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ITpeducarosue

BHoBb manucan pasjaen «SKCIJI0aTalHsa 1apo-
BLIX MalIHH», Tje JaeTcsd IOHATHe 00 YCTaHOBKe
mapoBof MalllHHEL, - CMa3Ke ee, OOCIYXKUBaHUH
U MOJEpHu3aLUH CYNIeCTBYIOIIHM MallHH.

B kuure yaeneHo NOJI)KHOe BHHMAaHHe Mallld-
HaM BBICOKOTO MABJEHHS H JIOKOMOOHJIBbHBIM Ma-
muHaM. Ecin B 3KcmjoaralMH HaXOOWTCd ellle
oueHb OGOJIBIIOE YHCJIO paHee IOCTDOEHHBIX CTa-
IMOHApPHHIX MaUldH, TO B HACTOfLiee BpeMs IJsd
CTALHOHAPHBIX M TOABHIKHBIX YCTAHOBOK CTPOSIT-
Csl NPEUMYIIECTBEHHO JIOKOMOOHJbHBIE MalllHHBL,
KOTOpble C YCIIeXOM NPHUMEHANTCA INA 3JAeKTPHU-
dliIKauuH CeJbCKOro X03fHCTBa, Ha Jieco- H TOp-
(bopaspabotkax, Ha HeCONBIUUX TIPEANPHUATHAX
MECTHOH IPOMBIIJIEHHOCTH, a TaKkKe IJs 3JeK-
TpudHKaIy  OTHAJEHHBIX  pafHOHOB  HAIUEro
Cotosa,

XoTsl mapoBO3Hble H CYAOBble MaHIdHbI SBJIS-
torcst HanGojiee pacnpoOCTPAHEHHBIMH THIAMH CO-
BPEMEHHBIX TIapoBbIX MAllMH, HM YIeJieHo Cpas-

HETEIbHO HeBOJBbIloe MECTO B CBA3H C HaJHYHEM
CICNHANbHOHR JIHTEPATYPHl N0 3THM MalIHHAaM.

Hexoropele rs1aBel u mnaparpadsl KHHTH Ha-
6panbl MenkuM mpudToM. Comep:kanne uHx 6e3
yinep6a [jsi SCHOCTH M3JI02KEHHsA MOIKEeT ObiTh
OTYILIEHO B TeX BY3aX, Ile KYPC MapoBBIX MAaUIUH
IPOXOAST O COKPAaIllleHHOH NporpaMe.

Ilpun pabore Han KHUroO¥ ObLUIM VuTeHHl yKa3sa-

HHS pAasJMYHBIX JHIl Ha JAeeKThl U OLIHGKH
B TIPEBIOYUIHX H3JaHUIX.
Ocofyi0 npu3HATEJbHOCTH NPHHOLIY KaHL.

TexH. Hayk H. . Mopo3oBy, ¢ HCKIIOUHTEIBHON
BHUMAaTeJBHOCTBIO [POCMOTPEBHIEMY  PYKOIHCH
U CAeNaBLIEMY TIPH ee.pelleH3UDOBAHUU DA LieH-
HBIX YKa3aHuil. -

Hagetocs, uto sauna, KoTopele GYAYT MOJb30-
BaTkCA HaCTOsUlell KHUIOH, CBOeH ReJIOBOH KpH-
THKOH TOMOT'YT YCTPaHHTh HECOMHEHHO HMeIomiye-
csl B Hell HEJOYeTHI.

Asrop
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PA3EJI IIEPBHH

BBEJEHUE

1-1. TIOHATHE O PABOTE U YCTPOMCTBE
IMAPOBOV MAILUUHBI

Hasnauenne maposoro aBurartesist — Ipou3Bo-
IHTb MEXaHUYECKYI0O pafoTy 3a CUeT TelICBoi
suepruu napa. Ecnm mammza padoraer Ges mo-
Tepb, TO 1 K2 mapa, BCTYNMHB B MHIUHHY C TEIJIO-
COAepXKaHueM [j, aavabaTHYECKH pacCIlHPHUBIIHCh
B HeH U BBIAAS H3 MAalIHHbI C TEIJIOCOAEDPKAHUEM
is, oTAaeT paGoueMy opra”y ABHratess ij—Is €JH-
HHI[ TEILIOTH (KKa.s/ke). MammHa mipH TOM mpo-
H3BORHT '

Ly= %(il—iz,) eIUHHN paboTel (K2M),

1 . )
rne A= 737 — TEIUIOBOH 9KBHBAJCHT PaGOTEL

Ilpeo6pasoBanue sHepruum MOMET MTTH ABYMS
nyTsMH. B ogHOM ciiyyae moTeHUMasBHAS SHEPTHS
napa mpeo0pasyeTcs B MexXaHHYeCKylo paGory
NOpIIHS, KOTOPHIU moj AaBJeHHEM Hapa IBHIKET-
Cs B 3aKpHiTOM UMJIHHApe. PasBuBaemas mnpu
sToM paboTa H3MepseTcs NPOU3BENEHHEM CHJIBI,
OpHJIOKEHHOH K TIODIIHIO, Ha HyTh, HM IPOXOIH-
Mbiit, ITopiuerb MOXKET HMETh HJIH HOCTYNATEJNbHO-
BO3BpaTHOE, WJIH BpalllaTeJbHOE IBHXKEHHE,

B nmpyroM ciyuae moTeHuHasibHas SHEPrUs

napa mapeo6pasyercs <mepBa B KUHETHUECKYIO:
ap pacliupseTcs, H 3a CYeT MaJeHus €ro Tello-
COZEpIKAHASL BO3paACTaeT CKOPOCTh. '

Ha paGouem oprane mamuub (IuCK C Jofar-
KaMH) MPOUCXOJHUT 3aTeM NpEeBpallleHHe KHHeTH-
YeCKOH 3HEPrHH TIapa B MexXaHHUYeCKylo paboTy
3a cyUeT MOHUIKEHHSI CKOPOCTH Tapa.

B mepsoM cilyuae Mbl WMeeM NMapOBYIO IIOpII-
HEBYIO MallMHy € BO3BPATHC-ABHXKYIIUMCS HJIH
BpalAOMUMCs TIOPIIHEM; BO BTOPOM CJaAy4ae —
apoBylo TypOUHY. .

IpenmeroM HacTosiiero kKypca OVAyT cay-
KHTb UCKJIOUXTEBHO INOPIIHeBble MalunHbL Ilo
VKOpEHHBIUEMYCSI B TEXHHUECKOH JHTeparype

" 00bluaro MBl OyZeM HashBaTb STH ABHraTeIH ma-
POBBIMA MallMHAMH, Or0packiBass TEPMHH <«IOpII-
- HEBBIE>.

MawuHEl ¢ BpallaOUWAMCS TOPIIHEM HMEHY-
I0TCS KOJOBPATHeIMH. (O6JacTh TpUMEHeHHA HuX
COBepIUEeHHO He3HAYHTENbHA.

IlapoBsie TypOHHBI 10 CBOEMY TEIIOBOMY
[POLeCCY M IO KOHCTPYKUHH HACTOJBKO OTJIHYHDI
OT NapOBBIX MAIMH, YTO H3YUEHHE HX BbIIENSEeT-
Csl B CaMOCTOSITENBHBIN KypC.

Ipocreiiias mapoBasi MammMHAa npeAcTaBieHa
Ha «¢ur. 1-1.

B naposoM nusimHape 2, 3akpeITOM ¢ 06eux

CTOpPOH KpBILKaMH I M 4, MOXET mepeMellaThCs
nopiienb 3. [TopiieHb Teaut UHJIHHAD HA IBe IO-
JIOCTH: JIEBYIO M IIPaBYIO, IPHUYEM II€pPBasi HHOT-
Zla Ha3BIBA€TCs CTOPOHON KPBIIIKH, BTOPAs — ¢TO-
POHOH KDHBOIIHNA (IPH TOM PACHOJOXKEHHH Ya-
CTell MalluHBl, KaKOe TIOKa3aHO Ha uepTexe).
I[Tap mocTynaer morepeMeHHO B JIeBYIO H IIPaBYIO
MOJIOCTH, TIDHYEM KOTHA B OZHOH H3 TOJOCTEl
MPOMCXOIUT BIIYCK CBEXKEro mapa, U3 APYroil BbI-
ITyCKaercsi map, OTpaboTaBIIHM 3a IpenbULyIIMil
XOL. ,
Ha npononsHOM paspese Maummmsl U B IL1aHe
TMOKa3aHbl BOYCK Tlapa B JieBYI0 INOJOCTh M Bbl-
wrycK u3 npasoi. Ilpn o6paTHOM JBHIKEHHH IOpPLI-
H (Ha uyepreXe UMJMHADA — BHH3y) Hampasie-
Hue mapa meHstercsl, Camo coGofl MOHATHO, YTO
Tiap He JOJXKEeH NePeTeKaTh U3 ORHOH IOJOCTH
B IPYIyio; IO3TOMY paboyast (BHYTPeHHssS) IO-
BEPXHOCTh UMJIHHAPA JMOOJKHA OBITh CTPOro M-
JUHAPUYECKOH M THIATENBHO  OTIOJHPOBAHHOH,
a MOpIIEHb MOJXKeH ObIThb CHAGMKeH NpYKHHSAIIHK-
MH KoJbllaMi I7, KOTOpBle TJIOTHO IIPHKHMAIOTCS
K MOBEPXHOCTH HHJIHHIpA.

IMon maBieHHeM mapa HOpLIEHb ABUIKETCS IIO-
nepeMeHHO BOPABO H BJEBO. IDTH TepeMelleHHs
IpHU MOCPeLCTBe MOPIIHEBOro IITOKAa 6 M IuaTyHa
11 mepepatores manblly 25 KPHBOLINIA, Bpallalo-
LIerocss BMECTE€ C KODEHHBIM BaJIOM MAIlHHEL.
KpHBOIUMIHBIM ~ MeXaHH3MOM  MNPSMOJHEEHbIe
ABHXKEHUsI MOPLIHS mpeo0pasyloTes Bo Bpauia-
TeJIbHOE JIBHXKeHHe BaJa, KOTOphll Hemocpen-
CTBEHHO HJIHM MNpH TOMOLIH TPaHCMHCCHH NPHBO-
IHT MalIAHBI-ODYIus. :
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Pur. 1-1. TopusonTanbuast OXHONUIWHIPOBas Mall¥Ha
C BO0JOTHHKOBBIM mapopaclOpefeNeHHeM H  BHIbYATOH
paMoii.

1 — 3agHag KpHmK2 WHAHHADA; 2 — maposoft HHJARHAP; 3 ~— MOpIIeHb;
4 —nepeiHsd KpHILIKA DHAHHADA; & — caJbHHK; 6 — ITOK IODIIHA;
7 — non3yH; § — HEXKHSA NapajJens; 9 — Najen noasyHa; J0 — Bepx-~
HAd mnapaanens; Il-— maTyH; 12— pama MamuHe;; 13— MaXoBHK;
14 — Bxox mapa; 15— 30JIOTHUKOBasm KOpoGka; 16 — mapoBoft KaHaa;
17 — mopuikeBkle KoJbHa; I8 — KaHaa AJs BeTycKa mapa; J9 — 30410T-
HHK; 20 — mapoBoR KaHas; 2] — mWTOK 30JOTHHKA; 22 — mapHApDHOE
COeHHEHHE IITOKa 30JI0THHKA ¢ 9KCUEHTPHKOBOMH TAroil; 23 — SKCIUEeHT-
PHKOBafl TAra; 24 — KOPEHHOA NOXMHANHHK; 25 — wiefika (majen) KpHRO -
MHNa; 26 -— KopeHHON MHOAIMNOHAK; 27 — XOMYT SKCUEHTpHKa; 28 —
SKCUEHTPHKOBHH JIHCK; 29 — JieBoe MepTBOE NOJOKEHHE NOPWHE; 30 —
npaBoe MePTBOE MOJIOXKEeHHe TOPIIHL.

IopmgeBoli UITOK HATIYXO CKPEIJIeH ¢ MOpLI-
HeM 3 M ¢ moasyHoM (kpeinkondom) 7 (g mapo-
BO3HBIX MalllHHAX MOJ3YH YacTO HA3HLIBAIOT KyJia-
KOM). B MecTe, rie IITOK NPOXOAHT CKBO3b K bILI-
Ky LNMJHHApDA, CTaBAT CasNbHHK &§, Ha3HaueHHe
KOTOPOTO — MpPeNsATCTBOBATh YTEUKe mapa uepes
3a30pbl MEXJY ILITOKOM M CTEHKAMH KPBIIIKH.

Ilonayn ciyxuT, ¢ OZHO# CTOPOHBI, LIapHUP-
HBIM CO@IHHEHHEM MeXKIYy LITOKOM M IIAaTYHOM,
C JpYrcii CTODOHBI, OH, INBUTasch B HaNpaBJAIO-
mux-napannensx 8 u 10, nepemaer nociaeiHHM
BEPTHKAJIbHYIO CHJIy, BO3HHKAWILYIO B NIAPHHpPE
9 mexanmsMa. Ilapajsesu OTYACTH NPHHHMAIOT
Ha cebs BeC MOCTYIATEJbHO-ABHKYIUXCA dacTed,
HECKOJIBKO Pasrpyxasi OT HEro CTeHKH IapoBOro

" UHJHHApA.
B xpynubix MallgHaX MOpLIEHb CHaGXKaloT
KOHTPIITOKOM, MPOXOASIIHM CKBO3b JIeBYIO (Ha

¢ur. 1-1) xpeunky nuausapa. KoHTpITox HMeer
TaKXK€ TOJI3YH, CKOJIb3SIHIHH MO HampasJsioues
IUIOCKOCTH, B 3TOM calyvyae mopmieHb co IITOKOM
IpenaCTaBJsteT co00f Kak bl GajKy Ha ABYX OIO-
pax —Ha JABYX NOJ3yHax — H InOpilieHb, HAXG-
ASCh B IHNUHJADE HABeCy, B MHHHMAJLHOH CTeme-
HH cpa6arbiBaer NOBEPXHOCTb LHJIHHAPA.

IllaTyn coemuHseTCA ¢ MONSYHOM NpH TOMO-
IWH nmanblua 9 ¥ C KPUBOUIHIIOM — IPH IIOMOIIH
naneua 25.

B HeKoTOpBIX THNAX MAIUMH, B KOTOPBIX JIALIE
ONHA NOJIOCTH (CO CTOPOHE!I KPBIIIKH) SIBJISIETCS
paGouefl, MON3YyH OTCYTCTBYET, M IIATYH COGIH-
HAETCA HEMOCPEACTBEHHO C NMOpPIUHEM, KaK B GOJb-
IPMHCTBE ABHraTesiell BHYTPEHHEro CropaHusl.

Baj Mamuubl JieXXHT B KOPEHHBIX TIOLIIHTIHE-
Kax 24, 26, 4ucio KOTopeIX He MeHee ABYX. Iloa-
[IHIIHEKA BMECTe C mapaJjuieisiMu oObluHO o6pa-
3YIOT OJHY OTJIUBKY, Ha3hIBAEMYIO PaMOil MalHHH
12. Pama nokontcs na GbyHIaMeHTe u CKpeIeHa
¢ HEM ¢yHnaMeHTHEIME Goutamu. [lapoBoil m-
JIEHID B MaJeHBKUX MallMHAX HaXOJHTCS HaBecy,
OyIy4u CKpeluleH ¢ mapajniefsiMd. B Gosee win
MEHEée KDYNHBIX MallMHAX LHJIHHID HMEeT BCeraa
0coByio omopy. _

JIOKOMOGHIBHbIE MAIIHHBL KPemAT oGhYHO
K MapoBOMY KOTJIY, [apOBOSHbIE MAlIHHBI — K pa-
Me napososa.

Pasnnyaror koseHUaThIe M KPHBOIMIMIIHBIE BaJIb!
maurueel. KomeHuarnit Basn mokasan ua dur. 1-1;
€ro MONUIHIIHAKH DacMOJIOKEHEl TI0 06e CTOPOHLI
KOJICHA, B TaK Ha3piBaeMoy BHJABYATOH pame.

Ha ¢ur. 1-2 uso6paxena mammma ¢ Kpuso-
[IWOHBIM BajJIOM M TaK Has3blBaeMoH GaHOHETHOI
pamoil. TTOMIMIHHKE pacnoioxkeHbl JHIIb IIC
ONHY CTODOHY KpUBOWIMTA (BTOPOf NOMUIMITHHK
HaXONHTC 3a MaxoBHKOM [3).

Kpaiinue momoxennsi nopwnsa (29 u 30 ua
¢ur. 1-1) naswBalOTCT MepTBBLIME, TaK Kak TIPH
S5THX TIOJIOKEHHSIX BajJ He MOXeT ObITh IIOBEPHYT
CHJIOH, NPUJIOXKeHHOH K mOpIuH|o. IIpocTpaHCTBO
MeXIy TOpIIHEM B €ro MepTBOM MOJOKEHHH
H KDBIIKOH WHNHHAPA, BKJIOUAs CIOKa H 00BeM
K2HAJOB, TMOABOASIINX H OTBOAALIUX Map, Hashi-
Ba€TCHd BPeIHBIM IPOCTPAHCTBOM LHJIMHAPA, a €TC
TOBEPXHOCTH — BPEJHBIMH II0BEpXHOCTAMH.

