8.1. Ha ronouHom Tpeke B BHUJE OOJBIIONW OKPYKHOCTH OOKChl kKoMana A u B
pPacroioKEHbl B IMAMETPATIBLHO MPOTHUBOIOJIOKHBIX TOUYKax Tpeka. M3 OOkcoB mo Tpeky
HABCTpEYy JIPYT JIPYTy BBIE3KAIOT JBE MAIHUHBI, IPUYEM KaXKJasl JBMXKETCS MO TPEKY C
MOCTOSIHHOM cKopocThlo. [lepBast ux BcTpeua npowusonuia Ha pacctossHuu Li = 300 m ot
Ookca komauAbl A (paccTosiHME H3MepsieTcs Mo Tpacce Tpeka). [IpoexaB mumo apyr
Ipyra, OHHM TMPOJODKAIOT JBWKEHWE, W CJEAyIollas HMX BCTpeYa COCTOsUIach Ha
paccrosinuu L, = 180 m ot 60okca komanasl B. Onpenenure Bo3MOXKHYIO ITUHY Tpeka L.

Pewenue.

Bapuanm 1.

3amemum, 9TO OT Hayana JBIKEHUS K MOMEHTY IEpBOMl BCTpeud 00€ MAalIHHbI
cymmaprno npouutn paccrosHue L/2, a xo Bropoir — 3L/2. IlockonmbKy HpOMEKYTKH
BPEMEHH OJMHAKOBBI JJi1 00€UX MAIllMH, TO KaXAas U3 HUX K MOMEHTY BTOPOW BCTpEUYHU
poexaja paccTosiHue B 3 pasa 00Jbliie, 4eM JI0 IEPBOM.

Paccmotpum 3 BapraHTa pacnosioXeHUsl TOUKU BTOPOM BCTPEUH.

A) Ecnu ckopoCTH MallliH OJIHOTO HOpPSAKa, TO IepBasi U BTOpasi BCTPEUU MPOU30HAYT
Ha pa3HbIX IOJIOBMHAX Tpeka. MamnHa, BblexaBllas U3 OOKca KOMaHIbl A, 10 HEpBOMH

. L
BCTpEUH Mpoexana pacctosiaue Ly, a 1o Bropoit — ot L,. Orcrona:

=+l =30; (1)
L=2(3L-L,). ?)

Bo3moxnas qiuHa Tpeka — 1440 m.

b) Ecnu ckopocth mammmabl U3 60kca b 3HaunTenbHO 00JIbllie, Y4eM CKOPOCTh MAIIHHbBI
u3 Ookca A, TO TiepBasi ¥ BTOpasi BCTPEUU MPOU30MIYT HA OJHOM MOJIOBUHE TPEKa, MPUYEM
TOYKA BTOPOH BCTPEUH JICKHUT MEXKTy OOKCOM KOMaHIbl b 1 TOUKOM mepBOil BCTpEUH.

Mamuna, BeiexaBmiasgs u3 OoOkca KOMaHAbl A, J0 TMEpBOM BCTpeuM Mpoexalia

. L
paccrosiHue L1, a 10 BTOpOii — 5 L,. Orcrona:

=-L-30; 3)
L=2(3L +L,). (4)

Bo3moskHas qiuHa Tpeka — 2160 m.

B) Ecnu ckopocTs MammHbl 3 60kca A 3HAYUTENBHO OOJIbIIE, YeM CKOPOCTh MAITUHbBI
u3 Ookca b, To mepBasi u BTopasi BCTpe4YH MPOU30MIyT HA OJTHOM MOJIOBUHE TpeKa, MpUieM
TOYKA BTOPOH BCTPEUH JICKHUT MEXKTy OOKCOM KOMaH]IbI A ¥ TOYKOM MEepBOW BCTPEUH.

Mammuna, BeiexaBmiasgs u3 OOkca KOMaHABl A, 70 TEpBOM BCTpeuM Mpoexaia

. 3L ,
paccrosinue L1, a 10 BTOpOii — > L,. Orcroga:

3L )
?_Lz =3L; ©)

2 2
L=5(6BL+L)=2L+ L. (6)

Bo3mosknas qnuHa tpeka — 720 m.



Ilpumeuanue: pacnpocTpaHeHHas omuOKka — paccrosiHue L g0 MomeHTa BTOpOii
BCTPEYH.

