mB | 0,75xB | 4B 1,45xB | 23mMB | 125mkA | 1,8 kA | 35 A 79MA | 135kA | 2,5 MA
7 481 B 5,7MB 14xB | 0,5xkB | 105MB | 45MxkA | 48 MA | 0,1 kA | 40xkA | 0,3 MA | 80MKA
8 481 MB | 5,7B 40kB | 04xB | 23MB | 45mMxkA | 480A | 64kA |40mMA | 0,3kA | 0,8 MA

9 58mMB | 75xB 50kB | 1,5xkB | 789 MB | 725 MxA | 0,04 A | 35 kA | 790MA | 935kA | 1,5 MA

10 1,8mMB | 254kB | 0,15B | 1,05xB | 23 MB 1,5MkA | 18 kA | 35MkA | 179mA | I3 kA | 2,5kA

11 18MB | 75xB 02B | 1kB 200 MB | 100 MxA | 1 KA 35A | 790mMA | 535kA | 2,5 MA

12 |48 mMB | 57xB 4B 0,kB | 830mB | 450 MxA | 48 kA | 2,2kA | IOMA | 3KA 0,1 MA

13 | 81MB | 56,7xB | 0,1xB | 0,01 xB | 1 MB 7,1 mMxkA | 48MA | 6,0kA | 100MA | 0,9 kA | 100MA

14 |41 MB 100 B 40xkB | 041 xB | 23MB | 45MkA | 48 A 6,6kA | 400MA | 0,3 kA | 8 MA

15 |58mMB | 7,5xB | 50B 1,52xB | 125MB | 72 mxA | 0,01 A | 33 kA | 190MA | 985kA | 15 MA

16 18mMB | 25,4xB | 0,5B 1,05 xB | 74 MB 15mMkA | 1,8 kA | 87mkA | 17MA | 12 kA | 25kA

17 180MB | 0,75xB | 2MB | 10 kB 250 MB | 180 MxA | 4 KA 35A | 590mMA | 565kA | 87 MA

18 | 04mB |57xB | 40mB | 0,12xB | 800 B | 45mMkA | 58 kA | 22 kA | 18MA | 9kA 1,1 MA

19 |81mB |97xB | 03B |025xB | 100mB | 520 MKA | 95MmMA | 1,5kA | 150mA | 0,4 kA | 190MA

20 |50mMB | 08xB |20B |0,3B 20mMB | 250 MxA | 2,5 kA | 45MkA | 14 MA | 5A 38MA

21 | 0,68mMB | 30B 12xB | 0,02xkB | 750MB | 20A 18 kA | 35MKA | 590MA | 565kA | 1,5 MA
22 | 485B 5,07MB | 2,4xB | 1,5kB | 155MB | 25MxkA | 1,04 A | 25kA | 90MA | 965kA | 2,5 MA
23 181 MB | 66,7xB | 0,1xB | 2,01 xB | I B 2,1 mMxA | 1,8 A 0,6kA | 40MA | 2,3kA | 59MA

24 | 81MB |5,7B 44xB | 04xB | 3mMB 0,5MkA | 48A 24 kA | 4MA 23kA | 8MA

25 | 4mMB 10B 04xB | 1,41xB | 03mMB | 45MKkA | 48 A 2,6kA | 40MA | I,3kA | 12 MA

3axanue 2
[Tepesectu B cucremy CU crnenyronme BEeIMYMHBI MOIIHOCTEW U COMPOTUBIICHUMN:

0 DNEKTPUYECKUEe BETUUYUHbI
Bap
1 48 kBt | 44Bt | 0,4 kBt | 23 MOM 45 kOm 48 Om 6,4xkOm | 4MOwm | 0,3kOm | 2MOwmM
2 57kBt | 0.5kBt | 0,3Bt | 0,9 Om 400MOM | 3 MOwMm | 0,3kOmMm 4,50m | 51 kxOm 4 kOm
3 3,2kOm | 6,4 Om | 40MOm | 0,3 MOwMm | 2xkOm 0,8kOMm | 4,8 kBt 0,4Bt | 04 kBt 0,2MBT
4 30kOm | 0,40m | 4MOm | 0,3 kOm | 2xkOm IMOM | 48 kBT 0,4 kBt | 320 kBt | 0,1MBT
5 48 xOm | 4,8xkBT | 0,4 Bt 23 MOm | 45 Om 48 kOM | 6,9 kKOm 1 MOm | 300MOMm | 1kOmMm
6 98 kBt | 04Bt | 94 xBt | 230 MOM | 450 kOM | 4800mM | 6,43 kOM | OMOmM | 0,83 kOm | 2MOm
7 32kOm | 64 Om | 4MOm 0,1 MOm | 200kOm 0,5xOMm | 4,82 kBt | 0,44 Bt | 0,45 kBt | 0,1MBT
8 450m | 48kOMm | 6,9xOm | 1 MOmM 300MOM | 1kOmMm 48 kBTt 44Bt | 0,4 xBt 23MOMm
9 4MOm | 0,3xOMm | 2xkOm 0,3 MOwMm | 2xkOm 0,8xOm | 4,8 kBT 5,4 kBt | 3280 xBt | 0,1MBT
10 0,4Btr | 20kOMm | 45 OmMm 32xkOMm 64 Om 4MOM 98 kBT 4,45 Bt | 0,32 kBt | 03MBT
11 1 MOm | 30MOM | 1kOm 48 kBt 450 kOm | 480 OmMm | 6,43 kOMm | OMOM | 0,83 kOm | 2MOmM




12 0,3Br | 090M |4MOM | 3 MOm 0,3xOm 450m | 51 xOm 4 xOm 400MOm | 30xBt
13 450m | 48kOMm | 6,9xOm | 1 MOmM 300MOM | 1kOmMm 4 8xBT 0,4 Bt 3 MBT 10 kBt
14 48 xOm | 4,4x Bt | 0,4 0OM | 23 Bt 45 kBt 48 Om 6,4xkOm | 4MOwM | 0,3xkOMm | 2MOwm
15 03Bt | 090M | 40MOM | 3 MOm 0,3xOm 48 kBt | 4,4 Bt 0,4 xBt | 0,3 kOm | 2MOwM
16 40mMOM | 0,3kOM | 2xkOMm 0,8xOm 2kOM IMOm | 48 kBTt 0,4 xBt | 320 kBt | 0,1MBT
17 0,8xOm | 4,8 kBt | 0,4 Br | 0,4 kBt 0,2MBT 3,2kOm | 6,4 Om 40mMOM | 0,3 MOmM | 2xkOm
18 0,3 Bt | 2kOm 0,8xOm | 4,8 kBT 30xkOm 0,40Mm | 4MOm 50MOM | 2xkOM 32 kBt
19 45 xOm | 48 Om 6,4xOm | 4 MOmM 0,3xOm 2MOm | 48 kBt 44Bt | 0,4 xBt 23 Om
20 IMOm | 1,3xOM | 50Mm 1,3 MOwM | 5kOm 1,8kOm | 4 kBT 1,4 xBt | 328 kBt 1,1IMBT
21 0,2xBt | 0,4 Bt | 2,4 kBT | 2 MOM 4 xOm 4 Om 2,4 xOm 9 MOwm | 0,2 kOm 1MOwm
22 3Br 0,1O0OMm | 5SMOM | 1 MOMm 5,3kOm 2,50M | 20 kOm 9 kOM 457mOm | 26xBT
23 8 kKOm 28xBt | 1, 4Bt | 93MOM | 50mM 33 kOm | 6 kKOMm 3MOwMm | 320MOmMm | 4xkOmMm
24 4MOMm 0,1xOm | 4kOMm 1,8xOm 5xOm 7MOm | 22 kBt 0,7xBt | 120 kBt | 0,6MBT
25 12kOm | 54 Om TMOM 0,5 MOwMm | 250xkOm 1,5xOm | 4,8 kBt 0,22 Bt | 1,45 kBt | 0,2MBT
3amanmne 3
3anucats conporupiieHue B KOM u MOM (OoKpyrieHue 10 AEecSThIX 10JIeH)
Ne Bap 1 2 3 4 5 6 7
R, Owm | 45621589 | 78459219 | 45621789 | 45621789 | 7854219154 | 124587912 | 1542682
Ne Bap 8 9 10 11 12 13 14
R, Owm | 128579,6 | 78666232 | 456217,8 | 17856536 | 785421915 1245879,1 | 154268256
Ne Bap 15 16 17 18 19 20 21
R, Owm | 5621589 1845921 6562579 1561789 585321914 12358752 6532682
Ne Bap 22 23 24 25 26 27 28
R, Owm | 62859,6 8262232 25215,8 4734653 1832131,5 324579,1 35426256

IIpakTHyeckas padora Ne 2
Tema: Ilpumenenue 3axonoeé Hoelomona, pacuem cun, 0eiicmeylowux Ha meo,
3AKOHbL COXPAHEHUS UMNYIbCA U IHEPZUU
He]lb.’ NPUMEHANb 3AKOHbL HblomOHCl, 3AKOHbL COXPAHEHUA UMNYIbCA U DHEp2UU nPpU peltuerHuu 3a0ay

Kparkas Teopus:

Iepeviit 3akon Heromona. Eciiv Ha Tenlo HE JEHUCTBYIOT CHIIbI MJIM UX JIECTBUE CKOMIIEHCUPOBAHO, TO TIAHHOE TEJIO
HaxXOJIUTCS B COCTOSTHUH TTOKOS MJTH PABHOMEPHOTO MPSIMOJIMHEWHOTO JBMKCHUS.

CBOICTBO T€ COXPaHATH CBOKO CKOPOCTh ITPU OTCYTCTBUU ACUCTBUS HAa HETO IPYTUX TEJ HAa3bIBAETCS
unepyueii. Macca tena — KonudecTBeHHas Mepa ero naHeptHocti. B CU oHa n3mepsiercs B Kujiorpammax.

CucreMsbl OTCYCTA, B KOTOPBIX BBIITOJIHACTCA HepBLIﬁ 3aKOH HLIOTOHa, HAa3bIBAKOTCA UHEPUUATITbHBIMU .
Cucremsbl 0TCYCTa, ABUKYIIUCCI OTHOCUTCIIBHO HHEPUHUAJIBHBIX C YCKOPCHHUEM, HA3BIBAKOTCSA
HeuHepuuailbHbIMU.

Cunia — KOJIMYECTBEHHAS MEpa BSaHMOI[efICTBHH tea. Cuna — BCKTOPHAaA BCJIMYMHA U U3MCPACTCA B
HpioToHax (H). Cuna, koTopasi mpoOM3BOJUT HA TEJIO TAKOE XKe IEHCTBUE, KaK HECKOJIBKO OJTHOBPEMEHHO
JEUCTBYIOIUX CHUJI, HA3bIBACTCS PAGHOOEICHEYIOU{ell TUX CUJL.



Bmopou 3axon Heromona. Y CKOpeHUe Tena NpsMO IPONOPLUOHAIBHO PABHOAECUCTBYIOIIEH CHIL,
IPUIIOKEHHBIX K TeIy, 1 00paTHO MPONOPLMOHATIBHO €r0 Macce:

—
=

—_—
ra
b F=ma.
UIn

Ecnu aBa Tena B3auMoIeCTBYIOT IPYT C IPYTOM, TO YCKOPEHUS 3TUX TeJl 0OpaTHO MPOMOPIHOHATIBHBI UX
Maccam.



Tpemuit 3axon Hotomona. Cuibl, C KOTOPBIMH TeJla B3aUMOJECHCTBYIOT IpYT C APYT'OM, PaBHBI 110
MOJYJI0 Y HalpaBJIEHbI BJI0JIb OJJHOM MPSIMON B IPOTUBOINOJIOKHBIE CTOPOHBI.

3akon COXPAHEHRUA UmMnyjiibca — BeKTOpHaSI CyMMa UMITYJIbCOB ABYX TCJ 10 BSaHMOHeﬁCTBHﬂ paBHa

BCKTOpHOfI CYMMCE€ X UMITYJIBCOB IIOCJIC BBaHMOHCﬁCTBHﬂ
RO COYAAPEHUA

ity + Mgty = ”'*-1"*"!1 -+ n':.g-e"fg

I’, p;

M TP = Pﬁ +EJE

HOK&)KCM 3aKOH COXpaHCHHUA UMITYJIbCa.

NOCNE COYAAPENNA

Bo3sMeM 1 0003HAYNM MacChl JABYX TEJ }”11/1 ”LEI/I CKOpPOCTH o0

B3aMMOJIEHCTBUS 1113, a MOCIIE B3aUMOIEHCTBUS (CTOIKHOBEHMS )
i it
1-2

ITo Tperbemy 3akoH HblOTOHA CHIIBI, ACHCTBYIONIME HA TEJa MIPHU UX
B3aUMO/ICHCTBHUHU, PABHBI 110 MOJIYJIFO M TPOTHBOIIOJIOXHBI 10 HAIIPABIICHHUIO; IIO3TOMY MX MOXHO
o6osHaunth ) — Fi

I[J'ISI H3MEHEHUI HUMITYJIBCOB TCJI IIPU UX B3aHMOHeﬁCTBHH Ha OCHOBaHHNHU I/IMHy.]'Ibca CHJIBI MOXKHO
3armucarb TaKk

s mepBoro tena:
Ft= n':.l'e_"fl — i
s BTOpOro Tena:

—Ft = n':.l'e_"“g — i

M Torma Y HacC MMoJIy4acTCs, YTO 3aKOH COXpPAaHCHUA UMITYJILCOB BBITJIAAUT TaK:

Myt + Moty = n':.l'.!"!l + m.g'e'fg

DKCIepUMEHTaIbHbIE UCCIEA0BaHUS B3aUMOICUCTBUI PA3IMUHbBIX T€Nl — OT IUIAHET U 3BE€3]1 O aTOMOB U
AJIEMEHTAPHBIX YACTHI] — TOKA3aJIM, YTO B JTIO0O0M CHCTEME B3aUMOICHCTBYIOMNX MEXIY COO0H Tel mpu
OTCYTCTBUHM JIEVCTBUS CUJI CO CTOPOHBI APYTUX TEN, HE BXOJSAIIMX B CUCTEMY, UJIM PABHBI HYJIIO, CyMMa
MMITYJIbCOB TEJI OCTAETCSI HEN3MEHHOM.

H606XOJII/IMI)IM YCJIOBUEM IPUMCHHUMOCTH 3aKOHA COXPAaHCHUS UMITYJIbCA K CUCTEME
BSaI/IMOJIeI\/’ICTBYIOH_[I/IX TCII ABJIACTCA UCIIOJIB30BAHUEC HHepHI/IaJII)HOfI CHUCTEMBI OTCUETA

B ®opmyiie MBI HCTIOJIB30BANH :

t— BpeMms B3auMOIeHCTBHUS TEN

P1 =111 Ymnynec 1 Tena o B3auMoaeiicTBUS

P2 =matz Wmnynbe 2 Tena 10 B3aUMOJICHCTBHUS



M o=t "!1— Nmnynse 1 Tena nociie B3auMoecTBus

Py = Mgl '!!:.— Nmnynbce 2 Tena nociae B3auMoIeUCTBUS

BapuanTt 1
1. ABTOMOOWIIb IBUXKETCS PAaBHOMEPHO M IPSAMOJIUHEHHO CO CKOPOCTHIO
V (puc. 1). Kakoe HampaBieHue MMeET paBHOAEHUCTBYIOLIAs BCEX CHIL, f
? -
IIPUIIOKEHHBIX K aBTOMOOMIIIO? 3 LR,
A.l. B.2. B.3. I.4 I F0OoO. Aﬁjiépﬁw
. 3
Puc, 1

2. Ha pucynke 2 mpencraBieHbl HalpaBiI€HHUs BEKTOPOB CKOPOCTH V U
yckopeHuss a Ms4a. Kakoe u3 MNpeAcTaBIEeHHBIX Ha pPHUCYHKE 3

HallpaBJICHUN MMEeT BEKTOP pPaBHOACHCTBYIOLIEH BCEX  CHII,
IIPWJIOKEHHBIX K MAY9Y?

A.1l. B.2. B.3. TI.4 5.

Puc. 2

3. Kak Oyzer aBurartbes Teno Maccoi 2 Kr noj Aevicteuem cuibl 4 H?
A. PaBHOMEpHO, CO CKOPOCTHIO 2 M/C. B. PaBHOYCKOpPEHHO, C ycKOpeHHeM 2 M/c?,
B. PaBHoyckopeHHO, ¢ yckopeHuem 0,5 m/c?. T. PaBHOMEpHO, co ckopocThio 0,5 M/c. 1
JI. PaBHOYCKOPEHHO, C yCKOpeHHeM 8 m/c?.

4. ]1se cunsl F1=3 H u F>=4 H npunoxxeHsl K 0JHOI TOuke Tena. YTOl MEXIYy BEKTOpaMH Puc. 3
F1u F; paBen 90°. Uemy paBeH MOIyJIb PaBHOICHCTBYIOIIEH ATHX CHII?

7 A.7H. B.1H. B.5H. T. H. A. Cpenu otBetoB A—1I" HET nMpaBUIILHOTO.

5. [Ilap, mOJABEIMICHHBI HAa HWUTH, JABUXXETCS PAaBHOMEPHO II0 OKPYKHOCTH B
rOopu3OHTaNBHOU MiockocT (puc. 4). Kakoe HampaBieHHEe HMeEET BEKTOP
PaBHOJIEHCTBYIOIIEH BCEX MPUIIOKEHHBIX K HEMY CUIT?

A.FUO0. B.1. B.2. I.3 1.4

Puc. 4

—

6. Ha pricyHke 5 moka3aHbl HarpaBJIeHHE W TOYKa MIPUIIOKEHUsI BekTopa cuibel F 1,
neWcTBymomel npu ynape msua. Ha kakom U3 pucyHKOB (puc. 6) MpaBUIBHO MOKA3aHBbI
HaIpaBlIeHUE U TOYKa MPUIIOKEHHs cuiibl F 2 , BO3HUKaroLIEH npu B3aUMOAEHCTBUH 11O

TpeTbeMy 3akoHy HbroTOHa?
&
@ @ "’
| L : JL |

Puc. §

'+

Puc. &
A.1. Bb.2. B.3. TI.4. J.Cpenu pucynkoB 1—4 HeT npaBHIBHOTO.

7. Y noBepxHocTH 3eMJH (T. €. HAa pacCTOSHUU R OT ee 1eHTpa) Ha Telo JEMCTBYET CUila BCEMHUPHOTO

tarotenust 36 H. Uemy paBHa cuiia TATOTEHUS, JEHCTBYIONIAs HA 3TO TEJIO HAa paccTosHUM 2R OoT 1ieHTpa
3emnn?



A. 18 H. b. 12 H. B.4 H. I'.9H. J. 36 H.

8.Cuna TpaBUTAILIMOHHOTO B3aWMOJECHCTBUA MEXJIy JABYMsS IIapaMH MaccamMu Mi=mp=1 kr Ha
pacctosstHun R paBna F. Yemy paBHa cuja TpaBUTALMOHHOTO B3aUMOJCUCTBHUS MEXIY IapaMu
Maccamu 2 U |1 KT Ha TaKOM e paccTtosiHuu R apyr ot apyra?

A F. b.3F. B.2F. r.4F. d.9F.
9. ITox neiictBuem cuibl 2 H npyxuHa yayrHuiaack Ha 4 cM. UeMy paBHA )K€CTKOCTb MPY>KUHBI?

A.2 H/m. B.0,5H/™M. B.0,02H/m. I.50H/m. J.0,08 H/m.

&

10. BpycoK JIEKHUT HEMOABMXHO Ha TOPU3OHTAIBHOW IUIaTGopme, IBUKYLIEHCS 5 1

» o
PaBHOMEPHO U TPSIMOJIMHEHHO cO cKopocThio V (puc. 7). Kakoe HampaBieHne mmeeT .
@ 2 @

BEKTOP CHJIBI TPEHUS, ACUCTBYIOIIEH Ha OpyCcOK?

A. Fmp 00.B. 1. B. 2. I.3. .4

Puwec. 7

11. Kak wm3MeHUTCs cujia TPCHUSA CKOJBbXCHHA IIPpH JABHXCHHH 6pyCKa 10 FOpI/IBOHTaHBHOﬁ
IMOBCPXHOCTHU, €CJIW 1PHU HCUZMCHHOM 3HAUCHUW CHJIBI HOPMAJIBHOTO JaBJICHUSA ILIOIIAIb

COIIPUKACAIOLINXCS IOBEPXHOCTEH yBEIUUUTH B 2 pa3a?
A. He n3menurcs. b. YBenuuurcs B 2 pasa. B. YMmenpmmres B 2 pasa.

I'. YBenuuurcs B 4 paza.  Jl. YMmenbiuurcs B 4 pasa.

12. OMH KUpOHMY MOJOXKWIM Ha Jpyrod U moidpocuiau BepTuKaidbHO BBepx. Korma cuma naBienus
BEPXHETr0 KUpINYa Ha HIDKHUN OyeT paBHa HyII0? COnpoTHBICHUEM BO3yXa MpeHeOpeyb.

A. ToJIBKO BO BpeMsl IBUKECHHUSI BBEPX. b. Tonbko BO BpeMsl IBUKEHUS BHU3.
B. Tosibk0 B MOMEHT HOCTHKEHUA BepXHeH Touku. I'. Bo Bpems Bcero mosiera He paBHA HYJIIO.

J. Bo Bpems Bcero moiieta nociie Opocka paBHa HYJIIO.

13. Moayib CKOpOCTH Telna, JBHXKYLIErocs NpSIMOJIMHEMHO, HU3MEHSUICS CO BPEMEHEM II0 3aKOHY,

npeJcTaBIeHHOMY rpaduyeckn Ha pucyHke 8. Kakoil u3 rpadukoB, NpHBEeIEeHHBIX Ha pUCYHKe 9,

BBIPAXKaeT 3aBUCUMOCTh OT BpEMEHHU MOJYJIsl paBHOeHCTBYIoIEel F Bcex cuil, AeHCTBYIOIINX Ha Teno?
A.1.B.2.B.3.T.4. 1. F=0.

14, KaxkoBa mosmkHa OBITH HadalbHAs CKOPOCTH Vo Tena, HAPaBIeHHAS apaIeNbHO
MOBEPXHOCTH 3€MJIM B TOUKE, HAXOAICHCS 32 TpeiellaMi aTMOC(ephl, 9TOOBI OHO IBUTAJIOCH BOKPYT
3emiu 1o Tpaekropuu 2 (puc. 10)?

A. vo<7,9 xm/c. B. Vo=7,9 km/c. B. 7,9 km/c<vo<11,2 xm/c. s
I'. vo=11,2 xm/c. . Vo>11,2 km/c.

15. JIndpT nmogHmMMaeTcs ¢ yckopenueM 1 m/c?, BexTop yckoperwus [gafipaBneH

BEPTUKAIBHO BBepX. B nmudre Haxommtcs Teno, macca kotoporo? [ xr. Hemy

paBeH Bec Tena? YCKOpeHHe cBOOOIHOTO MaIeHHUs IPUHATH PaBHBIM 10 M/@%e. 8
A.10H.Bb. 1 H.B. 11 H. I'. 9 H. I. Cpenu otBeToB A—I" HET NpaBUIBHOTO.

F F F
=L 1 k= t o t
2 J %
Puc. 9

)/pﬁoﬁg"
pune 7 10



Bapmuanr 2

1. Ilpu nBW)XKEHUM MApalIIOTUCTa CyMMa BEKTOPOB BCEX CHJI, IEHCTBYIOIIMX HA HErO, PaBHA HYJIIO.
Kakoii u3 rpadukoB 3aBHCUMOCTH MOJIYJIS CKOPOCTH NapallloTUCTa OT BpemeHu (puc. 1)
COOTBETCTBYET 3TOMY JBUKEHUIO?

A.1l. Bb.2. B.3. TI.4. J.Cpenurpadpuko 1—4 Takoro Her.
” " { I
0 =Lt =-f -t -t
1 2 3 4
Puc. 1

=1

2.  Ha pucynke 2 mnpencrtaBieHbl HallpaBJI€HUsT BEKTOPOB, CKOPOCTH V U
yckopeHuss a wMs4a. Kakoe u3 npencraBieHHBIX Ha PUCYHKE 3 HallpaBJICHUN
MMEET BEKTOp PaBHOACUCTBYIOLIECH BCEX CHII, MPUIIOKEHHBIX K MUy ?

4

A.1l. Bb.2. B.3. TI.4. J.5 Puc. 2
3. Kak Oyzer aBuratbes Teno Maccoi 8 Kr moJ aeiictBuem cuibl 4 H? J !
A. PaBHOMEpHO, CO CKOPOCTBIO 2 M/C. B. PaBHOYCKOPEHHO, C yCKOpeHHEeM 2 M/c?
B. PaBHOycKOpeHHO, ¢ yckoperueM 0,5 m/c. T. PaBHOMepHO, co ckopocThio 0,5 M/c. ’ z
2
/1. PaBHOYCKOpEHHO, ¢ ycKopeHueM 32 m/c”. 3
Puc. 3

4. Z[Be cunel F1=2 H u F2=4 H npunoxeHsl K 0HOM TOUYKe Teia. YToJ MeXy BEKTOpaMH

F lu F 2 paBeH 0°. Uemy paBeH MOAYJIb PABHOJAECUCTBYIOIIEH 3TUX CUI?

A.6H. B.2H. B. H.

I'. 20 H. A.Cpenn orBetoB A—I" HET NPaBUIBHOTO.

B

5.  Camoner BO BpeMs BBIIOJHEHHUS «MEPTBOM NETIN» JBHKETCS NF
paBHOMEpHO MO OKpyxHOcTH (puc. 4). Kakoe HampaBieHHe HMeeT {/’
BEKTOp PaBHOJECUCTBYIOIIEHN BCEX NMPUIIOKEHHBIX K HEMY CHJI?

A.F00. B.1. B.2. I.3. 1.4

Puc. 4
6. Ha pucynke 5 mokazaHbl HampaBiIeHHE U TOUYKA MPHIOKECHUS BEKTOpa KA
cunel F1,c @ -
KOTOPOH
Puc. §
Semirst

11



neiicteyer Ha JIyHy MO 3aKOHY BCEMUPHOTO TATOTCHHUs. Ha kakoM 13 pUCYHKOB (pHC. 6) IPaBUIBLHO

II0Ka3aHbl HAIIPABJIEHHE U TOYKA MPUII0KEHUS CUIIBI F 2 , BO3HMKaIOIIEH Py B3aUMOIEHCTBUH T10
TpeTbeMy 3akoHy HbroToHA?

A. L. b. 2. B. 3. I. 4. . Cpenu pucyHKOB 1—4 HET MpaBHIILHOTO.

7. Y noBepxHOCTH 3eMiu (T.e. HA pacCTOSHUU R OT ee 1ieHTpa) HA TeNO NEHWCTBYET CHJIa BCEMHUPHOIO
taroteHust 36 H. Uemy paBHa, cuia TATOTEHHUs, JAEHCTBYIONIAs Ha 3TO TEJIO Ha paccTosHuM 2R OT

MOBEPXHOCTU 3eMJIu?
A.9H.B.12H.B. 1I8H.T'.36 H. 1. 4 H.

© o O O Go
) 2 3 &
Puc. 6

8. Cuia rpaBUTAaMOHHOTO B3aMMOJICMCTBHS MEXAYy ABYMs LIapamMd MaccaMu Mi=My=1 kr Ha
paccrossnun R paBna F. Yemy paBHa cuia TpaBUTAIlMOHHOTO B3aMMOJEUCTBHUS MEXKIY IIapaMu

Maccamu 3 ¥ 4 KT Ha TaKOM K€ paccTosiHuu R npyr ot napyra?
A.7TF. B.49F. B.144F. rr. I.12F.

9. Ilpyxuna xectkocthio 100 H/m pactsaruBaercs cunoii 20 H. Yemy paBHO yniuHEHHE

NpY>KUHBI?
A.5cm. B.20cm. B.5wMm. I'.0,2cm.  [. Cpenu otBetoB A — I HET MPaBHIILHOTO.

10. bBpycok IBHKETCS PaBHOMEPHO BBEPX IO HAKIOHHOW IIOCKOCTH

—

(puc. 7). Kakoe HampaBiieHue IMEET BEKTOP CHIIbI TPCHUS?
A. 1l b. 2. B. 3. r.4. A.Fmp=0.

Puc. 7

11. Kak u3meHHTCS cuiia TPCHUA CKOJILXKCHUS ITPU IBUKCHUU 6pyCKa 1o l"OpI/I3OHTaJ'IBHOI71 IMOBCPXHOCTH,

€CJIM CUJTy HOPMAJIbHOT'O IaBJICHUs YBEIUYUTH B 3 pa3a?
A. YBennuutes B 3 paza.  b. YMmenbmmres B 3 pasza. B. YBenuuntcs B 9 pas.

I'. Ymenbmintes B 9 pa3.  JI. He usmenurcs.

12. Kocmuueckuii kopabiib TOCTE BBIKIIOUEHUS! PAKETHBIX JIBUTATENEH ABMKETCS BEPTUKAIBHO BBEPX,
JIOCTUTaeT BEPXHEN TOYKM TPACKTOPUM M: 3aTe€M JABWXKETCS BHM3. Ha KakoMm ydacTKe 3TOH TpaeKTOpHU CHiia
JIABJICHUA KOCMOHABTa Ha KPECIIO MMEET MaKkcHuMalibHOe 3HaueHrne? ConmpoTHBIeHHEM BO3AyXa MIPeHeOpeyb.

A. Ilpu nBuxenun BBepx. b. B BepxHell Touke TpaeKTOpHH.
B. IIpu nBr>keHnUn BHUS. I'. Bo Bpems Bcero mnoJjiera cuiia J1aBJICHUs OJUHAKOBA U HE PaBHA HYIIIO.

I[. Bo BPEMA BCCTO IT0JICTA CHJIa JaBJICHUSA paBHA HYJIO.

13. Moaynb CKOpOCTHU TeJa, ABMXKYLIETOCS MPSIMOJIMHEHHO, U3MEHSIICS CO BpEMEHEM IO 3aKOHY, rpaduk
KOTOpOTO TpencTaBiieH Ha pucyHke 8. Kakoil u3 rpadukoB, MpHBEACHHBIX HAa PHUCYHKE 9, BhIpakaeT
3aBUCUMOCTb OT BpEMEHHM MOAYJISI paBHOAEUCTBYIOLIEH F Bcex cuil, nelicTBOBaBIIMX Ha TEJIO?

12



A.1. B.2. B.3. T.4.]1.F=0.

.’J"
s F F
o t —— - —\-—-— L
0 ' -t
Puc. 8 1 2
PHE.
14. KakoBa momkHa ObITh HayallbHas CKOPOCTh IIOBEPXHOCTH 3eMIH, B - 21amm
Vo TeNa, HaIpaBlIEHHas IapaulelbHO aTmocdepsbl, 4TOObl OHO AB Puc. 10

3emun o Tpaektopun 3 (puc. 10)?

A.vo<7,9 km/c. B.Vo=7,9 km/c. B. 7,9 km/c<vo<11,2 xm/c.
I'. vo=11,2 xm/c. . vo>11,2 xm/c.

15.  JIudr omyckaercs ¢ yckopenuem 10 m/c? BeprukansHo BHH3. B mudTe HaxomuTcs Teno, Macca

xotoporo 1 kxr. Uemy pasen Bec Tena? YcKkopeHHe CBOOOIHOTO MaAeHHs IIPHHATH PaBHBIM 10 M/c?.
A.0H.Bb.10H. B.20 H. I'. 1 H. I. Cpenu otBeToB A—I" HET NpaBUIBHOIO.

IIpakTnueckas padora Ne 3

Tema: 3axonwi COXPAHEHUA 6 MEXAHUKe

Henu:

- Ha npumepe KOHKDEMHBIX 3a0ay paccMompemv NOHAMUS pabombvl, NOMEHYUALIbHOU
KUHemU4ecKol IHepeull;

- NPOAHATU3UPOBAMb 2SPAHUYLL NPUMEHUMOCMU 3AKOHO8 COXPAHEHUsl HA KOHKPEMmHbIX
npumepax.

Kauecmeennwie 3a0auu

1. B xakom ciydae pacxoJyeTcs MEHBIIE dHEPTruy MPH 3alyCcKe CIYTHHKA 3eMJIA: TIPHU
3aIyCKe BJIOJIb MEPUAMaHa WIH BIOJIb SKBaTOpa B CTOPOHY BpaIlleHUS 3eMJIA?

13



2. JIBa oAMHAKOBBIX Te€ja MaaaroT ¢ BbICOTHI H: 0HO B BO3ayXe, Apyroe — B BaKyyMe.
OnvHaKoOBbI JIM TOTEHIMAJIbHBIE SHEPrud Teid B Hauvane najeHusa? OIUHAKOBBI JIM HUX
KMHETUYECKHUE YHEPTUU B KOHIIC NaJCHUS?

3. llodep aBTOMOOWISA, €AYIIETO CO CKOPOCTHIO V, BHE3AIMHO YBHUIET IMepen cobol Ha
PAacCTOSIHUM @ IIUPOKYIO CTEHY. UTO €My BBITOJIHEE: 3aTOPMO3UTh WU TOBEPHYTH?

4. U cBuHel, W TspKeNas BOJA NMPAKTHYECKM HE MOIJIOLIAIOT HEUTpoHbI. llodemy xe B
ATOMHBIX PEaKTopax Il TOPMOKEHUS HEUTPOHOB TSKEIYIO BOJY HMCIOJIb3YIOT, @ CBUHEI —
HeT?

5. Kak OynyT ABUTAThCS JBAa OJMHAKOBBIX IIapUKa IMOCIIE IIEHTPAILHOTO YIPYToro yjaapa B
OTCYTCTBHE BHEIIHUX CHJI, €CIM OJIMH U3 HUX J0 yAapa HOKOWJICS?

6. [louemy mpu momafaHuy MyJd B OATUCTUYECKUN MASTHUK HEJb3sl MPUMEHSATH 3aKOH
COXpaHEHUsI MEXaHUUECKOW SHEPTUU KO BCEMY IpoLieccy B LenoM?

Ilpumepul pewsenusa pacuemnuix 3a0au

3amaya 1. llenouka MIMHOM { JEKHUT HA IIaIKOM TOPM30HTAILHOM CTOJE, CBEMIMBASCH
POBHO HamnosoBuHy. Llenouky 6e3 Tomuka oTmyckarT. Haliiure CKOpOCTh LIEMOYKH B MOMEHT,
KOI'J[a €€ BEPXHUI KOHEL[ COCKOJIL3HET CO CTOJIA.
Pewenue:
7l TlockompKy TpH JBMDKEHHH [EMOYKH CHJIA TPEHHS OTCYTCTBYET, TO TIOJHAS
* MEXaHHMYeCKas dHEPIUs CHCTEMBI OyJeT COXPAaHATHCA. B KauecTBe HAYaIbHOTO COCTOSHHMS
BHIOMpAEM LIETMOYKY B HAYaJbHBIA MOMEHT BPEMEHHM, KOHEYHOIO — B MOMEHT, KOIJA €€
BEPXHUI KOHEL[ COCKOIB3HET CO CTOJIA. ByIeM CUMTaTh MOTEHLIHUAILHYIO SHEPTHIO LIENOYKH B
KOHEYHOM COCTOSHMM paBHOW Hymo (puc. 1). BenuuvHa NOTEHIMAIBHOW DJHEPIUU
onpeeNseTcs MOJ0KEHHEM IIEHTPa Macchl Tejia. [109TOMy B HayalbHOM COCTOSHHH IOJIHAsS
MEXaHUYECKask SHEPIHs CUCTEMBI
mo 4 om § 3

g=lym
ITGETTLET YR

B KkoHEUYHOM COCTOSIHUM TOJHAas MEXaHU4YecKas OHCPIu:A 2 , TaK KakK Ef - E3 )

gl
v=,]—
TO 4

i

v=_]—

Omeem: 4

3agaua 2. YenoBek Macchl M MNEPEXOJUT C OJHOTO KOHIA JIOJKA Maccod M Ha Ipyrou.
JlmHa noaku pasHa . Haiinure nepemernenue noaku. CONPOTUBIEHHEM BOJbI JBHKEHHIO
JIOJIKH TIpEeHEOpEYb.

Pewenue:

ITockonbKy cucTeMa <WIOAKA—YEJIOBEK» SBIISIETCS 3AMKHYTOW, TO U1 PELICHUs 3aAadu
MO’KHO HCIMOJIb30BaTh 3aKOH COXpaHEHUs UMIyJbca. B kauecTBe Tenma orcueTa BhIOEpeM
3emunro. B Ha4aJIbHBII MOMEHT BPEMEHHM HMITYJIC CUCTEMBI WIOAKA—YEJIOBEK» PABEH HYIIIO,
CJIEI0BATENIbHO, OH OYJIET TAKOBBIM M BO BCE MOCIIEIYIOIINE MOMEHThHI BPEMEHHU:

mw, +AMw =0 (1)
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rae Y« — CKOPOCTh YEOBEKAa OTHOCUTENLHO Oepera, a * — CKOPOCTh JIOJKH.
==

— ot T
=Vet Ve e Ve o CKOPOCTb  JIBHDKCHHS

CornacHo 3aKOHy CJIOKEHHS CKOPOCTEH '®

YeI0BEKA OTHOCHTEIBHO JToAKH. [TogcraBum = B (1):
Tl +F )+ MF_=0

W3 nocnenHero BeIpaXeHUs
- o,
Tp=————7
§ M4m ©

O603HaunM BpeMsi IBUXKEHUS YeJoBeKa uepes t, Toraa nepemMerieHue JIOAKU OTHOCUTEIbHO
Oepera OyaeT paBHO

I=% t=-—" g ¢=-—"" ]

M +om M 4w

rae ¢ — mepeMelieHue 9e0BeKa BIOIb JOIKHY.

oo, b

v, ol= f

I=%_-t= -
M+

I

Omeem: M +m

3adauu ona camocmoamenvHou padomol

1. Ha Teno neicTBYIOT ABE CUJIbI F={3-1) u 2= X } Teno nepemMecTuIoCch U3 TOYKH C
koopaunaramu (1, 0) B Touky ¢ koopauHatamu (—2, 3). Onpenenure padoTy, COBEPIICHHYIO
Kaxxaou cuior. Bee Bemmunnbl nath B cucteme CH.

