MunucTepcTBo o0pa3oBanusi M Hayku Poccuiickoii @enepanun

['ocynapcTBeHHOE 00pa30BaTEIbHOE YIPESIKICHHE

BBICIHIETO MPO(HECCHOHAIBHOTO 00pa30BaHUs

MOCKOBCKHUHN T'OCYJAPCTBEHHbIA TEXHUYECKHUM
YHUBEPCUTET um. H.D. BAYMAHA

PACUYET MTAPAMETPOB ITIOKAPA

Meroauueckue ykazaHus K JOMAaIIHEMY 3aJaHUI0
10 TPEThEMY MOAYJIIO TUCITUTIITUHBI

«be3omacHOCTh KU3HEACATSIILHOCTH

K.1.H., nouent A.U. KapHiomkux

K.¢.—m.1., nouient B.B. Tatapunos

Mocksa, 2014



VJIK 614.8

bbK 68.9

Peuensent B.B. Cunuisia

Kapuomkun A.U., Tatapunos B.B.
Pacuér mapameTpoB mokapa: METOJMYECKHAE YKa3aHMUsS K PELICHUIO 3a1a4
JIOMAIITHETO 33JaHus MO OLIEHKE MOXapHOH 0OCTAaHOBKHU MO TPETHEMY MOIYJIIO

Kypca «be3onacHOCTb KU3HEAESITEIIbHOCTI.

IIpeacraBneHsl TEPMHHBI W OINPENEIICHHUS OCHOBHBIX XapaKTEPUCTHUK
no>kapa; IpUBEACHBI IPUMEPHI PEUICHUS 3a]a4 10 OLIEHKE MapaMeTpoB Moxapa
o Kypcy «be30omacHOCTb KW3HEAEATEIbHOCTHY; J1aHbl BapHAHTHI JOMAIIHUX
3aJlaHUN.

JlomailiHee 3ajjaHue COCTOUT U3 ABYX 3a1ad. Homep BapuanTa BeiOMpaeTcs
B COOTBETCTBHHM C MOPSAKOBBIM HOMEPOM B JKypHase rpynnsl. [lepBas 3amaua —
CBOM BapuaHT mo o6Opa3iy npumepoB ¢ Nel mo Ne 5. Bropas 3amada — 1o

oOpasiry npumepa Ne 6.

Jlns ctynenToB Beex criennanbHocTet MI'TY um. H.O. baymana.



Ienu BpINOJTHEHUsSI AOMALIHEH padoThI:

o O3HAKOMUTBCS C OCHOBHBIMU ITapaMeTpaMHU 10XKapa,
o U3YIUTh (OpMYINIBI, HEOOXOAMMBIC JJII PAcUYETOB OCHOBHBIX

napamMeTpoB MoKapa;

o MPOBECTH PACUYETHI B COOTBETCTBUU C BbIJJAHHBIM BapUAHTOM:
1. IPY BO3TOpPaHUU Ha CKJIaJaxX JPEBECUHBI,
2. IIPY BO3TOPAaHUU PE3EPBYAPOB C YIIEBOJIOPOIAMH,
3. Opyd  BO3HMKHOBEHHMH  TOXAapoB B 3aKpbITHIX  00bEMax (B

IMPONU3BOACTBCHHBIX, KUJIBIX 1 HCXKUJIBIX HOMCIHGHI/IHX).



BBenenune

Topenuem Hazvieaemcs @UUKO-XUMUYECKUN Npoyecc, Npu KOMOpoM
2oprodue gewecmea noo 8030elicmsuemM BGbiCOKUX meMnepamyp 6Cmynaioom 8
XUMuyeckoe 63auMooeticmaue ¢ OKUCIUmMeNeM, npespawjascb 68 NpooyKmbl
20peHuUsL.

I'openue, kak mpaBuiio, B OOJBITMHCTBE CIy4aeB CIOKHBIM XMMHUYECKUI
MPOLIECC, COCTOSIIMN U3 PEAKIIUI OKACIUTEIbHO-BOCCTAHOBUTEIBHOTO THIIA.

['openue compoBOXKIAECTCSI HMHTECHCHUBHBIM BBIJICICHUEM TEIUIOTHI U
CBETOBBIM U3ITyYCHUEM.

JIs1 BOSHUKHOBEHUS, PA3BUTHUSL U PACIIPOCTPAHEHUS MPOLIECCA TOPEHUS U
€ro JUINTEIIBHOTO CYIIIECTBOBaHUS HEOOXOIUMO BBITIOJHEHHE OIpPeAeIEHHBIX
YCJIOBUH, 0€3 KOTOPBIX 3TOT MPOIIECC HEBO3MOXKEH:

* HUIMYUE TOPHOYEH CMECH, TO €CTh ONPEIACIEHHOE COYETAHUE TOPHOYETO
BEIIIECTBA C OKUCIIUTENIEM (OOBIYHO KHCIOPOJIOM BO3/yXa);

* UHULIMALKS PEAKIIUNA MEXIY TOPIOYUM BEIIECTBOM U OKUCIIUTEIIEM.

OcHoBHBIMH (paKTOpaMH, OMNPEIACISIONIMMA BO3HHUKHOBEHHE pEaKIUU
MEX1y TOPIOYHUM BEIIECTBOM U OKUCIHUTENEM, SABJISFOTCS:

* HAarpEBAaHUE TOPIOYEH CMECH JI0 TEMIIEPATYPbl CAMOBOCIIJIAMEHECHUS WJIH
CaMOBO3TOPaHUS;

* BO3JICCTBUE BHEIIHETO NCTOYHUKA 3a)KUTAHUA.

[Ipy BOBHMKHOBEHWU TOPEHUS B CIIydae HArpeBaHUsl TOPHOYEH CMECH JI0
TEMIIEpaTypbl CaMOBOCIUIAMEHEHUS WJIM CaMOBO3TOpPaHUsl MPOLECC TOPEHUS
OCYILECTBIISIETCS B pPEXUME camMoBOCIUIaMeHeHus! (camoBosropanusi). Ilpu
BO3HUKHOBEHUH TOPEHUS OT UCTOYHHKA 3aKUTAHUS IPOUCXOIUT BBIHYXKIECHHOE
BOCIUIAMEHEHHUE WJIM BBIHYKICHHOE 3KUTaHNUE TOPIOYE CMECH.

OCHOBHBIMM YCIIOBUSIMU BBIHYKIECHHOTO 3aKUTaHUS SABJISIIOTCS:

* HAINYUE TOPIOYETro BEIIECTBA UJIM TOPIOYEH CMECH BEIIECTB;

* HAJINYUEC OKUCIIUTCIIA,



* HaJWM4YUME HCTOYHUKA 3aXKUTaHUs, MOJ BO3JCHCTBHEM KOTOPOro Ha-
YUHAETCS MPOTEKAHUE XUMHUUYECKUX PEAKIUN TOpPEeHUs MEXAYy KOMIIOHEHTaMHu
TOPIOYEN CMECH.

TI'oprouee seuwyecmeo — 310 BELECTBO, CIIOCOOHOE K TOpeHHio. ['oproune
BEILECTBA XapaKTEPUIYIOTCS 20PIOUECHbIO.

TI'oprouecms — 510 CIOCOOHOCTH BELIECTBA MJIM MaTepHalia K pacrpo-
CTPaHEHUIO TUIAMEHHOT'O TOPEHUS WU TJICHUS.

['oprouecTs BemiecTB XapakTepu3yercs (HU3UKO-XUMHUYECKUMU CBOM-
CTBAaMH, arperaTHbIM COCTOSTHUEM, OCOOCHHOCTSIMU 3arOPaHUs U TOPEHUS.