Pazoannosxa eapuanma 1

Ne Kpurepuid banibl
OmnpeneneHo cymmapHaoe paccrostaue L/2 no 1-i Berpeun. 1
2 | OnpeneneHo cymmapHoe paccrosiaue 3L/2 1o 2-ii Bctpeun 1

[Tpu 3Havenuu L 3a 3TOT MyHKT W 3a YHCJIOBOM OTBET Ui JAIuH Tpeka (1. 6, 8, 10)
craBuM 0 GayioB, 3a OCTaIbHBIC TYHKTHI TP MPABWILHON JIOTHUKE PEIICHUS OaUThI
HE CHUMaeM (MToro 6 6aJJIoB 3a 3a7a4y).

3 | [lomyden BbIBOX, UTO KakJgash M3 MAIlMH K MOMEHTY BTOPOH BCTpeUH 1
Ipoexasa paccTosiHue B 3 pas3a 0oJibllie, YeM 10 IEPBOIA.

N

VYka3zaHo, 4TO MOXET OBbITh 3 BapuUaHTa pa3MEIICHHS TOYKH BTOPOM 1
BCTPEYM Ha Pa3HbIX MOJOBUHAX TPEKa

Paccmotpen ciryyait (A)

ITonyuyena nnuna tpeka 1440 m

Paccmotpen ciyyaii (b)

ITomydena nnuHa Tpeka 2160 m

OO |N| OO

Paccmotpen ciyyqaii (B)

I

10 | ITomydena mmuHa Tpeka 720 M

Cymma 10

Bapuanm 2.

[IycTh U1 — CKOPOCTH MEPBOM MAILIMHBI U3 OOKCa KOMaHIbl A, U — CKOPOCTb BTOPOM
MaIIMHbI U3 OoKca KOMaHbl B, 71 — BpeMs OT Hauana IBUXKEHUS A0 NEPBOU BCTpeUH, o —
JI0 BTOPOM BCTPEYH.

PaccmoTpum 3 BapraHTa pacnoyiOAKEHUsI TOUKH BTOPOU BCTPEUH.

A) Ecnm ckopoCcTH MallliH OJTHOTO MOPSIKA, TO TIepBasi U BTOPAsi BCTPEUU MPOU3OUIYT
Ha pa3HbIX NOJIOBUHAX Tpeka. s nepBoOM BCTpeyu:

L =u7,; (1a)
S-L-vm; (23)
Jlnst BTOpO#1 BCTpeuu (0T Havaia IBUKEHHUS ):
%+ L, =u71,; (3a)
L-L, =u0,,. (4a)

Cnoxum ypaBHenus (1a) u (2a):

L

S =unton =(v,+0,)7,. (5a)
Cnoxum ypaBHeHus (3a) u (4a):

3L
= OT, +0,7, = (U, +0,)7,. (6a)




Otcrona, pa3aenus (6a) Ha (5a):

7, =31, (7a)

PaccMmoTpum MammHy, KoTopas Beiexaia u3 0okca Komauasl A. Paznennm ypaBHeHUE
(3a) Ha ypaBHenwue (1a):

;+L2 .
__f2_g 8
O 3 (8a)
Otcronma
L=2(3L-L,)=1440 m. (9a)

b) Ecin ckopocTh MamuHb! U3 0okca b 3HaunTeIsHO 0O0JIBIIE, YeM CKOPOCTh MAITHHBI
u3 O0kca A, TO epBasi U BTOpasi BCTPEUU MPOU30MIYT HA OJJHOM MOJIOBUHE TPEKA, MPUUEM
TOYKa BTOPOH BCTPEUH JICKHUT MEKTy OOKCOM KOMaHibl b ¥ TOUKOM 1epBOii BCTPEUH.

Torma 1 mepBoi BCTpEUH:

L =ur; (16)
= L-vg; (26)
Jy1s BTOpO¥ BCTpeuw (OT Havayia JBUKCHHUS):
%- L =uz,: (36)
L+L, =0,,. (406)

Cnoxum ypasuenus (16) u (20):
= —umon = (0,1, (56)
Crnoxum ypaBHeHus (30) u (40):
B?L =07, +0,7, = (U, +0,)7,. (60)

Ortcrona, pasaenus (60) Ha (50):

7, =31,. (70)

PaccmoTpum mammHy, Kotopas Belexasna u3 6okca koMaHiabl A. Paznenum ypaBHeHHe
(30) na ypaBuenwue (10):

L
5L

2 " _5H_

T 3. (80)
Orcrona

L=2(3L+L,)= 2160 m. (96)

B) Ecnu ckopocTs MammHbl 3 60Kkca A 3HAYUTENBHO OOJIBIIE, YeM CKOPOCTh MAITHHBI
u3 Ookca b, To mepBasi 1 BTopasi BCTpe4YH MPOU30MIyT HA OJTHOM MOJIOBHHE TPeKa, MpUIeM
TOYKA BTOPOH BCTPEUH JICKHUT MEXKTy OOKCOM KOMaHJIbI A ¥ TOYKOM TIEPBOM BCTPEUH.