Omeem: 4 =12 JIx. =24 JIx.
2. Crosiuit Ha 7By YenoBek maccoit M = 60 ke moBuT msia Maccoir M = (0,5 ke, KOTOPBIH

¥, = zﬂfy
JICTUT FOpI/I3OHTaJ'IBHO CO CKOpOCTBIO 1 c, Ha KaKoO¢C paCCTOHHI/Ie OTKATUTCA YCJIOBEK C

MSYOM 10 TOPH30HTAIBHOM MOBEPXHOCTH JIbJIA, €CIU Ko uimenT Tperns H pasen 0,03?
i
Omeem: m+id ) 2ug cm.

IV

3. UenoBek Ha 3eMJie MPBITAET HA BHICOTY hy=1x Ha KaKyl BBICOTY b , 3aTpaTUB Ty XKe
DHEPTHIO, OH NpbIrHeT Ha JIyne? Paguyc JIyHbl Ry = 0275 , 4 e¢ TNIOTHOCTh P11 = 0.0p;.
Fit
hy = 22 g7
Omeem: PrFy
i

4. Teno maccoit = % | npmKyIneecs co CKOPOCTBIO V, HAJETAET Ha IOKOSIIEECS BTOPOE

iy

TCJIO HW TIIOCJIIC YIPYroro CTOJIKHOBCHHUA  OTCKAaKUMBACT OT HCTO 110  YIUTIOM 2 K

2
vi = —EF o m
HIEPBOHAYAILHOMY HAIPABICHUIO CO CKOPOCTBIO 3 . Haiigure maccy "2 Broporo Tena.
13
= —m =26
Omeem: 5 KT.

5. [lapuk  Maccoif M COCKaIb3bIBAET 0  JKEJIOOY, HWMEKIIEMYy Ha  KOHIE
TOPU3OHTAJIBHBIM y4acTOK c BeicOTOM H = 1,4 M. B KoHIle *eno0a OH CTaTKUBAETCS C

15



TaKUM K€ IapUKOM, YCTAaHOBJICHHBIM Ha TojcTaBke Ha Bbicore h = 0,7 M (puc. 5). Cunras
yaap abCoJIIOTHO YIPYTHM, ONPEAETUTe JAIbHOCTD M0JIETa BTOPOTO MIapHKa.

Omesem: * =* WH - k)= 14 M.

6. Ha KOHIIE COJIOMMHKHM, JIe)Kallled Ha TJIaJKOM CTOJIE, CUAMT MAJCHbKMH Ky3HEUHK
maccel M. C Kakoll HauMeHbHIEH CKOPOCTHIO OTHOCHMTENHLHO HENOJBHMKHOIO HAaOIIOJaTess
JOJDKEH IIPBITHYTh Ky3HEYUK, 4YTOOBI IIONMACTh HA JPYroil KoHel coJoMUHKH? Macca
COJIOMMHKU M, ee nuHa .

i
T =
Omeem: M+m

7.Ha rpymmy wu3 Tpex TIaAKWX OJMHAKOBBIX KyOWKOB, JIEKAIIUX HA TJIAJKOU e
TOPU30HTAJIBHOM TOBEPXHOCTH, KaK IMOKa3aHO Ha PHUCYHKE, HAJETaeT CO CKOPOCTHIO V
rnaakas maiba (puc. 6). Macca kaxxaoro Kyonka paBHa Macce manobl. JluameTp mailObl u ee
BBICOTA paBHBI peOpy KyOuka. OnpeneauTe CKOPOCTH BCEX TeJl TOCIe COyIapCHHUS.

Omeem: nocne yjaapa maiidba ocTaHaBJIMBAETCS, CPEIHUN KyOMK OCTAeTCsl HENOJBUKHBIM,

i

KpaliHue KyOMKU OymyT IBHTaThCS CO CKOPOCTBIO ' 7= “"Enoz[ yriaoM 43° K HanmpapJIeHHIO
CKOPOCTH JBYIKEHUS IAObL.

8.T'py3 wMmaccoit 7! mamaer Ha TIMTY Maccoil 2, yKpeIIEHHYI0 Ha MpPYKHHE

KECTKOCTBIO ¥ . Onpesenure HauOOJIbIIEE CHKATHE TIPYKUHBI “*2 | eCIIM B MOMEHT y/iapa Ipys
00J1a/1a71 CKOPOCTBIO V. Y Aap HEYNPYTHi.

_ E[mi +m2)

Haxy
Omeem: k

9. Bepeka mmunbl ¢ = 204 nepebpomena 4epes OGnok. B HavanbHBIH MOMEHT BepeBKa
BUCUT CUMMETPUYHO OTHOCUTEIIBHO BEPTUKAIBHOMN MPSIMOM, MPOXOIAIIEH uepe3 och OJIoka, u
MOKOUTCS, a 3aTeM B pe3yJbTaTe HE3HAYUTEIHHOTO TOJNYKAa HAYMHACT JBUTATHCSA MO OJIOKY.
byner nu aBuwkeHHe BEpeBKH paBHOYCKOpeHHBIM? KakoBa OyneT CKOpOCTh BEpPEBKH, KOTAa
oHa coiiziet ¢ 6ioka? Maccoit u pazmMepamu 6J10Ka IpeHeOpeUb.

v = E m () I"y

Omeem: NBUKEHUE BEPEBKU HE OYJIET pAaBHOYCKOPEHHBIM. Z -,

10. B mpobupke Macchl M, 3akpeIToii mpo6koit Macchl M, HaxomuTes Kamuis d¢upa. Ilpu |
HAarpeBaHMM TIPOOMPKH NpoOKa BBUIETAET MOJ JaBIEHHEM TapoB >dupa. IIpobupka
MOJIBEIIICHa Ha HEBECOMOM KECTKOM cTepikHe MuHbBI L (puc. 7). C kakoi MUHHUMAaIbHOU
CKOPOCTBIO JIOJDKHA BBUJIETETh MpoOKa, 4ToObl MpoOHpKa cresajia MOJIHBIM 000pOT BOKPYT
TOYKH TojBeca?

V_zm@

Omeem.: tn

IIpakTuyeckas padora Ne 4
Tema: Ypasnenue cocmosanus udeanbHozo 2aza
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Ienv:

— 3aKpEeNUTh YMEHHS YUaAITUXCs ONPEACIIAThH ONBITHBIM ITyTEM MapaMeTPhl COCTOSIHUS Ta3a, IPOBEPUTH
3HAHUE YPABHEHMsSI COCTOSIHUS ra3a.

Omeemumos Ha 60NPOCHL:

1. Yro Takoe uneanbHbIM ra3?

2. OOBscHUTE C MOMOIIBI0 MOJIETH «UACATbHBINA ra3y», MOUYEeMY ra3bl JIETKO CKUMAIOTCS, OKa3bIBAIOT
JIaBJIEHUE HA CTEHKHU COCYIIOB JIIOOOH (OpMBI M pa3Mmepa, 3aHMMAIOT JIF0OOOW MpPenoCTaBICHHBIN
00BemM

3. UYemy paBeH aOCOMIOTHBIN HYJIb 110 MIKajie Llenbcusn?

4. HazoBute 3 MaKpOCKONMMYECKHX MapaMeTpa, XapaKTepU3YIOUIMX COCTOSHHUE JTaHHOW MAaccChl
pa3peKeHHOro raza

5. Yto Takoe TemIiepatypa U 4YTO OHA XapaKTepu3yer?

6. Kakue pusznueckre BemMUnHBI BXOAAT B ypaBHeHHe MenneneeBa — Knaneiipona?

IIpakTH4eckue 3a1a4u
IToan3ysicb ypaBHenueMm MenpaeseeBa — Kinaneiipona, BbIYMC/IMTE, Y€MYy PaBHA Macca BO3/AyXa,
3al0JHAIOLIEr0 CTAKaH.

o Kakue nanHble HyXXHBI JUIs 3TOrO pacyera?

o Kakue npubopsl noTpedyroTCst Ul BBINOJIHEHHs 3TON paboThI?
KakoBa macca Bo3nyxa B kaOnHere QpU3UKu?

o Kakue nanHble HyXXHBI JUIs 3TOrO pacyera?

o Kakue npuGops! Hy>KHBbI JUIsl BBIIIOJIHEHUS 3TOH paboThI?

o Jlo xakoii TeMIiepaTypbl HaJI0 HAarpeTh BO3AyX B KOMHATE, YTOOBI [TOJIOBUHA MACChI BO3AyXa
BBINIIJIA YEPE3 OTKPHITYIO (OPTOUKY?

Tect Tect
1 eéapuanm OTBETHI 2 eapuanm OTBETHI
1. Kakas u3 npuBeleHHbIX HUKe 1.  Pa3HocTh TemMmepaTrypsbl Tel
BEJNYHH HE OTHOCUTCH K yKa3bIBaer ...

MAaKpPOCKONMYeCKHM napaMerpam?

1. JaBin 1. ... Ha
eHue IJIOTHOCTH TEJN
2. Macc 2.
a MOJIEKYJIBI HarfpaBJIeHUe TerI0o0MeHa
3. O6wbe MeX/1y HUIMH
M 3. ...Ha
4. Temn o0beM Ten
eparypa
2. Ilpu xkakoi Temneparype 2. Yemy paBHa Temneparypa o
NnpeKpamaercs ABUKEHHE MOJIEKYJI? mkaJe Heabcus, ecn adbcomoTHas

Temneparypa pasaa 300K?

1. 273K 4. -

2. 273K 273°C

3. 0°K 5. 0°C

4. 0C 6. 27°C
7. 300 K
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II1. IToacTaBUTHL HEJOCTAIOLIME BEJINYUHLI B ...

3. IMoacTaBuThL HegOCTAIONIME

BCJIMYHUHBI B ...

1. t 8. ...m
2. ...V 9. ...V
3. ...T 10. ... M

4.  YHHBepcaJIbHasi ra30Basi OCTOSIHHASA

IV.Crenens HarperocTu Tejia
Xapaxkrepu3syer ...

1. ...k=1,38"10%Ix/K 11. ...
2. ..Na=6,31"10% momp’ pabora
! 12. ...
3. ...R=831 MOJIEKYJIa
JIx/(monb°K) 13. ...
TeMIeparypa

V.*Kak u3MeHHTCH JaBJieHHe HaeajJbHoro raza npu | V.*Kak u3meHurcs 1aBJjieHue HaeajlbHOr0
YBeJIMYEHUH €ro rasa npM yBeJJU4eHUHU ero

o0beMa B 2 pa3a ¥ IPU YMEeHbIIEHUN a0COJTIOTHOM o0bema B 4 pa3a ¥ Ipu yMEeHbIICHUHN
TeMIiepatypsl B 2 pa3a? a0coJIIOTHOI TeMnepaTyphl B 2 pa3za?

1. YMenbumres B 4 paza 1. YmMmens
2. YMeHbLIUTCA B 2pa3za IMTCS B 8 pasa
3. Ocranercsi HEM3MEHHBIM 2. YMeHb
4. Ysennuurcs B 4 paza muTed B 4 pasa
3. Ocrane
TCSI HEU3MEHHBIM
4. Ysenu
guTCs B 4 paza

Tema. Ilepewtii 3aK0H MEPMOOUHAMUKU

IIpakTnueckas padora Ne 5

Henu:
o NOMOYb YHAWUMCSI OCMBICIUMD DU3UUECKOe COOEePHCAHUE NePBO2O 3AKOHA
MepMOOUHAMUKU,
o paccmampusas KaiecmeeHHvle 3a0ayu, NOKA3amy, 4mo nposeieHus 0eticmsus nepeozo
3aKOHA MePMOOUHAMUKY UMEIOM MEeCHO 8 OKPYHcarowem mupe;
o Ha npumepe peuieHUs KOHKPEeMHbIX PACYEMHbIX 3A0ay HAYYUMb YHAWUXCSA NPUMEHSMb
nepeoe Hauanio mepmMoOUHAMUKY K ONUCAHUIO UBONPOYECCO8 8 UOEeANbHOM 2d3e.
Kauecmeennwie 3aoauu
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1. MoxHO 1M mnepenaTh CHCTEME HEKOTOPO€ KOJIMYECTBO TEIUIOTHI, HE BBI3bIBAS MPU ITOM
MOBBILICHUS €€ TeMIEPaTyphI?

2. Tloyemy mpu XOJIOCTBIX BBICTpPENAX CTBOJ MYIIKH HArpeBaeTcs CUJIbHEe, YeM NpU CTpenbde
CHapsaamu?

3. Tlocne cunpHOrO MIITOPMA BOJA B MOpe cTaHOBUTCS Teriee. [Touemy?

4. Opmun nodT Tak nucai o kamie: "OHa Xuja U 10 CTEKIy TeKJa, HO BAPYT €€ MOPO30M OKOBAo, U
HEIOABUKHOM JILIUHKON Karuis cTajia, a B MUpE MoyoaBmioch Teria. Bel coryacHsl ¢ mosTom?

5. Myka u3 >XEpHOBOB BBIXOAMT Tropsyeil, xie0 BBIHMUMAIOT M3 I€4Yd Takxke TropsuuM. Yem
BBI3BIBACTCS YBEJIMUEHUE IHEPTUU B KAXKIOM U3 ITUX CIIydaeB?

6. Iloyemy KIMMAaT OCTPOBOB YMEPEHHEE U POBHEE, UeM KIIMMAT MaTePUKOB?

Ilpumeput pewwenus pacuemusix 3aoau
3anaua 1.

WneanbHplii Ta3 ¢ MokasaTelneM aauabaThl | pacIIMpUIN MO 3akoHy P = aV, rae o = const.
[lepBonauanbubiii 00beM raza Vi. B pesynbrare pacummpenus oObeM yBenuuwics B 1 pas. Haiigure
IpUpaleHue BHYTPEHHEH 3Hepruu rasa.

Pewenue:

W3meHeHne BHYTpEHHEN SHEPTUN UIEAIBHOTO ra3a paBHO

e
ﬂU:Uz_Ulz_CV{Tz_?I] )
i
HauanbHoe cocTosiHMe ra3a MOAYMHSIETCS YpaBHEHUIO
.
RV =ZRT, )
IL
KoneuHoe cocTosiHUE - COOTBETCTBEHHO, YPAaBHEHMIO
e
BV, = = RT, ©)
LL
[Tpuaumast Bo BHUMaHue, yTo P=0V u Vo=nV1 , ypaBHeHus (2) u (3) MOXKHO 3amucarh B BUJE
ot = 2T, @)
LL
FH
an? = 2R, 5)
LL
Boruuras us (5) (4), Haxonum
2f.2 _
7, -7 =20 ] A
" g (6)
LL
[Toncrasnss (6) B (1), monyuaem
C
&U:%&P}z(ﬂz—l) ()
Haiinem Cy gepe3 ¥, HCIIOIB3ys COOTHOIIEHHS
Cp
c, ¥ (8)
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N3 (8) u (9) nns Cv Haxonum

R
Oy = ——
¥ 'l?r - 1 (10)
[Toacrasmss (10) B (7), momydaem
1
60 = oy -1) (11)

2= arfy? - 1)
Omeem: U3MeHEHNE BHYTPEHHEH SHEPIUM PABHO ¥-1

OueBngno, uro 80/ =0U;=U1 >0 10 ccrp BHYTpeHHss SHeprus rasa B OTOM IPOLECCE
YBEJIMYUBACTCSI.

3anauva 2.

I'a3, 3amumarommii o6beM Vi = 2 M3 mpu mapnenuu P1= 4-10° I1a, coBepmiaeT Kpyrosoii mporiecc,
COCTOSIIIMI M3 HECKONbKMX d3TamoB. CHayalla Tra3 HM30XOPUYECKH OXJaKIAeTcs A0 TeMIepaTypsl, Mpu
KOTOpO# ero maenenme pasHO P2 = 10°Ila. 3aTeM OH M3006apHYecKH OXJIAKAAETCA IO COCTOSHHS, U3
KOTOPOTO BO3BpAILlAETCsl B HAYaJbHOE COCTOSHHE TaKUM OOpa3oM, YTO €ro JAaBlieHUE H3MEHSETCS C
u3MeHeHHeM oObema 1Mo 3akoHy P = al (a - mocrosHHas BenuuuHa). Hapucyiite rpaduk mgaHHOTO
KpYyroBOTro Ipoliecca Ha PV-nuarpaMMe u HailiuTe COBEPIICHHYIO T'a30M paboTy.

Pewenue:

Kaxk cnenyer u3 ycioBus 3agaun, cOCTOSIHUS Ta3a 1 U 3 n3o0paxkaroTcs TOYKAMU, JICKAITUMU Ha‘
npsiMoit P = aV, mpoxojsiie yepe3 Hayano koopauHar (puc. 1). DTo o3HadaeT, uyto

Pi=aViuP3=al3

C yuerom Toro, uro P2 = P3, nonyuaem

B
=21l =05 (),

1 ().
PaGota npu kpyroBom mpoiiecce YMCIECHHO paBHA TUIOIAAN (GUTYpPHI, OTPAaHUYEHHOH rpaduKoM ATOTO
mpoiiecca, B JaHHOM CiIy4ae - IUIOIIaId TpeyroibHuka 123.

A= (5 -BYK-73)

IoACTaBJIIAA V3, oJryqyacm

2
m= 2,25.10% (ITx).
28 (JIx).

Omeem: paboTa B JaHHOM KPYTOBOM TIporiecce paBHa 2,25 -10° JIx.

A=

3aoauu ona camocmoamenbHoi padomul

1. Hag rasom coBepimaroT JBa TEIUIOBBIX IPOIECCa, MEPEBOJAS €ro M3 OJHOT0 W TOTro JKe | /.
HAYaJBbHOTO COCTOSHUSI U HarpeBas 0 OJWHAKOBON KOHEUHOW TemmepaTypsl (puc. 5). Ilpu xakom -
MPOIIECCE a3y COOOIIaeTCsl OOBINEE KOJTMIECTBO TEIIIIOTHI?

Omeem: 0OJbIIIEe KOJWYECTBO TEIUIOTHI TOJBOJMUTCS B TOM TIpoOIlecce, TJie KOHCYHBIH 00beM Tasa
OoJbIIe.
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2. OI[I/IH MOJIb UACAaJIbHOI'O rasa, HaXDI[;IH.[HfIc;I IIpU HOPMAJIbHBIX YCJIIOBUAX, MEPCBOAAT U3 COCTOSAHUA
1 B cocrossaue 2 nByms cmocobamu: 1->3—>2 u 1->4-—>2 (puc. 6). Haiinure oTHOIIEHWE KOJUYECTB
TEIUIOTHI, KOTOPBIE HEOOXOUMO COOOIIHUTE | MOJIO Ta3a B 3TUX ABYX MPOIECCax.

o _13

Omeem: Cp 11

3. Hekoropoe KOJIMYECTBO OJHOATOMHOIO Ta3a 3aHuMaer oowveMm Vi= 0,1 M Mpu JaBjieHuu P1 = 2
-10° IMa. Ecii a3 nepexo/uT U3 3TOT0 COCTOSHHS B KOHEUHOE COCTOSIHHE 2 CHAdalIa IPH H300apUIecKoM,
a 3aTeM IIpH M30XOPUYECKOM HATPEeBaHHH, TO OH coBepmaeT pabory 41 = 4-10* Jlx. Ecnu sxe mepexos
OCYIIECTBIISICTCS HEIOCPECTBEHHO MO MPsMOi 1-2, To pabora raza A2 = 5 -10* JIxx. Haiiaute naBnenue u
00beM raza B KOHEYHOM COCTOSIHUM 2, a TaK)K€ KOJWYECTBA TEIUIOTHI, MOJyYEHHbIE T'a30M B 000MX
ciyyasix (puc. 7).

Omeem: V=0,3(m3), P=3 -10°(I1a), Q1=5,05 -10*(JIx), Q2=6,05 -10*(JIx).

4. WpeanpHbIi OJHOATOMHBIM Ta3, 3aHUMABIIMK IpU JaBICHUH P = 10°Ta o6veM Vi= 2 M5,
pacmmpsieTcsi TakuM o0pa3oMm, 4To Tpaduk mpolecca pacuiMpeHus uzoOpaxkaercs Ha PV-gumarpamme
oTpe3koM mpsiMoit (puc. 8). Haiinure o0beM 1 AaBieHue raza B KOHIIE PaCIIMPEHUs], €CJIU U3BECTHO, YTO
ra3 B 3TOM IIpOIECCE MOMy4Ma KoimdecTBO TermoThl Q= 3,5 -10° ik u cosepmmn paboty 4 =
1,1-10° JIx.

Omeem: P> =1,2 -10° I1a, V2 = 3 M%.

5. Uetblpe MoJIs Tra3a COBEpINAOT Mpolecc, n3o0pakeHHbIH Ha puc. 9. Ha xakom yuactke =75 °
pabora raza MakcumasbHa?

Omeem: paboTa raza MaKcuMasbHa Ha yyacTke 3-4.
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IIpakTnyeckas padora Ne 6

Tem:. KII/] mennogvix mauiun

Henu:

o TOMOUb YUAWUMCS CHOPMYTUPOBAMb NPUHYUNBL pAOOMbL MENI080U MAUUUHDL,
pazobpamuvcs 8 ee NPUHYUNUATLHOM, C MOYKU 3pEeHUsI PU3UKU, YCMPOUCmae,;

O HAYy4Uumv 8bIYUCAAMb NOAE3HYI0 PAOOMY, COBEPUIEHHYIO MENI08OL MAUUHOU 34 YUK,
o 0CBOUMb MemOoObl pacuema K.Nn.0. meniosvlx osueamenell.

Kauecmeennwie 3a0auu

1. Bocxomsmmii OT TOBEPXHOCTH 3E€MJIM TOTOK BO3[yXa MPEACTaBIsICT CO00H CBOCOOpa3HBIN

TEIUIOBOM [ABHUTaTeNlb. YKaXWUTE B HEM OCHOBHBIC qacCTHu, HNpuUCylmue J'IIO6OMy TCIIJIOBOMY

JIBUTATEJIO.

2. UYro sBugercs HarpeBarcyicM U XOJIOAWJIIbHUKOM B PAKCTHOM IIBI/IFaTeJIe?

3. Craser 1M K.ILJ. TerioBol MammHbl paBHBIM 100 %, ecnu TpeHue B 4acTSIX MalluHBI CBECTH K

HYJI0?

4, Kakne ITYTU Bbl MOKCTC YKAa3aTh JJId MMOBBIIICHHUA K.II.J1. TCIJIOBBIX I[BPIF&TGJIGIZ?

5. Hoquy B KaQ4YC€CTBC UCTOYHUKOB SHCPTHUU 3aTPYAHUTCIIBHO UCIIOJIB30BATh BHYTPCHHIOKO SHEPIHUIO

BOJI MUPOBOT'O OK€aHa U 3eMHOI aTMocdepbl?

Ilpumepot pewenus pacuemuslx 3a0ay
3amgaua 1.

PaGouyee  BemecTBO, BHYTpeHHss  dHeprus  kortoporo U ceazama ¢ japienmem P u't:

oobemoM V cootHomrennem U = KPV, coBeprraeT TepMOAMHAMUYECKUI MK, COCTOSIIUH W3 - °

u300apbl, M30XOopbl U anumabdarel (puc. 1). Pabota, coBepliieHHas BeIIECTBOM BO BpeMs HM300apHOTrO
npouecca, BM = 5 pa3 npesbliaeT pabOTy BHEIIHUX CUJ MO CXKATHUIO BEIIECTBA, COBEPILEHHYIO NPHU

annabatuyeckom mporecce. K.m.a. miukina n=1/4. Onpenenure K.
Pewenue:

K.H.,[[. [UKJIA IO ONIPEACIICHUTIO PABCH

A
= o 1)
HOHC3Haﬂ pa60Ta, COBepI_LIeHHa}I BCIICCTBOM 3a IIUKJI
A= 415 45 (2

rie Ar - pabora, coBepIraeMasi BelecTBoM Ha u3obape 1—>2, As; - paboTa, coBepIlIeHHas HaJl
pabouum BemiecTBOM Ha aguadare 3—>1 (Asz1 < 0).

B nannom nukie terno Q1 moABoauTCs K paboyeMy BEIIECTBY TOJIBKO Ha H300apHUECKOM y4acTKe
nukia. CoracHo 1-My Hadanmy TepMOJUHAMUKU

¢ = &lhg + 413 (3)
raef Ui, - n3MeHeHne BHYTpeHHEH JHepril pabouero BEmecTBa Ha y9acTKe MuKma 1—>2.

Hcnonp3ys 3ajaHHyIO B YCIIOBHH 33J]a4 CBSI3b BHYTPEHHEH SHEpruy paboyero BEIIeCTBa C JaBICHUEM
1 00beMoM Ha u3obape 1—>2, MOXKHO 3anmucarth

AUy = kPWy =¥ | = kPAY = ki (4)
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Tornma
Ql=|k+].|z"'112 (5)

4y =22
VUUTHIBas, YTO, COTJIACHO YCIOBHIO 3a/1a4H, M ypaBHeHHE (2) MOKHO IPEICTABUTE B BULIE

A (g —11
12 = A2 (6)

A =,

IMoacrasiss (5) u (6) B (1) u pemast oTHOCUTEIBHO K, HaxoauM
_m—1-Tm

i =22

ks

Omeem: k=2,2.

3anauva 2.

PaGouee BeIeCTBO TEIUIOBON MaIUMHBI coBepliaeT ki Kapuo mexy uzorepmamu T u Ty (T1>T) 40
(puc. 2). X0I0MUIBHAKOM SIBIISIETCS Pe3epByap, TeMIIepaTypa KOTOPOro MOCTOSHHA M paBHa T2 = 200
K (T2<T). TennooOMeH Mexay pabouuM BEIIECTBOM U XOJOAWJIBHUKOM OCYILIECTBIISIETCS IOCPEACTBOM
TEIIONPOBOAHOCTH. KONMHMYECTBO TEIIOTHI, OTAaBaeMOE B €AMHHILY BPEMEHU XOJIOMMIBLHUKY, ( = a(T-T2),
raie o = 1kBT1/K. TemnooOMmen pabouero BemIecTBa C HarpeBaTelieM MPOWCXOIWT HETMOCPEICTBEHHO
npu Ty = 800 K. Ilomaras, 4To NPOJOHKHUTEIHLHOCTh H30TEPMUYECKMX IPOIECCOB OJWHAKOBA, a
annabaTUYecKux - BEChbMa Maya, HAWAWTE TeMIeparypy '"XOnoaHo#" u30TepMbl T, TpU KOTOPOH
MOIIIHOCTb TEIIOBOM MalllMHbI HanOobIas. Onpeaennre HaudooIbIIYI0 MOLITHOCTD TEIJIOBON MAIlIMHBI.

Pewenue:
3a BpeMsi TXOJOJUIbHUK MMOTYYaeT KOJTHUECTBO TEIIOTHI
O, =alf-Tyh (1)
K. . nmukiia Kapuo
_ B¢, 1 -T

U = 2
P @
[Tonesnast paboTa TeMIOBON MaIIMHBI 32 LIUKJI paBHA
T
A:QH—QJ:QH(I——J 3
1
ITpeoGpasyem (3), Beipa3uB Qx uepe3 Qx, ucmonb3ys (2):
7170
A=p [1-2|2L
Qx[ T’J = (4)

[MoncraBus B (4) Qx u3 (1), moxyyaem
A=cT-T, Ic(%—l] ®)

ITonHoe BpEMs IMKJIAa, 3@ KOTOPOC COBCPIIACTCA 3Ta pa60Ta, paBHO 2 T, CJIeA0BATCIbHO, MOIIHOCTDH

paBHa
T

atT-T, ,[_1 —1]

w=A_ r =5(T1__???Tl —T+T2] (6)
2T 2T 2 T
diN
N=Nmnpnﬁzﬂn = < )
ot ot
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aN T,
EzT_E_IZD (7)

N3 (7) BugHo, uT0 N = Nmax HpHT = T =400

N = %l?’l — 2.7 + T, =100
K

K.

Br.

Omeem. HanboIbIIast MOITHOCTH MalIHHbI paBHa 100 kBT.

3adauu ona camocmoamenbHoi padomul

1. TennoBas mammHa uMeeT KOdPuIUeHT nosue3Horo aeicteus (k.1.a.) N = 20 %. Kakum craner ee

K.ILJI., €CJIM KOJMYECTBO TEIUIOTHI, MOTpedsieMoe 3a 1uki, yBenuuutcs Ha 40 %, a KOJIMYeCTBO TEIIOTHI,
OTJaBaeMO€ XOJOAWIbHUKY, YMEHbIIUTCA Ha 20 %?

f—
Omeem: K.ILJI. MAIIXHEL CTAT | — 0.54 , TO €CTh YBEJIMUUJIICS, U COCTABIISIET MpUMeEpHO 54 %.

2. Paccuuraiite K.11.J1. IMKJIOB, IPEICTABICHHBIX HA puUC. 4.

F i Fi Fi
IR 10— 3 3R} 2 3R 2 3
Pt | 4 2Pl Y 2Pl
Fal 1 e Fatb 1 3 For 1
— .-V — -V A .-V
o 2Fa 2F Fo 2Fa 31 o 2Fp 3F
a) b) E)
Fuc. 4
3 — VL W38 — F Fi
m:{lnzﬂe?}{aivn}zﬂ’zg T =22%
Omeem: 0”0 T 04oky 4Fat = 8
i 3P} A Y
IRV, T ny=125% 2P| 2 —>— 3
M W
2RI 2EI
M3 = o _ 20 1 gy g, o11m Fy | b4
2R +ERV, 18RV, 8 . -
o 2%
FPuc.

3. Ha puc. 5 moka3aHbl JBa 3aMKHYTBIX TEPMOJAMHAMUYECKUX IHUKIIA,
MPOU3BEICHHBIX C UACATbHBIM OJHOATOMHBIM TrazoMm 1->2->3->4->1 u 1->5->6-—>4-—>1. V kakoro u3
UKJIOB K03(h(PUIIMEHT noJie3HOTo AelicTBUA Bbilie? Bo ckonbko pas?

Omeem. g BTOPOTO IUKJIA K.11. 1. BbIe, N1=0,74n2 .
(.
4. Haiinure K.IL.J. IIUKJIA, COCTOSIIIIETO U3 JBYX M30XO0p U ABYX aauadat (puc. 6). Pabounm BemecTBoM
SIBIISIETCS a30T. MI3BECTHO, YTO B Mpejenax Iukiia o0beM rasa usmensiercs B 10 pas, o ectb Vimax / Vmin=10

Omeem: x.11.7. ukia paseH 60 %.

5. Onpenenure K.I1.1. IUKJIA, TIOKa3aHHOTO Ha puc. 7. ['a3 uaeanbHblid OTHOATOMHBIA. Y4acTKH 2—>3 u
4—>5 Ha yepTexe MPeICTABISAIOT COOOH Iyru OKPYKHOCTEH ¢ meHTpamu B Toukax O1 u O.
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Omeem: k... 1MKia paseH 19 %.

IIpakTuyeckas padora Ne 7
Tema: Bnasxxcnocmeo 6030yxa
Ienw: npumenamo hopmynvl ab6CONOMHOU U OMHOCUMENLHOU GIANCHOCIU NPU PeUleHUU 3a0ay
Kparkas Teopus:

Z[J'ISI TOr0 YTOOBI KOJIMYECTBEHHO OLCHUTDH BJIAKHOCTH BO3/1yXad, ITOJB3YIOTCA ITOHATUAMUA a0COJTIOTHOM
1 OTHOCHUTEJbHOM BJIAKHOCTH.

A0COJIOTHAS BJIAKHOCTh — 3TO KOJIMYECTBO rpaMMOB BOJASAHOI'O Imapa, COACPIKAIICCC B 1 M3 BO31Yy-
Xa IpH JaHHBIX YCIIOBUAX, T. €. 9TO IIJIOTHOCTb BOASHOTI'O I1apa p, BBIPA’KCHHAA B F/Ma.

OTHOCHUTENIbHAST BJIAXKHOCTH BO3yXa ¢ — 3TO OTHOHICHHUC a0COJIFOTHOH BJIAYKHOCTH BO3lyXa p K
INIOTHOCTHU p0 HACBIIOCHHOI'O IIapa IIpH TOH Ke TEMIICpATYypC. OTHOCI/ITGJ’IBHYIO BJIAJKHOCTDb BbIPpAXarOT B

IPOLIEHTAX:
9=(p/p,) - 100 %

KOHI_IGHTpaI_[I/IH Imapa CBsiA3aHa C JaBJICHHCM (po = nkT), MO3TOMY OTHOCHUTCIIBHYIO BJIA)KHOCTB MOXKHO
OIIPEACIINTL KaK MPOLCHTHOC OTHOUICHHE NMAapHHAJbLHOI0 AaBJE€HHUs P mapa B BO3AYyXE K JaBJIICHUIO Po
HACBbIIICHHOI'O I1apa IIpu TOM ke TEMIICpATypE:

¢=(p/py) - 100 %

[Ton mapuuaabHBIM JaBJIeHHMeM [OHHMMAIOT JIaBJICHUE BOJSHOIO IIapa, KOTOPOE OH MPOU3BOAMI Obl,
eciu OBl Bce Ipyrue ra3sl B aTMOC(EPHOM BO31yX€ OTCYTCTBOBAJIH.

Ecnm BiiakHBIN BO3AYX OXJIAKIATh, TO MPU HEKOTOPOM TEMIIEPATYPE HAXOIALIMKCA B HEM Iap MOKHO
JIOBECTH 10 HachllleHus. [Ipu ganbHeiem oxnaxaeHu BOASHON IIap HAYHET KOHIEHCUPOBATLCS B BUJIE
POCBL.

1 BapuanT

1. Ha pucyHke npeacTaBiieHsl 1Ba TEPMOMETPA, UCIIOIb3YEMBIE ISl ONPEACIICHUS] OTHOCUTEIBHON BIIaX-
HOCTH BO3JlyXa C MOMOIIbI0 MCUXPOMETPUUYECKONW TaONMIbI, B KOTOPOH BIaKHOCTh BO3/lyXa YKa3aHa B
npoueHTax. llcuxpomerpuueckas Tabinia IpeaCcTaBIeHa HUXKE.

Pa3nocTh nokazanuii cyxoro u BIa)KHOIO TEPMOMETPOB

10 100 88 |76 |65 |54 (44 |34 |24 14

11 100 88 |77 |66 |56 [46 |36 |26 17

12 100 89 |78 |68 |57 |48 |38 |29 20

13 100 89 |79 [69 |59 (49 |40 |31 23

14 100 90 |79 |70 |60 |51 |42 |33 25

15 100 90 |80 |71 |61 (52 |44 |36 27

16 100 90 |81 |71 |62 |54 |45 |37 30

17 100 90 |81 (72 |64 [55 |47 |39 32

18 100 91 |82 |73 |64 (56 |48 |41 34

19 100 91 (82 (74 |65 |58 (50 [43 35

20 100 91 |83 |74 |66 |59 |51 |44 37

21 100 91 (83 (75 |67 |60 (52 |46 39

22 100 92 |83 |76 |68 |61 |54 |47 40
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https://www.calc.ru/Metr-kubicheskiy.html
https://www.calc.ru/Gramm.html
https://www.calc.ru/Plotnost-Gazov-Pri-S-I-Davlenii-760-Mm-Rt-St.html
https://www.calc.ru/Molekulyarnaya-Fizika-Ispareniye-I-Kondensatsiya.html

23 100 92 |84 |76 |69 |61 |55 |48 42

24 100 92 |84 |77 |69 |62 [56 |49 43

o o
20 30 20 20 25 100 |92 |84 |77 |70 |63 |57 |50 |44
OTtHocuTENbHAS BIIAXXHOCTh BO3/[yXa B IOMEIICHUH, B
20 20 20 20 KOTOPOM ITPOBOIMIIACH ChEMKa, paBHA
10 10
0 0

2. OTHOCUTENbHAS BIAXKHOCTH BO3/1yXa paBHa 42%, map-

IMaJbHOE JIaBJCHHE Mapa IIpy TeMIleparype paBHO

980 /la. JlaByieHHWe HACBHIIICHHOTO Tapa MpHU 3aJaHHON

TeMIepaType paBHO (OTBET OKPYTIIUTH JIO IEITbIX )

yd N, 3.0THOCHTeNbHAs BIAKHOCTH BO3AyXa B LIIMHIPE MOJ

I TIUPIOIICM paBiia UU /0. DUSAYA Yl)UlL«lJlVU(l‘ibLA\I![ CXKajii, YMCHbBIIUB €TI0 00BEM B JBa pasa. OrtHocuTenbHas
BJIQXKHOCTh BO3/yXa CTajia:

4, B cocyc oA nmopuHEeM HaAaXOAUTCA HeHaCBIH_ICHHBIﬁ map. Ero MoxHo IICPEBCCTU B HaCBImeHHBIﬁ,

1) u306apHoO moBkIIIas TeMIepaTypy 2) A00aBisis B COCYI APYroi ras
3) yBennumBast 00beM mapa 4) ymeHsb1as 00beM mapa

5. OTHOCHUTENBHAS BJIAXKHOCTh BO31yXa B komHaTe paBHa 40%. KakoBo cooTHOIIEHHE KOHIEHTpAIMH N
MOJIEKYJ BOJBI B BO3JyX€ KOMHATHI M KOHIIEHTPAIMH Ny . MOJIEKYJ BOJBI B HACBHIIIEHHOM BOSHOM Tape
P TOU ke Temmeparype?