CnocoOHOCTh K TOPEHUIO OMNPEACNISICTCS OCHOBHBIMHM IOKa3aTEIsIMH,
npUBEAEHHBIMU B TabJ. 1, HAOOP KOTOPBIX 3aBUCUT OT arperaTHOrO COCTOSIHUSI U
YCJIOBHM TIpo1iecca TOPEHHUSL.

[To roprodecTr BemleCTBa WM MaTepuaibl MOAPA3JCIAIOTCS Ha TpPH
TPYIIIIbL:

* Hezoproyue (HECTOPaeMbIe);

* mpyoHozopiouue (TpyaHOCTOpaeMbIe);

* 20prouue (Cropaembie).

Hezoprwouue seutecmea He MOTYT TOPETh HA BO3AYyXE (METaJUIbI, UX CILIA-
Bbl, KEpAMUYECKHE MaTEpPHUabl U JIp.).

Tpyonozoprouue eewiecmea u mamepuansl MOTYT 3aTrOpPaThCS HA BO3yXE
OT MCTOYHHKA 3KUTAHUS, HO HE CIIOCOOHBI CAMOCTOATENLHO TOPETh MOCJE €ro
yaaneHus. K TakuMm BelecTBaM OTHOCSITCS TOJIMXJIOPBUHUIIOBAS IUINATKA,
beHonpopManbAETUIHbIA  CTEKJIOIJIACTHK,  JIPEBECHMHA,  IOJBEPrHYTas
ITOBEPXHOCTHOM OrHe3aIuTHON 00paboTKe U JIp.

TI'oprouue eeuwtecmeéa u mamepuanvt CioCOOHBI CaMOBO3TOPATHCS WM
BO3TOpaTbCs OT UCTOYHUKA 3aKUTAHUS M CAMOCTOSATEIBHO TOPETh MOCJE €ro
ynanenus (mpeBecuna, Topd, yroiab, HePTENPOAYKTHI, OPTAHUYECKHE
XUMHUYECKHUE BEIIECTBA U TIP.).

['oprouee BemecTBO U OKUCIHUTENIb 00pa3yiOT TOPIOUYI0 CMECh — 20pIo-

yylo cucmemy.



Tabauya 1.
OcHOBHBIE MOKA3aTeJIN M0KAP0—, B3PIBOONACHOCTH

ArperaTHoe COCTOsIHHEC BCIIICCTB

Tloka3arennb —
TBEpPI0E JKUKOE rasul MBUIN

['pynna roprouectu + + + +

Temneparypa

TJIICHUSI + — — +

BCIIBIIITKH —

BOCIITIaMCHCHU L

CaMOBOCIITTaMCHCHU L

+|+]|+
+
+|+]| +

CaMOBO3TOpaHUs

TemnepartypHblie peaebl - + +
pacnpoCcTpaHEHMs! IULIAMEHU

CKOpOCTb BBITOpaHUs - + - _

Koaddumment + — — —
JIBIMOOOPA30BaHUS

CnocoOHOCTH B3PBIBATHCS U + + + +
rOpeTh IPU B3aUMOJICHCTBUU C
BOJIOM, KUCJIOPOJIOM BO31yXa U
JPYTUMU BEIIECTBAMU

HpuMeuaHue. 3HaK «+» o3Ha4aeT MNPUMCHACMOCTD, 3HAK «—» — HCIIPUMCHACMOCTD

I1OKa3aTecii.

Hcmounuk 3asxcuzanus (6éocniamenenus) — 3TO ITIO00M UCTOYHUK TEII-
JIOTBI, CIOCOOHBIN HarpeTh roprovee BEIICCTBO JI0 ONPEaSAEHHON TeMIIepaTyphl
(TemmiepaTypbl BOCINIAMEHEHHUS WJIA CAMOBOCTLIIAMEHEHHS ).

Haunbonee pacnipocTpaHEHHBIMU UCTOYHUKAMU 30KUTAHUS SIBJISTFOTCS

* HCKpBl PA3JWYHOIO TMPOUCXOXKJCHUS: TIOABJISIONIUMECS TPU HEUC-
MPABHOCTU AJIEKTPOOOOPYIOBAHUS; TIPU COYAAPCHUU METAUNIMUECKUX TeN, IpU
CBapKe, Ky3HEUHBIX paboTax u T.1.;

* HarpeThIe TeNa;

* TETUIOTA, BOSHUKAIOIIAS B PE3yJIbTaTE TPCHUS;

* anmapaThl OTHEBOTO JCUCTBHUS;

* ICKPOBBIE 3apsi/ibl CTATUUECKOTO AJIEKTPUUYECTBA;

* TCIJIOTA aIHa0aTUUSCKOTO CIKATHS,

* TIeperpeB JIEKTPUUECKUX KOHTAKTOB;

* XUMUYECKHUE PEAKIIUHU, TPOTEKAIOIIUE C BBIJEICHUEM TEIUIOTHI;

* IIaMs U JIp.



Ioocap — Hexommponupyemwviti npoyecc 20peHus, NPULUHAIOWUL
MamepuaivbHwulil yuepo, 8ped HCU3HU U 300pP08bIo JII00el, UHmepecam oouecmaa
u eocyoapcmaa.

HccnenoBanue mporiecca BO3TOPaHUs Pa3InYHBIX MaTepUaIoB, OMACHBIX
nopakarommx (HaKTOpOB MoOkKapa, MEPOIIPHUSIITHIA MPOTUBOIIOKAPHOW 3aIUTHI U
oOecriedeHrst 0€30MaCHOCTH SIBIISIOTCS )KU3HECHHO BOKHBIMHU TPEOOBAHUSIMU JIIsI

0e30MacHOro CyluIeCTBOBAHUS B COBPEMEHHOM MUDE.

1. [Ipu4MHBbI BOBHUKHOBEHHS M0KAPOB:

L HGCO6JIIOII€HI/I€ IIpaBnJI OKCILTyaTalluu IMPOU3BOACTBCHHOI'O

000pyZAOBaHUS U SJIEKTPUUYECKHUX YCTPOMCTB;

o HEOCTOPOKHOE OOpAIICHUE C OTHEM;

o CaMOBO3TOpaHue BEILECTB U MAaTEPUAIIOB;

o I'PO30BBIE Pa3PsIbL;

° TOJDKOTH, OOCBBIC ICHCTBHS;

o HEIMpaBUIbHOE MOJIb30BaHUE Fa30BbIM 000PYAOBaHUEM;

o COJIHEUHBIA JyY, JIECUCTBYIOIIMM Yepe3 pa3IMYHbIE ONTHYECKUE
CUCTEMBI.

2. Buabl noxxapos:

o MOKapbl HA TPAHCIIOPTHBIX CPEJICTBAX;

o CTEIHBIE U MOJIEBBIC MOXKAPHI;

o MOA3E€MHbBIE MOKAPhI B IaXTaX U pyJAHUKAX;

o TOp(sSHBIE U JIECHBIE TIOYKAPBHI;

o TEXHOT€HHBIE MOXKapbl (B pe3epByapax M Pe3epBYapHBIX IMapKax,

ADC, 27eKTpOCTAHIUAX UT.I1.)

® IMOXKaphbl B 3JaHUAX U COOPYIKCHUAX:!



o Hapy>XHbI€ (OTKPBITHIE), B HUX XOPOLIO MPOCMATPUBAIOTCSA IJIaMs U
JIbIM;
o BHYTPEHHHE (3aKPBITHIE), XapaKTEPU3YIOUIUECs CKPBITHIMU MyTSIMU

PaCcpOCTpaHCHUA IIJIAMCHU.