Torna 1t nepBO# BCTpPEUH:

L =u7; (1s)
%_ L =073 (28)

Jnst BTOpOii BcTpeuu (0T Havasa JBUKEHHUS):



—-L,=ur,; (3B)
L, =u,7,. (48)
Cnoxum ypaBuenus (1B) u (2B):

L

S =unton =(0,+0,)7,. (5B)
Cnoxum ypaBHenus (3B) u (4B):

B?L =07, +0,7, = (U, +0,)7,. (6B)
Orcrona, pa3aenus (6B) Ha (5B):
7,=31,. (7B)

PaccMmoTpum mammHy, KoTopas Beiexaia u3 0okca Komauasl A. Paznennm ypaBHeHue
(3B) Ha ypaBHeHue (1B):

L
5L
—2L1 22—2:3. (8B)

Orcrona
L =§(3L1+ L,)=2L, +§L2= 720 M. (98B)

Paszoannoexa eapuanma 2

Ne Kpurepuid baibl

-

VYkazaHo, 4TO MOXET OBITh 3 BapHUaHTa Pa3MEIICHUS TOYKU BTOPOM 1
BCTPEYM HA PA3HBIX MOJOBUHAX TPEKA

Jlst ciydas (A) 3anucansl ypaBHenus (1a)-(4a)

3anucaHo ypaBHeHHE (8a)

ITonydena nnmHa tpeka 1440 m

Jlns cnyyas (b) 3anucansl ypaBuenus (10)-(40)

3anucano ypaBHeHue (80)

ITonyuyena nnuna tpeka 2160 m

Jlnst cniydas (B) 3anucanst ypaBuenus (18)-(48)

OO NO|OTR~W|IN

3anucaHo ypaBHeHHE (8B)

I

=
o

[Tomyyena nmuna tpeka 720 m

=
o

Cymma

8.2. OnHOpOHBIN OpyCcOK B BUIE TMapajUieienunea U3 Marepuaia ¢ IJIOTHOCTBIO p U
pasmepamu a X b x b (b < a) cToUT KBaapaTHOM IPaHbIO HA JHE OOJIBIIIOIO aKBapuyma, B
KOTOphIH 10 ypoBHs h Hanuta Boma (h<a, p, < p, rAe P, — IWIOTHOCTH BOJIbI). Kakyro
MUHUMAJIBHYIO CHITY HaJI0 TPUJIOKHUTH K OPYCKY, 4TOOBI OH Ha4all HAaKJIOHSATHCS, BPAIasiCh
OTHOCHUTEIILHO HWXHEro pedpa? Bpycok 1o nHy akBapuymMa HE CKOJIB3UT. YCKOpEHHE
CBOOOJTHOTO TIAJICHUS PaBHO (.




Pewenue.

Hckomas cuna OyJeT MUHUMAJIBHOU, €CIIU MPUIIOKHUTh €€ NMePHeHAMKYJISPHO IUIeuy
MaKCHMAaJIbHO BO3MOXHOHM JJIMHBI, KOTOPHIM B JIaHHOM Clly4dae SIBJSICTCS JUaroHajib
O0KOBOM TpaHu OpycKa.

B navanpHOlM cTamuu BpamieHUs (KakK TOJIBKO HIDKHSISL T'paHb OTOpBajach OT JHA
aKkBapuyma) Ha OpyCOK JIEHCTBYIOT CICAYIOITNE CUJIIBI:

- TPUJIOKCHHAS TEPICHIUKYISIPHO K BEPXHEMY peOpy W AWaroHadu TpaHU a X b
nckoMmagd cuia F;

- MPUJIOKEHHAS K TICHTPY MacC CHJIa TSHKeCTH M,

- MPUJIOKEHHAs K IIEHTPY IUIaBaHbs cuia Apxumena Fa;

- MPUJIOKEHHAsI K HIKHEMY peOpy BEpTHKAJIBLHO BBEPX cuJia peakiiuu orophl N.