1) n MmeHb1IE B 2,5 paza 2) n Gosnple B 2,5 paza

3) n MeHbIIIe Ha 40% 4) n GobIie Ha 40%
6. KakoBa oTHOCHTENbHAS BIKHOCTH Bo3ayxa npu temmeparype 20C , eciau Touka pockl 12C . [laBnenue
HaceleHHOro BogsgHoro napa mnpu 20C pasno 2,33 klla, a npul2C — 1,40 xIla. OTBeT BbIpasure B npo-

LEHTAaX U OKPYIJIUTE J0 LENbIX.

. klla 1

7. Ha pucynke m3oOpaxkeHa 3aBH- 100 A R R T
CHUMOCTb JIaBJICHUS P HACHIILEHHO- 90 S5 =5 ESREEas! ! =2 ,/
ro BOJSHOTO MMapa OT TeMIepary- 20 SEEEEEEEE SEEESEEEEE EEEEESSEEFAE
pbt T. Toukoit A Ha 3TOM rpaduke /
0003HAaUYEHO COCTOSHHE Iapa, Ha- 7 e e R
XOISAIIETOCS B 3aKPBITOM COCYIE. 6l T 5! : /
Yemy paBHa OTHOCHTEIIbHAS BIIAXK- 50 BEE R A

HOCTh BO3lyXa B 3TOM cocyne?
OTBeT OKpyIJIUTE A0 LENO0ro Yucia
IIPOLIEHTOB.

(0 20 40 i) R0 100 ¢
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8. OTHOCHTENbHAS BIAXHOCTh BO3AyXa B 3akphIToM cocyne 30 %. Kakoil Oyaer oTHocuTenpHas Bax-
HOCTbh, €ClTM 00BEM cocyza MPU HEM3MEHHOW TemIepaType YMeHbIuTh B 3 pa3a? (OTBeT nath B IMPOIICH-

Tax.)

9. duem npu temmneparype 19 °C oTHOcUTeNnbHas BIAXKHOCTh Bo3ayxa Obuta 70%.CKoaIbKO BOABI B BUJE
POCHI BBIIEINUTCS U3 KaXKJOr0 KyOMYECKOro METpa BO3[yXa, €CIU TeMIlepaTypa HOYbIO MOHU3UIIACH 10 7

°C?

10. OTHOCHTENBHAS BIAKHOCTH BOJSHOTO Tapa B cocyne npu temmepatype 100 °C paBua 62%. Kakosa
I0THOCTE 3Toro Tapa? (OTBET AaTh B KI/M>, OKPYIJINB JI0 COTHIX JOJIEH. )

2 BapuaHT

1. Ha pucyHke npezncTaBiieHbl ABa TEPMOMETPA, UCIIOJIb3YyEMbIE JJIs OIpPENEICHHUs] OTHOCHUTEIBHOM
BJIQKHOCTH BO3/lyXa C MOMOIIBI0 NCUXPOMETPUUECKON TaOJIMIbl, B KOTOPOH BIaXXHOCTh yKa3aHa B IPO-

nenrax. [lcuxpomerpudeckas TabiuIa MpeacTaBIeHa HIKE.

Pa3HOCTH IIOKa3aHMII CyXOro ¥ BJIQXKHOTO TEPMOMET-
poB

o o
30 30 30 30
20 20 20 20
10 10
0 0

10

100 |88 |76 |65 (54 (44 |34 |24 |14

11

100 |88 |77 |66 |56 |[46 (36 (26 |17

12

100 |89 (78 |68 |57 |48 (38 |29 |20

13

100 |89 |79 |69 (59 (49 (40 (31 |23

14

100 |90 (79 |70 |60 |51 (42 |33 |25

15

100 |90 |80 |71 |61 (52 (44 (36 |27

16

100 |90 (81 |71 |62 |54 (45 |37 |30

17

100 |90 |81 |72 |64 [55 [47 (39 |32

18

100 |91 (82 |73 |64 |56 (48 |41 |34

19

100 |91 |82 |74 (65 (58 |50 |43 |35

20

100 |91 |83 |74 |66 |59 (51 (44 |37

Kakoii Obls1a OTHOCUTENIbHAS BJIAXXHOCTh BO3/lyXa B TOT
MOMEHT, KOrja npoBoawiack cbeMka? (OTBeT naite B Ipo-

IIEHTax.)

21

100 |91 |83 |75 |67 [60 ([52 (46 |39

22

100 |92 |83 |76 (68 (61 |54 |47 |40

23

100 |92 (84 |76 |69 (61 |55 |48 |42

24

100 |92 |84 |77 [69 [62 [56 (49 |43

25

100 |92 |84 |77 |70 (63 |57 |50 |44

2. JlaBnenue HacklieHHoro napa npu temmneparype 15 °C pasuo 1,71 klla. Ecnu oTHOCHTEnbHAS BiIaXK-
HOCTh BO3yXa paBHa 59 % TO KakoBO mapuMalibHOE JaBiieHUE mapa npu temmneparype 15 °C? (Otser

JalTe B TacKaJIsx.)

27




3. OTHOCUTENBHAS BIIAXXHOCTh BO3yXa B MIJIUHApE MoJ mopimHeM paBHa 50 %. Bo3ayx nzorepmudecku
CKaJIi, YMEHBIIIUB €ro 00beM B 3 pasza. KakoBa cTana oTHOCHTEIbHAS BIaXKHOCTh Bo3ayxa? (OTBeT gaTh B
MPOLICHTAX. )

4. B cocyje 1o MopIIHeM HaXOAUTCS HEHACKIIIEHHbIN ap. Ero MOXHO nepeBecTy B HACHIILICHHBIH,

1) no6aBmsis B cocya Apyroi ra3  2) ymeHblas 00beM napa
3) yBenuunBas o0beM mapa 4) n300apHO TOBBIIIAS TEMITEPATYPY

5. OTHOCUTENbHAS BIAXKHOCTh BO3/AyXa B KomHare paBHa 40%. Uemy paBHO OTHOILIEHWE — KOHIIEHTpa-
MM MOJIEKYJI BOABI B BO3JYXE KOMHAThHI K KOHIIEHTPAIIMK MOJIEKYJ BOJIbI B HACBIIIEHHOM BOJSHOM I1ape
MIpY TOM ke TeMieparype?

6. KakoBa oTHOCUTeNbHAs BIQKHOCTH BO3ayxa npu Ttemmeparype 19 °C, ecnu Touka pocsl 7 °C? JlaBine-
HUE HachlIeHHOro BoAsHoro napa npu 19 °C pasno 2,2 klla, a mpu 7 °C — 1,00 xIla. OTBeT Bhipasute B
MPOLEHTaX U OKPYTIUTE JI0 LIETIBIX.

7. OTHOCUTENbHAS BIAXKHOCTh BO3AyXa B 3akpbIToM cocyne 30 %. Kakoil craner oTHOocUTeIbHAs BIaX-
HOCTb, €CJIM 00BEM cocy/ia MpU HEM3MEHHOM TeMIieparype yMeHbIIUTh B 1,5 pa3a? (OTBer naTh B IpOIEH-
Tax.)

8. B komuare mpu temmeparype 20 °C orHOocuTenbHas BIKHOCTH Bo3zayxa 20%. CKOJIBKO HYXKHO
UCIIAPUTH BOJBI AJISl yBETUUYECHUS BIAXXHOCTH 110 50%? O0bem komHaThl 40 M3.

9. OTHOCUTENbHAS BIAXKHOCTh BOJSHOTO mapa B cocyze npu temmeparype 100 °C paBua 81 %. Kakosa
IUIOTHOCTB 3TOro napa? OTBET BbIpa3uTe B KI/M3 U OKPYIJIUTE A0 COTHIX JOJEH.

10. Ha pucyHke n300pakeHa 3aBUCHMOCTD JIaBJICHHS P HACHIIIIEHHOTO BOJSTHOTO Tapa OT TeMIIepaTypsl .
Touxoit A Ha 3TOoM rpaduke 0003HAUEHO COCTOSHUE Mapa, HaXOAAIIErocs B 3aKpbIToM cocyne. Uemy
paBHa OTHOCHUTEJIbHAs BJIAXXHOCTh BO3JyXa (B MPOLIEHTaX) B 3ToM cocyae? OTBET OKpPYIJIUTE 10 LEJI0Tr0
quca.

P, klla
100 e e T S 87
] ERRR] EEE NS P I ERL Y BERRE S P /
80 FEEE e e f/(
70 HEH HHH
60 =
50 o
40
30
R 1
10

] 20
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IIpakTuyeckas padora Ne 8
Tema: Tennosoe pacuiupenue men
lleﬂu: IIO3HAKOMHUTDH YHaIIUXCAd C OCHOBHBIMU THUIIaMH 3a1a4 U METOJaMH UX PCIICHU.

Xo00 3anuamusn

[Ipexxne Bcero, paccMaTpUBAIOTCS CUJIbI B3aUMOJEHMCTBHSI aTOMOB B TBepAOM Tele. BrisicHseTcs
CBS3b MEXKIYy IOTCHIMAIbHON SHEpruedl W CHJIaMd B3aHUMOJCICTBUS aTOMOB. BBoasTcs MNOHSATHS
JUHEHHOro U 00BEeMHOT0 KO3 PUIMEeHTOB pactrpenus. O6cyxaaeTca He0OXOAUMOCTh y4eTa TeII0BOr0
pacuIMpeHust Ipu PelIeHUH 3a/1a4 CTPOUTEIHCTBA, TPAHCIIOPTA U MAIIMHOCTPOCHHS.

KauecTBeHHbIE BOIIPOCHI

1. ITouemy aTOMBI TBEPIOTO TeJIa HAXOAATCS HA BIIOJIHE OIIPEICIIEHHBIX PACCTOSHUSAX OPYT OT Apyra?
2. Kak 00BSICHUTH pacIiupeHue TeJ Ipyu HarpeBaHuu?
3. Yro Takoe ko3 PHUIUEHT JIMHEHHOTO paCITUPCHHS?
4.Yto takoe ko3P duimeHT 00beMHOT0 PaCIIUPECHHUS?

5. KakoBa cBs13b MEXKIy KO3 (HUIIMEHTAMU JTHHEHHOTO U 00BEMHOTO PACIIUPCHHS?

IIpumepsl pemenus 3agaq

3apava 1. Ilox neiicTBUEM TOABEIIECHHOrO IPy3a MeIHAs MPOBOJIOKA AMAMETPOM 4 MM IOJIyYHIa
TaKoe ke y/UIMHeHHe, Kak Tpy Harpesannu Ha 20 °C. Haiitn Bec rpy3a. g meam: oo = 1,6-10° KL, E =
10-10% ITa.
Pewenue

ﬁg_‘fP

Y Henue, nojrydaeMoe MpoBOJIOKOW IMOJ AEHCTBUEM Beca Ipy3a, PaBHO ES; ynnunenwe,

Af = Ad = Al

o
KOTOpo€ OyleT UCHBITHIBATh MPOBOJIOKA MPHU HATPEBAHUU, PaBHO %% o YCIIOBHIO

2
P agse =T oae
TOTAa 4 ;
=
_314-{4.107) 16-107.10. 10" . 20 = 500
H.

F

Omeem: P =500 H.
3apava 2. XKenesnas nuneiika npu 15 °C umeer aauay 1 M. Ha CKOIBKO M3MEHUTCS JUIMHA JIMHEHKU
pu oxnaxaeHnn 10 —35 °C? o = 1,210 KL,
Pewenue

ITo 3aKOHy TMHEHHOTO PACIIUPEHNs
£y =£o[1+of7; - Tu}], 1)

£y =81+ Ty _TD}], )
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rae €2 JUITMHA JIMHEWKH TOCJIe €€ OXJIAXACHUS 10 TeMIepaTyphl I ; o — KO3((ULHUEHT paclIupeHus
xKelesa.

TOF[[a NU3MCHCHUC JJINHbI JIMHENKHA
A=ty 25 =21+l - )= 21+ Ty - )= 200y —Tz}. 3)

Haiins £q u3 ypaBHeHus (1) u moAcTasisis ero B BeipaxkeHue (3), nmoiayyaem
L, AT
1+cf7 -7} %)

VuuteIiBas, 94To Oﬂm T'Z') <1

Al o) ([ - T )[1- T — TD]

, BeIpaxkeHue (4) MOKHO MTPUOJIMIKEHHO 3aIlicaTh B BUIC

Al 12107 1. (288 238}[1 12.107° (288~ 2?3]]@ 0+,
Omeem: 6-10* m

3apgaya 3. Meanas npoBOJIOKa, HArpeTas 10 TeMIEpaTypsl 'l =150 °C, HaTAHyTa MEXIy IBYMs
HEINOABMKHBIMU cTeHKaMu. [Ipy Kakoil TeMieparype, OCTbIBas, pa30OpBETCs MPOBOIOKA (CUMUTATh, YTO

5 e
3aKkoH ['yka crhpaBemsivB BIUIOTH 0 pa3pbiBa mpoBojioku)? Ilpenen mpouHocTn Menu cp=2-10 ITa.

_ =5
Mouyis FOnra E = 10-10'° [Ta, * = L6107 g1,

Pewienue

3axoH ['yka i nedopManivy pacTsyKeHus:
AL 1

7 E

rae &d - YUJINHEHHE NTPOBOJIOKU PHU HArPEBAHUU; £

— HaIIpsAXKCHUC.

ee epBoHauanpHas JuinHa; £ — moayns HOHra; o

=
Jlnst paspbiBa IPOBOJIOKH HEOOXOAMMO, uTobbl - = °8, rme °#— mpemen mpouxocTd. Takum
obpazom,

a2 _ 1
a8
6t By

HpI/I OCTBIBAHUHU JJIMHA ITPOBOJIOKHU U3MCHICTCA 110 3aKOHY
£=2{1- cmz],

2 =1500¢

rae JUTHHA TIPOBOJIOKH npn

Otcrona
A =F) -8 =ohef).

B e
.0
[IpupaBuuBas npassie yactu (1) u (2), monyyaem

1
— T = P
Eﬂﬁ
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&
:G_B_ 2-10 5 130°

At =—
«f  16-107 10" C.

Temmnepatypa, Ipu KOTOPOIT pa3opBeTCs MPOBOJIOKA, PaBHA
f=gh—Af=20" o

Omgem: t=H—4t=20"

3apgaya 4. Ha narpeBanme ene3Horo Opycka m3pacxomoBano 1,68 MJx rtemnorsl. Kax
_ -5
M3MEHMICS 06beM 6pycka? = L2107 e,
Pewenue

Ilo 3daKOHY 00BEMHOTIO paciiupeHus, V= PEI {1 + BﬂlT}
.I'il'l.l.l;'r = V_ VD = VDB.&TFS BQVD.&T

P= 3o

, OTKyJia

3n1ech KO3 (UIIMEHT 00BEMHOTO paCIIUPEeHHS Kele3a, rae o — KOdPPUIMEeHT JIMHEHHOTOo

paciupeHus.

KommgecTBo TerioTel, HE0OX0IMMOE JIsl HarpeBaHus Opycka Ha AT, paBHO
(= cmhT
i)

OTKy/1a AT = Qffem) IMockonbKy Macca 6pycka ™ P 1o
AT = @fleptp)

N3menenue odobema Opycka

-5 A
apr - Fo3el _ 3o M=3-1,2-103.1,53.12
ey ep 046-10°. 78107 5. 169.105 2,
=5
Omeem: 2F = 163107 3

3aoanua ona camocmoamenvHoil padomaol

Bapuasnr 1
1. HackonbKo U3BMEHHUTCS JIJTMHA KUPITUYHOTO JIOMa NP MOBBIIIeHWH TeMiiepaTypsl Ha 80K, ecnu

nepBoHavyaynbHas JuiMHa 100M 1 cpetHuil KO3 UIMEHT TMHEHHOT0 pacIupeHust KUPIUYHON
KJIaJIKK paBeH 6 108K 1?
2. BHyTpH 4yTyHHOM OTJIMBKH MMeEETCs MOJNOCTh, 066&M KoTopoii pu 10 °C pasen 200cm®. Haiitu
006BEM 3TO# mostocTn npu Temmepatype 310 °C.
3. Ilpu oTcyTCTBHMM CMa3KH M OXJIQXICHUS IBUTATENS BHYTPEHHETO CTOPaHHSI BOZMOKHO
3aKJIMHWBAaHUE NOPIIHS B HUIHHAPE. OOBSICHUTH 3TO SBJICHUE.
Bapuanr 2

1. CreknsHHas KaNWLIApHAs TpyOka umeeT auHy SOcM mpu Temmeparype 20° C. Onpenenuts
JUTMHY 3To# Tpy6Ku 1pH Temnepatype 60° C.

2. BuyTpu 6poH30BOii OTIMBKM HMeeTCs TIONOCTh , 06bEM KoTopoii mpu 273 K pasen 400cm®.
Onpenenutb 00bEM 3TOM MOT0CTH ITpH Temmeparype 313K.

3. [louemy merau1 He Ja€T TPELIMH IPU PE3KUX KOJEOAHUSIX TEMIIEPATYPHI, a KAMEHb IIPU TEX Ke
YCIOBHSX JA€T TPELUHBI?
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Bapuant 3

1. Cranpnas TpyOka npu temmneparype 273 K umeer mmuny 500mm. [Ipu narpeBanuu e€ no 373K ona
ymarinack Ha 0,6mMM. Onpenenuts cpeqHuid KodQPUIMEHT JTMHEHHOTO PaCIIMPEeHUS CTAJIH.

2. Tlnomans cTekna, yCTAHOBJIEHHOTO B BUTPUHE MarasuHa, paBHa 6 M2 npu temmneparype 273 K. Ha
CKOJIBKO YBEJIMUUTCS IUIONIA/Ib 3TOTO CTeKJa npu HarpeBanuu a0 313K?

3. Tlouemy HEe pEKOMEHIYETCSI €CTh OYCHb FOPSUYIO MULLY?

Bapuant 4

1. Amomunuesas nposojoka npu temneparype 0 °C umeer uny 1M, HACKONBKO YITHHUTCS
TIPOBOJIOKA Iy Harpeanuu Ha 20 °C.

2. Tlnomanp xene3Hoi miactuns mpu Temmeparype 20 °C 0,52 . Kak u3MeHHUTCS TI0mAib 3TOi
acTHHEI IpH Temmneparype 30 °C.

3. Kak u3mMeHuTCs BRICOTa TOHA CTPYHBI TIPH MOBBIIIEHUH TEMIIEPATYpPhl OKPYKAIOIIETO BO3AyXa?

IIpakTnuyeckas padora Ne 9
Tema: 3axon Oma o5 yuacmka uenu. Pacuém conpomuenenus npoeoonuxa

Iens: npumenams 3axon Oma 0na yuacmka yenu u QOpmyisbl CONPOMUEIeHUs. NPOBOOHUKA NPU PEUeHUU
3a0ay, passusams 102U4ecKoe MululieHue

OcHoBHbIE hopmy.JIbI:

=4
Cuia Toka: t

I

J =2 .
[110THOCTH TOKA: S j=gnV.
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U
I =—
3akon OMa 11t OTHOPOAHOTO YYacTKa LETH: R
4
R =p—.
ConpoTHuBiIeHNE TPOBOAHUKA! S

3aBHCHUMOCTh YACJIBHOTI'O COIIPOTUBIICHHUA OT TEMIIEPATYpPHI:

p:po(1+oct).
I =(¢1 - q)z) ialZ.

3akoH OMa Ju1sl HEOJTHOPOHOTO y4acTKa IETH: R+r

I =—

Cuna Toka KOPOTKOI'O 3aMbIKaHUS: r.

I_E

3akon Oma ay1st 3aMKHYTOM IETH: R+r,

2

A=IUt =I°Rt _U

Pa6ota QJICKTPHUYCCKOI'O IT0JIA Ha Y4aCTKE LCIIN:

T2
3akon Jlxoyns-Jlenma: @=1° Rt

Momnrocts Toka: P=I-U.

ITonHas MOLIHOCTD, BEIASAAeMad B ienu: P=I ¢,

[TepBrrit 3akon Kupxroda: Z I; :0.

Bro

Bapua

1.

B

Bapua

1.

3.

4.
5.
Bapua

1.

poii 3akoH Kupxroda: Z IR, :Z €;
ur 1

Onpenenure I0OMAb NONEPEUYHOTO CEYEHHS U AJIMHY HUKEIMHOBOIO MPOBOJIA, 3aTPAYEHHOIO Ha
M3rOTOBJIGHHE PEOCTATa, €CIH TP JOIyCTHMO# TIIOTHOCTH dIeKTpHUecKoro Toka 5,0¥108 A/m? on
paccunTaH Ha HanpspkeHue 12 B u cuimy Toka 2,0 A.

Kak u3MeHuThCS COnpOoTUBIIEHNE TPOBOJHHUKA, €CJIM €T0 JAJIUHY U IUIOIIA/lb TONEPEYHOr0 CEYEHUS
yBEJIUYUTH B 2 paza? J[aTh 0ObsACHEHHE.

Ornpenenure CHIly TOKa B KOHTAKTHOM MPOBOJIE TPAMBANWHOM CETH, €CIH 32 5 ¢ Yepe3 MomnepeuHoe
cedeHue POBOAHMKA MPoXoauT 1,55%10%2 cBOGOIHBIX IEKTPOHOB.

Uro Takoe conpoTUBIICHNE IPOBOAHUKA?

Omnpenenuts HanpsbkeHue B npoBoaHuke. Conporusnenue 0,5 OM, cuiia Toka SA.

HT 2

Onpenenute TemnepaTypy Hakajia BOJIb()paMOBOM HUTH JaMIIbl, €CJIM MPH BKIIOUYEHUH €€ B CETh C
HanpspkeHueM 220 B yepe3 mammy npoxoauT Tok 0,67A.3eKTpUYecKoe CONMPOTUBICHUE HUTH
HaKaja 3Toi Jammbl B XoJ0qHoM coctosiHuu npu 0°C paBHO 36 OMm..

Kak u3MeHuThCS CONpOTUBIIEHNE TPOBOJHHUKA, €CIIM €T0 JAJUHY U IJIONMAb OTEPEYHOTO CEUEHUS
yBEeNUYUTH B 2 paza? J[aTh 0ObsSCHEHHE.

Onpenenure Cuily TOKa B KOHTAKTHOM MPOBOJIE TPAMBANWHOW CETH, €CIIM 32 5 ¢ Yepe3 MOIMepeyHoe
cedeHue POBOAHMKA MPoXoauT 1,55%10%2 cBoOGOIHBIX IEKTPOHOB.

YT0 Takoe CONpOTUBIIEHNE ITPOBOIHUKA?

Omnpenenuts HanpspkeHue B npoBoaHuKe. Conporusnenue 0,5 OM, cuina Toka SA.

HT 3

He pa3maTbiBas ¢ KaTyIIKHM HOKPBITYIO H30JSALMEH HUXPOMOBYIO IPOBOJIOKY, ONpEAEIUTE €€
JUIMHY, €CIM IIPU BKJIIOYEHUM KaTylmKu c HanpspbkeHueM 120 B, B Heli BO3HUKHET TOK 1,2A.
CedeHue MpoBOJIOKH 5,5%10 M2,
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3.

4.
S.
Bapua

1.

N

o

Uemy paBHA CHJIA TOKA, IPOTEKAIOMIEr0 MO MEJHOMY IpPOBOAHUKY cedeHumeM 1,0%10°m% ecrnm
CKOPOCTh HAIpPAaBJIEHHOTO JBIKEGHHS O3JIEKTpoHOB paBHa 1,0%*10%m/c, a uMX KOHIEHTpauus
cocrasisteT 8,2 ¥1028 1/m3?

Uepe3 mnornepeyHoe CeYEeHHE MPOBOJHMKA 3a S5 ¢ mpoxoauT 3apsan aiekrpuuecta 30 Koo
OIpEEIINTE BEJIMUMHY CUJIbI TOKA.

UTto Takoe 3IeKTPUIECKUM TOK?

OT 4ero 3aBUCHUT COMPOTUBJICHUE TPOBOJHUKA?

HT 4

IIpu Temmeparype 20°C compoTuBIEHHE OOMOTKHM JBHUTaTelis, BBITOJIHCHHOW W3 MEIHOMN
npoBosioku paBao 0,15 Om. B mporecce paboThl 3IEKTPOABUTATENST CONPOTUBICHUE OOMOTKH
yBeauumiiock 10 0,17 OM. Onpenenure, 70 KaKOH TeMIIepaTyphl Harpesach 0OMOTKA JBUTATEIS.
OT 4yero 3aBUCHUT yZI€IbHOE CONPOTUBIIEHUE IIPOBOIHUKA?

Onpenenute BeIMUMHY 3apsa MPOIISAIIErO Yepe3 MOMEepPedyHOe CEYeHHE MPOBOIHHMKA 3a Yac.
Cuna Toka nocrosiHHas u paBHa 10A.

UYto Takoe sIBIEHUE CBEPXITPOBOAUMOCTH?

YTO TAKOE CONPOTUBJIEHUE TPOBOAHUKA?
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IIpakTuyeckas padora Ne 10
Tema: Ilapannenvhoe u nocinedosamenbhoe coeOUHeHUE NPOBOOHUKOG.
Llenb padomut: Onpedenums 06Ul MoK U MOKU 8 6eMEAX NPU CMEUAHHOM COeOUHEHUU NPUEMHUKOS
anekmpudeckou duepeuu. Onpederums sK8usareHmuoe conpomusienue. Ilposepums daranc mowHocmu
paccmampusaemort yenu.
Teopus:
Hepa3BeTBJieHHAs dJIeKTpUYecKas eNb TO MTOCIEI0BATEIFHOE COCTUHEHUE
MIPUEMHHKOB JJICKTPHYECKON SHEPTUH.
Iocie10BaTEILHBIM HA3bIBACTCS TAKOE COCTUHECHUE MPUEMHUKOB SJICKTPUICCKONM SHEPTUH, IIPH
KOTOPOM I10 BCEM dJIEMEHTaM MPOTEKAeT OJIMH U TOT K€ TOK.
U=Ur+Ux+ U3
DKBUBAJICHTHOE COMTPOTUBIICHHE [IETTH PABHO CyMME COIPOTHBIICHUH TIOCIICIOBATEIIEHO BKITFOUCHHBIX
pe3uctopoB : R = R1+ R2+ R3
JKBHBAJEHTHBIM Ha3bIBAETCS TAKOE COMPOTUBIIEHUE, KOTOpOE Oya1y4n BKIFOUEHHBIM BMECTO JaHHBIX
PE3UCTOPOB, HE U3MCHSIET PEKUMA PaOOTHI SJICKTPUICCKOH TICTIH.
3akon OMa 11 BCeil 3aMKHYTOM 1€ UMEET BUI:
1 =U/ (Rl +R2+ R3) | = U/R3KB
P = P1 + P2 + P3 — ypaBHeHue GaslaHCa MOILITHOCTEHA.
OO01mast MOIIIHOCTH paBHA CYMME MOIITHOCTEH MTOCIIEA0BATEIHFHO BKIIFOUEHHBIX PE3UCTOPOB.
MoIIHOCTH Ha TIOCTIEI0OBATEIFHO BKITFOUSHHBIX PE3UCTOPAX PACTIPEICIISIOTCS MPSMO MPOIIOPIIHOHAITEHO
COTIPOTUBIICHUSM PE3UCTOPOB.
HampspkeHue Ha mocie1oBaTeNIbHO BKITIOYEHHBIX PE3UCTOPAX pacpeieNiIeTCss IPsIMO IPOMOPIIUOHAIIEHO
COIPOTHBIICHUSM PE3UCTOPOB.
Pa3BeTBJIEHHAS YJIeKTPUUYECKAas LeNb TO MMapaICIbHOS COSAMHCHUE TPHEMHHUKOB JICKTPHUSCKOM

SHEPTHUHU.
IMapanjeabHBIM Ha3bIBACTCS TAKOE COSTMHEHUE TPUEMHHUKOB IEKTPHYCCKON SHEPTHH, TIPH KOTOPOM Ha
3a)KMMaX BCEX JIEMEHTOB MMEETCSI OJTHO M TO K€ HAINPSHKCHUE.

U=U1=U2=Us

Cornacho nepsoro 3akoHa Kupxroga: | =11+ 12+ I3

OOpaTHasi BeIMYMHA SKBUBAJICHTHOTO COTMPOTHUBIICHHS paBHA CyMMe 00paTHBIX BEIMYHH COMPOTUBIICHUIT
PE3UCTOPOB, BKIIIOUEHHBIX Mapamiebo: 1/Rsks = 1/R1 + 1/R2 + 1/R3

BenuunHa 00paTHasi CONPOTUBIICHHIO SBJISIETCS TPOBOAMMOCThIO.

Goxs = 1/Roks Goxe = G1+ G2 + G3
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DOKBHUBAJICHTHOE COTPOTUBIICHUE JIBYX PE3UCTOPOB, BKIIOUEHHBIX MMAapaUICIbHO, ONPEAEISIeTCs 10
dopmyne: Raxs = R1°R2/(R1 + R2)

CMeniaHHoOe coeIMHEHNE — 5TO TAKOE COSANHEHHE, ITPU KOTOPOM B JIEKTPUIECKON CXeME MMEIOTCS
OJJHOBPEMEHHO y4YacCTKH C IOCIEA0BATEIbHO U MapaLIeIbHO BKIIOYSHHBIME 1eMeHTaMu. K atum
y4acTKaM MPUMEHSIOTCS (POPMYIIBI ITOCIIEI0BATEIBHOTO U MAPAIICIBHOTO COCTUHEHUS IPUEMHHUKOB
AIIEKTPUUYECKON PHEPTUH, A JaHHBIH METO/1 Ha3bIBAETCSI METOJOM YKBUBAJIEHTHOTO CONPOTHBIICHUS UITH
METOJIOM «CBEPTHIBAHHSD.

3ajganue:

1. B mpakTudeckoit pabore HEOOXOIMMO ONIPENEIUTH OOIINI TOK M TOKH B BETBSAX IPH CMEIIaHHOM
COCAMHEHUH NMPHUEMHHUKOB 3JIEKTPUUECKOM sHeprun. OnpeaenuTb SKBUBATIEHTHOE CONIPOTHBIICHHE.
[IpoBepuTh OaslaHC MOIIHOCTH PacCMaTPUBACMOM LICTIH.

2. HauepTuTh NpUHIMITHATBHYIO CXEMY CBOETO BapHaHTa.

MpakrTnyeckan paboTa Ne5

BapwnanTNe1 BapunaHTNe8
R1 R2 R3 R1 R2
— F——I —-- — 1 — 1
R4
_ [] R6 —— [] R3 |:|R6 [] Re
R5
R5
| |
| S |
BapunaHTNe2 BapunaHTtNe7
R1 R3 R1 R2
_: '_: T
R4
e R6 [] R2 - []RG |:| R4
R5
R3 R5
‘ —  +——1 1
BapuaHTNe3 BapuarnTNe8
R1 R1 R2
—1 — V[ }——
R4
e [] R6 []RZ [] R3 r— []RS [] R4
R5
R3 R5
"1 }+—
BapwnanTNeq BapwuanHTNegS
R1 R2 R1
1 1+— — L1
R4
jp——— [] R6 [] R3 —_ []RG []R5 []R4 []RS I::IRZ
RS
BapuanTNes BaprnaHTtNe1Q BapwaHTNe11
R1 R2 R1 R1
— ] F¢— 1
RS R4 RS
— [] R6 []RS [] R4 =
R3 R6 R2 R3
R5
| p—
L —
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IpakTnyeckas padora Ne 11

Tema: 3akon Oma 013 nonnou yenu.
Lenv: npumenams 3axon Oma 011 NOJAHOU Yenu npu peuwteHuu 3a0ay

Kparkas Teopus:
3akoH OMa AJ1 NOJIHOM 1enu

3akon Oma Il TIOJIHOM LEeNMH — AMIUPUYECKUN (ITOTYYEHHBIM W3 AKCIIEPUMEHTA) 3aKOH, KOTOPBIN
YCTaHABJIMBACT CBS3b MEXKAY CHIION TOKa, 3ieKTpoaBrkymie cuinoi (3/IC) n BHENIHUM ¥ BHYTPEHHUM
CONPOTHUBIICHUEM B LICTIH.

[Ipu mpoBeneHUM pEaANbHBIX HMCCIEIOBAHUN SJEKTPUUYECKUX XAPAKTEPUCTHK LENel C MOCTOSHHBIM
TOKOM HEOOXOJMMO YYMTHIBATh CONPOTUBIEHHE CAMOr0 HCTOYHHKA TOKa. TakuMm oOpa3oMm B (usuke
OCYILIECTBIISIETCS MEPEX0]] OT HIAEaIbHOIO0 MCTOYHMKA TOKA K PEalbHOMY HCTOYHUKY TOKA, Y KOTOPOTO
€CTh CBOE COINpOTUBIIEHHUE (CM. puc. 1).

£ | & r
MaeanbHblif PeankHbli
MCTOYHWK TOKa MCTOYHWK TOK3

Puc. 1. U300paskeHnue uaeaabHOro U peajbHOr0 HCTOUHUKOB TOKA

PaCCMOTpeHI/Ie ACTOYHHMKA TOKa C COOCTBEHHBLIM COIMPOTUBJIICHUCM 06$I3I)IB3_€T HUCIIOJIB30BAaTh 3aKOH
Owma 17151 TOJTHOM Leru.

Chopmymupyem 3akona Oma JijIsi MOJTHOM Leu Tak (CM. pHC. 2): cuja TOKAa B MOJHOM LIEMHU MPSIMO
nponopuuonansHa J/]C u 06paTHO MPONOPIIMOHATBHA TTOJTHOMY COIIPOTUBIICHHUIO IIETIH, T/I€ O TOTHBIM
COIIPOTUBJICHUEM IMOHUMACTCA CyMMa BHCINHUX U BHYTPCHHUX COHpOTHBJ’ICHHﬁ.

a‘?_r

Puc. 2. Cxema 3akona Oma i1 MOJIHOM LENH.

dopmy.ia 3akoHa OMa /15 OJIHOM Lenu

“Rer

R — BHeniHee conporusierue [OMm];

I — conporusnenue ncrounnka IJC (BHyTpenHee) [Om];
| — cuna Toka [A];

&~ DJIC ucrounuka Toxa [B].

grwn

PaccMoTpuM HEKOTOpBIE 331a4K Ha IaHHYIO TEMY.
I. Onpenenute cuimy Toka B LIENU C JIAMIOUYKOM, conpoTuBiaeHueM 2,4 OM u UCTOYHMKOM Toka, DJ1C
kotoporo paBHo 10 B, a Buyrpennee conporusienue 0,1 Om.
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Ilo onpenenenuro 3akoHa Oma JyIs IOJIHOM 1ETH, CHJIa TOKA paBHa!

o & 10 B
" R+r 240M+0,10M

II. Onpeaenuts BHyTpeHHEE CONpOTUBIICHUE McTouHMKA Toka ¢ DJIC 52 B. Ecnu uzBecTHO, 4TO mpu

MOJIKJIFOUCHUH 3TOT0 MCTOYHHMKA TOKa K Iienu ¢ compoTuBieHneM 10 OM amrmepMmeTp IOKa3bIBacT
3HayeHue 5 A.

=4A

3anumiem 3akoH OMa JIJIsl TOJIHOM 1[N U BBIPa3UM U3 HETO BHYTPEHHEE COMPOTUBIICHUE:

I £ : R °25 100 040
=— s 7=-—R=—7"—-— M= 0,4 Om.

R+r I SA

III. OmnHaxnapl MKOJIBHUK copocuna y yuurtens mo ¢usuke: «llogemy Oarapeiika camutcsa?» Kakx
IrPaMOTHO OTBETUTH Ha JAHHBII BOIIpoOc?