3. 3oHbI MOKapa

BaemanMy mpu3HaKaM#u 30HBI aKTHBHOTO TOPEHUS SBISICTCS HAIMYNE
IUIAaMEHU, a TaKkKe TICIONMX WIM pacKalCHHBIX MarepuanoB. OCHOBHOM
XapaKTEPUCTHKON pa3pymINTEILHOTO EHCTBHSI TTOKapa SBIISICTCS TEMIIepaTypa,
pPa3BUBAIOMIASACS TIPU TOPCHHUH. [[1 KUIBIX JOMOB M OOIIECTBEHHBIX 3JIaHHMA
Temrepatypbl BHyTpu mnomemienus jpocturaror 800 — 900 °C. Kak mpaswmiio,
HanOoJiee BBICOKME TEMIIepaTypbl BO3HUKAIOT TMPH HAPYXKHBIX IMOXKapax W B
CpeIHEM COCTaBIAIOT JJis roprounx ra3oB 1200 — 1350 °C, nns xuakocreit 1100
— 1300 °C, mnsa tBépawix BemectB 1000 — 1250 °C. Ilpu ropeHun TepmuTa,
AJIEKTPOHA, MarHus MakcuMasibHas Temneparypa gocturaet 2000 — 3000 °C.

[IpocTpancTBO BOKpPYr 30HBI TOpPEHHUS, B KOTOPOM TeMmIeparypa B
pe3ynbTaTe TEIIOOOMEHA TOCTHUTaeT 3HAYCHWH, BBI3BIBAIOIINX pa3pyIIaroIiee
BO3JICHCTBUE HA OKPYXAIOIIKE MPEIMEThl M OMACHBIX ISl YeJIOBEeKa, HAa3bIBAIOT
30HOM TEIUIOBOTO BO3AEUCTBUA. [IpUHATO cuuTarh, 4TO B 30HY TEIJIOBOIO
BO3JICHCTBHSI, OKPY)KAIOIIYIO 30HY TOPEHHUS, BXOJUT TEPPUTOPHS, HA KOTOPOM
TEeMIIepaTypa CMECH BO3/lyXa U ra3000pa3HbIX MPOJAYKTOB CTOPAHUS HE MEHBIIIE
60 — 80 °C. Bo Bpems mokapa MPOUCXOJAT 3HAYUTEIBHBIC IMEPEMEIICHUS
BO3JIyXa W MPOIAYKTOB cropanus. Harpersie ra3000pa3Hbie MPOIYKTHI CTOPAHHUS
YCTPEMIISIOTCSI BBEPX, BBI3BIBAsI MPUTOK O0JI€e MIIOTHOTO XOJIOJAHOTO BO3/IyXa K
30He TopeHus. [Ipu mokapax BHYTPH 31aHUI HHTCHCHBHOCTH Ia30BOT0 OOMEHA
3aBUCUT OT Pa3MEPOB U PACTOJOKEHHsI MPOEMOB B CTEHaX W TMEPEKPBITUSX,
BBICOTHI IIOMEIIEHUH, a TAK)KE OT KOJIWYECTBA M CBOMCTB TOPSIIINX MATEPUATIOB.
HampaBnenue MABWKEHHS HArpeThIX MPOIYKTOB OOBIYHO OMpEISIsIeT W

BEPOSATHBbIE MYTH PACHPOCTPAHEHUS IOXkKApa, TaK KaK MOIIHBIE BOCXOJSIINE
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TEIUIOBbIE MOTOKU MOTYT MHEPEHOCUTh HCKPbI, TOPSIIHE YIiad W TOJIOBHU Ha
3HAYUTEIIBHOE PACCTOSIHME, CO3/7aBasi HOBBIE O4Yaru ropeHus. Buiaensronmecs
IIPU TI0’Kape MPOJIYKThI cropanust (M) 00pa3yroT 30Hy 3aabIMiIeHus. B cocTas
JIbIMa OOBIYHO BXOJISIT 30T, KUCIOPO/I, OKCUJ YTIIepoaa, YIIAECKUCIbIA Ta3, mapbl
BOJbI, @ TAaKXe IEMNeJ W Jpyrue BemecTBa. MHOTME MNPOAYKTHI IMOJHOTO H
HEIMOJIHOTO CTOpaHus, BXOJSIIME B COCTaB JbIMa, O0JIaJIalOT MOBBIIIEHHOM
TOKCUYHOCTHIO, OCOOCHHO TOKCHUYHBI MPOAYKTHI, 00pa3yroluecs: Mpyu TOPEHUU
MOJUMEPOB. B HEKOTOPBIX CITydasx MPOAYKTHI HETIOJHOTO CTOPAHHUsl, HAlpUMEDP
OKCHJ yriepoia MOryT oOpa3oBbIBATb C KHUCJIOpPOJAOM TOpPIOYHE H
B3PBIBOOITACHBIE CMECH.

CoryacHO CTaTHCTHKE, JIIOJU TPH MOoXKape THOHYT MMEHHO OT JIbIMa

(IpOAYKTOB rOpeHHsi), a He COOCTBEHHO OT OTHSI.

4. ITapameTpsl nokapa

Jnst  pemieHus  MpPaKTUYECKWX — 3aja4  TMOXKapHOM  0e30MacHOCTH
HEOOXOAMMO 3HaTh NapamMeTpbl, OMNHUCHIBAIOUIME KOMILUIEKC MPOLECCOB,
COCTaBJISIFOIIMX TAKOE CJIIOKHOE SIBJICHUE KaK MOXKap.

CyMmapHasi Macca TOprOYMX BEHIECTB U MAaT€pUATIOB, MPUXOASAIINXCS Ha

2 . - - .
1M® miomaan ux pa3sMeIeHusi, S Ha3bIBACTCSI YOeIbHOU 20ptoyell Ha2py3Koll Pr.

Pru = Z:Smi 1KF/M2 ) (41)

rae mi—macca i—l"O ropro4ero Mmarcepuajia, Kr, S— rjionmanab pasMCIICHud, MZ.

[Inomanpo pa3MelieHuss Ha3bIBACTCS IUIOMIAAb YYacCTKa, BbIJICIICHHOTO
OTrpaXKJAIOIIMMU KOHCTPYKIUMSMH WJIM TMPOTUBOIOXKAPHBIMU pa3pblBaMH, Ha
KOTOPOM HaXOJsATCS TOprOYMe BemecTsa U Marepuanbl. Ecnu  roproudmne
BEIIIECTBA U MAaTEPHUAIbl HAXOAATCA B IOMEIICHUHU, HE PA3JICIEHHOM TIperpagaMu
C HOPMHUPYEMBIM NPEAEIIOM OTHECTOMKOCTH WJIM MPOXOoJaMH (IIPOE3JaMH),
IMPUHA KOTOPHIX MEHBIIE TPEOYEeMbIX, TUIONIAb Pa3MEIICHHUS paBHA TIJIOIIAIN

I1oJa.