Bryck u BBITYCK Tapa MpOM3BOAATCH CIIELH-
aJIbHBIM  TIapopacnpefeNHTENbHBIM MEXAHH3MOM,
NPHBOASIIHMCA OOBIYHO OT KOPEHHOTO BaJa Ma-
wuHel. Ilap nocTymaer uepes mnokasamHelE Ha
qur. 1-1 xanan /4 B 3010THHKOBYIO KOpoGKy 15.
B mocnenmell mo 30.10THHKOBOMY 3epKany mepe-
MelaeTCs 30JM0THHK 19, ynpapasiomuil BIYCKOM
H BBIIYCKOM f1apa B OOEHX MOJOCTAX NHJIHHADPA.
30JI0THHKOBAsT KOPOOKAa COCNHHSETCS C IMJIHHA-
poM kaHajamu 16 u 20. OtpaGoTaBuwuii nap yna-
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JIAeTCA uyepes kaHas 8. 30M0THHK mpuBOAHTCS
B JBHXXCHHE SKCIeHTpHKoM 28 npu nocperncrse
SKCIEHTPHKOBOTO  XOMyTa 27, 3KCUEHTPHKOBOIX
TATH 23 ¥ 30JI0THHKOBOTO WITOKa 21,
IlokasanHbl Ha ¢ur, 1-2 PEryJIATOp CJAYKHT

IJid TOTO, 4YTOOBI YCTaHABJAHBATL MOMIHOCTD Ma-

ILHHBI B COOTBETCTBUH C ee Harpyskod. Mamene-
HHE YHCJIa 000POTOB MAalIMHBI, BO3HHKAIOLIee npH
HSMEHCHHH HArpY3KH, HCIOMb3yeTcs IJs Tepe-
CTAHOBKH MeXaHH3Ma, DeryJupyolero KOJHYECT-
BO HJIH HapJieHHe BIyCKaeMOro mapa. B manmuom
Clydae DerynsaTtop AeiictByer Ha JApocceNbHbII
Kanad 8 ¥ NpH yMeHbUICHAH HarPy3KH BBI3LIBAET
TODMOZKeHHe Tapa.

Koncrpykuus perynsitopa o6bYHO TaKOBA, UTO
KoJle0aHAg yHcaa oGopoTOB OTPAHHYUBAIOTCSH Y3-
KHMH Tipenenamu (5—79%,).

Cxopoctb mBMIKeHUS NIOPIUIHS HA MPOTSIKEHHH
€r0 XOAa HENPePBIBHO MeHSEeTCS: OT HyJs —
B MEPTBOM IOJIOXKEHHH RO HEKOTOPOTO MaKCHMY-
Ma -— B CPEIHEM IIOJIOKEHUH.

Henpeprisrno menserca taxke u CHJIa, OeHCT-
BYIOIlasl Ha NMOPILIEHb, NDHHHMAS 4acTO JaxKe Of-
pulaTenabHble 3Hauedus. asg obecnedeHns pag-
HOMEDHOrO XO#a MAaWVHEL, T. €. AJIA HOAYYeHHS
B YCJOBHsX NEPEMEHHOro Bpallalomiero MOMEHTA
Oosiee HIM MEHee MOCTORHHON YIJIOBOH CKOPOCTH
Bpalll€HUA BaJa, HA NOCJEIHHE HaCAXKHUBAIOT Tsi-
Kenplii MaxoBK 3. Tlpn u3aGeitke JBHKYIIEH
CHJIBL H, CJIEAOBATENbHO, IOBHIUEHHH VIJIOBOX
CKODOCTH MAaxOBHMK HaKalJHBaeT KHHETHYECKYIO
SHEPTHIO, C TeM UTOGBI OTHATb ee B MEPHOL npe-
BBILICHHs] CHJI COMpOTHBNEHHs. B To BpeMs kak
PEry/IaTOp OrpaHuYMBaeT Kose0aHus umcia 0Go-
POTOB, HaJHYHe MaXOBHKA CBOIUT K HU3BECTHOMY
MHHHMYMY KOJIeGaHHsI YIJIOBOH CKOPOCTH Bpalie-
HUS B TeYeHHe ONHOro oGopoTa.

1-2. KIIACCHOMKALLMSI MAPOBLIX MAIIMH

HUsoGpaxennsie na ¢ur. 1-1 u 1-2 MaIlHHBL
IPEACTABAAIOT COGOH TOPU3OHTANbHBIE ONHOLLH-
JHHJPOBEIE MAINHHBI OXHOKPATHOTO DAcUIHpEHNS,
ABYCTOPOHHETO JNABICHHUS, C IIepeMeHHbIM Hampas-
JIEHAEM MOTOKA Mmapa.

B ornuume or onmcanmoi ofelt cxeMbl, map
MOXHO BIYCKaTh TOJIBKO B OIHY NOJOCTb LHJIHHI-
P2 H OKasbBaTh [JaBJEHHE HA FOPIIEHb TOJNbKO
C OIHOH CTOpPOHH (Bcerma co CTODOHBI KPLIIIKH).
Hpyras cropona LOHIHHIDA OCTaeTcs BCeraa of-
KDBITOH, H MOpIIeHb 31ech COMpHKacaeTcsi ¢ aTMo-
cdepoii. Takue MaIvHb Ha3bIBAIOTCH MalllMHAMH
OQHOCTOPOHHErO MaBJIEHUS B OTAHYHE OT 6Gosee
pacnpocrpaseHHBIX Mailug ZXBYCTODOHHErOG JaBJie-
HHs,

Konerpykuus ¢ GIHOCTODOHHUM JABJIEHHEM
'HHOTZla NMPHMEHSACTCS B CYLOBBIX BEPTHKAJIBHLIX

Kaaccupurayus naposelx mawus

Pur.

1-2. TopusonTtanbnas ONHOUMJIHHAPOBAsT Malluua
C 30JOTHHKOBHM mapopaclpeiejendeM H 6aloreTHOf}l
pamMoi

1 —Tpy6a cBexero napa; 2-— peryastop; 3— ADOCCeNbHBIA KJanan;

4 — 3aNOpHoll KJAanaH; 5-— 30JIOTHHKOBas KOPoGKa; 6 — NPOAYBOMEB &

KpaH; 7 — NapoRLIYCKHAad Tpy6a; § — GoCbluKa pas HHEHKaTOpa; 9 —

TMPOAYBOYHBIA KpaH; /0 — Go6bimKka Al HUpHKaTOpa; 11 — mapadneny;

12 —nonaym; 13— MaxoBuk; I4-— pan; 15— SKCUEHTDHK; 16— naJern
KpHBOwWENa; 17— pama,

MalllnHax ¥ oCOOEHHO WIPUTONHA Ui MALIHH Jiep-
KOTO THIA B NONBHXKHEIX YCTaHOBKaX.

B maumge, H300paxKeHHOH Ha ¢ur. 1-1, map ,
BXONHT B KaXAYI0O M3 IOJIOCTEH HUJIHHAPA U B&I-
XOOHT H3 Hee ¢ OMHOH M ToH Ke CTOPOHB! (BO3-
A€ KDLIUKH), 110 ONHOMY M TOMY Ke KaHamty.
B kaxmolt us mosocres HUNTMHApPA IIap cJjeayer
8a JIBHJKEHHEM NOPUIHS, W HaNpaBJeHHe TOTOKA
llapa MmosToMy NepeMeHHOe.

CymectBylor Takxke 1 PAMOTOUHB e Ma-
LIHHEL, B KOTOPHIX BBITYCK I1apa IPOHCXOIHT I10-
CEPEIHHE LHINHAPA B KOHIE XO/a MOPIIHS, H, Ta-
KEM 00pasoM, map B KaXkof TOJOCTH JBHKeETCSH
JHIIb B ONHOM HANDABJIEHHH — OT KDHIUKH K Ce-
pelyHe UHJIHHApA.

Tax Kak mus Mairuy HENpSIMOTOYHBIX HET MOX-
XONSIMIET0 KPATKOrO TePMHHA, TO B AaNbHEHIIEM
MBl MAaIMHy C IlepeMeHHBIM HampaBJieHHeM IBH-
KCHUA mapa OYAEM NpOCTO HAa3BBATH T1apOBO#
MAlHHO! B OTJIHYHE OT MPSIMOTOYEOH MAILHHEL

B saBucumoctu or TOro, KaKuM mapoM pa6o-
Ta8T MamWHa, PASNHYAIOT MAalIHHBI 151 nepe-
PPETOrO H AN HACH W EHHOTL O map a.

Mamuna, nocrpoennas s MeperpeToro mapa,
BCEraa Moxer paboTaTh H HaChIEHHBIM mapom,
HEro HEJb3s CKas’aThb NPO oGpaTHLI cayyas.

CoBpeMeHHrIe MalHHL! paboTaior mapowm, Tem-
€paTypa Koroporo nocruraer 500°C. B nanbheii-
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dur. 1-3. Mamunra koMOayHn.

7 — BUJIHHAZD EBICOKOTO AaBJISHHMH; 2 — PecHBep; 3 — HHJHHAD HUBKOrO
JaBJecHHAA.

nieM He HCKJIIOUEHA BO3MOXKHOCTb IIPUMEHEHHS
1 6oJiee BLICOKHX TeMIEparyp.

ITapoBasi mamunHa moxer paboTatb Ha art-
Mochepy, HAa KOHJZEHCAN KO UIK C I P O-
THBOLABJECHHEM. :

B nepsom ciydae map H3 MallHHbI BBIIYCKaeT-
¢ B -atMocdepy, BO BTOPOM cJjydae — B 0cofoe
YCTPOHCTBO, Ha3blBaeMOe KOHIEHCATOPOM, p KOTO-
pOM MONNEPIKMBAETCS JaBJeHHE HHKe aTMochep-
Horo (o6bmynHo 0,10—0,25 ara). Ilpu paGote
MalllBHbBl ¢ TPOTHBOJABJIeHHeM oTpaGoTaBlLik ap
BEUIYCKAETCS ¢ JaBJieHHeM Bhillle aTMoc(epHoTo
H 3aTeM OOBIMHO HCIONb3yeTcs JJifd Leyiedl Harpe-
Ba. BesuunHA NPOTHBOAABJEHHS MOXKET GBITH JO-
BOJIBHO 3HAUWTEJEHA, HO Yallle BCEro CHAa COCTaB-
aser 2—4 ara.

K mammuaM ¢ mpoTHBOZABJIeHHEM MOXHO OT-
HECTH TaKxKe MAalIMHbl BEICOKOTO JaBJIeHHs, OTpa-
6CTaBIIMM I1apOM KOTOPHIX IHTAIOTCA MalllH-
HBl (MM TypOHHBI) ©OOBIYHOro THHA. B 3TOM Cay-
yae BeJUYMHA TPOTUBOJABJEHUS  COCTaBJser
10-—20 ara u Boue.

dur. 1-4. Mamuna taHneM

1] — noasyH Ha KOHTpINTOKe; 2 — KOHTPWTOK; 3 — U. B, X.; 4 — NpoMexy-

TOYHAad OHOpa ITOKa; 5 — I. H. A.

Pasnnyaor Mamueel 0 JHO- H MHOT OIH-
JUHIPpOBE € B mocrexnseMm <ciayyae BCe UH-
JUHAPBI padoTaloT Ha ofmuH BaJ,

B npocrelilieM ciyuae B KaxKIAblH H3 LHIMHA-
POB IIOCTyIaeT CBEXHH 1ap, M MailluHa COCTOHT
U3 KOMILIEKTa COBEPLIEHHO ONHMHAKOBBIX LHJIHHA-
POB, PAacIOJIOXKEHHEX OObIYHO OJHH PsSAOM C APY-
ruMm. Taxne MalllFHBl Ha3biBAIOT MAIIHHAMH O -
HOKPATHOTO paclWIHpeHH s (CABOSHHBIMH,
CTPDOEHHBIMH H T. I.).

B oTiuuHe OT HHX MHOTOLHMJIHHIPOBLIE Mallu-
BBl HCMOJHAIOTCS TaK¥Xe B BHIe MaIIHH MHOIO-
KPaTHOrO  paciidpenuss (ABOHHOTO, TPOUHOrO,
pexke — YeTBEPHOTO).

B Mammnax MHOrOKpaTHOTO pacildpeHus cBe-
KU map ToCTyrnaeT TOJbKO B ONMH M3 NHJIHMHI-
pPOB, Ha3bBaeMbId W HJHUHADOM BHEHCOKOTO
IaBJeHHS WIM MajblM HUIMHIPOM. B HeM
rap |paclIupsieTCsi He M0 KOHEUHOTO JNaBJIeHHs BbI-
ycKa, a JI0 HEKOTOoporo 6oJsiee BBHICOKOTO.

C 3THM IPOMEXYTOUHBIM JaBJCHHEM TOT XKe
(orpaGoTaBiuuii B MaJOM LIHJIHHADE) map TOCTy-
naer B chaenylomuil nunuEnp. Ecnn  Mamupa —
IBOUHOTO pacIIUPEHHs], ap BO BTOPOM IHJHHIDE
pacIIHpsieTcsl L0 KOHEYHOro [aBJI€HHs BHINYCKA,
U 3TOT HUJHHAD HMEHYeTCs U HJIHHADPOM HHS3-
KOTO LJaBJeHHUS, UIN OOJbIIHM IHJIHHIDOM.

B MmamuHax TpOHHOTO pacHIUpeHHs map U3
MaJioro IIMJIMHJApPA IOCTyNaeT CHadaja B CPeRHHH
(LHIHHIOD CpelHero JaBleHus), a oTTyAa B GOJib-
WOH UUJAHHAD (HU3KOI'O J2BJIeHHS).

Y mamuHsl ABOHHONO pacUIMpeHHsT LMJIHHIAPBI
pacnoJjiaraiot psgoM (our. 1-3) win oauH 3a Lpy-
ruM (dur. 1-4).

B nepso#i H3 3THX cCucreM — MalllUHe KO M-
f1ayHJ— KPHBOUIHIIEI O0OHX IHJIHHIPOB OOBIU-
HO CHBHHYTH Ha yroj 90° omuH OTHOCHTEJBHO
apyroro, Bo BTOopoli MauiMHe — MaurHHe T a H-
JeM—of6a NOpIIHA Haca)KeHbl Ha OOUH IITCK
H paboTaroT Ha oOIuil KPUBOLIMIL.

Mamusel TpofiHOro pacHHpeHHs CTPOAT IO
THTIAM KOMIIAYHJ, TaHAeM HJIH TO CMeIIaHHOMY
THITy TaHIEM-KOMIIAyHZA,

Tpy0Orl, O KOTOPBIM B MalIHWHAX MHOMO-
KPaTHOTO -pACIIHPeHUsl Nap NePEeXOANT HU3
OQHOPO IHUJHHApPA B [ADPYroH, Ha3bLlBAIOTCA
pecupepom (mo3. 2 Ha ¢ur. 1-3). Has-
JeHHe Iapa B pecuBepe SBJIAETCH, TAKUM
o0pa3oM, JaBJICHHEM BBHIyCKAd OXHOTO IH-
JHHIpPa W BIYCKa B CJeIyIOLIVH.

HWuorna u3 pecusepa YacTb napa

~orbupamT [Jf UCNOJb30BAHHA B Ha-
rpeBaTeNIbHBIX rnpubopax. Takas cHcTeMma,
KaK OyHeT NOKa3aHO HHIKe, IPEACTaBJIsAeT
3HAUKTENbHbIE BBHITOABI H NPHMEHSETCA B TeX
IDPOU3BONCTBAX, TINe MIJa IeJied Harpesa

iy
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TPeGYeTCs KOMMYECTBO I1apa MEHbBIEe, uYeM To,
KOTOpOe NPOXOJHT Yepe3 mapoByl0 MaluuHy., Bme-
CTO TOrO YTOOB! CTABHTh CHELHAJbHEIE KOTEJN HH3-
KCro HaBJ/eHHs HJIH PelylHpoBaTh CBEXHH map,
nap OTOHPAIOT U3 DecHBepa, JaBJIEHHE B KOTOPOM
YCTaHaBJIHBAETCH B COOTBETCTBHH C HYXKIaMH
[LPOH3BOACTBA.

[laposble MammMHLl 3TOro THHA HA3LIBAIOTCS
MAaMHHAMH C¢ THPOMEXYTOUHBIM OT-
6opomM mapa u crposiTcss OGBIYHO B BHIE
TaHAEM-MaIlUH, KOTOpbie MeHee, ueM MAaIllUHBl
KOMIIAyHI, YYBCTBUTEJbHBl K H3MEHEHHIO pacipe-
AeJIeHHsi Harpy3ku MexXny UunuegpaMu. Ilpa ko-
JieGaiomenMcsi OT6ope mapa U3 pecHBepa paclpe-
AecHHE OOMIeH  MOIIHOCTH MEXAY OBOHMH
IuIHHAPAMH TOJyYaeTcs, KOHEYHO, Kpaline He-

- PABHOMEDHBIM.

MoxHo nmpousBomuTh OT6OP mapa Hemocpen-
CTBEHHO H3 LMJIHMHIADA ONHOUMJHHAPOBOH MAaIlH-
Hbl. OZHAKO TakHe KOHCTPYKUHH He MOJYUHJIH
pacnpocTpaHeHHs.

B sapucumocTn oT posma mapopacmpereieHust
pasinyaioT MallWHbl 30JOTHHKOBE €, KD a-
EOBBe HKJaAaNMaHHBL e,

ITapoBeie MalHHEL GBHIBAIOT TOP H3 O H T 4 J1 b-
Hbole uBepTHKaabHHe (dur. 1-3), HecKosb-
KO OT/IMYAIOIIHECs] KOHCTPYKTHBHBLIM BHIICJIHEHHEM
OTACJBHBIX JmeTasiell. BepTHKajibHble MallHHBL
NPUMEHAMCh DaHbllle ([0 MNOFBJEHHS MaPOBHLIX
TYPOHE) riIaBHBIM 06DPa3oM IPH GOJBIIHX MOIIHO-
CTSX; B HACTOfIUEE BPEMS HX NPHUMEHSIOT B CYHO-
BbIX H OBICTPOXOAHBIX KOHCTPYKIIHAX.

Mamuner ¢ uncsoM 060poTos g0 150 B MuHY-
Ty NPHHATO CYUTATh THXOXO M HBIMH, ¢ Gosee
BBICOKHM ~ UHCJIOM  00OpPOTOB — G BICT P O X 0 I-
HelMu (o6biyHO 300—400 ® mumyry, B psize
caydaes no 1500—2000 B mMunyTy).