Mpbl yxe 3HaeM, 4YTO PEalbHBI HCTOYHUK OO0JaaeT COOCTBEHHBIM CONPOTUBJICHHEM, KOTOPOE
00yCIIOBJIIEHO JMOO COMPOTHBICHUEM PACTBOPOB JJIEKTPOJMTOB [UJIsl TalbBAaHUYECKUX JIIEMEHTOB U
AKKyMYJISITOPOB, JHUOO COMPOTHBIIEHHEM IPOBOJHUKOB 1Jisi TeHeparopoB. CoriacHo 3akoHy Oma uist
IIOJIHOHU LIETIN:

&

! R+7

CJIeIOBAaTENIbHO, TOK B IIEMM MOXET yMeHbIIaTbcs JMOO0 u3-3a yMmenblnenus JJC, nubo wuz-3a
MOBBILICHUSI BHYTPEHHEro comnpoTtuBieHus. 3HaueHue JJIC y akkymynsTopa MOYTH MOCTOSHHBIM.
CJICZIOB&TCJII)HO, TOK B LCIH IMNMOHMKXACTCA 3a CYCT IMOBBIIICHHA BHYTPCHHEIO COIIPOTHBIICHUS. I/ITaK,
«batapeiikay caguTcs, TaK Kak €€ BHYTPEHHEE CONPOTHBIICHUE YBEIUIUBACTCSI.

Bapmuanrt 1

1. OC Oarapeiiku xapmanHoro (onapuka pasHa 3,7 B, BHyTrpenHee compotusienue 1,5 Owm.
Barapeiika 3amxHyTa Ha conpotusierue 11,7 Om. KakoBo HanpspkeHne Ha 3axuMax Oarapeiku?

2. Onpeienure CUITy TOKa MPU KOPOTKOM 3aMbikaHuu OaTapeiiku ¢ 9JIC 9 B, eciu npu 3aMbIkaHUN
e€ Ha BHelIHee conpoTuBieHrne 3 OM TOK B Lienu paBeH 2 A.

3. Axxymynsatop moronukia umeer 9JIC 6 B u BHyTpeHHee comportusienue 0,5 Om. K Hemy
MOJIKITIOYEH peocTaT conpoTuBieHreM 5,5 Om. Haiinurte cunmy Toka B peocrate.

4. Onement ¢ DJIC 2,1 B u BHyTpenuum conpotusiieHueM 0,2 Om coeauHéH ¢ peoctaroM. OnpeaennTs CUIly
TOKa B LIEMIM U COIIPOTHBIICHHE PEOCTaTa, €CIM HaNpsDKeHHE Ha 3axxuMax sneMeHTa 2 B. Kakoil mmmHBI Hamo

B3ATh JUIA M3TOTOBJEHHS PEOCTaTa >KEJNEe3HyI0 IIPOBOJIOKY, eclu miuomans ceuenus 0,75 M2 YjensHoe
Om-MMm?

conpoTtusiieHue xenes3a 0,1

5. Ilpu moxkioueHUN K Oataper rajibBaHMYECKHX SJIEMEHTOB PE3UCTOpa CONpOTUBIEeHHEM 18 OM
CHJla TOKa B Lenu Obuia 1 A, a npu MOIKIIOUEHUH PE3UCTOpa compoTuBieHHeM 8§ OM cuia Toka
crana 1,8 A. Haiitu 3/1C u BHyTpeHHEe CONPOTHUBIICHUE OaTapeu.

Bapuanr 2

1. DJC Oarapeiiku kapmaHHoro (oHapuka paBHa 3,5 B, BHyTpeHHee compotusicHue 1,2 Owm.
Barapeiika 3amkHyTa Ha conporuienue 10,8 OM. KakoBo HanpspkeHHe Ha 3a)kuMax OaTapeikn?

2. Onpenenure CUITy TOKa MPH KOPOTKOM 3aMbikaHuu OaTapeiiku ¢ DJ{C 6 B, eciu npu 3aMbIKaHUN
€€ Ha BHelIHee conpoTuBieHne 2 OM TOK B Lienu paBeH 1 A.

3. Ucrounuk Toka ¢ D/IC 2 B u BHyTpeHHNM conpotuBicHneM 0,8 OM 3aMKHYT HUKEIMHOBOH MTPOBOJIOKOH
auHoM 2,1 M 1 ceuennem 0,21 Mm2. OnpeienuTe HaNPsKEHUE HA 3aKMMaX MCTOYHMKA TOKA.

4. Onement ¢ O/1C 2,5 B u BHyTpenHuM conpotusieHueM 0,3 OM coeanHEH ¢ peoctaToM. OnpeaenuTs CUILy
TOKa B IIENIH M COTIPOTHBJICHHE PEOCTAaTa, ECIIM HANPSHKEHUE Ha 3a)xuMax sneMeHTa 2,2 B. Kakoit anmuHbEI Hago
B3STh JUI M3TOTOBJIEHUS PEOCTATa HUKEJIMHOBYIO IPOBOJIOKY, eclu miomans cedenus 0,4 mm2 ViaensHoe

Om-MM?

conpoTtuBiieHue HukenuHa 0,4
5. Ilpu moaxiroueHNM K OaTaper TalbBaHUYECKHUX 3JIEMEHTOB PE3UCTOpa COmpoTuBiIcHHEM 9 OM
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cuja ToKa B Iienu Obuta 1 A, a TIpW MOAKIIOUEHUHN pe3rncTopa compoTuBieHueM 4 OM cuiia Toka
crana 1,5 A. Hatitu 3/1C u BHyTpeHHEE CONPOTUBIICHUE OaTapen.

Bapuant 3

1. DAC Oatapeiiku kapmaHHOrO ¢oHapuka paBHa 3,5 B, BHyTpeHHee comportuBieHue 1,2 Owm.
barapeiika 3amkHyTa Ha conporusierne 10,8 OM. KakoBo HanpspkeHNe Ha 3a)kuMax OaTapeikn?

2. OmnpenenuTte CUIy TOKa NP KOPOTKOM 3amblkaHuu Oatapeiiku ¢ DJIC 18 B, eciu mpu
3aMBIKaHUU €€ Ha BHEIIHEee conpoTunieHue 4 OM TOK B 1enu paBeH 4 A.

3. Hampspxenune Ha 3akuMax reHepaTopa 36 B, a conmpoTuBieHe BHEIIHEH Iieny B 9 pa3 OoJbie
BHyTpeHHero conporuBieHus. Kakosa 3/1C reneparopa?

4. Onement ¢ DJIC 3,5 B u BHyTpenHnM conpotusicHneM 0, 2 Om coeamuéH ¢ peoctaTtoM. OmnpeneinTs
CUIJIy TOKa B LIENIM U CONPOTUBJICHUE PEOCTATa, €CIIM HAIPsIKEHUE Ha 3akuMax sneMmenta 2,7 B. Kakoil anuHbl
HaJI0 B3ATh JUI M3TOTOBJICHUS PEOCTATa HUKEINHOBYIO POBOJIOKY, ECIIM MIIomaas ceuenus 0,8 Mm2, Y nenbHoe

Om-Mm?

comnpoTtuBieHne HukenuHa 0,4

5. Ilpu monkmtoueHNH K OaTapen ralbBaHMYECKUX JIEMEHTOB PE3UCTOpa CONMpoTUBIeHnEM 15 Om
cwira Toka B 1enw Obiia 0,8 A, a TIpy MOIKITIOYEHHH PEe3UCTOpa compoTuBieHHeM 6 OM cmia Toka
crana 1,2 A. Haittu D/1C u BHyTpeHHEE CONPOTHBIIEHUE OaTapen.

Bapuanr 4

1. DAC OGarapeiiku kapmanHoro ¢oHapuka paBHa 4,1 B, BHyTpenHee comporuBieHue 1,5 Owm.
barapeiika 3amMkHyTa Ha conpoTuicHue 2,6 Om. KakoBo HanpshkeHre Ha 3a)KuMax OaTapeiku?

2. Onpenenure CUITy TOKa MPU KOPOTKOM 3aMbikaHuu Oatapeiiku ¢ DJIC 9 B, ecnu nipu 3aMbIkaHUU
e€ Ha BHelIHee conpoTuBieHrue 3 OM TOK B Llen# paseH 1,5 A.

3. IIpu moxkmtoueHNH K OaTapen ralbBaHUMYECKNX JIEMEHTOB PE3UCTOpa COMpoTuBiIeHneM 18 Om
CWJIa TOKa B 1menu Obia 1 A, a Ipu MOAKIIOYEHHWH pPEe3HCTOopa compoTuBieHreM 8 OM cuima Toka
crana 1,8 A. Haittu 3/IC u BHyTpeHHEE CONPOTHBIIEHUE OaTapen.

4. Dnement ¢ DJIC 3,6 B u BHyTpenHuM comportusienrem 0, 2 OMm coequHéH ¢ peoctaroM. Onpenenurb
CHITy TOKa B IIEMTU U COMPOTHUBJICHUE PEOCTaTa, eCu HANpsOKEHUE Ha 3a)kuMmax anemenTa 2,8 B. Kakoi mivHb

HaJA0 B34ATb IS U3rOTOBJICHUA PCOCTATa MCAHYIO IHPOBOJIOKY, €CJIIM IUIOmIab CCYCHUS 0,8 MMZ. YZ[€J'IBHO€
OM-MM?

conpotuBnenue meau 0,017

5. Ilpu moaximroueHNy K OaTaper TalbBaHUYECKHX JIEMEHTOB PE3UCTOpa COMpPOTHUBIEHHEM 5 OM
cuJia ToKa B 1enu Obuta 1,8 A, a mpu NOJKITIIOYSHUH PE3UCTOpa ConpoTHriieHueM 4 OM cujia Toka
crana 2,2 A. Haiitu 3/1C u BHyTpeHHEe CONPOTHBIICHNE OaTapeH.

IIpakTuyeckas padora Ne 12
Tema: Pacuém cunvt Amnepa u MazHumHou UHOYKYUU
Ilens: HaydnTHCA MPUMEHSTH 3aKOH AMIiepa 1 popmy:ny cuiibl JIopeHlia npu pemeHuu 3aay.

Kparkas Teopus:

3akoH AMnepa YCTAaHABJIMBACT, YTO HA MPOBOJHUK C TOKOM, HOMCH.[CHHBIﬁ B OJHOPOAHOC MAarHuTHOC
IoJI€, THAYKIOHSA KOTOPOTo B, ﬂeﬁCTByeT CuJia, MpomnopuuoHajibHasA CHUJIC TOKAa U MHAYKIIMU MAarHUTHOI'O

TIOJISL:
Fa= 1IBsina
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Cuna Ammnepa HampaBlieHa TEPICHIUKYISIPHO IJIOCKOCTH, B KOTOpol jexkaT Bektopsl dl m B. [lns
OTIpENICIICHUs] HANpaBJICHUSI CHJIBbI, JICHCTBYIONICH HAa MPOBOJHUK C TOKOM, IOMEIICHHBI B MarHMUTHOE
110JIe, IPUMEHSETCS IIPABUIIO JIEBOU PYKH.

Crna
nelcTByromad
Ha IMTpOBOIHIK s o

-~

Cuily, NOEHCTBYIONIYIO Ha JABMXKYIIYIOCA 3apsyKCHHYIO YacTHUIy CO CTOPOHBI MAarHMUTHOTO TIOJIs,
Ha3bIBAIOT cuiou JIopeHna.

Fs,= qvBsina,

e q — MOAYJb 3apslia, V — CKOPOCTh JABMKEHHS 3apsSKEHHOW YAaCTHUII, 0L — YrOJ MEXKIY BEKTOPOM
CKOPOCTBIO U BEKTOPOM MarHUTHOW UHAYKIUH.

Bapuanr 1.

1. Kakas cuma meifcTByeT Ha TIPOTOH, JABIDKyIImiics co ckopocThio 108 M/c B MarmuTHOM mone ¢
unaykuuei 0.2 Tn neprneHANKYISpHO JIUHUAM UHAYKIUUA?

2. Omnpenenute MOIYJb CUJIBI, ACUCTBYIONICH HAa MPOBOAHMK JMHON 20 cM mpu cwie Toka 10 A B
MarHuTHOM nose ¢ uaaykuueit 0.13 To, ecnu yroa o Mexxay BekTopoM B u mpoBosHuKOM paseH a) 90°; 0)
30°.

3. Onpenenure, ¢ Kakoil CUIION MAarHUTHOE TOJIE, CO3/TAaHHOE TOKOM, JIEUCTBYET HAa MPOBOJHUK, €CIIH
MarHuTHas uHAyKnus noins 1.5 Tn, pabouas nnuHa npoBoguuka 0.4 M 1 o HeMy mpoTtekaeT Tok 50 A.

4. BoluncnuTe MarHUTHYIO MHAYKLHUIO TIOJISL, €CJIM OHO JIEWCTBYET Ha MpOBOAHUK ¢ cuiioit 6 H. Pabouas
JUIMHA TIPOBOJHHUKA, IOMELIEHHOTO B MarHUTHOE 10Jj€, cocTaBisteT 60 cM, a TOK, MPOTEKAIOIINN B HEM,
paBseH 15 A.

5. TlapamnenpHO TMJIaCTMHAM IIJIOCKOTO KOHJIEHCATOpa CO3JaHO OJHOPOJHOE MAarHUTHOE IoJie
unaykuuen B = 4 mTn. Mexay nnacTUHaMU NEPHEHIUKYISIPHO HAIMPABICHUIO MAarHUTHOTO TOJS U
napayieIbHO TUIACTHHAM JBMIKETCS JJIGKTPOH cO ckopocteto v = 5 000 xwm/c. Omnpenenute
HaIpPSKEHHOCTh E 3JeKTPUYECKOTo MOoJIs MKy IJIACTUHAMH.

6. 3apshKeHHasi 4yacTUIla AJIEKTPOH BJIETAa€T B OJHOPOJHOE MAarHUTHOE MoJjie ¢ MHAyKuuen 2 Ti B
BaKyyMe cO CKOpocThio 10° M/C MeprneHIuKyIsSpHO JMHUSM MArHHTHOW WHAYKIMH. Beruucium cuiy,
JEUCTBYIOLLYIO Ha 3JIEKTPOH.
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7. IIpOBOAHMK C TOKOM yJIEp>KMBAE€TCSd B MarHUTHOM I10J1€, MHAYKIIUS KOTOoporo pasHa 2 Ti, cuioil 4
H. Onpenenuts MJIMHY NMPOBOJHHUKA, €CIIU €ro conpoTuBieHue 3 OM, pa3HOCTh MOTEHIMAIIOB Ha KOHIIAX
cocraiisieT 20 B, a HanpaBieHue TOKa ¢ IMHUSAMH WHAYKIIUH 00pa3yeT yroi, paBHbIi 90°.

8. B mpoBoHUKE C IJIMHOW aKTUBHOM YacTu 8 cM cuia Toka paBHa 50 A. OH HaXOAUTCS B OJJHOPOJIHOM
mMarHuTHOM mone ¢ uHaykuued 20 mTin. Kakyro pa®oTy coBepmImi MCTOYHHK TOKA, €CJIM MPOBOJHUK
nepeMmectriics Ha 10 cM neprneHauKyJISIpHO JTUHUSAM UHAYKIIUN?

Bapuanr 2.

1. ITo npoBonHUKY JyIMHON 45 cM nporekaeT Tok cuwiod 20 A. YeMmy paBHa MHIYKLIMSI MarHUTHOTO
10JIsl, B KOTOPOE MOMEIIEH MPOBOJIHUK, €CIM Ha MMPOBOJAHUK JAeicTBYeT cuiia 9 MH?

2. Cuna Toka B mpoBOAHUKE 4 A, JIJIMHA aKTUBHOM YacTh mpoBoaHMKA (0.2 M, MarHMTHOE IOJe
nercteyer Ha npoBogHuk ¢ cuioit 0.1 H. Onpenenure MHAYKIMIO MarHUTHOTO IOJS, €CIU JIMHUU
WHIYKIUU MOJISI U TOK B3aUMHO NEPIEHIUKYIISPHBI.

3. UHayKuuss MarHuTHOTO TOJIS, CO3/IaHHAs IPSIMOJIMHEUHBIM MTPOBOJIHUKOM B TOUKE, HAXOIAIENHCs Ha
paccrostanu 20 ¢M OT IpoBOAHHUKA, paBHa 2-107° Ti. Kakoii TOK MPOXOMHUT 10 HPOBOIHUKY?

4. C kakol CcuiIOW B3aWMOJECHCTBYIOT [Ba MapaUICNIbHBIX IPOBOJHUKA JJIMHON | M Kaxabli, Mo
KOTOpPBIM TeKyT TOKH cuioil 10 u 40 A B OJHOM HampaBlI€HUH, €CJIM OHU HAXOJATCS B BO3AYXE Ha
pacctostnuu 0.5 M apyr ot apyra?

5. Ha npoBomuuk mimuHo 50 cM, HaXOIAIIMICS B OJHOPOJHOM MAarHUTHOM IIOJI€ C MarHUTHOM
unayknuend 0.1 Tn, nmedictByer cuna 0.05 H. Bwruumciaure yronm Mexiay HampaBJICHHEM CHJIBI TOKa U
BEKTOPOM MarHMTHOM MHJIYKLIUU, €CIIU CHJIA TOKA paBHa 2 A.

6. C Kakoi CKOPOCTBIO JIOJKEH JIBUTAThCSI IPOBOJHUK JUIMHON 20 CM B MarHUTHOM T10JI€ C MHAYKLIMEH
8:1072 T, uyro6sl B Hem Bo3HuKIa DJIC muaykiuu 40 mB. IlpoBognuk aBuxkercs moxa yriaom 90° k
BEKTOPY MarHMTHOW MHIYKIUU.

7. DNEKTPOH JIBIKETCS B BaKyyMe B OJHOPOJAHOM MAarHUTHOM mosie ¢ uHaykuuei 5-1072 Tn. Panuyc
OKPY’XKHOCTH, MO KOTOpPOW OH JBHXeTcs, paBeH | cm. Omnpenenure MOAYIb CKOPOCTH JBUKECHHS
JJIEKTPOHA, €CJIM OHA HAIpaBJICHA NEPIEHINKYISIPHO K JIMHUAM UHIYKIIUH.

8. B ogHOpOIHOM MarHMTHOM THojie, MHAYKUUs Kotoporo paBHa 0.5 Tin, aBukercs paBHOMEPHO
npoBogHUK AauHOM 10 cM. ITo mpoBoaHuKY TeueT TOK B 2 A. CKOpPOCTb IBHXKEHHUS MTpoBoaHUKA 20 cM/c u
HalpaBjieHa NEPIEeHIUKYJISIPHO K HANpaBlIeHUI0 MarHuTHoro mnons. Haiitm pabGoTy mnepememieHus
IpoBOAHMKA 3a 10 ¢ ABMKEHUS.

IIpakTnueckas padora Ne 13

Tema: Henenue 31eKMPOMAZHUMHOU UHOYKUUU

Henu:

- paccmonipemsb A6l1eHue SﬂeKmpOMGZHMMHOﬁ um)ym;uu;

- NOKA3amb HA HEeCKOAbKUX NPUMEPAX Memoobl pelleHUs 3a0a4 Ha UCNOIb308AHUe 3AKOHO8
INEKMPOMASHUMHOU UHOYKYULUL.

Kauecmeennwie 3a0auu
1. B KOIb110 U3 IUAIEKTPUKA BIBUTAIOT MAarHUT. YTO MpH 3TOM MPOUCXOJUT C KOJIbLIOM?

ey

2. B BepTUKaNbHON INIOCKOCTH INOJBELIEHO HA HUTU MeIHOE KOiblo. CKBO3b HEro B |
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TOPU30HTAJIHLHOM HAaNpaBJICHUU BABUTAETCS OJIMH pa3 CTEPXKEHb, a JPYroi pa3 MarHur (puc.
1). IloBnusieT 1 IBUYKEHUE CTEPKHS U MarHuTa Ha MOJIOXKEHUE KOJblia?

3. Ilocme ynmapa MoOJHMM HMHOTZAAa OOHAPYXUBAETCS MOBPEKICHHE YYBCTBUTEIbHBIX
ANEKTPOU3MEPUTENBLHBIX MPUOOPOB, a TAKXKE NEPEropaHue IIABKUX MPEJOXpPAHUTENIECH B
ocBeTuTENbHOU ceTu. [louemy?

4. Iloyemy mpHu BKJIIOYEHUU DJIEKTPOMArHUTA B AJEKTPUUECKYIO II€Th MOJHAs CHJIa TOKa
yCTaHaBIUBAETCs HE Cpazy?

5. TloueMy OTKIItOYEHHE OT CETHM MOIIHBIX AJIEKTPOJABHUraTeNiell MPOU3BOIST IUIABHO U
MEJIEHHO MIPH MOMOUIN PEOCTATOB?

6. OnuHaKoBOE JIM BpeMsl MOTPATUT MAarHUT Ha MaJeHUuEe BHYTPU Y3KOW MeTHOU TpyOBl U
psanom ¢ Heil? B 00oux ciydasix MarHuT He KacaeTcsi TPyOBbl.

Omeem: B TpyOe MarauT OyIeT MMaaaTh JOJbIIIE.

7. BepTUKanbHBII TPOBOJIHHK MEPEMEIIAIOT B MATHUTHOM I10J1€ 3EMJIM C 3amajia Ha BOCTOK.
Byzaert nu B HeM BO30YXAaThCs AJIEKTPOIBIKYIIAS CHJIA MHITYKIIUU?

Omeem: Oyner.

8. M3011poBaHHOE CBEPXITPOBOSALIEE KOJIBLIO, IO KOTOPOMY TE€UET TOK, U3ru0daercs B JBE
OKPY>KHOCTH B BUJIE BOCBMEPKH U 3aTEM CKJIa/JblBaeTcs BBoe. Kak MEHSETCs TOK B KOJble?

9. JlBa KpyroBbIX NPOBOJHHUKA PACIOIOKEHbl NEPHEHAUKYJSPHO APYT APYTY, KaK((
1OKa3aHO Ha puc. 2. BynmeT jM BO3HHKATh WHIYKIHMOHHBIA TOK B TOPH30HTAIBLHOM ™
MIPOBOJHUKE MPU U3MEHEHUHU TOKA B BEPTUKAITBLHOM MPOBOAHHUKE?

Omeem: HE OyHET.

10. Kak OyayT 3aBUCETh OT BPEMEHHU IOKa3aHUs TajbBaHOMETPA, BKIIOYEHHOTO B IIEIH
PacIoIOKEHHOTO0 TOPU30HTAIBLHO KPYTOBOIO KOHTYpA, €CJIM BJOJIb OCH 3TOTO KOHTypa OyjaeT
najaTh 3apsHKCHHBIN MTApUK?

Ilpumepul pewwenun pacuemmusix 3aoau

3aoaua 1. Kax OyayT MEHATbCA TOKa3aHHsI aMIIEPMETpa, €CIIM COJCHOUJ 6BICTp0‘
pacnpsiMUTh, MOTSHYB €0 32 KOHIIbI TPOBOJIOKH (puc. 3)?

Pewenue:

[Ipu pacnpsMmieHUH COJICHOMJA CIEIUICHHBIH C HUM MarHUTHBIA TOTOK OyJner
YMEHBIIIATHCS, @ 3HAYUT, B LIEMU BO3HUKHET SJEKTPOJABIKYIIAs CWJIA WHIYKIHMH, KOTOpasd,
cormacHo mpaBwiry JleHna, OyAeT TPEmsITCTBOBaTh YMEHBIICHHUIO MarHUTHOTO TIOTOKA.
CrnenoBarenbHO, B LENMU NOSBUTCS WHAYKUMOHHBIA TOK, HANpPaBJIEHHBIM TaK XK€, KaK TOK,
CO3/1aBa€MbIii UCTOYHHKOM 3JIEKTPOABMKYIIECH CUIIbI, BKIIOUYECHHBIM B 1iemnb. [losTomy cuna
TOKa B IIEMM CHadaja OyJeT BO3pacTaTh, a CIyCTS HEKOTOPOE BpEMs CTaHET pPaBHOU

NepBOHAYATLHOMY 3HAUYEHHUIO.
3aoaua 2. imerorcst 1Be KaTyIIKH, PACMOJOXKCHHBIE KOAKCHAIbHO. B omHOW u3 ™
KaTyIIeK cuia Toka |1, co3aaBaeMoro BHEITHUM HUCTOYHUKOM, U3MEHSIETCS CO BPEMEHEM Tak,
KaK ToOKa3aHO Ha puc. 4. Bropas karymika 3aMKHyTa HakopoTko. M3o00pasute rpaduk

3aBUCUMOCTH CUJIbI TOKA BO BTOPOM KaTYIIKE OT BPEMEHHU.

Pewenue:
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Jlns  mepBOM  KAaTyIIKM UHAYKIUS MarHUTHOTO  TMOJIsl, CO3/1aBa€MOro  TOKOM |1,
[IPOIOPLIMOHAJIBHA CUJIE TOKa (B~ 1), MaruurHsiit IIOTOK, CO3JaBaCMbIM IIEPBOM KaTYILIKOM,
IIPOHU3BIBAECT BTOPYIO KAaTyLIKy U IIPU €r0 U3MEHEHUHU B HEU MOSABISAETCS 3JIEKTPOABYKYLIAS
CuJIa UHAYKLIHH, BEJIMYMHA KOTOPOU

o AD  SAB A
Ar Mg A
£
o o a =
Tok BO BTOpPOM KaTyIIKe, COTJIACHO 3akOHy Oma i MOJHOM LenH, R, tneR-
COl'IpOTI/IBJIeHI/Ie BTOpOﬁ KaTyHIKI/I, TO €CTh
AT
I, ~=1
At
Iy By
< 1 o o o
s A¢ OyJIeT MOCTOSIHHOW BEJIMYMHOM, a 1 t > 12 - paBHOI Hym0. CenoBaTensHo,

3aBUCHMOCTh CHJIBI TOKa |2 BO BTOpOM KaTyImike OT BpeMEHH OyIeT WMeTh BH],
MPEJICTABJIECHHBIN HAa PUC. 5.

3adauu ona camocmoamenvHou padomol

1.TIpoBonouHsiii BUTOK AuameTpom d = 5 cM u conporusienuem R = 0,02 OM HaxoauTcs B
OJIHOPOJHOM MarHuTHOM nosie ¢ uaaykuuet B = 0,3 Tiu. [1nockocTh BUTKA COCTaBISET Yrol ¢

= 40°c nuauamu wHAykuu. Kakoit 3apsg Q mpoTedeTr 1O BUTKY MPU  BBIKIIIOYEHHUH

MarHUTHOTO MOJIsS?
2

Tid
=8 —ana=001% ¥n
Omeem:Q 4R o "

2. Komprio paguyca r = 50 MM 13 TOHKO# TTPOBOJIOKH TTIOMECTHIIN B OJTHOPOTHOC MAarHATHOE
noine ¢ uHaykuuent B= 0,5 MTn Tak, 4TO MJIOCKOCTH €ro NEPHEHAUKYJSIPHA BEKTOPY
uHaykiuu. MuaaykruBHocts koabla L = 0,26 MxI'H. Kombiio oxiaauim 10 CBEPXIPOBOISIIETO
COCTOSIHUS U BBIKJTFOUMJIM MarHUTHOE ToJie. HaliuTe TOK B KOJIBIIE.

2
= BTE =15104 A

Omeem.:

e

3.1lo AByM TriagkMM MEIHBIM IIIMHAM, YCTAaHOBJICHHBIM IO/ YIJIOM Ct K TOPH30HTY,
CKOJIb3UT TOJ JACUCTBHEM CHJIbI TSXKECTH MeAHas mnepeMbluka macchl M (puc. 8). Iunbl
3aMKHYTBI Ha compoTtuBienue R. Paccrosuue Mexay muHamu paBHo |. Cuctema HaxoauTes B
OJIHOPOJAHOM MAarHUTHOM IOJI€ C UHAYKIUEH B, NEePNeHANKYIIPHOM K TUIOCKOCTH, B KOTOPOM
nepemMeraercs nepeMblyka. CONpOTUBIEHUS IIUH, IEPEMBIYKM U CKOJB3SIUX KOHTAKTOB, a
TaK)K€ CAaMOMHJIYKIIUA KOHTypa MpeHeOpexumo Majbl. HaiiiuTe yCcTaHOBUBIIYIOCS CKOPOCTH
MEPEMBIYKHU.

_mgRana

Omeem: B

T
4. 'opu30HTaIBHO PACTIONOKEHHBIN MTPOBOSIINMI CTEPKEHD, COIPOTUBIICHUE
KOTOporo R 1 Macca M, MOXKET CKOJIb3UTh 0€3 HapyIICHHUs AJIEKTPUUYECKOT0 KOHTAKTA 10 IBYM
BEPTUKAJIBHBIM MEIHBIM ITHAM. PaccTosinue Mexy mrHaMu |. CHU3Y MX KOHIIbI COCIMHEHBI
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C UICTOYHUKOM TOKa, 3JIEKTPOABIKYIIAsl CHUJIa KOTOPOro paBHa & (puc. 9). llepnenaukynsipHo

IJIOCKOCTH, B KOTOPOU HAXOJATCS LINHBI, TPUIOKEHO OAHOPOAHOE MATHUTHOE I10JI€ C
WHIYKIueH 5. HalianTe moCTOSHHYIO CKOPOCTh, C KOTOPO# OYIeT MOAHUMATHLCS CTEPIKEHb.
ConpoTuBiieHHEM HIMH U UCTOYHHMKA TOKA, a TAK)KE TPEHUEM MpeHeOpeyb.
_& Fmg
Omeem: B B

5. Ha TFOPHU30OHTAJIBHBIX ITPOBOAANINX CTCPKHAX JICKUT METAJINIMICCKAA IICPEMBIYKA

maccorr m = 50 r (puc. 10). Koapdunment tpenust Mmexay peiabcamu u nepemprakoit K = 0,15.

Crep>kHHM 3aMKHYTBI Ha pe3ucTop conpoTuieHrueM R =5 Om. Cuctema HaXOAUTCS B
MarHUTHOM I10JI€, MarHUTHAs MHAYKIIMS KOTOPOTO HampaBlieHa BEPTUKAILHO BBEPX, a €€
MOJIYJIb U3MEHSIETCSI CO BpeMeHeM 110 3aKkoHy B = @t , rae co = 5 Tu/c. Onpenenure MOMEHT
BpPEMEHH, B KOTOPBIH IMepEMbIYKa HAYHET JBUTATHCS 10 cTep kHSIM. COMPOTUBICHHUEM
NIEPEMBIYKH U IPOBOISIINX CTEpKHEH nmpeHeOpeub. ['eomeTpuyeckue pasmepsl: | =1 M, h =
0,3 m.
= &gﬁ =5.1072% ¢
Omeem: 'k '

6. MeTaJIHHHeCKOG KOJIbIIO, AMaMCTP KOTOPOT'o d " COIIPOTHUBJICHUC R, PAacCIIOJIOKCHO B
OI[HOpOI[HOM MAardmMTHOM II0JIE€ TaK, YTO IINIOCKOCTH KOJIbIla nepneHz[HKynstHa BeKTOpy
MarHuTHON MHAYKIHH E. KOJIBIIO BEITATHBAIOT B CIIOKCHHBIN BABOE OTPE30K MPSIMOM, TIPH
9TOM IUIOIAa/lb, OTPAHNYCHHAA KOHTYPOM IMIPOBOAHNKA, YMCHbBIIACTCA PAaBHOMCPHO.
Onpenenuts 3apsf (, KOTOPbIA NPORAET 10 IPOBOJHUKY .

Brei®

Omeem.: ? 4R

|'|.
7. Karymka wuHAaykTtuBHOCTBIO L= 2 wMkI'H u comnpotuBienuem Ro= 1,0 Owm

MOAKJIIOUYEHA K MCTOYHHMKY TIOCTOSSHHOTO TOKa C JJIEKTPOJABIKYyIleW cuion &= 3,0 B.
[lapannenbHO KaTylIKe BKIIOYEH pe3uctop ¢ compotuBieHneM R= 2,0 Om (puc. 11).
Kitou K nepBoHauanbHO 3aMKHYT. [locie Toro kak B KaTyliKe yCTaHaBIMBAETCS MOCTOSIHHBIN
TOK, MCTOYHMK TOKa OTKJIIOYAIOT, pa3MbIkas Kitod. OmpenenuTe KOIMYECTBO TerioThl Q,
BBIJICIIMBIIEECS B CUCTEME TMOC]E pa3MblKaHUs Kiatoya. CONpPOTHUBIICHHE MCTOYHUKA TOKAa M

COEIMHUTEIBHBIX MTPOBOJIOB MPEHEOPEKUTETHLHO MAJIO.

]
Q:i:am-ﬁ T,
Omeem: 2R, (R+R,)

IIpakTnyeckas padora Ne 14

Tema: Camounoyxkyus. Hnoykmuenocmep

uenwv: paccmompemsb 603HUKHOBEHUE CCIMOMHayKI/;UU, KaK 4acmmblil Cﬂyqaﬁ A6J1eHUA 3Jl€Kmp0M612HuI’I’IHOZZ

UHOYKYUU.
Teopernueckoe 000CHOBaHHE

B 1831 r. anrnuiickuii puszuk Maiikn @apazneii 1o0kazai, 4To U3MEHAIONIEECS MarHUTHOE T10JIe

«poxaaer» ekTpudeckuii Tok. B 1864 r. J[>xeiimc MakcBes1 ero COOTe4eCTBEHHUK MPUIIET K BBIBOY,

4TO ICPEMCHHOC MArHUTHOC I10JIC, KOTOPOC B036y)KIIaeTCH U3MCHAIOIIUMCA TOKOM, COBI[aéT B
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OKPYKAIOIIEeM MTPOCTPAHCTBE AMEKTPUUECKOE 0JIe, KOTOPOE BO30YKAaeT MarHUTHOE ToJe. TeopeTuiecku
JIOKa3aJl CyIIECTBOBAHUE AJIEKTPOMATHUTHBIX BOJIH € = 3* 108 m/c.

B 1887 r. akcriepuMeHTalIbHO AJIEKTPOMArHUTHBIE BOJIHBI OblTH 0OHapysxeHsl I'. ['epriem B bepiauackom
yHUBepcuteTe — BUOparop I'epua. SIBneHue 31eKTpOMarHuTHOW MHAYKIMU JIEKUT B OCHOBE YCTPONCTBA
TEHEPATOPOB JIEKTPOCTAHIMH, IPEBPALLAIOLINX MEXAHUUECKYIO S3HEPTHIO B 3eKTpuueckyto. I1C
MHAYKIIMH B 3aMKHYTOM KOHTYpPE€ paBHa CKOPOCTU U3MEHEHUSI MarHUTHOI'O IIOTOKA, B3ATOH CO 3HAKOM
Y
«vmmyey: fi=- AT 3pak «vumycy» 06ycnosen [pasuiom JIeHIa Onpee/sIONEM HAIPABICHHE
MHAYKIIMOHHOT'O TOKA: MarHUTHOE I10JIE€ MHAYKIIMOHHOTO TOKA B KaXIbIi MOMEHT BPEMEHHU
IPOTUBOAEHUCTBYET U3MEHEHUIO MATHUTHOI'O ITOTOKA, IOPOIMBIIET0 3TOT TOK. IIpaBuiio Jlenna
noaTeepkaaet 3CHD B 3JIEKTPOMarHUTHBIX MIPoIleccax.

£

Ba)xHbIi1 4aCTHBIN Cily4yaid 3JIEKTPOMAarHuTHOM MHIYKIIMU — CAMOWMHTYKITUS.

[Ipu camonHAYKIIMU U3MEHSIIOIEecss MarHUTHOE 1ojie nHAyuupyet 3J{C B ToM IPOBOHUKE, 110
KOTOPOMY TE€UET TOK, CO3AIOLIUI ITO IOJIE.

SI[C CaAMOMHAYKIHWU MPAMO MPONOPHUOHAJIbBHA CKOPOCTU U3MCHCHUA CUJIbI TOKA B IIPOBOAHUKE!

e=LATIAL Koaddunment nponopipionanbHOCTH L Ha3bIBalOT MHAYKTUBHOCTHIO. IHIYKTHBHOCTH
3aBUCHUT OT pa3MepoB U (DOPMBI MPOBOJIHKUKA, OT CBOWCTB CPE/Ibl, B KOTOPOW HAXOAUTCS MPOBOIHUK.

MarunuTtHOoe nojie 6€3 AMEKTPUIECKOTO0, TaK KE KaK dIEKTPUYECKoe 0€3 MarHUTHOTO, MOTYT CYIIIECTBOBAThH
TOJIBKO B OMPEAECIEHHON CUCTEME OTCUETA.

OHU ABJISIFOTCS TIPOSIBJICHUEM €IMHOTO IIEJIOTO — SJIEKTPOMArHUTHOTO MOJIsi 0cO00# (opMOit MaTepuu.
@yHIaMEHTAJIbHOE CBOMCTBO AJIEKTPOMATHUTHOTO MOJISI- U3MEHSASICh BO BPEMEHH, MATHUTHOE T10JI€
MOPO’KJIAET MIEPEMEHHOE JIEKTPUUECKOE 110JI€ K HA00OPOT.

OcHoBHbIE GOPMYIIBI

B — e
s

B — Moaynb BekTopa MarHUTHOM MHAYKIUH, T1
S - momanb KOHTYpa, M2
| - cuna Toka, A
M max — MaKCUMaJIbHBIA MOMEHT CHIbI, H-M
s
*o2 SHEPrusl MarHUTHOTO MOJIs TOKa, [k
3ananue 1. OTBETUTH HA BOIIPOCHI:
1. B uéM coCTOUT sIBIEHHE IEKTPOMArHUTHON MHTyKIIMU?