3anuiieM ypaBHEHHE MOMEHTOB CHJI OTHOCUTEIBHO TOYKH OMOPHI (TOTa MOMEHT
CHJIBI pEaKIU Onopsl paBeH 0):

F-\/a2+b2:mg-g—FA-g. (1)

Cuna Apxumena paBHa:

Fa=p,9V,,, =p,9-b". (2)

Macca 6pycka paBHa:

m=pV = pa-b’. 3)

Otcrona nojiy4aem:
gb’ (pa—pgh) (4)

a2 +b?

F=

Illpumeuanue:
Ecnu mikonpHUK HanpaBisieT cuily F mapasienbHo BepxHel rpaHu Opycka, ypaBHEHHE

MOMEHTOB CHJIbI OYAET BBITJISAETh KaK:
b b

F-a=mg-—-F,-—. 1
9-5-Fa3 1)

[TomyyaeMsblid OTBET:

b’ -p.h
F:g (pa ,06)_ (4)
2a

Pazbannoska
Ne Kpurepui bajuibl
1 | OGocHOBaHA MHHMMAJIBHOCTh MPUJIAraéMoOi CHIIbI (NMEPIEHAUKYIISIPHO 3

JMaroHaiy rpaHu).

HpI/I 000CHOBaHUH HanpaBJICHHWA CUJIbI HapaJlJICJIbHO BerHeﬁ I'paHu 3a 3TOT MYHKT CTaBUM 0
6aJ'IJ'IOB, 3a OCTAJIbHBIC ITYHKTbBIL (HpI/I MPpaBUJIIbLHOM pCIHGHI/II/I) 0asUIbl He CHUMAEM.

2 |3ammcaHo ypaBHeHHE MOMEHTOB cui (1), ¢ TpaBWIBHBIM yKa3aHUEM 3
TOYEK MPUIIOKEHHUSI CUJL.

3 | 3anucano Bepakenue (2) 1 cuiibl Apxumena 1

4 | 3anucano BwIpaxkeHue (3) st Macchl Opycka (MU AJISl CHIIBI TSKECTH 1
Opycka)

5 | [lonyuen otBer (4) 2

Cymma 10




8.3. CpeHss IIOTHOCTH CBUHIIOBOTO IIapa U XKENEe3HOro Kyba paBHa o1 = 8,9 r/cm®. Uemy
OylIeT paBHa CpeIHSsS IUIOTHOCTh 0, JKEJIE3HOTO IIapa W CBHHIIOBOTO KyDa TexX ke
pasmepoB? Uemy paBHO OTHOIIEHHWE OOBEeMOB Imapa M Kky0a? IlmoTHOCTH CBHHIA
e = 11,4 r/em®, mmoTHOCTS kKenes3a py = 7,8 r/em®.

Pewenue.
[Tyctb V1 1 V, — 00beMsbl mapa u Kyba COOTBETCTBEHHO.

O003HaYNM o = Vi ,Torna 1-o = vz

V, +V, V+V,
CpenHssi TNIOTHOCTh CBHUHIIOBOTO I1apa U ’KeJIE3HOro Kyba:
oV, +p,V,
=l P2 —gp +(l- ) 1
VY] p.+(1-a)p, (1)
Packpoem ckoOku:
Pr=0(pe=Puc)t Pr- (2)
Otcrona:
g =P P (3)
Pe ™ P
CpenHsisi TNIOTHOCTh CBHHIIOBOTO Ky0a M JKeJIe3HOTO Iapa:
pa/cvl + pcVZ
== "< —ogp +(1-a)p.=—alp.—p,.)+p.. 4
2 V1+V2 pmc ( )pL (pc pof() pc ( )

Crnoxum ypaBuenus (2) u (4):
pl +p2 :pwc +pc ’

P, =p.+p.—p=78+11,4-8,9=10,3 r/cm>, (5)
OTHOUIeHHE 00BEMOB:
PL~ Poe
ﬁz & __ PP _ P~ Poe _ P Poe _ 8,9-7,8 ~0,44 (6)
V, l-a 1 A=Pe p.-p.~(P-p.) pP.—p 1,4-89
Pe = Poe

Pazbannosxa
Ne Kpurepui bajuibl
1 | 3anmcano ypasaenue (1) s cpeiHeii INIOTHOCTH Py 1
2 | 3amucano Beipaxkenue (3) mns goim odbema OaHOW W3 duryp, Wiau 3