HauGonbitee uncsao mammn paGoraer apom
naenenveM 10—20 ara. Mo 6yneM HaseiBaTb HX
MalliHaMH CPE€NHEero gaBaedHusa B ormu-
UHe OT HUX MalUHHAMH BBICOKOI O J4aBJe-
HHs1 MOXHO CYUHTaTh Te, KOTOPbie paboTaIoT ma-
POM naBjieHHeM CBbllle 25 ara. B wHacTtosmee
BPEMSsL CTPOAT MalUHHBLI, PaGOTAIONIHE NAPOM HaB-
senneM 10 130 ara, Ho He HCKIIOYEHA BO3MOK-
HOCTh IIPMMEHEHHSA H G0Jee BEICOKHX HaBeHUI.

Knaccubukauus wmammy mo quCIy 0B0pOoTOB
H MO NABJEHHIO 1apa sIBJISETCS, KOHEWHO, YCJOB-
HOH, W yKasaHHBIE UUPPH! MOTYT € TeueHHeM
EDEMEHH MEHSIThCS.

1-3. HHOUKATOPHAS JUATPAMMA

[Taposasi mamuua paGoraer oGBYHO Cienyo-
M o6pasom.

Hesagonro xo mpuxoxa NOPIUHST B  JIEBOE
MEPTBOE mMOJIOXKEHHE HaAUHHAeTCs = BIYCK [apa

B JIEBYIO NONOCTh iMJauHApa. K MoMeHTY mpuxoma
[IOPIIHSA B MEDPTBYIO TOUYKY B JEBOH [OJOCTH
yCTaHaBnHBaercs: AaBJieHHe CBexero mapa. Ilom
STHM J@BIeHHEM IIODILIEHb JBHraeTCs BIPABO.
[Ipr mexoropom nomoxenmu TNOpIIHA BOYCK Iapa
Ipexpamaercs. MoMeHT OKOHUAHHS BOYCKa Hasbl-
Baercst orceukod. Tak kak mpH jmasnbHeHirem
IBHXEHHH TODIIHS OGDBEM JeBOH [OJOCTH ITH-
JUHJDA YBEJHWYHMBACTCS, Tap, BNYIEHHBIH B IH-
JHHAD, pacumupsiercs. Ilepen mpuxomom mopmas
B IIpaBO€ MEPTBOE IOJIOXKEHHE JieBasi TIOJOCTh
coo0lUaeTcs ¢ NPOCTPAHCTBOM BBHIYCKA, H JaBJe-
HHE B 3TOU TOJIOCTH COOTBETCTREHHO [afaer.
UIpn nansHefinieM ABHIKEHHH BJeBO nap BLITAJI-
KHBAETCA W3 UMJIHHIpA.

Bomyck mapa, Tax e Kak u BIYCK, HE IJIMT-
Cii Ha TPOTMNKEHHH BCEro XOAA MOPIIHA, a Iy
HEKOTOPOM IIOJIOKEHHH TIOCIELHETO BBINYCK Mpe-
KpamlaeTcs], ¥ OCTABIUMICT B LMJIMHADE Nap noi-
BEPraercs CKaTHIO.

B npaBoil momocts mpomecc mpomcxomur ra-
KHM Xe 00pasoM, TpHYEM BIYCKY B JEBYIO MO-
JIOCTH COOTBETCTBYET BBINYCK Ilapa U3 MpaBoil.

BBuay Toro uto nnst moBblurenus nasmenus
B LHWJIHHADE NPH BOYCKe M AJA MafeHus nasie-
HHS TIDH BHITYCKe Iapa TpelyeTcss ompefeseHHOe
BPCMsi, BIYCK M BBIIYCK I1apa HAYHMHAIOTCS €lle KO0
UpHXOA MOPIIHA B COOTBETCTBYIONIEE MePTBOE
TOJIOKEHHE HA BIHYHHY ON€pPe XK eHHU a BIyc-
Ka M BBHIMYCKa. :

Tennorolt npouecc Marmuab yrobHee Bcero
pacCMaTpuBaTh B ero rpauyecKoM H306pazKe-
HuH, Jnsg storo crnposit o6buHO B KOODJHHATAX
p,V (naBnenne — oGbem) AHarpammy, mu3obpa-
KAMOUYI0 H3MEHEHHE NaBJEeHHS Hapa B 3aRHCH-
MGCTH OT oO0bema HuauHmpa. Taxas JuarpaMua
HaSblBaercss HHAHKATODHOH jpuarpaw-
Mo 1.

O6pazen nuarkatopwoi AHArpaMMBl (nxs Je-
BOJi IOVIOCTH NHJMHAPA) NPEACTABJACH Ha ¢ur. 1-5,
HpHYEM NI #iCHOCTH IIOX AMArPaMMOl Hayepyena
CXeMa NapoBOro WMJHHIpA.

Ilopmens Beluepuen B MepTBOM TOJMOXeEHHHN.
O6BbeM BpenHOro mpocTpancTBa V, oTaoxen ot
Ha%ana xoopaunat. B Touke a Hayumaercs pa6o-
Yni nmpouecc Mammuue, Ha mporsxennn oTpes-
Ka @b, COOTBETCTBYIONIEro yacTH V pabouero
00B€Ma NMJIHHADA, TPOHCXOAMT BIOYCK Iapa npH
AaBneHuH p,. Touka & onpexenseT MOMeHT
oTceyxr. OOBEM HAXOAAILErOCsA B UHJMHADE Hapa
B 3TOT MOMEHT cocrasaser V-V,

v
Orgomenue 1/~ = ¢ Ha3bIBaeTCA CTENEHD IO
h .

HAOO/MHEHHA H OGHYHO HsMepseTcs B Hpo-
lleATax paboyero o6vema Hu/MHIpa V.
OT ToukM b maunHaercs pacuiupenne mape.
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Pur. 1-5. MngukaropHas nuarpaMva Iapo-
BOH MamwuHBL.

B Touke e-—Hayane BbyCka-— JaBjieHHe
napa NOCTENEHHO MajaeT A0 AaBJEHHs BHIYCKA P,.
JlaBaenne B KoHNE paclIMpeHHs, IpEeANOJaras,
4TO TOCJTeAHEE UPOAOJKAETCH JHO MEPTBOTO
HOJIOXKEHHsI MOpIHA, Mbl OyzeM 0603HayaTh
uepe3 p,. O6meM, ocBoOoXZaeMHH 3a BpeMs
onepexeHusl BeIMyCcKa, 0603Hauynm uepes V,.

[ysxTupom noxasaso mpasoe MepTBoe mOJO-
xenue mnopmHsa. OTpesok df cooTBeTCTByeT
BEIIYCKY Dlapa INDH JaBJEHHH p,. B Touxe f
HAaYHHAETCA CXKAaTHe Hapa, a B TOYKE €— BIYCK
cBexero mapa. V; mpexacrasasieT co6oit 4acThb
00beMa, B KOTOPOM INPOHCXOIHMT CxaTHe (3a
BLIYETOM BPEAHOIO IPOCTPAHCTBA); OTHOILEHHE

V;
V‘q’—zec—creneﬂb CXKaTHs; p,— KaBJEHHE B KOHIE
h

CXKaTusa Jnd cayyas, Korjga HOCJeJTHee IIPOJXO.I-
JEHO [0 MEpPTBOro mNOJOXKeHHsA nopmHs; V, —
4acTb paGoyero o6beMa B MOMEHT Hayaja BIY-
cka. [lnomans mHankatoproit nmarpammu abedfc
npeacrasageT CoGo#, KaK H3BECTHO H3 TePMOJK-
HaMUKH, paGOTy mapa, HaXOISUIETOCH C OXHOMH
CTODOHB! IOpUIHS, 3a OAHMH OGOpOT EaJja. .

Tak xak o6bem nwmuHApa "pOTOPUHOHAIEH
JJIHHE €ro, TO MOXKHO CYMTaTh, YTO IJIHHA [Ha-
IrPaMMBbl TIPEACTaBAsSET co60il XOM TTOPLIHS.

HupukaTopHyl0 guarpamMmy MOXKHO CHSATh
¢ palotalomieli MalIHHLI NPH TIOMOINH CHELHANb-
HOro mpu6opa, HA3bIBAEMOro HHAMKATOPOM. Ilu-
IYIIHA annapar 3Tor0 npubopa HAXOXHTCA IIOJ
IaBJeHHeM mapa B NHJMHADE MalUHHEB], 2 GyMare,
FaBepHyTod Ha OGapabaH, coobuiaercid HepeMe-
IIEHHE, COOTBETCTBYIOLIEE JBHIKEHHIO MOPLUHS.
Ha 6ymare nomyuaercs rpadux nsmemenus nas-
JICHHSI 11apa B -3aBHCHMOCTH OT XOHa NOPIUHS,
T. €. HHAHKAaTOpHas auarpamma.

Ha cuateix ¢ maummsn JHarpaMMax MOMEHTHl
1apOpaclpeie/leHus He BHIHLI TaK OTUETIIHBS,
kKak Ha ¢ur. 1-5. Ilepeceuenus orzenpubix KDH-
seIX (TOukM b, e, d),, CKpYyragiorcst, n4uus ab no-
JIy4aeTcsl HaKJIOHHOH.

1-4. HCTOPHYECKHH OYEPK PA3BUTHA
TNAPOBON MAUIUHB]

MEICIb 06 HCIONB30BAHNN NaBjenms napa sa-
ponunacb 8 IJyGOKOH npesnocTw. Apxumeny,
ponuBleMycs 3a 287 Jer mo mamep 3PHL, IpLOH-
CbIBa€TCHd H300peTeHue IOYINKI, neilcTBOBaBILuelk
BOAAHBIM napoM. Psn amnaparos mig noabeMa
BOZBI [aBJIeHHeM Iapa OBl Npeiiomxed n cpen-
nue Beka (B 16 u 17 BB.). Onuaxo [ICPBhIE [IOIBIT-
KH IIPAKTHYECKOTO OCYIIECTBJISHIIT TAKHX amnapa-
TOB OTHOCATCH JHUIDb K KOHUY 17 — pauagy 18 p.

D10 He SABIAETCH  CAYUANHbBIM. [Tepexoa or
PYYHOrO pPeMEeCJEHHOro  IJiH MaHy(paKkTypHOro
NPOH3BONCTBA K MAIIHHHOMY mpHBeJy K TOMY, 9TO
BONSHEIE KOJIECA M KOHHBIE MPHBOALI, CIYKABIIHE
CAMHCTBEHHBIMA JBATATENIMH C NPEBNHX ppeMeH,
MEpecTany yLOBJIETBOPATh BO3POCUINM TPEGOBAHH-
SIM IIPOMBIIINIEHHOCTH.

Ilpn deomanshoM cTpoe, XApaKTePH3YIOUIEMCS
NOSIBICHUEM «...HaPSIAY C PeMecC/eHHBIMHY Macrep-
CKHMH MaHY(QaKTYPHBIX TPEINPHsTUILS 1, Bce or-
pacjau TPOMBLILLIEHHOCTH elye VULOBJIETBOPSLTHCH
BOAAHBIMU  KOJIECAMH H KOHHEIMH  NpHBOTAMH.
B 17 B. —mpu pacusere deomannuoro CTpos —
emle He OBIO TOTPeGHOCTH B 6oJsiee  MoIIIBIX
H HE3aBUCHMBIX OT MECTHBIX YCNOBHIH JBHrATENSX.

B TekcTHIBHOM mpOH3BOXCTEE TIPHMEHsICS
TOJIBKO |PYYHOH TPYA; KeJse3oldesaTenbuas npo-
MbHIJIEHHOCTb OOXOHUJIAch g OpUBONA MEXOB
1 KOBKHM BOASHBIMH KOJIECAMI M JIOUIaf6MH; Ka-
MEHHOYro/bHas MNPOMBIIIEHHOCTh IIpeIbABIILIA
CIpOC TONBKO HA HACOCH JUISl OTKAUHMBAHHS BOJIBE
C HeGOJIBIIOH TIYGHHBI; TaKue e HACOCKH! Tpe-
GoBanuCh  IJST  Pa3JIHUHBIX BOJIONOoBEMHbBIX
H DNHADOTEXHHYECKHX COOPYKEHHI].

Ilo mepe passuTus mpoussomHTENBHEX CHJI,
BCE BO3DACTAIOWIELTO YKPYNHEHHS U VCJOKHEHHS
OPYZHH IPOM3BOACTBA HACTYIIH] HNepHON, KOTrna
«...yBEJHUEHKE Pa3MePOB padouell MaMIMHB U KO-
JUIeCTBA € ONHOBPEMEHHO JNeliCTBYIOMHX opy-
I Tpebyer GOJsee KDYIHOTO NBHIaTeNbHOrG Me-
XaHH3MA, 2 3TOT MEXaHH3M HYKIaeTcs B Gojee
MOIII,HOI:/:I ABWTaTeNbHOH Cuite» 2. Droli «Gosee
MOIIHOM NBHIaTeNbHOU CHJION» H gBHyIach «cHaas

I1W.B.Cranumn, Hcropus BKII(6). K B Ky
I‘ocx;o;}r(mnsna'r, 1945, cTp. 120. (). Kparuui HYPes
-Mapkc n ®. DHreane, Co
IMaprusnar, 1937, crp. 413. whnenns, . 17,
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BOAsHOrO napa. Ee nmpumeHneHuwe i omgHo#i s
4aCTHBIX, HO OCTPO CTOSIIEX 3ajay — HOAbeMa
BOMBl — CO3MaN0  TEeXHHYeCKHE  IIPEMIIOCHLIKH
K OCYIIECTBJICHHIO YHHBEPCAJBHOIO TEIJIOBOTO
AedraTessi. TpeGoBaHie Ha YHHBepCAbHBI IBH-
FaTejb BOSHHKIO B CBA3H € H300pETEHHEM Ma-
IIHHBI-OPYNHs, 3aMeHMBIIEH pyKy  yeJsoBeka
M BbI3BABIICH [IPOMBIILIEHHBI] NepeBopoT — Tie-
PEXOL OT PYUHOr0 PEMECJEHHOIro H MaHy(aKTyp-
HOTO TPyAa K KPYNMHOMY MAaIIHHHOMY KalHTaJH-
CTHUECKOMY ITDOH3BOACTRY.

Tako#t = ynuBepcambHbL apoBOHl JABUraTelb,
CIyKalllHil )i OPUBOZA JIOOhIX 3aBOLCKHX Me-
XaHH3MOB, BII€pBble Obl1 CO3MaH PYCCKMM TreHHU-
a/lbHbIM  H3oOperateseM HMeasmom IBanosuuem

TonsynosbiM (1728—1766 rr.).

CyllecTByer HeMano MMeH, HOCHTENSM KOTO-
PLIX pasiHYHBle aBTOPHI IPHIHCHIBAIOT HepBeH-
CTBO B Ji&JI€ CO3/aHHS NapoBO# MauuHbL TaKoBHI,
Hanpumep, umena Tomaca Cssepu, Jeuu IMamuna,
Tomaca Heiokomena, xemca Yarra.

Onmnako Cssepu u Ilanun H300penn He mapo-
Bbl€ NBHUraTe/H, a IIapoBble BOLOMNONBEMHbLIC Ha-
cocl. B paGoueMm cocyme annapata CsBepu
(1698 r.) cosmaBanocs paspemeHue BedencTBHe
KOHICHCALlWH BNYIIEHHOTO B 3I0T COCyn Napa;
IO JAaB/leHHEM arMocepbl B Cocyl 3acachiBa-
71aCb U3 BOMOEMa BOJa, KOTOpas 3aTeM IapoM
BBITECHANACh B HATHETATeNbHYI Tpy6y. Takum
o6pasom, annapar CSBepH MOT BHITOIHSTD TOMHKO
SIHHCTBEHHYIO YaCTHYIO0 (QYHKIHIO — IOBEM BO-
ABl, a MOSTOMY He MOr OBIThb M He ObLI JBHra-
TeJIeM. '

B Hacoce ITanuna (1707 r.) Bona BbITecHAnach
H3 UHIHHADA IODIIHEM, Ha KOTOPHIE ¢ Apyroil
CTOPOHBI naBuia map. ITo cpaBHenHIo ¢ anmapaToMm
CaBepH 3pech cresan mar BIepeJ] — BOILIOIIEHA
HIes O MOCTYMAaTeJBHOM JBHMKEHHM HOPUIHS [0
AdBJICHHEM mapa, OHAKO MBHMKEHHE IOpIIHS
MOTJIO GBITh TMepeNaHo ToAbKO poge. Ho naxe xak
BONOMOABEMHLIA Hacoc MamiuHa Ilanmpa 6nuia
KpaiiHe HECOBEDILNEHHA: BCACHIBAIOWIETO NeHCTBHS
OHa He uMeJa, H BOAY K MaulHHe HaLo ObLJIO TeM
HJIH HHBIM CTIOCOOOM TOLaBaTh.

Hoioxomen mocnpoiikoil Tak HasbiBaemoil at-
MOcepHO MallMHBI caejaJ CJIeNYIOMH Imar,
IPUOTHKAIOILH & BOJOMO beMHBI ammapar
K NOPIIHEBOH TIapOBOH MAIIHHE.