2. Cdopmynupyiite 3aKOH 3JIEKTPOMArHUTHOW MHAYKIMH. 3alIUIINTE €r0 MaTEMaTHYECKOe
BbIpaXXEHHE.

3. Cdopmynupyiite npasuio Jlenna. [IpuBeaute npruMepsl €ro NpUMEHEHUS.

1. Kakue Toku Ha3bIBatoT BUXpeBbIMU (WK Toku Dyko). [IpomerinuienHoe npumenenue. Topmossiiiee
JIeCTBHE BUXPEBBIX TOKOB. ["amenue koyie0aHuii CTPEJIOK B M3MEPUTENBHBIX TTprOopax. B
NHayKIMOHHBIX Meyax [l CUILHOTO HArpeBaHUs WK TJIaBICHUSI METAIOB, JETEKTOpaxX MeTasuia
Ha BX0JIaX a’poOBOK3ajoB, TearpoB. B 0piTy CBY- meun. Bpen BuxpeBbix TokoB. [loTepu sneprum,
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Ha BBIACJICHHUC TCILJIA.
Kakoe aBienue Ha3piBaeTcsi caMoMHayKiuen? Maremartuueckas 3anuch J/]C caMOMHyKIIUH,
CANHUILIAa I/I3MepeHI/I$I.

2. Yto Takoe MHAYKTHBHOCTHh KOHTYpa? OT 4ero oHa 3aBUCHT.
3. Uto Takoe MarHUTHas MIPOHUIIAEMOCTb CPEbI, YTO OHA XapaKTepU3yeT?
4. Kak marematnuecku 3anucath J/]C B3aumnoii unaykuuu? Enqununa usmepenus
5. Ot uero 3aBucuT K03 PUIIMEHT TPONOPUUOHATBHOCTH B3aUMHOM MHAYKIIMH KOHTYPOB?
6. Ha xakom sIBJICHMH OCHOBAHO JCHCTBUE TpaHChopmaropa?
3amanue 2
3amadalB

Onpenenutb UHAYKTUBHOCTD KaTYILIKH, €CJIA IIPU YMEHBIIECHUU B HEH CUJIbI TOKa Ha 2,8A 3a 62Mc
cpenuee 3Hauenue J/1C camounaykiuu coctasisietr 14B (0,31T°H)

3amxaya 2B

Onpenenuth HHAYKTUBHOCTD KaTylKy L, eciau npu n3MeHeHuu B Hel cuiibl Toka oT 2 10 10A 32 0.1c B
karymke BosaukaeT DJIC camonnaykuuu 40 B. (0,5TH)

3agaua 3B

CKOJIbKO BUTKOB TIPOBOJIA JIOJDKHA COJIEP’KATh OOMOTKA HA CTATBHOM CEPJICYHHUKE C MOTICPEIHBIM
cedenueM 150 cM2, yToOBI B HEel TpU U3MEHEHUU MarHUuTHOW unaykiuu ¢ 0,2 1o 2,2 Tn B Teuenue 15 mc
BosHukia JJ1C, paBHas 200B?

IIpakTnyeckas padora Ne 15
Tema: I'apmonuueckue konevanusn. Illapamempot KonedbamenbHozo 06uIiceHUs.
Lleny pabomor:

- 3aKpenumv yMeHue NPUMEHAMb QOPMYIbI, ORUCbIBAOWUe KolebamenbHoe O8UdNCeHue npu
peuieHuu 3a0a4,

- cnocobcmeosamo PasBuUmuio YMeHUsl 102U4eCKoc0 MblUlIeHUsl,

- cnocobcmeosamo paseumuro no3HaeamelbHvlx cnoco6Hocme12, camocmosameibHocmu,
omeemcmeeHHoCcmu.

3ananue 1. [loBTopuTe 0OCHOBHBIE OHATHS U (POPMYJIBI

Kosebannss um BoJHBI — paszien QU3MKK, H3YyHalOUMd 3aKOHOMEPHOCTH KOJIeOaTeIbHOro
JBUKEHMS U pacpOCTPAHEHUS BOJIH.

MexaHHYeCKUMH KO0JIe0aHUSIMH Ha3BIBAIOT ABMIKCHUA TCJI, MOBTOPAIOMIUECA TOYHO YCPE3
OIWHAKOBBIC MPOMCIKYTKH BPCMCHHU. HpI/IMepaMI/I MIPOCTBIX K0JIeOATENbHBIX CUCTEM MOTYT CIIYXKUTBb I'Py3
Ha TIPYyXHUHEC HIN MaTeMaTHYSCKHIT MAasTHHK. 21.]'[5{ CYII€CTBOBaHUA B CHUCTEMC IrapMOHHUYCCKHUX
KoJIeOaHMI HCO6XO,Z[I/IMO, YTOOBI Y HEC OBLIO IOJIOKEHHUE yCTOfI‘-IPIBOl"O PaBHOBECCUSA, TO €CTb TaKOC
IMMOJIOKCHUE, ITPU BBIBCACHUHN U3 KOTOPOT'O HA CUCTEMY Haydaia OBI HeﬁCTBOBaTB BO3Bpalaromias cuja.

Mexannueckne KojeOaHWs, KaKk U KojeOaTeNbHBIE NPOIECCHl JTI000W Ipyroi (usmueckoin
MPUPOJBI, MOTYT OBITh CBOOOJHBIMU U BHIHYKJICHHBIMUA. CBOOOHBIC KOJICOAHUSI COBEPIIAOTCS  TIOJT
NEHCTBHEM BHYTPEHHUX CHJI CHCTEMBI, IOCIIE TOro, Kak cHucTeMa Oblia BBIBEIEHA W3 COCTOSHUS
paBHoBecus. KosneOaHus Tpy3a Ha TPYXKHHE WIM KOJCOAHWS MAasTHUKA SBISIIOTCS CBOOOJHBIMH
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KOJICOAHHMSIMU. KOHGGaHI/IH, MPOUCXOAAIIINC T10/] ﬂCﬁCTBHCM BHCIIHUX MEPHUOINYCCKU U3MCHAIOINXCS CUTI,
Ha3bIBAIOTCA BBIHYXXICHHBIMH.

HpOCTeﬁHIHM BUJI0OM K0J1e0aTeIbHOTO nponecca ABJISAIOTCA KOHe6aHI/ISI, MMPOUCXOAAIIHNE 110 3aKOHY
CHHYCa UJIKM KOCHUHYCAa, Ha3bIBACMEIC TAPMOHUYICCKHMHA KO0JIeOAaHUSIMH.

MuHUMaNIbHBIA MHTEPBAJ BPEMEHHU, Yepe3 KOTOPBIM MPOUCXOJUT MOBTOPEHUE JBIXKCHHS Tea,
HasbIBaeTcs nepuogoM kojebanuii T. Ecim ke kommdecTBO KojeOanuit N, a ux Bpemst, TO TepHOI
HAXOJIUTCA KakK:

{

N

dusnueckas BenuurnHa, 00paTHas Iepruoy KojieOaHui, Ha3bIBAETCS YaCTOTOW KOIeOaHUH:
N 1

I_," = — = —
t T

Yacrora koeOaHHii v TIOKa3bIBAeT, CKOJIBKO KoJieOaHuil coBepmaercs 3a 1 ¢. ExuHuna yactorsr —
lepu (I'm). Yacrora  konebaHwii  cBf3aHA €  [HUKJIMYECKOM  YaCTOTOM @ U TMEPUOJOM
KoJjieOaHuil T COOTHOIICHUSIMM:

- 2T
=27V =—
T

Cnenyet 0OpaTuTh BHUMaHHUE Ha TO, YTO:

e (usnyeckue CBOWCTBA KoJeOaTeNbHOW CHCTEMBbl OIPEENAIOT TOJIBKO COOCTBEHHYIO
gacToTy Konebanuit w0 uinu nepuon T.

e Takue mapameTpsl Iporecca konebaHul, Kak amruintyna A = Xm u HavyanbHas Qasza @0,
OTIpEeAEISAI0TCA CIIOCOO0OM, C TIOMOIIbIO KOTOPOTO CHUCTEMa OblLIa BBIBEJIEHA U3 COCTOSIHUS
paBHOBECHs B Ha4YaJIbHBIII MOMEHT BPEMEHHU, T.€. HaUaIbHBIMU yCIOBUSIMHU.

e [Ipu KoneGaTenbHOM JIBUKEHUU TEIIO 33 BPEMsI, paBHOE TEPHOAY, IPOXOAUT IyTh, PABHBIHI
4 ammmutynam. [Ipu 3ToM Teno Bo3BpaliaeTcs B UCXOJHYIO TOUKY, TO €CTh IepeMelleHne
Tena Oyzaer paBHO Hymio. ClefoBaTeNbHO, MyTh pPaBHBIA aMIUIMTYAE TEJIO MPOHAET 3a
BpEMs paBHOE YETBEPTH NEPHOJIA.

YrtoObl onpeaenuTh, KOorjia B ypaBHEHHE KoJeOaHUH MOACTaBIATh CHHYC, @ KOTJja KOCUHYC, HYKHO
0o0paTuTh BHUMAaHHUE Ha CIeAYIOUIe (PaKTOpBI:

e [lpome Bcero, ecaum B YCIOBUM 3aJaud KoJjeOaHWs HA3BaHbl CHHYCOWUJATbHBIMU HIIU
KOCHHYCOUIAbHBIMH.

e Ecnu cka3aHo, 4TO TEJO TOJKHYIIN U3 MOJIOKEHHUS PABHOBECHS — OepeM CHHYC ¢ HauyaIbHOM
(hazoii, paBHOH HYIIIO.

e Ecnm ckazaHo, 4TO TeIO OTKIOHHWIU M OTHYCTHJIM — KOCUHYC C HadaiabHOU (ha3oi, paBHOM
HYITIO.

e Ecim Teno TOJNKHYIM W3 OTKIOHCHHOTO OT TIIOJOXXEHHUS PAaBHOBECHS COCTOSIHHS, TO
HavanpHas ¢aza He paBHA HOIO, a OpaTh MOXKHO U CHHYC M KOCHUHYC.

MaTteMaTHYeCKHM MasSTHUKOM Ha3bIBAIOT TEJIO0 HEOOJBIINX PA3MEPOB, IMOBEIICHHOE HA TOHKOM,
JUIMHHON ¥ HepacTsHKUMOW HUTH, Macca KOTOpOW MpeHeOpekrMMO Majia IO CPaBHEHHIO C Maccoit
tena. Tonbko B ciyyae MaJIbIX KoJeOaHmit MaTeMaTUYECKUI MasITHUK SBJISIETCA
TapMOHUYECKHM OCITIIIITOPOM, TO €CTh CHCTEMOM, CIIOCOOHOH coBepIIaTh rapMOHHYECKHE (TI0 3aKOHY
sin uau cos) konebanus. [IpakTudyeckn Takoe MPUONMKEHHE CHPABEMIMBO IS YIIoB Topsiaka 5—10°.
Konebanus MasTHUKA IpU OOJBIIMX aMIUTUTYIaX HE SBISIOTCS TAPMOHHUYECKUMU.

[uknuyeckas yacToTa KoneOaHUI MaTeMaTHYeCKOro MassTHUKA PacCUUThIBaeTCs Mo popmyse:
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. =
]
[
Ilepuon xonebaHuii MaTeEMaTHUYECKOIO MasiTHUKA!
2 [
r="2_2z |~
2 g

CBoOoiHBIE KOJIEOAHUSI COBEPILIAIOTCS TOJ] ACWCTBUEM BHYTPEHHUX CHJI CUCTEMBI IIOCJIE TOTO, KaK
cucremMa Oblla BBIBEJCHA W3 MOJIOKEHUS paBHoBecus. Jlias Toro, uytoObl CBOOOJHBIE KOJIEOAHUS
COBEPIIAINCH 10 TAPMOHUYECKOMY 3aKOHY, HEOOXOAMMO, YTOOBI CHIIa, CTPEMSIIIAsCS BO3BPATHThH TEJIO B
IIOJIOXKEHHE paBHOBECHUS, ObUIa IMPONOPLUOHAIBHA CMEIIEHUIO Tela M3 I0JIOKEHHUS DPABHOBECHUS MU
HaIpasJieHa B CTOPOHY, TPOTHBOIOJIOXKHYIO CMEIICHHIO. TaKuM CBOMCTBOM 00JIa/1aeT CHIIa YIIPYTOCTH.

Takum oOpa3om, rpy3 HEKOTOPOW MaccChl M, MPUKPEIUICHHBIN K MPYKHUHE KECTKOCTU k, BTOpoi
KOHEI| KOTOpPOM 3aKpeIuleH HEIMOJBH)KHO, COCTaBJISIOT CUCTEMY, CIIOCOOHYIO COBEpLIaTh B OTCYTCTBHE
TpeHHsI CBOOOTHBIE TapMOHHUECKHE KoeOaHus. ['py3 Ha IpyKMHE HA3bIBAIOT MPYKMHHBIM MASTHUKOM.

[uxnuaeckas yacToTa KojaeOaHUil MPYy>KMHHOTO MasiTHUKA PACCYUTHIBACTCS 10 popmyiie:

Ilepuon xonebaHuit NPy KMHHOTO MasiTHUKA:

r =27 oy ™
o) k

IIpn cBOOOAHBIX MEXaHMYECKHUX KOJeOaHUSAX KHHETHYecKass U MOTEHIMallbHAs >SHEpPIruu
NEPUOANYECKH M3MEHSIOTCA. IIpn MakcMMalbHOM OTKIIOHEHMHM Tejla OT IIOJIOKEHHS PAaBHOBECHUS €r0
CKOPOCTb, a, CIJIEJJOBATE€IbHO, W KHWHETHYECKas SHeprus oOpalaroTcs B HyJdb. B 3TOM mojokeHuu
NOTEHIMAJIbHAs SHEPrHsl KOJIEOIOMIerocss Tejla JAOCTUraeT MaKCUMallbHOro 3HaueHus. [lis rpysa Ha
OpyXXUHE T[OTEHIMalbHAs JHEpPrust — OSTO DJHeprus ymnpyrol nedopManuu OpyxkuHbl. s
MaTEMaTHUYECKOTO MasiTHUKA — 9TO SHEPTUS B I0JI€ TATOTEHUS 3EMIIN.

i

Korga temo mpu cBoeM JBMIKEHHWH MPOXOAMWT 4YEPE3 IOJIOKEHUE DPABHOBECHS, €r0 CKOPOCTH
MakcHUMajbHa. Teno MpPOCKaKWBaeT MOJI0KEHHUE PAaBHOBECHUS MO MHEpPIUH. B 3TOT MOMEHT OHO olbsagaer
MaKCUMaJIbHOM KHHETHYECKOW W MHUHUMAQJIBHOW TOTEHIMAIbHOM JHeprued (Kak TpaBuMIIoO,
NOTEHLUUAIbHYIO DJHEPrHMI0 B IIOJOKEHHWM pABHOBECHS IIOJIaral0T pPaBHOW HYJI0). YBEIUYECHHE
KMHETUYECKOW DHEPIrUU MPOUCXOJIUT 3a CYET YMEHBIIEHUs MOTEHUHMAIBHOM dHepruu. Ilpu nansHeimem
JIBIDKEHUM HAYMHAET yBEJIMUYMBATHCS MOTEHLUAIbHAS HEPTUs 3a CUeT yObLIM KHHETUYECKOH SHEpruu u
TaK Jajuee.

Takum oOpazom, mpHU TapMOHMYECKHX KOJEOAHUSAX MPOUCXOTUT NEPUOJUUECKOE MpEeBpalleHHe
KAHETHYECKOW HHEPrHH B MOTEHIMAIBHYI0 W HaoOopoT. Ecnu B komebaTenbHON CHCTEME OTCYTCTBYET
TpPEeHue, TO MOJHAas MeXaHWUYecKas PHEpPrus NMpH CBOOOJHBIX KoJeOaHUSAX ocTaeTcsi Heum3MeHHOH. [lpu
3TOM, MaKCUMAaJIbHOE 3HAYCHNE KHHETUYECKOW SHEPTHH NMPH MEXAHUYECKHX FAPMOHHYECKHUX KOJIeOaHMIX
3agaéres GopMyIIon:

F = mu,  md @
kmax 2 - 2
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MakcuManbHOE 3HAUYCHHE HOTGHHH&HBHOﬁ SHCpruu 1Npru  MCXAaHUYCCKUX TAPMOHUUYCCKHX
KOJIEOAHHIX MPY>XUHHOI'O MasgTHHUKA:

P max 2

B3auMOCBSI3bp  DHEPreTUYECKUX XapaKTEPUCTHK MEXaHHYECKOro Koie0aTeabHOro Ipouecca
(mosiHas MexaHHWYecKas SHEeprus paBHa MAaKCHUMAaJbHBIM 3HAUCHMSIM KHHETHUYECKOW U IMOTEHUHUAIbHOU
SHEPruil, a TAaKKE CyMME KHHETUUECKON U MOTEHIMAIbHON HEPruil B IPOU3BOJIbHBI MOMEHT BPEMEHH):

- =

E=E,, =E, =" &

A max o max
2 2

3aganue 2. Pemnrte KoJIMm4ecTBEHHBIE 3a1a4H.
3amauya 1. Touka konebnercs ¢ mepuoaoM T M yacToToil v. 3a mepuoi BpeMeHH At OHA coBepIIaeT
KOJIMYECTBO MOJHBIX Kojebanuit N. Onpenenure 3HaueHne BETUINH, 0003HAYCHHBIX «?).

Bapuanr 1 2 3 4 5 6 7 8 9 10
T,C 5 ? 4 ? 0,2 ? 2 ? 4 ?
v, I'g ? 2 ? 0,5 ? 2 ? 0,125 ? 2,5
At, ¢ 125 ? 132 ? 85 ? 116 ? 148 ?
N, uwmcmo | ? 136 ? 62 ? 226 ? 21 ? 325
KoseOaHui

3anaua 2. Touka konebneTcs ¢ aMIIUTy0i XM, 4acToTOM v, HauanbHas (aza kosnebanuit @o. CocraBbre
ypaBHEHHE KOJIeOaTeNbHOro MABMKEHUs. Llukinyeckylo 4acTOTy M HadajbHYIO (a3y MpelIcTaBbTe B

paauaHax.
Bapuaur | 1 2 3 4 5 6 7 8 9 10
Xm, cm 30 25 10 5 15 40 20 30 45 32
v, I'n 0,5 1 0,25 0,5 1 0,25 0,5 1 0,5 0,25
Qo, 30 60 45 90 180 30 60 45 90 180
X(t) ? ? ? ? ? ? ? ? ? ?

3amaua 3. IIpyXuHHBIH MasTHHK C Maccoil Tpy3a M W JKECTKOCThIO MpPYKHHBI K KoieOmercst ¢
UKINYECKON 4acTOTON wo U nepuojioM T. Onpenennre 3Ha4yeHHE BETUYUH, 0003HAYEHHBIX «?».

Bapuanr 1 2 3 4 5 6 7 8 9 10

k, H/m 19,7 ? 300 ? 1,476 ? 31,52 ? 19,68 ?

m, Kr ? 5 ? 0,4 ? 0,05 ? 2 ? 2,5

o, paz/c 2n n 10m n n n 2n T n n
2 3 2 3

T,c ? ? ? ? ? ? ? ? ? ?

3anaua 4. Teno maccoit M kose0iercss Ha MPYXUHE C aMILTUTYI0M XM U MakCUMaIbHOH CKOPOCTBHIO Vmax,
MaKCUMAIbHBIM YCKOPEHHEM amax, MAaKCHMaJbHas KUHETHYecKas OJHeprus Eyx max M MakcuMaibHas
noTeHIMabHas SHeprus By max. Onpeienute 3HaueHue BEMYUH, 0003HAYEHHBIX «?%.

Bapuant 1 2 3 4 5 6 7 8 9 10
Xm, v ? ? ? ? ? ? ? ? ? ?
oo, paz/c n n T T n T T T T T
2 3 4 2 6 3 2
v wie | 314 | 0628 | 1256 |314 | 314 | 1256 |628 | 1256 |3.14 | 3.14
o |2 ? ? ? ? ? ? ? ? ?
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m, Kr 2 3 4 2 3 5 2 4 5 3
2 2 2 2 2 ” ” ” P P
Ex max, Jix ' ' f '
2 2 2 2 2 ” ” ” D D
Ep max, i ‘ ' ’ '

IIpakTuyeckas padora Ne 16
Tema: Mamemamuueckuii u npyafcuunbtﬂ MAAMHUK

Jns BeimonmHeHus: paboThl TPeOYIOTCS CIENYIOUNE 3HAMUs U YMeHus: TOHATHS Tepuoia KosebaHus, hopmydr
nepuoja KoneOaHuii MaTeMaTHUeCKOTo M MPY>KUHHOTO MasTHUKOB; ONpPENEIsATh Mepruos KojaeOaHui pacueTHBIM U
9KCIIEPUMEHTAIBHBIM CTIOCOO0M.

Lenv: paccuumams u IKCNEPUMEHMATLHO ONPEOETUMb NEPUOO KOACOAHUL MASTMHUKOS PA3IUYHO20 MUNA.
O6opynoBaHue: MITATHB, IMHEWKA, MPYKUHBI Pa3IMIHON KECTKOCTH, HAOOP TPY30B, HUTh, CEKYHIOMED.

Teopus:

ITepuox xonedanus (T) — 3To Bpems, 32 KOTOPOE COBEPLIASTCS OJHO IIOJIHOE KoseOaHue.

dopmyna ®u3nueckue BeuuuHbl | EquHUIB H3MEpeHust
MareMaTHueCKui T-ieprog T- (¢)
MasITHUK |- minHa HUTH I- (m)
g- yckopenue | g — (m/c ?)
CBOOOJHOTO MAACHUs
IIpy>KUHHBII MasiTHUK T-nepuon T (c)
M- macca rpysa m- (xr)
K- sxéctrkocts npyxuubl | K — (H/m)
T=tn t- Bpems t—(c)
N-KOJINYECTBO
KosieOaHuit

3amanue Ne 1: Onpenenuts nepuoa KojaeOaHUi MaTeMaTHYECKOr0 MassTHUKA PACYETHBIM M SKCIIEPUMEHTAIbHBIM
Croco00M, 3aroIHUTh Ta0JHILY

Ne L (m) g (m/c?) T (¢) t(c) n T =t/n(c)
pacuy€THOE JKCIIEPUMEHTAIBHOE
1 30
2 20
3 10

3amanue Ne 2: Onpenenuts nepuoj KojieOaHWH NPYKMHHOTO MasTHHUKA PACUYETHBIM U IKCIEPUMEHTAIBHBIM
Croco00M, 3arOTHATE TaOJIHILY.

Ne m(Kr) k(H/m) T (¢) t(c) n T=thn(c)
pacdéTHoe IKCIIEPUMEHTAIBHOE
1 100r
2 200r
3 300r

Caenatpb BBIBOJ O MIPOJEIaHHOM padorTe.
3aganue Ne 3:
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MartemaTuyeckuii MAasTHUK Ha 3eMJie UMeeT Mepuo/ KoaedaHuii, papublii 1¢. Kakum 0yaer ero nepuosn
KoJieOanus Ha JIyHe? (yckopeHHne CBOOOIHOTIO NA/IeHUS

IIpakTuyeckas padora Ne 17
Tema: Emkocmbo 6 yenu nepemenno2o moka

Henu:
- paccmompembs Memoobl pPeweHuA 3a0ay Ha ucnoavzoeanue 3axkona Oma 6 yenix
nepemerHozco moka.

Ilpumeput pewienus pacuemnsix 3a0au

3adaua 1. Onpenenure capur Qa3 konebanuii Hanpsokenus U = Ugsin (@6 +9) y  cppl
Toka { = I 8 ®f g HIEKTPUYECKON WENH, COCTOSAIEH U3 MOCIENOBATENBHO BKIIOYEHHBIX
MIPOBOJHUKOB C aKTUBHBIM compoTuBieHueM R = 1000 Owm, KaTymKd WHIYKTUBHOCTHIO L =
0,5 I'n m xonaeHcaropa eMKOCThi0 C = 1 Mk®. Onpeaenure MOIHOCTh, KOTOPasl BbIJIEISAETCA
B 1IeMH, ecyii aMIuTy1a HanpspkeHust Uo = 100 B, a wactora w= 50 I'm1.

Pewenue:

CIIBI/II‘ (1)33 MCXKAY TOKOM M HAIIPSKCHHUCM B HOCILIX IICPEMCHHOI'O TOKa OIPCACIIACTCA

COOTHOLICHUEM
1

wf — =

TR W

37€Ch @ = 27w - IUKInYeckas yactora. CaeoBaTeNnbHo,
2T, — —

tgip= — =

MOITHOCTh, KOTOpAst BBIACIACTCS B IIETH, ONIPEACIUTCS IO popMyJie

F="2""cozep.
2
I[J'IH LEMu NMEpPpEMEHHOI0 TOKa CIIPaBCJIMBO COOTHOIICHNC
o
ID = _I:l 2
Z

rae Z - NOJHOE COMPOTUBIICHUE (MMIIEAHC) LETIN:
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CHCHOB&TCHBHO, MOIIHOCTB, KOTOpaA BbIACIIACTCA B LICIIN
U3 cosp

EJRE +[m£—$]2 | 2

[MoacraBue yuciaeHHble 3HaueHus B (1), momyumnm g% =—3, §=—72" (MUHYC O3HAYaET, 4TO
Hanpspkenue orcraer mo ¢ase). Torma Terna cosp= 03 [loacraBUB YKMCIEHHBIE 3HAYCHHS B
(2), nomyuum P = 0,5 Br.

U cos

F=

F= =0.5 Br.

1 2
2\]32 + [mL - _]
Omeem: @l

3aoaua 2. KonpeHcatop HEHW3BECTHOM €MKOCTH, KaTyllka C WHIYKTUBHOCTHIO L 1
CONPOTHBJIEHHEM R MOIKIIOYEHBl K HCTOYHUKY TEPEMEHHOTO HAaIpsuKEeHHs & = &y ¢25 Of(prc.

I = 2rasot
1). Cuna TOKa B LleNMM paBHA R . Ompenenute aMmIUIUTYyAy HAOpPSDKEHUSI MEXKITY

00OKJTaIKaMH KOHICHCATOPA.
Pewenue:

U3 YCJIOBHA 3a/1a91 BUAHO, YTO CHJIa TOKA W HAIIPAKCHUC B LCIIN MCHAIOTCA CI/IH(baBHO. 910

03HA4acT, YTO COBIMAAAOT MHAYKTUBHOC U EMKOCTHOC COIIPOTUBJICHU .
1

— =l
o (3)
Hamnpsixkenue Ha KoHAEHCATOpE OyAET paBHO
g

Ua==.

o @

;e
[Tockonbky dt , TO
Co cin ot

= —3&5" .

o 5)

[Toacrasnsis (5) B (4), moxyyum:

E .
U = ——gin Gt

RaC (6)
C yuerom (3) cooTHomieHue (6) mMpuMeT BUI:
2wl

o=

sin ot = Uy sinmt .

[ToaToMy aMmIUTyJHOE 3HAUYE€HUE HAMPSDKEHUS MEXAy OOKJIagkaMu KoHJeHcaTtopa Oynaer
paBHO

g,
U = .

R




3aoaua 3. VImerorcs 1Ba KojeOATENBHBIX KOHTYpa C OJMHAKOBBIMHM KaTYIIKaMH H
KOHJIEHCaTOpaMHU. B KaTyliKky OJHOTO U3 KOHTYPOB BCTAaBUJIM JKEJIE3HBIM CEPICUYHUK,
YBEJIMYMBIINKA €€ MHAYKTUBHOCTh B N = 4 pasza. Haligute OTHOLIEHHE PE30HAHCHBIX YaCTOT
KOHTYPOB U UX DHEPIUH, €CIIM MAKCUMAJIbHBIE 3aps/ibl HA KOHJIEHCATOPAX OJIMHAKOBBI.

Pewenue:

Pe3onaHCHBIE 4acTOThI KOHTYPOB MOTYT OBbITh OIpeienensl no ¢popmyie Tomcona:
1 1

‘S TIe T hic
Otcrona

L

v, Wn 2

¥y 1

Omeem: Y1 &

3aoauu 013 camocmoamenvHou padbomul

1. Tpu OAMHAKOBBIX pe3rcTopa 1, 2, 3, IMEIOLINX CONPOTHRIEHHE R, BKIIIOUCHBI B LiETb "
C JWONOM, KaK IOKa3aHo Ha puc. 4. Ompe/enTe MOIIHOCT, BBIICIAIONIYIOCS Ha
pesuctope 3. HampshkeHrne ncTouHKa TIEPEMEHHOTO ToKa paBHO U,

772

Omeem: 18R

2. Ha xakyio AJMHY BOJHBI HACTPOEH KoOJeOaTeNIbHbIM KOHTYp, €CIM OH COCTOUT W3
KaTYIIKK ¢ MHAYKTUBHOCTBIO L = 2:10° I'n u miockoro xongeHcaropa? Paccrosnue Mexmy
TUIACTHHKaMU KoHjaeHcatropad= 1 cMm, JIudNEKTpUYecKas TMPOHUIIAEMOCTh BEIICCTBa,

3arOJHUBIIETO MPOCTPAHCTBO MEXAY TutacThHamu, £ = 11. [lmomans KaXaoW TiacTUHbI S =
800 cm?.

Ay
A=2me L —— A=24.10" m,
Omeem: drked 371EChH C - CKOPOCTh pacnpocTpaHeHUs

QJICKTPOMArnuTHBIX BOJIH B BAKYYMC.

3. DnekTponeub conpotuBieHreM R = 22 OM muTaercs OT reHeparopa MepeMeHHOro TOKa.
Onpenenure KOMMYECTBO TEIUIOTHI Q, BbIENsseMoe IMedyblo 3a Bpemsit= 1 wyac, ecnu
aMIuIMTy1a cuiibl Toka lo = 10 A.

2
= ﬂ —4.108 Iz
Omeem: 2

4. 3apsokeHHbIH  KOHAeHcaTop eMKocThio C= 0,2 MKk® MNOAKIIOUMIM K KaTyllKe ¢
UHAYKTUBHOCTBIO L = 8 MI'H. UYepe3 kakoe BpeMs OT MOMEHTa MOJKIIOUYECHUS HHEPIHs
IEKTPUUYECKOIO MOJIsI KOHIEHCATOPa CTAaHET PABHOW DHEPTMHM MarHUTHOTO IOJIS KaTyIIKHU?

P LT

=3.107 ¢
Omeem.:

5. B xonebaTenbHOM KOHTYpE MHIYKTUBHOCTh KaTymku L = 2,5 mI'H, a emkocTH
koHaeHcaTopoB C1 = 2,0 Mmx®, Cz = 3,0 Mx®. KoHteHcaTophl 3apsSauin 10
Hanpspkerus U = 180 B u 3amknaynu kimtou K (puc. 5). Onpenenute nepuos 7 COOCTBEHHBIX
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KOJIeOaHM U aMILTUTYTHOE 3HAaUEHUE CHIIbI TOKa lo uepe3 KaTyuky. AKTUBHOE
COTPOTHUBIIEHHE KOHTYpa MPEHEOPEKUMO MaJIO.

T=2m L0, +C,) = 0,7 mc,

[C,+C
=T, —"2 =80 &
Omeem: L

6. KonebaTenbHblil KOHTYp uepe3 K104 K MOAKIIOUEH K UCTOYHHKY 3JIEKTPOABIKYILEH
CHJIBI C HEKOTOPBIM BHYTPEHHUM COMPOTHUBJICHUEM I (puc. 6). [lepBoHauansHO

ko4 K 3amkHyT. [locie ycTaHOBICHHS CTAlIMOHAPHOTO PEXUMA KITI0Y Pa3MBIKAIOT U B
KOHTYpE BO3HHMKAIOT KoJiebanus ¢ nepuoaom 7. [Ipu 3TomM aMImuTyja HarpspKeHUs Ha
KOH/IeHcaTope B N pa3 OoJibliie 3JeKTPOABMKYIIEH cuitbl 6atapen. Onpenenure
UHAYKTUBHOCTH L KaTymku u eMkocTh C KOHAeHcaTopa. AKTUBHOE CONPOTUBIICHHE KOHTYpa

peHeOpeKUMO MaJo.
7= Tur e il |
Omeem: 2T 2Tmr
7. 3apskeHHBIH KoHIeHcaTop eMKocTH C 3aMbIKaHHEM KiTkoua K TIOIKIIoYaroT K IByM | b}
napayijieIbHO COSIMHEHHBIM KaTyIIKaM ¢ MHAYKTUBHOCTSIMU L1 u L2 (puc.7). L
MakcuMalTbHBIA TOK, MPOTEKAOITNHI depe3 KaTymKy L1, paBeH l1. Onpenenure
NEpBOHAYAJIBHBIN 3apsia (o Ha KoHJAeHcaTope. COnpOTUBIEHUE KaTyIEK U OIBOASAIINX

MIPOBOJIOB MPEHEOPEKUMO MAJIO.

Q’u:fl %C[Ll-l_i'j)-
Omeem.: VL

IIpakTnyeckas padora Ne 18

Tema: Tpaucgopmamopot
Llenv pabomol: uzyyums ycmpoucmeo, munsi, NPUHYUN OeliCmeus, Ha3HaueHue mpaHchopmamopa.

OoopynoBanue: yuebHas Mozienb TpaHchopmaTopa, yueoHuk JImurpuena B.®. dusuka 11 kiace, §15.12
ctp 257.

[Tonb3ysack naparpadgamu yueOHUKa, AaiiTe OTBETHI Ha CIEAYIOIME BOMPOCH! U BBIITOJIHUTE 3aJaHMs.

1. Haznauenue, ycTpoiicTBO, 0003HauU€HUE Ha CXeMaxX U IMPUHIUI JAeHCTBUS TpaHchopmaropa.

2. Yto Takoe ko3 Puument tpancpopmanun? Tumsl TpaHchopMaTopoB.

3. C kakoil menpl0 MarHATOMPOBOJI TpaHCPopMaTopa HAOMPAECTCS W3 TOHKUX W30JUPOBAHHBIX TIIACTHH
INEKTPOTEXHUYECKON cTain?

4. C xaKkoil 1enpIo JUIs epelaut 3JIEKTPOIHEPTHH HCTIONb3YIOT TpaHchopmaTop?

5. Kak ocymiecTBisieTcs nepeaaya 3J1eKTPOIHEPTHH Ha OOJbIINE PACCTOSTHUS?

6. Ilo wuMmeromMMCS JaHHBIM BBIIOJHUTE pacyeTbl M 3amoyiHuTe Tabnuny. Onpenenutre THUIIbI
TpaHcopmaropa.

N2 U Uz I I k
220 660 15

1200 440 110 36

600 110 20

300 380 30 5
35000 15 0,2

5000 10000 20 4
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IIpakTnyeckas padora Ne 19
Tema: 3aK0OHbI OMPAIICEHUA U NPEIOMIEHUA CEEMA.
Lenv: npumensamo 3aKoHbl OMPANCEHUS U NPETIOMIEHUS C8ema NPU peuleHuu 3a0ad.
Kparkas Teopus

3aKOH MPSIMOJMHENHOIO PACIIPOCTPAaHEHMSI CBETA: B OITHUECKU OJIHOPOJAHOM CPEJE CBET
pacpocTpaHseTcs IpSIMOJIMHEHHO.

3axon ompadicenus ceema: NAAAOIUN U OTPAXKEHHBIN JIy4Hd, a TAaK)Ke NEPIEHIUKYISIP K TPAaHULIEe pa3jiena
JIBYX Cpell, BOCCTAHOBJICHHBIN B TOYKE ITaJICHUS JIy4a, JISKAT B OJHOU TUIOCKOCTH. YTOJ OTpaKeHus 3
PaBEH yriy najcHus o.

3axon npenomnenus céema: NafAOIMUN U MPEITOMIICHHBIH JIy4H, a TAK)KE NEPIEHIUKYIISAP K TPaHULE
pazziena IByX Cpell, BOCCTAHOBJICHHBIM B TOUKE MMAJICHU Jy4a, JIEKAT B OAHOM IIIOCKOCTU. OTHOLLIEHNE
CHHYCa yIJia MPEJOMIICHHsS] K CUHYCY yTiia MaJeHUs 0 €CTh BEJIMYMHA, IOCTOSIHHAS /TSI IBYX TaHHBIX CPE/I:
posint
sin ff

HOCTO)IHHYIO BCIIMYMHY N21 HA3BIBAKOT OMHOCUMEIbHbIM NOKA3ameslem npeiomMaerusl BTOpOﬁ CpCabl
OTHOCHUTCJIIBHO nepBoﬁ. IToka3zarenn MPEIOMIICHUSA CPEAbl OTHOCHUTCIIBHO BaKyyMa HAa3bIBaOT
abconomHbIM NOKAzZAmesnem npeiomieHus.

Abconomubiii noxazamens npeiomieHus — BeIUUNHa, PaBHAs OTHOLIEHUIO CKOPOCTH PacpOCTPaHEHUS

o o C
SNIEKTPOMATHUTHOMN BOJIHBI B BAKYYME K CKOPOCTH PAaCHPOCTPAHEHUs B JaHHOM cpejie: n =, rie c=3*108
Mm/c.