HalJIeHbl 00beMBbI PUryp.
3 | Banmcano ypaBHenue (4) s cpeTHel IIOTHOCTH 0; 1
4 | TlonyueHo Beipakerue (5) Uit CpeHeN IIIOTHOCTH 0; 1
5 | [omyuen otser p; = 10,3 r/em®. 1
6 | [lomyueHo BeIpaxeHnue (6) st OTHOIICHUS 00HEMOB I1apa U Kyda 1
7 | llomyueno 3nauenue 0,44 nns orHOIEeHUs 00bEMOB I1apa u Kyba 1
Cymma 10




8.4. PeakTopoM mIeaIbHOTO CMEIICHUS HA3bIBACTCS 3aKPBITBIA COCYA C HECKOJIbKUMH
BXOJHBIMH W OJHWM BBIXOJHBIM TIOTOKOM, B KOTOPOM MPOUCXOJUT OBICTpOE
NEpPEeMEeITMBAHUE BEIIECTBA C JIOCTIDKEHUEM OJMHAKOBBIX 3HAYCHUW JaBICHUS U
TEMIIEPATyphbl B KaXJI0H Touke oObeMa cocyaa. B Takoii peakTop mocTymaer 2 BXOJHBIX
MIOTOKA BOJIbI, C MAaCCOBBIM PACXOIOM W1 M W2, M TeMIiepatypoit T1 u T2 COOTBETCTBEHHO.
Kakas paBHOBecHas TemmepaTypa Iy YCTaHOBUTCS BHYTPH pEaKTOpa, €CIlu
JTOTIOJIHUTENILHO BHYTPU COCYJa BBIACISIETCS TEIUIO MOIIHOCThIO P?  VYienbHas
TEIJIOEMKOCTh BOABI c¢. KOJIMYeCTBO BOABI B PEAKTOPE OCTACTCA TOCTOSHHBIM.
Ilpumeuanue: MaccoBBIM pacxoJOM Ha3bIBAE€TCS Macca BEIIECTBA, IMOCTYMAIOUIETO B
MIOTOKE B PEAKTOP B €AUHUITY BPEMECHH.

Pewenue.

[Tockonbky BOAa HE CXKUMAeTCs W €€ KOJIMYECTBO BHYTPU pPEaKTOpa OCTaETCA
MIOCTOSTHHBIM, TO MAaCCOBBIM pPacXoji BBITEKAIOIIEH U3 peakTopa BOILI PaBEH CyMMeE
MaCCOBBIX PacX0JI0B BTEKAIOIIUX MOTOKOB (aHAJIOT 3aKOHA COXPAHEHUS MaCChl):

Mo = My + 1y - (1)

B paBHOBecuu Temriieparypa BBITEKAIOIIETO OTOKA paBHA TEMIIEPAType BOJIbI BHYTPH
peakTopa:

T, -T. (2)

TermioBast 3HEprusi, KOTOpas MOCTYIIAa€M B PEAKTOP 3a Majblil MPOMEXYTOK BPEMEHU
AT

Q, = (CMTl +Cu,T, ) Az, 3)

TeruioBast sHEprusi, KOTOPask BBLIEISIETCS BHYTPU PEAKTOpa:
Q,,=P-Ar. 4)

TeruioBast SHEprUsi, KOTOpask YXOAUT U3 PEAKTOPA:

Quuc = ClTo AT =C(14+ 1) T, - Az (5)

B paBHOBecuu coxpaHseTcs TEII0BOM OaaHc:

Q. +Q,0 =Q, (6)

(caT,+c,T,)-Ar+P-Ar=c(p+11,)T, - A7
Otcrona nojiy4aem:

=)
T+ a1y +—

c
T, PR (7)
Pazbannosxa
Ne Kpurepui bansl
1 | OTrMeueHO, YTO MACCOBBIM Pacxoji BBITEKAIOIIEH M3 pPEeaKTOpa BOJIBI 2
paBEH CyMME MaCCOBBIX PaCX0JI0B BTEKAIOIIUX MOTOKOB
2 | OTmMedeHO, 4TO B PABHOBECHMU TEMIIEpaTypa BBITEKAIOMIETO IMOTOKA 2
paBHa TEMIIEpAType BOJbI B PEAKTOPE.
3 | 3armucanbl ypaBHeHus (3)-(5) AJ1 TEMIOBOM SHEPTUH BXOJIHOTO MOTOKA, 3
BBIJICIISIFONICIICSL B PEaKTOPE M BBIXOJHOTO MOTOKA (BO3MOXHO, B OJTHOM




YpaBHEHUH )

4 | 3anucano ypaBHeHHe (6) /U1 TEMJIOBOTO OaaHca 2
5 | [lomyuen otBer (7) 1
Cymma 10