B wmammme Hsiokomena (1725 r.) HuMeJcs
YXXe BepTHKJIbHBIH 1apOBO IMUMHHAD ¢ IIOpILIHEM.
Ilap mocryman » UMIHHAD 1OpPH  aTMOC(hepHOM
AaBJICHUH, 3aNOJIHSA O0BEM ION MOPIIHEM, KOTO-
PBUl IOXHHMAIICS TIPOTHBOBECOM, HMEBITHMCS Ha
koHlle Ganancupa. 3ateM MO MOpIIEHD BIPLICKH-
Bajlace Boma, nap KOHIEHCHPOBAJCS, OGPAaZOBbI-
BAaJIOCh paspexerHe, H MOPIIEHb OMYCKAJXCH NON

LaByeHnen atMocoepsl. IIpu nomomy uenu u phi-
uara-6ajaHcHpa TIOpUIeHb MAUIHHBl TIOLHAMAJ
IITaHry BOAsAHOro Hacoca. PaBoTa MaIunsHE! Gblia
IPePLIBHOH M oTmaBajiach IpUBOAXMOMY arpera-
Ty TOJIbKO B nepuofsl onmyckanuii mopiaa. O61a-
Zias  DPEPRIBHOR  ormauell paGoTH, MaimMHa
Hriokomena wmoraa YAOBJIETBOPHTENBHO NPUBO-
TUTh B NEHCTBHE TOJbKO arperars, paboraBsiiue
C II8PEPLIBAMH, — HACOCHl TIPOCTOrG AeHCTBHS.

Mamuna HbloxoMena, kax u mamung Yarra,
OCTaBa/aCh, IO METKOMY BhIpaxennio Mapkea,
«IPCCTOU MOMBEMHON MAIIHHON IS BOALI H COJf-
HOro pacTtBopa» .

HauGosnee cepresubiM nperenmentom ma nep-
BEHCTBO B Jie/I€ CO3NAHHS YHHBEPCAJBHOTO I1ape-
BOT'O ABHratesiss MOT Obl ObiTh [I3kemc Yart, nefi-
CTBHTENBHO JAOCTHTIINHA OOJBIIHX YCOEeXOB B KOH-
CTPYHpOBAaHHM MapoBOH MaluMHLL Ho maTedt
YaTra Ha MallHHy C HenpephIBHOH oTiaue) pato-
Tbl OTHOCHTCS K 1784 r., T. €. oH OblI BblgaH ye-
pes 19 ser mocse H3oOGpeTenus ITonsynoseiM yHu-
BEDCAJILHOTO JIBHIATEJNIS.

Takum 06pasoM, HCTHHHBIM TBOpLOM YHHBEp-
CaJIbHOH NapoBOH MalIHHBl HEIpepLBHOTO jeli-
CTBHs siBJisieTCst pycckud texuuk W. U. [Toasynos.

HNso6perenne ITonsynosa He 6buio CJIy4YaiHBIM
OTKDHITHEM, a GBUIO MOATOTOBJIEHO BCell ero mpaK-
THYECKOH IeATeNIbHOCTBIO, TEODETHUSCKHMH 3Ha-
HHUSIMH, CHCTeMATHYECKHM TDYAOM H HaCTONYH-
BOCTBIO.

B ceoeit pabore U. Y. Tlonsynos PYKOBOJ-
CTBOBAJICA HaHGOJee NEPENOBHIMU MO TOMY Bpe-
MEHH B3IVIJAMH Ha MPHPOLY Tellja, YCTaHOBJICH-
HEIMH B TPYNaX €ro 3HaMEHHTOTO COBPEMEHHHKa
Muxanna Bacunbernua JloMonocoBa.

B 1744 r. JloMOHOCOB HANHCAN BHIAAIOMIAI-
Cst TPYA «PasMbiIeHHss 0 mpuuHHE TemJIOTH M
X0JI04a», B KOTOPOM OH BII€DBLIE B MHDOBO{l Hay-
Ke TNPENJIOXHI ¥ O0OCHOBAT MEXaHHUECKYIO TeO-
PHIO TENJIOTHI M OTBEPT DACNIPOCTPAHEHHOE B TO
BpeMsl yUCHHE O «TEIIOPOAEY», Kak 06 ocoBoM Be-
ECTBe, OGYCJIOBAABAIONIEM CTElleHh HATPeBa Tell.
B pa6ore Jlomonocosa, mouru 3a 100 jer xo mo-
sIBJIEHUsT TpynoB Mafiepa, I'eneMronbua, JIxoyas,
Mbl HaXOAMM TakHe MOJOXKEHHS: <TelJoTa BO3-
OyKNaeTCsi ABHXKEHHEM...>, IPHUHHA TEILIOTH CO-
CTOUT BO BHYTPEHHEM BpalllaTe/IbHOM JBHIKEHHH
CBASAHHOH MaTepHd..» u T. m. [JI. 1].

B 1748 r. M. B. JIOMOHOCOB, TaKiKe BIEDBEIe
B MHDOBOH Hayke, COpMYJHPOBAN KaK <BCEOG-
IHE eCTECTBEHHBIH 34KOH» 3aKOH COXpaHeHHs
MacChl H MaTepHH.

3a 40 ner mo JlaByasbe, KOTOPOMY TIPHIIHCHI-
BAIOT 32KOH cOXpadHeHud Mmacchl, u 3a 100 Jger no

LK. Mapkcu &. Dureasnc, Counnenns, T. 17,
[Taprusaar, 1937, crp. 419- .
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Podepra ,Mafiepa, KOTOPOro HENPABHJIBHO CHH-
TAIOT 4BTOPOM 32KOHAa O COXpDaHeHHH 3HEPIHH,
JIOMOHOCOB OTKDBLI CYILECTBOBAHHE ITHX 32KOHOB
¥ cGODMYJMHPOBAJ HX KaK €IMHBIH 3aKOH eCTe-
CTBO3HAHHA.

Y. Y. Ionsyuos 6pu1 3HakoM ¢ paGoramy
M. B. Jlomoroccosa.

Cuia cospata, [ToA3yEOB He HMENI W He MCT IO
TOMY BPEMEHH HMeTb BbicmIero oO0pasoBaHHA.
OXHAKO OH OTHOCHTCH K UHCIY 0Gpa3oBaHHEHINNX
Jtogeli cBoelr smoxu. IlosisyHoB 3Han (QUSHKY,
yMeJl TPOM3BOAUTL HHIKEHeDHBle pacyeTnl H CO-
craBasATh yepTexu. OO ero spyAuilin rOBOPUT TOT
(axT, uTo OH TMOAZepKHBaN cosaanuyio M. B.JIo-
MOHOCOBBIM MEXaHHUECKYIO TeopHIo TemioTsl. OH
HMeN TpeACTABJIeHHe O 3aKoHe COXDaH€HHs SHEP-
THH, YKa3blBasd, YTO «CHJa B MalllMHE caMa coboit
poccraTth He MoxeT» [JIL 2]

HeynuBuTesbHo nosToMy, uro Maunza IToa-
3yHoBa Obula TIATJLHO NPOAYMaHHHIM H rpa-
MOTHO CNPOEKTUPOBAHHLIM COOPYXKEHHEM, 3HATH-
TEJBHO MNPeBOCXOASIIMM [0 CBOEMYy 3aMbiCly H
[0 CBOEMY OCYIIECTBJICHHIO APYTHe NPENJIOKEHUA
B 06JaCcTH 11apOBLIX MalIWH TOH XKe 3MOXH.

Ha ¢ur. 1-6 noxasas mpoXoJbHBIE paspes na-
poBoii MammHbl 110/13yHOBA TO YepTEXKY, BHITIOJ-
HEHHOMY CaMHM H300peTaTesieM.

Mamuga s1a ObUia CHPOEKTHpPOBaHa MM B
1763—1764 rr., moctpoeda B 1765 r. u yCTaHOB-
jgexda Ha Kousbmeano-BockpeceHCKUX 3aBojax Ha
Anrae. Ee pasmepw:: auamerp mununipa 0,81 x,
xon nopuHs 2,56 m. JlaBjenue mapa B KOTJeE CO-
cTasasano okono 1,2 ara. OpueHTHPOBOYHAS MOIL-
HOCTb MAaIWWHEl TPH 15 ABOMHBIX XOAaxX TMOPIIHSI
B MHHYTY paBHsIach okoqo 40 4. ¢.

JlBa BepTHKAJbHBIX LHJIHHADE MALIHHDBI ObLIH
pacIOJIOXKEHbl HEMOCPENCTBEHHO Haj TNapOBbIM
korsioM. ITap mo TpybGe 5 mocrymaj B IHJIHHID
3a TOpIIHEM, KOTODHIH MOAHUMAJICS TPY3OM,
YKDETUIeHHBIM Ha BO3LyXOMyBHOM Mexe. B moMeHT
IpPHXOAa TOPIIHs B BepXHee MOJIOXKEHHe B Id-

JHHAD BIpPHICKHBajack 1o Tpyde 5 Boma (u3 Ga-.

Ka 16), nap KOHIEHCHPOBAJCs, H B HHJIHHIDE CO3-
naBasioch paspexenne. [lon naBreHneM aTMocoe-
pbl TIOPLICHb €N BHH3, COBEpIIas MEXaHHUECKYIO
pabory. -

Luaueapel paboTajin nocje0BaTeNbHo,. obec-
neyrBasi HETPEPLIBHOCTE MEHCTBHS MALUHHBI.

TMopusn Taramu 13 coepuHANHCh ¢ GajaHCH-
paMi, TIpH TIOMOIH KOTODBIX MallliHa IIPHBOAHJIA
B gelficTBHE MEXU J[JIi BAYBAHHA BO3AyXa B Me-
Tamnypruteckue neun. Crenyer OTMETHTh, YTO
B T€DBOM BapHaHTE MAIIHHE! BMeCTO OaJjlaHcH-
pOB OBbLIH MpPeLyCMOTPEHB! IIKUBEI, COETHHEHHBIE
C TOPIIHAMH [PH TIOMOLIU Lenel, — KOHCTPYKIHS
JO TOrO BPEMeHM He TIpHMEeHSBIIAsCH.
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Pur. 1-6. [Taposas mammua M. W. Ilorsynosa.

1 — ,renyoBoit Gaccefin® aag cGopa BOAB; 2 — napoBoit KoTeds; 3 —
YCTPOBCTBO A/ ABTOMATHYECKOTro MHTAHMA KOTJa; 4— MapOBNYCKHEIE
3aJBHXKH; 5§ — DapOBNyCKHHe TPy6H; 6 — TPYOH AJE CHOYCKA BOXM H3
LAJHAXPOB; 7 — BO3AYMHHE TPYOH; &§-— BOJOpacnpelesHTeNbHOE yCT-
poflcTBO; 9 — TPyOHM nJg nojaud oxJgampalmei BOAB B UHJAHHADBL;
1) — UANMHADH MamuEL; 1] — nopwwy; 12-—vamy; 13 — Ttaru; 14 —
Tpy6a AAA NMOZAUH BOXH H3 6aka; I§5 — LYTH “0ajlaHCHDOB; 16 — Gak
¢ BOJIOH. -

B mamune IlTonsyHoBa mapo-Bofopaclpefesn-
TEJbHO® YCTPOHCTBO ObLJIO aBTOMATHYECCKHM H

" [IpeICTaBasAIO co6oi COBEpIIEHHO OPHIHHAJBHYKY

KOHCTDYKIIMIO, OCHOBAHHYIO Ha BO3BpaTHO-Bpallia-
TENbHBIX JBHMKEHHSX INIPH IOMOIIKM 3yOuaThix
KOJIeC.

[Tutanwe KoT/Ma NPOU3BOAMIOCH TaK¥Ke aBTO-
MAaTHYECKH MCKJIOUHTEJILHO = IOJOTPETOH  BGIOH.

[Taposas mamuna Ilos3yHOBa IO CPaBHEHHIO
¢ MallHHAMU €ro IPEJIIeCTBeHHUKOB OTJIHYaj1ach.
CIeNYIOMUMH OPHTHHAJBHBIMH OCOGEHHOCTSAMHU:.
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a) oHa TpeacTaBJssia COOOH NepBYI0 B MHpE
IBYXIUJIHHIPOBYIO KOHCTPYKIIHIO;

6) OTJIHUAJIaCh HEMPepPLIBHOCTBIO AEHCTBHS;

B) HMeJla aBTOMAaTHUeCKd NECHCTBYIOIIHH T1apo-
H BOJOPACIPENeHTENbHbIN MEeXaHH3M OPHTHHAJb-
HOH KOHCTPYKILHH;

r) Opiia cHabGxeHa TPHOOPOM AJs aBTOMAaTH-
YEeCKOro MHTAHUs KOTJa, NPEeACTaB/IgBIINM CO00H
MePBYI0 B MHpe aBTOMATHYECKH DeryJHpYIOMYIOo
CHCTEMY;

1) THTaHHE KOTJAa IIPOU3BOLHIOCH
nojorperoil BoAOM.

Ho camoe riaBHOe 3akjamouyajocbk B TOM, 4TO
mauinHa [lonsysoBa Gbla npegHasHaueHa He IJisg
nogbeMa BOABI, a JIJs TPHBOAA 3aBOJACKHX arpe-
ratoB. Takum o6pasom, MamuHa [loasyHoBa Obl-
Jia TIepBofl B MUpe YHHBEDCaJbHOH mapo-
BOH MauUKWHOI.

[TonzyHoB He HOKHUJA IO TyCKa B XOA CBOEH
MalIMHEl, CKOHYABIIHCh B 1766 r. Ero yueHHKH,
ONHAKO, CYMeJH NOBECTH IO KOHLA BEJHKOEe IeN0
NIepBOTO PYCCKOTO TerLtoTexHuka. B mae 1766 T.
MallHHa Oblia NyLeHa B XOJ, a B daBrycTe€ TOTO
Xe rofa Oblla mMpUHATA B IKCIJIOATAIAI0 JJis
00CTyKUBaHUS 3aBOMCKHX MEXaHH3MOB.

Tpu mecsna ycnemHo mpopafoTaja MalunHa.
OHa paGorana Obl, HECOMHEHHO, H JdaJbile, HO
MEJIKHE HemOoJIafKU (Teyb KOTJa) 3acTaBHJIH OCTA-
HOBUTH MalllUHy, H OoJbille B XOI OHa VyXKe HE
nyckaJsacb. HemocpencrseHHo mocje CMepPTH H30-
fpeTatens He HAULIOCH JIOAEH, KOTOPBIE MOIJIA
OBl IOANePXKaTh ero HACK ... OMOHb CJYIoOio
K MallldHaM CKJOHHTE...» M «...00JerddTb TPYX IO
HaC rpsiaymuM». 3aBOJYUKH TOTO BpEeMEHU CUH-
Tanu Gojiee HemieBbIM TPYA KPEHNOCTHBIX pados,
yeM [pPHMeHEHHe MalunH, oOJeTYyalolux 3TOT
TpyA. Mammnra IlonsynmoBa Oplia paspylieHa.
Poccuiickass AxazeMusi Hayk, COCTOfIBIIas B TO
BpeMs TPEHMYLIeCTBEHHO W3 HWHOCTpPAHLEB, OyAy-
un ocBefoMJyeHa o pabore Ilosnsynosa, mpenana
3a0BeHHIO BEJIHKOE IEJIO DYCCKOTO TeIJIOTEXHHKA.

Pa6ora WM. . TlonsysoBa mouTH HA CTOJIETHE
omepefuia PYCCKYIO HNEHCTBHTEJBHOCTb; B YCIIO-
BHSAX (PeomajbHO-KPEIMOCTHHUECKOTO PexuMa fia-
poBasi MalIHHA He MOTJIa, KOHEYHO, TOJYYHTh IIIH-
poKoro pacupocTpaHenusi. OxHako Tubenb Mallk-
gul [losisyHoBa u morpefeHHe B MBUIM apXHBOB
BCEX NOCTUTHYTBIX HM De3yJIbTATOB XapaKTePHhI
AJI TOTO BPEeMEHHU, KOTJla COBEpILeHHO HUTHODHPO-
BaJINCh BeJIMKAE TBOPUECKHE CHJIBI PYCCKOTO Ha-
pona B 06JiaCTH TEXHHKH.

A mexny Tem B 1794 1. Ha npsauneHoll dab-
puke B MaHuecTepe MOSBHAACh ABYXUWJIHHAPOBASA
napoBas MallWHA, BOCIPOU3BOAMBINAA H300peTe-
uie ITossynosa [JI. 2]. Crpouternem ee Obli He-
kuit Panpk, BHAeBLINH MawmuHy [loasyHoBa M na-

TOJIBKO

K€ OINHCaBLIHH ee B TeuaTd. MamuHa, N0CTPOeH-
Hag Panbkom mo npoekty IlosnsyHoBa, paborana
Gosiee 30 JeT, 4TO NMOATBEPKIAET OOOCHOBAHHOCTD
npeanoxenuii Y. W. IToasyuoga.

Ecau M. Y. TonsyHoB 110 mpaBy AOJKEH CYH-
TATbCA TBOPIIOM MEPBOH YHHBEPCAJBHOH JBYXIIH-
JIMHAPOBOH NapoBOH MAalUHHBI HeMPEPbIBHOTO IELH-
CTBHSI C aBTOMaTHYeCKHM IlapopaclpeleseHneM,
TO NaJbHEHIIHM YCOBEpHICHCTBOBAHMSAM, MPHUOIH-
3UBIIMM I1apOBYI0 MallHHY K COBpPEMEHHBLIM KOH-
CTPYKIUSIM, TE€XHHKa oO0si3aHa [lxemcy ¥Yarrty.

B 1769 r. ¥aTT nOAyYHJ TIaTeHT Ha MAIIHHY,
MOTYLIyl0 pafoTaTb IPH LABJEHHH BLIIIE aTMOC-
(GepHOro, ¢ TEMJOH3OJHPOBAHHEIM LHJHHAPOM H
C BLUIYCKOM I1apa B aTMOC(epy WU B OTAEJIBHBIA
KOHJeHCaTop, CHaGKeHHbI HacOCOM AJs OTKauH-
BaHHs Bosayxa. IlepBag Mamuua Yarra — OnmHO-
HHJIHHADPOBAS], OAHOCTOPOHHEro NaBJIEHHS — OBLJIA -
moctpoeHa B 1775 r. Kak u MamuHbr 3amajaHo-
€BPOMEHCKHX MNPeNIIeCTBeHHHKOB YarTa, OHa Obl-
Jla mpeJHasHaueHa 1A TofbeMa Boanl. Ilap mo-
CTyNmaJl B BepPXHIOI0 I[IOJOCTb LHJAHHApPA, B TO
BpeMd Kak HHXKHAS TOJOCTh COOOMIANach C KOH-
nencatopoM. ITo MOCTHIKEHHH IOPIIHEM HHUKHETO
[IOJIOXKEHMS OTKpLIBAJCA KJaliaH, COSNMHAIOMHM
MeXIy cobofi o6e NOJOCTH, W map H3 BepxHel
[IOJIOCTH MI€PeTeKall B HUXKHIOW. [ BHXKeHue mopli-
Hsl BBEPX JOCTHTaJIOCh MOJ JeHCTBHEM H3OBITOU-
Horo Beca mJeya Ganancupa. L{uauuap Gblr cHab-
X€H 1MapoBoH pyOalIKoH.