AOCOIIOTHBIN ITOKa3aTeIhb MMpEJIOMJIICHUSA AJIsI HEKOTOPBIX BEHICCTB

Anmas 2,42
Boga 1,33
rnnuuepuH 1,47
Ksapu, 1,54
Nep, 1,31
MneKkcurnac 1,50
Cknnungap 1,47
Crekno 1,57
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[Ipu HEKOTOPOM yTJI€ 0, CTPEMSIIEMCS K Olnp (Olnp HA3BIBACTCS HPEOENbHBIM Y2TIOM), YTOI IPETOMIICHUS
CTPEMUTCS K , @ UHTEHCUBHOCTD MPEJIOMJIEHHOTO JIyda IPaKTHUeCKH paBHa HymO. [Ipu onp< a0 <
IPOUCXOIUT HOJIHOE OMPAdtCEeHUe.

SIBiieHUE MOJIHOTO OTPaKEHUSI UMEET MECTO TOJIBKO IIPU MaJleHUH CBETa U3 CpeJibl ONITUYECKU Ooee
IUIOTHOW B Cpely ONTHYECKH MEHEE IUIOTHYIO.

Tabnuia 3Ha4eHU OCHOBHBIX TPUTOHOMETPHUYECKUX (DYHKIIUN

Aprymenr f
x x x x 2 3z Sx =5 i Sz 4x 3 Sz T 1x 5
Dyukuns - = - - = T = e — — 27
z 0 6 Rl 3 2 3 4 6 180° 6 4 3 2 3 6 160°
30° 45° 60° 90° | 120° | 135° | 150° 210° | 225° | 240° | 270° | 300° | 315° | 330° | ~
2 2 2 3 3 2
sint 0 2 £ f_ 1 ﬁ £ 1 0 2 _l/_:. _*_/5 & | 22 ¥ =, 0
2 2 2 2 2 2 2 2 2 2 2 2
: V2] 1| 2| 4B B 2] L I
cost 1 e A Aud - 0 | —— -— -1 | e - 0 - Rl e 1
2 2 2 2 2 2 2 2 2 2 2 2
[— - b B 1Y
gt o [ 1| B - Glal|-Blo B 16| - |-6]a-L]o
3 3 3 3
" 3 3
cgt = NE) 1 ? 0 -4 -1 | =3 = J3 1 § 0 _‘/T -1 | -3 =

3amanue 17151 CAMOCTOSITEJILHOM PadoThI

Bapuanr 1

0=60° 1 y=30°. OnpenenuTs MOKa3aTeJib MPEIOMIICHUS BEIIECTBA N.

Yemy paBeH yroJ MajieHus, €CIIM OH BMECTE C YIJIOM OTpa)keHus coctasiser 70°?
Haiiti cKOpOCTh pacpoCTpaHEeHMs CBETA B CTEKJIE.

Jlyd cBeTa majaeT Ha IUIOCKOE 3€pKalo NMepneHauKysipHo. Onpeaenure, Ha Kakoil yroiu
TIOBEPHETCS OTPAKEHHBIH JTyd, eclH 3epKajio moepHyTh Ha 30°.

5. HauepTuth X0J Jydeif, KOTOpble MAJAIOT HA TPAHHILY CTEKI0-BO3ayX 1o yriaom 30°.

HPwpn PR

Bapuanr 2

1. 0=45°u y=30°. OnpenenuTs NOKa3aTelb MPEIOMIICHUS BEIIECTBA N.

2. Tlox xkakuM yTyIOM JOJDKEH MaAaTh JIyd Ha TJIOCKOE 3€PKajio, YTOOBI YToJl MEXIy OTPaKEHHBIM U
MaJaroIIUM Jy4amu ObLT paBeH 86°.

3. Jly4 mepexoauT U3 BOJIbI B CTEKJIO. Y0 nageHus paseH 35°. Haltu yroy npemomMieHus.

Haiitu ckopocTh pacnpocTpaHeHHs CBETa B BOJIE.

5. HauepTuTh X0 JTydeii, TaJaONINX HA TPAHHUITY BO3LyX-Te Mo yriaom 45°,

s

KoHnTposabHbIe BONPOCHI

CdopmynupyiiTe 3aK0OHBI OTPAKECHUS U IPETIOMIICHUS CBETA.

UYrto moka3siBacT aOCOMIOTHBIN MOKa3aTeb MPEIIOMIICHUS ?

LITO IIOKA3bIBACT OTHOCHTCHBHBIﬁ I10Ka3aTcJIb HpeHOMHCHHH?

Ha nHe yaiku, HarmoJTHEHHOW BOJIOM, HaXOAUTCA MOHeTa. [louemy, s Ha MOHETY, OHA KaXeTCs
IPUIIOAHATON?

Hwn e
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5. Moxer nu Ha6JIIOI[aTBCSI MMOJIHOC OTPAXCHUC ITPU MMAACHHUU CBCTA U3 ITIUIICPHUHA B aJIMa3, U3

ajgMasa — B BOAy, U3 cTekia — B BoAy? OTBET MOSICHUTb.

IIpakTnueckas padora Ne 20

Tema: Illlkana 3nekmpomazHUmMHbBIX 60JIH

Heas:

noemopenue U 3aKpenieHue 3HAHULL NO meme ((3/l€Kmp0MCZZHMmel€ BOJIHbL Y.
Hoemopumb, 06061141177117 u cucmemamusupoeams 3HaHUuAl y4awuxcsia no meme " aﬂeKmPOMGZHMMHble

goanwt .
Jloxazams eOuncmeo mamepuaibHo20 Mupa.

HOKCZB'CZmb, umo mamepudajlbHsvle 00BeKmbl UMEIO MHONCECTNEO PAa3luUv4Hblx d)usuuecmtx CGOZZCWIG,
Komopble umerom KoaudeCneerHble U Ka4eCmeEeHHble USMEHEHUA, C6A3AHHRblE ()pyZ C Opyeom;

13aganue. “Kiarou”

1) Cnoco0 nepemayn Temia ¢ MOMOIIbI0 HH(PPAKPACHBIX BOJIH (M3 OTBETA BO3BMHUTE BTOPYIO OYKBY U

3aMuIIUTe €€ B IEPBYIO KIETKY Kitova). (M3nydenue.)
2) LiBer, CTOSIINI B CIIEKTPE PSIIOM C JKEITHIM IBETOM (M3 OTBETa BO3bMUTE IISTYIO OYKBY M 3aITUIINATE €€

BO BTOPYIO KJIETKY Kit04a).(3enEHbIi

3) Kak Ha3bIBaeTcsl yueHHe 0 cBeTe? (M3 OTBETa BO3bMUTE LIECTYIO OYKBY U 3aIIUIINUTE €€ B TPETHIO

KJIeTKy Kiaroya).(OnTuka)

4) YuéHblil, OTKPHIBIINHN SIBIEHUE TUCTIIEPCUM CBETa (M3 OTBETa BO3bMUTE MEPBYIO OYKBY U 3alUIINTE €€ B

4eTBEPTYIO KIETKY Kitoua).(HploToH)

5) SIBnenue, orubGaHus BOJTHAMU MPEMATCTBUNA (M3 OTBETa BO3bMHUTE BTOPYIO OYKBY U JIEBATYIO OYKBBI U
3aIUIIUTE UX B MATYIO M MIECTYIO KJISTKH KJrou). ([ pakiust)

3ananue 2. 3a0JHUTH TA0JUILY.

Bun HCTOYHHUK NPHEMHUK
U3J1yYeHust

amanas
oH

CBOJICTBa

NpUMEHEeHHe
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PagnoBoiHb!

Nudpakpacuoe
Bunumoe

YasTpaduoner
OBOC

Pentrenosckoe

T'amma
U3JIy4eHHE

OTKpBITHIN
KosebaTenbH
bIl KOHTYP

Harperoe
TEJ0

Harperoe
TEJO 10
800C

Connre,
KBapIIeBbIE
JIAMIIBI

Pentrenosck
ast TpyOKa

PannoakTus
HBIE fAJIpa

AHTeHHaA

Bbonomerp,
TEIIOBU30P

I'nas

dororiactu
HKU

dororeHka
Jlo3zumeTpsl,
CUYETUYUK
[eiirepa

3kl -
3*10%?
I'n

10% Ty
-10% T

4*10"
8*

10 T
10Ty

1016 T'rg
1015-10 20
I'o

Bonee 1020
I'u

Hecer
UH(POPMAIIHIO,0TPAK
aercsi oT HoHOCc(hepbl

Harpesaer
MIOBEPXHOCTh

BrizeiBaer
3pUTENbHbBIE 00pa3bl

Honmzanmsi,
3arap,ae3uH(eKus,
¢dorocunTes
Bricokas
MIPOHUKAIOIIAS
CIIOCOOHOCTD

Haubonbmas
MIPOHHUKAOIIIAs
CIIOCOOHOCTD

Pannocss3b

Cymika, npruOopsI
HOYHOTO BUJICHUS

OnrTuyeckue
npubopsI

Menumnuna,
JTaKTHIJIOCKOIIHS

Jnarnocruka,neqy
€Hue
Jnarnocruka,
JIeYeHue,
aCTPOHOMMUSA

HCHeHI/Ie QJICKTPOMAaruauTHBIX I/ISJ'Iy‘ICHI/Iﬁ

3. KaYyecTBEHHbIE 3aa4M:

1. Kakum 06pa30M OPUCHTHPYIOTCA 3MCHU B TEMHOTE? Y AIUBUTEIBLHBIM OpraHnomM O6J'IaZ[aI-OT 3Meu. 1o - ABC

[0 Juana3oHaM ycJIOBHOE. YETKOH TIpaHHULbI MEXAY
obnactsmu HeT. Ha3Banust o0nacreil ClI0KUINCh UCTOPUYECKH, OHU JIUIIb CITY>KaT yIOOHBIM CPEICTBOM
KJaccu(pUKaluy UCTOYHUKOB U3Ty4YEeHUH.
Bce auamna3oHbl mIKabl 371€KTPOMAarHUTHBIX U3TyYEHU UMEIOT 0011ue CBOMCTBRA:
o ®uznueckas NpUpoa BCEX U3JIyYEHUN OIMHAKOBA
« Bce u3IydeHuns pacnpoCcTpaHsIOTCS B BAKYyMe ¢ OJMHAKOBOH CKOPOCTBIO, paBHOM 3*108 m/c
e Bce wm3nydyeHuss oOHapykuBaroT OOIIME BOJHOBBIE CBOWMCTBA (OTpa)keHHME, MpPEIOMIIECHUE,
uHTephepeHIuio, TUHPAKIIHIO, TTOIIPU3ALIHIIO)

SMKH Ha I0JIOBE, BHEIIIHE HAlIOMUHAIOIINE BTOPYIO napy Ho3apeil. Korma 6uosoru 3aHsummch ux
M3Y4YEHHUEM, OKA3aJI0Ch, YTO 3TO UCKIIIOUUTENBHO YyBCTBUTENBHBIN OpraH, IPH MOMOIIU KOTOPOIrO
rpeMyuas 3Mmest "BUIUT" uHppakpacHble Tydu. A 30pKOCTh TaKOBa, YTO 3Mesl yJIaBINBAET pa3HUILY B
TBICSIUHYIO JIOJIO rpajsyca. JlocTaTOuHO MOSBUTHCS HOUBIO MT0JIEBOM MBI Ha paccTostHUM B 200 MeTpax
OT 3M€H, U €€ YyBCTBUTEIbHBIN MPUOOP MOACKAKET NPUCYTCTBHE MBIIIIH.
2. KakoBo Bo3zelicTBUE yIbTpadrOIeTOBBIX JIyuel Ha yenoBeka? B Tkanu opranusma yiabTpaduoser
npoHukaer Ha r1youny ot 0,1 10 1 MM, HO BBI3BIBAIOT MPU ITOM XUMUYECKYIO PEAKIINIO, CIEICTBUEM
KOTOPOU SIBJIAECTCS IIOKPACHEHUE KOKU. brosornueckoe JeMCTBUE 3aBUCUT OT JJIMHBI BOJIHBI. BOJIHBI
qmuHoM 0T 400 10 350 MKM OTJIMYAKOTCA YKPEIUISIONIUM, 3aKaTMBAOIIUM JIEHCTBUEM HA OPTaHU3M.
[ToaTOMy 3T BOJHBI UCIIOJIB3YIOTCS B O3J0POBUTEIBHBIX LeAX. M3iyuenus ¢ niuuHol BosHbI oT 315 1o
280 MKM HCMOJIb3YIOT B JIEYEOHBIX LENSIX (B OCHOBHOM IS JIIOZEH KOTOPbIE JKUBYT Ha ceBepe). BomHbl
uinHoU 280-200MKM yOuBatoT OakTepuid, MO3TOMY 3TO U3IyYEHHUE UCTIONB3YIOT JUISl JEe3UH(PEKIIH.

3. He Tax naBHO marckast pupma "Jlero" crana 1o0aBisiTh B CBOIO MPOAYKIMIO CyNb(dat 6apusi, XOpoIIo
3aMETHBII B pEHTI€HOBCKHUX Jiydax. [[iist uero? YToObl Ipu peHTI€HOBCKOM MCCIIEA0BAHUN OOHAPYKUTh
UTPYIIKY, IPOTJIOYEHHYIO MaJIBIIIOM.
4. Kak ucnomp3yroT yabTpadHuoseT AJis ONpeIesIeHUs KauecTBa MPOAYKTOB? HeKoTOpbIe MPOIYKTHI 101
neiicTBreM ynbTpaduoIeTOBBIX JIyuell JIOMUHECIIUPYIOT B 3aTEMHEHHOM ITIOMEIICHUH Pa3HbIM

seroM (¢.205 A.N.Cemke HectanmapTHbie 3a1aun 1Mo GU3NKe)




4. Tect

1. NUudpakpacHoe u3iydeHne uMeeT JJIUHY BOJTHBI:
A. Menbmte 4¥107 m.
B. Boxbie 7,6%107 m
B. Menbmte 10 ®um
2. YabTpaduoseToBoe u3jiyyeHue:
A. Bo3HUKaeT npu pe3KoM TOPMOKEHHH OBICTPBIX 3JIEKTPOHOB.
b. IlHTEeHCHBHO MCIYCKAaeTCsl HArPEThIMU J10 BBICOKON TEMIIEPATYpPhl TEJIaMHU.
B. Hcnyckaercst 100bIM HAarpeThIM TEJIOM.
3. KakoB quana3oH JAJMH BOJH BUAMMOI0 U3J1yuyeHus ?
A. 4*107-7,5%107 m.
B. 4*107- 7,5*107 cwm.
B. 4*107- 7,5*107 mm.
4. Hau00/1b11y10 NPOXOASILLYI0 CIIOCOOHOCTH MMeeT:
A. Bugumoe n3nydenne
B. YabrpaduoneroBoe nznyueHue
B. PeHTreHOBCKOE U3TydYEeHUE
5. U300paxeHue nmpeaMera B TEMHOTE MOJIY4al0T PH OMOIIK:
A. YbTpaduosieTOBOTO U3IIYUYCHHUS.
b. PeHTreHOBCKOI0 U31y4eHUS.
B. nadpakpacHOro nu3myqeHusl.
6. Kem BriepBbI€e ObLJIO OTKPBITO Y—HM3Jdy4YeHHe?
A. Pentrenom
b. Bunnapom
B. IOnrom
7. C kaKo# CKOPOCTHIO pacnpocTpansiercs HHPpaKpacHoe u3jrydenune?
A. Bombme uem 3*10% m/c
B. Mensure uem 3*10 8 m/c
B. 3*10% m/c
8. PenTrenoBckoe usiydeHnue:
A. Bo3HUKaeT npu pe3koM TOPMOKEHUH OBICTPBIX AJIEKTPOHOB
Bb. Ucnyckaetcs TBepABIMU TellaMU, HATPETHIMU /10 OONBIION  TeMIepaTypbl
B. Ucnyckaercs q100bIM HarpeThIM TEJIOM
9. Kakue u3/1y4eHHs HCNIOJIb3YIOTCH B MeIMIMHE?

HudpakpacHoe u3nydeHue
YabpTpaduoneroBoe n3nyuyeHUE
Buaumoe uznyuenue
Pentrenosckoe uziyueHue

PowbdPE

A.124 B.13 B.Bce uznyuenus
10. O0bIYHOE CTEKJIO NPAKTHYECKH He NMPONYCKaeT:
A. Bunumoe uzinydeHue.
Bb. YasTpaduoneroBoe uzmydeHue.
B.UudpakpacHoe uznydeHue

HpaGMJleble omeemol.

Bonpoc 1 2 3 4 5 6 7 8 9 10
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OTBeTt b b A E E b B A B b

IIpakTnueckas padora Ne 21
Tema: ®@omorgpdpexm

Ilenv: nosmopumsv 3axouvl Gomosppexma, ymemv pewiamsv 3a0a4u HA UCHOAb308AHUE GOPMYIbL
Dunwmerina.

Kparkas Teopus:

®oT03(p¢exTOoM (BHEIIHUM) Ha3bIBACTCA SBJIEHUE UCITYCKaHUS BELIECTBOM AJIEKTPOHOB 1101
neiictBuem ceeta. ®oto3addext 6611 OTKpHIT ['enpuxom ['epuem B 1887 roay. IlepBoie
IKCIIEpUMEHTANIbHBIE uccienoBanus GpoTorddexrta OplIH MPOBEACHBI PYCCKUM yueHbIM CToNeTOBBIM. B
9BAaKYMPOBAHHBIN OaJJIOH MOMEIIEHHI J1Ba AekTpoaa — anoa A u karon K. Ilpu ocBemenuun karona
yIBTPa(UOIETOBBIMHU JIy9aMH )4epe3 KBapIeBOE OKOIIKO) U3 HETO BBIPHIBAIOTCS (DOTODIIEKTPOHBI H
MEePEMEIIAOTCS MO IEUCTBUEM JIEKTPUUECKOTO MOJIS K aHOAY. MI3MeHssl HallpsiKeHUe MeXAy aHOAOM U
KaTO/I0M C IOMOIIBIO MoTeHIoMeTpa [1 MOKHO MOTYYUTh 3aBUCUMOCTb CHIIBI (JOTOTOKA OT HAIPSKEHUS
— BOJIbT-aMIEpHYIO XapakTepucTuky (BAX).

3akonsbl porodpdexra:

IlepBblii  3ak0H MakcuMaibHas CKOPOCTh (DOTOZJIEKTPOHOB HE 3aBHCUT OT HMHTEHCHBHOCTHU
Na/IAl0IIEro U3JIy4EHHUs], a 3aBUCUT TOJIBKO OT €ro 4acToThl. C yBEJIMYEHHUEM CKOPOCTHb (POTOIEKTPOHOB
Bo3zpactaeT. YMCI0 JJIEKTPOHOB, BbIOMBaeMbIX 3a 1c¢ W3 Bemecrsa MNPONOPHHOHATBHO
HHTEHCHMBHOCTH CBeTAa, MAJAI01Iero HA BellecTBO.

Bropoii 3akoH. Kunernueckas sHeprus (QOTOIIEKTPOHOB HE 3aBUCUT OT HMHTEHCUBHOCTHU
NaJAl0IIero CBETa, a 3aBUCUT OT €ro 4acToThl. EciM K OCBEIIEHHOMY 3JIEKTPOAY MOJKIIOUUTh
HOJIOKUTENBHBIN NoJtoc 6atapen, To npu HeKOoTopoM U (GOTOTOK MpekpaTUuTcs. ITO SBICHHE HE 3aBUCHUT
OT BEJIMYMHBI CBETOBOI'O IIOTOKA.

[To 3aKkoHy coxpaHeHus SHepruu: mv%/2 = Use.

Kunernyeckas 3Heprusi poTo3/IeKTPOHOB JIHHEIiHO BO3PACTaeT ¢ 4YacTOTOM CBeTa.

Tperwnii 3aKkoH. /Iy Ka)X/10r0 MeTajuIa CyIIeCTBYeT KpacHas rpanua ¢porodddexra — mpeaenpHas
HauMEHbIIasg 4acToTa Vmin (WIM HauOoJbIIas JUIMHA BOJIHBI ), IPU KOTOPOU €Ile BO3MOKEH
doroaddexr. HacToTy vmin Ha3bIBaKOT KPpacHoi rpanuuneii ¢porodpdexra.

[Ipu meHbIE YyacTOTe HM TIPU KAKOW MHTEHCUBHOCTH BOJIHBI MAJIAIOIIETO CBETa Ha (DOTOKATOJ
dorord ekt He mpou3oiieT.

YeTBepThlii 3aKO0H.

®otoddpdexT npakTHIecku de3binepunonen. (t = 107c)

1. Teopus dotorpdexra.
OWHmTeH, pa3BuB Teoputo Ilnanka (1905) moxazan, yTo 3akoHBI QoTO3PderTa MOryT ObITh
0OBSICHEHBI IIPU IOMOIIIY KBAHTOBOW TEOPHH.
SBnenne GoTorpdexTa IKCIEPUMEHTATIBHO 10Ka3bIBAET CBET MMeEeT NPEePbIBUCTYIO CTPYKTYPY.
W3znyuennas nopuuss E = h v coxpaHsieT cBOIO MHIMBHIYILHOCTh U IMOTJIONIAETCS BEIISCTBOM
TOJIbKO LIEITUKOM.
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Ha ocHoBanuM 3akoHa COXpaHEHHs YHEPTHH:
doTtorddekra.
He Bce KBaHTBI JHEPTHHM NAMAMOIIECTO W3IYYCHHS IOTJOMIAIOTCS S3JeKTpoHaMu. M3 ThIcsSun
MIOTJIOIIEHHBIX KBAaHTOB SHEPIHMHM B CPEJHEM JIMIIb OJMH BbI3bIBacT (Gorodddekr, ocraBmascs 4acTb
SHEPrUM U3JIYYCHUS UJCT HAa HarpeBaHUE MeTaslIa.
2. W3 ypaBHeHusi DUHINTEHHA ClIeyeT , 4TO It HabmoaeHus porodddexra HeoOX0AUMO, YTOOBI

SHEPTHd KBaHTa ObLIa XOTS OBI paBHa pa60Te BbIX0Ja, MUA4YC HCJIb34 BbLIPBATL 3JICKTPOH U3

MeTajuia, TO €CTh N Vmin = Agux . OTCIONA
Vmin = ABLIX/ h.
IT0 U ecTh KpacHas rpaHuna porodddexra.

3. ®oTOH — 3TO dIEMCHTapHAs YacTHIIa, dHeprust kotopoi h v. U3 dhopmysbl Teopuun
oTHocuTenbHOcTH E=MC? , MoxHO Haiitn Maccy gotona mc? = h v.
m=hv/c?.

®oToH He 06J'Ia,[[aeT Maccoi mokosi. DoTon CymeCTBYeT TOJbKO B IBHKEHUH CO CKOPOCTHIO C.

hv=A+ mv%2 — ypaBaenue DiiHmTelHA 1715

Mmnyabe dortona paBen p=h/L. HampaBienue mmmynbca (HOTOHA COBMAAACT C HANpPaBICHUEM
pacIpOCTpaHEeHHsI CBETa, KOTOPOE XapaKTEPH3YeTCs BOJHOBBIM BEKTOPOM K, €ro 4mCiIeHHOE 3Ha4eHHE
orpezensiercs BeipaxxkeHrneM k= 27/ A.

4. BuyrpeHHuii ¢oroddpdext — sBICHHE YBEIUYCHUsS KOHIEHTPAIMH CBOOOIHBIX 3apsjIoB B

HOJYIPOBOIHHKE (3JIEKTPOHOB U JBIPOK) O/ ICHCTBHEM OOTyUCHHUSL.

I/ICHOHBBYH TaOJIHMYHBIE JaHHBIC OIIPCACIINTD:

1. Umnynbe, Maccy, sHepruro GpoToHa Juis

2. OnpenenuTs JJIMHY BOJIHBI 3JIEKTPOHA IS

BeTa

MeTallia, €CJIn CKOPOCTh

3. Onpenenuth paboTy BBIXOJIAa TIPH YaCTOTE U HaTPSKECHUU B
4. OnpeenuTh CKOPOCTH BEIPBIBAHUS JJICKTPOHOB JJIS MeTaiIa JIs 1BETa
5. Onpenenuth HaMpsKEHUE AJIs MeTaa s 1[BEeTa
Kpacublii |Opanxesbiil PKénteiii |3enénblii [ony6oii [Cunnit  |Puosnerossiid [L{Ber
625740 500625 | 0>~ |500-565 ‘0>~ | 40— | 350 440 panasOH L
590 500 485 BOJIH, HM
530— 620— | 680— Jlnama3oH 4acTor,
480—400{ 510—480 510 600—530 600 620 790—680 T
PaGota BbIXO/a PJIEKTPOHOB M3 METAJIIIOB CKOPOCTh
Cxopoctu Merann W, »B
AmoMUHUN 4,25 M\c
Bonbdpam 4,54 1. 1.6*106
XKenezo 4,31 2. 2*106
Mernp 4,4 3. [|2.2*106
Huxens 4,5 4 2 6%106
Onoso 4,39 5. 2.1*106
[Mnatuna 5,32 6. 1.8%106
Cepebpo 4,3 7. [25%106
LluHk 4,24
HaTPSDKEHUE

1. 2B

2. 5B

3. 2.5B
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4. 4B
5. 3B
6. 1.8B
7. 4.5B
Hanpuwmep:
No |uBer Pabora  |ckopocTh |Hanpspkenu | JIyiMH | 9acToT
BBIXOJA e a a
BOJIH
bl
1 |kpacusrii|amomunn (1.6*106 (2B 6251 |480TT
s M I

IIpakTHyeckasi padora Ne 22
Tema: Paouoaxmuenvie npespauienus. 3aKoH paouoaKmueHoz20 pacnaoa

Iens: Illpusumv ymenue npumeHsmsv 3aKOH PAOUOAKMUBHO2O pACNAOA NPU PeueHUU pAacyemHbiX U
epaghuueckux 3aoau

Kparkas Teopus:

B ¢despane 1896r, ppanuysckuii pusuk Aupu bekkepenb 0OHapy Uil CaMONPOU3BOJIBHOE
u3nydenue coneii ypana 28U, ogHako oH He TOHMMAJ IPHPOIBI TOTO H3TydEHHS.

B 1898r cynipyru IIsep u Mapus Kiopu oTKpbuIM HOBBIE, paHEe HEU3BECTHBIE JIEMEHTHI —
nonouuii 2°Po u panuit *°Ra, y KOTOpBIX H3TyueHHe, aHATOTHYHOE U3TYdeHHIO ypaHa, ObII0
3HAYMTENILHO OoJiee CHIIBbHBIM. Pannii — penkuii 21ieMeHT; 4ToObI OJYyYUTh | TpaMM YHUCTOTO pajusi, HaJl0
nepepaboTaTh HE MEHEe 5 TOHH YPaHOBOH pPY/JIbl; €ro paAMOaKTUBHOCTh B HECKOJIBKO MUJIIMOHOB pa3
BBIILIE PAJUOAKTUBHOCTH ypaHa.

CaMonpomBoanoe HU3ITYYCHUC HCKOTOPBIX XUMHYCCKUX 2JICMCHTOB OBLI0 HA3BAHO 110
MMPEAJIOKCHUTO HKIOpI/I PaAUOAKTUBHOCTBIO, OT JIATUHCKOT' O radio «HU3JIYHUaATb». HGYCTOI\/'I‘II/IBI)IG AApa
IMMpeBpaIIaroTCAa B YCTOP’I‘IHBBIC.

XHUMHUYECKHE IEMEHTBI C HOMCEpa 83 aBisIOTCA PaaArOaKTUBHBIMHU, TO €CTh CAMOIIPOU3BOJIBHO
H3JITYy4aroT, IPpUYEM, CTCIICHDb U3JITYUCHUA HC 3aBUCUT OT TOT'O, B COCTAaB KAKOI'0 COCAMHCHUSA OHU BXOIAT

W3yuenreM npupoibl paJrioaKTHBHOTO U3JIyUEHUS 3aHUMAaJICs Benukuii (u3nk Hadana 20 Beka
Opnect Pezepdop.

B 1899 r Dpuect Pesepdhopa o6Hapy U HEOTHOPOTHOCTD H3TyUEHUS:

Hccnenys uznydenue paans B MArHUTHOM I10JI€, OH OOHAPYKWJI, YTO MOTOK PATUOAKTUBHOTO U3ITYUECHUS
UMEET CJIOKHYIO CTPYKTYPY: COCTOUT U3 TPEX CAMOCTOATEIbHBIX MIOTOKOB, HA3BAHHBIX 0O-, 3- U Y-ITydaMH.
[Ipu nanpHEHIINX UCCIeTOBAaHUAX OKA3aJI0Ch, YTO O-TYYH MPEICTABISIOT U3 ce0sl TOTOKHU SAep aTOMOB
renus, B-ay4u — HOTOKU OBICTPBIX 3JEKTPOHOB, a Y-JIy4U €CTh 3JIEKTPOMArHUTHBIE BOJIHBI C MAJION ITTMHON
BOJIHBI.

Ho »>tu nmotoku pas3inyaiucChb €c U CBOMMHA MPOHUKAIOIIUMUA CIIOCOOHOCTSIMH.

[IpeBparieHre aTOMHBIX SIIEP YaCTO COMPOBOXKIACTCA UCITyCKaHUEM -, B-mydeii. Ecnu ogHuM u3
IIPOAYKTOB PAINOAKTUBHOTO NPEBPAILEHUS SABISAETCS SIAPO aTOMA IeIns, TO TAKy0 PEAKIMI0 Ha3bIBAIOT OL-
pacnajioM, eciu ke — 3JIEKTPOH, TO B-pacnasioMm.
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OTH J1Ba pacnajia MoAYUHIIOTCS MIpaBUIaM CMEIEHUs, KOTOPBIE BIEPBbIE CHOPMYITUPOBAT
anrnuiickuil yuensiii @.Conau. [laBaiite mOCMOTPUM, KaK BBITJISAST 3TH PEaKLUU.

1. Ilpu a-pacniaze SApoO TEPSET MOJOXKUTEIBHBIN 3apsl 2€ U ero Macca yosiBaeT Ha 4 a.e.M. B pesynbrare
g-pacnaja 3JeMEHT CMEIIAEeTCs Ha JIBE KJIIETKH K Hayally IEpUOINYECKON cucTeMbl MeHeneeBa:

AY 54 Y1 He

ol a—2 2
2. IIpu B-pacnage u3 sipa BbUIETAET JIEKTPOH, YTO YBEJIMUYMBAECT 3apsj sapa Ha le, macca e ocTaercs
MouTH HeM3MeHHOU. B pesyibTare B-pacnaga 21eMeHT CMEIIaeTcs Ha OJHY KIETKY K KOHITY
NepUOINIECcKOi Tabmuibl MeHeneena.

A~ 0
SN =

Axr
Y+ |

2
Z41 €

Kpome anbda- u Gera-pacmasoB pagroakTHBHOCTH COIPOBOXKIAeTCS TaMMa-u3aydeHneM. [Ipu stom n3
sqpa BeUIeTaeT (POTOH.

3. Y-U3JIYUYCHHUEC — HC COIIPOBOKAACTCA UBMCHCHHUEM 3apsi/id;, MaccCa KC Apa MCHACTCA HUYTOXKHO MaJIO.

Snpa, KOTOpbIE BO3HUKIIM B PE3YJIbTaTE paJUOAKTUBHOIO Paclaja, B CBOIO 04epeb TAKKE MOTYT
OBITh PaIMOAKTUBHBL. BO3HUKAET IIeNOYKa PaIMOaKTUBHBIX MpEeBpalleHuid. Sapa, cBA3aHHbIE ¢ ATOU
LIEMOYKON, 00pa3yroT paIuOaKTUBHBIN PsJl MJIU painOaKTUBHOE ceMeiicTBO. B mpupose cyiecTByeT Tpu
PaAMOAKTHUBHBIX CEMENCTBA: ypaHa, Topus U akTUHUS. CeMeCcTBO ypaHa 3aKaHYMBAETCS] CBUHIIOM.
N3mepss KoaM4ecTBO CBUHIA B YPAHOBOM PYZE, MOKHO OIPEIEIUTh BO3PACT 3TON PYBI.

Pesepdop1 onbITHEIM TyTEM yCTaHOBUII, YTO aKTUBHOCTH PaJIMOAKTUBHBIX BELIECTB YOBIBAET C
TE€YEHUEM BpeMeHH. I KaXI0ro paJuoaKTUBHOIO BEILECTBA CYLIECTBYET UHTEPBal BPEMEHH, HA
IPOTSKEHUH KOTOPOT'0 aKTUBHOCTH YOBIBAET B 2 paza. DTO BpeMs Ha3bIBaeTCs epuoioM nosypacnana T.

3akoH paauoakTUBHOTrO pacnaga ycranosieH ®. Comau. [To Gopmyrie HAXOIAT YUCITIO HE
pacnaBIIMXCSl aTOMOB B JIF000M MOMEHT BpeMeHHU. [1ycTh B HauanbHbII MOMEHT BPEMEHU YHCIIO
panroakTHBHBIX aToMOB No. [To rcTeueHnu nepuoa moiypacmaia ux oymet No/2. Cryers t = nT ux
ocranercs No/2™

Ilepnon mosrypacnmaga — OCHOBHAs BEIMUMHA, OIIPEIEISIIONIAs CKOPOCTh PAIMOAKTUBHOTO
pacnazna. YeM MeHbllle IEPUOJ MOTypaciiajga, TEM MEHbIIIE BPEMEHH JKUBYT aTOMBI, TEM ObICTpee
IPOMCXOIUT pacnaf. s pa3HbIX BEIECTB EPUOJ IOIYpacala UMEET Pa3HbIC 3HAYCHHUS.

OAMHAKOBO OMACHBIMHU SIBJISIOTCS KaK OBICTPO, TaK M MEJUIEHHO pacnajaromuecs sapa. beictpo
pacnafaronmecs sapa HHTCHCUBHO M3JIyYaroT 3a MaJIbli POMEXYTOK BPEMEHHU, a ME/IJICHHO
pacragarorecs sapa paJioakTHBHBI Ha 0OJIBIIOM HHTEepBasie BpeMeHu. C pa3InYHbBIME YPOBHIMU
paaualy 4eJI0BeYeCTBO BCTPEUACTCs KaK B €CTECTBEHHBIX YCJIOBHSX, TAaK M B UCKYCCTBEHHO CO3JIaHHBIX
00CTOATEILCTBAX.

Pa)]I/IoaKTI/IBHOCTI) HNMECT KaK 0TpHuaTem,H0e, TaK U IIOJIOKUTCIIPHOC 3HAYCHUC JIsI BCEI'O ) KUBOI'O
Ha TUIaHETE 3eMId.

IIpuMepsI pelreHus 3aga4

14
3amaua 1. Ilepuoa nonypacnana uzoromna kuciopoaa ® Y cocramsier 71c. Kakas JIOJISl OT

MCXOJIHOT0 0OJIBIIOTO KOJIMYECTBA ATHUX sIIep OCTa€TCs HepaclaBlIelcs yepe3 HHTepBajl BpEMEHH,
paBHbIif 142 c?

Pemienue.
63



®opmyiia palnOaKTUBHOIO paciajia UMeeT BUJ:

rae £ =71- nepuon nonypacnana; £- Bpems pacnana; Ny _ yavansnas KOHIIEHTpalus U30Toma
(Macca nzorona). YToObl HAUTH J10JII0 HEPACTIABILUXCS SI/IEP, HYKHO HallTH OTHOLIIEHHE
¥
N —_
—100% =2 T .100%
Ny , IOJIy4HM:

" 142
—.100=2 1 .100=0,25100=25

Ny %.

210 5

3amaua 2. I[lepuoa nonypacnana T uzorona Bucmyra #3 = paBeH sty guaM. Kakas macca 3toro

210 p.
M30TONa ocTallach uepe3 15 aHeit B oOpasiie, coaepkaniieM nepBoHadaibHo 80 mr &2 Big
Pemenwue.

3aKoH PaaAnuoOaKTUBHOI'O paciiaga U30ToIIa UMCCT BHUA!

¥

N=M, 27T

e My =80 MT — HadaJbHbIH 00beM u30TOMa; t=15 mHel — nepuoa pacnana; T=5 gHel — nmepuo

nosypacnazaa. Takum o6pa3om, mojiydaem, uto yepe3 15 qHeit octaHeTcs

15
N=80.2 5 :8_80:10

MT'.
A3

3anava 3. Jlan rpaduk 3aBUCUMOCTH YHCIIa HEPACTIABIIUXCS sAep BUCMYTa #3 Bior BPEMEHH.
Uemy paBeH nepuoj noiypacnajaa 3Toro u30Tona BUcMyrta’?

“\"' l()'.’.() t

0 500 1000 1500 f» MHUH
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Pemienmue.

HepI/IO,II ImoJgypaciaaa — 3TO BpEMs, 3a KOTOPOC pacCitagacTCsa pOBHO ITOJIOBHMHA HAYAJIIBHOTO

_ 20
o0wema siep uzortomna. U3 rpadguka BUIHO, YTO HAYAIBHOE YHUCTIO /1€ PaBHO Ny =30-107

[TonoBuHa OT 3TOrO YMcIa COOTBETCTBYET MOMEHTY BpeMeHH t=750 MUH, CIIEIOBATEIBHO, 3TO U
€CTb [IEPHOJ [T0JIypacnaia.

OtBet: 750.