Bce roproume BemiectBa M Marepualibl, HaxoAsSIIMECs Ha OOBEKTE,
ABJISIIOTCSL TIOTEHIUAIBbHBIMU HMCTOYHHKAMH JHEPTrUM, KOTOpBIE TPHU TOXKape
BbIACISIOT Tero. [lodToMy mpu XapakTepUCTHKE CTENEHH TOXKapHOM
OMacCHOCTH OOBEKTOB HCIONB3YETCA YVOeNbHAs NOJXMCApHAs Ha2py3ka Qmu —

KOJIMYCCTBO TCI1JIa, BBIACIIIEMOC ropfoqei/'l Hany3K0fI ITpH ITIOJTHOM CIrOpaHUHU,:
m.O . 2
O = 2 SIQHI ) MI[X(/M (42)

rneQyi — HU3IIAs TEIUIoTa CropaHus I—T0 TOPIOYEro BEIeCTBa MM MaTtepuaa, KJIK/Kr.
lIpooondcumenvhocms  (8pems) nooxcapa T, — BpPeMsS C MOMEHTa
BO3HUKHOBEHHUS TOPEHUS JI0 MOJHOIO €r0 MpEeKpaleHusi, MUH, Yac.

Bpemsi  c60600n020  pazsumus noxcapa — BpeMsl C  MOMEHTa
BO3HUKHOBEHUS TOPEHHMS /10 Hayajia MOoJayd OTHETYIIANIEro BEIIECTBAa B odar
noxkapa, MUH, 4ac.

IInowaov nosxcapa Sy — 1UIOW@AAL TPOEKIMUU 30HBI TOPEHUS] Ha
TOPU30HTAIBHYIO MJIOCKOCTb.

IInowaov noeepxwocmu eopenusi Syr — XapaKTepu3yeT pPEaTbHYIO
IJIOIIA/Ib TOPKOYEro, KOTOpas y4acTBYET B TOPEHHH, T.€. BBIIEISAET TOPIOYHE
ra3bl pYU NUPOJIM3E WU UCTIAPEHUH, a TAKKE B3aUMOJICHCTBYET C OKUCIUTENIEM
B F€TEPOTCHHOM PEKHUME.

Kosgppuyuenm nosepxnocmu eopenusi Kn — OTHOIICHHE TUIOMIAIH

IMMOBCPXHOCTHU I'OPCHMS K IIOIIAAN ITOKapa:

_ Sur

Kn—ﬁ.

(4.3)

Jlunetinas cxopocmuv pacnpocmpaHnenus noxcapa V,— MyTh, KOTOPbIH Ha
JTAHHOM OOBEKTE MPOXOAUT (PPOHT TUIAMEHH B €IMHUILY BPEMEHHU, M/MUH.

Benuuuna v, onpezaenser miomans moxapa Ha JaHHBIA MomeHT. OHa
3aBUCHUT OT BHJIa TOPIOYETO, XapaKTEPUCTHUK MOXKAPHOU HATPY3KH, BUJA MOXKapa

U ApyTrux (hakTopoB.
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Maccosas ckopocmu evicopanus abconomuas V% — mokasbiBaeT, KaKkas
Macca TBEPIBIX TOPIOYMX MATEPUATIOB WM KUIKOCTU MPU TOPEHUH MEPEXOIUT
B ra3000pa3HoOe COCTOSIHUE B €AMHUILY BPEMEHH.

Ipueedénnas maccoeas CKOpOCMb 6bl20PAHUS V,' — MAcca TOPIOYEro
BEIIECTBA HJIM MaTepHaja, BbITOpaiolias B EAMHUIYy BPEMEHH C EIUHUIIBI

IJIomaaun 1rmoxkapa:
o™ =0,2%1S,, . (4.4)
Yoenvnas maccosas CKopocmb 6blcOpaHUsl UI\};A — MacCCa TOproYCTO
BCIUICCTBA WJIM MaATCpuHalia, BbIroparomass B CAWMHUIY BPEMCHH C CAWHHIIBI
Iiomaau IMOBECPXHOCTU IT'OPCHUAL
o =0,2%/S (4.5)
Tennoma noastcapa — KOJIMYCCTBO TCILIA, BEIACILIIOIICCCS B 30HC TOPCHUA B
SAMHUILY BpeMeHH, KBT:
In = Vi QuB, (4.6)
rae B — koaddunuent monnotsl cropanus (0,75 —0,9).
Temnepamypa noxcapa. TeMneparypoil BHyTPEHHETO MOXKapa CUUTAETCS

cpeHeoObEMHAs TeMIlepaTypa ra3oBOM cpeibl B MOMEIICHUH, TeMIEpaTypou

OTKPBITOT'O MOKapa — MaKCUMaJbHasl TEMIIEpaTypa IUIAMEHH.
5. PacuéT niiomaau noxkapa B yCJIOBUMSIX HEOrPAHMYEHHOT0 ra3000MeHa

[Imomane moxkapa — 3TO HOPMATWMBHBIM IMapaMeTp, UCIOJIb3YEMBINA IS
peleHns LEeJI0ro psAna INPaKTUYECKUX 3a7ay, TaKUX KakK ONPENENICHHE CHII U
CPEACTB ISl TYUIEHUs I[0Xapa, NPOCKTUPOBAHUE ABTOMATHYECKUX CHUCTEM
MOYKAPHOM 3aILUTHI U T. 1.

O603HaueHus:

|> — MECTO BO3HHKHOBEHHUS TI0YKapa;
2.
Sy — iommaak moxapa, M*;

T — BpeMsi, MUH;

11



2.
S,  — momaap noxapa B MOMEHT BPEMEHHU T, M,

L, — myTh, IpORAEHHBIN (PPOHTOM TUTAMEHN K MOMEHTY BPEMEHH T, M;

pra01 _ 1abmumuHOe 3HAYEHME IMHEHHOH CKOPOCTH PACHpOCTPAHEHHUS
noxkapa, M/MHUH.

VcpenHEHHBIE 3HAYEHHSA JHHEHHOH ckopocTH ( V139" ) mma pasHbIX
00BEKTOB IPUBECHBI TAOIUIIE TPHIIOKEHHS.

[Tpu pacuére TUTONIAIM TIOKAPA IPUHUMAETCS PSI JOMYIIICHUN.

Ilepsoe: Toproyas Harpy3ka B TIOMEUICHHHM OJHOPOJHA M pacipe/eicHa
PaBHOMEPHO IO BCEH MIIOMIAAH MOJIA.

Bmopoe: T1a3000MeH He JIMMUTHPYET CKOPOCTb U HampaBJCHUE
pacipocTpaHeHHs moXxapa.

Tpemve: (pPOHT TMIaMEHH PACIPOCTPAHSIETCS BO BCE CTOPOHBI C
OJIMHAKOBO# ckopocThio. CiemoBaTenabHO, pacuéTHas IUIOMAAb MMOXKapa MOXKET
UMeTh (QOpPMYy TNPABHIBHBIX TEOMETPHYECKUX (UTYp: Kpyra, TMOIyKpyTa,

CeKTOpa, mpsMoyrosbHuKa (puc. 5.1 —5.3).