B 1782 r. YarT 3anatenToBas Maiuuny, pado-
TAIOULYI0 € pacliupeHueM Iapa B IUJHHIDE.
B 1784 r. oH moay4yusq TIATEHT Ha MAaiIuHy HABY-
CTODOHHErO JaBJeHHs, IBUBILYIOSsi BTOPBIM IIOCJe
MamuHbl [loisyHoBa ApurateseM HeNpepbIBHOTO
neicteud. [loutn oxHOBpeMeHHO YaTT u300ped
MalIUHy C BPalIATeJbHBIM IBHIKEHHEM, IIpHUYEM
nepenaya OT HOPIUHs K OaJaHCHPY OCYLIECTBJSsI-
Jacb TaK Has3blBaeMBIM  IapaJjliielorpaMMoM
Yarra, a mepenadya ot OajaHCHpa K BaJay — 3y0-
yaTodl nepenaueil. HakoHnen, Yart opuMeHus Ma-
XOBO€ KOJIeCO I/l YMEHBIICHHSI KOJeO0aHuil CcKO-
POCTH BpAalleHHSI H pEryjsaTop, YIpaBisiomui
JAPOCCENIbHBIM KJanaHoM Ha [apolpoBOfe K Ma-
uuge !,

Mamuna Yarra ¢ OTMEUEHHBIMH YCOBEDIIEH-
CTBOBAHHUSIMH CXeMaTHUECKH TI0Kasana Ha ¢ur. 1-7.
[TapoBo#t nunuuap 1 AOBYCTOPOHHErO IAaBJCHHSA
CHaOKeH aBTOMATHUECKHM MapopaclpelesieHueM,
yIpaBJseMbIM peryistopom 2. [lap BhIyCKaercs
B KOHAEHCATOD 3, 0OCIYyXKUBaeMbIH MOKPOBO3IYIl-
HeIM HacocoMm 4. JIBuxeHNe TOPLIHS Yepes na-

1 CnepyeT OTMETHTH, YTO NPHOPHUTET B H300peTeHHU
aBTOMaTHYeCKOro peryastTopa BCE e  IIPHHANNEKHT
Y. Y. TloasyHoBy, XOTS €ro peryaaTop Obll NPHMEHEH
IsT aBTOMaTHUYeCKOro MHTaHHA KOTJa.
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paJjesorpaMM & mepenaercss GajgaHcupy 6, a oT
Hero — BaJsly uepes 3y6uaryio nepenauy 7. PasHo-
MEDHOCTh XOJa HOJJAEPXKUBAETCS MaXOBHKOM &.

B 1783 r. (1. e. mout uepes 20 Jer mocje
cospauuss M. H. IloasyHoBeiM yHHBepcasbHOR na-
pOBOH MalIMHBI) MallHHA YaTra 6buia I0CTaBJe-
Ha Ha 3aBoJe [AJsA IPHBOAA KY3HEYHOTO MOJIOTA.

B 1799 r. onpun u3 corpynnukoB Yarra H30-
OpeJl 30JI0THHK C SKCICHTPHKOBBIM NIPHBOIOM.

B nauane 19 B. crajgm HpUMEHATH 3amMaTEHTO-
BAHHBI elle B 1779 r. KPHBOWIMIHO-IIATYHHBIH
MeXaHU3M, BIOCJAEACTBHY 3aMEHHBIUHH BCe HAPY-
rHe BUIBL IIepelayd ABHXKEHUS OT [OPIUIHS.

Mawmnnbl Yarra paGoTanun napoM HH3KOTO
JaBgneHus (scero 0,1-—0,3 aru) u mosTomMy OTJIH-
JaJHUCh YPE3BLIUAHHON TpoMO3aKOCTBIO. Tak, Ha-
1puMep, B ofAHOH M3 ero Mmamud (1830 r.) mpu
MOWHOCTH 20 4. €. AHAMETP UHJHHAPA COCTaBJISI

N

633 mm, xon mopmusi — [ 530 sm. [TosToMmy nanb-
HeHlllee Da3BUTHe NapOBOH MalIHHBl IIJO B TI€p-
BYIO OYepeb 10 NYTH MOBLIIEHHS NaBJeHUs 11apa.

K 1800 r. oTHOcHTCs NepBhIf NaTeHT Ha Ma-
UIHHY BBICOKOro JAaBienus (3,5—7 ara), a B
1823—1827 rr. yxe npiTalotcs padoTaTh mapoM
ZaBreHueM 10 56 ara. B 310 Xe Bpems crajn
BIIEPBble NPUMEHSATh MEPerpeThlil nap, XoTs LIHPO-
KOe BHEIpeHUe TIEPerpeToro napa B MapOTeXHHKY
oTHOCHTCA K 1892 r.

Mamnna, OCHOBAaHHAsl Ha NPUHRLKNE IBOHHOTO
pacuiupenus, Obla 3afnaTeHtopaHa B 1781 r.,
a He3aBHCUMO OT 3Tore B 1820 r. pycckum uso-
Operatenem CrenanoM JIUTBHHOBLIM 6blia Tpen-
JOXKE€Ha OpHUrHHAJbHAs KOHCTPYKIHUS MallIuHbI
KOMIIayHz asycroponsero nasienus [JI. 1]. [Tosu-
AHMOMY, MalllMHa 3Ta He Gblja OCYIIECTBJEHA, HO
paccmoTrpeHue ueprexell JIMTBHHOBA CBHIETEND-
CTBYeT O He3aypsSAHOM TaJaHTe H3oOperaTes,
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~—  @ur. 1-7. [Taposas MammHa YarTa IBYXCTOPOHHErO JaBIEHHA.

1 — napoeof URAHHAD; 2 — perynatop; 3 — KoHIeHcaTop; 4 — Hacoc] § — napajaJgenorpamm; § - GasaHCHp; 7 — 3y0uaTas nepegxasa;
. 8 — MaxoBHK. .
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Ipernoxusurero B 1820 r. ogus u3 Haubosee co.
BPEMEHHBIX THIIOB NMAapOBOH MaIlUHbI,

B rteuenne mpogosmkuTensHoro BPEMEHH NIapo-
Bbl€ MalllMHbl CHa0XKaJNUCh 30JI0THHKOBBIM napo-
PacnpeieseHHeM ¢ HEeH3MEHHOH CTeleHblo HaloJ-
Herusi. Ilapopacnpenenenne KPaHaMH H KJjamnaHa-
MH NIDUMCHSJIOCh JdXKe B MaluuHax 18 m., (B ua-
CTHOCTH, B mawmube [loasynosa), mo HIHPOKOe
PacilpocTpanenne STH MeXaHH3Mbl [OJIYYHJIM 3HA-
AHTEJIBHO T1032Ke: KPaHOBOE N1apopacipefeeHne—
¢ 1846 r., kaamanmoe napopacnpejeneyue —
¢ 1865 r. Crepyer OTMETHTE, BIPOYEM, 4TO B Ha-
CTOSIEE BpeMsi KPaHOBOe paclpefeseHne u3-3a
PAAa HENOCTATKOB NOYTH HE LPHMEHSETCS: KJa-

NaHHbIE X€ MeXaHU3SMbl U cefiyac ABJAAIOTCA OOHH-

MH 13 HauGOJIee PacHPOCTPaHEHHbIX,

ITponomxkarenamu nena Ilonsynosa B namef
CTpaHe ABHJMCh MHOTOUHCJICHHDIE DYCCKHE TeXHH-
KH-HOBATODHI.

Ewme 5 18 B. opurunambusii TIDOEKT «OrHemel-
CTBYIOLIEH» MalUIMHBI CO34aj & Kponmranre Po-
MaH JImurpues.

B 90-x romax Toro ke CcTosletuss pabortad
B Kponturanre, a satem B 3alalixaire CTPOUTEJIE
aposbix MamuH QPenop Bopsoil.

Paspa6ortkoit KOHCTDYKUHH TIADOBLIX MAILHH
3aHUMAJICS TaK¥Ke TBEPCKOIi ryGepHCKHH MexaHuK
Jle Ca6akuun.

B 1815 r. Barxun NIOCTPOUJI  OPHTHHAJBLHYIO
apoByio mMamnny gans Bepx-Hcerckoro 3aBona.

B 1824 r. E¢pum Hepenanos, u3 xpemocTHmix
KDECTbsIH, NMOCTPOHJ TIapOBYO Mawuey s Husk-
HETaTHJLCKUX 3aBOXOB. B nambmefimem um u ero
CblHOM MuporoM UepemanosbiM 6oy TTOCTPOEH
PAL MAWMH IJIS YPANbCKHX 3aBOJOE K MEIHbIX
PYAHHKOB.

HepenaHosu siBisOTCS BBLIAIOIUMHUCS MAaIlUH-
HOCTPOHTENAMH CBOero BpemeHH. Oup €o81aJ1H
MEXaHHYECKHIl 3aBON, 3aHHMAaBIIHICS NIPOH3BOA-
CTBOM Da3sHOOGPA3HbIX MAllHH H MeXaHWSMOB.
Onu ‘u3o6perany, IDOCKTUPOBANN H CTPOHJH BO3-
AYXONYBHbIE YCTaHOBKH, NpPOKAaTHbIE MalIUHEI,
MOJIOTBI, JIECONMJIBHbIC YCTAHOBKH M ap. OnwrT,
npuOGpeTenHrll YepenanoBbimMu TIDH COOPYKEHHH
STUX MAlllHH, TIO3BOJUJ HM NOCTPOUTL B 1834 r.
NEPBBIH DYCCKUA mapoBos.

Tpynst Yepenanosbix 3aBO€BaJIH Hallell crpa-
HEDABO CTOATH B WHCJE IEPBHIX YeTBIPEX CTpaH
MHpa, mpuMeHHBIIAX TIapOBYIO TATY Ha XKeJIe3HBIX
noporax.

B 1815 r. orowen B CBOH
BB  pyccKuf napoxon
HEill B TletepGypre.

B 1832 r. pycckue Texmuy TIOCTPOUIH II€ep-
BYIO B MHpe napoxXongyio Malndy Ges GamaHcupa.

- Kyaemunauuonnsiy TYUKTOM  B.-=Da3BHTHH
2 TI. C. Kapuuxuz. o N i

IepBHId pefic mep-
«Ean3aseras, MOCTpOeH-

Tﬂa_.oma».mna poBa
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1apOBOK MamuHL Hafo cuuTars 1900 r. K stomy
BPeMEHH OBUIM BBeJEHBI MIOYTH BCE KDYIHBIE yCO-
BEPLICHCTBOBAHHUS, JaBIIHE BO3MOMKHOCTD YIOBJIE-
TBODHUTD TDeGOBAHHAM, NpeLbIBATEMbIM napoBoi
MalluHe.

B mocrenyiomue rons ocmosmas 3ajaua ma-
POTEXHHKOB 3aK/I0YaNach B MOBLILEHHH SKOHO-
MHYHOCTH Naposoi MallHHb, YTO OLIIO OTYACTH
BBISBAHO KOHKYpeHUHeH ¢ napoBo# TypOHHOM.

C 1907 r. noayuaior ITHPOKOe pacnpocrpase-
HHE TIDIMOTOYHBIC MaIIMHBL, OTJINYAIOIHHECH 0CO-
6ol mpocroTol KOHCTDYKUHE M NOBLUICHHO
SKOHOMHYHOCTDIO, [lepBhli B MHpe 1apoBos ¢ nps-
MOTOUHOH MaluHHOH GBLT noctpoen Kosnomenckum
MAllHHOCTPOUTEJILHBIM 3aBOXOM 115t Mockogcko-
Kasanckoit xenesnoi JOPOrH.

C 1920 r. naunmaercs LIHDOKOe TIpHMeHeHHe
Tlapa BeiCOKoro xasmenus: 60—100 qrg g BBIIIE.

Mapannensuo ¢ POCTOM naBieHHS nOBBIUIA-
7ack ¥ TeMnepartypa mapa.

IMourn no komma 19 g, ANt paGOTEl mapoBbIX
MaIIuH IPAMEHSANICS Tap ¢ TeMNEPATYPOH He CBhI-
we 250°C. Jlumb B 1892 r. 6oura peJioxKeHa
KOHCTDYKIHAS, yemelwHo paGorapmas IPH TeMuepa-
Type 350°C, a k 1930 r. TMEPErpes  mapa ObLI
RoBened no 450 u naxe no 480°C. '

C Teuennewm epemeny HabJIonalcs: TakxKe 3Ha-
TUTENILHBIH POCT YHC/Ia 06OPOTOB, BJHSIOIEro Ha
rabapuThl H Bec MAIIHHDI,

Mamunbr Yarra komna 18 CTOJIETHS JieJIaJii
JHWB 40—50 o6/mum. Ilpumenenne rmamanusix
lapopacnpenenennit nossoamno x Havany 20 .
NOBEICUTE YKCIO 060POTOB 10 100 Y Gonee B Mu-
HyTy. OfHako name u TeNepb MAlIUHBI ¢ YHCAOM
000poTOB mnopsigka 300 g MHHYTy CYHTamoTCs
OBICTPOXOMHEIMH, xOTS HMEIOTCS  KOHCTPYKIMH,
paGoratomue npu 2 500 06/MuH. Mammusr storo
NOCICNHEr0 THNA NPHOAHKAITCH o CBO€H KOH-
CTPYKUHH K aBTOMOGHJBHLIM 4 aBHAIMOHHBIM
OBHraTEJIsIM.

Caenyer OTMETHTB, 4TO TBOPEIL IEPBOTG B MHpe
camosera A. ®. Moxarickui TNPHMEHHUJI MapOoBYIO
MallEHy B KauyeCTBe ABUTATENs Iust CBOETO amma-
para. 3akasaHubie HM B AHrumy MalluHBl XOTS
H NIPEACTaBAANH CcOGON Jyumee, yTo Morja 1aTb
B TO BpeMs 3sarpaHuuymas TeXHHKa, OKa3aJIHCh
CIHIIKOM  THKeJBMH—I0 6,4 Ke/a.c. Tlostomy
Moxafickuii caym B3AJICA 32 KOHCTDYHPOBaHUe
apOBOH MauIMHBL U TIPOBET 3Ty paboTy HaCTONbKO
YAa9Ho, uto B 1883 r. mocTpomt (na Banrufickom
CyAOoCTponTeNbHOM 3aBone) MallkHy THIIA KOMTa-
YHL mMommoctsio 50 u. 4. c., KOTODasi BMecTe C
KOTJIOM Becuna Beero 4,5 xe/a. c. /1. 31

Takum manpiv Becom e obnazana s to BpeMs

amna; u Moxaiickomy mpr-
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Ha[JeXUT NPHOPHTET B IOCTPOEHUH NapOBOH Ma-
UIKHBI JIEFKOrO THIIA.

IToBrilleHwe HavaJbHBIX IapaMeTpoB mapa,
yriy0JeHHe BaKyyMa, YCOBEpIIEHCTBOBAHHe KOH-
CTPYKUHH BJICKJIH 3a COO0OH NOBLIIEHHE 3KOHO-
MHYHOCTH MAIIHHBL.

IlepBrie MalMHE! YaTTa ¢ HENPepHIBHLEIM Bpa-
IeHHeM HMeJH OOMMH K. I. A. ([0 OTHOIIEHHIO
K TEIJIOTBOPHOH CIOCOGHOCTH TOIMJIMBA) He Gouee
3%. K 1840 r. 3ToT XK. m. A. KOCTHI g JIYUIDHX
mamud 8%. Opxua w3 wmamun 1855 r. uMena
K. 0. o 12%. B 20 B. o6muil K. 1. A. YCT2aHOBKH
C TMapoBHIMH MamuHaMu gocTur 20—25%.

CylmecTBeHHbIE H3MeHEHHs Iperepliena H 00-
asi KOMIOHOBKA MapoBOi MalIHHBL

OT nepBRIX ONHOIKNMHAPOBEIX MAaUIHH B 19 B.
IEPELIH Ha MOCTPOHKY NpPeUMYIIECTBEHHO TpeX-
¥ YETHIDEXUIUJIHHIPOBLIX MAaIIWH MHOIOKDATHOTO
pacwHpenusi. MampHbl 3TH OTJHYAJHCh UYPEe3Bbl-
Ya#HOH TPOMO3IKOCTbIO U CJIOKHOCTBIO KOHCTPYK-
nuu. IlpeacraBnenne o HEUX paer ¢ur. 1-8, Ha
KOTODOH moKasaHa BepTHKaJbHAas MapoBas Ma-
muHa MomHocThio 2 000 4. ¢. korcrpykuuu 1900 r.
Brrcota atoit mMamuHel GblIa paBHa 12 M.

B nanpnefimeM KOHCTPYKIHH NapOBbIX MallHH
Gblnd YIPOIUEHBbl: YHCJIO LHJIHHAPOB OBLIO 10BeE-

Pur. 1-8. Beprukagpnas MawmmHa TpPOHHOrO pacmmupe-
HHUA MouieocThi0 2000 . ¢. (1900 r.).

dur. 1-9. TopusonTantnas NPAMOTOYHAS MaIHHA.