171
3anaua 4. U3 saep apOus &2 &r npu g -pacrajie ¢ IepruoIoM Ioaypaciaja 8 4 00pa3yrTcs Ip

TYyJIAA € IICPUOAOM IIoJypaciiaaga 2 rojga. B momeHT Hauana Ha6J'II-0,Z[eHI/IH B 06pa3ue COACPIKUTCA

P .
8-10% gnep ap6us. Uepes kakyro U3 To4YeK, KpOMe Hayana KOOPAHHAT, MPOHAET rpaduk
3aBHCHMOCTH OT BPEMEHH UHCJIa sAep TYIHS (CM. PHCYHOK)?

N, 10204
10
8 117 4T

6T O3 T
4--«- ~‘~-<>2 ;
X I
2' 1 B

o] il I

8 16 2432 40 ¢, 4

Pemienmne.

N3navanbHO, yncno saep Tyiaus paBHo 0. 3aTem, pH siIEpHOM pacrajie 3pOusi ¢ MepruoioM
nonypacnazna T 3a Bpems t moydaem 4ucio siep TyJus paBHOE:

¥ ¥

My-N=MN-N-2T=MN|1-27T
Haiigem cnenyromiyto TOUKy /i saaep Tynus Ha rpaduke. Paccmorpum Touky 1. g Hee t=8 u

YUCIIO AJep TYyJINs PAaBHO

2 20
21810
2107 [1-2 8 |= > =4.10%

1A
2.10% . [1-2 & |=g.10% .0,75=6.10%

Jlarnas Touka He moaxoaut. Jlanee: mis Touku 2, t=16
!

= 7
2107 |1-2 8 =3-1o?’3-§=?-102”
s Touku 3, t=24 . st Toukwm 4, t=32

a
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32
= 15
2107 [1-2 ® :8.102’3.E:?,5.102”

N3 BCcex PE3YIbTATOB IOAXOAUT TOYKA 4,

3aiaHus IS CAMOCTOATEIbHOM PadoThI

Bapuanr 1.
1. Onumute cocTas atoma ypana 38g,U
2. YTo mpOUCXOIUT C BEIIECTBOM NPU PaAHOAKTUBHOM pacmaje?

247

3. Hammmmure peakunu anbda- u 6eta- pacnanga oepxims <" 97Bk

4. [lepuon nmonypacnaa sijiep painoakTHBHOTO H30Toma BUcMyTa 19 MuHyT. Uepes kakoe Bpemsi
pacnanercs 75% sinep BuCMyTa B HccieayeMoM oopasiie?

Bapuanr 2.

1. OnmummTe cocTaB aToMa depmus 2 100Fm

2. Slnpa Kakux aTOMOB HanOosee yCTOWYMBBI?

3. HanumuTe peakiuu anbda- u 6eta- pacnana 2>’ 100Fm

4. Tlepuon nonmypacmaja panona 3,8 aas. Uepes kakoe BpeMsi Macca pajoHa YMEHbIIUTCS B 64 pa3a?
Bapuant 3

1. OnummuTe cocTaB aToMa Hobemus 2°10,NO

2. Kakas 1051 0T 60JIBIIOT0 KOJIMYECTBA PAJAMOAKTUBHBIX aTOMOB OCTAHETCS HepacHaBILeics yepes
IPOMEXYTOK BpEMEHHU, paBHBIN ABYM nepuogam nomypacnaga? (EI'D 2009)

3. Hanmmmre peakunn anbga- n 6eta- pacmaaa Hooemms 2>°102No

4. Tlepuon nonypacmaja paIuoaKTUBHOTO BelecTBa 2 cyToK. CKOJIBKO MO Macce palOaKTUBHOTO
BEII[ECTBA OCTAHETCS M0 UCTCUCHUH TPEX CYTOK, e€ciii BHavae ero oeuto 100 r?

IIpakTnueckas padora Ne 23

Tema: Cocmag adpa amoma. Inepeusn ceaszu A0pa amoma
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Ilens: nosmopums cocmas A0pa amoma, ymems peuwiams 3a0a4u Ha UCNOIb308AHUE POPMYIbL CEA3U A0PA
amoma

Kparkas Teopus:

Ha3Banue

Oob6o3nauenne | Enununa usmepenus | @opmy.ia
BEJIUYUHBI
Macca npomoHa mp a.e.m mp = 1,00728
Macca HelimpoHa Mn a.e.m m, = 1,00867
Yucno npomoHos YA

Yucno HelimpoHoes N

Macca adpa Ms, a.e.m

Aegekm macc Am a.e.Mm, Kr Am = (Zmp + Nm;) — My
SHepaus cea3u a0pa |AE LK AEo = Amc?

Ckopocmob ceema c M/c c=3e108

INPUMEPBI PEHIEHUS 3ATAY

3agaua Ne 1. Onpenesure YucI0 3JIEKTPOHOB, IPOTOHOB M HEHTPOHOB B aToMe Kucjaopoaa sO.

Hano: | Pewenue:
Ko Z=8;e=8 N=A-7Z=17-8=9
7_9 Omeem: 8 3IEKTPOHOB, 8 IPOTOHOB, 9 HEUTPOHOB.
N-? '
e—"?

3agauya Ne 2. B pe3yabrarte a-pacnada siipo HEKOTOPOIo 3JIeMEHTA MPEeBPATUIOCH B SIIPO PaJoHA
86RN?%2, Yt0 310 GBLI 32 dJIeMEHT?
4 4 22
2 X" = ,He" + yRn 3azaua

[0 3ax0HY coxpaHeHus Macchbl v 3apsifa: A =4 +222=226;Z=2+ 86 =88. Btabmae N 3. Ha
Menneneesa nopankosbii Homep 88 mmeet panuid. Clie1oBaTeNEHO — 3T0 54 Ra™°. CKOJILKO

YMEeHBIIMJIACH IHEPT Ul ATOMA, ecJIU NPHU Nepexoje U3 0IHOr0 IHePreTHYeCKOro COCTOSIHUS B pyroe
aTOM M3JIy4YHJI CBET JJIMHOM BOJHBI 6,56 * 10~ m?
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HaHo: Peiuenne:
A=6,56-10"7 M e N
h=662:10% Ixec| E=hwv=gi E=5
SEp=1 My 662410 1 -3+ 108 wc

. E==2 = =3-107Y %,
E-2 6,56- 10 -
Dueprus aroMa yMeHbluutes Ha 3+ 10719 [Ix.

230

3amaua Ne 4. B kakoe siipo npeBpamaercss Topuii 907 " mocje Tpex MHOC/eI0BaTeJbHBIX -
pacnanoB?

Pewenue. Ilpun o—pacnaze UCXOLHOE AAPO TepsieT ABa IIpo-

TOHA U JABa Her‘fl'rpona, IIO3TOMY €ero MaccoBoe YMUCJIO YMEeHbIIaeTcCsda

Ha 4, a 3apAgoBoe — Ha 2. M3 mpaBuyia cMeIlleHUA Iaa O—
pacmaga cjaeayeT, 4To:

M M-4 4 230 218 4
72X = ;.Y + ,He nium “Th — “;/Po+3,He.

Pewenue. Ilpu f—pacnaze B UCXOJHOM fiipe OAUH HEUTPOH

IpeBpalaeTcss B MPOTOH, MO3TOMY 3apAA0BOE YHCJIO YMEHBIIaeTCHd
Ha eJMHWIlY, 4 MaccoBOe — OCTaeTCsi HEeM3MEeHHbIM, TaK Kak o00-
11ee YMCJI0 HYKJIOHOB B sAJpe He u3MeHserTca. M3 nmpaBusia cmerne-

HUA 414 —pacnaja cienyer, 4To:

M M 0 123 123 0
X = ,aY+ e mm ;Sb— Cs+4 e

123
3amaua Ne 5. B kaKoe siipo npespaiaercsi cypbma 91 nocJjie 4yernipex f-pacnanos?

123
o O/

OTtBeT:

3anaga Ne 6. KakuM 00pa3omM MOKHO OCYIIECTBUTH JABHIOI0 MeYTy AJIXMMHKOB CpelHEBEKOBbSI
— NPeBPaTUTh PTYTh B 30J10TO?

Pewenue. IlyrteM ocCyllecTBI€HU#A, HAIpUMep, CJeayIOL[eH

anepHoil peakuun: 'wHg + jn— 5 Hg — ' Au+ H.

B npuposie cyiuectByer oauH cTabmibHbIN nsoron sosota (' Au) u

cemb uszoronos pryru ('wHg, 'Hg, '""Hg, “2Hg, “ Hg, **Hg,

8O 80 80 80

““Hg). 3HauuT, B X0Je AJAEPHOH peaKkiuN HeOOXOAUMO «BCEro

JIMINb» YMEHBUIUTHL YHMCJIIO IMPOTOHOB Ha €JUHUILY H, BO3MOXXHO,
U3MEHHUTh YHUCJIO HEHTPOHOB.

O}IHaKO, BCJIe/ICTBHE peIKOoro mnonajaHusd Heﬁ'PDOHOB B AApa pPTYTH
KOJIMYEeCTBO IIOJIYYEHHOI'0 30J10Ta HUUYTOXHO MAaJio. Tak kak 3arpara 68
9Hepruu 1npHu 3ToOM OIr'poMHa, TO IIPOIECC 9KOHOMHYECKH HEeBBLII'OJEH.



3amaga Ne 8. Bpigensiercsi WM NOIVIOIIAETCSl JHEPIrHs INPH Cieaylouieil siIepHOH peakuuu:
14 4 17 1
N+ ,He » 3,0+ H,

OTtBer: SHEPTIHA MMOrJIomacTCA.

Pewenue. HaiineM pasHocTh Am CyMMapHOM MAacChl sifiep M 4ac-
THI[ [0 pPeakIM¥ M II0CJe peakluu. JHEpProBuljeJIeHue IIpHU sAnep-

HO! peakuum paBHO: AE =(my+my,—my—my)c’. Eciu AE >0,

peakuuss ujger ¢ 6videnenHuem dHepruun. Ecam AE <0, peakuus
UAET ¢ nozaoweHuem 3Heprum. I[IpoBepka eAMHHUI] H3MEpPEHUHA:

2
[AE] = a.e.m.- . (B’I) = JTx.
Boruucnenns: AE = (14,00307 + 4,00260 — 16,99913 - 1,00783) x

x 1,661 - 107%7. (3 - 10%)% = -1,93 - 10! (Ix).
Tax kak AE <0, To sHeprus IOrJOIIAETCH.

3anaya Ne 9

BoIunciiuTe SHEPTHIO CBsi3U siipa auTus 3Li’. Macca sizpa paBua 7,01436 a.e.m.
Hano: Pewenue:
s Ei" 1)Z=3;N=4

M,=17,01436 a.em. | 2) Am=(Zm,+Nm,)-M,

m,=1,00728 a.em. | Am=(3-1,00728+4-1,00867)-7,01436 = 0,04216 (a.e.m.)

m, =1,00867 a.em. |3) Am=0,04216-1,6605-10" (kr)=0,07-102" (kr)

4) AE) =Amc? =0,07-1077 - (3-10°)* =0,21-10"" (Jlw) =
=2,1-107" (Jix)

AE,-?

Omsem: 2,1-107 Jix

3amagya Ne 10. Omnpenesnre HeH3BeCTHBIH NPOAYKT X KaXKAOH H3 SIACPHBIX PpeaKuii:
UN +4He — X +1H
Al +ln— X + He
iBe +1H — X + {He
UB+3He > X +1n
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Pemenue:

MN+4He - [0+ H; 4=14+4-1=17,7=7+2-1=8
A+ dnos YNa+ §He; A=27+1-4=24, Z =13 -2=1];
3Be+ {H— §Li+ He; A=9+41-4=6 Z=4+1-2=3;
UB+4He » YN+ fn; A=11+44-1=14Z=5+2=17.

AJIFOpI/ITM peuaicHus 3agadu Ha pacuer JHEPrum CBHA3HU aTOMHOI'0 gjapa:

l. Onpenenutsb KOJINYECTBO IIPOTOHOB 51 HEHUTPOHOB B anpe aTroma.
2. Beruncnute nedexr macc B aTOMHBIX €IMHULIAX Macchl.
3. TIlepeBecTH aTOMHBIE EOMHMIIBI Macchl B Kuiorpammel: 1 aem. = 1,6605+10%" k.

4. BEIUHCINUTD OHCPIUIO CBA3U; OTBET 3aIIUCATh B CTAHAAPTHOM BUIC.

Baxublie 3aMeyYaHus:
1. Brruncnenus CJIOKHBIC, IIO3TOMY JIYy4HIC HUX MHNPOU3BOAHUTHL C IIOMOLIBIO MHUKPOKAJIBKYJIATOPA.
2. B xozae BeaucIcHUS AePEeKTa MacC HEllb3sl HUIeTr0 OKPYIIIATh, HHaUe Te(EeKT Macc OOpPaTUTCS B HOJb.
OKpyriuTh MOXKHO TOJIBKO PE3YNbTaT.

Bapuanr 1

1. SIBiieHue paJqMOAKTHBHOCTH, OTKPbITOE BekkepesieM, CBUIeTeIbCTBYET O TOM, YTO...
A. Bce BemiecTBa COCTOSIT U3 HEJIEUMBIX YaCTHI[-aTOMOB.
b. B coctaB aTomMa BXOASAT DJIEKTPOHBI.
B. ATOoM nMeeT CII0)KHYIO CTPYKTYpY.
I'. D10 sBNIEHME XapaKTEPHO TOJBKO JJIS ypaHa.

2. Kro npenyioxku siiepHyIo Mojeib CTpOeHus aroma?
A. bekkepens. b. I'eitzenoepr. B. Tomcon. I'. Pesepdopa.

3. Ha pucyHke u3o0paxeHbl cxeMbl 4eThIpEX aToMOB. UépHble TOUYKHU- 3/1eKTPOHbI. Kakast
cxema CooTBeTcTBYeT aTtomy 2*He?

O, © ®

A b B r

4. B coctaB aToMa BXOJST CJIeyIONIHEe YACTUIIBI:
A. TosbKO MPOTOHBI.
b. HyKIJIOHBI U ANIEKTPOHBI.
B. npoTOHBI 1 HEUTPOHBL.
I'. HeHTpOHBI U 3JIEKTPOHBI.
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Yemy paBHO MACCOBOE YHCJIO SAPA aATOMA Mapraiua 25>°Mn?
A.25.5b.80.B.30.T.55.

6. B kakux U3 cJIeAyOIMX peaKkiiii HApylleH 3aKOH COXpaHeHUs 3apsijaa?
A. §®0—1'H+8"0.
B. 3%Li + 1*H—2*He+ »°He.
B. 2°He + 2°He—2"He +1'H + 1'H.
T.3'Li + 2*He— 5B + o'n.

7. ATOMHOe 1IpPO COCTOMT M3 IPOTOHOB M HEHTPOHOB. Mekay KaKNMH apaMHU YacTHL BHYTPH

siipa AelCTBYIOT si/iepHbIe CHJIIbI?
A. IIpoToH- IpOTOH

b. IIpoTOH- HEHUTPOH.

B. Helitpon- HEUTPOH.

I'. Bo Bcex mapax A- B.

o

Macchbl IpOTOHA M HEHTPOHA. ..
A. OtHocsTcsa kak 1836:1.

b. [Ipubnu3uTenbHO OTMHAKOBBI.
B. Otnocsarcs kak 1:1836.

I'. [TpuOIM3UTENHHO PABHBI HYITIO.

©w

B sape aToma kaabnus 20°°Ca comepxkures. ..
A. 20 meiitpoHoB 1 40 IPOTOHOB.

b. 40 neittponos u 20 351€KTPOHOB.

B. 20 npoToHoB u 40 371€KTPOHOB.

I'. 20 mpoToHoB U 20 HEUTPOHOB.

10. B xakom npudope cjel IBH:KeHHsI ObICTPON 3apsizKeHHOI YacTHIbI B ra3e jJejaeTcs
BUJAUMBIM ( B pe3yJibTaTe KOH/JIEHCALMHU NepPechIIeHHOr0 Napa Ha MOHaXx)?

A. B cueruuke ['eiirepa.

b. B kamepe Buibcona.

B. B cilMHIMIIIAIIMOHHOM CUETUYHKE.
I'. B my3sIpbKOBOI1 KaMepe.

11. OnpenenuTs BTOpPOii npoaykT X B siaepHoii peakuun: 13°’Al + o'n —112*Na+X.
A. Anwda- vactuma. b. veiitpon. B. mpoton. I'. anekTpon

12. ATomMHOe siIpO cOCTOUT U3 ZnpoToHOB U NHelTpoHoB. Macca cBOGOIHOr0 HEHTPOHA Mn,
¢B000IHOr0 NpoToHa Mp. Kakoe n3 npuBegeHHBIX HUKE YCIOBHI BBINOJIHSIETCS AJIsI MACCHI
saApa mg?

A.mg=Zmp+Nmjy
Bb. m ¢g< Zmp+ Nmp.
B.m g Zmp+ Nmp.
I".JInst cTaOMIIBHBIX sIlIep yCiaoBue A, sl paAMOaKTUBHBIX sep ycioBue B.

13. Paccunrath A m (nedpexT macc) sapa aroma 3'Li ( B a.e.m.).
mp=1,00728; mx=1,00866;m = 7,01601.
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A.Am=0,04. 5. Am=—-0,04. B. Am =0.I". Am = 0,2.

14 B KaKkux eAMHULAX J0JKHO ObITH BHIPA:KEHO 3HA4YeHHEe MACChl IPH BbIYMCJICHUU JHEPruH
CBSI3M aTOMHBIX siJiep ¢ HCNoJab30BanueM Gpopmyanl AE= Am*¢??

A. B xmiiorpammax.

b. B rpamMmax.

B. B aTOMHBIX €IMHHIIaX MaCChI.
I'. B mxoynsx.

15. Yo Ha3pIBaeTcss KPUTHYECKOI MACCOH B YPAHOBOM si/IePHOM peakTope?
A. Macca ypaHa B peakTtope, IIp1 KOTOpOil OH MOXKeT paboTaTh 06€3 B3phIBa.

b. MunumanbpHast mMacca ypaHa, pH KOTOPOH B pPEaKTOpPE MOXKET OBITh OCYIIECTBJICHA LICIHAs
peaKuus.

B. HOHOJ’IHHTCJ’ILH&H MaccCa ypaHa, BHOCHUMaA B PEAKTOP HJIA €TI0 3aIllyCKa.

I. HOHOJ’IHHTGHBH&H MaccCa BCIICCTBA, BHOCHUMOI'O B PCAKTOp IJIA €ro OCTAHOBKH B KPUTHUYCCKHUX
ClIyvasx.

15. Kakoii BUJ paaMoaKTHBHOI0 H3JIyUyeHHs HanboJiee onaceH NPU BHELIHEM 00/1y4eHUun
yejioBeka?
A. bera- uznyuyenue.
b. ramma- uznyuyenue.
B. Anbda- uznyuenue.
I'. Bce Tpu Buna uznyyenus: anbda, 6era,ramma.

I[OHOJIHI/ITCJ'II)HOC 3aJaHue.

15. Bece XMMHYeCKHe 31eMeHThI CyHIeCTBYIOT B BHJe ABYX HJIH 00JbIIEro KOJIHYecTBA H30TONOB.
OmnpegenauTe OTaAMYHE B cocTaBe siiep uzoronos 17°°Clu 17°7Cl.

A. moron 17°°ClumMeer B spe Ha 2 MpoToHA GombIe, ueM 17> Cl.
B. u3oron 17°'Clumeer B ape Ha 2 IPOTOHA MEHbIIE, YeM 17°°Cl.
B. m3otom 17°'Clumeer B siape Ha 2 HeiiTpoHa 6onbIe, uem 17> Cl.
I'. u3oton 17°'ClumeerT B siape Ha 2 HEWTPOHA MeHbIe, ueM 17> Cl.
18. Ilpu anbda- pacnage aTOMHBIX AAep...

A. Macca AApa OCTACTCA MPAKTUYCCKU HeI/I3MeHHOI7I, MMO3TOMY MACCOBOC YHCJIO COXPAHACTCA, a
3apsa YBCJIIMYUBACTCA HA CAUHULLY.

b. MaccoBoe uncio ymMeHbIaeTcs Ha 4, a 3apsij] OCTaeTcsi HeM3MEHHBIM.

B. MaccoBoe uncio ymMeHbIaercst Ha 4, a 3aps/] yBeTUIuBaeTcs Ha 2.

I'. MaccoBoe uncio yMeHbIIaeTcs Ha 4, 3apsJl TaKKe YMEHbIIaeTcs Ha 2.

19. BoigessieTcsi MM NOIJIOIIAETCS JHeprusi B sijaepHoii peakmun . 3°Li+ 1'H—2*He+ 2°He?
Macchl siiep M 4YacTHIl B 4. M. COOTBETCTBeHHO paBHbI:m3®Li=6,01513, mi'H=1,00728,
m2*He=4,00260, m2°He=3,01602.

A. Ilormomaercs, T.k. Am< 0.

b. Beigensiercs, T.k. Am< 0.

B.ITornomaercs, T.k. Am> 0.

I'. Beigensercs, T.x. Am> 0.

20. Ipu GomGapaupoBke u3oToNna 5'°B HeWTpoOHAMH M3 0OPa30BABIIErOCs AApa BHIOPACHIBACTCS
anba- vactuma. [lomp3ysich 3aKOHAMH COXpaHEHHMsI MAacCOBOTO 4HcCIa M 3apsga, a Takke
HEePHOANYIECKON CHCTEMOI 2JIEMEHTOB, 3alUIINTE AACPHYIO PEAKIIHUIO.
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Bapmuanr 2

1. B cocTaB paaiMOoaKTHBHOIO M3JIy4YeHHS MOI'YT BXOAHUTD...

A. TOIBKO 3JI€KTPOHBI.

b. TonbKkO HEUTPOHBI.

B. Tonbko anbha-yacTuiib.

I'. bera- yacTupl, anb(a-4yacTUIb], FTAMMa-KBaHTBIL.

2. C nomomib10 onbiTOB Pe3epdopa ycTaHOBHILYTO...

A. TlonoxxuTenbHbIN 3aps]] pacnpenenaéH paBHOMEPHO 0 BceMy 00bEMY aToMa.

b. ITonoxuTenbHbIM 3apsaa COCPEIOTOUEH B LIEHTPE aToOMa U 3aHUMAET OYEHb MaJIbIii 00BEM.
B. B cocraB aTOMa BXOIAT 3JIEKTPOHBI.

I'. AToM He uMeeT BHYTPEHHEN CTPYKTYpHI.

3. Ha pucyHke n300paxeHbl cXeMbl YeThIPEX aTOMOB. JJIeKTPOHbI H300pa:keHbI B BU/I€e YEPHBIX
TOYeK.

Kakasi cxema cooTBeTcTBYET aTomy '3 Li?

©@O®

~ >~

3. B cocras siapa BXOAAT cjeqyI0IIHe YACTULBI:
A. TonbKko NPOTOHBI.
b. IIpOTOHBI U 3JIEKTPOHBI.
B. IIpoTOHBI 1 HEUTPOHBI
I'. HeWTpoHBI U 2JIEKTPOHBL.
5. Yemy paBeH 3apsij siipa aToMa CTPOHIUsA38ESK?
A.88b.38B.50T. 126.

3. B xakoMm u3 npuBeIéHHBIX HUKE YPABHEHH SIIEPHBIX PeaKIUii HAPYIIeH 3aKOH COXPaHEeHHUs
MAacCcoOBOIo ymucja?

A. 4°Be +2*He —6'2C+o'H

B. 7N + 2*He— 'O + 1'H

B. 7N + 1'H— "B +2"He

T, 922%U —937°Np + 1%

6. SinepHble CUIIbI, JEHCTBYIOLHE MEKIY HYKJIOHAMM ...

A. Bo MHOro pa3 mpeBOCXOAST I'PAaBUTALMOHHBIE CUJIBI U JIEHCTBYIOT MEXAY 3apsKEHHBIMU
4acTULAMU.

b. Bo mHOrO pa3 MpeBOCXOAAT BCC BUAbI CUJI U HCﬁCTBymT Ha JII00BIX pacCTOAHUAX.

B. Bo MHOTrO pa3 npeBoCXOAAT BCE IAPYrue BUIBI CUJI, HO ACUCTBYIOT TOJIBKO Ha PACCTOSHUSAX,
CPaBHUMBIX C pa3MepaMH spa.

I Bo MHOro pa3 MpeBOCXOAAT TPABUTAIMOHHBIC CHJIBI W JEHCTBYIOT MEXIYy JIIOOBIMHU
YaCTHULIAMH.
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7. Macchl NIpOTOHA M 3JIEKTPOHA...
A. OtHOcsTCs Kak 1836 : 1.
b. [Ipubnu3uTeTbHO OTMHAKOBBHI.
B. OtHocares kak 1 : 1836.
I'. [IpuGaM3UTENTHLHO PaBHO HYIIIO.
8. B smpe aToma skese3a 26°°Fecomepxurces:
A. 26 HEUTPOHOB U 56 POTOHOB.
b. 56 HeilTpoHOB 1 26 IPOTOHOB.
B. 26 npoTOHOB U 56 3JI€KTPOHOB.
I'. 26 npoToHoB u 30 HEUTPOHOB.

9. B kakom npu6ope nNpoucxo:kaeHne HOHU3UPYIOIEH YacTHLbI PerucCTPUPYeETCsl 1o
BO3HMKHOBEHHI0 HMITYJ/IHCA YJIEKTPUYECKOr0 TOKA B pe3y/ibTaTe BOSHUKHOBEHUS
CaMOCTOfITEJILHOIO pa3psijia B ra3e?

A. B xamepe Bunbcona.

b. B cuéruuke I'eitrepa.

B. B cUMHUMIUISSUMOHHOM CUETYHKE.
I'. B ny3bIpbKOBOI1 KaMepe.

9. Omnpeneante BTOpoii NpoayKT X silePHOI peakium:

1327 Al + 2*He 15%°P + X

A. Anbda-uactuna ( 2*He).

b. Helitpon.

B. IIpoto=.

I'. DnexTpos.

12. ArtomHoe saApo cocrout u3 ZnportoHoB u NHeiiTpoHoB. Macca cB00OAHOrO
HeMTpoHamn, cB0O0OIHOr0 NMpoToHa mp Kakoe u3 npuBeéHHBIX HUKE YCJIOBHIl BBINOJTHACTCH
JJISl MACCHI siApa my?

A. my< Z*mp+ N*mp; b. my > Z*mp+ Mp; B. my = Z*mp+ N*mp,

I'. Insa ctabunpHBIX sSA€p yCiaoBHE A, IS paIUOAKTUBHBIX- ycioBue b.

13. Paccunrarh gedexr macc ( A m) B a. e. M. Siapa aTtoma 2°He.Macchl 9acTui H sApa,
BBIpPajKeHHbIE B a. €.M., COOTBETCTBeHHO paBHbI: mn= 1,00866; mp= 1,00728;

My =3,01602.
A.Am=0,072b5. Am=0,0072 B.Am=-0,0072' Am=0

14. B xkakux eamHunax OyJaeT MOJYYE€HO 3HAYEHUE DHEPIrMU NPH BHIYHUCJIECHHMU JHEPIrHUHU
CBSI3H aATOMHBIX siJiep ¢ HCNoJb30BanueM Gopmyianl AE=m*¢2?

A. B anextpon-BonbTax ( 9B).

b. B merasnexktpon-BonbTax (MaB)
B. B mxoynsax.

I"Ba.e m.

15. B sinepHOM peakTOope B KauyecTBe TAK HA3BIBAEMbIX 3aMeIUTeJIell MCIOJIb3YHTCS
TakKMe BelecTBa, Kak rpagur uin Boaa.Uro oHu J0/KHBI 3aMeJIATh U 3a4eM?

A. 3aMeNIAI0OT HEUTPOHBI JUIsI YMEHBIIECHHsI BEPOSTHOCTH OCYIIECTBIICHHS SIEPHON pEaKIMu
JCIICHUS.

b. 3aMennaoT HEHTPOHBI ISl YBEIMYEHUS BEPOSITHOCTH OCYIIECTBICHUS SIAEPHON pEAKIUU
JIeTICHUSL.
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B. 3amennsiorT ocyliecTBIeHHE LEMHOW PEeaKUMu ACNCHHs, 4YTOObI Jierdye OBbLIO YIpaBiIATh

PEaKTOPOM.

I. 3amemistoT OCKOJKH  siaEp,
MPaKTUYECKOTO UCTIOIb30BAHMS MX KHHETHIECKON YHEPTHUH.

o0Opa3oBaBIIMXCA B pe3ylbTaTe JEJICHHUS YpaHa,

JUTSt

16. Kakoii BuMI pagHOAKTHBHOIO MH3JIyYeHUs Haubojiee oOmaceH NPU BHYTPEHHEM

00.,Iy4eHHH YesoBeKka?
A. bera-usnyueHnue.
b. N'amma-uziyuyenue.
B. Anbda-nznyuenue.

I'. Bce Tpu Buna uznyyenus: anbda, 6era,ramma.

JlonmoJiHUTEIbHOE 3aJaHHE.

17. Bce xuMHU€ECKHE IEMEHTHI CYIIECTBYIOT B BUJIE JIBYX UJIM OOJIBILIEr0 KOJIMYECTBA U30TOIIOB.
OnpeienuTe OTINYHE B COCTaBE sAep H30TonoB 10°°Ne 1 1022 Ne

A. uzoron 10°°Ne umeer B spe Ha 2 NpoTOHA GoJIbIIe, YeM10>2 Ne
B. uzoton 10°’Neumeer B siape Ha 2 IPOTOHA MEHbIIE, 4eM 1022 Ne
B. m3oton 10%2 NeumeeT B siape Ha 2 HeifTpoHa Gonbiie, uemio Ne
I'. u3otom 10?2 NemmeeT B sijpe Ha 2 HEHTpoHA MeHbIIIe, 4eM 102 Ne
18.I1pu OeTTa- pacmaje aTOMHBIX SAEP. ..

A. Macca sgapa OoCTacTCAa IPAKTHUYCCKU HGHSMCHHOﬁ, IIO3TOMY MACCOBOC YHCIIO COXPAHACTCA, a

3aps] yBEIUUYUBAETCS .

b. MaccoBoe uncio yBenuuuBaeTcs Ha 1, a 3apsij ymeHbl1aercs Ha 1.

B. MaccoBoe 4ucio COXPAHACTCA, a 3apia]] YMCHbIIACTCA Ha 1.
I'. MaccoBoe 4ucio YMCHBIIACTCA HA 1, 3apAaa COXPaHACTCA.

19. Beinensiercs WM MOTJIOLIAETCS SHEPTUs B SAEPHOU peakuuu N + »*He — §''O + 1'H?
Maccol saep u yacTur( B a. M.) COOTBETCTBEHHO PaBHBI: m7*N= 14,00307, mz*He =4,00260, m
§1'0=16,99913, m 1'H =1,00728.

A. Ilornmomaercs, T.k. Am< 0.
b. Beigensercs, T.x. Am< 0.
B.Ilornomaercs, T.k. Am> 0.
I'. Beimensercsa, T.x. Am> 0.

20. Tlonp3ysich 3aKOHaMU COXpPAaHEHHS MAacCOBOTO YHUCIAa M 3apsla, a TakkKe MepUOIUYECKON
CHCTEMOI SIIEMEHTOB, HAITICATh AIEPHYIO PEaKIHIO, TPOUCXOISILYIO TpH GoMbapaupoBke 5B ambha—
YaCTUIIAMHU U COMTPOBOXK/IaEMYIO BEIOMBaHUEM HEUTPOHOB

Tabdauua nepeBoga 4ucjia NPaBUWIbHBIX OTBETOB HAa 00513aTeJIbHbIEC BONPOCHI B OLIEHKY IO
NATHOAJILHOM HIKAJIE.

Yucno 0-6 7-10 11-13 14-15 16-20
PaBUIIBHBIX

OTBETOB

OueHka B 1 2 3 4 5
Oaiutax
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IIpakTuyeckas padbora Ne 24

Tema: Cmpoenue u npoucxoxcoenue Conneunou cucmemul (cunomesa O. IO.
HImuoma)

BceneHnHnast HACTOJNBKO IPaHAMO3HA, YTO B HEW MOYETHO UTPATh TAKE CKPOMHYIO
poJb

Xapnoylllenmnu

3aKOHCIIEKTHPOBATh OCHOBHbIe MOMEHThI runoTe3sbl O.10.IImuara o
npoucxoxaeHur CoJTHeYHON CUCTEMbI

Yacte 1: KocMmoronus

KocMmoronust — Hayka, u3ydaronias MPOUCXO0XKJICHUE U Pa3BUTHE HEOECHBIX Tell,
HanmpuMep IUIAHET W WX CHOyTHUKOB, CoJiHIa, 3BE37, TalakTUK. ACTPOHOMBI
HaOII0AAI0T KOCMUYECKHUE Tejla Ha PA3IMYHON CTaJuu pa3BUTHs, 00pa3oBaBLIMECA
HEJABHO U B JAIEKOM MPOUUIOM, OBICTPO «CTAPEIOIINE» UM MOYTH «3aCTHIBIIHNE)» B
cBoéM pazButuu. CoOMOCTaBisAsi MHOTOYMCICHHbIE JaHHbIE HAOJIIOJEHUN C
(bU3UYECKUMHU MPOIECCaMU, KOTOPBIE MOTYT MPOUCXOUTD MPHU PA3TUIHBIX yCIOBUSIX
B KOCMHYECKOM IMPOCTPAHCTBE, YUYEHBIE MBITAIOTCA OOBSCHUTH, KAK BO3HUKAIOT
HeOecHble Tena. EnuHoM, 3aBepmi€HHON Teopuu oOpa3oBaHMs 3BE3M, IUJIAHET WU
rajakTUK MokKa He cymiecTByeT. [IpoOieMbl, ¢ KOTOPHIMU CTOJKHYJIUCH YYEHBIE,
nojayac TPYAHO paspemunMbl. PemieHue Bompoca O NPOUCXOXKICHUM 3E€MIIM U
CoJIHEUHOM CHCTEMBI B II€JIOM 3HAYUTEIBHO 3aTPYIJHACTCA TEM, YTO APYTrHUx
NOJ00HBIX CUCTEM Mbl MOKa He HaOmogaeMm. Hairy conHE4YHyr0 CUCTEMY HE C 4eM
MoKa em¢ CpaBHUBATH, XOTSA CHCTEMBI, TIOJIOOHBIE €H, JOKHBI OBITh JOCTATOYHO
pacmpoCTpaHeHbl W WX BO3HMKHOBEHHE JOJKHO OBITh HE CIy4yalWHBIM, a
3aKOHOMEPHBIM SIBJICHUEM

B nacrosmee BpeMs mpu NPOBEPKE TOM WM WHOW THUIIOTE3bl O MPOUCXOKICHUU
CoJIHEYHOM CHUCTEMBI B 3HAYUTEIBHOWM MEpPE€ OCHOBBIBACTCS HA JAHHBIX O
XAMHYECKOM COCTaBE M BO3pACTe Mopoj 3emMiu U Apyrux Tesl COTHEUHOU CUCTEMBI.
Hanbonee TOuUHBIM METOJ OMNpPEAEICHUs BO3pacTa MOPOJ COCTOUT B TMOJICUETE
OTHOIIECHMS KOJMUYECTBA PAJUOAKTUBHOTO ypaHa K KOJWYECTBY CBHHIIA,
HaXOJAIIEerocss B JaHHOW mopojae. CKOpOCTh 3TOro mpoliecca M3BECTHA TOYHO, U €€
HEeJb3s1 U3MEHUTh HUKaKUMU criocobamu. Cambie JpEeBHHUE TOPHBIE MOPOALI UMEIOT
BO3PacCT HECKOJbKO MWUIMAPAOB JIET. 3€Misi B 1IE€JIOM, OYEBUIIHO, BO3HHKJIA
HECKOJIBKO paHbIIIE, YEM 3€MHasl Kopa.

B cepenune XVIII Beka Hemenxuid gunocod M. KaHT mpemioxkun CBOIO TEOPHUIO
oOpazoBanusi COTHEYHOM CUCTEMBI, OCHOBAaHHYIO Ha 3aKOHE BCEMUPHOTO TSATOTEHUS.
76



Ona npenmnonarana BO3HUKHOBeHHE COJHEYHOM cHUCTeMBbl U3 00Jlaka XOJIOJHBIX
NBUTMHOK, HaXOJSIIMUXCS B OECHOPSAI0YHOM XaoTHUYECKOM JBMxkeHuu. B 1796 rony
dbpanny3ckuit yu€nsiit [1. Jlamnac nogpoOHo onucan runotedy oopazoanus ComHia
U IUIAHET W3 YK€ Bpallarouencs ra3oBod TyMaHHOCTH. Jlammac ydé€in OCHOBHBIE
xapakTtepHble 4epThl COJHEUHOW CHUCTEMbI, KOTOPBIE JOJDKHA OblLIa OOBSICHUTH
mr00ast TUIOTe3a 0 €€ MPOUCXOXKICHUH. B naHHbIN niepro Hanbosee pa3padoTaHHOU
spigercs runore3a O. 10. Hlmunara, pazpadoTranHast B cepeIMHE BEKa.