Puc. 5.1 IlpuBenenue Gpopmsl oxkapa K Kpyropoii

Yemeépmoe: B mepBble 10 MHUHYT CBOOOAHOTO pa3BUTHA MOXKapa

JUHEWHAasT CKOPOCTh pPAacHpoOCTpaHEHUs vV, paBHa TOJIOBUHE 3HAYCHHS,
YKa3aHHOIO B TaOJMIE AJIs COOTBETCTBYIOIETO 00bekTa. T.e. mpu 1 < 10 mun

v, = 0,501 npu 1 > 10 MuH v, = vI07,
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Puc. 5.2 TlpuBenenue Gpopmbl moxkapa K yrioBoi
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Puc. 5.3 TlpuBenenue Gpopmbl oxkapa K NpsSMOYTroJbHOM
OH CIIPAMIIACTCA.
Taxkum 06pa30M, S3HAUCHHUC ILIOIIAaAM IIOXKapa SH B Ka}i(,I[BII;'I MOMCHT
BPEMEHH PACCUUTHIBACTCS MO CIEAYIOIIUM OCHOBHBIM (hOpMyITam:

1. Kpyrosoii noxap:
A
K P LT
K S, =nL?’ (5.1)
VY.

Puc. 5.4

2. Iloxap,BO3HUKIIMI B yIiIy IOMEIEHUS

S,=nL2/4. (5.2)

13



3. [Toxkap, BOSHUKIIIHI BO3JI€ CTCHBI

S,=nlL2/2. (5.3)

Puc. 5.6

4. IpssmoyronbHas hopma moxapa (IByXCTOPOHHSIS)

A

a S;=2La. (5.4)

Puc. 5.7

5. IlpsimoyrosbHas popma mnoxapa (0THOCTOPOHHSIS)

|E L. S;=aL.. (5.5)
<
A 4
Puc. 5.8.
VunTsiBasg, 4To 10 10— MHUHYTH BKIIOUHTENHHO U, = 0,500 myTs,

MPOUIEHHBIN (POHTOM TUTAMEHH K MOMEHTY T, OyJeT paBeH:

L= 0,5v "1 1ipu 1 < 10 mMuH; (5.6)

L=Ly+ L. mput> 10 Mun. (5.7)
14



311ech:

L0 — myTh, KOTOPBII MPOXOAUT (HPOHT IUTaMEHH 3a niepBbie 10 MuH;

L1o= 0,507301.10=5p7T367 ;

L. 10 — MyTh, KOTOPBIN NPOXOAUT (HPOHT IVIAMEHU 32 BPEMsI, OCTABILIEECS
nocie 10 mun.:L, 10=v"% (1 — 10), M.

Torpa npu t > 10 MuH:

L, = 5u1a614 pTab1 (¢ _ 10) (5.8)
nimn
L, = v101(7 — 5), (5.9)

PesynbraThl pacu€TOB TPENCTABIAIOTCS B BHIE IUIaHA W Tpadmuka
pacmpocTpaHeHusi moxapa. Jnas  3Toro mosjokeHue (PpoHTa  IIIaMEHU
OTMEYaeTCs Ha TUTaHe OOBEKTa CIUIONTHBIMH POBHBIMH JIMHUSMH, Ha KOTOPBIX
YKa3bIBAIOTCSl pacu€THbIE MOMEHTHI BpeMeHU. [IpoMexyTKu Mexay JTUHUSIMU
3alITPUXOBbIBAIOTCS. [loydeHHbIN TakuM 00pa3oM PUCYHOK SIBIISIETCS IJIAHOM
pacnpocTpaHeHHS TIoKapa.

ITo 3HauenusiM S;° B Macirabe CTPOUTCS 3aBUCUMOCTH S, = f (), koTopas
Ha3bIBaeTCs rpad)iKOM pacpoCTpaHEHUS ToKapa.

Onpenenenve TUIOMIAAM TIOKapa HA 3aJlaHHBIH  MOMEHT BPEMEHU
11€71€CO00pa3HO MPOBOIUTD B CIEAYIONIEH MOCIEI0BATEILHOCTH:

1. HapucoBaTh IUIaH TIOMEHICHUS H OTMETHTh HAa HEM MECTO
BO3HMKHOBEHUS MOXKAPa;

2. Haiitu L,

3. Ha TUIaHE TIOMEIICHHS OTJIOXHTHh L., OTMETHTH CIUIONIHOW pPOBHOM
JMHUEH TIOJI0KeHHE (PpOoHTA TUTAaMEHH, YKa3aTh 3HaYEHUE T,

4. y9uThIBasi, YTO MPH JOCTIKEHUU OTPAXIAONTUX KOHCTPYKIIMHA (PPOHT
IJIAMEHU  CIIPSAMIISICTCS, ONpPENeTUTh (POopMy TOIYICHHOW TE€OMETPHUYECCKOM
durype:;

5. HaiiTh TIOMAAb TTOXKapa 1o oHoU u3 dpopmy (5.1 — 5.5).

15



Ecnm MOMEHT BpeMeHM 3apaHee HE 3aJaH, MOpPANOK pacuéros,
MOCTPOCHUS TTaHA U TpaduKa MOXKET OBITh CIICTYIOIINM:

l. HapucoBaTh IUIAaH TIOMEIIEHHUS M OTMETUTh Ha HEM MECTO
BO3HUKHOBEHUS MIOKapa,

2. BBIOpaTh XapakTEepHbIE TOUYKH — JIETAaIM OOBEKTa, A0 KOTOPBIX Oyner
JTOXOAUTh (POHT TUIAMEHH (OrpaKJarolue KOHCTPYKIMHU, MEPEropoJiKH,
IPOEMBI U T.I1.);

3. paccuutath L9 — MyTh, KOTOPHIA MPOXOAUT (GPOHT IJIAMEHHU 32 NIEPBbIC
10 MuH, T.€. CO CKOPOCTHIO V;; = 0,517;36”;

4. onpenenuTh pacctosiHue L, 10 nepBoit onopHOM TOYKK M HANTH Bpems
T, 32 KOTOPOE ATO paccTosiHue OyJeT MpoiAeHO, BbIpa3uB ero u3 popmy (5.6) —
ecimu L, < Lig, (5.8) miu (5.9) — ecom L, > Ly;

5. ompenenuts S;', KaK OMMCAHO BHIIIIC;

6. IOBTOPHUTH PACUETHI IS BCEX OCTATBHBIX OMOPHBIX TOYCK;

7. IOCTPOUTS TIJIaH U rpaduK pacpoCcTpaHEHUs MoXKapa.

6. [Ipumepsl pemienus 3aaa4
IIpumep 1. PaccunrtaTh yAeIbHYI0O MacCOBYIO CKOPOCTh BBITOPAHHS U, 0
mTabens, CI0KEHHOTO U3 JIEPEBSIHHBIX OpPYChEB, €ClK 3a T =15 MUHYT moxapa
ero mMacca ymenbimiack Ha Am =15 %. [lltabenb coctout u3 msatu psiaoB (N =
5), B kaKI0M psaay pasmeriaroTcs aecatb opyceeB (K = 10). Pasmepsr Opyca —
0,1x0,1x2 M (a = 0,1 ™). [ImoTHOCTH JIpEeBECHHBI COCTaBIsAeT p = 450 KT/M .
Onpenenuts KO3(PPUIIMEHT MOBEPXHOCTH JaHHOTO mTabdens K.

Pemennue.

VY aenpHas MaccoBasi CKOPOCTh BBITOPAHUS PACCUMTHIBACTCS 1O (opMyJie
4.5.

M3meHenne Macchl mradess 3a BpeMsi TOPSHUS PaBHO:

Am =np-Vkn,
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rae: 7 — I0Ns BBIFOpeBIIel Macchl mTabens; V—o0béM ogHoro 6pyca, M3; k— xomuuecTBO
OpYChEB B OJTHOM PSiIy, N—KOJIMYESCTBO PSIOB B IITa0CIIE.
Am=0,15-450-0,1*-2-10-5 = 67,5 k.
B KOHCTPYKIINH mrtabesss UMErTCS CKPBITBIC U OTKPLITHIC ITOBECPXHOCTU

(puc. 6.1).