NEHO 0 OJHOIO-ABYX, ABHXKYIIHECS YacTH 3aKpHI-
BaJuCh OOWHBKOH., THIHUHBIM NPHMEPOM COBpe-
MEHHON MalluHbl HeGOJBIION MOIIHOCTH MOMKET
CJIIy2KHTh H300paxkeHHass Ha ¢wur. 1-9 ogHOIMINH-
ApOBasi TOPH3OHTAJbHAsl MPSMOTOYHAS MAIIXHA.

TIpUHINI HCONIB30BAHUS TETJIOTH OTpaboTaB-
mero napa Obll H3BeCTeH JaRHO. [lpmopuTeT
B 3ToM orHoiueHuy npuHamrexur U. WU. [Moxsy-
HOBY, OTBOJMBIIEMY CKOHIEHCHDOBABIUHHCS Hap
B «TEIVIbIH SAUIMK» H HCHOOJb30BABUIEMY 3Ty BOAY
OJI TIHTAHHA KOTJIA. .

HspectHsl hakThl HCmonb3oBaHus oTpaGoTas-
Iero mapa JJs OTOIVICHHST W ADYTHX Harpesa-
TeJIbHBIX Ieiesr B 1830 r. [JI. 4].

Onnako mHpOKOe MpPUMEHEHHe MAIUMHE € IPO-
THBOJNABJICHHEM H ¢ TPOMEXYTOUHBIM OTGOPOM
napa moayuuad Jgaup B 20 B. B Hacrosmee
BpeMsi CTallMOHADHbLIE MALIHHBL Yallle BCETO HaXO-
AAT cefe NPHMEHEHHE B TeX CJAYy4asix, KOTAa IpH
HeOOJIbIIOH CPAaBHHTEJNBHO ' CHJIOBOW Harpy3ke
TpefyeTcs ONHOBPEMEHHO Hap [JIs TEXHOJOrHYe-
CKHX IIeJIeH.

PaspaGoTka Teopuu mapoBo¥ MamMHEI LuIa
napajiie/lbHO C €e KOHCTDYKTHBHBIM Pa3BHTHEM.

IlepBniit pycckuit temnorexuuk HU. HU. TTonsy-
HOB CYMeJl yXKe, XOT H 3JIeMeHTapHO, pacCUHTaTh
NOCTPOEHHYI0 HM Mawury. Tpymamu KapHo,
Knaysuyca, Penkuna, Ueinepa, Tupra 6nuin
CO3NaHbl B cepennHe 19 B. OCHOBBI TeopUH mapo-
BOH MaIIHHBI.

Benymumu paGotraMH mo TEOpHH TapoBOH
MAalluHbI, OMHPAIOIIHMHUCS Ha COBPEMEHHYIO Tep-
MONVHAMUKY, SBJAIOTCS TPYAbl PYCCKHX YUCHBIX
B. U. I'puneBenkoro u A. A. Papuura. '

JIulle HEMHOro He MOXKUBLIMI Jo HAIUeH, co-
BeTCKo#, smoxu mpod. B. M. I'pumeBenxuit cos-

" Ban HamboJsee CTPOHHYIO, TIYGOKO HAYUYHYIO TeO-

PHIO MapoBOi MalIHHBI, AIOULYi0 TPOYHYIO OCHO-
BY JJIS €& aHaJHTHYeCKOro pacuera. )
Yn.-xkopp. Akanemun mayk CCCP A. A. Pan-
UHr * (ymep B 1941 r.), sBasBIHACS KPYmHEHIINM
H DasHOCTOPOHHE OGpa30BAHHLIM TEIJIOTEXHHKOM
Coserckoro Cotosa, BhHTYCTHI €lie B 1904 r. cBoil
KJaccuueckud Tpyn <«Marematuueckass Teopus
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ofMeHa TemJa B LWJIMHADE NAPOBOH MAaIIWHBLD
[JI. 5], B KOTODOM aHAaJUTHYECKH paspelaercy
OflHA H3 CJIOXKHEHIIHX NMpo6JieM MapoBoi MallUHLL.

TpymaMu pycCKHX YUYeHBIX B 3HAUHTEJBHOH
CTelleHH CO3[JaHa H TeOpUs pETyJHPOBAHHA Ma-
LIFH.

IIpop. M. A. Beuunerpagckuit {(JI. 6 u 7] u
npo. H. E. )Kyxosckuit [JI. 8] sBasiorcs ofme-
IPH3HAHHBIMH TBOPLIAMH MaTeMaTHUECKOH TeopHH
PeryssiTopa, N0SBOoJAIONEe ¢ GOJMbIIOH TOYHOCTEIO
NPOCKTHPOBATL COBPEMEHHYIO CJIOXKHYIO CHCTEMY
PETy/IMpOBaHusT MaUIMHLL

B Hacrosimmee BpeMst B CBSI3H C ycmexamu Tia-
POBBIX TYpOHH 00JacTb IPHMEHEHHs] MODIIHEBHIX
MAalI{H 3HAYHATEJNbHO CY3HJach H OTDaHHYHBAETCS
JHUIIb HeOONbUIUMHE MOIIHOCTSIMH,

B Coserckom Coio3e 0COGeHHOe BHUMaHHE
YACNSETCS TIPOU3BOACTBY JIOKOMOOHJEH, OOBEenu-
HIOMIMX B OQHOM arperare mapoBylo MallHHY,
KOTE&Jl M BCIIOMOraTesbHBIe ycTpoitctBa. Ha mese-
COO0PasHOCTb UIMPOKOTO MPHMEHEHHS JIOKOMOOHU-
Jeil ykasbiBas emte B 1915 r. B. U. I'puneBeuxuil.

[lInpoko mpumeHseTcst mapoBas MallHHa Ha
KeEJIE3HOJOPOKHOM TPAHCIOPTe, Iie TIapoBO3 IIO-
Ka sBJseTCq- HauboJjee paclpoCTPaHEHHBIM U3
BCEX THIOB JIOKOMOTHBOB.

o Bemuxo#i OreuecTBeHHOH BORHH CTaIHO-
HapHble maposble Mamupel crpoutncs B CCCP
CyMCKHM MalIMHOCTDOHTEJLHBIM 3aBOJOM, JIOKO-
MoOuIH — XepcoHCKUM M JIIOMHHOBCKHM 3aBOJa-
MH. DTH 3aBOJIbl OBUIH, KaK H3BECTHO, PaspyLIeHB!
HEMELKHMH 3aXBaTUHKAMH.

B HmacToslee BpeMsi OHU MOJIHOCTHIO BOCCTa-
HOBJIEHbI M BBNIYCKAIOT II€PBOKJIACCHYIO TPOXYK-
uuio. Kpome Toro, y Hac mocTpPOEHHI HOBBIE JIOKO-
MOOHJIbHEIE 3aBOfbl — Chispanckuéi U Moruies-
CKUH.

CynoBble ¥ NapoBOSHble MAIIWHE! BLITYCKAET
PN CIELIHAJNH3HPOBAHHBIX 3aBOLOB.

1-5. UCIIOJIb3OBAHHE TEMJIA B MAPOBBIX
MAIIMHAX H OBJIACTH UX NPHUMEHEHUS

W3 umerommuxcest B KaXAoM KWJODpaMMe fapa
[} KKGA B TapOBOH MalllHHe MOTYT GBITh HCIOJIb30-
BaHBl MaKCHMAaJIbHO I — ip KKAA, THAE [y — TEeMJIO-
colepxaHpe OTPabOTaBIIEro mMapa B CJaydae IoJ-
HOTO anua6aTHYeCKOTo pacCIUipeHHs ero B Mallu-
He. Tak xak orpaGoTaBuMi OAp Haxke CaMOro
HHA3KOTO HRaBJieHHSA 0O0JIafaeT CKPHITOH TeIJIOTOH
napoo0pasoBaHHUs, COCTABISIONIEH TJIaBHYIO YacTh
NOJIHOH  TeMJIOTH Tapa, HCMOJB30BAHUE TeIJia
B TApOBBIX MBHrATe/sIX BOOOIIE HEe MOXET GHITh
BLICOKH M. _

B mammunax cpenmero kawecrsa o6uuii kosd-
QUIKEHT HOMONB3OBAHHS TOIIOTH TOMIHBA (YUH-
9%

TbIBAs, CJIEJOBATENbHO, M TIOTEPH B MapOBOM KOT-
Je) cocrapssger 10—129%. B xopomux coBpeMeH-
HBIX MallMHaxX K. 0. A. goxomar go 20%. Ilpu
GIaronpHATHLIX YCJIOBHSX W C NPUMEHEHHEM Ia-
Pa OuUeHb BLICOKHX HaBJIEHHH K. 1. 1. YCTAHOBOK
C_NapOBRIMH MallHHAaMH MOXeT IOoHUTH 10 25%:
He nckiouena BoaMoxKHOCTh ZOCTHIKEHHS H GO-
Jiee BBICOKOH SKOHOMHYHOCTH.

Koaddunuenr nonessoro meficteus YCTaHOBOK
C HCIIOJIb30BAHHEM TEMJOTHl OTPaboTaBLIero napa
MalllHH, KOHEYHO, ropasno GoJjee BHICOK.

C TOUKH 3DEHHS HCTONBb3OBAHHS TENJIOTHL
TOIUIMBA DApPOBble MAalIMHBL B YHCTO CHJIOBHIX
YCTQHOBKAX HE MOTYT KOHKYPUDOBAaTh C IBHTa-
TeJISIMH BHYTDEHHEro cropanus. OQHAKO BO3MOMK-
HOCTb DaGoThl TAapOBLIX KOTJIOB Ha JIOGOM TOD-
JHB€ 4YacTO [OeJiaeT NapOBYIO YCTaHOBKY Gojee
peHTabesbHON ¥ 3aCTaBJIfeT CAENaTh BHIGOD
B NIOJIB3Y NapoBOH MawuHbl. [Ipu HemoJsb3oBa-
HHUH O0T1paGoTaBlero Iapa MapoBas YCTaHOBKA
MOYTH BCETAa IPENNIOYTHTENBHeE, YeM YCTAHOBKA
C [MBHTATENSIMH BHYTDEHHENO CropaHusl.

CepresHbIM KOHKYDEHTOM TAapOBOH MAIMHHEE
SIBJISFETCA 11apoBasi TypOHHA, HMEIOMIAsl NPH KPYyll-
HBIX MOIIHOCTAX G0Jlee BHICOKHH K. M. 4. H 06Ja-
Aaollas 3HAYHTEJbHON KOMIIAKTHOCTBIO H PSILOM:
APYTHX IPEHMYLIECTB. ,

[TapoBbie TYpOHHEI COBEpINEHHO BEITECHHJIH:
IapoBYi0 MAWIMHY H3 KDYIHHEIX TEIJIOCHIOBHIX.
CTAHIUH H U3 CY[OBHIX YCTAHOBOK 3HAUMTEJLHOLK
MOIIIHOCTH.

Ias mapoBbIX MallMH OCTaJHCh JHIIL CJIe-
myooumue 06JacTd TIPUMEHEHHUS,

l. JlonBHXHHEe MamHHB: Napo-
BO3EB, NapOXOAB H JOKOMOGHJH.
B mepBRIX ABYX cayuasx mOBLIIEHHBIA pacxof;
TOIINBA NDHHOCHTCS B XKEPTBY HAIEXKHOCTH, IPO-
CTOTe OGCHYXKUBAHHA, NOJIIOBEYHOCTH, YAOGCTBY
PEBEPCHPOBAHHS, BOSMOXKHOCTH GOJBIION Tepe-
CPysKH. B TperbeMm ciyuae, KpoMe YKa3aHHBIX
NPEHMYILECTB, OCOOEHHO IEHHTCS BO3MOIKHOCTD
HCTIOJIb30BAHUS B TONKe JIOKOMOOHJSA JIIOOBIX
TOILJTHB. :

CoBpeMeHHEIE NApOBOSHbIE MAINHHBL TIOUTH.
BCerjga paGoTaioT NMeperpeThiM MapoM ¢ BLITYCKOM
B arMocdepy H CTPOATCS MM ONHOKPaTHOrO pac-
WHPeHHs] (CHBOCHHBIMH, CTPOEHHBIMH, CUETBEpEH--
HEIMH), W TO THIY KOMNayHz (6oniee pacmpo-
CTPaHEHBI MAIUMHLI OJHOKDATHOTO paCUIHPEHH).
Hapopacmpenenenne 06519HO 3010THEKOBOE. Mot~
HOCTbL NapOBO3HBIX MAlIWH NOCTHTA€T 3HAYHTE]b-
Ho#t BesinuuHb! (4 000 4. c. u Gonee).

CyZzoBble MalUHHBI Yaille BCETO CTPOSITCS Bep--
THKAJIbHBIMH KOMIIayHJ, € paClIUpeHHEM Iapa: AC
YeTbIPEXKPATHOTO (PeUHble MAIUUHBI YaCTO BLINOJ-
HAIOTCs ¢ HaKJIOHHOH K TOPH3OHTaNH OChio).. [le-
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‘perpes mapa TDHMEHSETCs JHIIb B IOCJIeNHee
BpeMsi. DTH MallHHBl BceTAa paboTalT Ha KOH-
IEHCAUHUI0 H OOBIYHO HMEIOT 30JO0THHKOBOE Hapo-
pacnpeleiienre (pexe — KyallaHHOE).

3aBOJbl BLHTYCKAIOT CYAOBbie MAlUMHbl 3HAYH-
TeJLHOH MOIIHOCTH, OJHAKO Ha OOJBIIHX nacca-
JKUPCKUX NapOXOHaX OHH YCTYIHJH MeCTO Iapo-
BbIM TypOunaM. MamuHbl OGOJbLIOH MOILHOCTH
(1000 4. ¢c. u Gonee) CTaBAT Ha CyAax JiHUIb B
TeX cIydasx, KOTAa OT HHX Tpefyercsi ocolas Ha-
JeXHOCTb paGoThl W BHIHOCJHBOCTL (HampHMED,
Ha JIeJOKOJax).

JIOKOMOOUTIbHBIE MALIMHBL BBHIIOJHSIOTCA HJIH
ONHOLMJMHIPOBBIMH, WJIH JABYKpPATHOro pacuupe-
HHA (TaHmeM wias komnayHn). CraluoHapHbE
JIOKOMOOHJIA OOBIYHO HMEIOT INapoleperpesaTesp
1 paGoraloT Ha KoHIeHcauuwo. Ilapopacmpenene-
HH€ — 30JI0THUKOBOE HJIH KJalaHHOe.

JIOKOMOOHIK 4Hallle BCEro CTPOSAT MOIHOCTBIO
no 500 x. c.

[TapoBas MmamuHa ABJASAETCA NOAXOIAANIHM
ABHraTeIeM MIJsi MOTODHBIX BaroHOB, aBTOOYCOB,
TPY30BHKOB, TPaKTOPOB, BCSIKOTO pOJa MOABEM-
“HBIX YCTPOHCTB. _

Henanvch ONBITEI H3rOTOBJIEHHS NMapPOBLIX JIeT-
KOBBIX aBTOMOOHJIEHi W YCTaHOBKH NapOBBIX Ma-
IWIMH Ha caMoJsieTax. B ofoux ciydasix TIpUMeEHs-
‘Juch OLICTPOXOIHBE MAIIMHBI BBICOKOTO JaBJie-
HHS.

HIupokoro pacnpocTpaHeHHs] MallUHbl JETKOTO
THUIA HE TOJYUYHJH, TAK KaK HaJeXKHOCTh PaboThl
MallliHBl [PHHOCHJACh B JKepPTBY €€ Becy, HO
Jaxe MOCTPOeHHAs C YJYeTOM JOCTHXKEHHi asua-
MOTOPOCTPOGHHUS TTAPOCHJIOBAST YCTaHOBKAa BCeraa
#Mejia GOMbIIME yaeJNbHbI Bec, YeM OEH3MHOBBIH
. JBHTATeJb.

2. CrauuoHapHbe MamHUHHB Ma-
Jo#t W cpenHeli MOHHOCTH. JITH Ma-
IOWHB! OGBLIYHO TNPHMEHSIIOTCS: a) B CJAyyae HC-
TIOJIb30BaHUS TENJOTH  OTpaloTaBIIero 1apa;
-6) B cJyuae HaJMW4YHs MECTHOTO TOILJINBA, HENpH-
FOOHOTO JJISI ABUTATeJed BHYTPEHHEro CropaHud,
B) B Te€X CJyuasix, KOTa IOBLIIIEHHBIA pPacxol
. TOTLJIHBA HE HMeEeT CYLIeCTBeHHOTO 3HauYeHHs.

OcoGeHHO BBLITOJHO TPHMEHEHHE IapOBbIX
“MalI¥H B YCTAHOBKAX € HCMIOJb30OBAHHEM TEILJIOTHI
oTpaboraBiuero napa, rie ofmWuH K. 0. H. ycra-
HOBKH n0x0auT 1o 80Y% . [TosToMy MamMHBEL C IPO-
THBOJAABJCHHEM U C IMPOMEKYTOUHBIM OTOOPOM
napa siBJsAOTCS Haubosee palnHOHAJBbHBIMU TH-
TIAMH CTALHOHADHBIX MAalIMH.

OnHako u 371ech NpHMeHEHHe TapOBbIX MAIIAH
OTpaHHYuBaeTcss NnoTpebHo# MomHocTEo. Bo MHO-
THX cJIyuasx mpd Harpy3ke ceoire 300—500 4. c.
NPEATIOYATAIOT YCTAHOBKY 1apoBoH  TypOHHBL
‘B . oTAenbHBIX cayuasx TypOHHY CTaBAT M TpH

MEeHBLINX MOIIHGCTAX. C Apyroft cropoHEl, HHOTAA
OKasblBaeTcss LeJeCOO0pPasHbIM  yCTaHaBJHBATh
1apoBble MalIHHBEI MOWIHOCThIO 1 000—2 000 4. c.,
HampuMep [Js  HeHNOCPENCTBEHHOro NpPHBOIAA
IOPLUHEBBLIX KOMIIPECCOPOB.