Yacte 2: TymMaHHOCTB

JlaBaiiTe riepeHeceMcs B JAJEKOE MPOLLIOe, IPUMEPHO HA 7 MUJUIMAPAOB JIET HA3a/l.
CoBpemeHHast HayKa, KaK TOBOPAT YYEHBIE, C JOCTATOYHOU CTEIEHbIO BEPOSITHOCTH
MO3BOJISIET HAM MPEACTaBUTh MPOUCXOAMBIIME TOTA COOBITHSA. OJHUM CIOBOM MBI
«BUCUM» B KOCMOCE€ M HaOIIOJaeM 3a >KHU3HBIO OJHOW M3 Ta30BO-TIbUIEBbIX,
BOJIOPOJIHO-TEJIMEBBIX (C TPUMECHIO TSHKENBIX 3JIEMEHTOB) TyMmaHHoOcTed. Toi,
KoTopast B Oyaymiem nact Hadano Hamied ComHewHoit cucteme, CoinHily, 3emiie U
HaM ¢ BaMU. TyMaHHOCTh TEMHA M HEMPO3payHa, KaK AbIM. 3JIOBEIICH HEBUJIUMKOU
MEJUICHHO TOJI3eT OHa Ha (oHe 4E€pHOUM O€3AHBl, U O €€ PBAHBIX, Pa3MBITHIX
OUYEPTAHUSAX MOYKHO TOJBKO JOTaJbIBaThCA MO TOMY, KaK MOCTENEHHO TYCKHEIOT U
racHyT 3a HeWl Janekue 3Be3lbl. Uepe3 HEKOTOpoe BpeMsi Mbl OOHApYKMBAEM, UYTO
TYMaHHOCTb MEIJICHHO NOBOPAYMBAETCS BOKPYI CBOETO IIEHTpa, €J€ 3aMETHO
Bpamaercs. Mpl 3aMe4aeM Tak ke, YTO OHA ITOCTENEHHO ChEKUBAECTCS, CKUMAETCS,
OYEBHJIHO YIUIOTHSISICH TP 3TOM. [[efiCTByeT TATOTeHHE, COOUpas K IEHTPY YaCTHUIIBI
TYMaHHOCTHU. BpallleHue TymMaHHOCTH NOpU 3TOM YyckopsieTcsa. Eciau Bbl XOTHTE
MOHATh MEXAHUKY 3TOr0 SBICHHS, BCIOMHUTE MPOCTOM 3E€MHOM HOpUMEp —
BpaIlaronierocs Ha Jibay cnoprcMeHna-gurypucrta. He nemas Hukakoro 106aBOYHOTO
TOJYKA, OH YCKOPSIET CBOE BPAILIEHHUE JUIIb TEM, YTO PYKH, 10 3TOI0 PACHIAXHYTHIE B
CTOPOHBI, MpuxuUMaeT K Teny. Paboraer «3akoH COXpaHEHUsI KOJUYECTBA
nBwxkeHus». Mper Bpems. TymaHHOCTH Bpaiaercs Bce ObicTpee. A OT 3TOro
BO3HMKAaET M YBEJIMYUBAETCS LIEHTPOOEKHAs] CuUJa, CHocoOHas OOpoThCcs ¢
TaroreHueM. LleHTpoOexHas cuiia HaMm xopoimo 3Hakoma. OHa, Hampumep,
«pabortaeT» B J000M aBTOOyCe, KOTJa Ha KPYTOM 3aBOpPOTE BaJUT CTOSIIMX
naccaxupoB. boprba 1ByX CuHJ, TATOTEHUS H IEHTPOOEKHOW, HAYWHACTCA B
TYMaHHOCTH TIPU YCKOPEHUHU €€ BpalleHus. TSAroreHue CHKMMaeT TYMaHHOCTb, a
HEHTpOOEKHas Ccujla CTPEeMHUTCS pa3AyTh €€, pazopBarb. Ho TsroreHue TAHET
YaCTHIIBI K IEHTPY CO BCEX CTOPOH OJUMHAKOBO. A IIEHTPOOEKHAsi CHJia OTCYTCTBYET
Ha «IOJIIOCAX» TYMAaHHOCTH M CHUJIBHEE BCErO0 MPOSBISAETCS Ha €€ «IKBATOPEM.
[TosTOMy MMEHHO Ha «3KBAaTOPE» OHA OKA3bIBACTCSI CHIIbHEE TATOTCHUS U pa3ayBaeT
TYMaHHOCTb B CTOpPOHBL. TyMaHHOCTb, NpPOJOJIKAsl Bpallarbcsi Bce ObICTpee,
CIUTIOIMBAETCA, W3 IIapa NPEBPAlacTCs B IUIOCKYIO «JIEIMEHIKY», ITOXOXKYK Ha
CHOPTUBHBIA JHUCK. HacTymaer MOMEHT, KOTJla Ha HapYXXHBIX KpasxX <«JIUCKa»
HEHTPOOEKHAs CHJIa YPAaBHOBEIIIUBAET, @ TOTOM U MEpPECUIMBaeT Tsarorenue. Kioubs
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TYMAHHOCTH 3ACChb HAYUHAIOT OTACIIATLCA. HGHTpaJ'IBHa}I 4acTh €€ mpoao0JIKacT
CKUMATbCA, BCC YCKOpsAsA CBOC BpallCHUC, W OT BHCHIHCIO Kpasd IIPOJOJIKAIOT
OTXOAUTDh BCC HOBBIC M HOBBIC KJIOYbs, OTACJIBbHBIC I'a30I1bLJICBBIC o0Omaka.

Yactpe 3: Poxxnenune ComHna

M BOT TymMaHHOCTh MNpUOOpesia coBceM Jpyrod Bua. B cepeaumHe BennuaBo
BpAIlla€TCsl OIPOMHOE TEMHOE, YyTh CIUTIOLIEHHOE 00JIaK0, a BOKPYT HETO Ha pa3HbIX
PAcCTOSHUAX IUIBIBYT MO KPYTrOBBIM OpOUTaM, paCIONIOKEHHBIM IPUMEPHO B OJIHOM
IUIOCKOCTH, OTOPBaBIIMECS OT HEro HeOosblne «obnaka-cnyTHUKU». [locnenum 3a
LHEHTpaJbHbIM o00OsakoM. OHO NpoAODKAaeT YIIOTHAThC. Ho Ttemeps ¢ cuoit
TACOTEHUS] HAUYMHAET OOpPOThCSA HOBas CHJIa — CHJIa Ta30BOro jAaBieHus. Beab B
cepeuHe 00Jlaka HaKaIllIMBAeTCsl Bce OOJbIIE YacTUI[ BEIIECTBA. TaM BO3HUKAET
«CTpalllHas TECHOTA» U «HEBEPOSATHAs Toauesn» yacTull. OHU MEdyTCs, BCE CHIIbHEE
yaapsas apyr apyra. Ha si3pike (U3MKOB — B IIEHTPE MOBBIIIAIOTCS TEMIIEpaTypa u
nasiaeHue. CHayaia TaM CTaHOBUTCS TEILUIO, TOTOM apko. CHapy»Xu MBI 3TOTO HE
3aMeyaeM: 00JIaKO OIpPOMHO M HEMpo3paudHo. Terio Hapyxky He BbixoauT. Ho BOT
YTO-TO BHYTpU mpousouuio! OO6nako mnepectano CxXuMarbcs. Moryuas cuia
BO3POCILIEr0 OT HarpeBa ra30BOr0 JABJICHUS OCTAHOBWIIA PAabOTy TAroTeHus. Pesko
NaxHYJO HECTEPIHUMBIM XapoM, KaK M3 jKepja BHE3aHO OTKphIBIIEHcs neun! B
rIyOMHE YEepHOM Tyuyd CTald caad0 MPOCBEUMBATH PBYIIMECS HapyX Ky KIyObl
TYCKJIOTO KpacHoro miameHu. OHu Bc€ Onmmxe u sipue. lllap BenuyaBo KUMMT,
NepeMEIINBasl BBIPBABIINKCS OrOHb fA/lpa C YEPHbIM TYMaHOM CBOMX OKpauH.
Hcnenensrommii ap 3acTaBisIeT Hac OTHPSAHYTh €lle JainpHe Hazal. (OJHako,
BBIPBABIINCH HAPYXKY, TOPSAYMI ra3 ociabuil NpoTUBOACHCTBUE TAroTeHuto. O0IaKo
CHOBa CTAJI0 CoKMMaThCsA. Temmeparypa B €ro LEHTpe OIATh Hayana pactu. OHa
JIOIILJIA YXKE JI0 COTEH ThICSY IpaaycoB! B 3THX yCIOBHUSX BEIIECTBO HE MOKET OBITH
Jake ra3000pa3HbIM. ATOMBI pa3BaJIMBAOTCS HAa CBOU YacTH. BelecTBo nepexoauT
B cocrtosHue TmiasMbl. Ho M mnasma — OemieHHas ToJYess aTOMHBIX sep U
JIEKTPOHOB — HE MOXET BBIHOCUTH HarpeB 10 OeckoHeuHoctu. Korma eé
TEMIIepaTypa MOJHMMETCS BBIIIE JECSITH MHWIJIMOHOB TIpPaayCcoB, OHa Kak Obl
«BOCIUIAMEHSIETCS». Y Japbl YACTHIL] APYT O JIPyra CTAHOBATCSA TaK CHUJIbHBI, YTO SApPA
aTOMOB BOJOPOJIA YK€ HE OTCKAKMBAIOT APYTr OT Apyra, Kak MSYUKH, a BPE3arOTCH,
BJIABJIMBAIOTCS APYr B JIpyra M CIMBAIOTCS ApYyr ¢ apyroMm. Haumnaercs «anepHas
peakuus». M3 KaxkIpIX 4YeThIpEX SAEp aTOMOB BOJOpPOAA 00pa3yeTcss OIHO SAPO
renusi. [Ipyu 3TOM BbIAENSETCS OrpoMHAasi 3HEprus. Takoe BOT «IAEPHOE TOPEHHEH
BOJOPOJia HaYaJIOCh M B HAIllE PACKAJEHHOM IIape. DTOT «IO0Kap» TENepb yKe He
octaHoBuTh. «Ilmazma» pazOymeBanachk. ['a30Boe maBieHue B IEHTpe 3apaboTajo ¢
yaecsaTepeHHou cwiion. [lmazma pBeTcs Hapyxy, Kak mnap u3 Koria. C 4y TOBHIIHON
CWJIOW OHA JaBUT U3HYTPU HA BHEIIHHUE CJIOU IIapa U NPUOCTAHABIMBAET UX NAJCHUE

K LICHTDY.
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VYcranoBwiiocs paBHOBecue. Ilnazme He ynaercss pazopBaTh Liap, pa3Opocarh €ro
OOpBIBKM B CTOPOHBI. A TSATOTEHHIO HE YAAETCS CIOMUTH AAaBJICHUE IUIa3Mbl U
IPOJIOJKUTh CKUMaHue mapa. OCIENUTENbHO CBETSIINICA OeI0-KEeNThIM CBETOM
map mnepemiesn B ycronunByro craauio. OH cran 3Be3pou. Cran Hamumm ConHuem!
Tenepp oHO Oyzner MwIMapiaMy JIET, HE MEHsA pa3Mepa, HE OXJAXIasich U HE
NEeperpeBasich, CBETUTh OJIMHAKOBO SIPKUM Oeno-kenTeiM cBeToM. [loka BHyTpu He
BBITOPUT BECh BOAOPOA. A KOTJa OH BECh MPEBPATUTCA B TEIUil, HCUE3HET
«rognopkay» BHyTpu CouiHIa, OHO coxkMmercs. OT 3TOoro temmneparypa B €ro Heapax
CHOBa MOBBICUTCA. Temepp Y€ 10 COTEH MWUIMOHOB TrpaaycoB. Ho Torma
«BOCIUIAMEHUTCS» TeIui, IpeBpallasch B 0oJiee TsKenble 3JeMeHThl. W cxaTue
CHOBA IPEKPaTUTCSI.

EcTh B 3amace y 3Be3[ elie HECKOJBKO SJIEPHBIX peakiuii, TPeOYIOMUX sl CBOETO
Hayayia Bce Oosiee BBICOKHX JIaBIICHMM M Temreparyp. B HuX «Bapsarcs» sapa Bce
00Jiee CIIOKHBIX M TSDKEJIBIX 3JIEMEHTOB. B KOHIIE KOHIIOB, BCE BO3MOXKHBIE PEaKIIUU
OyJlyT HcuepriaHbl. 3Be37la COXMETCS, CTAHET KPOXOTHBIM «OE€IbIM KapJIMKOM).
[loroM TOCTENEHHO OCTBHIHET, IOTyCKHEeeT. HakoHel, T™OracHeT COBCEM.
MouannBoit HEBUAUMKON OYJIET IUIBITh B KOCMOCE «UEPHBIM KapIUK» — XOJIOIHAS
«TOJIOBEIIIKA», OCTABIIASCSA OT HEKOrAa OyIieBaBIero MomHoro kocrpa. Kak Bugum
U3 UCXOJIHOTO Marepualia — BOJOpPOJia — B HEApax 3BE3J], B SACPHBIX PEAKIHIX
CUHTE3a «BapsATCS» SiApa aTOMOB BCEX 3JIEMEHTOB. M moanyi, MOKHO cKazaTh, 4TO
MMEHHO TaM, B HeApax 3Be3]l, 3aKjaJbIBacTCAd Hayajao *XW3HU. Belb MMEHHO Tam
BO3HUKAIOT Si/[pa «aToMa >KU3HW» YIJepoja. A 3a HUMHU siipa aTOMOB BCEX JIPYTUX
HEOOXOJIMMBIX ISl )KMU3HU AJIEMEHTOB Tabnuibl MenneneeBa. He o0s3aTenbHO 3TO
IICHHOE «BAapE€BO» OKAa3bIBACTCA IMOTOM IIOXOPOHEHHBIM B OCTBIBIIMX «YEPHBIX
Kapiaukax». Bo MHOrmx 3Be3max, 0Opa3oBaBIIMXCS W3 0oJiee KPYIMHBIX CTYCTKOB
TyMaHHOCTEH, sAepHOE TOpPEHHE MPOXOIUT CIUIIKOM OypHO. ['a3oBoe naBneHue
OKa3bIBA€TCSI HAMHOTO CHUJIbHee TAroteHus. OHO pa3iyBaeT 3BE3ly, pPBET €€ B
KJIOYbsi, pa30packiBasi BO BCE CTOPOHBI. DTU IPAHAMO3HBIC B3PHIBHI B 3BE3THOM MUPE
WHOTIa HAOJIIOAAI0TCS ¢ 3EMJIM M HA3bIBAIOTCS BCIBIIIKAMHU «CBEPXHOBBIX 3BE31». B
pe3yJibTaTe B3phIBA 3BE3/1a PACCEMBACTCA B MEXK3BE3JIHOM MPOCTPAHCTBE, oOoraias
€ro TSDKEJIBIMH JJIEMEHTaMH. OTO OCHOBHOM MCTOYHUK TOW TaWHCTBEHHOM,
KU3HEHHO Ba)XXHOM TNIPUMECH, O KOTOpPOM MBI TOBOPWIM paHblile. Temepp o
BBIJICJICHUU 3TOW ITPUMECH.

Yacts 4: OO6pa3zoBaHue MJIaHET

Bepuemcsa k cnmytHukam Hamiero CojiHIa, K TeM OOpbIBKAM TYMaHHOCTH, KOTOpbIE
OTOPBAJUCh OT LIEHTPAJIBHOTO CryCTKa MOJ ACHCTBHEM LEHTPOOESKHOW CHUIIBI U
HadyaJld KPYXKUTbCS BOKpPYr Hero. LIMeHHO 31ech C€O31ar0TCs  yCIOBHS,
CIIOCOOCTBYIOILIME  PA3[EiCHUI0 JIETKUX M TSOKEIbIX YacTUI] TYMaHHOCTH.
[IporcxoauT HEYTO MOXOXkKEEe Ha Hall IPEBHUM CIOCOO TOOBIUM 30J10Ta MPOMBIBKOM
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U3 30JIOTOHOCHOTO TE€CKa WJIM Ha MPOBEMBAHHUE 3€pHA B MOJOTWIKaX. CTpys BOJBI
WIM BO3AyXa YHOCHUT JIETKME YAaCTHIlbl, OCTaBisAs Tsokenble. OOiaka-CIyTHUKH
HaxOAATCSA Ha OYEHb Pa3HbIX paccTOosSHUAX 0T ConHna. Jlanekne OHO IMOYTH HE TpeeT.
3aT0 B ONMBKHUX — €ro »ap HucHapseT BCE CIOCOOHOE HCMApUThCA. A  €ro
OCJICTIUTEBHBIN ApUYalinil CBeT, padoTasi Kak CBOCOOpa3HbI «BETEP», BHIAYBAET U3
HUX BCE HCHapHBIIeecs, BOOOIIE BCE JIETKOE, OCTaBJIss JIMIIbL TO, YTO TOTSDKENeEe,
YTO «HE CABHMHELIb C MecTa». 110aTOMy 31€Ch MOYTH HE OCTAETCs JIETKUX Ia30B —
BOJIOPOJIa W TEIUs, OCHOBHOW COCTABJISIONICH Ta30MbUIEBOM TyMaHHOCTH. Maio
OCTaeTCsl U JPYIUX <«JIETy4YHX» BEUIECTB. Bce 3TO YHOCHUTCS TOPSAYHAM «BETPOMY
BJIaldb. B pe3ynpTare yepe3 HEKOTOpPOE BpeMs XUMHUYECKHM COCTaB OOJaKOB-

CIIlyTHHUKOB CTaHOBUTCA COBEPUIEHHO pa3HbIM. B 1anekux — OH IOYTH HE
U3MEHWICS. A B T€X, YTO KpyXkaTcs BOJM3M HcTOHaromiero xap u cBer CoiHLa,
OCTAJICA JIMIIb «IPOKAJECHHBIN» U «OOIyThI» MaTepuall — BbIJIEJICHHAs

«IpAaroleHHasl )KU3HEHHO BAXKHAS MPUMECHY» TSLKEIBIX AJEMEHTOB. Marepuan s
co3fgaHusi oOWTaemMoil TUIaHeThl TOTOB. HauuHaercss mpoliecc MpeBpalieHus
«MaTepuanay B «U3IEIUe», YACTUL TYMAHHOCTH — B IIJIAHETHI.

a) DTaIll NepBblil — CIUIAHUE YaCTHLI.

B nanexux o0yakax-CiyTHUKaX MHOTOYHMCIIEHHbIE MOJIEKYJIbI JIETKUX Ta30B U PEIAKUE
JerKUue MbUIMHKA TOHEMHOTY COOMpPAlOTCS B OTPOMHBIE PBIXJIbIE IIAPHI Majou
10THOCTU. B nanpHelmem 3to mnanetsl rpymnmnsl FOnutepa. B obnakax-cimyTHHKaX,
onm3kux K CoNHILy, TSHKENble MBITUHKU CIUIAIOTCS B MNIOTHBIE KAMEHUCTHIE KOMKH.
Onu 0OBEIUHAIOTCS B OTPOMHBIE MACCHBHBIC CKAJIMCTBIC TJIBIOBI, UyIOBHUIIHBIMU
CEpbIMU YTJIOBAaTHIMU TPOMAJaMH IUIBIBYIIHE MO OpOUTaAM BOKPYT CBOEH 3BE3bI.
JIBurasice 1O pa3HbIM, WHOT/A TMEPECEKAONIUMCA OpOUTaM, ITH «aCTEPOUIBI»,
pa3MepoM B JIECSTKU KUJIOMETPOB KaXKJblid, CTalKuBarOTCa. Eciu Ha HEOOJbIION
OTHOCUTEIILHOM CKOPOCTH, TO Kak Obl «BJIaBIMBAIOTCS» OJMH B JIPYTOH,
«HArPpOMOXKJAIOTCS», «HAITUIAIOT» OJUH Ha Jpyroil. OObeauHsOTCS B OoJiee
kpynHbie. Ecnu Ha 0OJBIION CKOPOCTHU, TO MHYT, KpOILIAT APYr APYyTa, MOPOXKAas
HOBYIO «MEJIOYb», O€CUHCIICHHbIE OOJIOMKH, OCKOJKH, KOTOPBHIE BHOBb IMPOXOMST
noJIrui myTh oObeauHeHusa. COTHU MHWJIJIMOHOB JIET HUIET 3TOT MPOLECC CIUSHUS
MEJIKUX 4YacTHI] B KpymnHble HeOecHble Tena. [lo Mepe yBemmueHusi CBOUX pa3MepoB
OHHM CTaHOBSTCS Bce Oojee mapooOpasHpiMH. PacteTr macca — Bo3pacTaeT cuiia
TSYKECTH Ha MX MOBEPXHOCTH. BepXHUE clion JaBIAT Ha BHyTpEHHUE. BricTynatomue
YacTH OKa3bIBAIOTCS TPY30M 00Jiee TSKEIbIM U MOCTENEHHO MOrPY>KaIOTCS B TOJIILY
HUKEJEeXKAIUX Macc, pa3Buras ux noja coboil. Te, oTX0As B CTOPOHBI, 3aMOJIHSIOT
coOoi BmaauHbl. ['pyOBIid «KOM» MOCTENEHHO CriIakuBaeTcs. B pesynbrare BOIM3M
ConHila 00pa3yroTCs HECKOJIBKO CPAaBHHUTENIBHO HEOOJIBIIMX MO pa3Mepy, HO OYEHb
IUIOTHBIX, COCTOSIIIIMX W3 OYEHb TSDKEIOTO Marepuala, IUIAHET 3€MHOW TPYIIIHL.
Cpemn Hux — 3emisa. Bce oHM pe3ko OTIMYAKOTCA OT IUIaHeT rpynmbsl FOmurepa
OOraTCTBOM XHMHUYECKOTO COCTaBa, OOWJIMEM TSKENbIX JJIEMEHTOB, OOJBIIUM
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yIeIbHBIM BecoM. Tenepb nocMoTpuM Ha 3emito. Ha 3Be3gHoM (oHE, OCBEILIEHHBIM
C OJHOM CTOPOHBI SPKUMH COJIHEUHBIMM JIy4YaMH, IUIBIBET II€pE] HAMU OTPOMHBIN
KamMeHHbIM mapuie. OH eme He TIaAKud He pOBHBIM. EIE TopyaT Koe-T1€ BBICTYIIBI
CJIETIMBIINX €ro mbl0. Ellle «YUTaroTCA» HE MOTHOCTHIO 3aIUTBIBUIME «ILIBBD» MEXIY
Humu. Iloka 310 eme «rpybas paGora». Ho BOT uTO HHTEpecHO. YKe ecTb
atmMocdepa. UyTb MyTHOBaTas, OYEBHMJIHO, OT TMbUIM, HO 0e3 001akoB. ITO
BBIJIABJICHHBIE U3 HEJP IUIAHETHI BOJOPO U TE€JINM, KOTOPBIE B CBOE BPEMS IIPUIIUILIN
K KAMEHHMCTBIM YacTULAM UM KaKUM-TO YyJOM VYIEJIEId, HE OBUIM «CIyThI»
COJIHEUHbIMU Jydamu. [lepBuunas atmMocdepa 3emuu. Jloaro oHa He MPOAEPKUTCA.
«He w™bITheM, Tak KaTaHbemM» (CoJIHIIE YHUYTOXHUT €€. Jlerkue nOABHUKHBIC
MOJIEKYJIbI BOJAOPOAA U Telusl MoJ JCMCTBUEM HarpeBa COJHEUHBIMU JydyaMH OyayT
IIOCTENEHHO YJIETYYMBATHCS B KOCMOC. DTOT MPOLECC HA3BIBAECTCS «IMCCUITALINEN

0) DTan BTOpOi — pa3orpeBaHue.

BHyTpr mnaHeThl, B CMECHM C JPYTHUMH OKa3bIBAIOTCS 3KATBIMHU, «3aIEPTHIMU
paJroaKkTUBHBIC BellecTBa. OHU OTJIMYAIOTCA TEM, YTO HEMPEPHIBHO BBIACIISIOT
TEIUI0, YyTh 3aMETHO HarpeBaroTcs. Ho B ToJe miaHeTel 3TOMY TEIUTYy HEKyAa
BBIATH, HET BEHTUJISILIUM, HET OMbIBatolllel Biaaru. Hag HUMu — molHas «iryoay u3
BBIIIIENIC)KAIUX CJIOEB. Tenno HakarmBaeTcs. OT 3TOro paJiMOaKTUBHOTO pa3orpeBa
HAYMHAETCS Pa3MITYEHUE BCEU TOJIIIM IUIAHETHI. B pasMsaryeHHOM BHUJE BEILIECTBA, B
CBOC BpeMs XaOTUYHO, OECCUCTEeMHO CIENUBIIME €€, HAYMHAIT Tenephb
pacmpenensaTcss mo Becy. TspKenble MOCTENEHHO OIMYCKAKTCA, TOHYT K LEHTPY.
Jlerkue BBIOABIMBAIOTCS HMH, IIOJHMMAIOTCS BBIIIE, BCIUIBIBAIOT BCE OIMIKE K
noBepxHOCTH. [locTeneHHo maneTa mpuoodpeTaeT CTPOCHHE, TOA00HOE TerepenTHen
Haiei 3emiie, B LICHTPE, CKaTON YyJOBUIIIHBIM BECOM HABAJIMBIIMXCS CBEPXY CJIOEB,
TspKenoe sSapo. OHO OKPYKEHO «MAaHTHUEN» — TOJICTBIM CJIOEM BEIIECTBA IMOJIErye
BeCOM. M HakoHen, CHapy»kW COBCEM TOHKAas, TOJIIIMHOW BCETO B HECKOJBKO
JECATKOB KHUJIOMETPOB, «KOpPa», COCTOsIIash W3 HaumboJiee JIETKMX TOPHBIX IMOPO/I.
PaguoakTuBHBIE BElIECTBA B OCHOBHOM COJEPXkAaTCSA B JIETKUX mopoaax. [loaromy
TENEpPb OHU CKOIMWIMCh B «KOpe», IperoT €€. OCHOBHOE TEMJIO C IOBEPXHOCTHU
MJIAHEThl YXOJUT B KOCMOC, OT IUIAHEThl «4yTh MOBESUIO TEIJIOM». A Ha IIyOuHE
JIECATKOB KMJIOMETPOB TEILIO COXPAHSETCA, Pa30rpeBasi TOPHBIE MOPOJIBI.

B) DTamn TpeTuil — ByJIKaHUYECKas AesITEIbHOCTD.

B HekoTOphIX MecTax HeApa IMJIaHeThl HAKAIAIOTCS JAoKpacHa. [ToTom naxe Oosblie.
Kamau mumaBsiTcs, mpeBpamialoTcs B packajJeHHYIO, CBETSILYIOCS OpaH>KEeBO-O0eIbIM
CBETOM OIHEHHYIO Kally — «Marmy». B Tousiie Kopbl €l TecHOo. B Hel MoJIHO
CKaThIX Ta30B, KOTOPHIE TOTOBBI OBUIM OBl B30PBATh, pa30dpocaTh BCIO 3Ty MarMy BO
BCE CTOPOHBI OTHEHHBIMH Opbizramu. Ho cun nmns storo He xBaraer. CiInMmikoM
KpeIKa U TsDKeJla OKpYy Karolllas U MpUIAaBUBILIAs CBEPXY KOpa IIaHeThl. 1 orHeHHas
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Marma, IbITasACh XOTh KakK-HUOY/b BBIPBATHbCS HABEpX, Ha CBOOOY, HAlllyIbIBaeT
MEXAY CKAMaroUMu €€ IIbl0aMu ciadble MecTa, NPOTUCKUBAETCS B LIENH,
NOJAIUIABIIASI MX CTEHKUM CBOMM KapoMm. M mNOHEMHOry ¢ rojaMu, CTOJETHUSMU
HaOupas cuily, MOJHUMAETCS U3 IIyOMH K MOBEPXHOCTH I1aHeThl. M BoT mobena!
«Kanan» npobut! Cotpsicast ckajbl, C TPOXOTOM BBIPBIBAETCS U3 HEIAP CTOJIO OTHS.
KnyObl nbiMa 1 napa B3asiMatoTcst K HEOy. JleTsaT BBepX kamHu U nenen. OrHeHHast
Marma, KoTopasi Ha3pIBaeTCsl TENEPh «JI1aBay, BBUINBAECTCS HA NIOBEPXHOCTH IUIAHETHI,
pacTekaeTcsi B CTOpPOHbI. IIpoMcXOIUT W3BEp)KEHUE BYJKaHAa. TakuX «IPOOUTHIX
U3HYTPHU JIBIPOK» Ha I1aHeTe MHOro. OHU MOMOTAI0T MOJIOJION IIaHETE «OOPOTHCS C
neperpeBoM». Yepes HUX OHA OCBOOOXKIAaeTCsd OT HAKOIMBILEKWCS OTHEHHON Marmbl,
«BBIJIBIXAET» paclnuparolye €€ ropsyume rasbl — B OCHOBHOM YIJIEKUCIIBIA Ta3 U
BOASHOM map, a C HUMHU — pa3Hbleé MNPUMECH, TaKue, KaK METaH, aMMHaK.
[TocTtenenHo B arMocdepe MoYTH UCUE3NTU BOJOPO U T€IIUid, U OHA CTaJjla COCTOSITh B
OCHOBHOM H3 BYJIKaHMYECKHX ra3oB. Kuciopoaa B HEM moka HET U B IOMUHE. [[4
KHU3HU 3Ta arMocdepa COBEpIIEHHO HenpuronHa. O4eHb Ba)KHO, UYTO BYJIKAHBI
BbIOpAChIBAIOT HA IOBEPXHOCTh OOJBIIOE KOJMYECTBO BoJsHOro mnapa. OH
cobupaetrcss B obOsaka. M3 HUX Ha MOBEPXHOCTh IUIAHETHI JIBIOTCS J0XAU. Boja
CTeKaeT B HU3MHBI, HakamiuBaeTcs. 1 moHeMHOry Ha miaHeTe oOpa3yloTcs 03epa,
MOpsI, OKEaHbl, B KOTOPBIX MOKET Pa3BUTHCS KU3Hb.

3nech Hauo OroBOpUTHCS. I3 HECKONBKMX THUIOTE3 MPOUCXOXKICHUS KUZHU
HanOoJIee PacpOCTPaHEHHYI0, KAXYITYIOCs HaM HanboJjiee 000CHOBAHHOM, TUTIOTE3Y
CaMOITPOM3BOJIBHOTO 3apOXKIACHHUS )KU3HH Npetoxkua akanemuk A. 1. OnapkuH.

Yacts 5: [louemy umeHHo 3emist?

A mnoka — o 3emiie, WACAIbHO MOJATOTOBIEHHOM K TOMY, YTOOBI CTaTh Hallen
kKoneIoenpo. Ham moBe3no. Ha 3emne coBmanmo HECKOJIBKO OJIarOmpHUSTHBIX IS
KM3HH 00cTosATenbcTB. Jlameko He Kaxpas »3Be3fga craHoBuTcsd CoHIEM,
OKPY’KEHHBIM IU1aHeTaMu. CTOMIO TYMAaHHOCTH MEJIJICHHEE BpalllaThCs, HE BO3HUKJIA
OBl LIEHTPOOEKHAsI CHJIa, HE OTOPBAIMCH ObI KJIIOUKH OT LIEHTPAJIbLHOIO CTYCTKa, HE
BO3HUKJIM ObI T1aHeThl. M 1ibuta OB Takasi OJJMHOKAs «O0e37eTHas) 3Be3/la B UépHOU
0e3nHe, OeCIIoMHO pacTodasi CBOE TEIUio W CBeT... Jlameko He Bcsikas 3Be3a,
MOPOJIUBINIASL TUIAHETHI, CIOCOOHA CO37aTh HA HHUX YCJIOBHS, MPUTOAHBIE IS
3apoXKIaeHUs Ku3HU. J[s 3apokIeHUsT U Pa3BUTHUS KU3HU HYXHO OYEHb MHOTO
BpEMEHU, MUJITHApAbI JeT. Bc€ 3To BpeMsi 3Be3/1a JOJKHO TOPETh POBHO, CIIOKOMHO,
oanHAKOBO. Torma yciioBus Ha IUIAHETE OYAYyT MMOCTOSHHBIMH — M JKM3Hb CMOXKET K
HUM MPUCIIOCOOUTHCA. A Bellb 3BE3/Ibl JAJICKO HE TaKHMe HE BCE TaKHWE CIIOKOMHBIE,
kak Hame CoiHile. Mosoabie 3Be3bI MHOT A BCOBIXUBAIOT. BoHA HCIIENEISIIONIETO
Kapa OOpyIIMBaeTCs Ha OKPYXKAIOIIWE TUTAHEThI, CXKHUTras, HCHapsis BCE, YTO
CIIOCOOHO TOpeTh M KuneTh. JKu3Hb Ha TUIAHETE IMOCe TAaKOr0 OTHEHHOTO yparaHa,
0€3yCJI0BHO, TMOTMOHET, W Ha IyCTOM TOJIOM Iape Haao OyaeT HayuHaTh BCE
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cHayana. Jlimg pa3BUTHS JKU3HH HYXHa CHOKoiWHas 3Be3na. Hame ConHne —
crokoiHas 3Be3na. Ho mocraBpTe Hamry 3emito Omke k ComHIly, Hampumep, Ha
Mecto Mepkypus win Benepsl. OT HeCcTepnUMON Kapbl HA 3eMJI€ JaKe€ HE CMOTYT
oOpa3zoBaTbcsi OkeaHbl. Bojga cpa3y BeikunuT. Kakas yx TyT ku3Hb. OTOJIBUHBTE
3emmio ganbiie ot ConHua, kKyaa-HuOyap B paiioH IOmwutepa. Toxke XU3Hb HE
BO3HUKHET. Boyia — ocHoBa xu3HM OyneT Tam Bcerja 3amep3siieii. Ham mosesno
emé B TOM, 4TO opOuTa 3eMiid KpyroBasi, a Belb MOTJa OBITh JJITUNITAYECKAss. BOT
npeacTaBpTe cede, 4To 3emits To npudamxkaercs K CoJHIYy Tak OJIM3KO0, 4TO BOJa C
€€ MOBEPXHOCTHU BCS HCHApSIETCs, TO YJalseTCsl TaK JAleKo, YTO BOJA, BBINNAB W3
atMocepbl 00paTHO Ha 3eMJiIt0, MPOMEp3aeT HAackBO3b. Yepe3 «xoMdOpTHOEY
MECTO, TAE€ TEMIIEPATYPhl «B CAMBIM pa3», OHA MPOHOCUTCA ABAXIbI B TOJ C TaKOU
CTPEMUTEIBLHOCTBIO, YTO «HUYETO HE YCIETh CAeNaTh». /{15 3apoxKICHUS U Pa3BUTHUS
KU3HU TIPOCTO HET BpeMmeHU. [1og00HBIN Kap-X0JIoJ MOXET ObITb HE TOJBKO OT
IUTATITUYHOCTH OpOUTHI. BBIBAIOT «BOWHBIE 3BE3/bI». Torma mpu 0ol opOute
IJIaHeTa HE MOXET Bcerjaa ObITh Ha PaBHOM PACCTOSHHHM OT MCTOYHMKA Temia. To
OJIHO COJHIIE OJIM3K0, TO Apyroe, To oba nanexko. Ham moBesno u B cMbICiie pa3Mepa
Hallled TUIaHeThl. byib OHa MeHblIe, Hanpumep, pasmepom ¢ JIyHy, HE yaepkaTh eu
Ha cebe armocdepy. A 3HAUUT, U BOJY, CKIOHHYIO HCHApSATCSA, NEPEXOols B
atMocepy. CkoJIbKO Obl BYyJIKaHbI HE MOAOpPACHIBAIIM BCE HOBBIC M HOBBIC MOPIUU
ra3oB M BOJIbI, BCE 3TO OBICTPO yJieTyuuTcsl B kocMoc. Ha JlyHe mosToMy U HET HU
atMocdepsl, HU BOABI, HU XW3HU. HeynoOHa mmsa Ku3HM U 3eMIls, pa3MepoM,
ckaxkem ¢ IOmurep. HeymoOHa wu3-3a CIMIIKOM CHJIBHOTO TPUTSOKEHUs. Takas
oonpimas «3emis» OyaeT AepkaTb Ha cebe Ciod OYeHb TyCTOM arMocdepsl,
COJIEpIKallle K TOMY K€ BOJOPOJl U TeJINil, HEOIaronpusTHhIE I BOSHUKHOBEHHUS
JKU3HUA. TOJICTBIA CJIONM OYEHBb INUIOTHBIX 00JIAKOB CO3JaCT HAa TaKOM IUTAHETE BEYHBIN
Mpak. A 0e3 KUBHUTEIbHBIX COJTHEYHBIX Jydel Kakash MOXET ObITh kU3Hb? OJHUM
CJIOBOM, KOT/Ia MBI IJISITUM Ha HE0O, yChIIIAaHHOE 3BE3/1aMU, HE HaJl0 3a0bIBaTh, UTO,
BO-TIEPBBIX, BEPOSITHO, TAJIEKO HE BCE 3BE3]Ibl UMEIOT IJIAHETHI, @ BO-BTOPHIX, JAJIEKO
HE BCE IUIAHETHI MPUTOJIHBI I KU3HU. Ho... 3B€31 B HaIIEW TAJIAKTUKE MPUMEPHO
100 MmunmapaoB, U y’K HABEpHOE, B HEW TOCTATOYHO IJIAHET, MOX0KUX HA 3EMITIO.
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