Puc. 6.1

CkppiTasi TOBEPXHOCTh IITA0ENd COCTOMT U3 TIpaHell Opyches,
HaXOJSIIMXCS B HUKHEM DSy U CONPHUKACAIOLIUXCS C MOBEPXHOCTBIO 3€MIIH, a
TaK)Ke Y4YacTKOB OpyCheB, compukacarommxcs apyr ¢ apyrom. CymmapHas
IUIOMIAlb CKPBITOM MOBEPXHOCTH Sy, PABHA:

Sep = a1k + 28°k* (n-1),
Irac k— KOJINYCCTBO 6p}ICBCB B OJTHOM pAAay, N — KOJIN4YECTBO pAAOB B mradene.

OTKpBbITast MOBEPXHOCTH (MMOBEPXHOCTh TOPEHUS S;) PACCUUTHIBACTCS KaK
pa3HOCTh OOIIEH MOBEPXHOCTH BCEX OPYCHEB Sygy M CKPHITOW MOBEPXHOCTH
OpycheB B mTaberne.

Sir= S, =S

OTKp

oo SCKp J
rze oOIrasi MOBEpXHOCTh MTAa0eIsa — 3TO CyMMa TUIOIIAACe BCeX rpaHeil 0OHOTO
Opyca, yMHOKCHHAs Ha KOJIMYECTBO Bcex OpycheB B miTadene K-n:
Sosw = (2a° + 4a’l) k-n,
Seu = (2:0,1% + 4-0,1:2)-10-5 = 41 M~
CkpblITas MOBEPXHOCTh MITA0EIs paBHa:

Serp =0,1-2:10 +2:0,1%-10°-(5 - 1) = 10 m".
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[ToBepxHOCTH TOpeHHs mTadens S, paBHa:

Su=41-10=31 "
VY nenpHast MaccoBasi CKOPOCTh BBITOPAHUS:

v,° = 67,5/(31-15-60) = 0,0024 kr/(m%c).
[Tnomans moxxkapa Sy COCTaBIIsET:
Sp=P=2"=4M"
Koadduiment moBepxHOCTH ropeHUs mTadesns onpeaesnseM no Gopmye
4.3:
Ky, =31/4=17]75.

Ilpumep 2. Halitu maccy cropeBlIel ApeBECMHbBI AM mpH MOXKape
mrrabennsi, cloKeHHoro u3 OpéseH B 5 psagoB (N = 5). B xaxmaoM psay cemb
opésen (k = 7) (puc. 6.2). IlmoTHOCTH apeBecHHBI cocTaBisger p = 500 Kr/M,
yAEIbHAs MaccoBasg CKOPOCTb BBIFOPAHUS 0,°= 0,012 xr/(c-M®), moms
BbITOpeBIIEH Macchl ) = 7%. [loxkap nmuncs t =8 MuH,
cpenuuii tuametp opésen d = 15 cm, JuMHA KaXKa0ro OpeBHA
¢ = 1,5 m. Onpenenuts K03 HUIIMEHT TOBEPXHOCTHU JaH-

Horo mradensa K.

Pemienue. I

VY nenpHast MaccoBasi CKOPOCTh BBITOPaHUs PacCUu-

Puc. 6.2
ThIBaeTcs 1o ¢opmyiie 4.5.

N3meHeHue Macchl mtadesns 3a BpeMsi TOPEHUs PaBHO:
Am =np-Vkn,
rae: y — J0ons BeIropesineil Macchel mTabens; V — 00bEM o1HOro OpeBHa, M (s pacuéra

2
00bEMa OpeBHA HCMOb3YeM H3BECTHYIO (Gopmyrny oObéMa umimHapa V, =% ); k-

KOJIMUECTBO OpEBEH B OHOM Psiy, N — KOJIMYECTBO PSAJOB B IITabEIe

2
Am= 0,07-500- >4 O’f’ 15 7.5-32.46 xr.

B KOHCTPYKINH mTadenss IMEIOTCS CKPBITBIC 1 OTKPBITBIC IIOBCPXHOCTH.

18



CkpblTasi TOBEPXHOCTh IITa0eNss COCTOMT W3 TpaHell OpéBeH,
HAXOSIIMUXCS B HUKHEM PSIy U COTPUKACAIOUIUXCS C TIOBEPXHOCTHIO 3€MIIH, a
TaK)K€ YYacTKOB OpEBEH, compuKacaromuxcs Ipyr ¢ apyroM. CymmapHas
IUIONIAb CKPBITOM MIOBEPXHOCTH Sy, PABHA:

Sexp =0.

OTKpbITasi MOBEPXHOCTH (IIOBEPXHOCTHh TOPEHUS Sy;) PACCUNUTHIBAETCS KaK
pa3HOCTh OOIIEH MOBEPXHOCTH BCEX OpPEBEHS,5, M CKPBHITON MOBEPXHOCTU
OpéBeH B 1ITadee.

SHT = SOTKp = SoGLu - SCKp !

rac 06111351 IIOBCPXHOCTDH mTabdens — 3To CyMMa HJIOHIEIIIGI?I IMOBCPXHOCTHU OJHOI'O

OpeBHA, YMHOXKEHHAs Ha KOJIMYECTBO BeeX OpEBeH B mtabdene K-n:

Suom = (2 ”‘2D2 + d ) ken,

+3,14:0,15°1,5)-7:5 =272 M°.

_ 1~ 314.015%
Soou = (27—

CkpblTas MOBEPXHOCTh MITA0EIS paBHa:
Serp = 0 M°.

[ToBepxHOCTH TOpeHMs mTabemNs S, paBHa:

Su=272-0=2720".
[Tnomans moxxkapa Sy COCTaBIISET:

Sh=1=15"=225wm"
Koaddurment nopepxHocT ropeHus mradesns onpeaessem mo Gopmyse

4.3:
K, =27,2/2,25 =12,009.

IIpumep 3. Ha ckonbko onycTuTcs ypoBeHb Ma3yTa (Ah) 3a T =28 MuHyT

ropeHus B pesepByape. [LnotHocTh MazyTta coctaBisier p = 940 kr/M°, yAeIbHAs
2
MAacCcoBasi CKOPOCTh BHITOpaHHs paBHa v, = 0,035 kr/(c-M°).

Pemienue.
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O003HaYuM H3MEHCHHE YPOBHSA JKHIKOCTH — Ah,

BpeMs TOpeHHs — T, YACIbHYI0O MacCOBYIO CKOPOCTb
——— 3
BBITOPAHUS — V', TNIOTHOCTD JKUIKOCTH p. - i
Ob6wvem  BbITOpeBHICH — xuakoctH V' paBeH
IPOM3BEICHUIO TUIOIIAAN 3epKalia Xuakoctu S Ha Ah (cM.
puc. 6.3). 3naueHue V Takke MOKHO BBIPA3UTh YEPE3 MACCy Puc. 6.3

BBITOPCBLICIO BEHICCTBA M U IJIOTHOCTH p:

v="
Yo,
Torpa:
Ah=_T_
p-S
B cBoro ouepens:
m = v, t'S.

OTtcroga HaxXOIUM:

AR = vl\),’[“u-tS: 0,035-28-60
p-S 940

=0,0630 m = 6,3 cMm.

IIpumep 4. OnpenenuTs ypoBEHb HUKHEW IPAHULIBI TOMOTEPMHUYECKOTO

ciost () mpu ropenunn HedTH B pe3epByape. HauanbHbli ypoBeHb kuaK0CTH H

=10 m, Bpemsi ropennst T = 40 mum. [I1oTHOCTD naHHO HedTH p = 750 Kr/M™°,

IIpUBEAEHHASA MAacCCOBasi CKOPOCTh
BeIropanus v," = 0,045 kr/(c-m?), f‘/\/ \X\ﬂ

CKOPOCTL HapaCTaHUA TOMOTCPMHUYICCKOTO A

Bere

CJIOs1 B

Ve =710 m/c. -

Pemenue.
['myObuHa, Ha KOTOPYIO OIYCTUTCS

HIDKHSISI TPaHHIA TOMOTEPMUYECKOTO 04 32 Puc. 6.4

20
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BpEMs TOPEHUS, CKIIAJBIBAETCS U3 TOJIIMHBI BRITOpEBIIEeTo ciiost HehTu AH n
TOJIIIIAHEI CaMOT0 CJI0s & (CM. puc. 6.4).