J1s KOHAeHCAUMOHHBIX CTAallHOHAPHBIX MaIIMH
B HaCTOflIllee BpeMsi HauOoJiblllee pacmpocTpaHe-
HHe [OJy4YHJa NPSAMOTOYHAsA Ccucrema. Hapsaany
C Heill, BOpoueM, BBINYCKAIOTCA W MAIIHHBI TIPeX-
Hero THna. [IpsAMOTOUHBIE MAIUHHBEL CTPOSATCA
ONHOUHUJIMHADPOBBIMH, JIPYTHX  CHCTEM ~— TaKxKe
gomnaysn © TtaHgeM. [Ilapopacnpenesmenne —
yalle BCero KJallaHHOe, pacloJOXKeHue NUJIHHI-
pOB — TFOPU30HTAJbHOE.

Habmonaercs onpenesieHHO BhIpaKeHHasl TEH-
AeHIHs] K NOBBIIIECHHIO YHCJa OGODOTOB NapOBOH
MaIIHHBEl U CKOPOCTH ABMIKEHUS TOPLIHS. BricTpo-
XOJHblE MAalUHHBI YacTO CTPOAT BePTHKAJIBHBIMH.

B HOBHIX MaUIHHAaX NPHMEHSETCS NpPeHMYLIe-
CTBEHHO N€PerpeThiii map co Bce Oojlee u GoJjee
MOBBLIIAIOIIUMHUCS JaBJiCHHEM H TEMIIepaTypoii.

BrimreckasaHHoe onpenensieT TakxKe o006JacTH
npuMereHusa naposBblx MawnH B Coer¢kom Colo-
3¢ M NePCIEKTHBBHl UX Pa3BUTHS.

B CCCP npu Hanuuuu GOJIBLHIOTO YHCJA IieH-
TPaJBHBIX 3JEKTPHYECKUX CTaHUHU#H (naporypGuH-
HBIX HJIH THAPABJUYECKUX), 00beLHHEHHBIX B MOIIL-
Hbl€ SHEPreTHYeCKHe CHCTeMbl, CTallHOHAapHbIE
NapoBbple MAlUHHBI OOJbUIIOH MOILHOCTH He MOTYT
HalTH cebGe NpHMEHEHHs, 3a HCKJIIOUCHHEM HEKO-
TOPHIX KOHCTPYKUHH ClelHajibHOro Ha3HaueHHSs.

CrauuoHapHble MalluHBl CpelHeli H HeGOJb-
Wod MOILIHOCTH HCnoab3yworcs B CoBerckom Colo-
3¢ AN SJeKTpuHKalHH OTHAJCHHBbIX paiOHOB,
HE OXBAUYeHHBIX SHEPTETHUYCCKHMH CHCTEMAaMHU.
[Tpu manuuuy B 3THX pailoHAX MECTHOro TOILJIHBA
nmapoBasi yCTAHOBKA C NAapOBOH MALUHHOH gBJACT-
¢ HauboJiee 1eJecOOOpasHOR IO HAMEKHOCTH
B 3KCIJIOATALMM ¥ HPOCTOTE OOCHYXKHUBaHUS.
C ycmexoM MOTYT NPHMEHATBCH AJs TaKHX ycTa-
HOBOK H JIOKOMOOHJIH.

ITocnennue TOMYYHJIH Y HAC Upe3BLIYAHHO
Goapioe pacnpocTpaneHse. OHH IIHPOKO fIpUMe-
HAIOTCSL B CEJIBCKOM XO3AHCTBE, AJISi 3JEKTPHOH-
Kallud KOJX030B, Ha TOP(O- K Jiecopa3paboTKax,
a TakXe Ha Da3JHUHBIX NPENNDUSITHAX MECTHOH
OPOMBILIJICHHOCTH B paHoHaX, OTAaJeHHBIX OT
3HEPIeTHYECKUX CHCTEM. :

Ilpy Hanuuum OemeBOro MeECTHOTO TOMJHBA
(Topd, conoma, ONUAKK H T. I.) TIPUMEHEHHe ma-
POBBLIX MamIUH HeOGOJBIIOH MOIIHOCTH MHOTJA OKa-
3bIBAETCA 11eJlecoo0pa3HblM Jaxe B SJEKTpHHIY-
POBaHHBEIX pafioHaX, B OCOGEHHOCTH TaM, TJe
HMEeTCsi BO3MOKHOCTh HCIIOJNB30BaTh JMJIsi Harpe-

BaTeJbHBIX I[eJef oTpafoTaBIUHA map H3 Ma- .

‘THHHBI.

FETRITN
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[Taposos eme mauresbHOe Bpems GygeT 3aHH-
MaTh BeAYlIee MECTO CPeJH JIOKOMOTHBOB APYTHX
THIIOB  (3JIEKTPOBOGHI, TEMNJIOBO3H, TYPGOBO3EI
C mapoBOH HJHM ra3oBoil TypOuHOH). Ero wuckiio-
YHTeJIbHAS HaAeKHOCTh B paboTe, GAaromnpusTHAs
TArOBas XapaKTEPHCTHKA H JIETKOCTb MaHEBDHPO-
BaHUs ONPaBIALIBAIOT IIKpOYaiilliee paclpocTpaHe-
HHE [1apOBO303B.

Crosb e yMeCTHA NapoBasg MalIHHA B MOp-
CKOM ¥ OCOOGHHO B pEUHOM TpaHcmopre. Bos-
MOXHOCTE PaGOTHl Ha TBEPAOM TOMJIMBE MPELO-
CTaBJISIET MallMHe TPpOMafHOe TIPEUMYIIECTBO Iie-
pen nBUraTeNsIMH BHYTpeHHEro cropanus. Te ke
GJ1arofnpHATHBIE KAYECTBa MapOBO# MAaIIHHE, KO-

TOprie ObLIM YKa3aHbl TIPUMEHHTENBHO K IapoBO-
3aM, OyAyT CTHMYJHDPOBATh €llle B TE€YCHHE MHO-
THX JIeT €€ IIMPOKOe NpPHMEHEHHe Ha BOIHOM
TPaHCIIOpTe.

Hs ckasanumoro sicuo, uro fapoBasl MalMHa
€lle HE OTXKHJIA CBOH BeK, OHA HMeeT 3HAUUTEeJIb-
Hble O0JIaCTH NpUMEHEeHUs, B KOTODHIX €& «IpaBo-
TPAXKNAHCTBA» HEOCIOPHMO K CTAGHIIH3HPOBAJIOCH.
K tomy ke xoucTpyxrHRHLIE QopMmbl mapoBoil
MAaIIHHBL [IOCAYKHIA 06pasnoM A8 MHOTHX Apy-
THX COBDEMEHHBIX MAllVH, H I[OTOMY H3YyYCHHE
[apOoBOH MAIIMHLI TIONDPEXHEMY HeoO0XOIUMO CO-
BCCH TUIATENBHOCTBIO, KOTOPYIO MGXKeT TpefoBaTh.

HTHPOKO pa'C’Hp'O-CTpaHeHHbeI IOBHTATEJIb.




PA3JEJ BTOPOHU

PABOTA IMAPA B NNAPOBOU MALLUUHE

TJIABA MMEPBAS
NUAEAJIBHBIE NMPOLUECCHI B ITAPOBLIX MAIIWMHAX

2-1. UHKJ PEHKHHA

VneanbHbIM IHKJIOM [apoCHJIOBOH YCTaHOB-
KH — KaK C TOPIIHEBBIMU MAalllHHAMH, TaK H € Typ-
OuHaMK — sBsieTcsl UMK PeHKuHA, TOAPOOHO
paccMartpuBaeMEIi B Kypcax TepMOIHHAMHKH.
ConocraBisist peasibHbIl MPOLECC B NapOCHJIOBOH
YCT@HOBKe € HASANbHBIM IIUKJIOM, MOXKHO He TOJMb-
KO OLEHHBATb CTelleHb COBEPIIEHCTBA MAIIMHE,
HO H CPaBHHBAThb MeXAY Co00H mapoBble MAIIHHBI
H TypOHHHIL.

Caenys nurny PenkuHa, map (HaCbIUICHHbIH
HWJIH TIeperpeThil) pacUIHpsercs aguabaTHuecKH
B MallvHe IO [NaBJCHHS BBIIYCKA, fIOC]E Yero OT
Tlapa OTHHMaercss B KOHAEHCATOpe CKPBITas Tell-
70Ta Mapoo0pasOoBaHMsA, M {ap MOJHOCTHIO Mpe-
Bpauiaercss B BOAY, TeMIepaTypa KOTOpOH paBHa
TeMIepaType HachlllleHus ©oTpaGoTaBlIero mapa.
Bona muTatenbHEIM HacocoM TIOmaeTcs B KOTE,
OpHYEM JaBJieHHe BOJABl MOBOIUTCS JAO HABJEHHS
CBEXero mnapa; B KOTJI€ MPOH3BOJAHTCHA IIOZBOL
Tensa, BOAA MOMOTpeBaercs, o0paliaencs B map
H TOCJHeNHHH, ecan 3T0 Tpelyercs, meperpe-
BaeTcs.

Kax nssecTnO H3 TepmMonmuamuxy, paGora 1 xe2
Iapa B TaKOM IHKJeE

Ly=" ;1— 2 (p, —pz)'v; .

The py, {;—HaYaJpHEIE JaBJEHHE H TENIOCOAEp-
XKaHHe Napa;

Ps, i;— KOHEYHbE naBJeHHe H TEILIOCOJep-
JXKaHHe napa;

U, — YAEAbHBIH 06BEM BOLL
A —TennoBoit 3KBHBaJeHT PaGOTHL.

Ilepseni  wien stoft dhopmyan npenCTaBJAAET
co6oit paoTy MammHm, BTOpOii — pa6oTy Hacoca
AJ7 TIONaYu BOAL B KOTeJ, BHYHCJIEHHYIO 6€3
YH€Ta CXHMaeMOCTH “BOAELL, YTO B HHMXKEHEDHHEIX
pacyeTax BHOJIHE ZONYCTHMO. '

[Tpu meBbicOkux napnenusx mapa (npuGJausH-
TeJbHO n0 30 ama) paBoTolf Hacoca, BBHAY ee

HE3HAYHTEJIBHOCTH, npeHe6peraIOT H IIDHHHMAIOT

Ias uukJaa Penxuna
ALy=1i, —i,.

Huks Penkura B KoOpaumaTax p, v mpea-
craBieH Ha ¢ur. 2-1. OTpe3xoM ga usMepseTcs

YZeJbHBIH 06beM U, BOAB, NPHHEMAeMbI, Kak

CKa3aHO BHIE, HE3aBHCHMBLIM OT AaBJeHus. [Ipu
H3MEHEHHH COCTOSIHEA Ilapa BIOJb JHHHH ab
NPOMCXOAUT NOABOJ TEIJa; BLOJbL bc— aauaba-
THYECKOe DACIIHPEHHE JO HaBJCHHA pP,; BLOJb
¢f—o0TBOA Temna (KOHAEHCAUHs Napa), IpHYEM
B TOYKE f BeCh Ilap IPEeBPaIlaeTCA B BOLY;
BIOJb f@— NOBHILICHHE NaBJEeHUS BOJAH XO Be-
JHYHHE p; H NepPeKayHBaHHe BOJH B KOTeJ, IJe
OHAa HarpesaeTCsd 10 TeMIEPaTypPH #; ¥ HCHaPAETCA.
[nomazsio gbckh naMepsieTcs paboTa MalTMHBE,
miowaneo gafk— pabora Hacoca, mJIOIAJbIO
abcf—nonesnas paGorta mukaa, Tax kak oTpe-
80K £ OYeHb MaJl 10 CPAaBHEHHIO C ab (Ha dur. 2-1
He IIOKAa3aHO HX HCTHHHOE COOTHOIIEHHE), TO
B JaflbpHedmeM IPH Tpa@uyeckoM H300paKeHHH
ouKJa Mbl 6yzeM IpeHe6peraTh IJIOUIAABLIO gafh
M JHHHIO af 6yxeM COBMemars C
Aa__ s OCBIO OpDJMHAT.
i Ha pnarpamme ¢ur. 2-2 nmpen-
CTaBJleHbl HJ€aJbHBIC IIPOLECCH!
IapoBOX MamIMHHL B KOOPIHMHA-
tax 7,S. lmxa Penxuna pas
i HaCHIIEHHOTO IIapa  M306pa-
< KaeTCs B 9THX KOOPIHHATAX KOH-

e e e
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dur. 2-2. Upeanpunle nmponeccrl napoBoil Ma-
: IHHB B KOoopauHatax 7T, S.

“TypoM abcf (HHYTOXKHEIM NOBHILIEHHEM TeMIepa-
Typel BOJALI IPH ee aauabaTHYeCKOM CXKaTHH
npenebperaem).

Tepmuuecku#i K. I. A. OpeACTaBJjadeT CO6OM
OTHOIIeHHe paboThl IHMKJAa K IOJBeJeHHOMY
KOJHYeCTBY TelJa:

___naou-abef
M= naou-abnmf"*

Tak kax noiBeleHHOE K LHUKJIY KOJHYECTBO
Temna COCTaBaseT i;—i,, TAe i,—TEmI0Conep-
JKaHHEe NHTaTEJbHOH BOJAB, B JaHHOM CJydyae
‘COOTBETCTBYIOllee TeMmepaType I; B KOHIEHCa-
TOpe, TO
ALy  h—ib—A(p1—p) v,
N h—i

N == (2-1)

i —1
HJH, ecaH npeHe6pedb paboTOH, 3aTpauHBaeMoi
Ha 10fa4yy BOJHL
— h—h
=7
i
[Nagenne Temnocoaepxanus npu anHabaTHde-
€KOM paCIIMpeHHH YZoOGHee BCEro ONpelesATh
fipu moMomm is-guarpammbl (¢dmr. 2-3), rae oHo

nsobpaxaerca orpeskoM AB. [las HaCbIIEHHOTO
napa, HanpuMep npu p, — 20 ama, p,=0,2 ama,
Hafxem:

i,=668 rxraxsrke;!

i,== 498 rraxslke;
i, =60 xrai|xe.

Ecim mnpene6peunr pa6oroil, 3aTpauHBaeMoit
Ha @ojxady BOABI, YTO B JAHHOM CJyyae JAOMIY-
CTHMO, TO

668 — 498
T =gg—p0 ~ 028

Uukn Penxuna Aus-meperperoro mapa H3o6-
paxaercs B koopauHartax 7,S (dur. 2-2) mnao-
manbio abbc,f.

PaccmMoTpum BiMAHHE OTAEJBHBIX ITapaMeTPOB
Ha K. @. 1. nukaa Penxnna.

Urobbl BBISICHUTB, KakuM o00pa3oM BJHsAeT
CTeNeHb pa3pexKeHUs B KOHIEHCATOpe Ha TepMH-
YeCKMH K. I A., IOCTPOHM KDHUBYI0 3aBHCHMO-
CTH 1; OT p,. ITO HNOCTpPOEHHEe BLINOJHEHO Ha
¢ur. 2-4 o dopmyse (2-1) maa p,=20 ama,
£, = 350°C.

M3 nmarpammbl BHJAHO, YTO 7, BO3pacTaeT
C yBeJHYEHHEM CTENeHHM pa3peXeHus, OCOOEHHO
3HAYHTEJBHO IPH BLHICOKOM BakKyyMe.

dur. 2-3. AfnabaTHyeckoe paciiupeHHe napa
B KOOpAHHATAX I, S.

[ToBbimerue maBJaeHus mapa OPH BOycke 6Ja-
TOIPHATHO CKa3bIBAECTCA Ha TEPMHYECKOM K, I .

1 BequydHbl TemIOCO[epmanui (c_ OKpyrieHueM Qo0
[eTbiX €IMHUL) B3ATHL W3 Tabaun H IS-IHArpaMME], IIO-
vemennnx B xHure M. I1. Bykanosuya [JI. 9]
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050
a4 7, 7:
" =ﬂ’ama
0I5 1A 419 P2~
/———;-'sza
a D2 " o
a32 \ /
028 \\ o
\ {
024 ] an
\
Pz — 1 L}
00— 47 G5  ddama b3 20 160 200 ama

Par. 2-4. 3aprcuMocTh TE€PMHYECKOTO
K. I. I. OT JaBieHUS TIPU BbIycke
(P1==20 ama, t;= 350° C).

Kak BuxnO m3 ¢ur. 2-5, NOCTPOEHHOH Has
PASIHYHBIX NPOTHBORABJACHHE Ipu £, = 400°C,
7; OBICTPO BO3pacTaeT NpPH NOBLILIEHHH IaBJew
HHUsT CBEKEro napa mpubausuTesnHo 10 20 ama.
Hanee ypenuuenne v, umer saMemeHHBIM Tem-
IOM, OCOGEHHO NpH J4BJEHHAX CBbIe 80 -
100 ama. MakcumanbHOro SHAYeHHA 7; NOCTH-
raeT mpu paBJeHHH.O0k0J0 200 ama.

Teopernyeckue BHTOZE oOT IPDUMEHEHHS
HEPerpeToro mapa noxasassl Ha Qur. 2-6. 3xech
HOCTPOCHE KPHBHIE AJS 1, B ()YHKIHM HaYa/lb-
HOH TEMIEePATyphl MU CIYYaes PaGoOThi HA KOH-
AeHCanuio (BepXHsAf KPHBag) U C IIPOTHBOJAB-
neraeM. B o6oux caywasx p, =20 ama.

O neficTBHTENBLHOA BHIFOAHOCTH IpHMEHEeHHS
1apa BEICOKOTO JIaBJEHHs, IIeDErpeToOro mnapa
H KOHJIeHCaluu OyZeT CKa3aHO HUXKe.