Torma h = H— (AH + 5).

AH=1 v, M;
0 = T"Vire, M.
[1ycTh U, — muHEelHas CKOPOCTh BHITOPAHUS
U, = v2%p = 0,045/750 = 6-10"°, m/c.
[Tomyuaem:
h=H-1 v, +vr);

h=10-40-60-(6-10>+7-10%) =10-2=8,176 m.

Ilpumep S. OmnpenenuTe BEIWYMHY YIEIBHOW TOPHOYEN M YIEIBHOU
MO’KApHOM HArpy3Kd B MOMEMICHUH TUIONIaAbio S, = 12 M2, TToa B HOMELICHUH
BBUIOXKCH JICPEBSIHHBIM MapKeToM TOoImuHON h =2 cM. [II0THOCTh IpeBECHHBI,
U3 KOTOPOM M3rOTOBJIEH MapKeT, cocTaBisier o = 450 kr/M°. B momemennn
MMEETCs CIeIyIonas MeOemb: IePEeBIHHbIE MKap MACCOH Myy,g = 80 Kr, cTon
Meron = 30 KT, ABa CTyNA 1O Meryy = 7 KT KOKABIA, IUBAH MACCOM Myypay = 95 KT,
cocrossiuii U3 70 % ngpesecunbl, 20 % mnenonosmyperana u 10 % KOXH.
Huszmass Ttemiota cropanusi JpeBecuHbl cocTtaBisier 16,5  MJDx/kr,
neHononuyperana — 24,52 MJx/xr u koxu — 21,52 MJIx/Kr.

Pemenue.

Pacuér npoBoautcs o popmynam 4.1 u 4.2:

I m.oQ .
Zm' U Qpy = 2MQ, .
S S

Pru =

I10J1

Macca Bcex TroproYuMx MaTepHajoB CKIQJBIBACTCS M3 MAcChl IapKeTa,
mkagda, CTyJIbeB U MacChl TOPIOUMX MaTEPUATIOB, U3 KOTOPBIX cOOpaHa MeOeIb.

Macca napkera My

Muapi = PV,
rae V — o0péM mapkera.
V =S,h=12:0,02 =0,24 M°,
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Myapie = 0,24-450 = 108 kr.
Maccsl npeBecunsl, nenononuypetana (II11Y) u koxu, U3 KOTOPBIX clenaH
JIMBaH, COOTBETCTBEHHO PaBHBI:
Mypes = 0,7-95 = 66,5k,
My = 0,20-95 = 19k,
Meosen = 0,10-95 = 9, 5kr.
VY nenpHas roproyast Harpy3Ka pry paBHa:

108+80+30+2-7+66,5+19+9,5
12

Pru = = 27,25 KT/M>.

VY nenbHas mokapHasi Harpy3Ka:

O (108+80+30+2-7+ 66,5)1-;[6,54-19.24,524_9’5.21’52 _ 46626 MI[)K/MZ.

IIpumep 6. PaccuuTaTh miomaas moxapa Ha T; = 5-i, T, = 15-i u 13 =
20-it MEUHYTaX ¢ MOMEHTA €ro BOZHUKHOBEHUS (pUC. 6.5) B BpeMs oXBaTa BCETO
MOMEIICHMS], €CIId CKOPOCTh PACHpPOCTPAHEHHs paBHA v,= 1,2 M/MuUH, Tpenen

OTHECTOMKOCTH JABEpHU T = 12 MUH.

18m 18m

16Mm
A
|

Puc. 6.5. [Inan nomMerieHus: 1 MECTO BO3HUKHOBEHHUSI MTOXKapa JJis mpumepa 6

Pemenue.

I. TlockonbKy mokap BO3HHUK BO3JIE JBEpHU, OTCUET mpenena e¢
OTHECTOMKOCTH HayHETCA cpa3y. Toraa B mpaBoe NOMENICHUE IUIaMs IPOHUKHET
yepe3 12 MMH ¢ MOMEHTa BO3HUKHOBEHUS moxkapa. [[o 12-i1 MUHYTBI moxap

OyJZIeT pacrpOCTPaHATHCS TOJIBKO B OJTHOM TTOMEIICHHH.
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2. 3a 5 muHyT QPpOHT MIamMeHu nporaeTr paccrosuue Ls = 0,5-1,2-5 =3 m.
Jlo 6mmkaiiinx 00KOBbIX cTeH — 8§ M. CrieoBaTenbHO, (PPOHT IJIaMEHU Ha S-i
MUHYTE OyAeT UMeTh popMy MoJyKpyra (puc. 6.6):

S.’=3,14-3%/2 = 14,0 v°.

3. 3a 15 MuHyT QpOHT TIIaMEHU MOKET MPOUTH paccrosiHue Lys = 5:1,2 +
+1,2 (15 — 10) = 12 m. K >ToMy BpeMEeHH B JICBOM ITOMECIICHUU OH YK€
JIOCTUTHET OOKOBBIX CT€H U MPUMET (HOopMy MpsIMOYTOJbHUKA pazmepoM 16x12
M.

18 m 18 m

16 m

20 MuH
15 mun
20 MuH

Puc. 6.6. [1nan pacnipocTpanenus moxapa ajis npumepa 6.

B cMmexxHOM momerienun oH OyneT pachpocTpaHsIThes Bcero 15 — 12 =3
MHH (IIPHYEM CKOPOCTh €ro paBHa U0, tak kak 7>10 MuH).
3a 3T0 BpeMs OH Npoiaér paccrosaue 1,2-3 = 3,6 m. CiegoBaresibHO, B

CMEXHOM TTOMEIICHUH (DPOHT IIaMEeHU MMeeT (popMy TMONyKpyTa W ILIONIA b,
paBHyto T0-3,6%/2 = 20 M. O61wast Iomap moxapa Ha 15-if MuHyTe:
S,°=16-12 +20 =212 m°.

4. K 20-# MmunyTe GpOHT IIaMeHH MOXeT mpoiTh Ly = 51,2 +1,2:(20-10) =
18 m. Torna Bce JieBoe OMEINIEHHE K I TOMY MOMEHTY BpeMeHU OyJIeT 0OXBa4eHO
noxxkapom (cM. puc. 6.6). OmHako B TpPaBOM TMOMENIEHUH OH OyaeT
pacnpoctpansatbes 20 — 12 = 8 mun. 3a 310 Bpems oH npoiacT 1,2-8 = 9,6 m u,
JIOCTUTHYB OOKOBBIX CTEH, MPUMET (opMy MPSIMOYTOJIbHUKA pazMepom 16x9,6
M. B pesymnbrare:

23



S.2°=16-18 + 16:9,6 = 441,6 M°~442 M.

[TonHblii OXBaT BCEro MOMEIIEHUS HACTYNUT, Korjga (pOHT IJIaMEHU
npoiaét ocrammuecs 18 — 14,6 = 3,4 m. Ilpu ckopoctu 1,2 M/MHUH 3TO 3aiMET:
3,4/1,2 = 2,8 = 3 muH. Pacu€THoe BpeMs oXBaTa BCETO MOMEIICHUS COCTaBIISCT
20 + 3 =23 MuH.

Takum 06pazom, SH5 =14 M% SH15 =212 M% SH20 =442 v, SH23 =576 M°.

[To >TUM aHHBIM CTPOUM IpaduK pacHpocTpaHeHus nmoxapa (puc. 6.7.).

600

500 /.
400 /
i 300 /
200 /

c——
0 5 10 15 20 25

Bpewms, Mun
Puc. 6.7. I'paduk pacripocTpaneHus moxapa st mpumepa 6.

S, M

JlomailiHee 3ajjaHue COCTOUT U3 ABYX 3a1ad. Homep BapuanTa BeiOMpaeTcs
B COOTBETCTBHUU C MOPAIKOBBIM HOMEPOM B KypHasie rpynisl. llepBas 3amaua —
CBOH BapwaHT 1o oOpasiy mnpumepoB ¢ Nel mo Ne 5. Bropas 3amaua — 1o

oOpasiry npumepa Ne 6.
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BapuanTel 3aqaanin

Jns mpumepoB NeNe 1 u 2

No IInoTHOCTE Jmaa | dma | Ceue | Bpems Jons KommuectBo | KoandgecTBo
Bapu | JIPeBECHHBI p, | Opyca | MeTp | HUE @, | OXKapa | BBITOpEBLICH OpycbeB psIIOB B
aHTa Kr/m> (Opesn | d,m M T, MUH | Macchl 4, % (OpéBen) B mrrabese n

a)l,m OJTHOM PSITY
Kk
1 410 1,5 0,2 10 10 10 5

2 420 1,5 0,3 10 10 10 5)

3 430 1,8 0,3 15 12 8 4

4 450 1,8 0,4 17 15 6 5

5 470 1,6 0,4 18 20 8 4

6 500 1,8 0,25 20 25 7 5

7 490 1,4 0,25 22 27 6 5)
8 510 1,2 0,15 25 30 9 6
9 430 1,1 0,1 21 23 8 5)

10 450 1,0 0,2 24 26 7 6

11 440 1,1 0,2 20 24 8 4

12 445 1,2 0,3 22 25 10 5)

Jnsa mpumepa Ne 3
[TImoTHOCTE Ma3yrTa, Bpewms noxapa VY nenpHasiMaccoBasi CKOPOCTb BBITOPAHHUS
p, Kt/M® T, MUH Oy (c:M?)

13 920 26 0,035

14 940 22 0,033

15 910 27 0,037

16 930 21 0,034

17 925 24 0,036

18 915 23 0,032

Hnsa npumepa Ne 4
Havanbnbiii Bpems IInoTHOCTH [IpuBenénnas Cxopocth
YPOBEHb TOpEHUS He(TH MaccoBasi CKOPOCTh HapacTaHus
KHUJKOCTH T, MUH Dy Kr/M> BBITOPAHHS Uy, TOMOTEPMHUYECKOTO
H,m Kkr/(c'M?), ciost
Vrre, M/C

19 8 41 760 0,044 6-10"

20 11 38 755 0,046 7-10°

21 9 42 770 0,045 6,5-10

22 10 34 750 0,043 7,110

23 12 37 780 0,047 6,7-10"

24 11 36 776 0,044 7,210
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Hnsa npumepa Ne 5

IInomy | Tommuua | ITmora | Macca | Macca | Komnu | Macca JuBaH
anp napkera octb | mkada | ctoma | ectBo | cTyna | Macca % % %
nome h, cm JipeBec CTyJIbE JIPEBEC | MEHON | KOXH
MIEHUS VHBI p, B HHBI 173%9)
S, M Kr/M> eTaHa
25 10 1,8 440 75 32 2 6,5 90 70 20 10
26 14 2,2 455 78 28 3 7 85 70 18 12
27 12 19 445 74 25 4 7,2 95 72 17 13
28 10 2,1 460 76 27 2 6,4 87 70 16 14
29 13 2,0 465 77 26 3 6,8 86 74 16 10
30 14 1,8 450 75 25 3 6,7 85 70 18 12
Jnsa nmpumepa Ne 6
T1, MUH T2, MUH T3, MUH | CKOpPOCTB pacnpoCTpaHeHUs [Ipenen
IUIAMEHHU 0;, M/MHUH, OTHECTOMKOCTH JIBEPHU
T, MUH
1 4 10 15 1,2 11
2 6 13 18 1,1 15
3 5 9 20 1,3 12
4 8 14 19 15 13
5 7 15 20 1,4 14
6 5) 8 14 1,3 11
7 6 8 15 1,2 10
8 4 7 16 14 12
9 7 12 18 1,3 10
10 5 9 17 1,2 13
11 6 9 15 1,1 12
12 4 8 16 1,3 14
13 5 10 18 1,2 13
14 6 11 19 1,3 12
15 4 9 15 14 14
16 5 8 14 1,1 12
17 6 10 17 1,2 11
18 7 13 20 1,3 14
19 5 9 19 1,4 13
20 8 12 20 1,2 14
21 7 11 16 1,3 12
22 6 10 18 1,1 12
23 5 8 16 1,2 10
24 7 11 19 1,3 12
25 8 14 20 14 15
26 6 10 20 1,2 12
27 7 13 19 1,1 15
28 8 12 17 1,3 14
29 5 11 20 1,2 13
30 6 10 20 1,4 15
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[Ipunoxenue

Tabnuya 2

OOBeKThI, MaTepHAaIIbI

JInHeitHas CKOpoCTh

pacnpocTpaHeHus! TOPEHUS

M/MHH
AJIMUHHUCTpPATHUBHBIC 3/IaHUS 1-15
bonpHUILL:
snanue |l crerreHn OrHECTOMKOCTH 06-1,0
spanue 1l crenenu ormecroiikocT 2,0-3,0
JKuneie noma (3nanue Il crernenn orHeCTOMKOCTH) 0,5-0,8
JleconmiabHBIC LIEXU:
snanue |l crerreHu oraecToRKOCTH 1,0-3,0
31adue V CTeeHd OrHECTOMKOCTH 2,0-50
Cxitagmr:
Topda B mradensax 08-1,0
KPYTJIOTO jieca B mTademsix 0,6-1,0
JILHOBOJIOKHA 30-04
OyMmaru B pyJOHax 0,2-0,3
CUHTCTHYECKOTO KaydyKa 06-1,0
CymunpHble OT/I€TIEHUSI KOXK3aBOa
(3manue |1l crenenn orHecTORKOCTH) 15-272
Cropaembie TOKPBITHS OOJIBIIUX IIOMIAICH 1,7-3,2
(BKJIFOYAsI YCTOTHI)
Tunorpadun 05-0,8
(3manue |1l crenenn orHecTORKOCTH)
Tearpsr 1,0-3,0
(c1ieHbI)
XoNoaMIBLHAKA 0,5-0,7
Iexu
TEKCTHIILHOTO ITPOU3BOJICTBA 0,3-0,6
nepeBooOpabaTeIBarONIET0 KOMOMHATA 10-1,6
JlpeBecuHa (JIOCKH B 1ITabesne npy TOJMIMHE 2 —4 cM) TIpU
BIIQXKHOCTH, %o
8-10 4,0
16 - 18 2,3
18 - 20 1,6
20-30 1,2
ooxee 30 1,0
[Tenomonmyperan 0,7-0,8
PesunoTexnnueckue u3aenus (mradesns Ha OTKPBITON 10-1,2
TIJTOTIAJTKE )
BonokHucThIE MaTEpHalibl BO B3PBIXJIEHHOM COCTOSIHUM 7,0-8,0
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