[ipeacrapaenne o makcumanpumx Benmummax
K. I 1. nuxJa PeHKkHHa naior caegyioune qudpel.
Aas py =200 ama, ¢,=500°C, p.=0,1 ama
HMeeM:

L=TT47 xraslxe; i,—i,=—3102 kKaslKe;
v,=0,001 #3/xz;
A(p1— po) V'y=4,7 kras/xe;

i; =45,4 xraxlxz;

_ 310,2—47

W=7 —a5.4 — 0,419

Jlnst Tex e suavenni p, u ¢, upn p,—0,04 ama

n,= 0,45.

[locnennsas uudpa sBasercs MaKCHMaAbHOH
AJA RICANbHON NMApOBOH MaIIMHE!, paGoTaromel
0 nukny PeskuHa B kpafinmx TIPAKTHYECKH
BOSMOXHBIX B HAacTOfllee BPeMs Npeleax Aas-
JI€HHA H TeMmepaTypel mapa. ‘

Huarpavmy abcf-ua ¢ur. 2-1 Moxuo pac-

Pur. 2-5. 3aBUCUMOCTh TEPMHYECKOr O K. II. 1.
OT Ha4aJbHOI'O AaBieHHs mapa (¢ = 400° C).

’ 03 7 '
! t p, =0,1ama |
i | pp=0r
g
025
920
p 2 =Jamad |
-———‘—__—’—_—
or
]
N T R 70 w0 T

" ®ur. 2-6. 3aBucuMocTs TEPMHYECKOro K. M. A.
« w OT HauYalbHOH TeMiepaTypH napa (p;=20 ama).

CMATPUBATh TAKXKE KaK HIANbHYI0 WHIHKATOP-
HYIO IMarpaMMy mapOBOH MalIMHBI IPH YCJOBHH,
4TO IO OCH aGCUHCC OTJOKEHH He yIeJbHbIe
006beMBl mapa, a 00LeMEI, 0CBOGOKJaeMble
B UW/HHADE TIDH NBH)XEHHH NOPIIHA. Taxas
AuarpaMma IIpeICTaBJeHa Ha
3 dur. 2-7 (abef). ab mpen-
\ CTaBsIAeT CO6OH B 3TOM CJy-
'\ HJac JMHHIO BOYCKa Iapa H
. V —o06beM Boymennbix B O~
\_ Hy mnoJocth. G k2 mapa 3a
\, OZMH XOX NOpWHA; bc —

#

-
S

%

Pur. 2-7. UngnkaTopubie A¥arpaMMbl DUKJa
PeHKHHA B UMKAa C HemoJHBIM pacIlMpeHHEM napa.

P L L

x
5
H
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JHHHI0O anuabaTHyeCKoro
AaBJIEHASA BHINYCKA p,; Cf — JHEHIO BHIIYCKA
nlapa; fa — OOBBILIEHHEe faBJeHus B MOMEHT
Hayana BHYCKa; Vh— pabounii o6vem LHJHHLIpA.

O6vemom Bomel mpu NOCTPOEHHMH [IHArPAMMBI
Ipene6peraoT, MOSTOMY TOUYKH a4 u S nexart ma
ocu opamHar. [lpexnmosaraercs, u4To MamHma
paboraer Ges BpexHOro IPOCTPAHCTBa, 6e3 Cxa-
THA ¥ G€3 KaKHX-1u60 moTeph Ha TpeHHe, Ten-
JOOOGMEH, YTE€YKkH u T. I

B repmonmnamuxe NOKa3blBAETCHA, YTO IJIO-
INaJb TakOH AMarpaMMel, OTHeCEHHOH k 1 wxe
paboyero mapa, paBHa mmIOmIANH ZHArpaMMbL
nuksa Penknuna B KOOpIHHaTax p, v, a pabora L,
usMepAeMas miowananio abcf na Qur. 2-7, paBHa
pabore G xz nmapa B mukJse Penkuna, T. e.

L=G ['l]‘;*la—'(pl‘—pﬂv; ]

Ecan, onnaxo, B pv-mnarpamme umkaa Pen-
KMHa Kaxjgasd TOuka XapaKTepH3yeT COCTOSHHE
pabouero T€J4, KOJHYECTBO KOTOPOTO OCTaeTcs
B TeYEHHE IIHK.Ja HEH3MEHHBIM, TO Ha HHIHKA-
TODHOH JHarpaMme Kaknas Toyka YKasolBaerT
AaBJIEHHE Napa B LUHJIMHAPE IPH TOM HJH HHOM
NIOJIOXEHHH NOPUIHA, IPHYEM KOJHYECTBO Haxo-
AAUETOCH B UAJHHIDE I1apa HeOJHHAaKOBO B pas-
JUYHBIX TOYKAX Ipollecca.

Hcnonbsosanue mukira Penxnna B xauecrpe
HNIeaTbHOrO IpoNecca mis NapOBBIX MAIUHH CBS-
8aHO C Te€M HeynoOCTBOM, YTO MJMEA HHANKA-
TODHOH nHMarpaMmel, a CJen0BaTesbHO, 06DBEM
IaDOBOr0 LH/IIMHAPA OKa3LIBACTCH BechbMa 3Ha-
HYUTEJNBHEIM (32 CYET aCHMITOTHYECKOIO xapak-
TePa KPHBOH pacmupenus). Ilpu okonuanun pac-
HIEPEHUS B TOYKE € paboynii o6beMm UHAAEZPa
SHAYATEJbHO COKPALIaeTCs, a CBA3AHHAS C STUM
NOTEpSA OT HENOJHOTO pacmaperuss mapa BhIpa-
XKaeTCsa JHIL HEe6OJbHION IMJIOIaAKOH ecd nma-
rpammsl (¢pur. 2-7).

pacoiuapenus nnapa npo

2-2. UMKJT C HEMOJIHBIM PACINMPEHUEM NAPA

Pyxosoncreyscs BLIIIECKA3aHHEIM, CYHTAIOT
MHOTZa HACAJBHBIM IPOLECCOM A/ HapOBOH
MAaIIMHLL LUK C HENOJHBIM paCHIHPeHHeM napa.

OcymecTsienne noamoro pacmupenns mapa
B NIHJIHHADE HE NIpeACTaBJseT Aas KOHCTPYKTOpa
O0COGBIX saTpyaHeHmii. ONHAKO MAIIHHLI C IO
HbLIM DaCIMpeHHEM HEBBLITOZHEI, TaK KaK C yBe-
JHICHHEM 00beMa UHJIHHADA YBEIHIHBACTCH CTO’-
MOCTL MamIWHEl, @ TaKKe PAA HOTeps. Iostomy
e/ 1eco06pasHo  NomycTHTh HeGOJbIIYI0 IOTEPIo
OT HENOJHOTHI PaCIIHpeHHT W IPAHATL 32 Hie-
&ILHYIO MHarpaMMy He abcf, a abedf ua ¢ur. 2-7
(zas1 cyxoro macmmennoro mapa).

Luxa ¢ nenosrnoim pacuiupenuem napa
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B uneansuo#t amarpanmme 6epyT HaIH Ty Ke

CTEIIeHb pacmnpe}mﬁv”, HJH TO Xe NaBJeHHe D

B KOHUE pacmmmpenms, yTo u B JAEACTBHATEbHOH
MaliMee; mponecc cTpoutcs B NIPEANIO/IOK EHHH,
1TO OTCYTCTBYIOT moTepn, cpsasampbie c npoc-
CeJIHPOBaHHEM, yTeukoy napa, BIHAHHEM BpCI-
HOTO TIDOCTpaHCTBa (oTCyTcTBHE CxaTHs napa)
A TeIJIONPOBOAKOCTBLIO CTEHOK LUHJIHHADA.

B xoopaurarax 7,S muka ¢ HemoaHbIM pac~
IHPEHUEM  mapa  ms06pakaercs AHarpaMMon
abedf (dmr. 2-2). Io CPaBHEHHIO C IHKJIOM
Penxnna umeercs NOTepA Tensa, usmepsemas
IIOMANKOH ecd, OrpaHHYeHHOH CBEPXY H30XO0-
po# ed. ‘

Ecan nap pnaxmnis (co crenensio CYXOCTH X),
TO ~paClMpenHe mapa H300paxaeTcs ammaGa-
TOH b,e,. B cayuae pa6oTsl meperperwiy napom
Iponecc mapoo6pasoBanus u neperpesa mpen-
CTABHTCA KPHBOI abb,, a npespaiennoe g pa6oty
KOIR1ECTBO Temna GyneT maMepsThCs IJIOI A AB O
abb,e,df. Kpusrie pacmapeHns oxHOTO W Toro
KE KOJMYECTBA LEPErPETOr0 M BaaxHOro mapa
H3006paxKeHsl Ha ¢ur. 2-7 B Buje aznabat b,e,
u bye,. Ilepsas xpusas mger Kpyde, BTOpas —
TI0.102Ke, YeM JHHHA be CYyXOoro HachleHHOro napa.

Tax xax mromazs HHIMKAaTOPHO#A NHarpaMMel
(bur. 2-7) moxer 6Guith pasbuta wa maomanm

.abek=L, u kedf=1L,, To pa6orty, sksuBasenT-
HYIO Iiomanu abedf, mpome Bcero BoumcauTs
IIpH_IIOMOIIH ZS-IHAarpaMmel.

[Tosoxam, uro HHIMKATODHAA JHarpamMma
Hocrpoena ais 1 x2 mapa. Torga miowans abek
3KBUBAJEHTHA NIaJleHUIO Tensnoconepxanug 1 xz
llapa NpH PaCIUPEHHH OT NaBJEHHS P IO nas-
JEHHS p,, T. e.

__il_ie
1=

a -

Ecom v, — ynenbumisi o6penm Imapa B TOYke e,.
TO

L? :(pe—pfz) U

YmenpHHR 06BeM 11apa B KOHIle paCIIMpeHHs
4
U, =X7,,

rne X -—cCTenenp CyxocCTH, onpeneasgeMmas gas

TOUYKM € IO is-nuarpamme;

Y, — onpelessieMblit Mo Tabammam YACIbHBIHR
O0BEM CYXOTrO HACHIIEHHOTO napa mpu
JaBJEHHY P,

Ecin B Touke e map eme Ieperper, To v,
OIPELEeNAIOT N0 M3BECTHLHIM SMIMPHYECKHM ¢op-
MyaaM, TabaunaM mam AmarpaMmaw. .
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% /o pe=0,IIama
25 17‘:;:0,7 /"" ﬂé_—_/——f
20 T, | I
5 g ~ e
——

o ,A,(//(/fﬁ/;‘/::q -
sHAA N 75 Pz

20 V4
oal 4 s & 8 10 4 4 ama

$ur. 2-8. TepMmudeckuil K. m. 1. MuKA0B PeHKWHA H C He-
NOJHBIM paCIUHPEHHEeM Iapa NpPH pasJHYHBIX JaBICHHAX
B KOHIE paCIiHpPEHHS.

Bca pa6ora 1 x2 mapa (xex) 6ymer paBHa

L=1L, +L2 =427 (ll - ie) + 10000 (pe_pz) Tpe
(2-2)

TepMuyeCKHil K. I. A. IUKJa C HENOJHBIM Dac-

IIHpeHHeM mapa

10 000 (p, — p2) v,

AL 4 —i,
T Pt 427 (iy — iy)

. o

. (2-3)

1][ il — 1y
lipamep. Ompefeautd K. I. A, LUKJAa C HENOJHHIM
pacllHpeHHeM napa AJs MalluHbl, padoTawwmwel mpu cie-
IVIOUINX MapaMeTpax: p;==20 ama (nap HaCHILEHHBIA); Py =
=0,2 ama; p,— 1,2 ama. . .
[lo is-puarpamme "HaxXomum: i;—=668 xrax/xe; i,—
= 555 rraxrfre.
[To Ta6avunaM 58 napa Haxopum: &,” = 60 xxaa/xe.
Y penbrbl 06beM CYXOT0 HaCHIIEHHOTIQ Hapa NPy LaB-
r”
aesuu p, = 1,2 ama (no Tabammam) v, = 1,46 #3/xe.
CTenesb CYXOCTH Iapa B KOHNe ajuHaGaTHuecKoro
pacmupenus (0o Zs-gmarpamme) x — 0,84.
YnelbHbHH 00beM Mapa B KOHLOE pacHIMPEHHsA

v, =xv,=0,84:1,46 = 1,23 #3[x2.
Kosbdunuent nonesgoro meiicTsus muxaa

__668—555  10000(1,2 —0,2)-1,23 _
== 668 — 60 427 (668 — 60)  —
=0,186 4~ 0,047 == 0,233
(cpaBHHTD C KosdpdunuenToM ¥,— 0,28 nuxia Penkuna,

BBIYHCJACHHBIM B INpepbiAymeM naparpade IOpH Tex e
JaHHBIX).

Ha ¢ur, 2-8 nocTpoensl xpusme k. on. 4. Aas
PasiHYHLIX HayaJbHBHIX JaBJeHUH HaCHILEHHOIO
Ilapa B ABYX Cayyasx: paboTel Ha atmocdepy
(pe=1 ama) u Ha xoraercauuw (p,=0,1 ama).
Ans obonx cayyaeB NPHHATH PasanyHbIe IEpe-
najgel JAaBJeHHsA p,— P, B KOHIE pacCIIHPeHHd,
a uMenso: 0; 05; 1 ama ¥ cooTBeTCTBEHHO
zZassaenus p,: 0,1; 0,6; 1,1 ana pa6orel Ha KOH-
naeHcauumo u 1; 1,5; 20— nna pa6oTe Ha aTMoC-
depy. H3 dumr. 2-8 sicHo, yYTO ommm M TOT Ke
nepemnaj AaBJeHHS B KOHLE DACIIHPEHHS BLI3bi-
BaeT IpH paboTe HAa KOHAEHCAlHIO B 4—5 pas
60/IbIIYIO TOTEPIO OT HENOJHOTH paclIHPeHHsd,
yeM npu pabore Ha atMocdepy.

Beanuuny mnepenanma naBieHHS p,— p, CJe-
AyeT BbHOHpaTh HAa OCHOBAHHH 3SKOHOMHYECKHX
CooOpakeHuil; OJAHAKO MAJsS MAauUIHH C NPOTHBO-
AaBJIEHHEM 3TOT Iepenan MOMKEH ObiTh OoJblie,
YeM IJ5 KOHACHCAMOHHBIX MAIIHH,

XOTa UMK/ C HENOJHLIM paclIMpeHHeM IHapa,
HECOMHEHHO, SABJSETCA HAeaJbHEIM IPOLECCOM
AU TapOBBHIX MAllMH, OJHAKO HEKOTOpas MpPOH3-
BOJILHOCTb BBHIOODA maBJeHHd p, 3aTPyLHAET
HCIIOJIb30BAHUE LHKJA B KayeCTBe 3TajOHAa IpPH
CpaBHeHHH pas3/NAYHBIX MamuH. IlosToMy Ha nHK.
C HeNOJIHBIM PaCmMpPEHHEeM I1apa CJeAyeT OpHeH-
THPOBATbCS JIHMIOb NPH KOHCTPYUPOBAHMH HHAM-
KaTOPHOM IHarpaMMbel MamMHB B CTaJIHH ee
IPOEKTHPOBAKHUS,

VjeanbHbIM k€ TIPOIECCOM MAIUHMHBL, ¢ KOTO-
PbIM CJIELYeT CPaBHHBATh peaJbHbIE [POUECCH
Pa3JIHYHBIX MalUHH, ocTaeTcs Uuka Penkuna. Jus
CPaBHEHHS SKOHOMHYHOCTH IIODIIHEBLIX MAIIWH H
IapoBBIX TypOHMH yA00HEE BCErO [OJb30BATHCS
nuKnIoM PeHKHHA KaK BIOJHE OIpeleseHHbIM IIPO-
I16CCOM, XapaKTepPU3yeMEIM JIHIIb HaYaJbHBIMH
napamMeTpaMH M KOHCUHBIM JaBJIGHHEM [apa.

IlostoMy moTepio OT HENOJIHOTO pacIIMpeHHs
mapa Mol B JasbHedmeM OyneM pacCMaTpHUBATh
KaK IIOTEplo, XOTs ©OHA CBOHCTBEHHa pasobpaH-
HOMY B 3TOM maparpade LHMKIY H KOHCTPYKTOD
YMBILJICHHO JOMYCKAaeT ee.

IFT'JIABA BTOPA4
PEAJIbHBIA NPOLIECC B NAPOBOII MAUIMHE

2-3. NIOTEPH HA YTEYKH HAPA

He Bce xomuuecTBO mapa, Bmyckaemoro B ma-
pOBYIO MallliHy, IPHHHMAaeT yuacTHe B ee pabo-
T€. YTeuKka mapa MOXKET TPOHCXOMHTb [IJaBHBIM
o0pasom B opraHax llapopaclpeie/eHHss H B Ia-
poBoM THIMHApe. B TrlepBOM Ciydae BCJIEACTBHE
HEIIOTHOCTH TapopaclpefesiuTe/IbHOrG — OpraHa
CBEXHH Tap mepeTeKaer HJH B MApOBOH IH-

JHUHJD — B MOMEHTHl, CJCIYIOIHE 3a OTCEYKOiH,
HIH (4TO OCBIYHO ObIBA€T B 3OJOTHHKOBEIX Ma-
WMHAX)  HEMOCPE[CTBEHHO B MAPOBBUTYCKHYIO
TpYOy. Bo BTOpOM CaIyuae TpOUCXOAMT TepeTexa-
HHE I1apa U3 OJHOH NOJIOCTH LHJIHHIAPA B APYTYIO
BCJIE[ICTBHE HEIUIOTHOTO TPHJEraHHS IOpIIHA
(BepHEe, TIOPLIHEBHIX KOJ€ll) K CTEHKAM IIH-
JHHIpA.






























































































































































































































































































































































































































































































































































































































































































































































































